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NPEIWCJ/IOBHE

Ilpaktnyeckas AeATENbHOCTb CHELHUAJINCTOB IO 3JEKTPOHHOH TeX-
HHUKe B CYyIIeCTBEHHOH Mepe Oomupaercsl Ha 3HAHUA B 06J1aCTH JIEKT-
POHHEIX Ilenell U ycTpoHcTB. 3HaHME e MPHHIIUIOB HCIOJb30BaHUA
3JIEKTPOHHBIX TNPHOOPOB 1151 yCHJIEHHsI, TeHepUupoBaHusi, npeobpa-
30BaHHs /JIEKTPHUYECKHX CHIHAJIOB M BJIaJleHHe METOAAMH aHa/lH3a H
pacuera 3JIeKTPOHHBIX Lenell npuobperaioT oco6yio aKTyalbHOCTb C
pasBHTHEM MMKDO3JIEKTPOHMKH, KOTJa M3JeaHsi 3JIEKTPOHHOH TeX-
HUKH B CYIIHOCTH SBJSIOTCH (PYHKIHOHAIBHBIMH YCTPOHCTBAMH,
CIOCOGHBIMH  BBIIOJIHATD 00pabOTKY HHGOPMALUHHU MO 3aAaHHOH
nporpamme.

Hacrosiuiee yue6ioe noco6ue co3nano Ha 6ase Kypca «DJeKTPOH-
Hble LeNM M YCTPOHCTBA», YUTaeMOro aBTopamMu B JIeHHHrpaackom
3JIEKTPOTEXHUYeCKOM HHCTUTYTe UmeHu B. U. YibsinoBa (JleHuna),
W TpelHa3HayYeHo A/ CTYAEHTOB, OOYYAIOUINXCS 10 CNeUHaNlbHOCTH
20.04 «DnexTpoHHbIE NPUOOPHL M YCTPOHACTBAY.

ABTOpPBI BBIPAXKAIOT 0JIATOJAPHOCTb KOMJIEKTHBY Kadeaphbl 3/1€KT-
pPOHHBIX mNpHOOPOB Ps3aHCKOro pajgHOTEXHHYECKOTO HHCTHTYTA,
BO3IJIaBJIsieMO A-DOM TeXH. Hayk, npod. B. II. ITaHoBbIM, H 3aBe-
aytouieMy Kadenpoi 3JIeKTPOHHBIX M KBAHTOBHIX NMPHUOOPOB JIeHHH-
TPaJiCKOrO  3JEKTPOTEXHHYECKOTO  HHCTHTYTa CBSI3M  HMEHH
M. A. Bonu-Bpyesuua 1-py texu. nayk, npogp. C. A. Kopuunosy 3a
LEHHble 3aMedaHtsi, BbICKa3aHHbIE MPH PeleH3HPOBAaHHH PYKOMHCH.
ABTOpHI NPH3HATENbHBI CBOMM KOJIJIEraM 3a OOCYKIEHHS H JeJIOBble
NpEJVIOKEHHs], BHECEHHbIe NMPH HAMHCAHUH PYKOMHCH.

IFnaBer 1—6 nHanucanet WU. I'. Muposenko, rnasel 7—12 —
I0. A. BricTpoBbIM.

3ameyaHyus M NPELJIOXKEHWs TnpochGa HaNpaBJATb MO ajpecy:
101430, I'CI1-4, MockBa, Hersuunas ya., 29/14, wusparenncTso
«Brlciias 1mKosar. .
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BBEJEHHE

[TapaMeTpbl 3JEKTPOHHOrO mpubopa (samna, TPaH3UCTOP, THPATPOH
U T. J.), KOTOPHIH fIBJISIETCA 3JIEMEHTOM 3JIEKTPOHHOH LEMNH, B CyLLe-
CTBEHHOH Mepe ONpeAeNsoT XapaKTePUCTHKH 3TOH IenH, a TeXHH-
yecKHe BO3MOXKHOCTH 3/IEKTPOHHOFO YCTPOHCTBA (HOHHO-NJIa3MEHHbIH
MCTOUHHK 3aPSXKEHHBIX YacTHI, 3JMEKTPOHHBIH MHMKPOCKON M T. 1.)
3aBUCAT OT [apaMeTpoB cXeMel, obecneunBarouiesl ero pa6orocnocob-
HOCTb. TakuM obOpa3oMm, NpH (YHKUHOHHPOBAHHMH 3JIEKTPOHHBIH
npuGop M YCTPOKCTBO HEPa3PbIBHO CBSI3aHBI C 3JIEKTPOHHOM ILEMbIO.

B Hacrosiniee BpeMs 3JeMEHTHYI0 0a3y Paauo3/JeKTPOHHKH Ha-
pALYy ¢ JHCKPETHBIMHM 3JIeMEHTaMH 00pa3yloT HHTErpajbHbE CXeMbl
(UC) na GunonsipHBIX M IoOJeBHX TpaHsuctopax. Ha ochose HMC
CO3/]AI0TCS1 COBPEMEHHAsi Pajyo3JeKTPOHHAs anmnaparypa, cpeictBa
3/IEKTPOHHOM BBIUHCIHUTENBHON TeXHHKH. MHKpO3JEeKTpOHHKA elle
Gosblie 00bEAUHUIA YCUTHSA HHXEHEPOB 3JIEKTPOHHBIX NPHOOPOB H
yCTPOHCTB M Pa3pabOTYMKOB MUKPO3JEKTPOHHOH annaparypsl. Mox-
HO CKa3aTh, UTO BeCh LHKJ OT MPOU3BOACTBA M3JAEJTHI MUKDO3JIEKT-
POHHKH J0 TNPOM3BOJACTBA annapaTypbl CTAHOBHTCS €IHHBIM.

B nanHOM yue6HOM MOCOGHH OCHOBHOE BHHMaHHE Y[EJeHO H3y-
YEHHI0 CXEM PaJHOTeXHHYEeCKOro Ha3HauUeHHs M MMIYJbCHBIX (UG-
POBBIX) 3JMEKTPOHHBIX cxeM. JleneHue 310, KOHEYHO, YCJIOBHOE, II0-
CKOJIbKY, Hampumep, B pajHOTEXHHKE IIHPOKO HCIONb3YeTCS HM-
NyJbCHBIH PexuM PaboThl NMPHOOPOB H YCTPOMCTB.

I'iaBHOI 3ajjaueil paguOTEXHUKH SBJISETCS Nepesaya CooOLIeHHH
Ha paccrosiHve. Pemenue sToft 3afayy cBSI3aHO C reHepanuell sJeKT-
POMArHUTHBIX KoMeGaHUH B LIHPOKOM YacTOTHOM jHanaszoHe (OT He-
CKOJIbKHX TepIl JO COTEeH THrarepi), MOAYJSsILHeHl 3THX KoJeOaHHii,
H3JlyyeHHeM M NPHEMOM, YCHJCHHEM H BbIICJeHHEM CHIHAJIoB, Hecy-
mux uHpopmanuo. Kaxnoe H3 3THX nmpeoO6pasoBaHUHA OCYIIECTBJS-
eTcsl OnpejeneHHOH 3JIeKTPOHHOH LENblo: reHepaTtopoM, MOLYJIATO-
pOM, YCHJHTENEeM, AETEKTOPOM.

C u3BecTHO! Josieft yCIOBHOCTH Bce MHOroofpasue 3JeKTpuue-
CKHUX CHTHAJIOB MOXKHO DasJieJIUTh HA JiBe I'PYNIbl — HeNpephBHEIE
(ananoroBble) H HMNyJbcHBIE. X aDAKTEPUCTHKH CHrHAJa CBSI3AHBI C
BUAOM 3JIEKTPOHHOH ILleny, reHepupymoolleld WM npeobpasyrouei
CHTHAaJ,— C COCPEIOTOYEHHBIMH U DacnpelesIeHHBIMH TapaMeTpamH.
Ecau oTHOlIEHHE JTMHEHHBIX Pa3MepPOB 3JIEMEHTOB 3JICKTPOHHOH 1enH
K JJIMHE BOJIHBI CHTHa/a MEHblIle e[HHHIB], TO B 1IeNH BCerja MOXKHO
BbIIENUTh OOJNIACTH C NPEHMYLIeCTBEHHOH JIOKalu3auueH SJeKTPHU-
yecKOH M MarHUTHOH 3HEPrHH, U TAKHUM LENsIM COOTHOCAT MOJENH —
MPUHIMIHANBHEIE 3JIEeKTPHUECKHe cXeMbl. Ec/u JaHHOoe OTHOleHHe
6oJblle eJUHHUIEB], TO LENb NPEACTAaBAAET CO0OH CHCTEMY C pacnpefe-
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JIEeHHBIMH TIapaMeTpaMH. Y CcTpolicTBa BBICOKOUACTOTHOTO JiMarnasoHa,
a Takxke cBepxGoictpopefictByonive MC npeacrasasiior coGoii uenu
C pacnpefesieHHBIMH TNapamerpamMH. B 3tom ciyuae aHamu3 nemnu
OCYIIECTRJISIETCS] HA OCHOBE BOJIHOBBIX NPOLECCOB, H PeabHOH LenH
COOTHOCSIT €€ 3KBHBAJIEHTHYIO CXeMy.

B 3/1eKTPOHHOH Llen# Hapsily € NOJE3HbIM CHTHAJOM JEHCTBYIOT
NOMeXH, BO3HHUKAIOIINE MO pa3juyHbIM NpHuMHaM. Cnoco6HOCTD LenH
NPOTHBOCTOSITh NOMEXaM H ofecneuynBaThb BBICOKYIO paboTocmnocob-
HOCTb Ha3BLIBAlOT MOMEXOYCTONYHBOCTbIO. MeToibl MOBBILIEHHSA 3¢-
(ekTHBHOCTH 0OpaGOTKH HMH(OPMalUUH B 3JIEKTPOHHBIX LENAX INPH
HaJIMYHH NIOMeX CBSI3aHbl C cesieKuueil, puabTpanyell 1 NOMEXoyCToi -
YHBOH MOJYJIsILHeH CHTHAJIOB.
~ WiMnysbcubili pexxum paGoTbl 3JEKTPOHHOH CXeMbl XapaKTepH-
3yeTcsi TeM, YTO 3JEKTPHYECKHEe CHTHaJ/bl, TeHepHpyeMble €l0 HJIH
BO3IEHCTBYIOIIHE HA Hee, NPECTaBAAI0T COG0H UMY IbChl Pa3/IHUHOM
dopwmbi. [Tox popmoii uMIyIbCHOTO CHrHAJIA TOHMMaeTCA 3aKOH H3Me-
HEeHHS] BO BpPEMEHH HamnpsiKeHHs HJH ToKa. HauboJsee 1mHpoko B
Palgyo3/1eKTPOHHBIX YCTpoiicTBax M UH(POBOH TeXHHKe HCIOJb3YIOT
UMOYJbCH NPSAMOYTONbHOH, JHHEHAHO H3MeHsouelcss H 3KCIOHEH-
uanbHoil popmbl. [TapaMeTpsl npuMeHsieMBIX Ha NpaKTHKe UMIYJb-
COB JIEXKAT B IIHPOKHUX mpenenax. Tak, JJIUTENbHOCTb UX H3MEHseTCs
or 107° no 10~ ¢, a uMNyJbcHasi MOLIHOCTb cocTaBjser 107s..,
10¢ Br. HMnysabcHBle 3/IEKTPOHHbIE LENH MaJOYYBCTBUTENBHBEl K
pa3bpocy napaMeTpOB BXOASIIMX B HHX 3JI€eMEHTOB, BPEMEHHOMY
U TemnepaTtypHoMy ApeHdy, a TakKe K BHEIIHUM 3JI€KTPOMaTHATHBEIM
fnoMexawm.

B nanHoM yue6HOM MOCOGHMH PacCMOTPeHbl OCHOBHBIE BOIIPOCHI
CXEMOTEXHHKH B 00beMe, JOCTaTOYHOM /S MOATOTOBKH HHIKEHEPOB
3/JIEKTPOHHOH TeXHUKH. Dosee mosiHoe H3JioxeHUe TEOPUH ueneH,
CHTHAJIOB H OTIEJbHBIX pPasfiesioB PafHOTeXHHKH MOXHO HaHTH B
yu4eGHHKaX H y4yeOGHbIX NOCOGHSX, CIHCOK KOTOPHIX INpUBEAeH B
KOHIle KHHTH.



I'JIABA OBHIUE CBEIEHHUA
Ob 3JIEKTPOHHBIX HENAX
1 M YCTPOUCTBAX

VismeneHue Bo BpeMeHH TaKHX (H3HYECKHX BeJHYHH, KaK Hamps-
JKeHHe, TOK HJIH 3apsl, Ha3bIBAIOT 3JIEKTPHYECKHMHU KOJIeGaHHIMH.
Kosne6anne, npeiHa3HayeHHoe MJIs Inepejaud MHbOpMauuu, Ha-
3BIBAIOT CHTHaJOM. Te XKe KoJeGaHHS HJH CHTHaJdbl, KOTOpHE
MeIIaloT npHeMy H 06paGoTKe CHTHaJa, OTHOCHT K NOMexaM.
DneKTPOHHBIE LEeNH M yCTPOKCTBA OCYIIECTBJISIOT NpHeM H o6pa-
6oTky curiajos. ITo ¢yHKIHMOHANIbHOMY Ha3HAYEHHIO H NPUHIH-
nmaM JeHCTBHS 3JeKTPOHHblE LENH M YCTPOHCTBA Ype3BLIYAHHO
pasHoo6pasue. Tak, mpeoO6pa3oBaHHS CHIHAJIOB OCYILIECTBJSIOT
C TIOMOIIbIO JIHHEHHBIX, HEJHHEHHEHIX M NapaMeTpHYeCKHX lemneil.
Kpowme Toro0, LlenH H ycTpoicTBa NOAPa3LeJSIOT IO BHAY OCYLIECT-
BJseMoil 06paGOTKH CHTHaJla — yCHJIEHHe, MOAYJALHs, QHIbTpPa-
nus u ap. ITosTomy npexnie yeM mepefiTH K H3yueHHIO KOHKpeT-
HBIX THIIOB 3JIEKTPOHHEIX lienell M yCTPOHCTB, KOTOpble SIBJSIOTCS
00BbEKTaMH H3yUYeHHs B JaHHOH JHCUHILIHHE, lleJecoo6pa3Ho pac-
CMOTpeTb NpHMEHEeHHe 3JEKTPOHHBIX Lenelf H yCTPOHCTB pasJHy-
HOro ()yHKIMOHAJbHOrO Ha3HAYEHHS B PaJHOTEXHUYECKHX CHCTe-
Max.

§ 1.1. QJIEKTPOHHBIE LENH W YCTPOWCTBA
B PAJUOTEXHHUYECKHUX CHCTEMAX

PanyorexHuyeckyio cucteMy o0pasyioT: pajuonepejawoolee ycTpoi-
crBo (PI1[), cpena nepenauy 31eKTPOMArHUTHEIX BOJIH H PaJHONp HeM-
Hoe yctpoiicto (PITY) (puc. 1.1). Cpenoit nepexaun MoxeT GbITb Kak
cBOGOJHOE MPOCTPAHCTBO, TaK H CHEIHATbHbIE TEXHHYECKHE YCTPOil-
cTBa — JIMHYHM nepefaun (kabGeapHble, cBeToBoAHbE H Ap.). [lepenaua

}A, A2 Puc. 1.1. CtpykTypHas cxema paato-

g PNY | rexnuueckoit cuctembt
Cpeda nepedayu

COOOLIEHHS OT IepeflaTYHKa K IPUEMHUKY MOXKET MPOUCXOAUTh TOJb-
KO Ha JIOCTATOYHO BHICOKHX YacTOTax, a nepejaBaeMblfi CHrHaJ (cHr-
Hal MHKpodoHa, mepejaromell TeneBU3HOHHOH KaMephl, pajuoTee-
rpadHbIil), Kak NpaBu/I0, HU3KoyacToTHHIH. UTOGH nepenath HU3KO-
YACTOTHHIMl CHTHAJ C IIOMOIIbIO PAJHOBOJH, €T0 HaJo <HAJIOXKHTbY Ha
OTHOCHTEJbHO BBICOKOYACTOTHOE Hecyllee KoseOaHHe, H3jyyaemoe
aHTEHHOH mnepejarunka. Takol nporecc HasblBaeTcsi MmoO0yaayuell
BBICOKOUACTOTHOIO KOJIeGaHHS.

CurHalj or HCTOYHHKA cooblieHuit o6piaHo Maj. [Toatomy, npexae
yeM OCYIIECTBUTb MOJYJISIIIMIO BLICOKOYACTOTHOrO KOJeOaHMs, CHI-
HaJ Xo/DKeH OblTh ycuieH. Takum o6pasoMm, cTPYKTypHas cxeMa pa-
JUOMEPENAoIIEro YCTPOUCTBA MPENCTABIAsIETCS JOCTAaTOYHO MPOCTOM
(puc. 1.2) M conepKHUT reHepaTop — HCTOYHHK BBICOKOYACTOTHBIX
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KoneGaHuil, MOLYASITOP W ycuaurenb. M3 CTPYKTYpHOH cXeMHl mo-
HSITHO, KaKMM NpeoGpa3oBaHUsM IOJABEPTaeTcs CHrHAT TNpPH HopMu-
POBaHUH B PafHONEPEAIONIEM YCTPOHCTBE. DTH NPOLECCHl SBJSIOTCS
0653aTeNbHBIMH JJ1s1 GOJIBIIMHCTBA PAJMOTEXHHUYECKUX CHCTEM Hesa-
BHCHMO OT MX Ha3HaueHHs M XapakTepa IepeJaBaeMBIX COOOIEHH.

lenepamaop necyuux Yeunumens X
Konebanua Modynamap paduovacmoms
(paduoyacmoma) ¥
Yeunumens
L}

Hemoynuk cooduierud
(Hu3kue yacmome:)

Puc. 1.2. CTpykTypHas cXxema pajiHoNepejanolllero YCTpoHCTBa

HasoBem HMX OCHOBHBIMH PajMOTEXHHYECKMMH mnpoueccamu. Takum
0o6pasoM, OCHO8Hble paOUOMeXHU4eCKUe NpoLecchl, TPOTEKAIOIIHe
B nepelaTyHKe: reHepanHs HecyluxX KojeGaHuH, MOAYJIALHS H yCH-
JIeHHe. ‘

Hasnauenue panuonpHeMHOro ycTpoHAcTBa COCTOHT B npeoGpaso-
BaHHHU CHTHAJa, NOCTYNHBILEro Ha BXOJ NPHEMHHKA B JOPMe MOLYIH-
POBaHHOTO PafHOYacTOTHOTrO KoseOaHHsl, B HU3KOUACTOTHBIA CHPHAJ.
B papuonpueMHOM yCTPOHCTBE OCYIIECTBJSIOTCH OCHOBHBIE PAJHOTEX-
HHYeCKHe Npolecchi: npeobpasoBaHe 3J€KTPOMArHATHOTO NOJST H3-
JIyuyeHUs] B HanpsiKeHHe, CeNeKLHsl CHTHajla C JaHHOH HecymeH ya-
CTOTOH, yCHJIeHHe PaJHOCHrHaNa, AETCKTHPOBAHHE, YCHJIEHHE HH3-
KOYacCTOTHOTO CHTHaja.

[Tpeo6pazoBanue 3/1€KTPOMArHUTHOTO N0/ H3JyYEHHS B Hamps-
JKeHHe NPOUCXOMHT B NpHeMHON aHTenHe. Ha antenny BosgefictByior
3JIEKTPOMArHUTHBIE TOJIS PA3/JHYHBIX YacTOT, COOTBETCTBYIOUHE Pa3-
HBHIM TIepejaTyuKaM. BrijiesieHHe «HYXKHOrO» CHrHana — ¢ JaHHOH
PazHOoYacTOTOH — OCYIIECTBJSETCA C MOMOULbIO CeAeKmugHolx (u3-
6upamenbHoix) yeneii, oOpa3yiolmHX BXOXHbLIE LENH PagHONPHEMHOTO
ycrpoiictBa. IIpocTeiiefi celeKTHBHOH Lienbio fBJISETCS NMEPeCTpau-
BaeMblll NapaJiieJbHbI KosebarenbHblft KoHTYp. Korna pesonanc-
Hasl 4yacToTa KOHTypa COBIIaJaeT ¢ Hecyllel 4acToTol, Ha HeM BO3HH-
KaeT HanpsiKeHUe Hecyllei YacTOThl U TeM CaMbiM BBLAENISETCS KoJe-
GaHne 3ajaHHOH 4YacTOTHl. Y CHJIEHHE BBIIEJEHHOTO PaJHOCHrHANAa
NPOHCXONUT B MOCJENYIOIHX KacKajax paJHONPHEMHOro TpakTa.

Hast HopmanbHOA PaboTH JeTeKTopa MPUHATHIA CHIHAM JOJKEH
6bITb yCHJIEH 0 HanpsixkeHHUs okoJio | B. Hanpsikenne pagnouacrorer
BO BXOJHBIX LENsIX HE NPEBHILAET HEeCKOJbKHX JECATKOB MHKPO-
BOJbT. [ToaTOMy KO3(DGbHIHEHT yCHICHHS BHICOKOYACTOTHOTO TPAKTa
JomxeH Obith nopsaka 10°. . .10%. O6Gecneyutp TakoH KoshdHIHEHT
YCHJIEHHS] MOXKHO B CynepreTepoJuHHOM npuemHuke (puc. 1.3).
OH comepXHT npeoGpasoBaTesb 4YacTOThl CHrHajna, BKJIOYEHHBIH'
MEXKIY YCHJIHTEJEM PafHOYACTOTH Y JIETEKTOPOM. ¥Y CUJIEHHE B TAKOM
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NPHEMHUKE OCYLIECTBAsETCS Ha JBYX 4acTOTaX — Ha PaJHMOYacTore
¥ TPOMEXYTOYHOM YacToTe, 4TO obecrneduBaeT YCTOHYMBYIO PaboTy
npu COXPaHEHHH TPeOYeMOro YyCHJIEHHs.

Ha npeo6pasoBaresb MOCTYaeT CHrHaJA C YacToToi f, U rapmo-
HHUecKoe KojefaHHe YacToThl fp OT MaJOMOLIHOTO CTaGHIbHOTO
reseparopa — reTepoJHHa, H B HEM NPOHCXOAHT CHHIKEHHE YacTOThI

Yeunumens fe fpeadpasobamens
IB’Y”B”" uenb }_)[paiuat/acma P ademomsl
1
e o Yeunumens
I 2p |

cuenasra

Puc. 1.3. CtpykTypHas cXxema CyNepreTepOJHHHOro NpHeMHHKa

CUTHAJA [0 TOCTOSIHHOH NpPOMEXKYTOYHOH 4acToTel fn,. ITpomexy-
TOUHAS YacTOTa PaBHA PA3HOCTH 4aCTOT FeTePOAMHA H CHrHaula f,,=
=f—f,. UT0OH yacrora [, OcTaBanach NOCTOSHHOH NPH H3MEHEHHH
YyacTOTHl CUrHana f,, OUEBHJHO, HEOOXOAHMMO MOACTPAHMBATL YaCTOTY
retepojHHa.

IleTekTop CAYKHT JJIs1 BhIJEJEHHS] HU3KOYacTOTHOTO CHrHazla H3
CHIHAJIA NPOMEXYTOYHOH YacTOTHI.

TeseBU3HOHHAS CHCTEMA SIBJISIETCSl YACTHHIM Cy4yaeM pPajHOTeX-
HHYECKOH CHCTEMBI H, CJIEOBATENbHO, MEXKAY HHMH MHOro OOILEro.
OpHaKoO ecTh M ONpeleeHHBle OCOOEHHOCTH, KOTOPBI€ II03BOJISIIOT
BBIIE/IUTb TEJEBU3HOHHYIO CHcTeMY. TesleBH3HOHHBIH CHTHAM B Tepe-
JaTyvke (QOPMHPYETCS MOCTPOYHBIM MNpeoOpPa3soBaHHEM SIPKOCTH
u3obpaxkeHHsi B 3JeKTpuYeckoe Hamnpspkenue. M3 atoro caexnyer,
4TO CHIrHaJI H300p aKeHUus — gudeocueHan — MPeJICTaB/seT HelpephiB-
HO H3MEHSIoILIeecss BO BpPeMeHH 3JIeKTPHUYECKOe HampsKeHHe.

Jsist mocTpOYHO# M KafpOoBOi pa3sBepTKH HU300paxkeHUs Ha mepe-
Jaollyo TPyOKy MOJAOT NepHOAMYecKoe JHHEHHO Hapacraiwollee
(mumooBpasHoe) HampsixkeHHe OT reHepaTopa CTPOYHOH H KaJIpOBOMH
passeptku. I[lumooGpasHoe HampsiKeHHe BHI3bIBAET OTHOCHTEBLHO
MeJJIEHHOE JBHKEHHE Jiyya Mo cTPoKe (OT Hayana K KOHIY) H 1O
Kaapy (cBepXy BHU3), a 3aTeM GblcTpoe oOpaTHOe mepeMelleHHEe MO
CTPOKE H MO Kajpy.

Ilepenaua n3oOpaxKeHHs CYIIECTBEHHO YCJOXKHAETCS MO CpPaB-
HEeHHIO, HalnpuMep, C Nepelayedl peyeBOro CHUTHajga. ITO BBI3BAHO
TeM, YTO KaxJas CTPOKA H300pakeHHs Ha nepejawlieil cTopoHe
JOJI)KHA BHI3BATh CBEYEHHE COOTBETCTBYIOUIEH CTPOKH B NPHEMHOH
TpyOke. MHaye roBopsi, nepenaua u BOCIPOU3BELEHHE CTPOK JOJKHO
NIPOUCXOIUTh CHHXPOHHO H CHH(bA3HO (Hayalo H KOHeL pasBepTKH
CTPOKH BO BPEMEHH HOJKHBI COBMAanaTh). JlJisi 3TOr0 B TeJE€BH3HOH-
HOM repefaTyuke GOPpMHUPYIOTCS M BMECTE C CHTHAJIOM H300p aXKeHHs
NePeNaoTCs HMITYJIbChl CTPOYHOH M KaipoBOH cHHXpoHH3anuu. Kpo-
Me TOro, Heo6X0oAUMO chOPMHPOBAThb CTPOYHBIE H KAJPOBHIE racsllue
HMITYJIbCHI JUISl TallleHUs Jiydya TPYOKH Npu BO3BPaTe €ro OT KOHIA
cTpokHd K Hagasny. Cunxponusupyiomue (CH) u racsimue ummyJibcet
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JOJIKHBL GbITb COrVIacOBAaHbI BO BPEMEHH, MO3TOMY OHH CO3JAI0TCA OT
OJIHOTO BBLICOKOCTaOGM/IBHOTO 3ajaiollero reHeparopa. B pesysbrare
B TEJIEBU3MOHHOM INepenaTyuke GopMUPYETCsl CIOKHBIH MOAYJIUPYIO-
wui curuan. Ilocse MOLYJISILME W YCHJIEHHS] PajHOCHTHaJ Hampas-

P~ J
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i ey Zalauur Puc. 1.4. CTpykTypHas cxeMa TeJeBH
urnynbcal urnynscol 3HOHHOTO Ilepefamollero YCTPOHCTBA

asercst K npuemHuky. Ha puc. 1.4 npuBeneHa cTpyKTypHasi cxema
TeJIEeBH3HOHHOTO NEPEJAoLIEro ycTpoicTBa 0e3 3BYKOBOrO KaHaija.

B TeneBusuoHHOM mpuemHuKe (puc. 1.5) ocyuiectBasercs obpar-
HBIl mpouecc npeoGpasoBaHHs PaJHOCHIHaIa B H300paxeHHEe Ha

Y Yeupumens fe foy yny Aemexmap Yeupumens
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Puc. 1.5. CTpyKTypHasi cxeMa TeJeBH3HOHHOTO IpHEMHHKa

3KpaHe TeNeBU3HOHHOH TPYOKH. DNIEKTPOMArHUTHOE ToJie npeobpa-
3yeTcsl aHTEHHOH B BBICOKOYACTOTHOE HampsiKEHHE, KOTOPOe 3aTeM
yeuauBaercs. C NOMOIIBIO TeTEPOAMHA YAaCTOTA PafHOCHIHANA CHH-
MKAETCS 10 3HAYEHHUA [rq. C MOMOIIBIO GHIBTPOB IPOHCXONHT pa3jielie-
HHE CHT'HAJIOB H300paK€HHUS U 3BYyKa M UX YCHJIEHHE Ha POMEKYTOY-
HOH uacTtote. IToc/sie JETEKTHPOBAHHUS M YCUNIEHHS BHAEOCHTHAN MO-
CTynaeT Ha TeJIeBU3HOHHYIO NPHEMHYIO TPYOKY, a 3BYKOBOH — B
IPOMKOTOBOPHTENb.



§ 1.2. OCHOBHBIE PAAHOTEXHHYECKHE HNPOLECCHI

OCHOBHBIE PaJIHOTEX HHUECKHE TPOIECCH OCYILECTBSIOTCS ¢ IOMOIIBIO
aKTHBHBIX 3JIEKTPOHHBIX lienei, T.e. uenef, B cOCTaB KOTOPHIX 006s-
3aTeIbHO BXOAST AKTHUBHBIE 3JIEMEHTHl — 3JEKTPOHHBIE JIaMIIBI H
TpaHsucTopw. IIpunHN paGoThl TPAH3UCTOPOB U JiaMIl XOPOILO H3-
BecteH. To obuiee, yTo X OOBENHHSET H IO3BOJISIET PacCcMaTpHBaTh
paboTy pasJHUHBIX THUIOB aKTHBHBIX 3JIEMEHTOB B COCTaBe LEMNH C
€IMHbIX TO3HLHUH, 3ak/ioyaeTcss B 3(peKTHBHOM yNpaBJ€HUH BhI-
XOIHBIM TOKOM Igyy (QHOJHEIM TOKOM JIaMIbl i, KOJIIEKTOPHEIM

la ix ie

Uy Yz ff Usy Vewz
Uy, Ueus

0 Ug 0 Usz » l‘l"“ 0
9 6) 8)
Puc. 1.6. Ilepenatounsie (ycHu-

JINTENIbHBIE)  XapaKTepHCTHKH
[\i(t) 3JIeKTPOHHOM JaMnbl (a), Guno-

asipporo (6) H mnoJaesoro (s)

U 3 TPaH3HCTOPOB

o 7
0 u
> Puc. 1.7. BoabT-amMnepHas xa-
g ou) paKTepHCTHKA HeJIHHeilHoro
t JBYXTOJIOCHHKA

I

TOKOM OHIOJISIPHOrO TPaH3HUCTOPA [y, TOKOM CTOKA IOJIEBOrO TPaH-
3UCTOPA i,) C TMOMOILBI0 BXOJHOTO HaNPSIKEHHS Upy. DYHKIHOHAID-
Hasi 3aBHCHUMOCTb MEXAY ipuy (f) H Upy(f) B oOuEM caydyae HMeET
HEeJHHEHHbIH XapakTep:

loux (£) = F [ugy (] (1.1)

Ha puc. 1.6 npuBenennsl rpaduky saBucumocteit Buaa (1.1) mis pas-
JIMUHBIX THIOB AKTHBHEIX 3JIEMEHTOB.

CoorHowenue(1.1), ycranapaupaioliee CBsisb MKy BHEIIHUMH TO-
KOM M HampsiKeHHeM aKTHBHOrO 3j1eMeHTa, MOXKHO paccMaTpHBaTh
Kak ero IpocTeHIIyl0 MaTeMaTHYecKyio Mojesb. Torja Kaxipli ak-
THBHBIH 3JIEMEHT MOXKeT ObiTb 3aMeHEH SKBUBAJICHTHbIM HeJHHEHHEIM
JIBYXTIOJIIOCHHKOM, Yepe3 KOTOPHIH NpoTeKaeT TOK i(f) mox Bosmei-
CTBHEM HanpsiKeHHs u (£), ¥ MeXAY HUMH CYIeCTBYeT (yHKIHOHAIb-
Hast 3aBucuMoctb (1.1). Takywo 3aBUCUMOCTb Ha3HIBAIOT BOJIBT-aM-
nepHoii xapakrtepuctHkoii (BAX) HenuHeHHOro MABYXNOJIOCHHKA
i(w) (puc. 1.7).
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Jsi aHamn3a mpoueccoB, NPOTEKAIOWIUX B 3JE€KTPOHHBIX IENsX,
coorHoienue (1.1) 1oKHO GbiTh NpeACTaB/eHO B hopme, MPUTOXHON
JJISL pacueToB. AHATHTHYECKOE NPeACTaBJIeHHe BO3MOXKHO C IIOMOIIbIO
PasIMYHBIX AaNMPOKCHMHPYIOMUX (YHKUHHA. B TeopHH 3JeKTPOHHBIX
Heneil [MUPOKO HUCMOJMb3YeTCsl annpOKCHMALHs B BHIE PasJ/ioxKeHHS
BOJIbT-aMNEpPHON XapakTepucTHKH i(u) B pspx Teiopa. OGbUHO
Hanpsi:keHHe, JEHCTBYIOIlee HA JBYXMOJIOCHHUK, SIBJISETCS CyMMOH
nocrostHHOro Hanpsixenus U,, 3anatomiero paboyyio TOUKy Ha Xapak-
TEPHCTHKE (1) U TNEpPEeMEHHOro HanpsikeHHsi curHana u(f). Dyzem
cuuTtath, yto Uy >u, Torpa psaj Telnopa MOxKHO OrpaHHYUTb EPBLIM
HEJIMHEHHBIM YJICHOM:

ut 9%

EUot0) 2 LU+ 45 |y + 5 58 |, (1.2)

[NepBoiit uneH psaa (1.2) npexcrasisieT coGoH MOCTOSIHHBIN TOK B pa-
Goueit Toyke (cM. puc. 1.7). [IpousBogHas "0i/Ou, BbUKMC/IEHHAs! B pa-
Gouyell TOuKe, XapaKTepH3yeT KPYTH3HY S BOJIbT-aMIEPHOI Xapakre-

PHCTHKH: '6?2' v =S8(U,). Kak BuaHo, KpyTH3Ha sBasieTcs1 Aubde-

peHIHaNbHBIM NapameTpoM HesmuHeiiHo# BAX, u ee sHayeHue 3aBH-
CHT OT ToJIoKeHus pabouell Touku. KpyTH3Ha XapakTepusyer JiHHe-
apH30BAaHHYIO 3aBHCUMOCTb i(4) B OKPECTHOCTH paGouyell TOYKH.
OueBHAHO, YTO YeM MeHbll€ aMITHTyJa CHTrHajla, TeM TO4YHee JIH-
HelHasi annpoKcUMauus OTBeyaeT AEHCTBUTENbHOH 3aBHCHMOCTH
TOKa JABYXIMOJIOCHHKA OT HanpsuKeHHs CHrHana. )

OnHo U3 CBOHCTB JIMHEHHOH 3aBHCHMOCTH JBYX INPOH3BOJIbHBIX
BeJMYUH, Hampumep i(u), 3aKkjaiouaercss B TOM, 4To (opMa Hamps-
JKeHHUsA u (f) TOUHO BOCNPOH3BOAUTCA B (hopMe H3MEHEeHHs ToKa i (f),
JPYTHMH CJOBaMH, BBIXOZHOH TOK aKTHBHOTO 3JIEMEHTa SIBJISETCSA
MaciuTaGHOH Komuell BXOAHOT'O HaTPSIKEHHS.

PaccMoTpuM, Kak NPOTEKAIOT OCHOBHBIE PaJHOTEXHHYECKHE MpPO-
LeCcChl B LIENH ¢ HCTOYHHKAaMH rapMOHHYeCKHX KoJebaHui, aeficTByio-
UMK Ha BXOJHBIX 3aXKUMaX HeJUHeHHoro AByXmnosocHuka. [Too-
®uM Uy=0 n /,=0. B s1oM ciyuae BAX nByXmosiocHHKA B COOT-
BercTBHM ¢ (1.2) npumer BuA

i (u)=Su+ au?, 1.3)

rae a=0,5 0%/0u® — BcrioMOrartesbHBIH napamerp.

Monyasuus. CyTb npouecca MOAY/ISALHH 3aK/IOYAETCS B YIpaB-
JIEHHH OJHHM H3 MapaMeTPOB BBICOKOUACTOTHOrO KOJE€OAHHS: aMIi-
JIMTYJOH, 4acTOTOH MMM ()a30f OTHOCHTEIbHO HH3KOYACTOTHHIM (Tme-
pejaBaeMbiM, MOJIE3HbIM) CHrHAJIOM. B 3aBHCHMOCTH OT BHIGpaHHOrO
MOJIyJIUDYEMOro Mnapamerpa pasjHyaioT aMIUIHTYIHYIO MOAYJISILHIO
(AM), uvacrornyio Monyasiuuio (UM) u dasoByo monyasiuuio (®M).

PaccMoTpuM mpotecc aMmuIMTyIHOM MOAYJSIHH, KOTOpasi SBJSA-
ercsi Haubosiee NPOCTOH M pacnpocTpaHeHHOH B paguorexHuke. [Ipu
AM amniutysa Hecyuero KojeGaHHS M3MEHSIETCS 110 3aKOHy epe-
JlaBaeMoro CHrHajia. 3amnuiieM ero B BHe rapMOHMYECKOro KoJseba-
HUA Uy (f)=Up cosot, rae Up, © — NOCTOSHHBIE aMILIATYAa H
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yacrora. IlepenaBaemslit curHaia o6o3HauuM U, (f). Ha Bxoge Henu-
HEHHOro ABYXMOMIOCHHKA AEHCTBYIOT HamnpsiKeHHs OT HCTOYHHKOB
Hecyllero kosebanusi u curiana. Iloacrasu B (1.3) cymMmmy Hamps-
®eHUH Uy (f)+uc (H)=u (f)=Un, cos ot+u, (f), nocne npeobpasoba-
HHH [OJYYUM

i(1)= U,ﬂs[l + gsguc(t)]cos 0t 4 u () S +
+a[U2, cos? of + u2 (¢)). (1.4)

Iepsoiit unen B (1.4) npeacrasisier coGoit AM-kone6anne. Ero Mox-
HO 3amucath B BHIE

L (H)=U,S[l 4+ Mu, (¢)]cosot=1,(t) cos wt, (1.5)

rie I, ()=1,l14+Mu ()] — amnnnryna xone6aHusi Toka Hecyluel
YacTOTHl, U3MEHSIOMIASCS 110 3aKOHY NepefaBaeMoro curxana (Mmo-
nyaupyioweii ¢ynkuun) (puc. 1.8);
Ue M=2a/S — xo3{ppHIUEHT, XapaKTepH-
\ /\/\ 3yoWuiA npouecc MopyasuuH. Kak
BUAHO, MOAYJISIIIUA — HEJHHEHHBIH npo-
necc. Ero peanusanus Bo3aMoKHa TOJIb-
KO 1npH HenuHeiHoi BAX akTHBHOro
iy sjemenTa. [efictBUTenbHo, mpu a=0
AM-xoneGaHue mepeiieT B MPOCTOE
0 rapMoHHueckoe KoseGanue. CrenoBa-
TenbHO, AM-Kone6aHue He sABJsieTCA
8) CyMMOH BBICOKOYACTOTHOTO KosebaHus
H MOAYJIMPYIOILETO CHrHaJa.
JletekTHpoBanHe. B panuonpuem-
HOM YCTPOHCTBE C MOMOLIBIO JETEKTO-
pa BOCCTaHaBJHBaeTcss NepenaBaeMoe
coobuenre. MHaue rosops, B pesyJb-
; TaTe JETEKTHPOBAHHS MNOJYYalOT TOK,
At 5 H3MEHSIOMUNCI BO BPEMEHH TaK IXKe,
Puc. 1.8. Mepenasaenuifi cur- K@K HSMEHSIETCS OAMH M3 T1apaMeTpoB
Hal (@), Hecymwee KoieGanme (AMIVIMTYJZA, 4YacToTa HIH (haza) MoO-
(6) u AM-xoneGaune (6) JlyTHPOBAHHOTO KoseGaHHus. ‘
PaccmotpuM  metektupoBaHue AM-
KoneGaHusi. IlycTe Ha BXOJEe HEJHHEHHOrO ABYXIOJMIOCHHKA JEHCT-
ByeT AM-HanpsikeHHe, KoTopoe no aHajloruu c (1.5) sanuuem B
BUjE

U, (£)=U,, () cos ot, (1.6)

rae Uy, ()=Unll4+Mu, (9)]. Moacrasus (1.6) B (1.3), nonyuum Bh-
paxkeHMe ]ISl TOKa ABYXMOJIOCHHKA B BUJE i (U,,)=SU,, (f) coswi+
+aU}, (f) cos® of. Ilokaxem, 4TO B 3TOH CYMME€ €CTb COCTaBJISIO-
mas TOKa, NPONOPIHOHANbHAs MOLYJHDPYIOWEMY CHrHANY U (7).
Has storo, ucnonb3ysi Beipaxenue mius Uy, (f), sanmmem Uz (f)=
=Un+2U%u, )M+ (MUp)%ui(t). C yuyetoM INOJIYyYyeHHOTO COOT-
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HOLIEHHS
i (Uaw) =2aMU%u, (¢) cos® ot 4-
+ a(MU,,)? Uk (t) cos? ot + aUj, cos® of 4 SU , (£) cos wt.

Hcnonb3yst TpuroHomeTpuyeckyro ¢opmyay 2 cos?e=1--cos 2a,
npeactaBuM i(u,,) B BHIE

i (ta) = aMU%uc () + 5 (MU 2 w2 () + . .. (1.7)

He soweamue B (1.7) ciaraemble npeacTaB/sioT co00i BEICOKOYACTOT-
Hble COCTaBJAOULHE TOKA (4acTOTH ® H 2@).

Takum o6pa3oMm, MOJHBIA TOK HEeJHHEHHOro JABYXIOJIOCHHUKA
BKJ/IIOYAeT COCTaBJISIOULYI0, NPONOPUHOHANbHYIO CHTHANY U (%),
MOAYJIUPYIOLIEMY aMIVIMTYAy Hecymero KosmeGaHus. JleTeKTHpoBa-
HUe Takxe npoiecc HenuHelHbd. Ho B nanHOM cayuae Hemuuefi-
HocTb BAX naer He TONMBbKO moJie3HbIH 3¢¢deKT, HO U NPUBOAUT, KaK
BHAHO U3 (1.7), K HeH30€KHBIM HEJIHHEHHBIM HCKAXXEHUSM CHTHala—
MOSIBJIEHHIO YJIeH3, NPOMOPIIHOHAILHOIO KBAAPAaTy HanpsiKEeHHs
CHrHaJja.

PaccmoTpeHHbI cnoco6 JeTeKTHPOBAHHS HOCHT Has3BaHHE Keaod-
pamuurozo Oemexmupogarus. B GOJbILIOM YHC/IE€ NPAKTHYECKHX CIIY-
YyaeB HCMOJBb3YIOT TaK Ha3blBaeMoe JAuHelinoe Oemekmuposarue.
Aunanus paGoTbl JIHHEHHOrO JeTeKTOpa H3JoXKeH B IJ. 6.

IpeoGpa3oBanue yacToThl. [1ycTh Ha BXoxe HeHHEHHOTO ABYX-
NOMIOCHHKA AEACTBYIOT FapMOHHYECKHE HAMpPSIKEHHS OT ABYX HCTOY-
HUKOB — AM-Kosie6aHus H BBICOKOYACTOTHOrO KoJieGaHHs rerepo-
JHHa:

u(t)=U,(t)coswt+ U, .cos o, (1.8)

rae Upr, ®, — MOCTOSIHHBIE aMMJIUTYJA H YacTOTa KoJeGaHHs rete-
poauHa. UTo6bl coxpaHuth ¢opmy curHana Uy, (f) npu mpeoGpaso-
BaHUH YacTOThl, HEOGXOLMMO, YTOOBI XapaKTEPHUCTHKA ABYXMOJIOC-
HHKa NO OTHOIUEHHIO K CHTHalAy Oblia JIHHEHHOH. ITO HOCTHKHMO
npu ManoMm curHane. B To ke BpeMmsl 1/ npeoGpa3soBaHHS YacTOTHI
amnauTyaa KojseGaHHs reTepojyHa JOMXKHA ObiTh JOCTATOYHO GOJb-
wo#. Takum o6pasoM, ROKHO BBINOJMHATBCA ycaoBHe Up >SUp,.

[MoncraBus (1.8) B (1:3), ¢ yyeToM NPUHATOrO yC/AOBHS HaiueM
TOK HeJMHEHHOro JABYXMO/IOCHHKA

i(u)=SU,, (t)cos ot + SU . cos o, t +aU3 (¢) cos® ot +

+2aU, ($) U, cos of cos o.f + aUZ,. cos? o.f.
[TepBoe cmaraemoe cymmbl mpeo6pa3syeM, HCIOMb3YsT TPUTOHOMETDH-
YeCcKoe COOTHOLEHHe 2 cos a cos B=cos (x—f)-+cos (@+p), u 3anu-

eM BbIpaX<€HHe I/l TOKAa, COXPAaHHB TONBKO COCTABJSIOILYIO Pas3-
HOCTHO# 4acToThl (0,—®):

i(w)=aU, () U, cos(o,—o)t+...

BEICOKOYACTOTHBIE COCTABJSIOLINE, HE COAEPKallke B SIBHOM BHAE
nonesublit curtan U, (f), oTdUAbTPOBLIBAIOTCA M, CJ€40BATEJIbHO,
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TOK HeJMHEHHOro JABYXMOJMIOCHHKA moBTopser AM-curman, Ho Ha
pasHocTHOl yacToTe ©.—®. ITon6upas ©,, coxpaHsieM NMOCTOSHHOH
Pa3sHOCTHYIO YaCTOTY Wg,=0—®, KOTOPYIO OGBIYHO HA3BIBAIOT NPO-
MEXKYyTOUYHOH.

§ 1.3. OCHOBHBIE XAPAKTEPUCTHKM U BUJAbI YCHUJMUTEJIEH

HeofxomumocTs ycuieHHsI BO3HHMKaeT, KOTAa BHIXOJHAs MOIIHOCThb
npepllylero Kackaja HejlocTaToyHa AJ1si HOPMaNbHOTrO (byHKIIMOHH-
poBaHus nocsaenyomux nenei. [Tostomy mo6oit ycunurens sBasieTcs
YCUINTENEM MOIIHOCTH H MEPOH YCHJIEHHSI MOMKET ObITh OTHOLLIEHHE
MOLIHOCTH CHrHa/la Ha €ro BBbIXOJe K MOLIHOCTH CHUTHaja Ha BXOJE.
OxHaKO BO MHOTHX C/lydasix KO3(pGhHUHEHT YCHIEHHS 110 MOILHOCTH
He HMeeT cylllecTBEHHOro 3HaueHus. Onpenessiowuieii 1js ycuaurenei
MOILHOCTH SIBJISIETCS MOLIHOCTb CHr'Ha/la B Harpyske ¥ KoapdHIHEHT
0JIE3HOr'0 JIEHCTBHS BXOAHOH HJIM BHIXOAHOH uend. Jlns manocur-
HaJbHBIX K€ YCHJHTENEeHd OCHOBHOH XapaKTEPHUCTHKOH sBJsieTCA
Koagpuyuenm ycurenus no wanpsxceruro Ky unu no moxy K

KU = UBblxi/UBx’ KI = ]Bmx/lnx,

rie Usx, Usuxs Isxs lemx — GMIUIHTYIHBIE HanpsiKEHHST H TOKH
Ha BXOJI€ U BBIXOJE YCHJIHUTEJNS.

B pannoasieKTpOHHBIX YCTPOHCTBAX yacTo TPeGYyIoTCes OueHb GOJb-
mHe Ko3(pHUIHEHTE! YCHIEHHS, KOTOPHIE HE YaeTcsl peaql3oBath Ha
OJHOM AaKTHBHOM 3JjieMeHTe. [103TOMy HCMOMB3YIOT KacKalHOe BKJIIO-
yeHue . ycunureneid. O6muil KoapdHIHEHT yCUIEHUS MHOrOKacKaj-
HOrO YCHJHTENSI PaBeH INPOU3BENEHHI0 KO3(P(pHIHEHTOB YCHJIEHHS
OTZENbHBIX YCHJHUTENEH.

K mo6GoMy ycunutenio npexje Bcero npenbssasietcsl TpeGoBaHHe
HEHCKa:KEHHOH mepejayd yCHJIEHHOro cHrHasa. B cooTBeTcTBHH ¢
XapakTepoM YCHUJIMBAEMOTO CHrHa/la PasjHYalT YCHJIHTENH IOCTO-
SIHHOTO TOKA H YCHJIUTENH NePEMEHHOI'0 TOKa. ¥ CHIMTENH IOCTOSH-
HOTo TOKa OGecreyuBalOT YCHJIEHHe CHIHala CKOJMb YrOAHO HU3KHX
YacToT. ¥ CWIHTEJH TNEePeMEHHBIX TOKOB INpeJHa3HaueHbl Il YCH-
JIEHUsI CHTHAJIOB, YacTOTa KOTOPLIX IPEBBLIIAET HEKOTOPOEe HHKHee
3HaueHue ®>>w,. Ecau mosoca wactoT, B KOTOpO# obecrneunBaercs
paBHOMEDHOE YCHJIEHHe, JOCTATOYHO BEJHKA, TO YCHJIHMTENH Ha3Bl-
BaroT mupokomnosnocHsiMU. LIupokonosnocHsle ycHanTent, B KOTOPBIX
NPHHSTHL CIEIHaj]bHBle MepHl 1JIsi COXPaHEHHS (OPMEI CJIOXKHOTO
CHrHajia, HasbIBAlOT BHIEOyCHJAUTENsIMU. VX pasHOBHAHOCTBIO $IB-
JSIOTCS YCHJIUTENH, NpPeiHa3HaueHHble JJIs YCHJIEHHS TONbKO HM-
nyJbCHBIX curHaoB. CyllecTBYeT cnelHabHbIH KJace ycHauTeneH
JUIsl YCUIEHHST OueHb CJ1a0blX CHIHANOB — MaJIOMIyMsIIHe yCHJIHTe-
JId, B KOTOPHLIX CHHXKEH YPOBEHb COOCTBEHHBIX LIYMOB H TEM CaMbIM
ofecreyeHa BHICOKasi YYBCTBUTEIbHOCTb.

KonnuectBeHHOH Mepoil HEHCKaKeHHOH nepenayd yCcHIMBaeMoro
rapMOHHYECKOr0 CHrHajlia H3BECTHOH YacTOTHl ® IBJSIETCS YacTOT-
HBlil KO3(pHIMEHT nepefaud (WIH KOMIUVIEKCHAs 4acTOTHAs Xapak-
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TEPUCTHKA) YCHIHTEIS], ONpPeesieMblil Kak OTHOWEHHe KOMIIEKCHOM
aMITHTY 1Bl HAanp sKeHUs! Ha BhIXoAe Upyyx K KOMIVIEKCHOH aMIIHTY-
Jie HanpsikeHus: Ha Bxoje Ugy:

K (jo)= Unmx/Uax- (1.9)

B ofuwem ciyuyae K (jo) — KOMIJIEKCHAsh GYHKUHA H, CJIEI0Ba-
TeJIbHO, MOXET ObITb NMpEJCTaBJeHa B BHAE NPOH3BELEHHS MOAYJs
U (ha3oBOro MHOXHTEJS:

K (jo) =K (o) eio©, (1.10)

Monynp KOMIJIEKCHOH YacTOTHON XapaKTepHCTHKH (HJIH MPOCTO yac-
TOTHOM XapaKTepHCTHKH) K (®) Ha3bIBAIOT aAMIVIMTYLHO-YaCTOTHOM

K K4

Wsg w

Puc. 1.9. AMniuTygHo-4a-
CTOTHBIE XapaKTepHCTHKH
yCHIHTENS  TocTosiHHOrO - ¥

TOKa (a), yCHJIIHTeNd Nepe-

MeHHOro ToKa (6) M Kop-

PEKTHpYIOWMX  yeHanTe- Wy

Jaeit (8, 2) n W
Puc. 1.10. ®asouacrorHas

XapaKTepUCTHKa yCWIH-

Teasa

xapakrepuctukoit (AUX), oyHkumo ¢ () — dasoyacroTHol Xa-
pakrepuctukoit (®UX) ycunurens. AUX onpenensier paBHOMeEp-
HOCTb YCHJICHHSI B AHanasoHe uactoT, a PUX — 3aBHCHMOCTb BHO-
CUMOro ycunautenem ¢asoBoro casura ot uactotel. Ha puc. 1.9,
rae npuBefeHsl AUX pasiauyHBIX THOOB YCH/AHUTENEH, 0GO3HAYEHBI
rpaHHYHbE YAaCTOThl YCHJIEHHUS, B MpejesaX KOTOPHIX oOecreynBaer-
cs1 TpebyeMast paBHOMEDHOCTb YCHJICHHUSI, T. €. HEHCKaxKeHHas nepe-
naya. AUX xoppekrtupymouero ycuiaurenas (puc. 1.9, 6, 2) Hepas-
HoMmepHa. KOHKpPETHBIH BHJ| ee 3aBUCHT OT TPeOOBaHHUH, NpeNbsBIIsIE-
MBIX K KOPPEKTHDPYIOIEMY YCHIUTENIO: C €r0 MOMOLIBI0 HCIIP ABJISIOT

15



aMIUIHTYJHO-YACTOTHEIE MCKAXKEHHS APYruX ycunuteneit aubo cre-
[HaJbHO MPOU3BOAAT ocsialjieHHe CUrHala Ha Ompele/eHHBIX ya-
CTOTax.

Hns coxpaneHuss GopMbl CHUrHaja BakHa JuHeHHocTh OUX B
npefenax paboueit mosockl wactor (puc. 1.10). B srom cayuae Ha
BCEX 4acToTaX paGoueil MOJIOCH YCHJHTENb BHOCHT OJUHAKOBYIO® MO
BPEMEHH 3aJlePXKKY BHIXOAHOTO CHTHala OTHOCHTENTbHO BXOJHOTO M
BBIXOJHOH CHTHad CIBUHYT BO BPEMEHH OTHOCHTEJbHO BXOJHOIO.

IToxaxeM 5TO Ha IpHMepe NPOCTOr0 FapMOHHYECKOTo CHIHaJa, KOTODHIA
3anUIeM B KOMILIEKCHOH ¢opme Ugxe’®. Ecan dasouactotas XapakTepH-
CTHKA YCHNHTeJNs JHHefiHass, TO OHa MoxeT OHITh INpeJCTaBleHa B BHIe
@ (©) = — wf,, TIe [o— NPON3BOJbHHI OTPe3oK BpeMeHH. Torna B cOOTBETCTBHU
¢ ¢opmyanamu (1.9), (1.10) BHIXOAHOE HampsiKeHHe INOJYYHM B BHAE

g (1) = Unxejth (@) e Job— Onuxejm t=fo) "

Orciofia BHIHO, UTO BEIXOJHON CHT'HAJ 3aJepxKaH Ha BpeMs £ 110 OTHOLIEHHIO
K BXOJHOMY.



[JIABA CHIHAJIbI
2 H UX CIIEKTPbI

Ha npumepe npocToro rapMoHHUecKOro KoeGaHi s MOXKHO IIOHSITh,
YTO €ro MaTeMaTHYecKas MOJeJb B BHIe (pyHKUHH BpeMeHH u ({)=
= U,, cos @ MoxeT OHTb 3aMeHeHa MaTeMaTHYeCKO#l MOJeJbI0
B 4aCTOTHOH ¢opme. B aToM npocreiimem cayuae AJs ajeKkBar-
HOTO NpejCTaBJIeHHS] JOCTAaTOYHO 3aJaTh JBe BEJHUHHEI, Xapak-
TepHu3youmue Konebanus: aMnautysy U, H 4acToTy ®, H, ecrect-
BEHHO, NPEANOJIaraeTcs, YTo }3BeCTHa BpeMeHHas 3aBHCHMOCTb
CHTHaJla, a HMEHHO, YTO OH SIBJIIeTCS TapPMOHHYECKHM.

Kak H3BeCTHO, NpPOM3BOJBHHIE MEepHOAMYECKHII CHI'HAJ MOXKHO
NpeACTaBUTb B BHJE KOMOMHALMH TapMOHWYECKHX KoJjeGaHHi
(rapMOHHK) C Pa3JHYHBIMH aMIJIHTYAaMH M 4acTOTaMH, KOTOPYIO
Ha3biBalOT passnoxeHneM Pypre. M 3to He ToJabKO MaTemaTH-
ueckast omepauus. Mcrnoab3oBaHue Takoro nmpeicTaBleHHs 3aBH-
CHT OT BaXXHOTO (PH3HYECKOro CBOMCTBA JIHHEHWHBIX 3JEKTPOHHBIX
nened, KOTOpoe COCTOHT B TOM, YTO FapMOHHYECKHH CHTHAJ Ha
BHIXOJ€ LleNH OT/IHYaeTcs OT CHI'HaJla Ha BXOJe TOJIbKO MO aMILIH-
Tyne u ¢ase. IpyruMu cjoBaMH, B JHHEHHON 3/JeKTPOHHOH lenH
rapMOHHuyecKHe KoJe6aHHSI BelyT cebf TaK, KaK eCJH Gbl OHH
CYIIeCTBOBA/IM HE3aBHCHMO APYT OT Apyra, T. €. OHH He B3aHMO-
JeiictBylor. Pasnoxenue @Pypre mosBoJsieT H3yuyaTb IPOXOXKAe-
HHe JIIOOBIX CHTHAaJOB Yepe3 JIHHEHHYIO IleNb, €CJH H3BECTHBI
ocJja6eHHe aMIIATY bl H (Ga30BLIi CABHT KaXA0H FapMOHHYeCKO
cocTapJsioneil CHrHala NpH NPOXOXKJAEHHH €ro uepe3 3Ty Lelb.
Takum o6pas3oM, NpH peuUleHHH 3ajay, BO3HHKAIOIMX NPH Npo-
XOXMJEHHH CHT'HAJIOB Yepe3 3JEKTPOHHBIE IleNH, BaXKHOE 3HaueHHUe
npro6GpeTaeT YacTOTHOE IpejcTaBJeHHe curaaga. IlTo anamoruu
C NMPOCTHIM TapMOHHYECKMM KoJeGaHHEeM NpPOU3BOJIbHBEI CHIHAT
MOXHO 3ajaTh B (opMe IIOCJEI0BaTeJbHOCTH Nap YHCeJ C101;
Co®3; . ..; Cp®,, ABJAIOMHXCS aMIVIHTYAaMH H YacTOTaMH rapMo-
HHK B pasyiokeHHH @ypbe IaHHOro CHriajaa. DTy mocJefoBa-
TeJbHOCTb Ha3blBaIOT YaCTOTHBIM CIIEKTPOM CHIHaJla HJH IPOCTO
CIIEKTPOM.

§2.1. KJIACCHPHUKALHUSA CHUTHAJIOB

Ecau B KauecTBe OCHOBHGIO NpH3HaKa CHrHaja B3sITb TOUYHOE 3HAHHE
ero (opMul B 11060 MOMEHT BPEMEHH, TO BCe CUTHAJIBI MOXKHO pasjie-
JIUTb Ha JIETEDMUHHUPOBaHHbIE (PeryJisipHeie) M CaydyaiiHbie CHTHAJBL.
JleTepMUHHPOBAHHBIN CUTHAN ONMHChIBaeTcs (QyHKUMEHl BpeMeHH, H,
OuUeBH[HO, TPENCKa3aTh €ro CBOHCTBA MOXKHO, BHIUUC/ISS 3HAUEHHS
37O (PYHKUUH B MPOHU3BOJbHBIH MOMEHT BpeMmeHH. CiyuaiiHble CHr-
Hajbl B OTJIHUYHE OT JAETePMHHHPOBAHHBLIX NPHHHUMAIOT 3HaAueHUs,
KOTODbIE ONpefeIeHHO IpeJcKa3aTh Hesb3sl.

Lemepmuruposantsle cueHaibl PasiensiOTC Ha HenpephiBHBLIE H
uMnyabcHble. HenpepriBHBIMH Ha3blBalOTCS CHIHAMBI, CYLIECTBYIO-
e Ha 6eCKOHEYHOM MHTepBajie BpeMeHU. BaxkHbIl Kjace HerpephiB-
HBIX CHUTHaJIOB — nepuoduueckue Koaebanus.  JioGoe 3HaueHHe
NEPHOANYECKOTO KOMeGaHUsI B MOMEHT BPEMEHH ¢ TOUHO BOCIPOU3BO-
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JUTCSL uepe3 OTPE30K BPEMEHH, KpaTHblH nepHoay koJjebanuit T.
Ecnu u(f) — xosneGanue ¢ nepuogom T, TO MOXKHO 3anucarth u(f)=
=u(t£kT), roe k=1, 2,. ..

_ HmnyaocHole koarebanua CyECTBYIOT TOJABKO B Ipeaesax KoHed-
HOTI'0 OTHOCHTEJILHO MaJIOTO OTPe3Ka BPEMEHH, Ha3biBaeMOI'0 JAJIHTE/ b=
HOCTBIO UMMyJbca fy. [locnenoBaTeNbHOCTbIO UMITYJ/ILCOB HA3BIBAIOT
KosieGaHusl, COCTOSIIIHEe M3 OTJAENBHBIX MMIYJbCOB Ha GECKOHEUHOM
HHTepBase BpeMeHH. Kak y»xe oTMeuasnoch, pas/iM4aoT BUACOUMITYIbC
U PajHOUMIY.JIbC.

Budeoumnyabc onUCHIBAaETCS 3aBHCHMOCTBIO HANPSIXKEHHS WU
TOKa OT BpeMeHH: u(f) B mpenenax IQIHTENbHOCTH CHrHaaa f,, a
paduoumnyasbc TPEACTaBJAseT cOOOH MOXy/HPOBaHHOE KoJsebaHHe
U (O)=u(t) cos @, ¢, e ®p —
A YaCcTOTa 3aNOJHEHUsI PajHOHM-

“ nyabca. Ilpumepn Bupeo- U
PafHOUMIYJIbCOB IOKAa3aHbl Ha
puc. 2.1. Bugeoumnyjsc mno

0 TPaJHLHH OTHOCAT K aHa/IOro-

r+ )

BLIM CHTHAaJaM, T. €. CHCHaJ/aM,
3aBHCHMOCTb KOTOPBHIX OT Bpe-

T MEHH H3006Pa)KaeTcs HempephiB-
Kaw u(t) . "
/ Ve Hoit kpuBoH. J[lo HexaBHero

-

//é

N
L re20/w, |
’) 0 1y titiy t
Puc. 2.1. Bugeoumnynnc Puc. 2.2. CurnaJ, 3ajaH-
(@) 1 panuoumnyansc (6) HBI AMCKPEeTHBIMH OTCYe-

TaMH

BpPeMEHH 3JIEKTPOHHbIE YCTPOHCTBA OBIM NPEHMYLIECTBEHHO aHANO-
rOBbIMH, T. €. 0OpaGaThIBAION[UMH aHAJIOroBble CHrHajibl. C pasBH-
THEM BBLIYHC/UTEIbHOH TEXHHKH B PaJHO3JIEKTPOHHKY NP HIILIH
JUCKpeTHble M nudpoBble curHansl. Ilpocrefimias Martemaruyeckas
MOJIe/Ib AHCKPETHOTO CHTHAA— 3TO MHOXKECTBO TOYEK Ha BPEMEHHOM
OcH, B KOTOPHIX 3ajlaHbl ero sHaueHus (puc. 2.2). Kak npasuo,
oTcueTsl GepyTcsl uepes paBHBlE HHTEPBAJILI BPEMEHH.

Mexny aHaJIOTOBBIMH, IUCKPETHBIMH H HMITYJIbCHBIMH CHIHAJIaMH
ectb rnybokasi BHYTPeHHsiA CcBsi3b. JlaHHOe ompejesneHHe NUCKpeT-
HHIX CHTHAJOB, 10 CBOEH CYTH, SIBJISIETCSl ONMpPENENIEHHEM [Mpolecca
JMCKPETH3al i aHAJIOTOBOT'O CHIHAJIA — MeJJIEHHO MEHSIOEMY CST BO
BPEMEHH AaHAJOrOBOMY CHIHANy CONOCTAaBJSIETCSI €ro JAHUCKPETHBIH
o0pas, HUMeIOUMA BHJ MOC/AeJOBATEIbHOCTH OAMHAKOBOH AJIHTE/b-
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HOCTH, aMILIMTYJa KOTOPHIX NPONOPLHOHANbHA 3HAYEHHIO CHTHANA B
OTCYeTHHBIX Toukax. Ilpu f,— 0 uMnysbcHOe mpejcTaBieHHe aHaMO-
rOBOTO CHTHAJIa MEPEXOAUT B JHCKPETHOE.

Oco6o#t pasHOBHIHOCTBIO JHCKPETHBIX CHTHAOB SIBJISIOTCS LHG-
POBBIE CHTHAJIBI, OTCYETHbIE 3HAYEHHS] KOTOPHIX MPONOPILHOHAMbHBI
YHCTy.

§ 2.2. PA3JIO)KEHUE NMEPHUOAUYECKHUX CHTHAJIOB B PAJd ¢ YPLE

U3 xypca mateMaTHKH H3BECTHO, YTO NPOU3BOJNbHAS (DYHKIMSA, HMe-
jolas Ha uHTepBane (f;, f;) He 6oJee KOHEYHOTO YHCIa TOYEK Pasphl-
Ba M abCOMIOTHO WHTErpUpyemasi Ha 3TOM HHTEpBase, MOXKET ObITh
npejcTaBieHa PAJOM MO OPTOHOPMHUPOBAHHOH cHcTeMe (QYHKUHMH —
OPTOHOPMHUPOBAHHOMY 6asucy.

CBO#CTBO OPTOHOPMHPOBAHHOCTH (OPTOrOHANBLHOCTH H HOPMHPO-
BaHHOCTH) (GYHKUHI 3aKJIOYaeTcs B TOM, YTO 15 JIoGO# napsl GyHK-
IHA U3 3TOM MOC/eNOBaTEbHOCTH BLINOJIHSAETCH YCJOBHE

1, ‘
Louro, (0d1={

ty

0 mpu k=£m,
1 nmpu k=m.

@.1)

IMyctb u(f) — NPOM3BOJILHBINA CHrHAM, AEHCTBYIOIIHE HA OTPE3Ke
Bpement (¢, %), a vy (), v,(),. . . , vx(?),. . . IPEACTABMSIOT CHCTE-
MY OPTOTOHAJIbHBIX U HOPMHPOBAHHBIX (PYHKIHMH Ha TOM e HHTep-
Base (4, t2). Toraa u(f) MoxeT GbiTh 3anmHcaHa B BHAE 0000LIEHHOT0
psna Pypee:

u(t)= é‘al ¢V (B), (2.2)

rfe Cp — NOCTOSIHHBIE KosdhduuueHTh. [N HaXOXIEHUS Cp YM-
HOXHM 06e yacTH (2.2) Ha vy, (f) M npouHTErpHpYEM Ha HHTEpBaJe fy,
tz:

15 o Iz

(u()v, () dt= kZI { e (B0, () dt.

A k=14,
INocne oueBHAHOrO NpeoGpa3oBaHys MPaBoOii YacTH PaBEHCTBA 3amH-
mem

4 ®
(ut)yo, ) dt = 3 ¢ {0, (1), () d. 2.3)
ty = ty

Ha ocnoBanun cootHomenuns (2.1) MOXKHO yTBEp:¥aaTh, UTO BCe
uJIeHbl CyMMBI B NIpaBoii yactH (2.3) npu ks£m obpaiaiorcs B HyJIb
€JMHCTBEHHBIH WIEH CYMMEI, [JIS1 KOTOPOTO© k=11, He PaBeH HYJIO, T. €.
npaBasi 4acTb paBeHctBa (2.3) paBHa

1,
Co={ (1), (t) dt. 2.4)

4
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Bosbmem B KauecTBe Ga3uca PassoKeHHsI COBOKYIHOCTb TPHTOHO-
MeTpHYeCKHX (QYHKUHMH KDaTHBIX apryMeHTOB:

1 2 .
vo=ﬁ, v, (f)= ]/-T— sinwet, v, ()= ]/ COS W,l;
v, (1) = ]/% sin2myf, v, (t)= ]/% cos 2w,t, ...,

rae ©,=2n/T — OCHOBHAasi YacTOTa MOCJENOBATENbHOCTH GYHKIHHA
v, (8); T — nepuon pyHKuHi. Bbuluncass HHTErpassl no GopMmysaiaMm
(2.1), MmoxHO yGemHTbCS, YTO CHCTEMA TPHIOHOMETPHUECKHX (yHK-
LHH sIBJsieTCST OPTOHOPMHUPOBaHHOH Ha mnepuoge T .

B coorsetctBHEM ¢ (2.2) 11T MPOU3BOJNILHOIO MNEPHOIUYECKOTO
curdana u(f) pax Oypre B Gazuce rapMOHMYeCKHX (QyHKIUH 3anu-
CHIBAIOT B BHJE

u(t)=%+2 (a, cos nw,t + b, sin nw,t) (2.5)
n=1
HJIH
u(t) = +}d ¢, 0s (nw,t +¢,). (2.6)

n=1

Kosdbuuuents: pagos (2.5) u (2.6) B coorserctBuM C (2.4) BhluHC-
JAIOT 1o dopmysam:

T/2
a, =% S u (t) cos (nw,t) dt,
o =Ty2
T/2
by == g u (¢) sin (no,?) dt,
-T2
~V&TE, o,=—arctg 2,
n=0,C08¢Q,, b,=—c,sing,.

Psn ®ypse npexcrasisier co6oil CyMMy TIOCTOSIHHOM COCTaBJIsIO-
el U TapMOHUYECKUX KoJeGaHUil ¢ BelleCTBEHHBIMH aMILIUTYJaMHU.
PasnoxeHne curHajsa B psj 1O rapMOHHYecKHM ¢yHKuusM (2.5),
(2.6) Ha3BIBAIOT €rO CHeKMpPaAbHbIM NPe0CmagAeHUeM UAU CREKMpPOM
cucHara 8 6asuce eapmonudeckux pyuxyuld. HarnsinHoe npexcras-
JIEHHe O CIeKTpe JaeT ero rpaduyeckoe usobpaxenue. B Toukax
TOPU30HTAJNBHOH OCH, COOTBETCTBYIOIIHX YaCTOTaM FapMOHUK, CTPOSIT
BePTHKA/bHblE OTPE3KH, OTOOpa)Kaloliie B HEKOTOPOM Maciitabe HX
aMIIHTY Bl # (dassl (puc. 2.3). CnekTp nepHoguyecKkoro CHruajia Ha-
3BIBAIOT JIHHEHYATHIM (IUCKPETHBIM), TAK KaK OH COCTOHT H3 OTHEb-
HBIX JIHHHH, COOTBETCTBYIOIIUX AHCKPETHBIM yactoTaM. bosee undpop-
MaTHBEH aMIUIUTYAHBIA CHEKTP, NMO3BOJSIOUUA CyIUTb 00 OTHOCH-
TETbHOH [0/ COOTBETCTBYIOUIMX CHNEKTPAJbHBIX COCTABJSIOLINX
cUrHama.
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B Teopuy cursanoB mMHPOKO NMPHMEHSETCS KOMIJIEKCHAst dopma
psana ®Pypbe, K KOTOPOH MOXKHO NepeiTH Ha OCHOBAHHH (OPMYJIbI
ditnepa:

1 . ; 1 . .

COS (n®ot + @) = 5 eion el 4 e=ion e—inod,

TMoacraBuB JaHHOe Bhipaxenue B (2.6), momyuum

® ®
c . . o .
u(t)= 2 5 eion einvdt — 2 C,einot, 2.7
n=-ow n=-—w
. 1 o

rae ¢, =4 c,elPn — KOMIJIeKCHasi aMIUVITyZa A-#  TapMOHHKH;
. 1 ) . .
Con=7 c,e”i%n = ¢, — KOMIJIEKCHO-CONPSIKEHHAs1 C ¢, BEJHYHHA.

KomnuiekcHy0 aMIIMTYy HaiAeM, MCNOJb3Ys OPTOrOHAJIbHOCTh
OGYHKUHH €in9f ¢ CONPSMKEHHBIMH MM OQYHKIUAMH €710, YM-
4
h Pn

lll |||||
23 wfw, 0 123
o) 4)

Puc. 2.3. Amnantynunii (a) u ¢a3oBeit (6) cnekTph
NepHOAHYECKOro CHI Hasa

0 1 w/dy

HOXUB 06Ge uyacTdH psiga (2.7) Ha e~in®! y npounterpuposas Ha T,
T/2

HOJTYYHM S u(t)e-inoot dt = ¢, T, otkyna
-T2
T/2
u (t) e—inod df, (2.8)

-T/2

1

c,=

CnekTpasnibHOe NpeacTaBaeHNe cHurHajita B ¢opme (2.7) comepKuT
OTpUIATENbHLIE YACTOTHl, U CIEKTP cHrHana (2.8) cuMMeTpHYeH OT-
HOCHTeJIbHO HyJieBOH uacTothl. Ho orpuuartesbHas uactota —
TOHSITHE MaTeMaTHyeckoe, OGYCJIOBJEHHOe KOMILIEKCHOH ¢opMoii
NpeJCTaBJeHUs] T'apMOHHYECKOro KoJjebaHus.

B kauecTBe npuMepa ompeiesuM cnekmp nepuoduueckoti nocedo-
BaMEAbHOCU NPAMOY20AbHbIX UMnYabco8 u(f) C W3BeCTHHIMHM  Ma-
pamerpamu U, t,, T. B cootBercTBHH C (opmysol (2.8) 3anHiem

t./2 . .
u emwot"/z_e—m(ootulz

. U ; 2
— —jnwyt —_ . =
Cn =7 S eminoet df = — o o7
—1,/2
_ty sin (nwely/2) ___l sin (nm/q)
- T nwety/2  q nm/q .’
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rie q=T/f; — cKBaXXHOCTb HMIYJbCHOH  INOCJEAOBATEILHOCTH.
CrenoBartesibHO, KOMIVIEKCHBIH psin Pypbe nepHoaHYecKoi mocseno-
BaTeJbHOCTH NPSIMOYTOJBbHBIX HMIYJbCOB HMEET BHJ
®
1 sin (nx :
u(t)== >, LD g,
79 =T q
Ha puc. 2.4 usobpaxeHbl aMIVIMTYAHBIH M (a3soBHI CIEKTPHL
T10CJIeI0BATEbHOCTH NPAMOYTOJBHBIX MMNYJbcoB. Pasa cnekTpasb-
HBIX COCTaBJSIOIHMX NPHHHMAaeT JHOO HyseBoe 3HAUEHHe B HHTEp-
Baje, I'leé CHHyC IOJOXHTEeJeH, JHOO 3HaueHue —=m B HHTEpBaJe,

‘,—-\\ 7]

/ \ ’

\ Ty —I I-l;'
ANy [\‘V'TTTWTT\ |

~4nfty  -200/ty ﬁ_ | 22y7 27/tn 4fty o

a)

Pn

/9

e III PP GNP S

I l _JZ_ , nw,

Puc. 2.4. Amnaunryanniit (@) H ¢asosBeiit (6) CHeKTpPH mo-
CJIeIOBATENBHOCTH NPSMOYTOJAbHBIX HMIYJbCOB

rje cuuyc orpunarenes. Orubaioiias aMIJINTYyJHOTO CIEKTPa U3Me-
HAETCA 10 3aKOHY sin x/x. ¥Y3ibl orubawoinedl HaXoAATCs B TOYKaX
Wo=k2n/ty, rme k=1, 2, 3,. .. UHcao rapmMoOHHK B HHTEpBaje
MexXJy y3J1aMH PaBHO g. .
§ 2.3. CHNEKTPAJIbHBIA AHAJIU3 HUMNYJbCHbIX CUTHAJIOB

Ecnu u(f) — HenmepHoOAHUECKHH HMNYJbCHBIA CHTHAJ, TO OH MOXET
OBLITb €IUHCTBEHHBIM CIIOCOGOM MPOJOJ/IKEH Ha OoCb f TaK, YTO IOJay-
YUTCH TNepHOAMYEcKas TOC/EN0BaTeNbHOCTh v (f) € mepHoaoM
T (puc. 2.5). 3anumem v (f) B BHAe

@

v(t)= X u(t+ mT). 2.9)

m=-w
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Tak Kak KoseGaHue v(f) mepHoaHuecKoe, €ro MOXHO NPEICTaBHTb
psnom ®ypbe. O603HAUUM @, =nw,=2nn/T u 3anumem psn Pypne
B KOMILJIEKCHOH (opme:

o(t)= 2 cheiont, (2.10)
n=-w

rae

. 1 T/2

by=1 §2v(t)e-1°’nf dt. @2.11)
Ioxcrasus (2.10) u (2.11) B (2.9), moayuum

3 c_o‘ T/2 )

2 u(t+ml)= 2‘ < S v(t)e-ion? dt)el"’nf ;’—; (2.12)

m=-mw n=-—w —T/2

Psn (2.12) onpenesnsier nepHoAHYECKYio GYHKIHIO 0 (£), NOTYYEHHYIO
nosropenveM u (f) ¢ nepuonom T. Ecau nepuon o6pasoBaHHOH Ioc-
JefioBateqbHOCTH T — 0o, TO BCE HMIYJbCH, KPOME HCXOJHOrO,
«yHAyT» B GECKOHEYHOCTb M TEpH-

olMuecKasi TOCJeI0BaTENbHOCTD ¥ (f) u

CTaHET OJMHOUHBIM HMIYJIbCOM U (f).

JpyruMu cjioBamy, npejies JeBoH ya-

ctd (2.12) npu T — oo ecTb (YHK- :
uus u(f):

«©

a)

v
lim 3 u(t-HmT)=u). /\/\/\
TEnmE 2.13) , _

PaccmoTpuM mnpaByio wacthb (2.12)
npu T — oo. OueBUIHO, YTO YacTo- 4 )
Ta OCHOBHOH TapMOHHKH psiza ®y- Puc. 2.5. OgnHOYHBIE HMIYJbC
(@) M ero mepHoxHYecKoe IIpo-
pre OyAeT CTPEMHTBCS K HYJO,  1oiuecune (6)
Tak Kak 0,=2n/T, a T — oo. [Ipu
3TOM COCeJlHHE CIeKTpasibHble cocTaBasionHe psiza dypoe GyayT
cOamkatbcsl H npu T —- oo CTaHYT CKOJIb YTOAHO OJNH3KHUMH JpYT
apyry (®,,,—0,=0,, @ — 0), T. e. IHCKPETHbIl CHEKTP CTaHeT
crutolrHeiM. [losTomy B dopmyiie (2.12) MOXKHO 3aMeHHTh ©, Ha
TEKYLIYIO 4acToTy ®, ®, — Ha d®, a CymMMy — Ha HHTerpais.
Takum ob6pasom, npu T — oo oT psina Pypne B Buze (2.12) ne-
peiiieM K IBOMHOMY HHTerpany H, yuuthiBas (2.13), sanuiiem

u(f)= o= { <S u(z)e—jmtdt>eimt do. (2.14)

—® —-®

t

BHyTpeHHHH HHTErpas He 3aBHCHT OT BPEMEHH H SIBJsSIETCS KOMILIEKC-
HoHl ¢yHKuueil yactothl ®. IloatoMy 06o3HauuM

@

S@)= § u(tye-sor dz, (2.15)

-
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Oy HKIHIO S (®) HasbBaIOT cnercmpa/zbuod NAOMHOCMbIO UL CheKim-
parvroil xapakmepucmukotl umnysbca. OHa 3aBHCHT TOJIBKO 'OT
dopMbl uMnysbea u(f). Popmyny (2.15) HasbBAalOT npambim npe-
obpasosaruem Dypoe.

Hcnoawsysa (2.15), usz (2.14) mnosnyuaem

u(t) = S NOELZ ) (2.16)

®opmyny (2.16) HasbiBaloT ob6pamroin npeobpasosaruem Dypoe.

®opmyJnl (2.15) 1 (2.16) HaspIBalOT TakKe nmapoil npeobpasoBa-
Huit dypoe. IlepBass mo3BoJsieT OCYLIECTBHUTbL IIPsSMOE Npeo6paso-
BaHWe — HafiTH CIeKTPaJbHYIO IUIOTHOCTH HMIYJbCa, BTOpas —
o6paTHoe npeofpa3oBaHNe — BOCCTAHOBUTb HMMIIYJIbC IO €ro CHEeKT-
panbHO# muIoTHOCTH. IIpeoGpasoBanue Pypbe NPHHATO 0603HAUATH:
u(t) & S(o).

ConocraBuM (2.16) u psig Pypbe B KOMIUIEKCHOHA opme ist ne-
puopnueckoit dyukuuu (2.10). Kak Bugno, Bennuuna S (o)dw/(2mw)
HMEET CMBICJI GeCKOHEYHO MaJsIoH aMIJIUTYIBl TapPMOHHUYECKOH COCTaB-
JAMEeH YacTOThl ® CHEKTPaJbHOH XapaKTePHUCTHKH OJHHOYHOTO
UMIyJIbCa.

. KowmnuiekcHast ¢yHKUHSA S(w) MOXeT ObITb 3amHcaHa B BHJE
S (®)=S (®)ei® @, Mony/ib CHEKTPaIbHO MJIOTHOCTH S (®) Ha3bi-
BalOT AMNAUMYOHO-4ACMOMHAOL XapaKmepucmuKkol UMIyJAbCHOTO CHT-
Hana, a @(w) — ero ¢asovacmomnol xapakrtepHcTHKOH. Tak kak
¢dopmybl KoapdpuureHToB psAna Pypbe U CHEKTPaIbHOM MJIOTHOCTH
OTJIMYAIOTCS TOJNbKO MHOXHTesMeM 1/T, TO MOAYJb CHEKTpaabHOM
IVIOTHOCTH HMIyJ/1bCa U orubaiouiasi JUCKPETHOrO CIeKTpa MepHOfu-
yecKofl NOCJeI0BATENbHOCTH TAKHX HMITYJ/IbCOB COBIANAIOT MO hopMe.

§ 2.4. IPUMEPDBI BbIYHCJIEHUSA CNEKTPAJIbHBIX NMJIOTHOCTEWA
CHUTHAJIOB

1. CnekTpasbHyl0 MJOTHOCTb NPSIMOYrOJLHOrO BHAEOMMNYJbca u (f), HMe-
omero aMnauTyay U W AMMTENbHOCTh £, MOJNYYHM Ha OCHOBAaHMH (2. 15):

£,/2
S@=U eIt qf —
~t,/2

&e""’uﬂ—-e‘j"’tu/2 — Ut sin &
2j e

(2.17)

rie E=wfy/2. Ha puc. 2.6 usobpaxken rpaduk CHeKTPaJbHOH NJIOTHOCTH
NpSIMOYTOJIbHOIO BHAEOUMIYJIbCA.

2. CnekTpasibHYI0 MJOTHOCTh PAaJXHOMMNYJbCA, 3aJaHHOTO B BHAE MOAYJH-
poBaHHOTO KoJiebaHus

Uam (£) =u (¢) cos wyf, (2.18)
HaiigeM, npuMeHuB K (2.18) mpamoe mpeoGpasoBanue Pypne:

-]
S (@)= S u (£) cos wote ~I9% d¢.

-®
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Hcnonbsys dopmyay Ditnepa, sanuuem
@
S u (t) (eIt fe=i0ot) g =J0f gy —

-®

S(@=

* ®
1 e 1 .
::-2— Su(t)e j(o (l)o)tdt_l_? S.u(t)e] (('H'(’)“)tdt.
—®

- ®

TTomyuenHoe BhIpa)keHHe NPEACTABAAET CIEKTPAJIbHYIO IJIOTHOCTb Su (®) BuU-
JleouMInyJbca u (f), CMeIIeHHYI0 IO YacToTe Ha @, (mepBbiit uHTerpan) u Ha
— o (BTOpO# muTerpaJ). ITostoMy BhipaxeHne AJast S (®) MOXHO 3anmucaTh
B ¢opme
o
. —j(l)t ] . . .
5 (@)= Su(t) c0s 0t ¢ dt = 5 [$, (0—00) +-8u 0+ 00)].  @2.19)

-

CnexTpajibHasl MJIOTHOCTb PaAHOMMITYJbCA «paclleNeHa» HAa JBe 4YacTH, CHM-
METPHYHO pAacCIOJIOXKEeHHBIE Ha OCH YacTOT, KaXJas M3 KOTOPbIX B TOYHOCTH
TMOBTOpSieT CIEKTPaJbHYI0 IJIOTHOCTb
BHIEOUMIYJIbCA.

3. BeckoHe4HO KOPOTKHH HMMMYJbC C
eAMHHYHOH naoIaabio (1eJbTa-uMNyabc)
olnHchiBaeTcss JesbTa-QpyHKuueit 0 (f),
obpamatouieiics B Hyb npH ¢ #0 u B
GeckoHeyHocTs mnpH (=0, Tak uTO

@®

S §(t)dt=1. Drtomy onpegeneHuo
- ®
yIOBJNETBOpsieT, Hampumep, npsmo- Puc.2.6. CnekTpajsbHast MJIOTHOCTh
YIOJbHBIH UMIOYJbC ¢y, aMIJHTYyAa KO- NPSAMOYFOJbHOIO  BHJIEOHMIYJbCa
TOporo 0GpaTHO  NpPONOPUHOHAJbHA
ero pauteabsoctH 1/f,. Ilpm ¢y — 0 aMmauTyaa HMmyJsca GeCKOHEYHO
pacrer, a MJIOWAAb OCTaeTCs MOCTOSIHHOH — paBHOM efuHuLe. JlefiCTBUTENbHO,
€CJTH

fe. t={

S

1/ty mpu |f] < #4/2,
0 mpu [t >ty/2,

To AesbTa-QyHKIHIO MOXKHO ompefeduTh Kak O (f)= lim f(¢, ¢;). Tlpu stom
t -0

H
© 2. t/2
SG(t)dt: im S Pt t) dr= S dE=1.
H

t =0
“e CRR —i2

B Gosee ofmeM ciyuae nenbTa-GyHKIIMIO MOXHO 3alucaTh B BHIE
o INpH =/,
se—tg—{ 5 T
0 npu gpyrux ¢.)

CrnekTpaJbHYIO NJOTHOCTh JeabTa-uMmnynabca A0 (¢f) HaliieM ¢ moMoupio
npsimoro npeo6pasoBauuss Pypee (2.15):

S=A S 8 (F)e™19t gt (2.20)

- ®
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Ha ocuoBaHun omnpeieneHust AenbTa-GyHKUHMH HHTEpBAJ HHTEIDHPOBAHHSA
B ¢opmyJse (2.20) MOXKHO cllesaTh CKOJIb YTOLHO MaJbiM, JIHIWIB Obl OH BKJIO-
yaya B ceb6s £ =0. B npepnene oH Moxer GHTb YCTPeMJIEH K HYJIO H IOALIH-
TerpajsbHas GyHKuHsa /97 npuMer 3HayeHHe, paBHoe exuHHHe. Takum

o6pasoM, S (o) = A. CirefoBaTesIbHO, CIIEKTpaJibHasi NJIOTHOCTb IeJbTa-HMITYJIb-
ca HMeeT paBHOMepHBIH vyacToTHb cnekTp. PUX gmesnbTa-uMmyJbca paBHa
HYJII0O IS BCeX 4acToT. DTO O3HayaeT, YTO BCe rapMOHHYECKHe COCTaBJIfIOLIHE
CKJagbBaoTcs B (a3e M obpasylor 6eckoHeuHHlil muk mpH {=0.

ITo onpegmeneHuio, AeabTa-QyHKUHSA 0GaafaeT CBOMCTBOM, KOTODOE MOMKET
OLITh BLIDAXKEHO COOTHOILEHHEM

o«
S u(t) 6(t—to) dt=u(ty), (2.21)

-
KOTOpOe Ha3BIBAIOT Quabmpyrouum ceoticmeom Oesbma-gyHkyuu, T. €. HHTErpaJ
OT NpPOHU3BeJeHHs NMPOH3BOJIbHOH (GyHKUUH Ha O (f —7() paBeH 3HAaUEHHIO 3TOM

GYyHKUMH B Touke {=/{,.
Ha ocnosannn obpatsoro mpeo6pasoBanus ®Pypbe (2.16) Haitnem

- <] ®
ts(t)z%1E Ss'(m) elo? dm=% Se""tdm. 2.22)
-

-
IMo anamornu c (2.22) sanuweM AeJbTa-QyHKIHIO apryMeHTa @

b )=5 Sej‘”t ar.

- ®

Same'mM, YTO 3HAK ITOKa3aTeJis 3KCNOHEHTH HE BJIHSAET Ha 3HAaYe€HHe HHTerpaJa,
H NO3TOMYy MOXHO 3aIucaTth
®

8 (@)= Se-i“"dt. 2.23)
2n
-®
TlefictButenbo, e = cos of + jsinof m He3aBHCUMO OT 3HaKa HHTerpal
OT HeyeTHOH (YHKIMH CHHYC Ha CHMMETDHYHOM HHTepBaJle HHTerpHPOBaHUS
paBeH HyJIO. .
4. CneKTpanbHyl0 MVIOTHOCTh MOCTOSIHHOrO BO BPEMEHH CHrHaJja (eJMHMUHOR

aMIANTYAB) HafifeM, 3anmucaB TpaMoe mnpeo6pasosanie ®ypre S (0) =
@

= S e~19t 4. Ha ocHoBanun (2.23) umeem S (w) =2n6 (). Takum o6pasom,
-0

TIOCTOSIHHBEI BO BPeMEeHHM CHTHAaJ HMeeT CeKTPajbHYI0 KOMIOHEHTY TOJbKO

Ha HyJIeBOH dyacToTe.

§ 2.5. COOTHOWMEHHUE ME)XAY AJHUTEJbHOCTbIO CUTHAJIA
U (WUPUHOA Er0 CNEKTPA

Mexny IJIUTENbHOCTHIO CHTHAla M IIMPHHON €ro CHeKTpa CYIIecT-
BYeT OnpeneseHHas CBsI3b. KauecTBEHHO ee MOXKHO OIpPEeNHUTh CJie-
JyiomuM o6pa3oM: 4eM MeHblile AJTHTeNbHOCTb CHTHaMNa, TeM LIHDE €ro
CIeKTp. JTa 3aKOHOMEPHOCTh HOCHT OOLHH XapaKkTep U HENOCPEeCT-
BEHHO BHITEKaeT U3 CBOHCTBA NpeobpasoBanus Pypbe, CBI3aHHOIO C
H3MeHeHUeM MaciiTaba BDEMEHH: eClM UMNYJbC u (f) HMeeT CHeKT-

paJIbHYIO IVIOTHOCTB S(m), TO GoJiee PACTSIHYTHIH MMNOYJbLC Uy (Rf),
rae k<<l, umeer GoJjee y3Kui cnektp, ompenensembiit Sy (w/k). [lpu
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cKaTHH uMnyabca (k>1) npoucxoput obpaTHoe siBIeHHE — pac-
IMpeHue crekTpa: S, (w/k).

PaccMotpenHble B § 2.4 npuMepsl CHEKTPOB CHIHAJIOB MOATBEPK-
JAIOT 3TOT BBLIBOA. [leficTBUTENbHO, JAE/NbTA-UMIYJbC HMeeT GecKo-
HEYHO IUMPOKHI, PABHOMEPHBIH cHeKTp. B crnekTpe mocTosiHHOrO BO
BpPeMEHH CHrHaja HMeeTcsl eIMHCTBEHHAs COCTAaBJSIONIAS HA HYyJle-
Bofi yacrore. OGa BHJA CHIHaJa SIBJISIIOTCS, B H3BECTHOM CMBICIE,
MareMaTHyecKoi aGctpakuueli. B npakTuyeckux ciayuasix Hajo ycJo-
BHTBCS, YTO CJENyeT NMOHMMAaTh MOJ AJIHTEeNbHOCTBIO CHIHAjla H ILH-
pHHOH ero cnekTpa. B HEKOTOpHIX c/yyasx AJHTENbHOCTb CHIHAJIA
ompezensiercss Kak BpeMs ero JeficTBUsi, Hampumep, AT UMIY.JbCa
IpSMOYTOJAbHOH (opMBEI. B IpPyrux ciyuasix BBOASAT YCJOBHBIE KPH-
TepuH AnutenbHocTH. Ho mo6Goe orpaHuueHue JIHTEIbHOCTH CHTHANA
NPUHIHNHAIBHO [PHUBOAHT K O€CKOHEYHO IIHPOKOMY CHEKTpY.
ITosTomy Bcerja BcTaer BONPOC O LIMPHHE cneKTpa. M HBIMU C/10BaMH,
HaJ0 ONpEeJEeJHUTh YCJIOBHE, HA OCHOBAHHH KOTOPOTO MOXHO OTCEYb
YacTh CIEKTPa M ONPEJEIHTb TeM CaMbIM 3HaueHHe BepXHeH YacTOThI
CneKTpa ®g, NPH NPEBHILEHHH KOTOPOTrO CIeKTpanbHas GYHKIHS
CYHTaeTCsl PaBHOM HYJIO.

Yc/oBUS onpeJie/ieHHs ®, Pa3JIHYHBL. Mbl HCIIO/Ib3yeM 3HepreTHYe-
CKHl KpUTEpHH, KOTOPBIH NPEJCTAB/sAETCS MPOCTHIM U €CTECTBEHHbIM.
IMox wupunod cnexmpa GyneM HOHHMAaThb OTPAHHYEHHYIO BepXHed
YacTOTOH ®, IMOJOCY YacTOT, Ha KOTOPYIO NPHXOJMTCA 3aJaHHas
4acTb 3HEPIHH OT IOJIHOH 3HEPrHH cHUrHana. KooeyHo, «3ajaHHas
YacTb 3HEPTHM» — JOCTATOYHO PACIIbIBYATOE IIOHSTHE, HO H OHO
MOXeT ObIThb KOHKDETH3MPOBAHO B 3aBHCHMOCTH OT TpeGoBaHHil pe-
waemoli 3amaud. Jn1si GOJBIMMHCTBA CHTHANOB YyBeJHYEHHE JOTH
SHepruM nepenasaemoro curana or 0,9 mo 0,95 mpuBoguT K Heol-
XOAHUMOCTH paclIMPeHHs NOJOCk PONMYCKaHUS 1IeMH MoYTH B 2 pasa.
OueBUIIHO, YTO 3TO NPHBOAHUT K HENPOMOPLHOHAMBLHO GOJIBIIOMY BO3-
pacTaHHIO 3HEPTHH IIOMEX, IONAaJaloUHX HAa BXOJ, IENH.

Ecau craBurcs 3ajaya coxpaHutb (popMy CHrHajla, TO SHEpPreTH-
YeCKHH KpHUTepHH OTXOAHUT Ha BTOpoH muaH. B 3ToM ciyuae paGouas
10JI0Ca YacTOT LIeNH J0J/KHA GbiTh KaK MOXHO IUHpE H, CIeL0BaTe/b-
HO, LIMPHHA CIEKTPa CHTHa/a, OLieHHBaeMasi B COOTBETCTBUH C 3THM
TpeOoBaHHeM, JO/KHA ObITb CYIECTBEHHO LUMpe, YeM NpH JHepre-
THYECKOH OLIeHKe. .

PaccemorpuM HekoTopble (OpMaJibHbIE COOTHONIEHHS, MO3BOJSIO-
IIHe YCTAaHOBUTb CBf3b MEXJY IIOJOCOH INPONYCKAHHS H INHPHHOH
CIIEKTPa HAa OCHOBE 3HEPTeTHYECKOrOo KPHTEpHs.

YaenbHasi sHeprusi KoseGanust (T. €. BblIesnsieMasi Ha €IUHHY-

@®

HOM CONpOTHBAEHUH) E =S u?(¢)d¢t. Hcmonb3ys npeobpasoBaHue

®dypre, moayuum

E={u@|q ( S@eotdo|dr

- ®
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sMeHuM TNOPSZOK HHTErPHPOBAHHA:

°§ S (o) do K u (t) elot dt.

- —-—®

1
T 2

BTopol MHTerpaa B COOTBETCTBHH ¢ (2.15) ecTh KoMIJIEKCHO-COMpsS-
MeHHasl CINeKTpajibHas MIOTHOCTh S* (®), Io3TOMYy

L E S2(0)do. (2.24)

a5t npakTHYECKUX PacyeToB NOJIOKHM, YTO JOJs SHEePTHH, MPH-
XOofsllasicsi Ha INHPUHY CHEKTpa, OrPaHHYEHHYIO YacTOTOH g,
paBHa 0,9 mosiHo# suepruu. Torja Ha OCHOBaHHH COOTHOLIEHHA (2.24)
no.nquM

! S $2(0) do =79§ 2 (0) do = 0,9 °§ u2(f) dt. (2.25)
0 —-®

MMozncraBus B (2.25) BhpaXkeHHe CIEKTPAJIbHON MJIOTHOCTH BHIEOHM-
nyneca (2. 17) " l'IpOBe,Zlﬂ 3ameHy MepeMeHHbBIX, IMOJYYHM

09U25 df — 2U’t sln2§

rae Ey=wgt,/2. OTKYJ.Ia NOJYYHM YypaBHEHHE JJIf OIpefeseHHs
BEpXHeHl 4YacTOTHl CcleKTpa

2 sin2

06paTnM BHHMAaHHe Ha TO, YTO npoussederue OAUMEAbHOCTIL UM-
NYAbCA HA WUPUHY CNeKmpa He MOXET ObITb MeHblle HEKOTOPOro
3HAYEHHsI, ONPENEISIeMOr0 dHEpreTHUeCKHM KpHrepueM. UucneHHoe
HHTETPHPOBaHKE JAeT C TOYHOCTHIO O €IHHHI NPOLEHTOB §p =1, OT-
KyJa ToJaydyaem

oy t,=2n wmu fit,=1. (2.26)

3Hauenne E; =m COBNafaeT C NEePBLIM HYJIEM CNEKTPaJbHOH IJIOT-
HoctH. Takum o6pa3oM, Ha MepBHIH JIENEeCTOK CHEKTPAaJbHOH MJIOT-
HOCTH NPSMOYIOJbHOrO BHIAeouMNyJbca mnpuxoautcs 90% Bceit
SHEpruH.

MoXHO cuHTaTh ClyYalHHBIM, YTO NPOH3BEIEHHE LIMPHHBI CHEKT-
pa Ha JJINTENBHOCTh MMITYJIbCA OKa3aJIOCh PaBHLIM enunuie. TeMm He
MeHee 3TOT pe3yJbTaT XOpOUIO COrJacyercsl ¢ OOIIMM BBEIBOIOM:
JUIS1 CUTHaJia TIPOU3BOJIBHOH (POPMBI YKa3aHHOE NMPOU3BEAEHUE BCEr'Aa
paBHO NpPUMEPHO eAUHHUE, T. €. fgfy~1.
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§ 2.6. MOAYJIHUPOBAHHBIE CUTHAJIBI 1 HX CNEKTPBI

Kak yxe Opl10 noKasaHo B 1. 1, MOAyJIHPOBaHHBIE CHI'HAJMBI NpeJ-
CTaBIAIOT COGOH BLICOKOYACTOTHBIE KoJeGaHHS, aMIIUTyAa, ¢asa
WIH YacToTa KOTOPBIX H3MEHSIOTCS 10 3aKOHY MOXYJHDYIOLLEro
curdana. JIpyrumMu cJI0BaMH, BEICOKOYACTOTHEIA CUTHAI B popMe Mo-
ZyJMPOBaHHOTO KosleOGaHHs COAEDPXKHUT INOJNHYI HHDOPMAIHIO O MO-
nynupyromem curHase. OHa 3akJioueHa KaK B ero BpeMeHHOH 3a-
BHCHMOCTH, TaK H B 4YacTOTHOM IpeacTasjeHuH. CienoBaTesbHO,
IJIS. COXPaHeHHS] B CNEKTPe MOLYJHPOBAHHOIO KOJeOGaHHs CIeKT-
paJbHOrO COCTaBa MOAYJHPYIOILErO0 CHTHajla HeOGXOXHMO, YTOGHI
NpH MOAYJISILMHA INPOHCXOLM/I IEPEHOC ero CIeKTpa B JUanas3oH
BBICOKHX YacToT.

AMNIMTYIHO-MOAYIHPOBaHHbIe cHrHadbl. AM-curuan (1.6) mo-
XKeT ObITb 3amHcaH B BHIE

Uy () =U, [1 +Mu(t)]cos ,t =U,, () cos o,t, (2.27)

rape U, — ammiutyja Hecyuiero KoJjeGaHHs; ®y — YacToTa Hecy-
mero koseGaHusa; M — KoabHIHEHT MORYJIAUNH; u(f) — HHU3KO-
YacTOTHBIA MomyHpylomuii curHaia. M3 (2.27) Bugno, uTO

U, (t)=U,[1+ Mu(t)]. (2.28)
Koappuyuenm modyasyuu M XapakTepU3yeT OTHOCHTENbHOE H3-

MeHeHHe orubarouieit AM-curnana. Ha puc. 2.7 npusenenst AM-cur-
HaJbl, HMelollHe pa3nuuHble KosppuuueHtsl Mmoxynasuud. Ha

. g »

£] £ H

Uay E 3 Uay 3 =

3 2 <3
. N '“l |

N, Z Ny / \
13 T ~-

" UITITI T I

A i [V

4 s

-

a) é)
Prc. 2.7. AM-curnansl ¢ MaaeM (a) ¥ Goapmum (6) Kod(dHUHeHTAMH
ryGUHB MOAYJISIILUH

puc. 2.7, a usoGpaxeH curuan, Ans Koroporo Mu(f)K1, nas moGo-
ro MOMEHTa BPEMEHH H B COOTBETCTBHH ¢ (2.28) n3MeHeHHe orubarorei
HeBeIHKO. [IPpHHSTO TOBOPHTH, UTO TaKHe CUI'HAMBI UMEIOT Heaaybo-
Kyto modyarayuto. VMlHast cutyauus BO3HHKAeT, €CJIH B MOMEHTHI Bpe-
MEHH, COOTBETCTBYIOU[HE MAaKCUMyMy HJIH MHHHMYMY MOZLYJHpYIO-
mero curuana, Mu,,, (H~1, Muy;,()~—1. B 3ToM ciyuyae roso-
paT o eaybokoti modyaayuu (puc. 2.7, 6). KonuuecTBeHHOH MepoH
TyOUHBl MOZLYJSLHH H CJHYXHUT KO3(DOULHEHT MOAYJIALHUH.

PaccmorpuM crektpsl AM-Kosne6aHuii NpH pasiHYHBIX BUJAAX
MOZYJ/IUPYIOIIUX CHI'HAJOB. ‘
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B KauectBe mnpocTeiillero CHrHala BO3bMEM T'apMOHHMYECKOE
KoJeGanue

u (t) = Upg cos Q. (2.29)

Ecanyacrora Q JeXxur B 06/1aCTH 3ByKOBOIO IHANa3oHa, TO TOBOPAT,
yTo KoJieGanue (2.29) npexcrapasier co6oit «toH». [ToatoMy Momysnsi-
LHUsI, OCYIecTBIsieMass TapMOHHYECKHM HH3KOUYACTOTHHIM KoJe6a-
HHeM, HasblBaeTcsl OAHOTOHaJbHOH. Ha ocHoBanmu (2.27) — (2.29)
3anHuueM

MuUp,
Uam (£) = U, €OS 0, 4 —5—cos (0, + Q) £+

+ MQQU'” cos (0g— Q) ¢, (2.30)
rne Mo=MU,q. ®opmyna (2.30) onpexnensier CEKTP OAHOTOHA/b-
Horo AM-curnana. IlepBoe ciaraemoe sIB/IsI€TCS HCXOLHBIM HECYIILHM
KoseGaHHEM YacTOTHl ®y, BTOPOE H TPEThe COOTBETCTBYIOT HOBBIM
rapMOHMYECKHM KoJieGaHHSIM, BO3HUKAIOIHM B IIPOLECCE aMILIHTY-
HOM MoayJasuuu. HacToTel 3THX KosebaHuil 0,+Q H 0,—Q Hash-
BalOT éepxrell u HuxcHell 60Kosbimu wacmomamu modyaayuu. Kak

Um
a
2 2
wi| wy (e I
22 SRymin™$2 $2max
Puc. 2.8. Cnextp oxHoTO- Puc. 2.9. Cnektp Moaymau-
HajibHoro AM-Kone6anus pyloLlero cHruana

BHJIHO M3 pHC. 2.8, mMpHHA ceKTPa paBHA YABOCHHOH yacToTe MoOAy-
asuun 29,

[NepeiineM k Gosee oflieMy CJaydal0 ¥ paccMOTpuM cnektp AM-
KoJiebaHUsT NPU MOAYJHUDPYIOUIEM CHrHaje, HMEIOUeM AHMCKPEeTHBbIH
CNeKTp. 3anuieM MOAYJHMPYIOIIMH CHIHal B BHIAE

N
u(t)= ;;1 a, cos (1),

rae ap, p — aMIUIUTYABl H 9aCTOTH TapMOHHMYECKHX KoseGaHui.

Bynem cunrate, uTo Q5 06pasyloT yNoOpsAIOYEHHYIO BO3PACTAIOLLYIO

[OC/TIEeN0BaTeNbHOCT 2,<<Qp<T. . .<Qn= .. (puc. 2.9).
IToxcraBus u(f) B (2.28) u (2.27), nonyunm AM-curHan B BHAE

N
Ua (D) =U,cos coHt—{—E %cos (0q + ) ¢+
k=1
N
+ 2 L2Me cos (0,— Q) ¢, @31)
k=1
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rne M,=Ma; — K0o3bHUIHEHT MOLYNALHH k-H TaDMOHHKH B CIIEKT-
pe moay.upytomero curuana. Kak suano us (2.31), kax0e rapMoHu-
yeckoe KoJeGalne B COCTABE MOILYJIHPYIOUIEro CHUTHajla NMPHUBOAHT K
OJIHOTOHAJLHOH MOJIYJSALMK Ha CBoeH yacToTe 2. [TosTOMY B CIeKT-
pe AM-curHana Bo3HHKaeT 2N 1nap CHEKTPaJbHBIX COCTABJ/ISAIOLIMX
Ha yactoTax (wx+Q;) (puc. 2.10), ob6pasyomux CHEKTP GOKOBbIX

-2 0 24 @

U a)
UnMy | UM, ' Sam y
IMI’M l I l I l UM Zhulury) 75u(w-ay)
l
! c c ) —
! Rl 3 v w10 T Wy
¥ d ¢ L s s s e
S « ¢ ¢ g
L 2| 3 3 3 3
Ll 1 0)
Puc. 2.10. Cnektp AM-curnana Puc. 2.11. CnexrtpaibHas IJIOT-

HOCTh MOAYJIHpYIOLLEro CHrHaa (a)
H MOJYJIHpPOBaHHOTrO KoJse6GaHHsd (6)

4acToT, IIHPHHA KOTOPOro paBHA YJBOEHHOMY 3HAYEHHIO MAaKCHMaJIb-
HOH 4YacCTOTHl B CIEKTPe MOAYJHPYIOLIEro CHUrHata 28 ..

Paccmorpum crnekTp AM-Ko/ieGaHusi TPH MOAYJIMPYIOLIEM CHI'Ha-
Jie, HMeEIOIeM HenpephiBHbIA cneKTp. M Moxer GbiTb, HampuMmep,
BHJIEOMMITYJIbC, CNEKTPasbHas MIOTHOCTh KoTtoporo S, (). B coor-
BercTBHH ¢ ¢opmynamu (2.15), (2.19) moayuuM chneKTpajibHYIO
miotHocTb AM-kosieGaHusi B BHJE

IR 1
. . . 1 4
S (0) = S u () cos o te=iot dt = -8, (0—0,) ++ S, (0+0,).

—-®

Tak Kak BepXHfsl 4acTeTa CNeKTPaJbHOH MJIOTHOCTH MOLYTHDPYIO-

mero curraia S, (®) orpaHuueHa 3HauenueM Q,, 10 S, (Q) pacro-
JIOXKEH B 06J1aCTH OTHOCHTE/NIbHO HHU3KHX uyactoT. [lsis mpouecca Mo-
RyJSILHE HEOGXOAUMO, YTOGH @y > 2;, MO3TOMY GYHKIHH S, (0—0y)
U S, (0+®y;) OTIHYHBI OT HyJS Ha YacToTax ®, GJH3KHX Oy
(puc. 2.11). lllupuna cnekTpa MOAYJHPOBAHHOrO KoJieGaHUs paBHa
YABOGHHOMY 3HaYeHHI0 MaKCHMAaJIbHOH 4YacTOThl CEKTPaJbHOM MJIOT-
HOCTH MOJIYJIHPYIOILEro CcHrHama 292,.

PaccmoTpeHHble TpUMepH! IOKAa3bIBAIOT, YTO B IPOLECCE aMILIHU-
TYAHOH MOAYJISIMU NMPOUCXOAHUT MEPEHOC CNEKTPA HU3KOYACTOTHOrO
MOZYJIHPYIOLIEro CHTHajla B 00JIACTb 4acTOT, HE3HAYHTEJNHHO OTJIH-
YAIOUHXCS OT 3HAYeHHSI Hecyuled YyacToTHI.
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Cursaiabl ¢ yrjoeoit mopyasumeil. [Tox yrjoBo#l nmoHuMawooT da-
30BYI0 M YaCTOTHYIO MOJYJISILHH.

Mexay ®M- u UM-curuanamu MHOro ofmero, ¥ MX MOXKHO paccMaTpH-
BaTh KaK YaCTHHIE CJyyad CHTHaJa C yrJoBoi MoAyJasuuelr. JlelicTBUTENbHO,
nmpocToe TapMOHHYECKOe KoJjle6aHHe MOXeT OHTb 3alHCaHO B BHJAE

u (#)=U p c0s P (£), (2.32)

rae ¥ (f) =wt 4 ¢p—noanast $pasza kKonebauuit. [losToMy H3MeHeHHe YaCTOTHI
nau ¢assl KoJebaHHs MO MOAYJHpYIOUEMY 3aKOHY SKBHBAJIEHTHO H3MEHEHHIO
HoJHOH ¢aswl (yrjia) MOAYJHPOBAHHOTO KOJeGaHHS.

MosichuM 35To Ha npuMepe ToHadbHHX UM- n ®M-curnamos. Ilycts
MFHOBEHHAasi YacTOTa HeCyuiero KoJeGaHHSl HM3MeHfieTcs MO 3aKOHY o (f) =
= 0,0y cos Qf, rle ©,—JIeBHAIHA YaCTOTH, paBHas MakCHMaJbHOMY
OTKJIOHEHHIO YacTOTH ® OT HecymeH d4acToTel ®y. Torza nosnas dasa UM-
KoJsie6aHHs

t

t
V()= S o () dt = S (@4 -+ 0y cos QF) df =mnt+% sin Q¢
0 0 ’

TToxcrasuB P (f) B (2.32), mosayunm
U () =U,y, cos ((o,,t-l—% sin Qt) . (2.33)

Orciofa BHAHO, yTo UM-CHIHa/l MOXKHO paccMaTpHBaTb Kak KoJeGaHue, MO-
AyaupoBaHHOe 10 (ase, Tak Kak OHO (2.33) COLEPIKHT MOALY/HDPOBAHHYIO a3y

9 (t)=%5 sin Q.

OTtaunune KoJjie6anuss B dopme (2.33) ot mcxogHoro UM-curyana cocTout
B MHOM 3aKOHE M3MeHeHHs (pas3bl: YacTOTa H3MeHSeTCsl B COOTBETCTBHH C 3a-
KOHOM KOCHHYCa, (a3za—B COOTBETCTBHH C 33aKOHOM CHHyca. AMIIHTYAY
H3MeHeHHus. (ashl

Pmax =0g/Q=m (2.34)
Ha3HIBAIOT UHOEKCOM Y2A080ii MOLYJISIIHM.

PaccMOTpuM Tenepb NepHOLMYECKYIO MORYJANHIO (ashl Mo 3aKOHY @ (f)=
= Pmay Sin Qf. Halilem MrHOBeHHYI0 4aCTOTy 3TOro KoJebaHus

o (=220

=0y} Pmax R cos Q.

IloAcTaBHB B 3TO BHIPaXEHHE QPmay (2.34), MoayunM o () =, w0, cos Qf.
Taxum o6pa3oMm, rapmonndeckoe @OM-KoJjie6aHHe C HHIEKCOM YIJVIOBOi

MOAYJSLMH Pmax SKBHBaJeHTHO UM-xose6aHuI0 C JeBHAlMel YaCTOThl Wy =
= ¥ma .

q)Pgsnnque Mexay OM- u UM-kosneGaHHSIMH NPOSBJSAETCS NPH H3MEHEHHH
yacToTH Moayasiunu. Kak Buano u3 (2.33), meBmanust yactothl UM-curnana
He 3aBMCHT OT YacTOTH MOZLYJSILHMH, a HHJAEKC YIVIOBOH MOLYJSUHH m 06paTHO
nponopuuoHadeH yactote. Jas PM-curnana BeJIMYHHA m He 3aBHCHT OT L,
a Oy pacTeT NMPONOPLUHOHAJIbHO Q: Wy=mQ.

ITepexonst K pacCMOTPEHHIO CIIEKTPa CHTHasa ¢ YIJIOBOH MOLNYJisi-
[HeHd, OTMETHM MpeXJe BCero NPHYUHY €ro CYLIECTBEHHOTO OTJIHYMS
or cnektpa AM-curnana. Ilpu yrsioBoit MOZYJNSILMH MOZLYJIHPYIOUL MM
curHa’ 1 (f) Bxoxzut B apryMeHT KocuHyca. Ho Tak kak kKocunyc—
HeJMHeHHasg (YHKLUUA, TO NpOCToi nepeHoc crnektpa ¢ (f) Ha Hecy-
YO YacTOTY IIPH YIJIOBOH MOAY/ALMHI HeBo3MOXKeH. [TosToMy criekTp
MOJYJIHPOBAHHOI'0 CHTHasla C YTIJIOBOH MOAYJsLMEeH OTJHYaercsi OT
CIeKTpa MOZRYJHPYIOIIEro CHTHala HaJHYHeM KpaTHbIX H KOMOH-

32



HAalHOHHBIX YacTOT, KOTOphEe BCErja BO3HHUKAIOT NPH HEJHHEHHBIX
npeo6pa3oBaHUAX.

HaiinemM cnekTp curHaja npH rapMOHHYeCKOH YIJIOBOH MOIyJifi-
OHH. 3anuiieM MOAY/JHPOBaHHBIM curHan B BHOe (2.33): u(f)=
=U,, cos(wyt+m sin QFf) 1 nocne npeoGpasoBaHus MONYYHM

u(t)="U,cos(msin Qt)cos w,t—U,, sin (m sin Qf) sin o, ¢. (2.35)

Kak BuzHo, UM-cUrHa/l COJEPXKUT JBe COCTABJSIOLME, Kaxias W3
KOTODHIX SIBJISIETCS aMIJINTYHO-MOLYJINPOBAaHHBIM KoseGaHueM. [To-
3TOMY JJI HaXOXJAEHHs chneKkTtpa u(f) MOCTaTOYHO HAHUTH CIEKTPHI
orubaomux cos(m sin Qf) u sin (m sin Qf), a 3areM CABHHYTb HX
Ha wacToTy Hecymed ®,. OfHakKo B CHJIy HeJHHEHHOCTH (yHKIHUI
orubarouux CBfI3b MEXIY HX CHeKTpaMH H cnektpoM u(f) Gonee
cnoxHast, ueM npu AM. Ho ecnu mHpekc yrjoBoH MORYJSILHU m
Mal HacCTOJbKO, YTO MOXHO OTPAHHUMTBCS TEPBBHIMH JIMHEHHBIMH
YJleHaMH Pa3/oXKeHHs: (GYHKUHH orubamomux, To cnekTp u (¢) 6j1130K
CeKTpy ofHoTOHaNbHOrO AM-curHana. [Tokaxewm sto. Ilycrs m<«1,
TaK yto cos(m sin Qf)~1, sin (m sin Qf)~m sin Q¢. C yyerom 3Tux
npubmnkenuit 3anumeM (2.35) B BuIe

Unm
2

Unpm
2

u(t)~U,cos o, + cos (o, + Q) ¢t — cos (0, — Q) ¢,
qro coBnanaer ¢ AM-curuanom (2.30). Takum o6pasoM, crekTp KoJie-
6aHMs C YIJIOBOH MOAYJ/sIMel NPH MaJblX m BecbMa GIH30K CIEKT-
py AM-curnana.

IIpakTHuecKHH HHTepec NPEACTABJSIOT CHTHAMEI ¢ GOJBIINM HH-
JileKcoM YryioBoil MomyasuuHu (m>1). Bocnosnbsyemcs ¢opmysnamu
M3 TeopuH OGeccesneBblX (YHKIHM:

cos (msin Qt) = I, (m)+ 27 ,(m) cos 2Q¢t 4 27 , (m) cos 4Qt+-. . .,
sin (m sin Qt) =23, (m) sin Qt 4 27, (m) sin 3Qt + . . .,

rae J,(m) — GeccesneBrl (GYHKUHH TEPBOro poja n-ro nopszka. C mno-
MOILbIO 3THX COOTHOILEHHH MOAYJHpOBaHHOe KoJsebGauue (2.35) npu-
BEIEM K BHAY )

u(t)=U,[J,(m)cosw,t—2T;(m)sin Q¢ sin v, ¢ +

+23, (m) cos 2Q¢t cos wyt —2J 4 (m) sin 3QE sinw,t 4 ... ] ~

~ U, {9, (m)cos o,t—I; (m)[cos (w,+ Q) t —cos (0, — Q) 1]+
-+, (m) [cos (v, + 2Q) £ + cos (0, —2Q) £] +

-+ J5 (m) [cos (0, + 3R2) t— cos (0, —3%2) £]}.

Kak BHIHO, cneKTp Ko/eGaHHs € YIJIOBOH MONYJSIHMEH COCTOHUT
H3 GecKOHEYHOro 4Hcsa GOKOBBIX YacTOT, PAacCIOJIOXKEHHBIX CHMMET-
PHYHO OTHOCHTEJbHO Hecymied (puc. 2.12). AMIIHMTYABI cocTaBJsio-
MIUX CMEKTpa NPONOpLUHOHAIBHEl J, (m) H, c/efoBaTeNbHO, 3aBUCAT
KaK oT nopsijka n, Tak H OT apryMeHTa m OeccejieBbIX (YHKIHH.
ITosToMy BOmpoc O IIMpHHE CHEKTpPa CHrHaja CBfI3aH C NOBeJeHHEM
J,(m) B 3aBHCHMOCTH OT 3HaueHu#i.n H m.
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Hs. Teoplm GeccesieBBIX (DYHKIHH H3BECTHO, UTO MpPH OOJBIIHX 72
n -
J,(m) >~ —= V2 (;—’:) . Y13 npuseneHHo# ¢GOpMyJIBl CJEAYyeT, 4TO
nn
npu n>m u m>>1 GecceseBbl (GYHKUHH GHICTPO CTPEMATCS K HYJIIO.
ITosToMy 1pu GOJBLUIMX HHAEKCAX MOAYJSALHH HMEeM CMBICJA y4H-
THIBaTh (YHKIHH TOpsiiKa n, NpuOGIu3uTeabHO paBHoro m. Mcxo-
IS U3 3TOro, NpHpPaBHAEM MaKCHMAaJbHBIH HOMEp CcOCTaB/AKLIeH

m=J m=5
| - 1 . 1
G % aYog g e ¥ g o wa g 3¢
+ o+ + ' ! x
] \ ! x x x x X
333 3373 3 33 33 3
Puc. 2.12. CnekTp OZHOTOHAJBHOI'O YacCTOTHO-MOAYJHPOBAaHHOTO KoJjeGaHHS

CIeKTpPa MHAEKCY MORYJISIIMH U HalileM BEPXHIOK YacTOTy CIEKTpa ¢
yrJjoBoii MopyJasuue o, =n, Q>~m. COOTBETCTBEHHO IIHPUHA
cektpa 2mp,~2m<2. ITloacraBuB cioga Gopmyay (2.34), monayuum
20y~2m,. Takum oOpazoMm, npu GONBLUIMX HHAEKCAX MORYJALHH
IIHPHHA CreKTpa OJHU3Ka MOJIHOH MoJioce JeBHALHH.
3aMeTuM, 4TO NMpPH HErapMOHHYECKOM MOJYJIHDYIOILEM CHI'Hale B
CIeKTpe MOAYJHDOBAHHOTO KOJeGaHHS BO3HHUKAIOT BCEBO3MOXKHbIE
KOMOMHAIMOHHbBIE YacTOThl BHAA Wyt
+n,Q==n,Q,4=. . ., THe Q; —yacToThl
CHeKTpa MOAYJTUPYIOUIETO  CHUTHaJa;
n; — nenasle yucaa. B atoM caydae
HaXOoKJeHUe crieKTpa — npoleaypa JIo-
| CTAaTOYHO C/IO0XKHasi M rpomosjxas. On-
= HaKO, MOCKOJIbKY HMITYJIbCHBEIE CHTHAJIBI
! C YaCTOTHOH BHYTPHHMNYJbCHOH MOAY-
W) ' JsLHeH MHPOKO NPHMEHSIOTCS, HaHIeM
/; Chekmp npAmMoY20AbH020 pACUOUMNYAbCA
¢ AuHelHol wacmommol mooyasyued
(VIYM) (puc. 2.13).
MrHoBeHHass yactota KoseOGaHHS HU3-
MeHsieTCsl 110 JIHHEHOMY 3aKOHY

u

|
|
|
]

) t/2 t o (1) = 0, + pt, (2.36)
Puc. 2.13. IIpsmoyroabumit
pagHOHMNYJbC C JHHEeHHOH

: 1 rae u=2w,/t, — cK H3MEHEeHH
YaCTOTHON MOAYJsiIHel Ae W=2wy/t, — CKOPOCTb H3MEHEHH:

YaCTOTHI.

Jns curnanos ¢ JIYM BaxkHoe 3HaueHHe HMeeT Ge3pa3MepHbIi
napamerp, paBHEIH NPOHU3BEIEHHIO OTHOH JeBHAIIMY YaCTOThl Ha JJIH-
TeJbHOCTb HMIyJbca: 2w,f,=wufi=B, KOTOpbIH Ha3bBaIOT 6a304
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JIUM-cuenara. B npaktuuecKu BaXkHBIX ciydasix B>1, u cuekrp
TaKHX CHIHANOB OO/Majfaer psiZoM OcoGeHHOCTed.
CnekTpaibHasi IJIOTHOCTb INpsiMoyrodbHoro JIYM- -MMIIy/bCa B
cooTsercTBHU ¢ (2.15) paBHa
tﬂ/2 ¢
S(co)=US cos Sm(t)dt e-lot ¢,
0

—iy/2

IToacraBuB ciopa (2.36), mosnyuum
1,02

Sw)=U S cos (mﬂt—l—”2—t2) dt.

~1,/2

Ucnonbsyss ¢opmyny itjepa, Haxoaum
t,/2

S’(w)=%—_§ e {i[a—o) t+ 55 pat+
t,/2 !

+5 | ew{—i[@+a) +5]}an

—1,/2

ITonyueHHoe BLIpAXKEHHE TOYHO
ONMHUCHIBAET CIEKTPaIBHYIO ILIOT-
Hocte JIUM-uMnyanca. Kak wu
IJ1S1 BCEX MOJYJIHPOBAHHLIX CHMHA-
JIOB, OHO COJIEPXKUT JIBa BCIJIECKA
BOIH3H 0 =0, H ® =—0y. [leBHa-
LUS1 4acTOThl ONpenessieT YacToT-
HYI0 IOMPHHY 3THX BCIJIECKOB.
OO6bIgHO mn§<mﬂ, nostoMy oba '
cjaraeMbix S (©) He3aBHCHMBI IpyT Wiy 0 wrag @
OT APYra ¥ HX MOMHO PaccMaTpH- Puc. 2.14. AUX u ®UX panuo-
umnyaeca ¢ JAUM

BaTh OTAe/NbHO. B obsactu noJo-
JKHUTEJIbHBIX YacTOT

1,02

S°(0))=y2- S exp{j.[((o,,—m)t—{—y-;—z]} df =S (o) elo(@),

=t 2

Kak mokasbiBaer aHa/u3, NpH COJNbLIMX 3HAYeHHUAX Gasbl CHrHaja
(B>100) ero AUX c 10CTaTOYHOH CTENEHbI0 TOYHOCTH OMHUCHIBAETCSA
npsMOYroJbHOH (pyHKLMEH BHIa

0 0<o<o,—ao,
SO~ UV a2p  o,—0, < 0 < oy+ 0y (2.37)
0 0> 0, + 0,

a ®UX B npenesax Nosiock JEBHALHH HMEET KBa,upaquyxo 3aBH-'
CHMOCTb OT 4acToThl: @ (0)=— (0—04)%/2u (puc. 2.14).
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§ 2.7. CHTHAJIBI 'C OTPAHHYEHHbBIM CNNEKTPOM
, A C
Kak yxe Obl10 oTMeueHo (cM. § 2.5), curHany, orpaHHYeHHOMY
BO BPE€MEHH, COOTBETCTBYET GECKOHEUHO NPOTS2KEHHAs ClIEKTPaJIbHasA
IWIOTHOCTH. CipaBeAHBO H 06paTHOe yTBepXKAeHHe: 6ECKOHEUHO MPo-
THXKEHHbIA CHTHAA MOXET HMeTb OrpaHHYeHHYIO CIeKTpaJbHYI0
nioTHocTh. HalimeM BHR KoseGaHHs, CHeKTpa/ibHas IJIOTHOCTb
KoToporo S (®) ‘BelileCTBEHHA H NPeACTaB/AAETCA NPAMOYTOJIbHOMH 06-
JIaCThIO

{ 0 BHe mosocH (|o|> ),

S(w)=\ S, npu [o|< 0.

(2.38)

Hcnonb3ys obGpatHoe npeoGpasoBanue Pypre (2.16), HaiigeM Ko-
JeGaHUe, HMelollee CINEeKTPaJbHYI0 ILIOTHOCTb BHIA (2.38)

Oy

o (f) = o { elwfdm=3°—;°”‘(’;+‘;“‘. (2.39)
-

B
Paccmorpum Gostee oGuiuil cyyaii. 3aajuM CIEKTPATbHYIO MJIOT-
HOCTb B KOMILJIEKCHOH (hopMe, mpeArnosaras, 4To pasoBas CleKTpab-
Has TJIOTHOCTh HMeeT JIMHeHHYI0 3aBHCHMOCTb. MIHBIMH c/0BamH,
6GyJeM CuHTaTh, YTO B NPSAMOYrosbHO# obsacté (puc. 2.15) crmekt-
panbHasi IUVIOTHOCTb 3ajaHa B BHJE

S (@) = S,e-ioto, (2.40)

O6paTHoe npeo6pasoBanHe Pypbe B3TOM cilydae AaeT CHTHal BHAA

i,

B .
o(t)=3% | ellt - toodg — S0 $in @ (—T) (2.41)
-

T o (£—12o)

Ha puc. 2.16 u3o6paxensl rpapuKkH JByX KoJieGaHuil, 3aJaHHBIX COOT-
HomeHueM (2.41), npu pasHelx 3HaueHHsiX f,. OYeBHAHO, YTO OHH
OTJIMYAIOTCS TOJILKO 3anas3jibIBAHUEM HA BpeMsi f.

ITocraBuM Terepp cienyiomyo 3azauy. [lycrs crnektpanbHas
MJIOTHOCTh CUTHA/IA OFPaHHYeHa 4acTOToHd ,, a hopMa ee NPOH3BOJIb-
Ha. Kak HaiiTy B aTOoM ciyyae BHA curHana? OTBeT Ha 3TOT BOMPOC
yKe JJaH: ero Hajo IpejcTaBuTb psjioM Pypre No CHCTEME OPTOHOP-
MHUPOBaHHBIX (YHKIHH, OTBeyalomUX 00S3aTeNbHOMY YCJIOBHIO:
HX CIeKTpa/bHas IJIOTHOCTb JO/2KHA GhITh OrPaHHYEHA TOMH XKe BepX-
Hell YacTOTOH ®,, YTO M CIEKTpajbHas IJIOTHOCTh CHrHana. Takum
00pasoM, ec/¥ CYIIeCTByeT TaKOi OPTOTrOHABHBIN Gasuc, TO CYIIECT-
BYeT H BO3MOXHOCTb [IPEJICTAaBN€HHUS MPOU3BOJILHOI'O CHIHANA, CHEKTP
KOTOPOrO OrpaHWYeH YacTOTOH .

ITokaxem, uto cucrema pyHKUHA (2.41) npu ONpeeIeHHEIX 3Haye-
HUAX f, ABISETCA OPTOTOHAJbHOH M, CJENOBaTeNbHO, SIBJISETCH
HCKOMBIM Ga3WCOM ' C OTDAHHMYEHHBIM CIEKTPOM, IOCKOMBKY KaKias
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¢yHKuMSA 6a3Hca HMeeT OTPAaHHYEHHYIO CIEKTPaIbHYIO IJIOTHOCTD.
BriGepeM jBe npou3BoJbHble (QYHKUHH Un, (f) ¥ v, (f) u3 Gasuca

S
So
\ Puc. 2.15. AUX n ®UX
\ CHTHajJla ¢ OrpaHHYeHHbIM
\ CIIEKTPOM
\

~a)8 g \\ wg - w
\ =-wt
< (w) )

\//\ / -
- T 0
m\J N

Puc. 2.16. CHrHajJbl ¢ OrpaHHYeHHBIM CIEKTPOM

(2.41), ornuuarouecs: 3HAYEHUAMH Lo, H Ly, U TIOTPEGYEM HX OPTO-
roHaqbHocTH. B coorBerctBuu ¢ (2.1) sanmumem

@

( o,(t)v,(dt=0 npn m=£n. (2.42)
Hcnons3ys npeobpaszoBannss Pypobe, HaiifieM 3KBHBaseHTHOe (2.42)
BBIDaXK€HHEe B BHJ€ HHTErpasa OT CNEeKTPANbHEIX IIOTHOCTEH Sy, (©),
S, (0) nogpiHTerpanbHelX ¢GyHKuuA. 3anumem (2.42) B BHAE

@

S U (1) 0, (1) dt = 5 j v, (?) (j S, (%) e“°‘dco> de.

-

HsmeHsiss MOpSZIOK HHTErDHPOBAHHS, IOJydYaeM

@® ®

S n (D0, (1) dl = SS () <Svn(t)ei‘°’dt>dm.

-—0 -

BuyTpeHHH#i HHTErpaj ecTh CHeKTpa/ibHasi MJOTHOCTb KoJeOGanus.
v, ({) npu aprymeHTe — @, T. €. TpejcTaB/asfeT co60H KOMMNJIEKCHO-
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conpsikennyo S, (®) Benmunny. Iloatomy ycnonne OPTOrOHA/Ib-
HOCTH. (YHKLHH (2 42) mpUHHMaeT BHL

2—1n' S Sy (©) S (0) do=0. (2.43)

Tak Kak v, (f) 4 v, (f) — nponsBoibHast napa GyHKIHIA U3 Gasuca,
BoiGepeM HMX H3 COOOpa)KeHHH IIPOCTOTHI BHIYMCJIEHHSI HHTerpaja
(2.43). BosbMem B KauecTBe vy, (£) dynkumio v, () (2.39) mnpu £,=0;
COOTBETCTBYIOILAsi €f CHeKTpasibHasi IUIOTHOCTb 3ajaHa B BHJE
(2.38). B kauectBe v, (f) BospMeM ¢yHKIHIO (2.41) C IPOH3BOIBLHEIM
3HAaYeHUEM fy, COOTBETCTBYIOLI s eff CeKTpaJbHasA IIOTHOCTh 3aJaHa |
cootHomenrnem (2.40). IloxcraBuB cootHouienuss (2.38) u (2.40) B
(2.43), mnomyuum

“5 s B 2
1 So Sowg sin wyt
— Joto d@) = — joty = 82 7870,
omn S SeSeelee d 25 S elofe do 2n  wgly, °
-, -—

YcioBUe OPTOrOHAMbHOCTH BHINOJIHAETCS, €CJIH 3HaueHHe 2, Ta-
KOBO, 4TO sin wgzf,=0, OTKyJa HaxoiuM, YTO CABHT BO BpeMeHH f,
JIOJKEH YJOBJIETBOPATh COOTHOLICHHI0 Wgply=kn, k=1, +2,

Taxum oGpasoM, GyHKIHH BHAA (2.4]1) 06pa3yioT OpTOroHa bHBIHR
6asuc, eclM BpPEMEHHOH CJABHI MeXAYy HHMH

top =kajo, = k/2f,. (2.44)
OyHKIUH JerKo HopMupyloTcsi. B coorBerctBHH c (2.38) HOpMa
0,

B 2
Gasuca % S S? dm=% . IlpupaBHAB 3TO BoIpaxKeHHe €IUHHIE,

B

HaXoJ¥M HOPMHDOBAaHHOE 3HaueHHe

S, =V njo, (2.45)

IToncraBus (2 45) B (2.41) n 0603HaYHB uepe3 vy (£, ®g) OPTOHOp-
MHpPOBaHHYIO IIOCJIEJ0BaTeNbHOCTb (BYHKIHI C OrPAaHHYEHHOH CIIeKT-
pPaJbHOM IIOTHOCTBIO Sp (0, ©y), MOJYYHM

. @p sin &g (¢ — kit/og)

U (2, @) = % @ (—Fen) (2.46)

ITo oproHOpMEpOBaHHOMY 6a3ucy (2.46) MOXKHO BECTH pasJsiokeHHe
B 06GoOuieHHBIH psix Pypbe CHrHANIOB, chneKTpaibHasi IIOTHOCTb
KoTophiX S (®, ©p) OTIHYHA OT HYJIS B IIpefesax HHTEPBaIa yacTor,
OIpaHHYEHHBIX Op.

§ 2.8. TEOPEMA KOTEJIbHHKOBA

IlpencraBuM curHan u (f) ¢ orpaHUYEHHBIM CIIEKTPOM B BHJE PasJio-
keHust B psig Pypre mo cucreme ¢yHkuui (2.46)

u(t)= 2 ey (F, ©p). (2.47)



B ‘coorserctBun ¢ ¢opmynamu (2.4) u (2.43)
Cp= S v (¢, o) u(t)di= EIJT S S (@, ) S (0, ©,) do.

CnekTpanbHas NJIOTHOCTb Sh(m, ®p) 3amaHa coorHomeHHeM (2.40)
npu ycaoun (2.44) u (2.45), nosromy

Sk (0, 0) = ]/g_sexp (—jmg) .

HoncraBuB Sy (@, ®p) B COOTHOUIEHHE NI Cp, NOJYYHM

® kv ® kTt
: — ol — : jogs
ck=?1n-SS(o), ;) V%e%ndmz V%[%SS(m,ms)em‘”vdm].

BripaxkeHye B, KBaJpaTHEIX CKOOKaXx e€CTb HE YTO HHOE, KaK MI'HOBEH-
HOe 3HayeHHe cHrHaja u(f) B MOMeHT BpeMeHH f=f,;. OGo3HauuB
u(typ)=up, 3anuiueM KoabpdHUMeHT pasjoxeHus B (2.47) B Buge

¢, =V njo, uy,. (2.48)

Takum o6pasoM, ¢ yuetoMm (2.46) u (2.48) Beipaxkenue (2.47)
MOXHO NpEJCTaBHTb B BHIE

0

o sin 0 (f —kn/og)
u(t)—kgw Uy S s (2.49)

dopwmy.a (2.49) aBaseTcss MaTeMaTHueCKUM BbIDaKEHWEM rmeope-
Mol Komeavrukosa, Komopas eaacum: CUeHAA ¢ 02DAHUHEHHbIM CREKM-
poM © <®y NOAHOCIMbIO ONPeOeASIeMCR COOUMU SHAUEHUAMU, B3AMbLMU
uepe3 unmepeanr épemeru At=1/2fy.

BakHO mNOAYEPKHYTb, 4UTO TeOpeMa YCTAHABIHBAET HHTEpBal
MeXJ1y BbIOODKAMH JIHCKPeTHHIX 3HaueHHH curhaja. CokpauieHue
HHTEpBaja N0 CPaBHEHHIO ¢ BenuuuHo# 1/(2fp) momycrumo, Ho Gec-
M0JIE3HO, YBeJNHYEHHe Ke HHTepBaja cBepx 1/(2f) HemomyctuMoO.

O6parumcsi Tenepb K CHrHajgaM 4 (f) KOHEUHOH IJINTENbLHOCTH.
B 3TOM ciiyuae TeopeTHUeCKU CIIeKTpajbHasl NJOTHOCTh GECKOHEUHa.
OpHako B NPaKTHYECKHX TJIyYasiX, KaK y»Ke OTMedasoch, Ha OCHOBa-
HUH BHIGDAHHOTO KPHTEPHs BCerja MOXHO OI'DaHHYUThH BEPXHIOK
YacTOTY CNEKTPA @y, ¥ CHTHAJ AJHTENBHOCTHIO £, C BEPXHEH 4acTOTOH
CIEKTPa ®y MOXKeT ObITh MPEJACTaBJEH UHCJIOM HE3aBUCHMBIX OTCYE-
T0B N=t,/At=2fyt,. Tlpn atom (2.49) mpumer Buj

N
_ sin oy ( — kn/og)
u(t)= X, wgore (2.50)

k=0
Hywmepauusi orcueroB B (2.50) maer or nepBo#l BHIGOPKH.

PaccmoTrpuM npuMep. Ecau cnexTpasabHyI0 NJOTHOCTh HPSIMOYTOJBHOTO
BHJEOHMIYJbCA €JHHHYHOH aMIIHTYJB AJHTEJbHOCTH f; OlPaHHYHTH YacTo-
TOH, COOTBETCTBYIOIEH IN€epBOMY HYJIO, TO fn=t;1, YHCJO OTCYETOB PaBHO
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TpeM-¥ OHM OTCTOSIT Ha IOJOBHHE IIHPHHBl JJIHTEJbHOCTH MMOydbca Af =
=1/2fs =1#,/2. Takum 06pa3oM, B 3TOM c/lyuae B COOTBeTCTBHH C (2.50) mps-
MOYTOJIbHBI HMIYJBC aNlIPOKCHMHpYeTCs BHpaxeHueMm (puc. 2.17)

sin 2tit sln%( —-t—2") sin2t—n(t—[-t,,)

U () =gt : .
DI T U PR TP
ty ty 2 tu ‘

§2.£;. OCHOBHBIE XAPAKTEPMCTHKH CJIYYAMHBIX CHTHAJIOB

Cnyuaiiueiii npouecc (CHrHana) ecTb (QyHKLUHSI BpeMeHH x(f), 3Ha-
YeHHsI KOTOPOH SIBJSAIOTCA CaydallHbIMH BejqnuuHamu. Ha onpegesnen-
HOM HHTepBajie BPEMEHH CJIydYaHHbIH NPOLECC peanH3yercsi B BHAE
OJHOH H3 TeopeTHueckKH GecKOHeyHOro ymcna GyHKUMA xp (f)(k=1,
2, ...), KoTopas fIBJSIeTCS yxKe He CAydaiHOH, a JeTepMHHHPOBAH-
HOi ¢yHKuMeH BpemenH. [IpakTHueckoe HaGmoneHHe xj (f) Moxer

\
\
\
\
\
\
\

\y —
N A A A f
7Y g\ /. 7/
\\// ’\\/ /2 \\//0 \\J, %\//1 \\.r, t/t”

Puc. 2.17. Annpokcumauus npamo- Puc. 2.18. Peanusanuu cayuai-
YFOJIBHOTO UMIYJIbCa HOro npolecca

COCTOSITb, HATpPHMEp, B 3alUCH KoJeOaHUs Ha BBIXOJE HCTOYHHKA
cJy4afiHOro mnpouecca B TedeHHe 3aJaHHOTO HHTEpBaJa BPeMeHH.
OyHKuUA Xxp (f) HasbiBaeTcs peaausayuell caywalinoeo npoyecca.
B pesy/ibTare MHOTOKPATHBIX BKJIIOYEHHH HCTOYHMKA MOXHO IOJY-
YKTh MHOMKECTBO peanu3aluii, BHelIHe He MOXOXKHX JPYT Ha JApyra
(puc. 2.18). Peanusauuu cnyyaiiHoro mnpolecca He o0653aTeNbHO
JOMKHBI OBITh CJIOMKHBIMH, HEPEryJspPHbIMH (YHKUHSMH BpEMEHH,
KaK 3T0 H3o0paxeHo Ha puc. 2.18. OHM MOryT UMeTb BHJ IOYTH
rapMoOHHYecKOro KoseGaHus, y KOTOPOro Bce TapaMeTphl (aMIIuTy ia,
yactoTa H (asa) SBASIOTCA CIyYaHHBIMH MeLJEHHO MEHSIOUIUMHCS
¢yHkuusamu Bpemenu. CiydaiiHblfl IpoLecC NMOJTHOCTBIO XapaKTepH-
3yercsl aHcaMb/1eM GECKOHEYHOTO YHC/Ia peanusanui x, (1), x.(9),. . .
3HaueHHst, KOTOpble MOT'YT NPHHUMATh OTIE/NbHbIe PYHKUHH H3 aH-
cam06Jsisi B MOMEHT BpeMeHH {=f,, o0pa3yiOT COBOKYNHOCTb C/yudaii-
HbIX BEeJNHYHH X, (%), X5(f),. . ., Ha3bIBaEMYIO ceueHuem CAY4QLH020
npoyecca. sl NaHHOrO ceueHHsT MOXKeT ObIThb BEIUHCJIEHO pacrpe-
JeseHde BepOATHOCTH P (x, #) HempepeIBHOH Cy4aHHOH BeTHYHHBL
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x(t) P(x, t0)=A1/im (n/N), tie n — uucsio 3HaueHudt x (f,), yAOBJIET-

BOPSIOLIUX YCJIOBHIO X (f)<x¥; N — uuCJO peanusauui.
ITo onpenenenuto, NJIOTHOCTb BEPOSTHOCTH CJAy4YalHOH BEIHYHHBI
x (f)
. Plx<x(y)<<x+Ax] dP(x,¢p)
p(x, t)= lim Az =—r o,
Ax—>0

C nomoubio 5Tof (YyHKUHY MOXKHO OIPEAENHTD C/IEAYIOUIHE OCHOBHbIE
YUCA0BblE XAPAKMEPUCMUKY CIy4aliHOTO CHTHaJa:
cpefHee 3HaueHue (MaTeMaTHYeCKOe OXHIAHHUE)
. @
x(ty=M[x(]= § xp(x, 1) dx,
-®
CpenHuil KBagpar
(-]

ety = »p(x, t)de

-

cpennuii KBazparT QUIYKTyauuil (JUCIepCHIo)
@

o ()= S kx> —x]2p(x, t)dx.

-®

Ecnu cratHcTHYecKHe XapaKTepHCTHKH HEH3MEHHBI BO BPEMEHH,
TO CJAydYalHBIA Mpolecc Ha3biBaeTcss cmayuoraproim. CayuabiHbie
CHTHaJlBl, IBJSIOLIMECS pean3alUsiMi CTallMOHApHOrO Mpolecca,
npejcTaBaAloT co60H HauboJiee paclpoCTpaHEeHHBIH KJacc cayyail-
HbIX KoJIeOaHuH.

CranuoHapHbIH cay4aiiHBl Ipolecc x(f) HasblBaeTCsl apeodute-
CKUM, €CJIU TIPH HaXOXKJeHHHU JIOOBIX CTaTHCTHYECKHX XapaKTePHCTHK
yCpelHeHHe N0 aHcaMOJII0 peau3aliui MOXKeT ObITh 3aMeHEHO yCpe-
HeHHMeM Bo BpemeHH. IIpm 3ToM ycpenHsieTcs ofiHa peaju3aunus Ha
orpeske BpemMeHH T — oo.

O6o3Hauasi ycpejHEHHE 110 BpeMeHH UepToH, 3amHullleM OCHOBHbIE
YHCJIOBble XapaKTEPHCTHKM CJAydyalHOro Ipouecca:

1 T/2 -
x0=lim 7 ( x@a,
-T/2
1 T/2
(f)=lm - g x*(8) dt,
-T2
| T/2
o' =lim - g [x—x(8)]? dt.

-T/2

BeposiTHOCTHBIH XapakTep C/IyYaliHBIX MPOLIECCOB HE I03BOJSIET
NMePeHeCTH De3yJIbTaThl CHEKTPAILHOTO aHANH3A NeTePMHHHPOBAH-
HbIX CHTHAJOB Ha cjydaiiHele mpoueccel. OfHaKO npeo6pasoBaHHe
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®ypbe ycpenHeHHBIX (YHKIHH JaeT BO3MOXKHOCTb INOJYYHTb HX
BaXKHBIE CIeKTpalbHBlE XapaKTepHUCTHKH. DBynem paccMmarpusath
CTallHOHAapHBLIA clyyalHBIH Npolecc ¢ HYJEBbIM CPEHUM 3HaueHHeM
x=0.

OTzesbHO B3ATYIO peau3alHIo Cy4aiHoro CHrHazla NpeacTaBuM
CIEKTPaJbHBIM Ppa3sIokKeHHEM

X(f)=g= S elot do. (2.51)

Paznnunsi peaspsaluaM COOTBETCTBYIOT pa3/IMYHBIE CIIEKTPAJIbHRIE
IIJIOTHOCTH. HOSTOMY HEOOXOJIHUMO JAOIIYCTHTb, UTO CII€KTpaJbHasA

IJIOTHOCTL peanu3aniy S (®) ABIsSeTCA CIydaiiHOH byHKIUel 4acTo-
bl.. B cuay BemecTtBeHHOCTH x(f) OHa paBHA CBOEH KOMILJIEKCHO-
CONpPSIXKeHHOH (YHKLHH:

«©

x(f)=x* (1) = S * (0) e=1ot do. (2.52)

- ®
Hafinem nmucnepcmio cayyaiiHoro mnporecca, HCHOMb3Ys CIIEKT-

panbHeie pasnoxenns (2.51) u (2.52). B coorBerctBUM C ompeze-
JIEHHEM

R sz(t)dt=x2_(t).

Juvcnepcusi paBHa cpefHeMy KBajJpary cjaydafiHOro mpouecca, Tak
Kak x=0, mostomy

o =30 = (5 )E ?S(w)s* 0') e~ =0 do doo’ =
~(z)" {8

Jucnepcusi — BeJHYMHA IIOCTOsIHHAsi, He 3aBHCsllas OT BPEMEHH,
caenoBarenbHo, GyHKuHs S (0) S* (0’) no/KHA GHITH MPONOPLHO-
HaJbHa Jenbra-QyHKuuy § (0—w’). BBeass MHOKUTENb NPONOPIHO-

HanbHOCTH 2W(0), MOXHO 3amucats S (©)S* (0")=2W (0)8 (0—
—aw’), u Torma

S (0)S* (0')eriw -0 do’.  (2.53)

8“’79

=% S‘dm SW(0))6(m—(o')e—i(m'-w)tdw'.
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BuyTtpeHHuii uHTErpaq B CHIYy GHILTPYIOMIEro CBOHCTBA JAe/bTa-
¢yHkuuu paseH W (), MOITOMY OKOHYATEJIbHO HMeEeM

= S W (o) do. (2.54)

BennuuHa W (w) HasblBaeTCs 3Hepeemuyeckum Cnekmpom ciy-
yaitHoro npouecca x(f). [TonpasymeBast noj x (£) ssnekTpuduecKkoe Ha-

NpsixKeHUe WIH TOK, CPefHUl KBaapat x2(f) MOXXHO TPaKTOBaTh Kak
MOUIHOCTb, BBHIAE/ISEMYI0 Ha €IHHHYHOM compoTuBjieHHH. OHa pac-
IpejeseHa Mo 4acToTe B HEKOTOPOH MOJ0Ce, 3aBUCALLEH OT KOHKpeT-
HOro MexaHH3Ma o6pasoBaHHsA caydaiHoro npouecca. [Tostomy MoX-
HO CKa3ath, uTo W () UMeeM CMBIC/ CneKmpanbrot NAOMHOCTUL MOLUY-
Hocmu cnydafiHOro mpolecca, T. €. NPEACTaBaseT co0Oi MOILIHOCTb
peanusauuH, mpHxoisilyiocs Ha moJocy vactor 1 I'm Ha 3amaHHOM
4acToTe ®.



{JIABA TNACCHUBHbBIE
3 JIMHEHHBIE LEMH

DNeKTPOHHAS LeNb OCYLIECTBJSET Npeo6pa3oBaHHe CHTHAJOB,
noctynamomux Ha ee BxoA. Iloatomy B camom ofuiem cayuae Ma-
TEMaTHYECKYIO MOJEJNb 1IelIH MOXHO 33aJaTh B BHIE COOTHOIIEHHS
MeXLy BXOAHBIM BO3JefiCTBHEM Ugy (!) M BBLIXOZHOH peakmueit
Upnx (2): 4 pux (£)=Tugx (), the T —omepatop uenu.

Ha ocHOBaHHH (yHAaMeHTaJbHbLIX CBOMCTB OIl€PaTopa MOXHO
cleiaTh 3aKJIOUeHUS O Han6Gojiee CyIeCTBEHHBIX CBOMCTBAX lie-
neii. 1. Ecan cnpaBeasnBo coOTHOWEHHE

T [upxa(t) + tpxa(t) 4 - - Fuaxy (1)) = Tupxa (¢) + Tupxalt) +
o Tty (), @)

TO Lemb HashiBaeTcss auHednor. Kak BHIHO, JHHEHHOCTb LEMH
BHIpa)KaeTCsi B HE3aBHCHMOCTH JeHCTBHS HECKOJbKHX BXOIHBIX
Bo3jeiicTBHit. B 1. 1 6blIH paccMOTPEHH NpHMepLl HeJHHEeHHBIX
ueneif. Tak, uenu, B KOTOPBIX NPOHCXOAAT MPOLECCH MORYJS-
UHH H npeo6pa3oBaHHs YacTOTH, He NMOAYHHSIOTCS COOTHOLIEHHIO
(3.1), Tak Kak JAeiicTBHe JABYX KoJe6GaHHil B LeNH NPHBOAHT K
NIOSIBJIEHHIO HOBOTO KO/J1e6aHHs, He sBJIAIOIErocs ajare6panueckoid
cymmoit BxoaHmnX. Illnpoxuit Kaacc JuHeHHBIX nemed o6pasyloT
nacCHBHbIE IIeNH, COCTOSIMIHE H3 PE3HCTOPOB, KOHJIEHCATOpOB,
HHAYKTHBHOCTeil, HeJHHeHHHMH CBOMCTBAMH KOTODHIX B IIOJaB-
JsomeM 6OJIbIIHHCTBE CJAyYyaeB MOXHO npeneGpeub.

2. Ecau CHBHT BXOXHOIO CHrHajJla BO BpeMeHH NpPHMBOAHT K Ta-
KOMYy e CIBHTY BHIXOJHOrO CHrHaza, T.e€.

Ugx (¢ £ 1) =Tupy (¢ £+ to), (3.2)

TO Lenb HaswBalwT cmayuoxaproli. Kax Buano u3 (3.2), cra-
NMOHapHas Lenb MHBapHAHTHA IO OTHOIUEHHIO K BPEMEHH MNpH-
X0Ja BXOAHOro cHrHana. CBOHCTBAa CTalHOHapHOCTH He pacmpo-
CTPAHSIIOTCA Ha LeNH, COJAepXKaluiue 3JeMeHThl (OGBHIYHO KaTyIUKH
HHIYKTHBHOCTH MJIH KOHZEHCATOpbl), MapaMeTphl KOTOPLIX Ilepe-
MeHHbl BO BpEMEHHU.

§3.1. YACTOTHbIA KO3®PHULUMEHT NEPEJAYH
JIMHEAHOA CTALMOHAPHON LENH

Ilycts Ha BXOA JMHEHHOM CTallHOHAPHON LIENH MOAAH CHTHAT Ugy (7).
B § 2.4 BBeneHo moHsiTHe JeabTa-pyHKUHH U ONpeJe/eHo ee (pUIbT-
pyloiiee cBoiictBo. B coorBercTBHH ¢ (2.2]1) MOXHO 3anucaTthb
«w
U ()=t (8 (t—7) dr. (3.3)

-

Tak kak HHTErpaJ fABJASAECTCA NPEIACJbHBIM BbIpAXKEHHEM CYMMEI,
TO BXOAHOH CHT'HaJl MOXHO paccMaTpHuBaTb Kak 6ec1<oneqﬂy10 nocJje-
JAOBAaTE€/NbHOCTh H€JbTa-UMINYJbCOB, CMEUIEHHbIX HA BpEMd T, aMil-
JINTYJa KOTOPbIX pDaBHa 3HAYECHHIO CHTHa/la B T€ XK€ MOMEHTbHI Bpe-
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MeHH T. Ec/IM yCTaHOBHTH peakLMIo LeNH Ha JebTa-HMIYJbC, TO B
CHJY JIHHEHHOCTH M CTallHOHAPHOCTH LENH MOXKHO IPOCYMMHDPOBATh
OTHe/IbHble PeaKIHH U TOJNYYHTh BBIXOLHOH OTK/IHMK Ha J06oe BXOJ-
Hoe BoazelictBHe. [103TOMY BBOAAT UMNYABCHYIO XAPAKMEPUCTUKY
uen# A (f), ABISIOULYIOCS BBIXONHBIM OTKJHKOM Ha BXOIHOH JesbTa-
uMnyJbc. Takuv 06pa3oM, BEIXOJHAsl PEaKUHSA Uy, (f) Ha mpous-
BOJILHOE BXOJIHOE BO3JI€ACTBHE MOXET ObIThb NpEJCTaBJIeHa HHTErp a-

JIOM
o

Uy ()= § 1y (O B (t—7) dr. (3.4)

—-®
CoorHowrenue (3.4) mMoxxer GbiTh 3alHCAHO TaKXke B BHIE

®

thy (D)= § thy (=) B (7) d. (3.5)

-®

[MpencraBum BXOZHOH CHrHa1 pas/ioxeHueM B HHTerpan dypbe
®

Usx (1) =% S Snx (@) elo? do.
-®

Ecau cuenath MOACTAHOBKY {=¢—7 (a IOTOM OTGPOCHTH LWITPHUX Y f),
TO MOXKHO 3aITHCaTh:

Upx (£—T) =% S‘ Sax (@) elot=7 do.

[ToxcraBuB 310 B BIpa)keHue B (3.5) U H3MEHHB MOPSAOK HHTErPHPO-
BaHHs, INOJYYHUM
®

o (D= [ \= SSBX (@) elott=0 dw)h(w) dr=

=% § Six (03)< S h (t) e—iot d1:> elot dg, (3.6)

BHyTpeHHuil HHTErpast sIBIMETCS KOMIUIEKCHOH ¢y HKUMEeH YacTOTHI.
IlosToMy 0603HAYUM
® .
{ h(v)etordr=K (jo). (3.7)
-0
Kak Buano, K (jo) ABaseTcs npsaMbIM npeoGpasoBanueM ®ypoe aas
UMITYJIbCHOM Y HKIMHU 1enH. [1pamoe npeobpasosarue Pypve umnyroc-
HOU hyHKyulL HA3bIBACMCA 4aCMOMHbM KOIPpuyuenmon nepedauu
yenu (uiu- Komnaekcroll wacmommoli xapakmepucmukoti). On aBas-
€TCl OCHOBHOM XapaKTePHCTHKOH JIMHeHHOH CTalHOHAPHOH uend.
HacrotHoMy KO3(pHULHEHTYy nepefayd MOKHO 1aThb W ApyrHe
SKBHBA/IEHTHbIE TOIKOBaHUA. OJHO H3-HUX MOJy4yaeTcsl B pe3yqabrate
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noxctanoBku (3.7) B (3.6):
unux (t)=2_ln S ‘énx ((0) K (j(!)) elo? do,

Kak BuIHO, NoJIYy4eHHOe COOTHOIICHHE COBIIAAAa€eT C OﬁpaTHbIM npe-
06pa30BaHHeM CDypbe AJis1 BBIXOAHOro CHIrHaJa, CJenoBaTeJbHO,

Sax ((’)) K (.‘(’)) = Snux (0)), (38)
WM, JAPYTHMH CJIOBaMH, YacTOTHBIH KO3pOdHUIHEHT Nepefayd ecTb
MHOXHTeJb- NIPOINOPIHOHANbHOCTH MEXIY CHEeKTPaJbHbIMH IJIOTHO-
CTAMH BXOIHOTO M BBIXOJHOI'O CHTHAJIOB.

IIpakTHueckH Ko3ppUIHEHT Nepelaun yAoOHee BEIUHCAATD, NOJb-
3yscb IPYTHM €ro olpejesneHHeM. PaccMOTpHM B KauecTBe BXOJHOTO
CHTHaJla rapMOHHYecKoe Kose6aHHe B KOMILJIEKCHOH (opMe: Upy (f)=
=U,e/®, TapMoHHuecKoe KosneGaHHe, CIBHHYTOe BO BpEMEHH,
Uy, (t—1)=Uyelo’e-1ot,  [lomcraBuB 31O BhIpaxeHue B (3.5),
BbIHECSI M3-HOJ HHTerpana (pyHKLUHH, He 3aBHCAILHE OT NepeMEeHHOH
HHTErPUPOBAHUS, H IEPerpynnHpOBaB UJEHH, MOJYYHM

®

Upex (8) = Uy ( S h (t) e—iot d1:> elot = [J,_ elot,

-
31iecb MHTErpas ecTb YacTOTHBIH KoadbuuueHT nepenauu. Takum o6-
pasoM, UgzK (jo)=Usgux, 0TKyAa K (j0)=Uszux/Usx H, crienosa-
TeJbHO, KO3(GhUIMEHT Nepefayd paBeH OTHOLIEHHIO KOMILJIEKCHBIX
aMILIMTYJl TADMOHHYECKHUX KoJleGaHHi Ha BBHIXOZE H BXOJE JIMHEHHOM
LIeNH.

YacToTHblil K03(hhUIMEHT Nepefayy OObIYHO 3aMHCHIBAIOT B IOKa-
satenbholi popme K (jo) =K (0) &%, rre K(0)=|K (jo)] —
amnaumyono-wacmomnas xapakmepucmuxa (A4X) uenu; ¢y (0)—
¢asovacmomnas  xapaxmepucmuxka (P4X) uenwu.

§3.2. AMPSEPEHUUPYIOIHE U MHTETPUPYIOWMUE LENH

[Mpeo6Gpa3oBanus curHajsa, HMelollHe Xxapakrep AudbepeHIHPOBaHUS
MM HHTETPHPOBAHHSA, IIMPOKO paclpoCcTpaHeHHl B YCTPOHCTBaX
panuoaieKTpoHHKU. Ha Brixone paccmaTpuBaeMblx neneil ¢opMupy-
IOTCSI HMITYJIbCHI, 6/IH3KHE MO (opMe K NPOU3BOLHOH HJIH UHTErpany

C
I Puc. 3.1. Ouddepennupyomas

gyt tpaut) Unt I Ut (@) u uHTerpupylomas (6) nenu
4)

a)

OT BXOJHOro umnysabsca. JudpepernupoBanue U HHTErpUpOBaHHE —
JquHeliHble onepauuu. I[lostomy uenu, peanusymoolive HX, AOJHKHBI
GHITh JIMHEHHBIMH, T. €. JOJKHBI GHITb 0GPa30BaHBl H3 MACCHBHBIX
3/IEMEHTOB: KaTylleK HHAYKTHBHOCTeH, KOHJIEHCaTOpOB, PE3HCTOPQB,
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obecreyyBaOUMX TpeGyeMble COOTHOIUEHHSI MeXAy BXOAHBIMH H
BBLIXOJHBIMH CHT'HAJIAMH.

PaccMoTpuM Lienb, n3o0paxeHHyo Ha puc. 3.1, a. Ha ee Bxone
IeHCTBYeT HalpSXKEHHE Ugy (), a BHIXOJHOE HANPTXKEHHE Upyx (f)
CHHMaeTcsi C pe3UcTopa. B COOTBETCTBHH €O BTOPbIM 3aKoHoM Kupx-

ropa
%Si(t) At 4ty () = thgy (2), (3.9)

rae i(f) —Tok B uenu. [IpopudxpepeHunpyem ypaBHeHue (3.9),
3aTeM YMHOXHM Kaxkioe cjaraeMoe Ha R, yuTeM, YTO Ugyx (f)=
=i ({)R. Torma nonayyum

Upox (t) +3 duamx (t) dux:ixt () , (310)

rie T=RC — moctosiHHass BpeMeHd uenu. M3 ypaBuenus (3.10)
CJIellyeT, YTO €CJIH NOCTOSIHHAs BPeMEHH LeMM MaJja HacTOJbKO, YTO

Tty (£)/dE < gy (0), (3.11)

TO Uy x (f)tdugy ()/dL.

Takum o6pa3soM, lienb, usobpaxkeHHass Ha puc. 3.1, @, TpH BhHI-
noJiHeHuH ycJoBHsa (3.11) sBagercs auddepeHUHpPYIOWIEH.

Bosiee TOUHBIH KpHUTEpHH 1/ BBIGOpPA T MOXKHO NOJYYHTh U3
CPaBHEHHSl YaCTOTHBIX KO3(pHIHEHTOB IepejayH paccMaTpHBaeMoi
uen# ¥ upeanbHoii. Eciu Lenb ocyllecTs/sieT TouHoe AH(bepeHIHU-
poBaHue, T. €. Upyx (f)= Todusx (¢)/d¢, rae T, — Ko3abdHLUKSHT nponop-
LHOHANBHOCTH M Spx (0) — CIEKTpaJbHas IUIOTHOCT BXOZHOTO
CHTHaJa, TO

Uprax (t)— on df S SBx ((o) elot dw—jmro 2 S Snx(w)ej“’fdm—

= jwtounx (t)

CrenoBaTesbHO, Ko03hGdHLHEHT Mepelayd HieaJbHOH auddepeHiy-
pyioliel lenH jot,.

HaifineM yacToTHBIH KO3(DHULHMEHT Mepefayd paccMaTpHBAEMOH
uend. Kommn/ekcHast aMILINTy/Ja TOKa, INPOTEKAoILero B LENH, onpe-

Jensiercss 3akoHom Owma: [ =R_|(_j%. Takum oGpasom,
Uy =R =Upy 5= U, e

B RF¥1/joC ~ ™ T1+fjot’
Orciofia  HeNmoCPeACTBEHHO CJefyeT
K(0) = Uypn/Usy = jot/(1 + jor).

Hast npubnuxeHHs K TouyHoMy AudxpepeHLHPOBAHUIO HEOGXOIU-
Mo, YTOOH @T<X1. DT0 yCJIOBHE NOMKHO BEIOJIHSATLCS HA BCEX YacTo-
Tax CIIeKTpa, HO MpexJe BCero Ha BepXHel yacTore: wy1<<l. B aTom
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ciayvae
K (jo) ~ jor. (3.12)

. B KkayecTBe mpHMepa paccCMOTPHM NpPOXOXKJIeHHe NMPAMOYTOJbHOTO BHAEO-

uMnyJabca uepe3d AuddepeHNUpyIOMYIO Lenb. BepXHIOl0 yacToTy €ro ChmekT-
paJbHOM MJOTHOCTH B COOTBETCTBHH C (2.26) orpaHHYNM 3HaYeHHEM Wg = 271/fye
Torga ycaosue (3.11) npumet Bua v < £,/(2m).

&4
S Ugx
K
7
0
t t
Uge " ty T
Ugpix /l(
! P
i w
0 t | g)
ty 1
a) a)
Puc. 3.2. Curxajas Ha BXoje H BHI- Puc. 3.3. Curnann Ha BXOJie ¥ BBI-
xoje aubdepeHnHpylolleil nenu (a) Xojle MHTerpHpylomleii nenu (a) u
Hee AUX (6) ee AUX (6)

Ha puc. 3.2 nsobpaxeHb MMNYJbCH Ha BhXofe AHpdepennupylomeit
HenH, BHJA KOTOPHIX B3aBHCHT OT COOTHOWEHHS T H fy. TaM Xe nokasana
AUX penu. Kak BugHo, auddepeHuupyomas uenb ¢ OTHOCHTEJNbHO MEHbIIHM
ocJabeHHeM NpPONMyCKaeT BEICOKHE YacCTOTHI.

HupiMu cBolicTBaMH ob6sanaer RC-Lenb, BLIXOJHOE HanpsiKeHHe
KOTOpPOH CHHUMaeTcsl ¢ KOHAeHcaTopa (cM. puc. 3.1, 6). B coorBerct-
BHH CO BTOPHIM 3aKoHOM Kupxroda MOXKHO 3amucaTb

Ugx (t)_uaux (t) = RCduBux (t)/dt (3 13)

Ecau mocTosiHHasi BPEMEHH 1I€NH HacCTOJbKO BE€JHKA, YTO BHINOJIHS-
ercs ycaoBne, obpatHoe (3.11): Tdupyy (£)/d?>>upnx (1), TO H3 ypaB-
Henus (3.13) cienyer ugpy ({)~tdugyy (f)/dé. Takum o6pasoMm, npu

60JIbIIOM 3HAYE€HHH T BHIXOAHOE HanpsKeHue HpHﬁ.ﬂPl}KaeTCH K HH-

TErpany OT BXONHOTO: Ugyy (£) 2 1 Ugx (2)dt.
X T

Kak u B cayuae audxpepenuupyiomei 1eny, BeiGOp MOCTOSHHOMH
BpEMEHH OIpele/IsfieTCs CPaBHEHMEM YacTOTHBIX KO3ppHIHEHTOB
nepeayd peaJbHOH HMHTErpHpyolled Lenu M HjeanbHOH. MoxKHO
NOKa3aTb, YTO YaCTOTHBIA Ko3(pHUIHEHT nepefayu IENH, OCYIIECTB-
JISiIOlEH TOYHOE HHTerpupoBaHue, paBeH 1/ (jowt,). YacToTHbIA KO-
(uIUeHT TNepeljaud paccMaTpUBaeMOH LeNH

k (j(.l)) = 0BHx/st = 1/(1 + jO)T).

CrnemoBaresqbHO, AJs NPHOJHIKEHUS K TOYHOMY HHTETDPHPOBAHUIO
HEOOXOIHMO, 4YTOOHI

ot >1. (3.14)
Torza K (jo)1/ (jor).
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YcanoBue (3.14) nosKHO BBINOJHATECSA Ha BCEX 4acTOTax cCNeKTpa
CHTHaJIa U NpexJe Bcero Ha HUXKHHUX yacToTtax. Ha puc. 3.3 nsobpa-
JKEeH CHTHAJ Ha BhIXOJie HHTerpHpytomei uenu u ee AUX. Kak Buao,
HHTErpHpYylollas Lelb NPONyCKaeT ¢ OTHOCHTEbHO MEHbIINM ocs1ab-
JIeHHEeM HHXKHHE YacTOThl CIleKTpa. '

PaccMoTpuM nNpHMEHeHHe HHTerpHpylolefl LenH JAJs BOCCTaHOBJEHHS
HMIYJbCHOTO CHTHaJa IO €ro AHCKpeTHHM oTcyeraM. B § 2.8 6w paccmor-
peH NpHMep JHCKPETH3alHH HMIYJbCa NPSAMOYToJbHOH GOPMH TpeMs oTcye-
TaMH, OTCTOSIUHMH JAPYT OT APY-  y, A
ra Ha A=ty/2. TIpu sTOM Bepx- .
HfiSl 4acTOTa COOTBETCTBOBaJa T
rpax-mue NepBOToO JIeneCcTKa CNeKT-
paJIbHOH NJIOTHOCTH HMIIyJbcCa. . f
Ecau cursaa B Bﬂﬂ.e Tpex HM-
nyJbCOB IIOCTyNaeT Ha BoOCCTa-
HaBaHBalomylo RC-uens, 1as Ko- p v
TOpO# T3> A, TO BOCCTAHOBJIeH- alalty 2t Ty t

HBI CHTHaJ 6yjeT npuOINKaThb- P
P uc. 3.4. BoccranoBsenne npsMOYyTroJb-
cd X TnpsAMoyroJsHoit’ ¢opme PAMOYro

(pHC 34) HOro HMnyJbca KHTel‘pprlOlLleﬁ Ienbo

3aMeTuM, 4TO ‘paccMOTpeHHBle RC-1eNH HPUTOAHBI JIHIIb JJIST
npubanxkeHHoro nudxpepeHNUPOBAaHHA W HUHTETPHPOBAHHUS CHrHana.
JeiicTBuTensHo, U3 ycaosuit (3.11) u (3.14) crenyer, uto ueM TouHee
AudbepeHUHPOBAHHE HJIH HHTETPHPOBAHHE, TEM MEHblIe MOAYJb
YacTOTHOro KoadxpuuneHTta nepefauu K (w) LeNH, OCYILIeCTBJSIOMEH
3TH 1npeobpa3oBaHusi. B coBpeMeHHBIX NpEIH3HOHHBIX AH(dEpeH-
UUPYIOIHX U HHTETPUPYIOUMX YCTPOHCTBAaX NPHUMEHSIOT ONepalioH-
HEIE YCHJIHTENH, MO3BOJIAIOIIHE pPeasn30BaTh yKasaHHble PYHKIHHU ¢
J1060H# TOYHOCTBIO.

§ 3.3. KOJIEBATEJIbHBIE KOHTYPbI

Urto6bl BHIAEIHTb NMOJE3HbIH CHI'HAJM U3 CYMMbI CHI'HAJIOB, AEHCTBYIO-
MUX Ha aHTEHHY PaJHONPHEMHOrO YCTPOHCTBA, HYXKHBI 1ieNH, obec-
NeyHBalolie HEHCKAXEHHYIO Mepejadyy YacTOTHOTO CIIeKTpa IOJIes-
Horo curHaja. Ha puc. 3.5 nzo6paxensl ujeanshsle AUX u @UX
YacTOTHO- H36upaTeJ1bHoﬁ uenu. Kak BuHAHO, B npelenax HOJIOCH
NpONYCKaHUS' HAealbHOH uenH 6e3 HCKaxKeHHH Iepefaetcsi Bechb
cnekTp curHasna. CHrHasbl, YacTOTH KOTOPBIX J€XAaT BHE IOJIOCHI
NPONYCKaHHs, MOJHOCTBIO mnojaBasiiorcss. llenu, obiaparouiie ya-
CTOTHO-H30HpaTeNbHEIMH CBOHCTBAMH, CTPOSITCS Ha OCHOBe KoJjeba-
TEJIbHBIX KOHTYDOB.

OauHouHblii KoneGateabHblit KOHTYp. IlpocTefimefi wacToTHO-
H36HpaTeNbHON LENbI0 SIBJSETCS ONHHOYHBIH KojieGaTeNbHBIH KOH-
Typ. KoHTyp ofpasyercsi nocJelnoBaTesbHBIM HJIH TapajesbHEIM
coeJlMHeHHeM HHAYKTHBHOCTH H eMKocTH (pHuc. 3.6), B COOTBeTCTBHH
C 4yeM KosieGaTe/bHBIE KOHTYDHI PasielsioT Ha IOCJ/ef0BaTe/bHEIE
M napajiesbHeie, KOHTYPE HMEIOT KOHEYHOEe aKTHBHOE COINPOTHBJIE-
Hue, 06YCJ/IOBJIEHHOE 3JEKTPHUECKHM CONPOTHBIIEHHEM NIPOBOJAHUKOB,
o0pa3yIolHX KAaTyIIKy HHIYKTHBHOCTH, M IIOTEPSIMH B KOHZIEHCA-.
Tope. [TosToMy cxema KOHTypa JONOJIHEHA CONPOTHBJIEHUSMH NOTEPD
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KaTYIIKH MHIYKTHBHOCTH (r;) H KOHAeHcaTopa (ro). HacroTa ,,
NpUH KOTOPO# peakTHBHAash 4acTb NOJIHOTO CONPOTHBJIEHHSI KOHTYpa
2=r+j(wL—1/0C) paBHa Hym0: 0o L—1/0,C=0, Ha3biBaercsi €ro
pe3oHancroli wacmomoii. OueBHAHO, YTO

w,=1/V LC. (3.15)

K OCHOBHEIM XapaKTepHCTHKaM KOHTYypa OTHOCSAT TaKKe Xapak-
TEPHUCTHYECKOe CONPOTHBIIEHHe P U Jo6poTHOCTh Q. Xapakmepucmu-
HecKoe conpomugierie PaBHO MOAYJIO CONPOTHUBJEHHS HHIYKTHBHO-

K L C r
//
@/
/ L [
/
/ -
Wy / a), w
// n re
/
/
Puc. 3.5, HpeannHnle Puc. 3.6. INocnenosatens-
AYX u @YX uactoTHO- HblA M mapaJjJeJbHBIR
H36upaTeJbHOH 1enH Kosie6aTeNbHble KOHTYPH

CTH HJIH €MKOCTH KOHTypa Ha pe30HaHCHOH dYacTore: p=@,L=
=1/(0,C). TlomcraBissi BbIpaXKeHHe NI PE30HAHCHOH YacCTOTHI
(3.15), Haxomum

p=V'L/C. (3.16)

Hobpomrocmeto Kowmypa HasblBaeTcsl OTHOLIEHHE HaNpsiXKeHUs
Ha HHAYKTHBHOCTH HJIM €MKOCTH K HalpsiKeHHIO Ha KOHType IpH
pe3oHaHce. Tak Kak npH pe3oHaHcCe HalpsiKeHHe Ha KOHTYpDe pPaBHO
TNaJleHHIOo HaNPsIKeHUst HA aKTHBHOM CONPOTHBJEHHH, To Q=U,/U,=
=Uc/U,=plr.

YacToTHo-H36UpaTeNbHble CBOMCTBA KOHTYypa ONPENENISIOTCS ero
0600LIEHHOH pe30HaHCHOH KPHBOH, ypaBHEHHE KOTOPOH oIpeneJsi-
eTCsl 3aBHCHMOCTBIO TOKa B KOHTYpe OT YacTOThl NPHJ/IOXKEHHOTO K
HeMy rapMOHHYeCKOro HampsizKeHHs

[ U U L

Trtjel—1/eC) T r 14jE°
OTHolLleHHe pPeaKTHBHOIO CONPOTHBJEHHS KOHTypa K aKTUBHOMY
Ha3bIBaeTCA 0000WjeHHOU paccmpolioli:

- mL-—rl/mC _ p(co/coor—mo/w) = Q (0/0, — ©,/®).

(3.17)

[epsrlit MHOXHUTENb B (3.17) paBeH TOKY /. B KOHTYpe IIPH Pe30HAaH-
ce, IMO3TOMY
I 1 1

_— = {9 (8)
LoTAES VIR
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Monyanb /1, npepcraBasier coboii AUX KoHTypa M sBaAseTcs ypas-
HeHHeM pe30HaHCHOH KPHBOH

| I/, | =1V TFE. (3.18)

Oynkuusa @(§)=—arctg & saBnsercss (asoyacTOTHOH XapakTe-
PHCTHKOH KOHTYpa.

HauGonbimuit nHTEpec npeacTaB/sieT pe30HaHCHAas KpuBasi BOJU-
31 PE30HAHCHOH YacTOTHI IPH MaJIBIX OTKJIOHEHHSIX 4acTOTHl OT Pe30-
HaHCHOH: ®=0,F+Aw, Avw,. B 310/ YacToTHOH obsacTi hopMysy
0606lIeHHOH paccTPOHKH MOXKHO Npeo6pas3oBath:

® O (® + ) (0@ —my) Aw

§=Q(@—E)=Q—mw)— ﬁ2QE); (319)

Kak Buano u3 puc. 3.7, pe3oHaHCHasi KpuBasi HOCHT u36upa-
TeJbHBI XapaKTep: CUCHAJBI, UMeEIOLINe YacTOTy ©, AaJeKO OTCTOsi-
Iyl0 OT cOOCTBEHHOH YacTOTHl KOHTYypa 0, ocaabasworcs. M3 ¢op-

1 1 1 1 1
-3 -2 -1 0 1 2 3§
Puc. 3.7. AUX u ®UX xapaKTepHCTHKH KojaeGaTelbHOro KOHTYpa

myabl (3.18) cienyer, uto npu §=-1 aMnauTysa curHaja yMeHb-
waercs B V' 2 pas; YacTOTH, COOTBETCTBYIOI[HE STHM 3HAUYEHHSIM
0606IIEeHHOR pacCTPOHKH, ONpPeNe/sIoT IOJNOCY NPONyCKaHHUsl KOH-
Typa. M3 (3.19) caexyer, uto mnosjoca NpONyCKaHHS KOHTypa IO
YPOBHIO 1/V 2=0,707 cocrasasier

2| Aw Jo,707 = /Q. (3.20)

TNosnoca nponyckaHus, a c/1e10BaTeNbHO, H YaCTOTHO-U36HpaTeb-
Hble CBOACTBAa KOHTYpa HENOCPEACTBEHHO CBs3aHBl C €ro A0GpoT-
HocThlo. C pocToM Q yBeJHYHBAaeTCsl He TOJBKO ocyabJieHHe CHTrHaJja
3a npejejiaMH TOJIOCH NIPONYyCcKaHusi, HO U HepaBHoMepHocTh AUX
B Npejenax noJockl nponyckanusi. IloBrimieHne gacToTHo# u3bupa-
TEJILHOCTH JIOCTHI'AeTCsl HCIOJb30BAHHEM MHOTOKOHTYPHHIX Lene,
¢opma AUX koTopeIx 6G/HKe K NpsiMoyroJsibHo#l, yeM AUX oxuHOu-
HBIX KOHTYpoB. [Ilpocrefiiell MHOTOKOHTYPHOH IeNblO SBJSIETCA
Lelb M3 JBYX CBsI3aHHBIX KOHTYDOB.

Cesasannble KOoHTYypn. Ha puc. 3.8, a usobpaxkeHb KOHTYpHL C
HHIYKTUBHOH U €MKOCTHOH cBfA3bl0. OT/HYHE CBSI3aHHBIX KOHTYpPOB
OT OIVMHOYHBIX COCTOHT B NOSIBJIEHHH COINDPOTHBJIEHHH, BHOCHMBIX
U3 OJIHOTO KOHTYpa B Apyroii. BHocHMOe cOnpoOTHB/IEHHE UMEET KOMII-
JIEKCHBIH XapaKTep, HO €ro peakTHBHAs 4acTb BCerja IPOTHBONOJO-
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KHa 110 3HAKy COGCTBEHHOMY PeaKTHBHOMY CONPOTHBJIEHHIO KOHTYDA.
B peay.ibTaTe H3MeHeHHs MOHOIO COMPOTUBJIEHHS CBA3AHHBIX KOHTY-
poB yaaercsi u3meHutb HX AUX no cpasHeHHIO ¢ AUX oauHOYHOTO
KOHTYpa.

Tonyunm AUX [IBYX OIMHAKOBbIX HHIYKTHBHO CBSI3aHHBIX KOHTY-
poB. Ha ocHoBaHHH 3aKOHA Kupxroda 3anuiueM ypaBHEHHA IJIS

M L2 Cy C2 Ces
N
C. ¢ Cr [ Cs L ¢ C; {2
HtE FE Y
] ; ! :
c M c
Vo
I, I
U 2
L L
GE} Q
7)

KOMIIJIEKCHBIX aMILIHTYR TOKoB [, I, (puc. 3.8, 6) B 060HX KOHTY-
pax:

flz-l—fzz“=U, flz,,,,+21'2=0, (3.21)

Puc. 3.8. Bujbl cBSI3aHHBIX KOHTYPOB (@) # KOHTYpH
C HHAYKTUBHOM CBA3bIO (6)

rie U — KoMmIIeKCcHasi aMIINTYAa HArpsiKeHus, JeHCTBYIOUEro
B nepBoM KoHType; 2=r+j(wL—1/wC) — nosHoe COMpoTHBJIEHHE
ONMHOYHBLIX KOHTYDOB; 2y, =lz—]®M — NOJHOEe BHOCUMOE CO-
nporusiende; M — Ko3pOUUHEHT B3aUMHOH HMHAYKLHH.

Jns nmpoctoThl npeHeOpexeM aKTHBHOH COCTaBJSIOUIEH BHOCH-
MOTO COIPOTHBJIEHHS 10 CPABHEHHIO C €I'0 PeaKTHBHOMH COCTAaBJISIOLIEH
H U3 BToporo ypaBHeHHs (3.21) monyuum [,=—1,2/x,,, TI€ Xz=
=—joM. IlogcTaBuB NOJyYEeHHOE BhIDAXKEHHE B IIepBOEe ypaBHeHUE
(3.21), naiimem [I,=Ux,/ (x%—2?). .

Ha pe3onancHoit 4actore (0=,) Xpy=Xpno=—]®oM, a moJ-
HOe COIPOTHBJIEHHE OJHHOYHOTO KOHTYpPa PAaBHO COMNpPOTHBJIEHHIO
ero norepb. TlostoMy, obo3Hauus yepes [, pe30HAHCHOe 3HAYEHHE
TOKa BO BTOPOM KOHTYpe, NMOayuuM [,=Uxg,o/ (Xauo—7?).

Monynb otHowenus I,//,, ectb AUX cBsizaHHEIX KOHTYypoB. Ha

OCHOBAHUM IIOJIyYEHHBIX COOTHOILIEHHH H IPHHATHIX 0003HAUYeHHH
HaljeMm

_| L] _e 72 (0 M)?
K(o)= || = G T T oL — /o0 T @i "
[Tpusenem TOJTyYeHHOE COOTHOLIEHHE K BHIY
~ L (@M 3.22
K® =~ gt (3:22)
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3mech no-mpexHeMy § — ofoblieHHast paccTpoiika KOHTypa H,
Kak paHee ObLJIO NMPHUHSITO, O~ @,. IIpuBeseM w,M/r K BULY

(l)oM_(l)oM (J)oL_Mp__M

OtHowmenve M/L=x%, Ha3HBaOT KO3(MPHUIUEHTOM CBSI3H HHIYKTHB-
HO CBSI3aHHBIX KOHTYPOB, a NPOH3BelleHHe K.zQ=1 — IapameTpoM
cBsizu. Takum ob6pasom, AUX cBsiI3aHHBEIX KOHTYPOB NPHHHMAET BHJ

o 14n2 . 1472
K®= [+l YV (I +n2—E2)2r4Es (3.23)

Pe30HaHCHYI0O KPHBYIO CBSI3aHHBIX KOHTYPOB YAOGHO aHa/IH3H-
poBaThb NpPH Pa3/HYHEIX 3HAUEHHSIX NlapaMeTpa CBS3H.

Cnabas cBa3b (n<1). U3 (3.23) caenyer K (§)~1/(1+4E?). Ypas-
HeHHe /Sl oNpeje/eHHs T'PAaHHYHBIX YacTOT MHOJIOCH! -TIPONYCKaHHS
foJTyyaeTcsi M3 yc/IoBus ocnabnenus cursana B V' 2 pas: 1/ (1+E2)=
=1/V'2. Otciona HaxonuM 3HaueHUs! 0GOBIIEHHOH PaCCTPOHKH, COOT-
BETCTBYIOLME IPAaHUIIAM ToJIocH nponyckanus &, ,=-+0,64. B coot-
BETCTBHH C oIllpefeseHHeM TNOJOCH NpPONYCKaHUs

2] Aw| g,10, = 0,640,/Q. (3.24)

Cpasnenue (3.24) u (3.20) noxka3biBaeT, YTO HOJI0CA IPONYCKAHUS
ca6ocBsi3aHHbIX KOHTYPOB (pHc. 3.9) MeHbllle NOJOCH NPONYCKaHHA
OJIHHOYHOTO KOHTYpa.

KpuTnueckas ceasb (n==1). U3 (3.23) caenyer K(§)=1/V 1+E*/4.
IMonaras K (§)=1/V§, HaxoiuM  oO0OOIIeHHYI0O  pacCcTpoHKY,

V q

I |
I [
P
1 ! !:In 1
=3 -2 /1] o012 5§

|
|
|
1
1
1

-VZ -064 064 V2 31 0 i1 E
Puc. 3.9. AMnautyasas xapak- Puc. 3.10. AYX KoHTypOB
TepUCTUKA CBA3aHHEIX KOHTYPOB: OpH ONTHMalbHOH CBSA3U

1 — cnabas cBSI3b; 2 — KPHTHYECKas
cBsi3p

COOTBETCTBYIOILYI0O TPaHHIAM MOJMOCH nponyckKawus & ,==+V 2.
CnenoBaTesibHO, I0JI0C2 NPONYCKAHHS CBS3aHHBIX KOHTYPOB MpPH
KDHTHUYECKOH CBA3H paBHa 2|Ao|y.0r=V 20,/Q.

Takum oGpasoM, NpH KPUTHUECKOH CBA3H Nosoca NPonycKaHHs
pacumpsercs B V' 2 pas no cpaBHeHHIO C N0JIOCOH NPONYCKaHHS OfiH-
HoyHOro KoHTypa (puc. 3.9).

CunbHas cBs3b (1>1). [IpH ycHJIeHHH CBA3H CBEPX KPUTHYECKOH
AYX cBsi3aHHBIX KOHTYPOB CTaHOBHUTCA JAByrop6oit (puc. 3.10).
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U3 dopmyasr (3.23) MOXKHO HaHTH NMOJIOXKEHHE U 3HaYeHHE MaKCHMY-
MOB pE30HAHCHOH KDHBOH CHJIbHOCBSI3aHHBIX KOHTYpOB. Ilis 3Toro
npousBonHyio oT K (§) mo oGoGlueHHOH paccTpoiiKe NpHpaBHAEM
uy/o: dK (§)dE=0. BhluHC/IHB NpPOH3BOAHYIO, NOJYYHM ypaBHe-
HHe, KOPHH KoToporo: &=0; &, ==V n*—1+2n onpenensior
NIOJIOKEHHE SKCTPEMANbHEIX TOYeK Ha pe3oHaHCHOH KpuBoH. [lpu
,=0 u3 (3.23) caenyer, uro K(0)=1. IloxcraBus B (3.23) 3Ha-
yeHuss & M E;, HalileM MaKcuMasbHble 3HaueHus AUX:
Kmax O =140/ @n).

[onoxuB K. (E)=V'2, onpenesum napamerp cBsasu Nopts
npH KoTopoM HepasHoMmepHocth AUX He mpeswimnaer }2 pas. Ilpo-

CThle BBIYUCJIEHHS NPHUBOAAT K 3HAYEHHIO nop,=l—l—V2. IToacraBus
3HaueHHe 1, B (3.23), HaiinemM 3HayeHHs &, COOTBETCTBYIOLIHE
KpasM moJiockl nponyckanus (cM. puc. 3.10). B okoHuartesbHOM
BHJIe BBIpaXKeHHe JUJIS1 HOJIOCH IPOIMYCKAHHS CHIBHOCBSI3aHHBIX KOH-
TypoB umeeT BUA 2|Aw |y,70,=3,1w0/Q. Takum oGpasoM, nosoca npo-
NyCcKaHHs oKasbiBaercsl B 3,1 pa3a GoJiblile, YyeM I0J10ca IPONYCKaHHA
OJIMHOYHOTO KOHTYpa.

§ 3.4. JIMHEAHBIE YETBIPEXMOJIIOCHUKH U UX OCHOBHBIE
XAPAKTEPUCTUKH

Cpeny MeTOIOB aHa/NH3a JIMHEHHBIX Lernefi BaXKHOE MECTO 3aHHMaer
MaTpUYHBEIE MeToX aHanu3a. Ero Hcnosb3oBaHHe OCHOBHIBA€TCS Ha
TOM, YTO /ISl OITHCAHUSI CBOHCTB CKOJIb YTOAHO CJIOKHOH LIENH YacTo
JIOCTaTOYHO 3HATk 3aBHCHMOCTb MEXKJY ee BHELIHHMH HalpsiKeHHSIMH
H TOKaMH. B 3ToM ciiyyae cJ0XKHas Iellb 3aMeHseTCs] SKBHBaJIEHTHbIM
YeThIPEXTOJIOCHHKOM («4EPHBIM SIUKOM» C JBYMS NapaMH 32)KHMOB).

° .

I Iz
()’* ‘ *‘2 Puc. 3.11. YeTblpexnosocHHK

Taxo? 4eTbIpeXMoJIIOCHUK SKBHBaJeHTEH NaHHOH LIEeNH B TOM CMEICIe,
YTO TOKM H HaNpsKEHUS Ha ero BHEUIHHX 3aXKHMMaX TOYHO PaBHEI
COOTBETCTBYIOIIUM 3HAYeHHSIM B peasbHOH LeNH.

Ha puc. 3.11 nzo6paxeH YeTbIpeXNoOMOCHUK. MeX 1y BXOAHEIMH H
BBIXOJHBIMH KOMIIJIEKCHBIMH AaMIJINTYAaMH TOKOB H HampsiKeHUH

(I3, 12, Uy, U,) Moxer OBHITb YyCTaHOBJNEHA 3aBHCHMOCTb B BHJIE
CHCTEMBI JBYX YpaBHeHHH. MakcuMa/lbHOe YHCJIO Nap ypaBHEHHH
paBHO miectd. M3 Hux HauGosee ynoTpeOHMBI YeThIpe.

1. Ec/in B KauecTBe He3aBUCHMBIX I€peMEHHBIX BBIOPAHBI TOKH
I, u I,, o ux cBa3b ¢ U; u U, ycranaBnuBaercs napofl ypaBHEHHH
BHJA

Ul‘ = ilzli']‘izzn» U::=,1221+j2222~ (3'25)
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Cucrema ypaBHeHui# (3.25) MoxeT GhITh 3anHcaHa B MaTPHYHOH ¢op-

Me
1L 211
02 - 21 290, ].2 )
DneMeHTHl MaTpHIBI Ha3bIBAlOTCA z-NapameTpamu. [lokaxkem, uto

OHH SIBJISIIOTCS TOJHBIMH CONPOTHBJIEHUSMH XOJIOCTOTO XOJA YeThl-
pexnomocHuka. Ha ocHoBannu (3.25) MoxeM 3anucarb:

. .

Zn'—-ﬁ' npu 1,=0, 21’2=‘£ npu Il=0,
1 {2

222—-&- npu I, =0, 2= -U-—2 npu I,=0.
]2 11

OTKyia cJaexyer, 4TO 2;; — BXOAHOE CONpPOTHBJIEHHE YETHIPEXIIO-
JIIOCHHKA TNIPH PAa30MKHYTOM BBIXOZE («XOJIOCTOH XOf»); 255 — BHIXOJ-
HOE CONPOTHBJIEHHE IIPH PAa30MKHYTOM BXOJE; Z;, — CONDPOTHBJIEHHE
nepefayd OT BXOAA K BBbIXOAY IIPH DAa30OMKHYTOM BXOJE; 2y — CO-
NPOTHBJIEHHE NepeJladt OT BEIXOZa K BXOAY NPH Pa30OMKHYTOM BEIXOJIE.

Cpenu ueThIpeXIOJIOCHHKOB HanboJsiee 4acTo BCTpedaloTcsl B3a-
HMHEe (06paTHMBIE), JJ151 KOTOPBIX 212==25. ECJIH UETBIPEXITOMIOCHHK
06J1alaeT CUMMETPHEH, TO 2;;=25,. TaKHM 00pa3oM, 0GPaTHMBIH CHM-
MEeTpPHYHEIH YeTHIPEXIOMIOCHHK HMEeT Ba He3aBHCHMbIX 2-llapaMeTpa:
211y 212-

2. Ecan B KayecTBe He3aBHCHMBIX TepeMeHHBIX BHIGDPAaHBI Hanpsi-
wenus U, u U,, To cBsi3b ¢ ToKamu I; u I, yCTaHaBJ/JAMBaeTCs ¢ Io-
MOLIbIO MaTPUULI NPOBOAHMOCTEH:

[11] [yn yn] [Ul] (3.26)
1, Yoi Yol LU '
KoadpuiueHTs MaTpHLB! (y-napaMeTphl) ABJSIOTCS NMOJHBIME T1POBO-
JMMOCTSIMH KOPOTKOI'O 3aMbIKaHHsI 4eThIpexmnoJiocHika. Ilpu koport-
KoM 3aMBIKaHuH Bxoja U,;=0, mpu KOPOTKOM 3aMblKaHHH BEIXOJA
U,=0. IlogctaBuB To HJIH HHOe ycaoBHe B (3.26), HalifieMm, 4TO y,;
H Ys» — BXOJHast M BBIXQJHAsl MPOBOAHUMOCTH; Yy, Ya1 — IPOBOLH-
MOCTH Tlepefiaud IpPH KOPOTKOM 3aMblKaHHH BXOAa H BBIXOJA.

3. Marpuua hnapameTpOB CBSI3bIBAET HaNpSXKEHHE Ha BXOJe

u Tok Ha Beixofie (Uy, [,) ¢ ToKOM Ha BXOJle M HANPSMKEHHEM HA BHI-
xone (11, Uz)

A hy hi | [ ,
[1{1|=[ ” “ ] .20
I,. hai hzz Uz
B pexume X0J10CTOrO X0Ja Ha BXOJE H KOPOTKOTO 3aMBIKaHHS Ha
Beixone u3 (3.27) HaiizeM:

U1

— IOMHOe BXOZHOE CONPOTHBJEHHE WeTLHPEXNMOMIOCHHKA
I

U,=0 IPH KODOTKOM 3aMBIKAHHH BbIXO1a,

hif=——
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hu=$| —06paTHHIl KO3ppHIHEHT Mepefaud Mo HanpsxKeHuio (OT
Us |1,=0 BBHXOZa K BXOAy), NpPH XOJIOCTOM XOJ€ Ha BXOJe;
Iy
hoy=—2 —KO3(QUIHNEHT Nepejaut MO TOKy (OT BXOAA K BEIXOZY),
Iy |u,=0 TnpH KOPDOTKOM 3aMBIKaHHH BBIXOJa;
h22=~f].2— — BBIXOJ{HAsl NMPOBOJHUMOCTb IIPH XOJIOCTOM XOJe Ha BXOJe.
2 I,=0

4. Marpuna nepenayu (a-MaTpula) CBfA3bIBACT BXOAHBIE TOK H
HanpsixKeHue (I, U,)) c BHIXOZHBIMH TOKOM M HampskeHueM (I,
U,). Ho npu HCNONb30OBAaHHH @-MATPHILI M3MEHSIOT HalpaB/eHUE

} ’ I "
Iy Ip - I I,
——t e Ot =

' a ! ’ " a " [2
174 vy 175

Puc. 3.12. KackajgHoe coefHHeHHe 4YeThIpex-
NOJIIOCHHKOB

BLIXOJIHOTO TOKAa Ha MPOTHBOIOJIOXKHOE. 3JTO CO3JaeT ONpee/eHHble
yao6CTBAa NPH ONHCAHMM KAaCKaJHOrO COEIMHEHHs YeThIPeXIoJIoc-
HHUKOB (pHC. 3.12). B cooTBeTCTBHUH C OlpeAe/SeHHEM a-MaTPUIbL 3aMH-
meM

[U1]= Qi au-l [Uz] (3.28)
I Lan' Qe f 1.1,
DJleMeHTHI @-MaTpHIBL onpejessiotes H3 (3.28) mpu xos0cTOM Xoje
H KODOTKOM 3aMBIKAHHH Ha BBIXOJE:
au—-ﬂ —o6paTHHH K03bhUIHEHT NMepefayd Mo HaMpSKEHHIO NPH
U, I,=0 XO0JIOCTOM XOJie Ha BHIXOJAE,;
a12=l.1_ — COMPOTHBJIEHHE TIepefayd OT BXOJAa K BBIXOAYy IMpH
11 U,=0 KOPDOTKOM 3aMblKaHHH BbIXO1a,
an—-ﬂ- — NIPOBOJMMOCTb Ilepellayd OT BXOJa K BHIXOAy INpH XO-
Us l1,=0 J0CTOM XOJe Ha BBIXOZE;
Aop= ll_ —o6paTHbH KO3(hGhUIHEHT IepeRayd MO TOKY HpPH KOpPOT-
12 U,=0 KOM 3aMblKaHHH BBIXOJa.

OnpenenuTenb @-MaTPHIBI B3aHMHOTO YETBIPEXIIOJNIOCHHKA (Z;p,=
=Z21) det A=011Q99—Qy 2051 = 1.

Taxk kKak OfHH U TOT Ke YeTBIPEXNOJIOCHUK MOXKeT ObITb ONHCaH
JII060H U3 pacCMOTPEHHBIX MAaTpul] (CHCTEMOIH NmapamerpoB), TO ove-
BUIHO, YTO ME€XJY COOTBETCTBYIOLIUMHU IapaMeTpaMH JOJIKHA ObITh
JIOCTATOYHO IIpocTas JpoOHO-THHelHas cBA3b. Hanpumep, snemeHThI

h-ManHlel CJCAYIOIIHM O6p330M CBfA3aHBbI C 3JICMEHTaMH Z-MaTpHIBI:

detz 2y 201 1
hu— Z22 12 : hn:—;;, hzz'—z; (3~29)
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JKBHBAJIEHTHBIE CXEMbI YETbIPEXMNOJIOCHHKOB. l'Iponsaoanyto
enb MOXKHO INPHUBECTH K CPABHUTEJABLHO HpOCTOH (COCTOﬂI.I.leH H3
TpeX HUJU Jaxe U3 ABYX COHpOTHBJIeHHH) 3KBUBAJIEHTHOH LENH, B
KOTOpOP[ BHELIHHE TOKH H HAaNpPSXKEeHHs COBMAaAalT C BHEUIHHMH
TOKaMH U HaNpsi2KeHHAMH peanbﬂoﬁ Lemny. ﬂ.)'[ﬂ B3aHMHBIX H CHM-
METPUYHbIX YETLIPEXIOJ/JIOCHHKOB HauboJjiee 4acTo HCIIOJIb3YIOT T-u

Z4f2 2,/2 Zy

Z; 22, 22,

Puc. 3.13. OxBuBaseHTHHe T- H
I1-o6pa3Hast cxeMbl YeTHIPEeXMOJIOC-
HHKa

IT-o6pa3uble cxemel (puc. 3.13). Mcnonb3oBaHHe YIBOEHHBIX COIPO-
THBJEHHH B Tnapa//efbHbIX BeTBAX H IOJIOBUHHBLIX B IIOCJENOBa-
TeJIbHbIX BeTBSIX YNPQUIaeT BLIYHC/AEHHS IPH aHa/au3e KacKaJHBIX
coepunenuit. OueBugHo, uto T- u [1-o6pa3Hble cxeMmbl, GYAYYH 3K-
BHUBAJIEHTHBl OJHOMY H TOMY K€ YeTbIPeXMOJIIOCHUKY, SKBHBAJIEHTHBI
H Mexay co0oi.

XapakTepucTHueckue napaMeTpnl 4eTbipexnoiaocHukoB. HesaBu-
CHMBIMH XapaKTEPUCTHYECKHMH MNapamMeTpaMH YeThIpeXIOJIOCHUKOB
SIBJISIIOTCA XapaKTePHCTHYECKOe CONPOTHBJEHHE 2, U KO3DPUIHEHT
pacnpocTpaHeHus y.

ITo ompeneneHuio, xapakmepucmuueckoe COnpomusierue

2= stx x Bx K9 (330)
rl€ 2y x — BXOJHOE CONPOTHBJEHHE YETHIPEXMOJIOCHHKA NPH XO-
JIOCTOM XOJie Ha BHIXOJ€; Zzy x — BXOJHOE CONPOTHBJIEHHE UEThIpeX-
MOJTIIOCHHKA NPH KOPOTKOM 3aMBIKaHHH BBIXOZA.

Tlpu 1,=0 u3 (3.28) umeeM 2z,x y=U,/[,=a,,/a,; a npu U,=0
Zox w=U,/I,=a,;/as,. TlogcraBus MOJTyuyeHHble COOTHOLUEHHSI B
(3.30), nomyuum

2= Vaualz/(azlazz)-

Jns CUMMETPHYHOTO YeTBIPEXMOJIIOCHHKA (@ =as,) XapakTe-
PHCTHYECKOe CONPOTHBJIEHHE

2o =V a,/ay. (3.31)

3aMmeuaTesbHOe CBOHCTBO XapaKTepPHCTHYECKOI'O CONPOTHBJEHHT COCTOHT
B TOM, YTO €CJH CHMMETDHUHBIH YeTHIPEXNMOJIOCHHK HarPYyJXeH Ha CONPOTHB-
JIEHHE Z,, TO €ro BXOJHOe CONpPOTHBJIEHHE TaKxe paBHO Zo. JlJs JOKasaTeib-
CTBa 3TOTO YTBEepXKJAeHHS CHayaJa HalifeM GOpMyJy BXOJHOTO COMNpPOTHBJIE-
HHUSI YEeTHIPEXMOJIOCHHKA 2gyx, HAaTPYXKEHHOTO Ha MPOH3BOJIbHOE CONpPOTHBJE-
Hue zy. U3 (3.28) caenyer, uto.

2ox=Us/ly = (a11Us+ a1202)/(@21U s+ azal3).

Tak KaK zy= ()2/[2, TO
2px = (a112y + a12)/(@212y 1 A22). (3.32)

57



ByneM cunTaTh, YTO UeTHIPEXNOJIOCHHK CHMMETPHYHHI H HaTpyXKeH Ha
2y. IloacraBus B (3.32) ¢opMysay XapaKTepHCTHYECKOTO CONPOTHBJEHHA
(3.31) BMecTO 2z, C YYETOM TOTrO, YTO Q3= Gp2, NOJYYHM

_au V a12/as;+ aiz ]/-ﬂg ayi+V ais0s _ ajz

= =2 =7,
az1 V ar2/as1+aze

21 ayy + V ayaan a1

Koagpgpuyuenm pacnpocmparenus y onpenensieTcsi Kak jJorapapm
o6paTHoro KoabdulieHTa [lepeflaul N0 HaNpsKEeHHIo IPH YCJIOBHH,
YTO YETHIPEXMOJIOCHHK HarpyKeH Ha XapaKTepPHCTHYECKOe CONPOTHB-
JIeHHe

o=z = In (Uy/U,). (3.33)
Us (3.33) naitmem, uro
Uy U, =e-", (3.34)

Ho Tak Kak npH 3TOM BBHIMOJHSETCS YCIOBUHE 23 =2,, TO HA OCHOBaHHH
CBOMCTBA XapaKTEDPHUCTHYECKOTO CONPOTHBJEHUS JJs1 HaNpsiXKEeHHs
Ha BXOJ€ H BBIXOIE UYeTHIPEXIOJIOCHHKAa MOXHO 3amucatb: U,=
=12, Uy=1,2,. TloncraBass 5T1 cooTHomeHus B (3.34), mosyyaem
Uy/U,=1I,/I,=e=%, Takum 06pa3oM, KO3bHIHEHT pacmpocTpaHe-
HHSl XapaKTepH3yeT MNepejjalollie CBOACTBA YeThIPEXMOJIOCHHKA
KaK 10 TOKY, TaK H IO HalpsiKeHHIO.

Koapuuuent pacnpocTpaHeHus sIBJIAETCS KOMILIEKCHOM BeJH-

unHOM: y=a-+jP H, crenoBaTenbHo, e~ ?=e~% =B, [TepBLIii MHOMH-
TeJb XapaKTepu3yeT 3aTyXaHHe CHr'Hasa, NPOLIEAIIEro yepes YeThl-
PEXIOJIIOCHUK, BTOPOH — H3MEHEHHe cpasm curtana. Ilostomy o
HasbIBAlOT Ko3(ppuyuenmom 3amyxanus, a f — xoaqbd)uquenmom
¢asor wemoLpexnOAOCHUKA.

Haiigem cBsi3b MexIy 9/7eMEHTaMH a-MaTpPHUB H XapaKTePUCTHYECKHMH
napaMeTpaMiu ueThipexnoJiocHMka. Ha ocnHoBanuu (3.28) MOXHO 3anucaTb

Ui 1
—L =aj4a;;—2, 1 B cootBerctBUHE C (3.33)
U2 Uz
. 01 1.2
% =In —=——=In aii +l112 —_ . (335)
Us U,
Ho rtak kak y ompefesisieTcss NpPH YCJOBHH, YTO 4YeTHIPeXMOJIOCHHK Harpy-
JKEH Ha XapaKTepHCTHUeCKOoe CONPOTHBJeHHe, TO [o/Us=1/2y= Van/am. Iox-

CTaBUB IONyueHHOe cooTHomeHHe B (3.35), umeem p=In (a11+V a12021).
Orcioga cjenyer, 4To

e’ =a;;+ Va12021» eV =(a;;+ ValzaZI) -1 (3-36)

Tak Kaxk onpejenuTeJb MaTPHIbl @ AJNST CHMMETPHYHBIX B3aHMHBIX YeThl-
PEXIIOJNIOCHHKOB paBeH eJHHHMIe, BTOpoe cooTHolleHne (3.36) MoxeT OHTb
npeo6pa3oBaHo K BHAY

1 _aii—Vanan v
— =3 =aii— ¥ Q12021
a1+ V apan a11— a12091
ITostomy
e~ =a;;—V 404, (3.37)



ITepBoe cooTHowenne (3.36) u COOTHOIICHHE (3.37) mospoasrOT yCTaHo-
BHTb HCKOMYIO CBfi3h MEX]y 3/€MeHTaMH Q-MATpHIB H XapaKTepHCTHYECKHMH

napametpaMHu 2z, M . CKJajpIBas U BblYHTAS NOWIEHHO cOOTHowenHus (3.36) ¥
(3.37), HaxozuM

au=(e§’ +e".’ )/2=chy, V a12001 =(e”.’ -—e":' )/2=sh1} (3.38)

ITocnepuee PaBeHCTBO MOXHO 3anucaTb B BHIE

shy=V G185 =21 V a12/a21 = a1z V 0a1/ars.

Otkyaa ¢ yuetoM opmyJbl (3.31) OKOHYATENBHO MOJyyaeM
ts=2o5h ¥, an—_—zL shy. (3.39)
0

TToacraBus cootHouenus (3.38) u (3.39) B (3.28), samuulem cucTeMy ypaBHe-
HHH [/ B3aUMHOTO CHMMETPHYHOTO YeTBIPEXIOJIOCHHKA B BHJe

Ulzl)z chf—[—zoiz sh \'z,
I = glsh v+ Iych?y.
(1]

Haiizem cBs3b MeXAYy 3J€MEHTAMH MaTPHLUBI au COIPOTHBJICHHS -
Mu, obpasyiomumi skBiuBasnenTHole T- 1 [1-06pasuble uenu. M3 ane-
MEHTapHOro aHa/ju3a pa3oMKHYTHIX T- u Il-o6pasHbIX Lemed (cM.
puc. 3.13) caenyer

UU, =1+ 2,/(22,). (3.40)
B coorBerctBuH ¢ (3.28) a11~=(:.,—: red ITosToMy Ha OCHOBaHHH
(3.40) u (3.38) MOoxHO 3amnucaTb, 4TO

ay =1+ 2,/(22,)=chy, (3.41)

rle 2; U 2, — COOTBETCTBEHHO CONPOTHBJIEHHE B TI'ODH30HTAJbHOM
4 BepTHKaJbHOM njeyax T- uau I1-o6pasnoit nenu. Mcnoss3ysa dop-
MYJIBL TPHTOHOMETPHH, IpeobpasyeMm (3.41) K BHAY

sh(p/2) =V (chy —1)2=V z,/(4z,). (3.42)
§ 3.5. PHJBTPDLI .

QOUAbTPEL — 3TO NacCUBHBIE JUHEHHbIE YeTBIPEXIIONIOCHUKH € Pe3KO
BbIp a)KeHHOH 4acTOTHOH H30upaTebHOCTbI0. OHH 06/1aa10T MaJIbIM H
NpuUOJU3UTENBLHO IOCTOSHHBIM 3aTyXaHHEM B II0JIOCE YacTOT, Hasbl-
BaeMo# no.ocoti npo3payrocmu (ROAOCOLE NPONYCKAHUS) U NOCTATOYHO
GosbLINM 3aTyXaHHeM BHE 3Toi moJiochl. YactorHas of6JsacTb 3aTy-
XaHHUS Ha3bIBAETCS NOAOCOL Henpo3payrocmu (noaocoii 3azpascierus).
Hpeanbnblit GuaIbTP 06pasyercs TONbKO PeaKTUBHBIMH 3JeMeHTaMU—
KOHZeHcaTopaMH M KaTyUIKaMH HHAYKTHBHOCTH. [losToMy B ero
1oJIoce NPO3PayHOCTH IIOTEPH SHEPTHH OTCYTCTBYIOT (¢=0) u Bcs
MOLIHOCTb CHTHaJ/a BBIe/IsIeTCs B Harpyske. B mosoce 3arpaxkueHus
Gosbiuas yacTb SHEPr'HHM CHrHaJa OTpakaerTcs oO0paTHO K reHeparo-

py.
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[NpuBeneM Kpatkywo KiaccHpHKaUHIO (GUJIbTPOB 1O BHIY aMI/IH-
TYIHO-4aCTOTHBIX XapakrepucTuk. Ha puc. 3.14 npuBeieHH Hjealb-
nble AUX ¢uabTpos Hu3kux dacrot (PHY), Bepxuux yacror (PBY),
noJsiocHo-nponyckawomwero ¢uaprpa (I[MIIP) u nosocHo-3arpaxuaio-
mero (pexektopHoro) ¢uabrpa (I13P).

X X K :‘rl
)y wWy; W

wep W Wep w Wy wy W W, W
a) J) 6) 2)

Puc. 3.14. Uzneanvnie AUX QHIBTPOB: HHXHHX YacToT (a), BEPXHHX YacToT
(6), momocHo-mponycKawllero (6) H 3sarpaxjawomero (e)

OcHOBO#1 TTOCTPOEHHS (PUIBTPOB fABJSAETCS KaCKalHOe CoeJHHeHHe
T- unu IN-o6pa3ubix ueneit. Ha puc. 3.15 nsobpaxeHo coennHenue T-
u [1-0Gpa3HbIX 3BEHbEB, KOTOPOE HAa3bIBAIOT JIECTHHYHOMH LENbIO.

Ilpexae Bcero ONIpeneNHM YCJIOBHe BbI6Opa CONPOTHUBJIEHHH B
rOPM30HTANbHBIX M BEPTHKANbHHIX IJeyaX JIECTHHYHOH lenH, obec-

Z1/2 24/2

22 242 2/2

Zo

29 Zy 24 Z,

2y

(s,

o—0O—9 >0~

Puc. 3.15. JlecthnyHas uenb, o6pa3oBaHHasi KaCKaAHbIM BKJIO-
uyenneM T- u Il-o6pasHbiX 3BeHbeB

neunBampliee ee QUIbBTPYIOLIME CBOHCTBA. Bylem cuuTaTh, UYTO IENb
corjiacoBaHa, T. €. CONDOTHBJEHHE HAarpy3KH 2, M BHYTpeHHee
CONIPOTHBJIEHHE TeHepaTopa 2, Ha BXOJe LENH PaBHBI XapaKTepPHCTH-
YeCKOMY CONPOTHBJEHHIO GUIbTpA. 3aMeTHM, UTO TaKoe MpeArnoJo-
XKeHUe CJeIyeT paccMaTpHUBaTh KaK YCJIOBHOE U HleanH3HpPOBAHHOE,
MOTOMY YTO B OOLIEM CJIYYae Z,, KaK H 2y, H Zp, 3aBHCAT OT YaCTOTHI, H,
CJIeI0BATENbHO, TOYHOE COrJIaCOBaHHE MOXeT ObIThb JOCTUTHYTO
JUIIb B OYEHb Y3KOH IOJIOCE YacToT.

Ilycts 2z, M 2, — YHCTO PpEAKTHBHBEIE CONPOTHBJEHHS OLHOTO
3HaKa: 2;=jX;, 2;=jX;. 3BeHbsl, 0Opasylole JIECTHHYHYIO LElb,
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OIMHAKOBH. BXOJHBIe M BBIXOZHBIE COIIPOTHBJIEHHS] 3BEHLEB DaBHEI
XapaKTepHCTHYECKOMY CONMpOTHBJeHHI0. [TosToMy cBOficTBa JlecTHHY-
HOH LielH MOJIHOCTBIO COBIAJAIOT CO CBOHCTBAMH OTAenbHoro T- HiH
IT-o6pasHoro 3BeHa.

BblusieHUM H3 1I€MH OTAEeJbHOE 3BEHO H B COOTBETCTBHH C (3.42)
3anuiem

sh(v/2) =V 1,/(4x,). (3.43)
Ioncrasass B (3.43) y=a-+jp, nonyuaem
sh L=sh 2 cos &4 jeh Zsind =V x7Exy). (3.44)

Tak Kak crpaBa CTOUT BellleCTBEHHOE YHCJIO, TO MHHMas 4acTb (3.44)
JomxkHa G6biTh paBHa HyJno: ch (@/2) sin (B/2)=0. T'unepGonnueckuit
KOCHHYC B HyJ/b He ofpallaercsi HHKoraa, nostomy sin(f/2)=0,
OTKyZAa KoahbuuueHt ¢asbn f=2kn, k=0, 1, 2,... [Ilpu Taxkux
3HayeHusix f umeeM | cos (B/2)|=1 u cooTHoweHHe (3.44) NpUHHUMAET
BuL sh(/2)=V x,/(4x;), OTKyZa cjlenyer, 4To KO3(xpHLHEHT 3aTy-
XaHUS He paBeH HYJII0 Ha Jilo6oH 4YacToTe M, CJefoBare/bHO, pac-
cMaTpuBaeMasi JIeCTHUYHAs 1lellb, COAepKalllasi B I10C/Ie0BaTENbHEIX
U mapaJiie/ibHbIX BEeTBAX PeaKTHBHBbIE CONPOTUBJIEHHS ONHOIO 3HAKa,
He MOXeT ObITb (PU/IBTPOM.

[ycTb Temepb 2, M 2, — PEAKTHUBHBIE CONPOTHBJEHHS PAa3HBIX
3HakoB. Toraa mopx KOpHeM B (3.43) cToHT OTpHLATENBHOE YHCJIO.
CnenoBatenbHo, sh (w2)=ij1/(4x2), H Ha OCHOBAHHMH COOTHOLIE-
HHA (3.44) nonydaem-

ch (0/2) sin (B/2) =V x,/(4x,), sh(a/2)cos (B/2)=0. (3.45)

Bropoe paBeHcTBO (3.45) cnpaBeiqMBO INPH BHIIOJTHEHHH OLHOTO
H3 JBYX YCJ/OBHH:

cos(f/2)=0, P=(2k+1)n, k=0,1,2,

sh(a/2)=0, a=0.

Takum o6pa3oM, BO3HHKAeT MNPUHUHIHAJBLHAS BO3MOXKHOCTD
obecneyuTh Mosocy NMPO3PaYyHOCTH, B KOTOPOH Ko3(HIUEHT, 3aTy-

XaHHUs paBeH HyJo, IIPH 3ToM ¢asoBas XapaKTePUCTHKA LeNd ol-
penessieTcss ypaBHEHHEM

sin (B/2) =V x,/(4x,). (3.46)
‘Haiinem rpauuiy TOJIOCE IPO3pavyHOCTH (pHIbTPa. B ee npesenax
a=0, a caegoBartenbHo, y=jf, ch y=cos P u ypaBuenue (3.41) npu-

MeT BuA cos BP=1—x,/ (2x2) Tak Kak |cos f§| He mpeBBILIAET eHHHU-
LB, TO TOJYYUM ypaBHEHHE JJis1 ONpeJe/eHHs TPaHUYHBIX 4acTOT
IOJIOCHT IPO3PaYHOCTH:

—1<1—ﬁ-<1 WIH 0<4x2 <l (3.47)

B nonoce sarpaxuenust a0, Ho cos p/2=0. Tlostomy u3 nep-
BOrO COOTHOUieHis1 (3.45) mosyuuM ypaBHeHHS JIJisi ONpeneeHus
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KoahdHIMeHTa 3aTyXaHHA B BHIE
ch (a/2) =V x,/{4x,). (3.48)

PaccMOTpUM KOHKDETHBIE THIBI (DHJIBTPOB.

Puaptpel THNA K. K HHM OTHOCATCS GUABTPHI, NpoM3BeAEHHE
PEaKTHBHBIX CONPOTHBJIEHHH KOTOPBIX B 0CJIeOBATEbHOM H Napas-
JeJpHOM II1eYyaX — BeJHYHHA IOCTOSIHHAsi, M, CJeJ0BaTesbHO,
MOXHO 3amucarth x;x;=K?2, rae K — npoussosbHoe uncrno.

PaccmorpuMm ¢u/bTp HUAKHHX YacToT (puc. 3.16). On o6Gpasyercs
KacKaaHbiM BKJoYeHHeM T- u I1-06pasHbIX 3BEHBEB C MHIYKTHBHO-
CTAMH B MOCJIeJ0BATeILHOM H €MKOCTSMH B IapaJj/ie/lbHBIX IJedax.

ap

L2 {2 L

-l-C =C/2 TI[/Z
Puc. 3.16. T- u Il-o6pasHbie 3BeHbA Puc. 3.17. YacroTHast 3aBH-:

GUIBTPAa HHXKHHUX 4acTOT CHMOCTb 3aTYXaHHS M BHOCH-
Moro ¢asosoro caeura ®HY

[pousseneHne CONMPOTHBJEHHH IJied €CTb BEJIMYHHA MOCTOSTHHAs:
xxo=L/C. KauectBenHoe paccmoTpeHne AUX uenu HpUBOAUT K
BLIBOY, YTO oHa peanusyer ¢ynkuuio ®HY. [efictBuTenpHO, Ha
HH3KHX YacToTax (BKJodass o»=0) CONpOTHUBJIEHHE INOCJEI0BATE/ b~
HOTO IJIeYa MaJo, a NapaJJieJbHOro BeTHKO, YTO IPUBOAUT K BO3MOXK-
HOCTH NPOXOXKJEHHS HH3KOYACTOTHOI'O CHI'HaJa ¢ HeGOJBbIINM ocJ1a6-
JenneM. Ha BBICOKHX yacToTax IIYHTHpYIoLlee NeHCTBHE eMKOCTHOTO
CONPOTHBJIEHHS] ¥ POCT HHAYKTHBHOI'O CONPOTHBJIEHHS NPUBOAAT K
pesKoMy ocJ/1abJIeHHIO CHTHaslla Ha BbIXoje (HJIbTpA.

Haiinem uactory cpesa ®HY. U3 bopmyasr (3.47) nonyuum ypas-
HEHHe /IS ONpeJeJIeHHsl YaCTOTH CPe3a Wep B BUAC Xyop/ (4%2cp)=1.
IMoacTaBasia ClOAa Xiocp=WcpL, X2=1/(0,C), nonyuaem

o, = 2/V CL. (3.49)

ITosoca npospaunocty ®HY onpenensiercs coorHoleHHeM 0 <
<o <@.p. BHyTpH 3TOl NoMOCH 3aTyXaHHe CHI'Ha/la PaBHO HYJIO, a
KoadpuuueHT ¢asbl onpejeasercss H3 ypaBHeHHA (3.46)

sind — i—"/"’zLC—V(ﬂ 0
2 4xs 4 Ocp/  Ocp
B noJioce 3arpaxaennsa (0=>0.,) K03QHIUEHT 3aTyXaHHsA Onpe-
Jienisietcs: cooTHomeHueM (3.48)

o e
ch % — 1/?;‘2 ) (3.50)

Wcp
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Ha puc. 3.17 npeicras/ens KpUBbe 3atyxaHus o (®) H $asoBoro
capura P () ¢uabtpa. AUX unptpa HmeeTr BHI, 0OOGpaTHHIHA
a (o). ’

Paccmorpum ¢uabTp BepxHHUX uyactor (puc. 3.18). Ha Huskux
YacTOTaX CHrHaJl B HeM ocsab/eH 3HauuTeNbHO CHJIbHEe, YeM Ha

a,p
o
2¢ 2 4
__.l |_..
) -~
L 2L 2L CP/// @
-T r——p——-/
Puc. 3.18. T- u Il-o6pasHnle 3BeHbs Puc. 3.19. YacroTHas 3a-
¢HIbTPA BEPXHHX YacCTOT BHCHMOCTb 3aTyXaHHUS H
BHOCHMOro a30BOro cH-
ra ®BU

BEPXHHX 4YacTOTaX, H3-3a IIYHTHPYIOLUIEro JEHCTBHA OTHOCHTENHHO
MaJIoro MHAYKTHBHOro comnpotusiaenus. OyeBuano, uyto u nias GBY
x1x,=L/C. Ha ocHoBe anamusa, aHanoruyroro aHamuzy OHY,
HaijieM, yTO yacToTa cpe3a U KoapbuuueHt saryxanuss ®BU cos-
nanaiot ¢ ¢popmyami (3.49) u (3.50) gns ®HYU. Ha puc. 3.19 usobpa-
JKeHBl KDUBBEIE 3aTyXaHHs M ¢aszoBoro casura GBU.

PaccMoTpuM  mosiocHO-mponycKaomuii  (momocoBoft)  GuabTp
(pHc. 3.20). Ero neficTBHe MOXHO MOSICHHTH CJIELYIOHIMM OGPasoM.

Lo 260 L2 24 L G
[E.

C
LC, 21, Cz/2 2L, 2/2

L,

Puc. 3.20. T- u [1-o6pasHbie 3BeHbS MOJIOCHO-NPOMYCKa-
fouero GuabTpa

Ecin pe3oHaHCHBIE YacTOTHl NMOCJIE0BATEJbHOrO M Iap alJieJbHOro
KOHTYPOB OAHMHAKOBBEI H PaBHBl ®,, TO B JHANa30HE YacTOT O<®,
NOCJIEIOBATENIbHEIA KOHTYD B FOPHROHTAJNbHOH BETBH 3KBHBAJIEHTEH
€MKOCTHOMY CONPOTHBJIEHHIO, a MapaJlJIeIbHBI KOHTYDP 5KBHBaJIeH-
TeH WHAYKTUBHOMY compoTHB/eHH0. [103TOMy Ha yacToTax o<,
nenb, H3o6paxeHHas Ha puc. 3.20, sKBHBaJeHTHA QUIBTPY BEPXHHX
uyactor. Ha yacrorax ©>>®, cOnpoTHB/IEHUS, SKBUBAJEHTHHIE KOH-
TypaM — HMHAYKTHBHOE B IOC/IEJOBATEIbHOH BETBH H €MKOCTHOE B
napaJjjenbHoil BeTBH, 06Da3yiOT SKBHUBAJNEHTHBIH (GHIBTP HHKHHX
yactor. Ha/oxeHHe aMMIUTYIHO-YaCTOTHHIX XapaKTEPHCTHK 3KBH-
BanenTHoIX ®BY u ®HY npusogut k AUX nosocHo-nponyckarwouero
¢uabTpa.
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TpuBeneM KoauuecTBEHHbIE OlLEHKM xapaktepucTuk ITTID. Ilo-
C/IeI0BATEIbHEI M TapajeJbHBl KOHTYPhl HMMEIOT OLHHAKOBYIO
PE30HAHCHYI0 YacToTy 0,=1/V L,C,=1/V'L,C,. Takoe ycioBue
HHOT/Ja Ha3LIBAIOT CHHXPOHHOH HacTPOHKOM.

PeakTuBHLIE CONPOTHUBJIEHHSI KOHTYPOB MOXXHO MNpPEACTABHTHL B
BHIE

x1=mL1——-m—lc—1- C(l—-coLCI)— [“‘(Eﬂ'
L mLz( ! )——-coL 1

o =Tjol,—aC; T—o?L:C, 2 T (@/og)"

Kak BujHO, NpousBeleHYUe CONPOTHBJEHHH IJI€Y eCTb YHCJIO IOCTO-
AHHOE: X1X,=L,/C;.

Yacrorsl cpesa IMI® ,, o, Haiinem 3 ypaBHeHus (3.47), nox-
cTaBMB B Hero cooTHomeHus: (3.51). OnyctuB npeoGpasoBanusi, 3a-
NHLIEM

01,0 =0, (V T+ Ly/L, =V L,/L,). (3.52)

U3 coorHomenus (3.52) noayyum o,®,= 03, T. €. Pe3OHAHCHAS Yac-
Tota XoHTypoB II[1® sBAsileTcss cpeiHHM reoMeTPHYECKHM 4YacTOT
cpesa GHUIbTPA H, CJENOBATENbHO, JIEXKHUT B IOJOCE MPO3PayHOCTH.

M3 (3.52) mosoca mnponyckaHusi ¢uabtpa Ae=w,—o,;=
=20,V L,/L,. TloxcTaBnsis ciofia 3HAaUEHHE DE3OHAHCHON YaCTOTHI
Wy, HAXOAHM, YTO TOJOCA NPONYCKAHHSI MOJOCHO-NPONYCKAIOIIEro
¢uabTpa onpejensiercs TOJbKO HHAYKTHBHOCTBIO MOC/€A0BaTe/b-
HOTO KOHTyDa H €MKOCTbIO NapaJ/eNbHOro KOHTypa:

Ao =2V LC,. (3.53)
3aryxaHue B NpefiesaX MoJOCH NPO3PAYHOCTH OTCYTCTBYeT (a=0),

a (asoBas XapaKTePHCTHKA onpenensercs ypaBHeHueMm (3.46).
IoxncraBuB B (3.46) 3Hau€HHS X; H X,, C

(3.51)

ap yuertom (3.53) mosyumnm -
. B [ (m 2] Ao
o Sln2—:[: 1— 070)]?0_.
r YAan B nonoce sarpaxpuenns xoshduuueHt
/ B 3aTyXaHHUsl onpelessieTcss YpaBHEHHEM
0 R -~ (3.48). IloacraBus B (3.48) sHaueHus
(TE// Wy W,  CONPOTHUBJIEHHH, HMeeM
—7{ ——
F ch%—=[l—(3>2J Ao

4o
Puc. 3.21. YacrtoTHag 3aBH-

CHMOCTh 3aTyXanus u Brocu- Ha puc. 3.21 npuseseHnl rpaduxu
moro ¢asosoro casura II®  zapucHMocTeit KoaddHLHEHTa 3aTy X aHHS
' u ¢asoBoro capura [11D.

Cxema 10JIOCHO-3arp XK AAIOLIEro (PeXeKTOPHOro) GpuabTpa H3o6-
paxena Ha puc. 3.22. KauecTBenHnit ananns I13® MoxHO BhInoJI-
HuTb, Kak H paas II[I®. I'pabuku saBucumocreil] koadduuuenra
3aryxaHus H ¢asosoro casura [13d npusenens Ha puc 3.23.
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Bausnne 4ucjaa 3BeHbEB M Harpy3ku (HIbTPa Ha ero Xapakre-
pucTHKH. AHanu3 ¢GuAbTPOB ObUI BBHIMOJHEH TNPH YIPOLLAIOLIEM
NPENNONOKEHHH, YTO aKTHBHBIE NOTEPH 3J€MEHTOB, OOpasyoLIUX
JIECTHHYHYIO lienb, PaBHH HyJ/o. ITosToMy B mosoce npospauHocTH

Ly/2 Lif2

Ly
2, 2, (s
Ly 2L, 2,
C C. C
T 2 T 2/2 T 2/2

Puc. 3.22. T- u Il-o6pasueie 3BeHbs I13®

KO3(D(dHIHEHT 3aTyXaHHs CTPOro PaBHAJICS HYJIO U, CJAEI0BATEbHO,
He 3aBHce/ OT YHcJa 3BEHbEB 1 B Lend. B nosnoce sarpaxaeHus Ko-
s(pdunnent satyxanuss U GasoBbIl yroa PacTyT NPONOPILHOHANBHO
YyHCaly 3BeHbeB: an, Pn. I'paduueckn 310 Beipaxaercss B pocTe Kpy-
TH3Hbl KPHMBOH 3aBHCHMOCTH 3aTyXaHHsl OT YHCJA 3BeHbEB LENH

n=3
a,pA oA H
£ 2 !
F 4 s e <
|
|
s -
wy jl’ wy w
Wy } o Wo
-t | >
K 0 Wep w
Puc. 3.23. YacrorHas 3aBH- Puc. 3.24. 3asucumocTb
CHMOCTb 3aTyXaHHs U BHOCH- 3atyxanns ®HY or unuc-
Moro ¢asosoro casura I13® Jla 3BeHbeB QHJBbTPA

(puc. 3.24). Cnenyer oTMETHTb, 4TO HauboJee CLLyTHMO YBeJHYEHHEe
3aTyXaHUs NPH YBEJHUYEHUH 1 OT OJHOrO 10 4-5 3BEeHbEB B IIEMH.
C JanpHEHIIEM POCTOM 7 KPYTH3HA 3aTYXaHHS DacTeT MeJJIeHHO.
Kak BuzgHo u3 puc. 3.17;3.19, rpaduku o (0) u p (©) a1s pasauny-
HBIX BHJIOB (DPMJILTPOB HUMEIOT «H3JIOM» Ha 'PaHHIAX NOJIOCH NPOMNyc-
KaHusi. OueBHAHO, YTO (HDU3UYECKH €ro He NOJIKHO ObITb, H OH IMOSIB-
JsieTcsl TONbKO H3-332 HECOBEPIIEHCTBA TNPUHATOH MareMaTHYeCKOH
Mozenu. JeHcTBUTENbHO, TO NPEANOJIOKEHHE, UYTO KaxKIOe 3BEHO H
BCS ILieNb COrJIaCOBaHbI, T. €. Harpy»KeHbl Ha XapaKTePHCTHYECKOe
COTPOTHBJIEHHE Z,o, BeCbMa YCAOBHO. Kak yxke oTMeuanoch, 2, SIBJs-
eTcsi (hbyHKIHEH YacToThl, KaK H CONPOTHBJIEHHE HArPY3KH H BHYTPEH-
Hee CONPOTHBJIEHHe reHepartopa. [lo3ToMy B 4acTOTHOM JAHanasoHe,
6e3ycJIOBHO, YCJIOBHE corsaacoBaHMs Hapyluaetcs. IIpu npubmixke-
HHMH K 4acTOTE cpe3a pas/iHyHe MEXAY Zo, Zy M 2. CTAaHOBUTCH Ha-
CTOJIBKO CYIIIECTBEHHBIM, UTO NPHUHATAS YIIPOHIEHHAS MOJIENb GUAbTPA
He OTpaxkaeT CyLIeCTBa NPOMCXOAAUIMX sBJAeHHH. MX caenctBuem
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CTAaHOBHTCH TO, 4TO BOJM3H @, 3aBHCHMOCTb O (®) H3MEHSETcs:
NPOMCXOAUT IMJIAaBHOE HJH KojebaTelbHOe YBeJHYEHHE 3aTyXaHHsd,
00yC/IOBJIEHHOE BOSHHKAIOWMM OTPak€HHeM  CHrHajla. 3aMeTHM
TaKKe, YTO B pealbHBIX IENsX MOTEPH BCETAA €cTb H, CJIEeH0BaTe/b-
HO, 3aTyXaHHe B I0JOCe NPO3PaYHOCTH He PABHO HYJMIO. YUeT Io-
Tepb NMPHBOAMT K JAaibHeiiuell KoppeKkTHpoBKe peanbHbix AUX H
®UX no cpaBHeHHio ¢ W300paxeHHHIMH Ha puc. 3.17, 3.19, 3.21,
3.23. TeM He MeHee paccMOTPEHHas dJeMeHTapHas TeopHs QHIbTPOB
BecbMa BakKHa, TMOCKOJIbBKY JaeT MpejicTaBjieHHe o0 yCTPOHcCTBe,
NPHHIIHIE JEHCTBHS U OCHOBHBIX Napamerpax (HHJIbTPOB.

®uabTpul THHa M. OcHOBHBLIM HelocTaTKOM ¢HJbTPOB THna K siBasercs
MaJjiasg KPpyTH3HA 3aTyXaHHs BGJIH3H 4acTOT cpesa. toT HeNOCTaTOK Ipeono-
JeH B ¢uALTpax THna M. @uabTph THHa M noayuaioT u3 ¢uabTpos thna K,

HaspIBaeMblX IPOTOTHNIAMH, IIYyTEM «nepepacnpeieJIeHusA» PEeakKTHBHBIX
COl'lpOTHB.)IeHHﬁ B IOCJEJOBAaTEJbHHX H MNapaJ/ijieJbHBIX IJjedax JIeCTHHYHOH

L2 L mlfp  mlfp
el Vg A
A L
Ll
L ml
YN\
'
A2 _I_C/z
T T mC/ZT T'"L72
a) g)

Puc. 3.25. T- uIl-o6pa3nble 3BeHbsl buabTpa THna K
(a) v puabTpa Tna M (6)

uenu. Hanpumep, B ®HY MOXHO mepeHecTH «yacTb» HHAYKTHBHOCTH B Na-
pajJIesIbHYIO BETBb HMJIH «YacTb» €MKOCTH B II0CJ€/10BaTeJbHYI0 BEeTBb
(puc. 3.25).

MOXHO NpeAnoJIOXKHTb, YTO INOJyueHHble TaKHM 06pa3oM Lemu coxpa-
HAIOT QHJABTPYIOLHE CBOHCTBA, €C/IH PEe30HaHCHbIE YaCTOTHl KOHTYPOB yJOB-
JIETBOPSIIOT CJeAyloleMy TpeGOBaHHIO: DEe30HAHCHAsg YacTOTa apaJlesbHOro
KOHTypa B TODH30HTA/JbHOI BETBH M pe30HAHCHAs YacToTa [MOCJeN0BaTeNb-
IOTO KOHTYpa B BePTHKaJbHO{l BeTBH HECKOJbKO HHKe yacToThl cpeza OHUY.
IIpn 5TOM peakTHBHbIE SKBHBAJICHTHBHE CONPOTHBJEHHS KOHTYPOB HMeIOT
TOYHO TaKOH e XapaKTep, YTO M CONPOTHBJeHHST, obpasyrowue PHYU. Oaua-
KO y ¢HAbTPOB THMa M MOXHO OXHAATh CYLIECTBEHHO O6OJIBINYIO KPYTH3HY
3aTyXxaHUsl BOJIM3H YACTOTHl Cpe3a, TaK KaK NDHOJHKEHHE K Hell CONpOBOXK-
JaeTcss npuGIHKEHNeM MOCJeJ0BaTeNbHOTO (LIYHTHPYIOWEro) B NapaJliesbHo-
IO KOHTYpPOB K pe3oHaHCy. B MOMeHT pe3oHaHca SKBHBaJIEeHTHOE CONPOTHB-
JIeHHe TO0CJ/eJ0BaTeIbHOTO KOHTYypa CTaHOBHTCS GJM3KHM HYJIO H €ro IyH-
THpYylollee JeHCTBHE pe3KO BO3pacTaeT, a CONPOTHBJEHHE NapaJJeJbHOro
KOHTypa B NOCJeJOBaTeJbHOH BETBH CTPEMHTCH K OYeHb GOJBILOH BesJHuMHe,
4yT0 MpHGJIHIKAET NMOC/IeNOBAaTeNbHYIO BeTBb K pPa3phiBy menH (addekT «dHIABT-
pa-npo6KH»).

. Ha puc. 3.26 npuBeneHsl 3aBHCHMOCTH 3aTyXaHHS OT YaCTOTHl MJIA
dunbTpos THnos K ¥ M, 11 1ABYX pasiMuHBIX 3HAUeHHH ©), ©; PE3OHAHC-

HOMH 4acTOThl IOCJIeJJOBATENbHOIO KOHTYypa. Kak BHJHO U3 pHUCYHKA, B6JIH37H ya-
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CTOTH Cpe3a KPYTH3HAa KpHBOHl o (®) BeJHKa H pe3KO YBeJHYHBaeTCH NpH
NPUOAHIKEHHH K COGCTBEHHOH pE30HaHCHOH uacToTeé KOHTypa ®, HJIH ©j

(WTPHXOBOH JIHHHEH Ha DHCYHKe IOKa3aHa 3aBHCHMOCTb 3aTyXauus K-¢buabpt-
pa). Vs rpaduKoB Takxe cjenyeT, 4YTO BAaIH OT Wcp—3a DPEe30HAHCHOM
4yacToTol KOHTYypa — K03pOdHIHEeHT 3aTyXaHHs MajaeT. JTo BHI3BAHO TeM, YTO
Ha BBLICOKHX 4YacTOTaxX 5KBHBaJIeHTHble PeaKTHBHBIE CONPOTHBJEHHS KOHTYPOB
COBINAJalOT MO 3HAKy C PEaKTHBHBHIMH CONDOTHBJIEHHSIMH B JAPYTHX IJeyax H
BMecto LC-puibTpa BO3HMKAeT MNeJHTeNb HAa
HHAYKTHBHOCTAX MJH KOHJeHcatopax. Ilo-
9TOMY Ha NpaKTHKe (HJILTP COCTaBJSIOT H3
3BEHbEB C pa3HLIMH 3HAUEeHHSIMH IapaMmerpa
m, B TOM 4HCJe, KaK yxe OBIJIO 3aMeYeHO, B

COelMHEHHH ¢ (QHALTPAMH-NPOTOTHNAMH (TH- /
na K).
§ 3.6. OCHOBbI CUHTE3A $UJILTPOB Wep Wy Wy w

Puc. 3.26. 3artyxanne B

W3 asnementapHoll Teopuu ¢HIBTPOB MOXK- bmabTpe M HIKHHX uacTOT

HO cJesJaTb BBIBOA, YTO MeXIy peasbHBLIMH
AUX (unu XapaKTepHCTHKAMH 3aTyXaHHsi) H
Tpe6yeMbIMH GoJibuioe pasnuuue. HelicTBHTeIbHO, popMa AUX nosmxHa npH-
6auxaTbcsl K NPAMOYTOJNbHOH, B TO BpeMf KaK peasibHble XapaKTepHCTHKH
JIHIIb OTRAJEHHO HaNOMHHAIOT MpsIMOYroJbHylo dopmy. B mpakrtuuecknx ciy-
yafix BaXHO HMeTb KOJIHYeCTBEHHYIO OLeHKY mpubauxenus AUX peasbHOTO
$HJbTPA HA OCHOBe aNNpPOKCHMalHH Tpe6yeMOH KpuBOH.

PaccMoTpuM  ¢uabTp HHKHHX dyacToT. AUX wupeanpHoro ¢uabTpa
(puc. 3.14) 3aBenomo HepeaJausyeMa. 3afafiuM Ko3pdHUMEHT Nepelayd Moll-
Hocth OHUY B BHIe

I mpu 0<<oy <1,
Kp= 0 mnpu oy > 1,

Tle Wy=®/Wcp— HOPMHPOBAHHAS YaCTOTA.
Ha nmpakTHKe WIMPOKO HCHOJMBL3YIOT aNNPOKCHMALHIO APOGHO-PaIHOHAMb-
HoMt ¢yHKuMel BHAA

Kp (0x)=1/(14+0iY, n=1,2,3, ... (3.54)

Ha puc. 3.27 nso6paxeHrl KpuBHe, aNIpOKCHMHDPYIOIIHE MNPAMOYTOJbHYIO
AUX, noctpoennsie no ¢opmyae (3.54). Puaptph, AUX KOTOpHX 3ajalorcs

Kp
K
n=5 P
-1
. 1
7+€2
a5 7 i n=2
|
|
|
|
0 7 Wy 0 1 Wy
Puc. 3.27. MakcumanbHO Puc. 3.28. YeGwuimieBckass Xxa-
naockas AUX @HY pakTepucTika ®HUY

ypaBHerHeM (3.54), Ha3pBalOT QUIBTPAMM C MaKCHMaJbHO IJIOCKOH Xapak-
TepHCTHKON Hau ¢uabTpamu bartepsopra. Umcio 7 HasHBalOT NOPAAKOM
¢uabtpa. Kak BuuHo u3 (3.54), npn oz=1 (na yacToTe cpesa) ocsabreHue
CHTHaJla He 3aBHCHT OT NopsjKa ¢uabTpa'H cocraBaser 3 ab, Ha uacrorax,
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JaJleKo OTCTOSmMX OT YacTOTH cpe3a (wy > 1), amnpokcumupyowas ¢GyHK-
uus umeer BHA Kp~ @ %7, ocaabaenue curnanza (ab) o=10I1g K, (oy) =

~ —20nlg wy. Y3 sroit dopmysEl clepyeT, YTO H3MEHEHHE YacTOTHl Ha OK-
TaBy (B 2 pasa) OpuBOAMT K ocjabileHmio curiana Ha 6 aB. pyrumu
ClIOBaMH, CKODOCTb 3aTyXaHHs B IoJioce 3arpaxjaeHus ¢unbtpos Batreppop-
Ta cocrasaser 6 aB/okT.

Jpyroit cnoco6 annpokcumanun AUX ¢uabTpoB, TakkKe HMEOWHH IIH-
pOKOe INpaKTHyeckoe IpHMEHEHHe, CBfi3aH C HCIIOJIb30BaHHEM NOJIMHOMOB
YebbimeBa Tp(wy). HaBecTHo, uyto nonuHomer UYeGhilleBa Ha HHTepBaJe
(—1, 1) HanMeHee YKJ/OHSIOTCA OT HYJS, MO3TOMY MX HCIOJb30BaHHE IJsA
annpoxkcuMauun AUX mpsMoyroJsHoit ¢GopMbl MO3BOJAET MOJYYHTb KOJHYE-
CTBEHHYIO Mepy oTKJoHeHus AUX B mpejenax moJioChl MPO3PauHOCTH.

3anagum KosppuuueHT mepeaaun MouwHocTH PHY B Buge

1
Ko O =TT oy @9

rae &€ < 1 —mocrosiHHas, XapaKTepusywowas HepaBHoMepHocTs AUX B moJoce
NpO3PayHOCTH; n— NOPALOK MOJHHOMA.

ITonuHOMEL UeGbieBa  ompefeasiores  cooTHouleHueM Ty (0y4) =
= c0s (n arccos wy). Ilpy n=0T,=1, npun=1T;=wy. Broukewy=1T,=1
H MaKkcHMaJbpHble 3HaueHHs T, Ha uHTepBaste (0, 1) Takxke paBHB eIHHHIE
npu mo6oM n. TakuMm o6pa3oM, HepaBHOMEpPHOCTb B II0JOCE€ NPO3PaYHOCTH
(0, 1) He mpesbiaer 3Havenus &%/(1+-€2) (puc. 3.28). Ilyabcaunu Tem Menb-
e, yeM MeHble 3aJaHHBbIH MapaMeTp €, HO, C APYIOH CTOPOHKI, C DOCTOM €
pacrer ocJnabneHue curiana [sto BugHo u3 (3.55)] 3a mnpepesamu moJsiocH
npospauHocT. [loatomy, uTo6bl moayuntb AUX ueGblieBCKOro ¢uibTpa,
Heo6X0AHMO noAGuparth ABa napamerpa: € ¥ n. Kak mnokaswiBaer GoJjee ray-
GoKUil aHa/Mu3, yebbllleBCKHE (GUIABTPHI HMMEIT KPYTH3HY ocjalbienus 60Jb-
My, 4YeM (QUIbTPbl ¢ MaKCHMaJbHO IJIOCKOH aNNpoOKCHMaLHMeH.

§ 3.7. COTJIACOBAHHAS ®HUJIBTPALIUA

PaccMoTpeHHble METOABI YACTOTHOH GUIBTPALUU C MMOMOLIBIO JIHHEH-
HBIX NMACCUBHBIX Lienei He ObLIH CBSA3aHBI ¢ HEOOXOAUMOCTBIO BhIAEE-
HUS TOJIE3HOro cHrHana Ha ¢oHe nomexu. OGecrneyeHHe BHICOKOM
NOMEXOYCTOMYUBOCTH CHCcTeM 06paGoTKH HHGOPMALUH SABJISIETCS
OZHOH U3 HauboJiee BaxKHbIX 33714y, H OHA BO3HHKAET B TeX CJAyHasix,
KOrjJa aMIUIUTYyJa MOJEe3HOro CHrHana couamepuma ¢ 3¢xpeKTHBHBIM
HarpsKeHUeM 1IyMa Ha BXOjfie IPUEMHOM CHCTEMBI. DTO THIHYHO JJIst
PaJHONIOKAHOHHBIX MPHEMHHKOB, B KOTOPBIX 06paboTKa MPUHSATOro
CHUTHAJIa He CBsi3aHa ¢ cOXPaHeHHeM ero (GopMbl M CBOIAUTCS K NOJY-
YEHHIO Y3KOTO «BHIGpOCa» MOJNE3HOTO CHCHA/la Hajl YPOBHEM LIyMa.

PaccMOTpUM 3ajauy BhLENEHHUS CHrHala JUHHEHHOH cTanHOHap-
HOl Lenbio Ha ¢oHe myma. YacToTHO-U36UpaTesbHas LeMb, BHIIOJ-
Hsoast 06paGoTKy CMeCH CHIHaJla M [IyMa HeKOTOPbIM HaHW/IYYIIHM
0o6pasoM, Ha3HIBAaeTCsl onmumaabHuim ¢pursmpom. Kpurepuem ontu-
MaJbHOCTH B PaMOTeXHHUKE NPUHATO CYUHTATh OOeCcreyeHue MaKCHMY-
Ma OTHOLIEHHS CHUTHAM-IIYM. DTO TpeGOBaHHE MPHBOAUT K BHIGOPY
Tako#i ()OPMBI YacTOTHOrO Ko3dduiHeHTa nepenayd QuabTpa, KOTo-
pasi ofecreynBaeT MaKCHMYM OTHOLIEHUs CHTHAMI-LIYM Ha €ro Bhi-
xone. MoxXHO paccMOTpeTh HEKOTOPHIE TUIIMUHBIE COYETAHUST CHIHAMA
U myma. .

[Tyctb S(®) — cnekTpanpHass mJIOTHOCTH cHrHama, W(®) —
SHEePreTHYECKHH CIeKTP NoMexH. B 3aBuCHMOCTH OT BHAA 3THX
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dyukui MoxHo onpenenute AUX ¢duabrpa K (), ocyumecTtBiasio-
IIEro ONTHUMaNbHYI0 (B YKa3aHHOM CMbiCse) GHIbTPALMIO CHrHajxa
Ha ¢oue nomexu. Eciu S(®) u W (o) He nepekpuiBaores, To AUX
ONTHMAJAbHOrO GHIbTPA NPEACTaBAsieT cOGOH MONOCHO-NIPONMYCKaro-
WU GWIbTP, «HACTPOEHHBIH» Ha CIeKTp curHana (puc. 3.29, a).

\) w

Puc. 3.29. Tlpumepnl coriacoBaHHOH GHIbTPAaLHH NPH OLHOEPEMEHHOM Jeii-
CTBHHM CHTHaJa M TOMeXH

Ecnu cnekTpaibHasi MJIOTHOCTb CHTHA/Na 3HAYHTENLHO HIMDPE CIEKT-
pPaJbHOM IVIOTHOCTH IOMEXH, TO ONTHMaJbHYI0 GUIBTPAlHIO CHrHA-
Jla MOXHO OCYILIeCTBHTD C NOMOIIbIO NOJ0CHO-3arP ax Aa10ero QUIIbT-
Pa, «BbIPE3alOIIEro» YacTb CIEKTPa CUrHajla BMECTE C NOJHBIM CHEKT-
pom nomexu (puc. 3.29, 6).

B ToM ke ciyuae, Korja cneKTpajabHasi IJIOTHOCTb NOMEXH mepe-
KpHIBaeT CrnekTp curHana, To AUX ¢uabTpa fosmkHa 10 BUAY Mac-
mTaGHO NOBTOPSTb CNEKTPaJbHYIO NJIOTHOCTh curHana (puc. 3.29,
6). B atom cnyuae ocnaieHHe cHrHaja H3-3a HEPaBHOMEPHOCTH
K (») BbipaxeHo MeHblle, uyeM ocsabJeHHe IIOMeXH, MNOCKOJbKY
K (®) noBropsier S (), u, caenoBatenbHo, K (®) cTpeMHTCS K HYJIO
Ha TeX yyacTKaX YacTOTHOTrO CIIEKTPa, BKJaJ KOTOPHIX B HEPrHIO
curHana majn. B pesysabprate Ha BhIXoze (UIbTPA NnoMexa ocjabjieHa
[0 OTHOILEHHIO K CHTHAJy H 00eCcrneueHO MaKCHMalbHO BO3MOMKHOE
OTHOILLIEHHE CHrHaM-IIYM.

W3 paccMOTpeHHBIX NMPUMEPOB SICHO, YTO ONTHMajbHash GUAbTpa-
IHs1 CTPOMTCS Ha nmpuHuune corsiacopanusi AUX cdunbrpa ¢ dopmoit
CIEeKTPaJbHOH MJOTHOCTH CHrHamla, a CJAeLOBAaTeJbHO, U C BHIOM
curHana. ITostoMy onTHManbHbBIN QUILTP HA3BIBAIOT CO2AQCOBAHHbIM,
a GUIbTPALHIO C024aC08AHHOU TIO OTHOIIEHHMIO K H3BeCTHOH (dopme
BXOJIHOTO CHI'Hasa.

Bynem .cuutath, YTO (HABTP — JIMHEHHBIH CTalHOHAPHBIA ye-
TBIPEXTIOMIOCHUK, OCYLIeCTBJsOMNA 00paboTKy cMecH CcHrHaia
Ug, (¢) ¥ 1IymMa, UMeeT YacTOTHBIH Koa(hdHIMEeHT nepejayu

K (jo) = K(0) e ), (3.56)

rae @ (®) — O@UX yeThpexnomocHHKa.
CnekTpanbHasi IJIOTHOCTb BXogHoro curaana [ug(?) < S, (o)

Sy (0) = Sy (@) 9 (3.57)
rae @.(®) — ®UX curnana.
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. HonyctuM 1nst npocToThl (3TO HE CHHXKAeT OGIHOCTH HOJY4eH-
HOro pesyJibTaTa), YTo AeHCTBYIOIIasi Ha BXOJE YETbIPEXIOMIOCHHKA
nomMexa MMeeT xapakrep Gesoro wyma (C paBHOMEDHBIM 3HEPreTH-
yeckuMm cnektpom W,=const).

CnexTpaibHasi IIOTHOCTb CHIHAJIa Ha BbIXozie Gu/bTPa onpenensi-
eTcsl COOTHOMEHHEM S, (©)=S,(®)K (jo) (3.8). Hcnomssys co-
otHomeHus (3.56) u (3.57), nonyyum

Sy (©) = Sp (0) K () € P @+ (@), (3.58)

Haiinem cursan Ha BhIXoZe QHJIbTPA B NPOH3BOJBHBEIA MOMEHT

BpeMenH f,. [TofctaBuB t=t, u S, () (3.58) B topmysy o6paTHOro
npeo6pazoBanus Pypoe (2.16), monyuum

Uguy (o) = % S Six (0) K (o) o) (O @ +0g (@) +0ty) g (3.59)

-®

Hucnepcust Gesoro Imyma Ha BbIXOAEe (UABTPA B COOTBETCTBHH
¢ ¢opmynamu (2.54) u (3.8)

Ol =52 | K*(@)do. (3.60)

CpenHee KBaJpaTHYecKOe OTKJIOHEHHe myma paBHO V 0%, a Mo-
JyJb MICHOBEHHOTO 3HAYEHHSI CHTHAJIA Ha BBIXOJE |y, (?)|. IToaTomy
OTHOLIEHHE CHFHAI-IIYM PAaBHO |Ugy (£)|/V 02ux. Ucnonbsys Bhi-
paxennus (3.59) u (3.60), nonyuyaeMm, YTO OTHOLIEHHE CHTHAJ-LIYM
paBHO

| = § S(@)K (0)¢ <"’c+"’f<+°"°>|

e . (3.61)

® 1/2
|\—‘2’} _S,, K2 (o) dm]

OnrtuManbHbIi Ko3bhHIHeHT nepefaun GUIABTPa MaKCHMH3HUPYeT
(3.61). 3amaua moucKa ONTHMAaJbHOTO YacTOTHOro KosddHiHEeHTa
nepenaun K, (®) pemaeTcs Ha OCHOBE HepaBeHCTBA ByHsiKOBCKo-
ro — Koy sl omnpeie/eHHbIX HHTErPasoB, COIJIaCHO KOTOpOMY
b 2 b b
(fwe @ de) < IF@Pdef o) ds, (3:62)

a a a

rie f(x) u @(x) — npousBoibHEIe (QYHKUMH. 3HaK paBeHCTBA B
(3.62) uMeeT MecTO B TOM ciyuae, eciu GpyHKUMH f(x) H ¢ (x) paBHbI
HIH B oOlEM ciyyae cBsisaHel cooTHoweHueM f(x)=Cop*(x), rze

C— nocTosiHuast. ByeM cuntath, uTo f (¥) = Spy (0) = Spy (@) €%
a @ (1) =K (0) Kk ),

70



Makcumym orHomenus (3.62) JmocTHraercs mnpH  YC/IOBHH
Spx(@) =CK (0) e~ @@+ o) Yenompsys  (3.57),  momyuaem
Sy (0) €% @ = CK (0) e™1 @k (@*+9%) Ecny 1pa KOMIUIEKCHBIX uHCaIa
PaBHBI, TO PaBHBI HX MOAYJH H apryMeHTHl. Ilostomy

S (0)=CK (0), (3.63)
P (0) =— (px (0) + L) (3.64)

IloxcrasuB Belpaxenusi (3.63) u (3.64) B (3.56), monyuum om-
THMaJIbHbIH 4acTOTHHIH K03pduIHeHT Nepefayu (uabTpa

Kopt (©) =C~1S,, (@) e ™% @ e-joto — C18%, (0) e=ioto, (3.65)

TTonyyeHHsI pe3y/ibTaT NOATBEPKAAET BLIBOJ O TOM, YTO 4acTOT-
HBEI KO3(pHIMEHT nepefayH corJiacoBaHHOro GHJIbTPa ONmpeaesser-
cfl CNEKTPalbHOH IUIOTHOCTBIO CHI'HAMa, AJS BBIIENEHHS KOTOPOro
OH npefHasHayeH. AMIJIMTY/HO-YacTOTHAs XapaKTepHCTHKA (HJIbT-
pa sBJsieTcsl MacluTabHOH KOmHeH CNeKTPalbHOH IJIOTHOCTH CHI-
Haja

Kopt (0) = C735,, (0).

®asoyacToTHasE XapaKTepHCTHKA ¢HJIbTPA 3aJlaHa ypaBHEHHEM
(3.64), dusnueckuit CMBEICJ KOTOPOro 3akJiwoyaercs B ToM, yTo GUX
ONTHMaNbHOrO (GHABTPA JO/MKHA OBITH MOCTPOEHA TAaKHM 06pasoM,
yTOGH! Ha BBIXOZie (PHIIbTPa ObIIM CKOMIIEHCHPOBAHL! HayasbHule ¢ashl
CNEKTPaJbHBIX COCTaBASsIOWIMX curHana. [locjie mpoxoxaeHus uepes
(UILTP B MOMEHT BPEMEHH I, Bce 3JeMeHTapHbIe CeKTpabHbIe COC-
TaBJISIIOLIKE MMEIOT OJUHAKOBYIO a3y, cJiefioBaTesIbHO, CKJaJbiBa-
I0TCSl KOTepPEHTHO H 00pasyioT «BCILIECK», BBIXOXHOTO CHTHaJja. Mu-
HHMaJbHO BO3MOXKHOE 3HaueHHe f, oInpeleJseTcss TeM, 4TO JJIs
06pa3oBaHNsl MaKCHMaJbHOrO BBIXOAHOTO CHI'Hazna TpebyloTcs Bce
3JIeMEHTapHble COCTaBJAIOLINE CIEeKTPa WJIM, HHBIMH CJOBaMH, BCs
SHeprHs cursana. dTo O3HAYaeT, YTO 33jePKKA CHrHANIAa IPH IIPO-
XOXKIeHHH uepe3 GUIbTP He JOMKHA ObITb MEHbIIlE, YeM NMOJHAs JJIH-
TeNbHOCTh curHana. Takum o6pasoM, MUHUMabHOE BpeMs £y AO/KHO
6LITb PaBHO JUIHTEJBHOCTH CHrHasa (uMmmyJbca) t,. OTciona ciepyer
BaXXHbIH BBIBOZ, YTO HCHOJIb30BAHHE COTJIACOBAHHOHN GUNBTPaLHH AN
yBeJIMU€HHS! OTHOLIEHHS CHTHA/-IUyM BO3MOXKHO TPH HMITYJIbCHOM
CHrHajle HJIH NPH OrpaHHYeHHOH MO AJIHTebHOCTH NauKe AMIYJIBCOB.

§ 3.8. COTJIACOBAHHBIA ®UJILTP
A JTYM-UMIIYJBbCA

Kak 6bi1o nokasano B § 2.6, monynp AUX JIUM-umnyabca npu
60/1b11I0M 6ase B mpenenax nonockl A@=pt,, rie B — Ko3hhHIHEHT
NPONOPIHOHAIBHOCTH, NPAKTHUECKH NOCTOSIHHAA BennuuHa, a ®UX
NpejCTaB/sieT KBaJAPaTHUECKYI0 3aBHcHMOCTb (pHc. 2.14). Iostomy
¢ubTp, cornacoBanHbli ¢ JIUM-curHaaoMm, B cootBeTcTBHH ¢ (3.65)
Jo/KeH HMeTb mocTossHHyio AUX B mpenenax mosiocsl 4acToT, pas-
HOH IOJHOH AEBHAUMH, U (a30ByI0 XapaKTEPHUCTHKY, ONMHCHIBaEMYIO
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ypaBHEHHEM
Px (@) = [0 () —04]*/2n—of,. (3.66)

ITokaxem, uyto TpeGyemyro ®UX punpTpa MOKHO peanusoBaTh
Ha OCHOBE JMCIEPCHOHHOH JIMHUU 33J€PKKY, BPeMs 3aePKKH KOTO-
poit nuHeHHO 3aBUCHT OT yactoThl. Kak uasectHo, ®UX uernipex-
IOJIOCHHKA H BPeMs 33JePKKH CHIHa/la, NPOXOASILEro 4epes Hero,

qu(A
7/-l -\
1K

~__

Puc. 3.30. BrixomHoe HanpsiKeHHe Ha BBIXOJE COTJIaCOBaH-
Horo ¢uabtpa ¢ JIUM-curuanom

cBSI3aHBl  cooTHOweHHeM f,=—d@g(0)/do. IloxcraBnss ¢y (o)
(3.66), Haxomum

ty=—[0 () —ou]/p+ts. (3.67)

Ilpu BHYTPUUMNYJIbCHOH MOAYJSLUH YaCcTOTa CUrHalIa H3MeHs-
eTcsl 0 JHHEHHOMY 3aKoHy O (f)=wy+ut (2.36). [ToxcraBasas sto
Boipaxenne B (3.67), HaxonuM BpeMs 3aJlepKKH B Quabtpe f, =
=to—'t.

Takum o6pasoM, Bce crieKTpaibHble KoMnoHeHTsl JIYM-umnynsca
3aJIepXKUBAIOTCSL HAa OHHAKOBOE BpeMs f,. UToObl HaliTH BpeMs MOsB-
JIeHHs Ha BBEIXOJe (PUIBTPA CHEKTPAIbHBIX KOMIIOHEHTOB, HAI0 K
f, npuGaBUTh BEIHYHHY ¢ — BpPeMsl NOAAYH HMIYJbCa HAa BXOJ
¢unbTpa. CreloBaTeslbHO, BCE CNEKTPaJbHblE KOMIIOHEHTHI OIHO-
BPEMEHHO MOSIBJISIIOTCA HA BHIXOJIEe B MOMEHT BPEMEHH f.

Haiizem cursan Ha BbiXoze onTHManbHOro ¢puiabTpa. IloxacraBus
B (2.16) cootHoweHnus (3.65), (3.8), nomyuyum

g (t)——f 82 (0) &0 =10 do,
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IToacraBuB croga S (o) (2.37), HaxoxuMm
‘°H+‘"n/2 a)H+o)n/2

(j2 ’ l/2 ’
Ugax (t)=C-IW S elof do =C~* 7 S cos ot’ do+-
Oy=0,/2 0=,/ 2
OJH+(011/2
2
—I—jC‘lg—lu S sinw?’ do, (3.69)
0y=0,/2

rae t'=t—t,.

Bropoit nuterpan B (3.69) paBeH Hyo, TaK KaK HeyeTHast GyHKUUS
sin !’ uHTErpUpyeTcss Ha CHMMETPHYHOM HHTepBaje. Ilocie mpe-
06pa3oBaHUil MOJTYYHM

' n(E—t
Ug (1) = A ﬂ';}“’(t‘—;" cos [y (t—1,)]. (3.70)

I'paduk BbIXORHOro cHrHaja usobpaxen Ha puc. 3.30. Kak BugHo,
BBIXOJHOH CHrHaJ JAEHCTBHTEJNbHO NPEACTaBJsieT COOOH «BCIJIECKY.
JlautenpHOCTb OCHOBHOrO Jienectka oOpaTHO MpOMOPIHOHAJbHA Jie-
BHAIlMM YacTOThl, TAK KaK NEPBBIH HyJb orubawliell curxama, Kax
310 caenyer u3 (3.70), momajaeT Ha MOMEHT BpeMeHH ! ={—t,=
=+mn/w;. [Tostomy tBb,x—Qn/mn—4n/ (wty).

Koshduuuent cxatus JIYM-umnysbca, obecneqnBaeMblil corea-
COBAHHBIM (PUILTPOM,

K= tu/tyux = W3/ (4n) = B/(4m).

Takum obpasom, cxkarue JIUM-umnysnbca nponopuHoHaabHO 6ase
curHana. [Ipakruyeckne 3HaueHuss B nopsaka 102. . .10%, nmosromy
JUTHTEJIbHOCTD BCIJIECKA CHI'HAJla Ha BBIXOJIE COIVIaCOBAHHOI'O (DHJIbT-
pa MoxeT GbTb ymeHblieHa B 102. . .10° pas mo cpaBHEHHIO C JJIH-
TenbHocThio JIUM-uMnysbca.



[JIABA JIMHEAHBIE
4 AKTHBHbBIE LENNH

AKTHBHOR Ha3HIBAIOT LeNb, COAEPKALULYIO AKTUBHHIE SJIEMEHTH —
TPaH3HUCTOPHI, 3JIeKTPOHHBIE aMIbl, FIHaye, aKTHBHYIO leNTb MOXK-
HO ONpeAeNUTb KaK Lenb, Ko3pHLUHEHT nepenayd MOLIHOCTH
KOTOpOH 60Jibille eAHHHILI. DKBHBAJEHTHOE NMpeJCTaBJeHHe LeNnH
onpejieisieTcss PeXXHUMOM paboThl aKTHBHOTO 3jeMeHTa. Ilas Ma-
JILIX aMIUIHTYJ MepPeMeHHOro CHTrHajla XapaKTepHUCTHKH TPaH3H-
CTOPOB H 3JIGKTPOHHBIX JIaMN NpPaKTHYeCKH JHHelHH. B sTOoM
cJlyyae aKTHBHYIO Llellb MOXKHO NPeACTaBHTb JHHEHHBIM YeThIpex-
noJjiocHiikoM. Heo6X0AHMO OTMEeTHTb, YTO GOJIBIMIHHCTBO aKTHB-
HBIX YeTHIPEXIOJIOCHHKOB HEeB3aHMHHI, T. €., KakK NpaBHJIO,
2197291 (cM. § 3.4). Ha Bxofle aKTHBHBIX YeTHIPEXIOJIOCHHKOB
JeCTBYIOT HCTOYHMKH CHTHaJa, a K BBIXOAY NOAKJIIOYEHO COM-
POTHBJIEHHe Harpy3kH 2y. [Iofx BBLIXOJHLIM HaNpsi)KeHHEM INpH
3TOM NOApa3syMeBaercst MajieHHe HANMpsKEHHS Ha CONMPOTHBJE-
HUK Harpysku. /st NIpHHSATOro Hanpas/eHHs] TOKAa BO BHelIHe#H
UenH YeThIPeXMONIOCHUKA (puc. 4.1, @) magenve HanpsXeHHS
Ha Harpyske Uy PaBHO 1O 3HAYEHHIO H IPOTHBOMOJOXHO MO

3HAKY Uz(Uz——lng) B nauHOi rJ1aBe H4 OCHOBE TEODHH JIH-
HEHHOr0 YeTHIPeXNOJIOCHHKA PacCMAaTPHBAIOTCS OCHOBHBIE Xa-
PaKTEPHCTHKH AKTHBHBIX JHHeHHHIX ueneli, 3bdeKkr obpaTHOi
CBA3H, KDHTEPHH YCTOMYHBOCTH Lenei ¢ o6pariHoil cBA3bIO.

§4.1. AKTUBHBIA YETBIPEXTIOJIIOCHUK KAK JIMHEAHBIA
YCHJIUTEI/Ib

3anumem cootHowenue (3.27) JHHEHHOrO YETHIPEXMOMIOCHHKA B
BHJE

Ui=1hy+Ushy,,

]2 =]1hz1+ U2h22~
CoortHomenue (4.1) siBasieTcsi cHCTEMON YpaBHEHMI KOHTYDHBIX TO-

KOB, B KauecTBE KOTOPHIX BBICTYNAIOT BXOJHOH H BEHIXOJAHOH TOKH,
3aflaHHBle CBOMMH KOMILIEKCHBIMM ammuiutyiamud. Ha puc. 4.1, 6

4.1)

r_ if /’” jg (;H
S —— r
Uy A rod
a) P
| I | 5)
"Puc. 4.1. AKTHBHBIi YeTHIPeXMOJIOCHHK (d) H €ro 3>KBHBaJleHTHasg
cxema (6)
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H300paxkeHa 3KBHBAJIEHTHAsl CX€Ma UYeTHIPEXMOJNIOCHHKA, MOCTPOEH-
Has B COOTBETCTBHH C yPaBHEHHSIMH (4.1). B aToit cxeme ¢ TIOMOLIBIO

HCTOYHHKA Hanpsokenusi Ushi, ydTeHO BiHAHWe Hanpsokenus U,
na Benuguny Uy, @ C IOMOUIBIO HCTOYHHKA TOKA [iftay — BaMsiHUe
BXOZHOTO TOKAa Ha TOK /,.

- Tak kak Uz=—1'2zﬂ, TO BTOpOe ypaBHeHue (4.1) mpumer BuZ
Jo=1ho—I 2M2s2y, OTKYJA

Iyl = har/(h322y), (4.2)

rae hs=Hha+Gy, GH=ZL. CootHomenue (4.2) onpenensier yacTor-
H
HBIH KO3(HUIIMEeHT nepefauH YeThIPEXMOMOCHHKA [0 TOKY
K= hy/(hs2y)-

YacroTHbIH KOS(UIHEHT TNepPelayH MO HAMpSKEHHIO Ky=

=—U,/U; ualifeM, MCK/TIOYHB TOK [, M3 mepBoro ypaBHeHus (4.1)
H Hcnosb3oBaB (4.2):

KU=—h2l/Ah" (4°3)

riue Ah,—':huh;z_'hﬂhﬁ-

Kospduuuentsl nepenauu B gopme (4.2) u (4.3) moxkHO paccmar-
pUBaTh KaK K03PGhUIUEHTH YCHJIEHHS IO TOKY H HanpsKEHHIO akK-
THBHOTO YETHIPEXIOMIOCHHKA.

BXojHo® COMPOTHBJIEHHE AKTHBHOIO HYeTHIPEXMOJIIOCHHKA — CO-
NPOTHBJIEHHE HAa Pa3OMKHYTBIX BXOJAHBIX 3aXUMaxX — HalJeM H3
nepsoro ypaBHenus (4.1)

BX — U1/i1 = hu—hzlhm/h;w

BbixoaHOe CONPOTHBJICHHE 2y, — CONPOTHBJIEHHE HA PA3OMKHY-
THIX BBIXOJHBIX 3aXHMaX 4YeThIPEXMOMIOCHHKA NPH MOIKJIIOYEHHOM
KO BXOJly MCTOUHHKE CHCHa/la ¢ BHYTPEHHHM CONPOTHB/IEHHeM R, —
HaiJleM U3 BTOpOro ypaBHeHus (4.1)

1 0

BHIX
Zphix Us

2

HpH U.=0 j1=Uzhlz/(h11+Rr)=UrhIZ/hl’l» rue hh:hn“l‘Rr,
H OKOHUYAaTeJIbHO

Y g = oo+ Riohoi /R 4.4)

TMonyyeHHble COOTHOLIEHHS 3AMETHO YNPOILAIOTCSA NPH YCJAOBUH
ZV > hast

Ky hy, 24 by,

KU_ —hnl_——KI 2“

Zgx Zgy

Iy -
= 'U_: Roy + Ry

(4.5)
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3anuweM nepBoe ypaBHeHHe cucTeMbl (4.1) B Buie GyHKIHOHAJbHOH 3a-
BucumMoctH U;=F (I, U,). Hcnosb3ys pasnoxkenue B psax Teisiopa mo Ma-

JbIM TpHpameHHsM BXogHoro Toka Al; m BexomHoro nanpsxenns AU,,
HaiifleM mpHpalleHHe BXOJHOTO HaNpSIKeHHSI B BHJe

. oUu oU
AUp=—+ AL+~ Us.
ol U,=const U, I,=const
CpaBHHB NOJIyueHHOE COOTHOIIEHHe C NepBHIM ypaBHeHHeM (4.1), 3amuuem
oU, Ui
hij=— y ha=—r .
07 |U,=const 0Uz |1;=const

ManeiMH npHpameHHsiMH SABJSIIOTCS MaJjible TepeMeHHble TOKH H Hampsixke-
nus. Takum o6pasoM, AJist MaJblX CHI'HaJOB NapaMeTpul Mgy, Mip (M, OYeBHI-
HO, has, hoy) sBAsIIOTCS IAMddepeHIHaNbHEIMH U NPEACTABAAIOT CO00H HaKJOH
xapakTepuctHk U, (I7), Uj (Up) B 3ananHofi paboueil Touke, DTH Xapakre-
PHCTHKHK He SIBJISIOTCS JIHHEHHBIMH, TIOSTOMY CHCTeMa YpaBHeHHil crnpaBel-
JUBa, CTPOro TOBOPS, NpH HCYe3alolle MaJoH aMIVIMTyle BXOAHLIX BO3leil-
ctBuii. TeM He MeHee mnoJioxeHHe paGouell TOYKH MOXeT OHITb BHIGPAHO
TakuM o6pa3oM, 4TO B JOBOJBHO WIHPOKOH 06JacTH BOJM3H Hee XapaKTepH-
CTHKH MOTYT CYMTaTbCA JHMHEHHBIMH C JOCTaTOYHOH CTENeHbI0 TOYHOCTH.
B naabHeiilem GyneM CUMTaTb, 4TO A-apaMeTPbl OTHOCATCS K TepeMeHHbLIM
MaJIEIM HanpsiKeHHSM H TOKaM.

§ 4.2. TPAH3UCTOPHbIA YCHJIMTEJIb

JIns TPaH3HCTOPHOrO YCHJHUTENS — UENH, colepkaulefi aKTHBHBIH
sneMeHT (GUMOJISIPHBIA TPAH3UCTOP) M CONPOTHUBJIEHHE HATrPY3KH
2y4,— Heob6XoauMo 060CHOBATb 3KBHBAJIEHTHOE MpPEACTABJIEHUE TPaH-
3HCTOPa B BHJE cXeMbl pHC. 4.1 U BBIPa3uThb A-niapaMeTphl LleNH yepes
napameTphl TPaH3HCTOPA, CBS3aHHBIE C NIPOTEKAIOMWUMH B HeM (DH3H-
YEeCKUMH TIPOLECCaMH H, C/efoBaTesIbHO, He 3aBHCAIlHe OT cnocoba
BKJIIOUEHHS] TPaH3UCTOPa B lenb. K 3THM napaMeTrpam OTHOCSTCS:
IubdepeHLHaNbHble CONPOTHBJIEHHS 3SMHUTTEPHOro mnepexona r,,
KOJIJIEKTOPHOTO Tepexoja ry U 6a30BoH o6sacTu rg, KO3hpHUIHEHT
nepejaud TOKa aMHUTTEpa o, K0oahhHUIHEHT mepefauyn Toka 6asH f.
Kak usBecTHO, TOK 3MHUTTepa paBeH cyMMme ToKa 6asbl /4 U KOJLIeK-
Topa [. Tok 6a3bl onpenensieTcsi peKOMOMHAIMOHHBIMU SIBJIEHUSMHU
B o0beMe U Ha TIOBEPXHOCTH 6asbl. B coBpeMeHHBLIX TpPaH3HCTOpax
¢ MaJIoHl LMPHHOH 6a3kl TOK 6a3bl He3HauuTesneH. [loaToMy TOK 3MHT-
Tepa MOYTH PaBeH TOKY KOJJIEKTOpa (3a BEIYETOM MAjoOro ToKa 6ashl):
11, =a, a~0,98...0,995. KosdpduuueHt nepeaayn Toka 6asbl

Iy Iy a

T T e P
H, caejoBartenbHo, B> 1. TOK sMHTTEpa B OCHOBHOM OINpENENsieTcs
HanpsikeHHeM Mexay 6azoil 1 SMUTTEPOM H OYeHb c1a60 3aBHCHT OT
HanpspKeHHsl Ha KoJJIeKTope. DTO MOXKHO TPaKTOBaThb KakK BechbMa
He3HAUHTENbHYI0O BHYTPEHHIOIO CBS3b 10 HANPSDKEHHI0 MEXIY KOJ-
JIEKTODHBIM M 3MUTTEDHHIM mnepexogamu. Ha moctaTouHo HH3KHX
4acToTax OOBIYHO NpeHeGPeralnT BHYTPEHHHMH DPEAaKTHBHHIMH CO-
NPOTHBJEHHAMH TpaH3HcTopa. Ha ocHOBaHHM H3/I0KEHHOTO 3KBH-
BaJIEHTHYIO CX€MY TPaH3HCTOPA MOXKHO NPEACTaBHTb B BHaE T-00-

76



pa3HoO#l CXeMbl, cofep:Kauiedl TONBbKO aKTHUBHBIE CONPOTHBJEHHUS H
HCTOYHHK TOKA B KOJIJIEKTOPHOH LlemH, oTpaxatomel spdeKT npamoi
nepenauu Toka (puc. 4.2, a). MICTOYHHK TOKa ¢ INYHTHPYIOLHM CO-
NPOTHUBJIEHHEM 7y MOXET ObITb 3aMEHEH 3KBUBAJICHTHBIM HCTOYHUKOM
HanpsikeHuss U,,, ¢ BHYTPEHHHM CONDOTHUBJEHHEM ry (puc. 4.2, 6).

oAl

Ug §=0ryl.
3 I's r,(. K 3 ry rk K K 3K

re rs

6 b
9)

Puc. 4.2. T-o6pa3Hasi 3KBHBaJleHTHas cXeMa TPaH3HCTOpa

[peacraBieHse TPAH3UCTOPA B BHJAE YETHIPEXMOJIOCHHKA HMEET Ty
0COGEHHOCTb, YTO MapameTpPhl LENH 3aBHCAT OT clocoba BKJIOUEHHS
Tpansuctopa. OCHOBHBIE CXEeMbl BKJIIOUEHHSI TPAH3HCTOPA B LEMNb:
c obuleit 6asoit (OB), ¢ obuum 3MHT-

TepoM (O3) 4 ¢ obUHM KOMJIEKTOPOM I, N
(OK). B cooTBeTcTBHH C 3KBHBa-
JIEHTHHIM TIPEACTABJIEHHEM TPAH3UC-
TOpa KOMILIEKCHbIE aMIIHTYIbl Ha-
NpsiXEHHU U TOKOB 3aMEHHM HX MO-  o—
LyJasiMH. 3aMeTHM, YTO CONpPOTHBJE-

e Usks

L
HHUS 7, U r'g CYLIECTBEHHO MEHBLUE Iy. Puc. 4.3. OKBuBa/leHTHass cxe-

Youauteds ¢ obmeil  6a3oii Ma ycHauTeas c obuieit 6a3oi

B COOTBETCTBMH C 3KBHBaJEHTHOH

cxemoil (puc. 4.3) samumem caeaywoumne ypasHenus: U,=I(r,+
+re)t+1erg, Us=Irgt(rqtrg)ls+ U, B 37O cxeme TOK sMHT-
Tepa paBeH TOKY /;, cienoBatesibHo, U, ,=argl,. Tlostomy cucreme
ypaBHEHHI COOTBETCTBYET 2-MaTpHIa C Napamerpamyu

2 =ry+ 715, 212 ="Tg,
2y =Tt aAry ™ ar,, 2y,=ry+ ¢TIy

IMoncraBus B (3.29) BhIpakeHHs A/ 2-MApaMeTPOB, NOJYUYHUM IJId
cxembl OB

h116=r3v h126=r6/rm

hog=—0, Hhog=1/r,.
B cootBerctBuH ¢ (4.5) Ko3bodHuMeHT ycuaeHus no Toky K,=
=h,4=—0,, BXOJHOE conpoTrusieHne R, =r,. Kospduunenr ycune-

Hus no Hanpsikenuwo Ky=aRy/r,. B coorBerctBuu ¢ (4.4) Bbl-
XOJHOE COTMPOTHBJIEHHE

~ Rr+ry
R & e g7 376"
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Takum ofpasom, Tpansucropuuil ycunurenb OB umeer Huskoe
BXOJHOE M JOCTATOYHO GOJBbILOE BHIXOZHOE CONPOTUBJICHHE, YTO NMPH-
OnHKaeT ero K HCTOUHHKY TOKA, YNPaBJISEMOMY TOKOM.

YCHIHTENDb ¢ 0GIHUM SMHTTEPOM. B COOTBETCTBHM C IKBHBAJIEHT-
Ho# cxemoll (pHc. 4.4) 3anuieM ypaBHEHHS

U1=]1(r6+ra)+]2rav
U2=]1r3+12(rx+r9)—uaxn~

B sro#t cxeme ToK smurrepa I,=I,41,, crepoBarenbHo, U, =
=ary(/,+1,). TlogcraBus U,,, Bo BTopoe ypaBHeHHe, HaiieM 3J€-
MEHTHI 2-MaTpHLBL:

2u=rgtre 213 ="5
2y =y DL Qly,  Zgg =Ty T,—0ry

1 h-napameTpnl cxemsl ycunutens O

hiis ~ r6+ﬁra’ hiza ~ Bra/rru
hzl'a = 6, hzza = ﬂ/f,‘.

Ipu ycnosun R, &Kry/P KOSPPHUIHEHT YCUNEHNS IO TOKY H BXOJ-
HOE CONPOTHBJIEHHE YCHJIHTENS COOTBETCTBEHHO PaBHBI:

Kl ~ h2la = ﬁv Rax = rahzia- (4 6)
KoathdunuesT ycuneHHs no HanpsiKEHHIo
Ry Ry

Kuﬁ'—hmR—Bx———-

B cootBerctBHH ¢ (4.4) BHIXOLHOE CONPOTHBJIEHHE

R ~r Rr+rg-+ha1s7s
BEX TR (Rp+4-76) ha1s

TakuMm oGpasoM, TpaH3HCTOPHBIH ycuautenb O 1o ycHIeHHIO
HanpsixKeHUsi paBHoueHeH ycuiurtenio OB, HO HMeeT ycuieHHe 11O
TOKY B h,,, pa3 Gosblue, yem B cxeme OB. CnenoBatenbHO, H ycue-
HHe 1o MoiHocTH B cxeme O3 B h,,, pa3 6osbiue, ueM B cxeme OB.
Yeunurenp O3 uMeeT OTHOCHTENBHO GOJBILIOE BXOIHOE COMPOTHBIIE-
Hye (npuGIH3HTENbHO B Ay, pa3 GoJibliie BXOAHOTO CONPOTHBJ/IEHHS
cxeml OB), uro onpeznensieTcss MalbiM BXOIHBIM TOKOM — TOKOM
6asnl. Cxema O3 mMmeeT oueHb GOJIbIIOE BEIXOAHOE CONpPOTHBJIEHHE,
npubaHKaleecss K CONPOTHBJIEHHIO KOJIJIEKTOPHOrO TNepexoia.
Yeunurenp O3 ¢ TakKUMH napameTpamMH NPHOTHIKAETCst K HCTOUHHKY
TOKa, yNPaB/IsieMOMYy HanpsiKeHHeM.

[MpumenutensHo K cxeme O Bropoe ypaBHeHue (4.1) npuHHMaeT
BUL [y =1Ighs1,+Ushss,. Hanpsixenue Ha Harpyske Uy=1I R,=
=—1U,, a Tox Gasnl /4=U4/R,,, nostomy

I,= (hzia/RBx) Ug—haUs 4.7)

TMapamerp S=h,;,/R,y SIBASETCA KPYTH3HOH XapaKTEPHCTHKH
tpansucropa I4(Us) B paboueii Touke.
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Ha ocnoBauuu cootHomeHHsi (4.7) MOXHO HOCTPOHTb 3KBHBA-
JIEHTHYIO cXeMy BbIXOAHOH uenH ycunurenst O (puc. 4.5). Koapdu-
IHEHT YCHJIEHHs cXeMbl no HanpsikeHHio Ky=—SRy.

U.
II re ry Ik [2
U, ["3 R" Uz
L
Puc. 4.4. DKBUBaJeHTHas cxe- Puc. 4.5. DksHBaNeHTHAA
Ma YCHJIHTEISA C OOLHM 3MHT- cxemMa BHIXOAHOH IlenH
TepoM yCHIUTENSE C OOULHM 3MHT-

TepoM

VYCUIuTedb C OGMMM KOJJIEKTOpoM. B COOTBETCTBHH C 3KBHBa-
JIeHTHOH cxemoi (pHc. 4.6) 3anuuemM ypaBHEHHS

U1=11(r6’|"rx)+lzrx+uaxm
Up=Lre+ 1, (ro+ 1)+ Usis
B 3Tol cxeme TOK 3MHTTEPA PaBE€H NO 3HAUEHHI0O U NMPOTHBOIIOJIOXKEH

0 3HAKy TOKY /s, cefoBaTenbHO, Uy y=—0ry/> H CHCTEMA YPaB-
HEHHH COOTBETCTBYET Z-MaTpHIE ¢ Ma-

I, s n I
pameTpamH
zll=r6+rkzrm zl2=rk(1_a)$ v Tk R
251 =", 222=ra+rx(l—a)' ! Usis Le "
. 3K
HaiizeM h-napameTpn! cXeMmbl yCH- '
aurenas OK: RS
hooo~r r By~ 1 Puc. 4.6. DxBuBajeHTHas
h“" s+ Brs, 12K i cXeMa YCHJIHTeNIS ¢ OGLHM
ax=—B+1), huP/ry. KOJIJIEKTOP OM
Ipu ycnoBun Ry <Zry/p  KoahdHUHMEHT yCHIEHHS 1O TOKY
K,=—(@ 4+ 1)~ —hs;, ¥ BXOgHOE CONPOTHBJEHHE YCHIHTENS

Ry = (1 4 hy,) Ry Takum 06pasoM, KOS(PPHUUHEHT YCHIECHHS IO
HanpsuKeHHMI0O [NPAaKTHYeCKH paBeH eauHuine. JlefcTBHTENBHO,
Ky=—K;Ru4/Ry~~1. TIo3TOMy MOXHO cuuTaTh, uTO ycuauteab OK
MOBTOPSIeT Ha BBIXOJE BXOJHOE HarMpSKEHHE KaK MO 3HAYEHHIO, TaK
u no pase. I'To sToit npuunne ycunurenp OK HasbIBAIOT amMummepHoim
nogmopumenem.

B cOOTBETCTBHHM ¢ NPHUBEAEHHBIMH COOTHOLIEHHSIMH BHIXOJHO®
COMPOTHBJIEHHE YCHJHUTENS! Ry, ~~r,. Kak BHIHO, BHIXOLHOE COMPO-
THBJeHHe ycuautens OK ouenb Mano, M NMOITOMY CONpPOTHBIEHHE
HarpyskH, MWIyHTHPYomee R, MOxKeT GbITh NPH HEOOXOAUMOCTH
BbIOpaHo ManbiM. Biaropapsi mManoMy BHIXOAHOMY CONPOTHBJIEHHIO

SMHTTEPHBIH MOBTOPHUTE/b OJNHM30K HAEATBbHOMY TeHepaTopy Hamps-
ZKEHHS. .
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§ 4.3. LENY NUTAHUSA BUNOJSAPHOTO TPAH3UCTOPA

Llenb muTaHus CAYKHUT A9 3alaHUsl pabouell TOUKH Ha XapakTepH-
cruke [x(Ux) TpaHsucTopa, T. €. HaNPSIKEHHs Ha KOJJIEKTOpe H
COOTBETCTBYIOIIEr0 TOKa KoJsnektopa. OfHAKO CcHJIbHas TeMmepa-
TypHas 3aBUCHMOCTb NapaMeTPOB TPAH3UCTOPA MOXKET NPHBECTH
K OTKJOHEHHI0 pabouell TOUKH OT ee pacueTHOro mnosoxkeHus. Ilo-
3TOMY BHIGOP LeNH NHTaHHs 06YCJI0BJIEH HEOOXOJHMOCTbIO CTaGHIIH-
3andu pabGoueil TOYKH NPH H3MEHEHUH NapaMeTPOB TPaH3HCTOPA.
OCHOBHOH TNPHYHUHON TeMNEPaTypPHOH HECTaGUNIbHOCTH SIBJASETCS
3aBUCHMOCTb OGPAaTHOTO TOKAa KOJJIEKTODHOrO nepexoia Ixgo OT
TemnepaTtypbl. B KauecTBe OL@HOYHOrO COOTHOIUEHHS MOXKHO INPH-
HATDb dIKso/dT’lO,l ]KBOK—:l'

[Tokasaresem TemmepaTypHO#l CTabUJIbHOCTH TPaH3HCTOpPA NPH-
HATO CYMTATh KOI(P(HULHEHT UyBCTBUTENbHOCTH:

Skpo = dI/dIxpo. (4.8)

TTostomy TemneparypHasi cTa6HJIBHOCT pabGouell TOUKH YCHIHUTENS
MOXKeT GuITh oneHeHa Kak S;=Skgod/xso(T)/dT.

Kak u3BecTHO, CTaTHYeCKHMH IapaMeTpaMd TpaH3ucTopa SB-
JISIIOTCSL CTaTHUeCKUH Ko3(h(HIMEeHT nepenayd ToKa sMHUTTEPA A, 5=
=—(Ix—Igpo)/I5 ¥ craTHuecKHMH KO3(DPUIHEHT mepenaud TOKa
6asnl h213= (IK_IKBO)/(IB+1KBO)' M rtak kak ]B=13—1K, TO

hy1n=|hs15 /(1 —|hy5 ).

AGcousoTHoe 3HaueHHe Ay p OJH3KO €IMHUIIE.
B cxeme ¢ obueit 6a3oi

Ik = Ishus+ Ixso, (4.9)

a B cxeMme c obmuM sMHUTTEPOM [x=Ighsis+Iks0. TOK Txsp €cTh
o6paTHblfi TOK KoJulekTopa (A cxembl OJ) npu Toke 6asbl, paB-
HOM HYJIO:

Ixs0 = Ixso/(1 —| hosg [) = (1 + Aa13) Ixs0-
CnepoBarenbHo, B cxeme O
Ix = (1 4+ hy1p) Ixso+ I shuss. (4.10)

Has cxemnl OB moxHO cumtate /s=const, u Tak kak /x>
>Ixpo, TO cMellleHHe paboueil TOYKH, BLI3BAHHOE HECTaOUIbHOCTHIO
06paTHOro TOKa KoasekTtopa (4.9), He HMeeT CyleCTBEHHOIO 3Haue-
uus. Jlpyras curyanusi Bosuukaer B cxeme O3. Tok Ix50> kg0,
¥ MI03TOMY JOJIKHbI GbITb NPHHATHL MEPH! N0 CTaGHIH3AlHMH paboyeit
TOUKH.

Paccmotpum npocTefiunyio Lenb NHTaHHs, 06ECTIEYHBAIONLYIO CTa-
Gunuzaumio Toka 6asel B cxeme O (puc. 4.7). I1pu Gosbluom Hanp sxe-
Hun nurtauus Up»>Ug Tok 6asel B paGoueii Touke onpenessiercst
ToMbKO HampsikeHneM Uy: I¢= (U;—Uq)/Rg~U, /Rg. Tlostomy B
cooTBeTcTBHH ¢ (4.8), (4.10) Kos(hpHUHEHT UYBCTBHUTENBHOCTH LEMNH
Skpo=14h;15. YMEHbIIEHHS BENTHUHHB Sgpo MOXHO IOGHTBCS



Puc. 4.7. Tlpoctefimass uens nH-
Tanusa ycuaurteas O

Puc. 4.8. llens nuranus, obpaso- —]
BaHHasl JeJHTeJeM HaNpsiXKeHHd U
pe3HCTOpPOM B LiemH 3MHTTepa (a),
S5KBHBaJeHTHHIE CXE€MB BXOAHOM
uenu (6, 6)

B cxeme, H3obpaxkeHHOH Ha puc. 4.8, a. B nenp 6a3wl BK/IOUEH A€1H-
Tesb, O0pa3soBaHHBIN pesncropamu R; M R., unenb sMuTTEpa — pe€-
auctop R;. Pesucrop R, aBisiercs Harpyskoil. Halinem Tok 6a3bl.
CorsiacHo Teopeme 00 3KBHBAJEHTHOM NpeoOpa3oBaHHH HCTOYHHMKOB
(teopema TeBeHHHa) Lenb AeauTeNs npeobpasyem K Buay puc. 4.8, 6,
a BCIO BXOJHYIO LleNb YCUAUTENA — K BUAy 4.8, 6, rue

Raxnz Riil_é%zr Uaxazﬁ%;’ Ua:-‘]eRsa
Ugs — majeHne HanpspKeHHsi HA OTKPHITOM mepexoje 6asa — 3MHT-
Tep. Tok 6a3wl cospaer Ha R, najexne HanpsikeHUss Up=1IgR ks
CorsiacHo TeopemMe Kwupxroda s KOHTypa BXOAHOH UeNH
(cM. pue. 4.8, 6) moxHo 3anucats Ugs+Us+Ug—U,,,=0. 3a-
MeHHUM /5 CyMMOH TOKOB KOJIIEKTOpPA M 6asbl, npeneGpexkem MaoH
BesimunHOH Ugy M H3 nocnefHero ypaBHeHHS HaijeM TOK 6asbl

U:-)kn 1 R3
R3+ Raxs x R3+Raxn'

IToncraBuB /g B (4.10), Halinem TOK KoJseKkTopa

IBE

] — (+ha1d) Ixso Usypha1d
g PRy Ri Rawn T Rofnd
© Rs+ Ry

CrnenoBarenabHo, KO3(pbHIHEHT UyBCTBUTENBHOCTH cXeMbl (4.8)

S . 1 +h213
KBO ™ 1+h219R3/(R34Rpis) )
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[Ipu npaBHIBPHO pacCUMTAHHOM LENH NUTAHUA 3HAMeHaTe]b B IIO-
JIyUEHHOM BBIDAXKEHHH MOXET ObITb MHOro OoJblie €JHHHIb, [03-
TOMYy TIpH hey > 1

SKBO ~ (R8+ Raua)/Rs = 1 + Raxn/Ra'

O6byHO R, > R3, a Re<<Rji. Iloatomy oueHouHoe 3HaueHHe KO3(-
(HIMEHTAa YyBCTBHUTENBHOCTH MOXHO CUHTATh PABHBIM Skgo~ Ra/R;.

Bricokass crabuibHOCTb jJocTHraercsi Gaarojapsi ABYM oGCTosi-
TeNbCcTBaM. Bo-nmepBeIX, cOompoTHBJeHHs Ri U R: BHOHpawTCA J10-
CTaTOYHO MaJbIMH, YTOOBl TOK, NMPOTEKAIOIHHA uepes HUX, GBI MHOrO
6oJibite ToKa Gasbl. DTHM obecrieyuBaercst cTaGHAM3aLHs TOKa Oa-
3bl, TaK KaK ee MMOTEHIHAJ MPaKTHYECKH He 3aBHCHT OT TOKa 6asbl.
Bo-BTOpEIX, YyBenHYEeHHe TOKA SMHTTEPa BLI3LIBAeT YMEHbILIEHHUE
Ugs, uTO, B CBOIO OuYepelb, MPEnsiTCTBYET YBENHUYEHHIO TOKA KOJ-
Jekropa. Takum ob6pasom, TOK KosieKtopa B paGouyeil TOUKE NpH
H3MEHEeHHH TeMrepaTypbl H3MEHSETCS] OYeHb MaJio.

Hepmocratkom paccMOTpeHHOM cXeMbl MHTaHHsSI TPaH3HCTOpPA SB-
JISIETCS TO, UTO Ha pesucTope R, majaer HanpsiKEeHHE OT [epeMEHHOMH
COCTaBJIAOIEH TOKa 3MHuTTepa. [Ipu ManioM cOmpoOTHBJIEHHH Rs 3TO
He OKa3blBaeT CYLIECTBEHHOrO BJIHSHHSI Ha PexuM paGoThl yCHJIHTE-
Js. B npoTuBHOM ciyyae napanjelbHO Pe3HCTOPY BKJIIOYAIOT KOH-
JeHcatop Cj;, €MKOCTb KOTOPOro OCBIYHO HAXOJHTCS M3 YCJIOBHS

1 o
o~ KRy Ha HHXKHEI! 4acToTe CHeKTpa.
3

3ameTuM, U4TO HaJTHYHEe PE3HUCTOPa B LENH SMHTTEPA, He IYHTHPO-
BaHHOTO KOHJEHCATOPOM, NPHBOAUT K BO3PACTaHHIO BXOLHOIO CO-
nporuBienuss ycunutens O. JleficTBUTENBHO, B 3TOM CJydae BXOJ-
Hoe conporuB/eHHe (4.6) Moxer GbITb 3anHcaHO B BuAE R, ~h,, R,
npu Ry >r,, ha,R3>rg. DTH YCI0BHS NPAKTHYECKU BCErja BHIMOJ-
HsoTesA. [TogcTaBUB nosyyeHHOe BhIpaXKe€HHE B COOTHolueHue (4.5),
HOJTYYHM

Ky~ —RyR,. (4.11)

CrenoBarenbHO, MPH BHINOJIHEHHH ONpPENEJEHHBIX YCJIOBHH YCH-
JIEHHEe T0 HanpsiKeHHI0 He 3aBHCHT OT NapaMeTpPoB TPaH3HMCTOPa M
PaBHO OTHOIIEHHIO COMPOTHBJIEHHH B IeNH KOJNJIEKTOPA U 3MHTTE-

pa.

§ 4.4. AMIUVIUTYAHO-YACTOTHAS XAPAKTEPHCTHKA
PE3UCTUBHOI'0 U PE3OHAHCHOI'O YCUJIUTEJIEA

OpmHuM U3 KiaaccUPUKAUUOHHBIX MPH3HAKOB YCHJHUTENeH SBJseTcsS
crnocol CBSI3H MEXAY KacKaiaMH M BHA KojnekTopHo# nenu. lu-
POKO NPUMEHSIOTCS TPH BHAA CBSA3H, B COOTBETCTBHH C KOTOPEIMH pas-
JIMYAIOT YCHIHTEJNH C PE3HCTHBHO-€MKOCTHOH, TpaHcoOpMaTropHOH H
HenocpeJCcTBeHHOH cBsA3blo. IlepBhie 1Ba BHaa obecrneynBalOT pas-
BSI3KY COCEIHHX KAacKaJOB IO NOCTOSHHOMY TOKY, UTO, €CTeCTBEHHO,
HCKJIIOYaeT BO3MOXKHOCTb YCHJIEHHSL CHTHAJIOB IIOCTOSIHHOTO TOKa.
HenocpencTeenHas cBsi3b HCNOMB3YETCS B YCHIHTENAX MOCTOSTHHOI'O
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TOK3, a TaKXe B psje clydaeB IJs yJIyudileHHs (asoyacTOTHHIX Xa-
PaKTePUCTHK ycHJuTeseli nepeMenHoro Toka. Ilo Buxy Kosmaexkrtop-
HOM IEMH YCHIMTENH JEISTCS Ha anepHojHuecKkue (Pe3HCTHBHBIE)
U pe30HaHCHBlE. Y amnepHORHYECKHX YCHJIHUTeNed B IeNH KOJJIEKTopa
BKJ/IIOUEH PE3HCTOpP, Y Pe3OHaHc-
HBIX — KoJiebaTesIbHBIH KOHTYP.
YcuanTea» ¢ pe3HCTHBHO-€M-
KOCTHOIi cBsi3blo (puc. 4.8, a). Ik- sy,
BHUBaJIEHTHAsl CXeMa BBLIXOJHOH Lie-
nu ycunurteas (puc. 4.9) ve conep- !
1 L 2
JKHT saeMeHToB R1—R3, C;, KOTO-
pble, Kak OBblJIO NOKazaHO, o6pa- Puc. 4.9. DKuBaleHTHas cXeMa
3YIOT I€Nb NUTAHUS YCUJHTENsl. BbIXOAHOH LeNH yCHIHTenrs
BesycnoBHO, 3TH 3/M€MEHTE OKa-
3LIBAIOT BJIMSIHHE HA YCHJIUTEJIbHBIE CBOHCTBA, HO B MEPBOM NpPUOJIH-
JKEHUH JIJIsl TPOCTOTHL U HArJISIAHOCTH KOHEYHEIX Pe3yJbTaTOB HX
MOXHO He Y4HuThBath. EMKocTh Cyy,, Ha 3KBHBAJEHTHOH cxeme —
BBIXOJHAsl €MKOCTb TPaH3HCTOPA, BJHSHHE KOTOPOH HMEeT CYIIecT-
BEHHOE 3HayeHWe Ha BHICOKUX YacTOTax. BXOAHOE cONpOTHBJEHHE
CNeAYIOUEero KacKaja CUHTaeM YHCTO akTHBHHIM. [To oTHomeHuo K
paccMaTpUBaeMOMY YCHJIMTEJIO 3TO CONPOTHBJIEHHE HArpy3KH R,.
Onpenenum cHagana HanpsikeHue U; Ha 3axkumax -1, cosjnaBae-
moe TokoM SU,,. OHO paBHO MajeHHI0 HaNpsKEHHS Ha CONPOTHB-
JIEHHH, 3KBHBAJIEHTHOM IapaJsylenbHO-MOCNeN0BaTeNIbHON LenHy, pac-
NOJIOXKEHHOH cripaBa OT 3aXuMoB I-/. OG03HAYHUM 3TO CONPOTHBJIE-
HHE Z,,, U 3anHiemM

1 2 2
LU

h;; -I-wa le RH U3MX

1
hag 4 joCasx + R * - [Ry+1/(joCy)) =2 *

Zyy = (4:12)
Toraa
U, =8U 20 (4.13)
Hanpsxenne Ha BbIXofie ycunaurens (Ha saxumax 2-2)

3 . Ry _ oty
U ==V prijocs =~ Vi Tfom
rae T,=R,C,— nocTosHHAs BPEMEHH Harpy3ouyHOH LEMNH.

Ha ocnoBanuu (4.12) u (4.13) onpenesuM 4acToTHBIN Ko3(puIH-
€HT nepejayu

(7o) — Unux — joty
KU (](’))'_ Uax - Szaxa l-I-j(OTH_' (414)

UacToTHble CBOHCTBA YCHJINTENS NPHHSATO aHANIH3HPOBATh B 06-
JIACTH HUAKHHX, CPEAHHX H BEPXHHX YACTOT HE3aBHCHMO.

B o6nactu HikHEX yacToT (BO6JH3M 0=0) conpoTHB/IEHHE pasne-
JINTENBHOTO KoHAeHcatopa 1/(©C;) Gosblue, ueMm CONPOTHBJIEHHE
Harpy3kuH Ry (cnenoBaTenbHo, ©T,<<l), BIHMSHUEM IIPOBOLHMOCTH
0Chux H [Ry+1/(joCy)I7* B (4.12) moxHO mnpeneGpeun. ITosTomy
Monysb Bipaxenus (4.14) npunumaer Bux K, (0)~SR,0v, TpH
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K‘/V Puc. 4.10. AYX pesuctus-
HOTO YCHJIHTeNs

Kmax

| \

| |

| |

! 1 -

/Ty 7/t w

Sl a2 I Ty

a)

Puc. 4.11. IpunuunuanbHas (a) u
5KBHBaJeHTHas (6) cXeMbl pe3o-
HaHCHOTO YCHJIHTeNS

Ri'Shsy. B obnactu cpensux wactotr, rae R, > 1/(oC,), a caexo-
BartejibHO, T, »>1, mnpoBoguMocte C,,, MO-IPEeXHEMY MaJna,
tdopmyna (4.14) eme Gosee ynpomiaercss H MOAYJb KoadduuHeHTa
nepenayd CTaHOBHTCS PAaBHBIM CBOEMY MAaKCHMaJIbHOMY 3HayeHHIO:
Ky(0)=Kna=SRa.

B o6sacTd BHICOKHX YacTOT, Ie NMPOBOAUMOCTb ®Cy,, COH3Me-
puMa ¢ R;1,

Ky (©) = Kna/V T+ (07,)2, (4.15)

rae T,=R,C,.x. Ha oueHb BHICOKHX YacToTax, COOTBETCTBYIOLIHX
YCJ/IOBHIO mCBux>>R4_1» KU(m)szax/(er)'

Ha puc. 4.10 noctpoena AUX ycuaurens.

Pe3onancHbiit ycuaureap 03 oriuyaercsi OT PE3UCTHBHOTIO YCH-
JIUTENIST TOJMbKO BUAOM HarpysouHoil uenu (puc. 4.11, a). B panHoM
clyyae Harpyskoil sIBJIsIeTCSI BXOJHOE CONPOTHBJIEHHE CJENYIOLIEro
Kackana R,,, WIyHTHpYloLlee MapasnejbHbid KosebaTeNbHbIA KOH-
Typ. DKBHBA/JIEHTHAsI CXeMa BBIXOAHOHN LENH YCHIUTENs] H300paxke-
Ha Ha puc. 4.11, 6. Kak npaBuso, myHTHpYIOLIEee NeHCTBHE HArpys-
KH JIOCTaTOYHO BEJIHKO, IO3TOMY COOCTBEHHBLIMH MOTEPSIMU B KOHTY-
pe MOXHO npeHe6peyb.

[TonHast mpoBOAUMOCTb HArpy3KH C y4eTOM BHYTpPEHHell NpoBoO-
IUMOCTH TpaHsuctopa hee paBHA Y ,=he+G,+j(0C—1/w0L),
rae G, =R;}. Kak npaBuno, Gy, >hes, no3TOMY

Y, =G, [1 + Rux (w-ﬁ)].

C nomompio coorHoweruit (3.15), (3.16) nonyyaem

'Yﬂ2 nx(l+j’1&(2‘é9)»
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Ry 200  , 2Aw
p i (D‘o: . (DO
HO, MOJMHasl MPOBOAMMOCTb HarpyskH Y,=G,, (14jE).
3anuueM BolpaxeHHe I KO3(hGbULMEHTa YCHJIEeHHs:

7 : S Kmax
Kolo)==5 = vite
rae Kpax=S R, — MakcuMa/lbHOe 3HaYueHHe MOAYJIsi YaCTOTHOTO KO-
apuuredTa nepejayd Ha PE30HAHCHOH yacToTe KOHTypa; ¢ (E) —
(asoyacToTHast XapakTePHCTHKA KOHTypa.

Takum o6pasom, AUX pe3soHAaHCHOTO YCHJHTENsS COBNAfaeT C
AUX xoHTypa, 00pasyionlero Harpy3ouHyio Lenb.

3aMeTHM, YTO BBIXOJHASl EMKOCTb TPAH3UCTOPA KOMIEHCHUPYETCs
NpH HacTpofike KOHTypa B pe3oHaHc. Ha conpotusieHHH Harpysku
HE pacXoAyeTcsl MOLIHOCTb MCTOYHHMKA IHTaHHS, NMO3TOMY OHO MO-
KeT ObITh BLIGPaHO OYeHb O60MBUINM, YTO obecrneyuBaeT Goblloe yCH-
JIeHHe Ha BBICOKHX YacTOTaXx.

rIe =§ — o6obennas pacctpoiika. CrenoBaresib-

el o) +a]

§ 4.5. MMNIYJIbCHBIE YCUJIUTEJH

OcHoBHoe Tpe6oBaHNe, NPeAbABASIEMOE K UMITYIbCHBIM Y CHIHTETIM—
coxpaHeHHe (JOPMbl YCHJIHBAEMOro HMIyJbca Ha Bbixoze. Mmmysbe-
HBHI CHrHaJ uMeeT INHPOKHi cnekTp. Iloatomy 1nsi coxpanenus
¢opMbl HMIYJIbca HEOOXOAHMMO OGECTIEYHTb BO3MOXKHO GOJIBIIYIO LIH-
POKOMOJIOCHOCTb ycuautens. [obutbes paBHoMepHoctH AUX B
LIMPOKOH ToJsioce yacToT B oObluHOH cxeme ycuaureas O3 Ges cre-
IHaJbHLIX Mep Hesnb3si. Kak yxke OblIO mOKa3aHo, Ha HHU3KHX yac-
TOTaX yMeHbILIEHHe YCHJIEHHSl BbI3BaHO BO3PAacCTAIOLINM COMNPOTHBJIE-
HUEM pasJeIMTeJ]bHOrO0 KOHJAEHCAaTopa, a Ha BBICOKHX — LIYHTH-
PYIOIIUM JeHCTBHEM BBIXOJHOH €MKOCTH TPaH3HCTOPAa U EMKOCTH
Harpysku. 1 B TOM M JIpyroMm cjydyae NPOHCXOLHT YMEHbIUEHHE
CONPOTHBJIEHUS Harpy3kKH H, Kak CJIeACTBHE, NajlaeT YCHIEHHE.

Jlnsi paciuMpeHHsl NOJIochl NPONYCKaHHUS HCNOMb3YIOT CrenHab-
HBIE LEMH HU3KO- M BhICOKOYAcTOTHOH Koppekunu AUX ycuaurens.
KoppexkTupyiouue LenH no3Bo/sOT NOHH3HTb HHXKHIOIO T'PaHHYHYIO
yactory ®, B 5...20 pa3 npu 3ajaHHOM YPOBHE YACTOTHHIX HC-
KaXXeHHH W yBeJHYHTb B 2...3 pasa BEPXHIOO 4acTOTy ®, 1O CPaB-
HEHHI0 C HECKODPEKTHPOBAHHEIM YCHJHTeJeM. Tak Kak o, >0,
TO, OYEBHAHO, KODPEeKLHsi B 00JaCTH BBLICOKHX YacCTOT PacIIHpsIET
NOJIOCY YCU/IMBaeMblX 4acTOT Takxke B 2...3 pasa.

HuskouactoTHast KoppeKIiHs yallie BCero peajusyercs ¢ NOMOIIbIO
RC-pwnbtpa, BKJIIOUaeMOro B Iiemb KoJsiekTopa (puc. 4.12, a).
Koppekuus cocTouT B TOM, YTO Ha OUEHb HHU3KHMX YacTOTax ILYHTH-
pyolee jeiictBue KoHaeHcatopa Cg YMEHBINAETCS M COMPOTHBJIEHHE
Harpy3kHd B KOJIIEKTOPHOH LlenM BO3pacTaeT, a CJeI0BaTebHO, BO3-
pacTaer ycHJEHHe.

OneHnM BJIHSTHHE KOPPEKTUDPYIOIEH 1leny B 06/1aCTH HIKHUX yac-
TOT. DKBHUBAJIEHTHAS] CX€Ma BBIXOAHOH LleNH YCUJHTENS C KOPPEKTH-
pyrouei nenbio Hsobpaxena Ha puc. 4.12, 6. ConpoTus/ienne nenu
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B ceueHuH I-1 paBHo 1/2=1/2;-+1/2,. s pucynka caenyer, yto

N Ry/(joCgq) 14a4+jagoty
4= Rt T iiecy = R TTorfongry
— L _ l__+jm1:l-l
Z=Rut = Ra—j5r— »

riie To=RiCq; Tu=RuCs; ay=Ry/R..

Takum obpasom,

l=_1_( d+joayty | R, _jotu

R4 14-ag 4 jagoTy R_Hl-l-j(o'r,, )

B ofnacTM HHXHHX YacTOT KOPPEKTHPYEMOro IHANas’oHa YacToT
MOXHO CYHTATh T, JOCTaTOYHO MAaJIOH BEJNHYHMHOH, H TaK Kak
RJ/R4<l, TO BTODHIM C/IaraeMbiM B MOCJEIHEM BHIPAXKEHHH MOXKHO
npeHeGpeub U 3anucath 2= Ry(l+4-ay+japwty)/ (14 jaguty).

7 C}_z_
R
St 1™
® (]
Re 1o
1
%)

Puc. 4.12. TlpuHUHNHaAbHAA CcXeMa YCHIHTENS
C UeMNbi0 HHM3KOYAaCTOTHOH KODpPEKIHH (a) H 3K-
BHUBaJIEHTHAasA CXeMa 3aMellleHHS ero BBIXOAHOH Ie-
nu (6)

[To ananoruu c dopmysoit (4.14) nna KospduuueHTa nepegayn
pesucTuBHOro ycuaurenss O 3anumem 4YacTOTHHIA Ko3hdUIHEHT
nepejayd HMMIOYJbCHOIO YCHJHTENST Al OOJACTH HHXKHHX YacTOT:

, 1 j ;
Ko (10) = Koy —i 2008 S0t (4.16)
+jagnty 14-joty

[TonyuenHoe BrIpakeHHe NPH Ay =0 WU T4 =0 nepexoxur B hopmyny
(4.14) nna koaddHIMEHTa YCHJIEHHS PE3HCTHBHOLO YCHJIHTENS.
Cpennuil coMHOHUTENDb (4.16) 0GecneunBaeT KOPPEKIHIO HAYaTbHOrO
yuactka AUX ycunutens. Yc/I0BHEM ONTUMANbHOH KOPPEKIMH
CYHMTAIOT PABEHCTBO Ty =Ty. Kak BuaHo M3 pHc. 4.13, TouHas Kop-
PeKLHsl JOCTHraercss NPH OGOJBLIOM CONPOTHBJIECHHH (uabTpa Ry
WM NpH ag>>1. Takum obpasom, BeaMyHHa Ry JOMKHA BHOMPATH-
csl BO3MOXHO OoiblueH, coo6pasysich TOJNbKO C JAONMYCTHMBIM MHHH-
MaJIbHBIM 3HayeHHeM KOJIIEKTOPHOTO TOKA.

8




B napannesnbHof cxeme Ku
BBLICOKOYACTOTHOM  KOPPEK- Xmax
LMK HMEET MecTO OTHOCH-
TeJbHBIH POCT TOJHOIO CO-
NPOTHUBJIEHHS] HAarpy3KH Ha .
BEPXHHMX YacToTaX 3a Cyer 08
YBEJIHYEHHS] COMPOTHBJIEHUS g7
unayktuBHocTd L (puc. 4.14, 61 62 05 1 2 5wty
a). Koppektupyiwomas LeNb Ppyc, 4.13. AUX CcKOppeKTHPOBAaHHOTO
HawuboJee Sq)Q)eKTHBHa NPH  ycuauteas B 00AaCTH HHXKHHX YacToT
yciaoBuH Ry>>R,. DkBHBa- (wrtpuxosas Kpusag — AUX Heckoppek-
JIeHTHAsi CXeMa BLIXOAHOH THPOBAHHOTO yeunutens)

Uend ycuiaurtenss ¢ KOppek-
THpYyIOllell MHAYKTHBHOCTBIO H300paxeHa Ha pHC. 4.14,6.

YacToTHEIA KO3 PHIHEHT Nepefadt

. S
KB(]O)):—SZH:—. 1 =
]mCBux'l'm

o SRetiel)
1 — @2LCppx + jOR4Cruax

Jlnst yaobeTBa pacueToB BBejeM Ge3pasMepHbIH mapamerp g=
=L/(R2C 00)=L/(Rt,)=Q2, 1€ T3=RiCpux; Q — AOGPOTHOCTL KOH-

Kp
Kmax
+Up 14
L 12} Y / \
o " /a/n/.«
4 1)
L Y
C2 5% N/ __CGMX u 08 \ \\
v Y T [ ’ -0
Ry Ry 0,6 TN
04
9)

a) 0 41 g2 05 10 wyg
Puc. 4.14. TlpuHnunuanbkasg cxema Puc. 4.15. AUX cKoppeKTH-
YCHAHTEJS C KOppPeKTHpylowei HH- pPOBaHHOTO B 06JACTH BepX-
JAYKTHBHOCTBIO B IeNH KoJJeKTopa HHUX HacToT ycuiaureas (g=0
(@) ¥ S5KBHBaNeHTHasA CXeMa €ro BH- COOTBETCTBYeT HECKOPPEKTH-
XoaHo#t menu (6) POBaHHOMY YCHJHTEJIO)

typa (LC,y,). C yueToM NpHHATHIX 0603HAUEeHHl 3alHILEeM YacToT-
HBIH KO3((HIHEHT Nepeiaul B BHIE

S . 1 4-joteq
K, (jo) = Koy —5——.
2(i0) = Kunax T o

AUX ycuaurens ¢ KOppeKTHPYIoleH 11enoykoil B 06/1acTH BEPXHHX
YyacTOT IOKas3aHa Ha puc. 4.15. HaumeHbIIHM YacTOTHEIM HCKaxKe-
HHSM COOTBETCTBYET 3HaueHHe ¢=0,414.
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3ameruM, YTO BHIGODP MapaMeTpPoB KOPPEKTUPYIOMHX Lened
JIOJIXKEH ONpeJensiThess TpeGoBaHHeM He TOJbKO MHHHMAJbHBIX Yac-
TOTHBIX HMCKaXKEHHH, T. €. MPelesbHO NOCTHKHMMOH DPaBHOMEDPHOCTH
AUX ycunutens, HO U MHHUMAJbHBIX (a30BBIX HCKaXKEHHH, 'T. €.
JIOCTHXXKHUMBIM npubamxkendeM K npsivonuseiiHoft ®UX. ITosyueHHsle
COOTHOWEHHST mo3Bonstior paccuntath ®UX ycuaurens. Oxaswl-
Baercsl, YTO HaMMEHbIUUM (Pa30BHIM HCKaKEHUAM COOTBETCTBYET
g=0,32. B 3aBucuMOcTH OT BBIGPAHHOTO 3HAYEHHs ¢ TapaenbHas
CXeMa BBICOKOYACTOTHOH KOPPEKUHH IMO3BOJISIET YBEAHYHTb IOJIOCY
ycHIHBaeMblX yacToT B 1,5...2 pasa.

§ 4.6. JUPPEPEHUHAJIbHDBIE
YCUJTUTEJIN

Huddepenunanbupiii yeunureab (1Y) — 3To0 CHMMETPHYHEIR YCHIH-
Telb TOCTOSTHHOTO TOKa € MABYMSl BXONAMH U JBYMA BBIXOAaMH
(puc. 4.16). B ofuwe# nenud SMUTTEPOB BKJ/IIOUEH HCTOYHHK TOKA,
00€eCeynBaIOLUIMHA OCTOSTHCTBO CYMMbl 3MHTTEPHEIX TOKOB TPaH3H-
cropoB. [Ipu onMHAaKOBBIX curHanax Ha Bxopax Y Gmaromaps cum-
METPHHU CXeMbl U OAHHAKOBBIM XapaKTEPHCTHKAM TPaH3HCTOPOB TOK
HCTOYHHKA TIOPOBHY pacHpefensiercs
MeX1y TpaHaucTopamu [y, =/1,=1,/2.
[Ipenebperas 6a30BBIMH TOKaMH, MOXKHO
Ysex2 T10Ka3aTh, YTO B 3TOM CJIy4ae H KOJIJIeK-
ug; TODHBlE TOKH paBHbl: [ =1,=1I,/2.
CrepoBate/lbHO, Pa3HOCTHOE HampsixKe-
HHe Ha Bbixosie Y up= (Uyuy—u
pPaBHO HYJIIO.
PaccMoTpuM peakiuo yCcHAHTeNsT HA
JIBa BHJIa BO3MOXKHBIX BXOJAHBIX BO3ZeH-
Puc. 4.16. Cxema nuddepen- CTBHH. [lpeamosiokum, uYTO CHrHAJBI
LHA/bHOTO YCHJIHTEs] Ha O0OOHX BXOJaX M3MEHHJHCh OJHO-
BPEMEHHO Ha OJHY H Ty e BEJHUYHHY.
Takoe u3menenue 6x00H020 cueHara Hasoigarom curpasHoim. [lox
IefiCTBHEM CHH(A3HOTO CHrHa/la OJHOBPEMEHHO Ha OJHY H Ty e Be-
JIMYUHY YBEJIHYHBAIOTCA (MJIH YMEHBILAIOTCH) KOJIIEKTOPHbIE TOKH
000HX TPaH3UCTOPOB, H, CJEAOBATENIbHO, Pa3HOCTHBIA CHrHAl Ha
BBIXOJIe YCHJIHTE/ISI MO-NpexHeMy paBeH Hymo. TakuM o6pasom,
Pa3sHOCTHBIA CHTHal Ha BHIXode Y He 3aBHCHT OT aGCOIOTHBIX
3HaUYEHHH CHUT'HAJIOB Ha €ro BXojax.

[lpennosioxkum Tenepb, YTo Ha BXOAAX YCHJHUTENS JEACTBYIOT CHT-
Hajibl pas/iMYHOH BeMHYHHBI. Takoe HM3MeHEHHE BXOAHOTO CHTHAaJa
HAa3bIBAIOT OUPPePeHYUANbHbIM UAL PASHOCTHbIM CusHaiom. B sToM
cyyae TOKM TPAH3HUCTOPOB M3MEHSATCS: KOJIJIEKTOPHBIH TOK OXHOTO
TPaH3HCTOPA YBEJIHYHTCS, a APYLrOr0 YMEHbIUHMTCS HA OAHY H Ty XKe
BeJIMYHHY, TaK KaK HX CymMMa JOJIKHa ocTaBaTbCcsl paBHo# /,. Cie-
JOBaTeNbHO, IU(XpePeHNUANbHBIH CHMHAM. NPUBEAET K H3MEHEHHIO
KOJIJIEKTOPHBIX TOKOB Ha Aly,=—Aly,, 4TO, B CBOIO ouepesb, Bbi-
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30BeT NOSIBJIEHHE Pa3HOCTHOTO CHUI'HAja Ha BhIXoje ycHautesns. [To
OTHOIUEHHIO K AupdepeHIHaJbHOMY CHTHAJY ONpPeAessioT Ko3addu-
LHEHT YCHJIeHHs YCHIHTENS K= (Upux1—Ugunyo)/ (Uax1—Ugxs) -

OueBHJHO, YTO peasbHBIA YCHIUTENb MMeeT Hen3bexXHbIH pasbpoc
napaMeTpoB TPAH3UCTOPOB H HCTOYHHUK TOKA B OOLIEH LENH 3MHTTe-
poB oTaHyaercsi OT HAeadbHoro. [lostomy pjeiicTBue cuHba3HOro
CHTHaJla TaKxKe BBI30BET MOSIBJIEHHE XOTSI H MaJloro, HO pa3HOCTHOTO
CHTHaja Ha BbiXofle ycuauTeass. CHH)asHbIH CHIHAM U.gp= (Upx1 T
+u,,,)/2, mo3TOMY KO3MD(HLUHEHT YCHJIEHHS CHH(PA3HOrO CHUrHajla
Koo =2 (Upux 1—Uguxe)/ (UgxrtUpyo)

OnpenenuM Ko3pbULHEHT YCUIEHHS MO Pa3HOCTHOMY U CHH()as-
HOMY CHrHasaM. /11 3TOro IpeACTaBHM HaNpsSKeHHS Ha BXOAax
YCHJINTENS B BUJE CYMMBI COCTaBJ/ISIONMX CHH(A3HOrO H Pa3HOCTHOTO
CHTHAMOB: Uy =UceyTUp/2, Upe=Ucy—Up/2, THE, Up=lUy—Upys.
CHayana paccCMOTPHM YCHJIEHHe pa3HOCTHOro cHrHaja. Cuuras
U.p=0, HMeeM Uy =U,/2, Uy.=—Uuy,/2. W3 cuMMeTpuH cxembl
caenyer, uto o6a mieda JIY UMelT ofMHaKOBble KO3(P(hHUIHEHTHl yCH-
genusi. CienoBate/ibHO, KOI(QPULUEHT YCHIEHHS Pa3HOCTHOTO CHr-
Haja 1o 060MM BbIXOJaM

K _unmxl____ﬁ K ___Usmx2 _ A
plL— ug -9 p2 - 92

3necy K — xoapdunpent ycunenusi cxemol O3. B cootBeTcTBHH C
¢dopmynoit (4.11) u obo3nauenusimu B cxeme 1Y (puc. 4.16) moay-
uuM K, =R./(2R,).

Takum o6pa3oM, B peskHMe pasHOCTHOro curHasza J1Y sKBHBaseH-
TeH YCHJIHTEJIO OJHOTO M3 IJied ¢ KO3(pHIMeHTOM YCHJEHHUs, B 1Ba
pasa MeHbLIHM, YeM KO3(h}HUIMEHT YCHJIEHHS YCHJHTENS] B CXeMe
03. O6BACHUTb 3TO MOXKHO T€M, YTO DU PA3HOCTHOM CHrHaJIe Tepe-
pacnpefiesieHiie KOJJIEKTOPHBIX TOKOB OGOHX TPAH3HCTOPOB He H3-
MeHsieT MoTeHIHasa Touku 3 (puc. 4.16), Tak Kak Aly=-—Al,,
a BXOJHOIl CHTHAJ OKa3bIBAaeTCsl JBaKJbl IIPUJIOKEHHBIM K NEPEXORY
6asa — SMHTTEp KaxKAOro TPaH3HCTOpa.

Paccmorpum pabory ycuauTeas NpH AEHCTBHH CHH(DA3HOTO CHUT-
Hana. [losoxum up=0, TOraa Ugg=Ug,=Uy. B 3TOM ciyyae
TOK B YCHJIMTEJE PaclpeiequTcsi TAKUM 00pa30oM, UYTO MO-TIpEKHEMY
Iwi=1x,=1,/2. UToGbI COGIOANOCH 3TO COOTHOLUEHHE, HEOOXOAUMO,
yTOGbl MOTEHLHAJ] B TOYKe I H3MEHMJICS TOYHO Ha BEJHUHHY Ugg.
Torza mexnay 6a3oft 4 SMUTTEPOM TPAaH3UCTOPOB COXPAHHUTCH MOCTO-
STHHOH HcXonHasi pa3HocTb moteHuuanoB Ug,. CinenoBatenbHO, 06a
nieua JLY B 3ToM cayyae paboTalOT Kak JBa MapaJesibHO BKJIOUEeH-
HBIX YCHJIHUTENs ¢ OOLIMM 3MHTTEPHBIM CONPOTHBJIEHHEM R;, paBHbIM
BHYTPEHHEMY CONPOTHBJIEHHIO HCTOYHHKA ToKa. Takum o6Gpasom,
B pexume CHH(pA3HOrO CHTHa/la HalpsiKeHHe Ha BBIXOJE OJHOrO

. ly Ued
nevya Uy, =L R, =75 Ry =ﬁ; R.. Orcriona caenyer, uto Koad-

u R .
¢QHLUEHT ycHIeHHsl cHH}pasHoro curHana K =—‘:HT: = 2% :
N N cP. Mo
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BaxkHpiM napaMeTpoM IubdepeHUHaIbHOr0 YCHINTENs SIBAeT-
csl Koaghpuyuernm ocaabaerus cungasHoeo cuzHaaa, KOTOPHIH onpene-
asercs Kak Koepeo=Kp/Kep=R;/R,. Koadpuuuent ocnabnenus,
CHH(A3HOrO CHrHajJa BBICOKOKAYeCTBEHHHBIX JudbepeHuHaNbHbIX
ycuauTtenei cocraaset 104. . .10% u nosaTomy oOBIYHO €ro 3HauY€HHE
oueHuBaioT B jeuubenax (80...100 n1B). Uto6h obecneuuThb CTOJb
pdeKTUBHOe MoJaBJjeHUe CHH(A3HOro CHrHajsa, B KauecTBe HCTOY-
HUKa TOKAa HCIOJNB3YIOT TPAH3HUCTOP, BKJ/IOUEHHHH mo cxeme O
(puc. 4.17).

PaccMoTpuM 4acTOTHbIE XapaKTEPUCTHKU ycuiutensi. Hanbosb-
IIMH HHTepec NPeACTaBJ/IseT 3aBUCHMOCTb Kod(duuuenra ocsabeHHs

K.a6| x
100 OC/’CQ:
éol |
|
K
40—~ ,\
|
|
|

0 1 ! 1 il
w071 10 0% 0 fxry

Puc. 4.17. Ouddepennn- Puc. 4.18. YacrtoTHas 3aBHCH-
aNbHBIH YCHJHTEJNb C HC- MocTb Ko3popunueHta ocaabie-
TOYHHKOM TOKa B 3SMHUT- HUSA CHHC})aBHOl‘O CHUTHaJaa %4
TEpHOH IenH Ko3(pdHIHeHTa YCHJeHHs paa3-

HOCTHOI'O CHrHaJa

cuHa3HOro CcHrHaja M KoaxbHLHeHTa YCHJIEeHHS Pa3HOCTHOIO CHr-
Hasa B JiianasoHe BepXHHX yacToT. Kak Obljo NOKasaHo, Claj ycH-
JIEHHsI BbI3bIBAeTCs JelicTBUeM Napa3HTHOH BBIXOLHOH eMKOCTH TpaH-
aucropa. [Tosatomy no ananoruu ¢ ¢popmynoii (4.15) MoxkHoO 3anucarsb,
9T0 B 06J1aCTH BEpXHHX 4acTOT

Kp - ] KCdJ ((‘0) . 1
Kp max V(O)‘tp)2+l ’ Kegmax V1 + (0Tcp)? ’

rie T,=CpxRy; Tcg=CpuxR;; Cuux — BBIXOIHAs €MKOCTb TPaH3H-
cTopa.

TaK KaK Tg.»Tp, B CHIY TOTO, YTO R ;> R, TO clag KosddpHiyeH-
Ta yCHJIEHHs] CHH(A3HOTO CHTHajla HauHeTcsl Ha 4acToTax, CyLlecT-
BEHHO MEHBIUHX, 4YeM craj Ko3pbHIHeHTa YCHJEHHS Pa3HOCTHOTO
curHasa. CrefoBartesibHO, I'paHHYHasl YacToTa KosddhHIHeHTa ocnab-
JIeHHs1 CHH(}A3HOro CHrHajla HaMHOTO MeHbllle, YyeM I'PaHHYHas yac-
tota K, (pxc. 4.18).

BaxHOH XapakTepHUCTHKOH AudxbepeHLMANbHOTO YCHJHTENS] fAB-
JsieTcs HanpsikeHHe pas6ananca. [Ipu paBHBIX TOKax KOJIJIEKTOPOB
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ABYX TPaH3MCTOPOB HaMpsiXKeHHs 6asa — SMUTTEP OTIHYAOTCH XO-
TSl ¥ HE3HAUHTE/JbHO, II03TOMY Pa3HOCTb BBIXOJHBIX HANpPSIKEHUH He
TOYHO paBHa Hymo npu u,=0. Hanpsxenuem pas6ananca U, Ha-
3bIBAIOT PAa3HOCTb BXOAHBIX HAMNPsIXKeHUH, KOTOPYIO HEOGXOAMMO NpH-
JOXKHTb JJSI TOro, YTOOH COOGJIOAAIOCH PaBEHCTBO Upyyxi=Ugux2
npH u,=0. Ec/n ucnonbsosats w

napy TPaH3HCTODOB Ha OLHOM Rs n
KpHCTaJlJle U clleluanbHo Io-
JoOpaHHYI0 IIapy pesHCTOpOB
Ry, 10 U, Oyner cocTaBJsTh
HECKOJIbKO MHJIHBOJBLT, bDa-
JIAaHCHPOBKa ycuJauteas (T. e.
ceegenne U, K HYJI0) MOMKeT
OCYIECTBJSATECS HECKOJbKHMH
cnocob6amu (puc. 4.19).

Ecau ucnonbsyercss TOJIb-
KO OAHMH BXOJ VYCHJHTeNd,
TO KO BTODOMY €ro BXOAY  Puc. 4.19. Cxema 6amaHCHDPOBKH ZHd~
MOXKHO TIPUJOXKHUTD IIOCTOSIH-  (epeHIHapHOr0 YCHIHTENs
Hoe Hamnpsi>KeHHe, CHHMaeMoe
Cc TmoTeHUHoMeTpa R;, W TeM caMblM cKomreHcupoBath U,.
Jas yno6cTBa YCTAHOBKH MasblX HaNpsiXKEHUH JOHOJTHUTENbHO
HCIQJB3YIOT JesuTe]b HanpskeHuss (Ha cxeme 1000 R : R). Ecau
HCIoJIb3YIoTCA 06a BXOAa, To pa3auuue Mexay Ugps TpaH3UCTOPOB
YCTPaHSIOT € TOMOLIbIO SMHTTEPHBLIX Pe3HCTOPOB R, — MOTEHIHO-
MeTpa, IJeYd KOTOPOTO OJHOBPEMEHHO OGECHeuHBAaIOT OTPHLATENb-
HYI0 06paTHyIO CBfI3b II0 TOKy. TpeTu# cnoco6 GanaHcupoBkH Y
3aKJI0YaeTcsl B YIDaBJEeHHH KOJIIEKTOPHBIMH TOKaMH [y, Iy €
MIOMOLIbIO NOTEHIHOMeTpa Rj.

PaccmoTpuMm jpefid HanpsikeHus pasGanaHcupoBkH. [Ipu He-
u3MeHHOM Ups M NOBBHILEHHH TeMIepaTyphl HanpsikeHdHe Ugs Kax-
JOro TpaH3UCTOpA yMeHbIlaeTcsi mpubau3uTesbHo Ha 2 MB/K. 3rto
3KBHBAJIEHTHO TNPHJIOXKEHHIO CHH(}A3HOrO CHTHAajJa aMIIUTYHOH
2 MB/K K0 BXOJIly YCHJINTeJIS1, KOTOPHIH NOSIBJsieTCs] HA BBIXOJE «YCH-
JeHHbIM» B K4 pa3 Kak apeid Uy,,. Hem Gosbie ocnabieHne CHH-
¢asHoro curxaja, TeM meHblue apefid Uy, .

JlBa TpaH3HMCTOpa OJHOrO THNA HHKOTJA He HMEIOT aGCOJIIOTHO
OMHAKOBBIX TeMIepaTypHBIX Ko3(pulHeHTOB. B cBsI3H ¢ 3TUM mo-
sIBJISIETCS Pa3HOCTHOE Hampsi:keHHe ApeHda, KoTopoe, KOHEYHO, Ha
HECKOJIbKO TMOPSAKOB MeHbIe BesHudHb 2 MB/K. Kak u noJiesnbrit
cHrHaJ, oHo ycuausaercsl B K, pas. [las nonydyeHusi majoro apefi-
(a Heo6xoaMMO, YTOOH! ABa HauboJsee GIH3KUX 1O CBOHUM [apaMeTpaM
TpaH3ucTOpa paboTanu NPH OAMHAKOBOH Temmnepatype. [Ipoie Bce-
ro 3TH TpeGOBaHUS BBHINOJHSIOTCA [/ TPaH3HCTOPOB, BHIIOJIHEH-
HbIX Ha OXHOM KpHCTajJje B eIHHOM TeXHOJOrmueckoM Iuksie. Tak,
Il mapbl AUCKPETHBIX TPaH3UCTOPOB HApeHd HanpskeHus pasda-
sanca pocturaer 100 MkB/K, a 1451 TpaH3HCTOPOB B HHTErpajbHOM
HCroJIHeHHH OH cocrasJser 0,1. . .5 MkB/K.
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§ 4.7. OBPATHAA CBSI3b B AKTUBHOM YETBIPEXTIOJIOCHHKE

[ox o6patHoit cBsizbio (OC) MoOHMMAOT BO3JEHCTBHE BHIXOLHOTO TO-
Ka MJM HanpsiKeHus YeTbIPEXIOJIOCHHKA Ha €ro BXOJAHOH TOK HJIH
HanpsixkeHHe, B aKTHBHOM YeTBIPEXINOJIOCHHKE HNPHHUIHIHAJILHO
Bceraa cyuiectByeT BHyTpeHHsis OC, obycJloBleHHasi (U3HYeCKHMH
npoleccamu, NPOTEKAWHMH B aKTHBHOM 3JieMeHTe. B nHxkeHepHO#H
NpakTHKe NPHXOJUTCS CUHTATHCHA C HEHM3GeXKHbIM BO3JIeHCTBHEM BbI-
XOIHOro HampsixkeHnusi Ha BxonHoe. CienctBueM BHyTpeHHed OC
SBASIOTCS TPYAHO TIpeicKasyeMble, HexKesaTesbHble HapyLIEeHUS
paboThl LenH.

Jas yayullleHusi TeXHHYECKHX XapaKTepHCTHK YycHuteass (B
TOM YHCJIe M /151 HeliTpanusauud BHyTpeHHel OC) IIHMPOKO HCNOJb-
syercsi BHewHass OC. HauGosee npoctoit cnoco6 ee peanusauu

‘)ex v Uoc ";(‘U) *%Nx Uax v K( w) ¢ wa
a) d)

Puc. 4.20. YeTbipexnoaocHHKH ¢ o6paTHOH CBA3bIO 1O Hanps-
JKeHHIO (@) ¥ no Toky (6)

COCTOMT B COEJIMHEHHH BBIXOJIa YETHIPEXIOJIIOCHHKA C €ro BXOAOM He-
NOCPEACTBEHHO MJIH Yepe3 YeThIPeXIOJIOCHHK.

B COOTBETCTBHH C BO3MOXHBIMH THIAMH CO€AHHEHHS BXONHBIX
M BBIXOJHBIX 32XKHMOB JBYX YEThbPEXIOJIOCHUKOB Pa3JjHYyaloT LelH
o6paTHOll CBA3M MO HaNpsKEHHIO H N0 Toky (puc. 4.20). Pesyabrar
neuctBus OC 3aBUCHT OT TOro, B KaKoH (a3e OTHOCHTENbHO BXOAHOIO
Hanpsi>KeHUsl BBOAUTCS HaNpsi»KeHHe oOpaTHOH cBsi3d. B ycumurensx
NpHUMeHsieTcsl [J1aBHBIM o6pasoM ortpuuatenbHass OC, mpu KoTopoi
(asa HanpsiKeHUs! HA BbIXOJe 1leNH 06paTHOH CBSI3H NPOTHBOINOJOK-
Ha (a3e HanpsKeHHS BXOAHOTO CHTHa/la ycuauTens. Orpuuartesb-
Hasi oOpaTHasl CBsI3b CHUIKaeT KO3 pULIMeHT yCUJeHHs (110 MOAYJIIO),
HO OJHOBPEMEHHO, Kak OyJeT Nnokas3aHo, CTabH/IM3HpYET XapakTe-
PHCTHKH YCHJAUTes. B ciaydae nosioXuTesbHOH 0OpaTHOH CBsi3H
(asza HanpsiKeHUs Ha BBIXOZle lIeNH oOpaTHOH CBS3U COBNAjaeT C
(ha3oil HanpsxKeHUs BXOAHOro cHrHaja. [103ToMy BO3MOXKHO M TaKoe
onpejesnenne Buaa OC: ecau egederue OC ymensiiaem Koapguyuerm
yecurenus (no modyarw), mo ces36 OMPUYAMEAbHAS, B TIPOTHBHOM CJTy-
yae CBfI3b NOJIOXKUTEJNbHAS.

HafizeM yacToTHBIHI KO3(XpHLHEHT Nepejauyd YeTbIPeXIMOJIOCHHKA,
oxBayeHHoro OC. 1)1 KOHKPETHOCTH PAacCMOTPHM IIOCJEN0BAaTENb-
Hylo OC no Hanpsixkenuio (puc. 4.20, a). YacToTHblii KoadduiueHT

nepeiauyd 4eThipexnoJiocHuKa, oxsadeHHOro OC, Ko(jo)=U,,y/Ug.
HanpsixeHne Ha BHIXCAe YeTHIPEXIOJNIOCHHKA OOpPaTHOH CBSI3H
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Uy =K, (jo) Upux, The K, (jo) —uacToTHBIA KodHLMEHT mnepe-
faun yenu OC.

Hanpsxenue Ha BBIXOAE  OCHOBHOI'O YeTHIPEXIIOJIIOCHHKA
Upix =K (jo)(Up+U,.), rae K (jo) — 4acTOTHBIH KOS(DHULHEHT Me-
pelayd OCHOBHOTO YeThIpeXNoJocHHKa. [TojcTaB/sisi clona BeIpaxe-
Hue 119 U, M pellas NoJy4eHHOE YpaBHEHHE OTHOCHTENbHO Uy,
HaxoIuM

. 3 K (jo)
UBHX = UBX T >N
1 — K (jo) Ko (jw)

Orciona cJaenyer, utro

by K(jo)
KoGo)=1=¢ (io) Koc (@) (*.17)

Qopmyna (4.17) onpemensier KoabpULHEHT Nepefayd 3aMKHYTOH
cucTemMbl ¢ o6patHoit cBssbio. [Tpoussenenue H (jo)=K (jo)Koy.(jo)
€CTb YaCTOTHHBIT Ko3hpUIMeHT Iepefadn pa3oMKHYToH uenu OC uiu
nemaesoti koagppuyuenm ycurernus yenu OC.

N3 (4.17) caenyer, 4TO eC/IM Ha KaKOH-THGO 4acTOTe BBHINOJIHSET-
cst yeaoBue Ko(w)<<K (), To OC Ha JaHHOMH Y4acToTe OTpHUIIATE/IbHASA.
ITpu K (jo) K, (jo)— 1 ycunexue Bcell Lenu CTPeMHUTCS K GeCKOHeU-
HOCTH. DTO O3HAyaeT, YTO leNb CTAHOBHUTCS HEYCTOMYHBOH — Ka-
KHe YroAHO MaJjble QJIYKTYalud TOKA HJH HANpPSIXKEHHs B LeNH NpHu-
BOJISIT €e K CaMOBO30YKAEHHIO.

Paccmorpum Bausinue OC Ha pa6oty ycunutens. Bynem cun-
Tath, uTOo Ko3(pduuueHthl nepenaun K (jo) H K,.(jo) sBastorcs
JIefCTBUTENbHEIMU BeauudHamu: K, K,.. D10 mo3BoJjsieT 3amnucaTh
(4.17) B BUZE

K,=K/(1—KK,.). (4.18)

Uccnenyem crabuabHOCTb Ko3(hpHIHEHTA YCHIEHHS 3aMKHYTOH
uenu. Kak Buato u3 (4.18), K, fBasiercs GyHKUHeH IBYX He3aBUCH-
Mbix BenuuuH K u K., unaue K,=F (K, K,.). [TosToMy oTk/0OHE-
uue 3Hauenuit K u K, Ha AK 1 AK,. OT CBOUX CpPeIHHX 3HAUYEHHH
(OYHKUHOHANBHO CBSI3aHO C OTK/IOHeHHeM AK, OT cpeiHero 3HaueHHst
K,. TlpuunHO# H3MEHEHHR YCHJIEHHS YCHJAHTeJsl H KoabhdHUHeHTa
nepefavy eny o6paTHOH CBA3H MOTYT ObITb (GIyKTyalHH Hampsixke-
HHSl MCTOYHHMKOB IHTaHHSA, TeMIepaTypHble KoJeGaHUs NapamMeTpoB
TPaH3UCTOPOB H JApyrue npuuuHbl. 3HaueHus AK/K u AK /K,
JAOT KOJHYECTBEHHYIO OUEHKY OTHOCHTE/bHOH CTA6GHIBHOCTH YCHJIH-
tens u uenu OC. Hcnosp3ys pasnoxeHue B psig Tefinopa, Haxo-
UM

oF oF
AKO ..—_a-( AK—I—ERZC AKoc'

TTosryueHHOE COOTHOLIEHHE MOKHO TPAKTOBAThH KK HE3aBHCHMOE BJH -
HHe HecTaGHJIBHOCTH ycuauTeas u uend OC Ha HecTaGH/IbHOCTb YCH-
Jurtensi, oxBaueHHoro OC. .
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BriuncauB ipoussogusie gpynkuun F (K, K,.), 3ananuoil hopmy-
Joit (4.18), naiinem

o K2AK,
AKo =R A+ TR

TepeiineM K OTHOCHTENbHBLIM BennunHaM. Jlig storo obe yacTH noJy-
YeHHOro paBeHCTBa nojeauM Ha K,. Hcnoabsysi (4.18), Haxomum

AK 1 AK , KAK,.

Ko 1—KKoe K " T—KKoe"

M3 sToro BeIpaXkeHHs BHIHO, YTO H3MEHEHHE YCHJICHHS NPH HaJHYHH
OC MOXeT CHJIbHO OTJHYaTbCsA OT YCHJIEeHHs npHu orcyrctBHH OC.
KonnuecTBEHHO 3TO OT/IMYMeE OINpelessieTcss MOAYJIEM H 3HAKoM IeT-
seporo kosdpuuuenta ycunenuss KK,.. Eciu obparHasi cBsi3b OT-
puuarensHas (KK,.<<0), a npoussenenne |KK,[>>1, To

Ao o, 1 AK_ AKoe

Ko 7 1KKocl K Koc *

Kak BuIHO, oTpuuaTesbHast ob6patHas cBsizb B KK, pa3 yJayuinaer
cTaGHIbHOCTD YCHJIMTENS U He BJIHAET Ha cTaGuiabHOCTh menu OC.
Orciofa ciaenyeT BaKHBEIH NPAKTHYECKHH BBIBOJ: IPH HCHOJb30Ba-
HUH OTpHIaTenbHOH ob6paTHo# cBsizu (OOC) Hajo yaeauTh ocoboe
BHuUMaHHe cTabuabHocTH 1eny OC. IpakTUYeCKH 3TO BIIOJHE JOCTH-
JKHMO, TaK Kak anemeHTamu uenu OC saBasoTcs yCTo#4uBo paboTaro-
ulHe TNacCHBHBIE 3/1€MEHTHl (Pe3HCTOpHl, KOHAEHCATOpH). Bce ocHoB-
Hble JecTabH/IH3UpYIOlHe (DAaKTOPEl CBSI3aHBI C YCHJIHTENEM, HO
ond cunpHO mojasJastorcss OOC.

Takum o6pasoM, ycuautesab ¢ OOC xapaKkTepH3yeTcs CyLIECTBEH-
HO GoJiee BBICOKOH CTaGHJBHOCTBIO paboThl. OUEBHAHO TaKXkKe, YTO
OOC, nopnimasi cTabuabHOCTb ycHieHUsI B KK,. pa3, BO CTOJbKO
e pa3 yMeHbllaeT KoadxdbHLHeHT ycHaeHHs. CoxpaHeHHe HeoGXxo-
JMMOTO YCHJIEHHS] BO3MOXKHO IPH KAacKaJHOM BKJIIOUEHHH YCHIHTE el
¢.0O0C, oxBatuiBatolieil Bcio 1ens (puc. 4.21).

Ananus Bnustaus OC Ha cTaGHIbHOCTE PAGOTHl YCHIUTEIS GBI GbI
6osee mosHbIM npu yuyetre ®UX ycuaurens u uenu OC. Koneuno,
HeCcTaGH/IBHOCTb (ha30BOrO CJBHIa, BHOCHMOIO YCHJIHTENIEM, TaKkKe
nofasssiercss orpuuareabHoii OC. HecrabuibHocTh ke a3oBoro
casura uenu OC B paboueil mosoce 4acTOT HMeeT NPHHUMIHAIbHOE
3paueHHe. B peanbHOH LeNH Bceria ecTb pEaKTHBHEIE 3JIEMEHTHI,
co3jamolye JONOJHHUTeNbHbIe GAYKTYUpYyouiie ¢a3oBble CHBHIH,
KOTOpHle, CKJaJblBasichb CJIyYalHbIM 06pasoM, MOTYT IDHBECTH B
CyMMe K HHBepcHH (asbl IeT/IeBOro Koa(xpHIHeHTa YCHJEHHsS, H
Torga orpuuarenbHas OC obpaTHTcs B NOJOXKHTeNbHYI0. B TakoM
cayyae Jectabuiusupyloliye (akToOpbl TOJMbKO ycuauBawtcs. Ilo-
3ToMy InpH GosabliHX 3HaueHHAX KK,. TpeOyroTcs clelnyaibHbe
CXEMOTeXHHYECKHe NPHEMBbl A/ yMeHblIeHHsT KpyTusnel PUX ne-
nu OC.
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Puc. 4.21. Kackaauoe BKJII0-
YyeHUe YeThIPeXMOJIOCHHKOB,
OXBayeHHbIX OOpaTHOH CBf-
3bI0

Puc. 4.22, Ycunuteab ¢ na-
pajJienbHOH obOpaTHOH cBf-
3bI0 [0 HaNPSXKEHHUIO

Usx

Kz Ut
I | Hoc
”le
)
Rex| vI —
) — |
v i i
bx Lrn Ry
1
Roc
—
9)

HauGosnee pacnpoctpaseHsl cxeMbl napaJnenstoit OC no Hanps-
JKeHHIO H mocJenoBatenbHoit OC no Toky. IlpuMepom mnocsenosa-
tenbHOH OC N0 HanpsXeHHIO SABJASETCH SMHUTTEPHLIH IIOBTOPHTE/b.

Puc. 4.23. ¥Ycuaurteab ¢ mocaefoBaTenlbHOl 06paTHOH CBA3BIO

MO TOKY

Jnsa onpenenenust KoagdHuLUHeHTa Nepejayn Ueml OTPUIaTe bHOMH
OC uepe3 napaMeTpbl KOHKPETHOH CXEMBI BBIUHCJSIOT HAMPSIKEHUE HA
Beixozie nenu OC. Tak, ans cxembl, u306paxKeHHOl Ha pHcC. 4.22, a,
BbIXOJIHOE Hamnpsixkenue Uy, NPUJIOXKEHO K NapasJenbHO-NOC]eN0-
BaTe/IbHOH LieNOoYKe pe3HUcTOpoB: R; H R, COeNMHEeHH NapasjeNbHo
Mexay cofoil M IocJefoBaTeNbHO C PE3HCTOPOM OGPaTHOH CBA3H
Ry.. Ecnn R, >R, (puc. 4.22, 6), To HMeeM MNpPOCTOH JeJIUTENb
R, R,.. HanpsixeHne Ha 3TOM Je/JHTese H €CTb HAIpSIKEHHE LENH
obpathoit cBazu U= U Ry/(R1+R,.). CrefoBatenbHo, Kosd-
¢unmenT nepexaun uenu obpartHoit cBsasu K, =R,/(Ri+R,.).
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MItpuxnyHrTHpHOH JUHHelH Ha puC. 4.22, 6 MOKAa3aHB YeTHIPEXIO-
JIIOCHHK (YCHJIUTENb) H YeTHIPEXIOJIOCHUK 0OpaTHOH CBS3H.

Jlns cxeMbl ¢ mocJiefoBaTesqbHOH oTpuuarenbHoli OC 1o TOKY
(puc. 4.23, a, 6) Koc=R,/Rx.

+Uy
Ry Ry
Cy VT
_| .LI' 2
de R2 " ﬁ R
| H
— 1 |
o
a) J)

Puc. 4.24. DMHTTepHHI NOBTOPHTENB

Ina asmutrepHoro mnosToputens (puc. 4.24, a, 6) K, =1, Tak
KaK BCe HalpsiKeHHe C COIPOTHBJIEHHS B LieNH 3MHTTepa R nocty-
naeT Ha BXOJ YCHJIUTEJIS.

§ 4.8. YCTOAYUBOCTb JIMHEAHBIX AKTHBHBIX LEMNEA
C OBPATHOM CB$3blO

dusnyecKU# CMBICJ TOHSTHS «yCTOHYMBas paboTa aKTHUBHOH LEmH»
COCTOHT B TOM, U4TO YCTOHYMBAsl lleNb IocJie MpeKpalleHHs AeHCTBUSA
BHEIIIHUX BO3MYILEHHI BO3BpalllaeTcsi B MCXOJQHOe cOCTOsIHHe. B npo-
THBHOM cJrydae Jiro60e BHellIHee BO3MYIIeHHe NPHBOIUT K PasBHUBAIo-
IUMCS BO BpeMeHH KoJebaTesNbHBIM NpolleccaM BIJIOTh A0 reHepa-
mau. CrnefoBaTeNbHO, B YCTOHYMBOH AaKTHBHOH LENH NEPEXOJHBIE
IPOLIECCH JOJIKHBEI OBITh 3aTyXalolUMH.

Takum obpa3oM, BO3HHKaeT, o KpaihHeHd Mepe, IBa BO3MOXKHBIX
NyTH aHa/JM3a yCTOHYMBOCTH: HCCJENOBaHHe INepexoJHOro mpolecca
3aMKHYTOH IeNHM M YaCTOTHOH 3aBHCHMOCTH MeTJIeBOro KO3(pHIMeH-
Ta yCHJIeHHS LeNH obpartHoii cBsi3u. [lepBblii NyTh NPUBOIUT K TaK
Ha3bIBAEMOMY QA2e06pQUHECKOMY KpUMepUIo Yycmoluueocmu, BTOPOH —
K- uacmomuomy (UAU 2eOMemMPUteCKOMy) Kpumepuro ycmouuugocmu.
Mexny HHMH, pasyMeeTcsi, CYLIECTBYeT TIJy6oKass BHYTPEHHsS
CBA3b.

AnreGpanueckuii KpHTepHii ycToiiunBocTH. M3 Teopuu 3jeKTpu-
YeCcKHX llerell M3BeCTHO, UTO HaNpsiKeHUs (UM TOKH) Ha BXOJE H
BHIXOJle NPOM3BOJILHOH JIMHEHHOH LieNH CBA3aHbl MeXAy co6od auc-
(depeHHaIbHBIM yPaBHEHHEM

dru “1y du
a, dtn:xx +a,- l’dt_n-fili_}— coeta BHX + Qollgux =
dmu 1y du y
=b, 10, dtm S L by S by, (4.19)



rge m, n — 4uciaa, Ompeaesiolle NOPSJOK YpaBHEHHS, NPHHATO
TaKKe Ha3blBaTh NMOPSAJAKOM LeNH; @, by, — NOCTOSTHHEIE BELIECTBEH-
Hbie yHcJa. :

IIpumepom uenu nepsoro mopsijka cayxar RC-uenu, paccMor-
pennble B § 3.2. JudxbepeHunanbpHble ypaBHEHHS, CBS3bIBalollLle
BXOZHOE H BLIXOJHOE HANPSI)KEHHs B 3TUX LeNsAX, u ¢dopmyJsl (3.10),
(3.13) sBAsIOTCA YacTHBIM cayyaeM cooTHomeHusl (4.19). Sameruwm,
41O OOGLIYHO AJSl peasbHBIX Liellell m>>n, B YaCTHOCTH 3TO BHAHO U3
(3.10), (3.13).

IIpoGsieMa YCTOHUMBOCTH CBOJMTCS K aHalIM3y 3aBHCHMOCTH
BHIXOJHOT'O HaNpsi2KEeHUS! OT BpPeMeHH NpH u,,=0. [leficTBUTENBHO,
B 3TOM cCJlyyae aHaJIH3HPYIOTCS COOCTBEHHBIE KoJe0aHHs, T. €. Te
KoJie0aHHsl, KOTOpble MPHHIUIIHAIBHO MOTYT CYLIECTBOBATh B LIEMH.
310, KOHEYHO, HE 3HAYUT, YTO OHH 00513aTeJIbHO BO3HHKAIOT B Pealb-
HBIX YCJIOBHSIX, KOrna g, 5<0.

INonaras B (4.19) u,,=0, nonyyaem onHOpoAHOE Hu(depeHuHrab-
HOe ypaBHeHHe, pellleHHeM KOTOpOro fIBJSIOTCsS COOCTBEHHBIE KoJie:
6anusa uenu:

dn Ypux d
a, Ll g O max g e g — 0. 1(4.20)

H3BecTHO, YTO pellieHHeM 3TOro ypaBHeHHs ABJSAIOTCH GyHKUHH BUAA
P! ;e p; — KODHH XapaKTepHCTHUECKOTO YpaBHEHHS

e!
Qup"+ 8y ap" L ap 8 =0. (4.21)

TlosTomy ofliee pelieHie OAHOPOAHOrO ypaBHeHus (4.20) sBasercs
JHHeAHOH KOMOHHAlHeN 3KCNOHEHUHANbHEIX QYHKUHHA:

n
. - p.d
e (£) = 208"

KopHHu * XapakTepHCTHYECKOTO YpaBHEHHS] MOTYT ObITb KOMIIJEKC-
HbIMH, BELIECTBEHHBIMH MJH MHHUMBIMH. YCJOBHIO YCTOHYHBOCTH
YAOBIETBOPSIIOT TOJBKO OTPHIATeNbHBIE BeLECTBEHHbIE KODHH HJIH
KOMIIJIEKCHBIE KODHH C OTPHLATe/IbHOH BellleCTBeHHOH uacTbio. Ilep-
Bble ONHCHIBAIOT anepHojHuYecKHe H3MeHEeHHS HaNpsIKEHUs, BTO-
pble — 3artyxamwolue KoseGanHs. CreloBaTenbHO, 3TH KOpPHH CO-
OTBETCTBYIOT (PH3UYECKOMY KPHTEPHIO YCTOHYMBOCTH — COGCTBEH-
Hble KosleGaHus LieNH JOJXKHBL ObITh 3aTyXamomuMu. Takum o6pasom,
JUIs1 ycToHuKMBOH paboThl 1enH HeoO6X0AHMO, YTOObl KODHH XapakTe-
PHUCTHYECKOI'O YDaBHEHHs] 3aMKHYTOH UeNH HaXOAUJUCh B Ae80l
NOAYNAOCKOCMU KOMNAEKCHO20 NepemMeHH020 p, 4To, B CBOIO ouepelb,
COOTBETCTBYET OTPHIATeNbHOH BeleCTBEHHOH YacTH BceX KopHed
XapaKTePUCTHUECKOro YyPaBHEHHS.

Teneps paccMorpuM ypaBHrenHe (4.19) ¢ nnoii nosuunu. Koseba-
HHUSIM B LENSX MOXKHO COOTHECTH HM3oOpaxkeHue no Jlanmjacy. 3anu-
LIeM COOTBETCTBHE MEXIY OPUTHHAJIOM H H300paxKeHHeM: ug, (1) =
= Uy(p), Ugx(!) = Upux(p) (HamoMHHM, 4YTO p — KOMIJIEKCHAA
yactota p=0-iw). Beiyncans npeo6pasobanne Jlanaaca ansa o6enx
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yacteii ypasHenus (4.19), nonyunm

(@ "+ 1P+ oo+ ap + ) U (p) =
= bmpm + bm—lpm—1+ e + b1p+ bD) UBX (p)’
OTKYJAa HaiineM Ko3thbHIHEHT Nepefayl B onepaTtopHol ¢opme

_bmp?+bm_1p” " . - bip-bo
K(p) = app"+ap_1p" "+ ... Faptap’ (4.22)

3HameHaTeb Apobu (4.22) coBnajaer ¢ XapaKTePHCTHKaMH ypaBHe-
HueM (4.21). IlostoMy KOpHHM ypaBHeHHS p; MOXKHO HHTEpIIPeTHpO-
BaTh Kak IoJioca oneparopHoro kosdouuuenra nepepauyu. Torma
KPUTEpUH YCTOHYMBOCTH 3aMKHYTOH LeNH MOXKHO c(popMyJ/HpOBaTh
cJenyomumM o6pa3oM: 6ce noaca Koaghguyuernma nepedauu 3amKHY-
moti yenu O0AMCHOL HAXOOUMBCA 8 NeB0U NOAYNAOCKOCMU NAOCKOCMU
KOMNAeKCHOU wacmomol p.

YacToTHbit KpuTepHit ycToitumBocTH — Kputepuit HaiikBucra.
AnreGpanueckufi KpuTepuil ycTOAUHBON paGOTH YCHJIHTENS PaBHO-
CHJIEH TPeGOBaHHIO, YTO MOAYJIb NMETIEBOr0 KO3(PhHUIIHEHTA YCHICHHS
He JOJIKeH o6paliaTbcsi B €AHHHLY B IPaBOH MOJYIIJIOCKOCTH IIJIOC-
KocTH p. B 3ToMm ciywae, pasymeercs, B NpaBoil TIOJYNJIOCKOCTH
HeT ¥ noJocoB ¢yHKuun K (p).

J1s panbHefiiiero aHanu3a Heo6XOLHMO YCTAaHOBHUTb B3aHMHO
OIIHO3HAYHOE COOTBETCTBHE IIJIOCKOCTH KOMIIJIEKCHOTO IepeMeHHOro

p=0+jo u maockoctu H (p)=u(c, o)+jv(c, ). [IpaBas noay-
IJIOCKOCTb IIJIOCKOCTH p OrpaHuieHa MHHMOH ocbio (jo) M NOJYOK-
PYXKHOCTBIO panauyca R—-oo. Ilpu NBHKEHHH BIO/Ib MHUMOH OCH OT

joo k —joo dynkuus H (p)=K (p) K,.(p) Ha nnockoctu H otobpa-
JKaeTcsl KPHBOH, BHJ KOTOPOH onpefensieTcss (PyHKIUHOHAIbHOH 3a-

BrcuMocThI0 [ (jo). Takum o6pasom, MHHMas 0Cb OTOGpaKaercs Ha
IJIOCKOCTb B KPHBYIO, 3alaHHY10 ypaBHeHHeM H (jo) =K (jo) K, (jo)=
=y (0)+jv (o). Otciona ‘

u (0.)) =K ((0) Koc ((D) Cos [(px ((')) + ®oc ((0)]»

v(0) = K (0) K, (0) sin [@, (0) + ¢, (0)],
rae @i(0), @,(®w) — dHa3oyacToTHEIE XaPAaKTEDPHCTHKH YCHJIHMTENS
H Ueny

Ha xoHtype GeckoHeuHo OGosbluoro paguyca o¢yHKuus H (p)
CTpeMHTC K Hymo. JleficTBHTeJNBHO, NpH p—>00 (3HAYEHHS p pac-
HOJIOXKEHBI Ha IOJYOKPYMKHOCTH pajuyca R—-00) B UYHCJAHTENE H
3HaMmeHarteJse (4.22) UMeET CMBICJ COXPAHATh TOJBHKO YJIEHBI BBICUIErO

nopsaka: p*>p*~t>...; p®>p”~t>... npu p—oo. [lostomy Ha
OKpyHOCTH R—00 ¢ynkuus K (p) npumer Bun K (p)=l;-”‘p(m-").

Mpu n> m byukuus K (p), a cienoBarensto, u H (p) cTpemsitest K
HyJo NnpH R—>oco, Takum obpa3oM, HONYOKPYKHOCTb GECKOHEUHO
GobIIOro pajuyca oToOpa)caeT B TOYKY Hayaja KOODAMHAT IJIOC-

xoctn H. CnexoBatenpHo, nosefenue H (p) OfHO3HAYHO onpegeisi-
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ercA 3aMKHYTOlM KpuBo# H (jo) Ha niockoctd H. B cooTBETCTBHH C
npaBHsioM 06X0la KOHTYPOB ABHXKEHHE BJOJb MHMMOH OCH (CBEpXy

BHM3) COOTBETCTBYeT 00Xoly 3aMKHYTOH KpuBoii H (jo) mpm H3-
MEHEeHHH 4aCTOThl OT o0 jJa —oo. Bes mpaBas NONYINIOCKOCTD

Imh Im/17

Q, 1 ReR u ) ReAl

a) 0)

Puc. 4.25. " Iuarpamma HailikBucra s ycToiiuu-
Boit (a) u HeycToliuuBoil (6) uenei

MJIOCKOCTH p oToOpaKaeTrcss BO BHYTPEHHIOI 00/1aCTb 3aMKHYTOH
KpuBoit H (w). .

Takum o6pa3oM, MOXHO YTBepPXJAaTb, YTO aKTHBHas JHHeHHas
yensv ycmotiqusa, €CJH ee INeTJeBOH KO3(hHUUMEHT YCHJEHHS He

"é y Px+Poc Hﬂ P +Poc
2 f2x

2 // ).
7+ / 1F yd

,// ,//

0 wy W 0 Wy, w
a) d)
Puc. 4.26. AUX (————) u ®UX (— — —) ycroituusoii (a)

H HeycToiluuBoi (6) ueneit

oxsaTeiBaeT Touky (14-j 0). B npoTuBHOM ciiydae yene Heycmotitusa.
DTo yc/ioBHe HAa3LIBAaETC KpHUTepHeM YycToA4MBOCTH HalikBucra,
Kpusyio H (jo) HasbiBaloT guarpammoit HafikBucra (puc. 4.25).

Hcxons us xpurtepus HalikBucTa, 0ObIYHO HCHOMB3YIOT CPaBHH-
TeJIbHO INpPOCTOH cnoco6 onpesesneHUs] 4acTOTHOH 06sacTH YCToi-
yHBOH paboTbl ycuauteass. [as ycTofiunmBod paGoThl yCHJIHTENS
Heo6XO0ANMO, YTOGHI B [10/10C€ PAabOYHX YACTOT BBIIOJHSJIOCH YCJIOBHE
K(0) Koo(0)<<1 npx @x(0)+@,(0)=27.

[Mpumepst AUX u ®@UX ycroiiynBoil 1 HEYCTOHUNBOM Lenel npu-
BelleHBl Ha puc. 4.26.

§ 4.9. ONNEPALMOHHBIE YCHJIHUTEJIH

Ilpunuun pabGotbl onepauuoHHoro ycuautens (OY) ananoruueH
NpUHUMIY paboTel AudibepeHUHANbHOrO yCUauTedA, OTJIHUUTEND-
Hoit ocobenHocThi0 OY fABJfAETCA HCNQJb30BaHHE OGPaTHOH CBS3H.
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CaoiicTBa ¥ ‘IapaMeTpbl OGBIYHOTO YCHIUTENS TOJIHOCTBIO ONpees-
I0TCSL ero CXemoi, a cBoiicTBa u mapameTpsl OY omnpegenstcs npe-
UMYLIECTBEHHO TapaMeTpaMH Uenu o6paTHOH cBa3d. OY BbINOJ-
HseTCs M0 cXeMe JU(pdepeHIHaNbHOr0 YCHJIUTES IOCTOSHHOIQ
TOK2 C O4eHb GOJbLIMM KO3(DHOHUIHEHTOM YCHJEHHS W HECHMMETPHY-
HbIM BBIXOJIOM.

Panee (npu MCHONBb30BaHMHM 3/MEKTPOHHBIX JIAMIT H JUCKDPETHBIX
TPAH3HUCTOPOB) MOJOOHbIE YCHJIHTENH IPHUMEHSIJIHCh HCKJIOYHTE/b-
HO B aHAJIOTOBBIX BBIYHCJMTENBHBIX YCTPOHCTBAX JJISl BHLINOJHEHHS
Pas3/MYHBIX MareMaTHYeCKUX onepauuii. OTCIOfa H NPOU3OLLIO HX
HasBaHue. OY B HHTerpaJbHOM HCIOJHEHHH [0 Pa3MepaM H CTOH-
MOCTH NPAKTHYECKH He OTJIHYAOTCA OT JUCKPETHBIX TPaH3HCTOPOB.

UGbrxyB
“eln .
Useix max 7 Ugyin.B |
“ . 10
/ |
' i '
/ Up,mr8 - .
L/ o -12] 0 72 U8
"
A .
Wywmin -4 oy
Puc. 4.27. Tlepegatounas xa- Puc. 4.28. IlepenatouHas xa-
pakrepuctika OY paktepuctika OY npu cuH-

(pa3HoM cHrHale

Peanusaiius pa3iuyHBIX CXeM HAa HX OCHOBE 3HAYHTEJbHO IIpolle,
yeM Ha JUCKPETHbIX TPaH3HCTOpaXx.

Baxnefimumu xapakrepuctikKamMu OY gBJAIOTCA NPHUTORHOCTD
JUISl YCUJIEHHS HOCTOSTHHOTO HaNpsi?KeHHs, BBICOKOE BXOAHOEe M HU3-
KO€e BBIXOJHO€ COMpPOTUBJEHHS, GOIbIIOH KO3I(DHIIUEHT YCHIIEHUS 1O
HanpsiKeHHI0, GIU3Kasi HYJI0 PAa3HOCTh HanpsAKeHHH MeXLy BXoja-
MH. B mocsenHem mnposiBisieTcst JgeiicTBHe 1enH OOpaTHOH CBA3H,
Ha/lHYyHe KOTOpOH MNpPUBOAHT K TOMY, YTO -Pa3HOCTb HaNpsKEeHHH
MeX1y BXOJaMH CTPEeMHTCS K HYJIO.

-PaccmorpuM  ocHoBHele napameTphl OY. udxbepeHuuasbHbfA
(pasHocTHBIH) Ko3(dHUueHT yeuieHus OY K, =uy,,/u, cocTaBaser
104. . .10%. OH Ha3bpiBaeTcsi TaKxke COOCTBEHHBIM KO3(M(hHLHEHTOM
ycunenus OY, T. e. B OTCyTcTBHe oOpaTHOH cBs3H. [lepenaTtounas
XapaKTePUCTHKA YCUJIHTEJs1 AJisl PA3HOCTHOrO CHrHaJa IOKasaHa Ha
puc. 4.27. B nuanasone Upyymax- « » Usuxmin  [1€PEAATOYHAS Xa-
PaKTEepUCTHKA NPAKTHYECKH JHHEHHAa. DTOT JMana3oH Has3bIBaeTcs
06./1aCTBIO YCHJ/IeHHSI. B 06/1aCTH HacBHIEHHSI C POCTOM U, YBeJHyYe-
HUSA Uy, He NPOHCXOAUT. ['panuusbl obsactd ycuaeHHs Uy max H
Ugix min OTIIMYaOTCst npubausutenbHo Ha 3 B or coorBercTByIO-
IMHX HaNpSIKEHHH NMUTaHHS, a HalpsxKeHUe BXOAHOTO CHrHaJja orpa-
HUYeHo 3HaueHHeMm =100 MkKB.
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ITepenaToyHast xapakTepuCTHKa HiaeanbHoro OY NpoXomuT yepes
HYyJIeByl0 TOYKY, a NepefaTouHas XapaKTepUCTHKa peanbHbeix OV,
Kak NpaBuJo, CABHHYTa BIIPaBO HJH BJEBO OT HyJas. Takum obpa-
30M, 151 Toro u4tobbl mo6uthes Uy, =0, HeoO6XomuMmo NojaTh Ha
Bxox OY omnpezneNeHHYI0 pa3HOCTb HaNps:KeHHH, Ha3LIBaeMylo Ha-
npsixkeHHeM cMemieHust HyJsi U,. O6BIYHO B KayeCTBEHNBIX YCHJIM-
TeJISIX 3TO HaNpsKeHHe Majo H BO MHOTHX CJYyYasiX OHO MOXKET He
yuuthiBathcsl. Korja ke BenuunHodt U, mpeHeGpeub He/b3si, OHa
MoXKeT OBITb CBefieHa K HyJ/i0 6ajaHCHPOBKOH HYJIsI, aHaJOrHMYHOH
paccMOTpeHHOH JJsi AuddepeHUUaNbHEIX ycuauTenaed. Bo MHo-
rux OY, suimonHeHHbiXx Ha HMIC, 1as nojak/roueHuss Lenu GaJjiaH-
CHPOBKM NpELyCMOTpPEHbl cllelHasbHble BhIBOABI. pelid Hyas 3a-
BHUCHT OT BpeMeHH f, TemnepaTypbl T' U HanpsiKeHHs HCTOYHHKA IH-
tanus Uy AU, T, Uy)=(0U/0T)ATH(0U/3t)At+(0U/0U,)AU,,.
3necs 0U,/dT — TemnepatypHblii Apefid (o6byno 3. . .10 MkB/K);
0U,/0t — BpemenHOH Jpefi, KOTOPHIH MOXeT JOCTHraTb HECKOJb-
KHX MHKPOBOJbT 3a Mecsl; O0U,/0U, — npeid, o6yC/0BIEHHbIH
H3MEHEHHEM HampsXKEeHHS] HCTOYHHKA INHUTAHHSA H -COCTABJISIOLIMH
o6bryro 10. .. .100 MkB/B. Jlnsi yMeHbLIEHHS NOCJIEIHETO CJ1araeMoro
YacTO OKa3bIBaeTcs  HeOOXOIHWMBIM CTaGHIM3HPOBATb HaNpsiKeHHe
HCTOYHHMKA NHTAHHS C TOYHOCTBIO O HECKOJbKHX MHUJIIHBOJIBT,

ITono6Ho nuddepeHaIbHOMY YCHAUTENO0, ONepalHOHHbIH yCH-
JIUTeNIb XapaKTepHusyerc KO3(pHLHEHTOM YyCHJIeHHs cHH(pasHoro
curHana. Ilepematounass xapaktepuctuka OY masa cuHpasHOro
CUTHaja ToKa3aHa Ha puc. 4.28, H3 KOTOpPOro BHIHO, YTO IIpH J0-
CTaToOYHO GoJbLIMX 3HaueHHAX Uy (COM3MepHMBIX C' HaNpsiKeHHeM
HCTOYHHKA nuTaHus) K. 4 pe3ko Bo3pactaer. Mcnonbsyemelit nuana-
30H BXOJHOTO HampsiXKeHUsl HasbiBaeTcsl 06J1acTbio ocJabJieHHs] CHH-
¢dasHoro curHana. Ilo aHanoruu ¢ audepeHIaNbHBIM YCHIUTEEM
OY xapakrepusyercsi Ko3(ppHLHEHTOM ocsabneHuss CHH}Aa3HOTo
cHrHana.

Tak Kak nepejaToyHble XapaKTEPHCTHKH NPaKTHUYECKH JIHHEHHHI
B 06/1aCTH YCHJIEHHS, BbIpaXKeHHe Il BhIXOZHOrO HamnpsixkeHusi OY
C YY4eTOM HanpsKeHHs CMellleHHs! HYJsl MOXHO 3anucaTh B BHIE

Ueo

UBHX = Kp (Up_Uo)+ 1('cd»Uc<b = Kp <Up—Uo + m) (423)

Pemenne 3Toro ypasHeHusi otHocutesbHo U, maer Up,=U,+
+Unux/Kp—Uc(b/Kocn ch:

Has npeanpHoro OY U,=0, Kp—>00 1 Kyeqopp—> 00, Teopern-
YeCcKH 3TO 03HAYAET, YTO JJISl TOrO UTOGHI MOJYUUTh JI060e KOHEUHOe
3Hauenue U, HeoGXOJHMO NMPHUJIOKUTb GECKOHEYHO MaJioe Harmpsi-
xenne U,. OueHb Go/bluHe 3HAYeHHs1 COGCTBEHHOro Kod(dpHIlMeHTa
ycunenusi OY 3actaBisior obpamarb ocoboe BHHMaHHe Ha YCTOHYH-
BOCTb ero pa6otel. M3 coobpakeHHH YCTOHYHMBOCTH CJIeLyeT, 4TO
aMIIUTYAHO-YacTOTHAasA XapakTepucTHKa OY po/kHa ObITH TakoH
XKe, Kak 4 xapakrepuctuka ®HY, npuuem 310 TpeGoBaHHE AOJIKHO
BHINOJIHATBCS BILIOTh 10 4acToThl, Ha KoTopoil Ky=1. Jas BeinoJ-
Henus 3Toro TpeGoBanusa cxema OY momxkHa BKIoyate @HY ¢ ovenb

101



HH3KOH 9actoTol cpe3a. Hanbosee NIMPOKO NMpUMEHSIETCS MOIKJIO-
YeHHE IIOC/IeNOBATE/IbHO COEOHHEHHBIX pe3HCTopa M KOHAeHcaropa
MeX1y KOJUIEKTOPaMH TPaH3HCTOPOB AHbdepeHIHaIbHOTO KacKajaa
HJIH K BHIXOZly OJHOTO H3 KacCKaJoB.

Ha pnc. 4.29 noxasana THAHYHAS aMIVIHTYJIHO-9aCTOTHas Xapak-
TEPUCTHKA TaKOr0 «YaCTOTHO-CKOPPEKTHPOBAHHOIO» OlepaIHOH-
HOTO YCHJIMTeJS:

Kp max
K V 1+(f/fep? (4.24)

3neck K, ma — MaKCHMalbHOe 3HaYeHHe KoahduukenTa ycuie-

HHSi Ha HHXKHHX 4acToTax; f., — rpaHHyHas 4acToTa II0JIOCH Npo-
nyckaHus Ha ypoBHe — 3 nb. MoxHo cunTarh, YTO Ha 4YacToTax
Kp,4B Bblle rpanuyHol K, ob6paTHO
NpoNnopUHOHaJieH yacToTe: Ko
100 ~ K, o foolf
—fA\p max/rp//

OnepaiyoHHEIl  YCHIHTEb
XapaKTepH3YIOT TaKXKe 4acTo-
TOH, Ha KOTOPOH MOIYJb KO-
s¢hduIHeHTa yCHJEHHS paBeH

50

0 | . ) eIHHULEe. DTy YacToTy Hashl-

1 102 w* W°44  Baor uyacTOTOH eNHHHYHOrO

Hep ycunenus f,. W3 mnocaegnero

Puc. 4.29. AMIINTYIHO-yacTOTHa PABEHCTBA CJELyeT, YTO f,=
xapakTtepuctika OY = pmaxfl‘pv T. €. 4acToTa eJH-

HHYHOTO YCHJIEHHS paBHA IIpo-
H3BEJIEHHI0 COOCTBEHHOro KO3M(DHIHEHTa YCHJEHHS Ha IIHPHHY
noJiockl nponyckanus OY.

Baxnbiv napamerpom OY sBisieTcs BXOJHOE CONPOTHBJEHHE,
Pa3iu4aloT BXOZHOE CONPOTHBJIEHHE A JU(DPepeHInaNbHOIO CHI-
HaJa rp, H BXOJHOE COINPOTHBJEHHe NI CHH()A3HOIO CHI'HA/A [gg.
3HaueHHe 7 COCTaBJISET HECKOJbKO MEraoM, a rcy — HECKOJbKO T'H-
raoM. BXoJHBIE TOKH, oInpelejsieMble 3THMH CONPOTHBJEHHSIMH,
nopsiika HeCKOJbKHX HaHoaMIlep.

PaccMoOTpuM OCHOBHBIE CX€MbI BKJ/IOUEHHSI ONEpPalHOHHBIX YCH-
JuTesed.

Henuseprupyromuii ycuauteab. Eciin B KauecTBe 1ienu o6paTHOM
cBsizu OY HCNoNb30BaTh NPOCTEHIINN PE3UCTUBHBIH JeNHTe/b HANps-
JKEHHS W NPOMU3BOLUTL ONlepalHi0 BBHIYUTAHHUS HaNpsiXKeHHH ¢ Ho-
Moo auddepeHnuanbHeIXx BxogoB OV, To mosyuyuM 6a30BYIO
cxemy HeuwHBepTHpyloulero ycuauteass (puc. 4.30). Koadbduuuent
uenu ob6patHoit cBsizu K,.=R,/(R;+R,.).

BakHEIM YacTHBIM CJyYaeM HEHHBEPTHPYIOLETrO YCHIUTENs SIB-
JsieTcsl Takasi cxema BKJoueHHs1 OY, B kotopoit R,.=0 u R;—-00
(puc. 4.31). U3 dopmyant K, mnonyyaeM aJst 3ToH cxeMmbl Ko,.=1.
Takas cxema Bkmodenusi OY HaswiBaetcs caensieii. OHa HCHOJb-
3yercsi, KaK M CXeMa 5MHTTEPHOro IOBTOPHTeJ]sI, B KauyecTBe Ipe-
obpa3soBaTesisi CONPOTHBJEHHH (T. e. AJS COIVIaCOBAHHS COINPOTHB-
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JieHn#H). CyliecTBeHHEIM NPEHMYLIECTBOM CXeMBl SIBJISIETCS TO, YTO
PasHHLA MeX]Y BHIXOAHBIM H BXOQHLIM HAMPSI)KEHHSMH COCTAaBJISIET
BCEro HECKOJIbKO MHJIJIUBOJBT,

Huseprupyomuii ycnanteas (puc. 4.32). Bxoguolt curnam mo-
A2€TCs Ha WHBepTHPYWWHHA BXoA OY, a HEMHBEPTHDYIOWH BXOJ

S
[F

+ Ui
>_._L~x

Puc. 4.30. Hensseptupylomuit OY Puc. 4.31. Caegsimas cxema
Braovenus OV  (3MHTTepHbIi
NOBTOP HTeJb)

3asemasiercsi. Bysem cuuTaTh, YTO NOTEHIHAN TOYKH A paBeH IMo-
TeHLHAaJNy 3eMJIM, TaK KaK Pa3HOCTb HaNps:KEHHH MeXIy BXOJaMH
OY 6auska Hymo. I[TosToMy TOKH, Tekyliue 4epe3 pe3HCTOPH R,
H R, coorBeTcTBeHHO paBHBl U, /R; u Ug,/R., a UX cymMa B

Roc ul
— "
Ry l:lR A
L1
UBx-L A —, u‘l —,
8 8o1X
L 4
Puc. 4.32. NusepTupylomuit OY Puc. 4.33. OY B cxeMe HHTer-
paTopa

COOTBETCTBHH ¢ 3aKkoHOM Kupxroda pasHa Hymo: U, /R,=
=—Upuy/R.; ¥, ClI€0BATEBHO, KOIDDHLMEHT - YCHIEHUS! HHBEPTH-
pytouiero yeunutenss K=~U,,,/U,=—R/R;.

R
Puc. 4.34. OY B cxeme nud- |
¢depennuaTopa Ugy |—7
J_ -‘i-sux

WuBepTupylOLHi BXOA B JaHHOH cXeMe aHaJOTHYeH TOYKe HyJle-
BOTO NOTEHIMaNa («3eMJIH»), NIOITOMY €ro Ha3bIBAlOT «TOYKOH BHp-
TyaJbHOH MacChl» HJH «CyMMHpYioLlell» Toukoll. [ToaToMy B oTaiH-
YyHe OT CXeMbl HEMHBEPTHPYIOUIEr0 YCHAHTeNAs 3JecChb KO3PGhHIHEHT
ocJsabseHnsi cuHpas3HOro CHrHasla He MrpaeT HHKakoH pond, a ¢dasa
BBIXOZHOTO HanpsXKeHHs NPOTHBOIOJOXKHA (ase BXOLHOTO.
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BxonHoe compoTHB/IEHHE CXeMBI HHBEPTHPYIOUIErO YCHJIUTENS
CYIIeCTBEHHO MeHbllee, 4eM COGCTBEHHOE BXOJHOE COMpPOTHUBJEHUE
OVY. Ero 3HaueHHe MOXKHO OLEHHUTb, €CJIH CUHTATh MOTEHLUA] TOYKH
A paBHBIM HYJIIO; B 3TOM caydyae R, =R,;.

Hurerpatop (puc. 4.33). Tak kak Touka A sIBAAeTcAd TOYKOH BHPTYaJb-

HOH Macchl, TOK yepe3 pe3HCTOp R paBeH ugyx/R. OH 3apsiKaeT KOHIEHCATOp
C, HanpsixKeHHe Ha KOTODOM SIBJISieTCST BHIXOAHBIM. TakHM o6pa3oM,

Upux H=- % S ugx (¢) dt.

Nuddepenuuatop (puc. 4.34). Hanpsikenne Ha kougeHcatope C paBHO
HalpsiKeHHI0 Ha Bxoje (moTeHuHas ToukH A paseH Hymo). Tok, nporekato-
mui yepes pesucrop R, paBeH Cdugy (f)/df, a majgenHe HanpsiKeHHST Ha HeM
PaBHO BHIXOZHOMY HampsikeHuio. CleloBaTe/bHO,

Upux =—RCdU sy ()/dt.



TJIABA YCUJIUTE/JIH,
PABOTAIOLLUE
5 B HEJIMHEWHOM PE)XUME

AHANN3 JIHHEHHBIX aKTHBHBIX ILleneil, coAepKawKx GHIOJApHBIE
TPAH3UCTOPHI, NO3BOJHJ B JOCTAaTOYHO oO6Wel, HO NPOCTOH M
HarJasiiHOH (opMe NOJIyYHTh OCHOBHBIE XapaKTEPHCTHKH YCHJIHU-
Tejeit B MaJIOCHTHaJbHOM mnpuOaHKeHHH. PesyabTaThl JuHeil-
HOTO aHa/lM3a HAXOAAT IIMPOKOE NpHMEHEHHe B HHXKeHepHOMH
NpakTHKe. ‘
Boubwoit kpyr -3afay, pelraeMHX C IMOMOINBIO- 3JEKTPOHHEIX - 1ie-
neit, CBsI3aH C HeJHHEHHBHIM PexXuMOM paGOThl .aKTHBHOIO 3ie-
MEHTa, KOTJa YCTaHAaBJIHMBAeTCs CYry60 HeJAHHeHHBIH Pedum —
OTCEYKH KOJIIEKTOPHOTO TOKa. OCHOBHBIM NpPEHMYIIECTBOM He-
JIHHEHHOTO pexxnMa sBasercss Beicokuit KIII, mox xotopnim mo-
HHMaeTcsi OTHOLIeHHe MOLIHOCTH NepeMEeHHOTO TOKa, BhAeJseMoil
Ha Harpyske, K MOLIHOCTH, NMOTpeG/sieMOil OT HCTOYHHKA IHTa-
Tanus. Koaddunuent nosessoro neficTBHS HeNHHEHHOro ycu-
JHTeIT MOXeT foctHrate 70...80%. B MasocHrHaJbHBIX yCHJH-
Tensix KITJ cocTaBisieT ejMHHUB H JOJH IPOUEHTOB, TaK Kak
aMIVIHTYyJa NMEPEMEeHHOro TOKAa BO MHOrO pa3 MeHblIe NOCTOSH-
HOTO TOKa, NpPOTeKalolero yepes TPaH3HCTOP.

B naHHO#l rJyiaBe H3JIOXEHB OCHOBHbIE CBeJeHHSI 06 0cOoGeHHO-
CTAX PpaGoOTHl H BaXKHEAIIHX XapaKTePHCTHKAaX 3JeKTPOHHBIX
yCHJHTeJIed pa3JHYHOrO Ha3HAYEHHS.

§ 5.1. PEXXHMbI PABOTbHl YCHJIMTEJEA MOIHOCTH

K ycunutensiM MOLIHOCTH OTHOCST YCHJIMTENH, BHIXOAHAS MOIIHOCTD
KOTOPbIX CpaBHHMa C MOIIHOCTbIO, NOTpPeG/IsieMOfl OT HCTOYHHKA
NHTaHUSI. B 3aBHCHMOCTH OT MoJIOKeHHA paboyeil TOUKH Ha Harpy-
30YHOH XapaKTePHUCTHKE YCUJMTENs pPa3JjMyaioT TPH OCHOBHBIX
pexuMa paGoThl MOIHBIX ycuauteneii: A, B, AB.

Ot nonoxenusi paGoyel TOYKHU YCHJHUTENS, T. €. OT NOCTOSTHHOTO
HaNPSIXKEHHS] Ha KOJLJIEKTOPE, 3aBUCSAT KaK €ro XapaKTePUCTUKH YCH-
JIEHHUsI, TaK H MOLIHOCTb, MoTpel/sieMass OT HCTOYHHKA MHTAHHSA.
Jlns onpeneneHusi pabodyelf TOYKM Halo Ha ceMeHCTBE BBIXOJHBIX
CTaTHUECKHX XapakKTepHCTUK Tpauaucropa [4(Uyg) nocrpouthb .-
HHUIO Harpy3KH IO NOCTOSTHHOMY Toky. OHa 3ajaeTcsi ypaBHEHHEM
Ug=Uy—IxRy, rne U, — HanpsikeHue HCTOYHHKA TNHTaHHA.

HanpsixkeHue HCTOYHHKA NMUTAHHUS JOJKHO ObITb MEHbLIe Hampsi-
KeHUusA Uk pmay, KOTOPOE ONpelessieTcsl HanpsiKeHHeM Npo6osi KoJ-
nekTopHoro mepexona. O6bluHO Uy <0,7 Ux ac- JIHHUSA Harpysku
HauuHaercs U3 Touku Ux=U, U nepecekaeT BepTHKaJbHYIO OCb B
Touke [=U,/Rg (puc. 5.1). MakcumaabHHH TOK, NPOTEKAIOLIUH
yepe3 TPaH3UCTOD, ONpefeJsieTcss JONYCTHMOH MOILHOCTbIO paccesi-
HHSl Ha TpaH3ucrope. TakuM o6pa3oM, B YKa3aHHBIX TpaHHLIAX H
cjenyer BHIGUPATh MoJioKeHHe paboued TOUKH, HanmpuMep B LEHTpe
JIUHUK Harpy3kd (puc. 5.1). I[Ipu 3HaYHTENBHOH aMILIMTYJEe BBIXOX-
HOTO CHrHaJja BblOOp paGouyell TOUKH.COCTOHT B IIOHCKE IOJIOKEHUSA
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JIHHMY Harpys3ku M COOGCTBEHHO NOJIOXKEHHst paGouell TOUKH Ha HeM,
KOTOpble IO3BOJISIIOT TNOJYYHTb 3aJaHHYIO AMIIHTYAY BHIXOZHOIO
HanpsiKeHHs IPH MaJablX HCKaXeHHsAX ero ¢opmel. HenpaBuirnHoe
3ajlaHle MOJIOXKeHHs paboueifl TOYKM Ha JIHHUHM Harpy3KH MOXKeT

IK \ IK

0

-

Puc. 5.1. Harpysounsie xapakTepHcTHKH ycuauteas O3 no noctosiHnomy ()
H nepeMeHHOMY (2) TOKY M AHMHaMHuecKas XapaKTepHCTHKA YCHJeHHsS (3)

wt

NPHUBECTH K HACHIEHHIO KOJJEKTOpPHOro Toka (puc. 5.2, a) Hau or-
ceuke (puc. 5.2, 6).

[lpH NOAK/IOYEHHH HArpy3KH JHHHS Harpys3ku Ajs IepeMeH-
HOTO TOKa TOHJET Yepe3 Ty ke BHIOPAHHYIO pabouyyio TOUKY, HO C

N
0 Uy
a) d)
Puc. 5.2. Hachiuenue (@) 1 oTceuxka (6) KOMJIEKTOPHOLO TOKa B pe3yJabTaTe
HeNmpaBMJIBHOIO 3alaHHA paboyeld TOYKH

1 N —

Ux

6GOJIBIIMM HAKJOHOM. DTO CBSI3aHO C BO3pacTaHMEM Harpysku IO
nepeMeHHOMY TOKY (C POCTOM TOKa uepe3 TpaH3Hucrop). elcTBHTE b
HO, Harpyskoifl IO NepeMeHHOMY TOKY SIBJISIETCSI CONPOTHBJIEHHE,
o6pa3oBaHHOEe NapaJJeNlbHbIM COEeIHHEHHeM pe3uCTOpoB Ry H Ry,
KOTOpO€e MeHbllle Harpy304YHOTO CONPOTHBJIEHHS Ry MO NMOCTOSTHHOMY
TOKY. Ha puc. 5.1 npuBeneHEl XapaKTepHCTHKH TPaH3HCTOpa C JH-
HHUeH Harpysku IO IlepeMeHHOMY TOKY.

Hcnonb3ys MUHHIO Harpy3KH N0 NepeMeHHOMY TOKY H ceMeHCTBO
BHIXOJHBIX XapaKTEPHCTHK TPAH3HCTOPA, MOXKHO MOCTPOHTb OuHa-
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MUYECKYI0 XQAPAKMEPUCMUKY  YCUACHUS — 3aBHCHMOCTb KOJJIEKTOp-
HOrO TOKa OT BXOJHOrO TOKa HJIM BXOAHOrO HanpsixkeHHsd. JTa 3a-
BHCHMOCTb OTJIMYAETCS OT CTATHYECKOH XapaKTepHCTHKH YCHJIeHHS
TeM, YTO OHa YUHTHIBAET HArpy3Ky o nepemeHHoMy TOKy. OHa Haet
Har/IsiAHOe HPeJCTaBJeHHe O BO3MOMKHBIX HEJNHHEHHbIX HCKaMKeHH-
AX, BO3HMKAWIIHKX NpPH pabore B pexume GoJbluoro curuaja. Ilo-
STOMY, KaK NPaBHJIO, MPH aHaau3e YCHJHTeJeH MHCIOJNb3YIOTC H
Harpy3ouHasd M JMHaMH4ecKasl XapaKTepHCTHKa yCHJIEHHA.

Ich I | i

Puc. 5.3. Pexum B

B pexume A pafouasi TouKa BEIGHpPAeTCs TOYHO TaK e, KaK U B
YCUJIUTENSIX MaJsoro CHUrHaja — IocepelHHe Harpy3oyHOH Xapak-
TEePUCTUKH IO lepeMeHHOMY ToKY (cM. puc. 5.1). Ilpu sTom B paGoueit
TOYKE KOJJIEKTOPHBIH TOK M HalpsiKeHHe Ha KOJIJIEKTOpe COCTaBJIsi-
IOT MOYTH IOJIOBHHY CBOMX MaKCHMaJbHO JONYCTHMBIX 3HayeHHH,
TaK KaK HavyaJbHBIH HeJHHeHHBIH yYacTOK BBIXOJHBIX XapaKTepHC-
THK GUIIOJISIPHOTO TPAH3HCTOPA JOCTAaTOYHO MaJl. [ToaTomy MolHOCTD
YCHJIEHHOI'O CHTHaJIa Ha BBIXOJE YCHJIHTENs

Umk’mx

Px-l=_'—<uxoluoz

Unleo_ P
)

2 2

rae P, — MouHocTb, mOTpebsisieMas OT HCTOYHMKA nurtanus. Ta-
kum obpasom, KIIJL BeIxomHO# uenu ycuiautesass B pexkume A my=
=P4/P;<0,5. Kak BHIHO H3 NOJYYEHHBIX COOTHOLIEHHH, B peXXUMe
A MouiHOCTb, MoTpebJisieMast OT HCTOYHUKA MUTAHHS, HE 3aBHCHT OT.
aMIUIHTY A YCHJIMBAEMOr'O CHUTHAsA.

B pexxume B pa6ouast Touka pacrnosaraercst y OCHOBaHHSI Harpy-
304HOH xapaktepucTHKH M KII[ ycunutenss 3HauuTeNbHO NOBHIIIA-
ercs (puc. 5.3). B 3ToM pexume TOK yepe3 TPaH3HCTOP MPOTEKaeT
TOJIBKO B TNOJIOXKHTEJNbHBIH MOJNYNEpHOJ BXOAHOIO CHI'HajJa H KOJ-
JIEKTODHBIH TOK IHpejcTaBiasieT cOGOH HOC/eI0BaTeNbHOCTh CHHYCO-
MIANBbHBIX. HMIYJIbCOB. [I/11 HEHCKAXKEHHOTO YCHJIEHHs JBYIOJSP-
HBIX CHTHAJIOB IIPHMEHSIOT IBYXTAKTHYIO CXeMy, B KOTOPOH /Ba TpaH-
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3ucTOpa, paboras NOOYEPENHO, YCHJHMBAIOT CHTHAJM B INOJIOXKHTENb-
Hble M OTpHLIaTeNIbHble MOJYNePHOABI.

B pexume B MomHocTb, motrpebisieMasi OT UCTOYHMKA IHTAHUSA,
3aBHCHT OT aMIVIUTYJbl YCHJIHMBaeMOro CHrHajla. JTO CBA3aHO C
HEJIMHEHHbBIM pexxuMoM paboThl TpaH3HcTopa. B oTcyTcTBHE cHrHazaa
MOLIHOCTh NPAKTHYECKH He pacxoiyercsl, Mo Mepe Ke yBeTHueHHs
CHTHasla NPONMOPLHOHANHHO €MY HapacTaeT NOCTOSIHHAsi COCTaBJSIiO-
1asi TOKa KOJIJIEKTOPA M COOTBETCTBEHHO YBEJIMUHBAETCS MOLLHOCTb,
nortpebssieMasl OT HCTOYHHKA NHTAHHUA.

Iy ( ‘

1
H
I

Ixo -t

1L

[/ ! Ig

wt

Puc. 5.4. Pexxum AB *

. IlpomexyTouHbli pexxum paGoThl YCUIHTENS] HA3BIBAIOT PEXKHMOM
AB (puc. 5.4). Iasi- Hero XxapakTepHO ToJjioxkeHue paGouell TOUKH,
NpH KOTOPOM HayaJbHBI KOJJIEKTOPHBIA TOK /., He CTONBKO MaJ,
Kak B pexxuMme B. HenuHefiHble HCKaXKeHHSI CHTHasa, Bbi3blBaeMble
'KPUBOJIMHEHHOCTBIO HAYyaJbHOTO Y4acTKa BXOJHBIX XapaKTEPHCTHK
TPaH3UCTOPa, HECKOJBKO MeHbllle, 4ueM B pexkuMe B. DKOHOMHYHOCTD
LeNH NUTaHHA ycuiauteas B pexxume AB HecKolbKO Xyxe, yeM B
pexxume B.

§5.2. YCUJIMTEJIM MOUHOCTU HHU3KUX YACTOT

Ycunurenu MouHoctd (YM) co3paioT B Harpyske TpeGyeMmyio Mmoui-
HOCTb, & YCHJIEHHE IO HaNpsIKEHHI0 B HHX SIBJSIETCS] BTOPOCTENEH-
HBIM GakTopoM. IlJisi MHOTHX CXeM MOIHBIX KacKajloB yCHJIEHHE IO
HanpsiKeHHIo 6JU3KO0 K eIHHHLE H YCHIEHHEe 110 MOLILHOCTH OIpeaeisi-
eTcst B OCHOBHOM KO3(xbHIIHEHTOM YCHJIEHHSI TO TOKY.

OCHOBHBIMH 33jlayaMH HH)KEHEPHOro MNpOeKTHpoBaHUA YM sB-
Jastotcss oGecneueHne Bbicokoro KIIJ u corsacoBanune aKTHBHOTO
CONPOTHBJIEHUSI HAarpy3KH C 3KBHBANEHTHBIM BBIXOJHBIM CONPOTHB-
JgeHHeM YM. OnHOH M3 BaXKHBIX KOHCTPYKTOPCKHX 3ajiau siBJsieTcs
ofecrneyeHHe TeNJIOOTBOAA OT AKTHUBHBIX 3JIEMEHTOB BBIXOAHBLIX Kac-
KajioB. B 3aBHCHMOCTH OT AHana3oHa YacToT YCH/JIMBAaeMbIX CHIHa-
JIOB 3TH 3aJlayd PEWIAIOTCsl Pas3JHUHBIMH CIIOCOGAMH M CPEACTBAMH.
PaccMoTpuM, Kak pelaoTcsi cXeMOTeXHHYeCKHe BONPOCH NpPHMeHH-
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TeJbHO K YCHJIUTENSIM MOUIHOCTH HHM3KHX 4YacCTOT Ha 6HHOJ'IHprIx
TPaH3UCTOpPaX.

IMHTTEPHBIii MOBTOPHTENb KaK YCHIHTENb MOWHOCTH (pexum A).
Ilpu ncnonp3oBaHHM SMHTTEPHOTO IIOBTOPHTENsSI B KAaUeCTBE YCHJIH-
TeJIl MOIHOCTH HHM3KHX 4acTOT HeOGXOAMMO, YTOGbI BHIXOJHOE Ha-
NpsiKeHue U BBIXOJHOH TOK MOIVIM NPHHHMATh KaK MOJOXKHTEIbHbIE,
TaK M OTpHuaTe]bHble 3HayeHHs. Jlis 3Toro, Kak mpaBuio, Hc-
NO/Jb3YIOT ABYNOJISIPHbIE HCTOYHMKHM mnutanua (+U,) (puc. 5.5).

Puc. 5.5. DMHUTTepHHIl MNOBTO-
pHTeJb KaK YCHJIHTEIb Moll-
HOCTH

Onpenenum - HAFPY304YHOE CONPOTHBJIEHHE, IIPH - KOTOPOM MOXKHO
NOJAYYUTb MAKCHMAJbHYIO MOILHOCTb NPH HEHCKaXKeHHOH . ¢opme
YCUJIEHHOTO CHT'HaJIa.

B otpuuarenbHbIl MNOJYNEPHOJ HANPSKEHHS HAa BXOAE YCHJIH-
TeJIl TOK uepe3 TPAH3HCTOP YMEHbIUAETCS H CTAHOBHTCA PaBHBIM
HYJIO B TOT MOMEHT, KOria noreHnuan 6a3bl JOCTHTaeT 3HayeHHS,
OTJIMYAIOLIEr'0Csl OT MaKCHMaJbHOI'O NOTeHIHala SMHTTepa Ha maje-
HHe HalpsIKeHHs Ha OTKPBITOM mepexoje 6Gasza — amutrep: Ug=

=U, max+U6s° ‘Tak kak U,= U“Ralj—R., I,R,, TO mOTeHIHAI

amurtepa makcumanes: U, ...=U Ry/(R,+Ry) npu [,=0.
CnenoBare/bHO, MaKCHMa/lbHOe BXOAHO€ HaNpsKeHHe B OTPH-

LaTe/bHBH TOMYNepHOA PaBHO U,y pnax & Unﬁ_“T, ecnd U, ma>
N 3 H
> Ug,. Ilpu 3TOM MOIHOCTH B Harpyske
2 2 ¢

PH = Ua max/2RH = Uan/[2 (Ra -+ Ru)2]'

MakcumanpHO® 3HaueHHe MOLIHOCTH JOCTHUraeTcsi B TOM -Cayyae,
KOTJla CONPOTHBJIEHHe Harpysku Ry=R, (3T0 cieayer U3 yCJIOBHs
OP,4/0R4=0): Py .x=U%/(8R,;).

Paccunraem, KaK pacnpeensieTcss MOIHOCTb MEXIY 3J1eMeHTaMH
CXeMbl NPH NPOHM3BOJIbHOH aMIIMTYJe CHHYCOMAATbHOTO BBIXOLHOTO
CHrHa/la ¥ NPOH3BOJIBHOM CONPOTHBIEHHH Harpysku. Ha Harpyske

R, Bbigensiercss MomHocts P, =U? .../ (2R,). MouHocTb, pacceu-
Baemasi Ha TPaH3UCTOpe, -ONpeleNsieTcsl BbIpaxKeHHeM

T
1 puix (¢ pux (f Un
PTp=—T-S(Un"‘”W(’))<u RH(>+u (R)::l- )dt.
0

TIpH Uy () =U,, gux cOS OF
_ Ut Umesx (), 1
Py =i — 8 (ot g )-
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Takum o6pasom, MOIRHOCTE P,, MakKCHMalbHa IPH OTCYTCTBHH
BXOJHOT'O CHTHana.

MOI]lHOCTb, paccenBa€éMass Ha SMHTTEPHOM COIPOTHBJAECHHH Ra»
+ 1 Um Um sux

D

Cymwapnaﬁ MOIILHOCTD, IIOTpeb/sieMast CXEeMOH OT HCTOYHHKA IH-
tauusi, Pp=Py+P,+Pyy=2U%/R, TOCTOSHHA ¥ He 3aBHCHT OT
aMIUIHTY/bl BBIXOXHOTO CHIHAla M HArpY3KH. KI1O cxeMbl M,
omnpefensieTcsi Kak OTHoueHue Py ... K NOMHOH moTpeb/sieMoit MoL-
HocTH. Mcmonb3ys mnonyyeHHble BHIDAXKEHHS, IONYYAEM 1,0 =
=1/16=6,25% .

PaccmotpeHHass cxema o6safiaeT ABYMS XapaKTEPHBIMH OCOGEH-
HOCTSIMH: TOK Yepe3 TPaH3HCTOP HHMKOTJa He PaBeH HyJiO U MOTped-
JsieMasl OT UCTOUHHKA NTHTaHHS MOILHOCTbh MOCTOSHHA.

<
Ugx Ugx / \ - Ugnix

-Un ~
Puc. 5.6. Komnuaemenrapunit Puc. 5.7. Tlepexoxnme Hcka-
SMHTTEPHBI NOBTOPHTENb JeHH B JBYXTaKTHOH cxeMe

KomnjemeHTapHblii 3MMTTEPHbLI NOBTOPHTEeNb B pexume B.
CyuecTBeHHO Gosbllelf MOLIHOCTH B Harpy3ke H GoJiee BEICOKOrO
KITJI MOXXHO AOCTHYb, 3aMEHHB Pe3HCTOp R, ZONOJHHTEIbHBIM SMHUT-
TepHbIM noBTopHTesieM (puc. 5.6). B nonoxuresnbHOM moJynepHone
BXOJHOTO CHrHaja TpaHauctop VT; paGoTaer Kak 3MHUTTEPHBIH MOB-
TopHTeNb, a VT, 3aKpLIT, B OTPHILATENbHOM MOJYNEPHOAE BXOXHOIO
HanpsiKeHusi, Hao6opot, TpaH3ucrop VT, 3akpwt, a VT, paboraer
KaK 3MHTTepPHBIH IOBTOpHTENTb. TakuM o6pa3oM, TPaH3HCTOPHI pa-
60TaloT monepeMeHHO — KaXIbllf B TeUeHHe OJHOTO IoJynepHoaa
BXOJHOTO HanpspkeHusi. Tako#l pexuM paGoThl HA3LIBAeTCSl ABYX-
takTHBIM (pexkuM B). Ilpu U,,=0 o6a Tpanaucropa 3aKpHITHI, Clle-
JOBaTe/IbHO, CX€Ma HMeeT MaJjlblil TOK B pabouei Touke. [ToaTomy cxe-
Ma obsanaer cyulectBeHHO Gosiee BricokuM KIIJ mo cpaBheHHio ¢
KII[I smurTepHOro mosTOpHUTeNs, paoTaioilero B pexume A.

AMnnTy]a BEIXOJHOTO HaNpsIKeHUs IPH /110000 Harpyske Moxer
NIOYTH JOCTHIaTh HANMPSIXKEHUsI UCTOYHHKA nutanus Uy (eM. puc. 5.1).
PasHocte mexnpy U, U Uy, paBHa Us, OTKPHITOrO TPAH3HCTOPA,
T. €. MOXXHO mnpuHATh Uy~ U, , He3aBHCHMO OT Harpysku. Moul-
HOCTb B Harpyske oGpaTHO IpONOPLHOHAJbHA Ry M He HMeeT
skcrpemyMa. Taxkum oGpasom, B cxeme He TpeGyercs cOrJacoBaHHS
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HArpy3KH M MaKCHMasbHasi Bble/sieMasi MOLIHOCTb ONPEAeNsiercs
JIMIIb NPEJebHBIM TOKOM H MaKCHMAlbHOH MOIIHOCTBIO PacCesiHusl
HCIO/IB3YEeMbIX TPaH3HCTOPOB. IIpH MaKcHMaJbHOH aMIVIMTYAE CH-
HYCOMATLHOTO CHTHAsA 3Ta MOWHOCTh Py 0 >~ UL/ (2R ).

M3 pacueta MOLLHOCTH, pacceHBaeMoil Ha TPaH3HCTOPe, CIIENyer,
YTO MaKcHMaabHO Bo3MoxHbH KIIJI cxembl cocraBiser 78%.

Puc. 5.8. KomnaemeHTapHbi Puc. 5.9. SmurrtepHHi mnOBTO-
SMHTTepHHl TOBTOpHTeIb B pHUTelb CO CMelleHHeM
pexxume AB

JIByXTaKTHasi CXeMa Ha SMUTTEPHOM [OBTOPHTEJIE UMEET eIl OIHY
ocoGeHHOCTb. B cuiy Toro yto morenuuan 6aswl 60Jblle, YeM NOTEH-
LHaJ] 3MHTTepa, HA IaJeHHe HaNpsIKEHHs] Ha OTKDBITOM Ilepexoje
6asa — 3MHUTTEpP, TPAH3UCTOP B IOJOXKHTEJNbHBIH TNoJgyHepHony 3a-
KpbIBAaeTCsl paHbllle, YeM Hampsi)KeHHe Ha 6a3e CTaHOBHTCS DaBHBIM
HyJ/10. AHaloOruyHO, IPYrofl TPAH3UCTOP C 3alO3JaHHEM OTKPHIBaeT-
cs1 (puc. 5.7). B pesysibTare BO3HHKAIOT HCKaXKEHHUSI CHI'HANA, KOTO-
pble Ha3bIBAIOTCS NepeXxonHbIMH. JIJ1st YMEHbLIEHHST NepPeXOqHbIX HC-
Ka)KeHMH HYXKHO NepeHdTH oT pexxuma B k pexnmy AB. ,

KomnjieMeHTapHbI 3MHTTEpHHIl MOBTOPUTENb B pexume AB.
IlpuHuunuasbHas cxema JBYXTaKTHOTO KacKaja, peaqusyouiero pe-
xum AB, mpuBenena Ha puc. 5.8. [Ipu cpaBHHTENLHO HEGOJBLLIOM
TOKe B pabouell TOUKe NepexojiHble HCKaKeHHs CYIeCTBEHHO MEHbIIIE,
yeM B pexume B.

Hcnonbsylorcss pasnuuHbie criocoObl 3afaHUsi HANPSIKEHUS CMe-
HieHHs1 Ha 6a3y, B YacTHOCTH, C MOMOIIBIO AHOAOB (puc. 5.9), Korza
cMeleHHe Ha 6a3ax TPAH3UCTOPOB OMNpENeNsieTcs NafeHUeM HanpsixKe-
HHS Ha OTKPHITBIX Juoiax. IlostoMy, Korza BXOQHOM CHTHAN Wpo-
XOJMT yepe3 HyJb, OTKPHIT TONBKO OJMH TPAH3HCTOP.

§5.3. HEJJUHEAHBIA PE30HAHCHBIA YCHJIMTE/b

ITpuHuKNHANTbHAS /EeKTPHYECKasi CXeMa HEeJHHEHHOro Pe30HAHCHOTO
YCHIIUTE/ISI HHYEM He OTJHYaercs OT CXeMbl MaJOCHIHANIbHOTO Pe3o-
HaHCHOro ycuiurens (cM. puc. 4.11). Ha ero Bxopx nozaercsi Hampsi-
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xenue U, (1) =U,, ,,cos of, PesonancHag yacToTa KOHTYypa.®, paBHa
YacTOTe BXOAHOrO CHrHaja ®. HeianHeliHOCTb yCHIHTENS NPOSIBISieT-
csl MPH TAaKOM TOJIOXKEHHWH pabouell TOYKH, KOTZa KOJIIEKTOPHBIH
TOK TNIpH OGOJBIIOH aMIVIMTYJie BXOAHOIO CHTHajla IpeTepneBaeT

Puc: 5.10. KoaseKTopHbH TOK HeJHHEHHOTO Pe30HaHCHOrO
ycHauTeNS

OTCEUKY H, cjefoBaTeNbHO, UMeeT (HOPMY CHHYCOUAATbHEIX HMIYJib-
coB (puc. 5.10). M3 pucyHka BHAHO, YTO ypaBHEHHE HMIYJbCHOTO
TOKa KOJIIEKTOPa MOXKHO 3anucath B BHJE

. 1, (coswt—cos0) npu of < 26,
b (f) = 0 BHe HHTepBana 20,

ITpu 0f=0 amnunTyna ToKa paBHa aMIVIHTYJle HMNYJbCa KOJIEKTOP-
Horo Toka [/ ,=I(1—cos 0). Orciona Haiinem [/, ¥ 3anumem

()= I—IL- (cgs of— cos 0).. (5.1)

—cos 0

KoanexktopHbiit TOK (5.1) MMeeT wMpokuil yacToTHEIN criektp. Kosd-
(PULIHEHTH! Pa3JIOXEHHs1 HMMIYJbCHOH IIOC/IeNOBaTENbHOCTH B PSR
QDypbe MOXHO paccMaTpHUBaTh KaK TOKH COOTBETCTBYIOIIHX TIapMo-
HUK: HyJeBod ©0=0 (DmOocTOsiHHasi cocTaBJsollasi), OCHOBHOH (mep-
BOl) TapMOHHKH YacTOTHl ®, BTOPOH TapMOHHKH 4acTOTH 20 H T. 1.
Ha KoHTtype B KOJJIEKTODHOH L€NM TOKH TapMOHHMK CO3AaAyT COOT-
BeTcTByIOIIMe HanpsukeHus. Ho B cuny Toro, uto Kose6GaTtenbHbii
KOHTYp MMeeT YaCTOTHO-3aBHCHMBIH XapakTep 5KBHBAJEHTHOrO COI-
POTHBJIEHUS, aMIUINTYIBl HaNpSKEeHUs BCeX TapMOHHK, KpoMe oc-
HOBHO#, MaJibl. [TosToMy GyneM cuHTaTh, YTO aMIINTYJA YCHAEHHOTO
CHI'HaJla paBHA aMIJIUTYJEe OCHOBHOH TapMOHHKH HalpsiKeHHUs

Um BRIX — Raxnlmi, (52)

rae R,., — SKBUBA/EHTHOE CONPOTHBJIEHHE KOHTYpa NPH Pe30HaH-
ce; In; — aMIVIATyZla OCHOBHOM TapMOHMKH KOJIJIEKTODHOIO TOKA.
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Ha ocHoBanun cootnowenns (5.1) n dpopmyant (2.6) Hau,n,eM amn-’
JINTY IBL I‘apMOHHK KOJIJIEKTOPHOTO TOKa:

In

Iy = 2n(1—cos 0)

(cos ot —cos 8) d (wf) =
]

sin®—0 cos 0
=1, 7 (1 —cos 0) = (6),

I

1
i = n_'(T_—chG_) Se(cos ot —cos ) cos f d(0f) =

=] (-)—sinec:osezlmm1 (9). (5‘3)

” g (1—cos 6)

dynkuun a,(0) HaswiBalorcss (yHKuHamMu DBepra (puc. 5.11).
H3 rpadukoB cienyer, 4TO OTHOLIEHHE aMIJIHTYIbl MEPBOi rapmo-
HUKH 10Ka [, K TOCTOSIHHO# COCTaB-
asnowelt I, 6onbiue ‘eqMHULB NMPH JIO- On
6oM 3Hauenuun O: 04

In1 _ 8—sin 0 cos 0

V1= T Sin0—0cos0

02
Kpome Toro, ¢ pocroM Homepa rapmo-
HUKH ee MaKCHMyM cMeliaercsi B 06-
JIaCTb MalblX YIJIOB OTCeKH 0. D10 " 25 25 46 70 00 5°
OKa3sbIBaeT CYIUeCTBEHHOE BJIHMSHHE Ha
BLIGOP peXHMa paGoTh HemuHefiHoro P#C. 5.11. ®ymkumm Bepra
3J1eMeHTa. :

AMI]JIHTyIla KOJIJIeKTOpHOI‘O TOKa TNpONOpIHOHANbHA prmane
YCHIHTENbHON XapaKTepUCTHKH Tpansuctopa: I, =SU , ,.(1—cos 6).
ITostomy B cootBerctBUH ¢ (5.2) 1 (5.3) aMIauTya YCHIEHHOTO CHT-
Hata Ha KoHtype U, ,uy=SR,U,, 5x%(0)(1—cos 0). Orkyza
HaxoAMM KO3(hdHUHEHT yCHIEHHUSA ’

KU:.UTJM;B_:;L‘ =SR§xn°‘1_ (_0) (1 —cos6). (5.4)

TTo ananoruu ¢ dopmysoli (4.13) mis KoadpHIHEHTA YCHTIEHHUS JIH-
HEHHOTO YCHJIMTeJsi COOTHoweHHsi (5.4) 3anumeMm B BHie K,=
—Schm, rie S¢p=3Sa,(0)(1—cos 0) — cpennss KpyTH3HA YCH-
JIUTENIbHOH XapaKTepHCTHKM TPaH3UCTOpPA MO OCHOBHOH TapMOHHKe
KOJIJIEKTOPHOI'O TOKa. IIPYmMH CJI0BaMH, Scp €CTb HAKJIOH NPAMOH
JMHUK, aNNpOKCHMUPYIOulell YCHIHTeIbHYIO XapaKTepHCTHKY IO
OCHOBHOH rapmonuke. HakJ/IoH 3TOH JIMHHM 3aBHCHT OT 3HaueHus O,
a c/e0BaTe1bHO, OT aMIIMTYJbl BXOJHOTO Hampshkenus. B atom
NPOSIBISICTCS HETMHEHHOCTD YCUTHTEIS. Takoit noxxon x ananusy
HEeJIMHEHHOTO PEXHMa Ha3blBAETCH K6Q3UAUHEUHBIM.
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HennnefiHocTs pesoHaHCHOro ycuiauredst (¥ APYTHX THIOB YCH-
JuTeJIell) KOJHYECTBEHHO OLEHHBaeTcs noacpcpuqueunwm HEAUHEUHbIX
UcKaxcerul

ku.'[:VUanZ"_Ufns‘i‘ . '/Uml'

Ouenum KIII ycunurens. Ilo onpenenenuio,
o PH 1 13U v1Unm

Eciu Un/Ugx~1, 10, KaK caenyer u3 puc. 5.11, npu 6=70. . .100°
n~70. ..80%.



[JIABA - HEJIHHEHAHBIE
6 M NAPAMETPHYECKHE HENH

PaccmoTpeHHBle B NpeIbAYMHX TJaBaX KHUTH JIHHeHHbe LenH
of/1afialoT OrpaHHYEeHHHIMH BO3MOX<HocTAMH. Ha uXx ocHoBe pea-
JHU3YIOTCS YCTpPOHCTBa, npeo6pasyloumue aMmJaHTyny H ¢asy
BXOLHOTO cHrHaja. Jpyrumu "cjoBaMH, JHHefHble LeNH He
H3MEHSIOT CHeKTp cHraajaa. Jlaxe ycuauTenu, paGoraiomue
B Cyry60o HeJMHeHHEIX peXHMaX, B KOHEYHOM cueTe SBJAIOTCH
TONILKO YCTPOHCTBAMH CO MHOTHMH IpH3HAKaMH JIHHEHAHHX Le-
neii. ITosToMy npoueccH MOAYJASUHH, JeTeKTHPOBAaHHSA, Mpeobpa-
30BaHMA YacTOTH, OGIMM CBOHCTBOM KOTODHIX SIBJSIETCH Ipe-
o6pasoBaHHe CIEeKTpa CHIHaJa, He MOTYT GHTb peaJH30BaHH
Ha Gase JuHefiHbIX Hene#i. B ra. 1 6mi0 mokasaHo, yTo Ha
OCHOBe aKTHBHOI'O 3JeMeHTa, 06J/aJaioliero HeJHHeHHOH BOJBT-
aMnepHON XapaKTePHCTHKOR BHAA ipyx=Supyx-t-aul,, MoOryr
6biTb peasn30BaHbl INpOLECCH, CBf3aHHbIE C Npeo6pa3oBaHuEM
CHeKTpa BXOJZHOro cHrHaJja. B maHHOH rsnaBe paccmartpuBaloTcs
HeJHHelHbe IeNH, OCYLIeCTBJAIMHE TakHe NpPeoGpa3oBaHHA.
B u3BeCTHOM CMBICJIE NpPOMEXYTOYHOE IIOJIOKEHHe MeXAy JH-
HeHHBIMH H HeJIHHeHHBIMH LeNfAMH 3aHHMAalOT IapaMeTpHUYecKHe
nenn. [lapaMeTpuueckHe LeNH ONHCHBAIOTCA HECTALlHOHADHLIM
onepatopoM T (f), KOTOpHIi yCTaHaBJHBAaeT CBA3b MeXAy BXOJ-
HBIM H BBIXOAHBIM HanpsikeHHeM. JIHHEHHOCTb mapaMeTpHYECKOH
Heny onpenejsercs NMPHMEHHMOCTbIO K Hell NMpUHIHMNA cymnepro-
suuuH, a uMeHHO: T (f) (cittpx 1+ Collgx 2+ .+ - +Cnlipx n) =
=T () gx1+c2T () tpx 2+ .- +cnT () Upx p.

HasBanue «napameTpHYecKHe ILeNH» CBS3aHO C TeM, YTO OHH
COoflepKaT 3JeMEeHTHl, NapaMeTphl KOTOPHIX 3aBUCAT OT BPEMEHH.
B ‘teopuu ueneit paccMaTpHBAalOTCS CBOMCTBA Ge3bIHEPUHOHHBIX,
napaMeTpHYeCKHX, PE3HCTHBHLIX, HHAYKTHBHBHIX H €MKOCTHHIX
saeMeHTOB. 3Jech GYAyT PacCMOTpEHBI LeNH C NapaMeTpHYecKoi
€MKOCTbI0. 3aBHCHMOCTb €MKOCTH KOHJEHcaTopa OT BpeMEeHH
¢ () ABJseTcs NpPHHUMNHAJbHO HesuHelHOfi. Kpome Toro, He-
KOTOpbIE NapaMeTpHYeCKHe LenH paboTalT B CYyIIeCTBEHHO He-
JIHHEiHOM pexuMe. DTO NO3BoJseT OGHEAHHHTb NapaMeTpHye-
CKHe IleNH ¢ HeJHHeHHBIMH LensiMH, TeM GoJiee YTO KOHEUYHBIH
pe3yJbTaT 06pabGOTKH CHIHaJjla COCTOMT B TNpeoGpas3soBaHHH ero
crnekTpa.

§ 6.1. HENU AMIJUTYAHOA MOAVJIAUUU U JAETEKTUPOBAHMSA
AM-CUTHAJIOB

OnHOTOHAMNBHBIA MpOLECC aMMJIHTYIHOH MOAYJSIIMH COCTOHUT B TOM,
4TO Ha BXOJ HEeJUHEHAHOro 3jeMeHTa MNOJAalT JBa TapMOHHYECKHX
KoneGaHus: Hecyllell 4acTOThl @y M 4yactoTel MonyJasiuuu 2. ITocne
4aCTOTHOH (pUABTPANKUH HA Bbixoze nosayyaior AM-curnas. IIpocreii-
1IeH 4acTOTHO-H36HPaTeNbHOH LEMNblo AB/SETCS NapasyelbHbI KoJe-
6are/bHBIl KOHTYD, IMO3TOMY CXeMa aMIVIHTYJIHOTO MOJIYJSiTOpa OT-
JIYaercst OT CXeMbl HEJMHEHHOIO Pe30HAHCHOIO YCHJIHUTENs JIHIIb
TEM, YTO Ha ero BXOJe IeHCTBYIOT ABa CHTHala PasHOH 4YacCTOTHL.
Ha puc. 6.1 noxasana cxema aMIIHTYAHOTO Mopyastopa. s ciy-
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yas OHOTOHA/NLHOH MOAYJ/IALLMH HaNpsKEeHHe Ha BXOJe MOAyJ/siTopa
g () =u(t)Fug(t) = Ung cos 0xt-+Ugn cos Qf. PesoHaHCHBIH KOH-
Typ B LeNH KOJJAEKTOpa HAaCTPOEH HA 4acTOTYy HECyllero KosieGaHHsi
0y Ycuauteab paboTaeT B pexuMe oTceukd Toka (puc. 6.2). Kak
OblLJI0 MOKA3aHO B IJI. b, aMIUIMTyJa Ha-
NpsKeHUs NepBOH FapMOHHKH Ha KOH-
type U, pux=Roxs! 1. OT pesoHanc-
HOTO YCHJIUTENISl aMILIUTYAHBIA MOAY-
JIATOP OTJIH4aeTCs TeM, 4YTO CHHYCO-
. MajJbHble MMIOYJbCHl KOJJIEKTOPHOrO
Toka (puc. 6.2) okasbiBaloTCS IPOMO-
JyJHPOBAaHHBIMH 110 aMIIHTyAe. 3710
MPOUCXOJUT, KaK BHAHO M3 PHCYHKa,
3a cyer TOro, yro padoyas TOYKa Ha
Puc. 6.1. Mpunuunuanshas BOJBT-aMIEPHOH XapaKTEPHCTHKE Ie-
cxeMa aM{IMTYJHOro Mofy- pPeMelllaeTcsd B TaKT C HHU3KOUaCTOTHBIM
aATOpa MOJY/IMPOBaHHBIM KosiebaHueM. TakuMm

_ o6pa3oM, aMIJIMTyJa TepBOH rap-
MOHHKH MOQAY/JHPOBAHHBIX HMIYJBLCOB KOJIJIEKTODHOIO TOKa TaK¥XKe
3aBHCHT OT BPEMEHH H, CJIEJ0BATe/NbHO, aMIIUTY/A HAaNPSIKEHHsT Ha
KOJIeGaTeNbHOM KOHTYpe H3MeHsieTcs] B TaKT C TOHaJbHbIM MOAYJIM-

I/

LT3

AR i 1

Puc. 6.2. Tok B KOMJIEKTOPHO# LeNH aMIJIHTYLHOTO MO-
LyJasiTOpa H HampsiXKeHHe Ha ero BBEIXOAE

pytomuM curHanoM. OfHako nepemeliene paGouell TOUKH NPHBOIHUT
K HEINpepbIBHOMY H3MEHEHHIO YIJa OTCEYKH KOJIJIEKTODHOrO TOKa.
[Toatomy, cTporo roBopsi, NIpH MOAYJISLMHM 32 CUET CMelleHus pado-
ueil TOYKHM HEU3OEXKHBl HCKAXKEHHS: 3aKOH H3MEHEHHs1 Uy, (f) OT-
JINYaeTcs ‘0T . 3aKOHA MOLYJIHPYIOILEro HanpsikeHus. JlefcTBUTENbHO,
aMIVIMTyAa NepBOi rapMOHHKH KoJuiekTtopHoro Toka (5.3) ompefe-
JsieTcsi COOTHOIIEHUEM [,1(f)=a,(0)/,,(¢). 1 Tak Kak yron orceukd
0 sBnsiercs QyHKUMEH BpeMeHM, TO NepBasi TapMOHHKA TOKA /()
He TOYHO IOBTOPSAET.(popMy MOAY.IHpYyromero curasa. Ho, Kak Buj-
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Ho u3 puc. 5.11, pyHKuMa o; cnabo MeHsieTcsl NMPH H3MeHEHHH O
ot 100 10 140°. [ToaTOMY HpH NPaBUILHOM BEIGOPE YI/a OTCEYKH U He
oueHb IJ1y6OKOH MOAYJISLIMH MCKaXK€HHSI MOTYT ObIThb JOCTATOYHO Ma-
JIBIMH.

KonebarebHbli KOHTYP JOJXKeH BhIeauTh cnektp AM-kose6a-
pus wupHuHo# 292. JIpyrumu cioBamH, I0Jioca NPONYCKaHHSI KOH-
Typa JoJKHA GbITb HE“KOJMbKO GoJblue, yeM 2€2.

PaccMoTpHM NpHMephbl CXeMHOH peanu3allMi aMIUINTYAHLIX MOJY-
JISTOPOB. AMIUIHTYJHYIO MOAYJISIMIO OCYLIECTBJSIIOT, H3MEHAA Ha-
npsiKeHHe HCTOYHMKa NHTaHus. B MoayJasitope, cxema KOTOpOro

(93

E31¢ @,
+Un

Puc. 6.3. IlpuHuunuanbHas Puc. 6.4. TlpuHuunuaabHas
cXeMa aMIIMTYQHOTO MOZLYJMf- cxeMa KOJUIEKTODHOrO aMIJIH-
TOpa ¢ MOAYJAfIHeH CMelleHHS TYAHOrO MOZAYJsATOpa

n3obpakeHa Ha pHc. 6.3, NO 3aKOHY H3MEHEHHS! MOAYJIHPYIOUIErO
CHMrHana ugq(f) M3MEeHsieTCs' HaNpsKEHHe CMelleHHusi Ha 6ase Tpas-
suctopa. IlocienoBaTebHO ¢ MCTOYHHKOM TOCTOSIHHOTO CMeLLEHHS
U., BKJIOYEHa BTOpHYHass oOMOTKa TpaHchopMaropa, Ha NepBHY-
HyI0 OOMOTKY KOTODOrO NOJaeTcsi MOAYJHpYylomuil curhHan. Eciu
ug (t) MeHsieTcsi MO rapMOHHYECKOMY 3aKOHY, TO pe3yJbTHPYHoIlee
HanpsikeHne Ha Gasze TpaH3HcTOpa Uy, (f)=U.,+ U ,q cos Qf.
KosdduuneHt ycuneHHss pe30HAHCHOTO YCHJINTE/s] H3MeHsieTcs
NPOTOPLUHOHATBHO U, (f), MO3TOMY M AaMIVIHTYJA BBEIXOJHOTO Ha-
NpsKeHHsT U3MeHsieTCsl M0-3aKOHy cos Qf. BricokouacTorHoe KoJe-
Ganne u,(f) momaercsi uepe3 pasjaenutenbHbl KouuaeHcatop C; ¢
BXOJHOTO pe3oHaHCHoro KoHrypa L,C; Ha 6a3y TtpaHaucrtopa. Has
NpeLOTBPAleH!s] YTeUKH CHUTHAja HeCcyllell YyacToThl B LENMH CMelle-
HUs1 Hcronb3oBaH PHYU, o6pa3oBaHHBI KaTyIKOH HHAYKTHBHO-
cti ¥ KoHgercaropoM C,. TTockonbky o4 >R, Katyimka umeer 6oJib-
1I0e HHAYKTHBHOE COMPOTHBJIEHHE IS KoseGaHus HecylleHd 4acToThl
W MaJioe CONMPOTHBIIEHNE JJIT MOJAYJHPYIOIIero curuana ug (t). Kon-
Jencatop C, 6nokupyer KoneGanne Hecyuiell 4acToThl. ByoknpoBou-
Hble KouueHcatophl C; U C,, UMeIONIHE MaJible CONpPOTHBJIEHHST Ha
4acToTe ®y, OOECNeuMBalOT Pa3Bsi3Ky HCTOUHYKA KOJJIEKTOPHOro
HanpsXKEeHUs MO BHICOKOYACTOTHOMY. HANPSXKEHHIO HA BHLIXOJHOM pe-
30HAaHCHOM KOHType. MOZy/STOpP MMEeT MaJble HeJHHel Hble HCKaXKe-
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HHs1 TPU MaJiolt riryGHHe MOy STHH (Ko3(bOhHIMeRT MORYJISIIHH O0bI4-
Ho M <0,3), uTo, B CBOIO ouepenp, MpuBOANT K Hudkomy KII[. Ta-
KOH Ccnoco6 MOAYJSHH Lerecoo6pa3HO HCNOJIb30BaTh NPHU LIHPOKO-
NOJIOCHBIX MOJAYJHMPYIOUIMX CHrHajlax.

KosnnektopHas AM ocymecTsisieTcss H3MeHEeHHeM HanpsiKeHHs
HCTOUHHKA NHTaHHA Kossiektopa. B moaysastope (puc. 6.4) Hanps-
JKeHHe Ha KoJjliektope npezcrasasiercst cymmolt U, = U+ Ungcos Q1.

i

+Up
C MR
Ubux
Ugx VT
Puc. 6.5. INpunnu- Puc. 6.6. JluHeliHOe JeTeKTHpOBaHHe

nHanbHas ~ cxeMa
KOJIJIEKTOPHOTO Jie-
TeKTOpa

KonnekTopHass MOAyJ/sLMsl BO3MOXKHA NpH pabore TpaH3UCTOpa
B pexxuMe GOJIbIINX BXOAHBIX TOKOB — IIOCTOSTHHOTO M IEpPBO¥ rap-
monukH. [ToatoMy TpeGyercsi Goblast MOULHOCTb BO3GYKIEHHUS, UTO
cHHXaeT KOo3pDHIHEHT YCHJEHHS IO MOLIHOCTH. AHAaIH3 MOKa3bl-
BaeT, YTO MOLIHOCTb, MOTpeCJsieMass BXOJHOHM IeNblo, COH3MepuMa
C MOIIHOCTBIO, NOTPebJsieMOH OT HCTOYHMKA muTaHHsi. B atom 3a-
KJIIOUaeTCsl OCHOBHOIM HENOCTaTOK KoJieKTopHoi AM.

PaccMoTpeHHbIe cXeMBbl aMIVTHTYIHBIX MOZYJISITOPOB CO3JAI0T MO-
JIyJHpOBaHHbIE KOJI€OaHHs C HIDKHeHl M BepXHeH OOKOBBIMH IIOJIO-
CcaMH B CIeKTpe, UTO NPHBOIMT K HEONpaBIaHHO UIMPOKOH mosoce,
3aHHMaeMOil KaHalOM CBfI3H, H HH3KOH 3(xpeKTHBHOCTH UCIO/bL30Ba-
HHSI MOLIHOCTH MOAYJISITOpPA. B OXHONONOCHBIX MOLYJIATOPaX MPOUC-
XONHUT MOJABJIEHHE HECYIero KojeGaHHs H OLHOH GOKOBOH MOJIOCH!
AM-curnasa. CxemMoTeXHHYECKasi peaNH3allHsi 3THX MOAYJISTOPOB
H3y4YaeTcst B Kypce paguonepenalouix yCTPOHCTB.

JerektupoBanne AM-koneGaHuss — npouecc oGpaTHOH MOXY-
asuuu. [Tonasast Ha Bxox nerektopa AM-kone6auue ug, (£)=U,, (1+
+M cos Qf) cos wyf, Ha BBHIXOAE JOMKHBI NOJYYHUTb KoJebGaHHe,
TIOBTOPSIIOlIee MOAYJIHPYIOUIHH cHrHaMX (cos Q%).

PaccMotpuM pasiuyHblE CXeMBI JETEKTOPOB U IPOTEKalolmiHe B
HHX mnpoueccel. Ilupoko ucnosnb3yloTcs ABa BHAA JETEKTOPOB: KOJ-
JIEKTOPHBIH U AMOoAHbIH. Ha puc. 6.5 npexcraBiena npuHIHNHATbHAS
cxeMma KOJIJIEKTODHOrO JieTeKTopa. Bo3MoxkHBI JBa pexkHMa ero pa-
6OTBI: KBaJpaTHYHOE JNETEeKTHPOBaHHe H JiuHeliHoe. KBajparuunoe

118



AetekTupoBanHe AM-cHrHana ¢ Manoff aMIVINTYNOH HeH36eXHo co-
NPOBOXKAeTCs HENHHEHHBIMH HCKaXKeHHsMH currana (eM. §1.1) u
MO3TOMY MCNONb3YyeTcsl BecbMa orpaHudeHHo. Ilpu suHefiHOM ge-
TEeKTHPOBAaHHH B PeXHMe OTCEYKH KO/JIEKTOPHOrO TOKAa HeoOXOoauM
AM-curnan Gosbiuofi amniauTyApl. IlomuepkHeM elne pas, 4TO «IH-
HeiflHOe» JI€TeKTHPOBaHHE — 3TO NPHHUHUNHANBLHO HEJMHEAHBIH Npo-
necc, 0OGYC/IOBNEHHbIH HETHHEHHOCTbIO BOJIbT-AMIIEPHOH XapakTe-
PHCTHKH JI€TE€KTOpa, anNpOKCHMHPOBAHHOH OTpe3KaMH IpPSIMBIX.
Ha puc. 6.6 nokasaH pex<uM AeTeKTHPOBAHHs NIPH GO/BILOA aMILIHTY-
ne AM-curhana — «i1HHefiHOe» JieTeKTHpoBaHHe. B HarpysouHoil
LenH KOJIJIEKTOpa JOJKHA OBITh BbeIEHA HH3KOYACTOTHAsl COCTaB-
Jsonas KoJuleKTopHoro Toka. [lns sToro Harpysounass RC-uenb
(cM. puc. 6.5) nomkHa o6JajaTh CBOHCTBAMH YacTOTHOTO (DHJIBTPA.
Ecau BeINONHSIETCS yCJIOBHE ’

1/(0,C) K R L 1/(QC), (6.1)

TO ISl MOAYJIMPYIOUIETO CHI'HaJa yacToTod Q Harpyska mpakTuye-
CKH paBHa R, B TO BpeMs Kak A5 KoJeOaHUs HecylleH 4acTOThl OHa
NPENCTaB/IsSeT Majoe *eMKOCTHOE CONPOTHBIIEHHE, H, CJIe[JOBaTeNbHO,
KO3(XpHILEHT YCHIeHHs B 06J1aCTH 4acToT, GJH3KHX ®y, IpeHeGpe-
XKHMO Masl.

[IpoBeneM aHanu3 TNpOLECCOB, NMPOTEKAIIUX B KOJJIEKTOPHOM
JeTEKTOpPE NPU NPOU3BOJNLHOM yrJje orceukd 0. B coorBercTBHH ¢
(5.3) HyseBasi rapMOHHKA KOJJIEKTODHOTO TOKa C MeJJIEHHO MEHSIO-
weiics ammautyaolt Io=SU, 4 (1+M cos Q) (0). BeixoxHoe Ha-
npsikeHue Jerektopa npH yciaoBuu (6.1) paBHO Uy, (f)~I,R=
=SRU,, 5 (14+M cos Q) a,(0). Kak BuiHO, aMIIHTyia CHrHaja
Ha BBIXOJie NPONOPIHOHANbHA AMILIUTYJe BXOAHOIO CUrHaja, YToO M
CBHIETENbCTBYET O JIMHEHAHOCTH JEeTeKTopa.

Ha npakTuke sddeKTHBHOCTh paGOTHl JETEKTOpa NPUHSATO Olle-
HHBaTb K03puyuenmom Oemexmuposarus

. Um BBIX ___ SRM“O (e) Um BX __
= WM~ MOpae — OR%(O):

Huonubiit nerekrop AM-curuanos (puc. 6.7) o6pasosan nocsaego-
BaTeJbHLIM COEMHEHHeM JMOofa U napasienbHoil RC-uen#, BHIIOJ-
HAOUEeHd poJb yacToTHOro ¢uiabTpa. Ee mapamerpnl BeIGUpalOTCs B
cootBeTcTBUH ¢ ycioBueM (6.1). Ins HopmanbHO#t paGoThl JeTeK-
TOpa HEeo0XOJNUMO, YTOOL! CONPOTHBJAEHHe R ObLIO HAMHOTO OGOJIbille
BHYTPEHHEro CONPOTHBJIEHHS OTKPBITOro auofa R;.

PaccMoTpum mpolecchl, NpOTEKAUIHe B LeNH NpPH BO3AEHCTBHH
Ha Hee rapMOHHMYECKOTO KoJebaHus ., (f)=U, ., cos of, a 3arem
nepeHeceM IOJYYeHHBIH pesyabTar Ha AM-koneb6anue. BosbT-am-
NMEepHYI0 XapaKTepUCTHKY JHOJA TpEeACTAaBHM B BHJE KYCOUHO-JIH-
HeliHOH 3aBHcuMocTH (pHc. 6.8). Ha ToM e puCYyHKe NpeacTaB/eHbl
HanpsiKeHWs] Ha BXoJle H Beixoie Lend. Hampsikenwe Ha Bhixoje
MaJlo MeHsieTCsi OTHOCHTEJIbHO cpefiHero 3Hauenusi U,. Hanpsikenue
U, 3akpeiBaer puox. IToaToMy TOK yepe3 Hero Teder TOJNBKO B MOJO-
JKHUTEJbHBIE NOJYNEepHOApl, B TeueHHe HeGOJIBILOro OTpe3Ka BpeMeHH,
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VD Puc. 6.7. Tlpunnunuaibuas
cXeMa JHOAHOTO JAeTeKTOopa

Ugx T Usex

-
/

—_———

S

8 l]Zat

Puc. 6.8. Tox ¥ HanpsxXeHHe B JHOLHOM JeTeKTOpe

KOrjga BXofHoe HanpsikeHnue npesoimaer U,. Tok umeer .dopmy cH-
HYCOMJQJIbHBIX HMIIYJIBCOB C MajbM yr/ioM oTcedkH- 0. HMmmyabch
TOKa 3apsiXKaloT KOHJEHCATOp yepe3 Majloe BHyTPEHHee COIPOTHBJIE-
HHe JHOJAa RO HampsixKeHHsl, 6/M3KOro aMILIMTYJAe BXOAHOIO CHrHa-
na. B nmpoMexyTkax Mexay HMIYJbCaMH AHOA 3aKPHIT ¥ MPOHUCXO-
JIT MeJUIeHHBI paspsil KOHAeHcaTopa yepes pesucrop R.

U3 puc. 6.8 BunHo, uro 3HayeHue U,, OKOZO KOTOPOro QIyKTYH-
pyeT BLIXOJHOE HamnpsiKeHHe, H aMIJIUTyJa BXOAHOTO HalpsKeHHs
CBSI3aHbl IIPOCTHIM COOTHOLIEHHEM ‘

Uy=U,, & cos 0. (6.2)

B cooteerctBuH ¢ (5.3) MOCTOSIHHAs COCTABJAIONIAA TOKA AHMOAA
Iy=0,(0)],, u, cnenoBaresbHO,

U0=10R=ao(e)[mR. (63)

O6osHaunm uepe3 S kpytusny BAX nuopna, rorga I, =S (U, px—
—U,). IlogcraBuB B 3T0 BeIpaxkenue (6.2), nmonyuum [, =SU,(1—
—cos 0)/cos 0. ITopcraBuB nonyuexnoe cootHourenue B (6.3), ¢ yue-
Tom (5.3) HaiijeM, YTO Yrosa OTCeYKH O yHOBJIETBOPSIET YPaBHEHHIO
tg 0—0=n/SR. Tak Kak R>>R;, To SR>>1 H, cieoBareabHo, yroa
OTCeukH GJIM30K HYJIO.

Ecnu Tenepb Ha BXOA AeTekTopa mojath AM-kKojebaHue, TO NpH
BEINOJIHEHHH ycJoBus (6.1) HanpspkeHue Ha pesucrope Gyner usMe-
HATBCA B TaKT C YaCTOTOH MOAYJHPYIOLUIErO CHIHaJa: Uy, (f)=
=U,, o (14-M cos Qf) cos 6. Otkypa HaiineM KosdxpuuHeHT [e-
TEKTHPOBaHHS Ky=cos 0. OueBHAHO, YTO JIMOJLHOE JeTeKTHpOBaHUE
ZocTaTouHO 3(PHEKTHBHO, TAK KakK B ITOM Ciydae Ky=~l.
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§ 6.2. YACTOTHBIE H ®A30BbIE JNETEKTOPbI

YacroTHble H (a3oBble I€TEKTOPH NpeJHa3HadeHbl 415 peobpa3oBa-
HHSI CHTHaJa C YTIJIOBOH MOAYJsilHel B HU3KOYACTOTHBIH CHIHAJ, W3-
MEeHSIOUMACS N0 3aKOHY MOZYJSIIIHHU.

B GosbIIMHCTBE 4aCTOTHBIX JETEKTOPOB NPOUCXOAHT Npeobpas’o-
Banue UM-Kose0aHHA B aMIJIUTYJHO-MOLYJIHPOBAaHHOE C NOCJIENYIO-
WHM JaeTeKtupoBaHueM. Ilo-
3TOMY YacTOTHBIH JETEeKTOp
COJEPKHUT JIMHEHHYIO Lllelb,
XapakTepH3ymomymocs: H36H-
paTebHOl YacTOTHOH 3aBH-
CHMOCTBIO Ko3dxpuueHTa
nepenaun. Tako#t 3aBHCHMO-
CTBIO 06/12JJaI0T Pe30HaHCHbIE
KOHTYDHI, KOTOphIE HCIIOJ/Ib-
3yI0TCSl - B -0OJIBLIMHCTBE Ya- :
CTOTHBIX Ile’TeKTOPOB B Ka- Puc. 6.9. IlpeoGpaadeanue UM-koneba-
yecTBe MpeoGpasoBate/iss BH- HHS B aMIUIUTYIHO-MOAYJAHDPOBaHHOE
Jga mopyasuuu. Ilpeo6paso-

BaHHe BHJa MONYJSLIMH C IIOMOLIBIO KoseGaTeJbHOTO KOHTYpa,
pPacCTPOEHHOT0 OTHOCHTEJNBHO HecyuieH 4acTOThl YM-KoseGaHus,
HJLTIOCTPHPYETCA PHC. 6.9.

AY]

’ ( y
/
\|

'3

Ay B
Y v Lo
1
T ]
21- R J_C
UZVD T
Usy
= —tp—] Wy Wy w w
a) 0)

Puc. 6.10. IlpuHnunuanbHasg cxeMa YaCTOTHOTO JeTeKTOpa CO CBSI3aHHBIMU
paccTpoeHHbIMH KoHTypaMmH (a) H AUX KoHTypoB (6)

[Ipy H3MeHEHHH YacCTOThl KosieGaHUs B Hpefesnax JHHEHHOTO
yuacTKa aMIIUTYJHO-YaCTOTHOH XapaKTePHCTHKH H3MeHsieTcsl H
HanpsiKeHHe Ha KoHType. JIpyrumMu c/joBamHM, IPOMCXOAHUT Ipe-
obpazoBanne UYM-HanpsKeHHSI B aMIVIHTYZHO-MOZLYJHPOBaHHOE
(puc. 6.9). Henocratok 3TOH CX€Mbl COCTOMT B OTHOCHTE/NLHO 6OJb-
oM KosdpuiueHTe HeJHHEHHBIX HMCKaXKEHHH BCJEJCTBHE HeNHHeH-
HOCTH pPE30HAaHCHOH XapaKTepHUCTHKH KOHTypa.

" Jlyumiumu nokasateasaMu obsajaet iudxpepeHinanbHbli YaCTOTHBIA
JETEKTOp €O CBA3aHHLIMM KouTypamu (puc. 6.10, a). Pesonancheie
4acTOThl KOHTYPOB ] M 2 OTVIMYAIOTCS OTHOCHTE/BHO CPejHedl dacto-
Tl UM-K0J1€6aHHS ©, Ha JEBHALHIO YACTOTHI oy (pyc. 6.10, 6).
B ciyuae, Korga @ =wy, HampsDKEHUS Ha KOHTYypaX oXMHAKOBHIE, a
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C/IEJIOBATe/bHO, PaBHH M BBHIXOAHbI€ HANPSIKEHHS aMIJIMTYXHOTO
nerektopa: Us, =Uj,. [TockoNbKY BBIXOAHOE HampsiKeHHe 4acToT-
HOro jieTekTopa paBHO padHocTH Uy,—Ujy,, B 3ToM cayvae U, =0.
Ilpy 0=0x+A® BbHIXOAHOE HanpsKeHHe NPONOPLHOHAIBHO A®.

Hasinem 3aBucuMocTh Upgyy (0). Hanpsxenne Ha xoHType I ompege-
asercs AUX npu o6o6uieHHO# paccTpoiike, paBHOH

Con O—@i_ o OytAe—0; . 0y Ao
B =2Q 25 =2Q LR M9 T2,

a HanmpsKeHHe Ha KOHType 2-—npH 06Go6GLIeHHOH paccTpoiike, paBHOM
— O—Q03 Wy — Wy Aw
B =20 252 —20 —~
TIe 01 =0y + 05 Oy=0y—05.

CJIenoaa're.ano, BBIXOZJHO€ HamnpsAXKeHHe 4YacTOTHOTO JE€TEKTOpa MOXHO
NpeacTaBHTh B BHAE

1 1
Usnx= kyUspx - ’
) VITE V1+8
rie ky—Ko3(bdHIUEHT JeTEKTHPOBAHHS aMILIHTYJHHIX NeTeKTODPOB.
BblpaxeHuss Jisi OGOGLIEHHOH paccTpoikH i§; M §a MOXHO mpeo6pa3o-
BaTb, NOJACTABHB B HHX W =Wyt 0Oy H Q3= —0y:
® Ao opn @ Ao
=—(2q—0x 4o )z-—(2 D149 —-),
g—— (20522 +20 Q22420

Wy +0g
—00 21 _gple
E.=2Q oy 2Q o

—f Ao

Ilpn stHx mpeo6pa3oBaHHUSX NPERNMONATaNoch, YTO W,/wy < 1. O6o3Ha-
yuB 2Q0;/wy = Eg—0606uIeHHass paccTpoika KOHTYPOB OTHOCHTENBHO Hecy-
weH yactoThl; 2Q Aw/wy; = E—o6obueHHas paccTpoitka BxogHoro UM-kose-
6GaHHS OTHOCHTEJbHO Hecylueil 4acTOThl. 3alHuleM OKOHYaTeJlbHO:

UBux = kaUmAP (Er go),

1 1
rre P (€, go)—-'/ l+(§o—'§)2——]/l+(§0+§)2‘

I'padpuku dynkumit P (§, &) npusenenst Ha puc. 6.11. dxrcrpemy-
MBIl COOTBETCTBYIOT 3HaueHHsM §=E,. Kak BHIHO M3 pHCyHKa, NpH
H3MEHEHHH 4acTOThl BXOJHOIO

;; P L HanpsikeHust (IpH M3MEHEHHH
) Z;Zé<\\ E) uamensercsa ¢yukuus ¢ (E,
04 Y- v N £0), a cienoBarebHO, H BBIXO-
" 0l - N nHoe Hampsikenue. [leficTBH-
: TeJbHO, TIPH YBeJHYEHHH dYac-

o 1 2 3 4 £ TOTHI OHa mpHOIMKaeTcst K pe-

Puc. 6.11, JleTeKTOpHBlE XapaKTepH- 30HAHCHOH 4acToTe OJHOr0 KOH-
CTHKH YacCTOTHOIO JAeTeKTopa Typa, HpH yMeHb[]_[eH]/IPI —K

PE30HAHCHOH YacToTe ApYyroro
Kontypa. OueBupHO, yTo AuddepeHuHasbHOe Hanpspkenwe Uy, U
B TOM H JPYyroM CJyd4ae BO3pAacTaeT MO MOAYJIO0. 3aBHCHMOCTH BbI-
XOIHOrO HamnpsiKeHHs: oT Aw=&®—woy, Ha3biBaeTCs O0emexmopHol
xapakmepucmuxou.
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~OCHOBHBIM IapaMeTPoOM YaCTOTHOrO JIETEKTOPA SIBASETCH KPy-

TH3HAa JAETEKTOPDHOH XapaKTepUCTHKH S‘,A:gI(AL;;' Aoo” Dy HKIHIO

P(E, &) MOXHO paccMaTpHBaTh KaK JETEKTODHYIO XapaKTepHC-
THKY, 3aBHCAILYIO OT OOOOLIEHHOH paccTpoHKH §, KoTopasi, B CBOKO
ouepe/lb, INPONOPIHOHANbHA OTKJOHEeHHI0 yactoTel Aw. [loatomy
KPyTH3HA XapaKTepPHCTHKH AHbdepeHnHalbHOro IeTeKTopa C pac-

0

CTPOEHHBIMH KOHTYpaMH S.m:ip |§=o=(_1_-é§§%_)3/2' MakcumanbHoe
3HayeHHe KPYTH3HBL COOT-
serctByer E,=0,707, oxua- c L
KO B 3TOM cJyyae, Kak M'—‘ VD,

uc. 6.
BUIHO M3 puc. 6.11, mar v /M "_L_Jj—c :
JIHHEHHBIH YYacTOK JIeTeK- Ug 0,1 Z

TOPHOH XapaKTePHUCTHKH.
Hpyroit Tun auddepes-

I[HAJIbHOTO 4YacTOTHOro je- *+Un -

TE€KTOpAaC AByMA CBAI3aHHBIMU  Puc. 6.12. IlpuHuHnuanbHass cxema ya-

KOHTypaMH IIpHBEJIEH Ha  CTOTHOro JHMCKpHMHHaATOpa

puc. 6.12. Muorpa stor ze-

TEKTOP HA3bIBAIOT YAaCTOTHHEIM JAMCKpHMHHaTopoM. CxeMma COCTOHMT H3

PE30HAHCHOTO YCHJ/INTEJNS, HAa BHIXOAE KOTOPOro BKJIIOYEHHI JBa HUH-

JAYKTHBHO CBSI3aHHBIX KOHTypa, HaCTPOEHHBIX HA HECYLIYIO YacTOTy

U2 U/f2 Yafo Ua/z
- b/2 Us/2
Va1 Un2 Uar\ | /Va2 Upy Upz
6)

(

cz C UBwix
= [|R
q U:/ZT {V>.Dlz D )

Aw=0
a) J)

Puc. 6.13. BekTopHas aHarpaMma HanpsKeHHH 4acTOTHO-
IO AMCKpPHMMHHaTOpa

YM-Konebauusi. BroixonHas uYacTb CXeMbl MpPEICTaBJASeT Cco6o#
JIBYXTaKTHBIA NHOAHbIH HeteKtop. Mmes paGoThl IHUCKpHUMHHATOpA
3aKJI0YaeTcsl B Npeo0pa3OBaHHH OTKJIOHEHHSl YacTOTHl B H3MEHEHHe
()a30BOro CABHra BBIXOAHOTO HAMPSIKEHHS C MOCTERYIONIHM JeTeK-
THpoBaHueM. [l nosicHeHHs paGoThl NUCKPUMHHATOPA PacCMOT-
PHM BeKTOpHbIE AHArPaMMbl HaNpsKeHHH. B cuny HHAYKTHBHOM CBSi-
34 KOHTYpa YCHJIHTE/SI C KOHTypaMH JUCKPUMHHATOpPA HAMpPSXKEeHHS
Ha HHX U,/2 u —U,/2 COOTBETCTBEHHO OTCTAlOT W CIEPEXKAIOT MO
(hasze HampskeHue KoHTypa ycuiutens U; Ha /2. Bekropuast nna-
rpaMMa HamnpsDKeHHH, cooTBeTcTByoWas caydaio Ao=0, npusexena
Ha puc. 6.13, a. Hampsikenus Ha nerektopax Us,, Us, B 3TOM
clyyae paBHbl, H BeixojHoe Hanpsukenue U, =Us,—Ujy, paBHO
HyJIIO. :
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[Ipy OTK/IOHEHMH YACTOTH OT PE30HAHCHOH HaNpsKeHHs Ha KOH-
Typax mNoJyyaT AONOJHHUTEJbHBIA (ha30BbIf CABHI —=¢, KOTOPLIH
onpenesnsiercsi  (a3ouacTOTHOM XapaKTePHUCTHKOR KoHTypa (cM.
puc. 3.7, 6). BextopHbie JuarpaMMbl HanpsiKe€HHH Ha yacToTe BhillIe
U HUXKe Pe30HAHCHOH npuBejeHbl Ha puc. 6.13, 6, 6. OueBHHO, YTO
tenepb Uy, = Uy,, U, Kak C€ICTBHE 3TOrO, NOSABUTCS BBHIXOZHOE HHd-

VD,
-i-‘* Vg
Aoa/2 R -I-f Us/2
Upm ; u = ey “Uz/2 A
¢ Uy/2 J_ o 0 0 J270 360
- R == @
' &Dz + Uz Va2
a) d) 6)

Puc. 6.14. IlpunnunuanpHas cxema (a3oBOro JeTeKTOpa (a), BEeKTOpHast
Avarpamma (6), 3aBHCHMOCTb BBLIXOJAHOTO HampsXeHHs (8)

tdepenunanbHoe Hanpszkenue U, . JleTeKTOpHBIE XapaKTepHCTHKH
YaCTOTHOTO JMCKPUMHMHATOpPA OTIMYAIOTCS OT KPHBBIX, H306pa>xeﬂ-
HBIX ‘Ha pHuc. 6.11, cymecrBenHo Goablie TIPOTAKEHHOCTHIO JHHeH-
HOT'O yyacTKa.

PaCCMOTpPIM pabory (basoaoro ,ILBTEKTOpa. MM HasHBalOT yCT-
POMCTBO, BEIXOJHOE HalpsiKEHHe KOTOPOrO NPONOPUHMOHAILHO Pas-
HOCTH (a3 JBYX CPaBHHBaeMbIX KoseGaHui OJIHMHAKOBOH YacCTOTHI.
OGbluHO B (ha30BOM JETEKTOPE MPOUCXOAUT CPaBHEHHE (HA30MOAYJIH-
poBanHoro KoseGanus U, (f)=Up, cos o4 ()] 1 omopxoro
KoneGaHUsl ¢ HyJeBoH  HavalbHOH  da3oi u(t) U, cos of.
(puc. 6.14). KomnuiekcHele aMOJIMTYAbl HanpsiKeHMH Ha NepPBOM M
BropoM guozax: Usy=U,+U,, Usy=U,—U,. Bekropuas auarpam-
Ma, COOTBETCTBYWIOIAs 3TUM COOTHOLUEHUSIM,  NpPHBEAEHA Ha
pHuc. 6.14, 6. Tam xe nmokKa3aHa 3aBUCHMOCTb BHIXOAHOT'O Hampsike-
HHs OT $a30BOro CABUra ¢ Mexay ¢hazoMOLYJTHPOBAHHBIM H ONOPHBIM
HanpsKeHHeM. AHaluTHYeCKHH BHI 3TOH 3aBHCHMOCTH TIONYYHM,
BLIYHCJIMB HaNpsI2KeHHsl Ha BBIXOJE KaXKJIOro AeTeKtopa. JleTeKTophl
CYNTaeM ONMHAKOBBIMH, TO03TOMY Ui =KoUsi, Uguxo=kKoUss.
W3 BekTtopHo#l auarpammel (puc.. 6.14, 6) Haiizem

Ua = VU%)"‘I' Ug + 2U0U2 cos @,
Uss =V Ui+ U:—2U,U, cos ¢.

PesyabTupyioiee BoixofHoe HanpsukeHue U, =k (Us,—Uj,).

Ecnn amnnutyga onopHoro HanpsikeHust U, MHoro Gosbiue Uy,
a caegosarenbHo, Uy» U, TO MOXHO 3anucaTh HECKONBKO YIPO-
II[EHHblE COOTHOLIEHHS ISl HanpskeHHlt Uy, U Up,:

Ualeo(l—l—m) cos @, UazzU(,(l—%) COS @.

B stoM cayyae BHIXOZHOE HaNpsKEHHe UBHx_rca U, cos P
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‘B kauectBe (ha30BOrO XETEKTOPa MOMKHO HCIIOJb30BaTh AutdepeHnnaanb-
HBI{ YCHJHTeJb, B KOTODOM ONODPHOE HampsXKeHHe mojaeTcss Ha 6a3y TpaH-
3HCTOpa, ABJSIOIETOCS HCTOYHHKOM ToKa. HampsikeHne curiasa nomaercs
an6o Ha oba AuddepeHLHANbHBIX BXOAA, JH60 Ha OJXHH M3 HHX, TOTJa APY-
roff BXOX ~«3aseMasieTcsi». Ha BEIXOJe HCIOJNB3YIOT (HJBLTPYIOMYIO Lenb,
KOTOpast MOAaBJsieT BHICOKOYACTOTHHIE COCTABJSIONIME.

§ 6.3. MPEOBPA30BAHUE YACTOTbI CUTHAJIA

OcCHOBHbIE OCOGEHHOCTH NPe06pa3oBaHHst YacTOThl CHMHaMa GblIH pac-
cMotpenbl B T, 1. CyTh npeoGpa3oBaHusi COCTOHT B I€PEHOCE CIEKT-
pa MOAYJIHPOBAaHHOrO CHr'Hana Mo ocH yactor. IJokaxewm, uto mpe-
00pa3oBaHHe yacTOTHI, peajH3yeMoe C IOMOLIbI0 HeTHHeHHOro 3Je-
MEHTa, Ha BXOJe KOTOPOro AefCTByeT HaNpsiKeHHe MOy THPOBAHHOTO
CHTHalla M TapMOHHYECKOe HalpsixKeHHe reTepojMHa, He H3MeHser
3aKOHA MOAYJISILMH W JIMIIb CABUraeT CIEKTP CHrHajJa Ha YacToTy
.. Bynem cuutath, YTO aMIINTYAa HaNPSXKEHUS reTePOJHHA MHOTO
6onbure aMmauTyAbl cUrHana Uy p Upe, KOTODEIH B OOlieM ciydae
HMeeT BHJ CJIOXHOMOJYJHPOBAHHOTO KoJieOaHHs:

e (B) = U e (8) cos (§ o (1) de + Pe)-

B kBasunuHefiHOM mnpuOIIXKeHHH OyneM CUUTaTh, YTO KPYTH3HA
BOJIbT-aMIePHOH XapaKTepUCTHKH MOJYJHUPYeTCs HaNpsKEHHUEM Tre-
tepoguHa: S (f)=S,+S;cos(wt+¢,), rae S,=0/,,,/0U,. Toraa
nepeMeHHas: COCTAaBJAIOIAasl TOKA HEJTHHEHHOro 3jeMeHTa onpe,uena-
eTcsl COOTHOILIEHHEM

Lauix (t) =S (t) Uc (t) = [So + Sl cos (ot + q)r)] Umc (t) ><
X cos{[g o, (f) dt + @ ],

OTKyla MOC/e TPHUTOHOMETPHYECKHX MPeoGpasoBaHUH IMOJNYUHM
(t) = SUe (O cos [ § o (1) dt+ o ]+
+ 5 SUn (c0s{ [ { oc (D dt—art| + (9—a} +
+ 5 SUnedcos {[ [0t +ot] +0ctadp. (69)

Takum 06pa3oM, BHIHO, YTO B KBa3WJIHHEHHOM NPHOJIHKEHHH B
pesyJabraTe npeo6pa3oBaHHs 4acTOThl (hOpMa CHrHa/la He MeHseTcs,
a TOJIbKO CABHTaeTcsl ero CHeKTp B 00/1acThb HeCyIIeH 4acToThl (mr+
F o (#)) 1 (o, (f)—o;). a5 BelIeIeHHs] Pa3HOCTHOH MM CyMMap HO#
YaCTOThl Hajl0 HCTO/MB30BATH PE3OHAHCHYIO KoJleGaTe/lbHyio Lenb —
B TIpoCTeiillieM ciayuyae mapaJjiieibHblli KoseGaTeabHbIH KoHTYp. Ilo-
Jloca MPONMyCKaHUsl KOHTypa JO/XKHA ObITb HECKOJbKO GoJiblie IiH-
PHUHEI CIeKTpa MOy JTMPOBaHHOTO curHana. I1pu s3ToM Bce rapmMoHuKY
TOKa B IpefieNiax IHPHHE CIeKTPa MOJYJJMPOBaHHOr O KosneGaHus npo-
XOJAST yepe3 KOHTYP C MHHUMAJbHBIMH HCKaXKeHHSAMH.

B cxeme mpeo6pa3oBaTesisi 4aCTOThl B 6a30BYIO Lemb MOKAETCH HAMpsMKe-
HHMe CHTHaJ/a, "a HaNpsiKeHHe reTepOAMHA, CHHMaeMoe C  4aCTH KOHTYDHOH
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KaTyIiKH TeTePOLHHA, NMOJAeTCA B HeNmb SMHTTepa. B menu kosaextopa BEJIO-
yeH (UIBTP pPa3HOCTHOH uacToThl. JlJasf NpeoGpa3oBaHHA YaCTOTH MOXKHO
HCIONb30BaTh Au(pepeslHaNbHbIH YCHJAHTENb, BKJINUEHHHHA DO cXeMe ¢aio-
unBepTopa. B 3TOM cJayuae Ha ero BXOJ HOJaeTcss HalpsXKeHHe CHTHaJja, a
Ha 6a3y TpPaH3HCTOpa HCTOYHHKA TOKa— HaNpsiKeHHe reTepoiHHa,

§ 6.4. CHHXPOHHOE RETEKTUPOBAHHE

ITpeo6pasoBaTesip YaCTOTHI CHTHAJa BBINOJHSET QYHKUHH aMRJIHTY AHOIO
JeTeKTopa, ecJH PasHOCTHAash 4acToTa paBHa Hydo. [Jas AM-koneGanus
W — BeJIHYHHA mocTosiHHasA. [To/oKHM, YTO ®.=®p, TOFJa Pa3HOCTHAA uac-
ToTa paBHa HyJI0 H (6.4) MOXHO 3anucaTb B BHJe

ipx () =SoU ;e (¢) cos (@ct+(Pc)+% S1U e (2) cos (@c— 1)+

+ 5 $1U me (1) €05 (20ct + e+ o).

Hs NOJYUEHHOI0 BBbIpDAXX€HHSI BHAHO, UYTO B COCTaB€ BHIXOXHOI'O TOKa eCTh
cocTasJsomas, MCAJCHHO MEHAIOMAaACA BO BpPEMEHH IO 3aKOHYy MOAYJ/HpPYIO-

mwero CHrHaJja: i (t)=%SlU,,,c (¢) cos (pc— @r). Takum o6pasom, nocse GpuAbLT-

pauMH BHICOKOYACTOTHHIN COCTaBJIsloNlell Ha CONMPOTHBJEHHH Harpy3KH najaer
HanpsixKeHHe, NPONOPUHOHAJbHOE AMIVIMTYJEe MOIYJHpYIOLIEro CHIHaJa.

PaccMoTpenHbli cnoco6 nmpeo6pa3oBanuss AM-curHaJsa MOJIyuH,/1 Ha3BaHHe
CUHXPOHHO20 OemeKkmupoBaAHUs, a CaMO YCTPOHCTBO Ha3bIBAIOT CUHXDOHHGIM
Oemexmopos. OCHOBHOe JOCTOHMHCTBO CHHXDOHHOTO JETEKTHPOBAHHS COCTOUT
B BbJEJEeHHH cJaGblX CHTHaJoB Ha ¢(oHe wmyMoB. JlelicTBHTeAbHO, TNpH
@c—@r=0 nau 7 TOK i(f) KOCTHTaeT MAaKCHMaJbHOro 3HayeHus. I[Ipn HaJaH-
yuH (a3oBOTO CABMIa MeXJy HanpsiKeHHeM CHTHajla H TeTepOXMHA B Bhipa-
KEHHH JJISI TOKAa COXpaHSeTCs MHOXHTENb €OS (Qc—@r), YTO CBUAETENbLCT-
ByeT 0 (ha30Boif HM36HpaTEJbHOCTH JAETEKTOpa, T. €. €ro CnoCoO6HOCTH BHIAe-
JNATh CHTHAJBl, COBMAjaloliMe [0 YacTOTe, HO pasJjHualoumpecss mo ¢ase.
HiMeHHO 3TO CBOHCTBO CHHXPOHHOTO XeTeKTopa obecrmeyHBaeT nmpHeM cJjaaboro
curHana Ha ¢oHe cHIbHOH mnomexu. JLisg 3Toro uwactoTa M ¢as3a cHrHaja M
KoJieGaHHs TeTepOJHHA JOJUKHBI GBITb ONMHAKOBBIMH, T. €. CHTHaJ H KoJe-
6aHue reTepoJMHA HOJKHBI GBITb CHHXPOHHBIMH H CHH(a3HBIMH.

§ 6.5. ABTOTEHEPATOPbl TAPMOHHUYECKHX KOJIEBAHMA

ABToreHepaTopaMH Ha3HIBAlOT 3JEKTPOHHBIE IllenH, ¢opMHpYIOLIHe
HanpsikeHHe (Tok) Tpebyemoii ¢opmbl. PaccmMoTpuMm B AaHHOM na-
parpade aBTOreHepaToOpbl rapMOHHYeCKHX KosebaHMH, a B I, 7—
10 — reHepaTopE CHT'HaJIOB CIlELMaJbHOH (DOPMEI.

Tlpocrefiiium MeTOROM (POPMHUPOBAHHSI TapMOHHYECKHX KoJjeba-
HHH OTHOCHTEJbHO BBICOKHMX YacTOT SIBJISIETCSI METOJ KOMIIeHCaluH
norepb B pe3oHaHCHOM LC-KOHType IpH IOMOLIU YCHAHTE]S € IOo-
JIOXKHTENbHOA 06paTHOH cBsidblo. DyHKUNOHANbHASL CXeMa TreHeparo-
pa nokasana Ha pHc. 6.15. Ycunurenb ycunuBaeT BXOAHOE Hamps-
X)eHue u,, B K pa3. Ilpu sToM MeXIy BXOIHBIM HANPSIKEHHEM Uy,
M BBIXOJHBIM Uy, BO3HHKaeT (a3oBbIH CABHI (k. K BBIXOLY yCH/IH-
TesIsl NMOJKJIOYEHbl HArPy30YHBIH pe3sucTop R U Ienb 4acTOTHO-3a-
BHCUMOH OOpaTHOH CBA3H — B JJAHHOM CJydae KoJseGaTe/bHbIH
LC-kouryp. KoMmmiekcHass aMmiuTyJa Ha BHIXOJe LenH oOpaTHOH

csazu U, =Ko Uyux» @ dasoswiit casur Mexay U, u U,,, paseH
(poc'
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VcoBHEM TeHEPAlMH 3aMKHYTOH CXeMbl SIBISETCA DPABEHCTBO
BBIXOJHOTO HaNpsIKEHHsl LlenH obpaTHol cBsi3H U,. M HanpsxKeHHs
na Bxome yemaurens: Uy =U, =Ko Ugu=KocKUyy. Iletnesoit
KOI(DHIMEHT YCUWJIEHHs NOJIKEH, TAaKHM 00pa3oM, PaBHATLCA

|H|=|KocK|=l (6.5

Y3 3TOTO COOTHOLIEHMS BHITEKAIOT f[Ba ycJoBHs: 1) GanaHca aMIuiH-
1ya H=K,.K=1; 2) 6anauca ¢a3 ¢x+@,.=0, 2, ... Yciosue 6a-
JIAHCA aMIIHTY] 3aKJII0YaeTcst B TOM, YTO T€HEPATOP MOXKET BO30YyX-
1aTbCs TOJBKO TOTZA, KOTJAA YCH/IHTENb KOMIEHCHDPYET NOTEPH B Ha-
rpyske H LENH OOpaTHOH CBA3H. ¥YCJIOBHe Galanca $a3 O3HAvaerT,

Uy x R A Ugy

Une R Ic

Uy

Ugpix | 1
K, gy = l Hoc,Poc |
R R

Puc. 6.15. dyuxkuHoHaabHag cxema re- Puc. 6.16. OcHoBHasfi cxema
HepaTopa TrapMOHHYEeCKHX KoJebaHHil LC-reneparopa

4TO aBTOKOJI€0aHHA B 3aMKHYTOH CHCTEME MOTYT BO3GYAHTHCS TOJb-
KO Torja, Korja gasa BbIXOAHOTO HampsDKEHHs IeNH OGPaTHOH CBsi-
34 ¥ ¢da3a BXOAHOTO HaNpPSIKEHHsS YCHIUTE/s COBIAAIOT.

Jlns aHanu3a 3aBHCHMOCTH 4acTOThI BO36GY2KIaeMblX aBTOKoJeGa-
HU#l ¥ QOPMBI BHIXOJHOIO HamlpsiKeHHs] TeHepaTopa OT ero Inapamer-
POB paccMOTPHM OCHOBHYIO cxemy LC-reneparopa (puc. 6.16). One-
PalHOHHBIH YCHJIHTE/Ib, BKJ/IOYEHHBIH MO HEHHBEPTHpYIOILEH cxe-
Me, YCHIMBaeT BXofHoe HanpsaxeHnue B K pa3. OH UMeeT HH3KOOM-
HBIA BBIXOJ, II03TOMY napa/enbHbli LC-KOHTYp LenH oGpaTHoi
CBA3HU NOJKJ/IOYaeTcsl K HeMy uyepe3 pesucrop R.

3anumem ypaBHeHue Kupxroda ais touku A:

- Ugx (¢

UBHXR Uax__Cd x:jxt( ) __LLS Upgy (t) dt=0.

Tak Kak u,,, =Ku,,, notie auddepeHurpoBaHus H npeoGpasoBa-
HUSl ypaBHEHHE NpDHUMET BHJ
Pugy (1) | 1 —Kdugy () | 1

i T RC di T IC U

Aro Jughdeperyuarsroe ypasrenue kosebamervrozo npoyecca. Ilns

NpHBENEHHs] ypaBHEHHs] K OOLENPHHATON dopMe BBeneM o6o3Haye-

Hus: y=(1—K)/2RC, o;=1/(LC). Torza ypaBHeHHEe NPHMET BHJ

d2ugyy (¢ dugy (¢ ]
lijtz()"l_?? ugt()+(’)%unx=0v

=0.

a ero pemenue
Upy (1) =U e~ sin (V 0,—v?) ¢..
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PasnuyaoT TpH XapakTepHHIX caydas.

1. v>0 (K<Cl). AMNJHTYAa BBIXOAHOTO HANpsiKEHHS crnajaer
10 SKCIOHEHLMAJbHOMY 3aKOHY, T. €. BO3SHHKAIOT 3aryxaiouiye Ko-
JebaHus.’ .

2.vy=0(K=1). Bosnukawor cnﬂycounanbume aBTOKoJ1e6aHus yac-
TOTHl ®, C IIOCTOSTHHOH aMIJIUTYJOH.

3. <0 (K>1). AMnautyaa BbIXOLHOTO HaHpﬂ)KeHHH BO3pacTaeT
3KCNOHEHIHaJbHO.

CamoBO3GyKIeHHe TreHepatopa mpH BKJIIOUEHHH HANpSKEeHHs
HCTOYHHKA NMUTAHHS BO3MOXHO JIHIIb NPH YCJAOBHH K>1. Hpn 3TOM
U, HapacTaer [0 Nepexoja YCHIMTeNs] B PE3KO HEJHHelHsbli pe-
xkuM. M3-3a HeJTMHEAHOCTH yCHIHTeNst 3Hauenne K 6yer yMeHbluaTh-
st IO TeX Top, NMOKa He craHer paBHbIM eaunuue. [1pu stom dopma
BBIXOJHOTO CHTHajla GyJeT OTJudYartbcs OT CHHycoHmbl. Ha BhicOKHX
HacTOTax JOBONLHO npocto peannsyercsi LC-KOHTYpP C BHICOKOH 106-

POTHOCTBIO, HANpPSUKEHHE Ha
b A"I"‘ "/ x“: KOTOPOM OCTaeTcsi: NMPaKTH-
Iy /

yecKH CHHYCOHA/IBHBIM.

/ [TosToMy B cxemax Bb-
y 4 COKOYaCTOTHBIX I'eHepaTopOB
"M/oc BbIXOJIHOE Hampsi)KeHHe CHH-

, MaiOT  HENOEPEACTBEHHO C

0 Uom Uu 0 Xac "p e KoJie6aTeNbHOTO KOHTYpa.
a) 0) OnpesenymM Temepb amn-
Puc: 6.17. Kone6atenbnast XapakTepuC- JIHTYLy aBTOKOJI€GAHM B

THKa aBTOTeHepaTOpa (4) M 3aBHCHMOCTB  (raniyOHADH : ~
CTallHOHAapHOro ~ TOka KOHTypa OT COmpo- uHoHapHoM pexume. Ha

THBJEHHS CBA3H (6) (CMATKHI» PexHM) TJIANHOE  NMPEACTAaBACHHE O

3aBHCHMOCTH TOKa B KOHTYpe
OT BXOJHOTO HaNpPSIXKEHHS JaeT ero KoJeGareqbHasi XapaKTepHCTHKA
(puc. 6.17, @). 310T rpaduK HMeET THINMYHBIA BHI: TPH MaJbIX amil-
JIUTYyJlaX BXOJHOTO HanpsKEeHHsl YCHIHTENb paboTaeT B JIMHEHHOM
PEXHMe, C POCTOM aMILIHTY/Abl HAYHHACT NPOSIBIATLCS HEJHHEHHOCTh
ycunutenss (KpHBH3HA BOJIBT-aMNIePHOH XapaKTepHCTHKH ycmn-
TeJIbHOTO 3JIEMEHTA) M YCH/IEHHE YMEHbIlaeTcs.

Hanpsixenne o6patHoil ¢Bsid¥ U, U TOK KOHTYpa CBS3aHHI MEX-
Iy coGoi conpoTHBIeHHeM CBSI3M: [yyu,=U, . /x,.. Hanpsxenue 06-
PaTHO# CBA3H JeHCTBYEeT Ha BXOJE YCHIUTENS, TI03TOMY 3aBHCHMOCTD
Iynr (U,.) MOXeT OBITb NIOCTPOEHA Ha TOM Ke rpadyke B BHAE Npsi-
MOH JIMHHH, .ofpasymwomed ¢ ocblo abcumcc yron oa=arctg (x5l
(puc. 6.17, @). Dra JuHKA HasbiBaeTcss JUHUeH o6paTHol cBssu. Ko-
OpIMHATl TOYKH IlepeceyeHsi KoseGaTeNbHOM XapaKTEPHCTHKH H
JINHUM OOPAaTHOH CBSI3H ONMpEJE/SIIOT CTAllMOHAPHBIA TOK B KOHType
I.; ¥ crauvoHapHOe HanpsiKeHHe oOpaTHOM CBSI3H.

INoxaxkem, 4TO TOYKa mepeceueHHus KoJieGaTeJbHOH XapaKTepuc-
THKM M JINHUM OGPaTHOH CBSI3H JeHCTBHUTENIBbHO XapaKTEpH3YeT yc-
TOHYHBLIA PEXHM paboTel reHepaTtopa. Ec/iM TOK B KOHTYpe yMeHb-
mucs Ha Beanuuny A/ (puc. 6.17, a), 3To NpUBENET K YMEHbLIEHHIO
HanpsKeHus. o6paTHOH CBSI3U (—AUOC) 4TO, B CBOIO OY€pe]b, BbI-
3LIBA€T YBEJIHUEHHE TOKa B KOHTYype (B COOTBETCTBHH C KoJieGaTelb-
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HOH xapakrtepucTHKoi). Tok Oyner pactu 1o 3HaueHus .., a AU,

Oyner yMeHbLIATbCsl, IOKA He CTAHET PaBHOH HYJIO.
PaccMotpuM BiusiHHe TVIyGHHBI OGPAaTHOH CBfI3H HAa DEXHUM pa-

60THl aBroreneparopa. IIpu ocnabieHuy ee HaKJ/IOH JTUHUM 00paTHOH

I Xoc1> Xgr2 7
KHT Xoc2, KHT CT
P
ICT e <
Ierz
I
Xocy et
Uocer Ux Xoc2 Xocr Xoc
a) 0)

Puc. 6.18. KonebaTenbHast XxapakTepHCTHKa aBTOreHepaTopa
(@) ¥ 3aBHCHMOCTb CTAallHOHaPHOI'O TOKa KOHTYpa OT CONpPOTHB-
JeHusl cBSI3H (6) («KeCcTKHil» pexum)

CBSI3H yBEJIMUMBAeTCS M NPH HEKOTOPOH KPHTHUECKOH CBSI3H, COOT-
BeTcTBYlolied ycaoBuio (6.5), caMoBO36YKEHHE CTAHOBUTCS HEBO3-
MoxHbIM. B 3aBHcHMOCTH OT BHJa KoJe6GaTeJbHOH XapaKTepPHCTHKU
CPHIB CaMOBO36YKIeHUsI IPH ocJ1abJIeHHH CBSI3H MOXKET IPOUCXOAHTH
niaBHo unH pe3ko. Kak BuaHo M3 puc. 6.17, 6, usobpaxeHHas Ha
HeM KoJieGaTesbHasi XapaKTepUCTHKA OTHOCHTCS K aBTOreHepaTopam,
BO30YKJleHHe KOTOPBIX HAayHHAaeTcsd C HEKOTOPOro KPUTHYECKOro
CONPOTHBJIEHUS] CBSI3H H Jajlee aMIUIUTYyAa KoseGaHUMl Hapacraer
C POCTOM CONPOTHBJIEHHSI CBSI3H. TakKoH pexuM CaMOBO3OYKIeHHUS
Ha3bIBAIOT «MSITKHMY,

HMnasi xapTvHa BO3HMKaeT B aBToreHepartopax, KoJseGareslbHas
XapaKTepHCTHKA KOTOPHX HMeeT S-o6pasnylo dopmy (puc. 6.18, a).
B 3TOM ciyyae BO3HHMKAIOT ABa KPUTHYECKHX CONPOTHBJIEHHS CBs-
BH! Xgoy U Xocp (Xoe1 =>Xoce), KOTODBIM COOTBETCTBYIOT JiBE JIMHUH
obpaTHO# CBs3H. {7151 BO3HHMKHOBEHHSI aBTOKO/e0aHMH B JTaHHOM
c1yuae TpeGyeTcs CHJAbHasg oOpaTHast CBfA3b, INPH JIOCTHKEHHH KO-
TOpOil TreHepaTop pe3KO INePeXOJUT B pEXHM CaMOBO3GYIKIEHHs
npH HEKOTOpOM 3HaueHWHu /.., CTAllHOHApDHOrO TOKa B KOHType
(puc. 6.18, 6). Ilocne ycraHoBneHMsT KoseGaHHH yMeHBbIUEHHE CO-
NPOTHBJIEHUS CBSI3H NPHUBOAHUT K POCTY CTallHOHAPHOH aMIVIMTY Bl TO-
Ka B TNIOJHOM COOTBETCTBHH C BHMAOM KoJieGaTeslbHOH XapaKTepHCTH-
ku. [Ipu obpatHoii cBA3HM X,., NPOHCXOLMT PE3KHH CPHIB KOJeOaHUH.
Jl1si BOCCTAHOBJIEHHS] DeXMMa CaMOBO3OYXKAEHHsSI cJefyeT CHOBa
YBEJHUHUTD CBSA3b J0 BETHUUHB! X,. 1aKOH PEXHM CaMOBO3OYXKAEHHUS
Ha3bIBAIOT KECTKHM».

Ecau B cxeme aBroreseparopa NOMHMO aBTOMaTHYeCKOr'O CyLIeCT-
BYeT TAKO€ BHeElLIHee CMellleHHe, YyTo KoJiebaTesibHasi XapaKTepHCTH-
Ka HauyMHaeTCsl He C HYJIsl, TO PEXKUM CaMOBO36GYKIeHHs HEBO3MOMKEH
HH IIpH KakKo# ray6uHe o6paTHOH CBA3M.

Ipumepnl npaktuueckux cxem LC-reneparopoB. Ha puc. 6.19
npuBefiena cxeMma TtpanchopmartopHoro LC-reneparopa, B KOTOPOM
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ofpaTHasi CBf3b OCYILECTBJSIETCS C IMOMOLIBIO BbICOKOYACTOTHOTO
TpaHcpopmaropa, nepBHyHasg 0OMOTKa L KOTOPOro BMecTe ¢ KOHJEH-
caropoM C ofpa3syer KoJsebarTe/bHblil KOHTYP, ONPENENSIOUHH dac-
TOTYy resepauvu. TpaH3ucTop BK/IOYEH MO cxeMe ¢ OOLIHM 3MHTTE-
pom. UTo6el obecnieuntsh GanaHc (a3, TpaHCHOPMATOP HOJKEH OCY-
ILECTBAATh NOBOPOT (pasbl curnana Ha 180°. Touku oKoso o6o3Haue-
HUH 0OMOTOK TpaHChOpMaTopa Ha CXeMe yKas3hlBaloT Ha Hayauo 06-
MOTOK ¢ cuHpa3HbIM HanpsikeHueM. Koadepuuuent tpaHchopmanuu
BbIOHPAIOT TaKHM, 4TOObI Ha PE30OHAHCHOH YacToTe KO3(h(pHULHEHT

—Uﬂ
Puc. 6.19. Tpancdop- Puc. 6.20. «TpexrTo- Puc. 6.21. «TpexTo-
MatopHas cxema LC- yeyHast» cxeMma LC-re- yeyHas» cxeMa LC-re-
reseparopa HepaTopa C aBTOTpaHC- HepaTopa ¢ eMKOCTHOI
(popMaTOpHOI CBAA3bIO CBA3bIO

NeTIeBoro ycuieHus Obla cyliecTBeHHO Gosblie exuHunsl. Boarona-
pst 3TOMy cpasy e IocJje BKJ/IOUYEeHHs HalpsixKeHHs HCTOYHHMKA MH-
TaHHSl BO30OYXKJalOTCS KoseGaHHs, aMIIMTYAa KOTOPBIX 3KCIIOHEH-
I[MaJBHO HapacTaeT A0 TeX Mop, NOKa YCHJUTeNb He Nepeijier B pes-
KO HeJIMHeHHBbI pexxuM. 3ajanue paGoueil TOUKH TPaH3HCTOPA OCY-
IECTB/SIETCS] C TOMOLIBIO lieny ofpaTHOH cBs3H mo Toky R;C,.

Ha puc. 6.20 npuBeneH npumMep Tak Ha3blBaeMOH «TPEXTOYEY HOHN»
CXeMbl C aBTOTPaHCPOPMAaTOPHOH CBSI3bI0 Ha TPAH3HCTOPE, BKJIOYEH-
HOM 10 cxeMe ¢ obluM smurtepoM. Hepes konpencarop C, usMene-
HUE HaNpsRKEHHs1 nojaercs Ha 6a3y TpaH3ucTopa. AMIUIHTYZa 3TOroO
HaNpsiKEeHUs] YCTAHABJHBAeTCs] COOTBETCTBYIOLUIMM BBIGOPOM MOJIO-
JKeHHsI OTBOJa Ha Karyuke L.

Ha puc. 6.2]1 nokasaHna «TpexToyeyHasi» cXema ¢ eMKOCTHOH 0G-
paTHOH CBfI3bl0. EMKOCTHBIH Je/uTe]b U3 TOCAELOBATENbHO COeIH-
HeHHbIX KoHnencatopoB C, u C, obpasyer 1enp o6paTHoil cBasu. Yac-
TOTA I'eHepalUH ONpeesieTcss HHAYKTUBHOCTBIO KaTyLIKU U Pe3yJib-
Tupyromei emrocthio C=C,C,/(C1+C,).

CywectByer MHOXKecTBO Apyrux cxem LC-reHeparopoB. Hanpu-
Mep, TPaH3UCTOPHI MOTYT BKJIouathes no cxeme Ob. Has yemruye-
rHs MomHocTH H KIT1 MOXHO MCHO/Ib30BaThb JBYXTAKTHbIE CXEMBI.
CraGH/IbHOCTD YacTOTHl PACCMOTPEHHBIX T'€HEpaTOpOB BO MHOTHX
cnyyasx HepocraTtouHa. OHa MoxeT ObITh CYILIECTBEHHO NOBBIIIEHA
NPH HCNOJB30BaHHH KBapLEBBIX PE30HATOPOB.
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§ 6.6. NIAPAMETPMYECKHE HENH H YCTPOHCTBA

PaccmoTpuM npolecchl, NPOHCXOASIYE B LENH, COAEpKauled KOH-
JIEHCATOp, €MKOCTb KOTOPOro siBjsiercst (YHKIHEH MNPHI0KEHHOro
HanpsiokeHusi. Takue KOHAEHCATOPbl NPHHSTO HA3LIBaTh HeAuHell-
HbiMU, TIOCKOJNBKY 3aBHCHMOCTb HX 3apsilia ¢ OT HaNpSIKEHHS HMe-
eT MPUHLUMIHANLHO HeJUHEHHHIH Xapaktep. JleficTBUTENBHO, eM-
KocTb C JIHHEHHOro KOHJEHCcaTopa NOCTOsSIHHA U BOJILT-KYJIOHHAS Xa-
pakTepuctHka JnuHefiHa ¢=CU. Ecau BOJBT-KyJIOHHas Xapakre-
PHCTHKA KOHAEHCAaTopa HeJHuHeHHas, TO €MKOCTb €ro 3aBHUCHT ©T
Hanpsikenusi: C(U)=¢g(U)/U. HenuneHHOH eMKOCTbIO 00Janai0T
KOHJEHCATOPHl Ha OCHOBE CErHETO3JIEKTPUKOB M 0GPAaTHOBKJIIOUEHHO-
ro p-n-nepexopa. CerHero-

3JIEKTpHUECKHE KOHIEHCATO- ¢ 9

PHl  HMEIOT CHMMETPUYHYIO
HeJHHEeHyI0 BOJbT-Papaj-
HYIl0 H  BOJIbT-KYJIOHHYIO N
XapaKTEePUCTUKH (puc. 0 U 0 7]
6.22). : 9 5)

Ilycts na xompmencarop Puc. 6.22, BoasT-bapangnas (a) Y BOJMLT-
NoJaHO  KojeGaHHe BhICO- KyJaoHHast (6) XapaKTeDHCTHKH HeJHHeil-
KOH 4acTOTHl Uyy (), A@MIJIM-  HOTO CeTHETO3JEKTPHUECKOro KOH/eHCa-
TyAa KOTOpOro JocTaroyHa Topa
IJi  TOro, 4ToObl BHI3BATh
3aMETHYI0 MOAYJSIHIO eMKOCTH B COOTBeTCTBHH ¢ 3akoHoMm C(U).
ByneM HasbiBaTb 3TO MOAyJHpYioIlee KojebaHHe KoaebaHuem Ha-
Kauku W OGYIeM CYMTaTh, YTO OHO TapMOHHYECKOE: Uy (f)=
=UpmuxC0s (0, xf+¢,). Haliiem 3akoH n3MeHeHHUsI eMKOCTH OT Bpe-
menu C (f).

BoJbT-Ky/IOHHYI0 XapakTepHUCTHKY JI0O0ro HeNHHEHHOIO KOH-
JeHcaTopa MOXHO anmnpOKCHMHPOBATh CTENEHHBIM MoJHHOMOM. Kak
NOKa3blBaeT NMPAaKTHKa, NpUeMyieMasi TOUHOCTh aNpPOKCHMAUUH NpH
OTHOCHTEJILHOH MPOCTOTE BBIUMCJAEHHH MOJIydaeTcss MPH MOJHHOMAX
BTOpOH crenenu. [1oaToMy 3amuiieM annpoKCHMHPYIOUIHH MOJTHHOM
B BUlE =byu,, +b:u?,. Taxk xak C(U)=q(U)/U, 10, cienas coot-
BETCTBYIOLME MOJCTAHOBKH, HalijeM

C(t)= by [ 1+ 52 Un e €08 (@l + ) |- (6.6)

Koadpbuuuent b; paBen auddepeHnuanbHoit emkoctd Co B paGouei
TOUKe, 3aJlaHHOH Hamnp sxkeHYeM cmelienuns U, MHOXUTENb Nepes Ko-
CHHYCOM HMeeT cMbic/ K03(h(dHIHEHTa, XapaKTepU3yIOLero rayGuuy

H3MEHEHHsl eMKOCTH; 0603HauuM ero mg : (by/b;) Ummc=-—07=mc.

CootHoutenue (6.6) npencTaBisieT 3aBUCUMOCTb EMKOCTH HEJIHHEHHO-
ro KOHJEHcaTopa, H3MeHsoUleHCS [0 TapMOHHUYECKOMY 3aKOHY ¢
yacroroit Hakauky, C(H)=Coll-+m. cos (@, xl+@ )]
PaccmMoTpuM npoleccel, NpoTeKaiolite B 1eNnH, 06pa3oBaHHOMN Hc-
TOYHHKOM CHTHana ug (£)=Up ¢ cOS(0cf+@;) H HEIHHEHAHBIM KOH-
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IEHCATOPOM, YNpaBJ/sieMblM HanpsiKeHHeM HakaukH. Byaem cuurarh,
yto ammiauTyaa curuana Mana: U, < Upgg, TaK 4TO /IS Hanpsxke-
HUsI cCUTHasa eMKocTb C MOXKHO cuHTaTh JuHelHo#. Haiinem ToK, npo-
TEKaLHH Yyepe3 KOHAEHCAaTop:

(t) dti (”) d(Cc (uHK) Ue) —C(u ( HK) duc + . dc (uHK)

[ToxcTaBUB B 3TO BhIpaXKEHHE COOTBETCTBYIOLLHE BEJMUHHBI, T0C/E
npeoGpasoBaHuii TOJTy YHM i (t)=—0w,Co (14-mccos (@ xt+
FPur)Unm ¢ sin(0ct+@c)—0xCome Ume Sin (0 yxf-+@uy) cos (oqt+
+¢.). anee mnpeoGpasyem npousBeieHHe BHAa sin o-cos f no
H3BECTHBIM TPHUTOHOMETPHYECKUM (opMyJiam:

(1) = —0CyU,, ¢ sin (0t + ) - 2o lm

mCCO Unc

((‘)c - (’)Hu) X

X sin [{o,—o.) ¢+ (PHR_(PC]
X Sin [(0ge 4 @) £ 4 Qi+ @]

Kak BugHO U3 BuipaxeHHs (6.7), B CIEKTPe TOKa, MPOTEKAIOLIETO Ye-
pe3 He/NMHEHHBIH KOHAEHCATOP, €MKOCTb KOTOPOrO MOAYJHPYeTCst
HanpsKEeHHeM HaKayKH, OMHMO COCTaBJISIOLEH Ha 4acToTe CHrHaNa
(mepBoe cjlaraeMoe) COZEPIKATCH TAPMOHHKH PasHOCTHOH (O yx—
—0) ¥ CyMMapHOH 4acTOTHI (®,;—+ ®;).
~ 3aMeTuM, YTO HaIHYUe TOJBLKO ABYX OOKOBEIX YACTOT ONpeae/si-
eTcsl NpeeJbHO MPOCTHIM BUIOM anmpOKCHUMHPYIOUIErO MOJHHOMA.
B peanpHO#l 1lenH B cOEKTPe TOKA COAEPKUTCH GECKOHEUHO GOJIbLIOoe
YHCJI0 TapMOHHK KOMOHHAIMOHHBIX HYacTOT BHIA (M®.=nwmyy),
rae m U n — uedasle yuciaa. OQHaKo MX aMIIHTYAbl ObICTPO yORIBAIOT
C POCTOM YacTOTH H B GOJIBIIMHCTBE NMPAaKTHUECKH BAXKHBIX CJyYaeB
MOXKHO I10JIaraTth, YTO B LEMH CYHIECTBYIOT TOJBKO COCTaBJISIIOLLHE
Pa3HOCTHOH H CYMMapHOH YacTOTHI.
CpenHsis MOIIHOCTb B paccCMaTPpHUBaeMOH ILenH, KakK H3BECTHO,
paBHA MIHOBEHHOH MOIIHOCTH, YCPeJHEHHOH 3a MepHOJ CHrHaJa:

z‘(:
Poy =7 uc (i) dt =f.E, (6.8)

0

(0 + 0e) X (6.7)

T,

rie E.= S u.(t)i(¢f)dt — sueprus curuana; f,.= o,/ (2n).
0

[Moncranoska B (6.8) cooTHouienust (6.7) u mocJenyoee HHTe-
IPUPOBAHHE NPHUBOAAT K rPoMo3AKHM dopmyJiaMm. [TosTomy nocrasum
3ajayy — HaHTH TAKYIO CcOcTaBJjsiollyio Toka (6.7), Koropas pact
CPEeHIOI0 MOIIHOCTb, OTJIHYHYIO OT HyJs, Ha YacTOTE CHUTHaja, H 3a-
TEM YK€ €e BBIYHCJIHTD.

'apMoHHKa TOKa Ha yacToTe CHrHama SIBJISIETCS] OGLIYHOM peax-
THBHO! COCTaBJIAIOIEH, NPoTeKaloliel yepes KoHaeHcatop. OHa Ha-
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XOJQUTCA B KBajpaType ¢ HanpsxKeHHeM CHUTHala M, OYeBHAHO, He
CO3/laeT CpeiHell MOIIHOCTH. 'apMOHHKa TOKa CYyMMapHOH YacTOTHI
TaKkxe He faet P 70 Ha yactore cursana. M TonpKo rapMoOHHKa pas-
HOCTHOH YacTOTHI NPH YCJIOBUH Oy, =20, MOXKET CO3/aTh MOJIE3HYIO
MOILLHOCTb Ha yacTtoTe curHana. O6o3Hauum ee P; ¢, ¥ HAa OCHOBaHUH
(6.7) u (6.8) maiigem

sin (@cf 4+ @ — @) cOs 0. dt =

C
1 ¢ o)HKComC
c cp = Tc m c

0

— 1eLURC sin (2, — ). (6.9)

Kax BuznHo u3 (6.9), cpegHsisi MOIHOCTL B LIENH MOXKET GHITb KaK Mo-
JIOXKUTENbHOM, TaK U OTPUIATEJIbHOH B 3aBUCHMOCTH OT COOTHOILIEHHS
$a30BEIX YIJIOB HanmpshKEHMS Hakaukd M curHana. [lpu nosoxu-
TeJIbHOH MOLIHOCTH LieNb MOTPe6sseT OT MCTOYHHKA CHTHaJa MOll-
HOCTb, KOTOpas paccenmBaerca B He#l. OTpHIATeNbHYIO MOIIHOCTb
cJefyeT TPAaKTOBaTh KaK MOUIHOCTb, NMOCTYMAIOUIYI0 B LENb OT Hc-
TOYHMKA HaKayKH, KOTOpPash MOXKET He TOJbKO CKOMIEHCHPOBATH MO-
TepH Ha YacTOTe CHTHaJIa, HO H NPHUBECTH K POCTY MOILIHOCTH CHrHana
Ha BBIXOJE LemH.

Takum o6pa3oM, HeJHUHEHHBIH KOHAEHCATOP MOXKET BBHINOJHSITh
(YHKIHIO aKTHBHOTO 3JIeMEHTa — yCHJIHUTeNss MoluHocTH. M3 (6.9)
CJIeyeT, YTO MO aHaJOTHH ¢ OOBIYHBIM PE3HCTOPOM, NOTPEOJISIOLHM
aKTHBHYIO MOIIHOCTb, HeJIHHEHHbI KOHIEHCATOp MOXKeT OhITh 3ame-
LIEH OTPHIUATEJbHEIM CONPOTHBJICHHEM, BHOCHMBIM B 1LieNb. Ero 3na-
YEHHE MOKHO HalTH H3 YcNoBHS P op=Un. / 2R,,). CpasuuBas c
(6.9), naxommm R,,=2Im 0.C, sin (2(pc—(p“)] 1. 3Hauenne R,
3aBHCHT OT (pa30BBIX COOTHOLIEHHH MEXIY HanpsKEHHAMH CHrHaja
H HaKayKH.

[TonyuenHslit 3PpdeKT yCcHIEHH JOCTaTOYHO HEOKHJAH, H MO3TO-
MY PacCMOTPHM (DH3HKY SBJIEHHS.

IapameTpuueckuii pedoHanc. CyuiecTBYIOT SIBJ€HHsI, NIPH KOTO-
PBIX, TaK € KaK W NPH AeACTBHH rapMOHHMUECKOro CUrHaja Ha KoJe-
6aTesbHBIN KOHTYD, Pe3yJIbTaT BHEIIHEro BO3JEHCTBHS OKa3blBaeTcs
3aBHCHMBIM OT YACTOTHI 3TOr0 BO3JEHCTBHA. DTH SIBJEHUA OODBENHHS-
IOT MIOHSTHEM «PE30HaHC» B GoJjiee IUHPOKOM CMBIC/IE, H [P HUMEHHTEb-
HO K KoJsie0aTeJIbHBIM IENsIM, COJAEPIKAllUM HeJUHEHHBIH KOHJeHca-
TOP, TOBOPAT O NAPAMEMPUHECKOM Pe30HAHCe.

PaccMoTpuM B KadecTBe NPOCTOrO NpHMepa sIBJeHHs, TPOUCXO-
IsliHe B KoJeGaTeJbHOM KOHTYDe C HeJHHEHHBIM KOHJAEHCATOpOM,
NpPY BO3JIEHCTBUH HA HETO HANPSKEHHUS] HaKauKH B BUJE NP SMOYTOMb-
HBIX MMINYJIbCOB C YAaCTOTOM CJENOBaHHsI, PaBHOH yJBOEHHOII yacToTe
cOOCTBEHHBIX KoJe6aHuil KOHTypa. JlonycTHM, 4To MeXAy 4acTOTOH
COGCTBEHHBIX KOJIeOaHUH 1 H3MeHeHHeM eMKocTH C CyLIecTBYerT JKecT-
Kasi CHHXDOHHM3allUsi: B MOMEHTHl BPEMEHH, KOrja HampsikeHue Ha
KOHJIEHCaTope NOCTHIaeT KCTPEMyMa, €MKOCTb CKayKOM yMeHblla-
eTcsl; B MOMEHTbl BPEMEHH, KOTJa HanpsKeHHe CTaHOBHUTCS PaBHBIM
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HyJlo, eMKOCTb CKauyKOM YBEAHUMBAETCS Ha TY XKe BEJTHIHEY
(puc. 6.23). DHeprus, samaceHHast KOHIEHCATOPOM, paBHa E=
=¢?/2C. Tlpu manom mpHpauieHHH eMKocTH AC mpHpalleHHe 3Hep-
FHH
2 AC :
ANE~— T AC=—E==, (6.10)
260 Co

MakcumanbHasi 3Heprusi, 3amaceHHass KOHJAEHCATOpOM B MapaMeTpu-
YecKoH Ienu, paBHa

1 1 AC 1
Emax =-2-U,2n(,‘max =-2— Ufn (Co+'—2—) fa 5 U,anO.

3a nepHox coGCTBEHHBIX KoJeGaHHH KOHTYD JBaXKJAbl MOJYYHT JO-
MOJIHUTEIbHYIO SHEPTHI0 OT UCTOYHHKA HAKAYKH — B MOMEHTHI 3KCT-
peMaJibHBIX 3HaueHWH HampsikeHus Ha KoHJaeHcatope. OGo3HauHM
3Ty JOMOJIHHUTEJIbHYIO SHEPrHi0 Hakaukd E,,, H B COOTBETCTBHH C
dopmyoit (6.10) sanumem

E,.=2AE=2F,,, %‘j — U2 AC. (6.11)

Kaxk usBecTHO, npH JOGPOTHOCTH KOHTYPa @ €ro 3KBHBATEHTHOE CO-
NPOTHBJIEHHE TIPH pe30HaHCe aKTHBHO M paBHO R, ., =pQ, rIe
o=VLIC, — XapaKkTepPHCTHYECKOS CONPOTHBJIEHHE KOHTypa. JHep-

rus, paccenBaeMass B KOHType 3a

uh nepHoJ, COGCTBERHBIX KoJIeGaHui,
Um 2 2
o Uh  UAT
Epae=T spi-= 5t (6.12)
. CpaBHHBasi pacceuBaeMylo 3Hep-
o ! -t rmo E,,. (6.12) ¢ HakaynBaeMolt B

KOHTYp 3Hepruedl Eyy (6.11), MoxHO
3aKJIOYHUTh, YTO B KOHTYpe nHGO KO-
I Je6aHusT He BO3HHKAIOT, JHOO OHH

HapacTaioT HeorpaHuueHHo. [lepsoe

Cmax . npoucxopur, ecmn E,,. > E_.; BTO-
ACT ¢ " poe — ecmu Ej,. <Eux. Hpyrumu
CJIOBaMH, KoJeGaHHsT  HapacTaioT,

€c/H KO3(hhHULHEHT MOALYJIALHH €eM-
0 ¢ KocTH GoJbIle HEKOTOPOrO KpPHTHUE-
Puc. 6.23. 3asucumocts Hanps- CKOro sHauenus. M3 (6.11) u (6.12)
JKCHHA B KOHType M H3MeHeHHe  cJIefyeT, YTO A/ BO3HHMKHOBEHHUS Ma-
EMKOCTH KOHTYpa pPaMeTpHYECKOro pesoHaHca HeoGXo-
JHMO, YTOOBI BHINOJHSJIOCH YCJIOBHE

AC/Cy = T/(20QC,).
Moacrasus cioma p=V L/C, u T=2n V' LC,, noayunm
AC/C, >1/Q.

[Toscuum nonyueHHbId pesynbrar. Kaxiplil pas, Koraa eMKoCTb
yMeHblIaeTcst, KOHAEHCATOP 3apsikeH H SHePrUsl UCTOYHHKA HaKauKu
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3aTPayHBaeTCS HA YBEJIHUEHHE 3JIEKTPHUECKOH SHEPrHH KOHTypa.
Kaxapiit pas, Koria eMKOCTb YBeJHUHBAaeTcsl, KOHIEHcaTop paspsi-
JKeH ¥ H3MEHEHHE eMKOCTH NPOHCXOAUT 6e3 3aTpar SHepruH.

§ 6.7. BAJAHC MOMHOCTEA B NMAPAMETPHMYECKHX HENAX

Kak 6ui10 moxKasano B NpeasiayiieM naparpade, B Leny, cojaepxa-
meil HeIMHEAHBIH KOHAEHCATOp, MOJ BO3JEHCTBHMEM HaIlpsKEHHS re-
HepaTopa HaKaukKd M HanpsDKEHHs TeHepaTopa CHrHaja BO3HHKAKT
HaNpsKeHUs] KOMOHMHALMOHHBIX YacTOT Wx=mw +Nogx. 1lapan-
JefibHO HEeNMHEHHOMY KOHIEHCAaTOPY BKJIOYEHB! TDH LIENH, JBe M3
KOTODHIX — 3TO LleNb HaKauKu M CHI'HaNa, TPeTbs LeNb NMacCHBHad,
HasbiBaeMasl XOJOCTBIM KOHTypoM. KOHTYD HacTpoeH Ha oOiHy u3
KOMOHMHAIIMOHHBIX 4YacToT .. CymMMa cpeiHuX MouiHocTtell KoJeba-
HuHl curHana P, HakKauku Py, M KOMOHHAIHOHHOM dYacTOThl Py
JOoMKHa ObITb PaBHA HYJIIO:

P4 P, P,=0: (6.13)

Tlepexoas B (6.13) o1 cpeAHHX MOIIHOCTEH K 3HEPTHSM, B COOTBETCT-
BuM ¢ (6.8) monyuum o.E .+ w@yxEnxtoxEx=0. [loacraBassa cioaa
Ox=mw,+No0,x, HAXOIUM, UTO

o (Ec+ mEy) + 0y (Ege+nE:) =0. (6.14)

PaBenctBo (6.14) mpH NpOHM3BOMBHBIX 0, U Wyy BHHUIOAHAETCS, €CJIH
Kaxjoe chaaraemoe paBHO Hymo: E.+mEy=0, Egx+nEy=0.
[lepexonst or HEPruil K CPEeHUM MOLLHOCTSIM, NOJIYYaeM

Pc/mc + me/(mmc + anK) = 0,
PHK/O‘)HK + nPk/(m(’)c + m’)ﬂk) =0. (6 1 5)

YpaBHenus (6.15), Beipaxaiolye ycaoBHs 6anaHca MOLLHOCTH B
napaMeTPHYECKUX LEnsX, HasblBAOT ypasHeruamu Maonau — Poy.
ITosyueHHple ypaBHEHHS SIBAAIOTCS YaCTHHIM cayuaeM ofuwed meo-
pemor Manau — Poy o GanaHce MOLIHOCTEH B CIEKTPe KOJIeGaHNS na-
paMeTpHYeCcKOH UENH, COojepKalell peakTHBHYI0 HEJHHEHHOCTDb
(eMROCTHYI0 HJIH HHAYKTHBHYI0). Teopema 3amnuchiBaeTcs B BHIE

: @® umn —0 .

L mwy +nw, ~ ?

On ®

3
]

nP,n -0
mo, +no,  ?
1 0

Ms
1 |

3
i}
o

m=-w

rae P,,, — cpepHsis MOUHOCTh KoseGaHHs HAa KOMGHMHALMOHHOM
YacToTe Mmw;+nwy, ®; U Oy — 4acTOTHI KoneOanui, Bo3GyKaaouux
LEMNb.

3anumem ypasuennss Manau — Poy ans yacTHOro Buia uenw, B
KOTOPOH CYINECTBYIOT KOJ€GaHHA TOMBKO HAa YeThIPeX YacToTax:
Og, Opg, OL=0ux+0c, ®_=0u,—0c. Jas storo B (6.15) cienyer
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3a1aTh ABe Mapel 3Hauenuit m u n: m=1, n=1 u m=—1, n=1.
Torpma
Puc  Pe P _ o P P P._ 6.16
(oHK+(o++co__’ wc+m+ w_ ) (6.16)
31U GOPMYJIBl YCTAHABIHBAIOT KOMMYECTBEHHBIE COOTHOLICHHS MEX-
Ly MOIIHOCTSIMH KOJE€OaHHH Pas/iM4HbIX YacToT.

§ 6.8. MTAPAMETPUYECKHE YCHUJIUTEJIH

Ha ocHOBaHHMH NPUHIKNA TaPaMETPHUECKOr0 YCHIEHHS CTPOATCA Na-
paMeTpHuecKue ycuauTenH. PasiuuaioT TpH Haubosee BaXHbIX PexH-
Ma ycH/IeHus:: 1) ¢ npeoGpasoBaHUeM 4acTOTHI «BBEPX»; 2) ¢ mpeobpa-
30BaHHEM 4YacTOTHI <BHH3»; 3) pere-
Jli, ) HEpaTUBHBLIA BBIPOXKAEHHBIH pe-

U

KUM.
6r L'_ [ Lz_l_cz Guz [lepBbie 1Ba pexuMa peanusy-
T I0TCS B ABYXKOHTYDHOM YCHJIHTE-
Jie, cxeMa KOTOporo HsoGpakeHa
Ha puc.6.24. ¥ cuuTeN b COIEPKUT
Puc. 6.24. Ilpunuunuansuas cxe-  jpa gourypa: curaadbHbii (L,Cy),
Ma ABYXKOHTYPHOTO MAPAMETPH:  yacTpOEHHDII HA YACTOTY @, H BbI-
YeCKOro yCHJAHTENA . C»o
xogHo# L.C,, HacTpoeHHBIN Ha
OJHY U3 KOMOHHAIHOHHBIX 4acTOT
(0, uwaun ©_). Pexxum c npeobpa3oBaHHEeM YacTOThl «BBEPX» HJIH
«BHHU3» OINpEeNsieTcs] YacTOTOH HACTPOHKH BBIXOJHOrO KOHTYpa.
Ha puc. 6.24 G, — npoBOAUMOCTh HAarpy3KH CHrHaJIbHOrO KOHTYPa,
G2 — MPOBOJUMOCTD HArpysKH XOJIOCTOrO KOHTYpa.
Ycuautenb ¢ npeo6pa3oBaHHeM YacTOThl «BBepX» . B aTom ciy-
yae BBIXOJHOH KOHTYP HAacTpauBaeTcsi Ha CyMMAapPHYIO 4acTOTy ®, =
=W@yux+®; U cooTHOWweHHUs (6.16) MpUHUMAIOT BUJ

P/ogy+Pijo,=0, Plo.+P,/o,=0. (6.17)

Hs (6.17) caenyet, uto Tak kak P, >0 (P, — MOIIHOCTb, BbLAEIsiE-
Masi B Harpyske), T0 Py,<<0 u P.<<0, a 310 3HauHuT, 4To 00a reHepa-
Topa (CHrHama M HaKaykH) OTZAT MOLIHOCTb B BBIXOJHOH KOHTYP.
Us Broporo ypaBuenus (6.17) ciieayer, 4To MaKCHMAaNbHO BO3MOXKHBIH
KO3(OUUHEHT YCWIEHHS B paccMaTpHBaeMoM pexume paBeH K, =
=—P,/P.=0_o.

Y CHIUTENN TAKOrO THIA HMEIOT OrpaHUYeHHOe NpHUMeHeHHe, I10-
CKOJIbKY Ha BBICOKHMX YacTOTax, re, KaK NpaBHJIO, U HCIONb3YIOTCS
napameTpH4yecKHe YCHIHTENIH, TPYAHO oGecrneyduTb GOJblioe 3Haye-
HHEe OTHOLIEHHS ®,/®,. JIOCTOMHCTBOM 3TOrO PeXHMa YCHIEHHS siB-
JIIeTCSl BBICOKAs YCTOHYHMBOCTb PabGOTHl YCHJIHTEJS.

YcuauTtenb ¢ npeo6pa3oBaHHEM HacTOTbl «BHM3» . B 3ToM ciy-
yae BBIXOJHOI KOHTYD HacTpauBaeTCs Ha PasHOCTHYIO YAaCTOTY O _==
=0,x—®, U ypaBHeHus (6.16) npuHHMaIOT BHJ

P.jo.—P_[o_=0, P, Jou+P_[o_=0. (6.18)
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Kak BuaHo us nepsoro paseHctBa (6.18), momHoctd Py, u P_ no-
JIOXKHTeAbHBEe. JIDYrUMH CJIOBaMH, YacTb MOLIHOCTH reHepaTopa Ha-
KauKH MOCTYyMaeT B CHrHANbHBIA KOHTYDP M KOMIEHCHPYeT 4acTh Te-
psieMoll B HeH MOLIHOCTH, T. €. B YCHJAHTeJe NPOHCXOAMT pereHepa-
1M Ha yactoTe curHana. [lostomy u3 (6.18) Heab3s noayuHTh KO-
(UUMEHT yCU/eHHS, MOCKONbKY P, BK/IOYaeT HE TObKO MOLIHOCT,
norpebaseMy0 Harpy3koil, HO ¥ 4acTb MOLLHOCTH, BO3HHKAWIIEH 3a
cueT pereHepauvu. Tem He MeHee, 3anucaB nepsBoe ypaBHeHHe (6.18)
B Bule P_=P,0_/®,, MOXHO yTBepxlaThb, 4TO yCHJeHHe Gyjaer
TeM GoJblue, yeM GoJiblle OTHOLIEHHE ®_/®,.

Ycunurenu JaHHOro THIA HEYCTOHYHBHI B paboTe, Tak KakK B CHI-
HaJbHBIE KOHTYD MOCTYMAaeT MOUIHOCTb Aaxe B OTCYTCTBHE CHTHala,
YTO NPH ONpPelesNeHHbIX YCJIOBHAX MOMKET NPHBECTH K caMOBO36Y K-
JIEHHIO.

OpNHOKOHTYPHBIH pereHepaTHBHbIH ycHAHTeab. B stoM ycuman-
Tejle YyacTOTa HAaKauKU PaBHA YIBOCHHOH YacTOTe CHUrHANA: Oy ,=
=2w,. [Ipu s3TOM pasHocTHast yacToTa pPaBHa YacTOTe CHrHaJMA: ®_=
=, U, CJEI0BATENbHO, OTNAJAET HEOOXONAUMOCTb B OTAENbHOM KOH-
Type, HaCTPOSHHOM Ha PAa3HOCTHYIO 4acToTy. J[IByXKOHTypHas cxe-
Ma «BBIPOKAAETCS» B OAHOKOHTYPHYIO, OTCIO/la NPOUCXOAHUT Ha3BaHUe
«BBIPOXIEHHBIH pexumy. Eciu ycnoBHe =20, BBHINOJHAETCS
CTPOro, B KOHTYpe Bble/sieTcsl OLHO YCHJIeHHOe KosebaHue, paBHOe
cymMe KoseOaHHH Ha yacToTe CHrHala H pasHocTHOH yacrore. Takoi
pe:kuM paboThl Ha3bIBAETCS CHHXPOHHBIM, H, KaK ObLIO MOKa3aHO, OH
3aBUCHT OT (Da30BBIX COOTHOLUIEHUH Ko/eOaHHH HaKauKH M CHUrHaja.

B peanbHBIX yC/IOBHSIX HEBO3MOXKHO TOUHO BHIMONHHTL YCJIOBHE
CHHXPOHU3aUUHU. [T03TOMY ONHOKOHTYPHBIH pereHepaTHBHBIA YCHIIH-
Tenb Bcerja paboTaeT B aCHHXPOHHOM peXKHME, KOrja o_—m,=
=0 ws£0. I[Tpu 3TOM BenUuMHA 2¢ ,—@, CTAHOBUTCHA (DYHKLIUEH Bpe-
MEHH, MNOCKOJbKY TMoJy4aerT ciay4aiiHyio 106aBKy OSwf. BHocumoe
ConpoTHBJIeHHe, onpefensieMoe dopmyJoi (6.9), Takxke cTaHOBUTCSH
cay4yaiHod (pyHKUHel BPeMEHH H, KaK CJEACTBHe, BO3HHKAIOT CJay-
yajiHple H3MEeHEHHUS! YCUJIeHHUsi. DTO SIBJASIETCS CePbe3HLIM HeJ0CTar-
KOM OJHOKOHTYDHBIX yCHJIHTENEN.

OTMeTuM, YTO NapameTpHyYecKHe YCHIHTENH NPHUMEHSIOTCS B AUa-
Na3oHe YacToT OT COTEH Merarepil 10 JecaTKoB rurarepil. OHH HMeoT
OTHOCHTEJIbHO Y3KyI0 mnosocy nponyckauus 1. . .3% u Huskyio wy-
MOBYIO TeMIeparypy, Tak Kak B 3THX THIAX YCHJHUTeNEH OTCYTCTBY-
eT ApoboBoi 3dexT.



[JIABA JJIEKTPOHHBIE KJ/HOYH

INpn paGoTe B HMIYJbCHEIX CXeMax 3JEKTPOHHHIE NPHGOPH
(1aMnbl, TPAaH3HCTOPHI, THPHCTOPHl H Ip.) HMeIOT ABa pabouux
COCTOSIHHSA. B OZHOM M3 HHX 3JE€KTPOHHBIH NMPHGOP 3aKpPHIT, TOK
yepe3s HEro NPAaKTHYECKH He MNPOXOAUT H ero {BHyTpeHHee cO-
NpOTHBJIEHHE R; BEJHKO; B APYrOM COCTOSIHHH HPHGOpP OTKPHIT,
TOK B BbIXOZHOH ILieny HMeeT 3ajlaHHOe 3HAaueHNe, a BHYTpeHHee
conpoTHB/ieHHe MaJjo. Ilepexos H3 OXHOTO COCTOSIHHS B ApYroe
CONpPOBOXKJAEeTCSI IepeXOJHBIM TpOIECCOM, BpeMss KOTOpOTo
onpejlessieT IJHTEJbHOCTb (POHTA M cpesa HMOyJbca. Takoi
pexuM paboThl 3JME€KTPOHHOro npH6opa Ha3bIBaeTCH KJIOUYEBLIM.

§ 7.1. KJIIOYEBOA PE)XUM PABOTbHl JAEKTPOHHOH JAMIIbI

Korna xommyTHpyemasi MMIyJ/IbCHAasi MOILHOCTb He IPEeBBILIAET Je-
CATKOB BATT, B KayecTBE KJIOYEBHIX 3J1€MEHTOB HCNOJb3YIOTCS TPaH-
3HUCTOPHI.

B MomHbIX reHepaTopax HMOYJbCOB NPHMEHSIOT CrelHa/jJbHbIe
HMIYJ/IbCHBIE MOAYJSTOPHblE JaMnel. JByM paGouHM COCTOSIHHAM

U
Ra
| -
I Cacer L T
| c 1A
u
l Bl S :
r |
I R I Ic
f | icer cer | oK
A cer =Ccerx :
- i L - Ucn*. - |
Unop 0 Ucer 1 L
Puc. 7.1. AHojgHO-ceTOYHasi H Puc. 7.2. CxemMa KJjawua Ha
CeTOuHas XapaKTePHCTHKH JaM- 3JIeKTPOHHON JaMmIe

bl

3JIEKTPOHHOI JIAMIBl COOTBETCTBYIOT ONpeJeJIeHHbIe NONOXEHHS pPa-
Goueil TOUKH Ha aHOXHO-CETOYHOH Xapakrepucryke (puc. 7.1). Jlamna
3aKpHITa (pescum omcedKu), KOrja HanpsiKeHHe Ha CETKE U ., MEHb-
we noporoBoro U,,, 1 paGouast Touka (Touka A) HaXomuTcs Ha ro-
PH30HTAJIbHOM Y4acTKe XapaKTePUCTHKU. AHONHBIH U CETOYHBIH TOKH
JIaMIbl TIPH  3TOM NPakTHyeckKH paBHbl Hyso. Korma uee, Uy,
JiaMna OTKpeiTa. B aHOAHON Leny npoTeKaeT ToK /,, a €c/ii IPH 3TOM
HanpsKEHHE Ha CEeTKe MOJOXKHTeNbHOe, TO HMEET MECTO CETOYHBIH
TOK Iger (TOuKa B). Y4acTOK XapaKTEpUCTHKH MEXIY STHMH ABYMs
TOYKaMHM HeJb3sl alNpPOKCHUMHPOBaTb OTPE3KOM NPSMOH JIMHHH.
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Taxum o6pasom, 3IEKTPOHHAS JlaMNa B KJIOUEBOM DEXHUME Bener
ce0st KaK CYLIECTBEHHO HeAuHelinblll sremerm. EcTecTBeHHO, 4TO NPH
aHa/lH3e HMIYJbCHBIX CXeM Heo0XOJAMMO YUMTHIBATh 3Ty HEJIUHEH-
HOCTb.

YToOrl, C OZHOH CTOPOHBI, Y4€CTb HEJHHEHHOCTb 3JEKTPOHHBIX
npubopoB, a C APYroil — He YCJIOXKHSATb Pacuer, HCIONb3YIOT HC-
KYCCTBEHHBI TpPHEM pacueTa MMOYJbCHBHIX cXeM. CyLIHOCTb ero co-
CTOHT B TOM, YTO PacCMaTpHBAIOT NPOLECCH B CXeMe AJIs ABYX COCTOS-
HHH 3JIEKTPOHHOTO NPU6opa: OTKPLITOrO H 3aKPHITOr0, KOTOPLIH Mmpe-
CTaBJISIETCS COOTBETCTBYIOLIHMH 3KBHBAJIEHTHBHIMH MapamMeTpamH.
BHJ aHOAHO-CEeTOYHOH XapaKTePUCTUKH 3JEKTPOHHOH Jsammbl (ee
HEJIUHEHHOCTb) HE MMeeT CYLIECTBEHHOTO 3HAueHHsl, MOCKOJbKY 3a-
KOH W3MEHEHHUs! HanpsKEHHS WIH TOKa NpH (hopMHPOBAHUH (POHTA
U cpe3a MMMNYJbca He siBjsieTcsi ryaBHbiM. Onpenensiouieii siBasercs
JUTUTENIHOCTb MEPEXOJHOro npolecca, KoTopast H0/MxKHa GbiTb MUHH-
MaJIbHOH.

B pexuMe oTceuku y4acTKH CXeMbl, K KOTOPEIM MOAKJIIOYEHBI CET-
Ka ¥ aHOJ JiaMIibl (pHG. 7.2), NPEACTABASIOTCS PA3OMKHYTBIMH. B oTK-
PBITOM COCTOSTHHH aHOJHAS LENb 3aMeHseTCsI SKBUBAJICHTHBIM Pe3HC-
Topom R,=u,/l,, rae u, — aHOjHOe HampsikeHue Jamnbl. [Ipu yc-
JIOBUH Uger—>0 CeTOUHas LleMb TaKKe NPEACTaBJSETCS SKBUBAJIEHT-
HBIM PE3UCTOPOM r¢er="Ucer/icer-

Jlnute bHOCTD mepexoja JiaMnbl U3 OTKPBHITOTO COCTOSIHHS B 3a-
KpPBITOE U OOpaTHOro nepexoja ONpeaessieTcsi BpeMeHeM H3MeHEeHHs
HanpsiKEeHHs Ha 3JIEKTPOJiaX, KOTOPOE B OCHOBHOM 3aBHCHT OT IOC-
TOSIHHOH BpeMEeHH ueneil mepesapsiikd MEX3JIEKTPOJIHBIX eMKOcTei
C. cerr Ceer o Cax- VIHEPUHOHHOCTH 3JIEKTPOHHOTO MOTOKA JIAMIIBL
NpH aHa/M3e TNepeXoJHOro mnpoilecca OObIYHO HE YUMTHIBAIOT, TaK
KakK BpeMsi NpoJieTa 3JeKTPOHAMH MEXIY3JEeKTPOLHOro NPOCTPaH-
CTBa COCTAaBJfIET JOMH HaHOCEKYHABl. IlocKoNBKY MJIHTENBHOCTD
(pOHTa M cpe3a UMMYJbCOB, FeHEPUPYEMBIX CXeMaMH C MOAYJISTOD-
HBIMH JIaMnamH, ropasjo GoJblie 3TOro BPeMeHH, TaKoe JonyLieHue
NpaBOMEPHO.

§ 7.2. CTATHYECKHE PE)XUMbI PABOTbI TPAH3UCTOPHOI'0O KJIIOYA

B cuny psna HeOCHOPHMBIX NMPEHMYLIECTB (OTCYTCTBHE HaKasa, Ma-
Jile rabapuThi, Manasg norpebasieMasl MOLIHOCTb, BHICOKAsi HaJexk-
HOCTb) TPaH3UCTOPHI MOTHOCTBIO 3aMEHHITU 3/IEKTPOHHBIE JIAMITHL B Ma-
JIOMOUIHBIX MMOYJIbCHBIX cXemax. Dosiee Toro, ucnosb3oBaHHe TpaH-
3HCTOPOB TO3BOJIHJIO CO3[aTh TAKHE CXEMBl, Peau3auus KOTOPbIX
C TMOMOIIBIO JIaMI TPHHIMIHANIBHO HEBO3MOXKHA. B HMNyJbCHBIX
cXeMax HCIHOJNb3YIOTCSI TepMaHUeBHIE H KPEeMHHEBHE, GHMOJISPHbIE
U TmoJieBrle TpPaH3UCTOpul. B nanbHelimem OyneM paccMaTpUBAaTh
CXeMbl Ha KPEMHHEeBBIX TPAH3UCTOPAX N-p-M-THIA, MOCKOJAbKY OHH
HaubGoJiee IIMPOKO MPHUMEHSIOTCS.

B GosblUMHCTBE CJIyyaeB HCNOJB3YIOT MIPAHBUCMOPHOIUL KAt04 C
o6ugum smummepom (O3), B KOTOPOM HArpy3OUHBIH PE3HCTOP BKJIO-
4eH B KOJ/VIEKTOPHYIo uenb (puc. 7.3). (Ecau B cxeme Hcnosbayercst
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He n-p-n-, a p-n-p-TPaH3UCTOP, TO Ha KOJIJIEKTOP MOAAeTcss OTPHIa-
TeNibHOE HanpsikeHue.) HanpsikeHHs ¥ TOKH, COOTBETCTBYIOLIHE 3a-
KPLITOMY H OTKDBITOMY COCTOSIHMSIM TPAH3HCTOPa, MOTYT OBITh Ompe-
JIeJIEHB! C TIOMOLILbI0 BXOAHBIX M BBI-
XOIHBIX CTATHYECKUX XapaKTepPHUCTHK
TPaH3HCTOPa, BKJIOYEHHOrO MO CXe-
me O3 (puc. 7.4).

Pexxum  oTceukd. 3akKpHITOMY
COCTOSIHHIO TPaH3HCTOpa COOTBET-
CTBYET pedxcum OmceuKku, TPU KOTO-
poM Ha KOJJIEKTOPHOM M 3MHTTEp-
HOM mnepexojax AeHCTBYIOT o6paTHLIe
Hanp sKeHHsl. Uepes  mnepexonnl
NPOXOAST  TOKH, 0GYCJIOBJIEHHbIE
Puc. 7.3. Cxema TpaHsHcTopHO- IIPOLECCAMH  TENJIOBOH TreHepaluuu
ro xmioua ¢ oGuMM SMHTTEPOM  HOcHTeNeH 3apsiia B oGbeMe I0-

JynpoBoiHHKa. [Ipu  BKIIOUeHHH
TpaHsucropa no cxeme O B pe;kUMe OTCEYKH B KOJIJIEKTOPHOH LenH
NPOTEKaeT TOK, OIM3KHHA 06PaTHOMY TOKY KOJIJIEKTOPHOIO Nepexoja.
DTOT TOK 3aKPHITOTO KDEMHHEBOTO TPAH3HUCTOPAa HUUTOXKHO Mal
(venee 1 HA), nosToMy ero oGbHIYHO B pacueTax HE YUHTHIBAIOT H

\ 54

A ix
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a) d)

Puc. 7.4. Bxonnas (a) u BmXxoaHas (b) XapaKTepHCTHKH TpaH3HCTOPHOTO
Knoua O3

BXOJHOE U BBHIXOJHOE CONPOTHBJIEHHUS 3aKPHITOTO KPEMHHEBOTO
TPaH3HCTOPA, ONpefeasieMbleé CONPOTHBJIEHHSIMU 06paTHOCMELIEHHBIX
KOJIJIEKTOPHOTO M 3MHTTEPHOrO NEPEeXOAOB, MNpPH pacueTax IpPHHH-
MaroT 6eCKOHEUHO OOJIbIIHMH.

ToK KOJJIEKTOPHOro mnepexofa 3aKPhITOr0 repMaHHeBOTO TPaH-
3UCTOPa Ha HECKOJbKO MOPSAKOB Oosblle, YyeM TOK KPEMHHEBOro.
ITosTOMYy npu aHanH3e HMIYJIbCHEIX CX€M C FeépMaHHEBLIMH TpaH3HC-
TOpaMH €ro YUMUTHIBAIOT M TPAH3UCTOP B PEXKUME OTCEYKH IpeCTaB-
JIIIOT MCTOYHHKOM TOKa, JEHCTBYIOMIMM B LleMH Kosjektop — Gasa.

IIpsiMbie BETBH BXOJHBIX CTaTHYECKHX XapaKTEPHCTHK B NEPBOM
npUO/MKEHUH INPELCTAB/ISAIOTCA SKCIOHEHUHAJbHOH 3aBHCHMOCTBIO
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ToKa Gasbl /4 OT HanpsKeHHUsl 6asa — 3MUTTEP Ug,. ColesloBaTeNbHO,
CKOJIb YTOJHO MaJioe yBeJHYeHHe HaNpsKeHHS Ug, NPHUBOJHUT K POC-
Ty I4. OfHaKo TOK 6asbl CTAHOBHTCSl 3aMETHBIM JIHMIIb NPH ONpese-
JIEHHOM 3HaueHud ug,=U ... [losToMy mpH pacuetax HMIyJIbCHBIX
cxeM yA0GHO NMOMb30BaTbCs HanpasceHuem omnupanus (OTKPLIBAHHSA)
U, OOGBIUHO NMPHUHUMAIOT IS KPEMHHEBHIX TpaH3uctopoB U,.,=
=0,5. . .0,6 B, ans repmanuesnix U,,,~0,1...0,15 B.

PexuMy OTceuKH cOOTBETCTBYET Touka A Ha CTAaTHYECKHX Xa-
PaKTEepUCTHKAX TPaH3HCTOPA.

Pexum HacbiueHusi. TpaH3UCTOp OTKPBbIBAETCH, KOrAa Ha BXOJ
[OJAETCHA MOJOXKHUTEIbHOE HAmpsKeHHe, W NPH YCIOBHH uUg,>U, .,
KOJLIEKTOPHBIH [ U 0a30Bblll /¢ TOKH yBesnuuuBaworcs. [lo mepe Ha-
pacTaHus TOKa 0asbl pacTeT KOMJIEKTOPHBIH TOK H YMEHbILIAeTcs KOJ-
JIEKTOPHOE HaMpsiXKEHHUE Uy, 32 CUET MajJeHHs HaNpsKEeHUs Ha pe-
3ucTope Ry, a TakkKe yMeHblIaeTcss 0OpaTHOe HaNpsiKEeHHEe U,
NPUIOKEHHOE K KOJIIEKTOpHOMY mepexony. Iloka mpu yBennueHuu
ToKa [; Ha KOJIIEKTODHOM TNepexoje HmeeTcsi oOpaTHOe Hampsike-
HUe, TPAH3UCTOP HAXOAUTCS B aKTHBHOM PEXKHMME U HMEET MECTO CJIe-
JyIOlllee COOTHOIIEHHE MEXAY TOKaMH:

L= hysl s+ Tkao 22 hyiols.

Ilpu HekoTopoM 3HaueHHWH 6a30BOro TOKA HANpSXKEHHE Ha KOJ-
JIEKTOPHOM TePeXofie U, CTAHOBUTCS PABHBLIM HYJ/IO H JAajdbHeHinee
yBe/nHyeHne Toka /g, a cleJoBaTesqbHO, H TOKA [, NPUBOLUT K IOSIB-
JIEHHIO TPSIMOTO HAaMpsKEHHS Ha KOJJIEKTOPDHOM mepexone, T. €.
NoTeHUHan 6asbl OTHOCHTEJNBHO KOJIJIEKTOPA CTAHOBUTCH IOJOXKH-
tenbHsM. Korga u=-—U,.,, B NPSIMOM HampaBJe€HHH OKa3biBaeT-
Cs1 BKJIIOUEHHbIM He TOJIBKO 3MUTTEPHBIH, HO H KOJJIEKTODHBIH nepe-
X0f. TO MPHBOAUT K TOMY, YTO HE BCE HOCHTEIH, HHKEKTHPOBAHHbIE
3MHUTTEPOM M JHOMIEALIME A0 KOJNJIEKTODHOrO MEPexoja, NepexBaTbl-
BajoTcsl uM. HaBcTpeuy noTOKy HEOCHOBHBIX HOCHTENEH, HAYLIMX H3
6a3bl B KOJIJIEKTODP, JBUKETCS MOTOK TAaKHX K€ HOCHTENEH H3 KOJIJIEK-
Topa B 6a3y, W CyMMapHBIl HX TOK ONpelessieTcsi PasHOCTHIO 3THX
NoTOKOB. B pesynbrare KOJJEKTOPHBIA TOK NPH JanbHeHIeM yBe-
JHYEHHH ToKa 6asbl mnepecraer pacTH. TpaH3HCTOD MEPEXOAHT B
PeHUM HACbIeHUS, KOTOPBIH XapaKTepH3yeTcsl MOCTOSTHCTBOM TOKa
KOJIEKTOPA [, ,,c- B CBSI3U C TEM UTO B pPeKHME HACBILEHHT KOJI-
JIEKTOPHBIH Mepexoj He OCYLIECTBJSAET IOJHOH 3KCTPaKLUH HOCHTE-
Jeft u3 0asbl, TaM NPOUCXOAMUT HX HAKOIMJIEHHE W HHTEHCHBHas pe-
KOMGHHAIMA U MPOMNOPIHOHANBbHAS 3aBHCHMOCTb MEXIY TOKaMHU [
H [, He BHINOJHSETCH.

Hanpsxkenust Ha Kostektope Ugs 4o U 023e Ugs ,,. HachleH-
HOTO TPaH3UCTOPA OCTAKOTCS MPAKTHYECKH MOCTOSIHHBIMU U BBINIOJIHS-
ercsi HepaBeHCTBO Uk yac<<UB3 yac- 151 KDEMHHEBBIX TPaH3UCTOPOB
HanpsiKeHUs HACBIUIEHHS, KaK MPaBHo, COCTaBAAT: Uksy yae
~0,2...0,3B; Ups yac ~0,5. . .0,8 B; nns repmanueBbIX TpaH3Hc-
TopoB Uks yaex0,1. . .0,2 B; Ugs 4,c>~0,3. . .0,4 B. Hanpsixe-
HUE HachlleHHsi 6a3a—>3MUTTEp H HanpsiKeHWe OTINHPaHHA aJas
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KpPEMHHEBEIX TPAH3HCTOPOB Pa3JiMYAIOTCH HE3HAUHTENbHO: Ugy 4.
~U, .+0,1 B.

ToKH, MPOTEKaloUHe BO BHEIIHEH LEeNH TPaH3HCTOPa B HACHLILIE-
HHUH, ONPEIEsIOTCA CJEAYIOUIHMH COOTHOLIEHHSIMHU:

Ig Hac — (UE_UBE’ uac)/R&
]K Hac — (Un_UK3 nac)/ Ry 22 Un/Ruv

rae U, Uyp — HanpsikeHus HCTOYHHKOB MHTAHHUSI Gashl M KOJJIEK-
TOpa.

Kak BHOHO, TOKH TPAH3UCTOPHOTO KJIIOYA B PEKHUME HACHILIEHHS
ONpefessioTCsl BHENIHHMY [apaMeTpaMHi cXeMbl M NPaKTHYEeCKH He
3aBUCSAT OT XapaKTePUCTHK TPaH3UcTOpa. PeXXUMY HaCHILIEHHST COOT-
BETCTBYeT TouKa B Ha craTHuecKMX XapaKTepHCTHKax.

PexxuM HachllleHHs]T KPEMHHEBOrO TPaH3HCTOPa OnpejessierTcs
ycaoBueM Uyg=—Uyr,. TIpH 3aJaHHBIX KOJIJIEKTODHOM H 6a30BOM
TOKaX YJOOHBIM JJis pPacueToB SIBJSETCS KPUTePUil HachllleH-
HOTO COCTOSIHHSI MO TOKY. Ero MOoXHO yCTaHOBUTh, paccyxiaas
tak. IlponopuuoHanbHass 3aBHCHMOCTb MeEXIy TOKaMH [, H g,
crpaBelJIMBasi 1Jisi aKTHBHOTO DEXHMa, COXPaHsieTcsl BIJIOTh M0
OTIIHpaHHs KoJeKTopHoro nepexona. CnenoBaTenbHO, Ha TPaHHIE
AKTHBHOTO PEXHMa M pPeXHMa HACHIEHHUs NPH U=—1U ., TaKkxke
MMEET MeCTO COOTHOWEHHE [K yoo =Hha1plgp, TAE [g ., — 6a30-
BLIl TOK, NPH KOTOPOM TPaH3HCTOP BXOAUT B PEXKUM HACHIIIEHHS.
Kak 6pL10 OTMeueHo, jajbHedilee yBeauueHue 6a30oBOro TOKa He
NPHBOIMUT K POCTY KOJJeKTopHoro Toka. Takum obpasom, kpumepuit
HACLLLEHH020 COCMOAHUA MPAH3UCMOPa MOXKHO 3amucaTb B BHIe

]BHac>IBrp=IKHac/h219- (7.1

Ecau B cootHowmenue (7.1) moAcTaBHTb BhHIPAXKEHHS IS TOKOB
I5 yac U IK wacy TO TIOJYUYHM

(UE_ UBS nac)/Rﬁ > (Un_ UKS ﬂa'c)/(hzlaRx) .

B peanbHBIX ycJOBHSIX PabOTHl TPAH3UCTOPHOTO KJiO4a Hamps-
JKEHHSI HCTOUHHKOB IHTAHHS MOT'YT H3MEHSITbCS, HMEET MECTO TaKkKe
pasbpoc CONPOTHBJEHHH PE3HCTOPOB H Ko3(pHIHEHTa mNepefayu
TOKA H215. DTO MOXKET NMPHBECTH K HEBBLINOMHEHHIO HepaBeHcTBa (7.1),
BHIXOLY TPaH3HCTOPA M3 pexMMa HachILIEHHS H COOTBETCTBEHHO K
H3MEHEHHIO KOJIJIEKTOPHOTO TOKA M BHIXOAHOIO HanpsikeHus. [las
ofecrieueHUsT YCTOHUUBOrO pexkuMa paboTHl TPAH3HCTOPHOrO KJoua
napaMeTphl €ro PacCUUTHIBAIOT TaKMM 06pa3oM, 4TOOBl HEPaBEHCTBO
(7.1) BHIMOJHSJIOCH NPH H3MEHEHHUSIX B HEKOTOPHIX Tpenenax BXo-
IANIMX B HEro BEJHUYHH.

IToMexoycTOHUHBOCTD TPAH3UCTOPHOrO KJioua TeM GoJjblue, ueMm
BHIIIE KO3hpuyuerm HACOILEHUS:

KHac = ]B Hac/IB S hnaIB Hac/IK Hac*

Ha rpanune pexxuma HacblllEHHSI H aKTHBHOTO PeXNMA [p 1,0 =
=Ipgrp M Ky =1. X0T AJA NOBHILUEHHS NOMEXOYCTOHYHBOCTH
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}KeNaTebHO YBEJIHYUBATh KOS(PMHIMEHT HACHIIEHHS, OJHAKO CJle-
AyeT TOMHHTb, YTO IIPH 3TOM PAcTeT BPeMs NEPEKJIIOUEHHS TPaH3HC-
TOPHOrO KJI0Ya.

§ 7.3. BKJIIOYEHUE TPAH3UCTOPHOIO KJIIOYA

TpaH3HuCTOP MEPeXOAUT U3 PEKHMA OTCEUKH B PEXKHM HACHILEHHS M
06paTHO He MTHOBEHHO, a B TeYeHHE ONpPENEeJEHHOro BpPeMeHH. Jta
UHEPYUOHHOCMb GUNOASIPHO0 mpar3ucmopa o0ycJIoBJIeHa AByMS Oc-
HOBHBLIMH (haKTOpaMH: HAKOIJIEHHEM 3apsfja HEOCHOBHBIX HOCHTeJsef
B 6aze M eMKOCTIMH KoJulektopHoro Cy M smHTTEpHOro C, mepexo-
1n0B. KpoMe Toro, Ha IJIHTENIHOCTb NEPEXONHBIX MNPOIECCOB TPaH-
3HCTOPHOrO KJIOWa OKashiBaeT BJHSHHE €MKOCTb Harpyskd C.

Pacuer QJUTENILHOCTH MEepPeXOfHBIX NPOLECCOB B TPAH3UCTOPHOM
KJII04e NPOBOAUTCS METOJOM 3apsaa, 6asHpyromuMcs Ha ToM dakre,
yro B 6ase oGbEeMHBIN 3apsiJ HEOCHOBHBIX HOCHTENEH CKOMIIEHCHPO-
BaH, T.e. 6a3a 3JeKTPHUECKH HeHTpanbHa.

Mertopn 3apaga. Tak kak B 6ase (p-00J1aCTb) HEOCHOBHBIMHM HO-
CHTENIAIMH  SIBJISIIOTCSY 3JIEKTPOHBI, TO NpU ug,>U,., TOK 6asnl
is(f) ompegensier cKOPOCTb HaKOMJIEHHs 3JeKTpoHoB dg/df B Heit
(¢ — 3apsix HEOCHOBHBIX HOCHTEsEH) M KOMNEHCHPYeT HX yObiBaHHe
g/t B pesyiabrate peKOMOGHHAUHUH (T — BPeMsi XKU3HH HEOCHOBHBIX
HocuTesiell B 6asze). Kpome Toro, Tok 6asel HIET Ha nepe3apsiiky em-
Koctell Cy, u C, pH U3MEHEeHUH HanpsikeHHus: Ha nepexoxax. Cieno-
BaTeJbHO, ‘

dg q dugg dugs 2
W'!__T'_”'Cx_d_t"{'ca df _lﬁ(t)' (72)

duyg
Ecau eMKocTHble TOKH KOJIJIEKTOPHOTO C‘( T H 3MHTTEPHOro

du
(Ca—d?> NepexoioB HEeBeNHKH, TO ypaBHeHHe (7.2) ympoiaercs:

dg/dt + g/t = ig (). (7.3)
B crannoHapHoM cocrosiiui, Koraa dg/df=0,
q="1lg, (7.4)

T. €. M3OBITOYHBIA 3ap ]l HEOCHOBHBEIX HOCHTeseH B Ga3e MPOMOPIHO-
Ha/eH 6a30BOMY TOKY. DTO COOTHOILEHHE CIPAaBEJIUBO HE TOMLKO B
aKTHBHOM DEXHMMe, HO H B PeXHMe HACHIEHHs TPaH3HCTOPA.

C nomoubto ypaBHeHHH (7.2) Hiv (7.3) MOXKHO ONPeNeTHTh 06beM-
HbIA 3apsJ HEOCHOBHHIX HOcHTeJel B 6ase B pyHKUHH BpemeHH. Of-
HaKO NPH pacyeTe HMNYJbCHBIX CXeM Ha TPAH3UCTOPaX OCHOBHOH HH-
Tepec NpPEICTaB/sieT ONPENE/IEHHEe 3aKOHA H3MEHEHHs! KOJIJIEKTOPHO-
ro Toka iy (f). '

B aktuBHOM pex<ume paGoThl TPAH3HCTOPA NPH YCAOBHH, YTO pac-
npejiesieHHe KOHIEHTPAHWH HEOCHOBHBIX HOCHUTENEH 3apsjga B Gase
SIBJISIETCS JIMHEHHBIM, HMEET MECTO COOTHOIIEHHE, KOTOPOE C H3BECT-
HbIM NPUOMHIKEHHEM NaeT CBSA3b MEXAY 3aPSJ0M HEOCHOBHBIX HOCH-
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Tesell B 6ase W KOJNJIEKTODHBIM TOKOM TpPaH3HcTOpa:
q(8) 2 iy (1) hire. (7.5)

IT0 COOTHOLLIEHHE B CTAIlHOHAPHOM PEXKHME CIPaBeTHBO ¢ BBICOKOH
TouHOCTbIO. OHAKO B NMEPEXORHOM PeXHME, AJIHTENBHOCTb KOTOPO-
ro cCOH3MepHuMa C BpeMEHeM PacrnpocTPaHeHHsl HOCHTeNeH BAOIb 6a3bl,
JUHEHHEIA XapakTep pacnpeieseHHsi HEOCHOBHBIX HocHTesed B Gase
Hapymaercs.

" Pemwasi ypaBHeHusi (7.2) unu (7.3) M HCIONB3Ys COOTHOLIEHHE
(7.5), MOXHO oOmNpeeJHTb 3aKOH H3MEHEHHS! KOJJIEKTODHOIO TOKa
ix(f) npu 3agansom 6GasoBoMm Toke ig(f). IIpeo6pasyem mo Jlammacy
ypasHenue (7.3), NOCKONBKY 5TO YNPOLL3aeT NPOLEAYPY pelLieHHs
NpPH Pa3jMYHBIX HAuyaJbHEIX YCJAOBHAX:

1 ’ 0
g(p) =220, (7.6)

rae g(0) — HavanbHOE 3HAuEHHe 3apsfa HEOCHOBHBLIX HOCHTENEH B
6ase; p — omeparop Jlannaca.

Ipn pocTaTouHO GOJBIIOM EMKOCTHOM TOKE KOJJIEKTOPHOTO mepexofa
ick B ypaBHeHHH (7.2) Heo6XOAHMMO yuHTHIBaTh cjaraemoe Cy dUyg/dt. Tax
Kak HampsixkeHue Ha eMKocTH Cy yMeHbuaercsi, TO igyx= —C, dUg/dt.
Ecan yuects, uto 3 (7.5) caenyer diy= (h21o/7) dg, a duys= —R, diy, u
noJoxuTh duyg >~ duys, TO

ice=—Cy 28 ¢, W2 o ¢ g, Pa12 00

d¢ ®odt di’

IMocne noacTaHOBKM B ypaBHeHHe (7.2) MOJYYEHHOTO BHIPAMEHHS MR icy
uMeeM

dg q T .
—1 = ig (2). 7.7
dt ' TFheaCy Ry THha1sCuRy @.7)
CJ'[e}lOBaTeJIbHO. TOK nmnepe3apsAlKH €MKOCTH KOJIJEKTOPHOTO nepexona npu-
BOXHUT K YBEJHYEHHIO SKBHBaﬂQHTHOﬂ HOCTOHHHOI‘:{ BpEMEHH:

TakB =;'7+h213CxR;x- ‘ (7.8)

3anepxka BKIoueHHsl. PaccmMoTpum npouece BKIIOYEHHs TpaH-
3HCTOPHOTO KJI04a IPH YCJOBHH, UTO B MOMEHT BPEMEHH I, Ha ero
BXOJle HampsiKeHHe cKaukoMm usMeHsercs ot Ug mo Ug (puc. 7.5).
B OGasoBoit uenn ycranasnupaercsi ToK /5= (Ug—Uts yac)/Rs.
XoTa ynpasjisiollee HanpsKeHHe H3MEHsIeTCsl CKAuKoM, PasHOCTb
TIOTEHIHANIOB MEXAy 0a30H M SMHTTEPOM M3-3a HAJIHuHs NpPEXIE Bce-
ro emkoctedl C, u Cy Hapacraer o 3HaueHus U, IPH KOTOpoM
TPaH3HUCTOP OTKPBLIBAETCS, HO He cpa3y, a B TeYEHHE ONPeNeJeHHOro
BpemeHu. Takum o6pasoM, MMIYJbC KO/NJIEKTOPHOrO TOKAa HauHHa-
€Tcsl B MOMEHT BPEMEHH f, T. €. C HEKOTOPOi 3aJeP:KKOH OTHOCH-
TEJIbHO MOMEHTA IM0JlauM OTnHpatouero Hanpsikenuss Uf. MHTepBan
BpeMEHH [, =t —1, onpeensier OaumenbHocme cmaduu 3adepic-
KU — BpeMsl, B TEYEHHE KOTOPOTO NPOUCXOLUT MNepesapsiKa eM-
xoctelt Cy 1 Cy. Tak Kak B 3TO BpeMsi uepes TPaH3UCTOP NPOTEKAIOT
€MKOCTHbIE TOKH, TO 3KBHBAaJI€HTHasi cXeMa TPAH3HCTOPHOTO KJI0Ya
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Usx ) Puc. 7.5. Ilepexonnsie
. npouecce B Kawue O
Us I~
0
Us tn —_—
ikh | - : Puc. 7.6. DkBHBaJEHT-
i /i Ix nac Hasf cXeMa KJioua
4 L
0 o t; 1t lt, ty 'ts t A
ugh ) ! | Rx
Un || | c
K
/] u Rs u
= : ' Uks nac | ﬂ— [T -J_I_ 2
| — | '
: > [
0D tig Lt.p tpac tULl t I
T o N R !

Ha 3Tane 33/IePKKY BKJIIOUAeT BHEIIHHE PE3HUCTOPHI H €MKOCTH Iepe-
xomoB (puc. 7.6).

B TpaHsncTopHOM KJ/oye OOBIYHO Ry>Ry, nosTomy, npexseope-
ras RR, NOJyYUM L€Nb NEPBOro MOPsiiKa, NMEPEXOAHOH npouecc B
KOTOPO# OmpeJe/sieTcsi COOTHOLIEHHEM

U, (1) = Ug, (00) —[ttg, (00) — g, (0)] €

rae T, =Rs(Cx+Co); Uy (0)=Ug; ug,(0)=—Us.Korna em-

KOCTb Harpy3KH TPaH3HCTOPHOTO KJ0ua Cy coMaMepHMa HJIH 60J1b-

1le CyMMapHOH EeMKOCTH MepeXoioB, T,,= RG(C +C,+Cy).
ITocse mOACTaHOBKH MOJTyYHM

g, (1) = U —(Ug + Ug) e™""ox.

Cramua 3aepKKM 3aKaHuuBaercs, KorAa gy ()=Usm ~Usp5 nace
T103TOMY

=tTyy
’

Ur+ug
fay= Ty In —2—5 .
U6 — UB3nac

dopmuposanue ¢ponta. Korna B MOMEHT BpeMeHH f, 3MHTTEp-
HEL IepeX0jl OTKPLIBAeTCs, HaUHHAeTCS MPOLECC HapacTaHHUs KOJJIEeK-
TOPHOrO TOKa, COMPOBOXKAAIOIIHIACA CHHXKEHHCM KOJIJIEKTOPHOTO Ha-
npsikenys. KoseKTOpHBIH TOK yBeJIMYMBaeTcsl 1O MOMEHTa BpeMe-
HM {3, KOTJla TPAH3HCTOP BXOJAMT B PEXKHM HachlllleHHs. B nutepBaje
BpPEMEHH . . .f; TPOMCXOAUT hopMHUPOBaHUe HPOHTA UMMYJIbCA TOKA.
Haumenorocmo ¢porma ty=1t—1, MOXHO ONpEeJNTb H3 ypaBHe-
Hus (7.6). Tak Kak Haua/bHbIA 06beMHBL 3apsj g (0)=0, a

16(10)___]6)

g(t)y=1Iét (1 —e-tr), (7.95
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[NexcraBuB Bhipaxenue (7.9) B (7.5), moayuum
ik(t)=h213]g (l_e—t/t)' (710)

Takum o6pa3oM, U OOBEMHBIH 3apsii HEOCHOBHHIX HOCHTENEH B
6ase, U KOJJIEKTOPHBLIH TOK BO BpeMsi ()ODMHPOBaHHS (POHTA H3-
MEHSIOTCSl 10 3KCMOHEHIMaAbHOMY 3aKOHY. Korna iy (f2)=1Ig 4 H
3apsij HEOCHOBHBIX HOCHTeJeH B 6ase JOCTHraeT 3HaueHHs ¢ (fp)==
=TIK wac/h215, POPMHpOBaHHE (POHTA 3aKaHYMBaeTcsi. Bocrosb-
30BaBLIMCh cooTHoweHueM (7.9), nonyuum Qopmyny ais pacuera
JJINTEeNIbHOCTH (GpPOHTA

hatol g

ty="ln (7.11)

hzlalg- —1K nac

W3 rnosyueHHOr0 COOTHOLIEHHS CJIEAyeT, YTO yBeJHueHHe Ga3oBOro
TOKa BKJIIOUEHHS] NMPUBOJAMT K YMEHBIUEHHIO IJIUTEJbHOCTH (PPOHTA
HMOYyJbca KoJUIeKTopHoro Toka. Ecau mpu ¢opmupoBanuH ¢ppoHTa
€MKOCTHBI/I TOK COM3MEPHM C KOJIJIEKTOPHBIM TOKOM TpPaH3HCTOPa,
TO AN pacueTa fg B popmyse (7.11) HEOGXOAMMO 3aMEHHTD T HA Ty,
us (7.8).

[Tocsie Toro Kak TPaH3UCTOP BOMIET B PEXHM HACHIUIEHHS, TOK
ix U HanpsiKeHUe Uy, NePecTaloT U3MEHSThCH, HO MpPOLece HaKoIe-
HHS 3apsijia MPOJO/MKAETCS M0 SKCMOHEHIMATbHOMY 3aKOHY B COOT-
BETCTBUH C BbIpa)keHueM (7.9), OMHAKO MOCTOSIHHAsI BPEMEHH 3JeCh
apyras: T,,. = (0,8...0,9)r.

[TockosbKY mpouecc HaKOMIEeHHS HOCHT 3KCIOHEHNUAIbHBIA Xa-
pakTep, TO BpeMsi, B TeYeHHE KOTOPOrO 3apsiJi HEOCHOBHBIX HOCHTEJEH
JOCTHraeT CTAallHOHADHOTO 3HAYEHHSI, MOXHO BBIYHCJHTH 110 (HopMy-
ne fy..=(3...5)T,.. [Ipu >TOM 3apsin HEOCHOBHBIX HOCHTEJEH B
Gaze quac'__rnac]g'

Ha sToM mpouecc BK/IIOYEHHST TPAH3HCTOPHOIO KJIOYa 3aKaHYH-
BaeTcs.

§ 7.4. BBIKJIOYUEHHE TPAH3UCTOPHOI'O KJIIOYA

Korza B MOMEHT BpemeHH f3; MPOHUCXOAUT MEPEKJIOUEHHE BXOIHOTO
Hanpsikenusi ¢ Ug va Ug (cm. puc. 7.3), HauHHaeTcs1 NMPOLECC BHI-
KJIIOYEHHsS] TPaH3UCTOPHOro Kioya. IIpH mnepek/ioueHHH BXOAHOTO
Hanpsi;KEHUsT TOK Gasbl MEHseT HampaBjleHHE M CTAHOBHTCH PaBHLIM
16= (UE_UBS Hac )/R6'

Cragusi paccaceiBanusi. B pesysbTaTe u3MeHeHHsi HalpaBJeHHA
6a30BOro TOKAa HAYHHAETCS MPOLECC paccachiBaHUs HEOCHOBHBIX
Hocureseii. HecMoTpsi Ha yMeHbLueHHe 3apsifa, TPAH3UCTOP HEKOTO-
poe BpeMsi HAaXORUTCS B PEKHUME HACBHILEHHS H KOJJIEKTOPHBIHA TOK
OCTaeTcss PaBHBIM [K 4,.- B MOMEHT BpeMeHH f; (cM. pHc. 7.5) KOH-
LIEHTPAlUsi HEOCHOBHBIX HOCHTEJEH OKOJIO KOJIJIEKTOPHOTO Mepexoja
YMEHbINAETCS JI0 HyJs H Ha KOJJIEKTOPHOM I€PEXOjJ€e BOCCTAHAB/IH-
BaeTcsi oOpaTHOe HampsKeHHe.
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Takum o6pasoM, MHTEPBAl BPeMEHH f,,.=#—I; onpejesser 3a-
JEPKKY Ccpe3a HMMIyJbca KOJJIEKTOPHOro Toka. Bpems f,,., KOTO-
Poe HasLIBACTCS GpeMetieM PACCACLI6ARUSA, MOXHO ONPENRTHTH u3

ypasuenns (7.6), nonoxus [s(p)=—715 ¥ q(0)=I§Tusc:

Ig lﬁ'r“ac

9P == s /o T 7T me:

TMepexonsi oT H300paxKeHHs K OPHIHHAMNY, MOTYYHM

q (t) = — ]6_17"“ (l _e-t/‘tuac) + ]gTHac e—t/‘rmc‘

dran paccachiBaHHs 3aKAHYMBACTCH, KOMAA TPAHSHCTOD BXONHT B
aKTHBHBI PEXHM, H €CJAH HOJOXKHTb, YTO B MOMEHT BPEMEHH Iy
obbeMHBl 3apAn G (f) =T/« ,m/hm, TO MOJYYUM

15412

S N N (7.12)
Iq + 1K nac/he1s

2(pat: = Tyac In

Unorna sapsgom g (¢,) npeneGperaiot, u ¢opmyJa J1sl pacuera Bpe-
MEHH paccacbiBaHHUA TNPHHHMAaeET BHJ

toac = Tuae IN[(1§ +15)/15].

Crapus dopmupoBanns crapa. B nanpreiiineM HaunHaeTCs YMeHb-
IeHue 6a3oBOro M KOJJIEKTOPHOTO TOKOB, HTO CONPOBOXKAETCS yBe-
JINYEHHEM HanpsiKEeHUS Uy, H cpopMpreTcn Cnaj BePUIHHH HMIYJIbca
KOJIeKTopHOro Toka. Ilpoueccel, NpoTekaiomue B TPaH3HCTOPHOM
KJIoYe B 3TOH CTaJHH, JOBOJBHO CJIOXKHEL, H KOJIHYECTBEHHAS OLEH-
Ka JUJIHTEJIbHOCTH crnaja f,; 3aBHCUT OT TOro, Kakue (hakTophl mnpe-
BanupyIoT. Ec/lH eMKOCTHHIMH TOKAaMH MOXKHO npeHeGpeub H [5<<
<<IK wae» TO AJHMTEJBHOCTb CIaja MOXKET ObITb TaKxKe paccyHTaHa

no d¢opmyae (7.7). Ilomaras {4(p)= ——1716', g (0)=q (t)=

=1IK yac/h2isy @ TAKKE NPHHUMAs BO BHUMAHHE, YTO B MOMEHT OKOH-
yaHus cTaguu cnaja q(f;)=0, noaydaem

I Hac h.‘a- Iz
tc,,=«cln‘(—/l—’_’i—i. (7.13)
6

Hannasi ¢opmysia mosyueHa TpU AOBOJABHO rpyGoMm npHOMHKeE-
HHH, TIOCKOJbKY B JEHCTBHUTENBHOCTH TOK 6a3nl /5 HE OCTaeTcs moc-
TOSIHHBIM M HeJb3s1 NpeHeOperatb TOKaMu 3apsaku Cx H eMKOCTH
Harpy3kH Cy TpaH3HCTOpPHOro Kioua. Koraa onpemensionym sipiisi-
eTcst MPOLeCC 3apAIAKH STHX eMKOCTel, TO JVIATENbHOCTD CNiaja pac-
cuuThIBaeTcs 1o dopmyne f.,= (3. . .5)RR (Cx+Cy).
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§ 7.5. BbICTPOAEACTBYIOIME TPAH3UCTOPHBIE KJIIOYH

Hs dopmya (7.11). . .(7.13) caenyer, uto GHICTPOAEHCTBHE TPAH3HC-
TOPHOrO KJ/04a, T. €. BpeMs BKJ/IOUEHUS U BHIKJIOUEHHS, ONPeIes-
ercs mapamerpamMH Kak camoro tpausuctopa (C,, Cy, T), TaK H cXe-
mbl Bkmouenust (U¢, Us, Uy, Ry, Rs, Cy). EcrectBenHo, uto npu
pacueTe KJ4a HEOOXOAUMO CTPEMHUTbCSI K OOecrneueHHio ero Makx-
CHMAJIbHOrO OBICTPOAEHCTBHUS, T. €. YMEHBIUIEHHIO IJIHTENbHOCTH OT-
JeNbHBIX cTajuil mepexoiHbXx npoueccoB. Kak cmexyer us (7.11) u
(7.12), pnutesnbHOCTL HOPMHUPOBAHHS (BPOHTA fy U AJIUTEIBHOCTb pac-
cacblBaHHA [, 3aBUCAT OT 6a30BOro TokKa BKJoyeHusi. M ecsu yse-
Jguyenue /¢ NPHUBONUT K YMEHBLIEHHIO [y, TO ONHOBPEMEHHO YBEJH-
YHBAETCA fy,.. Takoe mojoKeHHe 0OyCJOBJEHO TeM, YTO C POCTOM
¢ yBenHyHBaeTcsi Ko3bhHUHMEHT HachilleHHust K.

Tpausucropubiii ka4 c QopcupyoumM KoHjaeHcaTopom. Ecau
C03]1aTb TAKHE YCJIOBHS, MPH KOTOPHIX 6a30BHIfl TOK BKJIIOUEHUS UME
6Bl GosbllIOe 3HAYeHHe BO BpeMms (OpMHPOBaHUs (PPOHTa, a MOC/IEe ero
3aBeplIeHHs yMEHbIIANCA JO 3HAYeHHs, JOCTATOYHOro JJIsi Hachllle-
HHS TPaH3HCTOpa ¢ HeOOJBIIUM KO3(hGhHIHEHTOM HACHILEHHS, TO
3TO INOBBICHJIO Obl OBICTPOJEHACTBHE Kii04d, MOCKOMbKY Iy YMEHb-
WHI0Ch Obl, a f,,. HE YBEJIHYHJIOCH.

dra ugest noBbleHUs OBICTPOZEHCTBHS peanusyercs B cxeme
KJaoua ¢ gopcupyromum KoraeHcaropom (puc. 7.7). Konzgencarop C
IIYHTHPYET pe3uctop Ry, U MOITOMY B MOMEHT OTMHPaHHsSI TPaH3HC-
Topa TOK Gasel BKJ/IIOYEHHS MMeeT MaKcHMalbHoe 3HaueHHe /g (0)~~
~U¢/R,, (puc. 7.8), rme R, — BXOJHOE CONPOTHBJEHHE TPaH-
3HCTOpa. 3aTeM 1o Mepe 3apsiAKH KoHaeHcatopa C TOK 6Gasbl yMeHb-
1aeTcst U K OKOHYaHHIO MpPoLiecca BKJIOYEHHS NMPUHHUMAET 3HaueHue
I1¢=(U§—Usgs yac) (Rs+Ryy), uto menbiue /¢ (0). Takum o6pasom,
B JAHHOM cXeMe HayaJbHbLIH 6a30BBHIH TOK BKJIIOUEHHS cTad OOoJIbllle,
a Ko3p(UIHEHT HACHILEHHS He YBEJHUYHJICS 1O CPaBHEHHIO CO cXe-
Moi 6e3 (opcHpPYIOLEro KOHJEeHCaTopa.

QopcHpyO A KOHAEHCATOP CIOCOOCTBYET TaKKe COKPaleHHIO
BpeMeHH ¢,,.. Koraa TpaH3HCTOP OTKPHIT, MajeHHe HAnpsKeHHs Ha

Ugx 4
U -

0
Us

is
10—~

1l N\ |
0
o) IO ot

Puc. 7.7. Cxema kJawua c Puc. 7.8. IlepexopHble mnpoIEcCH
dopcHpYIOIUM KOHAEHCATO- B KJo4e ¢ QOPCHPYIOMHM KOHAEH-
poM caTopoM
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pesuctope Ry paBHO Ug—Ugs 4,c B KOHAeHcaTOp C 3apsikeH A0
sTOro HanpsikeHusi. [Ipu nopaue Ha BXoJ KJ/oua 3anyparoliero Ha-
npsikenuss Ug HampshkeHHe Ha KoujeHcatope C cKJajplBaercs
¢ Uz ¥ HavuaabHHIH TOK BhiKmoueHus 6aswl /5 (0)= (U§+Us—
—Ugs yac)/Rysy, UTO HaMHOro GoJiblle TOKa BBIKJMIOUEHHs 6e3 ¢op-
cupytoutero koupeHcaropa: Ig= (Us—Ugps yac)/ (Rs+Ryy). B pe-
aysbTaTe BpeMs f,,. TaKxke yMmeHbluaeTcsa. EMKOCTb KoHaeHcaropa
C He MOXKeT ObITb NPOHU3BOJBHOH, NMOCKOJbKY
NPH Majiodl eMKOCTH BCIJIecKH 06a3oBOro To-
Ka MMEIOT HeGOJIbIIYIO AJIUTeNbHOCTh M. BJIHS-
HHE KOHJEHCAToPa Ha AJTHTENBbHOCTb NEPeXOf-
HBIX NPOLIECCOB HE3HAUMTEJNbHOE, a MPH CJIHII-
KoM GousbiioM 3HayeHHH C MOXKeT TPOH30ii- Ugy vr
TH yBeJHYEHHE MJIHTETbHOCTH MNepeXOIHbIX —
npoueccos. [To3TOMy eMKOCTb KOHeHcaTopa

onpenesnsiercsi U3 cooTHoweHHuss C~t/Rg. Prc. 7.9. Cxema Tpan-

Kmou ¢ nnonom WloTku. XoTa GOPCHPY-  sucropHoro kawoua c
IOLIMI KOHJIEHCATOp i o0ecrieyyBaeT yMeHblle-  anoaom lotkn
HUe BPEMEHH paccachlBaHHs, HO OHO BCE Ke
cyuiectByer. 151 yMeHbLIEeHHs BDEMEHH BHIKJIIOUEHHS HCIIOJb3YIOTCS
KIIOUH C HeauHelinoll obpamnoll ceas3vro. B Kioue Ha KpeMHHEBOM
TPAH3HCTOPE HAWJYYILHe Ppe3yJibTaThl AAeT HCNOJb30BaHHE B Ka-
yecTBe 3j1eMeHTa obpatHol cBs3H auona LloTku, KoTophil BKIOUaeT-
cs1 Mexay 6a3oii 1 KOJIIEKTOPOM TPaH3HCTOpa (puc. 7.9). Xapakrep-
HbM s auoga IlloTku siBasieTcsl To, YTO NpoTeKaHHe npsMOTro TOKa
yepe3 Hero He CBSI3aHO C HHXKEKIHeH HEOCHOBHBIX HOCHTENEH H 3(-
(eKTOM HaKOIIeHHSl, KaK 3TO MMeEeT MeCTO B JHOAE C p-n-lepexo-
JIOM.

Korza TpaH3HCTOp OTKDHIT H HaXOIMTCS B aKTHBHOM peXuMe,
NIOTeHIHa KOJIJIEKTOPA OTHOCHTEJNbHO 6a3bl NMONOXKHTENbHBIH (U s>
>0) ¥ K AUoAy NpHJOKeHO oOpaTHoe HanpsixkeHue. Kak TolbKo ¢
POCTOM KOJIIEKTOPHOTO TOKa KOJIJIEKTOPHBIH p-n-Nepexoj]] OKaz3biBa-
eTCsl CMellleHHbIM B NIPSIMOM HanpaBJIeHHH, IHOZA OTKpbiBaercs. [Joc-
Jenyiollee yBelnYeHHe 06a30BOrO TOKA TPaH3UCTOPA INPUBOAHT K
pocTy Toka, npoTekaiouiero yepes auof IoTku.

CrnenoBaTe/bHO, HAaKOIJIEHHS HEOCHOBHBIX HocuTeslel B Gase
TPaH3HUCTOpPAa H3-32 HMHXKEKLUHMH HEOCHOBHBIX HOCHTeJIEH Yepe3 KoJ-
JIEKTODHBIH Nepexojl, KaK 3To HMeeT MecTo IpH paboTe TpaH3UCTOpa
B PEXHMe HaCBILleHHsl, TPAKTHYECKH He NPOMCXOAMT, NOCKOJIbKY
HanpsixkeHHe oTKpbiBaHHA auoia IloTkH MeHblue HanpsKkeHus oOT-
KpbIBaHHs KOJJIEKTOPHOro p-n-nepexona. Ilo 3Toii ke npuunse Bpe-
MsI HaKOIIeHHs] HEOCHOBHBIX HocHTeseHl B 6a3e TpaH3HMCTOpa, HH-
JKEKTHPOBAHHBIX 3MHTTEPOM, CYLIECTBEHHO MeEHBLIE.

Takum obGpasoM, yBennHyeHHe GbICTPOLEHCTBHS TPAH3HCTOPHOIO
Kioya ¢ gronoM LoTKi NpoHCXOAHUT B pe3yJibTaTe yMEHbIIEHHS Bpe-
MeHH HapacTaHHus TOKa KOJJIeKTopa NPH BKJ/IOYEHHH U BpeMEeHH pac-
cacelBaHHUsl TIPH BbIKMOYeHHH. CllefyeT, OfHaKo, 3aMeTHThb, YTO Ha-
npsikenne Uy, Takoro kJoua B OTKDBITOM COCTOSHHH HECKOJILKO
GoJiblile, YEM HaNpsiKEHHE HaCBILEHHOIo KJda.

+Un

w [
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§ 7.6. TPAH3UCTOPHBIA HAEPEKJIIOYATEJDb TOKA

Hapsiny ¢ TpaH3uCTOPHBHIMH KJHOYaMH B UMIYJIBCHBIX CXeMax HpPH-
MEHSIOTCA TPaE3UCTOPHbIE NepeKJIoYaTe/ld TOKa, KoTopble obecre-
UHBAIOT [IePEKJIOYeHHe TOKa U3 ofHOH Lenu B Apyryw. [lepek/oga-
TeJIb €OCTOHT M3 IBYX TPAH3HCTOPOB € KOJJIEKTOPHBIMH Harpy3KaM,
B OOy SMHTTEPHYIO Ilellb KOTOPBIX BKJIOYEH MCTOYHHK TOKa [
(puc. 7.10). Ha 6a3y tpanmsuctapa VT, noxaercs nocTosiHHOE HAMpSI-
xeHHe U,,, HasbIBaeMoe OnopHsim. Y HpaBJsiollee HaNpsKenHe HO-
naeTcsl Ha 6a3y TpaHsucropa VT,. Eenn HampsXkeHHe Ha BXoAe

+Up

-PUW

. ’ .11

0 Ugx Uon Usx Ugx
Puc. 7.10. Cxema TpaH3UCTOPHOT® Puc. 7.11. Buixoxuass xapakrepHc-
epeKIIoYaTedss ToKa THKa TepeKJioyaTeass TOKa

Uy, =0, To Tpansucrop VT, 3aKpHIT U Bech TOK [/, NPOXOIHUT 4epes
VT,. Ilpr 3toM noremuuan 6asel V7, OTHOCHTE/NbHO 3a3eMJIEHHON
TOUMKH Ug,=&/;,, MNOTEHUHAN 3MHUTTEPA Uze=lUq=U,1—Ups yac
H HOTEHIMAN KOJIEKTOD.a

U =Up—| o1 | 1R (7.14)
PasHoeTh noTeslInaIoB MeXy 6as3oit B amurrepoM VT
Ugg 1 = Upy _"Uon + UES Hac» (7 15)

i 1aK Kak U, ;>Ups nac, @ Uy =0, TO Tpausucrop VT, 3aKpHIT.
C pocTOM u,, Ppas3HOCTb INOTEHLHANOB Ug,; YBEJHMYHUBAETCS U MPH
Us1=Uon=Ups wac —0,1 B- TpaH3HuCTOp OTKpEIBaeTCA — C Yyue-
Tom (7.15) npu U, ,=U,,—0,1 B.

Korzma BxozmHOe HanpsikeHHe u,,=U,,, gepe3 o6a TpaH3ucTOpa
IPOTEKAIOT OJMHAKOBBIE TOKU [ =/,,=0,5 F,. [lanbHefiiiee yBeu-
YeHHe U, TPHBOIUT K DOCTY IOTEHIHaJa SMUTTepoB. [eldcTBUTEND-
HO, Korja TpaH3uctop VT OTKPBIT, Ugy; =Up3 yac B Usy =Uss =Ugy—
—Ugs uac. Tak kak mnoreHuuan 6assl VT, 3apukcupoBaH Ha
ypoBHe U,, OTHOCHTEJbHO 3a3€MJIEHHOH TOUYKH, TO YBEJHUYEHHE
Uy >U,, PaBHOCH/JbHO YMEHBLICHHIO HANPSKEHHA Ug,,, TAK KaK
Ugss=Uon—ttss=Uoy—Upx+Usps yac ¥ MpH Uy, =Uyi=U,, 10,1 B
Tpan3ucrtop VT, 3akpoercs, NOCKOJBKY Ug,, =Ugs yac —0,1 B.
Takum ofpasoM, NpH H3MEHEHHH BXOAHOTO HaNpsKeHHS OT
Upe=U,;—0,1 B 10 Us=U,,+0,1 B, T. e. Bcero Ha BeJIHUHHY
Auy,y=--0,1 B otHocutenbHo U,,, TOK [, mepekmaiyaercs U3 Of-
Horo nJjieya B apyroe (puc. 7.11).
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B nepekoyatene Toka HeOOX0IUMO, YTOOR OTKPHITEIH TpaH3HC<
TOp He HaXoQWJCSd B peXHMe HAChlUeHHA, T.e. Ug>—Uq,.
\O6bIYHO 11 NPENOTBpAIleHHsl PeXXMMa HAachIUEHHA C YY4eTOM BO3-
MOXHBIX HECTaGHJAbHOCTEH IapaMeTpPoB CXeMbl NPHHHMAIOT YCJo-
Bue u,—0. YuuthiBasi coorTrouwenus (7.14) u (7.15), noayvaem yc-
JIOBME HAaXOXJIEHHS TPAH3HUCTOPa B aKTUBHOM peXHMe: U p— |Ay | X
X I[4Rx=U,,+0,1 B.

Xots Tpansuctopsl VT u VT, B OTKPLITOM COCTOSAHMH PaGoTaioT
B aKTHBHOM DE€XHMe, CXeMa HMeeT BBICOKYIO CTaGHJIBHOCTD, NIOCKOJb-
KY KOJIJIEKTOPHBIH TOK 3aJaH MCTOYHHKOM ToKa. OO0bIMHO CcTaGHIH-
3allMs TOKa OCYIUECTBJISIETCS € NOMOIIBIO pe3ucTopa R,, BKIIOYEHHO-
TO B 3MHTTEPHYIO LeNb TpaH3ucTopoB. COTIPOTHBAEHHE pPe3HCTOpa
3aBHCHT OT TOKa /, M ONpeJeAeTC COOTHOLICHHEM

R,= ‘(Un —U BSnac)/Jo —Ry-

Tlepexonnpiil mpoliecc B IepekJiouartese TOKa, CBA3AHHBLIH ¢
OTKPbIBAaHHEM OJIHOTO M 3aKpbIBaHHEM APYroro TPaH3HCTOpA, HMEET
IBe CTajuH: 3aJepPXKKH f,, U HapacTaHUs KOJIJIEKTOPHOIO TOKa fy.
Craaus 3aftepXKH, KaK U B TPAH3UCTOPHOM KJoue, 0GYCJ0BJIEHA KO-
HEYHO# CKOPOCTbIO HAapacTaHHs HaNPSKEHHA Ug,,. Eciu Hanpske-
Hue, npu KoropoM TpaHnsucrop VT, sakpweir, U, ,=U,,—AU,,,
a HaumpsixKeHHe Iocle OTKpeiBauMs Uy, =U ,+AU,,, T0, mpen-
CTaBJIsifl BXOIHYIO LeNb TPAaH3MCTOPA SKBHBAJEHTHBIMH NapameTrpa-
Mu (Cyx — €MKOCTb BXOAHOH LenH, Ry, — CONPOTHBJIEHHE BXOAHOH
Leny), noaydaeM

Uss 1 I(t) = Uom —'(Uorx - Uan§ e't/;"’an ,

rie T,,—R,,C,x — NOCTOSIHHAasi BPeMEHH BXOJHOH LEeNH TPaH3UC-
TOpa. TpaH3HCTOP OTKPHIBAETC NPH Ugy, =U,,—AU,,, nostomy
toy="Ts, IN[2AU /(AU 4 AU, )] O6bIuHO AN oGecredeHus yCToH-
YUBOrO COCTOSIHMA cXeMul AU ,>>AU,., nestomy

13, ="T,,In2="0,71,,. (7.16)

Tocsie OKOHYAHHA CTajuM 3akepxkKu rpaHsuctop VT, -OTKpHBa-
eTCsl U Yepes ero SMHTTepHHIH Nepexo] HayHHaeT IPOTeKarb JIOCTOsH-
Hbli TOK /. Ilpu 3TOM mOTeHuHan 6a3kl OCTAaeTCH HEH3MEHHBIM. B pe-
3yJibTaTe TOK 6a3hl CKauKQM yBeAuuuBaercs 1o sHaueHHs {q(0)=1,,
a 3aTeM IO Mepe HapacTaHHs KOJJIEKTOPHOTO TOKa OH YMeHbIIaeTcs,
Tako# pexuM paboTbl TPAH3UCTOPA COOTBETCTBYET BK/HOUEHHIO €ro
no cxeme Ob.

Kak # B TpaH3UCTOPHOM KJioude, B cxeme Q3 npolece M3MeHeH s
KOJIJIEKTOPHOTO TOKA HOCHT 3KCIIOHEHLHAaJbHBIH xapaktep. OJHARO
IIOCTOSTHHAs! BPEMEHH T', COOTBETCTBYIOIAs BKJIOYEHHIO TPAH3UCTOpA
no cxeme OB, oT/HYaeTcsi OT NOCTOSIHHOM BDEMEHH T KJo4a B CXe-
Me O3. DtH nmapameTphl CBS3aHBI COOTHOLIEHHEM T= (h,,+ 1)t~
o] PO 8 '

Hcnonw3ysi cooTHoureHue (7.8), mosyuyaeM BhIpaxkeHHue IJisi K-
BUBA/JEHTHOA TIOCTOSIHHOH BpeMeHH HapacTaHus KOJIJIEKTOPHOIro
TOKA Taps A8 KJ0Ya B cxeMe OB: 15, =1'+RkCy. Takum o6pasom,
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BpeMﬂ HapacTaHus KOJIJIEKTOPHOI'O TOKa
to=(3...5) (v + R.Cy). (7.17)

Hepexmoqareﬂb TOKa HMEET BBICOKOE 6bICTp0ﬂeﬁCTBHe, IIOCKOJIb-
Ky HCKJ/IIOYAeTCAA PEXXHUM HacChIleHHsI TPaH3HCTOPOB, MaJibl Ne€pemnan
YOpaBJISIOLEr0 HaNPAXKEHUsT U INOCTOsiHHas BPEMEHH HapacTaHHA
KOJIJIEKTOPHOT'O TOKA.

§ 7.7. MAN-TPAH3UCTOPHBLIE KJIIOYH

Crarnueckue pexumbl MIII-Tpan3nCTOPHBIX KJTIo4ei. CymeCTByroT
TPH THNA kmoueit Ha M/I[1-TpansucTopax: ¢ PEe3HCTOpHOl Harpys-
KOif, ¢ IMHAMHYEeCKOH Harpysxou W KoMIJieMeHTapHei# (puc. 7.12).
Katou ¢ pesucmopnoii Haepy3koli Ha n-kanainbHoM M/IIT-Tpansucrope
C MHIYLUDOBAHHEIM KaHA/JIOM 3aKpHIT, eC/IH Ha ero BXoje AeHCTBYeT

+
:j Vg
R ::lI '“cux
| vy |
vy VT 1
4.:, ‘ l+q, U :1 Tc‘,
J.. £ L
]

Ugyx

a) 8)

Puc. 7.12, MITI-TpaH3uCTOpHbIE KJIKOUYHM C Pe3MCTOPHON (@) M AMHAMHUYECKOH
(6) Harpyskoif; KOMIIeMeHTapHbIH KJI04 (6)

HanpsikeHHe Uy <Uszy nopy TAE Uszy 40p — TMOPOrOBOE HampsizKe=
HHe, MPH KOTOPOM HauHHaeTcs (OpPMHpOBaHHE MPOBOAALLErO KaHa-
ja. Toxk yepe3 TpaH3UCTOpP He NpPOTEKaeT M BbIXOAHOE HaNpsKeHHe
Ugux =Uc. Tlpun HanpsxkeHMH ug,>Uszy 40, TPAH3HCTOP OTKPBIT.
Tok crtoka I, u ocTaTouHoe HampsikeHue Ha Tpauauctope U, ., om-
penensioTcsi TOYKOH NepeceyeHHs] HArpy30YHOH XapaKTEDPHCTHKH C
BBIXOJHOH CTaTHYECKOH XapaKTePHCTHKOH MNPH Ug,=Up—Uszy pops
rie u,, — HanpsikeHHe MeXJIy 3aTBOPOM H HCTOKOM TPaH3HCTOpa
(puc. 7.13). OctatouHoe HanpsikeHne U,.. 3aBUCHT OT BXOJHOIO
Hanps2KeHHs H CONPOTHBJIEHUS HArpy304YHOro Pe3HCTOpa M MOKET
ObITb CHEJNaHO CKOJIb YI'OLHO MaJbiM [PH YBENHYEHHU U, H R,.

B MHKPO3/7€KTPOHHOM HCHOJHEHUH TPAH3HCTOPHBIH KJIOY C pe-
3UCTOPHOH Harpy3kodl 3aHHUMAaeT CPaBHUTE/bHO OOJBIUYIO IJIOLALb
U3-3a HaJuuHA pe3uctopa. [103TOMy B MHUKPO3/EKTPOHHKE HCIOJb-
3YIOT KJIIOYH, B KOTOPBIX POJIb HAarpy30YHOrO PE3UCTOPA BHIMOJIHSET
Ju60 TPaAH3HCTOP C KaHa/OM TOTO e THIA 3JEKTPONPOBOIHOCTH,
4TO M KaHa/J yNpaBJsiolero TPaH3ucTopa (K/Y C JHHAMHYECKOH
Harpyskoi), /60 TPaH3HCTOp C KaHAJOM JAPYrOro THIIA 3JEKTPO-
NIPOBOAHOCTH (KOMIJIEeMEHTapHBIH KJrou). [Ipu 3ToM ynpolaercs Tex-
HOJ/IOTHYECKHH IIPOLIeCC U3TOTOBJAEHHUS, NOCKOIBKY HUCKJIIOYAeTCs olle-
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palusi H3TOTOBJIEHHS] PEe3UCTOPA U NOBBIIIAETCS] CTeNeHb HHTErpalHu
CXEeMBI.

B Kkaote ¢ QuHamudeckoil Haepyskod 3atBop TpaHsucropa VT,
MOAKJ/IOUEH K IIOJIOKHTENbHOMY IIOJIIOCY HCTOYHHKA NHTaHHS H,
TAKHM O06DPa30M, Ugyy=Ucy,. LIpH up<<Ugzy nop YNPaBASAOWHKH
TpaHaucrop VT, 3aKpHIT H TOK cToKa /., oueHb MaJ (1 HA u MeHee).
Tako# ke TOK npoTeKaeT U yepe3 TpanHsuctop V7T, NOCKOJBKY B CTa-
THYeckoM pexume [, =/.,. BbIXoiHOe HalpsikeHHe 3aBHUCHT OT

ic A icﬂ o
D
L0 e 3% o) -
D a 2 :
I
ica IC(O) ‘
! '
I L8 6 I Y8 ) :|U3u nop2
! Lge A !
0 — ] é
Uocm U Ucu 0 Ugem Us Uy

Puc. 7.13. Buixognas (a) u Harpysou- Puc. 7.14. BuxonHast (a) u Harpy-
Hast (6) xapaktepuctukd MJIIl-tpan- 3ouHas (6) xapakrepuctHku MJII-
3HCTODHOTO KJI0Ya C Pe3UCTOPHOH  TPAH3UCTOPHOrO KJioYa ¢ AHHAMH-
Harpyskoi 4YeCKOH Harpyskoi

OTHOLIEHHs BHYTPEHHHX CONMpOTHBJeHHH TpaHsuctopos VT, u VT,
u nexut B npenenax Us—Usy nops <Usmx <Uc, THE Uy 1op2 — 10-
porosoe HamnpsikeHue Tpansucropa VT, (puc. 7.14).

Ecin  upy™>Usy pop1, TPausuctop VT; OTKpPBIT, HOTEHLHAT
ero CToka Ugy 1 KUe, MO3TOMY Uy o =Uc—ten 1=>Uszy nop . H
tpansuctop VT, takxke oTkphT. Pab6ouass Touka tpaHsucropa VT,
HAXOJUTCSl Ha IOJIOrOM ydyacTKe BBIXOJIHOH XapakTepucTHKH. Torza
cripaBelIUBa CJeAyIoLIasi 3aBUCHMOCTb TOKa CTOKa [ ; OT Hanpsixke-
HHSl Ha 3aTBOPe Uy, : 1o 2=0,58:(Usy » —Usy pop o) TOE Sz —
KPYTH3Ha XapakTepUCTHKH TpaHauctopa VT,.

BBIXOIHOE HANpSi)KEHWE TAKOro KJi04a B OTKPHITOM COCTOSIHHH
U,., onpenensieTcsi TOYKo# nepecedeHHsi B BBIXONHBIX CTaTHYECKHX
xapaktepuctuk VT; u VT,. OcratoyHoe HanpsxeHue U,.. 6yaer
HeGOo/IbLINM, €CJIH NaJleHHe, HalpPsiKEeHHsI Ha OTKPHITOM TPaH3HCTOpe
VT, namuoro meHbiue, yeM Ha VT;. DTo BO3MOXKHO NMPH YCIOBHH, UTO
KpyTH3HA XapaKTepUCTHKH TpaHaucropa VT, G6oJiblie KPYTH3HBI
xapakrepuctuku VTs,.

B komnaemenmaprom Kawoue B OTCYTCTBHE BXOJHOT'O CHTHAJ/a Ha
3aTBOpe M-KaHajabHbre TpaHsucropa V7T, HamnpsikeHHe u,, , =0, a
Ha 3aTBOpe p-KaHajbHoro TpaH3ucropa VT, HaNpsKeHUE U, ,
=—U,. Takum ob6pasom, TpaHsuctop VT, 3aKpbIT, a TPaH3UCTOP
VT, otkpeit. Ha BeIxone KJio4a AeHCTBYeT BBICOKOE HanpsiKeHHe
Upx =U,. Tak Kak 3akpblT Tpausuctop VT, To TOK OT UCTOYHHKA
NUTAHUS NPaKTHYECKH He notpebssercs (/. <1071 A).

[Mpu BxonHom curHane u, >U.—Uszy nop . HaNpsiKeHus Ha
8aTBOpax TPaH3UCTOPOB: Usy ¢ >—U3I/I nop 2> Uay 1>Uc’—'U3H nop 2
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u tpansuctop VT; 6TKpHT, a VT, 3aKpLIT. B 5TOM COCTOAHHH KJIOY
Takxke He NoTpebssieT ToKa oT HcTouHuKa nutanus (VT, 3aKkpHT),
a BLIXOJHOE HaNpsKEHHE Uy, ~0. Takum ob6pasoM, KoMIIeMeHTap-
HBIH KJIIOY HMeeT Psif CYLIECTBEHHBIX NPEHMYILECTB N0 CPABHEHHIO €
PaccCMOTPEHHBIMH THIIaMH KJlO-
yeji: He noTpebJsieT TOK OT HC-
N I oy TOYHHMKA HHTaHHA B JIIOGOM #3
0 1 > CTallHOHAPHLIX COCTOSHHIH; HMe-
, €T NIPaKTHYeCKH HYJEeBOE OCTa-
feh__ TOYHOE HaMpsKeHHe,
I(0) f\ 1 TlepexonHble mnpoueccH B
M/ITI-TpaH3UCTOPHMX KJIOYaX.
0 7 JautenbHOCTH TPOLECCOB Te-
pekmtouenuss ~ M/II-tpansuc-
UgwixA TOPHBIX KJIIOYeH OIlpelesieTcs
U B OCHOBHOM BpEMEHEM 3apaiKH
H paspslK{ CyMMapHOH eMKO-
ctu C,, oOpasyeMoii eMKOCTbIO
0 : — TPaH3HCTOpa, MOHTAXKHOH eM-
tep ? KOCTBIO H €MKOCTbIO HarpyskH.
Puc. 7.15. Tlepexomume mpomecct s EMKOCT Co He IpeBblllaeT
MJITI-TpaH3HCTOPHOM KJiOue C pesuc- EJIMHHIL NMHKodapaibl.
TOPHOH HarpysKoit Ipu noxaue Ha BXOA KA404a €
pe3ucmopHoLl Haepy3KoLoTAHPa-
IOIEro UMIyJbca Uy, MATT-TpaH3ucTOp OTKPHIBAeTCS H B CXeMe Npo-
TekaeT npouecc paspsiki Co. B pe3y/sbTare HanmpsieHHe Ha BHXOJE
K/lo4ya yMeHbluaeTcsi H (OPMHpYeTCsl Cpe3 HMIYJibca HaNpsKeHUs
(puc. 7.15). Toxk i, mpoTeKaloui yepe3 OTKPHTHIH TPAH3UCTOD, H3-
MeHsieTcsl TI0 JOBOJIBHO CJIOXKHOMY 3akoHy. BHauase oH paseH /. (0)
(cM. puc. 7.13), u moka pabodasi Touka D JBHXKETCS IO NOJOIOMY
Y4acTKy BBIXOAHOH XapaKTepDHCTHKH, OH NPAKTHUECKU He HU3MeHs-
ercsi. Korna pa6Gouasi Toyka BHIXOAHT Ha KpYTOH HayaJbHBIH ydac-
TOK XapaKTEePUCTHKHU (Touka D’), TOK HauMHaeT YMeHbHIAaThCs, NOKa
He pocturzer 3HaueHHs /.. Tok paspsiku KoHHeHcATOPA [go=i,—
—ip., TA€ ip. — TOK, NPOTEKAIOUHH 4Yepe3 pe3ucTop R, TaKKe H3-
MeHsieTcs 10 CJIOXKHOMY 3aKOHY.
Taxkum o6pa3oM, NepexofHHIH Npolecc BK/JIOYEHHS KJI04a OIH-
coiBaeTcsl AuQpepeHHaNbHBIM YypaBHEHHEM

Uy gy
. Usu nop

Upem

Uc—upux

dupx _ - c
—C, udt ="c(unux)_’—Rc—' (718)

PeunTsb 3T0 ypaBHEeHHE U MOJYYHTh CPAaBHUTEJNLHO NPOCThie (HOPMYJIBI
I/l pacyeTa IJHTEJbHOCTH Cpe3a HMIYJIbCca BBIXOLHOI'O HaNpsiKeHHsd
MOXHO [/ JBYX YacTHBIX cayudaeB: 1) i,=u,, /Rug 2) I.=
=/, (0)=const. IlepBrifi ciyuail COOTBETCTBYeT 3aMeHe OTKPEITOTO
TPAaH3HUCTOpA 3KBHBAJEHTHBIM pe3uctopoM R,., =U.//,(0), a BTO-
poii — 3aMeHe HCTOYHHKOM TOKa.

IpeneGperast ToKoM ip o = (Ug—tyye )/ R, AJ151 IIEPBOTO caydast

peleHHe ypaBHeHHs (7.18) 3anumeM B BHIE Ugy, (H)=Uge —t
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rae T=R,;Co=C,U//I,(0). Takum oGpa3oM, AIHTEILHOCTH Cpe3a
to=(3...5) CU./I(0). (7.19)

Jas Broporo cayyasi, npeHeGperasi TOKOM ip., MPOTEKAOMUM
yepes R, NojaydaeMm

tp = CoU./I, (0). (7.20)

Herpynuo Buaerh, uto BhlpaxeHue (7.19) naer 3aBbllleHHOE, a
(7.20) — 3anHKeHHOe 3HaYeHHe f.p, NMOITOMY /s PAacyeToB IieJje-
co00pa3Ho MO0/1b30BaTbCS COOTHOLIEHHEM

te, 2 1,5CU /I, (0). (7.21)

Jautensrocth GpoHta HMNY/IbCA BRIXOJHOrO HaNpPSiKEHHs ompe-
IeJisteTcsi MpoLeccoM 3apsiKH eMKocTH C, uepe3 R, NOCKOMbKY B 3TO
BpeMs TPaH3UCTOP 3aKpHIT. B 3ToM ciyyae u,,, H3MeHseTcs IO
SKCMOHEHUHANbHOMY 3aKOHY C IIOCTOSSHHOH BpeMeHH T;=R.Co=
=C,U,/I; u, ciemoBare/bHO,

to=(3...5) CUJF.. (7.29)

Hs orpamenuit (7.21) u (7.22) enenyer, 910 #3>>{.,, NOCKOJIBKY
I O=>I..

B katoue ¢ dunamuueckori Haepy3koli IIHTENbHOCTb Cpe3a HMITYJIb-
Cca BHIXOJHOTO HAIPSKEHHS TaKXe Onpelesercsi COOTHOLIEHHEM
(7.21). ®poHT MMNyJIbCa BEIXOAHOTO HANpsKeHHA GOpMUPYeTCS MPH
sapsainke C, yepe3 Harpy3ouHnlit Tpausucrop VT, (cM. puc. 7.12, 6).
Fak kak KpyTH3HA XapaKTepPHCTHKH TpaHsuctopa VT,, Kak yke oT-
Meya/ioch, MeHblle, 4eM KDYTH3Ha XapaKTepHCTHKH TpaH3HUCTOpa
VT,, 10, KaK U B KJHOYe C PE3UCTOPHOH HATPY3KOH, {=>t.p.

B xomnaemenmaprom karoue 3apsika emkoetH C, MPOHUCXOLHT
yepe3 TpaHauctop V7T, u npu 3ToM GopMHpyeTcs (HPOHT UMMYJibca
BBLIXOJIHOTO HanpsXkKeHHA ly, a pa3psaika — depe3 Tpausucrop VT,
 opmupyeTcs cpes f.,. B cBA3M € TeM YTo, KaK NpaBHJIO, IapaMeT-
pBl 3THX TpPAH3HCTOPOB OTVIMYAKOTCS HE3HAYHTENbHO, Fy=l.p=
=15 CoU./1,(0).

Takum o6pasoM, H3 Bcex THHNOB K/odeli Ha MITI-Tpan3ucropax
KOMIIJIeMEHTapHbIH KJ/IOY ABJSETCA CaMbIM OBICTPOLEHCTBYIOLIMM H
CaMbiM 3KOHOMHYHBIM, IOCKOJbKY B CTaIHOHAPHOM COCTOSIHHH OH
He noTpeGJIsfieT TOK OT MCTOYHHMKA IIHTaHHA.



[VIABA JIOTHYECKHE
8 YCTPOHCTBA

B pasanuHbx ycTpoiicTBax 06paGoTKH HHGOPMAUHH IIHPOKO
HCIOJIb3YIOTCH 3JIEMEHTH, BXOJAHble H BLIXOJAHBIE€ CHTHAJbl KOTO-
PHIX MOTYT NPHHHMAaTb TOJbKO ABa 3HayeHHs. CuMTaeTcsi, yTO
3THM 3HAYEHHSM CHTHaJa yCJOBHO COOTBETCTBYIOT JBa YPOBHSA
HanpsXKeHUst — aoeuseckan edunuya («1») M aoeuueckutl Hyad
(«0»). DuaeMeHTH, OCYUIeCTBJSIOMHKE TpocTeiillie OnepauuH
C TaKHMH JBOHYHLIMH CHTHaJaMH, Ha3bBalOT JOTHYecKHMH. Jo-
euueckue snemermor (J19), coepviHeHHble omnpelesieHHbIM 06pa3oM
MeXxJy co6oii, MO3BOJIAIOT CO3AaBaTh CJOXHbE CHCTeMbl 00pa-
60TKH MHGOpMaLKH.

§ 8.1. OCHOBHBIE NOJO)XEHUS AJITEBPbI JIOTHKH

Teopetuyeckoii 6a3oii nocTpoeHHs cucteM o6paGoOTKH HH(poOpMaLHUH,
CHCTEM Ha ocHOBe JID siBasieTcst aacebpa aoeuxku, paspaboTaHHas
Ix. Bynem. [Tepemennas BesqnunHa X B anre6pe JIOTHKH MOXKET NPH-
HHMaTb 1Ba 3HaueHusi: X =1 (noruveckas eaunuua) vaux X=0 (Jo-
rudeckHi HyJsb). CylecTBYIOT TPH OCHOBHbBIE ONEepaluH, Jexauine
B OCHOBe anreOpbl JIOTHKH: uHBepcus (Ao2udeckoe ompuyanue),
Oussronkyus (A02udecKoe CAOXHCeHUe) U KOHBIOHKYUS (Ao02uyeckoe
YmHocerue) .

HuBepcusi (noruyeckoe orpuuanue). Takoe npeobpasoBanue Ha-
spiBatoT onepauueir HE u 3anuceiBaior B Busie Y=X. CxeMHbIM pe-
uleHueM Takoro JID sBJsieTcs, HalpHMep, TPAH3HCTOPHBIH KJIOY,
Ilpu mojaye Ha BXOA KJloYa HAaNpAXKEHHS BBICOKOro YpoBHS («1»)
Ha BBIXOJle NOJIyyaeM HanpsiKeHHe HU3Koro ypoBHsi («O»), H Hao6o-
pot. CnefoBaresbHO, BXOAHOH H BBIXOJHOH CHTHaJbl HHBEPCHLIE.

PesyabTtar Toit UM HHOH ONepaLUH Hal OXHOH MJIH HeCKOJIbKHMH
HepeMeHHEBIMH B ajirebpe JIOTHKH MOXeT GHITb NpeACTaBjieH B BHIE
mabauypr ucmunrocmu. B Heli oTo6paKalTcs BCe BO3MOXKHBIE CO-
yeTaHUsi (KOMOMHALMM) JBOHYHBIX NEepPEMEHHBIX M 3HaueHHsl (QyHK-
1ud Y, nosydaroliyecs: B pe3yJibTaTe TOH HJIH HHOH JIOTHYECKOH one-
pauuu. YcjoBHoe rpadpuyeckoe oGo3HayeHHe JOTHYECKOrO djeMeHTa
HE u Tabauna MCTHMHHOCTH I/ Hero npuBelleHBl Ha puc. 8.1, a.

Onepauyu JH3BIOHKUHH H KOHBIOHKIHH OCYIIECTBJSIOT Hajk
IBYMs NepeMeHHBIMH H GoJee.

Ju3blonkuus. Takoe npeobpa3oBaHye Ha3LIBAIOT TaK:Ke onepa-
mielt WJIM u ana AByX nepeMeHHBIX 3amuchBalOT B BHIe Y =X;+
+X, nin Y=X,VX,.

[TockosbKy Kaxnasi NepeMeHHasi MOxeT NPHHHMAaTh JBa 3Haue-
HUSI, BO3MOXKHBI UETHIpE HENOBTOPSIOUIUXCS cOueTaHus H TabJaulia
HCTHHHOCTH 1as1 onepauun MJIM 1IByX mepeMeHHBIX COCTOHMT M3 ye-
TEIpeX cTpok (puc. 8.1, 6). Ilpu ocyliecTBleHUU ONepalHH Joruye-
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CKOro cyoxkeHust GyHKuus Y =1, Korfa xoTs Gbl OfHA M3 IEpeMeH-
Helx X NpUHUMAaeT 3HaYeHHe eNMHHULBI.

Konblonkuusi. Takoe npeo6pasoBaHHe HAa3BIBAIOT TaKxke
onepauueii M u Aaa ABYyX nepeMeHHBIX 3alMCBIBAIOT B BuAe Y=
=X, X, umu Y=X; A X,. [Ipu sornueckoM ymHO)KeHUH Y =1 TOJIb-
KO B TOM €IMHCTBEHHOM CJ/JyuYae, KOrja Bce COMHOXKuTeaH X=I1.
Tabnuua HCTHUHHOCTH M yCJOBHOe rpaduueckoe ofo3HAYeHHe 3Jle-
MeHTa U npuseznensl Ha puc. 8. 1, 6.

Xy 7 X1
Y= X1+ ¥ | rxexe
i ]
Xl|ly Xi| X2 Y Nl XY
1o ololo ololo
011 110141 rjoto
o111 ol11]o
111 1 1 1 1
a) . 9 f)

Puc. 8.1. O6o3nauenus Jgorudeckux 3gaemeHros HE (a), UJIHU
(6), U (6) ¥ TabaHUbl HCTHHHOCTH K HHUM

Hmeer MecTo H3BecTHasi YCJIOBHOCTb B TOM, KaKOMY 3HAUEHHIO
nepeMeHHO BeJIHUHHBL NIOCTABJIEH B COOTBETCTBHE YPOBEHb JIOT. «l»
u Jor. «0». [fosToMy CylIecTByIOT JiBe COBEpIUEHHO paBHO3HAYHEIE
(oyanbHble) CHCTEMBI C TOYKU 3PEHUS BO3MOXKHOCTH BHINOJIHEHHS JIO-
rHYecKHX onepauuii, pabotaioiue JHOO B NOAOMUMEAbHOL JIOTHKE,
Jau6o B ompuyameabHol soeuke. B MOM0XKUTENbHOH JIOTHKE YPOBEHD
Jor. «l» COOTBETCTBYeT BHICOKOMY 3HauYeHHIO CHTHaJja (HalpuMmep,
HanpsKeHUs1), a ypoBeHb «0» — HHU3KOMY 3HayeHHIO CHrHazna (B
YaCTHOM CJ1y4ae ero OTCyTCTBUIO). B oTpuuarenbHoi soruke, HaoGo-
poOT, YPOBHH JIoT. «1» U «0» COOTBETCTBYIOT HU3KOMY H BBICOKOMY 3Ha-
YEeHHSIM CHTHaJja.

Hmest B BULY 3TO 06CTOATENBCTBO, U3 CPABHEHHUS TabJIUIIbI HCTHH-
HocTH 1719 371emeHToB VIJIM 1 V1 MOXKHO clesiaTh BaxKHBIH BBIBOA: OIle-
pawun WA (Y =X,4+X,) B [I0JIOXKHTE/IbHOH JIOTHKE COOTBETCTBYET
onepauusi M (Y=X,;-X,;) B oTpHLAaTeJbHOH JIOTHKe, ¥ Hao6OpOT.
JleficTBUTEIbHO, 3aMeHUB «1» 1 «0» B TabJsd1le HCTHHHOCTH pHc. 8.1, 6
Ha JioT. «0» U «1», T. €, OCYIECTBHB HHBEPCHIO IepEMEHHBIX, TIONYYHM
TabMUMLy HCTHHHOCTH puc. 8.1, 4. B 3ToM 3akJiouaercs npunyun
Osoticmseentocmu anreebpol A02UKU.

OcHoBHbBIE COOTHOLIEHHUSA, MNpPABHJA H TEOPEMbI. Hs onpenesieHnda Joruye-

CKHX onepauuﬁ HUHBEPCHUH, CJOXKEHHA H YMHOXEHHS BBITEKaT CJAEAylWHEe
OYECBHAHBIE OCHOBHBIE COOTHOLUCHHSA!

X4+0=X, X.0=0;
X+1=1, X.1=X;
X4+X=X, X-X=X;
X4+X=1, X.X=0.
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Hapsany ¢ 5THMH OCHOBHHIMH COOTHOIIEHHSIMH TIpDH BHINOJHEHHH oOmepa-
IHH C JIOTHYECKHMH IIepeMEeHHBIMH HCIOJb3yI0T CJeAylolilHe BaXKHejimue 3a-
KOHH, NpaBHJla H TeOpeMhl:

KOMMYyMAamueHoli 3aK0H

Xi+Xe=Xo+ X5, Xi-Xo=X2Xy;

accoyuamusHuill 3aK0H

Xi+Xe4Xg)=(X1+Xo) X3, X;3+(X2+Xg)=(Xy1-X2): X33
JucmpubymusHelii 3aK0H

Xi+ Xz Xg=(Xi+ X9) (X1 +X3);

X1+ (X2 Xs) =X1- X2+ X1+ X3;

3aKOH NOSAOWEHUA

Xi+Xi-Xo=Xy, Xi-(X1+Xo)=Xj;

npasuso cKACUBAHUS

(Xi+Xo) (X1+Xa) =Xz, X1-X54 X1+ Xo=Xy;

npasuro 9soiinozo ompuyarus X =X;

meopemy de Mopeana

X1+ Xp=X1-Xs, Xi-Xe= X1+ Xz

HexoToprle H3 HUX HE HMEIOT aHAJOrOB B OOLIYHONH aJre6pe yHcesa, HalpH-
Mep 3aKOH INOIJIOWIeHHsI, TeopeMa e Moprana, mepBas ¢opMa 3anHCH AHCT-
pubytuBHOro 3axkoHa. OJHaKO, MCNONb3Yysl OCHOBHbIE COOTHOLIEHHS, MOXKHO
A0Ka3aTb HX CIIPaBeJHBOCTD. Teopema ne Moprana sBjsieTcsl CJeACTBHEM
NpHHUKINA JABOHCTBEHHOCTH a.nre6pbl JOTUKH. JleHCTBHTENBHO, KaK 6hHlJIO

otmeueHo, ecin Y=X;+ X., 10 Y= Xl Xo. Hpnmeﬂxﬂ OmepanHi0 HHBEPCHH
K MepBoMy paBeHCTBY, IOJYyYaeM Y=X;+ X.. Orciona caenyetr X Xo==

= X;-Xs. JlokasaTeJqbCTBO 3aKOHA NOTJIOMEHHS MOMKHO NPOBECTH C HCMOJb-
30BaHHeM BTOPOH (OpPMBI 3aMHCH 3aKOHA AUCTPHUOYTHBHOCTH, a TaKXKe OCHOB-
HBEIX COOTHOIUEHHH:

X1 (Xi+Xo) =X - Xi +- X1 Xo = X1+ X1 - Xo = X5 (1 + Xg) = X; - 1 =X

TouHo Tak e AJs MepBoil (OPMB 3amUCH AMCTPHOYTHBHOTO 3aKOHA
HMeeM

(X1 4+ Xo) (Xi+Xg) = X1+ X1+ Xo- Xy + X1 X34 Xp- Xg=

= X1+ Xo: X1+ X1 Xg4Xo Xg=X;- (1 + Xo) + X1 - X3+ X2 X3=

= X1+ X1 X3+ X2 Xg= X+ (1 4 X3) + X2+ X3= X1+ X2 X3,

§ 8.2. JIOTUYECKHE ®YHKLUHUH

Ilpu peanu3auuy JIOTHYECKHX YCTPOHCTB, NpelHAa3HAYEHHBIX MJifl
06paGoTKH JIOTHYECKHX CHTHAJIOB, B O6LIeM cayyae HeoGX0IHMO HMETh
ajieMeHTHl, ocyiecTBasomue onepanuu HE, NI, H. Takoi naGop
3JIEMEHTOB Ha3bIBAeTCA (DYHKYUOHANGHO MNOAHOL CUCMEeMOl Ao2ute-
CKUX 3AeMeHmog Uu aoeudeckum b6asucom. OIHAKO B COOTBETCTBHH C
NPUHLHUIOM JBOHCTBEHHOCTH YHCJIO HEOOXOIMMBIX 3JIEMEHTOB B Ta-
KOH CHCTeMe MOXKHO YMEHBLINTb, MCKJIOUHB U3 Hee 3jement WUJIU
Ju6o snement M. Hanpumep, B cooTBETCTBHH ¢ TeopeMoi Je MopraHa

umeeM X;+X,=X;-X,. Orcloga caenyer, 4to ONepalHIo JIorHye-
ckoro cJjoxeHus X;-+ X, MOXKHO 3aMeHHUTb ollepaLuell JOrHYecKoro

YMHOXKEHHUS X1 Xo Haa HWHBEPCHBIMH 3HAYCHHAMH IEPEMEHHBIX, a
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3aTeM K pe3yJbTaTy NMPHUMEHHTH ONepanHio HHBepCHH X, X, H TeM
cambiM HckJooudTb asemedT WMJIM (puc. 8.2). Crnemoparenbho, cu-
cTeMbl, cocrosiide U3 AByX 3jementoB (MJIM, HE nm6o U, HE),
TaKxe fABJAAITCA (PYHKIHOHAAbHO NMOJHLIMH CHCTEMaMH M COIepKar
MUHUMANGHOUL n02u4ecKutl basuc.

IIpu cxemMHOH peanu3auvd ¢GYHKIHOHANBHO NOJHBIX CHCTEM C
MHHHMAJIbHBIM JIOTHYECKHM 6a3ucoM HIAYT MO NYTH HCHOJb30BaHHS
YHUBEPCANbHOIX A02UMECKUX dAemeHmos. TaKUMH 3JeMeHTaMH HABJIS-
I0TCSI CXeMBl, o6ecrneuyuBaro-
LI¥e BLINOJIHEHHE omepauui X
WJIHU-HE u U-HE. 3ne- ~ |
medtr WJIM-HE (puc. 8.3, ‘

jil—
@) OCYWECTBJAET JIOTHYe- 3;(2_’_

IRl %m%%

ckyio onepaiio Y =X, + X,
(Y=X,!| X,), HaspBaemyio
Takxe cmpeakoii Ilupca. Puc. 8.2. Jloruueckass cxema, peajusyo-
Snement U-HE (pHc. 8.3, 6) mas onepauuio MJIN Ha snementax HE, U

OCYLIECTBJAECT JIOTHYECKYIO

Bl X1 X1 —
omepamio  Y=X,-X,(Y= —}/ WALS —¢ X1 X2
=X, |X,), HasbiBaeMyio _42 X2
wmpuxom [epgpepa.

a) é)

Anement MI-HE, Tak xe
kak H anement WIWN-HE, pyc. 8.3. O6osnavenns ynusepcansumx
NMO3BOJISIET pea/u30BaTbh BCE  Jjoruueckux siaementos HJIU-HE (a),
TpH OcHOBHHE Jioriueckne H-HE (6)
onepauud. Jaa ocymecT-

Baenus onepauuu HE ¢ nomomstio anementa M-HE pocrartouno o6nbe-
nuHuTh BXxogel Y=X X=X (puc. 8.4, a). 310 XKe OTHOCHTCH H K
anementy WJIU-HE (Y=X-+X=X). Ilpu nocnenoBaresbHOM coe-
nuHeHuu ABYX anemeHToB U-HE, y ofHOro M3 KOTOPHIX OGheNHHEHH]
BXOJibl (HHBEPTOP), OCYIIECTBJSIETCS ONEepalHs JOrHYeCKOro YMHOXKe-

aus: Y=X,;-X,=X,-X, (puc. 8.4, 6). Takoe ke coeiuHeHHE 3Je-
mentoB WJIMI-HE peanusyer onepauuio JOTHYECKOTO CJIOXKEHHS

Y=X,+X,=X,+X,. [Ipumenenne tpex snementoB M-HE, nsa us
KOTOpBIX paGoTaloT B pexHMe HHBEDTHPOBAHHUS ¢ OOBbeIHHEHHBIMH
pxomamu (puc. 8.4, 6), N0O3BOJISIET pean30BaTb ONepalyio JorHye-

ckoro caoxkenuss Y =X, -X,=X,;+X,. CoelnHenue Tpex 5/1eMEHTOB
WJIU-HE ananoruuto (puc. 8.4, 8) obecreunBaer peaqn3alHio one-

pauun Joruyeckoro ymHoxkeHHs Y =X,+X,=X, X,.

31ech C/IeLyeT OTMETHTD, YTO B COOTBETCTBHU C MPHHLUTIOM JBOMi-
CTBEHHOCTH 3JIeMeHT, ocyllecTBaswomuil onepaunio UJIU-HE B 1no-
JIOXKHTE/bHOH JIorHKe, peanusyer onepauuio M-HE B orpuuares-
HOH JIOTHKe, U HaoGopoT. '

B o6uiem cayuae sornueckast GbyHKUus Y MOXKET 3aBHCETh OT He-
CKOJIbKHX TepeMeHHbIX X;, Xg, ..., X,. [oBopAT, uro PpyHKUUA Y
olnpejesieHa, eC/H U3BECTHbI ee 3HAYEeHHUs JJIs1 BCeX BO3MOMKHBIX Ha-
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G6opoB nBoMYHBIX nepemeHHBIX. PyHKuHA Y He ompenesneHa, Koraa
HEKOTOpble COYETaHHs! NePeMeHHBIX N0 YCJOBHIO 33JaYH HEBO3MOX-
HEL..B 3TOM caydae QyHKUIMIO MOXKHO JOONpENe/HTb, NPHUNHCAB el
sHaueHue «l» au6o «O» mo coobpakeHHsIM yJA00CTBa peasH3allHH,

Han6osee wyacTo cBs3b MEXAY JIOTMUeCKOH (yHKLIHEH M JIOTH-
YeCKHMH IlepeMeHHLIMH 3aJaeTcsi B BHJe TaGJMIBLI HCTHHHOCTH HJIH
B anre6panyeckoil opme. Tabsuua MCTHHHOCTH M03BOJSIET IMPOCTO
M HarJsigHo oTPasHTb (YHKIHOHAJIbHYIO 3aBHCHMOCTb, HO He Jaer
BO3MOXXHOCTH ONpENeNHTb CTPYKTYPY JOTHYECKOTo YCTPOHCTBa, KO-
TOpoe clocofHO peasnH30BaTh Takue NpeoGpasoBaHus. OmnpeaenuTsb

S R

- X —_ —
_XL[ Vil HY O IGRrY Tk
.XL =X1 Ky 1 ZZ

‘&'E

Puc. 8.4. Peanusauus Jjorndeckux onepaunit HE (a), U (6), UJIK (8) na
YHHBepCANbHBIX Joruyeckux sgementax H-HE

CTPYKTYPY JIOTHYECKOTO YCTPOHCTBA MOXKHO, MCXOIA H3 ajnre6pau-
yeckoil ¢opmbl 3anucH. [lepexon oT TabGaHLBl HCTHHHOCTH K anre6-
panuecKoil (opMme 3amHCH OCYIIECTBJISETCS C HCIO/b30BAHHEM CO-
gepuleHHOl  KOHBIOHKMuUBHOL Hopmaavrot gopmor (CKH®) mu6o
cogepuieHHOl OuswronkmusHol Hopmaavrol gopmor (CIHD).

Ipu ucnoansoBanuu CIAH® coctaBiserca cymma (IM3BIOHKIMS)
npousBefeHnH (KOHBIOHKIMH) INepeMEeHHBIX JIJSi MCTHHHBIX, T. €.
paBHBIX eiuHHIe, 3HaueHHH ¢ynkuun Y. Takum obpasoM, uucio
c/laraeMbIX PaBHO KOJIMYECTBY CTPOK TaGJHLBI HCTHHHOCTH, B KOTO-
peix Y=1. Eca1 npu cocTaB/ieHHH NPOU3BeJleHHs KaKas-1H6o nepe-
MeHHass B pacCMaTpHBaeMoH CTpPOKe paBHa HyJIO, To Gepercs ee
uHBepcHoe 3HaueHne. ITosAcHMM cKa3aHHOe Ha NpuMepe TaGJHIbI
MCTHHHOCTH ]IS TpeX IepeMeHHbIX, B KOoTopoll Y=1 11 Tpex Kom-
6uHanuil TMepeMeHHBIX M3 BO3MOXHBIX BOCbMH (Taba. 8.1).

Ta6auma 8.1

x

X, | X Y

Pt ek bk et DO OO

—_—OoO—=O=—O—=0O
—_—_——_O 0000
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B cTpokax, nss Kotopeix Y=1, 3HaueHHs NepeMeHHHIX CJeAYICLLHE;
X,=1, X,=0, X;=1, X1‘X-2’X3;

X,=1, X,=1, X;=0, X;-X, Xy
X, =1, X,=1, X,=1, X;-X, X,.

Anre6panueckoe BbipaxeHue i ¢yHkuuH Y B CIAH® umeer
BHJ

Y=X, X, X+ X, Xo- 5o+ X, X, - Xs. (8.1)

Jnst nonyuenns anreGpanyeckoro Beipaxenus ¢pyukuun B8 CKH®
B Tal/Hlle HCTHHHOCTH BBIIENSIIOT CTPOKH, B KOTOPHIX GYHKuHsa Y
MPHHUMaeT HyJieBrle 3HaueHHusi. TakHux cTpok B Tabs. 8.1 nare. 3a-
TeM 10 NPUBELEHHON cXeMe JJIsl 3THX CTPOK COCTaBJISIETCS NPOH3BE/Ie-
HH€ NepeMeHHBIX BeJHYHUH:

X,=0, X,=0, X,=0, X,-X,-X,;
X,=0, X,=0, X;=1, X;-X,-X,;
X,=0, X,=1, X;=0, X,-X, X
X;=0, X,=1, X,=1, X,-X,-Xg;
X,=1, X,=0, X,=0, X;-X, X,

CaenoBareabno, B CKHO®
V=X XXt K Xk X Kot Ky X Xt
+ XI’XZ.XS'

IIpumeHsis K NoONyueHHOMY BHIPa)KEHHIO OTEPANUI0 WHBEPCHH M Hc-
noiab3ys Teopemy je MopraHa, nosyuyaem

Y =(X;+ X, 4+ Xo) (Xy+ X+ Xo) - (Xi + X2+X3)><
X (X34 X, + Xo) - (Xy 4 X, + Xp). (8.2)

IlyTem noacTaHOBKH BceX BO3MOXKHBIX KOMOMHALMI mepeMeHHBIX
HeTPYHO y6eiuTbCcs B TOM, YTO NMOJYUYEHHBIE anre6panyeckue Gopmbl
COOTBeTCTBYIOT Tabu. 8.1.

CootHotuenus (8.1), (8.2) nosBo/ISIOT ONPENENHTb CTPYKTYPY JIiO-
rMYECKOro ycTpoiicTBa, KOTOPOE OCYIIECTBJISIET ONEPAlHH B COOTBET-
CTBHH C pHBEJIeHHOH Tabanlel ncTHHHOCTH. Hanpumep, u3 dopmy.ist
(8.1) ciienyer, uTO B 5TO YCTPOHCTBO AO/KHEI BXOJAUTD IBa HHBEPTOPA
(HE), tpu cxembl Jiornueckoro ymuoxenus (M) u ogua cxema Jioru-
yeckoro caoxennss (UJIA) (puc. 8.5, @). Takasi cTpykTypHas cxema
He SIBJIAeTCS €JMHCTBEHHO BO3MOXKHOH CX€MOH JIOrHYecKoro ycTpoiicT-
Ba, o6ecneauBaollero 06paboTky HHHOPMaLHH B COOTBETCTBHH C NIPH-
BeJleHHo#1 Tabnuuell ucTuHHOCTH. Bosee Toro, ona ne aBnsercs u on-
THMAJIbHOH ¢ TOYKH 3PEHHSA UHCJA JOPHYECKHX ajeMeHToB. [loaTomy

6 N 389 161



X1 X1

Xz 71X Vol Xe Xy
Xj XJ X1 :
Xz ¢ Y
X ) z L! X Bl
Xz Xi-XgXs Y X3
X3 |
2 | 9
Xa VX
X Puc. 8.5. CTpyKTypa HeMHHH-
3 MH3HDOBaHHOrO (@) M MHHUMH-
3HPOBAHHOrO (6) JIOTHYECKHX
a) ycTpoiicTs

OIHHM H3 Ba)KHEHIIHX 3TAroB CHHTE3a JIOTHYECKHX CXeM SIBJIseTcs
MHMHHMH3AIUS YHCIa JEMEHTOB CTPYKTYPHOH CXeMBl, 4TO CBS3aHO
C MHHHMH3aIHeH JIOTHYeCKHX (yHKLHH.

§ 8.3. MUHUMM3ALUMUSA JIOTHYECKUX oYHKLUA

MuHUMU3aNHS OCYIIECTBJISETCSI ¢ HUCIONb30BAHHEM OCHOBHBIX COOT-
HOIUEHHH, 3aKOHOB H TeopeM ajireOpnl JorukHu. [Ipu 3TOM miHpoKo
HCTONBb3YIOT CJENYIOLIYe TPHeMBl: NPHOAaBJEHHe OJHOrO HJIH He-
cKoJMbKUX wieHoB, Bxoasuux B CAH®, nockonbky X4+X+X=X;

BbIIe/IEHE UJIEHOB, COJAEPXKAUUX MHOXUTeab X-+X=1; Hcnosb-
30BaHUe NpaBH/Ia «cKjeuBaHUsA» U 1p. [lomyyaroiasics B pesyJibrare
MHHHUMH3AUMKH anrebpanyeckass (opMa HasblBaeTcs mynuKosol.
DyHKUHSA MOXKET HMETb HECKOJbKO TymuKoBbIX ¢opm. Hampuwmep,
noJyYeHHyio anreGpanyeckyio ¢opmy (8.1) MOXKHO MHHUMH3HPOBATh
caenyol UM 0o6pazoM

Y=Xl'iz'xs‘f‘Xi'xz;ia’FXl‘Xa‘Xa=X1'_)—(2'_Xs+
+ Xl'X:._'Xs‘i'Xl'X2‘X3+X1'X2'X3=Xl'Xa'(Xz+x2)+
X1 Xp (X5 4+ X5) =Xy (X, + Xs) (8.3)

B pesysbrare nonyuaercst 6osiee npocToe COOTHOILIEHHE, Pealu3a-
ILUS1 KOTOPOro MOXeT ObITb OCYIIECTBJeHa OTHUM 3JjemeHToM W u ox-
Hum anementom WJIU (puc. 8.5, 6).

Paszpaboranbl mMeTo/ibl, NO3BOJSIOUINE B H3BECTHOM CMBICJIE aBTO-
MaTH3UPOBATh NPOIECC MHHUMU3AIUY anre6pandecKoro BhIpaKeHH .
B ciyuae HeGosbluoro uucsia nepemeHHsx (n<6) xopouue pesyJib-
TaThl Ja€T METOJ ¢ HcnoJb3oBanueM kapm Kapro (1aba. 8.2). Peanu-
3alHsi 3TOr0 METOJa OCYLIECTBJSIETCS B HECKOJMBKO 3TanoB. Ha mep-
BOM 3Tarne AJs1 UCXOJHOH JIOTHUeCKOH (QYHKIUH COCTaBJ/sIeTCst KapTa
Kapno, npencrasisiiomas Tabauny, B BepXHeH CTPOKE H JIEBOM CTONG-
e KOTOPO#l MPHUBOAATCS BCE BO3MOMKHBIE COUETAHUSH JIOrHYECKHX Ie-
PEMEHHBIX, NPHYEM B COCEJHHX COYETAHHAX MNO/MKHA HM3MEHATbCA
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TOJBKO OjfiHa TNEpeMeHHasd. 3HaueHHs] GYHKUHH B KJIETKaX TaGJHIE
COOTBETCTBYIOT JaHHOMY COUYETAHHIO NI€PEMEHHLIX.

Ha BropoMm artane BBLAEJNSHOTCS KJETKH, COAepiKallye eIHUHHILL,
M ocyliecTBasercs HX obbenvHeHue. IIpu 3TOM DPYKOBOACTBYIOTCSH
CEYIOUMMA TIPABHIaMH: OOBEAMHSIOTCS COCEJHHe KJeTKH, B TOM
YHCJe W COCTaBJISIOIIME TOMHbIE KBaApaThl, MOJHEIE CTOJAGHE HJIH

Todnuya 8.2

Xy Xz
oo |or |11 | w

X]'X(,

00 [FYT™ 6 | 0

NL /4
8l - —T-~
or 1o | 0|l 1;3
! |
1 f@ 0 Ki--b
10

1 ! 010 0
CTPOKH H coceHHe cTo6Lbl WIH cTPOKH. COceTHHMY CUUTAIOTCA TaK-
e BEPXHAS M HHXKHSA KJIeTKU OfHOro crosbua, JesBas M npaBas
KJIETKH 0fHON cTpoKH. OJIHA U Ta :Ke KJIeTKa MOKET ObITh 00beAHHEeHa
HECKOJIbKO Pas: OfMH pas C COCelHell KJETKOH B CTPOKe H APYTOH
pas — ¢ coceHell KneTKo# B crosbue.

Tadnuyo 83
Xg-X
X3 1°°2
oo | o1 | 11 10
~
0 0 g :1{ 0
b
| -+ -
tlo)o|@TD

Crnenyiomum 3TanoM SBJSETCS IONYUEHUE MUHUMUBULPOBAHHOL
OQussronkmuseroll Hopmaavrot popmer (MIITH®) noruueckoit gpyHKIHH.
C 370i1 Henbio I 00beAUBEHHLIX 10 YKa3aHHBIM MPAaBUJIaM KJIETOK
COCTaBJISIIOTCS JIOTHYECKHE NPOHU3BENEHHS, B KOTOPhIE BXOJAT TOJIBKO
nepeMeHHbIe, OCTaloLIHeCs] HEH3MEHHBLIMH AJIsI BCeX KJIETOK JIaHHOro
oobenuHedus. Ecau Kakas-a1u00 KJaeTKa ocTaercst HeoObeIHHEHHOMH,
TO COOTBETCTBYIOIIEE €fl JIOrMYecKoe MNPOU3BEIEHHE CONEPXKHT Bce
nepemenHble. Uucno ciaraemeix B MJIH® okaswiBaeTcss paBHBIM
yucay o6beaUHEHHH U YHcay HeoObeHHEeHHBIX KieToK. TakuM obpa-
30M, JJ1s IpejcTaBjeHHoi KapTel KapHo (taba. 8.2) MIH® sanannoi
¢oyHRuME Y =X, X+ X, Xoe Xo+X;- X3+ Xy, IlepBoe coraraemoe
COOTBETCTBYET OGBEAHHEHHIO YETHIPEX KJIETOK (a), BTOPOE U TPETbE —
0GBEAMHEHHIO JBYX KJIETOK (6 U 6).

Kapta Kapho, cootBercTByIoIasn Tabaune HCTHHHOCTH 8.1, npex-
cTaBjieHa B Ta6ja. 8.3. B Hell MOXKHO BHIEAHTHL JBa OOBEAHHEHHS.
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CootBetcTByoinas 3tuMm obbequHeHusasM MIH® Y=X;- X;+ XX
X X3=X;-(X2+X;) coBrnanaer ¢ mosyueHHOH anre6pauyeckuM: Me-
TOJOM MUHHMH3HUPOBaHHOK ¢opmoit (8.3). .

[Ipu cxemHo#l peanusauuu JOruyeckod GOYHKUHU C HCMO/Ib30Ba-
HHEM YHHBepcalbHbIX Jioruueckux snemeHtoB M-HE win NJIM-HE
MHHHMH3HDOBaHHYIO ajrebpanyecKyio GopMy NPeacTaBJisiOT B BUJE
KOMOWHANUUHU Onepanuil, BEIIOMHSAEMbIX STHMH 3j1eMeHTamMU. B cayuae
JIOTHYecKoro ycrpoiictsa Ha sjemenrax M-HE ocymeerBasior npoii-
Hylo uHBepcuto ucxopHoii MJIH® u B cooTBeTcTBHH ¢ TeopeMoil je
Moprana nonyyaior anre6panyeckoe BhIpakKeHHE, B KOTOPOe BXOJAT
tonbko onepauun M-HE. Hanpumep, ana coornowenus (8.3) mpe-
06pa3oBaHHOE BBIPAXKEHHE, B KOTOPOE BXOMAT 'TOJNBKO ONEPaIHH
U-HE, umeer Buz P

Y =X, X4 Xi X, = X, Xo + X; Xo= (X, «xz).(x X,).

Kak BHHO, TaKyIo (pyﬂxumo MOXKHO peaJIHSOBaTb Ha TpPex YyHHUBep-
canbHbix 3nemedrax HM-HE

§ 8.4. MAPAMETPbBI JIOTUYECKHX 3JIEMEHTOB

CxemHasi peanusanus JOTHUECKHX -3JIEMEHTOB. OCYILECTBJSIETCS Ha
TPAaH3UCTOPaX MNPEUMYIIECTBEHHO B HHTEFPAIBHOM HCIOJHEHHH.
B 3aBucuMoCTH OT npenbsABAseMBIX TpPeOGOBaHUN TIPUMEHNETCS He-
CKOJIbKO BapHAHTOB CXeM JIOTMYECKHX 3JIEMEHTOB (MpaH3ucmopHas
202uKa) . BOMBIIMHCTBO U3 HHX OTHOCHTCS K KJIAcCy MOTEHLHANbHBIX
CXeM, MOCKOJbKY CcHrHasbl «1» u «0» COOTBETCTBYIOT HarpsixKEHHIO
Boicokoro U mau nuskoro U° yposusa. Hapsny ¢ noreHumnansHemmu
HCIOJBb3YIOTCSI U HMINYJbCHBIE JIOPHYECKHe 3JIeMEHThl, B KOTOPBIX
JIOTHYECKHMM CHTHA/aM COOTBETCTBYET HAIHYHE H/IH OTCYTCTBHE HM-
nyJbca C ONPeie/IeHHbIMH NapaMeTpamHy. o

OCHOBHBIMH THMAaMH TPaH3UCTOPHOM JIOTHKH, KOTOpbIE JIHGO Hc-
NONb30BANMCh HA PaHHHX CTaAMAX Pa3BUTHA LHPPOBOH TEXHHKH,
nu60 UIMPOKO MPHMEHSIOTCS B HACTOsllee BPEMsl, SABISIOTCA: Mpan-
aucmopHas aoeuka ¢ Henocpedcmeentoll ceasvro (TJTHC), pesucmuetio-
mpanaucmopras aoeuka (PTJI), pesucmusro-emxocmuas mparnauc-
mopras nroeuxa (PETJI), Ouodno-mpansucmopudn aoeuxa (ITJI),
mpanaucmopro-mparnaucmopras soeuxa (TTJI), amummepro-cessan-
naa aoeuka (ACJI), unmeeparvran uHcexyuonras roeuxa (M2J1),
MOIT-mpansucmoprasn aoeuxa (MOITTJI), MOIl-mpansucmopras so-
euka Ha Komnaemenmaproix mparnaucmopax (KMOIITJI).

JloeusecKue 3aemenmol MPAH3UCIMOPHOL A02UKU ¢ HenocpedcmeeH-
noti ceasoro (TJIHC) sBnsiotess Hanbosee NPOCTBLIMU ¢ TOYKU 3PEHHS
CXeMHOH peanin3alliH, MOCKOMbKY B HUX BXOJ KaxKAOTO MOCTeRYIoLIe-
ro 3JIeMEeHTa HEeMoCPeJCTBEHHO IOJK/II0UAeTCS K BBIXOJY Mpeiplaylie-
ro. Uuc/10 eJHHHYHBIX Harpy30K, KOTOPOE MOXKHO MOAKIIOYHTE K Bbl-
XOJly JIOTMYECKOTO 3JIeMEHTa, Ha3bIBAaeTCs KO0appuyuenmom passem-
gAeHUA N0 BBIXOAY K pas. XapakTepHBIM Uit TaKOH JIOTHKH SIBJIS€TCS
noc/JieIoBaTeIbHOE WM TapalieNbHoe COefHHeHNe TPaH3HCTOPOB,
paboraomux Ha o0ILy10 ‘KOJIJIEKTOPHYI0 Harpysky:-Huemo napain-

164



AeIbHO WJIH T10CJIeJ0BATENbHO BKJIIOUEHHBIX TPAH3HCTOPOB ONpees-
eT Koappuyuernm 06vedurerus no sxony Ko, T. €. YHCJIO BXOLOB,
1O KOTOPHIM peasiusyercs JiorHueckas (QyHKIHS.

[pu napajijenbHOM COEIHHEHHH TPaH3HCTOPOB cxema (pHc. 8.6)
B NOJIOXHTENbHOR Jioruke ocyuectsiasier onepauuio MJIM-HE, a B
orpunarenbioii — M-HE. JlefictTBUTENbHO, KOra BXOAHBIE CHTHAJBI
HUMEIOT HU3KHH YPOBEHb HaNmpsXKEHHs, COOTBETCTBYIOWIMH Jior. «0»
U°, TpaHaHcTOpbl 3aKPBLITH, Ha BEIXOJE HampsiKeHHe BhICOKoe («1»).

Puc. 8.6. Cxema 3iemeHTa Puc. 8.7. Cxema snementa U-HE
WNJ/IN-HE TpaHsucTcpHoOil Jioru- TPaH3HCTOPHOH JIOTHKH ¢ Heno-
KH ¢ HENMOCPEACTBEHHOH CBSI3bIO CpPeACTBEHHON CBS3bIO

ITpu nopaye Ha KakoH-1MOO U3 BXOJOB HaNpsKEHHs, COOTBETCTBYIO-
miero Jior. «1» (UY), TpaH3uCTOp OTKPLIBAETCS, BXOAHUT B PEXKHM HACHI-
IEHHS U BBIXOJIHOE HANPs2KEHNe YMeHbIIaeTcs 10 3HaueHHsl, PaBHOro
Hanpsuxennio HaceieHuss U=Uxg 5 yac-

B TJIHC Bbixon npejpiayIiero JOrHyeckoro 3JeMeHTa Hemocpes-
CTBEHHO MOJKJOYaeTcss K BXOAy mnocsepyiouiero. Takum obpasom,
ypoBeHb Jior. «1» U' onpenensieTcss HanpsixkeHHEM OTKPHIBAHHS TPaH-
suctopa Ugrn™~Ugs nae. CenoBarensuo, Ul ~ Ugy pae, a A02Ute-
ckuil nepenad, paBHBIM Pa3HOCTH yDOBHEH HanpsKEHHA Jor. «1» u
«0y,

AU.,; =U'—U'= UBS Hac—UKS Hac*

B cayuae mocsienoBaTeNbHOrO  COEAHHEHHS  TPaH3HCTOPOB
(puc. 8.7) ucXonHoe HanpsiKeHHe BHICOKOTO ypoBHs («1») M3MeHsn -
€Tcs Ha HanpsKeHHe HHU3KOro ypoBHs «0» TOJIBKO NPH OAHOBPEMEH-
HOM MOCTYIJIEHUH HA BCE BXO/bl CHIHANOB, PAaBHBIX €1HHHLE H, €c-
TECTBEHHO, JOCTATOUHLIX IJIS TOrO, YTOOB! NePEeBECTH TPaH3UCTOPHI B
HachllleHHoe coctosiHHe. TakuMm ofpasoM, aHHas cXeMa B MOJNOXKH-
TeJbHOH Jloruke peanusyer onepaumo WU-HE.

Hnsi oueHKH 3pheKTHBHOCTH ¥ NPH CPABHEHHH Pa3NHUYHLIX JIOTH-
YeCKHX 3JIEMEHTOB KPOME paccMOTpeHHbIX mnapametpos U!, U°,.
AU,, Kpa, Koe HCIIONB3YIOT CEAYIOLIHE NAPaMETPBl H XapaKTepHe:
THKH: nopoe nepexatoweruss Upqp; nomexoycmotiwusocms U, Ug;
6peMs 3a0epaHcKU PACNPOCMPAHEHUS -CUSHAAQ npu 6KAeHUU L'y
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u soikAtoerus B 3 nompebasemyro MouHocmo Pyor; pabomy nepe-
Karouerust Apep.

Craruyeckue napaMerpbl JIOTHYECKOH CXeMBI ONpPeNensiioTcs Mo
AMIVINTYAHOA TEepPeJaTOuHOM XapaKTePHCTHKE Ugyy=f (Upg), KOTO-
pasi mpeiaCTaB/isieT 3aBHCHMOCTb BBIXOJHOT'O HANPSIKEHUS] Ugyy OT
ME/JIEHHO M3MEHSIIOIErocsl HanpsKeHHsI HAa OJHOM U3 BXOJOB JIOTH-
YECKOrO 3JIEMEHTA Ugy NPH HEH3MEHHBIX 3HAUEHHSX HanpsiKeHHs
(U° wan U') Ha ocTa/bHBHIX BXOAaX. AMINIUTYJHBIE TEpejaTOYHBIE

Ugyy U oy Y
¥, »
U |‘\ &\L v’ T <
} \ N
au, I Al |
| \ /] |
N o
Uﬂ | —-L——'—\ﬁ_— ’lo J/ |
0 Io L ! - 0 ! H |
Unop Unop Unop Ugy V/::p Yrop Z//;ap Ugy
a) 4

Puc. 8.8. AMNuIHTY[IHBle XapaKTeDHCTHKH HHBepTUpYyiomero (a)
H HeHHBePTHPYILero (6) JIOrHYeCKHX 3JIeMEHTOB

XapakTepUCTHKH upeanbHoro uuseprupyiomwero (HE, U-HE, UJIU-
HE) u Hennseptupyiomero (1, MJIM) noruyeckux 3jeMeHTOB npUBe-
IeHbl Ha puc. 8.8. BxoaHoe HanmpsixkeHHe, IPH KOTOPOM MPOHCXOXHT
pe3Koe H3MEHEHHe BBLIXOJHOIO HAaNpSDKEHHs, Ha3bIBAETCS NOPOOM
nepexaouerus Uyqp. CTPOro roBopsi, aMIIMTYAHAas NepelaTOYHas
XapaKTepPHCTHKA PEeaNbHOT0 JIOTHYECKOTO 3JIEMEHTa B NEpPeXOnHOH
o6s1acTd (WTPHXOBAst JIMHHSA) HE MMEET SIBHO BBHIPaKEHHOro mopora
nepekJoyeHusi. VsmMeHeHHe BHIXOJHOTO HAanpsHKEHHS HauMHAeTcs
NPH OJHOM 3HAYeHHH BXoAHoro Hanpsukenus U],,, a 3akaHyHBaercst
npu apyrom Ul,,. Takum o6pa3oM, aMIIHTYAHas IepeiaTouHas
XapaKkTepHUCTHKa uMeeT 30mny Heonpederenrocmu AU yp,,=Ul,,—
—U%sp- Hanmuuue 31oit 30HBI 06YCJI0B/IEHO, B YaCTHOCTH, NEPEXOJOM
TPAH3HCTOPA W3 PeXHMa OTCEUKH B PEXKUM HacChileHHss H HaoGopoT
NpU M3MEHEHNH BXOAHOI'O HANpSXKEHHS Ha ONpPENEEHHYIO BETHUUHY
(cM. §7.2).

B craTHueckoM COCTOSTHHH JIOTHYECKOTO 3j1eMeHTa pabouasi Touka
HaXONUTCA HA OJHOM M3 IOPH3OHTAJIbHKIX YYacTKOB aMIIHTYIHOH
nepegaTOYHOR XapakTepPUCTHKH, UYTO COOTBeTCTBYeT «1» su6o «O».
[Ipu peanusanyu JOrHYECKUX OMEPanUil BHIXOJ NpenbAyLero (7-ro)
JIOTHYECKOTO 3JIEMEHTa COEJHHSETCS ¢ BXOJOM mnocjenyiouiero (n-
—+1)-ro. Takum o06pazoM, BHIXOJHOE HANDPSKEHHE Upgyy , OMHOTO
paBHO BxonHomy HampsikeHuio U, (.. APYTOTO JIOTHYECKOTO 3Je-
MEHTa, T. €. Uy ,=Upx (n+1)- |1PH HCIIOIB30BAHHH OJHOTHITHBIX JIOT H-
YeCKHX 3JIEMEHTOB 3Ta 3aBUCHMOCTb Pealu3yercs B BHAE NPSMOH JIH-
HHH, TNPOXOAAIEH yepes Hauano KOOPAHMHAT MOA yrioM 45° K ocH
a6cuuce (cm. puc. 8.8). Tak kak BXoAHOe HaMpsKEHHE MOMKET GhITh
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pasto au6o U°, nubo U, To nonoxenue paGouei TOUKH, a CJAELOBa-
TeJIbHO, U 3HAYEHHE Upyy AJAS ITUX 3HAUEHUH Uy, ONPEAENISETCS me-
peceyeHHeM NpsIMON JIMHHHU Ugy y=Ugy C TOPH3OHTANBHBIMH y4acTKa-
MH TIepPelaTOYHOR XapaKTEPUCTHUKH (HEHHBEPTHDPYIOLUIHH JIOr HUECKHH
37IEMeHT, pHc. 8.8, 6) WIH C HX NMPOAO/KEHHeM (HHBEPTUPYIOLLUH J10-
rH4ecKuii seMenT, puc. 8.8, a).

B peanbHBIX YCJIOBHAX JIOTHUECKHH 3JIEMEHT HaXOAUTCA MOX BO3-
JieicTBHeM 1noMeX H BaxKHO, YTOObI OH OBl YCTOHYMB K HHM, T. €. HE
H3MEHSJI CBOero coctosiHus. KonnuecTBeHHOH Mepoll YCTOHUMBOCTH
sIBJIsieTcs1 HauboJibluee HanpsikeHue mosoxutenshoit Ui u ortpuna-
TesibHOlM Uy momexH, npH KOTOPHIX HE NPOHCXOLUT U3MEHEHHUS YPOB-
HeHl BBIXOJHOrO HANPSKEHMs JIOTHYECKOro sjemeHTa. Takum obpa-
som, Ui=U},;—U°, Uy=U'—U},, (cm. puc. 8.8). CrenosarebHo,

U; + UH = (Ugop_Uo) + (Ul_ U}wp) = AU.’I—AUHOP'

U3 mnosyuyeHHOro COOTHOLIEHHSI BHITEKAET, YTO AJS MOBBILICHHS TO-
MeXOyCTOHYHBOCTH CX€Mbl C/IEIyeT yBeJHYHBAaTb JIOTHYECKHil mepe-
nag AU; u yMeHpaTh 30HY

HeonpegeneHHocTH AU yop. OGbiu-  ugy
HO B uuppoBbX cxemax Upgp~ 0|
~Udop 22U oy, moaToMy AU o, &K

<Al tof—
[Ipp paBHOBEPOSITHOM IOSB- 0

I I
JIEHHH TIOJIOXKUTENBbHOH H OTpH- ! }
LaTeNbHOH noMexH 1esnecoo0pasHo I |
NPHMEHSTb TaKHe 3JEeMEHTHI, 3Ha- ! :
venue Upyo, KOTOPhX Haxomurtest U _',\ I
nocepenune mexay Ut u U°. B lwf-—o ﬁ———————-t/-———
3TOM CJIyyae MOMEXOYCTOHYMBOCTD — p=r = _
JIOTHYECKOT0  3JIEMEHTa MaKCH- tip tup t
manbHa: Up=U;=0,5AU. g

Jloruyeckuii s/eMeHT ocyuiect- Puc. 8.9. K omnpenenennio Bpeme-
BJsIeT 3JEMEHTAapHyI0 onepanui HH 3alepXKKH  pacnpocTpaHeHHd
B TeyeHue OHpe,IleJIeHHOFO HpOMe' CHrHaJa JIOYH'{GIC'}EOI'O 3JieMeHTa
JKyTKa BPEMEHH, KOTODHI (puapge- P BEMIOUEHHH Isip H BLIKIIOue-
CKH OGYC/IOBIEH HHEDIHOHHOCTBIO MM fsip
TPaH3UCTOPHEIX  KJwoued.” UYem
MEeHbLIIe 3TO BPeMsl, TeM OoJIblliee YHCJIO0 ONepaluuil B e[MHHIY Bpeme-
HH MOXET OCYIHECTBUTb JIOMHUECKHUH 3JIeMEHT M TeM 6oJsiee BLICOKOM
6yZeT NpOHM3BOJAMTENBHOCTb YCTpoiicTBA 0OpPaGOTKH HHQOPMALUH,
COCTaBJIEHHOrO U3 TaKHX 3JEMEHTOB. BpeMsi BLIIOMHEHHS OJHOM 3J1e-
MEHTapHOH omnepanuu onpeiessieTcsl 3aiepPIKKOH pacmpocTpaHeHHUs
CHTHa/a yepes 3JIEMEHT.

PaznuualoT epema 3a0epicKu pacnpoCmMpaHeHus CUeHAAQ Npu
sKmoteHun By u soikarouenuw L3, T1epBrlii mapamerp paBeH HHTep-
Bajly BPeMEHH MEXKJAY BXOJHBIM H BRIXOAHEIM HMITYJbCAMH IIPU Nepe-
Xozie HanpsiKeHHsI Ha BhIXoJe OT «1» K «0», U3sMepeHHOMY Ha YPOBHE
0,5 w1 Ha 3aflaHHBIX YPOBHSX HampsiKEHUs, HanpuMep Ha ypOBHE
Upop (pHc. 8.9). Bropoit napameTp onpezensiercs TaKHM e 00pasoM,
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HO NPH mnepexoje HanpsukeHHss Ha Beixoze oT «0» x «1». OGbUHO
B o7ty MO3TOMY JJISl OLEHKH GbICTPOAEHCTBHS JIOTHYECKOTO JIe-
MEHTa MCIOJB3YIOT CpedHee 8pema 3a0epHcKU PACRPOCMPAHERUR cue-
Hara ty;, =0,5 (81151

BaxXHbIM napaMeTpoM JIOrH4ecKOro 3JeMeHTa sBJASIETCS nompeb-
afeman mowyHocms. Tak Kak JIOTHUECKHH 3JIEMEHT NpUMEepHO ONHHa-
KOBOE BpeMsi HaXOHUTCs B cocTosiHuy «1» u «O», To cpennss morpeb-
asieMast MOIHOCTD P op o=0,5 (Phort+Plor), Tlie Pho, — motpet-
JsieMasi MOLIHOCTb B COCTOSIHHM Jor. «l»; P.%. — noTpeGisemast
MOUIHOCTh B COCTOSIHUH Jior. «O».

IIpy MOCTOSIHHOM HampsXKEHHH HCTOUYHHKA NMUTAHUS YBEJHYEHHE
notpe6/asieMoil JIOTHYECKHM 3JIEMEHTOM MOLILHOCTH CBSI3aHO C POCTOM
TOKa uyepe3 Hero. B cBol ouepesipb, YBeNHMYEHHE TOKAa MPHUBOIUT K
YMEHbILIEHHIO BpeMEeHH nepe3apsiKy NapasuTHEIX eMKOCTeH, KOTopoe
B HeMa/lof CTeNeHH ONpeJeNseT BeNHUHHY I, , .. 1losTOMy a5t
6GOJIbIIHHCTBA CXEM B ONPeAEIEHHOM JJHana3oHe U3MEeHEHH T MOLIHOCTH
P in<Pror cp<Pmax 1poH3Benetue Apep="Prorc pf 5x p cp ECTH Be-
JIMUHHA TOCTOSIHHAsT M HAa3bIBAaeTCA pabomoll nepeKAtodeHus cxemol.
Yewm menblue BeTHIHHA A rep, TEM BBILIE KAYECTBO CXEMOTEX HUUECKOTO
NPOEKTHPOBAHHUSI U KOHCTPYKTOPCKO-TEXHOJOTHUYECKOH peanusanuu
cxembl. B Hacrosiee Bpemsi Age,=(0,01. . .1,0)- 1022 k. 3nech
clIeyeT MOAYePKHYTb, YTO IOCTOSHCTBO nmapamerpa Ape,, a ciaeno-
BaTeJIbHO, H 0GP aTHO NPONOPLUHOHAIbHAS 3aBUCHMOCTD MEXAY Pror ¢p
M, p cp HMEIOT MECTO TOJILKO B ONPEJENEHHOM AHaNna3oHe H3MEHeHH 1
cpeatet MOWHOCTH Py <<Puor ¢ p<<Pmax- [1pU 3HaUCHHAX Pror op,
BLIXOJAIMX 3a YKa3aHHBIe nNpejebl, BequuuHa Ap., Bospacraer.

§ 8.5. TPAH3UCTOPHAS JIOTUKA C PE3UCTHBHOH
U PE3UCTUBHO-EMKOCTHON CBSI3IMU

Jloryyeckue 3J€MEHTH C HEMOCPeJCTBEHHOH CBSI3bIO MMEIOT CYIIeCT-
BEHHBIH HEJOCTATOK, 3aKJIOYAWLHACA B TOM, YTO MPAKTHYECKH He-
BO3MOXKHO 00eCneuHTb PaBHOMEPHOe pacrnpejiesieHHe 6a30BbIX TOKOB
TPH NapajieJbHOM BK/IIOYEHHH 6a30BbIX Lieneil HeCKOMbKUX TPaH3HC-
TOpOB K pa, >1.1Ipu X;=1 u3-3a ecrecTBeHHoro pasGpoca xapakxTe-
PHCTHK TPaH3MCTOPOB NPOHCXOAHMT NEPEXBAT TOKA OJHHUM H3 TPaH-
3ucTOpOB. B pesysibTare 6a3oBblit TOK OCTANbHLIX TPAH3HUCTOPOB OKa-
3bIBAeTCA HEJOCTATOYHBIM /IS NMEPEBOAA UX B PEKHUM HACBILLEHHS,
YTO NPHUBOAUT K HENPaBUIbHOMY (YHKIMOHHDOBAHHIO JIOTHYECKHX
3JIEMEeHTOB.

Ecau B 6a30By10 11€NIb TPAH3HUCTOPOB BKIIOYHTD JOTOMHUTENbHbIE
pesuctopel Rg (puc. 8.10, @), T0O MOXHO BHIPOBHSITb Ga30BblE TOKH
napajyiesIbHO BKJ/IIOYEHHBIX TPAH3HCTOPOB U TEM CAMBIM yCTPaHHUTh
nepexsar TOKa. Jlormyeckue 3/MeMEeHTHl ¢ PE3HCTOPaMH B Ga30BBIX
LensiX OTHOCAT K PE3MCTUBHO-TpaHsHcTopHOH Jsoruke (PTJI). Tak
kak anemedt PTJI ornuuaercst ot anementa TJIHC Tombko uenbio
CBA3H, TO €ro NPHHUHN AEHCTBHUS AHANOTHYEH COOTBETCTBYIOLIEMY
aaementy TJIHC. ' R
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Ipu namuuuu Ha Bxoje curHama U®, menbuwero Upep, TPaH3UCTOD 3a-
KpHIT H HampsikeHHe Ha ero Bhixoge U! MoxeT GBITb PACCYHTAHO C MOMOUILIO
yOpOUEHHOH 5KBHBaJIeHTHOH cxeMbl (puc. -8.10, 6), B KOTOpOi KOJJIEKTOP-
Hbll TOK 3aKPHITOTO TPaH3HCTOPAa pPaBeH HYJIO, @ HCTOYHHKH HANpSXKEHHS
UB3 yac YYHTBHIBAIOT HaNpsieHHe Ha 6a3e OTKPBLITBIX TPAH3HCTOPOB:

Ry
Ul=Uy— (Up—Uss Hac)mz
(Y oy 1
== (UnKpas_i_ Uss Hac> 1+Y/Kpaa'

rae Y= Rg/Ry.
Suauenne U° ompelensieTcs KOJIJIEKTODHBIM HalpskKeHHEM HaCHILLEHHOTO
TpaHsaucTopa U®=UK3 pac. [lopor mepeckJioyeHHs paBeH HaNpsIKEHHIO HA

Kpas

f‘—A_\
b g al
1 |

”k ﬁd‘ ”ID ”f

+ + 1 Uss mact) Vsswacs | Ussnac

Un \ \ AN S

1 |
—_——d——a ,
4)

Puc. 8.10. IpurnunuanbHas (a) H 3KBHBateHTHAS (6) CXEMbl 3JeMeH-
Ta PTJI

6a3e TpaH3MCTOpA, IIPH KOTOPOM OH OTKpBIBAETCSA:

Unop= Uorn 2 UB3 nac-

Taxum o6pasom, mnomexoycroiiunBoctp 3JeMeHta PTJI ¢ yuerom moay-
yenHbIX BoipaeHuil U = Up3 pac — UK3 nac»

- v/K
Un= Ul'—‘Unop=(Un—‘UBS nac) l—_l_,‘\‘,'/gl—:va—n"
P

rie Up, Upg —HanpsaKenus MHOJIOKHTENbHOH H OTpHLATeJbHOH IIOMeXxH;
U, —HanpsixkeHHe MCTOYHHKA MHTAHHSA.
INoTpebansiemass MomHOCTb B cocTostHuu O u 1
2
Un
Ry
2
_ Ui (1_U53 ) !
Ry Up 1 +‘Y/Kpaa
Cpegusist notpebasieMass MOLIHOCTh

P =—(-/i'<1—l— 1 _UBS Hac 1 )
mnoTep 2Ry I+Y/Kpa3 Uy 1+V/I<pa3 )

M3 nosyyeHHBIX COOTHOLIEHHH CJeLyeT, YTO yBeJHYeHHe CONpPOTHUBJIECHHS Ga-
30BOTO pe3uctopa, T. e. y=Rg/Ry, npuBoaut x pocty UL, Uy u ymeHbue-

1

+ Pror=Un (Un—UB3 mac) RK+R6/K933=

0
Pnor‘—‘
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HHIO Ppopcp M, TakUM 06pasoM, 3KeJNaTelbHO C TOYKH 3PEHHS YJydIIeHHS
napaMerpoB JIOTHMYECKOTOo 3JieMeHTa. ‘OfHAKO CyLIeCTBEHHOE yBelHueHHe Ry
MOXeT TPUBECTH K TOMY, YTO TPAH3HCTOP He TiepelilleT B PEKHM HACHILEHHS,
TaK KaK HeoOXONHMO o6ecrneyHTb YCJOBHE [B yac > YK nac/fla1s. KpoMe ToOrO,
yBesnueHnne Rg IPHBOJUT K POCTY CpPelHEro BPEMEHH 3alepIKKH pacnpocTpa-
HEeHHS CHTHaJja, KOTOpoe B TaKHX cxemax cocrasJjser 300...500 Hc.

IlosryueHHEIE COOTHOLLEHHS TIO3BOJISIIOT PacCUHUTATh Npeje/bHBIE
3HayeHHsI MMapaMeTpoB, HO C YU4eToM pa3bpoca XapaKTEPUCTHK 3Jie-
MEHTOB, TEMIIEpaTypHOI 3aBUCHMOCTH TapaMeTpPOB peasibHble 3Haue-
HHUA oOKasweBawoTess Xyxe. Tak, npu Ugs pac 20,7 B, Ugs gac
~0,2 B nomryuaem U#~0,5B.:Onxako ¢ yueroM nepeuncieHHbX (ak-
TOpOB Hanpsixkenue nomexu UF=0,1...0,3 B. Tunwmunuse sHauenus
napamerpoB anementoB PTJI caenyiomue: Prorcp=3...5 MBT;
Ut=1,5. . .2 B; U°~0,2 B; Ky,,=4; HanpsKeHue HCTOYHHMKA IH-
Tauusas U,=3 B.

daemenTtsl PTJI umerot :Gosbiiioe BpeMst 3a1e€pKKH pacipocTpaHe-
HHUSl CUTHa/Ia M3-33 HalUuMs 6a3zoBoro pesucropa. /s yMeHblIEHHS
3TOr0 BpeMEHH MapayjesbHO Ga30BBIM PE3UCTOPaM BKJAIOUAIOT KOH-
nencaropet C (cM. puc. 8.10). B pesyabrare moayyaroTcss KJIHOUH C
¢dopcupyiolUM KOHAeHcaTOpoM. Jloruueckue 3JeMeHTHl ¢ YCKOPSIo-
IIMMH KOHJIeHcaTopamy B 6a30BOH 1IENH OTHOCATCSA K THRY pe3ucmug-
Ho-emxocmroll mpansucmoprol aoeuxu (PETJI). Oxu otiuyaiorcs
ot asemeHToB PTJI MeHbIIUM cpeqHUM BDPEMEHEM 3aJepKKH pacnpo-
cTpaHeHHs1 curHana (¢, y p ¢ p<<100 He). OcransHeie napamerpst PETJI
NPUMEPHO TaKHe XKe, uTo U y aaemeHTtoB PTJI.

§ 8.6. ANOAHO-TPAH3HCTOPHAS JIOTHKA

Bricokylo momexoycToiiuuBoCTb, GOJIBIION JOTHUeCKH nepenaj ume-
10T 5JIeMEHTHl AHOAHO-TpaHsucTopHol soruku (ATJI). Cxema aue-
Mmenrta (puc. 8.11) Bkmouaer TpaHsuctop V7Ty, BEIIONHSIOILHE DOJIb
HHBEPTOPA, BXOXHBIE AHOAH VDi.y. . .VD4.,, KOTOpHIE BMECTE C pe-
3HCTOPOM R, OCYIIECTBJSIIOT JIOrHyecKyio onepaunio M, nuonsl cme-
menust VD3, VD4 ¥ 1enu nutaHus.

Ipu wanumuuu Ha BXojax curHama U° numomsl VDq.. . .VDi.,
OTKPHITHL U noteHuuan touku a U,=Uy,4-U° rae Uy, — naze-
HHE HanpskeHus Ha auonax VD,—VD, B OTKPBITOM COCTOSIHHH.
B uHTerpasbHeIX cXemMax B KauecTBe AMOAA OOBYHO HCNOJAb3YIOT
SMUTTEPHBIH TIEPEXOJ TPAH3HCTOPA C 3aKOPOYEHHBIM nepexojom Oa-
3a—KoJuIeKTOp. TakHe AMOABI HMEIOT MaJjble CONPOTHBJEHHS B NPO-
BOJSLIEM COCTOSTHHH, 0OpaTHBIH TOK, EMKOCTb H BPEMS PaccachiBaHHs;
NajeHne HanpsKeHHs Ha JHojJe B TpoBoisiueM cocTosHHH Uypo~
ﬁusa Hac®

Korna BXoguble AHOABI OTKPBITH, HanpsikeHue Ha 6ase Ug,=
=U,~2Ug5 yae=—Ups nac+U°<<0 u tpansucrop 3akpmT. Ha
BBLIXOZIE HMMEET MECTO HamnpsiKeHHe BBICOKOro ypoBHs Ul=Up—
—R I ~U,, rne I, — TOK Harpys3kH, PaBHEIH OOPaTHOMY TOKY
BXOAHBLIX AMOJOB J1D, MOAK/IIOUEHHBIX K BBIXOAY paccMaTpHBaeMoro
3JIeMEHTA.
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Ecnu Ha Bce BXOoJpl MojaH cUrHaj, paBHulii 1, To guoast VDy.,—
VDi , 3aKpbIThl, NMOTEHIHAJT TOYKH @ BO3PACTAET U COOTBETCTBEHHO
Bo3pacTaeT NoTeHUHan 6aswl TpaHsucropa V7T, uTO BBHI3LIBAET OT-
KpbIBaHHE MOCJIeIHEero.

Hnst oTKPBIBaHUS TPaH3HCTOPA HEOGXOAUMO, 4TOOBl HaMp siKeHHe
Ha Gasze noctHrao BeduHHbl Uopn>~Ugs yae. COOTBETCTBYIOLIEE 3TO-
MYy 3HAQUEHHIO MOPOroBoe HanpskKeHHe Ha Bxoje JID

Unop = 2UVD -+ U53 Hac _UVD = 2UBE) Hac*
IIpu sToM TOK Gasbl TpaHsucTOpa

U —3Ups Hac Une+ UB3 wac

Ra R6 :
Ecnu Tpansuctop HacbimeH (/g 4o/ rp), BHIXOJHOE HATpsixKe-
HHe, cOoOTBeTcTBYyIolIee coctosinmo 0, U= ﬁ

Is=1Ir,—1Ir, =

K2 nac-
+ Unys
* * -t
| [ |
P v [ [:]”" [
1 )
S, [ SlZ V”ujz V”z.zjz Wzn
VXiky Ky d 1
0, o, ——
Y a4
_H‘_ a yrl Kpa}
VDin Re
X
s “Une.

Puc. 8.11. Tpuununuanphas cxema siementa I TJI

Kak BHIHO, JaHHAs CXeMa OCYIIECTBJISET JIOTHUECKYIO ONEpPaIHIo
H-HE.

Hcnoasay st nonyuennsie cootHomenus gas U°, Ut, Uy, ,, MOXKHO
OnPeeNHTh MOMeXoyceToiiyuBocTb cxembl JTJI:

Ui = UHOP—UD =2Ugs wac ™~ UKSHacy
UE = Ul—Unop = Unl_QUBS Hac- (84)

Haepysounas cnocobrocmos pacCUNTHIBACTCS UCXOAS U3 YCJIOBHS
HaCBULEHUsT TPaM3HCTOPA [§ yac=>/K gac/Me1,- B HACHILIEHHOM cO-
CTOSIHMH KOJIIEKTOPHBI TOK TPAaH3UCTOPA ONpEensieTcss CyMMOil
nporekawulero yepes pesuctop Ry ToKa [px=(Ukp nac)/Rx H
70K | y ) BXOLHBIX AHOMOB W Dg.1—VDs., JIOTHIECK X S1OMOHTOB, IO/
K/IIOUEHHBIX K BBIXOAY paccMarpuBaeMoro anementa ly=Kpa,l yp=
=Kpas (Un1i—VUps wac—Uxks nac)/R,- Ha puc. 8.11 uenu noaxmo-
YeHHs] ITHX [HMOJOB NMOKAa3aHbl IUTPHUXOBBIMHM JHHHAMH. Mcmonbsys
yCJIOBHE HACBHILIEHHS, MOXKEM 3aMHCaTh

Un—3Usd Hac Uno+ UB3 yac >

R, Rs
Unl—UKS Hac Unl—UEE) Hac 1
> (Pumgms  Sumpiae ) o

¥4



OrTcrona . U U
Uni—3Uga Una+ Usps 1—Uka
Kpas < [ 21n n Ra .HaC_A T R6 HaC) — n RK Hac] X

X Rs
Uni—UB3 sac—UK3 nac’

Bowempodeticmgue dremenma IOTJI, onpenensiemoe BpemeHnem 3a-
JIeP>KKH PacnpOCTPaHEHHs CHTHAJa NPH BKJIOYEHHH £}, H BHIKJIIOYE-
HHUH 13,7}, 3aBHCUT OT JJIHTETbHOCTH NEPEXOJHEIX NPOLECCOB HAKOIJIe-
HHSI M paccachlBaHHS HEOCHOBHBIX HOcHTesedl B 6ase TpPaH3UCTOpa H
BPEMEHH nepesapsiiki NapasuTHbIX eMKocTell Cpy, IIYHTHPYIOMHX
BXOJIHBIE IHO/IHI, & TaKKe eMKocTe# sMuTTepHOro C, H KONIEKTOPHOTO
Cy TepexofioB TPaH3UCTOPA M eMKOCTH HarpyskH Cy. I1pu usmene-
HHUH BXOZLHOro curiajna ot 0 1o 1 nocse 3akpriBaHUS BXOAHBIX AHOLOB
HauHHaeTCs YBeJIHUEHHEe MOTEHIHANa TOYKH @ CO CKOPOCThIO, Onpeje-
JieMOH TIOCTOSIHHOH BPEMEHH T,, NapasHTHBIX €MKOocTell cXeMmbl H
COIPOTHUBJIEHH pe3ncTopoB R, U Rg:

R,R
Tsn:_ka"l‘—lgﬁ (K06C3x + Ca + Cl(+ CH)

B pesyabraTe Hanps:keHne Ha 6Gase pocturHer BeMMUHHHB Ugs yac
N0 HCTEUeHHU Bpemeﬂn t,,, KOT/la HanpsKeHHe Ha BXOJe CTaHET paB-
M Uyop (puc. 8.12). Ilocne
OTKphIBaHus TpaH3ucropa VTi
HayWHaeTcs Npolecc .HaKore-
HHUSI HEOCHOBHBIX HOCHTeJiel B
6ase, conpoBOXAAOLUIUHICS clla-
JIOM KOJIJIEKTOPHOrO Hamnpsxe-

R Hus. JlIATeNbHOCTD  BPEMEHH
””“5 [ T\ ly MoxeT ObITb OlEHEHa ¢ Hc-
o = L _ L 1N\——=t TOJb30BaHHEM BLIDaXXEHHUS
Uss nac T

(7.17). Takum o6pasom, BpeMs
3aJePXKKH  pacnpocTpaHeHHs
CHTHa/jla MPH BKJIOYEHHH, OI-
peAenﬂemoe Ha ypoBHe Up,yp,
b=ty Tlg-
l'Ipn BHIKJIIOYEHHH  JIO-
THYECKOr0 3JIeMEeHTa, KOraa
Puc. 8.12. Bpemennas pauarpamma HarpsXEHHE  Ha eFIO BXonre
oaementa JTJI ymeHbwaercs or U' mo U°,
BpeMsi 3alePXKKH  pacnpoct-
paﬂemm CUTHa/la onpejejsercss B OCHOBHOM JJIMTEILHOCTBIO JBYX
CTafuii: paccacblBaHHs fpac M BbIKJIIOUEHHS fy. B TeueHHe BpemeHH
fpac TIPOMCXOAHUT paccachiBaHHe H3CLITOYHOrO 3apsja HEeOCHOBHBIX
HocHuTesell B Gase TpaH3HCTOpPa NPH HeH3MeHHOM Toke Gaswl. [liu-
TEJLHOCTb 3TOH CTaZMH 3aBHCHT OT BPEMEHH XKHU3HHU HocHTeseii B 6Ga-
3e, CTENEHH ee HaCHIEeHHs] HeOCHOBHBIMH Hocurtesasam#. Ilocse Toro
KaK TPaH3HCTOP BBIIEJ H3 pexXKHMa HacHIUEHUs, HauWHAeTcsi npo-
LlecC HapacTaHMsA BHIXOJHOIO HaNPsKEHHs, CBS3aHHBIH ¢ 3apsAKO#
HarpysouHoil Cy M KosieKTopHOH Cy eMKocTell yepes KOJJIEKTOPHbi
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pesuctop Ry:
Uy () =U° + (U —U°) (1 — e” %),

« rﬂ\e TBzRK(CR_'_CH).
[Monarast tpgx ()=Unop, motyuaem

L, =1, In [(UL—UO)/(UI—Unop)]'

Cpeanee BpeMs 3alepXKKH pPacOpPOCTPAHEHHSI CHTHaZa Zy; p op=
=0,5 (t,,F+tp+tpactts).

BbICTpO}leHCTBHe unrerpanpueix cxem (MC) ITJI noBeimaercs
NPH yMEHbUIEHHH CONPOTUBJICHUS KOJJIEKTOPHOrO Pe3ncTopa, OjlHa-
KO TPH 3TOM pacTeT notpebJsieMasi MOLUIHOCTb. JIydyline pe3yJbTarhl
Jaer HenuHeiHas obparHasi cBasb ¢ auonoM Illotku. Twunuyubie
snauenusi  napamerpoB  HMC HOTJI:  Pyoqpcp=10...15 wmBrm
U' ne menee 2,5 B; U° ne Gomee 0,5 B; Kpay<<l2; £;, p cp=40. ..
100 uc; Up=3...5 B.

§ 8.7. TPAH3UCTOPHO-TPAH3UCTOPHAS JIOTHKA

Snementhl [TJI umetor 6osblioe YUCAO AHOAOB U 3aHUMAIOT CPaBHHU-
TeJIbHO GOMBUIYIO MJIOWAAb. DTO OOGCTOATENLCTBO CTHMYJIHPOBAIO
NpoBeJeHHe HCCIENOBAHUM, HamnpaBJeHHBIX Ha pa3paboTKy TaKoro
CXEMHOr0 BapHaHTa JIOTHYECKOro 3J1eMEeHTa, KOTOPHIH NPHU cOXpaHe-
HHUHU NOJOXKHUTENbHBIX . KauecTB [ITJI (BbicOKasi moMeXoyCTOHYHBOCTD,
GOJIBILION JIOTHYECKHH nepenan H ApP.) MO3BOJNHI Obl YMEHBLIHTH Pa3-
MephI 3JIEMEHTOB H TEM CaMbIM MOBBICHTb CTEIE€Hb HHTErpauuu. B pe-
aysabrare ObLIH pa3paboTaHbl 3JeMEeH-
Thl TPAH3HUCTOPHO-TPAH3HCTOPHOM JIOTHU-
ku (TTJI).

TTJ ¢ npocteiM uHBepTOpoM. B
ssaemente TTJI BXoaHble THOABI U JHO-
Ibl CMEIIEHHS 3aMeHEeHb MHOTO3MHUTTEp-
HbeIM Tpansuctopom VT, (puc. 8.13).
@DyHKIHIO BXOIHBIX JHOJOB OCYLIECTB-
JISIIOT SMUTTEPHBIE MEPEXOABl H, TaKHM
00pasoMm, HMH, TaK e KaK M B CXeM€ pyuc 813, IlpHununmais-
ITJI, BoinoJaHsieTcsl Joruyeckas OI€- mas cxema saeMmenta TTJI
pauuss M. Tpausucrop V7. peanusyer
onepaiu HHBEPTHPOBAHUS.

[Ipn Hanmuuu Ha BXOJAX CX€MbI, T. €. Ha SMUTTEPHBIX 3JEKTpPO-
nax VTy, curHana U®=Ugs yoc SMUTTEPHBIE MEPEXOJAbI CMEIEHE
B IIPsSIMOM HanpaBJeHUH U yepe3 VT nporekaeT 3HAYUTENbHBIH 6a30-
Boii ToK I5:=(Ug—Ugs wac—Uxs nac)/Rg, HOCTATOYHBIH 17151
Toro, 4toObl TPAaH3UCTOP HAXOAWICS B pexuMe HacblueHHs. [Ipu
TOM HanpsikeHHe KouaekTop — sMuTTep VT1Ugks 4ac>0,2 B.
CuoienoBaTe/IbHO, Hanps:KeHUe, NMpHJOokKeHHoe K 6ase VT, oTHocH-
TEJbHO 3a3eMJIEHHOH TOUKH, Ugye=U’+Uxs nac <U53 wac W
tpausuctop VT:3akpuiT. KonnekropHeiit Tok VT, paBHbIH TOKY Ga-
351 3aKPBITOro TpaHsucropa V7Ta, HMEeT npeHeOpe:KuMO Majoe 3Ha-
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uenne. Hanpsixenue Ha BEIXOJI€ CXEMBI COOTBETCTBYET Jior. «1». B Ta-
KOM COCTOSIHHH cxeMa OyeT HaXORUThCS, NOKa XOTs1 Obl Ha OZHOM U3
BXOJOB CHTHaj paBeH U°.

Ecau Ha Bcex BXojaxX OJHOBPEMEHHO NOCTENEHHO MOBHILIATH Ha-
npsakeHHe, TO NPH Upy=Uyop=Ups nac—Uxkps nac Hanpsxenue
Ha 6Gaze VT, nocturieT Ugy yae H TPAH3UCTOP OTKpOETCS. B pesyiib-
TaTe yBeJHUHTCS TOK 6asbl V1., KOTOPBIH GyAeT NpoTeKaTh OT HCTOY-
HHMKa MUTaHHUs uyepe3 pesucTop Rg U KojeKtTopHblH nepexox VTi,

T |
rpA-—L z

0
Urop 1 Unop2 3 1y, 8

Puc. 8.14. TlpunnunuanbHas cxema Puc. 8.15. Awmmnaurypanas
anementa TTJI co CIOXKHEIM HHBEpTO- XapaKTepHCTHKA  3JeMeHTa
pom TTJI

u tpausuctop V7. nepefiier B pexHuM HachieHus. [danbHeiiee mno-
BLIILIEHHE Upy NPHBENET K 3aMHPAHHIO SMHTTEPHBIX HEPEXOJIOB TPaH-
aucropa VT,, u Tpansucrop VT, nepeiiieT B pexkuM paGoThi, NIPH KO-
TOPOM KOJIJIEKTOPHBIH NEPeXoj] cMelleH B NMPSAMOM HampaBJeHHH, a
3MUTTEPHBIE Nepexofsl — B o6paTtHoM. Hanpsixkenue Ha BohIXxone cxe-
Mbl Upgyx=Uks nac=U" (Tpansucrop VT, B HachllileHHH).

PaccmoTpennas npoctefimas cxema asneMmeHta TTJI umeer psn
HezfocTaTKoB. [Ipy nocnenoBatesibHOM BKIIOUEHHH TAKHX 3/1€MEHTOB,
KOrja K BBIXOJy 3/IEMEHTA NOAKJIOYAIOTCS SMHTTEPHBIE 3JIEKTDPOJIBI,
YMEHbLIAETCS HanpsKeHHe BBHICOKOrO YPOBHsA (Jior. 1) M cOOTBETCT-
BEHHO CHH2KaeTcsl Harpy3oyHasi coco6GHOCTh MO CPaBHEHHIO C 3J1eMeH-
toM I TJI. 910 06ycioBIEHO TeM, 4TO NPH pPaboTe MHOrO3MHTTEPHOTO
TPaH3UCTOPA B HHBEPCHOM DEXHME€ 3MHTTEDPHbIE TOKH GOJIbILE, YEM
TOKH obpaTHocMelleHHbIX auonoB B I TJI.

Kpome Toro, Takasi mpocrefimasi cxema asnementa TTJI umeer
Manyio TOMEXOYCTOHYHBOCTD IO OTHOLIEHHIO K YPOBHIO MOJIOXKHTEb-
Hoit nomexu Ui=Ugs yac—U’—Uks nac=Uss nac—2Uk5 nac 10
cpaBHenuio ¢ IATJI. Onsi yayuimieHuss 3THX 1apamMeTPOB HCHOJIb-
3ytoT cxeMbel TTJI co c/10:KHBIM HHBEPTOPOM.

TTJI co cnoxubiM HHBepTopom. Cxema TTJI co c/ioKHBIM HHBED-
Topom (puc. 8.14), Tak ke KaKk H cXeMa C NPOCTbIM HHBEPTOPOM, OCY-
mectsJsier goruueckyio onepaumio U-HE. I1pu Hanuuuu Ha BXopax
HanpsixeHus Jor. «0» MHOroSMUTTEPHBIH TpaHsuctop VT Haxoaurt-
cs1 B pexHMe HachlleHus:, a Tpausucrop V7. sakpuT. CienoBarenb-
HO, 3aKpHIT ¥ TpaH3ucTop VT4, NMOCKOJBKY TOK uepe3 pesuctop R
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He MpOTeKaeT U Hanpsnxenue Ha 6ase VT, ug,a=0. Tpamsucrop V7,
OTKPHIT, TaK KaK ero 6asa NOAK/IIoYeHa K HCTOYHHKY nHuTaHus Uy ve-
pes pesuctop R,. Conporupienye peauctopa R; HEBEIMKO, IO3TOMY
VT; paGoraer Kak 3MHTTepPHbIH NOBTOpHTEnb. Hepea TpaH3HcTOp
VT5 v oTKpHTELT AMOR VD npoTeKaer TOK Harpy3KH JIOTHYECKOrO 3JIe-
menTa [,=1Iys=1Igs(h215+1) ¥ BbIXORHOE HampsxeHHe (yuyacTok /
Ha pHc. 8.15), COOTBETCTBYIOIIEE YPOBHIO JIOT. «1», PaBHO Hanpsike-
HHIO MCTOWHHKA nuTanus Uy MHHYC najeHue HanpsDKeHHs Ha pesHc-
Tope R, oT npoTeKaiouero Toka 6assl /g3, HanpsxkeHue 6a3a — 3MHT-
Tep Ups yac OTKPHITOTO TpaHauctopa VTs M najieHHE HanpsKeHHs
Uyp =Usgs nac Ha otkphiToM auoze VD, T. e.

U= Un—"2U53 Hac—R2[63/(h213+ 1) ~ Un—QUBS Hac*

Ilpu yBeMHUEHHH HaNPsKEHHsS! HA BceX BXOAAX MOTEHUHAN 6aspl
VT, Bospactaer U 0pH Upx=Ulop=Ups nac—Uka nac TPaH3UCTOD
VT: oTKpbiBaeTcsi, HayHHaeT NPOTEKaTb KOJJIEKTOPHBI TOK [y,
yepes pesuctopbi R: U R,. B pesynbrate 6a3oBbiii TOK VTs yMeHbIa-
ercs, NajeHue HanpsiKeHHUsl Ha HEM YBEJHUHBAeTCH U BBHIXOJHOE Ha-
npsixenue cHmxkaeres (yuactox // Ha puc. 8.15). [Toka Ha pesucrope
R, nanenune Hanpsikenusi Up,<<Ugs yac, TpaHsucTop V7T, 3aKpHIT.
Korna qu=Unopﬁ2UBS nac—U K3 wac, OTKPBIBAETCS TPaH3HCTOP
VT, danpHeliee yBesHueHHe BXOJHOIO HAINpPSKEHHS NPHBOAHUT K
Haceimennio VTe u VT4 u nepexony VT B HHBepCHEI pexuM (yua-
crok /1] na puc. 8.15). Ilpu 3ToM norteHuuan Toukd a (puc. 8.14)
okasnBaercsi paBHBIM U,=Ups pactUks nac, 4 TOUKH 6 U=
=Uk» nac, CI€LOBATENBHO, Uye=U,—Us=Ups gac. YTOGOH nu0x VD
H TpaHaucTop VT, GblIM OTKPHITH, HEOGXOIUMO, UYTOObI ta6 22U g3yac-
Tak kak 3To ycjoBHe He BoinonHseTcs, T0 VT's u VD okasbiBaoTes
3aKPLITHIMY H HAaNp shKeHHE Ha BBIXOJI€ CXeMbl, COOTBETCTBYIOLIEE YPOB-
Hio Jor. «0», paBHO U°=Uky yac (yuactok /V ua puc. 8.15). I[Ipu
NEepPEeKIIOYeHHH UMEIOT MECTO NPOMEKYTKH BPEMEHH, XOTA H KPaTKo-
BpeMeHHBbIe, Koria o6a TpaHsucTopa V7Ts u VT4 OTKPBITH H BO3MOXHBL
6pocKH ToKa. [LJIst orpaHu4eHkst aMIIMTY /bl 3TOCO TOKA BKJIIOYAeTCH
peaucrop ¢ HeGosbIuHM conpoTuBiaenneM (R;=100...150 Om).

HomexayctoitunsocTp snementa TTJI co cl0KHBIM HHBEPTOPOM

U:I. = Unop —Ur= 2’U53 Hac _2UK8 Bacy

U; = Ul—Unop = Un—4U53 nac 1 UKS Hac*

Korza na BeiXo/e 3/1eMeHTa yCTaHaBIUBAETCS €XUHHUI, TPaH3HC-
Topel VT2 u VT, 3akpuiTel. ClnefoBaTebHO, €CliH NpeHebpeyb TOKOM
Harpysku Iy, 1o norpebsasieMbiii cxeMoi TOK /! onpenesnsieTcss TOKOM
IRi=(Uy—Ugs wac—Uxks nac)/Ri, TNPOTEKAIOMMM uEPe3 PE3UCTOD
Ri. B pexxume nor. «0» Ha BeIXoAe noTpebasemblit Toxk /° paBeH cymme
TOKOB  [%,=(E—3Ups yac)/Ri u I=(Uyg—Usg; rac—UK3 mac):
:R,. Takum o6pasom, cpeaHsis norpedssieMast cXeMOH MOLLHOCTDb

2Up —4UB3 yac—U a
Pror cp =0,5 (Pgor"l'Pllwr): 0,5Un( 53R.1c K wac —+

+Un—U53 Hac — UKS Hac)

R, (8.5)
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Coorromenye (8.5) onpenesier MOIHOCTb 6€3 yyeTa NONOJHUTETbHOH
MOLILHOCTH, NOTPEe6/sieMOll cXeMoll B MOMEHTBI NEPEKJIIOYEHHsS B pe-
3yJIbTaTe MPOTEKaHHsl TOKA uepes OLHOBPEMEHHO OTKDhIThie TpPaH-
aucTopsl VT3 u VT4 DTa MOIHOCTb PacTeT NPONOPHHOHANLHO Yac-
TOTe mepekoueHHuss H npu f>>10 MI' cTaHOBHTCSI COM3MEPHMOM C
P omoT ¢p*
Brictpozeiictere TTJI co c/oXHBIM HHBEPTOPOM ONPENEIACTCA
TeMH ke npoueccamt, uto u 6pictposeiicrsue ATJI (em. puc. 8.12).
. Opsako ofLiee BpeMms 3a-
+Un_ nepXKH  pacnpocTpaHeHHS
CMrHaJa TpPH BKJIOYEHHU
{1 p OKasblBaeTCs MeHblie

VT‘, H3-3a MepoU.“’Ix l'lapa3HTHbe
Upyy E€MKOCTEH. BpeMﬂ 3aJ1ePXKKH
v pacnpoCTPaHeHHsi CHUTHAJa

Wesixt

IpU BBEIKJIIOYEHHH #3; , Tak-

K€ CYIIeCTBEHHO MeHbllle,

B OCHOBHOM H3-32 TOIO,

YTO 3apslKa €MKOCTH Ha-

TPY3KH OCYLIECTBJISI€TCS Ye-

l;gﬁ:ra&éghﬂpHuunnnanbuaﬂ cXeMa 3M€  ney GTKPHITEIA TPAH3HCTOP

VT, a He yuepe3 KOJJIEKTOD -

HbI pe3uctop Ry, Kak 3TO

nmeer mecro B [ITJI. Micnonb3oBanue Tpausucropos ¢ 6apbepom lort-

KM nosBossieT noBbicuTh ObicTpogeiictBue MC TTJI, oznako mpu
3TOM HECKOJIbKO YMeHbllaeTcsi OMeX0yCTOHUHBOCTD.

Takum o6pa3oM, snementsl TTJI co ci0KHBIM HHBEPTOPOM HMEIOT
GosIbILIOM JIOTHYECKHH Tnepenaj, MaJyi norpebjseMylo MOLIHOCTb,
BBLICOKHE GBICTPOJEHCTBHE U NIOMEXOYCTOHUMBOCTh. THNHYHEIE 3HayYe-
uust mapamerpoB TTJI caenyromue: U,=5 B; U'>2,8 B; U<
<0,5 B; 't 55 p cp—10. . .20 HC; Pyor ¢p=10. . .15 MB1; Kpa,=10.

§ 8.8. SMUTTEPHO-CBSI3AHHAS JIOTHKA

B Hacrosimee BpeMsi CaMbIMH ObICTPOJEHCTBYIOUIMMH SIBJSIIOTCS 3Jie-
MEHTBE 3MHTTEpHO-CBsI3aHHON Jorukd (ICJI). Cxema sjnemenra IDCJI
BKJIIOYaeT IlepeKJ/ioyaTeslb TOKA, BBINOJNHEHHBIH Ha TpaH3ucTopax
VT,—VTs, n 1Ba 3MHTTEpPHBIX NOBTOpUTENS Ha TpaHsucropax VT,
u VT,, obecniednBaloOlMX BO3MOXKHOCTb COEIUHEHHs MeXAY CcoOoi
OTZENbHBIX JIorHYeckux aJemeHtoB (puc. 8.16). Tpausucrope VTy
u VT, Ha Gasbl KOTOPBIX NOAAIOTCS BXOJHBIE CHTHAJBI, COCTABJSIOT
OJ[HO IIJIeYO TiepekJiiouarens Toka, a Tpansucrop VT obpasyer apy-
roe ero nvieso. Ha ero 6asy nojaercst nocTOsTHHOE ONOPHOE HAIpsixKe-
uue Ugyg. ,

Ecnu  Ha BXOHaxX Upyi, Upye HeHCTBYeT  HanpsikeHHe
Ugy=U'<U,y, Tpansuctropel VT; u VT, 3aKphITH U Becb TOK I,
nporekaeT uepe3 OTKPHITHIH TpaHaucrop VTj;. Tox I, BriGupaercs
TaKuM, 4ToObl TpaH3ucTop VT, B OTKPHITOM COCTOSIHMM pafoTtas Ha
rpaHuile 06/1acTH HacblllenHsa uye=0. IIpu aToM Ha Konnexrtope VT,
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HaNpKEHHe Uyy = Up— | Asig | [oR «, @ HaNpsKeHHe Ha BTOPOM BbIXOJe
Upax 2 = U= Un_—l h216 I IORK_UBS Hac* (86)

IMorennuan xosnekropoB VTy; u VT, ecnin mpeHeGpeub majeHHeM
HanpsKeHHsT Ha R, 3a cYeT NpoTeKalolero yepes Hero 6as3oBOro
Toka VT,, paBeH Uy, a HanpsKeHHe Ha NIePBOM BBIXOZE

Ugpx 1= Ur=U —(]BS Hac* (8 7)

IMpu monave Ha /06O BXOH, HANPUMED NEPBLIH, CHTHAA Ugy =
=U'>U,, Tpausucrop VT; OTKpHIBAaeTCs U 4Yepe3 HEr0 HAYHHAET
nporekaTb TokK [,, a TpaHsucrop VT, 3akpriBaercs. B pesyabrate
Pa3HOCTb MOTEHIHAJIOB MeX]Y KoJlieKTopoM U 6asoit VT cTaHOBUT-
csl NpaKTHYECKH PaBHOMH:HYJIIO, NOCKOJbKY TpaHsucrop VT, nepexo-
IMT B paboyuil pexxuM Ha rpaHule o6JacTH HachleHHS (Uyg1==0).
CinenoBaTenbpHo, noTeHnuasa KoauaektopoB VT u VT, okaxercs paB-
HBIM Uy =Upy,;= U', a HamlpsKeHHe Ha TePBOM BbIXOJ€ YMEHbLIHTCS
H CTaHeT PaBHBIM Ugy ;= U= U'—Ugs yac. [lOAcTaBASAA B 3TO cO-
otHolneHue U' u3 (8.7), nonyuaeM U= U —2Ugs yac-

Hanpsikenne Ha BTOpPOM BbIXOZ€ NpH 3anupaHuu V7T, yBenHYHT-
€Sl H CTaHeT PaBHBIM Ugyyx= U'=U;—Ugs nac-

Takum oGpasom, mo MepBOMY BEIXOAY AAaHHAs CXeMa PeaIH3yer
Joruyeckylo onepauuio HMJIM-HE, a no Bropomy — onepauuio
WJIN. HerpymHo BHJeTb, YTO NOPOTOBOE HAMNpsiKeHHe Unop_UorI
Jlornuecknii nepenag AU;=U'—U’=Ugy yac ¥ NOMEXOYCTOHYHU-
BOCTb CXEMBI

U'I!"=Un;p.—U°=Uon——Un+2U53Hac’
UH =U_ ;—Unop =Ur[—bUBS HaC—U(’ﬂ'

Kax BHIHO, JIOTHYECKHH Tiepenaj s/eMeHTa HeBequK. UToOBI mome-
XOYCTOHYHMBOCTb CXeMbl Oblla MaKCHMaJbHOH, HEOGXOIHUMO BHIGpATh
Takoe 3Hauenne U, .y, uto6sl U= U;. Torna Uon— Un—(3/2) Ugznae
H MOMeXOoycTOHUHBOCTb cXeMbl U= U‘—O 5 Ugs nac-

BXonuble TOKHM 3JieMeHTa, a CJeJOoBaTelbHO, H TOKH Harpysku
3CJI nesenuknu: [5x~0, TOK: 1 paBeH 6a30BOMY TOKY TPaH3HCTOpaA,
paboraroliero Ha rpaHuue o6J1acm HacbimeHnd. [Tostomy Harpysou-
Hasi CIOCOOHOCTD 3J/IeMEHTa BeJHKAa M KO3(DhULUEHT pasBeTBJIEHHS
nocturaer 20 u Goaee.

ITorpebasieMas 3/1eMEHTOM MOIIHOCTb CKJ/a[bIBA€TCs U3 MOILHOCTH
SMHUTTEPHBIX TIOBTOPUTEJEH:

— . _li} y_" _ Un—UB3 uac Un—2Ups nac) _
S A e e i
2U;—3UB3 nac

R,

M MOLUHOCTH NepekJiouarens Toka P,=-U,l,. 13 (8.6) u (8.7) cue-

nyeT |huglloRx=Uss nac, OTKyHa- IpH Ihzml"’l nonyyaeM /o=
=Uss nac/Rx: CieoBaTenbHO,

. (2U,—3Up Uss
Pnorcp n( .‘,n - Rs 3Hac+ Hac>.

=U,

177



B paccMorpentoit cxeme ypoBHH U' u U° 3aBHCAT OT HalpspKeHHUS
Uy, ¥ IOCKOJIbKY JIOTHYECKHH Nepenaj HeBeJHK, TO HeCTaOU/IbHOCTh
HalpsiKEHHs] UCTOYHHKA MHTAHHUSA CYLIECTBEHHO BJHSIET Ha MOMEXO-
ycroitunBoers. KpoMe TOro, HampsiKeHHsl JIOTMYeCKHX ypOBHe#f Be-
JUKU. I/ NMOBBILIEHHS] MOMEXOYCTOHUHBOCTH, CHIDKEHHST aMILIUTY-
Jbl BXOAHBIX CHTHaJIOB B cxeMax DCJI 3a3eMiIsifoT He OTpHLATE/NbHEIH
HOJIIOC HCTOYHHMKA NHUTaHHsS, KaK NOKa3aHo Ha puc. 8.16, a mosoxu-
TeabHbIH. B atoMm cayuae U'=—Ugs wacy U'=—2Ugs nacy Unop=
=(—3/2) Uss nac- AMILUIHTyIHAsA NepelaTOYHAass XapaKTePHUCTHKA ¢
y4eTOM MNPHUHSTHIX IOMYLIEHHH, COOTBETCTBYIOIIAs 3TOMY CJY4alo,
LISt HHBEPTHPYIOLIErO 1 HEHHBEPTHDYIOLIEro BLIXOA0B IIPHBEJeHa Ha
puc. 8.17. Tak Kak nepeksiogyeHue
TOKa U3 OJHOTO I/1e4a B Ipyroe Ha-

U puix DUnop oY YHHAeTCs [P BXOAHOM HaIlpsxke-
& HHH, HECKOJIbKO MeHbI1IeM ONIOPHOTO

W Hanpskenuss  Ugp—ug,~0,1 B,

“2Vs3 nae s a 3aKaHyYdHBaeTCsl IpH Hamps-

KE€HHH, HECKOJIbKO 6oJIbIIIEM onop-

“Vss nae 7\ Horo, Uyy—U,,~0,1 B, To ammiu-
{ Lppix TyJHasi epefaToOYHasi XapaKTepH-
| cruka OCJI umeer 30HY Heompefe-

0 Vnop -lgy  JIEHHOCTH AUpep~0,2 B. 3ro,

€CTeCTBEHHO, CHHXKAeT IOMeXoyc-
Puc. 8.17. AMnauryaHas Xapak- TOHYHBOCTb CXEMBI.
TepHCTHKa diaeMenta SC/I Bricokoe GuicTponeiicTBre DCJI
00yCJIOB/IEHO C/IEAYIOUUMH  OC-
HOBHBEIMH (haKTOpaMH: OTKPBITHIE TPAH3HCTOPHI HE HAXOJSATCS B HAChI-
[IeHHH, NO3TOMY HCKJIIOYAeTCs 3Tall paccachblBaHHsi HEOCHOBHBIX HO-
cutesiell B 6a3ax; ynpaBJieHHe BXOOHBIMH TPAH3HCTOPaMH OCYLIECT-
BJISIETCS] OT SMUTTEPHBIX OBTOPHUTEJEH NPEAIIECTBYIOUIHX JIEMEHTOB,
KOTOpble, HMesl MaJjioe BLIXOJHOE CONPOTHBJIEHHE, OOGECIeYHBaloT
GoJib1l0i 6a30BHIH TOK H, CJe0BaTeNbHO, MaJjoe BpeMs OTKPBIBAHHS
U 3aKpLIBAaHHS BXOJHBIX M ONOPHOIO TPaH3UCTOPOB (BpeMs Nepe3a-
PAOKH NapasHTHBIX eMKOCTell 3JeMeHTa He3HaYHTe/NbHOe H3-3a Ma-
JIOTO' JIOTHYECKOTO Ilepernaja), No3ToMy IJIUTEeNbHOCTH (HPOHTA H cpe-
3a BBIXOJHOTO HANpSIKEHUS HEBEJIUKH.

CpenHee BpeMs paclpocTpaHeHHs curiasa siaemenrta SCJI ompe-
IesisieTcs JJIMTENBHOCTBIO NIePeXOJHOro Ipoliecca B IepeKJioyaTene
TOKAa U MOXKeT ObITh OLIEHEHO C HCHOJ/Ib30BaHHEM COOTHolIeHu (7.16),
(7.17). MuBMMaNbHOE 3HAYEHHE { ; 5 p cp ONPEME/IAETCS COOCTBEHHBIM
BpeMeHeM NepeKJ/IIoUeHUs TPAH3UCTOpa M COCTaBJ/sieT OKoJio 1 HC.

s 3CJI xapakTepHbl caefylomue cpeaHue napamerpel: U=
=—5 B; U=-0,7...09 B; U’-=—1,5...2 B;
=3...7 1¢; Pyor cp=10. . .20 MBT.

§ 8.9. HHTETPAJIbHASL HH)XEKIHOHHAS JIOTHKA

DiieMeHThl HHTErpasibHONH HHKEKUHOHHOH Joruku (M2JI) He uMmelor
aHaJIOroB B JUCKPETHOH CXEMOTEXHHKEe H MOI'YT OBbITb peasH30BaHbI
TOJILKO B HHTErPajbHOM HCIOJNHEHHH. DKBHBaJIeHTHasd cXemMa 3Je-
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menta %1 (puc. 8.18, o) cocToAT M3 XBYX TPaH3UCTOPOB: p-n-p-
TpaH3ucrop V7T, BHNOJNHSIET POJIb HHKEKTOPA, a A-p-n-TPAH3HCTOP
VT, paboraer B pexxume HHBepropa. Ofwmas o61acTb n-THTA CITYKHT
6a30i  p-n-p-TPaH3UCTOPA, & TAKKe SMUTTEPOM N-p-N-TPAH3UCTOPA
H TIOZKJIOYaeTcsi K «3a3eMyeHHOM» Touke. Kosnexktop p-n-p- u Gasa
n-p-n-TPaH3UCTOPOB TaKXKe SBJAIOTCA oOled obJacThio.

R 6|

Puc. 8.18. dkpuBanenTHast cxema (@) U CTpYKTypa (6) 3neMeHe
Ta U%JI

Unorna p-n-p-TpaH3ucTop (MHXKEKTOP) HA3LIBAIOT TOPH3OHTAINb-
HbIM, MOCKOJMBKY BCE€ €ro 3JIeKTPOAbl (p-aMuTTEp, n-6asa, p-KoJJeK-
TOp) pAaclo/oKeHbl B FOPH3OHTANBHOH IJIOCKOCTH, a n-p-n-TpaH3H-
cTop (MHBEPTOpP) — BEPTHKAJBHBEIM, INOCKOJbKY €ro 3JEKTPOIbl He
HaxXoJATCHA B ONHOH TOPH30HTAJLHOHM MJocKocTH (puc. 8.18, 6).

B nens smurTep—06a3a HHXKeKTOpa NOJAeTcsl HalpsKeHHe IHTa-
Hus Uy MuHMMa/nbHOe HalpsiKeHHe HCTOYHUKA ONpelessieTcs naje-
HHeM HalpsKEeHHA Ha 3MUTTepHOM Inepexoje: Ups yae>20,7 B. Ho
IJis CTabM/IM3alMH TOKA 3MHTTepa / NOCJIeNOBATENbHO C HCTOYHHKOM
BKJIIOYaeTcsi pe3ucTop R M HanpsXKeHHe HCTOYHMKA murtanua Up=
==1...1,2 B. Ilpu stom p-n-nepexoxn smutrep — 6asa V7T; OTKpHIT
H uMeeT Mecto AMbdY3HS IBIPOK K KosseKTopHoMy mnepexoay. Ilo
Mepe IBHKEHHS K KOJIJIEKTOPY IBIPKH PEKOMOWHHDYIOT, HO 3HAYH-
TesJlbHAsl MX 9acTb JOCTUTAE€T KOJIJIEKTODHOrO Nepexoja H, NpoHas
uepe3 Hero, Iomajaer B p-6a3y HHBepTopa (TpaH3ucropa V7T,). 3ror
npouecc Juddpy3uu (MHXKeKNHUH) ABIPOK B Gasy MHBEPTOpa UAer Io-
CTOSIHHO HE3aBHCHMO OT BXOJHOTO BO3JeHCTBHS.

Ecmu manpsixenne Ha Gaze VT, upy=U° (kmou S 3aMKHYT),
JbIpKH, KOTOpHIE TONajalT B p-6a3y HHBEPTOpa, GecnpeNsATCTBEHHO
CTEKAlOT K OTPHLATEJbHOMY MOJIOCY HCTOYHHKA mMUTaHus. B renu
KoJsiekTopa TpaHsucropa VT, TOK He NpoTeKaeT U 3TO SKBUBaJEHTHO
Pa30MKHYTOMY COCTOSIHHIO KoJuteKtopHoil nenu VT,. Takoe cocros-
HHe BBIXOJHOH LIeMIH COOTBETCTBYET HANpPSIKEHHIO JIoT. «l».

[pu upx=U’ (k104 S Pa3OMKHYT) ALIPKH B p’-6Gase HHBEpTOpA
HakansuBatorcsl. [loreHnuan Gasbl HauMHAET MOBBILATHCS H COOT-
BETCTBEHHO INOHMXKAIOTCA HaNpsikeHHsl Ha nepexomax VT, Jo Tex
T1op, TOKa 3TH MepeXxofbl He OTKPOloTCs. Toria B KOJJMEKTOPHOH Lie-
nu Tpansucropa VT, Gyler NporeKaTh TOK H PA3HOCTh NOTEHINAaJIOB
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MeXJy SMHTTEPOM H KOJJIEKTOpOM HHBepropa (TpaHsucropa VT4)
6yner 61M3Ka HYJIO, T. €. 3TOT TPAH3UCTOP IpEACTaBJsieT cOG0H KO-
POTKO3aMKHYTHIH y4acTOK LiellH, ¥ 3TO COCTOsIHHE GyJeT COOTBETCTBO-
BaThb yPOBHIO Jor. «O».

TakuMm o6pasoM, PacCMOTPEHHBII 3/1eMeHT BBIIOJHSET POJIb KJIkO-
Ya, KOTOPBbIH MOXKeT ObITb HCIIOJIb30BaH /sl YNpaBJeHHs] aHAJIOTHY-
HBIM 3J1eMEHTOM, NOJO6HO TOMY, Kak 3To ocyuiecrBasiercsi B TJIHC.

CouetaHnue ssnemeHToB H2J1 MoxeT oGecrneunTs peasdsalHio Jio-
ObIX JIOTHYECKHMX olepalui. B yacTHOCTH, 3/1€MeHT, BHINOJIHSIOWHU

onepanuto HWJ/IM-HE, wmoxer 6bITh

I ‘ cocTaBjeH M3 JBYyX 3JemeHtoB H2J/]
v, (puc. 8.19). IIpu nomaue Ha oba Bxoza
X2 (X, X,) curHajsa HyJs Ha oGbequ-

HeHHBIX KoJlieKTopax uHBepTopos (V T,

! Y-Xtkt YT, Gymer yposetb Jqor. «l». Koraa
! Ha ONMH M3 BXOJOB WJH Ha 06a BXoja

v, ONIHOBPEMEHHO TMOJAeTC CHTHAM eJlH-
X

HULBI, HA BBIXOJE CXEeMBI HMEEM CHIHaJl
Jor. «0».

HanpsxeHue Huszkoro ypoBHs (Jor.
Prc. 8.19. Cxema smemenra 0?) 27ementa H*JI paBHO HampsiKeHHio
H2%J1, peanusymwoumas onepa- MeK1y KOJIJIEKTOPOM H SMHTTEPOM 1-p-fi-
nuo WJIHN-HE TpaH3HcTopa B HachlmeHUuH: U= Ugayac.

Hanpsixkenue Jor. «l» onpenensercs
HaHpH}KeHHeM Ha OTKprTOM p-n-nepexone: U= Ugs yac. [loporo-
BOe HanpsKeHHe mepekJioyeHHs Up,p 3aBUCHT OT CTeMeHH Ha-
chillleHusl n-p-n-TpaHsucropa u Ha 20...50 MB wmeHbiie Ugy yac.
Takum ofpasoM, mnoMexoycroiiunBocTs 3jeMenta K21 mo orHo-
LIEHUIO K OTpuuaTesnbHOM mnomexe Huskasa: Uy =20...50 mB. ITo-
TpebsisieMast OT HCTOYHHKA NMUTAHUS MOILHOCTD lecp—] Uy=UyXx
X (Ug—Ugs gac)/R, @ MOILHOCTb, paccerBaeMasi CaMHM 3JEMEHTOM,

Un—Uss
Py =1Ugs yae = Upsyac . Tok mmieKuud [ HeBeIHK

(10 HA...100mxA). CpennHee BpeMs 3aJepKKH pacnpocTpaHe-
HHSl CUT'HAJa OMNpeJe/sieTcss AJMUTeNbHOCTBIO Tpoliecca paccachblBaHHS
H30LITOUHBIX 8apsi/ioB B Ga3e WHBepTOpa M BpeMeHeM Iepe3apsiiKH
NapasuTHBIX eMKOCTeil, KOTopoe, B CBOIO ouepellb, 3aBHCHT OT TOKa
HHKEKLHH.

Snementhl M2J1 3aHUMAIOT MaJsyio IIIOMANb, HMEIOT HE3HAUHTE/Ib-
Hble MOTpebJIsieMyi0 MOLIHOCTb H paGoTy nepekJ/iodeHusi. s Hux
XapaKTepHbl Cjefyiolide 3HaueHuss napamerpo: Up=-1 B;

Puor cp=10...100 MKBT; #,; p cp=10...100 HC; Kpas=3...5;
K06=l'

§ 8.10. JIOTUYECKHE 3JIEMEHTBI HA MAMN-TPAH3UCTOPAX

Jlornueckue 3jiementl Ha MJIIT-TpaH3ucTopax crpositcs JuGo Ha
KJI0Yax ¢ AUHAMHYECKOH HArpy3KOH,  JHGO Ha KOMILJIEMEHTAPHBIX
Kiiouax.. [Tostomy nepBbiil THII JIOTHYECKUX 3JIeMEHTOB Ha3blBaeTCs
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MIITJ (MOIT-TpansucropHasi Joruka), a Bropod — KMIIITJI
(MI1-TpaH3ucTopHas JIOTHKA Ha KOMILJIeMEHTapHbIX TPaH3UCTOPaX).
IIpy NpOU3BOACTBE KPEMHHEBHIX MUKDOCXEM [H3JIEKTPHKOM CITYHKHT
okcun kpemuusi SiO,, nosromy Hapsany c Hasanuem MJII-rpansuc-
TOp WIMPOKO HCMosb3yioT HasBaHue MOII-tpansucrop. Coorserct-
BeHHO JIOTHYECKHEe 3JieMeHThl HasbiBaorT Ju6o MOIITJI, aubo
KMOIIT/JI. Tlpy NOCTPOEHHH JIOTHYECKHX 3JeMEHTOB HauGoJjee ya-
CTO MCNOJbL3YIOT n-KaHambHeie MITI-TpansncTopEH, MMeroulue GoJiee
BBICOKOE OLICTPOJEHCTBHE N0 CPABHEHHIO C p-KaHAJIbHBIMH.

+ U[] +U[7

— :}_ Y=X1° X2
Y=X1+X; v
V7, _’!2_ j
v

a) [y

Puc. 8.20. Cxema snementoB MOIITJI, peanusylomux omnepauniu
WJIKU-HE (a) nu U-HE (6)

=

Jloruueckue 3JeMeHTbl Ha KJIOYaX C JHHAMHYeCKOH Harpy3koii.
Saement MOIITJI cocTonT U3 Harpy304YHOro TPaH3HUCTOPA H HECKOJIb-
KX YIpaBJsIOUX TpaH3HcTopoB. Ecim ynpasasiomue TpaH3HCTO-
PHl BKJIIOYEHEHI NapaJlJie/ibHO, TO 3JEMEHT OCYLIECTBJSIET JOTHYECKYIO
onepauuio WJIM-HE, a npy nocaenoBaTeJbHOM COeIHHEHHH OH' BbI-
nosnser onepaunto MU-HE (puc. 8.20).

IIpn nammuuu Ha Bxomax X; U X, ugx=-U'<<Uszy nop yNpasJsio-
mue Tpansucropsl VT; u VT, 3akpuithl. [Ipn aTOM HanpsikeHue Ha
BbiXozie cooTBeTcTBYeT JoT. «1»: Up—Uszy pop<<U'<Uy (eM. §7.7).
Ecnn BxonHoe HanpsikeHMe Ugx=Usy pop, YIPaBIsIoLNe TPAH3UC-
TOPHI OTKPHIBAIOTCS M, TakHM 06pa3oM, BeJHUHHA Usy yop ONIPeneNs-
€T NOpOroBoe HamnpsikeHHe Joruyeckoro anementa: Upop=Usp pop-

Korma Ha BXomax  3jeMeHTa  JeHCTByeT  HamnpsiKeHHe
Upx=U">Upqp, TO Ha BhIXOAe umeeM «0». Ecin npu 3ToM TOK Ha-
IPY30YHOTO TPaH3UCTOPa, PaGoOTaIOIIEro Ha MOJIOrOM Y4acTKe Xapak-
TEPHUCTHKH, MEHblIe CYMMEBI TOKOB YIPaBJSIOWNX TPAH3HCTOPOB, TO
U'=U,.;~0,2 B. 3oHa Heompene/JeHHOCTH aMMJUTYAHOH nepena-
TOYHOH XapaKTepHCTHKH AUp,p=0,3. . .0,4 B. ITomexoycroitunsocTsb
saementa Us; = Usy nop— Uoers Un = Un—2U3u op- [1pH Hanpsikennu
ucroyHnka nutanusa Up~3Usy yop NOMeXoycTounBOCTh U == Uy =
=Uszy pop. [1a Huskonoporobeix MIIII-TpansucTopos nomexoyc-
toiunBocts MOIITJI cocrasasier 1. . .1,5 B; 115 BbICOKONOPOroBhIX
Usy nop Aocturaer 5. ..8 B, COOTBETCTBEHHO NpPH HCNOJb30BaHHH
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TaKHX TPAH3HCTOPOB MOMEXOYCTOHYHBOCTb JIOTHYECKOTO 3JIeMeHTa
BO3pacTaer.

Harpy3sounas cnoco6Hocts MOIITJI BenKa, MOCKONBKY BXOZHOM
TOK TPaH3HCTOPOB odeHb Majl. OnHako NpH GosbLIOM KOappHIHEHTE
pasBeTBJIEHHSA CYIECTBEHHO YBEJMYHBAETCS €MKOCTb HArpy3KH, YTO
NPHBOJUT K CHH?KEHHIO ObicTponelcTBHS. [loaToMy BepxHsisl rpaHHua
Kpa; B OCHOBHOM JIUMHTHpyeTEs TpefyeMbM BpeMeHeM 3alep:KKH
pacnpocTpaHeHusl CHPHa/la NPH BKJIIOYEHHH M BBIKJIIOYEHHH.

brictpogeitiersue MOITTJI onpepnensiercsi I/IHTENbHOCTbIO: HPO-
neccoB nepekJyouenuss MITI-TpaH3ucTopHOro KJioya c JAHHaMH4e-
CKOlf Harpysko# (cM. § 7.7). B yaeTHoCTH, BpeMs 3alep:KKH pacnpo-
CTpaHeHHs CHTHAJa [IPH BKJIOYEHHH #3’, MOXeT ObITb ONpejeseHo ¢

+ Uy , + Uy
X2
— —
1y
—t "% ’__] vy VT:,.—“
Xy :] i ::lr Y=X{' 2
|
1 Y=X+X; Xz |
l”’u 3 ]| L
VT, C
2-L Co X1 T ’
] T |
i H

a) ¢)

Puc. 8.21. Cxema snementos KMOITTJI, peanusyoumux onepaunuu
WJ/IK-HE (@) u HU-HE (6)

HcIoab3oBaHueM cooTHouleHus (7.21). Tak Kak KpyTHSHA Harpy3ou-
HOTO TPAH3HCTOPA NO/DKHA GHITH MEHDLIIEe KPYTH3HBI YIIPaBJSIOMIUX
TPAH3HCTOPOB, TO I3y >tai'p:

Anementsl MOITTJ/I UMeIOT BBICOKYIO TOMEXO0YCTOHYUBOCTD, OQVb-
IO JIOTHYECKUIT TIepenaj, Maayl: Norpeb/sieMylo MOLIHOCTh U CpaB-
HUTEJbHO HH3Koe GeicTpojeficTBHe. [lJsl 3/1eMEHTOB Ha HH3KONOPO-
roBeix MJIIT-Tpansucropax o6eiyo Uy=>5. . .9 B, a Ha Bricokomnopo-
rooix Ugp=12,6. . .27 B. OcroBubie napamerpsi MOIITJI umetor
caenyioune 3HaueHus: Pyo,=0,4. . .5MBT1; £, p (p=20. . .200 Hc;
U* ue Gostee 1 B; U' He meHee 7 B.

Jlornueckue 3jieMeHThl Ha KomMIieMeHTapHbixX kmodax (KMOTITJT).
OcunoBy KMOIITJI cocraB/siioT KOMILJIEMEHTapHbIe Napel p- U n-Ka-
Ha/lbHHIX TpaH3ucTOpoB. CXeMHBI BapHaHT JIOTHYECKOrO 3JeMEeHTa
WJIN-HE ocyuiecTBAsAIOT Napan/enbHbBIM COeJUHEHHEM BXOAHBIX
TpaHsucropoB, a s/nementra M-HE — ux mocnenoBaTenbHbIM COeNH-
uwenuem (puc. 8.21). Harpysounsle TpaH3HCTODHI B NepBOM C/ydae
06pasyioT NnocJefoBaTe/bHYI0 LeNoYKy, a BO BTOPOM — Napajlieb-
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Hylo. B kauecTBe ynpaB/ISIOIMX HCIOJNB3YIORCS TPAHIACTOPHI C T1-
kaHanoM (VTy, VT), a narpysounble ¢ p-kananoMm (VTs, VT,).

Ecnu Ha Bxonax cxembl X; u X, (puc. 8.21, a) neficTByeT cunHaa
U<Uszyu uwop> T4 Usy nop — TOPOroBo€ HaNpsiKeHHe n-KaHaJlb-
HOTO TPAH3HCTOPa, TO BXOAHBIE TPAH3UCTOPHI 3aKPbIThl, a Harpys3cu-
Hble TPAH3HCTOPHI OTKPHITEL. B 3TOM cilyyae BBIXOZHOE HampsiKeHHe
PaBHO HANPSIKEHHIO HCTOUHHMKA NMHTAHUSA Upy, x= U'= Uy Ilpu nona-
ye Ha JnoGoi Bxox 3saementa WJIM-HE curnana X=U>Uszy gop
OIMH M3 BXOLHBIX TPaH3UCTOPOB OTKpEIBaeTcsA. Ha 3atBope cooTser-
CTBYIOLIEFO HATPY30YHOIO TPAHSHCTOPA YCTAHABJIMBAETCS HAmpsixKe-
HUe U,,=—Uy+U'~0 u TpaH3ucrop 3akpoiBaercs. Takum obpasom,
BBIXOJHOE HanpshKeHue cootBercTByeT U°==0. JlonnueckHil nepenan
saementra KMOIITJT AU,=U—U’~U,.

Bpemsi 3aiepKKH pacnpocTpaHeHHs ‘CHTHaja TIPH BKJIIOYEHHH H
puikJoueHdH Kak MOIITJI, Tak u KMOIITJI onpenensiercs aautenb-
HOCTBIO NIPOIIECCOB 3apSIIKH M Pa3psAAKH CyMMapHOH NapasuTHOH eM-
Koctd C,, paBHOH OOlLIeH eMKOCTH TPaH3HCTOpa, MOHTAKHOH €MKOCTH
u emKkoctd HarpyskH, Ho tak kak B KMOIITJI orpanuuenns xa Kpy-
THU3HY XapakKTepUCTHKH TPaH3HCTOPOB S ne HaKJIaaAblBaKOTCs, TO
cpelHee BpeMs 3aJiepXKKHM PaclpoCTPaHEHHS CHTHAla y TaKUX 3Je-
MeHToB MeHblne, yeM Yy 3jaementoB MOIITJI. dnement KMOIITJI
norpe6JsieT MOIIHOCTb B KOPOTKHE TNPOMEXYTKH BPeMeHH, Koria
NPOUCXONUT ero nepek/aiodeHue. CpeiHHH TOK, NoTpeGJ/sieMbll -OT
HCTOYHHKA, PaBeH CyMMe CPeJHero ToKa CToKa /., M CpelHEero Toka
o, uayuiero Ha 3apsixy emkoctd C,. Tak Kak BpeMsi, B TeueHHe KO-
TOPOr0  OJHOBPEMEHHO OTKPBHITHI TPaH3HUCTOPHI, HEBEAHKO, TO
Pror cp2Uxlo, Tie Io=CoUy/T. CnenoBatenvHo, Ppop op=[fColUs.

Takum o6pasom, norpebasemas snemenrom KMOITTJI MolHOCTh
pacrer ¢ yBesinyeHneM pabGovell 4acToThl, eMKOCTH Harpy3KH U Hamps-
JKEHUS] HCTOYHHKA MNHTAHHS.

Anementsl KMOIITJI o6sanator BEICOKOH HOMEXOYCTOHRYHBOCTHIO,
GO/IBILHMH JIOTHYECKHM TIePenajoM H KO3(hhHLHEHTOM Pa3BeTBJIEHHS,
norpeG/sIOT He3HAUHTENbHYIO MOIWIHOCTb IIPU MaJbIX €MKOCTSIX Ha-
rpysku. dnementst UIC KMOIITJI cepun K176 umeror caenpyroume
napamerpei: Uy=9 B; U* e menee 8,2 B; U° ne 6oaee 0,3 B; ¢,; p cp™
>~ 200 He; Kpap=100; f=1 MIL.



I[JIABA TPHUITEPbI

TpurrepoM Ha3pBalT yCTPOHCTBO, HMelomee 1Ba yCTOHYUBHIX
COCTOSIHUS M CNOCOGHOE moJ JAeHCTBMEeM YN pPaBJAIOWHX CHrHa-
JIOB CKaYKOM MepeXOAHTb H3 OJHOLO YCTOHYHBOrO COCTOSHUSA
B apyroe. TpuIrTepEl HCHOJBL3YIOT B KayecTBe leHEpPaTopoB INps-
MOYTOJIbHBIX MMOYJbCOB, AMCKPHMHHATOPOB, a Takxe B Lu@po-
BOM TexHHMKe (fiueiika MNaMATH, 3JEMEHT 3alepPXKKH, Mepecuyer-
Has suelika). OHM MOryT ObiTh peaH30BAaHBl HAa JUCKPETHBIX
KOMMOHEHTAaX, JOLHYECKHX 3JeMeHTaX H ONepPalHOHHBIX YCHJIH-
TeJsX.

§9.1. CUMMETPUUYHBIA TPUITEP

CHMMETPHUYHBII TPUTTEP COCTOMT H3 ABYX TPAH3HCTOPHBIX KJIIOUEH,
OXBaueHHBIX MOJIOXKHTENbHOM o6paTHO# cBsisbio (puc. 9.1). B obuiem
cayyae B 6a3oBYIO lleb TPAH3HCTOPOB BKJIKOYAETCsSl HCTOYHHK CMe-
menua — U, KOTOpbIi obecrneunBaeT 3aKphIBAHHE OJHOrO U3 TPaH-
auctopoB. CHMMETPUYHBIM TaKOH TPUITEP HA3BIBAETCs MOTOMY, YTO
3JIEMEHTBl CXEMBI, OTHOCAIMECS K KaX-
JIOMY TPaH3HCTODPY, OJUHAKOBEIE.

CraTH4ecKMil pexuM. Y CTOMYHBLIM
COCTOSIHHEM CXeMBbl SIBJISRTCS TaKoe,
NpPH KOTOPOM OfHH TPaH3UCTOP (HampH-
mep, VT;) OTKPBHIT M HaCBhILIEH, a Ipy-
ro#t (VT,) 3akpuiT. HeficTBUTENBbHO, 06a
TpaH3UCTOpa He MOryT ObITb OJHOBpe-
MEHHO 3aKpBITBIMH, [OCKOJBKY IJISl 3TO-
ro Heo6XoAUMO, YTOGB! HaNpsKeHHe Ha
6a3ax GbLIO MeHblle HanpsiKeHHs OfT-
kpbiBaHus. [Ipu |U.u|<<Uy 310 yCa0-
BHE He BbINOJHAETCA. TpaH3UCTODHI He
MOTYT HaXOAHTHCS OJIHOBPEMEHHO H B
Puc. 9.1. Cxema cuMMeT- pE€XHME€ HachIll€eHHS, TaK KakK IaJeHue
pHYHOTO TpHrrepa HanpspKeHHs Ha TpaH3ucTope (HalpH-

mep, VT;) B HacblleHHH Ugy yae C yUe-
TOM HaNpsKEHHS] UCTOYHHKA CMellleHHs HeJOCTaTOYHO, YTOOBI TpaH-
suctop VT, ObLI TaKKe HachILEH.

Teopernuecku B cxeMe BO3MOXKHO COCTOSIHHE HEYCTOHYHBOTrO pas-
HOBECH$, KOTJa o06a TpaH3uCTOpa paboOTalT B AKTHBHOM pEXHME H
yepe3 HUX IPOTEKAIOT NOCTOSIHHbIE TOKH. OJJHAKO B 3TOM COCTOSIHHH
cXeMa He MOXKeT HaXOMAMThbCS NpoJo/KHuTenbHoe Bpemsi. M3-3a Heus-
OexXHbIX GQIYKTyalHil TOKOB M HAlP SXKeHHH TPHUITEP CaMONIPOH3BOJIb-
HO nepeljer B OJHO H3 YCTOHYHMBBIX COCTOSTHMH.
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[Mpeano/soxuM, 4TO MPOH30WIJIO He3HAYHTENbHOE yBeNHUYeHHE KOJJIeKTOop-
HOro ToKa TpaHauctopa VT, Ha BeanunHy Aiy;. DTO mNpHBeAeT K yMeHblle-
HUIO  KOJIJIEKTOPHOTO  HanpsikeHHA  Ady;=— Al Roks, The Ry =
= (RxR1)o/(Rx+ R1) — 3KBHBaJIEHTHO® COMpPOTHUBJIEHHE HATPY3KH. 34ech MpH-
HSITO BO BHUMaHHe, YTO BXOJHOE CONpOTHBJeHHe TpaH3ucTopa VT, B akTuB-
HOM pexuMe Rpy2a& Ry, M He yUYHTBIBaeTcsi TOK, MPOTEKAIOUWHH uYepe3 KOH-
nescatop C;. B pesysabrate mnpousoiifer H3MeHeHHe Toka 6asbnl VT, Ha
BeJIHYHHY Alga=Aly;/Ry, KOJJIEKTOPHOTO TOKA Ha Aiygs ="M 5Aig0 U KOJIJIEK-
TOPHOFO HanNpsiKeHHsT Ha Auys=— AiysRyyp. H3aMeHeHHe KoaaekTOpHOTO
HanpsixeHuss TpaHsucropa VT, Bbi3oBer mpupawenne G6asoBoro toka VT Ha

- . . o .
BeJMHYHHY Algy = Auye/R; H KOMNEKTOPHOTO TOKa Ha Alg; = ha15Aiey.

~ Taxkum oGpasom, cayuyaiiHoe nepBOHaya/JbHOE H3MEHEHHE KOJIJIeKTOPHOro
ToKa Aiyx; B pe3yJbTaTe IPOLECCOB, NMPOTEKAIOUIMX B CXeMe, BbI3bIBaeT JaJb-

. . . R 2
Helilllee M3MeHEHHE ITOrO TOKA Ha BeJHUHHY Aigy=Aiy <h213ﬁ .
K 1

o’ .
Ilpouecc u3MeHeHHsT TOKa B cXeMe GyJeT HapacTaTb, €CJH Aigi/Aiyy, T.e.

ha1aR/(Rg+Ry) > L. ©.1

[Tonyuennoe coorHouenue (9.1) ompenensier ycaosue camogos-
OyxcOenusn cxemvi. IIpH ero BBINOJHEHHH B CXeMe NPOTEKaioT Ipo-
LeccHl, MPUBOAsLIME K 3aKPHIBAHHIO OJHOTO TPAH3HUCTOPA, HACHIIIEe-
HHIO [IPYTroro H Iepexofy TPHITepa B OJHO H3 YCTOHYHBEIX COCTOf-
Hull. B ycroiftunBom coctosiHUM cxeMbl ycioBHe (9.1) mepecraer BhI-
NOJIHATHCA, TAK KAK H B peKHMe HACHILEHHUS, H B PeXHME OTCEYKH
TPaH3HUCTOP TePseT YCHJHTe/bHBle CBOHCTBA (f,,=0).

OnpenenuM yc/IoBHS, MPH KOTOPHIX TPHITEP HMeEET JBa yCTOHUH-
BBbIX COCTOSIHHs. /Il 3TOr0 paccCMOTPHM 3KBHBAJIEHTHYIO CX€MY TPHUT-
repa, HaxoJsUIErocsi B OJHOM H3 YCTOHYHMBBIX COCTOSIHHH, HJIST CJIY-
uasi, Korga Tpausucrop VT, OoTKpHIT H HacwlueH, a VT, Haxomutcs
B pexume orceukH (puc. 9.2). Tpausucrop VT,, Haxoasuuics B Ha-
ChillIEHHH, 3aMeHeH JABYMSl HCTOYHHKAMH HamnpsikeHHs: Ugp pac U
Uss uac. KoussiekTopHass u 6a3oBas LeNnd 3aKPBITOTO TPaH3UCTOpa
VT, pasoMkHyThl. TpuUITeD HaXOAHTCS B TaKOM COCTOSIHHM, €C/IH
OJIHOBPEMEHHO BBINOJIHAIOTCA YCJIOBHUSA

Ugs o < Uom >~ U53 Hacy ]61 > ]B rp = ]K nac/hn 3

M3 puc. 9.2 caenyer, 4TO Ugye=—U.y+Ug,, NOITOMY
Uew+Uks
Ugs s = — UCM—I_ﬂRl-—_*_-&R% R, < Usp3 xac- (92)
Tak kak
L.=].—] = Un—Us3 wac—Ika ORK_UCM+U53HaC
61 3 4 R.+R: . ’
a
I =], —1 =Un_UK3Hac_UcM+UK3Hac
K nac 1 2 Ry Ri+ R, [}
TO
Un—UgB3 wac—1x20 R,(_Ucm+UB3 LEESS
Ri+R1 R
_]_ (Un— Uka Hac Uen+Uxkd Hac) (9 3)
a1y Ry Ri+R: " )" -
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Bnaronaps cumMerpuu cxemsl yciaoBua (9.2), (9.3) o6ecneunBaioT
peasu3alHio 1 BTOPOro YCTOHYHBOTO COCTOsIHUS, Koraa VT, sakphr,
a VT, HachbilleH.

B ToM ciyyae, Korga TpHrrep peain3oBaH Ha KPEMHHEBBIX TpaH-
3HcTOpax, cooTHoireHue (9.2) BuNONHSETCH U 6e3 HCTOYHHKA cMelle-

Puc. 9.2. DkBuBaneHTHass cxeMa Puc. 9.3. CxeMa CHMMETPHYHOTO TPHT-
CHMMETDHUYHOrO TPHITepa, HaxoAs- Tepa NpPH pa3feJbHOM 3alycke
Herocss B YCTOAYHBOM COCTOSIHHH

nus (U,,,=0), a ¢ yueToM TOro, 4TO A5 TAKHX TPAH3UCTOPOB /K50 2
~0, uMmeeM
Rs
UKo nac RFR < Uss nac

Un—Uss nac_ UB3 mac _I_(Un'—UKS nac__ Ukad Hac)
Ry+ Ry R, ha1s Ry Ri+R2)"

s Tpurrepa Ha repMaHHeBBIX Tpansucropax C Y4YeToM TOro, 4To

Uks nac™Ugs nac=20, monydnmM —U.y RIR, +Rz <0,

Un_lKSORK_ECLJ 1_(%__22"_)
RetR: R: 7 ho1s \Rx  Ri+R:

Iepexonnsie mnpoueccsl. IlepeksioueHne Tpurrepa M3 ORHOTO
YCTOHYHMBOTO COCTOSIHMSI B JPYyroe B OCHOBHOM OCYUIEeCTBJISIeTCS MO
6a3oBbiM LensiM. Eciy 3anycK NpOU3BOAMTCA OTPHLATENLHBIMH HM-
NyJbCaMH, TO HX NOOYEPENHO NOAAIT Ha 6a3y TOTO A-p-n-TPAH3UCTO-
Pa, KOTOpHIA B AaHHBIH MOMEHT HachllleH. BxogHeie UMIyJIbCHI N0JIO-
JKUTEJIbHOH NOJNSIPHOCTH JOJ/DKHBI TOJNABaThCsl Ha 6a3y 3aKpBITOro
'(rpaHSHCTopa. Takoli cmoco6 3amycka HasblBaeTCsl pasfe/]bHbIM
puc. 9.3).

Ilpu paccMOTpeHHMH Ipolecca NepeKJIOYeHHs TpHITepa M onpeneneﬂ-
HOCTH IIOJIOXXHM, YTO B HCXOJZHOM COCTOSTHHH OTKpPHIT Tpausucrop VT u
3akpHT TpaHsuctop VT,. KosjekTopHBlE TOKM H HaNpSKeHHS TPaH3HCTOPOB
VT, n VT,, cootBercTBylOmHE 9TOMy COCTOSIHHIO TDHITepa, IpelCTaBJIeHbl
Ha HayaJbHOM Yy4YacTke BpeMeHHOH auarpammbl (puc. 9.4). B MoMeHT BpeMeHH
?y BXOZHON YNpaBASIOWMA HMIYJBC HATIPSKEHHS OTPHUATENLHON MOJAPHO-
CTH Ugyi (qepea BXOJHYIO ILleMNb Cunx, R’, VD;) nocrynaer Ha 6asy VT; m
HayMHaeTCs] NPOLeCC paccachiBaHHS HEOCHOBHHIX HOCHTeJefl, DTam paccachls
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BaHHs 3aKaHYHBaeTCS B MOMEHT BpeMeHH fy, Korna Ttpansucrop VT; mepe-
XOJMT B aKTHBHHIl pexuM. B unteppasne BpemeHH fpyc=1?;—1o KOJJIEKTOp-
HOe HanpsiKeHWe Uyj, KOJJNEKTODHHHN TOK ixy, @ CJEA0BATebHO, Uxe H iys
He M3MeHsIOTCA. JIJIHTeNIbHOCTb 3Tala paccachlBaHMS ONpENe/sieTcd COOTHO-
wenueM (7.12).

Koraa tpansucrop VT; BHXONMT H3 DeXXHMa HaChlILEHHST, HaYHHAIOT
NpPOTeKaTh NpOLECCH yMeHbIIeHHS KOJJ/MEKTOPHOTO TOKa ixy, pocTa KOJIIeK-
TOPHOTO HaNpSIXKEHHS Ugy H CBSA- u £t .
SaHHBII ¢ HHMH [pollecC YyBeJHue- Bx e e 5 ts
HMS HanpsiXKeHHsi Ha 6Gase 3aKpH- ol | & o)tz | to
Toro Tpausucropa VT;. B MoMeHT Uy | Ugx2
BpeMeHH {p HanpsikeHHe Ha Gase I tge U1
Tpansuctopa VT, pocTuraer Be- i i 1T U1 i =~
JHYHHBl HaNpfXKeHHs OTNHPaHUS N
H B JajbHeillueM o6a TpaH3HCTOpa 11N
HayuHaT paboTaTh B aKTHBHOM 0 : ‘I
pexume. HHTepBan BpeMenu (f1, >y
t;) HasblBaeTcss 3TanoM IOATOTOBKH i tuge
tar=1%5—1%;1. Bo BpeMs 3Toro stana Ugs :
KOJIJIeKTOpHbBle TOK M Hanpsikenue Ussuac y
tpansucropa VT, He H3MeHSAIOTCH. 0 I

Ilpu pa6oTe TpPaH3HCTOPOB B }
aKTUBHOM peXHMe BHIOJHAETCH |

|
|
|
|
!

@
~

-

~
[
>

-

~

i

ycm

ycaoBHe caMoBo36yxaenus (9.1) u

B TPHITepe Da3BHBaeTCss pereHepa-
THBHBIH npoiecc. Ecau npeneGpeun Ut
H3MeHeHHeM HaNpsKeHHS Ha KOH-
nexcatopax Cy u Cz, TO yBejHuye-

HHE KOJIJIEKTODHOTO HaNpsIKEHHS 0 !
sakpbiBaowerocs Tpansucropa VTy
6yjer NpHBOAHTL K pocTy Ga-
30BOrO [gz M COOTBETCTBEHHO KOJI- i
JIEKTOPHOTO  fys TOKOB TpaH3H- |
cropa VT, a Takxe yMeHblIe- 0
HHIO Uyo. B cBOWO ouepenb, CHH-
JKEHHEe KOJIIEKTODHCIO — Hampsxe-
Husi TpaHsucropa VTy Bbl30BeT
yMeHbllleHHe 63a30BOro TOKa igf
Tpausuctopa VT;, uTo npHBe-
JeT K JaJbHeHIleMy yMeHbIIEHHIO
TOKa iyx; H YBEeJHUEHHIO KOJUICKTODHOTO HANpSIKeHHS Uyi. ITOT IIpo-
mecc 3akphiBaHusi TpaHsuctopa VT um otkpruBanus VT, pasBHBaercs JiaBH-
HOOGpa3HO H 3aKAHYMBAETCS B MOMEHT BpEMeHH f3, KOria 3aKphIBaeTcs
Tpausucrop VTy. CienoBaTesJbHO, AJHTENbHOCTb BXOJHOIO CHTHaJa JOJIKHA
YLOBJIETBOPATb YCJOBHIO fpy ==¢3—1%y. Takum o6pa3oM, 3Tam pereHepanuu
(tper=1f3—12) XapaKTepH3YeTCH TeM, YTO Ha 3aKpbiBaHME OTKPEITOTO TPaH-
3HCTOpa NpeBaJIRpYylolllee BJAHSIHHE OKAa3bIBAIOT INPOLECCH, INpOTeKalollHe B
caMOM TpHITepe. DTalm pereHepalHH MOXET OTCYTCTBOBAaTb, €CJH BXOAHOI
CHTHaJ HMeeT Goabluyio aMnautyay. IIpu takom ycaosuu Ttpansucrop VTj
3aKpoeTcsl mpexje, ueM OoTKpoercss TpaHancrop VT,. ,

Iocae 3agpuiBanust TpaHaucropa VTj B TpuIrepe mpoTekaeT Ipomecc
YCTaHOBJIEHHST NMOCTOSHHBIX TOKOB H HaINpPsiKeHHH, COOTBETCTBYIOIHX BTOPO-
My YCTOHYHBOMY COCTOSIHHMIO. Ha 3TOM 3Tanme NMpOHCXOAMT 3apsiika KOHJeH-
catopa C; oT ucTOuHHKA NMHTaHuA Uy uepe3 pesuctop Ry H 6asoBylo Ienb
Tpansucropa VT,. B pesysabraTe B HHTepBaJie BpeMeHH fy,c=1FI4—1I3 TpaH-
sucrop VT, mepeXoguT B pexXHM HACHILEHHS, a ero 6as3oBHIH TOK yMeHbIia-
ercs, JocTHras crauuHoHapHoro 3HaueHHs Jga= (Up— UB3 yac)/(R1+Rk) >
> Ip rp. Kpome TOro, mo mepe sapsiaku KoHjexcatopa Cj NMOBEIIAETCH KOJ-

Un— UBE)nacX
R1+R:

-

~

~]
S [y S

tnep t

Puc. 9.4. Tlepexomnne mnpomeccH B
CHMMETPHYHOM TpHITepe NMpPH pasfelb-
'HOM 3anycke

JIEKTOpHOE HampsixKeHHe Tpausuctopa VTj no Beanuunnl Uyj=
XR1+ UB3 nac. JauTenprocts s1oro mpotecca ig=3C;Ry.
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.. Koraa tpansuctop VT, oxa3biBaeTcs B HaCHIMEHHH, HauMHaercs 3Tal
yCTaHOBJNEHHS HanpsoKeHHs Ha 6Gase Tpansucropa VT, cBA3aHHHIH C pa3-
psaakoi koHnzeHcatopa C,. Ilepex mopauelt BXOZHOTO MMIyJbCa 3TOT KOH-

Un—Us
—'Lﬂ_%’—cer—UBa nac» paB-

HOTO KOJIJIEKTOPHOMY HaMpsKeHHIO 3aKphiToro Tpanaucropa VT,. Ilpu mepe-
KJIOUeHUH TPHITepa HanpsDKeHHe Ha KoJlekTope Tpansucropa VT, yMeHb-
maeTrcsa Ao UKS nac H KOHJIEHCATOp Cz pa3psaxaercsa ¢ MOCTOSIHHOM BpEMEHH
T3=Cs (R1R2)/(R1+ R,). TakumM o06pa3oM, noka B TeuenHe BPEMEHH YyCTa-
HOBJIEHHS fycr=(3...5) T, koHzencarop C, paspskaercs, HanpsKeHHe Ha
6ase VT GoJblue cTanuoHapHOro. BpeMeHnHOe yBeJiMueHHe HaNpsKEHUs Ha
6a3e 3aKpBITOrO TPaH3HCTOpa Ha3biBaeTcss Ouxamuueckum cmewjeruem. Ilocae
pa3pAdKH KOHAEHcCaTtopa Cg npouecc nepexJloYeHHd TpHITepa 3aKaHYuBaeTcs.
C.ne).loaaTe.ano, BpeMs NEepeKJIIOYEHHSA ONpeleasseTci COOTHOLIEHHEM tnep=
=tp1c+tnr+tper+tnac+tycr~

Ha poutesibHOCTD npoliecca NepeK/loueHHs OKasbIBaloT BJHsSHHE
koHpeHcaTophl C; ¥ C,. C OflHOH CTOPOHBI, OHH (DaKTHYECKH BBINOMHS-
0T poJib (POPCHUPYIOLINX KOHJIEHCATOPOB, CIOCOOCTBYSI YBeJHUYEHHIO
6a30BLIX TOKOB BKJIIOUEHHS] U BHIKJIIOYEHHSI TPAH3HUCTOPOB, YTO MpPH-
BOAUT K YMeHbLIEHHIO BpeMeHH nepekmouennsi. C Npyrofl CTOPOHSHI,
HajMule WX NPHUBOAMT K yBeJIMYEHHIO BPEMEHH IepeKJIOYeHHs, Io-
CKOJIbKY TIOSIBJISIETCS1 CTAJHsI YCTaHOBJIEHHS, AJIHUTEJbHOCTh KOTOPOH
NpONOPIHOHANbHA €MKOCTH 3THUX KoHHeHcaTopoB. Iloatomy emKocTH
C; u C, BHIOHPAIOT N0 BO3MOXHOCTH MaJIbIMH, HO TaKUMH, yToGH! 3a
BpeMsl ' =1t yp+1perttnac HaNPSXKEHHE HA HUX H3MEHSIOCh HE3HauH-
TenbHO. B mpotHBHOM ciyuae ux jefictBue Gymer HeadxpeKTHBHO.

J/1s nepekJiroueHust TpUITepa B HCXOLHOE YCTOHUHBOE COCTOSIHHE
Heo6XOJUMO MNOJAaTh 3aKPHIBAIOIIMH HMNYJIBC HANPSIKEHUS Ugpy , HA
BTOPDOH BXOJ. MHUHHMaJbHBIA HHTEpBaJ MEXIY BXOJHBIMH HMMIyJIb-
caMH, NpH KOTOPOM TPHUITEP NEPEXOAUT M3 OILHOTO YCTOHUMBOTO CO-
CTOSIHHS B JPYToe, Ha3blBACTCS pPA3PeLiQrouyum Spemenem tpa,, OHO
onpefenisieT MaKCHMaJlbHYIO 4acToTy cpaGaThiBaHus Tpurrepa f=
=1/tpas-

B paccmMoTpeHHOM TpHrrepe BHIXOAHOE HanpsiKeHHe (Upyixa,
Upix 1) MOXKHO CHHMaTh KaK C KoJjieKTopa TpaHsucropa VT,, Tak u
¢ KoJssiektopa TpaHsucropa VT.. B j060M COCTOSIHUM TpUITepa 3TU
HanNpSAXKEHUS Pa3/IMYaloTCsA: €CJH Uy xy BHICOKOE, TO Uy y2 HU3KOE,
U Hao6opor. Takue TpPUITepbl Ha3bIBAIOTCS MOTEHIHAJbHBIMH WU
CTaTHYeCKUMH, TIOCKOJIbKY TlepeMeHa CTaTHYeCKMX  COCTOSIHUH
TpUrrepa nposiB/JsieTcs B H3MEHEHUH YDOBHS BBLIXOJHOTO CHrHaja.

O6Jsanas A1ByMs YCTOHYHBBIMY COCTOSIHUSIMH, TPUITEP MOXKET Xpa-
HHUTb NPOJNOJKHTEJbHOE BpeMs MHpopMauuio, H, CjeloBaTeJbHO, OH
obsanaer cBoiicTBoM namsTd. OfHH BXOX Tpurrepa oGo3HavawT S
(aurai. set — ycranaBnuBath), a apyroit — R (reset — c6pacbiBath).
Pasnuuator rsiaBHbA BbIXOA Tpurrepa Q (HanpuMmep, Upy i) U HH-

BEPCHBIH BHIXOA Q (Upuiy 2)-

Kax cremyer W3 H3/0kKEHHOTO, NPH MOZaue Ha BXOA S (Upys)
CHTHajJa €[HHMLbl TPHITED YyCTaHaBJHMBaeTcss B cocTosiHWe Q=1,
Q=0, a npu nopaue Ha BXOI R (#py;) CHTHANA €NUHHLLI TPUTTEP
nepexoaut B cocrosanre Q=0, Q=1. Tpurrep ¢ pasaeJbHbIMH BXOAa~
MH HaspiBaloT RS-tpurrepom.
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CueTHpiii 3anyck. Tpurrep. Ha IHCKPETHHIX KOMIOHEHTaX MOXET
HUMETb OJMH YNPaBJASIOWMEA (CUETHBIA) BXOA, Ha KOTOPHIA IOJAIOTCSH
HMIYJIbChl OTpHULaTe bHOH mMossipHocTH (puc. 9.5). Co6eTBeHHO YII-
paBJISIIOIIYI0 LleNb 06pa3yioT pe3uctopbl Ryy, R, KoHpeHcatop Cpy
u puonsl VD, VD,. Tlockonbky aHoawl npuonoB VD u VD, noakmio--
geHbl K KoJlieKTopam TpaHsuctopoB VT; u VT, Takas cxema Hasbl-
BaeTCsl Cxemoll 3anycKa no KOAAEKMOPHbIM UEnim.

3a HcXoxHOe cocTosiHue Tpurrepa mpumem: V7T, — OTKpPHIT U Ha-
cbiiet, VT, — 3akpeIT. B oTcyTCTBHE BXOAHBIX CHI'HAJIOB TOK 4epe3

+U"
R MR ﬁRK )

t
Puc. 9.5. Cxema TpHIrepa NmpH CYeTHOM Puc. 9.6. ouarpamma iH3me-
3amycke IO KOJJEKTOPHBIM Liensm HEHHUS BBIXOJXHOIO Halpsixke-
HHSL TPUITePa CO CYETHEIM

3anycKoM

pesuctop R He mporekaer (konaeHcaTop Cpy 3apsiKeH JO HampsixKe-
Hua Uy) U majeHue HanpsikeHHs Ha HeM up=0. Tak Kak TpaHsuc-
T0p VT, OTKPHIT, TO Ugky=Uks nac 4 K AHORY VD, NPHJIOKEHO BHICO-
Koe obpatHoe HanpsukeHHe Uyp =—Up+Uks uac. K ouwony VD,
TaKxke MNPHIOKEeHO oOpaTHOe HanpsiKeHHe, PaBHOE NAJleHHI0 Hampsi-
Un—UB3 wac— Rx2/K30
Ri14Rk2

XKeHuss Ha Ry.: Uyp,=— Ry», HO Tak Kak

Ri> Ry, 10 [Uyps| L|Uypal.

Ecin Ha BXO4 MOCTYNaeT CHrHAT OTPHLATENbHOM MOJSPHOCTH
Uy |<|usx|<<|Uypi|, T0 muon VD, otkpriBaercs, a VD; ocraercs
3aKpPHITBIM. B pe3y/bTaTe BXOXHOH CHrHajl 4epe3 OTKPBLITHIA JHOI
VD, u kougeHcarop C, mocrynaer Ha 6a3y TOJBbKO OTKPHITOT'O TPaH-
suctopa VT;. [Ipu atoM B TpUrrepe noj Bo3JeficTBUEM OTPHLIATENbHO-
ro HMIYJbCa, NPUIOKEHHOIO K Ga3e OTKPHITOrO TPAH3UCTOPA, NpO-
TeKaeT TMpOLecC MepeK/oueHuss B JPYroe YCTOHYHBOE COCTOSHHE,
aHaJIOTHYHBIEI paccMoTpeHHOMY. [To okoHYaHHMM HepexogHOro mnpo-
necca TtpaHsuctop VT, mepexoIuMT B pexuM HachlleHus, a VT;
3akpoiBaercs. MameHsiercss M cocTosiHHe HONOB. Teneps yxe K JHO-
1y VD.npunoxeHo BbICOKOe obpatHoe HanpsxeHue — Uy+ Ukauac.
ITosTomy 'KOrga Ha BXOI CXeMBl NOCTYNAaeT CJelyloUlni CHTHal, TO
oH yepe3 auoj VD, u KonaeHcatop C, mepenaetcsa Ha 6a3y OTKPLITOro
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Tpansuctopa VT, u 3akphiBaet ero. B pesysbrare Tpurrep nepexogur
B HCXOZHOE YCTOHUYMBOE COCTOSIHHE.

Takum 06pa3oM, BXOZHas LeNb OGECTEYNBAET NMEPefauy KaxJAoro
BXOJIHOI'0 3aIMpalollero HMIyJbca Ha 6a3y TOro TPAH3HCTOPa, KOTO-
pHIfl B JaHHBI MOMEHT OTKDHIT. M3 BpeMeHHOH JuarpaMmbl CIeAYyeT,
9TO JBYM BXORHBIM HMIYJIbCAM COOTBETCTBYET O/IMH BBHIXOLHOH HM-
nyJsc (puc. 9.6). CnefoBaresnHO, TPUITED NPH TaKOH cxeMe 3anmycka
pabGoraer Kak cueTHas suefika ¢ KO3(pHLHEHTOM lepecyera JBa.

§ 9.2. ACHHXPOHHBIE TPUITEPbI HA JIOTHYECKHX 3JIEMEHTAX

ACHHXDOHHBIM HasbLIBAeTCsi TPUITep, KOTOPHIH MEepexXofHT H3 OTHOrO
YCTOMYHBOrO COCTOSIHHS B IPYTOe B MOMEHTHI TI0lauy Ha BXOJ yNpas-
JISIIOIIUX UMIYJIbCOB. PaccMOTpeHHBle TPUTTepEl Ha JUCKPETHBIX KOM-
MOHEHTAX OTHOCSTCA K KJacCy acHHXPOHHBIX. B HMHTErpasnHOM Hc-
TNOJIHEHHH aCHHXPOHHbIE TPHITEPHl PEaH3yIOTCs Ha yHHBEpPCATbHBIX
Joruueckux sJaementax MJ/IM-HE u U-HE.

T

o

=1

)] 8)

Puc. 9.7. RS-Tpurrep c npsMeIMH BXolaMH Ha 3jeMeHtax HJIHU-HE (a),
€ro CTPYKTypHasi cxeMa (6) ¥ o6o3HayeHHe (6)

RS-Tpurrep ¢ npsMbiMH BXxojamu. RS-tpurrep moxer OnITb
BBHINIOJIHEH Ha JABYX Joruueckux ajyemenrax (TJIHC) UJIM-HE c ne-
nocpeacTBeHHbIMU cBsi3siMH (puc. 9.7). Tpawsucropul VT, u VT,
BXOJSIT B COCTaB COOCTBEHHO TpHrTepa, a TpaH3uctopel VT3 u VT,
SIBJISIIOTCS YIPABJASIONUMH. B HCXOIHOM COCTOSTHUH, KOTJa BXOJHbIE
curHaibl cooTBercTBYIOT U'<<Upep (S=0 u R=0), Tpanaucropsl
VT; u VT, 3akputbl. CocTosiHMe TpUITepa YCTOHYMBO, €CJIH OAHH
TpaHsucrop, Hanpumep VT,, 3akphiT, a Apyro#t, V7T, OTKPHIT U Ha-
chHilleH. B TakoM cocTOSIHHU cXeMbl KoJlJIeKTOpHOoe HampspkeHue VT,
H VT, paBHO Uuys=U"=Ugy yac- DTOrO HaANPSKEHUS] HEAOCTATOYHO,
uroGel TpaH3uctop VT, otkpbuicss (Uge=Uks nac<<Ugs nac)-

ITostomy Ha Kossektopax VT; u VT, jeficTByer HanpsiKeHHe
U'=Usgs gaec~0,7 B. CienoBatesbHO, B NPHHATOM HCXOJHUM CO-
CTOSIHHHM Ha IPsIMOM BhIXoJe JeificTByeT curHan Q=0, a Ha uHBepc-
HoM Q=1.

Ecnn nopate curnan S=1 (U'> U,,p), T0 Tpansucrop VT; or-
Kpoercsi, yMEHbIIUTCS HanpsiKeHHe Ha Koanektopax VTy; u VT,
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10 U=Ugs pacy YTO NPHBENET K CHUKEHHIO HANpsiKeHus Ha Gase
VTs: tgs=Ugo nac Y €r0 3aKpbiBaHUiO. B pesysbTare Kol1eKTopHOe
Hanpsixenue TpausucropoB VT, u VT, yBeuunTes, COOTBETCTBEHHO
BO3pacTeT HanpsikeHue na 6asze Tpansuctopa VT, U OH oTKpoercs.
Takum o6pasom, TPUTTED HepeHIeT B COCTOAHME, KOFJa Ha BHIXOJE
Q curdan U'=Ugs nac (Q=1), a2 Ha Brixone Q curran U'=Ugsyac
(Q=0). 310 cocTosiHUE TPUrTEPA TAaKXKe OYIET YCTOHUUBBIM, MOCKO/b-
Ky I0Cc/le OKOHYaHHsi BXORHOro curuana (S=0) cocrosiHue cxeMul He
H3MeHHUTCsl, TaK Kak TpaH3ucrop VT; ocTaHercs 3aKpHITEIM (ug; =
=Uxs 1ac<Unop), @ VT, 6yner OTKPHT: Ugo=Ugs nac-

ITpu BosneHcTBUM Ha TPHUITEp, HAXOASAHHACSA B TAKOM COCTOSIHHH,
BxonHoro curHana (R=1) otkpoercs Tpansucrop VT,, yMeHbIIHTCA
€ro KoJslJieKTopHoe HanpsiKkeHHe (U, =Uks yac), YTO BHI3OBET 3a-
KpeiBaHue TpaHaucropa VTi(#ge=Ux»s uac). IIpn 3TOM BO3pacrer
KOJIJIEKTOpDHOe HamnpsikeHHe tpaHauctopa VT,. B pesysbrare otkpo-
ercss TpausucTop VTs(Ugs=Uks nac) U TPUITED IEPEHET B HCXOJ-

Hoe ycroiiunBoe cocrosinne Q=0, Q=1. EcrecTBeHHO, YTO KOHKpeT-
Hble 3HaueHHsl HampsKeHu# Jor. «l» U u jor. «0» U° 3aBucar or
THIA HCNOJb30BAHHBIX B TPUITE€pE JIOTMYECKHX 3JIEMEHTOB.

Kak BHIHO, BEIXOLHOH CHI'HaJ Q,., 3aBHCHT He TOJIBHKO OT BXOJ-
HBIX cUrHanoB S, ¥ R,, HO U OT BEIXOJHOTO CHTHala Q,, KOTOpHIH
HMeJl MeCTO 10 BO3LEHCTBUSI BXOAHOIO CHrHala, T.e. Q. .,=f(Qn,,
S,, R,). YcrpoiicTBa, KOTOpble Peanu3yroT Takyo ¢y HKIHOHANbHYIO
3aBHCHMOCTb CHUIHAJIOB, HA3blBAIOTCA KOHEUHbIMU QBMOMAMAMU.

Ta6auuma 9.1

Sn Ry Q ,Qn+1'

—_——_———_— 00O
—_—0 o=~ O
—_O—O—O =0
<x*~—oo—o

[Nepekmouenye Tpurrepa noa AefcTBUEM BXOJHBIX CHT'HAJIOB OIH-
CLIBaIOT 160 TabJIHLeH epeKII0YeH i, aHATOTHIHOH Tab/IHIle UCTHH-
HOCTH JIOTHYECKOIO 3JIEMEHTa, JIH60 XapaKTepUCTHYECKHM ypaBHe-
nueM. CecTaBiM TaG/HIly NepeKJIIOYeHH PacCMOTPEHHOrO TPUrrepa
Ha sniementax WJIM-HE, nmaseiBaemoro RS-tpurrepoM c¢ npsambiMu
BxoAaMH (tabs. 9.1). B orcyTcTBHE BXOIHEIX CHI'HAJIOB TPHITED CO-
XpaHsieT CBOe HCXOJHOE YCTOMYHBOE COCTOSIHME (IBe BEpXHHE CTPOY-
ku). [Ipu BosnefictBuu curHana R, =1 Tpurrep nepexogur B cOCTOs-
Hue Q,.,=0 HesaBucuMO ot 3Hauenus Q,. Korga mogaercs curaan
Sp=1, Tpurrep ycraHnasiuBaercsi B cocrosiuue Q,,, =1.
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Oco60 caiefyerT paccMOTPeTb Ciyuail OXHOBPEMEHHOTO BO3LEHCT-
BHSI BXOJHBIX cursanos S,=1, R,=1. IIpn TakoM coueTaHuu BXO[-
HBIX CHT'HAJIOB OTKpbIBalOTCsi 06a ympaBisiomux Tpansucropa VT
u VT, u BuxopHble Hanpsikenus Q. ,=Q,+,=0, 4TO IPOTHBOPEYHT
Joruke. [To3ToMy Takoe coueraHue BXOIHBIX CHTHA/IOB sIBJSIETCS 3a-
TpelleHHbIM U 3HaueHHe Q, ., B ABYX HIXHHX CTPOUKax 0003HAYEHO
yepes X. ITonnyio TaGmuuy mnepexmoyenuii (Taba. 9.1) MoxHO 3a-
MeHUTb GoJlee KOMIAKTHOH, B KOTOPOH OCYLLECTBJIEHO NoNapHOe 00be-.
JiiHeHHe cTpouek (raba. 9.2).

Ta6auna 9.2

sn Rn Qn+1
0 0 Qn
0 1 0
1 0 1
1 1 X

Sra TabaMua COCTOSHUI NO3BOJISET ONPENENHTh XapaKmepucmi-
YecKkoe YpasHeHue UL NEPEKAOYAMEeAbRYI0 (yHKyuo mpuzeepa.
B nannom cyuae pyHKUHA Q, .1 =f(Qn, S,, R,) Henoonpenenexa nis
coueranusi mepemeHHBIX S,=1, R,=1. Ee MoXHO Hoomnpene/uTh,
npunucas el 3Hauenne Ju6o 0, qubo 1.

Todnuuo 9.5 .
SnRn
oo\ 17|07

-~

@

[,
(S

1
1

\
H
o

0

\s_<. e

TlpunumeM o¢ynkuuu Q,,; npu S;=1, R,=1 3Hauenne 0 u,
BOCIOJIb30BAaBUIMCh Tabsiulled TnepeknaioueHuit (cM. taba. 9.2), co-
craBuM Kapty KaphHo mns atoro cayuas (ra6mn. 9.3). B neit MoxHO
BBIIE/UTH J1Ba OOBENMHEHHS [J1sS HCTHHHBIX 3HaYeHHH QYHKIHMH Q. ;.
CnenoBare/ibHO, MUHHMaJlbHasl JM3BIOHKTHBHAs (opMa XapaKTepHc-
THYECKOTO YPaBHEHHS

Qn+1=Sn'—§n+ ﬁn'(Qn' (94)

YuuthiBasgs ocoGeHHOCTb RS-Tpurrepa, HeoGXOAMMO MCKJIOYHTH
coyeTaHHe BXOIHBIX cHrHaJoB (S,=1, R,=I1), npusoasiee K He-
onpejeseHHoMy cocTostHuio. CrefoBaTesbHO, cooTHoueHue (9.4) we-
06X0IIMMO JIONOJIHHTL ycoBHeM SR, =0, KOTOpOMY HO/KHBI YI0B-
JIETBOPATb BXOAHBbIE CHI'HAABI. C y4eTOM 3TOro yC/JI0BHS NOJYyYEHHOE
XapaKTepHCTHYECKOE ypaBHEHHE MOXHO NpeoGpasoBaTh: Q,.,=

=S.n ﬁn"'—R.n ‘Q-n 4 S, ‘R,=S, (Rn + I—(n) +§n ‘Qn= Sn + ﬁn ‘Qn.
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Takum, o6pasoM, aja RS-tpurrepa ¢ npsAMbIMH BXOJaMU HMeeM
Qn+l_—;sn+ -R-n'Qm San=0 (95)

IMpouecc nepek/moueHus TPUITePa U3 OJHOTO YCTOHYMBOIO CO-
CTOSIHHUSI B IPYrO€ MPOHUCXOIUT B T€YEHHE ONpPENeJeHHOro IIPOMEXxyT-
Ka BPEeMEHH [y, KOTOPbIA, KaK HETPYJHO BUJETb, PaBeH CyMMe Cpef-
HEro BPEMEHH 3aJIePXKKH PacIpOCTPAHEHHs] CHTHAJIA IBY X JIOTHYECKHX
3JIEMEHTOB, M3 KOTOPBIX COCTOMT TPHUITEp: f,=2f, p ¢p-

- 0) 8)

Puc. 9.8. RS-Tpurrep ¢ HHBEPCHBIMH BXOJAMH Ha 3JeMeHTaXx
U-HE (a), ero cTtpyKTypHas cxema (6) u o6o3HauenHe (8)

RS-Tpurrep ¢ MHBEpPCHBIMH BXoAaMHM. RS-Tpurrep moxer GbITh
peanusoBad 4 Ha joruyeckux asnemenrax M-HE (puc. 9.8). Tpansu-
ctopel VT u VT, BXOAAT B COCTAaB OJHOT'O JIOTHUECKOTO 3JIEMEHTa C
HeIOCPeICTBEHHBIMU CBA35IMM, a TpaHauctopel VTs;u VT, — B co-
ctaB apyroro. CoeirHEeHHbIE NEPEKPECTHBIMY CBSI3AMH TPaH3UCTOPHI
VT, n VT, obpasyor coGCTBEHHO TPHUITEp.

Ecny Ha 6asax ynpasasiiomiux tpansucropoB VTy u VT, pefict-
BYIOT Hallpsi’K€HUsT BBICOKOTO YPOBHS («I»), TO OHM OTKPBITHl H HaChl-
mensl. [lpu aToM norenuuansl smurtepoB VT, u VT3 npakTHuecKH
paBHBl moTeHuHaNy «3a3eMieHHOH» TOuKH (U,,=Uzs=Uxs gac™
~(0,2 B) u Tpurrep HaxXoZUTCH B OJHOM H3 YCTOHUYHBHIX COCTOSTHMH.
Jnst onpenenenHoct npumeM, uto VT, 3akphiT, a VT3 oTkprIT. Tor-
Ja Ha Koajektope VT, Boicoku#t mnoreHuuan Uyg,=Ugs gaet
+Uks uwac, @ Ha Kojuekrope VT, Huskuit mnorenuuan U=
=2Uxs nac, T-€ Q=0, Q=I.

YMeHblIUM HampsiKeHue Ha Gase Tpansuctopa VT,, HHBIMH CJO-
BaMH, OCYLIECTBHM HHBEPCHIO BXOAHOro curHaja: S. Tpansucrop
VT, 3akpoercsl U KOJJIEKTOPHBIH TOK HOC/IEN0BATE/NbHO BKJIOUEHHbIX
Tpau3ucropoB VT u VT, craner paBeH HyJo. Hanpsixenue Ha BbIXO-
Jie Q ucooTBercTBeHHO Ha 6ase VT, yBennuntcsi. OTKpoeTcsl TpaH3HC-

top VT, 1 HanpsixKeHnue Ha BhiXofe Q yMeHbliuTcsi. Tpurrep nepeit-

JleT B Jpyroe ycroiiunBoe cocrosHue (Q=1, Q=0), B KoTropom 6yner
HaXOMHUTbCS M NOCJIE TOTO, KaK CHTHaJl Ha BXOJ€ CTaHET ONATh PaB-
HBIM eJMHHLE.

CHuKeHNEe HanpsikeHHsi Ha Gase Tpausucropa VT; (uHBepcus

HCXOJHOTO CHMTHaJla Ha R BXoje) NpuBeieT K 3akpuiBanuio VT,
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TIOBBIIIEHHIO HATIPSKEHHMSI HA BHIXONe Q, OTKPLIBAHHMIO TPaH3HCTOPa
VT; u yMeHbIUEHHIO HalpsKeHHs Ha BbIXofe Q. B pesysbrate Tpur-

rep nepeijieT B HCXOfHOe ycToiuMBoe cocrosiHue (Q=0, Q=1).

Taxk Kak mnepekJIIOYeHHsI OCYLIECTBJIAIOTCS HYTEM HHBEPCHH HC-
XOJHBIX CHUT'HAJIOB, TO TPUITEP HA3HIBAIOT R S-TpuUrrepom ¢ MHBEPCHBI-
MH BXofaMH. B TakoM TpHrrepe Takxe HMeeTcs 3alpelleHHas KOM-

GuHanus BXOAHBIX curaanoB: R =0, S=O0. IIpu stom o6a ynpasisio-
mux tpansucropa VT; u VT, 3aKphITH U Ha BEIXOJE TpUrrepa Q=
=Q=1, 4YTO HEZOMyCTHMO.

Ecin B coctaB Tpurrepa BKJIOYHTb JBa HHBepTOpa (IIOKA3aHLI
INTPHXOBBIMH JIHHUSIMH Ha pHC. 9.8), TO ero ¢yHKIHOHHPOBAHHE OIl-
penensiercss Tabnuuel nepekJioyenuit (cM. Tabja. 9.2). U xapakrepu-
CTHYECKHM ypaBHeHueM (9.5).°

JK-tpurrep. PaccmoTrpennsle RS-tpurrepbl ¢ nmpsMbBIMH M MH-
BEPCHBIMH BXOJAaMH HMeIOT 3anpeleHHble KOMOUHAIIMH BXOIHbIX CHT-
HanoB. Tpueecep, He umerowuil 3anpeuieHnsix KomOUuHayutl 6x00Hbix

=
o

f)

Puc. 9.9, CtpykrypHas cxema JK-tpurrepa (a) u ero o6o3HaueHnHe (6)

cuenaros, wasoearom JK-mpueecepomn. OH TakKe uMeer 1aBa uHbopMa-
LHOHHBIX BXofa.llofaua curHana Ha BXox J ycTaHaB/HBaeT TPHITEP
B cocTosiHne Q=1, a curHaj, noganHeil Ha Bxoj K, nepeBoqur tpur-
rep B cocrosinne Q=0.

Tpurrep JK Moxer GbITb peajH30BaH Ha YHHUBEPCAJbHBIX JIOTH-
uyeckux snementax M-HE (puc. 9.9). dnementn JI3;, JID,, JI3;,
JI3, o6pasyior aBa RS-tpurrepa ¢ HuBepcHbIMH Bxofamu. [Tomoxum,
4yTo0 B HCXOMHOM cocTostHHM Q=1, Q=0. OueBHHO, UTO NPH TAKOM
nosiokeHuu curHan J=1 okasbiBaTb BO3ZeHicTBHe Ha cxemy He Gy-
JleT, TaK KaK BBIXOJHCH CHTHaJs 3jeMeHTa JI9,, a cienoBaresabHo, H
COCTOSIHHE CXeMBI B ILieJIOM IIpU 3TOM He uaMenurcsi. Ilpu mopmaue
curHasa K =1 Ha Bbixoze JI9, Bo3HHKHET HalpsixKeHHe HYJAs H TPHT-
rep Ha ssnemenTtax JI9; u JI9s nepeiiner B cocrosinue Q;=0, Q;=1.
Ilpu sToM Ha BHIXOZAx 3JeMeHTOB JID; u JID, NeHCTBYIOT CHIrHAJIBL
©JVMHHUIBI U BEIXOLHOH RS-TpUrrep ocraHercsi B HCXOLHOM COCTOSIHUH.
INocne okonuanus curnana Ha Bxoge (K=0) Ha BbIxoze JI9, BO3HHK-
HEeT CHTHaJI JIOT. «1» 1 Ha Bcex BXxojax JI9, O6yzyT Jior. «1». B pe3yib-

194



Tare CHUTrHaJ Ha BbIXofe JID; cTaHeT paBHbIM HYJIO H BHIXOXHOH RS-
Tpurrep nepefizer B cocrosgnue Q=0, Q=I.

Ecnu teneps mopath cursai J=1, To nporeccel B cxeme OyAyT
NPOTeKaTh aHAJOrMYHO, HO C TOH pasHHUEH, 4yTo TPHUIrep nepeijer
B HcxofiHoe ycroiunBoe cocrosinne (Q=1, Q=0). OxnHoBpemeHHas
nogaua curHanos J =1, K=1 npu m1060M HCXOXHOM COCTOSTHUU TPHT-
repa npuBefeT K TOMY, 4TO OH NEePeKJIOYHTCS B APYroe yCTOHYHBOE
cocrosinne (tabma. 9.4).

Ta6auma 9.4

In Ky Q| Qnst

—_——_———0 00O
—_——_—oOo=—=Cco
—O—O—=O O
O m—oOo~=0O

Tpurrep JK, B cTpykTypy KoToporo BXomaT jABa RS-tpurrepa
C MHBEPCHBIMH BXOJlaMH, NCPEXOAHT B COCTOSIHHE, COOTBETCTBYIOLIEE
NOJAaHHOMY Ha €ro BXOJ CHTHAJy, He B MOMEHT IOJauH, a IOC/e ero
OKOHYaHHUsI, T. €. C 33JIepKKOH Ha JAJIHTEIbHOCTh BXOJHOTO CHUTHAja.
IMoatomy nosinasi Tabnuua nepexkaroueHud (taéi. 9.4) cooOTBETCTBYET
COCTOSIHHIO TPHITepa IOC/I€ OKOHYaHHS BXOJHOTO CHI'HaJa.
Tadnuua 9.5

In “Kn
00|10 71|01
AR,

GDo|o

Gn

B ra6nuue Kapuo nnst JK-tpurrepa (ta6a. 9.5), mocTpoeHHoi ¢
HCNONb30BaHHeM TaG/IHIb [IeDEKJIIoUeH i (Tab. 9.4), MOXKHO BblIE-
JIUTh J1Ba OObEIMHEHHUs IJI1 HCTHHHBIX 3HayeHu# Q,.,. Takum oGpa-
30M, XapakTepucTHyecKoe ypaBHeHue JK-tpurrepa

Qu+i=7,-Q,+K,-Q,. (9.6)

CeoiictBo JK-TpHrrepa nepexoints B UHBEPCHOE COCTOSIHHE MPH
OJIHOBPEMEHHOH INofiade BXOXHBIX curHajioB J=K=1 nosBoaser co-
31ath Ha ero ocHoBe cuemnoul T-mpueeep. Jlasi 3TOro JOCTaTOYHO
o6bexunuTh BXoxsl J u K. Torna tpurrep Gyner nepekmouatbes npH
nojaye Kaxuoro BXoAHOro curHaza T. XapakTepHCTHYECKOE ypaB-
nenue T-tpurrepa nosnyvaerca u3 (9.6) nyrem samenmnt J=K=T:

Qn+1'=Tn 'Q—n_I"Tn ‘Que.
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§ 9.3. CAHXPOHHBIE TPUITEPBl HA JIOTMYECKHUX 3JIEMEHTAX

Tpurrepsl, peanusyemble Ha JID, UIMEIOT KOHEUHOE BPeMsl NIepeKIoye-
HHSA fpep, ONpPENeJsieMOe CYMMApHBIM CDEJHHM BpEMEHEM 3ajlepXK-

KH pacnpocTpaHeénusa CHrHaJzia tﬂep = ; taﬂ.P cpr TJ€ m — YHUCIO

JIOTHYECKHX 3JIEMEHTOB, COCTaBJSIIOIIMX TPUITep. B pesyabraTe BbI-
XONHOH CHTHa/] TPUITEPA B TEUEHHE BPEMEHH fpep IOC/IE MOJAYH
BXOJHOTO CHTHa/la COXpaHsieT 3HaueHHe, He COOTBETCTBYIOILEE 3TOMY
CHTHAJY, T. €. SIBJSIETCS JIOXKHBIM. DT0 06CTOSATEILCTBO MOXKET MpPH-
BecTH K omHGKaM B paboTe ycTpoicTBa o6paboTKH HHbOPMaLHH, CO-
cTosiiero U3 Gosibiioro yucaa J19. IToaromy cunthiBaHHe HHPOPMALUH

S | 5, M3

s a Sfl_—l -~

aQ 0 ]

— T
— “ —.
u— t

Lo T 920

>
)

Ihl

“nonoan

q .
a) ) 8).

Puc. 9.10. CtpykTypHasi cxeMa cHHXpoHHoro RS-Tpurrepa (a), ero o6osnauye-
HHe (6) W BpeMeHHas jAuarpamma (8)

t

OCYIIECTBJISIETCST B T€ MOMEHTHl BpeMeHH, KOIa INOsIBIEHHE JIOXKHOM
uHbOpPMaIUHU 3aBeIoMO HcKtoueHo. C 3ToH 11e/blo Ha BXOJ TPUITEpA
C OMNpeJesIeHHBIM TIePUOJOM TOJAITCS TAKTOBBIE UMIYJLCH, obecIe-
YHBalOll ie ero cpabaTbiBaHHE B CTPOI'O ONpejesIeHHbIe MOMEHTH Bpe-
MeHd. Takue TpUrrepbl Ha3bIBAIOTCS MAKMUPYEMBIMU UAUL CUHXPOH-
Holmu. YTPABJISIONHH UMITYJIbC, TNOJABaeMbIH Ha BXOJX TPUITEpa, U3~
MEHSIeT €I'0 COCTOSTHHE TOJIBKO B MOMEHT IOJIauy TAKTOBOI'O UMITYJILCA.

CunxpoHHbiii RS-tpurrep. CTpykTypHasi cxemMa CHHXPOHHOTO
RS-tpurrepa nomumo sJjemenToB J13;, JI9,, cocTaBisOMUX TPUTTED,
BKJouaet gBa BxoAaHbix asnementa M-HE (J19;, JI3,), obecneunBaro-
IIUX CHHXPOHHBIA pexum padots (puc. 9.10). 3peck 6ykBoit C 06o-
3HAYeH BXOJ TAKTOBbIX (CHHXPOHM3MDYIOUIHX) UMNYyJabcoB. [Ipu Ha-
JIMYUH BXOZHOro curHana (S=1 uiu R =1) nepek/iouenne Tpurrepa
NPOMCXOMUT TOJbKO B MOMEHT HOCTYIIJIEHHS TaKTOBOTO HMITYJbCa
C=1, TaK KaK IpH 3TOM YCJIOBHH Ha OIXHOM H3 BXOJOB TPUITepa BO3-
HHKaeT curnaj Jor. «0» (puc. 9.10, ).

CuHxpoHHBIH RS-TpUrrep takxke HMeeT 3anpelleHHYI0 KOMOHHa-
LU0 BXOJHBIX CUrHANOB R, S, C,=1 (rabua. 9.6). lelAcTBUTENBHO,
NPH TaKOH KOMOMHALMM BXOJHBIX CHTHAJTIOB BBIXOJHBIE CHTHAJIEL 3J1€-
mentoB M-HE 6yayTt coorBercrBoBath «0», uto miasi RS-tpurrepa ¢
HHBEPCHBIMH BXOZaMH HEJOMYCTHMO.
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e Ta6auna 9.6

Cp Sy Ry | Qust

Qn

n

————
—_—_o—0 0
——O0 00

Q
1
0

X

YpaBasiOmMUMU CUTHAAMH COGCTBEHHO TPUITEPA SBASIOTCS BbI-
xonHele curnaanl asiementoB U-HE: S,=C, -S,, R,=C, -S,. Caexo-
BaTeJbHO, XapaKTePUCTHYECKOe ypaBHEHHe CHHXDOHHOro RS-tpwur-
repa MoxeT ObITh NoJyueHo U3 (9.5) ¢ yueToM MOy4YeHHBIX 3HaYeHHH
BXOAHBIX curHanoB: Q,.,=0C, S,+C, ‘R, Q..

Js MCKJIIOYEHUS] HEONpPEeLeNeHHOTO COCTOSIHHSI CHHXPOHHOTO
RS-tpurrepa BXOHbIE CHCHAJBI JOJKHBI yIOBIETBOPATH YCIOBHIO
C,-S,-R,=0.

Cunxponnpiii JK-Tpurrep Hmeer Takyioo e CTPYKTYpY, uYTO H
acCHHXpOHHBIA. OT/JHYHE COCTOHT B TOM, YTO BXOLHBIE 3JIEMEHTHI
H-HE wumetor tpu Bxona (cMm. puc. 9.9). Bxoapt C 06beAUHEHB H HC-
MOJIb3YIOTCS A/IS1 NIOJla4l TaKTOBBIX CHI'Ha/IOB. Ilepekiouenue Tpur-
repa mpy HaJHYHH COOTBETCTBYIOLIEI'O BXOJHOTO CHIHAJIA TPOUCXO-
JUT B MOMEHT OKOHYaHMs TaKTOBOTO HMIyabca (tabna. 9.7).

Ta6auma 9.7

c J Ky Qi1

0 0 0 Qn
1 0 0 Qn
1 0 1 0
1|1 ] o |1
1 1 1 Qn

XapakTepucTHyeckoe ypapHeHHe cunxponsoro JK-tpurrepa
Qn+1=Cn'Qn+Cn'Jn'Qn"l"Cn'Kn'Qn' (97)

Ha 6ase cuuxpontoro JK-Tpurrepa MoxHO MOCTPOUTh CHHXPOH-
Hbele Tpurrepel: cuetnnlii (T-tpurrep) u 3amepxkku (D-tpurrep)
(puc. 9.11).

CunxporHbil cuemubiti mpuzeep TOJNydaloT, o6beANHAS HHbOpMa-
unonnsle Bxoasl J u K. Ynpasasiomue cursanst T nogalorcsl Ha o6be-
JVHEHHBIH BXOJ, a TAKTOBble UMIYJbCH — Ha Bxon C. Xapakrtepuc-
THYECKOE YpaBHEHHE CHHXPOHHOI'O CUETHOTO TPHUITepa MNoJsydaercs
us (9.7) nyrem 3amensl J u K na T:

Qn+1’=6n’Qn+Cn'Tn'_Qn+ Cn'Th'Qn'
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Cunxpouneui mpuzzep 3a0epicKiy MOMKHO HOJNYUYUTb, OOBETHHSS
Bxox J co Bxogom K uepes unBeprop. [Ipn TakoM BK/IOYEHHU He3a-
BHCHMO OT 3HaUeHHs cHTHaja D, Ha oHOM M3 yIpaBJSIOMIUX BXO-
JIoB HuMeeTcsi ypoBeHb Jor. «1»: mpu D,=1 J,=1, K,=0; npu
D,=0 J,=0, K,=1. Takum o6pa3om, HCK/JIIOYAIOTC KOMGHHALHUU

— e LT |8 > =
—c ) ¢ _ ¢ _
—k a p e . K a
- -2
a) 6) 8)

Puc. 9.11. OGoznauenuss cuuxpoHHeix tpurrepos JK (a), T (6), D (8)

BXOIHBIX curHagnos J, -K,=1u J,=0, K,=0. Xapakrepucraueckoe
YpaBHEHHME CHHXPOHHOT'O TPHITEpPa 3aJEPIKKU MOKET GBITH MOJYYEHO

u3 (9.7) myTeM NOACTaHOBKM B Hero 3Hauennit J,=D, u K,=D,:
Qni—_i:Gn'Qn—"‘ Cn;_Dn’Qn_}_ Ci. Dn'Qn=
=Cn'Qn+Cn'Dn (Qn+ Qn) =Cn'Qn +Cn'Dn'

U3 3Toro CoOTHOLIEHHS CJEeNYyeT, YTO MPH HaJHUYHH CHHXPOHH3H-
pyioutero curiana (C,=1) Ha BbIXOJle TPHITepa BO3HHKAaeT CHTHaJ,
COOTBETCTBYIOLIMH BXOJHOMY CHI'HATY, HMEBIIEMY MeCTO B NIpe.LIecT-
Bywomem Takre Q,,;=D,. Takum o6pasom, D-Tpurrep ocymecrs/s-
€T 3afIepPXKKy CHTHasla Ha OIHH TaKT.

§9.4. HECUMMETPUYHBIA TPUITEP

HecumMmeTpuuHBIH TPUITEp HMeeT 1Ba YCTOHUMBHIX cocTosiHus. Of-
HAaKoO B OTJIMYME OT CHMMETPHYHOTO TPUITepa HaXOXIEHHE €ro B TOM
HJM HHOM YCTOMYHMBOM COCTOSIHHH
3aBHCHT OT BEJHYHHH BXOIHOIO
CHTHaJa.

HecummeTpuuHblll Tpurrep Ha
JHUCKPETHBIX 3JleMeHTax (TPHUrrep
HIMHTTa) COCTOUT U3 IBYX TPaH3H-
CTOPOB, B SMUTTEPHYIO LENb KOTO-
PHIX BKJIIOUEH OOLIui pe3ucTop R,
(puc. 9.12). IIpu TakoMm BKJIOUYE-
HHH HanpsikeHHe Ha G6ase TpaH-
sucropa VT, 3aBHCHT OT 3HAYEHHS
KOJIJIEKTODHOTO TOKa iye TPAH3HUC-
Topa VT,.B cBoroouepens, 6azoBas
uenb VT, uepes nenntenb R;, R.
Coe/lMHeHa ¢ KOJIEKTOPHOH IeNbIo
TpaH3UCTOpa VT,. DTH uenu co3naioT 3aMKHYTYIO IETJHO MOJOXKH-
TeJIbHOH 06paTHOH CBSA3M, KOTOpasi, KAK U B CHMMETPHYHOM TPHITE-
pe, obecrneunBaeT 6bICTpoe nepekJoyenne Tpurrepa llimurra us ox-
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HOT'O yCTOHYMBOI'O COCTOSIHHS B Jpyroe, Koria o6a TpaH3HuCTopa pa-
60Tal0T B aKTHBHOM peXHMe,

B oTcyTcTBHE BXOZHOr'O HaNPsKeHUS (Ugpx=0) TPUITED HAXOXHT-
cAd B yCTOHYMBOM cocTosiHMH. Ilpu 31TOM Tpansuctop VT, OTKpHT H
Hachllled, TaK KakK Ha ero 6a3y uepe3 pe3ucTopH Ry, ¥ R, mojaer-
cA NOJIOXKUTENbHOE HalpsiKeHue, a TpaHsdctop VT, 3akprT. 3a
CUET MPOTEKAIIEr0 KOJJIEKTODHOIro ToKa Iyx~U /(Ry~+R;) Ha
pe3ucrope R, co3jaeTcs NajeHue HanpsikeHHs W Ha 6ase VT, oTHo-
CHTEJbHO 3MHTTEpPA JEHCTBYeT 3alHpaioliiee HANPSIKEHUE gy =
=—R,ix:. B TaKOM COCTOSIHHH TpHITepa HaNpsKeHHe Ha BbLIXOAE
Upx =U’=Rsixet+Uxks rac-

Ecan yBesnunBaTh BXOJHOE HaNpSIKEHUE, TO HNOKA Ugx<i xR,
+Usgs pac, TPUTTEP HAXOAMTCHA B HCXOAHOM COCTOSTHHM. IIpH 1y, =
=U,.p6=ix2RoFUss nac» Tl€ Ucpe — Hanpaserue cpabamowanus
mpueeepa, OTKPbIBaeTCs TPaH3UCTOP VT, CHUXKACTCHA Er0 KOJIJIEKTOp-
HBIH MOTEHLHAN, a cjefoBaTesNbHO, H 6asoBblit TOK VT,. B pesyib-
tate TpaHsuctop VT, NepexofuT B aKTHBHBIH DeXKHM H B CXeMme pas-
BUBaeTCsl pereHepaTHBHBIA IIpoliecc, IPHBOAAIHKE K ‘GhICTpOMY 3a-
KphiBaHuio TpaH3uctopa VT, u oTkpuBanuio VT,. Obwuit pesucrop
R, co3laeT KpoMe MOOXKHTENbHOH .06paTHOMH CBA3H 110 HANPSIXKEHHIO
M OTpHLATeJbHYI0 OOpaTHYIO CBS3b IO TOKY, TaK KaK yBeJHYEHHE
iy IpH OTKpHIBAHUM TpaH3HcTOpa V7T, NPHUBOZUT K CHUKEHHIO
Ugs1. Ho neficTBHE 1OJIOXHTENbHOH OOpaTHOH -CBA3H ‘OKasbIBaeT Iipe-
BaJlMpylollee BIHSIHHE HA NPOLECCH B CXeMe.

HasbHeiiiee yBeJuyeHHe BXOIHOIO HaNDSIXKEHHs] MPUBOAHUT
JHUIb K HachlleHuio Tpansucropa VT,. TakuMm o6pa3oM, HpH Uy,
>U,pe TPUITep HAXOAUTCHA B APYTOM YCTOHYMBOM COCTOSTHHH: TPAH-
auctop VT oTKpHIT, a VT, 3aKpHIT, HaNpsAKeHHe Ha BBIXOJE TPUrTe-
pPa Ugyx=U'=Uy, a Hanpsxedue cpabaThiBaHUA

Ry
Ucp 6= U, m'1‘ UBS Hac* (9.8)

TlapameTphl cxemMbl HECHMMETPHUHOTO TPHITEPA PACCYHTHIBAIOTCS
TakuM 06pa3oM, YTOGbl IIPH YMEHBLIEHHH BXOAHOPO HAaNpPsIKEHHS
Tpausucrop VT, OTKpLIBAICS M TPUITeP HEPeXONHJ B MCXOIHOE yC-
TOHUMBOE cOCTOsIHHE NMPH Ugyx =V U ps, TAe U,y — Hanpaocerue
omnyckanus mpueeepa. IIpn TakoM YC/NOBHM aMIIMTYAHas mepeia-
TOYHAs XapaKTepHCTHKA HECHMMETPHUHOrO TPHITEPa HMEET METJIO
ructepesuca (puc. 9.13).

Jlns oTKpbiBaHHs1 TpaH3ucTopa VT W Iepexoja TpHrrepa B HC-
XOJHOe YCTOHYHBOE COCTOSIHHE Heo6XoauMo, uToObl TpaHazucTop V7T
Tepelles B aKTUBHBIHA peKUM paGoTel. TONBKO IPH 3TOM YCJIOBHH Ha-
npsixkeHHe Ha 6ase ugy, TpaHsucropa VT, yeemuuntes: 10 Ugsy wac.
Yc/ioBHe TOro, YTO TPAH3MCTOP 3aKPBIT, HMEET BHA Ugpe=Up,—
—Uup,<Ups nac. Kosnekroproe nanpskenue Ttpansucropa VT,

npu paboTe B AKTUBHOM pexuMe Uy =U;—Hs145i6:R . TOK 6asbl
Tpausucropa VT,
. Ugx— UB3 wac j
Ay 2 e Tt e P
lgi ™ (ha1a+ 1) R, °* uRa Ugx UBS Hace®
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CnegoBarenbHO,

hoi R R
Ugs o = [Un _'h:;?_j_—l(unx UBS nac) 3 I]Rl +2R2_unx + UBSHav
9.9
Ecan B (9.9) nonoxuth Ugoe=Ups nac, TO Upx=Uor, H, TAKUM
o6pa3oM, NMOJyYuM BhIpaKeHHe mJs pacueta Ugqgl

R
UOTQU"}—M——Z_IEA-FI—FUES““A-I-I’

rie
— hzia Ry 1 R,
ho1a+1 Ry Ri+ Ry’ R
YuuteiBasi, 4T0 Agyo/(Aayn+1)1 u I;IR +R2>1
YIPOCTUM no.nyquHoe BbIpaXKeHHe:
U T_.U +Uss nace (9.10)

Hs coo‘rHomeHHﬁ (9.8) 1 (9.10) canenyer, yTo A OGECIHEYEHHS
npunAtoro ycjaoBusi Ugpe>>U,, HE06X0AUMO, HYTOOBl R >R ya.

“Cw%
Ui o e
T 1 s
o =
o N3¢ i N3
0
v -l->—>—'} Ugy il Ugyy ! ! Ugyx
0 . L = %
Uor  Ucps gy t
Puc. 9.13. Awmnaurynsas Puc. 9.14. Cxema HecumMeT-
XapaKTepUCTHKa HecHMMeT- pHYHOrO TpHUITepa Ha Jio-
pPHYHOTO TpHrrepa THYECKHX 3JIeMeHTax

Konpnencarop C, Ha yCTOHUYMBLIE COCTOSSHHS TPUITepa BJIMSHHUSA
He okasbiBaeT. OH BHINOJIHSET (QYHKIHIO (DOPCHPYIOLEr0 KOHAEHCa-
Topa BO BPeMsl BKJIOYEHHS H BHIK/IIOYeHHs TpaHsuctopa VT, u TeM
caMbIM CIMOCOGCTBYET COKpallleHHI0 BpPeMeHU INepeKJ/IOUeHHsI TpUrre-
pa M3 OJHOI'O YCTOHYHBOI'O COCTOSIHMSI B JPYTroe.

HecummeTpuyHBIH TpHrrep Moxer ObITb peasd30BaH Ha JIOTH-
yecKuX sjieMeHTax. [Jif 3TOro JoCTaToYHO BKJIIOUHTH I10C/€0BATE /b~
HO 4YeTHoe 4ucJo 3jaeMeHToB HE M BBIXOJ 3TOH 1IEIOYKH COEJUHUTD C
BXOJOM LeNnblo o0paTHOH CBsA3M, oOpasyeMoH pesucropamu R,
R, (puc. 9.14).

B orcyTcTBHE BXORHOTO CHTHaNA (Upx ==0) HalpsixKeHHe Ha BEIXOJE
Upax =U°. Ecau mnpeHeGpeub BXOAHBIM TOKOM JID, TO NIpH gz >0
HanpsixkeHue Ha BXoJ4e JID; Upys =Upx—R,i, rhe i=(Upx1—Ungx)/R2.
Takum oGpasom,

Upx1 = Upx + (unux _unxl) Rl/R2~ (9 1 1)

C pOCTOM uUyy NOBBIIAETCH HANPSKEHHE Upgy, HO IOKA Ugx1<<
<<Upgop, TOTHYECKHE 3JIEMEHTBI OCTAIOTCS B UCXOAHOM COCTOSIHHH H

200



Ha BhIXoJe coxpansercs curHan U°. Koraa ugyx;=Upep, NIPOUCXOAUT
MepeKJ/IIoYeHe JIOTHYECKHX 3J1EMEHTOB M Ha BbIXOJle BO3HHKAeT CHr-
Hall Upyx=U'. B pe3yJabraTe cxeMa IepeXoAuT B Apyroe yCTOHYHBOE
cocrosinue. HamnpsixeHne cpabaThIBaHHSI MOXKHO OIDENEJNUTb U3
(9.11), ecotut npHHATD Upx1=Upop, Upuz=U" tsx=U,;ps:

Ucp6=Unop+ (Unop’_Uo) R1/R2~ (912)

EcrectBeHHO, 4TO NPH Uy =>U,ps Ha BbIXOAE CXeMbl COXPaHsAETCH
COCTOsIHHE JIoT. «1».

IIpH yMEHBIUEHHHU Uy TPUITEP NEPEXOAUT B HCXOIHOE COCTOSIHHUE,
Koraa ugy="U,,. 3Hagenue U, onpenensercsa u3 (9.11), ecau noso-
KHTb Ugx = Unopy Upy x=U?, upx=Uoq

Uor = Unop'—‘(U _Unop) RI/RZ' (9 13)

U3 cootromenuit (9.12), (9.13) caenyer, uto Uype™>U,,, H, TakuM
obpa3oM, aMIIUTyAHAas IlepefaToyHasl XapaKTePHUCTHKA HECHMMET-
PHYHOro TPUrrepa Ha JIOTHYeCKHX
3J/IeMEHTaX UMeeT IeTJI0 THcTepe- b«
3uca. Beuuras (9.13) u3 (9.12), no- v
aydaeM Ugpe—Uor=(U'—U) x P9
X Ry/R,, OTKyla BHIHO, YTO LIH- Upr
puHa nerau rucrepesuca Ugpe— 0
—U,, aMnauTyiHOH nepenaroy-

HOH XapaKTePUCTHKH HECHMMeT-
puuHOro Tpurrepa Ha JI9 mnpo-
[OpIHYOHA/AbHA JIOTHYECKOMY IIe-
penany AU,. Upix

Hecummerpuunble  Tpurreps U’
MPHUMEHSIOT BKayecTBe GopMUpOBa-
TeJiell KMITYJIbCOB NPSIMOYTOJIbHOH
(opMBI IPH BO3LEHCTBUH Ha BXOL, t
HanpuMmep, CUHYCOHJAAJTBHOrO Ha- Puc. 9.15. ®opmupoBaHue mnpsmMo-
npsixkenus (puc.9.15). KornaBXxog-  YroZbHEIX HMIYJIbCOB € MOMOULBIO
Hoe HaHpH}KeHHe qu<Ucp6’ Ha HECHMMETPHUHBIX TPUITEPOB
BBIXOZle HECHMMETPHYHOT'O TPUTTe-
pa fieficTByeT HH3KOe HalpsiXKeHHe Upyx=U°. I1pu upy=>U, ¢ BEIXOA-
HOe HalpsixKeHHe yBesJuuuBaeTcs M GopMHpyeTcss (GPOHT HMIy.bCa,
JJIHTEIBHOCTD KOTOPOT'O OIIpefe/isieTcsl CyMMapHbIM BpeMeHeM 3a-
JEPKKH PacnpocTpaHeHHs] CHUTHaJja IOC/ed0BaTelbHO BKJIOUEHHBIX
JI3. Korzaa BXoJHOe HanpsxKeHHe CTAaHOBUTCA paBHbIM Uy, TpHUITEp
MEPEXOAUT B HCXOJHOe yCToHuMBOe cocTosiHHe. TakuMm obGpasom, Ha
BbIXOf€ TPHUITEpPA TeHEepHPYIOTCS IePHOJHYECKH TOBTOPSIOLIHECS
NpSIMOYTOJIbHbIE UMITYJBbChI, JJHUTEIbHOCTb KOTOPBIX MOXKHO pEryJiu-
poBaTh, U3MEHSA aMILIUTYRY BXO}IHOI‘O CHHYCOHJaJIbHOI'O HaIpsiKe-
HUA.

ITocKo/IbKY BBIXOJHOE Hanpm}{eﬂne pPe3Ko BO3pacTaeT NPH Upy=
=U,ps, TaKHe TPUITEPHI HCNIOB3YIOT ¥ B KauecTBe KoMIlapaTopa Ha-
TAPSAXKEHHS] — YCTPOHCTBA, KOTOpOEe TNO3BOJIsSIeT 3apHKCHPOBATH MO-
MEHT JOCTHKEHHS CHUI'HA/I0OM HEKOTOPOro 3aJaHHOTO YPOBHS.




I'JIABA TEHEPATOPDI
NMPSMOYTOJIbHBIX HMI1YJIbCOB
10 PEJIAKCALLMOHHOI'O THIIA

TeHepaTopsl NMPAMOYTOJbHHIX HMIYJbCOB peJaKCaUHOHHOTO THIA
IIMPOKO HCIOJB3YIOTCS B PaAHOTEXHHKE, TeJEBHIEHHH, CHCTe-
MaX aBTOMaTHYeCKOro yMpaBJIeHHs H BHIYHCJIHTEJNbHOH TeXHHKE,

§ 10.1. MPHHUUN AEACTBUSA TEHEPATOPOB

Wmnynbcel npsiMoyrosbHoOH (opMEl HMEIOT pe3KHe Nepenaisl Hanps-
JKEHHS ¥ TOKa BO BpeMs (OPMHPOBaHHUA (HPOHTA U Cpe3a, MOITOMY HX
MOXKHO OTHECTH K KoJleGaHHSIM peJlaKCallMOHHOIO THIIA, ZJ151 KOTOPHX
XapakTepHBl cKauKooOpa3Hble M3MeHEHUs HanpsikKeHUs # Toka. [e-
HepaTophl, KOTOpble BIpabaThiBaIOT TaKHe KoseGaHus1, Has3blBAIOT pe-
nakcauuoHHbIMH. I1lpoKoe pacnpocTpaHeHue HAILIH pPesaKCayuoH-
Hble ceHepamopsl Ha OCHOBe YCHJIHTENEeH C TOJIOXKHUTENbHO! obpaTHOMH
CBA3bIO.

Kak usBecTHO (cM. § 6.5), B ycHJIHTeJIe ¢ [IOJIOKUTENbHON 0GpaT-
HOI CBSI3bl0 KOJIeGaHUS BO3HUKAIOT NP BHINOJHEHHH YCJIOBHA $a-
gaHca ammiuTynx K Ko,.>>1 u Ganauca a3 @,-t+¢,.=2nn, rae K,
Ko¢ — KO3DDHIMEHTH! Nepejaud YCHIUTENST M Lelu 06paTHOM CBA3Y;
Py, Poc — (DAa30BHIE CABUTH B YCHJIMTENE H B LeNH 0OPaTHOH CBsA3H.
JI1s1 BO3HMKHOBEHUSI B TeHepaTope peJaKCallHOHHBIX KoJebaHHii
Heo0X0JUMO, UTOGH! yCJIOBHE CaMOBO30Y K A€HH ST BHIIIOIHANOCH B HIHPO-
KOM Juana3oHe actoT. OIHAKO HM3-3a2 HaAU4YHMA [Tapa3uTHHIX €MKOC-
Tell B cXeMe reHepatopa BO3HHKAIOT ()a30Bble paccorjJacoBaHUs, Ha-
pacraroliye ¢ yBeJnyeHneM yacToTel. Ha yacToTax Bhlllle onpenene-
HOH YacTOTH! ®p YCJIOBHE CAMOBO30YKAEHHS He BHIIONHSAETCS H CIEeKTP
reHEepUPYEMBIX KoJeGaHHH OKa3blBaeTCsi OrpaHHYeHHEBIM cBepXy. Ot-
CYTCTBHE B CIEKTpe KosieOaHUH BBICOKMX YacTOT CKa3blBaeTcs Ha
JJIHTENBHOCTH (PpOHTA U cpe3a NPAMOYTOJbHBIX HMIIYJbCOB.

B peslakcallHOHHBIX reHepaTopax HMEIOTCSl pa3lesHTe/bHbEe KOH-
JIeHCATOpEI, KOTOphle o6ecneyuBalOT paccoryacoBaHue (has Mexay
BXOAHBIM M BBIXOJHBLIM HaNpSKEHHSMH HAa HHXHHX YacToTaX, YTO
OPHUBOJUT K H3MEHEHHIO aMIJIUTYJAbl NPSIMOYTOJbHBIX HMIYJIbCOB.

TpaH3UCTOPHBIH YCHJIHUTENb C KOJJIEKTOPHOM Harpy3Ko#l HMeer
JIOCTAaTOYHO BBICOKHH KO3(hUIHEHT ycuaeHus H 6e3 yuera (a3oBblX
HCKa)KeHHH (a30oBbIH CABUT MeXKAY BLIXOAHBIM M BXOAHBIM Hampsixe-
uusamu cocrasiaser 180°. [TostoMy Bo3MOXKHEI JBa cnocofa oGecneue-
Hus 6anaHca (as: NpUMeHeHHe leNnud o6paTHOH CBSA3M, CABHraloieid
(asy Ha 180°, UM BTOPOro KackKana YCHJIHTENs.

B nepBoM cmocofe HCIO/MbL3YIOT TpaHcHOpMATOP, KOTOPHIA NPH
COOTBETCTBYIOLIEM IIOJKJ/IIOUEHHH OOMOTOK ofecrneunBaeT (ha3oBbIH
casur 180°. DtoT croco6 UCNOIbL3YETCS B CXeMe 6.10KuHe-2eHepamopa.
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Bropoft BapHaHT peanu3yercs ABYMs NyTsAMU. BXOXBI U BBIXOZAHI
yCHIHTe el nepekpecTHo coefuHAlTcA. EcTecTBeHHO, 4TO LeNb 00-
paTHO! CBS3H He JIOJKHA BJMATb Ha KOI(DpHUIMEHT yCHJEHHS U IO
BO3MOXKHOCTH He JIOJIKHa CO3/]aBaTh JAOMOJHUTEbHBIH (Da30BEIH CABHT
B IIMPOKOH moJjoce YacToT. Ilo TaKo#l cXxeme CTPOSITCSI reHepaToOpbl
NEePHOLHYECKH MOBTOPSIOUIMXCS NPSAMOYTOJBHBIX HMIYJbCOB, Ha-
3bIBaeMBble myabmugubpamopamy. PenakcalyoOHHBIH reHepaTop MOX-
HO TaKe CO3/1aTh, eC/IH B KAYeCTBe 1eMeHTa 00paTHOH CBSI3H HCIIOJIb-
30BaTh Pe3NUCTOP, BKJIIOUEHHBIH B OGLIYIO LIeNb SMUTTEPOB 060HX YyCH-
JIUTEJIbHBIX KackanoB. Takoil reHepaTtop MMeeT OHO YCTOHYHBOE CO-
CTOSTHHE ¥ Ha3bIBaeTCs 00H08UOPAmOopom Ui xcOyujum myromusubpa-
mopom.

§ 10.2. MYJIbTUBHBPATOPbBI

My bTHBHOPATOPOM Ha3LIBAETCS FeHepPaTop MPSIMOYTONbHBIX UMITYIb~
COB peJIaKCalHOHHOI'O THHA, He HMEIOUIHH YCTOMYHBEIX COCTOSIHHH.
Cxema MyJIbTHBR6PATOpPa MOXKeET ObITh peand30BaHa KaK Ha AUCKpPeT-
HEIX 3/1eMEHTaX, TaK U B UHTErpPajbHOM HCIIOJHEHHH.

Puc. 10.1. IlpueuunuanbHas (@) W 5KBUBaJeHTHAs IAs
KBa3HYCTOHYMBOrO COCTOSHMA (0) CXeMbl MYJIbTHBHOpa-
TOpa

MyJXbTHBHOPATOp HAa AUCKPETHLIX 3JeMeHTaX. B Takom My/bTH-
BHOpATOpE HCIOJL3YIOT ABa YCHJIHTEJIbHBIX KacKana, OXBaueHHBIX
obparHoi cBA3blo. OHa BeTBb 06paTHOH CBSA3H 06pa3oBaHa KOHJEH-
caropom C; u pesuctopoM R,, a apyras — R, u C, (puc. 10.1). Haa
TAaKOH €XeMbl B ONPeJeJIEHHOM JMaNa30He YacTOT BHIMOJIHAETCS YCI0-
BHe caMoB0o3GyxkzaeHHsI. Tak Kak B LenHd oGpaTHOH CBSI3H HMEIOTCS
KOHJEHCATOPBI, TO MYJbTHBUOPATOP He HMEET YCTOHUHBLIX COCTOSIHUI
M o6ecTeyHBAeT reHepHPOBAHHE NEPHOUYECKH MOBTOPSIOIIUXCA HM-
nyJsscoB, GopMa KOTOPbIX OJH3Ka NPSMOYTOJbHOMH.

B mysbTHBHOpaTOpe, Kak M B TPHUITEpe, 00a TPAH3UCTOPA MOTYT
HaXOAUTHCS B aKTHBHOM peXKHUMe OYeHb KOPOTKOe BpeMs, TaK Kak B
pe3ysbTaTe JeHCTBHSA IIOJOXKHTENbHOH O6paTHOH CBSAI3H cxXeMa CKauy-
KOM NEepPEXOAHT B COCTOSIHME, KOTJA ONMH TPaH3UCTOP OTKPHIT, a ApY-
roit 3akpwlT. [Ipumem Ans1 olpenesieHHOCTH, YTO B MOMEHT BpeMeHH
t, Tpansuctop VT; OTKPHIT H HachllleH, a TpaH3uctop VT, 3aKpHIT
(puc. 10.2). Konnencarop C; 3a cuer ToKa, IPOTEKAaBIIEr0 B CXeMe
B HNpeJlIeCTBYIOIHE MOMEHTHl BPEMEHH, 3apsikKeH JO OlpeJeseHHOTo
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HanpsixkeHusi. [TosipHOCTL 3TOro HampsiXKeHHA TaKoBa, YTO K Gase
TpausucTopa VT, OTHOCHTENBHO 3MHTTEPA NPHJIOXKEHO OTPHIATENb-
Hoe HanpsikeHne u VT, 3akpweir (puc. 10.1, 6). ITockonbky onuH
TPAH3UCTOP 3aKPHIT, a APYroft OTKPERIT M HAChILleH, B CXeMe He BhINOJI-
HSIeTCS YCJIOBHE CaMOBO3OYKAEHHS, TaK KaK KOXPGhULHEHTH yCHJe-
HUA KackajoB K;=K,=0.

B TakoM cocTosiHHH B CXeMe MpoTeKaioT ABa npouecca. OQuH nNpo-
IlecC CBsI3aH C NPOTEeKaHUeM TOKa nepe3apsiiku KonieHcaTtopa C; oT

Ugay HCTOYHHKA TNUTaHUS MO0 LelH pe-
u to ot 3UcTOp R; — OTKpBITHIH TpaH3MuC-
BHA —7 Top VT,. Bropoit npouecc o6y-
/ | / | V t  cJioBJIeH 3apsiIKOH KOHZIeHcaTopa
! C, uepes pe3uctop Ry, U 6a30ByI0
i I ! nenb TpaHsucropa V7T,, B pe3yib-
Ugsz ' '

! i | TaTe HanpsiKeHHe Ha KOJJIEKTOpe
Us3 nac —2 - Tpansucropa VT, yBenuunBaercs
0 / / t (puc. 10.2). Tlockosbky pesuc-
} TOp, BKJIIOUaeMbli B 6a30BYIO LENb
: : [ TpaH3HCTOpa, HMeeT GoJblliee CO-
Uk1 . ! IPOTHBJIEHHE, YeM KOJIJIEKTOPHbIH
Un | Voem if pesucrop (R, >Ry.), Bpemsa 3a-
o i psAIKH KoHzeHcatopa C, MeHblle
/ , MEHH Iiepe3apsi -
e l t Bpe epe3apAJKH KOHJAeHCa

Uea | | Topa C;.
: IIpouecc 3apsiiKH KOHIEHCATO-
l_ pa C, HOCHT 3KCIOHEHLHANbHBIH
0 o 7 Xapakrtep C IOCTOSIHHOH BpeMeHH

1’ =Ry,C,. CenoBatesibHO, BpeMs
3apsAKH KoHzeHcartopa C,, a Tak-
Puc. 10.2. Bpemennsle auarpammpl K€ BpEMs HapaCTaHHsl KOJIJIEKTOP-
MyJbTHBHOpaTOpa HOTrO HallpSXKEeHUS Uyyy, T. €.

JUIHTEJbHOCT (DPOHTA HMNYJibca
tp1=(3. . .5)Rx:C.. 3a 370 Bpemsa KouueHcatop C, 3apsxkaercs JO
wanpsikeHuss Ucg,=Up—Ugps gac~Unp.

B cBsisu c nepesapsnakoit konaeHcartopa C, Hanpsikenue Ha Gase
Ugse TpaHauctopa VT, HapacTaeT, HO NMOKA Ugse<lUory™Ugs wac,
tpausucrop VT, 3aKpheIT, a Tpausuctop V7T, OTKPHIT, IOCKOJNBKY €ro
6a3sa OKas3bIBAaeTCs MOJKJIOUEHHOH K NOJIOXKHTENbHOMY TOJIOCY HC-
TOYHHKA MUTAHUS Yepe3 pe3uctop R,. basoBoe ug, U KoJIeKTOpHOE
Ugy HampsKeHUs Tpausucropa VT, NpH 3TOM He U3MEHSIOTCSI. DTO
COCTOSIHHE CXEMBbl Ha3bIBAETCS KEa3uyCrmotivussim.

B MOMeHT BpeMeHH #; IO Mepe nepe3apsiiKi KOHJeHcaTopa Hanpsi-
KeHue Ha 6aze TpaHaucropa VT, nocTHraer HanpsKeHHs OTKphIBa-
HUsl U TpaH3ucTop VT, NepexoquT B aKTUBHBIH pexuM paGoThl, st
Kotoporo K;>1. I[Ipu otkpeiBanuu VT, yBeauunBaeTcsi KOJJIEKTOD-
HBI TOK [y; M COOTBETCTBEHHO YMEHBIIAETCH Uygs. ¥ MEHBUIEHHE
Uys, BHI3BIBAeT CHIXKeHHe 6a3oBoro Toka TpaHsucropa VTj, 4to, B
CBOIO ouepe/lb, NPUBOJAUT K YMEHbUIEHHIO KOJJIEKTOPHOTO TOKA fyy.
CHUXKeHHe TOKa iy; CONpPOBOXKJAaeTcs YBeJHuYeHHeM 0a30BOr0 TOKA
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tpansuctopa VT, NMOCKOJBKY TOK, NMPOTEKAIOUIUH Yepe3 pe3HCTOp
R,,, otBeTBasieTcss B 6a3y TpaH3ucTOpa VT, U Algy=—Aiy,.

[Tocsie Toro Kak Tpansucrtop V7T, BHIHZET U3 peknMa HachIIIEHHs,
B CXeMe BBITNIOJIHSETCS yCaoBHe caMoBo30yxaeHus: K;>>1. I1pu stom
IIPOLIECC TIEPEKJIIOUEeHHsT CXeMbl NIPOTEKaeT J1aBHHOOGPA3HO M 3aKaH-
yuBaeTcs, Korxa TpaHsuctop VT, nepexoquT B pexUM HACHILIEHHS, a
TpaHsuctop VT, — B PeXHUM OTCEUKH.

B panbHedilleM NpakTHYeCKH paspAXKEHHBIH KoHAeHcaTop Cy
(uc1=Ugps nac—Uk> nac) 3apsixaeTcss OT MCTOYHHKA MHTaHHSs
Mo Lend pe3ucTop Ry, — 6asoBasg ILeNb OTKPHITOrO TPaH3HCTOPa
VT, no 3KCIOHEHIHANBLHOMY 3aKOHY C ITOCTOSIHHOH BpeMeHH T''=
=RC;. B pesynbrare B TeueHHe BpeMeHH [4,=(3. . .5)C{R
MPOMCXOAUT YBeJHYeHHe HaNpsiXKeHUs Ha KoHjeHcaTtope C, 10 uc, =
=Uy—Ugs nac ¥ PopMHpYyeTCSt GPOHT KOJJIEKTOPHOTO HAMPSIKEHHUS
Uy TpaHsucropa VT;.

3akpeiToe cocTosinue TpaHsucropa VT, obecnieunBaeTcsi TeM, YTO
nepBOHavalbHO 3apsikKeHHbI J0 HanpsixeHus Uy, KOHZeHcatop
C, uepe3 OTKpBITHIY TpaH3ucTop VT, NOAKMIOUEH K IPOMEXKYTKY
6asa — smutTep Tpausucropa V7T, 4ueM NOALEPIKHBAETCS OTPHIIATEb-
HOe HamnpsiKeHHe Ha ero 6a3e. C TeueHHeM BpeMeHH 3amuparoliee Ha-
npsixKeHHe Ha Ga3e M3MeHseTCs, MOCKONbKY KoHIeHcaTop C, nepesa-
psiKaeTcs 1O LENH pe3HcTop R, — OTKPLITBIH Tpausucrop VT,.
B MoMeHT BpemeHu {, HanpskeHHe Ha 6ase TpaHaucropa VT, xoctu-
raer 3HaY€HUS Uorn™~ Ups pac H OH OTKPBIBAETCS.

B cxeMe cHOBa BBINOJIHfIETCS YCJIOBHE CaMOBO3GYXKIEHHS M pas-
BHBaeTCsl pereHepaTHBHBIA Npolecc, B pe3y/bTaTe KOTOPOro TpPaH-
3uctop V7T, nepexoiuT B PeXHM HacbllleHHs1, a VT, 3akphiBaeTcs.
Konpencatop C; oKasbBaeTcsi 3apsfKEHHBIM J0 HANpPSKEHUS Uy =
=Uy—Ugs nac, @ KoHueHcaTop C, NPaKTHYECKH paspsikeH (Uc,=
=Uss nac—Uxk> nac). DTO COOTBETCTBYET MOMEHTY BpEMEHH I,
C KOTOpPOro Hayaslochb paccMOTpeHHe IpolueccoB B cxeme. Ha atom
TMOJIHBIH LMK/ paGoThl MyJbTHUBHGpATOpa 3aKAHYHBAETCH, TAK KaK B
JlaJbHEHLIEM MPOLECCH B CXeMe IOBTOPSIOTCS.

Kak caenyet u3 BpeMeHHOI nuarpammsl (puc. 10.2), B MyJIbTHBHG-
paTope NEepPHOAUYECKH NOBTOPSIOLIUECS HMITYJbChl NPSIMOYTOJNBHOM
(hOpMBI MOXKHO CHHMATb € KOJIJIEKTOPOB OGOMX TPaH3HCTOPOB. B cay-
uae, KOrja Harpyska IOoJKJouaeTcsl K KoJeKTopy Tpansucropa V7,
JVIHTEJBHOCTb HMIIYJIBCOB ¢y OIpeEeJsieTcs IPOLEeccoM NepesapsiiKu
KoHfuencaropa C;, a IJIUTENbHOCTb Nay3Hl f{;, — IPOLECCcoM Iepesa-
psanku KouxeHcaropa Co.

DKBUBaJIEHTHAsl IIeMb Iepe3apsiiKH KoHjaeHcatopa C; copep-
JUT OINUMH peaKTHUBHBIH 3jeMeHT (puc. 10.3), MO3TOMY tg,, (£)==
=Ugqy (00) —[Ug, 5 (00) — Uy, (0)] €™, THe T,=RiCi; Uge(0)=
=Uks nac—U1(0)=—Un+Uss nactUks nacs Ugoe (0)=Unp.
Takum obpasom,

Uss (t) = Uﬂ—(2Un_‘UBS Hac_UKS Hac) e-t/u,

[Mpouecc nepesapsnku C; 3aKkaHYMBaeTCd B MOMEHT BpeMeHH I,
KOTAA Ugoz ()2 Ugsy nac- CJ1€0BATENbHO, IJHTEABHOCTD MOJOXKH-
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TENLHOTO HMITY.IbCA KOJLIEKTOPHOTO HaNpSKEHHs TPaH3HCTOpa VT,
onpezensietcs opMyJIoi

. 2U 5 —UB3 nac— UKD na
t,=C,R,1 L;,,—- Ua]::-) — nac, (10.1)

B ToM cayyae, Korja MyJbTHBHGDATOD BHIIIONHEH Ha repMaHHe-
BRIX TpaHaucropax, ¢opmyaa (10.1) ympolnaercss, HOCKOJBKY
UBS Hacﬁ’«UKa Haczo: t“lecl 1n 2=0,7R1C1.

[pouecc nepesapsikd KoHaeHcatopa C,, KOTODHIH olpeiessier
JUITHTEJNbHOCTD Nay3bl £, MEXIY HMIYJbCAMH KOJIJIEKTOPHOIO Hamps-
JKeHUA TpaHsuctopa VT, mpoTeKaeT B TaKoil xe

+Un SKBHUBAJEHTHOH cXeMe H IIPH TeX Ke YCJOBHAX,
YTO U IIpolece nepes3apsaky KonaeHncaropa C,, ToMb-
Rq KO C APYyroH IOCTOSIHHOH BpeMeHH: T;=R,C,. [lo-
Ugs2 3ToMy pacueTHasd c¢opmyJna jniasi f,, aHaJOrHYHA
L. (10.1):
+17 Wy—U U
_ n— YB3 nac— UKD nac

U mac e =R,C, In Un—Us5 me . (10.2)
OObIYHO B MYJbTHBHOpaTope MAJHTENLHOCTh HM-

Puc. 10.3. k- y parope X

pHBAn e fitHan TYJBCAH JIHTEI5HOCTh Nay3bl PEryIHPYIOT, H3Me-

nems  mepesa- Hifl CONPOTHBIEHHE PE3HCTOPOB R; H R,.

PAXKH KOHJIEH- JautenbHOCTh C€pe3a f,, 3aBHCHT OT BpeMeHH

catopa OTKDBIBAHHS TPaH3HUCTOPA H OIpeJiesieTcs COOTHO-
menueM (7.11).

IIpu pacuyere MyJabTHBHOpPATOpPa HEOGXOMHMO BHIIOJIHHTh YCJIOBHE
HACBILIEHUS]  OTKPBITOrO TPaH3HCTOPA Ig yac=>Ip rp=1IK mac/h210.
Hasi Tpansucropa VT, Ge3 yuera Toka Nlepe3apsiiKi KOHJeHcaTopa
C: I5:=U,/Ry, Ik nac=Un/Rxe. CefoBatenbHo, Jjis TPpaH3HUCTOPa
VT, ycinoBue HachlleHUS R yollsyo>>R;, a Ans TpaHsucropa V71, —
Ruhais>R,.

CootHowenust (10.1) u (10.2) NmO3BOJSIIOT ONPEAENUTH YacCTOTY
renepupyeMelx umnynascoB f=1/T=1/({,+¢,,). OCHOBHRIM IpemnsTt-
CTBUEM YBEJIHYEHHS YacTOTbl IeHEpHPOBAHHUS HMIYJIBCOB SIBJSIETCS
Gosibliiasi JJIMTENbHOCTh (POHTA HMNYJILCOB. CHHUMKEHHE AJHTE/bHO-
CTH HpOHTA HMIIYJIbCA 32 CUET YMEHLUIEHHS CONPOTHBJEHHH KOJLIeK-
TOPHBIX PE3HCTOPOB MOKET IIPHBECTH K HEBLINOJHEHHIO YCJIOBHSI Ha-
CHILIEHHS .

IIpu Gosbloit creneHH HachlilieHHS K ya.>>1 B paccMoTpeHHOH
cXeMe MYJbTHBHOpATOpa BO3MOXKHEI C/1y4aH, KOTAa I10C/ie BKIIOUEHHUS]
o6a TpaH3UCTOPA HaCHILEHH U KoJeGaHHsI OTCYTCTBYIOT. STO COOTBET-
CTBYET JKECTKOMY peXuMy caMoBo30yxkienus (cM. § 6.5). das npex-
OTBpALLEHHS 3TOrO CJIEAYeT BLIOUPATh PeKUM PaGOThl OTKPHITOrO TPaH-
3UCTOpPA BOJIH3H I'DAHHIBI HACHUIEHUS, YTOOBI COXPAHUThH JOCTATOY-
HBIH KO3(xpUIIHEHT yCHJIEHHs] B leNH oOpaTHOH CBSI3H, a TaKXKe HC-
[OJIb30BaTh ClENHa/bHEIE CXEMBl MYJBTHBHGDATOPOB.

Eciu piautenbHOCTh UMOynbca Ty paBHA JJIUTEIbHOCTH Tay3bl
t.s, UTO OOBIMHO gocturaercss npu Ry=R,;, C;=C,, Ry =Rxs, TO
TaKOH MYJbTHBHODATODP HA3BIBAETCS CUMMEMPUUHbIM.
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JlauTenbHOCTh (GpOHTA TEHEPUPYEMBIX MYJBTHBHOPATOPOM HM-
MyJbCOB MOXHO CYIIECTBEHHO YMEHBLIUHTb, €CJM JONOJHHTENbHO
BBeCTH B cxeMy auozsl (puc. 10.4). Ilpu nepesapsijike KOHIeHCATOPOB
C, u C, suonst VD, u VD, OTKPHITH H, TaKHM 06pa3oM, 3TH NPOLECCH
IIPOTEKAIOT TaK e, KaK H B PacCMOTPEHHOH paHee cxeme. Binsanue
JIHOJIOB CKashIBaeTcs NMpH 3apsijike KouaeHcatopoB. Korna, Hampu-
Mep, 3aKpbiBaeTcsi TpaHauctop VT, H HAUNHAET YBeJHUYHBATLCH KOJ-
JIEKTOPHOE HampsiKeHne, To K Anofy VD, npukaanbisaercss o6patHoe
HanpsiKeHHe, OH 3aKPhIBAeTCsl H TeM CaMbIM OTKJIIOYaeT 3apsi2KalolIHuii-
cst Kongencarop C, oT KosuiekTopa Tpausucropa VT,.. B pesyabrare

fun
Ry "C,
I B
dger |7 Jug, 2 Uprz| ! Ugeix2
Vr2 Rf VD, +7- Rg VDZ
. 1 1
Puc. 10.4. Cxema MyJabTHBUO- Puc. 10.5. Cxema MyJabTHBHGpatopa
paTopa ¢  JOMOJIHHTEJbHEIMH Ha JIOTHYeCKHX 3JIeMeHTax

AHOJAMH

TOK 3apsiikH KoHZeHcatopa C, NMPOTEKaeT yxKe He Yepe3 Pe3HCTOp
Ry, a uepe3 pesuctop R;. CienoBaTe/nbHO, INJIHTENBHOCTb (DpoHTa
HMIYyJbca KOJJIEKTODHOTO HaNpsiXKEHUS Uy, TENepb OINpenessiercs
TOJIbKO IIPOLECCOM 3aKphIBaHWA TpaHsuctopa VT,. AHaloruyHo pa-
6otaer u auon VD, npu 3apsjake KoHjeHcatopa C.

XoTs B Tako# cxeme JJIMTeNBHOCTh (POHTA CYLIECTBEHHO YMEHb-
LIeHa, BpeMs 3apsiJKH KOHJeHCaTOPOB, KOTOPOe OrpaHUYHBAET CKBaXK-
HOCTb HMITyJIbCOB, IDAKTHYECKH He H3MeHsercs. ITocTosiHHEIE Bpe-
MeHH T3=R;3C; u T,=R;3C, He MOTryT GEIThb YMEHbILUEHH! 3a CUEeT CHH-
>keHHsl R,. Pesuctop R; B OTKPHITOM COCTOSIHHM TDPaH3HCTOpA uepes
OTKPHITBIH JHOJ MOAKJ/0YaeTcsl NMapajiiebHo pesucTopy Ry. B pe-
syJbraTte Npu R;<Ry Bo3pactaer norpebjisieMasi CXeMOH MOLU[HOCTb.

MyabTHBHOpATOpP Ha MHTErpajbHbIX cxemax. IIpocrefiiias cxema
"MYJIbTUBHOpATOpa BKJIOVAET JBa HHBEPTHUPYIOUIUX JIOTHUECKHX 3Jie-
MmeHTa JI3, u JI2,, nBe BpeMsdanawue uenouks R,Cy u R,C, u nuo-
el VD4, VD, (puc. 10.5). Ilos0kHM, Y4TO B MOMEHT BpEMEHH {, Ha-
NpsiKeHHe Upa (L) =UY, a tpys(f)=U° (puc. 10.6). Ecau Tok
uepes KonaeHncarop C; He NPOTEKaeT, TO HaNpsiKEHHE HA HEM Uy, =
=U", a Ha BXoze 3jemeHTa JID, uyy;=0. B cxeme nporekaer Tok
3apaakd KonjeHcatopa C, oT JID; uepes pesuctop R,.

Hanpsxxenne na Bxoze JI9; no mepe 3apsiiku KoHpeHcaropa C,
YMEHbIIAETCS, HO NMOKA Ugye=Up,>>Ur,p, J1D; HAXOAUTCS B COCTOS -
HUH HYJs Ha BbIXoAe. B MOMEHT BpeMeHH f; Up, (I;)=Ugxs (t)=
=Upep ¥ Ha BhIXOZE JID; Upyxe (f)=U'. B pesyabrate Ha Bxojx
JI9, uepes xougencarop C;, KOTOpHIil 3apsixKeH 10 Hanpsixenus U°,
TNOJAeTCSl HAMPSIKEHHE Ugxy (4)=U'—U">Uy,, u JI3; nepexopur
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B COCTOSIHHE HYJS Up,x (f)=U°. Tak Kak HanpsikeHHe Ha BHIXOJE
JI9, ymeHnbLIHIOCh, TO KOHAeHCaTOp C, HAUHHAET pa3psixkarbes. B pe-
3yJibTaTe Ha pe3ucrope KR, BO3HHKHET HalpsKeHHe OTPHLATeNbHOM
noJspHOCTH, oTKpoercsi auof VD, u konuaeHcarop C, GbicTpo pas-
PAIMTCA IO HANpPSKEHHS Uc,=U°,

g1 Ilocne oKoHuYaHHS 3Toro mnpouecca
HanpsikeHHe Ha Bxofie JID, ugx.=0.
OnHOBpEMEHHO B cXeMme MpoTe-
Unop ==Y~~~ Kaer Ipouecc 3apsAjKH KOHIEHCaTo-
0 - pa C; U c Te4eHHEM BPeMEHH Halps-
r i XeHHe Ha BXofe JID; yMeHblIaeTcs.
Ugyz ' ' Korna B MOMeHT BpeMeHH f, Halpsi-
\ HEHHE  Upxy (f) = ug, (&) = Unop’
U N Ugppix1 (t2)= Ul) Upprxs (12)2 ve. HPO'
nop LIeCChl  HaYMHaloT MOBTOPSATLCS.
0 OnsTb NPOUCXOAMT 3apsifiKa KOHJEH-
| . caropa C,, a KoHzeHncarop C; pa3psi-
Uyt | JKaeTcs yepe3 OTKPBITHIH juon VD;.
v? - [IocKOIbKY CONpPOTHBJIEHHE OTKpHI-
00 L __J_ TOro JHOJa HAaMHOTO MeHblle CO-
0 — > TPOTHBJIEHHS DE3HCTOPOB R.u R,
| [ paspsiika KoHaeHcatopoB C; u C,
Ugowzh ! : | [IPOMCXOAUT ObICTpee, YeM HX 3a-

v’ -1 pszaka.
0 tns | u Hanps»xenue Ha Bxoge JI2; B HH-
oE = > TepBaJie BpeMeHH (f,, {;) onpexnessieT-

t ty & t

Csl TpoLEeCcCcoM 3apsiiki KOHIEHCATo-
Puc. 10.6. Bpemennrie gnarpam- Pa Cit Upy 1 (8) = ug, (H)=Ug(00) —
Mbl MyJbTHBHOpaTOpa Ha a0- —|Up, (00)—ugp, (0)] e~¥/%,  rxe
THYECKHX 39JIeMeHTax T3=C; (R1+78ux 1), 7sux1 — BBIXOJ-
Hoe conpoTuBJeHue JI9 B cocTo-
SIHMH  eIMHHIBL, Upy (00)=0; up; (0)=U'—U", orkyla
Ug i (1) =(Ur*—U° e-?/n, Koraa upxi(!)=Upop, 3aKaHUHBAET-
cs1 (opMHpOBaHME HMIyJbca Ha BHIXOZLE 3JeMeHTa JIJ,, cJjeloBa-
TeJIbHO, JJIMTENBHOCTD HMIyJbCa

tu = CI(R1+ T grix l)ln M

Ty (10.3)

JuTenbHOCT HAY3bl MEXAY HMIYJbcaMH (HHTEpBAaJ BPEMEHH OT
ty 10 1,) ompeneasieTcss MpoLECcoM 3apsAJKH KoHAaeHcatopa C,, mo-
3TOMY

UO

l'13_C (R2+rBHX l)ln Ul'lOp .

JutenbHOCTh pPOHTA FeHePUPYeMBIX HMITYJILCOB ONPEIeNsieTcs: Bpe-
MEHEM I1ePeKJ/IOYEHHs JIOTHYECKHX 3JIEMEHTOB.

Ha Bpemennoéit auarpamme (puc. 10.6) aMninTyna BHIXOLHBIX MM-
ny/bcoB He MeHsAeTcsi: Uy =U'—U®, NOCKOJNBKY NIpU €€ MOCTPOEHHH
He YYHTHIBAJOCh BEIXOJHOe conpoTHB/aeHue JID. C y4eToM KOHEYHO-
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CTH 3TOTO BHLIXOAHOTO COIIPOTHBJIEHHS aMIIMTYAA HMIYJBCOB GyAeT
H3MeHSThCA,

HenocratkoM paccMOTpeHHOM NpocTefillieli €XeMbl MyJbTHBHOpa-
Topa Ha JID sBJISeTCS JKECTKHH PEeXUM CaMOBO3GYKAEHHS U CBA3aH-
HOE C 3THM BO3MOXHOE OTCYT-
CTBHE KO0J1e0aTeJbHOIO PeXHU- IF
Ma paBoThl. DTOT HEeNOCTaTOK
CXeMBl MOXHO  HCKJIOYHTb,
€Cau  JOTOJHUTENbHO BBECTH
Joruyeckuit snemenTr M (puc.

A\ yD
10.7). 2

Korma  myabTHBHOpaTop nd
reHepHpyeT  UMIYJIbCH, TO
Ha  BbIXOJe  JIDs  Upuxs= Puc. 10.7. Cxema MyabtHBHEpaTOpa
= U1, nockoJbKYy X;=X,. Of- ¢ NpHHYIHUTEJbHbHM B030YyXIeHUEM
HaKO  BCJIEACTBHE  JKECTKOrO
pexuMa caMOBO30GYXKIEHHS BO3MOXKEH TaKOH cJyual, Koria IpH
BKJIIOUEHHH HAIPsIKEeHUs] HCTOYHHMKA NHUTAHUS M3-3a MaJlod CKOPOCTH
HapaCTaHUsi HaNpsI’KEHUs TOK 3apAiky KonjeHcatopoB C; u C, oka-
3piBaeTcsi HeGosbIMM. [Ipu 3TOM NajieHHe HaNpsiKeHHsS Ha Pe3UCTOo-
pax R; 1 R, MoxeT 6bITb MeHblIe ToporoBoro Uyep H 06a 3/eMeHTa
(JI9, u JID,) okaxyTca B COCTOSIHHH, KOTJa HaNpsI)K€HUS Ha UX BBI-
xomax X,;=X,=1. Ilpy TakoM couyeTaHUH BXOJHBIX CHTHAJOB Ha
BHIXOJle 3/1eMeHTa JID; BO3HHKHeT HampsikeHHe U, KoTopoe yepe3
pesucTop R, nopaercsi Ha BXox a/aementa JI9,. Tak kak U>Uy,p,
To JID, mepeBOAUTCS B COCTOSIHHE HYJ/S U CXeMa HayHHaeT reHepH-
POBaTh HMITYJIbCHI.

§ 10.3. OTHOBUBPATOPDI

OnHoBUGpPATOp, HJIH XAYIHHA MyJIbTHBHOPATODP, HMEET OTHO YCTOHYH-
BOE COCTOSIHME U ofecrneyHBaeT IreHePHpPOBaHHE NPSMOYTOJBHBEIX HM-
NYJBbCOB NpH INOJaye Ha BXOJA CXEMbl KOPOTKHX 3allyCKAIOWIHX HM-
MyJ1bCOB. , v

OpHoOBMGpPATOP HA JMCKPETHBIX JEMEHTaX COCTOMT H3 JBYX YCH-
JINTEJbHBIX KAacKaJloB, OXBAaYeHHBIX IIOJIOXKHTEJIbHON OGpaTHOH CBsi-
3b10 (puc. 10.8). OnHa BeTBL 06paTHOH CBSI3H, KaK U B MyJbTHBHOpaA-
Tope, o6pa3oBaHa KoHeficatropom C, u pe3ucropoM R;; apyras —
pe3ucTopoM R, BK/IIOUEHHBIM B O6IIYIO LeNb SMUTTEPOB OGOHX TpaH-
3ucTopoB. DJiaronapsi TakoMy BKJIOYEHHIO pe3ucTopa R, Hampsike-
Hue 6aza—aMuTTep TpaHsHucropa VT, 3aBHCHT OT KOJIJIEKTOPHOTO TO-
ka tpansuctopa VT,. Takylo cxeMy HasblBaloT o0Hogubpamopom ¢
IMUMMEPHOU C8A3bI0.

[TapameTpsl CXeMbl PAaCCUHTHIBAIOTCA TaKHM 06pa3oM, YTOOBI B HC-
XOIHOM COCTOSIHHH B OTCYTCTBHE BXOJAHBIX HMIYJILCOB TPAaH3UCTOP
VT, 6bla1 OTKPBIT U HachllleH, a VT, HaXooU/Cs B peXHMe OTCEUKH.
Taxkoe cocTosiHUE CXeMbl, SIBASIOLEEC YCTORUYHUBLIM, oOecleunBaeTcs
NpH BHINOJHEHUH YCJOBHH:

]6 2 > ]K Hac/hzlas Uéa 1< UBS Hac® (10'4)
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TTo/0XHM, YTO OJHOBHOpPATOp HAXOAHTCSI B YCTOHYHBOM COCTOSI-
Huy. Tora ToKH M HampsiKeHHs: B cxeMe 6yIyT NOCTOSTHHBIMH. Basa
tpansucropa VT, uepe3 pesuctop R; NOAK/IOYEHA K IIOJIOKHTEIbHO-
My MOJIIOCY MCTOYHHKA IHTAHMSA, YTO B NPHHILHIE OOecleyuBaeT OT-
KPBITOE COCTOSIHHE TPaH3HCTOpa. B COOTBETCTBHH C 3KBHBAJEHTHOH

U63 Hac

Puc. 10.8. Cxema oxHOBHGpaTO- Puc. 10.9. K onpegenenuio
pa ¢ 5MHTTEpHOH CBA3bIO TOKOB TpaH3uctopa VT,

cxemoft onHoBuGparopa (puc. 10.9) mas pacuera KOJIJIEKTOPHOTO
Ig yac ¥ 6a30Boro /g, TOKOB HMeEM CHCTEMY YypaBHEHHI

IKHacRu2+UK3 uac+Ra (IKnac+]6 2)= m
]K nacRx 2+ UKE) nac =[6 le"l" UBS Hac*

OnpenenuB orciofa TOKH [g yac M gz, ycioBHe HachileHHs VT,
3alHileM B BHIE

'R R
Un—UB3 nac (1+ 2 >+R_:2UK3 Hac

RiF Ro T RoRilRe >
l_ Un—UI(S uac<1+R—:>+% UB? Hac
h219 RR 2+R3+R3RR 2/R1 :

Ecmu  yuectb, uto U, >Ugs gac>Uxks nac ¥ Ri>Ryx2>R,, TO
NOJIyYeHHOe BbIPaXKEHHe CYILIECTBEHHO YIpollaercsi: Ay oRy :>R;.

Ha pesuctope R, 3a cuer nporekaHuss TOKOB /g5, Ik yac CO3JA-
eTcsl NajieHHe HanpsKeHUs Up, =R, (Ix mac+162). B pesynbrare
pasHoCTb MOTEHLIHAJIOB MexKIy 6a3oil u sMuTTepoM TpaHaucropa VTy
olnpejieJisieTcsl BbIpaKeHHeM

u63i=uR:—uR UnR +R R (IKHac+]62)
Ecau B coorBerctBuH ¢ (10.1) B cXeMe BBHINOJIHSIETCS] YCIOBHE

R3..]_R U R (]Kuac+[62)<U53nac’

10 Tpansuctop VT, 3akpweir. Konmencatop C; mpu 3TOM 3apsixkeH
F0 HaNpsKeHHs UCi (0)=Un_UBS Hac—Ra([K Hao+162)~ l_IOJIﬂp-
HOCTb HanpsiKeHHs Ha KOHJAeHcaTtope yKasaHa Ha puc. 10.8.
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ITonoxuM, 4TO B MOMEHT BpeMeHU #, Ha BXOJX CXeMbl IOCTYIIaeT
uMnynse  Up>Ugps wactRo (/K nact{62), aMIIHTyla KOTOPOro
JocTaTo4YHa AJs OTKphIBaHUs TpaH3uctopa VT, (puc. 10.10). B pe-
3yJbTaTe B CXeMe HauyMHaeTcs NpOLEeCC OTKPLIBAHMS TPaH3HCTOpa
VT;, CONpOBOXKAAIOMIMACA YBEJIHUYECHHEM KOJIIEKTOPHOLO TOKA iy
H yMeHbILIEHHeM KOJIJIEKTOPHOI'O HaNpsiXKeHUs Uy. Korza TtpaHsuc-
Top VT, oTKpBEIBaercsi, KoHaeHcaTop C; OKasblBaeTCst MOJAKIIOUEHHBIM
K obaactu 6aza—3aMuTTep Tpauaucropa VT, TakuM obpasom, 4To Mo-
TeHuHasn 6a3bl CTAHOBHTCS OTPHIATesNbHBIM U TpaH3uctop VT, mepe-
XQIUT B PEXHM OTCeuKH. IIpoliecc nepek/oueHusi CXEMBI HOCHUT JIaBH-
HooGpasHbIl XapakTep, OCKOJbKY B 3TO BpeMsl B CXeMe BEINOJIHSIET-
csl ycJIOBHE caMOBO36YXKIeHHs. BpeMsi HepekJ/IOYeHHsS CXEMBI ompe-
JleJISieTCs JIUTENBbHOCTBIO TPOLECCOB BKJIOUEHHs1 TpaHaucropa VT
H BBHIK/IIOYeHHs TpaHsucTopa VT, H cocTaB/sAeT ZOJH MHKPOCEKYHBI.

Ugx
oL}
I, ¢
U1 I
Usauac
. [ _ % +Up
1 % |
Uszy | Ry
Us3 nac —
0 -
I / t +T G 3
| u
| U3 wac 822
Uxz ’
ty Un -
R
o = 3
to ty t
Puc. 10.10. BpemenHnrie au- Puc. 10.11. Cxema
arpaMmbl OfiHOBHGpaTopa nepe3apsiikKH KOHAEH-
catopa Cy

Ilpu 3akpriBanuu Tpanaucropa VT, uepes pesuctop R, nepecra-
10T NIPOTEKaTh KOJJIEKTOpHBIH M 6a3oBhil Toku VT.. B pesyabrate
TpaH3ucTop VT, ocTaercss B OTKPHITOM COCTOSIHHH Ja)e I0cJe OKOH-
YaHHA BXOJHOrO HMIynabca. B 3To BpeMsi Ha pesucrope manaer Ha-
npsiKeHne g, =Ro(/x14151).

Cocrosinue cxeMbl, Korja Tpausucrop VT, oTkphT, a VT, 3aKpHIT,
siBasieTcsl KBasuycroiiuuBbiM. Konznencarop C; uepe3 pesuctop R;,
OTKpBITEL TpaH3uctop VT, u pesuctop R, oKa3bBaeTcs MOAKJ/IOYEH-
HBIM K HCTOYHHKY NUTAHHUA TAKUM 0Qpa3oM, YTO HanpsKeHHE HA HeM
HMeeT BCTpeuHyio nmogasipHocth (puc. 10.11). B cxeme mporekaer TOK
nepesapsiiku KoHpieHcatopa C; M HanpsxKeHHe Ha HeM, a CJeloBa-
TesNbHO, H Ha Ga3e TpaHaucTopa V7T, cTPeMHUTCS K NOJOXKHUTEIbHOMY
YPOBHIO. .
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ViaMeHeHHe HANPSIXKEHHS Ug, o (f) HOCHT 3KCIOHEHIHANbHBIA Xa-
PaKTep: Ug,, (t) = Ugs 2 (00) — [u63 2 (°°)_ Ugs o (0)] e~tm, rae
T,=C, (R,+R,). HauanbHoe HamnpsixeHHe Ug,, (0) Ha 6ase TpaH3UC-
topa VT, onpejesiercsi HanpsiXKeHueM, 10 KOTOPOro NMepBoHayaibHO
3apsixeH KoHjeHcatop C;, ¥ OCTATOUYHBIM HAINPSI2KEHHEM Ha OTKPHITOM
TPaH3UCTOPE:

Ugs o (O) = —UCI (0)+ UKS Hac = '_"Un + UBS nac T
+R9 (IKnac"l_Iﬁ 2)+ UKS Hac z_Un‘F UB3 Hac+IKHacR3-

[penesbHoe 3HaueHHe HaNpPsSXKeHHs, K KOTOPOMY CTPEMHUTCS Ha-
npsaxkeHue Ha 6ase Tpansuctopa VT,

Ugs o (°°) = Un"_Ra (]x 1+ 16 1) o~ Un—];( 1R3-

3Jech yuTeHo, YTo uepe3 pe3ncTop R, NpoTeKaeT He TONbLKO TOK Iepe-
3apsaku kKoHpgeHcatopa C;, HO H TOK [y, OTKPBITOrO TpaH3HCTOPA
VT,. CnenoBatenbHo,

Ugs 2 (t) = U"——]K 1R3—[2Un"—UBS Hac_Ra ([K nac'_[x 1)] e~ tm,

B MOMEHT BpeMeHH f; Ugs, (f) JOCTHTaeT HANPSXKEHUST OTIHPAHHUSA
Ugru™~Ugs wac ¥ TpaHsuctop VT, orkpbiBaercsi. I[losiBUBIIHCH
KOJIJIEKTOPHBIA TOK iy CO3/la€T JONOJHHTE/NbHOE NafleHHe HampsixKe-
HHUS Ha pe3uctope R,, YTO NPHUBOJUT K YMEHBIIEHHIO HaIpPSIXKEeHHSA
Ugs1. DTO BBI3BIBAET YMeHblIeHHEe 6a30BOro [5; H KOJJIEKTOPHOTO iy,
TOKOB M COOTBETCTBYIOIIEE yBeJHYEHUe HANPSKEHUS Uy . [lom0xkH-
TeJIbHOE NpUpallleHHe KOJIJIeKTOPHOro HanpsizkeHus TpaHsucropa VT,
uyepe3 KoHjeHcatop C; nepenaercsi B uenb 6a3bl TpaHauctopa V7T, u
CrocoOCTBYeT ellle GOJIbIIEMY HapacTaHHIO ero KOJIJIEKTOPHOTO TOKa
ixs. B CXeMe onsiTh pa3BHBAeTCsl pEreHepPaTHBHBIA NPOLECC, OKAHYH -
Batoluiica TeM, yro TpaHsuctop VT, 3aKpeiBaercsl, a TPaH3HCTOP
VT, nepexonut B pexxum HachiuieHust. Ha 3Tom npouecc renepuposa-
HHSl MMIyJbca 3aKaHuuBaeTcs. JIJUTeNbHOCTb HMIIYJ/bCa ONpeAess-
€TCsl, €CJH TOJIOXHTb Ugqe ({)=Up3 nac:

. 2Up—UB3 nac—Rs (UK nac— Ix1)
t“_cl (R1+R3)1n Un—Usps Hac-Ralxl '

Iocsie OKOHYAHMSA HMITYJIbCA B CXeMe NIPOTeKaeT Npolecc 3apsiaKi
KoHzeHcatopa C; o LleNH, COCTOsILeR H3 Pe3HCTOpoB Ry, R, u
SMUTTEPHOH IieNU OTKphITOro TpaHsucropa VT,. B HauaabHBIH MO-
MeHT 6a30BBIH TOK ig, TpaH3ucTopa VT, paBeH CyMMe TOKOB 3apsiIKi
KoHfeHcaTopa C;: TOKOM i, ;, OTPAHHYEHHBIM CONPOTHBJIEHHEM PE3H-
cropa Ry, H TOKOM, IIpoTeKawolluM yepes pesucrop R,. Ilo mepe
3apsAaKu KoHzeHcaropa C; TOK ip; YMEHBIUAETCH U COOTBETCTBEHHO
CHHUXKaeTcsl ToK 6asbl TpaHsuctopa VT,, cTpeMsich K CTAllUOHAPHOMY
3HaYeHHI0, ONpefieiieMoMy pe3ncTopoM R;. B pesyiabrare B MOMEHT
OTKphIBaHUA TpaH3uctopa VT, najeHue HaNpsXKeHHUsS Ha pe3UCTOpeE
R, oxasbiBaeTcsl GoJibllie CTAl[HOHAPHOI'O 3HAYEHHSs, YTO IPHBOAHT K
YBEJIHYEHHIO OTPHLATENIbHOIO HampsiKeHHs Ha 6ase TpaH3UCTOpA
VT,. Korma HanpsxeHHe Ha KOHJAEHCaTope J[OCTHraeT 3HayeHHs
Uc1(0), cxema mepexoiuT B HCXOJHOE COCTOsiHHE. IlJHTENBHOCTH
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Puc. 10.13. BpemeHurie nuarpam- 0 | \
Mbl OJHOBHOpATOpa C KOJJIEKTOPHO- 7 : s
6a30BBIMH CBA3AMH 0 1

npolecca Jo3apsaKy KoHjgeHcatopa C, KOTOPBIH Ha3bIBAETCS 3mManom
60CCMAaH08AEHUS, ONpefiensieTcs cooTHomwenueM f,=(3. . .5)Cy(Ry 4
+Ro).

Munuma/bHBIE 1epHoJ, NOBTOPEHHS HMIIYJbCOB OAHOBUGpAaTopa
T=t,+1;, a MmakcumanbHas uactora f=1/(t,4t;). Ecan unrtepsan
MeK/1y BXOJIHBIMH HMIYJIBCAMH OKaXKETCSl MeHblie {5, TO KOHJAeHca-
Top C; He ycneeT 103apAAUTbCA U 3TO NPHBELET K U3MEHEHHIO [JIHU-
TeJbHOCTH TeHEpHPYEMbIX HMIYJIbCOB,

AMIJIMTY1a reHepHPYeMbIX HMIYJIbCOB ONpeNessieTcsi pasHOCThbIO
Hanpsi2KeHHH Ha KoJ1eKTope TpaHsucropa VT, B 3aKPBHITOM H OTKPhI-
ToM cOCTOSTHUAX Up=Uy;—R (I nac+1s)-

OpHoBH6GpaTop MOXKHO Ppeasin3oBaTh Ha 6ase MyanLTHBHOpatopa, echaH
oy BeTBb 0OpaTHOH CBs3H cJle/1aTb He eMKOCTHOIl, a pe3UCTOPHON H BBECTH
HCTOYHHK HampskeHHs Ugy (puc. 10.12). Takas cxema HasblBaeTCsi 00HO6UG-
pamop ¢ KOAAeKMOPHO-6A3086LMU CEAAMU.

B ucxopHoM cocTosHHH cXeMbl TpaH3HCTOpP VTj OTKPHIT W HachllleH,
MOCKOJIbKY Ha ero 6asy MojaeTcs NMOJIOXKHTENbHOE HaNpsKeHHe uepe3 pesu-
ctop Rp. ¥Yc/0BHE HaCHIIEHHOTO COCTOSIHHS BHINOJIHSETCS, €C/U Ag1aRyy > Ra.
K Gase Ttpansicropa VT, NpuJOXKEHO OTpPHLATEJNbHOE HAMNPSIXKEHHE H OH
sakpbiT. Kongencatop Cp 3apsixker o HanpsukeHHst Ucs (0)=Uy— U3 yac-
B cayuae repmanneBblX TpaH3HCcTOpoB Ugs (0) = Up— Ika0Rke. KoHnnencatop
C;, BHNOJHMOMWHI poJb (OPCHPYIOLIEro KOHIEHcaTopa, 3apsiXKeH A0 Hamps-
XKEHUS Ugag. DTO COCTOSIHME CXEMBI SIBJISETCS yCTOHYHBBHIM.

Ilpu nojave Ha 6a3y TpaHsuctopa VT, oTHHpalomero MMmyJbca B cxeMe
HaYHHAIOT NPOTEKaTb MpOLecCh OTKpbiBaHHMA TpaHaucTopa VT, U 3akpbiBaHHs
Tpansuctopa VTy. Ilpn 3TOM BbINMOJIHSIETCS YCJOBHE CaMOBO30YXKAeHHS, pas-
BHBAeTCS pereHepaTHBHBLIH Npolecc H cXeMa NePeXOAHT B KBasHyCTolukBOe
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cocrosune. Tpausuctop VTi oxaskiBaeTcs B 3aKPHITOM COCTOSIHHM, MOCKOJLKY
3a cuer 3apsijia Ha KoHJencaTope C, K ero 6ase NpHK/JaiblBaeTCs OTpHIA-
TespHoe Hanpsikenne. Tpamsucrop VT, ocraeTcss B OTKDHITOM COCTOSTHHH H
[oCJIe OKOHYAHHS EXOJHOTO CHTHAJA, TaK KaK IOTEHUHaJ KOJJIEKTOpa TpaH-
suctopa VTy mpH €ro 3akpbiBAaHHH YBEJHYHJCS M COOTBETCTBEHHO BO3POCJ]O
Hanpsikenue Ha 6ase VT,. Ilpu mepeksioyeHHH cXeMbl (GOPMHpYeTCS (DPOHT
BEIXOJIHOTO MMIyJIbCa, KOTOPHIfi OOLIMHO CHHMaeTcsi C KOJIJIEKTOpa TpaH3U-
cropa VTi (puc. 10.13).

B nanbpHefilieM B cXeMe IpOTeKaeT Ipolecc Nepe3apsiKH KOHIEHCAaTopa
C,. Hanpsxenne Ha HeM uc, (f), a cllefoBaTesIbHO, W HaNpsiKeHHe Ha Gaae
ug Tpansuctopa V7T; H3MeHSeTCS IO SKCIOHEHIHANbHOMY 3aKOHY

ugi () =Un— QU —UB3 nac) €%,

rae 1= R,C,.

Korpa B MOMEHT BpeMeHH {; HaNpsxKeHHe Ha Gas3e IOCTHTaeT 3HAYEHUS
UEB3 pac, TPau3uctop VTy OTKpBIBaeTCs, HAaNpsKEHHE HA €ro KOJJIEKTOPE Uy
yMeHblIaeTCsl M 3akphiBaercss Tpausucrop V7. Ilpu stoM ¢opMupyercs cpes
BHIXOAHOI'O MMIYJbca. JIJHTeJbHOCTD MMIYJbCAa MOJYYHM, €CJHH IIOJOXKHTh
ug1 (1) = UB3 nac:

2Un‘— Usps Hac

t" = RzCz In———F—-—"-".
Un—Us> Hac

Tak xax Up > UB3 nac, 10 Iy 22 ReC; In2=0,7R,C,. OuantenpHocts cpesa
tep=(3...5) Rx1Cy.

B nanpHefilmeM B cxeMe IPOTEKaeT TOK 3apslAKHM KoHIeHcatopa C, uepes
pesuctop Ry s M 6a30oBylo IeNnb OTKPHITOro TpaHaucropa VTy. uuTenbHOCTb
STOTO IpOLecca, KOTOPHIH onpefesisieT BpeMs BOCCTAHOBJEHHSI CXEMEl, lp =
= (3. . .5) RK 2C2.

AMIINTYNa BHIXONHBIX MMIIyJIbCOB B TaKO# cXeMe ORHOBHGpaTopa IpakK-
THYECKH PaBHa HAaNpSIXKEHUIO HCTOYHMKA NHTAHHUSA.

Onnosu6patop Ha JI9. [lns peanusannu onHoBuGpaTopa Ha JID
o6blyHO ucnosb3yior aneMeHTHl M-HE. CrpykrypHas cxema Takoro
onHoBHGpaTopa BKJOYaeT aBa ajeMeHTa (J/I9; u JI9,) u Bpemssana-
rouyio uenouky R,C; (puc. 10.14). Bxozwt JID, obbeaunens, u o
paboraeT Kak HHBepTOp. BriXox JID, coenuHeH ¢ OJHHUM H3 BXOJOB
JI3;, a Ha Ipyroil ero BXOJ NOAAETCS YNPaBJAIOIWIUA CHTHAT.

Uro6bl cxeMa HaxoAujach B YCTOHYHBOM COCTOSTHHH, Ha YNpas-
astomuit Bxox JI9; HEoGX0aMMO NOAaTh HamNpsKEHHEe Ug, ;> U, .
Ilpu atom ycnoBuH J19; HaxoguTcsi B COCTOSIHHH «l», a JI9; — B
cocrosiHuH «0». Jlio6asg npyrasi KOMOMHAIHSI COCTOSIHHH 3JIEMEHTOB
He SBJSieTCs YCTOHYHBOH. B TaKOM COCTOSSHMH CX€MBI Ha PE3HCTOpe
Ri uMeeTcss HEKOTOpOe MaJieHHe HampskKeHHs, KOTopoe 06yC/IOBJIEHO
TOKOM J1D., TpOTEKawIUM B €ro BXOXHOH IENHu.

CxeMa reHepupyer NpsIMOYTOJBbHBIH HMIYJbC HPH KPaTKOBpe-
MEHHOM YMEHBbLIEHHH BXOJHOrO HamnpsiKeHHs Uy U, (pHc.
10.15). Uepe3 wuHTEepBa/N BpPeMEeHH, PaBHBIl #,, , ., (HE MOKa3aH Ha
puc. 10.15), na Bhixoae JID; HanpsiKeHHE YBEIHUUTCS. DTOT CKAuOK
HanpsiKeHUs uyepe3 KoHaeHcarop Cy mnepenaercs Ha BXOX JID,
Dnement JI3; nepekmouaercs B coctosHue «0». Takum o6pasom, Ha
Bxone 1 JI9; uepes uurepBan BpemeHu 2f,,, ., HauHMHaeT JHeHcT-
BoBaTh HampsikeHHe U® M 3TOT 3JIEMEHT OCTaHETCSI B COCTOSTHHH
€[IMHHIIL, €CJH Jaxe IO HCTeYEHHHM BpPEeMeHH 2f,; ; cp Upxy ONATH
cTaHer paBHO Jior. «l». Jlns HopmanbpHOH paGoTHl cXeMbl HE0GX0-
MO, YTOOB! JJIMTENbHOCTh BXOJAHOTO HMMIYJbCA Fgy>2fy;  cp-
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ITo mepe 3apsinku KoHpeHcaropa C; BuXomHo#t Tok JID; ymeHb-
maercst. COOTBETCTBEHHO YMEHbBIIAeTCs INajeHHe HanpsKeHHs Ha
Ry up =ty ,. OIHOBPEMEHHO HECKONBKO yYBEJHYHBACTCS HampsiKe-
HHE Uy, 1, CTPEMSCH K HanpspxkeHHio Ul, koTopoe IpH mepekoue-
uuu JI9; B cocrosiHue «1» Gblio mMenpie U! 3a cyeT najeHusi Hamps-
JKEHHs] Ha BBIXOZHOM COIPOTHBJEHHU JID;. DTO COCTOSIHHE CXEMEI
SIBJISIETCST BPEMEHHO YCTOHYHUBLIM.

B MomeHT BpeMeHH f; HampsKEHHE U, , JOCTHUraeT NOPOrOBOTO
Uyop ¥ 3nmement JID, nepexkmouaercs B coctosiHue «1». Ha Bxon 1
JI2, nonaercs curdan U u oH mepekouaercsi B cOCTosiHHE Jor. «O».
Ilpu stom KoHzeHcaTop Cj, KOTOPHIH B HHTEpBale BPEMEHH OT [
JIO ¢y 3apsIAMJICS], HAUHHAET Pa3pPsKaThCs Uepe3 BEIXOLHOE CONPOTHB-
aenne JI3; u puox VD;. o ucreueHuu BpeMeHH £, onpenessieMoro
npoueccoM paspsiku KoHpeHcatopa Cy, cxema mepexojuT B HCXOX-
HOE COCTOsSIHUE.

Takum o6pa3oM, Ha BeIXoje JID; reHepupyercsl UMIYJbC IPSIMO-
yroJbHo# dopmbl. [IMUTENBHOCTD €r0, 3aBUCALLAS OT BpEMEHU YMEHb-
IIEHHS Ugy 5 00 Uyop, ONpPEneIsieTcss COOTHOLIEHHEM

ty=Ci(Ry+ ropx ) In[(U'— Uo)/Unop]'

Bpemss BoccTaHOBJeHHSI cxeMbl f,= (3. . .5)Cy(Fpnot+R,), THE

Tsux o — BBIXOJIHOE compoTuBjeHHe JID; B cocTosiHUM HyJs; R; —

BHYTPEHHEE CONPOTUBJIEHHE JHOAA B OTKPLITOM COCTOSIHHH.

§ 10.4. BAOKHHI-TEHEPATOPDI

DBJIOKHHT-reHepaTOpOM HE3LIBAETCST TeHEpaTop MMIYJILCOB pesaKca-
IHOHHOI'O THIA B BHJE OAHOKACKaJHOrO YCHJIHTENIS C IOJIOKHTE/b-
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HO#l O06GpaTHO! CBSA3bIO, CO31aBaeMoHl ¢ mMoMmollblo TPpaHcdopMaTopa.
ByiokuHr-renepaTop MoxkeT paboTaTh B XKAYIIEM U aBTOKosaebare/b-
HOM pexHMax.

Maymuit pexum paGoTbt OaokuHT-reneparopa. [Ipu pabote
B XJyLIEM pEXUMe CXeMa HMeeT OJHO YCTOHUMBOE COCTOSIHHE H re-
HEPUPYET MMIYJbChl NPSIMOYTONbHOH GOPMBI, KOrJla Ha BXOH HOCTY-
MalT 3anycKalollie HMIYJbChl. ¥ CTOHUHBCE COCTOsIHHE GJIOKHHT-
reHeparopa Ha repma-
HHEBOM TPaH3HCTOPE OCY-
LIEeCTBSETCS nyTem
BKJIIOUEHUSI  HCTOYHHKA
cMmelleHusT B 6a3oByIO
uenb. [Ipu Hcnonb3oBa-
HUM KPEMHHEBOro TpaH-
3HCTOPa HCTOYHHK CMellie-
HUsg He Tpebyercs, IO-
CKOJIBKY TPaH3HCTOP INpH
HYJIEBOM HanpsKEeHHH Ha
Gase 3aKpuT  (pHc.
10.16). TloaoxHurenpHas
Puc. 10.16. punuunnatsras (a) u sksupa- OOPaTHAsA CBA3b B CXe-
JienTHast (6) cxeMbl KAyllero GJOKHHr-rese- M€ MNPOABJIAECTCA B TOM,
patopa 4YTO NNPH HApacTaHHH TO-

Ka B NepBUYHOH (KOJJIEK-
TOpHOI1) o6MOTKe TpaHchopMaTopa T. e. KOJMJIEKTOPHOro TOKa TPaH-
auctopa (dix/d¢>0), Bo BropuuHON (6a30BOi) OOMOTKE HHAYIH-
pyercsl HanpsiKeHHE TaKOH TOJAPHOCTH, YTO IOTEHHHan 6a3bl
yBennuuBaetcs. 1 nHaoGoport, npu di,/df<<0 GazoBoe HanpsikeHue
ymeHbinaetcs. Takas cBi3b pPeanu3yercs IyTeM COOTBETCTBYIOLLEro
NOJKJIOUEHHsT Hauajsa oOMOTOK TpaHcdopmaropa (Ha puc. 10.16, a
MOKa3aHel TOYKamu). B GoJbLIMHCTBE cayuaeB TpaHchOpMaTop
MMEET TPeThio (Harpy3ouHywo) oGMOTKY, K KOTOPOH MOAKJIOUAETCs
Harpy3ka Ry.

Hanpsiokenuss Ha oOMOTKax TpaHcopmatopa H TOKH, NpPOTeKa-
OllHEe B HMX, CBSI3aHBI MEXIY COOOH CAEAYIOUIUM O6Pa3oM: Uy =11,U;,
Us=Nglly, ig=i1/Ns; iy=11/N3, THE Na=@a/®;, Ny= W4/ ®; — KO-
GuUIHEHTH TPaHChHOPMALHH; ®y, Wp, W3 — YUCJIO BUTKOB [EPBHYHOM,
BTOPHUYHON H HArpy3ouHod OOMOTOK.

st onpepeneHust yc/aoBUsT caMOBO30OYKIEHHS M pacueTa napa-
METPOB HMMYJIbCHOI'O MPOLECCa COCTaBHM 3KBHBAJICHTHYIO CXEMY
KOJIIEKTOPHO# 1enu GyoKHHr-reHeparopa. IlpeHeGperas mapaswurt-
HBIMH 3JIEeMEHTaMH HMNYJbCHOIO TpaHchopMaropa, 3aMeHHM €ero
WHJIy KTHBHOCTBIO HAMarHUYHUBaHUs L,, U nepecynTaeM CONMpPOTHBJIEHHUS
BTOPHYHOH Rg W Harpy3ouHoit R, OOMOTOK B Llellb MEePBHYHOH 06-
MOTKH Rg=R¢/n3, R,=R/n} (puc. 10.16, 6). Torma Komaekrop-
HBI TOK TpPaH3uctopa iy=Iiy+Iic+i;, THAe iy— TOK HaMarHHYuUBa-
Hus1 TpaHchopMmarTopa; ig — NPUBENEHHBIH TOK 6a30BOil uenw; i, —
NpHUBENEHHBIN TOK Harpys3kH. [losyueHHOe COOTHOLIEHHE HA3LIBAeTCs
YypasHeruem moKkog GA0KUH2-2eHepamopa. :
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JuTenbHOCTE npolecca BKJOUEHUS TPaH3UCTOPA HACTOJABKO
MaJjia, YTo 3a 3TO BpPeMs TOK HaMarHUYHBAHUS NPAKTHYECKH HE Ha-
pacraer (iy, =0). [TosToMy ypaBHeHHe TOKOB IPH aHaJH3€ MEPEXOJ-
HOro Ipoliecca BKJ/HOUEHHS TPaH3UCTOPA YINPOLLAETCSH: iy=ig+i,.

IIpn nopmaue Ha 6Gazy ornupawoolero umnyJabca (puc. 10.17)
NPOHCXOQUT yBeJuueHHe ToKa Alg, TPaH3HCTOP MNEPEXOAUT B aK-
TUBHBIH DEXHUM H TNOSABAAETCH KOJJIEKTODHBIH TOK Aix=Hhs; ,AL.
IlpupaiieHne KOMJIEKTOPHOrO TOKA HAa BEJNHYHHY Ai, TNPUBOAMUT K
yBeIMUEHHI0 HaNpsXKEHHUs Ha NepBHYHOH 0OMOTKe TpaHchopmaropa
Auy=hs1,AigR;R¢/ (Re+Ry), TOCTENYIOLIEMY POCTYy NPHBEIEHHOIO
TOKa 6a3sbl

Aig = Au;/Rg = hy1, AigRy/(Ri+ R).

H JeHCTBHTEIbHOTO TOKA, NMPOTEKAoIero B IenH 6Gasbl TPaH3HCTOPA,

Nig=ls e gy Ru

ny M2 Ry+Rs

Takum oOpasoM, nmepBOHaualbHOE H3MEHEHHe TOKa 6aswl Aig B
pe3yJ/ibTaTe NPOLECCOB, NMPOTEKAOLIHX B cxeMe, INPHBOAUT K Jalb-
HelilleMy H3MEHEHHIO 3TOrO TOKa
Aig, v ecnn Aig/Aig>>1, To npo- “bx
LecC HM3MEHEHHs TOKOB M Hamps-
JEHMH HOCHT JIaBUHOOODPa3HbIH 0
xapakrtep. CnenoBaTenbHO, YCAO-

8ue camososbynclerHus 6A0KUHE-2e- Uk Aux \
Kepamopa: S NS P

’ U
fos _Ru 5 1. 0 e
f2 Ry+Rs

B otcyTcrBHE Harpysku
(Ry— ©0) 3TO ycJaOBHME ympola-
erca:  he,>ns. Tak Kak hs1, >1, -~
TO YCJOBHE CaMOBO30YXKJAEHHUS B ol
GJIOKHHT-TeHepaTope BhINONHSAETCS I : ¢
JIOBOJILHO JIETKO. 'I i

[Tpouecc OTKpBIBAHHS TPAH3UC-  Yaw
TOpa, CONpOBOXKAAOLIUHACS ¢op- tn s
MHpOBaHHeM (POHTA HMIYJbCa, =~
3aKaHyuBaercs, Korja OH repexo- p ;—/ ¥
JUT B pPexXUM HacwilueHus. [lpu §
5TOM MEPECTaeT BBINOJAHATbCS YC-  Puc. 10.17. Bpemenure amarpam-
JIoBHE caMOBO30GYXKIEHHS H B Jlaib-  Mbl GJIOKHHT-TeHepaTopa
HefiieM QopMupyeTcs BepLIMHA
uMmnysabca. Tak Kak TPaH3HCTOP HACBILEH: Uy,=Ugks pac, TO K meEp-
BHYHOH OOMOTKE TpaHC(oOpMaTopa OKas3hbIBAeTCS NPUJIOXKEHHBIM Ha-
npsokenue uy;=U —Ugy yoc>~Uy. ¥ npuBeneHHnle 6asoBHIH TOK
isc=Uy/R¢, a takxke TOK HarpyskH i[,=U/R) okaspBaoTCs MO-
crosiHHbiMH. TOK HamMarHHYHMBaHUS NPU (POPMHUPOBAHUHM BEPILHHEI
MMITyJIbca MOKeT ObITh onpejiesieH us ypasuenus u,=Uy=L,, di, /dt,
OTKYJa NPH HYJIeBBIX Haya/lbHBIX YEJAOBUSX MOMY4HM iy = (Up/L,)E.

——t

Iy

=
|
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Takum o6pasoM, TOK HaMarHWYHBaHHSA B OJOKHHI-TEHEpaTope,
KOTJia TPaH3HCTOD HAacHIIEH, HapacTaeT BO BPEMEHH IIO JIHHEHHO-
My 3aKOHY. B COOTBETCTBHM C yPaBHEHHEM TOKOB TaKiKe IIO JHHEH-
HOMy 3aKOHy YBeJHUHBaeTCA KOMJIEKTOPHBIA TOK TPaH3HcTOpa

 =U (L L 1D
lK—Un<Lut+R’6+R;>-

C TeueHHEM BpPEMEHH CTEHEHb HACBHHIEHHS TPAH3UCTOPA YMEHb-
IIaeTcs], TaK Kak 6a30BHIH TOK ocTaercs nocTOsHHBIM [g=n,U /Ry,
a KOJIIEKTOPHBIH TOK HapacraeT. B HEKOTOpPHIH MOMEHT BpeMEeHH KOJl-
JIEKTOPHBI TOK YBEJHYHBAETCS HACTOJbKO, YTO TPaH3HUCTOP nepe-
XOAUT M3 PeXkHMa HAaCBHIULEHHA B AKTUBHBLI PEXHUM H ONfATb HauH-
HaeT BHINOJIHATLCS YCJIOBHE caMOB036GYKeHUs1 OJIOKHHT-TreHeparopa.
OueBHHO, YTO AJHTENBHOCTb BEPUIMHEI UMITYJbCa £, ONpenessercs
BpeMeHeM, B TeueHHe KOTOPOro TPaH3UCTOD HAXOAMTCS B pexHMe
HachllleHUs. 'paHune pexxuMa HachILEHUS -COOTBETCTBYET YCJIOBHE
I's 1p=IK nac/h21,. CefoBaresbHoO,

1 n3 n3 ) _ neUn
Un<L—u bt g T x, )= heis R
Orciona moayuaem ¢opMmyJay AJ1s Pacuera AJIHTEJbHOCTH BEPIIMHBHI
UMIyJIbCa

2
ey [l |

Tok namarumumBanusi i, = (Uy/L,)t Bo Bpemsi hopMHpOBaHHS
BEPIIHHbI HMIYJbca YBEJAMYHBAETCSI M B MOMEHT OKOHWAHHS 3TOrO
npouecca, T. €. NpH {=t,, AOCTUraeT 3HayeHHUs

no (Rags— fo n .
I, (t)=U, [2—(11;6—)—ﬁ] (10.5)

Tak Kak XK mepBHYHON OOMOTKE HMIYJBLCHOrO TpaHchopmaropa
npu (GOPMHUPOBAHHM BEPIUUHBI UMIYJbca NPHIOMXKEHO HAIDSIKEHUE
ucTouHuka nuraHus Uy, To aMmiauTyAa HMmyJbca Ha Harpyske
U m=n3Un.

IIpn nepexome TpaH3UCTOPa B aKTHBHBLIA PEXKHM IPOHUCXOLHT
yMeHbleHHe KoysieKTopHoro Toka di,/d#<<0. Bo BropmuHO# 06-
MOTKe MHAyLUDYeTcsi HanpsiKeHHe, IPHUBOLsLIee K YMEHbIIEHHIO
HanpsDKeHUsT U TokKa 6Gaskl, 4TO, B CBOI OYePeib, BLIZGIBAET Jaflb-
Hefilllee CHMKEHHe KOJJIeKTOpHOro Toka. B cxeme pasBuBaercs
pEereHepaTUBHBIH TpoLecc, B pPe3yJbTare KOTOPOrO TPaH3HUCTAP
NIEPEXOJUT B PEXHUM OTCEUKH U (QOPMHUPYeTCs cpe3 HMIYJbCa.

IIporekaromuil 1aBUHOOOPA3HO NpPOLIECC 3aKPBIBAHUS TPaH3U-
CTOpa HMEET CTOJb Malylo JUIUTEJbHOCTb, YTO TOK HaMarHHYNBaHUSA
iy, 32 3TO BpeMs TIPAaKTHUYECKH HE H3MEHSIeTCS M OCTaeTcs PaBHBIM
I, (ty). CrnenoBarenbHO, K MOMEHTY 3aKPBIBAHHS TPAH3HCTOPA B
MHAyKTHBHOCTH L, 3anacesa sueprus E,=0,5L,I%(¢,). 3Sra
SHEpPrus pacceuBaeTcsl TOMBbKO B Harpyske Ry, Tak Kak KOJJIEKTOp-
Has# U 6a30Bas IleNH 32KPHITOrO TPAH3UCTOPA OKAa3hIBAIOTCS Pa3OMK-
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HyThiMH (puc. 10.18). Tox HamarHUYMBaHHS NPH 3TOM YMEHbIIAeTes

N0 3KCroHeHTe: I, (f)= Iu(t,,)e_”‘, rze t=L,/R; — mocrosiHHas
Bpemen#. [Iporekaromuit yepes pesucrop Ry TOK co3faerT oOpaTHBIH
BBLIOPOC HanpsiKEHUs] Ha HeM, aMIIuTy 1a Kotoporo U, =R 1, (t,)/ns,
YTO TaKXKe CONPOBOXKIAeTCS BCIJIECKOM HAMpsKEHHS Ha “Gase n
KOJIJIeKTOpe 3akpeitoro Ttpausucropa AUy=I, (ty)R},. Bocnoms-
30BaBIIHCh cooTHouenueM (10.5), nosyuum

AU, = U, (”3 =t R, ——1) (10.6)
U,=U, (Z: "m"“R ) (10.7)

Ipouece paccesiHUsT 3anaceHHOH B UMIYJBCHOM TpaHchopmaTope
SHEPTHH, ONpeLessioNHi BPEMS BOCCTaHOBJIEHUS CXEMBI I, 3aKaH-

Puc. 10.18. DxBHuBaJeHTHbE
cxeMbl KOJIJIEKTOPHOH Lenu 6J10-
KHHI-TeHepaTopa 6e3 IIYHTH-
pyioliero pesnctopa Ry (a) u
npu Halduyuu Ry (0)

gl | JRu [[R0 Jate

9)

yuBaeTcs uepes HHTEpBan Bpemenu f,=(3...5)L, /R;=(3...5)x
xniL,/R,, nocne yero cxema NEPEXOJHT B HCXOIHOE COCTOSIHHE.

lIOIIOJIHPITEJIbeIH BCINIECK KOJIIEKTOPHOTO HaNpsixKeHHs, Kak
cnenyer u3 coorHoueHus: (10.6), Moxer GbiThb 3HayHTENBHBIM. Ilo-
3TOMy B cXeMe GJIOKHHI-reHepaTopa NPHHHMAIOTCSI MePHl K CHHXKe-
auo Bennuunbl AUy, 1J1s 4ero napamjiesbHO Harpyske HIH B nep-
BHYHYI0 OOMOTKY BKJIIOYAIOT AEMI(UPYIOMYIO LeMb, COCTOSILIYIO H3
aona VDi W pesucropa, cOMpoTHBJIeHHe Kortoporo R, <Ry (cMm.
puc. 10.16, a). Ilpu ¢opMUpOBaHHH HMIyJbCA AHOAL 3aKPHT, TaK
KaKk K HeMy IPWJIOXEHO HamnpsixeHHe oOpPaTHOH NOJSIPHOCTH, H
JeMrnHUpyollas enb He OKa3blBaeT BJIMSHUS Ha MPOLECCHl B CXeMe.
Korzna npu 3akpbiBaHHM TPaH3UCTOPA B NEPBHYHOH OOMOTKe BO3HH-
KaeT BCIJIECK HAMpPSDKEHUs,, TO K JHOLY NPUKJIAABRIBaeTcsl HpaMoe
HanpsXKeHHe, OH OTKPbIBAeTCs M TOK INPOTEKAET yepe3 Ppe3UcTop
R, (cm. pue. 10.18, 6). Tak kak R, <Ry, TO BCIIECK KOJIEKTOP-

Horo HanpsixkeHust AU =R [, ({,) = U R, [ENMR;;M_IZA] " 06-
H

paTHBIH BHIOPOC Hamps:KeHHs1 Ha Ry CYIIECTBEHHO YMEHBIIAIOTCH.
OaHako IPH 3TOM BO3pacTaeT BpeMs BOCCTAHOBJEHHS: [,= (3...5) X
X Ly/R,,.

He Bcerna nocnenoBatebHO ¢ AHOZOM BKJIOYAIOT Pe3HCTOP Ry,
W TOrJa aMIITUTYAa BCIJIECKA OKasblBaeTcsl MHHUMalbHOH, HO yBe-
JIMYUBAETCS €ro JIHTETbHOCTD.

[Tpu ananuse mporeccoB B GJIOKHHT-TeHEpaTope He YUUTHIBATHCh
napasyTHBIE I1apaMeTPhl CX€Mbl, B YaCTHOCTH CyMMapHasi eMKOCTh
TPaH3UCTOPA U HMIyJbcHOro Tpascpopmaropa C,. Hanwume stoii
€MKOCTH, BO-IIEPBEIX, NPHBOAMT K YBETHYEHHIO JATHTEAEHOCTH HPOHTA
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Puc. 10.19. Ilpurnunuans- Yy / tns
Hasi cxeMa aBToKoJseGaTesb- 0 n
HOro GJIOKHHI-reHepaTopa } | | |t
u | | | |
. RN
Puc. 10.20. BpeMeHHEEe aH- ‘ ¢
arpaMMbl  GJIOKMHT-TeHepaTo- LN AL
pa B aBTOKoJeGaTelbHOM 0 l
pexume ty t¥Y - t, & t

U cpesa MMIyJbca M, BO-BTOPBHIX, OKasbiBaeT BJMAHHME HA mpolecc
BOCCTAHOBJIEHHsI cXeMbl. B 3aBHcHMOCTH OT conpoTHBJEHHs R,
Crnaj ToKa HaMarHH4YMBaHHUS ¢ yueToM eMKocTH Co MOMXKET HOCHTb
Jubo KoJjebaTeNbHBIH, MO0 anepuomuueckuit xapakrtep. IIpu Ko-
JebaTelbHOM peXHMe BO3MOXKHO IOSIBJEHHE OTKDHIBAIOLIEro Ha-
npsxeHuss Ha 6ase TPaH3UCTOpa M cpabaThIBAHHE CXeMbl B OTCYT-
cTBME BXofHoro curHana. ITostomy npu pacuere aemndupyroues
IIeNTH HCXOJAT M3 YCJ0BHS oOecreyeHHst anepHoAHYecKOro PexHuMa,
KOTOpOe I/l Tapasje/bHO BKJ/IOYEHHOTO pe3ucTopa KOHTypa Ry,
L,, Co umeer BuA

V' Lu/Cy > 2Ry

ABToKosieGaTeNbHbIil peXXuM PaGoThl GJOKHHI-reHeparopa. s
peanu3alyl aBTOKOJe6aTeJbHOTO pexkuMa paboThl OJOKHHI-IeHepa-
Topa B 6a30By10 IieMb TPaAH3UCTOPA BKJOYAIOT PE3HCTOPHO-EMKOCT-
nyro uenb (puc. 10.19). Takas cxema He MMeeT YCTONUHUBEIX COCTOSI-
HUI U obecrneynBaeT reHepUpoBaHue NMEePHONHUECKH MOBTOP AOLUINXCA
[P AIMOYTOJIBHLIX HMIIYJIbCOB.

ITpoueccrl, NpoTeKamllie B CXe€Me, PACCMOTPHM HauuHas ¢ MO-
MeHTa BpeMeHH f,, KOrjla HanpsikeHne Ha KoHaeHcarope C JOCTUraer
sHaueHusi U,=Ugy yae M TpaHsucTop oTKpOETcs (puc. 10.20).
Kak u npu pabote B KIylleM pexkuMe, B CXeMe Pa3BHBAEeTCsl perexe-
pPaTUBHBI mpollecc, B pe3yJbTaTeé TPAH3UCTOP MEPEXOJHUT B PEXUM
HaCBHIIEHUS W HayMHaeTcs mnpouecc (HOPMUPOBAHHS BEPLIMHBI HM-
nyJbca. IIpn 3ToM Hapsay ¢ yBeaMueHUEM IO JIHHEHHOMY 3aKOHY
TOKAa HAMAarHHYMBAHHUS MPOTEKaeT CBOHCTBEHHBIH TOJBKO aBTOKOJIe-
6aTesJIbLHOMY PeXHUMY paboThl OJIOKHHI-TeHepaTopa Ipolecc 3apsaKkd
KOHJileHcaTopa (Ga30BEIM TOKOM HACHILIEHHOTO TPaH3HCTOpa.
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TTockonbKy HanmpsixkeHHe Ha BTOPMYHOH (6a3oBoi) O6MOTKE BO
BpeMsi ()OPMHPOBAHHUSI BEPIUIMHBI HMIYJ/IbCA OCTAETCS IMOCTOSIHHBIM
us=n,Uy, TOo no mMepe 3apsjxu KoHJeHcaTopa 6a3oBbIHl TOK yMEHb-
maetcss 10 3KCIOHEHIIHAJTbHOMY 3aKOHY

ig (f) =22 e-tim, (10.8)

Tle rg, — CONPOTHBJIEHHE o6nacTH 06a3a—3MHTTED HACHILIEHHOrO
TPaH3UCTOPa; T;= ry,C — TOCTOSIHHAsI BPEMEHH.

B cooTBeTcTBHH ¢ ypaBHEHHEM TOKOB KOJIJIEKTOPHBIH TOK TpaH-
3HCTOpA OMNpPEJENsAeTC BBLIPaXKEHHEM

. . . . niUn n3Uq

tx=tu+t6—|—tﬂ=—l-L%"t+;—ﬂe-f/ﬁ+ ;H . (10.9)

U3 cootnouenuit (10.8), (10.9) ciexyer, uto B aBTOKOJEGATE/ND-
HOM OJIOKHHI-reHepatope BO BpeMsi (OPMHPOBAHHS BEPIUHHBI HM-
nyJbca U3MeHSIOTCS ¥ 6a30BHIH M KOJMJIEKTOPHBIH TOKH. Kak BuAHO,
6a3oBbll TOK C TeueHHeM BpeMeHH yMeHblnaercs. KosieKTopHbIH
TOK B NMPHHIHNE MOYET ¥ HapacTaTh, U yMeHbluathCcs. Bee saBHcHT
OT COOTHOLIEHHS MexAy NepBeIMH IByMsi caaraembiMu (10.9). Ho
€C/IH Jaxe KOJIJIEKTOPHBIH TOK M YMEHbIIaeTcsl, TO MeIJIeHHee, YeM
GasoBniit TOK. [losToMy mnpu yMeHbUIeHHH 6a30BOTO TOKa TPaH3H-
CTOpa HAacTyIlaeT MOMEHT BPEMEHH f;, KOrja TPaH3HCTOP BHIXOLHUT
U3 pexHMa HachllleHus1 U npouecc (HOPMHPOBAHHUSI BEPUIHHBI HM-
nysnbca 3akaHgyuBaercsi. Takum o6pasoM, JJIHTENBbHOCTb BEPIUMHBI
HMIYJbCA ONpPEJENSeTCA COOTHOMEHHEM [y wac=MH215/p rp. C yue-
ToMm (10.8) u (10.9)

w réu Ry T6n

Ilocnie HeKOTOPHIX Npeofpa3oBaHHi HMeeM

2
ty N3 ny(ha15—n2) e~ i,

Ly Ry - Tou
nOJIyquHOG TPAHCHEHJEHTHOE YDaBHEHHE MOXKHO YIPOCTUTB TIPH
ycsIoBuH £, T1. BOcnonp3oBaBIINCh Pa3/IoKEHHEM B Psijl SKCIIOHEH-

Tbl U OTPAHMYUBUINUCH I¥PBBLIMH ABYMS YJIEHAMH e_’H/“=l—-—tﬂ/rl~,

nonyuuM ¢opmyay AJas pacuera AJMTeNbHOCTH BEPIIHHBEL UMIYJbCa
L n2(h213_'n2)/"6ﬂ—n§/RH

TR T4 (12/T) M (hara—n) ?

rae te=Ly/rg,.

Bo Bpemsi ¢opMHDOBaHHS BEPIIMHBI HMIYJbca 3a CYET IPOTe-
KaHHs1 6a30BOro TOKAa TPAH3HCTOpA HanpsKeHHe Ha KoHpeHcarope C
H3MEHSIETCA M K MOMEHTY 3aKpbIBaHHMs TPAH3UCTOPA OHO CTaHO-
BUTCA DaBHBIM

ty

UC (tu) =Ups Hac _'Cl:_ S iG (t) dt.
0 .
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IMoxcraBuB B 3TO BhipaxeHHe 3HaueHue ig(f) (10.8) u mpounTerpu-
pOBaB, IOJYYHM

UC (tu)':UBE) Hac’—nZUn(l_e- "ltl)o (1010)

IIpu nepexone TpaH3HCcTOpPa B aKTUBHHIA pEXHUM PaGOTH CHOBa
HAuMHaeT BHINOJHATECH YCJIOBHE CaMOBO3OYXKIEHHSI H B cXeMe
NpOTEKaeT JaBUHOOOPAsHEIH mpolecc ero sakpoiBaHusdA. Kak H B
KaymeM OJIOKMHI-TeHeparope, IIOc/je 3aKPhHIBaHHsS TPaH3HCTOPa
MPOTEKaeT IPOLECC paccesiHHA 3anaceHHod B TpaHcdopmarope
SHEPTHH, CONPOBOXKMAAIOIIMIACH NOSBJEHHEM BCIIECKOB KOJJIEKTOP-
Horo u GasoBoro HampskeHuit. [locnie okoHuaHHsi 3Toro mpouecca
TPAH3HUCTOP NPOLOJKAET HAXONUThCS B 3aKPHITOM COCTOSIHHH OJja-
rogapsi Tomy, 4To K 6ase NpHK/IajblBaeTcsi OTPHIlATENbHOE Hamnps-
JKEHHe 3apsKEHHOro KoHaeHcaropa C. DTo HampsiKeHHe He oc-
TaeTcs MOCTOSTHHBIM, INOCKONBKY B 3aKDHITOM COCTOSIHHH TPaH3H-
cTopa uepe3 KoHjaeHcatop C H pesucTop R NpOTEKaeT TOK Iepesa-
psAAKH OT HcrouHHKa mutaHus Uy. [TosToMy no Mepe mepesapsiaxu
KoHzeHcatopa C HanpspkeHHe Ha 6ase TPAH3HCTOPA yBeJHYHBaeTCA
[0 3KCIIOHEHIMAJBLHOMY 3aKOHY

Ug (t)"_-Un_[Un"‘Uc (tu)] e_t/h» (1011)

rae 13=RC.

Korja HanpsikeHne Ha 6ase JOCTHUraeT sHaueHHS Uy (f) =ty 22
~UEgs uac, TPAH3UCTOP OTKPHIBAETCS M ONSITh HAYHHAETCS MPOLECC
¢dopMHpPOBaHUsl HMIyJbca. TakuM 00pasoM, [JHTEIbHOCTb Iayshl
t,5, ONpenessieMas BPEMEHeM HaXOXJEHHsS TPAH3HCTOPA B 3aKPHLITOM
COCTOSIHHH, MOXeT GhiTh paccuurtana ¢ momoinpio (10.11), ecau mo-
n0xuTh  Ug(f)=Ugps nae. Torma c yuerom cootHoweHus (10.10)
HOJTYYHM

t.,=RC1n

- tu/ T

Un+n2Un(1_e )—UBS Hac
Un—UB3 nac ’

Jna GMOKMHr-reHepatopa Ha repMaHHEBOM TPaH3HCTOPE IOJYYeH-
Hasg ¢opmyna ynpomaercss, NOCKOJIbKY Ugg yac0.

BJI0OKHHr-reHepaTopel UMEIOT BHICOKMH KO3(h(PHUIHEHT IIO0JIE3HOro
JIeHcTBHS, TaK KakK B Ilay3e MEXAY HMNYJbCaMH TOK OT HCTOYHHKA
NUTaHHUs NpakTHYeckKH He norpebasiercs. Ilo cpaBHeHHIO ¢ MyJbTH-
BUOpaTOpPaMH U OXHOBHOPATOPaMH OHH TO3BOJISIOT MOMYYUTh GOJb-
Y0 CKBaXKHOCTb H MEHBIUYIO AJHTENbHOCTH HMNYJBCOB. BaKHbIM
JIOCTOHHCTBOM OJIOKHHI-T€HEPATOPOB SIBJASETCS BO3MOXKHOCTb IOJY-
YeHHs HMIYJbCOB, aMIUTHTYJA KOTOPHIX OOJIbILE HAmps:KEHHS HC-
TOUHMKA NHUTaHUA. [Js 3TOro J0cTaTouHO, 4TOGH KO3(duIHEeHT
TpaHchopMaIiu TpeThell (Harpy3o4Hoi) oOMOTKH n;=>1. B GIOKHHT-
reHepaTope INPHU HaJIMYHH HECKOJbKHX Harpy3ouHBIX OOMOTOK
MOXKHO OCYIIECTBUTb IaIbBaHHUECKYIO0 Pa3BSA3Ky Mex]1y HarpyskKaMu
H [OJIy4aTh HMIYJbChl Pa3HOH HOMSPHOCTH.

Cxema OJIOKMHI-T€HEpaTopa HE peaju3yercs B HHTErpajlbHOM
HCIIOJIHEHUH H3-3a HaJIHMYMs HMIYJbCHOro TpaHcdopmaTopa.
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§ 10.5. TEHEPATOPbl MMIIYJIbCOB HA ONEPALMOHHDBIX
YCHJIHUTENAX

JIns TOCTPOEHUs] 'eHepaTOpPOB NPSIMOYTOJNBHBEIX MMIYJbCOB Hapsny
C JHMCKPETHBHIMH 3JIeMEHTaMH H JID B HHTErpajbHOM HCNOJHEHHH
HCIIONB3YIOTCA onepannoHHsle ycumutean (cM. § 4.6). Tum rewe-
patopa MMIYJbCOB Ha ONEPAlMOHHBIX YCHIHTENAX (MyJbTHBHOpa-
TOpP, OJHOBHOPATOP, TPUITED) ONPEAeNseTCs HeNblo 00paTHOM CBA3H.

Ugy |
R ) A
1 Ugpix P >
—_— ry
} =(=:I Ugx N us 0 \ 8x
bix
], LN T
~. ~
RZ US;lx _______ ::----::s
A3 ‘ismd
Uy ] . ¢
a) . " n3 N
t t, |4 t
Vs -
a)

Puc. 10.21. CxeMa MyabTHBHOpATOpPa Ha ONEPALHOHHOM YCHIHTede (@) H ero
BpeMeHHEle Jauarpammsl (0)

MyasTHBHOPATOpP HA ONMEPAHOHHOM YCHJMTENE HMEET JIBE Lenu
o6parHo#t cBsisu (puc. 10.21, a). Llens ofparHO# cBSI3H HEMHBEPTH-
pylolero Bxofa o0paszoBaHa AByMs pesuctopaMH (R: u R;) W,
CJIeJI0BaTeNbHO,

u;x“_—unmes/(Rz"'l" Ra) (1012)

O6paTHasi cBA3b [0 UHBEPTUPYIOLIEMY BXony o6pasoBaHa LENoy-
Koit R;Ci, MO3TOMYy HamnpsiKeHHe Ha HHBEPTHPYIOUIEM BXOJE U
3aBUCHUT HE TOJNBKO OT HMampPSIKEHHs Ha BHIXONE YCHJIHUTENs, HO H
sBasieTcs] PYHKUHEH BPEMEHH, NMOCKOJNBKY Uyy=Uc, (f).

[Iponecch, mnpoTekamomue B MyJbTHBHOPATOPE, pPacCMOTPHM
HauWHasi ¢ MOMeHTa BpeMeHH f, (puc. 10.21, 6), Korja Hanpsxenue
Ha Bhixone nosoxurensuoe (U 4,). I1pu sToM, Kak 6yner nokasawo,
koujeHcatop C; B pe3ysbTaTe NPOIECCOB, MNPOTEKABIIHX B MpE-
I1IECTBYIOIIHE MOMEHTH BPEMEHH, 3apsiKeH TakuM o6pasoM, 4To K
HHBEPTHPYIOMIEMY BXOJY NPHJIOXKEHO OTPHIlATENbHOE HaIMpsKeHHe.
Ha nennsepTupyomem BXoje B cOOTBeTCTBHH ¢ dopmyJaoi (10.12)
NefCTBYeT MOJIOKHTeJNbHOE HanpsukeHHe ugt=U  Rs/(Ra+R3).
Hanpsixenne uj, ocraercsi NMOCTOSTHHBIM, a HamnpsiKeHHE Ha HH-
BePTHPYIOLUIEM BXOJAE U, C TEUEHHEM BPEMEHH YBEJIHYHBAETCS,
cTpeMsich K ypoBHio U}, TMOCKOJBbKY B CX€M€ MPOTEKAET NPOLECE
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nepesapsigku KoupeHcaropa Cji. OJHAaKO TOKa U i™>u;,, COCTOSIHHE
YCHINTENS ONpefiesisieT HanpsKeHHe Ha HeUHBEePTHPYIOWEM BXOZe
1 Ha BBHIXOJle coxpaHsiercst ypoBeHb Uy ..

B MomeHT BpemeHH f; HanpsKeHUs HAa BXOZaX OnepanloHHOro
YCHJIMTENsT  CTAHOBATCS  PA@BHBIMH:  Upy=Uiy=Uc, (L) =Ufux X
X Rs/ (Rs+Rs). lanpHelillee He3HAYUTENbHOE YBENHYEHHE Ugy
NPHUBOJIHKT K TOMY, UTO AuddepeHIHaNbHOe (PasHOCTHOE) HanpsixKeHHe
Ha HMHBEPTHPYIOIIEM BXOAE YCHJIHTENSt Auy,=ugy—Ugy OKa3blBa-
ercsl TOJIONKHUTENbHBIM, IIO3TOMY HAanpsXKEHHe Ha BHIXOJE pPe3Ko
yMeHbIIaeTcsl M CcTaHoBHTCS otpuuarenpHsiM Ug,,. Tak kak Ha-
NpsKeHNe Ha BBIXOJE ONePanOHHOI0 YCHJIHTE/IsT H3MEHHJIO NOJISP-
HOCTb, TO KOHAeHcarop C; B AalbHeHIeM nepesapsnkaercss M Hanps-
JKEHHE Ha HeM, a TaKke HampsKeHHe Ha HHBEePTHPYIOUIEM BXoJe
crpemsitest K Ujy.

B MOMEHT BpeMeHH I, ONATb Ugy=uf, U 3ateM AuddepeHIHans-
Hoe (pasHOCTHOE) HampsiKeHHe Ha BXole ycunurens Aug,,=
=ug,—U}ty CTAHOBUTCS OTPHUIATENBHBIM. TaK Kak OHO JAEeHCTBYeT
Ha HHBEPTHDYIOLIEM BXOJle, TO HanpsKEHHe Ha BHIXOJAE YCH/IUTENA
CKauKOM OnsATh npuHuMaer sHauenue Uj,,. Hanpsoxenue na ne-
UHBEPTHPYIOLIEM BXOJE TaKKe CKaukoM HuaMeHsietcs ui,=UZ, . X
X R3/ (Rz+R3). Konpencarop Ci, KOTOPBHIH K MOMEHTY BpEMEHH f»
3apSAUJICS 10 OTPHIATEILHOTO HANPSXKEHHS, ONSITh Nepe3apsixKaeTcst
U HanpshKeHHe Ha HHBEPTHPYIOUIEM BXOJE BO3DACTaeT, CTPEMSCh
K Ufx. Tak Kak mnpH 3TOM Ui, Uy, TO HaNpsiKEHHE HA BHIXOZE
YCHIIUTeJIsT COXPaHseTCsl TNOCTOAHHBIM. Kak cieayer u3 BpeMeHHOH
nuarpammbl (puc. 10.21, 6), B MOMEHT BpeMeHH ¢, MOJNHBLIA IHKJ
paboTbl CXEMbl 3aKaHYMBAeTCs H B JAaJbHEHIIEM Npouecchl B Hel
NOBTOP SIIOTCH.

Takum 06pasom, Ha BBIXOZE CX€Mbl F€HEPHPYIOTCS TNEPHOAUYECKH
TIOBTOP SIIOILHECS]  UMITYJIbCHl NIPAAMOYTOJbHOH (DOPMBI, aMIVIHTYy4a
koropuix npu | Ugyx | = | Ugux | =U,, paBaa U, =2U,,.

JIMuTebHOCTb HMIYJIbCOB (MHTEPBAn BpeMeHH o, #;) ompeje-
JIfieTcsl BpeMeHeM mnepe3apsikH KoHaeHcatopa C; 1O 3KCIOHEHIH-
ambHOMY 3aKOHY OT Ugyx Rs/(Re+Rs) 1o Ufux Ro/(R:+Rs) ¢
nocrosiiHoii Bpemen# T=C;(R1+7,,,), TA€ 7y, — BHIXOJHOE CO-
HPOTHBJICHHE ONePaIHOHHOIO YCHJIUTES.

[Tockonbky Bo BpeMsi nayswl (uHTEpBan ¢, f,) mnepesapsaxa
KoHzeHcaTopa Cy NIPOUCXOIHUT B TOYHO TAKHX K€ YCJIOBHAX, YTO H
npu (GOPMUPOBAHHM MMIYJbCOB, To f,={ .. ClefoBarenbHO, cXemMa
paGoTaeT Kak CHMMETPHUYHBIH MyJbTHBHGPATOp.

B HecuMmeTpuuHOM MyJbTHBHODATOpe Ha OMNEPAHOHHOM YCH-
aurene (f,7t,,) nepesapsaixa KoHaeHcaropa Ci B nayse ¥ Bo Bpemsi
(opMHPOBaHHsl HMMIYJAbCA OCYIUECTBJSIETCH 4Yepe3 pPasJiHyHble pe-
auctopel (puc. 10.22). Koraa HanpsikeHHe Ha BBIXOE YCHJIMTENS
nonoxkutesbHoe (Ul W dopmupyercs umnyJjnc, To auon VDj
OTKPHIT M Nepe3apsjKa KOHJEHcAaTopa MPOHCXOAUT € IMOCTOSTHHOM
BpemeHH T;=R,;Ci. [Ipy oTpuuatenbHOM HanpsixKeHHH Ha BHIXOfe
(Ugux) OTKpPHIT Auox VD, ¥ NOCTOSIHHAst BPEMEHH Nepe3apsikH
KoHjeHcaropa Ci, onpezejsmoulasi JMTUTENbHOCTb Nayshl, Ta=R,Ci.
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OnHoBHOpaTOp Ha oONepaHOHHOM
ycHanTene. YCTOHYMBOE COCTOSIHHE Of-
HOBMOpaTOpa Ha OMEPalHOHHOM YCH-
aurese - obecrieynMBaeTcs, HampHMep,
BKJ/IIOUEHHEM Tapa/iielbHO KOHJeHca-
topy C; avoma VD (puc. 10.23,'a).
Ilpn oTpHuaTe/ILHOM HAalpsKEHUH Ha
Boixoge (Ug,,) avox VD OTKpHIT U Ha-
NpspKEHHe Ha HHBEPTHPYIOLIEM BXoJe
wesenuko: uz,=Uyp, rne Uyp— ma-
JIeHHe ~HanpsKEeHHH Ha JHOJEe B  OT-
KpHITOM cocTosiHMd. Ha seunsepTupy-
I0lleM BXOJE HanpsDKeHHe TaKxkKe Io-
crosnHoe: ui=UqxRs/ (R:+Rs), H
TakK Kak uj,<upy, TO Ha BhIXOJE TMOJA-
AEPKUBAETCS HEH3MEHHOE HamnpsiKeHHe
UB_BIX" ‘

IIpn nomaue BXOAHOrO HMIyJbca
TIOIOXKHUTEILHON TOJNAPHOCTH aMIJIUTY-
noit  ug> | ufy]l — | Uyp | Hampsxe-
HHE Ha HEHHBEPTHPYIOLIEM BXOJE cTa-
HOBHTCS GOJIbllIE HANp SXKEHHsI HA HHBEP-
THPYIOWIEM BXOJ€ H BHIXOJHOE Hanps-
JKEHHE CKauKOM CTaHOBHTCS pPaBHBIM
Uiix. Tlpn 3TOM TakxKe CKaukoM yBe-
JIUUHBAETCH HanpsKeHHe Ha HEHHBEp-
TupyiomieM Bxoze g0 uf=U%Rs:
:(R:+Rs). OanoBpemenno auon VD
3aKpbiBaeTCs, KoHAeHcaTop Cy HauHHaeT
3apsKaTbCl M HAa  HHBEPTHPYIOLIEM
BXOJ€ pacTeT IOJOXKHTEJNbHOEe Hanps-
xenue (puc. 10.23, 6).

[loka uj,<<ui,, Ha BBHXOAE CO-
xpaHnserca Hanpsbkenue Up, .. B mo-
MEHT BpPEME€HH I MpH Upy=U}, TPOHUC-
XOIMT H3MEHEHHe MOJSIPHOCTH BBHIXOJ-
HOTO HanpsKeHHs1 M Hanp#AXKeHHe Ha
HEHHBEPTHPYIOUIEM BXOJAE INPHHHMAaer
HCXOJHOe 3HAUeHHe, a HanpsiKEeHHE U,
HayMHaeT YMEHbLUATbesl MO MEPE pas-
psaaku koHaeHcaropa Ci. Korma ug,
jocturaer 3HaueHus Uyp, OTKphiBaer-
ca auox VD, w Ha 3TOM mpouecc Hs-
MEHEHHS Hanps:KeHHs Ha HHBEPTHpY-
ollleM BXoge mpekpamaercsi. Cxema
OKa3blBa€TCsi B YCTOMYUHBOM COCTOS-
HHH.

JauTenbHOCTD  HUMOyJbca,  On-
penenseMas 3SKCIOHEHIHANbHBIM Mpeo-

8 N 389

Ry VD,

8%

) IV£7 |
u

[ )
Ry

Puc. 10.22. Cxema HecuMMerT-
pHYHOrO MyJabTHBHGpaTOpa
Ha ollepallHOHHOM YCHJHTeJe

VD Ry
L1
l "_ Ugei
Rz
.‘ﬁ’f_ﬁ-z_
R3
a)
Ugx
oA
| t
|
u |
.
Vg =t =7 === ===
) £/8x -
0 U;‘-X_ —— ’
Up i ¢
I tu | tg
Ugwy | |
Ugow =
0 —_—
UB;IX

0)

Puc. 10.23. Cxema 0xHOBHG-
patopa Ha OmnepanHOHHOM
ycHaIuTele (@) ¥ ero BpeMeH-
Hple auarpammsl (6)
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LleCCOM 3apAAKH KouaeHcaTopa Ci ¢ MOCTOSHHOH BPEMEHH T1=
=C,Ri or nanpsxenus Uyp 10 Uguxvfm , PaBHa
t,= R,C,In (Ugex + U+VD) (Re+-Rs)
UsuxR2
Tak Kak | Uyp | K Uiy, TO
ty=RiC, In[(R;+ Rs)/R,].

BpeMsi BOCCTaHOBJIEHHSI CXEMBI OINpefessieTcss JIHTeIbHOCTHIO
npouecca paspsiaku KoHmeHcatopa C; or Upy Rs/(R:+Rs) 1o
—Uyp U ¢ yyeToM NPHHATHIX NOMYIIEHHH

ty=R,C, In[(R,+ 2R,)/(R, + R,)].

Tpurrep Ha onepanuoHHoM ycuautene. llenu obpaTHolt cBS3m
TPUITEPa HA ONEPANHOHHOM YCHJIHTEJEe He COAEPIKAT PeaKTHBHEIX
3JIEMEHTOB, YTO ofecrieyuBaeT Halu4Me ABYX YCTOHUMBEIX COCTOSTHHI

ugx A

oA A
V

%)
Puc. 10.24. Cxema TpHrrepa Ha onepanHOHHOM yCHaHTeNe (a) K
€ro BpeMeHHble AHarpammsl (6)

(puc. 10.24). ITpumem, 4TO Ha BEIXOJE YCHAHUTENst AEHCTBYET YPOBEHb
Hanpsikenua Uf,,. Tak kak u;,=0, a uj >0, To 3TOT ypoBeHb
NOAAEPKHBAETC HEeH3MeHHBIM. CXeMa mepexojuT B APYroe ycToOH-
YHBOE COCTOSIHME NPH TNojade Ha HHBEPTHUPYIOUWIMA BXOX HMMMIyJbca
NOJIOXKHUTENBHOH MHOMSPHOCTH aMIVIUTYIOH U, >uz,. Ilpu stom
CKAuKOM H3MEHSIOTCS BHIXOJIHOe Hampsukenune Uy, W HanpsipKeHHe
Ha HeHHBepTHpYyiolleM Bxofe. Ilocsie okoHuaHuHsI BXOJHOTO HMITyJibca
CX€Ma OCTaeTCsi B 3TOM COCTOSIHHH, NMOCKOMBKY u;,=0, a Ha HeMH-
BEPTHPYIOIEM BXOJe JelCTBYeT OTpHIlaTeJbHOe HampsKeHHe.

Ecau 3ateM nonath BXOXHOH CHrHas OTPHIIATEJNBLHOH IOMISPHO-
CTH, TO CXeMa mepeiiieT B HCXOAHOE ycTofuuBoe cocrosHue. Takum
o0pa3oM, €cqH aMIJIUTyAa BXOAHBIX HMIYJbCOB YIOBJETBOPSET
yeaoBuio uy, >U, . Rs/(R:+R;), To cxema paGoTaeT B pexHME
TpHUrrepa.

I'enepaTopel Ha onmepanHOHHBIX YCHAUTENAX obecneyuBaoT ¢op-
MHDOBaHHE HMITYJbCOB aMIUIUTYJOH N0 JAECSTKOB BOJBT; IVIMTE/Ib-
HOCTb (DPOHTOB 3aBHUCHT OT IIOJIOCHI YACTOT OMEPAIHOHHOIO YCHJIH-
Te/s1 U MOXKET COCTaBJATb JOMH MHKDOCEKYHABL.



I'JIABA TEHEPATOPBI
HMIYJIbCOB
11 C HAKONHTEJISIMH SHEPTHH

l"eﬂepa'ropm HMIIyJbCOB C HAKONMUTEJAAMH 3HEPrHH HCIOJIL3YIOTCS
B pagHoJIOKaUHH, ycxopmenbuoﬁ TE€XHHKe, a TaKXe IJIsd MNHTa-
HHUSl 3JIEKTPOHHO-JY4Y€BbIX, HOHHO-IIJIaSMEHHbIX H JIa3€pHBIX TeX-
HOJIOTHY€CKHX YCTAaHOBOK.

§ 11.1. IPHHUUN AEACTBHSA TEHEPATOPOB

Hna nonyueHUss UMY AbcOB GOMBIIOH MOLIHOCTH IeHePaTophl peJiak-
CAUMOHHOT'O THIA He HCHOJb3YIOTCS, TaK Kak, 33 HCKJIIOYeHHeM
G/IOKMHI-reHepaTtopa, OHH HMET HHU3KHH KO3(hhUIHEHT mose3HOro
JieHcTBUsI. DTO 0OYCJIOBJIEHO TeM, YTO KaK BO BPeMsI reHepHPOBaHUSA
HMIyJbCa, TaK H B Iiayse OAHH H3 TPAH3UCTOPOB BCErAa OTKPHIT H
nostomy KII[ n npumepHO 0GpaTHO npoNOpLHOHANEH CKBaXKHOCTH.
Ecau npu reHepUpOBaHUHE UMIYJIBCOB MaJOH MOLIHOCTH 3TO 0GCTOS-
TENLCTBO HE HrPaeT CYLIECTBEHHOH POJIH, TO TMPH MOJYyUYEHHH HM-
NyJbCOB, MOMIHOCTE KOTOPBIX COCTAaBJSIET COTHH BATT M BhILIE, OHO
HEJIONYCTHMO.

Tenepanisi MOIIHEIX HMIYJIbCOB OCYIUIECTRJISETCS 2eHepamopamu
¢ Haronumeaamu sHepeuu. TIpuHIMD neficTBUS TakUX TeHEpaTopoB
3aKJII0YaeTCsl B TOM, UTO B TeUEeHHE HEKOTOPOTO IIPOMEKYTKA BPEMEHH
t,, MTPOHCXONHUT HaKaN/JUBaHNE SHEPrHU B HAKOIHTENE OT UCTOYHHKA
HanpsKeHHs, a 3aTeM C NOMOILbIO 3JEKTPOHHOTrO KJ/0Ya SHEPrHs
OT HaKOMHUTENsl NepejaeTcss B Harpy3Ky W pacxonyercs B Hell 3a
NPOMEXYTOK BpemeHu f,. OOGbUHO f,,/f,>>1, mosToMy cpeasis
MOLIHOCTb, mnotpebasemass OT HCTOYHHKA IIUTAHHUS, OKAasbIBaeTcs
3HAUHUTEJIbHO MEHbLIe HMIYJbCHOH MOIIHOCTH, PacxoiyeMo# B. Ha-
rpyske. Takum o6pasom, reHepaTtopbl HMOYJbCOB C HAKOMHTEISAMH
SHEPTHH SBJASIOTCA .B CYLIHOCTH MPAHCHOPMAUNOPAMU MOULHOCTILL.

B kauecTBe HaKomuTeneHl B TAKUX TIeHEPATOpax MHCHOJB3YIOTCA
KOHJIEHCATOPHl, OTPE3KH AAUHHEIX JIHHHH, HCKYCCTBEHHBIE JIHHHH,
a TaKxke KaTylmKH HHAYKTUBHOCTH. IIpH HCnosb3oBaHHU KOHJEH-
CaToOpOB W JUIHHHBEIX JIMHUH HaKam/JIMBaeTCs 3SHEPrHsl 3JEKTpHye-
ckoro nonss E=CU?/2. B uHOykmusHelx HaKonumeasix HaKarld-
BaeTcsl SHEPrusl MarHuTHoro noas E=LI%/2.

B ciyuae reHepaTopa ¢ eMKOCMHbIM HAKONUMeAeM 3apsaKa KOH-
JeHcaTopa C OCYIIECTBJAETCH OT MCTOYHHUKA NMHUTAHHSA uepe3 3apsj-
HBIA pesuctop R,, a NpH 3aMbIKaHHW Kiwoua (KomMmyTaropa) S Ha-
IPysKa MOJKJIOUAETCS K HAKONHUTENIO U HAKOIUIEHHAas SHeprus pac-
xoayercsi B Harpyske (puc. 11.1). Bpemsi paspsiiKu €MKOCTHOrO
HaAKOMHUTeJsI, T. €. BPEMs, B TEUeHHE KOTOPOro KoY 3aMKHYT, OI-
penensieT AJUTEIbHOCTD T'€HEPHPYEMBIX HMIYJbCOB #,. Bo Bpems
¢opMHPOBaHHA HMNYJbCa KOHAEHCATOP OTHAET - 4acTb 3amaceHHOH
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SHEPruM B HArpy3Ky M HanpshkeHHe Ha HeM ymeHbiuaercs oT U,
a0 U.,- B nayse Mexay umny/abcamH, Korja K4 pasoMKHYT,
HanpsiKeHHe Ha KOHJEHCaTope YBeJIHYHBaeTcs

-t
Uc (t) = Umin+ (Un_Umin) (l —¢€ ’/ta)’
rae 1,=R,C — noctosiuHas BpemeH: 3apsaaHoi uenu. Ilpm atom
B 3apsJHOM LM MPOTEKaeT TOK
- —Yn—Ucll) __YUn— Ymin ,~ t/ty
iy (D) R R, ¢ .

K MoMmeHTy OKOHuaHHs maysHl f,, HanpsikeHHe Ha KOHJeHcaTope
JIOCTUraeT MaKCUMaJIbHOTO 3HaYeHHs

Umax = min+ (Un_Umih) (l - 'e—'t“a”?,)., ) (l 1. ])

TMpu paGoTe B mepHoaHYeckoM pexkume sHeprusi Ej, 3anmacaemast
B KOHJEHCAaTope IpU ero 3apsiike BO BpeMs Naysbl, PacXoiyercs

— ‘l" . Puc. 11.1. Cxema dop-
H  MHpOBaHMS TIPAMOYTOfb-

HOro HMnyJibca

3aTeM B Harpyske M, Takum obpasom, siBiasiercst nosesHoil. Hapsiny
C 3THM 32 CYeT NPOTeKaHHs 3apsifHOr0 TOKAa i, B 3apAJHOM. Pe3H-
cTope R, BhiensieTcss 3Heprusi Ez, KoTopasi HIET Ha €ro Harpes H,
CJIEOBATENIbHO, SIBJSIETCS SHEPTHEH MOTeph.

Ecnu npeHeGpeub KOMMYTAHOHHBIMH MOTEPSIMH, a TaKkKe HMEThb
B BHJYy, YTO B COOTBETCTBHHM C NPHHIUIIOM JeHCTBHS reHepaTopa
t../ty>1, To KIII| reHeparopa ¢ €MKOCTHHIM HAKOMHTEJIEM 1=
=E1/ (E1+E2).

ITonesnas sHeprusi, pacxoayemasi B Harpyske,

E;=0,5C (Utax—Utnin) = 0,5CUnax (k*—1),

rae k=U_,,/U .-
DHeprusi noTepb
fos t

n3
. Un—Umin)? - 2t/1
E,= ( 2Rydt= ( Un=Umin)®o-21/5, gy
= % (Un'—' Um'm)2 (l —e 2tn3/ta)'
IMoxcrasus ciopa Uy us (11.1), noayuum

C‘U?nin (k—1)2 (l —e 2tna/ta)
2 (1 —e _tﬂs/‘[:-:)2

E,=
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Oriciona

_ (k2—1) (1_e"na/‘a)2 _
(e— 12 (1—e ™ *n5%) (k2 —1) (1 —e- tpy/,)"

7

1 (k1) (1 —e ™ 'n'%) N
T el (11.2)

M3 nonyuennoro Bhipaxkenus caenyer, uro KIIJ] reneparopa
HMIYJ/IbCOB C €MKOCTHBIM HAKOMHTEJEM NPH NMPUHSATHIX JONYIUEHHAX
3aBHCHT OT OTHOIUIEHHS MaKCHMaJbHOro H
MHHUMaJbHOrO HanpsDKEHMA Ha KoHjeHca- 1
tope k=U_ ., /Upin, @ TaKxe OT OTHOWIE-
HUS JLJIUTEJNBHOCTH. may3Hl £, K NOCTOSIHHOH 06
BpeMeHH 3apspHoi nenu T,=R,C. 06

leHepaTopsl MMIYJBbCOB C €MKOCTHHIM

AK=0,02 005

HAKONMTeJeM, KaK npaBmio, paGoraior B ¢
ABYX KpalHHX pexHMax: 02
1) pexcum noanozo paspsda (k — oo), npu X

KOTOpOM HanpsikeHue Ha KoHpjeHcatope B 0 . 7 2 tny/1
MOMEHT OKOHuaHus umnyJabca U ,;,=0; Puc. 11.2. 3asuch-
2) pexcum wacmuunozo paspada (k—> 1), mocts KIII reueparo-
Korja sa BpeMsi (OPMHUPOBAHHSI HMMMyJbca P23 OT IOCTOAHHOHM
y . BpPeMeHH 3apALKH KOH-
HAKOMMTE/IbHBIA KOHJIEHCATOP Pa3PsKACTCH  jpencatopa
HE3HAUHTENbHO.

B nepBom cayuae (npu k — o0) noayuaem 1=20,5(1— e~ ns%),
CrenoBartesbHO, TpeRenbHb (npu f,,/t,— oo) KIIM, KoTophiit
MOXHO MNONYYUTb NMPH paGoTe B pPEXHUME MOJHOrO paspsija, paBeH
0,5. Onnako Ha npakTtHke KIIJl menblne, mocKoNbKY NpH NepHOAH-
yeckoii paboTe reHepatopa TNOCTOSIHHAsT BPEMEHH 3apSIHOH LEenH
OKa3bIBaeTC KOHEYHOH BEJTHUHHOM.

Jl1s aHanu3a 3aBUCHMOCTH 1| OT NapaMeTpoB paboyero pexuMa
reHepaTtopa B cJy4ae 4acTHYHOTO Paspaja HaKOMHTENLHOTO KOHJIEH-
caropa npeoGpasyem ¢opmyay (11.2), momoxus k=1+4Ak, rae
Ak= (Upax —Umin)/Umin- Torna nomyuum

n= LAz (11.3)

C1par/(l—e” %)

U3 nosmyueHHOro cOoOTHOWWEHHs caeayer, yto npu Ak<< 0,05 orHo-
umieHue f,,/T, NPakTHYECKH He okasbiBaeT BausaHHA Ha KIIM, koraa
t,,/1,.>0,5 (puc. 11.2). B Takom pex#me paGotsl renepatopa KI1/
ne menee 0,95 u ctpemutcs K eauHuue npu Ak — 0.

TakuM 06pa3oM, peXHM HacTHYHOTO pa3psiia HAKOMUTEJIbHOrO
KOHJieHcaTopa sBJjsAeTcs 6ojiee SKOHOMHUHBIM [0 CPaBHEHHIO ¢
PeXHMOM IIOJIHOrO paspsija. ‘
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§ 11.2. TEHEPATOPbl MMNYJIbCOB C YACTHYHBIM PA3PAJOM
KOHJAEHCATOPA

IIpuHIUN TeHEepHPOBAHHS HMIYJbCOB IIPSAMOYTONbHOH HOPMBI METO-
JIOM YaCTHYHOI'0 Pa3psafa KOHIEHCATOPa 3aKJ/IIOUaeTcs B CIEAYIOLIEM.
[IpexBapurenbHO 3apsKeHHBIH N0 HanpskeHus U, ,, KoHjueHcartop
C ¢ OoMOLIBI0 KJOYa Ha HEKOTOPOE BPeMs NOJACOENHHSIETCS K Ha-
rpyske Ry (cm. puc. 11.1). Ecanu cunraTe K/ow HIeanbHBIM, TO B
MOMEHT BKJIIOUEHHS fy HanpsiKeHHe Ha Harpy3Ke CKaukoM BO3pacTaer
no sHauenusi U,,. 3aTeM KOHIEHCATOp paspsiiKaeTcsi H HampsiKe-
HHE Ha Harpyske yMeHbUIaeTcs IO 3KCIOHEHIHAJbHOMY 3aKOHY
Upg () =tc (£) =Upaxe~*, rae 17=RyC — noctosiHHasi BPEMEHH
paspsiiHoii uenu. B MoOMeHT # pasMBIKaHHSI KJOYa HampsiKe-
HMe Ha Harpyske pe3Ko yMmeHbliaetcsi go HyJas (puc. 11.3). Ha-

npsXKeHHe Ha Harpyske B KoHue umnyuabca Uy, =Up,e” /",
Takum o6pa3oMm, NPH 3aMKHYTOM KJio4e Ha Harpyske (opmHu-
pyercsi uMmyJsbce, ¢opMa Koroporo 6/H3Ka npsaMoyronbHoi. IIpuH-
HHIHATbHBIM SIBJISIETC HENMOCTOSIHCTBO AMIUIHTYAB DOPMHPYEMOTO
umnyabea. Cnax  BepmuHel  uMmnyibca AU, =U, ., —U .=

=U pax (1—e ™ /%) 3aBuCHT OT mokasaTenss sKCIOHEHTH f,/t. Uem
MEHbIlIe OTHOILUEHHE f,/T, TeM MeHblle HEePaBHOMEPHOCTb BEpPIIHHBI
umnyabca. CrenoBaTesbHO, OCHOBHOE YCJIOBHE T'eHEpHPOBAHHS HM-
NYyJAbCOB HPSMOYTOJbHON (HOPMBI METOJOM YACTHYHOrO pas3psiia KOH-
neHcaropa: fy/t1.

HMMnynbcHast MOUIHOCTb TeHEPaTOpPOB € YACTHYHBIM PaspsiioM
kougencaropa P,=U . Jn.., TH€ [0— TOK B HMIYyJbCe,
U, .~— HMIYJIbCHOE HanpsikeHHe, B OCHOBHOM OIpEJEJsiEMEIE
napamMeTpamMu KJIIOYEBOTO 3JIeMeHTa. JJIeKTPHUYeCKass MPOYHOCTD
KJoua, T. €. HanpsKeHHe, BHIIEPKUBaeMOe B Pa3OMKHYTOM COCTOSI-
HHH Ge3 mpoGoeB Upy,, ompenenser MaKcHMajlbHOE HampsiKeHHe,
IO KOTOporo MoxeT ObITb 3apskeH Konpaencarop C: U, <<Up,,
a MakCHManbHBEIH KOMMYTHPYeMbIH TOK [y,, OrpPaHUYHBAET TOK Ha-
rpyskH [ ,,<lion. IlO3TOMy B KayecTBe KOMMYTaTOpOB B TreHe-
paTope C YacTHYHBLIM pa3psJAOM KOHJEHCAaTOopa HCHOJNB3YIOT CIelU-
anbHble MOLYJISITOPHEIE JIAMIIBI, KOTOPBIE O CBOHM X ap aKTePHCTHKaM
HauboJiee TOJHO YJIOBJETBOPSIOT INEPEUHCTEHHEIM TPeGOBaHHUSIM.
B Takux reHepaTopax ISl TOJYYEHHS HMIYJbCOB 3HAYUTEJLHOMH
MOIIHOCTH NOJYNPOBOJAHHUKOBHIE NPHUOGOPHL HE MCIOJbL3YIOTCS, MIO-
CKOJIbKY OHH HMEIOT MEHBIUYIO 3JIeKTPHUYECKYIO NPOYHOCTh U obec-
NEeYHBAIOT MEHbIUHA KOMMYTHDYEMBI TOK O CPaBHEHHIO C 3JIEKT-
POHHBIMH JIaMIaMH.

Pacyert cxembl. [Ipn aHanuse mpouneccoB B reHepaTope C 4acTH4-
HBIM Das3psiioM KOHAEHCATopa HAa 3JIEKTPOHHOH JaMmne HeoOXOAHMO
YYHTHIBATh NMapasuTHBIE 3/eMeHTH (pHc. 11.4). K HuUM npexne Bcero
OTHOCATCSL MEX3JEKTPOAHAs €MKocTb Jamnbel Cy, 3KBHBaJleHTHas
€MKOCTb HarpyskH M MOHTaxHasi eMKocTb cxembl C:. B mcxomHom
COCTOSIHHH JIaMIa 3aKPhITa OTPHULIATEIbHBIM HANP S2KEHHEM HCTOYHHKA
cetoyHoro cmemenuss U,,. Hakonurensuniit Kongeucatop C 3aps-
JKaeTcsl OT McroyHHKa nuranus Uy uepes sapsiaHblil pesucrop R,
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Puc. 11.3. dopmuporanue 1 I
HUMNyJbca INPH  YaCTHYHOM a)
paspsje KOHAeHCAaTOpa gy
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Umax Umin
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0
] i ¢
Puc. 11.4. Cxema reneparo- \ <__>|
Pa UMIYJBCOB C YaCTHYHBLIM v / Aup
paspsjoM KoHAeHcaTopa (a) mi-——\————

H ero BPeMeHHbie JAMarpam-

MEL (6) 0)

M Harpysky R,. MarcumanbHoe HanpsikeHue Ha KoHpemcatope C
He npesbiuaer Uy Takum o6pasoM, HanpsiKeHHE HAa KOHAEHCATOpe
Ci ¥ Ha aHoge Jamnbl U,~U;. B 3T0M c/lyyae TOK yepes Harpysky
He TpOTeKaeT M HampsixkeHHe Ha KoupeHcatope C: U,,=0.
Paccmotpum mnpouecc GopMHPOBAHHUS UMITYJbCAa WPH YCAOBHH,
YTO Ha CeTKY JaMibl B MOMEHT BPEMEHH f, MOJAaeTcA HIeaNbHOH
NpSMOYrofbHOH (OPMbl OTMHPAIOMIMH HMIYJbC AJHTEIbHOCTBHIO
ty (puc. 11.4, 6). B panpHeiiuem oGCyfHM, K KaKHM MOCIENCTBHSAM
OPHUBOJMT TO, YTO PeabHBIH BXOAHOH HMINYJAbC UMEET ONpeeJeHHYIO
JUIMTENBHOCT (GPOHTa H cpe3a. IIpy OTKpPHIBAHHH JAaMiflbl B MOMEHT
BpeMeHHU f, aHOJIHEIH TOK Pe3KO BO3PACTAET, OJHAKO aHOJHOE Hampsi-
JKEHHe YMEHbIIaeTcs He CKauyKOM, a TNOCTENEHHO MO Mepe paspsjikKH
KoHzleHcatopa C; uepe3 OTKDHITYIO Jiamny. B pesysbrarte B Hauanib-
HBIA MOMEHT BPEMEHH TOJbKO HEe3HauMTeJbHasd YacTb aHONHOTO
TOKa NpOTeKaeT yepe3 Harpysky. Ilo mMepe paspsiaxu mapasuTHOM
eMKoctu C; HOIA aHOZHOTO TOKA, NPOTEKAIOHIero B Harpyske, BO3-
pacTaeT M HanpshKeHue Ha R, yBelIUUYHBaeTcsl CO CKOPOCTbIO, OI-
penensieMoll 3apsnkoil KonfueHcatopa Co.
- Takum ofpasoM, AJMUTENBLHOCTb (PPOHTA HMIYJbCA HANpSIKEHUS
Ha Harpyske onpefessieTcsi BpeMeHeM DPas3psiKH NapasHTHOH eM-
koctu Ci u BpeMeHeM 3apsgku C:. BBuLy He3sHauMTeJNbHOHI cymmap-
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i Puc. 11.5. DxpHBajeHTHAs CKe-
l Ma ‘TeHepaTopa HMIYJbCOB
R 1R ¢ .|.c, Ru
C +Up Ry c
—
R LR T4 F& ||Ax R Ry Ry
a) 9) 4

Puc. 11.6. K pacuery npoueccos popMupoBanus ¢ppoHTa H cpesa (@), BepLIHHBE
(6) HUMnmysabca H BpeMeHH BOCCTAaHOBJIEHHS TeHepaTopa MMIYJIbCOB (8)

Hoit napasutHo# eMkocTH Co=C;+C.«C 3a Bpemsi HOpPMHPOBAHHS
(GpoHTa HanpsKeHHe Ha HAaKONMHTENIbHOM KoHJeHcatope C npakT-
YyecKH He H3MeHseTcs.

B nanbHeieM npoHCXOAMT (OPMHPOBaHHE BEPLIMHBI HMIYJbCA.
Ilpu stom KoHzeHcaTop C pa3psikaeTcsl U Hanps:KEHHe Ha Harpyske
YMEeHbLIAeTCsl, €c/IM NajeHHe HanpsKEeHHs Ha JlaMre B OTKDBITOM
COCTOSIHHH OCTaeTcsl HeH3MeHHbHIM. B MOMEHT BpeMeHH f; Jiamna
3aKPLIBAETCS M €€ aHOAHBIH TOK CTAHOBHTCS PaBHBIM HyJ0. OJHAKO
yepe3 Harpysky Ry B TeueHHe HEKOTOPOro BPEMEHH Ioc/e 3aKphl-
BaHHsi JiaMIbl MPOJO/XKaeT nporekaTtb TOK. OH o0ycJ/oBJIEH TOKOM
3apsAKH napasutHoil eMkocTH Cy 1 TokoM paspsaaku Cz. Co BpemeHeM
3TOT TOK yMEHbIIaeTcsi ¥ GopMHUPYeTCA cpe3 HMmyJibca.

3a Bpems (OpPMHPOBAHHSI HMMIyJibCa HAmpsKEHHE HA HAKOIH-
TeJbHOM KOHAeHcaTope C yMmeHbiuaercs. [Toatomy mnociie okoHuaHus
npouecca ¢GOpPMHPOBaHHSl cpe3a HMNY/bca B CXEMe NPOHUCXOAHUT
Josapsinka koupaeHcaropa C. Ha narpyske 3a cuer Toka 103apsiikK{
BO3HHMKAeT HMIYJbC HaNpsDKEeHHs1 OGPaTHOM MNOJNSIPHOCTH, C Teye-
HUEM BPEMEHH yMmeHblawwuics. [IJIUTeNbHOCTD 3TOrO0 HMIIYJIbca
ornpenesisieT BpeMs BOCCTAHOBJEHHSI cXeMbl. [Ipu paccMoTpeHuH
npouecca (popMHPOBAHUSA HMIYJbCa HE YUHTHIBANIOCH HAJIHYHE 3a-
pAIHOH LenH. DTO JIONYCTHMO NPH YCI0BHH RS> Ry.

Insi pacuera mapamMeTpOB TeHEPHUPYEMOrOo UMIYJbCA COCTABUM
S5KBHBAJIEHTHYI0 CXeMYy TIeHeparopa C YacTHYHbIM paspsioM KOH-
JeHcaTopa, MNpPeACTaBHB B Hell AHOAHYIO leNnb OTKPHITOH JIaMIlbl
SKBHBaJIEHTHEIM BHYTPEHHUM conpoTussienueM R; (puc. 11.5). Takas
CXeMa COJEPXKHT TPH PEAKTHBHBIX 3JIEMEHTAa H MO3TOMY NePEeXOAHbIE
npoueccel B Hell onHchiBaTCs JAHpGdepeHIHaNbHBIM yDaBHEHHEM
TpeTbero nopsaaxa. OfHaKo aHa/IH3 NPOLECCOB B reHepaTope CyLIecT-
BEHHO yINpPOIlaercsi, €ClH PaccMaTpPpUBATh OTHENBHO (POPMUPOBaHHE
¢poHTa, cpe3a M BEPLIHHBl HMIYJbCa.

IIpu dopmupoBaHun GpoHTA U cpe3a UMIYJbCA HANPSIKEHHE HA
HaKONHMTEJbHOM KOHJEHCAaTOPE MNPAaKTHYeCKH He H3MeHserTcs, T.e.
OH MpEJACTaBJAET CcOOOH HCTOYHHK IOCTOSIHHOIO HAMpsiKEHUA C
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HyJIEBHIM BHYTPEHHHM CONPOTHBJIEHHEM IO IIePEMEHHOMY TOKY.
CnenoBarenbHo, KoHaeHcatop C MOXHO HE YUHTHIBaTh, H TOrAa
SKBMBajleHTHAs cxema ymnpoinaercsi (puc. 11.6, a). Ilepexomubrit
npouecc B HeH, ONPeIeNsIoUMH NJIUTeNbHOCTb (GPOHTA, NPOTEKAET
10 3KCIIOHEHIMATIbHOMY 33KOHY C NOCTOSIHHOH BPeMEeHH Ty =R ,,Co,
rie Co=C,+C,; 1/Rys=1/R;+ 1/R; 4 1/Ry.

ConpotusJjieHHe 3apsAHOTO PEe3HCTOpPa BHIGMPAETCST M3 YCJIOBHUS
R,>Ry+R;, mnostoMy R,xs~R;R./(R;+R;). Takum o6pazom,
JJIMTeJIBHOCTD  (poHTa uMnyJabca fp= (3. . .5)CoR;Ry/ (R;4Ry)-

Cpes umnyJbca dbopMHpyeTcs, KOrAa Jammna 3akpeita (R;—00).
CnepoBatesnibHo, f.p= (3. ..5)C,Ry. M3 nonyueHHnx dopmysa cie-
JyeT, 4TO AJIUTEJbHOCTb (PPOHTA (GOPMHPYEMOro HMIYJbCa MEHbIE
JUTUTETHHOCTH cpesa.

Korpa dopmupyercs BepmivHa HMIYJbca, CKOPOCTb H3MEHEHHSI
HanpshKeHHUs Ha napasuTHbIX eMKocTsX Ci M C: HeBeJHKa U TOKH,
NpOTEKaloLl e Yepe3 HUX, OKA3bIBAIOTCS CYLIECTBEHHO MEHbIe aHOJ-
HOTO TOKa JIaMIbl U TOKa HarpyskH. [TosToMy Ha 3To¥ cTaguu mapa-
3UTHBIMU eMKocTsIMH C; U C: MOXKHO npeHeGpeub U ¢ YUETOM TOro,
uto R,>R;, 3KBHBAJIEHTHYIO CXeMy TeHepaTopa MOXHO CYIIecT-
BeHHO ympoctuth (puc. 11.6, 6). M B 3T0H cXeme mepexojHbiit
NpOLeCC MPOTEKaeT IO SKCIOHEHIHANIbHOMY 3aKOHY C IMOCTOSIHHOMH
BpemeHd T,=C (R;+R,). Ecan konmencatop C nepBoHayaJbHO
3apsikeH g0 Hanpsokenus U,,,, TO aMIvIMTyja HMIyJbca Ha Ha-
rpyske Um=URH(O)'_—UmaxRH/(RH"l'Ri)'

Bo Bpems ¢opMupOBaHUS HMIyJ/bca HaNpsKEHUE Ha Harpyske
ONpefieNsieTcs COOTHOIICHHEM Upy ()= U,e” /™. D10 BHIpaxenue
TI03BOJISIET ONPEAENHUTb aGCOMOTHOE CHIKEHHE aMIIUTYJbl UMITYJIbCa

AU, =Ugy(0)—Upy(t)=U, (1 —e~tul)
U OTHOCHUTEJbHOE CHHXKEHHE aMIIUTYJAbl MMIYJbca
A=AU,/U,=1 — et/

B reneparopax HMIyJbCOB C YAcCTHYHBIM DPaspsioM KOHJEHCa-
TOpa IJisl MOJYyYeHHs MMIYJbCOB, (opMa KOTOPHIX GaH3Ka npsMo-
Yro/JIbHOM, HEOGXOAMMO BHINOJHHTb YcaoBHe 1,/T,<<l. Crenosa-
tenbHo, A=t,/[C(Ry+R;)]. Otciopa creayer, 4to npH 3ajaHHbIX
3HAYeHUsAX IJIHTENbHOCTH HMIYJbCAa H CONPOTHBJEHHS HAarpysku
OTHOCHTEJIbHOE CHIXKEHHE aMILIMTYIbl UMOYJIbCAa MOXKET ObIThb J0-
CTaTOYHO MaJbiM, €CJIH YBeJIHYeHAa eMKOCTb HAKOMUTeNbHOro KOH-
nencaropa C. Tak Kak JJs HMOYJbCcOB, (opMa KOTOPHIX GJH3Ka
npsimoyrosbHo#, A<<0,05, To OoKasbiBaeTcsi, 4TO NPH 3TOM JOCTH-
raerci H Beicokuit KIIJ, mockonbky Ak~A ¥ B COOTBETCTBHH C
Boipaxkennem (11.3) n— 1 npu A — 0.

[lpu nosapsiiKe HAKOMUTEIbHOrO KOHJAEHCATOPa JaMIa 3aKphiTa,
TOKH MapasHTHBIX €MKOCTeH MaJsbl, [03TOMY SKBHBAJEHTHasi cxema
reHepaTopa, COOTBETCTBYIOILAsl 3Tany BOCCTAHOBJIEHHS, IPEICTaB-
JISIeT MOC/IEAOBaTe/NbHOe COeJHHEHHe 3apsAHOro Ry M Harpy3o4Horo
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Ry pesnctopoB u KouzeHcaropa C (puc. 11.6, 6). ITocrosinnas Bpe-
MeHH 3roft uend 1,=C (R,+Ry), a LIUTEJbHOCTb OGPATHOTO BbI-
6poca t,=(3...5) C(R,+R,). Ammiuryma obpaTHoro BhiGpoca
U, npu ycnoBHH, 4YTO HanpsiKeHHe Ha HAKOMHTENbHOM KOHJEHCa-
TOpe B MOMEHT OKOHYaHHs1 uMnyabca Uy, paBa U,= (Uy—U ;) X
X Ry (Ry+R,).

Ilocne oxoHuaHHSI Tpolecca BOCCTAHOBJIEHHS HanpsiXKEHHEe Ha
KOHJIeHCcaTope JOCTHraeT MaKcHUManbHoro 3HaueHuss U, ¥ cxema
roTOBA JJ1s1 TeHepUPOBaHUSA CENYIOero uMnyJibca. TakuM o6pasom,
MHHHUMAJbHEI TNEePHOJ TOBTOPEHHS] TE€HEPHPYEMBIX HMIYJbCOB
Tmin=1ty+1t, a MakcHMajbHas YacToTa HX IOBTOPEHHS [y, =
=1/ (ty+15).

B psne cnyuaeB Harpy3koi reHepartopa ¢ YacTHUHBIM PaspsiioM
KOHJIeHCaTOpa CJYKaT MarHeTPOHHble H KJHCTPOHHEIE TeHepaTophl
CBU, nasepwl, yckopureabHsie Tpyok# U 1. 1. Ilo ycnoBusiM paGoTel
3TUX TNPUOOPOB TOK B HHX MOXKET NPOTEKaThb B OXHOM HamnpaBJE€HHH,
T. €. NPH paspsiike HAKOIHTEJIbHOIO KoHJeHcaropa. [lostomy mns
peanusanuy 3apsAHOH LENH mnapajjelbHO 3THM npubopam BKJIIO-
YalOT AHOJ, Yepe3 KOTOPHIH NMPOTEKaeT TOK 3apsAAKH HaKONHTEJIbHOTO
KoHzeHcaTopa. Mcnonb3oBaHue nuoja B 3apsiiHOH IENH TNO3BOJSIET
YMEHbLINTh aMIVIMTYAy of6paTHoro BbiOpoca Ha Harpyske. Korza
Ha Harpyske JeficTByeT NPSAMOYTOJbHBIH HMNYJbC, K AHORY NPHJIO-
2KEeHO 00paTHOe HanpsSKeHHe U OH HAXOAUTCSI B 3aKPHITOM COCTOSTHHH.

Ilpu aHanuse mpoleccoB B reHepaTope C YACTHYHBIM Pas3psiiioM
KOHJeHcaropa ObUIO MPHHSTO, UTO BXOJNHOH HMIYJbC HMEET Hie-
aJbHYI0 NpPSIMOYTOJbHYI0 dopmy. Hannune onpenenentoil amutens-
HOCTH ()POHTA peaJbHOro HMMNyJbca NPUBOAMT, BO-NEPBHIX, K 3a-
JIEpXKKE BBIXOJHOTO HMIYJbCA OTHOCHTENIbHO BXOJHOrO, H, BO-
BTOPHIX, IJIUTENBbHOCTh (POHTA BHIXOLHOrO HUMMNYJbCA CTAHOBUTCS
3aBHCHMOM OT KPYTH3HBl XapaKTEPHCTHKHU JaMibl S=0i,/0u¢er,
Il€ Ucer — CETOUHOE HaNpPSKEHHE JIaMIIBl.

JlelicTBUTEIbHO, TaK KaK B 3TOM- C1yyae HanpsKEHHEe Ha CeTKe
HapacTaeT N0 Mepe YBeJHYeHHsI BXOJHOrO HampsKEHHs, TO Jamma
OTKpPHIBa€TCsi HE B MOMEHT MOJAYH cursana f,, a B MOMEHT BpPeMeHHU
f;, KOrjia CeTOYHOe HanpsiKeHHe cTaHoBHTCA paBHbIM Uy, (pHc. 11.7).
Takum o6pa3oMm, UMIYJbC BEIXOJHOI'O HanpsKEeHHs, OnpejessieMbli
aHOJIHBLIM TOKOM, BO3HHKaeT C 3aePXKKOH OTHOCHTENbHO Hayana
BXOJIHOTO HMINyJibca. DTa 3ajiepKKa TeM OOJblle, YEM MEHbIlle CKO-
pocTh HapacTaHHs BXOHHOro umnyabca dug/df u uem Gosbiue
HanpsbkeHne cmemennss U,.

Korjpa BxomHO#H CHrHaJ HapacTaeT C KOHEUHOH CKOPOCTbIO, TO
JUISI JIaMITBI C MEHbIIeH KPYTH3HOH aHOJHO-CETOUHOH X apaKTepUCTHKHU
(xpuBas 1, puc. 11.7) TpeGyercst Gosiblue BPeMEHH I/ JOCTHXKEHHS
3aJ]laHHOr0 3HAUeHHs AHOZHOTO TOKa, ueM s Jiamnbl ¢ Gosbliei
kpyTusHoil (kpuBas 2). ITostomMy npu npoynx paBHBIX YCJIOBHSIX
Jammna c Gonpliell KPyTH3HOU obecrneynBaeT HOPMHPOBaHHE BBHIXOJ-
HOrO HMMyJbca ¢ MEeHbILel JIHTeNbHOCTbIO (poHTa. EcTecTBeHHO,
YTO NPH 3TOM HA IJIHTEIbHOCTH ()POHTA BLIXOAHOTO HMIYJbCa OKa-
3BIBAET BJHSHHE H CKOPOCTb HapacTaHUf BXOAHOTO CHrHaja.
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Puc. 11.7. K onpeznenennio Bpe-
MeHH 3afilepXKKH BBIXOLHOrO HM-
nyJasca

Puc. 11.8. AHoxHble XapaKTepHc-
THKH MOAYJSTOPHOH JIaMIbt

|
] .
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Pexumbl paGoThl .MOII,y.)'lﬂTOPHOﬁ Jamnbl. Jlamna, paboratomas
B reHepaTope C YaCTHYHBIM Pa3pPsiIOM KOHJEHCaTopa, JOKHA BhHI-
JIepXKUBaTh BBICOKOE aHOJHOE HAmNpsKEHHWEe B 3aKPBITOM COCTOSIHHH
U,, uMeTb Ma/ioe OCTATOYHOE HAMpSIKEHHE B OTKPHITOM COCTOSIHHH
Uocr, GOBLION aHOXHBIH TOK [,, a TaKXKe MaNyl0 MEXK3JIEKTPOIHYIO
eMKoCTb Ci U GOJIbILYI0 KPYTH3HY aHOJHO-CETOYHOH XapaKTepHUCTHKH
S. Tpe6oBauus K nepsuiM Tpem napamerpam (U,, Ugeq, I2) 06ycios-
JIeHBl CTPEMJIEHHEM YBEJHYHTb MOIIHOCTb BBIXOAHBIX HMIYJbCOB H
nonyuuts Beicoku#t KIII, Tak kak ocratouHoe HampsikeHHe U,ep
onpesesier notepyd B Jamne. MexanektpogHas emkocte Ci H Kpy-
TH3HA OKasbIBAIOT BJIUSIHHE HA JJIHTENILHOCTH (PPOHTA U Cpe3a reHe-
pUpPYeMBIX HMMyJabcoB. Kpome TOro, xemarenbHo, YToOBl Jammna
HMeJla «KOPOTKYIO» aHOJHO-CETOUHYIO XapaKTEPHCTHKY, IOCKOJBbKY
B 3TOM cjyuyae TpeGyeTcsi HCTOUHHK MEHbIIEro HanpsiKeHHS CeTod-
HOrO CMEIleHHs] M MEeHbIass aMIUIUTYyAa OTIHPAIOIEero HMMIYJIbCa.

OTH TpeGOoBaHUS HEBO3MOXKHO MOJHOCTBIO COBMECTHUTb B CHJIY HX
npoTtHBopeurBocTH. Tak, TpefGoBaHHEe BHICOKOH KPYTH3HBI NPHBOIHT
K HeOOXOIHMOCTH YMEHbIIEHHS] MeX3JEeKTPOAHEIX PAaCcCTOSHHH H
yBeJHYeHHs IJomani 3aeKTponoB. OZHAKO NPH 3TOM YBeJHYHBA-
ercs MexajekTponHas eMkocTb C;. Ilostomy npu paspaGoTke M-
NyJbCHBIX MOAYJSATOPHBIX JaMI TNPHXOAUTCS BHIOUpPAThb KOMIIPO-
MHCCHbIE pelleHUs .

COBOKYIHOCTH TepeuHC/eHHBIX TpeGoBaHHH B GoJbllell cTelneHH
VAOBJETBOPSIOT HMIYJbCHbIE MOAYJISITODHBIE JIAMIBL: JyYeBhIE TeT-
POZBI, HXKEKTPOHBI, TPHOABI C 3alIUTHOH ceTKoH. Bce oHH HMeIOT
aHOJHBIE XapaKTepUCTHKH IneHTopHoro tuna (puc. 11.8). 3tu xa-
PaKTEPHCTHKH HMEIOT JBa SIBHO BBIpaXKEHHBIX Y4aCTKa: Hauya/bHbIA
y4acTOK, Ha KOTOPOM IIPOSIBJISIETCS CHJIbHAs 3aBHCHMOCTb aHO.-
HOTO TOKa OT aHOJHOrO HANpPSIKEHHs, W Hojorufl yuacrok. Ha nHa-
YaJIbHOM yYacTKe XapaKTePHCTHKH CJHBAIOTCA B OAHY JIHHHIO, Ha3bl-
BaeMyIo JIHHHeH KPHTHUYECKOro peknma. AHOAHBIE TOK 37eCh IMOYTH
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He 3aBHCHT OT CETOYHOrO HAaINpPSIXKEHHA Ug.p. Ha nosorom yvacrke,
KOTOPHIH HHOTAA Has3hbiBAETCs yYaCTKOM HeLOHAaNpSXKEeHHOI'o pexuMa,
TOK aHO/la MaJio 3aBHCHT OT aHOJHOTO HalpSXEHHS U CHJIbHO MEHs-
eTcsl NPU W3MEHEHHH CETOYHOro HanpsixkenHs. [loatomy napamerps
BHIXOJHOI'O HMMIYJIbCa B CYLIECTBEHHOH CTeNeHH 3aBHCAT OT I10JI0-
KeHHs paboyell TOYKH Ha aHOJLHOH XapaKTEPHUCTHKe,

Ecan pa6ouast Touka A HaXoJHTCS Ha NOJIOTOM yYacTKe XapaKTEPHCTHKH,
TO OCTaTOYHOEe HanpsixeHue Ha Jamne Ugcr B OTKPHITOM COCTOSSHHH COCTaB-
JISSeT 3HAUYHTENbHYIO YacTb HAaNpsIKeHHs HCTOYHHKA mutaHus Up. B pesyis-
TaTe NPH TFeHepHPOBAaHMM MMIYJbCca MOULHOCTh, .NOTpe6JsieMas B Harpyske,
OKa3blBaeTCsl MeHbllle MOLIHOCTH, Tepsemoil B Jammne. IToaToMy 3HepreTHuecku
3TOT peXHM He BhrojeH. Bmecte ¢ Tem BO Bpemss (JODMHDOBaHHS HMIyJbca
HanpsixKeHHe Ha HaKONHUTeJbHOM KOHJeHcaTope yMeHbmaercs Ha AU, u Ha-
Ipy3oyHas XapaKTepHCTHKa IlepemellaeTcs NapaJjiieJbHo caMoii ceGe. Ilpn me-
H3MEHHOM CeTOYHOM HaNpsXXeHHH paboyas TOYKA IBHXKETCH IO IOJOTOMY
YYacTKy M K KOHIY HMIyJbca 3aHHMaeT nosoxeHHe A’. HecMoTps Ha naMme-
HEHHe HaNpPAMEeHHS Ha HAKONHTeJbHOM KOHJeHcaTope, aHOIHHI TOK /,, a
CJIEJlOBATeIbHO, H TOK Harpy3kH Jpy He H3MEHAIOTCS M He IPOHUCXOAHT cliafa
BEPUIHHE! BLIXOAHOTO HMINyJbca. IlosToMy HempocTaTOK, NpHCYWIHiA MeTORy re-
HEePHPOBAHHS HMINYJbCOB IIPH YaCTHUHOM paspsjle KOHNEHCATOpa, CBS3aHHBIN
€O CIIaJioM BepIIMHBI MMNYJbca, 34ech oTcyTcTByeT. CiefyeT OTMETHTb, YTO B
STOM pexxMMe K (opMe BXOAHOTO OTNHPAIOUIEr0 HMIYJbCa NPeXbSABAAIOTCS
JKecTKHe Tpe6oBaHMs. HemocTosiHCTBO aMN/IMTYAbl BXOAHOTO MMINYJbCAa BHISHI-
BaeT NepeMemeHHe pa6oyeil TOYKHM IO Harpy30uHOil XapaKTepHCT HKe, YTO NPH-
BOAMT K H3MEHEHHIO TOKa [py M COOTBETCTBEHHO aMIJIHTYAbl BLIXOAHOTO HM-
myJbca.

Korpa pa6ouas Touka pacnosaraercsi Ha KPYTOM y4yacTKe aHORHOM Xa-
paKkTepHCTHKH (Touka B) octatounoe manpsikenue Ugcr OKa3biBaeTcsi MeHbLie
HaNpsKEHHsI, NPHIOKEHHOTO K Harpyske URu. Cle1oBaTesbHO, yBeJqHUMBa-
erca KIIJ M ymeHbllaeTcss MOLUIHOCTb, BhlAessiomasics B Jjamne. [Ipu paGore
B 3TOM peXHMe AHOAHbI TOK OCTaeTcs MOCTOSHHLIM NPH H3MeHeHHH CEeTOYHO-
rO HanpsiXeHHs B HEKOTOPLIX MNpejesax, NO3ToMy ¢opMa BEIXOLHOrO HMIYJbCa
IPaKTHYECKH HE 3aBUCHT OT (OPMEI BXOAHOro HMNyJbca. CyulecTBEHHBLIM He-
JNOCTATKOM 3TOTO PeXHMa paGoThl JaMNbl SIBASETCS HaJMyHe CNaja BeplIHHbI
BLIXOAHOTO MMITyJIbCa H3-32 3HAYHTENbHOTO YMEHbUIEHHSl aHOAHOTO Toka [,
BLI3BaHHOTO PaspsAKON HaKONMMTENbHOTO KOHAeHcatopa (Touka BY).

Ha npakrtuke pekomenjyeTcss BEIGHpaTh NOJIOXeHHe paGouedl TOYKHM BOJIH-
3 TOYKH H3/10Ma aHONHOH XapakTepHCTHKH. IIpH 3TOM NposIBIAIOTCS NP eHMYy-
ulecTBa 0GOMX DEXHMOB, a HEIOCTATKH CIJIaXKMBaIOTCH.

I'eHepaTopbl ¢ YacTHYHBIM paspsjioM KOHJeHcaTopa obecneyu-
BAIOT NOJyYeHHe UMIYJbCOB JOCTATOYHO MaJsoH JJHTENbHOCTH (LOJIH
MHKPOCEKYH]bI), C BbICOKOH 4acTOTOH NMOBTOpeHHS (eAMHHLBI KHJO-
repu u 6ojee); oHH MOryT paboTaTb C H3MeHsIOeHCH Harpy3koH
KakK BO BpeMsl UMNYJ/bca, TaK U 3a 60Jee NPOJOIKHUTENbHBIH OTPE30K
BpeMeHH ; NI03BOJISIOT reHepHPOBATh UMNYJIbChl TepeMeHHOH AJUTeNb-
HOCTH NyTeM H3MEHEeHUS JJIUTEJbHOCTH BXOIHBIX HMIIYJbCOB.

BMmecre ¢ TeM Takue reHepaTopbl HMeIOT olpelesieHHble OrpaHu-
YeHHUS] 10 MOLIHOCTH TeHepHPYeMBbIX HMIYJbCOB, YTO OOYCJIOBJEHO
TIpefie/ibHBIMH TTapaMeTpaMH MOAYJISITOPHBIX JiaMil.

§ 11.3. TEHEPATOPbl MMNYJIbCOB C ¢®OPMHPYIOIIMMH
YCTPOHCTBAMHU

BakyyMmHble MoAyJ/ISITOpHBIE JIaMIIBI, HCNOJIb3yeMbie B reHepaTtopax
C YaCTHYHBIM pa3psioM KOHAEHCATOpa, HMEIOT CPaBHHTEJNBHO BHI-
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COKO€E OCTaTOYHOE HanpsixkeHue (COTHH BOJIBT H. GoJsiee) U HENOCTATOYHO
GosbllIOl aHOJNHBIH TOK' (HECKOJNBKO COTeH ammep). Bmecre ¢ Tem
CpelH 3JEKTPOHHBEIX TIPHOOPOB HMEIOTCS TakKHe (BOJLOPOAHBIE THpa-
TPOHHI, yIpaBJsieMble pa3pSAHHKH, THPHUCTOPHI), KOTOpbie obecre-
YMBAIOT KOMMYTAlLHIO 3HAYHUTE/IbHO GO/BLUIMX TOKOB (TBICSIUH aMmiiep)
H HMEIOT HH3KOe OCTaTOYHOe HampsiKeHHe,

QnHaKo mpocTasi 3aMeHa 3J1eKTPOHHOH JIaMIbl, HallpuMep, BOAO-
POJHBIM THPATPOHOM B IeHepaTope C YacTHYHBIM Pa3psiioM KOHJEH-
catopa He MO3BOJSiET MOJYYHTb MMIYJbC HPSMOYTONBHOH (OPMBI.
Jeso B ToM, UTO JIEKTPOHHAA JlaMIla He TOJIbKO YIPaBJ/ISieT MOMEH-
TOM IIOSIBJIEHHS] MMIyJbca (MPH OTKPBIBAHWH), HO H (OPMHPYET
CaM HMIYJIbC IPAMOYTIOJbHOH (OpMbI (IDH OKOGHYAHHH BXOJHOIO
UMIyJbCa Jamia 3akpeiBaercs). THpaTpoH e WM THPHCTOp 3a-
KpbIBaeTCsl TOJNbKO INDH CHUXKEHHH aHOAHOTO HanpsXKeHHS MNpak-
THYECKH O HYJsS, 4TO MOXKET NPOHU3OHTH IIpH IOJHOH paspsiike
HaKOIUTENBHOTO KOHAeHcAaTopa. B pe3dysnbrate Ha Harpyske IeHe-
PHPYETCs MMITYJIbC 3KCIOHEHUHANIbHOH (OPMEL.

Takum o6pa3oM, IIPH HCIOJb30BAHHH B KauecTBe KOMMYTaTOPOB
THPATPOHOB HJIH THPHCTOPOB B CXeMe IeHepaTropa IpsSIMOYTOJbHBIX
HMIYJIbCOB HEOGXOIUMO MMEeTb YCTPOHCTBO, (DOpPMHEpYIOllee NPSMO-
yroJibHbIil uMnyJbc. THPAaTPOH HJIM THPHCTOP B TaKOM reHepartope
OCYIIECTBJISIET TOJBKO KOMMYTaLUIO (JOPMHUPYIOLIETO YCTPOMACTBA.

JnHHble JHHHH. POopMUPYIOIIUMH CBOHCTBaMH 06JajaeT orpe-
30K AJHHHOH JHHHH. TlapameTpbl OJHOPOAHOH INNMHHON JHHHH Ge3
noTepb — BOJIHOBOE CONpPOTHBJIEHHE Z, H CKOPOCTb pacmpocTpa-
HeHHSI 3JIeKTPOMArHUTHOH -BOJIHBI BJOJb JIMHHH U 3aBHCAT OT HH-
IYKTHBHOCTH L 1 eMKkocTH C €IHMHHULBI AJIHdbl THHUH

Z,=V'IIC, v=1/VIC. (11.4)

DKBHBaJIeHTHAsl 3JMEKTPUYECKas cxeva JJIMHHOH JIHHHH IPEJCTaB-
Jsiercss B BHJe Ioc/efoBare/]bHOro coelnHeHHs - LC-KOHTYPOB
(puc. 11.9).

Ecnu npensapuTesbHO 3apsiXKeHHYIO 10 HanpsixeHust U p-JIMHHIO
MOAKJIOUHTb K Harpy3ke R, TO B HepBbIH MOMEHT Ha HEH BO3HHK-
Her HanpsikeHne Upy=UpRy/ (Ry+Z,). Ilpu BHINOJIHEHHH YC-
JIOBUSL CoOrJlacoBaHHsl Z,=R, HanpsixkeHHe Ha Harpyske Up,=
=U,/2.- BioNb JHHHH OT Harpy>XeHHOro KOHLA PaclpoCTPaHsieTcs
3JIEKTPOMArHUTHAast BOJHA HANpPSKeHHUs aMIIUTYRoH UyL/2 u cBsizaH-
Hasi ¢ Heill BosiHA TOoKa paspsaku aunun [=Uy/ (2Z,) (puc. 11.9, 6).
Hoiifis1 yepe3 NpPOMEXKYTOK BpeMeHH f;=I[/v (I — AJUHA JHUHUH)
IO PAa30MKHYTOrO KOHIIA, BOJIHA HamNpsKeHHS OTPasUTCs OT HEero
H CTaHeT pacnpocTpaHaTbcs K Harpyske. KoadduuneHt orpaxe-
HUSl BOJIHBI HaNpsiKeHUs R OT KOHLA JHHHH, HarPYyXKeHHOro Ha
pesucTop R, omnpenensiercs COOTHOLIEHHEM

k=(R—Z)(R+Z,). (11.5)

Tak Kak Ha pa3sOMKHYTOM KoHLle R — oo, T0 k=1 n amnautyaa
OTpaxKeHHOH BOJIHBI paBHA aMIJHTyZe najawomeit. [lostomy no
Mepe IBHKEHHS 00paTHOH BOJIHBL NIPO#IeHHBIE €10 YYaCTKU OKaXyTcA
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NOJIHOCTBIO Da3psiKeHHBIMH. ‘epe3 HHTEpBan BpeMeHH [,=[/v

ofpaTHasi BOJIHA JNOCTHTHET HarpyKeHHOro KOHIIA H Ha 3TOM 3JIeKT-

pOMarHUTHLIE NpoLlecchl B JIMHHM 3aKOHYATcsl, NOCKOJNLKY BCA 3a-

nlaceHHass B JIMHUHM SHEPrud
BBHIIEJIMTCS B HAarpyske.

Taxkum obpasoM, B TeyeHHe

Ry BpeMeHH ly=t+1,=2I/v K Ha-

Tpy3Ke NPHJIOXEHO Hampsixke-

7 [ aue Up, =Uy/2 u yepes Hee

< ) > NMpoTeKaeT HEH3MEHHBIH TOK

L L . I=Uy/(2Z,). B atom u nposis-

L S Js10Tcsl GOPMHUPYIOLLHE CBOMCT-
lf IC If l[ IC Ba RJIMHHOH JIMHUH.

R Ecau smHHs He corsaco-
T T T T T BaHa ¢ Harpyskoi (Z,7Ry),
To npu R,>Z, Ha Harpyske
9) B cootBercteun ¢ (11.5) mep-
4 BOHAYa/IbHO BO3HHKHET Hamnpsi-
Un B St keHHe ammaurygoit Ug, >
-1 (/2 >Uy/2, a BoOb JHHHH Gy-
th/2 JIeT PpaclpoCTPaHATLCA 3JEKT-
0 poMarHuTHass BOJIHA aMIlJIHTY-
t X noit menswe Uy/2. Tpu orpa-
8) JKeHHH 00paTHOH BOJIHBL OT pa-
30MKHYTOr'O KOHIIA JIMHHH y4a-
Puc. 11.9. IIJ‘IPlHHaﬂGJIPIHHH (a), 5KBH- CTKH JIHHHM paspsiXkaioTcs He
e manpmennn 5 a0 TCAeAe"  nomnoctsio. Ilostomy, Korxa
obpaTHass BOJHa JOCTHTHET
3aMKHyTOro Ha R, KoHia,
ocTaBlleecsl Ha JIHHHH HanpsiKeHHe paslesINTCA MeX1y Ry u Z,.
B nuHuu onsATh GyJeT pacnpocTpaHsATbCH JIEKTPOMAarHHTHast BOJIHA,
M TaK JO TeX NOp, NOKa JIMHHUS INOJHOCTbIO He paspsaaurcs. Cieno-
BaTeJbHO, Ha Harpyske GyleT JeHCTBOBaTb HMIYJbC CTYNEHYaTOH
dopmer (puc. 11.10, @). JiurTesbHOCTs KaXIOH CTyNeHbKM paBHA

2l/v, a YUCJO0 CTYNEeHeK 3aBHCHT OT CTENIEHH PacCOrVIacoBaHHUS.

IMpu Ry<<Z, nepBoHaua/JbHOe HanpsikeHHe Ha Harpyske Up,<<
<Uy/2, a aMnauTyja pacnpocTpaHswomeica BAOJIb JHHHH BOJIHBI
HanpsixeHus: Goapme Uy/2. CienoBaresbHO, NPH JBHXKEHHH 00paT-
HOH BOJIHEI OT Pa3OMKHYTOrO KOHLA JIHHHS OyZeT nepe3apsiKaTbCs
Y HamnpsizkeHHe Ha Hell U3MEHUT CBOIO NOJsIpHOCTb. TakuM oGpasoM,
Ha Harpyske GYAyT NeHCTBOBaTb HMIYJIbChl HaNpPSXKEHHS Yepepylo-
mefcss MOMSIPHOCTH. AMIIUTYa KaXJIOro IOC/eNYIOlero HMNnyJbca
MeHblIe aMIIUTYAB TPENbIIYIero, a AJUTENbHOCTb ONHHAKOBA U
paBHa 2l/v (puc. 11.10, 6).

OTpe3KH JJIMHHBEIX JHHUH HCNOJB3YIOTCS JJist NOJyYeHus nps-
MOYTOJIbHBIX HMIYJbCOB MaJjiof AnuTenbHocTH (1078 ¢ M MeHee).
OnHako npu (GOPMHPOBAaHHM HMIYJbCOB OGOJbIIEH JIHTEILHOCTH
IJMHAa TaKUX JIHHHIH OKasBIBAaeTCsl HACTONbKO GOJbLIOH, 4TO NpH-
MeHeHHe HX CTaHOBHTCS HellesaecooOpasHbiM. Kpome Taro, JHHHH

S
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C pacnpefeneHHBIMH NapaMeTpaMH HMEIT CPaBHHTEJIbHO HH3Koe
BOJIHOBOE COIIPOTUBJICHUE. HOSTOMY B HMHYJIbCHOﬁ TE€XHHKE HallIH
IIHPOKOEe NPHMEHEHHE UCKYCCmBEeHHble OAUHHblE AUHUL.

upd 2 Upy A
U/2 Ual2 |
0 R ) 0 —/ ?
t
a) 2y
5)

Puc. 11.10. ®opma UMy BCOB Ha Harpy3ke INpH paccoraaco-
BaHHH JJIHHHOH JIHHHH: g— Ry > Z,; 6— Ry < Z,

JIMHHIO ¢ paBHOMEDHO pacnpefiesIeHHBIMH IapaMeTpaMH MOKHO
paccMaTpHBaTh KaK COCTOALLYI0 M3 OeCKOHeuHo GOJIbLIOro YHC/a
3JIeMEHTapHBIX sideeK. SIuefiKH 3Ke HCKYCCTBEHHOH IJIMHHOH JIMHHH
o6pa3syloTcsl M3 JAMCKDPeTHBIX KoHJeHcaTopoB C M KaTylleK HHIYK-
THBHOCTH L, BKJIIOUEHHBIX B CO-
OTBETCTBHH C 3KBHBaJIEHTHOH
CXeMOoH JJHMHHOH JHHHH (CM.
puc. 11.9, 6). EcrectBeHHO,
YTO YMCJIO TaKMX fiYeeK KOHey-
HO. DJIeKTpUYECKHE MNpOLECCH,
MpoTeKalouue B JHHHH C pac-
npenejeHHEIMH NapaMeTpamMH H \ ) .
B HCKYCCTBEHHOM JIHHHH, CTPO- 0 G4 08 12 t/ty
TO TOBOpS, DasJHMYHEL, OMHAKO  p,. yp qj, PopMa HMIYJbCOB NpH

npu GOJIBIIOM HYHCJE SIYEEK C  pasjgmuHOM uHCTe S9eeK HCKYCCTBEH-
HN3BECTHBIM rlpH6JIH)KeHHeM 3TH  HOH JJHMHHOH JHUHHUH

npouecchl MOXHO  CUHTATh
HIEHTHYHBIMH.

DKBHUBAJIEHTOM [JIHHBI "HCKYCCTBEHHOH JHHHH SIBJSIETCS YHCJIO
sueek n. [Tonaras B coorserctBHH c (11.3) «ckopocTb» pacmpocr-
paHeHHS] 3JMEKTPOMArHHUTHOH BOJHBI B HCKYCCTBEHHOH JIHHHH

= 1)V LC, paurensrocts uMnyJbca t, = 2l/v=2nV LC =2V L C o
rae L,=nL, C,=nC — ofbline HHAYKTHBHOCTb H €MKOCTb HCKYC-
CTBEHHOH JIMHHH.

YuuthBasi yenosue corJacoBanus Zo=V L,/C,=R,, Toqyunm
GbopMyJbI 1S pacyeTa NnapaMeTpoB HCKYCCTBEHHOH IJIMHHOH JIMHHH
1o 3aJaHHOM JJIMTENbHOCTH HMIYJbCa %y U CONPOTHBJEHHIO Ha-
rpy3kd Ry : L,=Ryty/2, C,=tu/ (2Ry).

[TosyuyaeMble C NOMOIIBIO HCKYCCTBEHHOH JIMHHH HMIYJIbCHI
XapaKTepU3YIOTCSl HAJHYHEM BHIGPOCOB Ha BepIIHHE H ONpeleseHHOMH
JjuTenbHOCThi0 ¢poHToB (pHc. 11.11). JauTenpHocTb ¢poHTa 3a-
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BHCHT OT I1apaMe€TpoOB SIYeHKH U C HEXOTOPHIM HpHGJIH}KeHHeM -ole-

HUBaeTcs COOTHoWeHueM fy ~ 0,8 LC. C yueToM BbIpaKeHHs s
tn TONyYaeM tg/ty0,4/n. :

Jlns ynyuuieHust napamMeTpoB HMITYJIbCOB (YMEHbIUEHHs! JJIHTE/b-
HOCTH (DPOHTA ¥ CHHKEHHS! aMILIUTYIbl KoseGaHHui), (HOpPMHDYEMBIX
MCKYCCTBEHHBLIMHU JIMHHSIMH, HCTOJB3YIOT KoppekTupyiouue LC-uenn.

dopmupylomue yCTPOICTBA C NapajiesbHO K MOCIEN0BaTENbHO
coeHHEHHbIMH KOHTypamH. DopMupyIOLEMY CBOHCTBAMH 00/J1a1ai0T

Ly L2 Lk
e TR
(¥ C; ¢~ (x ¢-
L L L
Ry 1 2 k p _’
%] (2 Ck H
-J

1
|
1
|
I

a) J)

Puc. 11.12. Cxembl popMHpYIOIIHX YCTPOHCTB C NapalielbHo (a) M nocaeno-
BaTeJbHO (6) BK/IOYEHHHIMH KOHTYpamH

He TOJIbKO JJIMHHBIE JIHHHH, HO U UENH, COCTOSIIHHE H3 MapaaJiebHO

HJIH HOCJIEJOBATENbHO COEJMHEHHBIX PEe30HAHCHBIX KOHTYDOB.
BxonHasi KoOMIJIEKCHass INPOBOAHMOCTb OTpe3Ka OXHOPOAHOM

JUIMHHOM JIMHUM Ha yactoTe ®=2mf onpejesnsieTcsi COOTHOLIEHHEM

=g (onk) =i (1) =

rae [ — aauHa JuHuM; A=v/f — NJuHA BOJIHBL B JUHUH; {x=2[/v —
BpeMsi JABOHHOro npotera BOJHB BJOJb JIHHHH; Z, — BOJHOBOE
conporuByeHue. Ecayn pasnoXuTb NpHBeJeHHOE BhIDaXKe€HHE B P,
TO NOJYYHM

s 0 N & Ny
Y—Toth—Z_l—bk"'Eyk’ (11.6)
k=1 =1
_ 4joty, ey,
rpe ak—m, bk—_—(2k—l)2n2 i k=1, 2, 3, e

U3 coorHowenns (11.6) BhITeKaer, UTO NPOBOAMMOCTb OTpe3Ka

OJHOPOAHOH AMHHHOH JHHHH Y MoxeT ObITb o6pa3oBaHa B pe3yJb-
TaTe IapajJieIbHOTO BKJIOYeHHs1 GeCKOHeYHo OGOJIbILOTo yYHcja

BeTBeH, HMEIOLIHX NPOBOAUMOCTH Y. Kaxnasi BeTBb MOXKeT GbITb
peasid3oBaHa B BHJE IIOC/JENOBATENbHO BKJIIOUEHHBIX KATYIIKH HH-
IykTuBHocTH L, u koHaeHcatopa Cj (puc. 11.12). deficTBHTENbHO,
B 3TOM CJly4ae NPOBOJUMOCTb R-H BETBH
Y - 1 _ joCy
BT joLg+1/joCyr ~ 1 —w2LiCh*
[IpupaBHMBasd YMC/AHMTEJH M 3HaMeHaTeau cooTHoweHu# (11.6) u
(11.7), monyuum
dit,
Ck—1)2n2Z,

(11.7)

2
w?t .
A =n2L,C,

=i0Cy o
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OTKyZa

Zot., 4ty ;
Ly==5* Cmez?' (11.8)

. Takum o6pas3oM, YCTPOHCTBO, HMeIOIlee TaKyI0 K€ BXOIHYIO
NPOBOAHMOCTD, YTO H OTPE30K AJHHHOH JINHHH, Peasu3yeTcsl B BUJAE
GecKOHEYHOro 4YMcja NapasJlelbHO BKJIOYEHHBIX KOHTYypoB. Ilpu
5TOM HHAYKTHBHOCTb L, ¥ eMKocTb Cj, KaXJI0Oro KOHTYpa HOJIKHBI
onpezenstbes: cootHoweHusiMu {11.8). Ecan, Tax e Kak u B cayuae
OTpe3Ka NJIHHHOH JIHHHH, KOHIEHCATOpPHl TAKOro YCTPOHCTBA 3apsi-
AuThb 1o Hanpsixenns Uy, a 3ateM NOAK/IOYHTD K Harpyske R,=Z,,
TO Ha Harpyske 006pa3yeTCsi HMIYJIbC HANpsKeHUs! NPSMOYIo/bHOM
¢opmbl amnauTyod Up/2 M IJMTENBHOCTBIO fy.

DopMupyIOUWUMH CBOHCTBAMH 00Jiala€T TaKXKe . yCTPONCTBO, CO-
CTOsIlLlee W3 HAKONHMTENbHOro KoHaeHcatopa C, M NOC/A€R0BaTENbHO
BKJIIOUEHHBIX KOHTYpoB (puc. 11.12, 6). Ilns onpeneseHus: ycaoBui,
KOTOPBIM JIOJIXKHBEI YIOBJIETBOPATb 3JIEMEHTHl TAKOTO YCTpOHCTBa,
pas3noxuM B pSX BbIpaXkeHUe /st KOMILIEKCHOTO BXOLHOTO COMPO-

tuBnennst Z=1/Y =—jZ,ctg (wfy/2) oTpe3ka AJHHHON JHHMH

5 . 2Z,
2= °+211_“';7k, (11.9)

242 ‘
rae ak=%t;'n£2°; by=qpmrs k=2nn=1,23, ...

C npyroit’ cTOPOHEI, cONpoTHBI/EHHE NapajjenbHoro LiCy KoH-
Typa

7 . ](OLk ](l)Lk

Zy= joCr GoLs+H1/j0Cr)  T—LyCy’ (11.10)

a CONpOTHBJIEHHE BCEro yCTPONHCTBA

. 1 w‘ j(DLk
Z= joCy +k2.; 1 —w2L,Cp’

TTpupasuuBas nounenHo psisl (11.9) u (11.10), momyuaem

b g _Zde. o _la
Co=5z;» Le=mzs CGi=ig-

Ecau snementst nenu Co, Ly, Cp (puc. 11.12, 6) ynosaersopsior
MOJIyYyeHHBIM COOTHOIUEHHSIM, TO NpPH paspsajke KoHaeHcatopa C,,
npe/iBapUTEIbHO 3apsiKeHHOro A0 HanpsukeHus Uy, OpH yCJIOBHH
Ry=Z, amniutyjaa HMIyJbca 6y11e’r paBHa Uy/2, NUTENIbHOCTBIO
t.H’

Ha npakTtuxke He yjaeTcsi peann3oBaTb YCTPOHCTBA C OYeHb
GOJIBIIAM YHCJIOM KOHTYPOB H3-3a TOro, NPH Rk —> 0o B IEPBOM
cyuyae eMKOCTb KoHJeHcatopoB Cj — 0, a BO BTOPOM HMHAYKTHB-
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Hoctb Ly — 0. ITostoMy dopMmupyeMble TAKHMH LENSMH HMIYJbCH:
HMEIOT KOHEeYHYIO0 AJHTeNbHOCTb (PPOHTOB M CPE30B H KoseGaHUsA
Ha BepLIHHE HMIYJIbCA.

I'enepatop umnyabcoB. CxeMa reHeparopa WMMYJbCOB C HOPMH-
PYIOIHM YCTPOHCTBOM BKJIOYAET HCTOYHHK NHTaHua Uy, 3apsaHbii
pesuctop- R,, BOJIOPOJAHBIH THPATPOH HJH THPHCTOP, Harpy3Ky Ry
L L U ¢opMupyIOlIEE YCTPOHCTBO

(puc. 11.13). B orcyrcTBHE

¢ _C BXOmHOrO HMIyJbca BOJO-

T T poxueiii TupaTpoH 3aKphIT,
TOK Yepe3 Harpysky He
IIPOTeKaeT H KOHAEHCATOPHI
'HCKYCCTBEHHOM JIHHHH 3a-

psixensl. [Ipu mopaue B Mo-

MEHT BpeMeHH #, BXOZHOro

HMIIyJibca THPATPOH OTKpBHI-

BaeTcs, HanpsXKeHHe Ha

A aHofle U, Pe3Ko CHMIKaeTcs
t H JIHHHSA OKasbiBaeTcsi Iof-
KJIOYeHHOH K Harpyske.
Ilpu BEHINONHEHHH YCJOBHS

corsiacoBanus. (Ry=2,) Ha-
IpsiKeHHe Ha Harpy»KeHHOM

to

|
|
T ¢  KOHLE JHHHH U; CHHXKaercs
U, t { 1o Uy/2 u Ha Harpy3ke ¢op-
Un S | MHDYeTCs HMIYJbC Halps-

U2 l XKeHdsi ammatygo  Ug/2

n i (puc. 11.13, 6).

0 | : 7 B MOMeHT BpeMeHH 1, JIH-

Upy = | HHsl OKa3bIBACTCSH PA3PSiKeH-

I HOH, Hampsi’KeHHe Ha aHo-

01 | Junto ! |_| J&é THpaTpoHa CTaHOBHT-

ty t2 t c MeHble HaNpsXKeHHsd,

%) HEeOGXOAMMOro JIJisi TMOALEp-

Puc. 11.13. Cxema resepaTopa mmmyap- 2KaHHAl paspsilia B HeM, H

coB ¢ GopMHpyIOHM ycTpoiicTBOM (@) H  BO3HHKAIOT YCJOBHSA, HeoO-

€ro BpeMeHHble AHarpammel (6): XONMMBIE J/I 3anupaHus

THpaTpoHa. B jnanbpHefiem

Hanpsi)KeHHe Ha KOHJEHCaTopax JIMHHH, a CJelOBaTelbHO, W Ha

aHOJe THPATPOHA IMOCTENEHHO YBEJIHYMBAETCS II0 Mepe 3apsiKH

JUHHH. B MOMeHT BpeMeHU #, HanpsiKeHHe Ha JIMHHH NPAKTHUECKH

nocruraet Uy W npu nojave CAEAYIOLIEro BXOZHOIO HMITYJbCa MpO-
LIeCChl B CXeMe NOBTOPSTCS.

CyLiecTBYIOT pa3/iMyHble BAPHAHTHI BKJIIOUEHHS] Harpy3kH. B psne
cJy4yaeB B pa3psAHYIO Lenb (GOPMHUPYIOIEr0 YCTPOHCTBA BKIIOYAETCS
nepBHYHasi OOMOTKAa MMMOYJLCHOrO TpaHcdopmaropa, a BO BTOPHY-
HYI0 OOMOTKY — Harpyska. IIpu 3ToM ocyliecTB/sieTcss pasBsi3Ka
Mo INOCTOSIHHOMY HAMpPSIXKEHHI0 H HAarpy3Ky MOXHO NOAKJ/IOYHTb K
3a3eMJIEHHOH' TOYKe,
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JauTensHOCTh mMpouecca 3apSIAKM JIHHHM, OIPEAe/IsIOUias M-
HHMaJ/IbHOE BpeMsl .Maysbl f,,, HAMHOTO GOJIblLe JIHTEJLHOCTH (op-
MHDYEMBIX HMMNYJ/bCOB. [losToMy MHAYKTHBHOCTH JuHuH L, npu
3apsiike MOXHO He 'yYMTHIBATH M CUHTaTh, 'UTO -KOHAEHcCATop C,,
€MKOCTb KOTOPOrO paBHa CyMMAapHOH eMKOCTH (OpMHPYIOLIEro
YCTPOHCTBA, 3apsKaeTcsi OT UCTOYHHKA IOCTOSHHOIO HalpsiKeHHs
yepe3 pesucTop R, C NoCTOsSHHOH BpeMenu T,=R,C,. Torza mu-
HUMaJ/lbHas JVIMTEIbHOCTb Tlaysel ‘#5,= (3. . .5)R,C,.

R Uen, ij L
—MD—-L Wb ————— — . — _M_D_B'__L
fn Unb=£ 1 o ‘n

0 AW%"" I
-a) tni ] t 6)

Puc. 11.14. DxBuBajeHTHAas cXeMa [eHEPATOPAa HMIYJIBCOB C ,Pe30HAaHCHOH
3apsiKoil GOPMHpYIOLLEro yCTpoicTBa (a), BpeMeHHER AHarpammul (6) H cxe-
Ma c AHOLOM (8)

[Ipu paGote reHepaTopa NPOHCXOAUT MOJHAS pa3psiika KOHIEH-
caTopoB (POPMHPYIOILIET0 YCTPOHCTBA M NPH HCNOJIb30BAHHH B 3a-
psizHofi menu pesucropa R, KIIJ reseparopa HMIyJIECOB He Ipe-
poimaer 0,5 (em. § 11.1).

Pe3onaHcHblit pexum 3apaaku opmupyiomero ycrpoicrea. s
ysennuenusi KITJL reHepatopa HMIYJbCOB HCIOJb3YIOT pe30HAHC-
HBIH peXnM 3apsinku dopmupyomero ycrpoiicrsa. C 3ToH LeblO
B 3apsAHYIO Ilelb BMeCTO pesucTopa R, BKJIOYAlOT KaTYLIKY HH-
IYKTHBHOCTH L, KOTOpasi, He OKasblBasf BJHMSHHS "Ha TpolLecc
(opMHPOBaHHSA MMIyJbCA, H3MEHSET DEeXUM 3apsiKH (GopMHPYIO-
Iero yCTpoHCTBA. DKBHBA/EHTHAs CXeMa 3apAJHOH LeNu B 3TOM
cjlyyae BKJIOYaeT CyMMapHYIO eMKOCTb (OPMHPYIOIIETO YCTPOHCTBA
C,, MHIYKTHBHOCTb L, M pesuctop R, CONPOTUBJEHHE KOTOPOro
omnpenesisieTcss AKTHBHBIMH IOTEPAMH B KaTyllKe HHIAYKTHBHOCTH
(puc. 11.14).

Eciy B TakoM KOHType [eKpeMeHT 3aryxaHusi a=R/(2L,)

MeHble coGcTBeHHOH uactoThl @ = 1/V L,C,, To 3apsmHeiii TOK
i, ¥ Hanpsi}XeHHe Ha JIMHHUH U, U3MEHSATCS Mo KoJebaTelbHOMY
3aKOHY

iy (%) =%‘e-°‘f sinwt, Ug,{t)~U,(l—e-*coswf), (11.11)
rae p=V L,/C,—XapaKTepUCTHYECKOE CONPOTHBJIEHHE 3apAANOrO

KOHTypa.
Ilpu ycaoBun oo ® Ko3phUIUEHT 3aTyXaHus

d=2_°‘=LVLaC_n=§<<1,

U3 cootHowenna (11.11) caepyer, uto HanpsxKeHWe HA JMHHH B
onpefieNeHHEIe MOMEHTH BpEeMEHH . of,=nn, rje n=1, 3, 5, .. .,
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npesbiiiaer Uy (puc. 11:14, 6). [Ipy of,=x, T. e. 1pu {; =n/o=
=nV L,C,, HanpsiKeHue i, IOCTHIaeT MaKCHMaJIbHOTO 3HAYEHHSI:

Ucnmax = Ux (1 +e™ VLS_C”) =Uy(l +e-"2) ~
22U, (1—5). (11.12)

Ecau B MOMEHT BpeMeHH {; Ha CeTKY. THpPaTPOHa MOJATb OTIH-
palolui HMNYJbC, 3apsKeHHas Jo HanpsikeHuss Up,, JUHUSA
oKaeTcsl TOIKJ/IOYEHHOH K Harpyske u.Ha He#l 6yAeT AelCTBOBATb
HMIYJIbC HalpsiKeHUs aMIJIUTYI0H

U gup = ZE202% — U, (1 —d/4).

[Mpu TakoM pexkuMe paGoTHI NoJie3Has -SHEpPrHs, 3anacaemasi B JIM-
HHH, ¢ yueToM cooTHoweHus (11.12)

E,=C,U%.x/2=2U%C, (1 —nd/4)%. (11.13)
e
Dueprus norepb E,= S i3R, df. BolpaxeHHe It TOKa 3apsiiKu
, . P }
(11.11) conmepuT 3KCNOHEHUHAJbHbIH MHOXHMTeNb. s ynpouie-

HHSI PacyeToB IIPMMEM, YTO 3apSAHBIH TOK H3MEHsIeTCS. 0 3aKOHY
HesaTyxawlux Kosebauuii: i, (f)~ (Uy/p)sin wt. Toraa

X 7/ L ,Cn
E Uk - Un 5 1 -
2= > R,sin*ot dt = p—2R3§-(1—C0820)f)dt=
0 :

_2uzc,, iy (11.14)

Cnenyer ¥MeTb B BUAY, YTO B CHJIY NPHHSATOrO NONYLIEHHUS NOJYYEH-
HOe BbIpaXKeHHEe JaeT HeCKOJIbKO 3aBhlIIEHHOe 3HAaueHHEe SHepruH
NoTepb.

Taxgum o6pasom, KI1I npu pesonax—xcx—xon 3apsaKe (GOpMHPYIOLLEro
ycTpoiicTBa ¢ yyerom cooTHoweruit (11.13) u (11.14)

E (\—ad/?
1 5 1 —and/4.

N=E+E ~ (—ad/d)? fnd/

U3 nonyuenHoro Beipaxenus ciaexnyer, yro KII[I renepatopa oka-
3bIBA€TCS JIOBOJIBHO BBICOKHM, MOCKOJIBKY d<<l.

Pe3oHaHCHBIH peXuM 3apsiku (OpMHpYIOLEro ycrpoiicTBa obec-
HeyuBaeT NoJyyeHHe HMIYJIbCOB, aMIIHTYJa KOTOPBIX GJIH3Ka Ha-
NPSAXKEHHIO HCTOYHMKA nuTaHus, M Bblcokui KIIIA. Opnako miu-
TeJbHOCTh May3bl J0JKHA ObITh CTPOro NMOCTOSHHOM: {,,=1. B npo-
THBHOM CJyyae JIMHHA OYyJeT paspsKaTbC INPH MEHBIIEM Hampsi-
JKEHHH, YTOo NpuBefeT K cHHkeHH0 KII ¥ aMniuTyasl uMMyJbca.

10T HQ)lOCTaTOK MOKHO YCTPaHHTb, €CJIM B 3apAAHYIO Lelb IOCJaea0Ba-

TEJLHO C 3apPSAAHOH MHAYKTHBHOCTbIO BKJIOYHMTb AHON VD (puc. 11.14, 6). Iloka
Ao MoMeHTa BpemeHHu Iy (puc. 11.14,6) B KOHType npoTekaeT 3apsuwbm TOK
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B NPAMOM HaNpaBJEHHH, AHOR OTKPHT H HaNpPsKEHHEe Ra JHMHHH YBeJHYHBA-
ercsi. B MOMEHT BpeMeHH #; HanpsiKeHHe NOCTHIaeT MaKCHMAJbHOTO 3HaYeHHs
H JHON 3aKPHIBAeTCs, YTO NPENOoTBpamiaeT NpOTeKaHHe 3apsJHOro Toka B 06-
paTHOM HampaBJeHHH. TakuM o6pasoM, HalpsiKeHHe Ha JHMHHH, JNOCTHIHYB B
MOMEHT BpeMeHH f; MaKCHMaJbHOIO 3HaueHHd, B JajibHeHIleM OCTaeTcsi HeHs-
MeHHBIM. B pesysbTaTe ANMTENbHOCTDb N1ay3bl MOXKET GLITh MEPEMEHHOMN: £y == #1.

l'eneparopel ¢ QoOpMHPYIOIIHMHE YCTPOHCTBaMH 06ecneunBaioT
HOJTyYeHHe HMIYJBCOB NMPSIMOYTONBbHOH (OPMBL GOJIBLION MOLIHOCTH
(50 MBT u Gosiee). OnHaKo B TexX caydasix, Korja HeoGXOHuMO H3-
MEHSITb JJINTEJBbHOCTb HMIYJbCOB MHJH pafoTaTh C NepeMeHHOH
Harpy3Koil, NMpUMeHSITb TaKHe I'eHepaTophl 3aTpyNHHTEJBLHO.

§ 11.4. TEHEPATOPbl MMNYJbCOB C MHAYKTHBHbBIMHU
HAKONHUTEJSAMHU

EMKocTHble HAKONHTEJH 3HEPrHM HMEIOT OINpelle]eHHBIH Tnpenedn
HaKOIJIEHHs] SHEPTHH, KOTOPLIH ONpese/sieTcsl SJeKTPHYeCKOH Npoy-
HOCTBIO BHIODAHHOTO AH3/EKTPHKA. B coBpeMeHHBIX KOHAEHcaTopax
3JIEKTPHYECKOe ToJ€e, IJIHTENbHO d,, R y
BLIIEPXKHBAEMOE  IHUIJIEKTPHKOM, ——
cocraBasier 10¢ B/cm. Hanbrei-

11€e MNOBBILIEHHE HaNpsKeHHOCTH

noast (go 107. . .10® B/cMm) npuso-

JHUT K TOSIBJIEHHIO aBTOJJEKTPOH- |
HOM 3MHCCHM C 3JIEKTPOJOB H '3
npo6ol0 IH3JIEKTPHKOB. B 3tomM I,}b———
OTHOIIEHHH UHOYKMUBHbIE HAKO-
numeauw WMEIOT  ONpelesNeHHbie 0
MpEeHMyIIeCTBA, NOCKOJbKY B HHX e3> je—3 >
HaKarn/juBaeTcsi SHepPrus MarHHT-
Horo nossi. [loatomy ansi moJsy- Ugah
YeHHsl MOIIHBIX MMIYJbCOB HC-
NIOJIL3YIOTCS] TAKXKE 2eHepamopol ¢ '\'
UHOYKMUBHOIMU HAKONUMEAAMU. 0 t

[IpuHuMn JeHCTBHS TaKOro 3)
reHepaTopa MOXHO NOSICHHTb Ha
npuMepe npocTeileil CXeMHI, co- Puc. 11.15. DxBHBaseHTHas cxeMma

o reHepatopa ¢ HHAYKTHBHBIM HaKoO-
CTosillled M3 WMCTOYHHKA TNHTAHHA  purenewm (a) H BpemeHHbe Awa-
U, KaTylKd HHAYKTHBHOCTH L, rpammu (6)

BBINIOJIHAIOWEH (PYHKUHUH HAKOIH-

TeJIsl SHEPTHU, Harpy3oyHoro pesucTopa Ry ¥ ABYX Kaouelt S; u S,
(puc. 11.15). Ilpu paccMoTpeHHH NpPOILIECCOB B TaKOH cxeme Heo0Xo-
I¥MO YYHTBIBATh Ha/IMYHe 3KBHBAJEHTHOI'O 3apsJHOrO CONPOTHB-
JeHuss R,, 0OOYCJOBJIEHHOIO aKTHBHBIMH IOTepPAMH B 3apsiAHOH
nemny.

Korzma B MoMmenT Bpemenu /=0 kmwou S; 3aMKHYT, a S, pa3oMK-
HYT, OT HCTOYHHMKAa NHTaHUs Yepe3 KaTyIIKy HHAYKTHBHOCTH NpO-
TEKAeT TOK, H3MEHSIOIKICS 110 SKCIIOHEHIIHaIbHOMY 33aKOHY:
iy () = (Uy/R,) (1 —e~%), rne 1=L/R, — nocTosiHHasi BpeMeHH 3a-
pAAHON LenH. ‘
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Uepes onpene/eHHbIt WHTEpBAT BpeMeHH {,, KOTJAa TOK JOCTHT-
ser suavenus I,=(Uy/R,) (1 —e™%/%), kmou S; pasmuikaercsi, a
KMoy S, 3aMBIKaeTcsa. B pesysbTaTe KaTyllKa HHAYKTHBHOCTH
OKa3HIBaeTCs TOAKJMIOYEHHOH K PE3HCTOPY Ry ¥ HA HeM BBIIEJSIeTCs
3aMaceHHas B KaTylIKe MHAYKTHBHOCTH 3Heprus. [IpH 3ToM TOK,

1

10 Puc. 11.16. 3aBucumoctn
KII renepaTopa ot Bpe-

06 MeHH NpPOTeKaHHA TOKa
Yepe3 KaTyIUKy HMHAYK-

02 THBHOCTH

0o 1 2 .I’ t_;/t

MPOTEKAIOLIHi Yepe3 Harpy3OUHBIl DE3UCTOp, a CJENOBaTeJbHO, M
najieHHe HANPSKEHUs HAa HEM H3MEHSIOTCH N0 3KCIOHEHIHA/TbHOMY
3aKOHY C INOCTOSIHHOHM BpeMmeHH T,=L/Ry (puc. 11.15, 6). O6buHO
B CXeMaX FeHepaTOpOB HMITYyJIbCOB C HHAYKTHBHHIM HaKOIHTEJEM
posib KJo4a S, BHINOJHAET HCKPOBOM NPOMEXKYTOK, KOTOpPHIA IIpU
pasMbIKaHHH KJioya S; INpoGHBaeTCsi HMIYJbCOM HaNpsKeHHUs,
BO3HHKAIOLIEr0 Ha HHAYKTHBHOCTH.
3anaceHHast B KaTylIKe HHAYKTHBHOCTH SHEPTHS

Lr 1, U —tT\2
E=fp—gil (1—e~%/7) (11.15)
pacxofiyercsi B Harpyske H, TakuM o6pa3oM, SIB/ISieTCS TNOJIE3HOH.
OHeprusl noTepb NPH NPOTEKaHHH TOKa i, Yepe3 3apsiiHOe CONpo-
THUBJIEHHE

)

ta
E, = S BR dt =+~ | (1—e-m)2dt =
4 > 9 (11.16)

__.E. (.i%__%.{_Qe_ta/“_%e'Zts/r) .

C yueroMm coorHowenuii (11.15), (11.16) KIII reneparopa ¢
HHIYKTUBHBIM HaKOIHTEJeM

By 11—2" 4

n_El‘l‘Ez 2 tyt—1 __I_e-ta/"

—at [T

Kak BuaHo, KIIJl reHepaTopa ¢ HHIYKTHBHBIM HaKOIHTEJEM SHep-
TMH OIpeJeNsieTcss OTHOLIeHHEM BpeMeHH HAKOIIEHHS SHEpPrHH 1,
K IIOCTOSIHHOH BpeMeHH 3apsigHoi nenu t=L/R,. Yem Gosblue 310
otgomenne, TeM Menbiie KII/ remepatopa (puc. 11.16). YmeHb-
IIeHHWe 1] C YBeJHYEeHHEM BPEMEHH IPOTEKaHHSI TOKa CBSI3aHO C TeM,
YTO HapacTaHHe TOKa, a C/efloBaTeNbHO, M yBeJHYeHHe 3anacaeMoi
B KaTylIKe WHIYKTHBHOCTH 3SHEPTHH HPOHCXONAT 3a BpeMs [ =
= (3. . .5)v. [Ipu jpanbHefillleM NpPOTeKaHHH TOKa 3anacaemasl SHep-
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THS HE YBEJHYHBAETCS, a NPOMCXOIAMT JIHUIb NOTeps SHePrHH B aK-
THBHOM COMNPOTHBJEHHH R,. YBeauuutb KI1J MoxHO, ymeHbinas
BpeMsi HakomieHusi 3HepruH. OAHAKO NPH 3TOM CHHXKaeTcs Hakar-
JuBaeMasi 3Heprusi. ITOCKOJIBKY MaKCHMajlbHOe 3HayeHHe ToKa i,
3aBHCHT OT 3KBHBAJEHTHOTO aKTHBHOTO CONPOTHBJIeHHS R,, npH
KOHCTPYHPOBAHHUH I'eHEPaTOPOB C HHAYKTHBHBIM HakomuTeseM 6OJib-
Ioe BHHMAaHHE YHAEJNSeTCH YMEHBIIEHHIO 3TOrO CONPOTHBJEHHS.

Yo L L Lp M gy,

ITI[ TIC ITC TIC - G 0 11 11 it

- ‘_‘ iq
ﬂb‘_'c, v o
[]R“ 5 t
i | Upy
R - 0 [l
ty t
a) 0)

Puc. 11.17. Cxema reHepatopa ¢ HaKONHTeJeM B BHAE KOPOTKO3aMKHYTOM
JJIMHHOM JIMHHE (a) H BpeMeHHEle Juarpammsl (6)

O1nrunTeNbHON OCOOEHHOCTBIO reHepaTopa C HHIYKTHBHLEIM Ha-
KOTIUTEJIEM SIBJISIETCS TO, YTO OH OGeclieunBaeT NoNyYeHHe HMITYJIbCOB
HaNpsiKeHHs], aMIIUTYJa KOTOPbIX IIPEBBIIAET HANpsKEHHE HC-
TOYHHKA NUTAHUS B HECKOJBbKO pa3. ITO INpeBbIEHHE 3aBHCHT OT
CKOpPOCTH H3MeHEeHHsl ToKa B HHAYKTHBHOCTH NPH pa3MBIKaHHH 3a-
pAAHOH LEmNH.

WMnysbc HanpsixkeHHsl, NoJydYaeMblil B TeHepaTope ¢ KaTYIIKOH
HHAYKTHUBHOCTH B Kaue€CTBE HAKOIIMTEJISI 3HEPruH, HMEET 3KCIIOo-
HeHIMaNbHYlo Gopmy. JI/1s1 reHepHPOBAHHUA HMITYJBCOB NPSIMOYTOJb-
HOM (opMBI HCNOJIb3YIOT KOPOTKO3aMKHYyThle JnHHH (puc. 11.17).
B kayecTBe KOMMYyTaTOpa IPHUMEHSIOT 3JIEKTPOHHYIO Jamny. KoujeH-
carop C, urpaer posb pasjejuTeJbHOrO M NpeoTBpAllaeT MpOTe-
KaHue IOCTOSIHHOTO TOKa uepe3 Harpysky Ry.

Ecnn Jjamna oTKphITa, TO Yepe3 MHAYKTHBHOCTH JIHHHH IIpOTE-
KaeT TOK U B HHUX IPOHCXOJUT HaKONJIEHHE SHepruH. B KoHpeHca-
Topax C 3Heprusi NpakTHYECKH He HaKallJIUBaeTcsl, TaK KaK JIHHUS
KOpOTKO3aMKHyTasl. [I/1s1 No/yyeHHsl B TAKOM eHepaTope UMIYbCOB
HOpSIMOYToJbHOH (HOpPMBI HEOGXOAHUMO COIJIACOBATh JIHHHIO C Harpys-
koit: Z, =V L/C = R,,. Korjia aHOIHBIi1 TOK JIaMIIBl, a CJELOBATEJbHO,
M TOK, IPOTEKAMHMH yepe3 UHAYKTUBHOCTH L, JOCTHraer 3HayeHust
I.,, namna sakpoiBaercs (puc. 11.17, 6). Jluuus okaselBaercs Ioj-
KJIOYEHHOH K Harpyske Rp=Z, 0 B Hell HauHHAeT MPOTEKaTbh BOJI-
HOBOH IIpollecc, CBSI3aHHBIH C paclpocTpaHeHHEM OT Harpy:KeHHOro
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Ha R, KoHUA BOJIHBI ToKa aMIuTypo#t l,=1I,,/2 u BoMHBI HaHps-
weuua Uy=1,Zy= (I,/2)Z,. ,

[lo ucreyeHuH BpeMmeHH f,=I[/v, TJe U — CKOPOCTb pacnpocT-
paHeHHsl BOJIHOBOTO Ipolecca, Iloc/le 3aKpbIBaHHSl JaMibl BOJHA
TOKa JOCTHUTaeT KOPOTKO3aMKHYTOrO KOHLA JIMHHH, OTPAXaercsi OT
Hero Ge3 M3MeHEHHs! aMILIUTYIbl H DaclpocTpaHseTcss B o6paTHOM
HanpasjeHHH. [lo Mepe pacnpocTpaHeHHsi OGpDaTHOH BOJIHBI TOKa
JIMHHST pa3psikaercs. TakuM oOpasoM, 1O HCTEUEHHH BPEMEHH f,=
=2l/v 3Heprusi, 3anaceHHas B JHHHH, NOJHOCTBIO BBIIEJIHTCH Ha
Harpyske, rje OyJeT NeHCTBOBAaTb HMMIYJbC HaNpsKEHHs aMIlJIH-
typoit Upy =Im/ (2R).

B MOMEHT OKOHYaHMS BBIXOZHOTO HMIYJbCa Ha CETKY JaMIBl
ONATH MOJAETCS BXOJHOM OTIHPAIOIIUA HMIYJIbC H NMPOLECCH B CXeMe
HIOBTOPSIIOTCSI.

leHepaTopel HMMIYJbCOB C HHAYKTHBHBIMH HAKOMHUTEIAMH HC-
NOJIL3YIOT /IS TOJYYeHHS! OJHHOYHBIX HMIYJBCOB CBEPXGOBIION
momgoctd (P,>10° MBT). B KkauecTBe KOMMYTAaTOpPOB B TaKHX
reHepaTopax HCIOJb3YIOT B3pHIBAlOLIHeCs IPOBOJIOYKH (S,;) (pHc.
11.15, @) U HcKpoBble paspsaiHHKH (S:). Ilpu renepupoBanuH ne-
PHOIHYECKH MNOBTOPAIOMIMXCA HMIYJ/IbCOB BCTPEYAIOTCS TPYAHOCTH
B ofecreyeHHH CTAaGHJIBHOCTH HMIYJbCOB MO MOIIHOCTH.

lenepatopbl C HMHAYKTHBHBIMH HAKONHTEJSIMH 3HEPTHH HMEIOT
XyJuue 3HepretrHyeckue nokasateau (Manwiit KI1II) no cpasnenuio
¢ reHepaTopaMH Ha eMKOCTHBIX HAaKOMHTe/ISX 3Hepruu. Bmecte c
TeM Ge3 MpHMeHeHHsl MOBBHILALIUMX TPaHCHOPMATOPOB OHH ofecre-
YMBAIOT MOJyYeHHe HMIYJbCOB, aMIVIUTYAa KOTOPHIX GoJblue Ha-
OpsiZKEHHsT MCTOYHHKA IHTaHHA.



TJIABA TEHEPATOPHI

JIMHEAHO U3MEHSIOLHXCSA
. 12 HATIPSHKEHUSA

H TOKA

B TeJeBH3HOHHHIX H PAaJHOJIOKAUHOHHLIX CHCTEMax, B H3MepH-
TeJIbHBIX YCTPOHCTBAX M CHCTEMax AaBTOMATHKHM WIHPOKO HCIOJib-
3yIOT HMIYJbChl JHHEHHO H3MeHsomerocs Hanpsukenus (JIMH).

§ 12.1. MPUHLUUN JEACTBUS TEHEPATOPOB JIMH

NMapamerpn revepatopos JIMH. Jlunelino nuaMeHsitoneecss Hanpsxe-
HHe 4YacTO HasblBalOT NMuJooGpa3HbiM. HampsixeHue ummyJibca H3-
MeHsIeTCS HpPONMOPIHOHANbHO BpPEMeHH, Mpollejuiero C MOMEHTa
HayaJjia mpolecca, T. e. B Hea/lbHOM ciydae u (f)=at, rie a — Ko3d-
(huUHeHT nponopluyoHaJbHOCTH. Tak Kak HanpskeHHe HE MOXKeET
HapacTaTb GECKOHEWHO, TO BpeMA JIMHEHHOro HM3MEHEHHS OrpaHH-
YEHO ONpEJE/IEHHbIM BpeMeH-
HBIM HHTEpBaJOM — OAumens-

Hocmbio  pabodeit cmaduu lyag ‘V\/
(puc. 12.1). Pasmuuanr Jau-

HeilHO HapacTawollie U JH-
HeHHO CcHajawllHe HMIYJb- 0 tpas |8 t
chl. B mepsoM cayyae Koad- - T
(HLHEAT  IPONOPLHOHAILHO- ~
CTH  a NIOJIOKHTEJIbHBIA, Puc. 12.1. BpeMennas amarpamma
BO BTOpOM OTpHL[aTeJIb- JIMHEeNHO H3MeHSULerocsa HanpaXeHUs
HBIH.

[Tocne okoHYaHus1 paGouell CTaguM HaNpsKEeHHe B TeueHHe
BpeMeHH {5, KOTOpOe HasblBaeTcs spemerem 80ccmarnogieHus (0ObIYHO
Ipac>>ls), Pe3KO H3MeHsieTcs JO IepBOHayaslbHOro 3HaueHHs U,.
3aKoH U3MEHEHHS HAaNpsKeHHS B TeueHHE BPEMEHH [, He HMeeT
CyLIeCTBEHHOTO 3HauyeHHs. B MMIyJbCHOH TeXHHKe HCIOJb3YIOTCS
KaK OJUHOYHBIE, TaK U NEPHOAHYECKH IIOBTOPSIOLIHECS HMITYJIBCHI
JIMH. B mocnennem ciydae nepuoi NOBTOPEHHS HMIYJbcoB 1=
=1pact1s.

XoTsl reHepupyeMble HMIYJbCHI H Ha3bIBAIOTCS JUHEHHO H3Me-
HSIIOLUMHCS, OJHAKO 3aKOH H3MEHEHUsS HalpsiKeHHS BO BpeMsl
pabouell CTaiuu OT/IMYAETCs OT JIMHEHHOro, TaKk KakK OObIYHO KO03(d-
(PMLUEHT NPONOPLHOHAJBHOCTH He siBjsiercsi moctosiHHbM: du/df=
=q(t). Takum o6pa3oM, UMeeT MECTO HeJHHEHHOCTb M3MEHeHHUs Ha-
npsxeHusi, g KOJUYECTBEHHOH OLEHKH CTeNeHH OTKJIOHEHHS
peasbHOro Impouecca H3MEeHeHHs HalpsiKeHHs OT HJeajbHOro JH-
HellHoro BBOJMTCSl IlapaMeTp — K0gpuyuenm HesureliHocmu

Kn=(| u' lmax'—'lu'lm‘m)/l u’ Imax» (12'1)

d
rae 'u,lmax = %

max = @max — MAaKCHMaJIbHasi CKOPOCTb H3MeHe-
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du
Tt
POCTb H3MEHEHHSl HalpsSIKEHHS.
Tak kKak B TeueHue paGouell CTailH HaHPSKEHHE MOXKeET JHGO
yBEJIHUMBAThCS, JUOO yMEHbIIAThCs, TO 3Jech 6epyTcsl abCoMIOTHbIE
3HAueHHs CKOPOCTH M3MEHeHMsl HalpsikeHus. B uaeanbHOM ciyuae
JMHEHHOro H3MeHeHHs1 HanpsikeHusi du/di=a=const u Ky-=0.
IMostomy npu mocrpoenuu rereparopos JIMH ctpemsarcs mosnyunts
Ly, BOBMOXHO MEHbUIHH KO3(pduLH-
" eHT JIMHEHHOCTH.
Ry ﬂ"’x

HUS HanpsikeHus; |4 |pin = min = Omin — MUHHMAJILHAsA CKO-

BaxHeiM napamerpom Jro6oro
reneparopa JIMH sBasercsa xo-
ugy S8 T Jc My appuyuenm UCnoAb308AHUA  Ha-

, T “8x  npajcerus UCTOYHMKA MHTAaHHA

ks Ky=Un/Uy, e U, — amnau-

a) Tyaa umnyasca JIMH; U, — na-

*Un P NpsikeHHe HCTOYHHKA NHTaHHA
reneparopa JIMH.

Ugyx Hapsny ¢ nepeuncieHHBIMH

OCHOBHBIMH ITapaMeTpaMH TreHepa-

Topos JIMH BaxkHbIMH siBAsIIOTCSH

Ugy TaKXke CTabHJIbHOCTb GOPMEI I'eHe-

0 pHUpYeMBbIX MMITYJIBCOB IIPH paboTe

] ¢ B NepHOAMYECKOM pexHMe, Harpy-

tu : 30yHas crmoco6HocTs, KIIM, Bo3-

| | | i MOXXHOCTb H3MEHEHHS IapaMer-

Ugpix | | | i i v .
Usg F—F——— =4+ —==+—— pos JIMH u ap

- - B ocHoBe npuHUHIA JeHCTBHA
I - I,/
—¢-|-—- T renepaTopoB JIMH Jsiexxur 3apsigka
Um LA may H pa3psiika KOHIEHcaTopa I1oCTOo-
0 ‘t‘” > SHHBIM _TOKOM. WsBecTHO, uTO
pad| Lo HanpsixeHHe Ha KoHfeHcaTtope C
OIIpeneasieTCsl COOTHOILIEHHEM
6) .
Puc. 12.2. Teneparop JIHH ¢ — LS' d

TPaH3UCTOPHBIM KJIOUOM (a), 9KBH- ue="U, & C ic df, (12.2)

BaleHTHas cxema (6) M BpeMeH- 0

HEle Jauar 8
Auarpamsi (s) rae U, — Haua/lbHOe HAlpsiKeHHe

Ha KoHJeHcaTope. 3HaKH Iepef

HHTErpajJioM YYHTHIBAIOT HalpaB/eHHe MPOTEKaHHS ToKa uYepes

KoHfeHcaTop. IIpm mporekaHHH 4epe3 KOHAEHCATOP TOKAa 3apsilKH

HanpsiXKeHHe Ha HeM YBeJHYHBaeTcsi U cjefyeT 6paTh 3HaK ILIIOC,
OpH NPOTEKAHHH TOKAa PaspAIKH — 3HAK MHHYC.

Eciu uyepes KOHZEHCATOP IPOTeKaeT IOCTOSIHHBIH TOK ip=/,,

TO HalpsiKeHHe Ha HeM H3MeHseTcsi 10 JHHEHHOMY 3aKOHY:

I
uc=U, & —CL t. [Ipu 5TOM HeoOXOANMO NEPHOIHYECKH 3apsxKaTb M

pa3psxkarth KoHAeHcatop. Takum ob6pasom, reHeparop JIMMH nomumo
KOHJEHCaTopa JOJ/IKeH Cofiep:KaTbh LENH 3apsaikH H PaspsikH.
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Ieneparop JIMH ¢ rpanaucropabiM Kmowom. Flpocreiiuum rene-
patopom JIMH sB/asieTcst cxeMa ¢ TPaH3UCTOPHBIM KJIIOUOM (pHC.
12.2, a). Tpausucrop VT BK/IOYeH NapasenbHo KoHJeHcatopy C,
KOTOPBbIH TNEepPHOAHYECKH 3apsixkaeTc M paspsixkaercsa. OOBIYHO
YCTpPOHCTBO, Ha BXO0J KOTOpOro nopatorcs mmnyJabcht JIMH, mmeer
BXOJHOE CONPOTHBJIEHHE, SIBJAIOLIEeCS Harpy3Koil IJis reHeparopa
JIMH. B ucxoiHOM COCTOSTHHH TPaH3HCTOP OTKPHIT H HAaChILLEH.
Jlns storo B coorBercTBuH C (7.1) HEOGXOAUMO, YTOGHL BHIIOJIHSJIOCH
ycinoBHe Rhs,=>Rs. Hanpsixxenne Ha KoHIeHcaTope paBHO OCTa-
TOYHOMY HaNpsKEHHMIO Ha TpaH3HCTOpe, cJaefoBaresnbHo, Uy,=
= Uk5 nac-

Ilpy nojmaue Ha BXOX HMIYJbca OTPUIATENbHOM IIOJSIPHOCTH
Moc/e 3aKpbIBAHUS TPAH3UCTOPHOTO KJOYa HaYMHAETCsT Mpoliece
3apsAAKH KOHJEHCATopa OT HCTOYHHKA IIMTaHUS yepe3 pe3uctTop Ry.
B cooTBeTCTBHH C 3KBHBaJIEHTHOH cxemo#i (puc. 12.2, 6) mpouecc
3apsilKl HOCHT SKCIIOHeHIMa/lbHBIA Xapaktep (puc. 12.2, 6). Ha-
NpsiKEHUe Ha KOHJEeHcaTope, a CJefoBaTe/bHO, H BHIXOAHOe Ha-
NpsKeHHe

Upux = UBI(B—(U;RB_UO) e-t/r,’ (123)
rae

_ Ry . RyuRx
stn = (Un_[KSORx)RH+RK ’ =Cs o5 RH+Rx

B ciyuae KpeMHHEBOTO TPaH3HCTOPA U MIPU OTCYTCTBHH HarpysKkH
(Ry— o0) cootHoweHue (12.3) cymiecTBeHHO YIpoLaeTcs:

Ugux = Un—(Un—Uo)e_t/R"C'

Tpouecc 3apsimku KOHIEHcaTopa NPONOKaeTCs 1O MOMEHTa
OKOHYaHHSI BXOJHOrO MMIIyJbCa, NOSTOMY fp,6=fs. MaKcHMasbHO®
3HayeHHe BHXOL(HOFO HanpaxeRHs Uy (£526) = Uiy — (U o —U,) X

x &~ 'pa6/RuC . AMniiuTyza BBIXOJHOTO HMITYJIbCa
U= Upasx (tpas) —Usaox (0) = (Usua— U) (1 —e~'m6/ %), (12.4)

dutgux [
a 4=

CKOpOCTb HapacTaHHsl BBIXOZHOIO HaNpsiKeHHs
= Ysn—Uo /R, C; .
RC

K
Orcroza

USKR—UO USKB UO e-

’ R 0
Umax =T ’ umln R.C /R

pab.

u B cootBercTBHH ¢ (12.1) KoadpuuueHT HeMHEHHOCTH
K,=1—e 'pa6/RxC (12.5)

Bripaxenue (12.4) nossossier onpeneautb KodppHUHEHT UCIONb-
30BaHHA HANpPAXKEHHUS HCTOYHHKA THTAHHS

-—-_Qﬂ.—- UM(B_UO (l tpaG/RHC). (126)
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W3 Bripaxenuit (12.5) u (12.6) cienyer, uto

K,= U——S"‘Z]n Yo K.

ITocsie OKOHYAHHSI BXOLHOTO HMIYJIbCA TPAH3HCTOP OTKPLIBAETCSA
M HauMHaeTcsl Npolecc pa3psAKH KOHAeHcaTopa. B MOMEHT OTKphI-
BaHHsl TPAH3HUCTOpPA NOJIOXKEHHEe paGoyedl TOUKH ONpeaessieTcsi Tou-
koit A (puc. 12.3). [TocKOIBKY TPaH3UCTOP HAXOAHUTCS B aKTHBHOM
pexyMe, HaYalbHBIA KOJJIEKTOPHBIH TOK [ (0)=hq;lg=H,;,Uy/Rs.
3areM N0 Mepe pas3psAKH KOHJEHCATOpPA HANpsiXKEHHE Ha HeM,

Ig=Uq [R5

t.

~
(]
+
|
]

‘.‘-
D

~

7
1
S

Unax  Ysws Uk u
Puc. 12.3. BrixojHasd XapaKTepHCTH- Puc, 12.4. DKxBuBasleHT-
Ka TpaH3Hucrtopa Hasi cXeMa TeHepaTtopa

JIMH KomneHcallHOHHOIO
THNIA

a cJleloBaTesIbHO, U KOJIJIEKTOPHOE HanpsikeHHe TPaH3HCTopa yMeHb-
marwTcss U paboyast TOYKa JBHXKETCS MO KOJIJIEKTODHOH Xapakre-
PHCTHKe BJIEBO IO HampasJeHHI0 K Touke M. Ecau npenebpedb
TOKOM [y, IPOTEKAIOUM Yepe3 pe3ucTophl Ry, Ry, TO TOK pa3spsaaku
KOHJIeHCaTopa i OCTaeTcsl MPaKTHYeCKH NMOCTOSTHHBIM NMPH JBHXKEHHH
paboueii ToukH 1o Toukd N. [TostoMy HanpsixkeHHe Ha KOHJeHcaTope
yMeHbILIAeTcs] NPaKTHYECKH 1O JHHeHHOMY 3akoHy. [lanee paGouas
TOYKAa NONajaeT Ha HayaJjbHBIH BOCXOIAIIMH Y4YacTOK XapaKTepH-
CTUKH, TPAH3UCTOP NEPEXOAUT B PEKHUM HaCBHIIEHHS U KOHAEHCAaTop
paspsiKaeTcsi yMeHblIAlOLIMMCSE BO BpeMeHH TokoM. Ilpomecc pas-
PAIKH 3aKaHYHBaeTcsl, Korja paboyasi Touka NpUXoAUT B M. Bpewms,
B Te€YEHHE KOTOpOro paboyas TOUYKa JABHIKETCS MO NOJOTOMY Y4acTKy
XapaKkTepUCTHKH, COCTaBJSET 3HAYHTEJbHYIO 4YacTb 3Talla BOCCTa-
HOBJIEHHS, TIO3TOMY

ty = UnaxC/1 (0).

B paccmoTpenHoi#t cxeMe npu MasioM Ko3hdHIEHTe HEJHHEHHOCTH
HMeeT MeCTO HHU3KHMH KO3(hGhHLHEHT HCNOJb30BAHUS HANpPSKEHHS
HCTOYHHKA TNHTaHMS, YTO SIBJSETCS CYLECTBEHHBIM HEJOCTATKOM
cxeMmbl. OfHaKo, KOrja IO TEXHUYECKHM YCJOBHAM JOMYCTHMBIi
K0o3a(h(dULHEHT HeJMHEHHOCTH npeBhiiiaer 0,1, 3Ta cxeMa npuMeHHMa.

CpaBHUTE/IbHO HH3KHE KaueCTBEHHBlE W KOJHYECTBEHHBIE MOKa-
3atenu reHeparopa JIMH ¢ TpaH3HCTOPHEIM KJ/IOYOM OGYCJ/IOBJIEHBI
TeM, YTO BO BpeMsi pabodedl CTaiMH TOK, POTEKAIOWIMH Yepe3 KOH-
JleHcaTop, He OCTaeTcsl NOCTOAHHBIM. [lis cTaGHaM3aluyu TOKa, Ipo-
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TeKalolero yepes KoHaeHcatop npu ¢opmuposanuu JIMMH, ucrnoss-
3YIOTCS [iBa METOJA: MOKOCMAOUAUSUPYIOULe20 INeMERMA U KOMNeHCa-
YUOHHbLL.

Wpes mepBoro MeTofia COCTOMT B 3aMe€He pe3HUCTOpa 3J1eMEHTOM,
TOK KOTOPOI'O He 3aBHCHT OT IPHJIOXKEHHOro HanpsikeHusi. Ilpu
BKJIIOUEHHH TaKOr'o 3JEeMeHTa MOCJel0BaTebHO HJIH INapasljiesbHo
C KOHJEHcaTopoM IO Mepe 3apsilKH HJH paspsiiKH IOCJeLHEro
HampsiKeHHe Ha 3/1eMeHTe U3MEHSIeTCsi, a TOK OCTAaeTCs IOCTOSIHHBIM.

Hnes BTOoporo Merofa cTabuWJH3alMH TOKAa, IPOTEKAIOUIEro
yepe3 KOHJeHcaTop, 3akJjiouaercs B cJjenylomieM. [locienoBaresbHo
C KOHJIEHCATOPOM BKJIIOUAETCS JIONOJTHHTENbHBIH HCTOUHHK MUTAHUS U
(puc. 12.4) u Tok B nenu i.= (Up+u+uc)/R. Ecnu Hanpsixkenue
JIOTIOJTHUTEJILHOTO HCTOYHHKA H3MEHSIeTC No TOMY Ke 3aKOHY, 4TO
U Ha KOHJEHcaTope, H HMeeT o0paTHYIO NOJSPHOCTD, T. €. U=—LU,
TO TOK i, ocraeércsi mocTosiHHbM [z=U,/R. OGbIYHO B KauecTBe
JOMOJHUTE/NLHOTO HCTOYHHKA HANpPSXKEHHS MCIOJAb3YyeTCs BBIXOJ-
HOe HampsiKeHHe YCHJIHTeNs. YNpaBJeHHe 3THM HalpsiKeHHeM
ocyllecTB/seTcs 1enblo obpaTtHoi cBsisu. [lo Buay obpaTHO# cBSI3n
pasnuyaiT eeHepamdpor JIMH ¢ ompuyamerbHol u noioxcumessHoll
o6pamrol ¢8a3b10.

§ 12.2. TEHEPATOP JiMH C TOKOCTABHJIU3UPYIOLIUM JIEMEHTOM

B kauecTBe TOKOCTaGU/IH3UPYIOUIUX 3JeMEHTOB B reHepaTtopax JIMH
HCIOMB3YIOTCS JINGO TPAH3HUCTOPHI, paboTalolle B AKTUBHOM PEXHUME,
Jau6o mneHToxbl. TpaH3HCTOpPHl 00eCNeuHBalOT T'€HEPUPOBAHHE HM-
nyabscoB JIMH amMnauTynoill HeCKOJbKO
JECSTKOB BOJIBT, a NMEHTOJbl AMIVIHTY b
o 100. . .150 B. Ilpu Hcrnosb3oBaHHH
TpPaH3HCTOPA €ro lesnecoobpasHo BKJIO-
yaTh 1o cxeMe ¢ ofuel 6a3oit. B atom
c/lyyae UMeeT MEeCTO MEeHbIUMH HaKJOH
BbIXOJHBIX XapaKTEePUCTHK, T. €. 60.b-
wee JuddepeHnHaNbHOE CONPOTHBIIE-
HHe.

Ienepatop JIMH ¢ TOKOCTAGH/IM-
3UPYIOLUIUM 3J€MEHTOM HMEeT IBa TPaH-
3uctopa, oauH u3 koropeix (VT;) pa-
6oTaeT B KJIOUEBOM peXHMe, a Ipyroi
(VT:) — B aktusHom (puc. 12.5). Co-  pyc. 12.5. Cxema remeparo-
NPOTHUBJIEHHE pe3ucTopa Ry HEBEAHKO, pa JIMH ¢ ToKocTaGHIH3H-
M OH BKJWOYaercss Jjs1 oOecleyeHUs] PYIOLIHM TPaH3HCTOPOM
pexuma HacblilleHusi TpaHsucropa VT,

YTO CIOCOGCTBYET COKpAallleHHIO JIMTEeJBbHOCTH CTaAHH BOCCTAHOBJIE-
HHSA. .

B ucxomuom coctosiHud TpaHzucTop VT, OTKPHIT M HACHILEH.
Konpencatop C 3apsixeH jo HanpsixkeHHS Up, =Up—Rgixs,
rje ixs — KOJUIEKTOPHBIH TOK Tpausucropa V7., DToMy pexumy
COOTBETCTBYET TOYKa A Ha CTaTHUeCKOH XapaKTepucTHKe (pHc. 12.6).
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IIpu mopavye Ha 6a3y Tpansuctopa VT, BXOZHOTO HMNYJbCA OTPH-
LaTeJbHOH MOJIAPHOCTH IIOCHEeJHHH 3anupaercs H KoHxeHcaTop C
HAaYHHaeT Da3psAXKaTbCsd KOJIIEKTOPHBIM TOKOM OTKDBITOTO TpaH3H-
cropa VT,. HanpsxeHne Ha KOHAEHCAaTOpe M KOJJIEKTOpPE TPaH3H-
cropa VT, yMeHbllIaeTCsl, YTO CONPOBOKAAETCA IBHXKEHHeM paboueit
TOYKH 110 CTaTHYECKOH KOJJIEKTODHOH XapaKTepHCTHKE BJIEBO.
B upeanbHOM cJydae, KOrJa yroJ HakJiOHa KOJJIEKTOPHOH Xapak-
TepHCcTHKH o =0, KOJIJIEKTOPHBIH TOK TPaH3HCTOPA, a CJIelOBATE/IbHO,
H pa3psIHBIA TOK KOHAEHCATOpa NMOCTOSIHHEI U HaTpSIKeHHe Ha KOH-
JileHcaTope yMeHblIaeTcsl Mo JIMHEHHOMY 3aKOHY.

Usks

Puc. 12.6. BrixonHble XapaKTepUCTHKH TpaH3HCTOpa,
BKJIIOYEHHOTO IO cxeMe ¢ ofuiedd 6a30it

PeasibHble KO/JIEKTOPHBIE XapaKTEPUCTHKH HMEIOT OIpeAeeHHbIH,
XoTsd M HeGoJbiIoH, HakJoH (a7<0). B 3ToM ciayyae HPOHCXORUT
HEKOTOpOe yMeHbIUIEHHEe KOJIIEKTOPHOIO TOKa, YTO INPHBOAUT K
HOSABJEHHIO HEJHHEHHOCTH BBIXOJHOTO HamNpsiKeHHS.

Jna pacuera napamerpoB reneparopa JIMH ocyectBum snnHei-
HYI0 allpOKCHMAIMIO IIOJIOTOTO Yy4acTKa KOJIJIEKTODHOH Xapakre-
puctiku TpaHsucropa VT, (puc. 12.6). Torna koJseKTopHBIH TOK
TPaH3HCTOPA iy, HJIH, YTO TO XKe camoe, TOK pa3psAKH KOHJAeHcaTopa

ic=ixz=lo+ ux/ri——_(UaxB"l_ux)/ri’

rae r; — auddepenHnnanbHoe CONPOTHBIEHHE TPaH3UCTOPA; Uypp=
=/ ;— 3KBHBaJIeHTHoe Hanps:keHue. OOGLIYHO Au(depeHLHalbHOE
conporusiaenne r;=0,5...2 MOM, a KBHBaJIeHTHOE HanpsKeHHE
Uoxs=500. . .2000 B.

Bocno/ib30BaBIINCh cooTHoleHueM (12.2) W yuuThIBasg, YTO
KOHJIEHCATOp paspsiKaeTcs M HalpsiXKeHHe Ha HeM CIajJaeT, IoJy-
yuM caenyomee nuddepeHnHalbHOe ypaBHEHHe:

duc . Uskstuc

o= fle=—"E
3xech yuteHo, 4TO Uyx=U.. ViMes B BUALYy, uTo KoHzaeHcaTop C mep-
BOHaAYaJbHO 3apskeH Mo Hampsaxenus U,=U,,, B pe3yJbTare
peiuenus auddepeHIHaNbHOr0 ypaBHEHHs NOJYYHM

e (£) = gy (1) = — U+ (Ui + Upnax) € /oxe, (12.7)

rie Tyxp=";C.
Konpencarop C paspsizkaercs o TexX Iop, NoKa AeHCTBYET BXOJ-
HOH uMnyJsbc. ECIH INHTENBHOCTh 3TOrO UMINYJIbCA fy, TO K KOHIY

254



paGoueii cragun (lu=rpas), KorAa pabGodyas TOYKA MEPEXOAHT B
Touky N, HanpsikenHe Ha KoHgeHcaTope Upy, = ¢ (fya6) =

= —U s+ (Usxa+ Umax)€™ 'pa6/"axs 1 ammanTynma ummyssca JIMH
Um = Umax —'Umin = (sta + Umax) (l —e” tP]G/TB“)-

3pech ciaeayer NoAYepkHyTb, uto ammautyaa JIMH orpanuuena
napamMeTpami TPaH3HCTOPa, a HMEHHO — MaKCHMaJbHO BO3MOXHBIM
H3MeHEHHEM KOJIJIEKTODHOTO HanpsiXKeHHs, IPH KOTOpoM paboyas
TOYKAa He BBLIXOJUT 3a Mpelesbl NOJOroro ydyacTKa KOJJIEKTOPHOH
xapakTepucTHKd. TakuM o6pa3oM, KO3(pQHLHEHT HCIO0Jb30BaHHA
HanpsiKeHUsi HCTOYHHKA NHTaHHsA

U U -t
K“=.ﬂ"‘?j_nﬂ(1_e pa6/oun), (12.8)
U3 ypasuenns (12.7) ompenenuM CKOPOCTb H3MEHEHHs BBIXOX-
HOTO HanpsiKeHHA

dipyx. —_— Usks =+ Umax e—t/raxn.
dt T3ks

MakcuManbHast CKOPOCTb M3MEHEeHHs HanpsiKeHHs1 Oyner npu 7=0,
a MHHHMaJIbHas — NPH {={,a6. TOrAa KO3pUIHEHT HeJMHHEHHOCTH
B cootsetcTBUH C (12.1)

K,=1—e™ 'pa6/%oxz, (12.9)

IMocsie OKOHYAHMS BXOAHOIO HMIYyJbca TpaH3HuCcTOp VT; OTKpH-
BaeTcsl M MEPEXONUT B PeXHM HachllleHHs1. Tak Kak NPH 3TOM Uy =
=Ugs gac>0,2 B, TO MOXHO cyMTaTh, 4TO KOHAeHcaTtop C 3aps-
JKaeTcsl yepe3 pesncTop Ry C NocTosiHHOH BpeMeHH T=RiC H aau-
TeJbHOCTb CTaidH BOCCTaHOBJIEHHS = (3...5)RC.

Pe3ncrop Ry B cXeMe MOXKET OTCYTCTBOBaTb. TOTAa NMPH OTKPHI-
Banud Tpansuctop VT, 6yaer paboTaTb B aKTHBHOM DEXKHME H KOJI-
JIEKTOPHOE HaNpsXKeHHe Uy =Up—u.. KongeHncarop Oyner 3a-
pSKATbCSI Pa3HOCTHBIM TOKOM ic=iyx—Iixe. 110 M€pe 3apsAuK# KOH-
JIeHCaTopa HampsiKeHHe U, YBEeJHYHBACTCS, A Uyy — YMEHbLIAETCH.
YeM Gosblile pa3sHOCTHBIH TOK, T. €. 4eM OOJblle iy, TEM MeHbIle
IJMTENbHOCTb CTafMH BoccTaHoBJeHHS. OIHAKO H3BECTHO, YTO
JIONYCTHMBIH KOJIIEKTODHBIA TOK TPAH3UCTOPA B AKTHBHOM pEXHME
HaMHOro MeHblle, 4eM MpH paboTe B pexkume HachllleHHsA. [TosTomy
BpeMs 3apsaKH KoHAeHcaTtopa C (IJHUTeNbHOCTb CTaUH BOCCTAHOB-
JIeHHsI) B IEPBOM cJiydyae, T. €. IPH HaJHYUH pe3uctopa Ry, MOKET
6LITb CYLIECTBEHHO MeHbllle, YyeM B ero orcyTctBHe. OJHAKO B cxeme
reHeparopa 6e3 pesucropa Ry ammiutyna umnyJbca JIMH oxkaswi-
BaeTCcsl HECKOJIbKO GoJIblie.

U3 cootHomenuit (12.8) u (12.9) caenyer

Ku-_-’fﬂ#m. (12.10)

Takum o6GpasoM, B cxeme reneparopa JIMH c Tokocrabunusu-
PYIOLIHM 3JIEMEHTOM, TaK e KaK H B CXeMe C TPaH3HUCTOPHBIM KO-
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YoM, KOS(QHUHMEHT HCIO/bL30BAHMUS HANPSAMKEHHST HCTOYHHKA NUTa-
HMsI TIponopuHOoHaseH Ko3dpuuueHTy HenauHeiiHoctH, OfHako B
dopmyae (12. 10) KO3D(pUIMEHT TPONOPIHOHATBHOCTH (Uan-l-'
FUpnax)/ U1, nockonbky Uyxs» Uy, a B CXeme ¢ TPaH3HCTOD-
HeIM KIoUoM (Unyp—U,)/ Up<<l, Tak Kak Ugyupy<<Uy. IlosTomy B
paccmotpeHHoMm reseparope JIMH na Tpansucropax npun Ky=
=0,01. . .0,03 Ko3pPHUHEHT HCNOTB3OBAHUS HANPSMKEHHS HCTOY-~
HHMKa nurtaHus pocturaer 0,9. , '

Ha xo3b¢duIHeHT HeJUMHeHHOCTH OKasblBalOT BJHSAHHE YroJ
HaKJIOHA BEIXOJHOM XapaKTEePUCTHKHU TPAH3HCTOPAa H MOAKJIOUEHHOE
napajjieJlbHO KOHIEHCATOPY CONPOTHBJEHHE HAarpy3kH, KOTOpoe
uryHtHpyer ero. [To3ToMy B reHeparope ¢ TOKOCTaOHJIH3HPYIOLHM.
snementom K,;2>0,05. CKOpOCTb H3MEHEHHs BBIXOAHOTO Hampsike-
HHS BO BpeMs paGoueil craaun du,,,/d¢ perynupyercss myTem u3-
MEHEHHS KOJIEKTODHOTO TOKA TPaH3HCTOPA. Has atoro ucnonb-
3yercs nepeMeHHbli pesuctop R,. Ilpu pacuere npeienoB perynu-
poBaHHsl dugyy/df HEOGXOAUMO MCXOAUTH M3 TOTO, YTO NPH JHOGHIX'
KOJIJIEKTOPHBIX TOKaX Tpausuctop VT, noskeH paboTaTh B aKTHBHOM
pexume.

§ 12.3. TEHEPATOP JIHH C NOJIOXMTEJBLHOA OBPATHOM CBSI3bIO

Jlns mosyuenns umnyabcoB JIMH ¢ KosdHIEEHTOM HeNHHEHHOCTH
K 7<<0,05 ucnonb3yioT reHepaTopsl KOMNEHCalHoHHOro THna. CTpyk-
TypHas cxXema redeparopa JIMH c¢ nomo-
JKHTEJBHOR o6paTHou CBAI3BI0  BKJIIOYAET
ONepalHOHHLIA YCHJINTENb, HCTOYHHK Ha-
ugx IPAXeHus u RC-uenmb (puc. 12.7). Kon-
neHcatop C NOAKJIOYEH K BXOAY YCHJIHTE~

Jis1, CJIeJIOBATENbHO, Up=lyy.
~ Ananus cxemnr npoBesieM B npenno-
Puc. 12.7. Oyuunonany.  “1OKEHHH, UTO BXOZHOM TOK YCHJIHTENS]
nag cxema renepatopa OTCYTCTBYET, T. €. €TO BXOJHOE CONPOTHEB-
JIMH ¢ nonoxurenbHoit  JIEHHE rgy —> 00, a BBLIXOJHOE€ COIPOTHB-
oGpaTHoOl CBA3bIO JeHne ryyxKR. Eciu BBIXOZHOE Hanpsi-
JKEHHEe YCUJHTe]Is H3MeHsleTcs B (ase ¢

BXOIHBIM, TO [R-+ue—Ugyx=U g IIponudeperunpyem 3to ypas-
HeHHe 10 BPEMeHH:

d“C dunmx o
R el

ITo/10XKHM, UYTO yCHIUTENL paGoTaeT B JIHHEHHOM pexume, T. e.

umx—Kqu, rae K — xkoapduuuent ycunenus. C yuetom Toro,
4TO qu—uc, TN0JTy4YHM

d
Rgr+(1—K) % ~0.

1 .
Hanpsixxenne Ha KoHgmeHcartope uC=—C—Stdt, cJlefioBaTeNbHO,

duc/dt=i/C. Tlocne noxctanoBKH Gynem HMETb CJefyiolee ypas-
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RC di .
HeHne: —x g7 ti= 0. Pemenne ero umeer BHL

i=1,e" "oz, (12.11)
rie /,=Uy/R — HayanpHOe 3HaYeHHE TOKA; Toyxy=RC/(1—K) —
3KBMBaJIeHTHasi TNOCTOSIHHas BpEMEHH.

Kak BuaHo, B Tako# cXeme TOK, NPOTeKalOWHH yepe3 KOHIEH-
carop, CTporo ropopsi, He OCTaeTcsl IOCTOSIHHbIM, a H3MeHsieTcsl HO
3KCNOHEHIHAJbHOMY  3aKOHY.
OnHako 31ech €CTb NPUHLUNH-
ajlbHasi BO3MOXHOCTb cJenaTh
u3MeHeHHe ToKa [ 3a Jo0oH
KOHEYHBII NPOMEXYTOK BpeMe-
HH f,,6 CKOJb YTOAHO MaJibiM.
Jlng 3TOrO mpU NPHHATHIX JO-
NyUleHHaX HeoOXONUMO, YTOGHI
B IIpefie/IbHOM cJy4ae KoadpH-
LUHEeHT YCHJEHHS  YCHJIHUTeJs
K=1, tTorma wyuz=>o0 Wu
i=1,. Orclona cjenyer, 4To B
KayecTBe YCHJIHTENSI JOJI2KEH
6bITb UCTIOJIB30BaH SMHTTEPHEIH t
NOBTOPHTENb, RBBIXOJHOE Ha- tn
I:psiXKeHHe KOTOpOro H3MeHf-
ercsi B (ase C BXOAHBIM H KO- UpF————t————
s¢pdunreHT ycuaeHHs O6aH30K } |
enunuue. TakuMm obpasom, 3¢- ‘ |
ekt KOMIeHCall¥ B PaccMor- 0 l tpas | t6_| t
PEHHOH CTPYKTYpHOH cXxeMe
¢dopmanbHO TposiBAsSiETC B Uco i I |
yYBeJHYEHHH NOCTOSHHOH Epe- P ——
MeHH Toxy B 1/(1—K) pa3 no ! |
CpaBHEHHIO ¢ OCBIYHOH LelbIo. | { '

B cooTtBercTBHM € NMpHHLH- 0t t b & 3
MOM KOMIIEHCAlMd KOMIEeHCH-
pylolllee HanpsixkeHHe — B [1aH-
HOM cJyyae Ugy,y — H3MeHs- Puc. 12.8. Cxema renepatopa JIMH
eTCsl 110 TOMY XK€ 3aKOHy, 4To NOJIOXHTENbHOH 06paTHOM CBA3LIO
M Uc, TIOSTOMY JIMHEHHO H3- (a) ¥ BpemenHrple anarpammu (6)
MeHstoleecs HanpsixKeHHe
CHMMaeTcsi He ¢ KoHjeHcaTopa C, a ¢ BbIXofa ycujauTtesns. B stom
ciayyae TNpaKTHYECKH HCKJIO4aeTcsl BJHSIHHE CONPOTHBJIEHHUS Ha-
rpy3ku Ha npouecc renepupoBanus JIMH, Tak Kak OGBIYHO 7 gy <l
<Rn*

Ilpu peannsanyuy Takof CTPYKTYPHOH CX€MBbl IMeeTcs] TPYAHOCTD,
KOTOpasi CBf13aHa C TeM, YTO HHM OAHH M3 IOJIOCOB HCTOYHHKA Hamnpsi-
JEHHsI He MoxeT OBITb MNMOJKJIOUEH K «3a3eMJIEHHOH» TouyKe. 310
06CTOATEILCTBO BBIHYXK/A€T B KaUeCTBE HCTOYHHKA HanpsiXeHHs
HCNOJIb30BaTh HAKONHUTEbHBIH KOHAEHCAaTop GOJbIIOH €MKOCTH.
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Cxema reneparopa. Ilpocrefimasi cxema reseparopa JIMH ¢ mo-
JIOXKHUTEJIbHOH OOpPaTHOH CBS3bI0O COCTOMT H3 JBYX TPAaH3HCTOPOB
VT, u VT, (puc. 12.8). Tpausucrop VT, paboraer B KJIOYeBOM
pexume, a TpaHsuctop V7T, — B AKTHBHOM pEXHME H BMeCTe C
peauctopoM R, obpasyeT 3MHUTTepHBIH NOBTOpHTesnb. KoHzaeHcarop
C, BBINIOJIHAET POJIb HCTOUHHKA HaMNpSAKEHHS.

B ucxogHoM cocrostHUM TpaH3ucTop V7T OTKPHIT H HachlleH.
Uepes nenb, cocrosutyo u3 auona VD, pesucropa Ry, TpaH3HCTOpA
VT,, npotekaer TOK, npubausutesbHo paBHblil [y~ Uy/Ry. Hanps-
XKeHHe Ha KoHJeHcatope C, a cJjeloBaTe/bHO, H HalpsiXKeHHe Ha
BBIXOJI€ SMUTTEPHOrO NMOBTOPUTENA Upyx (0) IpH 3TOM 6/H3KH HYJIIO.
Koupencarop C, 3apsi2keH NPAaKTHYECKU N0 HANpPSIKEHHS HCTOUHHKA
muranusi: Ug =Up—Uyp —Usux(0)>Uy, rae Uyp — Hanps-
»KeHHe Ha OTKpbITOM auone VD.

[Ipu mozjade Ha BXOA CXEMBI HMITYJ/1bCa HANPSIKEHUS OTpPHLATENb-
HOH MOJIIPHOCTH JJIHTENbHOCTBIO Iy TpaH3uctop VT, 3aKphiBaeTcs.
B pesyabrare koHgeHncatop C, KOTOPBIH 10 3TOro Obla 3allyHTHPOBaH
OTKpBITBIM TpaH3ucTopoM VT;, HauMHaeT 3apsxKaTbCAd TOKOM /,.
HanpsixkeHne Ha HeM YBeJHYHMBAeTCS U COOTBETCTBEHHO HauHHaeT
HapacTaTb HalpsiKEHHE HA BBIXGJE CXeMBl. YKe MpPH He3HauHTe/b-
HOM YBEJHUYEHHH BBIXOJHOIO HaNpsiKeHHs AHoX VD 3akpbiBaercs,
TaKk Kak K HeMy INpHKJajbiBaeTcsl obpaTHoe HanpsixkeHue. Jleii-
CTBHTEJNBHO, HalpsixKeHHe Ha aHOJe N10Ja MOCTOSHHO U paBHO + U,
Hanpsi:keHue Ha KaToje ONpeaessieTcss CYMMOH HayajbHOTO Hampsi-
xenust Ha KompeHcarope Co(Ue =Up—Uyp —Upyux(0)) u BBIXOX-
HOTO HANPSIXKEHHS Ugyy (£). Tak KaK Ugyy () >Upu(0), TO pas-
HOCTb MOTEHIIHANOB MEXIY aHOJOM M KaToJOM AHOAA OKa3blBaercs
MeHblle HanpskeHusi Uyp, HeoOXoAuUMOTro JJI TOro, YTOObl JHOJ
HaXoIUJ/Cs B OTKPLITOM cocTosiHuM. [lostoMy Juon 3akpblBaercs H,
TaKUM 06pa3oM, HCTOUYHHK MHTaHMs oTKJouaercs oT RC-uenu. Pojb
HCTOUHMKA HaNpsXKEHHs HauuHaeT BBHINOJHATH KoHAeHcaTop Co.

B nanbHeiiiieM no mepe 3apsakH KoHjeHcatopa C yBeJHYHBa-
eTcsl HanpsixkeHHe Ha Gade Tpansucropa VT, H COOTBETCTBEHHO
BO3pacTaeT BbIXOJHOe HampsikeHue. [Ipu KosbduLMeHTe ycHIeHUS
SMHTTEPHOrO NMOBTOPUTENs, GJIU3KOM eIHHHLE, NpUpalleHHe Hanps-
KeHHs Ha KoHJeHcatope C NpakTHYECKH PaBHO NpHpalleHHI0 Ha-
Npsi)KeHUs] Ha BBIXOAE H, TaKHM o6pa3oM, B 3aMKHYTOH lenu, Co-
cTosiell u3 Kounencaropa C,, pe3ucropa Ry, KouzgeHcaropa C u
pesucropa R,, UMeeT MeCTO NOYTH IOJIHAsA KOMIIeHCallusl Hanpsixe-
HHs Ha KoHjeHcaTope C BLIXOJAHbIM HaNpsiKEHHEM Uy, (¢). Cremo-
BaTeJNbHO, TOK, MpPOTEKaIHH uepe3 pesucTop Ry W 3apsiKaroumiui
KoHngencarop C, 6yeT pakTHYeCKH [TOCTOSHHBIM, a HAaNpSXKEeHHS Ha
KOHJEHCAaTOpe H Ha BLIXONE Uyyy (f) OyNyT M3MEHATHCH MO JHHeH-
HOMY 3aKOHY.

KomneHcanus uMeeT MecTo O TeX Nop, NMOKa, HECMOTPSI Ha pPocT
KOJIIEKTOPHOrO TOKa, TpaHsuctop VT, HaxomHTCA B aKTHBHOM
pexxuMe. To/sbKo B 3TOM ciydae cOXpaHsieTcs MPONOpPHHOHANbHas
3aBHCHMOCTh MeX1y O6a30BbIM H KOJJIEKTOPHBIM TOKaMH. MuHu-
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MaJlbHO BO3MOXXHas pa3HOCTb MNOTEHIMAJOB MEXAY KOJJIEKTOPOM
H 3MHTTEPOM, NPH KOTOPOH TPAH3HCTOp elile paGoTaeT B aKTHBHOM
pexume, cocrasisier 0,5 ... 1 B U MakcumasbHOe 3HayeHHe BLIXOJ-
Horo Hanpsixkenuss U,=U,— (0,5 ... 1) B. Ilostomy koadduuu-
€HT HCIO/1b30BaHHS HaNpPsXKEeHHS HCTOUHHKA NMHTAHHS OKa3blBAeTCs
JoctaToyHo Bblcokum: K,=0,8...0,9.

Bo Bpems paboueit cTafuu TOK 3apsfiKi KoHeHcaTopa C B coOT-
BEeTCTBHH ¢ BhIpakeHueM (12.11) usmeHsieTcsl, YTO NPHBOJUT H K
H3MEHEeHHIO CKOPOCTH HapacTaHHsl BBIXOJHOI'O HaNpsiKeHUS:

i Iy - Uy -
.%%=K%&=K%=K%e f/Taxn:_—_KRge t/tsl(B.
OnpefenHB M3 3TOTO COOTHOLIEHHS 3HAYEHHS Uy =K -g—g H

’ U
Upin= K Rg €

HeanHeitHoctH K, = 1 —e™ 'pa6/Toxs, [pu tpas/Toxs K1 HMeeM
Ky=(1—K) t4,6/(RC). (12.12)

U3 nosyueHHOro COOTHOIUEHHS CJeLyeT, YTo B CXeMe reHeparopa
JIMH ¢ nonoxurtenbHolt 0o6paTHOH CBSI3bI0 HENHHEHHOCTb T'eHEpH-
PYEMOro HanpsiXKeHHsl OKasblBaeTCsi HAMHOI'O MeHblle 110 CPaBHEHHIO
¢ HesuHeHHoCcTbIO o6pluHOH RC-uenu, Tak Kak (1—K)<«1.

ITocne OKOHYaHHS BXOAHOTO MMIyJbca Tpausuctop VT, OTKpHI-
Baercsi U KoHzeHcatop C paspsxaercs. [Ipouecc paspsiaku C mpo-
TeKaeT aHaJorMYHO NpoLeccy, paccMoTpenHomy B § 12.2. 3a Bpewms
paGoueli cTaiuH, a TaKKe B MHTepBaJie BpeMeHH (f,, f,) HampsKeHHe
Ha kougeHcatope C, XOTS H He3HAUUTENbHO, HO YMEHbIIAeTCs.
[TosToMy B CXeMe TakKe NpOTeKaeT TOK H03apsiiKH KOHAEHCaTopa
C, yepe3 OTKPBIBLUHIHCA IHOA H BBIXOJHOE COMNPOTHBJIEHHE SMUTTEP-
Horo noBroputens. Jluon VD oTKpbiBaeTcst B caMoM KOHIIE ITpolecca
paspsiiku KonaeHcatopa C, T. e. B MOMEHT BpeMeHH #,, Korja npak-
THYECKH BOCCTAHABJIMBAETCS HCXOAHOE CTallHOHApHOE HaNpsKeHHe
Ha KougeHcatope C. Jlosapsinka KoHneHcatopa C, (MHTepBaj Bpe-
MEHH [,. . .fs) OCYIIeCTBJSETCSI OT HCTOYHHMKa nuTaHus Uy, udepes
OTKpHITBIH AHOL VD W BHIXOAHOE CONPOTHBJIEHHE 3MHTTEPHOro MO-
Broputessi. Takum o06pa3oM, IJIHTENBHOCTb CTaJHH BOCCTAHOBJIEHHS
ty omnpefensieTcsi CyMMOH 'BpeMeHH pa3psiiku KoujeHcatopa C H
BpeMeHH 103apsaKH KoHaeHcaTopa C,.

Ha xoadxpuuueHT HesqMHEHHOCTH B PACCMOTPEHHON CXeMe OKa3bl-
BAlOT BJHMSIHHE TaKXe H3MEHeHHe HanpsiKeHus Ha KoHpueHcartope C,
H BXOJHOE CONPOTHBJIEHHE SMHUTTEPHOTO TOBTOPHTENS rpx. Llefi-
CTBUTEJIbHO, 32 BpeMs paboueil cranuu yepe3 KoHaeHcaropwl Co u C
TpoTeKaeT NPAKTHYECKH OAMHAKOBHIH ToK [,, cJeoBaresbHO, K
MOMEHTY BpeMeHH f, HalpsixKeHHe Ha KoHfueHcaTope C, YMeHbLIHTCA
Ha BEJHYHHY AuCON(C/Co) Um, rae U;,—aMniuTyna HanpsixKeHus Ha

KoHzeHcatope C. B MOMeHT BpeMeHH f, KOMIEHCHPYIOLIee HampsKe-
nue pasHo He KUp, a KUpm—Auc, YTO SKBHBAJIEHTHO yMEHb-

IIEHHIO KO3((HIHEHTa YCHJIEHHs SMMTTepHOro moproputensi: K'=
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=K—C/C,. Kpome Toro, npu BbiBofe cooTHoleHHA (12.12) mbr
npexeGpersi BXOJAHBIM TOKOM SMHTTEPHOIO NOBTOPHTENS. 3TO JO-
NyCTHMO TIPH YCJIOBHHU rpy »R. B NMpOTHBHOM cilyuae BXOJHOH TOK
MOXKET COCTABJISAITh 3aMETHYIO YacTb TOKa /o, UTO NMPHUBOAUT K yMeHb-
WeHHI0 Ko3(duuueHTa mneperaud Ha BenuduHy KR/ryy. Takum
0o6pasoM, C YYeTOM PacCMOTPEHHbIX SIBJIEHHH BhIpaXKeHHe A/ Ko3d-
¢uurenTa HenuHeliHocTH BMecTo (12.12) npuoGperaer BUA

Ko= (1—K+ +K2 ),‘;}“

Ona yBenuyeHus Koa(quunema YCUJIEHHA 3MHTTEpPHOro Io-
BTOPHTENIST H COOTBETCTBEHHO MJIfl YMeHbLIEHHs Kod(duiueHTa
HeJIHHeHHOCTH pesucTop R, HO/KeH HMeTb OOJIbILOE CONpPOTHBJIE-
+y, Hue. OnHAKO NDH 3HAYHTENHLHOM

R, najeHue HampsiXKeHUS Ha HeM

3a cyeT NpOTeKaHUA ToOKa J03a-
psnkd kKoupgeHcatopa C, Moxer
HaCTOJIbKO YBEJHYHTbCH, YTO IO-
TeHUHan G6asbl TpaH3uctopa VT,

{m_ OKaKeTCsl OTPHIaTeJbHbIM OTHO-
CHTeJIbHO 3MHTTepa, H TPaH3UCTOP
3akpoercsi. JTO NpHBEJET K CY-
I[eCTBEHHOMY YBeJIHYeHHIO BpeMe-
HU po3apsagku C, H COOTBETCTBEH-
Puc. 12.9. Cxema remepatopa HO BPEMEHH BOCCTAaHOBJIEHHS, IO-

JIMH ¢ [onoJHuTelqbHOH HHTer- CKOJIBKY fs—Ia~ (3 ... B)R,C,.
pupyloUlell meno4YKoi

CeHepaTop ¢ ROMOJHMTENbHOH MH-
Terpupyloueii uenoukoii. s ymenvlue-
Hus KO3bdHUMeHTa HeJUHEHHOCTH, COKpAalleHHS CTafjHM BOCCTAHOBJIEHHS MC-
nosb3yercst Gojee CJIOKHAs CXeMa reHepaTopa JIMH ¢ mnoJsoxurenbHoii 06-
patHoit cBasplo (puc. 12.9). 3nece B SMHTTEPHYIO LeNb TPaH3HCTOPA VT,
BKJIIOYEH NOMOJIHMTEJNBHBIl HCTOYHHK HanpsikeHusi Ucy, KOTOPBIH mNpenoTspa-
1waer 3akpbiBanne TpaHsucropa VT, npu nosapsake KonjgeHcatopa C,. B pe-
sysprate KoHfeHcatop C, JIo3apsiKaeTcsi = 4Yepe3 BBHIXOLHOE CONPOTHBJIEHHE
SMHTTEPHOrO MOBTODHTENSA ryyux € Ry, UYTO CYLIECTBEHHO COKpamlaeT BpeMst
BOCCTaHOBJIEHHA. Kpome Toro, B KOJUIEKTOPHYIO Iienb TpaH3ucropa V Ty BKJo-
yaercs peaucTop Ry. OTo obecrneynBaeT peXHM HachllleHHss TpaH3ucropa VT
NpU ero OTKPLIBAHHH H COOTBETCTBEHHO YMEHbINAeTCS BpeMsl pa3psilKH KOH-
nencatopoB C; u Cy (cMm. § 12.1).

CyllecTBeHHBIM SIBJASIETCS] TaKXkKe M TO, 4TO KOHjeHcatop C 3aMeHeH AByMs
HOC/IeJ0BaTeNbHO BKJIOYEHHBIMH KoHJeHcatopamu C; u C,. Koupgencatop C,
BMecTe C pe3uCTOpoM R, 06DasyloT HHTErPHPYIOMYI0 Lemb. ITO IO3BOJAET
YMEHBIIHTh KOS(PGHUHMEHT HeJHHeHHOCTH B HECKOJIbKO pa3 Mo CpPaBHEHHIO
¢ npocrefimef cxemoit (cM. puc. 12.8).

HesuHeliHOCTb BEIXOAHOTO HANpSXKEHHsl B NpOCTefflIeli cxeme B 3HAYHTE Ib-
HOM cTemexu o6ycJOBJeHa TeM, YTO HampsiKeHHe Ha KoHzencatope C mnpH ero
3apfijlke HapacTaeT ¢ YGHIBAIOWIEH CKOPOCTBIO, NOCKOJIbKY B COOTBETCTBHH C
cootnomenyem (12.11) sapsanubii Tok ymenpmaerca. [Ipu Hanumuuum 1ByX KoH-
AeHcaTopoB uepe3 OfuH u3 HHX (C1) B paGoueil CTaiMH TaKiKe NPOTEKAET YMeHb-
IIAONMHCA BO BpeMeHHM ‘TOK, a uepe3 gpyroil (Cp) Hapsily C 3THM TOKOM
NpoTeKaeT YBEJHYHBAIOIHUHCI BO BpEMEHH TOK, OOYCJIOBJEHHBIH JIHHEHHO Hapa-
CTalOUIMM BLIXOJHBIM HaNPSKEHHEM Ugyyx. DTOT TOK ONpeJlesIsieTcss COIPOTHBIIE-

Huem pesucropa R,. B pesysbTate CKOPOCTb HapacTaHHs HaNpsKeHUsS UC2 Ha
3TOM KOlJCHCATOpE C TCYCHHEM - BDEMEeHH YyBeJuuuBaercs.. Flapamerpni R Co-
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[eNnH MOXHO NOA06paTb TaK, YTO yMEHbUIEHHe CKODOCTH H3MEHEHHS Hamnpsike-
HHS Ha KOoHJencatope C; B 3HAYHTEJbHOH Mepe KOMIEHCHPYETCS YBEJHYEHHEM
CKODOCTH HapacTaHHS HaNpsKeHHs Ha KoHJeHcatope C,. B aTom cayyae Ha-
NpsXeHHe Ha BXOJe SMHTTEPHOTO NOBTOPHTEJs, paBHOe CyMMe HanpsiKeHHH Ha
konfiencaropax C; u C,, GyleT HapacTaThb JIMHeHHO.

Jns ymenblueHHs: BpeMeHH pa3psiilkn KonjeHcatopoB C; u C; B Teuenue
CTajMH BOCCTAHOBJIEHHSI TNapaJliesibHO pe3ucTopy R,y BrJloyaetcs auon VD,.
Ilpu orkpeiBauuu TpaHsuctopa VT, KoHzencatophl C; u Cp OKa3blBalOTCH
BKJIIOYEHHBIMH TlapaJjiieJIbHO M paspsiKaloTcs uepe3 OTKPHITHE Auox VD, u
BBIXO/HOE CONpPOTHBJIEHHE SMHTTEPHOrO NOBTOPHTEJS.

§ 12.4. TEHEPATOP JIMH C OTPULATEJIbHOH OBPATHOM CB$S3bl0O

B renepatopax JIMH KomneHcauuoHHoro Tumna ¢ OTpHIATeNbLHOH
o6paTHOH CBsA3bl0 KoHZeHcaTop C BKJ/IOYaeTcsi MEXKAY BXOAOM H
BeIXofiom ycuaurtens (puc. 12.10). Takoro pona reHepaTtophl Ho-
BOJILHO yacTo Ha3sblBaloT reHeparopamu JIMH c emkoctHO! oTpuua-
TeJIbHOH 0OpaTHOH ¢BfI3blo. B 3TOM cayuyae NIpH pasMblKaHUH KJloYa

[
*::" Puc. 12,10, Odyurnuo-
i . HalbHasg CXeMa TeHepa-
+Up E-_-I"" w2 topa JIMH ¢ otpHua-
R | Ux,  TesibHON oOpaTHOM cBA-
S1 3b10

S, uepe3 KOHJIEeHCATOp HAYHET NPOTEKaTh TOK 3apsAikH. [Ipu yMeHb-
[IEHHH C TeyeHHeM BPEMEHH TOKa 3apsiiKu KOHJeHcaTopa HayHeT
YBeJIMUMBAThCA HanpsiKeHHe Ha BXoje YCHJIUTeNs, TaK Kak mnaje-
HHe HanpsieHHs Ha pesdcTtope R yMmeHbuntcsi. B pesysabraTe Ha
BHIXOJIE YCHJIMUTENS TOSIBUTCS HaNpSXKeHHE Ugyy. HanpsikeHue Ha
KOHJEHCATOPE U, HaXOAMUTCA B NPOTHBOGA3e C BBHIXOJAHBIM HampsixKe-
HHEM YCHJIMTENS] Ugyy, 4TO OYAET CHOCOOCTBOBATH CTabWJIH3alLHUU
TOKa 3apsijiKH KOHJeHcaTopa, JHHeapH3aluH U. H COOTBETCTBEHHO
Upprx-

Jlis onpeneneHnst yCIOBUH JIHHEHHOrO H3MEHEHUs HampsXKeHHs
Ha KoHjeHcaTope C NPH PacCMOTPEHHH IMPOLECCOB B cXeMe NpeHel-
pexKeM BXOJHBIM TOKOM YCHJIHNTENS H NONOKUM R <K rpyx, THE Fpyx —
BBIXOIHOE CONPOTHBJIEHHE ycuauTeast. Toraa Ajas LenH, COCTOSIUM
H3 HCTOYHHKA HanpsixkeHuss Uy, pesucropa R, koHzeHcatopa C
H BbIXOJa YCHJHTeNs, UMeeM Ri-Fuc —Ugyx=Uy. Tlocne aoudde-
PEHLHPOBAHUSA 0 BPEMEHH NOJYYHM

di ) duc dum,,x o

T —a=0 (12.13)
Ecnu ycunutenb paboTaeT B JHHEHHOM peXuUME, TO Upyx=Kupx
U dug,/di=Kduyy/dt, tie K — Ko3pOULHEHT YCHJIEHHS YCHJIH-
Tesst. B cBoo ouepenb, Ugy=Uy—Ri 1 duyy/dt=—Rdi/d¢. Takum
obpa3som,

ditgy/dt = — KR di/dt. (12.14)

VYuuteiBasi, uto du./d¢=i/C, nocie TNOACTaHOBKH B YypaBHeHHE
(12.13) Beipaxenuit aiasa dugy,y/dt u dug/df u HekoTopelXx npe-
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ofpasoBanuit HafiieM RH(bepeHnHaIbHOE YpaBHeHHe Jis TOKa:
RC(1+K)3-+i=0. Orciona

#/Tax, (12.15)

rie I, — HayaJbHBIA 3apSIHBIA TOK KOHJEHCATOPa; Toxs=RC (1+
+ K) — 3KkBHUBaJIeHTHasA NOCTO-
*Uh  siHHast BpPeMEHH.

2 [k R Hrak, B paccMOTpeHHOM
c CTPYKTYpHOH cXemMe 3KBHBa-
—= u JIEHTHAsi ITOCTOsIHHasi BPEMEHH

Baux o
us o == o cpaBHeHHIO ¢ obbruHOH RC-
— 2 nenblo yBennuuBaercs B (14-K)
R VI, pa3. CiiefoBaTesbHO, Tykp MOXK-
2 ‘ HO CJIes1aTh CKOJb YTofHO 60J1b-
ew IIMM U, TakKuM obpasoM, obec-
+ MEeYUTb NMPAaKTHUYECKH IOCTOSH-
HBII TOK 3apsilKi KOHJeHca-
Ugy @ TOpa NPH HCIMOJIb30BAHHH YCH-
T JIUTeJNs] C BBICOKHM KO3(H-
nuHeHToM ycuienus. Kpowme

i=1le”

TOro, HENpEeMEHHBbIM YCJIOBHEM
ABJIACTCA npomsmbasﬂocm
BXOJHOro0O M BBIXOJHOrO Ha-

t
i61 l o 3
NpsAXKEeHUH YCHJIHTEJIA. IleHCT-

Iy - BHUTEJIbHO, KOMIIEHCALIHS HMEET

MECTO TOJIBKO B TOM CcCJydae,

I
0 ! 7 €CJH  TIpH  TOJIOXKHTETbHOM
] | i BXOJHOM HAaNpsiKeHUH BLIXOJ-
Ugyux | Ay I P HOE HampsiKeHHe OTPHIATelb-
Un : ! Hoe, H Haobopor. B mnpotus-
|

HOM caydae 3(¢peKT KOoMIeH-

~ ! CalliH OTCYTCTBYET. DTO yCJI0-

BHE JIETKO BBINOJHSETCS HpH

0 t| tpas |t | ts [t ¢ HCUOJIB30BAHHH YCHJIHTENS C
HeyeTHbIM YHCJIOM KacKajoB.

%) B npocreiiiryio cxemy rese-

paropa JIMH c orpuunarens-

Puc. 12.11. INpuHnunuanbhas cxema HOH OOPATHOH CBSI3bIO BXOIST

renepatopa JIMH "¢ oTphuartenvHolt gpa TpaH3UCTOpa, ONHH U3

ﬁf.‘iiggﬁﬁmc?gf"” (@) u mpemennie  yoroppix VT, _ HaxopuTCst

BO BpeMst paGoueil cTaguu B

aKTHBHOM peXXuMe, a Jpyroi

(VT,) Bumonnsier ponb kiaoua (puc. 12.11). Takas cxema uHorjga

HasbiBaeTcst unmezpamopom Muasepa. B HCXOLHOM COCTOSTHUM TPaH-

suctop VT, 3akpbiT 6sarofiapsi HaMHYHIO HCTOYHHKA cMelleHHst U,.

Tpausucrop VT, Haxomutcsi B peXHUMe HACHILEHHSA, NOCKOJBKY

KOJIJIEKTOPHHIA TOK INpaKTHYeCKH paBeH HyJio (TpaHsuctop VT,

3aKpBIT), a 6a3oBhlii TOK [g,=Ip~Uy/R. KoHjeHcaTop 3apsiKeH
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NPaKTHYECKH JO HamnpsiKeHHs UCTOYHHKA NHTaHus: uc (0)=U,—
—RIk50—Upsnac™> Uy (NONPHOCTb HANPSIXKEHUA HA HEM IlOKa3a-
Ha Ha puc. 12.11, a).

Ilpu nopjaue Ha BXOZL CX€MBI HMIYJbCa NPSIMOYTOJBHOH (hOPMBI
NOJIOXKHUTE/IbHOM NOJISIPHOCTH TpaH3HcTop VT OTKpBIBaeTcs U 4epes
Tpansucropsl VT, u VT, HauuHaer nporekath TOK. B pesynbrate
Ha pesucTope Ry BO3HHKaeT NaJeHHe HaNpsXKeHHs H BBIXOJHOe
HaTpsKeHHe CKayKoM YMeHbllaeTcs Ha BeJauyHHy AUy, (puc.
12.11, 6). DroT nepenaj HanpsXeHHUs COCTaBJAET JIOJNH BOJbLT. KoH-
ndeHcatop C oxa3blBaeTcsi NOAKJ/IOYEHHBIM 4epe3 OTKPHITble TpPaH3H-
cropel VT,, VT, u pesuctop R K HCTOYHHKY nuTaHua Uy Takum
o6pa3oM, 4TO Hanpsi)KeHHe Ha HeM HMeeT BCTPEYHYIO HOJAPHOCTD.
B pesyJsbTaTe uepe3 KOHIEHCATOp Te4eT TOK Iepe3apsaiku i.. Tak
Kak ip=ig;+ic, TO TNOfABJIEHHE TOKa Iepe3apsfiKu IpPHBEAET K
YMEHbIIIEHHIO TOKa 6a3bl ig; H TpaH3HucTop VT; H3 pexuMa Hachbllie-
HHsl nepeiiieT B aKkTHBHBIA peXKuM. 37iech cJleflyeT 3aMeTHTbh, UTO TOK,
HpoTeKawouyi yepe3 pe3dcTop R, HMeeT MaKCHMaJlbHOe 3HaueHHe
Ig~Uy/R n npu mo6OM COCTOSHHH CX€Mbl NpPAKTHYECKH He Me-
usiercsi. [loatomMy, HAacKo/bKO YBENHYHTCH [, HACTOJIbKO YMEHb-
IIHTCA TOK i[5y, H HA0OOPOT.

HauanbHbil TOK nepe3apsiiki KoHjeHcatopa [/, MOXHO ompefe-
JINTh, €CJIH PaccMOTPeTh lLiellb, COCTOAILYI0 M3 pe3ucTopa R, 3api-
KeHHoro KomjeHcatopa C H OTKPHITHIX TpaH3ucTopoB VT, u VT,
B sroit unemn Up=ugp—Uctipyx, TR Up=R (lo—i¢), uc=Uy,
Uppx=Unp—AUy,. O6b14HO [o=>ig;, NO3TOMY

I,= (U, AUG)R ~ UL/R. (12.16)

KoMmneHcauusi u3MeHeHUs] HaNpsi2KeHHs] HAa KOHAEHCATOpe BBIXOJ-
HBIM HanpsiKeHHeM Uy, x BO BpeMsa pabouell cTaguud B 3TOH cXeMme
OCYLIECTBJISIETCST CEAYIOMHM 06pa3oM. YMeHblLieHHe TOKa mepe3a-
psAAKH KoHJeHcaTopa C NPHBOJUT K pocTy 6a3oBoro Toka ig;. B pe-
3yJIbTaTe YBEJIHYHBAETCS KOJJIEKTOPHBIH TOK Iy =Hs,i51, BEIXOLHOE
‘Hanpsi2KeHHe Uy, x YMEHbUIaeTcsi 3a CYeT YBeJHYEHUS INaJleHHs
HanpsixkeHUst Ha pe3uctope Ry. Ilpu stom Ha BhiXome cxeMbl obpa-
3yeTcsl UMIYJIbC JIMHEHHO CHajawllero HanpsikeHus. Kak BHAHO,
uyeM GoJibllle KO3(HHLHEHT YCHIEHHS CXeMbl, TeM MeHblIe U3MEHeHHe
6a3oBoro TOKa BbI3bIBaeT 3(pdekT KomneHcauuu. Takum o6pasoM,
paGota reHepaTopa COOTBETCTBYeT pPAacCMOTPEHHOH CTPYKTYpHOH
cxeme (puc. 12.10).

N3 coorHowenuit (12.14) .. .(12.16) caexyer, 4YTO CKOpOCTb
H3MeHEeHHs BBIXOJHOIO HalpsXKeHHS
dutgpx _ KUy e~ U%xs,
d¢ Taks

Orciona Ko3ppHIHEHT HEJHHEHHOCTH NPH fpasKToks

t
KH —1—e " %pa6/Taxs A P2t

~ T BRe (12.17)

Ilpn manom Ko3pdHIHeHTe HeJHHEHHOCTH aMIIMTYAa HMIYJbca
JIMH Moxer OHITb oNpefeseHa KakK HpOH3BeleHHE HayasbHOM
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dipux KUy
CKOPOCTH H3MeHEeHHSI BBIXOJHOrO HamnpsKeHH: 7] Pt
=to
Ha NJIHMTEJBbHOCTb Dabouell CTaiMU Ipag:
KUntpaG K ? paé
= = . 12.18
Un=— —T7kUnRC (12.18)

Orciofa KO3PpULHEHT HCIOJb30BAHHA HAINPSIXKEHHSA MCTOUYHHKA
nuranusa ¢ yyerom toro, 4yro K/ (1+K)~1 npu K>1,

Ky = t,a6/(RC). (12.19)

Hs seipaxkennit (12.17), (12.19) cnenyer, 4To KO3(pOUUHEHT HesIH-
nefinoctt B (14+K) pa3 MeHbllle KoapbhHUHEHTa HCHO/b30BaHHSA
Hanpsi:KeHUs UCTOYHHMKA TMHUTAHHSA.

[Ipu pacueTe aMILIMTY/bl HMIIYJ/1bCA C HCNOJIBE30BAHHEM (HOPMYJIBI
(12.18) caenyer uMeTh B BHAY, YTO OHA CIPaBENIHBA TOJNLKO IPH
ycnioBuH, 4to TpaH3ucTop VT, HaxoAuTCsi B aKTHBHOM pexXuMe.
A 370 BO3MOXKHO, Korja ammautyga umnyJjbsca JIMH wmenbiue Ha-
npsixeHusi HcToyHHKa nutanus Ha 0,5. . .1 B. Takum obpasom, B
paccmartpuBaemoM reneparope Ky=0,8. . .0,9.

SPpheKT KOMIEHCAllMH, a CJeJ0BaTe/NbHO, W CTaOH/IH3alMA TOKA
nepesapsiiku KoHjeHcaTopa C HMEIOT MeCTo JIo TeX Mop, NoKa TPaH-
suctop VT, HaxoiUTCs B aKTHBHOM pexXHMe, T. €. I0Ka COXpaHseTcs
NpONOPLHOHAIbHASA 3aBHCHMOCTb MeX1y 6a30BbIM H KOJJIEKTOPHBIM
ToKaMH. Ec/H BXOJAHOH HMNYJ/bC HE 3aKOHYHTCS B MOMEHT BPeMEHH
t,, xorma Tpausucrop VT, oOKaxeTcsl Ha TIpaHHUe HacblUEHHS,
TO B JaJbHeMllIeM BEIXOJHOE HaNpsIXKeHHe H HaNpsiXKeHHe Ha KOHJEeH-
carope C GyayT oCTaBaTbCs NOCTOSIHHBIMH H MaJsbIMH.

Koria B MOMEHT BpeMeHH {, 3aKOHYHMTCS BXOAHOH HMIYJIbC,
tpausuctop VT, 3aKpoeTcss M pas3psiKeHHLIH KOHJEHCATOp Ha4HeT
3apsiKaTbCsl OT HCTOYHHKA NHUTaHHS Yepe3 pe3ucTtop Ry M 06.1acThb
6asza — smutTep Tpausucropa VT,. Ilo mepe 3apsiku KoHAeHca-
Topa BBIXOHOE HaNpsKeHHe yBeJHYHBaeTCsl 110 SKCIIOHEeHIHAIbHOMY
3aKOHy ¢ noctossiHOH BpemeHH T=RC. Takum oGpasom, BpeMms
poccTaHoBJeHUsA fp= (3. ..5)RxC. Ilnsi ymeHblieHus1 ¢, Heo6Xo-
JIMMO, YTOOBI CONPOTHBJIEHHE pe3ucTopa R 6blo HeBenHKo. OpHako
IpH 3TOM yMeHblaeTcss KodppuuueHt ycuaeHusa K, 4To NPHBOIUT
K YBEJIHYEHHIO KO3(xbHIlieHTa HeJHHEeHHOCTH.

CKopoCTh M3MEHEHUs! BBIXOLHOTO HalpsKeHUs B TaKOM reHepa-
TOPE MOXKHO DeryJ/IHpoBaThb, H3MeHss JINO0 eMKOCTb KoHaeHcaTopa C,
Jnbo conporusieHne pesucropa R. Ilpu 3ToMm, ecTecTBeHHO, H3Me-
HSETCS JUINTeIbHOCTD pabouell CTanuu, eciu 1,=>t,,5. I3 BpeMeHHOH
JUarpammbl cjelyeT, YTO B TaKOM reHepaTope HMEETCS XOJIOCTOM
NPOMEXYTOK BpeMeHH (#;, ?;), Korja BbIXOJLHOE HANpSKEHHE OC-
TaeTcs MOCTOSHHBIM. Ero MOXKHO HCKJIOUHTb, €CJH TOYHO COrJa-
COBATh JJIUTEbHOCTb BXOJHOTO MMIYJbCA M JUVIHTENbHOCTh paboueit
cTaguy fy=1,a6. OfHAKO Npu reHepupoBaHuu umnyJascos JIMH c
pa3MYHOH KPYTH3HOH TaKoe CorJacoBaHHe o06ecleuuTh B 3TOH
cxeMe TPYZHO.
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§ 12.5. PAHTACTPOH

Henocratkn renepatopa JIMH c orpuuatenbHoit o6paTHO# CBSA3bIO,
o6yc/ioBJIeHHble HEOOXOAHMOCTbIO oOecredyeHHst YCJIOBHSI paBeHCTBA
JINTEILHOCTH BXOAHOTO HMIYJ/IbCA H JAJIUTENBHOCTH pabouell cTanuy,
yCTpaHsIoTcd B cXeMe (paHTacT-
poHa. B Takom reHepartope
JIMH pautensHocTh paboueit
CTaguH He 3aBHCHT OT JJIH-
TEJBHOCTH BXOJHOI'O HMIYJib-
ca, a onpenensiercsi BHYTPeH-
HHMH IIpolleccaMH, IpOTeKaio-
IIUMH B caMoO# cxeMme.
IIpocreiimas cxema aH-
TaCTpOHA BKJ/IIOYAeT reHepaTop
JIMH ¢ orpuuarenbHoit obpat-
HOH CBfI3bI0 Ha TPAaH3HCTOpax
V7:1 u VT, u moporooe ycT- a)
pOMCTBO, NpeACTaBJsHOLIEE CO-
6oit cBOeOOpa3HbIl TPHITED C
SMUTTEPHOH CBf3bl0 (TpUITep 0 V
Illmutra) Ha TpaH3HCTOpax
VT, u VT3, B KoTOpOM pOJb gz
SMHTTEDPHOTO pE3HCTOpA BhI- “ke=Ugnix
noJiasier Tpansuctop VT, (puc. Un Uk
12.12). Tloporosoe ycTpoHCTBO : Vs wac
ofecrieuuBaeT yCJOBHS, IIPH Usa N
KOTOPHIX CTafUsi BOCCTAHOBJIE-
HUS HAaYHHaeTCs NpPaKTHYeCKH [
cpa3y e Iocje OKOHYaHHS tas I G T
npolecca TeHEpUPOBaHUS JIH- -
HeHHO H3MEHSIOIErocs Hanps- ugs,
KeHHUS. Usz=Uks
B uCXOZHOM  COCTOSTHHH 4
tpansuctoppl VT u VT, 403
JIOJI?KHBIl OBbITb OTKDHITHI H Ha- CUp3 wac
ChILIleHbl, a TpaHaucTop VT, — 0 t,; tt, & f
3akpeIT. s 3TOro HeobOXo- ’
JIUMO, UTOGHBI ITapaMeTPhl CXeMbI 9)

YAOBJIETBOPSJH caenyromum  Puc. 12.12.’ Cxema ¢aHTacTpoHa (a)
YCJIOBHSM: M BpeMeHHble AHarpammsl (6)

R < hzlaRss ]63 > Un/(h‘zlaRs)y
U632 = UcM _UKS nac 1 (Ucm + 2UK3 Hac)&%R—s < UB3 Hac*

IMocaennee HEPABEHCTBO BBINOJHAETCA H B OTCYTCTBHE HCTOYHHKA
CMEUIEHH ST Uch OJHAKO OH BKJ/IIOHAETCA AJA INOBBILIEHHA IIOMeXO-
YCTOﬂ‘IHBOCTH CXEeMbl, a Takxe B TeX cJjayudasax, Koraa (paHTaCTpOH
BbIIIOJIIIEH HA repMallHeBbIX TPaH3UCTOpaXx.
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B MomeHT BpeMeHH f, IpH TNojaye Ha BXOL €XeMLl HMOYJbCa
OTpHUATEebHOH TNOJSPHOCTH COOTBETCTBYIOIIEH aMIIMTYIbl TpaH3H-
crop VT, 3akpuiBaercsi. [loTeHuHan ero KoaneKTopa yBelHYUBaeTCs
H 3TOT NOJIOXHTENbHBIH Nepenaj HanpsiKeHHsl Yepe3 (GopCHP YoM
xonzeHcatop C, nocrynaer Ha 6a3y Tpansucropa VT,, B pesyJbTate
yero Tpansucrop VT, oTkphuiBaercs. IIpH OTKpEIBAaHHH TpaH3HCTOpa
VT, TPaH3UCTOP VT, ¥3 HacbllleHHOrO COCTOSIHHSL TIePEXOJHT B
aKTHBHBIH pexuM pabotsl (cM. § 12.4), uTO conpoBOKIAETCS YBEJH-
uyeHHeM IOTeHIHala KoJjekTopa TpaH3auctopa VT,, a cjeioBa-
TeNbHO, W NOTeHIMasna 3MHTTepa TpaH3ucropa VT B cuiy srtoro
TpaH3uctop VT ocTaeTcsl B 3aKPbITOM COCTOSIHHM JaKe IOCJIe OKOH-
YaHHS BXOLHOTrO CHrHasla. TakuMm oOpasoM, LJas 3alycKa CXeMbl Ha
BXOJ JIOCTaTOYHO NOJAaTh KOPOTKHH HMIIYJIbLC.

B nasnbHeiiem B cxeMe NpOTeKaeT Npolecc Nepe3apaikiH KOHIeH-
catopa C NPAKTHYECKH MOCTOAHHBIM TOKOM M Ha BhIXOJE CXEMbI
reHepupyeTcsi JHHEHHO Clajaiollee HaNPSIKEHHE Upyy=Uxs (PHC.
12.12, 6). C TeyeHHeM BpeMeHH IOTEHLHAJbI KOJLIEKTOPOB TpPaH3H-
cropoB VT, u VT, ymenbmaworcsa. COOTBETCTBEHHO YMEHBLIAETCS
pasHOCTb MOTEHLHANOB MeXAy KOJJEKTOpoM M 6a30#f TpaH3HCTOpa
VT,, a pa3HOoCTb NOTEHIHAJIOB MeXKAy 6a30fd H SMHTTEPOM TPAaH3H-
cropa VT; yBenuuuBaerca. Ho moka u533<U53 pacy TPAaH3HCTOP
VT, 3aKkphIT.

B MOMeHT BpeMeHH #; KOJIJIEKTOPHOE HaNpsiXKeHHE Uy, HACTONbKO
YMEHBUIUTCH, YTO Ugre=Ugs mac U TpaHducrop VT, nepexoiut B
pexxum HaceiueHus. Ilpu sToM yMeHbllaetcss Ko3(dHIMEHT ycH-
Jendsi redepartopa JIMH, mockosibKy pesuctop Rs IIyHTHpyeTcs
pe3HCcTOpaMH, BKJ/IOUeHHBIMH B 6a30BYI0 ILiellb TpaH3ucTopa VT,.
3T0 NpUBOAUT K YMEHbLIEHHIO CKOPOCTH Claja BBIXOJHOrO Hampsi-
xkenus. Ilocsie MOMeHTa BpeMeHH {, Halpsi)KeHHE Ha KOJJIEKTOpe
TpaHauctopa VT; npopo/xkaer yMmeHbllaTbcsi. B MOMEHT BpeMmeHH
t, noteHuuan kosanekropa VT, a cienoBare/ibHO, H NOTEHUHAT SMUT-
Tepa VT, HacToNbKO yMEHbLIAIOTCS, YTO PAa3HOCTb MOTEHIHAJIOB
6asa — smutrep VT3 craHoBuTcs paBHOH Upy yac M TPaH3HUCTOP
VT, otkpbiBaercsi. IIpu 3TOM pe3Ko yMeHbllaeTcsl HalpsiKeHHe
U3, COOTBETCTBEHHO CHHXKaeTcs NOTeHuuas 6asbl TpaH3uctopa VT,
W OH 3akpniBaetcs. MIHTepBan BpemeHH (f, ;) HEBENHK, NMOCKOJIBKY
HacelllleHHe TpaH3ucropa VT, M oTKpeiBaHHe TpaH3ucropa VT
TIPOHCXOAAT NOYTH OfHOBpeMeHHO. [loaToMy 3a oxoHuaHHe paboueit
CTaJIMd PHHHUMAETCS MOMEHT BPEMEHH .

[Tocne 3akpeiBanus TpaHsucropa VT, HauMHaeTcs CTajusl BOC-
craHoBseHus. [Ipu stom KonpmeHcatop C jpo3apsikaeTcsi OT HCTOY-
HHKa NHTaHHS 4Yepe3 pe3HCTOp R U NPOMEXKYTOK 6a3a — 3MHTTEp
HacellleHHoro TpaHsucropa VT;. JdnuTenbHOCTb CTaAMH BOCCTAHOB-
JIEHHs] ompejessieTcsi COoTHoIeHueM fp= (3. . .5)RC.

KoapdruueHT HenHHEHHOCTH M KOPOHLUHEHT HCIOJb30BaHHA
HanpsixKeHUs] HCTOUHHKA MHTAHUS ONpeJessioTCsl COOTHOLIEHUSIMH
(12.17), (12.18).
~ ®anTacTpoHEl OOeclneyHBalOT MOJyYeHHe JHHEHHO H3MeHsIolle-
rocsi HanpsikeHHs ¢ Koadduuuenrom HenuseitHoctu 0,001. . .0,005
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Opu AJUTENbHOCTH pabotiell CTafHH 10 HECKOJbKHX MHJIJIHCEKYHH
H KO3(HUMEHTE HCIOMb30BAHUA HANpPAXKEHHsl HCTOYHHKA INHTAHHSA
0,9. . .0,95.

§ 12.6. TEHEPATOPHl JHHEAHO U3MEHSIOWEI0OCS TOKA

B 3/eKTpOHHBIX MpuUOOpax M INpexKie BCEro B 3JEKTPOHHO-JTyYeBBIX
TpVOKax HIMPOKO HCHOAB3YETCH METOX YIPaBJeHHSI 3/1eKTPOHHHIM
HOTOKOM IyTeM BO3AEHCTBHS Ha Hero IONePeYyHoro MarHHTHOro
fOJs, CO3[aBaeMOro IPU NPOTEKAHHH TOKA Hepe3 KaTyLIKy HHIYK-
THBHOCTH. B GOABLIHHCTBE CJayuyaeB TpebyeTcs o0ecHeuyHTb TaKHe

i 110 ; .
X W_,u o
i 3,
Rw =( uy, !
R :
; 0l !
*lﬂ ° to t
Puc. 12.13. 3ksu- Puc. 12.14. dopma wum-
BajJeHTHag  cxeMa ny/abca TOKa
KaTyWKH  HHAYK-
THBHOCTH

YCJIOBHSA, TIPH KOTOPBIX OTKJIOHEHHE 3/IeKTPOHHOTO II0TOKa, a CJAelo-
BaTeJbHO, © MArHHTHOrO MNOJIS H3MEHsIHCh Obl 1O JIMHEHHOMY 3a-
KoHy. C TOYKHM 3pEHHS HMIYJbCHOH TEXHHKH peanu3alusi TaKoW
3ajaud 3aKJIOYaeTC B CO3JaHHH TeHEPaTOPOB JIMHEHHO H3MEHSK-
LIErocsi TOKa, MPOTEKAalIIero yepe3 KaTYIUKy HHIYKTHBHOCTH.
@opMupoBaHHe JHHEHHO H3MEHSIOIErocsl TOKa B HeaJbHOM
KaTyIIKe HHAYKTHBHOCTH He MNpEJCTaBJseT OCOGOH CJ/IOXKHOCTH H
peanusyercsi, ecJH K HeH NPHJIOKEH HMIYJ/IbC HaNpPSKEHHs MPSIMO-

yrosbHo# ¢opmbl amnautynoi Uy, Torga i, ‘—"LL ( U,dt=U,_,/L)t.

Topasno c/oXHee pelHTb 3Ty 331a4y NPH UCMOIb30BAHHH peabHOM
KaTYIIKH HHIYKTHBHOCTH, 5KBHBA/J€HTHAsl CXeMa KOTOPOH BKJ/IOYaeT
HHIYKTUBHOCTb L, conpotuBieHue R, u emxoctb C (puc. 12.13).
ConpoTuBjeHHe R, y4UTBIBaeT aKTHRHBIE NOTEPH B KATyIIKE HH-
IYKTHBHOCTH, a eMKOCTb KoHJAeHcaTtopa C B OCHOBHOM 0GYycCJOBJEHA
MEXKBHTKOBOH €MKOCTBbIO, KOTOpasi 3aBHCHT OT YHcJa BHTKOB. Pe-
3ucTop R, OObIYHO BKJIOYAETCS MapasljelbHO KaTyliKe HHIYKTHB-
HOCTH IJIs1 YMSHbIIEHHS IJIMTENbHOCTH TepeXOAHbIX MPOLECCOB.

OnpenennM HanpsiKeHHe u;, KOTOPOe NOJ/IKHO GbITb MPHUJIOKCHO
K Karyllke HHIYKTHBHOCTH, YTOOBl Yepe3 Hee IIpoTeKas JIHHEHHO
H3MeHSIOUACA TOK i{;=af, TIe @ — CKOPOCTb HapacTaHHd TOKa.
B cootBercTBHH cO BTOphIM 3akoHOoM Kupxrogpa

u=L% { R, =aL+taRt. (12.20)
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Takum o6pa3oM, HanpsixKeHHe U; HAOJKHO H3MEHATHCS BO BPeMEHH
no TpaneueuianrbHOMy 3aKOHYy. B MoMeHT Hayajla NpOTeKaHHA
TOKa 4epe3 KaTylIKy HHAYKTHBHOCTH OHO JI0OJDXKHO CKa4KOM BO3DacTH
Ha BeJMYHHY al, a 3ateM HapacTaTh 11O JIHHEHHOMY 3aKOHY CO CKO-
pocTbio aR;. Hec6X01MMO OTMETHTb, UTO 1JI51 MOJTyYeHHs! JJHHEHHOro
3aKOHA M3MeHeHMs TOKa i; CjefyeT o0eclednThb ONpeaeseHHoe CooT-
HOLIEHHe MeXJy HayaJbHbIM CKauKoOM HanlpsixkeHusi al U CKOpOCTbIO
HapacTaHHs HanpsixkeHus aR;, a wumenHo: v=al/aR;=L/R;.
Orclofia cjefyer, 4To NPH M3MEHEHHH CKOPOCTH HapacTaHHsl TOKa
Heo6XOIMMO Hapsily ¢ H3MeHeHHeM CKOPOCTH HapacTaHHsl Hanpske-
HMSI MEHSITb M NIepBOHAYa/bHBIH CKayOK HanpsiKeHHs.

Ecau Ha KaTyluKy HHIYKTHBHOCTH JeHCTBYeT HanpsiKeHue u;,
onpenensieMoe cootHoweHueM (12.20), To obmuit TOK io=ic+ig+ip.
ToK, nporekatwouuit yepe3 Konjaencatop C,

ic=CL — a1 C8 (1) +aR,C,
rae O ({) — exnHnyHas GYHKLHA.

Takum ofpasoMm, oflHUil TOK i, reHepaTopa, obecrneyHBaioLIerQ
JHHeHHoe M3MeHeHHe TOKa B KaTyllKe HHAYKTHBHOCTH,

i,—aLC8(t)+a (RLC—}-TLHI—) +a (1 Jr.f;—;) t.

Kak BuJHO,.TOK i, HMeeT LOBOJIBHO CJIOXKHYIO ¢opmy (puc. 12.14),
B Haua/ibHBI MOMEHT BPEMEHH f, TOK JO/IKeH H3MEeHSITbCS KaK elu-
HuuHas ¢yHKuus O (f) (nepBoe ciaraemoe), T. €. MMeTb BCIJIECK,
JIJIMTENbHOCTD KOTOPOTO CTPeMHTCS K HYJ/o. 3HayeHHe ToKa TpH
t>1, onpenensieTcss NOCTOSAHHOH COCTaBJsIOILEH (BTOpOe ciaraeMoe),
Ha KOTOPYIO HakJajblBaeTcs JHHeHHo Hapactawowui Tok. Cdop-
MHpOBaTh Tako# (opMBI TOK Ha NpakTHKe He yJaeTcsl u3-3a TPYI-
HocTeH, CBSI3aHHBIX C TOJyYeHHeM INepBOHAYaJbHOrO BCIJIECKA,
KOTOpHI HeoGXoAuM AIJsi ObICTpoll 3apsiaKH KonieHcatopa C. Ilo-
3TOMY peasiH3yeMbli TOK He COEepXXHT HayaJbHOIO BCIJECKa, YTo
NPHBOANT K KDPAaTKOBPEMEHHOMY OTKJIOHEHHIO 3aKOHAa H3MeHeHHs
TOKa OT JIHHEHHOCTH. DTO HCKaXKeHHe TeM MeHblle, YeM MeHblue
eMKOCTb KoHaeHcaropa C.

DKBHBAJIEHTHAsl cXeMa KaTYLWIKM MHAYKTHBHOCTH coiepxkut LC-
KOHTYD, B KOTOPOM INePeXOAHbIA NMPOLecC MOXEeT HOCHTb Pa3JHYHbIN
xapakrtep — KoJiefaTesqbHbI, anepuojHyecKHH, KpuTHyecknd. Ha
NPAKTHKE CTPEMATCS OGeCneYHTh KPHTHYECKHH peXHM paGoThl.
Ecan R,,<<_l_/ L/C, To ycjoBHe KPHTHYECKOTO peXHMa paboTLi
R,=0,5VL/C.

W3 H3/10KeHHOTO CJIelyeT, 4TO CYLIeCTBYeT ABa crnocoba co3jaHHs
B pPeasibHOH KaTyllIKe HHIYKTHBHOCTH JIMHEHHO U3MEHSIOLErocs ToKa,
Ilpn nepBoM K KaTylUKe INpHKJanblBaeTcsl HamnpsiKeHue, Qopma
KoToporo cooTBercTByeT Bhipaxenuio (12.20). IIpu stom reneparop
HanpsKeHHs1 JOJKEH HMETb HYJIEeBOe BHYTpPeHHee COIpOTHBJEHHE,
Ilpu BTOpoM cnoco6e HCNoOJb3YyeTcs TeHepaTop ToKa ¢ 60JbIIUM BHYT-
pPEeHHHM CONPOTHBJIEHHEM, KOTODHI NPHHYIMTEJNbHO 3ajaeT ¢opMy
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TOKa, He 3aBHCALLYIO OT NapaMeTpoB KaTYUIKH HHAYKTHBHOcTH. Ha
IIpaKTHKE LIMPOKO HCIOJNb3YyeTCs MepBBId cHocoO.

Hns momyyeHHS HMIYJbCOB HANpSXKEHHUs TpalelenalbHO
¢opmel  Hucnosib3ytorcs: reHepatopel JIMH ¢ mosoxutenbHoH wau
OTpHLATEeNLHOH OOpaTHOH CBS3bl0, B KOTOPHIX JJIsl CO3JaHHSl Ha-
YaJbHOIO CKayKa HaNpsKeHHUs B Lenb oOpaTHOH CBSI3H HapsLy
¢ KOHJIeHCAaTOpOM BKJiodaeTcs: pesucrop. OnHako Takoil reseparop
HUMeeT CpaBHHTENbHO BHICOKOE BHYTpPEHHEe CONPOTHBJEHHE, YTO
N PHBOAUT K CYILECTBEHHOH HEJHHEHHOCTH TOKAa, MNPOTEKAoU[Eero
yepe3 MHAYKTHBHOCTb. IlosTo- . ’
MYy HCIOJb3YeTCl YCHIUTEb-
Hblll KacKaj Ha MOIIHOM TpaH-
31CTOpe, B 3MHUTTEPHYIO HJH
KOJIJIEKTOPHYIO Liellb KOTOPOro

+Un

Ry [1Rs

BKJIIOYAaeTCst KAaTylIKa HHAYK- vy
THBHOCTH. [Ipocrefimiasi cxema
reHepaTopa JHHEHHO H3MeHs-
IOIErocsl TOKa, peasusylomas Ry

3TOT CHOC06. npeacraB/seHa Ha

puc. 12.15. d¢ fy4s
Cxema BKJIOYaeT  TreHe- T
patop TpamneneniaapHOro —_— nd

HANDAXKEHUA Ha TPAH3HCTO-  pyec, 12.15. Cxema reHepartopa JH-
pax VT,, VT, H YCHIH- HefiHO H3MeHSIOUErocs TOKa
TeJb Ha TpaHsucrope VT,
B KOJIJIEKTOPDHYIO Liellb KOTOPOTrO BKJ/IOY€Ha KaTyllKa HHAYKTHBHO-
ctu L. Ha npuBeneHHON cxeMe He yKa3aHBl 3KBHUBaJIeHTHble Iapa-
MeTpel KaTyuwku HHAyKTuBHOocTH R, m C. Cxema reHeparopa Tpa-
neueuaanbHOro HaNpsiXKeHUs OTJiMYaercsl OT CXeMbl TIeHepaTopa
JIMH c nmosoxutensHoit o6patHolt cBs3bio (puc. 12.8) Tonbko Ha-
JIMYHEM JONOJHUTENbHOro pesucropa R;. [TosTomy ajeMeHTHI cxeMb
BBINIOJIHSIIOT TaKylo ke poJib, YTo H B cxeMe reneparopa JIMH.

Tpansucrop VT; B HCXOJHOM COCTOSIHMM OTKPBIT M HacChIlleH,
a tpansucrop VT, HaXoiuTcs B aKTHBHOM peXHMe H 4epe3 Hero
IIPOTEKAeT HE3HAUHTEJbHBIA KOJIJIeKTOPHBIH TOK [ (0). Bxon tpan-
sucropa VT; HemoCpeACTBEHHO NOJKJIIOUEH K BBIXOLY 3MUTTEPHOTO
noBTOpHTENA U Ha Gase VT, umeerca HanpskeHue Ug, (0) = R, 1, (0).
Tpausucrop VT; Takke 3akpuIT. /s o0ecrneyeHds 3TOro pexHMa
HCIO/b3yeTcsl Je/HTe/b U3 pe3ucTopos R;, R,. ITorenuuasn smurrepa
tpaHsucropa VT Uy (0) = UyRs/ (Ry+R,), ¥ TPaH3HCTOP 3aKpBhIT,
ecsy R

3

U63 (O) - Rslx (0)— Un m < Uom-
ITapannensso pesuctopy R; BK/OYAOT KouueHcatop C,, cTaGu/H-
3UPYIOLIMI TafieHHe HaNpsKeHUs Ha HeM NpH paboTe YCHJUTENS.
Jln1s yMeHbIleHUs] HeJHHEHHBIX HCKaXKEHHH H YBeJHYEeHHS BXOJHOTO
COINPOTHBJIEHUS] YCHJIHTENS B 3MHUTTEPHYIO Lienb TpaHsucropa VT,
BKJIIOYAIOT pe3ucTtop R, HeGOJbLIOro CONPOTHBJAEHHS, KOTOPbIH
CO3/laeT OTPHIATENIbHYI0 06PaTHYIO CBS3b.
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[Ipn nonaue Ha BXOJA CXEMBI NPSIMOYTOJEHOIG HMITYJIbCAa OTPHHA-
TeJIbHON NOJNSPHOCTH TpaH3uctop VT; 3akpHBaeTcsi 4 KOHAEHCATOD
HayWHaeT 3apsiKaTbCAd MNPAKTHUYECKH MOCTOSTHHBIM TOKOM [o==
=U,/(Rx+R,). Ha pesucrope R; BO3HHKaeT CKayoK HampsiKeHHs
Ur,=1R,=UyR,/(R,+Ry). B nanbHeiitieM npu HeH3MEHHOM
TOKE HampsiKeHHe Ha Pe3UCTOpe OCTAeTcsi TOCTOSHHLIM, a Hamps-
JeHue Ha KoHJeHcatope C yBeJMYHBAETCS NPAKTHYECKH IO JIHHEH-

U
HOMY 2aKOHY uc=—ict. Takum obpasom, RanpsikeHHe Ha pe3sH-
K

crope R, 06e3 yuera HauaslbHOro HanpsikeHuss Upg,=R,[x(0)
H3MeHsIeTCsl CJIeIYIOMHM 06pa3oM:

U =K (Vv Rz

raie K — ko3pdulHeHT YCHIEHHS SMHTTEPHOrO HOBTOPHTEJIS.

Takoe xe HanpspkeHHe OyneTr W Ha Oa3e Tpansucropa VT,
KOTOPBIl IOC/Ie MOJAyH BXOJHOrO HMINYyJbca HaudHaeT paboTaTh B
pexxume ycunenusi. Kak caenyer u3 coorHomenus (12.20), ckauok
TpenewLenabHOrO HaNpsiKeHHsI U YroJl HaKJOHAa MOXHO H3MEeHSTb,
peryJupys CONpPOTHBJIEHHS PE3HCTOPOB Ry M Ry.

ITocsie okoHYaHHs1 BXOAHOrO cHrHana tpansucrop VT, oTkphiBa-
€Tcs H B CXeMe IPOTEKAaeT NpOLecC BOCCTAHOBJIEHHS HCXOAHOIO CO-
crosinusi. Ha BbIXozle SMHTTEPHOrO NOBTOPHTEJNS HaNpsikKeHHe YMeHb-
miaercsi, YTO NPUBOJHT K 3aKphiBaHHIO TpaHsuctopa VT, mnocie
Yyero sanaceHHasi B HHIYKTHBHOCTH L 3Heprusi pacceMBaeTcsi B pe-
aucrope R . Bpemsi paccessHMs MarHMTHOrO NOJs KaTyWIKH fpac=
=(3. . 5)L/R

B cusay usBectHbix npuyuH (cMm. § 12.3) 3apsizHbiil TOK He ocra-
eTcsi TIOCTOSIHHBIM, YTO NPHBOJHT K NOSIBJIEHHIO HEJTHHEHHOCTH TOKa
B KaryllKe HHIYKTHBHOCTH. Ha He/HHeAHOCTh TOKa OKAa3bIBAIOT
BJMSIHHE TaKXe Ha/JuuyHe OIpefleleHHOH MJIMTeNbHOCTH (poHTa
HayaJbHOTO CKayKa HanpspKeHHst Ha R;, a TakxKe TO, YTO BBIXOJHOH
YCHJIHTEbHBIA KacKajl UMeeT ONpeJie/ieHHOe BHYTPEHHee COINPOTHB-
nenue. Bee 310 BMecTe B35iTOe NMPHBOAMT K TOMY, YTO KO3hDHLHEHT
HEJIMHEHHOCTH TOKa, TNPOTEKAMlero yepe3 KaTYLIKy HHIYKTHBHO-
CTH, OKasbiBaeTcsi HaMHOro GoJbile Ko3ddHlHeHTa HeJHHEHAHOCTH
HanpspkeHusi, dopmupyemoro reHepatopom JIMH, B ocofennocTH
Ha HayaJbHOM y4acTKe, U jJaxke IIPM HCNOJb30BAHHH TIeHEpPaTOpPOB
KOMIEHCALHOHHOTO THIIA COCTABJSAET €AHHHULBI IPOLEHTA.



3AKJ/IIOYEHHE

CoBpeMEeHHOE COCTOSIHHE CXEeMOTeXHHMKHM XapaKTepH3yeTcsl Npexie
BCEr0 HHTEHCHBHBIM pa3BUTHEM METONOB M TeXHHUKH 00paboTKH
CHrHaJjIoB. bJiaronaps pasBHTHIO BBHIUHC/IHTENbHOH TeXHHKH CTaza
BO3MOKHOH peasH3alys HHTerpasbHbIX npeoOpasoBaHHH, B 4acl-
HocTH npeoOpasoBauuii Pypoe. BaxHoe 3HaueHne npuobOperaer
obpa6oTka uudpoBbix cHruanoB. C ysesnyeHHeM CbICTPOARHCTBUS
1HPOBLIX YCTPOHACTB CTasia BO3MOXKHOH 06paboTKa IHHPOKOOIOCHBIX
CHTHAJIOB B peasibHOM Maciurae BpeMeHH.

B pajuoJiokanuy H pafHOCBsA3H HMeeT MECTO TeHAEHIMS HCIOJb-
30BaHuA Bce Gosiee CJOKHBIX CHTHAJIOB, XapaKTepH3YoWuxcs 6oJb-
mwoi Gasoi. O6uias uness GOpMHUPOBAHHSA CJIOXKHBIX CHTHAJOB CO-
CTOHT BO BHYTPHHMNYJbCHOH MoayJsuuH. Koppeasunonuas obpa-
60TKa TaKHX CHTHAJOB C IIOMOIIbIO LH(DPOBBIX COIJIACOBAHHBIX
(bUBTPOB INO3BOJISiET CYUIECTBEHHO IIOBBICHTb OTHOILEHHe CHTHaJ-
1yMm. .
HccenenoBanusi B 06.1aCTH HOBBIX METOOB OOpaGOTKH CHTHAJIOB
CTHMYJIHPYIOTCSI Pa3BHTHEM MHKpPO3JeKTpoHHKH. [IpH paspaGotke
CBepXOBbICTPOLEACTBYIOUX HHTErpaJbHBIX CXeM BO3HUKAIOT CXeMO-
TEXHHUYeCKHe MNpo6JeMbl, KOTOPble CBS3aHBl C Te€M, UYTO BXOASLIHE
B HHUX 3JIeMEHThl NPEJCTaBJSIOT COOOH 3/1eKTPOHHbIE LENMH C pac-
npeAejeHHEIME NapaMeTrpaMu. CxeMOTeXHHUYECKOe U TOMOJIOTHYecKoe
MIPOEKTHPOBaHNE TAKHX CXeM BO3MOXHO TOJbKO Ha 6aze cHcTeM
aBToMatusupoBanHoro npoektupoBanusi (CAITP). MakcumanbHoe
HCMOJIb30BaHHE TBOPYECKHX CNOCOGHOCTEH yesioBeKa B COBPEMEHHBIX
CAIIP, pa6otaoliiXx B HHTEDAKTHBHOM peXHMe, NO3BOJISIET NPOEK-
THPOBATb CX€MbI C NpeJeNbHO AOCTHXKHUMBIMH TeXHHYECKHMH Xapak-
TEPHCTHKaMH.

[TapannenbHO ¢ MHKPOCXEMOTEXHHKOH pa3BHBAIOTCS HampasJie-
HHS, CBsI3aHHblE C HCHOJIb30BAHHEM CTPYKTYpP, OCYILECTBJISIIOLHX
reHepUpoOBaHUe, YyCUJIeHHe, 00paboTKy, XpaHeHHe CUTHAJOB, T. €.
peanusyomuX QYHKUMH 3/MEKTPOHHBIX lened, HO He SBJSIOMMXCS
TaKOBBIMH B TPAaJHLHOHHOM INOHMMAHHH. JTO INpeXae BCero HHTe-
rpajibHasi ONTHKA — pasfiesl 3/1eKTPOHHOH TeXHHKH, 3aHHMAIOLHCs
pa3paboTKoH, H3roTOBJEHHEM M HCIOJIb30BaHHEM YCTPOHCTB, B
KOTOPHIX Ha eIMHOH MNOMJIOXKKe pa3MelleHbl I'eHepaTopbl H INpHeM-
HUKH CBeTa, BOJIHOBOJHbIE CTPYKTYDBI, CIIOCOGHBIE YNPABJATb aMil-
JUTYHOH MM (a30oH CBETOBBIX BOJIH, OCYILECTBJIATH (DUJBTPALHIO.

BaKHO OTMETHTb, YTO CMEHa 3JIeMeHTHOH Ga3bl NMPH MOCTPOEHHUH
cXeM yNpaBjeHHs H 0OpabOTKH CHTHAJIOB He NpHUBELET K OTKasy OT
CYLIECTBYIOUIeH AMCKPETHOH 3jeMeHTHOH 6Gasbl. {HcKpeTHble 3jeKT-
pOHHble NPHGOPBI OCTaHYTCA 3(h(EKTHBHBIM CPEACTBOM pelleHHUs
MHOTHX 3aJay PaJMOTEXHHKH, BBIUHCAUTEJbHOH TEXHHKH, aBTOMa-
THKH. DBosiee TOro, morpeGHOCTH B yBETHYEHHH MOLIHOCTH TI'eHepH-
pYyeMBIX CHTHa/IoB OYAyT CTUMYJHPOBATh pa3paboOTKy 3JEeKTPOHHBIX
TIpUGOPOB GOJIBINIOH MOLIHOCTH.



[MPUJIOKEHUE r

NPUMEPBI PACUETA 3JIEKTPOHHBIX CXEM

Mpumep 1. Paccuntath cxemy ycuauteas O, paGoraiomero B
pexxume A (cM. puc. 4.8, a), ¢ KO3(UUHEHTOM YCHJIEHHs IO
HanpsixkeHuio 5...7 B yactoTHoM auanasone 20 I'm...10* T'm.

Pemwenne. Pacuer JMHeHHOro ycusauTe/si, ofecneydBaomero
3ajlaHHOe ycUJleHUe B paGoueM JHamasoHe YacTOT, 3aKJ/O4aeTcs B
pacueTe NapameTpoB l€NM NHTaHHsA TpaHsucropa (cm. § 4.3), a
TaKXKe BXOIHBIX H BHIXOZHBIX RC-ueneii, onpeleJsiOKX CHajg
AUX ycumutens B o6sacTd HM3KHX M BBICOKHX YacToT (cM. §4.4).
BriGop THma TpaH3HMCTOpa ONpeje/sieTcss MHOIMMHM IIPHYHHAMH.
K ocHOBHBIM H3 HHUX OCBIYHO OTHOCAT: KO3GdHUHEHT h,,,, MOLI-
HOCTb paccesiHusi, paboule HalpsiKeHUS H TOKH, TeMIepaTypHYIO
CTaGUIbHOCTb. TaK KaK YyCJOBHs 3alaud HE HAKJaIbIBAlOT JKeCT-
KHX OrpaHHYeHHMH Ha NepeuHcseHHble NapaMeTphl, TO THI TpaH-
3HCTOpAa MOXKHO BbIOpaTh MNpPOM3BOJbHO. Bo3bMeM KpeMHHEBHIH
tpansucrop KT31026. Ero mMakcumaspHBIE TOK KOJJIEKTOpa CO-
craBaser 50...60 MA, a MakcUMaJbHOE HanpsXKEHHE Ha KOJIJIEeK-
tope 30 B. Tlostomy npu BeiGope paGoueil TOYKH Ha XapakTepH-
cruke I, (U,,) crenyer uMeTb B BHAY, YTO TOK M HanpsiKeHHe
KOJIEKTOpa He JO/KHBl npeBwbiuate 0,7/, ., ~40 MA u
0,7Uy max =20B. B 3ToM ciyyae MOXKHO NOJYYHTb MaKCHMallb-
Hble aMIJIMTYIbl TOKa W HanpsiKeHMs [/ JAHHOTO THNa TpaH3H-
ctropa. Kosbouunest h,,, =250.

3ananuM HanpsikeHue McTOyHMKa nutanus U,=24 B wu npo-
BelleM HarpysouHylo npaMylo (cM. puc. 5.1) uepe3s Toury [, =
=40 MA. Torpa paGoyass Touka B pexume A JOJKHA JieXaTb
NpuGIH3HTEbHO TOCPeJNHE HAarpy3ouHOH KpHBOH, OnpenensieMoi
ypaBHenuem U,,=U,—1I, (R,+ R,).

Ilopsanox pacuera.

1. OnpenennM HanpsikeHHe Ha KOJIEKTOpe B paGouell Touke
U@. Oas storo 3anuweM ypaBHenne mias U,, B Buge U@ =
=U,—U,—U,, ree U,=IR,, U,=I,R;. 3apamum U,=2B,
UL =108, torna U,=12B.

2. W3 cemeiicta kpusnx [, (U,,) HaxomuM, 4TO KOJJIEKTOPHBI
Tok I B paboueit Touke paBeH 20 MA. CoOOTBETCTBEHHO MOL-
HOCTb paccesinus paBHa 0,24 BT, 4yTo corJacHO cnpaBOYHBIM jaH-
HBIM He INpeBbIIIAET JOMYCTHMOTO 3HAauYeHHs AJsi JAHHOrO TpaH-
auctopa. OueBHIHO, UTO NPH GOJIBIIOM 3HAYEHHUH Ay, TOK I ~ [,

3. Haxoaum compoTuBJieHHe pe3HCTOpa B LENH KOJJIEKTOpa:
R,=U/I® =12-10%20 =600 Om.

4. HaxonuM CONpOTHBJIEHHE Pe3UCTOpa B LENH 3MHUTTepa: R, =
= U, /I =2.10%/20 =100 Om.

5. KospdunueHT ycuneHHsi 0[O HaNpsXEHHIO B COOTBETCTBHH
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¢ (4.11) ¥ nonyueHHBIMM 3HaueHMsMp R, B Ry paeen K, =
= R,/R,=6.

6. Pesuctopsl R; M R, IOMXHEI GbITh BHIGpAHEI TAKHM 0GpasoMm,
4yToObl, C OJHOH CTOPOHBI, OOeCNeyHTh 3ajaHHBI NOTeHUHAN Gasbl
H, ¢ ApYyroii—TpebyeMyi0 TeMnepaTypHyIo CTaGHJIBHOCTL YCHJIH-
Tensi. Bxonnble xapakTepuetukd [g(Ug,) Tpansuctopa KT3012B
NO3BOJIAIOT 3aJaTh B paboyeil TOYKe HaNpsiKeHHe Ha OTKPHITOM
nepexone 6aza—amurrep: U =0,7 B (TunnuHoe 3nauvenue U,
A1 KPEMHHEBBIX TPAH3UCTOPOB COCTaBJIACT 0,6...0,7 B). Caeno-
BaTesbHO, AJIs1 BbHIODAHHOH paGoyell TOYKH Ha HarpysouHoH mps-
Mmoit moteHuuan 6asel UYP =U,+ UG =2+ 0,7=2,7 B. C nomo-
HMIBIO JIEJIUTENIS] HanpsiKeHUs Rle 3ajlaeTcs mnoTeHiHaa 6asbl,
onpeznensieMblii cooTHomwenneM U =U R,/(R,+ R,) (cm. § 4.3).
Ortkyna caeayet R,/R,=(U,— U‘A’)/U‘A’ ToacTaBasaa 3HaueHus
U un U, nonyyaem R,/R, ~

Kak nokasano B § 4.3, BbICOKaH TemMnepartypHasi CTaGMJIbHOCTD
pabouell TOYKH JAOCTUTaeTcsl NPH OTHOCHTE/BHO MaJbIX 3HAyeHHsX
Ry u R,. Ilpn stom conportuBaenve R, .,=R,R,/(R;+ R,) myH-
THpPYeT BXOJHOE CONpOTHBJEHHE TPAH3HCTOPAa MO IepeMeHHOMY
TOKY M, CJeLOBaTe/lbHO, CIOJla OTBETBJSETCS 4YacTb MNepeMeHHOro
BXOLHOTO TOKa, 4YTO CHMxKaeT Ko3pduuueHt ycuiaenusa. Ilostomy
R, nomxHo 6biTh Gosbwe R,,. Ho Tak kKak B jgaHHOM cJaydae
R,=8R,, 0 R,,, >~ R, u, caenoBarejbHO, JOKHO BHINOJHATHCS
ycJoBUe R’2 > Ry,. BblénpaeM R, =20 xOm, torma R, =160 xOm.
B naHHOii cxeMe HeT HeOGXOJAMMOCTH B €MKOCTH, INYHTHpYIOLIEH
R, Tak Kak BeJHuHHa R, Maja ¥ NajeHue NepeMeHHOro Hanps-
JKEHMs] Ha HEeM MaJo.

7. TemnepaTtypHasi HecTaGHJIbHOCTb paboueil TOUKH, BBI3BAHHAS
n3MeHeHHeM Hanpsikenusi Ug, (T) B maHHOM cxeme, CYLIECTBEHHO
yMeHbllleHa 6Jlarofiapsi OTpHLATEJbHOH OGpaTHOM CBSI3H MO MOCTO-
SITHHOMY HanpsikeHHio. JleHicTBHTe/bHO, B JaHHOM CJydYae OTHOCH-
TeJIbHOEe M3MeHeHHe NoTeHIHasla 6Gasbl H3-3a TeMNepaTypHOil 3aBH-
cumoctu Ug, (T) AU6/U6_AU63(T)/U Hns KpeMHHEBBIX TpaH-
aucropoB AUg, (T) ~ —2,5 vB/K

Ilpn U,=2B OTHOCHTe/IbHAS HECTAGMIBHOCTb TOTeHIMANa
6a3bl AUﬁ/Uﬁ ~ —1,25.10-3 K-1,

8. Emroctb kongencaropa C; onpepensiercs ¢ moMompio AUX
RC-uenouku, o6pasoBaHHOl KoHjeHcaTopoM C; H CONPOTHBJEHHEM,
SKBHMBAJIEHTHHIM HapaJ/eJbHOMY coeluHeHHl0o R,.. ¥ R,,. Kax
nokasaHo B § 3.2, nenouka o6/ajaeT CBOHCTBaMH (HJIbTpPa Bepx-
HuX vactoT. [losTomMy 3HaueHue C; omnpefensieTcss M3 JONYCTH-
moro cnana AUX nenu Ha yactoTe fp,;,==20T1. Hactorueiit Koaduu-
eHT nepefaun paccMaTpupaemoit nemn K (o) =ot/V 1+ (07).
Haiinem snauenue T=C;(R,l|Ry) NPH YCJIOBHH, YTO NpH © =
= Wpin =20 iy YaCTOTHHIL Koadduuuent nepenaun K (0p,) =
=1/V'2 u, caenoBatensro, V 2 0u,T=V 1+ (OmyT)?, OTKYyAR
OpminT=1 1 C; = [0, (Roxsll Rpx)] ™. bes Gonbuioi omn6KH MOXKHO
cuuTaTh RoupllRox &~ 10 KOM (npn ycnoBuu, 4to R, << 10 kOm).
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Torma C,>10"3/27.20.10 ~10"¢ & =1 Mk®P, OueBugHO, UTO
Ha BBICOKHX uyacToTax (f > fmn) Hckaxkenuss AUX MoxHO He
YUHTBEIBATD.

INpumep 2. PaccuurtaTh cXemMy SMHTTEDHOrO MNOBTOPHTENsS (CM.
puc. 4.24, a), paGoraioumero B JHHEHHOM pexuMe B paboueil mo-
Jgoce yactor 20 ...10* T'm.

Peuenue. Bubepem tpanaucrop KT3102B5. Kak u B mnpe-
IBAYIIEM TNpuMepe, 3aJajHM HanpsixeHHe MCTOYHHKA NHTaHHSA
U,=24 B u npoBefeM Harpy3ouHyiO NpsSIMyIO yepe3 TOUKYy [, =
=40 MA. BpiGepem paGouyio TOUKY B CpelHeHl YacTH Harpysou-
Ho#l xapaktepuctuku: U@ =12 B. U3 kpusbix I, (U,,) Haxoaum,
yto npu 3toMm [® ~ [ =15 MA. MommHocTh TpaH3uCTOpa B pa-
Goueit Touke (0,18 Br) Menbwe ponyctumoii. Kak u B mpegpiny-
mweM npuMepe, 3agzaaum U =0,7 B.

1. Hanpsi:kenue Ha smMuTTepe B pa6oqeu touke UP =U,— U@ =
=24—12=12 B. Byzem cunTath, 4TO pE3HCTOpAa B LENH KOJ-
Jektopa HeT, T. e. R,=0. 1'103T0My R,=UW/IP =12.10%15 =
= 800 Om.

2. HafizeM 3HaueHHs CONMPOTHBJEHHH, OGPa3yIOUWIHX JeJHTe/b
R;R,, B nenu nurtaHus TpaHsucropa. IloteHuuan 6asel B pabouei
touke UP =UP 4+ UL =1240,7=12,7 B. Hmeem R,/R, =
= (U, U‘A’)/U‘A’—(24—12 7)/12,7=0,9. 3anagum R, =10 KOM
Torza R, =9 xOwm.

3. 3nauenue C, HaxoauTcs U3 ypaBHEHUS Cy = [0 iy (Rousll Rax) ]‘
B nannoMm cnyuyae R,.,~4,7 KOM, nostromy R, IR, ~4,7
(npu ycnoBuH, u4TO Ry > Ryyp)- Torlla C,>10- 3/2n-20-4,7z
~ 2 MrD.

Mpumep 3. Paccunrath AUX 7 KackajHO BKJIOYEHHBIX OJHU-
HaKOBBLIX YCHJIMTENEH C Pe3HCTHBHO-eMKOCTHBIMH CBSI3SIMH.

Pemenune. CyutaeM, YTO OTJEe/JbHBIE KAaCKaibl He3aBUCHMBI
ApYT OT Apyra, T. €. NMOJHOCTBIO HCKJIOYEHO BJIHSIHHE BBIXOJHOTO
HalpsiXKeHHsl HA BXOAHOE. B 3ToM ciyyae dyacToTHBI KO3(dHIH-
eHT Nepelayd KacKaJHOTO BKJIOYEHHMS n yCHJUTesNed B 06JacTH
HHXKHHUX YacTOT MOxeT OBITb 3anucaH Ha ocHoBaHuu (4.14) B Buge

s joty n_
K,,(](O)= (_l)nKn max ( | + jots ) -
ot n e, (@)
=(—1)"K | &'%n
( ) n max V-l"l‘((l)fn)z ’
rae ¢, (0)=—narctg (01,)—PUX B 061aCTH HHUKHHX YaCTOT
KacKaJHOTO COeJMHEeHHs yCHJHTeJeH.

HerpynHo noayuuTh HHKHIOIO T'DAaHHUHYIO YacTOTy ®,, Kac-
KaJHOrO COeIHHEHHsi ycuautesned. Kak M ]/ OJMHOYHOrO YCH-
JIUTEJNsT, OHa Olpe/iessieTcss U3 ycJaoBHs ocjabjenus K, (o, ,) B
V2 pas. TlosTomMy COOTBETCTBYIOIieE YpaBHEHHE HMEET BHJ
V8 (0,sT)" = (1 + (0,,7,)?) "2, OTKYZA CTEAYeT, 4TO (0,T,) =
= (21/n_ 1)—1/2.

PaccmoTpuM KackajHoe coejuHeHue IBYX ycuJurtesaeit. Ilpu
n=2 uMeeM 0,7, ~ 1,65 H, cienoBaTesbHO, HHXHSS IpaHHYHAS
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YacToTa MOJIOCH NPONYCKaHHs KacKaJHOI'o COeAHHEHHS] BO3pacTaer
npuMepHo B nosropa pasa. Ilpu n=3 oHa Bo3pacTaer yxe B
JBa pasa.

B o6nactn BepxHux uactor AUX KacKagHOro coepvHeHHst
yCHJIHTENIEH Ha OocHOBaHHH (4.15) MoxkeT OHITH 3amucaHa B BHJE
K, (0)=K, na [l + (07,)2]-72. Kak ¥ B npenbiayeM npumepe,
HaliileM ypaBHeHHe JJ/Isi BepXHeil YacTOTHl IIOJIOCHI NpONYCKaHHUS
YCHJIHTENSE B BHIE ©y,T,=(2!/"—1)V/2, oTkyza npH n=2 unMeeM
0, T, ~ 0,644. Takum o06pasoM, BepxHsAsi YacTOTa INOJOCH IpPO-
NYCKaHHf JBYXKACKaJHOI'O YCHJIMTENs YMEHbIIAETCsI H COCTAaBJSiET
0,64 sHaueHusi BepXHEH YAacTOThl OJHOrO Kackaja. Ho Tak Kak
0> 0,, TO MOXHO CKa3aTb, YTO II0JI0OCA NPONYCKaHUA [ABYXKac-
KaJHOTO YCHJIHTENS @g,. . .0, YMEHblIaeTcs npuMepHo B 1/0,64 ~
~ 1,55 pa3za. CnepoBate/ibHO, C YBeJUUEHHEM UYHCJAA KacKajoB
AUX Bcero ycusauTeNst CTPEMHTCSI K KOJIOKOJI0OOpasHO# (opMe.

Npumep 4. OnpefenuTe BJAMSHHE OTpPHLATENBHOR OGpaTHOH
CBSI3H, OXBaThiBalolleHl ABYXKAacKalHBI YCHJIHTEJNb C PE3HCTHBHO-
€MKOCTHOI CBSI3blO, Ha €ro HOJIOCY NpONyCKaHHUS.

PemweHue. OveBuaHo, urto Bausinue OC Ha mnoJocy mnpomny-
CKaHHsl MOXHO OLEHHTb, ONpelesNHB H3MEHeHHe BepXHeH TIpaHHY-
HOM YacTOTH NPONYCKaHUS JABYXKAcKaJHOTO YCHJIMTENs NpH BBe-
aevun OC. 3anuineM ypaBHEHHe MIJIsI YaCTOTHOro KosdduieHta
nepefauy JBYXKacKaJHOI'O YCHJIHTeNsl B OOJAcTH BBICOKMX YacTOT
B BUJE Kz(j(‘))=K2max(l+jx)—2, rupe szax = l?nax, x'=(’3173
(cm. npumep 3). Haiinem gactoTHblit KosddunuenT nepenayn K,, (jo)
YCHJIUTENsl, OXBAYEHHOTO OOpaTHOH CBA3bI0 ¢ Ko3pdulneHToM ne-
penaun K,.. Hna atoro, noxcraBuB K, (jo) B (4.17), noayuum
Ko (jo) = Komax [(1 + ix)z_KocK?max]_l'

B o6nacti cpefHHX 4YacTOT, e MOXKHO NpeHeGpeub YacTOTHOMH
3aBHCUMOCTBIO Ko3dduuuenta nepenaun, K,,(®) UMEeT MakCHMalb-
Hoe sHaueHMe Koo, =Konay (1 —KoKomay)™t. TloatoMy oTHOCH-
TeNbHBI  KO3(hGHIHEHT Iepejayd JABYXKACKAJHOIO YCHJHTeEJs,
oxBauennoro OC, MoxHO mnpencTaBuTh B BHAE K, (j©)/Ksomay =
= (1 — K, Kaomax) (1 —KoKomax— X2+ 2jx)~%.  YpaBHenne AUX
ycerauteass ¢ OC ectb MOAyJb MOJYYEHHOTO ypaBHeHHs: K,y (0):
: Kaomax = (1 — Ko Komax) H1 — KoK omay—x%)% 4 4x%] -2,

MoxHo nokasatb, 4To NpH | K, Komay | <1 AUX ycusurens
B ob6sacTH BepXHUX yacToT oTaHyaercs oT AUX anasmoruusoro
yeusutens: 6e3 OC. KosnuecTBeHHYIO OLEHKY BepXHEl rpaHHYHOM
4acToThl ©,, npu OOC nonyuum, 3apaB K, K,max=—1. B 3ToM
cyuae ocabaenue Kosdduumenta ycusaenus B V2 pas mpusomut
K YpaBHEHHIO [JIsi ONpeleNeHHs X, (2—x2)2-+ 4x%=8, oTKyaa
Xy = 0y, T, =V 2. CpaBHHBasi 3T0 3HAUeHMe C MOJYYECHHHIM B TIpe-
IBIAYIIEM IIpUMepe pe3yJbTaToM T, ~ 0,644, npuxogum K BbI-
Boay, uto OOC npu K, Kyp.x =—1 DPHUBOOUT K YyBEJHYEHHIO
BepXHell rpaHuuroii wactothl B ¥ 2/0,64 =2,2 pasa. Takum oG-
pasoM, paGouas NoJioca YacTOT JABYXKaHaJbHOro yeuautens ¢ OOC
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pacupsieTess B 2,2 pasa no CpaBHeHHIO ¢' paGouell mosocoit ycu-
nutensi Ge3 o6parTHOl cBA3H. Ecau npuMeHHTH B ycuauTesne GoJsee
ray6okyto OOC (| KoKymax| >1), TO mnojoca paGoOYHX 4YacToOT
CTaHeT elle [IHpe, HO IpH 3TOM HAPYIIHTCS paBHOMEPHOCTb
AUX —nosiBUTCA MOABEM C OTHOCHTEJBbHBIM MaKCHMYMOM, PaBHBIM
(1 + I<ocl<2max)/:2 VKocKmax'

MNpumep 5. Haiitu ¢opmy KoJjeOaHHsT Ha BBHIXOJE JIHHEHHOTO
pe3oHaHCHOro ycuJauTens (cM. puc. 4.11, a) npu mnojaye Ha ero
BXOJ OJHOTOHAJBHOTO MOAYJHPOBAHHOTO KOJeOaHHS.

Pewen ne. 3anumemM OIHOTOHAJbHOE MOAYJ/JHPOBAHHOE KOJe-
Ganue B BHIE Uy (£)=U, (1 + McosQf)cosw,t (cm. § 6.1). Ha-
CTOTHBII KO3(dHIHEHT Mepejayn pe3oHaHCHOro ycumutens K (jo)
(cM. § 4.4) saBasieTCA OTHOLUEHHEM KOMIJIEKCHBIX aMIUIMTYRA Ha
BBIXOJIe W BXoje juHefiHOH nenu. ITosTomy misi onpeneseHus GOpMBL
KOJe0aHUs] Ha BBIXOAE YCHJHTeNs Halo NPEACTaBUTb Uy (f) B
MU, %

BHJE CNEKTPAJIbHOTO DA3JIOKEHHS: Uy (£)=U,cos 0ol +—5
M

X cos (w,— Q) £+ 2U”‘ cos(w,+ RQ)f. Torma mnpu ycIOBHH Ha-
CTPOHKHM KOHTYpa Ha PE30OHAHCHYIO YacTOTY HampsDKeHHe Hecyllei

YacTOTEl HA BHIXOJE YCHIHTENS Ugyy o (£) = — UK pnax COS ®yf, Ha-
npsixkeHue HHXHeH OCOKOBOH YacTOTHI

, MU K -

u f)=— 7 WIX_cos (0, — Q) feiv ®

Bblx( ) 2 V‘1+§2 ( 0 ) ’
HanpsixkeHue BepxHefi GOKOBOH YacTOTHI

” MU, Kmax o (B

u = — —=2 —E%__cos(0,+ Q) te-i® @),

(1) T 005 (@ + ©)

2Q
31echb §=Q—w—. CyMMa rapMOHHYECKHX COCTABJSICUIHX HaeT pe-
0
3yJbTHpYIOLIEe HAMNpsKEHHE Ha BBIXOJE YCHJUTEJIS:

g () = — KinasU [ 1 c05(26—0 (§) | cos oy,

Kak BHJHO W3 NOJyYeHHOrO BBbIPA:KEHHUS, TNPOXOKAEHHE OJHOTO-
HAJIbHOTO MOJYJIMPOBAHHOTO KOJIeGaHHs Yepe3 PE30HAHCHBIH yCH-
JIHTeNb TPHBOAUT TOJBKO K M3MEHEHHIO I'NTyGHHBI MOLYJISALMH LEMH.

Ha Buixome ona B V' 14-E% pa3 MeHblle, YeM Ha BXOJe. Dopma
orubamwlefi He u3MeHsieTCsl, a TCJbKO OTcTaeT no ¢ase ot oruba-
foilleil kose6aHHs Ha Bxoie. Ecsu mosoca nmpomycKaHHs KOHTypa
foJsibllle MJIM paBHA IUMpPUHE CHEKTpa MOAYJHPOBaHHOrO KoJseba-
Hust (2Q), To, OUEBHIHO, OTHOCHUTEJbHOE OcJabJeHHe GOKOBHIX Ya-
CTOT He3HauuTesJbHO. IIpu mepenade uyepes VCHJINTENb CJIOXKHOMO-
Ly TIpOBAHHOTO CHTHaJa BO3HHMKaeT HepaBHOMepHOe ocJabienue
CreKTPaNbHBIX COCTaBJISAIOMNX — 60Jiee BHICOKHE YacTOTHHIE COCTAB-
JISIIOIME OCJaBGMSIOTCS CHJIbHEE.

Ipumep 6. PaccuuTath mapameTpbl TPaH3HCTOPHOTO KJIOYA Ha
KPEMHHEBOM 3M1HTaKCHaIbHO-NIJIaHapHOM n-p-n-Tpansuctope KT333A.
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Pewenune. M3 cnpaBounnka «TpaH3HCTOpH 1/ annaparypbl
mupokoro npumenenus» (ITox pex. b. JI. Tlepenpmana, 1981) na-
xonum napameTpbl Tpausuctopa KT333A: U,=10B; I, ., <
< 45 MA (umnyabcHblil pexxum npu £, < 20 MKc); [ mayx < 20 MA
(nocrosiuublil TOK); Ixg o << 0,4 MKA; Ry, < 90; Ukoyae < 0,2 B;
UBSHac < 0,8 B, CK < 3,5 l'lq), C:.) <4 n(D; Un0p=0,6 B; Ug <
< 3,5 B.

OnpenensieM CONpoOTHBJIEHHE PE3HCTOpa B KOJIIEKTOPHOH LenH

_ Un—Uk3nac __ 10—0,2
R,= TRoae = 503 =220 Owm.

Us YCJIOBHS HACBILIEHHA KJlOUa onpenessieM 6a30BhHIi TOK:
Ix 45.10-3
Ig > Ip =20 =—g—=0,5 MA.

ha1s

Bui6upaem /=1 MA. TIlpunumaem U¢=2,5B, Tormna Rs=
— Ud—Usome _ 25-07 _ | g 40y,

¢ 1-10-3
OnpeznensieM 6a30Bbiii TOK BBIKJIOueHH, npuHsB Ug =—1,7 B:
- Us —Uspdnac __ 1,7—0,7 _
Ig = Re =T15705 =0,55MA.

PaccunTtbiBaem BpeMsa 3aJCpKKH BKJIICUEHHS]

+ -
t,,=Rs(Cx + Cs) ]nfjﬁ;uﬁ=
Ug —UB3uac

—1,8-100.7,5.10-2 In22E LT — 10 e,

BpeMmsi »KH3HH HEOCHOBHBIX HOCHTEJeH T B CHJDbHOH CTeneHH 3a-
BUCHT OT CBOHCTB MaTtepHaja 6aspl. Ilpumem Tt~ 10-7c. Iau-
TeJbHOCTh (POHTA

. hoyold Ry 90-10-3 . .
td)—‘[lﬂm ==10 ln 90.10-%5—45.10-8 =70 HC,;
BpeMs paccaCblBa}mﬂ HOocHuTeJsel
+ -
1
tpac=THac __ILL
16 4 IK nac/has
-3.1.0,55-10-3
=0,8-10-7In —2—£ 90D 30 e,
55.10-83 44—
0,55-10-34 50
JJNTEJIbHOCTh Craja
tcn=’l?h] ]6_+1Klmc/h21'9 —
Is
0,55-10-34-45.10-3/90
— -7 > —
=10""In 055103 =65 He.
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Mpumep 7. Paccunrats Ttpurrep IIImMurra nHa Tpansucropax
(cm. puc. 9.12) npu caenyrownx napamerpax: U =3 B; Uy, =
=1 B; U,=10 B.

Pemenne. Bui6upaem tpansucrop KT333A, napaverpsr ko-
TOporo mpuBejieHsl B npuMepe 6. IlpuHuMasi KOJIEKTOPHHIA TOK
tpanauctopa VT, paBHeM [, =10 MA, ompezensieM cyMmapHOe
CONpPOTHBJIEHHE DPE3HCTOPOB

Un—Ux3 uac 10—0,2

Rx2+Ra= Tes = 10.10_'3 =980 Om.
U3 cootHowenus (9.8) Haxoaum
UC U Hac
R,=— o (g, 4 R,) =28 07 980~ 360 O

CrnepoBatenpHo, R, =980—R,=980—360=620 Om.
W3 cootHomenus (9.10) Haxoxum

Ryy = p—i—— R, =0 360 = 12 kOm.

W3 ycioBus HacelieHus: TpaHsucropa V7, ompelensieM TOK
6asnbl
1 10.10-3
162>IBr‘p= K Hac

has — 90

ITajenve HanmpsikeHHs Ha pe3ucTope R,
UR2=U53 Hac+UR3=O,7+360‘10' 10—3=4,4 B.

Tox uepe3 pesucTop R, HaxoAuM M3 YCHOBUS [p, > [gy: Ip, =
=0,2 MA. Torpma

R, =Upy/I ps =4,4/(0,2-10-3) = 22 xOm.
COHpOTHBJIeHPle pesucropa R i pacCyuTaeM U3 COOTHOLICHHA
Un = (Rxl + Rl) (]62 —+ ]Rz) + UR23

R—Un—Um_p _ 10—4,4
17 Tea+Ige ®x1 =0, 1-10-3F0,2-10-3

EMKoCTDb ycxol%mom,ero KoHJeHcaTopa C; onpejensieM H3 ycJo-
T
BHUSA C1a? 5410 =15 n® (cm. § 7.5).
COHpOTHBJleHHe pesucropa R;—u3 ycaoBus R; > 10R,:
;=25 KOMm.

Mpumep 8. PaccuutaTh MyJBTHBHOpATOp Ha TpaH3HCTOpax
(cM. puc. 10.1) mpu craepyromux napamerpax: U, =9 B;

=100 mxc; 7,,=20 MKc; {3 < 3 MKC.

Pemenue, BmﬁnpaeM tpansuctop KT333A, nmapamerpnl Koto-
poro mpHBeieHH B npuMmepe 6, uTo oéycnosneﬂo TeM, 4TO OH, KakK
IoKasaJ pacyer (CM. npumep 6), ofecrieyuBaeT BpeMsi NepekJioye-
HuA mopsiaka 107 c.

OmnpenensieM HanpsikeHHe HMcTOWHHKA nurtanusa Up=(1,1.

. 1,2)U,=10 B. BuiGHpaeM KOJIJIEKTOPHBIH TOK TPaH3HCTOPOB
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B pexume HacwlueHus I, =1, =10 MA. PaccuutbiBaeM CcOnpoTHB-
JIEHHSI PE3UCTOPOB:

Un—Uks ya 10—0,2
Rx1=Rx2= T1 = 10-10-3 =980 Owm.

Hanee paccurnTeiBaeM CONPOTUBJIEHHSI PE3HCTODPOB Rl, Rz’ ucxonsd
U3 yCJOBHMs HachimieHuss TpausucropoB VT, u VT, B oTKphTOM
n— UBS Hac Un— UKS Hac

h.

R, hzlaRxl
Un—Ugs yac 10—0,7
R, < — hyyRia = Tg—g5 - 90-980=283,7 xOm.

1,
cocrosinuu: —Ig, > I'p rp= —"113 , OTKya

1
U"_UKS Hac

IIpunumaem R; =R, =60 kOwm.
Haxomum emxocth konzeHcatopa C; H3 COOTHOLIEHHS (10.1)

C — ty _ 100-10-6 _
1 Ro1n 20m=UB3 = Uxome  g0.108 1n 20— 0 0.2 =
Un—Usps yac 10—0,7
=2300 n® -
H eMKOCTb KOHJeHcatopa C, H3 cooTHoweHnus (10.2)
C.— tna _ 20-10-¢ —
2 R,In 2Up—Ugs Hac—UKa Hac 60103 In 20—0,7—0,2
Un—'UBSHac 10—'0,7
=460 n®.
Pacuetnas  niuTespHOCTL  poHTA  fy=(3 ... B) R,C, =

=5.980.460-10"12=2 2 MKC MeHbllE 3aJaHHOH.

Mpumep 9. Paccunrtath My IbTHBUGPATOP HA JIOTHUECKHX 3JEMeH-
tax (cm. puc. 10.5) co caenyromumu napamerpamu: U, >2 B;
t,=50 mMkc; #;,,=100 Mrc; 7y <1 MKc.

Pemenne. Hcxons us tpebyeMoil aMIUIMTYAbl HMIYJbca
U,=U'—U" u cpegsero BpeMeHH 3aJ€PKKH PACIPOCTpAHEHHUSI
CHrHana lfy,,p <!y, BeOupaem HC TTJI 155/IA1, cocrosuyio
u3 1Byx sementoB 4M-HE (CnpaBounHk no MHTerpasbHbBIM MHKpO-
cxemam /ITox pexn. b. B. Tapabpuna. M., Dneprus, 1981). ITapa-
merpnl MC: U,=5B; U'>24B; U°<04B; U,,=1,2B,
it <15 He; 33, <29 me; I3, <—1,6 MA; 11, < 40 MxA.

Hcnompaysi  cootHowmenust (10.3) wu  dopmyny  f,=

Ut—yo
= Cz (Rz =+ rnmx) IH'TOP NpH yCJIOBHH Rl > 7 guixs Rz > T guixs
paccyuTaeM IOCTOSIHHBIE BPEMEHU:

t 50.10-¢ _
RiC=—gnign =—33—92 = 100107 ¢,
In Unon In T3
t 100.10-6
R202= Ulna_U0= 24_0 1 ;-‘200'].0“6 C.
In Unon In T2
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BuiGupaem R, =R,=10 kOm. Torma C,=10 u®, C,=20 ud.
IMpu Bkmouennun HC HeoOXomumMo Bce ueThipe BXOJa KaxKAOTo
3jeMeHTa 0GbennHUTh. Mcnonbsyem auomst KIS513A.

Npumvep 10. PaccuutaTb 0OAHOBHOGpPATOpP C SMHTTEPHOH CBS3BIO
(cM. puc. 10.8) Ha TpaH3ucTOpax IIpH CJEAYIOIUX INapamert-
pax: U,=9 B; ¢,=50 Mkc; #,=30 Mrc; #,<<1 Mkc; Cy=
=20 n®d. '

Pewenue. Bubupaem tpansucrop KT3334A, napaMeTphl KOTo-
poro NpHBEJEHE B MpHMEpe 6. V3 ycaoBus 1,‘Z < 1y max =20 MA
ompefiessieM KOJIEKTOpPHbIA TOK Tpausucropa VT, [.,=10 MA.

Ucxopsn u3 obecneyeHust pexuma HachlleHUA lg, > Iprp =
= I /Ny, =10-1073/90 =0,1 MA, onpepensieM 6a30Bruliii Tok VT,:
]62 —-0 2 M

CyMMapHoe COTNPOTHUBJIEHHE PE3HCTOPOB

U""—‘UKS Hac 10—-0,2

R+ R, = T — 10-10-7

=980 Om.

U3 ycnous R,, > R, BeiGHpaem RK2_900 Om, R,=80 Om.

3anaemcs TokoM jeautenss R,R, [,,=1 MA. Torna CyMMapHoe
COTIPOTHBJIEHHE PE3HCTOPOB R2+R3_ Un/l,3=10/10"3=10 xOm
Ipu 3aKpBITOM TPAH3HCTOpe VT,

R2+R U R (IK.+162)<U53H30

H
U Ha +R3 IK?« I
Ry < Lozt Rothetlid (p 4 )
_0.7+480(104-0,2)-10-3 10.10° =560 Om

10

BriGupaem R;=400 Om. Torma R,=10-10*—400=9,6 xOwm,

R, — Un—Ug3 gac — Rs (Ix2+ 1) _10—0,7—80-(104-0,2)-10-3 _
1= Tsa i 0,2-10-3

=425 xOm.

EMKOCTb KOHZeHcaTopa

C,= tu -
2U0n,—U e — Ry (Igo+1Ico)
(Ri-+Ry) In n (BJS H‘.CU s (ke 1)
n— YB3 nac
— 50-10—¢

50— 0,7—80(104-0,3).70-% — 1600 n®.

42,51 0,08). 10
(42,5-+0,08)-108 In =07
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PaccuuteiBaeM

P oo fti___ 30-10-8
W= F05)C;  5-1600-10-12

=3,75 xOm.

OnpenensieM KOJJIEKTOPHHI TOK TpaH3ucropa V7T

_ Un—Ugsyac 1040,2
la=—%"7%, =B78750,09 108 — 7 MA.

Ilna  obecreueHMsi HaCHIIEHHOTO COCTOSIHHSI Tpausucropa VT,
B OTKPBITOM COCTOSIHUH HEOGXOZMMO, YTOGBI

Iy = Lafhas, =2,7-103/90 = 0,03 MA.

Takoit ToK oGecnieurBaeT JeauTeNb R,R;, MOCKOMBKY [,3=1 MA >
>) 161 -_-'0,03 MA. )

PacyeTHas ayuTebHOCTD PpoHTa MMNYJIbCa fy=(3...5) C R =
=5.20-10"12.900 =0,1 Mxc MmeHble ToH, KoTOpas TpeGyeTcsi MO
YCJIOBHSIM 3aJayH.

Mpumep 11. PaccuutaTe CHMMETPHYHBIH MyJIbTHBHGpATOp
(cm. puc. 10.21) u exnosuGpartop (cm. puc. 10.23) Ha onepauuoH-
HOM YCHJHTeJE NpH cjleAyloWuXx napamerpax: Ui =10 B; ¢, =
=50 MKc; {f,=1 MKc.

Pewmenune. Ilpy BbGOpe KOHKPETHOrO THIA ONEPALHOHHOTO
yCHJHTeNS AJ151 TOCTPOEHUST CHMMETPHYHOTO MYJIbTHBHOPATOpa HCXO-
IIM M3 TOTO, YTO OH JOJXKeH obecneyHBaTh HEOGXOIHUMYIO CKOPOCTh
HapacTaHHA BbIXOAHOro HanpsixeHus dUg,,/dt=U,/t, =10 B/mkc
H ammautyay umnyiabca U, < U,. M3 cnpaBounuka «AHasorosbe
uHTerpaibHele Mukpocxemed (Kyzpsmos B. II., Hasapos 10. B.,
Tapa6pun B. B. u ap., 1981) BriGupaeM onepaunHOHHBIH YCHJIHTE/b
K140y 11, wumetomuit caenywomue napamerpul: U, <+ 18 B;
I,,==500 HA; K=25-10% Utx=Uz;ux=12 B npu U,=15 B;
dUpe/dt =15 ... 25 B/MKc; Ry =2 kOM; R, =1 MOwm.

Takoit ycunurens obecneuuBaer Uf =10 B nmpu U, =+ 13 B.
CkopocTb H3MEHeHHS BBLIXOJHOTO HANpsiKeHHs, KOTOpYylo ofecmeyn-
BaeT TAaKOH YCHJ/IHTENb, Bblle TPeOGyeMOfl, NO3TOMY JJIHTENbHOCTh
(pOoHTa reHepHpYyeMbIX HMIYJIbCOB MOXKeT ObITh MeHblie 1 MKC.

Uz yenoBuit Ry K Ry Re+Rs > Ry R.+R; =20 xOw;
R,=10R, Bri6upaemM R, =-100 kOM; R,=18 kOM; R;=2 xOwm.

EmkocTb KOHzeHcaTopa C; MOXKHO pacCydTaTbh U3 COOTHOIUEHHS

b 50-10°7 — 2500 nd
RiInR2E2Rs 00,1081 110 £ 2-2:100 A
1R 18-10°

C1=

B cxeme ogunoBuGpaTopa (cM. puc. 10.23) npumeM moJiyueHHbIe
3HayeHUs cOnpoTUBJ/eHUH pe3uctopoB (R; == 100 xOm; R, =18 kOu;
R;=2 xOm). Torna emxccrp KOHAEHCATOpa

_ ty _ 50-10=6 _
€= = ——— s e = 5000 1.
Rl IHT 100.10 IH—W
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