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1. TlinBuieHHs: eHeproepeKTUBHOCTI BiIHOBJIIOBAHUX JKepeJl €Heprii B 6alaHCi eJ1eKTpOeHeprii eHepreTUYHMX

CHUCTEM

2. Improving the energy efficiency of renewable energy sources in the electricity balance of energy systems

Pedepar:

1. Inceprarnis Ha 3000YTTSI BUEHOTO CTYIIEHS IOKTOPa TEXHIUHUX HAayK 3a crelianbHicTio 05.14.08 -
«IlepeTBOPIOBaHHA BiJHOBJIIOBAHMX BUIIiB €HEPTii» BIHHUILKMN HalliOHAJIbHUM TEXHIYHUMN YHIBEPCUTET, IHCTUTYT
BimHOBIMOBaHOi eHepreTuku HAH Vkpainu, Kuis, 2021. [lucepTaliis nprucBsYeHa BUPilIEHHIO MUTaHb PO3POOJIEHHS i
YIOCKOHAJIEHHSI MOJiesIel i MeToiB NifBuieHHs: eHeproedekTuBHOCTI BIE, 30kpeMa, po3po6JisiioThCsI HAyKOBO-
TeXHiYHi 3ac00U MiABUILIEHHS €HEPrOe(PEKTUBHOCTI (POTOEJIEKTPUYHUX MOAYJIIB 32 PaXyHOK BU3HAYEHHS iX
3QJIMIIKOBOTO PECYPCY 3ac06aMi HEMPO-HEUiTKOTO MO/IEJIIOBAHHS, @ TAKOXK, HOPMaTUBHO-PETYJIIOBaJIbHI 3acafu
nifgBuIEeHHS eHeproegekTuBHOCTI BJIE misixom onTyMisalii BUTpaT, Ta OLiHKY iX YyTJIMBOCTi, HAa pe3epByBaHHS
IIOTY>KHOCTI Ta €JIEKTPOEHEPTii 17151 6ajlaHCyBaHHS, a CaMe KOMIIEHCAllil0 HEPIBHOMIPHOCTI rpadikiB reHepyBaHHS
BiTpoBuMHU (BEC) i poToenekrpuunnmu cranuisimu (PEC), meToiom KpuTepianbHOro rnporpamysaHHs. Tomy,

copmoBano ocobamBocTi PpyHKuioHyBaHHs BIIE B Ykpaini Ta y cBiti i ix BrinB Ha EEC B cyyacHUX yMOBax, a TakKoX



