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1. Incepranifina po60Ta IpUCBIY€Ha KOMIIJIEKCHOMY JOCJIIPKEHHIO 3aKOHOMIpHOCTe! (OpMYyBaHHS CTPYKTYPH,
(a30BOro CKJIaly Ta KOMILJIEKCY BJIAaCTUBOCTEN reTepodasHuUX MeTajleBUX MaTepiajliB Ha OCHOBI ajlloMiHilo Ta 3asiza
i3 O3HaKaMy IPUPOJHUX Ta IITYYHUX KOMNO3UTiB. OCO6/MBA yBara NpuiijieHa poji HeMeTaleBUX (a3, TAKUX K
rpadir y yaByHax, KpEMHIH y cuyiyMiHax, KapOifHi Ta KapOOHITPUIHI BKIIIOYEHHS B CTaJli Ta aIlOMOMaTPUIHUX
KOMIIO3UTaX, Ha MOPQOJIOTiI0, PO3MO/iJ Ta MeXaHiYHi xapaKTepUCTUKU MaTepiaiB. JJoCTiIsKeHO MOKIIUBOCTI
KEPYBaHH$ BJIACTUBOCTSIMU MaTepiaiiB uepe3 MoauQikyBaHHS PO3ILJIaBiB, TEPMiUHy 06pOOKy, cepii rapsgunx
nedopmaliiii Ta in-situ cuHTe3 3MilHIOBaIbHUX (a3. O6’€eKTOM NOCIIIPKEHHS € CTPYKTypa Ta BIACTUBOCTI

rerepoda3Hux MaTepiaiB Ha OCHOBI aIIOMIHiIO i 3a71i3a 3i CTPYKTYpOIO MPUPOJAHUX KOMIIO3UTIB, a IIPEIMETOM —



