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Peghepam. B pabome npeocmasunu pesyivmamvl MOOCIUPOSAHUS OBUINCEHUS MHO20YeNe80l OecnuIoOmHuoll
2YCEHUYHOU NAAM@pOPMbL NPU PATUYHBIX CKOPOCTAX, HACPOUKAX noosecku u munax epyuma. (Lenv uccredosanus)
Honyuums napamempul 0118 HACMPOUKU KOMNOHEHINO8 OUHAMUYHOU CUCTHEMbI YNPAGIEHUSL NOOBECKOU MHO20YeNe80l
OecnuiomHOU  2YCeHUYHOU NAam@opmvl, HPEOHA3ZHAYEHHOU 05l 00pabomxu nojael  CelbCKOXO3AUCMBEHHO20
Hasnauenus. (Mamepuanvt u memoowst) Ocywecmseunru Mooeruposanue a0anmueHoU NO0BecKU Npu NepeosuUICeHuU
ABMOHOMHOU MHO20YENe8oU 2YCeHUYHOU NIAM@POPMbl 8 YCIOGUAX NEPECeHeHHOl MeCMHOCMU 6 NPOSPAMMHOM
xomnaexce MSC.visualNastran4D. 3adanu npogune epyrma omoenvHo 015 npaso2o U 1e6o20 mMparKos;, Npocpamma
BLINONHUNA paciem KONeOaHull waccu (8 yKa3auHulX MmoyKax Kpenienus 000py0068anus) npu pasiuyHbix HACMPOUKAX
noogecku. HMcnonv3osanu yucienHvie Memoobl MOOCIUPOBAHUS HENUHEUHbIX OUHAMUYECKUX CUCMEM, Memoobl
meopemuyeckoi mexanuku. (Pezynemamor u obcyscoenue) Ommemuny, 4mo 6ecnuiomuas MexHuka 8 Hacmosuyee
8pemMsi aKMuHO HPOHUKAEm 60 6ce cghepbl O0esmenrbHOCU YeN08eKd, GKIIOHAS ACPONPOMbBIUUIEHHbIN KOMNIIEKC.
Ilpumenenue 6GecnuiomHoOU MeXHUKU CHOCOOCMBYEm CHUINCEHUIO NPOU3BOOCMEEHHbIX 3ampam. Ykazamu, umo
pacuupenue obaracmet nNPUMEHeHUss OeCRUIOMHOU MEXHUKY 04eHb IPDEKMUBHO  YCI0BUAX HEXBAMKU PAOOYUX PYK HA
NOJSIX, 0COOEHHO 8 MPYOHOOOCMYNHBIX MECAX. YCMAanosuau, Ymo 3a ciem npumMeHeHus a0anmusHol no0gecku ovlia
VBEIUYEHA CKOPOCMb OBUNCEHUSL MHO20YeneoU 2yceHuunot niam@opmel ¢ 10 00 20 xunomempos 8 uac, CHudiCeHbl
amMnaumyod u Yacmoma KoaeOaHull 8 mouKkax KpenieHust Ha8ecHo20 000py008anUs, UCKIIOYEHA pacKkayka. (Bbi6oodvt)
Buvinoanunu mooenvuvie ucciedosanus — upmyanvHbvle UCHBIMAHUSL CUCHEMbl A0ANMUBHOL 2UOPONHEEMON008ECKU.
Onpedenunu  coomuowleHuss — Napamempos  HACMPOUKU U YAPY2OOeMRQDUPYIOWUX — CEOUCME  peaxyuu
2UOPONHEBMONOOBECKU ABMOHOMHOU MHO20UENe80l 2YCeHUUHOU NAAM@DOPMbL NPU NPAMOTUHENHOM OBUICEHUU NO
nepeceueHHol MeCMHOCMU U 8 NOBOPOMAX.

Knrwouesvie cnosa: decnuiomuas mexnHuxka, AGMOHOMHBIL POOOMOMEXHUYECKUN KOMNIEKC, 2VCeHUYHbIN NPUsoo,
a0anmueHas No0BecKa, cucmema ynpasieHus n008ecKol, MOOeIuposaHue.
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Abstract. The paper presents the results of modeling the movement of a multi-purpose unmanned tracked platform at
various speeds, suspension settings and ground types. (Research purpose) The research purpose is measuring parameters
for configuring the components of a dynamic suspension control system of a multi-purpose unmanned tracked platform
designed for processing agricultural fields. (Materials and methods) The simulation of adaptive suspension when moving
an autonomous multi-purpose tracked platform in rough terrain conditions carried out in the MSC.visualNastran4D
software package. The ground profile was set separately for the right and left tracks, the program calculated the chassis
vibrations (at the specified attachment points of the equipment) with different suspension settings. During the research,
numerical methods of modeling nonlinear dynamical systems and methods of theoretical mechanics were used. (Results
and discussion) Unmanned vehicles are currently actively penetrating into all spheres of human activity, including the
agro-industrial complex. The use of unmanned vehicles helps to reduce production costs. The expansion of the areas of
unmanned vehicles is very effective in conditions of a shortage of workers in the fields, especially in hard-to-reach places.
Due to the use of adaptive suspension, the movement speed of the multi-purpose tracked platform was increased from 10
to 20 kilometers per hour, the amplitude and frequency of vibrations at attachment points were reduced, rocking was
prevented. (Conclusions) As a result of the work carried out, virtual tests of the adaptive hydropneumatic suspension
system were carried out. The ratios of the tuning parameters and the elastic damping properties of the reaction of the
hydropneumatic suspension of an autonomous multi-purpose tracked platform were determined during straight-line
movement over rough terrain and in turns.

Keywords: unmanned vehicles, autonomous robotic complex, caterpillar drive, adaptive suspension, suspension
control system, modeling.
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Pegpepam. [lapamempol 2a300uHaMUYECKUX NPOYECCO8 8 YUTUHOPAX O8UAMENs 6IUAIOM HA XAPAKMED QOPMUPOBAHUS CUN
Ha onopax. Oyenus UMHYIbCHbIE O€UCMEUs U NUKOGble 3HAYEHUS CUL HA ONOpAX MOJCHO YCMAHO8UMb IPdeKkmusnocmo
pabomusl  Kaxcdozo yununopa. (Lewv uccaedosanus) Hsyuumv npoyecc usMeHeHus GHeuiHell UMMYIbCHO-CUL0BOI
XApaKmepucmuxy Osueamens GHYMpPeHHe20 C20panus npu pabome 8 pedcume XOI0CHI020 X00d C YACMbI0 OMKIIOYEHHBIX
yuaunopos. (Mamepuanwt u memoov) Paspabomanu memoouxy KOIUUECMEEHHOU OYEHKU UMHYIbCHO2O B030eUcmeus
Osucamens Ha ONOPbvl 34 MAKM C2OPAHUSA U PACUPeHUs Kadc02o yununopa. [Ipogenu skcnepumenmaivHole UCcie008anus Ha
OU3ENbHOM  UeMbIPeXYUTUHOPOBOM Uembipexmakmuom oOsucamene [[-243. Ilpu npogedenuu uccredoganuti HOIMANHO
OMKIIOYANYU HOOAYYy MONIUBA 8 00UH, 084 U MPU YUIUHOPA U QUKCUPOBATU BOZHUKAIOWUE 6 ONOPAX CUNbL C NOMOUbIO
MeH30Memputeckux 0amuuKos u KOMIIeKma usmepumenvHol annapamypul. (Pesyiomamot u 00cyacdenue) Yemanosunu, ymo
npu pasHomepHol pabome dgueamens ¢ MUHUMATLHOU YACMOMOU 8PAUEHUS KOIEHYAMO20 BANA 8 PedcuMe X0I0CM020 X004,
RUKOBbIE 3HAUEHUS CUTl HA ONOPAX 80 BPeMS MAKMOB C20PANUs U pactuupenus docmuzany cpeonezo snauenus 200 HbiomoHos,
BENUUUHA UX UMNYILCHO20 QeliCBUs NPUHUMAem pagHoe 0l 8cex Yuaunopog cpediee snauenue 8,2 KUNOHbIOMOHOB-CEKYHO.
Ilpu nosmanunom omrmOYeHUU YUIUHOPOG NUKOGbIE 3HAUEHUS CUN HA ONOPAX HA MAKmMe C20panus U pacuiupenus
yeeauyugatomes 00 910 Hvlomonos npu pabome Ha 00HOM YUNUHOpe, a cpedHee 3HAUEHUe UMNYIbCA CUnvl cocmagasem 50
KUIOHBIOMOH06-CeKyH). Onpedenuny, 4mo pazeepmemusayus Hepadomarwux YuiuHopos ygeiuuusaem nUKo6oe CUN080e
go3sdelicmeue pabomarouje2o yuiuropa dgueamens Ha onopsvl 00 1200 HbI0MOH08, A UMRYILCHOE CULOB0E 6030€UCmBUe — 00
85 xunonviomoHnog-cekyHo. (Buigoowr) Ilpednodicennas memoouxa OyeHKu napamempos 2a300UHAMUYECKUX NPOYeccos
osucamenss Ha OCHOGe GHeUIHell UMNYIbCHO-CUNOB0U XAPAKMEPUCMUKYU TO360IUM ONEPAMUBHO OYEHUMb MeXHUYecKoe
cocmosiHue u 3hekmusHocms padbomuvl KANCO020 YUIUHOPA U O8ULAMEINSL 8 YETOM.



