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Pedepar:

1. Y nuceprauiiiziit poboTi Ipe CcTaBIeHO pe3yJIbTaTy OIJISAY IKepeJsl cydacHOi HayKOBO-TeXHiYHOi 6a3u 10110
TEXHOJIOTIYHUX ACIEKTiB BUPOOHUIITBA CTajlel 3 BMicTOM Byrielo Hwkue 0,1%. BctaHOB/IEHO, 110 TEXHOJIOTIH 3
BUILJIABKU CTajley 3 BMicTOM Byriewo Hk4e 0,1 % y KUCHEBUX KOHBEPTEPAX 3 [10IAY€I0 HEUTPAJIbHOIO ra3y 3 HU3Y,
a OCHOBHOTO KMCHIO 3BE€PXY, SIKi BAKOPUCTOBYIOTLCSI HA Cy4YaCHUX METAJIyPrilHUX MiATIPUEMCTBAX,
CYIIPOBOMKYIOTHCSI 3HM)KEHHSIM BUXOJly IPUIATHOTO Piikoi cTasi y NOPiBHSIHHI 3 BUPOOHUIITBOM CTajleil
BYIJIELIEBOTO COPTAMEHTY. BUKOPHCTaHHS METO/IiB OKMCJIIOBAJIbHOI TPOIYBKY Ha €Talli BAKYYMYBaHHS CTaJli €
Ha6ispI epeKTUBHUM METOIOM 3HIDKEHHS BMICTY Byrjento Huxk4de KoHueHtpauii 0,1%. Lle 3ymoBiieHo came

3HAYHUM BILJIMBOM 30BHIIIHbOTO TUCKY Ha MTPOLIECU OKUCJIEHHS (MOHOKCHU]], BYTJIELIIO € ra30Moi6HOI0 PEYOBUHOIO).



