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1. ®i3nyHi 3acaay 3MiljHEHHS CIJIABiB aJIIOMIHIIO Ta IOKPUTTIB, 10 MICTATb KBadikpucranu 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. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTYIEHS OOKTOpa (Pi3sMKO-MaTeMaTUYHUX HAyK 3a creljanbHicTio 01.04.07 -
¢i3uka TBEpHOro Tina. — IHCTUTYT mpobyiem MarepiasozHascTsa iM. I. M. @panuesunda HAH Ykpainy, Kuis, 2025.
JlucepTaliio NprUCBSYE€HO BCTAHOBIEHHIO (Pi3MYHMX 32aKOHOMIPHOCTEH CTPYKTYPOYTBOPEHHS! Ta BUBUEHHIO
MexaHi3MiB gedopmalii ikocaegpuuHux kBazikpucraiis cuctemu Al-Fe-Cr ta Al-Cu-Fe. Briepie g

KkBazikpucTainis cuctemu Al-Cu-Fe meTozioM iHIeHTYBaHHS TOOYAOBaHO KPUBI AedopmMallii B TEMIIEPATYPHOMY



intepsasi ( 20 - 720 °C). B inTepsasni Temnepatyp 1o 400 °C Ha KpuBuUx gedopmallii KBa3ikpUCTaiB BUSBIEHA
CTaJlig pO3MiLHEHHS, SIKa 3a3BMYall BiICYTHS B KPUCTaNIYHMX MaTepianax. OTpruMaHa TeMIepaTypHa 3aJI€XKHICTb
XapaKTepUCTUKHU IacTuyHocTi 0H Ta nokasaHo, mwo npu T > 6000°C (=0,850Tm) kBasikpuctanu cucremu Al-Cu-Fe
BUSBJISIIOTh MAKPOIIACTUYHICTh. OTpMaHa MaTEMATHUYHA 3aJI€XKHICTb BiTHOCHOI BEJIMYMHU MOZYJISI IIPY>KHOCTI
(E/EO) Big romosioriunoi temnepatypu (T /Tm) y BUrssii nojaiHoMa Apyroro CTyNeHsi KOPeJoe 3 aHAJIOTiYHO0
3aJI€KHICTIO 711 KOBAJIEHTHUX Ta iOHHO-KOBAaJIEHTHUX KPUCTAaiB, 60pPUIiB, KapbifiB, KOMITO3UTIB i METaiB.
Po3paxoBaHo 3HaY€HHS €HePrii akTuBalii pyxy auciokauiil U Ta akTuBaLiliHOro 06‘eMy V B KBazikpucTaiax
cucremu Al-Cu-Fe. Po3po6sieHi criaBu cucremu Al-Fe-Cr, mo mictats 35-40 % 06. 3MiLHIOI0UNX
HAaHOKBa3iKpUCTaIiYHMUX YaCTUHOK, MaloTh Hal6ibmy MinHicTs (= 300 MIla) cepern nedopmMiBHUX CILIaBiB
amominito npu 300 °C Ta nacTuyHicTh Ha piBHI 5-6 % npu 20 °C. Briepiie BCTaHOBJIEHO, 110 [JIACTUYHICTH CIIJIaBiB
cucremu Al-Fe-Cr obymoBiieHa cienu@ikoo Mixk¢$asHUX IPaHMLb MDK KBa3ikKpucTajaMy Ta MaTpuleto 0-Al ta
MOYKJIMBUM JIOKQJIbHUMU (Ha30BUMU IIEPETBOPEHHSIMU B [I0BEPXHEBUX IIapaxX KBa3iKpUCTATYHUX HAHOYACTUHOK,
110 IPU3BOAUTD [IO peJiakcaliii BHyTPIlIHIX HAIIPy>KeHb Ta CYyTTEBO 30ibllye nedopmaliiio osiBY MIKpOTPILUH.
3MiHa CTPYKTYpHU 3MILHIOIOUMX YACTUHOK 3 KBa3iKPUCTAJiYHOI HA KPUCTAJIIYHY [IPU3BOJUTD [0 3MEHILIEHHS
MJIACTUYHOCTI criaBy g0 0,7 %. BcraHoBEHO, 10 MilHICTh cniaBiB cuctemu Al-Fe-Cr 3a6e3ne4yeThCsl BUCOKOIO
TBEPLICTIO Ta BUCOKUM MOJIyJIeM IIPY>KHOCTI KBa3iKprCTasliB, BUCOKOIO 06'€MHOIO YaCTKOIO 3MilIHIOIOUMX YaCTUHOK,
IOATKOBUM 3MIlJHEHHSIM MaTPULi 32 paxyHOK 3[piOHEHHS 3epeH MaTpulii 0-Al Ta HasIBHICTIO NI€BHOI KiJIbKOCTi
TBEPAMX OKCUJIB B MaTPULLi a/llIOMiHiI0. Briepie oTp¥MaHO KBa3iKpUCTali4yHi IIOKPUTTS 3 BOLOPO3NUIEHUX
NOPOIIKiB cTabinbHUX KBadikpucrasnis cuctemu Al-Cu-Fe, 3 BUKOPUCTaHHSM METO/Y BUCOKOLIBUIKICHOTO
[OBITPSIHO-TIaJINBHOT'O HAIIMJIEHHS], SIKUH [03BOJIsSIE HAarpiBaT YaCTUHKY IIOPOLIKY [I0 IJ1IacTUYHOro crany (0,85Tm)
31 36€peKeHHSIM iX CTPYKTYPHOIO CTaHy B IIOKPUTTI. BMicT KBaszikpucraniuHoi ¢pazu B nokputTtsx Al63Cu25Fel2,
CTaHOBUB 65-75 % mac. [IokpUTTs Ipu NOPyBaTOCTi 5-7 % manu TBepaicTb 1o 7,0 I'Tla Ta aaresifiHy MilIHOCTb Ha
BigpuB 1o 26 MIla. Biepie mociimkeHo rnosepxHesi mapu Al Ta criaBy AMr6, siki 6ysiu monudikosaHi
yJIbTPa3BYKOBOIO yIapPHOI OOPOOKOIO 3 BUKOPUCTAHHSIM KBadikpucTaniyHux nopoulkis Al63Cu25Fel2 B sxocTi
3MilHIOI040i ¢a3u. JoBeAeHO, 1110 TOJIOBHUMHU (PAKTOpaMH, SIKi BIJIMBAIOTh Ha iX MeXaHiYHi BJIaCTHUBOCTI €: CEpeHil
PO3Mip 3MiLIHIOIOYMX YaCTOK; 00’€MHA YaCTKa Ta OTHOPIHICTh PO3MOLiny 3MIIJHIOIOYM YACTUHOK; CUIa Mixk(da3HOTO
3B'13Ky MK 3MIIJHIOIOUMMU YaCTMHKAMU Ta MaTPULEIO; i BAIEHA IIiIBHICTh IUCIIOKALiY B MATPULLi; 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 AI63Cu25Fel2 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>kaBHHHM peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHI HANIPpSIM PO3BHTKY HayKH i TEXHIKHU: HoBi pevoByHY | MaTepiany
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