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HucepraniitHa po0oTa NPUCBSIYEHA KOMIUIEKCHOMY II1JIBUIIEHHIO eHeproedek-
TUBHOCTI TEIUIONOCTa4aHHs OyJiBeNb PI3HOTO TUMY MPU3HAYEHHS B paliOHAX Mera-
MIOJTICIB 13 BUKOPUCTAHHIM ICHYFOYHMX CUCTEM IIEHTPAII30BAHOIO TEII03a0e3ICUCHHS Ta
BIIPOBA/PKCHHSIM ~ BITHOBJIIOBAJILHUX JDKEpET €Heprii 3 ypaxyBaHHSIM PEXKHUMIB
eKcIutyarailii OyaiBesb Ta 30BHINIHIX KIIMATUYHUX YUHHUKIB. 3alpONOHOBAHI METOU
3/1aTHI 3HAYHO MOKPAIIMTH CHEProeEKTUBHICTh TEIUIOMOCTAYaHHSI Ta 3MEHIITUTH BILIUB
Ha €KOJIOT1I0 HAaBKOJIMIITHBOTO CEPEIOBHUIIIA.

VY nepmomy po3iii «AHalli3 CydacHOTO CTaHy CUCTEM TEeIJIONoCcTavyaHHs Oy 11BeIb
PI3HOTO TUITY IPU3HAYCHHS OJCP’KAHO TaKi PE3yJIbTATH:

— BcranoBneHo, 1m0 OUTBIIICTh CUCTEM LEHTPATI30BAHOTO TEIJIONOCTaYaHHs Oyiu
pO3paxoBaHi 13 3HAYHHMM 3allacOM TEIUIOBOi MOTYXKHOCTI 0€3 ypaxyBaHHS PEKHUMIB
eKcIuTyaTarlii Oy/1iBesib Pi3HOT0 THUITY MPU3HAYEHHS, 1[0 B CBOIO Yepry MPU3BOAUTH JI0
3HAYHUX BUTPAT EHEPTrOHOCIIB Ha 3a0e3MeYeHHs MOTPeO TEIIOCIOKUBAH-HS 32 PI3HUMU
BUJaMHU CIIO’KMBaYiB.

— JloBeieHO JOIIBHICTh 3aCTOCYBAHHS TEIJIOBUX HACOCIB 13 BIIOOPOM TEIUIOTH Bij
30BHIIIHBOTO TOBITPS K B MPOCKTYEMHUX TaK 1 B ICHYIOUHX KOMOIHOBAaHHMX CHCTEMax
TEMJIONOCTAYaHHS 3  PE3ePBHUM  JDKEPEJIOM  Bil  BOJOTPIMHOrO KOTIy abo
[IEHTPAJII30BaHUX CUCTEM TEIJI03a0e3MeUeHHS.

— Tloka3aHO MOXKJIMBICTH 3MEHINIEHHS BHUTpPAT Ha TEIUIONMOCTAYaHHS KOMILUICKCY
OyniBedb paiioHy 13 CIOpPYJaMH PI3HOTO THUIY TMPU3HAYEHHS BHACTIAOK YypaxyBaHHS
PEXUMIB EKCILTyaTallli pi3HUX THUIIIB CIIOXKHBA4iB, SK MPOTATOM JOOW TaK 1 MPOTATOM
THXKHS Ta POKY.

Y apyromy posnini «MaTeMaTHdHEe MOJICIIOBAHHS PEKHUMIB POOOTH CHCTEM
TEIJIONOCTAaYaHHs JUIsl OO’€KTIB PI3HOTO THUIY NPHU3HAYEHHS» OJEPKAHO HACTYIIHI

pe3yibTaTH:



— OTpuMaHO PEXUMHU CIOXUBAHHS TEIUIOTH 3a PI3HUMU BUJAMHU CIIOXKUBAYiB
BIIPOJIOBXK J00W s OyaiBedb TPOMAJCHKOTO NPHU3HAYCHHS, a CaMe TOPTiBEJIBHO-
pPO3BaKaJIbHUMU LIEHTPAMHU, aJIMIHICTPAaTUBHUMH OyJIMHKAMU Ta 3aKJIaJaMU OCBITH;

