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Pedepar:

1. Y puceprauiiiziil pob0Ti LOCHIIPKEHHIO CTPYKTYPH, KPUCTAIIYHUX, aMOP(PHUX i PIIKUX CIJIABiB aJlIOMiHi€BUX
cucrem Al-V, Al-Hf, Al-Cu-Si, Zr-Cu-Al, Al-Zn, a Takox Fe-Cu-Si MmeTozamu KOMITIOTEPHOTO MOJIEIIOBaHHS Ta X-
npomeHeBoi audpakuii. OCHOBHA yBara 3BepTajach Ha PyHIaMeHTaslbHi Ta MPUKIIATHI aCTIeKTH aHaJli3y
CTPYKTYPHUX i (iBUKO-XiMiYHMX XapaKTePUCTUK IOCiI)KyBaHUX CIJIaBiB, @ TAKOXK ONTHMIi3alii MeToxiB ix
MOJIEJIIOBAHHS [1J151 BUPIIIE€HH aKTyaJbHUX 337a4 Y rajy3i CTBOpEHH iHHOBALiTHUX MaTepiasiB. AKTyalbHICTb
TaKOT'0 OCJIiIPKEHHS 3yMOBJIeHa HEOOXiIHICTIO pO3BUTKY e(EeKTUBHUX IiAXO0/iB 4O IPOrHO3yBAHHS BIACTUBOCTEN
CKJIaJHUX 6araTOKOMIIOHEHTHUX CHUCTEM, SIKi IIMPOKO BUKOPHUCTOBYIOTHCSI B a€POKOCMIiYHil, aBTOMOGI/IBbHIl,
Oy[iBeJIbHIN Ta €JIEKTPOTEXHIUHIN IPOMUCIIOBOCTI. 3pOCTal0uMii IONUT Ha JIETKi, MilJHi Ta KOPO3iHOCTINKI
MaTtepiany CTUMYJIIOE MTOMIYK HOBYX CIUIABIB aJIIOMIHIIO Ta IHIIMX METAJIB 3 IIOKpalleHUMU XapaKTEPUCTUKAMMU.

Komm'ioTepHe MoJiesl0BaHHs, SIK iIHCTPYMEHT [IPOTHO3YBaHHS BJIACTMBOCTE MaTepiasiiB, BiikpuBae HOBI



MO>KJIMBOCTI J1J151 TJIMOIIOrO PO3YMiHHS NIPOLIECiB, sIKi BU3HAYAIOTD IXHi €KCILTyaTalliiiHi XapaKTepUCTUKUA. 3HAYHA
yBara Ipuaiisyiacb O6rpyHTOBAaHOMY BUOOPY Cy4yaCHUX MiKaTOMHMX IIOTEHIIiaJliB /1Sl OIIMCY B3aEMOZIiN y crucTemax
Ha ocHOBI Al Ta Fe. [IpoBeieHO aHasli3 MOKIMBOCTEN METOAY 111 MOZEJIIOBAaHHS TaKUX IIPOLIECIB, K (a3oBi
nepeTBOpeHHs], Audysist aToMiB, KpucTamisalis Ta amopdisauist. 3HayHy yBary NpuiijeHo NOPiBHSHHIO PE3YJbTaTiB
MOJIEJIIOBaHHS i3 eKCIIepUMEeHTAIbHUMU JaHuMU AJ1s cucteM Al-V, Al-Hf, Al-Cu-Si, Zr-Cu-Al, Al-Zn, Fe-Cu-Si, mo
I03BOJIMIIO BepudikyBaTu po3pobieHi Moaesi. Ha ocHOBI mpoBefeHUX JOCTiIKeHb PO3PO6IEHO METOIUKY
MOJI€JIIOBAaHHS BIIMBY TEMIIEPATYPU Ta JIETYIOUMX €JIEMEHTIB Ha MIKPOCTPYKTYPY Ta BJIaCTUBOCTI CKJIAIHUX
aJIIOMiHiIEBMICHUX CILIaBiB. MOKJIMBOCTI Lii€i METOIMKM OyJIM IEPEBIPEHi 1 HA 3aJ1i30BMiCHUX CIIaBaX. BUKOHaHO
4YKCEJIbHI €KCIIEPUMEHTH, SIKi IPOLEMOHCTPYBAJIA MOXKJIMBOCTI YIIPABJIiHHS CTPYKTYPHUMHU XapaKT€PUCTUKAMU
Mmarepiasis [l JOCATHEHHS ONITUMAaJIbHUX BiacTUBOCTEN. OCO6IMBY yBary nNpuaiIieHO LOCJiIKEHHIO BILIMBY
HAaHOPO3MipHUX €(EeKTiB, IO CTAIOTh BU3HAYAJIbHUMU Y BUNIAAKY MiKPO- Ta HAHOCTPYKTYPOBAaHUX CUCTEM.
PesynbpTaTl pOOGOTH BKIIIOYAIOTh BCTAHOBJIEHHS KJIIOYOBUX 3aKOHOMIPHOCTEH, SIKi BUBHAYAIOTh B3A€MO3B'SI30K MIX
MIKpOCTPYKTYpO10, Pa30BUMHU CTAaHAMU Ta CTPYKTYPHUMU XapaKTePUCTUKAaMU B PiIKOMY CTaHi CI1JIaBiB Ha OCHOBI Al
Ta OLiHEHO iX MOXKJIMBOCTI 1 JJ1s1 IHIIMX CIIaBiB, 30KpeMa Ha 0CHOBi Fe. OTprmaHO HOBIi 1aHi PO MeXaHi3Mu1
(opMyBaHHS CTPYKTYpHOI CTabiNIbHOCTI Ta BIIJIMB TEPMOAVHAMIYHMX [1apaMeTPiB Ha KJIaCTepHY OY[OBY CILIaBiB.
Po3pob6ieHi Mozesti O3BOJISIIOTh IPOTHO3YBAaTH ITOBEIiHKY MaTepiasliB B yMOBaX 3HAYHUX eKCITyaTallifiHUX
HaBaHTaXXEHb, BKJIIOYAIOYM BUCOKY TEMIIEPATYPY, KOPO3ilHE C€peLOBUILE Ta pafiallilHUI BILJIMB. Y IUCEepTallii
TaKOXX BU3HAYEHO NEPCIEKTUBY [TOAAJBIIMX JOCIIIIKEHb y cPepi KOMITIOTEPHOTO MOJEIOBAHHS CUCTEM HAa OCHOBI
Al Ta Fe. 3okpemMa, peKOMEeHIOBaHO LIJISIXU 3 BLOCKOHAJIEHHSI MDKaTOMHUX ITOTEHLiasiB 11715 6iIbIl TOYHOTO OIIUCY
CKJIaTHUX 6araTOKOMIIOHEHTHUX CUCTEM i3 HEO[IHOPiHOIO CTPYKTYPOIO, @ TAKOX iHTerpalilo KOMITIOTEpPHUX

