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IIAXTHHUX [1€4ax 3 METOI 3a0€3M1eUYeHHs] MaKCUMaJIbHOTO BUXOY SIKiICHOI IPOAYKLii Ipy MiHIMaJIbHMX BUTpaTax
CHPOBUHU, €HEPrii Ta 3HWKEHHI HEraTUBHOTO BIJIMBY Ha HaBKOJIMIIHE cepenoBuile. Po3pobka epeKTUBHUX
TEIJIOTEXHIYHUX Ta allapaTHUX PilleHb 1aCTh 3MOTY peasizyBaTy MPOLEC BUIAJly BallHa [IJIs1 METaJypriliHoi ranysi B
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Y nepimomy po3zisii BAKOHaHO KOPOTKUI HAyKOBO-TEXHIYHUI aHaJli3 Cy4aCHOTO CTaHy Ta [IEPCIEKTUB PO3BUTKY
Teopii Ta NpakTUKY BUPOOHUIITBA BallHA B LIAXTHUX I1€4ax. B Ipyromy posnisii nmpencraBieHo aHali3 npoLecy
BUIIaJIy BallHAKIB y IIAXTHUX 1€4ax, BKJIIOYA0YU MaTeMaTU4Hi MOZEJi JJ1s1 ONKMCY IuCcoLialii rpaHyJs KapOoHaTy
KaJIbIIilo Ta aCMeKTHU Ter10(i3uky, NOB’s13aHi 3 pOOGOTOI0 MAXTHUX Neveil. Y TpPeTboMy po3isi O6ysu npoBeeHi
TOCJIiIPKEHHS 0/10 BIOCKOHATIEHHS TEXHOJIOTIYHOTO IPOLECY BUIaly BAallHSKY B LIAXTHUX T1€4aX: pO3pO6JIEHO
KOHCTPYKTUBHE 0()OPMIIEHHS BUNAJIIOBAJIbHUX MIAXTHUX N1eYell 3 BAKOPUCTAHHSAM ra30Io/1iGHOro Najmsa Ta
IOCJiI)KEHO 0COOJIMBOCTI IIPOLIECY; PO3P006JIeHa METOMKA [IPOBEJEHHS €KCIIEPUMEHTY [1J1s1 IeTaJIbHOTO aHali3y
IIPOLIECY BUIAJTY BAIHSKY; OTPUMAHO PE3YyJIbTaTU €KCIIEPUMEHTAJIbHUX OOCIIIKEHB, 5IKi Oy MpOaHasi30BaHi 3
METOI0 MOJAJIBIIOTO BAOCKOHAJIEHHS TEXHOJIOTIYHOrO npolecy. [TokasaHo, o A1 TepMidYHOi 06pO6KHU
MOJIIAMCIIEPCHUX TI0Pif] 3 PErYJIbOBAHOIO TEMIIEPATYPOIO TEIJIOHOCIS MAJMBO CJIif, CIIAJIIOBATH 11032 IIApOM
Marepiasny, OTpUMYIO4YM ra30noi6Hi MPOAYKTH ropiHHS (TEMI0HOCI) 3 Temneparypoio 120001250°C. Ha ocHOBI
€KCIIEpUMEHTAJIbHUX JOCiIPKeHb BUBEJIEHO PiBHSIHHS /1711 PO3PaXyHKY [MIMOMHM IPOHUKHEHHSI TONKOBHUX Ia3iB y
1ap maTepiasy B paziiaJIbHOMy HaIlpsSIMKY, 110 JO3BOJISIE OLIHUTH AiaMeTp LIaXTHOI Ilevi 3aJ1e5XKHO Bif 06'eMy
TOIIKOBUX Ta3iB, po3Mipy LIMATKIB i BUCOTU LIAPy 3aCUIIKU. JJOCIiIKEHO KiHETUKY TEPMIYHOTO PO3KJIaZaHHS
[IOJIiAMCIIEPCHOrO BalHAKY B MOJEPHI30BaHIN AXTHI [1€4i 3 IePIEeHINKYIIPHUM BBEJEHHSAM TOIIKOBUX IasiB y
map marepiaiy, miaTeepakeHo eeKTHUBHICTb IIbOTO METOY. Y UeTBEePTOMY PO3[Liji 6yJI0 LOCIIIPKEHO 36aradyeHHsI
BaIIHSIKYy 3 BAKOPUCTAaHHAM (POTOEJIEKTPOHHOTO CerapaTopa: po3po6jIeHO METOAMKY NPOBELEHHS TOCTiI)KEHb,
CIIPSIMOBAHMX Ha 30arauyeHHs! BallHsKY, Ta OTPUMAHO Pe3yJIbTaTH €KCIIEPUMEHTAJIbHUX JOCIIKEHD 3
BUKOPUCTAHHSAM (POTOEIEKTPOHHOTO cenapaTopa. Y I'siToMy po3zisi 6yJ10 BUKOHAHI TOCIiIPKEHHS], CIIPSIMOBaHi Ha
ONTUMI3allilo BUNaJly BallHSKY y IAXTHIN nedi. PO3rysiHyTo TexHoJIorii onTyMisallii y BUpOOHUITBI BarHa Ta
