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Pedepar:

1. Y BcTyni noKasaHo aKTyaJsbHICTh Ta OCOOJIMBOCTI 3aCTOCYBaHHSI PESKUMY [1€pEPUBYACTOrO OIllajleHHs OyIiBesib y
[IO€JHAHHI 3 BiIHOBJIIOBAJIbHUMU JPKEPEJIaMU €Heprii B eINHiN cucTeMi — KOMOIHOBaHIN cucTeMi
terozabesnedeHHs (KCT3), o € JouisibHUM 3aBASKM B3aEMOKOMIIEH ALl 06MesKeHb, 10 XapaKTepHi AJIs
[IepPEPUBYACTOrO PEXKUMY ONAJIEHHS Ta BiIHOBJIIOBAJIBHUX JIKePeJ eHeprii. [lepeBaru KOXXHOI 3 IO€JHAHUX B OJHIN
CHUCTEeMi TeXHOJIOTii TaKOX B MIE€BHil1 Mipi JOMOBHIOIOTH OfHE OfHOro. Hanpsam gociifgkeHs faHoi po60TU MiCTUTh
pillleHHs TaKuX IIUTaHb, IK po3pobKa i mocaimkeHHs: HoBux cxeM KCT3; po3pobka TeOpeTUYHUX OCHOB CTBOPEHHS
teroBux cxem KCT3; pesknuMiB pobOTH CUCTEM; PO3BUTOK METO[IB ix aHasi3y; BUBHAUEHHS ONTHMAJIbHUX
napamMeTpiB QyHKIiOHYBaHHS CUCTEMHU, BUOIp 1 OOIPYHTYBaHHS TEXHOJIOTIUHUX MIPOLIECIB, SKi HalKpaluM YAHOM
00'€JHYIOTbCS 3 EHEPreTUYHMMU i eKCIITyaTaliiHMMU MOXJIMBOCTSIMY IIEPBUHHUX JKEPEJI €Heprii, o
BUKOPUCTOBYIOTbCS B KCT3. B nepmomy po3aizni gucepTauiitHoi po60TH BUKOHAHO aHAJIi3 JIiTepaTypHUX JKepeJ Ta

[IepCIIEeKTUBHUX HAIIPSMKIB MifBUINEeHHS e(eKTUBHOCTI CUCTEM Terio3abesnedeHHs Oynisesp B PI1O. Y Binomux



