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Pedepar:

1. Jlyk'snoB M.O. Po3ocepekeHa cucTema KUBJIEHHS €JIeKTPOTPaHCIIOPTY HA OCHOBI COHSYHUX TTaHeJIen. —
KBanigikaujiiiHa po6oTa Ha npaBax pykonucy. Jlucepratlis Ha 300yTTsl HAYKOBOT'O CTyIleHs JoKTopa dinocodii 3a
crieyianpHicTio 171 - EnekTpoHika. - HaljioHanbHUN TEXHIYHUI YHIBEPCUTET YKpaiHu «KniBCbKUMA MTOJIITEXHIYHUI
inctutyT imeHi Irops Cikopcbkoro» MOH Vkpainu, Kuis, 2024. luceprauiiiHa po60Ta IPUCBIY€Ha PO3BUTKY TEOPii
KepyBaHHS MOJIyJIbHMMU NIEPETBOPIOBAYaMH COHSIYHMX TaHEJIell Ha OCHOBI KOPEKIii CUTHaJIiB 3BOPOTHOTO 3B'SI3KY.
OTpuMaHi pe3ysbTaTy BHOCATb 3HAYHN BHECOK B PO3BUTOK BiJHOBJIIOBAJILHUX JKlepes eHeprii i cucreM
SKMBJIEHHS! €JIEKTPOTPAHCIIOPTY. Y NIepIIOMY PO37ijli IPOAHali30BaHO Cy4YacCHi 3a7a4i i€ JTHaHHS COHSIYHUX
naHeJsieil [0 JIiHi¥ KMBJIEHHS €JIEKTPOTPAHCIIOPTY Pi3HUX PiBHIB 3MIHHOI 11 IIOCTIiNHOI Hanpyru. [lokasaHo, 1m0

