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IpkepeJst eHeprii Ta riopugHuX 3aco6iB aKyMYJIIOBaHHS TEIJIOTU

2. Increasing the efficiency of decentralized heat supply through the use of renewable sources of energy and
hybrid means of heat accumulation.

Pedepar:

1. ¥ BCTyni mokazaHO aKkTyasIbHiCTh Ta OCOGJIMBOCTI 3aCTOCYBaHHS iHHOBALIMHUX TEXHOJIOTIi I€IeHTPai30BaHOTO
TEIUIONIOCTa4YaHHs 3a PaXyHOK palliOHaJIbHOTO BUKOPUCTaHHA aJIbTEPHATUBHUX TEIJIOTEHEPATOPIB, PI3HOPIZHUX 32
B32€EMHO KOMIIEHCYIOUMMU BJIACTUBOCTSIMU, 3MiHHUX Y 4yaci BiHOBJIOBaHUX IpKkepen eHeprii (PBJE) Ta riopunaux
3aco06iB aKyMyJIIOBaHHSI TEIJIOTH, OEPY4U [0 yBaru perioHasbHi KJIiMaTU4Hi YMOBH, 1110 CTBOPIOE IIO3UTUBHUI BILJIMB
He TiIbKY Ha €HEPreTUYHY CIIPOMOJKHICTb, @ ¥ €KOJIOTiYHi TOKAa3HUKHU Iepediry NpoLeciB B €JIEMEHTaX CUCTEMU.
Taxuii migxin 10 yEOCKOHAJIEHHS TEXHOJIOTIH IelleHTPali30BaHOr0 Teryio3abe3redeHHs Ha OCHOBI albTePHATUBHUX
teriorenepatopis 3 PBJIE, siki 3anHi 10 B3aeMHOi KoMIleHcaljii nediuuTy eHeprii ogHe ofHOro Ta riopuIHUMEI
3acobaMy aKyMyJIIOBaHHS €HEeprii, MOJKHA BBaXXaTU HAJilHUM iHCTpYMEHTapieM 3a0e3[1e4eHHs HaJliiHOTO
¢dyHKUioOHYBaHHS BCix eneMeHTiB [ICT, 110 € akTya/lbHOIO HayKOBO-TE€XHIYHOIO 33/1a4€l0, Ha BUPILIEHHS SIKOi

CIIPSIMOBAHO JjaHe JOCiIpKeHHs. BusHaueHo 006'eKT, IpegMeT, 3ajadi Ta METOH AOCIIiIPKEHHS; HaBeJJleHO HAyKOBY



