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1. KombiHOBaHi cucTemu Temnno3ade3neyeHHs B peXXUMi IepepruBIaCTOrO ONaJIeHHS 3 BiHOBIIOBAIbBHUMU

IKepeJsiaMy eHeprii

2. Combined heat supply systems in intermittent heating mode with renewable energy sources

Pedepar:

1. V BcTymi MOKa3aHO aKTyasabHICTh Ta OCOOJIMBOCTI 3aCTOCYBaHHS PEXXUMY [T€PEPUBYACTOrO ONasieHHs OyZiBesb y
[IO€NHAHHI 3 BilHOBJIIOBAJIbHUMU JPKEPeJIaMu eHeprii B ennHii cuctemMi — KOMOIHOBaHIN cuctemi
teriozabesnedeHHs (KCT3), o € JoLisbHUM 3aBASKY B3a€EMOKOMIIEHCAllii 06MesKeHb, 1110 XapaKTepHi AJ1s
[IepEepUBYACTOr0 PEXKMMY OINAJIEHHS Ta BiJHOBJIIOBAJILHUX JKepeJsl eHeprii. [lepeBaru KoXXHOi 3 ToeJHAHUX B OJHIN
CHCTEMi TexXHOJIOTii TAKOXK B [I€BHIM Mipi IOMOBHIOIOTH OgHE OfHOro. Hanmpsam gocigkeHp faHoi po60TH MiCTUTh
pillleHHs TaKuX MTUTaHb, IK PO3P0o0OKa i mocmimkeHHss HoBux cxeM KCT3; po3pobka TeOpETUYHUX OCHOB CTBOPEHHS
teroBux cxem KCT3; pesxxumiB pob0TU CUCTEM; PO3BUTOK METO/IiB ix aHasi3y; BUBHAUEHHS! ONTUMAJIbHUX