Knrwouesvie cnosa: dsucamens 6HymMpeHHE20 C2OPAHUsl, 2A300UHAMUYECKUE NPOYECChl, CUTbL HA ONOpax 0guzameis,
UMNYTbCHO-CUN080€ B030elicmeue 08ueamelis, HepagHOMEePHOCMb pabombl YUTUHOPOS.
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Abstract. The parameters of gas-dynamic processes in the engine cylinders affect the forces on the supports. By
evaluating the impulse actions and peak values of the forces on the supports, it is possible to evaluate the efficiency of
each cylinder. (Research purpose) The research purpose is studying the process of changing the external impulse-power
characteristics of an internal combustion engine operating in idle mode with some disconnected cylinders. (Materials and
methods) The article presents a methodology for quantifying the impulse effect of the engine on the supports during the
combustion cycle and expansion of each cylinder and experimental studies on a diesel four-cylinder four-stroke engine D-
243. During the research, the fuel supply to one, two and three cylinders was gradually turned off and the forces arising
in the supports were recorded using strain sensors and a set of measuring equipment. (Results and discussion) With
uniform engine operation with a minimum crankshaft rotation speed in idle mode, the peak values of the forces on the
supports during the combustion and expansion cycles reached an average value of 200 newtons, the magnitude of their
impulse action takes an average value of 8.2 kilonewtons-seconds equal for all cylinders. With the gradual shutdown of
the cylinders, the peak values of the forces on the supports at the combustion and expansion stroke increase to 910 newtons
when working with only one cylinder, and the average value of the force pulse is 50 kilonewtons-seconds. The
depressurization of non—working cylinders increases the peak force effect of the working engine cylinder on the supports
to 1200 newtons, and the pulsed force effect up to 85 kilonewtons-seconds. (Conclusions) The proposed methodology for
evaluating the parameters of the gas-dynamic processes of the engine based on the external pulse-power characteristics
will allow to quickly assess the technical condition and efficiency of each cylinder and the engine as a whole.

Keywords: internal combustion engine, gas-dynamic processes, forces on engine supports, pulse force effect of the
engine, irregularity of the cylinders.
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Peghepam. Temnepamypa paboueil HCUOKOCTHU — OKA3bIGAEM  CYWECHBEHHOE GIUAHUe HA  NAPAMempbl
OUACHOCUPOBAHUSL ODBEMHBIX 2UOPONPUBOO08. [[OCMOBEPHDIIL KOHMPOIb MEXHUYECKO20 COCMOAHUA 0ObEeMHbIX
2UOPONPUBOOOE BO3MONCEH 8 MOM Cyuae, eciu memMnepamypa pabouell HCUOKOCMU HAXOOUMCSA 8 HOPMAMUBHBIX



duanazonax. Heobxooumo npogedenue IKChepumMenmanbHblx UCCLe008aHUL, HANPABTIEHHbIX HA U3VYeHUe NPOYeccos U
NPUYUH, GIUAIOWUX HA USMEHeHUe memnepamypsl padoyel AHCUOKOCMU 6 npoyecce UCHBIMAHUNL 0ObEeMHbIX
eudponpueodos. (Llenv uccnedosanus) Onpedenumsv 3KCNEPUMEHMATLHLIM NYMeM KOAUYeCmeo Meniosoll SHepeul,
gvidensemoe Hpu CMeHOO08bIX UCHLIMAHUAX HOBLIX U ObIGUIUX 8 IKCHIYAMAyul OmedeCmEeHHblX U 3apyOedCHbIX
00veMHbIX 2udponpusodos. (Mamepuanvl u memoowvi) Hcnonv308anu HAYYHO-MEXHUYECKYIO JUumepamypy, OaHHbule
OMEYECMBEHHbIX U 3aPYOEdNCHBIX  3a80006-U320MOGUMENEH  00BEMHBIX — 2UOPONPUBO008,  NyoauKayuu  u
ouccepmayuonHsle ucciedosanus 3a nepuod 2015-2021 2o0os. (Pezyiomamul u o6cyscoenue) Boissunu, umo ckopocmo
Hapacmauus memnepamypsbi pabouell HCUOKOCMU NPU UCHBIMAHUAX HOBLIX 0OBEMHBIX SUOPONPUEOO08 3ABUCUM O
BeNUYUH 0ABNICHUS 8 TUHUAX HASHEMAHUSL U YACMOMbl 8PAUeHUs SUOPOHACOCA, A Y ObIGUIUX 8 IKCIILYamayuu 00beMHbIX
2UOponpueodos 3asucum ewje u om geaunuHvl odwvemnoco KIIJ]. Paccuumanu xoauuecmeo mennosoll dHepauu,
gbldessieMoe  HOBbIMU U OblewUMU 6 IKCHAyamayuu obvemHbiMu 2uoponpugooamu. (Bvieoow) B xode
IKCHEPUMEHMATLHBIX UCCIE008AHULL ONPEOeIUNU KOAUYeCmE0 Mena060l SHepaul, bloeisieMoe npu CHMeHO0BbIX
UCHBIMAHUSIX HOBBIX U ObIGUIUX 8 IKCIIYAMAYUU OeYeCmMEEHHBIX U 3aPYOEeHCHBIX 00BbEMHBIX 2UOPONPUE0008. buisuiue
6 oKcnayamayuu o0bvemHbvle 2udponpusodvl Sauer-Danfoss, I'CT-112, Eaton evidensirom mMenioou 3sHepeuu
coomseemcmeenno 6 1,43; 1,6 u 1,61 paza 6orvute, uem Hosvle. Makcumanvhble 3HAYEHUS MENN0BOU HEpeUl
Hab00aomces y 00beMHbIX 2UOPONPUBOO0s, bbleuiux 6 sKkcniyamayuu, ons Sauer-Danfoss — 27491,23, ona I'CT-112 —
12115,53, ons Eaton — 10594,72 Bm.

Knrwouesvie cnosa: mennogas snepeusi, HeCMayuoOHapHvlil RPoyecc, 00beMHbLU 2UOPONPUBOD, memnepamypa pabouetl
AHCUOKOCTU, HAPAMEMPBL OUASHOCTNUPOBANUS, CTNEHO08ble UCHBIMAHUSL.
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Abstract. The temperature of the working fluid has a significant impact on the diag-nostic parameters of volumetric
hydraulic drives. Reliable control of the technical condition of volumetric hydraulic drives is possible if the temperature
of the working fluid is in the standard range. It is necessary to study the processes and causes affect-ing the temperature
change of the working fluid during the testing of volumetric hy-draulic drives. (Research purpose) The research purpose
is determining through the experiment the amount of thermal energy released during bench tests of new and used domestic
and foreign volumetric hydraulic drives. (Materials and methods) For the research, it was used scientific and technical
literature, data from domestic and foreign manufacturers of volumetric hydraulic drives, publications and dissertation
research for the 2015-2021. (Results and discussion) The rate of increase in the temperature of the working fluid during
testing of new volumetric hydraulic drives depends on the pressure in the injection lines and the rotation speed of the
hydraulic pump. For used volumetric hydraulic drives, it also depends on the volumetric efficiency. The article presents
the calculation of amount of thermal energy released by new and used volu-metric hydraulic drives. (Conclusions) In the
course of experimental studies, the amount of thermal energy released during bench tests of new and used domestic and
foreign volumetric hydraulic drives was determined. The Sauer-Danfoss, GST-112, and Eaton volumetric hydraulic drives
that were in operation emit 1.43, 1.6, and 1.61 times more thermal energy than the new ones, respectively. The maximum
values of thermal energy released by volumetric hydraulic drives that were in operation, for Sauer-Danfoss is 27491.23,
for GST-112is 12115.53, for Eaton is 10594.72 watts.

Keywords: thermal energy, unsteady process, volumetric hydraulic drive, working fluid temperature, diagnostic
parameters, bench tests.
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Pegpepam. B npoyecce skcniyamayuu mpaHCnOPMHO-MEXHON0SUYeCKUX MAWUH HAOI00aemcs U3HOC MHO2UX
conpsicenull, 8 yacmuocmu, 8 yuruHoponopuinesou epynne JABC. /s ux 60cCmanogienus NPUMeHsiom pasHole Uobl
PEMOHMO8, OOUH U3 KOMOPLIX — UCNONb30BAHUE CMECU 2e0aKmueamopos Oasi NOAVYeHUs MOOUDUYUPOBAHHBIX
MEmannog u MemaiioKepamMuieckux nogepxHocmet. JJaHHbiM cnocobom He moabKo 60CCMAHABIUBAIONM NAPbL MPEHUS,
HO u yeenuuusarom pecypc ux pabomocnocobnocmu. (Llenv uccredosanus) Oyenums Kavecmeo NpuUMeHeHUs
2e0MOOUPDUKAMOPO8 MPEHUSL HA CEPREHMUHOBOL OCHOBe HA npumepe Osueameell BHYMpPeHHe20 C2OPAaAHUsL ¢ NOMOUBIO
KOMAPECCUOHHO-8AKYYMHO20 Memooa. (Mamepuanvl u memoov)) Ommemunu, wmo OOHUM U3 CNHOcobos
B0CCMAHOBNEHUSL OLICIPOUSHAUUBAEMBIX NOBEPXHOCMEN MPEHUS CYHCUM MEXHOL02US, OCHOBAHHAS HA PEMOHMHO-
soccmanogumenvHom cocmaege. [lisi CpagHeHust UCXOOH020 COCMOSHUSL CONPANCEHUS U NOCTe €20 80CCMAHOBIEeHUs.
HeobX00UMO UCNONBb308AMb NPOCMOU, HO 8 MO Jice 8pemMsi dh@ekmusHbill Memoo. Paccmompenu 6 kauecmsee maxkozo
Memooa  KOMNPecCUOHHO-8AKYYMHbIU Memod. OH noseonsem Hauboniee MOYHO OYEHUmMdb KA4yecmeo NpPUMEHeHUs:
2e0MOOUPDUKAMOPO8 MPEHUsL HA CEPREeHMUHOBOU OCHOBe 8 O8Ueamensx 6HympenHe2o ceopauus. (Pezynemamul u
obcyacoenue) Tokasanu, umo 3a 08adyamuiemuuti NeEpUod UCNOAb308AHUS KOMIPECCUOHHO-8AKYYMHO20 Memood ¢
nomowwpro npubopos AI'l]-2 u AI'l]-3 yoanoce cobpams Oonvuiyro 6asy OAHHBIX NPAKMUHECKO20 HPUMEHEHUs.
npedcmasienHo2o 000py0osanus 0ii OeH3UHOBLIX Osueamenell u Ouselell 8 YCI08UAX CMAHYUL MeXHUUeCKO20
00CIYIHCUBAHUS, ABMOCEPBUCOB U PEMOHMHBIX MACMEPCKUX. (Bbi600bl) KoMnpeccuonHo-6axkyymMHblil Memoo 6 Kauecmee
UHCMPYMEHMA OYeHKU dhpexmusrnocmu pabomsl paccmampusaemvix 2eoMoOUPUKamopos mpenus NOKaza, ymo 0is
OYEHKU COCMOSHUSA  YUTUHOPO-NOPUIHEBOU CPYNNbL  OAHHLLL MEemOoO  CIVICUM NPAKMUYECKU eOUHCMEEHHbIM
oughgheperyuanbHLLM MEMOOOM, NO3BOAAIOUWUM HAUDOIee NOAHO oyeHusams 3¢hgpexm om PBC-mexnonocuu.

