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BBEJAEHHUE

['maBHast TeHACHUUSA PA3BUTHUS CIIOKHOM AIEKTPOHHONH KOMIIOHEHT-
HOM 0a3bl BBIpAXKAETCS B MEPEXOJIE K CUCTEMaM Ha KPUCTAIUIE U, OUYEBUI-
HO, OyJleT ompenensoniell He Tojbko B Havyasie XXI Beka, HO U B Ooiee
OoTAQJICHHON mepcrekTuBe. B Onumkaiiiiee aecsTUIETHE KOMMEpPUYECKHe
MIPOAYKTHI BO BCEX chepax YeJOBEYECKOW U rOCyIapCTBEHHOMN KU3HEIesI-
TEJIbHOCTU — OT CHUCTEM HaBUTallUM, PagudoOCBsI3H, 0€30MaCHOCTH, 00pa-
00TKM MH(OpMAIIUM, TEICKOMMYHHUKALMN 1O OMOMEIUIIMHCKUX CUCTEM,
CUCTEM UJECHTU(UKALMHU, YIIPABICHUS KIMMAaTOM, KOMMYHaJIbHBIM X035ii-
CTBOM U T.I. — OYAyT OCHOBaHbI Ha JIEKTPOHHBIX KOMIIOHEHTaX, Mpe-
craBisronux cucremsl Ha kpuctamie (CHK, SoC). JlaBuHa HOBBIX MUKPO-
ANEKTPOHHBIX M3JEIUN OyJIeT BHIOPOIIEHA Ha PBIHOK, YTO OOOCTPUT U A0
TOr0 CEpPbE3HYI0 KOHKYPEHTHYHO OOpbOy cpen KOMIIaHWN-TIPOU3BOIU-
TeJIEH BJIEKTPOHHBIX KOMIIOHEHTOB, MHCTPYMEHTAJIBHOIO MPOrPaAMMHOIO
o0OecredyeHus, CHCTEM aBTOMAaTU3UPOBAHHOTO CUHTE3A.

Peanuzanys KOHIIENIIUKM «CUCTEMBI HA KPUCTAJIe» CBsI3aHa C pelie-
HUEM IIeJIOr0 KJlacca B3aMMOCBSA3AaHHBIX MPOOJIEM, CpeAr KOTOPBIX BaX-
HEWIIe sBiseTcd 3ajaya CYHIIECTBEHHOTO YMEHBIIECHHS MOTpeOsieMon
MOIIHOCTH MpPU OJHOBPEMEHHOM MOBBIIMIEHUU OBICTPOJIECUCTBUSA OTIEIb-
HBIX y3JI0B U 0JOKOB. B oTinmuume or uu@poBOil 3JIEKTPOHUKH, TIE YyXKe-
CTOYEHHE TEXHOJIOTMYECKUX HOPM M3TOTOBJIEHHUS KOMIIOHEHTOB HE TOJIb-
KO YMEHBIIAET MOTPEOIsIEMbI TOK, HO U MOBBIIIAET OBICTPOAECHCTBUE, B
aHaJIOTOBOM 3JIEKTPOHUKE TAKOTO pPe3yjIbTaTa MOJIYYUTh HE yIaéTcs. DTOT
a3 deKT cBsizaH ¢ MpodIEeMaMu CO3/IaHUsl CYOMUKPOHHOTO 3KOHOMUYHOTO
TPaH3UCTOpA ¢ HAOOPOM BBICOKOKAYECTBEHHBIX MAJIOCUTHAJIBHBIX Mapa-
METPOB M CTAOMJIBHOCTHIO CTAaTUUYECKUX XapaKTEPUCTUK. IMEHHO MO3TO-
MYy «CPEIHHUI» 10 CBOMM YaCTOTHBIM CBOMCTBaM ONEPALMOHHBIN YCUJIIU-
T€JIb MOTPEOJISIET OT WIMHBI MUTAHUS TOK, COU3MEPUMBII C TOKOM JIOCTa-
TOYHO IPOU3BOJUTEILHOIO MUKPOKOHTPOJIIIEPA, COAEPKAIIETO B IECITKH
THICSAY pa3 00JIbIlIE TPAH3UCTOPOB.

CerogHst OOJBIIMHCTBO OMIOJISIPHBIX AHAJIOTOBBIX MHTErPaJbHBIX
CXEM MPOU3BOAUTCA C UCIOJIb30BAHUEM 0a30BOM TEXHOJIOTUU WIIU €€ pas-
JWYHBIX Bapuanui. [locienoBaTeNbHOCTh OMEpaMid 3TOW TEXHOJOTUU
OTHOCHUTEJIBHO MpOcTa U Hexopora. OJHAKO MHOTHE CXEMOTEXHUYECKHE
MPUJIOKEHUSI 0COO0KM KOMMEpPUYECKOW BaKHOCTU TPEOYIOT IMOCTOSHHOTO
VIIYYIIEHUS YACTOTHBIX XapaKTEPUCTUK, KOTOPbIE HANPAMYIO CBS3aHBI C
HEOOXOJMMOCThIO UMETh B TE€XHOJIOTUM TPAH3UCTOPHI C YIy4YIICHHBIMH
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YaCTOTHBIMU CBOMCTBaMU. TpedoBaHus 0osee BBICOKOTO OBICTPOIECHCTBUS
3aCTaBISIIOT ONTUMHU3HPOBATH TOJIMIMHY 0a3bl, YTOObl YMEHBIIUTh BpPEMsI
MPOJIETA HOCUTEJIEH 3apsiia U KOHEUHbIE Pa3Mephbl 3JIEMEHTOB I YMEHb-
IICHUS] TTApa3UTHBIX EMKOCTEeW. MeHbllne pa3Mephl JJIEMEHTOB TPEOYIOT
MPONOPLMOHAIIBHOTO YMEHBIIEHHS IIMPUHBI 00 AHEHHOTO CJIOS p-h TIepe-
X0/1a, YTO B CBOIO OYE€pEIb BBIHYKJIAET MCIOJIb30BATh MEHbIINE padoune
HalpsOKeHUsT MUTAHUS TPaH3UCTOpa M 0Oojiee BBICOKME KOHIIEHTpaluu
IPUMECEN B UX CTPYKTYpE. ITO CYHIECTBEHHO OTPAXKAECTCA HA CXEMOTEX-
HUKE MUKPO3JIEKTPOHHBIX YCTPOUCTB.

AJbTepHATHUBBI CHUCTEMaM Ha KpHUCTajule He cymiecTByeT. OHaKo ce-
roaHsa He MeHee 75 % W3aenuil MHTErpallbHOM 3JIEKTPOHUKH, UCTIOJIb3Ye-
MBIX B MUpE IIPU CO3JAaHUU AJIEKTPOHHOMN ammapaTypsbl, YIOTPEOISIET npu
IIPOM3BOJICTBE 3HAYUTENBHO 0OJIee NEUIEBYIO U, KaK MPaBUIIO, O0JIEE BBICO-
KOBOJIFTHYIO T€XHOJIOruIo ¢ paspemienuem 0,8....2,0 MkM. IT0 00bsACHIETCS
TEM, YTO CTOMMOCTH IIa0JOHOB ¢ HOpMamu Ha ypoBHe 130 HM mnpuOiu-
KaeTcs K OJJTHOMY MUJUIMOHY JIOJUIAPOB, U OKHUJIAETCS, UTO UX CTOUMOCTD
OyJleT ropas/io BbIIIE JJI MPOLIECCOB HAa ypoBHE 65,45 HM u nanee. Eciu
ené y4yecTb YBEIMYEHUE 3aTpaT MO MPOEKTHUPOBAHUIO OTAEJIbHBIX YCT-
pPOMCTB (HECMOTpPSL HA OYEHb OOJIBIIME YCIIEXU B TOBTOPHOM HCMOJIb30Ba-
Huu IP), To croumocts npoektupoBanusi SOC Ha ypoHe 130-90 uM orie-
HUBaeTCs OT 5-Tu 710 20-TW MUJUIMOHOB A0JU1apoB. [loaToMy OOJIBIIMHCTBO
npennpustuii CIIA, EBponsl u FOxHOM A3uM, BBITYCKAKOIMIUX HE MEHEE
75 % Bcex UC, paboTaroT mpu TOMOJOTHYECKUX HOPMAX, MPEBBIIIAIOIINX
1 MKkM (B OCHOBHOM 2...3 MKM), Ha IJIJacTUHax auamerpoM 125—-150 mm.
Oxkono 90 % muposor npoaykuuu MC yknanpiBaeTcsi B TOMOJOTHYECKUE
HOpPMBI 0OJIe€ OJHOrO MHUKpPOHA, MPUYEM JIOMUHHUPYIOT pa3Mepbl B 2-
3 MKM.

B mu@ppoBbIX MHTErpaTbHBIX MUKPOCXEMAaX pPe3ylbTaTOM YBEIHYE-
HUSI CKOPOCTH OOpa0OTKU MH(OpMALMKU CTaJyd TEHACHIIUM MOCTOSHHOIO
YMEHBILICHUS] HANPSKEHUSI MUTaHUs, YTO SIBJISETCA «aHademoi» B aHaIo-
TOBOM ITPOEKTHUPOBAHUM C BBICOKMMHU XapakTepuctukamu. [Ipu TexHonoru-
yeckux HopMmax 350 um (3,3 B) nmo-npexxHeMy AOCTATOYHO CXEMOTEXHU-
YECKUX BO3MOXKHOCTEH Il aHAJIOrOBBIX MPOEKTUPOBAHUI C BBICOKUMHU
XapakTepUCTUKAMU, XOTsA Haiauuue 5 B muTanus Obuio Obl IpearoyuTu-
tenbHee. [Ipu Hopmax 180 uMm (1,8 B) mponecc ycinoxHsieTcs U XapaKTepu-
ctuku crpagatotr. [Ipu 120 um (1,2 B) ananoroBoe npoeKTUPOBAHUE 3HAYM-
TEJIBHO YCIOXKHSETCS AaKe MPHU YXYIIIEHHbIX XapakTepuctukax. [Ipu 90 am
aHAJIOTOBOE NPOEKTUPOBAHME MPAKTUYECKU HEBO3MOXKHO. 3a MpeaeaaMu
90—-130 uM mporeccoB HacC KIAYyT (PYHIAMEHTAIbHBIE CXEMOTEXHUUYECKUE
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U DHEPreTUYECKUE OTPAHUYEHHUS, YTO MOTPeOyeT YIpaBieHUs MOTPeO-
JIIEMOM MOIIIHOCTHIO HAa CUCTEMHOM ypoBHE. B 3Toil cBsi3u HeoOXoauma
MOJJIEPKKA HOBBIX CEMENCTB MUKPOCXEM M TMOJXO0/0B K UX MPOCKTUPOBA-
HUIO, OPUEHTUPOBAHHBIX HAa CHUYKEHUE MOIIHOCTH, YJIy4IlI€HUE MPOU3BO-
JTUTEJIbHOCTHU MPU HU3KOBOJBTHOM MTUTAHUH.

[TosToMy HccaeoBaHMs, HAMPABJICHHBIE HA Pa3pabOTKy YIKOHOMMY-
HBIX (C TOYKHU 3pEHUs SHEPronoTpeOICHUs) CXEMOTEXHUYECKUX METOJIOB
MIOBBIIICHUSI OBICTPOJEHUCTBUS Pa3IMUHBIX OIEPAIMOHHBIX IPeoOpa3oBa-
TeJIe aHaJOTOBBIX CUTHAJIOB (omepanroHHbIX ycunutenei, HU ycunure-
JIel MOIIIHOCTH, BBIXOJHBIX KACKaJOB, IPOTPAMMUPYEMBIX HEMPEPHIBHBIX
CTaOUJIU3aTOPOB HANIPSDKEHUS U T.[1.), CIETYET OTHECTH K YUCITy HanboJiee
aKTyaJIbHBIX B COBPEMEHHOU MUKPOIJICKTPOHUKE.

TakuM 00pa3oM, TOCTATOYHO BaXKHBIM BOIIPOCOM JIJII MUKPOCXEMO-
TEXHUKH SIBJIACTCS W3YyUYCHUE HOBBIX APXUTEKTYPHBIX PEIICHUN, MO3BO-
JISIFOIIMX MOBBICUTH 0000IIEHHBIE KAYECTBEHHBIC MTOKA3aTEIN aHAJIOTOBBIX
MUKPOAJIEKTPOHHBIX U3ACIUHN, peAIM3yEMbIX Ha OCHOBE TOIMOJOTMYECKUX
HOpM 1-3 MKM. B mepcrekTuBe 3TO MO3BOJUT 0OECHIEYUTh OTHOCUTEIb-
HYI0O HE3aBHCHUMOCTb OTE€UECTBEHHBIX CHCTEM PaJUO3JIECKTPOHHOI'O MPO-
busis U BBINYCK HEOOXOJIMMOM HOMEHKJIATYPhl aHAJIOIOBBIX MHUKPOCXEM
Pa3IMYHOTO YPOBHSI MHTETPAIlMd HAa YPOBHE MUKPOHHOW TEXHOJOTHH.
VYkazaHHyto npo0JieMy B psifie ClIydaeB yaa€Tcs PelInTh MyTEM CO3JaHUS
HOBOI'O TIOKOJICHUSI MPUHIMIIHAIBHBIX CXEM, OOECIEUMBAIOIIUX Kapu-
HaJIbHO€ YMEHBIIICHUE CTETEHU BJIMSHUS aKTUBHBIX KOMIIOHEHTOB U HeE-
JIMHEMHBIX PEKUMOB MX paOOThl HA PE3YIbTUPYIONINE JUHAMUYECKHE Xa-
PAKTEPUCTUKH U MapameTpbl AM.

