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TEXHHKE, U KacaeTcs crocoda u ycTpoiicTBa OrpaHNYeHHs HAUpsDKEHUS 03 MOTeph Ha TPaH3UCTOPHOM
UMITyJIbCHOM KIJIFOYE, HArpy’)KEHHOM Ha Harpy3Ky C Iapa3uTHOM HWHAYKTUBHOCTBIO. YCTPOMCTBO
pEKyTIepaIiy 3HEPTUHN paccessHus TpaHc(opmaTopa 00paTHOXOZOBOTO MpeoOpa3oBaTesi, BKIIOYAIOIIEe
MIOCJICIOBATENIBHO BKJIIOYEHHBIE HCTOYHMK IIMTaHUs, HArpy3Ky M MMITyJIbCHBIH KIIIOY; HEPBYIO
3JEKTPUYECKYIO 1I€Ib, BKIIOYAIONIYI0 BCIIOMOTATEIbHbIN KOHAEHCATOP; MEPBbI JUOJ, MOIKIIOUYEHHbBIN
MOCIIEIOBATENIPHO K TIEPBOM LEMM; BTOPYIO OJJIEKTPUUYECKYIO IEMb, BKIIOYAIOIIYIO JApOCCENb, MU
BTOpas ILeNb MOAKIIOYEHA K OJIIEKTPOLY COEOWHEHHs MEepBOro AHOAa K IEpBOM LenH, IpudeM
[IOCJICIOBATENBHBIE TIEPBbI 1UOJ U IepBas LENb IMOAKIIOYEHbI MapaJUIeIbHO K HAarpys3ke Tak, 4To
neppasi Lenb TOAKIIOYEHA K DJJIEKTPOLy COEAMHEHMs Harpy3Kd K HMMITYyIIbCHOMY KIIO4Y, a BTOpas
Lenb W NEPBBIM AMOJ MOAKIIOYEHBI NMAapajuIebHO K MCTOYHUKY MHTAaHUS TaK, 4TO IMEPBBIA JHOX
OPUEHTUPOBAH B CTOPOHY IIOJIOXKUTEJIBHOIO 3JIEKTPOAA MCTOYHUKA MUTAHUS, OTIMYAOLIEECS TEM, YTO
nepBas LeNb JONMOJHHUTENBHO BKIIIOYAET BCIIOMOTATENBHBIN KIIOY, MOCIEN0BATENBHO MOIKITIOYEHHBIN
K BCIIOMOTaTeIbHOMY KOHAEHCATOpY, C BO3MOXKHOCTBIO YIPABJIECHUS I NPEJOTBPALICHUS pa3psaa
YIIOMSIHYTO# BCIIOMOTaTeIbHOM €MKOCTH HUXKE 3a]aBaeMoro 3HaueHus. Criocod pekyrepanuu SHepruu
paccestHusL TpaHc(opMaTopa OOpPaTHOXOIOBOTO MpeoOpa3oBaTeNsi C HCIOIb30BAHUEM 3asIBICHHOTO
YCTPOWCTBA, B KOTOPOM BCIOMOTAaTENbHBIM KIIOY pPa3sMbIKAET IMEPBYKO LENb B LHKIE OTKPHITOTO
UMITyJIbCHOIO KJIIOYa JUId IIPEAOTBPALlEHUS pa3psaa BCIOMOIATEJIBHOIO KOHJIEHCATOpPAa HMXKE
OTIPEAETICHHOTO 3HAUCHMSI HaNpsDKeHUs. TeXHWYECKUM pEe3ylbTaToM SIBISIETCS BOSMOXKHOCTH PadOTEHI
3asIBJICHHOTO YCTPOICTBa B PEKMME HEIPEPHIBHOTO TOKA, KaK CIIEACTBHE, MOBHIIIEHUE 3()(HEKTHBHOCTH
pEeKyIepayy S3HEPrud MarHUTHOTO T0JIsl PACCESIHUS BBICOKOYACTOTHOTO TpaHc(hopMmaropa.

105 201

AN

ma\_ &,.._.

(@)

109

102

IV 05000610¢



Crioco6 ¥ YCTPOMCTBO peKyIEpaly SHEPTHH paccesHus Tparchopmaropa

06paTHOXOZOBOro Ipeobpa3oBarens
Onucanne

M300peTeHre OTHOCHTCS K JJIEKTPOTEXHHKE, B UACTHOCTH, K CHJIOBOH HMITYJIBCHOH
npeo6pasoBaTelbHOM TEXHHKE, H KacaeTcs crocoba ¥ yCTpoiicTBa OrpaHHYCHHA HAIPKCHHS
6e3 noTeph Ha TPAH3UCTOPHOM HMITYJIBCHOM KIIFOYE Harpy)KCHHBIM Ha HHIYKTHBHYIO Harpysky
160 HArpy3Ky ¢ Mapa3sUTHOH HHIYKTHBHOCTEHIO.

H306peTenne MOXET OBITh MCIOJB30BaHO IS IPOSKTHPOBAHHS BBICOKOI()()EKTHBHEIX
IO MONHOCTH  HMIYJIBCHBIX  HCTOYHHKOB  IHTAHHA, CBETONMOIHBIX  JpaiBepoB,
MHKPOMHBEPTOPOB (POTOINEKTPUUECKHX IIaHeNeH, KOPPEKTOPOB KOI(HUIMEHTa MOIMHOCTH H
T.J. Ha OCHOBE TOITOJIOTHH 00paTHOX0I0BOTO MpeoOpa3oBaTelis.

Tomonorust OGPATHOXOZOBOrO IMpeoOpa3oBaTeNs SBIACTCS INPUBJICKATENLHOR UL
IIMPOKOr0 IPUMEHEHMS, ITOCKONBbKY 00llajaeT TakuMHM JOCTOMHCTBaMH, KaK IIPOCTOTa,
HEJIOpoTas pealu3alys W BHICOKAs HaIeXHOCTb, YTO 0COOCHHO BaXKHO M mpeobpasoBaTenci
MOAKITIOYaEMBIX K OOILIEH CeTH pAaCIpeieNieHHs JJIEKTPOIHEPruH. TOMONIOrHs HMEET psn
IPUCYIIMX €H HEeIOCTAaTKOB, CPeIH KOTOPBIX HEHACAIBHOE CIEIUICHHE MarHHTHBIX IIOTOKOB
obMoTOK TpaHcdopmaropa. XOTS MaTepHalIbl MArHATHBIX CEPACYHHKOB HETIPEPHIBHO
yJIy4IIAOTCH, TEXHOJIOTHS H3rOTOBJICHHS TpaHchopMaTopa ocTaercs 6e3 M3MEHEHHH, MoToMY
OCHOBHOM HEIOCTaTOK, CBS3aHHBIM C KOHCTPYKIHEH - HHIYKTHBHOCTb PAacCesHHUs - IIOKa
CYIIECTBEHHO HE yCTpaHsercs. VHIYKTHBHOCTh PacCesHHs CKa3BIBAETCS HA BBHICOKOBOJIBTHBIX
BHIGPOCAX HAPSOKEHHS CHIOBBIX TPAH3UCTOPOB NPH BEIKIIOYEHWM M HA NOTEPSX CBA3AHHBIX C
SHEprHeH  paccesHMS MarHHUTHOro mojs. IIpeAmpHHEMaeTcs MHOXECTBO  IONBITOK
CXEMOTEXHHYECKH KaK MOXHO jemeBie W 3((QEKTHBHEE PEIIUTh BONIPOC IIOJABICHHA H
OrpaHHYeHHs CKAYKOB HANIPSKECHHSL.

B HayuHOIli TUTEpaType MHUPOKO H3BECTEH NPOCTOH C10cO6 OrpaHMYEHHUs HANPSOKEHUS C
moMompio, Tak HaskBaeMoro, RCD cmab66epa (RCD snubber), cocrosmero u3
IOCIIEIOBATE/IFHOTO COEJHHEHHBIX €MKOCTH M JIHOJA, BKJIOYEHHBIX [apalIelbHO OOMOTKE
TpancopMaTopa, M pE3UCTOpa BKIIOYCHHOTO MNApaLIENbHO €MKOCTH. lIpH BBIKIIOYCHHH
OCHOBHOTI'O TPaH3UCTOPa TOK IEPEHANPABIACTCS YEPE3 UOJ CXEMBI OIPaHHIHTENs] HAPSDKCHUS
(cnaGbepa) Ha eMKocTh CHabbepa, TakuM 00pa3oM, HampsDKCHHE Ha TPaH3HCTOpE
OTPaHMYMBAETCS HANPSDKEHHEM Ha eMKOCTH MOTJIOIIAloNIeH H30BITOUHEIH TOK. HakammiBaeMas
IpH KaXIOH KOMMYTALMH OSHEPIHs B EMKOCTH CHab0cpa HENpEpHIBHO M 0e3BO3BPATHO

paspsbkaeTca depe3 pesucrop cHaGb6epa. HenmocTaTkoM I1107I00HOM NPaKTHKH, SBIIOTCSA
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CyIIeCTBEHHEIE MOTEPH SHeprun paccesHus. CylecTByoT peIleHHs TO3BOJISIONIHE OrPAHHYHATD
HApSKEHHE HA OCHOBHOM KJIOYe M IPH JTOM PEKyNepHpOsaTh 9acTh WM BCIO, B TCODHH,
SHEPrHIO CBA3aHHYIO C PacCeSHHEM MarHHUTHOTO MOJIA.

WsBectHO ycTpoifcTBo - "OGpaTHOX0MOBOM mpeobpa3oBarenb CO CXeMOH orpaﬁnqenm

Hanpsoxerns” (HO2M 1/34) sasBnennoe B 3aske WONe2016/155737A1 na narent BOUC or

06 oxtsa6ps 2016 rona, B koropoM auox B u3BectHOM RCD cnab6epe Obu1 3aMEHEH Ha HACCHBHO
YIpaBIsSeMblii  BCIOMOTaTelbHBIA  TPAH3HCTOPHBIM  KIFOY. Ilenrp  BCcOMOrareabHOTO
TPaH3MCTOPHOr0 Kif0Ya OOECTednTh IPOBOAMMOCTE B JBYX HANpPAaBICHHSX B TCICHHH
JIOCTATOYHOTO, HO KOPOTKOTO, HHTepBajia BpeMeHH) [UIi 3apsijia M pa3psyia eMKocTd cHabOepa. B
TakOM CJydae B TeUEHHMHM JAaHHOIO HHTEpBalla eMKOCTh CHabGepa mmena OB BO3MOXKHOCTB
HAKOIIMTh SHEPIHIO MApasMTHOH MHIYKTHBHOCTH, Pa3BEPHYTh TOK OOMOTKH TpaHc(popMmaropa H
PEKyTEepHpOBaTh SHEPIUI0 0GPATHO B MEPBHYHYFO 0OMOTKY [UIsl TPAHC(OPMALIMH Ha BTOPHIHYIO
cropony. HemocTaTkoM HM3BECTHOTO YCTPOMCTBA SBJAETCS TO, YTO JHEPrHs Napa3sMTHOH
MH/IyKTHBHOCTH PEKYNEPUPYETCs, HO YaCTHYHO TaK, YT0 CYMIECTBEHHAs 4acTh PacCEHBACTCS
NpH  pa3sMBIKQHMM  BCIIOMOTaTelNbHOro  Kmoda.  IlaccHBHBIA ~ METOX  yNpPaBJICHHA
BCIIOMOTaTeIbHEIM KIIOYOM JIEIIEBIIE YeM aKTHBHEIM, HO B U3BECTHOM YCTPOMCTBE HE IIPUBOJUT
TEOPETHYECKH K BHICOKOH 5 (PEKTUBHOCTH PEKyIIEPALlUH.

