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AHOTANIA

SAckkiB B. I. BucokoedexkTuBHI HANMIBNPOBIAHMKOBI NepeTBOpPIOBaYi
eJIEKTPOeHePrii HA 0CHOBI BUCOKOYACTOTHUX MATHITHUX miacuiaoBavis. Ha
paBax pyKOIUCY.

Huceprariist Ha 3100yTTsI HAYKOBOTO CTYTICHS JOKTOpA TEXHIYHUX HAyK 3a
cnemianpHicTIO 05.09.12 «HamiBrnpoBiTHUKOBI TTEPETBOPIOBAY] CICKTPOCHEPT1i»
- TepHONiNBCHKUN HAIIOHATILHUN TEXHIYHUHN yHiBepcuTeT iMeHi IBana Ilymros,
Tepuomins, 2020.

Juceprallisi NPUCBSYEHA BUPIIIEHHIO HAYKOBO-TIPUKIAIHOI MHpoOIeMu
BJIOCKOHAJICHHSI METOJIIB Ta 3aC001B MEPETBOPEHHS MapaMETPiB €IEKTPOEHEPT1i
B HaIBIPOBIIHUKOBUX IIEPETBOPIOBAYaX HA OCHOBI BHCOKOYAaCTOTHUX
MarHiTHHUX I1ICHJIFOBAYiB.

Y mnepmioMmy po3auti MpoBENCHO aHai3 CTaHy MOpoOieMu MoOyA0BU
BHCOKOYAaCTOTHUX  HAMIBIIPOBIIHUKOBUX IEPETBOPIOBAYIB  €JIEKTPOEHEPTil
(HIIE), oOrpyntoBano BuOip kpurepiiB npu po3podbui HIIE, 3anponoHoBaHO
anbTEPHATUBHUN  MAXiA 10 peamizamii  HIIE 3  BukopucTaHHSIM
BUCOKOYACTOTHUX MarHiTHuX miacuwioBayiB (BMII), onucano nmpuHum ioro
po60oTH, TIpOBEAEHO MOpIBHIbHUM aHami3 BMII 3 cunoBuMu kiroyamMu Ha
OCHOBI1 HaITlIBIPOBIIHUKOBUX €JIEMEHTIB, 3pO0JIEHO aHalli3 eJIEeKTPOMAarHiTHUX
IpoLeciB B IMIOYJbCHOMY cTabOim3aTtopt Ha BMII, po3risiHyTo pexumu
HaMarHi4eHHs MarHiTHOTO OCep.is 3 MPSAMOKYTHOIO netiero ricrepesucy (I111D),
MPUBEIACHO XapaKTEPUCTHUKN BUCOKOYACTOTHUX MarHiTHUX cruiaBiB 3 [T pos
BMII. BusiBneno notpely y BAOCKOHAJIEHHI METO/IIB Ta 3aCO01B MEePETBOPEHHS
napamMeTpiB €JIEKTPOSHEPTii B HAMIBIPOBIAHUKOBUX MEPETBOPIOBAYAaX HA OCHOBI
BHCOKOYACTOTHUX MAar"iTHUX M1ICHIIOBAYIB.

Y apyromy po3aiji po3risHyTo ocoOnauBocTi 6a30Boi cTtpykTypu ICITH
Ha BMII. I[Toka3zano, mo BapTicHI Xxapakrepuctuku yHidikoBanoro psay [CITH

Oe3nocepeIHbO  BU3HAYAIOTHCS  BapTicTIo ocepab BMII, mo Bumarae



psany ICITH.

3anponoHOBaHO Ta OOIPYHTOBAHO €KCIIEPUMEHTAIBHHUM MiIX11 O aHATI3y
maco-rabaputHux xapaktepuctuk BMII sax ¢ynkuionansuoi oguaumi [CITH.
[Toka3aHo, 1m0 Jjs peanizaiii 3a3HAYeHOTO MIiAXOAy 3 METOK MiHIMI3aIli
BapTOCTI  JOCTIPKCHb JOUUIBHO BHKOPHUCTATH METOAM  ONTHMAIBHOTO
IUIaHYBaHHS ~ €KCIIEPUMEHTY 1  3alpONOHOBAHO  CXEMY  IIPOBEICHHS
eKCIIEPUMEHTAIBHUX JOCTIIKEHb.

Ha ocHOBI 0OrpyHTOBaHOrO €KCIEPUMEHTAIBHOIO MIAXOAY BIEpIIe
CTBOPEHO IHTEPBAJIbLHY MaKpOMOJENb €HepreTuyHoi xapakrepuctuku BMII y
BUMIISIAL (DYHKIT BiJ BUXIIHUX MHapaMeTpiB MEPETBOPIOBAYIB €JIEKTPOEHEPTii,
sKa JJa€ MOXKJIUBICTh 3 TAPAHTOBAHOIO TOYHICTIO OOYHMCIIUTH YMCIOBUI 1HTEPBAJ
Uit BUXigHOi moTykHocTi BMII myg 3agaHuX MpPOEKTHUX TapameTpiB
HOMIHAJIBHOI BUXIJHOI HANpyrd Ta MAKCUMAaJbHOTO CTPYMY HABAHTAKECHHS
ICIIH.

Po3pobrieno y3arajgpbHEHUM aJIropuT™M ONTHUMI3alli Maco-rabapuTHUX
XapaKTEPUCTUK ocepar BMII Ha OCHOBI OTPUMAHOI IHTEPBAILHOI
MaKpoMojielll eHepreTudHoi xapaktepuctuku BMII. Anroputm peanizoBaHo y
BUTJIS/II TIOKPOKOBUX (opMasi3oBaHUX TNpoLEayp, W0 3ade3nedye Horo
BUKOPUCTAHHA B TEXHOJOrIi TpoekTyBaHHs yHi(pikoBanoro psay HIIE 3
ONTUMAJIbBHUMH MacO-TabapUTHUMHU XapakTepucThukaMu ocepib BMIIL.

Y TperboMy po3aijii pO3MVISIHYTO 3alpONOHOBaHI METOAM TMOOYIOBU
ICITH na BMII ans 3a0e3ned4eHHs] BUCOKOTO PiBHSI CTPYMY HaBaHTaXEHHS Ta
BUCOKOT €(EeKTUBHOCTI TepeTBOpioBadiB. BoHU 0a3yloThCs Ha HACTYIHHUX
MOJIOKEHHSIX .

