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1. Inceprauis Ha 3M06YTTSI HAYKOBOTO CTyIEHs JOKTOpa (pinocodii 3a cnenianpHicTio 132 "Marepiano3HaBcTBo"
(13-MexaniyHa iHxxeHepis). — [Jonbacbka JepkaBHa MalIMHOOYiBHA akanemisi, KpamaTtopcebk; HanionanpHUM
TeXHIYHUI YHiBepcUuTeT "XapKiBCbKUI MOJITeXHIYHMI iHCTUTYT", XapKiB, 2021. O6’€eKTOM [OCIIiIpKEHHS € IIPOLIEC
3MilHEHHS Ta BiJHOBJIEHHS JeTajlell MalluH IIepepoOKY TBEPAUX KOPHUCHUX KOIAJIUH LIJISIXOM HalJlaBeHHs
CaMO3axXMCHUM TTOPOIIKOBUM JIPOTOM 3 €K30TEPMIYHOIO 106aBKOI0. [IpenmMeToM JOCiIKeHHS € 3MillHIOIOUMI
CIIJIaB Ta 3BapPIOBAJIbHO TEXHOJIOTiUHI BJIACTUBOCTI CAMO3aX1CHOTO [TOPOLIKOBOTO JPOTY 3 €K30TEPMIUYHOIO J0OaBKOIO
y CKJIaJli HAalIOBHIOBA4a, 10 3a6e31edye NiJBULIEHHS eKCIUTyaTaliliHOi CTiIKOCTi HaIlJIaBJIEHOTO METaJly 10
abpa3rBHOrO Ta KOPO3ifHOr0 3HOIYBaHHS. Halbinbll po3OBCIOIKEHOI0 TEXHOJIOTIEI0 BiHOBIEHHS TaKUX JeTajen

€ eJIEKTPOAYroOBe HalJIaBleHHs. Ha TenepimHii yac nigBUIy0TbCS BAMOTU 10 HAIJIABJIEHUX JieTanei. Jlucepranis



