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Pedepar:

1. Y nuceprauiiiniit poboTi po3B’si3aHa akTyajlbHa HAyKOBO-TIPUKJIAIHA MTpobaeMyu 06pOoOKY MaTepiasiB
BHCOKOEHEPTreTUYHMMH Ta BUCOKOIIBUIKICHUIMU METOIAMU, IJ1s1 OTPMMaHHSI iHTepMETaliJHUX CIIOJNYK Ha 6a3i TiAl,
[IpeCyBaHHSIM MIPY BUCOKUX TEMIIEPATypax y XBUJi TOPiHHS, Ta GOPMYBaHHI 3aXMCHUX TOKPUTTIB HA IIPECOBOMY
OCHAIIEH] [TPY HEeCTalliOHApHUX TEMIIEPATyPHUX YMOBAX, MIPALIOI0YUX B YMOBaxX KOMIIJIEKCHOTO BIJIUBY 3HOCY Ta
BHACOKOTEMIIEPATYPHOI KOpo3ii. Ha 0CHOBI KOMIIJIEKCHOTO JIITEPATyPHOTO aHaJli3y Cy4aCHUX HayKOBUX IKEpeJ,
BCTAHOBJIEHO KJIIOUOBi IPO6JIEMU, TEHIEHLIIN Ta IEPCIEKTUB PO3BUTKY TEXHOJIOTIN IIPECYBaHHS 1J151 OTPUMAaHHS
iHTEepMeTaliJHUX JIeTOBaHUX CHOJYK Ha 6a3i TiAl, Ta popmyBanHs nudy3iiiHMX MAPiB IPY HECTALliOHAPHUX

