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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA BUPIIEHHIO B)KJIMBOIO Ta aKTyaJIbHOTO HAYKOBOT'O 3aBAaHHS — ONTUMi3allii
MacorabapuTHUX NapaMeTpiB NepeTBOPIOBAYA Y CKIA/li CUCTEM €JIEKTPUYHOrO KUBJIEHHS HA OCHOBI
doroenekTpuyHUX nepersoproBadis (PEIT), a came iMIyIbCHOTO iHBEpTOpA Y CKJIa/li aBBTOHOMHUX CTalliOHapHUX
CHCTEM >KUBJIEHHS LIUISIXOM OIJISIAY, aHasi3y, IOPiBHSHHS, PO3PaxyHKiB, OO DYHTYBaHHS BUOOPY Ta BIPOBAIKEHHS
KOMIIJIEKCY HaYKOBO-TIPAKTUYHUX TEXHIUHUX i IPOrpaMHUX METO/IB Ta 3aCc06iB. YacTKa IpKepeJl BiHOBIIOBAHO]
€HEPreTUKU B 3araJIbHOCBITOBIN reHepallii 3pocTae NMpOTIroM OCTaHHIX IecATUiTb. CUCTEMU Ha OCHOBI
doTroenekTpuyHUX nepetrsopioBayis (PEIT) 3a6e3nedyoTh BiTHOCHO HEBUCOKMUII BiZICOTOK HaBiTh Ccepe], iHIUX
IKepeJl «3eJIEHOI» EHEPreTUKU. [IpoTe came COHAYHA reHepalis JEMOHCTPYE CTINMI Ta IUHAMIYHUNI picT
[IPOTATOM OCTAaHHIX JeCATUIIITh. Taki cucTeMU HaiIeH] pSAOM CYTTEBUX IIE€PEBAr, TAKUX K. MOKJIMBICTD

po3MileHHs Oyb-7e 6e3 NpUB'SI3KU 10 reorpadivHMX YMOB, BiICYTHICTb LIKiIJIMBUX BUKUIB B IIpoLieci reHepalii



