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REVIEW

of the dissertation by Magzhan Orynbasar «Energy and ecological efficiency of
plasma-coal burners: numerical simulation and experiment»
submitted for the degree of Doctor of Philosophy (PhD)
in the educational program
«8D07106 — Thermal Power Engineeringy»

Currently, the primary fuel used in pulverized coal thermal power plants
(TPP) in Kazakhstan and other CIS countries consists of low-grade, high-ash coals
extracted through open-pit mining. These coals are characterized by high ash content
and low volatile matter yield. Direct combustion of such low-quality fuels in existing
furnace systems presents significant challenges due to difficulties in ignition and
complete burnout, as well as increased emissions of harmful pollutants into the
atmosphere, including ash, NO,, and SO.

The dissertation by Orynbasar M.N. is dedicated to optimizing an innovative,
environmentally friendly, and efficient plasma technology for the use of a plasma-
coal burner (PCB), as well as conducting numerical and experimental studies of the
processes of plasma ignition and combustion stabilization (PICS) of low-reactivity
Ekibastuz coal using this burner.

To achieve the stated objectives, the candidate employed mathematical
modeling of plasma ignition and combustion stabilization (PICS) of coal using the
thermodynamic calculation software TERRA and the Kinetic modeling software
PlasmaKinTherm. Experimental studies were conducted using the plasma-coal
burner (PCB) to investigate the PICS processes.

The practical value of the research lies in determining the calculated optimal
parameters of the plasma system for PICS processes, as well as identifying general
patterns in the distribution of temperature, velocity, and concentrations of products
resulting from the electrothermochemical preparation of fuel for combustion along
the length of the PCB. The findings of the dissertation can be applied at thermal

power plants and boiler facilities operating on pulverized coal fuel to optimize the
performance of plasma-coal burners.

It is important to note that the dissertation was carried out in accordance with
the approved research plan of the Ministry of Science and Higher Education of the
Republic of Kazakhstan, and within the framework of grant-funded scientific
research under the following projects: «Production of energy gas and neutral
inorganic material through plasma gasification of carbon-containing waste,
including polyethylene terephthalate» (AP19674754, 2023-2025); «Development
and testing of technologies for new functional materials using plasma-chemical,
mechanochemical, and self-propagating high-temperature synthesis processes»
(BR18574084, 2023-2025); and «Environmental and energy efficiency of plasma
technology: numerical modeling and experiment» (AP22687016, 2024-2026).
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During the course of the research, Orynbasar M.N. has proven himself to be

a competent young scientist, capable of independently solving complex scientific
and technical problems.

[ believe that the scientific results obtained in this work fully meet the
requirements for a PhD dissertation, and the candidate, Magzhan Nurlanuly
Orynbasar, undoubtedly deserves to be awarded the degree of Doctor of

Philosophy (PhD) in the educational program 8D07106 — «Thermal Power
Engineeringy».

Scientific consultant:

Doctor of Technical Sciences,
Professor at the Faculty of Physics and Technology
al-Farabi Kazakh National University

(I hereby certify the signature of Professor Messerls
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OT3bIB
Ha nmccepTannio Mamkana Opein6Gacapa
«JHepreTHUECKas W JKONoruyeckas dPeKTHBHOCTE TJIa3MEHHO- YTOJIEHBIX TOPEJIOK: YUCIIEHHOE
MOJIC/TMPOBAHHUE M IKCTIEPUMEHTY,
TIPEACTAB/ICHHYIO HA COMCKAHHE CTEMEHH AoKTopa (punocodpuu (PhD)
10 06pa3oBaTe/IbHOM MporpaMMe
«8D07106 — TernosnepreTrHkay

