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BBEJAEHHUE

Onepauvionnsie ycuiurenu (OY) ¢ TOKOBOW 0OOpaTHOM CBSI3bIO
(TOC), uHorma Ha3bIBaeMble KaK TPAHCHUMIICIAHCHBIE YCUJIUTENH, pac-
CMaTpPUBAIOTCSI B COBPEMEHHBIX M3/IAHUSIX MO aHAJOTOBOM CXEMOTEXHHKE
KaK ajbTepHaTHBa KiaccuueckumM OV ¢ oOpaTHOW CBsI3bI0 MO HampshKe-
HUIO. OHU 00ecreunBaroT psii BXKHBIX KAueCTB — BBICOKOE OBICTpOjICHi-

ctBue (9, =500+2000 B/mkc), a Takke HE3aBUCHUMOCTb BEpXHEHl Ipa-

BbBIX

HUYHOM 4acTOThl OT K03 ¢unrenTa nepegaun 3amkayroro OY. Umerorcs
U ApyTrUe OTIMYMS OCHOBHBIX napameTpoB OY 3THX KIIacCOB.

Yeumurenu ¢ TOC (6osee 30 TUIIOB) BBIMYCKAIOTCS BCEMH BEAYLIU-
MU MUKPOSJEKTPOHHBIMU (upMamu, B ToM uucie u OTYIT HIII «Ilynb-
cap» (Poccus). Jlns o0ocHOBaHMSA NEPCHEKTUB WX NMPUMEHEHUS B Pajuo-
AJIEKTPOHHOM ammapaType UMEIOTCS JOCTaTOUYHO MOJPOOHbIE CIIPaBOYHbBIE
Y PYKOBOJISIINE TEXHUUECKUE MATEPUAJIBL.

Hacrosiiiee yueOHO-METOIMUECKOE MOCOOHE MOCBSIICHO HU3YYEHUIO
CBOMCTB OIEPAIMOHHBIX YCUJIUTEIEH C TOKOBOW OOpaTHOW CBSI3bIO B JIH-
HEMHOM W HEIMHEMHOM pEeXHMaxX, UX CpPaBHHUTENIbHOMY aHanu3y c OV,
UMEIOIINX 0OPaTHYIO CBSI3b M0 HAIPSHKEHUIO.

1. OBOBIIEHHASI CTPYKTYPHASI CXEMA

Kmaccuueckas apxurektypa OY ¢ TOKOBOH 0OpaTHOM CBS3BIO
(puc. 1) BKIIFOUACT MBYXTAKTHBIN SMUTTEPHBINA OBTOpHTENL JI11 (00BIYHO —
Ha OCHOBE TaK Ha3bIBAEMOT0 «OPHILIMAHTOBOTO» TpaH3ucTopa (puc. 2)),
MIPOMEXYTOUHBIM KackaJ Ha «TOKOBbIX 3epkanax» IIT1 u IIT2, a Takxke
oydepnsiit ycunurens BY.

[Toncxemsl IIT1-11T2 BbIMOMHSAIOTCS OOBIYHO B BHUJE MOBTOPUTEIICH
ToKa BuibcoHa, a Takxke (11 MOJyYEHUs MPEAEIbHOr0 OBICTPOAEHCTBHUS
OYVY) — Ha 6a3e KJIacCUYECKUX YIPaBIsieMbIX aKTUBHBIX Harpy3ok (puc. 2).
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i12.2

Puc. 1. O606ménnas cxema OY ¢ TOKOBOI 0OpaTHOM CBSA3bIO

Koppekuuss aMnianTyIHO-4aCTOTHOM XapaKTEPUCTUKU U YCTOWYM-
BocTh OV obecneunBaercs EMKocThio C, KOTOpasi MOJKJIIOYEHA K JOCTa-
TOYHO BBICOKOOMHOMY Y31y cxembl — Bxony BY. Pesuctop R2t u RIT
00pa3yroT YETHIPEXIIOIIOCHUK OTPHUIIATEILHON 00paTHOM CBsI3M, OIpelie-
JAIOIUNA yerieHrne 3aMKHYToro OY U OKa3bIBaOIIMKN CYIIECTBEHHOE BIIMSI-
HUE Ha IPYTHUE CBOKCTBA CXEMBI.

2. OTPAHUYEHMSA 1O BBICTPOJEHCTBHIO

XOpoIIo M3BECTHO, YTO OINEPAMOHHBIE YCUIUTEIN C TOKOBOM 00-
patHoi#t cBs3pi0 (TOC) oTHOCATCS K 4yuCiTy HanOosiee OBICTPOICHCTBYIO-
mux. [Ipu aHanvze AMHAMUKA OHU MOTYT OBITh CBeZieHBI K OY ¢ 00paTHOM
cBs3bio 10 HanpsbkeHuto (OCH), Ho co crenuduyeckuM BXOAHBIM KacKa-
JIOM, UMEIOIIUM PACUIMPEHHBIA JHana3oH akTUBHOW paloThl. Ilpu sTom
noBbIlIeHHe ObicTposiericTBUsl OY obecneunBaeTcs 3a CUET MOTEpHU psia
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JIPYTUX BAKHBIX CBOMCTB BXOAHOTO Kackaaa. C 3toit Touku 3peHus OV ¢
TOC MO0XHO paccMaTpuBaTh KaK «IUIOXO CHpPOEKTHpoBaHHbIM OY ¢
OCHpy». CnenyeTt 0XuaaTh, UTO JaJIbHENIIIEE pA3BUTUE TEOPUU HEIIMHEUHOMN
koppekuuu ObictpoaercTByomux OY ¢ OCH, mo3BossomuXx MOIyYnuTh
9., =3000-6000 B/mkc, 3HaunTEeNbHO Cy3UT 00nacTh npumeHeHus OV c

TOC u3-3a UX TPUHIUITHAIBHBIX HEIOCTATKOB.
PaccmoTpuM  (akTophl, ONpeaeisiomye MnpeaeabHoe OBICTPOICH-
creue OY ¢ TOC Ha npuMepe aHaau3a ero THIOBOW CTPYKTYpHI (puc. 2).

N
Ol
i Cl Bbix.

i PN
Bx.1 " VTl }R2TIUBHX
o—]

N
EBXJ O

\ U >
VT4/ BX.2 |33 QRIT

1IT2

® & K

Puc. 2. ®ynkimonansHas cxema OY ¢ TOKOBOM 00OpaTHOM CBSI3bIO

MakcumanbHasi CKOPOCTh BbIXOAHOro HampstkeHus OY (puc. 2)
OTIpEeJICIISACTCS ypaBHECHUEM:
8Bbe = 27-‘:fll']rp ! (1)
e Urp = BiIiR Roc = RITHRZT;
B, — K03 duIMeHT ycuaeHus mo Toky 6asel Tpanzucropa VT3 (VT4);
[. — BemuuMHa cTratndyeckoro Toka smutrepa VT1 (VT2);

f,— yacToTa €eIMHUYHOIO YCUJIEHUSI CKOppeKTHpoBaHHoro OY.

oc!?



VYpaBuenue (1) nonydeHno 6e3 yuéra spdexra BTOporo nopsiika ma-
noctu. K ux yuciy ciaenyer OTHECTH MHEPLMOHHOCTh BXOJHBIX AMUTTEp-
HbIX moBToputenerd VT1 (VT2), mmoxo mepeaaronux BXOIHOW UMITYJIbCHBIH
curHan u, B 1ens 6a3pl VT3 (VT4) npu 3ammparomeid moJspHOCTH U, .

[IpuunHa 3Toro sBneHus — Hanuuue napasutHoil émkoctu C; (C,) B Lenu
0a3el VT3 (VT4), xoTopas CKjIaabIBacTCs M3 EMKOCTEH KOJIJICKTOPHOI'O
nepexoaa VT3 (VT4), BeixonHoit éMkocTy ncrtounuka Toka Iy (1) m émko-
CTH Ha NOIOKKY. Yucnenusie 3HaueHust Cy JUisi MUKPOHHBIX TEXHOJIOTUI
MoryT gocturath 2+5 nd. Kak cienctsue, npu nogade Ha Bxox OV (puc.
2) OOJIBIIIOTO MMITYJIbCHOTO CHTHAJIA, COM3MEPUMOTO C HAIpsDKEHHEM ITH-
tanud E;, Tpansuctop VT1 3anupaercs. Hanpsixenue Ha 6aze VT3 u, cre-
JOBaTeNIbHO, TOK 3MuTTepa VT3, Tok komiekropa V13, a Takxke TOK i

CcK !
nepe3apsKarolid KOppeKTUpyomuii kouaencarop Cy, U3MEHAIOTCS (BMe-
CTO 0XKHUAAEMOT0 «CKa4YKay) 10 JIMHEHHOMY 3aKOHY:

ual zc_lt zquQ’ (2)
1
. . . u
Lz Rl Rl = R_31 ) (3)
oc
U, & L t (4)
CII{oc

VYpaBaenus (2)—(4) monydensr 0e3 ydéra wuHeprmonHoctu IIT1
(IIT2), VT3 (VT4), VT1 (VT2), KOTOpPYyI0 MOKHO paccMaTpuUBaTh Kak 3(-
(beKThI BTOPOTO MOPSIIKA MATOCTH.

YuuTeiBas B3auMOCBs3b HanpspkeHus Ha Cy U TOKA i, , a TAKXKE IPH-

CK

HUMas BO BHUMaHue, 4T0 K03 uipeHt ycunenus mo Hanpsokenuio (Kgy)
O€3bIHEPIIMOHHOTrO (B mepBOM mnpubamxeHuun) OydepHoro ycunurens bY
OJM30K K €IWHHIE, HAXOJUM 3aKOH M3MEHCHHS BBIXOJHOTO HAIPSKCHUS
OV (puc. 2):
Uy =Kgyu = CCI—Ith- (5)
1~k “oc
YpaBHenue (5) mo3BoJiieT HaATH BpeMms t;, IPU KOTOPOM BBIXOJHOE
HanpsbkeHrue OY gocTUraeT MakCUMAJIbHOW BEJIMYMHBI, 3aBUCSIICH OT
HaANPsDKEHUsS ABYHOJsipHOro nutanus E, (puc. 3):

CCR U
tlz\/ 1 KIoc max, (6)
1

rae UY ~EW,
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Puc. 3. 3aBUcHUMOCTB BBIXOAHOTO HanpsibkeHuss OY oT BpeMeHH (a)
IIPU UMITYJIbCHOM BXOJHOM cuUrHaie (0)

[ToaToMy ycpeaHEHHOE 3HAYEHHE MAKCUMAJIBHOM CKOPOCTH Hapac-
TaHWs BBIXOHOTO HanpspkeHust OV (puc. 2) (9, =~ tgy,):

g ~ Umax — IlUmaX (7)
BbIX C C R "
tl 1~k Yoc
N ¢ yuéroMm nosiyueHHOM B [63] 3aBUCHMMOCTH 4YacTOThl €IUHUYHOTO

ycunerus OV f, ~(2rC, R,,) "

SBLIX max 27tflUmax I_l = 2nflEn I_l ' (8)
' C C

1 1
Takum 00pa3zoM, MAKCUMAIIbHO BO3MOXHOE 3HaUeHue 3, =9

BBIX.1mMax

B OV ¢ TOC 3aBucuT HE TOIBKO OT JIMana3oHa aKTUBHOW pabOThI BXOAHO-
ro kackaza (1), Ho ¥ OT mapaMeTpoOB BXOJHOTO AIMUTTEPHOTO TTOBTOPHUTEISL.
[Tpuuém B uaeabHOM ClTydae JOJDKHO BBITIOJIHSITHCS HEPABEHCTBO:

SBI)IX.HBX >> 8BBIX = 2nleIIIR0c : (9)
CrenoBaresibHO, MapaMeTPhl DJIEMEHTOB CXeMbl (pHUC. 2) Leaecoo0pa3Ho
BBIOMPATH TaK, YTOOBI

> fn (10)

2nf,CBi R
[Tpu TUNIOBBIX 3HAYEHUAX MMOCTOSIHHBIX ypaBHeHud (10) (U, =15B,
f, =28 MI', C, =5 n®, B, =50, R, =600 OmM) TOK |; nOIKEH YIOBIETBO-
psTh ycnoBuio I, >>1 MA. ToJIbKO B 3TOM Cllydae MOYKHO JTOBEPSATh ypaBHE-
Huto (8). HedctBurensHo, ecmu f; =28 Ml'n, U . =15B, I, =100 MKA,
C, =5 n®, To MaKCHMaJIbHO BO3MOKHAsl CKOPOCTh HAPACTAHUS BBIXOIHOTO

nanpsoxkenus OV (puc. 1): 9 =220 B/mxkc. Ilpu 1, =1 MA u3 (8)

BbIX.MmMax

HAaXOIHUM, YTO ) ~ 680 B/MKc.

BBIX.MmMax
8



VYpaBuenue (10) MOXKHO NPUBECTH K HECKOJIBKO HHOMY BUJTY
Il = 2 (EIE ngblx.max'
B,

[Tocneausis Gpopmyna mo3BoJISIET 3a CYET BbIOOpA TOKa UCTOUHHUKOB |;=I;
MOJYYUTh TPU 33JaHHBIX BEIUYMHAX I MUHHUMAJIbHOE BIIUSHHE

BBIX. max

(11)

OBICTPOICHCTBUSL SMUTTEPHBIX MOBTOPUTEIIEH HA TUHAMUUYECKHUE IMapaMeT-
pe1 OY ¢ TOC B pexxrime O0JBIIIOTO CUTHATA.

Ecmu OV ¢ TOC uMmeeT apxuTeKTypy BXOJHOIO Kackaaa, OTIMYaro-
IIYIOCSl OT CXEMbl PUCYHKA 2, TO HEOOXOAUMO (B COOTBETCTBUHU C MPEJJIO-
KEHHOM BBILIE METOJUKOW) ONPEACIUTh BIUSHUE UMEIOLIErOCs IMUTTEP-
HOT'O MOBTOpUTENS Ha ObicTpozeiicTBue OY. 3aMeTUM TOJBKO, YTO T€ WU
MHbIE TOBTOPUTEIIN HAPSHKEHUS BCETJa MPUCYTCTBYIOT B CXEME BXOJIHOTO
kackaga OV ¢ TOC.

Takum 00pa3om, Bce uzBecTHbie B Hactosiiee Bpemst OY ¢ TOC xa-

PAKTEPU3YIOTCA HEKOTOPBIMH MPEACIbHBIMU 3HAUYEHUSIMU O . s

BBIX. mMAax

YIIYUIIEHHUSI TaHHOTO MapaMeTpa HEOOXOUMO:
1. YBenuumBarh CTaTUYECKUE TOKU BXOJHBIX MOBTOPUTEIEH HaIpsKe-
HUSL.
2. TlpumeHsTh HEMMHENHBIE KOPPEKTUPYIOMHUE 1ienH (puc. 4).
3. IIpuMeHsITh CXEMOTEXHUYECKHE METOJbl TMOBBIIIECHUS OBICTPOICH-
CTBHUSI IOBTOPUTENEH HANIPSIKEHHUS.

o+
|

-Kit21 IT1
X i+
. 1 HKIL
Brix.1;
VT1 ? '
RZ [\ Lo
— €L

i) BY
\, Brix.
OI11 )
Bx.® Bx.u Bx.i ROr
oO——4¢4——0—> o—{ 1}

R2t
|: —>>
l’l BX | (+) E Rir

R3

—
 —
VT2 I

N
O

-
Bex. Iy

A\ 4

I1T2

-Kirz2

[ o-

Puc. 4. Henuneitnast koppekius B OY ¢ TOKOBOM 0OpaTHOM CBSI3bIO



B cxeme pucyHka 4 napauieslbHO BXOJHOMY KacKaJy BBEJICH HEIU-
HEWHBIA KaHAJ YCWJICHHs, KOTOPBIM IPU MaJbIX BXOJHBIX cHrHamax OY
HaXOJIUTCS B OOECTOUEHHOM COCTOSIHUM W MPAKTUYECKH HE BIIMAET HA €ro
napametpsl. [Ipy nuHamMuyeckon meperpyske BXOAHOIO KacKala, CBs3aH-
HOU C HaJIMYMEM Iapa3sUTHBIX EMKOCTEH B Harpy3Ke €ro BXOJHBIX dMMT-
TepHBIX MoBTOpUTENeH, Tpansuctop VT1 (VT2) BXOAUT B aKTUBHBIN pe-
*uM U dopcupyetcsi mpoiiecc nepezapsga EMKoctd C,. ITO MOBBIIIACT
npeaesnbHoe ObicTpoaeicTBue OY ¢ TOKOBOM 00paTHOU cBs3bl0. Crenyer
3aMETHUTh, YTO BBEICHHE HU3KOOMHOIO pe3ucropa Ry, ompaBaaHo B TOM
ciy4ae, Korja HeoOxoaumo oOecneunBarh ycrounBoctb OY co 100 %
o0patHo#i cBs3bI0 (R, =0).

