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Peghepam. Ocnosoil y0061emseopumenbHo20 yposHs. pabomocnocoOHOCMU COBPEMEHHbIX MAWUH U 000pY008aHUs
omeyuecmeeHH020 NPoU3B00CMEa Oblia U OCMAEMC UHIMCEHEPHO-MEXHUYecKas cyxcoa nompedoumenell mexHuku u
«llnanoso-npedynpedumenvras cucmema mexHu4ecko2o0 0OCAYHCUBANUS U PEMOHMA MAUUH 8 CENbCKOM XO3AUCMEE).
Ceoespementoe npoeedeHue MeXaHU3UPOBAHHBIX NPOYECCO8 U pabom npu HU3KOU HAOEHCHOCU MEeXHUKU
azponpouszeooumeineti mpebyiom nogvluleHUs ypoeHs 6e30mKazHoCmu U UCNPABHOCMU NAPKA MAWUH U 0O0PYO0BAHUSL.
(L{env uccaedosarnus) Ilosvicums yposeHb IKCHIYAMAYUOHHOU HAOEHCHOCMU COBPEMEHHOU CelbCKOXO3AUCBEHHOU
MEeXHUKU HA OCHOGe pazpabomKu U 6HeOpeHus. upmeHHO20 mexHuueckoeo cepsuca. (Mamepuanvl u memoout)
Hcnonvzosanu npu npogedenuu uccie008anull Mamepuainl, NOIyYeHHble 8 pe3yibmame cOOCMEEHHbIX UCCIe008aHULL
asmopa u 0aHHvle 0 HAOeHCHOCIU OMe4eCmBeHHbIX MAWUH U 000PYO0BAHUSA U3 OMKPLIMbIX UCIOYHUKOS. [Ipumenunu
caedyrouue Memoobl: CPABHUMENbHbIX OYEHOK, AHANU3A U CUHME3d Pe3YIbmamos 00cied08anUs. IKCHIYAMAYUOHHOU
HAOeHCHOCMU MAWUH U 000PYOOBAHUS CENbCKOXO3AUCMBEHHO20 HA3HAYEHUS 8 YCI06UAX PeanbHOU IKCHIYamayuu,
apexmusHocms UCNONL306AHUA PASIULUHBIX QOPM U MemMOO08 OpP2aHU3AYUU UX NPOU3BOOCMEA U MEXHUYECKO20
cepsuca. (Pezynomamul u o6cyscoenue) Onpeodenunu, umo nosviuieHue yposHs pabomocnocooHocmu u 6e30mKa3HOCmu
COBPEMEHHOU Omeuecm8eHHOl MeXHUKU MOdtcem Oblmb 00ecneyeHo MoabKo NPU CyujecmeeHHOM NOBbIUEHUU KAYeCmed
U320MOGNEHUS MAWUH U 000PYO08aAHUA U NPU HENOCPEOCMBEHHOM YYaACMUU GUPMbI-NPOU3BOOUMENs. MEXHUKU 6
MeXHUYeCKOM cepsuce Ha OCHOBe (QUPMEHHO20 Memooa mexHuueckozo cepsuca. Ommemunu, 4mo opeaHu3ayus
QuUpMEHHO20  MEXHUYECKO20 Cepeuca BO3MOMCHA MONbKO NpU  CO30AHUU  QUPMEHHOU  NPOU3BOOCEEHHO-
MEXHONI02UYeCKOU cucmemvl Mawunocmpoenus. Pewenue oannoti npobiemvl cunamu u cpedcmeamu Cyuecmeyouux
000c0o0NIeHHbIX 3a80006-U320MoOBUMeNell MEeXHUKU He Npeocmasisiemcs 603MOdNCHbIM. (Bvieoowr) [lna nosviuenus
HAOENHCHOCMU  COBPEMEHHOU  OMe4eCmBeHHOU MEeXHUKU Mmpebyemcs peopeanuzayus Ccywecmeyouel Ccucmemsl
000C00NIeHHBIX 3A80006-U320MO8UMeNell, CO30aHUe KPYNHBIX MAUUHOCIPOUMENbHBIX QUPM U UPMEHHBIX YeHMPOs
MexHUuuecko2o cepsuca.

Kntrouegnle cnosa: naoedcrocms, mexnuueckoe 00CIyscuganue, pabdomocnocooOHoCms, QUPMeHHbII MEXHUYeCKUll
cepauc, nosvluleHue Kayecmad, CHUlCeHue cnpocd.
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Research article

THE PROBLEM OF INCREASING THE RELIABILITY OF MACHINERY AND EQUIPMENT

Leonid I. Kushnarev, Dr.Sc.(Eng.), professor
Bauman Moscow State Technical University, Moscow, Russian Federation

Abstract. The basis for a satisfactory level of operability of modern machines and equipment of domestic production
was and remains the engineering and technical service of equipment and the "Planned preventive maintenance and
repair system of machines in agriculture.” Timely implementation of mechanized processes and work with low reliability
of agricultural machinery requires an increase in the level of reliability and serviceability of the fleet of machines and
equipment. (Research purpose) The research purpose is increasing the operational reliability of modern agricultural
machinery based on the development and implementation of proprietary technical service. (Materials and methods)
Materials obtained as a result of the author's own research and data on the reliability of domestic machinery and
equipment from open sources were used in the research. The following methods were applied: comparative assessments,
analysis and synthesis of the results of a survey of the operational reliability of agricultural machinery and equipment
in real-world operation, the effectiveness of using various forms and methods of organizing their production and



technical service. (Results and discussion) It was determined that an increase in the level of operability and reliability
of modern domestic equipment can be ensured only with a significant improvement in the quality of manufacturing
machinery and equipment and with the direct participation of the equipment manufacturer in technical service based
on the proprietary method of technical service. It was noted that the organization of corporate technical service is
possible only when creating a corporate production and technological system of mechanical engineering. The solution
of this problem by the forces and means of existing separate equipment manufacturing plants is not possible.
(Conclusions) To improve the reliability of modern domestic technology, it is necessary to reorganize the existing system
of separate manufacturing plants, create large machine-building firms and branded technical service centers.

Keywords: reliability, maintenance, operability, proprietary technical service, quality improvement, demand
reduction.

For citation: Kushnarev L.I. The problem of increasing the reliability of machinery and equipment. Machinery
technical service. 2024. Vol. 62. N2. 5-9 (In Russian). DOI: 10.22314/2618-8287-2024-62-2-5-9. EDN: OYGOLR.

EDN: PUBPFG Hayuynasi craTes
DOI: 10.22314/2618-8287-2024-62-2-10-19 YK 631.3.004.58

T'O10BOM IVIAH-TPA®UK TEXHAYECKOI'O OBCJYKUBAHMSA C HCIIOJIb30BAHUEM
IMPOT'PAMMBI MICROSOFT EXCEL

!Braoumup Buxmoposuu Jleonmoee, cmapwuii npenooasamev, lionl802@yandex.ru;
2Apkaouit Makcumosuu Kpukos, 0okmop mexnuueckux nayk, npogeccop,

2/1A6HbLIL HAYYUHBLI COMPYOHUK;

SHean Heanoeuu Pyoenko, kanouoam mexnuueckux HayK, ACCUCMEHN

!Hogocubupckuii éoennvlii uncmumym 60iick nayuonansnoi 2éapouu Poccuiickoit @edepayuu,

2. Hosocubupck, Poccuiickas @edepanusn

2Cubupckuii nayuno-uccnedoeamenbCKuii UHCIUMYM MEXAHU3AUUL U dTIeKmpupuKkayuu
cenvcko2o xo3aiicmea Cudbupckozo ghedepanbiozo HayunHo2o yeHmpa azpoouomexnHoaouil
Poccuiickon akademuu nayk, p.n. Kpacnooock, Hosocubupckasa oonacms, Poccuiickan @edepayusn
3Poccuiickuit zocyoapcmeennnlii azpapublii yuusepcumem — MocKo6CKas cenbcKoXo3aAiicmeennas
axkaoemusn umenu K.A. Tumupazeea, Mockea, Poccuiickaa @edepayun

Peghepam. Paccmompenu ocrnoguvle smanvt pazpabomru 20008020 HAAHA-2PAGUKA MEXHUUECKO20 0OCTYICUBAHUS U
MEXHUUECK020 OUACHOCMUPOBAHUSL NAPKA 2PY308bIX A8MOMOOUNLEN HA KOMIbIOMEPe C YUemOM UHOUBUOYATIbHbIX CBe0eHUl
Nno Kajxcoomy ux oopasyy u epemeHHblX 0cobeHHoCcmell QopMuposanus napka 6 omoerbHom Xxossicmee. (Llenw
uccneoosanus) Pazpabomamos 2000601 NiaH-epapuK mexHuyecKko2o 00CIYICUBAHUL U MEXHULECKO20 OUACHOCIMUPOBAHUS
napka 2py306vix agmomoounei ¢ npoepamme MS-Office. (Mamepuanvt u memoowt) [loxkasanu, umo 0ns pewteHus: 3a0a4u
Heobxooumvle c8edeHUs 6800AMCS 8 KOMNLIOMED 8 CNeYUudIbHO pazpabomanHvle mabauynvie Gopmel. Hcnonvzosanu 6
Kauecmee 6X0OHOU UHpOpMAyuu. CHUCOYHBIL COCMAG 2PY306bIX AGMOMOOULel XO03AUCMEd; CPOK UX 66004 8
IKCIIYAMAYUIo/KanumanbHO20 peMoHma u npobe2 nocie He2o, 200060 2paguK OmnycKos 600umenell Xo3saiucmsda, 2000601
epaghux npazoOHUYHBIX U BbIXOOHBIX OHell, CpPedHe200080U npobez Mooenell 2py308biX aA8MOMOOULEl XO03AUcmead 3a
npowedwuil 200, epaQuKy NPOBeOeHUsl HANPANCEHHBIX BECEHHUX U OCEHHUX MEXAHUZUPOGAHHBIX MPAHCHOPMHBIX Pabom
X03Ucmed; UHOUBUOYATbHBIL NPobe2 8cex 2py308blX ABMOMOOULeU 34 NPOUeOwUli 200; UHOUBUODYATbHBIU NIAHUPYEMbIL
npobez Kaxcoozo py306020 a8MOMOOUNS HA 200, UHOUBUOYATBHBLI NPODe2 UX NOCAE NOCLEOHe20 HOMEPHO20 MEXHUUECK020
obcnyacusanus. (Pezyromamot u 06cyocoenue) Boixoonas ungpopmayus popmupyemcsi 8 6ude mabauyvl no 6cem 2py306bim
A6MOMOOUIAM CO CPOKAMU NPOBEOCHUS UX HOMEPHBIX TNEXHUYECKUX 0OCTYHCUSAHUT U THEXHUYECKUX OUASHOCMUPOBAHULL HO
Mmecayam 200a. Hcnonv3osanu 6 kavecmeae npocpammHoli cpedsl 0 paspadomxu 20008020 NAAHA-2PAQUKA MEXHULECKO20
00CIYIHCUBAHUA U MEXHUYECKO20 OUASHOCMUPOBAHUS naxkem 3d1ekmponHou mabauyst Microsoft Excel, nozeonawowuil
Peanu308ams RPUHYUN OOHOKPAMHO20 8600a OAHHBIX, COKPAUASL MeM CaAMbIM MPYOOEMKOCHb UX NEPEHOCA 8 KOMILIOMED.
(Bvigoowy) Paspabomky npedcmasunu 6 Guode CReyudibHo20 Bapuanma CUCmeMbl NPOePAMMHO-ANCOPUMMUYECKUX U
UHDOPMAYUOHHBIX CpedCcm8, chopMUpo8anHo2o & cpede nekmponnol madauyst MS-Office.

Knrwouesvie cnosa: cpy3060t asmomobunb, 200080l NIAH-2PAPUK, MeEXHUYECKOe O0OCIYICUBAHUE, MEXHUYECKOe
OUACHOCIMUPOBAHUE, CReYUATUSUPOBAHHASA UHDOPMAYUOHHAS CUCTEMA.
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Abstract. We reviewed the main stages of the development of the annual schedule of maintenance and technical

diagnostics of the fleet of trucks on a computer, taking into account individual information on each of their samples and

the time features of the formation of the fleet in a separate farm. (Research purpose) The research purpose is developing

an annual schedule of maintenance and technical diagnostics of the fleet of trucks in the MS-Office program. (Materials

and methods) It was shown that in order to solve the problem, the necessary information is entered into the computer

in specially designed tabular forms. Used as input information: the list of trucks of the farm; the term of their

commissioning/overhaul and mileage after it; the annual schedule of vacations of farm drivers, the annual schedule of

holidays and weekends; the average annual mileage of farm truck models over the past year, schedules of intensive

spring and autumn mechanized transport operations of the farm, individual mileage of all trucks over the past year

year, individual planned mileage of each truck for a year; individual mileage of them after the last license plate

maintenance. (Results and discussion) The output information is presented in the table for all trucks with the dates of

their numbered technical services and technical diagnoses by month of the year. We used the Microsoft Excel

spreadsheet package as a software environment for developing an annual maintenance schedule and technical

diagnostics, which allows us to implement the principle of single data entry, thereby reducing the complexity of

transferring them to a computer. (Conclusions) The development was presented as a special version of the system of

software-algorithmic and information tools generated in the MS-Office spreadsheet environment.