napamMeTpiB QyHKIIOHYBaHHSI CUCTEMHU, BUOIp 1 OOIPYHTYBaHHS TEXHOJIOTIYHUX MPOLECIB, SKi HAWKPALUM YAHOM



00’€IHYIOTbCS 3 EHEPTeTUYHNUMU | €KCITyaTaliiHUMU MOXKJIMBOCTSIMU IIEPBUHHUX IPKepeJl €Heprii, mo
BUKOpHUCTOBYI0ThCs B KCT3. B nepuiomy po3nisi nuceprauiiHoi po60TH BUKOHAHO aHali3 JliTepaTypHUX IpKepesT Ta
IIepCIEKTUBHUX HAIIPSMKIB MiJBUIIEHHS e(peKTUBHOCTI CUCTeM Telo3abesnedyeHHs oynisens B PI1O. Y Binomux
ny6JliKalisgx iCHyI0Tb METOOVKHY MOPiBHSIJIBHOTO aHAIi3y, OLIHKY €(EeKTUBHOCTI Ta ONTHMI3alii CUCTEM OMNaJIeHHs
[lepeprBYaCTOMY peXuMi, abo ix esleMeHTiB, ajie He BUSBJIEHO MaTeMaTUYHUX MOJIeJied o0 onTuMisanii
[apameTpiB, pEKUMIB HAaBAaHTAXKEHHS i CXEMHUX PillleHb 010 3aPONIOHOBaHOi aBTopoM KCT3. Y npyromy pospaiini
BMKOHAHO aHaJji3 yMOB (QYHKIII0BaHHS CUCTEM TeIsio3abesnedeHHs Oyisesns B PI1O, 3 ypaxyBaHHSIM SIKAX
3aIPONIOHOBAHO OCHOBHI MOJIOXKEHHS, 10 BU3HAYAIOTh IPUHUMIIN NOOYOBU MaTeMaTuyHux mogenen KCT3.
CdopmysiboBaHO 33124y KoMIuiekcHoi ontuMizanii KCT3, a came - BUBHAUUTU TaKe [TO€IHAHHS TEIJIOTEXHIYHUX,
BUTPATHUX, KOHCTPYKTUBHUX, PEXKUMHUX I1apaMeTpiB Ta KOHQirypallii cuctemu, Ipu sIKOMy 3a7iaHi 06’eMu
€JIEKTPUYHOI Ta TEIJIOBOi €Heprii 3a0e31eYyI0ThCS 33 MiHIMaJILHUMM BUTPATaMU NIPYA BUKOHAHHI YCiX 30BHIIIHIX i
BHYTPIIIHIX 0OMe>XeHb ii QPyHKLIOHYBaHHS. Y TPETbOMY PO31ijli C(POPMYIbOBAHO KOMILJIEKCHUN MiJXif 00 aHai3y
pesxumiB pobotu KCT3 ta BukoHaHo knacudikaio KCT3 BinnosigHoO 00 NOTYXHOCTI TPaAULIIHUX IKepeJl eHeprii
Ta (i3MYHOI NpUPOAY ANbTEPHATUBHUX JIKepeJl eHeprii, o inTerposaxi 1o KCT3, 3a skumu 3[iCHMMO aHali3
peXuMiB po60Tu BusHadeHux KoHQirypaunit KCT3. Ha mifcrasi aHanisy NpoBeleHUX €KCIIEPUMEHTAIbHAX
IOCJiIKeHb, 6yJI0 BUCYHYTO IIPUITYIIEHHS IIPO Te, 110 IIPOLieC IIPOrpiBy MOBITPs B OyIiBjIi HA TOYaTKOBOMY eTarli
BM3HAYAEThCS! LIBUAKMM HarpiBaHHSM IIOBITPs B IPUMIllleHHI Ta BCTAHOBJIEHHSIM TEIIJIOBOTO 06ajlaHCy MiXK HUM i
BiZJHOCHO XOJIOGHVMMMU CTiHaMU IIPYU JOCATHEHHI BU3HAYEHOI TPAHUYHOI Pi3HULI TEMIIEPATYp HOBITPS 1 BHYTPILIHbOI
[IOBEPXHI CTiH. 3alpONIOHOBAHO €KCIIEPMMEHTAJILHY MOZENb AMHAMIKY IIPOTPiBY MOBITPA y MPUMIlLIleHH], 110 3
BHCOKOIO TOYHICTIO allpOKCHMMYy€ OTPUMAaHi €eKCIIePMMEHTAJIbHI AaHi o0 JUHAMIKY HarpiBy NOBITPS Y IPUMIILEHHI.
Y yeTBEpTOMY PO31iJi 32 pe3ysbTaTaMu ynceabHoro MmogesntoBaHHsg KCT3 pisHux KoHQirypaliiili BU3Ha4eHO
3aJIEXKHOCTI IOKa3HUKIB M0JJ0 KOMIJIEKCHOTO aHali3y e(eKTMBHOCTI CUCTEMU Ta ii CKJIaJOBUX YaCTUH, BUKOHAHO
anani3 edpexruBHoCTi KCT3 B peskuMi epepruBYacTOro OMajieHHs B MOPIBHSIHHI 3 I[i7I0I000BUM PESKUMOM.
HaBegneHo pe3ysbTaTy MOAe0BaHHs pexxuMiB po6otu KCT3 3 BiTpOyCTaHOBKOIO MifTBEPAKYIOTh MOXKJIUBICTh
CTBOPEHHS BUCOKOE€(EKTMBHMX aBTOHOMHUX CUCTEM OINaJIeHHs Ha 06a3i Cy4aCHUX €HEPreTUYHUX TeXHOJIOTIN 3
BUKOPUCTAHHSM aJIbTEPHATUBHUX JIKEPEJI eHeprii Ta 3 ypaxyBaHHIM ix MiclieBoro norexuiany. Y msisTomy po3zini
HaBe[leHO eKCIIepMMEHTaJIbHI JOCIiIyKeHHs oKa3HUKiB edexTuBHOCTI KCT3, 1m0 6yJ10 NpoBeneHo y NPUMIleHHSIX
TennortexHiuHoi naboparopii HY «Ogecbka mosiTexHika», B SKUX BIPOBAIKEHO OibIIiCTh MTPOMO3ULIil 1[0A0
nigsumeHHs edexktuBHocTi KCT3 B PIIO, gxi npencraBneHo y AaHill po6oTi. [Ipy iboMy 6yJ10 3aCTaCOBAaHO CUCTEMY
MOHITOPUHTY €HepreTU4HOI e(PeKTUBHOCTI CUCTEMU OIAJIEHHS, [0 MiCTUTD €JIEKTPUYHI Ta TEeIJIOBi JIYNJIbHUKY,