IIPUCBSY€HA BUPIIIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIUHOI IPO6IEMH, @ cCame PO3POOLi 3HOCOCTIMKOTO CIIJIABY IJIst
3MilJHEHHSI Ta BiIHOBJIEHHS! pOOOYMX [IOBEPXOHb JleTajlell MalluH I1epepoOoKY TBEPAUX KOPUCHUX KOIAJINH IIISIXOM
HaIJIaBJIIOBAaHHS CaMO3aXHUCHOro nopoukosoro aporty (CI1]I) 3 eksorepmiuHoio nobdaBkoio CuO - Al y ckiani
HAIOBHIOBAava. B slitepaTypHUX IpKepesiax BiICyTHI AaHi 00 HEJOCTATHbO NOCIiIKEHO BIUIUB €K30T€PMidHO]
nobaBku CuO - Al, o BXOOuTh 10 CKJIaly HallOBHIOBAaYa IIOPOIIKOBOTO APOTY Ta XapaKTep JieryBaHHS
HAaIJIaBJIEHOTO MeTaJly Mifififo Ta TPUOOJIOTiUHI BJACTUBOCTI 3MIIJHIOIOUOro 1apy. Y nepuomy po3aisi BUKOHaHUMN
AQHaJIITUYHUH OIJIS], CTAaHy IMTAaHHS 1 O6I'PYHTOBAHO BUOIp HANpsSIMy AOCIiIpKeHb. [I[poBeieHni aHali3 Cy4acHOro
[IOIJIAy HAa BUMOTH, CTOCOBHO ITOKAa3HMUKIB, SIKi XapaKTepu3yIOTh HallJlaBjleHn MeTasl. HaBegeHo orisap cy4acHoi
JliTepaTypu BiIHOCHO CHCTEM JieryBaHHS MeTany. OGIpYHTOBAHO, 110 [10Jajbllle IiIBUILIEeHHS 3BapI0BaIbHO~
TexHoJIoTiYHuX BaacTuBocTeil CI1]] Ta TpuboIOriYHMX BAACTUBOCTEN HAIJIABJIEHOTO METAJy MOJKJIMBE 32 PaxyHOK
ek30TepMiuHoi 106aBku CuO-Al, sika BXoguTh 00 KoMmnosulii HarosHioBava CI1JI. Ipyruit po3nin «Bubip HanpsMKis,
METOJIMK Ta O6JIaIHAHHS JOCIiIPKeHb» IPUCBSYEHO BUBUCHHIO WITATHUX i OPUTiHAJIbHUX METOJIMK BUIIPOOYBaHb, 1[0
rapaHTyBayiy 6 JOCTOBIpHICTb OTPMMaHUX pe3yJIbTaTiB, Ta 3a0€3e4yBajy BilTBOPIOBAHICTh OTPUMAaHUX Pe3YJIbTaTiB
IHIIMMU JOCJIiTHUKaMU. 3aliPONIOHOBAaHI HOBI METOIUKY JOCJIIIPKEHbD, 10 AO3BOJISIOTh OL[iHUTU TEIJIOBUI BKJIALL
€K30TepMiuHMX 106aBOK Ha nasyieHHs CI1J] Ta BUBHAUUTU TEMIIEPATYPY MPOTiKaHHS MOXKINBOI €K30TEPMiYHOI
peaxuii y HannoBHIoBaui CI1]I. Tpertiii po3in "['0I0BHI HANPSIMKKM ONTUMI3allii CKIaQy CaMO3aXxUCHOTO MTOPOIIKOBOTO
IpOTY" IPUCBIYEHUN TEPMOIUHAMIYHUAM JOCJiIKEHHSIM OL[iHKU NPOTIiKaHHA peaKlill y KOMIIO3WIlii HallOBHIOBA4a
[IOPOLIKOBOTO APOTY Ta TEPMOJMHAMIYHMM PO3paxyHKaM cKiagy ¢as 3a JOIOMOroI0 IPOrPaMHOr0 IPOLYKTY
Thermo. Biepie npoBeieHi KOMIJIEKCHI AOCIiIKEHHS BIUIMBY OKPEMUX I1apaMeTpiB peXXUMiB HaIlJIaBJIEHHS Ta
KiJIbKOCTi eK3oTepMidHOi fobaBku (CuO-Al) B oceppi HanoBHIoBaya CIIJ] Ha MOKa3HUKY IJIaBJIE€HHS, T€OMETPil0
HaIJIaBJIEHOT O BaJIMKa, 3BapIOBAJIbHUI CTPYM Ta e(EKTUBHY TEIJIOBY IIOTY>KHiCTb. OOpaHi ONTUMaJbHi 3HAU€HHS
IIapaMeTpiB HaIJIAaBJIEHHS Ta OOIPYHTOBAHI MeXXi 0laBaHHs eK30TepMidHOi fo6aBku CuO-Al. YeTBepTuil po3ain
"[JoCiIKeHHS BIJINBY €K30TEePMIYHOI 1OGABKY HA TEIJIOBUII CTaH BUJIUTY CAMO3aXHCHOTO IIOPOIIKOBOTO IPOTY"
IIPUCBSYEHUH IOCTII)KEHHIO BIIJIMBY KOMII03ULlii HanoBHIoBava CI1]] Ha NOKa3HMKM IJIaBJIeHHs Ta KoediljieHTn
3aCBOEHHS JIETYIOUUX €JIEMEHTIB. JI0CIIiIPKEHO BIJINB KOMIIO3ULlii HAalIOBHIOBA4a HA MIOKA3HUKY IJIaBJIEHHS,
Koe(illieHTy BifHOBJIEHHS JIETYIOUOTO €JIEMEHTY Ta KOoeillieHT 3aCBOEHHSI JIETYIOUMX €JIEMEHTIB.
ExkcriepyMeHTaIbHO Ta pO3paxyHKaMU IiITBEPAKEHO JIETYBAHHS HAIJIABJIEHOTO MeTaly Minaro. Ha migcrasi
OTPUMAaHUX €KCIIEPUMEHTAILHUX JAHUX [100y10BaHi MaTEMaTUYHi 3aJ1€)XKHOCTI BIIJIMBY 3a3HAYEHMX YAHHUKIB Ta
obpaHi ix onTuManbHi 3HaUeHHS, mwo ckianu: EN=33..39%, CuO /Al=3,75...4, CuO /C=5...5,25. [T'aTuii po3nin
«JlocimkeHHsT MeXaHiYHUX Ta TPUOOJIOTIYHUX BJIACTUBOCTEN BIIOCKOHAJIEHOI'O CAMO3aXHUCHOTO TIOPOIIKOBOTO
IpOTy» NPUCBSTYEHUI LOCIIIPKEHHIO i IOPiBHSIHHIO IOPOIIKOBOro Apoty mapku CI1[I-200X15CIT'PT, mo
3aCTOCOBYETBCS ITPY BiITHOBJIEHHI €Tajlell MAIlIVH 4J1s1 IEPEPOOKY TBEPAMX KOPUCHUX KOIAJIMH, 3
€KCIIepUMEHTAJIbHUM IIOPOLIKOBUM APOTOM 3 €K30TePMIiUHOI0 f06aBKo0 CuO-Al B ckiafii HaroBHIOBAYa.
[TpoBeneHi ekciepuMeHTaIbHI JOCiIpKeHHS [T0Ka3asly, 10 BBeIeHHs eK30TepMiuHoi o6aBku CuO-Al no ckiany
HAIOBHIOBaYa IIOPOIIKOBOTO POTY 3HIXYE PO3MIp 3€pHa HAIJIaBJIEHOTO METaJly Ta IIO3UTHUBHO BILJIMBAE Ha PO3Mip i
MOpP(oJIOrie HEMETANIEBUX BKJIIOYEHD B HAIIJIABJIEHOMY MeTali. [IopiBHsIbHI TpU6OJIOTiYHI BUIPOOYBaHHS
3aCBiAYMIIY MiABULIEHHS CTIMKOCTI 10 abpa3uBHOIO 3HOLIYBAHHS 3aKpPillJIEHMM Ta HE3aKpiljieHM abpasruBoMm y 1,52
Ta 1,63 pasiB BifIOBiNHO, 110 NiATBEPIKYETHCS IPOBEEHUMU IPOMUCIOBUMY BUIIPOOYBAaHHAMMU. Y nucepTalii
HaBeJIEHO HOBi HAYKOBO OOI'PYHTOBAHi PO3POOKM B 00J1aCTi TEXHOJIOTI, MaTepiasliB 1 BilHOBHOT'O HAIJIABJIEHHS
3y6iB KPOKYIOUMX Ta Kap'€pHUX €KCKABaTOPIB, sKi 326€31e4yI0Th MiBUIIEHY CTilKiCTb 10 a6pa3MBHOTO 3HOIIYBaHHS