Keywords: truck, annual schedule, maintenance, technical diagnostics, specialized information system.
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Peghepam. Ysenuuenue npouzsooumenvbHocmu mpyoa Ha RPeONPUSMUSX CENbCKOX03AUCMBEHHO20 MAUUHOCPOEHUSL
8 COBDEMEHHBIX YCILOBUAX HEBOIMONCHO Oe3 UCNOIb308AHUS POOOMOS, KOMOpPble OOJINHCHbL 3aMEeHUMb MPYO 4el08eKd Ha
MEXHON02UUECKUX ONepayusix ¢ ONACHbIMU U BPEOHbIMU NPOU3BOOCHEeHHbIMU npoyeccamu. (Llenv uccredosanus)
OyeHums  UCNOAB308AHUE NPEONPUAMUAMY — OMPACIU  CENbCKOXO3AUCMBEHHO20 — MAWUHOCMPOEHUSL  CPEOCME
pobomomexnuku npu npouzsoocmee npooykyuu. (Mamepuanst u memoowt) IIposenu oyenKy ucnoib308aHus CpeoCcmas
pObOmMOmexHuKY Npu noceujeHuy npeonpuamull Ompaciu CelbCKOX03aluCmeenH020 MauwunocmpoeHus. (Pezyromamol
u obcyacoenue) Yemanogunu, 4mo 05 YCmMoudug020 NPUCYmCmeus U yKpenaeHust CGoUxX no3uyuli Ha pulHKke, KOMNanuu,
npoU36800WUe CeNbCKOXO3AUCMBEHHYIO TMEeXHUKY, HApawjusarnm o00veM HAYYHO-UCCIe008aMEeNbCKUX, ONbIMHO-
KOHCMPYKMOPCKUX U ONbIMHO-TMEXHON02UHEeCKUX pabom no pazeumuro KOHCMPYKYULL U MeXHOA02Uli npou3800Cmed
cospemennvix mawun. Ommemuny, 4mo yeequyeHue npou3goOUMenrbHOCY Mmpyoa 8 COBPEMEHHbIX YCIA0GUSX
HEBO3MOIICHO Oe3 UCTIONb308aHUL POOOMOE, KOMOPble NPU3BAHbL 3AMEHUMb MPYO 4el08eKa Ha pabomax ¢ 6peOHbIMU U
ONACHBIMU NPOU3BOOCMBEHHBIMU (DAKMOPAMU 8 3A20MOBUMENbHOM NPOU3BOOCMEe, NPU OUUCMKE 3d20MOBOK, HpU
MENT06bIX U PUBULECKUX MEMOOAX 00pabOmMKU NOGEPXHOCHEN US0eNUll U3 PA3TUYHBIX MAMEPUALos, npu oKpacke, a
makdce 8 yenax — cHudcenuss opaxa. Onpedenunu, uYmMo  UCHOIb308AHUE  NPEONPUATMUAMU  OMPACIU
CeNbCKOXO3AUCNBEHHO20 MAUWUHOCPOCHUS CPEeOCME poOOMuU3ayuy He npesviuiaem mpex npoyeHmos om oduezo
00bema 8bInoIHAEMbIX MexHoaocueckux onepayui. Cpeocmea pobomomexHuKy UCHOIb3YIOMCA SIABHbIM 00pa30M npu
npogedenuu ceapounvix pabom. Ocmaemcs NPaKmMu4ecku He OX6AYEHHOU 3a2py3Ka U paszepy3Kd, 3aMeHa pabouezo
UHCMPYMEHMA HA CMAHKAX C YUCTO8bIM NPOSPAMMHbIM YAPAGLEHUEM, d MAaKice MHo2ue Opy2ue MexXHOIo2uYecKue
onepayuu. (Bvisoowl) IIposedenHvle ucciedosanus noKazai Haiuyue OOIbUWUX pe3eP8o8 V) MAUUHOCHPOUMETbHbIX
KOMNAHULL HO UCNOTB30BAHUIO CPEOCmE POOOTMOMEXHUKU HPU GbINOJHEHUU MEXHON0UYECKUX ONnepayuti ¢ yeuvio
CHUDICEHUSL U30EePICEeK NPU NPOU3B0OCHEe NPOOYKYUU U YEeTUYeHUs NpoUu3sooumensHocmu mpyoda. B kawecmee mep
noooepdicku 8HeOpeHus pobomos 6 NpouzB0OCMBE0 BblOeIAIMCS epanmsl poccutickumu Gondamu «L{ugposas
okoHomuxay u «CKOIKOB0», Ib2OMHBIE 3aUMbl uYepe3 (GOHO pazeumusi npomviunennocmu «L{ugposuzayus
NPOMbBIUUIEHHOCTNUY.
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Abstract. Increasing labor productivity at agricultural engineering enterprises in modern conditions is impossible
without the use of robots, which should replace human labor in technological operations with dangerous and harmful
production processes. (Research purpose) The research purpose is evaluating the use of robotics by enterprises of the
agricultural machinery industry in the production. (Materials and methods) Conducted an assessment of the use of
robotics tools when visiting enterprises in the agricultural engineering industry. (Results and discussion) It has been
established that for a sustainable presence and strengthening of their positions in the market, companies producing
agricultural machinery are increasing the volume of research and development work on the designs and production
technologies of modern machines. It was noted that an increase in labor productivity in modern conditions is impossible
without the use of robots, which are designed to replace human labor at work with harmful and dangerous production



factors in procurement, when cleaning blanks, with thermal and physical methods of surface treatment of products made
of various materials, when painting, as well as in order to reduce defects. It was determined that the use of robotization
tools by enterprises of the agricultural machinery industry does not exceed three percent of the total volume of
technological operations performed. Robotics tools are used mainly in welding operations. Loading and unloading,
replacement of working tools on numerically controlled machines, as well as many other technological operations
remain practically not covered. (Conclusions) The conducted studies have shown that machine-building companies have
large reserves for using robotics tools in performing technological operations in order to reduce production costs and
increase labor productivity. As measures to support the introduction of robots into production, grants are allocated by
the Russian Digital Economy and Skolkovo foundations, preferential loans through the industrial development Fund
"Digitalization of Industry".

Keywords: products, production, robotization, robotics, robot, R&D, welding, Concept.
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Pegpepam. Llupokuii cnexmp cenbCKOXO3AUCMBEHHOU MEXHUKU, HYHCOAIOWUICA 8 KAYeCMBEHHOM 00CIYICUBAHUU 8
meueHue 6ce2o0 IKCHIYAMAYUOHHO20 Nepuoda O obecneyenus bOecnepebolinoti u 3Qp@exkmusnoi pabomol,
npedocmaesnsiem coboil 00HO U3 BAJCHEUWUX 368eHbed acponpomviuLieHHo2o komniaekca. (Llenv uccrnedosaniis)
Paspabomams mamemamuueckyro Mooennb, NOKA3LIBAIOULVIO C8A3b MENHCOY NPOBEOeHUEM MEPONPUSMULL MEXHUYECKO20
00CHYIHCUBAHUSL U eOUHUYell MEXHUKU CeNbCKOXO3SUCMBEHH020 A8MONAPKA, 8 PAMKAX NOLYYEHHOU MAMeMAmuyecKkou
Modenu @vlgecmu  KPUMEPUATbHYIO OYEHKY KOAUUEeCMBEHHOMY NPOBEOCHUI) MEXHUYECK020 OOCIYIHCUBAHUSI.
(Mamepuanvr u memoowvt) Yrkazanu, wmo noooOHo20 poda OyeHKu Mo2ym Ovlmb NOJYHeHbl NymeM HPUMEHEHUS
Mamemamuuecko2o modenupoganust. Tlocmpounu mamemamuueckylo Mooeib ¢ UCNOAb30GAHUEM HATSIOHOU CXeMbl,
ompadcaioujell  83aUMOCE3b  MeHCOy MAUUHAMU — CETbCKOXO3SAUCMBEEHHO20 NAPKA, GUOAMU  TEXHUYECKO20
00CHYHCUBAHUSL, DIEMEHMAMU MEOPUL MHONICECME U MANEMAMULECKO20 aHATUu3d. Mcnonws306aiu meopuio MHONICECMS,
YMO NO38OJUNO OM eOUHUY MEXHUKU A8MONAPKA CelbXO3MAUIUH Nepetimu K AHATUMUYecKoMY npedCmagieHuio peaiuil
U 6blGECMU KOHCMAHMY, OQIOWYI0 OYEHKY MEeXHUYECKOMY OOCIYICUBAHUIO 6 3ABUCUMOCMU OM KOAUYeCmed
NPOBEOEHHBIX MEPONPUSINULL 3d paACCMampusaemvlii pemenHol unmepsan. (Pezynomamuol u 0obcyscoenue) Ommemunu,
YmMo HeoOX0OUMO NOBbIUEHUE KAYECMBA NPOGEOeHUs INEXHUYECKO20 OOCTYICUBAHUS 3A CUETN YIVUULEeHUSI KOHMPOTISL €20
npoeedenuss 8 peanbHblx ycaosusx. Hoeusna Oanmotl pabomuvl cocmoum 6 OPUSUHATLHOCHMU NOJYYEHHOU CXeMbl,
CB3b18aI0Well GUOBL MEXHUYECKO20 0OCTYIHCUBAHUSA U MAWUHBL CeTbCKOXO3AUCTNEEHHO20 A8MONAPKA, He NPUBSI3bIBAsCh
K Koauuecmey eOuHuYy mexHuKu, 6 papadomxe Mamemamuieckoli Mooenu, no38010uell ¢ ROMOWbI0 Meopemuyeckux
BbIKIAOOK CHOCOOCMB08AMb YIYHULEHUIO KOHMPOILSA NPOBEOCHUS MEPONPUAMULL MEXHUYECKO20 00CIYHCUBAHUS 30 CUem
NOyYeHUsl VHUBEPCATbHOU KOHCIMAHMbL, 0aroujeli KOIUYECMEEHHYIO OYeHKY 071 1100020 6U0d MEeXHUKU U MEXHULECKO20
obcnyxcuganus. Anpobuposanu meopemuueckue pe3yibmamuvl Ha npumepe mpakmopa «Kupogey-739». (Bvigoowt)
Honyuunu cxemamuyunoe omoodpadiceHue 63auMoCei3U KOMHOHEHMO8 MAUWUHHO-MPAKMOPHO20 NAPKA U HYUCTEHHOU
OYeHKU, Ompadcaloujeli KOIUYeCmeo 6biNOIHEHHbIX NIAHOBbIX IMAN08 MEXHUYECK020 0OCTYHCUBAHUS 3A UCCAEDYeMblil
BDEMEHHOU  NPOMENCYMOK NPU  UCHOIb30BAHUU MAMEMAMUYECKUX Memo008 HpU OpeaHu3ayuu u HnpoeeoeHuu
MEXHULECKO20 0DCTYIHCUBAHUSI.

Knrouesvie cnosa: acponpomviuiieHubiti KOMIIEKC, MeXHUYeckoe 0OCIylcueanue, KOHMPOIb Kaiecmad,
cxemamuuHoe npedCmasienue, MamemMamu4eckas Mooeib, YUCIeHHAsl OYEeHKA.
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Abstract. A wide range of agricultural machinery in need of high-quality maintenance throughout the entire
operational period to ensure uninterrupted and efficient operation is one of the most important links in the agro-
industrial complex. (Research purpose) The research purpose is developing a mathematical model showing the
relationship between the conduct of maintenance activities and the unit of equipment of the agricultural fleet; within the
framework of the obtained mathematical model, deriving a criterion assessment of the quantitative conduct of
maintenance. (Materials and methods) Indicated that such estimates can be obtained by applying mathematical
modeling. A mathematical model was constructed using a visual diagram reflecting the relationship between the
machines of the agricultural park, types of maintenance, elements of set theory and mathematical analysis. We used the
theory of sets, which allowed us to move from the units of equipment of the fleet of agricultural machines to an analytical
representation of realities and derive a constant that gives an assessment of maintenance depending on the number of
activities carried out during the time interval under consideration. (Results and discussion) It was noted that it is
necessary to improve the quality of maintenance by improving the control of its implementation in real conditions. The
novelty of this work consists in the originality of the obtained scheme linking the types of maintenance and the machines
of the agricultural fleet, without being tied to the number of units of equipment; in the development of a mathematical
model that allows, using theoretical calculations, contributing to improving the control of maintenance activities by
obtaining a universal constant that quantifies for any type of equipment and maintenance. The theoretical results were
tested using the Kirovets-739 tractor as an example. (Conclusions) We obtained a schematic representation of the
relationship between the components of the machine and tractor fleet and a numerical estimate reflecting the number
of completed scheduled maintenance steps during the time period under study when using mathematical methods in the
organization and conduct of maintenance.

Keywords: agro-industrial complex, maintenance, quality control, schematic representation, mathematical model,
numerical evaluation.
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Peghepam. [Ipogedennviti 6 cmamve auaiu3 COCMOARUA OAHHO20 8UOA OeAMENbHOCMU NOKA3AN Yeneco0OpasHoCmy
opmuposanus HAYUOHATLHOU CUCEMb YMUIUIAYUU 8bIBEOEHHOU U3 IKCHIyamayuu npodykyuu. /o Hacmoauezo



8peMeHU Npoyecc YMuau3ayuyu mMamepuaioemkol npooyKyuu, 6 mom Hucie U CelbCKOXO3AUCNEEHHOU MEXHUKU, 8
OCHOBHOM NPOXOOUN CIMUXUUHO, HAHOCS dKON02Uu4ecKull u IkoHomuyeckull ywepo. (Llenv uccreoosanus) Onpedenums
603modicHocmu paspabomku cucmemvt « Cenvbxo3peyurnumey 6 azponpomMvliieHHomM Komniekce Poccuu, exiouasn
CeNbCKOXO3SANUCMBEHHYIO MEXHUKY, JHCUBOMHOB00UecKue U Opyeue 6uodbl omxo008. (Mamepuarvl u memoowt)
Yemanosunu, umo oonum uz eascuetiwux ycaosuti cozoanus cucmemvt « CenbXo3peyuriuney noMumo uUHaHco8wIx
acnekmog (YmunusayuouHvlli cO0p) CAYIHCUM AKMUBHOE YYACmue 8 3MOM NpoeKme 3a60006-U320mogumencii
CeNbCKOXO3AUCMBEHHOU  MEXHUKY, UX OUlepo8 U CHeyuaiusupoSaHHblX NpeOnpusmull UHICEHEPHOU cepbl
A2PONPOMBIUNEHHO20 KOMNIEKCA, YMO NO380AUM AKMUBUZUPOBAMb HPOYECC pa38epmul8aHus NPOU3B00CHIEEHHbIX
MowHocmeli no coopy u nepepabomie YMUIUUPYEMOU CEeNbCKOXO3AUCMEEHHOU MEXHUKU U ee KOMHOHEHMOS.
(Pe3ynomamul u obcyscoenue) Ommemunu, 4mo 6 Hacmosaujee pems CO30aHUEe CUCMEMbl YIMULUZAYUU COePAHCUBAIOM
He CMONbKO MEXHONI02UU NPOBEOeHUs. PA3IUYHBIX U008 YMUIUZAYUOHHBIX paOOm, CKOIbKO OMCYMCMmEUe KOHYenyuu
CO30aHUst eOUHOU cucmembl 0OpaweHUss C OMX00aAMU NPOU3BOOCNEA U NOMPebaeHUs, 8 KOMOPOU CUCIeMA YMUIUZAYUSL
0MX0008 O0ICHA 3AHAD NOJIONHCEHHOE eli MeCmo HapsA0y ¢ Opyumu ompaciegvimu cucmemamu. He menee sasicnvimu
gaxmopamu, coepaxcusarowumu cozoanue Edunoii cucmemsl obpawenusi ¢ omxodamu 8 yeiom u Eounoii cucmemoi
VMUIU3AYUU  MEXHUKU, CAYHCAMm  BONPOCHl  OP2AHU3AYUU  NPOYECCO8 NPOBeOeHUs  YMUAU3AYUU  OmMX0008,
83AUMOOCUCIBUL MEHCOY YYACMHUKAMU CUCTIEeMbl YIMUTUZAYUL, HOPMAMUBHO-3AKOHOOAMENbHO20 U (DUHAHCOBO20
obecneuenus pyHKyuoHuposanusi OaHHoU cucmemsl. (Bvieoodst) B pabome onpedeiensl 0CHOBHbIE (haKmopbl, 6auUsAOUUe
Ha 803moxcHocmb paspabomku cucmemvl « Cenvxospeyuxiuney 8 AIIK Poccuu 6 baudicatiuiee 08a-mpu 200a.

