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Pedepar/anoTanis:

1. Inceprauiiiny po60Ty IPUCBSIY€HO BCTAHOBJIEHHIO 3aKOHOMIPHOCTE! BIUIMBY TEPMOYACOBOi 0OPOOKY Ta
MIPY’KHUX KOJIMBaHb Ha [IPOLIECU KPUCTAJi3allii i CTPyKTypOyTBOPEHHS B METAJIEBUX CUCTEMAX. AKTYaJIbHICTb
po60TH 3yMOBJIEHA MOTPEDOOIO CYy4acHOi MeTasyprii y HAyKOBO OOI'PYHTOBAaHUX METOJIaX KEPyBaHHs IIEPBUHHOIO
KPUCTaIiYHOIO CTPYKTYPOIO JINTUX 3aTOTOBOK, OCKIJIBKM Came BOHA 3HA4YHOIO MipOIO BU3HA4a€ PiBEHb MEXaHIUYHNX
BJIACTUBOCTEH, OGHOPIHICTB i eKCITyaTaliiHy HaJliHiCTh METaJIONPOAYKIii. METOI0 BOCTiIKEeHHS €
BCTAHOBJIEHHS] MEXaHi3MiB BIIJIMBY TEPMOYACOBOi OOPOOKH i MPYKHUX KOJIMBAHb HA 3aPOJIKEHHS Ta PiCT KPUCTaJIiB
y MeTajleBUX po3iiaBax. O6’eKTOM AOCIIIPKEHHS € IPOLIeCH KPUCTai3allii Ta CTPYKTYPOYTBOPEHHSI JIUTUX
3arOTOBOK 3 MOJIEJIbHYX | METAJIEBUX CIUIABIB, IPEIMETOM — 3aKOHOMIPHOCTI BIJIMBY TEPMOYaCOBUX i