[TlinTBEpOKeHA OOLNBHICTD BUTiZIEHHS ABOX €TAIiB y IPOLieCi BUPOOHUIITBA CTajleil 3 BMICTOM BYTJIELIO MEHIIIE
0,1%: BupaneHHs ByIJIELIO 3 pO3IIaBy A0 piBHA 0,2% y IpoLeci BUIJIaBKY; AOCATHEHHS KOHLIEHTPALlii BYIJIEeI0
Hkue 0,1% 3a paxyHOK [I0Be[leHHsI MeTajly Ha eTalli rosamniyHoi o6pooku craii. [IpoBefeHO TepMogHaMiuHi
PO3paxyHKU IPOLIECY OKUCIEHHS JOMIIIOK 3aJ1i30BYIJIELIEBOTO PO3ILJIABY 32 PAXyHOK JOHHOI MPOAYBKHU
KACEHbBMICTHOIO ra30BoI0 (a3olo, sKi 03BOJININ BCTAHOBUTH Y€ProBiCTh TA IPIOPUTETHICTb TPOLIECIB OKUCIIEHHS
y METaJIeBill BaHHI I BIIJIMB HA HUX HAAMIPHOTO TUCKY. TaKuM YMHOM, IiATBEPIKEHA TEOPETUYHA MOXKJIMBICTD
eeKTUBHOTrO BUJAJIEHHS BYIJIELI0 Ha €Talli [103aIliyHoi 06pOOKY CTajli 32 paXyHOK JOHHOI IIPOIyBKU
KUCEHbBMiCTHUM ra3oM y 6y/b0aKoBOMY peskumi. L1nsxom npoBeeHHsT KOMIJIEKCHOTO [OCIiIKEHHS, SKe
nepen6ayano BUKOPUCTAaHHS METOZiB TIHbOBOi 31IOMKU Ta HU3bKOTEMIIEPAaTypHOTO MOIE/IIOBaHHS, Oyjia BU3HAYeHa
panjioHasbHa KOHCTPYKIIisl IOHHOTO NPOJYBHOrO 6JI0KY 1171 BBE[I€HHSI KUCEHbBMICTHOI ra3oBoi a3y B 00’'eM
METaJIEBOrO PO3ILJIaBy. BCTaHOBIJIEHO, 110 IPOAYBHUMN 6JIOK PO3P0O0JIEHOI KOHCTPYKLii IOBUHEH CKJIALATUCS: 3
KaHaJIiB JJ1s MifBeleHHs] TEXHOJIOTIYHUX ra3iB, KaMepu-3MilyBaya TeXHOJIOTIYHUX T'a3iB, 6yIb0aKoyTBOpIOBaYa
D715l HaZlaHH$ Ta30Biil (pasi 6i1b110i HoBepXHi KOHTAKTy 3 MeTajloM. 11[o710 KOXKHOTO 3 eJIeMEeHTIiB IIPOJyBHOIO OJIOKY
BCTAHOBJIEHI PalliOHaJIbHi MapaMeTpu: HalOiIbIl e(pEKTUBHOIO0 KOHCTPYKLi€lo OyIb0aKOyTBOPIOBaYa B CKIai
IIOHHOTO MPUCTPOIO 1171 NIPOyBaHHS PO3IJIaBiB € BUKOPUCTAHHS MaTepiajliB 3 HEOPiEHTOBAHOIO MOPHUCTICTIO Ta
MIITMHHOIO MOPUCTICTIO 3 MUPUHOIO I[iJIMH 1-2 MM, BUKOPUCTAHHS SIKUX TTO3BOJISIE OTPUMATH CTabiIbHUI CTOBIT
Ipi6bHMX OysIbOALIOK, IO CKOPOYY€E Yac rOMOreHi3allii po3Iiias; BilIOBiIHO 10 eMITipUYHO OTPUMAHUX Pe3yJbTaTiB
KaHaJy JJ1s BeEHH Pi3HUX [IPOLYBHUX Ia3iB B KAMEDPY IIOBMHHI 3HAXOOWUTUCA i KYyTOM [0 BEPTUKAJILHOI BiCi B
mexax 25- 400. KoHCTpyKLis po3po6aeHOT0 TOHHOTO 6JI0KY 17151 IIPOLyBKM METAJIEBOT0 PO3IJIABY CYMIIIIIIO
TEXHOJIOTIYHUX ra3iB y KOBLI 3axXullleHa [1aTeHTOM YKpaiHu Ha KopUcHY Mogesb N2 1226453 «BorueTpuBKuil 6J10K
171 IPOLYBKY MeTaily radamu». [IpoBeieHi JOCIiI>KEHHS Ha HATYPHIN XOJI0AHIM MOZEJ CTaJepO3IMBHOTIO KOBIIA
110710 PO3YMHEHHS «BOKKUX» [IPUCATIOK PEYOBMH MPY NPOJYyBaHHi Kpi3b JOHHY PypMy 3a OyJIbOAMIKOBUM PEKIMOM
3 METOIO BCTAHOBJIEHHS 0COOJINBOCTEN MacCOOOMIHHUX ITpoleciB. 3a ix pe3yspTaTamu 6yJI0 BCTAHOBJIEHO, 11O IIif
Yyac NPOJyBKU Kpi3b 0JIOK 3 HEHAIPABJIEHOIO NOPUCTICTIO POPMYETHCS MOTIK Oy/IbOAIIOK, SIKUI HE TiJIbKU
nigiiMaeTbCs Bropy mif gieto cuil ApxiMena, aje i CTBOPIOE AONATKOBUI PYX CEPENOBUILA B IIPUJIETJINX [0 IIOTOKY
Oysp0aIloK Mmapax BAHHY; HAKpallli yMOBU [epeMilllyBaHHSI BAHHU Ta HAaKOpOTMINi Yac ii romorenisaii
CTBOPIOIOTHCSI IPU [IPOAYBAHHI 3 iIHTEHCUBHICTIO Nofayi npoaysHoro rasy 0,684-1,026 m3 /T-cTasi ros; Hallkparui
YMOBH 1LI0JI0 KOJIMBAHHS PiJIKOi BAHHH, 5IKi He ITIOBUHHI yTBOPIOBATHU Ai/ISIHKY OTOJIEHOTO METaJly Mif, Yac NPOJYBKH,
CTBOPIOIOTBCSI IPU iHTEHCUBHOCTI BBEIE€HHS NPoLyBHOro rasy 0,684-1,026 M3 /T cramni-rof; 3a BiiBeleHUI IpU
BMKOHAaHHI JOCJIiTKeHb Yac ITPOIyBKY 3aIJIAHOBAHY KOHLEHTpALlil0 pO3unHYy 1% 0yJI0 LOCSATHYTO I1py
iHTEHCUBHOCTI BBe[leHHs y BaHHY razy 1,026 -1,368 M3 /T-cTtasi rof, npu 6iabl MBUAKOMY [LOCSITHEHHI
«TOMOTE€HHOT0» CTaHy pPifikoi BAHHM IIpY iHTEHCUBHOCTI nogadi rasy 1,026 m3 /T- ctasi ron. To6To pekoMeHaalielo
17151 IPOJIyBaHHS BaHHU y CTaJI€PO3JIMBHOMY KOBIIi KPi3b JOHHUIA 6JI0K 3 HEHAIIPaBJIEHOIO IIOPUCTICTIO Y
OyJIbOALIKOBOMY PEXKUMI 17151 31iliICHEHHS IPOLieCy 3HEBYTJIELI0BAHHS PO3ILJIaBy € IIPOJIyBKa 3 iIHTEHCUBHICTIO
BBeJIeHHS rasy Ha piBHi 0,36 M3 /T craji-rof (Ipy epepaxyBaHHi Ha peajlbHAY IPOMUCIOBUIN 00'€KT —
CTaJIepO3JIMBHUM KiBII eMHicTIO 250T). 32 pe3ysibTaTaMu BUCOKOTEMIIEPATyPHOTO MOJIETIOBAHHS IIPOLIECY
IIPOJIyBKY 3aJ1i30BYIJIELIEBOTO PO3ILJIABY 3 HEBEJIMKUM BMicTOM Byrienio (0,3%Mmac) CyMillno KUCeHb —
HeWTpasbHUI ra3 yepes3 OfMHapHUI IPOAYBHUI KaHaJl, 110 iMiTye Oy/IbOaIIKOBU PEeKUM JOHHOI IIPOLYBKH,
BCTAHOBJIEHO, 10 PalliOHAJIbHUM 3 TOUKU 30py OKUCJIEHHS BYIJIELIO Ta €KCILTyaTallii IpOAyBHUX IPUCTPOIB € BMICT
y ra3oBiu cymimi kucHio 20-30%. IIpu ipoMy npolec OKUCJIeHHs BinbyBaeThes 3i mBukicTio 0,056%Mac /xB i