KadecTBeHHBIE TTOKa3aTeM JOCTATOYHO IIMPOKOTO Kjlacca CUCTEM U
YCTPOMCTB PaMOTEXHUKH, TPUOOPOCTPOCHUSI, CBSI3U, aBTOMATUKHU CYIIIE-
CTBEHHO 3aBHUCST OT JUHAMUYECKHUX IMapaMeTPOB OJHOI'O M3 CaMbIX pac-
MPOCTPAHEHHBIX (YHKIMOHAIBHBIX AHAJIOTOBBIX y3710B POA — mmpokorno-
JIOCHBIX OIEPALMOHHBIX ycuimuTee. CoBepIIEHCTBOBAHUIO MUKPOCXEM JIaH-
HOTO KJjacca yniensiercss Oojbiioe BHUMaHue (dupmamu Analog Devices,
Texas Instruments, Burr-Brown, Maxim, Philips, Harris, National Semicon-
ductor u np., KOTOpbIe B HacToOsIIEee BpeMs TOMUHUPYIOT B Poccuu Ha
ATOM PBIHKE MHUKPORJICKTPOHHBIX H3ACIHUN. B 3TON CBSI3M Il MHOTHX
NPEANPUITHI, B TOM YHUCJE BBIMTYCKAIOIIUX CHEITEXHUKY, OCOOCHHO aKTy-
aJbHBIM CTAHOBUTCS PEIICHUE 33Ja4M UMIIOPTO3aMenleHus okoio 20 Tu-
OB ONEPAIMOHHBIX YCUIIUTENECH ¢ mapaMeTpaMu, MPEBOCXOJAIMIMMU HUX
3apyOeKHbIC aHAJIOTH.



He MeHee BaXXHBIM MECTOM aHAJIOTOBOM MHKPOCXEMOTEXHUKH B CO-
BPEMEHHOM PaJMO3JIEKTPOHHOM ammaparype sSBJISIIOTCS TaMMbl (DYHKIIMO-
HaJbHBIX YCTPOUCTB Ha 0a3e MHorooOemaromniei rexnonorun Si/Ge. SiGe
BuKMOII TexHonorusi 3aHUMAeT CErojHsl JUAUPYIOIINE MO3UIMU B 00-
nactu usroroyieHuss CBUC nna uudpoBoit 00pabOTKM CUTHAJNIOB, TeJie-
KOMMYHHMKAIIMOHHBIX CHUCTEM W MHOTHX JPYIUX Ba)KHBIX MPAKTHYECKHX
MPUJIOKEHUH, YTO O0YCIOBJIEHO MPOCTOTOM MHTErpalyyd B CTaHAAPTHBIN
KMOII mnporecc, OTHOCHTEILHO HU3KOM CTOMMOCTBIO IPOU3BOJICTBA,
OOJBIIMM MPOIEHTOM BBIXOJAd TOAHBIX M BBICOKUM OBICTPOJAEHCTBUEM
puOOpPOB.

Kpynueiimne xommnanuu, takue kak IBM, Daimler-Benz, Phillips,
Hitachi, pa3pabarsiBatoT U NpOU3BOASIT UHTETPATILHBIE CXEMbI, OCHOBHBIM
KOMIIOHEHTOM KOTOPBIX SIBIIAIOTCA ObIcTpozeicTByromue SiGe ounossp-
HBIE TPAH3UCTOPBHI, ¢ TpaHndHbIMU yacToTaMu 100 I'To. Tak, komMmnanuen
IBM ObL10 MOKa3aHO, YTO T'paHWYHAas yacToTa SiGe reTepoOuIONspHbIX
TpaH3ucTopoB MoxkeT gocturate 210 I'Tu. C pa3ButuemM TEXHOIOTUU
S1;.xGex-CrIaBoB MOSIBUIIACH BO3MOXKHOCTH CO3JIaHUSI OBICTPOJEHCTBYIO-
ux MOII Tpan3uctopoB ¢ SiGe/Si KaHaIoM, YTO B MEPCIEKTUBE MO3BO-
JUT CO3/1aBaTh Ha MX OCHOBE ObIcTpojeiicTByronue KMOII Mmukpomorir-
HbIE€ CXEMBbI ¢ TpaHndHbIMU yacToTamu 40—50 I'T.

B y4ueOHO-MeTOauYecKOM MOCOOMHM paccMaTpUBAIOTCA METObI IO-
BBIIIEHUS OBICTPOJCHUCTBUS OINEPALMOHHBIX YCUIIUTENEH, pean3yeMbIX
110 MUKPOHHBIM, B YaCTHOCTH KomIiuieMeHTapHbIM 1 buKMOII texnono-
TUsIM, OCBOCHHBIM PAJIOM POCCUHCKUX MNpeAnpusTuid. boasmmHCTBO 00-
CYKJIa€MbIX HMXE CXEMOTEXHHYECKUX pelIieHUuN 3P(HEKTUBHBI U IJIs IPY-
IUX TEXHOJOTMYECKUX MpoLeccoB, Hampumep SiGe.

JlaHHOE y4eOHO-METOMYECKOe MOCOOHE MOCBSIIEHO OCOOEHHOCTAM
cxeMoTexHUKU OY ¢ HENMMHEWHBIMU NapajuielIbHbIMU KaHanamu. BeeneHa
pacmmpenHas kinaccudukamus OV ¢ ydéToM HECUMMETPUU UX 0OpaTHOM
CBSI3U B PEKHMME MaJoro M OOJBIIOrO CHUTHAJIOB, a TaKXKe IMOJISIPHOCTEH
BXOJHBIX HanpsbkeHui. [IpuBeaeHbl mpuMepbl NOCTPOEHUSI APXUTEKTYPbI
owicTpoaeiicTByronux OY.



1. IPOBJEMBI TEPMUHOJIOT'UA
U YCJOBHBIX OGO3HAUYEHUM

HecmoTps Ha oOLIECNPUHATYIO TEPMHUHOJIOTHIO, YCTOSIBILIEECS JIeTie-
HUE ONEPAMOHHBIX ycunuTeneld Ha OY ¢ o0paTHOW CBA3bIO M0 HANpsHKe-
Huto (OCH) u OV ¢ obpatHoii cBs3bio no Toky (TOC), cnegyer oOpaTuTh
BHMMaHUE Ha OIpEJEIEHHbIE MPOTUBOPEUYUS B TAKOM KJIACCHU(PUKAIUU.
JeiicTBUTENBHO, OOJiee TIyOOKOE PACCMOTPEHHUE CBOMCTB apXUTEKTYPHI
OY »3THX KJIaccoB ITOKa3bIBAaCT, YTO OHM 00a OTHOCITCA K aHAJIOIOBBIM
ycTporictBaM ¢ oOpatHoi cBs3bi0 (OC) mo HampsHKeHUIo B €€ Kiaccuye-
CKOM TpenacTaBiieHuu (Wi noreHiuanbHyro OC). Paznuyue coctouTt
TOJIBKO B CII0c00€ OpMHUPOBaHUS CUTHAJIA OIIMOKHA MEXKIY BXOJHBIMHU U
BBIXOJIHBIMU KoopauHatamu OV, KoTopas B MEPBOM CIy4yae HUMEET IOo-
TEHI[UAJIBHYIO COCTABJISIIONIYIO (Ugy), @ BO BTOPOM — TOKOBYIO (1om).

He coBceM KOppEKTHO Ha3bIBATh TPAHCUMIIEAAHCHBIMU YCUIIUTEIS-
mu OV ¢ TOC, T.k. 3TO oHATHE O0JICe obIIIEe.

Takum 00pa3oM, YCTOSIBIIASICS B AHAJIOTOBOM AJEKTPOHUKE TEPMHU-
HOJIOTHS, KOTOpas MpHU3HAHA BEIYIIMMHU 3apyO€KHBIMU U POCCUHUCKUMU
¢upMamu, paKTUYECKH TOMUHHUPYET HaJ (U3UYECKUM CMBICIOM U TOY-
HBIMA MaT€MaTUYE€CKUMH OIpeJeTeHUsIMU. B 3Toil CBA3M Npu JalIbHEH-
meM paccMoTpeHun OY ¢ NepCreKTUBHOW apXUTEKTypol OyaeM mpu-
JEP>KUBATHCS CIIOKUBIIMXCS B JAHHOM KJIACCE€ AJEKTPOHHBIX HU3JEIUl
TEPMHUHOB M ONpeeIeHU. ITO 00ECeUUT MPEeMCTBEHHOCTh HOBBIX Ha-
VUHBIX PE3YJIbTATOB U HUX COMNOCTABUMOCTb C pe3yJibTaTaMU JPYTUX HC-
CJICIOBAHUM.

2. PACHIMPEHHAA KIJACCUDOUKALIUA OY

CnoxuBlieecs B TEXHUYECKON JUTEpAType NEJICHHE apXUTEKTYpPbI
oneparmonHbix ycriureneid Ha OY ¢ TOC u OCH Ttpebyet ganbpHeHero
pa3ButTus. JleiCTBUTENbHO, HENTMHEHHBIE KOPPEKTUPYIOIIUE LIEH, MTOBbI-
matomue ObicTpoaeiicteue OY ¢ OCH u umeromue 30Hb HEUYBCTBU-
TEJbHOCTU HAa MPOXOAHOW XApAaKTEPUCTHKE, BECbMa YacTO BKIIIOYAKOTCA
TOJIbKO Ha OOJIBIIIOM CHUTHAJIE, PU KOTOPOM BO3HUKAET HEIMHEWHBIN pe-
KMM OCHOBHOI'O KaHalsa, u paborator kak ycuiautenau ¢ TOC. [Tostomy B
oonee obue knaccuukanuu OV ¢ pa3InyHbIMA OOPAaTHBIMH CBSI3IMU U
B X HAUMEHOBAaHUIX HEOOXOAUMO YKa3bIBATh:
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— TUI OOpaTHOM CBS3M MO OCHOBHOMY KaHAJly YCHUJICHHS Ha MajoM
curnaie (OCH uau TOC);
— TUI OOpaTHOM CBSI3U MO HEJIIMHEHHOMY NapajuieIbHOMY KaHATY YCH-

JeHus1, paboTaroneMy mpu mneperpy3ke OONbIINM CUTHAIIOM OCHOB-
Horo kaHana (OCH umu TOC).

B 310l cBSI3M BO3MOKHO YeThIpe TUIa 00paTHbIX cBsi3el B OV
— noTeHuuaidbHo-noTeHuanbHas (I1-I1);
— mnoteHuuanbHo-ToKoBas (I1-T);
— ToKoBoO-noTeHuanbHas (T-11);
— TokoBo-TokoBas (T-T).

IlepBoe CIIOBO B HAa3BaHUM XapaKTEPHU3YET TUI OOPATHOW CBS3U Ha
MaJIOM CUTHAJIE, a BTOPOE — Ha OOJIBIIOM.

Hanpumep, peanbubiii ycuinrens noakiacca II-IT (puc. 1) umeer
OCHOBHBIE BBICOKOYACTOTHBIE nu(depenimanbubie kackansl K2, J1K3 ¢
MaJIBIM HAaNpsDKEHUEM OTPAaHUYEHUs] M NapajUIeIbHO €MY BKJIIOYEHHBIN
MoctoBoi JIK1, umeromuii mMUpPOKUN Juamna3oH aKTUBHOW pPaOOTHI.
B npaktnueckux cirygasx MoctoBou JIK1 BbIMOJIHSETCS HA OCHOBE JIBYX-
TaKTHBIX SMUTTEPHBIX IOBTOPUTEIIEH.

Bex.1, o T Brix 1,

Beixi,, T % Brix1,,
BbIX.il_1 BI>IX.i2_1 JIK2

»
»

Bx.2

Bl e A -

»
»

£ £
Brix. 1, Brix. L,

I
JIK3 :
w| BBIX

Berx.'1, % BHkal23

Beix."i; O l Beix."i,

Puc. 1. [Tapannensnoe BkmroueHne MmoctoBoro JIK1 u knaccuueckux JIK2,
JK3 Ha n-p-n u p-n-p TpaH3uCTOpaX
(matent PCT US 99/21741, WO 00/19604)



B ycunurenax II-T (puc. 2) ToxoBass oOpaTHas CBSI3b BKIIFOYAETCS
TOJIbKO TMPU AUHAMHYECKON MEperpy3ke OCHOBHOI'O KaHAJIa YCUJICHUS,
MMEIOIIEr0 MAJIOCUTHAJIbHYIO OOpaTHYIO CBSI3b 110 HAMPSHKEHUIO.

o +

BLIX.il

s
v
(+) (-)
Bx.1 Yo Bx2 R2
O—y > —
el U, | Y
ucl ch

4’\/‘ i l )
— vV 2H R1
-
{ e
Oll.T

=)

(= A\ 4
hr — I1T2
'Kilz.z

*®
Brix.1

| o -
Puc. 2. Apxutrekrypa OY
C IIOTEHIMAILHO-TOKOBOM 00paTHOi1 cBs3bi0 (I11-T)

IIpumep moctpoeHus ycuimrensa noxakiacca T-T npusenéH Ha pu-
CyHKeE 3.