3aKOHOMIPHOCTI BIUIMBY XiMiYHOTO CKJIaJly, TEXHOJIOTIYHUX PEXUMIB CUHTE3Y, MOAM(DiKyBaHHs Ta TedopMaLiliHO-
TepMidHOi 06po6KY Ha GOPMYBaHHS MIKPOCTPYKTYPH Ta (isMKO-MeXaHiyHi XapaKTepUCTUKU. Y pOOOTi pO3p06IeHO
Ta 3aCTOCOBAHO (i3UYHO OOI'PYHTOBAHI MaTeMaTHU4Hi MOZEJi, 10 TOENHYIOTh TEPMOANHAMIUHMI aHai3 Pa3oBUX
piBHOBAr i KIHETUYHUI ONMC NPOLECiB POpMyBaHHS Ta pocTy aucrnepcHux ¢asy cucremax Al-Ti-C, Fe-Ti-C ta
Ti-BoC-Fe. BctaHOBIEHO IMOPOTOBi 3HAYEHH CKJIALy M TEMIIEPATYPHUX PEKUMIB, 110 BU3HAYAIOTh AUCIIEPCHICTD
3MilHIOBaIbHUX (a3 i xapakTep Ha3z0BUX I€PETBOPEHb; CIIPOIHO30BAHO BIIMB ckiany Ha pict TiC, nonpibHeHHs
YaCTHHOK Ta PEeXXUMHU CUHTE3Y. PO3p06siIeHO MOZE/Ib PO3YMHEHHS [IOPOIIKOBUX OPUKETOBAaHMX MOAU(IKaTOPiB I1pu
BHYTPIlIHbO(OPMOBOMY MOAM(IKyBaHHI YaBYHY 3 YpaxyBaHHSIM XiMiYHOTO CKJIaly, FEOMETPIi Ta IOPUCTOCTI.
BcTaHOBJI€HO BIJIMB KOHCTPYKIii OpUKeTy Ha TPUBAJIICTh PO3YMHEHHS]; [I0Ka3aHo, 1[0 OPUKETH 3 KOHIYHUM KaHaJIOM
3a0e31e4yloTh piBHOMIpHE BBeJeHHs MopudikaTopa mif yac 3arnoBHeHHs dopmu. s Al-TiC ta cieyenux Al-Si-Ni
KOMIIO3UTiB BCTAHOBJIEHO NPOTUJIEKHUI BILIMB BiJlllajly Ha TeMIepaTypHy 3anexsicte KTP: gya Al-Si-Ni -
3pocranHs KTP y HusbkoTemMieparypHiit o6sacti, gyist Al-TiC - 3arasipHe 3HMKEHHS 6€3 3MiHU XapaKTepy
3asnexxHocti. I Al-SiC i3 30-40 % Si nokasano 3HmwxeHHs1 KTP npu BBenenHi 3,5 % Cu Ta clikaHHi y po31laBi
oJsioBa. locimkeHo Masi rapsidi nedopmatiii 3 NpoMDKHMMU Bifnanamu ciiiasis Al-Si. BcTaHOBJIEHO, 110 cyMapHa
nedopmarist 40-70 % nipu 450-540 °C dhopmye nucriepcHi rno6ynspHi BKIOYEHHS Si Ta MigBUIIY€E JIaCTUYHICTS i
MILIHICTb; TBEPiCTh MATPULli BU3HAYA€E BEPXHIO MeXy TBeprocTi. st Al-Si 3 Cu, Zn, Fe Ta Mn BCTaHOBJIEHO
HeJIiHiHe 3pOCTaHHS Me>Xi MilIHOCTI IIpY IIPAKTUYHO HE3MiIHHINA MeXKi IIJIMHHOCTI Ta MifBUIIEHHS BiTHOCHOTO
3BY)KEHHS, 10 MOB'SI3aHO 3 Ae(opMaLiiHUM CTapiHHSIM i 3MiHOI0 MOPQoJIorii eBTeKTMYHUX (a3. MikpoMacIITabHUM
CKiHYE€HHO-€JIEMEHTHMM MOJEJIIOBAHHSM Yy [TIO€IHAHHI 3 EKCIIEPUMEHTOM BCTAHOBJIEHO 3aKOHOMIPHOCTI
3apOJKEHHS i pO3BUTKY TPIIIMH Y KOMIIO3UTax Ta cijiaBax Al-Si 3 ypaxyBaHHSM B3a€MOJii «BK/IIOYEHHSI-MaTPULISI».
Br3HayeHO KpUTHYHI pO3MipH Ta MDKYaCTUHKOBY BilICTaHb, 110 BU3HAYAIOTh JIOKAJIbHE PO3TPICKyBaHHS i Ilepexif, 1o
MaKPOCKOIIYHOTO PyHHYBaHHs. BCTAaHOBJIEHO BILJIMB HU3bKOYACTOTHOI 3HAKO3MIHHOI BiOpallii HA MiKDOCTPYKTYpY i
MILIHICTb €BTEKTUYHOTO cuayMinHy (12 % Si). [lokazaHo poJib MINapyBaTOCTi CUTHAJY Y AUCIEpryBaHHi Si Ta
(opMyBaHHi IEHIPUTHOI CiTKY, a TAKOX 3B'$130K MOP(OJIOTii BKJIIOYEHB i MilJHOCTI. [lJ1s1 HU3bKOBYIJIELIEBUX CTajen
BCTAQHOBJIEHO OCOOJIMBOCTI BILJIMBY A€(POPMaLiHOrO 3MillHEHHSI Ta PEKPUCTAI3aLiliHOTO Bifasy: NPy HIKINX
TeMIlepaTypax Bifnasy 30i/blI€HHS HAKJIeIy JIiHIMHO NigBUIye MillHICTb, @ TPY BULIUX TEMIIEpATypax
CIlOCTepiraeTbcst 3BOPOTHUI edeKT, IIOB'I3aHMI 31 3MIHOIO TeMIlepaTypy MOYaTKy peKpUcTaisalii Ta poctom
3epHa. Po3paxyHkamu DFT nocrimkeHo audysito JOMIIIKOBUX aTOMIB y KpUCTalivHii I'paTli 3 ypaxyBaHHIM
nedeKTiB i TpeTix KoMNOHEHTiB. KisbKicHO olLiiHeHO eHeprii akTuBaLii gudysii Ta B3aeMogio Mix ¢pazamu 14
IpOrHo3yBaHHs GOPMYBaHHS IUCIIEPCHUX i KapOOHITPpUIHYX BKIIOYeHb. HaykoBa HOBM3HA POOOTH MOJIATAE §
CTBOPEHHI (i3UYHO OOI'PYHTOBAaHUX MOeslel KiHeTHKY (pOpMyBaHHS 3MilIHIOBaJIbHUX (a3 y KOMIIO3UTAX,
BCTAHOBJICHHI IIOPOTOBUX 3HAaUY€Hb CKJIAMY i TEMIIEPATyPHUX PEKUMIB, BU3HAUEHHI 3B'513Ky Mi>X MOp(doJIoTiero
BKJIIOYEHDb, PO3MIPOM KPUCTAJIITIB i MEXaHIYHMMY XapaKTEPUCTUKAMMU, a TAKOX Y 3HaXOIPKEHHI HOBUX
3aKOHOMIPHOCTEN BIUIMBY TEXHOJIOTYHUX TapaMeTpiB Ha KTP i MexaHi4Hi BIaCTUBOCTI allOMOMaTPUYHUX
marepiais. [IpakTUYHe 3HaU€HHSI OTPUMAHMX PE3YJIbTATIB [10JISIra€ y pO3pO0JIEHHI TEXHOJIOTII BUTOTOBJIEHHS
CIIEYEHUX aJIIOMiHi€EBUX CIJIaBiB i KOMIIO3UTIB 3 KEPOBAHMM KO€(illieHTOM TEIMJIOBOTO PO3UIMPEHHS [1J181 AeTajen
BHMCOKOTOYHOI HaBiraliiiHoi TeXHiKy, 1o MiATBEPA’KEHO PO3pO6IeHHSIM TexHiYHuX ymoB TY VY 25.3-0516930-036-
026(1):2026 Ta aktoM BripoBaakeHHs Ha JIIT CIIb «ApceHan». CTBOpeHi MaTeMaTU4Hi MOJieJli BUKOPHUCTOBYIOTHCS
17151 OITUMI3alii CKIaly MOPOLIKOBUX CyMillleld, pe>XXUMiB in-situ cuHTe3y Npu BUPOOHULITBI KapbifnocTaneil Ta [
IpOLEeCiB BHYTPIlIHLOPOPMOBOro MOAN]IKyBaHHS YaByHY, @ pO3p0o06JIeHi pesxxuMu AedopmaliiiHO-TepMidHOI
00po6KY 326€e311e4yI0Th KepoBaHe (OPMYBaHHS KOMILJIEKCY MEeXaHIYHMX BJIACTUBOCTEN MaTepiaslis.