CYITPOBOIKY€EThCS IPIOPUTETHAM OKMCJIEHHSIM BYIJIELI0 Y 6araTOKOMIIOHEHTHOMY 3aJ1i30BYIJIELI€BOMY PO3ILJIaBi.

2. The dissertation presents the results of a review of the sources of the modern scientific and technical base
regarding the technological aspects of the production of steels with a carbon content below 0.1%. It was
established that technologies for steels smelting with a carbon content less than 0.1% in oxygen converters with
the top oxygen supply and the bottom supply of neutral gas are used at modern metallurgical enterprises.
However, they are accompanied with a decrease in the yield of liquid steel in comparison with the production of
middle carbon steels. The use of oxidation blowing methods at the steel vacuuming stage is the most effective
method of reducing the carbon content below a concentration of 0.1%. This is due to the significant influence of



external pressure on oxidation processes (carbon monoxide is a gaseous substance). As for the processes of carbon
oxidation with oxygen under reduced pressure, they are not widely used due to the low stability of the nodes
supplying oxygen to the melt. The expediency of separating two stages in the production process of steels with a
carbon content less than 0.1% was confirmed: removal of carbon from the melt to the level of 0.2% in the smelting
process; achieving a carbon concentration below 0.1 due to metal treatment at the stage of out-of-furnace steel
processing. Thermodynamic calculations of the oxidation process of iron-carbon melt impurities due to bottom
purging with an oxygen-containing gas were carried out. The theoretical possibility of effective carbon removal at
the stage of out-of-furnace steel processing due to bottom purging with oxygen-containing gas in the bubbling
mode was confirmed. By conducting a study with the use of shadow photography and low-temperature modeling a
rational design of the bottom purging unit with an oxygen-containing gas was determined. The blowing unit of the
developed design should consist of: channels for supplying process gases, a mixing chamber for process gases, the
bubbler to give the gas a larger contact surface with the metal. Rational parameters were set for each element of
the blowing block. The most effective design of the bubble generator is the use of materials of non-oriented and
slotted porosity with a slit width 1-2 mm. Their use allows to obtain a stable column of small bubbles, shortens the
homogenization time of the melt. According to the empirically results, the channels for supply purging gases into
the chamber should be at an angle to the vertical axis within 25-400. The design of the developed bottom block
was protected by Ukrainian patent for utility model No. 1226453 “Refractory block for blowing metal with gases”.
Studies were conducted on a cold model of a steel ladle regarding the dissolution of additives during purging
through the bottom plug in order to establish the characteristics of mass transfer processes. It was established
that during purging through a block with non-directed porosity, a stream of bubbles is formed, which not only
rises up under the action of Archimedean forces, but also creates additional movement of the area in the layers of
the bath adjacent to the stream of bubbles. During purging in bubble mode, the largest concentration change
occurs in the middle of the ladle bath. The best conditions for the bath mixing and the shortest time for its
homogenization are created during purging with the intensity of the gas supply of 0.684-1.026 m3 /t-h. The best
conditions for the oscillation of the liquid bath, which should not form areas of bare metal during purging, are
created at the intensity of the purging gas supply of 0.684-1.026 m3 /t h. During the purging time the planned
solution concentration of 1% was achieved at the intensity of gas supply into the bath of 1.026 -1.368 m3 /t-h, with a
faster achievement of the “homogeneous” state of the liquid bath at the intensity of gas supply of 1.026 m3 /t-h.
That is, the recommendation for purging the bath in a steel casting ladle through the bottom block with non-
directional porosity in the bubble mode for the process of decarburization of the melt with the intensity of gas
supply at the level of 0.36 m3/t of steel h (when transferred to a real industrial object - steel casting ladle with a
capacity of 250 tons). According to the results of high-temperature modeling of the process of iron-carbon melt
purging with a lower carbon content (0.3% by mass) with a mixture of oxygen and neutral gas through a single
blowing channel (simulating the bubbling mode of bottom blowing), it was established that the rational from the
point of view of carbon oxidation and the operation of purging devices is the oxygen content in the gas mixture is
20-30%. At the same time, the oxidation process occurs at a rate of 0.056 wt% /min and is accompanied by
priority oxidation of carbon in the multicomponent iron-carbon melt
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3B'130K 3 HAYKOBHMH T€MaMH: [IPN 0124U001695

