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Pedepar:

1. IBanuyk B.IO. BusHaueHHs napameTpiB GOTOENEKTPUYHUX O6aTapeil B 0JIbOBUX yMOBax. — KBanidikauiiiHa
HayKoBa Ipalsl Ha IIpaBax pyKonucy. Jluceprallis Ha 31,00yTTs1 HAYKOBOT'O CTyIeHs loKkTopa ¢inocodii 3a
crienianpHicTIO 141 EfleKTpOEHEPreTHKa, €JIEKTPOTEXHIKA Ta €JIEKTPOMEXAHIKa, rajnysb 3HaHb 14 Enekrpudna
imkeHepisa. HanioHasbHUIM TEXHIYHUY yHiBepcUTET YKpaiHu «KUIBCLKUM MOJITEXHIYHNY IHCTUTYT iMeHi Irops
Cixopcbkoro», Kuis, 2025. [lucepraiiline fOCHiIpKeHHs IPUCBSYEHE BUPILIEHHIO aKTyaJIbHOTO HAyKOBOT'O 3aBIaHHS,
10 IT0JIATA€E B OLIiHIli CTaHy IPOMUCJIOBUX (POTOETIEKTPUYHMX MOJYJIB B yMOBAaX iX €KCIIyaTalii IIsXoM