- BIJICYTHICTh OyAb-SIKHX JOJATKOBUX 3BOPOTHHUX 3B’SI3KIB, CXEM
KepyBaHHs, AeMII(PYHOUYMX JIAHOK UM 1HIINX €JIEMEHTIB B CXEMOTEXHIIII;

- MaKCUMaJbHE BUKOPUCTaHHS YK€ HAsSBHUX €JEMEHTIB B

NepeTBOpIOBaYi;



- MakCUMajbHE BHUKOPUCTAaHHS YyXK€ HasIBHUX CHUTHAJIIB B
MepeTBOPIOBAYl BiJl €JIEMEHTIB, SIKl BU3HAYAIOTh IPUHITUIT HOTO pOOOTH;

- 3a0€e3neYeHHS MaKCUMaJIbHO MO>KJIUBO1 e(pEeKTUBHOCTI
NepEeTBOPIOBAYA;

- 3abe3nedyeHHs ¢yHkuionyBaHHa B 100% piama3zoHi 3MiHM CTpyMy
HABaHTA)KCHHS;

- MIHIMaJIbHI 3aTPATH Ha JOCSITHEHHSI MOCTaBJIEHOT METH.

3anponoHoBaHO HOBHI METOJ oOprasizamii mapajienbHoi poOOTH
IMITyJIbCHUX CTa01113aTOP1B MOCTIMHOI HAIIPYTX HA BUCOKOYACTOTHUX MAarHiTHUX
nigcwioBayax (ICIIH na BMII), skwuii 3abe3nedye piBHOMIPHUI pPO3MOILT
CTPyMy HaBAaHTKEHHS MK OKPEMHUMHM CTaOLI3aTOpaMH B YChOMY Jlana3oHl
Horo 3MiHM TIpH 3MiHI BCiX JecTabuni3yrounx (akTopiB 3a paxyHOK
BUKOPHUCTAaHHS chiibHOTO ocepAs BMII B poii peryiroro4oro eneMeHra Jjis
Bcix mapanensHo mpamtorounx ICITH wa BMII, mo yHEMOXIHMBIIOE BIUIKUB
TEXHOJIOTIYHOTO pO3KHAy TmapaMerpiB  ocepab BMII Ha piBHOMIpHICTH
po3noainy cTpymy HaBaHTakeHHs. ChopMyiabOBaHO YMOBH BBIMKHEHHS Ha
napasiensHy po6oty ICIIH nwa BMII. 3anponoHoBanuii Meton 3abesneuye
PIBHOMIPHUN PO3MOJIT CTPyMy HaBaHTaXEHHS TPU €IUHOMY 3BOPOTHOMY
3B’SI3KY 3a BUX1AHOIO Hampyroro. [Ipu npomy cxema kepyBanss Bcima ICITH na
BMII ananoriuna cxemi kepyBanus ogHoro ICITH na BMII.

B po3aun nmpoBeaeHO MOAENIOBaHHS cTalliai3aropa Hampyrd Ha OCHOBI
BMII, 3 BpaxyBaHHSM chneUU(PIKHM CXEMU KEpyBaHHS MJI1 MaJUX HPHUPOCTIB
curnaiis (Control Loop Small Signal Modeling).

Brnepie 3anpononoBano metos modyaosu ICITH ra BMII 3 cuaxpoHHUM
BUTIPSIMJICHHSIM, B SIKOMY KEpyBaHHS MOJHOBUMH TPaH3UCTOPAMU BUTIPSIMIITYA
3MIUCHIOEThCST  Oe3mocepeIHhO Y GyHKIII HAMpyT BUCOKOYACTOTHOTO CHUIIOBOTO
TpaHcopmaropa iHBepTOpa 0€3 BBEJCHHS OYy/b-SKHX JOJATKOBUX E€JIEMEHTIB
YU CXE€M KEepyBaHHS HHUMHM 3a paxyHOK npuHuuiy podooru BMII (ma mouarky

koxHoro miBnepioxy BMII nepeOyBae B HEeHACHUEHOMY CTaHi), 110 3a0e3mnedye



BUIIY €(EeKTUBHICTh, HAAIMHICTh Ta YHEMOXJIMBIIOE MPOTIKAHHS HACKPI3ZHUX
CTPYMIB y BUIIpsAMIIsIYl. [[71s1 miaBuIieHHs €(h)eKTUBHOCTI, a TAKOXK 3a0e3neYeHHS
KOMIUIEKCHOCTI CHCTEMH pEajli30BaHO 3alpOMOHOBAHUNA METOJ MOOYJOBH
BuxigHoro LCD-dineTpa, B KOMy KepyBaHHS IMOJILOBUM TPAH3UCTOPOM, IO
BUKOPHUCTOBYETHCA 3aMICTh Ji0Aa, 3MIMCHIOEThCA y (YHKIII Yy)Ke€ HasBHUX
Harpyr npoceniB HacuueHHs BMII 0Ge3 BBeneHHS Oyab-SKUX HTOJATKOBUX
CJIEMEHTIB UM CXEM KepyBaHHs HUM (puc. 8).

Ha ocHOBI mpoBeneHOTO aHali3y METOJIB MOOYJOBU KEPOBAHHUX JIKEPEI
€JIEKTPOKUBIIEHHSI 3 BHUXOJIOM Ha 3MIHHOMY CTPYMi BCTAaHOBJIEHO HACTYIIHI
HEJIOJIIKW: HU3bKUHM PIBEHb €JIEKTPOMArHITHOI CyMICHOCTI, CKJIQJIHICTh MPOIIECY
dbopMyBaHHS BUXIAHOI 3MIHHOI HAmNpyrd, HE 3aBXKIW 3aJI0BUIbHI JHUHAMIYHI
XapaKTePUCTUKU. 3 METOI iX YCYHEHHS po3po0JeHO MeToa 1o0ynI0BU
BHUCOKOJIMHAMIYHUX KEpOBaHUX MepeTBoproBauiB Ha ocHOBI BMII 3 Buxonom Ha
3MIHHOMY CTpPyMi 3 BHCOKOIO SIKICTIO BHXIJHUX Hampyr Ta 13 HIMPOKUM
Jiarma30HOM pEryJIFOBaHHS 4acTOTH BUXiaHOI Hampyru (puc. 9). [Ipuuomy st
dbopMyBaHHS K JI0JATHOI, TaK 1 BiI’€MHOI MIBXBUJIb BUX1JHOT 3MIHHOI HaIllpyTH
B KOXHOMY IUI€Yl BUIOpPSIMIISIYa BUKOPUCTOBYEThCS cruibHEe ocepas BMIL.
dopMyBaHHS 3MIHHOI HAmpyru 3a0e3MeuyeThcsi Ha BUCOKIM poOOodiil 4acToTi
BXI1JTHOTO TPAH3UCTOPHOT'O 1HBEPTOpA, L0 B MO€AHAHHI 3 BiaacTUBOCTIMU BMII
3a0e3rnedye MOXIUBICTh (POPMyBaHHA TMPENU3IMHOI BHUXITHOT HANpPYyTH,
3a0e3nedye BUCOKUI pIBEHb AUHAMIYHUX XapaKTEPUCTUK Ta €IEKTPOMArHiTHOI
CYMICHOCTI.