— IlokazaHo TOTEHIIa] CaMOKOMIICHCAllll TETUIOCIIOKUBAHHS ISl PI3HUX BU/IIB
TEIUINIOCTaYaHHsl Ta PI3HUX THUIIB OYJIBENb IPOMAJICHKOTO MPU3HAYEHHS BIPOIOBXK
100U, 10 03BOJISIE OLIIHUTH MOKJIMBOCTI 3MEHIIEHHS KalliTaJOBKJIAJACHb y PEKOH-
CTPYKIIIFO ICHYIOUHMX CHCTEM TEIUIONOCTaYaHHS;

— 3anporoHOBAaHO HA OCHOBI aHaji3a CTATUCTUYHUX JIaHHUX Ha MPHUKIIAJII
TOPTiBEIbHO-PO3BAXKAIBHOIO LEHTPY MEPEpO3NOALTT BaroBUX KOE(DIIIEHTIB MIXK OC-
HOBHUMH BHJIaMU TEIUJIOCTIOKUBAHHS JIJIsl TIBUILIEHHS €HEeProe(eKTUBHOCTI BUKOPHU-
CTaHHS! OCHOBHHX J[KEpeJI €Heprii.

B tperbomy pozmini «MaTemaTHdHe MOJMEITIOBAHHS PEXHUMIB pOOOTH CHCTEM
TEIJIONOCTAaYaHHs JUIsl OO’€KTIB PI3HOTO THUIY NPHU3HAYEHHS» OJEPKAHO HACTYIIHI
pe3ynbTaTH:

— BusnaueHo 3a pe3yibTaTaMu YMCEILHOTO MOJICITIOBAHHS 3aJIEKHOCTI OCHOB-HUX
MOKa3HUKIB KOMOIHOBAaHOI CHCTEMHU TEIUIONOCTAa4aHHs 3MIHHOI KOHQirypamii Ta ii
CKJIQJIOBUX YaCTHH BiJl 30BHINITHIX YMOB, OTPUMaH1 pe3yIbTaTH MOJCIIOBAHHS PEKUMIB
CHUCTEMHU TEIUIONOCTAYaHHS MIATBEP/KYIOTh MOXKIWBICTH CTBOPEHHS BHCOKOE-
(EeKTUBHUX CHCTEM OIAaJIEHHS 3 3aCTOCYBAHHIM CYyYaCHUX €HEPreTUYHUX TEXHOJIOTIH Ta
aNbTEPHATUBHUX JIKEPEI SHEPTii,

— BukoHaHO aHami3 eHepreTuyHoi €(PEeKTUBHOCTI CUCTEMH B PEXUMI TMEpPEepUB-
94acTOr0 OMAJICHHS, BUKOPUCTAHHS PEKUMY IEPEPUBUYACTOTO OMAJICHHS ISl KOMOi-
HOBAHOI CHUCTEMH TEIUIONOCTAYaHHS HAJa€ JOJATKOBI MOSKJIMBOCTI IIOAO €KOHOMIT
eHepropecypciBTa MmiABUIIEHHS €(PEKTUBHOCTI POOOTH TETNIOHACOCHUX CHUCTEM;

— OTpuMaHO ONTHMMAaJbHI TApaMeTpu PEKHMMIB HABAHTAXKECHHS OCHOBHUX eJle-
MEHTIB CHUCTEMH TEII03a0e3MEeUCHHS 3a Pe3yJibTaTaMH ONTHMI3allii PeXKUMIB HaBaH-
TQXEHHS CUCTEMH TEIIOTIOCTaYaHHS 3 aKyMYJISTOPOM TeIljla MPHU 3MiHI TeMIlepaTypu
30BHIIIHBOTO MOBITPA.

