O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U001498
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 10-04-2024

Craryc: Haka3 npo Bugady gumnioma

PexBizutu Hakasy MOH / Haka3y 3aKsazgy: N° HCBC/60 /24 Bin 04.07.2024

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MaptuHI1oK Bagum Iroposuy

2. Vadym I. Martyniuk

KBasmigikamis:

Imentudikarop ORCID ID: 0000-0003-0882-5114

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi ceniaabHOCTI: 171

Ha3Ba HayKoOBOIi CIeniaJIbHOCTI: Esexrponika

T'asmy3b / rasysi 3HaHB: eneKTPOHIKa Ta TeJEKOMyHIKaLjii
OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTi: EnekrpoHika
JlaTa 3axXHCTYy: 14-06-2024

CnenianbHICTB 32 OCBIiTOIO: EnekTpoHiKa

Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Indp cneuniasnizoBaHoi BYU€HOI pasu (pa3oBoi creniaaizoBaHoi BYeHOI pagu): 1d 26.002.126; ID
5291

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainn "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yz. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

V. BimoMocTi npo guceprariio
MoBga guceprTaliiii: Vkpaincbka
Koau TeMaTHYHHX PYOPHK: 45.37

Tema gucepranii:
1. Cucrema guHaMiyHOI KOMYTallii TOMOJIOTii COHSIYHUX [TaHeJsIel 3 BpaXyBaHHSIM OCOOJIMBOCTEN XMapHOTO [1IOKPUBY

2. Dynamic commutation system of the topology of solar panels taking into account the characteristics of the
cloud cover

Pedepar:

1. Incepraniiina po60oTa IpUCBIY€Ha CTBOPEHHIO CUCTEMU AMHAMIUYHOI KOMyTallii TOIOJIoTii COHAYHMX ITaHeJlel Ha
OCHOBi CTBOPEHHSI iX YTOUHEHOI BOJIbT-aMIIEPHOI XapaKTEPUCTUKU Ta MOJEI0OBAaHHS XMapHOIO IIOKPUBY, 110
I03BOJISIE BU3HAYMTH TOIOJIOTII0 KOMYTallil COHSYHMX MTaHesIen 31 MaKCUMi3allielo BUXiZHOI OTY>KHOCTI. Y IepuomMy
PO37iJi TPOBENIEHO aHai3 HagBHUX METO/IB OLIiHKM MIOTEHIIiaNy COHSYHOI €eHeprii Ta ii OCHOBHUX IapaMeTpiB.
BrKOHaHO AOCIIP)KEHHS Cy4aCHOTO CTaHy PO3BUTKY HaIliBIIPOBiJHUKOBUX [I€PETBOPIOBAYIB COHAYHOI €HEPTii,
0Cc06MBOCTEN iX (PYHKIIIIOBAaHHS B yMOBaX YaCTKOBOTO 3aTiHEHHS, a TAKOX CIIOCO0iB 3MEHIIEHHS IOr0 HETaTUBHOTO
BILIMBY. [IpoaHasnizoBaHO CTaH PO3BUTKY €KBIBAJIEHTHUX CXEM 3aMillleHHS, MaTEMAaTUYHUX MOJEJIEN Ta TOIOJIOTIMN.

JleTasibHO PO3IJISIHYTO MaTeMaTHUYHI MoZiesii XMapHOro MoKpuBy. [TpoBeneHo kinacudikallito Ta MopiBHSIbHUN



