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1. TlinBumeHHs eHeproedeKTUBHOCTI BiTHOBIIOBAaHUX [IKEPeJl eHeprii B 6asaHCi eJIeKTPOoeHeprii eHepreTUYHUxX

CHUCTEM

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

Pedepar:

1. Inceprauis Ha 3M06YTTSI B4EHOTO CTYIEHS JOKTOpA TEXHIYHMX HAyK 3a creuianbHicTio 05.14.08 -
«IlepeTBOPIOBaHHS BiJHOB/IIOBAHUX BUIiB €HEPTii» BiHHMIIbKNI HAlliOHAJIbHUI TEXHIYHUI YHIBEPCUTET, IHCTUTYT
BigHOBIOBaHOI eHepreTukyu HAH Vkpainu, Kuis, 2021. [luceprallis npucBSY€Ha BUPIIIEHHIO IUTaHb PO3POOJIEHHS 1
YVIOCKOHAJIEHHSI MOJIeJIEN i METOZIB NifgBuIeHHs eHeproedekTuBHOCTI BIIE, 30KpeMa, po3po6JIsOThCSI HAYKOBO-
TexHiYHi 3aco0u nifBULIeHHS eHeproePeKTUBHOCTI POTOEIEKTPUYHUX MOAYJIIB 32 paXyHOK BU3HAYEHHS iX
3aJIMIIKOBOTO PECYPCY 3aC00aMU HEHPO-HEUiTKOrO MOJIEe/IIOBaHHS, a TAaKOXK, HOPMaTHUBHO-PEryJII0Ba/IbHI 3acaid

nifgBUILEHHS eHeproegeKTuBHOCTI BJIE muisixom onTrMisalii BUTpaT, Ta OLiHKY iX YyTJIMBOCTI, Ha pe3€PByBaHHS