B cxemax unBeptupyronmx OV (tadin. 1) paccMorpeHHbie 3(PheKThI
HE BO3HUKAIOT.

Taoauma 1
NHBepTHPYIOIIMH YCHINTEIb C TOKOBO 00PATHOM CBA3BIO
[IpuHIIMNIHANIBHAS CXeMa OCHOBHEIE 3aBUCUMOCTH

1T W‘—‘ ' K(_) :_&
By n R]

Beix.

o R, =R,
Jui Kijji=-1
Ko =-1

o1
t RZCK

Onucanue. ConepXuT BXOJHOW Kackan Ha Tpansuctopax VT1, VT2 ¢ Hu3KUM
BXOJHBIM COIPOTHBIICHHEM (YCHJIUTENIh CHT'HAJa OMMOKHU lyy), TOBTOPUTEIH TOKA
[IT1, IIT2 u 6ydepusiit ycunutens bBY. Pesuctop R2 cyiecTBeHHO BIMsIET Ha BEU-
YHHY TETIEBOr0 YCHJICHHUS U MO3TOMY UMEeT Hebobloe conpoTusieHue. Crarude-
ckuil pexxuM TpanzuctopoB VT1, VT2 ycranaBiuBaeTcss MCTOUHUKAMH CMEIICHHUS
E.1, Ec,. B kauectBe OydepHoro ycunutens bY pekomenyercss IpuMeHSATh KJIaCCH-
YeCKHE BBIXO/HbBIE KACKa bl Ha «OpUILTMAHTOBBIX» TPAH3UCTOPAX.

3a cuéT NpUMEHEHHUs1 HU3KOOMHBIX pe3uctopoB R1, R2 u masioro BXogHOro compo-
TUBJIEHUS TpaH3ucTtopoB VT1, VT2 MuUHUMU3HMpYETCS BIUSHUE Mapa3uTHON EMKO-
CTH B CyMMUDYIOIIEH TOuke X, Ha AuHamudeckue mapameTpsl OY. Cxema peko-
MEHyeTCsl JUisl MoCcTpoeHus uHBeptupytommx OY ¢ npeaenbHbIM ObICTPOACHCTBU-

eM. MMeer knaccuueckre NpeMMyIECTBA U HEJOCTATKH, XapaKTEPHbIE JJIsl YCUIIUTE-
Jiel ¢ TOKOBOM 0OpaTHOM CBS3BIO.
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3. CPABHUTEJIbHBIN AHAJIN3
NPEAEJBHBIX TUHAMNYECKUX TAPAMETPOB

B cBia3u ¢ Henmpekpamaromencs IUCKYCCUEH O IPEUMYyIIECTBaxX U
HEJ0CTaTKaxX ONEPALMOHHBIX YCUJIMTENEH ¢ OOpaTHON CBSI3bIO IO Hamps-
xeHuto 1 OY ¢ Tak Ha3bIBa€MOM «TOKOBOW OOpPAaTHOM CBSA3BIO» IPEICTAB-
JII€T UHTEPEC UCCIECAO0BAHUE UX JUHAMMUYECKUX IIapaMETPOB C YUETOM He-
JIMHENHOCTEN KacKaJoB.

3.1. CymiecTBeHHbIE HEJIMHEHHOCTH BXOHBIX KACKA/I0B

CpaBautenbubiii aHanu3 cBorctB OY ¢ TOC u OCH npoBenéH B pa-
00Tax HE COBCEM KOPPEKTHO. HEeKOppEeKTHOCTh CpaBHEHUS MPOSIBIISACTCS B
TOM, YTO B paMKax OJHOTO THIIa OOpaTHBIX CBs3EH (pHUC. 5) B UX KiaccHUde-
CKOM TOJIKOBAaHUU CpaBHUBaETCs ObICTpojieiicTBUe OY C JMHEHHBIM BXOI-

HbIM KackagoMm (TOC, puc. 6) u OY ¢ HEIMHEHHBIM BXOJHBIM KacKaJIOM
(OCH).

BII
+)
. Bx.1 i 4 i(+) BY
BX.1 OT » % ! 7"2’> CK R3 BBIX
u. —9—@ > +1 —O
[ > U U
@) BX (_) -1 uBLIX
Bx.2 15

1 UBX.Z

Puc. 5. O606ménnas ¢pyaknuonansHas cxema OY ¢ TOC u OY ¢ OCH

[Ipu 3TOM yrmyckaeTcss U3 BHUMaHUS JOCTATOYHO OOIIMPHBIA KJ1acc
TaK Ha3bIBAEMbIX KBa3WJIMHEHHBIX BXOJHBIX KackanoB OY ¢ OCH, y koTto-
PBIX BBIXOJIHOW TOK MPOMOPIIMOHATIEH BXOJHOMY HAIPSKEHUIO B IIIUPOKOM
nuarna3zone audQepeHImanbHpIX CUTHAIOB. boiee KOppeKTHBIM OBLIO OBl
cpaBHeHue OY ¢ TOC u OY ¢ OCH npu ycnoBuu, 4TO B KQUECTBE BXO/I-
Horo kackaga OY ¢ OCH wucnonb3yercs auddepeHImanbHblid YCUIIUTEIb C
IIMPOKUM JMANa30HOM aKTUBHOM pabOThI, HAPUMEP MOCTOBOW KacKaJl Ha
OCHOBE «OpWJIITUAHTOBBIX)» TPAH3UCTOPOB.
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s OV ¢ apxutektypoit (puc. 5), T.e. OY ¢ OCH u TOC, makcu-
MaJIbHasi CKOPOCTh HApPAaCTaHUS BBIXOJHOTO HAIPSDKEHHS ONPEACSACTCS 110
dbopmyiie:

G =27f, U, (12)

BBIX
rae f; — yacTtoTa €JUHUYHOTO YCWJIEHHS CKoppekTupoBanHoro OV 6e3
00paTHOM CBSI3H;

U,, — HampsbKeHHe orpaHudeHus BXxonHou noacxems! BII (BxogHoro
Kackaza).

Bx.1

+
Ué&? 0 \ VT4
BX.1

oL

|$ﬁrgx =Bl

p T1

_u®
i
|
|
|
|
|

0)

Puc. 6. Bxonnas noacxema OV ¢ TOC (a)
1 e€ MpoXoJIHas XapakTepucTuka (0)
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Hns ximaccuyeckux BxOAHbIX KackanoB OY ¢ OCH nampsbkeHue
orpanuueHus U, ~50MB. C npyroii CTOpOHSI, [HAna30H aKTUBHOW pabo-

Thl BXOJHOH mojacxembl (pHc. 6a) 3HAYUTENBbHO OoJbine, yem 50 MB
(puc. 60) 1 3aBUCUT OT MTAPAMETPOB JIEMEHTOB CJICAYIOITUM 00pa3oM:

UE;) = Blll (ROT + RITHR2T) ' (13)
rae B, — KoappuuueHT ycuineHus no TokKy 0a3bl Tpansucropa VT1;

Ror — SKBUBaJIEHTHOE BBIXOJHOE COMPOTHUBJICHUE JBYXTAKTHOTO dMUT-
tepHoro nmosroputens D111 (Ha tpan3ucropax VT1-VT3).

duznueckuii cMbIca GopmMyiibl (13) COCTOMT B TOM, YTO MaKCUMaslb-

HBI TOK KoJulekTopa (dMuTTepa) Tpansucrtopa VT1 (puc. 6a) HE MOXET

ObITH Gonbire, ueM 1 =1 =B,1,. DTOMy TOKy COOTBETCTBYET HAIIPSHKEHUE

orpannueHus (13), kotopoe ompenenseTcss KaKk MaJeHUE HANPSKEHUS OT
TOKa I, Ha DSKBUBAJCHTHOM COIIPOTHMBIICHHHM, 3aBHCAIIEM OT R ., R,

R,,. IIpaxtnuecku pu R <<R, , R <<R;

R TR T
Ug) ~ Bl 2

R, ~BLR,,. (14)

T 2T

3.2. 00001 énHbIe PYHKIMOHATBHBIE CXEMbI
CPaBHMBAaeMbIX ONEPAIMOHHBIX YCHUJINTENeH

Cpasuenue OY ¢ OCH (puc. 7a) u TOC (puc. 76) npoBeném ajis
ciydasi, korna BxomHou kackany OY ¢ OCH BeimosHeH 1o cxeme quad-core
WJIM Ha MOCTOBOM ¢ PepeHITnaIbHOM YCUTUTEIIE.

MTL,

O +
' K C _:l;
KH ﬁRaH BY,
B

R

L

Bx® Brix.1 Roun Brix.2
o—— JIOIl f—o———1—  }—o—— JDII2

qu.l
*
{ i C
J) BBIX.Il i l

I1T2

a)
Puc. 7. OcHOBHBIE MOIU(DHUKAIINN OTIEPAITMOHHBIX YCHIIATENICH

C MOCTOBBIMHM BXOJHBIMU KacCKaJlaMU.
a— OY ¢ OOC mno HanpsoxeHuto; 6 — OY ¢ TOKOBOM 00paTHOM CBA3BIO
(Havasi0; OKOHYAHHUE CM. Ha C. 14)
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T v T

CKT Rt BY,

T | K B%X'
. yT
T BBIX.il I/_ﬁ f
RZT BbIX
()
Bx™ Brix.1 Ror Bx.2

o——{ JIDI1 [—o {1

Ugx.1 I
* .
‘ $ Beix.iy COT:[ RlT

S

\V4

0)
Puc. 7. OkoH4yanue (Ha4yano cM. Ha ¢. 13)

Ota cxeMa (puc. 7a) BKJIIOYAET MOCTOBOM BXOJHOM KackaJl Ha OCHO-
BE€ JIByXTAKTHBIX SMUTTEPHBIX noBToputenet J3I11, IDI12 (takux, kak Ha
pucyske 6a), 0ypepusiii ycunurenb bY,, nosropurenu toka I1T1,, I1T2,,
KOPPEKTUPYIONTYI0 EMKOCTh Cyyy, @ TaKXKE PE3UCTOPHI 00paTHOM CBs3U Ry
u Ry,. UnTepecHo 3amMeTuTh, YTO CYIIECTBEHHOE OTIMYHE (PYHKIIMOHAIb-
Hoit cxembl OY ¢ TOC (puc.70) ot cxemsr OY ¢ OCH (puc. 7a) cocTout B
OTCYTCTBHUU IPABOTO JBYXTAKTHOTO ASMUTTEpHOTO moBTOpuTens D112,
YTO U CO3HAET MOMOIHUTEIbHbBIEC YCIOBUS JJIsI HEKOTOPOTO YJIYUIIEHUS €ro
JUHAMUAYECKHUX nmapaMeTpoB. OHAKO 3TO KAYECTBO 00ECTIEUnBAETCS [IEHOM
YXYJILLIECHHS IPYTUX, B YACTHOCTHU, CTATUYECKUX XAPAKTEPUCTHUK, MOSIBIIE-
HUEM aCUMMETPHH U T.JI.

Huskoe BXogHOE COMPOTUBIIEHHUE 110 HHBEpTUpPYIoleMy Bxoay OV ¢
TOC Bx.2" npuaaéT psasl OCOOCHHOCTEN 3TUM YCTPOMCTBAM — UX IMETIEBOE
YCWJICHHE BCET/Ia paBHO KOA(DPUIIMEHTY YCUIICHUS 10 HANPSDKCHUIO Pa3o-
MKHYTOT'O YCHJIUTEIIS M CJIa00 3aBUCUT OT OTHOIICHHS pe3ucTOpoB Ry /Ry..
JlaHHO€ 00CTOSATENHCTBO MOBBIIIAET 3HAUUMOCTh pe3ucTopa R,;, KOoTopsbIil
OKa3bIBAETCS BKIIOUEHHBIM MEXKIY JBYMS Y3JIaMH, UMEIOIIMMH HU3KOE
BbIXOHOE conpoTtuBiecHue: bY, u JIOII1. Kak cieacrBue, BKIIOYECHUE MO
MEPEMEHHOMY TOKY Mapaijie]IbHO HU3KOOMHOMY R, 60Jiee BHICOKOOMHOTO
pe3ucTopa o0paTHOM cBA3M R, HE H3MEHSIET JOMUHHUPYIOIIee BIusIHIC Ry,
Ha YCUJIUTENIbHBIC TTapaMeTphl cxeMbl. Pesuctop Ry, uncieHHble 3HaUYCHUS
€ro COMPOTHBIICHUS CTAHOBSTCS HAMOOJEe KPUTUUYECKH BAKHBIMH, OTIPE-
JIENAIoIUMU KpyTu3Hy BxoaHou mnojacxembl BIT OY ¢ TOC u, cinenposa-
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TEJbHO, ero netrieBoe ycuieHue T,.. s mosbiienus T, HEOOXOAUMO
yMeHbIIaTh R,;, To ecTh B OY ¢ TOKOBOI 00paTHOM CBs3BIO B KauecTBE Ry,
HE CIIeAyeT NPUMEHATH BBICOKOOMHBIE pe3uctopel. Tak, mpu R_ =100

kOM, R, <<R, u R, =1 kOM, KO3QPUIHEHT yCUICHUS K(y’T =T,, moxiy-

yaeTcs HEOOIBIIINM: K(y’T =100. B psige citydaeB 3TOT0 HEIOCTATOYHO.

3.3. [lapameTrpsl OY npu 0AMHAKOBBIX YCHJIEHUAX
0e3 00paTHOM CBSI3HM

Ipu xoapurmente nepenaun Oypeproro ycumurens K =1 u
C,, =0, xo3dpdumment ycunenus paszomkHyroro OY c¢ TOC (puc. 70)
K, .(j®) MOXHO IPUBECTH K BUAY:
: : . Z.(jo)
K ) =T (jo)=""""2%, 15
yx(j0) =T, (jo) 7. (o) (15)
rae T,(jo)— netnesoe ycunenue OV
Zi (j®) — KOMILUIEKC COIPOTUBIICHUS TIEpEeAaYn BXOIHOM mmoacxemsl Bl
(puc. 5), 3aBucamuii ot BHyTpeHHUX 3memeHToB OY ¢ TOC;

Z.(jo) — KOMIUIEKC CONPOTHUBIEHHMS, 3aBHCAIIMA B OCHOBHOM OT
BHEIIHUX 3JIeMeHTOB MUKpocxembl OV ¢ TOC.
[Tpruém
. KoK, (jo)R
Zl(_](l)): lH(.]O‘)) Tl (JO‘)) 3T , (16)
1+ joC R,

: ) R R R’
Z(jo)~|R, +R |1+ ||| 1+=Y |+ R | 1+—2|, (17
e(.] ) |: 2T OT( RIT j}|: RH :| EY[ RIT] ( )

rae K, (jo) — ko3 puIMenT nepegadu no HanpsbkeHuro noacxemsl JOI11

OT €€ BX0/J1a Ha BIX0J «BpIx.1»;
K., (jo) — ko3dduuuenT nepenaun mno Toky moacxemsl «III11-ITT1,»

ot y31a «BsIx.1» k pesuctopy R,, mpu R, =0;
Ry — BBIXOJHOE cONpoTuBIeHuEe 0ypepHoro ycunurens bYT;
R, — conmpoTHBieHUE HATPY3KH B CXEME pUCYHKa 70.