Knwuesvie cnosa: ceomoouguxamopvl mpenust, ouggpeperyuanvHas OUacHOCMUKA, CeprneHmuH, 06e3paz0opHblil
DPEMOHM, KOMAPECCUOHHO-BAKYYMHbBLI MEMOO.

Jas uurupoBanusi: Yeuer B.A., Hdembsnenko C.H., Uckap WN.A. [lpumenenue reoMoaupuKaTOpoB TpPEeHHUs Ha
CEpIICHTUHOBOW 0CcHOBe Ha mpumepe JIBC koMIpecCHOHHO-BaKyyMHBIM MeTonoM // Texumueckuii cepBuc Mamms. 2022. T.
60. N3(148). C. 42-49. DOI 10.22314/2618-8287-2022-60-3-42-49. GWWCJH.

APPLYING SERPENTINE-BASED FRICTION GEOMODIFIERS USING THE COMPRESSION-VACUUM
METHOD ON THE EXAMPLE OF AN INTERNAL COMBUSTION ENGINE
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ISemen N. Demyanenko, postgraduate;

2 Igor’ A. Iskar, engineer

!Russian State Agrarian University — Moscow Agricultural Academy named after K.A. Timiryazev, Moscow, Russian
Federation,
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Abstract. During the operation of transport and technological machines, many interfaces are subject to wear, in
particular, the cylinder-piston group of internal combustion engines. To restore them, different types of repairs are
used, one of which is the use of a mixture of geoactivators to obtain modified metals and metal—ceramic surfaces. This
method not only restores friction pairs, but also increases their service life. (Research purpose) The research purpose
is evaluating the quality of applying of serpentine-based friction geomodifiers on the example of internal combustion
engines using the compression-vacuum method. (Materials and methods) One of the ways to restore fast-wearing
friction surfaces is a technology based on a repair and restoration composition. To compare the initial state of the
interface and after its restoration, it is necessary to use a simple, but at the same time effective method. The compression-



vacuum method was considered as such a method. It allows the most accurate assessment of the quality of applying of
serpentine-based friction geomodifiers in internal combustion engines. (Results and discussion) During the twenty-year
period of using the compression-vacuum method on the basis of the AGC-2 and AGC-3 devices, it was possible to collect
large statistics on the practical application of the presented equipment for gasoline engines and diesels in the conditions
of service stations, car service stations and repair shops. (Conclusions) The compression-vacuum method as a tool for
evaluating the effectiveness of the friction geomodifiers under consideration has shown that for assessing the state of
the cylinder-piston group, this method serves as almost the only differential method that allows the most complete
assessment of the effect of the technology.
Keywords: friction geomodifiers, differential diagnostics, serpentine, CIP repair, compression-vacuum method.

For citation: Chechet V.A., Dem’yanenko S.N., Iskar [.A. Primeneniye geomodifikatorov treniya na serpentinovoy
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OBPA30OBAHUME CTPYKTYPbI B COEJJMHEHUAX TBEPJOT'O CIIJIABA U CTAJIN,
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TBEPJOCIIIABHOI'O HHCTPYMEHTA)
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Kanouoam mexnu4yecKux Hayk, npogheccop

Hoegocubupckuit zocyoapcmeennwlil azpapHulii yHUGEpCUmem,
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Pegpepam. Pabomocnocobrocms nasgnoeo meepoocniagHo20 UHCMPYMeHma 06ecneyusaencs npoYHOCmyIO U HeCmKOCMbIO
9NEMEHMO8 KOHCMPYKYUU UHCMPYMEHma (MeepOOCnIABHOU NAACMUHKU, NASHO20 COEOUHEHUs U 0ePHCABKU), YDPOBHeM U
Xapakmepom pacnpeoenenus HanpsajiCceHHo20 COCMOAHUS 8 dNeMeHmax pesya, omcymcmeuem oegpekmos. [Ipuuuna Huzko2o
YPOBHA HAOENHCHOCMU NPUMEHACMbIX JIe36UUHbIX UHCIMPYMEHMO8, U320MOGIEHHbIX N0 MPAOUYUOHHBIM MEXHOI02UAM,
3aKAIOUAEMCS 8 HeOOCMAMOYHOU NPOYHOCIU COCOUHEHUS PENCYWUX NIACMUHOK ¢ KOPNYCOM UHCMpyMeHma. B ocnose dannoi
pabomovl  jexcam meopemuueckue 0OOCHOBAHUA U Pe3YIbMAMbl  IKCHEPUMEHMANLHOU 00pabomKu  pedxcuma naixu
MBePOOCHIABHbIX UHCIMPYMEHMO8 dicene3oy2nepooucmsim npunoem. (Lenv uccredosanus) Yemanosums 3akoHomepHocmu
CMPYKMypooopazo8anus coeOuHeHull meepooeo CRiasa u Cmaiu, NAsHulX Kcene3oyenepooucmulm npunoem. (Mamepuanst u
memoovl) O00CHO8aANU  MeXHOL02UYECKUe CEOUCMBA  JCeNe30Y2NePOOUCO20 NPUNOs U  COHOPMYIUPOBATU OCHOBHbIE
mpe6osanus, KOmMopbiM OH 001JCeH Ydogiemeopams. I[Ipedcmasunu memoowvl u uacmuvie MemoOUKU GbINIABKU U
NPUSOMOBLEHUS. NPUNOS,  MUKPOCIMPYKMYPHbIX UCCIE008AHUL NPUNOS, MBEPA020 CRIABA U NASAHO20 COeOUHEHUs;, NaliKu
MBePOOCHIABHbIX UHCIPYMEHMO8 dicene3oyeiepoducmolm npunoem. (Pesyromamor u o6cyscoenue) Ipusenu pesynvmano
UCcne008anuti no OONYCMUMbIM CKOPOCMAM HA2De8d, MeMNnepamypbl, BDeMeHl 8bl0ePICKU MEePOOCHIAGHbIX NIACIMUH NPU
natike. Bulnoawunu memannocpauueckutl aHaius MuUKpOCMpyKmypol 301 OUQ@y3uonnozo u pacmeopro-oudhy3uonnozo
g3aumodeticmeus meepoo2o CHAABA U JiCele30Y2epOOUCO20 NPUnos, d maxice Uccredosani 30Hvl OuPhy3uoHH020
83aUMOO0UCMBUSL CIMATU U Jcere30y2nepooucmo2o npunos. (Beieoowr) Ilo pesyiomamam sKcnepumenmanbHblx uccie008anull
CIMPYKMypooopazo8anus coeOuHerutl meepooeo Cniaea u Cmaiu npUMeHUmenbHo K COCMagy JHceie30yeiepooucnozo npunos
YCMAHOBUNU, YMO NPEONONCEHHbIE MEeXHOI02UYeCKUe PelCUMbl (CKOpOCHb Hazpesa nood naiiky, memMnepamypa nauki, epems
8bIOEPICKU, TMONWUHA NASHO20 WEA, OXAAdCOeHUe Nocie NAUKu Ha 6030yxe) obecneuusarom (HopmMuposanue 3a0aHHOIU
epagumHo-nepIumHO-yeMeHMUmHoU MUKPOCMPYKMYPbl W6d, KOMOPas 2aparmupyem ebiCoOKVIo NPOYHOCHIb U JHCeCMKOCNb.