IIOTY>KHOCTI Ta €JIEKTPOEHEPTil 17151 6ajlaHCyBaHHS, a CaMe KOMIIEHCALlil0 HEPIBHOMIPHOCTI rpadikiB reHepyBaHHS
BiTpoBuMU (BEC) i poToenexkTpuunumu cranuisimu (PEC), MeTonom KpUTepiasbHOTO IIporpamyBaHHs. Tomy,
copmoBano ocobauBocTi PpyHKUioHyBaHHs BIIE B Ykpaini Ta y cBiti i ix Biyine Ha EEC B cyyacHUX yMOBax, a TaKoX
BU]IiJIEHO OCHOBHI HETaTHUBHI 0O3HAKU €JIEKTPUYHUX MEPEXK, 1[0 3MEHIIYIOTh e(peKTUBHICTb BJIE, 30kpema npobiemu
0aslaHCYBaHHS B €JIEKTPOEHEPTreTUYHUX CUCTEMAX, SKi CIPUYMHEHI HEIOCTaTHIM 06CSTOM MaHEBPEHOI OTY>KHOCTI
B OEC Vkpainu. A TakoXX, OOI'DyHTOBAHO IIJISIXU BpaxyBaHHS TUILY JI>KepeJl >KUBJIEHHS, piBHS Hanpyru, rpadiky
CIIO)KMBaHHS1, HEPIBHOMIPHOCTI rpadiky reHepyBaHHs, 110 JACTb 3MOTY IOCIITH MaKCHMaJIbHUX PE3YyJIbTaTiB I1pU
KOPUTYBaHHI €HePreTUYHOI CTpaTerii Ta PO3BUTKY BiJHOBJIIOBAHOI €EHEPTETHUKU KOHKPETHOT'O perioHy. [lokasaHo, mo
HOPMAaJIbHUI CTaH €JIEKTPUYHUX MEPEXK €EHEPrOCUCTEMH € BXJIMBOIO YMOBOIO 7151 pearisallii e(peKTMBHOro
BukopuctanHs BJIE. Po3po6yieHo MeTos, BUBHaY€HHSI MHOXKUHU BIJIMBHUX METEOPOJIOTIYHUX (DaKTOPiB Ha OOGCST
reHepyBaHHs esekTpoeHeprii BIE 3 HepiBHOMIpHMM rpadikom reHepyBaHHS B 3aJ7I€XKHOCTI Bif, Micld ix jioKaii, mo
103BOJINJIO c(pOpMYBaTH BUOIpKy HalliH(OPMATHUBHIIINX METEOPOJIOTiYHUX (PAKTOPIB 1J1s1 IPOTHO3YBaHHS iX
reHepyBaHHSI Ha HACTYIHY 00y 3a MOTOAMHHMM rpadikom Ta IiaHyBaHHS iX eKCIyaTallii 3 MeTOoI0 MiJgBUIIeHHS
eHeproedekTuBHOCTI BJE. 3apornoHOBaHO METOJ], OLIiHIOBAaHHS TEXHIYHOIO CTaHy (POTOEJIEKTPUIHOTO MOTYJISI
®EC 3 BUKOPUCTaHHSM HEHPO-HEUiTKOTO MOJIEeJIIOBaHHS Ta eKCIIePTHOI OLiHKM ¢axiBLiB, 110, HA BiAMiHY Bif,
iCHyI0YMX METOZiB, CTBOPIOE YMOBU JJ1s1 GisIbLI TOYHOTO BU3HAUYEHHS dakTuyHOro reHepyBanHs OEC ripu yyacTi ix B
OaslaHCyBaHHI pE>KMMiB €HEPrOCUCTEM i, SIK pe3yJbTaT, 3MEHIIeHHs TpapHUX CAHKLIii Ta MiBAIEHHS
€KOHOMI4HOi edeKTUBHOCTI. Po3pobseHo meTop ontumisaliii BUTpat Ha nigsuieHHs: eHeproedektuBHocTi BJE B
6asaHCi e1IeKTpOEeHEePrii eHepreTUYHOI CUCTEMU METOLOM KPUTEPiaIbHOTO IIPOrPaMyBaHHS, 110 103BOJISIE
BM3HAUUTYU CIIiIBPO3MipHICTh BUTPAT Pi3HUX CIIOCOOGiB pe3epBYBaHHS €JIeKTPOeHeprii 1711 KoMIIeHcallii
HepiBHOMipHOCTI rpa@ikis reHepyBanHs BJIE Ta MmeTon aHai3y eKOHOMIYHOI CTIIKOCTi BUTPAT Ha 3a0€311€UYEeHHS
eHeproedexTuBHOCTI BIIE B 6ayaHCi e1eKTpoeHeprii eHepreTUYHOi CUCTEMU [I0 3MiH OTYXHOCTI CIIOCO6iB
pe3epBYyBaHHS €JIEKTPOEHEPTii IIISIXOM aHai3y iX 4yTIMBOCTI KpUTEPiaIbHUM METOMOM, SIKUU J03BOJISIE BU3HAYUTHU
BILJIMB KOXKHOTO 3i ClIOCOG6iB pe3epByBaHHS Ha BUTPATX IIPY HEMOBHOTI BXifHOI iHdpopMallii. 3anIporioHOBaHO METOS
KOMOIHOBaHOTO BUKOPHCTaHHSI B CUCTEMAaX €HEProloCTavyaHHS BiHOB/IIOBAHUX JI>)Ke€peJl €HePrii pi3HUX BUJIIB, IKUI
roJiArae B ONTUMI3allii BOJHE- Ta €JIEKTPOIIOCTaYaHH IJIs iIHTETPOBAHOI BOGHEBO-E€JIEKTPUYHOI EHEPreTUYHOI
CHACTEMH 3 YpaxyBaHHSIM PO3IOJiNy eHePrii MK pi3HMMHU arperaTopamu 3a KpUTepieM MiHiMaJIbHOTO 3HAaYEHHS
BapTOCTi BOAHIO Ta eJleKTpoeHeprii. Kito4oBi cioBa: eHeproepeKTUBHICTb, BilHOBJIIOBAHI iKepeJia eHeprii,
HEepiBHOMIPHICTb rpadiKy reHepyBaHH4, 6ajlaHC €JIEKTPOEHePrii, XiMiYHi HaKON14YyBadyi, BOJHEB] yCTAaHOBKY,

doTroenekTpryHi cTaHLii, BITPOBI eeKTpuYHi cTaHMii, POTOeNeKTPUYHNN MOYJIb, 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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