B derBepromy posaim «JlocmimkeHHss poOOTH KOMOIHOBAaHHMX CHCTEM TEILIO-
MOCTaYaHHS 3 BUKOPUCTAHHSM BITHOBIIOBAJILHUX JHKEPEJ €HEPTii» Oep>KaHO HACTYIHI
pe3ynbTaTH:

— 3ampomnoHOBAaHO MNPUHLMIOBY TeruioBy cxemy «llociaigoBHo-napanenbHa
MOJIEpHi30BaHa OiBajiecHTHA KOMOIHOBaHa CHUCTEMa OMaJICHHS 3 0y()EPHOI0 EMHICTION IS

MIJBHUINCHHS €HEProePeKTUBHOCTI pPOOOTH BITHOBIIOBAIBHUX JDKEpPEI €Heprii B



KOMOIHOBaHIA CHCTEM1 TEIUIONOCTAa4aHHS 13 3aCTOCYBaHHSM  PI3HHX  BHUJIIB
OIAJIFOBAJILHUX IIPUCTPOIB;

— IIpoBeaeHO excriepuMeHTaNbH1 JOCIIPKEHHS HAa 00’ €KT1 KHUTIOBOIO KOMILIEKCY
13 3aCTO-CyBaHHSIM 3allpOIIOHOBAHOI CXEMH KOMOIHOBAaHOTO TEIUIONMOCTAYaHHS 3
BUKOPUCTAHHSAM  TEIUIOHA-COCHUX cucteM. OTpuMaHi pe3ynbTaTd  JA03BOJIAIU
KOHCTaTyBaTH 3MEHIICHHS BUTPAT MEPBMHHOIO MajvBa Ta 30albIICHHS IMEPIoay 4dacy
BUKOPHCTaHHS TEIIOHACOCHUX CHCTEM B TeIlI03a0e3nedueHH1 Oy aiBii;

— TlokazaHo JOILINBHICTG 3aCTOCYBAaHHS KOMOIHOBAHMX COHS'YHUX CHCTEM 3
BUJOOYTKOM Te-IUIOTH Ta EJEKTPOEHEPTil [isi OyJUHKIB KUTJIOBOIO KOMIUIEKCY, IO
3mMaTtHI 3a0e3neyuTH 0a30BiI MOTPEOM Yy CIHOKHBAUiB €JIEKTPOCHEprii Ta e(EeKTUBHO
reHEPYyBATU TEIJIOTY Y JITHIO MOPY POKY.

KarouoBi cjaoBa: cucTteMu TeIUIOnoOCTavyaHHs, TEIUIOBI HACOCH, KOMOIHOBaHI CH-
CTEeMH TEIUIONOCTAaYaHHs, TeTIOCUCTEMH, aKyMyJIATOpU TEIUJIOTH, MEpPEepUBUACTE OINa-
JICHHSI, €HeproeeKTUBHE TEIJIONOCTaYaHHs, PEXUMHU eKCIUTyarTallii OyaiBenb, Kputepii

eHeproePeKTUBHOCTI, TEIJIOBI MEPEXKi, CTATUCTUYHA OOPOOKa JaHUX.
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ABSTRACT

Babayev. E.S. Energy-efficient heat supply of buildings of various types of purpose
in megacities. — 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, 2025.

The dissertation is devoted to studying the comprehensive increase in the energy
efficiency of heat supply for various types’ purpose buildings in metropolises districts
using the existing centralized heat supply systems and the renewable energy sources
introduction, taking into account both buildings operating modes and external climatic
factors. The proposed methods can significantly improve the energy efficiency of heat
supply and reduce the negative impact on the environment.

In the first chapter "Analysis of the current condition of heat supply systems for
various types’ purpose buildings" the following results were obtained:

— It is established that most centralized heat supply systems have been designed with
a significant reserve of thermal power without consideration to the operating modes of
various types’ purpose buildings, which in turn leads to significant energy carrier costs to
meet the heat consumption needs of various types of consumers.

— The feasibility of using heat pumps with heat extraction from the environmental
air in both the projected and existing combined heat supply systems with a backup heat

source from a waterheating boiler or centralized heat supply systems is proven.



— The possibility of reducing the costs of heat supply to a districtal complex of
buildings which includes structures of various purpose types due to taking into account
the operating modes of different types of consumers, both in 24-hours period scale as well
as during the week and year.