IIpeJCTaBIEHO ONTUMi3aliliHi Mogiesli. O6roBOpeHO pe3yJbTaTy AOCiIPKEHb, CIIPSIMOBaHI Ha ONTHAMI3allilo BUNAIy
BaIHAKY y Iedi. [IpoBeneHo NOoCliIKeHHs IPOLECY PyXy MaTepiany y laxTHi [1edi 3 METO0 MOJaJIbLIO]
onTUMi3allii TEXHOJIOTIYHOTO Mpolecy. Y MOCTOMY po3ijii 6yJI0 IPOBEIeHO LOCiI)KeHHS! OTPUMAaHOr0 IIPOLYKTY B
pe3yJIbTaTi BUIAJLy BAIHAKY, BKIIIOYAI0YM OIMC METOIOJIOTI IIPOBENEHHS JOCIiIPKEHDb, BUSHAYEHHS PO3IOAiIY 10D
3a po3MipoM, MOp@oJIorii Ta eJIeMEHTHOTO aHaJli3y MaTepiasly, a TAKOXX PEHTTEHOCTPYKTYPHOTO aHali3y TOTOBOTO
IPOAYKTY. PesysnpTaTu HuX OOCiIKeHb OyJn NpeCTaBeHi, BKII0Yal0Yu Pe3yJIbTaTh CKaHYI04Y0i €J1eKTPOHHO]
mikpockornii (CEM), ¢pizndnHoi afcopb1iii Ta peHTTeHOCTPYKTYPHOIO aHajli3y OTpMMaHoro BanHa. JJocuinkeHo
KJIIOYOBi (paKTOpH, 10 BIJIMBAIOTh HA JIMACOLIAllil0 KYCKOBOIO BallHSIKY Ta €(PEKTUBHICTb BUMAJY Y LIAXTHUX I€Yax.
3a BUCHOBKaMH 1010 €(EKTUBHOCTI JUCEPTALIMHOrO AOCIiIpKEHHS BiJ3HA4Y€Hi TaKi HAyKOBi Pe3yJbTaTu: 1)
3aIIPONIOHOBAHO BAOCKOHAJIIEHY MAaTEMATUYHY MOJIEJIb IAXTHOI 11e4i BUIIAJly BallHSKY, 3aBISKU SIKill BUPIIIyETbCS
3aBJaHHs ONTUMI3allii [IpoLecy 3 ypaxyBaHHSIM T€XHOJIOTIYHUX NTapaMeTPiB; 2) OTPUMAaHO YTOUHEHUI
MaTeMaTU4YHUH ONHKC BUMNAJy OAUHUYHOI I'PaHy/IM KapboHaTy KaJlbllilo, 10 BpaXOBYe BILJIMB TEMIIEPATYPH,
KOHILEHTPALlii ByIJIEKUCJIOTO ra3y B ra3oBiil ¢asi, KpyIHOCTI Ha MIBAJKICTb AUCOLalil IIMAaTKOBOTO BAallHSKY Ha
Pi3HUX CcTajisx BUMaJy, BUsIBJIEHO (aKTOpH, 11O JiMiTyI0Th; 3) BIeplle II0Ka3aHa MOXJIMBICTb i HaMiueHi msaxu
IiABUILEHHS TEIJIOBOI €(PeKTUBHOCTI MAaXTHOI I1€4i 32 PaXyHOK 3MiHU XapaKTePUCTUK CUPOBUHH, PEKOHCTPYKIIi
CHCTEM 3aBAaHTAKEHHS Ta BUBAHTAKEHHS, IIEPEHECEHHS M05ICIB ONaJIEHHS, PEXKMMHOTO HAJIAMITYBAHHS, TPOBEIEHO
GaraTorapaMmeTpUyHy ONTUMI3allilo TEIJIOBOrO PEXXUMY IaXTHOI reyi; 4) o6IpyHTOBaHO MeTo[, iHTeHcudikarii
BUIIAJy Y LIAXTHIN 11edi Ta MiABUILEHHS SKICHUX XapaKTEPUCTUK IPOILYKTY 3 BUKOPUCTaHHSIM ITPSIMOTOYHO-

IIPOTUTOYIHOTO MPUHLMITY TEIJIOOOMIHY Yy IO€IHAHHI 3 HYKHIM KOHTYPOM PELUPKYJISLii IiYHMX 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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CeKTOop HayKH:. YHiBEPCUTETCHKUIL

VIII. 3ak1104Hi BiZOMOCTI
Biiacue IlpisBuie Im's I1o-6aThKOBI Heitrnin Myciit AGpamoBuy

TOJIOBH pajgu

Biacue IlpisBuie Im's I1o-6aThKOBI Hewrnin Myciii AGpamosuy

TOJIOBYIOYOTO Ha 3acCimaHHi



BigmoBizasibHU 32 MiATOTOBKY 3aiines tOpiit [BaHOBHY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTPalLil0 HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




