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Pedepar:

1. Y BcTymi MoKa3aHo aKTyasbHICTh Ta 0COOJIMBOCTI 3aCTOCYBaHHS iHHOBaLliHYUX TEXHOJIOTII IelleHTPali30BaHOTO
TEIJIONIOCTAa4aHHs 32 PaXyHOK PalliOHAJIbBHOTO BUKOPUCTAHHS aJIbTEPHATUBHUX TEIJIOTEHEPATOPIB, PI3HOPIZHUX 32
B32€MHO KOMIIEHCYIOUMMU BJIACTUBOCTSIMHU, 3MIHHMX Y 4aci BiTHOBJIOBaHUX mpkepen eHeprii (PBIE) Ta riopunaux
3ac006iB aKyMYJIIOBaHHSI TEIVIOTH, 6EPY4U [0 yBaru perioHasbHi KJIiMaTU4Hi YMOBH, 1O CTBOPIOE MIO3UTUBHUI BILJIMB
He TiJIbKU Ha eHepreTUYHY CIIPOMOSKHICTB, a 1 eKOJIOTiYHi TOKa3HUKY IIepediry npoLecis B eJleMeHTaX CUCTEMU.
Taxuil nizgxig 10 yAOCKOHAJIEHHS TEXHOJIOTIH JIeLleHTPali30BaHOro Telly103abe3l1e4eHHs] Ha OCHOBI aJlbT€PHATUBHUX

teriorenepaTtopis 3 PBJIE, ki 3a5iHi 70 B3aeMHOi KoMIieHcalii gediluTy eHeprii onHe OJHOro Ta riopuIHUMU