2. The dissertation is devoted to a comprehensive study of the formation of structure, phase composition, and
properties of heterogeneous metal materials based on aluminium and iron, with features of natural and artificial
composites. Particular attention is paid to the role of non-metallic phases, including graphite in cast irons, silicon
in silumins, and carbide and carbonitride inclusions in steels and aluminium matrix composites, in their
morphology, distribution, and mechanical properties. The possibilities of controlling material properties through
melt modification, heat treatment, hot deformation, and in-situ synthesis of strengthening phases are studied. The
object of the study is the structure and properties of heterogeneous aluminum- and iron-based materials with



structures of natural composites. The subject is the effect of chemical composition, synthesis conditions,
modification, and thermomechanical treatment on microstructure formation and physical and mechanical
properties. Physically based mathematical models combining thermodynamic analysis of phase equilibria and
kinetic description of dispersed phase formation and growth were developed for the Al-Ti-C, Fe-Ti-C, and
Ti-BoC-Fe systems. Threshold composition and temperature conditions governing strengthening phase dispersion
and phase transformations were established. The effects of composition on TiC growth, particle refinement, and
synthesis conditions were predicted. A model of powder briquetted modifier dissolution during in-mold cast iron
modification was developed, accounting for chemical composition, geometry, and porosity. The effect of briquette
design on dissolution time was established; briquettes with a conical channel were shown to provide uniform
modifier introduction during mold filling. For Al-TiC and sintered Al-Si-Ni composites, opposite effects of
annealing on CTE were established: CTE increased in the low-temperature range for Al-Si-Ni, while it generally
decreased for Al-TiC without changing the temperature dependence. For Al-SiC composites containing 30-40%
Si, CTE decreased after adding 3.5% Cu and sintering in molten tin. Small hot deformation steps with intermediate
annealing of Al-Si alloys were studied. A total deformation of 40-70% at 450-540 °C produced fine globular Si
inclusions and increased ductility and strength; matrix hardness determined the upper limit of overall hardness. In
Al-Si alloys with Cu, Zn, Fe, and Mn, tensile strength increased nonlinearly at nearly unchanged yield strength,
while reduction of area increased, indicating effects of strain aging and eutectic phase morphology. Microscale
finite element modelling combined with experiments established crack initiation and propagation patterns in Al-Si
composites and alloys, considering inclusion-matrix interaction. Critical inclusion sizes and interparticle distances
governing local cracking and transition to macroscopic fracture were determined. The effect of low-frequency
alternating mechanical vibration on the microstructure and strength of eutectic silumin (12% Si) was established.
The role of signal duty cycle in Si dispersion and dendritic network formation, and the relationship between
inclusion morphology and strength, were demonstrated. For low-carbon steels, the effects of strain hardening and
recrystallization annealing were established. At lower annealing temperatures, greater prior strain linearly
increased strength after annealing, while at higher temperatures the opposite effect occurred due to changes in
recrystallization onset temperature and grain growth. DFT calculations were used to study impurity atom diffusion
in a crystal lattice, accounting for defects and third components. Diffusion activation energies and interphase
interactions were quantitatively evaluated to predict the formation of dispersed and carbonitride inclusions. The
scientific novelty of the work lies in developing physically based models of strengthening phase formation kinetics
in composites, establishing threshold composition and temperature conditions, determining relationships between
inclusion morphology, crystallite size, and mechanical properties, and identifying new relationships between
technological parameters and the CTE and mechanical properties of aluminium matrix materials. The practical
significance of the results lies in developing a technology for producing sintered aluminum alloys and composites
with a controlled coefficient of thermal expansion for high-precision navigation equipment components,
confirmed by Technical Specifications TU U 25.3-0516930-036-026(1):2026 and implementation at the Special
Device Production State Enterprise “Arsenal”. The developed mathematical models are used to optimize powder
mixture compositions, in-situ synthesis conditions for carbide steel production, and in-mold cast iron
modification, while the developed thermomechanical treatment conditions provide controlled formation of
mechanical properties.
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Biacue IlpisBume Im's I1o-6aTbKOBI 3ranar-JlosuHckuit Ocran GpoHiciaBoBuY
rOJIOBYIOYOrO Ha 3acCimaHHi

BinnosimasnbHui 3a IIi,Z;I‘OTOBKy KaBepuncbkuil Bnagucnas BosioguMuposuy
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




