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€KCIUIyaTalilHol CTINKOCTI
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Pedepar/anoTamis:

1. Incepranifina po60Ta CIIPsSIMOBaHAa Ha MOLIYK IUJISIXiB BUPIIE€HHS aKTyaJIbHOI IPO6JIEMU NTiJIBUILLLEHHS
3HOCOCTIMKOCTI Ta eKCIIIyaTalifHOTO pecypcey AeTase, Mo NpaliolTh B yMOBaX 3HAYHOTO a6pa3suBHOTO
3HOLIYyBaHHS. Po6oTa npucssyeHa po3po6Lii HOBOI TeXHOJIOTI 3MilJHEHHS [leTajlell CiJIbCbKOIOCIOAPChKOI TEXHIKU
Ha OCHOBI JOCJIiJ)KEHHS iHHOBAL[iTHUX METOZiB 3aCTOCYBAaHHS MOIM(iKYI0UUX IPUCAIOK Ta €JIEKTPOLLIAKOBOTO
HaIIaBJ€HHS. Y X0Zi TocaimyKeHHs 6yJI0 TPOBeNeHO KOMITJIEKCHUI aHasli3 Cy4aCHUX METOMIB BiITHOBJIEHHS
IleTajlel, sIKi BUKOPUCTOBYIOTHCS B CilIbCBKOTOCIIOAAPCHKIN TEXHIlli, T BU3HAYE€HO HEJO0JIIKM iCHYIOUMX TEXHOJIOTIH.
Ha ocHOBi oTpuMaHuX JaHUX pO3p006JIEHO HOBY TEXHOJIOTI0 HAaIJIaBJI€HHS, 1[0 BKJIIOYa€ BUKOPUCTAHHS
IIOPOLIKOBUX [IPOTIB i3 f0aBaHHAM MOAU(IKYIOUMX JOMILIOK, TaKMX SIK Kap0ild XpoMYy, Hi0O6iI0 Ta OKCUTY
amoMiHilo. Lli KOMIIOHEHTH 3a6e311evyi0Th CTBOPEHHS APi6HO3€pHUCTOI Ta PIBHOMIPHOI CTPYKTYPH IOKPUTTIB, 110
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(a30BOro CKiIady, CTPYKTYPH Ta MEXaHIYHUX BJIACTUBOCTEN OTPUMAHUX ITOKPUTTIB. OCO6JIMBY yBary MpUIieHO
BILJIUBY TPaHyJIOMETPAYHOTO CKJIAZly, TEMIIEPATyPHUX PEKMAMIB, MIBUAKOCTI KpUCTai3alii Ta piBHOMIPHOCTI
posmnoginy Mogudikyrounx KOMIIOHEHTIB Ha €KCIIyaTalliiiHi XapaKTepUCTUKYU [IOKPUTTiB. EKciepuMeHTaIbHO
MigTBEPIKEHO, 10 HOBA TEXHOJIOTIS NO3BOJISIE€ NOCATTH MiABUILEHHS pecypcy gertaneit 1o 40% y nopiBHAHHI 3
TPaAULIifHUMU METOJJAMU BiJHOBJIEHHS. [10J1bOBi BUTPOOYBAaHHS BifHOBJIEHUX AETaJleil, TAKUX SIK KYJIbTUBATOPHI
JIany Ta TUTY>KHi JIeMilll, MoKas3auy 3HaYHe 3HWKEHHS abpa3rBHOIO 3HOUIYBAHHS Ta HAIlpallOBaHHS 6€3 BTPAaTH
MEXaHIYHUX BJIaCTUBOCTEN. Y pe3yJIbTaTi BiJHOBJIEH] JleTasli I€MOHCTPYIOTb BUCOKY €(PEKTHUBHICTb HaBiTh Yy
CKJIQJIHUX YMOBAX, TaKUX SIK BaXKKi Ta KaM'SIHUCTi I'PyHTU. [IpoBeieHi eKCIIepUMEHTH MiATBEPAUIIN CTAbiIbHICTDb
OTPUMAaHUX [TOKPUTTIB, IXHIO CTilKiCTh 0 AMHAMIYHUX HABAaHTAKE€Hb Ta BIVIMBY arPECUBHUX CEPENOBULL, 1110
pPOOUTS iX MPUAATHUMU [J15 LIMPOKOTO BIPOBAIPKEHHS B CY4aCHOMY arpolpOMKCJIOBOMY BUPDOOHULTBI. Pe3ynbraTi
IOCJIiIKEHHS TAKOX CIPUSIIIM PO3POOLI HOBUX TEXHIYHUX MiTXOMiB O BUTOTOBJIEHHS IOPOIIKOBUX OPOTIB 3
[IOKpaLeHUMHU XapaKTEPUCTMKaMU. BCTaHOBJIEHO palliOHa/IbHi IapaMeTPU CIIiBBiJHOIIEHHS KOMIIOHEHTIB IUXTU Ta
TEXHOJIOTIYHMX PEKMMIB HaIJIaBJIEHHS, BKJIIOYAI0YM LIBUIKICTb [10a4i IPOTY, TEMIIEPATYPy LIJIAKOBOI BAHHH,
KOHTPOJIb KpUCTaJli3allii MeTasny Ta METOJIA OXO0JIOIKEHHS. Lle m03B0INnII0 HOCATTH 6ibLIOi ONHOPiAHOCTI
IIOKPUTTIB, MiHIMi3yBaTu MOXJIMBI AedEKTU Ta 3a6€3[1eYUTU TPUBAJTY CTIMKICTb 10 3HOUIYBaHHS. [IpakTUYHe