Y yerBepTOMY PO3AiJi MpoaHATI30BAaHO CHOCOOM CHUMETPYBaHHS
PEXKUMIB MEepeMarHiuyBaHHsS BHCOKOYACTOTHOTO CHJIOBOrO TpaHchopmaropa B
JIBOTAKTHOMY nepeTBOproBayi, OOTPYHTOBAaHO BUOIp 6a30BOTO
BUCOKOYACTOTHOTO TPAH3UCTOPHOTO IHBEpPTOpa Il CyMICHOI pobOoTu 3
peryinsitopamu Ha BMII, BmockoHaseHO MeTOA  OpraHizalli mapaneabHOl

poOOTH TakWX 1HBEPTOPIB, BIOCKOHAJICHO METOJ] KEPYBaHHS CHJIOBUMH



KITI0YaMH 32 paxyHOK OpraHizaimii pexumiB poOOTH B KoJaxX KepyBaHHS 3
MEHIIUMU BTpaTaMu.

Bnockonaneno  merton opraHizamii  mapajenbHoi  poOOTH
BHCOKOUYACTOTHUX HEPEryJIbOBAHUX TPAH3UCTOPHUX 1HBEPTOPIB 3 BUCOKOIO
CTaOUIbHICTIO CHHXPOHHOI Ta cuH(pa3Hoi ix komyTalii B 100% aianazoHi 3MiHU
BCix 30yprorounx ¢aktopiB, Bucoka cTabiIbHICTh 4aCTOTH KOMYTAIII] JOCATHYTA
3a paXxyHOK BBEJCHHS €IMHOTO HE3AJIEKHOTO PiBHSA (i1 BCIX MNapayielbHO
MPAITIOIOYNX 1HBEPTOPIB) OOMEKEHHS MIBHIKOCTI TEpPEeMarHidyBaHHS IPOCEs
HACHYEHHS 3 TMPSMOKYTHOIO TMETJICI0 TICTEPE3UCY B JOJATHUX 3BOPOTHUX
3B’sI3KaX 3a BUXIJIHUMH HaIllpyraMy 1HBEPTOpPIB MpPH MEpeMarHiuyBaHHI HOTO B
peXUMI JKEepena CTpymy.

Y m’aToMy Ppo3aii  [OpUBEACHO pe3yJbTaTH EKCHEPUMEHTAIbHUX
nociikeHs enekrpomardiTHoi cymicHocti HITE na BMII. [lpoananizoBano
OCHOBHI MI’KHapOJIHI CTaHJIapTH, 10 PEIVIAMEHTYIOTh PiBHI €JIEKTPOMArHiTHUX
3aBaj. [Ipuseneno pesynbratu gocnimpkens HIIE na BMII 6e3 Ta 3 kopekTopom
koedimienra mnotyxHocTi (KKII). 3ampomonoBano B HIIE na BMII
BukopuctoByBatu KKII, B skux peanizoBaHa MeETOAWKA, IO BiIOMa SK
KepyBaHHs BCepeauHi oHoro taktoBoro mnukiay abo OCC (One Cycle Control).
3po0JieHO OPIBHSUIBHUI aHalli3 TOIMOJIOTIH MEPETBOPIOBAYIB 3 BpaXyBaHHIM iX
€JIEKTPOMArHiTHOT CYMiCHOCTI.

ExcniepuMeHTanbHe JIOCITIJKEHHS piBHS BUIIPOMIHIOBaHUX
enektpoMarHiTHux 3aBag HIIE wa BMII mpoBoauioch Ajis CTBOPEHOTO B
paMKax BHKOHAHHS CIIJIBHOTO HaykoBoro mpoekty ‘“High-Reliability Switching
Power Converters for Security of Information Technology” (IC S.NUKR.CLG
982639) (rpant HATO B pamkax nporpamu “Nato Programme Security Through
Science”) mocmigHOro 3pa3ka IepeTBOproBada 0e3 KopekTropa KoedilieHTa
NOTY>KHOCTI Ha BuXigHI mapamerpu 24 B, 8 A B naboparopii CHUIIOBOI

enektpoHiku Kamidopsiiickkoro yHiBepcutety, M.IpBiH, CILIA.



ExcniepumenTtanbHe qOCHiIKeHHs enekTpomarHitHoi cymicHocti HIIE Ha
BMII 3acBigumino HU3bKUI PIBEHb €IEKTPOMArHITHUX 3aBaj BUIPOMIHIOBAHHS.
B miamazoni wactot Big 42 MI't 1o 400 MI'1 piBeHb €JIEKTPOMArHiTHUX 3aBajl
BUIIPOMIHIOBaHHS ~ PO3pPOOJEHOTO  JOCHIAHOTO 3pa3ka HWXKYMK, HIK B
aMepuKaHChKOTO aHayora (3okpeMa, B aiama3oHi yactor 130-200 MI'r; - B 4-5
pasiB).

Hnsa  nmocmimxenns HIIE wa BMII 3 KKII 6yno peanizoBaHo
nepeTBopoBad Ha BuXigHi mapametpu 24 B, 10 A. [ns xepysanns KKII
BUKOPHCTAHO cremianizoBany wikpocxemy IR1150, B skiif peamizoBaHa
meroauka OCC. ITlepeBaroro ii € 3a0e3leueHHs BHUCOKOTO PIBHS JUHAMIKH B
KopekTopi Ta MoxkJuBicTh ToOyAoBu KKII B miana3zoHi BUXiTHUX NOTYXHOCTEH
B1JT KIJIBKOX COTE€HBb BT 110 K1716K0X KBT.