Kniouesvie cnosa: naiika, srcenezoyenepooucmulii NPunotl, nasHoe coeouHeHue, meepOOCnaGHbLL UHCMPYMeHM,
CMpYyKmypooopazoéanue, MUKpOCMpPYKmypa.
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STRUCTURE FORMATION IN HARD ALLOY AND STEEL
JOINTS SOLDERED WITH IRON-CARBON SOLDER

(ON THE EXAMPLE OF A HARD ALLOY TOOL)



Ekaterina V. Agafonova, senior lecturer;
Vitaliy V. Konovodov, Ph.D.(Eng.), professor
Novosibirsk State Agrarian University, Novosibirsk, Russian Federation

Abstract. The operability of a soldered hard alloy tool is ensured by the strength and rigidity of the structural elements
of the tool (hard alloy plate, solder joint and holder); the level and the distribution of the stress in the cutter elements;
the absence of defects. The reason for the low reliability of the blade tools used, manufactured using traditional
technologies, is the insufficient strength of the connection of the cutting plates with the tool body. This work is based on
theoretical justifications and results of experimental processing of the soldering of hard alloy tools with iron-carbon
solder. (Research purpose) The research purpose is establishing the regularities of the structure formation of hard alloy
and steel compounds soldered with iron-carbon solder. (Materials and methods) The technological properties of iron-
carbon solder were substantiated and the basic requirements that it should satisfy were described. The article presents
common and specific methods of smelting and preparation of solder; microstructural studies of solder, hard alloy and
solder joint; soldering of carbide tools with iron-carbon solder. (Results and discussion) The results of studies on the
permissible heating rates, temperature, and holding time of hard alloy plates during soldering were presented.
Metallographic analysis of the microstructure of the diffusion zones and solution-diffusion interaction of a hard alloy
and an iron-carbon solder was performed, and the zones of diffusion interaction of steel and an iron-carbon solder were
studied. (Conclusions) Based on the results of experimental studies of the structure formation of hard alloy and steel
compounds in relation to the composition of iron-carbon solder, it was revealed that the proposed technological modes
(heating rate for soldering, soldering temperature, holding time, solder seam thickness, cooling after soldering in air)
ensure the formation of a given graphite-pearlite-cementite microstructure of the seam, which guarantees high strength
and rigidity.

Keywords: soldering, iron-carbon solder, solder joint, hard alloy tool, structure formation, microstructure.
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Peghepam. Ha ocrose nposedeHHbIX Uccied08anull, UCNbIMAanull u 6HeOpeHus MOOYIbHO-OI0YHBIX KYIbIMUBAMOPO8
npeonodcunu soccmanosums 6 Poccutickou @edepayuu u Pecnyonuxe Tamapcmarn ompaciv ceibCKOX03UCMEEHHO20
MAWUHOCMPOEHUsL 051 pa3pabOmMKU U NPOU380OCMEA NOACEHIX (DYHKYUOHATLHBIX MAWUH, KOHKYPEHMOCHOCOOHBIX HA
muposom puinke.  (Llenv uccrneoosanus) Paspabomamv umnopmosamewarouyio MexHuxy 6 Yensx UCKIIOUeHUs.
NPOO0BOTCMBEHHOU 3A8UCUMOCTIU, B803PONCOEHUSL NPUPOOOOXPAHHO20 PABHOBECUS, 2aAPAHMUPOSAHUS 300P0BO2O



acusHeobecnevernus. (Mamepuanor u memoow) Onpedenunu OpeaHU3AYUOHHbBIE VCI0BUSL UMNOPINOZAMEUWEHUs]
nPO00BOILCMEUSL U MEXHUKU: be3ynpeunoe dKoaouteckoe kavecmao 6e3 I'MO u xumuxamog,; Hu3Kas cedecmoumocmy
npu  BbICOKOU PEeHmMAabenbHOCMY,  2APAHMUPOBAHHOE MACCO80e NPOU3BOOCMBO, HOIHOCMbIO  UCKIIOUAIOuee
nompebnocms 6 umMnopme, obecneyusarwee KCHOPM, MAKCUMATbHOE GHEOPeHUe OpP2aHUYEeCcKO20 3emledenis,
OcpaHudenue NPUMEHEHUs XUMUKAMO8 Gnioms 00 uckiouenus. Ilpeonodxcunu Mmemoouxy GulnoJHeHUs
umMnopmoonepexcaroujeti mexuonoz2uu. Paspabomanu mexnonozuu oOpabomru nouevbl U NOCEBA C 803MONCHOCIBIO
NpUMEHeHUs KaK 8 YCA08UAX OCmpoll 3acyXu, mak u nepeysiaxcuenus. (Pesyromamol u obcysicoenue) Ommemunu, 4mo
MHO2ONemHUe 1aO0paAmoOpHO-Noae8ble, NPOUIBOOCMEEHHbIE U 20CYOAPCMBEEHHbIE UCHBIMAHUSL OI0UYHO-MOOYIbHbIX
KYIbMUBAmMopo8 noKa3alu GblCOKUe pPe3yIbmamsl 8 NOGbIUEHUU YPOICAUHOCIU CEbCKOXO3AUCMBEHHBIX KYAbMYP U
CYWECNBEHHOM MHOLOKPAMHOM CHUdICEHUU 3Hepeopecypcozampam Ha ux eosodeavisanue. Co30anu pamuyio
KOHCMPYKYUIo, COCMOSWYI0 U3 cexyuti-mooyneti.  Ilpeonodxcunu KOMARIEKCcvl No48000padbamuvléarouye-nocesHou
MEeXHUKU  APOCIABCKO20 U YEIADUHCKO20 — NMpou3eoocmed  Ha — Oase  JecKux,  IHEePeOHACHLIYEHHDIX,
BbICOKONPOU3B0OUMENLHBIX OENIOPYCCKUX MPAKMOPO8, 3AMEHUE C8EPXMAIICEIble UMNOPMHbLE MPAKMOPbl MACCOU 00 35
monH. (Bvieoobl) OmeuecmeenHas mexHukd, CO30aHHAs 8 NOCleOHee 8peMs, OQuUYUAIbHO NOOMEEPOULA BbICOKUE
KpamHbvle dKCHAYAMAYUOHHBIE NPEUMYUeCmEa HA0 IYHUUMU 3apYOeHCHbIMU AHAL02AMU. NO NPOU3BOOUMETLHOCU —
00 2-x pa3 (no gceti mexnonozuu — 0o 10,8 pasz), no memanroemxocmu — 00 3-4 paz, no pecypcocoepesicenuro — 00 4-
5 pa3z, no yene — 0o 7 pas, no ypoocaunocmu u permadervHocmu — 00 2 paz npu npoussoocmee 00 85 npoyenmos
X71ebONeKapHOll IKOA02UYeCKU Yucmoul nuenuyvl 3 Knacca u UCKioYeHuem 2ubenu nuei Ha nocesax pancad.

Knrwouesvie cnoea: eraconaxonnenue, cemeHHoe 10dce, 61A20COXpAHEHUe, CeOecmouMocmy, peHmaderbHOCb,
9KOI02UYeCKas De30nACHOCMb, 300P080e JHCU3Heobecneyenue.
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Abstract. Based on the researches, testing and implementation of modular-block cultivators, it was proposed to restore
the agricultural machinery industry in the Russian Federation and the Republic of Tatarstan for the development and
production of field functional machines that are competitive on the world market. (Research purpose) The research purpose
is developing import-substituting equipment to eliminate food dependence, restore environmental balance, and guarantee
healthy life support. (Materials and methods) The article presents the conditions for the import substitution of food and
machinery: impeccable ecological quality without GMOs and chemicals; low cost with high profitability; guaranteed mass
production, eliminating the need for imports, ensuring export;, maximum introduction of organic farming, limiting the use
of chemicals up to exclusion. The article proposes a methodology for implementing import-advanced technology. The
technology of tillage and sowing has been developed with the possibility of application both in conditions of acute drought
and waterlogging. (Results and discussion) Long-term laboratory, field, production and state tests of block-modular
cultivators have shown high results in increasing crop yields and significantly reducing energy consumption for their
cultivation. Authors created a frame structure consisting of sections-modules. The complexes of tillage and sowing
equipment of Yaroslavl and Chelyabinsk productions based on light, high-energy, high-performance Belarusian tractors,
replacing super-heavy imported tractors weighing up to 35 tons are described. (Conclusions) The domestic equipment
created recently has officially confirmed high multiple operational advantages over the best foreign analogues: in terms of
productivity up to 2 times (in all technologies up to 10.8 times), in terms of metal consumption up to 3-4 times, in terms of
resource saving up to 4-5 times, in terms of price up to 7 times, in terms of yield and profitability up to 2 times in the
production of up to 85 percent of baking organic wheat of third class and excluding the death of bees on rapeseed crops.