TEPMOCUJIOBHUX Jill HA 3aPOJIKOYTBOPEHHS Ta 3pOCTAHHS KPUCTaJIiB. Y pOOOTi BUKOPUCTAaHO METOU (Pi3UYHOTO



MOJIEJIIOBAHHS HA MTPO30PUX OPTaHiYHMX CEPENOBUIIAX i HU3bKOTEMIIEPATYPHUX METAJIEBUX CIIJIABaX,
MeTasnorpadgiuauii Ta sudepeHiaibHO-TepMIYHUI aHai3, MexaHiuyHi BUIPOOYBaHHS, CTATUCTUYHY I KOMITIOTEPHY
00p0oO6Ky pe3ysbTariB. MogenpHMMY MaTepiasiamu 6yiu ciisiasy Byna i Pose, napadiH, canon, gudeHinamis i
KamQeH; aZleKBaTHICTb OTPUMAaHUX 3aKOHOMIPHOCTE! [IEPEBipEHO Ha PeajibHUX METAJIeBUX CIIABaX Iif, yac
dhopMyBaHH# 37IMBKIB i 6€311epepPBHOIMTHX 3arOTOBOK. YCTAHOBJIEHO, 110 BIUIMB TEMIIEPaTypH IIeperpiy Ha
Mepeox0JI0IKeHHSI PO3IJIaBiB Nepel KPUCTai3allielo BU3HAYAEThCSI CTAHOM OOMEKEHO PO3UMHHUX JTOMIMIOK, SIKi
MOXYTb OYTH HOCISIMM aKTMBHUX LIeHTpPiB KpucTaiisauii. [IokazaHo, 1o peryioBaHHs TEMIIEPAaTypHO-4aCOBUX
napaMeTpiB IIeperpiBy a€e 3MOry KepyBaTH aKTUBHICTIO aicOpOOBaHMX LIEHTPiB KpUcTasisauii Ta, BiioBigHO,
dhopMyBaHHSM MTEPBUHHOI CTPYKTYPH JIMTUX 3arOTOBOK. JloBeieHOo, 110 HaBiTh Y MiKpoo®'eMax posmiaBy 50-200
MKM 3apOJI’)KEHHS KPUCTAJIiB [IEPEBAKHO Ma€e FeTEPOr€HHNUN XapaKTep, a JIs1 CEPELOBULL TiABUIIEHOI YUCTOTU
MOXJIMBE CIIOCTEPEKEHHS TOMOT€HHOTO 3aPOIKEHHS, SIKE BiJOyBA€THCS 32 3HAUHO Oi/IbLIIOrO NI€PEOX0JIOIKEHHSL.
BcranoBnieHO BruB GopMmu Ta 06'eMy 3pasKiB Ha AUCIEPCHICTb KPUCTANIYHOI CTPYKTYPHU. [1jIs1 TOHKUX 3arOTOBOK
BU3HAYaJIbHUMU € TIPOIECH 3apOIKeHHs Ha Mibxkda3zHiil MexXi «po3IjlaB — TBep/ia MifKIaaKa», TOMi SIK 15
3arOTOBOK BEJIMKOTO Mepepidy iCTOTHY POJib BilirpaloTh MacITabHi pakTopy, OB'I3aHi 3 TEIJIO- i MACOOOMIHOM,
(daykTyanismu TemnepaTtypu, F'yCTUHU Ta KOHLeHTpallii. [lokazaHo, 110 Npy>kHi KOJIMBaHHS, 30KpemMa Bibpallis i
YIIbTPA3BYyK, 3MEHIIYIOTh IEPEOXOJIOIKEHHS PO3IINIaBiB Mepe], KpUCTali3alielo Ta MigBUILYIOTh IIBUIKICTb
3apoJKOyTBOpeHHs. CIIPOCTOBAHO NPUIIYLEHHS [P0 BU3HAYaJIbHY POJIb 3HUKEHHS B'I3KOCTi pO3IJIaBiB i BUK/IIOUHY
POJIb KaBiTallilHUAX THCKIB SIK OCHOBHUX MEXaHi3MiB TaKoro BIVIMBY. OOIPYHTOBAHO, IO Ais NPYKHUX KOJMBaHb
II0JISITA€ Y CTBOPEHHI TOAATKOBUX JIKE€PEJ1 POCTY Ha MTOBEPXHSX aiCOPOOBAHUX 3aPO/IKiB YHACTITOK MEXaHiYHOTO
TepTs TBEePAUX IMiTKIANOK, iX B3aEMOJII 3i cTiHKamMu inBapHOi GopMHU Ta KaBiTalliliHoi epo3ii. EKcriepuMeHTaIbHO
IiATBEPKEHO MOXKJIUBICTb KEPYBAHHS CTPYKTYPOIO i BJIaCTUBOCTSIMU 3JIUBKIB Ta 6€311€PEPBHOJIMTUX 3arOTOBOK 32
IOTIOMOT00 HU3bKOYACTOTHOI Bibpallii. BcTaHOB/IEHO, 10 BiOpaLiliiHUil BIIJIMB PYHHY€E YaCTUHY CTOBIIYACTUX
KPUCTaJIiB Ha [IOBEPXHSIX TEIJIOBiIBeNeHHS, CIIPUsIE PO3IOAiNY IXHIX ylIaMKiB y po3Iliasi, 30i/blIye KiNbKiCTb
LeHTpPiB KpUcTanizaljii Ta iHTeHcuPikye TenaoBinBeneHHs. Y pe3yyibTaTi TOBIIYHA 30H CTOBIIYACTUX KPUCTAJIB
3MEHIIYETbCS y 2—4 pasu, AUCIEPCHICTb 3epHa MifBUIYETbCS Y 515 pasiB, MOKAa3HUKU MIIJHOCTi METaly 3pOCTalOTh
Ha 54-62 %, naacTUYHOCTI — Ha 25-35 %, a 3aJIMIIKOBI HAIIPY>KE€HHS 3HWXKYIOTbCS Ha 30-59 %. [IpakTuyne
3HA4YEHHS POOOTHU MoJIsIirae y po3pobsieHHi HAayKOBO OOIPYHTOBAHMX MiTXOMiB i peKOMeHallill 111010 3aCTOCYBaHHS
TEpMOYacoBOi 06POOKY Ta NPYKHUX KOJIMBAHbB [1J151 OTPMMAaHHS JINTUX METaJIEBUX 3arOTOBOK i3 IPOrHO30BAHOIO
CTPYKTYPOIO, MifBUIEHUMHU Pi3UKO-MeXaHIYHMMU BJIACTUBOCTSIMU Ta 3HUKEHOIO CTPYKTYPHOIO HEOJHOPIJIHICTIO.
KiiouoBi cy10Ba: MeTasnesi CIiyiaBy, po3IlJiaB, 32apOAKOYTBOPEHHS, KpUCTai3allisl, TepModacoBa 06pobKa, pysKHi

