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1. PO3BUTOK HayKOBUX OCHOB IIiJIBUILIEHHS €KCIUIyaTaLiiHUX BJIACTUBOCTEN JIETOBAHUX YaBYHIB BIIOCKOHAJIEHHSIM

XiMIYHOTO CKJIa[ly Ta OOpOOKOIO TOBEPXHI BUCOKOKOHLIEHTPOBAaHUMU JKepeJlaMy eHeprii

2. Development of the scientific basis of enhancing the operational properties of alloyed cast irons by improving
the chemical composition and applying highly concentrated energy sources for surface treatment. - Qualifying

work as a scientific report

Pedepar:

1. Incepranist Ha 3006YTTsI HAYKOBOTO CTYIEHs JOKTOpa TeXHIYHUX HayK 3a crelianbpHicTio 05.02.01 0
MarepianosHascTso (132 — MaTepianosHascTo). — [IBH3 «IIpua3oBcbkuil Aep>KaBHUIM TEXHIUHM YHIBEPCUTET»
MiHicTepcTBa ocBiTH i HayKM YKpainu, Mapiynosb; HauionanbsHuil yHiBepeuTeT «JIbBiBCbKa MOJIiTEXHIKa»
MinictepcTsa ocBitu i Hayku Ykpainwy, JIbBiB, 2023. V nucepTanii BupimeHa akTyajsbHa HAyKOBO-TEXHIYHA [Tpobiiema
NiABUILEHHS eKCIITyaTalliffHOI CTiMKOCTi MeTasIoBUPOOIB i3 6iJIMX JIeroBaHUX YaBYHIB TPUOOTEXHIYHOTO
[IpU3HaYeHHs. MeTa JOCIiIPKEHHS SOCITraeThCsl B pOOOTI 32 paxyHOK ONTUMIi3allii XiMiYHOTO CKJIafly CILJIaBiB Ta
3aCTOCYBaHHS 3MILIHIOBAJILHUX TEXHOJIOTIH 3 BAKOPUCTAaHHAM BMCOKOKOHLEHTPOBAHUX JIJKEPEJ eHeprii. BuB4yeHo

npouecy MoauQiKyBaHHS CTPYKTYPH Ta BJIACTUBOCTEN Pi3HUX IpyIl jieroBaHux 4aByHiB (Cr-Mn-Ni-Mo-V, V-Mn-Nj,



Cr-V-Mn-Ni) Ta cranei nenebyputHoro knacy (Cr-Mn-Si-Ni-V-B, Cr-Mn-Si-Mo-B, Cr-Mn-Si-Mo-V-B) npu
00po01Ii [TIOBEPXHi CTAJIUM IIJIa3MOBUM CTPyMEHEM. BCTaHOBJIEHO ONTHMAaJIbHI PEXKUM I171a3MOBOTO HarpiBy Ta TUII
BUXiJJHOI CTPYKTypU MaTpHuLli BUCOKOXPOMMCTOTO YaBYyHY, sIKi 3a0€3I1e4yI0Th MaKCUMaJIbHUI MOIUQiKyBasbHUN
edexkr. [TokazaHa MOXJIMBICTb CYTTEBOTO (Ha MOPSI0K) NOAPIOHEHHS CTPYKTYPHHUX CKJIAIOBUX (IE€HIPUTIB, KapOifiB)
YaBYHIB MIO€JJHAHHSIM IJIa3MOBOT'O OIJIaBJIEHHSI IOBEPXHI i3 IOCT-T7Ia3MOBOIO TEPMIYHOI0 06PO6KOI0. BCTaHOBIIEHO,
10 IJ1Ia3MOBa 0OpoOKa 3abe3levye NiiBUILEHHS a6pa3BHOI Ta abpa3rBHO-€PO3ifHOI CTIMKOCTi BKa3aHUX CIIJIaBiB
Ha 20-50 %. B po6oTi Briepiie focifKeHo npolecu MoandikyBaHHs YaBYyHIB/cTajeil Ta HAHECEHHS
YaBYHOIIOJiOHMX IIOKPUTTIB IIPU iMITyJIbCHO-IIJIA3MOBi¥1 00pOOL i3 BUKOPUCTAaHHSIM €JIEKTPOTEPMiYHOTO
akciasbHOro 1n1a3MoBoro npuckopionaya (EAITIT). Lie#t crioci6 3a6e3nevyye HarpiB i 0X0JI0IKEHHS ITOBEPXHI 3i
IIBUJIKiCTIO TPpU6M3HO (2-4)10 6 K /c i3 rmu6unoo mogudikanii 1o 30 Mkm. B pesysibTaTi TBEpicTh OBEPXHI
KOHCTPYKIiHOI cTasi, ciporo Ta BUCOKOXPOMUCTOrO 4aByHiB 3pocTae 1o 800-1050 HV i3 BifnosigHUM
30isIbIIEHHSAM afre3iiiHOI Ta abpa3uBHOI 3HOCOCTIIKOCTI Ha 18-100 %. [locnifkeHo rnpouecu GopMyBaHHS
iMITyJIbCHO-TIJIa3MOBUX YaBYHHUX [TOKPUTTIB pu BukopuctanHi EAIII. B po6oTi Briepiie 3alpor1oHOBaHO
BHMKOPHCTOBYBAaTH B sIKOCTi KaTony EAIIIT nerosaHi yaByHuU Ta CTasli Je4e0ypUTHOrO KJIacy, 1o MOJIETIIye
OIJIABJIEHHS KaTOAY ¥ CIIpUsIE HAPOLIEHHIO IIOKPUTTS MPY NOBTOPHUX IJIa3MOBUX iMIlysbcax. llIBuaKa
KpHUCTali3allisi MiKpoKpariesb Ha MeTajleBiil TOBEPXHi IPU3BOAUTH 0 GOPMYBaHHS [IOKPUTTS 3 METACTAOIIbHOIO
ayCTEHITHOIO CTPYKTYpPOIO 6€3 KpYyIHUX KapOiHUX BKJIIOUE€Hb. YTBOPEHHS Kap0Oi/liB B IOKPUTTI BiiOyBaeThCs 3a
TBePH0(pA3HOIO peaKlii€lo Npy MNOCT-IJIa3MOBIll TEPMOOOPOOLIi, B pe3yJbTaTi 4Oro TBEPAICTb 3pocTae 1o 1200-

