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Peghepam. B npoyecce osxcnayamayuu Ogueameneti mMpakmoposg u KOMOAUHO8 UX MEXHUKO-IKOHOMUYECKUe
noKazamenu NOCMOSHHO MEeHSIOMCA. JJanuvitl (hakm npueooum K UsMEHeHUio coOCmasa Monaugo8030yWHOU cCMecy U,
COOMBEMCMEEHHO, K USMEHEHUIO KOIUYECMBEHHO20 U KAYeCMBEHHO20 COCMABa KOMNOHEHMO8 8 Kamepe C2opaHus
yunuHopa osueamens u @ e2o Kapmepe. B umoce ysenuuusaemcs usnoc osucamens u e2o0 cucmem, HOIMOMY
OUASHOCTNUPOBAHUE U CBOEBPEMENHAS. NOCMAHOBKA OUACHO3A  NPOYeccos, NPOMEKAWUX 8 Kamepe C20paHus,
npeocmasisiemcss 8adicHol u axmyanviou. (Llenv uccredosanus) Teopemuuecku onpedenumsv GaUAHUE COCMABA
KAPMEPHLIX 2308 HA KO puyuenm u30uimra 8030yXa U BO3MOICHbIE 83AUMOCES3U ¢ NOKAZAMENIMU MOKCUYHOCTHU
ompabomaswiux 2azos. (Mamepuanvt u memoovt) Ommemunu, 4mo KapmepHvie 2a3bl COCMOSIM U3 20pIoYell cMecl, d
Maxaice nPpoOyKmo8 NOIHO20 U YACMUYHO20 C2OPANUSL, NOSAGIEHUE HEUCTPABHOCHEN UBMEHSIM Kodpduyuenm uzopimra
6030yXa HEeNoCpeOCMBeHHO 6 Kamepe C2OpaHusi YUIUHOPA O08ueamens, mem CAMbIM MEHssl COCMA8 KapmepHvlX U
ompabomasuiux 2azos. (Pezyromamol u 00cyscoenue) Yrazanu, umo nomok npopeasuiuxcst 24308 Yepes HenjiomHoCmu
YUTUHOPO-NOPUHEBOU 2PYNNbL NONAOAEn HENOCPEOCNBEHHO 80 8NYCKHOU KOJIEKMOP, MeHss COCmaeg paboueli cmecu 6
Kamepe C2opanusi U COCMaAg KapmepHuvlx U ompabomasuux 2azos. Imu oOCMosmenbcmea npugooam K U3MEHeHUIO
853KOCMU MACA U UBHOCY OCHOBHbIX MEXAHUIMO8 08ueamelis, Cruxcarowum e2o pecypc. (Bovisoow) Ceoespemennoe
onpeodeneHue HaTuius 8 KApMeEPHbIX 2a3aX Yeae6000po00s 8 8Ude Napos MONIued, PANCUNICATOUUX MOMOPHOE MACIO,
no360aUM NPedomepamums SCNEHUBAHUE MACIA U NOSGNeHUe SMYIbCUU, 3ampyoHsioueli nocmynjieHue Macia K
mpywumcst nogepxnocmsam. Ilposenenue cumnmomos u OUaeHOCMUYecKux nPUHAK08 0acm 803MONCHOCHb OYESHUBAMb
He MONIbKO MEXHUYECKoe COCMOsIHUE 08U2amesi, HO U 803MOJICHOe HAAudue Opyeux HeUCHpPasHOCmell 8 e20 CUCIeMAx
U MEXAHUIMAX.

Knrwouesvie crosa: kapmepHule 2azvl, OuaeHOCMUPO8anue, YUIUHOPO-NOPUIHe8as 2pynnd, pacxoo 2a308, MOKCUYHOCb,
KAHYepo2ennble 6eujecmad, HeucnpagHOCmu.
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Abstract. During the operation of tractor and combine engines, technical and economic indicators are constantly
changing. This fact leads to a change in the composition of the fuel-air mixture and to a change in the composition of the
components in the combustion chamber of the engine cylinder and in its crankcase. As a result, the wear of the engine
and its systems increases, therefore, diagnosis and timely diagnosis of processes occurring in the combustion chamber
is important and relevant. (Research purpose) The research purpose is to determine theoretically the effect of the
composition of crankcase gases on the excess air coefficient and possible relationships with the indicators of exhaust gas
toxicity. (Materials and methods) Crankcase gases consist of a combustible mixture, as well as products of complete and



partial combustion, the occurrence of malfunctions will change the coefficient of excess air directly in the combustion
chamber of the engine cylinder, thereby changing the composition of crankcase and exhaust gases. (Results and
discussion) The flow of broken gases through the cylinder-piston group leaks directly into the intake manifold, changing
the composition of the working mixture in the combustion chamber and the composition of crankcase and exhaust gases.
These circumstances lead to a change in the viscosity of the oil and wear of the main engine mechanisms, which reduces
its service life. (Conclusions) Timely determination of the presence of hydrocarbons in the crankcase gases in the form
of fuel vapors that dilute engine oil will prevent oil foaming and the appearance of an emulsion that makes it difficult for
oil to flow to rubbing surfaces. The manifestation of symptoms and diagnostic signs will make it possible to assess not
only the technical condition of the engine, but also the possible presence of other malfunctions in its systems and
mechanisms.
Keywords: crankcase gases, diagnosis, cylinder-piston group, gas consumption, toxicity, carcinogens, faults.

For citation: Baganov N.A., Alekseyenko V.A., Sidel’nikov D.A., Isayev N.I., Radchenko A.E. Diagnostirovaniye
dvigatelya po kolichestvennomu i kachestvennomu pokazatelyu proryva karternykh gazov [Engine diagnostics based on
quantitative and qualitative indicators of crankcase gas breakthrough]. Tekhnicheskiy servis mashin. 2023. Vol. 61. N1(150).
13-20(In Russian). DOI 10.22314/2618-8287-2023-61-1-13-20. NSURRD.

DOI 10.22314/2618-8287-2023-61-1-21-28 VIK 681.518.5

JIMATHOCTUPOBAHUE TEXHUUYECKOTO COCTOSIHUSI MOBWJIbHBIX SHEPTETUYECKHX
CPEJICTB
C ICMTOJIb30BAHUEM A®POBLIX TEXHOJIOT Hii

IOpuiit Braoumuposuu Kamaee, kanouoam mexuuiecKkux HayK, O0yeHm,
6e0yu Uil HayuHblil COmpyoHuK, e-mail: ykataev@mail.ru

Deoepanvhvlit HAYUHBLIL azpouncenephsiii yenmp BUM

Mockea, Poccuiickan @eodepayusn

Peghepam. Vccrneoosanus, nanpagnennvle Ha cO30aHUe U GHEOPEHUE COBPEMEHHBIX MEMO008 OUALHOCUPOBAHUSL
CeNbCKOXO3ANUCMBEHHOU MEXHUKU, NO360JAI0WUE COBEPUIEHCNBO8AMb OUASHOCTNUKY U NOBbILUAMb 00CINOBEPHOCHb
onpeoeneHuss Napamempos MexHUYecKo20 COCMOAHUAL MAWUH 8 DeXCUMe PealbHO20 8pPeMeHU C UCHOIb308AHUEM
COBDEMEHHbIX YUPDPOBLIX MEXHON02Ul, aKmyaibHul 6 Hacmosuee 6pems. (Llenv uccredosanus) Oyenumo
B03MONCHOCIMU OUASHOCMUPOBAHUSL IHEPLOHACHIUEHHOU CElbCKOXO3AUCNEEHHOU MEXHUKU C NPUMeHeHUeM Yupposbix
mexnonoauti. (Mamepuanvt u memoost) Hcnonv3o8anu mamepuansbl U Memoosl, dazupylowuecs Ha npumeHeHuu
UHMEIEKMYATbHBIX  UHDOPMAYUOHHBIX MEXHOA0SUU, AGMOMAMUZUPOBAHHBIX CUCHEM KOHMPOIsL U YHPAGLeHus
MEXHUYECKUM COCMOSIHUEM CeNbCKOX035UCmeenHot mexuuky. Ommemunu, ymo OJis GblAGICHUS MEXHUYECKO20
COCMOANUA 00beKma UCNONb3068AU INEKMPOHHBIU 010K ynpagrenuss mawunon ¢ CAN-wumnon. Ilokazanu, umo
CHUDICEHUe 3ampam HA MeXHUu4eckoe OOCHYHCUBAHUe U DEeMOHM U NOGblUEHUE VPOSHL pPabomocnocooHocmu
CeNbCKOXO3ANUCMEEHHOU MEXHUKU 8 3HAYUMENbHOU CMeNneHu CnocoOCmeyom KOMNIEKCHOMY N00X00Y K paspabomke
Memo008, cpedCcms U MeXHOA02Ul OUACHOCIMUPOBAHUS. U AGMOMAMU3UPOBAHHBIX YHPAGIAIOWUX CUCTHEM Ha Oaze
YUuPposvIX MeEXHONO2UNl ¢ MUHUMATbHOIMU MPeO08AHUAMU K KOHMPOLenpueoOHocmu mawiunsl. Pacwupenue
HOMEHKAAMYPbl MEMo008, ChocoH08 u 060py00sanus 0Jist NOIY4eHUsL 00beKMUBHOU UHDOPpMAYUU O IKCITYAMAYUOHHOU
HAOENHCHOCMU IHEP2OHACHIUEeHHOU MeXHUKY N0360/8em Npo8ooums CUCHEMHble UCCIe008aAHUs NO MEXHUYECKOU
ouaenocmuxe. (Pesynomamot u obcyscoenue) Pesyiomamol u npoéedennvlil anamus OaHHOU pabombvl 3aKII0HAIOMCS 8
KOMIJIEKCHOM N00X00€ K NPOEEOCHUI0 UCCIe008AHUN NO OUASHOCIUPOBAHUIO C NPUMEHEHUEM YUDPOBLIX MEXHOL02ULL 8
INEKMPOHHOM ONOKe YNpasneHus, OyeHKe YPOBHA MEXHUHUeCKO20 COCHIOAHUA C UCHONb308AHUEM OAHHO20 Memood
OUACHOCTNUKY, — NO360JAIOWE20  (UKCUPOBAMb  HEUCIPAGHOCMU N0 NOIYVYAEMbIM  BbIXOOHBIM — CUCHALAM  C
9HEpeOHACHIWeHHOU mexHUuKU. (Bbi6o0obl) BHeOperue s1emenmos ouacHoCmuKy MOOUIbHBIX dHEPeeMUYecKUx cpeocma
yepes CAN-wuny nosgonsem 8 pedicume pPearbHO20 8PeMeHU NOAYHYamb MeKYWYIo UHDOPMAyuio 0 MeXHUYecKoM
COCMOSHUY MAWUHBL, YMO He OONYCKAem 8 npoyecce SKCNLYamayuu HEPLOHACLIUEHHOU MeXHUKU 68blXx00d ee
napamempos 3a 0onycmumbie npeoeivl, mem CAMbiM CHUNCAOMCS ee NPOCIMOU.

Knroueesvle cnosa: ouacrocmupoganue, CelbCKOXO3AUCMBEHHA MEXHUKA, YUPPOsble MEXHOI02UU, HAOEHCHOCHb,
IKCNIyamayus.
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Abstract. Research aimed at creating and implementing modern methods of diagnosing agricultural machinery, allowing
to improve diagnostics and increase the reliability of assessing the technical condition of machines in real time using
modern digital technologies, is relevant at the present time. (Research purpose) The research purpose is evaluating the
possibilities of diagnosing high-power agricultural machinery using digital technologies. (Materials and methods)
Materials and methods based on the use of intelligent information technologies, automated control systems and management
of the technical condition of agricultural machinery were used. An electronic control unit with a CAN bus was used to
identify the technical condition of the object. The article shows that reducing maintenance and repair costs and increasing
the level of efficiency of agricultural machinery significantly contribute to an integrated approach to the development of
methods, tools and technologies for diagnostics and automated control systems based on digital technologies with minimal
requirements for the controllability of the machine. The expansion of the nomenclature of methods and equipment for
obtaining information about the operational reliability of high-energy equipment makes it possible to conduct systematic
research on technical diagnostics. (Results and discussion) The results and analysis of this work consists in a comprehensive
approach to conducting diagnostic studies using digital technologies through an electronic control unit, assessing the level
of technical condition using this diagnostic method, which allows fixing malfunctions based on the received output signals
from energy-saturated equipment. (Conclusions) The introduction of diagnostic elements of mobile power facilities via the
CAN bus allows you to receive current information about the technical condition of the machine in real time, which does
not allow its parameters to exceed permissible limits during the operation of energy-saturated equipment, thereby reducing
its downtime.
Keywords: diagnostics, agricultural machinery, digital technologies, reliability, operation.
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Peghepam. B cogpemennvix 08u2amensix 6HympeHHe20 ceopanus 4acms SHepeuy monausd, KOmopas pacxo0yemcs Ha
NOE3HYI0 IHepeuio, cocmasisiem 8 cpedHem 35 npoyenmos. /lo 30 npoyenmog yxooum Ha sHep2uio, 8bl0eIOUYIOC NpU
CeOpaHuy MONIUBd, KOMOpas 8blGOOUMCA C BbIXIONHbIMU 2azamu osueamensd. Cywecmgyem MHOMCeCm8o cnocobos
nogvluenus Koapguyuenma noiesno2o Oelicmsus 0sueameiss 6HymMpeHHe20 C2OPaHusl, 0OUH U3 KOMOPbIX — CHOCoO
nogvluenus Kod(ph@uyuenma none3Ho2o 0elcmeus nymem peKynepayuu meniosvlx nomepb, NOOpa3ymesaouuil coootl
UCTIONIb308AHUE YCMPOUICMBA 0151 NPeoOPA308aHUs MENJI0B0U dHEPIUll 8 dIeKMpuYecKyro, pabomarue2o Ha 3¢gdexme
3eebeka. (Lenv uccnedosanus) Pazpabomame sxcnepumenmanvHyo YCmanosKy 05 peKynepayuy meniogou sHepeuu
ompadbomaguiux 2azo8 O0su2amenss HYMPEHHe20 C2OpaHus 6 NEKMPUYECKYIO IHEPeUIo U BbIBeCMU 3aKOHOMEPHOCU
GIUAHUA PAOOMbI MEPMOINEKMPULECKO20 2eHepamopa 8 Cucmeme 1eKMpOnUmanus 6 asmompakmopHoll mexHuxe.
(Mamepuanvt u memoowy) Ilpumenunru Mmemoovl YUCIEHHO20 AHAAU3A U KOMNLIOMEPHO20 MOOIUPOBAHUSL C
ucnonwv3oeanuem komnviomepHuix npoepamm ANSYS Thermal Steady State u Solidworks FlowSimulation. Hcnonvsosanu
6 Kawecmee CUN080U YCMAHOBKU 1aOOPpaAmoOpHblil cmeno, (QyHKyuorupyrowul om osuecamens /-65 (Pesyromamol u
obcyacoenue) Honyuunu 3a8UcumMocmu 2eHepupyemo2o HanPsHCEHUs U CUIbL MOKA MEPMOINEKMPULECKO20 2eHEPAMOopd
om MmemMnepamypbol 8bIXJIONHLIX 24308 U OXAANCOAIOUEL HCUOKOCMU 08Ueameisl HympeHHe20 ceopanus. MakcumanbHas
2eHepupyemas MOWHOCMb  PA3PAOOMAHHO20 MEPMOINEKMPUYECKO20 2eHepamopa  COCMAasuld 54,5 eamm.