31ech mapaieIbHO OCHOBHOMY KaHAIy YCUJIEHUS (IBYXTaKTHOMY
AMUTTEpHOMY noBTOpUTENto DII1), paboTaroimemMy Ha MajloM CUTHaJIE Kak
YCWJINTENb C TOKOBOM OOpaTHOM CBSA3BIO, BKIOUEH HEIMHEHHBIN Mapai-
nenbHbI kaHan (HKL) ¢ HU3KOOMHBIM TOKOBBIM BXOJOM, KOTOPBI pado-
TaeT TOJBKO MPU JUHAMUYECKOMN MEepEerpy3Kke OCHOBHOI'O KaHAIa.

OcnoBHoe HazHaueHne HKII-koppekuus TnHaMU4YeCKOW MOTPENIHO-
CTH ABYXTAKTHOIO IpeoOpazoBarens «HamnpsbkeHue-Tok» (JI11), B kaue-
CTBE KOTOPOr0 Hau0oJee 4acTo UCHOIb3YETCS «OpUILINAHTOBBIN TPAH3H-
CTOp C WHEPLHOHHBIMM BXOJHBIMH 3MHUTTEPHBIMU MOBTOpPUTEIIMU. Bo
BpeMs (PpoHTa MEPEXOAHOrO Ipolecca JIBYXTAKTHBIN MpeoOpa3oBaTellb
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OII1 obecneunBaeT HEAOCTATOYHO KPYTOM (PPOHT BBIXOJHOTIO TOKA B y3JIi€
Brix.1; (BBIX.*il), YTO MPUBOJUT K YBEIWYECHUIO CHTHAJa PaccoriiacoBa-
HUsg Mexay 0a3zou Tpanzuctopa VI1 (VT2) u Beixogom nenurtens R2-R1
u nepexony VT1 (VT2) B akTUBHBIA peKUM Ha BpeMs (PpOHTA Mepexo-
HOT0 Mpolecca.

| O +
K IIT1
(+) ; ,ﬂ -(+)
1y, Bmx.l1 \lif
«
VT1 P L C
4;5 ,iS) X
M N
311 by Brix

B B2

Ao > |
—»>
lucl "i i) Iucz RI

Brix.1

7 | nm
i12.2

Puc. 3. Apxutrektypa OY ¢ TOKOBO-TOKOBOM 0OpaTHOM CBSI3bIO

Cxemy (puc. 3) pekomeHyeTcst ucoiib3oBaTh B OV ¢ npeaenbHbIM
obicTpoaeiicTBueM. OHa HamOosiee 3(pPEeKTUBHA NMPU MOBBIIIEHHBIX Ha-
npspokeHusix nutanus (E;=10+15 B).

Bo3MoxHO moctpoenne ycunmtens kiacca T-II, korma HeIMHEWMHBIN
KaHaJl peajau3yeTrcsi Ha ocHoBe aud@epeHInaIbHOro mnpeoOpa3zoBaTes
HaMpsKEHUE-TOK C MIUPOKUM JUANa30HOM aKTUBHOUM paOoThI (HampuMmep,
moctoBoi JIK), a ocHoBHO# kaHam TOC BXOIUT B peXUM OrpaHUUYECHUS
M3-3a MaJIbIX 3HAYEHUIN CTaTUYECKUX TOKOB €r0 BXOJHBIX TPAH3UCTOPOB U HE
oOecrieunBaeT OBICTPHIN Mepe3apsii KOppeKTUpyroiero kouaencaropa C.

B uwacTHOM ciywae, Korjga HE pacCMAaTPHUBACTCS PEKHUM OOJBIINUX
CUTHAJIOB WJIM OH NPUHIUIHAILHO HE BO3HUKAET MPU HAJICKAIIEM IO-
cTpoeHUM GYHKIIMOHAIBHBIX y3510B OV, 13 00001EHHON Ki1accuukanuu,
MpUBEIEHHOM B Tabmuiie 1, nmomydaercs TpaguiimonHas kiaaccuduxarms OV,
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Taonuna 1
Pacmupennast kjiaccupuranusi 00paTHbIX CBA3el
U PEKUMOB padoThl OCHOBHOI'0 M NMAPAJLIEJIbHOr0 Kanajaos OY

Tun obpaTHoO¥ cBsI3U .
. Cokpaniénnoe
Tun MaloCUrHAJIBHOM 10 TTapauIeIbHOMY
Haumenosanue . 9 0003HaueHNE
o oOpaTHOM CBSA3U KaHaJly TIpU HEeJIMHEN- o
oOpaTHOM CBSI3U oOpaTHOMI
110 OCHOBHOMY KaHaJIy |HOM PEXHUME OCHOBHOTO 31
KaHajia
IloTennuanrHasa OCH - I1
ToxkoBas TOC - T
[lorenmumansHo-
HOTEHIMAIbHAA OCH OCH II-I1
IloTeHnuuanpHO-
TOKOBAas OCH TOC II-T
Toxoso-
HOTCHIIMAaIbHAas TOC OCH T-11
ToxoBo-TOKOBasg TOC TOC T-T

bonee nerampHOE pacCMOTPEHHE CBOMCTB HM3BECTHBIX HEJIMHEHWHBIX
KOPPEKTUPYIOIIMX IIEMEN IMOKAa3bIBAET, YTO HEJIWHECHHBIN MapaIeIbHbBIN
KaHaJl, MOBBIIAOINUN ObIcTpoaeiicTBue OY B pexxuMe OOJIBIIOr0 CUTHA-
Ja, OBIBAET B PANIE CIy4aeB HECUMMETPUYHBIM I PA3JIMYHBIX MOJIAPHO-
CTEU BXOJHOTO HAMPSIKCHUS.

[ToaToMy panbHEHIIMM pa3BUTHEM MNPUHATON B Tabnuue 1 kiaccu-
¢ukanuu 1 0003HaUYEHUSAX OOpaTHBIX cBsize OY NOIKHBI OBITH MPU3HA-
KM, YUYUTBIBaIOIME TUN oTpuniatenbHoil oopatnou cBsazu (OCH umu TOC)
IUISL TIOJIOKUTEIIbHOM (H(+), T(+)) Y OTPULATEITBLHOU (H('), T(')) MOJIIPHOCTEU
BXOJIHOI'O CUTHajIa OOJIBIIION aMIUTUTY/IbI (Ta0d. 2).

Tabnunma 2
Knaccupurkanus oopatHbix cBsaseid B OY ¢ HeCMMMeTPUYHBIM
napauieJibHbIM KaHAJIOM JJISl OJIOKUTEIbHOU (+)
U OTPULATEJIbHOM (-) MOJSIPHOCTEH
BXO/JHOI'0 CUTHAJIA 00JIbIIOH AMILIUTY/bI

Tun o6paTHOIi cBA3M .
Tun manocur- | 1o papanrensaomy kanamy CoxpaméH-
HanMeHOBAHME HaJIbHOH 00- | npu HenuHeitHOM pexiMe HBIC
oBpaTHO cRu3m paTHOM CBsI3U OCHOBHOIO KaHAJA 0003HauYCHUS
10 OCHOBHO- 0OpaTHBIX
TIOJIOXKHUT. OTpHIIAT. .
My KaHay cBsI3eH
MOJIIPHOCTH | TIOJIIPHOCTH
1 2 3 4 5
IloTeHuuanpHO-
TOKOBas - OTEH-
muamsHas") OCH TOC" OCH" 1-1-n”
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Oxonuanue mabn. 2
1 2 3 4 5

IloTennuanrHO-
norenmuansao’ -
TokoBas"” OCH OCH" ToCY I-11-1¢
IloTennuanrHO-
norenmuansao’ -
noTeHnuanbpHas’’ OCH OCH® OCH" -119-11¢
IloTeHnnuanrHO-
TokoBas' - ToKo-
as” OCH TOC™ ToCY I1-T4-1¢
ToxkoBasi-nmoTeHIIN-
anpuo -
noTeHnuanbpHas’’ TOC OCH® OCH" T-11-11®
ToxkoBasi-nmoTeHIIN-
anbuo'-rokosas"” TOC OCH" TOCY T-1"-1®
TokoBas-TokoBas' -
noTeHnuanbpHas’’ TOC TOC™ OCH" T-T4-11°
TokoBas-TokoBast' -
TokoBas"” TOC TOC™ ToCY T-T-TO

3. BBIGOP TAPAMETPOB JIJUHEMHOMN
U HEJJUHEMHOM OBPATHBIX CBA3EN

OnuH U3 BaXXHBIX BONpPOCOB cuHTe3a OV ¢ nyanbHbIMU (IO MPUHS-
TOM BBIIIE KIACCU(PUKAILIMU) TUIIAMU OOpATHBIX CBS3€M HAa MaJlOM U
OOJIBLIOM CUTHAJaX COCTOMT B BBIOOPE PE3UCTOPOB OOPATHOU CBSI3H, MPHU
KOTOPBIX 00€CIIEUYNBAETCS OJIMHAKOBAsI KPYTU3HA YCUIIEHUSI 0000IEHHOTO
Pa3sHOCTHOTO CUTHAJA U, =U, — U, [PU MalbIX U OOJNBIIMX BXOJIHBIX Ha-

HpH)KeHI/IHX. TaK, JJIA CTpYKTypBI pI/ICYHKa 2
R u
() o g i) a2 1
. p R1 +R2 ay 2.1 R2 ( )

e Sy = tgy, =isy /U, — KPyTH3HA NPEOOPa3OBaHUS BXOHOTO HAIpS-

)KEHUS B BBIXOAHOUW TOK /[Y B OCHOBHOM KaHa-
JIe YCUJIEHUS.
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Jisi MUHUMH3AaUUK BBIOPOCOB HAa TNEPEXOJHOW XapaKTEPUCTHKE
3aMkHyTOro OV (puc. 2) MOXHO HOTpeOOBaTh HACHTUYHBIX 3HAYCHUI
COMHOXKHTEJIEH IpU IEPEMEHHON U, B hopmyute (1).

R 1
LS

LA 2
R,+R, ™ R, (2)
JlaHHOE ypaBHEHUE MOKHO IIPUBECTU K BULY
1
Rz = (3)

Spy =V ’
roe y, =R;".
YcnoBue puzndeckoil peannzyeMocTy orpaHuueHus (3) cBOAUTCA K
HEPABEHCTBY
Sy >Ri. 4)
Becbma yacTto, Hanpumep, B MOcTOBbIX Y (puc. 2), kpyrtusHa Spy
OIIPENENSIETCS. KOHKPETHBIM PE3UCTOPOM R, M MOYTH HE 3aBUCHUT OT MHa-
paMeTpoB aKTHBHBIX JIEMEHTOB, T.e. S;y =R;'. Torma orpaHudenue mo
(pM3UYECKON peanm3yeMOCTH CXEMbI CBOJMUTCSI K BBIOOPY €€ 3JIEMEHTOB B
COOTBETCTBUHU C (HhOpMyJIaMU
R, >R, =Sy
. )
Sy =V
Orpanuuenus (5) cienyeT paccMaTpuBaTh COBMECTHO C YpaBHEHUSI-
MU i1 KO3(DPUUIHMEHTOB Mepeiadyr Mo HanpsiKeHUIo 3aMkHyToro OY Ha

) =

manoM (K ) u 6omemom (K)) curmanax
K() =122 =KL, ©)
1
Cnenyer 3ametuTs, 4to pe3uctopsl R1, R2 u xpytusHa Spy BIusroT
Takke Ha yctoiuuBocTh OY U mepeperyiupoBaHue (BbIOpOC) Ha mepe-
XOJIHOM MPOIECCE Ugyx(t), MO3TOMY pe3uctop R2, CyliecTBEHHO BIIUAIO-
M Ha paboTy MapajuleIbHOrO KaHalla, JOJIKEH BBIOMPAThCS C YUETOM
TpamuuuoHHbIX 17151 OY ¢ TOC orpanndeHuil.
AHaoOru4HbIM 00pa3oM MOTYT ObITH CPOPMYIUPOBAHBI TPEOOBAHUS
K 2JIEMEHTaM 00paTHOM CBsI3U U JUIs Apyrux nojakiaccoB OV (tadm. 1, 2).
ba3oBbie ciocOOBI MOAKIIOUEHUS MapajlIeIbHbIX KaHAJIOB IMpHUBEE-
HBI B Ta0IMIIE 3.
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Taonunoa 3
Ba3oBblie crioco0bl MOAKIIYEHUA MAPALIEJILHOT0 KaHala

[IpuHnunuansHas cxema

T 77 .
i(-)BLIX.Z E SZ |/ E
N |
Berx.1.9 2 T
7 JIK1
Bx.™ _ . 5y
] ( )' N2 Yo ] Boix.
U, B ©
AK2 (+) T CI
Bx.1 IXT 2%, Bx.2 R2
> —
/2 |Uv1-[l,l12 LT
BbIX.*iZ% 2*& BBIX. “““““““ |/ T2
5 K
v |
| | o -

Puc. 1. O600ménHas cxema BKIIOUCHHS HETMHEHHBIX MapauIeIbHBIX KaHAJIOB

Onncanne. OCHOBHOM MPEIM3UOHHBIN KaHAJ YCUJIEHUS] MAJIOTO CUTHaIa BKIIFOYAET
JIK1 ¢ BBICOKOOMHBIM BbIXOAOM U Oydepubiii ycunutens bY. Henuneitnsiit napain-
JIeBHBIN KaHan conepxuT nuddepennuansubiii kackan [IK2 ¢ pacmmpenasiM qua-
Ma30HOM aKTUBHOW pabOThl, XapaKTEepU3YyIOMIMIiCS B O0IIEM Cily4ae 30HOW HEUYBCT-
BuTenbHOCTH Uy, 1 BeIxogHble oBTOpuTenu Toka IIT1, [IT2. B uneanbHom cityuae
HeoOxouMo, yToObI npu TUnoBoM noctpoenun K1 moporosoe Hampspkenue K2
yaosietBopsuio ycioBuio U,=50 MB. Takoii pexxum obGecriedMBaeT BBIKIIOYCHHOE
cocrostaue IIT1, I1T2 Ha manoMm curHane, 4T0 MUHUMU3HUPYET UX BIUSHHUE HA CTa-
THYECKHUE TOTPEITHOCTH.