KOJIMBaHHS, Bibpaliisi, 1epeox0JI0)KeHHS, 31IUBKH, Oe3[1epEePBHOJIUTI 3arOTOBKU, CTPYKTYPa, BJIACTUBOCTI.

2. The dissertation is devoted to establishing the regularities of the influence of thermo-temporal treatment and
elastic vibrations on crystallization and structure formation processes in metallic systems. The relevance of the
work is determined by the need of modern metallurgy for scientifically substantiated methods of controlling the
primary crystalline structure of cast billets, since this structure largely determines the level of mechanical
properties, homogeneity, and operational reliability of metal products. The aim of the research is to establish the
mechanisms of the influence of thermo-temporal treatment and elastic vibrations on the nucleation and growth of
crystals in metallic melts. The object of the research is the crystallization and structure formation processes of
cast billets made of model and metallic alloys. The subject of the research is the regularities of the influence of
thermo-temporal and thermo-mechanical actions on nucleation and crystal growth. The work uses methods of
physical modeling on transparent organic media and low-melting metallic alloys, metallographic and differential
thermal analysis, mechanical testing, statistical and computer processing of results. Wood’s and Rose’s alloys,
paraffin, salol, diphenylamine, and camphene were used as model materials; the adequacy of the established
regularities was verified on real metallic alloys during the formation of ingots and continuously cast billets. It was
established that the effect of superheating temperature on the undercooling of melts before crystallization is
determined by the state of limitedly soluble impurities, which may act as carriers of active crystallization centers.
It was shown that regulation of the temperature-time parameters of superheating makes it possible to control the
activity of adsorbed crystallization centers and, consequently, the formation of the primary structure of cast



billets. It was proved that even in melt microvolumes of 50-200 um, crystal nucleation is predominantly
heterogeneous, while in high-purity media homogeneous nucleation can be observed, occurring at significantly
higher undercooling. The influence of sample shape and volume on the dispersion of the crystalline structure was
established. For thin billets, nucleation processes at the “melt-solid substrate” interface are decisive, whereas for
large-section billets, scale factors associated with heat and mass transfer, as well as fluctuations in temperature,
density, and concentration, play an essential role. It was shown that elastic vibrations, in particular vibration and
ultrasound, reduce melt undercooling before crystallization and increase the nucleation rate. The assumption that
a decrease in melt viscosity and the exclusive role of cavitation pressures are the main mechanisms of this
influence was disproved. It was substantiated that the effect of elastic vibrations consists in the creation of
additional growth sources on the surfaces of adsorbed nuclei due to mechanical friction of solid substrates, their
interaction with the casting mold walls, and cavitation erosion. The possibility of controlling the structure and
properties of ingots and continuously cast billets by means of low-frequency vibration was experimentally
confirmed. It was established that vibration destroys part of the columnar crystals on heat-removal surfaces,
promotes the distribution of their fragments in the melt, increases the number of crystallization centers, and
intensifies heat removal. As a result, the thickness of columnar crystal zones decreases by 2-4 times, grain
dispersion increases by 5-15 times, metal strength indicators increase by 54-62%, plasticity increases by 25-35%,
and residual stresses decrease by 30-59%. The practical significance of the work lies in the development of
scientifically substantiated approaches and recommendations for the application of thermo-temporal treatment
and elastic vibrations to obtain cast metal billets with a predictable structure, improved physical and mechanical
properties, and reduced structural heterogeneity. Keywords: metallic alloys, melt, nucleation, crystallization,
thermo-temporal treatment, elastic vibrations, vibration, undercooling, ingots, continuously cast billets, structure,
properties.
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BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalLii: BipoBakeHHs He IaHyEThCS

