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Pedepar/anoTanis:

1. TpenvoB M.C. IligBuieHHs MexaHiYHUX Ta Gi3UYHUX BIACTUBOCTEN aIIOMiHIEBUX CII/IaBiB 32 JOTIOMOTOI0
BHMKOPHMCTaHHS HAHOJMCIIEPCHUX MaTepiaiB. [luceprauis Ha 30006yTTsI HAYKOBOTO CTyIEeHs JokTopa dinocodii 3a
criejanpHicTiO 136 — MeTanyprig. — HanioHasbHUI TEXHIYHUN YHIBEPCUTET «XapKiBCbKUM MTOJIITEXHIYHUN
iHcTUTYT». XapKiB, 2026. JluceprauiiiHy poO60Ty MPUCBSIYEHO BUPIilIEHHIO aKTyalbHOI HAYKOBO-TE€XHIYHOI 3aayi
MigBUIIEHHS MeXaHIYHUX Ta Qi3UYHUX BIACTUBOCTEN aIOMiHI€EBUX JJMBAPHUX CIIJIaBiB HJISIXOM BUKOPUCTAaHHS
dynepeHiB Con sik HaHOMoAMDiKaTopiB. O6'€eKTOM JOCIiIKEHHS € ITpoLecy (GOPMyBaHHS MiKPOCTPYKTYPH Ta
BJIACTMBOCTE! aJIIOMiHi€BUX JIMBAPHUX CILJIABIB Mif yac ix moaudikysanHs. [IpeaMeT ToCimKeHHs —

3aKOHOMIipHOCTI BIMBY ¢QysiepeHiB Coo Ha Ipolecy KpycTaisallii, CTpyKTypoyTBOpeHHsI, (pa3oBuil CKiIag,



