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Ypanvckuii zocyoapcmeennuiii acpapnotii ynueepcumem,
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Peghepam. B npoyecce sxcniyamayuy mpancnopmHo-mexHoI02UYeCcKUx MauuH (mpakmopbul, agmomoounu, 3epHo- u
KOpMOYOOpouHble KOMOAUHbL U OPY2ast CL0IICHASL CeNbCKOXO3AUCMBEHHASI MEXHUKA) NPOUCXO0UM UBHOC CONPIIICEHUI 8
V31aX, azpe2amax, Mexanusmax. Benuuuna usnoca 3agucum om cpoka u ycnoguii sxenayamayuu. (Lenv uccnedosanus)
Haiimu naubonee npuemnemviii 0118 npaxmuuecko20 NpUMeHeHUsi Memoo onpeoeietus ONMUMAaibHOU NepuoOUdHOCU
MeXHUUeCcKUx 6030eicmaull 0sl obecnedenus 8bICOKUX NOKA3Ameneli HAOeHCHOCMU, pabomocnocooHocmu uepes
CHUDICEHUEe UHMEHCUBHOCTNU U3HOCO8 CONPSJICEHUN V3108, A2pe2amos, MeXaHu3M08 mpaHCHOPIMHO-MEXHOI02UYECKOU
MAWUHBL, APEON0dHCUMb KOIPOuUYUeHMbl KOPPEKMUPOBAHUS HOPMAMUBOE NEPUOOUYHOCIIU NPU NIAHUPOBAHUU U
OpP2aHU3AYUU MEXHUYECKO20 OOCIYICUBAHUS U PEMOHMA CelbCKOX03AUCMEeHHOU mexHuku. (Mamepuanvt u memoost)
Hccneoosanu cocmosinue KOAEHYAMbIX B8AN08 Osuzcamesiell HYMpeHHe20 C2opanus npu Hapabomke, OIUKOU K
nposederuro xanumanvhozo pemouma — 5000 uacoe (mexnuuecxoe obcaysxcusarue — 3) y mpaxmopos, 192000 xm u
150000 xm (mexywuti pemonm) y asmomoouneti muna KAMA3 u I'A3-3309. pumenunu memoowl, ucnoavbzyemvie npu
onpeoeneHuu ONMUMATLHOU NEPUOOUYHOCTNU MEXHUUECKO20 0OCIYHCUBAHUS U PEMOHMA, XAPAKMEPUZVIOUUe KAYeCME0
nposedeHus mexHuyeckux eosoeiicmeutl. (Pesynomamuvl u obcyscoenue) Boinonnunu pacuemovl no onpeoeneHuio
MAKCUMATLHOU NPOU3BOOUMETLHOCU A2Pecama 6 COCmage mpaKmopa ¢ pa3iuiHol nepuoOUUHOCIbI0 MEXHULECKO20
OOCIYIHCUBAHUSL U CEIbCKOXO3AUCMBEHHOU MAWUHbL HA OCHO8E UCHOJIb308AHUSL CIMAMUCMUYECKO20 Memodd (no
8EPOSMHOCIU OMKA3aQ). Bulsigunu, umo camvim npuemiembim MemoooM OnpedeieHuss ONMUMAaiIbHOU RePpuoOULHOCHU
MEXHUUECKUX B030CUCMBUL CLYHCUM MEMOO0 «VOebHbIX uzoepaiceky. 1Ipednodcunu koaghduyuenmol KOppeKmuposKu
nepuoouUyHOCmU mexHudeckux gosoeticmseuii. (Bvi6oost) Onpedenenue onmumanbHOl NEPUOOUYHOCTNY MEXHUYECKUX
6030elicmeull NO360JUM MUHUMUZUPOBAMDb IKCHIYAMAYUOHHLLE 3AMPAMmbl, HPEOYNPeoUms 603MONCHbIE OMKA3bL.
Heobxooumo evibpamv npuemaemviti Memoo, onpedesssiowuti ONMUMAIbHYI0 NepUOOUYHOCHb U 0becnedusaruuii
MUHUMATBHBLI USHOC CONPANCEHUL 8 Y3NAX, Acpe2amax, Mexanusmax mpaucnopmHo-mexHoA0SUYeCKUX MAUUH.

Knrouesvie cnosa: ronenuamulii 641, Kaiecmego, YCIO8US, pPecypc, NePUOOUYHOCHDb, HPOUIBOOUMENbHOCTD,
MoOwHOCMb, 8CRAUKA, KOIDDUYUEHMbI KOPPEKMUPOBAHUSL.

Jast uutupoanusi: Mosnes I''A., T'onguna N.M. dakTopsl, BIUAIOLME HA U3HOC OCHOBHBIX MEXAHU3MOB M CHCTEM
IBUTaTeNs BHyTpeHHero cropanus // Texandeckuit cepuc mamun. 2021. T. 59. N1(142). C. 12-23. DOI 10.22314/2618-
8287-2021-59-1-12-23.

THE FACTORS AFFECTING THE WEAR
OF THE MAIN MECHANISMS AND SYSTEMS

OF THE NTERNAL COMBUSTION ENGINE

Grigoriy A. Iovlev, Ph.D. (Econ.),
Irina I. Goldina, senior lecturer
Ural State Agrarian University,
Yekaterinburg, Russian Federation

Abstract. In the course of operation of transport and technological machines (tractors, cars, grain and forage
harvesters and other complex agricultural machinery), the joints in the nodes, aggregates, and mechanisms are worn
out. The amount of wear depends on the service life and operating conditions. (Research purpose) The research purpose
is in searching for the most acceptable method for practical application of determining the optimal frequency of
technical service to ensure high reliability and efficiency through reducing the intensity of wear of the interfaces of
components, aggregates, mechanisms of the transport and technological machine; proposing coefficients for adjusting
the frequency standards when planning and organizing maintenance and repair of agricultural machinery. (Materials
and methods) The condition of the crankshafis of internal combustion engines at the operating time close to carrying
out major repairs, 5000 hours (maintenance — 3) for tractors, 192,000 km and 150,000 km (routine repairs) for vehicles
like KAMAZ and GAZ-3309. Authors applied the methods used to determine the optimal frequency of maintenance and
repair, which characterize the quality of technical impacts. (Results and discussion) The article presents calculations



performed to determine the maximum performance of the unit as part of a tractor with different maintenance intervals
and an agricultural machine based on the use of a statistical method (according to the probability of failure). Authors
found that the most acceptable method for determining the optimal frequency of technical impacts is the "unit cost”
method. The article proposes coefficients for adjusting the frequency of technical impacts. (Conclusions) Determining
the optimal frequency of technical impacts will minimize operating costs and prevent possible failures. To do this, it is
necessary to choose an acceptable method that determines the optimal frequency and ensures minimal wear of the
interfaces in the nodes, aggregates, mechanisms of transport and technological machines.
Keywords: crankshaft, quality, conditions, resource, frequency, productivity, power, plowing, correction factors.
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Pegpepam. Heobxooumocms 6 nosvluieHuu pecypca, KOHOMUYHOCHU U IKOJIOSUYHOCMU ABIMOMPAKMOPHbIX
odsueamernetl 00yClOGIUBAC UHHOBAYUU 68 UX 00CTydHCcUeanuu u pemonme. Tonauea MoOuGuUUUpyom mexaHoxumuet,
2UOPOOUHAMUYECKOU U AKYCIMUYEeCcKoU Kasumayuel, mpubosiekmpuzayueli U COBMeCMHbIM NPUMEeHeHUeM OAHHbIX
memooos. Haubonee sgpgpexmuenvr axmusamopwr FO.B. Bopobwesa. (Llenv ucciedosanus) Obobwums pesyiomamol
ucnvimanui akmueamopog FO.U. Bopobvesa, eviasums ocobennocmu mMoOougukayuu umu MOMOPHbIX MONIUE U
Hamemumb mepbl 0151 0becnedenus ux cmadbunvrol pabomul 6 pazuvix BC. (Mamepuanvl u memoowt) Hcnonvzosanu
OnuUcCanue akmueamopos MOmopHvlx moniue no nameumam Poccutickoii @edepayuu Ne 2411074, 2550203, 2592801 u
pe3yibmamvl ux ucnelmanuii Ha osucamensx KamA3-740, 3M3-406, SAM3-236, YM3-412 ¢ monausamu, ¢ 8000-
MONAUBHOU IMYIbCUell, NPogedeHHbIX 8 Boenno-6030ywnoii akademuu umenu npogeccopa H.E. Kykosckozo u FO.A.
Lacapuna. (Pesynomamot u oocyscoenue) [lpeononodcunu u3 anaruza koncmpykyuu akmusamopos FO.B. Bopobwesa u
aghpexmusnocmu ux pabomovi, YUMo MOOUPUKAYUS UMU MONIUS, PANCOBO20 MACAA, AIKO20]eU U 800 NPOUCXOOUM
6HAuAe MexaHoXumuel, oalee — Kasumayuel, a OKOHYamenvho — mexanoxumuetl. Iloomeepounu s¢gpgexmusnocmo
aKmueamopa CmeHO08bIMU U IKCNILYAMAYUOHHBIMU UCHBIMAHUAMY NO CHUXCEeHUuto pacxoda monaus wa 21,3-31,9
npoyenmos, 80 napamu Xpomamozpamm u XUMMOMOA02Uel MOOUDUUUPOBAHHBIX HCUOKOCTEH, HeOOPaAMUMOCIbIO U
yeuneHuem mMooupurayuy moniue 6 XpaHeHuu u OpyeumMu HeoObIYHbBIMU CEOUCMBEAMU PAZIUYHBIX AKMUBUPOBAHHBIX
arcuokocmell. (Boieoowvl) Dhdexmusnocms akmusamopa 6 NOSbIUEHUU UM KAIOPULIHOCTU MOMOPHBIX MONIUSE Ha 26-
30 npoyenmos u chudicenuu Ha 21,3-31,9 npoyenmog ux pacxooa obecneuusaemcs onmumuzayuel e2o KOHCmpyKyuu
Ol pasuvlx pacxo008 JHCUOKOCHEl 8 HeM U aHMUIPO3UOHHBbIMU Mamepuaramy. OOnako axmuseamop mpebyem
DPECYPCHBIX U HASPY30UHBIX UCNBIMAHUL HA DEH3UHOBLIX U OUZETbHBIX 08ULAMENIAX, NPOBEPKe Ha MoOupuKrayuio Heghmet
U MOMOPHBIX MAcell, UCNbIMAHULL HA A8MO3ANPABOYHBIX CIMAHYUSX.

Knrouesvie cnosa: dgueamens, mexHU4eCcKull cepsuc, akmueayiiss monaus, pacxoo.
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3Igor’ F. Pustovoy, engineer;
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!Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;

Air force Academy named after Professor N.E. Zhukovsky and Yu.A. Gagarin, Voronezh, Russian Federation;
3000 «ReallnProekt», Saint-Petersburg, Russian Federation

Abstract. The need to increase the service life, efficiency and environmental friendliness of automotive engines leads
to innovations in their maintenance and repair. Fuels are modified by mechanic-chemistry, hydrodynamic and acoustic
cavitation, triboelectrization, and joint application of these methods. The most effective activators are described by Yu.
V. Vorob’yov. (Research purpose) The research purpose is in summarizing the results of tests of activators by Yu. I.
Vorobyov, identifying the features of their modification of motor fuels and outlining measures to ensure their stable
operation in different internal combustion engines. (Materials and methods) The article presents the description of
motor fuel activators under patents of the Russian Federation No. 2411074, 2550203, 2592801 and the results of their
tests on KamAZ-740, ZMZ-406, YAMZ-236, UMZ-412 engines with fuels, with water-fuel emulsion, conducted at the
Air Force Academy named after Professor N. E. Zhukovsky and Yu. A. Gagarin. (Results and discussion) Authors
assumed from the analysis of the design of the activators by Yu. V. Vorobyov and the efficiency of their work, that their
modification of fuels, rapeseed oil, alcohols and waters occurs first by mechanical-chemistry, then by cavitation, and
finally by mechanical-chemistry. The effectiveness of the activator was confirmed by bench and operational tests to
reduce fuel consumption by 21.3-31.9 percent, 80 pairs of chromatograms and chemmotology of modified liquids, the
irreversibility and enhancement of fuel modification in storage, and other unusual properties of various activated
liquids. (Conclusions) The effectiveness of the activator in increasing the caloric content of motor fuels by 26-30 percent
and reducing their consumption by 21.3-31.9 percent is ensured by optimizing its design for different liquid consumption
in it and anti-erosion materials. However, the activator requires resource and load tests on gasoline and diesel engines,
testing for modification of oils and motor oils, tests at gas stations.

Keywords: engine, technical service, fuel activation, consumption.
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Peghepam. Cepsuchvie u peMoHmMHbIE CAYHCOLL IKCHIYAMUPVIOWUX U OOCTYHCUBAIOWUX MEXHUKY OP2AHU3AYUL 60
MHO2OM OCHAWEHbI YCMAPESUIUM, MATOMOWHBIM, Y3KOCHEYUATUSUPOBAHHBIM CIEHO0BbIM 000pY008aHUeM U3 ObIGUUX
CReYUAnU3UPOBAHHBIX NPEONPUAMULL U He 8ce20d MO2YM NOJHOCMbIO YO081eme8opums NOmpeOHOCMU 8 COOMBeCMEUl



MEXHUYECKUMU MPeboaHusIMU 3A600a-NPOU3EOOUMeNs,, 0COOEHHO Olsi NPOBEOCHUsT NPOZPAMM KOHMPOJL KA4ecmed
PEMOHMA  MOWHbIX U  COBPEMEHHbIX MpaKkmopos. Jlanuvle 00CMOsmenscmea 6 COB0KYHHOCHU — CHUIICAIOM
00CMOBEPHOCHb NOTYUEHHBIX OUACHOCTHUYECKUX NAPAMEMPO8 U MO2YH NPUBECIU K PUCKAM OWUOOK Npu onpederenuu
MEXHUYECKOU 20MOBHOCHU OMPEMOHMUPOBAHHOU MEXHUKU, 6 HACMHOCMU, Osuzamenell 6HYMPEeHHe20 C2OpaHus,
aspeeamos mpamcmuccuu U x00080u uacmu, eudponpueood. (Llenv uccnedoeanus) Pazpabomams mobuibHOE
KOHMPOALHO-OUASHOCTHUYECKOE YCIMPOUCME0 OJi KOHMPOIs MowHocmu u pacxoda monausa [BC, a makace xauecmea
pemMonma azpe2amog 2u0poOCmamuieckoli mpancmuccuu u eudponpusooa. (Mamepuanvr u memoowt) Ilpogenu ananus
HAYUHBIX pabOm NO BONPOCAM COBEPUEHCIBOBANUS MEMOOUK OUACHOCMUPOBANUS IHEP2eMUYecKUx nokasameneu
MOOUNLHOU CeNbCKOXO3AUCMBEHHOU EXHUKU, d MAaKdce Nposeii WUpOKUe UCCIe008aHUS NPUMEHEHUS AKCUATbHO-
IIYHIICEPHBIX HACOCO8 U OPOCCETUPOBANUsL NOMOKA HACHEMAeMOl UMU JHCUOKOCMU Opoccenem HOCMOSHHOZ0 U
NEPEeMEHH020  cedenus Ons  Mopmodicenuss  osueameneli. (Pesynomamul  u  obcyscoenue)  Paspabomanu
9KCHEPUMEHMATbHBIIL  00pa3ey MOOUTbHO20 KOHMPOLbHO-OUACHOCIUYECKO20 YCMPOUCMEA U IKCHePUMEHMATbHO
npogepuiu  Memoouxku onpeoeieHuss e2o0 napamempos U KOHMPOIbHO-OUAeHOCMUuYeckux onepayuti. (Bvisoowl)
Ipumenenue npeonacaemoco MOOUTLHOLO KOHMPOLLHO-OUASHOCHMUYECKO20 YCMPOUCMEA NO360IUM  UCKTIOYUMb
HeonpasoOaHubvlll pacxo0 MOonIuea mpaKxmopamu npu crusicenuu sggexmuesnot mowrnocmu ux ABC nusice donycmumulx
npeoenos, a maxdice No360IUN NPo8OOUMb OUASHOCIUKY d2pe2amos 2UOPOCAMUYECKOl MPAHCMUCCUU 8 YCOBUSIX
CENbCKOXO3AUCNBEHHBIX U 0OCIYHCUBAIOWUX NPEONPUSTULL U UCKTTIOUUMb OMAPAGKY 8 PEMOHM UCIPAGHBIX A2Pe2amos C
HeUCnONb308AHHBIM PECYPCOM.