Ecnu ydects, 4TO B peanbHbIX ycTponcrBax R <<R, ., R <<R,,

R,y <<R,, R, <<R,,, R,y <<R,,, a Takxke momaras, uro K, (w)=I,
K, (jo) ~ 1, ypasaenue (15) MOKHO CyHIECTBEHHO YIPOCTHUTH:
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0

T ()= (18)
+J(DCKTR3T 1+](1)CKTR3T

Ky (o) =1

rie KgT =T, =R, /R,, —ko3¢pdumnuent nepenaun OV 0e3 oOpaTHOIi CBS-

31 B JMaNa30HE HU3KUX YaCTOT U NETIEBOE
ycunenue 3amkHyToro OY ¢ TOC.

byneM monarath, 4TO B CYIIECTBEHHOM JAHAaNa3oOHE YacTOT HAKJIOH

JIAYX (;morapumuveckoil aMITUTYyIHO-YACTOTHOW XapaKTEPUCTUKH)

(-20 nb/nex) dopmupyercst EMrocThIO KOppeKuu Cy,, MPUUEM YIaCTKH C

o06sbmuM HakiioHoM (-40 nb, -60 nb) mposiBisitoTcs HAa yacToTax OoJiee

BBICOKMX, YEM YacTOTa €AUHUYHOIO yCWIEHUs pazoMkHyToro OY o,

(puc. 8). Ilo cymecTBy, mocineaHee TpeOOBaHUE OTPAHUYMBAET JOMYCTH-
MBI Auana3zoH uameHeHus napametpoB OV Cy;, R,;, R, npu KoTopbx
OyIeT rapaHTUPOBATHCA 3aIaHHBIN 3amac ycTouuBocTH OV MO aMIUIUTY-
ne u ¢daze, a TaKKe MmapaMeTphl MEPEXOTHOTO Mpoliecca MpU BBEICHUH pe-
3UCTUBHBIX OOPATHBIX CBA3EH.

C npyroii croponsl, 1151 OY ¢ OCH
kY,

, 19
1+ joC,_R,, (19)

K,,(jo)=

R
0o _ SH
rae K, = T ko3 uieHT ycunenus: pazoMkuyroro OV 6e3 obpart-

OH

HOW CBSI3H.
[Tpruém 4acTOThI €IUMHUYHOTO YCHIICHUS pa3oMKHYThIX OV (puc. 7)
1 % *
(DIT = C R :(DIT’O‘)IH = C R S0)11{’ (20)
KT+ 2T KH™ —OH
rae o,,, ®;, — YaCTOThl EAMHUYHOrO YCHIEHHUS O TeTIe 0OpaTHO CBA3M
OV ¢ OCT u OY ¢ OCH.
Paccmotpenne JIAUX koaddunmeHTa ycuieHUs MO HAMPSKEHUIO
OY ¢ TOC u OV ¢ OCH (puc. 3.8) mokas3sIBaeT, YTO BO3MOKHBI TPH YCJI0-
BUS HJICHTUYHOCTM HMX OCHOBHBIX MMapaMeTpoOB MpPH OJWHAKOBBIX
R3H = R3T
1. Ilpu paBeHcTBe KOA(DPUIIMEHTOB YCUICHHUS MO HANPSHKECHUIO HA
HU3KUX 4aCTOTax (K(y).T = KSH) JOJKHO OBITh:

R, =R (21)

OH "
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Puc. 8. JIAUX omnepalinOHHBIX YCHUITUTENCH
C TOKOBOM 00paTHOM CBs3bIO (a)
1 ¢ 00paTHOM CBS3BIO IO HAIIPSKEHUTO (0)

2. Ecmu moTtpeboBaTh paBEHCTBA YaCTOT €IWHUYHOTO YCHICHHS
(o, =), TO:

S o (22)
17



3. Ilpu paBeHCTBE 4aCTOT EAMHUYHOIO YCWIECHHUA (®,, = ®,, ) U KO3}~
(PUIMEHTOB NIepeaun Ha HU3KUX 4acTOTaX pa3oMKHYThIX OY (KST = K(;H)

napaMeTpbl OY TOIKHBI YIOBJIETBOPSThH YCIOBUSIM:
R,. =R_,, C_=C,.. (23)

on’!
Takum 00pa3om, moyiHas UACHTUYHOCTH mapameTpoB JIAUX koad-
(uULKEeHTa YCWICHHS 10 HANPSHKEHHIO cpaBHHBaeMbix OV 0e3 oOpaTHBIX
CBSI3€  MpEANoJjiaraeT UJIEHTUYHOCTh CONPOTUBIEHUI  PE3UCTOPOB

R,, =R,,, onpenenaomux KpyTU3HyY UX BXOJHBIX MOJCXEM, U EMKOCTEU

KoHJIeHcaTopoB kKoppekiuu (C, =C,_ ).

OH’

3.4. IlapameTrpnl OY npH 0AMHAKOBBIX METJIEBbIX YCHICHUSAX

N3 ypaBuenuii (18) cnenyer, uro npu R, =R, =const nemieBoe

ycuiienue onepanroHHoro ycuiurens ¢ TOC 3aBUCUT TOJIBKO OT OJHOTO
(R,,) ¥3 OBYX BHEHNIHHX pe3ucTOpoB (R, , R, ), a MOCTOSIHHAS BPEMCHH,

o0ecnieynBaroniasl yCTOMUMBOCTh NETIM OOpPAaTHOM CBSI3U, OINpPEAEIAETCS
npousBenenueM t,. =C_R. . [Ipu 3TOM 4acToTa €IMHWYHOIO YCHUJICHUS

1o TIeTJIe OOpPaTHOW CBSI3M COBMAJAeT C YaCTOTOW €IMHUYHOTO YCHIICHUS
pazomkHyTOoro OV:

N ey, (24)

IZI€ ®,, —4YacToTa eAMHUYHOro ycuiaeHus pazoMkHytoro OY ¢ TOC.

C npyroit cropossl, netieBoe ycuinenne OY ¢ OCH (puc. 7a) npu
TEX K€ JOMYIIEHUSIX 3aBUCHT OT JBYX PE3HCTOPOB 0OpaTHOi cBsi3u R, ,
R

la*

. T
T,(jo) = on , 25
. (jo) I+ joC R, (25)
rae T,, = Boc [K(”T =
Bo. = ; = [ngg — koo dument obparnoii cesazu OY ¢ OCH;
1+

1
K™ — ko> puimenT nepesaun HEMHBEPTUPYIONIETO 3aMKHYTOro OV
c OCH.
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ITerneBoe ycunenue ‘TH(jo)] IIPUHUMAET €IMHUYHOE 3HAYEHUE Ha Ya-

CTOTE
* 1 ®
Oy, = R = 11{ ’ (26)
C R, [1+=20| 1+ 2%
RIH
11
1
re o, = cRrR_ yactoTa eguHuaHoro ycwieHus OY ¢ OCH 6e3 oOpat-
KH OH
HOU CBSI3H.

Ecnu nmotpeboBaTh MIEHTUYHOCTH MAapaMETPOB CPABHUBAEMBIX yCH-
JUTENEH, XapaKTEePU3YIOIUX CBOMCTBA UX METJIM 0OpAaTHOM CBSI3H, TO Cie-
IyEeT pacCMOTPETh TPH PA3JINYHbIE CUTYaIIUH:

1. Yennurenn Ha HU3KUX 4acTOTaX MMEIOT OJMHAKOBBIE METIIEBBIC
yeunenus (T, =T, ). Jng aToro He00X0aUMO, 4TOOBI

R = R2T — RZT (27)
OH . & K(+) '

1

2. YacToThl €IMHUYHOTO YCWICHUS IO MeTiie 00paTHOM CBSI3U CpaB-
nuBaeMbix OV cosmagaior (o, =o,, ). JadHoe ycinoBue mpu R, =R,
HAKJIaJbIBAET CJIEAYIOLIME OTPAaHUYEHHUS HA MAPaMETPhbl DJIEMEHTOB CXEM
(puc. 7):

Ry, _ Ca 1+ R
R C R

OH KT 1a

(28)

3. Ecau ycunutenu (puc. 7) IMEIOT OAMHAKOBBIE 3HAUECHHS TICTIICBO-
* *
ro ycunenus (T, =T, ) ¥ 4acToT ®,, =®,, =®,;,, TO HEOOXOAUMO UMETH!

R R
ROH = 12{ = K(2+T) ! CKH :CKT ' (29)
1+ ;4 I.H
R

1a

Takum oOpaszom, ISl MOTyYEHUsI OJIMHAKOBBIX METJIEBBIX YCUICHUM
T,, =T, compoTuBieHHE pe3ucropa R ., ONPEEISIIOIEr0 KPyTH3HY
npeoOpa3zoBaHUsi BXOJHOr0 curHaiga MoctoBoro kackama OY ¢ OCH,
nomkHo 66T B K" -pa3 menble, yem compoTuBieHue pesucropa R,
OTPEEISAIONIET0 KPYTU3HY MpeoOpa3oBaHusl pa3HULIBI MEXIY U
B TOK BbIxoaa «Bbix.i;» OY ¢ TOC.

B gacTHOM ciy4ae, eciu Beiopath 100 % obparryio cesasb (K =1),
T.. R,, =0, TO IOJDKHO BBINOJNHATECSA PaBeHCTBO R, =R . OT0 0CHOB-
HO€ YCJIOBHME MOJYYEHHUs UICHTUYHbIX 3HaueHnii T , =T . cpaBHUBaEeMBbIX

YCPIJII/ITCJIeﬁ B IdHHOM PCIKUMC.

u qu.l

BBIX
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[Ipu paccMOTpeHHBIX JonylIeHHsX u3 (29) crnexyer, 4TO HpH
T,, =T, aMIUIUTYJHO-YAaCTOTHBIE XapPaKTEPUCTUKHU METIEBOTO YCUJICHUS

OV ¢ OCH u OV ¢ TOC, onpenensAromme ux yCTOMYMBOCTb U IPyTUE JIH-
HaMUYECKHE MapaMeTpbl B CXeMe ¢ 00paTHOM CBSI3bI0, OKA3bIBAIOTCA O/1M-
HAKOBBIMH, a JIs1 KoppeKuu ux AUYX HeoOX0AMMBbI OJIMHAKOBBIE KOPPEK-
THpYyromue Kouaencaropel C , =C,. .

Takum oOpa3oM, B cymiecTBeHHOM juarna3one yactoT OY ¢ OCH u
OV ¢ TOC (puc. 7) npu T, =T, HWACHTUYHBI [0 TUHAMAYECKAM Tapa-

MeTpaM MeTJIn OOpaTHOM CBSI3H, ONPEIEISAIONIEH UX CBOMCTBAa IpHU 00pa-
OOTKE MUMITYJIbCHBIX U TAPMOHUYECKUX CUTHAJIOB.

3.5. MakcuMasibHasi CKOPOCTh HApPaCTaAHUA
BBIXOJHOT'0 HANPSI’KEHUSI B HEJIMHEHHBIX pe:KknMax

C yuérom (12) u dopmyn mist yactoT eaquHuuHoro ycwieHus (20)
HAXOJIUM, 9YTO 9,  CPaBHUBAEMBIX YCHUIIUTEICH

BBIX

U
_ _ Ip.T
8BI,IX.T - (DITUI‘p.T - C R ’ (30)
KT~ 2T
U
_ _ I'p.H
8BI,IX.H - (DIHUI‘p.H - C R !
KH OH
rne U, ., U, — HalpsykCHHE OTpaHMYCHUsI BXOIHBIX moncxem OV ¢

TOC u OY ¢ OCH (puc. 7).
[TpudyémM BBIMTPHINI MO CKOPOCTH HApacTaHHS BBIXOJHOTO HaIpsiKe-
Husg OY ¢ TOC onpenensercs B 00IIeM cIydae OTHOIICHHEM

9
NS:M:NFp'Nw’ (31)
BBIX.H
U O. o
rae N, =—2=, N, =—==—K{",
Tp.H 0‘)1H (DlH

IIpu knaccuueckom noctpoennu Bxoauou nojacxemsl OY ¢ OCH ko-
s¢Puument N >>1 u mosromy OV ¢ TOC umeroT CyiiecTBeHHbIE Mpe-

UMYIIECTBA MO0 ObIcTpoaciicTBHIO. OMHAKO ISl CPABHHBAEMBIX YCHIIUTE-
neit (puc. 7)

Urp.T ~ B111R2T’ Urp.H ~ BlllROH (32)
Nrp _ R2T , N(D — CKHROH , NS :C_KH
OH CKTRZT CKT
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Takum oOpaszom, mpu R, =R, [1nana3oHbl akTUBHOM padOTHI
BXOAHBIX KackanoB OV (puc. 7) ogunakoBsl, a pu C , =C,_ MakcuMalb-

HBIE CKOPOCTH HApacCTaHMs BBIXOJAHOTO HANPSDKEHUs CpaBHUBaeMbIx OY
PaBHBI:

SBBIX.T ~ % ! (33)
SBLIX.H ~ % ' (34)

KH

®opwmyisl (33), (34) cnpaBeIuBbI OPU OTCYTCTBUU JTUHAMUYECKOU
IIEpErpy3KU BXOAHBIX DMUTTEPHBIX NTOBTOpUTENEN noacxeMbl BII Ha TpaH-
suctropax VT3, VT4, a takxe npu
E,” -2U,
R + Ry, [R,

2B, (35)

rie EY =EY) =E_ — manpssxkenne nsynonsproro nutanus OY;
U,; ~0,7B — HanpsbkeHre SMUTTep-0a3a Tpanzuctopos OVY.

ITocnennee COOTHOLIEHME HAKIIAIBIBAET OTPAHUYECHUS «CBEPXY» HaA
BEJIMYMHY COMPOTHUBIICHUN PE3UCTOPOB 0OpaTHOM CBs3M. Tak, eciau compo-
THUBJICHUE R, CpPaBHUTEIBHO BEIMKO, TO IIPU BXOAHOM HAIIPSIKCHHH,

onm3koM K E , MaKCUMaIbHO BO3MOXHBINA TOK Koiutekropa VT (B,1,) He

OyIeT JOCTUTHYT.

C npyroi CTOPOHBI, €CJIH yY4eCTh JUHAMHYECKYIO MEePErpy3Ky BXO/I-
HBIX DMHUTTEPHBIX IMOBTOpHTENCH BXxomuoi moacxembl OV (puc. 6), TO
MakcuManbHasi ckopocTh Hapactanus OY ¢ TOC Oyner orpaHuyueHa Ha
ypOBHE

Q IIEH

~

I
8BI>IX ~ ~ 2’}-cle“‘n — ’ (36)
CICK (ROT + RITHR2T) Cl
rac C]_ — OKBHUBAJICHTHAA IIapa3svTHasA €MKOCTh B eI SMUTTCPA TpaH3H-
ctopa VT3;

|, — ctaTuueckuii Tok sSMUTTEpa TpaHzucropa V3.

3.6. bbicTpoaeiicTBUE B JIMHEHHBIX pesKMMAax

B nunHeliHOM pexuMe pabdoThl BXOJHOIO KacKaja CpPpaBHHUBAEMBIX
OV, T.e. KOrjja HE HaCTYMaeT OTPAHUYCHUE €TI0 BBIXOJHOTO TOKA BO BCEM
JOMYCTUMOM JIMANa30HE BXOJHBIX UMITYJIbCHbIX curHaioB U <E_, BbI-

Im2

3BAaHHOE MAaJbIMU 3HAUYCHUSIMH KO3(P(PUIIMEHTA YCUJIEHUS IO TOKY Oa3bl
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BXOJHBIX TpaH3ucTopoB JIDII1 wim cpaBHUTENBHO OOJBIIMMHU BEJIUYUHA-
MU Ry, Rsy, MakcuMalibHass CKOPOCTb HapacTaHWsI BBIXOJHOTO HaIpshke-
HUs 9, cBs3aHa ¢ ammuuTynoi U, ciaeayromuM oOpa3om:

9 ~o,U,., (37)

BBIX.T T BX

9 ~ o, U

BbIX.H H BX "

B peanbHbIX cxeMax mpeaenbHOe 3HaueHHe aMIuMTyAbsl U, OJIU3KO
K HamnpspkeHuro muraHus U, ~E . IloaToMy MakcuMalibHO BO3MOJKHas
BeIUYMHA 3 :

BBIX

0,

T

_CuRay |
C.R,,

N3 (38) cimenyer, 4yTo NMpU MAECHTUYHBIX MapaMeTpax aMmIUIATYIHO-

YACTOTHOM XapaKTEPUCTUKU pa3oMKHYThIX OY kospduumuenr Ny B gaH-

SBBIX.T ~ (’OITEH ' 8 (38)

~ (DIHEH ' NS ~

BBIX.H

0,

H

HOM pekume Onu30K K eaunule, T.e. OY ¢ TOC He uMmeeT npenuMyIecTB
10 OBICTPOJICHCTBHIO.

