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1. PO3BUTOK HayKOBUX OCHOB yIIPaBJIiHHS 3aBAaHTaKEHHSIM JJOMEHHO] Iedi MUXTOBUMU MaTepiajlaMy 3 ypaxyBaHHSIM
iX JUCIIepPCHOCTI

2. Development of scientific fundamentals for charging blast furnace burden with account for the particle sizes
thereof

Pedepar:

1.V nuceprarniiiiHiii po60Ti BUKOHAaHO KOMILJIEKC TEOPETUYHUX PO3POOOK i eKCIIepUMEHTANbHUX AOCTiI>KEeHb,
[IPUCBSIYEHUX IMHAMIL PyXy IIMXTU 10 TPAKTaX 3aBaHTA)KEHHS CY4aCHUX JOMEHHUX Mevel, a TaK0X po3pooiLi
TEOPETUYHUX OCHOB aBTOMAaTUYHOTO KOPUTYBaHHS BEJ€HHS JOMEHHOI [IJIaBKY Ha MifiCTaBi JaHMUX ra30J1uHaMiKU
KOJIOIIHUKOBOI 30HU IOMEHHOI nedi. [lucepTalisa npucBsYeHa JOCiI)KEHHIO IPOLEeCiB 3aBaHTaKEHHS TOMEHHUX
neyen, a Tako>XX po3poolii HAYKOBUX OCHOB [17151 aBTOMATUYHOIO BEJJeHHsI IOMEHHOI IJIaBKU. Bliepiie BCTaHOBJIEHO
3aKOHOMIPHOCTI 3MiHHU peJibey IOBEPXHi 3aCUIly Ha KOJIOUIHUKY Bill TPaHYJIOMETPUYHOTO CKJIAly TOTOKY
IOMEHHOI IMXTY IPU BUKOPUCTAaHHI 3aCUIHUX anlapaTiB KOHYCHOTO i 6€3KOHYCHOro TUIiB. PaHime Taki

3aKOHOMIpHOCTI BioMi He 6ysu. Lle 03BoJIsi€ MiABUIIUTY TOYHICTD IPOrHO3YBaHHS ra30iMHAMIYHOTO PEXXUMY



