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BBEJEHUE

B 1udpoBbIX MHTErpajgbHbIX MUKPOCXEMax pe3yJIbTaToOM YyBEIUYe-
HUSI CKOPOCTH 00pabOTKKM MHGOpPMALMKM CTAIM TEHJEHIMHU MOCTOSHHOTO
YMEHBIIICHUS HAMPSDKEHUS! MUTAHUs, YTO SABJSETCS «aHademoil» B aHaJIO-
TOBOM IIPOCKTUPOBAHUU C BBICOKMMM 3HAYECHUSIMU OOOOIIEHHBIX TOKa3a-
Tenel kadectBa. [Ipu texHonornueckux Hopmax 350 um (3,3 B) mo-nipex-
HEMY JIOCTaTOYHO CXEMOTEXHMYECKUX BO3MOKHOCTEH JIsi aHaJIOrOBOTO
MPOEKTUPOBAHUS, XOTsI Hamunue 5 B nutanus ObUIO ObI MPEANOYTUTEIb-
Hee. [Ipu Hopmax 180 um (1,8 B) mponecc yciaoxxHsIeTcs U XapaKTEepUCTH-
ku crpagatot. Ilpu 120 um (1,2 B) aHamoroBoe mpoeKTUPOBAHHUE 3HAYU-
TEJIbHO YCJIOXHSETCS JaXe MpU YXYIIICHHBIX XapakTepucTukax. Ilpu
90 HM aHAJIOrOBOE MPOEKTUPOBAHUE MPAKTUUECKH HEBO3ZMOXKHO. 3a Tpejie-
namu 90—-130 HM nponeccoB HaC KAYT PyHIAMEHTAIbHBIE CXEMOTEXHUYE-
CKME orpaHuueHus. B »3Toil CBs3M HeoOxoAuMa MOJJIEpPKKa HOBBIX Ce-
MEWCTB MUKPOCXEM M TMOJXOJO0B K UX MPOCKTUPOBAHUIO, OPUCHTUPOBAH-
HBIX Ha yJIY4IIEHUE MapaMeTPOB IIPU HU3KOBOJBTHOM MUTAHUH.

CHuxeHre HampsiKEHUsI MUTAHUSI MUKPOCXEM OIEPAlMOHHBIX YCH-
auTeneil u kommnaparopoB 10 1,5+3 B Tpedyer nepecMoTpa CI0KUBIINXCS
MpEJICTaBICHUN O MeTojiax obecnedeHuss cUH(a3HONW MOMEXOYCTONYUBO-
CTH (BBICOKHX 3HA4€HUN K,c.p) M JOIMYCTUMOIrO AHMANa30HAa H3MECHEHUS
BXOJHBIX CHH(pa3HBIX CUTHAIOB (U max).



YACTbH 1

APXUTEKTYPA QU®OEPEHLNAJIbHbIX
YCUIINTETIEN

C MNOBbIUIEHHBIM KOS®OPULIUEHTOM
OCJIABJIEHUA

BXO4HbIX CUH®A3HbBIX CUHAJIOB

1. AUPPEPEHUUAIBHBIE YCUITUTEIU 5
C CObCTBEHHOU 1 BBAUMHOU KOMMNEHCALUEWU
UMINEOAHCOB LENEN YCTAHOBJIEHUA
CTATUYECKOI'O PEXUMA

Ilepexon Ha MaJible HANPSXKEHUS MUTAHUS AHAJIOTOBBIX MUKPOCXEM,
HEJIOCTaTOYHO BBICOKHE 3HAYEHUs BBIXOAHOTO CONPOTHUBJIIEHUS TPaH3U-
CTOPHBIX HMCTOYHUKOB omopHoro Toka (MOT), a Taxke uMX HEraTuBHOE
BJIUSHHUE HA JONMYCTHUMBIA JUANa3oH BXOJHBIX CMH(A3HBIX CUTHAJIOB CTa-
BAT BOINPOC O IIeJIecO00pa3HOCTH NpuMeHeHus kiaccuueckux MOT B
muddepeHranbHbIX yemUTeNsIX. O4eBUIHO, 3TO JOHKHO MPUBECTH K I1e-
PECMOTPY CIIOKHUBIIUXCSA CXEMOTEXHUYECKUX PELICHUM B TAHHOM KJacce
AHAJIOTOBBIX YCTPOWCTB M NMOMCKY aJbTEPHATHBHOM CXEMOTEXHUKH. Jlew-
CTBUTEIBHO, XOPOIIO U3BECTHO, YTO HE JOIMYCKAETCs PUMEHATHh PE3UCTO-
pBI JUIs cTaOWIIM3aluK cTaTudeckoro pexxuma J1Y, ecnu oH umeer cuHdas-
HYIO COCTaBJISFOIIYI0 BXOJHBIX CUTHAJIOB.

JlanHyt0 33724y MOKHO PEIINTh IyTEM CHUHTE3a cXxeM auddepeHuu-
albHBIX KaCKaJ0B, UCIIOJB3YIOUIMX MPUHLUINBI COOCTBEHHOW M B3aUMHOU
KOMIICHCAllUW BJIMSHUSA HU3KOOMHBIX TOKOCTAOWJIM3UPYIOIIUX JBYXIIO-
JIFOCHUKOB Ha KOA(PUIIMEHT OCIa0IeHUsI CHH(A3HBIX CUTHAJIOB.

1.1. Knaccuuyeckune 1Y ¢ pe3MCTUBHbIM
TOKOCTabnunsnpyrowmm gByXnosIFOCHUKOM

[Toyunm ycnoBust KoMIleHcauuu BiusHUA pesuctopa R1 Ha Ko
knaccuueckoro Y puc. 1.1 npu ycimoBuu, 4To BXOJHBIE CONPOTUBICHUA

nuddepeHiranbHOe COMPOTUBIIEHUE SMUTTEPHBIX nepexoaoB VT1, VT2,
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Puc. 1.1. Co6crBennas kommnencanus R1 B kmaccuaeckom 1Y

Cymmarop X1 obecneunBaer nepenady Ha Bbixon /Y nmpupaimienuit
TOKOB Iy U [1, KOTOPBIE JI0JKHBI KOMIICHCUPOBATH JIPYT JIpyTa:

I, =i Ky —0,50K;) =u Sy, (1.1)

K,—-05K, i

H

rae Sy = P = — kpyruzHa 1Y no cundazHomy curHany.
1

JIns monydeHHs HYJIeBOM Iepeaadd i, Ha BBIXOA 2.1 HEeoOXoaumo

C

00ecreyuTh CIEIYIOIIEe COOTHOIIEHUE MEXAY Kod(pduiimeHramu ycuie-
HUS TI0 TOKY CyMMaTopa:
1
Ky =—Kj. (1.2)
2
VYcioBrue KavyeCTBEHHOrO YyCWJIeHHS TuddepeHInaibHOTO CUTHAIA
TaKX€ HAKJIQ/IbIBACT OTPAaHUUYCHHUE HA TTAPAMETPhl CXEMBbI
RHK il

r31+r32

>>1.

Munumunsanus BmusiHus R1 Ha ycunenue nuddepeHnuanbHOro Cur-
HaJia 00eCneunBaeTCs, €CI R, >> 7, +1,,.

Ha puc. 1.2 npuBenensl npumepsl NOCTpoeHUA cxeM 1Y ¢ apxuTek-
Typou puc. 1.1.



Puc. 1.2. [Ipumep noctpoenus /1Y ¢ coocTBeHHOM KomneHcanueit R1



Pe3ynbTarel KOMIIbrOTEpHOrO MOJenupoBanus Y puc. 1.2r nmokasa-
HbI Ha puc. 1.30.

1 Vi,
1mAC> 14V=

VT1 T V3
TPO5S 5V Kocop 1B

VT3 VT4
TNO5S TNO5S

HOBa CXEMA

5.84 MI'n, -3 1B

69

60+

TPOTOTHI

N A,

R3
= 3.6k

204

0 T T T T T T T T
10' 100 107 10 10° 10° 107 10° 10 £Tu

a) 0)

Puc. 1.3. Komnsrotepnas moaens 1Y puc. 1.2r (a)
U pe3yJbTarhl €€ uccieaoBanuii (0)

1.2. AudphepeHumnanbHble yCUNUTENn
C CUMMETPUYHbIM BbIXOAOM

B tex cnyuwasix, korma JIY umeer nBa Beixoaa (puc. 1.4), ycioBus
COOCTBEHHON KOMIIEHCAIIUU JOJDKHBI padoTaTh NIl KaXJA0r0 U3 BBIXOAOB
HE3aBUCUMO APYT OT Apyra.

BbiIX.i1 BbiX.io
0 o)

BblIX. .
Igbix. 1 é é Igbix.2

i VT i, i VT2 [

ijm 2 KK1 3 uci
K:z\ A’m l
1

] @

20y

Puc. 1.4. Co6ctBennas kommencanus R1 B /1Y
C CUMMETPUYHBIM BBIXOJIOM



[Tpumepsl cunTe3a JIY, COOTBETCTBYIOIIUX OOOOIIEHHON CcXxeMe
puc. 1.4, npusenensl Ha puc. 1.5.

Brix.i, Brixi,
0 0

Bexi; Bexi,
0 0

% iBle.Z

R2 VT3 VT4

Puc. 1.5. IIpumepsl noctpoenust AudpepeHnaIbHbIX YCUIIUTENEH
C CUMMETPUYHBIM BBIXOJOM

1.3. AudbhepeHumnanbHbIe yCUNUTENn
C «TOKOBbIMMU 3epKaramMmm»

JUia ycunurtenell AAHHOrO IMOAKJIACCa XapaKTEPHO CYMMHMPOBaHUE
muddepeHranbHbIX CUTHAIOB BbIx0/10B Bhix.1 u Beix.2 1Y (puc. 1.6).

Brix.1;

.

Puc. 1.6. O0uwmii cixyyail CcyMMUpPOBaHUS BBIXOJHBIX CUH(a3HBIX
1 qudpepeHInaIbHBIX CUTHAJIOB

10



[TosToMy K03 PUIIUEHTHI TIepeaun Mo TOKY cymmaropa X1 mo Bxo-
nam 1, 2, 3, (K1, Ki3, Kin) TOJDKHBI YIOBIETBOPATH YCIOBUSIM

Kll K13 (13)
2K, =(K;; — Kj3).
B psne ciiydaeB nenecooOpa3Ha opraHu3aiys KaHaJloB Mepeiadu To-
Ka i) OT BXojia 2 Ko BxoAam 1 u 3, a 3aTeM nepejaya oOpa30oBaBIIMXCS Ta-
KUM 00pa30oM pa3HOCTHBIX CUTHAJIOB Ha BbIxoA Y yepes «TokoBbIe» 3ep-

kasna. B aToMm cinywyae y cymmaropa X1 JOmKHBI OBITH CIELYIOIIME KOA(]-
(ULHEHTHI Iepeaadn

K, =-K;
K,;=0,5 (1.4)
K12.1 = 055.

