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1. BmockoHaneHHs yIpaBJliHHS 3aBaHTAKEHHSIM JOMEHHOI I1e4i 6araTOKOMIIOHEHTHOIO ITUXTOK Ha OCHOBI
iHpopmalii mpo mapaMeTpu MIaCTUYHOI 30HU.

2. Improvement of control of loading of a blast furnace with a multicomponent burden based on information about
the parameters of the cohesive zone.

Pedepar:

1. lllep6avos B.P. BnockoHasieHHs yIPaBIiHHS 3aBaHTaK€HHSIM TOMEHHOI Iledi 6araTOKOMIIOHEHTHOIO MIKUXTOI0 Ha
OCHOBI iH(opmallii npo napameTpu naacTU4HOI 30HU. — KBasidikaliiiHa HayKoBa Ipalisi Ha IIpaBax PyKOIIUCY.
Juceprauis Ha 3100yTTs HAYKOBOTO CTYIIEHs JoKTopa (inocodii 3a crenianpHicTio 136 — «MeTanyprisi».
JHINIPpOBCHKUY METANYPriliHNMA IHCTUTYT YKPaiHChKOTO AEP>KaBHOTO YHIBEPCUTETY HAYKU 1 TEXHOJIOTIH, M. JIHINpO,
2026. MeTo10 pob0TH € MiIBUILIEHHS PECYPCO- Ta €eHEProePeKTUBHOCTI JOMEHHO] [JIaBKY MIJITXOM HayKOBOT'O
OOIPYHTYBaHHS YIIPaBJIsIlOUMX BIUIMBIB Ha Xifl [1e4i 3a paxyHOK BUOOPY Ta KOPUTYBaHHS [IapaMeTpPiB pesKuUMy
3aBaHTAXXEHHS IIMXTOBUX MaTepiaJis, 1o 3a6e3MeuyoTb (GOPMYBaHHS pallioHAIbHOI CTPYKTYPHU CTOBIA LIUXTH Y
IOMEHHIi1 nedi. ¥ po60Ti BUKOHAHO aHaJli3 Cy4aCHUX METO/iB Ta MAaTEMAaTUYHUX MOJIeJlell BU3HAYEHHSI TapaMeTpiB

IIJIaCTUYHOI (KOre3iliHOi) 30HM JOMEHHOI I1eyi. PO3rissHyTO €BOJIIOL0 MifIX0AiB Bifi MPSMUX €KCIIePUMEHTAJIbHUX