Knrouesvle cnosa: mexuuueckoe obOcCaycusanue, OUASHOCMUKA, MOOUTbHOE KOHMPOIbHO-OUASHOCTHUYECKOE
YCMPOUCME0, MAUUHHO-MPAKMOPHBIIL NAPK, MOWHOCMb, 08USAMENb BHYMPEHHE20 C2OPAHUSL.
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DEVELOPMENT OF MOBILE CONTROL DIAGNOSTIC DEVICE

!Dmitriy A. Zhdanko, Ph.D.(Eng.), associate professor;
*Valeriy S. Gerasimov, leading specialist;

’Mikhail N. Kostomakhin, Ph.D.(Eng.);

’Nikolay A. Petrishchev, Ph.D.(Eng.), leading researcher
!Belarusian State Agrarian Technical University,

Minsk, Republic of Belarus

2Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. Service and repair of operating and servicing organizations are largely equipped with outdated, low-power,
highly specialized bench equipment from former specialized enterprises and do not always meet the technical
requirements of the manufacturer, especially for conducting quality control programs for the repair of powerful and
modern tractors. These circumstances together reduce the reliability of the obtained diagnostic parameters and may
lead to the risk of errors in determining the technical readiness of the repaired equipment, in particular, internal
combustion engines, transmission units and chassis, hydraulic drive. (Research purpose) The research purpose is in
developing a mobile control and diagnostic device for monitoring the power and fuel consumption of the internal
combustion engine, as well as the quality of repair of hydrostatic transmission and hydraulic drive units. (Materials
and methods) The article presents an analysis of scientific works on improving methods for diagnosing energy indicators
of mobile agricultural machinery, as well as conducted extensive research on the use of axial plunger pumps and
throttling the flow of liquid injected by them with a constant and variable cross-section throttle for engine braking.
(Results and discussion) Authors developed an experimental model of a mobile control and diagnostic device and
experimentally tested the methods for determining its parameters and control and diagnostic operations. (Conclusions)
The use of the proposed mobile control and diagnostic device will eliminate excessive fuel consumption by tractors
when reducing the effective power of their internal combustion engines below the permissible limits, and will also allow
the diagnosis of hydrostatic transmission units in the conditions of agricultural and service enterprises and exclude the
sending of serviceable units with unused resources for repair.

Keywords: maintenance, diagnostics, mobile control diagnostic device, machine and tractor fleet, power, internal
combustion engine.
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Pepepam.  Msznooicunu  ocHogHvle  hakmopul,  Xxapaxkmepuzyiowue 000cHO8aHUe OPMUPOBAHUSL  CUCTHEMbL
«Cenvbxo3peyukiuney ¢ yyacmuem 3a80008-U320mogumenetl, npeonpusimuti UHICEHEPHOU chepbl acponpoMbIULIEHHO20
KOMIIeKca U Opyeux 3auHmepecoSaHHulX opeaunuzayutl u cmpykmyp. Baowcnetiwas npuuuna, obycrnaenusarowjast
Gopmuposanue cucmemvr  «Cenvxo3peyukiuney — HeOOXOOUMOCMb  6036PAUEHUs. 6  NPOU3BOOCTHEEHHYIO U
DKCNIYAMAyUoOHHYy10 chepy SMOPUYHLIX pecypcod 6 obveme He menee 90-95 npoyenmos. (Llenv uccrnedosanis)
ObocHosams OnmMUManbHOe pewenue no Cco30anuio pecypcocoepezaroujell 9K01020 OPUEHMUPOBAHHOU CUCHeMbl
«Cenvxospeyuxauney. (Mamepuanvt u memoowvt) OyeHunu 603M0HCHOCb popmuposanus 8 bnuxcatiuue 2-3 2o0a ¢ AIIK
Poccuu cucmemvr «Cenvxospeyukiuney. Ycemanosuiu, umo 6bl6e0eHHds U3 IKCHAYAMAyul CelbCKOXO035UCHEEHHA.
mexHuKa u 06opyodosatie, a Mmak’ce ux KOMHOHEHMbl YACMUYHO YMUTUSUPYIOMCSL (YepHble U YGEeMHbLe MEALTbL, WUHDL,
AKKYMYISmopsl U 0p.), HO OCHOBHASL YACMb COCHMAGTSIOWUX IIIEMEHMO8 MAWUH CIMAHOGUMCS OMX00AMU, KOMOpble
PaAZMewaromest Ha HONUSOHAX U CBANKAX, YMO CO30dem MHONCECTNBO IKOHOMUYECKUX U IKOIOSUHECKUX NpobieM.
(Pesynsmamul u o6cyacoenue) Paccmompenu ocnosuvie gpaxmopsvi, 060cHo8bI8aIOMUE HEOOX0OUMOCb POPMUPOSANUS
cucmemvl « Cenvxospeyuriuney. Onpedenunu, Ymo 0OHUM U3 BANCHEUUUX YCA0BULL CO30AHUSL IMOU CUCTHEMbL, NOMUMO
QPUHAHCOBBIX ACNEKMO8 (YMUTUZAYUOHHBI COOp), CMAHOBUMCS AKMUBHOE YHACmue 8 9MOM NPOEeKme 3a80006-
uzeomogumeneli CeNbXO3MEXHUKY, NPeOnPUSIMULL UHICEHEPHOU Chepbl acpOnPOMBIUICHHO20 KOMNIEKCA U Opyeux
3aUHMEPECOBAHHbIX  OP2AHU3AYULL U CMPYKMYp, 4MO NO360AUM  AKMUBUUPOBAMb  NPOYECC — BO3POICOCHUS.
NPOU3600CTNEEHHBIX MOWHOCMEN 8 AZPOKOMIIEKCEe NO COOPY U NEPEpadoOmKe YMuIu3upyemoul CerbX03mexHuKl, d markice
ee Komnonenmos. (Bvisoovl) B Poccuu 00 nacmosue2o epemenu, HeCMOmps Ha CHOPMUPOBAHHYIO 8 NOCTeOHUe 200bl
HOPMAMUBHO-3AKOHOOAMENTLHYIO U IKOHOMUYECKYIO 6a3y 68 20CYOAPCMEEHHOM (hopmame, eOUHAsl CUCTheMA YMUTU3AYUsL
6bI8E0CHHOU U3 IKCIIYAMAYUYU MEXHUKU He CO30aHd.

Knroueevle cnoea: cenbcKoxosalicmMeeHHAs MEXHUKA, VMULUZAYUS, IHCUSHEHHbIU YUKA, DEeMOHM, MeXHUYecKoe
obcayarcusanue, peMoHmMHo-mexHuveckue npeonpusimusi, cucmema ymunusayuu « Cenvxo3peyuriuney.
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ANALYSIS OF FACTORS JUSTIFYING THE NEED TO CREATE A SYSTEM OF "AGRICULTURAL
RECYCLING" IN THE
AGRO-INDUSTRIAL COMPLEX OF RUSSIA
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Zoya N. Mishina, senior researcher,
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Abstract. The article outlines the main factors that characterize the rationale for the formation of the "Agricultural
Recycling" system with the participation of manufacturing plants, engineering enterprises of the agro-industrial complex



and other interested organizations and structures. The most important reason for the formation of the "Agricultural
Recycling"” system is the need to return to the production and operational sphere of secondary resources in the amount
of at least 90-95 percent. (Research purpose) The research purpose is in justifying the optimal solution for the creation
of a resource-saving eco-oriented system "Agricultural Recycling”. (Materials and methods) The article describes the
possibility of forming a system of "Agricultural Recycling" in the Russian agro-industrial complex in the next 2-3 years.
Decommissioned agricultural machinery and equipment, as well as their components, are partially disposed (ferrous and
non-ferrous metals, tires, batteries, etc.), but the main part of the components of the machines becomes waste, which is
placed in landfills, which creates many economic and environmental problems. (Results and discussion) The article
presents the main factors justifying the need for the formation of the "Agricultural Recycling” system. One of the most
important conditions for the creation of this system, in addition to financial aspects (recycling fee), is the active
participation in this project of agricultural machinery manufacturers, agricultural engineering enterprises and other
interested organizations and structures, which will allow us to activate the process of reviving production capacities in
the agricultural complex for the collection and processing of recycled agricultural machinery, as well as its components.
(Conclusions) In Russia, to date, despite the regulatory, legislative and economic framework formed in recent years in
the state format, a unified system for the disposal of decommissioned equipment has not been created.

Keywords: agricultural machinery, utilization, life cycle, repair, maintenance, repair and technical enterprises,
utilization system «Agricultural recyclingy.
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Pegpepam. Ha cmenoe CR-Jet 4E ¢ ucnonv3oganuem MHOLOKAHANbHOU cucmemyl ¢ 2ubkotl cmpykmypou 6 YO « BIATY »
uccredosanu eubpoaxycmueckue cuenanwl gopcyrnok gupmoer BOSCH. Ux obpabomanu 6 cucmeme Mathcad co
CHEeKMPAIbHLIM — AHATU30M U eelisiem-npeoobpazosanuamu 6 npoepammax MATLAB. (leww uccredosanus)
IHpoananuzuposams  subpayuonnvie xapaxkmepucmuxu @opcynok @upmor  BOSCH, eviasumv  603M0dicHbIE
HeUCHpasHoCmu U cnpocHo3uposamy ux pecypc. (Mamepuanvt u memoost) Hcnvimanu HO8y0 u pabomaguiyro (hopcyHKu
npu dasrenuu enpoicka 158, 200 u 1000 b6ap. B namukpamuvix ucnvimanusx ucnoivzosanu suopooamyuxu MPU6050),
murpogporn INMPG621, oamuux memnepamypor. Omobpasicanu 6uOPOCUSHALL RO OCSIM XVZ HO AMIIUMYOHO-YACTOMHOU
xapaxmepucmuke ¢ npeoopazosanuem Dypve. (Pesynomamol u obcyscoenue) M3 namu OuHapHulX (atiios CUSHAN08
axcenepomMempos U 36yK0GvlX (hailios (HOPCYHOK NOCMPounu epaguku Geusnem-npeoopazosanutl U amMniumyoHo-
yacmomuwix xapaxmepucmux. [Ipedcmagunu 86epxy epapuros cucHaivbl aKcenepomempa no ocu y, 8 cpeoune — CneKmp
UX NOCMOSIHCMEBA, GHU3Y — CKEUL0ZPAMMY. Bbissunu, ymo 015 UBHOWEHHBIX BOPCYHOK CHeKmp NOCMOSHCMGA MeHee
BbIPAICEH, OCHOBHYBIE NUKU cucHanos 8 yacmomax 150 u 300 zepy, ux menvuie, uem y HOGOU POPCYHKU, @ AMIAUNTYObl
sviuie — 800 edunuy. Ycemanosunu, umo 0ns HO80U QopcyHKu pasHomepivle nuku meHvute Ha 200 edunuy. Amnaumyoa
akycmuxu usHoweHnHou ¢gopcynku — 150 edunuy, y Hoeou Ha yacmomax 0o 250 zepy — 0o 120 edunuy.. (Bvisoowl)
Hccneoosanus ghopcynox BOSH c obpabomxoui cuenanog é cucmeme Mathcad ¢ nociedyiowum cnekmpanbhblm aHAIU30M
u setisem-npeodpazosanuimu no nakemy npoepamm MATLAB noxazanu, 4umo 015 USHOUIEHHBIX POPCYHOK XAPAKmMepeH



MeHee BbIPAdCEHHbIll CNeKmp NOCMosHCmea Kojebanui. [lenu uccrne0oganuti He OOCMUSHYMbL, HO OHU YelyOaarom
MpaouyUOHHOEe OUAZHOCMUPOBAHUE.
Kniouesvie cnosa: gopcyuxa, subpayus, wiym, cnekmp, 8elignem-npeoopasoeaHus.

Jast uurupoBanus: XKemko A.A., Tapacenko B.E., Poiauu O.U., [lynae A.B. JluarHoctupoBaHue MHOTOKaHaJbHON
U3MEpPUTETHHON CHCTeMOl ¢ TuOKoit cTpykrypoit ¢opcynok ¢upmer BOSCH // Texumueckuii cepuc marmmH. 2021.
T.59.N1(142). C. 55-64. DOI 10.22314/2618-8287-2021-59-1-55-64
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Abstract. At the CR-Jet 4E stand, the vibroacoustic signals of BOSCH injectors were studied using a multichannel
system with a flexible structure in the BGATU Educational Institution. They were processed in the Mathcad system with
spectral analysis and wavelet transformations in MATLAB programs. (Research purpose) The research purpose is in
analyzing the vibration characteristics of BOSCH injectors, identifying possible malfunctions and predict their service
life. (Materials and methods) The article presents testing results of a new and working nozzle at an injection pressure
of 158, 200 and 1000 bar. In five tests it were used the MPUG6050 vibration sensors, the INMP621 microphone, and the
temperature sensor. The vibration signals were displayed along the xyz axes according to the amplitude-frequency
response with the Fourier transform. (Results and discussion) The article presents graphs of wavelet transformations
and amplitude-frequency characteristics from five binary files of accelerometer signals and sound files of injectors. The
article presents the accelerometer signals on the y-axis at the top of the graphs, the spectrum of their constancy in the
middle, and the scalogram at the bottom. For worn-out injectors, the spectrum of constancy is less expressed, the main
signal peaks are in the frequencies of 150 and 300 hertz, they are less than in the new nozzle, and the amplitudes are
higher up to 800 units. For the new nozzle, the uniform peaks are less than 200 units. The acoustic amplitude of the
worn—out nozzle is 150 units, and the new one at frequencies up to 250 hertz is up to 120 units. (Conclusion) Studies of
BOSCH injectors with signal processing in the Mathcad system, followed by spectral analysis and wavelet
transformations using the MATLAB software package, have shown that the worn-out injectors are characterized by a
less expressed spectrum of oscillation constancy. The research goals have not been achieved, but they deepen the
traditional diagnosis.

