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1. ®i3uuHi 3acagy 3MilHEHHS CIJIABIB aTIOMiHIIO Ta MOKPUTTIB, IO MiCTITh KBa3ikpucranu cucrem Al-Fe-Cr i Al-Cu-
Fe

2. Physical principles of strengthening aluminum alloys and coatings containing quasicrystals of Al-Fe-Cr and Al-
Cu-Fe systems

Pedepar:

1. Inceprarnist Ha 3006YTTSI HAYKOBOTO CTyIEeHs JokTopa (isuKo-MaTeMaTUYHUX HayK 3a creujanbHicTio 01.04.07 -
(disuka TBEpHOro Tiza. — IHCTUTYT MpobaeM Martepiaso3HascTBa iM. I. M. Opanuesnya HAH Ykpainn, Kuis, 2025.
Juceprauilo NpUCBIYE€HO BCTAHOBJIEHHIO (i3UYHUX 3aKOHOMIPHOCTEN CTPYKTYPOYTBOPEHHS Ta BUBYEHHIO
MmexaHi3MiB gedopmarii ikocaegpuunux kBazikpucrasnis cuctemu Al-Fe-Cr ta Al-Cu-Fe. Bnepe as
kBaszikpucrasuiB cuctemu Al-Cu-Fe meTozom iHZeHTyBaHHS I00YA0BaHO KpUBi fedopMallii B TeMIIEpaTypPHOMY
inTepsani (20 - 720 °C). B inTepsani temneparyp 1o 400 °C Ha KpuBuX AedopMallii KBa3iKpUCTaliB BUsBIEHA
CTajlisg po3MiljHEHHS, KA 3a3BMYall BiICYTHS B KPUCTANIYHMX MaTepianax. OTprMaHa TeMIlepaTypHa 3aJIEXKHICTb

XapaKTepUCTUKY IjacTuyHocTi 0H Ta nokasaHo, mo npu T > 6000°C (=0,850Tm) kBazikpuctanu cuctemu Al-Cu-Fe



BUSBJIAIOTh MAaKPOIJIACTUYHICTh. OTpUMaHa MaTeMaTUYHA 3aJIEXKHICT BiTHOCHOI BEJIMYMHY MOLYJISI IIPY>KHOCTI
(E/EO) Bim romonoriyHoi Temnepatypu (T /Tm) y BUJIsIAi IIOJIiIHOMA APYTOro CTYIIEHS! KOPEJIO€E 3 aHAJIOTTYHOIO
3aJI€KHICTIO 1711 KOBaJIEHTHUX Ta iOHHO-KOBaJIEHTHUX KPUCTaiB, 60pUIiB, KapbifiB, KOMIIO3UTIB i METaiB.
Po3paxoBaHo 3HaY€HH €HePrii akTuBalii pyxy aucaokauii U Ta akTUBaLiiHOTO 06‘eMy V B KBa3iKpuACTalIax
cucremu Al-Cu-Fe. Po3po6seni crinaBu cucremu Al-Fe-Cr, mo mictats 35-40 % 006. 3MiLHIOI0UNX
HAaHOKBa3iKpUCTaIiYHMUX YaCTMHOK, MaloTh Halbinbimy MinHicTs (= 300 MIla) ceper nedopMiBHUX CI1JIaBiB
amoMiHito npu 300 °C Ta nyacTU4HICTb Ha piBHI 5-6 % npu 20 °C. Briepiie BCTaHOBJIEHO, L0 NIJIAaCTUYHICTD CIJIABiB
cucremu Al-Fe-Cr o6ymoBiieHa crieljuikoio Mixk@asHUxX rpaHulb MiXK KBa3ikKprucTajamMu Ta maTpulelo o-Al ta
MOYKJIMBUM JIOKQJIbHUMU (a30BUMU IIEPETBOPEHHSIMU B [I0BEPXHEBUX IIapaxX KBa3iKpUCTaIiYHUX HAHOYaCTUHOK,
1110 IPU3BOAUTD [I0 peJlaKkcaliii BHYTPIlIHIX HAIIPYy>KEHb Ta CYyTTEBO 30ibllye gedopmaliiio osiBY MIKpOTPILUH.
3MiHa CTPYKTYpU 3MILIHIOIOUMX YACTUHOK 3 KBa3iKPUCTAJIYHOI Ha KPUCTAJIIYHY [IPU3BOAUTH [0 3MEHLIEHHS
IJIaCTUYHOCTI criasy g0 0,7 %. BetaHOBIEHO, o MiHICTb criasiB cuctemu Al-Fe-Cr 3a6e3me4yyeTbcsi BUCOKOIO
TBEPJLICTIO Ta BUCOKUM MOJIyJIeM IIPY’KHOCTi KBa3iKprCTasliB, BUCOKOIO 00'€MHOIO YaCTKOIO 3MilIHIOIOUMX YaCTUHOK,
IOJATKOBUM 3MIlJHEHHSIM MaTpPULi 32 paxyHOK 3[piOHEHHS 3epeH MaTpuli 0-Al Ta HasIBHICTIO NIEBHOI KiIbKOCTI
TBEPAMX OKCUJIB B MaTPULLi a/llIOMiHiI0. Briepiue oTpy¥MaHO KBa3ikpyCTaliuyHi TOKPUTTS 3 BOJOPO3NUIEHUX
[IOPOUIKIB CTabiNbHUX KBa3ikpucTasiB cuctemu Al-Cu-Fe, 3 BUKOPUCTaHHSIM METOJY BUCOKOIIBUIKICHOTO
NOBITPSIHO-TIaJINBHOTI'O HAIIMJIEHHS], SIKUH 03BOJIsIE HAarpiBaT 4YaCTUHKY IIOPOLIKY [0 IJ1IacTUYHOro crany (0,85Tm)
31 36€peKEeHHSIM iX CTPYKTYPHOTO CTaHy B IIOKPUTTI. BMicT KBadikpucraniyHoi (pazu B mokpuUTTsx Al63Cu25Fel2,
CTaHOBUB 65-75 % mac. ITokpuTTs npu nopysartocTi 5-7 % manu tBepaicTs mo 7,0 I'Tla Ta aaresiiHy MiLlHOCTb Ha
BigpuB 1o 26 MIla. Briepie nocuimpkeHo rnosepxHesi mapu Al Ta criaBy AMr6, siki 6ysiu moaudikosaHi
yJIbTPa3BYKOBOIO YIAPHOIO 06POOKOIO 3 BUKOPUCTAHHSIM KBa3iKpUCTaliYHUX 1opoikiB Al63Cu25Fel2 B skocTi
3MilHIOI040i ¢a3u. JoBeeHO, 1110 FOJIOBHUMHU (PAKTOPaMH, Ki BIZIMBAIOTh Ha iX MeXaHiYHi BJIACTHUBOCTI €: CEpeHiN
PO3Mip 3MiLIHIOIOYMX YaCTOK; 00’€MHA YaCTKa Ta OJHOPIHICTh PO3NOiTy 3MILIHIOIOUM YACTUHOK; cuja Mixk(dasHOTO
3B'3Ky MK 3MILJHIOIOYMMU YaCTMHKAMU Ta MaTPULEIO; i BUAIEHA WIiIbHICTh OUCIIOKALY B MAaTPULLi; PiBEHb