MiTK/II0YEHHS BilHOBJIIOBAHUX J)KEPEJs €HEPTii O TATOBUX JIiHIN L,03BOJIsSIE€ 3HU3UTH HABAHTAXXEHHS HA



LleHTpaJi30BaHi mificTaH1ii, a TAKOX MOKPALIUTH SIKICTh eJIeKTpoeHeprii. /17151 BU3HaYeHHs TOYKH i € JTHAHHS
COHSIYHUX TIaHeJIel MOPIBHSIHO Pi3Hi MeTOY MiAKIIIOYEHHS 3 BUKOPUCTAHHSIM HU3bKOYACTOTHUX TPaHCHOPMATOPIB,
iHTerpauii B JJaHKY [IOCTiIHHOTO CTPYMYy KOHIULIiOHEPiB IIOTY>KHOCTI, JOJIaTKOBOT0 00JIalHAHHS TSITOBUX JIiHIl,
CHACTEM aKyMYJIIOBaHHS eHeprii. Ha 0CHOBI orisy cyyacHUX TPeH[iB B (POTOBOJIbTA{YHMX CUCTEMAX i
[IEPETBOPIOBAJIbHIN TeXHilli 6yJI0 BUBHAYEHO aKTyasbHy HayKOBY 33/1a4y PO3POOKU MOJYJIbHOI CUCTEMU
MepeTBOPIOBAYiB, IO BKJIIOYAE B cebe BUHIp TOMOJIOrii TepeTBOPIOBaYiB, METOAUKY iX i € HAHHS [IJIsI
e(eKTUBHOro MaclITabyBaHHs NMOTYXHOCTI COHSIYHOI CTaHLii I y3ro[)KeHHS Hallpyr MacuBiB (POTOBOJIbTAYHUX
IaHeJie! 3 TATOBOIO Mepeskelo. Y IpyroMy po3zisi Ha OCHOBI po3p06IeHOI METOIUKY MOPiBHSIHHS, 10 6a3yeThCs Ha
BiZJHOCHI¥ OLiHLIi I[iHY i BTPAT B HaNliBIIPOBiIHMKOBUX €JIEMEHTAX IOPiBHIOIOTHCS MOIYJISIPHI TOMOJIOTI
[IepeTBOPIOBAYiB, BUKOPUCTOBYBAHUX B (POTOBOJIBTAILLi. SIK pe3yJIbTaT, 00MPAETHCS TOIOJIOTiS KOMIPKY MOAYJIBHOTO
nepeTBoproBava. TakoXX NPUBOIUTHCS OLiHKA €KOHOMIUHOI BUTO[IA BCTAHOBJIEHHS CUCTEM, L0 CKJIAJIAI0ThCS 3
IeKiJIbKOX IIOCJIiJIOBHO 3'€JHAHUX II€PETBOPIOBAYiB, IEPETBOPIOBAUIB 3 rajibBaHIUHOIO i30JIS11i€10, 2 TAKOXK Ti6pUIHUX
6araToOpTOBUX I1€PETBOPIOBAUIB, 1110 JO3BOJISIIOTh iIHTErPyBaTU HaKONIM4YyBayi eHeprii. Sk pe3ysbTar, OTpUMaHo
BiJHOCHY OLIiHKM BapTOCTi i BTpar A5 kinacudyHux OB pilieHs i 17151 3aIpONOHOBaHOI MOAYJ/IbHOI CUCTEMU
[IepeTBOPIOBaYa. Y TPETbOMY PO3LiJi IPUBOAUATLCS CTPYKTyPa 3alIPOIIOHOBAHOTO MOAYJIBHOTO IIEPETBOPIOBAYA i
IIPOBOJIUTHCS pO3POOKA YHiIBEpCaIbHOI CUCTEMU KEPYBAHHS 1711 TAKOTO [1epeTBopioBaya. [j1si 1boro IpoBOIUTHCS
aHaJli3 CcTiKoCTi BOYZOBaHOI CCTeMU KEPYBaHHS OOPaHOro [J1s1 TECTIiB IepEeTBOPIOBAYa, a TAKOK BU3HAYAETHCS
BIIJIMB PO3POOJIIOBAHOI CHUCTEMU KEPYBAHHS KOMIPKOIO Ha 3arajlbHy CTilKiCTh CUCTEMU. BU3HayaloThCs NapaMeTpu
peryJsITopiB 337,151 3a6e31e4eHHs] POOOTH [1epeTBOPIOBAaYa 3 HEOOXiJHMMU 3alacaMu 10 CTIKOCTI. Y 4eTBEpTOMY
PO3[iji IPOBOIUTHCS MOJIEJIIOBAaHHS 11 eKCIlepUMeHTasIbHa IlepeBipka po3po6Jl0BaHOIO MOAYJIbHOTO
nepeTBoploBayva. [y nepeBipku OTPMMaHUX TEOPETUYHUX PE3YJIbTATIB 6YJI0 100YI0BAaHO MOJIEJb B CEPEIOBUIII
Simulink 1151 pisHMX TUMIB MiAKII0YEHHS MOJYJIbHUX IIEPETBOPIOBAUIB — IIapajleIbHO /TIOCiLOBHO 110

BXOZy /BUXOZY ¥ BUMipSIHO Ouc6aIaHCH CTPYMiB i HANIpyT KOXXHOTO MOZYJsl. MoZieslloBaHHS [T0Ka3alo KOPEKTHICTh
TEOPETUYHUX PO3PaXyHKIB, a TAKOX 3/1aTHICTb PO3POOJIEHO] CUCTEMU KepyBaHHS NpUbpaTu nucbaiaHc
CTPYMIB/HaMpYyT K [J151 IOCJiJOBHO TaK i [1JIs1 IapajesbHO 3'€IHAHUX IEPETBOPIOBAYIB, 3a0€3[1eYMBIIN AUCOANIAHC
MDX IIapameTpamu Ha piBHi <5%. Y po60Ti BUpilleHa HAyKOBO T€XHiYHA 3a/1a4a 3MEHIIEHHS p036aaHCyBaHHS
CTPYMIiB i HalIpyr KOMipOK MOJIYJIbHOI CCTEMMU >KUBJIEHHS €JIEKTPOTPAHCIIOPTY HA OCHOBI COHSYHUX TaHEJIeN
IIJISIXOM BIIPOBAPKEHHS PO3P00JIeHOI TeOPii KepyBaHHS CUCTEMH, 1O 6a3yeThCsl HAa KOPEKIii CUrHaly 3BOPOTHOTO
3B'I3Ky IIepeTBOpIOBauiB. KiltouoBi cj10Ba: nepeTBopoBayi enekrpoeHeprii, moayisHi OB nepeTBoproBayi, Mepexa

SKUBJIEHHS! €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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