BMMIipIOBaHb 10 4ucesbHOro mogeintosanns (CFD, DEM, SVM). Tloka3aHo, 10 4epe3 BifCYTHICTb IPSIMUX
iHCTpYMEHTaJIbHUX METO/iB OCHOBHUM JKepesioM iHdopmallii € KOHTPOJIb [1OBSI3aHMX TEXHOJIOTIYHUX [TapaMeTpiB y
[IO€IHAHHI 3 MATEMAaTUYHUM MOJEJIIOBAHHSAM. BCTaHOBJIEHO, 10 iCHYI0Yi MOJI€JIi 4aCTO ONMUCYIOTh MEXI MIaCTUYHO]
30HU y BUIJISAA] i30TEPM, 0 6a3yeThCsl HA IPUNYILLEHH] PiIBHOMIPHOIO PO3MOAiNY IMXTH, IO 3HWKY€E TOUHICThb
BU3HA4YeHHs ii peasbHOI KOHGirypaii. O6IpyHTOBaHO HEOOXiJHICTb BpaxyBaHHS 6araTOKOMIIOHEHTHOCTI MIUXTH Ta ii
BHCOKOTEMIIEpaTypPHUX BiacTUBOCTEN. PO3p006eHO yI0CKOHAIEHY MaTeMaTUYHy MOZeJIb BUSBHAY€HHSI [1JIOII
[IOBEPXHI IJIaBJIEHHS, SIKa BPAaXOBY€ PO3PaxXyHKOBE BU3HAUEHHS TEIJIOBUiJIEHHS Y HYDKHIN 30HI I1edi.
3anponoHOBaHO METO, BU3HAYEHHS (POPMHU, TOBLIMHU Ta MOJIOKEHHS IVIACTUYHOI 30HU HA OCHOBi CUCTEMU
MaTEMATUYHUX MOJEJIEN IIPOLECiB 3aBAHTKEHHS, PO3IOINY INUXTU Ta BUCOKOTEMIIEPATYPHUX [I€PETBOPEHbD.
BcTraHOBI€HO 3a71€KHOCTI MK ITapamMeTpamu IIJIACTUYHOI 30HU Ta PEKAMOM 3aBaHTaKEHHS IINXTH, 30KpeMa
PO3IOLiNIOM PYSHOIO HABAHTAKEHHSI 110 PafiiyCy KOJIOMHUKA. [ToKa3aHO CyTTEBUH BIIUB CTPYKTYPU 3aBAaHTAXKEHHS
Ha TI0JIOKEHHS JIiHi# po3M’saKieHHs i TaBieHHs. Ha OCHOBI MOzielI0BaHHS BU3HAUYEHO TEMIIEPATypPHi iHTepBaIn
IJIaBJIEHH 3aJ1i30BMiCHUX KOMITOHEHTIB Ta BUKOHAHO PO3PaXYHOK TEIJIOBOIO CTaHy HWKHbOI YACTHUHY I1€Yi.
[TobynoBaHo KOHQIrypallio IacTUYHOI 30HU [1J1 Pi3HUX TEXHOJIOTIYHUX PEXKUMIB. [ NiATBEPAKEHHS
a[leKBaTHOCTI BUKOHAHO ()aKTOPHUI aHAJIi3 BIIJIMBY TEXHOJIOTIYHUX NTapaMeTpiB. BCTAHOBJIEHO CTaTUCTUYHO
3HAYYLIi 3B'SI3KM MiX PO3IIOJiJIOM TEMIIEPATyp, PYAHUM HaBaHTAXKEHHSIM Ta I0JIOKEHHSIM IJIACTUYHOI 30HU.
Po3pob6sieHo KpuTepii ouiHku HGOPMU Ta MOJIOKEHHS TIJIACTUYHOI 30HU, SIKUH N03BOJIsIE€ 3IilICHIOBATH ii aHani3 6e3
MIPSIMOTO BUMipIOBaHHS TEXHOJIOTIYHUX NapaMeTpiB. [TokazaHO MOXXJIMBICTbh BUKOPUCTAHHS KPUTEPIiIO B CUCTEMAX
OIIEPATUBHOIO KOHTPOJIIO. BCTaHOBJIEHO, 110 CIiBBiIHOMIEHHS arjloMeparT,/OKaTUIli CyTTEBO BILJIMBA€E Ha
TEMIIepaTypH IJIaBJIEHHS Ta T€OMETPII0 IJIACTUYHOI 30HU. OTPUMaHI 3aJ1EXKHOCTI XapaKT€PU3YIOTbCS BUCOKUMU
KoediljieHTaMy arrpokcrMallii Ta MOXXyTb OYyTU BUKOPUCTAHI 17151 KEPYBaHHS PEXKMMOM 3aBaHTaXKEHHSL.
3anponoHOBaHO CIIOCi6 KOPUTYBAHHS TaPAaMETPiB 3aBAaHTAKEHHS IMXTU HA OCHOBI MOJIEJIIOBaHHSI PO3IMOAiTy
KOMITOHEHTIB I10 pafiiyCy KOJIOUTHMKA Ta IPOTHO3YBaHHS iX BUCOKOTEMIIepaTypHOI [10BeiHKU. Pe3ysibTaTu poboTu
MOXYTb OYTH BUKOPUCTaHi B CUCTeMaX aBTOMAaTU30BaHOI0 KEPYBaHHSI [IOMEHHOIO I1JIaBKOIO Ta €KCIIEPTHUX
CHACTEMaXx MiATPUMKU NPUNHATTA pillleHb. KIII040Bi C10Ba: JOMEHHA I1i4, PO3I0AiJ KOMIIOHEHTIB UXTH, CYyMilll,
XIMIYHUI CKJIAZ, TEMIIEPATYPA, BIIHOBJIEHHS OKCUIB 3a/1i3a, MaTeMaTUYHA MOJI€JIb, CTPYKTypa CTOBIIA MINXTH,
Koresis, JIaCTUYHa 30Ha, [TUJIOBYT/IbHE NaJIMBO, KOPETYBAaHHS XapaKTE€PUCTUK, TEPMOBUMIPIOBAJIbHI 30HIIU, PEXKUM

3aBAaHTA>KE€HHS.

2. Shcherbachov V.R. Improvement of burden charging control in a blast furnace with multi-component charge
based on information about cohesive zone parameters. - Qualifying scientific work in manuscript form.
Dissertation for the degree of Doctor of Philosophy in specialty 136 - “Metallurgy”. Dnipro Metallurgical Institute
of the Ukrainian State University of Science and Technologies, Dnipro, 2026. The aim of the study is to improve the
resource and energy efficiency of blast furnace ironmaking by providing a scientific justification for control actions
on furnace operation through the selection and adjustment of burden charging parameters that ensure the
formation of a rational structure of the burden column in the blast furnace. The study presents an analysis of
modern methods and mathematical models used for determining the parameters of the plastic (cohesive) zone in a
blast furnace. The evolution of approaches is considered, from direct experimental measurements to numerical
modeling (CFD, DEM, SVM). It is shown that, due to the absence of direct instrumental methods, the main source
of information is the monitoring of related process parameters in combination with mathematical modeling. It is
established that existing models often represent the boundaries of the plastic zone in the form of isotherms, based
on the assumption of uniform radial distribution of burden materials, which reduces the accuracy of determining
the real configuration of the zone. The necessity of accounting for the multi-component nature of the burden and
its high-temperature properties is substantiated. An improved mathematical model for determining the melting
surface area has been developed, which includes a calculated estimation of heat generation in the lower part of the
furnace instead of constant values. A method for determining the shape, thickness, and position of the plastic zone
is proposed, based on a system of mathematical models describing burden charging, burden distribution, and
high-temperature transformations. Dependencies between the parameters of the plastic zone and the burden
charging regime have been established, in particular the distribution of ore load along the furnace radius (throat).