BCTAHOBJICHHS MOJI€Jli IOBEIiHKY BOJIbT-aMIIEPHUX XapAaKTEPUCTHK, 3 YPaxyBaHHSM BIUINBY (Pi3UYHUX IPOLECIB B



HaMiBIPOBiIHUKOBUX MaTepianax NpU Pi3HUX PiBHSX COHSAYHOI pafialii Ta HABAHTaKEHHSI. B po6OTi NpoBeieHo
JliTepaTypHO-NIaTEHTHUI MOMIYK 33 TEMOIO IUCEPTALITHOTO NOCiI)KEHHS, BAKOHAHO OLiHKY 3arajbHOrO CTaHy Ta
CBITOBUX TEHZEHLIN PO3BUTKY AaHOi ranysi. PO3IJIsIHYTO iCHYIOUi METOIY MOJEJIIOBAHHS (POTOEIEKTPUUHUX
€JIEMEHTIB, BU3HAYEHO HASBHI aHAJIITUYHI Ta METAEBPUCTUYHI MiAXOAM O €KCTPaKLii ix mapameTpis.
[TpoaHasnizoBaHO OCHOBHI HEJIOIIKM Cy4aCHUX METO/IiB MOZEJIIOBAaHHS, a CaMe BUCOKi BUMOTH 10 OGUNCIIOBAJIbHUX
pecypciB, CIIpOLIeHHS CKIaAHUX Qi3nyHUX ITpoleciB GOpMyBaHHS CTPYMY Y POTOEIEKTPUYHUX eJIEMEHTax 1o
CYIEePNO3ULiTHUX MOZEJEN i, SIK Pe3yJIbTaT, HeJOCTATHS BiJIIOBIIHICT MOJI€JIEN pealbHUM €KCIIEPUMEHTAIbHUM
OOCiIXeHHIM. JJOCIiIpKeHO NPOsIBU PE3UCTUMBHYX BTPAT Ta PpeKOMOiHallill HOCIIB Ha BOJIbT-aMIIE€PHi
XapaKTepPUCTUKY ITPOMUCIIOBUX KpeMHieBUX GOTOEIEKTPUIHUX MOYJIiB. PO3p06ieHO Ta BUTOTOBJIEHO HA OCHOBI
MiKpoKoMITIoTepa Raspberry Pi aBTomaTi30BaHy CUCTEMY BUMIPIOBAaHHS BOJIbT-aMIIEPHUX XapaKTePUCTUK
(POTOENIEKTPUYHNX MOAYJIIB B II0JIbOBAX YMOBAX METOJIOM 3apsIKaHHS €MHOCTI Pa30M 3 BiIOBiTHMM [TPOrPaMHUM
3abe3neyeHHsIM. BUKOHAHO eKCliepUMeHTaslbHi JOoCiIKeHHS GOTOeIeKTPUIHMX MOYJIiB B IIOJIbOBHX YMOBAX, B
Bizg 50 1o 900 Bt/M2. [17151 06pOOKM €KCIIEPUMEHTAIbHUX JAaHUX PO3POOJIEHNI KOMIIJIEKCHUI aallTUBHUIN
pobacTtHuil anroputm QinbTpallii, o N03BOJISIE YCYHYTH BIVIMB MOXKJIMBUX pajfliallilHUX Ta TEMIIEPATYPHUX
daykTyaliii, TpuTaMaHHMX BUMIpIOBaHHSIM B I10JIbOBMX YMOBaX HaBiTh Ha iHTepBajax AeKinbka ceKyHn. OTpUMaHO
aHaJIITU4HI 3aJI€5KHOCTI, SIKi JO3BOJISIIOTH 1PV BU3HAUEHHI IapaMeTpiB (OTOEIEKTPUYHUX MOYJIiB PO3MINTH BILJIUB
€JIEKTPUYHUX BTPaT (MOCJIiZOBHOTO OIOPY) Ta pEKOMOIHALIIHUX MTPoLeciB ((PaKTOpy ineanbHOCTI Ta 3BOPOTHOTO
CcTpyMy) Ha GOpMyBaHHS BOJIbT-aMIIEPHUX XapaKTE€PUCTHK, BUBHAYEHO OLiHKY [1JIS IIOCJIiIOBHOT'O OIIOPY BTPAT.
Po3po6seHo TeopeTUYHY MOZeb 11711 BU3HAUYEHHS IIapaMeTpiB POTOeIeKTPUYHUX MOJLYJIiB IPU Pi3HUX 30BHILIHIX
yMOBaxX COHSIYHOI pajianii Ta Temneparypuy. BusHayeHo aHaniTHYHI 3a1e>XHOCTi napameTpis OM Bix Hanpyry, a
came (HaKTOpy iAeasnbHOCTI Ta 3BOPOTHOIO CTPYMY HaCUYEHHS, SIKi JO3BOJISIIOTh aHaJi3yBaTh OCOOJIMBOCTI IPOLIECIB
pexkomobiHarii HociiB Ta esekTpuYHuX BTpaT. [TokazaHo, 1o B 061aCTi IPSIMOI HAIPYTH HIDKYE TOYKA MAaKCUMAaJIbHO]
IIOTY>KHOCTI KoeQillieHT ifeasbHOCTi MOXKe 3HAaUHO II€PEBUIILYBaTH 2, 10 [1OB’13aHO 3 peKoMbiHalli€lo Ha
MIiKPOCTPYKTYPHUX Ta IOBEPXHEBUX Je(peKTaxX IPOMUCIIOBUX POTOETIEKTPUYHUX MOJIYJISIX, BATOTOBJIEHUX 32
Cy4aCHMMM TEXHOJIOTiSIMU. B KiTacCMYHMX MOJiensIx peKoMOiHallil, sIKi He BpaxoBYIOTb IiepestideHi nedexTy, e
KoedilieHT Mae 6yTu B MeXXax Bif, 1 1o 2. Po3po0s1eHO MeTOAUKY Ta IIpOrpaMHe 3a0e3IeYeHHs, 0 J03BOJIUIIO
BIIEpLIE 3aCTOCYBATH 3alIPONIOHOBAHY OJHOAIOLHY MOZEb (POTOEIEKTPUYHOIO €JIEMEHTA 31 3BMiHHUMMU
rapameTpamu Ta iXHiMU 3aJIEXKHOCTSIMU Bifl HAIIPYTU 171 ONKCY BOJIbT-aMIIEPHUX XapaKTEPUCTUK
doToeNeKTpUYHNX MOAYJIIB Ha BiAMiHY Bif] 3arajibHONPUIHSITOIO BUKOPHCTAHHS 1BOX- 200 TPhOXAiONHUX MoZesiei
3 pikcoBaHMMMU TapameTpamu. OCTaHHi 3aCHOBaHI Ha Cynepno3ulii 1ioAHUX CTPYMIB i He BioOpakaloTh CKIaJHOTO
(isM4HOrO Xapakrepy (pOpMyBaHHS CTPYMY B (POTOEJIEKTPUYHUX €JIEMEHTaX. BiATBOPEHHS BOJIbT-aMIIEpPHUX
XapaKTEePUCTUK (POTOENIEKTPUIHUX MOJIYJIiB 3 BUKOPHUCTAHHSIM OJHOMIOOHOI CXeMU 3aMillleHHS 31 3BMiHHUMU
IapameTpaMu JEMOHCTPYE 3Ha4€HHS HOPMaJli30BaHOT'O CEPENHbOKBAIPATUYHOIO BiIXUJIEHHS BiJl
€KCIIEPMMEHTAJIbHUX JaHuX nopsagky nRMSE ~ 2-1008 i koedinienT kopenduii R? B mexxax 0.99994-0.99999, mo
NepeBeplIye pe3ysbTaTh pO3PaxyHKiB B paMKax OJHOIOAHOI Moaesi 3 GiKCOBAaHUMU NTapaMeTpaMu
doTroenekTpryHUX MOy iB. Kit04oBi C10Ba: BiZlHOBJIIOBaHI [KepeJsia eHeprii, poToeseKTpuiHa CTaHLjf,
(OTOENEKTPUYHUI MOZYJIb, COHSTYHUI €JIEMEHT, BOJIbT-aMIIepHA XapaKTePUCTHKA, NePeKT, CUCTeMa BUMipIOBaHHS,
MoJeib, KoeilieHT ifeanbHOCTI i0/1a, ONIOPU €JIEKTPUYHMX BTPAT, CTPYM KOPOTKOTO 3aMUKaHHSI, peKOMOiHallisl B
HaniBNnpoBigHMKax. HaykoBi npati B IKMxX OIy6/1iKOBaHi OCHOBHI HayKOBi pe3yJsibTaTu AucepTaii: Pesynbratu
IYCepTalifHOrO AOCiIpKEHHs BUCBITJIEHI B 7 HAYKOBUX IIPallsiX, B TOMY YMCJIi B 5 CTATTAX y NEPIiOJNYHNUX HAYKOBUX
(axoBUX BUAAHHSX YKpaiHM (Ha MOMEHT OIy6JIiKyBaHHS) 3a clieljiaibHicTio 141 EnekTpoeHepreTuka,
€JIEKTPOTEXHIKa Ta €JIEKTPOMEXaHiKa, sKi IPOiHIEKCOBaHi y 6a3ax Scopus, a TaKOX 2 Te3 ONOoBifnel Ha