HOBU3HY Ta [IPaKTUYHE 3HAUYE€HHS OTPUMAaHUX pe3yJbTaTiB; BUCBITIEHO OCOOMCTUI BHECOK 37100yBaya. B nepuomy
PO3Iini aucepTaliiiHOl poOOTH BUCBITIEHO 3acany QyHKIIOHYBaHHS Pi3HUX TEXHOJIOTIH TEeIJIoNnoCcTavyaHHs, Ha
MifCTaBi aHaJIi3y SIKUX BCTAHOBJIEHI IX IO3UTUBHI Ta HETaTUBHI CTOPOHU. Lle 103BOINIIO BUAIIUTY BILJIMBOBI
YMHHMKYU e(PEeKTHBHOTO BIPOBAIKEHHS IEL€HTPai30BaHOI CUCTEMU TeN103a0e3NeyeHHs 3 aBBTOHOMHUMU
reHepaTopaMu TEIJIOTH, HeOOXinHO BUKOPUCTOBYBaTHy pisHOPinHI 3B/E, sKi Binpi3HAIOTHCS 3[i0HICTIO O B3a€EMHO]
KOMITeHcaljii 1eiuTy ofHe OAHOro, Ta riOpUIHUMU 3ac00aMU HaKoNU4YeHHs TeroTy. CpopmyibOBaHO
IIPUHLUIIY Ta 3aBJAHHS BJOCKOHAJIEHHS pe>XUMiB PpyHKUioHYBaHHS [JCT 3 aBTOHOMHMMU TEIJIOT€HEpPaTOpaMHu,
PBJIE Ta ribpugHuX 3aCO6iB aKyMYJIIOBAaHHS €HEPTii, TEXHIYHUI OTEHLiaJl IKUX BU3HAYa€ThCSl PETiIOHATIbHUMUA
MoxMBOCTSIMU. CHOpMyIbOBAHO MEPIINII MyHKT HAYKOBOI HOBU3HU: 11711 OOTPYHTYBaHHS €(PeKTUBHOIO
dynkuionysaHHs JJCT 3 aBTOoHOMHUMU TensoreHeparopamu, PBIIE Ta ribpuaHuMU 3aco6aMu aKyMyJIIOBaHHS
€Heprii HeoOXiTHO BUKOPUCTATH iHCTPYMEHTAPill MaTEMAaTUYHOTO MOJEJIIOBAHHS, SIKUI € MiICTaBOIO IJIs1
BU3HA4YE€HHS JOLIBHOCTI iHTerpauii riopuaHux 3aco6iB aKyMyJIFOBaHHS €HEPTii [J1s1 MIMPOKOTO CIEKTPY CIIOKMBAYiB
rajysi TEMJIOEHEPTETUKU. Y IPYTOMY PO3JiJli 3aIIPOIIOHOBAaHA METOIUKA YACEJILHOTO MOJIE/IIOBAHHS HA OCHOBI
€HepreTUYHOro 6ajlaHCy [J1sl BU3HAUYEHHS €HePreTUYHOI €(PEKTUBHOCTI, KyMYJISITUBHOI €HEPrOEMHOCTI Ta
€KOHOMIYHMX II0Ka3HHUKIB CUCTEMH, SKi MiCTITh (pakTop 4acy ¢pyHkuionyBanHs JICT 3 iHHOBaLiliHMU
terioreHepatopamu, PBJIE Ta ribpugHrMY 3acobaMy akyMyJIloBaHHS eHeprii. CPopMyIbOBaHO OPYTyii MyHKT
HAyKOBOi HOBU3HU: IJISIXOM MaTEMaTUYHOTO MOJEJIIOBAHHS OOIPYHTOBAHO TEXHIKO-€KOHOMIUHY JIOLiIbHICTD
BUKOPUCTaHHS JelLleHTPasi30BaHOi CUCTEMU TeMI03abe3eYeHHs 3 BAKOPUCTAaHHIM iHHOBaLitHUX aBTOHOMHUX
reHeparopiB TEIUIOTH, pisHOpigHUX 3BJIE, AKi € JocTaTHIMU 3a TEXHIYHUM PECYPCOM [J1s1 BUKOPUCTaHHS B
perioHasibHUX YMOBax, Ta MIXPOKOT0 CIEKTPY riOpUIHUX 3aC00iB aKyMYJIOBaHHS. Y TPETbOMY PO3Zisi OGIPYHTOBAHO
YMOBHU pallioHaJbHOro BUKopucTtanHs PBJIE nis cuctem eLleHTPali30BaHOro TeI1o3abe3nedeHHsl, 115l 40ro
3aCTOCOBAHO iIHCTPYMEHTAPill UNCeNIbHOTO MOIEIIOBaHHS TEMJIOBOI i ekoHOMiYHOi epexTrBHOCTI [ICT 3
BUKOPHMCTAHHSIM COHSYHUX KOJIEKTOPIB i aKyMYJIITOPIiB TEIJIOTY Pi3HOTO TUILY AJ151 IIOTIEPENHbOTO MilirpiBy BOIU B
aBTOHOMHOMY T'eHepaTopi TeIJIOTH, sKi 3abe3neynsy e(peKTUBHICTD pillleHb Ta pallioHaJIbHI pe>XUMU
(yHKUiOHYBaHHS cucTeMU. . CPOPMYIbOBAHO TPETIiN MYHKT HAyKOBOi HOBU3HU: TEOPETUYHUM i
€KCIIEPUMEHTAJIbHUM LJISIXOM BU3HAY€HO TEXHIKO-€KOHOMIUHY ToninbHicTh BUkopuctanus [ICT 3 ribpugHuMu
3acobaMy aKyMyJIIOBaHHS €Heprii 3 JIoKaJbHUMU reHepaTopaMy TEIJIOTH, SIKi ITPAL0I0Th Ha aJlbTEPHATUBHUX BUIAX
[IaJIMBA, 3 YPaxyBaHHSIM PEriOHaJbHUX MOXJIMBOCTEN i MOTped. Y ueTBepTOMy PO3[ii 32 pe3yabTaTaM| YMCEIbHOIO
MOJEJIIOBAaHHS OOI'PYHTOBAHO PaliOHA/IbHI CX€MHO-KOHCTPYKTUBHI pillleHHS, 5IKi 3a6€31e4yI0Th JOLiIbHICTh
BHMKOPHCTaHHS ri6puAHNX 3aC00iB aKyMyJIIOBaHHS €HEeprii B IelleHTPali30BaHMX CUCTeMaX Terio3ades3rneyeHHs 3
JIOKaJIbHUMU reHepaTopaMU TEIJIOTU Ha 6a3i pidHopinHuX 3a (piznyHuMu BiactuBocTsamu 3BJIE. Po3pobieHo
[IPOIO3ULI OO0 ONTUMI3ALil TapaMeTPiB MOJICTPYKTYPHUX OELEHTPANTI30BAaHUX CUCTEM TEIIONOCTAYaHHA 3
BUKOPHCTaHHIM KYMYJISITUBHOTO e(deKTy HaKOMMYEHHSI TeTJIOTH CTiHaMu Oy[IiBJIi, SIKi CHPUSAIOTh 3MEHIIEHHIO
TEIJIOBOTO HaBaHTa)KEHHSI Ta CO6iBapTOCTi reHepallil TeIJIOTH, i He OoTpedyI0Th JOAaTKOBUX KalliTaJbHUX BHECKIB.
ChopMyIbOBAHO YETBEPTUII MYHKT HAYKOBOI HOBU3HU: BUBHAYEHO €(PEKTUBHICTh 3aCTOCYBAHHS TiOpUIHUX 3aCO0iB
aKyMYJIIOBAHHS €HEPTil B OJIICTPYKTYPHUX JEJ€eHTPATi30BAHUX CUCTEMAX TETI03a0€3ME€YEHHS 3 TeNJIOBUMU
reHepaTopamu TEMJIOTH 3 BUKOpPUCTaHHAM PBJIE. 3anpornoHOBaHO CXeMHO-KOHCTPYKTUBHI Ta pexxumHi JJCT, saki
3a0€31e4y0Th BUCOKI 4YaCTKU 3aMilleHHs1 BUKonHux [1EP, Ta cripysioTh 3MEHIIEHHIO TEIJIOBOrO HaBaHTaXXEHHS Ta

