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npu3HayeHHs, MeTa JOCTIKEHHS JOCAraeTECA B po6OTI 32 paxyHOK onTuMizauii XiMiYHOrO CKIAAyY CIIaBiB Ta
3aCTOCYBaHHS 3MILHIOBAIBHIX TEXHOJIOTIH 3 BAKOPMCTaHHSIM BUCOKOKOHLIEHTPOBAHWX JKeper eHepril. BusieHo
npouecu MonubiKyBaHHs CTPYKTYPH Ta BJIaCTMBOCTEN Pi3HMX rpyT leropanux 4apyHis (Cr-Mn-Ni-Mo-V, V-Mn-Ni,
Cr-V-Mn-Ni) Ta cranei nege6yputHoro kaacy (Cr-Mn-Si-Ni-V-B, Cr-Mn-Si-Mo-B, Cr-Mn-Si-Mo-V-B) npu
06pOBLi TOBEPXHi CTA/IMM IJIA3MOBUM CTPYMEHEM, BCTaHOBJIEHO ONTUMAJIbHI PEXNUM [171a3MOBOTO HarpiBy Ta THIL
BUXIJHOI CTPYKTYpM MaTpyLi BUCOKOXPOMHCTOrO YaByHy, fIKi 3a6e3Me4y0Th MaKCUMaIbHUIN MoauGIiKyBarTbHUA
edexr. [TokasaHa MOXKJIMBICTE CyTTEBOTO (Ha MOPAAOK) MOAPIGHEHHA CTPYKTYPHUX CKI8JI0BUX (mennpuris, Kap6izis)
YABYHIB [OEIHAHHAM IJ1A3MOBOTO OTIABJIEHHS! TIOBEPXH i3 MIOCT-TIA3MOBOIO TEPMiYHOI0 06pO6KOI0. BCTAHOBIEHO,
1o rasMoBa 06pobKa 3abesneyye MiBUIEHHS abpasuBHOI Ta a6pasMBHO-EPOBiHHOI CTIKOCTI BKa3aHUX CILIABIB
Ha 20-50 %. B poGoTi Bepiie A0CiIKeHO NpoLec MOIUQiKyBaHHS YaByHiB/CTazel Ta HAHECEHHS
YaByHOMOAIGHMX NOKPHUTTIB IPY IMITYJIbCHO-TI/Ia3MOBi# 0GPOGII] i3 BUKOPUCTAHHSM €/IEKTPOTEPMIYHOTO
aKciaZbHOrO MIa3MOBOTO mpucKopioBaya (EATII). Liei crioci6 3a6eanevye HArpiB i 0X0NOKEHHS MOBEPXH 3i
mBupKicTIo npubnusHo (2-4)10 6 K/c i3 ranbunoio Mopudikauii o 30 mxm. B pesyabrati TBEpAiCTb NOBEPXHI
KOHCTPYKIi#HOI CTaJi, Ci; 0ro T2 BUCOKOXPOMMCTOrO YaByHiB 3pocTae 0 800-1050 HV i3 BifnosigHum
36ibIIeHHAM aJiresiiiHoi Ta aGpasuBHOI 3HOCOCTIIKOCTI Ha 18-100 %. locnimkeHo npouecu GOpMyBaHHS
iMITyJIbCHO-TI/IA3MOBUX YaBYHHUX [TOKPUTTIB pU BUKopucTarHi EAIIIL B po6orTi Briepiue 3anpornoHoBaHo
BUKOPWCTOBYBATH B SIKOCTi KaTozy EATII] nerosani yasyunu Ta cTaji nefeGypuTHOrO Kacy, o noJermye
OTLIABJIEHHSA KATOAY # CIIPUS€ HAPOILEHHIO TIOKPUTTS MPHY MOBTOPHUX IJ1a3MOBHX imITysbcax. lIBuzka
KpMCTANi3allis MIKpOKpamnesb Ha MeTaseBiil TOBEPXHi IPU3BOUTL 10 POPMYBAHHS TOKPUTTS 3 METACTaGiIbHOIO
AYCTEHITHOIO CTPYKTYPOIO 6€3 KPYNMHUX Kap6iIHUX BKIIOYEHE. YTBOPEHHS KapGizliB B TOKPUTTI BiiGyBa€ThCA 32
TBep0daBHOIO peaKilieio pu MOCT-IJIa3MOBiil TepMOOGPOGL, B peayIbTaTi 4oro TBEpAicTs 3pocrae o 1200-