TeMIIepaTypPHUX YMOBaX 3 BUKOPUCTAHHIM (QYHKI[iOHAJIbHO aKTUBHUX MIKXT. BUsIBIEHO IPOGJIEMH B MiIX0HaX 10



TEOPETUYHUX OCHOBAX KEPYBAHHS XiMIYHMMU peakUiIM1, METOLIB LIIJIECIIPSIMOBAHOTO PETYJIIOBAaHHA CKIaAy Ta
CTPYKTypH ITPOAYKTiB B3aEMOZi, a TAaKOXX 3aKOHOMipHOCTI GOPMYBaHHS eKCIlTyaTallilHUX BIaCTUBOCTE! ITIOKPUTTIB.
Ha ocHOBIi 3an1pOnIOHOBAaHOI METOLOJIOTii TPOBEIEHHS €KCIIEPMMEHTANIbBHUX JOCJiIPKEHb, 3aCHOBAHOI HA OCHOBHUX
(paxTOpax Ta y3araJbHEHHSX. Briepie po3po6sieHi N0M0XKEHHS IPO (PYHKLIOHAM, 1O JIEKATh B OCHOBI HAYKOBO-
TEXHOJIOTIYHUX 3acaj GopMyBaHHS AnQy3iHUX WIAPiB HA IPECOBOMY OCHAIIEeHHI. [y JOCIiIKEHHS CTPYKTypHU Ta
BJIACTMBOCTEY CPOPMOBAHUX IIOKPUTTIB 3aCTOCOBAHO KOMILJIEKC CYy4YaCHUX METOIiB MaTepiaJlo3HaBYOro aHali3y 3
BAKOPUCTAHHSIM OITAYHOI Ta €JIEKTPOHHOI MIKDOCKOTIIi, @ TAKOXK MeToAiB anaisy 2D ta 3D
300pakeHb.BCTaHOBIEHO MEXaHi3MU BILUIMBY TEMIIEPATypHO-Ae(PpOpMaLIiiHUX TapaMeTpiB [IpeCcyBaHHS B yMOBax
BHCOKOTEMIIEPaTyPHOr0 CUHTE3Y Y XBUJIi TOPiHHSA [IpY OTPUMAaHHS iHTepMeTaniniB Ha 6a3i TiAl. Bnepie
PO3p006JIEHO Ta TEOPETUYHO OOIPYHTOBAHO I10JIOXKEHHS [IPECYBAaHHS B YMOBaX BUCOKOTEMIIEPATYPHOI'O CUHTE3Y Y
XBWJIi TOPiHHS, TPU HECTALliOHAPHUX TEMIIEPATyPHUX YMOBAX, 3 BUKOPUCTAHHIM (YHKIIOHAIBHO aKTUBHUX IIWXT,
SIKi JO3BOJISIIOTh OTPUMYBATH CIUIABU CIIELia/IbHO NIPU3HAYEHHS 3 MIiBULEHNMI €KCIUIyaTalilHUMU
XapaKTepUCTHUKaMU. 3a pe3yJibTaTaMy PEHTIeHO(Pa30BOro Ta MiKpOPEHTI€HOCIIEKTPaJIbHOTO aHali3iB BAJIOCs
IOBECTH, 110 ITPU BUCOKOTEMIlepaTypHOoMy cuHTesi TiAl crinasis, npu gogasanHi Cr GOpPMYeThCs CTPYKTYPU 3
inTepmeranignumu (paszamu o-TiAl + 02-Ti3Al + o-B2 (Ti,Al,Cr) Ta kap6in TiC, npu nogaBaHHi Mo popmyeTbCs
opHodazHa CTPYKTypH 3 iHTepMmeTanigHumu (pazamu 0-TiAl + 02-Ti3Al + o-B2 (Ti,Al,Mo), Ta kap6iz Ti2AlC, npu
nopaBaHHi W ¢popmyetscs 0-TiAl + 02-Ti3Al + o-B2 (Ti,Al,W), Ta kap6in TiC, npu nogaBanHi V gopmyeTtbes 0-TiAl + o2-
Ti3Al + o-B2 (T1,ALV), Ta kap6in TiC, 10 NpyU3BOAUTD AJ1s1 30i/IbIIEHHS JIACTUYHOCTI, TPIMIMHOCTIMKOCTI y rapsidoMy
cTtaHi. Po3p06s1€H0 IOPOIIKOBOI MUXTH, SIKA MICTUTh aKTUBHI KOMIIOHEHTH, 3/1aTHi CAMOCTIIHO 32 paxyHOK
€K30TePMIUYHMX PeaKllili, MpU NPOXOIKEHH] XBUJIi TOPiHHS, HArpiBaTU HACMYYIOYE CEPELOBUIILE i IHTEHCUBHO
B3a€MO/IiSITU 3 IOBEPXHEI0 OCHOBHOI'O Marepiasny uepe3 audysiiiHi npouecy, Npyu HeCTalliOHApPHUX TEMIIEPATYPHUX
YMOBaX, YTBOPIOIOUY 3aXMCHi MOKPUTTA Ha 6asi okcupHux cuctem 3 TiO2, V205, MoO3, B203, WO3 3 4...8% mac.
razorpaHcnoptHoro areHTy: NH4Cl, NH4Cl, NH4F. [1pu oMy BUKOPHCTOBYIOTbCSI BHYTPIIIHI TEPMOXiMiyHi
IpKepeJsa Tella, a came eHepreTudHuil napametp gudysii (EDP1i EDP2). Lle posmupioe MOXIMBOCTI CTBOPEHHS
3aXMCHUX [IOKPUTTIB, MPALI0I04YMX B YMOBAaxX BUCOKUX TEMIIEPATYP 3a PaXYHOK IiIBUIIEHOI KOHLIEHTPALlii XxpOMy Ha
5...27%, anomiHilo Ha 8...19 %, Ta kpeMmHilo Ha 8...19 %.0TpuMaHO HOBi eKCIIEPUMEHTAJIbHI JaHi Ta BCTAHOBJIEHO
3aKOHOMIPHOCTI BIUVIMBY cKJaAy QYHKIIOHaNIbHO aKTUBHUX IIWXT, sIKi leroBaHi XxpomoM (15% mac.), KpeMHieM
(12...25% mac.), anmominiem (12...25% mac.), Ta okcugamu TiO2 (18% mac.), V205 (22% mac.), MoO3 (32% mac.), B203
(12% mac.), WO3 (35% mac.) Ha eKcITyaTaliiiHi B1acTUBOCTi udysiiiHUX mapiB, 10 Aa€ MOXKJIMBICTb 301/IbIIUTU
3HOCOCTINKICTb cTasneit, Ha 20...37% Ta >XapoCTilKicTb Ha 25...42% y MOPIiBHSAHHI 3 IOKPUTTSIMHU, OTPUMaHUMHU B
i3oTepMivyHMX yMOBaX. Po3po6eH0 HOBUI KOMIIJIEKCHUH MifXif, JOCIiI)KEeHHS] MiKPOTBEPLOCTi, IOPUCTOCTI, Ta
>KapOCTIMKOCTI, IIJ0 BPaXOBYIOTh CIIiBBiJHOLIEHHSI OCHOBHUX HACUYYIO4YUX KOMIIOHEHTIB (DYHKIiOHAJIbHO aKTUBHUX
IIVXT, JOCJIIKEHO XapaKTep PO3MNOAiNy 3aJIMIKOBUX HAIPY>KEHb I10 TOBLIUHI 3aXMCHOTO TIOKPUTTS, BCTAHOBJIEHO
3aJIeXKHOCTI 3HOCOCTIMKOCTI Ipy BUIIPOOYBAHHSIX B yMOBaX TEPTsI-KOB3aHHS Ta YIApHO-IMHAMIYHOTO
HaBaHTaXXeHHs. Bniepie po3pobseHo Ta cPOopMyIbOBAHO HAYKOBO-TEXHIYHI 3acaiy IPECYBAHHS B YMOBAax
BHCOKOTEMIIEPATyPHOTO CUHTE3Y Y XBUJIi TOPiHHS ITPU OTPMMAaHHS JIETOBAaHUX iHTepMeTasiziB Ha 6asi TiAl, i xiMmiko-
TEepMidYHOi 06POOKY CTajiel 3 BUKOPUCTAHHIM (YHKIIOHAJIbHO aKTUBHUX MIKXT IJIs1 MiBUIIEHHS iX

