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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO PO3POOJIEHHIO €Hepro3bepiralouoi HaCKPi3HOI TEXHOJIOTI] BUIIJIABKY,
1o3anivyHoi 06poOKHY Ta MIACTUYHOI Aedopmallii yIbTPaHU3bKOBYIJIELEBOI CTali 17151 0COOJIMBO TOHKOT'O JINCTOBOTO
MIPOKATy 3 MiIBUIIEHMMHU BJIACTUBOCTSIMU Y rapsiY€KaTaHOMY CTaHi 3 HACTYITHOIO iIHTEHCUBHOIO IJIACTUYHOIO
Iedopmarniero. B ananiTMYHMi YacTUHI pOOOTU MPOBEIEHO OIJISLM, TEXHOJIOTIN OJlepKaHHS HU3bKOBYIJIELLEBO]
€JIEKTPOCTAJI, 32 pe3yJIbTaTaMu SIKOTO OYyJI0 BUBHAYEHO 00'€KT Ta NpegMeT focimkeHHs. O6'eKT AOCiIKeHHs —
TEXHOJIOTisl BUPOOHUIITBA, 1103aMiYHOI 06pOOKY Ta 3aCTOCYBaHHS IHTEHCHBHOI IJIACTUYHOI fledopmariii
HU3bKOBYIJIELIEBOI CTaJli 171 BUTOTOBJIEHHS] BUCOKOSIKICHOTO TOHKOJIMCTOBOTO MpoKary. [IpegMeT mocigKeHHs —
3aKOHOMIPHOCTI B3a€MO/Iii KOMIIOHEHTIB B PiIKOMY CTaHi Ta BIIJIUB Ha OKUCJIEHICTb METaJly, 3HKEHHS BMICTY
PO3YMHEHUX r'a3iB Ta MOKa3HUKY BaKyyM BYIJIELIEBOIO PO3KUCIEHHS. MeTa poboTH — pO3PO6IEHHS

eHepro36epiraroyoi TeXHOJIOTil BUIIJIABKH, [103aI1iYHOi 06POOKY Ta BCTAHOBJIEHHS 3aKOHOMIPHOCTE! BIIJIMBY



