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Pedepar:

1. Incepraniiina po60Ta IPUCBIY€HA CTBOPEHHIO CUCTEMU IMHAMIUYHOI KOMyTallii TONOJIOTii COHSAYHMX ITaHeJIe!d Ha
OCHOBI CTBOPEHHS iX YTOYHEHOI BOJIbT-aMIIEPHOI XapaKTEPUCTHKU Ta MOJEIIOBAHHSA XMAPHOTO IIOKPUBY, 11O
I03BOJISIE BU3HAYMTH TOIOJIOTiI0 KOMYTallil COHSIYHUMX NaHesed 31 MaKCUMi3allielo BUXiTHOI IOTY>KHOCTI. Y Iepmomy
PO3iJli IPOBEEHO aHaJIi3 HagBHUX METO/IB OLIHKM IIOTEHLIialy COHSYHOI eHeprii Ta ii OCHOBHUX I1apaMeTpiB.

BrKOHAHO AOCIIKEHHS Cy4aCHOIO CTaHy PO3BUTKY HaIliBIIPOBIZHUKOBUX [IEPETBOPIOBAYIB COHAYHOI €HEPTi],



0CO6MBOCTEN iX (PYHKIIiIOBAaHHS B yMOBax YaCTKOBOTO 3aTiHEHHS, a TaKOX CIIOCOOIB 3MEHIIEHHS 1OT0 HETATUBHOTO
BIIMBY. [IpoaHasnizoBaHO CTaH PO3BUTKY €KBiBAJIEHTHUX CXEM 3aMillleHHS, MATEMAaTUYHUX MOJIEJIEN Ta TOTIOJIOTIN.
JleTasnpHO pO3IJISIHYTO MaTeMaTHUYHi MoZesli XMapHOro NoKpuBy. [TpoBeneHo ki1acu@ikallito Ta NOPiBHSIbHUN
aHaJli3 MeTOJiB reHepallii 306pakeHb XMAapHOT'O [TIOKPYBY Ha OCHOBI BUKOPUCTAHHSI IIyMiB. Y IPyromy po3mimii
HaBe[leHO MaTeMaTH4Hi CIiBBiAHOLIEHHS, SIKi OMIMCYIOTh YIOCKOHAJIEHYy MOZeJIb COHSIYHOI aHesi, o 6ya
OTpUMaHa Ha OCHOBI aHaJli3y eKBiBaJIGHTHUX CXEM 3aMillleHHs. 3allpOIIOHOBAHO JjBa CIIOCOOYM BU3HAYEHHS
IapaMeTpiB MOJeJl, a caMe CIoci6 rnepedopy KoedillieHTiB ileasbHOCTI Ta ONOPiB. PO3IJISIHYTO 0COOIMBOCTI
aJITOPUTMIB 3alIPOTIOHOBAHUX CIIOCOOIB Ta HaBEIEHO PEKOMEH Iallii I[0J0 BUKOPUCTAHHS BaroBUxX (PyHKILiH, 1110
I03BOJISIE OTPUMATH GBI TOYHY OLiHKY 3Ha4eHb IlapameTpiB Mofieli. 3aliporIOHOBaHe BUKOPUCTAHHS METOLY
IIpoOCTOi iTepallii Ta MeTony pesakcallii 111 BUpilleHHs] TPAHCLIEHAEeHTHUX PiBHSIHB i 3a6e3ne4eHHs 3061KHOCTI
4yuCesIbHUX MeTOiB. [IoKka3aHo, 10 HalIMEeHIi 3HaY€HHs NIOXUO0K anpokcumaliii 3abesnedye I'ayciBcbka BIKOHHA
¢dyHKuUig. HaBeneHo po3paxoBaHi 3HaU€HHS NapameTpiB mogeri 4151 coHsyHux naxesneit KC200GT ta ST40.
[TpoBeneHo NOPiBHSIbHUI aHAai3 3aIIPOIIOHOBAHUX CIIOCO0IB BU3HAUEHHS ITapaMeTpiB MOjieJli 3 CyYaCHUMU
METOoZaMU, IIPEICTaBIEHUMY B jliTepaTypi. [lopiBHAHHA 31iliCHIOBaNOC 01 cOHAYHUX nanesnern KC200GT ta ST40
i BCTAaHOBJIEHO, 1110 3aIIPOTIOHOBAHI CIIOCOOM BU3HAYEHHS [IapaMETPiB 3a0€3MNeUyI0Th Kpally allpOKCUMALLil0 BOJIbT-
aMIIEpHUX XapaKTEPUCTUK. [IpoBeleHO BU3HAUYEHH 3aJI€5KHOCTI TapaMeTPiB Y O0CKOHAIEHOI MOZE COHSYHOI
IIaHeJli Bif, PiBHS ONPOMIHEHOCTI Ta TeMIIEpaTypU 3 HaBeJEeHHSM BiJ[IOBiIHUX 3Ha4eHb I0xUO0K. TpeTiit po3zin
