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2. Structure and physico-mechanical properties of aluminum-based coatings with quasicrystalline and
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Pedepar:

1. Incepranist Ha 3006YTTSI HAYKOBOTO CTyIEeHs JoKTopa (isuKo-MaTeMaTUYHUX HayK 3a creljanbHicTio 01.04.13 -
¢izuka metanis. [HcTuTyT MeTtanodisuku im. I.B. Kypaiomosa HAH Ykpainu. Kuis, 2025. [JuceprariiiHa po6oTa
IIPUCBSIYEHA PO3POOLi HAYKOBMX OCHOB CTBOPEHHSI IIOKPUTTIB 3 KBa3iKPUCTAIIYHMMY 260 allPOKCMMAHTHUMU
dazamu B anOMiHieBUX CIIJIaBax i3 3alaHUM piBHEM BJIaCTUBOCTEN. Briepiue rnokasaHo, 1o B iHTEpBaJi TeMriepaTyp
ocapKeHHs (TeMIieparypa niaknaakxu) 0,5...0,7 Bix TemnepaTypu niasneHHs ciiasy (Tmut), GopmyBaHHS
KBa3iKpUCTaJiYHOI 260 KPUCTAIIYHOI allPOKCMMAHTHOI CTPYKTYPH BaKYyMHOT'O KOHI,EHCATY Bif0yBaeThCs
6e3nocepeHbO [IPU OCAIPKEHHI CyMillli TapoBUX (a3 KOMIIOHEHTIB Y BiJTIOBifHUX CIiBBiJHOIEHHSX. 3HUKEHHS

TEeMIIEpaTypH OCaKEHHSI CILJIaBiB IPUBOAUTD JO 3MEHILIEHHs] PO3MIpY 3epeH Ta 30iybiieHHs (Pa30HHUX CIIOTBOPEHb



CTPYKTypu. BusHaueHo ymoBU GOpMyBaHHS reTepodas3HuX MOKPUTTIB, 0 MiCTITh OKpiM (a3 3i CKIaIHOIO
KpUCTaIiYHOIO O6yI0BOIO, iHII KpucTaniyHi (pasu. 3anporoHOBaHO METOINKY BUMIPIOBAaHHS 3aJIMIIKOBUX
HaIpYXeHb Y KBa3iKpUCTAIIYHUX [IOKPUTTSIX 32 LOIIOMOr0I0 MOIU(IKOBAaHOTO METOLy Sin’0. BcTaHOBJIEHO, 1110
OCHOBHMI BHECOK Y 3QJIMIIKOBI HAIIDY>KEHHS BHOCATb TEPMiuHi HaNlpy>KeHH4 Yepe3 pisHuio Mk KTP migknanku i
nokpuTTsl. [IokazaHo, 110 OCHOBHUM MEXaHi3MOM peJiakcaliii HarpyskeHb y HOkpuUTTax Al-Cu-Fe e HackpizHe
PO3TPiCKyBaHHS i BU3HAUEHO 3HAUYE€HHSI KPUTUYHOTO KoedillieHTy iHTeHCUBHOCTI HarnpykeHb Klc martepiany
ITIOKPUTTS. BCTaHOBJIEHO BEJIMYUHY KPUTUYHOI TOBIIMHY [IOKPUTTIB, [IPU 4Kill IMOBIDHUM CTa€ iX HaCKpi3He
PO3TPiCKyBaHHS. BUSBIEHO, IO MIKPOTBEPIiCTh KBA3iKPUCTANIYHOI (pa3u y BAKYYMHUX IIOKPUTTSX [IPY 3HWDKEHHI
PO3Mipy 3epeH 3MiHIOEThCSI HEMOHOTOHHO, 1110 TIOB'I3y€ThCS i3 3MiHOI0 MeXaHi3MiB IIJIaCTUYHOI nedopmaliii.
BusHaueHo, 110 3HOCOCTINKICTb reTepogasHuX IOKPUTTIB i3 ikocaeJpUYHOI0 KBa3iKpUCTAIiYHOIO Ta O-KyOi4HOIO
($azamu € BUILOIO HDK Yy 07HO(PA3HOTO KBa3iKpUCTaIiYHOTO OKPUTTS, 3aBISKU BILJIMBY Oi/IblI JIACTUYHOI O-(asu.
Briepiue BCTaHOBJIEHO, 10 3MEHIIEHHS PO3MIPY 3€pPEH Y KBa3iKpUCTAJIIYHUX i allPOKCUMAHTHUX MaTepiasax [0
HaHOMaclITabHUX 3HaY€Hb [IPUBOAUTD O 3HAYHOI'O 3pOCTAHHS iX AeMI]y04oi 30aTHOCTI IPY NiJBUILLLEHUX
TeMIIepaTypax, o MIOB’A3yEeThCH i3 3MiHOIO MEXaHi3My JMCHUIIaLLi eHeprii 3 JUCIOKALiAHOrO Ha IEPEBAKHO
3epHOTrpaHMYHMI. Bu3HauYeHO BILJIMB Nepiofy MoAyJsLii 0 y 6araromaposux ¢osbrax Al/Cu Ha KiHETUKY i
IIOCJIiOBHICTh (a30BUX IIEPETBOPEHD. 3alIPOIIOHOBAHO MOAesb yTBopeHHs ¢a3 Al2Cu, 02-Al4Cu9 Tta n1-AlCu3 B
6aratomapoBux dosnbrax. [IpoaHasnizoBaHO KaTOPUMETPUYHI XapaKTEPUCTUKU €K30TEPMIYHUX peaKiliit
(opMyBaHHS iHTEPMETAJIEBUX CIIOJYK Y (POJIbrax 3 pisHUM NE€PiofoM MOIYJIALii Ta BU3HAYEHO €HEPTil akTuBallii
peaxuii 3 uux ¢as.