Hwxunit pierr EM3 nociimkyBaHOTO MepeTBOproBada 3a0e3MmedyeTbes
BUKOPUCTAaHHSAM B pOJIi CUJIOBHUX perynordux enxemenTiB BMIL, pobora sikux B
KJIIOYOBOMY PEXHMI HE CYNPOBOJKYETHCS IMOSBOI0 BHCOKOYACTOTHOI 3aBaju
BHCOKOI'O PIBHS Ta iX BJACTUBICTIO CIIYTYBAaTH (PLIbTPOM KOHAYKTUBHUX EM3 sk
B HACUUEHOMY, TaK 1 B HCHACUYEHOMY CTaHaX. A BUCOKHUU piBEHb €()EKTHUBHOCTI
ta PFC nmocsiraeThes 3a paxyHOK ONTHMAJILHOTO IMOETHAHHS METOJIB peari3alii
KKII 13 3anpornonoBanuM Meroaamu nodynosu HITE na BMIL.

Y mocromy po3aijii TpoOBEACHO eKCIEPUMEHTAbHE JIOCIIIKEHHS
nuHaMiyHuX xapaktepuctuk HIIE nma BMII, exciepuMeHTanbHe IOCHIIKEHHS
HIIE na BMII 3 cMHXpOHHUM BUOPSIMJIEHHSM IPU PO3IPBAHOMY 3BOPOTHOMY
3B’A3Ky 3@ BHXIJHOIO HAIpyroto, EKCIIEpUMEHTaJIbHE  JTOCIIPKEHHS
crabumizoBanoro HIIE na BMII 3 cunxponHuM BunpsimieHHsM. HaeneHi
MPUKJIAAN MPAKTHYHOI peastizallii IepeTBOPIOBaYiB 32 JAHUMHU 3aMOBHHKIB.

JUis  eKCTIEpUMEHTAILHOTO JIOCHIJKEHHSI JTMHAMIYHUX XapaKTEPUCTUK
OyJsio po3pobdisieno pochniguuii 3pazok HITE na BMII na Buxigni napamerpa 5 B,
50 A. B mpoMy mepeTBOprOBadi peanizoBaHO OMUCAHUW B PO3AUN 3 METOX

nooOyaosu ICITH na BMII 3 BUucokuM piBHEM CTpPYyMY HABAHTAKEHHS .



ExcriepuMmeHnTanbHi  AOCHI/DKEHHS — 3aCBIAYMIM  BUCOKHM  piBEHb
JUHAMIYHUX XapaKTepUCTUK Ta BIACYTHICTb OYyIb-SKMX TMEPEryJIloBaHb B
nepexigHux mnpouecax. llepeximHuii mpolec 3aBEpIIYETHCS B MOMEHT
JIOCSITHEHHSI PETYJIbOBAHOI0 BEIIMYMHOIO (BUXITHOI HANPYTroro) i1 ycTaaeHOTo
PIBHSI, 1110 Maii’Ke Ha MOPSA0K 3MEHIy€e Horo TpuBamicTs. [Ipu mukmiuniit 100%
3MiHI HABaHT@XEHHA 3 4YacToTol0 5 K[I[ yac MepexiJHOro IMpolecy piBHUM
1,8 mc.

Excnepumentansie pocmmxenHs HIIE wa BMII 3  cunxpoHHHM
BUIIPSIMJICHHSIM TPOBOJWJIOCH B JIBa €TalM: JOCHIHKCHHS TpU PO3ipBaAaHOMY
3BOPOTHOMY 3B’SI3KY 32 BHXIJIHOIO HAIlPYrolO Ta JOCTIIKEHHs CTa0171i130BaHOTO
HITE na BMII.

B 000x Bumajgkax HeEperyJibOBaHUM BHCOKOYACTOTHHUM TpPAH3UCTOPHUMN
1HBEPTOp peasli30BaHUil MO MIBMOCTOBIM cxeMi. JloCHiJKEHHSI TMPOBOIMINCH
npu BXigHINA Hampy3i moctiiiHoro ctpymy U =310 B (exBiBaneHT Hampyru
MepeXi MPOMHUCIOBOI YACTOTH).

Came npunuun poooru BMII (3arpuMka 1mosiBu CTpyMy HaBaHTaXKEHHS B
CHJIOBOMY KOJIi, 00yMOBJIEHa YaCOM TIepeMartiuyBaHHs JOCSITHEHHS HACHUCHHS
B poOouOoMy TIBMIEPIOJi) YHEMOXKIIMBIIOE TOSBY HACKPI3HUX CTPYMIB TIpU
JBOTAaKTHOMY BHUIIPSIMJIEHHI, IO JO3BOJIMJIO O€3MOCepelHE BUKOPUCTAHHS
CUHXPOHHUX BUIPSIMIISIYIB Y TIepeTBOproBayax Ha ocHoBl BMII.

[TpoBenene mocmimkeHHs mokasye, mo cydacHi MOSFET 3 meBenukum
OMOPOM  BIJIKPUTOTO  KaHaly  3a0e3Me4yloTh  BHUCOKY  €(EKTHUBHICTb
nepeTBoproBaya. B Hamomy Bumanky e(eKTHBHICTh TEpPEeTBOpIOBaYa B
nianaszoHi 3MiHu ctpymy Big 3A o 11A (B mexax nonag 50%) mepeBuiiye
94%.

Hageneni NPUKJIIAIN MPAKTUYHOL peamizarii KEpOBAaHOTO
TPHOXKAHATBHOTO IMIYJBCHOTO JDKEPENIO JKUBICHHS EJICKTPUYHUX TalbM
cuctemMu enekTponpuBony antenn Benmukoro giamerpa (JAHTII « TEXAC-Ky,

M. TepHomiis), IMITyJIbCHOTO ~ JIDKEpEJNa  JKUBJICHHS ~ aBTOMOOLIBHOTO



pamiockanepa (TOB HB® «luterpan», m. TepHominb), mKepena KUBICHHS
pamionepenaBadbHUX Ta MPUAMAIBHUX TPUCTPOIB CHUCTEM JTUCTAHIIIHHOTO
KepyBaHHS eHeprood’ekramu Ta 001Ky enekrpoeHeprii (TOB TKBP «Crpinay,
M. TepHOITLIB).

Knouosi  cnosa:  eucoxowacmomuuii  MacHimHuu — RIOCUTIO8AH,
NPAMOKYMHA Nemis 2icmepe3ucy,napaieibia poboma, CUHXPOHHUU GUNDIMILAY,

IHMep8anIbHa MOOeb eHepeemuiHOl XapaKkmepucmuKu.
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ANNOTATION

Yaskiv V. l. High-efficiency semiconductor power converters based
on high-frequency magnetic amplifiers. Manuscript.

