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Pedepar:

1. luceprauiiiHe DOCIiIKEHHS IPYCBIYEHE BUSHAYEHHIO ONITUMAJIbHUX ITapaMEeTPiB NIPOLECY BUIAly BAIlHAKY B
IIAXTHUX [1e4axX 3 MEeTOI0 3a0e3leuyeHHs] MaKCUMaJIbHOTO BUXOJY SIKICHOI IPOAYKLii Mpy MiHIMaJIbHUX BUTpaTax
CHPOBUHH, €HePrii Ta 3HKEHHI HEraTUBHOTO BIIMBY HAa HaBKOJIMIIHE cepefoBulle. Po3podka epeKTUBHUX
TEIUIOTEXHIYHYX Ta allapaTHUX PilleHb JacTh 3MOI'Y peasidyBaTy IIPOLEC BUIAJy BallHa [IJIs MeTalypriiiHoi ranysi B
IIAXTHii 1e4i 3 OTPMMaHHSIM BallHA CTaJIeIJIaBUJIBHOTO. Y BCTYIi OGIPYHTOBAHO aKTYyaJIbHICTh POOOTH, BUBHAYEHO
METYy, iZlelo Ta pO3B’si3yBaHi 3aBJJaHHS, BU3HAYEHO OCHOBHI I10JIOKE€HHS, HAyKOBY HOBM3HA Ta NPAKTUYHY 3HAYYILiCTb.
Y nepimomy po3zisii BAKOHaHO KOPOTKUI HAYKOBO-TEXHIYHMI aHaJli3 Cy4aCHOTO CTaHy Ta [IEPCIEKTUB PO3BUTKY
Teopii Ta NPaKTUKKU BUPOOHMIITBA BallHA B LIAXTHUX evax. B qpyromy po3zisi npencraBieHo aHali3 mpouecy

BUIIaJIy BallHAKIB y IIAXTHUX [1e4aX, BKJIIOYA0YY MaTeMaTHU4Hi MOZeJi JJ1s ONKCY IHCcoLialii rpaHys KapOoHaTy