€Heprii, BilCyTHICTb PyXOMUX YaCTUH, MOXKJIMBICTb MOHT&XY Ha OyIb-5IKi TBEPZi TOPU3OHTAJIbHI Y1 HAXUJIEHI
[IOBEPXHIi, BKJIIOYAIOUHY JaXy KUTJIOBUX OyIMHKIB, MOKJIMBICTb POOOTH SIK Ha LIEeHTPaJi30BaHy eJIeKTPOMEPEsKyY, TaK i
B aBTOHOMHOMY peXrMi. OIHUM i3 KITI0UOBHX €JIEMEHTIB CUCTEMU COHSYHOI €HepreTUku okpiM BiacHe ®OEIT e
HaMiBIPOBiIHUKOBUI IEPETBOPIOBAY, IO 3a0€3IeUye IepeTBOPEHHS €Heprii IOCTIMHOrO CTPYMY B 3BUYHUM [1J14
NOOGYTOBUX NPUJIAZIB 3MiHHUN cTpyM. Ocob6uBicTIO po60TH NepeTBoproBaya 3 QEII B IKOCTI IKepeJia HallPyTy €
KOJIMBaHHS BXiJIHOI Hallpyry B LIMPOKOMY Jialla30Hi IpU 3MiHM 30BHilIHIX yMOB. BapTicTs, rabapuTHi po3mipu, maca,
METAJIOEMHICTb TaKUX [1IEPETBOPIOBAYIB ITPOIMOPLiHI IX MAKCMMAaJIBbHIN MIOTY>KHOCTI. B X041 aHani3y HasgBHUX
KOMEePLiHUX pillleHb 6yJI0 BU3HAYEHO, 1[0 BUCOKA BAPTICTb Ta 3HAYHI MacorabapuTHi napameTpu NoaibHUX
[IepeTBOPIOBAYIB CIIPUYMHEHI 3HAYHOIO METAJIOEMHICTIO [TACUBHUX €JIEMEHTIB, CTPUMYIOTh Oi/1bII MKUPOKE
BIIPOBAPKEHHSI IIOJIiIOHUX CUCTEM. 3a pe3yJibTaTaMU IOPiBHSJIIBHOTO aHali3y Ta MaTeMaTUYHOIO MOZIEJII0OBAaHHS
psAny pillleHb 6yJI0 06PaHO SIK HANO1IbII IEPCIIEKTUBHY KOMOIHOBaHY TOIOJIOTIIO 3 BUCOKOYACTOTHOIO iMITyJIbCHOIO
YACTUHOIO T2 HU3bKOYACTOTHUM JIQHLIIOKKOM PO3ropTKU. OyHKILIOHATIBHO 3alIPONOHOBAHA iIMITyJIbCHA YaCTHHA
reHepye CTpyM 10 32 (OPMOIO BiITIOBiflae MOAYJII0 CUHYCOIY, a JIAHIIIOKOK PO3TOPTKU 3abe3Ieuye 3MiHy 3HaKy
BUXinHOI Hanpyru. [Ipy 1bOMY aKTMBHI KOMIIOHEHTH iMITyJIbCHOI YACTUHU IPALIOIOTh 3 BUCOKOIO YaCTOTOIO
KOMYTALIil0 B I€CSITKU KiJIOrepll, a KJII04i JIAHLIIOKKA PO3rOPTKU KOMYTYIOTBCS 3 4aCTOTOI MEPEKEBOi HAlPyTH.
Taxuii po3nois L03BOJINB ONTUMIZYBaTU [apaMeTpU TPAH3UCTOPIB BiANOBITHO 10 YMOB POOOTH B KOXKHIH 3 JIaHOK,
BUXOJISIYM 3 OUiKyBAHOI'O PO3IIOJINY CTATUYHUX Ta JUHAMIYHUX BTPAT, 4 TAKOK 3MEHIIUTY BapTiCTh KOMIIOHEHTIB
JIAHLIIOKKA PO3rOPTKU. ByJl0 3alIpONIOHOBAHO 3aMKHEHY CUCTEMY KepyBaHHS IIEPETBOPIOBAYEM 3 TPUPIBHEBOIO
IIMPOTHO-iMITyJIbCHOMO MonyJsiieto (IIM). Cucrema kepysanHs (CK) peasnidye NOCTiiiHAI MOHITOPUHT CTPyMY Ta
Hanpyru QEIT Ta BUXiZHOTO CTpyMy IIepeTBOPIOBaya 110 N03BOJIsl€ €PEeKTUBHO MiATPUMYBaTH GOPMY BUXITHOTO
CTPYMy Ta HalPyT¥ B IIMPOKOMY Jianas3oHi 3MiHU BXigHoi Hanpyru. CK ¢popmye NieKinbKa rpyn CUrHajiB KepyBaHHs
17151 Pi3HUX YaCTHH [IEePETBOPIOBaYa: BUCOKOYACTOTHI [IIIM-curnanu 3 pa3oBUMU 3CyBaMU [171s1 KEPYBaHHS
napasejgbHMMU JIAHKaMU iMIyJIbCHOI YaCTUHM Ta HU3bKOYACTOTHI CUTHAMN 1711 KEPYBAHHS KJIIOYaMMU JIAHIIOKKA
PO3ropTKHU. JIj1s1 NOPiBHSIBHOTO aHasi3y e(peKTUBHOCTI 0OPaHOTO MigXo4y 3 YepryBaHHAM (a3 Ta JIaHILII0KKOM
PO3rOpTKHU 6yJI0 pO3PO0JIEHO MaTEMAaTUYHY MOJIEJIb BTPAT B HAIiBIPOBiJHUKOBUX €JleMeHTax. JlaHa Mozesb
[03BOJISIE€ OL[iHIOBATY CTAaTUYHI Ta AYHAMIYHI BTpPAaTU B TPAH3MCTOPAX 3 BPaXyBaHHAM KiJIbKOCTI I1apajieIbHUX
MOJIyJIiB, IapaMeTPiB KJIIOUiB, IOTY>KHOCTI [I€PETBOPIOBAYA, BXiHOI HAIPYru. BUxonsa4y 3 OTpUMaHuXx 3a
pe3yJbTaTaMu MaTEMaTUYHOTO MOJIEJIIOBAHHS IaHUX, ONITUMAJIbHUM € 3aCTOCYBaHHS IBOX NTapajleJIbHUX MOAYJIB.
3a yMOBHU 3acTOCyBaHHS Tpbox MoayJiB KK]I Ta eHeprisl B KOTylIKaxX iHIyKTUBHOCTI He 3a3HAIOTh CYTTEBUX 3MiH, 3a
YMOBH YCKJIQZHEHHS CUCTEMHU KepyBaHHS Ta 30ibII€HHS pO3MipiB IPYKOBAHOI IJIaTH IlepeTBopioBaya. 3a
pe3yJIbTaTaMU aHAJIITUYHOTO OIJIly, MATEMAaTUYHOrO Ta iMiTallifHOrO MOJIE/IIOBAHHS IJIS1 [IOAAJIBIIOI IPAKTUYHO]
peastizallii Ta HaTypHUX €KCIIEPUMEHTIB OyJ10 06paHO TOIOJIOTIIO 3 ABOMA NapasiesIbHUMU JIAHLIIOKKaMU iMITyJIbCHOI
JIAHKU Ta JIaHLII0KKOM PO3rOpTKU. PO3p06sIeHO Ta peasi3oBaHO eKCIIepUMEHTAIbHUI MaKeT IIEPETBOPIOBAaYa
NOTY>KHicTIo 1 KBT 1110 103BOJIsI€ OLiHMTY e(EeKTHUBHICTb 3aIIPOIIOHOBAHOI TOIOJIOT] B Aiana3oHi NOTYy>KHOCTI Bif, 160
Bt no 1 kBT. MakcumasnbHa €KCIIEPUMEHTAJIbHO JOCATHYTa €(PEKTUBHICTD B PEKMMI IiIBULIIEHHS HAIIPYTH CKJIafa€e
noHay 96% npu noTyxHoCTi noHaf 450 BT, B pexxumi 3HUKEHHS Hanpyru noHaf 97% 3a noTyHoCTi noHag 650 Br.
ExkcriepyMeHTasIbHO OTPUMaHi Pe3yJIbTaTy MOBHICTIO MiITBEPAKYIOTh TEOPETUYHO OYiKyBaHi Ta OTpUMaHi 3a
pesyJbTaTaMu MaTeEMaTUYHOTO MOJe0BaHHs. Po3pobieHa MaTeMaTMYHa MOJEJIb € YHiBEPCAJIbHUM iHCTPYMEHTOM
OLIiHKM €(PEKTUBHOCTI 0OPaHOro MiAX0oLy AJ1s1 IEPETBOPIOBAUIB IAHOIO KJlacy Ta cepu 3aCTOCYBaHHS, 11O
BiAKpMBa€ MWJIAX AJ1s1 MOJAJbIINX AOCTiIKeHb Ta Moaudikalii iHBepTOpiB 3 IMPOKMM Jiarla30HOM PETYJII0BaHHS

