O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0824U001593
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 18-04-2024

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JIyk'sHOB Mukosia OseKkciioBud

2. Lukianov Mykola Oleksiyovych

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIu¢p HayKoOBOi cCeniaIbHOCTI: 171

HasBa HayKoBOi cneniaJbHOCTI: Enexrponika

T'asy3b / rasysi 3HaHB: eneKTPOHiKa Ta TeJeKOMyHiKaLji
OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTi: Enekrponika
JlaTa 3axHCTy.

CrneniaJbHICTh 3a OCBITOIO: EnekTpoHika

Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KEeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS




I11. BizomMocTi mIpo aucepraiiiro

IIndp cneunianizoBaHoi BY€HOI pajaH (pa30Boi crieniaizoBaHoi BY€HO1 pazu). 1d 26.002.139; ID
5362

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

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

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

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

IV. BimomocTi Ipo nmigznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

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

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

V. BimomocTi npo guceprariio
MoBga auceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 45.37

Tema gucepranii:
1. Po3ocepenkeHa cucTema KMBJIEHHS €JIEKTPOTPAHCIIOPTY HA OCHOBI COHSIYHUX IIaHEJIeN

2. Distributed power supply system for electric transport based on solar panels

Pedepar:

1. Jlyk'ssHoB M.O. Po3ocepekeHa cucTema KMBJIEHHS! €JIeKTPOTPaHCIIOPTY HAa OCHOBI COHSTYHUX IaHeseil. —
KsanigikaniiiHa po6oTa Ha IpaBax pykonucy. Jlucepratlis Ha 3000yTTs1 HAYKOBOT'O CTyIIE€HS NOKTOpa (Ppinocodii 3a
crienjanpHicTio 171 - EnekTpoHika. - HaljionanbHNM TEXHIYHUN YHIBEpCUTET YKpaiHu «KniBCbKUi MOJITEXHIYHUN
inctutyT imeHi Iropst Cikopcbkoro» MOH Vkpainu, Kuis, 2024. [lucepraniiiHa po60Ta IpUCBSIY€Ha PO3BUTKY TeOpii
KEpYyBaHHS MOJYJIbHUMU [I€PETBOPIOBAYaMU COHSYHUX I1aHeJIeN Ha OCHOBI KOPEKLii CUTHAJIiB 3BOPOTHOTI'O 3B'5I3KY.

OTpuMaHi pe3ysbTaTy BHOCSITh 3HAYHUIM BHECOK B PO3BUTOK BiIHOBJIIOBAJILHUX JKlepes eHeprii i cucrem



