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Yactb 1. Yeunurens

1.1. YcunurenbHble npubopbl

Yceunurens — cxeMa, YCHAMBAMOllasl 33 CYeT SHEPTHH HCTOYHWKA NHTaHHA
BXOAHOM CHrHad Mo HanpsxeHHw H (uan) toky. dopma curHana Ha BbIXOAE XOpO-
Iero YCHIHTENs TaKas e, Kak H Ha BXoje.

Jlas ycusieHHa aHaJloroBOro CHMrHasia B COBPeMeHHOH 3JIEKTPOHHKE HCMOJb3YIOT-
Csl TOJILKO TPaH3HCTOPH! H OYeHb PeKO — 3JIeKTPOHHLIE JaMnbl. BunoaspHele TpaH-
3UCTOPLI MOJY4YHJIH HauGosbllee pacnpocTpaHeHHe Mo PAfy MPUYMH: B 3aBHCHMOCTH
OT CXeMbl BK/IIOYEHHsI OHH NO3BOJAIOT NOJAYYHTb YCHJIEHHE WMJIH TOJIBKO MO HanpsKe-
Huio (kackap ¢ o6uieit 6a3oit), WK Tonbko no Toky (kackan ¢ o6LWHM KOJIEKTOpOM),
WJIM ¥ MO HampskeHuio, U no Toky (cxema ¢ o6LMM aMUTTEpOM); noTpeGasemblit Gu-
NONAPHEIM TPAaH3HCTOPOM TOK OT MCTOYHHMKA CHIHaJa NpakTHYeCKH JIHHEeHHO 3aBUCHT
OT TOKa, «3a6lpaeMOro» OT STOr0 TPaH3UCTOpPA Harpy3Koi, — 9TO CHJbHO obJieryaeTt
ynpasJieHHe ycuautesnem. Kpome Toro, ¢ 6UnofsipHbIMH TPaH3UCTOpaMH Jierko pabo-
TaTb U OHH CTOAT B HECKOJLKO pa3s AelueBJie MoJEeBLIX.

INonepoit TpaH3UCTOp — HAEANbHBIH YCHJHTENb CHTHaJa ro TOKY: OH YNpaBas-
eTcs HanpsbkeHueM (T. e. mpakTHyeCKH He MOTpeG/sieT TOK OT HCTOYHMKA CHrHana
WM, KaK TOBOPAT pPaMOTEXHHKH — HEe HarpyXaeT HCTOYHMK CHLHana), M TOK
VripaBieHHs He 3aBMCHT OT ToKa Harpysku. Ho 370 cripabefiMBO JIMILbL Ha HH3KHX
4acToOTaX, KOTda MOXXHO HE Y4YHMTbIBaTh NapasMTHYI0 eMKOCTb 3aTBopa. Eile oauH
«TJIIOC» MOJIEBOrO TPAaH3HCTOpa — Y Hero Mexay CTOKOM W HCTOKOM HeT p-n-nepe-
XO[IOB, T. €. Y YCHJAHTeNfl Ha MOJIeBbIX TPaH3HCTOpax HeT PeKOMOWHALMOHHBLIX LIy-
MOB, KOTOPHIMH ¢CTpPafaloT» Bce, JaXke camble JyudluHe, GUMOJSPHLIE TPAH3HCTOPEL
[oneBrie TpaH3UCTOpPHI MpPH TeX e XapaKTepHUCTHKax <lIyMAT» ropasmo cnaGee,
yeM GHNOJApHLIE, MOSTOMY BO BCEX COBPEMEHHBIX BbICOKOKAYeCTBEHHBIX YCHJIHTe-
nAX BO BXOAHBIX Kackamax (oHH Haw6oJsee yyBCTBHTE/bHbI K LUYMy — BEdb H Mosies-
Hbiii CHFHaJl, KOTOPbI HY)XHO YCHJIMTb, TOXK€ PasHOBMAHOCTDb LIYMa) NpeHMyLLecT-
BEHHO CTaBATCH TOJBKO NOJIeBble TPAaH3UCTOPEIL

HenocTaTkd mnoJieBHIX TPaH3UCTOPOB — 3HauMTesbHbIH pasbpoc napameTpoB
(M3-32 3TOr0 OYeHb CJAOXKHO NpeCKasaTb NOBel€HHe KaXXIOro KOHKPETHOro TpaH3H-
CTOpa B COCTaBe HEKOTOPOH CXeMbl), 2 TaKXKe OueHb Jierkasi «npoGHBaeMOCTb» Noj3a-
TBOPHOTO AMSJEKTPHKA, B pe3yJ/ibTaTe Yero TPaH3HCTOP BLIXOAHT M3 cTpos. [losTomy
NasgTh HX MOXKHO TOJLKO CMEUUAbHO NPUCNIOCOBJEHHBIM NS 3TOMO NasJLHHKOM.

AneKTpPpOHHbLIE namnbl

HecMoTpsi Ha To, YTO <JlaMnoyKH» H3BeCTHbl Hayke yxe noutd 100 net (B TO
BpeMsi KaK TPaH3HCTOPLI Hayajld aKTHBHO MCMOJb30BaTh JeT 30 Hasap), A0 CHX nop
3JIEKTPOHHAA JlaMna — caMblii 3arafo4HBIH yCHJIMTe bHBI npHbop. Ecau B3sTh B2
YCHIUTENIS — JIaMMOBBI H TPaH3UCTOPHBIH, 06/120aI0MKX NPHMEPHO ONHHAKOBBIMH
3JIEKTPHYECKHMH XapaKTePHCTHKAMM, TO Ka4eCTBO 3BYYaHHs JIaMIOBOrO YCHIHTENS
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Gynet ropasno Bblille, YeM y TpaH3HCTOpPHOro. «[lo yTBepKIeHHIO MYy3bIKAHTOB, 3BYK
Kak 6bl C TPYNOM <«NpOAMpaeTCs» CKBO3b [TpaHsuctopHbii] ycunutens. Cosmaercs
BneyaT/ieHHe, YTO Ha NyTH CHTHana CTOMT Kakoe-To mnpensiTcTBHe. M3-3a sToro Jionu
C TOHKHM CJYXOM MpPeANOYMTAT JaMnoBble YCHAHTENW. B0 MpennoeHo MHOro
BapHaHTOB OObACHEHHS 3TOr0 (peHOMeHa, HO HH OAMH M3 HHMX T2K [0 KOHLA K He 06b-
SICHHJ (PH3MYECKYI0 CyThb SIBJIeHHsi». JTa uMraTa Basita WX ctated B. depoposa
«TpansHcTOpHOE 3ByuaHHe», onyGAHKOBaHHOM B xypHane «Pamuomups 2002, Ne 12,
c. 3. Ot ceba Auib N06aBJI0, YTO HEKOTOPhIE H3BECTHbIE MHE OOBACHEHHS «(pH3HYe-
CKO¥ CyTH fIBJIEHHS» NPOTHBOpEYAT APYT ADPYry.

[lo 3Tofi MpHuKHe 3NEKTPOHHbIE NAMIbI ¢BEKUJIH» TOJBKO B CBEPXBLICOKOKAYe-
CTBEHHBIX ycHaHTeAsx 3Byka (knacc «Hi-Ends) ¥ B MOLIHBIX BLICOKOYACTOTHBIX yCT-
porcTBax. Bo Bcex oCTanbHBIX KMaccax 6oJiee SKOHOMHYHblE W MajloraGapuTHble
TpaH3HCcTOPHl (a Take MHKpOCXeMbl Ha WX OCHOBE) yiKe NABHBIM-IABHO MOJHOCTBHIO
BLITECHHJIH ¢JIAMNIOBBIX MOHCTPOBS.

HepoctaTku sneKTPOHHBIX JIaMI: OHH MMEKT 3HAauMTeJbHble ra6apHThl, TpebyloT
Beicokoro (Gonee 100 B) HanpsskeHHs nUTaHKSA, a TAK)KE MOCTOSHHOTO pasorpeBa Ka-
TONAa 3a CYET 3HEPrHH BHELIHero MCTOYHMKA MHUTAHWSA; JaMIbl CAHLIKOM XPYTKH
(Henb3si POHATB) H MMEIOT 3HauWTENbHOE BHYTpeHHEe COMPOTHBAEeHHe (4eM OHO
MEeHELLE, TEM JiyuLue).

B 3T0i1 KHMre yCTpoiicTBa Ha OCHOBE 3JIEKTPOHHLIX JIaMINl PacCMaTPUBaThCH He
Gynyr. O3HaKOMMTBCH € HHMH MOXHO B JIO6OM YyueGHHKe, BHINYLIEHHOM B
60—80-x rr. npolworo cTONETHA — C TeX MOP B JAaMMNOBOH CXEMOTEXHHKE Malo YTo
M3MEHHJIOCh.

TpaH3uCTOpHbLIe YCUunurenu

IIprHuKn paGoThl M OCHOBHBEIE CXEMBI BKJIIOYEHHs! TPAH3HCTOPOB GbTH NOAPOGHO
paccMoTpeHsl B ToMe 1 KHHMrH. IlosToMy B 3TOM nyHKTe s JHIIbL KPaTKO MOBTOPH
y>Ke H3N0XEeHHOoe.

Fi3BecTHH TPH OCHOBHBIE CXeMbl BKJKYEHHS GHNOAAPHbIX (MoseBLIX) TpaHaHCTO-
poB: cxema ¢ o6mum amurTepoM (¢ 06wHM HcTOKOM) — pHe. 1.1, a, ¢ obuum
koanekTopom (o6iunm ctokom) — puc. 1.1, 6 u ¢ obmeit 6asoit (o6wuM 3aTBo-
pom) — puec. 1.1, 8. Huxe 6yayT paccMOTpeHBI CXeMBl BK/IOYEHHS GHMONSAPHBIX
TPaH3HCTOPOB CTPYKTYPHI N-p-N W MOJIEBLIX — C KaHaNOM N-THna. P-n-p ¥ p-kaHase-
Hble€ TPAH3UCTOPLI BKJIKYAIOTCH MO TEM XKe CXeMaM, TOJBKO NOJSPHOCTb BCeX Hanps-
KEHHH HYXHO M3MEHHTb B TIPOTHBOMOJOXKHYIO CTOPoHY (7. e. «+Us HyxHO mome-
HATb Ha «—U» 1 HaoGopoT).

BHNonsipHbifi  TPaH3MCTOP, BKMIOHEHHBI Mo cxeme ¢ OGWHM  3MHTTEpOM
(pric. 1.1, @), B 3aBUCHMOCTH OT BLIXONHOrO COMPOTHBJEHHST HCTOUHKKA curHana (R1) u
COMpPOTHBJIEHHS Harpy3kH RH yCHIMBaeT BXOAHOI CHIHAN M MO HAMPSXKEHHIO, U MO TOKY.

Kostpuument ycunenus GunosipHoro TpaxsncTopa o6osHayaetcs Kak h,,, (uu-
TaeTCA: «aw-ABa-OfIMH-9», ¢3» — CXeMa € OOLUHM SMHTTEPOM), H y KaXKAOro TPaH3H-
CTOpa OH pasHbiii (1151 ManomowmbX TpaHsHcTopoB — ot 100 go 1000, ans mowr-
HeIX — 0T 5 110 200). Bennunna Koapduumenta h,,, (ero nonHoe Hassanue — cTaTh-
ueCKHi KO3((HUHEHT mepenaun Toka 6asel h,,,) 3aBHCHT TONLKO OT TOMLUIMKE 623kl
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Puc. 1.1. Ycurumenu na mpanzucmopax

TpaH3HcTopa (ee M3MEHMThb HeMb3f) H OT HaNpPsiKEHHs] MEXXAY KOJNJIEKTOPOM H 3MHT-
TepoM, MosTOMy npH HeGosbluoM HarpskeHuH (menee 20 B) Ha TpauaHcTOpe ero ko-
ahduuMeHT nepefaun TOKa MpH JIo6oM TOKE KOJIEKTOpa MpakTHYeCKH HeH3MeHeH M
He3HaYHTENIbHO YBENHUHBAETCA MPH yBeJIHUEHHH HampsKeHHs Ha KOJUTEKTOpe.
KosdduunenT ycrnneHus no Toky (KM) H KO3((PHUMEHT YCHJIEHHS MO Hanpsixke-
HHIO (Kw_u) GUMONSPHOrO TPAH3HCTOPA, BK/IIOYEHHOrO 1o cxeMe ¢ oOUIMM 3MUTTEPOM,
32BUCHT OT OTHOLUEHHS conpoTHBAeHMil Harpysku (R) ¥ HcTouHuKa curhana (Ha
cxeMe o6GosHaueHo Kak R1). Ecam conpotueneHue ucTounuka curana B h,,, pasa
MEHbLUE COMPOTHBJEHHS HArpy3kH, TO KOI((HLHMEHT YCHJEHHS MO HanpsKeHHIo
uyTh MeHblue eanHuusbl (0,95...0,99), a koshduUKEHT ycHaeHHS MO TOKY paseH hy,,.
Korna conportHB/ienHe HCTOYHHKa cHrHana GoJiee ueM B hy,, pasa MeHblue CONMPOTHB-
JIEHHs HarpysKH, TO KO3((QHUHEHT yCHNeHHsl Mo TOKY OCTaeTcsi HeusMeHHbM (pas-
HBIM h,,.), @ KOS((UUHEHT YCHIEHUS NO HANPSKEHUI0 — YMEHbIIAeTCH.
Ecnu ke, Hao60poOT, BXOAHOE COMpPOTHBJe-
HHE YyMEHbLUHTb, TO KOS(MQHUHEHT YyCHUJIEHHS 1O KonnexTop
HanpsXKeHHI0 CTaHOBHTCA OCoJiblle eAWHHLE, a
KO3((HLUHEHT YCHNEHHSI N0 TOKY, NMPH OrpaHH-
YeHHH mpoTekalwwero uepes nepexoa 0Oa-
32-3MHTTEp TPaH3HCTOpa TOKA, He HW3MeHseTcs. Eass
Cxema ¢ o6LMM 3MHTTEPOM — EIHHCTBEH-
Haf CXeMa BKJIOYeHHA GHIONAPHOrO TPaH3HCTO-
pa, Kotopas TpebGyeT oOrpaHH4YeHHs BXOLHOTO
(ynpasnsiouero) Toka. Kak sunHo u3 puc. 1.2, DmutTep
nepexosl 6asa-aMHTTEp Jo6oro GHMNONAPHOroO
TpaH3McTOpa npenctaBnser co6oH o0ObYHBIA  Puc. 1.2. Cxema «8Hympenrocmels
muon (TouHee, «CTaGHIMTPOH», HaMpsKEHHE bunoasprozo mpan3ucmopa
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crabuiu3audu Kotoporo pasHo 7...10 B — oKo, kcTaTH, HauWHaeT cTaGUAM3HPOBaTL-
Cfl YXe NpH TOKe B HECKOJNBKO MHKpOamnep), M TOK, MOCTYnaloumi B 6asy TpaHsu-
CTOpPa, TeYeT TOJBbKO Yepe3 3TOT AHOL. ¥ CHJEHHe CHrHana OUMOJSPHBIM TPAH3UCTO-
POM BO3MOXKHO TOJIBKO M3-32 €r0 CJMLIKOM «XHTPOrO» CTPOEHHS, TOUHEE, H3-3a OYEeHb
MaJloH ToJukMHEl 6230BOro mepexoia, pasfensioILero KOJJMEKTOP H AMHTTep. Tak Kak
K KOJIJIEKTOPY TPAH3MCTOPa CTPYKTYPHI M-p-N NPHUIIOKEHO NOJOKUTEAbHOE («TIPHUTArH-
BaloLLee» INEKTPOHBI) HAMPsKEHHE, TO MPH NPAMOM CMELLEHHH nepexona 6a3a-SMHT-
Tep (7.e. KOrZa yepes 3TOT Nepexol TeyeT HEKOTOPHI TOK) HacThb 3JEKTPOHOB,
«fpeiHasHa4YeHHbIX» A/ 6a3bl, 3aXBaThIBAETCA MOJEM KOJJEKTOPa H TEYET B Harpys-
Ky. Ilpyuem B KOJNEKTOP HAET 3HaYMTeNbHaA YacTb SJMEKTPOHOB — OOMH «Ga30BLIH»
3NMEKTPOH MEPEHOCHT K KosuekTopy h,,, snekTpoHoB. UmenHo 6naropaps 3THM «Mar-
HHUTHBIM» CBOHCTBaM KOJIJIEKTOPa H BO3MOXHO YCHJIEHHE TOK2 C MOMOLULI GUnonsp-
HOTO TPaH3MCTOpPa. A TakK KaK TOK KOJJIEKTOpa XXeCTKO 3aBMCHMT OT TOKa 6asbl, TO
TPAH3UCTOP YCHJAMBAET CHUTHAJIbI PAa3HOH aMMJIMTYAbl B OJHHAKOBOE YMCJIO pas.

M3 3Toro MoXHO ciesiaTh HECKOJIBKO BHIBOLOB:

» 62a30BLIfi TOK TPAaH3KMCTOpA, BKJIOYEHHOro mo cxeme ¢ O3, HYXXHO OrpaHHuH-
BaTh (C MOMOUIBI0 pe3ucTOpa WM reHepaTopa TOKa), WHAue «CropuT» HJIH
TPaH3HCTOP, HJIH yNpaBAfIOILAs HM CXeMa;

® C MOMOILbI0 TPAH3KUCTOPA, BKJ/IOYEHHOro no cxeme ¢ O3, oueHk Jerko ynpae-
JIiTb BLICOKOBOJILTHOH Harpyskod HHU3KOBOMBLTHEIM HCTOYHHKOM curHana. Ye-
pe3 6as30BLIH, a CNEROBATENbLHO, H KONNEKTOPHHIH MEpexol MPOTeKaeT 3HauU-
TENbHLIH TOK npH HanpsbkeHuu 6asa-smutrep Bcero 0.8..1,6 B. Ecam
amnauTyaa (HanpspkeHue) yNpaBasioOWIEro CHreana Goblue 3TOi BeJHUYHHBl —
HY>XHO NOCTaBUTh Mexny 6a3oH TpaH3HMCTOpa M BLIXOAOM YMNpaBJsIOILe# cxe-
Mbl TOKoOOrpaHHuMBawowui pesnctop (R1). PaccuutaTh ero conpoTuBneHue
MOXKHO 10 hopMynam:

Ipy = I, / hoys, Rl = Uynp / Ias

rae Ip, — TOK uepes Harpysky, A; U, — HanpsikeHue HCTOUHHKa CHrHana, B;
Rl — conpoTuBaerne pesucropa, OM.

Eue onHa ocoGennocTb cxeMbl ¢ O3 — naneHue HanpsyKeHUS Ha Nepexoe KoJ-
JIEKTOP-3MHTTEP TPAH3HCTOPA MOXKHO YMEHLLIMTh NpakTHYeCKH no Hyas. Ho ans sto-
o HYXXHO 3HaYMTENbHO YBeJAW4HTb 6asoBblii Tok (cm. puc. 1.3), 4To He coBceM BI-
ronHo. [TosTomy Takoil pexxum paGOTH TPaH3UCTOPA HCMONL3YIOT TOJBKO B MMMYJIbC-
HBIX, LH(POBLIX CXeMax.

TpansucTop, paGoTalowuii B yCHAHTENe aHANOroBOr0 CHrHaja, IoMmKeH obecrne-
YWBATb MPHMEPHO ONHHAKOBOE YCHJIEHHE [/ISl CHTHANIOB C pa3sHOi aMIMTYAOH OTHO-
CHUTEJIBHO HEKOTOPOro «CpefHero» HanpskeHus. JLns 3TOro ero HyXHO HEMHOXKO
«MPUOTKPLITb», NOCTAPABIUKHCh He «nepeGopiumTes. Kak BHRHO M3 puc. 1.3, Tok KoJ-
JIeKTOpa W naneHHe HanpsiKeHWs Ha TPaH3HCTOpe TMPH NJIaBHOM YBEHYeHHH TOKa
623kl BHaua/le W3MEHAKTCA NMOYTH JHHEHHO, U JIMWb NOTOM, C HACTyNJeHHeM Ha-
CHILEHHS TPAH3UCTOPA «[PHIKHMAIOTCH» K OcsaM rpagmka. Hac uHTepecyloT ToNbKO
NpsIMble YacTH JHHHI (10 HACHILEHHS) — OYEeBMIHO, YTO OHH CHMBOMH3HPYIOT JHHEE-
HOe YCHJIEHHE CHIHana, T. €. MPH W3MEHEHWH YNpaBJifolero Toka B HECKOJLKO pas
BO CTOJIbKO K€ Pa3 U3MEHMTCH M TOK KOJeKTOpa (HanpsikeHHe B Harpyake).
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Puc. 1.3. Boaem-amnepras Puc. 1.4. Popma anaroeoe020 cuzrara
xapaxmepucmuka (BAX) 6unossprozo (Uep — «cpedrees nanpamenue, uru
mpan3sucmopa. lod6op onmumanrvHozo NOCMOAHHAA COCMABARIOUAR)

moxa cmeujenus I,

<dopma aHasoroBOro cHrHana noxasana Ha puc. 1.4. Kak BunHo U3 storo rpagu-
Ka, aMIJIMTyAa CHrHala NOCTOSHHO MYJNbCHPYeT OTHOCHTENbHO HEKOero CpeiHero Ha-
npaxkenus U, npHyeM OHa MOXeT KaK YBeNHYWBATLCH, Tak M ymeHbwaThesi. Ho
Befb GHMOMSIPHLIA TPaH3UCTOP pearvpyeT TOJLKO Ha yBeJHYeHHe BXOAHOTO Harpsike-
Hus (BepHee, Toka)!

BbiBoR: HY>KHO ChenaTh Tak, uTo6bl TPAH3UCTOP JaXKe mpH MHHUMANLHOM aMmJH-
TyAe BXOLHOrG CHrHana Gbil HEMHOXKO MPHOTKPHT. IIpu «cpenneri» amnantyne U,
OH OTKPOeTCSH YyTh CHJbHEH, a NP MakcuManbHol U, . — OTKpPOeTCSs MakCHMaNbHO.
Ho nipy 3TOM OH He AO/IKeH BXOAMTb B pexXMM Hachiuiehus (cm. puc. 1.3) — B atom
peXXMMe BLIXONHOH TOK mnepecTaeT JIMHEHHO 3aBHCETb OT BXOOHOro, ClEACTBHe
Yero — CHJIbHOE MCKajKeHHe CHrHaja.

O6patumcs cHoBa K puc. 1.3. Tak kak W makcumansHast U, H MHHHMaJbHas
U, @MIUIHTYLObl BXOAHOTO CHIHANA OTHOCHTENBHO «CpenHeis U NpMMepHO oNHHAKO-
BHl NO BeNuyHHe (M MPOTHBOMONOXHLI MO 3HaKy), TO HaM HYXHO noaaTh Ha Gaay
TPaH3MCTOpa T2KOH NMOCTOSHHBI TOK (TOK cmemenus — 1), 4To6L NpH «CpenxeM»
HarpsyKeHHH Ha BXofle TPaH3WCTOp Obln OTKPHIT POBHO HanosnoBHHy. Torpa mpe
YMEHbLUEHHH BXOLHOro Toka (BrnoTh no amnautymbl U, ) TpausucTop 6ymeT 3akpel-
BaTbCA M TOK KOJJIEKTOpa CTaHeT YMeHbLUATLCS, @ TNPH yBeJMYEHHH BXOLHOTO TOKa
OH OTKDLIBAETCH €Lle CHJbHEeH.

CxeMbl 0QHOKAaCKaJHOr0 yCHAHTENs Ha GHMONSIPHOM TPaH3HCTOPE, BKJIKUYEHHOM
no cxeMe ¢ O3, nokasauel Ha puc. 1.5. Ha puc. 1.5, a HapucoBana Han6osiee pacrpo-
CTpaHeHHasi cxeMa ycunutens. Peauctop R2 — Harpyska ans TpaHsucTopa, pesu-
ctop Rl 3anaer HauanbHoe cMmeluende TpausucTopa (4To6bl NPH OTCYTCTBUM CHrHana
TPaH3UCTOP Gbl NPHOTKPHIT, T. €. Ha ero Harpyske (R2) meiicTBoBano HanpskeHue,
NMpHMEPHO paBHOE NOJIOBHHE HEHpH)KEHHH l'lHTaHHH}, ero COI'IPOTHBJIEHHE 3aBHCHT OT
COMPOTHBJIEHUS HArpy3kH M KoapdHuuenta h,,, Tpansucropa. Konpencatop Cl1 —
pasfesuTesIbHbIN, OH HyXXeH A TOro, Yyto6bl MOCTOSHHAS COCTABNAKOLIAS BXOAHOTO
CHTHa/a He neperpyafa TPaH3HCTOp.
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Puc. 1.5. Yeunumenu. Bo acex cxeaax noobopon conpomuenenus pesucmopa Rl dobusaiomen
nanpaxcenusn ua goixode, npusepno pactiovn 0,5 Uy, B cxene (2) npu amon om Uy, nyacno
onusme nadenue nanpsixcenus na pesucniope R3

Hanpsikenne Ha 6ase TPaH3HCTOpA OTHOCHMTENBHO SMHTTEpA MOXKET KoseGathes
(non Bo3peicTBHEM BXomHOro curhana) Toabko B npemenax 0,7...1,0 B. Ipu merb-
LUeM Hanps>KeHHH TPaH3MCTOP MOJIHOCTBIO 3aKPHIT (T. €. HAXONMTCH B peXuMe OT-
CeYKH), a npy GONbLIEM — MONHOCTBIO OTKPHIT (pexum maceimenus). Ho suixon-
HOE HanpsXXeHWe HCTOUYHMKa CHrHaja, KOTOpbIM YIpaBifieTCs 3TOT TPaH3HCTOP,
OGLIYHO PABHO MOJIOBHHE HANPFAXEeHUA NMHTaHHA, WK npu nutaHud 9 B pasno 4,5 B.
Cronb BHICOKOE HampsiKeHHe MIHOBEHHO MepeBefeT TPaH3HCTOP B PeXKHM Hachlie-
HUs. MOXHO, KOHEeYHO, B cXeme Ha puc. 1.5, @ BMecTo KoHLeHCaTopa MOCTABHTH pe-
aucrop, a Rl y6paTh, HO TOra pe3Ko YMEHbIUMTCA YCHIEHHe KacKala — Beflb 3TOT
pesncTop OyneT «3a0fHO» OCNabsATh U MoJie3HblH curHan. KoHpeHcarop »xe nonpo-
cty sapsautcs fo pasHoctH U, — U, TeM cambiM «yMeHbLIHB» BEJMYHHY NOCTOSH-
HOIi cocTaBaisowelt 10 Hanpsi)KeHHs Ha Gase Tpausucropa. Kak ussectHo (cm. Tom 1
KHHIH), CONPOTHBJEHHE KOHAEHCATOPA 3aBHCHT OT YaCTOThl, H AAs HyJIeBO#H YacTOTH
(7. e. mocTosHHOM cocTaBasioweit) oHo GeckoHeuro. [TosToMy Ha pasHOCTB Hanps-
xenuit U, — U, TpaHsucTop He pearupyeT. B To e Bpemsi LJsi CHrHajla 3BYKOBO#H
(unu nioGoii apyroft) YacTOTH €MKOCTHOE CONMPOTHBJEHHE KOHAEHCAaTOpa HHUTOXHO
Mano (OTHOCHTENBHO), MOITOMY Ha 3BYKOBOI CHLHAJ TPaH3UCTOP pearHpyeT Tak ke,
KaK ecsii Obl 3TOro KoHneHcaTopa He Oblo, @ NOCTOAHHAs COCTaBASAIONAA HCTOYHHKA
CHMrHana paBHanach 6a3’0BOMY HaNpPSXKEHHI0 TPAH3HCTOPA.

Konnencarop C1 B 37Toit cxeme coBMecTHO ¢ pesnctopoM R1 M conpoTHBaeHHeM
6a3a-sMHTTep TpaH3McTOpa o6pasyeT Tak HaskiBaeMmyl audepeHUHMPYOMYIO
RC-nenouxy (noapo6Hee o ee paGote cM. Tom I). ITa uenouka 3ameuaTesbHa TeM,
YTO ABJNSETCH HHYEM HMHBIM, Kak ¢uabTpoMm BepXHHX uactor (PBY). AMnau-
TynHO-4yacToTHas Xapaktepuctuka (AYX) PBY nokasasa na puc. 1.6. Kak



1.1. YeunumensHsie npubopbl 9

BUOHO M3 rpaduka, nmpH HyJeBOH yactoTe TOK Ha Beixoge PBY pasen nymo, T.e.

curHas vepes (HALTP He npoxomMT. [IpH yBesnHueHHH 4YacTOThl CHrHala BBIXOOHOH
TOK YBeNHUMBAETCH, U Ha HEKOTOPO# 4acToTe «COMPOTHBJEHHEM» (DHNLTPA MOXKHO

npeHeGpeus. ITa 4acTOTa HasHBaeTcs uacToToit cpesa ¢unbtpa (I,), M Ha Heit Ko-
33§:nuuem- nepenaun (OTHOLIEHHE BLIXONHOTO HANPSKEHMS K BXOAHOMY) paBeH
1/ 2, T. e. npumepHo 0,7. UacroTa cpesa RC ¢unanLTpa npHMepHO paBHa

f,, = /2nRC, (m

rie 2m — YMCIO, MpUMepHO pasHoe 6,28; R — conpotueienue pesuctopa (MOwm);
C — emkocTb koHueHcatopa (Mx®); f, — uacrora cpesa (I'w).

B ycuanTensx, aHalOrMYHBIX MOKa3aHHOMY Ha pHc. 1.5, a, conpoTHsienye 6aso-
BOrO NEePexo/ia ONpeNesuTh JOBOJLHO CJIOXHO, NOSTOMY Yalle BCEro eMKOCTh KOHOEH-
catopa Cl non6HpaloT 3KCNepHMEeHTabHO: BHauane B CXeMy CTaBAT KOHNEHCATOp 3a-
BEIOMO CJTHLIKOM Manoii eMkocTH (Hanpumep, BMECTO «HyxHoro» Ha 1 mk®d Bnausa-
ot emkocteio 0,1 wMmx®), ko Bxonmy
YCHJIUTENs MOAKAKYAIOT MCTOYHHMK CHI-

Hana, a K puixofy — Harpysky. Ecan Bul ey

10 CHX NMOpP He BKJ/IOYMJIH HanpskeHHe 5

NUTaHHUA YCHIHTeNsT — 0653aTeNbHo

Bk/toynTe ero! 3t0, KetaTH, HauGonee L S

pacrnpocTpaHeHHas owHOKa y HauWHaw- |

UMX panuoniobuTeneil — OHH MBITATCH |

HACTPOMTb YCTPOHCTBO, 3a0bIB NOAATH Ha :

HEro HanpsxeHWe NHTaHus. ToT Xe 3¢- :

(ekT OyleT, eCnM Bbl MOMLITa€TeCh 3a- !

BECTH MallMHY € nycTbiM GeH3oGakom. 0 fer. il
Bonee onbiTHble panyonio6HTeNH, eClil Y

HUX YTO-TO He paboTaeT, nepBbIM JeJ0OM Puc. 1.6. Amnaumyoro-uacmomras
NnpoBepsiloT HaJlH4yHe H BeJIHUMHY Hamnps- XApaKmepucmuka Guabmpa HUMHUX

HEHHA NMHTAHHUA. wacmom

HTak, Bbl BKAOYHIH ycunuTenb. Tak Kak emKocTh KoHneHcatopa Cl caMiukom
mana, 7o oH Gynet «obpesaTb» BCE HH3KHE HaCTOTHl, U Ha BbiXxole ycHaUTesns Gyner
«CBUCTAME» 3BYK. Ecniu BEI Teneph napasnenbHo KoraeHncatopy Cl nonpcoenvHuTe
eille OOWH, Gosblueli eMKOCTH, TO 3ByK CTaHeT ropasfio Jyylle — 4acToTa Cpesa
«bHNbTPas NepeMecTH/ach B CTOPOHY 6oJiee HHUSKHX 4YacTOT HJ/H, KaK OOLIYHO rOBO-
AT, «B ycunutene npHbasunocs 6acoss (bass (anrs.) — Huskue yactoThl). EMKOCTH
koHpeHcatopa Cl TakuM o6pa3oM noaGHpaloT N0 TeX Mop, Noka He N06bIOTCH OT YCH-
JIUTENs «HOpMasbHOro» 3Byka. Ho »xenartesnbHo, 4To6bl €ro eMKOCTh GbiJla MHHHMAaJb-
HO BO3MOXHOH.

Cxema Ha puc. 1.5, 6 npakTHYeCKH HHYEM He OTJIHYAeTCH OT YXKe PacCMOTpeH-
Hoi. Ho Tak kak pesuctop Rl nopkaioueH ¥ KONNEKTOpPY TpaH3UCTOpa, a He K MCTOY-
HHKY NMHTaHMS, TO 3Ta CXEMa MeHee YyBCTBHTeNbHA K nyabcauuam (kone6anusiM) nu-
Taloulero HanpskeHHs. Pesuctop R1 obecneunBaeT oTpHuaTesibHy0 06paTHYIO CBA3b
(OOC) — Koa(phHUMEHT YCHNIEHHS Kackana OT 3TOr0 YMEeHbLUAeTCH, HO H HCKaxe-
HHSl TaK)e YyMeHbILaIoTCH.
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B cxeme Ha puc. 1.5, 8 nobasnen ewle onuu pesuctop — R3. HM3-3a nHero exon-
HOE COMPOTHBJIEHHE U Koot ULIMeHT ycuaenus ycuauteds (OTHOWeHHe BHIXO-
HOTO HAMNpPSIKEHHs WM TOKAa KO BXONHOMY) YMEHBLIMWJHCh, HO 6Jaronaps emy cTa-
6uJbHOCTD PabGOTH YCHJIMTENsl 3aMETHO Bo3pochia. TO eCTh, MPOLe roBOPS, YCHJIH-
TeNb, COGpaHHbIi MO 3TOH cxeme, paboTaeT Jiyylue ycHiuTesnei Ha puc. 1.5,a H 6,
HO ofJlanaeT XyALUHM YCHJIEHHEM.

[Mono6Hele sBNeHHS B 3/JeKTPOHHKE BCTPeHaloTCs CIJOWE H pagoM. Ouenb yacTo
MpU «NPHOYMEIBAHHH» CXEMBI TMPakTHYeCKH Jo6oro ycTpoicTBa pa3paboTUHKH
(«nprAyMBIBaNbLIHKHS) NPEABLABASIOT K HEMY TNOPOH B3aHMOHCK/IOuaolKe TpeGoBa-
HHS — B HalleM Cly4ae BBICOKHH KO3((PHUHEHT YCHJIEHHsS H BLICOKOE KayecTBO 3TO-
ro camoro ycunenusi. K coxkanenuio, HpeanbHbIX NpHEOPOB B 3JeKTPOHHKE He Cyie-
CTBYET, MOITOMY B TAKHX CAYy4asiX BCErja NPHXOAMTCH MATH Ha HEeKOTOpHIH KOMIpO-
muce (B Haluem Clyyae — WM HECKOJILKO YMEHBIUHTh YCHJEHHe, YToObl YaYYlUHTh
Ka4yeCTBO YCHIEHHOrO CUrHana, WK «3aKpbiTh IJ1a3a» HAa HEKOTOPOe YXYHIUeHHe Ka-
yecTBa CHMrHana, aabbl NOGUTLCS GOMbLLIEr0 KO3P(HLHEHTa YCHITeHHS).

3apaya Kaxxgoro paspaboTuyMka — HaWTH ITOT CaMblii KOMIpOMMCC. DTO He Tak
CJIOXKHO, KaK KaXeTcs, — Ou€Hb HacTo MPOLecC HaCTPOHKH yCTpOHCTBA npeBpaLlaeT-
Cfl B yBJIeKaTesbHYI0 Hrpy. BakHo TONBKO 3HaTh, 4TO MMEeHHO HacTpauBaThb. [1o3TO-
My B KHHMre Tak MHOro MecTa yfesleHO BCAKHM <«MeJioyam», KOTOpble, KAK KaXeTcs
JIo60MYy OMNBITHOMY pagHosiobHTe0, U3BECTHBI faXKe NeTAM.

[Ipu HacTpoFKe TPaH3UCTOPHOIC YCHJIMTENS HE HYXXHO MBITATbCHA MOJYYHTb OT
OLHOrO TPaH3HCTOPa «OTPOMHBIMY KO3(h¢hHLMHeHT ycuneHus. EciH BaM Hy»XeH Ko3g-
¢uureHT ycunedus, paBubiii 100, To nyyiwe Wcrnonb3oBaTh ABa IOCHAENOBATeNLHO
BKJIIOYEHHbIX KacKajaa (KacKaj — OIMH M3 «BarOHOB» B YCHJIHTeNle — <«MOE3[es:
M1060ii YCHIHTENIb MOXKHO pPa36GHTh Ha HeCKOJIbKO YacTei (kKackanoB), KaKnasi U3 KO-
TOPLIX BHIMOJHAET TY HIM HHylo ¢yHKuuio. KonHuecTBO getaned, B TOM uMcie H
TPaH3HCTOPOB, B ONHOM KacKale He OrpaHHuYeHO; MpOCTeHlUHe YCHIUTeNbHbIe KacKa-
Il H306paXkeHHl Ha puc. 1.5) ¢ Ko3GhUUHEHTOM yCHAEHHS Kaxaoro, pasHeiM 10,
NPH NOCJIeN0BaTeJbHOM COeIMHEHHH YCHJIHTeJeil HX KO3((hHLHeHTE YCHIEeHHS nepe-
MHOXXAIOTCSl, — YeM NbITATHCA «PacKayaTh» eNHHCTBEHHLIH TPAaH3UCTOP, MYCTh fa)e
y Hero h,,, 6ynet Gosaeine 1000. [TpocTo npy maaBHOM yMeHblUeHHH KOI(dhHUIIHEHTa
ycuneHus Kooad¢puuueHT HeauHelnsix uckaxenuit (KHH. usmepsercs B npo-
LleHTaX; YeM OH MeHbllie, TeM Jyuylle; y «XOpOLIHX» ycuauTeseit oH MeHbie 1%)
PE3KO yMEeHbLLAeTCH.

Ha puc. 1.5, 2 n3o6paxkeHa eule OfHa, NOBOJILHO HHTEePECHAs CXeMa YCHIHTENs
Ha TpaHsucTope VTI, BKIIOUeHHOM no cxeme ¢ o6wHM 3MHTTepoM. OcoGeHHOCTD
3TOH CXeMbl — OHa HeWyBCTBMTEJIbHA K neperpyskaM ro BXOAY: eC/H nonath Ha 6a3y
TPaH3MCTOpa CJMLUKOM BHICOKOe HampsKeHWe, TO OHO yepes «aHom» nepexopna Ga-
33-3MHTTep 3apsmHT KoHpeHcaTop C2 W OrpaHHYMTCS Ha ypoBHe, OnpenesisieMOM pe-
suctopom R3. B paccMoTpeHHBIX paHee cXeMax TOK uepe3 SMHTTEPHblH Nepexon HH-
yeM He OTpaHHYHBAaeTCs H TPaH3MCTOP MpPH TMeperpyskax HeWsGeXKHO BBIXOOHMT M3
crpos («cropaet»).

ConpotuBnenue pesucropa R3 non6upaetca Takum o6pasoM, 4To6bl MageHHe Ha-
npskeHds Ha Hem cocTapisiio 1/10...1/5 HanpsokeHHs: nUTaHMS, T. €. €r0 COMpO-
tHBnenue paeHsetcs 0,25...0,5 or conmporuenenus pesuctopa R2. Konnencatop C2
HYXXeH A/fl TOro, YTo6bl HECKOJNBbKO YBeJIHYMTh KO3((hHUHEHT YCHJIEHHA YCHIMTens
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Ha BEDXHMX 4acTOTaxX, H €ro eMKOCTb JoJKHa 6biTh Gonee ueM B k , pasa GoJblue
emkocTH Koupencatopa Cl, 1. e. npuMepHo B 5...20 pa3. Ecam BH npunasere KoH-
rexcatop C2 cauwkoM GosbUIOH €MKOCTH — HMYEero CTPawHoro He NpoH30OHMIeT; 372
cxeMma MOMNpoCTy «NpeBpaTHTCS» B CXeMy, H306paxeHHyl B NyHKTe «6». HeuyBcTBH-
TEJABHOCTb K Meperpy3kam npu atom wcuesHeT. Ecan xe C2 He ycTanaeausaTth co-
BCEM, TO KOI(P(HUMEHT YCHJIEHHS! 10 TOKY Ha BBICOKHX 4aCTOTaX HECKOJIbKO YyMEeHb-
WUATCS; B ueJoM paboTa YCHAHUTENs YXYAUWMTCS.

Yeunvresb Ha NoJieBOM TPAaH3UCTOpE, BKAIOYEHHOM M0 cXeMe ¢ 061MM MCTOKOM
(OH), Takxe kak v 6unonsipHeii ¢ O3, obecneunBaeT yCHICHHE H MO HaNpPsKEHHIO,
u no Toky. Ho y nonesoro TpaHaucTopa ecTh be 0COGEHHOCTH, OT/IHYAKILKE ero oT
6unoasipHoro: 1) oH He moTpe6nsieT TOK OT HCTOYHHKA CHTHana ¥ 2) ero Ko3ghguuu-
eHT YCHJIEHHs] 3aBHCHT TOJIbKO OT COIIPOTHBJIEHHS! HArpy3KH.

Kak s yxe rosopus B | ToMe, KaHan mosneBoro TpaH3HCTOpa, COENMHAIOLIHH Bbi-
BOIbl CTOKAa H MCTOKa, NpeficTaBaseT co60ii pe3ncTop, H ero CONpPOTHBJIEHHE NPH He-
KOTOPOM TOCTOSIHHOM HaMNpsiKeHHH Ha 3aTsope (OTHOCHTENBHO HCTOKA) HeH3MeHHO.
To ecTb noJsieBOH TPaH3HCTOP MOMKHO M306pa3uTh B BHIE CXeMbl, H306paXKeHHOH Ha
puc. 1.7. BxogHoe HanpskeHne (He Tok!) «nepeBHraeTs IBHXOK ¢[lepeMEHHOr0 pe-
3HcTOpa» Ry; (KOTOpHIM SiBJISIeTCS! KaHa/N TPAH3MCTOPA), COMPOTHBJEHHE 3TOTO ¢pe3H-
cTopa» H3MEHSieTCs, H, TaK Kak COMPOTHBJIEHHE Harpy3KH HEH3MEHHO, TO Hampsixe-
HHe Ha Harpyske u3mensiercsi. Coorser-
CTBEHHO, M3MeHfleTCs HanpsiXeHHe H Ha
BLIXOJle YCHJIHTEJS.

Jns nonesoro TpaH3WCcTOpa YBeJH-
yeHHe YMNPaBJSAOWEro HaNpAXXeHHs BHI- e Bty
3biBa€T yMeHblUeHHe COMPOTHBJIEHHA Ka-
Hajla, W HanpsXeHHe Ha BbIXoJe yMeHb-
waercs. [Ipy yMeHbLIEHHH HalpsiKeHHs
Ha 3aTBOpEe CONPOTHBJEHHE KaHasa yBe-
JNHYMBAETC W HanpsiKeHHe Ha BBIXOJE,
Gnarofapsi CONpPOTHBJEHHIO Harpy3ku Ry,
yBeJquuHBaeTcsl. To eCTb Kpome YyCuJe- P
HHSl TPaH3MCTOP, BKJIOYEHHBIH N0 cXeMe ’
¢ o6KM MCTOKOM, 320ZlHO U MHBEPTH- 15]-'

+ Unur

Ry

Puc. 1.7. ¥npouwjennan 3xsusarenmuan
CXema noaesoso mpaxH3ucmopa

pyeT BXonHOM cHrHaji. OT 3TOro HHYeEro

He MeHseTcd, HO 3HaThb 3TO HYXHO. 12

BxomHoW cHrHail dHBepTHpYeT H OHmo-

ASIPHBIA  TPAaH3HCTOP, BKJIOYEHHBH Mo

cxeMe ¢ OOLUHM 3MHTTEpOM.
BonbT-amnepHasi ~ XapaKTepHCTHKa

ofHOro M3 Haubosiee 4yacTo HCIOJb3ye- = de @ i3 U B

MBbIX paﬂHDJTI-DGHTEJTHMH noJieBOro TpaH-

—— - — -

adcTopa Haobpa)keHa Ha puc. 1.8. Ins
IPYrHX THNOB TNOJIEBHIX TPaH3HCTOPOB
KpHBasi UMeeT Ty e ¢opMy, HO 4YMCJa
Ha ocsix rpagrka 6ynyT HHBIMH.

Puc. 1.8. Boavm-amneprasn
xapakmepucmuxa mpansucmopa KI13075
(n-xanaavubiii noABOL € YnpasARIOLUM
p-n nepexodom)
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Kax BHIHO M3 rpacduka, npH HyJeBOM HanpsiKeHWH Ha 3aTBOpe TOK CTOKa TpaH-
3MCTOpa ¥MeeT HEKOTOpoe 3Ha4yeHWe M AiA TpaHaucTopa TtMna KII307 oH pasen
10...15 MA. DTOT TOK HasblBaeTCss HAYaJbHBIM ToKOM croka [, . Ilpu ymeHsbiue-
HHH HanpsiXXeHHs Ha 3aTBOpPe TOK CTOKA YMEHbLIAETCH, @ NPH YBEJHYEeHHH — YyBeJH-
ynBaetcs (115t p-KaHAJBHOTC NOJIEBOTO TpaH3ucTopa — HaoGopot). Hanpsikenue Ha
3aTBOpe N-KaHaJbHOro TPaH3HCTOPa C H3OVIALMeH p-N-NepexoioM MoXeT KosebaThest
B npepesax -20...+0,7 B: npu HanpsieHun Ha 3aTBope Gonee 0,7 B oTHOocHTeAbHO

KaHaJla OTKpbIBaeTCsl LMOM, H30JHPYIOLLHI 3aTBOP OT KaHasa H Yepe3 3aTBOP B KaHaf
Ha4HHaeT Te4yb TOK, a MPH HanpsKeHHH meHee —-20 B MoXeT npousotH npobow
p-n-nepexona.

3aBHCHMOCTb H3MEHEeHHS TOKa Harpy3kd OT H3MeHeHHS HanpsyKeHHs! Ha 3aTBope
NOJIEBOr0 TPAaH3MCTOPa HA3kIBAETCH «KPYTH3HA XapakTepHCTHKH» H o603HayaeTtcs 6y-
kBO¥ S (y MOWHEIX TPAH3HCTOPOB M3MepsieTcs B aMniepax Ha BosbT — A/ B, y mano-
MOIUHBIX — B MHJJHaMnepax Ha sosbT — MA/B). KpyTH3Ha XxapakTepHCTHKH co-
BPEMEHHBIX IMOJIEBLIX TPAH3HCTOPOB C YTIPABJSKLIMM p-N-TiepexofoM KoJseGnercs B
npesenax 1...100 mA /B, a y TpaH3HCTOPOB C H30JHPOBAaHHLEIM 3aTBOPOM — B Tipefe-
nax 0,1...60 A/B. KpyTu3Ha XapakTepHCTHKH, TaK e Kak H CTaTHYeCcKHH Kos(pdu-
LUMEHT nepenayy ToKa GHMONSPHOro TPaH3MCTOPA, AR KaXI0ro KOHKPEeTHOro0 TPaH3H-
CTOpa BeJHYHHA HeHM3MeHHas!, HO Y pa3HbIX TPaH3HCTOPOB OHa pasHas. KosdpuuueH-
Ta h,,, y NoneBBIX TPaH3HCTOPOB HET, TaKXke KaK Y OHMONAPHBIX HeT KpYTH3HH S.
Cpsi3aHO 3TO C pa3HbLIM MPHHUMNOM LEHCTBHS GUMOMADHBEIX M MOJIEBLIX TPaH3HCTO-
pos. BepHee, 3TH KO3()hMUMEHTE Y HHX €CTh, HO OHH GJH3KH K GECKOHEYHOCTH: Y
MoJIeBOro TPaH3HCTOPa BXONHOH TOK NMPHMEPHO PaBeH HYJ0, a MpPH feNleHHH J6oro
YHC/ia Ha HYJb Tiosy4yaeTcsl 6eCKOHEYHOCTh; Y GHIIOJIApHOro TpaH3WCTOpa, ecliv He
YUHTbIBaTh TOK 6a3bl, NpH H3MeHeHHH HanpsiKeHHs Ha 6a3e ot 0,7 no 1,0 B Tok Koan-
JieKTopa H3MeHSieTCsl OT HyJfl 0 MaKCHMaJIbHOrO 3Ha4yeHHs, T. e. ONATb NoJy4yaeTcs
caviwKoM Gosbluas BesuuHHa. [ToaToMy ycunuTenbHble CBOHCTBAa GHMONSPHBIX H MO-
JIEBBIX TPAH3HCTOPOB M3MEPSIIOTCS MO-pasHOMY W cpaBHHBaTh h,,, ¢ S Heab3s. Bce
ocTanbHble NapameTpbl (MakcMMajbHO NOMYCTHMble HanpspkeHHe, TOK, MOLIHOCT,
€MKOCTb nepexonos H o6paTHOE CONpOTHB/EHHE) A/15 BCEX THIOB MOJYPOBONHHKOB
H3MEpAIOTCH ONMHAKOBO.

Ho sepHemcs k nosnesbiM TpaH3ucTopaM. Kak BHAHO U3 rpaduka Ha puc. 1.8, 3a-
BHCHMOCTb TOKa CTOKa OT YMpaBJISIOLIEro HanpsiKeHHsl He COBCeM JMHelHa. AHano-
THYHO JIHHHA rpadHka «usrubaeTcsi» napannesbHO OCH YTIpaBASIOLIEro ToKa H y GHno-
JIIPHOro TPaH3UCTOPA, KOrZia OH BXOJHT B PeXXHM HaceiweHHs.. Ho Tak kak y nosieBoro
TPaH3HCTOpPa TOK CTOKA NOCTHraeT B TaKOM peXHMe He MAaKCHMAaJbHBIX, 3 MHHH-
MaJBHBIX 3SHAYEHHH, TO 3TOT PeXHM Yy Hero Ha3biBaeTcsl peXUMOM OTCeYKH. Mu-
HHMaJIbHOEe Hanpsi)KeHHe Ha 3aTBOPE, NMPH KOTOPOM TOK CTOKA YK€ MOXKHO He YYHTHI-
BaTh, Ha3biBaeTcs HanpskeHneM otceykH (U, . ). ConpoTHB/eHHe MOMHOCTLIO 3a-
KPBITOTO KaHajla GOJIbLUWHCTBA COBpEMEHHBIX TIOJIEBbIX TPaH3HCTOPOB HAXOAHTCA B
npenenax 100 MOwm...30 I'Owm, T. e. MoxeT GbITb faxe Gosblue, YeM o6paTHOE COMpo-
THBJIEHHE IMOA0B. DTO CBOMCTBO NOJEBBIX TPAH3HCTOPOB CLENANI0 HX He3aMeHHMbIMH
B MHKpoMOWHLIX uMpposrix KMOII-MHKpocxemax, a Takxke B yCcTpPOMCTBaxX BHIGOp-
KH-XpaHeHHSs! H NnepeK/I0YeHHs aHaJIOrOBLIX CHIHAJIOB.
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Jinst IMHeHOro YCHJieH|s! BXOAHbBIX CHTHAJIOB MOJIEBBIM TPAH3HCTOPOM HaM HY»-
HO MEepeBecTH ero B TakoH pexHM, YyToObl NPH H3MEeHeHHH BXOLHOrO HafpsiKeHHs! B
CTOPOHY YBEJNHYEHHS MJIHM YMEeHbLUEHHS €ro KPYTH3HA XapaKTepPHCTHKH NPaKTHYECKH
He M3MeHsNach. A past 6osbluero Ko3hGHUHEeHTa YCHAEHHS! KDYTH3HA XapaKTePHUCTH-
KH JOJDKHA GbITh MakcHManbHOH. Kak BuaHo u3 puc. 1.8, 3To TpeGosanue cobawopna-
eTCA TOJIbKO TOrZa, KOrfa NoCTOSHHAS COCTaBJSILIAS HAa 3aTBOpe paBHa HYJI WJH
yyTh MeHblie (-0,1...-0,3 B) ero: B TakoM pexvMe KpuBasi rpacdvKa MpencTaBJisieT
co6oif MOYTH NPAMYI0 JHHHIO, 2 KPYTH3Ha XapaKTepHCTHKH MakCHMallbHa H paBHa
(16 mA - 12 MA) : 0,7 B=5,7 MA/B.

OcHOBHBIE CXeMBI BKJIIOUEHHs noJeBbix TpaHsucTopos (Kackan ¢ OU) nokasawsl
Ha puc. 1.9. Ha puc. 1.9, a n3obpaxkeHa «craHnapTHas» cxema. Bxonxoe conpoTHs-
JIeHHe KaCKala YACJIEHHO PaBHO CONPOTHBJEHHIO pe3ucTopa Rl, H ero MOXHO BEIGH-
paThb B npefesax HeCATKH KHJA0OM (MeHblue HEBLICOMHO) ... NeCATKH MeraoM. Tak kak
BXOJIHOE COMpPOTHBJIEHHE CXeMbl 3HAYHTEJILHO, TO H eMKOCTb KoHpencatopa Cl nonx-
Ha GbITh HEeGOMBILOH, a YeM MeHblie eMKOCTb KOHAEHCAaTopa, TeM MeHblle ero CTOoH-
MOCTb H raGapHThl.

+U
R2
Bxog C1 P
-] c2
R.l R3 +1°¢-.1mml
™ 27

I

B)

Puc. 1.9. Bxarwouenue noresozo mparaucmopa no cxeme ¢ o6ujum UCmMoKoM

Pesncrop R2 — conpotHBieHne Harpy3kd. Ero paccunTeiBaoT no copmyJe:

05-U,.

R2=l

C.Hay.

B HaweM csyyae HanpsixkeHHe MHTaHHsi paBHO 9 B, a HayasbHbI TOK CTOKa
TpaHaucTopa — 12 MA (puc. 1.8), noaromy conporusnenue pesuctopa R2 pasHo
0,5-9:0,012 =375 (Om). TonbKo NpH TaKOM CONPOTHBAEHHH HAMpsXKeHHEe Ha CTO-
Ke TpaHsucTopa VT1 Oyner paBHO MNoJNOBHHE HanpsixeHHs MHTaHHA; NpH GoablueM
CONpPOTHBJIEHHH OHO OymeT MeHblle, a NpH MeHblleM — GoJsiblie ero. Tak Kak pesH-
ctopos conpotHBienneM 375 Om e pany E24 (cm. B KOHUe KHHCH) HeT, TO, YYHTbI-
Basi BO3MOXXHOE CHH)XeHHe HanpsikeHHs nutaHus (6artapeiiku «cesns), BeibGupaem
Gnuxkaiillee MeHblee conpoTHsiaeHne — T. €. 360 Om.

BhixonHoe CONpOTHBJEHHWE Kackaja, NpH HanpshKeHHH Ha CTOKe TpaH3HCTOpa,
pasuom 0,5 U_ ., uHcieHHo paBHO conpoTHBieHHio pesnctopa R2. Ecan HanpsaxeHue
Ha cToke GoJblie My meHbwe 0,5 U ., To BhixonHOe conpoTHBieHHe Gyner Goblue
conpotHBneHnsi R2; ecnn HanpsixkeHHe Ha cToke menbiue 0,5 U, 3Ha4YHT, CONPOTHB-
NeHne pesucrtopa R2 cauiikom Gosblioe IJS AAHHOrO TPAaH3HCTOPA H ero HYXHO
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YMEHbUIHTb — TOTZa H BBHIXOLHOE CONPOTHBJIEHHE YMEHLUIHTCH, a paboTa YCHNHTe-
JIl — YAYYUHTCS; €CJIH XKe HanpsikeHHe Ha ctoke VT1 Gonbwe 0,5 U, 3HauuT, co-
NMPOTHBJIEHHE De3UCTOpPa CNHUIKOM MaJo (KOI"ﬂa CONMpPOTHBJIEHHE R2 PaBHO HYJIKO —
HanpsixeHre Ha croke pasHo U, a korma — GeckoHeyHoctH (T. e. ero monpocty
HeT), HanpsiKeHKe Ha CTOKe TPaH3HCTOpa G/AM3KO K HYJI0) M ero XeJaTesbHO yBeJiH-
HHTb — BBIXOAHOE CONpPOTHBJIEHHE OT 3TOr0 HE H3MEHHTCH (HD JILb 10 TeX nop,
TOKa HanpsiKeHHe Ha CToKe He craxeT MeHbue 0,5 U, ), 2 KO3(pQHUKHEHT YCHIEHHS
yBesHuuTea (OH MakcHMaleH, KOrfa HanpskeHHe Ha CTOKe PaBHO TNOJIOBHHE Hanps-
XKeHHs NIHTaHHSA).

OnHo H3 OTNMYKK yCHIUTeNs Ha nosesoM TpaHsuctope (puc. 1.9) ot aHanorny-
HOro ycunuTessi Ha 6unosnsipHom (puc. 1.5) — noCTosHHAA COCTABALILAS HAlPsKe-
HHsl Ha Bxofe (3aTBope) paBHa Hys0. Baaromaps 370# 0COGEHHOCTH CTAJ HE HYXEH
pasfiesiiTesibHblE KoHneHcaTtop Cl, ecnin KO BXOLY YCHJIHTENA B KauecTBe HCTOYHHKA
CHrHaJa MOOKJW4YeH NeHepaTop HanpsXKeHHs ¢ NOCTOSHHOH COCTaBAANOLLEH, paBHOH
Hyso (HanpuMmep, 3JEKTPOAHHAMHYECKHI MMKPO(OH MJIH roJIOBKA BOCTIPOH3BENEHHS
KacceTHoro marHutogoHa). Cxema takoro ycuuurens usobpax<eHa Ha puc. 1.9, 6.
Hatunk Bl — rosioBka Bocnpou3senenns, koHneHcatop Cl COBMECTHO C HHIOYKTHB-
HOCTBI0 KaTYIIKH FOJIOBKH o0pasyeT koJieGaTesibHblii KOHTYp, GJarofaps KOTOpPOMY
Ka4yecTBO 3BYKa HECKOJIbKO yJiyuluaeTcs; ero eMkoctb — okosio 2000 nd.

Tak kak B ycHiHTesne Ha BXOJe HET pasfiesIMTEJbHOTO KOHAeHcaTopa, TO ero
AUYX npepcrasnisier co60i NPaKTHYECKH TPSMYI0 JHHHI H KO3GQHUHEHT YCHIIEHHS
YCHJIHTENS JaXKe Ha YacToTax B efMHUUb! repu 3HaunteneH (cpashute ¢ AUX «o6biy-
HOTO» YCHJIHTENs, C pasfie/IMTeNbHBM KOHIEHCaTopoM, H3o6paxeHHoil Ha puc. 1.6).
Bnarogaps sroMmy cBOHCTBY, ycuaMTeNb OHeHb XOPOILUO YCHJIMBAeT CTOJb LEHHMblE
HBIHEUIHHMH ayfHotdHaaMu «6acbl» (Huzkue uactothl). Kpome Toro, w3-3a orcytct-
BHA pa3lleJIHTEJIbHOro KDH}IEHCETD]JH BO BXOLHOM Kackaje YJy4dllHUTCH paﬁo'ra BCero
YCHJINTEJIS! B LIEJIOM: HleaNbHbIX KOHIEHCAaTOPOB He CYLIecTBYeT, a HeHaeanbHue, Y-
TAHOBJIEHHHIE B YYBCTBHTENbHBIX BXOIHBIX KacKajaX, AOBOJIbHO CHJIbHO <[OPTAT»
curdan. [Toatomy B GoNbUIMHCTBE KayeCTBEHHBIX YCHJMTeNeH, maxe coOpaHHBIX Ha
OCHOBE GHHDJTFIPHHK TpaH3HCTOpPOB, BO BXOOHLIX KacKajax YCTaHOBJICHB MOJieBbIE
TpaH3HcTopbl. JOMOJMHHTENbHEI <«MMIKOC» MOJIEBOr0 TPaH3WCTOpa — OTCYTCTBHE
p-n-nepexojioB MeXIy BHIBOAAMH CTOKA H MCTOKA (a2 B TpaH3WCTOpax € H30JMpOBaH-
HbIM 3aTBOPOM p-n-Nepexofios BoobLle HeT — ecJM He YUHTHIBATb H3OJSAUMIO KaHana
OT NMOAJOKKHK); BIPOYEM, B HEKOTODbIX OYeHb JOPOTHX CBEPXMANOLIYMSLIMX TPAH3H-
CTOpax KaHaJl H30JMPOBAH OHNEKTPHKOM, T. €. peKOMOHHAUMOHHLIX LIYMOB, BO3HH-
KaloLLHMX M3-32 Xa0TH4YeCKOoro NpoHWKHOBeHHs! («3aseTa») OCHOBHLEIX HOCHTENeH TOKa
B COCe/IHION 06s1aCTh, B KOTOPO# OHH SIBJISIIOTCS HEOCHOBHLIMH H B KOTOPOH peKoMGH-
HHPYIOT (B3aHMOYHMYTOXAKOTCA) C OCHOBHLIMH HOCHTeNISIMH IS TOH OGJIACTH, HeT.
Hanpumep, B TpaH3HCTOpe CTPYKTYpPHL N-p-N AJS 633kl OCHOBHBIMH HOCHTEJISIMH TOKA
IBJIAIOTCS JBIPKH, @ HEOCHOBHBIMH — 3JIEKTPOHBI; B KOJUJIEKTOPE OCHOBHbIE HOCUTEJH
TOKAa — 3JIEKTPOHHI, 2 HEOCHOBHBIE — JIBIPKH. ECNH «KOJJIEKTOPHLIHS 3/IEKTPOH CJIy-
YalHO 3aneTHT B 6a3y, TO TaM OH NpPaKTHYECKH MIHOBEHHO peKOMOHHHpYeT C AbIp-
KoH. B pesysnbraTe B KoJuleKTOpe cTaHeT MeHblue Ha | ssiekTpoH, a B 6ase — Ha
1 npipky. Tak kak Ha 6asy TpaH3HcTOpa NOJAHO HEKOTOPOe HEeM3MEHHOe HanpsiXeHHe
CMellleHHA, TO A8 BOCCTaHOBJIEHHA paBHOBECHA KOJEKTOD 386HPBET OIHH 3JIEKTDOH
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Yy MCTOYHHKA NMHTaHHUs. A TaKk KakK B KOJUIEKTOP TOK Te4eT uepe3 Harpysky, TO NpH
3TOM TOK Yepe3 Harpy3ky (HanpsakeHde Ha Heil) pe3ko M KpaTkoppeMmeHHO (Ha
BpeMs MPOXOX/JeHHsl ONHOIO 3JIEKTPOHA) YBEJHUYHTCS, MOC/e Yero CHOBa yMeHbLIHT-
CSl [I0 MPeKHEro 3HaueHHs.

Tak kak nfowanb p-n-nepexojioB TpaH3WCTOpa, N0 CpaBHeHHIK C paaMepaMH of-
HOrO 3JIEKTPOHA, OTPOMHA, TO 33 e[IMHHLY BPEMEHH JlaXKe y CaMoro Jiyuulero TpaH3H-
cTopa ¢ p-n-nepexofaMd MPOHCXOAHWT OrpOMHOe MHOXecTBO pekomMbGuHauui. HMs-3a
3TOr0 TOK B Harpy3ke Takoro TPaH3HCTOpa, NPH HeHM3MEHHOM BXOIHOM CHrHase, He
MOCTOSIHEH, a MyJbCHPYIOIKWH. JTH NyJbCAaLHH Ha3blBAlOTCA IMYMOM; KO3((HUHEHT
WyMa HeJIMHEHHO 3aBHCHT OT YaCTOTH! H NPH YBEeJHYEHHH YacTOThl PE3KO yMeHblua-
ercs. [TosToMy faXke BBICOKOYACTOTHBIE TPAaH3HCTOPH! IUYMSAIT NMPEHMYLLECTBEHHO B
HH3KOYaCTOTHOH 06JiaCTH, H TMOJYYHTb BbICOKOYACTOTHHIE (6onee 1 MI'u) koneGaHus
H3 WyMma, oTQHUAbTpoBaB ¢ noMoibio PHY Goslee HH3KHe YaCTOTHI, MPAKTHYECKH He-
BO3MoXHO0. Ho ecsii npHxoauTest yeHAUBaTh CAHILKOM cJ1abblii CHrHal, TO WYM HYX-
HO Y4YHTBIBATh Ha JIIOGBIX YacToTax.

Y tpaHsucTopoB Ko3(¢dHUMEHT Wyma uaMmepsieTcss B meurbenax, H y XOPOLIMX
GUNONISIPHEIX TPaH3WCTOPOB OH HaxomMuTtes B npeneaax 3..10 1B, a y noseBwix —
2..6 1B. ¥Y ycunuTenel wyMel H3MepAOTCA B LPYrHX, Gofiee CIOXKHBIX A5l MOHHMa-
HHSl efMHHLAX, MO3TOMY OCTAHABJMBATLCS HAa HHUX f He 6yny.

Kak BupHO M3 rpadHka Ha puc. 1.8, cepenuHa nuHeiiHoro yyactka BAX TpaHsu-
CTOpa COOTBETCTBYET HamnpsikeHHio, npuMepHo pasHomy —0,1...-0,5 B. TTostomy, nas
TOro Yytobhbl YCHIHTENb GoJiee paBHOMEPHO YCHJMBAJ BXOAHOH CHrHaJs, Ha ero 3aTBop
OTHOCHTEJIPHO HCTOKA HYXHO MOAaTh HMEHHO TaKoe HamnpaXeHHe. CB.EJI&TB 3TO MOXK-
HO ABYMS crioco6aMH: MM MOHH3KTb C NMOMOLIBI0 BHEUIHEr0 HCTOYHHKA NMHTaHHA Ha-
npsxenue (IOCTOSHHYI COCTABJSIOLLYI0) Ha 3aTBOpE, MM OCTABHTDH HamnpsiKeHue Ha
3aTBOPE PaBHLIM HYJIIO, a HanpsikeHHe Ha MCTOKe HeMHOXKO noseicHTh. locsepnni
BapHaHT Gosiee ynoGeH, MO3ITOMY HM MOJb3YIOTCA 4Hallle.

CxemMa Takoro ycuanTess naoGpaxeHa Ha puc. 1.9, 8. Tak Kak npH HyJieBoM Ha-
NpsiXeHHH Ha 3aTBOpE Yepe3 KaHa/l TPaH3HCTOPa M NMOCJe0BATENbHO COeNHHERHBIH C
HuM pesrcTop R2 Teuer HekoTopwiii ToK (B Hawem cayuyae — okosio 12 MA), 1o Ha
pesdcTope R3 cosjaeTcs HEKOTOpoOe NajneHHe HanpsXKeHHs, KOTopoe Cria)XHBaercs
¢buabTpyrolm koraexcaropom C2. ConportubieHue pesvctopa R3 nonbupaercs ta-
KMM 06pa3oM, uToGbl mnafieHWe Hanpspkens Ha Hem coctapaswio 0,1...0,5 B (wam
GoJiblle — B 3aBHCHMOCTH OT TWNa TpaH3ucTOpa). TakK Kak HanpsuKeHWe Ha HCTOKe
yyTb GoJiblIE HYJISl, TO HANMpsSXKeHWe Ha 3aTBOpe, COeHHeHHOM C OGLUMM TpPOBOAOM,
YyTh MeHbllie, YeM Ha MCTOKe. TO ecTb 3TO PaBHOCHJBHO TOMY, KakK eciu Obl Mbl Ha
puc. 1.8 ock TOKa cTOKa «CABHMHYJIH» BJIEBO.

KoaghHuHeHT yCcHNeHHs Mo HanpsiKeHHI0 NOJIEBOro TPaH3KUCTOpa, BKJOYEHHOro
no cxeme ¢ OH, oyeHb CH/IBHO 3aBHCHT OT COMpPOTHBJEHUS! Harpysku. [Ipu Hynesom
CONPOTHBJEHHH Harpysku (KopoTKoe 3aMblKaHHe, HJIH, COKpauleHHo, K3 — 3Ttot pe-
HHM, KCTATH, 6esonaceH A MaJOMOLLHRBIX NMOJIEBLIX TPAH3HCTOPOB H onacCeH AJA 6H-
NOJIAAPHBIX M BCEX OCTANbHBIX MOJYNPOBOAHHKOB) KO3((bHLHEHT YCHIIEHHs TI0 Hanps-
*eHuio paseH Hynw. IIpy compoTHBJEHHH Harpy3kH, paBHOM CONPOTHBJIEHHI) KaHa-
na (npu HeKOTOPOH HeM3MeHHOM NOCTOsIHHOM cocTaBisiolleit Ha 3aTsope) k= S.
ITpn GeckoneuHo GONBLIOM CONPOTHBJIEHHH Harpysku K, paBeH GeckoneyHoCTH. Ko-
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3(PHUMEHT YCHJIEHHS! 10 TOKY Y IOJIEBOTO TPaH3HCTOpa GJIM30K K GEeCKOHEYHOCTH,
HO BBIXOQHOH TOK NPH YBeJM4YEHWH COTIPOTHBJIEHHS Harpyskd yMmeHbluaercs. [TosTo-
MY «30Jl0Tas cepenrdHa» — 970 Korna R, = R,

BHunosspHbI TPaH3HCTOP, BK/IOYEHHEIH MO cXeMe ¢ OGIIMM KOAJEKTOPOM
(OK), u nonesoii, BK/IIOYeHHBIH 10 cXeMe ¢ o6mum crokom (OC) — puc. 1.1, 6,
YCHJIHBAIOT CHTHaJ TOJILKO N0 TOKY; KOS(M(MHUMEHT YCHJIEHHS 110 HaNpsKeHHI y Ta-
KHX KacKaloB UyTb MeHblIe efMHHLH. [109TOMY B JIHTEpaType 5TH CXeMbl YacTO Ha-
3bIBAIOT COOTBETCTBEHHO IMHTTEPHBIM M MCTOKOBLIM MoBTOpHMTensiMu. BxonHoi
CHTHaJl OHH, B OTJIM4YHE OT PACCMOTPEHHBIX BhILIE CXEM, HE HHBEPTHPYIOT.

KoagduurenT ycuneHHs Mo TOKY 3MHUTTEPHOro IMOBTODHTE/ISi [IPHMEPHO paBeH
h,,,» @ HanpsixkeHHe Ha AMUTTEPE TPAH3UCTOPa CTPYKTYpH! n-p-n Beerna Ha 0,6...1,0 B
MeHbllle HanpsikeHHsi Ha Gase (HanpskeHus M3MEpPSIOTCH OTHOCHTENBHO 06Lero
nposoza). dtor 1 B najaer Ha oTkpuTOM p-n-nepexone TpansucTopa. Eciu Hanpske-
HHe Ha 6ase TPaH3HCTOPAa HH NpPH KaKHWX YCJIOBHSX He MPEBLICHT HamnpsiKeHHe Ha
KOJUIEKTOPE, TO TOKOOTPAHUYMBAIOIIHIA PE3HCTOD MEXAY HCTOYHHKOM CHrHana M 6a-
30H SMHTTEPHOIO NMOBTOPHTEJS He HYXKeH — TPaH3HCTOP CaM «PeLIHT», KaKOH TOK
oTobpaTe €My OT MCTOYHHKA CHrHafla. DTOT TOK Bcerfa B h,, pasa MeHblle TOKa Ha-

FPY3KH; ec/lH MCTOYHHK CHrHaja He Mo-
+U *U XeT OTHATb TPAaH3HCTOPY CTOJb GOJbLIOH
(cpaBHMTENBHO) TOK, TO HanpsiXeHHe Ha

VT
( Io 9{ VT1 Harpyake SMHTTEPHOro NosTOpHTENs! By-

b AeT yMeHbLIaTbcsl. JTO siBJeHHe pajHo-

Fpmiociaa 5] JOGHTE/IH HA3HLIBAIOT ¢HATPY3Ka «CafHT»
MCTOYHHK CHIHaMa».

a) 6) CraTiyeckuii KoapbHUHEHT nepena-

4Hd TOKa h,,, GHMOJISPHOrO TpaH3KWCTOpa

Puc. 1.10. Hameperue cmamuueckozo yro6Hee BCEro M3MepsTh, BKIIOUHB TPaH-

Koagppuyuenma nepedauu moka 6aset

suctop no cxeme ¢ OK. Ilpu stom BHaua-
6unosapHo20 mpax3aucmopa

Jie U3MepsloT TOK Harpy3kH I, saMkHys
aMrepMeTpOM BHIBOAH KOJIJIEKTOpA H
smuTTepa Tpausucropa (puc. 1.10, a), npy aTom Gasy TpaH3MCTOpa HH K 4YeMy Moj-
KJIOYaTh HE HY>KHO, a MOTOM H3MepsloT TOK 0asbl I, 3aMKHYB amMnepMeTpoM BLIBOJIb!
Gaspl ¥ Kossekropa. [IpH o6oHX H3MepeHHsX COMPOTHBJEHHE HArpY3KH M HanpsiKe-
HHe THKTaHH$ JIOJDKHO OCTaBaThCs HEW3MEHHBIM. PasfieslMB TOK Harpy3kH Ha TOK
Ga3sbl, Mbl MIOJIY4YHM CTATHYeCKHH KO3((HUHEHT nepenayy Toka, T. e.

—

hys = 1—" ; (2)
6

Tok Gaskl H TOK Harpy3ku NO/KHBI H3MEPATLCS B OAHHX €AHHHLAX, T. €. HJH
oba — B MuanHamnepax, WK o6a — B amnepax.

Koa¢pduunent h,,, npH yBesHyeHHH TOKA HArpy3KH He3HaUHTEJbLHO YMeHbluaer-
Cfl, @ NPK YBEJIMYEHUH HAMPSXKEHHS NHTAHWA — YyBeJH4YHBaeTcd. DMHTTEPHBbIE NO-
BTOPHUTEJIH HCIIOJIb3YIOTCH B OCHOBHOM TOJIbKO B BBLIXOZHBIX KacKajax yCTPOHCTB —
IS YMEHbIUIEHHS BBIXOJHOTO COMpoTHBJEHHA. OueHb LIHPOKO PacrpoCTpaHeHb!
KOMIIEMeHTapHEBIe (T. €. BHLINOJHEHHbe Ha TPaH3HCTOPaX € ONHHAKOBLIMH (MueH-



1.1. YcunumenesHsie npuGope! 17

TMYHbIMM) TapaMeTpaMH, HO pasHoH g
CTPYKTYPOH — nJ11 GHMOJISIPHBIX TPaH3H-
CTOPOB, WJIM Da3HBIM THMOM KaHajla —
LA TOJIEBEIX) 3MHTTEPHLIE MOBTOPHTENH
(prc. 1.11) — B Takom cayuae, ecid Ha-
rpyska K BbIXOJY YCHJIMTEJIsl NOAKJKYaeT-
Cfl yepes pasflesMTesIbHBIH KOHAEHCATop,
pesucTop R,, MoTpeGASIOLIHH 3HAYHTEJb-
HBIH TOK, He HYeH.

EnvHCTBEeHHBIH HeNOCTaTOK KOMriJjie- Up
MEHTapHBIX ~ 3MHTTEPHBIX  MOBTOPHTE- A
Jeii — cpaBHHTeNbHO 60JbLIOE ManeHHe 0
HanpsiXeHHs Ha Nepexofiax KoJNeKTop —
SMHTTEP, AOCTHrapilee B cymme s o6o-

HX TpaH3HcTOpoB BennuuHbl 1,2...2,0 B. Urna
3aBHCHMOCTb HaNpsiXKeHHs! Ha BLIXOJe Uo

SMMTTEPHBIX TIOBTOPHTEJIEH OT Hampske- |,

HHS Ha BXOJle NoKa3ara Ha puc. 1.12. Ecnu

Harpyska BKJIlOYE€Ha MeXly BhIX0IoM H 06-

MM MPOBOAOM, TO HAnpsi)XeHHe Ha Ha-

rpyske yBeJHuHBaeT TPaH3HUCTOP CTPYKTY-

pBI M-p-N K Hanps>eHHe Ha BHIXOLlE NOBTO-

Bxope—s Brixog

Puc. 1.11. Cocmagnot amummepHuoiil
nosmopumens (komniemenmapras napa)

PHTEJI CHMBOJIH3HPYET HHIKHAA JHHHUA Ha Puc. 1.12. Boavm-amnepran
rpaduke. Ecsii Harpyska BKAKYEHA MeX- xapaxmepucmuka KoMRAeMenmapHoLl
Ay BLIXONOM H «[TIOCOBOi» LIKHOM, Hanps-  11APY Ha GUROAAHGLY MPAHSUCMOPAX

)eHHe Ha Brixofe (OTHOCHTeNbHO 06LIero

npoBoAa) cOOTBETCTBYET BepXHel MunHK. W, HakoHelw, ecsiu HArpy3Ka NoAKMIOYEHa ye-
pe3 pasfie/IMTeNbHBIH KOHAEHCATOP MeXKIY BBIXOOM H O{HOH H3 IUIMH NHTaHHd, Hanps-
»KEHHe Ha HeH COOTBETCTBYET CPelHeH, MYHKTHPHOH JIHHHH,

Pacemorpum paboTy noBTOPHTENss B MocJiefHeM ciyvae, T. €. KOrja Harpyska
NMOAKAIOUEHa Yepe3 pasfenuTenbHuiil koHneHcatop (aas Gosbluel npocTOTH NPHMEM,
YTO eMKOCTb 3TOro KOHIeHcaTopa 6u3Ka K GeckoHeyHocTH). Ecaiv Ha BXoz noBTOpH-
TeJisl TI0/laTh HEKOTOpoe HanpsixeHue, GoJbllee HyJs, HO MeHbluee «+Us», Ha BBIXONE
MOBTOPHUTENS YCTaHOBHTCH Hanpsienue U, Uepes HekoTOopoe Bpemsl pasfiefHTelb-
HbIA KOHLEHCATOp 3apANMTCH M TOK, TEKYLUMH Yepe3 HarpyaKy, CTaHeT PaBHBIM HYJI.
CoOTBETCTBEHHO, YMEHBLIUMTCS [0 HYJSi H TOK, NMPOTEKaloWHH yepe3 TPaH3HCTOPhI
VTI u VTZ; HanpsixkeHHe Ha HX 3MHTTEpax CTaHeT PaBHBIM BXOLHOMY HaMpsiXeHHIO,
T. €. HanpsXKeHHI0 Ha ux 6a3ax. Ecniy Mbl Tenepb HayHeM IJ1aBHO YBeJIHYHBATh BXOQ-
HOe HanpsiXeHHe, TO, NOKa oHO He yBenuuuTcs Ha 0,5..0,7 B, HanpsykeHne Ha BbIXO-
[ie M3MeHsiTbc He OyleT — TpaH3ncTop VT1 HayHeT OTKPHIBAThCS TOJIBKO IoOCJje
TOro, Kak HamnpskeHve Ha ero 6ase OTHOCHTENbHO 3MHTTEpa He cTaHeT GoJsblue
0,5...0,7 B. Ha pwuc. 1.12 ato HanpsixkeHne o6o3HaveHo kak U ,,. Ecau Tenepb Bxon-
HOe HanpsxXeHHe Ha4YHET YMEHbLIATLCA, TO rnocJie Toro, Kak OHO CTaHET paBHBLIM, OT-
HOCHTEJIbHO BbiXofHOro HanpsbkeHus, +0,5...+0,7 B, Tpanancrop VT nosnHocTeio 3a-
Kpoercsi: TpaHaucTop VT2 B 9TO BpeMsl TOXE 3aKPBIT H HaYHeT OTKPLIBATLCS TOJBKO
mocsie TOro, KaK Hanps)keHHe Ha Bxoze crtaneT paBHbiM =0,5..—0,7 B oTHoCcHTeNBHO



18 Yacms 1. Yeunumens

BLIXOAHOTrO, TO eCTh Yy TAaKOro0 «yCHJHTe-
Jii» ecTb 30HA HEYYBCTBHTEJIBHOCTH
wxpHrod 1,0...1,5 B 1 u3 «kpacuporos
CHHYCOMJIaJIBHOTO CHIHasla, H300paXeH-
Horo Ha puc. 1.13, a, oH enenaer» cur-
Han, wusoOpaeHHBT Ha puc. 1.13, 6.
Kak BumHO, copMa CHrHana npakTHue-
CKH IOJIHOCTBIY HCKAaXEeHa (HCI’IO[J"-IEHE),
U LAs rIpHeMHMKa curHana (Teneeusopa,
YesI0BEYECKOro yXa) OH He HeceT Ipak-
THYECKH HHKaKoH HH(OpMaUMH.
OTOT THN MCKaXeHHH pajHo-
t OuTeNSMH HA3LIBAETCH «CTYNEHbKa».
Bce wuckaxeHus, 10 oOnpeleNeHHIo,
BpenHble, MO3TOMY ¢ HHMH OoploTcs
BceMH cHnamu. Co «CTYneHbKOM» MOX-

Puc. 1.13. a — 6x00noii cunycoudarvhpi ~ HO ¢PACMPABHTECH» TPEMS MYTAMM: He-
cuznan, 6 — uckaxcenHoil 8biX00HOL MHOXKO TIPHOTKPHITb TpaH3ucTopn VTI
(uckancenue muna «cmynenvkas) H VT2 — vyrto6u yepes MX nepexonsl
KOJIJIEKTOP-3MHUTTEpP INpPH  OTCYTCTBHH
BXOIHOMO CHIHaJsa NMpOTeKas HeKOTOpPHIH, oyeHb HeGoJMbIIOH, TOK — TOTAa faXke NpH
He3HayHTesibHOM M3MeHeHHH BXOLHOTO TOKa HampsikeHWe Ha Bhixone 6yneT NOBOJLHO
pe3Ko M3MEeHSIThCH; MOXHO Mexay 6asamM W 3MHTTepaMH TPaH3HUCTOPOB BKJKYHTH
peaucTop He6OoMLLIOro conpoTHB/eHHs: (pPaBHOTO WM YyTh GOMLLIE CONMPOTHBJIEHHS
Harpyskd) — TOrja, MoKa BXOIHOHM CHUrHaJl HaXOQMTCH B Npefiesiax 30HbI HEYYBCTBH-
TEJILHOCTH, TOK B Harpy3ke OyIeT W3MeHsITbcs Onarofaps 3STOMY pe3HCTOpY; H, HaKo-
Hell, MOXXHO € MOMOLLUBI0 CMeUHaJbHOH CXeMbl NONPOCTY KOHTPOJHPOBATH HaIpsiKe-
HHe Ha BBLIXOJIE SMHTTEPHOrO MOBTOPHTENS M NONAaBaTbh HA €r0 BXOA TakHe CHIHaJbI,
yT06bl (hOpMa BLIXOAHOIO HaNPSIXKEHHS NOJHOCTLIO MOBTOPAAa (GOpMYy BXOLHOTO.
Haubonbiee pacnpocTpaHeHHe B 3SJEKTPOHHKE MOJNY4YHN TpeTHH crocob — ¢
(yHKUMEN KOHTPOJISI BLIXOLHOTO HaMpPsXKeHHs, a TaKXKe Mpe/BapHTENILHOrO YCHIEHHS
«cn1aboro» BXOJHONO CHrHaJa NMPeKPacHO CrpaBAsieTcsi OMepalHOHHbIH yeuanTenb (on
GyneT paccMOTpeH uyTb HuxKe). BTopeiM crocoGoM moJb3YIOTCS TOPasfo pexe —
TOJIBKO B T€X CJYy4asX, KOrla HCTOYHHK CHrHaja 0CTAaTOYHO MOLUHBIM, 4TOOB! KpaT-
KoBpeMeHHO paboTaTh HenoCpefCTBEHHO C Harpy3koH; K TOMY e Y 3TOH CXeMbl KO-
3 @HLMEHT YCHJIEHHS MO TOKY yMeHblueH 10 2...10 pas — ¢ noMoLbio A0NOJHHTEb-
HOro pesvcTopa; NepBLlH e cnoco6 MCMoJb3YeTCs OYEHb PENKO, — Y TaKOH CXeMbl
[laXke NpPH OTCYTCTBHH CHrHaJia yepe3 TPaH3HCTODbl TEYET HEKOTOPHI TOK, YMEHb-
LIAKIWHHA 3KOHOMHYHOCTb YCHJIHTEJSl M BbI3bIBAIOLIMK NOBBILEHHLIH HarpeB TpPaH3H-
cTOpoB — 3a cyeT GecnosiesHo pacceMBaeMOil Ha HHX JparoueHHON SHEpPrHH HCTOY-
HHKa nuTards. Ho HekoTopele BHIOH3MeHeHHble BAPHAHTBH 3TOH cXeMbl, noTpebasito-
IHe MPH OTCYTCTBHH CHrHaNA 3HAYWTENbHO MEHBLLIHI TOK, HCMOMb3YIOTCA JOBOJIbHO
IIMPOKO, — OHHM BCTPEYAIOTCS B MOLUHBIX BHIXOAHBIX KacKajgaX MpaKkTHYeCKH BCeX H3-
BECTHBIX HH3KOYACTOTHLIX YCHIHTENEH MOLHOCTH.
Cdepa npyumeHeHKA ycHIHTeN el TOKa Ha NOJEBbIX TPAH3HCTOPaX TPOTHBOIMOJOXK-
Ha TakoBOH Ans 6rnonsipHelX. [TosieBEle TpaH3HCTOPH! YacTO HE3aMEHHMbl BO BXOAHBIX
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Kackanax, 4depes KOTOpule NpOTEKaeT HHYTOXHLIH TOK, HO B MOLIHBIX BHIXONHLIX KaC-
KaZiaX MX HCTIOJIb30BaTh, CO CXEMOTEXHMYECKOH TOYKH 3peHHsl, o4YeHb cioxHo (1o
eCTh O4€Hb CJIOXKHO ¢HapHCOBaTb» <«IPABHABHYIO», pab0TOCNIOCOGHYIO CXeMy).

OcHOBHOE OTJIHYHE YCHAHTEeNs C O6WMM cTOKOM (HCTOKOBBIA NOBTOPHTEb) OT
YCHJIHTENS € OOLIHM MCTOKOM — eIWHHYHBIH KO3(QQHUHEHT YCHJIEHHS MO Hanpsike-
uri. Ho 3To cnpaBennvBo TOJIbKO NPH LOBOJIbHO GOJBLIOM CONPOTHBJEHHH HAarpyskH
(6onee 10...100 kOM) — npH MeHblleM conpoTHBAeHHH K, yMeHbuaetcs (ckaswl-
BaeTCsl KPYTH3HA XapaKTePHCTHKH).

Korpa 3atBop TpaH3HcTOpa, H300pa)deHHOro Ha +U
pHc. 1.14, coepnHer ¢ o6uKM npoBofoM, Ha peadctope R,
co3faeTcsl HEKOTOpPOe NafeHKe HanpskeHus. Mamepus ato
HanpsXKeHHe, MOXKHO y3HaTb HanpsikeHue orceukH (cm.
prc. 1.6) wcnosb3yeMoro TpaH3McTOpa MpH COMPOTHBJE-
HHH Harpy3ku, pagHoMm R,. Jina Tpausucropa KI13076 na-
JleHHe HanpAXeHHs Ha pe3HCTOope COMpPOTHBAEHHEM Puc. 1.14. Hcmokosbiil
10 kOm pasHo 3,3 B, noatoMy ec/i¥ ero BKJIKYHTH M0 CXe- nosmopument
Me ¢ 061HMM HCTOKOM, TO TPAH3UCTOP MOJIHOCTBIO 3aKPOEeT-
csi NPH HanpsXKEHHH Ha 3aTBope, KOTOpoe Ha 3,3 B MeHbllie HanpsyKeHHs Ha HCTOKe.
Jinst Apyrvx THIOB NOJIEBLIX TPAH3HCTOPOB (TPaH3HCTOPOB C H30JHPOBAaHHLHIM 3aTBO-
POM M HHIYLMpPYEMBIM KaHAJIOM — CM. TOM 1) HanpsixeHHe OTCEYKH MOXET ¢1eXaThs
MeXAy HanpsiKeHHeM Ha cTOKe H HanpsXXeHHeM Ha HCTOKe — B TakoM ciyuae U
yno6Hee u3MepsATh, BKIIOYHB TPAH3HCTOD Mo cXeMe ¢ o61MM Herokom (prc. 1.9); Ta-
KHE TPaH3HCTODPH HEMPHUIOHKL Aas paboTh B HCTOKOBOM TIOBTOPHTEJIE.

HcTokoBrle MOBTOpPHTENM TPHMEHSIIOTCS] B OCHOBHOM TOJIbKO B reHepartopax
toka. Kak H3BecTHO, TOK, NPOTEKAOWMH Yyepes OOBIMHEIH Pe3HCTOP, 3aBHCHT OT Ha-

Ry

U
npsskeHHs Ha ero BmBopax (pasHocTH MoTeHuwasnos) v paseH | = = (sakon Oma).

Ho oyeHb uacTo BO3HHWKaeT HaJl0GHOCTE B TaKOH cXeMe, NMPOTEKalLHH HYepe3 KOTO-
PYH TOK MpPakTHYECKH He 3aBHCHMT OT HanpsixeHHs. Takas cXxeMa M Ha3blBaeTCs reHe-
paTopoM TOKa.

T'eHepaTOpH! TOKa CTPOATCS KaK Ha GMMONSAPHLIX, TAK M HA MOJEBbIX TPAaH3HCTO-
pax. Han6onbuiee pacrnipocTpaHeHHe NMOJYYHJIH reHepaToOPhl TOKA HA OCHOBE MOJEBbIX
(c ynpapasiolwyM p-n-nepexofoM WK € H30JHPOBAHHBLIM 3aTBOPOM H BCTPOGHHEIM Ka-
HaJloM) TpaH3HCTOPOB — OHM KpafiHe NpoCTh! Kak cxemaTtnyecku (puc. 1.15), Tak W
B ITPHMEHEHHH.

+U
+U +
At vt Hanpasneswe
VT2 TOK2
R R -
a) 6)

B)

Puc. 1.15. Fenepamopei moxa Ha OCHOBE NOAEBHLX MPAHIUCMOPOS:
a — munosas cxema; 6 — ¢ ycusumenrem moka Ha GUNOASAPHOM MPAHIUCMOPE;
8 — cxemamuyueckoe 0603HAYeHUe 2eHepamOopos moKa







































































































































































































































































































































































































































































































































































































































































































































































































