neopMaLiliHuX PEXXUMIB IPOKATKY HA (POPMYBAaHHS CTPYKTYPY TOHKOJIUCTOBOTO IPOKATy. MeTOnM NOCHiIKEHHS —
TEOPEeTUYHi JOCiIKeHHsI 6a3yI0ThCSI HA OCHOBHUX IIOJIOKEHHSIX Pi3nyHOi XiMil i Teopii MeTaypriliHuX MpoLecis;
BMKOPHCTaHUM METOJ, MaTeMAaTUYHOI CTaTUCTUKU [1J11 0OPOOKU pe3ysbTaTiB AOCIiyKeHb; BUKOPUCTAHi CTaHJAPTHI
METOJY XiMIYHOrO aHasi3y CKIaZy MeTasy i jIaKy; iHTEHCUBHY IJIACTUYHY Ae(dOopMallilo 30iliICHIOBAJIU B
naboparopii YIYHT. HaykoBa HOBM3Ha OTPMMaHUX Pe3yJIbTaTiB 1. Briepie Ha OCHOBI pe3y/bTaTiB
TEPMOAVHAMIYHNX PO3PaxyHKiB BCTAHOBJIEHA Ta MiATBEPKEHA €KCIIEPUMEHTAIBHUMU TOCIIIKEHHSIMU BEJINYMHA
aKTUBHOCTI KUCHIO y HaniBnpoaykTi 3 EJI1, sika 3a6e3neydye 3HM>KEHHSI BMICTY BYIJIELIO [0 334aHOi BeJIMYMHU, OT0
OKHCJIEHHS 3 PO3KMCJIIOBAYiB i €JIEKTPO/iB [IPU HArpiBi MeTaly Ha Iedi KOBIIi, Mae OyTU BUCOKOIO Ta CKJIaAaTH IJIsl
yMOB JlaHoro Bupo6Hu1TBa 1120...1600 ppm. 2. Habysu rnoganbmoro po3BUTKY 3aKOHOMIPHOCTI ferasatiii metainy B
KiBIIax 3 [IPOJYBKOIO aPTOHOM, $SIKi BCTAHOBJIEHI HA OCHOBI P€3yJIbTaTiB MAaTEMAaTUYHOIO MOZEJIIOBAaHHS Ha
MaTeMaTU4Hil MOZeJI, B SKill BUQJIIEHHS Ta3iB 3 MeTally BifiOyBaBCs 32 TPbOMA CTATTSIMU - y Oysbbamky CO, y
OyJIbOAIKY aprOHy Ta Yepe3 BiIKPUTY MOBEPXHIO METaJly IIpY 30BHIIIHbOMY JIIMITYBaHHI IIpoLiecy Ta 3HAYHOMY
BiIXWJIEHHI peaKllii BUIaJeHHs KUCHIO BiJl piBHOBaru. 3. PO3MMUPEHO y4BIEHHS OO0 MEXaHi3My BILJIMBY BMICTY
a30Ty Ha YTBOPEHHS HITPUJIB TUTAHY Ta aJIOMiHil0. BCTaHOBIEHO 32aKOHOMIPHOCTI BILJIMBY TUTaHY Ha 3MEHILIEHHS
Iii a30Ty y cTajsIX Ha NOSBY Ae(dEKTiB MeTaiy, IOB'SI3aHUX 3 BUAIJIEHHSIM HIiTPUiB aJIOMiHIiI0 [0 IPaHMUISX
[IEpBUHHUX 3€PEH, 1[0 00YMOBJIIOETHCS [IEPEBAKAIOUOI0 TEPMOINHAMIUHOIO CIIOPiTHEHICTIO TUTAHY 10 a30TY Y
MOPiBHAHHI 3 anmoMiHieM. Ha OCHOBI aHasi3y eKCIIEpPUMEHTAJIBHUX JAHUX OLEPKaHO aHAJIITUYHUAN BUPA3, IKUI
BH3HaYae e(peKTUBHUI BMICT TUTAHY [IJIs1 IOIIEPEIHBOTO 3B'$13yBaHHs a30Ty Y HITpUJ, TUTaHY Ta NONepeKae
(opMyBaHHS LIKiAJIMBUX HITPUAIB allOMiHil0. 4. Briepiie BUKOPUCTAHO METOIMKY (Pi3UKO-XiMIiYHOTO MOJIE€/IIOBAHHS
I BU3HAYEHHS ONTMMAJIbHOTO CKJIaly HU3bKOBYIJIELEBOI CTaJli Ta BCTAHOBJIEH] iHTETpaJIbHI NapameTpH, SIKi
XapaKTEePU3YyIOTh CTaH CIJIaBY i 00YMOBJIIOIOTh 3MiHY BJIACTUBOCTEN Y BCTAHOBJIEHOMY KOHIJEHTPaLiiHOMY
iHTepBasi MOAM(IKyI0UUX €JIEMEHTIB Ta IIOKA3YIOTb, 110 IPY BCTAHOBJIEHUX PEXMUMax AedopmaliitHoi 06pooKu
IOCJIiIHUX 3Pa3KiB CTaJjli JOCATaIOThCS TOKA3HUKN MEXaHIYHUX BJIACTUBOCTEN Ta CTPYKTYPU NPOKaTaHUX 3Pa3KiB,
SKi BiIIOBIIAI0OTh XapaKTEPUCTUKAM HU3bKOBYIJIELIEBOI CTaJIi. SIK 10 OTPMMAHOMY CKJIaZly, TaK i 3a BJIACTUBOCTSIMU.
TeopeTuyHe Ta NpaKTUYHE 3HAYEHHS PE3YJIbTATIB AOCIiIKeHHsI Ha 0CHOBI i3nKo-XiMiYHOTO OOIPYHTYBaHHS Ta
PO3pO6JIEHHI TEXHOJIOTIYHMX PEKMMIB BUIJIAaBKY Ta M03aliYHOi 0OPOOKM HU3bKOBYIJIELEBOI €JIEKTPOCTAJI IJ1s1
TOHKOJIMCTOBOTO IIPOKATYy 3 MiIBUIIEHUMY MEXaHIYHVMU BJIACTUBOCTSMMU 3[IiICHEHA BUIIJIaBKa HOBOI
yJIbTPAHMU3bKOBYIJIELIEBO] CTaJIi, 3 MiHIMaJIbHUM BMICTOM LIKiJINBUX JOMIIIOK. BusiBieHO 0co6inBOCTi GOpMYyBaHHS
CTPYKTYPHY HM3bKOBYIJIELIEBOI €JIEKTPOCTAJI IPY HU3bKUX TEMIIEPATYPAX 3aKiHYEHHS IPOKATKU Ta 3MOTKMU.
[TpakTuyHe 3HaUYeHHS poO6OTH Bu3HaueHa BeJIMYrHA aKTUBHOCTI KMCHIO Y HamiBiponykri 3 ENITT, sxa mae 6yTu
IOCTaTHBOIO Ta ckuagaTume 1120...1600 ppm, a BMiCT ByIJIell0 Ha BUITyCKy Mae 6yTy Hu3bkum (0,03-0,048%), 3
TemIepaTypoto Ha piBHi 1650...17000C. BctaHOBII€HI 3aKOHOMIPHOCTI Jierasaliii MeTasy B KiBIIax 3 IPOJLyBKOIO
aproHOM 3 YpaxyBaHHSIM PO3IIOAiy rasiB 3 MeTasly 3a TpbOMa CTaTTSIMU — y Oysbb6amiku CO, y 6ysb6alky aproHy Ta
4yepes BiIKPUTY MOBEPXHIO MeTany. OTpUMaHi aHi o0 BIUIMBY TUTAHY HAa 3MEHIIEHHS Jil a30Ty y CTajsAx Ha
N0sIBY Ae(PEKTiB MeTasy, MOB'SI3aHUX 3 BUJIJIEHHSM HITPUiB aJIIOMIHIIO 110 TPAaHULSX IEPBUHHUX 3€PEH.
Po3paxyHKOBi laHi Ha OCHOBI (Pi3UKO-XiMiYHOTO MOIEIIOBAHHS J1s 3]IiICHEHHS BUOOPY KOHLEHTPAllii eleMeHTiB
s craneit Tuny O1FOTA, 01FOT, siknil. Moske 3a6e311e4yBaTH ONTHMaJIbHUM KOMILIEKC BJIACTUBOCTEN CTaJeH.
[TpoBeneni MetasiorpadiyHi LOCiI>)KeHHS I0Ka3asy, 110 CTPYKTypa OTPUMAHOI CTajli IpeJcTaBleHa YUCTUM
(epuTOM 3 HEPIBHOMIPHUMHU BKPAIJIEHHSIMU 110 M€XKaX 3€PEH LIEeMEHTHUTY, 110 CBiJUAThb IIPO BUCOKI IIJIACTUYHI