KaJIbIIil0 Ta aCMEeKTHU TeI10()i3uKy, OB’S13aHi 3 pOOOTOI0 MAXTHUX Medell. Y TPeTboMY po31isi 6y npoBeaeHi
IOCJIiIKeHHS 010 BILOCKOHAJIEHHSI TEXHOJIOTIYHOTO IIPOLIeCy BUIIA/y BallHIKY B LIIAXTHUX IIe4aX: PO3POOIEHO
KOHCTPYKTUBHE OOPMJIEHHS BUNAIIOBAJIbHUX MIAXTHUX I1€4€l 3 BUKOPUCTAHHSIM ra30No1i0HOro NajauBa Ta
IOCJiI)KEHO 0COOJIMBOCTI IIPOLIECY; PO3P006JIeHa METOMKA TPOBEEHHS €KCIIEPUMEHTY [1J1s1 IeTaJIbHOTO aHali3y
IIpoLieCy BUIAJy BaIlHAKY; OTPMMAHO Pe3yJIbTaTU €KCIIEPUMEHTAJIbHUX JOCTIIKEHb, SIKi Oy IPOaHai30BaHi 3
METOI0 I10J1aJIbIIOT0 BAOCKOHAJIEHHS TEXHOJIOTIYHOTO npolecy. [TokasaHo, 1110 1151 TepMiuHOI 06pOoOKU
NOJIiMCIIEPCHUX TIOPif, 3 PETYJIbOBAHOIO TEMIIEPATYPOIO TEIJIOHOCIS aJUBO CJIifl, CIIa/II0BATH 11032 IAPOM
Marepiaiy, OTPUMYIOYH ra3ornofi6Hi MpoayKTy ropiHHs (TemIoHo i) 3 Temneparypoto 120001250°C. Ha ocHOBI
€KCIIepMMEHTAJIbHUX JIOCTIiI>)KeHb BUBEEHO PiBHSHHS 1711 PO3PaxyHKY ITIMOWHY IPOHMKHEHHS TOIIKOBUX rasiB y
lap maTepiany B paziiaJIbHOMY HaIlpsIMKY, 110 JO3BOJISIE OLIHUTH AiaMeTp LIaXTHOI Ilevi 3aJ1e5XKHO Bif 06'eMy
TOIIKOBUX Ta3iB, pO3Mipy LIMATKIB i BUCOTU APy 3aCUIIKU. JOCTiAKEHO KIHETUKY TEPMIYHOTO PO3KJIaZaHHS
IOJIIAMCIIEPCHOTO BalHAKY B MOJEPHI30BaHIN WAXTHI [1e4i 3 IePIEeHINKYIIPHIM BBEJEHHSAM TOIKOBUX IasiB y
mmap marepiasy, niaTeepakKeHo eeKTHUBHICTb IIbOTO METOY. Y UeTBEPTOMY PO3[Liji 6yJI0 LOCiIPKEHO 36arayeHHs
BAaIHSKY 3 BUKOPUCTaHHAM (POTOEJIEKTPOHHOIO Cenaparopa: po3po6aeH0 METOAUKY IIPOBEAEHHS AOCIiIKEHD,
CIIPSIMOBAHMX Ha 30aradyeHHs! BallHsKY, Ta OTPUMAHO Pe3yJIbTaTH €KCIIEPUMEHTAJIbHUX JOCiIKEHbD 3
BHUKOPHUCTaHHIM (OTOEJIEKTPOHHOTO cenapaTopa. Y II'siTOMy po3ijii 6yJ10 BUKOHaHI AOCJiIpKEeHHS, CIIPSIMOBaHi Ha
ONTUMI3allilo BUNaJly BallHSKY y IAXTHIN nedi. PO3rysiHyTO TexHoJIorii onTyMi3allii y BUpOOHUITBI BarHa Ta
[IpeJCTaBI€HO ONTUMi3aliliHi Mozesli. O6roBOpeHO pe3yJbTaTi AOCiIPKEHb, CIIPSIMOBaHI Ha ONTUMI3allilo BUNAILy
BaIHAKY y Iedi. [IpoBeneHo NoCliIKeHHs IPOLEeCy pyXy Marepiany y laxTHi [1edi 3 METO0 MOJaJIbLIO]
oNTHUMi3allii TEXHOJIOTIYHOTO Mpoliecy. Y MOCTOMY PO3/ijii 6yJI0 IPOBeIEeHO LOCiI>)KeHHsS! OTPMMAaHOr0 IIPOYKTY B
Pe3yJbTaTi BUIay BallHAKY, BKJIIOYAI0OUX OIMC METOMAOJIOTII IPOBEEHHS IOCiI>)KeHb, BUBHAYEHHSI PO3IOJiy I10P
3a po3MipoM, MOpPoJIOrii Ta €JIEeMEHTHOTO aHAJIi3y MaTepiaily, a TAKOXK PEHTTEHOCTPYKTYPHOT'O aHali3y TOTOBOTO
IIpOAyKTy. Pe3ysbraTtu Lyx OOCiIKeHb O0yJu IpeACcTaBieHi, BKIYaoyy pe3yIbTaTh CKaHYI04u0l eJ1eKTPOHHOI
mikpockoriii (CEM), giznynoi afgcop6uiii Ta peHTTeHOCTPYKTYPHOIO aHajli3y OTpUMaHOro BanHa. JocigkeHo
KJIIOYOBI (DaKTOpH, L0 BIJIMBAIOTh HA JIMACOLIAllil0 KYCKOBOIO BallHSIKY Ta €(PEKTUBHICTb BUMAJY Y LIAXTHUX T€Yax.
3a BUCHOBKaMu 10110 €(pEKTUBHOCTI AUCEPTALINHOIO NOCiI)KEHHS Bil3HaU€HI TaKi HAyKOBi pe3ysbTaTu: 1)
3aIMIPONIOHOBAHO BIIOCKOHAJIEHY MaTEMATUYHY MOJ€JIb MIAXTHOI [1€4i BUIAJly BAIlHAKY, 3aBISKU SKill BUPILIyeTbCA
3aBfaHHs ONTUMI3allii IpoLecy 3 ypaxyBaHHSIM T€XHOJIOTIYHUX N1apaMeTPiB; 2) OTPUMAaHO YTOUHEHUI
MaTeMaTU4YHUH OMUC BUMAJy OAVMHUYHOI 'PaHy/IM KapboHaTy KaJlbllilo, 0 BPaXOBYeE BILJIMB TEMIIEPATYPH,
KOHILIEHTpaLii ByIrJIeKUCIIOro ra3y B ra3oBiil ¢asi, KpyHOCTi Ha IBUIKICTh AXCOLialii IMAaTKOBOTO BallHIKYy Ha
Pi3HUX CTafisx BUMaJly, BUSIBJIEHO (aKTOPH, 11O JiMiTyI0Th; 3) BIeplle II0Ka3aHa MOXJIMBICTb i HaMiueHi WXy
IiABUILEHHS TEIJIOBOI €()eKTUBHOCTI MAXTHOI I1€4i 32 PaXyHOK 3MiHY XapaKT€PUCTUK CUPOBUHY, PEKOHCTPYKIIii
CHCTEM 3aBAaHTAXEHHS Ta BUBAHTAKEHHS, IIEPEHECEHHS M0SICIB ONaJIEHHS], PEXKMMHOTO HAJIAMITYBAHHS, TPOBELEHO
GaraTorapameTpUyYHy ONTUMI3allilo TEIJI0BOrO PEXXUMY 1IaXTHO] reyi; 4) o6IpyHTOBaHO MeTO[, iHTeHcudikalyii
BUIIAJIy Y LIAXTHIN Nedi Ta NiBUILEHHS SIKICHUX XapaKT€PUCTUK IIPOJLYKTY 3 BUKOPUCTaHHSIM ITPSIMOTOYHO-

