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Ycunurenb MOLWHOCTU C TOKOBOM O6paTHOM CBA3bLIO

Koncmpykyuro amozo ycunumens pa3paboman Mark Alexander, komopebiti @ 1981 200y nony4un cmeneHs
6akanaepa no anekmpoHuke 8 yHueepcumeme TopoHmo. Pabomasi koHcynbmaHmom 8 ¢pupme Analog
Devices, oH co30an ycunumersnb MOUWHOCMU C YHUKaslbHOU mornoJiozuell, 4mo seusiockb credcmeuem e2o
OnumenbHO20 yesiedeHusi pa3pabomkol ayoduoycunumersieli U Kpumu4eCckuM OomHoweHuUeM K rnpocryuwu-

eaHuro ayoduocucmem.

aspaboTaHHbIN yeunutens yA0BNETBOPAET TPaANLIMOHHLIM Tpe—

60BaHUAM K yCUNUTENAM MOLLHOCTMN W, KpOME TOro, UMEET HO—

Bble MPENMYLLECTBA — OYEHb BbICOKYIO CKOPOCTb U LLUPOKYIO
nonocy (ckopocTb HapacTaHus 200 B/mkce, nonoca 1 MI), 4to obec-
neyvBaeT NpPeKpacHble AUHAMUYeCKue XapakTepUCTUKK W, Kak pe—
3ynbTar, NPEBOCXOAHOE Ka4eCcTBO 3BY4YaHWA.

KoHcTpyvpoBaHue ycunureney MOLLIHOCTH IBRRIETCA OfHUM U3 Criop—
HbIX BONPOCOB, Ha 3Ty TeMy MpOfomMKatoTes Aebarbl, XOTs B HACTosALLee
BpEMs JOCTYNMHO MHOXECTBO Ny6nuKauuin, KOTopble MOryT CIyXWTb py—
KoBofCTBaMy Ans pa3paborymka. C OTHOCUTENBHO HEAABHErO MOMEHTA
NosIBNEHUS NONYNPOBOAHUKOBLIX yeunuTenen B KoHue 1950-x — Hava-
ne 1960-x rogos pa3paboTaHo MHOrO pas3nuyHbIX Tononormin YM3Y
3HaumMTenbHOE YMCNO TPaH3WUCTOPHBIX YCUnUTEnen, NOSBUBLLMXCA B TE
rofbl, NPELACTaBAANN HN YTO MHOE, Kak NpocTO nepepaboTaHHble Ha
MeHbLLIEe HanpsXXeHWe NUTaHWs NaMnoBbIe YCTPOMCTBA, N HacTo UMeNn
napameTpbl, Aanekue oT Xenaemblx. HeKoTopble U3 HKX 3ByYanu 3Ha—
YUTENBHO XYXKe, YeM WX NamroBble NpeflecTBeHHuKn. PeanbHasn pe-
BOMNIOUMA B KOHCTPYKUMM yeunuTenein mMoLuHocT1 npousowna 8 1970-x
rofiax 1 cBsi3aHa oHa C NOSBNEHWEM HECKOJbKUX MHHOBALMI, Takvx Kak
HEMNOCPEACTBEHHAsA CBA3b, NOMHOCTLIO KOMNNEMEHTapHas Cxema, cMe—
LueHWe nceepoknacca A, TOKOBOe aemndmposanve. Henb3s He yno-
MSIHYTb O6HapyXeHWe BaXKHOCTW AMHaMWUYECKUX WHTEPMOLYNALMOH—
HbIX UCKAXEHW 1 UX 3aBUCUMOCTU OT CKOpOCTW HapacTtanus. K
COXaneHWo, MHOXECTBO KOHCTPYKUMIA yeunuTenem, pacnpoctpaHeH—
HbIX B HaLle BPEMS U Ha3biBAEMbIX «HOBbIMMW», HaCTO ABNAKOTCA Bapy—
aumsimm cTapbIx cxem, paspaboTtaHHbix B 1970-X, KOTOpbIe cnerka mMo—
AvcuumpoBaHbl BO BXOOHOM, BbIXOAHOM Kackapax wunu B Kackage
YCUNEHUS HaNPsXKEHWS.

HekoTopble pa3paboTuunky NpoAeMOHCTPUPOBANY BbIXOAHbIE Kac—
Kafbl C KOMMyTaLmMel NUTAIOLLMX HANPSHKEHWIA, 4TO NO3BONWNO yBe—
NNYUTL KO3hHULMEHT NONE3HOrO AENCTBUA MOLLHBIX yCUnuTenen, Tpe—
60BaBLUKX 6OMBLIOIO YMCNa BbIXOOHBLIX TPAH3UCTOPOB U 3(EKTUBHOrO
TennooTeoga. Ero Tenepb MOXHO 6b1N10 yMEHBLLUTL BBUAY 3HAYUTENBHO
MeHbLUEM pacceMBaeMon MOLLHOCTW. HO 3TW Kackagbl CTpajanm «ne—
peksioHaTenbHbIMU» UCKaXKEHWSIMKW, KOTOpble BO3HWKanNW npu nepe-
X0fe BbIXOOHbIM KackaioM pasHbIX YPOBHEW HanpsXXeHWa nutaHua un
6bIMN pasnuuuMbl Ha cnyx. HECOMHEHHO, BbICOKasi BbIXOAHas MOLL—
HOCTb He AOMKHA AOCTUraTbCs LIEHON XYALUMX XapakTepUCTUK, Kak aTo
CNy4nnocb ¢ HeKoTopbIMK Mofensmu yeunutenen. Horga ynayHas
CXemMOoTexHUKa no3Bonsana AOCTMYL BNeYaTnsaoLLmMX XapakTepucTuk,
OfiHaKO LEHOM 3HAYUTENBbHOMO YCNoXHEHWA. B To xe Bpemsa gpyruve
ycunuTenu NoNHOCTL 06xoannuch 6e3 NpUBbLIYHON OTpULATENbHON
o6paTHoOM CBA3M, U UX co3paTenu yteepxaany, 4to ux YM34 obecne-
ymBanum 6onee «OTKPLITOE W HATYpanbHOE» 3BYHaHWe, faxe HECMOTPs
Ha TO, YTO KO3(h(PMLMEHT rapmMOHMK 6bin 06bIHO Gonblle. B Lenom,
TeM He MeHee, 6ONbLUMHCTBO YCUNUTENEN MOLLHOCTW N0 CyTW fBNS-
NNCb ANCKPETHBIMW KOMWAMW MOHOSIMTHBLIX ONEPaLMOHHbIX yeunure—
nen ¢ 06paTHON CBA3LIO NO HANPHKEHUIO, TakmX Kak 4136, TONbKO yn-
POLLEHHBIX AN YMEHbLUEHWUS YMcna TPaH3UCTOPOB.

Llenbto gaHHOM cTatbu sBRSIETCS BBEAEHWE pa3paboTynka B feit-
CTBUTENBHO HOBYIO TOMOMOMMIO YCUIUTENEW MOLLIHOCTU (HE ABNAIOLLY—
0cA afjanTauven CyLecTBYIOLMX BapuaHTOB), KoTopas obecrneunsa—
€T UCKNIYUTENbHbIE XapakTepucTuku. 3Ta HoBas TONONorus
MONHOCTLIO OTKa3bIBAETCA OT MpuHUMNa obLuen obpaTHON CBA3WN Mo
HanpsXXeHW0, KOTOpas 0BbIYHO UCTIONbL3YETCA B GONLLUMHCTBE YCUNN—
Tenew, B Nonb3y NpuHUMNAa TOKOBOW 06paTHON cBA3n. B pononHexve B
cTaTbe paccMaTpuBaloTCs MHOMME BaXHbIE NPakTUHEecKue acnekTbl
npaBunNbLHON pasBoakuM Lenei yeunutens 6e30THOCUTENBHO Bblibopa
OCHOBHOMO fApa. B 60nblUMHCTBE CryYaeB XxopoLuas TOnonorua ycu-
NUTENSt HE MOXET rapaHTUPOBaTL TOro, YTO annapar 6yAeT uMeTb na-
pameTpbl, NONYy4YeHHbIE HA MakeTHOM obpasue. B pedynbtate Bo3HU-
KaroT [LOMONHWUTENbHbIE BOMPOCHI, TAKWE KaK pa3sBofKa Ne4aTHon nnarsl,
BbIOOP KOMMOHEHTOB, NapannensHoe BKMOHYEHWE BbIXOAHbIX TPaH3un-
CTOPOB, UX OXSaXAEHWe, pacronoXeHne CUNbHOTOYHbLIX MPOBOAOB.

2

HexoTopble 0OCHOBblI O6pPaTHOM CBA3M

MNepen paccMOTpPeHMEM CXeMbl HOBOIO ayauoycunurens B fetanax
HEO6X0AMMO BCMIOMHWUTL HEKOTOPLIE OCHOBHbIE pa3nuyna Xapakrepu—
CTUK ycunuTenei ¢ 06paTHOM CBA3bI0 MO HaNPSXKEHWIO U C TOKOBOM
obpaTHoit cBA3bto. MOCKONbKY YMTaTens, BO3MOXHO, HE3HAKOM C Moc—
nepHen, HeobxoouUMO CHavana paccMoTpeTb 06paTHYIO CBA3b MO Ha-—
MPSKEHMIO, @ 3aTeM OCTaHOBMUTLCS Ha NMPeVMyLLIECTBaX TOKOBON 06—
patHow cBsan. Takoe paccMOTpEeHue MO3BONMUT NOHATL, Nodemy YM3Y,
MCMONb3YIOLLME 3Ty OTHOCUTENBHO HOBYIO TOMONOMMIO, UMEIOT nyyLune
xapaKTepucTuku. MocKonbKy nonoca NponyckaHus ycunutens oobl4—
HO ABNAETCA OfIHOM U3 BaXHEWMLLMX Er0 XapakTepUCTVK, 60MbLLOE 3Ha—
YEHWEe UMEET BbIBOL OTHOCUTENBHO MPOCTOrO BbIPAXEHUS AR HacTO—
Tbl, Ha KOTOpOM ocnabnexve curbana pgoctvraet -3 ab. Ynpoilexvie
YCUNUTENs! C TOKOBOW OBpaTHOW CBA3LIO W ero Lenu o6paTHon CBA3u
10 3KBMBANIEHTHOW CXEMbI, NPUrOAHON AN aHanuaa Ha ypoBHe Y3nos,
ABNAETCA KIMOYEBbLIM A5 NOMYHEeHWs KOMNAKTHOrO, HO LOCTATOHHO TO4—
HOrO BLIPXEHWS AR HYACTOTHOW XapakTepUCTUKU.

TeopeTnyeckuit aHanu3 ycunutenemn ¢ o6paTHoON CBA3bIO N0 Ha-
NPSHKEHMIO, KOTOPbI 4acTo COMPOBOXAAETCA MX KPUTUKOM, XOPOLLIO
onwcaH B ipyrvx pabotax 1 HET He06X0AMMOCTY ero NOBTOPATL 30ECh.
MockonbKy OCHOBHOW BWXYLLIEM CUNOM Ans pa3paboTKu HOBOMO ycu—
nUTENS MOLLHOCTM 6blna Hey[OBNETBOPEHHOCTb XapakTepucTukamu
YM34 ¢ 06paTHOM CBA3LID NO HaNPSXXEHWIO, CTOUT 06CYAUTL HEKO—
TOpble UX HeJoCTaTKW.

Mony4eHne HEO6XOOMMOM NMONOCHI NPOMNYCKaHWUA NPy NOCTOAHHOM
YCUNEHWM C NPUMEHEHEM OBPaTHOM CBA3M MO HaNpSXXEHUO NpeacTas—
nseT npobnemy, ecnv OBHOBPEMEHHO TpebyeTcs [OCTaTO4HO 60nbLLIoe
yCUNEHMWE U LUMPOKas nomnoca nponyckaHus. HekoTopble BICOKOBOSLT-
Hbl€ YCUIMTENM MOLLIHOCTW MOrYT TpefoBaTb BbICOKOrO YCUEHUs, Ha—
npumep 50, NAOC NONOCH! B HECKONBKO COTEH KWUNOTepLy, 4TO SIBHO 03—
Ha4yaeT Heo6XoAMMOCTb NPUMEHEHWUs YCTPOWCTB C MONOCON
eamHunyHoro yeunenuwst ot 10 po 20 My, 310 o6ecneqmnTb HENerKo,
0CO6EHHO ANs BbICOKOBOMLTHBLIX YCTPONCTB. [ononHuTensHOM npo-
6nemoi B yCUNUTENsX ¢ 06paTHOM CBA3LIO MO HANPSXEHMIO ABAAETCA
WX CKOPOCTb HapacTaHusi, 06bIYHO OrpaHU4eHHas Kackagom npeob—
pasoBaHvia 1MNefaHCcoB, KOTOPbLI UMEET KOHEYHBIN TOK, nepe3aps-
XaKoLLMN KoppeKTupyoLwmi koHgeHcatop. O6bl4HO OH paBeH pa3Ho-
CTM TOKOB TPaH3UCTOPOB BXOAHON AuddepeHumnansHon napsbi.
Bbicokas CKOpOCTb HapacTaHust O4YeHb XenaTtefbHa B MOLLUHbIX YCU—
NUTENAX U BbIHYXAAeT UCNOonb30BaTh 60MbLLIOM TOK BXOAHOIO Kackaaa
1 MarneHbKoe 3Ha4YeHUe eMKOCTW KOPPEKTUPYIOLLEro KoHaeHcartopa. A
3T0 HeXenatenbHO, Tak Kak Ans obecrneyeHuns YCTOMHMBOCTY yeunmTe—
NA YyMEHbLLEHVe eMKOCTV KOPPEKTUPYIOLLEro KOHAEHcaTopa Tpebyet
HEKOTOPOro YXyALEHWA NapameTpoB BXOLHOMO kackada (yMeHbLueHus
Ko3thdmumeHTa nepepayuy), HTO yMEHbLLAET YCUIEHWE C pa3OMKHYTON
neTnen obpaTtHoM cBA3W. 3T, B CBOIO OYepefb, yMeHbLUAeT NeTnesoe
yCUneHue 1 Bbi3biBaeT pocT KoaddpmumeHTa rapmoHuk. B pesynbtate
BbIGOPR MEeXAay YCTOMYMBOCTBIO, YCUNEHWEM C Pa3OMKHYTOWM 06paTHoOM
CBA3LI0 Y CKOPOCTLIO HapacTaHus 6e3 yxyaweHna OBLLUMX XapakTepuc—
TVK N0 NepeMeHHOMY TOKY M NEPEXOAHON XapakTepuCTUKK nonyyaeTcs
BECbMa TPY[HbIN. FICHO, 4TO cxema C o6LLen 06paTHOM CBA3LIO MO Ha—
NPSKEHMIO HE SIBNSIETCA ONTUMaSTbHBIM BbIGOPOM [1/15 BbICOKOKa4YECTBEH—
HOrO ayAvoyCUNUTENS 1 He MOXET YAOBMETBOPUTL BCEM MOCTaBEH—
HbIM TPe60BaHMAM.

OnepauuoHHble ycunuTenu ¢ TOKOBOWM 06paTHOM CBA3bLIO MosBU—
nvce 6narofaps TOMY, YTO Y HUX MOnoca 4acToT He Cyxanack 06—
paTtHO NPOMOPLIMOHANBEHO YCUNEHWIO C 3aMKHYTOWN neTtnen obparHon
CBA3W, KaK y ycunutenemn ¢ 06paTHOM CBA3LIO NO HANPSXEHWIO. Yeu—
nUTEeNU ¢ TOKOBOM 06paTHOW CBA3LIO HE BEAYT Cebs TakK, Kak ycunu—
Tenu ¢ 06paTHOM CBA3LIO NO HAMPHKEHWUIO, NOKa YCUNEeHne C 3amk—
HyTOW neTnei o6paTHOW CBA3WU He CTaHOBUTCA CAWLIKOM GOMbLIMM
(~50) YnpoLyeHHas mMofenb yCunuTens ¢ TOKOBOW 06paTHOM CBA3bIO
(puc. 1) noka3sbiBaET, YTO OH UCMONb3YeT BXOAHOMN Bydhep C eavHNy—
HbIM YCUNEHWEM, BbIXOAHON TOK KOTOPOro NnofaeTcs Yepes fByHar-



ayauoTeXHUKA

"KACKAZ,
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paBfieHHOe TOKOBOE 3epkano B Kackai npeobpasosaqus umnesaH-
coB. HanpsixeHve, nonyyaemoe 3aech, 6ycepupyetcs 1 nopaercs
Ha Bbixod. TunuyHoe 3HadeHne Ry mocTatoyHo 6orbluoe, 06bIYHO
HECKONbKO COTEH KWUMOOM MK flaxe HecKonbKo Meraom. Ry, aBna-
€TCA BbIXO[HBIM COMPOTUBNEHWEM BXOAHOrO 6ydepa, a pesncTopbl
o6patHoit ceszn R1 n R2 3apatoT ycunexnue no HanpsXXeHwuo OT BXO—
[a 0o BbixoAa, NOAO6HO O6LIMHLIM ONEPaLMOHHBIM YCUNUTENAM.
3pecb, 0HaKo, eCTb TOK OLIMOKM 11, KOTOPbIN ONpeaenseT BbIXOA—
HOE HanpsXXEHWe U HET HaNPSXKEHUA OLLMOKN.

OueHKa nosock! NMPOMyckaHms Npy KOHEHHOM YCUINEHUM MOXET 6bITb
NpUMEHeHa K yCUNUTENsM ¢ TOKOBOW 06paTHON CBA3LIO Kak nokasa—
TeNb WX KayecTsa, XOTH OHa UMEET 3HaueHWe TONbKO Npu 60MbLUMX
yeunenusix. MoXHO yTBepXaaTh, 4TO 60fiee BaXHOW XapakTepucTun—
KOW 3TO TOMONOrMM SBNAETCA BENNYMHA TOKa, CrOCOBHOro rnepesa-—
psXaTb KOPPEKTUPYIOLLMIA KOHAEHCaTOop 3@ Bpemst U3MEHEHUs BbIXOA—
HOTO HaNPSXXEHW Ha BENWYMHY, MPONOPLMOHASbHYIO pasHuLE MexXay
HayasbHbIM U KOHEYHbIM 3Ha4YeHWeM. TeopeTUHeckn CKOpoCTb Hapa-—
CTaHus B 3TOW TOMOMOrMM HEOrPaHU4EeHa, 4TO AenaeT ee 04eHb Npu—
BrekaresibHoM Ans ayamoycunutenei. Ha npaktvke cxeMoTexHuKa He—
MUHYEMO HaknaabliBaeT OrpaHNyeHus Ha MakCUManbHylo BENUYUHY
TOKa, KOTOPbIN MOXET 06ecneunTb BXOAHOW Kackaf, yeunurens, u ato
[aeT orpaHunyeHne Ha ckopocTb HapacTaHusa. OpHako CKopoCTU Hapa—
CTaHws, JOCTVXKMMbIE B 3TOM KIacce YCTPOMCTB, HacTo B NATL Wik 60—
nee pa3s BbilLE, YEM Y aHarnoroB ¢ 06paTHO CBA3LIO MO HANPSXKEHWIO
NpY NaGHHOM 3Ha4YeHWM Toka noTpebnexus. Tokoas obpartHasi CBA3b
npefocTaBnseT ropasno 6onbLLmii BLIGOp ANs paspaboTymka yeunu-
Tens MOLLUHOCTH, Yem obpatHas CBA3b MO HanpsXeHuo, 1 3To Byaet
NPOAEMOHCTPMPOBAHO HUXE.

CTpyKTypa YyCUNUTENS MOLLHOCTH

Mpexae, 4em HavaTb U3yHeHne NOSHON CXeMbl YCUIMTENS), BOCTONb—
3yemcs yNpOLLEHHO MPMHLMNWASTBHON CXEMO, NOKa3aHHON Ha puC. 2.
Kak BUOHO 13 3TOro puCYHKa, CXema UMEET HETPAAULIMOHHYH CTPYKTY—
py, B KOTOpOW ABa BXOAHbIX Kackaga Ha OY paboTatoT Ha ofivH Kac—
Kaf] yeuneHms HanpshkeHus W MOLLHBINA BeIXOAHOM 6ydbep. Paccmar-
pviBas No 04epey OTAEeNbHbIE 6/I0KM 3TON CXeMbI, ByAeT Nerye NoHATh
UX B3auUMOopEnCcTere Mexzy cobown.

BxonHoOM Kackap

BxopaHoi 6ychep, KOTOpbIiA UCNONb3yeTcs B 3TOM ycunutene, sB—
nsetcs 06bi4HbIM OY ¢ 06paTHOM CBA3LIO NO HAMPSXKEHNIO, BbIGpaH-
HbIM UCXOMS U3 CBOMX BbIJAIOLLMXCA XapakTepucTuK 1 JOCTATOHHO
BbICOKOrO BbIXOAHOMO TOKa. 3TO rapaHTUPYET, YTO OrPaHNYMBAIOLLIMM
(hakToOpOM [ OBLUMX XapaKTepUCTUK yeunutens GyaeT 610K TOKO-
BOW 06paTHOI CBA3W, @ He BXO[HOM Kackaf. BbixofHOM TOK BXOAHOMO
yeunurenst A1, CHATBIA C €ro BbIBOOB NUTaHWs, NOAAETCs Ha 3MUT—
TepbI Napbl TPAH3VUCTOPOB, BKITIOHYEHHBIX C 06LLei 6a30i. 3Tn TpaH-
31CTOpbLI 06ECNeYnBatoT CTabMNU3NPOBAHHOE HaNPSHKEHWEe NuTaHus
ana OY. Ha nepebii B3rnsg, Takoe BKIOYeHWe, Koraa BbIBOLb! NTa—
Hust A1 UCNIONB3YHOTCA Kak BbIXOABI, & BbIXOL, UCNONb3YeTCs Kak BXOf,
MOXET M0oKa3aTsCa cTpaHHbIM. OfHaKO 3TO CAenaHo B COOTBETCTBUM
C MOAENbIO, NMOKA3aHHOW Ha pyc. 1, COrNacHO KOTOPOW BbIXOAHOM TOK
BX0AHOro 6ydepa AomkeH 6biTb NoAaH Yepes AByHanpasneHHoe 10—
KOBOE 3epKario Ha kackag npeobpasoBaHms MMNeaaHcoB. B 3Tom kac-
Kafie nonyyaetcs 60MbLLIOE BbIXOAHOE HanpsxeHue, Bydepupyemoe
BbIXOAHbIM Kackagom C efivHWYHbIM yeunervem. [pouecc oaHono-
NyNEepyoHOrO BLINPSIMNEHWUA BLIXOOHOTO TOKa ycunurenem Al u3-

UREF1

BX0A

UREF2

3a ero pabotsl B knacce AB TpebyeT aByx TOKOBbIX 3epKkan ans nepepa-—
4Y KOMIMNEMEHTapPHbIX BbIXOAHLIX TOKOB. Koraa Al pa6oTaeT ¢ BbiTe—
KaloLLWM BbIXOAHLIM TOKOM, NPOMCXOAWT COOTBETCTBYIOLLIEE YBENNYE—
HWe TOKa BEPXHEro TOKOBOIO 3epkasia W YMeHbLUEHWE TOKa HWKHErO.
370 3acTaBNAET HanpskeHWe Ha BbIXOAE Kackapja npeobpasosaHus
MMMNEeAaHCcoB yBENMYMBaTLCA. [lnA Cy4as BTEKaIOLLIEro BbIXOAHOrO TOKa
A1 Bce Hao60poT. TOKOBLIN Kackap yCUneHus KnaccuiuumpyeTcs Kak
MOSHOCTHIO KOMMNEMEHTapPHbIA U ABYXTAKTHbIN, & 3TO 03HAYaeT, 4To
OH 6yAeT MMETb HU3KWUIA YPOBEHb YETHBIX rapMOHUK. 3aMeTbTe, HTO
TOK noTpebnenvs A1 BbINONHAET CMELLIEHWE BYX TOKOBbIX 3epkarl, KO-
TOpbIE MOAKOYEHBI K NONKOCAM UCTOMHUKE NUTaHMS, W 3TO onpepenseT
pabouyto ToUKY ANs Kackapa npeo6pasoBaHus UMNeaaHCcoB M UCTOHHK-
Ka HanpskeHWs CMeLLIeHus.

B 60NbLUMHCTBE KOMMEPHECKUX YCUNUTENEN C TOKOBOW 06paTHOn
CBA3bI0 BXOAHON 6YepHbIN Kackag UMeeT eauHUYHOe YCUNEHne u
He MMeeT 06paTHOI CBA3W. 3[eCh B Ka4ecTBe BXORHOIO Kackaja uc-
nonb3oeaH OY, 1 OH JOMKEH BbITb CKOH(UIypypoBaH Ans nony4ve—
Hus Takoro xe ycunenus OcyLecTBUTb 3TO O4eHb MPOCTO, TaK Kak
TpebyeTcs NpOCTON Pe3vCTUBHLINA AenuTens ¢ Buixopa Al Ha o6Lmm
npoeog. Yeunutens 6yfeT MMETL CrneaytoLee nosHoe ycunexue:

R7
AV _(1+ R6)(1+

Hymepauus 3nemMeHTOB COOTBETCTBYET anHumnmaanoﬂ cxeme
yecunurens, ﬂpMBe,D,eHHOVI HWXe.

R8
R6+R7)' (1

Kackan yCuneHus Hanpsi>xeHUsi U 4HacToTHas
KOppeKuus

Mexqy BbiIxofamv AByX TOKOBbIX 3epkar, KOTOpbIe NOAKIIOYEHbI K
K&KAOMY NOMIOCY MCTOMHMKA MUTaHWS, BKIIOYEH Perynupyembii uc—
TOUYHVK HANPSXEHMs CMeLLeHVs, ofecneHmBatoLLMin Heobxoaumoe Ans
paboThl B knacce AB cMeLLeHre Ans komnnemeHTapHeix IGBT Tpax-
3UCTOPOB BLIXOGHOMO Kackapa. leHepatop HampsxeHus cmeLleHus
CNPOEKTUPOBaH Tak, YTOBbl UMETb O4eHb HWU3KMI BbIXOGHOW UMNe-
[aHC BO BCeM paboyeM 4acToTHOM AnanasoHe yeunurenst Koppek-
ums ocylectenseTcs koHgeHcatopamu C6 n C7. [1Ba KoHpeHcaTopa
B3aMeH OfHOr0 WUCMONbL3YIOTCH AN COXPAHEHW CUMMETPUHHOK
CTPYKTYpb! YCUNUTENLHOMO Kackapa. B oTnunyme ot ynpolleHHon Mo—
[ENV yCUIUTens ¢ TOKOBOM 06paTHON CBA3bIO, MOKa3aHHoM Ha puc. 1,
B [@HHOIN CXemMe KOHAeHCcaTopbl KOPPEKUMW NOAKNIOYEHb! B TOYKY
CyMMMpOBaHUA curHana obpaTHoW CBA3W BMECTO O6LLero npoeoaa.
Takoe ansTepHaTUBHOE NOAKITIOHEHWE NONOXUTESNBHO BAMSET Ha ne-
PEeXOAHYI0 XapakKTepUCTUKY YCUNUTENS, KOraa OH HarpyXeH Ha HW3-
KOMMMEAaHCHYI0 Harpy3Ky, Hanpumep, Ha akyCTUYECKylo CUCTeMy.

BbIXO[HOM Kackap B Bue aMuTTepHoro nosroputens Ha IGBT,
MCMOMNb30BaHHbLIA B 3TOM YCUNUTENE, UMEeT NepeaaToyHyto Xapak—
TEPUCTUKY, KOTOpast COAEPXUT ABa NOMIOCa W IENCTBUTENbHBIN Hyfb.
Yeunenvie Kackaga no nocTOAHHOMY TOKY 06bIHHO HEMHOIO MeHb—
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Wwe eanHuubl. Koraa K yeunurtento noaknioHeHa Harpyska, umero—
LLian BBICOKWUI UMNEAaHc, Hanpumep. pe3ncTop o6paTHON CBA3N, 0ba
nonioca BbIXOAHOMO Kackaga HaxoaaTca Ha [OBONbHO BLICOKOW Ya-—
croTe (06b14HO 6onee 20 MI'L) 1 B nonoce nponyckaxws yeunurens
patoT Hebonbluon asosbiin casur. COBEpLUEHHO Apyras cuTyauus
BO3HMKAET, KOrfia K BbIXOAY YCUNUTENS NOAKNIOYEHa peanbHas Ha—
rpy3ka [lBa nonioca BbIXOJHOMO Kackaja B 3TOM cnyvae paspens-
10TCA, W TOT, KOTOPbIA pacnonaraetca Ha 6onee HU3KOWM YacTtoTe,
CTaHOBUTCH AOMWMHUPYIOLIMM U BHOCUT AOMONHWUTENbHBLIN BKNag B
(ha3oBbIN COBUI HA HU3KUX YacToOTax B MONOCe NpOMyckaHus ycu—
nutens. 3T0 MOXET BbI3BaTb CEPbe3HbIe NPOBNEMBI, €CAIM UCMONb—
3yeTca Cxema Koppekummn, nokasaHnHas Ha puc. 1. Hanpumep. moryt
MMETb MECTO HeXenaTenbHble Konebanusa Ha (YPOHTax NPAMOYrofnb-
HbIX UMNynbcoB. Cxema Koppekumu, nokasaHHas Ha puc. 2, pewaet
[aHHyto Nnpobnemy nyTem BBEAEHWA AONONHUTENBHOMO HYNA Ha Bbl—
COKOW 4acToTe, YTO Aenaet ycunutens 6onee yctonymebiM. K Tomy
Xe, Tako MeTof KOppeKLUM No3BONSET UCNONb30BaTh MEHbLUME
HOMWHaNbI KOHAEHCATOPOB, YEM B UCXOQHOM BapuaHTe. Ecnn npu-
HATb KO3(h(PMLMEHT npeobpa3osaHus Toka B Hanpsxenue Ry ans
Manoro curHana [OBONbHO GOMbLUMM, & YCUNEHUE BbIXOAHOTO 6y—
thepa 6nM3KMM K eguHuLe, Torga nonlc U HyNb NpU 3aMKHYTON
netne obpaTHON cBA3n 6yayT HaXoAUTLCA Ha YacToTax:

fPOLE =— R8 1 p!
2n{2R8 + e o P J(CG +C7) )
n
R8
+
R6+R7 3)

£ = .
270 = 4 R8(C6 + C7)

HyXHO 3aMeTuTb, Y4TO YacToTa, Ha KOTOPOW HaXoaMTCs HyJb, Npu—
MepHO paBHa Nonoce NponyckaHwa C 3aMKHyTOW neTnen obpaTtHoM
CBf13U1, YMHOXEHHOW Ha yCuneHue NeTnu TOKOBON 06paTHOM CBA3W,
ecnmn Ry, VMeeT OTHOCUTENLHO Masylo BEUHYMHY. STU BbIpaXeHU
Nnoc BelpaxeHnue (1) ABNAOTCA HEO6XOAMMBIMW pacHeTHbIMU (hop—
Mynamu gns onpeaeneHns yCUneHus n ManocurHanbHoW nonocsl
nponyckaHus ycunurens.

ApanBep y BbIXxoAHbIE KackKafbl

3T1a 4acTb yCUNUTENs MOLLIHOCTM BO MHOTOM TpaauuMOHHa, Tak Kak
He 6bIN0 NPEeLNPUHATO HUKaKWUX NOMbITOK KOPPEKUMW UCKaXKEHWUN unn
obecneyeHns CMeLLieHus nceepokiacca A Ans YMEHbLUEHWA Nepeksiio—
YaTenbHbIX UCKaxkeHWN. MocKonbKy OCHOBHOM Lenbio Npu paspaboTke
3TOro yeunuTens 6bI10 JOCTUXEHWE LUMPOKOI NONOCHI 1 GONLLLIOW CKO—
pOCTW HapacTaHus, CyLLEeCTBOBasa BEPOATHOCTb, YTO Niobble [OMNONHW—
TenbHble LEenw, cnepyiolme 3a Kackaaom npeobpa3oBaHus conpoTue—
NEeHW, yXyaLwaT YCTOMYMBOCTb YCUNUTENS C 3aMKHYTOM NeTnen obpatHon
cBa3n. Kpome TOro, HU3Kue KOMMYTaLUMOHHBIE UCKaXXEHWA MOryT ObITb
[OCTUrHYTbI 3@ CHET paboThl BbIXOAHBIX TPAH3UCTOPOB C AOCTATO4HO
60nbLUMM TOKOM nokost. [MoatoMy B KadecTBe ppaneepa 6bin BbibpaH
Kackag, B BUAe NpoCTOro ABOVHOIO 3MUTTEPHOrO NOBTOPUTENS, KOTO—
pbii1 6ychepravpyeT BbIXOOHOE HampsXeHue Kackafa yeuneHus Hamps-
XEHUs 1 NoJaeT ero Ha 3aTeopbl MoLHbIX IGBT TpaHaucTopos. Kackag
Apaieepa cnocobeH obecneymTb TOK B HECKOMBKO COTEH Munnvamnep
Lna nepesapsapkv emkocten 3ateopos IGBT TpaH3ucTopos B TOT MO—
MEHT, KOrja BbIXOAHOE HaNpshKeHWe yCUnuTensa N3MeHAETCs, HTo ABMSA—
€TC HeOBXOAMMBIM L1 TAKOrO BbICTPOAENCTBYIOLLIErO yCunuTens.

Ycunurens CneXxXeHuvs
3a HanNpsi)keHUEeM CMeLLEeHUNA

MpenHasHayveHrem 3Toro AONONHUTENBHOMO BXOAHOMO Kackaja se-—
nsetca obecnevyeHve HeO6XOAMMOM TOHHOCTM TpakTa Nno NOCTOAHHO—
My TOKy ¥ Manoro gpeuda. 3Tv napameTpbl He [OMKHbLI 3aBUCETb OT
TpakTa yCUneHus nepeMeHHON COCTaBNAOLLEN, TaK Kak eMy CBON-
CTBEHHbI MIOXWE XapaKTEPUCTUKM NO NMOCTOSHHOMY TOKY. B opuriHans—
HOWN BEPCW [aHHOro ycunuTens B ABYX TOKOBbIX 3epKasiax Ucnonb3o0—
BaSMCb [OPOrvE NPELM3NOHHbIE COrNacoBaHHbIe Napbl N—p—n U p—n—p
TPaH3uUCTOPOB, a YCUNWUTENb CNEXEHUS 3a HaNPsXXEHWEM CMeLLeHns
HE MCMoNb3oBasics 3TO 6bINO BbI3BAHO OLLMGOYHBIM NPEANONOXEHN—
€M, Y4TO NPELM3NOHHO NOJ06PaHHbIE TPAH3UCTOPbI B KaXAOM TOKOBOM
3epkane obecneyar O4eHb HU3KOE HanpsKeHWe CMELLEHUs, Tak Kak
BXOfHOW Bydhep TOXEe UMEET JOCTAaTOHHO HW3KOE HarnpsKeHue cMe—

4

LeHus. Kak cTano BugHoO nosxe, 310 He TOT Cry4aii, KOTopbIi rogutes
AN yeunutens ¢ TOKOBOW 06paTtHOM cBA3blo. Jliob6oe paccornacosa—
HUe Mexay OBYMS TOKOBbIMW 3epKanamu Bbi3biBasio MOSBNEHWE 3a—
METHOrO TOKa CMELLEHVs Ha Bbixoe BxogHoro 6ydepa, u 3T0T TOK
npoTekan yYepes pesuctop obpartHon ceasun R8 Ha ebixof. OH He Mor
npotekatb Yepe3 R6 1 R7 Ha 3emnio, Tak Kak TOK B 3TUX pesucTopax
onpefenseTca TOMbKO HanpskKeHWeM, NpUCYTCTBYIOLIMM Ha BbIXOAE
BXOLHOro 6ydepa. BbixogHoe HanpsxxeHue cmeLleHus 6e3 yeunurens
CNEXEHUs 3a HaNPSXKEHUEM CMELLIEHMA NPY 3TOM ObIN0  paBHO:

R7 R8
Yoos =Uosu (1 "Re )(1 "R6+R7

J+IB|ASR8. (4)

O6b14HO U|pg(a1) MOXKET GbITb JOCTUIHYTO MyTeM UCMOMNb30BaHUS
OV ¢ Hu3kuM HanpskeHueM cmellenusi. K coXanenuio, BbIXOLHOM
TOK CMeLLeHNs Ig g MOXET ObITh 10BOMLHO 60MbLLUMM, Hanpumep,
100 MKA B CTaTUYECKMX YCNOBUAX 1 faxe 6onblLue, ecni CyLLecTByeT
rpagveHT TeMneparypbl MEXY ABYMS TOKOBbIMY 3epKanamMu Ha nnare
yeunutens. 3TOT TOK NErko MOXET BbI3BaTb Ha BbIXOAE HanpsKeHue
cmeLleHue, pocturatowee 100 MB, kotopoe 6yneT MeHATLCS € Npo-
rpeeom ycunutens. bonblwoe cmeleHve, nopobHoe atomy, ckopee
BCero, 6yfeT BbI3biBaTb CbILLMMbIN LLENYOK B MOMEHT cpabaTbiBa—
HUA pene, KOTOpPoe NOAKMIYAET aKyCTUHECKUE CUCTEMBI K yeunute—
N0, 4TO HBAETCS COBEPLUEHHO HEXENATENbHbIM.

Pewenvem gaHHON Npobnembl ABNSETCA BBEAEHWE HU3KOHACTOTHON
cepBoOneTv, kotopas GyneT NoaaepXuBarb YPOBEHb NOCTOSHHON CO—
CTaBNAIOLLEN Ha BbIXOAE HE3ABUCMMO OT TOrO, KaKOW HU3KOYACTOTHbI
TOK MNK hNyKTyaLmn HanpsKeHUs CyLLECTBYIOT BHYTPY IMaBHOW NETN
06paTHOI CBA3W. 3TO NErko OCYLLECTBUTL NMYTEM WCMONL30BAHWA BTO—
pOro MasioMOLLIHOrO npeumanonHoro OY A2, KOTOpbIV UCMONL3YETCA Kak
MHTErpaTop C 04eHb HW3KOM YacToTom cpesa (MeHee 5 M) Huskas va-
cTOTa cpesa rapaHTUpYET, YTO MHTerpaTop He 6yfeT BNMATbL Ha Xapak—
TEpPUCTVKN yCUnuTens B 3BYKOBOW nonoce vactot. ObparHan cBasb MNo
HanpsHKEHUIO MOJAETCs C OCHOBHOTO BbIXOAA Ha BXOA MHTErpatopa HYe—
pe3 peauctopbl R10 1 R11, koTOpble ycTaHaBNMBAKOT yCUNeHWe no no-—
CTOSIHHOMY TOKy. 3TO ycuneHue JOMKHO ObiTb PaBHbIM TOMY, KOTOPOE
onpepensetcs BolpaxeHuem (1). Tak kak A2 HarpyxeH Ha pe3ucTop,
KaK nokasaHo Ha puc. 2, OH BefieT cebs Kak npeobpasosaTent Hanpsi-
XEHWA B TOK, BLIXOOHOM TOK KOTOPOrO CHUMAETCA C BbIBOAOB MUTaHMA.
3TOT KOMMEHCUPYIOLLIMIA BLIXOLHOM TOK NOfaeTcs Ha Aga TpaHaucTopa,
BKJTKOHEHHblE € 0bLen 6a30n, rae OH CyMMUPYETCs C TOKOM, NoCTynato—
LM C BbIBOAIOB NuTaHusA A1. BbixofHOM TOK A2 3aCTaBMSET |y ng YMEHb—
LUMTLCA A0 MPEHEOPEXUMO MaSON BENMUMHBI, MOCKONBKY YCUNEHWE UH—
Terparopa Ha NnocTOHHOM TOKE BMECTE C [OMNONHUTENBHBIM YCUNEHUEM
Kackaga npeobpasoBaHus MMNeaHcoB o4eHb 6onbLuoe. CnepoBartens-
HO, Ha MOCTOSIHHOM TOKE WHTErpupytoLLas neTns perynupoBaHus non—
HOCTbLIO NEepeBeLLMBAET NETNO TOKOBOW 06paTHOMN CBSA3W, U BbIXOQHOE
HanpsXXeHne CMELLEHUA YMEHbLUAETCA CO 3Ha4eHus, NOMy4EeHHOro B
chopmyne (4), 0O cnepyroLLEro 3Ha4eHus:

R11
Uoos =Uosm (1 + R10 ) (5)

370 03Ha4aeT, 4TO MOXET 6bITb NONYYEHO CKOMb YrOAHO Manoe
cMellerve nytem Boibopa OY A2 ¢ manbiM HanpsXKeHnem cmeLle—
Hus. JononHutensbHbih OY — He Takas 60nblias LeHa 3a HWU3Koe
HanpshkeHWe CMeLLIeHUs, y4nTbIBas OTCYyTCTBME HEO6XOQMMOCTH NpY—
MEHEHMA [OPOrMX NOAOoBpaHHbIX Nap N—-p-n U p-n-p TPaH3UCTOPOB
B TOKOBbIX 3epKanax.

MpuHUMNuanbHas cxema ycunurTens

MonHas npuHUMnuanbHas cxema OfHOro W3 KaHanos ycunurens
nokasaHa Ha puc. 3. Yeunutens BKIlOYaET fiBa uHTerpasbHeix OY, 17
6MNONAPHBIX TPAH3WUCTOPOB B Kackafiax yCUNEeHWs HanpsKeHus 1 Kkac—
Kafax Apaneepa, v, Kak MUHUMYM, Ba MOLLUHbLIX KOMMNEMEHTapHbIX
IGBT TpaHavcTopa thvpmbl Toshiba B BbIXOBHOM Kackage. 3T npu-—
60pbl, NOABMBLUMECA OTHOCUTENBHO HELABHO, MO CYLLIECTBY aHaNOMMYHbI
moLHbIM MOSFET-TpaHsuctopam OHM UMEKOT O4EHb BbICOKOE BXOO—
HOE COMpPOTMBAEHME 3aTBOPa W KBaApaTU4HY0 nepefaToqHyto xapak—
TEPUCTWKY, HO U3rOTOBNEHBI C MCNONb30BaHMEM MOAVULMPOBAHHO—
ro asowHoro andcpyamonHoro MOM-npouecca. B otnnumne ot MOSFET,
OHW UMEKT BONbLUMIA [OMYCTUMBIA TOK MNpW TeX Xe pasmepax Kpuc—
Tanna. 310 NO3BONSET UCMOMNL30BaTh B BbIXOAHOM kackapge IGBT ¢
MeHbLUEW NNOoLaablo, Y4TO 06ecneynBaeT CyLeCTBEHHOE YMeEHbLLIe—
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HWe cTOMMOCTM (0COBEHHO AN p—KaHanbHOro TpaHaucTopa). Kackag
[paiBepa 3TOr0 ycunuTens no3sosifieT NpUMEHUTb HECKONBbKO nap
MOLLIHbIX TPaH3UCTOPOB B BLIXOOHOM Kackafe, Tak Kak OH obecrneun—
BaeT GOMbLLIOV NUKOBbIV TOK, XOTS B OMCLIBAEMOW 3[1€Ch BEPCUM Npy—
MmeHeHa ogHa napa IGBT TpaHauctopos Ha 20 A n 250 B. [luanasoH
HanNpPsXXEHUs NUTaHus ANa Nnatbl ApansBepa u BbIXOQHOrO kackaaa
MOXET nexartb B AuanasoHe ot +20 go +75 B.

Ha Bxope ycunutens BKNIOYEH (UNbTP HMXHWUX HaCTOT C Yac—
ToTOM cpesa npumepHo 2 MIy. OH ncnonb3yeTcs ans yMeHbLue—

Hua npobnem ¢ BY-HaBogkamu 1 ans ycTpaHeHus BO3MOXHOCTU
reHepauun yecunutens nNpu BKAKYEHUN NUTaHWUS, Koraa ero BXOA
HUKyAa He NOAKMIOYEH (Takoe 6bINo 3aMe4eHo Npu uccnefoBaHnm
paHHon Ttononoruu). GunbTp obpasosaH pe3uctopom R3 1 KOH-
neHcatopom C3. Pesuctop R4 obecneunaet nyTb Ans NOCTOAH—
HOrO TOKa CMeLLieHusi, Kora BXof yCUnutens cny4aiHo ocTaBrieH
HenoaknoyeHHbIM. O6LmniA KO3PPUUNEHT yCuneHuns ycTaHaeBnu-
Baetcs peauctopamm R6—R8 [loacTaBuB 3Ha4eHUss HOMUMHANOB
aTux peauctopos B hopmyny (1), nony4aem 3HadveHve 24 087 vnu

ALRER PS1103X
/ / AC200V Line foput
T I {
11 \
2 c
Eaenaret
—C@m >
= L4 *®
AcroovL Opn
M ~
muFlata
(AN "
¢ A 4
.
v T fvens, MoupocTs aneTpoasaTess K81
B o1 02 T [ 08 | 15 ] 22 3 37 Do .
N oP  |e0 psziae | peos | psaues | pross
peote2 | pe2ics | reztass |psouics
. I pe2isk | P2ist
petsez | PR21sss
PS11011 | P511012 | PS11013 | PS11014 | PS11015 §PS11016 PS1101/
ssom |0 ety | o | sinaosa | o, kA i 1028 A
Pstice2 | Po1IOas | Ps1icsd | Astioas | pifoss
0 fastier At Bic Ll Bict ey Bt t s i7absizon A
pemags DIP  Mini Ac
4
paavonerann RACYPYMERIN

BERNSTEIN



Cxemotextuka Ne 11 nos6ps 2002

a AVNOTEeXHUKa

m www.dian.ru

27,64 pb. Ecnu TpebyeTca 6onbluee yCUNeHune, HYXHO U3MEHUTL
HomuHansl peauctopoe R6 un R7, octaBue mx cymmy npumepHo
paBHoi 50 Om, 4TO 06ecneynT HeU3MeHHOE yCuneHne cekuum ¢
TOKOBOI 06paTHOi CBA3LI0 (NpuMepHO pasHoe 16). Ecnu, Hanpu—
Mep, NPOCTO NOMeHsTb MecTamu pesuctopbl 16,5 Om 1 33,2 Om,
ycuneHvwe BXOOHOMO Kackaja CTaHeT NpUMEPHO pasHbiM 3, a 06—
wee ycuneHue Bo3pacrteTt o 48,47 wnu 33,7 gb. HyxHo oTme-
TUTb, 4TO NONOCa NPOMYCKaHWs BXOQHOIO Kackapa no3sonsert no-
BbILLATb €ro ycunexune Bnnotb go 20 gb.

MICTO4HMKOM OMOPHOrO HanpskeHws ansa AByx TpaHauctopos Q1 v
Q2, KoTopble BKITOYEHBI € 06LLEN 6a301 1 0becneumsatoT cTabunbHoe
HanpsbkeHve nutanua gns OV, senaoTces Ase napbl 06bI4HbIX N—-p-N
TpaHaucTopos (2N3904), BKIOYEHHBIX B pony cTabunutpoHos (Q14—
Q17). OHu coepuHeHbl NOCNeoBaTentbHO (BbIBOABI UX KONNEKTOPOB
HE NOLKIIOHEHBI) ANA NOMYHEHWA HanpsXXeHNs cTabunmuaaumm oKono
15 B gnsa kaxgon napbl. Ha camom pene, eCtb OCHOBaHUA UCMONb30-
BaTb TaKyl CTPYKTYpY HECMOTPA Ha TO, YTO WUCMONb30BAHME OObIMHbIX
cTabunutpoHoB Ha 15 B npowe. CoeavHeHHble Takum o6pa3om aBsa
6UNONAPHLIX TPAH3WUCTOpa 06ECNEHMBAIOT 3HAYUTENBHO MEHBLLIIA HN3—
KOYaCTOTHLII LUYM NO CPaBHEHWIO CO CTaHAapTHbIMW CTabUNUTPOHa-—
MM, XOTS NocnegHue u KaxyTces 6onee noaxoasLwmvmm 1 [ewieBbiMmn
CocTaBHble CTabUNUTPOHbI 3aLLYHTUPOBAHbI TAHTANIOBLIMU KOHAEHCa—
Topamu C1 1 C2, ncnonb3oBaHHbIMU B OCHOBHOM U3 COOBpaxeHuin
3KOHOMUM ¥ pa3MepoB, KOTOpbIE OTUNLTPOBLIBAIOT OCTATOUHBIN LLYM
Ha CTabUNUTPOHax W, COOTBETCTBEHHO, Ha wuHax nutaHua OY. [ea
pesucTopa, 0603Ha4eHHbIX Ha cxeme Kak Ry g (R1 1 R2), nogknioye—
Hbl K UICTOYHWKY NUTaHus 1 obecneuvsatoT ans crabunutpoHos, obpa-—
30BaHHbIX TpaHaucTopamu Q14—Q17, Tok okono 1 MA. ConpoTusne—
HWE 3TUX PEe3UCTOPOB [OJKHO BbIGMPATHCA B 3aBUCMMOCTM OT
HOMMHA/TBHOrO HanpsXeHWs MUTaHWa yeunurens.

[Ba TOKOBLIX 3epkana BuncoHa nopksoHeHbl K UCTOYHWKY nuta-
HUS, Ha HWX NOCTYNaeT TOK KonnekTopos TpaHauctopos Q1 n Q2 To-
KOBble 3epkana 06pa3oBaHbl HU3KOBONMbTHBIM TPAH3UCTOPOM, OUO-
LOM W BbICOKOBONbTHBIM TpaH3MCTOpoM. [na yny4dweHus
cornacoBaHus NapameTpoB 3epkas Ucnonb3yrTes peaunctopsl R13—
R16 ¢ nonyckom 1 %. Avoasl D2—D5 npepoTepalyaoT HacbILeHve
TpaHauctopoB Q4 1 Q6 v 3Ha4UUTENBHO YMEHBLLAKT BPEMSA BOCCTa—
HOBNEHUs Nocne neperpysku. HyxHO 3aMeTuTb, YTO OrpaHu4eHne B
ycnoBusix HEBONbLUON Neperpy3ku Ansa Kackaga npeobpa3osaHns UM—
NepaHcoB HacTynaeT npu ypoBHE NpuUMEPHO Ha 2 B MeHbLueM Ha-—
NPSXKEHUs NUTaHUs, HO rNy6OKOe OrpaHWyeHve Ans 3Toro kackapga
6yneT 3aBUCETb OT YPOBHS OrpaHWUYEHWs TOKa BXOQHOTO yCuUnutens
A1. MNpu4ynHa 3TOro COCTOUT B TOM, HTO BO BPEMSA rNy6OKOro orpaHu—
YeHVs cxema CyMMMPOBaHWA TOKOB, NOAKIIOHEHHas K Bbixogy A1, He
cbanaHcupoBaHa, U No BbIXOAHOMY Kackafy Al npoTekaeT HEKoTo-
poivi Tok. CneposaTensHo, TOK B 3epkanax pe3ko Bo3pacTaet Ao 3Ha-
YeHuA MaKcUmarnbHoro BeixoaHoro Toka A1 (06b14HO oT 30 o 40 MA),
Bbl3blBas COOTBETCTBYIOLLEE NafleHWe HanpsXeHus Ha pe3ncTopax
R13—R16. 3hhekT 3T0ro HYpeamepHOro Toka B 3epkanax npossns-
€TCs1 B TOM, 4TO OrpaHUYeHHbIN BbIXOJHOW CUrHas OKasbiBaeTCs «BXa-
TbIM» NPSAMO B YPOBHW HANPSKEHWUA NUTaHUS, Tak YTO yCUNUTENb BXO—
vt B rny6okoe orpaHunyeHme. O4eHb BaXKHO He NO3BONATL YCUNUTENIO
[ONrO HAXOQMUTLCA B 3TOM COCTOSIHWM, Tak Kak MOLLHOCTb, paccenBa—
emast Ha Q1 1 Q2, MOXET HaMHOroO NPEBLICUTL MakCUMabHO AoNYyC—
TUMYLO (HECKONBKO COT MunnmBearT). [koeas MOLLHOCTb, paccevsa—
emas Ha 3Tux TpaHaucTopax, MoxeT gocturate 1,5...2 BT npu
TUNUYHOM HanpsbkeHun nutanus 50...70 B; noatomy HyXHO n3beratb
LNUTENbHBIX BXOAHBIX CUrHANOB NOCTOIHHOMO TOKa WK NPSAMOYrofb—
HbIX UMNYNbCOB HWU3KOM YacToTbl. Ecnu Heobxoanma paboTa B Takmx
ycnoswusx, To ana Q1 n Q2 o6s3atensHO TpebyTCs pagnuaTopsl.

YacToTHas koppeKkuvs B JaHHOM ycunuTtene obecneyvsaeTcs aBy—
Ml KOPPEKTUPYIOLIMMU KOHAEHcaTopamu no 47 nd, Kotopble nop-
KNoYeHbl K Touke CyMmupoBanusi obpatHoit ceasu (C6 u C7), kak
ynoMuHanoch Bbiwe. B pesynbTarte o6Lyas eMKOCTb NofyHaeTcs pas—
Hoi 94 n®. MpuymnHa, N0 KOTOPOW MCMONb3YIOTCA KOHAEHCATOPb! Ta—
KO GONbLUON €MKOCTHW, NPOCTa: OHW MONHOCTBI MAcKWpyloT nobyto
HENWUHENHO 3aBUCSLLYIO OT HanpsXXeHus emKOoCTb, KoTopas npucyT—
CTBYeT B BbICOKOMMNEAAHCHON TOYKe Npeobpas3oBaHusa Toka B Ha-
npskeHvie, ob6ecneynBas NOCTOSIHHYIO MONOCY NPONYCKaHWA ycunn—
Tens faxe Torga, Koraa HanpsXXeHwe nuTaHus u3meHsetcs. YTo
KacaeTtcsi HeloCTaTOYHON CKOPOCTU HapacTaHWa C Takumn 6onbLIn—
MW KOPPEKTUPYIOLMMM KOHAEHCaTopamMu, TO OHa 0BbI4HO MpOABMA—
€TCcA B ycunuTensix ¢ obpaTHo CBA3bLIO NO HanpsxeHuto. B aTom xe
ycunutene nepesapafka KOHAeHcaTopoB NPOUCXOAUT TOKOM [0

6

30 MA, 1, Kak cnefcTeune, OrpaHu4yeHns CKoOpocTW HapacTaHua Ha
npakTke He cny4aercs.

Hactynuno Bpems paccuuntatb OXmOaemyto 4acTOTHYHO XapakTepuc—
TUKY yCUnuTens, Kotopas MOXET ObiTb NETKO Nony4eHa NofcTaHoBKoM
HOMWHASI0B 3N1EMEHTOB B Bbipaxerue (2). C sennymHon Ry, HeMHOro
CnoxHee, Mbl JOMXHbI 3HATb anpyopy 3Ha4eHVe BbIXOOHOMO CONPOTUB—
nexvs A1 ¢ 3aMKHYTOW neTnei 06paTHo cBa3u B Touke —3 Ab s 3Toro
yevnutens. Peluerve 3Toi npobnembl TpebyeTt UTepaumoHHbIX PacCyX-—
[EHWIA, HO BbIBOJ, M3 HUX XOPOLLIO BUAEH. Ecnm oueHuTb BhipaxeHue (2)
BHayane 6e3 ydyeta BamsHus Ry, TO nonyuuTca nonoca ¢ 3aMKHyTOM
obpartHoi cBaseto 1,12 M. Mockonbky BAHKE KoHedHoro Ry, He—
CKOMBKO CYXaeT nonocy, To NpeacTasneHve 06 3TOM NapameTpe MOXHO
nony4uTb NpefackasaHMeM KOHEYHOWN MOMOChl MPOMYyCKaHua yeunurens
C 3aMKHyTOM 0BpaTHOM cBA3bi0. B Hawem cryyae Npeanosioxum, 4To
KOHEeYHas nomnoca NnporycKaHusa yeunuTens ¢ 3aMKHyTOR 06paTHoN cBs—
3bto pasHa 1 MIy. Ecnm mbl Tenepb BO3bMEM U3 TEXHUHECKOTO Onunca-—
HUS BbIXOOHOE COMpoTMBReHWe A1 C pa3oMKHYTOR 06paTHON CBA3LIO
(okono 70 Om) v nopgenum ero Ha eanHULY NIC 3Ha4eHne NeTIeBoro
ycuneHvs B npeackasaqHol Touke —3 ob Ha 1 MIy (okono 7,68), nony—
4nm 3radeHme 9,11 Om. Ecnn sty oueHky ana Ry, noacTasuTs B oop-
Myny (2), KOHeYHas nomnoca NPOMyCKaHWs C 3aMKHYTON 06paTHON CBA-
3bl0 nonyyaetcs pasHoi 1,034 My, 3TOT pe3ynbTar oueHb 65mM30K K
oueHke B 1 ML, noaTomy AOMONHUTENLHLIE UTEPALMM LA MONYYeHus
6onee TOYHOrO 3HaueHWs He TpebytoTca. Tenepb MOXHO ABHO BUOETD,
4TO B YCUNUTENsX C TOKOBOW 06paTHOI CBA3LIO NIENKO AOCTUraeTca Heo—
6bI4HO LUMpOKas Monoca NpPonycKaHus, faxe ecnu KOppekTupyoLme
KOHAEHcaTopbl AocTaTo4Ho Gonblume. Takas wupokas nosoca Tpebyert
TLATeNbHOM pa3BOofKWU NeYaTHON Nnarbl U COBMOAEHNA NPaBu MEX-—
COeMHEHWI, YTOObI YCUIUTENb OCTaBaSICA YCTONHMBLIM.

MCTOYHMK HanpskeHust CMELLEHWA BbIXOOHOMO Kackaaa, BKNo—
YeHHbI Mexay konnektopamu TpaHaucTopos Q4 n Q6, peanuso-
BaH Ha NMporpaMmvpyeMoM napannensHoMm craéunusartope D7 c
6ychepom B BMAE SMUTTEPHOIO MOBTOPUTENA HA N—p-N TPaH3uUcC-—
Tope Q5, KOTOpLIN ynpaBnseT ero Bxogom. B 6onblumnHcTBE NpN-
noxeHwuin atToT Bydep 06bI4HO He TpebyeTcs, Tak Kak BXOQHON TOK
D7 (TL431) cocTaBnseT BCEro HECKONbKO MUKpoamnep, HO 3[1eCb
OH MCNONb3yeTcs ANs TeMNepaTypHON KOMneHcauun Toka nokos
BbIXOAHOro Kackaga. O6was npobnema co CMeLleHNEM BbIXOL—
HbIX KackapoB, KOTOpble ucnonb3yoT Tpanauctopel MOSFET nnu
IGBT, cocToMT B TOM, 4TO Ha YMEPEHHO HU3KUX YPOBHAX TOKa
yMeHbLUeHue Uy, ¢ KoathuumeHTom npumepHo 3 mB/°C npu dmk—
CUPOBaHHOM HanpsXKeHWUM CMELLEHWA 3aTBOP—-3MUTTEP BbI3bIBAET
yBenuuyeHne Toka konnektopa. Ecnu tpanauctop Q5 pasmelleH
Ha TOM Xe pagmartope, YTo 1 MoLHbI IGBT BbIXOAHOW Kackap, To
ero Ugg 6yaeT yMeHbLIaTbCa Npu HarpeBaHuy TPaH3uCTOpoB
VYmeHbLuenne Uge coctasnset nopspka 2 mB/°C, oHo ymHOXaeTcs
B UCTOYHMKE CMELLEHUA NPUMEPHO Ha TpW, 4TO NO3BONAET CTabu-
nuamposath Tok nokos IGBT BbixopgHOro kackapa. [lononHurens—
HO MOXeT 6bITb NPUMEHEHO pene, Kak NokasaHo Ha Cxeme, KOTo-
poe 3ambikaeT nofcTpoe4vHbin peanctop VR1, 4to nossonut
YCUNUTENIO BKMIOYATLCA C HYNEBbIM HanNpPsXEHWEM CMELLeHUs Ha
BbIXOAHbIX TpaH3ncTopax. 3Ta BO3MOXHOCTb, UCNONb30BaHHaA
BMECTE C PE3UCTMBHOW CXEMON 3aLnTbl OT 6POCKOB TOKa ANA 0C—
HOBHbIX KOHAEHCaTOpOB (hunbTpa (M AUOAOB BLINPAMUTENS) BO
BpeMs BKJIOYEHUS NUTaHWA, NO3BONSET UCKNIOYUTL MOCTOAHHOE
nageHne HanpsXxeHus Ha TOKOOrpaHMuYMBaIOLLMX pe3ucTopax,
06yCnoBNEeHHOE TOKOM MoKos ycunutens knacca AB.

MepeBop Jleonnpa Pupuko,
wubblick@yahoo.com

OkoH4aHue cnepnyet
Jluteparypa:

1. Mark Alexander, “ A Current Feedback Audio Power Amplifier”,
88th Convention of the Audio Eng. Soc., reprint #2902, March 1990.
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MNMoporoBbin AeTeKTop
C ynpasnsiemMmbiM NOpPOrom

cpabarTbiBaHuA

B cucmemax APY Hepedko eo3Hukaem Heobxodumocms yrpaerssimes
nopo2om cpabamsbigaHus. [ns1 3mo20 usMeHsIrom 3anuparoujee Ha-
npspKkeHue Ha sbinpsimumerne APY (HanpspkeHue «3adepxku»), nu6o
nopoz2oeoe CMeleHue Ha pe2yniupyrowem afieMeHme unu yrnpaerisito-
wem ycunumerse APY. OOHako amu peweHusi He nuweHbl Hedocmam-
koe. Aemop npedsiazaem HOB8bIU UHMEPECHbLIU 8apuaHm ynpaesieHusi

rnopozom.

3MEeHeHne 3anvparoLllero Hanpsa—
XKEHWA NPY OAHONONAPHOM NMUTaHNN
He Bceraa ynobHo. Ecnu B kavecTtBe
perynupyoLLIero 3aneMeHTa ncnofbL3osaH
6UNONAPHLIA TPAH3UCTOP, PErynnpoBkKa
nopora cpabarbiBaHus 3a cHeT u3meHe—
HUS NOPOroBOrO CMELLEHNS HENMMHenHa
HenvHerHoCTb perynupoBOYHON Xapak—
TEPUCTUKN OCOBEHHO 3ameTHa npu He—
6ONbLUMX HANPAXEHUAX, XapakTepHbIX
ONA 3BYKOBOrO Tpakra (OeCATKNM—COTHU
MunnueoneT). TemnepartypHasa ctabunb—
HOCTb HEBENWKA, 4TO OrpaHu4MBaeT ob—
NacTb NPUMEHEHWS TakUX YCTPOMCTB.
YKa3aHHble HEAOCTaTK® MUHUMU3NPO—
BaHbl B NpegnaraemMom petekrope APY
c obpaTtHbIM perynvpoBaHuem (puc. 1).
[laHHoe yCTpOMCTBO MOXET HanTu npu-
MEeHeHVe B komnpeccopax, AnHammn4ec—
KuX hunbTpax, cnegawmx orpaHnynTe—
NAX UMNYNbCHBIX MOMEX W ApYrux

0+10B

R4

10k

K perynupytoLiemy
anemenTy APY

Co== C3==
10MKT10MKT

Uynp Uc  Ucm0..2B

Puc. 1

ycTpoincTBax 06paboTku 3ByKOBOIO CUM—
Hana.

[na ynpaeneHusi noporom cpaéarsisa—
Hus APY ucnonb3yeTtcs nepemMeHHoe Ha—
npsbxeHuve. Boinpamutens curHana yn-
paBneHus BbiNonHeH Ha anemeHTax VT1,
R1, C1. BbinpaMneHHoe u crnaxeHHoe
HanpsXeHne SBNAETCA HanpsXXeHnem
CMeLleHNa Ana NoporoBoro 3anemexHTa
curHana APY — Ttpanauctopa VT2. KoH-
neHcatop C4 — dunetp APY. Hanpsxe-—
Hue cmeLlenmna U, onpeaenseT 30Hy nu—
HeWHoW paboTbl ycTponcTea. BpemeHHble
XapaKTepUCTMKN 3aBUCAT OT NOCTOAHHbLIX
Bpemenu Leneit R1C1 n R4C4.

PerynupoBo4Hasa xapakrepuctuka
uenu APY npu ucnonb3osBaHum o6paTHO—
ro perynupoBaHusa MoXeT 6bITb Henv-—
HEWHON, ynpasneHue xe NnoporomMm cpa-—
6arTbiBaHVA NpsMoe, W, cnefoBaTensbHo,
perynupoBoYHas xapakrepucruka nu-—
HerHa. B gaHHOW KOHCTPYKLUMK NSt KOM—
neHcauMn HeNMMHEMHOCTU BXOAHbIX Xa—
pakTepuctuk Tpaxauctopos VT1 n VT2
nepexofbl 6a3a—3MUTTEP BKITIOYEHbI MO
NOCTOSHHOMY TOKY napannenbHo. 3To
OflHOBPEMEHHO obecne4vunsaeT TepMo-—
CTabunbHOCTL YCTPOMUCTBA.

Ha puc. 2 npusepexa perynmposoyHas
XapakTepucTuka ycTporcTea no ynpas—
nsowemy sxogy. Ha rpaduvke ykasasbi
aMNIUTYOHbIE 3HAYEHUSI HaMNPSXXEeHWN,
nopor cpabartbiBaHus onpegenanca no
HanpsbkeHuio 5 B Ha konnekTtope VT2.
PerynuposoyHan xapakTepuctuka npu
ynpaBnsiowem HanpsxeHun 6onee
150 MB npakTtudeckn nuHenHa n onucel—
BaETCHA BblpaXeHnem.

Unop = Uynp + CONSL.
Mpu paboTte 6e3 cMeLLeHNA NMHENHLIN

Yy4acCTOK XapakTepucTuku npoctupaercsa

no 500...550 mB. lNpu ncnons3oBaHunn

MCTO4HVKA CMeLLeHVs Hanpsxernvem 2 B

30Ha NMHENHON paboTbl pacwupaeTca

noytu go 2,5 B. 310 No3sonseT ynpas—

NATb NONIOXeHVeM narmuba xapakTepucTn—

K1 B COOTBETCTBMWU C NOCTaBfIEHHON 3a-—

naden. HeobxognumMo y4utbiBatb, 4TO

MUHUMarnbHoOe Bbl—

XO[AHOEe Hanps>KeHue

B 3TOM Crnyyae onpe-—

nensetcsa Hanpsxe—

HUEM CMELLEeHUS:

Unoe, [ [T
mB U CM =2B
800
|
700 =]
U CM =0
600
500
400
300
200
100
0
0 200 400 600 800 Uypp, MB
Puc. 2

o6nacTty Manbix ynpasnswoLmx Hanps—
XeHnh n ymenbwaer U, co 160 no
70...80 MB, npun 3TOM NUHENHaA 4acTb
rpacuka cmeljaetca BHU3  Ha
30...40 mB.

Anatonuit Llinxatos,
xtolik @ pm.interfax.msk.su
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3NEKTPOHHBIE

RGUSS H’ KOMNOHEHTbi
0

BbiCOKOKa4yecTBeHHbIe u DEVICOEg

TRACO
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MCTOYHUKMU NTUTAHUSRA

(Oxonuyanue. Hauano — Ne 10/2002)

CeTeBble 06paTHOXOAO0OBLIC UCTOYHMKM NMUTAHUA HA
mukpocxemax TOPSwitch-FX

pexpe, Yem nepenTn K pacyeTy TpaHcopmartopa, Heo6xo—

[VMMO BbIGpaTh BapuaHT Lieny cTabunnaaumm BbIXOQHOMO Ha—

npsiXxeHus, obecneymsaioLLmin HeobxoanMble NapameTpbl npe—
obpa3zoBatens. 34ecb BO3MOXHbI, MO KpavHe#h Mepe, YeTbipe Bapu—
aHTa CTabunn3aumm BbIXOLHOMO HanpsXeHus npueefeHHbie B [1] Ha
puc. 13.

CymmapHoe Hanpsxenne Ugg Ha Harpyske v fvofe BbinpsMuTens
BTOPWYHOW Lienu, NpUBEAEHHOE K NEPBUHHON OBMOTKE, Kak 1 U1 MUK—
pocxeM TOPSwitch-Il, nomkHo coctasnsats 135 B. lemnchupytoLumii cta—
6unUTpOH BblGUpaeTcs Ha 200 B. OTmeTnM, 4To AaHHbIe Tabr. 1 (8 nep—
BOW KOJIOHKE NEepBble TP MUKPOCXEMbI yKasaHbl npasuiibHo — TOP232
creqytoLve Tpu fomkHbE 6bitb TOP233, cnepytolme — TOP234) v kpu—
Bble Ha puc. 18 n 19 npusegeHbl AN pexumMa ¢ HenpepbiBHLIM MarHUT—
HbIM MOTOKOM My 3Ha4eHm Kge = 0,6. [Ina pexviMa ¢ npepbiBUCTbIM
MarHUTHbIM NOTOKOM Heobxoarmas MOLLIHOCTb MCMONb3yeMON MUKPO—
CXEMbl AOMKHA ObiTb yBENWYeHa npumepHo B 1,5 pasa [4].

Ecnm BbIGpaH pexumM C HenpepbiBHbIM MarHUTHbIM MNOTOKOM, BECb
pacyeT Npou3BOAMTCS B Nopsiake v no opmynam, nNpuBefeHHLIM B
[1]. CnepyeT, opHako, onpesenuTLCA, Kak UCronb30BaTb MHOTOQYHK—
LMoHasTbHbIM BbiIBOA M. [na nony4yexns MakcumansHoro KM v MuHn—
MaJsibHbIX pa3MepoB TpaHcthopMaTopa LienecoobpasHo yCTaHOBUTL Mpu
MOMOLLIM BHELLHEro pe3vcTopa, Kak nokasaHo Ha puc. 9 u 10, coot—
BETCTBME MeX[y pacCuuTaHHbIM paHee 3Ha4eHnem nuKoBoro Toka I,
¥ MUHUMaTTbHBIM TOKOM OFpaHU4EHUS NPUMEHAEMO MUKPOCXEMB! | -
Bornee Toro, ans noebiwenus KM MoXHO NpyMeHuTb 6omnee MOLLIHYIO
MVKPOCXEMY, YEM 3TO pekoMeraytoT puc. 18 n 19, (C MeHbLLMM co—
NPOTUBIEHUEM CTOK—WCTOK B OTKPLITOM COCTOSIHWMW, HTO CHU3WT note—
pV) ¥ yCTaHOBWUTb MMHMUMANbHLIM B Npefenax pasbpoca ToK orpaHn—
qeHust |t YCTaHOBKON BHeLLHero peauctopa Ao 1,06xl,.

Bbibpae conpoTtuenexne peavctopa no rpaguky Ha puc. 10, cne-
LyeT onpeaenuTb MakcumansHoe 3Hauvenue |, Ans 3Toro conpo-
TUBNEHUA M UCNONb30BaThb €ro MPU pacyeTe TpaHcdopmarTopa Kak
3HaueHue ToKa HacbilLeHnst I g,r NepBUYHON 06MOTKM. ECnn e Bbi-
Boa M He 6yfeT ucnonb3oBaThCs AN ynpaesneHus TOKOM orpaHnye—
HUSi MMKPOCXEMbI, 15 pacyeTa TpaHcchopmaropa criepyer B3sTb Tab—
NU4HoEe MakcumanbHoe 3HaveHue |l ,,,r aHanorn4yHo pacyery,
npveeneHHomy B [1].

CyLLEeCTBEHHOE OTNINYME ANS BapuaHTa C NPepbiBUCTLIM MarHuT—
HbIM NOTOKOM — 3HaYeHue Kpp (OTHOLLIEHWE NpupaLLieHns Toka nep—
BUY4HOI OBMOTKM | K MMKOBOMY 3HAUEHUIO TOKa Yepes Hee |p) ana Hav-
6onee TSXENOro pexuwma paéoTsl MOXET ObiTb BLIOPAHO paBHbIM 1.

B atom cnyyae pacyer npeobpasosarens Npou3BoanuTca no ¢hop-
Mynam, npvBeaeHHbIM B [1], ¢ HEKOTOPLIMW M3MEHEHUAMK, NpUBEe—
LEHHBIMU HUXeE.

MNukoBoe 3HaveHue Toka:

lp = 2lpv6/Dyax:

MuHuMansbHoe 3HadYeHWe ToKa OrpaHUyeHns MUKPOCXeMmbl |t
[ONMXHO NpeBbILATh NoslyYeHHoe 3HadyeHue nukosoro toka B 1,04
pasa.

MpakT4eckm MOXHO BbIGpaTh MHOYKTUBHOCTL OBMOTKM B MHTEpBa—
ne Mexmay Nony4eHHbIM 3Ha4YEHMEM MUHUMANbHOW WHOYKTMBHOCTU 1
MaKkcUMaribHbIM, B3ATbIM U3 Tabn. 4.

[Ins NepBMYHOTO O3HAKOMNEHUs C paboToN OB6PATHOXOAOBbLIX UCTO4-
HUKOB MUTaHua Ha Mukpocxemax cepum TOPSwitch-FX cvpma Power
Integrations Bbinyckaet Habop Design Acceleration Kit (DAK-8), B ko—
TOpbIV BXOAAT roTOBLIN Npeobpasosatens 12 B, 2,5 A, nevatHas nna-—
Ta Ons Takoro xe npeobpasosarens, No ABe MUKPOCXEMbI KaXOoro
Tvna B Kopnyce TO-220, onvcaHue npeobpa3oBarens U OKyMeHTa—~
uus [2—4].

Mpeobpa3zoBatenb paccyiuTaH Ha BXOQHOE HanpsKeHne nepemeH—
HOro Toka B guanasoHe 85...265 B. MapameTpbl npeobpasosarens
npvBeaeHbl B Tabn. 5. Ero npuHuvnmansHas cxema (puc. 20) U KOHCT—
pYKUUSi cofiepxar psifi 0COBEHHOCTEN, KOTOPbIE NONE3HO PacCMOTPETb.
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