Maxcumanvuas cuna moxa mepmodIeKmMpULecKo20 2eHepamopa 6 npoyecce pabomul IKCNEPUMEHMATLHOU YCIMAHOGKU
cocmasuna 3,7 amnep ¢ 6bIXOOHbIM HanpsdiceHuem 22 eoabma. (Bwvisoos) Ilpumenenue paspabomanioco
MEPMOSNIEKMPULECKO20 2eHepamopa O0Jisl peKynepayuu dHepeuu ompadomaguiux 2a3o8 08Ueamess GHYMPEHHe20
C2OpaHusl no3605em NOBbICUMb CINENeHb UCNONb308AHUS 8bI0ENAIOWEL0Cs NP C2OpAnHUU TMONAUGA Menaa u oaem
O0ONOTHUMENbHBIL UCTHOYHUK DNIEKMPULECKOU IHEPSUU.

Knrouesvie cnosa: mepmodieKmpuyeckuil 2eHepamop, menio00MeHHUK, ompabomasuiue 2asvl, HANpsdiceHue,
memnepamypa, peKynepayus, 08u2amensb 6HYMpenHe20 c20panusl.
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Abstract. In modern internal combustion engines, the part of the fuel energy that is consumed for useful energy is on average 35

percent. Up to 30 percent is spent during the combustion of fuel, which is removed with the exhaust gases of the engine. There are

many ways to increase the efficiency of an internal combustion engine, one of which is a way to increase the efficiency by recuperating

heat losses, implying the use of a device for converting thermal energy into electrical energy, operating on the Seebeck effect.

(Research purpose) The research purpose is developing an experimental installation for the recovery of thermal energy from exhaust

gases of an internal combustion engine into electrical energy and deducing the regularities of the thermoelectric generator in the

power supply system in automotive equipment. (Materials and methods) Applied methods of numerical analysis and computer

modeling using computer programs ANSYS Thermal Steady State and Solidworks FlowSimulation. A laboratory stand operating from

the D-65 engine was used as a power plant (Results and discussion) The dependencies of the generated voltage and current of the

thermoelectric generator on the temperature of the exhaust gases and coolant of the internal combustion engine were obtained. The

maximum generated power of the developed thermoelectric generator was 54.5 watts. The maximum current of the thermoelectric

generator during operation of the experimental installation was 3.7 amperes with an output voltage of 22 volts. (Conclusions) The

use of the developed thermoelectric generator for the recovery of the energy of the exhaust gases of the internal combustion engine

makes it possible to increase the use of the heat released during the combustion of fuel and provides an additional source of electrical

energy.

Keywords: thermoelectric generator, heat exchange, exhaust gases, voltage, temperature, recovery, internal

combustion engine.
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Pepepam. B pabome npedcmagunu HayyHO-NpaKmuyeckoe 00O0CHOBAHUE BO3MOJICHOCMEN IDPekmueno2o
UCNOIL30BAHUS  MEXAHUBMA  KPAMKOCPOUHOU apeHObl (Npokama) cenvbckoxossicmeennou mexnuku. (Llens
uccnedosanus) llpoanaruzuposams obecneyenue azponpoMbiUIEHHO20 KOMIIEKCA CeNbCKOXO3SAUCMEEHHOU MEXHUKOU
U pacKpvlms Cymov npoOIeMbl OP2AHUIAYUY MEXAHUIMA KPAMKOCPOUHOU apeHObl (NPpOKama) CeabCKOX035UCEEHHbIX
mawun. (Mamepuanvl u memoovy) Ykazanu, 4mo mexHuuecKas OCHAUWEHHOCMb AZPONPOMBIUICHHO20 KOMNIEKCa
ocmaemcs 00 HACMOosIUWe20 8pemeru Ha yposue 60-65 npoyenmos om HopmamusHo nompedbrocmu. Ommemunu, Ymo,
1O OAHHBIM OenapmaMeHma pacmenuego0Cmaa, MeXanu3ayull, Xumuzayuu u 3auumsol pacmenutl Muncenvxosa P®, na
nepgoe smeaps 2020 2co0a neodX00UMOCb NPUOOPEMEHUsT MOAbKO SHEPSOHACHIUEHHOU CeNbCKOXO03AUCTEEHHOU
MexHUuKy cocmaeisaem. mpakmopog 70 mvicay, 3epHoyoopounvix komoalinos 38 moicsay, KopmoyoopouUHbIX KOMOAUHO8
3 mouicauu. Hcnonvzosanue mexamusma KpamKkOCPOUHOU apeHObl (NPOoKama) CenbCKOXO3AUCMBEHHOU MeXHUKU
N0360MUM VIVYUWUMb 0DecneyeHue mexHUKol, 0COOEHHO 8 Nepuoobl HANPANCEHHbIX CElbCKOXO3AUCNBEHHbIX pabom
(nocesnvle, ybopka). (Pezynomamvt u ob6cyscoenue) Ilposedennviti ananuz u pacyemsvl IKOHOMUYECKOU
aghexmusnocmu nOKA3AAU B03MOINCHOCTHU UCTIOTL30BANUSL IMO20 BUOA NONOTHEHUSI MAUUHHO-MPAKMOPHO20 NAPKA
O0ns1 6cex Kame2opuil Cenvbxo3mosaponpousgooumereii. Boisasuau, umo on 6ydem npeocmasiams unmepec no AuHuU
¢unancosvix 3ampam (apeHOHAs NIAMaA), HALO208bIX U AMOPMUZAYUOHHLIX Ab2OM NPU NPOBEOCeHUU Onepayuu
KPAMKOCPOUHOU apeHObl CelbCKOX03AUCmEeHHOU mexHuku. (Boligoowl) B pesynrbmame npogedeHHbIX UCCIe008aHUll
IPUWIU K 8bI80JY, YMO OP2AHU3AYUS 8 A2PONPOMbBIULIEHHOM Komniekce Poccuu kpamxocpounoii apenowt (npokama)
CeNbXO3MEXHUKU, OCOOEHHO 8 YCI0BUAX MACUIMAOHBIX IKOHOMUHECKUX cankyuti co cmopouwvi cmpan EC, CLIA u
Kanaowt, 6ydem cayscums 3¢hghexmugnoti mepoii no obecneyeHuo MauuHHO-mpaKmopHo20 napKa.

Knrouesvle cnosa: npoxam, apenoa, nu3uHe, CeNbCKOXO3AUCMBEHHAS WEXHUKA, apeHoamop, apeH000ameins,
CeNbXO3MOBAPONPOUZBOOUMETD.
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SCIENTIFIC AND PRACTICAL JUSTIFICATION OF THE SHORT-TERM
LEASE OF AGRICULTURAL MACHINERY

Yuriy V. Kataev, Ph.D.(Eng.), leading researcher;

Valeriy S. Gerasimov, leading specialist;

Igor’ A. Tishaninov, engineer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The paper presents a scientific and practical justification of the possibilities of short-term lease (rental) of
agricultural machinery. (Research purpose) The research purpose is analyzing the provision of agricultural machinery to the
agro-industrial complex and to reveal the essence of the problem of organizing a mechanism for short-term rental of
agricultural machinery. (Materials and methods) Indicated that the technical equipment of the agro-industrial complex
remains at the level of 60-65 percent of the regulatory requirement to date. According to the Department of Crop Production,
Mechanization, Chemicalization and Plant Protection of the Ministry of Agriculture of the Russian Federation, as of January
1, 2020, the need to purchase only energy-saturated agricultural machinery is: tractors 70 thousand, combine harvesters 38
thousand, forage harvesters 3 thousand. The use of the mechanism of short-term lease of agricultural machinery will improve
the provision of equipment, especially during periods of intense agricultural work (sowing, harvesting). (Results and
discussion) The analysis and calculations of economic efficiency have shown the possibility of using this type of replenishment
of the machine and tractor fleet for all categories of agricultural producers. It will be of interest in terms of financial costs
(rent), tax and depreciation benefits during the operation of short-term lease of agricultural machinery. (Conclusions) As a
result of the conducted research, it was concluded that the organization of short-term rental (vental) of agricultural machinery
in the agro-industrial complex of Russia, especially in the face of large-scale economic sanctions from the EC countries, the
US4 and Canada, will serve as an effective measure to ensure the machine and tractor fleet.

Keywords: rental, lease, leasing, agricultural machinery, tenant, landlord, agricultural producer.
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Pepepam. B ucciedosanuu oxapaxmepusosaiu Memoobl KOMWIEKCHOU OyeHKUu apgexmusnocmu pabomvi no
bezonacrnocmu mpyoa Ha npousso0Ccmae, papadoman Mexanu3mbl AHAIU3A U KOHMPOTISL GblIAGAEHUS OMKIOHEHUL N0
oxpane mpyoa 6 nPouzB00CMEeHHOU 0esIMENbHOCU OP2AHU3AYULL C Yelblo pa3pabomKy U pearu3ayu Meponpusmull
ons ux ycmpauenus. (Llenv uccredogsanus) Pazpabomams mexanusm OYeHKu, amamu3a u KOHMPOJS 6blAGIeHUs
OMKIIOHEHUNl N0 OXpawe mpyod 8 HNpPOU3BOOCMEEHHOU OesmenbHocmu npeonpusmuil. (Mamepuanvt u memoovt)
Ipeonoxcunu 6 xauecmee Kpumepues oyenku pabomsl no 0xXpaune mpyoa Kodp@uyuenm onacHocmu, npueeoeHHblll
Koapuyuenm onacrocmu, xodgduyuenm npueedenus. Paspabomanu eanuonvie mecmol Ojisi OYEHKU CAHUMAPHO-
cusUeHUecKux nokazameneu, mpagmoonacHoCmu, 3QdexmusHoCmu NpUMeHeHUsi CPeOCm8 UHOUBUOYATIbHOU 3auUmbl
u opeanusayuy pabom no oxpane mpyoa. Pexomenoosanu ¢ kauecmee yciosuil peanuzayuu MexaHuzmos 6e30nachocmu
npoheccuonanbHol 0esimenbHOCMU CO30anue CReYUANIbHOU KOMUCCUU, 8 KOMOPYIO OOJNHCHbL 6X00UMb CReYUAIUCTbl
PA3UYHBIX BpogheccuoHanbhblx cghep. Onpedenunu, Ymo cCyuecmeyowull UHmMespaIbHulil noxazamensb 0l OYeHKU
PUCKO8 He Yyuumvlgaem nomepu paboyezo Gpemenu, 00YCI08IeHHblE 3A001e8AHUAMU C BPDEMEHHOL Ympamou
MpYOOCHOCOOHOCMU U CHUNCEHUEM YPOSHS pabomocnocobHocmu npu pabome 6 HeOIA2ONPUSAMHBIX YCa08usx. s
bonee 00OBLEKMUBHO20 Yuemad OSMUX HOMepPsb UVYUAU U NPeOCmasuiu Kpumeputl UHMeSPpatbHOU — OYeHKU
pabomocnocobrocmu. (Pesynomamoul u o6cysxcoenue) Paccuumanu unmespanbHulil NOKA3amenb NpoghecCcuoHaibHoeo
pucka ¢ y4emom HACmoOmvl U MANCECMU MPAGMATNUIMA HECUACMHO20 CAYYas, CMEePMeNIbHO20 —CAyyds,
npogsabonesanutl, 3a001e6aHUlL C BPEMEHHOU YmMpamol mpyoocnocooHocmu. Buedpunu opeanorenmuueckyro
OanIbHYI0 OYeHKy nokasamesell YCiosull mpyoda, HA OCHOBAHUU KOMOPOU 68e0eHO Wecmb Kame2opuil 8peoHOCmu
(maxcecmu) mpyoa. (Bvieoowl) Ycmarnosunu, umo npeonazaembviti Mmoo UHMESPANbHOU OYeHKU madcecmu mpyoa
nozeonsiem onpedenums 3@pexmusHocms pabomsl no obecneueHur) 0OE30NACHOCMU U Ydecmb NOomepu U3-3d
mpasmamusma u npo@h3aboLesanuli, a maKice NOmepu, CeA3AHHbLEe CO CHUNICEHUEeM PAbOMOCHOCOOHOCMU U 8DEMEHHOU
ympamou mpyoocnocooHocmu.

Knrouesvie cnosa: npogeccuonanvuvie 3a601e8aHuss, YCiogus mpyoda, 6e30nacHocms, npoheccuoHanbhblll PUuck,
OesimeibHOCHb HO OXPaHe mpyod.
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L2Igor N. Kravchenko, Dr.Sc.(Eng.), professor;

’Evgeniya V. Kulakova, Ph.D.(Eng.), associate professor;

’Irina V. Alibekova, Ph.D.(Eng.), associate professor;

3Yuliya V. Velichko, Ph.D.(Ped.), associate professor;

ISerik K. Toygambaev, Dr.Sc.(Eng.), professor

!Russian State Agrarian University — Moscow State Agricultural Academy named
after K.A. Timiryazev, Moscow, Russian Federation



Institute of Mechanical Engineering named after A.A. Blagonravova

Russian Academy of Sciences, Moscow, Russian Federation

30rel State Agrarian University named after N.V. Parakhin, Orel, Russian Federation
‘National Research Mordovia State University named after N.P. Ogarev, Saransk,
Republic of Mordovia, Russian Federation

Abstract. The paper characterizes the methods of comprehensive assessment of the effectiveness of work on safety,
describes mechanisms for analyzing and monitoring the identification of deviations in occupational safety in the
production activities of organizations in order to develop and implement measures to eliminate them. (Research purpose)
The research purpose is developing a mechanism for assessing, analyzing and controlling the identification of labor
protection deviations in the production activities of enterprises. (Materials and methods) The article describes the hazard
coefficient, and the reduction coefficient as criteria for evaluating work on labor protection. We have developed valid
tests to assess sanitary and hygienic indicators, injury risk, the effectiveness of the use of personal protective equipment
and the organization of work on labor protection. The creation of a special commission is recommended, which should
include specialists from various professional fields, as conditions for the implementation of professional safety
mechanisms. The existing integral indicator for risk assessment does not take into account the loss of working time caused
by diseases with temporary disability and a decrease in the level of efficiency when working in adverse conditions. For
a more objective accounting of these losses, we studied and presented the criterion of an integral assessment of
operability. (Results and discussion) An integral indicator of occupational risk was calculated taking into account the
frequency and severity of injuries of an accident, a fatal accident, occupational diseases, diseases with temporary
disability. We have implemented an organoleptic scoring assessment of indicators of working conditions, on the basis of
which six categories of harmfulness (severity) of work have been introduced. (Conclusions) The proposed method of
integral assessment of the severity of labor makes it possible to determine the effectiveness of work to ensure safety and
to take into account losses due to injuries and occupational diseases, as well as losses associated with a decrease in
working capacity and temporary disability.