HauGosee GIH3KMM aHAIOTOM 3asBJIIEMOTO M300pETCHHA SBIETCA yCTpoHcTBO - "He
muccunatusabii LC orpanaunrtens Hanpsokenns" (HO02H7/122) sassnennoe B matente CILUA
Ned489373 ot 18 nexabps 1984 roma. YIOMSHYTBIA IaTEHT ONHCHIBAECT YCTPOHCTBO CHab6epa
(orpanHmvMTeNs  HampspkeHHs) 6e3  NOTeph  JUIA  HCHONB30BaHMA B MMIYJIBCHBIX
npeo6pasoBareNsX, BKIIOYAIONICe: HCTOYHHMK MOCTOSHHOTO HANpSDKEHHUs; IO KpaiHeH Mepe,
ONMH YIIPAaBIIAEMbIH KIIOY, HANPSHKEHHE Ha KOTOPOM HEOOXOAMMO OrpaHWYHTh; OCHOBHYIO
HHIYKTHBHOCT COEMHEHHYIO C YIOMSAHYTHIM KIIIOYOM; HAarpy3Ky ¥ OOpaTHBIH LIyHTHPYHOIIH
INON, M OTIHYAIONYIOCS TEM, YTO BKIIOYAeT YIYYNICHHSA: €MKOCTh, NEpPBBIA JHON H
BCIIOMOTATE/LHYI0O HHIYKTHBHOCTh BKJIIOYCHHEIC IIOCIENOBATENPHO B IENb H TaK, HTO
TIONy4YEHHAs IENb BKIIOYEHA NTapaJLIeIbHO OCHOBHOMY KIHO4Y, IPHYEM HEPBBIH BEIBOJ EMKOCTH
HOK/TIOUEH K COEJUHEHHIO YIOMSHYTOrO KIIOYa C YNOMSHYTOH OCHOBHOM HMHIYKTHBHOCTBIO;
BTOPOH JHOJ MOAKIIOYEH MEX/Y BTOPHIM BEIBOJIOM YIIOMSHYTON €MKOCTH H IOJOXHTEIbHBIM
HOTEHIMAIOM YIIOMSHYTOTO MCTOYHHKA IOCTOSHHOTO HANpPSDKCHHS, NPHYEM YIOMSHYTHIC
TIEPBEIH M BTOPOH AMO/BI OPHEHTHPOBAHEI OJIAPHOCTHIO TaK, 9TO GIOKHPYIOT TOK YIOMAHYTOTO
IIOCTOSHHOTO HCTOYHMKE, MPHIOXKEHHOT0 K Iemn o0pasyeMOH yNOMSHYTBIMH JHOJAMH H
MHIYKTHBHOCTBIO. Kak 3asBIeHO B IareHTe Harpyskodfi MoxeT ObITh TpaHchopmarop, B
yacTHOCTH TpaHcopMarop obparHoxonoBoro mpeobpasopatens (flyback), moxkioueHHOH

[IOCJIEJOBATEIFHO C YHOMSAHYTBIM KIIFOYOM, TOTHA YHOMSHYTOH OCHOBHOM HMHIYKTHBHOCTBHIO
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6yZeT WHAYKTHBHOCTH paccesHHs Tpacpopmaropa. B ycTaHOBHBIIEMCA peXHME C
Tpanchopmaropom flyback u3BecTHas cxeMa paboTaeT CreAyOUM 00pa3oM:

1. [Ipu BEIKTIOYEHUH YNIPABJIIEMOrO KiIloYa HHnmeBﬁocu paccesiHUs TpaHchopMaTopa
(OCHOBHAs HHIYKTHBHOCTB) GyAeT IOMIEPKHBATL TOK B IEPBHYHON 0OMOTKe, 3apsKas eMKOCTh
cHabG6epa uepes BTOpoi Auox. OJHOBPEMEHHO MO OOpaTHHIM HANPSDKEHHEM Ha OOMOTKE, TO
ecTb [OJ HAaNpsHKEHHEM 3apsDKaeModl EeMKOCTH, TOK B IIepBUYHOM oOMOTKe Oyzmer
pa3BOpauMBaThCs, TOK BTOPAYHOM 00MOTKH Gyner HapacTarh. Korma Tok mepBHYHON OOMOTKH
TparcdopMmaropa crai K0 HyJis, BTOPOH AHOJ 3aKPBUICH, H TENEPb €EMKOCTE paspskaeTCs TOKOM
BCIIOMOTaTeIbHON HWHIYKTHBHOCTH. TOK BCIIOMOTaTEIbHOM MHIYKTHBHOCTH pa3spsikKaeT camy
BCIIOMOraTeIbHYI0 HHIYKTHBHOCTH, 6€3 IOTeph pa3pskaeT eMKOCTh cHabbepa, mpOTeKaer Mo
nepBuYHOM 0OMOTKe TpaHchopMmaropa, ImepefaBas Ge3 IOTEph JHEPTHIO Ha BTOPHYHYIO
CTOPOHY. .

2. Ilpu 3ampIkaHuH (OTKPHITHH) YIPABIAEMOro KI049a, EMKOCTh CHaG0epa OKa3hIBaeTCs
NapaIeNbHO MOAKIIOYEHHOM K BCIIOMOraTeIbHOR HHIYKTHBHOCTH, H paspskaetcs 6e3 moteps
Ha BCIIOMOTaTeNbHYIO HHAYKTHBHOCTD Yepe3 NEePBBIH THO.

B Teopuu, H3BECTHOE YCTPOHCTBO HE UMEET MOTEPH MOIIHOCTH, B PEAIBHOCTH HMEIOTCS
CYLIECTBEHHBIC IIOTEPH CBSI3aHHBIE C BBICOKMMH JICHCTBYIOIIMMM 3HAYEHHAMH TOKOB B
BCIIOMOTATENBHOM HHIyKTHBHOCTH, €MKOCTH CHab0epa, MEpeKIOYeHMIX IIEPBOr0 H BTOPOro
IHOM0B, INEPEMAardHMYHMBAHMH BCIoOMorarenpHoH HWHAYKTHBHOCTH. s ysemuuenns KILJ
cHaG6epa 6BUIO OBl KENATENHHO CHH3UTH JEHCTBYIOIME 3HAYEHMS TOKOB, YTO OBUIO OBl
JIOCTHTHYTO, €CJIH BCIIOMOTATENbHAs. HHAYKTHBHOCTh paGoTana B PeXXHUMe HEIPEPHIBHEIX TOKOB.
HeocTaTkoM M3BECTHOTO YCTPOMCTBA ABJIAETCA TO, YTO YCTPOMCTBO HE BCETIa MOXKET paboTaTh
B PpEXHME HENpPEPhIBHBIX TbKOB BCIIOMOTaTENHHOTO ',upoccenﬂ. Hanpumep, ecnu BpeMs
OTKPHITOTO COCTOSIHHMS YIIPABJISIEMOTO KIIFoUa O0JIbIIe BPEMEHH 3aKPBITOTO €T0 COCTOSIHUS, TOTAA
eMKOCTh cHab0epa OyzaeT Gosbime pa3pskaTbCs BCIOMOIATENBHBIM JPOCCENEM O 3HAYCHUS
HANPSDKEHHA HEJOCTATOYHOTO JUIsl 3aHPAHHs TOKa IEPBUYHON OOMOTKH, YTO MOXET IIPHBECTH
K BBIXOJy M3 CTPOS BCETO 3JIEKTPOHHOTO Ipeobpa3oBaTeiid. 'IaKHM 06pa3oM, HHIAYKTHBHOCTD B
H3BECTHOM YCTPOMCTBE NMOAOHUPAIOT JAOCTATOYHO MAIIEHEKOTO 3Ha4YeHH, YTOOBI rapaHTHPOBATH
PEXMM NPEPHIBHEIX TOKOB, YTO IPUBOUT K GONBIIMM 3HAYCHASM JEHCTBYIOIHX TOKOB BO BCEX
KOMIIOHEHTaX cHabbepa, M KaK CJIeNCTBHE, K OrpaHMYeHHOH 3((hEKTHBHOCTH IO PEKyNEpaluH
sHeprun. Kpome TOro mocnenoBaTenbHO C HHJIyKTnBﬁOCTmo BKJIIOYAIOT JUOJ JUIA
IpeOTBpAIIEHHsS 0OPaTHOTO TOKA, H CHHXKEHHS PEAKTHBHOM COCTABJIAIOIIEH, HO THOJ SBIACTCS
TPUYMHOM JIOTIONTHUTENBHBIX IIOTEPE.

HaubGonee ONM3KMM HAJIOrOM 3asBIIIEMOr0 H300pETEHUS SBIMETCA YCTPOMCTBO -

"OGpaTHO-MPAMOXONOBOM  IpeobpasoBaTeb ¢  HEAUCCHNATHBHEIM  OTPAaHHYHTENEM
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nanpsoxerus” (HO2M 3/335, HO2M 3/156) sassnernoe B marente CIIIA Ne9362831B2 or 7

mious 2016 roma. M3BecTHOE YCTPOMCTBO XapaKTEpH3yeTCs HalM4YMEM IeHed OrpaHAYeHHs
HanpskeHds Oe3 IMOTeph aHAJIOTHYHO OINMCAHHOMY BBIDE H3BECTHOMY YCTPOHCIBY 3a
MCKJIFOUEHHEM TOTO, YTO IPUMEHSIOTCS U ABYX TpaHC(hOPMaTOpHOH CXeMBbI mpeobpasoBaTers,
IpHdeM ofMH TpanchopMaTop oGpaTHOXOXOBON Hpyroi mpsMoxomosoi, fly-forward cxema.
HemocTaTKoM H3BECTHOIO YCTPOHCTBA, KaK M B BBIIIE ONMMUCAHHOM H3BECTHOM YCTPOMCTBE,
SBJIAETCA TO, YTO YCTPOMCTBO HE BCErZla MOXET paboTaTh B PEXHMME HENPEPHIBHBIX TOKOB
BCIIOMOTaTEIHHOTO APOCCEILs.

