AHOTAIIA

Ilo30nakoea Il TligBuimienHs e(EKTUBHOCTI Ta HAAINMHOCTI pOOOTH CHCTEM
[EHTPAJII30BAaHOTO  TEIUIONOCTAYaHHA B  KOMYHJIbHIM  TemJIOEHEpreTvui. —
Kgramidikaiiitna HaykoBa mpaiist Ha IpaBax PyKOIUCY.

Hucepraiiist Ha 3100yTTsI HAYKOBOTO CTYIEHS TOKTOpa (pitocodii 3a crerianbHICTIO
144 — Temnoenepreruka. — Hamionanbauit yHiBepceuteT «Opecbka nomitexHikay, MOH
VYkpainu, Opneca, 2026.

Huceprariitna po6oTa IPUCBSIYCHA IIJIBUIICHHIO €(DEKTUBHOCTI Ta HAJIIMHOCTI
poboTH 00’€KTIB TreHepallli TEeIUIOTH CHUCTEM IIEHTPaTI30BaHOTO TEIUIONOCTauYaHHs
KUTJIOBO-KOMYHAJIBHOTO CEKTOPY 3 YypaxyBaHHSM pPEXKUMIB pPOOOTH OCHOBHOTO
o0JiafHaHHS, 30BHIMIHIX KIIMAaTUYHUX YHHHUKIB Ta EKCTPEMAIBHUX YMOB €KCILTyaTallii.
3anpornoHOBaHl METOAM Ta PEKOMEHMAIlll 3/1aTHI CYTTE€BO TIJIBHUIINUTH HAAINMHICTD
€Hepro3ade3leuyeHHs]  OCHOBHOTO  Ta  JIOMIOMDKHOTO  OONaJHaHHSA  CHCTEM
TEIJIONOCTAYaHHS, a TaKOX TIOKPAUIUTH €(PEKTUBHICTh BUKOPUCTAHHS TEPBUHHHUX
€HEPropecypciB Ta 3MEHIIUTH BILUTUB Ha HABKOJIUIITHE CEPEIOBHUIIIE.

VY Beryni 0OrpyHTOBAHO aKTyaldbHICTh pOOOTH, BU3ZHAUECHO METY JOCIIIKECHHS,
BIJIMOBIAHO METI TOCTaBJEHI 3ajladl JOCIIJPKEHHs, HaBEJACHO HAyKOBY HOBHU3HY,
IIpaKTHYHE 3HAYCHHS PE3yJIbTaTiB JOCIHIKCHHS, BIIOOpaKEHO 3B’ 30K JAUCEPTAIlIMHOL
poOOTH 3 HAYKOBO-AOCHITHUMU poOOTaMH Ta MDKHAPOAHUMHU TpaHTaMH, IO
BUKOHYBaJIuCch B HamioHansHOMY yHIBepcHuTeTl «O/iecbKa MOMITEXHIKA) 33 HANPSIMOM
I IBUIIICHHS €(PEKTUBHOCTI Ta HAIIMHOCTI CHCTEM TEIlJI03a0e3eUCHHS.

Y mepmomy po3auti «CydacHi TEHJEHIT MiJABUIICHHS €(QEeKTUBHOCTI Ta
HAJIHHOCTI B CUCTEMaX TEIUIONOCTaYaHHS KOMYHAJIBLHOTO CEKTOPY» MPOBEICHO aHai3
Cy4acHUX HampsIMiB IIOAO MiJABUIICHHS €(PEKTUBHOCTI Ta HAAIHHOCTI POOOTH CHUCTEM
TEIJIONOCTAaYaHHs SIK B YKpaiHi Tak 1 y CBITI, IOKa3aHO OCHOBHI NIISXU peami3ali
HaBeJIeHNX ocTaHoB Ta AupekTuB EC Ta Ykpainu 11010 eHeproeeKTHBHOCTI Ta 3eJICHO1

eHepreTuku. [lo OCHOBHUX pe3yJbTaTiB PO3/iTy MOKHA BITHECTH:



— Ha OCHOBI OTPMMAaHUX JaHUX aHaJi3y CIOXUBAaHHA EHEPropecypciB
3apONOHOBAHO  OCHOBHI ~ IUIAXM  WIIOJO0 MPOrpaMHU  €HEpro30epexeHHs  Ta
YAOCKOHAJIEHHSIM €HEPTrOTEXHOJIOT1H;

— BUSIBJIGHO OCHOBHI IUIAXHU IIOAO MIJBUIIEHHS HAAIMHOCTI €HEepPrornocTayaHHs
CUCTEM ILIEHTPaJII30BaHOI0 TEI103a0e3MeueHHs 00’ €KTIB KOMYHAJILHOTO TOCIIOIapCTBA;

— TMOKa3aHO TMEPCIEKTHBU BIPOBAKEHHS KOTCHEPALIMHUX YCTAHOBOK IS
eHepro3abe3neyeHHs 00’ €KTIB KOMyHaIbHOI TEIJIOCHEPTETHKH.

Y apyromy posnim «lllnsxu nigBUIlleHHS HAIIMHOCTI E€HEPronocTayaHHs
TEIJIOTEHEPYIYHNX MIANMPUEMCTB» HABEJACHO OCHOBHI BHMOTH JI0 CYy4YaCHUX CHUCTEM
TEIJIONOCTaYaHHsI 3 TOYKM 30pYy €eKCIulyaTalli, MPOBEAEHO MIOCHIPKEHHS IOJ0
3a0€3MeUYeHHs] HaAIMHOCTI EHEpPrornoCTa4aHHs JJId CTadUIbHOI pOOOTH  CUCTEM
TEIJIONOCTaYaHHs Ta BU3HAYEHHS WMOBIPHOCTI BIMOB €HEPronocTayaHHs B
eKCTpEMaJIbHUX YMOBaX eKciuryartauii. /o OCHOBHMX pe3yibTaTiB pO3JAUTY MOXHA
BIJIHECTH:

— HAWMEepPCNEeKTUBHIIIMM 3 TOYKH 30py 3a0€3MeUeHHS EHEPronocTayaHHs €
pe3epBYyBaHHs 3a paxyHOK BOyJOBaHOI B OCHOBHY CXEMY T€Hepalli TeIula, CUCTEMY
reHepariii enekTpoeHeprii, TOOTo MOBHOI 00 YaCTKOBOI KOT€HEepaIlii;

— JI7IS1 HEBEJIMKUX CHUCTEM TEIJIONOCTauYaHHsI MOKJIMBE 3aCTOCYBAaHHS HETOPOTHX
aBTOHOMHHMX T'€HEpaTopiB eJIeKTpoeHeprii Ha 0a3i OeH3MHOBMX ab0 JU3EITbHUX
reHEPaTOPIB,;

— 3aCTOCYBaHHS Ta30BUX TYPOIH JUTsI TiABUIICHHS HAIIMHOCTI €HEPTOMOCTAaYaHHS
JOIIbHE 32  BEJIMKUX  TIOTYXXHOCTEM  €JIEKTPOCIOKHMBAaHHA B  KOTEJbHI
TEIUIOrC€HEePYIOYOTO MiIPUEMCTBA, B KOTEIBHAX 3 BOJOTPIHHUMH KOTJIAMHU CEPeIHbOT
MOTY>KHOCTI, 200 JUIsl HE3aJIEKHOTO €JIEKTPOIIOCTAaYaHHsI TEMJIOT€HEPYIOUOro KOMILIEKCY
3 OUTBII JPIOHUX KOTEIbHb;

— TMpU BUKOPUCTAaHHI Tra3oBHX TypOiH B CHCTEMI KOreHepamii Termjga Ta
€JIEKTPOCHEPT1i, JOIUIEHO BUKOPUCTOBYBATH arperatv 3 HEBUCOKOIO TEMIIEPATyPOIO 10
800 °C Ta tHCcKOM Ta3y mepea TypoiHoro ao 0,8 Mlla, ki BiIpI3HAOTHCS BUCOKOIO
HaJIIMHICTIO, HEBUCOKOIO BapTICTIO Ta 3a0€3Meuyl0Th MAaKCUMaJIbHUM BIIOIp Teruia, 1o

YTHITI3YEThCS;



— JIJISl OIIHKY HA OCHOBI aHai3y HAJIHHOCTI poOOTH CUCTEM Terui03a0e3neueHHs
JOIIILHO OOUPATU METO]T EKCIIEPTHUX OIIIHOK.