Keywords: accident, occupational diseases, working conditions, safety, occupational risk, occupational safety
activities.
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PACYET HEJIECOOBPA3HOCTH U DYOPPEKTUBHOCTH
MEPEBOJIA TU3EJLHBIX YHEPTOCPEJICTB B I'A3OM3EJbHbINA PEXKUM PABOTHI

Anmon Buxmopoeuu 3axapun, kanouoam mexHudecKux HayK, O0yeHm,
e-mail: anton-zaharin@mail.ru;
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Peghepam. Ha ceco0nawmnuil 0eHb ucnoib308anue KOMIPUMUPOBAHHO20 HPUPOOHO20 2d3a 8 KAuecmae monausa Ol
osuzamerneti 6HYMPEHHe20 C2OPAHUSL CMAHOBUMCS Muposol mendenyuei. Cmaspononvbekutl kpai npedcmasisiem coooil
00UH U3 TUOePos cpedu 6cex pecuonos Poccuu 6 dannom eonpoce, yposenv 2azugurayuu komopozo cocmasisiem 99,8
npoyenmos. Takoii 6b1COKUIL YPOGEeHb 2A3UDUKAYUU KPASL CTYHCUT KAMATUZAMOPOM O TUOEPCMEA PE2UOHA 8 00AACU
UCNOIL308AHUSL  NPUPOOHO20 2ad3d 6 Kavecmee MomopHoeo monausa. (Llenv uccredosanus) Onpedenums
aghpexmusrHocmb nepesooa MOOUNLHOU CENbCKOXO3SUCTNEEHHOU MEXHUKU U CMAYUOHAPHO20 000PYOOSaHUsL HA
2azomomoproe monauso. (Mamepuanvl u memoowt) Paspabomanu npoepammy «Pacuem s¢gppexmusnocmu nepesooa
OU3ENbHBIX IHEP2OCPEOCME 8 2A300U3ENbHBIU pedcum pabombly. Onpedenunu, 4mo 018 pabomsl HPOZPaAMMbL 6600SIMCS
UCXOOHble OaHHble, KACAIOWUECs KOHKPEMHbIX VCI08UU SKCNIYAMAyuu CelbCKOXO3AUCMBEHHOU MeXHUKUu. B
pe3ynvmame nPopamMma aHaIU3upyem 6xoonvle Oanubvle u gvidaem pacuem. (Pesyrvmamut u 0ocysicoenue) Ioxazanu,
umo 6 pe3yrbmame pacdema MONCHO Gvleecmu UHGOpMmayuro 6 6ude mabauyvl u  onpedeiums Hauboaee
yenecoobpasHvle MapKu MexHuKu 0l nepegooa Ux 6 2a300U3eibHblll pedcum pabomsl 8 nepgyio ouepedsb. Ommemuu,



umo npocpamma evidaem obOwue pexoMeHoayuu No oOpeaHuzayuu  obecneyenus 2a300U3CTbHOU  MEXHUKU
KOMAPUMUPOBAHHBIM NPUPOOHBIM 2A30M C YYEMOM UHOUBUOYATLHBIX OCOOEHHOCHEN PACHOLONCEHUS. XO3AUCMEA U
MApouH020 COCMABA 2a300U3eIbHOU mexHuKu. (Bvisodwl) Paspabomannoe npozpammuoe cpeocmso Ho380Jsem
omeemums Ha HaUboIee aKmyaibHble 60NPOCHL NPUKIAOHO20 XAPAKMeEPA KAK IKOHOMULECKO20, MAK U I02UCTHUYECKO20
VPOBHS, 3HAUUMETLHO YIPOCTHUMb NEPEBO0 OU3ETbHBIX IHEPLOCPEOCME 8 2A300U3CTbHBIU PENHCUM, d MAKIICe CHUSUMb
PUCKU HE3ANTAHUPOBAHHBIX U30EPIICEK, CEAZAHHBIX C HEOOXOOUMOCMbIO OP2AHU3AYUU 0OecneueHUss MEXHUKU 2a30M C
UCNOTL308AHUEM CPEOCHE OOCMABKU U XPAHEHUS KOMAPUMUPOBAHHO20 NPUPOOHO20 2a3d.

Kniouegvle cnoea: KoMnpumMupoSanuvli NPUpOOHbIll 2a3, 2a300U3eib, 2a300U3ETbHBIL PENCUM pabombl, OUu3eabHoe
aHepeocpedcmeo, pacuem I pexmusHocmu.
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EFFICIENCY OF CONVERSION OF DIESEL POWER MEANS

TO GAS-DIESEL OPERATION MODE
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Abstract. Today, the use of compressed natural gas as fuel for internal combustion engines is becoming a global trend.
Stavropol Krai is one of the leaders among all regions of Russia in this matter, the level of gasification of which is 99.8
percent. Such a high level of gasification of the region serves as a catalyst for the leadership of the region in the use of
natural gas as a motor fuel. (Research purpose) The research purpose is determining the effectiveness of the transfer of
mobile agricultural machinery and stationary equipment to gas engine fuel. (Materials and methods) Developed the
program "Calculation of efficiency of conversion of diesel power facilities to gas-diesel mode of operation”. The initial
data concerning the specific operating conditions of agricultural machinery are entered for the operation of the
program. As a result, the program analyzes the input data and issues a calculation. (Results and discussion) It is possible
to output data in the table and determine the most appropriate brands of equipment to transfer them to the gas-diesel
mode of operation in the first place. The program provides general recommendations on the organization of the
provision of gas-diesel equipment with compressed natural gas, taking into account the individual characteristics of the
location of the farm and the brand composition of gas-diesel equipment. (Conclusions) The developed sofiware tool
allows you to answer the most pressing questions of an applied nature at both the economic and logistical level;
significantly simplify the transfer of diesel power facilities to the gas-diesel mode, as well as reduce the risks of
unplanned costs associated with the need to organize the provision of equipment with gas using means of delivery and
storage of compressed natural gas.

Keywords: compressed natural gas, gas-diesel, gas-diesel operation mode, diesel power vehicle, efficiency
calculation.
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Pegpepam. Tpaouyuonnvle mexnonrocuu HApAWUBAHUS 60CCIMAHOBUMETLHBIX NOKPLIMULL UCYEPNATU CBOLL PECYPC U UX
ucnoabsosanue He obecnewusaem mpedyemvlx 9IKOHOMUYeCKux noxazamenei. Iloomomy eonpocvl noucka
UHHOBAYUOHHLIX ~ NOOX0008 8  DPEeMOHMHOM  NPOU3BOOCHIGEe  OCHMAIOMCA  AKMYATbHbIMU U Mpedyiowumu
¢ynoamenmanvnoco  nooxooda. (Llenv  uccrneoosanus)  Hzyuumv  603MOMNCHOCIIU — NPUMEHEHUSL  MOHKUX
MEMALIOMAMPUYHBIX KOMHOZUMOE 8 DEeMOHMHO-80CCMAHOSUMENbHBIX NOKpuimusx. (Mamepuanvt u  memoobi)
Hcnonvzosanu memaniokoMno3UYUOHHbIll COCMA8 HA OCHOBE MEMALIUYECKOU Mampuysl HUKes, OONOJIHUMENIbHO
VIPOUHEHHDI KapOuoom 60pa u OKCUOOM YUPKOHUSL U HAHECEeHHbIll HA paboyyio NOBEPXHOCHb MAPENKU KIanaHa
dgueamensi 6HympeHHe2o czopanus. llpumenunu enepevie MexHONO2UIO CENeKMUBHO20 JA3ePHO20 CHEKaHUs npu
PopmMuposanuu MOHKUX 80CCMAHOBUMENbHBIX NOKPLIMULL 8 YCAOBUIX KOPOMKOUMNYIbCHO20 NA3EPHO20 ONAAGIEHUS.
nopowKkoswix cped. Pazpabomanu 0isi OyeHKU mepmMocmouKoCmu aHaiu3upyemo20 noKPbImusi MEMOOUKY UCHbIMAHUSL
HA MepMoCmouKoCmy KIanamos, UMUmupyiowyio pabomy Kiananho2o Mexanuzma 08Ueameisi 6HYmpeHHe20 c20PaHusl.
Hcceneoosanu mpubonocuveckue nokasamenyu NOKPuIMULL ¢ UCHOIb30BAHUEM COBPEMEHHBIX MEMOOUK U NPUOOPHO2O
obecnevenus 0151 U3y4eHUst NPOMUBOUSHOCHBIX ceoticms. (Pezynomamol u oocyscoenue) Iloomeepounu 603mMoA*CHOCHIb
NPAKMUYECKol pearu3ayuu 60CCMAHOBUMENbHbIX NOKPHIMULL HA OCHO8E MEMALIOKOMHOZUMHBIX COEOUHEHU.
Boccmanosumenvhvie noxpwimus, uUccied08anuHble HA NOBEPXHOCMU MAPENOK KIananog Ogueameneli GHYmMpeHHe2o
C2OpaHusi, NOKA3AIU NOsbluleHUe UZHOCoOCmotuKocmuy conpsdcenuii 0o 480 npoyenmos. Habnrodanu 6onee bicOKyIO
MEPMOCOUKOCIb U 3A0UPOCHOUKOCb KOHMAKMUPYIOWUX NOBEPXHOCHEL 8 YCIOBUSIX MACTSIHO20 20A00AHUSL U CYX020
mperusi. Bolaguiu, 4mo CHUdiCeHue U3HOCOCMOUKOCTU NOKPLIMULL ORpedeisiemcsi CHUdCeHueM Kodhguyuenma mpenus
3a cuem Oelicmeusi MpubONIEHOK, POPMUPYEMBIX 8 Pe3VIbMAME GblCOKUX MEMNEPAmYp 8 30He MPEHUsL U YCMOUYUBHIX
npomue OUHAMUYECKO20 U KUHeMAmUu4ecko2o Hazpyxcenus. (Boisoowl) IIpedcmasnennvie pe3yibmamol UCCIe008aHUL
UMeIOm  GbICOKUL HAYYHLIU HOMEHYUAN U NPAKmMu4eckylo 3Hauumocme. Mx npumenenue no3eonum noewbiCUmb
HAO0EHCHOCb U 00A208EUHOCIb 0emaell MAWUH 8 YCILOBUSIX PEMOHMHO20 U MAUUHOCIPOUMETbHO20 NPOU3600CME.

Knrouesvle cnosa: memaniomampuunvie KOMHO3UMbL, MEPMOCMOUKOCMb, GbINYCKHOU KIANAH O08U2ameis,
KOPOMKOUMNYIbCHAS A3epHas 00pabomKa, anmu@pukyuoHHble C0LICMEA.
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APPLICATION OF METAL-MATRIX COMPOSITES IN REPAIR AND RECOVERY TECHNOLOGIES (ON THE EXAMPLE OF
ICE VALVE)
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Kirill G. Volkov, postgraduate;
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Abstract. Traditional technologies for building restorative coatings have exhausted their resource and their use does
not provide the required economic indicators. Therefore, the issues of finding innovative approaches in repair
production remain relevant and require a fundamental approach. (Research purpose) The research purpose is studying
the possibilities of using thin metal matrix composites in repair and restoration coatings. (Materials and methods) Used
a metal composition based on a metal matrix — nickel, additionally reinforced with boron carbide and zirconium oxide
and applied to the working surface of the valve plate of the internal combustion engine. For the first time, the technology
of selective laser sintering was used in the formation of thin reducing coatings under conditions of short-pulse laser
reflow of powder media. To assess the heat resistance of the analyzed coating, we have developed a method for testing
the temperature resistance of valves, simulating the operation of the valve mechanism of an internal combustion engine.
Tribological indicators of coatings were studied using modern techniques and instrumentation to study anti-wear
properties. (Results and discussion) Confirmed the possibility of practical implementation of restorative coatings based
on metal composite compounds. The restorative coatings studied on the surface of the valve plates of internal
combustion engines showed an increase in the wear resistance of the interfaces up to 480 percent. Higher temperature
resistance and bully resistance of the contacting surfaces were observed under conditions of oil starvation and dry



friction. It was revealed that the decrease in the wear resistance of coatings is determined by a decrease in the coefficient
of friction due to the action of tribofilms formed as a result of high temperatures in the friction zone and resistant to
dynamic and kinematic loading. (Conclusions) The presented research results have high scientific potential and
practical significance. Their use will increase the reliability and durability of machine parts in the conditions of repair
and machine-building production.

Keywords: metal-matrix composites, heat resistance, engine exhaust valve, short-pulse laser processing, anti-friction
properties.
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npogeccop, e-mail: bashagregat@mail.ru;

Mapam 3akueeuu Hagpuxos, 00kmop mexnuueckux HaykK, npogheccop;
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Bawkupckuii zocyoapcmeennlii azpapHulil ynueepcument,

2. Yopa, Pecnybnuxa bawmkopmocman, Poccuiickaa @edepayusn

Peghepam. [lopowkoguvie npucadounvle mamepuansl 0Jisl 3JIeKMPOKOHMAKMHOU NPUSAPKU NPUMEHAIOMCS PEOKO U3-30
nomepsb 00P020CMOAU,e20 HOPOUWIKA NPU NPUBAPKE U MPYOHOCMU OXAANHCOeHUsL 30Hbl npusapku. OOHAKo UCNONb308aHUEe
NOPOWKOGLIX MAMeEPUanog no3eoJisaem noayuums pasHooOpasHvie CEoUCmeda HOKPBIMUL U Y8eaudums HpPOUYHOCHb
CyenieHusi ROPOUKOB020 NOKPBIMUSL C OCHOGHLIM Memaniom demanu. (Lenv uccreooseanus) Oyenums enusnue cocmasa
NOpOWKA U NOPOUIKOBBIX KOMHOZUYUL HA MEEpOOCmb, NPOYHOCHb CYENdeHUs U U3HOCOCHOUKOCHb NOKPbIMuUL,
NONYUEHHBIX INIEKMPOKOHMAKMHOU npusapkoll. (Mamepuanvt u memoowr) Hcnonvszoeanu memaniuyeckue nopouwiKu
mapoxk OBX-6-2, IIT-Cl, III-C27M, «Copmatimy», IDKP3.200.28, I[IP-HX17CP4, IDKIC. Onpedensiu npouHocms
cyennienust Memooom cpesza na npecce mapxu 11-125. Teepoocmov oyenusanu no cmandapmuol memoouke no memooy
Poxeenna na meepoomepe mapxu TK-2; usnococmotixocmv — Ha mawune mpernus CMIL-2. (Pesynomamol u
obcysicoenue) Buiasunu, umo HaAubONbWAss NPOUYHOCb CYENJIeHUss ¢ OCHOBHbIM MemAauloM oemany (cmanv 45)
HaOooaemes y nokpvimusa uz nopowxa mapku III'C-27M npu 21eKmpOKOHMAKMHOU NPUBAPKE HA «HCECMKUX)»
peotcumax. 3agurcuposanu HauboOaLULYI0 MEEpOOCmyb Y nokpuimus uz nopouika « Copmaiimy. Habmooanu naumenvuiui
UBHOC Y  HOKpbIMull,  NOJVYEHHBIX  DJIEKMPOKOHMAKMHOU  NPUBAPKOU  NOPOUKOBbIX — KOMNO3UYULL
TDKP3.200.28+Copmaiim u IDKP3.200.28+BKS. (Bbi6o0dut) Hcnonb308aHue nopouKossix npUcadoyHblx Mamepuailos
0151 NOJIYYeHUss NOKPbIMULL HA Oemanax MAwuH MemoOooM 3JIeKMPOKOHMAKMHOU NpU8apKu no38oasem noayiams
NOKpbIMUsA, KOMOpble NPe8oCXo0sm HOKPbIMUs, NOJYYeHHble 2NeKMPOKOHMAKMHOU NPUBAPKOU CMANbHLIX JIeHM.
Ilpounocms cyennenuss cmanibHbIX J€HM, NPUBAPEHHLIX ILEKMPOKOHMAKMHOU NPUBAPKOU HA «MASKUX DEeHCUMAX)
nopsaoka 100-200 munnunacxanet, umo 6 1,2-1,4 paza menvuie, uem npouHOCMb CYenieHus NOPOULKOBLIX NOKPLIMULL.
Teepoocms nokpwvimutl u3 CMaibHuIX AeHm u npogoaok oocmueaem HRC 60, a nopowkogvix nokpvimuti 0o HRC 65.

