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1. luceprauisg nprucBga4eHa BUPILIEHHIO aKTyaJbHOI HAyKOBO-HOCIiAHUIBKOI Ta HAYKOBO-TIPAaKTUYHOI 3a1ay4i, sfIKa
[IOJISITA€ Y MOZEJIIOBAHHI Ta JOCJIIPKEHHI 0COOJIMBOCTEN CTPYKTYPOYTBOPEHHS 3HOCOCTIMKUX IIOKPUTh HA OCHOBI
cuctemu Fe-Ti-B-C 3 nogaBanHsM Mo, 3 BAKOPDUCTAaHHSIM YUCTUX IIOPOLIKIB METAJIiB, Ta OTPUMAaHHI Ha OCHOBI Lji€i
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3HOCOCTINMKOCTI AeTajel o61afHaHH, 110 IPAIl0€ B yMOBax iHTEHCUBHOI abpa3uBHOi fiii. Po3risHyTo cydacHui
PHHOK eJIEKTPOZiB BUPOOHUKIB pi3HUX KPaiH, 110 IPOTIOHYIOTh €J1IeKTPOIY [JIsI BiTHOBJIEHHS TaKOTro O6JIaiHAHHSI.
BcTaHoBIIEHO, 1110 6iIbLIICTh HAYKOBLIB T2 BUPOOHUKIB CIIPSIMOBYIOTh OCIiI)KEHHS Ta PO3POOKY 3HOCOCTIMKUX
MarepiasiB Ha ocHOBI cucremu Fe-Cr-C, gKa XapaKTepu3y€eThCs BUCOKOIO TBEPLICTIO, IPOTE TaKa TBEPLICThb
3a6e311e4uyeThCsl 32 PaXyHOK KPUXKOCTI CTPYKTYPH, SIKA CKJIaIA€ThCs 3 KPYITHUX Kap6ifiB XpoMy Ta KPUXKOi
eBTeKTUKU. [JobaBku 60py Ta meTanis Mo, Ti, V, W, Nb, Ta, B ocHOBHOMY, HanipaBjieHi Ha POpMyBaHHs OiJbIl
PiBHOB2>XXHOI CTPYKTYPH Ta MifBUILEHHS (i3UKO-MEXaHIYHUX BIACTUBOCTEN CTPYKTYPHUX CKJIAJIOBUX, IPU YOMY,
npouecy GOpMYyBaHHS CTPYKTYPH 3aJIMMAIOTHCS HE3MIHHUMM, IO 3aJIMIIA€ aKTyaJbHUM [MATAHHS NTOMIYKY
aJIbTEPHATUBHOI CUCTEMMU SIK OCHOBH [1711 BUTOTOBJIEHHS 3HOCOCTIMKMX MaTepiasiB. PO3ryisiHyTO nepCreKTuBm
nocaigxeHHs cuctemu Fe-Ti-B-C ta ii 3acTocyBaHHS, sIK OCHOBY, 1J1s1 PO3POOKM 3HOCOCTIIIKOTO MaTepiasy 3
BMCOKMMM NOKa3HUKaMu (i3UKO-MEXaHIYHMX BJIACTUBOCTEN Ta CTiMKiCTIO B yMOBaX MiJIBULIEHOTO HABAaHTAKEHHSI.
TakoXX BCTaHOBJIEHO, 110 3aCTOCYBaHHSA BKa3aHOI CUCTEMMU IOLIJILHE TiJIbKY IPU BUKOpUCTaHHI Ti y BUTJIAA] YMCTOTO
IIOPOUIKY MeTaJy, Ha BiMiHY Bif] OmKUpeHoro Horo (Ta iHmuxX Kap6ifoyTBOPIOIOYNX Ta 60PUI0YTBOPIOIOYNX
meTaiis [V-VI rpynu nepioguyHoi cucremMu XiMiuHUX €J1eMEHTIB) 3aCTOCYBaHHS HAYKOBLSIMU Ta BUPDOOHMUKAMU
€JIEKTPOZiB y BUJISIAL (PEPOCIIABIB. BUKOPUCTAHHS YUCTUX MOPOILIKIB METAJIiB B peakLiiHii cymimi Me + B4C
3abesmneyvye 37iliCHeHHs Tak 3BaHOI in-situ peaxuii g 4ac oTpuMaHHSI [TOKPUTTS, L0 € IPUHIUIIOBO iHIIUM
MEXaHi3MOM CTPYKTYPOYTBOPEHHS HiX [leperlaBjeHHs IIif 4yac 3aCTOCyBaHHs epocIlaBiB. BcTaHOBJIEHO 1110
(isMKO-MexaHivuHi Ta eKCIlyaTalliliHi BJaCTMBOCTI TaKMX MaTepiaiiB € BUIIMMU HIXK y MaTepiasliB, OTPUMaHUX 3
depocniasis. [IpoBefieHO OPIBHSAJIBHMIM aHaJIi3 METOZiB OTPUMaHHS 3HOCOCTIMKOTO ITOKPHUTTS, 3 ITO3ULIN
IIPOCTOTH BUKOHAHHS METOy, EKOHOMIUHOI IOLi/IbHOCTI, IPOAYKTUBHOCTI, YACTOTH /SIKOCTi OTPUMAHOTO ITIOKPUTTSL.