In the second chapter "Mathematical modeling of heat supply systems’ operating
modes at facilities of various purpose types" the following results were obtained:

— Heat consumption modes for different types of consumers during the 24 hours
period for public buildings, namely shopping and entertainment centers, administrative
buildings and educational institutions were obtained;

— The potential for heat consumption self-compensation at different types of heat
supply and different types of public buildings during the 24 hours period was shown,
which allows assessing the possibilities to reduce capital investments in the
reconstruction of existing heat supply systems;

— Based on the statistical data analysis on the example of a shopping and
entertainment center, a redistribution of weight coefficients between the main types of
heat consumption was proposed to increase the energy efficiency of the main energy
sources use.

In the third chapter "Mathematical modeling of heat supply systems’ operating
modes for facilities of various purpose types " the following results were obtained:

— The dependence of the main indicators of the variable configuration-specific
combined heat supply system and its components on external conditions was determined
based on the results of numerical modelling; the obtained heat supply system modes’
simulation results confirm the possibility to create highly efficient heating systems using
modern energy technologies and alternative energy sources;

— An energy efficiency analysis for the system in the intermittent heating mode was
carried out that allows the conclusion that the intermittent heating mode use for the
combined heat supply system provides additional opportunities for saving energy
resources and for increasing the efficiency of heat pumping systems;

— The optimal parameters of the heat supply system main elements’ load modes were
obtained based on the results of optimizing the load modes for the heat supply system
with a heat accumulator when the outdoor air temperature changes.

In the fourth chapter “Study of the combined heat supply systems operation using

renewable energy sources”, the following results were obtained:



— A principle thermal scheme ‘“Serial-parallel modernized bivalent combined
heating system with buffer capacity” was proposed to increase the energy efficiency of
the renewable energy sources operation in a combined heat supply system using various
types of heating devices;

— Experimental studies were conducted at a residential complex using the proposed
scheme of combined heat supply using heat pump systems. The results obtained allow to
state a reduction in primary fuel consumption and an increase in the period of heat pump
systems use in the heat supply of the building;

— The feasibility of using combined solar systems which produce heat and electricity
for buildings in a residential complex, thus being able to provide the basic needs of
electricity consumers and effectively generate heat in the summer season, was shown.

Keywords: heating systems, heat pumps, combined heating systems, solar systems,
heat accumulators, intermittent heating, energy-efficient heating, building operating

modes, energy efficiency criteria, thermal supply networks, data statistical processing

LIST OF PUBLICATIONS OF THE ACQUIRER

Scientific works in which the main scientific results of the dissertation are published

1. O. Klymchuk, O. Woodwood, E. Babayev, M. Sergeyev, 1. Aksyonova. In-
creasing the efficiency of using centralized heat supply systems during the reconstruction
of heating networks. Proceedings of Odessa Polytechnic University, 2022. Issue 2(66).
ISSN 2076-2429. pp. 44-51.
https://old-pratsi.op.edu.ua/app/webroot/articles/1682507778.pdf
(Register of scientific professional publications of Ukraine, category "B").

2. Balasanyan G.A., Klymchuk O.A., Semenii A.A., Babayev E.S., Sachenko L.V.
Modeling the intermittent heating regime of an educational building. Proceed-ings of
Odessa Polytechnic University, 2021. Issue 2(64). ISSN 2076-2429.p.22-27
https://doi.org/10.15276/0pu.2.64.2021.03
(Register of scientific professional publications of Ukraine, category "B").

3. G.I. Pozdnyakova, E.S. Babayev. Ways to increase the energy efficiency of heat
supply of urban areas through comprehensive modernization of building engineering
systems. Refrigeration Engineering and Technology. Volume 60 No. 1 (2024), 45-52.
https://journals.ontu.edu.ua/index.php/reftech/article/view/2735/3156

(Register of scientific professional publications of Ukraine, category "B").



4. O.A. Klymchuk. N.V. Klymchuk. E.S. Babayev. O.M. Woodwood. E.O.
Kravchenko. Heat transfer of a dense layer of bulk material with immersed surfaces.
Refrigeration Engineering and Technology. Volume 59 No. 4 (2024) , 269-
277 https://journals.ontu.edu.ua/index.php/reftech/article/view/2728/2967
(Register of scientific professional publications of Ukraine, category "B").