Dissertation on achieving the scientific degree Doctor of Technical
Science in specialty 05.09.12 — Semiconductor Power Converters — Ternopil
Ivan Puluj National Technical University, Ternopil, 2020.

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.

In the first chapter the state of the problem of high-frequency
semiconductor power converters design is analyzed. The criteria choice for such
power converters design is reasoned. An alternative approach to semiconductor
power converters design with the use of high-frequency magnetic amplifiers
(MagAmps) is proposed, and the principle of their operation is described.
Comparative analysis of MagAmp switch and power switch based on
semiconductor components is carried out. Electromagnetic processes in a
MagAmp pulse power supply are analyzed. Magnetization modes of a magnetic
core with a rectangular hysteresis loop are considered. The characteristics of
MagAmp high-frequency magnetic alloys with a rectangular hysteresis loop are
given. There is discovered a need for improvement of the methods and means of
electric power conversion in high-frequency MagAmp power converters.

The peculiarities of a basic dc pulse magamp power converter topology
are considered in the second chapter. It is shown that price characteristics of a
unified series of dc pulse magamp power converters are determined directly by
MagAmp core price. Thus, optimization of MagAmp core weight and
dimensions characteristics is required for design of the unified series of power

converters.
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An experimental approach to weight and dimensions characteristics
analysis of MagAmp as of a functional unit of the power converter is proposed
and reasoned. It is shown that to implement this approach in order to minimize
the price of the research, it is reasonable to use the methods of optimal
experiment planning. A scheme of carrying out the experimental research is
proposed.

Based on the reasoned experimental approach, for the first time there was
developed an interval macromodel of energy characteristic of high-frequency
magnetic amplifier as a function of power converters’ output parameters. It
allows computation of the numerical interval for MagAmp output power for
given power converter’s design parameters such as nominal output voltage and
maximum load current.

Based on the obtained interval macromodel of MagAmp energy
characteristic, a generalized MagAmp core weight and dimensions
characteristics optimization algorithm is developed. The algorithm is realized
as step-by-step formalized procedures, allowing its use within the design
technology of the unified series of power converters with optimal MagAmp
core weight and dimensions characteristics.

In the third chapter the suggested methods of MagAmp power
converters design are considered for ensuring high level of load current and
high efficiency of power converters. They are based on the following
statements:

- absence of any auxiliary feedback loops, control circuits, snubber
circuits, or other electric components;

- maximum utilization of already present components in the power
converter;

- maximum utilization of already present signals from the
components that determine the power converter’s operation;

- providing maximum possible converter’s efficiency;
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- providing functioning within 100% range of load current change;

- minimal expenses to reach the set goal.

A new method of organizing parallel operation of pulsed DC voltage
stabilizers on high-frequency magnetic amplifiers is proposed, which provides
uniform load current distribution between individual stabilizers in the whole
range of its change when all destabilizing factors change due to the use of a
common Magamp core as a regulating element. This makes it impossible to
influence the technological variance of the parameters of the saturable cores on
the uniformity of the load current distribution. The conditions of switching on
parallel operation of pulsed DC voltage stabilizers are formulated. The proposed
method provides a uniform distribution of load current with a single feedback
on the output voltage. Thus the control scheme of all pulsed DC voltage
stabilizers is similar to the control scheme of one unit.

MagAmp voltage stabilizer is modeled in this chapter, including its
control loop small signal modeling.

A method for design of power converters based on high-frequency
MagAmps with synchronous rectification is proposed for the first time 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, the suggested LCD-filter design
method is used. It consists in controlling 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,

Based on the carried out analysis of controlled ac power supplies design
methods, the following drawbacks were spotted: low level of electromagnetic

compatibility, ac output voltage forming complexity, not always satisfactory
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dynamic characteristics. To eliminate these, a new design method of controlled
MagAmp power converters with AC output, high quality of output voltage, and
wide range of output voltage frequency regulation is proposed. It provides a low
level of electromagnetic interference and a high level of dynamic
characteristics. Moreover, to form both positive and negative voltage half-
periods, in every line of a push-pull rectifier a common MagAmp core is used.
The ac voltage is formed on high frequency of input transistor inverter, that
together with MagAmp properties allows forming of high-precision output
voltage, provides high level of dynamic characteristics and electromagnetic
compatibility.

In the fourth chapter ways of remagnetization modes symmetrization of
power transformer in push-pull power converter are analyzed. The choice of
basic high-frequency transistor inverter for joint operation with Magamp power
converters is reasoned. The method of organization of parallel operation of such
inverters is improved. The method of power switches control is improved due to
control circuits operation modes organization with lower losses.

The method of organization of parallel operation of high-frequency
uncontrolled transistor inverters with high stability of synchronous and
synphase commutation in 100% range of change of all distortion factors is
improved. High stability of commutation frequency is obtained due to setting
one independent level (for all inverters, working in parallel) of limiting the
remagnetization speed of MagAmp with rectangular hysteresis loop in positive
feedback loops for inverters’ output voltages while operating in current supply
mode.

The results of experimental investigation of MagAmp power converters’
magnetic compatibility are given in the fifth chapter. The main international
standards that regulate electromagnetic interferences levels are analyzed. The
results of the research of MagAmp power converters with and without power

factor correction (PFC) are given. For MagAmp power converters it is
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suggested to use PFC, based on one cycle control (OCC) methodology, where
control is performed within one switching cycle. Comparative analysis of power
converters’ topologies is done, regarding their electromagnetic compatibility.

Experimental research of the level of MagAmp power converters
electromagnetic interferences was carried out for an experimental 24V, 8A
power supply without PFC in Power Electronics Laboratory at University of
California (UCI), Irvine, USA within the framework of joint scientific project
“High-Reliability Switching Power Converters for Security of Information
Technology” (IC S.NUKR.CLG 982639) (a grant from NATO in a framework
of the programme “Nato Programme Security Through Science”).

Experimental research of MagAmp power converters electromagnetic
compatibility proved the low level of radiative electromagnetic interferences.
In the frequency range of 42 MHz to 400 MHz level of radiative
electromagnetic interferences of the designed sample is lower than the one of an
American analog (particularly, it is 4-5 times lower in the frequency range of
130-200 MHz).