[IpumMepsI MOCTPOEHUSI TPAKTUYECKUX CXEM C apXUTEKTYpPOM puc. 1.6
IIpUBEAECHBI Ha puc. 1.7.

O+

VT4

VTS VT6
\‘{—T—l‘/

Puc. 1.7. IIpumepsl noctpoenus 1Y ¢ apxutektypou puc. 1.6
11



1.4. QudphepeHumnanbHble yCUNUTENN
C napannesibHbIM KOMMEHCUPYHLMM KaHanom

B ctpykrypHO#l cxeme puc. 1.8 11 MUHAMU3ALHNU BIVSIHUSL PE3U-
crtopa R8 Ha K o, IPEAYCMOTPEH CIIENUATBHBIN KOMIICHCHU MY KaHal
¢

Ha Tpan3ucropax VI3 u VT4 u pe3ucropax Rl* u Rl* .

Brix.i;

Puc. 1.8. Apxurekrypa 1Y

V) ) o * sk
CO B3aMMHOW KoMIeHcanuen conporusiiennii R1 u Ry, R;

Koapuuumentsl nepegaun cymmaropa CUTHaJIOB X1 JTOJKHBI yIOB-
JIETBOPATH YCIOBHUSIM

R*
Kig1 = _ﬁ
J : (1.5)

sk

R

*

R
Kiy3 = _ﬁ
J : (1.6)

skek

R

[Ipu stoM mna ycunenus aud@epeHIHaTbHOr0 CUTHalda HEoOXOAUMO
o0ecIeYuTh

Ki2.3 =

i2.1 =

Kil = _Ki3’
Bo3MoxHa Takxke opraHuszaiys KOMIIEHCUPYIOIIMX KaHAJIOB C Iepeaadei

CHUTHAJIOB CO BXOJIOB 4 U 2 HEMOCPEACTBEHHO Ha BhIXO J1Y.
12



[Ipumep nmoctpoenns 1Y naHHOrO nojkiacca npuBeacH Ha puc. 1.9.

1112 IIT3
O +

f

-

VT4 VT5 T VT6

Ue2 Brix

Puc. 1.9. IIpumep noctpoenus 1Y ¢ apxutekrypou puc. 1.8

1.5. ApxuTeKkTypa KaHanoB KomneHcauuu B [1Y
C MEeCTHOM oTpuuaTesibHON OOpaTHOWN CBA3bLIO
ana andpcgpepeHunanbHOro curHana

Cxemsbl 1Y ¢ MecTHON 00OpaTHOM CBS3bIO Uil AU((PepeHIHATBHOTO
cur"ana (puc. 1.10) Takke OTHOCATCS K YHACITy 0A30BbIX U MIUPOKO IMPUMeE-
HAIOTCS B aHAJIOTOBBIX MEPEMHOXKUTENSAX curHaioB, OV, crabunuzaropax

HANPSDKEHUS, KOMITapaTopax.

-

Puc. 1.10. ba3oBas apxuTeKkTypa KaHAJIOB KOMIIEHCauuu B J[Y
C MECTHOM OTpULIATEIbHOM 00pAaTHOM CBA3BIO

13



Onpenenum TpeboBaHus K K03 PUIlMeHTaM nepeaadn Mo TOKY CyM-
Martopa 2.1, Ipu KOTOPBIX YMCHBIIIAETCS BIMSHHUE PE3UCTOPOB R, = R, Ha
ocyiabieHue cuH(pa3HbIx curHaioB. [IpupaiieHue Toka B Harpyske R, 3a-
BUCHUT OT 3JIEMEHTOB cxeMbl puC. 1.10 U BXOAHOTrO CHH(A3HOrO CUTHaja
U, =uU, =u, CICAYIOUIUM 00pa3oMm:

Iy =UeSey (1.7)
rie Sep — KpyTHU3HA Ipeo0pa3oBanus U B iy,. [Ipyuém mpu K5, = K4, =0
Ki; — K 4 Kiy —K; (1.8)

R, R,
®opmyna (1.8) mo3BosseT onpeaeauTs 00IIee yCIOBUE KOMIIEHCA-

Uy BAUsAHUA pe3ucTopoB R1 u R2 Ha S¢y:
K3 — K _ Ky — K4

Sc(b = uc

1.9
R R (1.9)
s cooctBeHHoM KommneHcanud R1 u R2 HeoOxoaumo obecneunTh
K.=K.
SR (1.10)
Ky =Ky

DTO 03HAYAET, YTO MPU UACHTUYHBIX TOKOBBIX YCUJIEHUSX IO UHBEP-
TUPYIOIIUM WM HEMHBEPTUPYIOIMM Bxonam 3 u 2, 1 u 4 pesuctopsl R1 u
R2 He BmusAIOT Ha S¢ XU MOTYT BBIOUPATHCA JOCTAaTOYHO HU3KOOMHBIMHU.

[IpuMepnl mocTpoeHUsl CXeM, yIoBIeTBOpstomux yciaoBusM (1.10),
npuBeAcHbI Ha puc. 1.11a, B.

+
R4 RS T T———
i o +

Iy R1Ra

VT3

VT2 VT1

l — u i +E . BoIx.
ucl c2 ¢ 4

Tlxs ~ig i R,

=]
>
3
UJ
l S
[\
o
2
&

Brix.

Lggrx

faleRS

=
| S|
| S|
S
=

iRli, iR2£ in ziRITSZ VDI VT35

VT4

VD2 SZ R [J Q R
a) 0)

Puc. 1.11. Co6ctBennas kommencanus R1, R2 B J[V
(Ha4ayi0, OKOHYAHHE CM. Ha C. 15)

i
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Puc. 1.11. Oxonuanue (Ha4yaiao cM. Ha C. 14)

JIBa yCOBHsI MEHEE TIEPCIIEKTUBHON B3aMMHOM KOMITCHCAIIMU BIIUS-
Husd Ha Koo R1 1 R2 umeror cnenyrommit Buj

K=Ky =0

K R, , (1.11)
Ky R

Ki3=K;=0

K, R, . (1.12)
Ky R

IIpumep noctpoenns takoro Y nokaszan Ha puc. 1.12.

O

Puc. 1.12. 1Y co B3aumHol komreHcauue R1 u R2

15



@opmynam (1.11) u (1.12) Takxke ynoBIETBOPSET AOCTATOYHO IIH-
POKHI CIEKTp cxeMoTexHuueckux pemenunn Y. Cnemyer, ogHako, 3ame-
TUTh, 4TO B3auMHas kommeHcarusi R1 u R2 (1.11) u (1.12) umeer 6omnee
BBICOKYIO UYBCTBUTEIBHOCTh K HECTAOMJIBHOCTH 3THX 3JIEMEHTOB (TEXHO-
JIOTUYECKUH pa3dpoc, TemrepaTypHbie 3P (EKThl, CTApEHUE U T.11.).

B cxemax 1Y c¢ nByms Bbixogamu yciioBus (1.9) nomxHbl padboTarh
JUTISL KOKJIOrO BhIXOAA He3aBUCUMO. [IpuMepbl CMHTE3a TaKMX CXEM IOKa-
3aHbl Ha puc. 1.13.

] ] Boix.i; Bruix.i,
Boix i, Boix i, 0o o)

(o} o . . . .
Ly = Olgy i, (0 —aty) & & ips(a, —a,)

¢ iBHX.l iBHX.2 ¢
v v

f Aylps

v Vi
VTI 3
Bx.1 V2 U Bx2

u, & L i1|_,i3 .3£ uci
l RI H $ I ? ]R3

—_

VT4

e

[¢]
'

Puc. 1.13. [Ipumepsl nocTpoeHust MyJIbTUBBIXOAHBIX J[Y co B3auMHOM (a)
1 cOOCTBEHHOM (0) KOMITeHCaIuen

OcobeHHOCTh 00001IEHHON cxeMbl puc. 1.14 cocTOMT B TOM, 4YTO
31ech 00€CIeurnBaeTCsl B3auMHas KoMIleHcanus conporusiiennii R1 n R4
(R2 1 R5) oTHOCUTENBHO BBIXOOB.

16



T T
| |
| |
| |
S Boixii; Boix.iz ¢
i L R4 5 RS i i
— —r—{ +—

I L R4 1Rs i 12

Bx.1 uz Bx.2
o——K VI 3_ >I——o
c
Kis Kps | VT2
llcl /i‘i\\\ < Ue2

P e
F-—-»" Kis Koz [+

R3

l iRl iR2 l
R1 [J ' ¥ [‘] R2

Puc. 1.14. Apxurektypa 1Y ¢ mapauienbHbIM KaHAJIOM

B3aUMHOM KoMrieHcaruu pe3uctopoB R1 u R4 (R2 u RY)

[Toncxema BbizeneHusi cuH(pa3HOTO BXOJHOrO HampsbkeHus Y X
obecrieunBaeT eJUHUYHYIO Iiepenady u. B y3ea 3 (uy =u,). g 3Toro He-
00X0JIMMO UMETH KOA(P(UIIMEHTHI IEpeauu HAIIPSKCHUS

K., =1
P (1.13)
Ky =1

B manHOM cilyyae JOIOJHUTENBHBIM YCIOBUEM B3aMMHOW KOMIICH-
cauuu TokoB yepe3 R1 u R4 (R2 u R5) 0yayr paBencrBa R4=R1, R2=RS5.

IIpumepsr moctpoenus JIY npaHHOro noakiacca MOPUBEACHBI Ha
puc. 1.15.

Bhbix.i; Bhix.iy
o) o)
‘ ' o+ b L L 2
l |
| |
Brixi; ¢ S Brixi, .
ira | I
R3 R4 v M
Bx.1 : : Bx.1
Bl JVD3 VTl V12 VT4 peo2 VTI VT2
RS ) R5
1 . 1
o - o -
a) 0)

Puc. 1.15. IIlpumepsl noCTpOEHUS TOACXEMBI BBLACICHUS
CHUH(]a3HOro curHajna X, (Hayajao, OKOHYaHHUE CM. Ha ¢. 18)
17



YV VDI

VT1 VT2

Puc. 1.15. Oxonuanue (Ha4anao cMm. Ha c. 17)

B oOmem ciydyae mojcxeMa BbIJEICHUS CHUH(A3HOrO CUrHala X
MOYET UMETh JIBa MOTECHIIUATIBHBIX BBIXOJA, KaXKJIbIH U3 KOTOPBIX «00CIy-
KHUBAET» COOTBETCTBYIOIIUM TOKOBBIA BBIXOA Y — CO3Ma€T KOMIIEHCH-
pytomnii ToK. [Ipumepsr noctpoenus 1Y ¢ qaHHOW apXHUTEKTYpOU MOKa3a-
HBI Ha puc. 1.16.

