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[epeMillyBaHHS METaJy
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Pedepar:

1. Kpucranisanis ctajzieByx 3/IMBKIB, 1110 OTPUMYIOTh JIMTTAM PiIKOTO METaJy Y BUJIIMBHULI, CYIIPOBOIKYETHCS
YTBOPEHHSIM B HUX BEJIMKOI KiJIbKOCTi ledeKTiB Ta HeogHopigHoCTel. Cepel, HUX OJIHi€l0 3 OCHOBHUX € Qi3uyHa
HEOJHOPIJHICTB, Mifl SKOI0 MaIOThCSI HA yBa3i pi3Hi AedeKTH yCagKOBOTO IOXOI)KEHHS, TaKi SIK yCaIkOBa PaKOBUHA,
yCa/IKOBi TTIOPOKHUHH, TIOPUCTICTh U MyXKICTb METaJy. IX HasBHICTb IPU3BOJUTH 10 3MEHIIEHHS BUXO/LY
IIPUIATHOTO Ta HETaTUBHO IIO3HAYAETHCS HA SIKOCTi METAJIy B MiCLISIX HAsIBHOCTI yCaAKOBUX AedeKTiB. [y yCcyHeHHS
yCcaaKoBUX AedeKTiB 3aCTOCOBYIOTh Pi3Hi TEXHOJIOTIUHI NPUIIOMHU, 30KpeMa yIOCKOHaJIEHHS TEXHOJIOT i
PO3JIMBaHHS, paljioHai3allisi reoMeTpii BUIMBHUIb Ta IIOKPALEHHS POOOTH Ha/IMBY. [IpoTe BOHM 3HAUYHOIO MipOIo
BUYEPIIAIN CBil MOXKJIMBOCTI 1 MOJaJIbIIE MiABUALIEHHS SIKOCTI CTAJIEBUX 3JIMBKIB MOXKJIMBE JIMIIE LIJISIXOM

BIIPOBA/>)KEHHSI METO/iB, 110 J03BOJISIIOTh BIUIMBATU HA YMOBU (DOPMYyBaHHS iXHbOI BHYTpPilIHbOI OyoBuy. Takumu



MOXYTb 6YTY METOJY 30BHIIIHBOTO BILUIUBY, CEPe[ SIKUX OJHUM 3 Hal6ib1l e(DeKTUBHUX € IIepeMilllyBaHHS piaKoi
CEpLEBUHH, sIKEe MIMPOKO 3aCTOCOBYETHCS [IPY OTPUMAaHHI CTaJeBUX 3aTOTOBOK 1P 6€3[1€pEPBHOMY PO3JIMBaHHI
merainy. Ha ycranoBkax MBJI3 nepemimyBaHHs 30iICHIOETBC Mif] Ai€I0 €JIEKTPOMArHiTHOrO I10J14, ajie Mpu
PO3JIMBaHHI y BUJIMBHULI, L€ CKJIAIHO Peali3yBaTy Ha IIPAKTUL Yepe3 BEJIMKUM Ilepepi3 3/nBKiB. Tomy
IIPOIIOHYIOTHCSI METOM NePEMIITYBaHHS LJISIXOM BBEIEHHS B PiIKy CEPLLEBUHY 3JIMBKA IPUCTPOIB, MO BUKJIMKAIOTh
pPyx posmaBy. OfHaK OCHOBHOIO [TEPEIKOAO0 IJIs1 LIbOTO € YTBOPEHHS TBEPAOI KipKM Ha [I3epKaJli MeTaly 41
HagBHICTb HaIliBTBEPZ01 TEPMOI30JII0I040] CyMillli, 10 YCKJIAJHIOE BBEIEHHS [IEPEMILIYIOUUX [IPUCTPOIB BCEPELVIHY
3/11BKa. LI10 mpo6sieMy MO>KHA BUPIIIMTY LIJIIXOM MiJirpiBy A3epKaja MeTasny, 30KpeMa BUKOPUCTOBYIOUU
€JIEKTPOIIJIAaKOBUI1 06irpiB HaaIKBY. [To€JHAHHS €J1IeKTPOILIaKOBOro O6IrpiBy i IepeMillyBaHHS MeTajly JOIIOBHIOE
OJIHE OJJHOTO: O6irpiB MigTPUMye MeTasl B FOJIOBHIN YaCTHHI 3/1MBKa B PiIKOMY CTaHi, a nepeMmilryBaHHs
iHTeHCcU(pikye MaCOOOMiHHI ITpoLieCcH B METAJIEBill BaHHI 3MiHIOIOYM YMOBU KpUCTali3alii Mmetany. Takum 4rHOM,
KOMOiHOBaHe 3aCTOCYBaHHS LIUX METOIiB MOXKe OyTH €(PEKTUBHUM CII0COO0OM BIIJIMBY Ha (POPMYBAHHS CTAJIEBUX
3711BKiB ToMy fucepTaliiiHa po6oTa NpucBsiYeHa BUBYEHHIO [1ii KOMOGIHOBAaHOI'O 30BHIIIHBOTO BILJIMBY, 110 BKJIIOYAE
nifirpis i nepemimyBaHHs MeTadly Iif, yac HOro KpucTaslisalii, Ha pi3uyHy OJHOPIIHICTb CTaJ€BUX 3/IUBKIB.
JocimKeHHs CIpSIMOBaHe Ha YCYHEHHS Ae(EKTIiB yCaAKOBOTO MOXOAKEHHS Ta MiABUILEHHS (i3UIHOI
OJIHOPIZHOCTi 6araTOTOHHUX CTaJIeBUX 3JIMBKIB. Y BCTYII PO3IJISIHYTO [IPOOJIeMH, 1[0 BUHUKAIOTH ITif, 4ac
KpucTaiszalii MmeTainy, 3okpeMa (GOpMyBaHHS YCaJKOBUX Je(eKTiB y CTaleBuX 3/11MBKaxX. OGIPyHTOBAHO
aKTyaJIbHICTb TEMH, IIOB’I3aHO] 3 JOCJIiI)KEHHSIM [Iii 30BHIIITHBOT'O BIJIMBY HA IIPOLIECH KpHUCTasisalii. BusnaueHo
MeTy Ta 3aBJIaHHSI POOOTH, OKPECJIEHO HAYKOBY HOBU3HY i IPAKTUYHY 3HAUYLIiCTh OTPUMAHUX PE3YyJIbTaTiB.
HasegneHo iHpopMaliito Ipo 3B'130K JucepTallii 3 HAYyKOBUMU JOCTIIHULIBKUMU TEMaMHU, allpobaliiio pe3ysbTaTis, a
TaKOX I[10JaHO NePeJIiK My6JliKalliil aBTopa, Y SIKUX Bilo6pa>keHO OCHOBHI NOJIOKEHHS AucepTaliiiHoi poboTu. Ha
OCHOBi BUKOHAHOI pOOOTU B paMKax JUCEPTaLlii po3po6JIeHO TEXHOJIOTiYHI peKOMeHAallil 3aCTOCYBaHHS

