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1. BucokoedeKTrBHi HalliBIIPOBiIHUKOBI I€epPETBOPIOBAYi €J1eKTPOEHEPTii Ha OCHOBI BUCOKOYACTOTHUX MarHiTHUX

MiICUJIIOBAyviB

2. High-efficiency semiconductor power converters based on high-frequency magnetic amplifiers

Pedepar:

1. lucepralist npucBsYeHa BUPIlIEHHIO HAYKOBO-TIPUKJIAIHOI Tpo6ieMy BIOCKOHAIEHHS METOIiB Ta 3aC06iB
NepeTBOPEHHS IapaMeTpiB eJIeKTPOEeHeprii B HaMiBIPOBiAHMKOBUX IIEPETBOPIOBaYaX Ha OCHOBI BUCOKOYACTOTHUX
MarHiTHUX MifCUIII0BaYiB. 3alPOIIOHOBAHO METOAM [1J1s1 BUPIIIEHHS aKTyaJIbHOI 3371a4i CTBOPEHHS 3arajibHOI
KOHLIeNLii mo6y70BYu BUCOKOE(EKTUBHIX KOMIIAKTHUX BUCOKo4YacToTHUX HIIE B mmpokomy niana3oHi BUXiTHUX
IIOTY>KHOCTeH (mecsTky BT — onuHuni kKBT) Ta 3abe3neyeHHs BUCOKoro piBHA ix yHidikauii 3aaisa minimizanii
MarepianbHUX, (iHAHCOBUX Ta IHTEJIEKTYAJIbHUX 3aTPaT Ha €Talli K po3p0o0KU N1epeTBOPIOBAYIB, TaK i ix
BUpOOHULITBA. PO3p0O6IeHO iHTEpPBAJIbHY MAKPOMO/EJIb EHEPTeTUYHOI XapaKTEePUCTHUKN BUCOKOYACTOTHOTO

MarHiTHOro mizcuioBaya y BUrisigi QyHKUii Bifl BUXiHUX IIapaMeTpiB 1epeTBOPIOBaUiB eJIeKTPOeHeprii, Ky



NIOKJIaJIEHO B OCHOBY METO[ly OINTHMi3alii Maco-rabapuTHUX Ta LiHOBUX XapaKTEPUCTUK OCEPIb MAarHiTHUX

i CAIIOBAYiB B MIMPOKOMY Jiana3oHi BUXiAHUX MTOTYKHOCTEHN 3 METOI0 CTBOPEHHSI TEXHOJIOTIi IPOEKTYBAHHS
yHigikoBaHoro psay HIIE 3 onTuManpHUMU Maco-rabapuTHUMU XapakTepucTukamu ocepgps BMII. 3 meToio
no6yzmosu HIIE 3 BUCOKMM piBHEM CTPYMYy HaBaHTaKE€HHS 3aIIPOTIOHOBAHO Ta JJOCJIIIPKEHO METOY OpraHizaiii
napasiesibHOi pOOOTH K iIMIYJIbCHUX CTabii3aTOPIB MOCTIMHOI HANTPYTX Ha BUCOKOYACTOTHUX MArHiTHUX
nificuiaioBayvax, Tak i BACOKOYACTOTHUX HEPeryJIbOBaHUX TPAaH3UCTOPHUX iHBEPTOPIB, sIKi 3a0€3I1e4Yy0Th
piBHOMIpHMI pO3NOJia CTPyMy HaBaHTaKEHHS MK OKPEMUMMU CTabili3aTOpaMU Ta BUCOKY CTabiIbHICTD
CHHXPOHHOI Ta crH(}pa3HOi KOMYyTallil BAICOKOYAaCTOTHUX iHBEPTOPIB. 3alIPOIIOHOBAHO HOBUI METOZ, 100YI0BU
KEPOBAaHUX I1€PETBOPIOBAYiB Ha 0CHOBI BMII 3 BUXOOM Ha 3MiHHOMY CTPYMi i3 MIMPOKUM [ialla30HOM PEryJII0BaHHS
4acTOTU BUXiJIHOI HalIpyTH, SIKUI 3a0e3Ieuye HU3bKUI PiBEHb €JIEKTPOMArHiTHUX 3aBajl Ta BUCOKUI PiBEHb
IVHAaMiYHUX XapaKTePUCTUK. 3alIPOINIOHOBAHO Ta JOCHiaXeHo meTtoau nooynosu ICITH na BMII 3 CHHXpOHHUM
BUIIPSIMJIEHHSIM, B SIKUX KEPYBaHHS 10JIbOBUMHU TPAH3UCTOPAMU BUNPSIMIISUA 371iICHIOETbCS 6€310CEPEIHBO Y
(dyHKIii HaNpyr BUCOKOYACTOTHOTO CMUJIOBOTO TpaHC(OpMATOpa iHBEPTOPA, a KEPYBaHHS I10JIbOBUM TPAH3UCTOPOM
y BuxiiHOMY OGinbTpi 'y OyHKUii y>xe HasBHuX B HITE Hanpyr apocenis HacndeHHs BMII 6e3 BBeIeHHS OyIb-IKUX
IOJATKOBUX €JIEMEHTIB UM CXEM KEPYBaHHS HUMU. Pe3ysbTaTy NPOBEJEeHNX €KCIIEPUMEHTAIbHUX JOCIiIPKEeHb
esiekTpoMarHiTHoi cyMicHocTi HITE Ha BMII 3acBimumiy HU3bKUH PiBEHB iX €JIEKTPOMArHiTHUX 3aBaf,
BUIIPOMIHIOBaHHS. 3a/1J1s1 IOKPAILEHHS €JIEKTPOMAarHiTHOI CYMiCHOCTI 3allpOIIOHOBAHO Ta JOCJIiIPKEHO
BUKOPUCTAHHS B LIUX [I€PETBOPIOBAYAX KOPEKTOPIiB KoedillieHTa MOTY>KHOCTI, 110 peanizoBytoTh npuHuun OCC (One
Cycle Control). [IpoBeneHo gocifpkeHHs B yacToTHil o6sacti HITE Ha BMIT npu 3aMKHYTOMY 3BOPOTHOMY 3B’S13KY 3
BUKOPHCTaHHSIM NakeTa npukjagHux nporpam PSPICE. PesynbTaTu po60TH BUKOPUCTAHO IIpY IIPOEKTYBaHHI
KEepOBaHOT'O TPbOXKAHABHOTO iMITyJIbCHOTO J’KEPEJIO JKUBJIEHHS €JIEKTPUYHUX TajIbM CUCTEMU €JIEKTPOIIPUBOMY
aHTeHu Beskoro aiametpa (JHTTI « TEXAC-K», M. TepHoOMib), iMITyJIbCHOTO JpKepeJia SKUBJIEHHS aBTOMOOITIbBHOTO
pazniockanepa (TOB HB® «Iuterpan», M. TepHorisib), IpKepesa KUBJIeHHS pafiiorniepeaBajbHuX Ta IPpUIMaIbHUX
IIPUCTPOIB CUCTEM AUCTAHILiITHOTO KEpPyBaHHS €eHeprood’ekramu Ta 06Ky esnekrpoereprii (TOB TKBP «Crpina», m.
TepHomine).