Boix.i; Boix.i,

o o

BrIX.i; BrIx iz : L .
Lpprx.1 v lpgx 2

Ucy

", Q
Brix. i; |

-,
L iy | Buix. 1,
!

o-

Brix.i; BrIx iy

Brix.i,

& - lgpc2 &

o -

Puc. 1.16. CiocoObl B3aMHOM KOMITEHCAIIUHA UMITEJITAHCOB IBYXTIOJFOCHUKOB
B JIY ¢ MyJbTUBBIXOIHOM MOJICXEMOM BBIJICJICHUS] CUH(A3HOTO CUTHAJIA
(Ha4ayio, OKOHYaHHE CM. Ha ¢. 19)

18



Brix.i;

IIT2

Puc. 1.16. Oxonuanue (Ha4ano Ha c. 18)

B ycunurensx ¢ MECTHOW OTpPUILIATENIbHOM OOpaTHOM CBSI3bIO BO3-
MOXHO TaKXe IMPUMEHEHHE paHee pacCMOTPEeHHBIX (puc. 1.8) mapaiens-
HBIX KaHAJOB B3aMMHON KOMIIEHCALIUHM BJIMSHUS TOKOCTAOMIM3UPYIOIINX
pe3ucTopoB Ha Ko p. IIpuMepsl Takux cxeM nokasassl Ha puc. 1.17.

IIT3

ol

J

J

i

v

fin

VT4

VTS

VTé6

+

IIT1

112

Puc. 1.17. 1Y ¢ napaimienbHbIM KaHAJIOM
B3aMMHOM KOMITEHCAIIUU PE3UCTOPOB (Hayaio, OKoH4YaHue Ha c. 20)
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IIT1 T2 [

HOJ

% o, £io,

Lo VP
v K2
Bx.1 Brix. Bx.2
R e,
+Eq . ‘
VIl | VT2 i I:IR“ vrs [ VvTe
Uey i(+)32 - . U
\ RS - §i%%

Puc. 1.17. Oxonuanue (Ha4aao cMm. Ha c. 19)

B cxeme puc. 1.18 mis opranuzanuu kaHana B3aMMHOM KOMIIEHCA-
LIUH MCIIOJIb3YIOTCS «TOKOBBIE» 3epkania VT4-VTS.

O +
Brix.; |j R3 Brix.iy
i s
Bl VTI y Ny VT2 Bl
1 |/ 1
w s wa]
Tis i;T .
h i VT4 Tu VTS5 l 2
o " S
Y/ VD2
o -

Puc. 1.18. J1Y ¢ kaHajioM B3aMHOI KOMIICHCAIIUN
Ha «TOKOBBIX)» 3epKajiax

1.6. AudbhepeHumnanbHbIe yCUNUTENn
CO CTpyKTypomn nA741

Cxema BxogHOro kackaja ¢ apxurekrypou OY pA741 orHocurcs K
yuciay 0a3oBeixX (puc. 1.19). IloaTroMy H0CTaTOYHO aKTyalbHBIM SIBISETCS
BOIPOC 00 YCIIOBUSAX KOMIIEHCAUuW BiaMsHUS pe3ucropa R1 Ha Kooy B
naHHoM J1Y.

20



{51 onpeniesieHust yCIOBHUM MOTYyYE€HUS HYJECBOM MPOBOJIUMOCTH TIe-
penaun cutbpazHoro curtana S, =0 B 1Y puc. 1.19 Haiiném BeIXOmHON

TOK Iy
iy = UeSey s (1.14)

O +

-~
-
Y

z1 VT1 VT2
Bxl : Bx2 TT1
u by Ue i
1 ; 1, L 13
. M \ Brix
i i t— 1O -
Brix e >

I1T2

[l
™~
‘ l_
444444444444444444444444444444444444\4&“ __

\Kll
e
|

R 2

Puc. 1.19. Apxurekrypa kackognoro 1Y
Ha KOMITJIEMEHTapHBIX TPAH3UCTOPAX (@) U IPUMEP €ro MOCTPOCHUS

N3 (1.14) cnenyer, uto coocTBeHHas komneHcalus R1 Bo3amoxkHa npu

JlaHHOMY YpaBHEHHIO yJIOBJIETBOPSET JOCTATOYHO OOJIBIIIOE YHUCIIO
CXEMOTEXHUYCCKUX perieHn J[Y Ha «TOKOBBIX» 3epKajlaX U «IEPETHYTHIX)
KaCKO/Iax.

Ixg leT

Brx.2

Tio &1 f

-Eex :

; Is I
BuIX. i

0)

Puc. 1.20. Y ¢ noBbILIEHHBIM Ko ¢4
21



Hawubosnee mpocThie peain3anuy KOMIIEHCUpYIoIero kanana B 1Y c
apxutekTypoil HA741 BO3MOXHBI B COOTBETCTBUU C (DYHKIIMOHAIBHOU
cxemou puc. 1.21.

o +
Bx.1 : VIl VT2 : Bx.2
u,
S I
A R B
IIT1 i !
VT3 | VT4 |
[ R AR I
14; 1 Brix
[] R1
~i Ry
1 i T2 i Ly ® 1
—
'K|I2.2
O -
a) 0)

Puc. 1.21. Apxurektypa 1Y ¢ coOctBeHHoi komneHcanuen R1 (a)
U nipuMep e€ noctpoeHust (0)

[TorpemniHoCcTH KOMIIEHCAIIMY 3aBUCST OT KO3 (UIIMEHTa TIepeaadn 1Mo
TOKY TokOBOT0 3epkaya [1T2. B uneansHoMm ciyyae HE0OXOUMO, YTOOBI
Ky =1

’ (1.16)
K1 =1,
rae K21 — koadpunmeHT nepegauu noacxemsol [1T1.

Ha puc. 1.22 npuBeaeHsl npumepsl MOCTpOeHUs aud@epeHimanb-

HBIX YCUJIUTEJIEN C apXUTEKTypor nA741.

: VT7 .
1
BbrIx.i; 1 V4
.
]
]
1
1

. . BrIX.1
T ---------+ LIKIZII o ] r'e
| ot !
. . N i
v J fi
|
1
b | i 1] i
L i~
Brix.
T Is I t—°
iy
+Ec . .
VT5 j—o 1 1,<5L T1,(6
o Bex P ——:
|
“ : —
Lo BrIx. 1, ! vTo :
! 1
! |
I; *4>,—‘/‘7 !
BeIX. 14 ! |
i VT10 XZ:
! 1

0)
Puc. 1.22. Cxemsl J1Y ¢ HOBBIIEHHBIM Ko oy
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1.7. Knaccu4yeckune KomnnemeHTtapHbie 1Y

PaccmotpuM 0a30Bble BApUaHTHI MOCTPOCHHS] KOMIIEHCUPYIOIIHNX Ka-
HaJIOB B KOMIUIEMEHTAapHbIX Y, mpeacTaBistomux co0or napajieabHOe
(mo BXoay) coeauHeHue ABYX AU((depeHIMaNbHbIX KacKaJoB Ha N-p-n U
p-n-p TPaH3UCTOPaX.

1.7.1. Ycnoeusi 83auMHOU KOMneHcayuu uMmnedaHcoe
mokocmabunusupyrow,ux 08yxrnoJsIlOCHUKO8
obuwieli aMmummepHoU uenu
YcnoBus B3auMHOM KomneHcauuu BimsHHAA R1, R2 Ha Kooy 18
CXeMBI pHUC. 1.23 MOKHO MOJIyYUTh U3 YPABHEHUS ISl TOKA €€ HArPy3KU:
i, =0,5,K,+0,5,K,,, (1.17)

u u
'~ C.' ~/ C
rae i, ® ,12~R,
2

1

o+ Ly T ig~051, ~77 777777 -

z1

VT1 VT3 VT4 VT2 iuix

-«
T
or}
Z
#
o
s
£ [_
\
=
Y
[N}
-
Q
(=1
@&
~

“Lc
02 i L
2
u R2 i, =050, R3 |j
| ) o -

Puc. 1.23. Apxurekrypa komruiemeHTapHoro Y
co B3auMHoi komreHcared R1 u R2 (a) u mpumep ero nocrpoenusi (0)

Takum o0pazom,
iH =Ug SC(b ’
rae Sc¢> = & + & .
2R, 2R,
Hynesas nepenaya cuHda3zHoro cCUrHania u, Ha BbIXoJl cymmaropa X1
oOecIrieynuBaeTcs, Koraa

K _ K (1.18)
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Ecnn monoxure, uro R, = R;, TO I UX B3aUMHON KOMIICHCALIUU

cienyer uMeTh K; =—K,.
Takum oOpa3zoM, B apXuTekType puc. 1.23 HeoOXOIUMO BHIOPATH
OJIMHAKOBBIE 10 BEJIMYMHE, HO IPOTUBOIOJIOKHBIE IO 3HAKY KO3 pHIMEeH-

Thl YCWJIEHUS 10 TOKY 11l BXOAOB | 1 2 cymmaropa 21.
B uyactHom cnydae (puc. 1.2306) orpanuuenus (1.18) cBomsitcs k
CUHTE3Y CyMMAaTopa CUTHaJoB Ha OCHOBe TOKOBBIX 3epkan (IIT1) u «mepe-

I'HYTBIX» KaCKOIOB.

CuMMeTpu4YHBIE CXeMbl C YeTbIPpbMA BbIXOJAaMHu. BBeneHue mo-
cinegoBatresibHo ¢ R1 u R2 nemureneii Toxka AT1, T2 (puc. 1.24) cozmpaér
MPEANOCHUIKH 111 B3auMHOM KoMrieHcamu R1 n R2 B cxemax ¢ dyerbipbMs

BBIXOJaMH.

Brix.1;

. [0}
Ippx.1
v

I3

<t—

1

[ 3

Kiia
K1 /

1

o,

1

Brx.i,

VT3 A
Bx. E K
‘[ucl
—>

1 R1
—>> <«—
151 152
Iy3 R2
_ | 20
11 T \4 T iK2
JIT2 1
2 A3

Lox
Ipprx 1

:

X
Brrx.1;

(e}

T

Iy

(¢}

l

v

X
Brex.i,

Lox
Iperx 2

[0} .
Iprx 2

v

l i1<4
v

VT2
VT4 py2
«—
ia4

Puc. 1.24. Apxurektypa komruiemeHTapHoro Y

C CUMMCTPHUYHBIMH BBIXOJaMH
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B kauectBe [T1, T2 Moryr nmpuMeHSTbCS NEIMTENIA TOKA KaK Ha
pe3ucTopax, Tak U Ha p-n nepexoaax. OcHoBHoe TpedboBanue k J[T1-JT2 —
CTaOUJILHOCTh WX KO3 PuimeHnToB nepenaun Kj ,, Ki 3. [Ipu R1=R2 3tn
KO3((UITUEHTHI JOJDKHBI YAOBIETBOPSATH YCIOBUSIM:

Ky,=K;5;=05. (1.19)
Brix.i; Brix.i,
. 0 [e]
Ipgix 1 & & iBLIX.2
Boix.i; Bbix.i,
0 o]
iBle.l ¢ VDl VD2 ¢ iBle.Z
\4 \4
N A
A1 N
ha ad
S U RI ™ |yis
VT1 V12 VT3 VT4 i $
VT2 VT3 VT4 Bx.2
y ]
[Jre
VD3 VD4 i
|| N
N A1 .
e —> & Tppix.*2
In3 14 o)
Bbix. "1,

Puc. 1.25. IIpumepbl NOCTpOEHUS MTPAKTUYECKUX CXEM

OcCHOBHBIE JOCTOMHCTBAa KOMIUIEMEHTapHbIX JIY ¢ apxurekrypoii
puc. 1.24:
— HaJU4Me NpPOTHMBO(]A3HBIX BBIXOAOB, COIIACOBAHHBIX KaK C IIMHOW
MOJIOXKUTETBHOTO, TAK U IIIMHOW OTPULIATEIBHOIO UCTOYHUKOB IHUTA-
HUS;
~ TOTEHIMaJbHAasi BO3MOXKHOCTh mocTtpoeHus Y c mpenenbHbIM ra-
Ma30HOM M3MEHEHUS U, OJIM3KUM K HANIPSKEHUIO TUTaHUSI.

