O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0425U000298
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 25-09-2025

Craryc: IligtBepmrena MOH

PexBi3utu Hakasy MOH / Haka3y 3aKsazy: Hakas N2375 iz 26.02.2026p

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IBaHueHKo [IMuTpoO BikTOpOBHY

2. Dmytro V. Ivanchenko

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0001-6162-8537

Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi ceniaIbHOCTI: 05.16.04

Ha3Ba HayKoBOIi CIeniaIbHOCTI: JluBapHe BUPOGHULITBO
T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS
OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
Jara 3axHcTy: 21-10-2025

CrneniaJbHICTh 3a OCBITOIO: CrienjianbHa MeTalypris

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi CleliaJai30BaHOI BYEHOI paau): [l 26.232.01

IloBHEe Ha¥iMEHYBaHHS IOPHIHYHOI 0COOH: Di3rKO-TEXHONOTIHMII IHCTUTYT METAJIB Ta CIJIABIB

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: OynbBap Akanemika Bepaaacekoro, 6yq. 34 /1, Kuis, 03142, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 53, 55.15

Tema guceprauii:
1. Po3po6ka ckiany ¢GiociB Ta TEXHOJIOTII iX 3aCTOCYBaHHS 17151 0OOpOOKM ayllOMiHI€BUX CILJIaBiB.

2. Development of fluxes composition and technology of their application for processing aluminum alloys.

Pedepar:

1. KBanigikanifina HayKkoBa Npalls Ha [IpaBax pyKomnucy. Jlucepranis Ha 3000yTTsI HAYKOBOTO CTYIEHS KaHIMAaTa
TEXHIYHUX HayK 3a crenianpHicTio 05.16.04 «JInBapHe BUPOOHULITBO». Di3MKO-TEXHOIOTIYHUI IHCTUTYT METAaJiB Ta
crutaBiB HAH Vkpainu, Kuis, 2025. Jluceprariist mpucBsideHa 3Mil[HEHHIO aJllOMiHiEBO-MarHi€eBUx Ta
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IOCJIIPKEHHS € SIBULIE 3MiHM CTPYKTYPH Ta BJIACTUBOCTEN allOMiHi€eBOMarHieBUX, allOMiHi€BO-MiJHUX Ta
aJIIOMiHiEBO-KPEMHIi€BUX JINBAPHUX CIUIABIB Mif] BIVINBOM (PJIIOCIB, 1IJ0 MiCTITh B CO0i CIIOJIYKU LIMPKOHIIO.
Po3risiHyTO €eKclieprMeHTasIbHe JTOCTiIKEeHHS Iepexoy LUPKOHiIo 3 Ai0KCUIY LIMPKOHiI0 abo TeTpadTopuLy

LIMPKOHIIO B aJIIOMiHi€Bi CIy1aBu i3 KOMIIEKCHOTO ¢Jitocy. [TpoBeeHo NOCiIKeHHSI MeXaHiYHMX XapaKTepUCTUK