BU/IiJIEHO OCHOBHI HETaTHBHI 03HAKU €JIEKTPUYHUX MEPEX, 10 3MeHIIYI0Th e(deKTUBHiCcTh BIIE, 30kpemMa npobaemu
0ajlaHCyBaHHS B €JIEKTPOEHEePreTHIHUX CUCTeMaXx, SIKi CIPUYMHEHI HeJOCTaTHIM 00CSrOM MaHeBPEHOI IIOTYKHOCTI
B OEC Vkpainu. A TakoXX, OOI'PyHTOBAHO IIJISIXU BpaxyBaHHs TUILY JI)K€peJl >KUBJIEHHS, PiBHS Hanpyru, rpadiky
CIIO)KMBAHHS, HEPIBHOMIPHOCTI rpadiky reHepyBaHHs, 0 JACTb 3MOTY JOCIIT MaKCUMaJIbHUX PE3YyJIbTaTiB [1pU
KOPUTYBaHHI €HePreTUYHOI CTPaTErii Ta PO3BUTKY BiJHOBJIIOBAHOI €EHEPIETHUKYU KOHKPETHOTO periony. [lokasaHo, o
HOPMAaJIbHUI CTaH eJIeKTPUYHUX MEPEX €eHEPrOCUCTEMU € BXKJIMBOIO YMOBOIO 151 peasisalii e peKTUBHOro
BUKopHrcTaHHs BIIE. Po3po6sieHO MeTOJ, BUBHAaYEHHSI MHOKMHH BILJIMBHAX METEOPOJIOTIYHUX (PAKTOPIiB HA 06CAT
reHepyBaHHs esnekTpoeHeprii BIE 3 HepiBHOMIpHMM rpadikom reHepyBaHHS B 3aJI€XKHOCTI Bifi MicLid ix jioKaii, mo
I03BOJINIIO CPOPMYBATH BHUOIpKY HaliH(POPMATUBHILIMX METEOPOJIOriYHMX (HaKTOPIB /171 IPOTHO3YBaHHS iX
reHepyBaHHS Ha HACTYIHY 00y 32 MOTOAVMHHMM rpadikom Ta IJIaHyBaHHS iX eKCIlyaTallii 3 MeTOI0 MiJBUIIEHHS
eHeproedekTuBHOCTI BJE. 3apornoHOBaHO METO/], OLiHIOBAHHS TEXHIYHOIO CTaHy (POTOEIEKTPUIHOTO MOLYJISI
®EC 3 BUKOPUCTaHHSM HEHPO-HEYiTKOTO MOJIEJII0BaHHS Ta eKCIIePTHOI OLiHKM ¢axiBLiB, 110, HA BiAMiHY Bif,
iCHyI0UMX METOZiB, CTBOPIOE YMOBU [l GisIbIIl TOYHOTO BM3HAaUEHHS ¢akTuyHOro reHepyBanHs: PEC ripu yyacTi ix B
6aslaHCyBaHHI PE>KMMiB €HEPrOCUCTEM i, SIK pe3yJbTaT, 3MEHIIEHHS TPapHUX CAHKLIi Ta NiBALIEHHS
€KOHOMIYHOi epeKTHBHOCTI. PO3pobiieHo MeTon, onTuMisanii BUTpaT Ha miaBuieHHs eHeproegekTuBHOCTi BJIE B
GasiaHCi eJleKTpoeHeprii eHepreTHYHoi CUCTeMU METOIOM KPUTEpPiaJIbHOTO [IPOrpaMyBaHHS, 10 LO3BOJISIE
BMU3HAUUTY CIIiIBPO3MIipPHICTh BUTPAT Pi3HUX CIIOCOOIB pPe3€PBYBAHHS €JIeKTPOEHEPTrii 1711 KOMIIeHcallii
HepiBHOMIpHOCTI rpa@ikis reHepyBanHs BJIE Ta MmeTon aHai3y eKOHOMIYHOI CTIIKOCTi BUTPAT Ha 3a0€311€YEeHHS
eHeproedexTuBHOCTI BIIE B 6ayaHCi e1eKTpoeHeprii eHepreTUYHoi CUCTEMU [I0 3MiH MOTYXXHOCTI CIIOCO6iB
pe3epBYBaHHS €JIEKTPOEHEPTii IIJISIXOM aHai3y iX 4yTIMBOCTI KpUTEPiaIbHUM METOMOM, IKUU J03BOJISIE BU3HAYUTHU
BILJIMB KOXKHOTO 3i CIIOCO6iB pe3epByBaHHS Ha BUTPATH ITPY HEMOBHOTI BXifgHOi iHdpopMallii. 3arIporIOHOBaHO METOS,
KOMOIHOBaHOTO BUKOPUCTAHHS B CUCTEMaX €HEProNoCTayaHHs BifHOBJIIOBAHUX IPKEPEJI eHEPTii pi3HUX BUTB, AKUN
MOJISITa€ B ONTUMI3allil BOAHE- Ta €JIeKTPOIIOCTAaYaHHS [J1s iIHTErPOBAaHOI BOIHEBO-€JIEKTPUYHOI €HepPreTUYHOI
CHACTEMH 3 YpaxyBaHHSIM PO3IIOJiNy eHePrii MK pi3HMMU arperaTopamu 3a KpUTepieMm MiHiMajbHOrO 3Ha4€HHS
BapTOCTi BOOHIO Ta eJleKTpoeHeprii. Ko4oBi cj0Ba: eHeproepeKTUBHICTb, BiIHOBJIIOBAHI IKepeJia eHeprii,
HepiBHOMIPHICTb rpadiKy reHepyBaHHS, 6ajlaHC eJIeKTPOEeHeprii, XiMiYHi HaKONUYyBadi, BOJHEBI YyCTaHOBKH,

doTroenekTpuyHi cTaHllii, BITPOBIi e1eKTpUYHi cTaHlii, POoTOeNeKTPUYHUN MOJYJIb, TEXHIYHUI CTaH.

