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Pedepar:

1. Pedpepat nuceprauiitnoi poooru Jliresina C.JI. "CTiHOBi KepaMiuHi MaTepianu 3 BAKOPUCTaHHSIM BYyTJjlel|€BMiCHOI
CHAPOBMHH Ta €HEPro3bepiraloynx TeXHoJIOriYHuX npouecis’ Iuceprauis Jlirezina C.JI., nogaHa Ha 3000y TTs
HAyKOBOTO CTyIeHs nokTopa ¢inocodii 3a crenianpHicTio 161 — XiMiyHi TexHOOrii Ta iH>KeHepisl, BUKOHAHA B
HanioHanpHOMY Te€XHIYHOMY yHiBepcuTeTi "XapKiBCbKUH NoJiTexHiYHUH iHCTUTYT" y 2025 poui. Po6oTa npucssyeHa
PO3po0Lii HOBOi pecypco- Ta eHeprooiaiHOi TEXHOJIOr i BUPDOOHUITBA CTIHOBOI KEPaMiKy 3 BUKOPUCTAHHIM

BYTJIELIEBMiICHUX BiIXO/IiB Ta iHHOBALITHUX TEXHOJIOTIYHUX PilleHb. MeTa i 3aBIaHHs. MeTOI0 JOCIIiIKEHHS €



CTBOPEHHS TEXHOJIOTI CTIHOBOI KepaMiKy, sika 6a3y€eThCsl HA KOMILJIEKCHOMY MiAXOi: iHKOpHopalii ByryieBigXois gk
IaJIMBHUX N0OABOK Ta BIIPOBAIKEHHI eHepros3bepiralounx rnpolecis Ha etanax GOpMyBaHHS i Bumany. 3aBnaHHs
BKJIIOYAIOTh aHaJIi3 (Pi3MKO-XiMiUHMX 3aKOHOMIpPHOCTE! BUTOPSIHHS BYIJIEL}0, PO3POOKY METO/IiB IIPUCKOPEHHS
peakliil Ta ONTUMI3allilo TEXHOJIOTIYHUX NapameTpiB. O6'eKT i mpegmeT JocaimpKeHHs. O6'eKTOM € IPOLLeCH
OTPUMAaHHS CTiHOBOi KepaMiKu 3 eHepro3bepiralounmm 106aBKamMy, a IpeJMeToM — 3aKOHOMIPHOCTI peakLiit
BUTOPSIHHS BYIJIELI0 Ta BIUIMB METOIiB KOHCOJIiJallil Ha BJIaCTUBOCTI MarepiasiB. MeTonuka. ¥ po60Ti BUKOPUCTAaHO
METOJY XiMiUHOrO, peHTreHO(a30BOro, PEHTTeHO(PIYOPECLEHTHOIO Ta TEPMIYHOTO aHasIi3iB, raMMma-
CIIEKTPOMETPIIO, ONITUYHY MIKPOCKOIIIO, @ TAKOK HOPMATUBHI METOMKU OLIHKY TEXHOJIOT{YHUX BJIACTUBOCTEN.
TeopeTuyHi po3paxyHKU 6a3yIOTbCS Ha TEPMOAMHAMIYHOMY aHali3i Ta ITyYHUX HeMpOHHUX Mepexxax (ITHM).
CtpyKkTypa Ta 3MicT pob0TU. Y BCTYNi OOIPYHTOBAHO aKTyaJIbHICTh TeMU, CPOPMYIbOBAHO METY, 337a4i, HAYKOBY
HOBU3HY Ta [IPAKTUYHE 3Ha4Ye€HH4. [lepiunii po3ais aHasi3ye cydacHi TeHAEeHIii BUKOPUCTAaHHS BYIJIEL€BMICHOI
CHMPOBUHU, 30KpEMa BiIXOJIiB BYTiJIbHOI IPOMUCJIOBOCTI, Ta BUSIBJISI€ IPOOJIEMU €HEProeeKTUBHOCTI iCHYI0UMX
TEXHOJIOTIYHUX PillleHb. [Ipyruil po3zin onucye CUpOBUHY, METOIY BUTOTOBJIEHHS 3Pa3KiB i €KCIIEPUMEHTAJILHY
6azy. TperTiil po3zis IpUCBIYEHUN TEOPETUYHOMY OOI PYHTYBaHHIO BU60opy okrMcHUKIB (NaNO3, NH4NO3, KNO3,
Ca(NO3)2, Fe(NO3)3, K2Cr207). Po3pobs€HO METOAMKY PO3PaxyHKy KOHCTAHT PiBHOBArU iX po3Kjady B [iala3oHi
700-1300 K, Bu3HavyeHO onTumMasbHi KombiHalii peyoBuH-okucHUKIB (NH4NO3+Ca(NO3)2, NH4NO3+NaNO3) 3a
nonomororo IITHM Ta cTBOpeHO IporpaMHe 3abe3nedeHHs JJ1s1 IPOrHO3YBaHHS JYHAaMIKU TEPMiYHOTO
pO3KJafaHHs. YeTBEPTU PO3MiJ BUCBIT/IIOE EKCIIEPUMEHTAJIbHI HOCIIKEHHS MaC 3 BYIJIEBIAXO4AMU: BU3HAYEHO iX
OIITHMMAaJIbHi CKJIaJi1, EHEPreTUYHUMI NOTEH1iasl Ta BIUIMB OKMCHYKIB Ha MILIHICTh KepaMiku. Briepiie B TEXHOJIOTII
CTiHOBOI K€paMiKy 3aCTOCOBAaHO HOBUM METOJ, KOHCOJIifallii - MarHiTHO-iMITyJIbCHE ITPECYBaHHS, Ta JOBEEHO
IOLJIbHICTb Ta MOXJIMBICTb PEKUMY «CaMOBUINANY». Y I'STOMY PO3[iJi IPEJCTaBIE€HO TEXHOJIOTIYHY CXEMY,
HOMOTPAMU [1JIS1 OLIiHKY €HEPreTUYHOIO IIOTEHIlialy CUPOBUHU Ta TEXHIKO-€KOHOMIYHMM aHai3. Haykosi
pesysabTatu. 1. TeOpeTUYHO Ta eKCIIEPUMEHTAJIBHO MiATBEPIKEHO MOXKIIUBICTh CTBOPEHHS €HEProouagHoO1
TEXHOJIOTii 3 BUKOPUCTAHHSIM BYTJIEBiIX0/IiB, OKUCHUKIB Ta AMHAMIYHOTO ITpecyBaHHsl. 2. Po3pobseHo niaxia 1o
BMOOPY OKMCHUKIB 17151 iHTeHCcUPiKallil BATOPSHHS ByIJIELIO MIJISIXOM Y3TO/I)KE€HHSI iHTepBaliB iX po3Kiany Ta
OKMCHEHHS. 3. 3alpOINIOHOBAHO MArHiTHO-IMITyJIbCHE IIPECYBAHHS SIK IHHOBAL[iIMHUN METOJ, KOHCOJIifaLii, o
MIOKpallye CTPYKTYpy Marepiamis. 4. JloBeI€HO MOXKJIMBICTD "CaMOBUIIANY" 3 IOBHOIO 3aMiHOIO [TaJINBa
BYTIJIEL[€BMICHOIO CUPOBUHOI0. 5. CTBOopeHo IITHM f1J1 mpOrHO3yBaHHSI BIACTUBOCTEH KepaMiKy 3aJ1eXKHO BiJj CKIIaLy
muxTy. [IpakTuyHe 3Ha4eHHs. Po3po61eHO TeXHOJIOTiI0 OTpUMaHHs Kepamiku mapku M75-100 i F35 3a
temnepatypu 950 °C 3 BUKOPUCTAaHHSM CYTJIMHKY, ByrJeBinxonis (15-22%) ta okucHukiB. CTBOPEHO IIporpamy
"CeramMath" 17151 NpOrHO3yBaHHS MillHOCTi, METOJVKY MiZiOOPY OKUCHUKIB i HOMOTpaMu JJ1s1 OLLiHKY €KOHOMii
eHepropecypcis. Pe3ysbTaTl BIpoBajpkKeHo B HaByainbHUI npouec HTY "XIII" Ta mep>k010AKeTHi JOCiIPKEHHSI.
BucHosku. [lucepranisi NpornoHye iHHOBALiHY TEXHOJIOTIIO, 110 3HMKYE EHEPIrOBUTPATY Ta ONITUMI3ye