BJIACTUBOCTI OTPUMAHOI CTaJi.

2. The dissertation is devoted to the development of an energy-saving integrated technology for melting, ladle
refining, and plastic deformation of ultra-low-carbon steel intended for extra-thin sheet products with enhanced
properties in the hot-rolled condition, followed by intensive plastic deformation. In the analytical part of the work,
a review of technologies for producing low-carbon electric steel was carried out, based on which the object and
subject of the research were determined. Object of research - the technology of production, ladle refining, and
application of intensive plastic deformation of low-carbon steel for manufacturing high-quality thin sheet
products. Subject of research - the regularities of component interaction in the liquid state and their influence on
metal oxidation, reduction of dissolved gas content, and the parameters of vacuum carbon deoxidation. Purpose of



the work - to develop an energy-saving technology for melting and ladle refining and to establish the regularities
of the influence of rolling deformation modes on the formation of the structure of thin sheet products. Research
methods - theoretical studies are based on the fundamental principles of physical chemistry and the theory of
metallurgical processes; mathematical statistics methods were used for processing experimental results; standard
methods of chemical analysis of metal and slag composition were applied; intensive plastic deformation was
carried out in the laboratory of USUNT. Scientific Novelty of the Obtained Results For the first time, based on
thermodynamic calculations and confirmed by experimental studies, the value of oxygen activity in the semi-
product from the electric arc furnace (EAF) was established, which ensures carbon reduction to the specified level.
It was shown that its oxidation from deoxidizers and electrodes during heating in the ladle furnace must be
sufficiently high and, under the production conditions considered, should be within 1120-1600 ppm. The
regularities of metal degassing in ladles with argon stirring were further developed based on mathematical
modeling. A mathematical model was applied in which gas removal from the metal occurred through three
mechanisms: into CO bubbles, into argon bubbles, and through the open metal surface under external process
limitation and significant deviation of the oxygen removal reaction from equilibrium. The understanding of the
mechanism of nitrogen influence on the formation of titanium and aluminum nitrides was expanded. Regularities
of titanium’s effect in reducing nitrogen influence in steels on defect formation associated with aluminum nitride
precipitation along primary grain boundaries were established. This is due to the higher thermodynamic affinity of
titanium for nitrogen compared to aluminum. Based on experimental data analysis, an analytical expression was
obtained that determines the effective titanium content required for preliminary nitrogen binding into titanium
nitride, preventing the formation of harmful aluminum nitrides. For the first time, a physico-chemical modeling
method was used to determine the optimal composition of low-carbon steel. Integral parameters characterizing
the alloy state were established, which determine property changes within a defined concentration range of
modifying elements. It was shown that under the established deformation processing modes of experimental steel
samples, mechanical properties and structure corresponding to low-carbon steel characteristics are achieved,
both in terms of composition and properties. Theoretical and Practical Significance of the Research Results On the
basis of physico-chemical justification and developed technological regimes of melting and ladle refining of low-
carbon electric steel for thin sheet products with enhanced mechanical properties, a new ultra-low-carbon steel
with minimal harmful impurities was produced. The peculiarities of structure formation of low-carbon electric
steel at low finishing rolling and coiling temperatures were revealed. Practical Significance of the Work The
required oxygen activity in the EAF semi-product was determined, which must be sufficient and within 1120-1600
ppm. The carbon content at tapping must be low (0.03-0.048%) at a temperature of 1650-1700°C. Regularities of
metal degassing in ladles with argon stirring were established, considering gas removal distribution through three
mechanisms: into CO bubbles, into argon bubbles, and through the open metal surface. Data were obtained
regarding the influence of titanium in reducing nitrogen effects in steels on metal defect formation associated with
aluminum nitride precipitation along primary grain boundaries. Calculation data based on physico-chemical
modeling were obtained to select optimal element concentrations for steels of the 01YUTA and 01YUT types,
ensuring an optimal combination of properties. Metallographic studies showed that the structure of the obtained
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VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's I1o-6aTbKOBI:
1. Besinuko Osiekcanap 'puroposuy