3ac06aMM aKyMYyJIIOBAHHS €HePrii, MOXKHA BBRXXATU HalilHUM iHCTpyMeHTapiem 3abe3rnedyeHHs HaliiiHOro
dyHKUioHYBaHHS BCix esnleMeHTiB [ICT, 1m0 € akTyasIbHOI0 HayKOBO-TEXHIYHOIO 33/1a4€l0, Ha BUPIIIEHHS SIKOI
CIIPSIMOBAHO JIaHE JOCJIiIKEHH. BU3Hau€HO 06'eKT, IpeMeT, 3a7a4di Ta METOJM JOCIiIKEHHS; HABE€JJEHO HayKOBY
HOBU3HY Ta TPaKTUYHE 3HAYEHHS OTPUMAHUX Pe3yJbTaTiB; BUCBITIEHO OCOOUCTUI BHECOK 3100yBava. B nepmomy
po3zii qucepTauitHoOi po60TH BUCBITIEHO 3acay (PYHKIIOHYBAHHS Pi3HUX TEXHOJIOTIN TEMJIONOCTaYaHHsI, Ha
MifCTaBi aHaJi3y SIKUX BCTAHOBJIEHI IX IO3UTHBHI Ta HETaTUBHI CTOPOHU. Lle 103BOINIIO BUAIIUTY BILJINBOBI
YMHHUKY €(EeKTUBHOTO BIIPOBAIKEHHS JELeHTPali30BaHOI CUCTEMU TEIJ103a0€3I1€4EHHS 3 aBBTOHOMHUMU
reHepaToOpaMu TEIIOTH, HEOOXiIHO BUKOPUCTOBYBATHU Pi3HOPinHI 3BJIE, siKi BiIpi3HAIOTbCS 3[i0HICTIO 1O B3a€MHO]
KOMITeHcaLjil neinuTy ogHe OAHOro, Ta riOpUIHUMU 3ac00aMU HakoNU4YeHHs TeroTy. ChpopmyboBaHO
NPUHLIMIIY Ta 3aBJAaHHS BL,OCKOHAJIEHHS PeXXUMiB QyHKUioOHyBaHHS JJICT 3 aBTOHOMHUMH TEIJIOT€HEPATOPaMU,
PBJIE Ta ribpugHMAX 3aCO6iB aKyMYJIFOBAaHHSI €HEPTii, TEXHIYHUI OTEHLIiasl SIKUX BU3HAYa€ThCSl PETiOHATIbHUMU
MOXJIMBOCTSIMU. CPOPMYJIbOBAHO NEPLIMII TyHKT HAYKOBOI HOBU3HU: 17151 OOI'PYHTYBaHHS €(PEKTUBHOTO
¢dyHkuionysaHHs JJCT 3 aBTOHOMHUMU TensioreHeparopaMu, PBIIE Ta ribpuaHuMU 3aco6amMu aKyMyJIIOBaHHS
eHeprii HeoOxiTHO BUKOPUCTATH iHCTPYMEHTAPill MaTEMAaTUYHOTO MOJEJIIOBAHHS, SIKUI € MiICTaBOIO JJ1s1
BU3HA4YE€HHS JIOLIbHOCTI iHTerpauii riopuaHux 3aco6iB aKyMyJIIOBAaHHS €HEPTii [J1s1 UPOKOTo CIEKTPY CIIOKMUBAYiB
rajlysi TEMJIOEHEPTETUKU. Y IPYTOMY PO3JiJli 3aIIPOTIOHOBAaHA METOIUKA YUCEILHOTO MOJIEIIOBAHHS HA OCHOBI
€HepreTUYHOro 6ajaHCy [Jis BUBHAUYEHHS eHepreTU4HOI €(PeKTUBHOCTI, KyMYJISITUBHOI €HEPrOEMHOCTI Ta
€KOHOMIYHMX [TOKa3HUKIB CUCTEMH, SIKi MiCTATH (akrop dacy PpyHkuionysanHs JICT 3 iHHOBaLiTHUMU
tenoreHeparopamu, PBJIE Ta ribpuaHuMu 3aco6amy akyMyJ1l0BaHHS eHeprii. CpopMyIbOBAHO IPYTrUil IIyHKT
HAyKOBOI HOBU3HU: IIJISIXOM MaTeMaTUYHOTO MOJEJIIOBAaHHS OOIPYHTOBAHO TE€XHIKO-€KOHOMIUHY JIOLiIbHICTD
BHMKOPHMCTaHHSI JIeLIeHTPali30BaHOi CUCTEMU TeI103a0€e31eYeHHS 3 BUKOPUCTaHHSIM iHHOBAL[itHUX aBTOHOMHUX
reHeparopiB TEIUIOTH, pisHOpigHUX 3BJIE, 4Ki € JocTaTHIMU 3a TEXHIYHUM PECYPCOM [JIs1 BAKOPUCTAaHHS B
perioHasibHUX YMOBax, Ta MKUPOKOT0 CIEKTPY riOpUIHUX 3aC00iB aKyMyJIIOBaHHS. Y TPETbOMY PO3Zisi OGIPYHTOBAHO
YMOBHU pallioHasbHOro BUKopucTanHsi PBJIE njis cucteM JielleHTpali3oBaHOro Tero3abe3rnedeHHsl, 1jsl 4oro
3aCTOCOBAHO iHCTPYMEHTAPIiil YUCEJIbHOTO MOJIEJ/II0BaHHS TEIJIOBOI i eKOHOMI4HOI epekTuBHOCTI ICT 3
BUKOPUCTAaHHSAM COHAYHUX KOJIEKTOPIB i aKyMYJIATOPIB TEIJIOTU Pi3HOTO TUILY AJ1 IIOTIEPESHBbOTO MiNirpiBy BOOU B
aBTOHOMHOMY r'eHepaTopi TeIJIOTH, sKi 3abe3neynsy epeKTUBHICTD pillleHb Ta pallioHaJIbHi pesXKUMU
dyHKUiOHYBaHHS cucTeMU. . CPOPMyIbOBAHO TPETIiH MyHKT HAYKOBOi HOBU3HU: TEOPETUYHUM i
€KCIIEPMMEHTAIbHUM LJISIXOM BU3HAY€HO TEXHIKO-€KOHOMIUHY NoLiNbHiCTh BUKOpucTaHHd JJCT 3 ribpugHnMu
3ac006aMU aKyMYyJIFOBAHHS €HEPTii 3 JIOKaJIbHUMU FreHepaTOpaMu TEIJIOTH, SIKi [TPaIiOl0Th Ha aJIbTEPHATUBHUX BUIAX
IIaJIMBA, 3 ypaxyBaHHSIM pPeriOHaJbHUX MOXJIMBOCTEN i MOTped. Y ueTBepTOMy PO3[iji 32 pe3yabTaTaMy YMCeIbHOIO
MOJEJIIOBAaHHS OOI'PYHTOBAHO paljiOHa/IbHI CX€MHO-KOHCTPYKTUBHI pillleHHS, 5IKi 3a6€311€4yI0Th JOLiIBbHICTh
BUKOPUCTAHHS riOpUIHMUX 3aCO0iB aKyMYJIIOBaHHS €HEPTii B IeLIeHTPasli30BAaHNUX CUCTEMAX TEIJ103a0€e31eYeHHS 3
JIOKaJIbHUMU FreHepaToOpaMU TETJIOTH Ha 6a3i pi3HopinHuX 3a (piznyHumu BiactuBoctsmu 3BJIE. Po3pobieHo
[IPOIO3UL{I 00 ONTUMI3allil IapaMeTPiB MOJIICTPYKTYPHUX OELEHTPATI30BAHUX CUCTEM TEIIONOCTAYaHHS 3
BMKOPHCTaHHSIM KYMYJISTUBHOTO €(eKTy HAKOIIMYEHHS TEIJIOTU CTiHaMU OYyIiBJIi, SIKi CIPUSIOTh 3MEHIIEHHIO
TEIJIOBOTO HAaBAaHTAKEHHSI Ta COOiBapTOCTI reHepallil TeIIoTH, i He OoTpedyI0Th JOAATKOBUX KalliTaJbHUX BHECKIB.
CdopMyJIbOBAHO YETBEPTUII MYHKT HAYKOBOi HOBU3HU: BU3HAY€HO e(PEeKTUBHICTh 3aCTOCYBAaHHS TiOpUIHUX 3aCO0iB
aKyMYJIIOBAaHHS €HEPTii B IIOJIiICTPYKTYPHUX JIELIEHTPaTi30BaHMX CUCTEMAaX TEI103a0e3M1e4eHHS 3 TeIJIOBUMU
reHepaTropamu TEIJIOTY 3 BUKOpucTaHHAM PBJIE. 3anpornoHoBaHO CXeMHO-KOHCTPYKTUBHI Ta pexkuMHi JICT, aki
3a6€311e4YyI0Th BUCOKI YaCTKU 3aMillleHHs BUKONHUX [1EP, Ta CIpUsIOTh 3MEHIIEHHIO TEIJIOBOrO HABAHTAXKEHHS Ta