METO/IB 1711 aBTOMATU3aLil aHali3y JaHUX MOJEJIOBAHHS.

2. In the thesis, the structure, crystalline, amorphous and liquid alloys of the aluminum systems Al-V, Al-Hf, Al-Cu-
Si, Zr-Cu-Al, Al-Zn, and Fe-Cu-Si were studied by computer modeling and X-ray diffraction. The main attention
was paid to the fundamental and applied aspects of analyzing the structural and physicochemical characteristics of
the studied alloys, as well as optimizing methods of their modeling to solve urgent problems in the field of
innovative materials. The relevance of this study is due to the need to develop effective approaches to predicting
the properties of complex multicomponent systems that are widely used in the aerospace, automotive,
construction, and electrical industries. The growing demand for lightweight, durable, and corrosion-resistant
materials is driving the search for new alloys of aluminum and other metals with improved characteristics.
Computer modeling, as a tool for predicting material properties, opens up new opportunities for a deeper
understanding of the processes that determine their performance. Considerable attention was paid to the
reasonable choice of modern interatomic potentials to describe interactions in Al and Fe-based systems. The
capabilities of the method for modeling such processes as phase transformations, atomic diffusion, crystallization,
and amorphization were analyzed. Considerable attention is paid to comparing the modeling results with
experimental data for Al-V, Al-Hf, Al-Cu-Si, Zr-Cu-Al, Al-Zn, and Fe-Cu-Si systems, which allowed us to verify the
developed models. Based on the research, a methodology for modeling the effect of temperature and alloying
elements on the microstructure and properties of complex aluminum-containing alloys was developed. The
capabilities of this methodology were also tested on iron-containing alloys. Numerical experiments have been
performed to demonstrate the possibility of controlling the structural characteristics of materials to achieve
optimal properties. Particular attention is paid to the study of the influence of nanoscale effects, which become
crucial in the case of micro- and nanostructured systems. The results of the work include the establishment of key
regularities that determine the relationship between microstructure, phase states, and structural characteristics in
the liquid state of Al-based alloys and their applicability to other alloys, including Fe-based ones, is assessed. New
data on the mechanisms of structural stability formation and the influence of thermodynamic parameters on the
cluster structure of alloys were obtained. The developed models allow predicting the behavior of materials under
significant operational loads, including high temperature, corrosive environment, and radiation exposure. The
thesis also identifies prospects for further research in the field of computer modeling of Al and Fe-based systems.
In particular, the ways to improve interatomic potentials for a more accurate description of complex



multicomponent systems with heterogeneous structures, as well as the integration of computer methods to

automate the analysis of simulation data are recommended.
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Biacue IIpizBume Im's [10-6aTbKOBI Biryn Poman IBaHoBUY

TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigasbHUH 3a MiATOTOBKY ’Kak Onpra BonopumupisHa
00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA
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