Cepe[, pO3IJISIHYTUX [IOIIMPEHUX Ta JeSKUX CIeliaJIbHUX METOLiB OTPMMaHHS 3HOCOCTIMKOTO TOKPUTTS, K
HaN6iNbII YHiBEpCaTbHUM, IPOLYKTUBHUM, IOLIbHUM 3 MTO3ULi ZOCHIIKEHb Ta TAKUM, 110 3a6€31edye BUCOKY
SKICTb [TOKPUTTS, 0OpaHO eJIeKTPOAYTroBe HaIlJIaBJIeHHS [TIOPOLIKOBUMU €JIeKTPOAaMH, TAaKOX Bijome ik FCAW
(Flux-Cored Arc Welding). Po3po6sieHo nocifiHi eekTpoau 3 peakuiiiHowo cymimuio Me + B4C, ne Me cymim
yucTux nopoukis Metaiis (Ti + Mo) 30 %, aT., Ipy KOHLEHTpaLisx MosibaeHy (B cyMimi Ti + Mo): 0 %, 10 %, 20 %,
30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 %, 100 %, at. [IpoBeneHO JOCTiIKEHHS MIKPOCTPYKTYpH Ta (a30BOro
CKJIaJly MaTepiasiB MeToJlaMU CKaHY4oi eseKTpoHHOi Mikpockorii (CEM) Ta peHTreH0(a3o0Boro aHasisy,
IOCTiIKeHHS Pi3UKO-MeXaHIUHUX BJIAaCTUBOCTEH, TEXHOJIOTIUHMX [TapaMETPiB, 1ab00PaTOPHI JOCiIKEHHS
MaTepiasiB Ipy pi3HUX yMOBax abpa3uBHOI Ta yapHO-abpa3uBHOI Aii. BUKOHaHO TepMoAMHaMiuHEe MOZIEIIOBaHHS
marepiainiB cuctemu Fe-Ti-Mo-B-C ta po3po6seHo TepMmonrHamMiuyHy 6a3y naHux naHoi cuctemu. Ha ocHOBI
3MOJ€JIbOBaHUX JaHUX Ta iX iHTepIipeTallii 3 eKCriepuMeHTaJIbHUMU TaHUMU, BU3HAYEHHS (Di3UKO-MeXaHiYHUX
BJIACTMBOCTE, PE3YyJIbTATiB IPOBEIEHUX €KCIIEPUMEHTIB BUBHAYEHO JOCIiIHUI MaTepiaa 3 HAMBUILIMMU
KOMILJIEKCHMMU TIOKa3HMKaMu. Ha 0CHOBI 1aHOi cucTeMy PO3pO6JI€HO NAPTilo €1eKTPOLiB, IPU3HAYEHY IS
BiZJHOBJIEHHS Ta MiJBUIIEHHS 3HOCOCTINKOCTI 06Js1alHaHHS, 110 Npallloe B yMOBaX 3MilaHoi abpa3uBHoOi Aii 3 MeToo
arnpobatiii JocigHOro Marepiany B peajlbHUX yMOBax po6oTu. [IpoBeieHO MPOMUCIIOBY anpobaliiio po3pobieHnx
€JIEKTPOZB, SIKa MiATBEPANIIA PE3YIbTaTU JIAOOPATOPHUX BUIIPOOYBAaHb Ta TEXHIKO-€KOHOMIYHY JOLIIbHICTD
3aCTOCYBaHHSI PO3pO0JIEHUX [TIOPOIIKOBUX €JIeKTPoiB Ha ocHOBI cuctemu Fe-Ti-B-C 3 nogaBaHHSIM Mo s
BiZJHOBJIEHHS Ta MiJBUIIEHHS 3HOCOCTIMKOCTI JleTasiel, 1o MpalloloTh B yMOBaX iHTEHCUBHOI abpa3uBHOI [iii Ta
BHCOKUX NIUTOMUX i IMKJIIYHUX HaBaHTaK€Hb. BCTAaHOBJIEHO, 110 3HOCOCTIMKICTh POOOUMX TOBEPXOHDb HOXKIB 117151
3HSTTS KOPU 3 J€PEBUHU Ta CEKLill MIHEKIB IIPecy [1jis BAPOOHMLITBA OyAiBeIbHOI KOHCTPYKLINHOI KepaMiku
HarjlaBjleHa po3po0JIeHUMHU eJIeKTPOlaMU ITifiBUIIlye OBroBiuHicTh y 2,8 Ta 1,9-2,0 pasy, NOpiBHSHO i3 feTansamu,

BiﬂHOBJIeHI/IMI/I CepiP“IHMMI/I €JIEKTPOJaMU.