Kntouegvle cnosa: azponpomvluiieHublli KOMIIEKC, VMUIU3AYUSA, CENIbXO3PEYUKIUHS, CENbCKOXO3AUCBEHHA
MmexHUKa, pecypcocbepesicerue, IKOI02Us, MAUUHHO-MPAKMOPHBII NAPK.
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Abstract. The analysis of the state of this type of activity carried out in the paper showed the feasibility of forming a national
system for the disposal of decommissioned products. To date, the process of recycling of material-intensive products,
including agricultural machinery, mostly takes place spontaneously, causing environmental and economic damage.
(Research purpose) The research purpose is outlining the possibilities of developing the "Agricultural recycling” system in
the agro-industrial complex of Russia, including agricultural machinery, livestock and other types of waste. (Materials and
methods) It was determined that one of the most important conditions for the creation of the "Agricultural Recycling" system,
in addition to financial aspects (recycling fee), is the active participation in the project of manufacturers of agricultural
machinery, their dealers and specialized enterprises in the engineering sector of the agro-industrial complex, which will
intensify the process of deploying production facilities for the collection and processing of recycled agricultural machinery
and its components. (Results and discussion) It was noted that at present the creation of a recycling system is hindered not
so much by the technology of various types of recycling works, as by the lack of a concept for creating a unified waste
management system for production and consumption, in which the waste disposal system should take its place along with
other industry systems. No less important factors hindering the creation of a Unified Waste Management System as a whole
and a Unified Equipment Recycling System are the issues of organizing waste disposal processes, interaction between
participants in the recycling system, regulatory, legislative and financial support for the functioning of this system.
(Conclusions) The paper identifies the main factors influencing the possibility of developing the "Agricultural recycling”
system in the Russian agro-industrial complex in the next two to three years.

Keywords: agro-industrial complex, recycling, agricultural recycling, agricultural machinery, resource saving,
ecology, machine and tractor park.
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Pegpepam. Bonpocwl oyenxu nosviuenus 3QPQeKmusHOCmu CenbCKOXO3ANUCTNBEHHON OMeYyeCm8eHHol MeXHUKU No
Kpumepusm npucnocoOieHHOCIU K MEeXHUYECKOMY 00CYICUBAHUIO U OUASHOCIMUPOBAHUIO U PA3PAOOMKA MePONPUSMULL
nO ee NOGbIUEHUIO AKMYAIbHbl, MAK KAK OKA3bIGAION 3HAYUMENbHOe GIUSHUE HA HAOENCHOCMb U COBOKYNHYIO
CmMouMocmsb 81a0eHUs u pecypcocobepesicenus 8 npoyecce sxkcnayamayuu. Om ypogHs. RPUCNOCOOIEHHOCHU MEXHUKU K
00CHYIHCUBAHUIO U OUASHOCIUPOBAHUIO 3A8UCAM 3aMPaAmbl HA MeXHUYECKoe 00CIYICUBAHUE U PEMOHM U YOLIMKU OMm
npocmoss  mexuuxu. (Llenv uccredosanus) Obocnosamv  paspabomkKy  OONOJHUMENbHBIX — UHGOPMAYUOHHO-
OUACHOCMUYECKUX CPeOCmE O/l NOGLIUEHUSL IPHEKMUSHOCMU CeNbCKOXO3AUCMBeHHOU mexHuku. (Mamepuanvl u
memoowt) [lposenu anaiuz u onucauue paspaboOmMaHHbIX CPeocms No OUASHOCMUPOBAHUIO CENbCKOXO3AUCMEEHHOU
mexuuku. HM3yuunu  amanoeuunoe KOHMPOJLbHO-OUASHOCMUYECKOe 000py00saHue, GblnycKaemoe CmopoOHHUMU
npPoOU380OUMeENIMY, 01 CENbCKOXO3AUCMBEHHOU MeXHUKY. Paccmompenu omauuumenvhvie 0COOEHHOCIU COOCMEEHHIX
Paspabomox u ompazuiu HeodX00UMOCMy OUASHOCMUPOBAHUS KOHKPEemHbIX napamempog. Ompasuiu 603MOICHOCIU
AHATU3A NOTYYEHHOU UHDOPMAYUU C NOMOWBIO ANCOPUMMOS UCKYCCMEeHH020 unmeliexkma.  (Pesyiomamol u
obcyacoenue)  Cnpoekmuposanu 6 CHeyudaibHOM UHICEHEPHOM NPOSPAMMHOM obecneyeHuu U coopanu nepevie
NPOMoOmMunsl OaHHLIX mexHuweckux cpeocms. Ilpogeau 3D modenupoeanue ycmpoiicmeg. Buinonnunu —ucnvimanus,
Komopvle O0KA3AAU  BO3MONCHOCHb  pa3paboOmKu  NOOOOHLIX YUDPOBLIX OUACHOCHMUYECKUX YCMPOUCms  Ois
CENbCKOXO3AUCTNBEHHOU MEXHUKU, 0O0CHOBANU UX IP@EKMUSHOCb HA OCHOBe NOLYVHeHHbIX Oauublx. I[Ipednodcunu
MoOoepHuzayuto paoa cucmem. (Bvigoowst) I[Ipoananusuposanu umocu pabomel UHDOPMAYUOHHO-OUASHOCMUYECKUX
yempoticms. Codpanu Mamepuansl o CO8PEMEHHbIM Memodam ouacHocmupoganus mexnuxu. Onpedenunu oanvhetiuee
paseumue  HanpagieHuss pabomel 01a  Oollee  KAYECMBEHHO20  OUACHOCMUPOBAHUS Y3108 U — Azpe2amos
cenvbekoxosstcmeennot  mexuuky. OOHUM U3 NPeONOJNCEHHbIX HANPAGIeHUll sAeIslemcss paboma no adanmayuu
ANCOPUTMOB UCKYCCIMBEHHO20 UHMELIeKMA 0I5l OUASHOCMUPOBAHUS CeNbCKOXO03AUCMBEHHOU MEXHUKU.

Knrouesvie cnosa: ouacHocmuyeckue yCmpoucmed, CHemuuK-UHOUKAMOp, IHEP2OHACHIUeHHAsT MEXHUKA,
KOHMPOJIeNpUe0OHOCb, MOHUMOPUHS.
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Abstract. The issues of assessing the improvement of the efficiency of agricultural domestic machinery according to
the criteria of adaptability to maintenance and diagnostics and the development of measures to improve it are relevant,
as they have a significant impact on reliability and total cost of ownership and resource savings during operation. The
costs of maintenance and repair and losses from equipment downtime depend on the level of equipment adaptability to
maintenance and diagnostics. (Research purpose) The research purpose is substantiating the development of additional
information and diagnostic tools to improve the efficiency of agricultural machinery. (Materials and methods)
Conducted an analysis and description of the developed tools for diagnosing agricultural machinery. We have studied
similar control and diagnostic equipment manufactured by third-party manufacturers for agricultural machinery. We
examined the distinctive features of our own developments and reflected the need to diagnose specific parameters. The
possibilities of analyzing the received information using artificial intelligence algorithms were described. (Results and
discussion) Were designed in special engineering software and the first prototypes of these technical means were
assembled. Conducted 3D modeling of these devices. We performed tests that proved the possibility of developing such
digital diagnostic devices for agricultural machinery, justified their effectiveness based on the data obtained. Proposed
modernization of a number of systems. (Conclusions) Analyzed the results of the work of information and diagnostic
devices. We collected materials on modern methods of diagnosing equipment. We have determined the further
development of the direction of work for better diagnostics of components and assemblies of agricultural machinery.
One of the proposed directions is the work on the adaptation of artificial intelligence algorithms for the diagnosis of
agricultural machinery.

Keywords: diagnostic devices, counter-indicator, high-energy equipment, controllability, monitoring.
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Pegpepam. Ilpomexarowjue 6 npousgOOCMBEHHbIX CUCEMAX NPOYECchl IUMUMUPYIOMCA  AcPOMEXHUYeCKUMU
mpebosanuamu. Onpedensiowum GaKmopom MexXHOIOSUHEeCKOU HAOEHCHOCTNU CUCHEMbL CAYICUM 8pPeMsi 3AMeHbl
omkazaswe2o snemenma. Haoexcnocms cucmemvl Cyuwjecmeeno 3a8Ucum om COOMHOWEHUS MeXCOY BPeMeHeM 3aMeHbl
O0MKA3aswie20 r1eMeHma Ha pabomocnocoOHyI0 3an4acms U OONYCMUMbIM NPOCMOEM 6 pabome Npou3B00CmeEeHHOlU
cucmemol. Komniekm 3anachvix uzoenutl U APUHAOTIEHCHOCHEN He0OX00UMO paccmMampugams KaxK pazHOSUOHOCHIb
Henazpyscennoeo  pesepsa. (Llenv uccnedosanus) Dopmanuzoeamev  3a6UCUMOCHIU  MeHCOY — NOKA3AMENAMU
@yHKYuoHUpOoBanus cucmemvl 0becnedeHus 3anacHbIMU YaAcmamy u ONMUMUIUPOBAMb NAPAMEmPbl HOMOKOS 3As180K HA
sanuacmu ¢ yvemom ux kavecmea. (Mamepuanvt u memoost) Ommemuiu, Ymo 015 OYeHKU Ka4eCmad 3andcCHbIX U30eautl
U NPUHAONEHCHOCMEN HA ONpedeleHHyI0 0amy YenecoobpasHo 3aghuKcuposams mpu 4acmu npuobpemeHHol napmuu
sanuacmeil. Chopmyruposanu 3a0auy oyenku Oe30MKA3ZHOCMU 3aNACHIX U30eIUl U NPUHAONEICHOCMEN HA PAHHEl
cmaouu ux ucnoivsoganus. (Pesynemamur u o6cyscoenue) Buisgunu, umo Ona hapmuu 3anacHulX U30eiuu u
NPUHAONIEHCHOCIEU HU3KO2O0 KAYeCmBad UMeencsl 603MOICHOCMb NPUHUMAMb ONePAmMUEHble PEuleHUs NO PeKiamMayuu
uzeomosumento 3anuacmeii u ux 3amere. (Bvigoow) Koncmamupoeanu, umo npoyeccovl pacxodosanus 3anyacmeu
OMHOCAMCS K CMOXACMUYECKUM. YCMaHo8umy, 4mo KOMNJIeKm 3andacHulX u30enutl U NPUHAoNedCHOCmell sA6iAemcs
PA3HOBUOHOCMbBIO Pecypcd, NPeOHA3HAYEHHO20 Ol NOBbIUEHUS HAOEHCHOCTHU (DYHKYUOHUPOBAHUS MEeXHUYECKUX
cucmenm. [Ipeonosicunu Koagguyuenm 2comosHoCmu 3anACHbIX U0l U NPUHAOLEHCHOCMET C Y4emOM UHMEHCUBHOCTU



ux omkazos npu xpareruu. Obwas mooenb HA0eHCHOCU OONNHCHA YUUMbIBAMb. CIMpame2ut0 NONOIHEeHUs 3andacmell,
mMun cmpyKmypbi CUCIeMbl CHAOHCEHUS, MUN MOOelU OMKA308. JJoKa3anu, 4mo cmpamezus HenpepvleHO20 NONOJIHEHUs]
3anacuvix uzoenul u npunadnexdcHocmel asusiemcs sppexmusnou. Ona obecneyusaem npu NPOHUX PAGHLIX YCIOGUIX
bonee 8blcOKOe 3HAUEHUe KO3 PuyueHma 20moeHOCMU 3aNACHbIX U30eNUll U NPUHAOTIEHCHOCEIL.

Kntouegwle cnoea: mexnonocuueckasn HA0eHCHOCMb, 3ANACHble U30eNUs U NPUHAONEHCHOCMU, MEeXHUYeCKas cucmema,
@dyHKyuonupogamue, KoIpPuyuenm 20moHOCMU, ONMUMUZAYUSL.
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Abstract. The processes occurring in production systems are limited by agrotechnical requirements. The determining
factor of the technological reliability of the system is the time of replacement of the failed element. The reliability of the
system depends significantly on the ratio between the time of replacement of the failed element with a workable spare
part and the allowable downtime in the operation of the production system. A set of spare parts and accessories should
be considered as a kind of unloaded reserve. (Research purpose) The research purpose is formalizing the dependencies
between the performance indicators of the spare parts supply system and optimizing the flow of applications for spare
parts, taking into account their quality. (Materials and methods) It was noted that in order to assess the quality of spare
parts and accessories on a certain date, it is advisable to fix three parts of the purchased batch of spare parts. The task
of assessing the reliability of spare parts and accessories at an early stage of their use was formulated. (Results and
discussion) It was found that for a batch of spare parts and accessories of poor quality, it is possible to make prompt
decisions on complaints to the manufacturer of spare parts and their replacement. (Conclusions) It was stated that the
processes of spending spare parts are stochastic. It was established that a set of spare parts and accessories is a kind
of resource designed to improve the reliability of the functioning of technical systems. The availability factor of spare
parts and accessories was proposed, taking into account the intensity of their failures during storage. The general
reliability model should take into account: the strategy of replenishment of spare parts, the type of structure of the
supply system, the type of failure model. Proved that the strategy of continuous replenishment of spare parts and
accessories is effective. It provides, other things being equal, a higher value of the availability factor of spare parts and
accessories.

Keywords: technological reliability, spare parts and accessories, technical system, operation, availability factor,
optimization.