Cnenyer oOpaTuTh BHUMAHUE HA MOTEHIMAIBHYIO BO3MOKHOCTD MO-
ayueHus 6omnee Bricokoro OwictpozeiicTBus B OY ¢ OCH B nuneiiHOM u
HEJIMHEHHOM pexuMax. ITa BO3MOKHOCTb MPOSIBISIETCS NMPU BbIOOpE KO-
>¢dunuenra nepenaun K >1.

JIeCTBUTENBHO, NIPU BBEICHUU OOPATHOW CBSA3M METIIEBOE YCUIICHHE
OV ¢ TOC He u3MeHsieTCs U YCIOBHUSL OOECIEUYEHHUs] €ro yCTOMYMBOCTHU
OCTalOTCS BCETJla OIMHAKOBBIMU U HanboJiee «THKETBIMUY, XapaKTePHBIMU
JUTst 3aMKHYTBIX cucteM co 100 % oOGpaTHOi CBSI3bIO.

B OV ¢ OCH npu koadduiinerTe mepeaayn mend o0paTHOM CBI3H
B,. <1 merneBoe yCUJIEHHWE YMEHBIIACTCS U yCIOBUS O0ECIEUEHUsI YCTOM-

YUBOCTH HECKOJBKO YNpOomarTcs — EMKOCTh C,y, FapaHTUPYIOIIAsl OTCYT-

R
CTBUE I'€HEpalluM, MOXKET ObITh YMEHbBIIICHA B (1+ 2u R |pas. Ecnu BbI-

11

Oopate R, =R, , TO Ipy MpOYMX paBHBIX YCIOBUSAX 3TO PABHOCHIIBHO MO-

Jy4EeHUIO 00Jiee BHICOKOTO OBICTPOAEHCTBUS:

s _ 1+ Row >1. (39)

8B},IX.T 1

OIHaKO TakOM PEXUM KOPPEKIIMU aMIUIUTYIHO-YACTOTHOM XapakTe-
PUCTUKY HE BCETJla BO3MOXEH B yHUBEpCaIbHbIX OV, M KOTOPHIX EM-
kocTh C,, BeIOMpaeTcs a1 Hanbonee xymamero ciaydas — 100 % oOpaTtHoit
cBs3u. TeM He MeHee, 3TOT CIOCO0 MOBBIMICHUS! OBICTPOACHCTBUS CIIETyeT
pekoMmeHa0Bath i1 OY ¢ QuKcupoBaHHBIM KOA(DPUIMEHTOM Mepeaayd,
narpumep, K =5+10.
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3.7. HacTOoTHBIE XapaKTePUCTUKH
B pe’KMMe HeHHBEPTUPYIOUIUX YCHIUTe el

Koaddummentsr nepenaun 3aMkHyTHIX OV (puc. 7) onmpenensrorcs
0 CJIeAYIOIIUM (hopMyJiam:

. U K(+)
K(+) — BEX _ IL.H ’ 40
70 T o G, ‘0
K(+) — UBLIX — K(n+T) (41)
" U, 1+joR,C.’
R R
rge K =14 =20 KW =14 221 (42)

1a It

Ecmu BwiOpats pexkum 100 % oOpatHoit cBsisu OY ¢ OCH u
K =K™ =1, 1o monoca nponyckanus cpaBuuBaembix OY mpu T, =T

oT

u R, =R, 0OKa3bIBaeTCs TaKKe OJUHAKOBOM:

1 1
+) _
o) = ~ , 43
" TKIRC T RAC )
o=t (44)
. RZTCKI

Ipu K >1u C_, =C,_ gactorHble xapaktepuctuku OV ¢ OCH yxyn-
B cpaBHenuu ¢ OY ¢ TOC.

D10 00BACHAETC HAMMIMEM COMHO)HUTENs K

IIAI0TCS NPONOPLUHOHATLHO yBenuuenno K

npu C_, B popmyie (40),
(+)

II.T

B TO Bpems kak B OY ¢ TOC koaddunment nepegaun K.~ cnabo Biuser

Ha TOJIOCY NpOMycKaHus. B mpuHnumne, ecnu npu yBemudenun K >1
LeeHanpaBiIeHHO yMeHbath pe3uctop R . B OY ¢ OCH B cooTBeTCTBHH
¢ dhopmyroit (27), TO 3TO MO3BOJUT MOJIYUYUTh MPU OJUHAKOBOM 3arace
YCTOMYMBOCTH TaKMe ke 3HadeHus o), uto u o'” OY ¢ TOC.

B.H 2

Takum o6pazom, OY ¢ TOC (puc. 70) HE UMEET 3aMETHBIX PEUMY-
HIECTB MO a0CONIOTHBIM 3HAYEHUSIM MaKCUMaIbHOU MOJIOCHI IPOITYCKaHUS
B cpaBHeHnu ¢ OY ¢ OCH (puc. 7a). IIpu pamnmonaisHOM BeIOOpE mapa-
MerpoB R ., R.., C, YaCTOTHbIE XapaKTEPUCTUKH CpaBHUBAacMbIx OY

S5H! KH
MOT'YT OBITh MPAKTUYECKH OJIMHAKOBBIMHU.
Cnenyer 3ameTuth, uto y OY ¢ TOC cyliecTByeT oHa 3aMedaTesib-

Hasi 0COOEHHOCTh — 3TO BO3MOXHOCTh BHELIHErO PEryJupOBaHUsl KPyTHU3-
()

B.T

OH!

HBI TIepeayr BXOIHOM IOJICXEMBI U, KaK CIEJICTBUE, M, 3a CUET U3MEHE-

HHA COIMPOTUBJICHUA TOJIBKO OJHOI'O BHCHIHCTO PE3UCTOPA R2T , B TO BpCM:1
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KaK 3aJaHHbIi Kod(pduuuent nepenadn K MoxkHO ycraHmapiupath apy-
ruM pe3uctopoM R, . OmgHako, eciau B Mukpocxeme OV (puc. 7a) BeIHECTH
pesuctop R, 3a MHKpOCXEeMy, TO TaKHe K€ BO3MOXKHOCTH OyJeT UMETh U

+)

OV (puc. 7a). B 3ToMm ciaydae HeoO6xoaumo mpy nosbimernd K ymens-

mark R_,, moanepk’uBasg TaKuM 00pa3oM BEIUYUHY METIIEBOTO yCHIICHHUS

OH?
Ha II0CTOSHHOM ypoBHE. KOHEYHO, TaKOe CXEMOTEXHUYECKOE PELLICHUE T10-
TpeOyeT JOMOJHUTEIbHBIX BBIBOJIOB Y MUKPOCXEMbI, MOXET IMPUBECTU K
JOTIOJHUTENbHBIM HaBoAKaM M IrymMaM. OJHako 3TH MpoOJeMbl MOTYT
OBITh CHSATHI IIYTEM AJIEKTPOHHOM PEryJIMpPOBKM R . B 3aBUCHMOCTHU OT 3a-

JAHHBIX 3HaYeHU# kodd¢uimenta nepenadn 3amkaytoro OY. OnHum u3

BAapMAaHTOB pellleHus Toi 3a1aun spjsieTca usmenenne K myrém mudpo-

BOM KOMMYTallUU PE3UCTOpa R,, IpHU COOTBETCTBYIOLIEM U3MEHEHUU R .

3.8. YacTOTHBIE XapaKTePUCTUKH
B pe:KHMMe HHBEPTHPYIOIIMX YCUIINTe el

B sTom cnydae HemHBepTUpyronmi Bxoa OY Bx"") mogxmouaercs k
oGuieii muHe, a curnan noxaéres Ha «BxU» mocienoBarensHo ¢ pe3ucTo-
pamu R, , R, (puc. 7).

[Tetnessie ycunenus OY (puc. 7a, 0) B TaKOM pPEKHME HE H3MEHS-
I0TCS U onipeienisitoTes mo gopmyiiam (18) u (25), a koadduiueHt nepeaa-
4y cpaBHUBaeMbIx OV ¢ yuérom oOpaTHOM CBA3M:

. K& . K

KH—T — . I.T , KH_H — IL.H ’ (45)

1+ joC R, ' ) 5

1+ joC,| 1+ —* R,
11
R
roe KO = —h, KD =21 (46)
- RIT . RIH
HpI/I 3TOM ITIOJIOCHI HpOHYCKaHI/IH CpaBHI/IBaCMBIX YCPIJII/ITeHeﬁ:

0)B._H = 1 R ! (’01(3_T) = C 1}{ - (47)

C, R, |1+ -2 KT 2T

11
dopmanehbiil aHanu3 Gopmyisl (47) mokaseiBaet, yto OY ¢ TOC
UMeEET, B 0011IeM ciydae, 00Jiee MHUPOKYIO MOJI0CY MPOMYCKaHUS:
N =@ g, Rauy, (48)
° o) R,

B.H 11
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OnHako, eciiu TOTpeOOBaTh paBEHCTBA NeTeBbIX yemnenuit OY (puc. 7a, 0)
(T,,=T,,) uBbiopars npu C,, =C_ CONpOTHBICHNE pe3ucropa R , B co-

oTBeTCTBMH ¢ (23), To nmomyuum, 4yto N =1. C apyroit cropossl, B OY ¢

OCHmopu K >1u T <T. yCTOHYHMBOCTE IETIIA OOPATHOM CBS3H MOK-
II.H OH oT

HO 00eceunTh IIpY MCHBIINX 3HAYCHUAX CKH , UTO PaBHOCHJIBHO YBCJINYC-

HUIO ®.) 70 YPOBHA o).

H

Takum oOpaszoM, B pexxuMme MHBepTOpa cpaBHUBaeMbie OV (puc. 7)
TaK’K€ MOTYT MMETh JOCTAaTOYHO OJIM3KHE YaCTOTHBIE XapaKTEPUCTUKH.
Opnako mpakruueckoe npumeHenne OY ¢ TOC B HEMHBEPTHUPYIOLIEM
BKJIIOYEHUM YaCTO OIPaHUYMBACTCS €r0 KPalHE MaJIbIM BXOJIHBIM COIIPO-
THBJICHMEM, T.K. R ~R,,.

[IpenenbHoe O6nicTpoaeiicTBue OY ¢ TOC B pexume HHBEPTOpPa MO-
*eT ObITh Bblilie, ueM OY ¢ OCH. D10 0o0BbsICHsIETCS ABYMSI IPUUYMHAMM.
Bo-nepBrix, BxoaHas EMKOCTh C,,, BKIIOUEHHAS NapaJUIeIbHO MaJIOMy CO-

*

IIPOTHUBJICHUIO R BJIMACT HA MAKCUMAJIbBHYIO CKOPOCTb M3MCHCHUA CHUT-

oT?
Hana Ha Bxoxe OV ¢ TOC B menniuei crenenu, ueM B OY ¢ OCH. Bo-
BTOPBIX, HA JOCTHKEHHE NpeAcibHbIX 3HaueHnl 3, B OY ¢ OCH Bnuser

BBIX

TaK)Ke JUHAMUYECKAsl Meperpy3ka BXOJHBIX SMUTTEPHBIX MOBTOPHUTENICH
noacxemsl D112, [Toatomy uckmouenue 3112 u3 ctpykrypst OY ¢ TOC
cHUMaeT ATy npoosemy. Kak cinencrsue, npenensHoe OpicTpoaeiictsue OY
¢ TOC B pexxume nHBEpTOpa OYAET BBIIIS, YEM B PEKUME IIOBTOPUTEIIS.

3.9. Bansinue MajibIX NOCTOSIHHBIX BPpeMeHH

[Mepenarounas ¢ynkus nerieBoro ycwienus OY (puc. 7a, 0) ¢
y4ETOM MaJIbIX TOCTOSIHHBIX BPEMEHH OCHOBHBIX TIOICXEM

T
T ~ oH , 49
»(P) (1+ Tgy, - P)A+ 75, - P)A+ o, - P)A+ Tr - P+ Ty, - D) (49)
T,(p)~ Lo (50)

(1+ Ty, - P)+Tp, - P+ Typp - PYL+ Ty D)

TI€ Tgyyws CByrs Tomas trT — YKBUBAJICHTHBIE TOCTOSTHHBIE BPEMEHHM ITOA-

cxem bY,, BY ., 10112, «IDI11-I1T »;
T  Co, R, T ®C R,
Tpus Tpr — MOCTOSHHBIE BPEMEHHU MMAPA3UTHBIX KOHEHCATOPOB B 1IENH

OH !

00paTHOM CBSI3H;
TB.H ~ COH ) RIHHR2H1 TB.T ~ COT ) RITHRZT RZT ' (51)
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Jlns obecnieyeHus 3aJJaHHbIX MOKa3aTesied YCTOMYMBOCTH NETIU 00-
paTHOH CBSI3U BCE MaJible MOCTOSIHHBIE BpeMeHU B ypaBHeHUX (49) u (50)
HE JIOJDKHBI OKasbiBaTh BiusiHue Ha AUX T(jo) B cymecTBeHHOM anarna-

30HE 4acToT. IIpu 3TOM C yBEIMYEHHEM UX YHUCJIA IPUXOAUTCS YBEIUYU-
BaTh Koppektupymomym éMkocth C . (C, ), 9TO MPUBOAHUT K CYKCHHIO

MOJIOCHI TIporyckanusi U OvicTpozeiicTBust OY. Takum oOpa3zoMm, TOT ycH-
JUTENb U3 ABYX CPAaBHUBAEMBIX, KOTOPBII MMEET MEHBLIEE YUCIIO BBICOKO-
4acTOTHBIX MonocoB T(jo), oOnanaeT B npuHIMIE 50JI€€ BHICOKHMMHU [IH-

HAMUYECKUMU NTapaMeTPaAMH.
Ananmu3 ypaBHenuil (49) u (50) nmokaspIBaeT, 4TO B MEPEAATOUYHOU
¢bynkuun nerseoro ycusieHuss OY ¢ TOC oTcyTCTByeT COMHOKUTEND
1

I+ Tom P
KOTOpBbIN Beerna umeercs B ypasHeHnuu (49) nist OY ¢ OCH. Oto gaér OY
JAHHOTO THUIIA HEOCIOPUMOE MPEUMYILIECTBO, KOTOPOE MOMXKET OKa3aThCs
CyllleCTBEHHbIM IIpu nocTpoennn CBY-onepaunoHHsix ycuiurteneil. Tak,
KOMITBIOTEPHOE MOJICIMPOBAHUE ABYXTAKTHBIX SMUTTEPHBIX TOBTOPUTEIIEH
Ha Oaze Texnonoruit ®I'YII HIII «llynscap» mokasbIBaeT, 4TO BIMSHHE
nHepuroHHOCTH JIDI12 HaunHaeT nposBisaThed Ha yactorax 1,3+1,8 [T, a
Ha TPAH3HUCTOPaX C TETEPOIEePEX0I0M, U3TOTOBIECHHBIX Ha ocHOBE SiGe mo
TexHoJioruueckomy npoueccy upmsl IHP, npu f >20 I'T.

Korjga y cpaBHUBaeMbIX yCUIIMTENEH YUYUTHIBACTCS MAapa3uTHAS EM-
kocth C . =C_. , To B OY ¢ TOC e€ BnusiHuE Ha METIEBOE YCUIECHUE OKa-

Ky 3112 (p) ~ (52)

OH?

3pIBaeTCAd MeHee 3aMeTHbIM. OJHako, eciu norpebdoBars, 4ToObl B OV ¢
OCH 0putn Takue K€ YHEPreTUYECKUe MOTEPH B YETHIPEXIIOIIOCHUKE 00-
paTHOU CBsA3M, YTO DKBUBAJIEHTHO YMEHbIICHUIO R, ¥ R, 10 ypoBHa R,

u R, , TO MOCTOSHHBIC BPEMCHH T, U T, CTAHOBSATCS COM3MEPHMbIMH.