For the investigation of MagAmp power converters with PFC, a 24V,
10A power converter was built. A specialized integrated circuit IR1150, where
the OCC method is realized, was used for PFC control. Its advantages are
ensuring a high dynamics level in the corrector, and a possibility of PFC
realization in the range of output powers of a few hundred watts to a few
Kilowatts.

Lower level of electromagnetic interferences (EMI) of the investigated
power converter is ensured by using MagAmps as power switches, whose
operation in switching mode is not followed by the large high-frequency
interference, and since they are conductive EMI filters both when saturated and
not saturated. High levels of efficiency and PFC are ensured by optimal
combination of PFC realization methods with the proposed methods of

MagAmp power converters design.
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In the sixth chapter there are carried out the experimental research of
MagAmp power converter’s dynamic characteristics, experimental research of
MagAmp power converter with synchronous rectifier with open loop,
experimental research of stabilized MagAmp power converter with synchronous
rectifier. There are given examples of practical realization of power converters
according to clients’ requirements.

For experimental research of dynamic characteristics, a 5V, 50A
MagAmp power converter was developed. In this power converter, the design
method of MagAmp power converters with high level of load current, described
in chapter 3, was realized.

The experimental research proved high level of dynamic characteristics
and absence of any overvoltage transient. Transient process finishes at the
moment when the regulated value (output voltage) reaches its stable level, thus
it significantly decreases its length. With cyclic 100% load change at 5 kHz
frequency, transient time equals to 1.8 ms.

The experimental research of MagAmp power converter with
synchronous rectifier was split into two stages: open loop research, and research
of stabilized MagAmp power converter.

In both cases the unregulated high-frequency transistor inverter is realized
using half-bridge topology. The research was carried out at input dc voltage
V=310V (equivalent of the voltage of industrial frequency).

It is MagAmp operation principle (load current delay in the power circuit
is determined with the remagnetization time necessary for reaching the
saturation level within the working half-period) that eliminates the occurrence
of short-circuit currents during push-pull rectification, which allowed using
synchronous rectifiers directly in MagAmp power converters.

The research carried out shows that modern MOSFETs with little open

channel resistance provide high efficiency of MagAmp power converter. In our
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case, efficiency of the power converter with the load current change range
between 3-11A (within over 50% range) exceeds 94%.

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 TEHAS-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.)

Keywords: high-frequency magnetic amplifier, rectangular hysteresis
loop, parallel operation, synchronous rectifier, interval model of energy

characteristic
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CIIMCOK ONNYBJIKOBAHUX MPAIlb 3A TEMOIO JTUCEPTAIIIL

Cmammi Yy _HAYKo6ux nepiodulmux BUOAHHAX YKpainu ma HayKoeux

HePIioOUUHUX GUOAHHAX IHUWIUX 0€pPIHCAB, WO 6X00Amb 00 MINCHAPDOOHUX

HAYKOMEMPUYHUX 043 OAHUX:

1. AcekiB B. I. 3abe3nedyeHHs cuHXpOoHHOI Ta cuH(}a3HOT poOOTH
BUCOKOYACTOTHUX TpaH3ucTtopHux iHBeptopiB / B. I. Ackkis, O. I1. I'ypuuk //
Bicauk Ham. YH-Ty «JIbpBiBCchKa momitexHikay. Cepist: PamioenekTpoHika Ta
TenexkomyHikaiii. — JIbBiB, 2002. — Ne 443, — C. 100-104.
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2. AcekiB B. I. HoBi MeToau mNpoeKTyBaHHS IMIYJIbCHUX JUKEpPeI
BTOPUHHOTO €JIEKTPOKUBIICHHS 3ac00iB KoMt FoTepHOi TexHiku / B. L. SlchkiB //
TeopernyHa enexkTpoTexHika : 30. HayK. np. — JIbBIB : JIbBIBCbKUI Hall. yH-T
M. [Bana @panka, 2002. — Ne 56. — C. 135-141.
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B. U. ScbkuB // Kocmiuna Hayka i TexHonoris. — Kwuis, 2003. — T. 9, Ne 2. —
C. 331-337.

5. Yaskiv V. Using of High-Frequency Magnetic Amplifier in Switch
Mode DC Power Supplies / V. Yaskiv // 35th Annual IEEE Power Electronic
Specialists Conference (PESC’04). — Aachen, Germany, 2004. — P. 1658—
1662.

6. ScekiB B.I.  ExcniepuMeHTanbHe  JOCHIDKEHHS  JIUHAMIYHUX
XapaKTEPUCTHK HAMIBIPOBITHUKOBUX IEPETBOPIOBAYIB  €IEKTPOCHEprii 3

BHCOKOYAaCTOTHUMHU MarHiTHuMu migcmmoBadamu / B. 1. SlepkiB, M. M.
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FOpuenko, O. I1. I'ypuuk // Texniuna enekrponunamika. Temar. Bum. : CunoBa

eJIeKTpOHiKa Ta eHeproedexTuBHictb. — Kuis, 2005. — Y. 4. — C. 7-9.
3006ysauem npogedeno excnepumeHmanbHe OO0CHIONCEHHS OUHAMIUHUX

Xapaxmepucmuk nepemeoprosaua Ha euxioni napamempu 5 B, 50 A.

1. SlcpkiB B. 1. Meroau o0y 10BU HaITiBITPOBITHUKOBUX
NEPETBOPIOBAYIB €JIEKTPOCHEPrii 3 BUCOKHM PIBHEM CTPYMy HAaBaHTa)XCHHS Ha
OCHOBI BHCOKOYACTOTHMX MarHiTHuUX macwmwioBadiB / B. 1. ScpkiB, M. M.
FOpuenko // Texniuna enektpoauHamika. Temar. Burl. : CuiioBa eIeKTpOHIKA Ta
eHeproedekTuBHiCTh. — Kuis, 2006. — Ne 2. — C. 3-6.

3006ysauem npogedeno awnaniz memooié 3abe3neyeHHs NaApaieibHOL
pobomu HIIE ma cunmes memoodis 3abe3neuenns napanenvroi pooomu ICIIH
Ha BMII.