3HAYEHHS POOOTH IOJISITa€ Y CTBOPEHHI YHIBEpPCaIbHOTO MifIX0Ay O 3MIiIJHEHHS Ta BiIHOBJIEHHS AeTaslel, SKUI
3abe3nevye 3MEHIIEeHHs! eKCIITyaTaliffHUX BUTPAT, CKOPOUYEHHSI IIPOCTOIB TEXHIKU Ta MifBUIIEHHS ii
[IPOAYKTUBHOCTI. 3aCTOCYBaHHS 3aIIPOIIOHOBAHUX TEXHOJIOTIN [O3BOJISIE€ 3HU3UTH CIIOKMBAHHA MaTepiais,
3MEHIIMUTH KiJIbKiCTb BiIXOZiB, CIIpHUsi€ €KOJIOTi4Hiil 6e3Meli BUPOOHULITBA Ta 3HAYHO MIOKpallye €KOHOMIiYHi
NIOKa3HMKYU arpolpoOMMUCIIOBOTO KOMILIEKCY. JlucepTauiiiHa po60Ta € BaKJIMBUM BHECKOM y PO3BUTOK
MaTepiaso3HaBCTBA Ta iHKeHepii moBepxoHb. OTPUMaHi pe3yJIbTaTH MOXYTh OyTH BUKOPUCTAaHI HE JIULIE B
CiZIbCBKOMY TOCIIOJAPCTBI, a i1 y MAIIMHOOYAYyBaHHi, FipHUYill IPOMUCIIOBOCTI, EHEPreTUYHOMY CEKTOPI Ta iHIUX
ranyssix, o NoTpebyoTh BUCOKOI BHOCOCTIMKOCTI Ta JOBrOBIYHOCTI JieTasell. BnpoBaisKeHHS HOBITHIX T€XHOJIOTi
BiZIKpMBa€ MOXKJIMBOCTI [1JIs1 CTBOPE€HHS aJJalITOBAHUX O KOHKPETHUX YMOB €KCILIyaTallii IOKPUTTIB, Ki
BiZ[IOBiJAIOTh Cy4YaCHUM BUMOTaM SKOCTi Ta €KOJIOTIYHOCTI. Y XOi BOCiI)KEHb BUKOHAHO KOMIIJIEKC
€KCIIepUMEHTAJIbHUX, TEOPETUYHUX Ta IPAKTUYHUX POOIT, CIIPSIMOBAHMX HA BL,OCKOHAJIEHHS TEXHOJIOTI
eJieKTpousiakoBoro HariasneHHs (EIIH) 3 BuKopuctaHHAIM MOIMDiKyI0YUX IPUCALOK AJ18 MiBULLEHHS
3HOCOCTIMKOCTI Ta JOBrOBiYHOCTi pOOOYMX OpraHiB CijIbCbKOTOCIIOAPChKOI TeXHIKU. JJabopaTOpHi €KCIIEPUMEHTHU
OXOILIIOBAJIM METANOrpadiuHmil aHali3 CTPYKTYpU MOKPUTTIB, OLIHKY (Pa30BOT0 CKJIaZy, OOCHiIKEHHS TBEPIOCTi,
3HOCOCTIMKOCTi Ta TEPMiYHOI CTabiIbHOCTI OTPUMaHUX MaTepiasiB. BusaHaueHo, 110 BUKOPUCTAHHS TaKUX
MoIMpiKy0unX KOMIIOHEHTIB, SIK Kap0Oigy XpoMy, Hio6il0 Ta OKCUAM aJIIOMiHIlO, cripusie GOPMYBaHHIO
IPiGHO3EPHUCTOI CTPYKTYPU ITOKPUTTIB, 110 3a6€3I1e4ye BUCOKY MEXaHiYHY MIlJHICTb, CTIMKICTb O YTBOPEHHS
TPIlIMH i TPUBaNNil €KCITyaTaliiiHuii pecypc getasneil. Ha 0OCHOBI TeOpeTUYHUX AOCiIKEHD, 30KPEMA pO3po6Li
ONTMKO-MAaTEMAaTUYHOI MOJIeJIi JeSIKUX CTPYKTYP, SIKa [PYHTYEThCS HA ITOEJHAHHI ONTUYHOI Bidyasisarii Ta
[oJiaJIblii MaTeMaTU4YHiN 06poO6Li OTPUMAHUX 300paKeHb 181 KilbKiCHOI OLiHKM (pa30BOro ckuany i mopgouiorii
3€PEH BHAETHCS ieHTUPIKYBAaTH PO3NOIiJ TBEPLOPO3YMHHUX (a3, BULIIMTY 30HU 3 MOAU(DIKOBAHOIO
MIKPOCTPYKTYPOIO i1 BCTAHOBUTH XapaKTePHi 03HaKM (POPMYBaHHS 3€PEH y MTPOLIECi €JIEKTPOLIIAKOBOTO
HarutaByieHHs. [10/1bOBi BUIPOGYBAaHHS ITPOBEIEHO HA JETaJsIX, BiIHOBIEHUX 3a PO3POOJIEHOIO TEXHOJIOTI€I0,
30KpEMa Ha KyJIbTUBATOPHUX JIAMNAX i IJIy)KHUX JIeMilax. YMOBU pOOOTH BKJIIOYAJIM iIHTEHCUBHUM BILJIUB
abpa3MBHOrO CEPelOBUILA BAKKUX i KAM'SIHUCTUX I'PYHTIB. Pe3ysibTaTy oKasasu, 10 3alpOIIOHOBaHi MOKPUTTS
3a0e3neuyioTh 10 40% mnifnBUlLIeHHS eKCIyaTalifHOTo pecypcy AeTajell OPiBHSIHO 3 TPAAULIMHUMU MEeTOaMuU

BiJTHOBJIEHHSI.

