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1. 1. Juceprauiist Ha 3100y TTs HAYKOBOI'O CTyIeHs fokTtopa ¢inocodii (PhD) 3a cneuianpricTio 171 — Enextpowika (17
- EnekrpoHika Ta TesekomyHikaujii). - HallioHanbHAN TeXHIYHUI YHiBEPCUTET «XapKiBChbKUI MO TEXHIYHUI
iHCcTUTYT», XapKiB, 2024. lucepraniliHa po60Ta IPUCBSIY€HA BUPIIEHHIO aKTya/IbHOI HAYKOBO-TIPUKJIAHOI 3aa4i,
IIOB'SI3aHOI 3 PO3POOKOI0 HOBUX Ta YAOCKOHAJIEHHSIM iCHYIOUMX CX€MOTEXHIUYHUX pillleHb i aJIrOPUTMIB KEpYBaHHS y
DC-DC cryneHi nepeTBopeHHs Ta BUKopucTaHHsg y DC-AC cTyneHi cnenjaabHUX HECUHYCOianbHUAX (POpM

HaIlpyru. Merta pO6OTI/I - TOJIMIIEeHHS €HEPreTU4YHNX Ta SIKiCHUX XapPaKTEPUCTUK OBOCTYIIEHEBUX HepeTBOpIOBa‘{iB



HaIpyry, a came: 3MEHLIEHHSI IOTY>KHOCTI CTATUYHUX BTPAT B akTUBHUX ejieMenTax DC-DC nepeTBoproBaya;
KOMITeHCALlil [TyJIbCcalliil BXiHOTO CTPYMY; 3MEHIIEeHHS Macy Ta rabapuTiB IepeTBOPIOBAYA; 3MEHIIEHHS MTOTY>KHOCTI
IVHAMiYHUX BTpaT B akTUBHUX esleMeHTax DC-AC nepeTBoproBaya 3a PaXyHOK BUKOPUCTAHHS HECUHYCOiAbHUX
(opM Hampyr; 3MeHIIeHHs KoedillieHTa rapMOHIK BUXiIHOI KBa3iCUHYCOIiNaIbHOI HAIPYTY IPU BUKOPUCTAHHI
HeCHHycoifanpHux Gopm npu ofHO i TpudazHomy BukoHaHHi DC-AC cTyneHi nepeTBopeHHs. O6'eKTOM
IOCTiIKeHHsI € Mpoliec lepeTBOpeHHs eHeprii y goctyneHeBux DC/AC nepeTrBopioBayax Hanpyru. [IpegmeTrom
IOCJTiI)KEHHS € CXEMOTEXHIUHI pillleHHs, aITOPUTMU POOOTH, HECUHYCOia/IbHI (POPMHU HANIPYT Y ABOCTYIIEHEBUX
DC/AC nepeTtBoproBauax. 3a pe3yjbTaTaMy JOCIII)KEHHSI OTPMMAHO TaKi HayKoBi pesyiabTaTu: 1. Biepme
3aIpPONIOHOBAHO METOJ] €KBiBaJIEHTHOTO €JIEMEHTA J17151 IOPiBHSIHHS TOTY>KHOCTI CTaTUYHUX BTPAT y aKTUBHUX
enemenTax DC-DC neperBopioBauiB (MOSFET kuitodi, BUITPSIMHI [1i0111) i3 MPUHIIUIIOBO Pi3HOIO iX KiJIbKICTIO Ta
po604YMMU HANIPyTaMU Yy TOIOJIOTISX, SKUI N03BOJISI€ 3a0€3M1eYNTH PiBHO3HAYHICTb €JIEMEHTIB i HA6IM3UTU 10
peaslbHYX Pe3yJIbTaTU MOPIBHAJILHUX OLIHOK. 2. Briepiie npoBefeHo MOPiBHANbHIN aHali3 MOTY>KHOCTI CTaTUYHUX
BTpAaT B aKTUBHUX eJIeMeHTax i3051b0BaHux DC-DC nepeTBoproBadiB Pi3HUX TOIOJIOTIH, Y TOMY YUCJIi 3 Pi3HUM
yucaoM ¢a3 KoMyTallii, B yMOBax Jiala3oHHOi 3MiHM BXi[IHOI HAlIpyTH i 3 BUKOPUCTAHHSIM METOMA €KBiBaJIEHTHOTO
€JIEMEHTQ, 110 3a6e3euye aleKBaTHICTb IOPiBHSIHHS TONOJIOTIi 3 Pi3HOIO KiJIbKICTIO aKTUBHUX €JIEMEHTIB. 3.