B  Ttperbomy po3npimi  «llimBumieHHs — HaAifHOCTI  poOOTH  Kepen
[EHTPAJI30BAaHOTO TEIUIONOCTAYaHHS 3a PaxyHOK 3aCTOCYBaHHS KOTEHepaliiHuX
YCTAHOBOK» TIPOBEJEHO aHalli3 MiAXOJIB MI0J0 MIiABUINEHHS HAIIMHOCTI CHUCTEM
[EHTPAII30BAaHOTO TEIJIOTIOCTaYaHHs B yMOBaX BIJIKJIIFOUCHHS €JIEKTPOCHEprii s
pallOHHOi  OMaJIOBAJIBHOI  KOTENbHI 3 BHUKOPHUCTAHHSIM  KOTCHEpallMHUX  Ta
TEIJIOHACOCHUX  TEXHOJIOrIH, 3alpONOHOBAHO CXEMHI PIIIEHHS 3aCTOCYBaHHS
KOTEHEPAIIHIUX YCTAaHOBOK JIJIsSi CYMICHOTO BHUII00YTKY TEIUJIOTH Ta eyekTpoeHeprii. Jlo
OCHOBHMX PE3YyJIbTATIB PO3JILITY MOXHA BITHECTH:

— po3po0JIECHO MaTeMaTUYHy MOJEJIb CUCTEMH €Hepro3ade3neueHHs Ha 0asil
ra3onopuIHEBOT KOT€HEpaIIiHOI YCTAHOBKU Ta MOJENl OCHOBHUX €JIEMEHTIB CHCTEMU
TEIUIONOCTaYaHHS;

— 3aMpPOMOHOBAHO KOMIUIEKC KPUTEPIiB MO0 OIIHKUH E€HEPreTUYHOI e(heKTHB-
HOCT1 CHCTEM IEHTPaIi30BaHOTO TEIUIONOCTayaHHS Ha 0a3l palloOHHOI OMaTrOBabHOT
KOTEJbHI 3 BUKOPUCTAHHSIM KOT€HEpalliHUX Ta TEINIOHACOCHUX TEXHOJIOT1;

— BUKOHAHO aHaJli3 BXIJIHUX JaHUX I0J0 MOJIETIOBAaHHS PEXUMIB HaBaHTaKEHHS
CHUCTEM IIEHTPaJII30BaHOr0 TeIulonocTayands 3 HaabynoBoro KV, mo 6a3yeThcs Ha
peaJbHOMY MPOEKTI MOJCPHI3AIil CHCTEMH IEHTPATI30BAaHOTO TEILIONOCTAYaHHS M.
Oneca.

B yeTrBepTOomy po3aini «Pe3ynbratu TOCHIKEHb OCHOBHUX 3aXO/1B IMiABUIIICHHS
HaJIIHHOCTI €HEePro3ade3MeueHHs] CUCTEM TEIUIONOCTAYaHH» MPOBEICHO JTOCIIIKESHHS
poOOTH KOreHepaliiHUX yCTaHOBOK Ha 6 korenbHsX M. Ojeca, HaBeIEHO OCHOBHI
BaplaHTU MIABUUICHHS HAAIMHOCTI E€HEPronocTayaHHs OCHOBHMX CIOKHMBaydiB
€JIEKTPOCHEPrii KOTENeHb 3a PaxyHOK pe3epBYBaHHS JKEpeNn elIeKTpOoKuBIIeHHA. J[o
OCHOBHMX PE3YyJIbTATIB PO3JLITY MOXHA BITHECTH:

— BHACJIIJIOK HEPIBHOMIPHOCTI 1000BUX rpadikiB €IeKTPUYHOTO Ta TEIUIOBOTO
HAaBaHTA)XEHHS CIIOKMBaviB Koe(iIlleHT 3aroBHEHHS rpadikiB Ma€ 3a0BIIbHE 3HAUCHHS

Ha piBH1 0,53-0,61;



— KBII KV Hmxue 3a HoMiHanbHE 3Ha4eHHS TpuOm3Ho Ha 10 %, 110 € HacTiAKOM
HEPIBHOMIPHOCTI JOOOBOTO HABAaHTAKEHHS Ta HEIMTOBHOTH BUKOPHUCTAHHS YTHUIII30BAHOTO
TEIIa;

— 3aJy1s MABUIIIEHHS Koe]ilieHTa 3amoBHEHHS J000BHUX IpadikiB HABAaHTAKCHHS
JOLIJIBHO 30UIBIIUTH OJAMHMYHY HOMIHAJIbHY MNOTYXHICTh KY mnpu onHodacHoMmy
miakTrodeHH1 10 KY 611bmoi KiabKOCTi pi3HOMaHITHUX CIIOKHUBAYiB, Tpadiku J000BOTO
HaBaHTAKEHHS SKUX BIPI3HAIOTHCS Ta MAIOTh IEPEKPUBATH OJUH OJHOIO.

— NOPIBHSUIBHUI aHaI13 PE3EPBHUX JIKEPEIT TEIJIOTH JIJIS 1ABUIIEHHS HAaIHHOCTI1
eHepro3a0e3neyeHHs KOTeJeHb II0Ka3aB IeBHY MepeBary KoreHepauiifHux yCTaHOBOK 3a
OCHOBHUMHU TOKa3HUKAMHU.

Ki11040Bi cj10Ba: cucteMu TEIJIOMOCTavYaHHS, IEHTPATi30BaHe TEIIONOCTaYaHHs,
reHEepaToOpu TEIUIOTH, EJIEKTPOEHEPris, TEIUIOBa EHEPris, KUTIOBO-KOMYHAJIbHE
rocrnofapcTBO, HAAINWHICTh, €HEProe(eKTUBHICTh, €HEPro30epeKeHHs, KOoreHepauiiHi
YCTAHOBKH,  TEIUIOBI  HACOCH,  CHEProlocTadyaHHs, KOMOIHOBaHI  CHCTEMH
TEIUIONOCTAaYaHHs,, KOMOIHOBaHE €Hepro3ade3NeyeHHsl, E€HEPropecypcH, €eKCIepTHI

OI[IHKH, TeJII0CUCTEMHU, BITHOBIIOBAIBHI JXKEPEa €HEPTii, MAaTEMAaTUUYHE MOJICTIOBAHHS.
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ABSTRACT

Pozdniakova G.1I. Increasing the efficiency and reliability of centralized heating
systems in municipal heat and power engineering. — Qualification work in the form of a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 144 — Heat and
Power Engineering. — National University “Odesa Polytechnic”, Ministry of Education
and Science of Ukraine, Odesa, 2026.

This dissertation is devoted to techniques of increasing the district heating systems
heat generation facilities’ efficiency and reliability in the housing and communal sector,
taking into account the main equipment operating modes, external climatic factors and
the equipment extreme operating conditions. The proposed methods and
recommendations can significantly increase the heat supply systems’ main and auxiliary
equipment energy supply reliability, as well as improve the efficiency of using primary
energy resources and reduce the impact on the environment.

The introduction substantiates this study relevance, defines the research purpose
and sets the research tasks in accordance with the purpose identified, presents the
obtained research result’s scientific novelty, and practical significance, exposes the
dissertation study connection with research works and studies under international grants
carried out at the National University "Odesa Polytechnic" in the field of techniques for
increasing the heat supply systems efficiency and reliability.