B Hacrosiuee Bpemsi OCHOBHEIM TOTTMBOM, HCIOJIB3YEMBIM Ha TEIUIOBBIX JJIEKTPOCTAHLIHNAX
(T3C) Kasaxcrana u npyrux ctpan CHI', paGoraiomux Ha MbIICYTOTBHOM TOTUTHBE, SIBJAIOTCS
HH3KOCOPTHBIC  BBICOKO3OJBHBIC YIJIM, JOOBIBAEMBIE OTKpHITBIM CIIOCOGOM. DTH  yrIH
XapaKTEpH3YIOTCS BHICOKHM COJICPXKAHHEM 30JTbl H HU3KMM BBIXOJIOM JIETYdHX BewnecTs. [Ipsmoe
CKATAHUC TAKOTO TOIUIMBA B CYMIECTBYIOIIMX TONOYHBIX YCTPOHCTBAX COMpPOBOXIAETCS
SHAMTC/IBHBIMA TPYIHOCTSIMH, CBSI3aHHBIMH C OJDKHTOM M TIOJTHBIM BBITOPaHHEM TOILUIHBA, a
TAKKC NOBLILICHHBIMH BEIOPOCAMH BPEIHBIX BEIIECTB B aTMOCdepy, BKTouast 301y, NOX i SOX.

Hucceprannss OpeinGacapa M.H. mocssiena ONTHUMH3ALHH HWHHOBALHOHHOH, JKOJIOTHYECKH
GesomacHolt M 3(p¢eKTHBHOM TIA3MEHHOH TEXHOMOrMH TPUMEHEHHS TUTa3MEHHO-YroJIbHOM
ropenku (IIVT), a Taxke NMpPOBENCHHWIO YHMCIEHHBIX H IKCIIEPHMEHTAIIBHEIX HMCCJICIOBAHU M
MPOUECCOB  TUIA3MEHHOTO  BOCTIAMEHEHWs W craOwimsauun  roperns  ([IBCI)
HU3KOPEAKIIMOHHOTO 9KMOACTY3CKOTO YIJis ¢ MCIIONB30BAHMEM JAHHOMN TOPEJIKH.

JInst DoCTHXKEHWs TIOCTABIIEHHBIX LeNel aBTOp MPHMEHHJ MaTeMaTHYECKOE MOIENNpPOBaHHE
[TPOLECCOB  TUTA3MEHHOTO  BOCIIAMCHEHHS W cTabunu3aumn  ropennss (IIBCI) yras ¢
MCHOJIE30BAHUEM  TIPOTPAMMHBIX  KOMIIJIEKCOB  TepMoanHaMH4yecknx pacuéto TERRA wu
KuHeTnyeckoro MozenupoBanust PlasmaKinTherm. DxcnepumenTanbHble necnenoBanns 6eutu
BBITIOJTHCHBI ¢ IPUMCHEHMEM NJ1a3MEHHO-yroibHOH ropesku (ITYT) mwist usyuenus mpoueccosn

[IBCT'.

[IpakTideckas 3HaUMMOCTH PaGOTHI 3aKNIOYAETCS B OTIpEJICJIEHUU PACUETHBIX ONTHMAIbHBIX
MapaMeTPOB TUIa3MEHHOW CHCTEMBI 1UIsi peasiM3aumu nipoueccoB [IBCI, a Taioke B BBISBJIEHHH
OOLIHX 3aKOHOMEPHOCTEH PaCTIpeieIeHHs TEMIEPaTypbl, CKOPOCTH KOHLEHTPALHH MPOJIYKTOB
JJICKTPO-TEPMOXMMHUYECKOH MOATOTOBKH TOTMJIMBA K CXHraHHIO o jmHe [V, [lony4yenubie B
JUccepTalliid  pe3yNbTaThl MOryT OBITh MCMONB30BaHbl HAa TOC H KOTENBHBIX yCTaHOBKaX,
paboTalOUKX HA MBUICYTOJIBHOM TOMIMBE, UIA ONTHMH3ALMK PaGOTI TUTa3MEHHO-YTOJILHEBIX

TOpeIoK.

Cnexyer OTMETHTB, YTO AMCCEPTALMOHHAs paGoTa BBIMIOIHEHA B COOTBETCTBHH C YTBEPXKAEHHBIM
TJIAHOM HAYYHBIX HCCNIEN0BaHME MHUHHCTEpPCTBA HAYKH M BBICLIETO 0Opa3oBaHus PecnyGnuxu
Kasaxcran, a Taxke B pamMkax rpantoB Ha BemonHenue HUP mo crenyioumm NpOEKTaM:
— «IToryuenne SHEPreTHIECKOro ra3a H HEHTPATLHOrO HEOPraHUYECKOTO MATEPUANA MIA3MEHHO
razupuxanuelni yriepoacoaepxKamux OTX0A0B, BKIOYas nomaTHiIeHTepedTanary (AP19674754,
2023-2025);