Briepie 3anrpOnoOHOBAHO Ta AOCIII)KEHO KOMIIEHCALIMHUI METO], 3HVDKEHHS] HU3bKOYACTOTHUX ITyJIbCALlil BXiTHOTO
CTPYMY B OJIHOKOHTYPHIll cucteMi crabinizauii Hanpyru y DC-DC nepeTBopioBadi y CKiaji 1BOCTYII€HEBO]
TOnoJIorii. MeTon, 103B0JIsi€ IPOCTUM aJITOPUTMIYHMM IIJISIXOM 30U/IBIIUTY y IEPETBOPIOBAYi BUXITHWI OIip Ha
3MIHHOMY CTPYMi i IMM 3MEHIINTY HU3bKOYACTOTHI IyJIbCallii BXiHOro CTpyMy Ta BTpaTy NOTy>kHOCTi y DC-DC
CTyIIEHI IepeTBOPEHHS. 4. OTpUMAaHIi 3aJI€KHOCTI PiBHS BULIUX FAPMOHIK Y CIIEKTPi BUXiZHOI HAIIPYT'¥ MOCTOBOTO
iHBEPTOpA BiJl TPMBAJIOCTI iHTE€pBasliB KOMYyTallii TpaneueifaabHol Halpyry y HalliBMOCTOBUX II€PETBOPIOBAYAX 3
JIiHIHOIO Ta CUHYCOifnanbHOI0 popmo1o GpoHTIB. 1]i 3ay1€5KHOCTI J03BOJISIIOTE OOpaTH ONTHMAaJbHY TPUBAJiCTh
iHTepBasiB KOMyTalii A1 OTpUMaHHS MiHIMaJIbHOTO 3HaYeHHs KoedillieHTa rapMOHIK BUXiIHOI HAIIpyry Ipu
O/IHOYaCHOMY 3MEHIIIeHi NOTY>KHOCTI AuHaMmiuyHux BTpaT y IGBT kitovax npu popmyBaHHi ogHOoa3Hoi i TpudasHoi
KBa3iCHHYyCOifjaJIbHOI HAlIpyTU. 3alIPOIIOHOBAHO HOBY aHAIITUYHY (PYHKIIiIO CIleliasbHOI pOopMU PPOHTIB
TpaneueifasbHOI HallpyTy, IIPY 3aCTOCYBaHHI SIKOi NOCATA€ThCS TOBHE MPUAYIIEHHS BUIMX FTAPMOHIK i POpMy€eThCs
CHHYCOiJjaJIbHa Halpyra Ipy 0JHOYaCHOMY 3HM)XEHHI NOTYKHOCT] JUHAMIYHUX BTPaT. 5. Briepiue 3apornoHoBaHo
BHUKOPHUCTaHHs y ogHopasHoMy MocToBoMy DC-AC nepeTBoproBadi KOMILJIEMEHTapHUX (GOPM 3 He
CHHYCOIaJIbHUMU HAllpyraMy Y HaliBMOCTOBUX II€PETBOPIOBAYAX IIPU KOMOIHOBAHIN MOIYJIALLi, 10 103BOJIsSIE
3MEHIINTYU MacorabapyTHi IOKa3HUKU JIpoceris y BuXigHomy GinbTpi. JocmimKeHi yMOBY LOCSITHEHHS
MiHIMaJjIbHOTO PiBHS [MHaMiYHUX BTPAT B €JIeMeHTaxX KOMyTallii Tpyu 1OMyCTUMOMY piBHI CMH(}a3HOi 3aBaju.