MIKPOCTPYKTYpY Ta BiacTUBOCTi crinaBy AKI2, a TakoX cioco6 BBeI,eHHSI HAHOIQMCIEPCHUX MaTepiasiB y MeTaleBi
posmiaBu. MeToo poboTH € MiABUILEHHS MeXaHIYHUX i Qi3MYHUX BacTUBOCTel criaBy AK12 msixom
po3pobieHHs e(PEKTUBHUX TEXHOJIOTIHN BBeJeHHs ¢ysepenis Coo Ta BCTAHOBJIEHHS 3aKOHOMIpPHOCTEH iX BIIJIMBY Ha
CTPYKTYpY 1 BJIACTUBOCTI Marepiainy. Y po60Ti BUKOHAHO aHaJli3 Cy4aCHUX METO/iB HAHOMOAM(DIiKyBaHHS
aJIIOMiHi€BHUX CIIJIaBiB, BU3HAYE€HO OCHOBHI IPO6JIeMU BUKOPUCTAHHS (PyJIepeHiB, MOB's13aHi 3 ix arjomepatiiero Ta
HEJIOCTAaTHbOIO 3MOYYBaHICTIO aJltoMiHieBUM po3MsiaBoM. Po3pobsieHo Ba criocobu BBeieHHsl HaHOMoaudikaTopa:
i3 3acTOCYBaHHSM KOMIIO3ULiliHO] JliraTypu Ha OCHOBI Nopo1Ky [TA-4 Ta musixoM ¢pyHKUioHani3anii pynepenis Coo.
[IpoBeneno meranorpa@diuHi, pEHTT€HOCTPYKTYPHi, ME€XaHi4Hi Ta TpPUOOJIOTiYHi JOCTIIKEHHS, a TAKOXK
KOMIT'IOTEpHE MOJIeJII0OBaHHS IIPOLieciB KpUCTali3aliii i mporno3yBaHHs NeeKTiB JIUTOi CTPYKTYpH. BcTaHoBIEHO,
o HaHoMmonudikysaHHs ¢ysnepeHamu Con 3ab6e3nedye nogpibHEeHHs! eBTEKTUYHOTO KPEMHII0, 3BMEHIIIEHHS
MDKAEHIPUTHOI BiicTaHi gpyroro nopsuky (SDAS), 3HM>KeHHS IOPUCTOCTI Ta (POpMYyBaHHS OibIll OJHOPIIHOI
IpibHOAMCIIEPCHOI CTPYKTYPH CIIaBy. BusHaueHO onTUMasbHi KOHLeHTpauii HaHoMoaudikaTopa, 3a IKUX
IOCATAEThCS MiJBULIEHHS TBEPIOCTI, MIKDOTBEPOCTI, yIaPHOI B'43KOCTi Ta 3HOCOCTIMKOCTI Marepiamny. [TokasaHo,
1110 BUKOPUCTaHHS (PYHKLiOHaNi30BaHUX (yJIepEHIB 3a0e3Ieuye 6iblll PiBHOMIPHU PO3MOAiJ HAHOYACTUHOK Y
Po3IyaBi Ta BUlLY e(EeKTUBHICTh MOJNU(IKyBaHHS MOPIBHSHO 3 KOMIIO3ULIIMHOIO JliraTypoto. HaykoBa HOBU3Ha
noJisirae y po3po6sieHHi e(peKTUBHUX CII0C06iB BBeNieHHS ¢yepeHiB Coo B aioMiHieBUI PO3ILIaB, BCTAHOBJIEHHI
3aKOHOMipHOCTeH iX BIIJIMBY HAa GOPMYBaHHS CTPYKTYPU Ta BiacTuBocTel ciinaBy AK12, a TakoxX y CTBOpPEHHi
KOMIIJIEKCHOTO MiX0Ay [0 IPOrHO3YBAaHHS SKOCTi BUJIMBKIB HA OCHOBI KOMII'IOTEPHOTO MOJEJIIOBaHHSI IIPOLIECIB
KpHUCTasisalii Ta napaMmeTpUYHOro METOy po3Ii3HaBaHHS 06pasiB. [IpakTUYHe 3HaUeHHSI pOOOTHU MOJIATAE Y
CTBOPEHHI TexHoJorii HaHoMoauGiKyBaHHS anoMiHieBoro ciaBy AK12, 3axuieHoi naTeHToM YKpaiHu Ha KOPUCHY
Mogesb N2158607. 3anporoHOBaHA TEXHOJIOTIS 3a0e3euye 3MEHIIEHHS] PO3Mipy €BTEKTUYHOr'0 KpeMHiio 3 40-80
10 3-7 MKM, 3HUKeHHS SDAS 3 90-140 o 25-45 MxM, 3MeHIeHHs iopuctocti Ha 70-90 %, minBunieHHS
MiKpOTBepHoCTi Ha 35-48 % Ta 36i7bIIeHHS 3HOCOCTIMKOCTi MPUOJIN3HO y ABa pa3u. Po3pobieH0 MeTOAUKY
KOMIT'IOTEPHOTI'O MOZIEJIIOBaHHS [IPOLeCiB KpucTasisallii, 1o 103BOJIsI€ IPOTHO3YBAaTU ePeKTU JIUTOI CTPYKTypU Ta
ONTUMI3yBaTU TEXHOJIOTi4HI TapaMeTpH JIUTTS. Pe3ynbTaty goCligKeHb BIPOBAIKEHO B OCBIiTHIl pouec Kadenpu
nmBapHoro BupooHuursa HTY «XI1I» Ta peKOMEeHI0BaHO A0 NPAKTUYHOTO BUKOPUCTAHHS Y JINBAPHOMY
BUpOoOHULTBI. KitouoBi cyi0Ba: AytoMiHieBuUil cIyiaB, HAaHOUCIIEpCHI MaTepiany, ¢pynepenu C60, mogudikariis
CTPYKTYPH, MiKPOTBEPIiCTh, IMBAPHE BUPOOHULITBO, [IOPIIEHD, 1e(EKTH, BUIMBKA, BJI1aCTUBOCTI, TEXHOJIOTII,

TEeMIIepaTypH, MarHii.

2. **Trenov M.S.** *Improvement of the Mechanical and Physical Properties of Aluminum Alloys by Using
Nanodispersed Materials.* Dissertation for the degree of Doctor of Philosophy in Specialty 136 — Metallurgy. -
National Technical University "Kharkiv Polytechnic Institute", Kharkiv, 2026. The dissertation is devoted to solving
the scientific and technical problem of improving the mechanical and physical properties of cast aluminum alloys
through the use of Coo fullerenes as nanomodifiers. The object of the research is the formation of the microstructure
and properties of cast aluminum alloys during nanomodification. The subject of the research is the influence of Coo
fullerenes on crystallization, phase formation, microstructure, and properties of the AK12 aluminum alloy, as well
as methods for introducing nanodispersed materials into molten metal. The aim of the study is to improve the
mechanical and physical properties of the AK12 alloy by developing efficient methods for introducing Coo fullerenes
and establishing their effect on the alloy's structure and properties. The current state of research on
nanomodification of aluminum alloys was analyzed, and the main challenges associated with the use of fullerenes,
including particle agglomeration and poor wettability by molten aluminum, were identified. Two methods of
introducing the nanomodifier were developed: a composite master alloy based on PA-4 aluminum powder and
functionalized Coo fullerenes. Metallographic, X-ray diffraction, mechanical, and tribological investigations were
carried out together with computer simulation of solidification processes and prediction of casting defects. The
results demonstrated that nanomodification with Con fullerenes leads to refinement of eutectic silicon, a reduction
in the secondary dendrite arm spacing (SDAS), lower porosity, and the formation of a more homogeneous fine-
grained microstructure. Optimal fullerene concentrations were determined, providing increased hardness,