1.7.2. QughgpepeHyuanbHble ycunumenu

C YembipéxkKaHasibHbIM CYMMamopom

BBeneHne NOMOTHUTENBHBIX KaHAJIOB Mepeayd TOKOB Yepe3 pe3u-
cropsl R1 u R2 na Bexon JIY (puc. 1.26) cyiiectBeHHO pacmupsieT (B OT-
auuue ot 1Y puc. 1.23) uncio BO3MOXKHBIX BApUAHTOB €0 TOCTPOCHUSI.
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st monmydyeHus: yciaoBud 3(PQPEKTUBHOrO MOAABICHUS CHH(A3ZHOTO
curHana B komruiemeHTapaoMm 1Y (puc. 1.26), umeromiemM CpaBHUTEIBHO
HU3KOOMHBIE pe3uctopsl R1+R2 B 00mield sMuTTEpHON LENU, YPaBHEHHE
JUIsl TOKA Harpy3Ku Iy, OOYCJIOBJIEHHOIO BXOJHBIM CHH(A3HBIM Hampsike-
HUEM U, =U, =U,:

fy = 1Ky 14Ky =13 K3 + 1Ky, (1.20)
rae K, — Ko3pUUHMENT nepeaun Mo TOKy ISl j-TO BXOJIa CyMMAaTopa 2.i:
R — 0y ®——,1.,~050;1,~0,5. (1.21)
R, 2

Puc. 1.26. O600ménnasa cxema koMmiiencanuu Biausaaust R1, R2
Ha CUH(a3HOM CUTHaJe

N3 (1.20) u (1.21) nHaxoaum, 4TO

iy = Segites (1.22)
Sc(b — Kil _0,5K13 + Ki4 _O,SKiz , (1.23)
Rl R2

rae S¢p — KpyTU3HA NIepejadn 110 CUH(pa3HOMY CUTHAILY.

N3 (1.23) MOXKHO ONpeaeanuTh HE3aBUCUMBIE YCIOBHS, MPU KOTOPBIX
oOecrieunBaeTcsi COOCTBEHHAs: KOMIIEHcAIUsl BIMAHMS pe3ucTtopoB R1 u R2
Ha Koc.cq,l

2K, = K3
2K, =K

Takum o0Opa3om, npu BeIOOpe KOAIP(GUIIMEHTOB Mepeaud cymmaTopa
curHaioB 21 B coorBercTBUM C (1.24) KOoa(pduiiueHT ocnadbneHus cuHdas-
HBIX CUTHAJIOB KOMIUIeMeHTapHoro Y puc. 1.26 CyllieCTBEHHO MOBBIIIAET-
cs. DTO MO3BOJISIET OOOMTHCH O€3 TPAAUIIMOHHBIX UCTOYHUKOB OIIOPHOT'O TOKa
Y UCII0JIb30BaTh BMECTO HUX CPABHUTEIBHO HU3KOOMHBIE pe3rcTopbl R1 u R2.
26
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B Gosiee o61ieM citydae ycioBUsi COOCTBEHHON U B3aUMHOW KOMIICH-
caimu R1 u R2 B cxeme puc. 1.26 umerot Bua:
K., —0,5K;; _ R
O’SKi2 _Ki4 R,
®opwmyna (1.25) sBisieTcss OCHOBOM ISl CUHTE3a KOMILIEMEHTaPHBIX
Y paccmarpuBaeMoro Kiacca.
VYcioBus MeHee MEePCHEKTUBHONM B3aMMHOM KOMIIEHCAIUU PE3UCTO-
poB R1 u R2 MoxHO nony4uuTs 13 ypaBHeHui (1.23)

(1.25)

(K3 =K;4 =0
Ky Kl.2 , (1.26)
1 2Rz
=K, =0
: Kl.4 : (1.27)
2 R,

CxeMBI ¢ CYMMaTOpPOM CHUIHAJIOB HA «IEPETrHYThIX» KACKOHAX.
YacTHbIM CciyyaemM TMpaKTHYECKOW peamu3anuu Y ¢ apxurekrypou
puc. 1.26 aBnsiercst cxema puc. 1.27, B KOTOpOM CYMMHUPOBAHUE CUTHAJIOB
oOecreunBaeTcsl Kackajgamu ¢ oO1en 6a3on.

W

115

VT5 VTé

N ‘—l—‘
o _
VT1 VT2 VT4 f s

11<5 BBIX

Pio Ba |14 [ R
i Mxi Kocop: 6 Mpegnaraembiii
‘o

70 4 By

R2 «l'i VT7 VT8 551 Y npotoTtnn
40+ K
?" 254
) 100 10* 10° 10° ATu
a) 6)

Puc. 1.27. Cxema JIY ¢ cyMmMaTOpOoM Ha «II€pETHYTHIX» Kackojaax (a)
U pe3yJbTaThl €€ MoieIupoBaHus (0)

[Ipenenpuble 3HaYeHUs Kooy B CXeME puc. 1.27 onpenensrorcs mo-
IPELIHOCTBIO JEJIEHUS TOKOB B OMUTTEPHOW LENU TPaH3UCTOpPOB VT35,
VT7, xoropas 3aBUCUT OT crathudeckoro pexuma VTS5, VI7 no nHamps-
KEHHMIO KoJulekTop-0aza (Ug). s mampHeimero noBslIeHUA Koo
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HEOOXOJUMO MPUMEHSTh CXEMOTEXHHUYECKUE METOJIbl CUMMETPHUPOBAHMS
Uxs TpanzuctopoB VT5-VT8. IIpuMepbl NOCTpOEHUS TAKUX CXEM MOKa3a-

HbI Ha puc. 1.28.

LN

VT5 | VT6 .
Lie [m i |

R1 +
& E IH1 i
N
Bx.1 Bx.2 FE
N VTI VT3 | VT4 VT2 Bl e
VT1| VT3 VT4 | VT2 u'i BY Bx.1 TN Bx.2 ] Boix.
A ‘ Brx A Bx.©
u;f
D R2 ix7T iixw
ﬁ—iid}\ 214 R2 T i VT7| VTS VT10
vVT7 VT8
-Ecx

N—

R e VTS5 VTZJ VT8
Bx.“1 Bx."2

VTI3

Beix.

VT6 VT14

Puc. 1.28. Cxemsbl J1Y ¢ HOBBIIEHHBIM Ko gy

Hpyrue moaudukammu Y ¢ cyMMaropaMy CHUTHajJOB Ha OCHOBE
KackaJoB C oO1iei 0a30il mpuBeneHsl Ha puc. 1.29, 1.30.
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Puc. 1.29. IIpumepsr noctpoenus Y
C PE3UCTUBHBIMH CYMMATOPaMU CUTHAJIOB
(Havayio, OKOHYaHHE cM. Ha ¢. 30)
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Puc. 1.30. 1Y ¢ cymMaTopoM CUTHAJIOB HA OCHOBE KacKaJl0B
c o011ieit 6a3oi (a) ¥ pe3ynbTaThl €ro MoJeIupoBaHus (0)



Cxembl /1Y ¢ cyMMaTopoM CHUIHAJIOB HA «TOKOBBIX» 3epKaJiax.
B kadecTBe CymMMaTOpOB CUTHAJIOB, OOECIEUMBAIOIINX YCIOBHUS AJI B3a-

MMHOM KOMITEHCAIluu conpoTuBieHu pesuctopoB R1 u R2 (1.26), (1.27),
MOT'YT IPUMEHATHCS KJIACCUYECKHE TOKOBBIE 3epkaia (puc. 1.31).

0)

Puc. 1.31. Cxemsl /1Y ¢ cymMmMaTopaMu CUTHAJIOB HA «TOKOBBIX» 3€pKajiax
(Ha4ayi0, OKOHYAHHE CM. Ha C. 32)
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Puc. 1.31. Oxonuanue (Ha4aiao cM. Ha c. 31)

Heo0xoauMmele 3HaueHust K03(Q(UIIMEHTOB NEpeaaun Mo TOKY, MpH
KOTOpBIX MuHUMuU3upyercs BiausHue R1 u R2 Ha Koy, yCTaHAaBIUBAIOTCA
3a CUET MAPAUIETBHOTO BKIFOUEHNUS HECKOJIBKUX TPAH3UCTOPOB.

1.8. KomnnemeHTapHble
anddepeHumanbHbie Kackaabl
C MeCTHOM ob6paTHOU CBA3bLIO

CumMmerpuyHbie cxeMbl. OnHa U3 COCTaBIAIOMINX Ko KIaCCHYE-
ckux JIY onpenensiercss BBIXOAHBIM COIPOTHUBJIEHUEM HUCTOYHHKOB OIOP-
HOI'0 TOKa, KOTOPOE IS COBPEMEHHBIX UHTErpaibHbix CBY-Tpan3ucropos
IIpY MWJUIMAMIIEPHBIX TOKax JiexuT B mpenpenax 2060 kOm. Ilostomy
HMHOTJa 11eJec000pa3Ho (0COOCHHO B CXEMaxX C HU3KOBOJIbTHBIM ITUTAHUEM )
OTKa3aThCs OT TPAAUIMOHHOIO MOCTPOCHUS LIENEH YCTAHOBJICHUS CTATH-
yeckoro pexxuma Y M MCHoiab30BaTh I MOBBIIEHUSA Ko g IPEAJIarae-
MbI€ HUKE CXEMOTEXHUYECKUE PEIICHUS.

B cxeme 1Y puc. 1.32 OTCYTCTBYIOT KIIACCUYECKHE TPAH3UCTOPHBIC
WCTOYHUKHU OMOPHOIO TOKA, a PEXKUM €ro aKTUBHBIX JJIEMEHTOB yCTaHAaB-
nmuBaercs pesucropamu R1=R2=R3=R4.