Kntouesvle cnosa: 21eKmpoKOHMAKMHAS NPUBAPKA, NOPOWKOGbIE NOKPBIMUSL, USHOCOCHOUKUE NOKPLIMUS, NPOUYHOCHb
CyenyieHus, UHMeHCUBHOCHb USHAWUBAHUSL.
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COATINGS MADE BY ELECTRIC CONTACT WELDING OF METAL POWDERS
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Marat Z. Nafikov, Dr.Sc.(Eng.), professor;
Ilnur I. Zagirov, Ph.D.(Ped.), associate professor;
Bashkortostan State Agrarian University, Ufa,
Republic of Bashkortostan, Russian Federation
Abstract. Powder additive materials for electrocontact welding are rarely used due to the loss of expensive powder during
welding and the difficulty of cooling the welding zone. However, the use of powder materials allows you to obtain a variety of
coating properties and increase the adhesion strength of the powder coating to the base metal of the part. (Research purpose)
The research purpose is evaluating the effect of the composition of powder on the hardness, adhesion strength and wear
resistance of coatings obtained by electrocontact welding. (Materials and methods) Metal powders of the FBH-6-2, PG-Cl,
PG-C27M, Sormayt, PZHR3.200.28, PR-NH17SR4, PZH1S brands were used. The adhesion strength was determined by the
cut-off method on a P-125 brand press. Hardness was evaluated according to the standard Rockwell method on a TC-2 hardness
tester, wear resistance was evaluated on a SMC-2 friction machine. (Results and discussion) It was revealed that the greatest
adhesion strength to the base metal of the part (steel 45) is observed in the coating of the powder of the PGS-27M brand during
electrocontact welding on "hard"” modes. The highest hardness was recorded in the coating of "Sormite” powder. The least
wear was observed in coatings obtained by electrocontact welding of powder compositions PZHR3.200.28+Sormayt and
PZHR3.200.28+VKS. (Conclusions) The use of powder additive materials to obtain coatings on machine parts by electrocontact
welding makes it possible to obtain coatings that are superior to coatings obtained by electrocontact welding of steel tapes. The
adhesion strength of steel tapes welded by electric contact welding on "soft modes" is about 100-200 millipascals, which is 1.2-
1.4 times less than the adhesion strength of powder coatings. The hardness of coatings made of steel tapes and wires reaches
HRC 60, and powder coatings up to HRC 65.
Keywords: electrocontact welding, powder coatings, wear-resistant coatings, adhesive strength, wear rate.

For citation: Sayfullin R.N., Nafikov M.Z., Zagirov I.I. Pokrytiya, poluchennyye elektrokontaktnoy privarkoy
metallicheskikh poroshkov [Coatings made by electric contact welding of metal powders]. Tekhnicheskiy servis mashin.
2023. Vol. 61. N1(150). 76-83(In Russian). DOI 10.22314/2618-8287-2023-61-1-76-83. XXZLLS.

DOI 10.22314/2618-8287-2023-61-1-84-92 VK 631.312.021.3

BOCCTAHOBJIEHUE HOXXEM JEMEXOB KOMITAHUHU «JIEMKEH) METOJOM
TEPMOYIIPOYHEHHBIX KOMIIEHCHUPYIOIIUX 3JIEMEHTOB

Anexcandp Muxaitnosuu MuxanibueHKos, 00KmMop MEXHUUECKUX HAYK,
npogheccop, e-mail: mihalchenkov.alexandr@yandex.ru;

Cepzeini Anexcanoposuu DecvKko8, KAHOUOAM MEXHUUECKUX HAVK, 00UEeHM;
Hannu IOpvesna Koscyxoea, kanouoam mexnuyeckux HayK, OOyeHm
Bpanckuit zocyoapcmeennslii azpapuulii ynusepcunem,

2. Bpanck, Poccuiickaa Dedepayusn

Peghepam. KoncmpykmuseHnoe u mexmoaoeudeckoe UCNOJHEHUe Hodcell 1emMexo8 Komnauuu «Jlemkeny noseonsem
obecneuums pecypc 00 35-40 cekmapos npu ecnauike maxicenvix nous. CioiHCHASL MEXHOA02US U320MOBNEHUSL, GbICOKAS
PUIHOYHAS YeHa (00 8 mulcsay pyoael 3a eOuHuYY) u onpeoesieHHblil Oepuyum QupMeHHbIX HOMNCEU HA PbIHKE 3ANACHBIX
yacmell Gvl3bleaem HeOOX0OUMOCMb BOCCHIAHOGAEHUS dmux Oemaneu. Mmerowasacs 6 OmKpblmom Oocmyne
unpopmayus 0b6 UHOCAX, UX YUCIEHHOM 3HAYEHUU U 2eOMempul HeOOCMAamouHa U He N03607sem 000CHOBAHHO
noooumu K paspabomxe mexHoiocuu ycmpanerus oegpexmos gopmvi. Omcymcmeyrom ceedeHust 006 UCNONb3068AHUSL
MEMoOa PEeMOHMHBIX PA3MepO8 NpU NPUMEHEHUU MEXHOA02Ul, OCHOBAHHBIX HA CHOCOOE MEPMOYNPOUHEHHbIX
Komnencupylowux anemenmos. (Llenv uccredosanus) Ilposecmu ananus JUHENHBIX UBHOCO8 HOJCEU COCHABHBIX
nemexos komnanuu «Jlemrkeny 01 onpeoenreHus 603MONCHOCMU UX B0CCMAHOBICHUS MEMOOOM MEPMOYNPOYHEHHBIX
KOMHREHCUPYIOWUX 3IEMEHMO8 C UCHONb308aAHUeM peMOHmHbIX epynn. (Mamepuanvl u memoodwvt) Ommemunu, 4mo
MeXHUYecKoe COCMOsHUEe HOMNCell NOCAE UX IKCHIYAMAYUU OYEHUBALOCh NO OCMAMOYHbIM PA3MEPAM. UWUPUHA 0emau
6 HECKOIbKUX CeUeHUSIX, PACCMOSIHUE OM NEPE020 KPENeltCHO20 OMEepCmusi 00 HOCKA, MOMWUHA 8 HECKONbKUX MOYKAX
demanu 6 coomgemcmesue ¢ pa3pabomannol cxemou. (Pezyromamul u obcyscoenue) Buiasunu, umo MaxcumMaibHblil
UZHOC HOCKA HOJICEll He UCKTIOUAen 803MONCHOCMU OANIbHelie20 UX UCNOIb308aHust. MakcuManbHblil U3HOC HOMCel nO



MONWUHE MAKIHCE He MONACEN CILYHCUMb OCHOBAHUEM CHAMUSA UX ¢ IKCnayamayuu. [Ipuuunotl npedenbHo2o cocmosHus.
HOdtceli CMAaHo8Umcs U3HOC no wiupune. (Bvieoodwt) Ilpednoscunu pazdenums UsHOUIEHHbIE HONMCU HA MPU PEMOHMHbLE
epynnol. llpumenenue memooa PeMOHMHLIX pPAIMEPOS NO3601A€M NOAYUUMb PO NOAOICUMETbHBIX peleHul,
0becneuusaouux ynpoujeHue mexHoai02uu.

Knrouesvle cnosa: pemonmuvle 2pynnvl, 80CCMAHOGNEHUE, COCmagHvie nemexa «Jlemxeny», mepmoynpouneHue,
U3HOCOCMOUKOE ApMUPOBAHUE.
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RESTORATION OF "LEMKEN" PLOUGHSHARE KNIVES BY THE METHOD
OF HEAT-STRENGTHENED COMPENSATING ELEMENTS

Aleksandr M. Mikhalchenkov, Dr.Sc.(Eng.), professor;

Sergey A. Feskov, Ph.D.(Eng.), associate professor;

Nelli Yu. Kozhukhova, Ph.D.(Eng.), associate professor

Bryansk State Agrarian University, Bryansk, Russian Federation

Abstract. The constructive and technological design of the "Lemken's" ploughshares knives allows providing a resource
of up to 35-40 hectares when plowing heavy soils. Complex manufacturing technology, high market price (up to 8
thousand rubles per unit) and a certain shortage of branded knives in the spare parts market necessitates the restoration
of these parts. However, the information about wear, their numerical value and geometry available in the public domain
is insufficient and does not allow a reasonable approach to the development of technology to eliminate shape defects.
There is no information about the use of the repair dimensions method when using technologies based on the method of
heat-strengthened compensating elements. (Research purpose) The research purpose is analyzing the linear wear of the
knives of the "Lemken" composite ploughshares to determine the possibility of their restoration by the method of heat-
strengthened compensating elements using repair groups. (Materials and methods) It was noted that the technical
condition of the knives after their operation was assessed by the residual dimensions: the width of the part in several
sections; the distance from the first mounting hole to the toe; the thickness at several points of the part in accordance
with the developed scheme. (Results and discussion) It was revealed that the maximum wear of the toe of the knives does
not exclude the possibility of their further use. The maximum wear of knives in thickness also cannot be a reason for their
decommissioning. The reason for the extreme condition of the knives is wear in width. (Conclusions) Proposed to divide
worn knives into three repair groups. The use of the repair size method allows us to obtain a number of positive solutions
that simplify the technology.

Keywords: repair groups, recovery, compound shares "Lemken", heat strengthening, wear-resistant reinforcement.
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206wecmeo ¢ ozpanuuennoit omeemcmeennocmoio
«Hayuno-mexnuueckoe ooveounenue «MP3-Ilontocy,

2. @pazuno, Mockoeckas 06.1., Poccuiickaa ®edepayun

Peghepam. C nomowpto mokog 6biCOKOU YaACMOMbl HAHOCAMCA YIPOUHAIOUUE NOKPBINUSL NOGIUEHHOU MEEPOOCTU
Ha pabouue OpeaHvl CeNbCKOXO3AUCMBEEHHbIX MawuH. [Ipu oyenke s¢hghexmuenocmu Oanublx Memooo8 HApsdy C
uzyyenueM OCHOGHBIX (PUBUKO-MEXAHUYECKUX CBOUCME NOKPLIMuULl HeoOXo0uMoO 3HAMb YPOBEHb OCHMAMOYHbIX
HanpsaxceHull 8 noyueHHvIX nokpvimusx. (Llenv uccredosanus) M3yuums 0cobeHHOCMU U OYEHUMb B03MONCHOCHIU
NpUMEeHeHUs KOIPYUMUMEMPUU 8 Kayecmeae 00beKMUBHO20 U 00CMOBEPHO20 Memooa 0Jisi ONPeOeleHUs] HANPANCEHHO20
COCMOSIHUSL NAOCKUX Hodicell, ynpounenuvix TBY-6opuposanuem. (Mamepuanvl u memoowst) Iloocomosunu 01s
uccneoosanus obpazyvl uz cmanu 651 8 UCXOOHOM COCMOSHUU U NIOCKUE HONMCU-KOCUNKU, YynpouyHenHbvle TBY-
bopuposanuem. Buvmmoanunu pabomy 6 coomeemcmeuu ¢ Oeticmgyiowum 1'OCT 58599-2019 «Texnuueckas
ouacHocmuxa. J{uaznocmuka cmanibHuIX KOHCmMpyKkyuil. Maehumuolil Kodpyumumemuudeckuii. memoo. Obuwue
mpebosanusy. llpumenunu paspvigHvle MAauunbl, MASHUMHBIL cmpykmypockon (kodpyumumemp) KPM-L[-K2M u
npubopuvl 015 onpedeienus meepoocmu U Mukpocmpykmypol. (Pesynomamol u obcyscoenue) Boinoarnunu Ha nepgom
smane pacuem 0HCUOAeMbIX 3HAYeHU KOIPYUMUBHOU Cubl 015 cmanu 651 6 3agucumocmu 0m Xumuiecko2o cocmasa.
B pesynomame mexanuyeckux ucnvimanuii oopasyos cmanu 651" Ha pacmsdiceHue ¢ 0OHOBPEMEHHbIM UMEPEeHUeM
KO3PYUMUBHOU CUTbL NOLYHUIU IKCNEPUMEHMATIbHbIe OaHHble 015 NOCMPOSHUS MAPUPOBOUHLIX KPUBBLX, KOMOpble
UCNONL308AU 0151 ONPEOeNeHUSL HANPANCEHU 8 YIPOUHEHHBIX 0bpasyax Hodcell nocie TBY-6opuposanus. Onpedenuu,
YUMo OCMAmoyHble HANPSHCEHUS 8 YIPOUHEHHBIX NJIOCKUX Hoxcax usmensiomes om 400 oo 730 mezanackaneu. /lannvle
HANPANCEHUST MONCHO CYUMAMb OONYCMUMBIMU (De30nacHbIMUY), Max Kax npeden mekywecmu 0as cmaiu 651
cocmagnsem 685-785 mecanackanei. (Bvigoost) Memoo uzmepeniis KO3pyumueHoU Cuibi NO380JIs1em OYeHUmMb CHeneHb
UBMEHeNUss OCIAMOYHBIX HANPAICEHUU 8 0emasx, ynpouneHuvix cnocobamu TBY-6opuposanus.

Knrouesvle cnosa: ocmamouHvle HANPAXCEHUsl, KOIPYUMUBHASA CULA, MBEPOOCHb, 80CCMAHOBIEHUE, YIPOUHEHUE,
NPOUHOCHb.
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APPLICATION OF COERCYTIMETRY METHOD FOR EVALUATION
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'Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation
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Abstract. With the help of high-frequency currents, hardening coatings of increased hardness are applied to the working
bodies of agricultural machines. When evaluating the effectiveness of these methods, along with studying the basic physical
and mechanical properties of coatings, it is necessary to know the level of residual stresses in the coatings obtained.
(Research purpose) The research purpose is studying the features and evaluate the possibilities of using coercimetry as an
objective and reliable method for determining the stress state of flat knives hardened by HDPE boration. (Materials and
methods) Samples of 65G steel in the initial state and flat mower knives reinforced with HDPE boration were prepared for
the study. Performed the work in accordance with the current GOST 58599-2019 "Technical diagnostics. Diagnostics of
steel structures. Magnetic coercive method. General requirements"”. Bursting machines, a magnetic structroscope
(coercitimeter) were used KRM-C-K2M and devices for determining hardness and microstructure. (Results and discussion)
At the first stage, the expected values of the coercive force for 65G steel were calculated depending on the chemical
composition. As a result of mechanical tests of 65G steel samples for tensile strength with simultaneous measurement of
coercive force, experimental data were obtained for constructing calibration curves, which were used to determine stresses
in hardened knife samples after HDPE boration. It was determined that the residual stresses in hardened flat knives vary



from 400 to 730 megapascals. These stresses can be considered acceptable (safe), since the yield strength for 65G steel is
685-785 megapascals. (Conclusions) The method of measuring coercive force makes it possible to estimate the degree of
change in residual stresses in parts hardened by HDPE boration methods.