Keywords: nozzle, vibration, noise, spectrum, wavelet transform.
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Peghepam. IDpexmusnocmv pabomsl MpaKmopHO-MPAHCHOPMHO20 aAzpe2ama 80 MHO20M 00YCLo6leHa €20
NOOBUIICHOCMBIO, KOMOPAsi 6 CB0I0 0uepedb 3AGUCUM OM MHOSUX B3AUMOCGA3AHHBIX (DAKIMOPOs, MAKUX KAK
VIPABAAEMOCTDb, YCMOUYUBOCIb 08UdICeHUs U nosopomaugocmv. OOun u3 Haubonee GANCHLIX PAKMOPO8 — UMEHHO
NOBOPOMAUBOCHb, KOMOPAsL 0Decneuusaem cnocoOHOCMb MPAKMOPHO-MPAHCHOPMHO20 A2pe2ama Ka4yeCmeeHHO U
6e30nacHo GbINONHAMb KpusoauHelnoe osudcenue. (Llenv uccredosanus) Ilosvicums s¢pdpexmusnocms pabomoi
MPAKMOPHO-MPAHCROPMHO20 Acpe2ama 3d CHem UCNONb308AHUS MHO2036EHHbIX MPAKMOPHBIX N0e3008. (Mamepuansi
u mMemoovy) Ommemuau, YmMo OCHOBHBIM COEPAHCUBAIOWUM GAKMOPOM NPUMEHEHUS MHO2036EHHbIX MPAKMOPHBIX
noes3dos 6 Poccutickoii @edepayuu cuyxicum ygeauuenue 2adapumHol WupuHsl noeopomuot noiocsl. Pazpabomanu
VCMPOUCMB0, NO360AI0UEe PecyIuposams paouyc HO8Opoma 6mopo20 Npuyena 8 yeusx ONMUMUAYUU UWUPUHDL
MPAHCROPMHO20 Kopuoopa. Onpedenunu, ymo 3d cuem UBMEHEHUs MOYKU COCOUHEHUs. 38eHbe8 8 N0BOPOME
npoucxooum cmabuau3ayus OBUNCEHUsT U KOPPEKMUPOBAHUE WUPUHBL MPAHCNOPMHO20 KOPUOOPA 8MOPO20 36EHA
(npuyena) npu Osudicenuu. Bwissunu napamempvl MAHESPEHHOCMU  MPAKMOPHO-MPAHCNOPMHO20  NO0e304d.
(Pesynomamut u obcysncoenue) [lpusenu pezyibmamol meopemuieckux u IKCNepUMeHMAIbHbIX UCCIeO08AHUIL GTUSTHUS
KOHCMPYKMUBHO-MEXHOA0SUYECKUX Napamempos npeoiazaemozo yCmpoucmea HA napamempvl MAHe8peHHOCHU
MHO2036CHHBIX MPAKMOPHO-MPAHCHOPMHBIX azpezamos. (Bvigoowvl) Jlokazanu, umo ucnonv3osauue OyKCUPHO-
pacnpeoensiioue2o YCmpoucmea no36oasem OnmumMusupo8ams WUpury mpaHcHOPMHO2O KOPUOOPA MHO2036€HHO2O
MPAKMOPHO-MPAHCNOPMHO20 Acpe2ama 3d Cuem UsMeHeHUs. paouyca no8opoma 6mopo2o npuyend.

Knrouesvle cnoea: mpaxkmopHo-mpanHcnopmusli azpe2am, npuyen, n08OPoH, paouyc nosopoma, MaHe8peHHOCb,
WUPUHA MPAHCIOPMHO20 KOPUOOPA.
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Abstract. The efficiency of the tractor-transport unit is largely due to its mobility, which in turn depends on many
interrelated factors, such as handling, stability of movement and agility. One of the most important factors is the
turnability, which ensures the ability of the tractor-transport unit to perform curved movement efficiently and safely.
(Research purpose) The research purpose is in increasing the efficiency of the tractor-transport unit by using multi-link
tractor trains. (Materials and methods) The main deterrent to the use of multi-link tractor trains in the Russian
Federation is the increase in the overall width of the turn lane. The article presents a device that allows you to adjust
the turning radius of the second trailer in order to optimize the width of the transport corridor. By changing the point
of connection of the links in the turn, the movement is stabilized and the width of the transport corridor of the second
link (trailer) is adjusted when moving. The article presents parameters of maneuverability of the tractor-transport train.
(Results and discussion) The article presents the results of theoretical and experimental studies of the influence of the
design and technological parameters of the proposed device on the maneuverability parameters of multi-link tractor-
transport units. (Conclusions) The use of a towing-distributing device allows optimizing the width of the transport
corridor of a multi-link tractor-transport unit by changing the turning radius of the second trailer.

Keywords: tractor-transport unit, trailer, turn, turning radius, maneuverability, width of the transport corridor.
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Pegpepam. B nacmoswee epemsa 3a600vl-uzeomosuments 0Ji1 OOCHOBEPHOU OYEHKU MEXHUYECKO20 COCMOAHUSA
00beMHBIX  2UOPONPUBOOOB UCHOAB3VIOM MEMOOUKY OUHAMUYECKUX UCIBIMAHUL, NO360JIIOWYI0  Onpedeninb
pazeugaemvlil Kpymsawull (MOpMO3HOL) MOMEHM HA ALY UCHBIMYeMOo20 2udpomomopa. Bosznukaiom crodcHocmu 6
00CMOBEePHOM OnpedeneHul BelUYUHbl PA38UBAEM0O20 Kpymsuje2co (mopmosnoco) momenma. (Llenv uccrnedogarus)
Honyuums Mmamemamuyeckyro MoOeib C6A3U Pa3eueaemMoz0 Kpymaujeeo (MopMo3H020) MOMEHMA O00beMHO20
2UOpoOnpuUeoOa ¢ nNApaMempamu 2UOpaIUYecKo2o Hazpysicaowezo ycmpoucmea. (Mamepuanvi u memoosi)
Paspabomanu eudpasnuueckoe nazpyscarouee ycmpoiicmeo, obecneuugaroujee HeodXooumblil MopMOIHOU MOMEHM HA
8a1y ucnvimyemoco suopomomopa. llposenu oonoghaxmopHwie u MHO2OGAKMOPHYIL SIKCHEPUMEHMbL — OUHAMUYECKUE
UCNBLIMAHUsL HO8020 00beMHO20 2udponpueoda komnanuu Sauer-Danfoss cepuu 90 npu nomowu 2uopaeiuiecko2o
Hazpyacaowezo yempoticmsea. OcyueCmsisiiu KOHMpPOib PA3sUAemMo20 Kpymsaujezo (mopmo3Ho2o) MOMeHma npu
nomowu 6eCKOHMAaKmuo2o yu@poso2o oamuuxa kpymsaueeo momenma M 425 3-A datum electronics u yugposozo
unouxkamopa ¢ JXKH-Oucnieem (Pezynomamol u o6cyxcoenue) Onpedenunu 6 pesyivmame 00HOGAKMOPHLIX
NACCUBHBIX IKCHEPUMEHMO8 (DAKMOpbl, 6IUAIOWUe HA NaApamMemp OnmumMuzayuu u OUand3oHbvl UX 6apbUupO8aAHUsL.
Muocoghakmopuvim aKmueHbIM  IKCNEPUMEHMOM NOIYVUULU MAMEMATNUYECKYI0 MOOenb  C853U  PA36UBAEMO20
Kpymsaue2o (MopmMo3Ho20) MOMEHMA 00bEeMHO20 2UOPONPUBOOA C NAPAMEMPAMU SUOPABTULECKO20 HASPYIHCAIOUWE20
yempoticmea. [Ipedcmagunu noaHvlil A Mampuysbl RAAHUPOSAHUS MHO20DAKMOPHO20 AKMUBHO20 IKCHEPUMEHMA, 8
KOMOPOM OMPAdiCeHa NOCIe008AMENbHOCHIb 8CEX BOIMOICHBIX KOMOUHAYUL (DAKMOPO8, GIUSIOWUX HA NAPAMEmp
onmumuzayuu. Ycmanosunu naubonee 3uauumvle QAKmopwvi, GAULIOUUE HA GEIUYUHY DA3BUBAEMO20 KPYMAUWE20
(MOPMO3HO20) MOMEHMA: nepenao 0AeleHUs U memMnepamypa paboueil HeUOKOCmuU 8 2UOPOTUHUAX 2UOPABTULECKO20
Hazpyacaouezo ycmpoticmaa. (Bvisoovt) Mamemamuueckas mooenb n0380a5em ¢ 8bICOKOU MOYHOCMbIO Onpedeiimb
passusaemvlil Kpymsauwuii (MopMo3Ho) MOMEHM 00beMHO20 2UOPONPUBOOd.

Knrouesvie cnosa: obvemHubvlil 2u0ponpusod, mexHuueckoe COCHMOsHUue, UOPOHACOC, 2UOPOMOMOP, MOPMO3ZHOU
momenm, nodaua, KI1J], mamemamuueckass Mooennb, cmeno, pabouast H#CuoKoCmo.
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Abstract. Currently, manufacturers for a reliable assessment of the technical condition of volumetric hydraulic drives
use the dynamic test method, which allows you to determine the torque (braking) moment on the shaft of the tested
hydraulic motor. There are difficulties in reliably determining the value of the developed torque (braking) moment.
(Research purpose) The research purpose is in constructing a mathematical model of the relationship between the
developed torque (braking) moment of a volumetric hydraulic drive and the parameters of a hydraulic loading device.
(Materials and methods) The article presents a hydraulic loading device that provides the necessary braking torque on
the shaft of the tested hydraulic motor. Authors conducted one-factor and multi-factor experiments-dynamic tests of the
new Sauer-Danfoss series 90 volumetric hydraulic drive using a hydraulic loading device. The torque (braking) was
monitored using a non-contact digital torque sensor M 425 3-A datum electronics and a digital indicator with LCD
display (Results and discussion) As a result of one-factor passive experiments, the factors influencing the optimization
parameter and the ranges of their variation were determined. A mathematical model of the relationship between the
developed torque (braking) moment of a volumetric hydraulic drive and the parameters of a hydraulic loading device
was obtained by a multi-factor active experiment. The article presents a complete planning matrix for a multi-factor
active experiment, which reflects the sequence of all possible combinations of factors that affect the optimization
parameter. The most significant factors affecting the value of the developed torque (braking) moment were: the pressure
drop and the temperature of the working fluid in the hydraulic lines of the hydraulic loading device. (Conclusions) The
mathematical model allows us to determine with high accuracy the developed torque (braking) of the volumetric
hydraulic drive.

Keywords: volumetric hydraulic drive, technical condition, hydraulic pump, hydraulic motor, braking torque, feed,
efficiency, mathematical model, test bench, working fluid.
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Janvnesocmounstit 2ocyoapcmeeHHbLIl azpapHblil yHUGepcunmem,

2. bnazosewenck, Poccuiickan @edepayusn

Pegpepam. [losviuenue rauecmsea npeonocesHoU 00paOOMKU NOYBLL CIAVYHCUM NPUOPUMEMHbIM HANPAGIEHUEM.
Foponosanue ¢ ucnonvzoganue msicenvix OUCKOBbIX OOPOH — 0OHA U3 ONEpayuil NPeonocesHol 0OpPAbOmMKU NOUEHL.
Baoicnou 3a0aueti npu ucnov3o8anuy msdicenvlx OUCKo8blX OOPOH s161semcst obecnedenie 00CMAMOYHOL HASPY3KU HA
pabouyuii opean. (Lenv uccrnedosanus) Iosvicums 3¢hghexmusrocms npoyecca OGOPOHOBAHUS 3a CUem KOPPEKMUPOBAHLsl
CYENHO20 6eca 8 36eHe MPAKMOP—OOPOHA C UCNOTL30BAHUEM CHeYUATbHuIX yempoticms. (Mamepuanwl u memoodut)
Yemanosunu, umo easicno coomocmu Heobxooumoe ycuogue banamnca medxncoy Hazpy3Koll Ha paboduii opean u msa2o60-
CYENHBIMU KAYeCmeamy mpakmopa npu HU3Kou Hecyuel cnocobnocmu nougsl. Paspabomanu ycmpoticmeo — pezynamop
CYenHozo eeca BOPOHOBANLHOO azpezama, Ha KOMopbill noayyuiu namenm. Ilpedcmasunu gpomoepaghuu oowux 61008
coeouHenuss yempoucmea ¢ pamou ouckosou 6opousl. (Pezynemamul u odcyscoenue) [loxazanu, umo npeonazaemoe
YCmMpOUCMB0 N0360Jem Nepepacnpedeisims ec azpezamd, mem CamMblM aSMOMAMUYEeCKU USMEHAMb HASPpY3KYy Ha
pabouuil opeas. BeinoaHuau 3KCnepuUMeHmanibHble UCCAe008AHUS N0 GIUAHUIO OCHOBHBIX KOHCTHPYKINUGHBIX NAPAMEMPOS
yCmpoucme Ha pabomy MAWUHHO-MPAKmopHozo azpecama. (Bvieodvl) Yemanosuiu, umo npeonazaemoe ycmpoucmeo
NO380JIsem 30 CYem PaCuperuss KOHCMPYKMUEHO-MEXHOIOSUYECKUX NApamMempos pe2yauposams 2iyouny oopabomxu,
MA206bIE XAPAKMEPUCTIUKY U CKOPOCb 08UNCEHUSL DOPOHOBATBHO20 dzpecamd.

Knroueesvle cnosa: mpakmop, 6oponosanue, nousa, OUCK, 8ec, NpeOnoce8Hast NOO20MOBKA NOYEBHL.



Jast umtupoBanus: CrnenenkoB A.E., Kynunuenko C.H., [Ifutos C.B., Ky3nenos E.E. Pacimupenue TexHonornaeckux
XapaKkTepUCTHK OopoHOBambHOTO arperara // Texumueckuit cepsuc mammu. 2021. T. 59. N1(142). C. 83-88. DOI
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EXPANSION OF TECHNOLOGICAL CHARACTERISTICS
OF THE HARROWING UNIT

Aleksandr E. Slepenkov, postgraduate;

Sergey N. Kulinchenko, postgraduate;

Sergey V. Shchitov, Dr.Sc.(Eng.), professor;

Evgeniy E. Kuznetsov, Dr.Sc.(Eng.), associate professor

Far Eastern State Agrarian University,

Blagoveshchensk, Russian Federation

Abstract. Improving the quality of pre-sowing tillage is a priority direction. Harrowing with the use of heavy disc

harrows is one of the operations of pre-sowing tillage. An important task when using heavy disc harrows is to ensure

sufficient load on the working body. (Research purpose) The research purpose is in increasing the efficiency of the

harrowing process by adjusting the coupling weight in the tractor—harrow link using special devices. (Materials and

methods) It is important to match the necessary condition of balance between the load on the working body and the

traction qualities of the tractor with a low load-bearing capacity of the soil. The article describes a regulator of the

coupling weight of the harrowing unit, for which was applied a patent. The article presents the general types of

connection of the device with the disk harrow frame. (Results and discussion) The proposed device allows you to

redistribute the weight of the unit, thereby automatically changing the load on the working body. Authors performed

experimental studies on the influence of the main design parameters of the devices on the operation of the machine and

tractor unit. (Conclusions) The proposed device allows, by expanding the design and technological parameters, to
regulate the depth of processing, traction characteristics and speed of the harrowing unit.

