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I. 3arasibHi BimOMOCTI
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2. Voitovich Andriy Andriyovuch

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi creniaIbHOCTI: 05.02.01
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Jata 3axHcTy: 31-05-2017
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Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliai30BaHOi BYE€HOI pagH): [ 35.226.02
IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOH: Disnko-mexaniynmii inctutyT im. I. B. Kaprienka HAH Ykpaiuu
Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: By Haykosa, 5, M. JIbBiB, JIbBiBCbKa 061., 79060, Ykpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxo KeHHs: 79013, Ykpaina, m.JIbBiB, Bys1. C.Bangepu, 12

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHyHHX PyOPHK: 81.09

Tema gucepranii:
1. lucniepryBaHHs CTPYKTYPU HaIjlaBileHux mapis cuctemu Fe-Cr-B-C g nigBuineHHs iX 3HOCOCTIMKOCTI

2. Dispersion over welded layers of the Fe-Cr-B-C system structure for increasing in their wear resistance

Pedepar:

1. letani mamuH, SIKi IPamoo0Th 32 Aii abpa3uBy Ta ylapHUX HaBaHTaKE€Hb, iIHTEHCUBHO 3HOIIYIOThCSA. s ix
BiJHOBJIEHHS PO3PO06JIEHO BEJIUKY KiJIbKiCTh MaTepiasliB, 30Kpema IOPOIIKOBi IPOTH, 110 JAIOTh 3MOTY MiABUILATU
CTEIliHb JIETYBaHHS HAIJIaBJIEHOTO METaJy i €(PEKTUBHICTb 1OT0 HallaBieHHs. [IOpOIKOBi IPOTH, SIKUMU
HaIJIaBJISAIOTh MEeTaJ 1711 pOOOTU B YMOBax abpa3nuBHOTO 3HOIIYBAaHHS ITif], yIAPHUMU HaBaHTaXXEHHSIMHU, JIETyIOTh
IIOPOTOBapTICHUMU €JIEMEHTaMU. Lle CyTTeBO BIIJIMBAa€ Ha BapTICTh BiHOBJIEHHS. BiTHOCHO JlelIEeBUM €
HansasneHu#t metain 3 [1]] cucremu Fe-Cr-B-C, mo Mae 3a710BijIbHy 3HOCOCTIMKICTb IIifi Yac abpa3nBHOrO
3HOIIIYBaHHS, OHAK, 32 [ii ylapHUX HaBaHTaXX€Hb OTPUMAaHI apyu pO3TPiCKYIOThCS, OCKIJIBKU 32 MiABUIEHOTO
BMICTY ByIJIeno i 60py B MeTaJli BUAIISAIOThCS JEeHIPUTHI roJIKONOiOHI BKIIoUeHHS 60puiB. ['0CcTpi KiHII rosIKOBUX
BKJIIOUEHD CJIYKaTb KOHLEHTPATOPAMU HAIIPY>KEHb, 10 CIIPUYMHSE PO3TPICKYBAHHIO 32 YAAPHVX HABAHTAKEHb.
3HOCOCTINKICTh HAIJIABJIEHOTO METaJy i IOro OMipHICTh 4O PO3TPICKYBaHHS 3POCTA€E 3 O PiOHEHHSIM OOPULHUX
BKJIIOY€eHb. ToMy, 1106 OTPUMATH 3HOCOCTIMKMIA AP 3alpOIIOHOBAHO Mij Yyac HariasneHHs [1]] cucremu Fe-Cr-B-C
IIPUKJIAJATH 330BHI 10 niaxianku Bidpauito yacroroo 100 I'y i ammiitymoto 0; 70; 300 Mkm. JlocimkeHo, 1o