IIPOTUTOYIHOTO NPUHIUIY TEIJIOOOMIHY Y IO€JHAHHI 3 HIKHIM KOHTYPOM PELUPKYJIALi] MiYHMX rasis.

2. The dissertation study is devoted to determining the optimal parameters of the process of calcining limestone in
mine furnaces to ensure the maximum yield of quality products with minimal consumption of raw materials and
energy and reduce the negative impact on the environment. The development of effective thermal engineering and
hardware solutions will make it possible to implement the process of burning lime for the metallurgical industry in
a mine furnace with the production of steelmaking lime. In the introduction, the relevance of the work is
substantiated, the goal, idea and tasks to be solved are defined, and the main provisions, scientific novelty and
practical significance are defined. The first chapter performs a brief scientific and technical analysis of the current
state and prospects for developing the theory and practice of lime production in mine furnaces. The second
chapter presents an analysis of the limestone firing process in mine furnaces, including mathematical models to
describe the dissociation of calcium carbonate granules and aspects of thermophysics related to the operation of
mine 3 furnaces. In the third section, research was conducted on the improvement of the technological process of
limestone firing in mine furnaces: the design of mine furnaces using gaseous fuel was developed and the



peculiarities of the process were investigated developed a method of experimenting with a detailed analysis of the
process of calcination of limestone; the results of experimental studies were obtained, which were analysed to
improve the technological process further. It is shown that for the heat treatment of polydisperse rocks with an
adjustable heat carrier temperature, the fuel should be burned outside the material layer, obtaining gaseous
combustion products (heat carrier) at 120001250°C. A certain relationship has been established between the total
composition of mixtures of all colour varieties of limestone and the value of the reflection coefficient, which allows
the enrichment of limestone by colour. It was investigated and established that the most rational separation
threshold corresponds to a reflection coefficient of about 33%. In the fifth chapter, research was carried out to
optimise the firing of limestone in a mine furnace. Optimisation technologies in lime production are considered,
and 4 optimisation models are presented. The research results aimed at maximising the firing of limestone in the
kiln are discussed. A study of material movement in the mine furnace was carried out to optimise the technological
process further. The research results showed that the main positive consequence of the reconstruction was a
reduction in fuel consumption by 2.102.3 times and an increase in the total content of CaO and MgO in lime by an
average of 7%. An important conclusion is that, despite the different residence times of the material in the heating
and firing zones, which affect the uniformity of dissociation, the difference in the actual movement speeds is less
significant. The results of these studies were presented, including the results of scanning electron microscopy
(SEM), physical adsorption and X-ray structural analysis of the obtained lime. The key factors influencing the
dissociation of lumpy limestone and the efficiency of firing in mine furnaces were studied. According to the
conclusions regarding the effectiveness of the dissertation research, the following scientific results were noted: 1)
an improved mathematical model of a limestone kiln is proposed, thanks to which the task of optimising the
process is solved taking into account technological parameters; 2) a refined mathematical description of the firing
of a single granule of calcium carbonate was obtained, which takes into account the influence of temperature, the
concentration of carbon dioxide in the gas phase, and the size on the rate of dissociation 5 of chunky limestone at
different stages of firing, and the limiting factors were identified; 3) for the first time, the possibility and intended
ways of increasing the thermal efficiency of the mine furnace due to changes in the characteristics of raw
materials, reconstruction of loading and unloading systems, transfer of heating zones, mode setting, and multi-
parameter optimisation of the thermal regime of the mine furnace were shown for the first time; 4) the method of
intensification of firing in a mine furnace and improvement of the quality characteristics of the product using the
direct-countercurrent principle of heat exchange in combination with the lower circuit of recirculation of furnace
gases is substantiated.
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