Keywords: tractor, harrowing, soil, disk, weight, pre-sowing soil preparation.
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Bbawkupckuit 2ocyoapcmeennviii azpapHuiii yHugepcumem,
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Peghepam. [Ipu sxcniyamayuu agmompaxmopHo mexHuKU npu HUSKUX Wil 8bICOKUX MeMNepamypax oKpyicaouels
cpeobl 011 NOOOEPA’CAHUsE 8 OONYCIMUMOM OUANA30He MENI08020 PelCUMA depe2amos, MmpeOVIOMcs pa3iuyHvle
YCMPpOUCmea, KOMopbie CYWeCmeeHHO GIUAIOM HA 6HYMpenHee dHepeonompedieHue (MexanuiecKue nomepu) u pecypc
Mawunel. B Hacmosiwee epems no0oOHAs KOMNIEKCHAS MENNI08Asi NOO2OTOBKA Peanu308and MoabKo 05 0s8ueamens —
ROCPEOCmBOM NO002pesa U OXJANCOeHUs oxaaxcoarwel dcuokocmu. [is Opyeux cucmem u azpeeamos
HenpepuleHbIll KOHMPOb UX MeMnepamypvl He NpeOdYCMOMPEH, MaKdice OMCYMCMEYIOm Npaguid ull Y4emxue
mpebosaHuss K OCYUWeCMBIeHUI0 MAaKol Menjiosol Nnoo2omosku npu Heobxooumocmu. (Llenv uccredosarnus)
Pacuupums pynxyuonaivhvie 803MONCHOCMU OUCHAHYUOHHOU OUASHOCTIUKU NYyMeM ONepamugnoc0 KOHMPOIs U



VIPAGAEHUSL MEMNEPANYPHBIMU PEJNCUMAMU OMOETbHBIX acpe2amog mawiunsl. (Mamepuansl u memoownt) Hcnonvzosanu
uccnedosamenbcKue Memoovl, OCHOBAHHbIE HA NPUMEHEHUU CIMAHOAPMHbBIX MEMOOUK, 00bEKMOM UCCe008aHUL cala
cucmema KOMNIEKCHOU Meno8ol asmompakmophou mexuuxu. Ommemuau, ¥mo, Kpome nooozpesa dsuecamelis nepeo
3anycKOM, 8 ONMUMU3AYUU MENI08020 DPENCUMA HYHCOAIOMCA U Opyaue Cucmemsvl U azpe2amovl, OOIbUIASL YACb
KOMOpbix Modxcem Oblmb 00beOUHEHA 8 KOMIJIEKCHYI0 CUCIeEMY Menosoli nod2omosku. (Pezyiomamul u 0b6cyscoenue)
Oyenunu 6 pesyromame IKCHEPUMEHMANLHLIX UCCLEO08AHULL KOMNIEKCHOU CUCmeMbl MEeni060t No020MO6KU,
cMoumupogantou nHa asmomoouire KAMA3, ounamuxy usmenenus memnepamypsbl pasiudHbIX azpe2amos 6 npoyecce
UX Menyiosol NOO2OMOBKU. YCMaHo8UIU, YMO MOHUMOPUHE U YNPAGIeHUe MEeMNEPAMYPHbIM DENCUMOM acpecamos
ABMOMPAKMOPHOU MEXHUKU NO360JIAM CHUUMb 6HYMPEHHUE NOMmepu MOWHOCU U NOBLICUMb PeCypC azpe2amos,
N00BEPIICEHHbIX memMnepamypHomy 6o3deticmauro. (Bblgoodbl) BHeOpenue KOMNIEKCHOU cucmemvl Menjiosol
NOO020MOBKU, UHMEIEKMYATbHO U (QYHKYUOHATLHO CBA3AHHOLU C CUCTNEMOU YOANeHHO20 MOHUMOPUH2A, NO360IUM
BHAYUMETLHO NOBLICUMb CPOK CIYIHCObL Acpe2amos, Haubonee HOOBEPHCEHHBIX MeMNePAMYPHbIM 8030€UCMEUsIM.
Kniouesvie cnoea: yoanennas OuazHoCmuxa, onepamueHvlil MOHUMOPUHe, Meni080U PEXCUM acpe2amos, 2eHepamop
20PAYUX 24308, KOMIIEKCHASL MENI08AsL NOO2OMOBKA, 0002pes 08ueames.
Joas nurupoanmsi: ['aburoB M.U., HeroBopa A.B., PazsmoB M.M. OnepaTuBHBII MOHUTOPUHT W YIIpaBiCHHE

TEeMIIepaTypHBIMH PEXKUMaMH PECYpCHO3HAUMMBIX arperaroB aBTOTPAKTOPHOHM TeXHWKH // TeXHWYeCKHH CepBUC MAIIVH.
2021. T. 59. N1(142). C. 89-98. DOI 10.22314/2618-8287-2021-59-1-89-98

OPERATIONAL MONITORING OF TEMPERATURE
CONDITIONS OF RESOURCE-SIGNIFICANT AGGREGATES
ON AUTOMOTIVE EQUIPMENT

Ildar 1. Gabitov, Dr.Sc.(Eng.), professor;

Andrey V. Negovora, Dr.Sc.(Eng.), professor;

Makhmut M. Razyapov, Ph.D.(Eng.), associate professor
Bashkir State Agrarian University, Ufa, Russian Federation

Abstract. When operating automotive equipment at low or high ambient temperatures, various devices are required
to maintain the thermal regime of the units in the permissible range, which significantly affect the internal energy
consumption and the service life of the machine. Currently, such a complex thermal preparation is implemented only
for the engine by heating or cooling the coolant. For other systems and units, continuous monitoring of their temperature
is not provided, and there are no rules or clear requirements for the implementation of such heat preparation. (Research
purpose) The research purpose is in expanding the functionality of remote diagnostics by operational monitoring and
control of the temperature conditions of individual machine units. (Materials and methods) Authors used research
methods based on the application of standard techniques, the object of research was the system of integrated thermal
automotive equipment. In addition to heating the engine before starting, other systems and units need to optimize the
thermal regime, most of which can be combined into a comprehensive heat treatment system. (Results and discussion)
As a result of experimental studies of the integrated heat treatment system mounted on a KAMAZ vehicle, the dynamics
of temperature changes in various units during their heat treatment were and presented. Monitoring and controlling the
temperature regime of automotive equipment units will reduce internal power losses and increase the service life of
units exposed to temperature. (Conclusions) The introduction of a comprehensive heat treatment system, intelligently
and functionally linked to a remote monitoring system, will significantly increase the service life of the units most
exposed to temperature influences.

Keywords: remote diagnostics, operational monitoring, thermal conditions of units, hot gas generator, complex
thermal treatment, engine heating.
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Peghepam. Basicuetiwiue npeumywecmea mumanogulx CHIA608 nepeo Opyeumu KOHCMPYKYUOHHBIMU MAMEPUaIamu
COCMOAM 8 UX 8bICOKOIL YOENbHOU NPOYHOCTNU U HCAPONPOYHOCTHU 8 COYEMAHUU C BbICOKOU KOPPOSUOHHOU CHOUKOCMbIO
U HusKou naomuocmvio. Hecmompsi Ha 6ce nonodCUmMenvHble XApaKmepucmuKky mUmaHo8ulX CHiagos, Uux
mpubomexHuyecKue ceolucmea O4eHb NIoXue, Ymo 02PAHUYUBAem NpUMEeHeHUe OaHHbIX MAMePUaios 8 NOOGUICHbIX
coedunenusix. (Lenv uccreoosanus) Ilosvicums U3HOCOCMOUKOCHb U HAOCICHOCHb Y3108 MPEHUS, U320MOBNIEHHbIX U3
MUMAHOBYIX CNIAB08, NPU NOMOWU INEKMPOUCKPOBol obpabomxu. (Mamepuanvt u memoowt) Hcnonvzosanu ons
uccneoosanusi 0opasyvl — OUcku ouamempom 60 u moawuHot 5 muiiumempos uz meepdozo cniasa mapxu BT20,
yemanosxy DHO « BUT-1My, penmeenogayopecyenmuniii cnexkmpomemp Niton XL3t, npoghunozpagh-npoguiomemp
Surtronic, mpubomemp TRB-S-DE-0000, muxpockon OLYMPUS GX51. (Pe3ynomamuvl u obcyscoenue) Hanocunu
NOKpbIMUsA Ha 00pazybl U3 MUMAHOBO20 CNIABA MEMOOOM INEKMPOUCKPOBOU 00pAOOMKU IAEKMPOOAMU U3 PASHBIX
mamepuanos. Hccnedosanu mpubomexHuyeckue Xapakmepucmuky MaKux HNOKpulmull 8 CcOOmeemcmeuy co
cmanoapmom ASTM G99. Onpedenunu, umo uiepoxosamocmv 00paA3yo8 nocie 3NeKMPOUCKPOBOlU 00pabomiu
SHAUUMENbHO NPesbllaem Wepoxo8amocms Heobpabomarnnozo obpasya. Ilo pezyromamam 3Kcnepumermos ebloupaiu
Haubonee ONMUMATBHLIL MAMEPUAT IAEKMpPoOd Ol NOSBIUUEHUS USHOCOCMOUKOCMU NO8EPXHOCMElN MUMAHOBLIX
CNA6o8. Ycmaunosunu, umo mMumanosslll CHia8 Nocie 21eKmpOoUucKpogol 0opabomku epagumosvim 21eKmpooom
0b1a0aem 8blCOKOU UZHOCOCMOUKOCNBIO U HUSKUM KO huyuenmom mpenus, epaghum, HaHeceHHblil Ha NOBEPXHOCHIb
obpasya, He 0bpasyem NpoyHoOe NOKpbimue, a uzspaem poib meepooli CMA3KY, HOCMENEHHO PAcX00yeMoll 8 npoyecce
usHawuganus. (Bvieoodwvl) Haunyuwiel u3HOCOCMOUKOCMbIO U HAUMEHbUWUM KOdPOuyuenmom mpenus odraoarom
NOBEPXHOCTU, NOTYHUEHHbIE C ROMOWBIO SPAPUIN0BO20 INEKMPOOQ.
Knrouesvie cnosa: mumanogvle Cnuasvl, UHOCOCMOUKOCMb, V3Ibl MPEHUs, MpUOOMEXHUKA, IAEeKMPOoOobl,
2NIEKMPOUCKPOBAsSL 0OpabomKa.
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INCREASING THE RELIABILITY OF FRICTION
UNITS MADE OF TITANIUM ALLOYS

!Egor O. Reshchikov, junior researcher;

’n va V. Romanov, junior researcher;

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

Institute of Mechanical Engineering named after A.A. Blagonravova

Russian Academy of Sciences, Moscow, Russian Federation

?Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The most important advantages of titanium alloys over other structural materials are their high specific
strength and heat resistance, combined with high corrosion resistance and low density. Despite all the positive
characteristics of titanium alloys, their tribotechnical properties are very poor, which limits the use of these materials
in moving joints. (Research purpose) The research purpose is in increasing the wear resistance and reliability of friction
units made of titanium alloys by means of electric spark processing. (Materials and methods) For the study there was
used samples of disks with a diameter of 60 and a thickness of 5 millimeters made of a hard alloy of the VT20 brand, an
EIO "BIG-1M" installation, a Niton XL3t X-ray fluorescence spectrometer, a Surtronic profilometer, a TRB-S-DE-0000
tribometer, and an OLYMPUS GX51 microscope. (Results and discussion) Coatings were applied to samples made of
titanium alloy by electric spark treatment with electrodes made of different materials. The tribotechnical characteristics
of such coatings were studied in accordance with the ASTM G99 standard. It was found that the roughness of the
samples after electric spark treatment significantly exceeds the roughness of the untreated sample. According to the
results of the experiments, the most optimal electrode material was selected to increase the wear resistance of the



surfaces of titanium alloys. The titanium alloy after electric spark treatment with a graphite electrode has a high wear
resistance and a low coefficient of friction; graphite deposited on the surface of the sample does not form a strong
coating, but plays the role of a solid lubricant that is gradually consumed during wear. (Conclusions) The surfaces
obtained with the graphite electrode have the best wear resistance and the lowest friction coefficient.

Keywords: titanium alloys, wear resistance, friction units, tribotechnics, electrodes, electric spark machining.
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oouenm Kageoput

Bpanckuit zocyoapcmeennslii azpapuulii ynusepcumem,

2. bpanck, Poccuiickaa Dedepayusn

Pegpepam. Ilpu apmuposanuu nosepxrHocmeii Oemanei paboyux OpeaHo8 No48000pabamvleaOwWux opyoul
NPOU3B00AM HANIABKY IJEKMPOOAMU C MAN0Y2NepOOUCTbIM CmepicHeM. Konmakmupyrowas ¢ no4ou no8epxHocmy
He nodgepaaemcs mepmuieckoll obpabomrke. B nocieonee apems npumensom mepmoynpoyHeHue 10KaIbHulX Y4acmKo8
demaneu. (Llenv uccnedosanus) Hzyuums mpanchopmayuio MUKpOCMpPYKmMypbl HANIAGIEHHO20 31EKMPOOOM C
Man0yenepooOUCmviM CMeEPICHEM VUaCmKa mepmMoynpounenton cmanu 651, a maxoice cneyuguxy pacnpeoenenus
MUKpomeepoocmu Ha danHom yyacmxe. (Mamepuanvt u memoowr) [Ipogenu ucciedosanue cmpykmyp 8 nOnepeuHom
ceyeHuU HanIa8IeHHO20 Y4acmKa o CMAaHOapmHol MemoouKe, COCmosuel 8 R0020MosKe MUKpOWLIUGO8, MpasieHuu
u muxpoananuze. (Pesynmvmamul u obcyscoenue) Onpedenunu, 4mo mpaHc@hopmayus MUKpoCmpyKmypsl yiacmka
mepmoynpouHenHou cmanu 651, HaniasieHHo20 INEKMPOOOM C MALOY2NEPOOUCHIBIM CIMEPIHCHEM, HOCUM CILONCHBIL
Xapakmep 8ciedcmeue CneyuuUHOCIU 1 MHO20SPAHHOCU (DA308bIX NPeBPAeHUll, UMEIOWUX MECO 8 Nepuod ee
Gopmuposanus. Ycmanogunu, umo 3M0Opa pacnpedencHus MUKpOmEepoOCmu 8 HONePedHOM CedeHuu 00aacmu
HANAQ6Ky uMeem CILOJCHYIO KOHQUeypayuro, onpeoeisiemyio pasHooopazuem CHmpYKMYpHbIX COCMAGISIOUUX,
npucymcmeuem 0epopmMayuOHHbIX NPOYECcos Npu KPUCALIUZAYUY U 3AMBEEPOBAHUY U HATUYUEM NPE)8aAPUMENTbHO20
MepMOYNPOUHEeHUsL OCHO8H020 Memasiid. (Buvleoowl) [losviutennvie 3nauenus meepoocmu OmMOeabHuIX 00aacmel
cnocoocmeylom yeenudeHur adpasueHoll usHococmouxocmu oemanu. Hanuuue 30mbl cninasnenus obecneyugaem
CMOUKOCMb HANJLABIEHHOU 00AACTU K MPewuHo00pazo8anuio. 30Ha mepmMuiecKo20 GIuUsHUS UMeenm Yemblpe 4emKo
pasaunumsle 061acmu: NadeHUss MUKPOMEEPOOCHU,; CIMAOUTbHBIX 3HAUEHUU N0 Memoody Bukkepca,; oKoiouosHy0 301y,
30Hy cnaagnerus. Muxpomeepoocms NOBEPXHOCMU HANABNIeHHO20 8anuka oocmuzeaem 410 no memody Bukkepca unu
42 no memoody Pokeenna, umo cozdaem 0ONOIHUMENbHbBLE YCA08USL 0TI NOBbIULEHUS USHOCOCMOUKOCIU NOBEPXHOCIU
mpenus. Hcnonv3o08anue 31eKmpooos ¢ MAn0yenepoOUCmbiM CMEPXHCHEM UYeneco0OpasHo Npu  NposedeHuUl
HAaniago4Ho20 ApMUpPOBAHUS MEPMOYNPOUHEHHBIX CINAEl.