2. The dissertation is devoted to a solution of an actual scientific and applied problem of improvement of methods
and means of electric power conversion parameters in semiconductor converters on the basis of high-frequency
magnetic amplifiers. Methods for solving the topical problem of creating a general concept for high-efficiency
compact high-frequency power converters design with a wide range of output powers (tens of W - kW), and
ensuring a high level of their unification to minimize material, financial and intellectual costs at the stages of
power converters development and production were proposed. There was developed an interval macromodel of
energy characteristic of high-frequency magnetic amplifier as a function of power converters’ output parameters.
It is the basis of the method for optimizing mass and dimensions, and price of MagAmp cores in a wide range of
output power to create the design technology for unified series of power converters with optimal MagAmp core
weight and dimensions characteristics. In order to design power converters with a high level of load current, the
methods of parallel operation organization for both pulse DC voltage regulators on high-frequency magnetic
amplifiers, and high-frequency unregulated transistor inverters are proposed and investigated. Uniformity of the
load current distribution between the individual stabilizers is ensured by a single feedback on the output voltage
and does not depend on the technological variance of the MagAmp cores’ parameters. The high stability of
synchronous and in-phase switching of high-frequency inverters is determined by the only independent level of
the remagnetisation rate limit of MagAmp core with rectangular hysteresis loop in the inverters positive feedback
loops by output voltages. Both methods are implemented without the introduction of any additional feedback
loops, provided that there are no specialized control circuits and additional power supply for them, at minimal use
of discrete elements for the entire system. The result is achieved by coherence and interaction of electromagnetic
processes in semiconductor and magnetic elements. A new method for design of controlled power converters
based on high-frequency MagAmps with AC output with a wide range of output voltage frequency regulation is
proposed. It provides a low level of electromagnetic interference and a high level of dynamic characteristics. A
method for design of power converters based on high-frequency MagAmps with synchronous rectification is



proposed and investigated. It allows control of field-effect transistors of the rectifier directly as a function of the
voltages of the inverter’s high-frequency power transformer, and excludes the flow of short circuit currents in the
rectifier without introducing any additional elements or control circuits for them. To achieve a higher efficiency of
the power converters, it is proposed to control the MOSFET, which is used instead of the diode in the output filter
of the power converter, in the function of the already existing MagAmp voltages. Moreover, this method of output
filter realization does not require any additional elements or control circuits. The carried out experimental study
of the proposed methods confirms their effectiveness and ensuring high efficiency of the power converters in a
100% range of load current variation. The results of experimental studies of the electromagnetic compatibility of
power converters based on high-frequency MagAmps showed a low level of their electromagnetic interference. To
improve the electromagnetic compatibility, the use of power factor correctors based on the principle of OCC (One
Cycle Control), has been proposed and investigated. A mathematical model of Magamp power converter was
derived. It was investigated in a frequency domain for a closed feedback loop using PSPICE software package. The
results were used in the design of a controlled three-channel switching power supply for electric brakes of the
electric drive system of large diameter antenna (State Scientific Production Firm TEXAS-K, Ternopil,) switching
power supply of car radio scanner (Scientific Production Firm Integral, Ternopil,) power supply radio transmitting
and receiving devices of systems for remote control of power objects and the accounting of electric power
(Ternopil Design Office Strila, Ternopil.)
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