Hpyras rpynna pe3uctopoB R5, RS onpexgensier kpytuzHy npeoOpa-
30BaHUsI BXOJHOTIO AUGDPEpEeHIIUATIBHOTO HANPSKEHUS Upx=U.—Us> B BbI-
XOJHBIC TOKH J1Y.
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OcHoBHas ocodeHHocTh /Y puc. 1.32 cocTOUT B TOM, UTO B €TO BHI-
XOJIHBIX y3JIaX MPOUCXOJIUT BBIUUTAHUE OJIU3KUX IO BEJIMYMHE TOKOB, 00Y-

CJIOBJICHHBIX CI/IH(i)aSHBIM CUTHAJIOM:

lBI)IX.l = lK2 - ll’ lBBIX.z = lK3 - l2 s
. L, o (1.28)
Lopx1 =13 7 lels  lgpx2 =14 gy,
IpUIEM
Lopx.1 = Ue (a2y3 - yl)’ Lopx2 = Ue ((X3y4 - yZ)’
. (1.29)

. -*
lpax.1 = Ue (y3 _alyl)ﬂ lenx.2 = U (y4 _a4y2)5
rae o; — Ko3(p(pUIUEHT YCWIEHUS 10 TOKY DMUTTEPA i-I'0 TPAH3UCTOPA.

: +
Tgiix.1 - ©
i (1)Br,lx.i| i 6BBIX.i2
. v v
i .
/» I | 11\12
T
R L‘“z ;L R2
R5 Brix.i; Brix.i; o
1
L | - L L Loz

VTl | VT2 VT3 | VT4 ) i
Bx.1® B 1 $ ) )
O—H R6 j—>|—o R1 lez RS &1«3 R2
l Ucl l
v i

Puc. 1.32. ApxurekTypa KOMIUIEMEHTapHbIX AU(depeHInaTIbHbIX
YCUJIMTEIIEH CO B3aMMHOM KoMIieHcanuen pe3uctopoB R1-R4

Ecnu obGecrieunTs UACHTUYHOCTHh MPOBOAUMOCTEN pe3ucTopoB R1-R4
(V1=y2=y5=ys), TO IpA a; =1 B JIY OyAyT OTCYyTCTBOBaTh COCTAaBISIOLINE
BBIXOJHBIX TOKOB Ip,x, OOYCIIOBJIICHHBIE BXOJIHBIM CHH(a3HBIM CHUTHAJIOM.
Tak, 111 HECUMMETPUYHOTO BhIXoaa BrIX.i;

_ Oy Vs —
Kocl.C(b ~ 225N ~ Rg(0, 3 —11). (1.30)

Ya11
bonee Bricokoe ocnabnenne cuHpaznbix curHaioB (100+120 nb)

obecnieunBaercss B cxeMax OV, HCHOMB3YIOIIUX CYMMHPOBaHHUE TOKOB
BCEX YETBHIPEX BHIXOA0B /Y.
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Baxwuetimee cBorictBo 1Y puc. 1.32, koTopoe Hanbosiee SpKO Mpo-
ABJISIETCS TIPU €r0 UCHOJIb30BaHUU B cTpyKkType OV ¢ pyHkuumeil rail-to-rail
10 BXOAY, — IIMPOKHUI OMYCTUMBINA NHUANMAa30H MU3MEHEHHS CHUH(A3HOTO
curHana (Uemax) — NPAKTUUECKU PABHBIN HaNpspKeHUto nutanus (£,). Cre-
AyeT oO0paTUTh BHHUMAaHHUE, YTO MOCTPOCHHE BBICOKO3(DP(PEKTUBHBIX BXO-

HBIX JU((QEepeHInaNnbHbIX KaCKaloB C U, ... ==TFE OTHOCHTCA K YHCIY
HEPEUIEHHBIX TPOOJIeM COBPEMEHHOM aHAJOTOBOM MHKPOCXEMOTEXHUKH.
Jlns moctpoenust audpepeHnanbHbIX yeuauTenen ¢ dyHkiuen rail-to-rail
10 BXOJy MPU HU3KOBOJIHLTHOM MHUTAHWUHU, UCTOJIB3YIOTCS KacKaJbl C Iepe-
KJIFOYaeMbIMH (CUH(pA3HBIM CUTHAJIOM) UCTOYHUKAMH OMOPHOTO ToKa. OJI-
HAaKO OHHM XapaKTEePU3YIOTCSI MOBBIIIEHHBIM YPOBHEM HEJIMHEHHBIX HCKa-
KEHUM.

B cxeme puc. 1.32 umeercs nBa KaHaja yCWJIEHHUs, NPUYEM IIPU

ul” = E) mpomcxomuT caMOBBIKIIOUEHHE OHOTO KAaHAIA HA P-N-p TPaH-

sucropax, a pu u' ) = E\”) camoBBIKTIOUaeTCA KaHAN Ha N-p-n TPaH3H-

cropax. I[Ipu 3ToM cymmapHoe ycuieHue auddepeHnnaibHOrO CUrHajia B
Y Heckonbko yMeHbmaercs. OQHAKO 3TO HECYLIECTBEHHO JJII MHOTHX
npuMmeHeHui /1Y B cuctemax ¢ riryOoKoi oOpaTHOM CBSI3BIO.

Takum o6pazom, 1Y puc. 1.32 umeer 0oJiee BHICOKUMA, YeM KJIACCH-
yeckue /1Y, anana3oH u3MeHEHHUsI BXOJIHOTO CUH(a3HOro CUTrHasa.

Ha puc. 1.33 npuBeneHbl CTPYKTYpHBIE CXEMBl HECHUMMETPUYHBIX
Y, B KOTOpBIX Takxke peainzyercs 3P(eKT B3aMuMHON KOMIIEHCAIIUU.
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IT1 -Kiiz, Kirzz T2
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Bx.1 Bx.2
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l i3 fll l b i3 i v
v v v
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I:] R3 iBHX.*l& iBHX.Z& b R I:]
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Puc. 1.33. Apxurektypa HecuMMETpUYHbIX Y
(Ha4asi0, OKOHYAHHE CM. Ha C. 35)
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Puc. 1.33. Oxonuanue (Ha4yajao cM. Ha c. 34)

1.9. KomnnemeHTapHbie 1Y
C MHOrokaHanbHOM KOMNneHcauuen

Y cnoBusi KOMIEHCAIMU BIUSHUS PE3UCTOPOB B MOAUPUIIUPOBAHHOM
komIieMeHTapHoM 1Y puc. 1.34 MOXKHO MOJIyYUTh U3 YPABHEHUSA JJISI BbI-
XOIHOI'0 TOKa cymmaropa 1.

Jlnst ynpouienus ananusza OyieM CUUTaTh, YTO CONMPOTUBIICHUS PE3U-
ctopoB R5 m R6 mpeBpnmaroT CONpPOTUBIEHUS SMUTTEPHBIX IEPEXOA0B
TPaH3UCTOPOB, a PE3UCTOPHI R, ¥ R, ~ R, ® R, HE3HAYUTEIILHO OTJINYAOTCS

JIPYT OT JIpyTa.

Puc. 1.34. KomnnemenTtapubii Y ¢ MHOroKaHajabHOW KOMIIEHCAIIAEH
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Torna ycnoBusi KOMIIEHCALIMM BIIMSHHS PE3MCTOPOB JIEBOrO IjIeda
Y (R1, R3) HaxoAsTCs U3 CUCTEMBI YPABHEHUM:

Jk

lH = lBBIX.lKi4 - lBBIX.lKil
lyx.1 = 13— 1) , (1.31)
-* . .
lBBIX.l - l3 - ll
. uc
rac l3 R —
R3
. u
ll ~ _C .
Rl

CiienoBaTenpHO, TOK B HATPY3KE Ry:
Iy = UcSeqp s (1.32)
rae S¢p — KpyTHU3HA Ilepelayn CHH(Pa3HOr0 CUI'HaJla CO BXOZOB Ha BBIXOL.
ITpuuém

Sep = (Ky —Kjy)—=—L. (2.33)
Takum o00Opa3zoMm, NpHU HWAECHTUYHBIX KO3(DPUIMEHTaX Nepenadd Mo

ToKy K;, = K;, pa3opoc pesucropoB R1 u R3 B cxeme puc. 1.34 He Biusier
Ha ocnabnenue cuH(paszHoro curnana. Ecimm K, # K,,, To niepenava cun-

(azHoro curHana co Bxonaa Y Ha BBIXOJl cyMMaropa X 3aBHUCHUT OT pas-
opoca pe3uctopoB R1 u R3. AHanoruuHeie BBIBOABI MOXKHO CAEIATh U JJIsI
pesuctopoB R2, R4.

VYcenoBus (2.33) paboTaroT U 1Sl CXEM C HECKOJIBKMMU BBIXOaMHU.

Brixoasl mudpepenimanbHbIX KackaaoB puc. 1.34, corinacoBaHHBbIE C
IIMHAMU UCTOYHUKOB MUTAHUS, MOTYT MOJKIIOYATHCA K Pa3IMYHbIM THUIIAM
MPOMEXKYTOUYHBIX KackanoB. [Ipm 3TOM B HOpPOMEKYTOUHBIX KacKajax
puc. 1.35 u 1.36 obecnieunBaeTcsi MHOrOKaHaJIbHAsI KOMIIEHCALIMS MOrPEeL-
HOCTEW yCWJIEHHS CMH(A3HOrO0 CUTHANA, CBSI3AHHBIX C €r0 HEMOJHBIM IIO-
JIaBJIEHWEM BO BXOJHBIX qudPepeHimanbHbIX Kackaaax puc. 1.24 u 1.25.

MHorokananbHasi KOMIEHCAUsl pealn3yeTcsl Takke Ha 0a3e CTpyK-
TypHbIX cxeM puc. 1.24 u 1.25. [Ipumepsl mocTtpoenus /Y ¢ Takoul apxu-
TEKTYpOU MMOoKa3aHel Ha puc. 1.35 u 1.36.
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Puc. 1.35. IIlpumepsl noctpoenus 1Y ¢ MHOrOKaHAJIbHOM KOMITCHCAIUEN

MOTPEUTHOCTEN YCUIICHUSI CHH(A3HOTO0 CUTHAJa

(Ha4ayi0, OKOHYaHHE CM. Ha C. 38)
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Takum oOpazom, coOCTBeHHas M B3auMHas kommeHcanus B Y oc-
HOBHBIX KJIACCOB IO3BOJISIET CHU3UTh TPEOOBAHMS K BEJIMYMHE BBIXOJHOMN
MPOBOJMMOCTH IIeTIeH YCTAHOBJICHUSI CTAaTUUECKOT0 pexkuma. B pesynbrare
B JIY ¢ mpemmaraemoil apXuTEKTYypOHM BO3MOXKHO IIPUMEHEHUE CPaBHU-
TEJIbHO HU3KOOMHBIX PE3UCTOPOB BMECTO TPAJUIIMOHHBIX HCTOYHUKOB
OMOPHOro Toka. Takoe pernieHrne 0COOCHHO MEPCIEKTUBHO B MUKPOCXEMaxX
C HU3KOBOJBTHBIM ITMTAHUEM.