aHasi3 MeToiB reHepallii 306pakeHb XMapHOT'O MOKPUBY HAa OCHOBI BUKOPUCTAHHSI LIyMiB. Y Ipyromy po3pini
HaBe[leHO MaTeMaTH4Hi CIiBBiIHOLIEHHS, SIKi OMIMCYIOTh YIOCKOHAJIEHYy MOZeJIb COHSIYHOI MaHei, 1o 6ya
OTpUMaHa Ha OCHOBI aHaJli3y €KBiBaJICHTHUX CXEM 3aMillleHHs1. 3allpOIIOHOBAHO [jBa CIIOCOOM BU3HAUEHHS
IapaMeTpiB MOJIEJl, a caMme CIoci6 nepedbopy KoeillieHTiB ileaJbHOCTI Ta ONOPiB. PO3IISIHYTO 0COOINBOCTI
aJIrOPUTMIB 3a[IPONIOHOBAHMX CIIOCOGIB Ta HaBEJIEHO PEKOMEH ALl 1[0/10 BUKOPUCTAHHS BaroBux PyHKIii, o
I03BOJISlE OTPUMATH Oi/IbII TOYHY OLiHKY 3Ha4eHb IlapameTpiB Mojeli. 3aliporIOHOBaHe BUKOPUCTAHHS METOY
IIPOCTOI iTepallii Ta MeTony pesakcallii 1711 BUpilleHHs] TPAHCLIEHAEHTHUX PiBHSHB i 3a6e31e4eHHs 301KHOCTI
qucesibHUX MeTOfiB. [ToKa3aHo, 0 HaliMeHIIi 3Ha4YeHHs TIOX1O60K anpokcumMaliii 3abesnedye I'ayciBcbka BiKOHHA
dyHKuis. HaBeieHO po3paxoBaHi 3HaUeHHs NTapaMeTpiB Moei AJ1s1 coHssuHux rnaHesneit KC200GT Ta ST40.
[TpoBeneHo NOPiBHSIbHUI aHai3 3alIPOIIOHOBAHUX CIIOCO0IB BU3HAUEHHSI ITapaMeTpiB MOJieJli 3 CyYaCHUMU
METOAAMU, IIPELCTaBIEHUMY B jliTepaTypi. [lopiBHAHHA 31ilicHIOBaNOCA Oi1d cOHAYHUX nanenern KC200GT ta ST40
i BCTaHOBJIEHO, 110 3aIIPONIOHOBAHI CIIOCOOM BU3HAUYEHHSI [TapaMeTPiB 3a06€3Me4yI0Th Kpally allpOKCUMallilo BOJIbT-
aMIIEpHUX XapaKTEPUCTUK. [IpoBeleHO BU3HAYEHHS 3aJI€5KHOCTI TapaMeTPiB Y 0CKOHAJIEHOI MOZEJIi COHSYHOI
IIaHeJli BiJ PiBHS ONPOMIHEHOCTI Ta TEMIIEPATyPU 3 HAaBEEHHSM BiJl[IOBiIHUX 3Ha4eHb I0XxUOOK. TpeTiil po3zin
IIPUCBSIYEHUI CTBOPEHHIO MAaTEMATUYHOI MOJIeJli XMapHOro MOKpuBY. ONKUCAaHO 0COOIMBOCTI 3aIIPOIIOHOBAHOI
MoOJeJli XMapHOTo [TIOKPYBY, 32CHOBAHOI Ha aHaJli3i CIIEeKTPaJIbHUX XapaKTePUCTUK 300paskeHb XMap Pi3HOTO BUAY.
[TokaszaHo, 110 Ha OCHOBI JaHOi MOJIeJli Ta BUXiTHOTO 300pakeHHS XMApHOI0 IIOKPUBY 3[ilICHIOETbCSI FeHepallis
300pakeHHs XMap, SKi BiITBOPIOIOTb OCHOBHI OCOOJIMBOCTI BUXiTHOTO. 3aIIPOTIOHOBAHE BUKOPUCTaHHS BaroBoi
(dyHKUi 17151 CIPOIEHHS aHali3y BUXiTHUX 300paKE€Hb Ta 3MEHIIEHHS BIJIMBY SIBUILA BUTIKAHHS CIIEKTPY.