8. Acekie B.I. I[lnanyBaHHS ONTUMAJIBHOTO EKCIIEPUMEHTY JIJIsi
noOy10BU IHTEpBAJIBHOI MOl €HEPreTUIHOI XapaKTEPUCTUKU
BHCOKOYACTOTHUX MAarHITHUX ImijacwioBadiB [EmekTponnmit pecypc] / M.
Husak, B. SlcbkiB, A. Ilykac / BicHuk TepHONUJIBCHKOTO A€PK. TEXH. YH-TY. —
Tepromims, 2006. — T.11, Ne3. — C. 169-177. — URL:
http://elartu.tntu.edu.ua/handle/lib/29250
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xapakmepucmuxku BMII y euensdi @ynkyii 6i0 GUXIOHUX napamempis
nepemeopro8ayie eleKmpoeHepeil.

9. AcebkiB B. 1.  JlocmipkeHHS ~ €NEKTPOMAarHiTHOI ~ CYMICHOCTI
HaIIBIPOBITHUKOBUX TEPETBOPIOBAUIB EIEKTPOEHEPTii 3 BHUCOKOYACTOTHUMH
MarHiTHuMmu TmigacuioBadamu / B. SlebkiB // TexHiuHa enekTpoauHaMiKa.
Temar. Bum. : CuiioBa eJIeKkTpoHika Ta eHeproeekTuBHicTh. — Kwuis, 2008. —
Y.4. —C. 68-71.

10. ScekiB  B. 1. 3a0e3nedeHHss  CUMETPYBaHHS  MPOILECY
nepeMarHiuyBaHHs CHJIOBOTO TpaHc(opMaTopa MBOTAKTHOTO TEPETBOpPIOBAYA

Hanpyru / B. 1. SlcekiB // BumipioBajibHa Ta OOYHCIIIOBAJIbHA TEXHIKA B
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2009. — Ne 1. — C. 80-84.

11. Yaskiv V. Interval estimation of weight-dimenshional
characteristics of high-frequency magnetic amplifier of pulse power supplies /
M. Dyvak, V. Yaskiv, A.Pukas // Przeglad electrotechnichny (Electrical
Review). — 2009. — No 4. — P. 92-94.

3006y8auem npogedeno onmumizayiro Maco-2abasumHux XapaKmepucmux
0cepob BUCOKOYACMOMHUX MASHIMHUX NIOCUNIO8AYI8 HA OCHOBI IHMEPBAIbHOL
Maxkpomooenb enepeemuynoi xapakmepucmuxu BMII y euenadi ¢yuxyii 6io
BUXIOHUX NApamempie nepemeopio8ayis enekmpoeHepeli.

12. Yaskiv V. Power factor correction as the right step towards a safer

environment / A. Abramovitz, V. Yaskiv, K. Smedley // Przeglad
Elektrotechniczny (Electrical Review). — 2013. — Vol. 89, no 3A. — P. 244-
246.
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13.  Yaskiv V. MagAmp Regulated Isolated AC-DC Converter with
High Power Factor / Volodymyr Yaskiv, Alexander Abramovitz, Keyue
Smedley, Anna Yaskiv // Communications (Scientific Letters of the University
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14. ScekiB B.1. HoBi Merogm moOyJ0BM KEpOBAaHUX IMITYJIHCHUX
JDKEpeN eNEKTPOXKUBICHHS 3 BHXOJ0M Ha 3MiHHOMY ctpymi / B. L. flebkiB //
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15.  Yaskiv V. High-Frequency MagAmp Power Inverter / Volodymyr
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Yaskiv, Anna Yaskiv // Computational Problems of Electrical Engineering. —
Lviv : Lviv Polytechnic National University, 2017. — Vol. 7, no 2. — P. 124—
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16. Yaskiv V. Synchronous rectification in High-Frequency MagAmp
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Oleg Yurchenko // Advanced Computer Information Technologies Proceedings
of the International Conference Advanced Computer Information Technologies,
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URL.: http://ceur-ws.org/Vol-2300/ (reference date: 23.03.2020).
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17. ScekiB B. 1.  Opranizanis mnapaneibHOoi poOOTH  IMITYJIbCHUX
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enekTpoauHaMiku Harl. akagemii Hayk Ykpainu. — Kwuis, 2018. — Ne 51. — C.
81-85.

3000y6auem nposedeHo cumme3 Memoody OpeaHizayii napaieibHoi
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18. Yaskiv V. Experimental Research of High-Frequency MagAmp

Power Converters for Synchronous Rectification / V. Yaskiv // Ontuxo-
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KypH. — Binnaums, 2019. — Ne 2 (38). — C. 113-121.

19. Yaskiv V. MagApm Post-Regulator Small Signal Modeling /
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20. Yaskiv V. Unregulated Transistor Inverter for High-Frequency
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Computational Problems of Electrical Engineering. — Lviv : Lviv Polytechnic
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21. Ilar. ma Bunaxig 30485 UA, MIIK HO2M 7/525. ImmynscHuit
nepetBoproBad nocTiiHo1 Hanpyru / SleekiB B. 1., I'ypauk O. II. ; 3asBHUK
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CHHXPOHHY 1 cMH(]a3Hy poOOTy Ta MPHUCTPiit 11s Horo peamizarii / SlcbkiB B. 1.,
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C., ScbkiB A. B., Mumkosens O. I1. ; 3asBauK TepHOMIIBCHKUI HAIl. TEXH. YH-T
im. IBana Ilymros. — Ne a201602383 ; 3as181.12.03.2016 ; omy6mn. 25.04.2018,
brom. Ne 8.

30006y6auem 3anponoHo8aHo BUKOPUCMAHHSL HOHUMCYIOHU020
mpancopmamopa 6 Koai 000aAMHO20 360POMHO20 38 83KV 34 BUXIOHOINO
HAanpy2010  UCOKOYACMOMHO20 MPAH3UCMOPHO20  IHEEpMOpaA 3 Memoio
3a6e3neyeHts nepemazHivyy8ants Opoceis HACUYeHHs 3 NPAMOKYMHOIO NemJiero

eicmepesucy 6 pedcumi 0dxcepena Cmpymy 3 MEHWUMU 8MPaAmamu.
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Ilyonikauii 'y mamepianax MidCHAPOOHUX KOH@epenuin, AKi

ITHOCKCYIOMbCA 6 MINCHAPOOHIU HAYKOMempuuHiu 0a3i SCOPUS:

29. Yaskiv V. Development of switch power supplies for radar
applications / Volodymyr Yaskiv, Oleg Shabliy, Anatoliy Alpatov, Olexandr
Gurnik // 2001 CIE International Conference on Radar. — Beijing, China, 2001.
— P. 851-855.