rOpU30HTaJIbHA Bibpallisi BIIJIMBA€E HA NOJPIOHEHHS OOPUIHUX BKJIIOYEHD: IXHiil cepeHiil fiameTp 3MEHIIYeTbCS 3
175 1o 5 MKM, a TaKOX Ha repepo3mnoain ¢as: niABUIyeThCs KislbKicThb TacTu4Hoi ¢pasu (FeCr)2B. Bacminok
IUCIIEPryBaHHS CTPYKTYPHUX CKJIQJOBUX 3MIHIOIOTHCSI MEXaHIYHi XapaKTEPUCTHKY, 30KPEMa, 3MEHIIYETbCS PO3KU],
IaHUX MIKpOTBEPAOCTI Ta nigBuinyeThes ii cepengHe 3HayeHHs Bin 600 go 780 HV, 3pocratote mogys IOHra i
OIipHICTh MaTepiayy NepecyBaHHIO IHAEHTOPa. S3HOCOCTIMKICTh HAMJIABJIEHOTO METAJy HaIJIABJIEHOTO 33
rOpu30OHTaJIbHOI Bibpauii ammityoo 300 MKM 3pociia y2,3-2,5 pasu i 4ac 3HOLIYBaHHS 3aKpillyIeHuM i
He3aKpiljieHMM abpasuBoM Ta y 2,8 pasiB 3a 3HOIIYBaHHS YAAPHUMY HaBaHTaXEHHMU. [1J1s BiTHOBJIEHHS Ta
3MiIJHEHHS BeJIMKOrabapyuTHUX JieTajieil 3aIpOIIOHOBAaHO BBOAUTU NTopouoK [TAM y muxty I1]] 115 migBUIneHHS
3HOCOCTINKOCTI HarjaBjaeHoro metany cucrtemu Fe-Cr-B-C. Lle nocnpusizio gucriepryBaHHIO 00PUIHUX BKIIIOUEHb
cepeHii, miaMeTp SIKUX 3MeHIMBcs 3 70 1o 5 MKM. Y CTPYKTYpi HamiaBieHoro Metany cucremu Fe-Cr-B-C
BUJIIJIIOTHCS BKJIIOUEHHS CKJIaHOJIETOBAHUX HITPU/IiB po3MipoM MeHIIe 1 MKM, Yyepes 1110, CepeiHE 3HaUE€HHS
MiKpoTBephocTi nigsumyertsces Bif 700 o 900 HV 3HocoCTiliKiCTh HAlIaBIaBIEHOTO METaly 3pocTae 1,5 3a

3HOLIYBaHHS 3aKpillyIeHUM i He3aKpiljeHUM abpa3ruBOM Ta BII4i 32 3HOLIYBaHHS Mifl ylapHUMU HaBaHTaKEHSIMU.

2. Machine parts that operate under abrasive actions and shock loads wear out intensively. A large number of
materials have been developed to restore them, in particular, flux-cored wires (CW) that allow an increasing the
doping level and built-up metal efficiency. The flux-cored wires, by means of which a metal is built-up for work in
the conditions of abrasive wear under shock loads, are alloyed by expensive elements. It significantly affects the
restoration cost. The built-up metal with CW of the Fe-Cr-B-C system is much cheaper. It and shoas satisfactory
wear resistance at abrasive wear, however, the received layers crack due to under the action of shock loads, since
the dendritic needle-shaped inclusions of borides are extricated because of the increased content of carbon and
boron in the metal. The sharp ends of the needles inclusions serve as the tension concentrators, causing cracking
under the shock loads. Wear resistance of the built-up metal and its resistibility to cracking increases with
grinding of the boride inclusions. Therefore, to receive a wear proof layer, it is suggested to attach a vibration with
a frequency of 100 Hz and an amplitude of 0; 70; 300 microns from the outside to a support plate during welding
up of CW of Fe-Cr-B-C system. It has been investigated shown that horizontal vibration affects grinding of the
boride inclusions; their average diameter is reduced from 175 to 5 microns, as well as the redistribution of phases,
the amount of (FeCr)2B plastic phase increases. The mechanical characteristics change due to structural
components dispersion, in particular, the deviating of data of micro-hardness decreases and its average value
increases from 600 to 780 HV, Young's modulus and resistance of material to indenter movement increase. Wear
resistance of the built-up metal on horizontal vibration with an amplitude of 300 microns has increased by 2.3-2.5
times under the wear of fixed and unfixed abrasive and by 2.8 times due to wear under shock loads. For restoration
and strengthening of large-size parts, it is proposed to introduce PAM powder into the CW furnace charge for
increasing in wear resistance of the built-up metal of the Fe-Cr-B-C system. This has contributed to dispersion of
the boride inclusions, the average diameter of which has decreased from 70 to 5 microns. In the structure of the
built-up metal of the Fe-Cr-B-C system, inclusions of the complex alloyed nitrides are extricated with the average
size less than 1 micron. As a result, the average value of micro-hardness increases from 700 to 900 HV. Wear
resistance of built-up metal increases by 1.5 times by the wear with of the fixed and unfixed abrasive and by 2
times by the wear under shock loads.
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Penensentu

VIII. 3ak1104Hi BiZOMOCTI
BaacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

Biiacue IIpizBuie Im'sa I1o-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi
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[Tanacrok Bonogymup BacuiboBuy

[Tanacrok Bosnopumup BacunboBuy

IOpuenko T.A.