It»
3.10. Ocsadsenue cuH(a3HbIX CHTHAJIOB

Hanmnumne na Bxonme moboro muddepennuanpaoro OV (puc. 9) cun-
¢da3HOM COCTaBJIAIONMICH BXOJHBIX HAMPSDKCHHUH U, TPUBOAUT K JIOTIOJTHH-
TEJILHOMY CMEIIICHUIO €T0 HYJISA Ha BEINYUHY

u K d
eOC = : = - uC ! (53)
KOC.C(b I<y
rae Kocop — K03 unpenT ocnadieHns BXOIHbIX CHH(pa3HbIX cUrHanoB OV
Kep, Ky — Koaddunments! nepenayn OV no cundassomy u auddepen-

MUaJIbHOMY CHUI'HaJIaM.
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oc KOC.CCb c Ky
Bx.1 oy
o <) > + Brix
N
Bx.2 oO—3 -
UC1 UBLIX:Ky(uCl-uCZ)
uc2

1

Puc. 9. Ommuoka ycunenus B OY npu Haauuuu cuHGa3HOM COCTaBIAIONICH
BXOJIHBIX CUTHAJIOB Ug1 | Ucp

B pexume nemnBeptupyromero BkmoueHus OY ¢ TOC m OCH
(puc. 10) peanbHOE BBIXOAHOE HAMPSKEHUE Uy (TIPU OTCYTCTBUH pa3zOpo-
ca CONPOTHUBJICHUS PE3UCTOPOB OOpPATHOM CBs3M) OYyJIET OTIMYATHCS OT

AIEATBHOTO ul -

BBIX "

u,,. ~u, l—l— 1

BBIX BbIX

+R7yq) -ROyG | (54)
oc.ch
rae T — nerneBoe ycuiienne OY 1o HapsKEHUIO;

Y Yoo — BXomHbIe mpoBouMocTi OV s CHH(A3HOrO CHTHATIA 11O

WHBEPTHUPYIOMIEMY U HEHHBEPTUPYIOILIEMY BXOdaM,;
R® =R||R,, R¥ =R,|R,.

R,
]
| S|
R,
F‘j - Ui
——O

+

Bx R,

o—— +F——

Puc. 10. HeunBeprupyroniee Bkirouenue OY

CnenoBarenbHo, K03 duIMeHT ocnabiaeHus cuH(A3HBIX CUTHAJIOB
Kocep OV TakuMm ke 00pa3oM BIIMSET Ha IOTPEHIHOCTh PEIIAIOIIErO yCH-
mutenst (puc. 10), yto u netneBoe ycuwienue T. [Ipu 3ToM BausiHue acuM-
METPUHU BXOJHBIX MPOBOJAMMOCTEH MO CUH(PA3HOMY CUTHAIIy CTAHOBUTCS
3aMETHBIM, €CIIN
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1

ROV -ROYG[> o, (55)
(- 1

ROV ROV (56)
oc.ch

N3 ypaBHeHus (54) Takxke CiaeayeT, YTO MOBBIIIEHUE METIEBOI0 YCU-
aenus T C 1eapl0 CHUIKEHMSI TOTPEIIHOCTH HEleaecoo0pa3Ho, eciu
KOC_Ccp <T.

[IpuBenéunpie BoIe (OPMYJIBI TTO3BOJISIOT CPABHUTH MOTPEITHOCTH
OV ¢ TOC u OY ¢ OCH, o0ycioBieHHbIlE HECUMMETPUEH MapaMeTpOB

vy 1yl RO m R™, a rakke koneunsM suadeHneM Ko g

Onepayuonnviil ycunumens ¢ TOC. Koadduiuent ocinabiieHus: CUH-
da3ubix curHanoB BxoaHou moacxeMbl OY ¢ TOC (puc. 11) cymecTBeHHO
3aBUCHT OT COMPOTHUBIICHUS pe3nucTopa R, BKIIOUaeMOro WHOT/IA MOCIIeI0Ba-

TEIbHO C MHBEPTHUPYIOIIMM BXOJIOM, M CONPOTHUBIICHUS I, SMUTTEPHBIX Mepe-
xonoB VT1-VT4.

I O +

- C -Kisza IIT1
; L
A

Icl T
r 3 . r34 r32 Ror
o—+ K N
~ l'z 10
u q f ! nT2
€ o]
- VT2

O . = i inTZ
Bx.0)2 —>> I Lo jo

c2 U* .--_______\:; — «\ -
v "
y I e

Puc. 11. Tlepemennsie Toku Bo BXoHOM Kackajae OY ¢ TOC
Ha CUH(A3HOM CUTHAJE
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Ecm R, =0, r,, =1, =r,; =1, =1,, TO CHH(}A3HOC M3MCHCHHE BXOJI-
HBIX HaNpsLKEHHH U, CO3MaéT B CXEME MPUPAILCHUS TOKOB, 00YCIIOBICHHBIX KO-
HEYHBIMH 3HAYCHUSMH BBIXOIHBIX MPOBOAUMOCTEH HCTOUHKKOB |y (Y1) 1 1 (Y2):
L RYyU., I, YU,
Ly Rl Rl 1 p Rl Ry, (57)
1, =u (K, v, +Kip5,y,),
rae K, ,, *K,,, ®1 — K03 PUIUEHT yCUIEHHS IO TOKY TOKOBBIX 3€pKall

I1T1, I1T2.
s nudepennmanbHOro curHaia KodphuiuueHT yCcuneHus

K. K.
Ky z1{}{ il2.1 + i12.2 — uBle ) (58)

Iy I Upxi2
[ToaTomMy B naHHOM pexxuMe KodDPuimeHT ocnadneHus: cuHpa3HbIX
curHasioB BxojHoro kackaga OY ¢ TOC (puc. 11) 3aBUCHT OT aOCOJIOT-
HBIX 3HAYCHHUH MapaMeTPOB AJIEMEHTOB CXCMBI:

do K~ 0,5r,(y, +y,)- (59)

oc.ch oc.ch
MuHHAMaITbHBIC BEJIMUMHBI BXOIHBIX IIPOBOIUMOCTEH JIsl CUH(Da3HO-
TO CHUTHaJa BXOJIHOW mozacxemsbl (puc. 11) mpu R, =0 ompenenstorcs mo

dbopmynam:

YZ((I)+r)111n ~ Y3 + Yxas (60)
YZ((I)_I)nm YT Yo (61)

THE Y3 =Tty Y4 =4 — HPOBOJMMOCTH 3aKPBITHIX KOJUIEKTOPHBIX HEpe-
XO0JIOB TPaH3UCTOPOB 3 U 4.

@opmynbl (59)—(61) momyuyenbl 0e3 yué€ra BHYTpEHHEW OOpaTHOMU
CBsI3M ¢ TpaHzuctopax VT1-VT4.

Ecmu R, >>r1, ~1,,, TO HalpaBJICHUE COCTABJISIONINX TOKOB Iy U
Ir1 B Harpy3ke Ry, cBsi3aHHBIX ¢ CHH(A3HBIM CHTHAJIOM, U3MCHSIOTCS U KO-
dpdunueHt Ko 4y B 3TOM pexUMe ONpenesieTcss pa3dpocoM mapaMeTpoB
AJIEMEHTOB CXEMBI:

sk —1
K =~ K ~ (an.l —Kiin )(y1r33 — era4) (62)
oc.ch oc.cd I, +1, Lotr, .
0,5K;5 L 4R +0,5K};5, R
r31 + oT 1’32 + oT

[Tpy MACHTUYHBIX 3HAYCHUSX COMPOTUBJICHUN IMUTTEPHBIX MEPEXO0-
noB 1, =1, U K;;,, =1 popmyina (62) CyneCTBEHHO yIpOIIAETCA:
sk —1
Kocep O’SROT(YI -y )(Kilz.l —Kii ) (63)
Takum o6paszom, kKo3unmeHT ocnadieHuss cMH(pA3HBIX CUTHAJIOB
OV ¢ TOC B 3aBUCUMOCTH OT YMCJICHHBIX 3HAUYEHUU COMPOTUBICHUS R,
JICXKUT B TIpeJiesiax
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s —1

w —1

-1
Koc.ctb < KOC.C(’p < Koc.cq) !

(64)

a YBEJIMYEHHE CONPOTHUBIEHUS R, OT Hyns 10 R >>r1, U3MEHSET Xapak-

Tep 3aBUCUMOCTU K¢ o, OT BBIXOAHBIX IIPOBOJUMOCTEH UCTOYHUKOB OIOP-
HOTO TOKa Y1 M Y2: mpu R_ =0 3TOT mapamerp MpONOPLHUOHAIEH CyMME

IIPOBOJUMOCTEN Y1 U Y2, a IpH R | >>r1, — UX pa3HOCTH.

% * *
Y1, Y2, ¥;, ¥, — BBIXOJIHbIE IPOBOJMMOCTH UCTOUHUKOB TOKa Iy, 1o, 1;, I, .

P
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Onepayuonnvwii ycunumens ¢ OCH. Cxema BxogHoro kackaaa OV c
OCH, COOTBETCTBYIOLIETO APXUTEKTYpPE PUCYHKA /a, MPUBEICHA Ha pH-
CyHKe 12, T71e I, — CONPOTUBIICHHE YMUTTEPHBIX MEPEXOJ0B TPAH3UCTOPOB;

Bx.(M)1

VT3
re

%

b

1 ©+

NT1 [K

i12.1

o—=

%ﬁ
u.=u S
cl c ~

VT4

C I
O

24 o)

VT2 i*

A N N
iz
_i_ T im‘2
u” I1T2
cl v
— v
C) Iz 'Kilz.z
l O -

Puc. 12. [lepemennnsie Toku Bo BxogHoM Kackaae OY ¢ OOC
Ha cuH(}A3HOM CUTHAJIE



Ecnu npenmnonoxuTh, 4TO CONPOTUBICHUS BCEX 3MUTTEPHBIX P-N
NEePEX0I0B TPAH3UCTOPOB OJMHAKOBBI, U MPEHEOpeUb UX BHYTpPEHHEH 00-
paTHOM CBS3BIO, TO MPHUPAIICHUS TOKOB B cxeme (puc. 12), 00yCcI0BIICHHBIC
cuH(a3HBIM CUTHAJIOM U, Ha BXOJaX Bx.1%, Bx.29, MPAKTUYECKHU HE 3aBU-
CSIT OT YMCJICHHBIX 3HaueHU R,

) u, )
Ly = 7 (Y1 —Y2) ®lia, (65)
i, = Kilz.lixl - isznz,z- (66)

H

Tak kak ko3 PuuueHT ycuneHus 1udPepeHnanbHOro HanpsiKeHus
paccMarpuBaemoii BxoaHoit noacxemer OY ¢ OCH K| » R,R,,, TO KO3}-

OH ?

dbunrent ocinabieHus CUH(pa3HbIX CUTHAJIOB

;é.cd) ~ 0>5R0T(Y1 Y2 )(Kilz.l - Kilz.z)- (67)
CpaBHenue dopmyn (67) u (59) nokaspiBaeT, 4To KOAI(PHUIIMEHTHI
ocnabnenus cuH@aszHplx curasioB OY c OCHu OY ¢ TOCnpu R, =R, u
WJICHTUYHOM TIOCTPOCHHH LieTel cTa0mu3anuu cratideckoro peskuma (I, 1)
npakTudecku oguHakoBbl. Eciim R =0, To OV ¢ OCH umeer B N¢-pa3

0oJee BBICOKOE OcadiieHne CUH(a3HbIX CUTHAJIOB, T]I€
~ 1'3 (Y1 + YZ) | . (68)

TR (Y YK, _Ki12.2‘

Ecnu ydecTs, 9TO B IPAKTUYECKUX CXEMaX BBITIOIHSACTCS HEPABEHCTBO
y, >y, (¢ yu€TOM CBOKCTB P-N-P TPAH3UCTOPOB B MCTOYHUKAX TOKa Iy, 1),

TO BeIATphII 1O K. B paccMaTpuBaeMbix OV onpenensercs uaeHTuY-

HOCTBIO TOKOBBIX 3epkan IIT1, ITT2:
2r
N, = 2 |
ROH (Kilz.l - Kilz.z‘
BxonHble MpoBOAUMOCTH ISl CUH(A3HOTO CUTHANA 110 HEMHBEPTHU-
pytomemy Bxoay OV ¢ OCH u OV ¢ TOC Takxe OJM3KH, T.K. IJI CXEMBbI

(puc. 12) cupaBeUIMBHI CICAYIOIIUE COOTHOIICHHMS:
yg&)) ~ Y3 + Yias (70)
ng) ~ Y3+ Yea (71)

(69)



4. OMEPAIIMOHHBIE YCUJIUTEJIN
C OBOBIIIEHHOM TOKOBOM OFPATHOM CBSI3BIO

BroinojiHEHHBIM aHAIW3 MO3BOJSET BBIACIINTE CYHICCTBCHHBLIC IIpH-

3Haku, npucymue ycunurensm ¢ TOC u OCH:
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1. B paccMOTpeHHBIX cXeMaX BXOJHBIX KackagoB OY 000ouX KiaccoB

BCerja umeercs pe3uctop Rs (Mim ero sKBUBAJIEHT), OMPEASIISIOIINI
KpYTH3HY S, NpeoOpa3oBaHMs pa3sHOCTH HANpPSKCHUNH Ha BXOZE
BXO1HOTO Kackana OV (Usy) B TOK 3apsija I; KOPPEKTUPYIOIICH EMKO-
ctu Cy. [Ipuuém
S, =2~ (72)
u R

BX S

DTOT )K€ PE3UCTOP ONpeENEsAeT neTiieBoe ycuienue OVY.

. B OY ¢ TOC (puc. 13) pesucrop Rs BKIIFOUaeTcss MEXKYy ABYMS y3-

JlaMU C HU3KUM (TTIOYTH HYJIEBBIM) BBIXOJHBIM COMPOTUBJIICHUEM, KO-
TOpPOE UMEIOT BXOJHOW M BbIXOJHOW Kackaawsl OY. [loaTomy BBene-
HUE pe3ucTopa Ry HE yMEHBIIIACT METJIECBOE YCUJICHUE, 3aBUCSIIEE
Tonbko oT R, =R, u R, (18).

. Ecam B mukpocxeme ycunutens ¢ OCH (puc. 14) ¢ BXoaHbIM Kacka-

noM, uMmeromuM ooisioe Uy, BBIBECTH OT pe3uctopa Rs yzen «A» u
MOJKIIOYUTh, K HEMY BHEIIHHHA pe3nucTtop Ry TO Takas cTpykTypa
(puc. 15) Oymer cOOTBETCTBOBATH MO HAOOPY MWHAMHYECKHX IMapa-
metpoB ycunurento ¢ TOC (puc. 15).