Keywords: residual stresses, coercive force, hardness, recovery, hardening, strength.
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Mopooeckuit zocyoapcmeennutii ynugsepcumem um. H.II. Ozapesa,

2. Capanck, Pecnyonuxa Mopooeusn, Poccuiickasa Dedepayusn

Pegpepam. Aumugpuxyuonnvie camocmasvigarowuecs noiumepHvle KOMNO3Umyl HAX00AMm 8ce OoJlee WUPOKOoe NPUMEHEHUe
ona uzeomosnenuss demaneii mpuboconpsicenuit mawun. (Llenv uccnedosanus) Hzyuums mpubonoeuyeckue ceoucmsed
HOMUAMUOHBIX KOMNO3UMOS, HANOJIHEHHbIX OUCyIb@uoom moauboena MoS:2 u conocmagums nOIYYeHHbIE SHAUEHUS C YUCTHBIM
noauamudom 6. (Mamepuanvt u memoowt) Ilposoounu Komnaynouposamue na iadopamopHom 08YXPOMOPHOM CMecumene
HAAKE PolyLab Pheomix 600 OS ¢ pomopamu Roller npu memnepamype 230 epadycos Lenvcus u yacmome spaujerus
pomopog 50 060pomog 6 MuHymy 00 00CHUICEHUSI NOCTNOSHHBIX 3HAYEHUL KPYMAWEe20 MOMEHMA U eMNepamypbl pacnideq.
Onpedenuny, umo KoHyermpayus oucyivguoa monuboena sapvuposarace om 2 0o 10 npoyenmos. Hzeomosuiu 0ns
IKCHEpUMeHma YUnuHopuyecKue oopasyvl Memooom 20pauec0 mpanHcpepHozo Gopmosanus Ha UOPAGTUYECKOM npecce
Gibitre GT-7014-H50C ouamempom 2 £ 0,01 munaumempos, onunot 5 + 0,1 munnumempos. IIposenu mpubomexunuuecxue
ucnvlmanus Ha paspabomannoti npucmaske x peomempy HAAKE MARS Il (Pesynomamor u o6cyscoenue) Ycemanosunu,
umo dobasnenue 8 noaamud 6 OUcyrbGuoa MoIUOOEHA 3HAUUMENLHO NOBbIUACH USHOCOCTOUKOCTL KOMNO3UMA 30 ciem
CHudIceHust Koaghuyuenma mpenus. [lpu smom codepoicanue 0aHHO2O HANOTHUMENS. 8 KOMNAYHOE He OOIIHCHO NPesbludmb
npumepHo 5 npoyenmos. (Bvleoovl) B pezynvmame nposeOeHHbIX IKCHEPUMEHMATbHBIX UCCIEO08AHULL YCMAHOBUNU, UMO
868e0eHUe OUCYIbPuUOa MOIUOOEHA 8 NOUAMUO O 3HAUUMETLHO NOGbLUIAEH USHOCOCTOUKOCHb Komnozuma. C yuemom panee
NPOBEOEHHBIX UCCTeO06AHUL (DUSUKO-MEXAHUYECKUX CBOUCME OAHHBIX KOMHO3UMO8 DEKOMEHOYeM KOHYEHMPAyuro 6 Hux
oucynb@uoa monuboena 6 ouanazone om 2 0o 5 npoyenmos. Ilonyuenuvie noaumepHvle KOMROZUYUU MO2YHL YCHEUHO
NPUMEHSMbCS 051 U320MOBTEHUSL Oemaiell MPUuboCONPSIAHCeHULl KaK HOBbIX, MAK U OMPEMOHMUPOBAHHBIX MAULUH.

Knrouesvie cnosa: nonumepHvie Mamepuansl, mpubomexrHuiecKue c8oUCmaa, NoIuamuoHvle KOMRO3UMbl, OUCYIb@HUO
MOUOOEHA, UBHOCOCTNOUKOCHb, Oeman mpuboCONPINHCEHUI.

Jas unurupoanmsi: Pamaiikuna E.A., Kortmr A.B. HccnemoBanme TpHOOTEXHHUECKHX CBOWCTB IOJTHAMHIHBIX
koMmo3uToB // Texunueckuii ceppuc MamuH. 2023. T. 61. N1(150). C. 103-109. DOI 10.22314/2618-8287-2023-61-1-103-
109. VXMXRW.

STUDY OF TRIBOTECHNICAL PROPERTIES
OF POLYAMIDE COMPOSITES

Elena A. Radaykina, Ph.D.(Eng.), associate professor;

Aleksandr V. Kotin, Dr.Sc.(Eng.), professor

Mordovia State University. N.P. Ogareva, Saransk,

Republic of Mordovia, Russian Federation

Abstract. Antifriction self-lubricating polymer composites are increasingly being used for the manufacture of parts of
tribo-conjugation machines. (Research purpose) The research purpose is studying the tribological properties of polyamide
composites filled with molybdenum disulfide MoS> and compare the obtained values with pure polyamide 6. (Materials



and methods) Compounding was carried out on a laboratory two-rotor mixer HAAKE PolyLab Pheomix 600 OS with
Roller rotors at a temperature of 230 degrees Celsius and a rotor speed of 50 revolutions per minute until constant values
of torque and melt temperature were reached. It was determined that the concentration of molybdenum disulfide varied
from 2 to 10 percent. Cylindrical samples were made for the experiment by hot transfer molding on a Gibitre GT-7014-
H50C hydraulic press, with a diameter of 2 + 0.01 millimeters, a length of 5 £ 0.1 millimeters. Tribotechnical tests were
carried out on the developed prefix to the HAAKE MARS Il rheometer. (Results and discussion) It was found that the
addition of molybdenum disulfide to polyamide 6 significantly increases the wear resistance of the composite by reducing
the coefficient of friction. At the same time, the content of this filler in the compound should not exceed about 5 percent.
(Conclusions) As a result of the conducted experimental studies, it was found that the introduction of molybdenum disulfide
into polyamide 6 significantly increases the wear resistance of the composite. Taking into account the previously conducted
studies of the physical and mechanical properties of these composites, the concentration of molybdenum disulfide in them
in the range from 2 to 5 percent is recommended. The resulting polymer compositions can be successfully used for the
manufacture of tribo-coupling parts of both new and refurbished machines.

Keywords: polymeric materials, tribological properties, polyamide composites, molybdenum disulfide, wear
resistance, details of tribocouples.

For citation: Radaykina E.A., Kotin A.V. Issledovaniye tribotekhnicheskikh svoystv poliamidnykh kompozitov [Study
of tribotechnical properties of polyamide composites]. Tekhnicheskiy servis mashin. 2023. Vol. 61. N1(150). 103-109 (In
Russian). DOI 10.22314/2618-8287-2023-61-1-103-109. VXMXRW.
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M CCJIEIOBAHUE COCTABA U CTPYKTYPBI JIETUPOBAHHOI'O IIOBEPXHOCTHOI'O CJIOSI ITPU
SNJI CTAJHA 35 PEHUEM

!Banepuit Hzopeeuu Heanoe , Kanouoam mexnuueckux HayK;

’ITagen Cepzeeeuu I'opouenko, 00Kmop mexnuueckux Hayk, npogeccop;
3/leonuo Anexceesuu Koneeyos, kanouoam mexnuueckux Hayk,

e-mail: konevts@narod.ru;

’Eezenuit Cagenvesuu Ilanun, Kanouoam Xumuueckux HayK;

‘Anexcanop Anexcandposuy Kapaouos, kanouoam 2e01020-MuHepanozuteckux HayK
!@eoepanvublit nayunsiit azpounsicenepmvtii yenmp BUM,

Mockea, Poccuiickan @edepayusn

Hucmumym xumuu /lanvrneeocmounozo omoenenus

Poccuiickoit akademuu nayx, 2. Braousocmox, Poccuiickasa @edepayus
SHnuemumym mamepuanosedenus Xabaposeckozo Hayunozo yenmpa
Hanvnesocmounozo omoenenus Poccuiickoil akademuu Hayx,

2. Xaobapoeck, Poccuiickaa @edepayun

*Manvneeocmounviii zeonozuueckuil uncmumym JlanbHe6o0cmounozo
omoenenusn Poccuiickoil akademuu nayk, 2. Bnaousocmox, Poccuiickaa @edepayus

Pepepam. [loxazanu pesyrbmamvl UCCIe008AHUSL GIUAHUS COCMABA U CMPYKMYPbl 1€2UPOBAHHO20 CNO HA
nogepxHocms cmany 35 npu 21eKmMpoUCKpPOBOM Ne2UPOBaAHUU C UCHONb30BAHUEM AHOOHO020 Mamepuana u3 penus. (Llenw
uccneooganus) Hccnedosams 6uusiHue pexncumos 31eKMpOUCKPOBO20 Je2upoganus cmanu 35 penuem, Ha cocmas u
CMPYKMypy 1ecupo8anno2o cios. (Mamepuanvt u memoowy). llpumenunu 6 kayecmee mamepuana anooa peruii Re (99,99
npoyenmos), kamooa — cmanv 35. Ucnonvsosanu obopyoosanue: BUI-1, Dnumpon-22-AM ¢ brokom Al-2, ycmarnosxy
«HUMDHIly; COM EVO-50 XVP «C.ZEISS», ougpaxmomemp RigakuMiniFlex-II (Japan), Cu-Ko usnyuenue, 6azy
dannvix ICDD; gecwr BJIO-200, BJIP-220; muxpomegepdomep IIMT-3M. Ouuwanu obpasyvl 8 yivmpasgykoeol 6anHe.
(Pesynomamul u obOcysicoenue) Hcecrnedosanu cocmas, cmpykmypy Jjesupyemozo cios. H3zmenenue s1emeHmHO20
COOepIICcanust lecupyemozo Closi no 2ryOune NoKA3aio 6blcoKoe codepiicanue Re 60iuzu HApysiCHOU NOBEPXHOCU
Jezupyemozo cnos u Ha 2ayoune 0o 10-15 muxpomempos, komopoe O6bicmMpo YMEHLUAIOCH C Y8eauueHuem 2nyounsbt 00
27-30 muxpomempos 6 npomusogpaze x Fe. Onpedenunu, umo o6pazosanue noayHeHHbIX ¢a3 6 MUKPOSAHHE PACHAABA
CONPOBONCOANOCL NPU INEKMPOMACCONEPEHOCEe BbICOKUMU memnepamypamu.  (Bwigoowv) [loxazanu pesynomamol



UCCIED08AHUSL  GIIUSHUSL  PENCUMOS  DNEKMPOUCKPOBO20 Jecuposanus cmaiu 35 penuem Ha (azosvlil cocmas,
apgpexmusnocmo.  IIpednodicunu dHepeemuueckuil nokKazamenv, OAiU €20 OYEHKY 8 CPAGHEHUU ¢ OpyeUMu.
IIpeocmasisiem unmepec nPoOOIdICeHUe UCCIeO08ANHUS INEKMPOUCKPOBOO 1eUPOBAHUSL PEHUEM, YIMOYHEHUE PEXHCUMOB,
nosvluarwux 3pgdexmusHocmo.

Knroueesvte cnosa: necuposanmviii Ciotl, 31eKMPOUCKPOBOE JlecUpo8anie, AHOOHbIN Mamepuai, peHull, Cmaib,
UMRYIbCBI, MBEPOOCMb, USHOCOCTOUKOCHTb.

Joas nurupoBanusi: MBanos B.U., T'opnuenko I1.C., Konesuos JIL.A., Ilanun E.C., Kapabuo A.A. Hccnenoanue

(hopMHPOBaHU JIETHPOBAHHOTO MOBepXHOCTHOTO ciios pu DMJI cranu 35 penmem. Y. 2. // TexHUUECKHUA CEPBUC MAITHH.
2022.T. 61. N1(150). C. 110-121. DOI 10.22314/2618-8287-2023-61-1-110-121. VXMXRW.
BUILDING OF ALLOYED SURFACE LAYER DURING ELECTRIC SPARK TREATMENT OF STEEL 35 BY THE RHENIUM

"Waleriy I. Ivanov, Ph.D.(Eng.);

’Pavel S. Gordienko, Dr.Sc.(Eng.), professor;

3Leonid A. Konevtsov, Ph.D.(Eng.);

’Evgeniy S. Panin, Ph.D.(Chem.);

“Aleksandr A. Karabtsov, Ph.D.(Geol.)

!Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

’Institute of Chemistry of Far Eastern Branch of the Russian Academy of Sciences, Vladivostok, Russian Federation
3 Khabarovsk Federal Research Center Institute of Materials Science of Far Eastern Branch of the Russian Academy of
Sciences, Khabarovsk, Russian Federation

‘Far Eastern Geological Institute of the Far Eastern Branch

of the Russian Academy of Sciences, Vladivostok, Russian Federation

Abstract. The results of the study of the effect of the composition and structure of the alloyed layer on the surface of
steel 35 during electric spark alloying using rhenium anode material were shown. (Research purpose) The research
purpose is investigating the effect of the electric spark alloying of steel with rhenium on the composition and structure of
the alloyed layer. (Materials and methods). Rhenium Re (99.99 percent) was used as the anode material, steel 35 was
used as the cathode. As equipment — BIG-1, Elitron-22-AM with AG-2 unit, IMEIL installation;, SEM EVO-50 XVP
"S.ZEISS", RigakuMiniFlex-1I diffractometer (Japan), Cu-Ka radiation, ICDD database; VLO-200, VLR-220 scales;
PMT-3M microhardometer. The samples were cleaned in an ultrasonic bath. (Results and discussion) The composition
and structure of the alloyed layer were investigated. The change in the elemental content of the alloyed layer in depth
showed a high Re content near the outer surface of the alloyed layer and at a depth of up to 10-15 micrometers, which
rapidly decreased with an increase in depth to 27-30 micrometers in the opposite phase to Fe. It was determined that the
formation of the obtained phases in the melt microvanna was accompanied by high temperatures during electric mass
transfer. (Conclusions) The results of the study of the effect of the modes of electric spark alloying of 35 rhenium steel on
the phase composition and efficiency were shown. They proposed an energy indicator, gave its assessment in comparison
with others. It is of interest to continue the study of electrospray doping with rhenium, to clarify the modes that increase
efficiency.

Keywords: alloyed layer, electric spark alloying, anode material, rhenium, steel, pulses, hardness, wear resistance.