For citation: Kerimov M.A., Kerimov M.M. Spare parts reserve management in a multi-level structure to ensure the
reliability of technical systems. Machinery technical service. 2024. T. 62. N2. 47-54. DOI: 10.22314/2618-8287-2024-
62-2-47-54. EDN: ABNRHJ.

EDN: KEHYYY Hayunasi craTbs
DOI: 10.22314/2618-8287-2024-62-2-55-64 YAK 631.12; 62-799

PA3PABOTKA HHAUKATOPA OHEHKHU TEXHUYECKOI'O COCTOSIHUS KOPOBOK INEPEJIAY

Muxaun Huxonaeeuu Kocmomaxun, kanouoam mexHuueckux HaykK,



6e0yuuIl HaAyuYHblil COMPYOHUK;

Anexcandp Cepzeesuu Caanun, Maaduiuii HAy4Hvlil COMPYOHUK;
Hzopv Muxaiinosuu MakapkuH, éedyuiuil cneyuanucm;

Edum Baoumoeuu Ilecmpaxoe, maaouiuii HayuHblii COMPYOHUK;
Huxkonait Anexceeeuu Ilempuuies, kanouoam mexHu4eckux HaykK,
6edyuiuil HayuHplil COmpyoHuK, e-mail: comaconcrsas@mail.ru

Deodepanvhitii HayuHblil azpoundicenepustii yenmp BUM, Mockea, Poccuiickas @edepanusn

Pegpepam. Dppexmuenocms UCHONBbI0BAHUS IHEPZOHACLIUEHHBIX MPAKMOPOE 8 CeNbCKOM XO3AUCmEe 80 MHO20M
onpeoensiemcsi yposHem no020MosKU K NOAE8bIM padomam, KOMmopwlil 6 CE010 0Yepedb 3a6UCU O NOTHOMbL BPOBEOeHUs
pemonmuo-oo6cayHcusarowux gosoeticmeuil. /s 6e3pazoopHoll oyenku 0oweco mexHu4ecko2o CoOCmosHus dgueamesell
BHYMPEHHE20 C2OPAHUSL UCNOAL3YIOMCS PA3TUUHbIE OUASHOCMUYECKUEe CPeOCmEd. MOMOp-mecmepsl, PAcX00oMepbl
KapmepHwix 2a308 u 0p. B nacmosiwee epems ne cywecmsyem cpedcme 05 OYeHKU MEeXHULeCKo20 COCMOAHUS KOPOOKU
nepedau 6e3 paspuvliea nomoxa mowpocmu. Ipebyemcs pazpabomxa yu@posvix OUASHOCMUYECKUX CPeOCm8 OJis
CHUDICEHUS PUCKA OMKA308 8 Nepuod npogedenus noregvix pabom. (Llenv uccredosanus) Hzyuums cocmosmue onpoca
u 060CcHO8aMb HE0OX0OUMOCHb PA3PAOOMKU YUDPOB02O UHOUKAMOPA 0715 6e3pa300PHOTL OYeHKU 00Ue20 MEXHULECKO20
COCMOoANUsL 2UOPONPUBOOA YNPABIEHUSL KOPOOKOU nepeoay SHepeoHAChIWeHHbIX mpakmopos. (Mamepuanvt u Memoost)
Ilposenu ananuz xomniexca pabom no OUASHOCMUPOBAHUIO U YAPAGIEHUIO HAOEHCHOCMBIO CEeNbCKOXO035UCMBEHHO
mexHuku. Ycmanosunu, umo HeoOX00uM KOHMPOLb GPeMeHU NPOMeKAHUs NEPexooH020 npoyecca 6 cucmeme
2UOPABTIUYECKO20 YNPABTIEHUsL KOPOOKU Nepeday, a makdice YCKopeHull npu nepexuoyenuu nepeoay. Paccmompenu panee
8bINYCKAEMOE KOHMPOAbHO-OUAcHOCUYecKoe obopydosanue. B kauecmee npomomuna 015 paspabomku yugppogozo
unouxamopa evibpanu npubopvr KH-12383, « Ogpghexm-02.01». (Pesyromamot u 06cysrcoenue) Ilposenu modenuposanue,
CHPOEKMUPOBAIU U UCTLIMATU NPOMOMUR U OOKA3ATU BO3MOICHOCTL PAPAOOMKU YUPPOBO20 UHOUKAMOPA, KOMOPbILL
MOJICEm UCNONb308AMBCS 8 KAYECHEe GCMPOCHH020 OUASHOCMUYECK020 CPeOCmead 0 000CHOBAHUS He0OX00UMOCHU
npoGedeHUss PeMOHMHO-00CIYHCUBAIOWUX 030eticmeuil Kopobku nepeday. (Bvieoowr) [[ns monumopunea obwezo
MEeXHUYECK020 COCMOAHUS KOPOOKU nepeday HeobXooum yugpogou UuHOUKAmMop, Ymo no3601um 6e3 6HeCeHUs: U3MEHEHUs.
6 koncmpykyuio (K-701, T-150K u ux cospemenHuvix ananoeos) nonyyams ouacHocmuieckue 0anHvle 0isi 000CHOBAHUS
NpoGedeHUs PEMOHMHO-00CTYHCUBAIOWUX 8030€UCMEULL C YETbIO CHUNCEHUsI pUCK08 omKa308 111 epynnvl crosxcnocmu @
npoyecce npogedenus nojesvlx pabom.

Knrwouesvie cnosa: rxopodoxa nepedau, IHEPSOHACHIWEHHBIN MPAKMOP, CUCHEMA SUOPAGTUYECKO20 YAPAGIeHUs,
YUppPosoI UHOUKAMOP, MOHUTNOPUHE, NEPEXOOHDLL NPOYECe, NOMOK MOWHOCMU, OUACHOCMUPOBAHU.
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DEVELOPMENT OF A COEFFICIENT FOR ASSESSING THE TECHNICAL CONDITION OF GEARBOXES
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Igor M. Makarkin, leading specialist;

Efim V. Pestryakov, junior researcher;

Nikolai A. Petrishchev, Ph.D.(Eng.), leading researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federration

Abstract. The efficiency of the use of high-energy tractors in agriculture is largely determined by the level of
preparation for field work, which in turn depends on the completeness of the repair and maintenance work. Various
diagnostic tools are used for a non-selective assessment of the general technical condition of internal combustion
engines: motor testers, crankcase gas flow meters, etc. Currently, there are no means to assess the technical condition
of the gearbox without breaking the power flow. The development of digital diagnostic tools is required to reduce the
risk of failures during field work. (Research purpose) The research purpose is studying the state of the issue and
Justifying the need to develop a coefficient for a non-selective assessment of the general technical condition of the



hydraulic transmission control drive of high-energy tractors. (Materials and methods) Carried out an analysis of the
complex of works on diagnosing and managing the reliability of agricultural machinery. It was found that it is necessary
to control the time of the transient process in the hydraulic control system of the gearbox, as well as accelerations
during gear shifting. We reviewed the previously manufactured control and diagnostic equipment. The KI-12383 and
"Effect-02.01" devices were chosen as a prototype for the development of a digital indicator. (Results and discussion)
We conducted a simulation, designed and tested a prototype and proved the possibility of developing a digital indicator
that can be used as an integrated diagnostic tool to justify the need for repair and maintenance effects of the gearbox.
(Conclusions) To monitor the general technical condition of the gearbox, a digital indicator is needed, which will allow,
without making changes to the design (K-701, T-150K and their modern analogues), to obtain diagnostic data to
substantiate repair and maintenance impacts in order to reduce the risks of failures of the Il complexity group during
field work.
Keywords: gearbox, high-energy tractor, hydraulic control system, coefficient, monitoring, transient process, power
flow, diagnostics.
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Peghepam. 3nauumenvhas 0011 2py308 6 CENbCKOM XO3AUCMEE NEPeBO3UMCI AGMOMOOUTLHLIM MPAHCNOPIMOM 8
VCA0BUAX HUSKUX MeMnepamyp oKpyxcaroujel cpedvl. M3meneHue c80UCME MAcel 8 dMUX YCA08UAX 3HAYUMENbHO
cHUdICaem 3 GexmusHocms pabomvl Mawu u mpedyem nposederuss OONOIHUMEIbHBIX MEPONPUSMULL NO MEN0BO0l
noocomoske azpecamos. (Lleav uccnedosanus) Buvisigums mennogvle nomoxu medxncoy O0gueamenem u azpeeamamiu
MPAHCMUCCUU 2PY308020 ABMOMOOUNA U UX BIUAHUE HA MENTI0BOU PEXCUM CPEOHe20 U 3a0He20 Mocmos. (Mamepuaist
u Memoovl) Beinoanunu sxkcnepumenmanbhvle ucciedosanus na aemomodunre KamA3 65115. Uzyuunu xonsekmusHole
meniosvle NOMOKU U nepeoawy meniomvl HOCPEeOCMBEOM MENIONPOBOOHOCIU 8 CUcmeme «08Ueamenb—azpecamsl
MPAHCMUCCUUY, A MAKHCEe UX GIUSHUE HA MENI080U PetCUM MPAHCMUCCUOHHBIX pedyKmopos. (Pezynomamul u
obcyacoenue) Yemanosunu eiuanue osuecamens Ha Meni08oU pexcum KopooKu nepeday: nogvluleHue memnepamypol
MAcia cocmasuio name epadycos; epemsa cmaounuzayuu memnepamypul macia — 70-74 munymei. He eviasunu enuanue
dgueamesst Ha4 MeNI080e COCMOsIHUe CpedHe20 U 3a0He20 Mocmos. Tlokasanu, ymo 0CHOBHBIMU MENTOBbIMU NOMOKAMU,
BbIZLIBAIOWUMU HAZPe8 KOPOOKU nepeoay, AGIAI0Mmcsa 6030yuiHble NOMOKU, oMblearowue OJ0K U Kapmep O08u2amels.
Yeenuuenue ckopocmu 6030yuino2o nomoka 00 25 mempog 8 ceKyHoy NpU8oOUm K CHUMCEHUIO MeMNepamypbl 0KOI0
onoka osueamens na 2,5 npoyenmos 00 278 Kenb8UuH08, a OKOI0 Kapmepa 08ueamens Ha 3 npoyenma 00 253 Kelb8uHos.
(Bv1600vt) Temnepamypa 0guecamens okazvléaem cyuecmeeHHoe elusHUe MOAbKO HA meMnepamypy Kopooku nepedad.
Ilpu cxopocmsax 060ysa acpecamos mpancmuccuu 8vie 10 mempos 8 cekyndy HabA0Oaemcs CmaduIu3ayus ux
memnepamypul. Tennogvle nomoxu, Guvizvigarowjue OONOIHUMENbHBIL HACPed KOPOOKU nepeoay, opmupyiomcs Ha
OOKO0BLIX NOBEPXHOCAX DJIOKA YUIUHOPA U MACTAHO20 Kapmepa 08ueamelis.

Knroueswvie cnosa: memnepamypa, mpancmuccus, 08usameib, Menilo8oll pexicum, menionepeoaid, KOHEeKyus.
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HEAT EXCHANGE OF THE TRANSMISSION UNITS OF TRUCK ENGINE

!Aleksey A. Dolgushin, Dr.Sc.(Eng.), associate professor;
!Anton F. Kurnosov, Ph.D.(Eng.), associate professor;
2Roman V. Chernukhin, Ph.D.(Eng.), associate professor

! Novosibirsk State Agrarian University, Novosibirsk, Russian Federation
2 Novosibirsk State Technical University, Novosibirsk, Russian Federation

Abstract. A significant share of goods in agriculture are transported by road at low ambient temperatures. Changing
the properties of oils in these conditions significantly reduces the efficiency of the machines and requires additional
measures for the thermal preparation of the units. (Research purpose) The research purpose is identifying heat flows
between the engine and the transmission units of a truck and their effect on the thermal mode of the middle and rear
axles. (Materials and methods) We performed experimental studies on a KamAZ 65115 car. Convective heat flows and
heat transfer through thermal conductivity in the "engine—transmission units" system, as well as their effect on the
thermal mode of transmission gearboxes, were studied. (Results and discussion) The effect of the engine on the thermal
mode of the gearbox was established: the oil temperature rise was five degrees; the oil temperature stabilization time
was 70-74 minutes. The effect of the engine on the thermal mode of the middle and rear axles was not revealed. It was
shown that the main heat flows causing the gearbox to heat up are the air flows washing the block and crankcase of the
engine. An increase in the air flow velocity to 25 meters per second leads to a decrease in temperature near the engine
block by 2.5 percent to 278 kelvin, and near the crankcase by 3 percent to 253 kelvin. (Conclusions) Engine temperature
has a significant effect only on the temperature of the gearbox. At air speeds above 10 meters per second, stabilization
of transmission temperature is observed. Heat flows that cause additional heating of the gearbox are formed on the side
surfaces of the cylinder block and the engine o0il sump.

Keywords: temperature, transmission, engine, thermal mode, heat transfer, convection.
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Peghepam. Pabouue opeanvt nousoobpabamvleéaowux Mawul, 6 mom qucie Oucku OOpoH, 60 epemst obpabomxu
NOUBbl CUTLHO USHAWUBAIOMCA U GbIXO0AM U3 cmpos. B ocnosnom ux ympoumsiom na cmaouu u3eomoeienus 01s
nosvluienus: usHococmotikocmu. Ilpogedenue ucnvimanutl st NPOGEPKU UX PAOOMOCNOCOOHOCMU C Yenblo 8blbopa
Haubonee PHeKmusHbIX MEXHOA02UL YAPOUHeHUs mpebyem OONbUWUX BPEMEHHbIX U MAMEPUATbHBIX 3ampam.