PesynbTratu guceprauniiHoi po6oTy Bukopuctai Ha HBIT «Imnysibe» (M. 3anopixoks) npu po3pooLii Ta BAPOOHULITBI
nsoctyneneBux DC/AC nepeTBopoBaviB HaNpyru 3 NOTYKHICTIO 1-10 KBT (aKT Ipo BUKOPUCTAHHS MaTepiasiB
IycepTauifiHoi po6OTH IpU BUPOOHUIITBI NepeTBopioBayiB Bif, 21.02.2024 p., npencTaBieHuil y JOAaTKy
IcepTaliiiHoi po6oTn).

2. Vasechko E. V. Two-stage DC/AC converters of the increased efficiency. - Qualifying scientific work on the
rights of the manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 171 -Electronics (17 -
Electronics and telecommunications). - National Technical University «Kharkiv Polytechnic Institute», Kharkiv,
2024. The dissertation is devoted to the solution of an actual scientific and applied problem related to the
development of new and improvement of existing circuit solutions and control algorithms in the DC-DC
conversion stage and the use of special non-sinusoidal voltage forms in the DC-AC stage. The purpose of the work
is to improve the energy and quality characteristics of two-stage voltage converters, namely: reducing the power
of static losses in the active elements of the DC-DC converter; compensation of input current pulsations; reducing
the mass and dimensions of the converter; reducing the power of dynamic losses in the active elements of the DC-
AC converter due to the use of non-sinusoidal voltage forms; reduction of the coefficient of harmonics of the
output quasi-sinusoidal voltage when using non-sinusoidal forms in single-phase and three-phase execution of the
DC-AC conversion stage. The object of the study is the process of energy conversion in two-stage DC/AC voltage
converters. The subject of the study is circuit engineering solutions, work algorithms, non-sinusoidal forms of



voltages in two-stage DC/AC converters. Scientific novelty of the results: 1. For the first time, the method of an
equivalent element is proposed for comparing the power of static losses in active elements of DC-DC converters
(MOSFET keys, rectifier diodes) with fundamentally different numbers and operating voltages in topologies, which
allows to ensure the equivalence of elements and bring the results of comparative evaluations closer to real ones.
2. For the first time, a comparative analysis of the power of static losses in the active elements of isolated DC-DC
converters of different topologies, including with different number of switching phases, under the conditions of a
range of input voltage changes and using the equivalent element method, which ensures the adequacy of the
comparison of topologies with different numbers of active elements, was carried out. 3. For the first time, a
compensatory method for reducing low-frequency pulsations of the input current in a single-circuit voltage
stabilization system in a DC-DC converter in a two-stage topology was proposed and investigated. The method
makes it possible to increase the output resistance of the alternating current in the converter in a simple
algorithmic way and thereby reduce the low-frequency pulsation of the input current and power losses in the DC-
DC conversion stage. 4. The obtained dependences of the level of higher harmonics in the output voltage spectrum
of the bridge inverter on the duration of the trapezoidal voltage switching intervals in half-bridge converters with
linear and sinusoidal fronts. These dependencies make it possible to choose the optimal duration of the switching
intervals to obtain the minimum value of the output voltage harmonics coefficient while simultaneously reducing
the power of dynamic losses in IGBT switches during the formation of single-phase and three-phase quasi-
sinusoidal voltage. A new analytical function of a special form of trapezoidal voltage fronts is proposed, when using
which complete suppression of higher harmonics is achieved and a sinusoidal voltage is formed while
simultaneously reducing the power of dynamic losses. 5. For the first time, the use of complementary forms with
non-sinusoidal voltages in half-bridge converters with combined modulation was proposed in a single-phase
bridge DC-AC converter, which allows reducing the mass and dimensions of the inductor in the output filter. The
studied conditions for achieving the minimum level of dynamic losses in switching elements at an acceptable level
of common-phase interference. The results of the dissertation work were used at the scientific production
enterprise «Impuls» (Zaporizhia) in the development and production of two-stage DC/AC voltage converters with
a capacity of 1-10 kW (the act on the use of the materials of the dissertation work in the production of converters
dated February 21, 2024, presented in the appendix).
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