Brix

Puc. 13. Crpykrypabie ocooenHoctu OV ¢ TOKOBOW 00paTHOM CBSI3bIO



BY
Brix

BOC

Puc. 14. CtpyktypHbie 0ocobeHHOCTH OY
c 00paTHOI CBA3BIO MO HAIPSHKEHUIO

Brix

Puc. 15. Apxutektypa yHuepcaibHoro OY
¢ 0000IIEHHON TOKOBOI 0OPAaTHOM CBS3BIO

[Ipu sroMm B TakoMm «rubpuaHom» OV, KOTOpbIH 1enecooOpa3Ho
Ha3Bath OY ¢ 0000mEHHON TOKOBOM OOpaTHOM CBS3BIO, COUYECTAFO-
meM goctouHcTBa OV IBYX pacCMOTPEHHBIX MOAKIACCOB, COXpa-
HUTCSl TPAAUIIMOHHA BO3MOXHOCTb PETYJIUPOBKU KO3PuueHTa
nepefayd 3aMKHYTOM CTPYKTYphI 3a CUET MU3MEHEHHUs OTHOLICHUS
R1/R2.
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[To cymiecTBy, onepanMOHHBIA YCUIUTENb ¢ 0000IIEHHON TOKOBOM
oOpaTHOM cBs3bi0 (puc. 15) — 3TO HOBBINM MOJAKIACC YCHUIUTEIEH C
HIMPOKUM CIIEKTPOM TUHAMUYECKUX XAPAKTEPUCTHUK, 3aBUCSIINX OT
napaMeTpoB HE OJIHOTO, a ABYX UYETHIPEXIOIIOCHUKOB OTPHUILIATEIb-
HOI 0OpaTHOM CBSI3M, paHEe MPUMEHSBIINXCS B aHAJIOTOBON MHUKpPO-
CXEMOTEHHUKE OT/EIbHO U HE3aBUCUMO JPYT OT Apyra.
4. B Hacrosiiiee BpeMsi Ha PhIHKE MUKPOAJIEKTPOHHBIX U3JEIUNA OTCYT-
CTBYIOT MUKPOCXEMBbI, 00beauHstomnme B cede cpoiictea OY ¢ OCH
u OV ¢ TOC (BblTyCKarOTCS yCHIIMTENN JTUOO0 OJHOTO, JIUOO IPYroro
MOJIKJIacca).
Jlns opranumsarnuu npousBoactea OY ¢ apxutekryporr (puc. 15)
HEOOXOMMbl MUHHMAaJbHBIE 3aTPAaThl Ha MX pa3pabOTKy — AOCTa-
TouHo B OV co crpyktypoii (puc. 14) o6ecneunTh TONOJIHUTEIbHBIN
BHEIIHUI BBIBOJ MUKPOCXEMBI OT pe3uctopa Rs.
5. Apxutektrypa OY ¢ TOC na 6aze OY ¢ OCH (puc. 15) no3sossier
HOJIyYUTh Psii HOBBIX KaueCTB:
— BO-TIEPBBIX, 00ECIEUYUTh MHOTOBAPUAHTHYIO PETYJIHUPOBKY KO-
s ¢unrenHTa nepenayu TPAJAUIUOHHBIMA METOJaMU MyTEM H3-
MeHeHus oTHoleHust R1/R2 w/umn R, /R;

— BO-BTOpBIX, yOpaTh «ocHOBHOe mpokisitue» OY c¢ TOC —
HECHUMMETPHUIO 10 HWHBEPTUPYIONIUM U HEWHBEPTHUPYIOITUM
BXOJ/IaM, TIOBBIIICHHYIO CTaTHMYECKYIO OMIMOKY, MPOOJIEMBI C
BKJIFOUEHHEM EMKOCTEH MmapajiebHO pe3ucTopy Rs, orpanmnue-
HUS CHU3Y Ha BennuuHy Rsu T.10.

OcCHOBHBIE CBOIICTBA U XaPAKTEPUCTUKH

CoBpeMeHHBIC MTUPOKOIIOJIOCHBIE U OBICTPOICHCTBYIONIUE OIepallu-
OHHbIE YCUJIUTENIN BeAYIIMX MUKPOAJIEKTPOHHBIX (hupmM (Texas Instruments:
nateHTsl CLIIA Ne 6710655, 6710654, 6492870, 6542032, 6249187, Ana-
log Devices: marentsr CIIIA Ne 5150074, 6262633, Maxim: naTeHThI
CIIA Ne 6188281, 6429744, National Semiconductor: marentst CLHA
Ne 5512859, 5399991, 5510754) BbINONHSIOTCA Ha OCHOBE apXUTEKTYPHI
YCWJIMTEINICH ¢ 0OpaTHOM CBSI3BIO M0 HANIPSKEHUIO, IPEJCTABICHHON HA PU-
cynke 16. OHa coAepKUT ABYXTAKTHbIE SMUTTEpHbIE noBTopuTenu D11 u
M2 ¢ TOKOBBIMH BBIXOHaMu Bbix. iy, Bbix.ip, Beix. iy, Bbix. ip.
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1 i
BI:IX.iZ
OI11 3H2? >
Bx.()1 K ‘éi RS:ROH K/|44 Ky BX.(_)Z
o—> V> t—o0 }I—<« " «—>o0
ric] A <1
J/ BbleiZ
BhIX.i

Puc. 16. Knaccuueckas apxutektypa OY
¢ 00paTHOM CBSA3BIO M0 HATPSIKEHUIO
Ha OCHOBE MOCTOBOro kxackajga DII1-OI12

Kak y»e oTMeuanocs Bblllie, CylIIeCTBEHHbIN HegocTaTok OV, peanu-
3ye€MbIX Ha OCHOBE apXWUTEKTYpbl PUCYHKa 16, COCTOMT B TOM, YTO INpHU
yBeJIMYEHUHU (yMEHbIIeHHH) KO3 (dULIMEeHTa nepesaud MyTéM H3MEHEHHUS
rJIyOMHBI OOpAaTHOM CBSI3U CYILIECTBEHHO M3MEHSIETCSl BEPXHSS I'pPaHUYHas
yacToTa (1oJsioca MpoIycKaHus 1Mo ypoBHIO -3 1b).

Bxitouenue pesuctopa Ry Mexy MOTEHLHMATBHBIM BBIXOJOM «Ay
NEPBOr0 BXOJHOIO JIBYXTaKTHOro mnoBToputens curHana Ol u obmei
IIMHOM KaueCTBEHHO U3MEHSET paboTy cXeMbl, puaasas el cBoiicta OY ¢
TOC (puc. 17 a).

O +

Brx.21
——O

Brix.3
} R2 | Un

R1

Bx.03

Bix. i,

Puc. 3.17. ®yukuuonaneusie cxema OY ¢ 0600mennoit TOC
(HayaJsI0; OKOHUaHHUE Ha C. 36)
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Puc. 17. Oxonuanue (Hayasio Ha c. 35)



Ha pucynke 17 mpuBenensl ¢yHKIHOHaIbHbIE cxembl OY ¢ 0600-
ménHo TOC, Ha KOTOPBIX MOKa3aHbl BCE BO3MOYKHBIE BXOJIbI U BBIXO/IbI
P BBEICHUU O0OpPATHOM CBSI3U.

PaccmorpuMm paboty cxembl pucyHka 17 a. Eciau HanpsbkeHue cur-
Halma Uu; Tofaéres Ha HemmBeprupytommii Bxox Bx.1, To BexommbIe
HanpspkeHus B y3iax «Bbix.3», «Beix.2», «Bbix.21» npu OonblioM netie-
BOM ycuiieHuH (T >>1) onpeaensitoTes e y0IUMHA COOTHOIIEHUSIMU

uH3 = Kfi-;)Squ.l ! (73)
uH2 = KI(I-;)Zqu.l ! (74)
qu = K(HT)lqu.l ' (75)
R R R
rae K{ ~1; Kb ~1+—=, K =1+ | 1+ =2
Rf Rf Rl

U3 nocnexuux popMy ciieayer, uto kodpduuuentsl nepegaun K

1 K} MOryT M3MeHAThCS JOCTATOYHO HE3aBUCUMO B HIMPOKUX IIPEeax,
IPUYEM UX OTHOILLIEHUE

Kt Re

K&, Ry

Hanpumep, ecau BbiOpath R, =R; m R, =R,, To Ha HU3KHX 4YacTOTax

(76)

YKCIEHHbIE 3HaueHus Kod(pduumentoB mepemaun K =4, K =2,
+ + + + +
K1(11)3 =1, Kl('ll)l/Kl(ﬂ?}) =4, Kl('ll)l/Kl(ﬂ)Z =2.
CreqyeT 3aMeTuTh, 4TO IpU T >>1 BBIXOAHBIE CONPOTHBIECHHUS OT-
HOCHTEJILHO BCEX BHIXOHBIX Y3108 OV (puc. 17a) 10CTaTOYHO MaIbL.

Ha BBICOKMX YacTOTaX KOMIUIEKCHBIM KO3(PGUIMEHT Tepeaadyu co
sxona Bx."1 k BbIXOly BbIX.2 HE 3aBUCHUT OT CONpPOTUBIIEHU pe3uctopa Ry:

KH12 - ' (77)

Takum obpazom, n3menenue K ,, u K, nyrém nsmeHnenus R, He Oynyt

MPUBOAUTH K U3MEHEHHUIO MOJIOCHI Nporyckanus OY
1
®, = —_ (78)
C.R|1+=2%
Rl
Ha pucynke 18a mnokazanbl AUX koadduimenta ycuiaeHUs
K1(141—)1 = Uy /qu.l
Rt u mpu 100 % oGpatHoii cBsi3u (R, /R, =0). [Ipu kommpioTepHOM MOJE-
mupoBaduu OY BenudrHa KOppeKTUpyromen éMxoctu C, He H3MEHSIIACh.
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4 K(;l)p 716 R, 1 KI(:I)h J16 R, _1
14,6
R; =100 Om
10-
6
Rf =100 KOm

0-

-6 } } >

10 100 500 f MInu

a) 0)

Puc. 18. AMIIIUTY 1HO-4aCTOTHBIE XapakTepucTuku OY
¢ 00001IEHHON TOKOBOW OOPAaTHOM CBSI3bIO

AMIUTUTYAHO-4acTOTHBIE Xapaktepuctuku OV (puc. 17a) npu Tex
e 3HaueHmsX Ry, HO pu R, /R, =1 (1.e. 50 % 0OparTHOii cBs3M), MOKa3a-

HbI Ha pucyHke 180.
IIpuBenénHble HA pUCYHKE |8 pe3ynapTaThl KOMIIBIOTEPHOIO MOAEIH-
pOBaHUs MOATBEPKAAIOT, UTO MPU U3MEHEHUH KOA((PUIIMEHTOB niepeaauu

K™ Gosee uem B 10 pa3 BepXHsis IpaHMYHAs 9acTOTa ®." OCTAETCS MpaK-
TUYECKU MOCTOSTHHOU. JlanHOoe cBoiicTBO OY coxpaHseTrcs U OTHOCHUTENb-
HO BbIX0Ja Breix.2.

Ecian BxomHol curHan u', momaércs Ha MHBEPTUPYIOIIMI BXO.
Bx."2 (puc. 176), To npu Gomnbimom nernesom yemnernnn (T >> 1) BbIxox-
Hble HanpsokeHus OY

Uy = K1(12)3ul(3x)2 , (79)
Uy = Kl('IZ)ZuI(BX)Z , (80)
Uy, = l('I_2)1u](3;?2 ’ (81)



B ToM ciydae, korjga curaan u'; mogaércs Ha MHBEPTHPYIOLIM
Bxox Bx."3 (puc. 178)

Kr{33qu 3 (82)
n2 = Kr{32u1(3x)3 , (83)

Kn3 lqu 30 (84)
&

rae Kigs ~ 0, Kigy ~0, Kij) = -
1

Takum o6pazom, rudpuaHbii OY (puc. 17) B cxeme ¢ 00paTHO# CBSI-
3bI0 UMEET TPU HU3KOOMHBIX BBIXOJIa U TPU BXOJIa, YTO 3HAYUTEIBHO pac-
mUpsieT ero (yHKIHOHAJbHBIE BO3MOXKHOCTH MNpHU paboTe B CTPYKTYype
aHAJIOTOBBIX MHTEP(ENCOB, a TaKKe XapaKTepU3yeTcs MHBAPUAHTHOCTHIO
MOJIOCHI MPONYCKaHUA NPU U3MEHEHUH KO3(DPUIUMEHTOB nepenadu (mpu
R, /R, =const).

Ha pucynke 19 an/IBe)leHa AUX kordduirenTa ycuiaeHus paccMmar-
puBaemoro OY K, ;=u/u,, (B cxeme Ha pucyHKke 17a) mpu pa3nuaHbIX

COPOTHUBJICHUAX pGSI/ICTOpa R;=200+20 Omu R, =R =200 Om=const.

K™ 116

\
)

10 100 300 f MIu

Puc. 19. AMIUIMTY 1THO-4aCTOTHBIE XaPAKTEPUCTUKHU
npu Ry =Var u R, =R, =const

['paduku, mokas3bpIBaOIIME B3aMMOCBSI3b KO3((OUITMEHTOB Mepeaadu
K Pa3JIMYHBIM BhIXoaaM Jijisg cxeMbl OY ¢ 00001IEHHON TOKOBOM 00paTHOM
CBSI3bI0 MPHU €r0 BKJIFOYEHHWH, COOTBETCTBYIOIIEM PHUCYHKY 17a u mpu
100 % obparnoii cBs3u (R,/R, =0), a Takke npu R, /R; =1, npuBeneHs!
Ha pucyHke 20, rie ONpuHATHL cieayromue oOo3HaueHus: K., =$—H1 -

BX.1
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ko3 dummeHT nepenaun Hanpspkerus ot ysna Bx.1 k yany «Beix.Y1»;

u
K, ,=—" — koaddumueHt mnepemaayn oT y3aa Bx.l k y3my «Bbix.2y,

BX.1

u
K ;= . 13— koa(duuueHT nepegauu oT ysia Bx.1 k ysiay Beix.3.

BX.1

K K
A
KG) R
2 2 /
11 f~=43MI'y 1 f.=535MI'u
1 10 100 f Mlu 1 10 100 f MIn
a) 0)
(+)
Knll
(+)
4 Kn13
fB=43MF11
1 | ! | | | >
1 10 100 f, MI'n
B)

Puc. 20. HopmupoBaHHbBIE aMIUTUTYTHO-YACTOTHBIEC XapaKTEPUCTUKHU
¢ 0000IIEHHON TOKOBOM 0OPAaTHOM CBS3BIO

[IpencraBnennsie Ha pucynkax 19-20 rpadukum HOPMHUPOBAHHBIX
aAMIUTUTY/IHO-4aCTOTHBIX XapaKTepUCTUK JJs pa3HbIX BbIXOJ0B OV
(puc. 17) wnroctpupytot cBoiictBa OY ¢ 00001IEHHOM TOKOBOW 00paTHOM
CBSI3bIO.

Takum 00pa3om, BBISBJICHHBIC BHIIIE CBOMCTBA 0OA30BBIX CTPYKTYP
OV ¢ 00paTHBIMH CBA3SIMU IO HAIMPSHKEHHUIO U TOKY MO3BOJISIOT CO3/1aBaTh
MYJbTUBXOJHBIE U MYJIBTUBBIXOAHBIE PEIIAIOUINE YCHUIUTEIH, COYETaro-
e B ce0e mapaMmeTpsl, xapakTepHbie 1711 OY 000ux KIaccoB.
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BbiBoabl. BBINOTHEHHBIM CPAaBHUTENBHBIM AHAIN3 JUHAMUYECKUX
napaMeTpoB cpaBHUBaeMbIX OY MO3BOJISIET CAENIATH CIEAYIOIINE BHIBOIBI:

1. B nybnukanusx mo mpoOiemMaM aHAJIOrOBOM MHUKPOCXEMOTEXHHUKHU
CJIOXKHUJIOCh HEJOCTAaTOYHO OOOCHOBaHHOE, a WHOI/IAa HE COOTBET-
CTBYIOLIEE ACHCTBUTEIBLHOCTH MPEACTABICHUE 00 MCKIFOUUTEIbHBIX
MPEeUMYIIEeCTBaxX Mo OBICTPOACUCTBUIO ONEPALMOHHBIX YCUITUTENEH C
TOKOBOW OOpaTHOM CBSI3bIO.

2. Ilpu panioHaIbHOM MPOEKTUPOBAHUH OTIEPAIIMOHHBIX YCUIIUTENEH C
0OpaTHO CBSI3bI0 MO HANIPSKEHUIO UX OCHOBHbBIE TMHAMHYECKHUE Ta-
paMeTpbl (4acTOTa €EAUHUYHOIO YCHIJICHHS], MAKCUMAJIbHAS! CKOPOCTh
HapacTaHUsl BBIXOJHOTO HAIPSKEHUsI) MOTYT HE YCTyNaTh AUHAMU-
yeckuM napamerpam OY ¢ TOKoBOM 00paTHOM CBSI3BIO.

3. IlpeumymiectBa OY ¢ TOC no 4aCTOTHBIM CBOMCTBAM PEATU3YIOTCS
He Onaromapsi OCOOCHHOCTSAM apXUTEKTYphl, a M3-32 MEHBIINX pe-
QJIbHBIX 3HAYEHUH IETIEBOr0 YCHIICHHUS], 3aBUCSIIETO OT CONPOTHUB-
JeHUs pe3ucTopa R, U, Kak CleICTBHE, MEHBIINX 3HAYEHUIN EMKO-

CTHU KOppeKTupyromero kouaencaropa C . <C_. .

4. OnepallMOHHBIC YCUJIUTENU C TOKOBOW 0OpaTHOM CBSI3bIO BCEr/a pa-
00TarT ¢ 00Jee HU3KOOMHBIMU PE3UCTOPAMU B LI OOPATHOM CBSI-
31U, KOTOpas sABISETCS Oojiee PHEPronoTpelsiomed. ITO MOT0KHU-
TEJIbHO CKa3bIBAETCSI HA YACTOTHBIX XapaKTEPUCTUKAX U OBICTPOACH-
ctBur OV, Tak Kak MpH 3TOM MUHHUMHU3UPYETCS BIHMSHUE Mapa3uT-
HBIX EMKOCTEHN BO BXOJIHBIX LIETIAX.

5. IIpeumymiectBa o nuHamuyeckuM napamerpam OY c¢ TOC crano-
BATCSI 0COOEHHO 3aMETHBIMU TTpH npoekTupoBanuu CBY OY.

6. Ilpu ¢pukcupoBaHHOM KO3 (PUIIMEHTE TIEpEeIavu B CXeMe ¢ 00paTHOM
cBs3bio (K =2+10) onepamonnsie ycunurenun ¢ OCH moryt umers
Ooiee BeIcOKOE ObIcTpOaeticTBre, YeM OV ¢ TOC.

7. Onepanuonnsie ycunutenan ¢ OCH u TOC umeroT mpakTU4ecKue
OJIMHAKOBBIE KOO PHUITUCHTHI OCTa0IeHUS CHH(BA3HBIX CUTHAJIOB.



SAK/IIOYEHHE

bbut paccMOTpeHbl METO/bI MOBBIIIEHUST OBICTPOACUCTBHUS OIEpaIlv-
OHHBIX YCHUJIUTENICH, PEAIM3YEMBIX 10 MHKPOHHBIM, B YAaCTHOCTH KOMILIE-
MeHTapHbiIM U BUKMOII TexHOIOrusM, OCBOEHHBIM PSIIOM POCCUHUCKHAX
IpeanpusaTHil. BoNBIIMHCTBO 00CYKIEHHBIX CXEMOTEXHUYECKUX PEIICHUI
3 (GEKTHBHBI U IS APYTUX TEXHOIOTMYECKUX ITPoIeccoB, Harpumep SiGe.
Bonpias yacTh COBpEeMEHHBIX OBICTPOACHCTBYIONIUX ONEPAIMOHHBIX
YCWJIMTENICH BEAYLIUX MHUKPOAIICKTPOHHBIX (PUPM, B TOM UYHCIIE POCCHU-
CKMX, XapAKTEPU3YIOTCA CPEIHUMU 3HAYCHUAMU MAKCUMAIIBHOM CKOPOCTH
HapacTaHus BeixogHoro HampspkeHus (100-500 B/mkc). 9To 006ycnoBiaeHO
HEPALMOHAIIBHBIM MOCTPOEHUEM UX APXUTEKTYPHI, 4 TAKKE CXEMOTEXHUKHU
BXOJTHOTO M MPOMEXKYTOYHOI'O KaCKaJl0B, KOTOPBIM MPUCYIIN HEJIUHEHNHBIC
PEKUMBI.
Jlns yctpaneHust Bo3HuKaroumed B OY ¢ HENMHEWHBIMU KOPPEKTH-
pytomnmu nensimu (HKL) nuHamuyeckoid aCHMMETPUU U TIOJTYUEHHUS TIpe-
JIETHHO BO3MOKHOTO OBICTPOJEHCTBUS, COOTBETCTBYIOIIEIO JHHEHHOMY
pexUMy pabOThI €T0 OCHOBHBIX MOJICXEM, HEOOXOUMO:
— HCIMOJIb30BaTh CTPYKTYPHBIE METOJbl MUHUMH3ALNKU BIUSHUS HA
pabory cBepxObicTpoaericTByommx OY nuHaMHYECKOW Tmepe-
TPY3KH MMOBTOPUTEJIEH HAMPSKEHUS, BXOIANIUX B KauecTBe (PyHK-
IIMOHATBHOTO y371a B JIFOOBbIE M3BECTHHIC HEIMHEWHbIE KOPPEKTH-
PYIOIIME LENH C PErYIUPYEMBIM IIOPOTOM BKIIFOUCHHUS;

— TIOBBIIIATH OBICTPOJEHCTBUE SMUTTEPHBIX MOBTOPUTENCH Hampsi-
wenust (ITH) B crpykrype HKL] 3a c4éT yBennueHus: CTaTUYECKO-
ro TOKa TPaH3UCTOPOB; NpuMeHeHus kiaccuueckon HKI[ B
ctpykrype [1H; muanmuzanuum émkoctu B nenu Harpy3ku [TH 3a
CYET €€ KOMIICHCAIlMW; MPUMEHECHUS AUHAMHYECKOW JIMHEWMHOU
koppeknuu [IH, ymydmaromeir kadecTBo Tmiepeaadn (GpoHTa
BXOJIHBIX UMITYJIbCOB.

JlaHHBIE PEKOMEHIAIMN TO3BOJISIIOT OOCCIIEYUTh IMOBBIIIICHUE MaK-
CUMAJIbHOM CKOPOCTH HAapacCTaHWsl BBIXOAHOTO HampspkeHuss OY Ha WHTe-
rpansHbIX Tpanzuctopax OI'YIT HIIT «Ilynscap» mo 5000-15000 B/mkc.
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[Tpu panrioHaIbHOM MPOEKTUPOBAHUH OMEPALMOHHBIX YCHIIUTENEH C
oOpatHOil cBs3b0 Mo HampspkeHuto (OCH) ux AuHaMHUUYECKHE MapaMeTphl
MOTYT HE YCTYMaTh, a B pAJE CIy4acB — MPEBOCXOJUTH COOTBETCTBYIOIINE
napameTpbl yCHIIMTEIEH ¢ TOKOBOM oOpaTHOoM cBa3bt0 (TOC).

Apxutextypa OY ¢ OCH obecneunBaet (Iipu onpeaenéHHbIX yclo-
BUsIX) psig 0a30Bbix cBoiicTB OY ¢ TOC — He3aBUCHMOCTh BEpXHEH rpa-
HUYHON 4acTOThl 3aMKHYTOTOo OV 0T ko3 duiuenTta nepeaadn, BbICOKHE
3HAYEHUS] YaCTOTHl €IMHUYHOTO YCHJIEHUS M OBICTPOJCUCTBUSI B PEKUME
OOJIBLIOr0 CUTHAJIA.

BoisBiennsie ocobeHHocTH apxutektypsl OY ¢ TOC u OCH no3Bo-
JSI0T CO3JaBaTh aHAJIOTOBbIE MUKPOCXEMBI C TaK Ha3bIBAEMOW 000OIIEH-
Hoil TOC, xoTopas coueraet B cede cBoiictBa OY 000MX KIIacCOB.

CxeMOTeXHUKA BXOJHBIX KaCKaJ0OB OKa3bIBACT JOMUHHUPYIOIIEE BIIU-
sHUE Ha JAuHaMuueckue mapamerpsl OY B pexume OOJBIIOr0 CHrHama.
Y cTaHOBIIGHHBIE YHEPTETUYECKUE OTPAaHUYCHHS HAa BXOJHbIE Kackaabl OY
C MpeeNIbHBIM OBICTPOJCHCTBUEM HEOOXOIUMO YUUTHIBATH MPHU MPOEKTH-
pOBaHMM HAAEKHBIX aHAJIOTOBBIX MUKPOCXEM, pa0OTaOIIUX B CTPYKTYpe
aHAJIOTOBBIX UHTEP(ENCOB C 0OpaTHOM CBS3BIO.
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YCJIOBHBIE OBO3HAYEHUA

TaoOnuma 1

Ycii0BHBIEe 0003HAYEHHUS] B AHAJIOTOBBIX YCTPOHCTBAX,

AHAJIOTOBBIX MUKPOCXeMaX U UX (PYHKUHMOHAJbHBIX Y3JIaX

IIpumeuanue,
O6o03HaueHue HaumenoBanue npumep
0003HauYeHUs
1 2 3
A obiiee 0003HAUEHUE aHAJIOTOBOM MHUKPOCXEMBI Al, A2...
WK €€ QYHKIMOHAJIBHOTO y3J1a
oy ONEPAMOHHBIN YCUIIUTEIIb OVY1, OVY2...
MOY MYJIBTUBXOJOBOU ONEPALlOHHBIN YCUIINTEIb
J10Y nudepeHImanbHbIN OnepalioOHHbIN YCUIIUTENb
1NY TG depeHIINaIbHBIN YCUIUTEh JAV1
JAK b depeHMaNbHbIN KacKal JK1
BxK BXoaHOH kackax OY BxK1
Py pemaromui yCWINTENb, BHIIIOTHEHHBIN HA ocHOBE | PVY1, PV2...
OY c o0paTHO¥ CBA3BIO
IIT IIOBTOPUTEIIb TOKA, TOKOBOE 3epKaiio ¢ K; ~ 1 IIT1, IIT2...
bT «OpUJUTMAHTOBBIIY TPAH3UCTOP bT1, bT2...
MK MocToBO# nuddepeHnmansHbIi kKackas (quad-core) MJIK1,
MIK2...
DIS dual input stage — BxoaHoi#1 kackaa Ha ocHoBe AByX | DIS1, DIS2
napajuiesibHO BKIIOYEHHBIX MO Bxony auddepen-
[IMAJIbHBIX YCUJIMTENEN Ha Pa3sHOTUIIHBIX TPaH3H-
cTopax (komruiemeHTapHsiit /1Y)
I1K IIPOMEXKYTOUHBIN Kackag OY I1K1, TIK2...
BK, BY BBIXOJHOMU Kackaj, OybepHblil ycunutens OY bY1,bY2...
03, Ob, OK | cxema BKJIIOYEHHUS] TPAH3UCTOPOB C OOIIMM IMUT- -
TepoMm, 0011eit 6a30i1, OOIIMM KOJJIEKTOPOM
ITeK «IEPETHYTHIN» KACKO
KY KACKOJIHbIN YCUJIUTEIb
K1Y KaCKOJHBIN TuddepeHnanbHbli yCUIUTENb
[110% LIMPOKOITOJIOCHBIN YCUIINTEND
ny VHBEPTUPYIOLIUN YCUIIUTEIb
YT yCWIHTENIb TOKa ¢ Ry, =0, R, =
HY HEUHBEPTUPYIOLINN YCUIIUTEIIb
YH ycunurenb Hanpsbkenus ¢ R, =0, R, ~0
ITH MOBTOPHTENb HanpshkeHus (K, ~ 1)
oIl OMUTTEPHBIN [IOBTOPUTEID
RRB BBIXOJHOM Kackaj ¢ omnuuei rail-to-rail
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Oxonuanue maban. 1

1 2 3
BRR BXOJHOMU Kackaz ¢ onuuen rail-to-rail
JOI1 JIBYXTAKTHBI SMUTTEPHBIN TOBTOPUTEIb
ITHT npeoOpa3oBaTelb «HAMPSKEHUE-TOK»
NOT VMCTOYHUK OTIOPHOT'O TOKA
T VCTOYHUK TOKA
YUT YIPaBJISIEMbI UICTOYHUK TOKA
AH aKTHBHAs Harpy3ka
YAH ylpaBiisiemMasi akTUBHasl Harpy3ka
All AQHAJIOTOBBIN MTEPEMHOKHUTEND JIBYX HANIPSIKECHUAMN
OCH oOpaTHasi CBSI3b 110 HANPSHKEHUIO
TOC TOKOBasi 0OpaTHasi CBSI3b
TaOnuna 2
Toku 1 HANPSIZKeHUS B JIEKTPOHHBIX CXeMax.
Tomosiornyeckune npeacraBJieHus!
O6o3HaueHue HanmenoBanue Hpnveuarne,
npuMep 0003HAYEHUS
1 2 3
I,U, P MIOCTOSIHHBIM TOK, HaIpsDKeHHE, MOIII- u
HOCTh t
i,u,p MEPEMEHHBI TOK, HaNpsHDKEHUEe, MOII- u
HOCTb % t
u="U,, sin(mwt+@)
Imy Um, P aMIUTMTYJHOE 3HA4YEHHUE TOKa, HampsixKe- T,

HUs1, MOIIIHOCTHU

i(©), u(®), p(®)

MTHOBCHHBIN TOK, HAIps>KCHUEC, MOII-
HOCTB

1(t)=U+U,,sinot

I maxs U maxs Pmax

Imax.l

MaKCHMAaJIbHBIC TOKW Y HAPSDKCHUS

En HANPSDKCHUE UCTOYHUKA MMUTAHUS

E(X, EC) HANPsDKEHHUE TMOJIOKUTENIHOTO M OTpHIIa- EEI“;), EEI—S)
TEJILHOTO UCTOYHUKOB ITUTAHUS

lo, 11 HMCTOYHHUK OMOPHOTO TOKA liq, 1., 1 1y

Uy, HMCTOYHUK OMOPHOTO HANpPSHKEHUS Uon 1 Uon2

E. HalpsDKEHUE IeMU CMelleHus cratude- | +Egq, -Eq
CKOT'0 IOTCHITHAJIA

Ugx 15 Ucr, Ug HalpsDKEHWE Ha mepBoM Bxojae audde-
PEHIMAIBHOTO YCUJIUTENSI OTHOCHUTEIHHO
0O0111ell IINHBI

Ugx 2, Uca, Us HaIpsDKEHWEe Ha BTOpoM Bxojae audde-
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Oxonyanue maoa. 2

1 2 3
Ugx, U2 NPUPANICHAE HANPKEHUS MEKIY BXOAa- | U, =U, —U,,
MU TP PEPEHIIHATIBHOTO YCHUIIUTENS
Ue cuH(a3Hoe BXoaHoe Hanpshkenue Y u,=0,5(u, +u,,)
Upgixs Uy BBIXOJIHOE HAIIPsDKEHUE, HAIPsDKEHHE Ha
COIIPOTUBJIEHUU HArpy3Ku
€sx Eax 3.J1.C. BXOJHOI'O CUTHAJIA U €ro aMIUIMTY 1a
: * TOIIOJIOTUYECKOE TPE/ICTaBICHUE TOKa B :
| o i & I
3JIEKTPOHHOU cXeMe g
— p . —>>
+ - | — mOCTOSIHHBIN TOK
. . o <« .
D o | — MepeMeHHBIH TOK | & L,

+ + TOITIOJIOTNYCCKOC IIPCACTABJICHHUC HaIIpA-
(u > JKeHUH B QJICKTPOHHBIX CXEMaX
c2

R = TOIIOJIOTUYECKOE TIPEACTABICHHE TOKA | U
5 HanpsDKCHHSI U Ha JBYXTIOIIOCHHUKE R
u
L BO3MOXKHBIC HAIPABJICHUS TICPEMEHHBIX
TOKOB | B OMITOJISIPHOM TPaH3UCTOpPE (aK-
W L TUBHBIN PEXUM)

Tabnauna 3
ITapamMeTpbl MMIIEIAHCOB
[Ipumeuanue,
Ob6o3HaueHne HaunmenoBanue npuMep
0003HaueHUs
1 2 3
y; =R;! MPOBOJIUMOCTH pe3ucTopa Ry Yor Yid---
Rex BXOJHOE Au(PepeHIaIbHOE CONPOTUBIEHHE | R, | =00
JIY Mexny MHBEPTUPYIOIIMM M HEUHBEPTUPY-
IOLUM BXOJaMHU
Rg+) BXOJ/IHO€ COIpPOTHUBJICHUE (TPOBOJUMOCTD) MAJIs
(+)y | CMH(A3HOTO CHUrHANA TI0 HEWHBEPTUPYIOLIEMY
(YBX.CQ)l’ YC ) BXOJIY oy (I[y)
R BXOJIHOE COIIPOTUBIIEHUE (MPOBOJAUMOCTH) JUIS RS), Rg),
(o) | CHH(A3HOTO CHIHama M0 WHBEPTUPYIOLIEMY | ()
(Y ex.cps ch, ) Bxoay OV (1Y) Yed
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Oxonuanue mabu. 3

1 2 3
Rog.i 3¢ (HEKTUBHOE CONPOTUBJIEHUE JIBYXIIOIIOCHUKA
Ri
R, conpoTuBiieHre Harpy3ku OY WUIM ero nojcxemsl
R, (Ry) HKBUBAJIEHTHOE COIMPOTHUBIICHUE, BKIIOYEHHOE
napajuieIbHO KOPPEKTUPYIOIIEMY KOHIEHCATOPY
C, OY
Cy émkocth Harpy3ku 1Y (OY)
Cox BxoaHasa EmkocTh Y (OY)
Copi s dexTruBHas EMKOCTh KoHaeHcaropa Ci
Ri|R, napajuielIbHOe COEAMHEHHE JBYX PE3UCTOpoB R;
u R2
TaOnumna 4