co6iBapTOCTi reHepallii TenjaoTu 6e3 NoJaTKOBUX KaliTaJbHUX BHECKIB.

2. The introductory part contains the relevance and features of the application of innovative technologies for
decentralized heating through the rational use of all means of alternative heat generators, heterogeneous in
mutually compensating properties, time-varying renewable energy sources (HVDE) and hybrid heat storage
devices, taking into account regional climatic conditions, which creates a positive impact not only on energy
capacity, but also on environmental indicators of processes in the system elements. Such approach to improving
decentralized heat supply technologies based on alternative heat generators with renewable energy sources that
are capable of mutually compensating for each other's energy deficit and hybrid energy storage devices that can
be considered a reliable tool for ensuring the reliable functioning of all elements of DHS, which is an urgent
scientific and technical problem, the solution of which is the subject of this study. The goal, object and subject of



research are formulated, scientific novelty is defined, as well as information about publications is given, the
personal contribution of the recipient is emphasized and the main results obtained are summarized. The first
chapter presents the principles of operation of various heat supply technologies are highlighted, based on the
analysis of which their positive and negative sides are established. This allowed us to identify the influential factors
for the effective implementation of a decentralized heat supply system with autonomous heat generators, it is
necessary to use heterogeneous RES, which differ in their ability to mutually compensate for each other's deficits,
and hybrid means of heat storage. The principles and tasks of improving the operating modes of DHS with
autonomous heat generators, HRES and hybrid energy storage devices, the technical potential of which is
determined by regional capabilities, are formulated. The first point of scientific novelty is the following: to
substantiate the effective operation of DHS with autonomous heat generators, HRES and hybrid energy storage
devices, it is necessary to use the tools of mathematical modelling, which is the basis for determining the feasibility
of integrating hybrid energy storage devices for a wide range of consumers in the heat power industry. In the
second section the numerical modelling technique based on the energy balance is proposed to determine the
energy efficiency, cumulative energy intensity and economic indicators of the system, which include the time
factor of operation of DST with innovative heat generators, HRES and hybrid energy storage devices. The second
point of scientific novelty: by means of mathematical modelling, the technical and economic feasibility of using a
decentralized heat supply system using innovative autonomous heat generators, heterogeneous RES, which are
sufficient in terms of technical resource for use in regional conditions, and a wide range of hybrid storage means is
substantiated. In the third section the conditions for the rational use of HRES for decentralized heat supply
systems are substantiated, for which the tools of numerical modelling of the thermal and economic efficiency of
the DHS using solar collectors (SC) and heat accumulators of various types for preheating water in an autonomous
heat generator are applied, which ensured the effectiveness of solutions and rational modes of operation of the
system. The cost of heat generated by a hybrid system with solar collectors and heat accumulators as a function of
the water heating temperature in the solar collectors is determined, taking into account their specific cost. The
annual economic effect of using a hybrid water preparation system for the boiler in the SC and heat accumulators
is determined. In the fourth section the results of the practical implementation of the solution to the problem of
dynamic management of distribution network operating modes are given. On the basis of calculations using real
electrical networks and their mode parameters, it is proved that the new method of dynamic control of switching
devices proposed by the author, which by operational analysis of the mode of the existing distribution network, in
particular with distributed energy sources, and taking into account the forecast values of the load and output
power of local energy sources , allows you to determine the optimal current topology of the network, which really
provides an additional reduction in electrical energy losses. The fourth point of scientific novelty: the effectiveness
of using hybrid energy storage devices in poly-structural decentralized heat supply systems with heat generators
using renewable energy sources is determined. Schematic and design and regime DSTs are proposed, which
provide high replacement shares of fossil fuel, and contribute to reducing the heat load and the cost of heat
generation without additional capital investments.
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dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kosnos Irop JleoHinoBuy

2. 1gor Kozlov

KBasigikamis: x. 1. 1., npodecop, 05.14.14

ImenTudikarop ORCID ID: 0000-0003-0055-9042

JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "Ofiechbka MoJliTexHika"
Kog, 3a EJIPIIOY: 43861328

Micue3Haxoa KeHHS: np. lllesyenka, 6yz. 1, Oneca, 65044, Vkpaina

dopma B1aCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

Masypenko AHTOH CTaHiCl1aBOBUY

Masypenko AHTOH CTaHicl1aBOBUY

Ceprees Mukosia Iroposuy

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