Keywords: moisture accumulation, seedbed, moisture conservation, cost, profitability, environmental safety, healthy
life support.
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Pegpepam. Cenvcroxossiicmeennoe npouszsoocmeo Poccuu neimaemcst pewiums 00HY U3 8aNHCHEUMUX HAYUOHATLHBIX
npobnem — obecneuenue npodo8OIbCMEEHHOU be30nacHocmu u umnopmoszamewenus. Ilposedennvle ucciedosanus u
Hayunvle paspabomku ©OHAL] BUM obocrosanu neobxooumocms npogedeHusi MOOEPHUZAYUU UHICEHEPHOU CLyHcObl
azponpomviuiienHo2o komniexca. (Lenv uccnedosanus) llpoananuzuposames cocmosimue peMoHmuo-o0Cayicusaouet
0a3vl azpoOnPOMbIULIEHHO20 KOMNIEKCA, 0amb pPeKOMeHoayuy no cmpameuu MOOEpHU3AyuY 3mou 6a3vl ¢ yuemom
PEanbHbIX BO3MONCHOCHEN PEMOHMHBIX U CHeYUATUIUPOBAHHBIX NPEeONnpUAMULl PeUOHANbHO20 U (hedepanbHO20
yposnei. (Mamepuanvl u memoos) Ommemunu, ymo nOO UHHCEHEPHO-MEXHUUECKOU CYHCOOU NOHUMACTNCS CeeMeHm
AZPONPOMBIUACHHO20 KOMNUAEKCA. Y CMAHOBUIU, YMO HPOUIBOOCMEEHHbIe 00BEeKMbl UHICEHEPHO-IMEXHUYECKOU
CIIYHCOBbL OONIHCHBI PASMEWYAMBCS HENOCPEOCHBEHHO HA NPEONPUSINUAX CETbCKO20 XO3SUCMEA, CYHCUMb COCTHAGHOU
yacmvio UX UHEGPACMPYKMYpvl U POPMUPOBAMb PEMOHMHO-00CyIcusaouyo 6azy. (Pesyromamol u 0ocyscoenue)
Ilposedennvle ucciedosanus nokazanu, 4mo 6oxee 35 NpoyeHmos cepmupuUUpPOSanHHbiX panee NPeOnpusmull 3a
VKA3AHHBIL NePUO0 BPEMeHU NO0BePeNUCh TUKEUOAYUlY, NOCKONbKY cmanu HepenmabenvHvimu. Onpedenunu, umo 3a
nocieouee 200bl PeMNpeOnpusmus UMeIom SIGHO BbIPAJICEHHYI0O MeHOeHyuio K ux coxpawenuro. Iloxasanu, umo
cumyayus 8 azponpoMbIUICHHOM KOMNIEKCe C MEXHUYeCKUM OOCIYICUBAHUEM U DEMOHMOM 6 NocieoHee 200bl
npoooadicaem pesxo yxyouwaemcs. (Bvigoowvy) Crosicusuieecs nonogicenue 0en ¢ COCOAHUEM UHIHCEHEPHOU CyHcObl
mpebyem NpuHamus KapOUHAIbHbIX Mep NO ee COBEPULEHCTNBOBANHUI0 C VUEMOM COBPEMEHHbIX NPOSPeCCUBHbIX
mexuonocul. B pabome npedcmasunu omoenvHbie peKOMeHOayuu No  COBEPULEHCBOBAHUIO  PEMOHMHO-
obcnyxcugaroueli 6asvl AzPONPOMBIULIEHHO20 KOMUIEKCA, KACAIOWUECS NPAKMUYECKU 6CeX YUKI08 MEXHUUECKO20
00CHYHCUBAHUSL U peMOHMA, GK0Yas ymunusayuro. OCHOBHAS 3a0a4a 3aKII0YAEMCsl 8 ONMUMUZAYUU THEXHUYECKO20
00CIYHCUBAHUSL U PEMOHMA CENIbCKOXO3AUCMBEHHOU MEXHUKU 6 PeaibHblX YCI08USX, 8 KOMOPbIX pabomaiom ece
VUACHUKY CENIbCKOXO3AUCMBEHHO20 NPOU3BOOCMEA.

Knrwouesvie cnosa: cenvbckoxo3sAuUCMEEHHAS MEXHUKA, MEXHUYECKAs OUASHOCMUKA, YMUAUZAYUSL, SKCHLyamayus,
PEMOHIHbBLE NPEONPUATNUSL, CIMPATHE2USL.
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Abstract. Agricultural production in Russia is trying to solve one of the most important national problem: ensuring
food security and import substitution. The conducted research and scientific developments of FNAC VIM justified the
need to modernize the engineering service of the agro-industrial complex. (Research purpose) The research purpose is
analyzing the state of the repair and maintenance base of the agro-industrial complex, giving recommendations on the
strategy of modernization of this base, taking into account the real capabilities of repair and specialized enterprises at
the regional and federal levels. (Materials and methods) The engineering and technical service refers to the segment of
the agro-industrial complex. The production facilities of the engineering and technical service should be located directly
at agricultural enterprises, serve as an integral part of their infrastructure and form a repair and maintenance base.
(Results and discussion) The conducted studies have shown that more than 35 percent of previously certified enterprises
have been eliminated over the specified period of time because of unprofitability. In recent years, the number of repair
enterprises have a pronounced tendency to reduce. The situation in the agro-industrial complex with maintenance and
repair in recent years continues to deteriorate sharply. (Conclusions) The current state of the engineering service
requires taking drastic measures to improve it, taking into account modern progressive technologies. The paper
presented separate recommendations for improving the repair and maintenance base of the agro-industrial complex,
concerning almost all maintenance and repair cycles, including disposal. The main task is to optimize the maintenance
and repair of agricultural machinery in real conditions in which all participants of agricultural production work.

Keywords: agricultural machinery, technical diagnostics, utilization, operation, repair enterprises, strategy.
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Peghepam. [lpedcmasunu  pe3ynomamsvl  UCCIEO08AHUN NO  MEXHUUECKOMY  OOCIAYIHCUBAHUIO U  PEMOHMY
CeNbCKOXO3AUCMBEHHOU TMEXHUKU, d MAaKJIce Cmpame2uu noooepaicanus ee 8 pabomocnocoonom cocmosnuu. Cucmema
MEXHUYECKO20 CONPOBONCOCHUS U DPEMOHMA MAWUH 8 CENbCKOM XO3AUCEe MAKCUMATLHO OPUEHMUPOBAHa Ha
cmpamezuio 8bINOIHEHUSI PEMOHMHO-00CTYIHCUBATOWUX 8030€UCMBUL C NEPUOOUYECKUM UTU HENPEPblEHbLIM KOHMPOLEM.
(Lenv uccnedosanus) M3yuumo 803MOANCHOCMb UCHOALIOBAHUS HOBOU pecypcochepezaioujell cucmemsvl O0NYCKos OJisl
demarneil Mawiun 8 CyuwjeCmayiowel cucmeme mexHuuecko2o oocayscusanus u pemonma. (Mamepuanvt u memoovt)
Buisieunu, umo oyenxa mexnHuuecko2o cocmosHusi OMOeIbHbIX acpe2amod U (Uiu) cucmem mpaxmopa ¢ nOMOubio
B6CMPOCHHBIX U NEPEHOCHBIX NPUOOPO8 U OnpedeneHue uUx OCMAamouyHO20 pecypca NO3601AI0M HASHAYUMb 6peMs
BbINOIHEHUSL PEMOHMA U CBOEBPEMEHHO NO020MOGUML pabouee Mecmo, 3andacHvle Yacmu, 3aMeHswue Y3l
azpezamol. Ycmanosunu, umo mexHuko-9KOHOMUYUECKOE COCMOSAHUE AZPORPOMbBIUUIEHHO20 KOMNHAEKCA 8 OCHOBHOM
onpedensemcs 08yMs. (pakmopamu: 0becneyeHuem cerbxo3mosaponpou3gooumeneii HOpMamueHol NomMpeOHOCMbIO 8
CeNbCKOXO3AUCMBEHHOU MEXHUKe, ee HAOeHCHbIM MEXHUYECKUM OOCIYICUBAHUEM U PEMOHINOM C UCHONb308AHUEM
COBPEMEHHBIX MEXHONO02U, 8 MOM YUCIe NPUMEHEeHUEeM CUCMeMbl OYEeHKU IKCHIYAMAYUOHHBIX CEOUCME OCHOBHbLIX
nokazamerneil HadedcHocmu mawiun. (Pesynomamuvt u obcyacoenue) Paccmompenu 6onpocvt umnopmoszameujenus
PEMOHIMHO-MEXHONI02UYECKO20 000PYOOBAHUsI NpU  NPOBEOCHUU PEeMOHMA U MEXHUYEeCKO20 OOCTYIHCUBAHUS
CeNbCKOXO3AUCMBEHHOU MeXHUKU. Boipabomanu nepcnexmugnvle HANpasienus pasgumus cmpamezuy mexHuyecko2o
00CHYHCUBAHUSL U PEMOHMA CeNbCKOXO3AUCNEEHHOU mexHuky. Onucany mexHono2uu pemouma u noxasamenu



HAOEIHCHOCMU CelbCKOXO3AUCTNBEHHbIX Mawiut. (Bbleodvl) B pesynvmame nposedeHHbIX UCcied08aHuil onpeoeiuiu
Memoobl  COBEPULCHCMBOBANHUSL CUCHEMbl MEXHUYECKO20 CEPBUCA  CeNbCKOXO3SUCMBEHHOU MEXHUKU, COCMABULU
PEeKoMeHOayuu Nno Ux COBEPUEHCMBO8AHUI0 U MOOepHu3ayuu. Paspabomanu cmpameeuro mexnuyecko2o
00CIYIHCUBAHUS U PEMOHMA, OCHOBAHHYIO HA MUHUMU3AYUU OCIAMOYHO20 Pecypca 0emanetl MAuuH.

Kniouesvie cnosa: mexnuueckoe 0OCIYICUSBAHUE U PEMOHM, NEPUOOUUHOCHb, CENbCKOXO3AUCMBEHHAS MEXHUKA,
HeUCnpasHocmy, OUACHOCMUPOBAHUE.
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Abstract. The article presents the results of research on the maintenance and repair of agricultural machinery, as
well as strategies for maintaining it in working condition. The system of technical support and repair of machinery in
agriculture is maximally focused on the strategy of performing repair and maintenance actions with periodic or
continuous monitoring. (Research purpose) The research purpose is studying the possibility of using a new resource-
saving tolerance system for machine parts in the existing maintenance and repair system. (Materials and methods) The
assessment of the technical condition of individual units and (or) tractor systems with the use of built-in and portable
devices and the determination of their residual life make it possible to predict a repair time and prepare the workplace,
spare parts, replacement units, aggregates in a timely manner. The technical and economic condition of the agro-
industrial complex is mainly determined by two factors: providing agricultural producers with a regulatory need for
agricultural machinery, its reliable maintenance and repair using modern technologies, including the use of a system
for assessing the operational properties of the main indicators of machine reliability. (Results and discussion) The
article presents the issues of import substitution of repair and technological equipment during the repair and
maintenance of agricultural machinery. Authors have developed promising directions for the strategy for the
maintenance and repair of agricultural machinery. The repair technologies and reliability indicators of agricultural
machines were described. (Conclusions) As a result of the conducted research, the article presents the methods of
improving the system of technical service of agricultural machinery, recommendations for their improvement and
modernization. We have developed a maintenance and repair strategy based on minimizing the residual life of machine
parts.