2. Thesis for the scientific degree of Doctor of Physical and Mathematical Sciences in specialty 01.04.13 - Physics of
Metals. G.V. Kurdyumov Institute for Metal Physics, National Academy of Sciences of Ukraine. Kyiv, 2025. The
thesis is devoted to the development of scientific foundations for the formation of Al-based coatings based on
quasicrystalline or approximant phases having specified properties. It is shown for the first time that the formation
of a quasi-crystalline or crystalline approximant structure occurs directly during the deposition of a mixture of
vapor phases on substrates heated to temperatures corresponding to 0.5...0.7 of the alloy melting point (Tm).
Reducing the deposition temperature of the alloys leads to a decrease in grain size and an increase in phason
distortions of the structure. The conditions for the formation of heterophase coatings containing other crystalline
phases besides phases with complex crystalline structures were determined. A method for measuring residual
stresses in quasicrystalline coatings using a modified sin?o method was proposed. It was established that the main
contribution to residual stresses comes from thermal stresses due to the difference between the CTE of the
substrate and the coating. It was shown that the main mechanism of stress relaxation in Al-Cu-Fe coatings is
through-cracking, and the value of the critical stress intensity factor Klc for the coating material was determined.
The critical thickness of the coatings, at which through-cracking becomes likely, was determined. It was found
that the microhardness of the quasicrystalline phase in vacuum coatings changes non-monotonically with a
decrease in grain size, which is associated with a change in the mechanisms of plastic deformation. It was
determined that the wear resistance of heterophase coatings with icosahedral quasicrystalline and o-cubic phases
is higher than that of single-phase quasicrystalline coatings due to the influence of the more plastic o-phase. For
the first time, it was established that reducing the grain size in quasicrystalline and approximant materials to
nanoscale values leads to a significant increase in their damping capacity at elevated temperatures, which is
associated with a change in the energy dissipation mechanism from dislocation to predominantly grain boundary.
The influence of the modulation period o in Al/Cu multilayer foils on the kinetics and sequence of phase
transformations was determined. A model for the formation of Al2Cu, 02-Al4Cu9, and ol-AlCu3 phases in multilayer
foils was proposed. The calorimetric characteristics of the exothermic reactions of intermetallic compound
formation in foils with different modulation periods were analyzed, and the activation energies of the reactions
from these phases were determined.
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