IIPUCBSIYEHUI CTBOPEHHIO MAaTEMATUYHOI MOJIEJli XMapHOro NOKpUBY. ONMCaHO 0COGINBOCTI 3alIPOIIOHOBAHO]
MOJIeJli XMapHOTro IIOKPUBY, 3aCHOBAHOI Ha aHali3i ClIeKTPaJIbHUX XapaKTEPUCTUK 300Pa’keHb XMap Pi3HOro BUAY.
[TokaszaHo, 1110 Ha OCHOBI JaHOi MOJIeJli Ta BUXiTHOTO 300pakeHHs XMapHOI'0 IIOKPUBY 37ilICHIOETHCSI reHepallis
300pakeHHs XMap, SIKi BiITBOPIOIOTb OCHOBHI OCOGJIMBOCTI BUXiTHOTO. 3aIIPOTIOHOBAaHE BUKOPUCTaHHS BaroBoi
dyHKLII 17151 CrIpOLeHHS aHai3y BUXiIHUX 300pakeHb Ta 3MEHIIeHHS! BIUIMBY SIBUIIA BUTIKAHHS CIIEKTPY.
PosrsisiHyTO cI10ci6 BU3HAUYeHHS IIapaMeTpiB CTBOPEHOI MOIeIi Ta OCTIiIKeHO 0CO6IMBOCT] (Pa30BO-4aCTOTHO]
XapaKTePUCTHUKH i criocoOy ii reHepauii. /17151 anpokcumalii aMIIiTyJHO-4aCTOTHOI XapaKTepUCTUKU BUKOPUCTAaHO
METOJIY PErpeCiHOro aHasi3y Ta roJIOBHUX KOMIIOHEHT. HaBeieHO NpUKIIa, BUKOPUCTAHHS 3 BUBHAYEHHSIM
3HA4Y€Hb NapaMeTPiB MO 17151 JOCTIiIKYBaHOTO 306Pa’KE€HHS XMAapHOTO NOKPUBY. [IpoBejeHO MOPiBHSIbHUI
aHaJli3 3alpOIIOHOBAHOI MOJeJli 3 aJITOPUTMOM CIIEKTPAJILHOTO CHHTE3Y. Bu3HaueHo MOXUOKY allpoKCUMallii, sIKi
3a0€3M1e4yI0Th PO3IJISIHYTI Mofeli. [IpoBefieHO NOPiBHSIHHS 3HaU€Hb [TapaMEeTPiB MOAEI 31 3HAUEHHSIMH,
OTPUMaHMMU METOJOM NEPEOOPY, WO BKadye Ha €(PEKTUBHICTb pO3p006JIeHOI Mogesi. UeTBepTUll po3aisn
IIPUCBSIYEHUI KOMITIOTEPHOMY MOJIEJIIOBAaHHIO BOJIbT-aMIIEPHUX XapaKTePUCTUK Ta XapaKTePUCTUK BUXiIHOI
IIOTY>KHOCTI MacCHBY COHSYHUX IIaHesiel Ha ocHOBi nanesi KC200GT B nporpamHomy cepenosuii Matlab Simulink.
Po3po6seHo Ta onMcaHo CXeMHi MOZesli HEKOMYTOBAaHOTO Ta KOMYTOBaHOTO MACHBIiB COHSTYHUX IaHEJIeN Ta
HaBeJ,eHO OCOOJIMBOCTI iX BUKOPMCTAHHS 3 HABEIEHHSIM HEOOXiJHMX PO3PaxyHKiB IapaMeTpiB. 3MOJeIbOBaHi
poboTa cucTeMy JUHAMIYHOI KOMYTallil Ta IepeMUKaHHs TOIOJIOTii MACUBY COHSIYHUX I1aHeJsiei mif 4yac
(YHKUiIOBaHHS JJ151 3a0€3I1€YeHHsT MaKCUMaJslbHOI BUXiHOI IOTY>KHOCTI B yMOBax 4YaCTKOBOTO 3aTiHEHHS. OTpUMaHO
BUXiJJHI XapaKTE€PUCTUKY 1JI51 JOCJIiIP)KYBAaHMX MAaCUBIB HA OCHOBI 3HaY€Hb [IAPAMETPIB MOJI€JIE COHSYHOI ITaHesIi Ta
XMapHOTO [TOKPUBY, sIKi OyJI OTPMMaHI B [10NepeiHix po3zinax. [IpoBeneHo NopiBHSJIBHUN aHali3 JaHOI CUCTEMU 3
HEKOMYTOBAaHUM MacCHBOM 3 METOIO OLiHKY €(eKTUBHOCTI 3alIPOIIOHOBAHOT0O AJIFTOPUTMY KOMYTallii, 1110
IiATBEPAUJIO TEOPETUYHI PO3PAaXyHKU Ta IPABOYMHHICTb PO3PO0JIEHOI CUCTEMU IMHAMIYHOI KOMyTalii i