BXiZITHOI OTY>KHOCTI Ta ONTUMI30BaHUMU MacorabapuTHUMU IapaMeTpamHu.

2. The dissertation is devoted to the solution of an important and relevant scientific task - photovoltaic (PV)
converter mass and size parameters optimization. Specifically, the inverter as part of autonomous stationary
power supply systems by means of review, analysis, comparison, calculations, justification of the choice and
implementation of complex scientific and practical technical and software methods and tools. The expansion of
renewable energy sources in a global generation has been growing over the past decades. Systems based on
photovoltaic (PV) cells provide a relatively low percentage even among other sources of "green" energy. However,
solar generation shows steady and dynamic growth over recent decades. Such systems are endowed with a



number of significant advantages, such as placement possibility without reference to geographical conditions, the
absence of harmful emissions in the process of energy generation, such systems don’t include any moving parts,
installation possibility on any horizontal or inclined surface (including the roofs of residential buildings), the
possibility of working both on the centralized power grid and in autonomous mode. One of the key elements of the
solar energy system, in addition to the PV, is a semiconductor converter, which provides the conversion of direct
current energy into alternating current, which is commonly used for household appliances. A feature of the
operation of the converter with PV as a voltage source is the fluctuation of the input voltage in a wide range when
external conditions change. The cost, overall dimensions, weight, and metal capacity of such converters are
proportional to their maximum power. It was determined that the metal-intensive passive components contribute
a large part of the high cost and the bulky size of such converters. Which, in turn, restrains the further expansion
of this type of system. The most metal-intensive components of the converter are inductors and radiators. Their
size and mass are proportional to the energy flowing or dissipated by these elements. As a result of the analysis, a
number of approaches to reducing the mass and size parameters of the inductor coils by reducing the energy per
coil were revealed. Inductor current reduction for the DC/DC stage of the converter can be achieved by parallel
connection of several DC/DC cells. Such an approach based on current dividing was determined as the most
promising. The switch control signals contain phase shifts which provide some time gap between the transistors
opening in different cells. The results of comparative analysis and mathematical simulation indicate that the most
promising topology includes a high-frequency DC/DC stage and low-frequency unfolding circuit. The proposed
DC/DC stage generates a module of sinusoidal waveform and the unfolding circuit only reverses the direction of
the output current. At the same time, the switches of the DC/DC stage work with a high switching frequency of 64
kHz, and the keys of the unfolding circuit are switched with the frequency of the mains voltage. Such functional
division makes possible optimization of the transistor parameters according to the operating conditions in each
converter stage, based on the expected allocation of static and dynamic losses, as well as to reduce the cost of
unfolding circuit components. Due to the features of PV cells as a voltage source, the converter control system
requires some flexible algorithm to operate with the dynamic illumination changes and partial shading of the PV
panel. Modern control systems provide algorithms for monitoring the maximum power point (MPP) of the PV. Such
an algorithm makes it possible to optimize the power extraction from the solar panel under the condition of partial
shading by load adjusting. A modified algorithm for tracking the global maximum power point (GMPP) was
proposed, which allows for increasing the speed of the system up to three times. The speed increase allows for
minimizing energy losses during the reconfiguration of the optimal operating point of the system. A three-level
pulse-width modulation (PWM) closed-loop converter control system was proposed. The control system (SC)
implements constant monitoring of the current and voltage of the PV and the output current of the converter.
These parameters monitoring allows to effective maintain the form of the output current and voltage in a wide
range of the input voltage changes. The SC generates several groups of control signals for different parts of the
converter: high-frequency PWM.
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