Hanbonee OIM3KMM HAJIOTOM 3ajBIIIEMOr0o H300pETCHMs SBIAIOTCS YCTPOMCTBA -
"YCTpoMCcTBO OrpaHHYeHHs HANpsDKEHHs M cmocob i mpeobpa3oBarels I[OCTOSHHOTO
nanpsokenus” (HO2M) saspnenHoe B 3asBke WONe02/41479A2 na narenr BOUC ot 23 mas
2002 roma, u "YCTPONCTBO peKyNnepalny dHepruM WHIYKTHBHOCTH paccesiHMs M cnocol s
obparaoxomoBoro npeobpasosarens” (HO2M 3/335) zassnensoe B marenre CILIIA Ne6473318B1
ot 29 okra6pa 2002 roga. O6a ycTpoicTBa NPUMEHSIOT 3KBMBAJICHTHBIC CXEMBI OTPaHHYCHHS
HalpOKEHHsT Ha OCHOBHOM KIIOYE H peKylepaluy JHEPIHM MHIYKTHBHOH HAarpy3ku, B
YaCTHOCTH DJHEPrMM HHIYKTHBHOCTH pAacCCesHHS BBICOKOYAaCTOTHBEIX TpaHCHOPMATOpOB.
W3BecTHBIE YCTpOMCTBA OTJIMYAIOTCS OT pPAacCMOTPEHHBIX BBINE TEM, 4YITO BMECTO
BCIIOMOTaTeNbHONM MHAYKTUBHOCTH B CHa60epe HCHIONB3yeTCA JOIOJIHHUTENbHas OOMOTKa
TpaHchopMaTopa HAarpy3kKd, HIM JPYrHMH CIOBaMH, BCIIOMOTaTebHas MHIYKTHBHOCTD
HHTETpApPOBaHa C TpaHcopMaropoM Harpy3kd. OTO Jaer TO IPEHMYHIECTBO, YTO IPH
3aMBIKaHMH OCHOBHOIO YIpPAaBJIsIEMOr0 KIIO4a €MKOCTh CHabOepa paspsokaeTcs Ha
BCIIOMOTATeNbHYI0 OOMOTKY TpaHc(hopMaTopa, TeM CaMBIM 3HEprHs OOpaTHO IepeaacTCs B
HaKOIUICHHE MArHUTHOH SHEprHH TpaHcopMaTopa I NOoCIeAyOIEH iepeiady Ha BTOPHYHYIO
CTOPOHY B CJEAYIONIEM TakTe paboThl KII0Ya, KOrJa OCHOBHOHM KIOY 3aKkphiT. OmHako
IpUMeHSeMas CXeMa peKyllepallid SHEPIHH HMMEET CXO0XYIO TOIOJIOTHI0O B CPaBHEHHH C
NpEeBITYIIAMH, AHAJIOTHYHYIO JIOTHKY paboTel, H CTPAfacT TEM XK€ HEJOCTATKOM, YTO HE MOXET
6BITh KCIIOJB30BaH B PEXXHME HENPEPHIBHBIX TOKOB JUIS CHHJKCHHS IIOTEPH NPH CKBAXHOCTH
ocHOBHOro Kitoya 6omee 0.5.

3ajadaMy, Ha pelEHHe KOTOPHIX HAMpaBIEHO IpeaiaracMoe HM300pETCHHE, ABIACTCH
o0eCIicUeHHE pEXMMa HEIPEPEIBHOTO TOKAa paboTel JUid HHAYKTHBHO-€MKOCTHOW CXEMBI
OTpaHMYEHHs HANpPSOKEHHs B IIHPOKOM JMaNa3oHe CKBAaXXHOCTH OCHOBHOIO Kimoya. 3ajgava
JIOCTUTAETCS BBEICHHUEM JIOIOJHHUTENBFHBIX MEp JUIS NPEJOTBPALICHHS YPE3MEPHOro paspsia
BCIIOMOTATEIbHOM €MKOCTH CXEMBl OrPaHHYCHHs, I BO3MOXHOCTH JPOCCEN CXEMBbI

PEKyIICpalliy paGOTaTL B PEXKHUME HCIIPEPBIBHBIX TOKOB.
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TeXHUYECKHM PE3yJIbTATOM CTAHET NOBHIIEHHE 3P(YEKTHBHOCTH PEKyIepaliy SHEPIUH

MarHHTHOTO TIONIS PacCEsIHHUS BEICOKOYAaCTOTHOTrO TpaHchopMaropa.

TexHHdyecKoe pEHIEHHE 3aJadd Ipe/iaraercs 3a CYeT HCIOJB30BAaHHMA CIocoba
peKynepanHn JHeprud paccesiHus TpancpopmaTopa o0paTHOX0J0BOr0 NpeobpasoBaTes
BKJIIOYAIOLIEro, 10 KpaifHed Mepe, MOCIEN0BaTENbHO BKIIOUYCHHBIC HCTOYHHK OAHOIOJIAPHOTO
3JIEKTPHYECKOrO MATAHMS, HarPy3Ky ¥ MMIYJIbCHBIA KIIOY, HCIOJIb3YIOMero:

10 KpaiiHe#l Mepe, OJHY HEPBYIO JJIEKTPHYECKYIO LENb BKIIOYAIOUIYIO JJIEKTPHYCCKH
HOCNeOBAaTEIbHO BKIIOUEHHEIE, IO KpaifHell Mepe, OMH BCIIOMOTaTeIbHEI KOHAEHCATOP H, 10
KpaiiHe# Mepe, OIWH BCIIOMOTaTe/IbHEIA KoY.

no  KpaifiHeli Mepe, OIMH NEPBBIH  BCIOMOTATENbHBI MO, 3JIEKTPHYECKH
MOJKIFOUEHHBIH [TOCIIENOBATENBHO K IEPBOH IIEIH,

110 KpaiiHeit Mepe, OTHY BTOPYIO 3JIEKTPHYECKYIO IIeNb BKIIOYAIOIIYIO, 110 KpaiHe# Mepe,
OIMH BCIIOMOraTeNIbHBIA IpOCCelib, W BTOpas LENb JNEKTPHYECKH MOIKIIOYCHA K 3JIEKTPOLY
MOCJIEIOBATENILHOTO COEIMHEHHUS IIEPBOIO BCIIOMOTaTe/IbHOIO HOAA K IIEPBOM LIETH,

H TIPUYEM IOCIE0BATENbHO BKIIOYCHHBIEC NMEPBBIM BCIOMOTATENbHbINA JHON H TepBas
LENb JIEKTPHYCCKH ITOJKIIIOYCHBI apaJUIeNbHO K YIIOMIHYTOH Harpyske Tak, 4To IepBas Lemb
[NOJKIIOYEHA K DJJIEKTPOAY TIOC/ICHOBATEIBHOIO COCOMHEHHUS YINOMSHYTOM Harpysku K
YIOOMAHYTOMY MMIIyJIbCHOMY KIIOYYy, a BTOpas Lellb H IIEPBBIA BCIOMOTATENBHBIA JHOX
3IEKTPHYECKH MOAKIIIOUEHBI NApaUIEBHO K YIOMIHYTOMY HCYOYHHMKY THTaHMS TaKKM 00pa3oM,
YTO IEPBBI BCIOMOraTeNbHBIN IHOJ OPHEHTHPOBAH B HAIPaBICHMM BBIIPSIMIICHHS TOKa B
CTOPOHY IOJIOKUTEIIBHOIO JIEKTPOAa HCTOUYHHKA ITUTAHHS,

B KOTOpPOM: HAa IIEPBOM LMKJIE, OTKPHITOTO HMIYJbCHOrO KIKOYa, YHOMSHYTHIA
BCIIOMOTATENLHEIN KOHIEHCATOP paspsKacTCs Ha YIOMSHYTHIM BCIOMOIATENBHBIA IpOCCENb
yepe3 YIOMSHYTHIM HMITYIbCHBIH KIIIOY M YIIOMAHYTBIH BCIIOMOTATEbHBIN KITIOY;

HAa BTOpPOM LIMKJIE, 3aKpBITOr0 MMIIYJBCHOIO KIH0Ya, CHadajJa TOK Harpy3Kd
THIepeHaNpaBIIseTcs Yepes NEpBBIil BCIIOMOTaTeNIbHBIH JHOJ B EPBYIO LEIh, 3amacas YHEPrucH
YIOMSIHYTHIM BCTIOMOraTENbHBIA KOHAEHCATOp OO0 TeX IIOp IOKAa JHEPrus HHAYKTHBHOCTH
Harpy3kd HE HMCCAKHET, IIPU 3TOM TOK BCIOMOIaTENBHOI'O JpOCCENs pPEKylnepHpyeTcs B
YIOMSHYThIH HCTOYHHK MHTAHHS, @ IO HCTEYCHHH SHEPrHM UHAYKTUBHOCTH HArpy3KH MEpBBIH
BCIIOMOTaTeNBHEIH JTHON 3aKphIBacTCA, IOCIE YEro TOK BCIIOMOTATENBHOIO APOCCENs TEIeph
TEYeT [0 MEpBOH IEMM B HArpy3Ky, TakuM oOpa3oM 3HEPrHs 3alacCHHas B BCIIOMOTAaTeIbHOM
IpOCCeNie H BCIIOMOTaTENbHOM KOHACHCATOPE PEKYIICPHPYETCs B HAIPY3KY,

H OTJHYAIOMIErocs TeM, UTO YIOMSHYTHIH BCIIOMOIATENbHBIN K04 ¢ BO3MOXHOCTBHIO

IMaCCHBHOIO HJIA AKTHBHOI'O YIIPABICHHA YIOMSAHYTBIM BCIIOMOraTCJIBHBIM KIIOYOM TakK, 4TO
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BCIIOMOTATENLHBIN KITIOY MOXKET pa3MBIKaTh NEPBYIO LENDL B IIEPBOM I[UKJIC, HAa BCC BpPEMA HIIH
YacTb BpPECMCHH MNEPBOro ILHKIA, A NpeAOTBpallicHHA pa3spsana BCIOMOI'aTC/IBHOIO

KOHJICHCATOpa HHKE YCTAaHOBJICHHOI'O 3HAUCHU HAIIPSDKCHUA.

Texnuueckoe pelleHHe 3aJadd NpeUIaraeTcs, Tak JKe, 3a CYeT HCHOIb30BaHMs
YCTpOiicTBA peKylepalUH 3HEPrHH paccestHAs TpancdopmarTopa 00paTHOX0A0BOIO
npeoGpa3oBareisi, BKJIIOYAIOMEE:

1o KpailHel Mepe, OIMH HMCTOYHHK OJHOIOJIIPHOTO OJICKTPUYECKOro MNHUTAHHA, IO
KpaiiHeil Mepe, OHY HArpy3Ky H, 0 KpaifHel Mepe, OIMH KOHTPOJIMPYEMBIH HMITYJIbCHBIA K0T
Takhe, 4YTO YIIOMJHYTHIC Harpys3ka, I/IMIIYJ'IBCHHﬁ K04 U HCTOYHHK IIMTaHHS JSJICKTPHYCCKH
MOIKJIIOYCHBI II0CTIEAOBATENLHO;

IO KpaiiHeit Mepe, OIHY NEPBYIO EKTPHYECKYIO LENh BKIIFOYAIOINYIO, 10 KpaiHe# Mepe,
OJIMH BCIIOMOTaTENIbHBIA KOHACHCATOD;

0 KpaifHelt Mepe, OIWH TIIEpBBI BCIOMOTarTelbHBIA  JHOM, OJICKTPHYCCKU
MIOJIKITIOYEHHBIH NOCIeA0BATENBHO K IIEPBOi LIENH;

0 KpaiiHeil Mepe, OIHY BTOPYIO SJIEKTPHYECKYIO LENb BKIIOYAOIIYIO, IO KpaiHeH Mepe,
OIUH BCIIOMOTaTeNbHBIH ApOCCeNb, H BTOpas LENb JJIEKTPUYECKH IOJKIIOYEHA K IJICKTPOAY
HOC/IEN0BATEIFHOrO COSTHHEHHS IEPBOI0 BCIIOMOTAaTENBHOTO JHOJIA K IIEPBOM LEIH,

U MPHYEM MOCEAOBATEIFHO BKIIOYCHHBIE NEPBBIM BCIIOMOTaTEIBHBIA JUOA U IepBas
LENb JJIEKTPUIECKH MOAKIIIOYEHE! IapalIeNIbHO K YIIOMSAHYTOH Harpyske Tak, 4ro IepBas Helb
HOAKIIIOYEHA K OJEKTPOAY IIOCIIEHAOBATEIIEHOIO COCAMHOHHS YINOMSHYTOM Harpy3kd K
YHOMAHYTOMY MMITyJbCHOMY KIIFOYy, @ BTOpas LENb M IEPBBIA BCIOMOTATENIBHBIA IMOJ
JICKTPHYCCKH MOAKIIOYCHEI NAapajJICIbHO K YIIOMSHYTOMY HCTOYHHKY NUTAHHA TaKHM 06pa30M,
YTO MEPBBIA BCIOMOTATENbHBIH JHOJ OPUEHTHPOBAaH B HANPABICHHH BBHIIPSMIICHHAS TOKa B
CTOPOHY IOJIOKUTEIBHOTO JICKTPOAa HCTOUHUKA M TAHHS,

H OTJHYAIOIIEECH TeM, YTO IIepBas SNEKTPHYECCKasd LEIb JOMOIHUTENLHO BKIIIOYACT, IO
KpaiiHel Mepe, OIWH  BCIOMOTaTeNbHBIM  KIIOY, IOCIEHOBATENBHO  ANEKTPUYCCKU
MOJKMIOYEHHBIM K YIMOMSHYTOMY BCIOMOTaTe€lIbHOMY KOHIEHCATOpPY, € BO3MOXHOCTEHIO
[IACCHBHOI'O MJIH AaKTHBHOTO YIPaBJICHHS YIOMSHYTHIM BCIIOMOIaTe€IbHBIM KIIOYOM JUIs
IpEeNOTBpAllleHHsT paspsfa YHNOMSHYTOM BCIIOMOTaTENbHOH €MKOCTH HHXE 3aJaBacMoro
3HAYEHHs], HAIIPUMEP, pPa3MBIKas NEPBYIO HENb HA BCE BPEMS MJIM JOJIO BPEMCHH OTKPBHITOIO

COCTOSAHHSA YIIOMIHYTOI'O HMITYJIbCHOI'O KIItO4a.

VuuBepcanbHple OJOK-CXEMBI DpealH3ali 3asdBIIEHHOIO TEXHMYECKOrO PpeIICHHS

nokasaHsl Ha ¢ur.1 u Ha ¢ur.2.




®ur.3, ¢ur.4, Gur.5 npuBeeHB! WA NOACHEHHs paGOTHI 3asBICHHOTO YCTPOHCTBA H
[OKa3bIBAlOT SKBHBAICHTHHIE CXEMBI Ha NHKIAX paboTBl yCTpOMCTBA B TEYCHUH IE€pHOAA
TEPEKIIIOYEH ST OCHOBHOTO MMITYJIECHOTO Kifoya. OUr.3 - 9KBHBAICHTHAA CXeMa HEPBOro MUKIa
paboTsl ycTpoiicTsa. Our.4 - SKBHBICHTHAsA CXeMa BTOPOTO IMKJIA paboThl yCTPOACTBa, KOraa
JelCTBYeT MapasuTHas WHIyKTUBHOCTH. DHUI.5 - SKBHBAJICHTHAA CXEMa BTOPOTO IMKJIA paboThl
yCTpONCTBA, KOT/Aa SHEPrUs NapasuTHOH HHIYKTHBHOCTH HCCSKIIA.

Ha ¢ur.6 mokazana OIOK-CxeMa 3asdBICHHOTO YCTPOHNCTBA B MNPHMEHEHHH K
00paTHOXOAOBOMY IpeoOpa3zoBaTEIIO.

Ha ¢ur.7 mnokazaHa OioK-cxeMa 3agBJICHHOTO YCTPOMCTBA B IPUMEHEHHH K
MPsIMOXOZOBOMY IIpeoOpa3oBaTeno.

Ha ¢ur.8 moka3aHa Onok-cxeMa 3adBJIEHHOTO YCTPOWCTBA B NPHMCHEHHH K
00paTHOXOJJOBOMY Tpeo0pa3oBaTeiO ¢ BCIOMOTATEIBHBIM IPOCCENEM HHTETPHPOBAHHBIM C
TpaHchopMaTOpOM.

Ha ¢wur.]l u ¢ur.2 HarisiqHO MOSCHSETCS YTO, 3asBJICHHOE YCTPOMCTBO pEKyIEpaluH
SHEPruM paccesHus TpaHchopmaTopa 0OpaTHOXOHOBOrO mpeobpa3oBaTeis COOCTBEHHO COCTOUT
U3: IOCJIENOBATENbHBIX BCIOMOraTeasHoro Kouaencaropa 101 u BcmoMorarensHoro kmoda 105,
COCTABIIAIONIMX MEPBYIO 3JIEKTPHUYECKYIO LieNb; IIEPBOrO BCHOMOraTenbHOro auoza 104;
BCIIoMorareabHoro apoccenss 102 obpasyiomero BTOpPYIO 3JIEKTpHYecKylo wHenb. I[lpauem
NOPSJIOK TIOCIIEAOBATENFHOTO coeAnHeHH KoHAeHcaropa 101 u wmoda 105 B mepBoi uenu
MOXeT ObITh M060#. Ha ¢wur.1 u ¢pur.2 Tak ke mokazaHsl HCTOUYHMK ITHTaHUA 108 HarpyKeHHEIHX
Ha [OCIIEI0BATENLHO BKIIOYEHHBIE HAarpy3Ky 107 u uMmynscHsIi kmod 106. BecnomorarenbHbii
maon 104 u mepBas Ienb COEAMHEHBI MOCIEAOBATEIBHO M BMECTE MOAKIIOYEHBI MAPALIEIHHO
Harpyske 107 Takum o0pa3oM, 4TO mepBas LeNlb MOJKIIOYEHA K TOYKE COCAMHECHHUS HArpy3Ku
107 u ummynscHoro kimoua 106, a mocieqoBaTeNIbHEIE IEPBHIH BeIoMoraTenbHbli guon 104 u
BTOpasd Inemb cocrtosmas u3 apoccens 102 oOKa3pBarOTCS BKIIIOYEHHBIMH IApAJUICNIBHO
ucrounuky nurtaHus 108 mnpuyem Tak, uyro uox 104 OpHEHTHPOBaH B HalpaBICHHH
BBEIIPSAMIIEHHS TOKA B CTOPOHY IIOJIOXHTENBHOTO 3jekTposa mcrounwka 108. Harpysxoit 107
MOET OBITh pE3UCTUBHAA HArPy3Ka C ITApa3sUTHONW HHIYKTHBHOCTHIO, MOXKET OBITh HHIyKTHBHAS
Harpyska, MOXeT OBITh TpaHc(opMmaTop, y KOTOPOro BTOPHYHAs CTOPOHA HArpy)keHa Ha
BTOPHYHBIC LIENH, a IIEpBUYHAsA 0OMOTKA HCIONB3YETCs JUIs ﬁomcmoqennx mo cxeme Ha ¢uwur.1.
ik 1o cxeme Ha ¢ur.2. Jloruka paGoTel yCTpOHCTBA OJMHAKOBA KaK Ha PEANH3aAlHH 110 CXEMe
¢ur.l Tax u mo cxeme Ha QUr.2, KOTOpPBIE OTIMYAIOTCS IOPANKOM IOCIECIOBATEIBHOIO
BKJIIOYEHMs] HATPY3KH H HMMIIYJIBCHOTO KIIOYa OTHOCHTENBHO IIOJIOXKHUTEIBHOIO TepMUHAA
ACTOYHHMKA NuTaHMd. Eclid B KadecTBe HMIyNbCHOro Kmoda 106 mcnone3yercsd IoJeBoi

TPaH3UCTOP, TO CX€Ma Ha (I)Ifll'l 6yneT CXEeMOH ¢ HCTOKOM ‘TpaH3uCTOpa, OCHOBHOI'0 KIIIOYa,
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TIPUBS3aHHEIM K IIOCTOSHHOMY "HyJIeBOMY" IOTEHIIHANY, a CXeMa Ha QHUr.2, COOTBETCTBEHHO - C
HCTOKOM TPaH3HCTOPA, OCHOBHOT'O KIOYa, IPUBA3aHHBIM K ILIaBaromeMy noteHuuany. Ha gur.1
noka3as KoHzeHcarop 109, KOTOpEI MOXKHO IIPHMEHHTh H BKIIOYHMTE MapajlieIbHO HCTOYHHKY
MNATAHAS U CHIDKEHUS MMITEJaHCca HCTOYHHKA Ha BBICOKUX 9aCcTOTaxX.

3asBlieHHBIH cnoco6 M paboTy 3asBIEHHOTO YCTpOHCTBa IOSCHHM Ha MPHMEpe
peanu3auy HoKazaHHoM Ha ¢ur.l. O6mmM TpeGoBanmeM s paboThl Beex npeobpasoBareneit
ABIseTcs TpeOOBaHWE COOMIONCHUS aMIep-CeKyHAHoro OanaHca Uil BCEX €MKOCTHBIX
KOMIIOHEHTOB M BOJIBT-CEKYHIHOro OajaHca I BCEX HMHIAYKTHBHBEIX KOMIIOHCHTOB
npeobpa3zosareNsi B TEUSHHH NepHoja paboTel HMIyIbCHBIX Kmodeld. To ecTs HampsbkeHne Ha
BcroMorarenbHoi eMkoctd 101 momkHO OBITH  JOCTAaTCYHBIM Ul I€PEMarHUYMBAHHS
MHAYKTMBHOCTH WM [Apa3suTHOM WHIYKTUBHOCTH Harpyskd 107. Ilpeamomoxum, dTO
nanpsoxenre Ux Ha koHneHcatope 101 mocrarouHoe Gombmoe, a BCHoMorareabHb kmod 105
BCEraa OTKPHIT. [Ipy OTKPHITHH YNPaBIIIEMOTO HMITYJIbCHOTO Kimroda 106, mepBuld LMK Ha
¢ur.3, marpyzka 107 momxmodaeTcs K HCTOYHHKY IMTaHUs, IPH 3TOM BCIOMOTaTeIbHBIN
xougencarop 101 paspsokaercss uyepe3 OTKpHITBHIH kmod 106 Ha BCIIOMOraTeNbHYIO
uHaykTuBHOCTH 102, a BcmomorarenbHbl muon 104 ma ¢wmr.l samepr. Bonbr-cekyHaHbId
HHTErpall NEPBOro NUKJIA JEUCTBYIOMIMM Ha BCoMorareibHbi apoccens 102 paBen Ux*D*T,
rae D - ckBaxxHocTs, a T - mepuox uMmyiiscHoro ximoda 106. Ilpu 3axpsrrus xmoda 106, Bropoit
UK Ha (ur.4, H3-3a HHOYKTABHOCTH Harpy3ku 107 TOK He IpephIBaeTCs U MEPEHANpPaBiIIeTCs
yepe3 BcriomorarenbHbii quon 104 B mepByro mens 3apsbkas KoHAeHcaTop 101 Ha BpeMs moka
SHEPrHsl HHAYKTHBHOCTH HArpy3kKu He HCCSKHET, OHOBPEMEHHO uepe3 auox 104 npoccens 102
paspspxaetca Ha uctouHuk 108, Takum o6pasoM, 6e3 moTeps peKkynepupys oO6paTHO B HCTOUHHK
SHEPrHIO MPUHATYIO OT KoHAeHcatopa 101 B mpeapinymemM, nepBoM nukie. Ecinu HanpsykeHde
Ux gocratoudo 6oJIBIIOE TO, TOK HAarpy3KH HCCSKAeT 3a BpPeMs MEHBIIEE BPEMEHH BTOPOTO
muKia, aaoy 104 3akpoercs, a TOK HHAYKTHBHOCTH 102 ocTaBiueecs A0 Hayana IIEPBOTO IMKIA
CIIE/IYIOLIETO MEPUOJIA MOTEYET 110 IIePBOH IEMH B HAarpy3Ky, cMoTpute ¢ur.S. Taxum obpasom,
Teneps SHeprus 6e3 MoTepb peKynepupyeTcs NpsMo B Harpys3ky. Ho npu Gonbmux 3HaYeHHSX
CKBaXHOCTH D HMIyJsCHOrO Kitoua, BpeMs Broporo nukina (1-D)*T ans mepemarHuuuBaHMs
HHYKTHUBHOCTH HAarpy3KH cokpamgaercs, a Juox 104 OymeT OTKPHIT IPAaKTHYECKH BCE BpeMs
BTOPOTO IHKJA, TOTAa BONBT-CEKYHIHBIH MHTErpal BTOpOro IEKina mis apoccens 102 moyrw
pasen -Uin(1-D)T, rae Uin nanpspxeHue ucrouHuka nutanus 108. IIpm Gompiumx 3HaYeHHAX
CKB)KHOCTH BCIIOMOTATeIbHEIH KoHaeHcaTop 101 Gyxer Gospine pa3pspkarses Ha Jpoccens 102,
ero HanpspkeHne Oyner ymensmarscs. Halinem snagenne Ux npu Gonpumx D. ITockonbky TOK
BCIIOMOTaTENBLHOIO JPOCCENs JIOJKEH OBITh HENPEPHIBHBIM I YBEIH4CHHS 3(QOEKTHBHOCTH

3a9BJIEHHOTO YCTpOMCTBa pekynepamuu, To s gpoccenst 102 MOXHO 3amucarh BOJBT-
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cekynaubiit Gananc 3a Becy mepuon Ux*D*T= Uin(1-D)T, orciona HaxoguM paBHOBECHOE
3HAYCHHE HANpsDKEHHsA Ul BComorarenbHoro xonpencaropa 101, Ux = Uin(1-D)/D. Buawo,
9T0 npH OONMBIINX 3HAYEHUAX CKBaXHOCTH (D 61m3ko k 1) HampsskeHHE Ha BCIIOMOTAaTEIbHOM
xoHieHcaTope 101 MoXeT pa3psKaThCsi BCIOMOTaTEIbHBIM JIPOCCENIEM 10 MATIBIX 3HAYCHUH U HE
JOCTATOYHBIX JUISL IepeMarHAYMBaHus Harpys3ku, 9to OyieT IpUBOJUTH K HECTaOMIIbHO paboTe
npeoOpa3zoBarens, YBEIHYCHUIO MOTEPh M JPYTHM KaTacTpopHYEeCKHM MOCIEACTBHSAM. Maio
TOTO, IPH YBEJIMYCHHH CKBAXHOCTH BEIMYMHA HEOOXOIMMOro HaNpsXKEHHUs IIepeMarHHYHBaHUS
JUIs Harpy3kd BO3pacTaeT, IOCKOIbKY BpeMs NPHIOXKEHHsS OOpaTHOro HANpsDKCHHS MajaeT
cornacHo (1-D)*T. Jlns mpenoTBpalieHuss Ype3MEPHOro paspsia KOHAEHCATopa Ha IIEPBOM
[UKJIEe MMIYJIBCHOTO KIJIIOYa IPETyCMOTPEH BCHOMOTraTeNbHBbIA Kimod 105, ¢ BO3MOXHOCTBIO
[IACCMBHOI'O WJIM aKTHBHOro ynpasieHHd. Kmod 105 MoxeT 3akphIBaThes Ha ONpeeICHHBIH
HHTEPBaJl BpPEMEHH MEpBOr0 IUKIA YMEHBIIAS BpeMs paspsla BCIIOMOrarTelIbHOrO
KOHJIEHCaTOpa, W OBITh B OTKPHITOM COCTOSHMM BO BpeMs BTOpPOro IMKIa IIA 3apsaa
BCIIOMOTATENBHOrO0 KOHJEHCAaTOopa. JTO IMO3BOJSET YBEIMYHTH IUANa3oH pabodux 3HAYESHUM
CKBaXXHOCTH HMIIYJIbCHOT'O KJIFOYa IIO CPABHEHHUIO C U3BECTHBIMU YCTPOMCTBAMH C COXpPaHEHHEM
YCJIOBHS HENPEPHIBHOCTH TOKA JUIsl BCIIOMOraTelbHOro apoccend 102 u 6e3 HapymeHus paboThI
npeobpa3oBarens. B H3BECTHBIX YCTPOWCTBaX HEBO3MOXHO OOECIEUNTh HAMIIYYINHE YCIIOBHS
peKynepanyy SHEPrHu napa3mﬁoﬁ HHAYKTHBHOCTH IIpH paboTe HMITYJIbCHOI'O Npeobpa3oBarteiis
CO CKBaXXHOCTHIO OCHOBHOTO KIII04a paBHOH iy BeIme 0.5.

[IpermymecTBOM IPEIUIOKEHHOTO PpEIICHHS SBJIMETCS TO, YTO ONTHMAJBHEIC
npeoOpa3oBaTeNy, ¢ TOYKH 3pPEHMs] YMEHbIIEHHS JEUCTBYIOIMX 3HAYCHHH TOKOB U YBEJIHYECHHS
3¢ exTHBHOCTH IO MOIIHOCTH, PACCYUTHIBAIOTCH HAa pabOTy ¢ HOMHHAIBHON CKBaXXHOCTHIO D
okono 0.5, a 3asdBIEHHOE YCTPOHCTBO IO3BOJIUT paboTy mpeoOpa3oBaTens NPH CKBAXHOCTH
Oonee 0.5 u npu stoM Oyaer MMeTh Hawirydmyilo 3¢(eKTHBHOCTh pEKyIepaldd SHEPruu
MHIYKTHBHOCTH HArPY3KH Tak, KaK JpPOCCENb 3asBJIEHHOrO YCTPOHCTBA PEKyIEpalHH HMEET
BO3MOXHOCTh paboTaTh B peXUMe HENPEPHIBHOrO TOKa. KpoMe TOro B 3TOM peXHME, HET
HEOOXOAMMOCTH HCHOJb30BaTh BCIOMOTaTENbHBIA JHOJA IOCIEXOBATENFHO BKJIOYEHHBI K

YIOMSHYTOMY JIPOCCENIO, I IPEXOTBPALICHUS PEBEPCHH TOKA.

B xagecrBe Harpy3kd B 3asdBICHHOM YCTpOHCTBE MOXET OBITH TpaHchOpMaTop
BKIIOYCHHBI MO CcXeMe OOpaTHOXOZOBOTrO IpeoOpa3oBaHUs, HAlPUMEpP, ¢ HECHMMETPHYHO
HarpyxeHHo# nepBHuHOM HHAYKTHBHOCTBIO (SEPIC), mmm colcTBeHHO 0OpaTHOXOZOBOM
npeobpaszoBatens (Flyback). Ha ¢ur.6 nmokazana oqaa U3 peanu3saliuii 3asiBICHHOTO YCTpPOKCTBA
U €ro IMpUMEHEHHE B CXeMe 00paTHOXOOBOr0O mpeoOpa3oBaTelis ¢ ralbBAHHYECKOM pa3BA3KOM.

Ha ¢ur.6 mokaszano, 4ro B KauecTBe BCIOMOrareiabHoro kmoda 105, MOXeT HCIIOJIB30BaThHCS
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TPaH3HCTOpP, B [JAHHOM cCiydae ImojeBod. B kauectBe mHarpysku 107 mnpumensercs
TpanchopMaTOp CO BTOPHYHOH IEMBI0 BKIIOYEHHOH 1O cxemMe 00paTHOXOHOBOTO
npeobpaszoBarens. BropuyuHast mens COXEPXKHT BHIIPAMIIONMHA auoxn 112, xonxencaTop Ans
CriaxuBaHus mynbcanuii 113 u Moxer ObITh moaKIIOYeHa Harpy3ka. Ha ¢ur.6 nokasan ciydaii,
KOrJa B KaueCTBE HMMITyJIbCHOro Kimo4ya 106 mpuMeHseTcs TpaH3HCTOp, B JaHHOM ClIydae
MOJIEBOM TpaH3UCTOP. Eciu npuHATE, YTO HanpshKeHHe Ha koHaeHcaTtope 101 nocrarounoe s
nepeMarHuduBaHus tpaHchopMaropa 107, u BcnoMoratensHbi ko4 105 Bceraa BKIIOYEH, TO
OpH YCJIIOBHH, YTO TOK HEpBHYHONH OOMOTKH OBICTpO majaeT HpH 3aKphlBaHUM Kimoda 106,
MOXHO HaWTH BBHIpaXEHHE Ul HaIpsDKeHHs BcriomorarensHoro koHaencaropa: Ux=Uin. Ilpu
3TOM H3BECTHO, YTO HEOOXOAMMOE HANpsDKCHHE NEPBHYHON OOMOTKH Ui MepeMarHHYHBAHHSA
obpatHoxomoBoro TpaHcopmaropa 107 paBHo Uin*D/(1-D). Buaso, 4Tro mpu 3HAYEHHH
CKBaXXHOCTH Ooisipmie 0.5 HampspkeHHEe Ha BCIIOMOTraTelNbHOM KOHZIEHcAaTope OyneT MeHbIIe
HeoOXoAUMOro Juld  IepeMarHW4YMBaHHs  oOpaTHOXoHoBOro  tpancopmaropa. Jlns
IpeOTBPAIlCHHS HEXKENATeIIbHOTO SABJIEHHUS 3aielicTBYIOT Kmo4u 105, 3agBICHHBIM BBIIIE
metonoM. Kpome Toro, mockoibky BcHOMOraTenbHBIH moyeBoi Tpauzucrop 105 umeer
BCTPOCHHBIN THOJ, TO BO3MOXKEH BapHaHT paboThl, KOrna Tpas3ucTop 105 MOXET 3aKphIBaThCS
Ha HEKOTOPOE€ YHCJIO NEPHOJOB HMIIYJIBCHOIO KIIOYa, MOKAa BCIIOMOTATENbHBIA KOHACHCATOP
3apsDKaeTcs 0 ONPENeNICHHOro 3HAYeHUS, W OBITh OTKPHITHIM KaKOe-TO YHCJIO IIEPHUOAOB MOKA
koHgeHcarop 101 paspspkaercs 10 MUHUMANBHOTO pa3pellleHHOro 3HaYeHHs HanpsokeHus. Ilpu
3TOM IpH BBIKIOUeHHH Kirodya 106 3apsn konzaeHcaropa 101 mapa3sWTHON MHIYKTHBHOCTBIO
tpancopmaropa 107 mpomcxomut depe3 amox 104 u BHYTPEHHHM AMOJ BHIKJIOUEHHOIO
noJsieBoro Tpansucropa 105, B ciygae Tpansuctopa 105 OpHEHTHPOBaHHOTO NPOBOAUTH TOK B
TOM XK€ HallpaBJeHHH, YTO auox 104.

BcnoMorarenbHBIH KIIIOY 3asiBI€HHOTO YCTPOHCTBA pEKyNepallHd 3HEPrAM PacCesTHHS
TpancopMaTopa 0OpaTHOXOZOBOro IpeoOpazoBaTenss MOXET OBITH YIpaBiieM aKTUBHO, TO
€CThb CHHXPOHH3HPDOBAHO C HMITYJBCHBIM KIIOYOM, HAlpHMEp, ¢ IMOMOIIBI0 KOHTpOJUIEpa
YIIPaBIISIOIIEr0 UMITYJIbCHBIM KITFOUOM.

B 3as1BI€HHOM yCTpPOHCTBE BCIIOMOTATENbHBINA KIIIOY MOXET OBITH YIpPaBJIsfeM HacCHBHO,
Hallp¥Mep, ¢ MOMOINBIO JIOMOJHHUTENBHOH BCIOMOraTeNbHOH 0OMOTKM TpaHcdopmaropa, A
IHTAaHHA YNPaBIAIOMIEH IaCCHBHOM CXeMBI W TCHEPHPOBAaHHUS CHTHAJIOB YIpaBJICHUS
BCIIOMOTaTeNbHBIM KI04oM. Ha ¢ur. 6 peanuzoBaH nacCUBHBIL METOJ| YIIPaBJIEHHS [I0 YPOBHIO
HANPSKCHUS. HA BCHOMOTaTeSIbHOM KOHJCHCATOpe, KOIJAa YNPABIECHHE BCIOMOTATEIbHBIM
KIIIOYOM OCYINECTBIAETC cxeMmod Kommapartopa 201, 3akppBarommM kmod 105, ecnn
konzeHcarop 101 paspsauncs 10 MHHUMA@IBHO pa3spelIeHHOTO HANpsKEHHS, H OTKPBHIBAIOIIHM

kmou 105, ecnmu xonpeHcarop 101 3apsimmncs ¢ 3amacoM HaJl MHHHAMAIBHO pa3pelICHHBIM
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HanpshkenueM. JIis u3MepeHns HanpsokeHus Ha konaeHcarope 101 uenons3opan nemurens 203,
HallpEMeEp PEe3UCTHUBHEINA. 37ech, B 4aCTHOCTH, BCIIOMOraTeNrHbIH koHAeHCaTop 101 saBnserca
HCTOYHMKOM ITHTAHHS MACCHBHOM cxeMbl yrpasnenus 200.

B kayecTBe Harpy3ku B 3afdBICHHOM YCTpOHCTBE MoOXeT OBITh TpaHCc(opMaTOp
BKJIIOYEHHBIN [0 CXeMe MpIMOX00Boro mpeobpasoBatens (Forward), xak nokasano Ha ¢wur.7.
Ha ¢ur.7 nokazaHa ofjHa U3 peanu3anuil 3asBICHHOIO YCTPOHCTBa, KOTJa B KA4ECTBE HArpy3KH
107 ucmons3yercs TpancopMaTop, BKIIOUEHHBIH MO cXeMe NPAIMOXOJOBOro npeobpa3oBarets.
Ha ¢wur.7 nomosHuTEN-HO BBEACHBI BEIIPIMUTENBHBIN Auox 115, BeIxoaHOH Apoccens 114.

3asBIIEHHOE YCTPOMCTBO MOXET BKIIOYATh NOIOJHHUTEIFHO BTOPOH BCIOMOTaTENIbHBIN
muox 103, moka3zaHHBIM Ha (ur.7, TOCIEAOBATENIFHO BKJIIOYECHHBIH C BCIOMOTraTEIbHBIM
IpocceneM 102, mpuyeM mOCIEAOBATEIBHOCTh BKIIOYEHHS MOXeT OBITH mo6oif. Bropoi
BCIIOMOTaTeNNbHbBIA JAUOA JOJDKCH OBITh OPHEHTHPOBAH B HAIIPABJIICHUH BBHIIPAMIICHHS TOKa B
CTOPOHY IOJIOXKHUTENBHOIO JIEKTpoJia UCTOYHMKA muTanus 108, u ciyXuT [u1s npe1oTBpalleHus
peBepcuH Toka B fipoccene 102 mpH cylecTBEeHHBIX MyJIbCAUsX TOKA B HEM.

B 3asgBIeHHOM yCTpONCTBE BCIIOMOTaTENBbHBIA JPOCCENh MOXET OBITH HHTETPHPOBAH C
TpaHcopMaTopoM, TO €CTh NPECTaBIAET COOO0H TOMOTHATENHLHYIO BCIIOMOraTeNIbHYI0 0OMOTKY
TpaHchopMaTopa, HMEIOIIYIO CHEIUIEHHE MAarHHTHOIO IIOTOKA C TEPBHYHOU OOMOTKOM
Tpanchopmaropa, Kak mokaszaHo Ha ¢ur.8. B kavecTBe BCIoMOraTeNnbHON HHAYKTHBHOCTH 102
HCIonb3yercss JomnoyiHuTensHas obmotka Naux - 102, sampumep, 0OpaTHOXOHOBOIO
Tpanchopmaropa 107.

BcnoMoraTenbHBIH Ipocceib WM BCIIOMOrarTesibHas 0OMOTKa, HCIIONIb3yeMast B KaueCcTBe
BCIIOMOTaTeNbHOTO IPOCCENA, MOXET UMETh OTBETBIICHHE JUI NUTAHUS NPYTHX BHEIIHUX HIIH
BHYTPCHHHUX LIENIEH YCTpOHCTBa, HAIpUMep, CXEMBI yIpaBieHHs U T.1. Ha ¢ur.8 moxaszano, 4to
INUTaHHE HEKOTOpod cxembl 117, Hampumep KOHTpOJUIEpa HMMIIYJILCHOIO  KJIIOYA,
OCYHIECTBIISIETCS BCIIOMOTaTelbHOU 06MOoTKO# 102 ¢ oTBETBIIEHHEM Yepe3 quox 116.

Bo Bcex peammzanusax 3asBICHHOE YCTPOHCTBO - MOXKET BKIIIOYATh JATYHK TOKa
NOJIKTIOUEHHBIH 3JIEKTPHYECKHU NOCIIE0BATENIFHO C MMITYJIGCHBIM KIIFOUOM JJI H3MEPEHHS TOKa

UMIYIBCHOTO KJIFOYa H OCYIICCTBICHUS PAa3IMYHEBIX CXEM KOHTPOJIA.
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Crioco6 M YCTpOKCTBO peKynepaly SHepriH paccesuus TpaHcgopmaropa
00paTHOX00BOrO Npeobpa3oBarelis

®opmyna

1. Cnocob, peKyrepauud OSHEPruM paccesHus TpaHchopmaropa 0OOpPaTHOXONOBOrO
npeobpasoBaTelis BKJIIOYAIOLIETO, 10 KpaiHHed Mepe, N0CieloBaTe/IbHO BKIFOUEHHEIC HCTOYHHK
OJ/IHOTOJIAPHOrO JIEKTPHYECKOr0 MMTAaHHUS, HArpy3Ky ¥ MMITYJIbCHBIH KIII0Y, HCHOJIL3Y IOIIHIA:

o KpaiiHell Mepe, OfHY MEPBYIO JJEKTPUYECKYIO LETb BKIIIOYAIOILYIO JIEKTPUYECKH
NOC/IeI0BATENBHO BKIIIOUEHHEIE, 110 KpaiiHell Mepe, OMH BCIIOMOTraTENBHbIH KOHAEHCATOP U, 10
KpaiiHeil Mepe, OAMH BCIIOMOTraTe/IbHbIN KIIHOY.

no KpaiiHeil  Mepe, OAWH IEPBBIi  BCIOMOTAaTE/IbHBIA  AMOJ, ONEKTPUYECKH
NOAK/TIOYEHHBIN TOCIeI0BaTENBHO K NIEPBOH LIETH; |

10 KpaiiHeil Mepe, O/iHY BTOPYIO 3/IEKTPHYECKYIO LieNb BIIFOYAIOILYIO, 110 KpaiiHeii Mepe,
OJMH BCIIOMOraTe/bHBI ApOocceNb, U BTOpas LiETb 3JIEKTPHUYECKH MOJKIIOYEHA K SJIEKTPORY
[OCJIEIOBATELHOIO COSIMHEHHUA NEPBOTO BCIIOMOIaTeNbHOr0O m&ona K MepBOH LeMHy,

M TPUYEM IIOCIIEAOBATENIFHO BKJIIOYEHHBIE TEPBBIA BCNOMOraTeNIbHBIA JHOA M NepBas
LNk 3EKTPUYECKH TOJKIIOYEHB! NapaliesIbHO K YIIOMSHYTOM Harpy3ke Tak, YTo nepsas Lenb
NOJKIIOYEHa K DJIEKTPOAY IOCJICAOBATEIbHOIO COEJMHEHHA YNOMSHYTOW HArpyskd K
YIOMSIHYTOMY MMITYJBCHOMY KJIIOYY, a BTOpas Lenb M MepBbId BCHOMOraTebHBIA JHOJ
3NEKTPUUECKH TIOAK/IOUEHBI [1apajlleNbHO K YIOMAHYTOMY MCTOYHHMKY MUTaHHMs TaKUM 06pasoM,
YTO NEPBHI BCMIOMOTAaTEJbHBIA JHOJ OPHMEHTUPOBAH B HANpPABJICHUH BBLIMPAMIICHUS TOKA B
CTOPOHY TNOJIOXKUTENBHOTO 3JIEKTPOJIa MCTOYHUKA MUTaHuUA,

B KOTOPOM: Ha [MEPBOM LMK/, OTKPHITOTO HMITY/JBCHOIO KIHO4Ya, YMOMSHYTHIA
BCIIOMOTATE/IbHBIH KOHJICHCATOP paspskaeTcs Ha YNOMSHYTHIH BCHOMOTATENbHEIA JApOCCelb
yepes yNOMAHYTBIH UMITYJIECHBIH K04 M YTIOMAHYTHIH BCIIOMOTATE/bHBIA KITFOY;

Ha BTOPOM LIMKJE, 3aKpBiTOr0O HMITYJbCHOTO KJIHOYa, CHayajla TOK Harpysku
NepeHanpaBiseTcs uepe3 MepBhIi BCIIOMOTaTe/IbHEIH MO/ B NEPBYIO LieTlb, 3amacas SHepruei
YHOMSIHYTHIM BCIIOMOTaTeNbHBIH KOHAEHCATOp O TeX MOp TOKa JHEPrus HHAYKTHBHOCTH
HArpy3Kd HE HCCAKHET, NPH 3TOM TOK BCIIOMOTaTesibHOro JApOCCeNs PEKyNnepupyeTcs B
YIOMSIHYTBIH MCTOUHMK NUTaHHs, a N0 MCTEYCHHH SHEPrMU WHAYKTHBHOCTH HArpy3Ku nepBbIi

BCIIOMOTATE/ILHBIA U0, 3aKpBIBAC€TCA, IMOCJIC YEro TOK BCIIOMOraTCJIBHOI'O ApOCCC]iA TENEPHb
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TEYECT IIO l'ICpBOf;I ey B Harpys3kKy, TakuM 06pa30M SHeprus 3arnaceHHas B BCIIOMOTraTe/IbHOM
Jpocceie ¥ BCIIOMOraTejIbHOM KOHICHCATOPE PCKYNIEPHUPYETCA B HArpy3Ky,

H OTJHYAKILIHIICA TeM, YTO ynOMﬂH}’TBIﬁ BCHOMOFaTéHBHBIﬁ KJIKOY ¢ BO3MOXHOCTBIO
MACCUBHOIO WJIM AKTUBHOI'O YHpaBJICHHS YNOMSHYTBIM BCIIOMOraTCJIBHBIM KIHOYOM TakK, 4TO
BCIIOMOTaTebHbIA K04 MOXET pasMBIKaTh MEPBYI0 LCNIb B NCPBOM LIUKIIC, Ha BCC BpEMs HIIH
YyacTb BpEMEHHM II€pBOro LHUKJIa, i MNpEAOTBPALCHUA paspsana BCIOMOIaT€IbHOIo

KOHJEHCAaTOpa HUXKE YCTAaHOBJICHHOT'O 3HAYCHUA HANPAKCHUA.

2. Crnoco6 1o myHKTY 1, B KOTOPOM YNOMAHYTBIH BCIIOMOraTe/IbHbIN KITI0Y COAEPIKHUT, MO
KpaliHell Mepe, OJ1H IMOJIEBO TPAH3UCTOP.

3. Cnoco6 1o myHKTy 1, B KOTOPOM YNOMSHYTHIH MMITYJBCHBIA KIIOY COAEPXKHT, MO
KpaiiHeii Mepe, OJUH TOJICBOH TPAH3UCTOP C BO3MOXKHOCTHIO YIPaBIEHHA OT UIHPOTHO-
HMITYJIBCHOTO MJTH YaCTOTHO-MMIYJILCHOTO MOJYTHPYIOIIET0 KOHTPOJIIEpa.

4. Crioco6 1o nyHKTY 1, B KOTOpOM BTOpas 3J€KTpHYeckas LieNb BKIIOUYAET, N0 KpaHei
Mepe, OJIMH BTOPO# BCIIOMOTaTENbHBINA JUO/ NMOCNEA0BATENBHO IEKTPUYECKHU MOJKIIOYEHHbIA K
YHOMSHYTOMY BCIIOMOTaTeIbHOMY HPOCCEJIO, IPHYEM BTOPOH BCIIOMOraTeNIbHEIH JUOA NOJIAPHO
OPHEHTHPOBaH Tak, YTO BBINPAMJIAET TOK B HANPABJICHHH [IEPBO# LIeTIH.

5. Cnioco6 1o myHKTY 1, B KOTOPOM YIOMSIHyTasi Harpy3ka BKJIIOYaeT, 110 KpalHei Mepe,
OJMH, TpaHc(OpMaTOp, MPUYEM NEPBUYHAA OOMOTKA YNOMAHYTOrO TpaHCHOpMaTopa BKIIOYEHA
NOCJIEI0BATENLHO ¢ YIOMSHYTHIMA HCTOYHUKOM NMUTAHUA H MMITYJIECHBIM KJTFOUOM.

6. Cnoco6 1Mo MyHKTYy 5, B KOTOPOM YNOMSHYTBIH TPaHCOPMATOp HCIOJB3YeTCs MO
TOMOJIOTrHH 0OPaTHOXOI0BOTO MpeoGpa3oBauus, Hanpumep, Flyback umm SEPIC.

7. Cnoco6 Mo MyHKTY 5, B KOTOPOM YNOMSHYTBIH TpaHC(OpPMATOp MCIONB3YeTCs MO
TOTIOJIOTMHU NIPAMOXOJ0BOT0 npeobpa3oBanus, Hanpumep, Forward.

8. Crioco6 mo MyHKTy 5, B KOTOPOM BCIIOMOIaTeJbHEIA OpOCCE/b HHTErpHPOBaH C
YNOMSHYTEIM TpaHc(OpMaTopoM, TO €CTh MpEACTaBiAseT coGOH BCIOMOrarTesbHyI0 OOMOTKY,
MMEIOLIYI0 CHEIUIEHME MArHUTHOTO TOTOKa C TEPBHYHOH OOMOTKOH  YIOMSHYTOrO

TpaHchopMmaropa.

9. VCTpoiCTBO peKynepalun dHepruM paccesHus TpaHcpopmaropa 06paTHOXOZOBOTO

npeoGpa3oBaTes, BKJAIOYaIoee:




no KpaiiHeid Mepe, OJAMH HCTOYHMK OJHOIOJISIPHOTO 3JECKTPHYECKOTO IUTAHHUS, IO
KpaitHeil Mepe, OlHy Harpy3Ky W, 0 Kpaiihedl Mepe, OfHH KOHTPOJTHPYEMBI MMITYJILCHBIH KITIOY
TaKue, YTO YNOMSHYTbl€ Harpy3ka, MMIIYJLCHBEI KIIOY M HCTOYHMK NMHTAHHUA SJICKTPHYCCKH
MOJKJIIOYEHBI [10CIIEI0BATEIBHO;

1o KpaiiHeil Mepe, OfIHy MEPBYIO 3NEKTPUUECKYIO LIETb BKIIOYAIOLIYIO, 110 KpaiiHel Mepe,
OJIMH BCIIOMOTaTENbHBIH KOHACHCATOP,

no KpaiiHeii Mepe, OAWH TEPBBIA  BCIIOMOraTeIbHBIA  JHOJ, JJICKTPUYECKH
NOAKTIOYEHHEIH MOC/IeI0BATENBHO K NIEPBOi LETH;

1o KpaiiHeil Mepe, O{Hy BTOPYIO NIEKTPHUYECKYIO Lieb BKJIFOYAIOLILYIO, 110 KpaiHeil Mepe,
OJIMH BCTIOMOTaTeNbHBIA Apoccenb, U BTOpas 1IENb JJIEKTPUYECKH MOAKIIOYEHA K IJIEKTPOAY
TI0C/IEA0BATEILHOTO COEQMHEHHUS NIEPBOTrO BCIIOMOTaTEIbHOIO AHO/Ia K EPBOH LIENH,

¥ TpHYEM IOCJIeNOBATENBHO BKJIIOUEHHBIE NEPBHIH BCIOMOIraTENbHBIA AMOJ U MepBasdt
LENb 3JIEKTPUYECKH TOAKIIOYEHB]! NapaiejbHO K YIIOMSAHYTOM Harpyske Tak, 4To rnepas Lenb
NOJKJIIOYEHA K OJIEKTPOAY IOCNIEJOBATEIbHOIO COEAMHEHMs YNOMSAHYTOM Harpy3kd K
YIOMSHYTOMY HMITYJIbCHOMY KIIOYy, a BTOpas LMk H IEPBHIA BCNOMOTaTeNbHBIA AHOA
3JIEKTPHYECKH TIOAK/IIOYEHBI IapasuIe/IbHO K YIOMAHYTOMY HCTOYHHKY NMTaHHS TakuM 00pasoM,
Y4TO TIEPBBI BCMIOMOraTENBHBIA [AMOJ OPUEHTHMPOBAH B HAIpPABJICHUM BBIPAMIICHHA TOKa B
CTOPOHY IMOJIOKHUTENBHOTO JIEKTPOa MCTOYHHUKA IIUTAHUS,

H OTJIMYalIoNIeecsl TeM, YTO MepBast JEKTpUYEcKas LENb JONOJHUTEIBHO BKIIIOYALT, MO
KpaiiHeii Mepe, OJMH  BCIIOMOTATEJIbHBIA  KIIKOY, TOCICJOBATENbHO  JJIEKTPUYECCKH
MOAK/IIOYEHHBIH K YIIOMSHYTOMY BCIIOMOTaTE€IbHOMY KOHIEHCATOPY, € BO3MOXXHOCTBIO
[IACCMBHOTO WJIM aKTMBHOTO YNpaBiE€HUS YNOMSHYTHEIM BCIIOMOTraTelIbHBIM KIIOYOM I
NpefOTBpAlIeHHs pa3psfa YHNOMSHYTOH BCIOMOIaTElIbHOH i €MKOCTH HHXKE 3aJaBacMoro
3HAYEHHs, HaNpUMep, pa3MblKas MEPBYIO LEMb Ha BCE BPEMS WM JIOJIO BPEMEHH OTKPBITOrO

COCTOSIHUA YNIOMAHYTOTO UMITYJIBCHOI'O KiIro4a.

10. YcrpoiicTBo no MyHKTy 9, BKIIOYAoIIee, 1o KpaiHeH Mepe, OMMH JOTOTHUTENBHBINA
KOHJIEHCATOP BK/IIOUYEHHEI apajljie/bHO YIIOMSAHYTOMY HCTOYHUKY IUTAHHUA.
11. VYcrpoiicTBO MO OyHKTY 9, B KOTOPOM YNOMAHYTHIA BCIOMOTraTeNBHbBIN KIHOY

COJIEPKHUT, N0 KpaifHeit Mepe, OJMH MONIEBOH TPaH3UCTOP, KOTOPBIA MOXET ObITh OPHEHTHPOBAH




TaK, YTO €ro BHYTPEHHMI JMOA BHINPAMIAET TOK B HaNpaBJICHHH, B KOTOPOM BBIMPAMIACT
TIepBBIHA BCIIOMOTATENbHbIH U0, MOC/IeI0BATENBHO NOAKIIOYEHHBIH K NEpBOi Lem.

12. VYcrpoiicTso o MyHKTY 9, B KOTOPOM YNOMSHYTHI MMIYJIbCHBIN KIIIOY CONEPXKHT,
no KpallHeW Mepe, OJMH TIOJEBOH TPAH3MCTOP C BO3MOXKHOCTBIO YNPABJICHHS OT IMIHPOTHO-
MMITYJIBCHOTO MJIH YaCTOTHO-MUMITYJIbCHOTO MOy JIUPYIOIIEro KOHTpOJIIepa.

13. VcTpo#cTBO 110 MYHKTY 9, B KOTOPOM YNOMSHYTas HAarpy3ka BKJIIOYAeT, Mo KpaiHen
Mepe, OAMH TpaHc(opMarop, NpUueM nepBUYHas OOMOTKA YNOMSHYTOro TpaHcdopmaropa
BKJIIOYEHA NOCJIEAOBATENIHHO C YIIOMSHYTBIMM UICTOYHUKOM ITHTaHUA ¥ UMITYJIBCHBIM KITIOYOM.

14. YerpoiteTBo 1o myHKTy 13, B KOTOPOM YNOMSHYTHIN TpaHCGHOPMATOp HCIONBE3yeTcs
110 TONOJIOrHH 06PaTHOXOJOBOrO Npeobpa3oBaHus, Hanpumep, Flyback unu SEPIC.

15. Yerpoiictso mo myHkTy 13, B KOTOPOM YIIOMSHYTEIH TpaHCHOPMATOp UCIIONL3YeTCH
110 TOMOJIOTUM MPAMOXOJOBOIr0 NpeodpasoBanus, Hanpumep, Forward.

16. YcrpoiicTBo 1o myHKTy 13, B KOTOPOM BCIIOMOTaTeNLHbIN APOCCE/ib HHTEIPUPOBAH €
YIOMSIHYTEIM TPaHcpOpMaTopoM, TO €CTh MPEACTaBIsAeT coboi BemomorarenbHyl0 0O6MOTKY,
MMEIOIIYIO CLEMJIEHHE MarHWTHOrO TIOTOKa C MEpBHYHOH OOMOTKOH  ymOMSAHYTOro
TpancdopmaTopa.

17. VerpoiicTBo MO MYHKTY 9, B KOTOPOM YNOMSHYTBIM BCIIOMOTaTEJIBLHEIH JpOCCENb
UMEET OTBETBJICHHE /IS TMTAHWS BHEIUHMX WM BHYTPSHHHX OJICKTPHYECKHMX LENeH
3a8BJICHHOTO yCTPOHCTBA.

18. YcrpoiicTBo 1o myHKTy 16, B KOTOPOM YNOMsHYyTas BCIOMOraTenbHas OOMOTKa
TpaHchopMaTopa MMEET OTBETBJICHUE JUIS TIMTAHKA BHEIIHHUX WJIM BHYTPEHHHX JJIEKTPHYECKUX
erneil 3asABJICHHOr0 YCTpPONCTBA.

19. VYcrpoiicTBo 1Mo MyHKTY 9, BKIIOYAIOLNEE, MO KpaiHel Mepe, OAWH JaTYUK TOKa
3NEKTPUYECKH MOCIIEJOBATENBHO BKIIOUEHHEIA C HMITYJIECHBIM KJIFOYOM.

20. YcTpoiicTBO MO IYHKTY 9, B KOTOPOM BTOpas JJIEKTPHUYECKas LENb BKIIOYaeT, Mo
KpaiiHeil Mepe, OIWH BTOPOIl BCIOMOTaTENBHBIA JHOA MOCIENOBATENIBHO SJIEKTPHUECKH
NOJKIIOUEHHBIH K  YNOMAHYTOMY  BCIOMOTaTeNbHOMY  [IPOCCENI0, IMPHYEM  BTOPOH
BCIIOMOTaTENILHBIM MO TOJAPHO OPHUEHTUPOBAH TaK, YTO BHINIPAMJIAET TOK B HanpaBJIeHHH

MOJIOXKUTEIBHOTO 3JICKTPOAA YIIOMAHYTOI0O ICTOYHHKA ITUTAHUS.




YHuBepcaibHas 6JI0K-cXeMa yCTpoiCTBa.
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VuuBepcaibHas 0JI0K-CXeMa yCTPOKCTBA.
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Biiok-cxeMa ycTpoiicTBa B IPHMEHEHHH

K 00paTHOXOXOBOMY IIpeoOpa3oBaTelo.
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Brok-cxema ycTpoicTBa B IPUMEHEHHUH

K IIPSIMOXO0ZIOBOMY IpeoOpa3zoBaTeo.
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D NOCAEAYIOIME Z0OKyMEHTH YKa3aHbl B NIPOAO/DKeHuH rpasl B

D JaHHBIC O MAaTCHTaX-aHaJIorax ykKa3aHsl B [IpHJIOKCHHHA

[* OcoBble KaTCTOPHH CCHIIOMHBIX JOKYMCHTOB:

"A" NOKYMEHT, ONPEACIAIOMHUA OGIHI YPOBEHE TEXHUKH

"E" 6oneec paHHUN JOKYMEHT, HO onyOauKOBaHHBIN Ha naTty
moAavy eBpasHICcKoN 3a9BKH WK NOCHE Hee

"O" HOKYMEHT, OTHOCAINHHUCA K YCTHOMY PaCKpPLITHIO, IKCTIOHH-
POBAHMIO H T.J.

"P" IOKYMEHT, OnyGIMKOBaHHBIH KO AaThI TOAAYH €BPasUACKOH
3asABKH, HO NOCJIE XaTHl UCMIPALIUBACMOrO MPHOPHTETA

"D" IOKYMEHT, IPUBEACHHBIN B eBpa3uiickolt 3aaBke

T Gonce MO3AHNNA AOKYMEHT, ONyONMKOBaHHBIH NOCIE JATEl
MIPHOPHUTETA U IPUBEACHHBIN U TOHUMAHMA H306pETEHHA

"X" noKYMEHT, uMerowuii Haubonee 61M3K0e OTHOLIEHHUE K MPEAMETY
MOKMCKa, MOPOYAllUKi HOBH3HY MM H306peTaTeNnbCKkuil YPOBEHD,
B3ATBIN B OTJE/IBHOCTH

"Y" HDOKYMEHT, HMEIOmNii Haubosee GHM3KOe OTHOLIEHHE K IPEAMETY
MOKHCKA, MOPOYAILHif N306peTaTeNsCKuil YPOBEHD B COUETAHNH C
ZIPYrHMH JOKYMEHTaMH TOH JKe KaTteropuu

"&" HOKYMEHT, ABJSIOWIMIACA 1aTEHTOM-aHANIOrOM

“L" AOKYMEHT, MPHBEACHHBUH B APVIUX LIENAX

IIaTa JICHCTBUTENBHOTO 3aBCPLICHUSA NATCHTHOI'O NIOUCKA!

21 mas 2019 (21.05.2019)

®enepaibHblii HHCTHTYT
npoMbIiLliIeHHOH cobcTBeHHOCTH
P®, 125993,Mocksa, I'-59, I'CI1-3, BepexkoBckast Hal.,
A. 30-1.@axc: (499) 243-3337, teneraiin: 114818 TIOTAYA

HaumenoBanue H aapec Memynapounoro MOHUCKOBOIo opraHa:

VoiHoMO4EHHOE JIHLIO :

L%% H. B. Tonmauesa

Tenedon Ne (499) 240-25-91




	Bibliographic data
	Abstract
	Description
	Claims
	Drawings
	Search Report