3B'S130K 3 HAaYKOBHMH TeMaMH: 0124U001530

VI. BizomocCTi Ipo HayKOBOT0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa Ilo-6aTbKOBI:
1. HypagunoB A6au CaiinaxmMaTOBAY

2. Abdy S. Nuradynov

KBasmigikanis: n.1.1., cH.c., 05.16.02
InenTudikarop ORCID ID: 0000-0002-7286-8648
HoparkoBa iHpopMmamist: https://www.scopus.com /authid /detail.uri?authorld=6506359680

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: Di3nKO-TEXHONOTIYHMI IHCTUTYT METAIIB Ta CIUIABIB

HanjjonanpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: OysbBap Akanemika Bepaancokoro, Kuis, 03142, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK YKpainu

InenTudikarop ROR: He zacrocosyerscs

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

1. [IpoTokoBinoB Irop BikTropoBuu

2. Igor V. Protokovilov

KBasigikanis: 1. 1. 1., c.u.c., 05.16.02



InenTudikarop ORCID ID: 0000-0002-5926-4049

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=6506370264;
https://scholar.google.com.ua/citations?hl=ru&user=rz8lzEgAAAAJ

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT etekTpo3BapoBanHs iM. €. O. [Tatona HaujoHanbHOi

aKkazgeMii HayKu YKpaiHu

Kopg 3a €IPIIOY: 05416923

Micqesﬂaxon)KeHHﬂ: ByJ1. Kaaumupa Manesuua, Kuis, 03150, Ykpaina
dopma BaacHoCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudgikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. JIrotuir Poctucnas BonoguMuposud

2. Rostyslav V. Liutyi

KBasigikanis: 1. 1. u., nou., 05.16.04
InenTudikarop ORCID ID: 0000-0001-6655-6499
JoparkoBa indpopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,zm(emm: npocnekT bepecrericekuii, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTugikarop ROR: He zacrocosyerscs

PeuenseHTn

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. IIpuryHosa Anesb 'eopriiBHa

2. Adel H. Prigunova

KBasigikanis: n. 1. 1., c.H.C., 05.16.01
I,quTlflq)iKaTop ORCID ID: 0000-0001-8030-9160
HoparkoBa indopmamist:

IloBHe HaMEHYBaHHS IOPHIHYHOI 0COOH: Di3rKO-TEXHONOTYHMII IHCTUTYT METAJIB Ta CILJIABIB

HanjonasnpHoi akazemii Hayk YKkpainu
Kopg 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: OysnbBap Akanemika BepHapcekoro, Kuis, 03142, Ykpaina



dopma By1acHoCTI:
Cdepa ynpaBiiHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. 'aunockypeHko Cegarocnas BitanifioBuy

2. Svyatoslav V. Gnyloskurenko

KBasnijgikanis: x. . 1., .., 05.16.02
ImenTudikarop ORCID ID: 0000-0003-0201-7191
JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: Di3UKO-TEXHOOTIYHMIA iIHCTUTYT METAJIIB Ta CTIABIB

HanionanbHoI akasemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417153

Micuesnaxomxennﬂ: oysbBap Akanemika Bepnapcokoro, Kuis, 03142, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akazemist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akr04Hi BimoMocTi

Biacue I'Ipi3Bnme Im's T1Io-6aTHLKOBI Bepxositok AHaTtosii Muxannosuy
rOJIOBH pajgu

Biacue IpizBume Im's Ilo-6aThKOBI Kpacnuupka Os1is Feorpriisna
rOJIOBYIOYOrO Ha 3acCifiaHHi

BigmoBimasibHHU 32 MiATOTOBKY YucTsikoB Oner BanepiiioBiy
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaTosiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




