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Pedepar:

1. luceprauis npucBs4YeHa BUPIIIEHHIO aKTyaJlbHOI HAYKOBO-AOCIiIHUIIBKOI Ta HAYKOBO-TIPAaKTUYHOI 3a1a4i, sIka
IIOJISITA€ Y MOZIEJIIOBAHHI Ta AOCJIIPKEHHI 0COOIMBOCTEN CTPYKTYPOYTBOPEHHSI 3HOCOCTIMKUX IIOKPUTh Ha OCHOBI
cucrtemu Fe-Ti-B-C 3 nogaBa"HsSIM Mo, 3 BUKOPHCTaHHSIM YXCTHUX IIOPOIIKIB METAJIiB, TAa OTPMMAHHI Ha OCHOBI 1ii€i
CHCTEMU MaTepiasy 3 MigBUINEHOIO CTIMKICTIO B yMOBax abpa3uBHOI aii. [IpoBeneHo aHasi3 HAyKOBOI JliTepaTypH,
IIOJI0 CHCTEM, IO 3aCTOCOBYIOTBCH SIK OCHOBA JJ151 €JIEKTPO/iB, TPU3HAYEHUX J1J11 BiTHOBJIEHHS Ta IiIBUILEHHS
3HOCOCTIVKOCTI AeTaneil obaiHaHHS, o Ipalloe B yMOBaxX iIHTEHCUBHOI abpa3uBHOI 1ii. Po3risiHyTO cydacHui
PHHOK €JIEKTPO/1iB BUPOOHUKIB Pi3HUX KPaiH, 10 IPOMNOHYIOTh €JI€KTPOAU [7Is1 BiTHOBJIEHHS TaKOTO 06J1alHAHHSL.