For citation: Ivanov V.I., Gordiyenko P.S., Konevtsov L.A., Panin E.S., Karabtsov A.A. Issledovaniye formirovaniya
legirovannogo poverkhnostnogo sloya pri EIL stali 35 reniyem [Building of alloyed surface layer during electric spark
treatment of steel 35 by the rhenium]. Ch. 2. Tekhnicheskiy servis mashin. 2022. Vol. 60. N4(149). 110-121 (In Russian). DOI
10.22314/2618-8287-2023-61-1-110-121. VXMXRW.
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MUCCJEIOBAHUE N3HOCHOI'O COCTOSIHUSA JETAJIEN TEPOJIVIEPHOI'O T'HIPABJIHYECKOI'O
MOTOPA OMR 100

Hean Cepzeesuu Ky3neyos, kanouoam mexnuuecKux HayK, 0Oyenn,
e-mail: Ivan-654@yandex.ru;
Huxonait Braoumuposuu Tumos, kanouoam mexHuuecKux HayK, 00ueHm;



Baaoumup Huxonaeeuu Jlozaues, kKanouoam mexHuuecKkux HayK, O0UeHn;
Huxkonaii Cepzeesuu Uepnovlui0s, KaHOUOam mexHuuecKux HayK, 0OyeHn;
Opnioeckuil 2ocyoapcmeeHHbLil azpapHblil yHUGepcumem

umenu H.B. Ilapaxuna, 2. Open, Poccuiickas @edepayusn

Pegpepam. Komnanus Sauer Danfoss svinyckaem 601buLy0 HOMEHKIAMYPY 2UOPABIULECKO20 000pYO06aHuUsl, KOMOpoe
VCIMAHABIUBACNCS HA  MPAKMOPSL, CENbCKOXO3AUCMBEHHYIO, CMPOUMENbHYI0 MEXHUKY POCCULUCKUX U 3apYOedtCHbIX
npoussooumenei. I uopomomop npedcmasniem coboli 0OUH U3 CAMBIX YACIO 6CPEYAEMbIX V37108 2UOPOCUCTEM MAULUH.
(Lenv uccneoosanus) Oyenums — mexHuyeckoe coOCMosHue USHOUEHHBIX POIUKO8, KOPHYCA, 8ANd, 36e3004KU U 000UMbL
eeponneproeo eudpasiuveckoeo momopa Danfoss OMR 100; nposecmu MuxpomempagdcHvle UCCICO08AHUSA Oemdanell.
(Mamepuanvl u memoowt) IIposodunu usmepenus ¢ oMol 2Aa0KUX yu@dpoewvix muxpomempos mapku SHAN ¢ yenoi
delleHust 00uH MUKpomemp, uHouxkamopa dacosoeo muna U, snexkmponnozo nympomepa pwivaxchozo muna HUPI]
@upmor QLR ¢ yenou denenusi 00un mukpomemp. Obesdicupusanu neped usmepenuem éce oemanu. Mzyuaiu pabouyro
NOBEPXHOCMb POIUKO8 U 38300k ¢ nomouppio aynel JIM-3 10x TOCT 25706-83. Hzmepenus evinonnsiu 8 08yx
NepneHOUKYIAPHbIX HANPABIeHUSX U 8 HeCKObKUX cevenusx. (Pezyromamol u obcyoicoenue) Yemanosunu, umo cpedHuil
U3HOC HA CIMOPOHY COCMABNIACM. POIUKA — 6 MUKPOMEMPOS8, NOCAOOUHO020 MeCma No0 POUK — 2; U3HOC 0meepCcmus noo
6an 6 kopnyce — 2,5, usHoc week 8ana— 1,5; mopyesvix nogepxnocmetl 36e3004KU U pOIUKO8 — 3,5 Mukpomempos. (Bvigodwst)
Haubonvwuii usnoc umerom pabouue nogepxHoCmu poaukos U 36e3004Ku. 3HAYeHUs cpeoHe20 USHOCA OaHHbIX Oemanell
NO360JSIOM  HPEONOAOACUMD, YMO Olsl 80CCMAHOGIEHUS USHOWIEHHBIX NO8epXHOCcmel Oydem yenecoobpazeH cnocod
IEKMPOUCKPOBOLL 00pabomKy. YKaA3aHHbIL CHOCOO 2apaHmupyem RoJyYeHue NOKPbIMUS HeOONbUO MOIUUHBL C
Xopowumu mpubOmexHu4eCKUMU COUCMEAMU 8 YCI08USX 2UOPOAOPAZUBHO20 USHAUUBAHUS.

Knrouesvie cnosa: xopnyc, 84, 36e3004Ka, poauKu, 000tima, 2u0pOMOMOp, USHAWMUBAHUE, USMEPeHUe, CPeOHUN USHOC,
2NIEKMPOUCKPOBAsL 0OpabomKa.

Jast uuruposanusi: Kysuenos U.C., Tutos H.B., Jloraues B.H., YepnsimoB H.C. HccnenoBanue H3HOCHOTO COCTOSIHUS
JeTaneit repoiuiepHoro ruapaeaudeckoro motopa OMR 100 // Texandeckwii cepuc MammH. 2023. T. 61. N1(150). C. 122-
129. DOI 10.22314/2618-8287-2023-61-1-122-129. WBVDYC.

THE WEAR OF THE OMR 100 GEROLLER HYDRAULIC MOTOR PARTS

Ivan S. Kuznetsov, Ph.D.(Ped.), associate professor;
Nikolay V. Titov, Ph.D.(Ped.), associate professor;
Vladimir N. Logachev, Ph.D.(Ped.), associate professor;
Nikolay S. Chernyshov, Ph.D.(Ped.), associate professor;
Orel State Agrarian University named after N.V. Parakhina, Orel, Russian Federation
Abstract. Sauer Danfoss produces a large range of hydraulic equipment, which is installed on tractors, agricultural and
construction equipment of Russian and foreign manufacturers. The hydraulic motor is one of the most frequently
encountered components of hydraulic systems of machines. (Research purpose) The research purpose is assessing the
technical condition of worn rollers, housing, shaft, sprocket and holder of the Danfoss OMR 100 roller hydraulic motor,
to conduct micrometer studies of parts. (Materials and methods) Measurements were carried out using smooth digital
micrometers of the SHAN brand with a division price of one micrometer, an ICH-type clock indicator, an electronic lever-
type nutrometer of the QLR Research Center with a division price of one micrometer. All parts were degreased before
measurement. The working surface of the rollers and sprockets was studied using a magnifier LI-3 10x GOST 25706-83.
Measurements were carried out in two perpendicular directions and in several sections. (Results and discussion) It was
found that the average wear on the side is: roller — 6 micrometers, seat under the roller — 2, the wear of the shaft hole in
the housing is 2.5; the wear of the shaft necks is 1.5; the end surfaces of the sprocket and rollers are 5.5 micrometers.
(Conclusions) The working surfaces of the rollers and sprockets have the greatest wear. The values of the average wear
of these parts suggest that the method of electric spark treatment will be appropriate to restore worn surfaces. This method
guarantees the production of a coating of small thickness with good tribotechnical properties under conditions of waterjet
wear.
Keywords: housing, shaft, sprocket, rollers, cage, hydraulic motor, wear, measurement, average wear, electrospark
machining.

For citation: Kuznetsov 1.S., Titov N.V., Logachev V.N., Chernyshov N.S. Issledovaniye iznosnogo sostoyaniya detaley
gerollernogo gidravlicheskogo motora OMR 100 [The wear of the OMR 100 geroller hydraulic motor parts]. Tekhnicheskiy
servis mashin. 2023. Vol. 61. N1(150). 122-129 (In Russian). DOI 10.22314/2618-8287-2023-61-1-122-129. WBVDYC.
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HUCCJIEIOBAHUE CBOMCTB KOMBUHUPOBAHHOI'O ITOKPBITHSA J1JI1 BOCCTAHOBJIEHUS
M3HOWEHHBIX T'MJIb3 HUJINHAPOB
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Anamonuii Banenmunosuu Yasoapos, kanouoam mexHuueckux Haykx,
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Mockea, Poccuiickan @edepayusn

Pepepam. Cpox crysncovl 2unb3vl Yununopa 08ueamens HYMpeHHe20 C2opanus nocie pemMonma, 6bi36aHHO20 USHOCOM
6HYmMpeHHel paboyeli NOBEPXHOCMU, UMeem MeHbWUll pecypc, dem Hoeas. [anuvim 06Ccmoamenscmeom 00yciogiena
Heo0X00UMOCb NOUCKA Memo0a HaHecenus boee U3HOCOCOUK020 NOKpbimus. Mccnedo8anu 603M0HCHOCHb NPUMEHEHUS
KOMOUHUPOBAHHO20 NOKPLIMUSA O B0CCMAHOGNECHUS USHOUWEHHBIX 2UNb3 YUIUHOPOS HAHECEHUeM Cl0s AOMUHUEB020
CHIABA XONOOHBIM 2A300UHAMUYECKUM HANBLIEHUEM C HOCIeOVIOWUM MUKPOOY208biM OKCUOUPOBaHUeM paboyell
noeepxuocmu. (Llenv uccaedosanus) Ilogvicums pecypc euib3 YumuHOpo8 HaneceHuem KOMOUHUPOBAHHO20 NOKPHIMUS C
UCNOAL308AHUEM XOLOOHO20 2A300UHAMUYECKO20 HANBLIEHUS U MUKPOOY208020 OKCUOUPOBAHUS 6HYMpeHHel pabouell
noeepxHocmu YunuHopos. (Mamepuanvt u memoowt) [Iposenu ucciedos8anus Ha a02e3UOHHYIO U KO2E3UOHHYIO NPOYHOCHD
NOKpbIMUsL U CPAGHUMENbHbIE MPUOOIOZUYECKUe UCHBIMAHUL C Yelbl0 ONpedelieHUs NPUueoOHOCMU UCCTe0yeMO20
NOKPbIMUSL 0151 PEMOHMA 2Ub3 YUIUHOPo8. Bummonnuau uccredosanus no cmanoapmam OCT 90148-74 u TOCT 23.224-
86. (Pesynomamul u obcysscoenue) Onpedenuny 3Hayenus a02e3UOHHOU U KO2e3UOHHOU MPOYHOCMU O PA3TUYHBIX
PENHCUMOB HAHECEHUs. NOKPbIMUSA  XONOOHBIM — 2A300UHAMUYECKUM HANbLICHUEM HA YYeYHHYI0 OCHO8Y. Buissuiu
ONMUMANbHBLE NOKA3AMENU HAZPYHCEHUS OISl NPOBEOeHUsT YCKOPEHHBIX UCRLIMAHUL HA U3HOCOCMOUKOCb U BbIYUCTUTY
noxasamenb NpUPaAbAMbLEAEMOCY, (AKMOP U UHMEHCUBHOCHb UBHAWUBAHUS 0Nl UCCAEIYeMO20 U IMATOHHO20
HOKPBIMULL. YCmanosunu, Ymo ad2e3uoHHAsl U KO2E3UOHHAS RPOYHOCHb 00CMAMOYHbL 0Ji NPUMEHEHUSL OAHHOZ0 Memood
HA NPAKMuKe, USHOCOCMOUKOCb 00paA3Ya C NOKPLIMUEM NPESblaen USHOCOCMOUKOCHb SMATOHH020 00pasya. (Bvleodwl)
Kombunuposannoe nokpvimue odiadaem xopowumu HOKA3amensimMu RPOYHOCIU U bICOKUMU NO CPAGHEHUIO C IMATOHOM
nOKA3amensiMu U3HOCOCMOUKOCMU, Mo Oeldem ux npUMeHeHUue 8 2Ub3ax YUTUHOPOS 803MONCHBIM U UeNeCO0OPA3HbIM,
00HAKO HeoOX00UMO OaNbHeluee UCCIe008aHUe CEOUCTNE NOKDbIMUSL

Knioueevte cnosa: xonoonoe 2az300uHamuyeckoe HanblieHue, MUKPOOY2080€ OKCUOUPOBAHUE, SUlb3bl YUTUHOPOS,
ROGblLUEHUE USHOCOCOUKOCTU, 80CCMAHOBNEHUE.

Jas uutupoBanusi: [lomoB H.A., YaBmapoB A.B. UccrnenoBanue CBOMCTB KOMOMHHUPOBAHHOTO MOKPBITHS IS
BOCCTaHOBIICHHS M3HOMICHHBIX THIIE3 MMHAPOB // Texamueckuit cepuc MammH. 2023. T. 61. N1(150). C. 130-139. DOI
10.22314/2618-8287-2023-61-1-130-139. CNHSDW.

PROPERTIES OF THE COMBINED COATING FOR THE RESTORATION
OF WORN CYLINDER LINERS

Nikita A. Popov, engineer;

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

Abstract. The service life of the cylinder liner of an internal combustion engine after repair caused by wear of the internal
working surface has a shorter service life than a new one. This circumstance necessitates the search for a method of applying
a more wear-resistant coating. The possibility of using a combined coating to restore worn cylinder liners by applying a
layer of aluminum alloy by cold gas-dynamic spraying followed by micro-arc oxidation of the working surface was
investigated. (Research purpose) The research purpose is increasing the life of cylinder liners by applying a combined
coating using cold gas-dynamic spraying and micro-arc oxidation of the inner working surface of the cylinders. (Materials
and methods) Conducted studies on the adhesive and cohesive strength of the coating and comparative tribological tests to
determine the suitability of the coating under study for the repair of cylinder liners. We performed studies according to the
standards of OST 90148-74 and GOST 23.224-86, respectively. (Results and discussion) The values of adhesive and cohesive
strength were determined for various modes of coating with cold gas-dynamic spraying on a cast-iron base. The optimal
loading parameters for accelerated wear resistance tests were identified and the run-in rate, the factor and the wear intensity
for the studied and reference coatings were calculated. It was established that the adhesive and cohesive strength is sufficient



for the application of this method in practice, the wear resistance of the coated sample exceeds the wear resistance of the
reference sample. (Conclusions) The combined coating has sufficient strength indicators and high wear resistance indicators
compared to the standard, which makes their use in cylinder liners possible and appropriate, however, further investigation
of the coating properties is necessary.