ny6JiKaligx iCHYI0Tb METOIUKY MOPIBHSJIBHOTO aHali3y, OLiHKM e(EeKTUBHOCTI Ta ONTUMI3allii CUCTeM OnajeHHs y
[lepepruBYaCTOMY peXuMi, abo ix esleMeHTiB, ajie He BUSBJIEHO MaTeMaTUYHUX MOJieJiedl o0 onTuMisarii
[apameTpiB, pEKUMIB HAaBAaHTAXKEHHS 1 CXEMHUX PillleHb 010 3alPOIIOHOBAaHOi aBTopoM KCT3. Y npyromy pospiini
BMKOHAHO aHaJji3 yMOB (YHKIII0BaHHS CUCTEM TeIo3abesnedeHHs Oyaisesb B PI1O, 3 ypaxyBaHHSIM SIKAX
3aIIPOIIOHOBAaHO OCHOBHI IIOJIOXKEHHS, 1[0 BU3HAYAIOTh IPUHIUIIN TOOY0BU MaTeMaTnyHuX mogenei KCT3.
CdopmysiboBaHO 33724y KoMIiekcHOi ontuMizanii KCT3, a came - BUBHAUUTU TakKe [TO€JHAHHS TEIJIOTEXHIYHUX,
BUTPATHUX, KOHCTPYKTUBHUX, PEXKUMHUX I1apaMeTpiB Ta KOHQIrypalii cuctemu, Ipu sIKOMy 3aJ1aHi 06’eMu
€JIEKTPUYHOI Ta TEIJIOBOi €Heprii 3a6e31eYyI0ThCA 3a MiHIMaJIBHIMY BUTPATaMU [IPYA BUKOHAHHI YCiX 30BHIIIHIX i
BHYTPIIIHIX 0OMe>XeHb ii QyHKIIOHYBaHHS. Y TPETbOMY PO31isi C(OOPMYIbOBAHO KOMILJIEKCHUI MiJXi 00 aHAi3y
pexumiB pobotu KCT3 ta BukoHaHo knacudikauio KCT3 BinnosigHo 00 NOTYXHOCTI TPaAULIIHUX IKepeJl eHeprii
Ta (i3MYHOI NPUPOAY ANbTEPHATUBHUX JKepeJl eHeprii, mo inTerposani 1o KCT3, 3a sKkuMu 30iICHMMO aHali3
pexxuMiB po60TH BU3HauYeHUx KoHQirypauiit KCT3. Ha nifcTaBi aHanidy MpoBeleHUX €eKCIIePUMEHTAIbHUX
IOCiIKeHb, 6yJ10 BUCYHYTO IIPUITYIIEHHS IIPO Te, 110 IIPOoLieC NIPOrpiBy NOBITPs B Oy[IiBjIi Ha TOYaTKOBOMY eTarli
BM3HAYAEThCS LIBUAKMM HAarpiBaHHSM IOBITPs B IPUMIlllEHHI Ta BCTAHOBJIEHHSIM TEIIJIOBOTO 06ajlaHCy MiXK HUM i
BiZJHOCHO XOJIOGHVMMMU CTiHAMU IIPU JOCATHEHHI BU3HAYEHOI TPAaHUYHOI Pi3HULI TEMIIEPATYP MOBITPS 1 BHYTPILIHBOI
MIOBEPXHi CTiH. 3alIpONIOHOBAHO €KCIIEPUMEHTAIbHY MOZEJb AMHAMIKY IPOTPiBY MOBITPS y NPUMIllleHH], 110 3
BHCOKOIO TOYHICTIO allpOKCHMYy€ OTPUMAaHi €eKCIIEPUMEHTAJIbHI aHi 00 JUHAMIKY HAarpiBy NOBITPS Y IPUMIIILEHHI.
Y 4eTBEpPTOMY PO31iJi 3a pe3ybTaTaMu YnceabHoro mogesntoBaHHsg KCT3 pisHux KoHQIrypalil BU3Ha4eHO
3aJ1€;KHOCTI TOKa3HUKIB 100 KOMIIJIEKCHOTO aHali3y €(peKTUBHOCTI CUCTEMU Ta ii CKIIaJOBUX YaCTUH, BUKOHAHO
anamni3 edpextuBHoCcTi KCT3 B pekumi epepruBYacTOro OrNajieHHs B MOPiBHSHHI 3 I[i7I0J060BUM PESKUMOM.
HaBeneHo pe3ysbTaTi MOAE0BaHHS pexkxuMiB poo6otu KCT3 3 BiTpOyCTaHOBKOIO MiTBEPAKYIOTh MOXKJIUBICTh
CTBOPEHHS BUCOKOE()EKTUBHUX aBTOHOMHHUX CUCTEM OIAJIEHHs Ha 6a3i Cy4aCHUX eHepreTUYHUX TEXHOJIOTIH 3
BHMKOPHCTaHHSIM aJIbTePHATUBHUX JKepeJl eHeprii Ta 3 ypaxyBaHHSIM iX MicLieBOro noTeHjany. Y ’'aToMy po3zimi
HaBeJleHO €KCIIepMMEHTaJIbHI JOCIipKeHHs oKa3HMKiB edpexTuBHOCTI KCT3, 1m0 6y10 NpoBeneHo y NPUMIlEHHSIX
TennortexHiyHoi naboparopii HY «Opecbka nosiTexHika», B SKUX BIPOBAIKEHO OibIIiCTh MPONO3ULIil 1[0A0
nipBumenHs edpextuBHocTi KCT3 B PITO, siki npeacTaBieHo y gaHiil po6oTi. [Ipy 1jpomy 6yJ10 3aCTaCOBAaHO CUCTEMY
MOHITOPUHIY €eHepreTUYHOi e(peKTUBHOCTI CUCTEMH OIlaJIeHHS], 110 MiCTUTh €JIeKTPUYHI Ta TEeIJIOBi JiYUIbHUKHY,

npujagn KOHTPOJIIO MiKpOK]IiMaTy y HpI/IMiIIIeHHHX, 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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