JINTUX 3Pa3KiB OTPUMAHMX i3 a/IIOMiHi€BUX CIUIABIB 3 HIUPKOHIEM, BBEI,EHUM i3 IOr0 JioKcumy abo TeTpadTopumiy B
JINTOMY Ta TEPMiYHO 06pob6IeHOMY cTaHi. BusHadyeHo, mo peakuist Mk ZrO2 i pinkum Al TepMogHaMIidHO
MOJKJIVBA, aJlé B PE€aJIbHUX YMOBAaX IIPOLIECIB MJIABJIEHHS i JIMTTS aJIlOMiHI€EBUX CILJIaBiB BBE€IEHHS YUCTOro ZrO2
HEMOXKJIMBO Yepe3 MillHy IIJIiBKYy OKCHIY allIOMiHil0 Ha TOBEPXHi MeTany. Peakuis Mk ZrF4 i pinkum Al
TepMOIMHAMIYHO MOXKJINBA, aJie IIPOTiKae MOBiNIbHO. Y PO6GOTI BCTAHOBJIEHO, 1[0 KOMIIOHEHTaMH, SKi J03BOJISIIOTh
BiZJHOBJIIOBATU LUMPKOHIH i3 ZrO2 i ZrF4 Ta Hacn4yyBaTn HUM pigxnui amominin € LiF, NaF, KF. Ha ocHOBI npoBeeHHS
KOMILJIEKCY AOCJIiJPKEHb BCTAaHOBJIEHO, 1110 LIMPKOHIM BiTHOBJIIOETLCS i3 OKCUAY i GTOPUAY LIMPKOHIIO alloMiHieM Ta
marsieM. [1in6ip cknany ¢urociB HEOOXiIHO POOUTH i3 TaKMM CHiBBiJHOIIEHHSIM KOMIIOHEHTIB, SKe 6 3a6e31e4uyBajo
6 yTBOpeHHs (PTOPLMPKOHATIB Kalio, JIiTiio abo HaTpio. ITicss BifHOBIEHHS, IPU BMICTi IUPKOHIIO y aJltoMiHiEBOMY
PO3I171aBi 6ibLIIOMY 32 MEXY 10r0 PO3YMHHOCTI IIPU L1iil TeMIIepaTypi, TEPMOJMHAMIYHO 6iblI iMOBIpHOIO €
Peaxliisi BiHOBJIEHHS LUPKOHIIO 10 CIOIyKU Al3Zr Hi>XX pO3YMHEHHS LMPKOHIIO B aJllOMiHieBOMY po3mnasi. Ha
OCHOBI Pe3yJIbTaTIiB AOCIiIKEHb MIKDOCTPYKTYPHY Ta MEXaHIYHUX BJIACTUBOCTEN aJIIOMiHI€BUX JIMBAPHUX CIIJIABiB
cucrem Al-Si, AI-Mg-Si, Al-Cu, Al- Cu- Mn yToyHeHO MexaHi3M 3MillHeHHs1. Ha 0ocHOBI NOBHOTO (pakTOpHOrO
€KCIIEPMMEHTY PO3Pax0BaHi OIITUMAaJIbHi KiJIbKOCTi CIIOJIYK LIMPKOHIIO Ta iHIINX CKJIaJIOBUX KOMIIJIEKCHUX (JIIOCIB,
110 IIPM3HAY€eHi AJ1S BiJTHOBJIEHHS LIMPKOHIIO Y CEPENOBULIi PiKOr0O ajJOMiHIIO Ta epeBENEHH]I 10r0 Y MeTaleBU
POB3IIIaB, a TAaKOX MPU3HAYEeHI IJ1s1 1oro piBHOMIPHOIO po3noainy 1o 06'eMy posiaBy. JOCipKeHo BILJIMB
TEMIIEPATyPH Ta YaCy BUTPUMKU Ha CTPYKTYPY Ta MEXaH{4Hi XapaKTePUCTUKU BUILEBKA3aHUX CIIJIaBiB. Ki040Bi
CJIOBA: 3MiLIHEHHS1, LUPKOHIH, (JIIoC, aloMiHieBi IMBapHi CIIJIaBY, OKCUJ, LMPKOHII0, PTOPU], LMPKOHII0, MEXaHI4Hi
BJIACTUBOCTI, MIKDOCTPYKTYpa.

2. Qualification scientific work. - Manuscript. The dissertation is devoted to strengthening of aluminum-
magnesium and aluminum-copper and aluminum-silicon casting alloys with zirconium introduced from zirconium
tetrafluoride and zirconium dioxide, which are intermediate products of obtaining metallic zirconium and the use
of which allows to get rid of the need to obtain aluminum-zirconium ligature. The object of the research is the
phenomenon of changing the structure and properties of aluminum-magnesium, aluminum-copper and
aluminum-silicon casting alloys under the influence of fluxes containing zirconium compounds. An experimental
study of the transition of zirconium from zirconium dioxide or zirconium tetrafluoride to aluminum alloys from a
complex flux is considered. A study of the mechanical characteristics of cast samples obtained from aluminum
alloys with zirconium introduced from its dioxide or tetrafluoride in the cast and heat-treated state is carried out.
It was determined that the reaction between ZrO2 and liquid Al is thermodynamically possible, but in real
conditions of the melting and casting processes of aluminum alloys, the introduction of pure ZrO2 is impossible
due to the strong film of aluminum oxide on the metal surface. The reaction between ZrF4 and liquid Al is
thermodynamically possible, but proceeds slowly. The work established that the components that allow the
reduction of zirconium from ZrO2 and ZrF4 and the saturation of liquid aluminum with it are LiF, NaF, KF. Based on
a set of studies, it was established that zirconium is reduced from zirconium oxide and fluoride with aluminum and
magnesium. The selection of the composition of fluxes must be done with such a ratio of components that would
ensure the formation of potassium, lithium or sodium fluorozirconates. After reduction, when the zirconium
content in the aluminum melt is greater than its solubility limit at this temperature, the reaction of zirconium
reduction to the Al3Zr compound is thermodynamically more probable than the dissolution of zirconium in the
aluminum melt. Based on the results of studies of the microstructure and mechanical properties of aluminum
casting alloys of the Al-Si, AI-Mg-Si, Al-Cu, Al-Cu-Mn systems, the strengthening mechanism has been clarified.
Based on the full factorial experiment, the optimal amounts of zirconium compounds and other components of
complex fluxes designed for the reduction of zirconium in the liquid aluminum environment and its conversion
into a metal melt, as well as designed for its uniform distribution over the volume of the melt, have been
calculated. The effect of temperature and holding time on the structure and mechanical characteristics of the
above alloys has been studied. Keywords: strengthening, zirconium, flux, aluminum casting alloys, zirconium oxide,
zirconium fluoride, mechanical properties, microstructure.
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