Keywords: gas dynamic cold spraying, micro-arc oxidation, cylinder liners, increasing wear resistance, restoration.
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Pegpepam. B cmamve npedcmagunu 6k1a0 6 pa3gumue ome4ecmeeHHou uWKoibl MOCIMOCMPOEHUs 08VX GbLOAIOUJUXCS
omeuecmeenHvlx undcenepos Cmanuciasa Banepuanosuua Kepbeosa u /Imumpus Heanosuua Kypasckoeo. (Llenv
uccneoosanust) Boiseums ocobennocmu auunocmu 08yx @vloaiowuxcs omeuecmsenmuvlx undicenepos C.B. Kepbeosa u
N Kypasckozo, nonyuennoeo umu ob6we20 u 6biCUIe20 UHICEHEPHO20 00pA3068aHUs, NO3GOAUBUES0 UM CHANb
POOOHAUATILHUKAMU NPUMEHEHUS HAYYHBIX MEMO008 K pacyemy MOCHO8 U MOCMO8blx KOHCmpykyui. (Mamepuanwvt u
Memoovl) Buinonnuau ucmopuko-Hayunoe ucciedosanue, 8 KOmopom asmopuvl Onupanucy Ha Haydnvie cmamou C.B.
Kepbeosa u J[. 1. 2Kypascrozo, apxusnvie mamepuanisi, onyoauxosantule ceederus o passumuu Mncmumyma Kopnyca
uHdICeHepo8 nymetl coobwenus, buoepaghuneckue ceedenus. (Pezyromamuol u 06cyscoenue) Ommemunu 6016ULYI0 POTIb
8bICOK020 YpOBHs npenoodasanus 6 Hncmumyme Kopnyca unscenepos nymeti coobujenus @ oopmupoganuu yuenvlx-
Mocmocmpoumeneil. B 00HoMm u3 nepsvix yueOnvix nocoouti Mncmumyma na pycckom azvike C.B. Kepbeds onybnuxosan
C60U Yemblpe HayuHble pabomul, @ Mom yucie «3anucky K uepmedicam Kamennoeo mocmay, Komopyo MONICHO CHUMAMD
nepeviM UCHOPUKO-MEXHUYeCKUM ucciedosanuem no mocmocmpoenuto 8 Poccuu. Ilokasanu, yumo [.HU. Kypasckuil
enepevle paspaboman ooOwuUll Memoo pacuema MOCmo8bvlX Gepm ¢ NaparieNbHbIMu nosACamu, KOmopbvle NPUHAMO
Hazvleamsv epmamu cucmemvl I ay—IKypasckozo, nposen ananus 0eticmaus KacamenbHbiX HanpsajiceHull 8 baike npu
ee uzeube, 4mo NO3BOIUNO BbIGECMU POPMYILY 051 ONpedeneHUs IMUX HanpaxceHull. Buisgunu ocnognvle 0ocmudicenus
C.B. Kepbeosa, ceszannvie ¢ npoekmupoganuem u CIMpoOumenbCmeomM MOCmMo8 yepes KpynHuvle peku 8 Poccutickoil
umnepuu. Koncmpyxkyuu nponemuuix coopysicenutl 8 8uoe dxHceiesnvix pewemuamoix gepm, npumenentuvie Kepbeozom,
ObLIU NPUHAHBL 80 6CeM Mupe Kak Haubonee cosepuienuvie. (Bvisoov)) Onpedenunu ocobeHHOCMU GblcuLe2o
uHdICeHepHO020 0bpazosanus 8 Poccuu 6 nepuoo e2o 3apodicoenus:, no3eonusuiue 6binyckHuKam Hucmumyma xopnyca
unoicenepog nymeti coooujenusi C.B. Kepbeosy u J.HU. )Kypasckomy cmams nepebimu yueHbIMU, NPUMEHUGUIUMU U
PA36UBUIUMU HAYUHbIE MEMOObl pacuema MOCO8 U MOCHO8bIX KOHCmpYKyull 6 Poccuu.

Knrouesvie cnosa: /.U )Kypascxui, C.B. Kepbed3, omeuecmeenHvle yueHble-MOCMOCMPOUMENU, UHIHCEHEPHOe
006paszosanue, MOCMOBble KOHCMPYKYUU, THEOPUs pacuema hepm, HeiesH000PONCHbIE MOCTHDL.

Joas murupoBanusi: Cmeik A.@., Kyzemuna H.B. Brirag [1.11. XKypasckoro u C.B. Kep6en3a B pa3BuTie KOHCTPYKITHIA
¥ MeTOJI0B pacuera MocToB B Poccun // Texamueckuii cepBuc mamuH. 2023. T. 61. N1(150). C. 141-154. DOI 10.22314/2618-
8287-2023-61-1-141-154. CDXZEL.

CONTRIBUTION OF D.I. ZHURAVSKY AND S.V. KERBEDZ TO THE DEVELOPMENT OF BRIDGE DESIGNS AND
CALCULATION METHODS IN RUSSIA

Aleksandra F. Smyk, Dr.Sc.(Phys.-Math.), associate professor;
Natal’ya B. Kuzmina, senior researcher

Moscow Automobile and Road State Technical University,
Moscow, Russian Federation



Abstract. The article presents the contribution of two outstanding Russian engineers Stanislav Valerianovich Kerbedz
and Dmitry Ivanovich Zhuravsky to the development of the national school of bridge construction. (Research purpose)
The research purpose is revealing the personality features of two outstanding Russian engineers S.V. Kerbedz and D.1.
Zhuravsky, the general and higher engineering education they received, which allowed them to become the founders of
the application of scientific methods to the calculation of bridges and bridge structures. (Materials and methods) We
carried out a historical and scientific study, in which the authors relied on scientific articles by S.V. Kerbedza and
D.1.Zhuravsky, archival materials, published information about the development of the Institute of the Corps of Railway
Engineers, biographical information. (Results and discussion) They noted the great role of the high level of teaching at
the Institute of the Corps of Railway Engineers in the formation of bridge scientists. In one of the first textbooks of the
Institute in Russian, S.V. Kerbedz published his four scientific works, including "A note to the drawings of the Stone
Bridge", which can be considered the first historical and technical research on bridge construction in Russia. Showed
that D.I. Zhuravsky first developed a general method for calculating bridge trusses with parallel belts, which are
commonly called Gau—Zhuravsky trusses, analyzed the effect of tangential stresses in the beam during its bending, which
allowed us to derive a formula for determining these stresses. The main achievements of S.V. Kerbedz related to the
design and construction of bridges across large rivers in the Russian Empire were revealed. The designs of
superstructures in the form of iron lattice trusses used by Kerbedz were recognized worldwide as the most perfect.
(Conclusions) We determined the features of higher engineering education in Russia during its inception, which allowed
graduates of the Institute of the Corps of Railway Engineers S.V. Kerbedz and D.I. Zhuravsky to become the first scientists
to apply and develop scientific methods for calculating bridges and bridge structures in Russia.

Keywords: D.I. Zhuravsky, S.V. Kerbedz, Russian bridge scientists, engineering education, bridge structures, truss
calculation theory, railway bridges.

For citation: Smyk A.F., Kuz’'mina N.B. Vklad D.I. Zhuravskogo i S.V. Kerbedza v razvitiye konstruktsiy i metodov
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IKCKYPC B HCTOPUIO TPAKTOPOCTPOEHHUA U TPAKTOPU3AIIMA CEJIBCKOI'O XO3SIMCTBA

Anopeit Bhaoumuposuu Kapacees, kanouoam mexHuueckux HayK,
HayuHblil compyoOnuK, e-mail: karasew@starlink.ru

Hucmumym ucmopuu ecmecmeo3nanus u mexnuxku um. C.H. Bagunosa
Poccuiickoit akademuu nayx, Mockea, Poccuiickaa @edepayusn

Pegpepam. onwvimxu nocmpoiiku napogvix niy2o8 npeonpunumanucy ¢ XIX eexa. K cepedune gexa Ha noasax cmaiu
NosABIAMbCS NAPosble Mma2osvle dsueament. (Llenv uccredosanus) Coenamo Kpamkuti 0030p HAYATLHO20 NEPUOOd UCOPUL
MEXAHU3AYUU CebCKO20 XO3AUCMBA C Yeblo 8bl0eIeHUsI KOHCPYKYULL MAULUH, NOTONCUBLUUX HAYALO0 HOBbIM HANPABIEHUAM
8 OauHoU obracmu, onpedeieHuss XpoHONI02UU OCHOBHBIX dMAN08 pa3gumusi MOMOKYIbMYpPbl 8 UHOYCMPUATbHBIX CIPAHAX,
BbIAGNIEHUS (PAKIMOPOS, OKA3ABUIUX CYUjeCBEHHOe GIUsAHUe HA X00 Mupoeoll mpaxmopusayuu. (Mamepuanvr u memoost)
M3yyunu numepamypHuie UCIOYHUKY, NYOTUKAYUY 8 NEPUOOUUECKOU Neuamu, NAmeHmsl Ha RPUHAIMBIX 8 UCHOPUY THEXHUKU
NPUHYURAX UCTOPUMA, HAYYHOU 00vekmusHocmu u oocmogeprocmu. (Pesynomamol u obcyacoenue) Ommemunu, umo
MexaHuzayusl 3emnedenus HAYaiacs 6 3py napa, KAk MoabKo CMAN0 BO3MONCHBIM CO30aHUe MOOUTLHBIX O8Ucamenel.
Tokazanu, yumo 6 xonye XIX 6exa 0na npugoda MawiuH CMAIU UCHOTL308AMbCS 0BULAMETU BHYMPEHHE20 C2OPAHUA.
Onpedenunu, 4mo nyms K MACCOBOU MPAKMOPUZAYUS 3eMLe0enust ObLL HeNPOCMbIM, 3AHSL Yem8epb 6eKd, YUCTEHHOCHIb
MPAKmMopos 3HAYUMENbHO YCMYNANAd KOIUHeCms)y agmomoouell. AepomexnHuyeckas pesonioyus Ha4aiacsh ¢ 8HeopeHUs 8
MpaKmopocmpoeHue  A8MoOMOOUTbHLIX — mexHonrocul 6  200ul  Ilepgoii  mupogou  8otinvl.  Bzaumoodeticmsue
mpakmopocmpoumenei ¢ Qepmepami, OMKPLIMAL COCHA3AMENLHOCHb  CROCOOCMBOBANU  8bIPAOOMKe Hauboee
IphexmugHbIX MUNOE MPAKMOPO8, NPUBLOUIUX K HAYATY MACCOBOL MPAKMOPU3AYUY CeTbCK020 Xo3aticmea. (Bvieodwt) B
UCmopuy MOMopU3aAYUY CeNbCKOXO03AUCMBEHHBIX PAOO MONCHO 8bl0eUmMb Cledyiowjue IMansl. HAYaN0 naposotl MoXu ¢
copokoguix 20006 XIX eexa; nawano spvl dgueameneti énympenne2o ceopanus ¢ 1890 eoda; énedpenue asmomoOUIbHbIX
mexHonozul ¢ mpakmopocmpoerue ¢ 1917 200a; paspabomka Haubonee 3¢hhexmusHbix munog mpaxmopos Oisl BCNAUKU K
1920 200y; maccosas mpakmopuzayus ceibCcko2o xossalicmea 6 Havane 20-x 20006 XX gexa. Pewarowyio pons 6 wiupokoe
BHEOPeHUe MPAKmopa 6 3emMie00paboOmKy OKA3aia MUposas 60UHA, Gbl36asWds OCMpPbIll deduyum HpPoO08OIbCMBUS,
Paboyux pyK, ma2io8blx HCUBOMHBIX 8 CEIbCKOM X035UCmae.

Knrouesvie cnosa: mseosviii 0gueamens, mpakmop, OEH3UHOSbIN O08uzamensb, MpaKmopocmpoerue, O08ueameins
BHYMPEHHE20 C2O0PAHU, KOLECHbIU MPAKMOP.



Joas mutuposanusa: KapaceB A.B. DKCKypc B HCTOPHIO TPaKTOPOCTPOCHUS U TPAKTOPU3AINU CENbCKOTO XO03siiicTBa //
Texumueckuit ceppuc mammH. 2023. T. 61. N1(150). C. 155-163. DOI 10.22314/2618-8287-2023-61-1-155-163. CEYDKR.

EXCURSION TO THE HISTORY OF TRACTOR BUILDING AND THE INTRODUCTION OF TRACTORS IN AGRICULTURE

Andrey V. Karasev, Ph.D.(Eng.), researcher
Institute of the History of Natural Science and Technology named S.1. Vavilov Russian Academy of Sciences, Moscow,
Russian Federation

Abstract. Attempts to build steam plows have been made since the XIX century. By the middle of the century, steam
traction engines began to appear in the fields. (Research purpose) The research purpose is making a brief overview of the
initial period of the history of agricultural mechanization in order to highlight the designs of machines that initiated new
directions in this field, to determine the chronology of the main stages of the development of motorcycle culture in industrial
countries, to identify factors that had a significant impact on the course of world tractor development. (Materials and
methods) Studied literary sources, publications in periodicals, patents on the principles of historicism, scientific objectivity
and reliability accepted in the history of technology. (Results and discussion) It was noted that the mechanization of
agriculture began in the era of steam, as soon as it became possible to create mobile engines. It was shown that at the end
of the XIX century, internal combustion engines began to be used to drive cars. It was determined that the path to mass
tractor farming was not easy, it took a quarter of a century; the number of tractors was significantly inferior to the number
of cars. The agrotechnical revolution began with the introduction of automotive technologies into tractor construction
during the First World War. The interaction of tractor builders with farmers, open competition contributed to the
development of the most effective types of tractors, which led to the beginning of mass tractor farming. (Conclusions) In the
history of motorization of agricultural work, the following stages can be distinguished: the beginning of the steam era since
the forties of the XIX century, the beginning of the era of internal combustion engines since 1890; the introduction of
automotive technologies in tractor construction since 1917; the development of the most efficient types of tractors for
plowing by 1920, mass tractor farming in the early 20s of the XX century. The decisive role in the widespread introduction
of the tractor into land processing was rendered by the World War, which caused an acute shortage of food, workers, draft
animals in agriculture.

Keywords: traction engine, tractor, gasoline engine, tractor building, internal combustion engine, wheeled tractor.

For citation: Karasev A.V. Ekskurs v istoriyu traktorostroyeniya i traktorizatsii sel’skogo khozyaystva [Excursion to the
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BKJAJ I1.JI. YEBBIIIEBA B PA3BBUTUE IPAKTUYECKO MEXAHUKH B POCCUHN

Anexcanopa @edoposna CmulK, 00KmMOp u3uKo-mamemamuuecKux Haykx,
ooyenm, e-mail: afsmyk@mail.ru;

Apmyp Apmypoeuu Apmamonos, mazucmpanm

Mockoeckuii agmomoounbHo-00pOHCHBLIL 20CYOapCHIBEHHbLIL
mexHnuueckuil ynugepcumem, Mockea, Poccuiickasa @edepavyusn

Pegpepam. Hayunoe meopuecmeo axademuxa ILJI. Yebviuésa (1821-1894) ceasano ¢ ucmopueti pazsumus npaxmuueckol
Mexanuxu, Komopas npeocmasisiem coboi npuMeHeHue MameMamuyeckux Hayan Kk nocmpoenuto mawut. Ilomumo evloarowuxcs
pabom no meopuu nNpoCMuIX uucen, meopuu eeposmuocmeu u opyeux obnacmei mamemamuxy, I1JI. Yebviués ocnosan
MamemMamu4ecKkyio meopuio CUHmMe3d Mawun U paspadoman psao BadNCHbIX Konyenyutl mexanusmos. (Llenv uccredosanis)
IIpeocmasums npoepammy uayuou OesmenvHocmu I1JI. YeOvbiuésa, HanpagieHHOU HA NOUCKU MAMEMAMUYECKOU mMeopuu
CUHMeE3a MAWUH, NPOBecmu UCMOPUKO-HAYYHOe ucciedosanue npobiemsl zcenesuca unmepeca ILJI. Hebvuuésa x eonpocam
npuxiadtou mexanuku. (Mamepuanvt u memoosy) Hzyyunu opueunanvhsie pabomor I1J1. Yebvuuésa, mamepuanst ucmopuxo-
HAYYHBIX UCCIe008AHULL 8 OMeueCm8eHHOU U 3apyOedcHoll Jumepamype, apxueHvie ceéedenus. (Pesynvmamor u obcysicoenue)
Hccnedosanu sonpocui eenesuca unmepeca I1.J1. Yebviuésa x pazsumuto npaxmuueckoti mexanuky. Cpeou (paxmopos, okazaguiux
guusHUe Ha akmugHyio Oesmenvhocmy ILJI. Yebviuésa u gvidaiowuecs pe3yrbmamvl 6 001ACHU NPAKMUYECKOU MEXAHUKY,



paccmompeny ciedylowue: e3aumodeticmsue ¢ H.B. Bpawmanom 6 nepuod obyuenus ¢ Mockogckom ynugepcumeme,; usyueHue
knaccuyeckux pabom XK.-B. [loncene; auunvle KOHMAKMbL 8 X00e 3apy0ediCHbIX KOMAHOUPOBOK U OanbHeliliee 83auMooelicmelie ¢
U3BECTNHBIMU €8PONCUCKUMU MAEMAMUKAMU U MEXAHUKAMY MO20 8peMeny; noceujenie 1 noopooHoe usyueHue My3ees Mauun u
mooeneti 6 Ilapuoice, bproccene, Jlondonwe. Obpamunu eHUMAHUe HA UYelb, KOMOPYIO CMagul neped cobou yueHvlll —
MUHUMUBUPOSAMb 3ampamyl U 0ocmuyb Haubonvuel spgexmueHocmu 6 pabome mauwiut. [loomeepocoenuem 3mo2o cryscum
coxpanusuiuicss odpaszey MexamuuecKoll CYemHoU MAWUHbl HenpepblHo2o Oelicmeus, paspabomanHoll U Cco30anHol npu
Henocpeocmeennom yuacmuu ILJI. Yebvuuésa. (Boigoowt) ILJI. Yebviuée snec svidarouuiica 6k1ad 6 pazgumue npakmuieckol
Mmexanuku 6 Poccuu, 3a1021cun 0CHO8bl meopull CUHme3a MeXaHU3M08, Cmai 0CHOBONONONCHUKOM Meopuu CIpPyKmypbl HIOCKUX
MEXAHUBMO8.