PosrsisHyTO cI10ci6 BU3HAUYeHHS [IapaMeTpiB CTBOPEHOI MOeli Ta LOCTIiI>KeHO 0CcO6IMBOCT] (pa30BO-4aCTOTHO]
XapaKTEPUCTHUKU i criocoOy ii reHepauii. /17151 anpokcumalii aMIliTyJHO-4aCTOTHOI XapaKTepUCTUKU BUKOPUCTaHO
METOJY PErPECIHOr0 aHaji3y Ta roJIOBHUX KOMIIOHEHT. HaBeieHO NpUKIIaLl BUKOPUCTAHHS 3 BUSHAYEHHIM
3HAYeHb [1apaMeTPiB MOZeJIi sl HOCIiIPKyBaHOTO 300pasKeHHSI XMapHOTO ITOKpUBY. [IpoBejeHO OPiBHSJIbHUN
aHaJli3 3alpOIIOHOBAHOI MOJeJli 3 aJIFTOPUTMOM CIIEKTPAJIbHOTO CUHTE3Y. BU3HaueHO MOXMOKY allpOKCUMallii, sIKi
3a0€e3M1e4yI0Th PO3IJISIHYTI Mofeli. [IpoBelileHO OPiBHSIHHS 3HaUY€Hb [TapaMeTPiB MOAEI 31 3HAUYEHHSIMH,
OTPMMAaHMMU METOZIOM Ilepebopy, 0 BKa3ye Ha €PEKTUBHICTb PO3P0O06IE€HOI MoAei. YeTBepTUil po3misn
IIPUCBSIYEHUN KOMITIOTEPHOMY MOJIEJIIOBAaHHIO BOJIbT-aMIIEPHUX XapaKTePUCTUK Ta XapaKTepUCTUK BUXiIHOI
IIOTY>KHOCTI MacCHBY COHSIYHUX IIaHesiel Ha ocHOBi nanesi KC200GT B nporpamHomy cepenosuii Matlab Simulink.
Po3po6seHo Ta 0NMCaHO CXeMHI MOZeJli HEKOMYTOBAaHOTO Ta KOMYTOBaHOTO MACHBIB COHSTYHUX MaHEJIeN Ta
HaBe[leHO O0COBJIMBOCTI iX BUKOPHCTaHHS 3 HaBeJeHHSIM HeoO0XiJHINX PO3PaxyHKiB IapaMeTpiB. 3MOZeJIbOBaHi
poboTa cucTeMy JUHAMIYHOI KOMYTallil Ta IepeMUKaHHs TOIOJIOTii MACUBY COHSIYHUX I1aHesIei Iif yac
(OYHKUiIOBaHHA 17151 320€3[1€YEeHHS] MaKCUMaJIbHOI BUXiJHOI IOTY>KHOCTI B yMOBaxX 4aCTKOBOTO 3aTiHEHHS. OTPUMaHO
BUXIi[IHI XapaKTEPUCTVKU [JIg NOCIIiIKYBaHMX MACUBIB Ha OCHOBI 3Ha4€Hb NIapPaMETPIiB MOJEJIEN COHSAYHOI ITaHesli Ta
XMapHOTo ITOKPUBY, sIKi 6yJI1 OTPUMaHI B [10IlepeiHiX po3zinax. [IpoBeeHo NOpiBHJIBHUM aHali3 JaHOI CUCTEMU 3
HEKOMYTOBaHUM MaCHBOM 3 METOIO OLiIHKU €(EeKTUBHOCTI 3alIPOIIOHOBAHOTO AJIFTOPUTMY KOMYTallii, 1110
HiATBEPAUJIO TEOPETUYHI PO3PAXyHKU Ta IPABOYMHHICTb PO3PO0JIEHOI CUCTEMU IMHAMIYHOI KOMyTalii i

3aIIPOINNIOHOBAaHUX MATEMATUYHUX MO,H,EJIGI;I COHSIYHUX TMIaHeJIen 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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