3006ysauem obIpyHmosano ma peanizosano euxkopucmauns HIIE Ha
BMII ons orcusnenns padionepedasaivHux ma RPUUMAIbLHUX NPUCMPOI8 CUCHEM
38 'A3K).

30. YaskivV. Power supply systems of microprocessor devices /
Volodymyr Yaskiv, Olexandr Gurnik, Svitlana Moskalyk, Natalya Shklyarenko
/[ The Experience of Designing and Applications of CAD Systems in
Microelectronics. The VI-th International Conference. CADSM 2001. — Lviv-
Slavsko, Ukraine, 2001. — P. 70-71.

3006ysauem cgopmyrvosano Gumocu ma NPUBEOeHO  pe3ylbmamu
peanizayii HIIE na BMII ons mikponpoyecophoi mexniku.

31. Yaskiv V. The new methods of switch mode power supply
designing for computer facilities / Volodymyr Yaskiv // International
Workshop on Intelligent Data Acquisition and Advanced Computing Systems:
Technology and Applications. IDAACS'2001. — Foros, Crimea, Ukraine, 2001.
— P. 87-90.

3000y6auem cgopmynrvosano eumocu ma HpuedeHo  pe3yibmamu
peanizayii HIIE na BMII 3 eucoxum pienem cmpymy HABAHMANCEHHS OISl
3aco06i6 yupposoi mexuixu.

32. Yaskiv V. Method of inclusion on parallel operation of high-
frequency inverters / Volodymyr Yaskiv, Olexandr Gurnik // Modern Problems
of Radio Engineering, Telecommunications and Computer Science. The
International Conference TCSET 2002. — Lviv-Slavsk, Ukraine, 2002. —
P. 186.
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3006ysauem peanizosano memoo 3abe3neveHHs NApaleibHoi pobomu
BUCOKOUACMOMHUX MPAHZUCMOPHUX — IHBEPMOPIB 3 BUCOKOW CMAOLIbHICIIO
ix
CUHXPOHHOI ma cuHga3Hoi Komymayii.

33. Yaskiv V. The designing methods of controllable secondary power
supply on the basis of high-frequency magnetic switches / Volodymyr Yaskiv,
Olexandr Gurnik // The Experience of Designing and Application of CAD
Systems in Microelectronics. The 7th International Conference CADSM 2003.
— Lviv-Slavske, Ukraine, 2003. — P. 314-315.

3006ysauem 3anpononogano peanizayiro memooy nooyo0o8u Kepo8auux
nepemeopiogauis Hanpyau Ha ocHosi BMII 3 euxo0om Ha 3MiHHOMY CIpPYMI.

34. Yaskiv V. The comparative analysis of UPS topology / Volodymyr
Yaskiv, Roman Hirnyak // International Conference Modern Problems of Radio
Engineering, Telecommunications and Computer Science. The International
Conference TCSET 2004. — Lviv-Slavsko, Ukraine, 2004. — P. 520-521.

3000y6auem npogedeHo auaniz cmpykmyp odxcepen 0Oe3nepedilHo2o
Jrcusents 3 memoro ix peanizayii 3 guxopucmanuam HIIE na BMII.

35. Yaskiv V. On-Board Power Supply Systems with High-Frequency
On-Board Net for Space Vehicles / Volodymyr Yaskiv, Petro Stachiv, Mykola
Dyvak, Olexandr Gurnik // 2007 Compatibility in Power Electronics. —
Gdansk, Poland, 2007. — P. 1-2.

3000y6auem 3anponoHOB8aHO peanizayito CMpYKmypu OOpmosoi mepexci
Kocmiunux anapamis na ochosi HIIE na BMII.

36. Yaskiv V. MagAmp power converters with low level EMI /
Volodymyr Yaskiv, Alexander Abramovitz, Keyue Smedley // Xllth
International Conference. The Experience of Designing and Application of CAD
Systems in Microelectronics (CADSM 2013). — Lviv, Polyana, Ukraine, 2013.
— P. 388-395.
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3006ysauem nposedeno ananiz erexkmpomacuimuux npoyecie 6 ICITH na
BMII, nposedeno sunpobysanus HIIE na BMII na pisenv enekmpomacHimuozo
BUNPOMIHIOBAHHS, NPOBEOEHO EeKCNEePUMEHMANIbHE OO0CIONCEHHS O0CAIOHO20
spaszka HITE na BMII (24 B, 10 A) 3 kopekmopom KoeghiyicHma nomysHcHoCmi.

37. Yaskiv V. Performance evaluation of MagAmp regulated isolated
AC-DC converter with high PF / Volodymyr Yaskiv, Anna Yaskiv, Alexander
Abramovitz, Keyue Smedley // 10" International Conference ELEKTRO 2014.
— Rajecke Teplice, Slovakia, 2014. — P. 411-416.

30006y6auem 3anpononosano memoo nodoyoosu sucokoeghexkmusnux HIIE
Ha BMII 3 kopexmopom Koe@iyicHma nomyxicHocmi ma npogeoeHo pe3yibmamu
EeKCnepUMeHmanbHUx 00CII0NHCEHb.

38. YaskivV. Modular High-Frequency MagAmp DC-DC Power
Converter / Volodymyr Yaskiv, Anatoliy Martseniuk, Anna Yaskiv, Oleg
Yurchenko, Bohdan Yavorskyy //2019 9th International Conference on
Advanced Computer Information Technologies (ACIT). — Ceske Budejovice,
Czech Republic, 2019. — P. 213-216.

30006y6auem po3pobaeno memoou nooy008u MoOYIbHUX NEPEemBOPIO8adia
Ha
ocrosi BMII 3 wupoxum Oianazonom 3miHu 6XIOHOI Hanpyeu ma npoeedeHO
excne-

PpUMeHmanvhe 00CIONCeHHS MOOYIbHO20 nepemeopiosava (12 B, 10 A).

39. Yaskiv V. Synchronous  Rectificier in High-Frequency
24V/15A
MagAmp Power Converter / Volodymyr Yaskiv, Oleg Yurchenko, Anatoliy
Martseniuk, Anna Yaskiv // 2020 IEEE 4th International Conference on
Intelligent Energy and Power Systems (IEPS). — Istanbul, Turkey, 2020. — P.
113-117.

3006ysauem nposedeHo  eKCnepuMeHmanbHe OOCHIONCEeHHs Memooy

nooyoosu cmabinizosarnoeo HIIE na BMII 3 cunxponHum unpsmieHHsIM.
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