2. ANODEPEHUUAIIbHBLIE KACKAObI C LEMNAMUA
B3AMMHOWU KOMNEHCALIMA OLUNBOK
NMPEOBPA3SOBAHUA CUHPA3HbLIX CUTHAJIIOB

U 34C CMELLEHUA HYNA

NMPU HEMOEAJIbHbIX AKTUBHbIX HAITPY3KAX

[Ipumenenne ¢ 1960-1970 rr. B nuddepeHumanbHbIX Kackagax ax-
TUBHBIX Harpy3ok (AH) (wm noBtroputenei Toka (I1T)) cymecTBeHHO MO-
BJIMSJIO HA KQUECTBEHHBIE MTOKA3aTEeN aHAJIOTOBBIX MUKPOCXEM — KO3 du-
LMEHT YCUJICHUS TIPU HEOOJIBIIIOM YHCIIE KACKAI0B, JHEPreTUYECKHE Tapa-
MeTphbI, ObicTpoaeiicTBUE U T.I. OIHAKO MOBTOPUTENIM TOKA CO3AAIH DS
npo0JieM Uil pa3pabOTUUKOB MPEHM3UOHHBIX ONEPAIMOHHBIX YCUIIUTENEH
(OY) — ortnuume oT eAMHUIBI UX KO3(P(ULIMEHTa Nepeadn M0 TOKY OKa-
3bIBA€T OTpHUlaTesibHOe BiMsiHUE Ha DJ[C cMemneHus Hyns (eqy), Ko3pdu-
IIUEHT OCJIA0JICHHUs BXOJIHBIX CHH()A3HBIX CUTHANOB (Ko o), KO3PPHUImEHT
MOJAABJICHUS TIOMEXU 0 MUTAHUIO (K ).

Ha puc. 2.1 npuBeieHbI TpU TUIIOBBIE CTPYKTYPHI BXOJHBIX KaCKaJ0B
OY Ha 06a3e moBTOpUTENEH TOKA.

CymectBeHHass 0coOeHHOCTh U PepeHInanbHbIX  yCHIIUTENEH
puc. 2.1 — HanMuMe y HUX KaK MUHAMYM JBYX OCHOBHBIX KaHAJIOB I€pe/iaun
curHaina (P, u P,). Ecnu 5Ty kaHabl HIEHTUYHBI, TO CIEAYET OXKHUAATh, YTO
Takas cxema JlY XapakTtepusyercs BBICOKOM CUMMETPUEN U, KaK CIEICT-
BUE, 00aanaeT 3(hPEeKTOM B3aMMHOM KOMITCHCAITUU UX TTOTPEIIHOCTEH.
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Puc. 2.1. ba3zoBas apxuTekTypa BXOJHBIX KaCKaJI0B
ONEPALIMOHHBIX YCUIIUTEIICH

K cuMMeTpuyYHBIM apXUTEKTypaM CJIEAYyeT OTHECTH cXeMy puc. 2.10,
a B cxemax puc. 2.1a u 2.1B 4ncno NOBTOPUTENEN TOKA IO IIEPBOMY KaHa-
ny ycuneHus (P;) oTauvaercss OT yucjia MOBTOPUTENENH TOKa BO BTOPOM
kaHazue (P,). [Toatomy cxemsl puc. 2.1a 1 2.10 OTHOCATCS K YUCITY TTOTEH-
AATbHO HECUMMETPUYHBIX, XapaKTEPU3YIOIIUXCA 0ojiee BBICOKUMH CTa-
TUYECKUMH TOTPEITHOCTSIMHU.
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2.1. Cnoco6bl komneHcauun AC cmelweHnsa HynA
n noBbiweHUs Koc.cp AY

C HeCMMMEeTPUYHbIM BKITlO4YeHuem aKTUBHOM Harpy3kKu

IToreHmanbHass BO3MOKHOCTh YMEHBIICHUSI CTATUYECKUX MOTpenl-
HocTen knaccnueckux Y puc. 2.1a, B 3a CYET BBEICHUS CIELMATbHBIX
KOMIIEHCHPYIOIINX KaHAJIOB MOACHSAETCS pUcC. 2.2.

0)

Puc. 2.2. Cnoco0s1 komneHcanuu IJ{C cMenienus Hyist
U MOBBIEHUS Ko o
JIY ¢ HeCHMMETPHUYHBIM BKIIFOUEHUEM aKTUBHOU Harpy3ku [1T1
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B apxurektype puc. 2.2a, KOTOpas BKIIOYAECT PA3JIMYHbIE THUIIOBBIE
napajienbHo-0aancHble kackaabl (JIK1) 1 OCHOBHYIO aKTHBHYIO Harpys-
Ky (IIT1), npemycMOTpeH JOMOTHUTENbHBIN TOBTOpUTENDL ToKa [1TK, naeH-
TnuHbIM OCHOBHOMY IIT1, a Takke kaHan mepenadd BBIACICHHOM TaKUM
obpasoM ommnOku ycuneHus curnania (I,) Ha Berxon kackana (Baix).

OTauune apXUTEeKTypbl puc. 2.20 oT puc. 2.2a COCTOUT B TOM, YTO
noBtoputesib Toka (I1Tk) kaHana komIeHcanuu U 0a30BbIA MOBTOPUTEIH
Ttoka [IT] «mpuBs3aHB» K pa3HBIM IIMHAM ITUTAHUS.

B apxurektypax puc. 2.3, KOTOpBIE ABJISIIOTCS ABYXTAKTHBIMU, TAKKE
o0ecreunBaeTcsl KOMIIEHCAIUSl CTaTUYECKUX MOrPEIIHOCTEN, BO3HHMKAIO-
VX W3-332 HEUJICHTUYHOCTH JABYX KaHAJIOB IEPEIAYN BXOIHBIX CUTHAJIOB.

Puc. 2.3. CnocoObl BBeJIcHUS KOMITICHCUPYIOITUX KaHaioB B J|Y
C JIBYXTaKTHBIMU BBIXOJHBIMH KacKaJlaMH (Hauajao, OKOHYaHHE CM. Ha C. 44)
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Puc. 2.3. Oxonuanue (Hayajiao cM. Ha c. 43)

PaccMoTpenHast Bblllie KOHIIEIIINSI BBEACHUS KOMIICHCUPYIOIIUX Ka-
HaJIOB MOXET OBITh TOJIO)KEHA B OCHOBY ITOCTPOEHHUSI OOJBIIOTO YHUCia
pa3IMYHBIX MoJuduKkauii qudPepeHnaIbHBIX KaCKaJ0B C MaJbIMU CTa-
TUYECKUMHU TOTPEIIHOCTSIMU, OOYCIOBJICHHBIMU BIIMSIHUEM MOBTOPUTEIICH
TOKa, CUH()A3HBIM CUTHAJIOM U U3MEHEHUEM HANPSKEHUN MTUTAHUS.

2.2. Knaccnyeckum gucpdepeHumanbHbIA YyCUNUTENb
C aKTUBHOW Harpy3Kowu

B coBpeMeHHON MUKPO3JIEKTPOHUKE MUPOKOE MPUMEHEHNE HAXOAT
muddepeHianbHble  YCUIIUTENN, PEalM30BaHHbIE HAa OCHOBE TOKOBOTO
3epKajia, BKIOUEHHOTO B IIEMb HArpy3Ku BXOJHOTO MapaijieabHO-OaaHC-
Horo kackazaa (BIIBK). /I ycTaHOBJIEHHUS UX CTaTUYECKOTO PEXKUMaA, KaK
MPaBWIO, IPUMEHSIOTCS TPAH3UCTOPHBIE UCTOYHUKHU OIMOPHOI'O TOKA B 00-
et smurrepHoi uenu BIIBK.

OnHako MaHHOE CXEMOTEXHMYECKOE PEIIEHUE CTAHOBUTCA Mayiod(-
(EKTUBHBIM B AHAJIOTOBBIX MHMKPOCXEMax C HHU3KOBOJIbTHBIM MHUTAaHUEM.
Bo-niepBhIX, KJIaCCHUYECKUE TPAH3UCTOPHBIE HCTOYHUKU OIIOPHOIO TOKA
(MOT) Ha coBpeMEHHBIX MHTETPaIbHbIX TPAH3UCTOPAX MPU MUILTAAMIIEP-
HBIX TOKaX 3MUTTEPA UMEIOT CPABHUTEIBHO HEBBICOKOE BBIXOIHOE COMPO-
tuBiieHue (15+30 xkOwm). Bo-BrophiX, mpumenenue kiaccuyeckux HMOT
OTPHULIATEIBLHO CKAa3bIBACTCS HA JOMYCTUMOM JUANa30HE U3MEHECHUS BXO/I-
HOro cuH(a3Horo curana Ugmgmax, KOTOPBIE «cbemaroT» 0,6+0,7 B or
UCHH(b.max-
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C npyroit ctoponsl, 3aMeHa MOT Ha TOKOCTAOWIM3UPYIOWIUNA pe3u-
ctop R1 B OonbIIMHCTBE CiydyaeB HEMpUEMIIEMA, TaK KaK HEBBICOKHE 3Ha-
YEHHUsI CONPOTUBIICHU R1 CylIeCTBEHHO yXyAIIalOT NOAABIECHUE NTOMEXHU
M0 MUTaHUIO K, a Takke Kodp@uimeHT ocinadieHns cMH(pa3HbIX CUTHA-
10B (Koc.c)-

[IpuMmeHeHne pacCMOTPEHHOIO BbIIIE TMPHUHIUIIA KOMIIEHCALIUH
OLIMOKH MO3BOJISIET MOBBICUTH Ky U Koc c¢. IIpa€M BbICOKHE 3HaUEHUS Koy
o0ecrneunBaroTcs Mpy MOCTPOCHUH LIETH CTAOWIIM3AlMU CTaTUYECKOTO pe-
xwnma J[Y Ha OCHOBE CPaBHUTEIBLHO HU3KOOMHOIO pesuctopa R1.

Paccmotpum padoty npemiiaraemoro /1Y puc. 2.4 npu usmMeHeHuu Ej.
YBenuueHne HanpsHpKeHUs TUTaHus £, Ha BEJIMYUHY €, IPUBOAUT K YBEIU-
YEHUIO TOKa yepes pesuctop R1

Ip ~—=. (2.1)
R
1 ]21
am1r— K T T2
v TJ;— E
T T
) Int1 & iE L % Int2
it M . Bbix.
! .
v ||<3L . % i R,
v ¢ Ix4
VT1 VT3 v VT4 VT2 +E,
Bx.2
i34 & & i32 i
R1
T
— B2
T

Puc. 2.4. Cnnoco0 yMeHBIIEHUSI CTaTUYECKUX NorpemHoctei Y
0€3 TPaH3UCTOPHOI0 UCTOYHKKA OTMIOPHOTO TOKA B AMUTTEPHOU LIETH

Tok ix; mnepepacnpenensaercs MEXKIy AMUTTEpaMU TPAH3UCTOPOB
VTI1, VT2,VT3 u VT4.