Keywords: maintenance and repair, frequency, agricultural machinery, malfunction, diagnosis.
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Pegpepam. leiicmeyiowas 6 cenbCkoM X035UCmee 8 HACMOsUee 8pemMsi CUCEeMAd MEXHUYECKO20 cepsuca no cymu
UOEHMUYHA — cucmeMe  MAcco8020  OOCIYICUBAHUs, HO NO  6UOY  UCMOYHUKA — mpebosanuil  (mpakmop,
CeNbCKOXO03AUCMEEHHAS, MAWUHA) U MUny O00CIYHCUBAIOWe20 annapama (JHCugol Onepamop, nepeosudlCHas u
CMAyUOHAPHAs MAcCmepcKue, PEMOHMHbLE 3A800bl), PA3HOOOPA3US MEXHOIO02UYECKOU Cpedbl (N046bl 0/l NIYed, 3ePHO
07151 Kombauina, epy3 01 MPAKMOPHO2O NPUYENa) U NOYEEHHO-KIUMAMUYECKUX YCA08UU (CYeIUHUCIAsL WU NeCUaHas,
meepoasi unu peiXids nouéd, Jeapa Ui 0caoku) cuibHo om Hee omaudaemcs. (Llenv uccredosanus) Paspabomamo
cmamucmuiecKue onpeoeneHus napamempos CUCmemMbl MeXHUYeCKO20 CEPeUCd 8 CeNbCKOM X035ucmee, anicopumm
Y0081emeopeHus. mpebo8anull 6 OAHHOU Cucmeme U BepOIMHOCIMHO-MAMEMAMUIecKue Mooelu NepedsUI’CHON
MACmepcKoll ¢ AHAIU30M 4acmuulx ciyyaes. (Mamepuanvl u memoowt) Hcnonvzosanu pes3yibmamosl XpOHOMEmMpaica
IKCNIYAMAYUOHHO-MEXHOL02UHEeCKUX —noKazamenell pabomsl 3epHOYOOPOUHBIX  KOMOAUHO8, Memoobl meopuu
8eposimHOCmel U Maccoso2o obcayacusanus. (Pesynomamor u obcyscoenue) Ilpeonoscunu uacmuvie onpedeneHus
9/IEMEHMO8 (Napamempos) Cucmemvbl MeXHULECK020 CEPBUCA 6 CelbCKOM Xossiicmee. [Ipedcmasunu enepavle cucmemy
MACCOB8020  MEXHUYECKO20 —Cepeuca Kaxk CYMMY NOCIe008AMENbHO — BbINOTHAEMbIX — ONEpayuil  aneopumma
VO08IemBOpeHUs. NOCMynuswux mpebosanuil. Paccmompenu ycuogus 3auamocmu u c60000HOCMU NEPEOBUINCHOU
MacmepcKoll, NOAGLEHUs: U OMCYMCMEUs ouepeoeli HeUCNPAGHbIX Mawiun. Paspabomanu gopmynsl ons onpedenenus u
OYEHKU UHMEHCUBHOCU NOCMYNJIEHUs. 8 CEPEUCHbIIL YeHmp mpeOo8anull 3a eOUHUYy 6pPeMeHU, CPeOHION
UHMEHCUBHOCMb 0OCIYHCUBAHUS OOHOU HEUCHPABHOCHIU OOHOU MAWUHbL NEPEeOSUNCHOU MACMEPCKOU, KO3 duyuenma
3aepy3Ku MACmMepcKou 6 npoyecce 0OCIYHCUBAHUS HEUCHPABHBIX MAWuH. Ybeounucs, umo Kod@guyuenm 3aepy3xu
CILYACUM OOHUM U3 OCHOBHBIX NOKA3AMeell CEPEUCHOLU CUCTEMbL U XAPaKmepu3yem noaIHomy u CKOpOCmsb UCHOTHEHUs
cepsuchbix ycaye. (Bvisoowl) Ilpu omkpvimuu OONOIHUMENbHO20 NYHKMA (DUPMEHHO20 MEXHUYECKO20 Cepeucd c
paouycom obcayrucusanus 40 Kuiomempos CKOpOCHb CEPEUCHBIX YCIye NOSbluldemcs noumu 6 3 paszd, CmeneHs
3aepy3Ku nepeosUICHOU MACmepcKoll He npegvluiaem 50 npoyeHmos, umo uUcKuouaem oyepedb Ha 00CIYHCUBAHIUE.

Kniouesvie cnosa: cucmema mexuuuecko2o cepeuca ceibCKOXO3AUCMBEHHbIX MAWUH, NApaMempsl U OnpeoeieHus
SNIEMEHMO8 CUCTEMbL, ANCOPUMM YOOBIEMBOPeHUs: mpeOo8anull, noxKazamenu QOYHKYUOHUPOBAHUS NEPEOBUNCHOU
MacmepcKoll, CKOpoCmyb U NOTHOMA OOCTYIHCUBAHUS.
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Abstract. The technical service system currently operating in agriculture is the queuing system, but according to the
requirements (tractor, agricultural machine) and the service apparatus (live operator, mobile and stationary workshops,
repair plants), the diversity of the technological environment (soil for plow, grain for combine harvester, cargo for
tractor trailer) and soil and climatic conditions (loamy or sandy, hard or loose soil, heat or precipitation) are very
different from it. (Research purpose) The research purpose is developing statistical definitions to the parameters of the
technical service system in agriculture, an algorithm for meeting the requirements in this system and probabilistic and
mathematical models of a mobile workshop with the analysis of special cases. (Materials and methods) For the research,
the results of timing of operational and technological indicators of combine harvesters, methods of probability theory
and queuing were used. (Results and discussion) The article proposes specific definitions of elements (parameters) of
the technical service system in agriculture. For the first time, a mass technical service system was presented as the sum
of sequentially performed operations to meet the requirements. Authors examined the conditions of employment and
mobility of the workshop, the appearance and absence of queues of faulty machines. The article presents the equations
for calculating the intensity of orders received by the service center per unit of time, the average intensity of maintenance
of one malfunction of one machine in a mobile workshop, the load factor of the workshop in the process of servicing
faulty machines. The load factor serves as one of the main indicators of the service system and characterizes the
completeness and speed of services. (Conclusions) When opening an additional point of branded technical service with
a service radius of 40 kilometers, the speed of services increases at about 3 times, the loading of the mobile workshop
does not exceed 50 percent, which eliminates the queue.

Keywords: system of technical service of agricultural machines, parameters and definitions of system elements,
algorithm for order processing, performance indicators of a mobile workshop, speed and completeness of service.
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Peghepam. 3nauumenvruuvlii unmepec 6 Hacmosujee 8pems Npeocmasisiiom AHMUGPUKYUOHHBIE USHOCOCTNOUKUE
CAMOCMA3BIBAIOWUECS NOTUMEPHBLE KOMROUYULU, KOMOPbLE C YCHEXOM MO2YH Oblb NPUMEHEHbL 018 U320MOGNEHUSL UTU
80CCMAHOGNIEHUSL OOILUIOU HOMEHKAAmMYpbl demaneld mpuboconpsaxcenuti mawun. (Llenv uccredosanus) uzyuumo
CBOUICMBA NOAUAMUOHBIX KOMNOZUMOB, HANOTHEHHBIX OUCYTbPUOOM Moauboena MoS:z u conocmasums noayyeHHvie
3HAueHus ¢ Yucmuim noauamuoom 6. (Mamepuanvt u memoowst) Ilposodunu KomMnayHOuposauue KOMNOHEHMO8 HA
nabopamoprom 08yxpomoprom cmecumene HAAKE PolyLabPheomix 600 OS ¢ pomopamu Roller. Temnepamypa
KomMnayHouposanus. cocmaensia 230 epadycog Llenvcus, yacmoma eépawerus pomopos — 50 060pomos 6 mMurHymy.
Uszeomosunu niacmunvt pasmepom 200 na 200 na 1,1 murnumempos Ha 2udpagiuyeckom npecce 0as UCCIe008aHUs
usUKO-MEXAHUUECKUX CBOUCTNE NOJYYEHHO20 KOMHOZUYUOHHO2O MAMEPUand, u3 Hux O0as @QUIUKO-MEXAHUYEeCKUX
ucnvimanuil evlpyoanu wmanyem no 5 obpazyoe (mun 1) ona xaxcooeo cocmasa. Ilposodunu ucnvimanus Ha
paspuvisroi mawune UAI-7000 M npu memnepamype 23 + 2 epadycos [lenvcuss u cxopocmu pacmscenus 10
munnumempos. (Pesynomamor u obcysxcoenue) Yemanosunu, umo gederue oucyivgpuoa monudOeHa npugooum K
VBEIUYEHUIO NPOUHOCMHBIX noKazameinel noaumeprou komnosuyuu. Qbpasywl ¢ cooepoicanuem Hanoanumens meree 10
NPOYEHMOB8 CHOCOOHBI K PA3GUMUIO 3HAYUMETLHOU GbIHYIHCOEHHO-2NACMUYECKOU dedopmayuu, 4mo npeonorazaem
603MOJICHOCTD  OPUEHMAYUOHHO20 YNPOYHEeHUsT Komnosuma. (Bwieoos)) Ha ocHnosanuu nposedeHmvlx Qu3suxo-
MEXAHUYECKUX UCHLIMAHUL onpedenuiu, Ymo 006asierue Oucyibuoa MoauboeHa cnocoOOHO 3HAYUMENLHO VIYHULAMb
ynpyzo-npounocmusie ceoucmea I1A-6. Eco codepoicanue 8 xomnaynoe He OOJNHCHO NPesuliuams NPUMEPHO HAMU
npoyenmos. Ilonyuennvie nonumepHvie KOMNOZUYUU MOV VCHEWHO NPUMEHAMbCA OAs U320MOGNeHUs. 0emanell,
00pa3yOWUX Napvl MpeHus KaxK npu npou3goo0cmae, max u npu pemMoHme MauiH.

