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Pedepar:

1. Pedepat guceprauiitnoi po6otu Jliresina C.JI. "CTiHOBi KepaMiuHi MaTepianu 3 BAKOPUCTAHHSIM BYIJleLleBMiCHOI
CHPOBUMHH Ta eHeprosbepiraloyux TexHoyIoriyHuX npouecis’ Iuceprauis Jlirezina C.JI., nogaHa Ha 30006y TTs
HAyKOBOTrO CTyIeHs JoKkTopa (inocodii 3a crenianpHicTio 161 - XiMiuHi TexHOJIOriI Ta iH)KeHepisl, BUKOHaHA B
HauioHasbHOMY TeXHIYHOMY YHiBepcUTeTi "XapKiBCbKuUil osiTexHiyHU iHCTUTYT" y 2025 poui. Po6oTa npucssyeHa
PO3poOLi HOBOI pecypco- Ta eHeprooiaiHoi TEXHOJIOT i BUPDOOHHULTBA CTIHOBOI KEPaMiKy 3 BUKOPHUCTaHHSIM
BYIJIELIEBMiICHUX BiIXOZiB Ta iHHOBAL[iNHNUX TEXHOJIOTIYHUX pillleHb. MeTa i 3aBIaHH4. MeTOI0 JOCIiIKEHHS €
CTBOPEHHS TEXHOJIOTiI CTIHOBOI KepaMmikH, s1IKa 6a3yeThbCsl Ha KOMIJIEKCHOMY MiAXO[i: iHKOpIopauii ByrjIeBigxomiB sK
NaJIMBHUX J006ABOK Ta BIIPOBAKEHH] €Hepro3oepiralounx MpoLeciB Ha eTanax GOpMyBaHHS i Bunauy. 3aBIaHHs