pO6OTH TOMEHHOI Neyi, 3HU3UTH BUTPATY KOKCY i IPUPOJHOrO rasy, a TakoxX 30i1bIUTHA MIDKPEMOHTHI TEPMiHU
ekciutyaTanii nedi Ha 15-20%. Briepiie BCTaHOBJIEHO 3aKOHOMIPHOCTi KOMIIJIEKCHOTO BIIJINBY KOHCTPYKTUBHO-
TEXHOJIOTIYHUX [TaPAaMETPiB CUCTEM 3aBaHTA)KEHHS JOMEHHUX I1e4ell Ha pesbed MUXTU Ha KOJIOUHUKY. Le
IO3BOJIMJIO 3[IiMICHIOBATH ONEPATUBHY KOPEKIiI0 peibey IMXTH Ha KOJIOMIHUKY, IO IPU3BEJIO CKOPOYEHHS BUTPAT
eHeproHociiB Ha 1,5%. Briepie BCTaHOBJIEHI iHTerpasbHi 3aKOHOMIPHOCTI Mi>K KiIHEMaTUYHMMU ITapaMeTpaMu
[IOTOKY MIMXTOBUX MaTepiasiB 3a eJIEMEHTaMU CUCTEM 3aBaHTAXXEHHS 1 iX TPONYCKHOIO CIIPOMOJKHICTIO. PaHile Taki
IaHi Hocuiu pparMeHTapHUI xapakTep. Lle 703BoanI0 NiABUIMTY €(PEKTUBHICTb YIIPABJIiHHS 3aBaHT)KEHHSIM
JOMEHHUX Ie4YeH i, IK HAaCJiOK, MiIBUIIUTHY [TOKAa3HUKY [JIABKU B LIiJIOMy. Briepiie BCTaHOBJIEHO
€KCIIEPUMEHTAJIbHO Ta TEOPETUYHO OOIPYHTOBAHO, 1[0 KOPEKILil0 pesibedy MMUXTOBUX MaTePiajliB Ha KOJIOIHUKY
MO>KHA IPOBOJUTU SIK OKPEMO 3MIHOI0 KyTa HaxWJly JIOTKA-PO3IOAiJIbHMKA i BEJIMYMHOIO BiIKPUTTSI LIMXTOBOTO
3aTBopa 6yHkepa B3Il Tak i crizibHUM 3MiHOIO 3a3HAaY€HUX NTapaMeTpiB. 3 OrJIsAy NPaKTUYHOTO 3aCTOCYBAHHS
MarepiasiB gucepraliiiHOi po60TU BUKOHAHO HACTYIIHE: - PO3P006JIeHi HAYyKOBi OCHOBYM KOPEKILii Tporpam
3aBaHTAXEHHS [JOMEHHUX Te4el, 0 3a6€31e4yl0Th PalliOHaIbHI PEXKUMU I7IaBKM Ha KOHKPETHUX
BMKOPHCTOBYBAaHMX LIMXTOBUX YMOBAX; - BCTAHOBJIEHO Ta €KCIIEPUMEHTAJILHO MiATBEPIKEHO, IO AJ1 €(PEKTUBHOTO
yIIPaBJIiHHS OTOKAMU IIMXTOBUX MATePiasliB B TPAKTAX 3aBAHTAXKEHHSI HEOOXiHO 3MiHIOBATU HE TiJIbKU KYT HAaXUJTy
JIOTKa-pO3MO/ibHUKA 6€3KOHYCHOTO 3aBaHTAXXyBaJIbHOTO MTPUCTPOIO, ajle i KyT BiIKPUTTS IMGE€PHOTO 3aTBOPA
HaAKONMYYBaJIbHOro 6yHKepa. lle 1ae MOKIMBICTh HAalbiIbII TOYHO 3a6€3Me4yBaTH PyIHE HABAaHTAKEHHS I10
pazianbHO-KiJIbLEBUX 30HAX KOJIOIIHMKA JOMEHHOI [1€4i; - 3alIpOIIOHOBAHO HOBUI METOJ, BUBHAYEHHS
palioHaZbHUX NapaMeTPiB apiB IMMXTOBUX MaTePiasiB B CyXill 30Hi JOMEHHO] Nedi, 0 3a6e3MeYy0Th HallKpallly
ra3ofiMHamiky I1py iCHyIOYMX MIMXTOBUX YMOBAX; - 3alIPOITIOHOBAHO HOBUII aIFTOPUTM POOOTHA aBTOMATUYHOI
CHACTEMHU YIIPaBJIiHHS 3aBAaHTAKEHHSIM IOMEHHOI I1edi, 110 J03B0JIsie KOPUTYBAaTH ITPOrpaMy 3aBaHTaKEHHS [171s1
KOHKDETHMX YMOB, a TaKOX IIPU iX aKTUBHIl 3MiHi; - NiITBepIKeHAa €(PEKTUBHICTb TEXHIKA MOHITOPUHTY NIPOLECY
IVHaMivYHOi 3MiHM ITpOQisIio 3acully MUXTOBUX MaTepiasliB Ha KOJIOMIHUKY JOMEHHOI I1edi 32 JJOIIOMOr0I0 PalapHoi
TexHiku. Po3po6sieHuii NisIoTHMII aIrOPUTM 3aBaHTaKE€HHSI i HOTro KOpeKllii BIPOBaI)KEHUH B CUCTEMY
aBTOMAaTHUYHOTO YIIPABJIiHHA 3aBaHTAKEHHSIM JOMEHHOI 1edi yCIilIHO BUNPOOyBaHUi Ha MojieJli. OCHOBHI
I[I0JIOKEHHS JCepTallii BUKOPUCTOBYIOTHCS B HABYaJIbHOMY IIPOLIEC IIiJl YaC BUKOHAHHS MariCTePChKUX Ta
0aKasaBpCbKUX AUIIJIOMHUX POOIT cTygeHTamu HaljioHanbHOI MeTanypriiinoi akagemii Ykpainu. Po3po6sieHi B
IycepTaliliHiil pob0Ti METOAMKY Ta TEXHIUHI pillleHHS 1010 BU3BHAUEHHSI pallioHaJIbHUX IIapaMeTpiB 3aBaHTaKEHHS
IOMEHHUX [Ie4el, TEXHOJIOTIi Be[IeHHS IJIaBKU i OCHOBHUX XapaKT€PUCTUK 3aBAaHTAXXYBaJIbHOTO IIPUCTPOIO
IO3BOJISIIOTh AHAJITUYHO BU3HAYATH [APAMETPU [J1s1 KOPUTYBAHHS IPOrPaM 3aBaHTAKEHHS i CTBOPIOIOTb OCHOBY
17151 IOBHOI aBTOMAaTH3allii Ipoliecy 3aBaHTaXeHHS. METOIMKY i TEXHIUHI pillleHHs1, OTPMMaHi B JaHiil po6oTi,
BrpoBamkeHi Ha [IpAT "[HenpoligpoMam", a Tako>X Ha 30JI0TOHICBKOMY MaIIMHOOYAIBHOMY 3aBoji iM. LI Jlenice. 3
iX JOIIOMOIOIO ITPOBOAUTLCS POEKTYBAHHS CYYaCHUX 3aBaHTaXKyBaJIbHUX IIPUCTPOIB JOMEHHYX I1€Y€eH, Ki

m1aHyoThCd 1o exkcruryaranii Ha [TAT JIMKII, TIAT "Asoscrans”, [TAT "3anopixkcrans".

2. The doctoral thesis is dedicated to the study of the charging blast furnace burden as well as to the development
of scientific fundamentals for the automatic blast-furnace melting operation. The thesis contains theoretical
insights and tests on the dynamics of the burden flow through the modern blast furnace conveyor lines, as well as
the development of fundamentals of the automatic self-adjustment for blast-furnace melting operation on the
basis of the data on the gasdynamics in the blast-furnace mouth. For the first time, there has been revealed the
regularities of dependence of the surface texture variability of loading in the blast-furnace mouth on the size
consistence of the blast furnace burden flow when utilizing bell-type charging and bell-less charging. The
regularities of this type have been unknown before which allows to improve the prediction accuracy for the
gasdynamic regime of a blast furnace, to reduce coke and natural gas consumption, and to increase blast furnace
life extension by 15-20%. There also have been first defined the regularities for the complex effect of structural
and operational parameters for the blast furnace charging systems on the burden surface texture in the blast-
furnace mouth. This enabled the on-line correction of the burden relief in the blast-furnace mouth, leading to the
energy source consumption decrease by 1.5%. For the first time, integral regularities between the kinematic
parameters of the burden flow have been determined according to the elements of charging systems and flow



capacity thereof. Similar data used to be inconsistent. Thus, the research allowed to increase the blast furnace
charging efficiency, consequently resulting in general blast-furnace productivity index enhancement. Due to the
experimental test results, it has been first theoretically justified that the correction of the burden relief in the
blast-furnace mouth can be carried out both by means of the hopper mechanism angle change and the hopper
gate opening size of the bell-less top, as well as via the change of the described parameters. Application of the
doctoral thesis results involves the following stages: -the scientific foundations for the correction of the blast
furnace charging programmes that provide rational melting conditions for the particular type of the blast furnace
burden; -it has been found out and experimentally confirmed that the efficient control of burden flows in the blast
furnace conveyor lines involves both the change of the hopper mechanism angle of the bell-less top, and the
opening angle of the storage hopper sliding gate. It allows the most accurate ore load distribution along the radial
ring zones of the blast furnace mouth; -there has been suggested a new technique to define rational parameters of
blast furnace burden layers in the dry zone of the blast furnace, thus providing the greatest gasdynamics under the
given burden conditions; -a new operation algorithm has been suggested for the automatic operating system of
the blast furnace charging that enables the charging programme correction for particular conditions, and the
active change thereof; -the efficiency of the monitoring technique for the dynamic change of the load profile of the
burden in the blast-furnace mouth via the radar technology has been confirmed. Moreover, the developed pilot
algorithm for the charging and its correction has been implemented in the system of automatic control of the blast
furnace charging and successfully tested on a model. The conceptual issues of the doctoral thesis are used in the
academic process by the students of the National Metallurgical Academy of Ukraine when working on Master’s
theses and Bachelor’s theses. Suggested techniques and engineering solutions on the defining the rational
parameters for blast furnace charging, melting techniques and the main properties of the charging mechanism
allow to analytically determine the parameters for the charging programme correction and create a basis for the
full automation of the charging processes. The techniques and engineering solutions proposed in the doctoral
thesis were implemented at PJSC “DniproHidroMash”, and at Zolotonosha Machine-Building Plant named after I.1.
Lepse; they are used when designing modern charging mechanisms for blast furnaces that are supposed to be
utilized at PC Dnipro Metallurgical Complex, PC “Azovstal”, and PC “Zaporizhstal”.
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