~ «PaspaboTka M anpobaUHs TEXHONOIHH HOBBIX (YHKIHOHATHHBIX MaTepHaioB ¢
HCTIONL3OBAHAEM  IUIA3MOXHMUYECKHX, MEXaHOXHMHYECKHX H  CaMOPacmpoCTpaHsIomMXCs
BBICOKOTEMIIEPATYPHBIX CHHTE3 NponeECCOBy (BR18574084, 2023-2025);
- «IKonoro-aHepreTuieckas  3Q(PEKTHBHOCT,  MIa3MEHHOM  TeXHOJIOIHH: YHCJIEHHOE
MOJIeTNPOBAHHE U dKcnepuMenTy (AP22687016, 2024-2026).

B xone pemonnenus ucenenoBanus Opemdacap M.H. 3apEKOMEHIOBa ce0d KaKk KOMNETEHTHBIM
MOJ1010# yuEHBIH, CTIOCOOHBIH CaMOCTOATENLHO pelaTh CI0KHbIE HAYYHO-TEXHUYECKHE 3a/1auH,
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CunTar, 4YTO TIONIyYEHHBIE B
TpeGOBAHHAM, TIPEBABISTEMEM Pabote mayuggre PE3yJIBTaThl MOJHOCTBIO COOTBETCTBYIOT
b
OP;) LIHGACAD, HECOMHEHHO. 3ac H; AHCCEPTALNH Ha COHCKanMe cTeleHn PhD, n kanauaat Marxkax
i : PKHBACT MpuCy e
- HUS cteneHu qoktopa ¢pumocopun (PhD) mo
006pa30BaTEILHOM ITporpamme «8D07106—Tennoaneprem1<a» i .

Hay4HbIH KOHCYJIbTAHT:
JIOKTOp TEXHHYECKUX HayK,

npodeccop dakyibTeTa Gpusnkm n TEXHOJIOTHH

Kazaxckoro HaHOHAJILHOrO YHHBEDCHTETA HMEHH ap- dapadu

Meccep.ie B.E.
(IToTMHHOCTD MOANHKCH Mpodeccopa Meccepre B.E. MOATBEPKIAL0)
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To€e HOSIOps BE THICAYM ABANLATE MATOrO rofa.
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I 4, o Illabamvsa Wnpamna PenatoBra, 20.04.2001 roma poxzenus, mecto POXICHHUS: T.
e, MV 010420600014, NOATBEPARARIO, HTO 5 CBOGOIHO BIAJCIO AHIIHIACKAM F3BIKOM, H UTO
pesena BHLICYKASAHHEI JOKYMEHT C HITHICKOrO #3LIKa HA pycckiii A3biK. 5 HOATBEpKAaIO, 4TO
epesofl ABTFCTCA TOWHBIM, HACKONKO MHE W3BCCTHO, M [JIZBHBIM OGPAsOM, COOTBETCTEYeT
 ojepKaHVIO OPUIHHATA IOKYMEHTa.

Hopnuck: ///MWM ilé/wﬁ,/f/u&z/ W

: «26» HosOpsa 2025 roma. S, Ackaposa [lumap AnaMraiueBHa, HOTapuyc ropoaa AJMaTkl,
JelCTBYIOIIas HA OCHOBAHMH rOCYIapCTBCHHOM JMien3ud Ne 19014877 ot 15.07.2019 roaa, BeLiaHHOM
MunucrepcTBoM tocTHLMM  PecnyOmukm  KasaxcraH, CBHIETENBCTBYIO MOMUIMHHOCTH MOATHKCH,
crenarHo# nepeBoqurkoM rp.11labanunoi Mnpnammuo# PeHaToBHO.
JIMYHOCTE TMOANHMCABINEH [OKYMEHT YCTAHOBJICHA, MAEECOCOOHOCT M MOJHOMOYHS €ro
. TIPOBEPEHBI.
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3aperucTpupoBaHo B peecTpe 3a Ne 4722

Babickano: 118 TeHre rocyaapcTBeHHas nounidHa + 1966 Tenre
TEXHHYECKHE YCIYTH

Hotapuyc:
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ST37063892511261455448361812
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