JKUBJIEHHS! €JIEKTPOTPAHCIIOPTY. Y NEPLIOMY PO3/ijli MPOaHasi3oBaHO Cy4acHi 3aayi Mifl'eJHaHHS COHSYHUX
MaHesen 1o JIiHiN KUBJIEHHS €JIEKTPOTPAHCIIOPTY Pi3HUX PiBHIB 3MiHHOI 11 OCTiNHOI Hanpyru. [lokasaHo, mo
MiTK/II0YEHHS BilHOBJIIOBAHUX J)KEPEJ €HEPTii IO TATOBUX JIiHIN L,03BOJISIE 3HUBUTY HABAHTAXXEHHS HA
LIeHTPaJi30BaHi MifiCTaHIlii, a TAKOXX MOKPALIUTH SIKICTb €JIeKTpoeHeprii. [lyis BUBHaY€HHS TOYKY MiJ € JHaHHS
COHSIYHUX TaHeJIel IOPiBHSHO Pi3Hi METOIY MiJKJIIOUE€HHS 3 BUKOPUCTAHHSIM HU3bKOYACTOTHUX TPAaHC(OPMATOPIB,
iHTerpauii B JJaHKU [IOCTIHHOTO CTPYMYy KOHIMIIOHEPiB IIOTY>KHOCTI, JOJIaTKOBOT0 O0JIalHAHHS TSITOBUX JIiHI,
CHACTEM aKyMYJIIOBaHHS eHeprii. Ha 0CHOBI oriysy cyyacHUX TPeH[iB B POTOBOJIbTAYHMX CUCTEMAX i
[IEPETBOPIOBAJIbHIN TEXHilli 6yJI0 BUBHAYEHO aKTyaJIbHY HAYKOBY 33[1a4y PO3POOKU MOIYJILHOI CUCTEMU
MepeTBOPIOBAYIB, IO BKJIIOYAE B cebe BUHIp TOMOJIOrii MepeTBOPIOBaYiB, METOAUKY iX TTi € THAHHS [IJIsI
eeKTUBHOro MaclTabyBaHHs MOTYXHOCTI COHSIYHO]I CTaHLii I y3roJp)KeHHsI Hallpyrd MacuBiB (pOTOBOJIbTAYHUX
IIaHeJIe! 3 TATOBOIO MEePEXelo. Y IPyroMy po3ziji Ha OCHOBI pO3pPO6JIEHOI METOMKY MOPIBHSIHHS, 10 6a3yeThCs Ha
BiZJJHOCHI¥ OLHLI L[iHY i BTpAT B HaNiBIIPOBIIHMKOBUX €JIEMEHTAX IOPiIBHIOIOTLCA MOIYJISAPHI TOIOJIOTI
[IepeTBOPIOBAYiB, BUKOPUCTOBYBAHUX B (POTOBOJIbTAILLi. SIK pe3yJIbTaT, 0OMPAETHCS TOIOJIOTiS KOMIPKY MOZYJIbHOTO
nepeTBoproBava. TakoXX NPHUBOIUTHCS OLiHKA €KOHOMIUHOI BUTO[I BCTAHOBJIEHHS CUCTEM, 110 CKJIAJIAl0ThCS 3
IeKiJIbKOX MIOCJIiJIOBHO 3'€HAHUX II€PETBOPIOBAaYiB, IEPETBOPIOBAUIB 3 rajIbBaHIUHOIO i30JIA11i€10, @ TAKOXK ri6pUIHNX
0araToOpTOBUX I1€PETBOPIOBAUIB, 1110 JO3BOJISIIOTH iIHTErPyBaTU HAaKONM4YyBayi eHeprii. Sk pe3ysbrar, OTpUMaHo
BiJHOCHY OLIiHKM BapTOCTi i BTpar AJ1s knacuuHux OB pilieHs i 17151 3alIpoNOHOBaHOI MOAYJIBHOI CUCTEMU
[IepeTBOPIOBava. Y TPETbOMY PO3LiJi IPUBOAUTLCS CTPYKTypPa 3alIPOIIOHOBAHOTO MOAYJILHOTO IIEPETBOPIOBAYA i
IIPOBOJAUTBLCS PO3POOKA YHIBEPCATIBHOI CUCTEMU KePYBaHHS 1J1s1 TAKOTO EePETBOPIOBAaya. JIj1s1 LIbOTO MPOBOLUTHCS
aHaJli3 CTiKoCTi BOYZOBaHOI cCTeMU KepyBaHHs OOpaHOro [JIs1 TECTIB IepeTBOPIOBAYa, a TAKOK BU3HAYAETHCS
BILJIMB PO3POOJIIOBAHOI CUCTEMU KEPYBAHHS KOMIPKOIO Ha 3arajibHy CTilKiCTh CUCTeMU. BU3HayaloThCs apaMeTpu
perymsTopis 3a1J1s 3a6e3re4eHHs] po60TH MTepEeTBOPIOBaYa 3 HEOOXiAHMMY 3a11acaMu 10 CTiHKOCTi. Y 4eTBepTOMy
PO3[Iisi TPOBOIUTHCS MOJIEIIOBAHHS 11 eKCIIepUMeHTasIbHa IlepeBipka po3po6Jl0BaHOIO MOAYJIBHOTO
nepeTBoploBayva. [y nepeBipku OTPMMaHUX TEOPETUYHUX Pe3YJIbTaTiB 6yJI0 [100yI0BAaHO MOJIEJb B CEPEIOBUIII
Simulink 17151 pisHMX TUIMIB MiAKII0YEHHS MOAYJIbHUX I1I€PETBOPIOBAUIB - IIapajleIbHO /TIOCiAOBHO 110