BUKOPMCTAHHS PECYPCiB, Mal0YM 3HAYHMN IIOTEHIiall J1s1 BIPOBAIKEHHS B KEpaMiyHii rasysi.

2. Abstract of the Dissertation by S.L. Lihezin "Wall Ceramic Materials Using Carbon-Containing Raw Materials and
Energy-Saving Technological Processes" The dissertation by S.L. Lihezin, submitted for the degree of Doctor of
Philosophy in the specialty 161 - Chemical Technologies and Engineering, was completed at the National Technical
University "Kharkiv Polytechnic Institute" in 2025. The work is dedicated to developing a new resource- and
energy-saving technology for producing wall ceramics using carbon-containing waste and innovative
technological solutions. Objective and Tasks. The objective of the study is to create a wall ceramic technology
based on a comprehensive approach: incorporating carbon waste as fuel additives and implementing energy-
saving processes during forming and firing stages. The tasks include analyzing the physicochemical patterns of
carbon burnout, developing methods to accelerate reactions, and optimizing technological parameters. Object and
Subject of Study. The object of the research is the processes of obtaining wall ceramics with energy-saving
additives, while the subject is the physicochemical regularities of carbon burnout reactions and the influence of
consolidation methods on material properties. Methodology. The study employed chemical, X-ray phase, X-ray
fluorescence, and thermal analyses, gamma spectrometry, optical microscopy, and normative methods for
assessing technological properties. Theoretical calculations were based on thermodynamic analysis and artificial