A significant influence of the charging structure on the position of the softening and melting lines has been
demonstrated. Based on modeling, temperature intervals of melting of iron-bearing components have been
determined, and the thermal state of the lower furnace zone has been calculated. The configuration of the plastic
zone under different technological operating conditions has been constructed. To validate the proposed approach,
a factor analysis of the influence of process parameters has been performed. Statistically significant relationships
between gas temperature distribution, ore load, and the position of the plastic zone have been established. A
criterion for evaluating the shape and position of the plastic zone has been developed, enabling its analysis without
direct measurement of process parameters. The applicability of the criterion in real-time monitoring systems has
been demonstrated. It has been found that the sinter-to-pellet ratio significantly affects melting temperatures and
the geometry of the plastic zone. The obtained dependencies are characterized by high approximation coefficients
and can be used for burden charging control. A method for adjusting burden charging parameters is proposed,
based on modeling the distribution of components along the furnace radius and predicting their high-temperature
behavior. The results of the study can be applied in automated blast furnace control systems and decision-support
expert systems. Keywords: blast furnace, burden distribution, mixture, chemical composition, temperature, iron
oxide reduction, mathematical model, burden column structure, cohesion, plastic zone, pulverized coal injection,
parameter adjustment, thermal probes, charging regime.
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LH., Garmash L.I., Vishnyakov V.I., Shcherbachov V.R., Ermolina K.P. // ®yHnameHTanbHi Ta IPUKIaHI
npobsieMu 4OpHOI MeTanyprii. — 2023. - N2 37. - P. 76- 103. https:/ /jrn.isi.gov.ua/wp-
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Y3aranbHEHHS pe3yJbTaTiB AOCiIKEHD BILUIMBY 30iIbIIE€HHS BMiCTy BOJHIO B IyTTi Ta 10T0 PO3NOiNy 10
paziycy JOMEHHOI Ileui Ha TeXHOJIOTIYHUM pesKUM JOMEHHOI I1aBku / Muravyova I.H., Chaika O.L., Ivancha
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KBasigikanis: 1.1, npodecop, 05.16.02

ImenTudikarop ORCID ID: 0000-0002-1750-1237

JonaTkoBa iHdopmaris:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHUI yHiBEPCUTET EKOHOMIKY i TEXHOJIOTiA
Kopg 3a €IPIIOY: 43684645

Micue3Haxoa KeHHS: By MenuuHa, Kpusuii Pir, KpuBopisbkuii p-H., 50005, Ykpaina

dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Kpsuko I'ennazin FOpiiioBuy

2. Gennadiy Y. Kryachko

KBasigikamis: . . 1., nou., 05.16.02



InenTudikarop ORCID ID: 0000-0002-8773-508X

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINMPOBCHKUIL IePKAaBHUIA TEXHIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 02070737

Micue3HaxoaKeHHS: ByJI. IHinpo6yaiBcbka, Kam'saHebke, 51918, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

PeuenseHtu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IBamenko Banepiii [leTpoBuy

2. Valeriy P. Ivashchenko

KBasigikamis: 1. 1. ., npodecop, 05.16.02

InenTudgikarop ORCID ID: 0009-0007-3674-0181

JoparkoBa iHdpopmamuist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOM: YKpPAiHCHKUIL JE€P>KaBHUI YHIBEPCUTET HAYKH | TEXHOJIOTIH
Kopg 3a €IPIIOY: 44165850

Micuesﬂaxo,rm(eHHﬂ: ByJ1. JlazapsHa, JIHinpo, JJHinpoBcekui p-H., 49010, YkpaiHa

dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. boyka Bosogumup BacuinboBuy

2. Volodymyr V. Bochka

KBasigikamis: 1. 1. u., npodecop, 05.16.02

InenTudikarop ORCID ID: 0000-0002-4935-0779

JoparkoBa indopmamnist:

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

Micuesnaxo,zm(emm: ByJ1. JIazapsiHa, [IHinpo, JIHinposcekunt p-H., 49010, Ykpaina

dopma BaacHoOCTI:

Cdepa ynpaBiriHHS: MinictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



VIII. 3akr04Hi BimoMocTi

Biacue IIpizBume Im's I1o-6aTbKOBI Kamkina Jliommuna Bononumupisna
rOJIOBH pagu

Biacue IpizBuie Im's I1o-6aThKOBI Kamxina Jlionmuna BosiosumupisHa
rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasibHUI 3a MiATOTOBKY lllep6avos Bagum PoznionoBuy

00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