Knrouesvie cnosa: mepmoobpabomka, HANAABKA, MUKPOCMPYKIMYDA, MANOY2AEPOOUCHbI AEKMPOO, PeCcCOPHO-
NPYHCUHHAS CMATb, 30Hbl HANJIABKU, pacnpeoeieHue MUKpOmeepooCmiu.
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CHANGES IN THE MICROSTRUCTURE AND MICROHARDNESS
OF 65G STEEL AFTER THERMAL HARDENING AND SURFACING WITH A LOW-CARBON
ELECTRODE

Aleksandr M. Mikhal’chenkov, Dr.Sc.(Eng.), professor;

Sergey A. Fes’kov, Ph.D. (Eng.), associate professor of the department;
Irina V. Kozarez, Ph.D.(Eng.), associate professor;

Elena I. Slezko, Ph.D. (Bio.), associate professor of the department
Bryansk State Agrarian University, Bryansk, Russian Federation

Abstract. When reinforcing the surfaces of the working bodies of tillage tools, they are surfaced with electrodes with a
low-carbon rod. The surface in contact with the soil is not subjected to heat treatment. Recently, thermal hardening of
local parts has been used. (Research purpose) The research purpose is in studying the transformation of the
microstructure of 65G heat-strengthened steel deposited by an electrode with a low-carbon rod, as well as the specifics
of the microhardness distribution in this section. (Materials and methods) Investigated in the cross-section of the structure
of the deposited area by the standard method, consisting in the preparation of microsections, etching and directly
microanalysis. (Results and discussion) The transformation of the microstructure of heat-strengthened steel 65G
deposited by an electrode with a low-carbon rod is complex due to the specificity and versatility of the phase
transformations that occur during its formation. The microhardness distribution plot in the cross-section of the surfacing
area has a complex configuration, determined by the variety of structural components, the presence of deformation
processes during crystallization and solidification, and the presence of preliminary thermal hardening of the base metal.
(Conclusions) Increased values of the hardness of individual areas contribute to an increase in the abrasive wear
resistance of the part. The presence of the fusion zone ensures the resistance of the deposited area to cracking. The zone
of thermal influence has four clearly distinguishable areas: the drop in microhardness, the stable values according to
the Vickers method; the near-shock zone, the fusion zone. The microhardness of the weld surface of the cushion is 410
Vickers or 42 Rockwell, which creates conditions for increasing the wear resistance of the surface friction. The use of
electrodes with a low-carbon rod is advisable when conducting surfacing reinforcement of heat-strengthened steels.

Keywords: heat treatment, surfacing, microstructure, low-carbon electrode, spring steel, surfacing zones,
microhardness distribution.

For citation: Mikhal’chenkov A.M., Fes’kov S.A., Kozarez .V., Slezko E.I. Izmeneniye mikrostruktury i mikrotverdosti
stali 65G posle termouprochneniya i naplavki malouglerodistym elektrodom [Changes in the microstructure and
microhardness of 65G steel after thermal hardening and surfacing with a low-carbon electrode]. Tekhnicheskiy servis mashin.
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INOBBIIIEHUE KAYECTBA ITPOEKTOB
PEMOHTHO-OBCJIYXXHABAIOIIUX MPEJIPUSTUAN
C HCITIOJIB3OBAHUEM KOMITO3UIIMOHHBIX HEHTPOB

Baaoumup Ilempoeuu Hearnos, 00kmop mexuuueckux Haykx,

npogheccop, e-mail: ivprem@tut.by;

Tamvana Bnaoumupoena Buzepuna, kanouoam mexnHuueckux HayK, 00ueHm
Honoukuii 2ocyoapcmeennulil ynueepcumem,

2. Hoeononouk, Pecnyonuka benapyco

Peghepam. YueOnvie u nayunvie uz0anusi opueHmupyiom 0y0yWux cHeyuarucmos pemoHmHo-00CIYHCUBATOU 20
npouna npu u3yHeHUuU OUCYUNIUHBL N0 NPOEKMUPOBAHUIO NPEONPUAMUL HA ONMUMUZAYUIO MEXHUYECKUX PeUeHUll O
KpUmepusim MUHUMATbHBIX HPOU3BOOCMBEEHHOU NIOWA0U NOMEWeHUll U 30aHUs U MpAHCHOPMHOU pabomuvl no
nepemewjenur0 MawuH U dazspe2amos, HO KAYECMBEHHLIX U KOAUYECMBEHHbIX Memo008 IMOU ONMUMU3AyuUU He
npednacarom. (Lleav uccnedosanusy) Buipabomams meponpusmus, obecnedusaroujue CHUNCEHUE NPOU3800CMEEHHOT
NIOWAOU U MPAHCROPMHOU pabOMblL NO NEepeMeeHUI0 U30eaUll NPU PEKOHCIMPYKYUU U MEXHULeCKOM NEPEGOOPYIHCEHUL
PeMOHmMHO-00CayAHCUsaowux npednpusmuil. (Mamepuanol u memoost) [Ipumenunu ceomempuyeckyro onmumMu3ayuIo



no KpumepusiM MpPAHCHOPMHOU pPAbOmMbl HO NEPEMEWEHUI0 DPEMOHMUPYEMBIX U 0OCIYICUBAEMbIX U30enull U
NPOU3BOOCMEEHHOU  NAOWAOU  NPOU3BOOCmeenHozo kopnyca. Ommemuny, uYmo KOMHOHOBOYHOE peuieHue
NPOU3B00CMBEHHO20 30AHUsL NOOYUHEHO THEXHOIOSULEeCKUM MPebOSaAHUAM, 0SPAHUYEHUSM HO Oe30NACHOCIU MPYyod U
00YCNI0BNEHO PAYUOHATLHBIM PACHOLONCCHUEM YHACKO8, MUHUMATLHOU MPAHCHOPMHOU PabOMol N nepemeujeHuro
obcaydCcUBaeMbIX (PEMOHMUPYEMBIX) U30eNU, 4 MAKICEe OPLAHUIAYUET OBUNCEHUSL THOCKUX NOMOK08. (Pe3yrbmamul u
obcysicoenue) Beenu 6 npoexmmuyro npakmuxy noHamue KOMRO3UYUOHHO20 YEHMPA 8 KOMNOHOBKE NPOU3BO0CBEHHO20
KOpnyca pemoHmHo-o0caydcusaromeco npeonpusmusi. OO0CHOBANU pACHONONCEHUE Opye OMHOCUMENbHO Opyed
VUACMKO8  MEXHUYECK020 OOCHYICUBAHUS U MEKYWe20 PEeMOHMA IKCHIYAMAYUOHHO20 U  KOMNIEKCHO20
obcaydcusarOWe20 Npeonpusmus, a makice pazdopPoOUYHO-0HUCHHO20, BOCCHAHOBLEHUsL Oemael U KOMNIeKMOBOUHO-
CcOOPOYHO20 YHACTNKO8 PEMOHMHO20 NpeOnpusmus, obecneyugaroujee nepemeujenue uzoenutl Hauborvue2o geca no
Mpaexmopusim Haumenbuiel Onunbl. (Boieoowvt) Hcnonviosanue KOMNOZUYUOHHBIX YEHMPOS 8 NPOEKMHBIX pabomax npu
PEKOHCIPYKYUU U TMEeXHUYECKOM  NePeGOOPYICEHUU  NPOU3BOOCHIBEHHBIX — VUACMKO8  IKCHIYAMAYUOHHBIX,
00CIYHCUBAIOWUX U PEMOHMHBIX NPEONPUSMULL C NPOYEOYPOU ONMUMUZAYUU HO360TSAEN NOAYYANb KOMHOHOGKY
KOpnyca ¢ MUHUMANbHOU NPOU3800CMEEHHOL NIOWAObIO U HAUMEHbUE MPAHCROPMHOU pabOmoll No nepemeujeruio
PEMOHMUPYEMBIX UTU OOCTYIHCUBAEMBIX U30EULL.

Knrouesvie cnosa: pemonm, obcayxicuganue, npeonpusmue, HPoOU3GOOCMEEHHbIl KOPHYC, KOMNOHOBKA,
nPOU3BOOCMEEHHBIIL  YHACMOK, NIAHUPOBKA, KOMNOZUYUOHHBIIL YEHmp, 2PY30NOmoK, mpancnopmuas paboma,
ONMUMU3AYUSL.

Joas uutupoBanusi: Meano B.II., Burepuna T.B. IloBplmeHne kadecTBa NMPOEKTOB PEMOHTHO-OOCITY:KHUBAIOIIIX
MIPEINPHUATHH C UCTIOIF30BaHUEM KOMITO3HUIMOHHBIX eHTPoB // Texumueckuii ceppuc Mammud. 2021. T. 59. N1(142). C. 115-
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IMPROVING THE QUALITY OF PROJECTS OF REPAIR
COMPANIES USING COMPOSITION CENTERS

Vladimir P. Ivanov, Dr.Sc.(Eng.), professor;
Tat’yana V. Vigerina, Ph.D.(Eng.), associate professor
Polotsk State University, Novopolotsk, Republic of Belarus

Abstract. Educational and scientific publications orient future specialists of the repair and maintenance profile when
studying the discipline of enterprise design to optimize technical solutions according to the criteria of minimum
production area of premises and buildings and transport work for moving machines and aggregates, but they do not
offer qualitative and quantitative methods of this optimization. (Research purpose) The research purpose is in
developing the measures to reduce the production area and transport work on the movement of products during the
reconstruction and technical re-equipment of repair and maintenance enterprises. (Materials and methods) Geometric
optimization according to the criteria of transport work for the movement of repaired and serviced products and the
production area of the production building has been used during the study. The layout decision of the industrial
buildings subject to technological requirements, restrictions, safety and rational due to the location of the plots, the
minimum transport equation serviced (repairable) goods and traffic flows. (Results and discussion) The article presents
the concept of a composite center in the layout of the production building of a repair and maintenance enterprise in
design practice. The location relative to each other plots of maintenance and repair of operational and integrated
operating company, as well as disassembly and cleaning, restoration of parts and a pick-assembly plots repair company
that will ensure the movement of goods heaviest path of least length are justified. (Conclusions) The use of composite
centers in design work during the reconstruction and technical re-equipment of production sites of operational,
maintenance and repair enterprises with the optimization procedure allows you to obtain a housing layout with a
minimum production area and the least transport work to move the repaired or serviced products.

Keywords: repair, maintenance, enterprise, production building, layout, production area, layout, compositional
center, freight traffic, transport work, optimization.

For citation: Ivanov V.P., Vigerina T.V. Povysheniye kachestva proyektov remontno-obsluzhivayushchikh predpriyatiy
s ispol’zovaniyem kompozitsionnykh tsentrov [Improving the quality of projects of repair companies using composition
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AHAJIM3 MTPOIIECCA U3BMEHEHUS CBOMCTB U CTPYKTYPbI MATEPHAJIA
OBPA3IIOB IO BO3AENCTBUEM YJbTPA3BYKOBOM
CTABMWJIN3ALINU

"Tumyp Acxamosuu Banmaes, kanoudam mexnuueckux Hayx,

e-mail: statmail 87@mail.ru;

2Po3a Hopaumosna JIocycynkanuesa, mazucmp,

3Anna 3unyunoena Cazoinanuesa, cmapuiuii npenooasamens

!Kazaxcmanckuii ynueepcumem uHHOGAUUOHHDBIX U MENEKOMMYHUKAUUOHHDIX CUCIeEM, 2. Ypanbck, Pecnyonuka
Kazaxcman

’Boicuan wikona «Hepmu, zaza u xumuueckoii unsicenepuu» 3anaono-Kazaxcmanckozo azpapno-mexnuueckozo
YHugepcumema

um. /Kaneup xana, 2. Ypanvck, Pecnyonuxa Kazaxcman

3Boicuan wikona « Tpancnopm u unsicenepnan auwumay

3anaono-Kazaxcmanckozo azpapno-mexnuueckozo ynueepcumema

um. /Kaneup xana, 2. Ypanvck, Pecnyonuxa Kazaxcman

Pegpepam. Baoicnetiuweri 3a0aueii npeyusuOHHO20 MAWUHOCPOEHUST HA COBPEMEHHOM Jmane CMAaHo8UmCcs
paspabomra 6oiee IPhHeKmugHbIX MEXHOIOSUYECKUX NPOYECCO8 U30MOBIEHUL 0emaell, 00eCneyUsawux He moabKo
docmudicenue 8blCOKOU MOYHOCTU NPU MUHUMYMe 3ampam, HO U COXPAHeHUue NepeoHauaIbHbIX NOKA3amenel moyHOCmu
6 meuenue Gce20 Cpoka Ccaydicovl uzdemus. (Llenv uccredosanus) Hzyuums 03MOJICHOE HezamugHoe GIUAHUE
6030elicBUs YIbMPA36YKOBbIX MEXAHUUeCKUX KOIeOaHull 8 npoyecce cmaduruzayuu depopmayuu Kpyenvlx niacmut Ha
npeomem 00pa3z0eanus paziuiHoz0 pood MUKPOMPEWUH, 6Cle0Cmaue KOMOopvlX Npou3oudem peskoe COKpaujeHue
pecypca u3oenusi 8 yeiom, U NPou3eecmu CPAGHUMENbHbIN AHANU3 USMEHEHUsI CE0UCME U CMPYKMYpbl Mamepuad.
(Mamepuanvt u memoodwt) Obpabomanu HOAOSUHY NOOSOMOBLEHHBIX 00PA3YOE NO MEPMOMEXAHUYECKOU MEXHOA02UM,
OCHOBAHHOU HA YUKTUYECKOM B030eUCMEUU HCUOKOCMU WU 2034 8 PA3HBIX MEMNEPAMYPHBIX PENCUMAX, OPY2Yio 4acmb
00paszyos — npeonazaemol MmexHonro2uell, OCHOBAHHOU HA CNocobe YIbmpasgyKo8020 MEXAHUHECKO20 B8030€lCmeEUs.
Tloozomosunu mopyesoii paszpes Kpyeioi niacmunvl 01 000ux eapuanmos oopabomru. (Pezyiomamot u obcyscoenue)
Yemanosunu, umo 6 cmpykmype mamepuana 06oux oopasyos, 00padoOmMaHHbIX PAZHLIMU MeMoOamMu, NPUCYMCMEYIom
onpeoenentvie paccioenus muna MUKpOMpewjuHt, 6bl36aHHble NIACMUYeCKUM 6030elicmeuem, Ho y Mamepuania oopasya,
00pabOMAnHO20 CMAHOAPMHBLIM MEMOOOM CmMpyKmypa 6oiee 2pyoas, KOHYEHMpayus MUKpOmMpewun 8 mamepuaie
0b6paszya, 0bpabomanno20 MemoooM YIbmpaseyKo8o20 8030eliCauUsl, He Npesbliiaenm KOHYEHMpayuio MUKpoOmpeujuH
mamepuana odopazya, 06pabomaHHo20 CMAHOAPMHBLIM CcHocobom. (Bwisoowl) Hszmenenue cmpykmypvl mamepuaia
KpYenou niacmumbl ROCIe YIbMPa38yKoeol 00pabomxku Modicem He OKA3bleamb OMPUYAMENbHO20 GIUSHUSL U He
ompasicamspcsi Ha 00J208eyHOCMU  U30enuss 8 npoyecce skcnayamayuu. Ilpu npasunvHom evibope pesicuma
VALMPA38YK08020 8030€UCMEUSL 8 npoyecce 0OPaAbOMKU MONCHO OOCMULb HOee PABHOMEPHO20 CHUNCEHUSI HANPSINHCEHUS,
nogvicumos Kauecmeo u 9ggexmusHocmsy npoyecca. Yabmpazeykosas 006pabomka nosvluiaem MexaHuyeckue
Xapaxmepucmuxy Mamepuaida, maxkue Kax npeoei RPouYHOCU U RPONOPYUOHAbHOCTIU.