1550 HV i3 Bignosiguum nigsuimeHHsm a6pasusHoi (B 3 pasu) Ta ajresiitnoi (mo 1200 pasis) 3HococTifikocTi. Brepiue
BCTAHOBJIEHO (PAKT HACUYEHHS NPOZAYKTIB epO3ii KaTOAy aTOMaMM BYTJIELIO, IKi BUNApOBYIOTHCS [PU PO3PSIAL 3
[OBEPXHI [i€IeKTPUYHMK CTIHOK Kamepu EAIIII, mo maiike y fBa pasu nijsuitye o6’'eMHY 4acTKy KapbiziB BiTHOCHO
marepiany KaToay. 3anp6ﬁouoaano BUKOPHCTaHHA KaTozis EATIIT KOMITOBUTHOTO TUITY i3 KOMIIOHEHTamu (kap6iny,
MeTaJleBa 3B'13Ka) 3 BEJIMKOIO Pi3HMLIEIO B TeMIepaTypi Ny1aBieHHs. JIerke onjiaB/eHHs 3B'3KU [03BOJISE
3aCTOCOBYBATY MEHILY €HEPTiio po3psy Ta 3aro6iraty posIyaBleHHIO KapGiniB 371 ix NepeHeceH s y
HEOIJIAB/IEHOMY CTaHi. 3anponoHoBaHi BapiaHTH KoHCTpyKLii KaTofy (crieveni crtasu «WC-Cu(Bponsa),
KoMmno3uT «Cranb+Kap6igu+enoKCHAHa CMOJIa»), 3a I0TIOMOTOI0 SIKUX 6yJM OTpUMaHi 3HOCOCTINKI MOKPUTT (Ge3
TpimuH) i3 BucokuM BMicTOM Kap6inis WC Ta TiC Ta pisHUM TUIIOM MaTpHIli 6€3 OCT-11a3MOBOI TEPMOOGPOGKH.
3anponoHoBaHa «ribpuAHa» KOHLEILis JIeryBaHHs, Ha OCHOBI K01 po3p06JIeHO IMBAaPHI 3HOCOCTINKI Cr1JIaBH
HOBOTO KJIaCy — MyJIbTHKOMIIOHeHTH] W-Mo-V-Cr-Ti-Si-Mn-~(1,5-3,5)%B-(0,3-1,1)%C yaByHu. B cnnaeax
dopmyeTsca 6ararodasHa CTPYKTYpa, U0 CKIaAa€ThCs 3 CKIafiHoeropanux kapsodopuais M2(B,C)5, M(C,B),
M7(C,B)3 ta M3(C,B), KinbKicTh Ta XiMiuHM CKNaj] SKMX BU3HAYAIOTHCA BMICTOM ByrJIewo Ta 60py. BusHaueHo
ONTUMAJIBHUI XIMIYHWI CXJ1a]] MyJIbTUKOMIOHEHTHOTO CIIIABY /111 BUKOPUCTAHHA B YMOBax iHTEHCHBHOTO
abpasnBHOTO 3HOUIYBaHHS. Pe3y/bTaTy JOCIiIKeHb BIPOBAKEHI y BUTTIA/ MapaMeTpiB MogUQiKyBaHHS Ta
HaHECEHHs KOMITOBUTHHX YaBYHOIIORIGHUX IIOKPUTTIB i3 3aCTOCYBaHHSM ILIa3MOBOro Harpisy. Kiirouosi ciosa:
JIEroBaHuil YaBYH, [J1a3MOBa 06po6Ka, slasepHa 06po6Ka, MOKPUTTS, MOAU(pIKyBaHHS, MIKDOCTPYKTYpa,
(YHKLiOHAIBHI BIaCTUBOCTI.

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 technolog‘iés 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)a106 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 resin») 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. Ttz 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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