O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0823U102071
Oco006J1uBi TO3HAYKH: BinKpura

Jata peectpamnii: 31-12-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. XKaitBopoH Okcana CepriiBHa

2. Oksana Zhaivoron

KBasmigikamis:

InenTudikarop ORCHID ID: 0000-0001-6750-2388
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi CHIELiajIbHOCTI: 144

Ha3zBa HayKoBOi creniaIbHOCTI: TemnsoeHepreTrka
lanyss / ralesi 3HaHb. €JIEKTPUYHA iHXKeHepis
OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTi: 144-TennoeHepreTnka
JlaTa 3axHCTYy: 24-11-2023

CnenianbHICTD 32 OCBITOIO: TernoeHepreTuka
Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI paju). 2403
TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcuteT "OfiechbKa nomiTexHika"
Kopg 3a €IPIIOY: 43861328

Micue3HaxoaKeHHS: np. llleByenka, 6yx. 1, Oneca, 65044, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0COo0M: HaujonanbHuii yHiBepcuret "OfiechKa MoJiTexHika"
Kopg 3a €IPIIOY: 43861328

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

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koay TeMaTHYHHX PYOPHK: 44.31, 44.31.41, 44.31.43, 44.31.45

Tema gucepranii:
1. HiILBI/IHICHHF[ e(‘l)eKTI/IBHOCTi TEIIJIOHACOCHUX CUCTEM eHepr03a6e3nequHﬂ 3 YpaXyBaHHAM peFiOHa]IbHI/IX YMOB

2. Increasing the efficiency of heat pump supply systems with the account of regional conditions

Pedepar:

1. ¥ BcTyni nokaszaHoO aKTyasibHICTh 3aCTOCYBaHHS iHHOBALiHAX TEXHOJIOTII reHepallii eHeprii 3 riopuaHumM
BHMKOPHMCTaHHSIM TEIJIOHACOCHUX ycTaHOBOK (THY) i 3MiHHUX BigHOBOBanbHUX Ipykepen eHeprii (3BIE) 3
YPaxyBaHHSM PETiOHaJILHUX YMOB, 1O € AOLIJIbHYM 3aBJSIKY 301/IbII€HHIO €(DEKTUBHOCTI IIPOLECIB B €JIEMEHTaxX
crucTteMu. Ajie iHCTpyMeHTapiil yIOCKOHAaJIeHHS riOpUIHNX CUCTEM eHepro3adesredyeHHs 3 BUKOpUCTaHHIM 3BIE
st THY, sikuii noTpedye ypaxyBaHHs PerioHaJIbHOTO TEXHIYHOTO IOTEeHIliany, po3po06yieHul IBHO HEJOCTaTHbO.
BusHaueHO 00'eKT, IpeAMET, 3a/1a4i Ta METOAU JOCIIiI)KEHHS]; HaBeIEHO HAayKOBY HOBMU3HY Ta IIPAKTUYHE 3HAYEHHS
OTPUMAaHUX PE3yJIbTaTiB; BUCBITJIEHO OCOOMCTUI BHECOK 37100yBaya. B nepiomy po3zini nuceprauiiHoi poboTu
IIPOBENIEHO aHaJli3 iCHYI0UMX TEXHOJIOTIN reHepallii eHeprii, BCTaHOBJIEH] ix epeBaru Ta Hefoikuy. [lokasaHo, 1mo
17151 €(PEeKTUBHOIO BIIPOBA/IKEHHS Fi6PUIHNX €HeproyCTaHOBOK JJ1s1 BUPiLlleHHS TPo6JieM eHepro3oepeskeHHs,
HEOOXiJIHO pPO3POOUTU MaTEMATUYHY MOJI€JIb, 3 BUKOPUCTAHHSIM SIKOi MO>KHA BU3HAUUTU PalliOHAJIbHI PEXUMU
pPOOOTH CUCTEMHU 3 YPAaXyBaHHSM perioHalbHAX YMOB. PillleHHS PO AOLiNbHICTh BIIPOBAIKEHHSI CUCTEMU

eHepro3abeseyeHHs IPUMMAEThCS 32 Pe3yJIbTaTOM BU3HAYEHHS ePEeKTUBHOCTI POOOTY CUCTEMU 338 EHEPreTUYHUM,