1550 HV i3 BinnoBigHMM minBunieHHSIM abpa3uBHOI (B 3 pa3m) Ta aaresiiiHoi (go 1200 pasiB) 3HococTiliKOCTi. Briepe
BCTaHOBJIEHO (aKT HAaCUYEHHs IPOAYKTIB epo3ii KaToZy aToMaMu BYTJIELI0, SKi BUIIapOBYIOThCS [IpY PO3Psifi 3
IIOBEPXHI JieJIeKTPUYHUX CTiHOK Kamepu EATIII, mo Maiike y iBa pasu MifBuilye 06’eMHY YacTKy Kap0ifiiB BiTHOCHO
Marepiany KaTofy. 3alpolIOHOBAHO BUKOPUCTAHHA KaTtohis EATII] KOMIIO3UTHOrO TUILY i3 KOMIIOHEHTaMU (Kapoiny,
MeTaJsIeBa 3B'$13Ka) 3 BEJIMKOIO Pi3HULIEIO B TEMIIEPATYPIi MJIaBJIE€HHS. JIerKe OMJIaB/I€HHS 3B’13KU JJ03BOJISIE
3aCTOCOBYBATH MEHIIy €HEPTilo po3psly Ta 3anobiraty po3IjiaBieHHIO KapoifiB 3315 iX IepeHeceHHs y
HEOIJIaBJIECHOMY CTaHi. 3allpONIOHOBaHI BapiaHTH KOHCTPYKLii katogdy (cniedeHi ciiaBu « WC-Cu(BpoHsa)»,
KOMITO3UT «CTasb+KapO6iiu+eroKCUIHA CMOJIa»), 32 JOTIOMOIOIO SIKUX OYJIM OTPMMaHi 3HOCOCTIlKi TOKpUTTS (6e3
TpimuH) i3 Bucokum BMictoM Kapo6iznis WC ta TiC Ta pisHUM TUIIOM MaTpulli 6€3 I0CT-11J1a3MOBOi TEPMOOOPOOKH.
3anponoHoBaHa «ribpyHa» KOHIEIL s JIeTyBaHHsI, HA OCHOBI SIKOi po3p00JI€HO JIMBAPHi 3HOCOCTIMKI CcIly1aBU
HOBOTO KJIaCy — MyJIbTUKOMIIOHeHTHI W-Mo-V-Cr-Ti-Si-Mn-(1,5-3,5)%B-(0,3-1,1)%C yaByHu. B crimaBax
dopmyeTbcs bararodasHa CTPYKTYpa, 10 CKIATAEThCS 3 CKIaAHOeroBanux kapbodopuzis M2(B,C)5, M(C,B),
M7(C,B)3 Ta M3(C,B), KinbKiCTb Ta XiMi4YHMI CKJIaJ, IKMX BU3HAYaIOThCS BMICTOM ByIJIelio Ta 60py. BusHaueHno
ONTUMAJIbHUM XiMIUHMI CKJIa[, MYJIbTUKOMIIOHEHTHOI'O CIJIaBY [J151 BUKOPUCTAaHHSI B yMOBAaX iHTEHCUBHOTO
abpa3yBHOrO 3HOLIYBAHHS. Pe3ybTaTy AOCTiIKEHD BIIPOBAIKEH] y BUTTISA1 TapaMeTpiB MOAU(iKyBaHHS Ta
HaHECEHHS KOMIIO3UTHUX YaBYHOIIOLiOHMX ITOKPUTTIB i3 3aCTOCYBaHHSM I171a3MOBOT0O Harpisy. Kitouosi ciosa:
JIeroBaHMUI YaByH, I71a3MOBa 06pPOOKa, JlazepHa 0OpOoOKa, IOKPUTTSI, MOAM(DIKyBaHHS, MiIKPOCTPYKTYPa,

(PYHKULiOHAJIbHI BJIACTUBOCTI.