Knrouesvle cnosa: nonumepuvie mamepuanvl, NOAUAMUO,  OUCYIbPUO MOAUOOEHA, KOMNO3UMbL, HUIUKO-
MexaHuueckue ceolcmaa.
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Abstract. The use of antifriction wear-resistant self-lubricating polymer compositions are of great interest, which can
be successfully used for the manufacture or restoration of a large range of tribocoupling of machines. (Research
purpose) The research purpose is studying the properties of polyamide composites filled with molybdenum disulfide
MoS> and comparing the obtained values with pure polyamide 6. (Materials and methods) Compounding of components
was carried out on a laboratory two-rotor mixer HAAKE PolyLabPheomix 600 OS with Roller rotors. The compounding
temperature was 230 degrees Celsius, the rotation speed of the rotors was 50 revolutions per minute. Plates with a size
of 200 by 200 by 1.1 millimeters were made on a hydraulic press to study the physical and mechanical properties of the



resulting composite material, five samples (type 1) for each composition were cut out for physico-mechanical tests.
Tests were carried out on a UAI-7000 M breaking machine at a temperature of 23 + 2 degrees Celsius and a tensile
velocity of 10 millimeters. (Results and discussion) The introduction of molybdenum disulfide leads to an increase in
the strength parameters of the polymer composition. Samples with a filler content of less than 10 percent are capable
of significant forced-elastic deformation, which suggests the possibility of orientational hardening of the composite.
(Conclusions) Based on the conducted physical and mechanical tests, that the addition of molybdenum disulfide can
significantly improve the elastic-strength properties of PA-6. At the same time, its content in the compound should not
exceed five percent. The resulting polymer compositions can be successfully used for the manufacture of parts that form
friction pairs both in the manufacture and repair of machines.

Keywords: polymeric materials, polyamide, molybdenum disulfide, composites, physical and mechanical properties.
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Pegpepam. B coepemenHbiXx YCAOBUAX PULIHOYHOU SKOHOMUKU NpoONeMa NOBbIUEHUS KA4ecmed NpOOVKYUU U
obecneuenus ee KOHKYPeHMOCnocobHocmu 0 cmpar Espasuiickoeo sxkonomuueckozo cosa cmanosumces Hauboee
akmyanvrou. Pewenue cywecmayrouwux 3a0ay, HANpaGIeHHbIX HA pa3pabomKy Memooos 06pabomiu, 0CHOBAHO HA
UCNONIb306AHUU SHEPUU YIbmpa3syKa. [IpumeneHue yibmpazgyka no3eosaem nosbliCUumy Hay4HO-mMeXHUYeCKUll ypo8eHs
MEXHONIO2UUECKUX npoyecco8 06pabomxu demanei u3 mpyoHooopadamuléaemvlx Mamepuaios 8 MauuHOCMpoeHul, a
6 HEKOMOPbIX CAYYASAX — NPUHYURUALLHO NO-HOBOMY Peulams MexHoIo2udeckue 3adadu ux npouzsoocmea. (Llenv
uccnedosanusi) Onmumusuposams pexicum oopadomxu Kpyeavlx Yapyeux nidcmuH, WUpoko NPUMEHSEeMbIX 6 PA3TUYHbIX
A8MOMamMu4ecKux YCmpoucmeax u npubopax, 6 yeusx cmaduiuzayuu 6 ux mamepuaie OCmamo4HblX HaAnPIiCeHull.
(Mamepuanvt u memoowvt) Ommemunu, 4mo 0OHO U3 BAICHEUWUX MPeDOBAHUL, NPEOBABTACMbIX K MAKUM U30ETUSIM,
3aK0UAEMCsL 8 MOYHOM COOMBEMCMBUU BETUHUHBL OepopMayuy NIACMUHbBL U 3aMePIeM0o20 0a6leHUs cpeobl. J[Jannoe
coomeemcmesue He 6ce20a 0becneuusaemcs u3-3a 603HUKAOWe20 A6NIEeHUsL YAPY2020 CIAMUYecKo20 2Ucmepesucd, 6
pe3yibmame KOMOpO20 HACmb 3AMPAYeHHOl HA O0ehopmayuro Niacmunbl SHepeuu No2iouwaemcs Mamepuaiom
NAGCMUHBL U 00pA3yemcs maKk HA3vleaeMds nemis cucmepesucd. Ykazaiu, ymo 3mo npusooum K CyWecmeeHHouU
nomepu MOYHOCMU U3MEPUMENbHBIX NPUOopos. (Pezynomamul u obcyscoenue) [lokazanu ocHosHble smanvl npoyecca
6b100pA  PAYUOHANLHBIX YCAOBUL  CMAOUIU3AYUY:  DOPMYIUPOBKA 3aA0ad  YIbMPA38YKOGOU GUOPOMEXAHUYECKOU
0bpabomxu;, 000CHO6aHUe Kpumepusi OnpeoeneHus PAYUOHAIbHbIX YCA0BULL,  BbISAGIEHUE CIMAMUCMUYECKUX
napamempos, Xapakxmepusylouux UCXoOHoe COCMOsHUEe Oemani;, MAmemamuyeckoe MoOeIuposanue NOMeHYuaIbHou
SHepeuu 00PA308aHUS OCIMAMOYHBIX HANPAICEHUL 8 0eManu, MOOeIupo8anue npoyecca peiraKcayuu OCmamo4Hbx
Hanpsdjcenuti 6 Oemanu. (Bvieoowr) Ilpusenu meopemuueckue OCHOBbL HOB020 MUKPOOUHAMUYECKO20 Memood,
nO38ONAIOWUE UCHPAGIAMb NOSPEULHOCU  2e0MempU4ecKol  (opmbl, YOaisimv OCMAMOYHbIE HANPSHCEHUs U
CMadUIU3UPOBAMb 2e0MempUiecKue Napamempvl Kpyeavlx niacmun.

Knioueevie cnosa: ynpyauii uy8CmeumenvHullli d1eMeHm, YIbMPA3eyK, MeMOpaHa, Cmabunusayus, peraKcayus
OCMAMOYHBIX HANPAIHCEHUL.
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RATIONAL CONDITIONS FOR ULTRASONIC STABILIZATION OF RESIDUAL STRESSES IN ROUND
PLATES
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Abstract. In modern conditions of a market economy, the problem of improving the quality of products and ensuring
their competitiveness for the countries of the Eurasian Economic Union is becoming the most urgent. The solution of
existing problems is aimed at the development of processing methods based on the use of ultrasonic energy. The use of
ultrasound makes it possible to increase the scientific and technical level of technological processes for processing parts
from hard-to-process materials in mechanical engineering, and in some cases, to solve technological problems of their
production in a fundamentally new way. (Research purpose) The research purpose is the optimization of the processing
mode of round elastic plates, widely used in various automatic devices in order to stabilize residual stresses in their
material. (Materials and methods) One of the most important requirements for such products is the exact match of the
deformation value of the plate and the measured pressure of the medium. This is not always ensured due to the emerging
phenomenon of elastic static hysteresis, as a result part of the energy spent on deformation of the plate is absorbed by
the plate material and a so-called hysteresis loop is formed. This leads to a significant loss of accuracy of measuring
instruments. (Results and discussion) The article presents the main stages of the process of choosing stabilization
conditions: describing the tasks of ultrasonic vibromechanical processing; justification of the criterion for describing
conditions, identification of statistical parameters characterizing the initial state of the part; mathematical modeling of
the potential energy of residual stresses in the part; modeling the relaxation process of residual stresses in the part.
(Conclusions) The theoretical foundations of a new microdynamic method allows correcting deviations of geometric
shape, removing residual stresses and stabilizing the geometric parameters of round plates.