Knrouesvle cnosa: niacmuueckoe meueHue, niacmuyeckas oegopmayus, yukiuveckoe oepopmuposanue,
VALMPA3BYKOBAs. CMAOUIUZAYUS, IHEPIUs VYIbMPA3GYKA, 6HYMPEHHUE HANPSANCEHUs, NOMEHYUANbHAS IHEPIUs]
HACHIUEHUsI MAMepuad, 2UCepesuc.
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ANALYSIS OF PROPERTIES AND STRUCTURE CHANGE
PROCESS SAMPLES MATERIAL UNDER EXPOSURE
ULTRASONIC STABILIZATION

!Timur A. Baltaev, Ph.D.(Eng.);

2Roza I. Dzhusupkalieva, MSc student;

3Anna Z. Sagynalieva, chief lecturer

!Kazakhstan University of Innovation and Telecommunication Systems, Uralsk, Republic of Kazakhstan

2 10il, Gas and Chemical Engineering'' High School of the West Kazakhstan Agrarian Technical University



them. Zhangir Khan, Uralsk, Republic of Kazakhstan

3 "Transport and Engineering Protection"

High School of the West Kazakhstan Agrarian Technical University
them. Zhangir Khan, Uralsk, Republic of Kazakhstan

Abstract. The most important task of precision engineering on the modern stage is the development of effective
technological processes of manufacturing, providing not only achieving high precision at low costs, but also retaining
the original in terms of accuracy throughout the life of the product. (Research purpose) The research purpose is in
studying the possible negative effect of ultrasonic mechanical vibration in the process of stabilizing the deformation of
circular plates on the subject of appearing of various kinds of micro-cracks, which result will be a sharp decrease in
resource products in general, and to make a comparative analysis of changes in the properties and structure of the
material. (Materials and methods) Half of the prepared samples were processed using a thermomechanical technology
based on the cyclic action of a liquid or gas in different temperature conditions, the other part of the samples was
processed using the proposed technology based on the method of ultrasonic mechanical action. The end section of the
round plate for both processing options was prepared. (Results and discussion) In the structure of the material of both
the samples treated by different methods, there are certain bundles of the micro-cracks type caused by plastic impact.
The structure of sample material processed by standard method is more rough, the concentration of microcracks in the
material of the sample treated by ultrasonic impact does not exceed the concentration of microcracks of the sample
material processed in a standard way. (Conclusions) Changing the structure of the material of the round plate after
ultrasonic treatment may not have a negative impact and does not affect the durability of the product during operation.
With the correct choice of the ultrasonic treatment mode, a more uniform stress reduction can be achieved during the
processing, and the quality and efficiency of the process can be improved. Ultrasonic processing increases the
mechanical characteristics of the material, such as tensile strength and proportionality.

Keywords: plastic flow, plastic deformation, cyclic deformation, ultrasonic stabilization, ultrasound energy, internal
stresses, potential saturation energy of the material, hysteresis.
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UCCJEIOBAHUE MOPUCTOCTU KOMIO3UTHBIX KOHCTPYKIIMA HA OCHOBE
3D-MEYATHBIX KAPKACOB, IPOIMMUTAHHBIX SITIOKCUJTHONU CMOJION

HOnus Anexcandposna Jlonamuna, HayuHolii COMPYOHUK,

e-mail: lopatina.julia@yandex.ru;

Bauecnae Anexcandposuu /lenucos, 00Kmop mexuHudeckux HayK,
2/1AGHBLEL HAYYHBLIL COMPYOHUK

Deodepanvhplit HayuHbLIL azpoundcenephsiii yenmp BUM,
Mockea, Poccuiickan @edepayusn

Pechepam. B xoncmpyKyusx co8peMeHHuIX MAWUH NpuMeHsemcs 6ce O0vbule NOTUMEPHBIX demaietl, 0OHO8PEMEHHO
603HUKAEM NPOOAEMA UX OLICIMPOLL 3aMeHbl 8 Clyyae 8uix00a u3z cmpos. Crudicenue CMoUMOCU U CPOKOS PEMOHMA MOJICEm
Oblmb docmueHymo npu ucnoavsosanuu 3ID-newamu memodom FDM, oonako maxue demanu He 6ce20d OeMOHCMPUPYIOM
Heo0X00UMYy10 NpoUHOCMY. [[Isl NOGBIUUEHUS UX MEXAHUYECKUX CEOUCME paHee Dbl NPeodnodcel Memoo NPOnumKy oemareu
nocie nedamu 6 3MOKCUOHbIX cmonax. (Llemv uccredosanus) Hzyuums 3a8UCUMOCH ROPUCHOCTU  KOMNOZUMHBIX
KOHCMpYKYutl Ha 0cHose 3D-neuamuvix Kapracos, RPORUMAHHBIX CMOIO, OM NAPAMEMPOS UX u320mosneHus. (Mamepuanv
u memoowt) Hcnoavsosanu obpazyvl 01 hepsoeo smana pabomul, npedcmasisiowue cobou 3D-neyvamuvlie yurunopuvl ¢
PA3IUYHOU MOIUUHON CIMEHOK U GHYMpPeHHell ceomempuell, nponumanHle snoxcuonou cmonou 3/-20. Pazpesanu obpaszybl
6 HeCKOJIbKUX CeYeHUsX U NOCYUMATU KOIUYeCTE0 NONAGWIUX @ IMi ceveHust nop. Bmopoii aman sxcnepumenma cocmosin 6
oyeHKe NOPUCMOCIU 0emAan CA0NCHOU ceomempuu. (Pesynomamol u obcyscoenue) Ycmanosunu, ymo ¢ ysenuyeHuem
nPOYeHma 3anoaHeHus u ymoaujenuem cmenku npu 3D-newamu npociexcusaemcs meHOeHyus: K YMEHbUIeHUIO KOIUYeCmea
nop. Ilpednonocunu, umo npu Menee NIOMHOM 3aNOTHEHUU KAPKAca u 60Jiee MOHKOU CIMeHKe CMONA XYydce YOePICUBAeMCsl
6 U30enUU U NOCIe NPONUMKU YACMUYHO 8blmeKaem. JIyuwee 3anonnenue 0emanu ClLoJCHOU (opmbl HAOII0OANOCh Npu ee



OmMBEPICOeHUL 8 NOJONCEHUU MACCUBHOU yacmvio 68epxX. (Bvieoowl) s uzeomoesnenus Kavecmeenuvix Oemaneii u3
KOMNO3UMa HA 0choge 3D-neuammuuvix KapKacos, NponumaHHbX 3MOKCUOHOU CMOJOU, PeKOMEeHOVemcs 8bloupamsy Kax
MOJICHO OombUULL NPOYeHm 3anonnenus npu 3D-nevamu u cmpemumuscs pacnoiazams 0emaib 6 npoyecce OMEePICOeHUs
nocie NPONUMKYU MACCUBHOU YACMbIO 68EPX.

Knrouesvie cnosa: KoMnosuyuonnsiti mamepuai, nopucmocms, 3D-neuamsv, a0OumueHvle mexHoI02UU, NOIuMep,
pemMonm.

Jast uuruposanusi: Jlonatuna F0.A., Jlenucos B.A. VccnenoBanue NopucTOCTH KOMIIO3UTHBIX KOHCTPYKLIUI HA OCHOBE
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POROSITY OF COMPOSITE STRUCTURES BASED
ON 3D-PRINTED FRAMES IMPREGNATED WITH EPOXY RESIN

Yuliya A. Lopatina, researcher
Vyacheslav A. Denisov, Dr.Sc.(Eng.), chief researcher
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation
Abstract. In the designs of modern machines, more and more polymer parts are used, at the same time, there is a
problem of their quick replacement in case of failure. Reducing the cost and repair time can be achieved by using 3D
printing by FDM method, but such parts do not always demonstrate the necessary strength. To improve their mechanical
properties, a method of their impregnation after printing in epoxy resins was previously proposed. (Research purpose)
The research purpose is in studying the dependence of the porosity of composite structures based on 3D-printed frames
impregnated with resin on the parameters of their manufacture. (Materials and methods) Authors used samples for the
first stage of the work, which are 3D-printed cylinders with different wall thicknesses and internal geometries,
impregnated with ED-20 epoxy resin. The samples were cut in several sections and the number of pores in these sections
was calculated. The second stage of the experiment was to evaluate the porosity of a part of complex geometry. (Results
and discussion) With an increase in the percentage of filling and thickening of the wall in 3D printing, there is a tendency
to reduce the number of pores. With a less dense filling of the frame and a thinner wall, the resin is worse retained in
the product and partially flows out after impregnation. The best filling of a part of a complex shape was observed when
it was cured in the position of the massive part up. (Conclusions) For the production of high-quality composite parts
based on 3D-printed frames impregnated with epoxy resin, it is recommended to choose the largest possible percentage
of filling during 3D printing and strive to position the part during the curing process after impregnation with the massive
part up.
Keywords: composite material, porosity, 3D printing, additive technologies, polymer, repair.
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Pegpepam. B npeocmasnennoii pabome RNpeoNoNHCeHA MEXHONO02UL NOJYUeHUs AHMUDPPUKYUOHHBIX NOKPbIMUL
MemoOoM PUHUWHOU AHMUDGPUKYUOHHOU De3abpasueHoll oopabomku ¢ pearusayuei dghgexma Oe3bl3HOCHOCI.
(Lenv uccnedosanusy) Paspabomams 3¢hexmuenyio mexHoi02uio noay4eHus. Ha NOGEPXHOCMU CMALbHLIX Oemanell
MUNAa «6ai» MeOHbIX NOKPLIMUL OIS CHUNCEHUS UHMEHCUBHOCIU USHAWUBAHUSL 8 YCIOGUAX MACISHO20 20100AHUS
demanei mawun. (Mamepuanvt u memoosy) Pazpabomanu nabopamopuyro yCmauogKy OJis1 CUHME3UpPOsaHUs Ha
NOBEPXHOCU CMATbHLIX Oemanel aAHMU@DPUKYUOHHLIX NOKPLIMUL MemoooM QUHUWHOL AHMUDPUKYUOHHOU



bezabpasusno oopadbomxu. Ucnonvsosanru ramyne mapku JIC-59-1 6 kauecmee mamepuana 01s HaHeceHus MeoH020
anmugpuxyuonnoco nokpvimus. C yenvio akmusayuu NOBEPXHOCMU O0emanu U NOBEPXHOCMU NPUCAOOYHO2O0
Mamepuana uCnoIb306a1U MEXHOLO2UYECKYIO Cpedy HA OCHO8e 0eCAMUNPOYEeHMHO20 pacmeopd COMAHOU KUCIOMbL U
enuyepuna. Onpedenunu Ccocmag MeXHOIOSUYECKol cpedbl dmnupudeckum nymem. Illoosepenu nomyyenHvle
J1abopamoprvle 00pasybl MpUbOIO2UYECKUM UCCIE008AHUS 8 CPABHEHUU CO CHAHOAPMHBIMU AHMUPDPUKYUOHHLLMU
cnaaeamu. Buinonnunu penmeenocmpykmypHuie uccnedoganus 0as onpeoenerus ¢aszoseoeo cocmasa. (Pezynsmamut u
obcysicoenue) Ycemanosuau 6 pe3yiomame peHmeeHoCmpyKmypHbIX UCCIe008aHUNl 1aDOPAMOPHBIX 00PA3Y08 HANUYUe
KOMNOHEHMOB Jcene3a U MeOUu 8 CUHME3Upyemom HOKpuimuu. Buiasuau, umo codepoicanue OKUCI08 HA NOBEPXHOCTIU
NOKPbIMUSA HEHAYUMETbHO, 6HYMPEHHAS CIMPYKMYPa RIOMHASL C OMCYymcmeuem suoumou nopucmocmu. Iokpvimue Ha
95 npoyenmos cocmoum u3 medu, NPOYecc CURMEIUPOBAHUSL NPOUCXOOUM 63 OKUCLeHUs, YO npudaem NOKPLIMuio
BICOKVIO A02€3UOHHYIO U KO2E3UOHHYI0 NpouHOCcmb. Onpedenunu, 4mo MOAWUHA HOKPLIMUL DAGHOMEPHAS U
Kosnebnemcs 8 npedenax 3-5 muxpomempos. (Bvisoowvt) CpasHumenvhvie mpubonocuieckue ucciedo8anuus NOKA3auu
BbICOKYIO CMOUKOCTD K USHAWUBAHUIO U K CXEAMBIBAHUIO KOHMAKIMUPYIOWUX NOBEPXHOCHE 8 YCI0BUSIX MACTIHO20
eonooanust. Koagpuyuenm mpenus cmabunronoiii u nuskuti u cocmaesasem 0,08-0,15. Paspabomannas mexnonocus
no3605em 8 Kpamuauuiue CpoKu U ¢ MUHUMATLHLIMU MAMEPUATLHLIMU 3AMPAMamMy. NOGbICUMb USHOCOCHOUKOCTY
CMANLHBIX 0emaell MUnd «8any 1 MOXCem Obimb YCNeuwHoO Peaiu308and 8 YCI08UsL PEMOHNHbIX NPEONPUSIMUIL

Knrouesvie cnosa: usnococmouuxocms, 1amyHuposanue, GuUHUHAs anmugdpuxyuonnasn dbezabpasusnas oopabomxa,
HU3KUL Koagpuyuenm mpenus, 3¢pgpexm b6e3v613HOCHOCHUL.