Cospemennol anbmepHamueol JMumM UCHBIMAHUAM CLYICUM UCHOTIb308AHUE KOMNbIOMEPHO20 MOOeIUPOSAnUsl Ha
Ha4anbHOU cmaduu ebloopa u paspabomku mexnonro2ul ynpounenus. (Llenv uccaedosanus) Hccnedosams u oyenumo
cmenensb GIUAHUSL MEXHOL02UYeCKUX (aKmopos Ha UZHOCOCTHOUKOCMb paboyux 0peamnos noygooopadamviéaouux
MAWuH, 6 4acmHOCmuU, OUCKO8 OOPOH, NPU NOMOWU CPEeOCME KOMNbIOMEPHO20 Modenuposanus. (Mamepuanvl u
Mmemoovl) [Iposenu komnviomeproe MoOeauposganue yCiosuli ux pabomsl npu NOMOWU Memood BbIMUCIUMENbHOU
2UOPOOUHAMUKU  NOCPeOCmBoM  ucnoavzosanus npoepammvl  SOLIDWORKS Flow Simulation 011 oyenxu
aghpexmusHocmu u blO0pa paznuunslx mexroaocuti ynpounenus. Cozoanu meepoomenvhvie MoOenu OUCK08, KOMopwle
UCHONBb306ANU NPU CUMYAAYUU YCIOGULL pabomvl OUCKO8 OOPOH ¢ pasnuuHblMu napamempamu. (Pesynvmamor u
obcyacoenue) Tonyuunu 6 pezyivbmame MOOCIUPOBAHUSL KAPMUHBL PACNPEOeIeHUs 0ABIeHUs,, NPedcmasisiiouue uz ceos
YBeMHOU 2paduenm Ha 6bIOPAHHOU NOBEPXHOCMIU MOOeIU, NOKA3LIBAOWUL BeIUUUHbL 0A6IeHUS NOYBbI HA OUCK.
THoxazanu pacnpedenenue dasnenuss Ha OUCK DOPOHBL 0151 OUCKA 8 3A800CKOM UCHOTHEHUU U C YIPOUHSIOWUMU BATIUKAMU
npu pazauynslx yerax amaxu 10, 15 u 20 epadycos u cxopocmsax 6, 12 u 24 xunomempog 6 uac. Bviasunu kapmunol
pacnpeoenenus 0a8NeHUsi HA OUCK C PA3TUYHBIMU 2eOMEMPUYECKUMU NaApamMempamyu HAHEeCEeHHbIX YAPOUHAIOUUX
sanukos. (Bvigoowr) Ilpu 6cex npeocmagieHHbIX pAa3IUyHbLIX MEXHON02UYECKUX (axkmopax Oucku 00poH ¢
VAPOUHAIOWUMU BATUKAMU NOKA3ATU YMEHbUIeHUEe OABIeHUsL NOYGbL HA UX NOBEPXHOCMb. Ycmanosunu, ymo Hauboaee
CUTbHO CHUICAemEs 0asienue noY8bl Ha OUCK NPU HAHeCeHUl 8ANIUKO8 WUPUHOLL 6 U 6blcOmOoU He boee 2 MULTUMEMPO8.
Knioueguvie crosa: ouck 60ponvl, ynpouneHue, Haniaekd, U3HOCOCMOUKOCHb, KOMIbIOMEPHOE MOOETUPOBAHIE.
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COMPUTER MODELING OF HARROW DISC WORKING CONDITIONS
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L2 Dmitriy B. Slinko, Ph.D. (Eng.), associate professor, leading researcher;
1 Vyacheslav A. Denisov, Dr.Sc.(Eng.), chief researcher
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2 Bauman Moscow State Technical University, Moscow, Russian Federation

Abstract. The working parts of tillage machines, including harrow discs, wear out and fail during tillage. Basically,
they are hardened at the manufacturing stage to increase wear resistance. Conducting tests to verify their operability
in order to select the most effective hardening technologies requires a lot of time and material costs. A modern
alternative to these tests is the use of computer simulation at the initial stage of the selection and development of
hardening technologies. (Research purpose) The research purpose is investigating and evaluating the influence of
technological factors on the wear resistance of the working parts of tillage machines, in particular harrow discs, using
computer modeling tools. (Materials and methods) Carried out computer simulation of their working conditions using
the computational fluid dynamics method by using the SOLIDWORKS Flow Simulation program to evaluate the
effectiveness and selection of various hardening technologies. We created solid-state disk models that were used to
simulate the operating conditions of harrow disks with various parameters. (Results and discussion) As a result of
modeling, pressure distribution patterns were obtained, which are a color gradient on the selected surface of the model,
showing the values of soil pressure on the disk. The pressure distribution on the disc of the disc harrow in the factory
version and with reinforcing rollers at various angles of attack of 10, 15 and 20 degrees and speeds of 6, 12 and 24
kilometers per hour was shown. The patterns of pressure distribution on the disk with various geometric parameters of
the applied reinforcing rollers were revealed. (Conclusions) With all the various technological factors presented, the
harrow discs with reinforcing rollers showed a decrease in soil pressure on their surface. It was found that the pressure
of the soil on the disk is most strongly reduced when applying rollers with a width of 6 and a height of no more than 2
millimeters.

Keywords: harrow disc, hardening, surfacing, wear resistance, computer modeling.
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dunaHcupoBanue. PaboTa puHaHCHpOBaach 3a cYeT CPEICTB (enepanbHoro Ormkera B pamkax FFGU-2021-0003 u
FFGU-2024-0024 nio pe3yibTaTaM HCCIeIOBaHUMN, BRITIOTHEHHBIX C HCTIONb30BaHueM obopyaosanus LIKIT UMAII PAH.

Pecpepam. ['azomepmuueckoe HanviieHue MEmMaiios8 U CHIAAB08 NO360IAEM NOAYYAMb HA NOGEPXHOCMAX Oemaiell
HOKPbIMUSL C 8bICOKUMU IKCHIYAMAYUOHHBIMU C80Ucmamy. [laHHble MemoObl HAaHeceHus NOKpbIMULl Mozym Ovimb
aphexmusro ucnonb308anbl NPU BOCCMAHOBIEHUU USHOUIEHHBIX Oemaiell MAWUH 1 000pY008AHUS PA3TUYHOL0 MUNA, YO
8 YCNOBUAX MACWUMAOHBIX CAHKYULL ABNILEMCST OOHOU U3 BAICHEUWUX 3A0ay MeXHOI02UYeCKOl He3A8UCUMOCTIU POCCULICKUX
ompacnei  npomviwinennocmu.  (Lenv  ucciedoganuii) — Yemanogums — 3aKOHOMEPHOCHU  GIUAHUS — OCHOGHDIX
MEPMOOUHAMULECKUX NAPAMEMPO8 WNIA3MEHHOU CMPYU HA  A02E3UOHHYI0 NPOYHOCHb (POPMUPYEMBIX NOKPbIMUIL
(Mamepuanvr u memoowt) Ocywecmeniany Hanecenue Mmy2oniasKux Memailo8 U CHiasos Ha epagumosyio NOOI0HCKY C
ucnoav3oganuem niasmennou yemanogku YI1Y-3. Onpedensnu no obuenpunsamou memoouxe memnepamypy u cKkopocmy
yacmuy npu  NIA3MEHHOM — pacnvlieHuu nposonoku. OyeHusanru CpeOHeMAacco8yry meMnepamypy Hacmuy Ha
PaccmampueaemMom yuacmke HIA3MEHHOU CMpYU HO HPUPAWeHuIo SHMATbRUU Yacmuy Hanelisemozo memannd. llpu
pacueme memnepamypvl Hazpesd UACMUY HANLLIAEMO20 NOPOWKOB020 MAMEPUANd UCXOOUU U3 Mo20, UYmo
memnepamypHoe noie 2a308020 HOMOKA 3d CPe30M CONd onpedensiemcs MmMenioQu3uyeckuMy Ce0lUCmeamu
RAA3MO00PA3YIOWUX 24308 U YCIOBUAMU MENI000MeHA CmpyU ¢ OKpydcalowell cpedoll. Mzmepsiu a02e3uoHHY0 RPOYHOCHb
HOKpbIMULL Memooom cosued. [ oyeHKu 3HA4eHUull OCMamoyHblX HANPANCEHUL UCCIe008dU MeMnepamypHbie Nois 8
HANbLIEHHOM clioe U noonodxcke. (Pesynomamul u obcyscoenue) Ilpoananusuposanu cyuwecmeyiowue meopemuyeckue
npedcmasienusi 0 QU3UYECKUX Npoyeccax npu POpMUpoBaHUU 2a30mepmMuyeckux nokpvimuil. Paccmompenu ocHogHble
menjiogusuueckue Xapaxmepucmuky NIA3MEHHOU Cmpyu, GIUAloWue HA pPACNbLIeHUe DA3IUYHbIX NOPOUKOBbIX U
npogoNoUHblX  Mamepuanos. Onpedenunu haxmopuvl, obecneuusaiowue MAKCUMATLHYIO HPOYHOCMb  CYENeHUs
2a30MepMULecKUX NOKPLIMULl ¢ NOBEPXHOCHbIO KOMHOZUYUOHHO20 Mamepuand. (Bvigoowt) Jokazanu, umo memnepamypa
yacmuy HanslisieMo20 Mamepuana onpeoeniem NpoYHOCMb CUenieHuss NOKpbIMmull. Benuyuna mepmuieckux HanpaiceHut,
BO3HUKAIOWUX 8 NOKPBLIMUAX, 3A8UCUMN OM COOMHOWEHU MENL0PUIULECKUX KOHCMAKM MAMEePUand NoKpulmus U OCHOBbL.
s noryuenus nokpeimuil ¢ MAKCUMATLHOU A02E3UOHHOU HPOYHOCBIO NPU BbICOKOMEMNEPAMYPHOM PACHbLICHUU
mamepuana HeoOXo0uMO OONOJHUMENbHO YUUMbIBAmMb YCI08UA, onpedensembvle CULAMU MEXAHUHECKO20 3ayenieHus
Oepopmupyrowuxcs uacmuy.

Knrouegovle cnosa: aoze3uonnas npoyHocms, 6blCOKOMEMNEPAMYPHOE PACHbLIEHUE, 2a30MepMUYecKiue NOKpblmusl,
OCmamouHble HaNpPANCEeHUsl, NepUo0 pemapoayuu, NIA3MeHHas CMpYysl, NOPOUKOBbLE U NPOBOTIOYHbIE MAMEPUATDL.

Jna yumuposanusn: Jyns uutupoanusi: KpaBuenko W.H., Kyszmemnor lO.A., bopouk T.H., bapanosa H.C.,
I'pubakna A.A. BrusHue TepMOIWHAMHYECKHX NapaMETPOB IUIA3MEHHOH CTPyH Ha aAre3HOHHYIO MPOYHOCTH
ra3oTepMHUYECKHX MOKPHITHH // Texanueckuit cepuc MammuH. 2024, T. 62. N2. C. 77-84. DOI: 10.22314/2618-8287-
2024-62-2-77-84. EDN: EZZPLO.

Research article
INFLUENCE OF THERMODYNAMIC PARAMETERS OF A PLASMA JET



ON THE ADHESIVE STRENGTH OF GAS-THERMAL COATINGS

2Igor N. Kravchenko, Dr.Sc.(Eng.), professor;
3Yuriy A. Kuznetsov, Dr.Sc.(Eng.), professor;
‘Tatyana N. Borovik, senior lecturer;

‘Natalya S. Baranova, senior lecturer;
3Aleksandr A. Gribakin, postgraduate

!Mechanical Engineering Research Institute of the Russian Academy of Science

(IMASH RAS), Moscow, Russian Federation

2Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russian Federation
30rel State Agrarian University named after N.V. Parakhin, Orel, Russian Federation

*MIREA — Russian Technological University, Moscow, Russian Federation

Financing. The work was financed from the federal budget within the framework of FFGU-2021-0003 and FFGU-2024-0024 based
on the results of studies performed using the equipment of the Center of Collective Use of the IMASH RAS.

Abstract. Gas-thermal spraying of metals and alloys makes it possible to obtain coatings with high performance properties
on the surfaces of parts. These coating methods can be effectively used in the restoration of worn-out parts of machines and
equipment of various types, which, in the face of large-scale sanctions, is one of the most important tasks of technological
independence of Russian industries. (Research purpose) The research purpose is searching for the regularities of the influence
of the main thermodynamic parameters of the plasma jet on the adhesive strength of the formed coatings. (Materials and
methods) The deposition of refractory metals and alloys on a graphite substrate was carried out using the UPU-3 plasma
installation. The temperature and velocity of the particles during plasma spraying of the wire were determined according to the
generally accepted method. The average mass temperature of the particles in the considered section of the plasma jet was
estimated by the increment of the enthalpy of the particles of the deposited metal. When calculating the heating temperature of
the particles of the sprayed powder material, it was assumed that the temperature field of the gas stream beyond the nozzle
section is determined by the thermophysical properties of plasma-forming gases and the conditions of heat exchange of the jet
with the environment. The adhesive strength of the coatings was measured by the shear method. To estimate the values of
residual stresses, temperature fields in the deposited layer and substrate were studied. (Results and discussion) The existing
theoretical ideas about the physical processes in the formation of gas-thermal coatings were analyzed. The main thermophysical
characteristics of the plasma jet affecting the sputtering of various powder and wire materials were considered. The factors
ensuring the maximum adhesion strength of gas-thermal coatings to the surface of the composite material were determined.
(Conclusions) It has been proved that the temperature of the particles of the sprayed material determines the adhesion strength
of the coatings. The magnitude of thermal stresses occurring in coatings depends on the ratio of the thermophysical constants
of the coating material and the substrate. To obtain coatings with maximum adhesive strength during high-temperature spraying
of the material, it is necessary to additionally take into account the conditions determined by the forces of mechanical
engagement of deforming particles.