Ta SIKICTh HAIJIaBJIEHOTO METaJly 32 PaxyHOK BeJ€HHS eK30TepMIiYHOi 106aBKu 10 CKIany HanoBHioBava CIIJI.

2. The dissertation on competition of a scientific degree of the doctor of philosophy on a specialty 132 "Materials
science" (13 - Mechanical engineering). - DSEA of Ukraine, Kramatorsk, 2021. The object of the study is the process
of hardening and renovation of parts of solid mineral processing machines by hardfacing with self-shielded flux-
cored wire with an exothermic addition. The subject of the study is the hardfacing alloy and hardfacing
technological properties of self-shielded flux-cored wire with an exothermic addition, which increase the
operational resistance of the deposited metal to abrasive and corrosion wear. Hardfacing is the most widely-used
technology for such parts renovation. At present, the requirements to welded parts operating in these conditions



are increasing. The dissertation aim is to solve the actual scientific and technical problem, as follows: development
of the self-shielded flux-cored wire electrode (FCAW-S) with an exothermic addition CuO-Al in the core filler for
hardening and renovation of working surfaces of machines parts for processing of solid minerals. There is a lack of
data and studies in literature sources concerning influence CuO-Al exothermic addition to the core filler and
alloying of deposited metal by copper and tribological properties of deposited metal. This is expected to be a
significant margin to increase the service life of the parts subject to wear. The first section represented an
analytical review of the issue and grounding of the research line choice. Modern view at the requirements to be
met were analized, as well as the deposited metal characteristics. A review of modern literature on metal alloying
systems is presented. It is substantiated that further improvement of welding and technological properties of
FCAW-S and tribological properties of deposited metal is possible due to exothermic addition CuO-Al, which is
included in the composition of the core filler. The second section "Choice of lines, methods and equipment of the
researches" described the study of standard and original test methods which canprovide avalidity of the received
results and reproducibility of the results by other researchers. New research methods are proposed to estimate
the of exothermic addition addition in to the core filler during melting of self-shielded flux-cored wire and to
determine the temperature of a possible exothermic reaction in the core filler. The third section "Main directions
of the self-shielded flux-cored wire composition optimization" described the thermodynamic studies of evaluation
of reactions behaviour in the flux-cored wire core filler, and thermodynamic calculations of phase composition
using the software Thermo.For the first time, multi-method researches of influence of some hardfacing mode
parameters and the amount of exothermic addition (CuO-Al) in the core filler during FCAW-S on melting
parameters, geometry of the weld bead and heat input were conducted. The optimal values of the hardfacing
parameters were selected. The limits for exothermic addition CuO-Al addition were grounded. The fourth section
"Investigation of exothermic addition influence on the thermal state of self shielded flux-cored wire electrode”
presented the study of the influence of the self shielded flux-cored wire filler composition on melting indicators
and recovery rate of alloying element. An influence of the core filler composition on the melting indicators, alloy
recovery efficiency and alloy transfer efficiency of alloying elements was investigated. An alloying of deposited
metal by copper was confirmed experimentally and based on calculations. Mathematical relationships of specified
factors influence were built and their optimal values were chosenbased on the received experimental data, as
follows: E[1=33..39%, CuO /Al=3,75...4, CuO /C= 5...5,25. The fifth section "Investigation of mechanical and
tribological properties of advanced self shielded flux-cored wire electrode" presented the study and comparison of
FCAW S 200Cr15SilMnBTi used during revamping of machine parts for processing of solid minerals with
experimental flux-cored wire electrode with the introduction of exothermic addition CuO-Al in the core filler.
Experimental studies have shown the following: the introduction of exothermic addition CuO Al to the core filler
reduced the grain size of deposited metal and had a positive effect on the size and morphology of non-metallic
inclusions in the deposited metal. Comparative tribological tests showed an increase in resistance to abrasive wear
by two-body and three-body abrasive wear test in 1.52 and 1.63 times correspondingly. The dissertation presented
new scientifically grounded developments in the field of technology, materials and restorative hardfacing of teeth
of walking and mine draglines, providing increased resistance to abrasive wear and improvement of deposited
metal quality due to the introduction of exothermic additions in the core filler at FCAW-S.
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