[bookmark: _GoBack][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png][image: D:\Documents\Aртём\Info\5 семестр\Новая ботва\Микроэлектроника (экз.)\Конспект\Безымянный.png]
image6.png
npcobpasoBatemu Hanpsokenne — 1ok (ITHT). B cxeme puc. 6.42. 6
IIHT seinosmen wa tpamsucropax VT3, VT4, npuuem KPyTU3HA
€T0 NpeobpasoBAHUs ONpenensercs pesucropom R_. Ipn wajimuuu
ITHX  nenei auddepeHuUaATbHBIE [IENNTCIH  TOKA YUPaBJISIFOTCS
BXOIHBIMH TOKaMH [y, [, KOTOpbIC HPONOPLUMOHAJILHEI BXOTHBIM
HaNPsOKEHUSIM. Takoe PECIICHUEC TNO3BOJISET YAYHIUATE  Xdpak-
TEPUCTUKH TIEPEMHOXKUTENA U YBEJIMYUTL 3HAYEHUSA BXOIHBIX
curvanos. Ero npumensior B mukpocxemax Ttuna  S525[1CI,
525T1C2, 525T1C3. Brurovenwe mukpocxem S525IIC1  mokasano
Ha puc. 6.42, 6. BeleacTBue pAaclMpeRds MANABOHA BXOMHBIX
CUTHAJIOB B JTHX MHUKDPOCXeMax IOABUIACh BO3MOXKHOCTH BBECTU
OanancMpoBKy 1MbdEPERIMANLIBIX KACKAOB TIEPEMHOXKHUTEIS 11y~
TEM IOJaYU TOCTOSIHHBIX HHHPHKCHMFI Ha OOWH H3 BXOJOB
uddepesunansioro  kackaga. Jas  yroro YCTAHOBJIEHBI  Tepe-
MEHHbIE PE3UCTOPLL R, (cMmemenue no X) u R, (cmemenue
o Y). Toku TreHepaTOpoB ToKa I, 3anmarorcs  pe3ucropamu
R;, R,. PaBeHCTBO mx obecneunpaercs noadopoM  Pe3UCTOPOB.
Kpyrusna npeobpasosanns MHT manpsoxeHmit U, n U, 3anaercs
pesucropamu R, u R,,. TpebGyemoe HamnpsikeHne cMemeHus
E,,, J0TapudMUPYIOMKEX yCTPOHCTB obecieunBaercs PE3UCTODPOM

¢
RZ' BBIXOI[HOC HanpsoKCHUE TaKor o TIEPEMHOXUTEISA

k-2 yu,, (6.161)

Usuix Rk,
rae K- koyQQUIUEHT NpOonopPUKOHANTLHOCTH.

le/l 11806)(0[1“&10(3'1'}[ NOJIYYUTH BLIXO}IHOVI CUTHAJI, HECUMMET-
pH‘iHblﬁ OTHOCUTEIBHO 06]118171 LIHHBI, K BbIXOJY NEPEMHOXUTENs
noaKo4aroT OV, BBINOIMSIOLAN (YHKUHIO BBIMHTAONIETO yCTpoi-
CTBa. in[ IATOM  NIPUXOJUTCS TAKKE TIOJACTPAUBaTh HanNPsHKCHUE
cmetenns OV (cMmenenne no Z) ¢ noMOLUbIO pe3ucTopa Gasas-
CHPOBKM HYyJIsI.

nepemuoxuresie 525TIC2 ONepaLMOHHBIH yCHIIUTEND BBEREH
B COCTaB caMoil MUKPOCXEMBI, 4YTO PE3KO YMEHBIIACT KOJIMYECTBO
JOIIOJIHUTCIIbHBIX HABECHBIX KOMIOHCHTOB. KpOMC TOro, B HCi
YAy4lleHbl nenu T CMlleaTypHOﬁ KOMIICHCAuUH " CHHXEHa
TEMTIEPATYPHAs TOTPCINHOCTL. IT0ITOMY TpH BKJIKOYEHHM AaHHOM
MHKPOCXeMbl PHC. 6.43, a TIPUXOAMTCA NPEYCMAaTPUBATH TOJIBKO
PErYIUPOBKY HANPSKEHUH cMemieHdi 110 X, Y, Z. Beicoxorounas
JlazepHas TIO/ATOHKa napamMeTpos KOMIIOHEHTOB TIO3BOJIsIET
CO31aTb TIPEUU3HOHHbIC HNEPEMHOXHUTEIN  CUTHAJIOB, Hanpumep
525TIC3A. B, B.

Y nepemuoxuteneit 525[1C1 u 525MC2 cOOTBETCTBEHHO MO-
TPEIIHOCTH NEPeMHOXEHHUs He Gosiee 2 U 1%, BXOAHBIC HATIPSDKEHUS
10 12 m 10 B, remnepatyphbiii apeitd norpemmoctn NEPEMHOXCHUS
0,08 u 0,02% /rpag, wuHenuueHnoCTH npeodpa3oBaHusS 1O BXO1y
X ne 6onee 2 u 0,5%, no Bxomy Y—2 wu 02%, Bxomambie
manpskeHuss 10 +12 u +10 B.
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Prc. 6.43, Biaiouekne mukpocxemst 525M1C2 (a); omHoxBaapaTHEI Jora-
pubMHYCCKH TePEMHOXUTEIL CHIHANOB (6)

ﬂ()(’[lpu(ﬁ,iiullF(‘KZIF nepemHoncumeau OCHOBAHbI Ha HMCIIO/Ib30BdA-
HUM JIOTapUDMHUYECKHX M aHTHIOTapUOMHUUECKUX ycuauTesel. Bciu
BXOIOHBIC HAIIPSXKCHUSA IIpQJIOl’ilpM(I]MI/IPDB'dTb C NOMOLIbH norapncb—
mupyronmx yeunuteneir (OY DAL, DA2 wa puc. 6.43, 3), npocym-
MupoBath siorapudmel (OV DA3), a 3aTeM HAHTH aHTHIOrApUhM
CyMMBI, TO BbIXO,E[HOﬁ CHT'HaJl 6yue*r PaBEH NPOU3BCIACTINIO BXOAHBIX
snavennit: U, = KU, U,.

[TorpemnocTH MOIOOHLIX HENMHEHHBIX Lenel npeobpa3oBaHus
SACKTPUYECKUX CHTHAJIOB 3dBUCAT OT XAPAKTEPUCTUK p-n-TIEPEXOIOB
¥ NIPpUd COOTBETCTRYIOWIEM MNoa0Ope TPaH3UCTOPOB WM JUONOB
ne npeppnnaroT 0,2—1%. TemmepaTypHblit apeiidy mnorpenHocta
TIEPEMHOXEHHsT MOXET OnlTh mnosmyuen menee 0,01%/rpam. Tlpu
NEPEMHOXKECHUM MEIJICHHO MEHSIONUXCA CUTiaJIOB napaJuicibHO
C  HEIMHEHHBLIM 37IEMEHTOM B HLENMHA OC 06BIMHO BKJIHOYAKT
KOH/ICHCATOPD!, CHUXKAKLIUAC KOT‘)lblbl/lIU/IClIT YCUJIEHUS MO NEPCMCH-

HOMY TOKY W TE€M C4AMbIM TIOBBILIAIOLIAE llONieXO)’C'l'OﬁHMBOC'l"L
CHCTEMDI.
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IMepemMHOXUTENM 5TOrO THNA OTHOCHTCH K WHCIY OMHOKBAI-
PATHBIX, Tak Kak TepemHOXatoT Hanpsokenus U, U, Toubko
OJIHOH TIOJISIPHOCTH.

Henocratkom snorapudMuteckux nepeMHOXHTeNei sSBASETCS TO,
4TO T0JI0CA NPONYCKAHUS NPONOPUHOHANLHA BEJIMYMHE CHTHAJIOB.
Tax, wanpuvmep, upu U, ~10 B oma oxomo 100 klu, a upu
U,,=0,1 B—oxono | k. D10 CBI3aHO ¢ yMeHbIIEHHEM IIyGHHBI
OC mpy Manbix ypoOBHSIX BXOAHOTO CHIHAJA.

Eciu mocne ommoro w3 mpeo6pazopatenedf, BbIIOMHSIOLX
OTIEPALHIO JIOTaPUDMUPOBAHNS, BKIIOYHTD YCHIMTEND C ¢IHHATHBIM
KOOhOUUMEHTOM YCHIIERIS, KOTOPBIH HHBEPTHPYET BXOAHON CHIHAJ,
TO cHcTeMa OyNET OCYyIecTBASTb MENEHHe ONHOH BEJIMYMHBI Ha
APYTYRO, TaK KaK JIOrapuMpl COOTBETCTBYIONIMX HATIPSKEHMIT
BBIYHTAOTCA.

Ha ocuoBe sorapudMupyrommx nemeit MOXHO BBIIOJHATE
MPe0bpa3oBATENN, C TOMOIILIO KOTOPbIX W3BJNEKAIOTCH anrebpa-
nueckue Kopun. Tak, ecim BXOJHOM CHIHAJ 1POJIOTapUbMHPOBATE,
YMEHBLIUT B [BA Pa3sa, a HOTOM TOJAATH HA BXOA aHTUJIOTApHGb-
MUDYIOIIETO NPeoObpa3oBatTens, TO HOJNYYUTCH yCTPOHCTBO, IHO3BO-
JISIFOLIEE BLIMOJHATD OTIEPALHEO U,m:K\/LT“. AHaIOTHYHO BbINOJI-

HSIFOT YCTPOKCTBA JUisi U3BJICYCHUS KOPHEH GOJIee BHICOKMX CTENeHeii
MJIM BO3BE/ICHUS B JIIOOYIO CTENEHb, IIPHYEM y NAHHBIX NEPEMHOXH-
Telel HeT OrpaHWYeHuil (KpOMe TOYHOCTHBIX) Ha KOJHYECTBO
BXOJIHBIX CHMIHAJIOB.

Ilepe ynoscumenu Ha KomnoneHmax c napaboauyeckumu (Keao-
pamuunbu/m} XApakmepucmuKkamMy OCHOBAHBI HAa HUCNOJIb30BAHUU
MATEMATHYECKOH 34BUCHMOCTH

XY:%[(X—%— Y) —(x-1)?]. (6.162)

Onr MOTYT GbITh BBINOJIHEHBI O CTPYKTYPHOH cxeme puc. 6.44.
Cymmatopbl / M 2 OCYIIECTBIAIOT CYMMUPOBAHHE ¥ BBIYHTAHUE
NEPEMHOXAEMBIX Hanupsokenuit. Ksaapatoper 3 u 4 npencraBiasiior
coboit  QYHKUMOHAJIbHBIE YCHJIMTENH, MMEIOMIHME KBAAPAaTHYHYIO
AMIUIATY/IHYIO XapaKTepucTuky Bupa U, = KUZ,. Ycuwmrens DA]
00eCTIeTMBaET CYMMHPOBAHHE HANPSIKEHUH KBAAPATOPOB, HMEFOIIIX

Ko (U U A3
U’_I?}/{ ! 3
Ve KUYy
— 0
4
U’_rzﬂ{ Usorx
— Uz

Puc. 6.44. TlepeMHOKHTENb CHTHANTOB HA KBA/IPATOPax
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pasHble 3HAYEHMS C COOTBETCTBYIOUIMMH BECOBBIMH Ko3(duimen-
1 1,
TaMH (K:4K1R3j’Rl; Kzgszsy/Rz>-

[MpeumMyniecTBO TAKMX NEPEMHOXHTesel — B ILIMPOKOH mnosoce
pabounx 4acTOT W HEOGOJIBIIMX YACTOTHBIX norpemHoctsx. Heno-
CTATKAMH HX SBJSIOTCS: CJIOXKHOCTL W GoJjbluas CTOUMOCT
KOJEGATENBHBIH XapaKTep OTHOCHTENILHOM IIOTPELLHOCTH, 4TO 0fyc-
JIOBJICHO KYCOYHO-JIMHEHHOM annpokcAMarmeit aMIUIMTY/IHOM Xxapak-
TEPHUCTUKHN, BJIMAHUE HA 1IIOTPEIIHOCTH NEPEMHOXUTENSA TeMInepaTyp-
HbIX ApeidoB Hyms ero (yHKUHOHANBHBIX Y3JI0B.

H(,’[J(',.Mll())ffum(f./lu. 6 KOmOpslX UCHOAb306AHA thn.mmymm—mu-
pomias umnyavchas modyaayus (AIIUM), obecneunsaror nosyye-
HHE HauOoJbIlell TOYHOCTH IEPEMHOXEHHs (HOTPEIIHOCTh MEHee
0,1%, TOTPEIHOCTh OT HENHHeHHOCTH mnpeobpazosanus 0,02%).
Ho m3-3a orpaHM4eHHON CKOPOCTH PAGOTHI IEKTPOHHBIX KIIOYEH
HX HCTOJL3YIOT TMPEUMYLICCTBCHHO Ha HHU3KHMX 4YacTOTax. B srux
TIEPEMHOXUTENSAX BXOJAHBIE CHTHAJIBI MPEOOPasyrOTCs B TPSIMO-
YTOJBHBIE HMIIYJIBCBI, JUIMTENLHOCTL M BBICOTA KOTOPBIX TIponop-
IIMOHAJILHBI EPEMHOXKACMBIM BEJIMUYMHAM, a UX cpe€anee 3HaYCHHE —
NPOMU3BEACHUIO 3THUX BCIMYUH. MHC}O [)3.60TLI TIEPpEMHOXKUATEJIS
¢ AIIMM nosicHsier puc. 6.45,a. B cro coctap BXOOST reHepaTop
HATIPSOKEHAST  TPEYTOJIbHOM QOopMBI [, KOMIIAPATOP HAIPSKEHUH
2, yupaBJisieMplii KOMIAapaTOpOM 3JEKTPOHHBLIN KJFOY 3, CyMMATOp
Ha OV 4 u ¢mieTp Hu3kux wactor 5. B kommaparope cpas-
HHUBAIOTCA Hanpshkenue reneparopa / w nampsokedHume U,. Ecan
U, paBHO HyII0, TO Ha BBIXOJe KoMmapatopa / OyayT MMeThCs
Pa3sHONOJSAPHBIE HMIYJILCHI 0;[“"3](0]30‘7[ JJIUTEIBHOCTH. B stom
cilydae Kmod 3 6yner OTKPBIT W 3aKPSLIT OJHHAKOBbIE NPOMEXYTKH
spemend. Korna kimou 3akpwiT, Ha Bbixoge OV GyneT Hampsikenue
U,=U,R,/R. Ilpu ero orkpuBammu U, pasao U,=U,R,/R—
—U,2R;/R=—U R /R. Cpennee 3HaueHHE 3THX HMMIlyJIbCOB, Bbi-
ACnsAeMoe (1)lrlfleI)OM, PaBHO HYJIFO.

4

Puc. 6.45. TIepeMHOKM 1€ ¢ AMILIHTYIHO-WHPOTHOH MMITYTHCHOR MOLYARLNCH (4 )
M AKATPAMMDI CrO Hanmpsxenui (§)
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Ipun U,#0 nnuTensHOCTH Da3sHOTONSPHBIX HMMIYILCOB Ta
BBIXO/J€ KOMIIAPATOpA CTaHYyT paBHBIMH (puc. 6.45,6)

T

f=5- (U, = U3), (6.163)
T

’z:ﬁ,l (U +U,), (6.164)

rae U, -—manpsokenue reweparopa /; T JIMTENBLHOCTD nepuoIa
U..

Tax kak ko4 Gy/eT OTKDPLIT B TedeHHE MPOMEXYTKA BPEMCHU
t;, TO BbIXOAHOE Hanpsxere OV

U

Uy =K (U 1, — Uy1y) =K (6.165)

Takum 06pasoM, BXOnHOE HamnpspkeHue U, ONMpeNensieT aMILu-
Tyay, a U, —MIMTEeNLHOCTh HMIIYJIbCOB, NOCTYMAOMMX HA BXOZ
CYMMATOpa, U3 KOTOPBIX C TIOMOIbEO (DUALTPa HM3KHUX 4YacTOT
BBIICIAETCS NOCTOAHHASA COCTABJIANOLAS. [[J'IS{ TOTO 4TOOLI Hanps-
KECHHAC (/l HE€ MCHSJIOCH 3a BpEMSL OHOTO «nepuoaa» NEpPEMHONKE-
HUsl, 9aCTOTY TeHEPATOPd TPeyroJbHOTO Hampskenus O6epyr B 10—
100 pa3 Gonbimeil HAaMBBICHIEH YACTOTHI YMHOXAEMBIX CHTHAJIOB.

Horpemnoc‘m ﬂO,LlO6HOF0 TIEPEMHOXUTE/ISI 3aBUCAT OT 3HAYEHUSA
Hanpsokennst U, ero JIMHEWHOCTH, CHMMETPHYHOCTH, OT CTaOHJib-
HOCTH YPOBHSL CDabAaThIBAHMS KOMIAPATOPA M IAapaMeTpoB 3Je-
KTPOHHOT'O KJIFOYA.

Npu ucnonvszoparmn AIIUM u norpemnoctu 0,2%  ymaercs
NOJIYYUTH TOJI0CY NpomyckaHus okosio 10 kI'm.

[]CPCMHO)KHTCJIPI. YCIIOBHOC 0603Ha'—1el—me KOTOPBIX TIOKa3daHO
Ha puc. 6.46, ¢, MMPOKO HCTOAL3YIOT Ul BBHITIOJNHEHHS MaTema-
THYECKUX OlEpALMHE W CO31aHMs (YHKUHOHANBHBIX y3J10B pa3iud-
HOI0 HasHauenus. Ha WX OCHOBE H3TOTOBJISIOT YCTpOHCTBA JUISt
BO3BE/ICHAsSI BXOAHOTO CUrHana B ksaapar (puc. 6.46,6). Jna
ITOTO BXOfbI X M Y COEMUMHSIOT MEXIy COOOH M TOAKITIOHAOT
K HCTOYHHUKY BXO/JHOTO CHTHala.

Jlro6olt M3 paccMOTPeHHBIX NEPEMHOXHMTENEH MOXKHO HCHOJNb-
30BATH IS JENICHUs HANPSKEeHUit. JInst 3TOTo UX cnedyeT BKJIOYHTH
B uens OC onepanmonnoro ycwiutens (puc. 6.46,6). B srom
Clly4yae CnpaBeaIUBO pPABEHCTBO

Uz KU Uy
a0 (6.166)
OTKyna
v,
= R (6.167)

HanHpIH  Jle/MTelb OTHOCHTCH K HMHCAY JIBYXKBAIPAHTHBIX
u pabortaeT npH oGO MOANPHOCTH Hanpsokenus U, M OAHON
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Prc. 6.46. VeinoBHoe 0Go3HAueHHE nepeMHOXATENS (a), KBaupaTOp Ha  ovi e
TIEPCMHOKHUTEN  (§), JIS/NTelM HANPSKEHHSs HA  TepeMHOKHTEle H OV )

1 muxpocxeme 525MC2 (2); yeaorroe oGosnavenue aemmrens (0); K — koaddunne: 1
uepemadm

nosusproctd Hanpsokenus U, (U, >0). Tlpu U, <0 otpunaten . s
OC cTaHOBMTCS NONOKHUTENLHOM, 4TO HPUBOIMT K NOTEPE yC i
YUBOCTH.

Ecim U, <0, To chrnajn nepeMHOXHTENS HANO MHBEPTHPOLA (15,
B amanorosom mnepemuoxutene 525I1C2, MMeEIOMmEM BCTPOEHNLi
OV, pexum JIENeHHst MOKeT ObITb OCYLIECTBIEH KOMMYTuMHEit
BHEILHMX BBIBOJOB MUKPOCXEMBI TaK, Kak MOKa3aHO Ha PHUC. 6.46 ..

Horpeumoc’r}, HCHHTCHCFI HaNPsOKEHUsS! CyMECTBCHHO YBEJIUYH 12
€ICs 1Ipu  ymeHbiieHHn Hanpsokenust U;. Ilostomy upm pabore
C MAJIBIMHU HAnpsokeHusMu U, HeOOXOIMMO WCTONAb30BATH BhICO-
KOKA4Y€CTBEHHBIC TEPEMHOMNUTEIH. Ycioable 0003HAYEHHS Ag. v~
Teltst IOKa3aHbl Ha pHC. 6.46, 0. MOXHO Takxe CO3aTb yCTpOHCThu.
BBIMTOJIHAOIIME ONEpauMIo HM3BJICYCHUSA KBAJPATHOTO KOpH4. /ljl}(
3TOro B cxeme puc. 6.46,6 Bxom X COeMUHSIOT ¢ BbixonoM QY.
Toraa B coorsercTBuu ¢ (6.166) BBLIXOAHOE HATpSHKEHHE

VE

C TIOMOWIBIO TEPEMHOKHUTENEH TAKKE MOXKHO TOJNYYATH (b ii-
KUMM Sin, cos, tg, arctg OpH ANNPOKCHMALMM HX DSIOM. pe-
aJIN30BATH Cl]]/lﬂl:'l'pbl M aBTOTCHEDATOPBI, YNpPABASAEMBIC 31
PUYCCKMM HATIPSDKEHHEM, HAXONUTH MOMYJH BEKTOPOB, CO3IABTI
YCTPOHCTBA € aBTOMATHYECKOHW peryaMpoBKOM ycunenus (APY).
NPOBOAUTL JIUHAMHUYECKOE CXATHUE CUTHAJIOB (C TIOMOIIBIO KOMII-
PECCOpOB) MJIM  JUHAMHUYECKOE MX pPACIIHpEHHME (C  TOMOIILI)
3cnalmep03). B KOMNODECCOpAX Ppeajin3yeTCsd MAJoc H3MEHEeHMe





image12.png
Puc. 6.47. Cxema xomnpeccopa (a) u ocmangepa (4)

BLIXO/JHOrO CHIHAUla TMPH GOJILINMX M3MEHEHHMSIX BXOAHOTO 34 Cuei
HMCIOL30BAHNS  MHEPUMOHHOH cxembl APY. B ocnanaepax —ma-
obopor. IMpuuuun paGors KOMINPECCOPOB M 3CIANJIEPOB HOHSATEH
u3 puc. 6.47,4,6. B wux gmog u KoHgeHcatop C  BbUIOJHSIOT
ynkumo  mukoBoro gerextopa. IMocrosHuoe HalpsXeHHe Ha
KOHJEHCATOPE NMPOLOPUMOHAILHO aMILIMTYAe curhana (U, —Ha
puc. 6.47,a, U, —wua puc. 6.47,6). Veumutens oGecrnieunBact noa-
JepKaHUe aMImMTyabl U, Wa ypoBHe U, NpH 3HAYUTEILHBIX
U3MEHCHUSX BXOJHOro curhana U, Ha puc. 6.47,a. B ocnangepe
puc. 6.47,6 yCHIMTENb YCHIMBAET pasHOCTB Hanpsokenuid U, u U, .
lpn U,, 6amskux x U,,, wuebonbmne H3MeHenus BXOJ/IHOTO

HAIPSKEHHS BBI3LIBAIOT GOIBIINE M3MEHEHHs 3HAMEHATENs M pe-
3YJABTUPYIOIETo  KOd(hGUUMEHTA Nepegaud CHTHajA,

§ 6.9. AETEKTOPbI JMIEKTPUYECKUX CUrHANOB

JeTekTOpaMy Ha3bIBAIOTCH YCTPOHCTBA, C HOMOIMIBIO KO-
'OpbIX U3 JIEKTPUYECKHX CUrHATOB BhIAEIsCTes MHDOpMAIHOHHAs
COCTaBISFOLIAS.

B 3aBucumoctu ot npeobpasyemoro napamerpa, KOTOpbIit
lieceT HHOPMAINEO, HX NOAPA3IACIAIOT Ha amnaumyouvie, gazosvie,
qdcinomunepie. OT}IC,‘IbHy}O Tpyniy COCraBjsiroT CUHXPOHHbBIC demek-
/HOPbL, MACTO BBINOTHSIOIME QYHKUMH H30UpATENBLHBIX YCTPOWHCTB.
Cpeu  aMILTHTYAHBIX, KOTOPDBIE Y4CTO HA3BIBAIOT BBIIPSMH-
reasiMmu, AMIOIUTYIHBIMHU }IHCKp"MPIHaTOpaMPI HJIn
upeobpa3oBaTensIMU T€X MM MHBIX 3HAYeH U #H, npuHsITO
pasnunvarb JETCKTOPBI CPEIHEBLINPSIMICHHOIO, NMHKOBOro H Jeﬁ-
CTBYIOIUETO (a(hpeKTHBHOIO) 3HAUEHTIA.

Hassanne neTextopa xapaktepusyer napamerp npeobpasyemoro
CHTHANA,  KOTOPOMY MPOTIOPUMOHATHHO  BBIXOAHOE HAUpSKEHHE
(TOK).

Hemekmopol (‘p(’@)teﬂ’hl}’lp,‘l,w.’l(’)tll(l?ﬂ 3HA4eHus BbINOJIHSOTCS 110
CXeMaM  OOBIYHBIX  BBIIPAMHTETbHBIX YCTPOHCTB € Y4€TOM TOrO,
4TO BBIXOJHON CHrHAJ JIOJIKEH  ObITh TOYHO MPONMOPUUOHATICH
COOTBETCTBYIOIUEMY Tapamerpy Bxomnoro. [lpumensiror xak oa-
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HOTOJIYNEPHOTHOE BBIPSIMIIEHHE BXO/IHOTO CHTHala (puc. 6.48,a),

npH KOTOPOM BBIXOJHOW curmai (puc. 6.48,6)
+T2

. 1
Ugn=K 1 j U, (1) dt, (6.168)

4
rak M JByxnoaynepuogHoe (puc. 6.48,6¢). Xxapakrepusyemoe ypas-
HEHHCM
| 11+I'Jl rl+T
Upu=K | | Uyl)dt+ | U,(r)dr], (6.169)
15 ty+T/2
rae K- xodpbHuUnEHT NponopHuoOHaTLHOCTH.

[pu HeBbICOKOH TOUHOCTH Npevubpa3oBaHust H GOJBIIMX YPOBHSIX
BXOAHOTO curHata | U, 1> |U,| npUMeHsIOT naccuBHble npeod-
pasosarenu (puc. 6.49,a,6). YV gerekropa (puc. 6.49,a) ana yayu-
LIEHHs JIMHEHHOCTH TOC/I€0BATENBHO ¢ OCHOBHBIM BBINPSIMHTE b
HbIM JIMOIOM VD2 BKAIOYEH pe3ucTop R;. COnpoTHBIEHHE ero
3HAYMTEJIbHO OOJIbIIE NpsAMOro CONpOTUBJICHHS JH0oAa. Tem cambiM
pexkuM paboThl OTKPBLITOro anoda VD2 npubamkaercs K pexuMy
3a[]aHHOTO TOKA, B KOTOPOM HEJIMHEHHOCTH NpPSMON BCTBH €rO
BOﬂbT-aMHCpHOﬁ XApAKTEPUCTHKH MajI0 BJIMSAET Ha BleO}]"Oﬁ
curvan. Jluox VDI u pesucrop R, BKTIOHYEHBI s TOro, 4TOOLI
B oba moJymepnoja Harpyska pesuctopa R, Oblia OJMHAKOBOMA:
R,=R;. DTO mnpeaoxpaHseT OT UOSBIEHHS AONOIHATETLHOH
NOCTOSHHOM COCTABAAIONICH Ha pPa3feNUTCIbHOM KOHAEHCATOPE,
KO'I'Opr;{ 4acTo yCTaHaBJIMBAECTCS HA BBIXOJC UCTOYHHUKA Hanpsixe-
dus U,,. Hegocratkm takoro aerek- 790
ropa: 3HAMHTETbHAs HEJTHMHCHHOCTH
tIPM MaJbIX BXOJHBIX CHIHallax, HHU3-
Kasi TOMHOCTb M CTAaOWJILHOCTB, W3-
MEHEHHC XapaKTEepUCTHK TNpeobpaso- [
BaHUA NP CMEHC UOJOB.

OTH  Ke HEeJOCTATKH INPUCYLLU a)
ABYXIIOTYNEPUOAHOMY BBIIpsMuTetio Yok
(puc. 6.49,6). B wem aas nuMeapu-
3QUAM M yJTydlleHHS TeMMepaTypHbix 48 _—
XapPaKTEPUCTUK JONOJTHUTEILHO BBE- t
JA€Hbl quOoaLl VD5, VD6, BKIIOYEHHbIE
B NpAMOM HampasieHud. [Ipn Marbix Ygsir
BXO/IHDBIX CHTHAJIAX NPSMOE COUPOTHB- ¢ m
JneHne auoaoB VDI-- VD4 ameer no-

BBILIEHHOE 3HAYEHHUC, 4YTO NIPUBOAUT l!) ¢
& VMEHBIICHHIO BBIXOJIHOTO CHrHaJA.

OfHAKO MpH DTOM yBenWuuBaeTcs Puc. 6.48. Juarpammer Bxomsoro
¥ CONpOTUBeHHE AHONOB VD5, VD6, ‘O‘QH;‘HO‘?I’;’,‘,‘E’;:X"‘;;:"(‘,',“;‘;’““"‘px”
BKJTIOUCHHBIX NApaifenpHo ¢ R,. D10 HOTYIEpHOMHOM  (6)  BbITPAMIC-
BENCT K HEpEpACHPE]C/ICHU0 TOKA  Hum
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Puc. 6.49. [leTekTopbl CPCAHEBBINPAMICHHOIO SHAYSHMS:
@ OHONO.AYIEPHOANbIE. & ABYXNOYHCPRO:IHbE

BBITPAMUTETTS. O'IHOCHTeJIbHO 60:":[![215{ COCTaBNAOLIAS HAYHET npore-
Karb 4epe3 CONPOTHBCHUC HArPY3KH R, M HETMHEHHOCTL XapaKTcpu-
CTHKH NPeo0PA3OBAHMS CYIECTBEHHO yMEHBIIHTCA. AHATOTHIHO pac-
CMOTPCHHOMY OCYIIECTBIIAETCS KOMIEHCALHMSA TEMIIEPAaTyPHO! 1orpein-
Hoctd. TIpH MOBbILEHUH TeMIEPATYDBl UPAMOE HATIPSIKCHAE JTHOJIOB
BBINPSAMUTEISt yMeHbIuaeTcs na 2,2 MB/rpag, uro mosnkHo mpusectn
K YBEJIMUCHUIO BBIXOAHOIO CHTHAMA. OIHHAKOBLIE C DTUM yMeHbILISHUs!
NPpAMOTO  HAaNpPsHKCHH Ha auonax VD5, VD6 cuukaror YPOBCHE
BBIXOHOrO CUrHaia. B utore pesyasrupyromee usmenerue xapakrepu-
CTHUK l'[p606p'd'3()BﬁH'I/I}l OKa3bIBACTCS 3HAYHUTEIIbHO MCHBILIE, YeM 7ITO
GbUIO OBl TIPH OTCYTCTBHM KOMIIOHEHTOB MAPaMETPUYECKOH KOMIIEHCa-
unn. Ee opdexrushocTs 3aBucut ot iIPABHIILHOCTH BBIOOpPA pe3ucro-
poB R 5 RS’ Ha 3HavycHuc KOTODPBIX BJIHSIET CONPOTHUBJICHHE Harpys3Ku.

3uauut €JIbHO Jlyylline XaPAKTCPUCTUKU ]'lpCOﬁp'd?.OBilHMﬂ MOXHO
HOJYYHUTH TIPH HCHOJIb30BaHUU ACTEKTOPOB Cpe,ZlHCBblllpHMl/lTe!lh-
HOTO 3HAYE€HUS C AKTWBHBIMH KOMHOHEHTAMHU. B HUX BBITIDAMHUTETL-
HbIE y371bI OOBIMHO BKJIFOYAIOTCA B HCIMb orpuuarensioil OC, wro
NO3BOJISET NPUOAM3INTENbHO B K,y pas  yMEHLITHTh BXOLHOC
HaIpsiKeHHE, TPU KOTOPOM TMOABI OTKPbIBAIOTCS. COOTBETCTBEHHO
YMEHBINAKOTCA BIHSAHUS HECHJ6I4JH>HOCTW nOpoOroBoro HAnpsKeHUs
W pa3bpoca NPsIMBIX CONPOTHBIEHHH NHOMOB.

Ka4eCTBE PEIM3AOHHbIX O}IHOUOJI)’HCP"O;{HBIX JCTEKTOPOB
CPE/TEBBINPAMIEHHOTO 3HAYEHUS OOBIMHO HCIONE3YFOT OrPAHHYH-
remn (puc. 6.39,6), MMEIOLME XOPOLME XapaKTePUCTHKU npeob-
pa3oBaHHsA B aMaliasoHe wactor a0 10 x[m.

Ha ocHoBe 057T0if cxeMBl CO37alOT o ABYXTIOJIYIIEPHOHBIE
BbuIpsMUTENH (puc. 6.50,a). B TakeMm aerektope CPETHEBBIIIPSIM-
JICHHOTO  3HaveHus Hanpsokenuss OV DAI u DA2 phinpsaMmasior
pa3HbIC TOJIYBOJIHBI BXOJHOICO CHUrHaJla, KOTOpbIe CYMMUDYIOTCS
€ NpOTHBOLONOXHbIMK 3HakamMu B OY DA3. Kosdduumenr
YCHIICHUSA Ka)A0OH MOJ1yBONHBI

K~R,/R,, (6.170)

TIpUYEM  NIPEABSIBIAOTCA KECTKHE 'l'peﬁ{ma}mﬂ K PABEHCTBY CO-
UPOTHBIICHME  pe3ncTopor R,, R,. R,. [lpeumyuiecrsa gaHnoM
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Puc. 6.50. JByXno:IynepHOaUbIC —ICTEKTOPBI  CPE/[HEBBITPAMIICHHBIX  HANPDKEHMH
¢ BYyMs (@) u OAHUM (G) BBINPAMIIAIOLMME y3/laMH; JMarpaMMa HanpsokeHu# (6)

CXEMbl—B HJCHTHYHOCTH Yy310B, BBIIPAMIIAIOINUX pa3HbiC [0-
JTIYBOJTHbI.

Brarogaps oTOMy pasnuna B kodhguuueHTax mpeobpa3oBaHus
HANpsOKCHHSA  KaXJA0ro M3 NOJYIEPHOZOB HMEET MHHAMAILHOE
snauenne. OMHAKO HapaMeTphl NMpeobpasoBanus 3aBHCAT OT 0OJb-
II0r0 YHCA CONPOTHBIIEHHUH, 4TO TpebyeT HX TINATEeIbHOTO 0T6Opa.
Kpome TOro, 1orpeiHocTd BHOCHT HANpPsKEHHE CMEIUEHUS HYIS
OY DA3 u ero apeiid.

B aByxnonynepuonsoM netexrope (puc. 6.50,6) npuMeHeH OIuH
BbUIPAMJIsIIOILNH y3eT Ha OY DA, KOTOpbIi HHBEPTUPYET BXOTHOH
curnan. Boixoamoe Hanpsixenne OY DA2 paBHO:

npH Uy <0 Uy = — Uy 22, 6.171)
Ry
mpu Uy >0 U,,=-U, 2Rsyy R (6.172)
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Ha puc. 6.58, a, 0, 6 moka3aHbl HEKOTOpBIE U3 BO3MOXKHBIX CXEM
(hazoBbIX JIeTEKTOPOB. B cxeme 6.58, @ KilouM BHINMOJHEHBI Ha
OunonspHelX Tpausucropax VTI, VT2, AMeoImx 3JIEKTPONPOBO/I-
HOCTh NPOTHBOMONOKHOIO THNa. OHM OTKpBITH npu U,, pasHOro
sHaka. Ilostomy npu ommoM nonynepuome U,, TOK mnpoTekaer
uepes TpaHsucrop VTI, mpu xapyrom —uepe3 Tpausucrop VT2.
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Puc. 6.58. Da30ouyBCTBUTCIBHBIC BBIIPAMHUTEIH C KIROYaMH:
@A GMUONSDHBIX: 6  TIONEBBIX IDUNZHCIOPAX: §  IHONAX
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Tak Kak pe3ucTopbl R,, ¢ KOTOPbIX CHUMAETCSl BBIXOJHOH CHIHal,
paBHBl Mexy Co0OH, TO KOI(GOUUMEHTHI nEepesayd B  KaXbii
noJsiynepuon BosuelicTBus Hanpskenuss U, OIMHAKOBBI W PaBHBI
K=—R,/R,. BbIXONHOH CHIHAJ MOXET OBITh CHAT C OMHOIO W3
pe3ncTOpoB R,  (KOJHONOJIyNMEPHONHOE»  NPEoOPA30BAHAE) MM
¢ 06ouX pe3UCTOPOB («ABYXIONYNEPHOLHOE» TNpeobpa3oBaHue).
q)PIJ'[pr HU3KHX Yd4CTOT BbINOJHEH Ha Pe3UCTOpax R3 U KOHJIECH-
catope C. Tpansucropsl V71, VT2 ynpapisioTCsi TOKaMHU, 3a/iaBa-
eMbIMH pesdcropaMu R,. 3HaueHWs MX OepyTcs TaKUMHM, 4TOOBI
obecneunBancs PEXUM HACBLIIIEHUS. BCJ'lCJ_'lCTBPIC MaJioro conpoTHB-
neurss OV TOK yIOpaBlIeHHs TPaH3UCTOPAMM TPAKTHYECKH HE
BIIMSAET HA BbIXO,HlIOi"I CUI'HAJI ¥ HE BHOCHUT uorpeumocreﬁ. ll."lﬂ
yIIydILEHUs. XapaKTepUCTHK (asoBoro (unbTpa cieayer opate OV
C  BBICOKOM CKOPOCTBI) HApaCTAHUA BBIXOJHOTO HAaNpsIXENus,
MCHONB30BATH BBICOKOYACTOTHBIE TPAH3UCTOPHI U CHTHAN U, 11peod-
Pa30BLIBATH B HANPAKEHHE NPAMOYronbHOM dopmbl. [lorpemnocts
NoA06HOro (a30BOro HETEKTOpd B AMANA30HE CPEIHUX YacToOT
0,05—0,1%.

B dasouyscTBUTENbHOM BbIMpsMuTene (puc. 6.58,6) kaouu
BBITTOJIHEHBl Ha IIOJIEBBIX TPaH3UCTOpax. HI’IOIII)I B Lensax HUx
3aTBOPOB LIPEROXPAHAIOT TpaH3ucTopbl V11, VT2 oT rajbBanuyec-
KOro COEJWHEHUS C MCTOYHUKOM YIHPABJIAKOUIETO HAMPKCHUSA
U,, NpH OTNIMPAIOIKX MOJAPHOCTSX ero Hampsokenus. Ilpu oaHo#
nonsipuoctd Uy, OTKpbIT Kmiod VT v kKodpOUUHEHT nepenaqu

R Rq

oV K,=-—-*—"°__ a )i rod OTKpbIT Kirou VT2
Y R+ Ry Ry Ry+ R, pH Apy! 4

i Kosdduuuent nepemaud MeHseT 3HaK: K, ,=—R/(R,+R;).
PesncTopbl BHIGHPAKOT Tak, 4TOOBl |K, {|=1K,,|. ®UALTD HU3KHX
4aCTOT BBINOJHSIOT Hd pe3ucTope R, U koHueHcaTope C. B manHo#
CXEME HECKONbKO YMEHBLUEHO BIMSAHME HMIIYJILCOB, KOTOPBHIE CO-
MPOBOXKIAKOT LIPOLECC NEPEKJIFOUEHHS TIOJIEBBIX TPaH3UCTOPoB. OHU
BO3HHKArOT 3da cueT eMkocTH C,, W nepemaror mepeman U,, Ha
Bxog OV. Tak kKak OJM3KHE [0 3HAYCHHFO HMITYJILCBI TMOJAFOTCS
Ha pa3Hble BXOJIbI, TO CyMMapHas TIOMEXd paBHA MX Pa3sHOCTH.

Ilpu Gonwumx 3Havenusix Hanpsokennd U, m U,, TpUMEHSIOT
KJIFOYH Ha auojax (puc. 6.58,6). B TakoM KonbueBOM MAETEKTOpE
CONPOTHBIEHHE [UOJOB 3aBHCHT OT 3HAYEHHH M IOJSPHOCTH
Hanpspxernit U, U,,, a cpeiuil TOK B JMarOHAJIH MPONOPHUOHAJIEH
NPOW3BEJICHAI 3HAYECHWH HANPsOKEHHH M HX (Ha3oBOMYy CIBHIY.

DdgexruBubie (Ba30BbIe NETEKTOPbl BHIMNOMHAIOT Ha OCHOBE
CXeM BBHIOODKH — XpaHEHHs.. B HHX MOMEHTHI BRIOOpDKH olpe-
nensiroTes HanpsikenueM U, U3 KoToporo (JopMUpPYIOTCS KOPOTKUE
YIOPABIAOLIME UMIYJIbCHI.

B cunxponnsix metexTopax 4acToThl Hanpsokennmid U, m U, Mo-
ryT pasauuaThest Mexjy coboil. Tak, ecinu BXomHOH U ONOPHBIH
cHrHaJIbl paBibl U cosm, ! U Uy, cos (w24 @) U HaCTOThI ®; U O,
Gnu3kn Mex/y coOoif, ToO NpH UX TMEPEMHOXEHHH TOJYYHM
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Puc. 6.59. YacToTHas xapakrepucrika CHHXPOHHOIO feTekTopa (a) u Hc-
MOJIL30BANKE €ro W15t JCTEKTHUPOBAHAA CHIHAJIOR (6 )
1 YORANTEIL-O1 pAMATENL: 2 - GWALIP WHIKKX acior

Usx= KU, Uss { K cOs (0, ~ @, )1 cos ¢ + K, cos [(o, +,) 1+ ¢]},
(6.185)

rae K, K,, K, Kos(QQUUMEHTHl NPOLOPUKOHANBHOCTH.

W3 (6.185) BuIHO, YTO NOCTOSHHAS COCTABIANOMIAS B COCTABE
Upux, TIPONOPIMOHATLHAS cosg, U, u U, nossusercs TOJBKO
B TOM Cly4de, eclau UJZ:(JJl. 2T10 MO3BOJISET HCLHOJIL30OBATH
C]/IHXpOHHb]ﬁ ACTEKTOp B KayecTBe ¥3KONOJIOCHOI O BBICOKO[[O6DOT-
HOro CbHJlep'd, KOTOprﬁ MO3BOJISIET BBLLIEJMTL U3 COCT4ABA CJIOXK-
HOro BXOJHOTO CHUrHalla COCTBBJlﬂ}OIIIyKL UMEHOIIY O 4acToTy ;.
OnHaKo 3aBUCHMOCTD Pe3ybTaTOB TAKON DUIBLTPAIME OT 3HAYEHUS
HaNpsDKCHU ST L‘rc 3aCTaBIbAC€T OT/1aBaTrh TOPEANOYTEHHE KJIFOYEBLIM
CHHXPOHHBIM /'ICTEK'I'OPOM, led 3TOM H3-3d CIIOXHOI'O CIEKTpalb-
HOI'O COCTaBd HANPMKEHHs U/, NOCTOSHHYIO COCTAaBISIOUIYIO OyayT
AaBaTh BCE [APMOHMKM CHrHama U, HeYeTHple TACTOTE W, (30,,
50,, 7w,) (puc. 6.59). llupnua noaoCH NPoNycKaHus Onpeensercs
BEPXHEH 4aCIOTOH MONOCHL MPONYCKAHHS f, GUILTPA HHIKHX
H4CTOT, NOJIKIIFOUEHHOrO K BBIXOJY CHHXPOHHOTO fieTektopa. C ero
TIOMOIILIO BbIJIENSIETCS NOCTOSHHAL COCTABIIAKOLLIASA. r[OBTOMy pe-
AJbHBIH CPIIIX})OHHblﬁ (hl/lﬂb'['p BBIIEJIACT HE OTHAEJIbHbLIE 4acCTOTBL,
@ TOJNOCLI 4aCTOT, IUHPHHA KOTOPLIX HA yposHe 0,7 pasHa 2f,.
YeMm MeHbllle f,, TeM yKe 10J0CA NPOUYCKAHHS H MeHbIIG
GricTposeicteue uibTpa. Ecom curnan U, MOJIy IMPOBAH 4acTOTOM
Q, To f, cneayer BBIOMPATL M3 yCIOBHS Q<f,.

CHUHXPOHHBIE (MHIBTPbI IAPOKO HCTIONB3YIOT /Ul MPpeobpa3oBa-
HUS CUTHAJIOB, UMEKILUUX B CBOEM COCTABE HUMIYJIbCHbIE ITOMEXH.
Jas sroro Bxommo#t curian npeodpasyroT B [pAMOYIOJHHOE
HamnpsKeHUE C HDOMOIUBH )’CI/U'IPITCJ'IS{—OrpaHM‘IPITCJ'lﬂ1 A nojarwT
€ro Ha BXOJl NIETEKTOpA BMECTO Hampsikenns U,, (puc. 6.59,6).
Takoil AeTEKTOp IpeobpasyeT TONBLKO YACTOTY BXOJHOTO CUrHaja
H €ro HEYETHbIC TapMOHHUKH. B pesyabTare MOMEXU U HIyMBbI,
UMEROIIHUE JIpYyTrHe YACTOTHI, HC OKa3bIBAKOT BJIUAHUA HA BBIXO/HOM
CUrHasm.

C TOMOWIBH) CHHXPOHHBIX JETEXTOPOB H4CTO YHA€TCH TIONYYUThH
6oJ1ce BBICOKYHO /'IO6P0'1'HOCTL, 4E€M NPU TPUMEHEHUU OOBIYHBIX
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Puc. 6.60. CTpykTypHas cxema npeofGpa3oBaTells HacToTa — HANPIKEHUC
(a) n Bemoakcnne TYH ma muxpocxeme KPI1I0SIIIL (6)

dunbTpoB. Tak, HAMPHUMEpP, C MOMOINBIO MX MOXHO (DUILTPOBATH
CUTHaJBI, WMEIOMME rpaHduHyro dacroty | MI'm ¢ umpunoit
monocsl 2f=1 i 1o coorserctnyer nobpormoctH Q= 10°.

YacmomHobie HOETCKTOPHLI  OCYLUCCTBIIAKOT npeo6pzmomu-me qa-
CTOTHO-MOIYJTUPOBAHHBIX JNCKTPHYCCKUX CHIHAJIGB B CHI'HAJbLI
C JpyruMu INEKTPUIECKUMHA apaMeTpaMH. L[('lﬂ[ﬂ BCEro 4acroTta
npeobpasyercs B HanpskeHue. Takue AETEKTOPbI HA3bIBAKOT Lpe€-
ob6pazoBaTensMu dacTora — Hampsxenue ([TYH).

Tpeuusuonnsie [TUH oGbMHO MMEIT CTPYKTYpY pHuc. 6.60, a.
Pabora ux 3akjro4aeTcs B TOM, 4TO 3ﬂeKTp0HHblﬁ KJIFOY NOAKJIroYa-
er KoHieHcaTop C K HCTOYHHKY HOCTOSIHHOrO TOKa I C 4acTOTOH
npeoGpa3yeMoro CHrHaua f, TIpUYEM JUIMTENBHOCTH MOIKITFOUCHAA
t" cTporo onpeleNeHHas U BO MHOI'o pa3 MEHBINE JJIUTECIILHOCTH
nepuoaa BXOJHOro CHrbHana upu HauOONbIIEH €ro 4JacroTe.
B NpoMexXyTKax MexK/y UOAKIFOYEHHSIMH HCTOYHUKA TOKA KOH-
JIEHCATOP Pa3psiKACTCs Uepe3 Pe3ncTop R, 4TO MCKIFOYAET HPOLECC
HENpEepLIBHOTO HAPACTAHHUS BBIXOJHOIO HANPSKCHUSA. B yCTaHOBHB-
LIEMCsl PEXUME NPUPAIIEHHUs 3apANOB Ha KOHJIEHCATOpPE 3a BpeMs
€ro pa3psgkd U 3apsJKH paBHbLI MEXZY COGOf/‘L YTO MNO3BOJACT
32lliCaTb YPaBHCHHE OanaHca

AQ,=AQ, = Ifty=CUpu (1 —eT ™), (6.186)

rae T=1/f; 1=RC.

_l'[{)n BBLITIOJIHEHHH yenoBys (7—1,) << T WIEHOM, COJEPXKAIM
eT~%*  MoxHo npemebpeur BBUmy ero Manoctn U (6.186)
34NMCcaTh B BHJE

(6.187)
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§ 6.8. TEPEMHOMXUTESIM CUTHAJIOS U YCTPOWCTBA,
BbINONMHAOWNE MATEMATUYECKUE OMEPALUU

Ile PEMHOXUTECIIMH HA3LIBAKOTCHA yCTpOﬁCTBa, € NOMOINbIO
KOTODPBIX OCYINECTBIACTCSS MaTeMarudeckas Ol€panrst YMHOXEHHSI
ABYX CHI'HANOB. vV uux BBIXOJHOE€ 3HAYEHHE NPONOPIUOHAILHO
NPOU3BCACHUIO NBYX BXOJHbIX HE3ABUCUMBIX BEIHYHNH.

Ecnu TICPCMHOKUTENIH TIO3BOJISIIOT YMHOXATH CHUIHAIbI JIFOOBIX
HOJﬂpHOCTE]}L TO HX Ha3bIBAKGT YCTBIPEXK BAJpPAaHTHBIMH,
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Puc. 6.40. MoaynupoBaH-
HOC MO AMOIHTYAE HANps-
KeHue (a), ero cuexkrp (6
CHEKTP NpH  HCIONbL3OB:
HUM OaJAHCHOrO MORyns-
Topa (8)

a €CIIM OJIMH M3 CHIHAJIOB MOXET OBITH TOJBKO OJHOM TMOJISIPHOCTH,
TO NBYXKBAaAPaHTHBIMH. ITepeMHOXHUTENH, YMHOKAIOIINE OfI-
HOTIOJISIPHBIE CHTHAJIBI, HA3BIBAKOTCA O JTHOKBAAPaHTHBIM . Pa3-
JIMYAIOT TIEPEMHOXUTENH MPSAMOTO M KOCBEHHOTO YMHOXeHWH. [Ipu
LIPAMOM YMHOKEHUH BBIXOJHOM CHI'HAJT HENOCPEACTBEHHO MHPOTOp-
LUMOHANEH IIPOU3BEJICHUIO BXOAHBIX BedduH. KOCBEHHOE yMHOXe-
HHME XapaKTepH3yeTCsl TeM, 4TO BBIXOIHOE 3HAYEHHE, ONPEesseMoe
NPOU3BENEHHEM BXOJHBIX CHTHAJIOB, MMEET BMA CYMM BEJHYUH
win QyHKumii 5THX cyMM. K KOCBEHHBIM OTHOCSIT UEPEMHOXMTENH,
BBITIONHEHHBIE HA OCHOBE KOMIOHEHTOB € JIOTAPUPMHUYECKMMH MK
KBAIPATHIHLIMA  (Napaboan4ecKUMI) AMIUIMTYAHBIME XapakTepH-
CTHKaMHM, yCTPOMCTBA C aMIUTHTYINHO-IMAPOTHOM HMIYJBCHOH MO-
NyJasiuueR o ap.

TIpaAMoe yMHOKEHHE OCYIECTBIAETCS ¢ MOMOIBLIO KOMIIOHEHTOB
M 3JIEKTPOHHBIX Y3JI0B, MMEIOIMX IBOWHOE YIpaBJieHHe, HATPUMEDP
BBITIOJIHEHHBIX HA OCHOBE KACKOIHBIX YCHJIMTENBHBIX KackaJIoB.

Eciy nepeMBOXKAEMble CHTHAJNBI HMEIOT CYHMIECTBEHHO pa3siny-
HblE 4aCTOTHl (OAMH NPEACTABIAET COGOM BLICOKOYACTOTHYIO He-
Cymyw ¢ 4YacTOTOH , a ApYroil — HM3KOYaCTOTHOE KoseBanue,
uMeromee 4acToty ), To B pe3yiabTaTe yMHOXKEHUS TOSABUTCA
AMILIATYAHO-MOIYJINPOBAHHLIN CHTHAJ U =U (1 +
+mcosQt)cosm.t, rae m—ko3bdOUuMeHT MOAYNAIMH. YCTpoi-
CTBO, BBLIMOJHSAONEE ITY OMEPANHIO, HA3BIBAIOT aMIIJIHTY AHBIM
MOIYASATOPOM HIM IIPOCTO MOAYNATOp oM. PopMa u CriekTp
aMITATYAHO-MOJY/IMPDOBAHHOTO ~ CHUTHAja I1IOKa3aHbl HA  pHC.
6.40, a, 6.

Ecian B CIEKTpE BLIXOAHOTO CHIHANA OTCYTCTBYIOT WM JO-
CTATOYHO Maflbl COCTABJLSIFOILME C HacTOTOH Q n o, (puc. 6.40, ),
TO TIEPEMHOXKHTENb, OCYIIECTBISIOMINIA TAKOE YMHOXEHHE, HA3bIBA-
0T 6ajaHCHBIM MONYASATOPOM. bajaHCHBIE MOAYIATOPHI
MPEACTABIISAIOT COBO0i BBICOKOKAYECTBEHHBIE HETHIPEXKBALPATHUHDBIE
TMEPEMHOXKHTENH, Y KOTOPBIX HOPMHUPYIOTCH KOdGD(OHIMEHTH! Ocia-
6nenust curunana onopHoit HactoThl O (K, ,,=U,.q/Us, H MO-

ayaupyromeit  (ynpaeasomein) Q( *Umtﬂ/UmJ 4acToOT, IJIe

ocy

Uy, Upg—BBIXOIHBIE CHI'HAJbl C Y4ACTOTOH ®, M
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K 6anaHCHBIM MOAYNATOpaM OTHOCATCS M TipeoGpa3oBaTen
44CTOThl MM cMecuTe)id. OHU B OCHOBHOM OTJIMYAKOTCS Ha3HauYeHU-
eM. Hpeuﬁpaaoeamexlu qacmomuvl —3TO NEPEMHOXHUTENH Hanpsxe-
HU, KOTOPBIE HCNOJIL3YIOTCA TOTA, KOTLa ONHY 94CTOTY Hao
1peo6pa3oBaTh B APYTYio (BLICOKYKO B HM3KYEO MM HaoGopot). [Tpn
3TOM BTOpas COCTaBJstomas rapmonuky cnekrpa (U,, o nm U, _g)
OOBLIYHO TMOMABIAETCS € NOMOMBIO (GUIbLTpa. CHTHAN HA BBLIXOZE
HICAJIU3UPOBAHHOIO NPEOOPa3OBATENs YACTOTHI {CMECHTEs)

UUq
2

Uy = U‘;” cos (0, +Q) 1 +-2cos (0, ~ Q).

IMepemuoxuTenm Ha ocHoBe AUQdEPEHUMANBLHBIX IenuTeieil
TOKa YTPABIAAIOTCS HaNpsDKEHUEM HJIM TOKOM,

Vnpasasemviit nanpaxcenuem dugepenyuaviviii deaumens moxa
B 1POCTEHlIeM clyyae NpeiacTaBiseT coboil aubdepenumaibubiit
YCHITHTEIbHBIA KACKa/l, CBOHCTBA KOTOPOTO NPH ABOWHOM ynpasjie-
HUM paccMoTpensl B § 4.8, V Hero cymMma TOKOB TIed KacKaia
PaBHA TOKY KOJUJIEKTOPA TPaH3UCTOPA, BKJIFOYCHHOTO B IMHTTEPHBIE
LEMY, KOTOPLI 3aBUCHT OT OJHOTO M3 BXOJHBIX CHTHAJOB.
Pacnpenenelme TOKa MEXIy IuIeHaMu OCYIIECTBAACTCA BTOPHIM
HalpsOKeHUeM, TONKJIIOUYEHHBIM K ):[Md)d)epeﬂuuanbnomy BXOLy.
HC,EI,OCTaTKaMPl TAKOrO TICPEMHOXKHUTENIS ABJSIOTCS MaJibie YPOBHHI
YMHOXAEMBIX HALPSOKEHWH W TeMnepaTypHble H3MeHEHHs Xapak-
TEPUCTHK NPeobpa3oBanms (T€MNEpaTypPHbIA MOTEHUHAT Qp 3aBUCHT
oT Temnepatypul). Kpome Toro, om paGoraer Toibko B IBYX
KBAJIPaHTaX, Tak Kak TOK B 3MUTTEpHOM nemn mauddepennuabHoro
Kackazma HE MOXET M3MEHUTH CBOE HalpaBJlIeHHE.

s obecnevenust paboTol B YeTHIPEX KBaAPaHTAX HUCTIOJIL3YIOTCS
TpH IM(OEPEHIMATILHBIX yCHIMTENS, BKIIOYEHHBIX B CcXeMy puc.
6.41, a. D10 Tak Ha3pIBAEMOEe MHOXMTEIbHOE §DO, BXOAIILICE
B TOM WJIM MHOM BHUJE B CXEMBI PA3JIHYHBIX CEPUIHLIX TIEPEMHOKHTE-
neit. B HEM TOKH KaXIaoro M3 COECAUHEHHBIX napaajienbHO
JMddepeHnMaibHBIX KACKaL0B Ha Tpausucropax VTI, VT2 u VT3,
VT4 sanarotcst nuddepeHnnaNbEbIM KackaoM Ha TPaH3UCTOPax
VTS5, VT6. Tak Kak B LeNb €70 IMHTTEPA BKIIFOUEH F€HEPATOP TOKA I,
TO HanpsokeHne U, TONILKO MePepacipenensieT TOK MexX 1y TPAH3UCTO-
pamu, 4 obIIee 3HAYECHHE €ro OCTAETCA HOCTOAHHLIM M PaBHLIM .
Tak xak B 3aBHCHMOCTH OT NOJSPHOCTH HANPSKEHUS U, yBennauBa-
FOTCSL WUIM yMEHbIIAIOTCS pabodne TOKH pa3HbIX AuddepennmanbHbIx
kackagoB V11 —VT4, TO cMeHa TOJSIPHOCTH DTOTO HATIPSKEHMS
NPUBOIMT K HM3MEHEHHMIO 3HAKA BBIXOJHOTO CHrHajna, bnaromaps
9ToMy obecrieunBaercs paBoTa BO BCeX HETbIPEX KBAAPaHIaX.

BoixoaHoM CHIHAl MHOKHTENLHOTO Anpa

Upix= — Ry (I, — 1). (6.158)

B §4.8 6110 mokaszaHo, 4TO A OAMHOYHOTO mUddepeHuy-
albHOro Kackajna 3Haverme U, HaxonaT w3 ypasuenus (4.190):
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Puc. 6.41. MHOKUTEILHOE SAPO MEPEMHOKHMTENs (a), BKIHOUEHHE MHKPOCKe-
Mb 140MAL (6)

Tax kak KacKajpl, Tepepacnpenensiomye TOKM B 3aBHCHMOCTH
or manpspkeruit U, u U,, B npuHOune oaMHAKOBBL, TO OJMHAKOBO
WX BJMSHHE HA BBIXOJHOH CHTHAJ W MOXHO 3alMCATh

U ip Lz (6.159)

207 204

Usix=—Rulp th

IMpu Manbix 3HAYeHUSAX BXOAHBIX curHanos |U,|<2¢q,
|U,| < 2¢; ypaBenne (6.158) CYymIECTBEHHO YIIPOLIAETCS:

U= = RuIoU, U, /(204)*. (6.160)

W3 (6.160) BuAHO, YTO NPW MajbiXx BXONHBIX HAIPIKEHUIX
BLIXOJHONW CHUTHAjd Kackafa MpPONOPLUMOHANEH WX TMPOH3BENeHHIO
M 3aBUCHT OT TOKa /), CONPOTHBJEHHMH B KO/UIEKTOPHBIX HEIsX
R, W TeMmepaTypHOro TNOTEHUHANA @;.

Ha ocnoBe mamHOM cXeMBI Da3pabOTAH M BBIMTYCKAETCH WH-
TerpajibHblil nepeMHOXHMTENb 140MAL, BKIKCYEHHE KOTOPOTO IO-
kazano Ha puc. 6.41,6. B Hem «omopHoe» mHampspkenme U, mmeeT
BBICOKYIO, a ympaBJjsitomee Hanpspkedue U, —HH3KYI0 4YacTOTbI.
Henmocratku ero ciefyromde: Majble BXOJHBIE CHTHANBI, TEM-
nepaTypHas 3aBHCHMOCTb XaPaKTE€PHCTHK MPe0OPA30BAHUS.

Bonbume xoadduuueHTs! Ocnabiaenus OMOPHOTO W yNPaBISOLIMX
CHIHAJI0B (46 155) NO3BOJISIFOT UCNOJIBL30BATD NAHHLIA NEPEMHOKUTEND
B Kavecrse Oamamcnoro Mojyastopa. Pesucroper no 51 Owm
BBOISITCA B LEUM BXOJOB [Jisl IIPEIOTBpATicHMa Bo3Oyxaenus. Tok
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Puc. 6.42. Brmoyenne nepemuoxnresns 52611C1 (a), ynpasnicHue TokaMu, HPONOpPLM-
OHAJIbHLIMH ~ BXOZHOMY ~HANPsOKCHNIO  AuddEPeHINANBHOIO REAUTENs Toka (6).
BKIIFOYeHHe MuKkpocxembr 525TIC1 (s)

I, MOXHO MEHATb, €CIM MEXKIy BblBOmaMH 2, 12 YCTaHOBUTH
NEPEMEHHBIA PE3UCTOP ¢ HOMMHAJNIOM B HECKONbKO KOM, IBHKOK
KOTOpOro 4epes pesuctop 2 kOM coemuHen ¢ obmiel IIMHOM.

AHaJIOTHYHO BBUIOJIHEHbI U 50Jiee COBPEMEHHbIE BLICOKOYACTOT-
Hble mepeMHOXHUTeNH Tuma 526TIC1, 526I1C2. ¥V uux wnmeroTcs
BHYTDCHHHE IEJIMTENIM HANPSOKEHUH M LENH TeMrnepaTypHOW cCTa-
GHJII/I'}aL{MlA, YTO TNO3BOJAET YMEHBIIUTL KOJHUYECTBO HABECHBIX
KOMITOHEHTOB M TIOJABATh CMTHATLI HA BXOMbI Yepe3 KOHAEHCATOPh
(puc. 6.42,a) Be BKJIIOYAS DPE3MCTOPbI B LENMM BXOAOB. PaGounii
QMANA30H YaCTOT y HUX 3HAYMTENILHO INMpE, 9€M y MHKPOCXEM
140MA1, u cocrasnser necstkum MIn.

ﬂpu BXOIHBIX HAIPSDOKECHUAX 60bIINX HECKOJIbKHX ©r K BXOOaM
TIEPEMHOXHUTEAS  NMPUXOAUTCS  NOAKIIOYaTh  JIorapubMupyromue
YCTPOHCTBA, yNYMIUAIONIME JMHEHHOCT (YHKIMH [EPEMHOMKCHHS.
Hx oBuidHO BRIMONHSIOT HA TPAHZMCTOPAX, BKIIOUEHHBIX JUOJAMH
VTI, VT2 (puc. 6.42,6). Jns HOPManLHOH pPaGoTHI snorapud-
MHDYIOLINX YCTPOWCTB BXOAHBIE HANPSKEHHUs HEOOXOAMMO mMpeod-
pa3oBaTh B TOKH, ISl 4YEero B CXEMY BBOISIT IOIOJHUTCILHBIC