Keywords: adhesive strength, high temperature spraying, gas-thermal coverings, residual stresses, retardation period,
plasma jet, powder and wire materials
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Pegpepam. B nacmosiwee epems cyuweCmeyiom u aKmueHO PA36USAIOMC  PA3IUYHbIE A0OUMUBHbIE MEXHOL0SUU
neyamu memainudeckux uzoeauti. Cpedu 00CcmamoyHo OOAbUIOZO KOIUYECMBA MEXHOIOSUN MOJNCHO BblOeUmb
NOCNOUHOE NIA3ePHOE NIAGNIEHUE MEeMALIUYecKo20 Nopouwikd. 3apybesicuvle yuenvle Ymeepiucoarom, umo Oeman,
U320MOBGIEHHbIE ¢ NOMOWbIO OAHHOU MEXHOA02UU, UMEIOM HECKONbKO HeOOCMAMKO8: 6bICOKVIO ULEPOX08ATNOCD
NOBEPXHOCME, BbICOKYIO BOTHUCMOCMb, HEBLICOKYIO 001208eYHOCb. MHnocmpantble ucciedosamenu npeonazaiom
VCMPaHams — HeOOCMAMKU — COBMECHHbIM — NPUMEHEHUEM  IIEeKMPOUCKPOBOU  00pabomku U NOBEPXHOCIHO20
naacmuueckoeo Oegopmuposanus. (Llenv uccnedosanus) Ilpoananuzupoeamv umerowuecs Hayuuvie pabomvl u
OYEHUMDb BO3MOINCHOCTND NPUMEHEHUS. INEKMPOUCKPOBOL 00pabomKu 0151 CHUNCEHUS UepOX08amocmu NOBepXHOCmel
Odemanell, NOJYUEHHbIX MeMOOOM CeleKMUBHO20 JlazepHozo niasienus.(Mamepuanvl u memoost) Ilpuseiu pabomoi
3apyOediCHbIX KOALe2, KOMOopble NPOBOOUTU UCCTIe008AHUS C HOMOWBIO YCMAHOGKU CEAEKMUBHO20 TA3EPHO20 CHEKAHUSL.
Ocywecmensiiu  INeKMPOUCKPOBYIO  00pabomKy 31eKmpoooOM U3 HUKELe8020 Cynepcniasa ouamempom 3,2
muanumempos. (Pesyniomamui u  obcyocoenue) Ilpumenenue 31eKmpouckpogou 06pabomku 6 KOMOUHAYuU ¢
NOBEPXHOCMHbIM NIACMUYECKUM O0ehopmMuposanuem na oopasyax, NOIYYEeHHbIX MEeMOOOM CENeKMUBHO20 NA3EPHO20
CHeKaHUsl HUKeLe8020 NOPOUIKA, NO3608em CHU3UMb UX wepoxosamocmsv Ha 82 npoyenma. Ilpu smom napamemp
BOHUCIIOCTUY  CHUdIcaemcs. Ha 45 npoyenmos. lloxazanu, 4mo 31eKmMpouckpogas oopabomxa 21eKmpoooM U3
HUKENe8020 CHAABA 8 KOMOUHAYUU C NOBEPXHOCMHbIM NIACHMUYECKUM 0ehOPpMUPOSAHUEM, NO360AAEM NOIYUAMb HA
00pasyax, U3COMOGICHHbIX MEMOOOM  CENeKMUBHO20  JA3ePHO20  CHEKAHUS,  UBHOCOCMOUKUE  NOKPbIMusl
uepoxosamocmoio 2,4 muxpomempos, sonnucmocmoio 4,9 u monwunot 10-85 mukpomempos. (Boieoowt) Ilpumenenue
INEKMPOUCKPOBOU 0OpabOmMKU U NOBEPXHOCHHOZ0 NIACMUYECKO20 O0ehOopMUPOBAHUST NO3BONAIONM  CYUECTNEEHHO
CHU3UMb WEPOX0BAMOCHb U GOHUCOCTb PADOYUX NOGEPXHOCHEN Oemanell, NOIYYEHHbIX MeMOOOM CeNeKMUBHO20
J1a3epPHO20 CHEeKAHUsL.

Knwouesvie cnosea: siexmpouckposas oOpabomxa, wepoxos8amocms, GOIHUCOCHb, Jd3epHoe CHIAGIeHUe 8
NOPOWKOBOM ClOE, CEeKMUBHOE A3epHOe NAAGIeHIe, HUKeLe8blll CIILAE.

Jna uumupoeanusa: KyzumenoB W.C., Turo H.B., Jloraues B.H., UYepnsimoB H.C. 3apyOexHbIii OIBIT
WCIIOJIb30BaHUS AJIEKTPOUCKPOBOi 00paboTkm // Texuuueckuit ceppuc MmamuH. 2024. T. 62. N2. C. 85-90. DOI:
10.22314/2618-8287-2024-62-2-85-90. EDN: ECARQI..
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Abstract. Currently, there are actively developing various additive technologies for printing metal products. Among
a fairly large number of technologies, layer-by-layer laser melting of metal powder can be distinguished. Foreign
scientists claim that the parts manufactured using this technology have several disadvantages: high surface roughness,
high undulation, low durability. Foreign researchers propose to eliminate the shortcomings by the combined use of
electric spark processing and surface plastic deformation. (Research purpose) The research purpose is analyzing the
available scientific work and evaluating the possibility of using electric spark processing to reduce the roughness of the
surfaces of parts obtained by selective laser melting.(Materials and methods) The paper cited the work of foreign



colleagues who conducted research using a selective laser sintering unit. Electric spark treatment was carried out with
an electrode made of a nickel superalloy with a diameter of 3.2 millimeters. (Results and discussion) The use of electric
spark treatment in combination with surface plastic deformation on samples obtained by selective laser melting of nickel
powder makes it possible to reduce their roughness by 82 percent. At the same time, the undulation parameter is reduced
by 45 percent. It has been shown that electric spark treatment with a nickel alloy electrode in combination with surface
plastic deformation makes it possible to obtain wear-resistant coatings with a roughness of 2.4 micrometers, a waviness
of 4.9 and a thickness of 10-85 micrometers on samples made by selective laser melting. (Conclusions) The use of
electric spark processing and surface plastic deformation can significantly reduce the roughness and undulation of the
working surfaces of parts obtained by selective laser sintering.
Keywords: electric spark processing, roughness, waviness, laser powder melting, selective laser melting, nickel alloy.
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Peghepam. Memannopedcywue uncmpymenmol 6 xode npoyecca 00pabomku Oemanell pe3aHuem UCIbIMbIBAION
8bICOKUE CUNIOBblE U MENL08ble HASPY3KU, BbI3bIBAIOWUE UZHOC pedxcywux Kpomok. IllosviuieHue usHococmoukocmu
DPeANCYUUX KPOMOK MEMATIOPENCYULe20 UHCMpPYMeHma npeocmasisiem cobotl akmyanvuyio 3aoady. (Leav ucciedosanus)
Ilpogecmu ananuz npuyun USHAWIUEAHUS KOHYEBbIX (hpe3 u c8epl U NPediodNCUmMsb Haubosee PAyUOHATbHLIN Memoo
VIPOUHEHUs Memannopexcyuje2o uncmpymenma. (Mamepuanet u memoouwt). Boiopanu 8 kauecmee 00vbekma ucciedo8anus
Konyegvle peszvl u ceepaa. HMcnonvzoganu 01s ynpouHeHus Memaniopedxicyue2o uHcmpymenma ycmanoexy BUI-5 ¢
npumMenenuem 1eKmpooos uz meepovix cniagog BK8 u T15K6. Yxazanu, umo 01s ynpounenus ceepi u KOHYesvix ¢pes
INEKMPOUCKPOBOL 00PABOMKOU NPUMEHAIOM OMHOCUMENbHO MASKUEe JeKMPULeCcKUe Pelcumbvl IHepeuel UMNYIbCo8 Om
0,05 0o 0,2 ooxcoyneil, momyuna HAHECEHHO2O CNOS NOKpulmull npu makux pescumax — 10-30 muxpomempos.
(Pezyrvomamot u oocysrcoenue) Ommemuau, 4mo 6bINOIHEHHbIU AHATU3Z NPUMEHAEMBIX MEMO008 YIPOYHEHUs NOOMBEPOUL
YenecooOpaZHOCMb UCNONL30BAHUS INEKMPOUCKPOBOT 00pabomKuy 01 danHwix yenell. 1lo0obpanu Ha ocHosanuu pauee
NPOBEOCHHBIX UCCIEO08AHULL ONMUMATbHBIE DEXCUMbL IEKMPOUCKPOBOL 00pabomkuy. Buinonuuiu cpasnumenvHvle
UCHBLIMAHUS, HA UBHOCOCMOUKOCb 00pa3y08 u3 mamepuaios konyeewvlx @pes (P18) u ceepn (P6MS5). Hoxazanu, umo npu
UCNOABL308aHUU INeKMPo008 uz mamepuara T15K6 usnococmotixocmv 0bpasyos nogvtuaemcs 6 1,85 paz ona P18 u 6 8
paz — ons POM5. [lposenu cpaguumenvhvle UCHbIMAHUA YAPOUHEHHBIX KOHYEBbIX ()pe3 U c8epi HA USHOCOCHMOUKOCMD.
THokazamenem cayscuno xoauvecmeo obpabomannvix Oemaneti. (Bvieoowl) Pesynromamom npumeHenus memood
INIEKMPOUCKPOBOU 00pabOmMKY 051 YNPOUHEHUS PEXCYe20 UHCMPYMEHMA CMao NOGblULeHUe Pecypca KOHYesbix (hpes 6
3,8 pas, ceepn— 6 2,25 pas. Bozpocia npouz8o0umenbHOCHb U320MOGIeHUs: Oemdalell.

Kntoueeswvle cnosa: pesxcywuii uncmpymenm, KOHYesas gpesa, ceepio, 21eKmpouckposas oopabomka, nogvluueHue
pecypca, npou3eoo0umebHOCb.
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Abstract. Metal-cutting tools during the machining of parts by cutting experience high strength and thermal loads,
causing wear of the cutting edges. Increasing the wear resistance of the cutting edges of a metal-cutting tool is an urgent
task. (Research purpose) The research purpose is analyzing the causes of wear of end mills and drills and proposing
the most rational method of hardening metal-cutting tools. (Materials and methods) End mills and drills were chosen
as the object of research. The BIG-5 installation with the use of electrodes made of hard alloys VK8 and T15K6 was
used to harden metal-cutting tools. It was pointed out that relatively mild electrical modes with pulse energy from 0.05
to 0.2 joules are used to harden drills and end mills, the thickness of the applied coating layer in such modes is 10-30
micrometers. (Results and discussion) It was noted that the performed analysis of the applied hardening methods
confirmed the feasibility of using electric spark processing for these purposes. The optimal modes of electric spark
processing were selected on the basis of previous studies. Comparative tests for wear resistance of samples from
materials of end mills (P18) and drills (P6M5) were performed. It was shown that when using electrodes made of T15K6,
the wear resistance of the samples increases by 1.85 times for P18 and by 8 times for P6MS5. Comparative tests of
hardened end mills and drills for wear resistance were carried out. The indicator was the number of processed parts.
(Conclusions) The result of using the electric spark processing method to harden the cutting tool was an increase in the
life of end mills by 3.8 times, drills by 2.25 times. The productivity of manufacturing parts has increased.
Keywords: cutting tool, end mill, drill, electrospark deposition, increasing of resource, productivity.

For citation: Lyalyakin V.P., Kostyukov A.Yu., Ruissi D.E. Hardening the metal cutting tools by electospark
treating. Machinery technical service. 2024. Vol. 62. N2. 91-96 (In Russian). DOI: 10.22314/2618-8287-2024-62-2-
91-96. EDN: GHHGYW.

EDN: HKLQKU Hayunas craTbs
DOI: 10.22314/2618-8287-2024-62-2-97-104  YJK: 621.791.92

BOCCTAHOBJIEHUE BAJIA POTOPA TYPBOKOMITPECCOPA TKP-7C-6 ABUT'ATEJIA
BHYTPEHHEI'O CTOPAHUS

TAnexceit N'ennaovesuu Hnamoe, kanoudam mexnuueckux Hayx,
oouenm, e-mail: Ipatow.al@yandex.ru;

’Kupunn I'eopzueeuu Bonikos, kanouoam mexnuueckux Hayk,
HAYYHBLI COMPYOHUK;

TAnexcanop Bacunvesuu Manunun, acnupanm

1Yomypmckuii 2ocyoapcmeennsiii azpapustii ynueepcumem, 2. Howceeck,

Pecnyonuka Yomypmus, Poccuiickan @edepayusn

2Yomypmckuil hedepanvublii uccnedoeamenvcKuii yenmp Ypanivckozo omoeienus
Poccuiickon akademuu nayk, 2. Howceeck, Pecnyonuka Yomypmus, Poccuiickaa @edepanus

Pegpepam. Hcnonvzoganue mypooOKomMnpeccopa ROLOICUMETbHO CKA3bIBAEMC HA MOWHOCMU  O08ueamens
BHYMPEHHe20 C2OPAHUS, CHUMNCAEm PACX00 MONIUBA U NOJONCUMETbHO GNUAEH HA IKOLO2UYHOCNL IKCHIYAMAyuU.
Haps0y ¢ nonosicumenvuvim enusnuem Ha pabomy 08ueamens HYmMpPeHHe20 C2OPAnUsL MypPOOKOMNPECCOPbl CHUNCAIOM
obwuil pecypc osucamens. Manviti npedenvHblil USHOC U HEOONLWOU OUuAMemp 6ald POmopa 02PAHUNUSAIOM



npuMeHeHue MpaouyUOHHbIX MEeXHOI02UYeCKUX npoyeccos eoccmanosienus. (Lenv uccnedosanus). Pazpabomamo
Cnocob 80CCMAHOBIEHUS 8ald pomopa mypookomnpeccopa Oguzamenei 6HympeHHe20 ceopanus. (Mamepuanvl u
Memoovt) Ucnonv306anu 015 HAHECEHUs. 80CCIMAHOBUMENbHO20 NOKPBIMUSL KOPOMKOUMNYAbCHYIO NA3EPHYIO HANIABKY
AHMUDPUKYUOHHO20 Kepamuuecko2co NOKpblmus ¢ nociedyiowel @QuHuuHou obpabomkol 6 eude aIMAa3zH020o
svlenaxcusanus. ITlpumenunu 6 kawecmae npuUcadoyHo2o mamepuaia nopoukosyro komnozuyuio BN-B4C-LiO-MgO.
Ilpeosapumenvvie ucciedosanus NOKA3AMU GbICOKYIO A02E3UOHHYIO NPOYHOCIb NOKPLIMUSL U USHOCOCMOUKOCMb 8
YCR08UAX MACNAH020 20n100anus. [loosepenu nosepxnocms nocie QOpMUpPOBAHUsL BOCCMAHOBUMENLHO20 NOKPULIMUSL
unuwnol obpabomre 8 8ude arMazHo020 evleaaxcusanus. Paspabomanu nabopamopuyro ycmano8Ky OJisi pa3eoHa
eana pomopa 6 Kopnyce mypbokomnpeccopa 0o 60000 obopomos @ mumnymy c nociedyroujeli oOYeHKol epemeHU
PA32oHa U CmeneHu NnosvluieHUusi 0dglenus 8 KoJlekmope Komnpeccopa. (Pesyremamovl u o00cyscoenue)
Ilpeocmasnenusiii  cnocob no3801UL  B0CCMAHOBUMb 84Nl  pomopa mypboKomnpeccopa ¢ obecneyeHuem
wepoxosamocmu nogepxrocmu Ra 0,32. Ilposeru cmendosvie ucnvimanus 0isi OyeHKu d¢hgpekmusnocmu pabomol
MypOOKOMApeccopa ¢ B0CCMAHOGICHHLIM BAIOM, Pe3VIbMamvl KOMOPbIX NOKA3AAU, UMO UHIMEHCUBHOCHb
PACKPYUUBAHUS 8ANA POMOPA MYPOOKOMAPECCOpA U CHeneHb NOGbluleHUs 0a6leHUs 8 KOLIEKMope KOMApeccopa 6
cpeonem na 10 npoyenmos eviuie, yem 0Jis1 acpe2ama co CIManoapmusim eaiom pomopd. (Bvigoowt) [Ipedcmagnennsiii
MEeXHOI02UYECKUU NPoYecc 80CCMAHOGICHU USHOUWEHHOU NosepXHOCmuU 6ana pomopa mypbooxomnpeccopa 7C-6
umeem 8blCOKYI0 NPAKMUYECKYIO 3HAUUMOCHb U €20 NPUMEHEHUE NO3680IUM NOBbLCUMb HAOEHCHOCb U 00I208€4YHOCHb
mypookomnpeccopos. Pesynomamer mocym 0bimb UCHOIB308AHBL 8 VCA0BUAX IKCHIYAMUPYIOWUX U DEMOHMHBIX
npeonpusimusix.