BcTaHOoBJIEHO, 1110 GiIbLIICTh HAYKOBLIB Ta BUPOOHUKIB CIIPSIMOBYIOTH OCJIiIP)KEHHS Ta PO3POOKY 3HOCOCTIMKUX



MarepiaziB Ha ocHOBI cucremu Fe-Cr-C, gKa XapaKTepu3yeThCs BUCOKOIO TBEPLICTIO, IPOTE TaKa TBEPLICTh
320€3Me4yeThCs 32 PaXyHOK KPUXKOCTI CTPYKTYPH, SIKA CKIIAJAETHCS 3 KPYITHUX KapOiiB XpoMy Ta KPUXKO]
eBTeKTUKU. [JobaBku 60py Ta meTanis Mo, Ti, V, W, Nb, Ta, B ocHOBHOMy, HanipaBjieHi Ha POpMyBaHHs OiJIbIl
PiBHOBa>XXHOI CTPYKTYPH Ta MifBUILEHHS (i3UKO-MEXaHIYHUX BIACTUBOCTEN CTPYKTYPHUX CKJIAJIOBUX, IPA YOMY,
npouecy GOpMyBaHHS CTPYKTYPH 3aJIMINAIOTHCSI HE3MiHHUMH, IO 3aJIMIIA€ aKTyaJIbHUM [IUTAHHS ITOMIYKY
JIbTEPHATUBHOI CCTEMMU SIK OCHOBH [1J11 BUTOTOBJIEHHS] 3HOCOCTIKMX MaTepiasiB. PO3ryISIHYTO epCleKTUBY
pocuigxeHHs cucremu Fe-Ti-B-C rta ii 3acTocyBaHHS, SIK OCHOBY, 117151 PO3POOKM 3HOCOCTIKOrO MaTepiaiy 3
BHCOKMMMU MOKa3HUKaMU (Pi3nKo-MexaHiYHMX BJIACTUBOCTEN Ta CTIMKICTIO B yMOBax IifIBUIIEHOTO HAaBAHTaKEHHS.
Tako>X BCTaHOBJIEHO, 110 3aCTOCYBAHHS BKa3aHOI CUCTEMMU JOLIJIBHE TiJIbKM IPU BUKOPUCTaHHI Ti y BUTJISA] YMCTOTO
IIOPOLIKY MeTay, Ha BiIMiHY Bif] IOMKXPEHOro MOro (Ta iHIKX Kap6ifoyTBOPIOIOYNX Ta 60PUI0YTBOPIOIOYUNX
MeTaiiB [V-VI rpynu nepiognyHoi cuctemu XiMiuHUX €J1eMEHTIB) 3aCTOCYBAHHS HAYKOBLSIMU Ta BUPDOOHMKAMU
€JIEKTPOLiB y BUIJISAL (PEPOCIIABIB. BAKOPUCTaHHS YMCTUX MOPOILIKIB METaJIiB B peakLilHii cymimi Me + B4C
3abe3neyvye 37iliCHeHHs Tak 3BaHOI in-situ peakuii mix 4yac oTpuMaHHsI [IOKPUTTS, 110 € IPUHIUIIOBO iHIIUM
MEXaHi3MOM CTPYKTyPOYTBOPEHHS HiX [leperIaBeHHs IIifl yac 3aCTOCYBaHHs (pepocCIlaBiB. BcTaHOBJIEHO 10
(isMKO-MexaHiuHi Ta eKCIlyaTalliliHi BJJaCTMBOCTI TAKMX MaTepiasliB € BUIIMMU HIX y MaTepiasliB, OTPUMAHUX 3
depocruiagis. [IpoBeeHO MOPIBHSIBHUI aHAJII3 METOiB OTPUMAHHS 3HOCOCTIMKOTO MOKPUTTS], 3 ITO3ULIIN
IIPOCTOTH BUKOHAHHS METOMY, EKOHOMIUHOI IOLi/IbHOCTI, IPOAYKTUBHOCTI, YACTOTH /SIKOCTi OTPUMAHOTO ITOKPUTTSL.
Cepe[;, pO3IJISIHYTUX [IOIINPEHUX Ta JEeSKUX CIeliaIbHUX METOLiB OTPMMaHHS 3HOCOCTIMKOTO MOKPUTTS, K
HaNGi/IbII YHiBEpCaTbHUM, IPONYKTUBHUM, TOLIbHUM 3 ITO3ULi ZOCHIIKEeHb Ta TAaKUM, 110 3a6€31edye BUCOKY
SIKICTb [TOKPUTTS1, 0OpaHO €JIeKTPOAYTroBe HaIlJIaBJeHHS [TOPOLIKOBUMU €JIeKTPOAaMH, TAaKOX Bijome sik FCAW
(Flux-Cored Arc Welding). Po3po6sieHo nocifiHi eeKTpoay 3 peakuiiiHowo cymimuio Me + B4C, ne Me cymim
qyucTuX nopoikis Metaiis (Ti + Mo) 30 %, aT., mpu KOHIeHTpaLisax Mosibaeny (B cymimi Ti + Mo): 0 %, 10 %, 20 %,
30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 %, 100 %, at. [IpoBeneHO NOCTiIKEHHS MIKPOCTPYKTYpH Ta (pa30BOro
CKJIaJly MaTepiajiB MeToJlaMU CKaHY04oi esieKTpoHHOi Mikpockornii (CEM) Ta peHTreH0(a30Boro aHasisy,
DOCTiIKeHHS Pi3MKO-MeXaHIYHUX BJIACTUBOCTEH, TEXHOJIOTIYHMX TAaPaMEeTPiB, 1a00PaTOPHI JOCiIKEHHS
mMarepiasiB Ipu pi3HUX yMOBax abpa3nBHOI Ta yapHO-a6pa3uBHOIi Aii. BUKOHaHO TepMOAMHAMIYHE MOJIEe/II0BaHHS
marepiazniB cuctemu Fe-Ti-Mo-B-C Ta po3po6sieHO TepMOgHaMiuHy 6a3y JaHux JaHoi cucteMu. Ha ocHOBI
3MOJ€JIbOBAaHUX JAHUX Ta iX iHTepIipeTallii 3 eKCllepuMeHTaJIbHUMU TaHUMU, BU3HAYEHHS (Pi3UKO-MeXaHiYHUX
BJIACTUBOCTEN, PE3YJILTATIB [IPOBEAEHUX €KCIIEPUMEHTIB BUBHAYEHO NOCIIHUN MaTepiall 3 HaBUIIMMU
KOMILJIEKCHMMM [TI0Ka3HUKaMu. Ha OCHOBI jaHOI crucTeMy po3po06eHO NapTilo eJIeKTPOiB, IPU3HAYEHY [JIS
BiZJHOBJIEHHS Ta MiJBUIIEHHS] 3HOCOCTIKOCTI 00J1alHaHHS, 110 Npallloe B yMOBax 3MilaHoi abpa3uBHoOi Aii 3 MeToo
arnpoo6atiii JocIiAHOro Marepiany B pealbHUX yMOBax po6oTu. [IpoBeieHO MPOMUCIIOBY anpoodaliiio po3pobieHnx
€JIEKTPO/IiB, sIKa MigTBEPANIIA PE3YIbTATH JIA00PATOPHUX BUNIPOOYBAHb T TEXHIKO-€KOHOMIYHY JOLiIbHICTD
3aCTOCYBaHHSI pO3pO0JIEHUX [TIOPOIIKOBUX eJIeKTpoiB Ha ocHOBI cuctemu Fe-Ti-B-C 3 nogaBaHHSIM Mo s
BiZJHOBJIEHHS Ta MiJBUIIEHHS] 3HOCOCTIMKOCTI JieTasiel, 1o NPaLlol0Th B yMOBaX iHTEHCUMBHOI aOpa3nBHOI [iii Ta
BHCOKHUX MUTOMUX i IMKJIIYHMX HaBaHTaXeHb. BCTaHOBJIEHO, 1110 3HOCOCTINKICTh pOOOYUX ITIOBEPXOHb HOXIB 11714
3HSTTS] KOPU 3 IEPEBUHU Ta CEKLill UTHEKiB IIPecy AJ1s1 BUPOOHULTBA OyZiBeIbHOI KOHCTPYKLIMHOI KepaMiku
HaIjlaBjleHa po3po6JIeHUMHU eJIeKTPOIaMU MifjBUIllye OBroBiuHicTh y 2,8 Ta 1,9-2,0 pa3y, NOpPiBHSHO i3 feTansamu,

Bi,EHOBJIeHI/IMI/I CepiI/uIHI/IMI/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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