BKJIIOYAIOTh aHaJIi3 (Pi3MKO-XiMIUHNMX 3aKOHOMIpPHOCTE! BUTOPSIHHS BYIJIEL}0, PO3POOKY METO/IiB IIPUCKOPEHHS



peaxliil Ta oNnTuMizalilo TeXHOIOrYHUX napameTpiB. O6'eKT i npegmeT pocuimkeHHs. O6’€eKTOM € IIpoLecu
OTPUMAaHHS CTiHOBOI KepaMiku 3 eHepro3depiratounMu 106aBKaMu, a MPEeAMETOM — 3aKOHOMIPHOCTI peakIin
BUTOPSIHHS BYIJIELI0 Ta BIUIMB METOJiB KOHCOJIiJallii Ha BJIaCTUBOCTI MarepiasiB. MeToguka. ¥ po60Ti BUKOPUCTaHO
METOJY XiMiYHOrO, pEeHTreHO(A30BOr0, PEHTTEHO(PIYOPECLEHTHOrO Ta TEPMIYHOTO aHasIi3iB, raMMa-
CIIEKTPOMETPIIO, ONITUYHY MIKPOCKOIIIIO, @ TAKOK HOPMATUBHI METOJUKU OLIHKM TEXHOJIOTIYHUX BJIACTUBOCTEN.
TeopeTuyHi po3paxyHKU 6a3ylOTbCS Ha TEPMOAUHAMIYHOMY aHalizi Ta ITyYHUX HepoHHUX Mepexxax (LIITHM).
CtpykTypa Ta 3MicT po60TU. Y BCTYNi OOIPYHTOBAHO aKTyaJIbHICTh TEMU, CPOPMYJIbOBAHO METY, 3a7a4di, HAYKOBY
HOBHU3HY Ta [IPAKTUYHE 3Ha4YeHHs. [lepimnii po3ain aHasi3ye cydacHi TeHAEeHIIii BUKOPUCTaHHS BYIJIELE€BMICHOI
CHPOBUMHY, 30KpeMa BiZIX0/1iB BYTiJIbHOI IPOMUCJIOBOCTI, Ta BUSIBJIsIE IPOGIeMHU eHeproedeKTUBHOCTI iCHYIOUNX
TE€XHOJIOTIYHMX PillleHb. [Ipyruil po3zin onucye CUPOBUHY, METOLY BUTOTOBJIEHHS 3Pa3KiB i €KCIIEPUMEHTAJILHY
6asy. Tpertiil po31is IPUCBIYEHUN TEOPETUYHOMY OOI PYHTYBaHHIO BU60py okrMcHUKIB (NaNO3, NH4NO3, KNO3,
Ca(NO3)2, Fe(NO3)3, K2Cr207). Po3po6yieHO METOMKY PO3PaxyHKy KOHCTAHT PiBHOBAaru ix po3kjaay B Jiana3oHi
700-1300 K, Bu3HayeHO onTuMasbHi KombiHalii peyoBuH-okucHUKIB (NH4NO3+Ca(NO3)2, NH4NO3+NaNO3) 3a
nonomororo IITHM Ta cTBOpeHO NporpaMHe 3a6e3nedeHHs 1151 IPOrHO3YBAaHHS JMHAMIKU TEPMiYHOTO
poO3KIafaHHs. YeTBepPTUI PO3iJl BUCBITIIIOE EKCIIEPUMEHTAJIBbHI NOCIiIKEHHS MacC 3 BYIJVIEBIIXO4AMU: BUBHAYEHO iX
ONTUMAaJIbHI CKJIa[H, EHEPreTUYHUI MTOTEHLiaJl Ta BILJIMB OKMCHUKIB Ha MilIHICTb KepaMiku. Briepiie B TeXHOJOrii
CTiHOBOI K€paMiKy 3aCTOCOBAaHO HOBUM METOJ, KOHCOJIifallii - MarHiTHO-iMITyJIbCHE IIPECYBaHHS, Ta JOBELEHO
IOLiJIbHICTb Ta MOXJIMBICTb PEKUMY «CaAMOBUNANY». Y I'ITOMY PO3[iJi IPEICTaBIE€HO TEXHOJIOTIYHY CXEMY,
HOMOTPaMU 151 OL[iHKY €HEPreTUYHOIO IIOTEHIIialy CUPOBMHMU Ta TEXHIKO-€KOHOMIYHMY aHali3. HaykoBsi
pesysabTatu. 1. TeOpeTUYHO Ta EKCIIEPUMEHTAJIBHO MiATBEPIKEHO MOKIIMBICTh CTBOPEHHS €HEProouagHoO1
TEXHOJIOTii 3 BUKOPUCTAHHSIM BYIJIEBiAXO/1iB, OKUCHUKIB Ta AMHAMIYHOTO ITpecyBaHHsl. 2. Po3pobseHo niaxia 1o
BMOOPY OKMCHUKIB 17151 iHTeHcUiKallii BATOPSHHS ByIJIELIO IIJIIXOM Y3TOJIPKE€HHSI iHTepBaliB iX pO3KIany Ta
OKHCHEHHS. 3. 3alpoNOHOBaHO MAarHiTHO-IMITyJIbCHE NIPECYBAHHS SIK iHHOBaLiITHUNA METOJ, KOHCOJIifarlii, mo
[IOKpallye CTPYKTYpy Marepiais. 4. JloBe€HO MOXKJIMBICTD "CaMOBHUIIANY" 3 [IOBHOIO 3aMiHOIO [TaJINBa
BYIJIEL[€BMICHOIO CUPOBUHOI0. 5. CTBOopeHo IITHM f1J1 mpOrHO3yBaHHSI BIACTUBOCTEN KepaMiKy 3aJ1€XKHO BiJ] CKIIaLy
mwuxTy. [IpakTUyHe 3HaYeHHs. Po3p0o61€HO TEXHOIOr 0 OTpUMaHHs Kepamiku Mapku M75-100 i F35 3a
temnepaTtypu 950 °C 3 BUKOPUCTaHHSIM CYTJIMHKY, ByrJeBinxonis (15-22%) Ta okucHukiB. CTBOPEHO IIporpamy
"CeramMath" 17151 NpOrHO3yBaHHS MillHOCTi, METOJVMKY MiZiOOPY OKUCHUKIB i HOMOTpaMH JJ1s1 OLiHKY €KOHOMii
€Hepropecypcis. Pe3ysbTaTy BlpoBaiskeHo B HaBuyasibHUM nipouec HTY "XI1I" Ta nepsKOI0AKEeTHI JOCHiTKEeHHS.
BucnoBku. /lucepranis nponoHye iHHOBaliliHy TEXHOJIOTIIO, 10 3HW)Ky€ €HEPTOBUTPATU Ta ONTHUMI3ye

BUKOPMCTAHHS PECYPCiB, Mal04M 3HAYHMN IIOTEHLiaJ [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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2. LIUDMYLA P. SHCHUKINA

KBasigikamis: . r. u., gouenr, 05.17.11
InenTudgikarop ORCID ID: 0000-0002-5817-4279
JoparkoBa inHdpopmanis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiIliiHUuX 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
InentTudikarop ORCID ID: 0000-0001-6664-2274
JoparkoBa inHdpopmamuist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOM: XapKiBCbKUil HALIOHAJIBHUI YHIBEPCUTET MiCHKOTO

rocriogapcrsa imeHi O. M. bekeTtoBa

Kopg 3a €IPIIOY: 02071151

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

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. XomeHko Onena CepriiBHa

2. OLENA S. KHOMENKO

KBasigikanis: . . 1., gou., 05.17.11

InenTudikarop ORCID ID: 0000-0002-3753-3033

JopaTrkoBa inpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi lep>KaBHUI YHIBEPCUTET HAyKH i TEXHOJIOTii
Koz, 3a €IPITIOY: 44165850

Micue3HaxoO KeHHS: By JlazapsHa, 6yz. 2, lninpo, JHimposchkuil p-H., 49010, Vkpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. bBopucenko OkcaHa MukoJsaiBHa

2. Oksana M. Borisenko

KBasigikamnis: n. 1. 1., npodecop, 05.17.11
InenTudgikarop ORCID ID: 0000-0002-2746-6797
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Koporoaceka Ansa MukosaiBHa

2. ALLA M. KOROHODSKA
KBasigikanis: n. 1. 1., c.z., 05.17.11
InenTudgikarop ORCID ID: 0000-0002-1534-2180

JopaTrkoBa indpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKMit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micuesﬂaxo,rm(el-lﬂﬂ: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbKuil p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

Tapanenkosa Bikropis BitasniiBHa

Tapanenkosa Bikropis BitaniiBHa

Jliresin Cranicias JleoHimoBUY

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa



