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OBIIA XAPAKTEPUCTUKA HA HAYYHUTE TPYJIOBE

3a ydacthe B KOHKypca TJI. ac. I-p uHx. Muxaena JlumutpoBa CiaBkoBa, MpEACTaBs IO
nokasaren B3 xaOunmuranmoned Tpya — MoHorpadus Ha Tema: ,,CrnenuGuyHu MPHIIOKEHHS Ha
TOPOUJAJIHA JICHTOBA MAarHUTONMPOBOAM OT aMOp(OHM ¥ HAHOKPHUCTAIHH MAarHUTHO MEKH
crutaBu”, m3natesnctBo Apanrapa-Ilpuma, Codwus, 2022, ISBN 978-619-239-705-0.

ITo nokazatenu I'7 u I'§ ca mpencraBenu ob6uio 18 Opost HayyHM CTaTUM U JOKJIATd, OT
kouTo 13 ca Ha aHTIIMIICKH €3UK, a 5 Ha OBJITapCKu €3WK. ABTOPBHT IPEACTaBS 2 CAMOCTOSATEIHU
nyOJMKaIyy, B 8 OT CTATUUTE € ITbPBU aBTOP, B 6 € BTOpH aBTOP, a B 2 € TPETH aBTOP.

ITo moxkasaren I'7, mpeactaBeHuTe mnyOauMKanmuu ca ob6mo 5 Opos (pedepupanu u
uHaekcupanu B Scopus /i Web of Science), kato 3 oT Tax ca pedepupaHu U HHACKCHUPAHU
ennoBpeMeHHo (B Scopus u Web of Science, ¢ ummakr panr SJR 0.14+0.15). JIBe ot
nyOJIMKAI[MUTE Ca CAMOCTOSTEIIHH, & B OCTAaHAJIUTE 3 aBTOPHT € Ha IBPBO MIIM HA BTOPO MSCTO.

ITo moka3zaren I'S, mpencraBeHUTE CTaTUU M JIOKJIaau ca obmnio 13 Opos - HepedepupaHu
CIMCAHUS C HAyYHO PEICH3UPAHE WM B PEIAKTUPAHH KOJICKTUBHU TPYIOBE.

IIpu onucaHUeTO HA XapPAKTEPUCTHUKUTE U AHAIN32 HA MOHOTpPadUsITa M HAYYHUTE TPY/IOBE,
KAKTO U NpH 00eJMHABAHETO MM B IPYNHU IO [aJ€HO HAYYHO HANMpaBJieHHE ce W3MO0JI3BaT
cJIeJHUTE UH/IEKCH 32 0003HAYABAHETO HA TUIIA HA PUHOCA U CbOTBETHUS BU/L:

[1] Hay4eH npuHOC;

[2] Hay4uHO-TIPHIIOKEH TPUHOC;

[3] mpunoxen mpuHoc;

[4] popmynmpane ninm 060CHOBaBaHE HAa HOBH PELICHHSI HA ChIECTBYBAI TPOOJIEM;
[5] bopmynupane nnu 060CHOBaBaHE Ha HOBA TEOPHS UITH XUTIOTE3a;

[6] cp3naBane Ha HOBU KiacH pUKAIMH, METOAN, KOHCTPYKIIMH, TEXHOJIOTHH;

[7] mony4aBane Ha pe3ynTaTd, MOTBBPXKAABAIIYM XHIIOTE3aTa 3a IpoIeca.

|. XABUWJINTAHUOHEH TPYJ -MOHOI'PA®US (IIOKA3ATEJI B3)

Monorpagusita Ha Tema ,,CneunduyHM TNPUIOKEHUS Ha TOPOMAAIHM JICHTOBU
MarHMTONPOBOAY OT aMOp(hHU M HAHOKPUCTAJIHU MarHUTHO MEKH CIjiaBu’~ € pa3paboreHa B 5
IJ1aBU, ChJIbpKa 143 neyaTtHu CTaHAApPTHU CTpaHULM, Oubauorpadusara e ot 177 ustouHuka (Ha
AHTJIMHCKY, PYCKH, OBJIFapCKU U HEMCKU €3UK), uMa 32 ¢urypu u 16 tabnuuu.

B Hes ce o0o0maBar MHOrooOpa3HUTE MPUIIOKEHUS HAa aMOPPHUTE U HAHOKPHCTAJIHU
MarHUTHO MEKM CIUIaBM KaTro MaTepHali 3a TOPOWJAIHH JICHTOBH MAarHUTOIPOBOIH.
[IpencraBen e cucreMaTH3upaH 0030p HA CBOMCTBAaTa M XapaKTEPUCTUKUATE HA TE€3U CPAaBHUTEITHO
HOBM MarHMUTHO MEKM CIUIABH C HEKPHCTajHa CTpyKTypa. HampaBeH e ISIIOCTEH aHamu3 Ha
KPUTEpUUTE 3a M300p Ha MOIXOASIIMTE MAarHUTHO MEKM MaTepUasd 3a 3aJbl0OYaBaHe Ha
MO3HAHUATA 32 NPUJIOKEHUATA HAa TOPOUAAIHHUTE JICHTOBH MarHUTONPOBOIH, M3PAOOTEHU OT
aMOp(QHM W HaHOKPUCTAJIHH CIUIABH C Il TbPCCHE HAa HOBM HACOKH B Pa3BUTHETO HM.
Pasrnenanu ca HOBU crienuUYHU MPUIIOKEHUS U ca HAIPaBeHH pa3padOTKH, KOUTO Cca OIMHMCAaHU
B OTICIHUTE TiaBHW. [IpeanokeHa € HOBa KiacH(pHKAIMs, pa3aeisila MPHIOKEHHATa Ha
TPaAMLIMOHHU U crienuuuHu. ToBa 1aBa BB3MOKHOCT OCBEH 32 MMOJ00psIBaHE HA MOKA3aTENnuTe
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Ha BCUYC H3BCCTHUTC IMPUIOKCHHA, HO M 3a Cbhb3JaBaHC Ha HOBHU eHepFHﬁHO e(l)eKTI/IBHI/I
YCTpOfICTBa, 6nar0;:[apeHHe Ha OTVIMYHUTEC XapaKTCPUCTUKU HA TC3U MATrHUTHO MCKHU CILJIaBU.

B mbppBa rnaBa ”AmMop¢pHM M HAHOKPHCTAJTHHM MArHMUTHO MEKM CINIaBH” € HallpaBeH
KpaTbK 0030p Ha CBOMcTBaTa, XapaKTEpPUCTUKHTE, YCIOBUATa 3a o0Opa3yBaHe, CbCTaBa,
yclIoBUATa 3a aMopdu3auus, CTPYKTypPHHUTE OCOOEHOCTH Ha aMOpPPHUTE U HAHOKPHUCTAJIHU
CIJIaBM, KaKTO M KPUTEPUUTE 3a U300p Ha MArHUTHO MEKH MaTEepHaIM 33 MarHUTOIPOBOIHM.
Pasrnenanu ca mporecuTe Ha TEPMHUYHATA W TEPMOMAarHUTHaTa o0paboTKa Ha aMop(dHUTE
CIUIaBU, KaKTO U MOJy4aBaHETO HA MAarHUTHO MEKHM MAaTE€pHaJIU C PA3JIMYHU XapPaKTEPUCTUKU U
cBoiictBa. IIpencraBeHu ca CBETOBHO M3BECTHHUTE MPOU3BOIUTEIN U IICHOBHS JMANa30H Ha Te3U
MmaTtepuanu. Pasriienanu ca u ca 0000LIEHH pa3IMYHUTE TUIOBE KJacH(UKAIMK aMOpQHUTE U
MarHUTHO MEKHUTE CIUIaBH.

B rmaBa Brtopa ., TopompanHum JieHTOBH MArHUTONPOBOAH OT AaMOppHU H
HAHOKPHUCTAJTHN MATHUTHO MEKH CILUIaBM” JI€TAllIHO ca pa3riiefaHu JelCTBAIUTE CTaHAApTH
3a TOPOWJAJHHM JICHTOBM MAarHUTONPOBOAM OT MAarHUTHO MEKH Mmartepuanu. OmnucaHu ca
KOHCTPYKTHBHUTE OCOOCHOCTH, TTapaMETPUTE M XapPAKTEPUCTUKHUTE HA TOPOUJATHUTE JICHTOBU
MarHUTONPOBOMIUA, TEXHOJOTUYHUTE OCOOCHOCTH, CBbP3aHM C TEPMUYHATA M TEPMOMArHWTHATA
uM 00paboTka. CrenuaaHo BHUMaHHE € 00bPHATO HA SBJIEHUETO MarHUTOMEXaHUUEH PE30HAHC,
YCIIOBUSITA 32 BB3HUKBAHETO MY M Ca TNPEICTaBEeHH H3YHCICHUTE PE30HAHCHU YECTOTH 3a
TOPOUIN OT pazIUYHU Mapku aMOppHU METaJIHU CrlaBu. HampaBen e aHanu3 M ca JnaJieHu
HACOKH MPH KOHCTPYHUPAHETO HA MATHUTOIIPOBOIH C 1171 U30ATBAHETO HA SIBJICHUETO.

B tpera rnasa ,, Ilpujioskenusi Ha TOPOUIATHYU JIEHTOBU MATHUTONPOBOAM OT aMOpGHU
U HAHOKPHCTAJIHM MArHUTHO MeKH CIUVIaBH~ € TpelcTaBeHa HoBaTa KiIacHpUKaHsS Ha
NPWIOKCHHUATA Ha aMOPGHUTE W HAHOKPUCTAIHMU CIJIABU — TPAJUIIMOHHU M CHEUu(UYHH.
CucremMaTH3UpaHO ca OMUCAaHU U O0OOIIEHH KOHKPETHH MPHIOKEHHUS KaTO Cca MpeICcTaBeHU
MpeIMMCTBaTa UM B JIaJICHOTO MPOEKTHO pemeHne. Habens3anu ca HOBU MPUIIOKEHUSI.

B uerBbpra rnaBa ,llpuiiokeHusi Ha TOPOMIAJHU JIECHTOBH MATHMTONPOBOAH OT
aMOp(HH M HAHOKPHUCTAIHM MArHHTHO MEKH CILIaBH B HacHIiamu ce apoceau ¢ F
XapAKTePHCTHKA HA MAarHMTONPOBOAA” € pAa3rielaHO HOBO IPUIIOKEHUE Ha JpOCENl C
Hacullane, HO ¢ F-xapakTepucTka Ha MarHUTONpPoBoaa. IIpenioxkeHo € HOBO CXEMHO pelIeHue
3a penyuupaHe Ha 3aryourte npu BkimouBaHe Ha IGBT Tpansucropu. Bmecro TpanunmonHara
RLD Bepura ce wusmonasBa Jpocesl € TOPOMJAJIEH MarHUTONpPOBOA C F-XxapakTepucTuka.
AHanu3upaH e NpUHIUIA Ha JeHCTBUE HA CXEMHOTO pellleHue, JeUHUpaHU ca KPUTEPUUTE 3a
n300p Ha MarHUTHO MEKHUsl MaTepual U € MpeicTaBeHa METOUKaTa 3a IPOeKTHpaHe Ha Jpocesia
C HaCHUIAHE.

B nera rnasa ,,IIpuiaokenne Ha TOPOUJAATHH JEHTOBH MATHUTONPOBOAU OT aMoOp(dHHU
U HAHOKPHUCTAJHHU CIUVIAaBH B TOKOBU TpaHcdopMaTopu 3a CWJIOBH MOJYNPOBOAHHUKOBH
npeodpasyBarejim ¢ o0paTHa BPb3Ka IO HamNpe:KeHHe” TIPEACTAaBEHO HOBO pEIICHUE 3a
rajJjBAHMYECKO pa3jelisiHe Ha CHTHaja MEXKIY YIpaBisBallMs M 3axXpaHBall OJIOK B CHIIOB
eJIEKTPOHEH IpeoOpa3zyBaTei, 4pe3 TOKOB TpaHchopmaTop. AHaimu3upaHa € paboraTa Ha
CXEMHOTO pellieHUE U PoJIsiTa Ha TpaHchopMaTopa KaTo ca IOCOYEHU MPEeIUMCTBaTa Ha TOKOBUs
TpaHchopMaTop CHPSIMO peanu3alusATa Ha CcXeMaTa C HampeXuTeNeH TpaHchopMartop.
Pazpabotkata e QokycupaHa BbBpPXY MPENOPHKUTE 32 MPOCKTHpPAaHE Ha TOPOUIATHHUS
MarHuTONPOBOJI HAa TOKOBHS TpaHchopmaTop, KOWTO MOXKe Aa ObJie CIUHUYEH WM ChCTaBEH
tun. JlaBat ce Hacoku 3a M300p Ha MOAXOISAIIM MAarHUTHO MEKH MaTepualv 3a TOPOUIATHUS
MAarouTonpoBOa M Ca HaIlPpaBCHU H3YHUCICHUA Ha TPCIIKUTC HAa TOKOBHUA TpaHC(i)OpMaTOp C
HAaHOKPHCTAJIHA CIIJIaB.

Hayunu [1], HayuHO-NPUJI0KHHU [2] M MPUIIOKHU NPUHOCH B MOHOTpadusTa [3]

1. [pemioxkeno e pasmpeHue Ha cera aericrBamus cranaapt IEC 60635:1978/AMD1:1997 ED1
"Toroidal strip wound cores made of magnetically soft material” 3a TopommanHu neHTOBH
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MarHUTONPOBOAM OT MAarHUTHO MEKM MaTepHali W B YACTHOCT OT aMOP(GHU M HAHOKPHCTAIHH
MarHMUTHO MEKH CIUJIaBH, KOMTO € akTuBeH 10 2025 roaunHa. [IpennokeHnero 3a pa3mMpeHueTo ce
OTHAaCsi camMO 3a NpPOMSHA Ha CBHOTHOLIEHMATA HAa BBHIIHUSA KbM BBTPELIHUS JIUAMEThp Ha
marauronpoBoaute Ki = di/d,, Taka ye chOTHOLICHHMETO Ja craHe mo-Manko oT 1.25 u ;ma ce
usnomsBar cboTHomeHust 1.10 u 1.05. Ta3u npomsiHa ce oTHacs 3a TOPOMJIATHU MarHUTOIPOBOAM,
U3pabOTEeHH OT MAarHUTHO MEKH MaTepHalll CaMO C MPAaBOBI'bJIEH XUCTEPE3UCEH IUKBJI U BHCOKA
MarHWTHA TIPOHUIIAEMOCT, 32 KOMUTO UMa JaJIeHN MPEANMCaHuATa 32 TOBA ChOTHOLICHUE U T€ ca - J1a
He npeBumraBa 1.25 Bceku mbT, Korato € B3MoxkHo [2],[3],[6].

2. lpennoxeHa € ONTHMH3AINS HA PSKUMA HA TePMOOOPaObOTKa M/MJIM TepMOMArHuTHa 00paboTKa
Ha TOPOMJAJIHUTE JIECHTOBM MarHUTONPOBOAM 3a HSIKOM CIUIaBH, OTHacsul ce 3a 3o0Ha Il (mmato).
MaxkcumanHOTO BpeMeTO 3a MOAIbpkKaHe Ha KOHCTaHTHATa TeMIlepatypa ce HamaisBa oT 40 Ha 15
MHUHYTH M C€ IOCTUTa ONTHMAJECH PEKUM M MOAOOPEHH MAarHUTHU XapaKTEPUCTUKUA HA TOPOUAMTE

[2],[3],[4].[6].

3. OmpeneneHn ca MarHUTOMEXaHUYHUTE PE3OHAHCHU YECTOTM HAa TOPOUAAIHHM JIEHTOBU
MarHuTonpoBoAu. Jloka3aHO € IO M3YMUCIMTENEH IbT, Y€ 3a TOPOMUJAIHM MarHUTOIPOBOJM,
U3paboTeHH OT TPH Pa3IMYHM TUIAa MarHuTHO Meku cruiaBu (Metglas), Ho ¢ exnHakBu pasmepu u
napaMeTpd, MarHMUTOMEXaHWYHMAT PE30HAHC HACThIBA IPU pa3iMyHa vecrora. JlokazaHo € 1o
U3YHCIUTENIEH BT, Y€ 32 MAarHUTOIIPOBOIU C €AHAKBB BBTPEIICH AUAMETHP, HO Pa3jMueH BbHILIEH
JMaMeThp, OT SIUH THII MArHUTHO MeK MaTtepuan (Metglas), MarHuToMeXxaHHYHHUAT PE3OHAHC MOXKE
Jla HaCThIIU MpU pa3jiiyHa YECTOTa B 3aBUCUMOCT OT ChOTHOIIEHUETO HA BHHUIHMS KbM BbHTPELIHUS
nuaMmeTbp. JlokaszaHo e, 4e KOJKOTO MO-TOJSIMO € ChOTHOIIEHHETO MEXK/Y BBHIIHUS M BbTPELIHUS
JUaMeThp Ha MarHUTOIIPOBO/A, TOJKOBA MO-HUCKA € MarHUTOMEXaHUYHATa PE30HAHCHA YECTOTa MpU
paBuu npyru yciosus [2],[3],[7].

4. TlpennmoxkeHa € HoOBa KiacH(uKamus Ha TNPUIOKCHUATA HAa TOPOUJAJIHUTE JICHTOBU
MarHUTONPOBOAM OT aMOp)HU W HAHOKPUCTAIHH CIUIABH — TPAJUIMOHHU W CHCHU(PUYHH.
TpaauIIHOHHUTE MPUIIOKEHUS, KOMTO ce 0a3upaT Ha U3BECTHUTE KIIACHYECKH THUIIOBE XHCTCPE3UCHH
IIUKJIM Ha MarHuTHO MekuTe maTepuanu — Z (Rectangular - mpaBosrsiien), R (Round - kinacuueckn)
u F (Flat - moserar, jquHEeH), OT KOMTO ce U3pabOTBAT MAarHUTOMPOBOAUTE CE Pa3IIUPSIBAT C HOB
KJIac npuiokeHus — cnenupuann. CrennpuyHUTe MPUIIOKEHHs ca Ha 6a3a JBa W IMOBEYE TOPOHU A
OT MarHUTHO MEKH CIUIAaBH C Pa3jMYHU XapaKTEPUCTHKH, OOCAMHEHH B €IMH OOII ChCTaBEH
(M3BECTEH OIlle KAaTO KOMITO3UTEH, KOMOWHUpPAH HIIM CMECEH) MAarHUTONPOBOA. B ChCTaBHUTE
MarHUTOIPOBOAM, OJlarolapeHre Ha mapajieiHara padoTa Ha JiBa MarHUTHO MEKH MaTepualia MOXe
Jla ce pealu3upa HIMPOKa ramMa OT HOBHM NPHUJIOKEHHUS, KOUTO He OuWxa OMIM BB3MOXKHHU Jla Ce
OCBIIECTBST, KO HE CE MU3I0JI3Ba ChcTaBeH Marautorposoa [1],[2].

5. PasmmpeHa e 30HATa Ha MPHIOKEHHUS CbC cHenU(UYHH TPUIOKEHHS, 0a3MpaHd OCBEH Ha
ChCTaBHU MAarHUTONPOBOIHM, HO M HA HM3MOJI3BAHETO HA MaTepuaj C Pa3iHyeH OT CTaHIAAPTHHUS 3a
NPUIOKEHHETO XUCTEPE3UCCH M[UKBI — HAmpuMep 3aMsHa Ha Z-XHCTEPE3UCeH MHUKBI ¢ F-
XHCTEPE3UCEH IIUKBJI MPU ONPEACICHH PeXXUMH Ha padoTa. [1o To3M HaYMH OCBEH, Y€ CE paslIupsaBa
30HATa Ha MPHJIOKEHUE, HO U C€ Ch3IaBaT YCJIOBHs 3a pealM3MpaHe Ha HOBU IMPUIIOKCHHUS C I0-
BHCOKa eHepruiina edexkrusroct [2],[3].

6. IlpemioxkeHo € HOBO CXEMHO pellleHHE 3a HaMallsiBaHe Ha 3aryourte nmpu BkmouBaHe Ha IGBT
TpaH3UCTOPHUTE B TipeodpazyBaTenute ¢ PWM (IMpourMHHO UMITYJICHA MOJAYJIAINS), KOUTO ca OKOJIO
50% oT uyecTOTHO 3aBUCUMUTE KOMYTallMOHHHU 3aryou. M3BectHara RLD Bepura ce 3aMeHs ¢ Ipocen
¢ HacuIaHe, HO ¢ F-xucrepesncen nukbi. ChIIECTBEHOTO IPU TOBA HOBO PELICHHE €, Y€ ClIe] KaTo
JPOCENBT CE HACUTH B HETO MPECTABA J1a CE HATPYyNBa OBEYE MArHUTHA eHeprus. Ta3u cbXxpaHsBaHA
€HEprusl ompenessi HUBOTO HA IMPEHANPEKEHUATA NPU HU3KIOYBAHE M Thil KaTO € MHOI'O HHCKA,
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IIpeHanpeXxeHusitTa Morar Oe3npobiieMHo na Opaar oBmageHd or TpaauimonHute RC wimm RCD
rpymu, niau upes nasuauu quoqu [1],[2],[4].[5]

7. IlpensioxkeH e moAaxo 3a onpeesisiHe HA OCHOBHUTE MapaMeTpu Ha MHAYKTUBHOCTTA Ha JIpOCea C
Hacuulane ¢ F-xapaktepucTuka Ha MarHutonpoBoja. M3uncieHa e WHIYKTUBHOCTTA U € JOKa3aHo,
Ye MHAYKTUBHOCTH OT TMOPSAbKa Ha HAKOIKO MUKPOXEHPH CE€ OKa3BaT JOCTAThYHHU 32 €PEKTHUBHO
HamansBaHe Ha 3aryoute Ha IGBT-TpaH3ucropuTe mpu BKIIOYBAHE U BHB BKIIOYEHO CHCTOSHUE

[2],[61.[7].

8. IlpennokeHO € HOBO peIICHHE 3a TaJBaHWUYECKO pa3/ieisHe Ha CUTHajda MeXIy OJoka 3a
yIOpaBjeHUE | 3axpaHBal(ds OJOK B CHJIOBH CIICKTPOHHH TMpeoOpa3yBaTeld, 4Ype3 TOKOB
tpanchopmarop. [TocoueHn ca u ca JTOKa3aHU MPEAUMCTBATA HA MPEACTABCHOTO PEIICHUE CIPSIMO
peanu3aiysITa My C HampeXuTesaeH TpaHchopmatop. JlageHu ca mpemnopbKH 3a MPOCKTHPAHETO H
n300pa Ha TMOIXOAANM MAarHUTHO MEKH MAaTepHald 3a TOPOUJAHHS MarHUTOIMPOBOJ Ha TOKOBHS
TpaHchopMaTop, KONTO MOXKE Ja Ce MO0J3Ba B MPUIOKCHUETO M KOWTO MOXE Aa ObjJe OT THIa
eIMHUYeH nin 1a e cherased [2],[4],[6].[7].

Il. HAYYHHU, HAYYHO HNPWIOXKHM U ITPHJIOXKHU
IMPUHOCHU HA HAYUYHUTE TPYJAOBE (IIOKA3ATEJI I'7)

O0J1acT Ha U3CJIeIBAHUATA

[ToBeuero HayuHu ctaTud 1o nokazatenu ['7 u ['8, xkouto ca 0O0EKT Ha pas3riIeKIaHUATa, ca
MOCBETEHU Ha pa3pabOTKH M U3CIEABAHMS, HACOYCHH KBbM MPWIOKEHHS Ha aMoppHU W
HAHOKPHUCTAJIHU MarHUTHO MeKHU cIulaBH. [leTailiHO ca M3CieBaHU W U3Y4YE€HU OCOOEHOCTUTE Ha
TOPOUJAIHUTE JIGHTOBU MAarHUTONPOBOAM, BB3MOXKHUTE WM peaju3ald B YyCTpoilcTBaTta B
3aBHCUMOCT OT THIA Ha W3MOJI3BAaHUTE 3a HAlpaBaTa MM MarHUTHO MEKH CIJIaBU — aMOpPGHH U
HAHOKPUCTAJIHU, HAIIPaBEHU Ca HOBU pa3pabOTKU Ha 0a3a Ha HOBM CXEMHH PEIIEHUs, HO C pa3jInyeH
NOJAXOA IpH pellaBaHe Ha IMOCTaBEHMTE 3ajgaud. lIpensnokeHn ca HOBM pELIEHMs] CbC ChCTaBHU
MarHMTONpPOBOAY OT JABa WM IIOBEUYE MArHUTHO MEKM MaTepualla WM PELIEHUs ChC 3aMsHa Ha
CBHILIECTBYBAIIl MArHUTHO MEK MaTepHall ¢ HOB, HO C MOAOOPEHU XapaKTepUCTUKH. [[pyra HacoueHocT
Ha CTaTHMHUTE € B 00JIaCTTa Ha aHAIM3a HAa CXEMHHUTE PEIICHHs C MpPOrpaMHHs MPOoAyKT PSpice u
OLIEHKa Ha BB3MOKHUTE 3a peajn3aluu Ha 0a3a Ha MOIydyeHUTe pe3ynaTatu. MiMa pa3paboTku, KOUTO
ca HACOYEHM KbM aHAJIN3 Ha MPOLECH U SIBJIEHUS, CBbP3aHU C MarHUTHO TBBpANUTE MaTepuaiu. EqHa
oT pa3paboTkuTe € B 00JacTTa Ha KOMYTAal[MOHHATa TEXHUKA WU IO CHEIUATHO C HHPOpMATHBEH
XapakTep BBB Bpb3Ka CBC 3alllUTaTa OT IOXKap B Crpaaid Cc OWUTOBO, NPOMUIIEHO U OOIIO
IpeJHa3HauYeHHUE.

HanpaBeHo € O606H.[€HI/IG Ha HAYYHUTC pa3pa60TKH o CJICAHUTEC TCMATUYHU HAYYHH
HaIlpaBJICHUA:

1. Ilpunoswcenuss na mopouoanrHu 1eHmo8u MAeHUMONPOBOOU OM AMOPGHU U HAHOKPUCTNATHU
MACHUMHO MeKU Naasu - mpaouyuoruu u cneyuguunu I’ 7.5

2. HU3zcnedsame u pazpabomka Ha cneyuuuHu NPUNOdCEHUS HA MOPOUOATHU JIeHMOBU
MA2HUMONPOB8OOU OM AMOP@HU U HAHOKPUCMATIHU CHAABU, KOHCMPYKMUBHU 0COOeHoCmuU U
npoekmupane I' 7.1, I" 7.2, I" 7.3, I 7.4,I" 7.5

3. KOHcmpmeu6HM u MEXHOI02UYHU ocobenocmu HA4 mopouda/mu JIeHmoeu
MaZHumonpoeodu om ClMOquHM U HAHOKpucmajHu cniaeu, USUCKEAHUA KbM Uzoaayuima F_8.1

4. @opmynupane Ha cneyuuUUHU UBUCKBAHUS KbM MASHUMHUME MAMEPUATU 3 KOHKPEMHO
npunoxcerue (MacHumuo mexku u maenumuo mevpou) I’ 8.5, I’ 8.6

ctp. 40131



5. H3cnedsane ma mokosu mpancgopmamopu u eneKmpouHu npeodpazyeamenu u mexHu
cneyugpuunu npunodicenus ¢ nomowyma na PSpice I' 8.2, I' 8.3, I' 8.4, I' 8.7, I" 8.8, I' 8.11,
I 8.12

6. [Ipunosicenue na komymayuonnu anapamu 3a sawuma om noxcapu I'_8.10

7. M3cnedsane na npoyecu u aenenus, cevpzaumu ¢ koukpemuu npunoxcenus I’ 8.7, I' 8.9,
I 813

I' 7.1 K. Milanov, M. Slavkova and H. Antchev, Thyristor Control Driver with Composite
Transformer, 2016 19th International Symposium on Electrical Apparatus and Technologies
(SIELA), 2016, pp. 1-4, doi: 10.1109/SIELA.2016.7543028

Tupucmopen opaiieep 3a ynpagienue cbC CbCmagen mpancgopmamop

B cratudra e pasrienaHo IpuiIoXKeHHE Ha TpaHC(HOPMATOp ChC ChCTaBEH MarHUTOIIPOBOZ,
ype3 KOHTO Morar jAa ObAaT yAOBJIETBOPEHH CTPOTUTE M MPOTUBOPEYMBU HU3HUCKBAHUS KbM
yIpaBJsiBallUTe ApaiiBepu Ha CUJIOBH THPHCTOPU 3a IpeodpasyBarenu. [[paiiBepute 3a ympaBieHue
Ha CUJIOBUTE THUPHUCTOPU ONpPENENAT IpaBWJIHATa W HajAexkaAHa paboTa Ha MpeoOpa3yBaTesuTe.
VYnopapnsBammTe OpaiiBepu MoraT Ja ObAaT HW3MBIHEHH MO pa3IU4YHU CXeMH, HO Te3U C
TpaHcopMaTopu UMaT MPEAUMCTBA, KOUTO OMPENENAT MIMPOKOTO UM MpHiokeHne. OyHKIUATa Ha
IpaiiBepUTe € Ja TeHepHpaT M3XOAEH TOK C HapacTBaml (poHT Ha mMmmyica — Hax 2 g0 10 A/ps,
roJIEeMH aMIUIMTYJIHH CTOMHOCTH — OT 2 10 5 A. 3aIbJ/DKUTENHO YCIOBUE 3a JTOCTaTBYHO TOJsIMa
EHEePrus € HAJIMYKMETO Ha IJIaTO BhB (popMaTa Ha MMITyJica HA TOKa, KOETO € C MPOABIIKUTEIHOCT OT 5
10 10 ms. ToBa € cBbp3aHO C OCUTYpSIBAaHE HA OMPENEIICHH HUBA HA MPOTHYALIUS €IEKTPUUECKH TOK
B ynpasisaBamute Bepuru. [lopaau ta3zu npudnHa, TpaHcOpMaTOPUTE, KOUTO C€ M3MOI3BAT TPsAOBa
Ja C€ 3axpaHBaT OT M3TOYHHUIM Ha TOK, 4 HC OT M3TOYHHIM Ha HAIIPCIKCHUC. HaCTOHIJ_IaTa cTraTusd
nmpeaoCTaBs 06HI nperjica U1 OUCHKa Ha BB3MOXHH HU3NBJIHCHWA Ha CbCTaBHHU MAarHUTOIIPOBOAN Ha
TpaHcopMaTopu 3a TUPUCTOPHU JApalBepH 3a YIpaBJIEHHWE U JaBa HACOKH 3a M300p U JM3aiiH,
MNOTBBPACHU OT CKCIOCPUMCHTAJIHU U3CJICABAHUA. I[a;[eHo € HOBO PpCHICHHUC 3a )JpaﬁBepH 3a
yopaBJICHUE Ha THUPUCTOPU CbC CHCTABHU MArHUTOIIPOBOOM. ChbCcTaBHUAT MAarHvuTonpoBOa Ha
TpaHcopmaTropa € u3paboTeH OT JABa BHJa MAarHUTHO MEKH MaTepHalld — IIbPBUSAT TOPOHI € C
MAaromTHO MCK MaTcpuajl ¢ MHOI'O BHCOKa IIbpBOHA4Ya/IHA MAarHuTHA NMPOHHUIACMOCT (F-LII/IKT:.H), a
BTOpHUAT € C BUCOKA MAarHWUTHAa MHAYKIIMA Ha HACUIIIAHC (Z-I_II/IKT:JI N R-I_II/IK’LJI). Hogoto peuicHue,
KOETO Ce MpejJara, ce OCHOBaBa Ha crielu(UYHUS HAaUMH Ha HaBUBaHE Ha MbPBUYHATA U BTOPUYHATA
HaMOTKH OKOJIO ChCTaBHMSI MarHUTONPOBOJ Ha TpaHcdopmaropa. [IbpBuuHaTta HamoTka € oOma 3a
JBaTa TOPOHMJAIHA MAarHUTONPOBOJA HA CBHCTAaBHHUS MarHUTONPOBOJ Ha TpaHcpopmaTopa, HO
BTOpPUYHATAa HAMOTKA € pa3/ielieHa Ha JBE€ HAMOTKH, KaTO BCSAKA OT TAX CE€ HABMBA OTAEIHO OKOJIO
TOPOUJATTHUTE MAarHUTONPOBOAM HA ChCTAaBHUSI MATHUTOMPOBO/] Ha TpaHcopmaTopa.

Hay4yHu ¥ HAyYHO-NPUJIOKHU NIPUHOCH

1. [IpennoxeHo € Aa ce U3MOJA3Ba CbCTAaBEH MAarHUTONPOBOJ 3a TpaHCpopMaTOpa Ha TUPUCTOPHHUS
npaiiBep, KOHTO ce ChCTOM OT JABa TOPOMAA — M3PadOTEHHM OT CIUJIABM C pPa3JIM4Ha MarHUTHA
IPOHUIIAEMOCT M XMCTEPE3UCEH LUKBJ. 3a pa3jiuKa OT TPAJAULUOHHUTE CbCTAaBHU MarHUTOIPOBOAU
Ha TpaHCPOpPMATOPH TYK C€ Ipeljiara HOBO pEIIeHHe C pa3/ielieHa BTOpUYHA HaMOTKa U oO0Iia
nbpBuyHa [1],[4].

2. JlokaszaHo e, ue KOHCTPYKTHBHOTO M TEXHHYECKO PEIICHHE 3a pealn3upaHe Ha TpaHchopmaTopa
ChC ChCTABEH MArHUTOIIPOBOJ MO3BOJISIBA TCHEPUPAHE HA UMITYJIC C HEOOXOAMMHUS CTPBMEH MpeIeH
(GpOHT, BHCOKA aMILJIMTY/1a M [TOCIEABAIIO IATO C rojsiMa mpoabnkuTenHoct [6],[7].
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3. IIpennokeHOTO pelleHHe II03BOJIABA aMILIMTYyJaTa Ha YIpaBsABallMs TOK Ja Bapupa B
SHAYUTCIIHU T'paHUlU, KOUTO Ca C’bO6pa3eHI/I CbC CHGI_II/I(l)I/I‘IHI/ITC HU3UCKBAHUSA KbM THUPHUCTOPHUTE.
I[a,[[eHI/I Cca OCHOBHM CbHOTHOHICHHA 3a OpasMEpsiBaHC Ha CbCTABHHA MArHUTOIIPOBOA Ha
TpaHcOpMaTOp Ha TUPUCTOPHMS JipaiiBep 3a ympamieHue. [IpensiokeHOTO pelleHue € BHEAPEHO
YCIIEIIHO BB BUCOKOBOJITOB ToKom3mpasuten 6.5 kV/30A [4],[5],[6].

I' 7.2 M. Slavkova and K. Milanov, Reduction of IGBT Turn-on Losses via Saturable Choke with F
Characteristic of the Magnetic Core, 2018 20th International Symposium on Electrical Apparatus and
Technologies (SIELA), 2018, pp. 1-4, doi: 10.1109/SIELA.2018.8447064.

Peoyyupane na 3azyoume npu exnousane na IGBT mpanzucmopu ¢ nacuwauy ce opocen ¢ F
XapakmepucmuKka Ha MAZHUMonpoeooa

B cratusTta e pasrienaHo NPUIIOKEHHWE HAa TOPOUJAIHM JIEGHTOBU MAarHUTOIPOBOAM OT
aMOp(HM ¥ HAHOKPUCTAJIHM MAarHUTHO MEKM CIUIaBU ¢ F-Xucrepe3suceH LMKBJI B JIPOCENH C
HacHILaHe, KOMTO C€ M3MOJI3BaT B CXeMa 3a HaMassiBaHe Ha 3aryoute npu BrmouBaHe Ha IGBT
TpaH3UuCTOpU. TyK € MpenIoKeHN HOB MOAXOJ 33 PelleHHe Ha MpobdiieMa, KOMTO ce OChIIECTBsBA
ype3 HOBO CXEMHO pelleHHe, KOeTo € mojnoOpeHue Ha u3BectHata RLD Bepura ¢ pemmndepHa
MHAYKTUBHOCT. CXxemaTa, MOXKe J1a ObJie pealu3upaHa caMo ¢ Hacuiall ce apocen ¢ F-xucrepesucen
LMKBJI Ha TOPOUAAIHUS JEHTOB MarHUTOIIPOBOJ TOECT C MarHUTHO MEK Matepual ¢ F-xucrepesucen
LUKBJ, T.€. aMOp(eH 1in HaHOKpucTaaeH. OT ChLIECTBEHO 3HAUEHHE 32 TOBA HOBO PELLIEHUE, KOETO
Ce peanu3upa C JIpocell C HACHUINAHE €, Y€ HsAMa HATpyIBaHE HAa MarHuWTHA C€HEprus ciex KaTo
JpOCeNbT Bedye ce € HacuTWl. HoBUAT HauuH 3a HaMassiBaHe Ha 3aryoute npu BkiarouBaHe Ha IGBT
Yype3 HaCHILNALL APOCE] MMa ChIIECTBEHU INPEAUMCTBA. TOKBT, NP KOWTO HACHUINALIUAT IPOCEN CE
HacHIlla € MO-MajJbK OT HOMHHAJHMS TOK, Ipu KoiTo pabotu IGBT Tpansucropa u 3aryburte Ha
MOIIHOCT ca NOo-HUCKU. CbXpaHeHaTa €HEprus B HACUTEHO ChCTOSHUE HAa HACHULIAILMUS CE JPOCEN €
MHOTO HHCKa, KOETO OIpelaesii HUCKOTO HHMBO Ha IIPEHANPEKEHUATA IIPU M3KIIOYBAHE Ha
TPaH3MCTOPA, KOUTO MOrar Ja ObaaT KoHTpoaupanu oT TpaauurnoHHu RC umu RCD rpynu, nnm upes
JaBUHHU 1uoAy. TakuBa HacCHIIAIIM CE JPOCENIM 3a HaMalsBaHE Ha 3aryOuTe MpH BKIIOYBAHE Ha
IGBT Ttpan3ucTopu MoraT JAa ce IMpenopbyaT W 32 THPHUCTOPU, JOPH M 332 KOHTAKTHH
MPEBKJIIOYBATEIIH.

Haytum U HAYYHO-TIPUWJIOKHU IPUHOCHU

1. TIpemiokeHO € HOBO CXEMHO pELICHHE C JpOCeNl C HACHUINAHe, NPH KOETO € JIOKa3aHo, 4e
UHJIYKTUBHOCTH OT MOPsIIbKa HA HAKOJIKO MUKPOXEHPH Ca J0CTaThUHHU 3a e()eKTUBHO HAMaJsIBAHE Ha
3aryoute Ha IGBT tpansucropure npu BkimouBaune [4],[5],[6].

2. Jloka3zaHo e, 4e ce IOCTHIa JONbJIHUTENEH e(heKT upe3 peaylupaHe Ha 3aryouTe Npyu BKIIOYBAaHE
Ha IGBT tpan3uctopure - npu U3KI0UBaHEe Ha AeMipepHus auoa. ToBa JONBIHUTEIHO HaMalsiBa
3aryourte. KomOunamnusra R-D (pe3uctop-auon) cbh3aaBa ycloBHs 3a HAIM4HeE Ha eMIdepHa Bepura
3a MHAYKTUBHOCTTAa Ha OCHOBHATa 3axpaHBallla Mpexa, KOATO OT CBOs CTpaHa OrpaHUYaBa
npeHanpexeHusTa Bb3HukBaiy u Bbpxy IGBT Tpan3ucropute no Bpeme Ha uskimousane [5],[7].

3. IIpeanoxxeHo € TOPOWJAIHHUAT MAarHUTONPOBOA Ha JpOCeia ¢ HACHINaHe Ja Obae M3paboTeH OT
HAHOKPHCTAJIHA MArHUTHO MEKa CIUIaB ¢ F-XumcTepe3nceH LUKBI, KOETO ca HaMaisiBa odema Ha
Jpocesia, OJICKOTSBA I'O MW KAaTo LSJI0 € MO-CHepruiHO e(eKTHBEH M IOAXOIMI] 3a paboTa Hpu
HEOJIaronpHUATHH TEeMIIEpaTypHH ycioBus [6].
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I' 7.3 K. Milanov and M. Slavkova, Design of Saturable Choke for Reduction of IGBT Turn-on
Losses, 2018 20th International Symposium on Electrical Apparatus and Technologies (SIELA),
2018, pp. 1-4, doi: 10.1109/SIELA.2018.8447116.

IlIpoekmupane na opocen ¢ Hacuwiane 3a Hamanaeane Ha 3azyoume npu exnouseane na IGBT
mpan3zucmopu

B cratusita e npeacraBeHa MeTOIMKA 32 M3YUCICHHE HA APOCeNa ¢ HaCUIaHe C TOPOUJaJieH
MarHUTONPOBOJ, M3PabOTEH OT MAarHUTHO MEK Marepual ¢ F-XucTepe3nceH LHKBI C BUCOKA
MarHuTHa TMPOHUIIAEMOCT (0T amopdHA WM HAHOKpHCTajdHa cruiaB). [[pocensT ce u3moia3Ba 3a
ceBMecTHa pabota ¢ IGBT TpaH3ucTopu M CiyKu 3a HaMmalsBaHe Ha 3aryOuTe MpW BKIIOYBAHE HA
npeoOpasyBatensa. Ilpu mpoexkTupaHero Ha Jpoceia € HacuIlaHe ce IedM Ja Ce IMOCTUTHAT
OMpeIeNICHN MMapaMeTpH, KOUTO C€ ABSIBAT ChIIEBPEMEHHO U U3XOJHU YCJIOBUS 3a Opa3MepsiBaHe.

Hay4yHu u Hay4YHO-NIPUJIOKHHU NIPUHOCH

1. Jloka3aHoO € MPaKTHYECKH U 0 HM3YUCIUTENIEH BT, Y€ MO MPHHIHUI TOPOUIATHUTE JICHTOBU
MarHUTOIPOBO/IU, H3PAOOTEHH OT HAHOKPUCTAJIHHU CIUIaBH C F-XapakTepucTHKa Ha MarHMUTOIIPOBO/IA
ca MO-MaJIKH, TO-JIEKH, MO-CHEPrUiiHO e(PEeKTUBHH M Ca MOAXOIAIIM 3a paboTa B YCJIOBUS Ha
HOBUILICHA OKOJIHA TeMIlepaTypa. B craTusra € 10ka3aHo e, ye M3M0JI3BaHEeTO Ha APOCEIT C HACHILAHE
¢ F-xucrepesuceH HUKBI MPU MPABUIHO Opa3MepsiBaHE, 3HAYMTEIHO IOHIKaBa 3aryouTe MpH
BkimouBane Ha IGBT Tpansucropute [6],[7].

2. IlpencraBeHa e MeTOQMKa 3a Opa3MepsiBaHE Ha HACHINAINM C€ JPOCENH 33 TOBAa KOHKPETHO
NPUIIOKECHUE M C€ JaBaT KPUTEPUU 3a M300p Ha MOJXOSIN 32 IMPUIOKEHUETO MAarHUTHO MEK
marepuan. Jloka3Ba ce, 4e TpsiOBa ga ce pabOTH C MAarHUTHO MEKH MAaTEepPUAd C MHOTO BHCOKH
CTOMHOCTH Ha MarHWTHaTa IMPOHUIIACMOCT B HIMPOK pa6OTCH JAuaria3oH. HaHpaBeHI/ITe HU3YUCICHUA
JoKa3BaT ehuKacHOCTTa Ha mpustoxkenuero [6],[7].

I' 7.4 M. Slavkova, Application of Current Transformers in Power Electronics Converters with
Voltage Feedback, 2020 21st International Symposium on Electrical Apparatus & Technologies
(SIELA), 2020, pp. 1-8, doi: 10.1109/SIELA49118.2020.9167051.

Ilpunooswcenue na mokosu mpancghopmamopu 6 cunogu eneKmponnu npeoopasysamenu ¢
o0pammua épv3Ka no Hanpejcenue

[IpennoxkeHo e HOBO pellIeHHE 3a TaJBaHMYECKO pa3jieliiHe Ha CUTHaja Mexay OJioka 3a
yhOpaBiI€HME M 3axpaHBall OJIOK B CHUJIOBM €JIEKTPOHHM IpeoOpa3yBaTeld, 4Ype3 TOKOBU
TpaHcopmaropu. HampaBeH € aHaim3 Ha NPeUIOKEHOTO CXEMHO pelleHue M paborata Ha
TpaHcopMaTopa KaTo ce UMa MpeABUJl, Y€ HeoOXoJuMaTa U3XO0JAHAa MOILIHOCT € MHOTO HUCKA U € B
quana3oHa OT MujuBaToBe. IIpy TOBa KOHKpPETHO NpUJIOKEHHME Ha TOKOB TpaHcdopmarop ca
IIOCOYEHU MPEIUMCTBATA HA MPEACTABEHOTO PELICHUE CIPSIMO peaau3aluara My C HalpEKHUTEICH
TpaHchopmarop. ToBa € JA0Ka3aHO Ype3 HAlPaBEHUs aHAJIU3 Ha CXEMHHUTE pelleHus Ha Oa3aTa Ha
uaeaJHu TpaHCOpMATOPH — TOKOBU U HampexuTenHu. JlehuHUpaHU ca MOPENopbKUTE 3a
IPOEKTUPAHE Ha TOPOUJAIHHUS MArHUTOINPOBOJA HAa TOKOBHUS TpaHchopMaTop (EIMHHUYEH WM
ChCTaBEH) M ca KOHKPETH3UPaHU KPUTEPUHTE 32 N300p HA MOAXOIAIL MArHUTHO MEK MaTepUal.

Hay4yHu u HAy4YHO-TIPUJIOKHHU IPUHOCH

1. IlpenyiokeHO € HOBO CXEMHO peIIeHHE ¢ TOKOB TpaHCc(opMaTop 3a TaJBaHUYECKO pa3leisiHe Ha
cuioBHs ONOK OT Ojoka 3a ympaBineHwe. JlokazaHo e, 4Ye TpU U3IMOJ3BAaHE HAa TOKOBH
TpaHc(OpPMATOPHU TpelIKaTa 1Mo HaAMpeXKEHHe € MO-MaJlka Thil KaTO TS 3aBUCH CaMO OT MMITelaHca Ha
BTOpUYHATA HAMOTKAa Ha TOKOBHUS TpaHcpopMaTop, NpUBEIEHA KbM IIbPBHYHATA JOKATO IPH
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HANPEKUTEHUS TpaHchopMaTop TIpelikaTta [0 HANpPEeKEHWE 3aBUCH M OT HMMIEIAaHca M Ha
IbPBUYHATA U HA BTOPHYHATAa HAaMOTKa Ha Tpanchopmaropa [4],[5],[7]

2. [IpencraBeHa e MeToAMKA 32 U3YUCIICHUE U € JIOKA3aHO, Y€ MPHU U3IMOJI3BaHE HA MAarHUTHO MEKH
MaTepHali C I0OpH MoKa3aTeu (HUCKU 3ary0r OT XMCTEPE3UC M BUXPOBHU TOKOBE) M IPU HATIPABEHO
JIOITyCKaHe 3a MPeHeOpeKMMO MaJIka CTOMHOCT Ha HAMAarHUTBAlIMs TOK U 3a JBaTa TpaHcdopmartopa,
TOKOBHST TpaHCHOpMATOP MMa MPEIUMCTBO 110 OTHOIIIEHHE Ha rpemikara mo Hamnpexenue [4],[5],[7].

I' 7.5 M. Slavkova, Specific Applications of Nanocrystalline and Amorphous Soft Magnetic
Materials with Different Hysteresis Loops, 2021 13th Electrical Engineering Faculty Conference
(BUlEF), 2021, pp. 1-6, doi: 10.1109/BulEF53491.2021.9690798.

Cneuutj)utmu RPpUNOIHCEHUA HA HAHOKPpUCMAIHU U amopc[mu MACHUMHO MeKUu mamepuaiu ¢
pa3inunu xucmepe3ucCHu YuKiu

B craTtusara ca mpeacraBeHr U 0000IIEHN pa3IMYHUTE TUIOBE KiIacu(puKauu Ha aMOphHHUTE
¥ HAHOKPUCTAJIHM MarHUTHO MEKHM CIUIaBU. lIpenniokeHo e Taka m3BecTHaTa Kiacu(uKaius, KOSTo
ce U3II0JI3Ba 3a ONIpEeNssHE Ha MPHIIOKEHUATa Ha T€3M MAarHUTHO MEKU CIUIaBM CIIOpe] THUIlA Ha
XHCTEPE3UCHUSI UM IHKBJI - MPaBObI'bJeH (Z), moneraT — jJuHeeH win JmHeapusupan (F-FLAT) u
wiacuyeckn (R-ROUND) na ce pasmmpu ¢ HOB Kiac mpujiokeHus. ToBa ca MPHUIOKEHUs, KOUTO
Moratr sa ObJaT OCBIIECTBEHH €JUHCTBEHO IOpaJAd BB3MOXKHOCTTA Ja C€ M3IMO0J3Ba ChCTaBEH
MarautonpoBoA. KbM crnennpuyHuTe NPUIIOKEHMUS CcrajgaT u Te3H, Oa3upaHd HAa MarHUTHH
KOMITOHEHTH, NPOU3BEICHH OT MAarHUTHO MEKH MaTepHalld C XapaKTEPUCTUKA U XHUCTEPE3UCHU
IIUKJIM, KOUTO HE ca TUIIMYHH 3a KOHKPETHO NpuiokeHne. Hoara rpyna npuioxeHus e o0o3HaueHa
KaTo crneuupuuHu TpWIoKeHus. B cratusta mogpoOHO ca omMcaHW, KaKTO TPaJULMOHHH
NPWIOKEHHsI, Taka W HOBU crenuduyHu mnpriokeHus. [lomuepraHo e, ye OCHOBHATa Haes 3a
U3I0JI3BaHETO HA ChCTABHMSI MarHUTOIPOBOJ € MOA00psABaHE HA XapaKTEPUCTUKUTE M MapaMeTpuTe
Ha MarHUTHUS KOMITOHEHT, 3a J1a C€ yJIOBJIETBOPAT N3UCKBAHUATA KbM KOHKPETHOTO yCTPOUCTBO.

Hayq}m H HAYYHO-TIPUJIOKHHA IIPUHOCHU

1. TlpeanoxeHa e HOBa KiIacH(pUKaMs Ha TPUIOKCHHATA HAa aMOpOHUTE M HAHOKPUCTATHHU
MarHUTHO MEKH CILJIaBU KaTO TPAIUIIMOHHATA KiIacH(UKAIWs € pa3lInpeHa ¢ HOB KJIac MPUIIOKECHUS
— cnenupuunu. HoBarta rpymna BK/IIOYBAa ChCTAaBHU MAarHUTONPOBOAM M HETUIIUYHU MPHUIIOKEHUS Ha
MaTepHaJId C JaJeH TUIl XUCTEPE3UCEH UKD - 3aMsHATa Ha MaTepHall ¢ Z-XHCTEPE3UCEH IHUKBI C
TakhBa CbC F-xucrepe3snceH IUKbBI (M 0OpaTHOTO B 3aBUCUMOCT OT KOHKPETHOTO IMPHUIIOKEHUE)

[61.[7].

2. AHaJ'II/ISI/IpaHI/I Ca KIIACUYCCKUTEC - TPAJUIMUOHHU IMPUIIOKCHUA U Ca CUCTCMATU3HUpPAHU, AAaJICHU Ca

U3UCKBAHUATA KbM MAarHMTHO MEKHTE MAaTepHad 3a KOHKPETHH MPHIIOKCHUS - TPAIUIMOHHU H
crietupuann [4],[7].

I11. HAYYHH, HAYYHO IMIPWIOXHHU U TIPUIOXKHHU
ITPUHOCHU HA HAYUYHMUTE TPYAOBE (IIOKA3ATEJI I'8)

I' 8.1 M. MunueB, M. CuaBkoBa, l3uckBanusi KbM wu30JalusATa Ha aMophHU JIEHTH 3a
MarHUTOIPOBOIM IIPH BHCOKH CKOpPOCTH Ha mnpeHamarautBaHe, Proceedings of X-th International
Symposium on Electrical Apparatus and Technologies SIELA'97, May 30-31, Plovdiv, Bulgaria,
Vol. 2, pp. 137-142, ISSN 1314-6297

H3uckeanus kovm usojlayuama Ha amopcﬁlm Jienmu 3a MaZHumOHPOBOOM npu 6ucokKu ckopocmu
Ha npenamazrnumeane

B cratmsata ca peduHMpaHum oOmMTE HM3UCKBAHMSA KbM MEXKIyCIOWHATa H30JIAIUS Ha
MarHUTONPOBOJUTE OT aMOpP(HU METAHU JIEHTH, KaKTO U MOXO/ 32 OIPEeNsiHE Ha HAIIPEKEHUETO,
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KOETO M3ojauusTa TpsOBa a U3AbpKa B 3aBUCUMOCT OT peXHMa Ha paboTa Ha MarHUTOIIPOBOJA.
Hsixoun ot mpousBoauTenuTe Ha aMop(HU METaJIHU CIUIABH M JI0Cera npearaT Te3u MaTepHali Mo
dopmarta Ha JeHTa, 0e3 M30JaLUUs C Ll KIMEHTHTEe caMHU Ja M3paboTAT MarHUTONPOBOIM U Ja
OCBIUIECTBAT JKeJlaHaTa OT TAX TEPMO WJIM TEPMOMArHuTHa oOpaOoOTKa, M Ja MOoJIydyaT TOPOUIAJIHU
JICHTOBM MAarHUTONPOBOJAM C JKEJIAHUTE OT TAX MArHUTHU XapaKTEPUCTUKU. 3a ONpeesTHETO Ha
W3MCKBAaHMATA KbM H30JIALMATA HE MOraT Ja Ce€ M3IO0JI3BAT CTAHAAPTUTE 3a E€JIEKTPOTEXHUYECKA
CTOMaHa, ThH KaToO T € C MHOrO Mo-TojisiMa JaebeluHa Ha JIeHTaTa, JOKaTo aMOp(pHUTE METaIHU
CIUIaBH ca c je0enrHa Ha JeHTaTa OT nopsabka Ha 20 pm. OnucaHa € TEXHOJOTUsATa Ha U30JIMpaHe U
HaBUBAHE Ha MarHUTOIIPOBOJIUTE, KAKTO U HSAKOM TEXHU KOHCTPYKTUBHH OCOOEHOCTH, NeHUHUPAHU
ca M3MCKBaHMUATA OTHOCHO TEPMHYHAaTa M TEpMOMAarHuTHaTa MM o0paboTka. [lebpuHupan e
TEMIIEpAaTypHUsl JUana3oH, KOWTO TpsiOBa Aa MOXE Ja U3ABPKU HM30JALMOHHOTO IMOKPUTHE Ha
amop¢HaTa MeTajHa CIIJIaB, KaKTO M M3MCKBAHETO 3a JaebennHara Ha uzojanusaTta. OmpeneneHo e
HANpPeKEHUETO, KOeTO TpAOBa Ja M3AbPKU MEXIyCJIoWHAaTa M30Jallds B 3aBUCHMOCT OT THIA Ha
MaTepuana Ha Topouaa — ¢ F-xucTtepe3umceH HUKBI UM CbC Z-XUCTEpe3UCEeH LUKBI. JlameHu ca
U3pa3suTe 3a H3UUCICHME Ha HaNpeKEHUATa, HUHAYKTHPAaHM B MEXKIyCJIOWHATa H30Jalusl.
KoncratupaHo e, ye MarHuTONpPOBOIUTE, U30JIMPAHU 10 Ta3U TEXHOJIOTHs PabOTAT YCHEIIHO ITOBeUe
OT 5 FOJMHU U ca C yCTOHNYMBH BBB BPEMETO XapakTepuctuku. M3paborenu ca Hag 200 topouganHu
JIEHTOBH MAarHUTOINPOBO/A 10 Ta3U TEXHOJIOTUA U € Ta3U MEXYCIIOMHA N30a1HsL.

Hay4yHu ¥ HaAyYHO-NPUJIOKHU NIPUHOCH

1. Tedbunupanu ca u3pasuTe 3a OMpEACIAHE HA HAMPSKECHUETO HAa MEXKAYCIOWHATa HM30Jalus Ha
TOPOUJAIHH JICHTOBH MAarHUTONPOBOAM OT aMOpP(HH METaJHU CIUIAaBH B 3aBUCHMOCT OT THIIA Ha
XHCTEPE3MCHHS LIUKBJI M B 3aBUCHMOCT OT Pe&KHMMa Ha paboTta Ha MarauTonposoaa [6],[7].

2. Jlebunupanu ca cnenupUUHUA HM3UCKBAHHUS KBM H30JALMATa Ha aMOpP(HUTE METaJHH CILIABH,
npou3BeaeHH moa ¢dopmaTa Ha JIeHTa 3a M3paboTKa HAa TOPOUJAIHU JICHTOBM MarHUTOMPOBOIU

[61.[7].

I' 8.2 M. Slavkova, M. Mintchev, Error of Current Transformers with Half-Wave Rectified Primary
Current, Proceedings of XIlI-th International Symposium on Electrical Apparatus and Technologies
SIELA'2003, May 29-30, 2003, Plovdiv, Bulgaria, vol. 2, pp. 175-180, ISBN 954-90209-2-4

I'pewika na mokosu mpancgopmamopu ¢ eOnonoiynepuooen noPEUYeH mokK

B cratuara ce muckytupa mpoGiema ¢ OmpefensHeTO Ha IpeliKkara 1Mo MOIIHOCT Ha TOKOBU
TpaHc(hOpMATOpU, KOUTO pabOTAT KaTO CBBP3BALIM TpaHCHOPMATOPU B CTATHUHU EJIEKTPOHHU
eJIEKTPOMEPH 32 U3MEPBaHE HA aKTUBHATA U PEaKTUBHA €HEeprus B eAHOGa3HU U TpUDa3HU MPEXH 3a
IIPOMEHJIMB TOK ¢ yecToTa oT 45 no 65 Hz. Te paboTAT mpu HECHHYCOMJAJIEH PE&KHUM M TOBa
3aTpy/IHSABA OMNpEAEIITHE Ha pelikaTa UM [0 MOIHOCT, KOSITO TpsiOBa /1a € B ONpPEAeJIEH! IPaHULIH.
[Ipennoxken e Moxen 3a ompeleNisHEe Ha IpellKkaTa Ha TOKOBHUA TpaHc(OpMATOp € MOMOLITA Ha
PSpice. 3a nenta ca cbCTaBeHH JBE CXEMU — C TOKOB M 0€3 TOKOB TpaHCc(HOPMATOp U € OIpeieieHa
IpelkaTa mo MOIIHOCT KaToO Pa3jiMKa OT JBETE IPEIIKH.

Hay4yHu u HAy4YHO-TIPUJIOKHHU NIPUHOCH

1. TlpeanokeHu ca JBe CXEMHH PEIIEHUs, pa3paOdOTeHH B cpeiara Ha MporpaMHHs MpoaykT PSpice
3a OompefeNsiHe Ha TpelKaTa II0 MOIIHOCT Ha TOKOBUTE TpaHcdopmaropu, paboTemm mpu
HECHHYCOUJANEeH pexuM. J[oKka3aHo e, ye MpEenyioKeHUss MeTon € €(peKTUBEH M TOYEeH HAYMH 3a
oIpesieNiiHe Ha IpellkaTa Mo MOIIHOCT Ha TOKOBU TpaHC(HOPMATOpU MPH HECMHYCOMJIAJICH PEXUM
[4].

I' 8.3 M. Slavkova, M. Mintchev, Influence of Magnetic Core Material on the Error of Current
Transformers with Half-Wave Rectified Primary Current, Proceedings of XIlI-th International

Symposium on Electrical Apparatus and Technologies SIELA'2003, May 29-30, 2003, Plovdiv,
Bulgaria, vol. 2, pp. 181-186, ISBN 954-90209-2-4
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Bnusanue na mamepuana na MazZHuUmMONPo800aA HA 2peUIKama Ha MOKO8U mMpPancghopmamopu c
€0HONOIynepuoOeH NvpeUUeH MoK

B cratusta ce ompenens BIMSHUETO HAa MaTepHaja Ha MarHUTONPOBOAA BBPXY TOKOBATa
Ipellka Ha TOKOBU TpaHc(opMaTopu Mpu HeCHHycouaaleH pexuM. JlehuHupanu ca KpuTepuure 3a
u300p Ha MOAXOASAL] MaTepHal 3a MAarHUTONPOBOAA. AHAIM3bT HAa IPOLIECUTE CE U3BBPIIBA C
nomorira Ha codryepHust mpoaykt PSpice. M3crnenBaHeTo Hpu MEPUOIUYHO HECHHYCOHIATHO
BXOJIHO BB3/ICHCTBHE CE€ U3BBPILBA C IOMOIITAa HA METOJIMTE HA XapMOHUYHUS aHanu3. OnpenensH e
I'BPBUAT XapMOHUK Ha BTOPUYHMS TOK HAa TOKOBHS TpaHc(hOopMaTop ¢ IMOMOIITa Ha aHaiu3 Ha Dypue.
3a menTa Ha aHaJIM3a ca ChbCTABEHM JIBE CXEMH, C €IHaTa CE€ OMpeleNsd eKCIEPUMEHTAIHUSA TOK, a C
Jpyrata ce OmpeaeNsi TEOpeTHYHUS TOK Ha BTOpPUYHATAa CTpaHa Ha TOKOBHS TpaHCHOpMaTop.
I'penikaTa, KOSITO ce MMOTy4aBa € pas3iiiKa OT JBETEe U3YUCICHU CTOMHOCTU. Pe3ynraTure ca cpaBHEHU
C eKCIEpUMEHTAJHM JaHHM 3a TpelIKaTa Ha TOKOBH TpaHCGHOpPMATOpPH MPH Pa3IHMYHU BUIOBE
MarHMTHU MaTepUaJIU MIPH pa3riIeKaaHUs PEKUM.

Hay4yHu ¥ HAyYHO-NPUJIOKHU NIPUHOCH

1. [pennoxxeHu ca JBe CXEMHH pelICHHs, pa3padOTeHH B cpeiaTa Ha mporpaMHus MpoAyKT PSpice
3a OompeneNsiHe Ha TPelIkaTa 1o TOK Ha TOKOBHTE TpaHCc(hopMaTopu, paboTeI pH HECHHYCOUIAIeH
pexuM. JlokazaHo e, 4e NPEJIOKEHHUST MEeToA € e(peKTHBEH M TOYEeH HA4YMH 3a ONpelelsHe Ha
rpelKara 1no TOK Ha TOKOBU TpaHc(hOpMaTOpH IpH HecuHycouaaieH pexum [4],[7].

I' 8.4 M. Slavkova, M. Mintchev, Error of Current Transformers with a Half-Wave Rectified
Primary Current with an Active-Inductive Load, Proceedings of the Second International Conference
on Challenges in Higher Education and Research in the 21st Century, June 2-5, 2004, Sozopol,
Bulgaria, vol. 2, pp. 284-286, 2004, Bulgaria, Coronet Books Inc, Heron Press, ISBN 954-580-158-1

TI'pewika na mokoeu mpancgopmamopu ¢ eOHOnOJIynepuodeH NPEUYEeH MoK NPU AKMUBHO -
UHOYKMUGEH M 08ap

B cratusita ce ompenens briioBara Tpelika Ha TOKOBH TpaHc(oOpMaTOpH upe3 aHAIU3 Ha
IPOIIECHUTE C IMOMOIITAa Ha coPTyepHuUst TpoayKT PSpice. M3cnenBanusita, KOUTO ca HalIpaBEHH ca 3a
ycTaHOBEH pexuM. briosara rpermika ce neuHupa kaTo pasiuka Ha ¢a3uTe Ha MbPBUTE XapMOHULIN
Ha IbPBUYHUS U BTOpUYHUS TOK. HampaBenu ca m3cienBanus 3a 4 ToBapa Mpu IpoMsHa Ha COS ¢ OT
0.1 mo 1. Aramu3btr € ¢ momomra Ha Dypue KaTo JAHHUTE ca B3E€TH OT M3XOAHUS Qailn Ha
nporpamata. JlepuHupaH e HaUMHA HA U3YMCICHNUE Ha BIJIOBATa rpelka.

Haytum H HAYYHO-TIPUJIOKHU IIPUHOCHU

1. TlpeasioxkeHo € CXEMHO pelIeHHe B cpeaTa Ha mporpaMHusi npoaykt PSpice 3a ompenessHe Ha
BIJIOBaTa TpellkaTa Ha TOKOBUTE TpaHchopMaTopu, paboTelM NpU HECUHYCOUAAJNEH PEeXHUM.
JlokazaHo e, 4e MmpeIIokKEeHHUAT MeTo € ePeKTUBEH M TOYEH HA4YMH 3a aHallu3 Ha MPOILECUTE U 3a
olpeneNsiHe Ha BIUSHUETO HA XapaKTepa Ha TOBapa U Koe(ullmeHTa Ha MOIIHOCTTA BbPXY BIIIOBaTa
rpellka Ha TOKOBUS TpaHC(HOpMaTop, paboTel py eAHONOIYIepUoieH bpBuUeH Tok [4],[7].

I' 8.5 M. Slavkova, M. Mintchev, Comparative Studies of Soft Magnetic Materials, Proceedings of
XIV-th International Symposium on Electrical Apparatus and Technologies SIELA2005, 02-03 June,
2005, Plovdiv, Bulgaria, Vol. 2, pp. 131-138, ISSN 1314-6297

Cpa(mumeﬂuu U3C1e06anuUs Ha MEKU MAZHUMHU mamepuaiu

B cratuara € HampaBeH CpaBHUTENIEH aHAIN3 Ha XapaKTEPUCTHUKUTE HA MArHUTHO MEKUTE
MaTepuanu. Pasrienanu ca TEXHUTE CTAaTUYHM M JUHAMUYHU apaMETpH, BUJIOBETE XHCTEPE3UCHU
OUKIM W TpuilokeHusaATa uM. KOHKpPETHO ca pasriefaHd TEXHU MPWIOKEHUS B CHIIOBHU
TpaHcOpMaTOpu, pPagUOYeCcTOTHU TpaHChOpMATOpH, NPEUU3HU TpaHchopMaTopu M Jp. U ca
nepUHUpaHU U3UCKBAHUATA KbM MaTepHaia Ha MarHUTONPOBOJIA 3a BCAKO €qHO OT TsX. OCBEH H Ha
TpaHchOpMaTOpH BHUMAHHUE € OTAEICHO M Ha HACHINAIIN C€ APOCEH, IPOTUBOCMYTHTEIHH JPOCEIN
u 1p. IlpeacraBena e knacu@ukanus Ha MArHUTHO MEKUTE MAaTEPUAIN CIIOpeN TAXHATA CTPYKTypa U

cTp. 10 0131



ca ONHCAaHU XapaKTEPUCTHKUTE Ha HSAKOU B JETAlIM KAaTO MarHUTHO MeKu (eputH, amophHU U
HAHOKPHCTAJIHU CIUIaBU Ha JKeNs3Ha OCHOBA, aMOP(HU CIIJIaBH Ha KOOANTOBa OCHOBA M Ha OCHOBA
HHUKEIT-KEeJs30, MArHUTHO MEKU MaTepuas Ha 0a3a Ha mpaxoBaTta MeTamyprus u ap. Hampaseno e
0000111eHe OT KaKBO 3aBUCH M300pa HA MAarHUTHO MEK MaTepuall 3a MarHUTOIPOBOJIH.

Hay4yHu ¥ HAYYHO-NPUJIOKHU MTPUHOCH

1. [IpennokeH e aHaIM3 HAa BH3MOXKHUTE MPHUIIOKEHUS HA pa3rieJaHUTE MAarHUTHO MEKU MaTepual,
KaToO TOBa MMa MPAaKTUYECKO 3HAUCHKE TP U300pa Ha MaTepUali 3a MAarHUTOPOBOIH [7].

I' 8.6 K. Milanov, M. Slavkova, Survey of Requirements to Permanent Magnets, Proceedings of
XVI-th International Symposium on Electrical Apparatus and Technologies SIELA2009, June 04-06,
2009, Bourgas, Bulgaria, Vol. 2, pp. 213-220, ISBN 978-954-323-560-5, ISSN 1314-6297

Hpe&neo HA UBUCKéAHUAMA KbM NOCMOAHHUmME MazHumu

B cratusita ¢ HampaBeH mperyie] Ha M3UCKBAHHUATA KbM MArHHUTHO TBBPAMTEC MAaTEpPHAIU U ca
neuHUpaHn KpUTEpUUTE TPU M300pa MM ChOOpa3HO KOHKPETHOTO MM HpuioxeHue. HampaBeH e
CPaBHUTEJICH aHAJIN3 MEXK/Y Pa3IMYHUTE TUTIOBE OCTOSSHHU MarHUTH KaTO Ce MMa MPEIBH]] ChCTaBa
UM U Ca ONMCAHH OCHOBHUTE W HAW-9€CTO M3MOI3BAHU MAarHUTHO TBBHPIAM MATEPHUAIH 32 IMOCTOSHHU
marauti. HampaBeHo e kpaTko onucanue Ha MarHuTHO TBbpau Geput, AINICO MarHuTH, MarHuTH
Ha OCHOBa HEOJIUM-XKEIsA30-00p, peAKO3eMHU K0OaNITOBH MarHuTH U 1p. OOBpHATO € BHUMaHHE, Ye
ChIIIECTBEHA pOJI NpU M300pa Ha MaTepuasi 3a MOCTOSHHM MAarHUTH 32 KOHKPETHO MPHIIOKEHHE
urpae IeHarta, 0e3 ja ce npeHeOperBatr mpu u30opa M3KIOYUTEIHUTE MATHUTHUTE, (U3UYHU U
XMMUYHU TIapaMeTpH Ha JajieHus mMaTepuall. Pasrienanu ca HIKOM OCOOCHOCTH, OTHACSIIU CE JO
HAMarHWUTBAHETO M Pa3MAarHUTBAHETO HA MOCTOSHHUTE MarHuTu. JlaJeHH ca KOHKPETHU MPEMOPBKH
3a paboTa ¥ B JiBaTa Ciydasl.

Hay4yHu u HAy4YHO-TIPUJIOKHHU NIPUHOCH

1. IlpennoxkeH € aHaiaM3 Ha BB3MOXXHUTE MPUIOKEHUS Ha pas3riielaHuTe MarHuTHO TBBPIU
MaTepHalid, KaTo TOBa UMa MPAKTUYECKO 3HAYEHUE NPH M300pa Ha MaTepHaId 3a MarHUTOINPOBOJIU

[7].
I' 8.7 K. Milanov, M. Slavkova, M. Mintchev, A Study of Inrush Currents in PWM Converters

Under Frequently Electrical Mains Interruptions, Elektrotechnica & Elektronica, Vol.45 No.9-
10/2010, pp. 24-27, ISSN: 0861-4717

H3cneosane na nyckoeume moxosee na PWM npeoopa3syeamenu npu uecmu npekvCeanus Ha
el1eKmpu4ecKomo 3axpaneane

3a paborata Ha mMpeoOpa30BaTEUTE C IMUPOUYUHHO-UMITYIICHA Moaynaius (PWM) Bunaru e
HEOOXOAMMO J1a ce M3MOJI3Ba BXOJEH KOHJIEH3aTOp HapeyeH “TIoANbpKaIl WM Ha aHTJIMHCKU €3UK
“supporting capacitor”. Toil TpsaOBa 1na YJIOBJIETBOPU MpEASBEHUTE KBM HEro crenupuIHu
M3UCKBAHMS KaTO HUCKA CTOMHOCT HA MMMeAaHca (T.e. HUCKM CTOMHOCTH Ha CBHIPOTUBJIICHHETO H
HUCKAa CTOWHOCT Ha MHAYKTUBHOCTTA), KAKTO U Jla UMa JOCTAThUYHO BUCOKA CTOMHOCT Ha KamaluTeTa
Taka, Y€ Ja U3NBJIHM (PyHKUUMUTE cu. Te3u M3UCKBaHUS obaue ca M NMpUYMHATAa 3a MosBaTa Ha
CPaBHUTEIHO BHCOKH IyCKOBM TOKOBE IPHU BKJIIOYBAHE Ha MpeoOpa3yBaTelisi KbM eJeKTpUYecKaTa
Mpexka. ToBa Hajara B3MMaHETO Ha CHENHMATHU MEPKHU 3a OrpaHUYaBaHETO Ha IyCKOBUTE TOKOBE. B
HACTOSII[aTa CTaTHs OrpaHUYAaBAHETO HA MYCKOBUTE TOKOBE € MPEJIOKEHO Ja CTaHEe C IMOMOIITa Ha
WHIYKTHBEH €JIEMEHT - JJMHEEH JPOCes, KOMTO € MIYHTUPAH C HACPEIIHO CBBP3aH Muoja. BapuaHTsT ¢
HACPEIIHO BKJIFOYEH JUOJ MPHU TO-BUCOKHU 3aXpaHBAIM HAMPEKEHUS UMa TMOJYEPTAHO MPETUMCTBO,
3al0TO KOMIIOHEHTUTE Ha TpeodpasyBaTens padoTAT ¢ MO-HUCKO HATOBApBaHE IO HAIPEXKEHHe.
HampaBen e ananu3 Ha mpoIecuTe BBB BEpHUrata ¢ MporpaMHus MpoayKT PSpice M ca mpeacTaBeHd
pe3yNTaTUTE OT CUMYJIALUUTE.
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Hay4yHu ¥ HaAyYHO-NPUJIOKHU NIPUHOCH

1. TIpeato’eHo € HOBO CXEMHO pEIIEHHE 3a OrpaHHUYaBaHe Ha TyCKOBUTE TOKOBE IIPH BKJIIOYBAHE HA
npeoGpasyBaTes ¢ MUPOYNHHO-UMITYJICHA MOJIYJIAIKS - C TOMOIITA Ha JIMHEECH JAPOCE, UIyHTHPAH C
HACPEIIHO CBBP3aH JuoA. HacpelmHo BKIIOYEHHAT JHOJ OCHTYpsiBA YCIOBHS 3a IO-HHCKO
HATOBAapBaHE 110 HANPEKEHUE HA BCUYKH KOMIIOHEHTH W MMa TOJYEPTAHO HPEAMMCTBO IIPH BUCOKH
CTOMHOCTM Ha 3axpaHBaIlMTe HaNpeKeHHsA. I[IpoBENeHO € CHMYJAlMOHHO H3CJIEIBAHE upe3
nporpaMHuus MpoAykT PSpice Ha mpomecuTte, HabOI01aBaHu B eJekTprueckaTta Bepura [4],[5],[6].

2. IlpenyioxxeHoTO HOBO PEIICHHE 3a OrpaHnYaBaHe Ha myckoBuTe TokoBe B [IIMM npeoOpasyBaTenu
ype3 JMHEEH JpOocell, HIyHTHpPaH C MPOTHBOIOJIOXKHO CBBbpP3aH JUOJ, € JO0Ka3aHO KaTo J00po U €
HaMEpHJIO MPAKTUUECKO MPHUIIOKEHUE B MPEBO3HU CPEJICTBA C €NEKTPUUECKH TPAHCHOPT. MOAETbT €
peanM3upaH B TPOJIeHOyCcH U rapanTupa Oe30macHa u HaaeKaHa padora [7].

3. IlpemnoxkeH e HOB METON 3a Opa3MepsBaHE Ha JIMHEWHHS Jpoceld, KaTo € JAchUHUPAHO
M3MCKBAHETO: TI0 BpeME Ha MPEXOIHUsS MPOIleC Ha BKIIOYBAHE, MATHUTONPOBOABT HA JIpOCEia HE
TpsiOBa Ja TOCTUTa TOYKATa Ha HacuIaxe [4].

4. Ha 6a3aTa Ha HallpaBEeHHUTE U3CIEABAHUS € MPEATI0KEHO JUHEHHUAT apocen 1a 0bae n3paboTeH ¢
TOpOMJIAJIeH MAarHUTONPOBOA OT MarHUTHO MeK Martepuan ¢ F-xucrepesucen nukbia. C ToBa
TEXHOJIOTMYHO pelIeHne 0TIaaa He0OX0AUMOCTTa OT CpsA3BaHE HA MArHUTOMPOBO/IA C eI MOCTUTaHE
Ha JIMHEHA MarHUTHATa XapakTepucTuka [6].

I' 8.8 M. CaaskoBa, K. Munanos, U3scnensane na DC/DC mnpeobpasyBaren c IMOITyMOCTOB
WHBEPTOP CBhC cCpeaHa Touka ¢ momomrra Ha PSpice, COopuuk mokimaau Ha Ill-ta HayuHa
koH(pepenuus ED 2011 Inu na naykata B TY-Codust, 30.09-03.10, 2011, Cozonoi, bearapus, Tom.
2, ctp.163-168

H3zcneoeane na DC/DC npeodpasyeamen ¢ noJiymocmoe uHEEpmop cve CPeOHa mouKa ¢
nomowyma na PSpice

B cratusTa e npencrasen DC/DC npeobpasyBaten ¢ moryMOCTOB HHBEpTOp. M3cnenBanusita
ca HalpaBeHW C MOMOILNTA HAa NPOrpaMHUs NPOAyKT PSpice ¢ menm moamomarane Ha mpoleca Ha
IMPOEKTUPaHE U MO CIEHUaIHO M300p Ha MOAXOAAIIMTE 3a cXeMmaTa eleMEHTH. 3ajayaTa € Ja ce
Ch3/aJie MOJICNT Ha TporpaMHus mMpoaykT PSpice u ma ce peanmsupa CXeMHO TpaHCHOPMATOP ChC
CpelHa TOYKa Ha BTOPUYHATA CTPaHA Ha MpeodpazyBaTesi, KOETO € eIUH OT M0 -CI0KHUTE MpoldIeMu
3a pemeHue. Onucad € MeToJa Ha ChCTaBSHE 3aMECTBalllaTa CXxeMa HeoOXoIuMa 3a CUMYJalus Ha
paboTara Ha mpeoOpazyBaTeNU CbC CPEeAHA TOYKA. 3aJ0KEHUTE apaMeTpU Ha mpeoOpa3yBaTels ca
B3€TU OT peajieH Mozesn. HampaBeH € aHanu3 Ha IOJY4YEHHUTE CHMYJIALIMOHHU PpE3yJITaTH.
[Tonyyenute eheKTUBHU CTOIHOCTH 3a TOKOBE U HAIPEXKEHUsSI ca KpaTHU HA peaJIHuTe, ako cXxeMara €
usnbiHeHa ¢ 600 V 3axpanBamio HampexeHnue. HampaBeHuTe u3ciienBanus ¢ momoimnra PSpice
yllecHSIBaT Mpolleca Ha MPOeKTUpaHe Mpy U300p Ha MOAXOASINM 3a cxemarta eneMeHTu. [lomyuenure
ype3 CUMYJalusl CTOMHOCTH 3a TOKOBETE M HANPEKEHMsITAa MOBTApSAT TE3U Ha peajieH MOoje] Ha
DC/DC nonyMocToB mpeodpa3yBaTes CbC CpeIHA TOYKA Ha BTOPUYHATA CTpaHa Ha IIpe oOpa3yBaTes.
MogensT Ha TpaHchopMaTOpa ChC CpelHA TOUKA € MOAXOSI] U ONUCBA MOBEJCHUETO HA €IEMEHT C
JIWHEWHa MarHUTHA XapaKTepucTuka. Upes peanusupanarta cxema ce J0Ka3Ba U €JHO OT OCHOBHHTE U
IPEeANMCTBA, KOETO C€ CHhCTOM B IMO-A00POTO M3MOJ3BaHE Ha TpaHcPopMaTopa, HAMATHUTBAII CE
IBymnocoyHo. He e HeoOXoauMo Ja ce M3Moy3Ba pa3MarHuTBamla HaMoTKa. Paborata B pexxum Ha
HEeMpeKbCHAT TOK Ha M3XOAHATa MHIYKTUBHOCT L4 BOAM 10 HaMajeHH MyJICAallMd Ha HM3XOAHOTO
HaIMpPEeKCHNE U HEOOXOIUMOCT OT MO-MaTbK U3XxoaeH KoHaeH3atop Cs. Upes peammsmpaHara cxema
JIECHO MOX€ J1a ce NMPOBEpH JaJli MoJlyueHaTa Py MPOEKTUPAHETO CTOMHOCT Ha MHIYKTUBHOCTTA € B
peanqHu TpaHuuu. MoraT na ObAaT M OTYETEHHM HEJOCTAaThLUTE HA CXeMaTa, CBbP3aHU C TOBA, 4ye
koHzeH3aropute C1 1 C, ca ¢ rojisiM KamalureT, KOETO yBeJIndaBa rabapuTuTe Ha IpeodpasyBaTesl.
Upe3 cuMynaniuy MOKe J1a c€ OLIEHU (PaKTa, ye KOJIKOTO MO-TOJISIM € TEXHUS KallalluTeT, TOJIKOBA M0-
MAaJIKM ca IyJICAallUUTE HAa U3XOJHOTO HANIPEKEHHUE.
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Hay4yHu ¥ HaAyYHO-NPUJIOKHU NIPUHOCH

1. Cp31a7ieHO 1 MPEATIOKEHO € CXEMHO pellieHue Ha TpaHc(opmaTop 3a mpeodpa3yBarTes CbC CpeaHa
TOYKa Ha BTOpPMYHATA CTpaHa Ha TpaHcopmaTopa, MOCPEACTBOM IMPOrpaMHHUs MPOAYKT PSpice.
JlokazaHo e, uye u300pbT Ha NOAXOIAUIM E€JIEMEHTH C€ YJIECHSBAa 3HAUUTEIHO IOCPEICTBOM
NOJYYCHUTE pe3yNTaTH OT HANpaBEHUTE CUMYJIAllMOHHM HW3CIEABaHUs ¢ Tnomoinra PSpice.
[TonyyeHUTE CUMYJIAIMOHHU CTOWHOCTH 32 TOKOBETE M HANPEXKEHHUATAa CHBIAJAT C TE3W HA PEAHO
cemectByBam DC/DC mpeoOpaszyBaren ¢ MOJIYMOCTOB MHBEPTOP ChC CPElHA TOYKA HA BTOpPUYHATA
cTpana Ha TpaHchopmaTopa 3a mpeodpasysarens [4],[6],[7].

2. IlpennoxeHuar Mozen Ha TpaHchopMaTop ChC CpelHa TOYKa 3a MpeodpasyBaTell C MOITyMOCTOB
MHBEPTOP € MOAXOASAII MpPHU MPOEKTHpaHE Ha TaKbB THUIl IpeoOpasyBaTenu. Upes peanmsupaHara
cXeéMa € JJ0OKa3aHO €JHO OT OCHOBHUTE NPEAMMCTBA - MO-A00PO M3IOJ3BaHE Ha TpaHc(popMmaTopa,
KOMTO ce HamMarHuTBa JAByHmocouyHo. He e HeoOXonuMo M3MOJ3BaHE HAa pa3MarHMWTBalla HAMOTKa

[41.[7]

3. PaGorara B pexxuM Ha HEMPEKHCHAT TOK HA M3XOAHATA WHIYKTHBHOCT L, 3HAUYHMTEIHO HamaJsBa
MyJICAIMUTE HAa HW3XOJHOTO HAIMpPEXKEHHE, OT KOETO Cle[Ba, Y€ MaAbT HAa HANPEKEHUE BBPXY
u3xoaHus koHaeHszatop Cz € ¢ Mmo-HUCKH cToiHOCTH. Upe3 monenupaHaTa cxema B PSpice cpena
MOXKE J1a C€ MPOBEPH CTOMHOCTTA HA MHAYKTHMBHOCTTA Ha JApPOCeNia, MOJiydeHa MPU MPOEKTUPAHETO

[41.[7].

I' 8.9 K. Milanov, M. Slavkova, Investigation of Resonance Inductive-Capacitive Transducers
Based on Boucherot Cell for Power Capacitors Charging, Proceedings of XVII-th International
Symposium on Electrical Apparatus and Technologies, SIELA’2012, 28-30 May 2012, Bourgas,
Bulgaria, Vol. 2, pp. 147-152, ISSN 1314-6297

H3cneoeane pezonancuu unOyKmueHO-KaAnayumueHu npeodpasyeamenu 6a3upanu Ha cxema Ha
bywepo

B cratusta € mpoBeAeHO U3CIeABaHE BBPXY padoraTa HAa WHAYKTUBHO-KaMallUTHBHU
npeobpasyBaTenm Ha Oa3ara Ha cxema Ha Bymrepo (Boucherot), mpenHasHadeHn 3a 3apekaaHe Ha
CHJIOBH KOHJICH3aTOPHU 3a MarHetu3aTopu. [Ipe/uiokeHo e cXeMHO pelieHne, 0a3upaHo Ha cxema Ha
bymiepo, ompezneneH € TOKbT Ipe3 ToBapa. AHalM3 Ha MPOIECHTE € HANpaBeH 4pe3 MPOTrpaMHHUS
npoayKT PSpice kaTo ca 3a1aJiecHH CTOWHOCTH, B3€TH OT MPOEKTHO PEIICHHUE 3a Ta3u pa3paboTka.

Haytum H HAYYHO-TIPUJIOKHU IIPUHOCHU

1. Ot aHanmwM3a Ha HAlTPABEHHUTE M3CIEIBAHKS CE€ I0Ka3Ba MPUJIOKMUMOCTTA Ha MPEICTABEHOTO CXEMHO
pelieHre 3a 3apekIaHe Ha CHJIOBH KOHJEH3aTOPHM 3a MarHeTH3aTOpH 4Ype3 W3IMOJ3BaHe Ha
pe30HaHCEeH MHIyKTHBHO-KAMAaUTHBEH Ipeodpa3yBarten Ha Oa3ata Ha cxema Ha byriepo [4],[7].

2. JIoka3aHo € IpeAMMCTBOTO Ha T€3U IpeodpazyBaTeM Mpel OCTAHAIUTE, IOPaIl Bb3MOKHOCTTA T
JUPEKTHO Jla Ce 3aXpaHBaT OT eleKTpuueckata Mpexa. Ilpu ToBa, mpoTmyamsT mnpes3 TIX TOK €
CHHYCOHM/IAJICH, a Ipu paboTa He reHepupaT cMyIieHus o popmara Ha xapMoHHLH [4].

3. JlokazaHo e, ue Te3u MpeolOpa3yBaTeNu ca HU3KIIOYUTENHO HAASKIHM Ipu paboTa mopaau
ornpocreHata cu crpykrypa [4],[7].

I' 8.10 M. Slavkova, R. Tzeneva, Arc Fault Circuit Interrupturs, Proceedings of the XVII-th
International Symposium on Electrical Apparatus and Technologies, SIELA’2012, 28-30 May 2012,
Bourgas, Bulgaria, pp. 165-169, ISSN 1314-6297

Hpekbcealm 3a omKpueane Ha ej1ekmpuvecKa ovea

B cratusra ca npeacTaBeHH CpPaBHUTEIHO HOB KJIAC KOMYTAllMOHHM anapaTd, KOUTO JOCKOPO
He O0sixa m3BecTHH B EBpoma u bbarapus — 3a 3ammra oT moxap 4pe3 OTKPHBAHE HAa MCKPEHE WITH
J'bra B €JIEKTpUUYECKaTa Bepurarta. TeXHUIT NPUHUMUII HA JIEMCTBUE CE€ OCHOBABAa HAa M3KJIIOYBAHE Ha
€JEeKTpUYECKaTa BEpHUra Npeau Ja € HACTBIWJI IOXKap M MO TO3UM HAYMH CE€ peajd3upa €IHO I0-
BHCOKO HMBO Ha 3alIUTa B MOMEIIEHUS, KOUTO MOraT Ja ObJaT MOTEHIHUAIHO ONACHU — C MOBUIIEH
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PHCK OT IOKap, ClIaJIHU OMELIEHHUs], CKJIaI0BE U JIp.. Te3U MpeKbCBaUYM ca IUPOKO Pa3IpOCTPaHEHU
B CAILl, mopaau KOHCTPYKTHBHUTE OCOOEHOCTH Ha TIOBEUYETO KUJIMIIHU Crpagu TaMm. V3nmomssar ce u
B CaMOJIETH 3a OTKpHMBaHE Ha JAbra M HUCKpEHE B eNeKTpHYecKkaTta CHUCTEeMa MOopaju HapylleHa
M30NIAIUsl WM 10 JAPYTrd NpuuuHH. [I[pUHIUMOBT UM Ha AEHCTBHE Ce OCHOBaBa HA HENPEKHCHAT
MOHUTOPUHI Ha CUTHaJla B €JIEKTpUYEecKaTa Bepura M IpH 3acuyaHe Ha crneuupuyHa ¢opma Ha
CHTHaJI, KOSITO C€ acollMMpa C UCKPEHEe WIn Abra, Te u3kimousar. OT pyra crpaHa, Te He TpsiOBa aa
U3KIIIOYBAT, aKO C€ IOSIBU HCKpa BCIEICTBME Ha KOMYyTalus Ha Mnpeskmousaren. OmucaH e
OPUHIUI'BT UM Ha JEWCTBHE M NPHIOKEHHEeTo WM. Mma nBa BHAAa MPEKbCBAUYM - OTKPUBAIIU
mocJjieioBaTeIHa Ibra U TaKMBa, KOUTO 3acuyat napajienHa apra. Ot 2008 roguHa 1Mo U3MCKBaHUATA
B HopMmatuBHata ypenba Ha CAIL] Te3u mpexkbcBauum TpsiOBa Ja ca B CHCTOSHHUE Ja OTKPUBAT
HaJMYMETO U J1a IBaTa BUAa Abru. M3uckBaHe 3a HAIEKIHOCT € ObJIaT TECTBAHU BEIHBK MECEUHO, 3a
Jla ce rapaHThpa TsAxHaTa Oe3oTka3Ha pabGorta. To3M THN MpeKbCBaud ca OTCKOPO BBBEIECHU B
excrutoatanusi B EBpoma BbB Bpb3ka cbc cranpapr Ha |IEC 60364-4-42, xoiito mpemopbuBa
U3IMOJI3BAHETO Ha 3aIIMTHU KOMYTAllMOHHHM amapaTd 3a 3aldra OT IoXap 4Ype3 OTKpHBaHE Ha
UCKpEHE UJIM eJIeKTpHUecKa Abra B eIeKTpuiecKkara CHCTEMA.

Hay4yHnu ¥ HayYHO-IIPUJI0KHM IPUHOCH

1. Cratusita nMa HHPOPMALIMOHEH XapaKTep U € pa3paboTeHa ¢ el MOMyJsIpu3upaHe U BHEAPSBAHE
Ha Te3U NpeKbCBauM. B Hes ce qucKyTHpa HOB MOJIXOJ 3a 3alllMTa Ha IOMEIIEHHUTa OT MoXap, KOMTo
3a ChKaJCHUE KbM MOMEHTA Ha M3JIM3aHETO Ha CTATHsTA HE € IIMPOKOM3BECTEH y HAC [7].

I' 8.11 K. MunanoB, M. Munues, M. CaaBkoBa, M3cnensane na DC/DC mnpeoOpa3zoBaTen ¢
MOCTOB HHBEPTOP ChC CpeIaHa Touka ¢ momoinra Ha PSpice, ['ogumank Ha TeXHUUECKH YHUBEPCUTET
— Codms, Tom 62, kuura 3, 2012, crp. 183-188, ISSN 1311-0829

H3zcneosane na DC/IDC npeobpaszysamen ¢ Mocmoe uneepmop cvc cpeona mouka ¢ ROMouwyma na
PSpice

B cratusita e uzcnenBaHo BIUSHUETO Ha OOpaTeH AWOM, BKIIOYEH BHB BTOPHYHATA CTpaHA Ha
tpanchopmaropa B DC/DC nmpeobpaszyBaren ¢ MOCTOB HHBEPTOp. 3a IeITa € CUMYJIM paHa paborarta
Ha DC/DC mpeobpasyBaTenss ¢ MOMOIITa Ha mporpamHust npoaykt PSpice. Cw3mageHu ca jBa
Mo/IeNa 3a u3ciieABaHe - 0e3 u ¢ 100aBeH ,,00paTeH MU0 U € HalpaBeHa ChIIOCTaBKA HA MOJTyYEHHUTE
CUMyJalMoOHHU pe3yntaTd. OT TONydeHUTE HW3XOJHU JUarpaMud MOXKE Ja ce 0000ImM, 4e MpH
BKIIIOYBaHE HA OOpaTeH OMOJ TOKBT, KOWTO MpOTHYA Mpe3 H3MPABUTEIHUTE AHOAH W TIpe3
BTOPUYHHUTE HAMOTKU € WJIM PaBeH Ha u3xonsmus uiu € ,,0”. Ako ,,00paTeH quoa‘“ He € BKIIOYEH,
pe3 MOCOYEHUTE eIEMEHTH BUHATH TeUe TOK, KOMTO € W paBeH Ha m3xoasmus wim ¢ 50% ot Hero.
HanpaBenuTte cumynamnuy NOTBbPXKAaBaT U3Ka3aHUTE TEOPETUYHU U3MeHeH us B paborata Ha DC/DC
npeoOpasyBaTels, NMpu BKJIIOUYBaHE Ha OOpaTeH OUOJ BbB BTOpPHUYHATA CTpaHa Ha TpaHcopmaTopa
npeau apocena. BkimoyBaHeTo My B CXeMaTa BOIM [0 IO-HUCKO HAaTOBapBaHE KaKTO Ha
U3MPABUTEIHUTE JAWOIM, TaKa W HA BTOPUYHUTE HAMOTKH Ha TpaHchopmartopa. M3duucimurenHara
MOITHOCT Ha TpaHchopmaTopa ce mMmoHWXkKaBa. EQEKThT OT TOBa IMO-HHUCKO HATOBapBaHE Ha
MIOCOYCHHUTE SJIEMEHTH € TIO-TIO{YePTaH MpH MPeoOpa3yBaTen, KOUTO pabOTAT C MUPOK TUATIA30H Ha
W3MCHEHUE Ha U3XOJISAIIUTE IMapaMeTpH.

Hay4yHu ¥ HAYYHO-NPUJIOKHU MTPUHOCH

1. Ilpennoxenu ca qBa monena 3a u3cnensane Ha DC/DC mpeoOpasyBaTen ¢ MOCTOB HHBEPTOP - ChC
u 0e3 obparteH quoj. HampaBeHHUST CUMyNAllOHEH aHallu3 Ha CXEMHUTE C MOMOIITAa Ha MPOrPaMHHS
npoaykT PSpiCce moTBbpKIaBaT HM3Ka3aHUTE TEOPETHYHH XHIIOTE3W OTHOCHO HW3MCHCHHSATA B
pabotara Ha DC/DC mnpeobpasyBarens. [[okazaHo e, ye BKJIFOUBAHETO HA OOpaTeH AMOJ B cXeMara
BOJM JI0 TO-HHCKO HATOBapBaHE Ha W3MPABUTEITHHUTE AWOAM W Ha BTOPUYHHTE HAMOTKH Ha
TpaHcpopmaropa. Kato pesynraT oT HalpaBeHUTE W3CIEIBAHUS € YCTAHOBEHO, Y€ M3YHMCIUTEIHATA
MOIIHOCT Ha TpaHcopmaTopa ce HamasiBa [6],[7].
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2. B cratusita ce mpenoppruBa TpaHCHOPMATOPHU € MO-HIUCKO HATOBApPBAHE, MOTYYCHO B CIEJACTBHUE HA
BKJIIOUEH "oOpaTeH nuoA" Ha BTOpHYHATa CTpaHa, Aa ce m3noms3satr npu DC/DC npeobpasyBarenu
paboTely B IIMPOK JHAaIa30H Ha H3MCHEHHE Ha U3XoaHuTe napamerpu [6],[7].

I' 8.12 M. CaaBkoBa, K. MuianoB, M. MunueB, N3cnenBane Ha TOKOB TpaHchopMmaTop 3a

€IHOIONAPHA TOKOBM mmnyJsicu, COopHUK aokiaau Ha IV HayyHa koHdepeHuus Ha ED, 28.09-
01.10.2012, Cozomon, bearapus, Tom 2, ctp. 347-351

H3cneosane na moxos mpancgopmamop 3a eOHONOJAPHU MOKOBU UMNYJICU

B cratusta ce mnpennara pelieHMe 3a HOB HAUYMH Ha HATOBapBaHE Ha TOKOBHU
TpaHCPOPMATOPH, KOETO MO3BOJISIBA MPUWIOKEHUETO MM U 32 M3MEpBaHEe Ha €THOMOJSPHU TOKOBH
umnyicu. [Ipu HOBOTO CXeMHO pellleHHe TOBaphT Ha TOKOBUS TpaHchopMaTop 3a paboTHATa YacT OT
NeproJa 1 3a nays3aTa uMa pa3jaudyHa CTOWHOCT. [1o To3u HauMH NpH MKPOK AUANAa30H HA U3MEHEHUE
Ha MOAYJalMsITa Ha HMITYJCHUTE ca H30erHaTH HACHUIAHETO HAa MAarHUTONPOBOJA Ha TOKOBHUS
TpaHchopmaropa u nosiBaTa Ha CHCTeMaTH4HU rpemku. C momoIira Ha mporpaMHus npoaykt PSpice
€ CbhCTaBEHa 3aMECTBallla CXeMa Ha TOKOBHMsS TpaHchopmarop. B cxemara e peanusupaHo e
3aXpaHBaHE C €IHOMNOJSIPHU TOKOBU HMMIIYJICH 4Ype3 MMIIYJCEH M3TOYHMK. M3mon3BaH e HenmHeeH
TOKOB TpaHcopMaTop OT OMOIMOTEKaTa ¢ €JIeMEHTH Ha MPOJYyKTa KaTo Ha BTOpUYHATa CTpaHa Ha
TpaHcopMaTopa € NPUChEINHEH KIII0Y, C KOMTO € pealn3upaHo NPEeBKIIOUYBAHETO HA TOBapa B JIBaTa
nonynepuona. Upes pesucropure Rz u Rs, ce peanmsupa paszimyHara CTENEH Ha HAaTOBapBaHE Ha
TpaHchopmaropa. B equnus paboTeH monynepuon TOKbT MpOTHYaA camo mpe3 pesucrop Rz=10€, a
npe3 nepuoga Ha mnaysata u npe3 Rs=100Q. Ilpe3 mepuoga Ha mnay3ata OOIIOTO TOBApPHO
CHIIPOTHBJIEHUE Ha BTOPUYHATA CTpaHa Ha TOKOBUS TpaHchopmaTop € 110Q2 - 3HaYnTENHO MO-BUCOKA
CTOMHOCT B CpaBHEHHUE € TOBapa npe3 paboTHUs nepruol. I1o To3u HauMH € peaau3upaHa U pa3iuka B
HaNpPEeKEHHUATAa Ha BTOPUYHATA CTpaHa Ha TOKOBHS TPaHC(HOPMATOP, KOETO OT CBOSI CTpaHa BOIH 10
pasiInyHa CKOPOCT HAa M3MEHEHHME HAa MAarHUTHaTa MHIYKIMS B JABETE 4acTU Ha Iepuopaa. Torasa
MarHUTONPOBOABT € B CHCTOSHUE Ja BB3CTAHOBU HU3XOJHATa CH pabOTHA TOYKA U TOKOBHST
TpaHchopMaTop Moke Ja paboTH MpH MIMPOK JMana3oH Ha HM3MEHEHHEe Ha MOAyJaluara Ha
umnyiacure. OnpezneneH € KoepHUIMEHTa Ha 3ambjBaHe Ha uMmIysica rama - y. Cumynauuure ca
HalpaBeHW MpU JBe TpaHuuHu croMHocTH Ha rama 0.1 u 0.9. Jloka3Ba ce, uye TOKOBUTE
TpaHCOPMATOPH MOTaT J1a pabOTAT NMPU KOS(UITMEHT Ha 3arrbjIBaHe Ha UMITYJIca Y — o-ToysM ot 0.5
U TNPEAJIOKEHOTO U3MEHEHUE Ha TOBapa. ToBa CXEMHO peElIeHHE MOXE Ja Oblie peaau3supaHo c
MOJTYTIPOBOAHUKOBH efeMeHTH. OTHOIIEHUETO Ha CTOMHOCTUTE Ha JIBETE CHIPOTUBIIEHUS TpsOBa 1a
ce n30upa Taka, 4e TO Ja € MOo-TOJISIMO OT CTOHHOCTTA 1/y.

Hay4yHu ¥ HAyYHO-NIPUJIOKHU NIPUHOCH

1. IIpennoxeHo € HOBO CXEMHO pelIeHHE IPU HAaTOBapBaHE Ha TOKOBM TpaHCHOPMATOPH, KOETO
II03BOJISIBA MPUJIOKEHUETO UM U 3a U3MEpPBAaHE HAa €AHOIOJIIPHU TOKOBH MMITyJicu. ToBa pelieHue e
pearn3upaHo ¢ pa3jinyHa CTOMHOCT Ha TOBapa Ipe3 JBara nepuoaa — paboTHa obiacT U 00s1acT Ha

nay3a [4],[5],[6].

2. C momornra Ha mporpamHus MNPOAyKT PSpiCeé e chcraBeHa 3amecTBala CXeMa Ha TOKOBHS
TpanchopMaTop, KaTo € pealn3upaHo 3aXpaHBaHE C €AHOMOJIIPHUA TOKOBH MMITYJICH Ype3 UMITYJICCH
U3TOYHHK, HEJIMHEEH TOKOB TpaHC(HOPMATOp M KJIFOY, C KOMTO Ce OChIIECTBSIBA MIPEBKIIOYBAHETO HA
TOBapa B JBara mojiymepuoaa. Upes3 aBa pe3ucTopa ce CHMYJHMpa HEEIHAKBOTO HATOBAapBaHE Ha
TOKOBHsSI TpaHc(hopMaTop B aBara nepuozaa. JlokazaHo €, 4ye TOKOBHTE TpaHCHOpMATOPH MOrar ja
paboTAT Mpu KOEQUIMEHT Ha 3allbJBaHE HAa MMIyJca Y — mo-rojsiM ot 0.5 mpH MpemiokeHOTO
u3MeHeHue Ha ToBapa [4],[5],[6].

3. Jedbunupanud ca TPENOPHKH KbM HOBOTO CXEMHO pEIIEHHE OTHOCHO OTHOIICHHETO Ha
CTOMHOCTUTE Ha JIBETE ChIIPOTHUBJICHUS. Te TpsOBa Aa ce n3dupa Taka, Ue CbOTHOILIEHUETO /1A € IO-
roismo ot croiinoctra 1/y [4],[5],[6].
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4. C npeqyio)KeHOTO M3MEHEHHE Ha CTOMHOCTTa Ha CHIIPOTHBIIEHUETO HA TOBapa B NEPUOAUTE Ha
»pabora” MW Ha ,nay3a” cTaBa BB3MOXHO INPUJIOKEHHUETO Ha TOKOBU TpaHchoOpMaTtopu M 3a
U3MepBaHe Ha eAHONOIsIpHH ToKoBU ummyJicu [4],[5],[6].[7].

I' 8.13 K. MunanoB, M. Munue, M. CaaBkoBa, l3cinenBaHe BIUSHUETO HA BUXPOBUTE TOKOBE

IpU MMITYJICHO HaMarHUTBaHE Ha CHCTEMHM C IOCTOSHHM MarHutH, ['onumuuk Ha TexHudecku
yausepcuteT — Codus, Tom 62, kaura 4, 2012, ctp. 137-144, ISSN 1311-0829

H3cneosane enuanuemo Ha suxposume moKkoee npu UMny)JiCHO HamazHumeane Ha
cucmemu ¢ NOCMOAHHU mazHumu

[IpriiokeHueTo Ha MOCTOTHHUTE MAarHUTH Ha 0a3aTa Ha PEIKO3EMHU €JIEMEHTH Ce pa3IInpsBa
HenpekbcHaTo. Oco0eHO MIMPOKO MPUIIOKEHUE Te HAMHUPAT, KAKTO B ChbBPEMEHHUTE €JICKTPUUECKU
MalIMHU W amapaTd, a Taka ChIIO W B Pa3IUYHU TMOJSPU3UPAHU MATHUTHH CHCTEMH, aKyCTUIHU
npeoOpazoBaTenu U Ap. CaMOCTOSATENIHOTO HAMAarHUTBAaHE HAa MOCTOSIHHUTE MarHUTU B MUMITYJICHH
pPeXKUMU He cbh3/1aBa 0cO0EHO cepro3Hu npobiemu. [Ipobiemute B TO3M ciyyail ca Mpu MOHTa)ka Ha
MpEeIBAPUTETHO HAMAarHUTECHUTE JI€TaiJIi, KOUTO B MHOT'O OT CIy4auTe € CUJIHO 3aTpyaHeH. U3xonbT
OT TOBA IOJIOKEHUE € HAMAarHUTBAHETO J]a CE U3BBPIIU CIIe] MOHTHPAHE U TOCTABSHE Ha JICTAMIINTE
no Mecrata uM. B To3u ciywait obave, BIUSHUE 3all0YBAT Jl1a OKAa3BaT MACHUBHUTE METAJHU YacTU
(apmaTypu), KOMUTO cCa HU3MBJIHEHH MPEJUMHO OT (EepOMArHUTHH MaTepuaid MU ca 4YacT OT
KOHCTPYKIUSITA HA CHCTEMHUTE C MOCTOSSHHU MarHWTH, 3apajd BIUSHUETO HA BUXPOBUTE TOKOBe. B
CTaTHUATa C€ aHAIU3WMpa M OICHSBAa BJIMSHUETO HAa BUXPOBUTE TOKOBE MpPH pa3jIMYHU CXEMHU Ha
marteruszaropute. ToBa € HeoOXoQuMO, 3a Ja C€ IMOAINOMOIHE IpPOLIECHT Ha IMPOEKTHpaHe. 3a
UMIIYJICHO HaMarHUTBaHE Hal-4ecTO C€ W3IMO0J3Ba TOKOB MMIIYJIC ChC CHHycoujaaidHa (opMa U
IPOIBIDKUTEIHOCT eIUH nosynepuon. M3non3sa ce u koMOMHUpaHa GpopMa Ha TOKOBHUS UMIIYJC -
cUHyconaanHa ¢opMa B MbpPBU Y4YacThbK M EKCIOHEHIMAJTHA BHB BTOpPU, M C€ IMpHiIara 3a
HAMAarHUTBAaHE B CUCTEMHM C MOCTOSHHU MarHUTH C 1€ 32 HaMalsBaHe Ha BIMSHUETO Ha BUXPOBUTE
TokoBe. HampaBeHo e u3cieBaHe OTHOCHO ME€XaHU3Ma Ha BIUSHHE Ha BUXPOBUTE TOKOBE B MACUBHHU
CHCTEMU C TIOCTOSIHHH MarHUTH, KOUTO UMAT MUJIHHAPUIHA (OpMa B ca CUMETPUYHH BBB (PU3UIECKO
W MarHUTHO OTHOIIEHHE MO OCTa Ha IWJIMHAbpPA. 3a HAMATHUTBaHE T€3W CHCTEMH CE€ MOCTaBsT B
UHAYKTOp CbhINO ¢ UMIMHApUYHA ¢opma. HampaBenu ca Tpu Buga aHamu3 Ha mpodiema —
TEOPETUYEH, CUMYJIALIMOHEH U EKCIIEpUMEHTAJICH.

HayyHu ¥ HAyYHO-IIPUJIOKHM NPUHOCH

1. OueHeHO € BIMSHHUETO HAa BUXPOBUTE TOKOBE NpPU HAMArHMUTBAHE HA CHUCTEMH C MAaCHBHHU
IPOBOAIINA YaCTH IMPU H3MOJ3BaHE HA KOMOWHHpaH 1Mo (opmMa HaMArHUTBAIl TOKOB HMITYJC OT
CHHYCOHU/Ia U eKCIIOHEHTA. [Ipe/yIokeHOTO Bh3 OCHOBA Ha HANPABEHHs TEOPETUYCH aHAJIN3 OIMCAHUE
Ha Mpolleca Ha Pa3BUTHE HA BUXPOBHTE TOKOBE B CHCTEMH 3a HAMAarHUTBAHE € MOTBHPICHO Ype3
KOMITIOThPHA CHMYJIAIMsI C MPOrpaMHUs MpoAyKT PSpice u upe3 Qu3ndecKd eKCIEPUMEHT BBHPXY
peasiHa HamaruuTBaiia ypenoa [5],[6],[7].

2. HampaBeH e aHanu3 Ha MPOIECUTE U ca OTKPOCHHU JBa €Tala Ha Bb3ACHCTBUE HA BUXPOBUTE TOKOB €
Ipy HaMarHuTBaHeTo. [IbpBUSAT eTam e mpu HapacTBaHE HAa TOKA, KOTaTO BUXPOBUTE TOKOBE CHIIHO
MPOTUBOJCHCTBAT HAa MpOIleca HAa HAMarHUTBaHE. BTOpHUAT eTam € ChIIECTBEH - W3BBPIIBA CE
MpOIEeChT HAa HAMAarHUTBaHE, MPH KOETO BUXPOBUTE TOKOBE CMEHST MOCOKATA CH M TIXHOTO JICHCTBUE
rojrnoMara npoiecuTe Ha HamMarHuTBase [5].

3. OrneHEHO € BIMSHUETO HAa BHXPOBHTE TOKOBE YpE3 M3MEPBAHETO HA MArHUTHHUS MOTOK M
ChOTBETCTBAIIIATA MYy CpEIHA CTOMHOCT HAa MAarHWTHATA MHIYKIMS MPH JBa CIydas: MPH HaJIAIHE U
IpY OTCHCTBUE HA MarHUTHA cucTeMa B uuaykropa [5],[7].

4. Or HamnpaBEHUTE TECOPETUYHH, CKCIICPUMCHTAIHM M CHMYJIAIMOHHH HW3CJICABAHUS MOXE Ja Ce
00001111, Ye TPH KOMIUICKCHaTa (JopMa Ha HAMArHUTBAIIUS TOKOB UMITYJIC, BIUSHUETO Ha BUXPOBHUTE
TOKOBE BBPXY IMpoIleca Ha HAMarHUTBaHE € CHJIHO MOTHCHATO KaTO TOBA PEIIEHUE TOBAPH TOIUTHHHO
noseue camust uuayktop [4],[5],[7].
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SUMMARY OF THE SCIENTIFIC WORKS

of Ch. Asst. Prof. Eng. Mihaela Dimitrov Slavkova, PhD
submitted for participation in a competition for holding an academic position
“Associate Professor”,
in the field of higher education 5 “Technical sciences”,
professional field 5.2. “Electrical Engineering, Electronics and Automation”,
scientific specialty “Electrical Apparatus”
announced in State Gazette issue 24 / 25.03.2022

GENERAL CHARACTERISTICS OF SCIENTIFIC WORKS

For participation in the competition Ch. Asst. Prof. Eng. Mihaela Dimitrov Slavkova, PhD,
submits according to indicator B3 habilitation work - monograph on the topic: "Specific
applications of toroidal strip magnetic cores made of amorphous and nanocrystalline soft
magnetic alloys”, Publisher Avangard-Prima, Sofia, 2022, ISBN 978- 619-239-705-0.

According to indicators I'7 and I'8, a total amount of 18 scientific publications and reports
are submitted, of which 13 articles are in English language and 5 in Bulgarian language. In 2 of
the publications the candidate is the sole author, in 8 of the publications the candidate is the first
author, in 6 articles is the second author, and in 2 articles is the third author.

According to indicator I'7, the submitted publications are 5 in total (referenced and
indexed in Scopus and/or Web of Science), and 3 of them are referenced and simultaneously
indexed (in Scopus and Web of Science, with impact rank SJR 0.14+0.15). In two of the
publications the candidat is the sole author, and in the remaining 3 the author is in first or second
place.

According to indicator I'S, the presented articles and reports are a total of 13 — in non-
refereed peer-reviewed journals with scientific review or published in peer-reviewed volumes.

At the description of he characteristics and analysis of monographs and scientific works, as
well as at the unification of them into groups according to a given scientific direction, the
following indexes are used to indicate the type of contribution and the corresponding variation:

[1] scientific contribution;

[2] scientific and applied contribution;

[3] applied contribution;

[4] formulation or substantiation of new solutions to an existing problem;
[5] formulation or substantiation of a new theory or hypothesis;

[6] creation of new classifications, methods, constructions, technologies;
[7] obtaining results confirming the hypothesis of the process.

I. HABILITATION WORK — MONOGRAPH (INDICATOR B3)

The monograph on the topic "Specific applications of toroidal strip magnetic cores from
amorphous and nanocrystalline soft magnetic alloys™ is developed in 5 chapters, contains 143
printed standard pages, the bibliography is from 177 sources (in English, Russian, Bulgarian and
German language), there are 32 figures and 16 tables.

It summarizes the diverse applications of amorphous and nanocrystalline soft magnetic
alloys as materials for toroidal strip magnetic cores. A systematic overview of the properties and
characteristics of these relatively new soft magnetic alloys with a non-crystalline structure is
presented. A comprehensive analysis of the criteria for selecting the appropriate soft magnetic
materials is made to deepen the knowledge of the applications of toroidal strip magnetic cores
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made of amorphous and nanocrystalline alloys in order to search for new guidelines in their
development. New specific applications are considered and developments are made which are
described in individual chapters. A new classification is proposed, dividing applications into
traditional and specific. This makes it possible not only to improve the performance of already
known applications, but also to create new energy-efficient devices, thanks to the excellent
characteristics of these soft magnetic alloys.

In the first chapter “Amorphous and nanocrystalline soft magnetic alloys” a brief
overview of the properties, characteristics, conditions for formation, composition, conditions for
amorphization, structural features of amorphous and nanocrystalline alloys, as well as the criteria
for selecting soft magnetic materials for magnetic cores is made. The processes of the thermal
and thermal magnetic treatment of amorphous alloys, as well as the production of soft magnetic
materials with different characteristics and properties, are considered. The world famous
manufacturers and the price range of these materials are presented. The various classification
types of amorphous and soft magnetic alloys are reviewed and summarized.

In chapter two “Toroidal strip magnetic cores of amorphous and nanocrystalline soft
magnetic alloys” the current standards for toroidal strip magnetic cores of soft magnetic
materials are discussed in detail. The design features, parameters and characteristics of the
toroidal strip magnetic cores, the technological features related to their thermal and
thermomagnetic treatment are described. Special attention is paid to the phenomenon of
magnetomechanical resonance, the conditions for its occurrence, and the calculated resonance
frequencies for toroids of different brands of amorphous metal alloys are presented. An analysis
is made and guidelines are given in the design of magnetic cores in order to avoid the
phenomenon.

In the third chapter, “Applications of toroidal strip magnetic cores of amorphous and
nanocrystalline soft magnetic alloys”, the new classification of the applications of amorphous
and nanocrystalline alloys - traditional and specific - is presented. Specific applications are
systematically described and summarized, presenting their advantages in the given project
solution. New applications are marked.

In the fourth chapter, “Applications of toroidal strip magnetic cores of amorphous and
nanocrystalline soft magnetic alloys in saturable chokes with F-characteristic of the
magnetic core”, a new application of a saturable choke, but with F-characteristic of the
magnetic core, is considered. A new circuit solution for reduction of turn-on losses of IGBT
transistors is suggested. Instead of the traditional RLD circuit, a choke with F-characteristic of
the toroidal magnetic core is used. The principle of operation of the schematic solution is
analyzed, the criteria for selecting the soft magnetic material are defined and the methodology
for designing the saturable choke is presented.

In the fifth chapter “Application of toroidal strip magnetic cores made of amorphous
and nanocrystalline alloys in current transformers for power electronic converters with
voltage feedback”, a new solution for galvanic separation of the signal between the control and
the power unit in a power electronic converter, through a current transformer, is presented. The
operation of the circuit solution and the role of the transformer are analyzed, and the advantages
of the current transformer compared to the implementation of the circuit with a voltage
transformer are indicated. Development is focused on design recommendations for the current
transformer's toroidal magnetic core, which can be single or compound type. Guidelines are
given for the selection of suitable soft magnetic materials for the toroidal magnetic core, and
estimation of current transformer errors produced of nanocrystalline alloy are made.

Scientific [1], scientific-applied [2] and applied contributions in the monograph [3]
1. An extension of the current standard IEC 60635:1978/AMD1:1997 ED1 "Toroidal strip wound
cores made of magnetically soft material” is proposed for toroidal strip wound cores made of soft
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magnetic materials and in particular of amorphous and nanocrystalline soft magneticy alloys, which
is active until 2025 year. The extension proposal refers only to changing the ratios of outer to inner
diameter of the magnet wires ki = di;/d, so that the ratio becomes less than 1.25 and the ratios 1.10
and 1.05 are used. This change applies to toroidal magnetic cores made of soft magnetic materials
only with rectangular hysteresis loop and high magnetic permeability, for which the prescriptions for
this ratio are given and they are - not to exceed 1.25 whenever possible [2],[3],[6].

2. An optimization of the regime of thermal treatment and/or thermomagnetic treatment of toroidal
strip magnetic cores for some alloys is proposed, referring to zone Il (plateau). The maximum time
for maintaining the constant temperature is reduced from 40 to 15 minutes and the optimal regime
and improved magnetic characteristics of the toroids are achieved [2],[3],[4],[6].

3. The magnetomechanical resonance frequencies of toroidal strip magnetic cores are determined. It
is computationally proved that for toroidal magnetic cores made of three different types of soft
magnetic alloys (Metglas), but with the same dimensions and parameters, the magnetomechanical
resonance occurs at different frequencies. It is computationally proved that for magnetic cores with
the same inner diameter but different outer diameter, made of one type of soft magnetic material
(Metglas), the magnetomechanical resonance can occur at a different frequency depending on the
ratio of the outer to the inner diameter. It is computationally proved that the greater the ratio between
the outer and inner diameter of the magnetic core, the lower the magnetomechanical resonance
frequency is, other things being equal [2],[3],[7].

4. A new classification of the applications of toroidal strip magnetic cores made of amorphous and
nanocrystalline alloys - traditional and specific - is proposed. The traditional applications, which are
based on the well-known classic types of hysteresis loops of the soft magnetic materials - Z
(Rectangular), R (Round - classic) and F (Flat - linear), from which magnetic cores are made, are
expanded with a new class of applications - specific. Specific applications are based on two or more
toroids of soft magnetic alloys with different characteristics, combined in a common composite (also
known as composite, combined or mixed) magnetic core. In composite magnetic core, thanks to the
parallel operation of two soft magnetic materials, a wide range of new applications can be realized,
which would not be possible if a composite magnetic cores was not used [1],[2].

5. The area of applications is expanded with specific applications based not only on composite
magnetic cores, but also on the usage of a material with a hysteresis loop other than the standard one
for the application — for example, replacing a Z-hysteresis loop with an F-hysteresis loop in certain
operating regimes. In this way, besides expanding the application area, but conditions for the
realization of new applications with higher energy efficiency are also created [2],[3].

6. A new circuit solution for reduction of turn-on losses of the IGBT transistors in PWM (pulse width
modulation) converters, which are about 50% of the frequency-dependent switching losses, is
proposed. The well-known RLD circuit is replaced by a saturable choke, but with an F-hysteresis
loop. The essential thing about this new solution is that once the choke is saturated it stops
accumulating more magnetic energy. This stored energy determines the level of overvoltages, and
since it is very low, overvoltages can easily be controlled by traditional RC or RCD groups, or by
avalanche diodes [1],[2],[4].[5].

7. An approach for determining the main parameters of the inductance of the saturable choke with the
F-characteristic of the magnetic core is proposed. The inductance is calculated and it is proved that
inductances of the order of several microhenries are sufficient for effective reduction of the losses of
IGBT transistors at turn-on and switched state [2],[6],[7].

cTp. 190731



8. A new solution for galvanic separation of the signal between the control unit and the power supply
unit in power electronic converters, by means of a current transformer, is proposed. The advantages
of the suggested solution compared to its implementation with a voltage transformer are indicated
and proven. Recommendations are given for the design and selection of suitable soft magnetic
materials for the toroidal core of the current transformer which may be used in the application and
which may be of the single or composite type [2],[4],[6].[7].

Il. SCIENTIFIC, SCIENTIFIC APPLIED AND APPLIED
CONTRIBUTIONS OF SCIENTIFIC WORKS (INDICATORTI'7)

Research Areas

Most of the scientific articles on indicators I'7 and I'8, which are the subject of the reviews,
are dedicated to developments and research oriented to applications of amorphous and
nanocrystalline soft magnetic alloys. The features of toroidal strip magnetic cores are studied in
detail, their possible implementations in devices depending on the type of soft magnetic alloys used
for their production - amorphous and nanocrystalline, new developments are made based on new
schematic solutions, but with a different approach to solving of the assigned tasks. New solutions are
proposed with composite magnetic cores of two or more soft magnetic materials or solutions with
replacement of an existing soft magnetic material with a new one, but with improved characteristics.
Another focus of the articles is in the area of the analysis of schematic solutions with the software
product PSpice and evaluation of possible implementations based on the obtained results. There are
developments that are aimed to processes analysis and phenomena related to hard magnetic materials.
One of the developments is in the field of commutation technology and in particular of an
informative nature concerning the fire protection in buildings with domestic, industrial and general
purpose.

A summary of the scientific developments in the following thematic scientific areas is made:

1. Applications of toroidal strip magnetic cores of amorphous and nanocrystalline soft
magnetic alloys - traditional and specific I"_7.5

2. Research and development of specific applications of amorphous and nanocrystalline alloy
toroidal strip magnetic cores, construction features and design I"_ 7.1, I"' 7.2, I" 7.3, I' 7.4,I' 7.5

3. Design and construction features of toroidal strip magnetic cores made of amorphous and
nanocrystalline alloys, insulation requirements I"_8.1

4. Formulation of specific requirements for magnetic materials for a certain application (soft
magnetic and hard magnetic) I 8.5, I" 8.6

5. Study of current transformers and electronic converters and their specific applications by
PSpice I 8.2, I" 8.3, I 84,I 8.7, 8.8, 8.11,T 8.12

6. Application of switchgear for fire protection I 8.10

7. Study of processes and phenomena related to specific applications I 8.7, I" 8.9, I' 8.13

I' 7.1 K. Milanov, M. Slavkova and H. Antchev, Thyristor Control Driver with Composite
Transformer, 2016 19th International Symposium on Electrical Apparatus and Technologies
(SIELA), 2016, pp. 1-4, doi: 10.1109/SIELA.2016.7543028
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Thyristor Control Driver with Composite Transformer

In the paper is considered an application of a transformer with a composite magnetic core by
which the stringent and contradictory requirements to the control drivers of power thyristor for
converters can be met. The drivers for control of power thyristors determine the correct and reliable
operation of converters. Control drivers can be made in various schemes, but those with transformers
have advantages that determine their wide application. The function of the drivers is to generate an
output current with a rising pulse front - over 2 to 10 A/us, large amplitude values - from2to 5 A. A
required condition for sufficiently large energy is the presence of a plateau in the form of the current
pulse, which has duration of 5 to 10 ms. This is related to ensuring certain levels of electric current in
the control circuits. For this reason, the transformers that are used must be supplied by current
sources and not from voltage sources. This paper provides an overview and evaluation of possible
implementations of composite magnetic core of transformers for thyristor control drivers and
provides selection and design guidelines validated by experimental studies. A new driver solution for
controlling thyristors with compound magnetic lines is given. The composite magnetic core of the
transformer is made of two types of soft magnetic materials — the first toroid is made of a soft
magnetic material with a very high initial magnetic permeability (F-loop) and the second one is made
of a high saturation magnetic induction (Z-loop or R-loop). The new solution that is proposed is
based on the specific way of winding the primary and secondary transformer coil around the
magnetic core of the composite transformer. The primary winding is common for the two toroidal
cores of the composite transformer, but the secondary winding is divided into two coils, each one of
them is wound separately around the toroidal magnetc cores of the composite transformer.

Scientific and scientific applied contributions

1. It is proposed to use a composite magnetic core for the thyristor driver transformer, which consists
of two toroids - made of alloys with different magnetic permeability and hysteresis loop. In contrast
to the traditional composite magnetic cores of transformers, a new solution is proposed here with a
split secondary winding and a common primary [1],[4].

2. It is proved that the constructive and technical solution for the realization of the transformer with a
composite magnet core allows the generation of a pulse with the necessary steep rising edge, high
amplitude and a subsequent plateau with a long duration [6],[7].

3. The proposed solution allows the amplitude of the control current to vary within significant limits,
which are consistent with the specific requirements for thyristors. Basic ratios for dimensioning the
composite magnetic core of a thyristor driver control transformer are given. The proposed solution is
successfully implemented in a high-voltage rectifier 6.5 k\V/30A [4],[5],[6].

I' 7.2 M. Slavkova and K. Milanov, Reduction of IGBT Turn-on Losses via Saturable Choke with F
Characteristic of the Magnetic Core, 2018 20th International Symposium on Electrical Apparatus and
Technologies (SIELA), 2018, pp. 1-4, doi: 10.1109/SIELA.2018.8447064.

Reduction of IGBT Turn-on Losses via Saturable Choke with F Characteristic of the Magnetic
Core

In the article is discussed an application of toroidal strip magnetic cores made of amorphous
and nanocrystalline soft magnetic alloys with an F-hysteresis loop in saturable chokes, which are
used in a scheme to reduce the turn-on losses of IGBT transistors. Here is proposed a new approach
for solution the problem, which is accomplished by a new circuit solution that is an improvement on
the known RLD circuit with damping inductance. The scheme can be realized only with a saturable
choke with an F-hysteresis loop of the toroidal strip magnetic coret, i.e. with a magnetically soft
material with an F-hysteresis loop, i.e. amorphous or nanocrystalline. Essential to this new solution,
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which is implemented with a saturation choke, is that there is no accumulation of magnetic energy
after the saturation of the choke. The new way of reducing IGBT turn-on losses by means of a
saturable choke has significant advantages. The current at which the saturable choke saturates is less
than the rated current at which the IGBT transistor operates and the power losses are lower. The
energy stored in the saturated state of the saturable choke is very low, which determines the low level
of transistor turn-off surges, which can be controlled by traditional RC or RCD groups, or by
avalanche diodes. Such saturable chokes for reduction of turn-on losses of IGBT transistors can also
be recommended for thyristors, even for contact switches.

Scientific and scientific applied contributions

1. A new circuit solution with a saturable choke is proposed, where it is proved that inductances of
the order of a few microhenries are sufficient to effective reductin of the turn-on losses of IGBT
transistors [4],[5],[6].

2. It is proved that an additional effect is achieved by reduction of turn-on losses of IGBT transistors
— at switching off the damper diode. This further reduces losses. The R-D (resistor-diode)
combination creates conditions for the presence of a damping circuit for the inductance of the main
supply network, which in turn limits the overvoltages occurring also on the IGBT transistors turn-off

[51.[7]

3. It is proposed that the toroidal magnetic core of the saturable choke be manufactured of a
nanocrystalline soft magnetic alloy with an F-hysteresis loop, which reduces the volume of the
choke, makes it lighter, and is generally more energy efficient and suitable for operation in adverse
temperature conditions [6] .

I' 7.3 K. Milanov and M. Slavkova, Design of Saturable Choke for Reduction of IGBT Turn-on
Losses, 2018 20th International Symposium on Electrical Apparatus and Technologies (SIELA),
2018, pp. 1-4, doi: 10.1109/SIELA.2018.8447116.

Design of Saturable Choke for Reduction of IGBT Turn-on Losses

In the article a methodology for calculation of a saturable choke with a toroidal magnetic core
made of a soft magnetic material with F-hysteresis loop with high magnetic permeability (made of
amorphous or nanocrystalline alloy), is presented. The choke is used to operate together with IGBT
transistors and its purpose is to reduce turn-on losses at switching on the converter. At the design of
saturable choke, the goal is to achieve certain parameters, which are also the starting conditions for
dimensioning.

Scientific and scientific applied contributions

1. is proven practically and computationally that, in principle, toroidal strip magnetic cores made of
nanocrystalline alloys with the F-characteristic of the magnetic core are smaller, lighter, more energy
efficient and are suitable for operating in conditions of increased ambient temperature. In the article,
it is proven that the use of a properly dimensioned saturable choke with an F-hysteresis loop,
significantly lowers the turn-on losses of the IGBT transistors [6],[7].

2. A methodology for dimensioning the saturable chokes for this particular application is presented,
and criteria for selecting a suitable soft magnetic material for the application are given. It is proved
that magnetically soft materials with very high values of magnetic permeability should be worked in
a wide operating range. The calculations made prove the efficiency of the application. [6],[7].

I' 7.4 M. Slavkova, Application of Current Transformers in Power Electronics Converters with
Voltage Feedback, 2020 21st International Symposium on Electrical Apparatus & Technologies
(SIELA), 2020, pp. 1-8, doi: 10.1109/SIELA49118.2020.9167051.

cTp. 22 07131



Application of Current Transformers in Power Electronics Converters with Voltage Feedback

A new solution for galvanic separation of the signal between the control unit and the power
unit in power electronic converters, by means of current transformers is proposed. An analysis of the
proposed circuit solution and the operation of the transformer are made considering that the required
output power is very low and is in the range of milliwatts. In this specific application of a current
transformer, the advantages of the presented solution compared to its implementation with a voltage
transformer are indicated. This is proven through the analysis of circuit solutions based on ideal
transformers - current and voltage. The recommendations for the design of the toroidal magnetic core
of the current transformer (single or composite) are defined and the criteria for selecing a suitable
soft magnetic material are specified.

Scientific and scientific applied contributions

1. A new schematic solution with a current transformer for galvanic separation of the power unit
from the control unit is proposed. It is proved that at the usage of current transformers, the voltage
error is smaller because it depends only on the impedance of the secondary winding of the current
transformer refered to the primary, while with the voltage transformer the voltage error depends on
the impedance of both the primary and the secondary transformer winding [4],[5],[7].

2. A methodology for estimation is presented and it is proved that the usage of soft magnetic
materials with good indicators (low hysteresis and eddy currents losses) and assuming a negligibly
small value of the magnetizing current for both transformers, the current transformer has an
advantage in terms of of the voltage error [4],[5].[7].

I' 7.5 M. Slavkova, Specific Applications of Nanocrystalline and Amorphous Soft Magnetic
Materials with Different Hysteresis Loops, 2021 13th Electrical Engineering Faculty Conference
(BUIEF), 2021, pp. 1-6, doi: 10.1109/BulEF53491.2021.9690798.

Specific Applications of Nanocrystalline and Amorphous Soft Magnetic Materials with Different
Hysteresis Loops

In the article are presents and summarized the different types of classifications of amorphous
and nanocrystalline soft magnetic alloys. It is proposed that the well-known classification, which is
used to determine the applications of these magnetically soft alloys according to the type of their
hysteresis cycle - rectangular (Z), flat - linear or linearized (F-FLAT) and classic (R-ROUND) with a
new class of applications. These are applications that can only be realized because of the possibility
of using a composite magnetic core. Specific applications include those based on magnetic
components manufactured from magnetically soft materials with characteristics and hysteresis loops
that are not typical for a particular application. The new group of applications is labeled Specific
Applications. Both traditional applications and new specific applications are described in detail in the
article. It is emphasized that the main idea of using the composite magnet core is to improve the
characteristics and parameters of the magnetic component to meet the requirements of the particular
device.

Scientific and scientific applied contributions

1. A new classification of the applications of amorphous and nanocrystalline soft magnetic alloys is
proposed, as the traditional classification is expanded with a new class of applications - specific. The
new group includes composite magnetic cores and atypical applications of materials with a given
type of hysteresis loop - the replacement of a material with a Z-hysteresis loop by those with an F-
hysteresis loop (and vice versa depending on the specific application) [6],[7].
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2. The classical - traditional applications are analyzed and systematized, the requirements to soft
magnetic materials for certain applications - traditional and specific - are given [4],[7].

I11. SCIENTIFIC, SCIENTIFIC APPLIED AND APPLIED
CONTRIBUTIONS OF SCIENTIFIC WORKS (INDICATOR I'8)

I' 8.1 M. MunueB, M. CuaBkoBa, l3uckBanusi KbM H30JalUsATa Ha aMOpPPHU JIEHTH 3a
MarHUTOIPOBO/M TIPH BHCOKH CKOPOCTH Ha mpeHamarHutBaHe, Proceedings of X-th International
Symposium on Electrical Apparatus and Technologies SIELA'97, May 30-31, Plovdiv, Bulgaria,
Vol. 2, pp. 137-142, ISSN 1314-6297

Requirements for the amorphous strips insulation of toroidal cores at high magnetization rates

In the article are defined the general requirements for the interlayer insulation of magnetic
cores made of amorphous metal strips, as well as an approach for determining the voltage that the
insulation must withstand depending on the mode of operation of the magnetic core. Some of the
manufacturers of amorphous metal alloys still offer these materials in strip form, without insulation,
in order for customers to make their own magnetic cores and provide their desired thermal or
thermomagnetic treatment, and obtain toroidal strip magnetic cores with desired magnetic
characteristics. Electrical steel standards cannot be used to determine the insulation requirements
because it has a much larger strip thickness, while amorphous metal alloys have strip thicknesses of
the order of 20 um. The technology of insulating and winding the magnetic cores is described, as
well as some of their design features, the requirements regarding their thermal and thermal magnetic
treatment are defined. The temperature range that the insulating coating of the amorphous metal alloy
must be able to withstand is defined, as well as the requirement for the thickness of the insulation.
The voltage that the interlayer insulation must withstand is determined depending on the type of
toroid material — with an F-hysteresis loop or with a Z-hysteresis loop. The expressions for
calculating the induced voltages in the interlayer insulation are given. It is established that magnetic
cores insulated by means of this technology work successfully for more than 5 years and have long-
lasting stable characteristics. More than 200 toroidal magnetic strip cores was manufactured through
the use of this technology and with this interlayer insulation.

Scientific and scientific applied contributions

1. The expressions for determining the voltage of the interlayer insulation of toroidal strip magnetic
cores made of amorphous metallic alloys are defined depending on the type of hysteresis loop and
depending on the operation mode of the magnet core [6],[7].

2. Specific requirements are defined for the insulation of amorphous metallic alloys produced in the
form of strip for the production of toroidal strip-tape magnetic cores [6],[7].

I' 8.2 M. Slavkova, M. Mintchev, Error of Current Transformers with Half-Wave Rectified Primary
Current, Proceedings of XIlII-th International Symposium on Electrical Apparatus and Technologies
SIELA2003, May 29-30, 2003, Plovdiv, Bulgaria, vol. 2, pp. 175-180, ISBN 954-90209-2-4

Error of Current Transformers with Half-Wave Rectified Primary Current

In the article is discussed the problem of determining the power error of current transformers
that operates as coupling transformers in static electronic electricity meters for measuring active and
reactive energy in single-phase and three-phase alternating current electrical mains with a frequency
of 45 to 65 Hz. They operate in a non-sinusoidal mode and this makes it difficult to determine their
power error, which must be within certain limits. A model is proposed to determine the current
transformer error using PSpice. For this purpose, two schemes are prepared - with and without a
current transformer, and the power error was determined as the difference between the two errors.
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Scientific and scientific applied contributions

1. Two schematic diagram solutions developed in the PSpice software environment are proposed for
determining the power error of the current transformers operating in non-sinusoidal mode. It is
proved that the proposed method is an effective and accurate way to determine the power error of
current transformers in non-sinusoidal mode [4].

I' 8.3 M. Slavkova, M. Mintchev, Influence of Magnetic Core Material on the Error of Current
Transformers with Half-Wave Rectified Primary Current, Proceedings of XIlII-th International
Symposium on Electrical Apparatus and Technologies SIELA'2003, May 29-30, 2003, Plovdiv,
Bulgaria, vol. 2, pp. 181-186, ISBN 954-90209-2-4

Influence of Magnetic Core Material on the Error of Current Transformers with Half-Wave
Rectified Primary Current

In the article, the influence of the magnetic core material on the current error of the current
transformers in non-sinusoidal mode is determined. The criteria for selecting a suitable material for
the magnet wire are defined. Process analysis is performed using the software product PSpice. The
study under periodic non-sinusoidal input impact is provided by means of methods of harmonic
analysis. The first harmonic of the current transformer secondary current was determined using
Fourier analysis. For the purpose of the analysis, two circuits are suggested, one to determine the
experimental current and the other to determine the theoretical current on the secondary winding of
the current transformer. The resulting error is the difference between the two calculated values. The
results are compared with experimental data for the error of current transformers with different types
of magnetic materials in the considered mode.

Scientific and scientific applied contributions

1. Two schematic diagram solutions developed in the PSpice software environment are proposed for
determining the current error of the current transformers operating in a non-sinusoidal mode. It is
proved that the proposed method is an effective and accurate way to determine the current error of
the current transformers in non-sinusoidal mode [4],[7].

I' 8.4 M. Slavkova, M. Mintchev, Error of Current Transformers with a Half-Wave Rectified
Primary Current with an Active-Inductive Load, Proceedings of the Second International Conference
on Challenges in Higher Education and Research in the 21st Century, June 2-5, 2004, Sozopol,
Bulgaria, vol. 2, pp. 284-286, 2004, Bulgaria, Coronet Books Inc, Heron Press, ISBN 954-580-158-1

Error of Current Transformers with a Half-Wave Rectified Primary Current with an Active-
Inductive Load

In the article the phase displacement error of the current transformers through process analysis
using the PSpice software product is determine. The studies that are done are for an steady state
mode. The phase displacement error is defined as the phase difference of the first harmonics of the
primary and secondary currents. The sdudies are made for 4 loads with cos ¢ varying from 0.1 to 1.
The analysis is made by means of Fourier and the data are taken from the source file of the program.
The method for calculating the phase displacement is defined.

Scientific and scientific applied contributions

1. A schematic solution in the environment of the PSpice software product for determining the phase
displacement error of the current transformers operating in a non-sinusoidal mode is proposed. It has
been proven that the proposed method is an effective and accurate way to analyze the processes and
to determine the influence of the load characteristics and the power factor on the phase displacement
error of the current transformer operating at a single half-wave rectified primary current [4],[7].
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I' 8.5 M. Slavkova, M. Mintchev, Comparative Studies of Soft Magnetic Materials, Proceedings of
XIV-th International Symposium on Electrical Apparatus and Technologies SIELA'2005, 02-03 June,
2005, Plovdiv, Bulgaria, Vol. 2, pp. 131-138, ISSN 1314-6297

Comparative Studies of Soft Magnetic Materials

In the publication, a comparative analysis of the characteristics of soft magnetica materials is
made. Their static and dynamic parameters, types of hysteresis loops and their applications are
discussed. Specifically, their applications in power transformers, radio frequency transformers,
precision transformers, etc. are considered and the requirements for the material of the magnetic core
are defined for each one of them. In addition to transformers, attention is also paid to saturable
chokes, EMI filters, etc. A classification of soft magnetic materials according to their composition is
presented and the characteristics of some are described in detail, such as soft magnetic ferrites,
amorphous and nanocrystalline iron-based alloys, cobalt-based and nickel-iron-based amorphous
alloys, powder-based soft magnetic materials metallurgy etc. A summary is made on what depends
on the selection of soft magnetic material for magnetic cores.

Scientific and scientific applied contributions

1. An analysis of the possible applications of the considered soft magnetic materials is proposed, and
this has practical significance in the selection of materials for magnetic cores [7].

I' 8.6 K. Milanov, M. Slavkova, Survey of Requirements to Permanent Magnets, Proceedings of
XVI-th International Symposium on Electrical Apparatus and Technologies SIELA'2009, June 04-06,
2009, Bourgas, Bulgaria, Vol. 2, pp. 213-220, ISBN 978-954-323-560-5, ISSN 1314-6297

Survey of Requirements to Permanent Magnets

In the article is made a review of requirements to hard magnetic materials and the criteria for
their selection, according to their specific application are defined. A comparative analysis is made
between the different types of permanent magnets considering their composition and and the main
most commonly used hard magnetic materials for permanent magnets are described. A brief
description of hard magnetic ferrites, AINiCo magnets, neodymium-iron-boron magnets, rare earth
cobalt magnets, etc. is made. It is noted that an essential role in the selection of a material for
permanent magnets for a specific application is played by the price, without neglecting the
exceptional magnetic, physical and chemical parameters of the given material. Some features related
to the magnetization and demagnetization of permanent magnets are discussed. Specific
recommendations for work are given in both cases.

Scientific and scientific applied contributions

1. An analysis of the possible applications of the considered hard magnetic materials is proposed, as
this of a practical importance for the selection of materials for magnetic cores [7].

I' 8.7 K. Milanov, M. Slavkova, M. Mintchev, A Study of Inrush Currents in PWM Converters
Under Frequently Electrical Mains Interruptions, Elektrotechnica & Elektronica, Vol.45, No.9-
10/2010, pp. 24-27, 1SSN: 0861-4717

A Study of Inrush Currents in PWM Converters Under Frequently Electrical Mains Interruptions

For the operation of converters with pulse-width modulation (PWM), it is always necessary to
use an input capacitor called "supporting capacitor”. It must meet specific requirements such as a low
impedance value (ie low resistance values and low inductance value) and also to have a high enough
capacitance value to perform its functions. However, these requirements are also the main reason for
the appearance of relatively high inrush currents at the moment of converter connection to the
electrical mains. This necessitates taking special measures to limit the inrush currents. In this article,
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it is proposed to limit the inrush currents by means of an inductive element - a linear choke, which is
shunted with an oppositely connected diode. The reverse diode variant at higher supply voltages has
a distinct advantage because the converter components operate with a lower voltage load. An analysis
of the processes in the circuit are made with the program product PSpice, and the results of the
simulations are presented.

Scientific and scientific applied contributions

1. A new circuit diagram solution is proposed for limiting the inrush currents at the moment of
switching on a converter with pulse-width modulation - using a linear choke shunted with an
oppositely connected diode. The reverse connected diode provides conditions for lower applied
voltage of all components and has a marked advantage at high values of supply voltages. A
simulation study of the processes observed in the electric circuit was carried out using the software
product PSpice [4],[5],[6].

2. The proposed new solution for limiting the inrush currents in PWM converters by means of a
linear choke shunted with an oppositely connected diode is proved to be good and has found practical

application in electric transport vehicles. The model is implemented in trolleybuses and guarantees
safe and reliable operation [7].

3. A new method for dimensionig the linear choke is proposed, defining the requirement: during the
turn-on transient process, the choke's magnetic core must not reach the saturation point [4].

4. Based on the performed research, it is proposed a toroidal magnetic core for the linear choke and
to be produced of soft magnetic material with an F-hysteresis loop. With this technological solution,
there is no need to cut the magnetic core in order to achieve a linearized magnetic characteristic [6].

I' 8.8 M. CaaskoBa, K. Munanos, WU3scnensane na DC/DC mnpeobpasyBaren c IMOITYyMOCTOB
WHBEPTOP CBC CpeaHa Touka ¢ momomrra Ha PSpice, COopuuk mokmaau Ha Ill-ta HayuHa
koH(pepennus ED 2011 Iau Ha Haykara B TY-Codust, 30.09-03.10, 2011, Cozonout, bearapus, Tom.
2, ctp.163-168

PSpice Investigation of Half Bridge DC/DC Converter with Center-Tapped Transformer

In the article a half-bridge DC/DC converter is presented. The studies were done by means of
the software product PSpice in order to support the design process and in particular the selection of
the elements suitable for the circuit diagram. The task is to create a model of the PSpice software
product and implement schematically a centered-tapped transformer on the secondary side of the
converter, which is one of the more complex problems to solve. The method for development of the
substitution circuit diagram solution necessary for simulating the operation of the converter witt
midpoint is described.The set parameters of the converter are taken from a real model. An analysis of
the obtained simulation results are made. The results for the rms values of currents and voltages are
multiples of the actual values if the circuit supply voltage is 600 V. The research done by means of
PSpice facilitates the design process in selecting elements suitable for the scheme. The simulation
obtained values for the currents and voltages repeat those of a real model of a DC/DC half-bridge
converter with a centered tapped transformer and midpoint on the secondary side of the converter.
The centered-tapped transformer model is appropriate and describes the behavior of an magnetic
element with a linear magnetic response. Through the implemented scheme, one of the main
advantages is proved, which consists in the better usage of the bidirectional magnetizing transformer.
It is not necessary to use a demagnetization coil. The operation in the regime of continuous current of
the output inductance L4 results in reduced output voltage ripple and because of that a smaller output
capacitor Cs is needed. Through the implemented circuit diagram, it is easy to check whether the
obtained inductance value from the design is within realistic limits. The disadvantages of the scheme
can also be considered, related to the fact that the capacitors C; and C, have a large capacity, which
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increases the dimensions of the converter. Through simulations, it is possible to evaluate the fact that
the larger their capacity is, the smaller the output voltage ripplesare.

Scientific and scientific applied contributions

1. A schematic solution of a centered-tapped transformer is created and proposed for a midpoint
converter on the secondary side of the transformer, using the PSpice software product. It is proved
that the selection of suitable elements is greatly facilitated by the obtained results from the simulation
studies carried out bu the usage of PSpice. The resulting simulation values for the currents and
voltages match those of a real half-bridge DC/DC converter with centered-tapped transformer

[41.[61.[7]

2. The proposed model of centered-tapped transformer for half-bridge converter is suitable for the
design of such type of converters. Through the implemented scheme, one of the main advantages is
proved - better usage of the transformer, which is magnetized bidirectionally. It is not necessary to
use a demagnetizing coil [4],[7].

3. The operation in the continuous current mode of the output inductance L, significantly reduces the
ripples of the output voltage, from which it follows that the voltage drop on the output capacitor Cs is
of lower values. Through the modeled circuit in PSpice environment, the choke inductance value
obtained in the design can be checked [4],[7].

I' 8.9 K. Milanov, M. Slavkova, Investigation of Resonance Inductive-Capacitive Transducers
Based on Boucherot Cell for Power Capacitors Charging, Proceedings of XVII-th International
Symposium on Electrical Apparatus and Technologies, SIELA’2012, 28-30 May 2012, Bourgas,
Bulgaria, Vol. 2, pp. 147-152, ISSN 1314-6297

Investigation of Resonance Inductive-Capacitive Transducers Based on Boucherot Cell for Power
Capacitors Charging

In the article, a study on the operation of inductive-capacitive converters for charging power
capacitors for magnetizers, based on the Boucherot cell, is conducted. A schematic solution based on
a Bouchereau cell is proposed, the current through the load is determined. Process analysis was done
using the software product PSpice with set values taken from a design project for this development.

Scientific and scientific applied contributions

1. The analysis of the conducted studies proves the applicability of the presented circuit solution for
charging power capacitors for magnetizers by using a resonant inductive-capacitive converter based
on a Bouchereau cell [4],[7].

2. The advantage of these converters over the others is proved, due to the possibility to be powered
directly by the electrical mains. Moreover, the electrcl current through them is sinusoidal, and during
the operation conditions they do not generate disturbances in the form of harmonics [4].

3. It is proved that these converters are extremely reliable in operation due to their simplified
structure [4],[7].

I' 8.10 M. Slavkova, R. Tzeneva, Arc Fault Circuit Interrupturs, Proceedings of the XVII-th
International Symposium on Electrical Apparatus and Technologies, SIELA’2012, 28-30 May 2012,
Bourgas, Bulgaria, pp. 165-169, ISSN 1314-6297

Arc Fault Circuit Interrupturs

In the article are presented a relatively new class of commutation devices, which until recently
were not known in Europe and Bulgaria - for fire protection by detecting a spark or an arc in the
electrical mains. Their principle of operation is based on disconnecting the electrical circuit before a
fire has occurred, and in this way a higher level of protection is realized in premises that can be
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potentially dangerous - with an increased risk of fire, bedrooms, warehouses and etc..These circuit
breakers are widespread in the US, due to the design features of most residential buildings there.
They are also used in airplanes to detect arcing and sparking in the electrical system due to
deteriorated insulation or for other reasons. Their principle of operation is based on continuous
monitoring of the signal in the electrical mains and at the moment of detecting a specific form of
signal that is associated with a spark or an arc, they turn off. On the other hand, they should not trip if
a spark occurs as a result of switching action. Their principle of action and their application are
described. There are two types of circuit breakers - those that detect a series arc and those that detect
a parallel arc. Since 2008, according to the requirements in the regulatory framework of the USA,
these circuit breakers must be able to detect the presence of both types of arcs. A requirement for
reliability is to be tested once a month to ensure their safe operation. This type of circuit breaker has
recently been introduced in Europe in connection with the IEC 60364-4-42 standard, which
recommends the use of switchgear for fire protection by detecting a spark or electric arc in the
electrical mains.

Scientific and scientific applied contributions

1. The article is informative and was developed to promote and implement these circuit breakers. In
it, is discussed a new approach for fire protection of premises, which, unfortunately, at the time of
publication of the article was not widely known in our country [7].

I' 8.11 K. MunanoB, M. MunueB, M. CaaBkoBa, M3cnenpane nHa DC/DC npeobOpa3zoBaTen ¢

MOCTOB HHBEPTOP ChC Cpe/iHa Touka ¢ momoinra Ha PSpice, 'ogumauk Ha TeXHUYECKU YHHUBEPCUTET
— Codus, Tom 62, kuura 3, 2012, crp. 183-188, ISSN 1311-0829

Investigation of DC/DC Full Bridge Converter with Center-Tapped Transformer via PSpice

In the article the influence of a reverse diode included in the secondary side of the centered-
tapped transformer in a DC/DC converter with full bridge inverter is studied. For this purpose, the
operation of the DC/DC converter is simulated by means of PSpice software product. Two research
models are developed - without and with an added "reverse diode" and a comparison of the obtained
simulation results is made. From the obtained output diagrams, it can be summarized that at turned-
on reverse diode, the electrical current through the rectifier diodes and through the secondary
windings is either equal to the output or is "0". If the "reverse diode" is not included, through the
mentioned elements always flows a current that is either equal to or 50% of the output current. The
performed simulations confirm the mentioned theoretical changes in the operation of the DC/DC
converter, when a reverse diode is included in the secondary side of the transformer before the choke.
Its inclusion in the scheme leads to a lower load on both the rectifier diodes and the secondary
windings of the transformer. The estimated power of the transformer is reduced. The effect of this
lower load on the specified elements is more pronounced in converters that operate with a wide range
of variation of the output parameters.

Scientific and scientific applied contributions

1. Two models for the study of a DC/DC converter with a bridge inverter are proposed - with and
without a reverse diode. The simulation analysis of the circuit diagrams by means of PSpice software
product confirms the stated theoretical hypotheses regarding the changes in the operation of the
DC/DC converter. It is proved that the inclusion of a reverse diode in the circuit diagram leads to a
lower load on the rectifier diodes and on the secondary windings of the transformer. As a result of the
research, it is found that the estimated power of the transformer is reduced [6],[7].

2. In the article, it is recommended that transformers with a lower load, that is obtained as a result of
an included "reverse diode™ on the secondary side of the transformer, to be used for DC/DC
converters operating in a wide range of variation of the output parameters [6],[7].
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I' 8.12 M. CaaBkoBa, K. MumnanoB, M. MunueB, M3cinenBane Ha TOKOB TpaHCHOpPMATOp 3a

€IHOMOJSAPHU TOKOBU ummyicu, COopHUK nokianu Ha IV HayuHa xoHdepeHius Ha E®D, 28.09-
01.10.2012, Co3omon, bwarapus, Tom 2, ctp. 347-351

Investigation of Current Transformer for Unipolar Current Pulses

In the article a solution for a new way of loading of current transformers is proposed, which
allows their application to measure unipolar current pulses. With the new schematic solution, the load
of the current transformer for the operating part of the period and for the pause has a different value.
In this way at a wide range of variation of the modulation of the pulses, the saturation of the magnetic
core of the current transformer and the appearance of systematic errors are avoided. By means of the
software product PSpice is compiled a replacement circuit diagram of the current transformer. In the
scheme, a power supply with unipolar current pulses via a pulse source is implemented. A non-linear
current transformer from the element library of the software product is used as a switch is connected
to the secondary side of the transformer, with which is realized the switching of the load in the two
half-periods. Through the resistors R3; and Rs, the different loading on the transformer is realized. In
the operating half-period, the current flows only through resistor R3=10Q, and during the pause
period also the current flows also through Rs=100Q. During the pause period, the total load
resistance on the secondary side of the current transformer is 110Q - a significantly higher value
compared to the load during the operating period. In this way, a difference in the voltages on the
secondary side of the current transformer is realized, which in turn leads to a different rate of change
of the magnetic induction in the two parts of the period. Then the magnetic core is able to recover its
initial operating point and the current transformer can operate over a wide range of pulse modulation
variation. The fill factor of the impulse gamma - vy is determined. The simulations are done at two
limit values of gamma 0.1 and 0.9. It is proved that the current transformers can operate at a fill
factor of the impulse y — greater than 0.5 at the proposed load variation. This circuit solution can be
implemented with semiconductor elements. The ratio of the values of the two resistances must be
chosen so that it is must be greater than the value 1/y.

Scientific and scientific applied contributions

1. A new schematic solution for loading the current transformers is proposed, which allows their
application to measure unipolar current pulses. This solution is implemented with a different value of
the load during the two periods — operating zone and pause zone [4],[5],[6].

2. By means of the software product PSpice, a replacement circuit diagram of the current transformer
is compiled, and a power supply with unipolar current pulses is realized through a pulse source, a
non-linear current transformer and a switch, which is used for switching the load in the two half-
periods. By means of two resistors, the unequal loading of the current transformer in the two periods
is simulated. It is proved that current transformers can operate at a fill factor of the impulse y —
greater than 0.5 at the proposed load variation [4],[5],[6].

3. Recommendations for the new circuit solution regarding the ratio of the values of the two
resistances are defined. They should be chosen so that the ratio is greater than the value 1/y

[4].[5].[6].
4. With the proposed change in the value of the load resistance in the "operating” and "pause"
periods, it becomes possible to apply current transformers to measure unipolar current pulses

[41.[51.[61.[7]

I' 8.13 K. MunanoB, M. MunueB, M. CaaBkoBa, V3crnenBaHe BIMSHUETO Ha BUXPOBUTE TOKOBE

IpU MMITYJICHO HAaMarHUTBaHE Ha CHCTEMH C IOCTOSHHM MarHutH, ['omumHuk Ha TexHUYecKu
yauBepcuteT — Codust, Tom 62, kaura 4, 2012, ctp. 137-144, ISSN 1311-0829
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Investigation of Eddy Currents Influence at Pulse Magnetization in Systems with
Permanet Magnets

The application of permanent magnets based on rare earth elements is constantly expanding.
They are particularly widely used in modern electrical machines and devices, as well as in various
polarized magnetic systems, acoustic transducers, etc. Independent magnetization of permanent
magnets in pulsed modes does not cause particularly serious problems. The problems in this case are
in the assembly of the pre-magnetized parts, which in many cases is very difficult. The way out of
this situation is to carry out the magnetization after mounting and placing the details in their places.
In this case, however, massive metal parts (armatures), which are mainly made of ferromagnetic
materials and are part of the construction of permanent magnet systems, begin to have an impact, due
to the influence of eddy currents. The article analyzes and evaluates the influence of eddy currents in
different schemes of the magnetizers. This is necessary to assist the design process. For impulse
magnetization, a current pulse with a sinusoidal form and a duration of one half period is most often
used. A combined form of the current pulse is also used - a sinusoidal form in the first section and an
exponential form in the second, and is applied for magnetization of permanent magnet systems in
order to reduce the influence of eddy currents. A study on the mechanism of influence of eddy
currents is made in massive systems with permanent magnets, which have a cylindrical shape and are
symmetrical in physical and magnetic terms along the axis of the cylinder. For magnetization, these
systems are placed in an inductor also of cylindrical shape. Three types of analysis of the problem are
made - theoretical, simulation and experimental.

Scientific and scientific applied contributions

1. The influence of eddy currents in the magnetization process in systems with massive conductive
parts using a combined sinusoidal and exponential magnetizing current pulse is evaluated. The
proposed, on the basis of the theoretical analysis, description of the development of eddy currents in
magnetization systems, is confirmed by computer simulation with the software product PSpice and
by a physical experiment on a real magnetizing device [5],[6],[7].

2. An analysis of the processes is made and two stages of impact of eddy currents during
magnetization are highlighted. The first stage is when the current increases, and when the eddy
currents strongly counteract the magnetization process. The second stage is essential - the
magnetization process takes place, in which the eddy currents change their direction and their action
supports the magnetization processes [5].

3. The influence of eddy currents is evaluated by measuring the magnetic flux and the corresponding
average value of the magnetic induction in two cases: in the presence and in the absence of a
magnetic system in the inductor [5],[7].

4. From the theoretical, experimental and simulation studies, it can be summarized that with the
complex form of the magnetizing current impulse, the influence of eddy currents on the
magnetization process is strongly suppressed, as this solution thermally loads the inductor itself

[41.[5].[7]
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