BXOJly /BUXO/ly 11 BUMiIpSIHO 1MC6alaHCH CTPYMiB I HAIIPYT KO>KHOTO MOAYJI1. MOZIe/II0BaHHS NI0Ka3a10 KOPEKTHICTh
TEOPETUYHUX PO3PAaXYHKIB, a TAKOX 31aTHICTb PO3PO6JIEHO] CUCTEMU KepyBaHHS IpUbpaTH frucbajaHc
CTPYMIB/HaMNpYT 5K [J151 IOCJIiJOBHO TaK i [1JIs1 IapajesbHO 3'€IHAHUX [IEPETBOPIOBAUIB, 3a0€3[1€YMBIIN AUCOaTIaHC
MDX IapameTpamu Ha piBHi <5%. Y po6o0Ti BUpilleHa HAyKOBO TeXHIYHA 3a/1a4a 3MEHIIEHHS p036aaHCyBaHHS
CTPYMIiB i Halpyr KOMipOK MOZIyJIbHOI CCTEMMU >KMBJIEHHS €JIEKTPOTPAHCIIOPTY HA OCHOBI COHSYHUX NaHEJIeN
IIJISIXOM BIIPOBAPKEHHS pO3p006JIeHOi Teopii KepyBaHHS CUCTEMU, 10 6a3yeThCsl HA KOpPeKIii CUrHanly 3BOPOTHOTO
3B'S13Ky [1IepeTBOpIoBauiB. KilloyoBi cji0Ba: NepeTBOPIOBayi ey1eKTpoeHeprii, monysibHi OB nepeTBopioBayi, Mepeska

SKUBJIEHHSI €JIEKTPOTPAHCIIOPTY.

2. Lukianov M.O. Distributed Power Supply System for Electric Transport Based on Solar Panels. - Qualifying
scientific work, the manuscript. Thesis for the degree of Philosophy Doctor, in specialty 171 - Electronics. ~National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, Ministry of Education and Science of
Ukraine, Kyiv, 2024. The dissertation focuses on advancing the control theory for modular solar panel converters
through feedback signal correction. The achieved outcomes significantly contribute to the progress of renewable
energy sources and power supply systems for electric transport. In the first chapter, the analysis of contemporary
challenges in connecting solar panels to power lines of electric transport with various levels of AC and DC voltage
is conducted. It is demonstrated that connecting renewable energy sources to traction lines allows reducing the
load on centralized substations and improving the quality of electrical energy. Various methods of connecting solar
panels are compared, including the use of low-frequency transformers, integration into DC power conditioner
units, additional equipment for traction lines, and energy storage systems. Based on a review of current trends in
photovoltaic systems and conversion technology, the relevant scientific problem of developing a modular
converter system is identified. This system involves selecting converter topologies and connection methods for
efficient power scaling of the solar station and aligning the voltage of photovoltaic panel arrays with the traction
network. In the second chapter, a methodology for comparing popular converter topologies used in photovoltaics



is developed based on relative assessment of cost and losses in semiconductor elements. The chosen topology for
the modular converter cell is determined as a result. An economic analysis is provided for the installation of
systems consisting of multiple connected converters, converters with galvanic isolation, and hybrid multi-port
converters integrating energy storage. Relative cost and loss evaluations are obtained for classical photovoltaic
solutions and the proposed modular converter system. The third chapter presents the structure of the proposed
modular converter and the development of a universal control system for such a converter. Stability analysis of the
embedded control system for the tested converter is conducted, along with the impact of the developed control
system on the overall stability of the system. Regulator parameters are determined to ensure the converter's
operation with necessary stability margins. In the fourth chapter, modeling and experimental verification of the
developed modular converter are carried out. A Simulink model is constructed to test different types of
connection for modular converters - parallel /series at the input/output. Imbalances in currents and voltages of
each module are measured. Simulation results validate theoretical calculations and demonstrate the ability of the
developed control system to eliminate imbalances in currents /voltages for both sequentially and parallel-
connected converters, ensuring imbalances below 5%. The scientific and technical task of reducing imbalances in
currents and voltages of cells in the modular power supply system for electric transport based on solar panels is
successfully addressed in this work through the implementation of the developed control theory, relying on
feedback signal correction of converters. Keywords: power converters, modular PV converters, power supply
network for electric transport.
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