5. Evgeny Serhiyovych Babayev, Anna Ivanivna Pozdnyakova. Analysis of the ef-
fectiveness of the use of solar systems in centralized heat supply systems of the university.
No. 2(68) (2023): Proceedings of the Odessa Polytechnic University. pp. 64-71.
https://doi.org/10.15276/0pu.2.68.2023.08
(Register of scientific professional publications of Ukraine, category "B").

6. G.V. Luzhanska, E.S. Babayev, M.I. Sergeev, O.0. Palamarchuk, O.L. Fur-
kalenko (2024). Increasing the efficiency of autonomous heat supply systems for
individual heating using heat pumps. Refrigeration Engineering and Technology, 60(3),
197-204.
https://journals.ontu.edu.ua/index.php/reftech/article/view/3000/3236
(Register of scientific professional publications of Ukraine, category "B").

7. O.A. Klymchuk, E.S. Babayev (2025) Analysis of operating modes of heat supply
systems for shopping and entertainment complexes. Refrigeration Engineering and
Technology, 61(1).
https://journals.ontu.edu.ua/index.php/reftech/article/view/3094/3309

(Register of scientific professional publications of Ukraine, category "B").

Published works of approbation nature:

8. Conversion of heat supply of urban areas to electricity using existing heat-ing
networks. Klymchuk O.A., Andryushchenko A.M., Babayev E.S., Sergeyev M.IL
Materials of the II International Scientific and Practical Conference “Energy-efficient
city. XXI century”. P. 74-76. November 10-11, 2022. Odesa ODABA.
URL:https://https://odaba.edu.ua/upload/files/Zbirnik Energoefektivne misto 2022 1.
pdf

9. XI SCIENTIFIC CONFERENCE. Scientific results of 2022. Collection of
abstracts. Increasing the efficiency of the use of heat pumps in combined heat sup-ply
systems with variable operating modes of buildings Klymchuk O. A., Babayev E.S.,
Sergeyev M.I. p. 24. Kharkiv 2022.



URL:https://entc.com.ua/download/%D0%97%D0%B1%D1%96%D1%80%D0%BD%
D0%B8%D0%BA%20%D1%82%D0%B5%D0%B7 11 %D0%9D%D0%B0%D1%83
%D0%BA%D0%BE%D0%B2%D0%BE%D1%96%CC%88%20%D0%BA%D0%BE
%D0%BD%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D1%
96%CC%88 %D0%9D%D0%90%D0%A3%D0%9A%D0%9E%D0%92%D0%86%20
%D0%9F%D0%86%D0%94%D0%A1%D0%A3%D0%9C%D0%9A%D0%98%20202
2%20%D0%A0%D0%9E%D0%9A%D0%A3 _.pdf

10. Improving the Efficiency of Heating Systems of Buildings Due to Intermittent
Heating. Balasanian, G., Klymchuk, O., Babaiev, Y., Semenii, A. Lecture Notes in Civil
Engineering, 2023, 290 LNCE, pp. 162—170 (Scopus).
URL: http://dx.doi.org/10.1007/978-3-031-14141-6_16

11. Klymchuk Oleksandr Andriyovych, Luzhanska Hanna Viktorivna, Shevchuk
Volodymyr Ivanovych, Babayev Yevgen Serhiyovych, Kotyash Dmitry Igorovich.
Comparative analysis of the operation of heat accumulators with differ-ent switching
schemes. Proceedings of the Il International Scientific and Practical Conference
«SCIENCE, INNOVATIONS AND EDUCATION: PROBLEMS AND PROSPECTS»
September 15-17, 2021 Tokyo, Japan.
URL: https://sci-conf.com.ua/wp-content/uploads/2021/09/SCIENCE-INNOVATIONS-
AND-EDUCATION-PROBLEMS-AND-PROSPECTS-15-17.09.2021.pdf

12. Babayev E.S. MODERNIZATION OF A BIVALENT COMBINED
BUILDING HEATING SYSTEM Collection of Scientific Papers / 1st International
Scientific and Practical Conference «Innovative Approaches in Modern Science and
Technology» March 2025 Lisbon, Portugal. pp. 309-311
URL:https://isu-conference.com/wp-
content/uploads/2025/03/Lisbon_Portugal 26.03.25.pdf



		2025-06-18T10:00:15+0300