The first chapter, “Modern trends on increasing the municipal sector heat supply
systems efficiency and reliability” analyzes current trends in increasing the efficiency and
reliability of heat supply systems both in Ukraine and worldwide, and shows the main
ways to implement therein mentioned EU and Ukrainian regulations and directives on
energy efficiency and green energy. This chapter main results include:

— the main ways to implement an energy saving program and improve energy
technologies proposed based on the data obtained from the analysis of energy
consumption;

— the main ways to increase the reliability of energy supply from the centralized
heat supply systems of municipal facilities as identified;

— the prospects for the introduction of cogeneration units purposed for energy

supply of municipal heat and power facilities are shown.



The second chapter, “Ways to increase the reliability of energy supply to heat
generating enterprises,” presents the basic requirements for modern heat supply systems
in view of their operational perspective, exposes research on ensuring the reliability of
power supply for heat supply systems stable operation, and determining the probability
of power supply failures in extreme operating conditions. This chapter main results are
following:

— the most promising in terms of ensuring power supply is the backup due to the
electricity generation system built into the heat generation system main circuit, 1.e. full
or partial cogeneration;

— for small heat supply systems, it is possible to use inexpensive autonomous
electricity generators based on gasoline or diesel generators;

— the use of gas turbines to increase the power supply reliability is advisable for
large power consumption capacities in the boiler room of a heat generating enterprise, in
boiler rooms with medium-power water-heating boilers, or for independent power supply
of the heat generating complex from smaller boiler rooms;

— when using gas turbines in the heat and electricity cogeneration system, it is
advisable to use the low temperature units of up to 800 ° C creating the gas pressure of
up to 0.8 MPa in front of the turbine, as they are characterized by high reliability, low
cost and provide the greatest output of utilized heat;

— to assess the heat supply systems operation reliability based on analysis, it is
advisable to choose the method of expert assessments.

In the third chapter "Improving the reliability of centralized heat supply sources
through the use of cogeneration plants", an analysis of approaches to increasing the
centralized heat supply systems reliability under conditions of power outages for a
district heating boiler house using cogeneration and heat pump technologies has been
carried out, schematic solutions on the use of cogeneration plants for the combined
production of heat and electricity were proposed. This chapter main results include:

— a mathematical model of the energy supply system based on a gas-piston
cogeneration plant and a model of the heat supply system main elements have been

developed;



— a set of criteria for assessing the energy efficiency of centralized heat supply
systems based on a district heating boiler house using cogeneration and heat pump
technologies has been proposed;

— carried out is the analysis of input data was for modeling the load regimes of
centralized heat supply systems with a cogeneration unit superstructure, which is based
on a real project for the centralized heat supply system modernization in Odesa city.

In the fourth chapter "Results of research on the main measures to increase the
reliability of heat supply systems energy supply", a study of the operation of cogeneration
units at 6 boiler houses in Odesa city having been conducted, the main options for
increasing the reliability of energy supply to the main consumers of electricity in boiler
houses by reserving power supply sources are presented. This chapter main results
include:

— due to the unevenness of the consumers’ daily schedules of electrical and thermal
load, the schedule filling factor has a satisfactory value at the level of 0.53-0.61;

— the cogeneration unit fuel consumption coefficient is lower than the nominal
value by approximately 10%, which is a consequence of the unevenness of the daily load
and incomplete use of the utilized heat;

— in order to increase the daily load filling factor, it is advisable to increase the
cogeneration unit nominal power while simultaneously connecting to the cogeneration
unit a larger number of different consumers whose daily load schedules differ and should
overlap each other;

— comparative analysis of backup heat sources to increase the reliability of energy
supply to boiler houses showed a certain advantage of cogeneration plants in terms of
basic indicators.

Keywords: heat supply systems, district heating, heat generators, electricity,
thermal energy, housing and communal services, reliability, energy efficiency, energy
saving, cogeneration plants, heat pumps, energy supply, combined heat supply systems,
combined energy supply, energy resources, expert assessments, solar systems, renewable

energy sources, mathematical modeling.
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