Mi’KHAPOJIHUX HAYKOBO-TIPAaKTUYHNX KOH(EPEeHLIisX.

2. Ivanchuk V.Y. Determination of the parameters of photovoltaic modules in the field conditions. - Qualifying
scientific work on manuscript rights. Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
specialty 141 Electric power, electrical engineering and electromechanics in the field of knowledge 14 Electrical
engineering. National Technical University of Ukraine “Ihor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2025. The



dissertation study is devoted to solving an urgent scientific task, which is to assess the condition of industrial
photovoltaic modules in their operating conditions by establishing a model of the behavior of current-voltage
characteristics, taking into account the influence of physical processes in semiconductor materials at different
levels of solar radiation and load. In this work, a literature and patent search was conducted on the topic of the
dissertation research, an assessment of the general state and global trends in the development of this industry was
performed. The main disadvantages of modern modeling methods are analyzed, particularly their high
computational requirements, the simplification of complex physical processes of current generation in
photovoltaic cells into superpositional models, and, as a result, the insufficient correspondence of the models to
real experimental investigations. The manifestations of resistive losses and carrier recombination effects on the
current-voltage characteristics of industrial silicon photovoltaic modules are investigated. An automated system
for measuring the current-voltage characteristics of photovoltaic modules in field conditions was developed and
manufactured based on a Raspberry Pi microcomputer, using the capacitance charging method. Experimental
studies of photovoltaic modules in field conditions were conducted, resulting in more than thousand
measurements under varying environmental conditions. For processing the experimental data, a comprehensive
adaptive robust filtering algorithm has been developed that eliminates the influence of possible radiation and
temperature fluctuations inherent in field measurements, even over intervals of only a few seconds. Analytical
dependencies have been obtained that allow separating the influence of electrical losses (series resistance) and
recombination processes (ideality factor and reverse current) on the formation of current-voltage characteristics
when determining module parameters. An estimation method for series resistance losses was also proposed. A
theoretical model has been developed to determine the parameters of photovoltaic modules under various
external conditions of solar radiation and temperature. The analytical dependences of the photovoltaic module
parameters on the voltage, namely the ideality factor and the reverse saturation current, are determined, which
allow us to analyze the peculiarities of the carrier recombination processes and electrical losses. It is shown that in
the forward voltage region below the maximum power point, the ideality factor can significantly exceed 2, which is
associated with recombination at microstructural and surface defects of industrial photovoltaics manufactured
using modern technologies. In classical recombination models that do not take into account these defects, the
ideality factor is typically assumed to be between 1 and 2. A methodology and software have been developed that
allowed for the first time to apply the proposed single-diode model of photovoltaic cell with variable parameters
and their voltage dependencies to describe the current-voltage characteristics of photovoltaic modules response,
in contrast to the generally accepted use of two- or three-diode models with fixed parameters. The latter are
based on the superposition of diode currents and do not reflect the complex physical nature of current generation
in photovoltaic cells. The reproduction of the current-voltage characteristics of photovoltaic modules using a
single-diode equivalent circuit with variable parameters demonstrates a normalized root mean square error from
the experimental data on the order nRMSE ~ 2-100® and a correlation coefficient R? ranging from 0.99994 to
0.99999, which surpasses the calculation results obtained using a single-diode model with fixed parameters.
Keywords: renewable energy sources, photovoltaic power plant, photovoltaic module, solar cell, current-voltage
characteristic, defect, measurement system, model, diode ideality factor, electrical loss resistances, short-circuit
current, recombination in semiconductors. The results of the dissertation research are highlighted in 7 scientific
papers, including 5 articles in periodicals of scientific professional editions of Ukraine (at the time of publication)
in the specialty 141 Electric power, electrical engineering and electromechanics, which are indexed in Scopus
databases, as well as 2 theses at international scientific and practical conferences.
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MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBepCUTETCHKUIT



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

bynpko Bacuib IBaHOBUY

Bynbko Bacuib IBaHOBUY

IBanuyk Biagucnas KOpiftoBry

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