2. The dissertation is aimed at finding ways to solve the urgent problem of increasing the wear resistance and
service life of parts operating under conditions of significant abrasive wear. The work is devoted to the
development of a new technology for strengthening agricultural machinery parts based on the study of innovative
methods of using modifying additives and electroslag surfacing. In the course of the study, a comprehensive
analysis of modern methods of restoring parts used in agricultural machinery was carried out, and the
shortcomings of existing technologies were identified. Based on the data obtained, a new surfacing technology has



been developed that includes the use of flux-cored wires with the addition of modifying additives such as carbides
of chromium, niobium and aluminium oxide. These components ensure the creation of a fine-grained and uniform
structure of coatings, which increases their wear resistance, hardness and resistance to high temperatures. The
research included the study of the phase composition, structure and mechanical properties of the resulting
coatings. Particular attention was paid to the effect of particle size distribution, temperature conditions,
crystallisation rate and uniformity of distribution of modifying components on the performance characteristics of
the coatings. It has been experimentally confirmed that the new technology allows achieving an increase in the
service life of parts up to 40% compared to traditional methods of restoration. Field tests of the remanufactured
parts, such as cultivator tines and ploughshares, reduction in abrasive wear without loss of service life or
mechanical properties. As a result, the remanufactured parts demonstrate high efficiency even in difficult
conditions such as heavy and stony soils. The experiments confirmed the stability of the coatings, their resistance
to dynamic loads and aggressive environments, which makes them suitable for widespread use in modern
agricultural production. The research results also contributed to the development of new technical approaches to
the manufacture of cored wires with improved characteristics. Optimal parameters for the ratio of charge
components and surfacing processes, including wire feed rate, slag bath temperature, metal crystallisation control
and cooling methods, were established. This made it possible to achieve greater uniformity of coatings, minimise
possible defects and ensure long-term wear resistance. The practical significance of the work is to create a
universal approach to the strengthening and restoration of parts, which reduces operating costs, reduces
downtime and increases productivity. The application of the proposed technologies reduces the consumption of
materials, reduces the amount of waste, promotes environmental safety of production and significantly improves
the economic performance of the agro-industrial complex. This thesis is an important contribution to the
development of materials science and surface engineering. The results obtained can be used not only in
agriculture, but also in mechanical engineering, mining, the energy sector and other industries requiring high wear
resistance and durability of parts. The introduction of the latest technologies opens up opportunities to create
coatings adapted to specific operating conditions that meet modern quality and environmental requirements. In
the course of the research, a set of experimental, theoretical and practical works was carried out aimed at
improving the electroslag surfacing (ESR) technology using modifying additives to increase the wear resistance and
durability of agricultural machinery working bodies. Laboratory experiments included metallographic analysis of
the structure of coatings, evaluation of the phase composition, study of hardness, wear resistance and thermal
stability of the obtained materials. It has been determined that the use of such modifying components as
chromium carbides, niobium and aluminium oxides contributes to the formation of a fine-grained coating
structure, which ensures high mechanical strength, resistance to cracking and a long service life of the parts.
Based on theoretical studies, including the development of an optical and mathematical model of some structures
based on a combination of optical imaging and subsequent mathematical processing of the obtained images to
quantify the phase composition and morphology of grains, it is possible to identify the distribution of solid-soluble
phases, identify zones with modified microstructure and establish the characteristic features of grain formation in
the process of electroslag surfacing. Field tests were carried out on parts refurbished using the developed
technology, including cultivator tines and ploughshares. The working conditions included intensive exposure to
the abrasive environment of heavy and stony soils.
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