2. Thesis for the Doctor’s degree of Engineering Sciences in the specialty 05.02.01 - Materials Science (132 -
Materials Science). - State Higher Educational Institution “Pryazovskyi State Technical University” of the Ministry
of Education and Science of Ukraine; Lviv Polytechnic National University of the Ministry of Education and Science
of Ukraine; Lviv, 2023. The thesis solves the actual scientific and technical problem of increasing the operational
stability of metal products made of white alloyed cast iron for tribological applications. The goal of the research is
achieved due to the optimization of the chemical composition of alloys and the application of surface
strengthening technologies using highly concentrated energy sources. The processes of modifying the structure
and properties of various groups of alloyed cast irons (Cr-Mn-Ni-Mo-V, V-Mn-Ni, Cr-V-Mn-Ni) and steels of the
ledeburite class (Cr-Mn-Si-Ni- V-B, Cr-Mn-Si-Mo-B, Cr-Mn-Si-Mo-V-B) during surface treatment with a solid
plasma flux are studied. The optimal mode of plasma heating and the type of the initial matrix structure of high-
chromium cast iron, which provides the maximum modifying effect, have been established. The possibility of
significant (by an order of magnitude) refinement of structural components (dendrites, carbides) of cast irons by a



combination of plasma melting of the surface with post-plasma heat treatment is shown. Plasma processing
ensures an increase in the abrasive and abrasive-erosion resistance of the specified alloys by 20-50%. In the work,
the processes of modification of cast irons/steels and the deposition of cast-iron-like coatings during pulsed
plasma processing using an electrothermal axial plasma accelerator (EAPP) were investigated for the first time.
This method provides heating and cooling of the surface at a speed of (2-4)0106 K /s with a modification depth of up
to 30 pm. As a result, the surface hardness of structural steel, gray- and high-chromium cast irons increases to
800-1050 HV with a corresponding increase in adhesive and abrasive wear resistance by 18-100%. The processes of
forming pulse-plasma cast-iron-like coatings using EAPP were investigated. In the work, for the first time, it is
proposed to use alloyed cast irons and steels of the ledeburite class as the cathode of EAPP, which facilitates the
melting of the cathode and contributes to the increase of the coating during repeated plasma pulses. Rapid
crystallization of microdroplets on the metal surface leads to the formation of a coating with a metastable
austenite structure without large carbide inclusions. The formation of carbides in the coating occurs by a solid-
phase reaction during post-plasma heat treatment, as a result of which the hardness increases to 1200-1550 HV
with a corresponding increase in abrasive (3 times) and adhesive (up to 1200 times) wear resistance. For the first
time, the fact of saturation of cathode erosion products with carbon atoms, which evaporate during discharge
from the surface of the dielectric walls of the EAPP chamber, has been established, which almost doubles the
volume fraction of carbides relative to the cathode material. It is proposed to use the EAPP cathodes of composite
type with components (carbides, metal binder) having a large difference in melting temperature. The easy melting
of the binder allows for the use of lower discharge energy thus preventing the carbides melting for transfer in the
unmelted state. The variants of the cathode design (sintered alloys «WC-Cu(Bronze)», composite
«Steel+carbides+epoxy resiny) are proposed, with the help of which the wear-resistant coatings with a high
content of WC and TiC carbides and different types of the matrix were obtained without post-plasma heat
treatment. The «hybrid» concept of alloying is formulated, on the basis of which cast wear-resistant alloys of a
new class were developed - multicomponent W-Mo-V-Cr-Ti-Si-Mn-(1.5-3.5)%B-(0.3 -1.1)%C cast irons. A
multiphase structure is formed in the alloys, consisting of complex alloyed carboborides M2(B, C)5, M(C, B), M7(C,
B)3, and M3(C, B), the amount and chemical composition of which are determined by the carbon content and
boron The optimal chemical composition of the multicomponent alloy for use in conditions of intensive abrasive
wear was determined. The results of the research are implemented as the technological parameters of
modification and deposition of the composite cast-iron-like coatings using plasma heating. keywords: alloyed cast
iron, plasma treatment, laser treatment, coating, modification, microalloying, microstructure, functional
properties.
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BRXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr 0, CyCIiIbHO-TIOJIiTUYHOTO,
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