€KOHOMIYHMM, €KOJIOTIYHUM Ta coLjiabHUM (akTopamu. JIjisl BUpilIeHHs LbOTO 3aBJaHHS 3alIPOIIOHOBAHO LJISIXY i
METOAY BOOCKOHAJIEHHSI PEXXUMIB POOOTH CUCTEM eHepro3abesrneyeHHs 3 BUKOPUCTAHHIM BEIMKUX 4acToK 3BJIE,
IOTEHIjajl SKUX 3aJIe5KUTh BiJl perioHanbHuX yMoB. COOpMYJIbOBAHO NEPIIUI IYHKT HAYKOBOI HOBU3HY — JJIs1
nigBUIeHHS €(PeKTUBHOCTI CUCTEM €Hepro3adbesrnedyeHHs 3 palioHaabHUM BUKopucTaHHIM 3BIIE HeobXigHO
pO3podUTH MaTeMaTUYHy MOZEJIb 3 YPaxXyBaHHSIM PEriOHaNIbHUX YMOB, SIK 3aCO0Y eHepro3bepeskeHHsl, o
IIPU3BOJUTH /10 IIOKPAIlleHHS TEXHIKO-€KOHOMIUYHUX [TOKa3HUKIB, 3BMEHIIEHHS TeIJIOBOro 3a6pyIHEHHS OBKi, i €
nifcTaBolo 118 iHTerpauii Bucokux yactok 3BJIE B eHeprocucremi. Y Apyromy po3zisi oO6rpyHTOBaHO YMOBU
NiABUILEHHS €(PEKTUBHOCTI PEXMMiB POOOTY €HEPTOCUCTEMMU 3 BEJIMKAMU YacTKamy 3BJIE, 1715 40ro 3aCTOCOBaHO
iHCTpyMeHTapiil MaTeMaTUYHOTO MOJIEJIIOBaHHS, a caMe, MOJIeJIb eHEPTeTUYHOTO 6aslaHCy, IJj1sl BUBHAYEHHS
ONTHMMAaJIbHUX 3aMIIIyI0UUX MOKJIMBOCTEN €HEProcuCTeEMU. 1151 OLIHKY HOLiNbHOCTI iHTerpauii 3BJJE B TpaguLiiiHi
CHACTEMU HEOOXiTHO pO3pOOUTHA MaTeMAaTUYHy MOJeJIb Ha OCHOBI €HEPreTUYHOro 6ajaHCy CUCTEMU. MoZeI0BaHH
€HEPreTUYHMX CHUCTEM 13 BEJIMKOIO 4acTKOW 3BJJE BUMarae BMCOKOI IIPOCTOPOBOI pO3LiIbHOL 30ATHOCTI [1J1s1
BpaxyBaHHS PETiIOHAIBHO BilMiHHOTO IOTEHIIiaJly, a TAKOK BUCOKOI YaCOBOi PO31i/IbHOI 30ATHOCTI AJIs1
BJIOBJIIOBaHHSI KOPOTKOYACHUX KOJIMBaHb, 0COOJIMBO KOJIMBaHb TEXHIYHOTO noteHuiany 3BJIE. O6rpyHTOBaHO, 110
17151 ouiHKY edekTuBHOCTI inTerpauii 3BJE B cuctemu eHepro3abesnedeHHs HEOOXiIHO BPaXOBYBaTU TEXHIKO-
€KOHOMI4Hi BJIaCTMBOCTI PillleHb, SIKi IPOMOHYIOTHCS 3 YPAXYBAHHSM PETIOHAJIILHUX YMOB, Y KODOTKOCTPOKOBIH Ta
IIOBrOCTPOKOBIi1 IepCreKTUBI. [I7151 1IbOro BUKOPUCTAHO MOJIEJIb €EHEPTeTUYHOro 6aIaHCy CUCTEMU reHepallii eHeprii
3 BukopucTtanHs 3BJIE Ta 3'1COBaHO YMOBHU Ta OCOOJIMBOCTI peasisalii Mozesli eHepreTUYHOro 6ajaHCy AJis
€HEePreTUYHOro CeKTopy YKpainu. C(popMyIbOBaHO APYTUI IIYHKT HAYKOBOI HOBU3HU: HIJIIXOM MaT€MaTU4YHOTO
MOJI€JIIOBaHHS OOIPYHTOBAaHO TE€XHIKO-€KOHOMIUHY JOIIi/IbHICTh BUKOPUCTAHHS BeJIUKUX YacToK 3BJIE nis
3aMillleHHS IOTY>KHOCTI TPaJULiTHOI €HEPrOCUCTEMH 3 PALliOHATIbHUM BUKOPUCTAHHA TEXHIYHOTO IIOTEHILiany
3BJIE, HOCTyIHUX B pETiOHAJILHUX YMOBax. Y TPETbOMY PO3[1ijli OGIPYHTOBAaHO YMOBHU PalliOHaJIbLHOTO BUKOPUCTAaHHS
HU3BbKOMIOTeHIi1HOi Tenotu st THY, siki GyHKIIOHYIOTH B TEIJIOBUX CXeMax riOpUIHUX KOoreHepaliiHuX
YCTaHOBOK, [JIS1 4OTO 3aCTOCOBAHO iHCTPYMEHTAPill MaTeMAaTUYHOTO MOZEIIOBAHHS, IKUH [LO3BOJIsI€ BUSHAYUTH
IOLiNBHICTb BIIPOBAI)KEHHS 3aIIPOIIOHOBAHUX PillleHDb 11 KJIIMaTUYHUX YMOB PETiOHIB YKpaiHu. 3an1pONIOHOBAHO
METOAMKY aHasi3y eKCepreTUYHOi €(peKTUBHOCTI TPOLECIB B €JIEMEHTAX KOT€HEPAL[iIHHUX CUCTEM i3
BUKopucTaHHsaM THY, mo nano 3Mory oliHUT/ epeKTUBHICTD pillleHb Ta 00paTy palioHaIbHUM HIIX iX peasisarii.
BusHaueHO nepcrnekTUBHI HaPsIMKU 3acTocyBaHHS THY Ha esleKTpoCTaHLisIX 1151 BU3HAYEHHS MOXJIUBOCTI
3abe3neyeHHs TEII0BOro rpagika croxxusadiB. Ha mifgcrasi aHasi3y pe3yabTaTiB Y4MCeIbHOrO MOJEIIOBAHHS, SIKe
BMKOHAHO 3 YPaxyBaHHSIM KJIIMaTUYHUX YMOB, BU3HAYEHO XapakTep BBy THY Ha TennoBe HaBaHTaKEHHS
ribpyuiHOI €eHEProyCTaHOBKU Jj1s1 perioHiB YKpaiHu. [l BusHaueHnHs edpekruBHocTi THY BUKopucTtaHo
eKcepreTUYHUI MeTOoJ, 110 J03BOJINJIO BCTAaHOBUTH, eneMmeHTy THY, sKi Halibinbile BIIMBAIOTh HA BTPATU €HEPTii
IIpM yTUIIi3aLii HUPKyJISLiiiHOI BoAY B TiOpUIHilN yCTaHOBL, Ta BU3HAYAIOTb AOLIJIBHICTS ii BAKOPUCTAHHS.
BusnaueHo, mo 3actocyBaHHs THY nossosnse 36inbmmti KK 6pyTTo HerTo Ha 10...15% i 3...5%, BinnosigHo.
Makcumanpuuit COP THY pocsraerbscs mis OnecbKoro periony, HauMeHIn — AJisl XapkiBebKoro i [TosraBcbkoro
PErioHiB, MO NOB'SI3aHO 3 KJIIIMAaTUYHMMHN YMOBaMHU B3UMKY. CPOPMYJIbOBAaHO TPETil MyHKT HAYKOBOI HOBU3HMU:
OOIPYHTOBAHO LIUISIXOM MaTeMaTUYHOTO MOJIEJIIOBAaHHS 3 BUKOPUCTAHHSM €KCEPreTUYHOI0 METOY aHali3y
TEXHIKO-eKOHOMIYHY AOLinbHICTh BUKopucTanHs THY 1 yTunisauii HU3bKONOTEHLiTHOI TENIOTU ri6puaHOi