[IpUJIai KOHTPOJIIO MIKPOKJIIMATy y IPUMILIEHHSIX, TOLIO.

2. The introduction shows the relevance and features of using intermittent heating of buildings in combination
with renewable energy sources in a single system - a combined heat supply system (CHSS), which is expedient due
to the mutual compensation of limitations characteristic of intermittent heating and renewable energy sources.
The advantages of each of the technologies combined in one system also complement each other to a certain
extent. The research direction of this work contains solutions to such issues as development and research of new
CHSS schemes; development of theoretical foundations for creating thermal schemes of CHSS; systems operation
modes; development of methods of their analysis; determination of optimal parameters of system functioning,
selection and justification of technological processes, which are best combined with energy and operational
capabilities of primary energy sources used in CHSS. In the first section analysis of literary sources and promising
directions for improving the efficiency of heat supply systems of buildings in IHM. In known publications, there are
methods of comparative analysis, efficiency assessment and optimization of heating systems in intermittent mode,
or their elements, but no mathematical models for optimizing parameters, load modes and circuit solutions for the
proposed CHSS by the author have been found. In the second section analysis of the operating conditions of the
heat supply systems of buildings in the [HM was performed, taking into account the main provisions that
determine the principles of building mathematical models of CHSS. The task of complex optimization of the KST is
formulated, namely, to determine such a combination of thermal technical, consumption, structural, mode
parameters and configuration of the system, in which the specified volumes of electric and thermal energy are



provided at minimum costs while meeting all external and internal limitations of its functioning. In the third
section comprehensive approach to the analysis of the CHSS operating modes was formulated and the CHSS
classification was performed according to the power of traditional energy sources and the physical nature of
alternative energy sources integrated into the CHSS, according to which we will analyze the operating modes of
the specified CHS configurations. Based on the analysis of the experimental studies, it was suggested that the
process of heating the air in the building at the initial stage is determined by the rapid heating of the air in the
room and the establishment of a thermal balance between it and the relatively cold walls when a certain limit of
temperature difference between the air and the inner surface of the walls is reached. An experimental model of the
dynamics of air heating in the room is proposed, which approximates the obtained experimental data on the
dynamics of air heating in the room with high accuracy. In the fourth section on the results of numerical
simulation of the CHSS of various configurations, the dependencies of the indicators regarding the comprehensive
analysis of the efficiency of the system and its components were determined, the analysis of the efficiency of the
CHSS in the intermittent heating mode compared to the 24-hour mode was performed. The results of modeling
the operating modes of the CHSS with a wind turbine are presented, confirming the possibility of creating highly
efficient autonomous heating systems based on modern energy technologies using alternative energy sources and
taking into account their local potential. In the fifth chapter experimental studies of CHSS efficiency indicators are
presented, which were carried out in the premises of the Heat Engineering Laboratory of NU "Odesa Polytechnic”,
in which most of the proposals for improving the efficiency of CHSS in IHM, which are presented in this work, are
implemented. At the same time, a system for monitoring the energy efficiency of the heating system was applied,
which includes electric and heat meters, devices for controlling the microclimate in the premises, etc.
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BiznoBigassHHUI 3a MiATOTOBKY Cemeniii AHZIpiii AHZIDIHOBUY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