microhardness, impact toughness, and wear resistance. Functionalized fullerenes ensured a more uniform



distribution of nanoparticles within the melt and showed higher modification efficiency than the composite master
alloy. The scientific novelty of the work lies in the development of efficient methods for introducing Coo fullerenes
into molten aluminum, establishing quantitative relationships between nanomodifier concentration and structural
refinement of the AK12 alloy, and proposing an integrated approach to casting quality prediction based on
computer simulation of solidification and the parametric pattern recognition method. The practical significance of
the research is confirmed by the development of a nanomodification technology protected by Ukrainian Utility
Model Patent No. 158607. The proposed technology reduced the eutectic silicon size from 40-80 pm to 3-7 um,
decreased the secondary dendrite arm spacing from 90-140 um to 25-45 um, reduced casting porosity by 70-90%,
increased microhardness by 35-48%, and approximately doubled the wear resistance compared with the
unmodified AK12 alloy. A methodology for computer simulation of solidification processes was also developed,
enabling prediction of casting defects and optimization of casting parameters. The research results have been
implemented in the educational process of the Department of Foundry Engineering at the National Technical
University "Kharkiv Polytechnic Institute" and are recommended for practical application in the foundry industry.
Keywords: Aluminum alloy, nanodispersed materials, C60 fullerenes, structure modification, microhardness,
foundry production, piston, defects, casting, properties, technologies, temperatures, magnesium.
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Micue3Haxoa>KeHHS: Bys. Kupnnyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma B1aCHOCTI: JlepxaBHa

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. JIucenko TetsHa BosogumupisHa

2. Tetiana V. Lysenko

KBasigikanis: n. . u., npod., 05.16.04

InenTudikarop ORCID ID: 0000-0002-3183-963X

JoparkoBa iHdpopmamnist:

IloBHEe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: HaujoHanbHuii yHiBepcuteT "Oechka moiTexHika"
Kopg 3a €IPIIOY: 43861328

MicneSHaxo,erCHHﬂ: nip. llleBuenka, Opeca, 65044, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. Mlepenpkuit Bonogumup OsieKCaHAPOBUAY

2. Volodymyr O. Shcheretskyi

KBasigikamis: . 1. 1., c.1., 05.16.04
InenTudikarop ORCID ID: 0000-0002-8561-4444
HoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=24588080400

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: Di3UKO-TEXHOIOTIYHMIA iIHCTUTYT METAJIIB Ta CIIABIB

HanjjonanbHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05417153

Micuesnaxomkeunﬂ: OysbBap Akanemika BepHapcokoro, Kuis, 03142, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

PeuenseHtu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BepnizeBa TetsiHa BikTopiBHA

2. Tatyana V. Berlizeva

KBasigikamnis: . r. u., gou., 05.16.04
InenTudgikarop ORCID ID: 0000-0002-9952-6509
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0CO0HM: HauioHanbHuii TexHIYHMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ipomin JImutpo OnekcangpoBud

2. Dmytro O. Demin

KBasigikamis: 1. 1. n., npodecop, 05.13.03
InenTudgikarop ORCID ID: 0000-0002-7946-3651
JoparkoBa iHdpopmamuist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOM: HauioHanbHuii TexHIYHMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"



Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI AximoB Ozer Bikroposuy
TOJIOBH pagu

BaacHe IlpizBume Im'a ITo-6aTbKOBI AkimoB Oser BikTopoBny

rOJIOBYIOYOTO Ha 3aciJaHHi

Bi,ZIIIOBi,ZIaJIbHI/IfI 3a IIi,ZII‘OTOBKy TpeHbOB Muxkosa CraHicsiaBoBOUY
00JIIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