KoreHepauiﬁHoi CUCTEMU 3 YPAXYBAHHAM peFiOHaJ’[bHI/IX YMOB. Vu

2. The introductory part contains general information about the content of the dissertation, the direction of
research, their relevance and prospects are substantiated. 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 results of a
comprehensive analysis of global trends in the development of the energy sector, international experience in
managing the modes of operation of distribution electric networks in modern conditions. The considered changes
brought to the operation of distribution networks by local energy sources integrated into them. On the basis of the
performed analysis, the expediency of using the method of dynamic control of the operating modes of distribution
networks with local energy sources is substantiated. Considered features of solving the specified problem in the



conditions of Ukraine, taking into account the existing hardware and information support. In this way, the
importance of the implementation of dynamic control of PM modes in real time is substantiated, the main steps of
solving the specified problem are determined. In the second section, based on the results of the analysis, a method
of calculating an indicative indicator was proposed for the express determination of the expediency of changing
the network topology in order to minimize energy losses. As a result of mathematical modelling, verification of the
use of an indicative indicator to determine the expediency of changing the network topology was carried out.
Thus, a universal toolkit has been developed that can be applied to any open circuits of the distribution network.
Three options for evaluating the economic effect of the introduction and use of remotely controlled switching
devices are proposed, and indicators are selected for evaluating the overall effect of dynamic management of
network modes. In the third chapter, a thorough analysis of the methods of forecasting the electrical load and
output power of distributed generation sources was carried out and the experience of their use in various
conditions was analysed. Based on this, a new adaptive model for forecasting electric load and generation of active
power of local energy sources was developed. In the course of the analysis, a number of forecasting methods were
determined, which are included in the adaptive model of forecasting the electrical load and output power of local
energy sources. This model makes it possible to minimize the error by automatically applying the optimal
forecasting algorithm at each step and thus allows to increase the validity and effectiveness of decisions regarding
the implementation of the procedure of dynamic management of the distribution network topology. The adaptive
model is implemented in the Python programming language. On the basis of mathematical modelling, the author
tested an adaptive forecasting model and obtained an estimate of the forecast error, which can be taken into
account when solving the issue of dynamic control of the operating modes of the PM by operationally changing its
topology. In the fourth chapter, 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.
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