Hdas murupoanusi: UmaroB A.I., IlImeikoB C.H. CunTre3 aHTH(GPUKIUOHHBIX MOKPBHITHA MeTogoM DABO //
Texumueckuii cepsuc mammH. 2021. T 59. N1(142). C. 140-147. DOI 10.22314/2618-8287-2021-59-1-140-147

SYNTHESIS OF ANTIFRICTION COATINGS
BY THE FABO METHOD

Aleksey G. Ipatov, Ph.D. (Eng.), associate professor;
Sergey N. Shmykov, Ph.D. (Econ.), associate professor
Izhevsk State Agricultural Academy, Izhevsk, Poccuiickaa @edepayusn

Abstract. In the paper, the technology of obtaining antifriction coatings by the method of finishing antifriction-free
abrasive treatment with the implementation of the wear-free effect is proposed. (Research purpose) The research
purpose is in developing an effective technology for obtaining copper coatings on the surface of steel parts of the shaft
type to reduce the wear rate in the conditions of oil starvation of machine parts. (Materials and methods) During the
study, a laboratory facility for the synthesis of antifriction coatings on the surface of steel parts by the method of finishing
antifriction-free abrasive treatment has been developed. Brass of the LS-59-1 brand was used as a material for applying
a copper antifriction coating. In order to activate the surface of the part and the surface of the filler material, a
technological medium based on a ten percent solution of hydrochloric acid and glycerol was used. Authors determined
the composition of the technological environment empirically. The obtained laboratory samples were subjected to
tribological studies in comparison with standard antifviction alloys. X-ray diffraction studies were performed to
determine the phase composition. (Results and discussion) As a result of X-ray diffraction studies of laboratory samples,
the presence of iron and copper components in the synthesized coating was studied. The content of oxides on the surface
of the coating is insignificant, the internal structure is dense with no visible porosity. The coating consists of 95 percent
copper, the synthesis process takes place without oxidation, which gives the coating a high adhesive and cohesive
strength. The coating thickness is uniform and varies within 3-5 micrometers. (Conclusions) Comparative tribological
studies have shown high resistance to wear and to the setting of the contact surfaces under conditions of oil starvation.
The coefficient of friction is stable and low and is in the range of 0.08-0.15. The developed technology makes it possible
to increase the wear resistance of steel parts of the shaft type in the shortest possible time and with minimal material
costs and can be successfully implemented in the conditions of repair enterprises.

Keywords: wear resistance, brass plating, finishing antifriction nonabrasive treatment, low friction coefficient, wear-

free effect.
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I'EOMETPUSA OCTOBOB COCTABHBIX IINTYKHBIX IEMEXOB KOMITAHUU «KYH»
ITOCJIE UX SKCIVIYATAIIUU

Anexcandp Muxaitnosuy Muxanpbuenkos, 00Kmop mexHuueckux HaykK,

npocgpeccop, e-mail: mihalchenkov.alexandr@yandex.ru;

Hpuna Bnaoumupoena Kosape3, kanouoam mexHuuecKkux HaykK, O0yenm;

Anexcanop Anexcanoposuy I'yyan, acnupanm;

Banenmuna Eecenveena I'anonosa, kanouoam cenbCKOX03AUCMEEHHBIX HAYK, 00UEHM Kagdeopbl
bpanckuii 2ocyoapcmeennulii azpaphslii yHugepcumem,

2. Bpanck, Poccuiickaa @edepayus

Peghepam. [Llupoxoe npumenenue niy208 UMNOPMHO20 NPOU3BOOCHIBA OCMPO CMABUM 60NPOC 00 obecneyeHuu
Haonedxcaujeli doneogeunocmu ux oemaneu. Jlemexa — Haubonee nazpysicennvie KOHCMPYKIMUGHbIE DIEMEHMbl ¢ MOUKU
3penust usnawuganus. Omcymcmeue 00CmMoepHvIX C8eOeHUll 00 USHOCAX, UX Cheyugure u 2eomempuu USHOUEHHOU
yacmu 3ampyownsem paspabomky s¢gexmusnvlx mexnonoeul goccmawnosnerus. (Leanv uccredosanus) Hzyyumo
cneyugpuky ceomempuu noopezaroueli Hacmu 0CMmoB808 COCMABHBIX NIYICHBIX JEMEX08 NPOU3BOOCMEA KOMNAHUU
«KYH» nocne cuamusi ux c¢ osxcnayamayuu. (Mamepuaner u memoowvy) Hcnonv3osanu remexa 8 Kauecmee
KOHMPOIUPYEMbIX Oemanell, KOmMopvle NPUMEHSIU HPU GCHAWKE CYNECYAHbIX U JeSKOCYeIUHUCMbIX nous. Hx
Konuwecmso cocmasuno 60 eouHuy, umo omeeuaem NPABULAM BEPOIMHOCMHO-CIAMUCMUYECKOU 00pabomku 6
coomgemcmauu ¢ kpumepuem ILllanupo-Yunxa. (Pesynemamst u obcyscoenue) Onpedenunu, ymo MUHUMATbHbLE
BHAYEHUsL OCIAMOYHOU WUPUHBL UMEIOM MeCmOo 8 00NIACTNU NAMKU OISl 8CEX UCCAEOYEMBIX TEMEX08, YMO 0DBACHIEMCS.
CPABHUMENLHO HEBbICOKOU HCECMKOCMbIO UCCIEOYEeMOU 0DACU, d MAKI’CE HANUYUEM CYUWECMBEHHbIX SUOPAYUL.
Yemanosunu, umo ecnu usnoc cocmaensem oxono 80 mMuniumempos, mo HEEO3MONICHO NPOBECMU 80CCHIAHOBICHUE
0CMOBaA MemoOOM KOMREHCUPYIOWUX DIIeMEHMO8 U3-30 HeOOCMAMOUHOU HeeCmKocmu KoHempykyuu. Ommemunu, 4mo
V 6OALUWUHCTNEA OCIMOB08 OCIMAMOYHAS WUPUHA COCMABSIEN OKOA0 85 MULTUMEMPOS, U 68 IMOM 8 CIYUAe 803MONCHO
ocyujecmeums penosayuio jiemexa. Xapaxmep 5RIOp pacnpedeneHuss OCMAMOYHOU WUPUHbL N0 OIUHe OCMO8A
NPUMEPHO 0OUHAKO8 0151 DONLUUUHCIMEA Oemaiell U OTMAUYAEeMCsl YMEHbUIeHUEeM MUHUMALbHBIX 3HAYEHUL OCIMAMOYHO
WUPUHBL O HOCOBOU YaACMU K 00IACHU NAMKY NPU HATUYUU UX PE3KO20 CHUICEHUsL HA YYACMKe OM HOCKA 00 CeYeHus,
npoxoosujeco uepes cpeonee KpenescHoe omeepcmue. (Bvieoowt) LLlupuna peMonmuol 6Cmagku pe2namenmupyemcs
MUHUMATHHBIM 3HAYEHUEeM OCIAMOYHOU Wupunsl 0cmosd. Ipoghuns usnowennol obnacmu hakmuiecku 0OUHAKO8 015l
6cex demanell. B maccuee usyuaemvix demaneii umeromes uzoenus, y KOMopvix npo@uiu U 3HAYEHUs 0CMAMOYHOU
WUPUHDBL CYUECMBEHHO OTHAUYAIOMCS OM MURUYHBIX.

Knrouesvie cnosa: npogdhuis usnoca, ocmog iemexa, CoCmasgHule jemexd, IKCNIyamayus, pemMoumuble 6CMasKu.
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Valentina E. Gaponova, Ph.D.(Agri.), associate professor
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Abstract. The widespread use of imported plows raises the question of ensuring the proper durability of their parts.
Ploughshare is the most loaded structural elements in terms of wear. The lack of reliable information about wear, its
specifics and the geometry of the worn part makes it difficult to develop effective recovery technologies. (Research
purpose) The research purpose is in studying the specifics of the geometry of the cutting part of the frames of composite
plowshares manufactured by the "KUHN" after their decommissioning. (Materials and methods) Ploughshares was used
as controlled parts, which were used in plowing sandy loam and light loam soils. Their number was 60 units, which
corresponds to the rules of probabilistic and statistical processing in accordance with the Shapiro-Wilk criterion. (Results



and discussion) The minimum values of the residual width occur in the heel area for all the studied ploughshares, which
is explained by the relatively low rigidity of the studied area, as well as the presence of significant vibrations. If the wear
is about 80 millimeters, it is impossible to restore the skeleton by the method of compensating elements due to insufficient
rigidity of the structure. Most of the skeletons have a residual width of about 85 millimeters, and in this case, it is possible
to renovate the ploughshare. The nature of the distribution of the residual width along the length of the frame is
approximately the same for most parts and is characterized by a decrease in the minimum values of the residual width
from the nose to the heel area. There is a sharp decrease in the area from the toe to the section passing through the
middle mounting hole. (Conclusions) The width of the repair insert is regulated by the minimum value of the remaining
width of the frame. The profile of the worn area is virtually the same for all parts. In the array of studied parts, there are
products whose profiles and values of the residual width differ significantly from the typical ones.
Keywords: wear profile, ploughshare frame, composite ploughshares, operation, repair inserts.
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Pecpepam. Ha pemonmuvlx npeonpusmusx npumeHsaiomcss 01 60CCMAHOGNEHUS CONPANCEHUU  pasiuyHble
MemaniononumepHvle mamepuansi. Memaniononumepnvie mamepuanisi Mo2ym Obimb HANOJHEHbl CAEOYVIOWUMU
KOMNOHEHMamu.: cmaivio, OpoH30ll, antomunuem, mumanom. OCHOGHblE NpeuUMywecmed MemaiionoIUMepos —
CMOUKOCMb K He2AMUSHbIM 8030€iCMEUAM OKpYHcaroujell cpeobl, MeXaHUu4ecKkoMy MpeHUuIo U 6biCOKUM MeMnepamypam.
(Lleav uccneoosanus) Ilpoananuzuposams 603MOMCHOCMU MeMALIONOIUMEPHBIX MAMEPUANos 011 IPHeKmueno2o
UCNONBL308ANUA NPU B0CCMAHOBIEHUY 0emaneti MAuuH U 0amby NPeodIoHCeHUs NO YIVHUEHUIO UX QUIUKO-MEXAHUYECKUX
cgolicme npu nposedeHuu pabom no eoccmarosnenuro. (Mamepuanvl u memoowt) H3yuunu memanionoiumepHsie
mamepuanel uzgecmuuvix gupm: «bervzonay (CILUA), «/Jypmemany (Ilsetiyapus), «quamanmy (©OPI), «/lokmatimy
(CLLA4), Chester Molecular (Ilonvwia). Paccmompenu danuvie no ux npumeHenuro npu 60CCMAHOGIEHUU PAZTUUHBIX
Ooemaneil. Ykazanu, 4mo MemanionoiuMepHble Mamepuasl 3apyOedCHbIX Qupm Omaudaomes CmabuibHblM Ka4ecmeom
U BLICOKUMU PUIUKO-MEXHUUECKUM XAPAKMEPUCMUKAMU, OMeYeCmEeHHble MAMepuaibl NOKA YCmynarom uMnOPmMHbIM
U3-3a HU3KO20 KA4ecmea 8X00auux KomMnonenmos. (Pezynomamul u obcysicoenue) I[lokazanu, 4umo ocHoO8HOe c80UCME0
NOKPbIMULL — A02e3UOHHASL NPOYHOCMb, KOMOPAs 8 3HAYUMENbHOU CMmeneHu onpeoeisem pecypc 80CCMAHO81eHHOU
oemanu. Ilpusenu ocnognvle axmopul, Komopbvie 61UAIOM HA A02e3UOHHYIO NpoyHOCMb. OmMemunu, Ymo MONCHO
3HAYUMENbHO YBEeNUYUMb AO02E3UOHHYIO NPOYHOCMb NOKPLIMULL 3d Ccyem NnpeosapumenvHol 2NeKmpOUcKpo8oll
obpabomku usnowiennou Oemanu. IIpedcmasunu Oannvie no PhexmusHocmu d1eKMPOUCKPOBLIX NOKPLIMULL KAK
CamocmoamenbHo20 MeXHOIOSUYEeCKO20 npoyecca npu goccmanosienuu oemanu. Onpedenunu, Ymo UCNOIb308AHUE
KOMOUHUPOBAHHOU MEXHONI02UU DNIEKMPOUCKPOBOU 00pabomKu ¢ NOCIe0VIOuWUM HAHeceHuemM MemanionoaiuMepHbIX
Mamepuanos oaem HeoCnopumMble npeumMyuecmsa npu 60ccmanosieHuu demanei. (Bvigoowv) [{ns ynyuwenus guszuxo-
MEXAHUYECKUX CBOUCMSE NOKPLIMULL YeaecoO0OPAsHO COBMECMUMb MEeXHOIOSUI SJIeKMPOUCKPOBOU 00pabomku ¢
npumMeHeHuem MemaiionoOIUMEPHbIX NOKPLIMULL. DMo NO360IUM PACUWUPUNG 803MONCHOCNU NPUMEHEHUL MEXHOI0Ul
60CCMAHOBIEH U OemaJl.

Kniouesvie cnosa: soccmarnoenenue, MemanilonoaumMep, MexHONI02US, WepoXoeamocms NOBEPXHOCMU, pecypc,
ANEKMPOUCKPOBASL 0OpabOmKa, ad2e3usi.
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MODERN TECHNOLOGIES FOR THE RESTORATION
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Abstract. At repair enterprises, various metal-polymer materials are used to restore the interfaces. Metal-polymer
materials can be filled with the following components: steel, bronze, aluminum, titanium. The main advantages of metal
polymers are their resistance to negative environmental influences, mechanical friction and high temperatures.
(Research purpose) The research purpose is in analyzing the possibilities of metal-polymer materials for effective use
in the restoration of machine parts and to give suggestions for improving their physical and mechanical properties
during the restoration work. (Materials and methods) Authors studied metal-polymer materials of well-known
companies: "Belzona" (USA), "Durmetal” (Switzerland), "Diamant” (Germany), "Loctite” (USA), Chester Molecular
(Poland). The article presents the data on their use in the restoration of various parts. The metal polymer materials of
foreign companies are characterized by stable quality and high physical and technical characteristics; domestic
materials are still inferior to imported ones due to the low quality of the incoming components. (Results and discussion)
The main property of coatings is the adhesive strength, which largely determines the resource of the restored part. The
main factors that affect the adhesive strength are described in the article. It is possible to significantly increase the
adhesive strength of the coatings due to the preliminary electric spark treatment of the worn part. The article presents
data on the effectiveness of electric spark coatings as an independent technological process in the restoration of the
part. The use of a combined technology of electric spark processing with subsequent application of metal-polymer
materials provides undeniable advantages in the restoration of parts. (Conclusions) To improve the physical and
mechanical properties of coatings, it is advisable to combine the technology of electric spark processing with the use of
metal-polymer coatings. This will expand the possibilities of using part recovery technologies.