3aIIPOIIOHOBAHOI0 METOAY Ha MPaKTHULI.

2. The crystallization of steel ingots is accompanied by the formation of numerous defects, typically concentrated
in the axial and upper parts of the ingot. One of the main issues is the physical inhomogeneity of steel ingots,
which arises due to the specifics of crystallizing large volumes of metal. During solidification, shrinkage-related
defects such as cavities, porosity, and looseness form, adversely affecting material quality. Various technological
approaches have been used to eliminate these defects, including casting process improvements, mold geometry
optimization, and enhancing the feeding head. However, the potential of these methods is largely exhausted.
Further quality improvement requires specialized techniques that influence the formation of the ingot's internal
structure. A promising direction is the combination of different approaches for higher efficiency, particularly
stirring of the molten core. Among external impact methods, stirring the molten core is effective and commonly
used in continuous casting under electromagnetic influence. However, for ingot casting, this is difficult to
implement due to the large cross-sections involved. Mechanical stirring methods using devices inserted into the
liquid core have been developed, but challenges arise from the formation of a solid crust on the metal surface or
the presence of semi-solid insulating layers, which hinder device insertion. This issue can be addressed by heating
the metal surface, specifically through electroslag heating of the feeding head. The combination of electroslag
heating and metal stirring is complementary: heating maintains the liquid surface, while stirring intensifies mass
transfer processes, improving crystallization conditions. Therefore, combined application of these methods is an
effective way to influence ingot formation. Studying the effectiveness of combined external influence during
crystallization, aimed at reducing shrinkage defects and improving the quality of steel ingots, is a relevant
challenge in modern metallurgy. This dissertation investigates the impact of combined external influence during
crystallization on improving the physical homogeneity of steel ingots. The research is focused on eliminating
shrinkage defects and enhancing the structural uniformity of large-scale ingots. The introduction discusses the
crystallization issues of steel ingots, particularly shrinkage defect formation, and substantiates the relevance of
studying external influences on crystallization. It defines the research objectives, scientific novelty, and practical
significance. It also outlines the connection with scientific programs, result testing, and lists the author's
publications. The chapter concludes with a comprehensive analysis of the dissertation's results, forming the basis



for technological recommendations for implementing the proposed method in practice
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