KpyTusna npoxoaHoi XxapaKTepUCTUKN HETMHENHOTO KOPPEKTUPYIOLIErO KaHala
Ha 00JIBIIOM CUTHAJIE JOJKHA COOTBETCTBOBAaTh KpyTusHe JIK1.

B pexume nunammueckoi neperpysku kinaccuyeckoro JIK1 Bkimrouaercs Henu-
HEWHBIN napauienbHblil kKaHa JIK2. O9To npuBOAUT K YBEIWYEHHUIO CKOPOCTHU Tepe-
3apsiaa éMkocTd C, U TOBBIIICHAIO 3

BBIX *

Cxema OY MOXET Take HUCIOJIb30BaThCSA B pexUMe UHBepTUpYyromero (puc. 1)
Y HEMHBEPTHUPYIOUIETO (pUC. 2) BKIIOUEHUS.
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Ilpooondcenue maon. 3

[IpuHIMnuanbpHas cxema

OcHoBHasi 0COOEHHOCTh CXEMBbI PUCYHKA 3 B OTJIMYUE OT CXEMbI pUCYHKA 2 — He-
MHBEPTUPYIOLUN Oy(epHbIl ycUIuTeNnb, B KaueCTBE KOTOPOro LeJIeco00pa3Ho uc-
M0JIb30BaTh KJIACCHUYECKHUE IBYXTAaKTHbIE KacCKaJbl, Hampumep, «OpHILITHAHTOBBICY
TPaH3UCTOPBI.

IIT1 7
o +
i©)
1 BBIX.1 BBIXI SZ |/
i S
R2
| —
JIK1 i
Bx. Rl ) : K’: TT1 BY

o—[ 1 > IZT/_ Beix.
u® ) > - ————oO

12 U, Uy, J_

. ) i e

iBI)IX.l 1" Bx.2 ii(_)HTz

Bx.1 4 v
o L
11T2
Bex.1
1 i(_)*BbD(.l SZ

O _

Puc. 2. UuBepTupytouee BrioyeHue OY

OcHoBHoe TpeOoBanue k JIK2 — manbie BXogHbie TOKHM 1Mo Bxogam Bx.1, Bx.2, a
TaK)Ke PACIHIMPCHHBIA JMANa30H aKTUBHOH pabOThI, YTO IO3BOJSCT 0OOECIICYUTh
CpPaBHUTEIBHO OOJBIINE TOKU Tiepe3apsana éMkoctu Cy (i(+)nT1, i(')mz) ", KaK CJIEJICT-
BHE, CYIICCTBEHHOC IOBBIMICHUE CKOPOCTH HApACTaHUS BBIXOAHOTO HAIPSHKCHHUS
oVv.

Ty = o+
A4
T
BBIx i, J) 1 | N
. 10 D — !
Bx.() & 1(+)BHX.1 ) I[ L.~ OL 1(+)HT1 By
o ' > LA — v \» Brix.
] :12 N +1 O
+ u(+)12\ © ‘ Urp — > _L
u ;
l I[KZ J_ 1(+)2 CK
i R2
BBIX 1 Bx.2
Bx.1 f R i —
/41* U, Yy, | S—
. § i
R1 IHTzz 0 & v o U
i(_)BI)IX_l HT2 :r ________________ “_i
BhIx. ], > K
I i |
A/ |
: o -

Puc. 3. O0o0ménnas cxema HeIuHetHON Koppekiuu BxoaHoro JIK1
B HemHBepTUpytonieM OY ¢ HEMHBEPTUPYIOMHUM Oy(hEepHBIM YCHIIUTEIEM
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Oxonuanue maoi. 3

IIpuHIMnuanbpHas cxema

IIT1 -
i(Jr)Bbe.Z H SZ |/
M N
2 Boixi. e
i i L= 0 R2
- i) I
Bx. ) IK1 o o '—|By
O—‘: > I12 u ) .
* : U, A
Sll( )12 ® Y | " 4«_1_ 7 +1 ———O
l + —,_—> D { -
! 1
cl (\ HI_Q J_ i(*)HTZ 2ICK
lB},IX 2. BX2 ROC 1
B .1 O— ] N
’ AU e T § 1= 0
© o i N i | e T2
Beix.'i, SZ
| .

Puc. 4. O6o0ménnas cxema HeauHetHOW Koppekiuu BxogHoro K1
B nHBepTHpyoomeM OY ¢ HeMHBEPTUPYIOMIMM Oy(hEepHBIM YCHUIIUTEIEM

4. APXUTEKTYPA OY C IBYMS MAPAJLIEJIBHBIMUA
YETBIPEXITOJIOCHUKAMM OGPATHOM CBSA3HU

B apxurekTypax, mnpeacraBieHHbIX B Tabmumax 1, 2, cyiiecTtByer
XKECTKas B3aMMOCBSI3b NApaMETPOB LN OOpaTHOW CBSI3U, OINpPENETsIo-
el MakCMMAJIbHYIO CKOPOCTh HapacTaHWs BBIXOJAHOTO HAMNPSIKEHUS U
Ko3(ppuLKMeHTOB nepenayu no HanpsbkeHuto B OV, a Takke napamerpamu
YCTOMYMBOCTU. DTO HAKJIAJbIBAET MHOIJa OrPaHUYEHUS HAa (U3UUYECKYIO
peanu3yeMoCcTh KOHKpPETHbIX cxeM. [loaToMy B psizie ciydaeB 1enecoo0-
Pa3HO MPUMEHUTH NapaUICIbHOE BKIOYEHHUE JIBYX YETHIPEXIOIIOCHUKOB
o0paTHO# CBs3U, «oOcayxuBaromux» padory OY nHa manom (R1, R2) u
OT/CJILHO Ha OOJIBIIIOM (Rl*, RZ*) curHanax (puc. 4).

B xauectBe HenuHeitHOM koppekTupyroment nenu (HKL) moryt npu-
MEHSThCA CUMMETPUYHBIE U HECUMMETPUYHBIE TPAH3UCTOPHBIE KaCKabl
KaK C HU3KWM, TaK ¥ C BBICOKMM BXOJHBIMH CONMPOTHUBICHUSAMU. [Ipumep
noctpoenns HKI] ¢ HU3K0OMHBIM TOKOBBIM BXOJIOM TOKa3aH Ha PUCYHKE 3.
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JIK1
i LW
5

1 by
—
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4‘_ —_—
i T

H[E RI

1
R2

Puc. 4. Henuneiinas koppekuus B Heunseptupyromem OV npu K > 1

ot 1
IIT1 :
|
V4 |
! .
| N
l_ ________ __l i R
1
BBIX.il -
(+
JIK1 Llrm m R,
- 3 (+) () BY
1
> IIT 1 \:CK
Bx ﬂsx > > +1 +—0 BeIx
o +; ‘ qu C _L u
[“(T) T | !
C (=
I i)
(=)
L T2
i R
Bxi —» 2
1
ld | |
-«
i) )
o 1
I1T2
| 1
! <
| |
BI;I;.'1 i SZ i
| | °

Puc. 5. ®yHKIMOHAIbHAS CXeMa ONEPALMOHHOTO YCUJIUTEIIA
C ABYMS YETHIPEXIIOIIOCHUKAMU OOPAaTHOM CBSI3H
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Jlnst obecniedeHrss OTMHAKOBBIX 3HAYEHWHM KPYTHU3HBI IIpeoOpas3oBa-
HHSA 000OMIEHHOIO Pa3HOCTHOTO HAIPSIKEHUS U, = U, — U, B IPHPALICHHE

Toka éMKOCTH Cy Ha MajoM U OOJIBIIIOM CUTHaJIaX B cXeMe (pHC. 5) J0JIK-
HO BBITIOJTHSTHCS PAaBEHCTBO
RiSpy _ 1 o
—.
R,+R;, R,
OnunakoBbie KOA(GPUITMEHTH TIepeadl HANPsSHKSHUH Ha MaJioM U
OOJIBIITOM CHUTHAJIAX PEATH3YIOTCS, €CIIN
R, R,
22 (8)
Rl Rl

CoBMmecTHOe pelieHue ypaBHeHuil (7), (8) mo3BoJIIET 00ECIEUUTh

BBIOOP IAapaMeTPOB YETHIPEXIIONIOCHUKOB 00paTHOIt cBssu R1, R2 u R},
R’. Iloatomy B OV (puc. 5)
R5R;S;y =R, +R,

\ , 9)
R,R] =R,R;
N3 (7) u (9) BeITEKAET, YTO
R- R g
R}Spy —1
R, =R5(R{Syy —1)>0. (10)

R, =R (K[} -1)>0

Cucrema ypaBHenuit (10) siBisiercst ocHOBOM i cuHte3a OY ¢ nBy-
MsI YETHIPEXTTIOIFIOCHUKAMU 00pPaTHOM CBS3BIO.

5. IPUMEPHBI TIOCTPOEHUA
HEJUHEHWHBIX MAPAJUIEJIBHBIX KAHAJIOB

[Ipu cuntese ueneit HenuueHo koppekuu (HKL) ObicTponeiicT-
Byromux OY mpUXOIHUTCA TakKe pemiarh 3a1a4y MUHAMU3AIUN UX BIIMS-
HHSl HA CTAaTUYECKHUE MapaMeTpbl, YACTOTY €AUHUYHOTO YCHIICHUS, BXOM-
HYI0 €MKOCTb, IIyMbI U T.J1. O01ue npuniunsl noakmodenuss HKI k Tu-
NnoBeIM Kackagam OY monydwiv IIUPOKOE NPUMEHEHUE B aHAJIOTOBBIX
MHUKPOCXEMaX HOBOT'O MOKOJICHHUS.
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[IpuBenénnas Ha pucyHke 6 cxema ObicTpojelcTByroniero OY nme-
Gt 2 -, 5
€T B COOTBETCTBUM C Tabiuiei 2 kiaccupuKaluio BUAA . Jra
- +

CXEMa HECUMMETPUYHA OTHOCHUTEIBHO BXOJIOB Bx.17, Bx.2" u MTOJISIPHO-
cTel curHajga oopaTHoi cBs3u. [lepegaya OONBIIUX CUTHAIOB B EMKOCTh
Ck obecrnieunBaeTcsl yrpapisieMbiM UCTOYHUKOM Toka YUT u TOKOBBIM
3epkanom IIT1.

o+

Brix.

p— e
< <
.[
;
'
'
|
'
—
el
A

Puc. 6. [Ipumep nocrpoenus OvicTpoaeiicTByroniero OY
nonkinacca [I-T-I17 (nmarent US 6.831.515, 2004 r.)

OnepauMOHHBIA yCUIUTENb (pUC. 7) COOTBETCTBYET CTPYKTYpE
I1-T-TO, KoTopas BkiItouaet nuddepenunanbabie kackaasl JK1 u JIK2.

DTy cxemy 1Leaecoo0pa3Ho MCIOIb30BaTh B TEX CIIydasiX, KOrja He-
00xouMo OoJibiioe ycuieHue pazoMkayroro OV. Ilepenauy manoro cur-
Hana oOecrneunBaeT npenu3noHHbii K1 Ha Tpansuctopax VTI, VT2 c
aKTUBHOM Harpy3kou Ha nosrtoputene Toka [IT1 m TokoBBIM 3epkanom
IIT2 B obmieit amutrepHoit nenu JIK1, koTropoe ynpapisieTcss TpaH3UCTO-
poM VT4 nenuneitnoro nuddepenunansuoro kackaga JIK2. 3oHa HeuyB-
CTBUTEJILHOCTH HEJIMHENHOTO napasienbHoro kanana JIK2 U,=+0,6 B.

B crarndeckoM pexume HamnpsHKEHHUE IMUTTEp-0a3a TPaH3UCTOPOB
VT3, VT4 0nu3Kko K HY/IIO, 4TO 00ECIIeUNBAET UX MUHUMAJIBHOE BJIMSTHUE
Ha 3.71.C. CMELIEHUsI HyJIsl U BXOJHbIE TOKK 0azoBoro kackana JIK1.
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Puc. 7. OnepaiinoHHbIN YCUIIATEND MOAKIIAcCa I1-T%-10
(aBT. cBua. CCCP Ne 469975, 1973 r.)

B pexnme nuaamuueckou neperpy3ku K1, xoropas Hactynaer
npu Up>50 MB, BKIIIOYaeTCss HENMHEMHBIM TapajuieibHbIA KaHan V13
(VT4), uto NpuBOIUT K YBEIUUYECHUIO CKOPOCTH nepe3apsiaa EMKocTu Cy.

Pesuctop R1 ompenenser KpyTu3Hy HMPOXONHOW XapaKTEPUCTHKH
HEJIMHEWMHOr0 MapaJljIeIbHOTO KaHala Ha OOJIbIIOM CHUTHajle, a TakKkKe
BJIMSIET HA YKBUBAJIEHTHOE COMPOTUBIICHUE MeX Ay Bxojgamu OY. Ero npo-
BOJIMMOCTH JIOJI’KHA COOTBETCTBOBAaTh KpyTusHe ycuieHus /K1 Ha manom
CUTHaJIe, KOTOpas 3aBUCUT OT YPOBHS CTaTUYECKOI'O TOKA IMUTTEPA TPaH-
suctopa VT1 (VT2).

Ynpoménnaa cxema OY moxakiacca II-T(+)-T(-) ¢upmbr National
Semiconductor LM 6142, kotopas siBisiercst Mogudukanueit OV (puc. 7),
MPUBEICHA HA PUCYHKE &.
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VT2
Bx.01
o = l/
NS N
VTI1
o
BBIX.*il T

Puc. 8. Apxurekrypa mukpocxemsl LM 6142
Ha KOMIUIEMEHTAPHBIX Kackajiax (IMoJKiacc H-T(+)-T('))

Henvuelinpli napamienbHbld KaHATI UMEET 30HY HEYYBCTBUTEJIBHO-
ctu U, =10,6B. Iloatomy OV (puc. 8) ocobeHHo 3¢pPexTuBeH npu mno-

BBIIIICHHBIX HAMPSHKEHUSAX MUTAHUS U OOJBIIMX UMITYJIBCHBIX WM BBICO-
KOYaCTOTHBIX TAPMOHMYECKUX CUTHAJIAX.

Cxema OY noxknacca IT-IT7-110) npuBeacHa Ha pucyHke 9. Ha eé
OCHOBE PEAIN3YIOTCA ONEPALMOHHBIE YCUIUTEIN C UHBEPTUPYIOIIUM bY,
a TpU HCMHOJb30BAaHWM KOMILUIEMEHTApPHBIX BXOJHBIX KackaaoB — OY
Kiacca rail-to-rail mo BeIxomy.
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Puc. 9. Apxurekrypa OV noaknacca I1-11-11¢)
(aBT. cBua. CCCP 469975, 1973 r.)

Opnna u3 npoOiaeM COBPEMEHHON MUKPOCXEMOTEXHHUKU OBICTPOJIEH-
cTBytomnX OY — HellMHeHAsA KOPPEKLHS «IEPETHYTHIX» KACKOJIOB, KOTO-
pbI€ OTHOCATCS K YHMCITy HauOoJiee MIMPOKONOJIOCHBIX YCHIIUTENEH. JTa 3a-
nauda pemaercst B OV (puc. 10), koTopasi OTHOCUTCS K MOAKIIACCY TL-I1-11°,

MocroBoit BxogHoi kackan OV (puc. 10) peannzoBaH Ha OCHOBE
IBYX UIEHTUYHBIX OyepHbiX ycunuteneit bY 1, bY2, nanpumep, «Opui-
JIMAHTOBBIX» TPAH3UCTOPOB, BBIXOJbI KOTOPBIX COCAUHEHBI YEpe3 pPe3H-
ctop Roy. DTOT pesucrop onpenensier KpyTu3Hy npeoOpa3oBaHus BXOHO-
ro auddepenimansHoro curiaina OY B npupainieHuss TokoB bY 1 1o BbI-
XoJaM BBIX.*il u Brix.1;. Eciu kosdunmenTsl nepegaun noBTOpUTEIICH
toka IIT1, IIT2 OGAu3Kku K €AUHUIE, TO JOMOJHUTEIbHBIE TOKH, 3aps-
xaromye (paspsoxaroniue) EMKOCTh Koppekinu Cg, ONpenesitoTcsl pe3u-
cTOpoM Ry ¥ MOTYT OBITh BECbMa 3HAYUTEIIbHBIMU.
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Puc. 10. ITpumenenue moctoBoro JIK (bY1, bY2, IIT1, I1T2)
B kauectBe HKII «tiepernyroro» kackoaa (Y1) (moakmacc I1-11-110)

[Ipn HEOOXOAMMOCTH 30HAa HEUYBCTBUTEIHHOCTH MOCTOBOI'O BXOJ-
HOI'O KAacKaJla yCTaHABJIMBACTCSI CXEMOTEXHUYECKUM MYTEM WJIA 34 CUYET
BBIOOpa pexrMa TPaH3UCTOpOB OydepHbix yeunuteneit bY 1, BY2.

BbICOKOUACTOTHBIN MPEM3UOHHBIA KaHAJl YCUIICHHS PEaju30BaH Ha
ocHoBe nuddepenunansHoro ycunurens Y1 ¢ BBICOKUM BBIXOJHBIM CO-
MPOTUBJIEHUEM — «IIEPETHYTOM» KacKOJE€, KOTOPBIM MMeeT HeOOJbIIoe
HaIpsyKeHUE OTPaHUYCHHUS.

B kauectBe BY3 Moryr mcnosib30BaThCs KJIACCUUYECKHE BBIXOIHBIC
KacKaJbl, B TOM 4HCJe «OpUIUIMAHTOBBIE» TpaH3UCTOpPbl. OCHOBHOE Tpe-
ooBanue k bY1, bBY2, BY3 — orcyrcTBue TUHAMUYECKOU NEPErPY3KHU MPU
paborte ¢ OonbmMMHU curHagaMu. OIHAKO pelIeHUE ITOU 3a7auM CBSA3aHO
¢ (popcupoBaHKHEM MPOLIECCOB Iepe3apsiia NapasuTHBIX EMKOCTEH B Ha-
IPY3KE€ BXOJHBIX SMHUTTEPHBIX MOBTOPUTENEH, BXOASAUIUX B CTPYKTYPY
bYI1-bY3.
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B Tabmmiax 4-9 npuBeeHbl CXEMbl, XapaKTEPU3YIOIIHUE OCOOEHHOCTH

IIOAKITFOUCHU A HEJIUMHEHNHBIX MnapaJuICJIbHBIX KaHAJIOB B OIICPAIMOHHBIX YCH-

JIUTENSX C PA3IMYHOM apXUTEKTYPOU BXOAHBIX U BBIXOAHBIX KACKAIOB.

Tabnuna 4
IHapaJssieabHbIe KaHAJBI B YHUBepcaibHOM OY
OcCHOBHBIC
[IpuHiunuansHas cxema
3aBUCHUMOCTH
R
+) _ 2
om [ + Kl(-l =1+ R_
v |
T, = R
52 3 ER y BOCY21.1 3
D ’ ) o R !
ﬂ ] Yo =R,
R1 Vs *(0) .
Bx® K1 ,/ EV1 Y21 ~ Rl
| N /C, BrIX.
TR o D vau
R2 € 0, ~
EV3 R2 CK
+1 |« 3 _ Rl
R1 BOC -
R, +R,
I1T2
Y Nl

Omnucanue. [Ipenn3noHHbI KaHan ycuiaeHns Maioro curiaina OY BKIIOYaeT Kiac-
cuueckuii /IK1 ¢ BBICOKOOMHBIM BbIXOAOM U OydepHbiil yeunurens bY 1. Henuneit-
HBIM TapaiieNibHbIN KaHall coliepkuT Oydepusie ycunurenu bY2, BY3 u Tpansu-
cropsl VT1, VT2, ynpasnsromue nosropuresnssmu Tokos [1T1, ITT2.

B cratuuyeckom pexrme HeOOJbIIOE HAIpPSKEHHE SMUTTEp-0a3a TPaH3UCTOPOB
VT1, VT2 (U, =0,3+0,4B) ycraHaBnuBaeTcsi COOTBETCTBYIOIIUM CMEICHHEM

BBIXOJHOT0 noTeHuuana oydepusix ycmnureneit bY2, bY1, uro obecneunBaeTcs ux
COOTBETCTBYIOIINM MOCTPOEHUEM.

B pexume nunamuueckoil meperpysku JIK1 Bo Bpems ¢poHTa nepexogHoro
npoluecca BKIItoyaeTcsi HeluHenHbli kaHan ycunenus (VT1, VT2), yto npuBoauT k
CYILLIECTBEHHOMY YBEJIHMUYEHUIO CKOpOCTH rnepesapsaa éMkoctu C,. OcHOBHOE Tpebo-
BaHue kK bY?2, BY3 — manbie BXOJHbBIE TOKH M BBICOKOE BXOJIHOE COMPOTHUBJICHHUE.

Pesuctopsl R1, R2 onpenenstor KpyTu3Hy IPOXOJAHON XapaKTEPUCTUKU BXOIHO-

%
ro Kackaja Y,; , Ha OoibIIOM curHane. /[y yMeHbIIEHUs NMEpEperyIMpOBaHHs X

MIPOBOIMMOCTb JOJDKHA COOTBETCTBOBaTh KpyTu3He ycuineHus /K1 na manom cur-

*
Hate (Y, 1 ® ¥y1)-
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Tabnunma 5

Cnoco0bI yCTAHOBJICHHS CTATHYECKOI0 Pe:KUMA TPAH3UCTOPOB
NAPAJLIeJIbHOT0 KaHAJIA

IIpuHIMnuanpHas cxema

Bx.2 JIK1 BY3

o—_{ 3 - C

. RI Tt o
— T T (}BHX
Bx.1 +1

o / jUO
e

4 L

cl

Bx.2 JIK1 bYy2
o— Sh C, {} Bhix
| R1 1 —o
| +

— [ T

BY1

6)
Puc. 1. Opranuszanusi HeJIMHEMHOTO KaHaa ycuiieHus: 6ompiioro curHana B OV,
VMMEIOIIET0 BHEIIHHUM BBIBOJ OT EMKOCTH Koppekiuu Cy

26




Tabnuma 6
[MapasuenbHbie KaHadbl B OY
HA OCHOBE KOMILIEMEHTAPHbIX KACKA/10B

OCHOBHBIE
3aBUCUMOCTHU

U,~U,

[IpuHiunuansHas cxema

%k
+ ~
© Yor1 ® Yol

*(+ -1
Yz(l.l) ~R,

Bx.™1 -

*(— -1
Y2(1.1) ~ R,
1
VT7 W, = chK
Ty ~R,y,

VT1

VT6 BLIX.Z

o~

VT8

VT3

I/ VT10
N |

Omucanue: OY pucynka 1 coaep’uT Npeuru3MOHHBIN KaHAJI YCHJICHUS MaJOrO CHT-
Hana « VT1-IIT1-BeixogHOM Kackamy) W HEJIWHEWHBIN KaHAT C PEryJIupyeMoil 30HOU
HEUYYBCTBUTEJIHHOCTH JJIsl OOJIBIIIOTO CUTHAJA Ha ocHOBE Tpan3uctopoB VT10, VT1
u nnopropurens Toka [IT1, coznaroniero JONOJIHUTENBHBIA TOK NIEpe3apsiaa EMKOCTH
koppekuuu Cy.

[Ipu oTpuLaTENbHBIX Uy, paOOTAaET CUMMETPUYHBIN KaHaJ Ha TpaH3ucTtopax VT9,
VT3 u IIT2. 30Ha HEUYBCTBUTEIBHOCTH HEJIMHEWHBIX MapajlieIbHbIX KaHAJIOB yC-
TaHaBJIMBAETCsS AByXMnomatocHukamu VD2 u VDI1.

B kauecTtBe OydepHOro ycUnuTeNs UCIOJIb3yeTcs KIaCCHUEeCKUM BBIXOJAHOM Kac-
KaJl Ha «OpWITMaHTOBBIX)» TPAH3UCTOPAX.

[IpoBogumocTts pe3uctopoB R1=R2 nomxHa ObITH paBHa CyMMapHOW KpYTHU3HE
YCUJIEHUS BXOJHBIX KacKaJloB Ha TpaHizucropax VI1-VT4.
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Ilpooondicenue maoa.

OCHOBHEIE
[IpuHiunuansHas cxema
3aBHCUMOCTH
*
Y211 ® Y211
| ’ o + *( ) 1
+ —
ey T OF Yari ® Ry
1 *-) LR
Yoi1 *Ry
+
VTI1 VT2 T ~ R,
y ~
2
I Un*Up
Bx.1 ! Bx.(2
— 3 +—o o ~ You.1
C, B~ C
ucl 12 K
VT3 VT4 -
VT4
1160 ) o —
'Kilz.z CT} 14
I , o .
Puc. 2

Onucanme: Coaepxut (A5 MOJOKUTEIBHON MOISIPHOCTH Uyy) MPEUU3UOHHBIA Ka-
Hal ycwieHusa Manoro curHaina VT1-VT2, [IT1-bY u HenuHelHbld KaHAI C PEeryJin-
pyeMoi 30HOM HEUyBCTBUTEIBHOCTH Ui OOJBIIOIO CUTHAJa Ha OCHOBE TPAaH3HCTO-
poB VT4, VT1 u nosropurens toka IIT1, cozgaroniero 10noJHATENBHBIA TOK NIEpe-
3apsana éMkoctu koppekuuu C,. [Ipu oTpUIaTeNbHBIX Uy, pa0OTAaET CUMMETPUYHBIN
kaHan Ha Tpansucropax VT3, VTS5 u IIT2. 3oHa HEUyBCTBUTEIbHOCTH HEIUHEMHBIX
MapajyIeIbHbIX KaHAJIOB yCTaHaBIMBaeTCs AByxnoitrocHukaMu VDN2 u VDNI.

B kauectBe OydepHoro ycunurens bBY MoryT npumeHSThCS KIacCHYECKHUE BbI-
XOJIHBIE KacKaJbl Ha KOMIUIEMEHTAPHBIX TPAH3UCTOPAX.

[IpoBogumocTts pesuctopoB R1=R2 nomxHa ObITH paBHA CyMMapHON KpyTHU3HE
YCUJIEHUSI BXOJHBIX KacKaJoB Ha TpaHizucropax VI1-VT4.
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Ilpooonicenue maon. 6

OCHOBHEIE
[IpuHiunuansHas cxema
3aBHCUMOCTH
o + ~
| m Kini1 -1
g \’;Km_l Kijpp = -1
Kill.l ~
o ——a Kijj2 # 1
1 Kijpno -1
: VT2 |
*
R1 Yor1® Y211
1 * —
Bx.kl y2(1+1) ~ Rl 1
(] O] BY
Bx.1 Bx. Brix U ] O 6B
o— ——O0— 4 o II >
| T e, D T ~ R
Bx.x2 i Bttt y yle
R2
____________ .
IE
I1T2
JR
> _/J'
K.
» 11—1.2/:-I<i12.2
| o
Puc. 3

Onucanme: OcHOBHAas OCOOEHHOCTb CXEMbl — BKJIIOUEHUE MapajlieIbHO Mpelu3u-
oHHoMmy nupdepenunanbHomy kackaay K1 ([AK2) nenuneiiHoro mapamieiabHOTO
kaHana Ha Tpanzucrope VTS5 (VT6) c 3o0H0i1 HeuyBcTBUTENbHOCTH U, = 0,5-0,6B.
IIpn maneix curnanax tpanzuctopel VI5-VT6 HaxomsaTcs B peXMME OTCEUKH U
MPAKTUYECKU HE BIUSIOT HA paboTy cxeMbl. Ecnu HampsikeHne Mexay Bxogamu OY
npessimaer 0,6B — BkItoyaeTcsi «TokoBasi 00paTHask CBA3b», UTO MPUBOAMUT K MOSIB-
nenuto B nenu « VIS-IITI» («VT6-11T2») 3HauuTENbHBIX JOMOIHUTEIBHBIX TOKOB,
MIPONOPLUUOHAIBHBIX CUTHAJY pacCOIIaCOBAHMS. B KOHEUHOM MTOre 3TO MOBBIIAET

CKOPOCTB nepe3apsiia éMKkocTu Cy M, KaK CIeJCTBUE, YBEIUUUBACT Iy, , -

Brenenue HenuueitHoro napaniensHoro kanana (VTS, VT6), obecniednBaromnero
0osbIIMEe UMITYJIbCHBIE TOKU B éMKOCTH C, BO BpeMs (pOHTa MEePEeX0JHOr0 Mpolec-
ca, HECKOJIBKO YMEHBIIIaeT TeMIlepaTypy Harpesa TpanzuctopoB VT1-VT4 npenu-
3uoHHbIX JIK1, JIK2, 4TO MOBBIIIAET CTATUYECKYIO TOUHOCTH OY.

MaxkcruManbpHasi aMILTUTY/JIa TOKOB, (POPCUPYIOLIUX MpoIlecc nepesapsaaa EMKOCTH
Cy, 3aBUCHUT OT CONPOTHUBIICHUS pe3uctopos R1, R2.
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Oxonuanue mao.i.

IIpuHIMnuanpHas cxema

i
IIT1
\;Kilz.l
I<i11.1
i,
K1 c
IVT1 : 1
i F VT2 i T
| | BY2
i ' R1 Brix k1
i | +1
: VT3 L
i i
i i Byl
| t e BVl
) e e 3 ©)
Bx.1 Bx.2 ‘ ") Brix
] T \/A/
T T T T T |
: 1
! + ! Bx.k2
| VT6 |
i L R2 BY3
1 1
i i +1
i w i Brix.K2
i VT4 i
1 1
| VT3 |
A )
HK2 112
K/a'
i11.2
'Kilz.z

Puc. 4. beictponeiictBytonuii OY ¢ yMEHBIIEHHONW BXOJHON EMKOCTBIO

---------------- T1
I Vv J
1 J O
VT3 VT4
VT1 VT2
: WAL R
VTS
4 BV
BrIx.
ﬁ?ll r B
Bx.®1 . ¢
o—1 - Bx.02 I *
—O
N
é i
I
: VTVTIO
VT6 VT7 ™
pa—
ﬂ O g RZ[H
VT8 Vo
T2

Puc. 5. Cnoco6 HenuHenHOM KOppeKIuu B KaCKOIHBIX Y
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Tabnuna 7
HennBepTUpYOMIMHA ONIEPANMOHHBIH YCHJINTEIb
C IBYMS YeTHIPEXIMOJIOCHUKAMHU 00PATHOM CBSI3H

OCHOBHEIE
[IpuHunuansHas cxema
3aBUCUMOCTHU
*
Yor1 ®Yo11
MT1} g o + N
! o * *
| N R Yar1 ® R,
________________ B R3 R; Ty ~ R3Y21.1B0c
T Un ~ O,6B
VTl |VT2 R,
Bx.41 JIK1 D BY1 _ Rl
o K K < ) C, Brx. BOC - R R
z _L > +1 O 2 + 1
1 T
| S|
R1
mr2f ’
X
A4

Onucanue. Coaep>XKUT OCHOBHOM KaHall yCWJICHHUS C KJIACCMUECKOM O0OpaTHOM CBS-
3bI0 IO HANPSKEHUIO, PEAIM30BaHHbIN HA OCHOBE AU pepeHnnansHoro kackaaa 1 u
oydepnoro ycunutens bY1. Otu QyHKIIMOHATBHBIE Y3]IbI 00ECIIEUUBAIOT MPEIU3H-
OHHOE€ YCHJICHHE MAJIOTO CHTHaja, 3aBHUCSIIEE OT COOTHOLIECHUS PEe3UCTOPOB Ry 1
Roc.Z-

B pexxume nunamudeckoii neperpysku BxonHoro JIK1 B paboTy BkitouaeTcst He-
JIMHEWHBIN NapajulesbHbI KaHal Ha TpansucTtopax VT1, VT2 u noBropurensax Toka
IIT1, IIT2, xoTopbie opcupyroT mpoiecchl mnepezapsna EMKOCcTH C,, TMOBBIIIAs

9

BbBIX *
o * *
AOCOJIIOTHBIC 3HAYEHUSI COMPOTUBJICHUN pe3ucTopoB R .1, R o, B Ilenmu TOKo-
BoM oOpaTHo# cBsizu (VT1, VT2) n0mKHbI ObITH 3HAYUTENHHO MEHBIIE a0COTIOTHBIX
3HaUYCHHUM R, | U Ryer UETHIPEXTIOMIOCHUKA OOPATHOM CBSI3U M0 HAIIPSIKEHUIO.
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Tabnuna 8
HeunBeprupyromuii OY ¢ HeJIMHEHON KOppeKuue
BXOJHOI'0 KACKA/1a U BBIXOJHOI0 0ydepHOro ycuaurTess

OcCHOBHBIE
[IpuHiunuansHas cxema
3aBHCHMOCTH
k
fresemnenannes : Y211 ® Y211
IT1 | ' o+
| | | ") A RS
i \/ § VT3 Yarr ® 82
v : - ¥ ) o R7!
o N N L Yoi1 B Ry
S— ¥ s N
— — g Ty ¥R,
VTl | VT2 Iy | ~
Bxl | J ) JIK1 v i L BVl U, ~0,6B
o S > + Al _ o Beix.

K

N — —o ~ Y211
i [, W, ~
u(*)BX Lol : C
Bx N

CHIT2 | VT4

. o -

Onucanme. PekoMeHayercs NpUMEHATh B KaueCcTBE ObICTPOAEHCTBYIOLIETO MOBTO-
putens HanpspkeHus co 100 % oOpatHoi cBs3bi0. CoepKUT NPELU3UOHHBIN KaHal
ycunenuss manoro curtana JKI1-BY1 m HennHeWHbI KaHaja ¢ 30HOM HEUYBCTBU-
TEJIBHOCTH JJIs OOJBIIOro CUrHajia Ha ocHoBe TpaH3uctopoB VT1, VT2 u noBTopu-
tenet Toka IIT1, IIT2, co3marommx AOMOJHUTENBHBIA TOK MEpe3apsna EMKOCTH
koppekiuu C,. OcHOBHasi 0COOEHHOCTh CXEMbI — HEJIMHEWHAST KOPPEKIIUS IMHUTTEP-
HBIX ToBTOpHUTeNel B OydepHoMm ycunutene BY1 Ha ocHOBe «OpUIIMAHTOBOIO»
TpaH3ucTOpa, KoTopas obecneunBaercs ¢ nomoipo VI3 (VT4). D10 mo3pomsier
MOJIyYUTh OOJiee BBICOKHE 3HAUEHUS MAKCUMalIbHOW CKOPOCTH HApacTaHUsSl BBIXO/I-
HOTO HaIlpsKEHUS.

B kauectBe Oy(epHOro ycuiautens MOTyT MPUMEHSTHCS KIAaCCHUECKHE BBIXOJ-
HbIE KacKaJbl Ha KOMIUIEMEHTapHBIX TPAH3UCTOPAX.

[IpoBogumocTts pe3uctopoB R1=R2 nomxkna ObITh paBHAa KPYTHU3HE YCHIICHUS
JIK1 Ha MajoM curHare.
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[MapaJjuiesibHbIC KAHAJBI

Tabnuma 9

C peryJiupyemMoii 30HOM HeYyBCTBUTEJIbHOCTH

OcHOBHBIE
[IpuHiunuansHas cxema
3aBUCHMOCTH
____________________ kO - _Ro
1Tl + m R
AV > !
NG Ty = BOCYZI.IRa
+Ecl R2 R
° T — B = 1
Bx. RI -+ 7K1 BY1 ¢ R, +R,
— ™
T
V2ogs | Z TG %
-E,, vr2 [T
O—K I112 I:' R,
AV
Puc. 1. Henunelinas xoppekuus Bxognoro J(K1
B MHBEPTUPYIOLIEM BKiIroueHuu OY
; - __Ry
VT2 AV W I TIT1 Kn - R
+E S i 1 1
___________ - Ry =R, =y,
R2 B Rl
+ =
- oc
R3 R, +R,
E, =Var
Bx Rl VT3 Kl ¢
o] ~d c, Bux E,, = Var
VTI 4 L ! —
R4 €T
VT4

Puc. 2. HenuHeiitHas KOPpEeKLHUs C PETYJIUPYEMON 30HOM
HEUYYBCTBHUTEJIHHOCTH
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SAK/TIOYEHUE

BOAbIIMHCTBO COBPEMEHHBIX OBICTPOJECHCTBYIOIINUX ONEPAMOHHBIX
YCUWJIMTENEH BEAYIIUX MUKPOIJIEKTPOHHBIX (UPM, B TOM UYHCIIE POCCUU-
CKHMX, XapAaKTEPU3YIOTCS CPEIHHMHU 3HAYEHUSIMU MAaKCHMAaJIbHOU CKOpO-
CTU HapacTaHusi BbixoaHoro Hampsbkenus (100-500 B/mxkc). D10 00y-
CJIOBJIEHO HEPAIlMOHAJIBHBIM MOCTPOCHUEM HX apXUTEKTYpbl, & TaKKe
CXEMOTEXHUKH BXOJHOIO M IMPOMEKYTOYHOIO KacKaJoOB, KOTOPBIM MpPH-
CYILI HEJIMHENHBIE PEKUMBI.

JlanpHeWee ynydlIeHUEe TUHAMHAYECKUX MapaMeTPOB ONEpPaIMOH-
HBIX YCUJIUTEJIEN 3aBUCUT HE TOJILKO OT JIOCTHXKEHUM B 00JACTH MOTYIIPO-
BOJHHUKOBBIX TE€XHOJIOTMM, HO U OT UX CTPYKTYPHBIX M CXEMOTEXHHUYE-
CKHMX PEHICHU, TPUMEHEHHUE NMEPCHEKTUBHBIX (DYHKIIMOHAIBHBIX Y3JIOB, B
YaCTHOCTH, BXOJHBIX KaCKaJOB C LETSIMU HEJIMHEMHON KOPPEKIIUU.

Paccmorpennass B mocobum pacmmpeHHas kiaccudukamus OY c
y4E€TOM HECUMMETPHUU X OOPATHOM CBSI3M B PEKUME MAJOro U OOJBIIOrO
CUTHAJIOB, a TAKXK€ MOJISIPHOCTEW BXOAHBIX HAIPSKEHHUM IMO3BOJSAET OLle-
HUTH cBoMcTBa OY M COPUEHTHPOBATHCA B MHOTOOOpa3uu MPUBEAEHHBIX
MPUMEPOB PA3IUYHBIX apXUTEKTYyp ObicTpoaeicTBytomux OY ¢ HelnHEH-
HbiMU napauienbHbiMu kKaHanamu (HIIK). [IpuBenénnbie cxeMbl XapakTe-
pu3ytloT ocobenHoctu nojkiaodeHus HIIK B onepalimoOHHBIX yCUIUTENSIX
C Pa3IMYHOM apXWUTEKTYPOM BXOJHBIX M BBIXOAHBIX KackanoB — OV Ha
OCHOBE KOMIUIEMEHTAPHBIX KackasoB, OY ¢ yMEHBbIICHHON BXOOHOU EM-
KOCThI0, KackoaHbIX OV, OV ¢ aByMsl 4eTHIPEXIIOIIOCHUKAMU 00paTHOM
cBsi3u, OY ¢ HEIMHENHOW KOPPEKIHMENW BXOJHOTO KAacKaJla U BBIXOJHOTO
oydepnoro ycunurens, OY ¢ peryaupyemMoi 30HOH HEUYBCTBUTEILHOCTH
u 1.4. llepcnektuBHOMN siBisieTca apxutTekrypa OY ¢ naBymsa mapaiieib-
HBIMU YETBIPEXIIOIIOCHUKAMHU 0OpaTHOM CBsI3M, oOecrieunBaronas nperu-
3MOHHOE YCWJIIEHME MAJIOr0 CUTHaja, 3aBUCSIIEE OT COOTHOLICHUS PE3U-
CTOPOB OOpaTHOM CBSI3H.

Pe3ynbTaTel MOAEIMPOBAHUS APXUTEKTYP XOPOIIO COIIACYIOTCS C
TEOPETUYECKUMU BBIBOAAMH U TTOATBEPKAAIOT UX CBOMCTBA.
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YCJIOBHBIE OBO3HAYEHUA

Taboauma 1

YcioBHbIE 0003HAYEHHS B AHAJIOTOBBIX YCTPOHCTBAX,
AHAJIOTOBBIX MUKPOCXeMaX U UX (PYHKIMOHAJIBHBIX y3J1aX

IIpumeyanue,
O603Ha-
- HanmenoBaHue npuMep
0003Ha4YeHHUs
1 2 3
A oO11iee 0003HaUCHNE AaHATIOTOBON MUKPOCXEMBI Al, A2...
win e€ PYHKIIMOHAIILHOTO Yy3JI1a

oy ONEPallMOHHBIN YCUIINTENb OV1,0V2...

MOY | MyJIbTUBXOJOBOU ONEPALIMOHHBINA YCUJIUTEIb
JOVY | tudbdepenunanbHblii ONEepaMOHHbIN YCUIUTENb

Yy b depeHuranbHblid YCHIIUTETh V1

JK b depeHnranbHbIi Kackay JK1

BxK BXOJHOM Kackag OY BxK1

Py pELIAOIINN YCUIIUTEND, BBITIOJIHEHHBIA Ha OocHOBEe | PVY1, PY2...

OV ¢ 06patHOl CBSI3BIO
IIT IIOBTOPUTEIb TOKA, TOKOBOE 3epKayo ¢ K; ~1 IITI1, IIT2...
bT «OPUIITUAHTOBBINY» TPAH3UCTOP bT1, BT2...
MJZIK | moctoBoit nuddepennmanbabii kackas (quad- MJIK1,
core) MJIK2...
DIS dual input stage — BxoiHO#M kackan Ha ocHOBe nByx | DIS1, DIS2
napajjiebHO BKIIOUEHHBIX 110 BXOAy nuddepen-
LMAJIbHBIX YCUJIUTENEN HAa Pa3HOTUIIHBIX TPAH3U-
cTopax (komriemeHTapHbiii 1Y)

I1K IIPOMEXKYTOUHBIN Kackag OY IIK1, TIK2...
BK, BY | BeixonHo# kackana, Oypepubiit yeunutens OY bY1,bY2...
03, OB, | cxema BKIIIOUEHHUS TPAH3UCTOPOB C OOIIUM IMUT- -

OK TepoM, oO11ei 0a30i1, OOIUM KOJIJIEKTOPOM

I1eK «IEPETHYTHIN KACKOJ

KY KaCKOJIHbIM YCUJINTENb

KJAY | xackonublil nuddepeHImanbHbli yCUITUTENb

1y LIMPOKOIIOJIOCHBIN YCUJIUTEIIb

ny VHBEPTUPYIOIUN YCUIIUTEIIb

YT ycumutens Tokac R, =0, R, =0

HY HEUHBEPTUPYIOLIUN YCUIUTEID

YH ycunurens Hanpspkernsic R, =0, R, =0

ITH
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Oxonuanue maon. 1

| 2 3
OIl OMUTTEPHBIN TOBTOPUTEIID
RRB BBIXOJHOM Kackaj ¢ omiuel rail-to-rail
BRR BXOJHOM Kackaj ¢ ommue rail-to-rail
JOI1 JBYXTaKTHBIM YMUTTEPHBIA [IOBTOPUTEIL
ITHT npeo0pa3oBaTeNb «HAIPSHKEHUE-TOK
NOT MCTOYHUK OIIOPHOI'0 TOKa
UT UCTOYHUK TOKA
YUT YyIPaBJIsI€MbI UCTOYHHUK TOKA
AH AKTUBHAs Harpyska
YAH ylpasisieMas akTUBHAsI Harpys3kKa
All AHAJIOTOBBIN ITIEPEMHOXKUTEIb IBYX HAIIPSKEHUN
OCH oOpaTHasi CBS3b IO HANPSKEHUIO
TOC TOKOBasi 00paTHas CBsI3b
Tabnuna 2
Toxu 1 HaNpPsIZKEHUs B JJIEKTPOHHBIX CXeMax.
Tonosoruyeckue npeacTaBJIeHUs
IIpumeyanue,
O6o03HaueHue HaumenoBanue npuMep
0003HaYEHUS
| 2 3
LUP MOCTOSIHHBIN TOK, HAIPSIKEHUE, MOIII- U4
HOCTb
> 1
1,u,p MIEPEMEHHBIN TOK, HANPSHKEHUE, MOIII- u
Hocth U = U _sin(mi + @) t
A
Ly, U, P AMIUIUTYAHOE 3HAUYEHUE TOKA, HaMps- u

KCHUA, MOIIHOCTHU

i(t), u(t), p(t)

MTIHOBEHHBIN TOK, HAIIPSIDKCHUC, MOIIL-

1(t) =U + U sinwi

HOCTh
Imaxs Umax> Pmax | MAKCUMAJIbHBIE TOKA W HAIIPSKEHUS Lnax 1
En HanpsHKEHWEe UCTOYHUKA NMTATAHUS
EM ED) HaIps)KEHHUE MOJIOKUTEIBHOTO U OT- EW, El(jg)
PHULIATEBHOTO HCTOYHUKOB MTUTAHUS
Ip, I; WCTOYHUK OIIOPHOI'0 TOKA L, L., I Iy
U HWCTOYHUK ONIOPHOI'O HANPSKEHUSA Uon1, Uona
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OxkoHuaHue maon.

2

3

E

HaIlPAKCHUC LCTIM CMCIICHHA CTATU-
YCCKOI'O IIOTCHIHMAJIa

+Ecl 9 'ECZ

Ugx.1, Ucel, U1

HaIpsDKEHUE Ha TIEPBOM BXoj1€ -
(hepeHIMAIPHOTO YCUIIUTENISI OTHOCH-
TEJILHO OOIIEN IIWHBI

Ugx.2, Ue2, U2

HaIpsDKEHWE Ha BTOPOM BXoje Aud-
(hepeHIMAIBHOTO YCUIIUTENIS OTHOCH-
TEJILHO OOIIEN IIIUHBI

Ugx, U12

MpUpALEHUE HATIPSHKEHUS MEXKITY
BX0JaMu T PepeHInaTbHOTO YCUITU-
TeNs

BX cl

- ucz

U

cuH(a3zHoe BXo/iHOe HanpsbkeHue 1Y

u, =05, +u,)

uBbIX ) uH

BBIXOJHOC HAIIPSKCHUC, HAIIPAKCHUC
Ha COIIPOTUBJICHUU HAT'PY3KHU

eBX) EBX

3.J1.C. BXOJIHOTO CUTHAJIa U €r0 aMILIN-
Tyaa

TOIOJIOTUYECKOE MTPEJICTABIICHUE TOKA
B DJIEKTPOHHOM CXEME

I — mocTOsIHHBIN TOK

1 — MepeMEHHBIN TOK

TOIMOJIOTHUYCCKOC MPCACTABICHHUC HA-
HpH)KCHI/Iﬁ B 3JICKTPOHHBIX CXCMaX

TOITOJJOTHUYCCKOC MPCACTABICHHUC TOKA

1u HaIIPSKCHUA U Ha JIBYXITIOJIFOCHU-KE
R

BO3MOXHbBIE HaIllpaBJIeHUs IEPEeMEH-
HBIX TOKOB 1 B OMTIOJIIPHOM TpaH3H-
cTOpe (AKTUBHBIN pexuM)
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ITapameTpbl MMIIEJAHCOB

Tabnuia 3

IIpumeyanue,
O6o03HaueHue HaumenoBanue npuMep
0003HaYEeHUs
y, = Rl—l MPOBOAUMOCTB pe3uctopa R Yoy Yig---
Rix BXOJHOE TU(depeHIInanbHOe CONPOTUBICHHE | Ry, | =
JY Mexy HTHBEpTUPYIOIIUM U HEUHBEPTH-
PYIOIIUM BXOJIaMH
Ri” BXOJIHO€ COIPOTUBIIEHUE (IIPOBOAUMOCTD)
(Yo Y IUIsl CHH(A3HOTO CUTHAJIA 110 HEMHBEPTH-
bl Ted )| pyromemy Bxoay OY (JIY)
Rg_) BXOJIHO€ COIPOTUBIIEHUE (IIPOBOAUMOCTD) Rg), RS) ,
Y YO ISl CHH(A3HOT'O CUTHAJIA 110 UHBEPTUPYIO- +)
e Top /| memy Bxomy OV (JIY) Yeo
Ry 3¢ (PeKTUBHOE CONPOTUBIIEHUE JBYXITOIIOC-
Huka Ri
Ry conpoTuBieHue Harpy3ku OV wnm ero noj-
CXEMBbI
R, (Ry) AKBUBAJIEHTHOE CONPOTHUBIICHHUE, BKIIFOUEHHOE
napajijieIbHO KOPPEKTUPYIOIIEMY KOH/IEHCa-
topy C, OY
Cy émkocTth Harpysku JIY (OY)
Cex BxojiHas éMkocTh JIY (OY)
Cop.i srddexTrBHas EMKOCTh KoHJeHcaTopa Ci
RlHRz napajieibHOe COEeIMHEHHE IBYX PE3UCTOPOB
R] u R2
Tabnuna 4

OcHoBHbBIE 0003HAYEHUS BX0A0B, BBIX0/10B MUKPOCXEMbI

U ¢¢ QYHKUMOHAJIBbHBIX Y3JI0B

IIpumeyanue,
O06o3HayeHue HaumenoBanue npuMep
0003HaYEeHUs
1 2 3
Bx.1 0003HaueHue NepBoro Bxoaa nuddepeHiu-

anpHOTO yewmrens (OY)

Bx.2 o003HavYeHue BTOPOro Bxoja auddepeHiiu-
anpHOTO yewmrens (OY)
Brix.i 0003HaYeHHUE MEPBOr0 TOKOBOT'O BBIXO/A

g depeHInaITbHOr0 YCUIUTENs, COTIaco-
BaHHOTO C ITMHOHN TOJIOKUTEILHOTO UCTOY-
HUKa MTUTaHUS, 00eCIIeYNBAIOIIETO NHBEPCHIO
(da3el oTHOCUTENBHO TIepBOTO BXoaa Y (OV)
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OxkoHuanue maon. 4

2

3

BrIX.15

0003HaYeHUE BTOPOTO TOKOBOT'O BBIXOA A (-
(hepeHIMAIBHOTO YCUITUTEIS, COTJIACOBAHHOTO
C IIIMHOM TOJIOKUTEILHOTO UCTOYHUKA ITHTA-
HUs1, 00€CTeurBaoOIIero HyJIeBoi (a3oBbIi
CIBUT OTHOCHUTEJIbHO TepBoro Bxoaa 1Y (OVY)

E
Brix .1;

0003HaYeHHUE TIEPBOr0 TOKOBOT'O BhIXOAa AU(-
(hepeHIMAIBHOTO YCUITUTEISI, COTJIACOBAaHHOTO
C IMHOW OTPULIATEILHOTO UCTOYHUKA MTUTA-
HUS, ¢ UHBepcuel (pa3bl OTHOCUTEIIBHO TIEPBO-
ro BXoja

E
Brix .1,

0003HaYeHUEe BTOPOTO TOKOBOI'O BBIXOJA AUD-
(bepeHIHaIbHOIO YCUIIUTENS, COINIACOBAaHHOIO
C IUMHOW OTPULIATENILHOIO UCTOYHUKA ITUTA-
HUs1, 00€CTIeurBaIOIIEero HyIeBOU (a30oBbIil
CIABHUI' OTHOCHUTEJIBLHO IIEPBOr0 BXOAa

Beix

TIOTEHIMAITBHBIN BIXO]T yermmTeltst (ToacxeMbl OY)

IToncTpoYHbIe HHACKCHI

Tabnuma 5

0O003Ha-
YyeHHe

HaumenoBanue

IIpumeyanue,
npuMep
0003HaYEHUS

‘BX

MHJIEKC BXOJIOB U BXOJHBIX BEJIMYUH aHAIIOTO-
BOI'0 YCTPOWCTBA

uBX

*BBIX

MHJIEKC BBIXOJOB U BBIXOJHBIX BEJINYMH aHAJIO-
rOBOI'0 YCTPOMCTBA

1BbIX ) uBbIX

HHACKC HAT'PY3KH

IH) 1lH

HHACKC CI/IH(1)33HOFO CHUT'HaJI1a

‘max

HMHACKC MaKCHUMAJIBHBIX 3HAUYCHUU

I

HMHACKC 'PAHUYIHBIX 3HAUYCHUU

MHJIEKC MPUHAJICKHOCTH MapaMeTpa K yCUIu-
TENI0 C TOKOBON 00OpaTHOH CBSI3bIO

MHJIEKC MPUHAAJICKHOCTH MapaMeTpa K yCUIIu-
TENI0 ¢ 00paTHOM CBA3BIO M0 HANPSKEHUIO

R2H

MHJEKC MPUHAMJIEKHOCTH K YCUITUTEIIbHBIM
napaMerpam pazoMkHyroro OY

MHJEKC MPUHAMJIEKHOCTH K YCUITUTEIIbHBIM
napaMmerpam 3aMkHyroro OY
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HajacTpoyHbie HHIECKCHI

Tabnuia 6

O0o03HaueHue

HaumenoBanue

IIpumeyanue,
npuMep
0003HaYEHUS

OTPHUHATCIIBbHOI'O UCTOYHHKA ITUTAHUS

HMHACKC BbIXOA4, COTJIaCOBAHHOI'O C IIHHOM *

1 pix.2

roBOM MUKPOCXCMbI

HMHACKC BCIIOMOI'aTCJIIBHOI'O BbIXOJ4d aHAJI0-

]Bmx.l

CPCAHUX 4aCTOT

HHACKC CTAaTHUYCCKOI'O pCKuMad, JHalra3oHa

KO

Tabnuia 7

IlapameTpsl yCHJICHHUS M IIepeJaYd CUTHAJIOB

O0o3Haue-
HHUE

HaumenoBanue

IIpumeyanue,
npuMep
0003HaYEHUS

2

3

koappuruent ycunenus Y (OY) unun
€T0 TIOJICXEMBI 110 HATIPSKECHUIO MEKTY
WHBEPTUPYIOIINM W HEWHBEPTUPYIOLTUM
BXOJaMH, MOIYJIb KOMIIEKCHOTO KO3 (-
¢urmenTa nepenaun K,

u J—

BX

BXOOAHOC

nuddepeHanbHoe
HaIpsHDKCHHE

b depeHunanbHbli KOAOPUIUEHT yCu-
JICHUS TTOJICXEMBI

MaKCHUMAJIbBHOC 3HAUYCHUC KO3(1)(1)I/H_II/ICHT21
YCHUIICHUA Ky B AUAIIa30HC CPCOAHUX YaC-

TOT

KO3 (PUIMEHT yCUIIeHHUS 110 TOKY (PyHK-
uoHaiabHoro y3ia OV npu R, ~0

ocC

Kod(pPUIIMEHT mepenauun 1Mo HanpsKe-
HUIO YETHIPEXIIOTIOCHIUKA 00PaTHOM CBSI-
3u PY

T (Ty)

netaeBoe ycwieHue PY B cxeme ¢ oOpar-
HOU CBA3BIO

Tor, Ty, Ty 1 T. 1.

W(io)

cxemHas QpyHkius kackaaa, OY, noa-
cxembl OY

K03 PUIMEHT Mepeadn 1Mo HaIpsKe-
HUIO pemaroniero ycunutens (PY) ¢ yué-
TOM OOpaTHOM CBSI3U

ml
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OxkoHuaHue maon. 7

1 2 3
K Kor(dpULMEeHT nepeau HEeMHBEPTH- Kl(:g
pyromiero PY no HanpsikeHUo
K K03 PULIMEHT nepeaul HHBEPTUPYIO- Kl(q_T)
ero PY no HanpskeHuro
1 KpyTH3HA MpeoOpa3oBaHUs BXOHOTO u, — cuHpasHoe
Sep = u_c cundasnoro curnana u. JIY (OY) B ero | yanpsixenue
BBIXOJTHOM TOK 1gyx
S - 1o KpYTU3HA IPe0Opa30BaHUsl BXOJAHOIO u, — BXOJHOE
ne E muddepennpanbaoro Hanpsbkenus Y b depeHnnaIbHoe
(OY) uzx B €T0 BBIXOJTHOM TOK Igyx HAIIPSKCHHE
u, . | KosbduueHt nepegaun cuHPpazHOTO u, — cuHpasHoe
Ky = u, | BXOIHOro HampsvkeHus 1Y (OY) Hanpsokenne Y
(OY)
K oe.ct k03¢ punneHT ocnabaeHus BXOAHOTO K- K,
cuH(paznoro curnana /[y (OY) oceh K,
K., k03¢ punneHt nonasnenus nomexu 1Y
10 MUTaHWIO
Sy (¥a1) KpyTHU3Ha NpeoOpa30oBaHUs BXOIHOTO
HANPSDKEHUS B BBIXOJHOW TOK YCHIIU-
TEJIBHOTO KacKaJa
Tabnauna 8
BaxHeiue napamMerpsl 1 KOOPAMHATHI CTATHYECKOI'0 PesKUMA
OMIOJISIPHOTO TPAH3UCTOPA
O6o3HATe- IIpumeyanue,
- HaumenoBanue npuMep
0003HaYeHusIs
1 2 3
O b depeHnraIbHOE COTPOTUBICHUE IMUT- T51, T2
Iy = I, TEPHOI'O IEpexo1a
B KO3 (PUIIMEHT YyCUIICHHS 110 TOKY 0a3bl By By
o KO3 (PUIIMEHT yCUIIEHHS IO TOKY SMUTTEpA o, O,
Ik COMPOTHUBIICHUE 3aKPBITOTO KOJIEKTOPHOTO Tx1> Txn
nepexojaa
Css €MKOCTh KOJUIEKTOp-0a3a Cso1, Cio2
Cy €MKOCTBh MEX/1Y KOJUIEKTOPOM TPaH3UCTOpa U Cut> Cin
ITOJI0KKOM
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OxkoHuanue maon. 8

1 2 3
I, CTaTUYECKUN TOK SMUTTEPA L, I
I CTaTUYECKUN TOK KOJUJIEKTOpPA L, Lo
Is CTaTUYECKHUM TOK 0a3bl Is1, Is2
Tox 00BbEMHOE COMPOTUBIIEHUE KOJIJIEKTOPa Toxl
Uss HaIpsDKeHUE SMUTTEP-0a3a B CTATUYECKOM Uss.1
pexuMe
U HaIpsDKEHUE KOJUIEKTOp-0a3a B CTATUYECKOM Use.1
pexuMe
Ue HANPSKEHUE KOJUIEKTOP-OMUTTEP B CTaTHYE- Ui
CKOM PEKUME
Lo 0oOpaTHBIN TOK KOJIJIEKTOPHOTO TIepexo/ia Lo
Lo 0oOpaTHBIN TOK YMUTTEPHOTO Tepexo/ia Lo
Tabnuma 9

BaxHeiue napamMerpsl 1 KOOPAMHATHI CTATHYECKOI'0 Pe:KUMA
[0JIEBOr0 TPAH3HCTOPA

O603Hate- IIpumeyanue,
HaumenoBanue MIpUMEDP
e 0003HaYCHUS
I. TOK CTOKa
I, TOK MCTOKa
I, TOK 3aTBOpa
Usy, HanpsiKEHUE 3aTBOP-UCTOK
Uore HanpsHKEHUE OTCEUYKU
Unop MOPOrOBOE HAIPSKEHUE
Ieo MaKCHUMaJIbHBIM TOK CTOKa
S nuddepeHanbias KpyTu3Ha XapakTePUCTUKH
I.=1(U,,)
R; BBIXO/IHOE€ COIIPOTUBIICHUE TPAH3UCTOPA B CXE-
Mme ¢ O
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IlocTosiHHbBIE BPECMCHH U NMMApaMETPhbI 4aCTOThI

Tabnuma 10

IIpumeyanue,
O6o03HaueHue HanmenoBaHue npuMep
0003HaYEeHUs
T BbICOKOYACTOTHAS MOCTOSHHAS BPEMEHH, yH-
THIBAOIIAs] MHEPLUUOHHOCTB 1-r0 TPaH3UCTOPA
(kackaja, moJICXEeMBbI)
1, =R;C; |mocrosHHas BPEMEHH j-Ir0 KOHICHCATOPA 1, =R,,C,
T, MOCTOSIHHAs BpeMeHH KoppekTupytomei nenu | 1, =R C,
oy
f) 4acTOTa €AMHUYHOTO YCUIIEHHS] CKOPPEKTUPO-
BaHHOT'O pazoMKHyTOoro OY
fy BEpXHsIsl TPaHUYHAs YacToTa Mo ypoBHIO — 3 /16
fy HUKHSSL TPaHUYHAs YacToTa Mo ypoBHio — 310
fo LEHTpaJbHasl 4acToTa
fin IrPaHUYHAS 4YaCTOTa MaKCUMaJIbHOU BBIXOJIHOM
MoutHoctu OY
fl* 4acTOTa €AMHUYHOTO YCUJICHHS] PELIAOIIETO
YCWJIUTENs MO MeTie 00paTHOM CBSI3U
Tabnauma 11
ITapaMeTpbl EePeXOIHBIX MPOLECCOB M ObICTPOAEHCTBUS
O6o3HATe- IIpumeyanue,
- HanmenoBaHue npuMep
0003HaYEeHUs
9. MAaKCUMAJIbHAsI CKOPOCTh HApacCTaHUs BBIXOIHO-
r0 HaNpsHKEHUs
9 MAaKCHUMAJIbHAsI CKOPOCTh HAPaCTaHUS BBIXOIHO-
90 IO HaIpsKEHUS JJI MOJI0XKUTENBHOTO (OTpHULIa-
BBIX TEJIBHOr0) (PPOHTOB
tyer BpPEMSI YCTAHOBJICHHS [IEPEXOTHOTO MPoLIEcca st
3aJ]aHHOM 30HBI IMHAMUYECKON OIINOKH &
€ 30Ha JUHaMudeckoi ommbku (g, =0,1+0,01)
G (A) BEJINYMHA [IEPEPETYIUPOBAHUS HA MIEPEXOTHOU
xapakrepuctuke PY
Usux YCTAaHOBUBLIEECS 3HAYEHHUE BBIXOHOTO HAIPS-
xenus PY
U, aMIUIMTYZAA BXOJAHOIO UMITYJIbCHOIO curaiia Py
t, BpeMsl 3aJIEPAKKH BBIXOJHOTO UMITYJIbCA
fin IrPaHUYHAS 4YaCTOTa MaKCUMaJIbHOUW BBIXOJTHOM
MoutHoctu OY
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Taoauma 12

ITapaMeTpbl NPOXOAHOH XAPAKTEPUCTHKHU KBA3HJIMHEHHBIX KACKA/10B

IIpumeyanue,
O603HaueHue HaumenoBanue npuMep
0003HaYEHUS
U, HaIpspKeHUe OrPaHUYEHUs KIIaCCUYECKOT0
BXOJHOr0 Kackama OVY
U, MOPOrOBOE HATPSHKEHUE
Y21 MaJIOCUTHAIbHAs KPYTH3HA MPOXOIHOM Xa-
PaKTEPUCTHKHU
v KpPYTU3HA TIPOXOTHON XapaKTePUCTHKH Ha
OOJIBIIIOM CHUTHAJIE
I I'PaHUYHBINA TOK 0230BOTO BXOJIHOT'O Kackaja
0e3 HeTMHENHOW KOPPEeKIIUU
Linax MaKCUMAaJIbHBIN BBIXOAHOM TOK 1Y ¢ Henm-
HEWHON KOppEKIUEn
m, OTHOCUTENbHBIN KOAPDUIIHEHT
m,=U, /U,
Tabnauma 13
CrnpaBouHble napaMeTpsl U BasKHeiilIne COOTHOIIEHHS
IIpumeyanue,
O6o03HaueHue HaumenoBanue npuMep
0003HaYEHUS
¢, ~25 MB TeMIiepaTypHblid noteHman (¢, =KT/q)
r,=0,/1, COMPOTHUBIICHUE SMUTTEPHOTO MEPExoa r,, =25 Om
OUMOJSIPHOTO TPAH3UCTOPA
U,~=0,7B NPUOJIMKEHHOE 3HAYCHUE HAIIPSKEHUS Uy, =07
AMUTTEP-0a3a KPEMHHUEBOTO OUTIOISIPHOTO
TPAaH3UCTOPA B aKTUBHOM PEKUME
a=0,9+0,999 | koadhdunuent ycunenus mo Toky smurrepa | o, = 0,95
OUMOJSIPHOTO TPAH3UCTOPA
B=a/(l-a) |koddduumenT ycunenus no Toky 6aspl 6u- | B, = 20 + 500
MOJIIPHOTO TPAaH3UCTOpa
uU,, BBIXO/IHOE CONPOTUBJICHUE OUIOISPHOTO U,, — Hanps-
L= L TPAH3MCTOPA B CXEME C OOLIMM SMUTTEPOM | yeapiie Spiu
j= J-1 MHHAMAs €IMHULIA
n =314 YUCIIO T
o =2nf KpyroBast 4acToTa
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