OcHoBHBIEe 0003HAYEHHS BXOJA0B, BLIX0I0B MUKPOCXEMbI
U ¢ QYHKIMOHAJIBbHBIX Y3JI0B

[Ipumeuanue,
O6o3HaueHue HaumenoBanue npumep
0003HaYCHHS
Bx.1 o0o3HaueHue nepBoro Bxoja AuddepeHnanTbHOro
yeunutens (0OY)
Bx.2 0003HaueHHe BTOPOTO BXoja auddepeHInanTbHOro
yewurens (OY)
BrIx.i; 0003HavYeHHE MEPBOTO0 TOKOBOTO BhIxoAa audde-

PEHIIMATILHOTO YCHIIMTEIIS, COTVIACOBAHHOTO C IITH-
HOHM TOJIOKUTEIIBHOIO HMCTOYHUKA IHUTaHMS, 00ec-
MIEYMBAOIIETO HHBEPCHUIO (a3l OTHOCUTEIBHO TIep-
Boro Bxoza JIY (OY)

Brix.iy 0003HaYeHHE BTOPOTO TOKOBOTO BBIXOda mudde-
PEHITMANBHOTO YCHIIUTENS, COTJIACOBAHHOTO C IIIH-
HOM TOJIOKUTEIBHOTO MCTOYHMKA IMHMTaHMs, oOec-
MICYMBAIOIICTO HYJIEBOW (ha30BBIH CIBUT OTHOCH-
TenpHOo nepsoro Bxoaa 1Y (0OY)

BI)IX*.il 0003Ha4YEeHHE MEPBOTO TOKOBOTO BhIxoAa mudde-
PEHITMAIIBHOTO YCUIIUTEIS, COTJIACOBAaHHOTO C IIH-
HOW OTPHIIATEILHOTO MCTOYHHKA IMUTAHUS, C WH-
Bepcuell a3bl OTHOCUTEIHLHO MEPBOTO BXOJA

BI)IX*.ig 0003Ha4YeHHE BTOPOTO TOKOBOTO BhIXOAa audde-
PEHITMAIIBHOTO YCUJTUTEIIS, COTJIACOBAaHHOTO C IIH-
HOW OTPHUIIATEIHPHOTO MCTOYHUKA MUTAHUs, o0ecIe-
YHBAIOIIETO HYJIEBOW (pa30BBIA CABUT OTHOCUTEIb-
HO MEPBOTO BXOJIA

Brix MOTEHIUAIILHBIN BbIX0J] yeruuTens (nmogcxeMsl OY)
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HOI(CTpO‘lele HH/ICKCbI

TaOnuma 5

IIpumeuanue,
O6o3HaueHue HaumenoBanue npumep
0003HaYEHUS
Bx MUHJEKC BXOJOB M BXOJHBIX BEJIMYMH aHAJIOrO- Usx
BOI'0 YCTPOMCTBA
“ BBIX WHJIEKC BBIXOJIOB M BBIXOJHBIX BEJIMYHMH aHAJIO- T Uspix
rOBOI'0 YCTPOMCTBA
N MHJIEKC HAarpy3Ku Iy Uy
" MHJEKC CUH(pA3HOTrO CUTHAJIA
¢
* max MHJIEKC MAaKCUMaJIbHBIX 3HaYEHUI
“Ip WHJIEKC TPAaHUYHBIX 3HAYCHUI
o MHJEKC MPUHAAJIEKHOCTH MapaMeTpa K YCHIIH- Ri:
TEJIF0 ¢ TOKOBOM 00paTHOM CBS3BIO
N MHJEKC MPUHAMJIEKHOCTH MapaMeTpa K YCHIIH- Rox
TEJI0 C OOPATHOM CBS3BIO MO HAIIPSIKEHHUIO
y MHJEKC MPUHAJIEKHOCTH K YCUIUTENIbHBIM Ia-
pameTpaM pazomMkHyToro OY
- MHJIEKC MPUHAJIEKHOCTH K YCUIUTENbHBIM Ia-
pamerpam 3amkHyTOoro OY
Tabonuma 6
Haxcrpounblie HHAECKCHI
[Ipumeuanue,
O6o3HaueHue HaumenoBanue npuMep
0003HaYeHUS
* MHJEKC BBIX0Jla, COIVIACOBAHHOI'O C IIMHOM OT- -
PHIIATENHLHOTO HCTOYHHMKA [TUTAHUSI ! o2
- MHJEKC BCIIOMOIaTeJIbHOIO BBIX0J1a aHAJIOTOBOM ~
MHKPOCXEMBI ]
0 MHAEKC CTaTUYECKOI0 pEeXHMa, Juana3oHa KO

CpE€AHNX YaCTOT
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[lapaMeTpsbl ycHJieHHS U NepeJayu CUTHAJIOB

TaOnuma 7

O603HATC- [Ipumeuanne,
- HanmenoBanne IIpUMeED
0003HaYEeHUSI
K = s ko3 puuuent ycunenus Y (OY) unum ero moa- | u,, — BXOAHOE
¥ u, | CXEMBI 0 HANPSHKEHUIO MEXKITY WUHBEPTHPYIOWUM | muddepeHi-
U HEWHBEPTHUPYIOIIUM BXOJaMH, MOAYJIb KOM- | ajgpHOE
MJIEKCHOTO K03 dulleHTa nepeaadn Ky HaIpsHDKEHNE
K. mupdepeHIaNbHbI KO3 (UIMEHT  YCHIICHHUS
MIOJICXEMBI
K, MaKCUMaJbHOE 3HadeHue KodpduiMeHTa ycuie-
HUA Ky B IMAIIa30HE CPEAHUX YacTOT
K, = g KO PUIIMEHT yCUJIEHUS MO TOKY (YHKIMOHANb- | Ko
1o Horo y3na OY npu R, =0
Boc KO3 (UIIMEHT Tepesayr M0 HAMPSHKEHUIO0 YeThl- | B, <1
péxmnonrocHuKa oOpaTHol cBs3u PY
T (Ty) netaeBoe ycwieHne PY B cxeme ¢ obparnoit cBs- | Ty, T, Ty m
3bI0 T.J.
W( ) cxemHas pynkuus kackaaa, OV, noacxemsr OY
K, Kod(h(UIIMEHT MepeAaud Mo HampspKeHUio pema- | K
toero yeusurens (PY) ¢ yuérom o6paTHoii cBsizu
K Kodh(dUIIMEHT Tepenayu HeuHBepTHpyomero PY K
10 HATIPSKEHUIO
K& Ko QHUIMEHT epesadn HHBepTHpYtomtero PY mo | g )
HaIPSHKCHUIO
Sep = gy KpyTH3Ha MpeoOpa3oBaHUs BXOJHOTO CI/IH_(I)aSHOFO u, — cuH(paz-
u, curHana U, I¥Y (OY) B ero BEIXOAHOMN TOK Iy HOE HampsKe-
HUE
S I KpyTHU3HA TpeoOpa3oBaHusi BXonHOTO auddepeH- | u,, — BXOJHOE
g, nuanbHoro Hanpsbkenust JIY (OVY) Uy, B ero BbI- | muddepennn-
XOJTHOM TOK gy aJTbHOE
HaIPSHKCHHE
Kep = Upix KOO PHUIMEHT mepenayn CHH(A3HOTO BXOJHOTO | u, — CHH{}a3-
U, Hanpsokenns 1Y (OY) HOE HalpsiKe-
nue JIY (OY)
Koced KO3 PHUIHMEHT ocinalieHns BXOJHOTO CHH(a3HOTO K Ky
curnana 1Y (OVY) oced — K_ccp
Kun KodppuuueHT noxasneHuss nomexu Y no nura-
HUIO
Sy(¥21) KpyTH3HA NMpeoOpa3oBaHUs BXOIHOTO HAMPSKEHUS
B BBIXOJHOW TOK YCHJIMTEILHOTO KacKaja




TaOnuma 8

Baxneiimue mapaMeTpbl 1 KOOPAMHATHI CTATHYECKOT0 PeKMMA

6HHOHﬂpHOFOTpaH3HCTOpa

[Ipumeuanue,

O0o3Hauenue HaumenoBanme npuMep
0003HaYCHM SIS

Qr nuddepeHIuanbHoe COMPOTUBICHHE YMUTTEPHOTO Iy, Mo

nepexona

B KOA(hPUITMEHT YCUIICHHSI TIO TOKY 0a3bl B1, B
o KO2(PUITMEHT yCUIICHHUS 110 TOKY SMHUTTEpa oq, O
re CONPOTHUBIICHHE 3aKPBITOTO0 KOJIJICKTOPHOTO Iepe- Fety Fen
Xoma
Cws E€MKOCTbh KOJUUICKTOP-0a3a Cus1, Cio2
C, EMKOCTh MEX/Iy KOJUIEKTOPOM TPaH3UCTOPA U MO/I- Cut, Cin
JIOKKOU
I, CTATUYECKHH TOK SMHUTTEPA L, 1
I CTATHYCCKHUM TOK KOJIJIEKTOpa L, Lo
Is CTaTHYECKUM TOK 0a3bl ls1, Is2
Fox 00BEMHOE CONTPOTHUBRIICHUE KOJUICKTOPA F okl
U,s HaIpsDKEHHUE SMUTTEP-0a3a B CTATUYECKOM PEKUME Uss1
Ui HaIpsDKEHUE KOJIJIEKTOp-0a3a B CTaTHMUYECKOM pe- Uie.1
KHAME
U HaIIPSDKEHUE KOJUIEKTOP-3MUTTEP B CTATHYECKOM Ui
pexKuMe
lo 00paTHBIN TOK KOJJIEKTOPHOTO Tepexo/ia lko.1
I 00paTHBIN TOK SMUTTEPHOTO Mepexoaa lho.1
Taonuna 9

BaskHeiilue napaMeTpbl 4 KOOPANHATHI CTATHYECKOT0 PeKUMA

M0JIEBOT0 TPAH3HCTOPA

[Ipumeuanue,
Ob6o3HaueHne HaumenoBanue npuMep
0003HauUEHUs
I TOK CTOKa
Iy TOK MUCTOKa
I TOK 3aTBOpPA
U,, HaIPSDKEHUE 3aTBOP-UCTOK
Uore HaIpsHKEHUE OTCEUKHU
Usop IIOPOrOBOE HANPSKEHUE
leo MaKCHMaJIbHbIM TOK CTOKa
S muddepeHanbias  KpyTH3HAa — XapaKTEPUCTHKH
I, =f(U,,)
Ri BBIXOJTHOE CONPOTHUBIIEHHE TpaH3HucTOpa B cxeme ¢ OU

o1




IlocTosiHHbIE BpeMEHHU U MapaMeTPbl YaCTOThI

Taonuma 10

[Ipumeuanne,
O6o3HaueHue HaumenoBanue puMep
0003HaYEHHUSI
T; BBICOKOYACTOTHAsA IMOCTOSIHHAs BPEMEHHU, YUYHUThI-
BaloOlIass WHEPIMOHHOCTH I-r0 TpaH3UCTOpa (Kac-
Kaja, IOJICXEMBI)
1, =R;C; MOCTOSIHHASI BPEMEHH J-TO KOHJICHCATOpa 1, =R,,C,
Ty MIOCTOSIHHAsA BpeMeHu Koppektupytowei nenu OY | 1, =R, C,
f 4acTOTa €IMHUYHOIO YCUJIEHUS] CKOPPEKTHUPOBAH-
HOTO pazoMkHyToro OY
f, BEPXHsIsl TpaHUYHAs YacToTa 1o ypoBHI0 — 310
f. HUKHSISl TPAaHUYHAs 4acToTa 1o ypoBHI0 — 3/16
fo IIEHTpaJIbHAS 9YaCTOTa
fn rpaHWYHas YacTOoTa MAaKCUMaJbHOW BBIXOJHOM
MontHoctu OY
fl* 4acTOTa €JUHUYHOIO YCUJIEHHUS pElIaroIlero yCcu-
JIUTENS TO MeTiie 00paTHOM CBSI3U
TabOmnuma 11
ITapameTpsbl NepexXoAHBIX MPOLECCOB U ObICTPOACHCTBUS
[Ipumeuanue,
O6o3HaueHue HaumenoBanue npumep
0003HaYEHHUSI
9 MaKCHMaJIbHasl CKOPOCTb HapacTaHMsI BBIXOJIHOI'O
HaIpsHKEHUS
3](;;1)X MAaKCHMaJlbHasi CKOPOCTh HApAaCTaHUsI BBIXOJHOTO
90 HaIpsDKEHUsI IS [TOJIOKUTENBHOTO (OTpHULaTENb-
BoX HOTO0) PpOHTOB
tyer BpEMs YCTAHOBJIEHUS MEPEXOJHOIO Ipolecca JUIst
3aJJaHHOM 30HBI IMHAMHUYECKOM OINOKH €
€0 30Ha TUHAMHYECKOM omuoOku (gy =0,1+0,01)
G (A) BEJINYMHA IIEPEPETYJUPOBAHUS Ha IEPEXOLHOMN
xapakrepucrtuke PY
Usuix YCTaHOBHUBILIEECS 3HAYEHHE BBIXOJHOTO HampshKe-
Hus PY
U, aMILINTYJ1a BXOJHOIO UMIIYJILCHOTO curana PY
t, BpeMsl 33JIEP’KKH BBIXOJIHOTO MMITYJIbCa
fin IPaHUYHAsT YacTOTa MAaKCHUMAJIBHOW BBIXOJHOMN

mortaocT OV
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TabOnuua 12

ITapameTpbl NPOXOAHOM XapPAKTEPUCTHKN KBAa3UJIMHEHHBIX KACKA/10B
IIpumeuanue,
O6o3HaueHue HaumenoBanue npumep
0003HaYEeHUsI
Uy HalpsDKEHHE  OrPaHUYEHHs]  KJIACCHYECKOIo
BXOJIHOTO Kackajga OY
U, MIOPOTOBOE HANPSKEHUE
y21 MaJOCUTHAJIbHAs KPYyTH3HA MPOXOJHOW XapakTe-
PUCTUKHU
YV o1 KpYTH3HA MPOXOJHOW XapaKTEPUCTUKHU Ha OOJb-
IIIOM CUTHAJIE
lo IPaHUYHBIA TOK 0a30BOr0 BXOJHOIO Kackaja 0e3
HEJIMHENHON KOPPEKLUU
I max MaKCHUMAaJIbHBIM BBIXOJHON TOok JIY ¢ HenuHei-
HOM KOppeKUuen
my OTHOCHTENbHBINA KOdpduuuent m, = U, /U,
Tabnuma 13
CnpaBoyHble napaMeTpbl M BasKHel e COOTHOIIEHHUSI
[Ipumeuanue,
O6o3HaueHue HaumenoBanue npuMep
0003HauEHUs
¢, =25 MB TemnepaTypHblil morennuan (¢, = KT/q)
r, =0,/ COIIPOTHUBIIEHWE SMUTTEPHOIrO mepexoaa Ou- | r, =25 Om
MIOJIIPHOT'O TPAH3UCTOPA
U, ~0,7 B npUOIKEHHOE 3HaYeHUEe HanpspkeHus aMHUT- | U5 = 0,7
Tep-0a3a KpEeMHHEBOTO OWITOISPHOTO TpaH-
3MCTOPA B aKTUBHOM PEXHUME
a=0,9+0,999 KO3 PUIIMEHT YCHJICHUS MO0 TOKY 3MHTTepa | o =095
OUIOJISIPHOTO TPAH3UCTOPA
B=o/(1-a) KO3 PHUIHMEHT yCUJIeHHUS 1O TOKY 0a3el Oumno- | B; =20-+500
JSIPHOTO TPaH3UCTOpa
U, BBIXOIHOE  CONpPOTUBJICHHE  OumonsipHoro | U, HaIps-

TPaH3UCTOPA B CXEME C OOLTIUM SMUTTEPOM

JKeHue Dpiu

MHUMas €AUHUIA

n=3,14

YHUCJIO T

o=2nf

KpyroBas 4acToTa
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