2. Oleksandr G. Velychko

KBasigikanis: x. 1. u., npodecop, unen-kop. HAH Vkpainu, 05.16.02

ImenTudikarop ORCID ID: 0000-0002-0072-1460

JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kop 3a €IPIIOY: 44165850

Micue3HaxoaKeHHS: ByJ1. JIazapsHa, JIHinpo, [IHinpoBceKkun p-H., 49010, YkpaiHa

dopma ByracHOCTI:

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

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

1. IMinTiok Biraniit [TerpoBry

2. Vitalii P. Piptiuk

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



InenTudikarop ORCID ID: 0000-0002-2915-1756
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT YopHOi MeTamyprii im. 3. I. Hekpacosa HauionanbHoi

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 00190294

Micue3HaxoaKeHHS: 1. Akajemika Crapopny6oBa, JHinpo, JIHinpoBcbkuii p-H., 49050, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CmipHOB Osekciit MukonanoBuy

2. Oleksiy M. Smirnov

KBasigikanis: .1r.1., npodecop, 05.16.02
InenTudikarop ORCID ID: 0000-0001-9543-874X
JoparkoBa iHdpopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: Di3MKO-TEXHOJIOTYHMI IHCTUTYT METAIIB Ta CIJIABIB

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417153

Micuesnaxo;perHﬂ: OysbBap Akanemika Bepnapcekoro, Kuis, 03142, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

PeuenseHTu

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. CeniBbopcToB Bagum IOpiiioBud

2.Vadym Y. Selivorstov

KBasigikamis: n. 1. u., npodecop, 05.16.04

InenTudikarop ORCID ID: 0000-0002-1916-625X

JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKUIL eP>KAaBHUII YHIBEDCUTET HAYKH | TEXHOJIOTIi
Kopg 3a €IPIIOY: 44165850

Micue3Haxoa>KeHHS: ByJ1. JlasapsHa, JHinpo, JHinpoBchkuil p-H., 49010, Vkpaina

dopma By1acHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. Topo6eupb AHTOH [IpoKONIOBUY

2. Anton P. Horobets

KBasigikamis: . t. u., gou., 05.16.02

InenTudikarop ORCID ID: 0000-0003-1113-0954

JopaTkoBa iHpopmamnist: ID Scopus: 36940400600 ResearcherID: LSK-0072-2024

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi lep>KaBHUI YHIBEPCUTET HAyKH i TEXHOJIOTii

Koz, 3a €IPITIOY: 44165850

Micue3Haxoa>KeHHS: ByJ1. JlasapsHa, JHinpo, JHinpoBcbkuil p-H., 49010, Vkpaina

dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi
TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
roJIOBYIOYOroO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

HizseB Koctantuun 'eopriiioBuy

Hizges Koctantun I'eopriiioBuy

Kamkin Bosogumup IOpiitoBuy

Opuenko Tetsna AHaTosiiBHA

IOpuenko TersHa AHaToJiiBHA