2. Doctoral Thesis for obtained the Doctor of Technical Sciences degree in speciality 05.14.08 — Transformation of
renewable energy. Vinnytsia National Technical University, Institute of Renewable Energy of the National Academy
of Sciences of Ukraine, Kyiv, 2021. The Doctoral thesis is focused to the decision of tasks of development and
perfection of models and methods of renewable energy sources (RES) efficiency increase, in particular, scientific
and technical means of increase of energy efficiency of photovoltaic modules due to definition of their residual
resource by means of neuro-fuzzy modeling, and also, normative-regulatory bases of, and assessments of their
sensitivity to the reservation of power and electricity for balancing, namely the compensation of uneven
generation schedules by wind (WPPs) and photovoltaic plants (PVPs), by the method of criterion programming.
Therefore, the peculiarities of RES operation in Ukraine and in the world and their impact on the power system in
modern conditions, as well as the main negative features of electrical networks that reduce the efficiency of RES,
in particular the problem of balancing in power systems caused by insufficient maneuverability in power system of
Ukraine. Also, the ways of taking into account the type of power sources, voltage level, consumption schedule,
non-uniformity of generation schedule are substantiated, which will allow achieving maximum results in adjusting
the energy strategy and development of RES in a particular region. It is shown that the normal state of electrical
networks of the power system is an important condition for the implementation of efficient use of RES. A method
for determining the set of influential meteorological factors on the amount of RES electricity generation with an
uneven generation schedule depending on their location was developed, which allowed forming a sample of the
most informative meteorological factors for forecasting their hourly schedule of generation on the next day. A
method for assessing the technical condition of the photovoltaic module using neuro-fuzzy modeling and expert
evaluation of specialists is proposed, which, unlike existing methods, creates conditions for more accurate
determination of the actual generation of PVPs with their participation in balancing power systems and, as a result,



reducing penalties. sanctions and increasing economic efficiency. A method for optimizing the cost of increasing
the energy efficiency of RES in the electricity balance of the power system by the method of criterion
programming, which allows determining the proportionality of costs of different methods of power back up to
compensate for uneven schedules of RES generation and a method of analyzing the economic sustainability of
energy efficiency costs. Methods of power reservations by analyzing their sensitivity by the criterion method,
which allows determining the impact of each of the methods of reservation on the costs. A method of combined
use of different types of renewable energy sources in energy supply systems is proposed, which consists in
optimizing hydrogen and electricity supply for an integrated hydrogen-electric energy system taking into account
energy distribution between different aggregators by the criterion of cost minimum value of hydrogen and
electricity. A method for detecting faults of photovoltaic modules online has been developed, which in the
development of the existing monitoring method is based on information collected by SCADA systems of
photovoltaic installations and experience of operating personnel, taking into account the sensitivity of PVPs
generation by criterion method and increase the efficiency of PVPs as a whole. The fault tree of the photovoltaic
module was developed, which allowed identifying main events that require special attention and operating
conditions that lead to the intensive development of these defects. The method of criterion programming has been
improved for problems with the model of costs for compensation of non-uniformity of RES generation schedule
with a degree of complexity greater than one, which allows to express some redundancy costs through others and
compare their efficiency in relative units. Keywords: energy efficiency, renewable energy sources, non-uniformity
of generation schedule, electricity balance, chemical storage, hydrogen installations, photovoltaic stations, wind
power plants, photovoltaic module, technical condition.
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