VI. BizoMocCTi Ipo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mosiuanos JlaBp CepriiioBud

2. Lavr S. Molchanov

KBasigikanis: . . u., 05.16.02
InenTudgikarop ORCID ID: 0000-0001-6139-5956
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUAMUYHOI 0COOM: [HCTUTYT YopHOI MeTanyprii im. 3. I. Hekpacosa HaujionanbHoi

akagemii HayK YKpainu

Kopg 3a €IPIIOY: 00190294

Micue3HaxoaKeHHS: . Akasiemika Ctapoay6oBa, 6yx. 1, THinpo, JIninpoBcbkuii p-H., 49050, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTiB
O@inifiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. CmipHoB Osexcii MukosianoBuy

2. Aleksei N. Smirnov

KBasigikamis: 1.1, npodpecop, 05.16.02
Imentudikarop ORCID ID: 0000-0001-5247-3908
HoparkoBa indopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOH: Di3nKO-TEXHONOTIYHMI IHCTUTYT METAJIIB Ta CIUIABIB

HanjonanbpHoi akagemii Hayk Ykpainu



Kopg 3a €IPIIOY: 05417153

Micue3HaxoaKeHH: 6ynbBap Akazemika BepHazncokoro, 6ya. 34 /1, Kuis, 03142, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: HaujoHanbHa akazeMist Hayk YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

BiacHe IlIpizBuie Im'sa I1o-0aTbKOBI:
1. XKaganoc Osnekcangp BosoguMuposuy

2. Oleksandr V. Zhadanos

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

InenTudikarop ORCID ID: 0000-0002-9533-9933

JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKMI1 IePKaBHUII YHIBEDCUTET HAYKH i TEXHOJIOTI
Kopg 3a €IPIIOY: 44165850

MicueSHaxo,T.pKeHHH: ByJL. JlazapsHa, 6yn. 2, IHinpo, JHinposcbkuii p-H., 49010, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IMinTiok Bitamii [TerpoBry

2. Bitamnii IT. TTlinTiok

KBasigikanis: k.1, c.H.c., 05.16.02
InenTudikarop ORCID ID: 0000-0002-2915-1756
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT YopHOI MeTanyprii im. 3. I. Hekpacosa HauionanbHoi

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 00190294

Micue3HaxoaKeHHS: 1. Akajemika Crapopny60Ba, 6yz. 1, IHinpo, [JHinpoBchkuil p-H., 49050, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kucnsxos Bonopgumup 'eHHaniiioBuy



2. Volodymyr H. Kysliakov

KBasmigikamis: . 1. 1., 05.16.02

ImenTudikarop ORCID ID: 0000-0002-1775-5050

JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT YopHOi MeTanyprii im. 3. 1. Hekpacosa HarionanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 00190294

Micue3Haxoa>KeHHS: 1. Akajemika Crapopy6osa, 6yz. 1, IHinpo, JIHinpoBcbkuii p-H., 49050, YkpaiHa

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisIJIbHOCTI

Yepuaresnd Anatouiii ['puroposuy

YepHsaTeBud AHartostii I'puroposuy

Kononenko 'anHa AHppiiBHa

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa



