AHOTALIA
Lobponoc €.0. - 3acTtoCyBaHHS BHCOKOTEMIIEPATYpHUX SAEPHHUX
peakTopiB B KOHBEpCii opraHiyHoro nanusa.- KBamidikaiiiiHa HaykoBa mparis

Ha IIpaBax PYKOIUCY.

Hucepraiisi Ha 3700yTTS HAyKOBOTO CTyIEeHsA JOoKTopa (inocodii 3a
cnenianbHicTIO 143 «ATomHa eHepretuka» (14 - EnexrtpuuHa iHXeHepis). -
Hamionansuuit yaiBepcutet «Opechka nomitexHikay, Oneca, 2025.

SlnepHa eHepris MoOXXE€ BHKOPUCTOBYBATHCS ISl 3a0€3MEUEHHS PI3HHUX
MIPOMUCIIOBUX TEXHOJOT1M, BKJIOYAIOUU: BUPOOJICHHS CHUHTE3-Ta3y, BOJHIO Ta
METaHOJIY; OMPICHEHHSI MOPCHKOT BOAM; IIEHTPAJII30BAHOTO TEIJIONOCTAYaHHs Ta
OXOJIOJDKEHHSI;  TEeHepallli  TEeXHOJIOTIYHOI  TEeIJIOTH JiJIi  BUPOOHUIITB;
iHTeHcudikamii Bu100yTKy HaQTOBUX PEeCypcCiB Ta nepepooku HaQTH; KOHBEPCIi
OPUPOJHOTO Tazy Ta rasudikarii BYriuis; B XIMIYHOI Ta MeETalypriiHOi
IIPOMHUCIIOBOCTI.

OuikyeTbcsi, MO 3aBASKA HEYXWIBHO 3pOCTAI0UOMY TJIO0ATBLHOMY
CIIO)KMBAHHIO €Heprii, OOMEXEHI JOCTYNMHOCTI BHKOIHOTO TajiuBa Ta
MiBUIICHOMY HAaBaHTAXXCHHI TMpPHU CMANIOBaHHS BHUKOIHOTO TajMBa Ha
HABKOJIMIIIHE CEPEJOBUIIE, IMOMUT Ha SJAEPHY EHEprito g MPOMHUCIOBOIO
3acTOCyBaHHs OyJie 3pOCTaTH.

Buxopucrants BUCOKOTEMITEPATYPHUX T'a300XO0JIOKYBATBHUX SACPHUX
peaktopiB (BTIT'P) nis BUpoOHHMIITBA HE TIIBKH EJICKTPUYHOI €HEprii, a 1 ajs
3a0e3neyeHHs BHCOKONOTEHL1HOIO TEIJIOBOIO EHEPTIEI0 THIINX
(HEeNeKTPUYHUX) TEXHOJIOTIM JTO3BOJUTH 3HAYHO PO3MIUPHUTH 3aCTOCYBaHHS
AIepHOi eHeprii Ta 3MEHIIMTH BUTpPaTH OPraHiYHUX MaJuB 1, BIAMNOBIIHO,
3HU3UTH TEXHOTCHHE HABAHTAXKCHHS HA JTOBKLJIJIS.

Y Berynmi OOrpyHTOBAaHO akTyallbHICTH POOOTH, BU3HAYEHO METY Ta
3aBIaHHS JOCIIKCHHS, HAYKOBY HOBU3HY 1 TIPAKTUYHE 3HAYEHHS OTPUMAHUX

pe3yabTariB, BiOOpaKeHO ii 3B’S30K 3 HAyKOBO-AOCHITHUMU POOOTaMH, IO



BUKOHYBaliich B HaiioHanbHOMY yHiBepcuTeTi «Ojechbka MOJTITEXHIKa» 3a
HaITPSIMKOM I1BULIEHHS €HEPreTUYHO1 €()EeKTUBHOCTI aTOMHHX
€HEepProyCTaHOBOK, Bi/I3HAYCHUH 0COOMCTUI BHECOK 3/100yBaya.

VY mnepmiomy po3mizii  poOOTHM MOPOBEICHO aHaji3 Cy4aCHOTO CTaHy
BHCOKOTEMIIEpAaTYpHUX PpeakTopiB y cBiti, 30kpema y CIIA, Benmukobpuranii,
Himeuunni, Snonii, KHP. BusnadeHo TpeHJ CBITOBOTO MOMHUTY Ha TEIUIOBY
€HEprifo Ta JAOCHIDKEHHS BUKopucTaHHa Terioth BTIP y npomucioBux
TEXHOJIOTIYHUX TIpoliecax. PO3MISTHYTO TEXHOJOTIYHI TMPOIIECH Ta CXEMU
YCTaHOBOK JJI KOHBEPCIi MPUPOIHOTO a3y Ta razudikaiii Byruuis.

Y apyromy po3aiii poOOTH BH3HAUYEHO Ta MPOAHATI30BaHO MPOOIEMHU,
aK1 Tpeba BHUpINIyBaTH TIPU CTBOPEHHI AaTOMHUX EHEProTEXHOJIOTIUYHUX
yctaHoBok 3 BTI'P Tta po3misiHyTi npuHUMNU 1moOyAOBH TEXHOJOTTYHUX CXEM
aTOMHUX eHeproTexHojoriyHux ycranoBok (AETY). Haseneni HeoOxiaH1 piBHI
TeMIeparyp MPOTIKaHHS €HIOTEPMIYHUX TEXHOJIOTTYHUX TpolieciB. Po3pobiena
y3arajibHeHa CXeéMa €HEProTEeXHOJIOTTYHOI YCTAHOBKH 3 3aCTOCYBAaHHSIM €HEPTii,
BUPOOJICHOT SIIEPHUM PEAKTOPOM.

HaBeneno npunnunosi TexHonoriyHi cxemu AETY 3 mapoBoasHOIo
KOHBEPCIEI MPUPOTHOTO Ta3zy Ta ra3udikaimiero Byriyuis 3 po3pooneHumu  71-S
—JiarpaMaMy ONTUMAJIbHOTO BUKOPUCTAHHS pEreHepaltii TeroTu.

VY TperboMy po3aiji poOOTH PO3MIISTHYTO METOAN JTOCIIKCHHS
eHepreTuyHoi e(EeKTHBHOCTI EHEProTeXHOJOriyHuX ycTaHOBOK 3 BTI'P.
3po0iieHO  omIsAa  TPAAUIIMHMX  METOMIB  JIOCHIJDKEHHS  E€HEPreTUYHOI
€(hEeKTHBHOCTI TEXHIYHUX CHCTEM.

JloBeaeHo, M0 TPAaAMIIIHI METOAM OIIHKKA €HEePreTUYHOI €(hEKTUBHOCTI
pobodix  TpoleciB  aTOMHMX  Ta  TEIJIOBUX  EJIEKTPOCTaHIN  Ta
TETJIOCNIEKTPOIIEHTpAIE HE MOXYTh OyTH 3acTOCOBaHI JO YCTaHOBOK,
BUPOOJISIIOUMX MPOAYKIIIO K €HEPTeTUYHOIO, TaK 1 HEEHEPreTUUHOTO BULLY.

OO6rpyHTOBaHO BHOIp METOY TEPMOJAMHAMIYHOTO JIOCIIKEHHS aTOMHUX

€HEProTEXHOJOTIYHUX YCTAaHOBOK, SIKHI JJO3BOJISIE HA €JUHIA OCHOBI BU3HAYaTH



KpUTepli eHepreTHyHoi e(EKTUBHOCTI BUPOOJEHHSI PI3HOPIAHOI MPOAYKIII.
Po3paxoBaHi 3HA4YEHHS TEMJIOBUX Ta EKCEPreTUUYHHMX E€KBIBAJICHTIB IS
TexHojoriyHux pedoBuH AETY.

VY 4derBepTOMY pO3aiJi pOOOTH POBEACHO JOCTIIKEHHSI eHEPTeTUYHO1
edexTuBHOCTI ycTaHOBOK 3 BTI'P miist koHBEpCii OpraHivHOTO majanBa.

Po3pobneHo po3paxyHKOBI TEXHOJIOTIYHI CXEMU OJHO- Ta JIBOILIHOBUX
AETY, siKi BUKOPUCTOBYIOTh Y SKOCTI TEXHOJIOTYHOI CUPOBHHM MPUPOJAHUI Ta3
Ta Byruuis. Ha oOCHOBI BH3HAYEHOTO y TPETHOMY PO3IUI  pOOOTH
TepMoguHamMiyHOro metoay ananizy AETY po3pobiena MeTonuka po3paxyHKy
Ta BH3HAUCHHS TIOKa3HWKIB €(QEKTUBHOCTI BHUKOPHCTaHHS TEIJIOTH Ta
€KCEePreTUYHO1 JOCKOHAJIOCTI SIK YCTAHOBOK B IUJIOMY, TakK 1 JJI TEXHOJIOTTYHUX
JaCTHMH YCTAHOBOK JIBOIITLOBOTO TIpU3HA4YeHHS. Ha OCHOBI BH3HAYCHUX
MOKA3HHUKIB TIPOBEJECHO TOPIBHSUIBHUI aHalli3 E€HEePreTHYHOi €(EeKTHBHOCTI
IOCHIHKEHUX TeXHOJIOTIUHUX cxeM AETY.

HaykoBa HOBU3HA OTPUMaHUX PE3YJIbTATIB:

- Brepuie po3pobneni 7-S — miarpamu nukimiB AETY 3 BuzHaueHHsSIM
MaKCHMaJIbHO MOXKJIMBOI pereHepallii, 1110 J03BOJISE MiABUIIUTH CHEPTCTHUHY
e(DEeKTUBHICTh TEXHOJIOTTYHUX CXEM;

- pO3pOOJEHO METOAMKY PO3paxyHKy Ta BHU3HAYCHHS TOKa3HUKIB
BUKOPHUCTAHHS TEIUIOTH Ta €KCEPTEeTUYHOI JOCKOHAJIOCTI OTHO- Ta JBOILILOBUX
AETY 3 koHBepCi€r IPUPOIHOTO a3y Ta ra3udikaliero ByTuIs;

- po3po0JIeHI PO3PaXyHKOBI TEXHOJOTIUHI CXEMH, 3a JOTIOMOTOK SIKHX
MPOBEACHO JOCTIIKEHHSI €HEePreTU4HO1 ePpeKTUBHOCTI Bukopuctanus BTIP B
TEXHOJIOT1SIX KOHBEPCIli OpraHIYHUX MaJIUB;

- BIEpIIE 3alpONOHOBAHO OTPUMAHHSA JIOJIATKOBOi  KUIBKOCTI
TEXHOJIOTIYHOI Mapu JJIsl MPOBEACHHS MpoIiecy ra3udikallii Byriuis 3a paxXyHOK

TEIUIOTH MPOAYKTIB razudikartii,



- BU3HaAuUeHa eHepreTuyHa e(eKTUBHICTh 3acTocyBaHHs AETY 3 BTI'P
Ul BUPOOHULTBA CHHTE3-Ta3y IPU BHUKOPUCTAHHI Yy SIKOCTI TEXHOJOTTYHOI
CUPOBUHU MPUPOAHOIO a3y Ta ByTULIS.

IIpakTH4He 3HAYEHHS OTPUMAHUX PE3YJIbTATIB MOJIATAE B TOMY, IIIO:

- OTpUMaHi pe3yJIbTaTH MOXYTh OyTH 3acTOCOBaHI TpH BHUOOPI
TEXHOJIOTTYHUX CXEM Ta TeXHIKO-eKOHOMIuHOMY o0rpyHTYBaHH1 AETY 3 BTI'P;

- pe3yapTaTd  JUcepTalli  BUKOPUCTAHO Yy  JAEPKOHOIKETHIN
HayKoBO-foCHiaHi poboTi Ne 193-42 «Slnmepna Ta pamiamiiina Oe3mneka i
edextuBHICTE eHeprooiokiB AEC 3 ypaxyBaHHSIM cCyyacHUX MpoOjeM Ta
TeHJICHIIIH B aTOMHIH enekTpoenepretuii» (Ne n/p 0121U108086);

- pe3yapTatu  AUCEpTaliiiHoi  poOOTM  BUKOPUCTOBYIOTHCS B
HaBuyaJbHOMY Tpolieci HamioHanbHOro yHiBepcutery «Ojechka MOJITEXHIKA
JUTS TILATOTOBKH (haxiBIIB 3a CHCIiadbHICTIO 143 — aTOMHA eHepreTrKa.

KarouoBi  ciaoBa:  BuUCOKOTEMIIEpaTypHH  sJIepHUH  peakTop,
TeMIlepaTypa, pereHeparop, TEpPMOAMHAMIYHMI aHaii3, KOHBEpCIs, s/IepHE

MajJuBo, ra3udikaiis, sepHa eHEpreTHYHa YCTaHOBKA, TEIIOTA.
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ABSTRACT

Dobronos E.O. - Application of high-temperature nuclear reactors in the
conversion of organic fuel.- Qualification scientific work in the form of a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 143
"Nuclear Energy" (14 - Electrical Engineering). - National University "Odesa
Polytechnic", Odesa, 2025.