0,25e,

ial = i32 = i33 = i34 = O,25iRl ~ (22)

1
[TosToMy kosekTopHbIE TOKHM TpaHnzuctopoB VI1, VI2 VI3 u VT4:

i, =oi, (n=1234), (2.3)

rae o, ®1 — k03 (PUIUEHT yCUIIEHUS 110 TOKY YMUTTEPA /1-T0 TPAH3UCTOPA.
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Brixonnsie Toku TokOBbIX 3epkain I[IT1 u IIT2 cBs3aHbl ¢ UX BXOMI-
HBIMH TOKaMHM uepe3 Kod(duuueHTsl nepenadun mo Toky K, ,, =1 u
Sd.3 = Sd.n

. . : Oy €,
Irpy = Koy gy =Kiqp (Ol =—K . h  —=
Tl 112,154 i12.1% 454 215 °
4 R, (2.4)
Int2 = Koy,
Ta€ iy =i +14 — iy, — BXOLAHOU TOK TOKOBOIO 3epkana I1T2.
Takum 00pazoM, «apa3uTHBIN» TOK B HArpy3ke R,, 00yCIOBICHHBIMI
W3MEHECHUEM HANPSHKCHUS TUTAHUS €,
e
. _ S
fy === (0 = K5 503 = Kjpp 000 + K5, K15 104) - (2.5)
4R,

Ecnu ydecTb, 4TO 2J1€MEHTHI CXEMBI UMEIOT BBICOKYIO UJIEHTUYHOCTD
(a,=0,=03=0,=a=1, K,,,=K;,,=K,<1), TO U3 mnocieaHero
YPaBHEHUS MOKHO nonqu/ITb 4TO

i (1 K, ) 1562 (2.6)
! 4R1
rae S, , — KpyTu3Ha Ipeo0pa30oBaHus PUPALLEHNS HAIIPSDKEHYS TIUTAHUS €,

B [Iapa3UTHBINA TOK HAarpy3KHu B Iipeiaraemom V.
B kmaccuueckom [IY TOk B Harpyske R,, 0OyCJIOBIICHHBIA U3MEHE-
HHUEM HaIPSHKCHUS TUTaHMS
*
i, = 4Rl(1 K)=S5,,6, (2.7)
rae S, — KpyTusHa npeoOpa3oBaHus IPUPAILECHNS HAPSHKEHUS IMTAHUS €,
B TOK Harpy3ku kjaccuyeckoro [[Y, He coaepxkaliero xasaia
KOMIICHCALNH.

Takum oOpa3om, B mpeaaraéMoM yCWINTENE CYIIECTBEHHO Ocial-
JsieTCA BIIMAHUE HECTAOWJIbHOCTH HAaNpsHKEHUS MUTaHUSI e, Ha TOK B Ha-
rpy3ke. Ilpuuém kpyTtu3Ha npeoOpa3oBaHusd e, B Iy B cxeme puc. 2.4
B A pa3 MEHbIIIE, YEM B KJIIACCHYECKOU CXEME, TIE

1
A= >> 1. (2.8)
— Ki

[Ipupaiienure Toka iy, BBI3BAHHOE HECTAOMIIBHOCTBIO €, MOYKHO TIpe-
0o0pa3oBaTh B COOTBETCTBYMOIIEe emy u3MeHeHue DJ[C cMmelieHus Hyms
(écy) U COOTBETCTBYIONIUHN eMy KO3(MUITMEHT OAABICHUS TOMEXHU 1O IH-

TaHuto (Kyy)

ey =, K, =—"%, (2.9)
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rae S; — KpyTusHa npeoodpazoBanus U@ depeHInanbHOrO HANPSHKEHUS B
BBIXOJHOM TOK J1Y;

Su — KpyTH3Ha NpeoOpa30BaHusl IPUPAIICHUS] HAPSLDKEHUS] TUTaHUS B
BBIXOAHOM TOK Y.

[ToaTOoMy pa)ke Mpu OJMHAKOBBIX 3HAYECHMSIX KPYTH3HBI S, Ipensia-
raeMoro u ussectoro 1Y (S, , =S5, ) B cxeme puc. 2.4 B A pa3 nossIIlIa-
eTcs KO3 PUIMEHT OoAaBICHUS TOMEXH MO MUTAHMUIO.

AHaJIOTMYHO MOXHO TOKa3aTh, YTO B A pa3 moBbIlIaeTca U Ko3pPu-
LUEHT OCIa0JIeHNs BXOJHBIX CHH(Aa3HBIX CUTHAJIOB.

[Tony4yeHHbIE BBIIIE€ BBIBOJBI MTOATBEPKIAIOTCS pPE3yJIbTaTaAMHU MO/IE-
nupoBanus K, npeajgaraeMon cxemsl B cpene PSpice (puc. 2.5).

Krm, 2B

4.74 MI', -3 1B '
Hosas cxenma
101.7 “/

Gain=0.95

Lporonm 478MI, 38/

I Lo 7

60 T T T T
10° 10° 10 10° 108 fTn

Puc. 2.5. 3aBucumocts K, npegaraemoro Y oT 4acToThl
MIpHY pa3InuHbIX Kodpdunmrentax nepeaayu mno Toky [1T1, I1T2
mpu R1=5KOm

[Ipn ko3pduumentax nepegaun TOkoBBIX 3epkan [IT1 u IIT2
(Gain=0,9) Beurpsi no K, gocruraer 26 n1b. Eciu kosdpuiiueHTs! mne-
penaun [IT1 u IIT2 umerort 3nauenue 0,95, To Beiurpseim o Ky, — 31,7 ab.
ITIpu Gain=Kj;,,=K;1,,=0,99 npennaraeMoe TeXHUUECKOE PEIICHUE YBEIIU-
yuBaeT K,; Ha 46 1b, T.e. 6osiee ueM B 100 pas.

2.3. AndpdepeHumanbHbie yeunutenu
Ha OCHOBE «NeperHyToro» Kackoga

B MUKpO3JIEKTpOHUKE MIMPOKO MPUMEHSIOTCS CXeMbl auddepeHiin-
albHBIX YCUJIMTENEH, pEallM30BaHHBIX HA OCHOBE JABYX MapaJljIeIbHO
BKJIIOUEHHBIX IuddepeHnmanbbix kackaaoB (JK) ¢ ucrounnkamu omop-
HOT'O TOKa B YMUTTEPHBIX IEMAX BXOIHBIX TPAH3UCTOPOB (TaK Ha3bIBAEMbIC
«dual — input — stage» uiam «koMIuIeMeHTapHbIe TudPepeHInaIbHbIe yCH-
mutemn (KIIY)») (puc. 2.6).
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R3 R4

Puc. 2.6. 1Y na ocHoBe komieMeHnTrapaoro K

[lo Takoil apxuTekType, Ha MOAU(PUKAIIUN KOTOPOH BBIIAHO OKOJIO
100 maTeHTOB pa3IWYHBIX CTPaH, BBIIOJIHEHBI ONEPALMOHHBIE YCHIIUTEIH
BEIYIIMX MHUKPOAJIEKTPpOHHBIX (pupm (AD8631, AD8632, HA2539 u ap.).
Opnako B npakTuyeckux cxemax Y manxoro noaknacca Ko cq OIy4aeT-
cs HeOoJbIINM, a HampsbkeHue cmerneHus Hyiaa (Ue,) (DC cmemnienus
HyJIg) AaXe MPU COBEPIICHHO WJACHTUYHBIX TPAH3UCTOPAX H3MEPAETCS
€AVMHUIIAMA MUDIUBOJIBT. ITO 00YCIOBIEHO CBOMCTBAMU MX APXUTEKTYPhI —
MOBBIIIEHHBIM BIUSHUEM KO3((UIIMEHTOB MEPEeNavr M0 TOKY UCIOJb3ye-
MBIX TOKOBBIX 3epKasl Ha Ucy, Koc oy Kun-

IIpuMmeHeHne pacCMOTPEHHBIX BO BBEACHWUM NPUHLMIIOB B3aWMHOU
KOMITEHCAllMU (3JAUTUBHOW KOPPEKIMH) TTO3BOJIAET YCTPAHUTh JTAHHBIE He-
JNOCTaTKH.

B cratmueckom peXuMMe BBIXOJHBIE TOKA BXOJHOTO KOMILIEMEHTAp-
Horo kackaja JIK (puc. 2.7) paBHbI

I,=1,=1;=I=1,. (2.10)

Puc. 2.7. Apxurektypa 1Y ¢ uensto komrnencanuu I1C cmenenus Hys
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[Ipy1 WIEHTUYHBIX COMPOTUBIECHUAX TOKOCTAOMIM3UPYIOUIUX ABYX-
TOJIFOCHUKOB /] M [, KOJUIEKTOPHBIE TOKH TpaH3ucTopoB VT1 u VT2 Takxke
MOTYT OBITh PaBHBI JPYT APYTY

l,=1,=1 =1,. (2.11)

IIpu sTOM B nenu Harpy3ku R, CO34AETCsA mepBast COCTABIIAIOIIAS

CTaTUYECKOI'0 TOKa OMMUOKHU [ : , OOYCJIOBJIEHHAsI pa3HOCTHIO
I: =lg =Kol =1y(1-Kjy55), (2.12)
rne K, ,, <1 —xoappunueHt ycunaeHus o ToKy TOKoBoro 3epkana [1T2.

AHaQJIOTMYHOE YpaBHEHHE MOYKHO 3aIMCaTh ISl BXOAHOM LMW IO-
Bropurens Toka [IT1, koTopsiil uaeHTH4YeH TokoBOMY 3epkany [1T2:

[p =1Ig —Kj5415 :[O(I_Ki12.1)> (2.13)
rae K, ;| — KoOQpQUIMEHT yCUIeHHs IO TOKY TOKOBOro 3epkana IIT1.

PasHocTHbIl TOK [, mocTynaer Ha BxoA 1 ToxkoBoro 3epkana IIT2 u
CO3JIa€T B Harpy3ke R, BTOPYIO COCTABJISAIONIYIO CTATUUYECKON OLIUOKHU I:* ,

v o %
KOTOpaH HpOTI/IBOHOJ'IO)KHa 10 3HaKy HepBOI/I COCTAaBJIAIKOIICNU IH

skek

Iy =Ko ly(1=Kjpp). (2.14)
B pesynbTare cyMMapHbIi CTaTUYECKUN TOK OLIMOKU B HAarpy3ke R,
YMEHBIIIACTCS
Iy = I: _I:* =L[(1=K;155) = (1= K15 )Ki20], (2.15)
Is~I1,(1-K)1-K)~1,(1-K,)?, (2.16)
rne K; =K, = Kjpy <1.
B cxeme /1Y puc. 2.6 ipy HIEHTUYHBIX CTATHYECKUX PEKUMAX

[H.Z.np z]0(1_1<i)’ (217)
[TosToMy HampsiKeHHE CMEIICHUST HYJA TpesjaraeMoi (puc. 2.7) u
KJaccuyecko (puc. 2.6) cxem

Uews = Sy lus (2.18)
Uerp =Siv] (2.16)

CM.IIp H.2Z.Ip ?

rae Syy — KpyTusHa ycuienus nuddepenuumanbHoro curiana Y.
Takum oOpaszom, B mnpeyiaracMoM JIY cocTaiisitoliasi HanpspKEHUs

CMEUIEHUsI HyJs, 00yCIOBJIEHHAs BJIUSHUEM TOKOBBIX 3€pKajl, HE MEHeEe

1
‘1 - K; ‘
[TosydyeHHbIE BBIIIE BBIBOABI MOATBEPKIAKOTCS PE3yIbTaTaMU MOJIE-
JUPOBaHUS CXEM B cpejie PSpice — HampsikeHHE CMEIIEHUS! HYJsl B 3aBU-

CHMOCTH OT YMUCJICHHBIX 3HaueHui K; ymenbinaercsa B 5+10 pa3 (puc. 2.8).
ITpu 5ToM B 80100 pa3 nossiuaercs Koy (puc. 2.80).