neural networks (ANNs). Structure and Content of the Work. The introduction justifies the relevance of the topic,
formulates the objective, tasks, scientific novelty, and practical significance. The first chapter analyzes current
trends in using carbon-containing raw materials, particularly coal industry waste, and identifies energy efficiency
challenges in existing technological solutions. The second chapter describes the raw materials, sample preparation
methods, and experimental base. The third chapter focuses on the theoretical justification for selecting oxidizers
(NaNO3, NH4NO3, KNO3, Ca(NO3)2, Fe(NO3)3, K2Cr207). A methodology was developed to calculate the
equilibrium constants of their decomposition in the 700-1300 K range, optimal oxidizer combinations
(NH4NO3+Ca(NO3)2, NH4NO3+NaNO3) were determined using ANNs, and software was created to predict the
dynamics of thermal decomposition. The fourth chapter covers experimental studies of mixes with carbon waste:
optimal compositions, energy potential, and the effect of oxidizers on ceramic strength were determined. For the
first time in wall ceramic technology, a new consolidation method—magnetic pulse pressing—was applied, and the
feasibility and potential of the "self-firing" mode were proven. The fifth chapter presents a technological scheme,
nomograms for assessing the energy potential of raw materials, and a techno-economic analysis. Scientific Results:
The possibility of creating an energy-saving technology using carbon waste, oxidizers, and dynamic pressing was
theoretically and experimentally confirmed. An approach to selecting oxidizers for intensifying carbon burnout by
aligning their decomposition and oxidation intervals was developed. Magnetic pulse pressing was proposed as an
innovative consolidation method that enhances material structure. The feasibility of "self-firing" with complete
replacement of fuel by carbon-containing raw materials was demonstrated. An ANN was developed to predict
ceramic properties based on mix composition. Practical Significance. A technology was developed to produce
ceramics of grades M75-100 and F35 at 950 °C using loam, carbon waste (15-22%), and oxidizers. The "CeramMath"
program was created for strength prediction, along with a methodology for selecting oxidizers and nomograms for
assessing energy savings. The results have been implemented in the educational process at NTU "KhPI" and state-
funded research. Conclusions. The dissertation offers an innovative technology that reduces energy consumption
and optimizes resource use, with significant potential for implementation in the ceramic industry.
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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. lykina Jlronmuzna ITaBiiBHa

2. LIUDMYLA P. SHCHUKINA

KBasigikamis: k. t. u., npodecop, 05.17.11
InenTudikarop ORCHID ID: 0000-0002-5817-4279
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Koz, 3a €IPITIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBePCUTETChKUIL

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. CaBBoBa OkcaHa BikTopiBHa

2. Oksana V. Savvova

KBasigikanis: n.1.1., mpodecop, 05.17.11

Imentudikarop ORCHID ID: 0000-0001-6664-2274

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: XapKiBCbKUIl HALIOHAJIBHUI YHIBEPCUTET MiCHKOTO

rocriogapcrsa imeHi O. M. bekeTtoBa

Kopg 3a €IPIIOY: 02071151



Micue3Haxoa>KeHHS: By YopHoriasischbka, 6y1. 17, Xapkis, Xapkiscbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. XomeHko Osnena CepriiBHa

2. OLENA S. KHOMENKO

KBasigikanis: . r. u., gou., 05.17.11
InenTudikarop ORCHID ID: 0000-0002-3753-3033
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHUIl BULIMIT HABYA/IbHUIL 3aKy1az, "YKPaiHChKUIL

Ilep>KaBHUM XiMIKO-TEXHOJIOTIYHUI YHIBEPCUTET"

Kopg 3a €IPIIOY: 02070758

Micue3HaxoO KeHHS: npocrl. l'arapina, 6yz. 8, JIninpo, [IHinmpoBcbkuii p-H., 49005, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

ImentTudikarop ROR: He zacrocoyerbcs

CeKTOop HayKH: YHiBePCUTETChKUIL

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. bopucenko OkcaHa MukosaiBHa

2. Oksana M. Borisenko

KBasigikamis: n. 1. 1., npodecop, 05.17.11
InenTudikarop ORCHID ID: 0000-0002-2746-6797
HoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaioHanbHUi TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJIITEXHIYHNN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupnindoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIT



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Koporoaceka Ansia MukosaiBHa
2. ALLA M. KOROHODSKA

KBasigikamis: x. 1. 1., 05.17.11

InenTudikarop ORCHID ID: 0000-0002-1534-2180

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicneSHaXO;DKeHHﬂ: ByJ1. Kupnuuosa, 6yz. 2, XapkiB, XapKiBcbkuil p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCilaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBO1

OisIIBHOCTI

Tapanenkosa Bikropis BitasniiBHa

Tapanenkosa Bikropis BitasniiBHa

Jliresin Cranicias JleoHimoBUY

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