MaKpOHAIIPY>K€Hb B KOMIIO3UTHOMY mapl

2. Thesis for the degree of Doctor of Sciences in Physics and Mathematics; speciality 01.04.07 - Solid State Physics.
- Frantsevich Institute for Problems of Materials Science NAS of Ukraine, Kyiv, 2025. Thesis is devoted to
establishment of the physical patterns of structure formation and studying the mechanisms and deformation of
icosahedral quasicrystals of the Al-Fe-Cr and Al-Cu-Fe systems. For the first time for Al-Cu-Fe quasicrystals,
deformation curves were constructed using the indentation method in the temperature range (20-720 °C). In the
temperature range up to 400 °C, a softening stage was observed on the deformation curves, which is usually
absent in crystalline materials. The temperature dependence of the plasticity characteristic oH was obtained, and it
was shown that at T > 600 °C (=0.85 Tm), the Al-Cu-Fe quasicrystals has macroplasticity. The obtained
mathematical dependence of the relative value of the elastic modulus (E /E0) on the homologous temperature
(T/Tm) as a second-degree polynomial correlates with a similar dependence for covalent and ion-covalent
crystals, borides, carbides, composites, and metals. The values of the activation energy of dislocation motion U and
the activation volume V in Al-Cu-Fe quasicrystals have been calculated. The developed Al-Fe-Cr alloys with 35 - 40
% vol. of strengthening nanoquasicrystalline particles have the highest strength at 300 °C (= 300 MPa) among
wrought aluminum alloys and plasticity at 5-6 % at 20 C. It has been established for the first time that the
plasticity of Al-Fe-Cr alloys is due to the specificity of the interphase boundaries between the quasicrystals and
the o-Al matrix and possible local phase transformations in the surface layers of quasicrystalline nanoparticles,
which leads to the relaxation of internal stresses and and significantly increases deformation until microcracks
appear. The change in the structure of strengthening particles from quasi-crystalline to crystalline leads to a
decrease in the plasticity of the alloy to 0,7%. It has been established that the strength of Al-Fe-Cr alloys is
determined by thehigh hardness and high elastic modulus of quasicrystals, the high volume fraction of
strengthening particles, additional strengthening of the matrix due to the refinement of the o-Al matrix grains and
the presence of a certain amount of hard oxides in the aluminum matrix. For the first time, quasicrystalline
coatings were obtained from Al-Cu-Fe water atomized powders using the high velocity air fuel spraying, whith



heated of powder particles to a plastic condition (0.85Tm) with saving of their structure in the coating. The
content of the quasicrystalline phase in AlI63Cu25Fel2 coatings was 65-75 % mass. Coatings with a porosity of
5-7% had a hardness of up to 7.0 GPa with an adhesive tensile strength of up to 20 MPa. For the first time the
surface layers of Al and Al-6Mg alloy were modified by ultrasonic impact peeneng using Al63Cu25Fe12
quasicrystalline powders as a strengthening phase. It has been established that the main factors influenced by the
mechanical properties of these composite layers are: the size, the volume fraction and uniformity of strengthening
particles distribution; the strength of the interphase bond between the strengthening particles and the matrix; the
increased density of dislocations in the matrix; the level of macro stresses in the composite layer.

Jep>kaBHHH peecTpaniiiHuil Homep JiP:
IIpiopuTeTHHI HaNIpsIM PO3BUTKY HayKH i TeXHIKH: HoBi peyoBuHY i MaTepianu

CrpareriyHuii NpiopUTETHUH HaNIPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIiA

BMPOOHMLITBA MaTepiaJiB, ix 00pobieHHs! i 3'eAHaHHS, CTBOPEHHS iHIyCTpil HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN
HiacyMKH IOCJIIIKEHHS: TeopeTuyHe y3araJbHEHHs i BUPIlIEHHS BOXJIMBOI HAyKOBOI IPOGIeMu
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