€KCIlIyaTaliliHUX BJIaCTUBOCTEN

2. This dissertation addresses a pressing scientific and applied problem in the processing of materials using high-
energy and high-speed methods to produce TiAl-based intermetallic compounds, high-temperature pressing in a
combustion wave, and the formation of protective coatings on pressing tools under non-stationary temperature
conditions, operating under the combined effects of wear and high-temperature corrosion. Based on a
comprehensive literature review of contemporary scientific sources, key problems, trends, and prospects for the
development of pressing technologies for producing TiAl-based intermetallic alloys and forming diffusion layers
under non-stationary temperature conditions using functionally active feedstocks have been identified. Problems
have been identified in approaches to the theoretical foundations of chemical reaction control, methods for
targeted regulation of the composition and structure of reaction products, as well as the patterns of formation of
the operational properties of coatings. Based on the proposed methodology for conducting experimental studies,



grounded in fundamental factors and generalizations, provisions regarding functionals underlying the scientific

and technological foundations of diffusion layer formation on press equipment have been developed for the first
time. To study the structure and properties of the formed coatings, a set of modern methods of materials science
analysis was applied, utilizing optical and electron microscopy, as well as methods for analyzing 2D and 3D images.
The mechanisms governing the influence of temperature and deformation parameters during pressing under high-
temperature synthesis conditions in a combustion wave during the production of TiAl-based intermetallics have
been established. For the first time, the principles of pressing under high-temperature synthesis conditions in a
combustion wave, under non-stationary temperature conditions, using functionally active charge compositions

have been developed and theoretically substantiated, which allow for the production of special-purpose alloys

with enhanced performance characteristics. Based on the results of X-ray phase and micro-X-ray spectral

analyses, it was demonstrated that during the high-temperature synthesis of TiAl alloys, the addition of Cr results

in the formation of structures with intermetallic phases o-TiAl + 02-Ti3Al + o-B2 (Ti,Al,Cr) and TiC carbide; when Mo is
added, a single-phase structure with intermetallic phases o-TiAl + 02-Ti3Al + o-B2 (Ti,Al,Mo) and Ti2AIC carbide is
formed; when W is added, o-TiAl + 02-Ti3Al + 0-B2 (Ti,ALW), and TiC carbide; when V is added, o-TiAl + 02-Ti3Al + o-B2
(Ti,AlV) and TiC carbide are formed, which leads to increased ductility and hot fracture resistance. A powder

mixture has been developed that contains active components capable of independently, through exothermic
reactions as the combustion wave passes, heating the surrounding medium and intensively interacting with the
surface of the base material via diffusion processes, under non-steady-state temperature conditions, forming
protective coatings based on oxide systems of TiOn, VoOn, MoOun, BoOn, and WOR with 4-8% by mass of gas transport
agent: NHoCl, NHoCl, NHoF. In this process, internal thermochemical heat sources are utilized, specifically the energy
diffusion parameters (EDP1 and EDP2). This expands the possibilities for creating protective coatings capable of
operating under high-temperature conditions due to increased concentrations of chromium (5-27%), aluminum
(8-19%), and silicon (8-19%). New experimental data have been obtained, and patterns have been established
regarding the influence of the composition of functionally active mixtures doped with chromium (15 wt%), silicon
(12-25 wt%), aluminum (12-25 wt%), and the oxides TiO2 (18 wt%), V205 (22 wt%), MoO3 (32 wt%), B203 (12 wt%),
WO3 (35 wt.%) on the performance properties of diffusion layers, which makes it possible to increase the wear
resistance of steels by 20-37% and heat resistance by 25-42% compared to coatings obtained under isothermal
conditions. A new comprehensive approach has been developed to study microhardness, porosity, and heat
resistance, taking into account the ratio of the main saturating components of functionally active charge
compositions; the distribution of residual stresses across the thickness of the protective coating has been
investigated; and dependencies of wear resistance have been established during tests under sliding friction and
impact-dynamic loading conditions. For the first time, the scientific and technical principles of pressing under
high-temperature synthesis conditions in a combustion wave have been developed and formulated for the
production of TiAl-based alloyed intermetallides, as well as for the chemical-thermal treatment of steels using
functionally active charge compositions to improve their performance characteristics
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