Kntouesvle cnosa: aumugpuxkyuonHnoe HOKpvimue, KOPOMKOUMNYIbCHAS JA3€PHAS HANAABKA, AIMA3HOE
8bl2NIANCUBAHUE, MYPOOKOMNPECCOpP, 80CCMAHOBIEHUe 8Ad POMOPa MypOOKOMAPeCccopa.

Jlna yumuposanusn: Nnaros A.I'., Boaxos K.I'., Manuaua A.B. BoccTanoBierne Bana potopa TypookoMmpeccopa
TKP-7C-6 nBurarens BHyTpeHHero cropanus // Texuuueckuii cepuc MamuH. 2024. T. 62. N2. C. 97-104. DOLI:
10.22314/2618-8287-2024-62-2-97-104. EDN: HKLQKU.
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RESTORATION OF THE ROTOR SHAFT OF THE TURBOCHARGER TKR-7S-6 OF INTERNAL
COMBUSTION ENGINE

!Aleksey G. Ipatov, Ph.D.(Eng.), associate professor;
’Kirill G. Volkov, Ph.D.(Eng.), researcher;
! Aleksandr V. Malinin, postgraduate

!Udmurt State Agrarian University, Izhevsk, Republic of Udmurtia, Russian Federation
2Udmurt Federal Research Center of the Ural Branch of the Russian Academy of Sciences,
Izhevsk, Republic of Udmurtia, Russian Federation

Abstract. The use of a turbocharger has a positive effect on the power of the internal combustion engine, reduces fuel
consumption and positively affects the environmental friendliness of operation. Along with the positive effect on the
operation of the internal combustion engine, turbochargers reduce the overall life of the engine. Small extreme wear and
a small diameter of the rotor shaft limit the use of traditional recovery processes. (Research purpose). The research
purpose is developing a method for restoring the rotor shaft of a turbocharger of internal combustion engines. (Materials
and methods) A short-pulse laser surfacing of an antifriction ceramic coating with subsequent finishing treatment in the
form of diamond smoothing was used to apply the restoration coating. The powder composition BN-B4+C-LiO-MgO was
used as a filler material. Preliminary studies have shown high adhesive strength of the coating and wear resistance in
conditions of oil starvation. The surface was subjected to finishing treatment by diamond smoothing after the formation of
the restoration coating. A laboratory installation has been developed to accelerate the rotor shaft in the turbocharger
housing to 60,000 revolutions per minute, followed by an assessment of the acceleration time and the pressure increase in
the compressor manifold. (Results and discussion) The presented method made it possible to restore the turbocharger
rotor shaft with a surface roughness of Ra 0.32. Bench tests were conducted to evaluate the efficiency of a turbocharger
with a restored shaft, the results of which showed that the intensity of unwinding of the turbocharger rotor shaft and the
pressure increase in the compressor manifold are on average 10 percent higher than for a unit with a standard rotor shaft.



(Conclusions) The presented technological process of restoring the worn surface of the rotor shaft of the 7C-6
turbocharger is of high practical importance and its application will improve the reliability and durability of
turbochargers. The results can be used in the operating and repair enterprises.

Keywords: anti-friction coating, short-pulse laser surfacing, diamond smoothing, turbocharger, restoration of the
turbocharger rotor shaft.
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'Kazanckuii (Ipusonscckuit) gpedepanvuviit ynusepcumem, 2. Kazano,
Pecnybnuxka Tamapcman, Poccuiickaa @edepayun

’Kvizviiopounckui 2ocyoapcmeennsiii ynueepcumem um. Kopxorm Ama,
2. Koizvinopoa, Pecnyonuxa Kazaxcman

Pepepam. 3adaua noeviwenusi pecypca pabomvl CeNbCKOXO3SUCMBEHHOU MEXHUKU NymeM YApPOUHeHus
nogepxHocmell ee pabouux opearnos ece20a Ovlia akMyaibHol. B nacmosiwee epems Hauboiee ycnewno smy npooiemy
pewaiom ¢ NpuMeHeHuem NIA3MEeHHLIX mexHono2ull. B dannoii pabome npueenu pesyiomamsl HEKOMOPHIX
UCCIe008anuli N0 8UOPONIAIMEHHOU 00PAbOMKe NOBEPXHOCMHO20 051 00pa3yos us cmanu 651 (Llens uccredosanusi)
Onpedenums 603MONCHOCHU GUOPONIAZMEHHBIX MeMO0008 YHPOUHEeHUsT PAOOYUX OP2AHO8 CelbCKOXO3AUCTBEHHBIX
Mawun U uU3yyums QUIUKO-MEXaHUYecKue c8oUCmed U CMpPYKMypHvle UBMEHEeHUs NOBEPXHOCMHO20 Cl0S OAHHbIX
uzoenutl. (Mamepuanwt u Mmemoost) B3sanu 0asa uccredosanuil uemvipe oopazya usz cmanu 651 ucxoousiil, obpazey c
NEKMPOUCKPOBOU 00pabomkoll, 0bpasey ¢ 8ubpPo0y2080ti 0OPAOOMKOL C OOHOCNEPICHEBBIM INEKMPOOOM, 0bpasey ¢
8UOP0OOY2060TL 0OPABOMKOU ¢ MPEXCMEPHCHESLIM d1eKmpooom. TIposenu ucciedosanus Mopgponocuu noeepxHocmi,
NEMEHMHO20  COCTNABA  00pA3yo8 U  MUKPOCHPYKMYPbl  HOKPHIMULL ¢ NpUMEHEeHUueM  IAeKMPOHHO20 U
Memannoepagpuueckozo mukpockonos. (Pesynomamot u obcyscoenue) Ilokasanu, umo 31eKkmpouckposas oopabomxa
NpU HEKOMOPBIX PEAHCUMAX NOSbIULAEN BEPOOCHb NOSEPXHOCTU Mamepuana Ooee uem 8 yemvipe pasa. Bubpooyzosas
obpabomxa ¢ MeOHOZPAPUMOBLIM INEKMPOOOM NO360IAEN NPOU3BOOUTND HAY2LEPOICUBAHUE NOBEPXHOCHOZ0 ClOs
mMamepuana,; YnpoYHeHHuI CI0U UMeem mEepoOCmb 8 MpU ¢ JUWHUM pa3a Ooabule meepoocmu 0CHOBbL. (Bbigoobl)
Pezynsmamul ucciedosanus coenacylomesi ¢ pe3yibmamamu UcCie008anull Opyeux aemopos no 31eKmpouUckKposbim u
6Ubpodyeosvim  paspsoam. Illosepxnocmuwlii ciou, copmuposanusiii. npu obpabomxe Oemanu SUOPONIAZMOL,
npedcmasnsiem coool HOBYI0 KOMROZUYUOHHYIO CIIPYKIMYPY. YnpouneHue mamepuaia 0CHO8bL No 21yOuHe demanu npu
271eKMpouUckposoli oopabomke npoucxooum na 0,5-1,0 muriumemp, npu 6ubpodyeoeoi obpabomke — 00 3-4
MULTUMEMPOS.

Knrouesvie cnosa: cenvckoxo3aiicmeenHvle MAulltbl, pedicyujue 31eMeHmbl, YNpoyHeHue, 21eKmpouckpa, suopooyea,
INIEMEHMHbLI COCMAB, HAHOCPYKIMYPA, MUKDOMBEPOOCHIb.
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STRENGTHENING THE WORKING PARTS OF AGRICULTURAL MACHINES
BY VIBRATING PLASMA METHOD

ISaid N. Sarifullin, Dr.Sc.(Eng.), professor;
’dkmaral T. Bainiyazova, senior lecturer;
’Marat M. Abzhaev, senior lecturer

!Kazan (Volga Region) Federal University, Kazan, Republic of Tatarstan, Russian Federation
’Kyzylorda State University named after Korkyt At, Kyzylorda, Republic of Kazakhstan

Abstract. The task of increasing the service life of agricultural machinery by hardening the surfaces of its working
parts has always been relevant. Currently, this problem is most successfully solved with the use of plasma technologies.
In this paper, we present the results of some studies on the vibrating plasma treatment of the surface layer of samples
made of steel 65G. (Research purpose) The research purpose is determining the possibilities of vibrating plasma
methods for hardening the working parts of agricultural machinery and studying the physical and mechanical properties
and structural changes in the surface layer of these products. (Materials and methods) Four samples of 65G steel were
taken for research: the initial one; a sample with electric spark treatment, a sample with vibrating arc treatment with
a single-rod electrode; a sample with vibrating arc treatment with a three-rod electrode. The morphology of the surface,
the elemental composition of the samples and the microstructure of the coatings were studied using electron and
metallographic microscopes. (Results and discussion) It has been shown that electric spark treatment in some modes
increases the hardness of the surface of the material by more than four times. Vibrating arc treatment with a copper
graphite electrode allows carburization of the surface layer of the material; the hardened layer has a hardness of more
than three times the hardness of the base. (Conclusions) The results of the study are consistent with the results of studies
by other authors on electric spark and vibrating arc discharges. The surface layer formed during the processing of the
part with vibrating plasma is a new composite structure. Hardening of the base material along the depth of the part
during electric spark processing occurs by 0.5-1.0 millimeters, during vibrating arc processing — up to 3-4 millimeters.

Keywords: agricultural machines, cutting elements, hardening, electric spark, vibrating arc, elemental composition,
nanostructure, microhardness.
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Peghepam. Oonoil uz ocobennocmeil ceibCKOXO3AUCMBEHHbIX MAUUH AGTISLEMC NPUMEHEHUE 8 UX KOHCMPYKYUSX
docmamouno 60abUO020 KOIUYecmaa 0emanell U3 YEemHuvlx Memaios U Ciasos, maxk Kax oHu 001a0arom blCoOKUMU
AHMUDPUKYUOHHBIMU CBOUICIMEAMU, KOPPOSUOHHOU CIMOUKOCTbIO, 8bLOEPIHCUBAIOM ZHAYUMENbHLE YOelbHblE HA2PY3KU
U 8blCOKUE CKOpocmHble pedcumbl. Hawe 6ceco 5mo OpOH308bie NOOUWUNHUKU CKOAbI’CEHUS MUNA «8MYIKAY.
Tpubomexnuueckue uccie008anusi 06pa3|08 ¢ NOKPLIMUEM HA OCHOBE BMOPUYHBIX KOMNOZUYUOHHBIX MATHEPUALO8 HA
Mauwiune mperus npedCcmasisiton coboll 8ad)cHoe HaNpasieHue 8 pa3eumuiy MexHOI02Ul 80CCTNAHOBIeHUS U YIPOYHEHUs
OpoH308bIX Oemaneu U y3106. Bmopuunbie KOMNOZUYUOHHbIE MAMEPUATbL NOAYYAIOM U3 OMX0008 HPOU3800CMEA
MEMOOOM  INEKMPOIPOIUOHHOZO OUCNEPSUPOBAHUS, YMO NO3B0JEM CHUSUMb 3ampamvl HA HPOU3BOOCHEO U
VMEHbUWUMb  IKONOSUHECKYIO Hacpy3Ky. Takue nopowku 603MOJNCHO UCNOAb308aMb 045 CO30AHUSL DPEMOHMHbBIX
noxkpulmuii ¢ blCOKOU uzHococmouxocmoio. (ILlenv uccaedosanus) Beinoanume CpPAGHUMENbHBIL  AHAIU3



MpUuOOMEXHUYECKUX C8OUCME NOKPLIMULL, NOIYYEHHbIX HA OCHOBE BMOPUYHLIX KOMNOZUYUOHHBIX MAMEPUdnog c
NOMOWbIO INEKMPOUCKPOBOl obpabomiku. (Mamepuanvt u memoowt) Hzeomosunu 011 nposedenuss ucciedo8anuil
obpasyvl ¢ Oponsosvimu nokpuimuamu. Ilpoeenu ucnvimanus ma mawune mpenus HHU5018. (Pezynomamuvl u
obcysicoenue) Onpedenunu, umo 00Opasyvl ¢ NOKPLIMUEM HA OCHOBE MOPUYHBIX KOMIOZUYUOHHBIX MAMEPUATIO8 UMEIOM
Oosiee 8blCOKYI0 USHOCOCMOUKOCHb U MeHbliee mpeHie NO CPAGHEHUIo ¢ obpazyamu be3 nokpvimust. Buiseunu, umo npu
VBEIUYEHUU HASPY3KU U CKOPOCMU CKOJbICEHUS PA3HUYA 8 USHOCOCOUKOCMU U MPEHUU Mexncoy o0pasyamu c
nokpvimuem u 6e3 nokpvimusi ygeauuusaemcs. Ilokpvlimue Ha 0OCHO8C 8MOPUHHBIX KOMHOZUYUOHHLIX MAMEPUAIO8
0C0bOeHHO IPPeKMUBHO 8 YCI08UAX BLICOKUX HASPY30K U CKOpocmell cKoavdcenus. (Bvisoovl) Cpasnumenvhbvie
mpubomexHuyeckue Uccied08anus oopazyos ¢ NOKPbIMuUeM HA OCHOGe GMOPUUHBIX KOMNOZUYUOHHBIX MAMEPUATLO8
NOKA3aNU, YMO OaHHble HOKPbIMUs MOo2ym Ovlmb 3(PDeKmMuUeHbIM CROCOOOM NOBLIUEHUS USHOCOCTOUKOCMU U
CHUDICEHUS. MPEHUSL 8 PA3IUYHBIX Y31AX MAUIUH.