2. The dissertation thesis devoted to solving an urgent scientific-research and practical-scientific problem, which
consists in modeling and research of structure features formation of wear-resistant hardfacing coatings on the
basis of Fe-Ti-B-C system with Mo addition, with the use of pure metals powders, and receiving the material on
the basis of such system with increased durability in the conditions of long-term operation abrasive action. The
scientific literature analysis concerning the systems used as a basis for the electrodes intended for restoration and
increasing of wear resistance of details of the equipment working in the conditions of the increased abrasive



action is carried out. The modern market of electrodes of manufacturers of different countries offering electrodes
for restoration of such equipment is considered. It has been found that most scientists and manufacturers direct
research and development of wear-resistant materials based on Fe-Cr-C systems, which is characterized by high
hardness, but such hardness is provided by the fragility of the structure, which consists of large chromium
carbides and brittle eutectic. Additives of boron and metals Mo, Ti, V, W, Nb, Ta are mainly aimed at forming a
more equilibrium structure and improving the physical and mechanical properties of structural components, while
the processes of structure formation remain unchanged, which leaves the question of finding an alternative system
bases for the manufacture of wear-resistant materials. Prospects of research of Fe-Ti-B-C system, and its
application as a basis for development of wear-resistant material with high indicators of physical and mechanical
properties and stability in the conditions of the increased loading are considered. It was also found that the use of
this system is appropriate only when using Ti as a pure metal powder, in contrast to its common (and other
carbide-forming and boride-forming metals of group IV-VI of the periodic table of chemical elements) by scientists
and manufacturers of electrodes in the form of ferro powders. The use of pure metal powders in the reaction
mixture Me + B4C provides the implementation of the so-called in-situ technology during the production of the
coating, which is a fundamentally different mechanism of structure formation than remelting during the use of
ferro powders. It is established that the physical-mechanical and operational properties of such materials are
higher than those obtained from ferropowders. A comparative analysis of methods of obtaining a wear-resistant
coating, from the standpoint of simplicity of the method, economic feasibility, productivity, purity / quality of the
obtained coating. Among the considered common and some special methods of obtaining a wear-resistant coating,
as the most versatile, productive, feasible from the point of view of research and providing high quality coating,
chosen electric arc surfacing with powder electrodes, also known as FCAW (Flux-Cored Arc Welding).
Experimental electrodes with a reaction mixture of Me + B4C were developed, where Me is a mixture of pure metal
powders (Ti + Mo) 30%, at., At concentrations of molybdenum (in a mixture of Ti + Mo): 0 %, 10 %, 20 %, 30 %, 40
%, 50 %, 60 %, 70 %, 80 %, 90 %, 100 %, at. The study of the microstructure and phase composition of materials by
scanning electron microscopy (SEM) and X-ray phase analysis, study of physical and mechanical properties,
technological parameters, laboratory studies of materials under different conditions of abrasive and shock-
abrasive action. Thermodynamic modeling of materials of the Fe-Ti-Mo-B-C system is performed and the
thermodynamic database of this system is developed. On the basis of the modeled data and their interpretation
with experimental data, definition of physical and mechanical properties, results of the carried-out experiments
the research material with the highest complex indicators is defined. Based on this system, a batch of electrodes
was developed to restore and increase the wear resistance of equipment operating in conditions of mixed abrasive
action in order to test the test material in real operating conditions. Industrial testing of the developed electrodes
was carried out and confirmed the results of laboratory tests and technical and economic feasibility of using the
developed powder electrodes based on Fe-Ti-B-C system with the addition of Mo for restoring and increasing of
wear resistance of parts in the working conditions of intense abrasive wear and high specific and cyclic loads. It is
established that the wear resistance of the working surfaces of knives for removing bark from wood and sections
of press augers for the production of building ceramics deposited with developed electrodes increases the
durability by 2,8 and 1,9-2,0 times, compared with parts restored with serial electrodes.
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