Keywords: elastic sensitive element, ultrasound, membrane, stabilization, relaxation of residual stresses.
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Pegpepam. B nacmosiujee 6pemst 8 pamKax 20Cnpoepammsl UMROPMOIAMEUEHUS. AKIMYATbHLIMU NPEOCMAGISIOMCSL BONPOCHL
Pazpabomku u 0CBOEHUS HUZKO3AMPAMHDBIX, IKOIOSUUECKU OE30NACHBIX, 8bICOKOIPDEKMUBHBIX, NPOCMBIX U YHUBEPCATLHBIX
MEXHON02ULl ROTYYeHUsl AOPA3UBHBIX MATNEPUATIO8 C HeOOX0OUMbIM (hparyuonnvim cocmagom. (Lenv uccnedosanus) Uccredosams
npoyecc nOIyueHus abpasueHoO20 MAmepuala 3a0aHH020 PPaKyuoHHo20 cocmasa 0 Rocaedyiowell NeCKOCMpYIHoU 00pabomxu
demanu nepeo ee niasmenHviM nHanviienuem. (Mamepuanvt u memoowt) Hpumensiiu 05 NOLYUeHUsL ROKPLIMUL YKCHEPUMEHTNATLHYIO
YCMAHOBKY ¢ YCMpOoUCmseamu Cmabunu3ayuy NCeB000HCUNHCEHUS U 2A308020 NOMOKA, UCNONbIYEMYIO OISl pa30eNeHUs.
MHO2OKOMNOHEHMHO20 MAMepUana Ha pasmepuvie gpaxyuu. (Pezynomamol u oocyscoenue) Onucanu mexHonoeuieckul npoyecc
pazoenenus Keapyegozo necka U IKCNEPUMEHMATbHYIO YCIMAHOBKY, HANPAGIeHHble HA NOLYYeHUe Yacmuy adpasusHo20 Mamepuaid
3a0aHHbIX ppakyull. Yemanosunu, 4mo ¢ UCHOIb306aAHUEM NPEOCMABIEHHO20 NPOYECCd, SKIIOUAIOWe20 pacuemuble ypagHeHus
ocobennocmetl pazoeneHust AOpaUGHbIX YACMUY KEApYeso2o Neckad, NOGbIUACCsl MOYHOCMb NOJYYEHUs Mamepuana Heooxooumot
epanyasyuy 0t NeCKOCMpYUHOU 00pabomxu demanu nepeo naAa3meHHbIM HanvlieHuem. (Boisoowvt) Onpedenunu nymu peutenust 3a0aqu
10 paz0enenur0 MHOZOKOMNOHEHMHbIX MAmepuanos (Keapyesoeo necka u G03MOJICHbIX npumecell) 0 NeCKOCMpYUHOU 00pabomku
nogepxnocmetl demaneii neped npuUMeHeHueM MexHOI02UlL NIA3MEHHO20 HANbLIEHUs HA 3A0aHHbLe pa3MepHble PPaKyuu, Ymo
Hanpamylo npu oanvhetiulell 06pabomie nosepxHocmelt demaeli NOGbICUM KAYeCmeo HAHOCUMO20 NOKpbimusl. Bulsigunu, yumo 6
ONUCAHHOM 6 OAHHOU pabome cnocobe cmewenue pasmepa yacmuy om paciemuo2o cocmaeisiem ne bonee 2-3 npoyenmos, npu
NPOYUX MEMOOAx NOIYYEHUs MAMePUana ¢ 3a0aHHOU pasmepHoll (hpaxyueti cmeujeHue pazmepa 4acmuy om pacientozo 3HA4eHus.
odocmuzaem 10 npoyenmos.

Knrouessle cnosa: abpasusnvlii mamepuai, QpakyuoHHsbill COCMA, 2a306blil NOMOK, KEAPpYesbllli NeCoK, NIA3MeHHOe
Hanvlienue.
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Abstract. Within the framework of the state import substitution program, the issues of developing and using low-cost,
environmentally friendly, highly efficient, simple and universal technologies for producing abrasive materials with the
predefined fractional composition are relevant. (Research purpose) The research purpose is investigating the process
of producing an abrasive material of a predefined fractional composition for sandblasting of the part before its plasma
spraying. (Materials and methods) An experimental installation with fluidization and gas flow stabilization devices used
to separate multicomponent material into dimensional fractions was used to obtain coatings. (Results and discussion)
The article presents the technological process of separation of quartz sand and an experimental installation for
producing abrasive material of specified fractions. Using the described process, which includes equations for the
separation of abrasive particles of quartz sand, increases the accuracy of obtaining the material of the necessary
granulation for sandblasting the part before plasma spraying. (Conclusions) The ways of solving the problem of
separation of multicomponent materials (quartz sand and possible impurities) were described for sandblasting the
surfaces of parts before applying plasma spraying technology to specified size fractions, which directly improves the
quality of the coating applied during further processing of the surfaces of parts. In the method described in this paper,



the deviation of the particle size from the calculated value is no more than 2-3 percent, with other methods for obtaining
a material with a given size fraction, the deviation of the particle size from the calculated value reaches 10 percent.
Keywords: abrasive material, fractional composition, gas flow, quartz sand, plasma spraying.
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Pegpepam. Ilpoyecc pazeumus mexanuzayuu npouzeoocmea pacmeHnuesodyeckol npodykyuu IOacnozo Ypana
Heobxo0umo paccmampugamv 6 pamkax co3danuss Coeemckum eocyoapcmeéom u Poccueii  ycnoeuti  0na
undycmpuanuzayuu cenvckozo xosaticmea. (Llenv uccredosanus) Ilpoanaruzuposams pazeumue mexuuueckou 06a3vl
3epH08020 npoussoocmea Ha FOuxcnom Vpane ¢ 1920-2020 eo. (Mamepuanvt u memoowt) Ilokazanu, umo 3eprosoe
Hanpaenenue ceibcko2o xosatcmea Ha IOuxcnom Ypane 6 nauanre XX 6exa HOCUNO APKO 6bIPAdICEHHBIU Xapaxmep.
Hooasnawas yacmv nocegnvix niowaodeu na FOdxchom Ypane obpabamvianacy KOHHVIM NAY2OM U COXOU, A 6ce
3epHOBble YOUPATUCH CePpNoM, KOCOU UMY KOHHbIM uHeeHmapem. Ommemuay, 4mo nepexo0 om KOHHO-PYYHbIX OPYOUll K
MAWUHAM HA mMpakmopHou msee ocywecmeniici ¢ 1930-e 2o0vl. (Pezynomamul u o6cyscoenue) Ilposeru ananus
NEPEUUH020 COCMOSAHUA MAMepUaIbHO-MEXHUYECKo20 obecneyenus 3epHogozo npouzeodcmea FHocnoeo Vpana.
Paccmompenu  63aumocesnsy  amanos acpaproco  passumus  FOacnozo Ypara ¢ mpoyeccom  mexanuzayuu
CeNbCKOX03AUCMBEHHBIX  pabom 6 3epHOBOM  Npouzsoocmee. Buvisaguiu KoHCmMpyKmueHvle U  MeXHOIO02UYecKue
ocobennocmu okcnayamupyemou mexuuxy. Iloxazanu mpancgopmayuio sxcnayamupyemoix na FOaxcnom VYpane
MPAKmMopo8 no MOOENbHOMY pA0y Om ux HPOMOMUNog 00 Co8peMeHHuX mooereli. Ommemuny npocpecc pazeumus
Mexanusayuu 3epHo6o2o npousgodcmea KOmcnoeo Ypana om xonuvecmeennvix nokazamenei 06ecneueHHOCMU KOIX0308
U C06X0306 00 KAYECMBEHHbIX NoKazameinell, XapaKxmepusyiowux ux npousgoouUmenbHOCms, 9KOHOMUYHOCHD.
Iloouepkuynu, umo 6ce nocmagisiemvie CENbCKOMY XO3AUCMBY 6 HACMOoAujee 8peMs Mpaxkmopvl U 3epHoyoopouHble
KOMOQUHBI OCHAWEHbl OU3ETbHLIMU O8UeAMenaMU ¢ MYpOOHAOOY8OM U INEKMPOHHLIM VAPABNEHUEM, CUCTeMAMU
CHUDICEHUS. MOKCUYHOCIU Ompadbomaswux 2a3os. Tpaxmopul umewm mpaHCMUccuu ¢ pooomusUposaHHol KOpooKol
nepedau be3 paspuvlea NOMOKA MOWHOCTU, YMO NO360JILem ORMUMUIUPOSAMb pedicum pabombl. (Bvieoowvl) [Ipusedennas
6 OaHHOU cmamve uHGOpMayus NO380JAem Gbl0CIUMb WeCb IMAN08 PA3BUMUSL MAMEPUATbHO-MEXHUYeCKol 0a3bl
3epHo6020 npouzeoocmea na FOxcrnom Ypane.

Knrwouesvie cnosa: mexanuzayus, 3epHogoe NPouU3g00CME0, MOOEIbHbIL PO MPAKMOpos, MAUWUHHO-MPAKINOPHbLE
Cmanyuu, OU3enbHblll MPAKMOop, CUCEMA MAWUH, CAMOXOOHbIE 3ePHOYOOPOUHble KOMOALHDIL.
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Abstract. The mechanization of growing agricultural production of the Southern Urals should be considered within the
creation by the Soviet Union and Russia of conditions for the industrialization of agriculture. (Research purpose) The
research purpose is analyzing the development of the technical base of grain production in the Southern Urals in 1920-
2020. (Materials and methods) The grain section of agriculture in the Southern Urals at the beginning of the XX century
had a brightly expressed character. The vast majority of the acreage in the Southern Urals was cultivated with a horse
plow and a plough, and all grain was harvested with a sickle, scythe or horse equipment. The transition from horse-drawn
plows to tractor-powered vehicles was slow. (Results and discussion) The article presents the analysis of the technical
support of grain production in the Southern Urals. The interrelation of the stages of agricultural development of the
Southern Urals with the process of mechanization of agricultural work in grain production was considered. The design
and technological features of the operated equipment are described. The article also presents the transformation of
tractors operated in the Southern Urals in the model range from their prototypes to modern models. The progress in the
mechanization of grain production in the Southern Urals from quantitative indicators of their sufficiency to collective
farms and state farms to qualitative indicators characterizing their productivity and efficiency. All tractors and combine
harvesters currently supplied to agriculture are equipped with turbocharged diesel engines and electronic control, exhaust
gas toxicity reduction systems. Tractors have transmissions with a robotic gearbox with uninterrupted power flow, which
allows you to optimize the operating mode. (Conclusions) The information given in this article allows us to identify six
stages of the development of the material and technical base of grain production in the Southern Urals.

Keywords: mechanization, grain production, model range of tractors, machine-tractor stations, diesel tractor,
machine system, self-propelled combine harvesters.
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