Knrwouesvie cnosa: cpasnumenvuvie UCHbIMAKUS, NOKPbIMUE 00pA3Y08, KOMNOZUYUOHHbLE MAMEPUATL, 6MOPUYHbLE
Mamepuanvl, UCHbIIMaHUe Ha MpeHue, MAUWUHA MpeHusl, Mamepuaivl nepepabomKi Memanios, NOKpblmue 6MmopudHbLMU
KOMNOZUYUOHHBIMU MAMEPUATAMY, BMOPUYHOE RPUMEHEHUE.
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Research article

TRIBOTECHNICAL STUDIES OF SECONDARY BRONZE COATINGS

Elizaveta Yu. Kudryashova, Ph.D.(Eng.), researcher
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. One of the features of agricultural machines is the use of a sufficiently large number of parts made of non-
ferrous metals and alloys in their designs, since they have high antifriction properties, corrosion resistance, withstand
significant specific loads and high speed conditions. Most often these are bronze plain bearings of the bushing type.
Tribotechnical studies of coated samples based on secondary composite materials on a friction machine is an important
direction in the development of technologies for the restoration and hardening of bronze parts and assemblies.
Secondary composite materials are obtained from production waste by the electroerosion dispersion, which allows to
reduce production costs and reduce the environmental burden. Such powders can be used to create repair coatings with
high wear resistance. (Research purpose) The research purpose is performing a comparative analysis of the
tribotechnical properties of coatings obtained usng secondary composite materials and electric spark processing.
(Materials and methods) Samples with bronze coatings were produced for research. Conducted tests on the friction
machine 115018. (Results and discussion) It was determined that coated samples based on secondary composite
materials have higher wear resistance and less friction compared to uncoated samples. It was found that with increasing
load and sliding speed, the difference in wear resistance and friction between coated and uncoated samples increases.
The coating based on secondary composite materials is especially effective in conditions of high loads and sliding
speeds. (Conclusions) Comparative tribotechnical studies of coated samples based on secondary composite materials
have shown that such coatings can be an effective way to increase wear resistance and reduce friction in various
machine components.

Keywords: comparative tests, sample coating, composite materials, secondary materials, friction test, friction
machine, metal processing materials, coating with secondary composite materials, secondary use.
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Pepepam. Cmpamecuueckas 3a0aua 8 cepe COBPEMEHHO20 8bICUIe20 00PA306aNUs 3AKTIOYAECMCSL 6 PA36UMUU
HAYYHO-UCCACO08AMENLCKO20 NOMEHYUANA 8Y3d, BOCNUMAHUU HAYYHLIX Kaopos. Pesynvmamusenocms oannozo
npoyecca 3a8ucum om YyCReuHOCmuU yHKYUOHUPOBAHUS HAYYHBIX WKOL. B c6éa3u ¢ amum uccredosanue, Hanpasiennoe
Ha u3yyeHue ONnvbImMa pabomvl AGMOPCKUX HAYYHLIX wiKkod, akmyanvro. (Llenv uccredosanus) [Ipoananuzuposamo
NOHAMUE U NPUSHAKU HAVYHOU WKOIbL KAK (OPMbL TUYHOCHHO20 POCIA U CIMAHOGAEHUs Uccaedosameinell 8 6y3e Ha
npumepe UCCIe008aHULl 6 obaacmu  paspabomiu  MexHONO2Ull  BbICOKOPECYPCHO20 PEeMOHMA MAWUH U
MEXHONI02UUECK020 000PYOOBAHUSL ¢ UCHOJIb30BAHUEM MEMALIONOKPLIMULL ¢ 300AHHBIMU  (DYHKYUOHATbHLIMU
ceoticmeamu (onvim HayuHou wkonvl npogeccopa I1.B. Cenuna). (Mamepuanvr u memoow) Ilpumenunu HayyHo-
meopemuyeckue Memoovl aHAIU3A ONblma QYHKYUOHUPOBAHUS HAYYHOU WKONbL, 0000WUIU U UHMEPNPEemUposanu
Kpumepuu ee YCnewHoCcmu Kak (opmbl TUMHOCIMHO20 POCMA U CMAHOGIEHUs. ucciedosamens 8 gyse. Mcnonvzosanu
HAYYHO-MEXHUYECKYI0 TUmepamypy u nyoauKayuu 6 001acmu yMaHumapHozo 3uanus. (Pezyiomamot u 0bcyocoenue)
Onwim ghynxyuonupoganuss nayunot wikonvt I1.B. Cenuma noxasan, 4mo 6 Kauecmee peanuzayuy MexaHu3mos
JUYHOCMHO20 POCA U CIMAHOBNEHUSI UCCIed08ameiell 8 8y3e AGNAemcsl GKIIOUEHUe 00YUAIouUXCsl 8 npoyecc pabomul
HAYYHOU WKObL, OA3UPYIOWeNcst Ha CO30AHUU UHHOBAYUOHHBIX YEHMPOS, HAYUHO-UCCIe008aMENbCKUX Tabopamopull,
cmyOeHueckux ompsi008, a Mmaxdce NYOIUKAYUOHHOU AKMUBHOCMU CO0OWecmea Y4eHbIX HA OCHOBAHUU OOuux
MeopemuKo-memo00I02ULecKux no0xX0008, OMpaicalowux obwue pe3yiomamsl uccreooganui. Onpedenunu, umo
NpUOPUMemHOU 3a0adeli HAYYHOU WKOAbL CIYHCUM 63aUMOOeUCmaUe 8Y308CKOU HAYKU U CEKMOPO8 IKOHOMUKLU,
HAnpasienHoe Ha Co30aHue MeXHONO2Ull BbICOKOPECYPCHO20 PEeMOHMA MAWUH C UCHOIb306AHUEM Memood
INEKMPOUCKPOBOTU 0bpabomku. (Bvigodwvr) Pezynomamul desmenvrocmu Hayunou wikonvl 11.B. Cenuna noszeonsirom
paccmampugams  OAHHYI0 CMPYKMYPY Kak MOYKY JUYHOCMHO20 POCMA U NPOYeCcCUOHANbHO20 CMAHOBIEHUS.
cmyOoeHma-ucciedo8amenst, MOJa00020 Y4eHO2O.

Knrwouesvie cnosa: nayunas wkoia, mouka pocma, npogheccuonaibioe Cmanosienue, ucciedos8ameib, MmexHoI02ul
8bICOKOPECYPCHO20 PEMOHMAL.
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SCIENTIFIC SCHOOL OF PROFESSOR P.V. SENIN
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Yuliya V. Velichko, Ph.P.(Eng.), associate professor

National Research Mordovia State University named after N.P. Ogarev,
Saransk, Republic of Mordovia, Russian Federation

Abstract. The strategic task in the field of modern higher education is to develop the research potential of the
university, to educate scientific staff. The effectiveness of this process depends on the successful functioning of scientific
schools. In this regard, the research aimed at studying the experience of the author's scientific schools is relevant.
(Research purpose) The research purpose is analyzing the concept and features of the scientific school as a form of
personal growth and formation of researchers at the university using the example of research in the field of developing
technologies for high-resource repair of machinery and technological equipment using metal coatings with specified
functional properties (experience of the scientific school of professor P.V. Senin). (Materials and methods) Applied
scientific and theoretical methods of analyzing the experience of the functioning of a scientific school, summarized and
interpreted the criteria for its success as a form of personal growth and becoming a researcher at a university. Scientific
and technical literature and publications in the field of humanitarian knowledge were used in the study. (Results and
discussion) The experience of the P.V. Senin scientific school has shown that the implementation of the mechanisms of
personal growth and formation of researchers at the university is the inclusion of students in the process of the scientific
school, based on the creation of innovation centers, research laboratories, student teams, as well as the publication
activity of the community of scientists on the basis of general theoretical and methodological approaches reflecting
common research results. It was determined that the priority task of the scientific school is the interaction of university



science and economic sectors aimed at creating technologies for high-resource repair of machines using the method of
electric spark processing. (Conclusions) The results of the activities of the P.V. Senin scientific school allow us to
consider this structure as a point of personal growth and professional development of a research student, a young
scientist.

Keywords: scientific school, point of growth, professional formation, researcher, technologies of high-resource
repair.
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Pegpepam. B uccredosanuu ompaszunu 08a 2mand yu@posou GblUUCIUMETbHOU MEeXHUKU, K020d CO030a8alUCh
yCmpouicmea OUCKPemHOo20 cyema U aHano2osvie @vlyuciumenvhvie mawunsl. (Llenv uccrnedosanus) Boiseums
KOHCMPYKMUBHbIE 0COOEHHOCU GbIMUCIUMENbHLIX MAWUH, 8 KOMOPLIX OblLIU peanu308anvl udeu OmeyecmeeHHbIx
VUEHbIX HA MEeXAHUYECKOM U JJIeKMPOMEXAHUUECKOM SMMANAX PA36UMuUs 8blHUCIUmMenbHOU mexHuky. (Mamepuaner u
Mmemoosi) [Iposenu ucmopuko-HayuHbili AHAIU3 TUMEPAMYPHBIX UCHOYHUKOS, OPUSUHANbHBIX PaDOM OmeyecmeeHHbIX
VUEHbIX, ONUCAHUL U300pemeHull U NAMEHMO8, CEA3AHHLIX C MEeXAHUYEeCKUM U IIeKMPOMEXAHUYECKUM SManom
paseumusl  8blyUCIUmMenvHol mexuuxku. Hsyuunu mamepuanvt uz Apxusea AH CCCP, onucanus ceputinbix
svruucaumenvuvix mawun, evinyckaemvix ¢ CCCP. (Pezynomamol u obcyacoenue) Paccmompenu evloaiowyiocs pono,
KOMOpYI0 Cblepail 8 UCMOPUU HOCMPOEHUSI CYEMHBbIX MAUWUH Henpepvlenoz2o Oeticmeus axademux I1JI. Yebviues.
Ilpeocmasunu  koncmpykmuenvie ocodenHocmu apupmomempa, cozoannozo B.T. Oouepom, u oanvHeuwue
paspabomku apugpmomempos omevecmeeHubix undicenepos (apugpmomemp « Coroz»). Ommemunu, 4mo ¢ uz0opemenus
apugpmomempa Oonepa 6 1890 200y nauancs sman ceputinozo nPouU3B00CMed GbIYUCIUMENbHOU mexHuku 6 Poccuu.
Toxazanu, umo 8 obracmu aHAI020601 BLIYUCTUNETLHOU MEXHUKU 3HAYUMEbHBIU 6KAA0 ObLL COeNaH NPU NOCMPOECHUU
euopounmezpamopos undcenepom B.C. Jlykvsanoswvim,; snexkmpournmezpamopos — akademuxamu A.H. Kpvinosvim, U.C.
bpyxom. Ilepgvle snekmpoHHble AHANO208blE BLIMUCAUMENbHbIE MAWUHBL ObLIU CO30aHbl 8 DIeKMpOmexHU4ecKkom
uncmumyme AH CCCP noo pyrxosoocmeom JLU. 'ymenmaxepa. (Bvieoov) Ompaszuiu udeu u KOHCMPYKMUGHbIE
0CObDEHHOCMU YCMPOUCME MEXAHUYECKOU U AHANI02080U BbIYUCIUMENbHOU MEeXHUKU 8 pabomax OmeyecmeeHHbIX
VUeHblX U UHdceHepos. Ilpociedunu npeemcmeeHHOCMb 8 CO30AHUY MEXAHUYECKUX U INEKMPOMEXAHULECKUX CUEMHbIX
Mawun. H3yyunu yHuxamvbHbvle 00pasybl GbIYUCIUMETbHOU MexHuKu, maxue kax unmezpamop A.H. Kpwinosa,
euopounmeepamop B.C. Jlykvsnosa, snekmpounmeepamopor M.C. Bpyka, JIL.U. I'ymenmaxepa, snekmpoonmuueckas
cuumuvlealowas mawuna undicenepa B.E. Aeanoea.

Knrwouesvie cnoga: eviuuciumenvHas MexHUKA, apuGMoOMempul, AHANO208ble  GLIYUCIUMETbHLIE MAWUHDL,
ougpepenyuanvuvlil uHMeSpAMop, SUOPOUHMESPAMOP, INEKMPOORMULECKASL CHUMBIEATOWAST MAWUNA.

ﬂﬂ}l uumupoeanusn: CMeIk A.D. Bkiang oreuecTBEHHBIX YUCHBIX B pa3BUTHUC yCTpOﬁCTB BBIYHCIMTCIILHON TEXHUKHU

/I Texanveckuii cepuc MamuH. 2024. T. 62. N2. C. 126-134. DOI: 10.22314/2618-8287-2024-62-2-126-134. EDN:
KIVDOF.
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Abstract. The study reflected two stages of digital computing, when discrete counting devices and analog computers
were created. (Research purpose) The research purpose is identifying the design features of computers in which the
ideas of domestic scientists were implemented at the mechanical and electromechanical stages of the development of
computer technology. (Materials and methods) Conducted a historical and scientific analysis of literary sources,
original works of Russian scientists, descriptions of inventions and patents related to the mechanical and
electromechanical stage of the development of computer technology. We studied materials from the Archive of the USSR
Academy of Sciences, descriptions of serial computers manufactured in the USSR. (Results and discussion) We
considered the outstanding role played by academician P.L. Chebyshev in the history of the construction of continuous
counting machines. The design features of the adding machine created by V.T. Odner and further developments of
adding machines by domestic engineers (adding machine "Soyuz") were presented. It was noted that with the invention
of the Odner adding machine in 1890, the stage of serial production of computer equipment in Russia began. It was
shown that in the field of analog computing, a significant contribution was made in the construction of hydraulic
integrators by engineer V.S. Lukyanov; electrical integrators by academicians A.N. Krylov, I.S. Bruk. The first
electronic analog computers were created at the Electrotechnical Institute of the USSR Academy of Sciences under the
leadership of L.1. Gutenmacher. (Conclusions) The ideas and design features of mechanical and analog computing
devices were reflected in the works of domestic scientists and engineers. We have traced the continuity in the creation
of mechanical and electromechanical calculating machines. We have studied unique samples of computer technology,
such as the integrator by A.N. Krylov, the hydraulic integrator by V.S. Lukyanov, the electrical integrators by 1.S. Bruk,
L.I. Gutenmacher, the electro-optical reading machine by engineer V.E. Agapov.

Keywords: computer engineering, arithmometers, analog computing machines, differential integrator, hydraulic
integrator, electro-optical reading machine.
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