co6iBapTOCTi reHepallii TensaoTu 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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IToBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "Ofiechbka MoJiTexHika"
Kopg 3a €IPIIOY: 43861328

Micue3Haxoa KeHHS: np. lllesyenka, 6yz. 1, Oneca, 65044, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictepcTBo ocBiTH i Hayku YKpainu
InenTudikarop ROR:

CeKkTop HayKH: [anyseBuil

BiacHe Ilpi3Buie Im'sa Ilo-6aTbKOBI:
1. Kosnos Irop JleoHinoBuyY

2. Igor Kozlov

KBasigikawis: n. 1. 1., npodecop, 05.14.14

InenTudikarop ORCHID ID: 0000-0003-0055-9042

JoparkoBa indopmamnist:

IToBHEe HafIMeHyBaHHH IOpH,ZII/I‘IHOi 0C00M: HauioHanpHMit yHiBepcutetT "OfecpKa nositexHika"
Kopg, 3a €IPITIOY: 43861328

Micue3HaxoaKeHHS: np. lleByenka, 6yz. 1, Oxgeca, 65044, Ykpaina



dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: [anyseBuii

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a HiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

Masypenko AHTOH CTaHiC1aBOBUY

Masypenko AHTOH CTaHiC1aBOBUY

Ceprees Mukosia Iroposuy

VKpIHTEI

FOpuenko TetsiHa AHaToJiiBHA