3aIIPOINIOHOBAHUX MATEMATUYHNX MOJJ,e]IeI/UI COHSIYHUX MaHeJien Ta XMapHOTO IIOKPUBY.

2. The dissertation work is devoted to creating optimal conditions for the operation of an array of solar power
modules and simultaneously maximizing energy production under existing weather conditions by creating a
system of dynamic commutation of the topology of solar panels, which determines the optimal structure of an
array of solar panels taking into account the parameters of cloud cover. In the first chapter, an analysis of the
available methods for assessing the potential of solar energy and its main parameters is carried out. A study of the
current state of development of semiconductor solar energy converters, features of their operation in conditions
of partial shading, as well as ways of reducing its negative impact is carried out. The state of development of
equivalent circuits, mathematical models and topologies is analyzed. Mathematical models of cloud cover are



analyzed in details. The classification and comparative analysis of cloud cover image generation methods based on
the use of noise is carried out. In the second chapter, mathematical relations are given that describe the improved
model of the solar panel, which was obtained on the basis of the analysis of equivalent substitution schemes. Two
methods of determining the parameters of the model are proposed, namely, the method of selecting ideality
coefficients and resistances. The features of the algorithms of the proposed methods are considered and
recommendations are given for the use of weight functions, which allows to obtain a more accurate estimate of
the values of the model parameters. The use of the simple iteration method and the relaxation method for solving
transcendental equations and ensuring the convergence of numerical methods is proposed. It is shown that the
smallest approximation error values are provided by the Gaussian window function. Calculated values of model
parameters for KC200GT and ST40 solar panels are given. A comparative analysis of the proposed methods of
determining model parameters with modern methods presented in the literature is carried out. The comparison is
made for KC200GT and ST40 solar panels and it is established that the proposed methods of determining the
parameters provide a better approximation of the I-V curves. The dependence of the parameters of the improved
model of the solar panel on the level of irradiance and temperature is determined, with the corresponding error
values. The third chapter is devoted to the creation of a mathematical model of cloud cover. The features of the
proposed cloud cover model, based on the analysis of the spectral characteristics of the image of various types of
clouds, are described. It is shown that proposed model based on the original image of the cloud cover generates
the cloud image, which reproduces the main features of the original image. The use of a weight function is
proposed to simplify the analysis of the original images and reduce the influence of the phenomenon of spectrum
leakage. The method of determining the parameters of the created model is considered, and the peculiarities of
the phase-frequency characteristic and the method of its generation are investigated. The methods of regression
analysis and principal component analysis are used to approximate the amplitude-frequency characteristic. An
example of use is given to determine the values of the model parameters for the cloud cover image under study. A
comparative analysis of the proposed model with the spectral synthesis algorithm is carried out. The
approximation error that provides the presented models is determined. The values of the model parameters are
compared with the values obtained by the brute force method, which indicates the effectiveness of the developed
model. The fourth chapter is devoted to the computer modeling of the I-V and output power characteristics of the
solar panel array for the KC200GT panel in the Matlab Simulink software environment. Schematic models of non-
switched and switched arrays of solar panels are developed and described, and the features of their use are given
with the necessary parameter calculations. The operation of the dynamic switching system and switching of the
topology of the array of solar panels during operation to ensure the maximum output power in conditions of
partial shading are simulated. The initial characteristics for the studied arrays were obtained based on the
parameter values of the solar panel and cloud cover models, which were obtained in the previous sections. A
comparative analysis of this system with a non-switched array is carried out in order to evaluate the efficiency of
the proposed switching algorithm, which confirmed the theoretical calculations and feasibility of the developed
dynamic switching system and the proposed mathematical models of solar panels and cloud cover.
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