Nuclear energy can be used to provide various industrial technologies,
including: production of synthesis gas, hydrogen and methanol; desalination of
sea water; centralized heat supply and cooling; generation of process heat for
production; intensification of oil resources extraction and oil refining;
conversion of natural gas and gasification of coal; in the chemical and

metallurgical industries.



It 1s expected that due to the steadily increasing global energy
consumption, limited availability of fossil fuels and increased environmental
burden from fossil fuel combustion, the demand for nuclear energy for industrial
applications will increase.

The use of high-temperature gas-cooled nuclear reactors to produce not
only electrical energy, but also to provide high-potential thermal energy for
other (non-electric) technologies will significantly expand the use of nuclear
energy and reduce the consumption of organic fuels and, accordingly, reduce the
man-made burden on the environment.

The introduction substantiates the relevance of the work, defines the
purpose and objectives of the study, the scientific novelty and practical
significance of the results obtained, reflects its connection with the research
work carried out at the National University "Odesa Polytechnic" in the direction
of increasing the energy efficiency of nuclear power plants, and notes the
personal contribution of the applicant.

Chapter 1 of the work analyzed the current state of high-temperature
reactors in the world, in particular in the USA, Great Britain, Germany, Japan,
and the People's Republic of China. The trend of global demand for thermal
energy and research into the use of HTGR heat in industrial technological
processes are determined. Technological processes and schemes of plants for
natural gas conversion and coal gasification are considered.

Chapter 2 of the work identifies and analyzes the problems that need to
be solved when creating nuclear power technological plants with HTGR on the
considered principles of constructing technological schemes of nuclear energy
technology installations (NETI). The necessary temperature levels for the flow
of endothermic technological processes are given. A generalized scheme of an
energy technology installation using energy generated by a nuclear reactor has

been developed.



The principle technological schemes of an NETI with steam-water
conversion of natural gas and coal gasification with developed 7-S - diagrams of
optimal use of heat regeneration have been presented.

Chapter 3 of the work considers methods for studying the energy
efficiency of energy-technological installations with HTGR. A review of
traditional methods for studying the energy efficiency of technical systems is
made.

It is proved that traditional methods for assessing the energy efficiency of
working processes of nuclear and thermal power plants and combined heat and
power plants cannot be applied to installations producing both energy and
non-energy products.

The choice of the method of thermodynamic research of nuclear
energy-technological installations is justified, which allows determining the
criteria for the energy efficiency of the production of heterogeneous products on
a single basis. The values of thermal and exergy equivalents for technological
substances of AETU are calculated.

Chapter 4 of the work, a study of the energy efficiency of installations
with HTGR for the conversion of organic fuel is carried out.

Calculation technological schemes of single- and dual-purpose NETIs ,
which use natural gas and coal as technological raw materials, are developed.
Based on the thermodynamic method of NETI analysis defined in the third
section of the work, a methodology for calculating and determining the
indicators of heat utilization efficiency and exergy perfection of both the
installations as a whole and for the technological parts of dual-purpose
installations has been developed. Based on the determined indicators, a
comparative analysis of the energy efficiency of the investigated technological

schemes of NETI has been carried out.



Scientific novelty of the obtained results:

- for the first time developed 7-S - diagrams of NETI cycles with the
determination of the maximum possible regeneration, which allows to increase
the energy efficiency of technological schemes;

- developed a methodology for calculating and determining the indicators
of heat use and exergy perfection of single- and dual-purpose NETIs with
natural gas conversion and coal gasification;

- developed calculation technological schemes, with the help of which a
study of the energy efficiency of the use of HTGR in organic fuel conversion
technologies was conducted;

- for the first time proposed obtaining an additional amount of process
steam for the coal gasification process at the expense of the heat of gasification
products;

- determined the energy efficiency of using NETI with HTGR for the
production of synthesis gas when using natural gas and coal as technological
raw materials.

The practical significance of the obtained results is that:

- the obtained results can be applied in the selection of technological
schemes and feasibility study of NETI with HTGR;

- the results of the dissertation are used in the state budget research work
No. 193-42 "Nuclear and radiation safety and efficiency of NPP power units
taking into account modern problems and trends in nuclear power" (No. d/r
0121U108086);

- the results of the dissertation are used in the educational process of the
National University "Odesa Polytechnic" for the training of specialists in the
specialty 143 - nuclear power.

Keywords: high-temperature  reactor, temperature, regenerator,
thermodynamic analysis, conversion, nuclear fuel, gasification, nuclear power

plant, heat.
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