Knrouesvle cnoea: npuxiadnas Mexanuxa, meopusi CUHMe3d Mexanu3mos, apupmomemp Yebviuéea, mexanuzmol
Yebvuuésa, popmyna Yebviuésa.

Jnst mutupoBanmsi: CMeik A.@., Apramonos A.A. Bxman I1.J1. UeGrIméBa B pa3BuTHE MpakTHIECKOH MexaHUKU B Poccrn
// Texumaeckuit cepprc Mammd. 2023. T. 61. N1(150). C. 164-175. DOI 10.22314/2618-8287-2023-61-1-164-175. FRQIKH.

CONTRIBUTION OF P.L. CHEBYSHEV TO THE DEVELOPMENT OF PRACTICAL MECHANICS IN RUSSIA

Aleksandra F. Smyk, Dr.Sc.(Phys.-Math.), associate professor;
Artur A. Artamonov, masters student
Moscow Automobile and Road Engineering State
Technical University, Moscow, Russian Federation
Abstract. The scientific creativity of academician P.L. Chebyshev (1821-1894) is connected with the history of the
development of practical mechanics, which is the application of mathematical principles to the construction of machines. In
addition to outstanding works on the theory of prime numbers, probability theory and other areas of mathematics, P.L.
Chebyshev founded the mathematical theory of machine synthesis and developed a number of important concepts of
mechanisms. (Research purpose) The research purpose is presenting the program of P.L. Chebyshev's scientific activity aimed
at the search for a mathematical theory of machine synthesis, to conduct a historical and scientific study of the problem of the
genesis of P.L. Chebyshev's interest in applied mechanics. (Materials and methods) Studied the original works of P.L.
Chebyshev, materials of historical and scientific research in domestic and foreign literature, archival information. (Results
and discussion) The questions of the genesis of P.L. Chebyshev's interest in the development of practical mechanics were
investigated. Among the factors that influenced the active activity of P.L. Chebyshev and outstanding results in the field of
practical mechanics, the following were considered: interaction with N.V. Brashman during his studies at Moscow University,
study of classical works by J.-V. Poncelet; personal contacts during foreign business trips and further interaction with famous
European mathematicians and mechanics of that time, visiting and detailed study of the museums of machines and models in
Paris, Brussels, London. We paid attention to the goal that the scientist set for himself — to minimize costs and achieve the
greatest efficiency in the operation of machines. This is confirmed by the preserved sample of a continuous mechanical
calculating machine, developed and created with the direct participation of P.L. Chebyshev. (Conclusions) P.L. Chebyshev
made an outstanding contribution to the development of practical mechanics in Russia, laid the foundations of the theory of
synthesis of mechanisms, became the founder of the theory of the structure of plane mechanisms.

Keywords: applied mechanics, theory of mechanism synthesis, Chebyshev arithmometer, Chebyshev mechanisms,
Chebyshev formula.

For citation: Smyk A.F., Artamonov A.A. Vklad P.L. Chebysheva v razvitiye prakticheskoy mekhaniki v Rossii
[Contribution of P.L. Chebyshev to the development of practical mechanics in Russia]. Tekhnicheskiy servis mashin. 2023. Vol.
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JBOJIIOLIUS PA3BUTHUS 3EMJIEIIOJIb30BAHMSI IOYBEHHBIMHU YT'OJbsSIMU (OTEYECTBEHHbBIN U
3APYBEJKHBII OIIbIT)
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Anacmacua Bnaoumuposna Muponoea, nayunstii compyoHuk
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Peghepam. [Ipouzso0cmeo npooykyuu pacmenuegooCcmea 3aUcum Om COCMOAHUA U VPOBHS UCHOJb308AHUSL
CenbCKoxo3saticmeenHbix yeooul. (Llenv uccieoosarnus) Boisgums 0bwue meHOeHyuu UsMeHeHUs ROCEGHbIX NAowadell ¢
1920 no 2020 200. (Mamepuanvl u memoost) Bvioenunu mpu ucmopuyeckux nepuooda pazeumus 3eM1enoib308aHUs
nouseHHLIMU Yy200biamu. Oxapakmepu3o8anu peghopmvl CMAHOGLEHUA U pA3BUMUS CeNbCKO2o Xosaticmea Poccuu
(Pesynemamul  u  obcyscoenue) Ilposenu  pempocnekmusHulll  aHAIU3 — OUHAMUKU — NOCEBHbIX — nioujadell
CebCKOXO3ANUCMBEHHBIX KYIbMYD Mpex 8PeMEeHHbIX UCTNOPUYeCcKUX nepuodos. Ycmanosunu, umo & I ucmopuieckom
nepuoode (1920-1941 200v1) 6 pezyromame nposedenus KOJIeKMUBU3AYUY U UHOYCMPUATUZAYUU CENbCKO20 XO3AUCMBA
NpoU3OULTO Yeerudenle niowaou cervbckoxossaicmeenuvix yeoouti ¢ 113,0 0o 150,4 munnuonos ecexkmapos. Bvissunu,
umo 6o Il ucmopuuecxom nepuooe (1945-1990 200v1) oceoenue YeruHHbIX U 3ALEIHCHBIX 3eMelb YEeAUUUL0 NIOUA0b
CeNbCKOXO3AUCMBEHHBIX Y2ooull Ha 56,7 MUiIuoHos 2ekmapos u 8 1960 200y cocmasuno 203 Muiiuonoe 2exmapos.
Tuxosvle 3nauenus ysenuuenus nabaooanrucy 8 1985 200y — 210,3 munnuonos eexmapos. Ommemunu, yumo @ 111
ucmopuueckom nepuode (1991-2021 200v1) npoucxodum cucmemHoe COKpaujeHue NapKa mpaxkmopos, KOmopoe
npugeno K GulObImuro ceibckoxossaticmeenuvix yeoout. Eciu 6 1990 200y nocesnvie naowaou cocmaensiu 117,7
MUTLTUOHO8 2eKmapog, mo & 2020 200y danHwblli noxkazamens chuzuics Ha 37,8 u cocmasun 79,9 MUiiuoHo8 2ekmapoa.
(Bv1600b1) Ycmarnosunu, yumo 06e3 3eMenbHbIX Pecypco8 He803MONCEH NPOYECC 80CHPOUIBOOCBA 6 CEbCKOM XO3AUCTEe.
U3 ympauennvix 32,68 MULIUOHO8 2eKMAPO8 3eMENbHbIX Y200Uull, 60CCMAHOBUMb U BEPHYMb 6 aKMUGHOE
CeNbCKOXO3ANUCMEEHHOE UCNONIb308AHUE 8 NEePBYI0 o4epedb HeoOX00umMo Hauboee yenHvle OISl CeNbCKO20 XO3AUCMEd
V200bsl — NAWIHIO, NACMOUWA U CEHOKOCDL.

Knrouesvie cnosa: cenbckoxossiicmeennvle y2o0vs, NOCEGHble NIOWAOU, UCTHOPUHECKULl Nepuood, 960I0YUOHHbLE
Ghaxkmopvl cmanoBIeHUsL U PA3BUMUSL CEebCKO20 XO3AUCEA, KOIIEKMUBU3AYUS, 0CBOEHUEe YeTUHDL.

Jast uurupoBanus: Ilenu 10.C., Muponosa A.B. Dpomonusa pa3BUTHS 3€MJICHIONB30BaHMs NTOUYBEHHBIMU YTOAbIMU
(oTeuecTBeHHbI ¥ 3apyOexHbI ombiT) // TexHmueckuit cepBuc mammH. 2023. T. 61. N1(150). C. 176-186. DOI
10.22314/2618-8287-2023-61-1-176-186. KGBCEO.

EVOLUTION OF THE SOIL LAND USE
(DOMESTIC AND FOREIGN EXPERIENCE)

Yuliya 8. Tsench, Dr.Sc.(Eng.), chief researcher;
Anastasiya V. Mironova, researcher

Federal Scientific Agroengineering Center VIM,
Moscow, Russian Federation

Abstract. The production of crop production depends on the condition and level of use of agricultural land. (Research
purpose) The research purpose is identifying general trends in the change of acreage from 1920 to 2020. (Materials and
methods) We have identified three historical periods of the development of land use by soil lands. Characterized the reforms
of the formation and development of agriculture in Russia (Results and discussion) A retrospective analysis of the dynamics
of the acreage of agricultural crops of three time historical periods was carried out. It was established that in the first
historical period (1920-1941), as a result of collectivization and industrialization of agriculture, the area of agricultural
land increased from 113.0 to 150.4 million hectares. It was revealed that in the II historical period (1945-1990), the
development of virgin and fallow lands increased the area of agricultural land by 56.7 million hectares and in 1960 amounted
to 203 million hectares. The peak values of the increase were observed in 1985 — 210.3 million hectares. It was noted that in
the Il historical period (1991-2021) there is a systematic reduction of the tractor fleet, which led to the disposal of
agricultural land. If in 1990 the acreage was 117.7 million hectares, then in 2020 this indicator decreased by 37.8 million
hectares and amounted to 79.9. (Conclusions) It was established that the reproduction process in agriculture is impossible
without land resources. Of the lost 32.68 million hectares of land, it is necessary to restore and return to active agricultural
use, first of all, the most valuable lands for agriculture — arable land, pastures and hayfields.
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Peghepam. Hccnedosan npoyecc cmaHo8leHUus U pasgumusi azpouHiCeHepHulx Hayunvlx wkon FOxcnoeo Ypana 6

63AUMOCBA3U C PA3BUMUEM MEXAHUZAYUU CeNbCKO20 XO3AUCMEA U CENbCKOXO3AUCMBEHHO20 MAUWUHOCIMPOEHUSI CIPAHDL.

(L{env uccneoosanus) llpoananuzuposams nanpaesienus pabom nayunot wxonsl E¢puma Muponosuua Xapumonuuka u

8bIAGUMb €€ POlb 8 PA3BUMUU NPOYECca MeXaHU3AYUU ceabcKo2o Xxo3aucmea pezuona. (Mamepuanvl u memoost)

Ipoananusuposanu mpyoogyio desmenvhocms E.M. Xapumonuuka, c8s3aHHYI0 C GbINYCKOM CENbCKOXO3AUCMBEHHOU

MeXHUKU Ha 3a600ax cmpauvl. [lokasanu, ymo nepeviMu HAYUHbIMU pa3spadomxamu Obliu mpyovl N0 CO30AHUI U

COBEPULEHCNBOBAHUIO NPUOOPOS U UCTIBIINAMETbHBIX MAUWUH, A MAKHCE KOHCMPYKYUL MPAKMOPHLIX A2pe2amos u

cucmem. (Pezynomamot u obcyscoenue) Boiasunu, umo 601buLyt0 U36eCMHOCHb NOIYHULU CAEOVIOUUE HANPABIEHUS.

HAY4YHOU wKobl XaApumonuuKa: MoOuuxkayus u MmpaxKmopHwvix Osucameinel, pazpabomxu meopuu YOeibHbIX

napamempos mpaxkmopo8; OYeHKU U ONMUMUZAYUYL NAPAMEMPO8 MPAKMOPOS U UX depe2amos; UCCiedosanue suopayuli

MPAKmopuvix Osucameinell; co30anue 2uOPOCMAMUYECKUX NPUBOO08 AKMUBHLIX NPUYenos Ojs 001buecpy3HbIX

asmonoes008. (Bvloowt) IIposedennvie uccied08ans NO380AI0M OYeHUNMb 8KAA0 edyujell Hayunou wkoavl FOxcho2o

Ypana 6 obracmu xoncmpyuposanus u 3KCHIYamayuy CeibCKOX03AUCMEEHHbIX MAUUH.

Knrouegvie cnosa: azpounsicenepnas HayuHas wiKoid, MeXaHU3ayus CeibCKo20 X03AUCMEd, CelbCKOX03AUCMEEHHOe

MAWUHOCMpPOeHUe, Hay4Hble pa3pabomKy, KOHCIMPYKMOPCKUe peuleHus, HanpasieHus HayyHou 0esmenbHOCHU.
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Abstract. The process of formation and development of agroengineering scientific schools of the Southern Urals should be
considered as part of the development process both in the country and in its various regions of its own agricultural engineering.
(Research purpose) The research purpose is analyzing the directions of the scientific school of Yefim Mironovich Kharitonchik,
and to identify its role in the development of the process of mechanization of agriculture in the region. (Materials and methods)
Analyzed the work activity of E.M. Kharitonchik related to the production of agricultural machinery at factories in Moscow
and the Moscow region. It was shown that the first scientific developments were works on the creation and improvement of
instruments and testing machines, as well as designs of tractor units and systems. (Results and discussion) It was revealed that
the following areas of the scientific school of Kharitonchik have gained great fame: modification of tractor engines;
development of the theory of specific parameters of tractors; evaluation and optimization of parameters of tractors and their
aggregates, study of vibrations of tractor engines; creation of hydrostatic drives of active trailers for heavy-duty road trains.
(Conclusions) The information given in this article allows us to build a chronological chain of work of the scientific and
engineering thought of the scientific school of the Southern Urals in the field of design and operation of agricultural machinery.
Keywords: agricultural engineering, agricultural mechanization, scientific developments, design solutions, industrial
tractor building, hydraulic motor, directions of scientific activity.
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