Keywords: restoration, metal polymer, technology, surface roughness, resource, electrical spark treatment, adhesion.
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Cmampwsi, npuypodennas k 35-1emuro Havaia npouzeoocmea Ha Boneozpadckom mpakmopHoM 3a800e 2yCeHUYHO020
cenvcroxossiicmeennozo mpakmopa H1-175C «Boneapvy, pacckasviéaem 006 ucmopuu co30anus 3moi no-ceoemy
VHUKAIbHOU Mawunvl. (Lenv uccneoosanus) lpoanaruzuposams ucmopuio coO30aHUs U ROCMAHOBKU HA NPOU3B0OCTEO,
agppexmusnocms  npumenenus mpaxmopa JT-175C «Boneapvy, paccmompemsv 5>manvl U HANPAGIEHUS €20
coseputencmeosanus. (Mamepuanvt u memoouvt) H3104cunu ucmopuro co30anusi CKOPOCMHO20 IHEPSOHACHIYEHHO20



mpaxkmopa «Boneapey, npusenu e2o KOHCMpYKmMueHvle 0COOEHHOCMU, MEXHUYeCKUe XapaKmepucmuky 8 CPpasHeHuU ¢
npeoulecmeeHHUKAMU, pe3yabmamsl UCHbIMAHULL 6 PA3IUYHBIX NOYBEHHO-KIUMAMUYECKUX 30HAX, HA pPA3TUYHBIX
cenbcroxossicmeennuvix onepayusx. (Pesyromamor u oocyscoenue) Ommemuau, umo 6 mpaxmope 1-175C «Boreapvy
KOHCMPYKMOPbL 8 MECHOM COMPYOHUUECmEe ¢ YUeHbIMU GONJIOMULU Pe3VIbmamyl UCCIe0068aHUll, HANPAGIEHHbIX HA
nosvluleHue padboyux CcKopocmel MAUUHHO-MPAKMOPHBIX aAzpe2amos, U camvle nepedosvle No MoMy 6peMeHU
mexHuueckue peutenus 6 obdaacmu mpakmopocmpoenusi. OCHO8HOe U3 SMUX peuwleHull — aemoMamudecKas
beccmynenuamas eudpomexanuyeckas mpancmuccus. Ilokazanu, uwmo couemanue mowrnozo (125 xunosamm)
dguzamens ¢ HOOOOHOU MpaHcMUccuell NO38OAUNU He MONbKO 3HAYUENbHO — 00 9-15 Kunomempos 8 uac — nogviCumby
pabouue cKopocmu u NpouU3BOOUMENTbHOCHbL MPAKMopd, HO U CYWECTNBEHHO CHUSUMb HANPANCEHHOCMb mpyod
mpaxmopucma. Tlpusenu ungopmayuio o co8epUEHCMEOBAHUN, MOOEPHUZAYUU MPAKMOPA, CO30aHUU HA €20 ba3ze
Pasauunblx cneyuanusuposanuvix moouguxayuil. JJT-175C «Boneapvy cman camou MOWHOU CepUutiHoOl MAUUHOU
Boneoepaockozo mpakmopHo20 3a600a, N0 APABY 3ACHYHCUNL NPUSHAHUE CReYUATUCTO8 XO3AUCME U MEXAHU3AMOPOS.
(Bvi6oowvt) Tpaxmop cman camoti mownou cepuiino mawunon BeT3, 3acnysxcun npusnanue Keamuuyupo8aHuvix
MEeXanu3amopos u cHneyuaiucmos xosaticms. JlanvHeluiee passumue HANpasieHue NPUMeHeHUs asmomMamuiecKkou
2UOPOMEXAHUYECKOU MPAHCMUCCUU HA CENbCKOXO3AUCMBEHHbIX MPAKMOpax 001X#CHO Ovlio noayuums 6 BT-200/]
ms206020 kaacca 5 mowHocmvro 147 xunosamm. H3-3a OCIONCHEHUS IKOHOMUUECKOU 0OCMAHOBKU NPOU3BOOCTEO
O0aHHO20 MPAKMOPA 0SPAHUYULOCH UL HEOOILUON ONLIMHOU napmuetl.

Knrouesvie cnosa: 2yceHuuHblii CelbCKOXO3AUCMBEHHbIN MPAKMOP, MPAKMOPHBIN 33600, dHEPLOHACHIUJEHHOCD,
pabouue  cKopocmu,  ABMOMAMUYECKAsE — 2UOPOMEXAHUYECKAs — MPAHCMUCCUA,  2UOPOMPAHCcPopmamop,
KOHCMPYUposanue, npousgo0Ccmeo, MOOepHU3AYUsL.
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Abstract. The article, dedicated to the 35th anniversary of the start of production at the Volgograd Tractor Plant of
the tracked agricultural tractor DT-175S "Volgar", tells about the history of the creation of this unique machine in its
own way. (Research purpose) The research purpose is in analyzing the history of the creation and produc-tion, the
effectiveness of the use of the DT-175S "Volgar" tractor, considering the stages and directions of its improvement.
(Materials and methods) The article de-scribes the history of the creation of the high-speed energy-saturated tractor
"Volgar", gave its design features, technical characteristics in comparison with its predecessors, the results of tests in
various soil and climatic zones, on various agricultural opera-tions. (Results and discussion) In the DT-175S "Volgar"
tractor, the designers, in close cooperation with scientists, embodied the results of research aimed at increasing the
working speeds of machine-tractor units, and the most advanced technical solu-tions in the field of tractor construction
at that time. The main of these solutions is an automatic continuously variable hydro-mechanical transmission. The
combination of a powerful (125 kilowatt) engine with a similar transmission allowed not only signifi-cantly increase
the working speed and productivity of the tractor, up to 9-15 kilome-ters per hour, but also significantly reduce the
labor intensity of the tractor driver. The article presents the information about the improvement, modernization of the
tractor, the creation of various specialized modifications on its basis. DT-175S "Volgar" be-came the most powerful
serial machine of the Volgograd Tractor Plant, rightfully earned the respect of specialists of farms and machine
operators. (Conclusions) The tractor became the most powerful serial machine of VeTZ, earned the respect of quali-
fied machine operators and specialists of farms. Further development of the applica-tion of the automatic hydro-
mechanical transmission on agricultural tractors was to receive the VT-200D tractor of 5th traction class with a
capacity of 147 kilowatts. Due to the complication of the economic situation, the production of this tractor was lim-ited
to only a small experimental batch.
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AT'POMH’KEHEPHAS HAYKA B CCCP B 1920-1941 I'OAbI

HOnus Cepzeesna Illenu, kanouoam nedazozuuecKux HayK, 0oyeHm,
Cmapuiuii HAyYHbL COMPYOHUK

Deodepanvhulii Hayunslii azpoundicenephutii yenmp BUM,

Mockea, Poccuiickan @edepayusn

Pegpepam. B yapcxou Poccuu He Ob110 CO30AHO eOUHOU OP2aHU3AYUOHHOU CIPYKIMYPbL CElbCKOXO03AUCTNEEHHOU HAYK.
Hayunou  pabomoii  pyxosooun Vuemwiti xomumem Munucmepcmea 3emnedenus, (QUHAHCUPYS — OMOETbHbIX
uccneooeamenetl, Cmanyul, a makoice gvblcuiue yueOHvle 3a6e0eHUsl, 8 KOMOPLIX NPOBOOUTUCH HAYYHbIE UCCIEO06AHUSL.
(Llenv uccreoosanus) Uzyuume smanvt pazeumusi azpoursiceneproti Hayku CCCP ¢ nepuoo 1920-1941 ce. (Mamepuansi
u Mmemoowt) Ilpoananusuposanu apxueHvie MAMEpuaIbl U HAYYHO-UCCIEO08AMENLCKYIO UMEPAmypy Ho OaHHOU
memamuxe. Iloxkasanu Heobxooumocms co30anusi Bcepoccutickoeo UHCMumyma ceibcko2o xosaiicmea. Ommemunu, 4mo
ovlia opeanuzosarna Hayuno-asmomobunvnas aabopamopus, KOmopas enociedcmsuu cmaia 0asou 0 HAYYHO-
UCCTIe008AMENLCKUX UHCTHUMYMO8 — HayuHo2o agmomomopHo20 UHCMUmMyma, nepeumMeH08anHo20 GnoCie0Cmeuu 6
Hayuno-uccieoosamenvckuii. - a6mompakmopuwill.  uHCmumym, pabomagwiux 6 obracmu asmomooOulrecmpoeHs,
MPAKMOPOCMpPoenUs, A8MOMpPAKMOPHbIX dgueamenetl, MexXHOA02UU U OP2AHUZAYUU ABGMOMOOUTLHOZO U MPAKINOPHOO
npouzeodcmea. Chopmyauposanu eadcHeluiue 3a0ayu CMAHOGIEHUS AZPOUHICEHEPHOU HAYKU HA HAYATLHOM dmane.
(Pesynomamol u obcyscoenue) B 1920-1941 z200ax coz0anu CReyuaru3upo8aHHvle a2POUHINCEHEPHbIE HAYYHO-
uccnedogamenvekue U yueOHvle UHCMUMYMbL, NPUHUMABUIUE AKMUGHOE Yyyacmue 6 CHAHOBIeHUU COBEMCKOLL
MPAKMOPHOUL U ABMOMOOUTLHOU NPOMBIULIEHHOCHU U NOO2OMOBKE KEATUDUYUPOBAHHBIX Ka0pos. Bavicuetiwee 3snauenue
0JIs1 pazeumusl CelbCKOXO03AUCMBEHHOU HAYKU UMeno obpazosanue no nocmarnosnernuio Cosnapxoma om 25 masa 1929 .
Bcecorsnoii akademuu cenvcrkoxosaticmeennvix Hayk umenu B.U. Jlenuna. (Bvisoowvl) B 0ooennbiil nepuod 6wl 3a10ceH
MOWHBI PYHOAMEHM azpoundicenepHou Hayku. TIpunsamel nepsevle 3aKOHbI U HOPMAMUGHBIE AKMbL NO MEeXAHUIAYUU
CENbCKO20 XO3SUCMBA U CeNbCKOXO3SUCMBEHH020 MawuHocmpoerust. Opeanu308anvl nepevie HayHHO-UCCIe008amenbCKUe
UHCIMUMYmbl 8 00JIACMU MEXAHUZAYUU CeTbCKO20 XO35UCME U CENbCKOX03SUCMEEHHO20 MawiuHocmpoenus. Paspabomanwvi
U NOCMAGNEeHbl HA NPOU3BOOCTNBO NePeble OMeHeCMEeHHble MPAKMOPbl, 3ePHOYOOPOUHbIE KOMOAUHbL U BAdCHEUIUe
cenvckoxossicmeennvle mauiunvl.  ChHOpMUposanvl 0CHOGbL Meopuu, U30aHbl nepevle (QYHOAMEHMANbHbIE HAYUHbLE
mpyobl U V4eOHUKU NO CeNbCKOXO3AUCMEBECHHbIM MAWUHAM, NPOYECCAM MEXAHU3AYUL U INeKMpUpUKayul cerbcKozo
xo3aticmaa.

Knrouesvle cnosa: Omoen mauwunogedenus, cyceHuuHvle MpaKmopwsl, d3HepeoemKue pabomsl, azpomexHuieckKue
mpebosanus, Meopusi CeNbCKOXO3AUCMBEHHBIX MAUIUH, DILEKIMPONPUBOO, IIEKIMPOMEXAHUAYUS HCUBOMHOBOOCHEA.
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Abstract. In tsarist Russia, there was no single organizational structure for agricultural science. The Scientific
Committee of the Ministry of Agriculture, funding individual researchers, stations, as well as higher educational
institutions where scientific research was conducted, led the scientific work. (Research purpose) The research purpose is
in studying the stages of development of agricultural engineering science in the USSR in the period 1920-1941. (Materials
and methods) Studied archival materials and research literature on this topic. The article shows the need to create an All-
Russian Institute of Agriculture. The Scientific and Automotive Laboratory was organized, which later became the base



for research institutes — the Scientific Automotive Institute, later renamed the Research Automotive and Tractor Institute,
working in the field of automotive industry, tractor construction, automotive engines, technology and organization of
automobile and tractor production. The article formulates the most important tasks of the formation of agroengineering
science at the initial stage. (Results and discussion) In 1920-1941, specialized agricultural engineering research and
training institutes were established, which took an active part in the formation of the Soviet tractor and automobile industry
and the training of qualified personnel. The most important thing for the development of agricultural science was the
Sformation of the All-Union Academy of Agricultural Sciences named after V. I. Lenin by the decree of the Council of
People's Commissars of May 25, 1929. (Conclusions) In the pre-war period, a strong foundation of agricultural
engineering science was laid. The first laws and regulations on the mechanization of agriculture and agricultural
engineering were adopted. The first research institutes in the field of agricultural mechanization and agricultural
engineering were organized. The first domestic tractors, grain harvesters and the most important agricultural machines
were developed and put into production. The foundations of the theory were formed, the first fundamental scientific works
and textbooks on agricultural machines, the processes of mechanization and electrification of agriculture were published.

Keywords: Department of Machine Science, crawler tractors, energy-intensive work, agrotechnical requirements,
theory of agricultural machines, electric drive, electromechanization of animal husbandry.
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Pegpepam. B cmamve paccmompena Kowyenyus GopmMuposaHus UCMOPUKO-THEMAMUYECKOU  9KCHO3UYUU
«Cmanosienue u paszeumue HAYYHO-MEXHUYeCcKo20 U Kaodpogo2o obecneyeHUs Mexanuzayuu u 1eKmpu@uxayuu
cenvcroeo xosaicmea Poccuuy, oxeamoigaroweti ucmopuuecxkuti nepuoo ¢ XVIII no XXI seex. Jana xapaxmepucmuxa
OMAN08 pazeumusi MexaHuzayuu u dNeKkmpupurayuu ceibcko2o xosaucmea Poccuu 6  ykazammwiii nepuoo.
Ilpedcmasnena ucmopusi co30aHUs NEPBLIX CENbCKOXO3AUCMBEHHbIX B)308, 8 KOMOPHIX HAYAAACL CUCIEMHAs
N0020MOBKA CHEYUATUCO8 OJIsl CeNbCKO20 XO3UCEd, 68 MOoM uucie ONsl pabomvl ¢ CelbCKOXO3AUCMEEHHbLMU
Mmawunamu u opyousmu. Ommeyer 8KIAO 8e0YUUX YUEHBIX U CREeYUATUCINO8 8 00JACMU CeNbCKO20 XO03AUCmed U
MeXHUYeCK020  OOCTYIHCUBAHUS —~ MAUWUH 8  CIMAHOBIEHUe  ACPOUHIICEHEePHOU  HAYKU U NOO020MOBKY
8bICOKOKBANUDUYUPOBAHHBIX KAOPOS.

Knroueesvie cuoea: MexaHuzayus, CeNbCKOXO3AUCMBEHHbIe  MAUUHD, A2POUHIICEHEPHOU Hayka,
MAWUHOUCHBIMAMENbHBIE CIAHYUY, SAeKMPUDUKAYUSL, ABMOMAMUZAYUS CENbCKO20 XO03AUCMEd, UHHOBAYUOHHDBLE
MAWUHHbIE MEXHON02Ul, pecypcochepediceHue.
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Abstract.  The article considered the formation concept of a historical-thematic exposition "Formation and
development of scientific, technical and personnel support for the agriculture mechanization and electrification in
Russia", covering the historical period from the 18th to the 21st century. The characteristics of the development stages
of agriculture mechanization and electrification in Russia in the specified period were given. The creation history of the
first agricultural uni-versities which began the systematic training of specialists for agriculture, including for working
with agricultural machines and tools was presented. The authors noted the contribution of leading scientists and
specialists in the field of agriculture and machines maintenance to the formation of agroengineering science and highly
qualified personnel training.

Keywords: mechanization, agricultural machines, agricultural engineering science, machine testing stations,
electrification, agricultural automation, innovative machine technologies, resource conservation.
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