>>1.

4eM B [V, pa3 MEHbIIIE, 4eM B cXeMe puc. 2.6, rae N =
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Homan cxema

MpotoTun

=210

0,6 0.8 1.0 1.2 1.4 1,6 1.8 20 K

AK b
ocod Hosas cxema

/ 29.1 MI'n, -3 nb

103

34— ———mmmm— g m—— e ————— —
7 \
201 MI', -3 1B

IporoTun
40 ~

Gain = 0.90

10! 10? 10° 10 10° 10° 107 10® 10°  fTn

0)

Puc. 2.8. 3aBucumocts HanpsbkeHus cvenienns Hyist 1Y (a) 1 Ko (0)
oT ko3 ¢unnenrta nepenaun K~=Gain TOKOBBIX 3epKal

CymiecTBEHHBIA HEJIOCTATOK CXeMbl Kitaccuueckoro Y puc. 2.9 co-
CTOUT B TOM, YTO OH UMEET HEBBICOKOE OCIabJieHHe CUH(A3HBIX CUTHAJIOB
(Koc.cp), @ TAKKE HANPSDKEHUE CMEIIEHMS HYJIA, YTO CYHIECTBEHHO BIIHSET
Ha TOYHOCTHBIE MAPAMETPhI PA3JIMYHBIX aHAJIOTOBBIX UHTEP(EICOB HA €ro
OCHOBE.
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[ToBbimenne Koo U CHUKEHUE CTATHYECKUX OIIMOOK oOecrednBa-
eTcs B cxeMme rnipeaiaraemoro /1Y (puc. 2.10).

+
R1 R2

Brixi;

: : VT2

I:I IT1
n S
I() -Kiz1
i \_I_I
O -

Puc. 2.9. Cxema /1Y

f 1)

V12

Bx 1

Ucy

12

Brix .

H.C

o]

O -

Puc. 2.10. 1Y Ha OCHOBE ITEPETHYTOT0 KaCKO1a
C KaHAJIOM KOMIIEHCAIIMM CTATUYECKUX MOrPEIIHOCTEN

Paccmorpum padotry Y puc. 2.10 npu nojgaye Ha ero BXOJbl CHH-
(pazHOrO CcurHama u, =u_ =u,,. VI3MEHEHUE U, IPUBOAUT K IOSBIICHUIO

TOKOB I| Y i, Y€pPE€3 BBIXOIHBIE MPOBOJUMOCTH HCTOYHUKOB OMIOPHOTO TOKA
I 1 u I 2.

| RUY, I, RULY,. (2.20)
OTH TOKM NEPENAOTCS B BBIXOAHBIE y37bl Y 1 u IY2:

i =i,/2=05pu,, (2.21)

i =i/2=0,5yu,, (2.22)
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i) =iy/2=0,5p,u,, (2.23)
iy =1i,/2=0,5y,u,. (2.24)
Ha ocnHoBanuu 3axkoHa Kuproga KomieKTOpHbIE TOKH TPAH3UCTOPOB
VTI1 (VT2) MmoxHO HAWTU U3 ypaBHEHUI

. l*
i, =i, =0,50,u,, (2.25)
Lg R4 +i — Kyl =0,5u.(y, + v — Kippo0). (2.26)
[TosTOMY TOK B Harpyske R, 00yCIOBIIEHHEINA CHH(pA3HBEIM CUTHAJIOM 1

l - lnTl

e — ko =l — Kl =

2.27
=0,5(1-K;)y, l_ﬁKilz.l u ( )
V2

c?

rae 1-K; =1-K;j5 ;1 =1-Kj55.

[locne mpeoOpa3zoBaHMil MOCIEIHEE YPAaBHEHUE MOXHO 3aIMCATh B
BUJIE
= ch).saﬂBn (228)

=0,5(1-K;)y,(1-T;) — xpyrusHa npeoOpa3oBaHusl CUH(a3-

lH.C

u.,

roe S

c.3asB1
HOT'O CUTHAJIA U, B TOK HArpy3KH Iy CXeMBbI puc. 2.10;
T, = NyK;j5, =1 — ycusieHne o kaHaay KOMIICHCAIIUH,

N o
Ny, = y_ ~1 — ko3 PumeHT acuMMeTprn MPOBOAUMOCTEN V| U )».
2

B ycunurene puc. 2.9 aHanoruvHas KpyTH3Ha Sy IIPUHUMAET

poT
3HAYCHHUC
ch).npOT = O>5(1 - Ki )J’2 . (229)

Takum oOpa3zoM, B IpeajiaraeMoM yCHIIUTENE oOecrieunBaercs 0oee
Iy0oKoe ociabieHue cuH(pa3HOro CUrHalia, Tak Kak
N S
=
S

c.3asB1

aphapor Ly (2.30)
‘I_T i‘

PacuéTel mMoKa3pIBarOT, YTO MPH THIIOBBIX TapaMeTpax JJIEMEHTOB
cxeMbl BeIMTPbIT N, gocturaer 3HaueHus: 10-20 pasz. [osromy xorddu-
IIUEHT ocyiabyieHusi cuH(pa3HbIX CUTHAJIOB B mpemiaraemoMm Y cymiecrt-
BEHHO TTOBBIIIACTCS.

[TomydeHHBIE BBINIEC BBIBOBI TTOATBEPIKIAOTCS pe3yIbTaTaMH MOJIe-
JUpoBaHus cxeM B cpenie PSpice.
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1013

81.1+

60

Kocep, 1B

Hopas cxema
/ 22,0 M, -3 1B

Gain = 0.90

Kooy 2B

Hopas cxema

11.3MTI'y, -3 b

105.8

TIporotun

Gain = 0.95

1 e
/ )
\

331MI'y, -3 1B

Puc. 2.11. HacrorHas 3aBUCUMOCTD Ko ¢4
[IpeIaraeMoro u Kiiaccuyeckoro Iy

2.4. AndpdepeHumnanbHble yCUnuTenu

c rail-to-rail Bbixogom

OrnepalMoHHbIE YCHJIMTEIN HAa OCHOBE BXOJHBIX KOMMJIEMEHTapPHBIX
muddepeHanbHbIX KaCKaJI0B M BBIXOJHBIX TOKOBBIX 3epkKai (puc. 2.12)
IIMPOKO MPUMEHSIOTCS B CX€Max ¢ HU3KOBOJLTHBIM MUTaHUEM. MIX OCHOB-
HOE IPEUMYIIECTBO — Oo0Jiee MMPOKUN JUana3oH U3MEHEHUS BBIXOIHOTO

HaIIpPsPKCHHA.

K 1T

1112

Iy

Puc. 2.12. Cxema J1Y

lImD R,
v

Bx1 Bx2
o—» o LI )
5 J’ 6| 1
§ ]
I
v 1
Brix :
Y
1IT3 —
-Kip

—————




CymiecTBeHHbIN HetocTaTok J[Y TaHHOro Kjiacca COCTOUT B TOM, YTO
OH HMMEET CpPAaBHUTEIBHO OOJBIIOE HAMNpsLKEHUE cMeleHus Hyas Uy
(3.4.C. CMEIIECHUA HYJISA) U HEBBICOKUH Ko g NaXKE NIPU COBEPLICHHO UJICH-
TUYHBIX TPAH3UCTOPAX.

Ecnu xoadguumenTsl nepenayuu 1o ToKy Bcex TOKOBbIX 3epkait [1T1-
ITT3 paBHbl equnnne (K; =1), To B cxeMe puc. 2.12 HanpspkeHHe cMmelne-

Hus HyJs U, NPU UACHTHUYHBIX TPAH3UCTOpPax M OJMHAKOBOM CTaTHye-
CKOM pexuMe OJIM3KO K HYIIIO, T.K. OTCYTCTBYET CHCTEMaTH4eCcKas OIInOKa
nepeayl CTaTUYECKUX BBIXOJHBIX TOKOB BXOAHOTO KOMIUIEMEHTApHOIO
kackaaa Ha Bbixo Y. OnHako B npaktudeckux cxeMax Y koadduiu-
€HT nepenayu 1no Toky TokoBbix 3epkai [IT1-I1T3 (ocobenHo npu ux pea-
JIM3ALHUH 10 KJIACCUYECKOM apXUTEKTYpE) BCEr/la OTINYAETCS OT €IUHULIBI,
YTO MPUBOJUT K IMOSBJICHHUIO B LEMHU BBIXOAA Pa3HOCTHOrO TOKa [, KOTO-
phIi U 00ycIIOBIMBaET cMelieHue Hys JV:
Uepi =St (2.31)
rae Spyy — KpyTH3Ha IpeoOpa3oBaHMs BXOJHOrO HampsbkeHus 1Y B ero
BBIXOJIHOHU TOK.
Tak, nns cxemsl npegnaraemoro Y puc. 2.13 Tok B Harpyske Ry
MIPU HYJIEBOM BXOJHOM CUTHAJIE

_y (2.32)

T3
e Iy =LK 5,3

Ly = DK 151 King s + (g = 15K,15 ) Ky 3 (2.33)
I,=1,=1;=1,=1, — BbIXOOHBIE CTATUYECKHE TOKH BXOIHOI'0 KOMILIE-

meHTapHoro 1Y 1; K — KO3 (DULIMEHT NIepeaayu Mo TOKY #m-TOKOBOI'O

i12.mn

3epKaa.

Puc. 2.13. Apxurekrypa rail-to-rail /[¥Y ¢ kanamom koMneHcanuu
CTaTUYECKOU ITOIPEITHOCTH
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Takum 00pa3zoM, BBIXOJHOW cTarhuyeckuil Tok ommOku Y, o0y-
CJIOBJICHHBIM OTIIMYUEM OT €IMHUIIBI KO3(P(DUIIMEHTOB MEPESAYH €ro TOKO-
BBIX 3epKal K, , =K, ,, =K, 1,3 =K., , = K, , onpenensercs Gpopmynon

Iy =1(Kjps = K3 + KoK s =K1K 3)- (2.34)

[Ipu sTOM mpupanieHue Toka B Harpy3ke Ry, BBI3BaHHOE U3MEHEHHEM

KO3(PPpUIIMEHTOB epead TOKOBBIX 3epKall
AL =11(AK 155 = AK 153+ AKG 4 Kipn 3 +
+AK;1) 3Ki10.4 = AK15 1 Kipp 3 = AKG5 3K151).

To ecte mpm onmHakoBBIX npupameHusx AK,,, 0OyCIOBICHHBIX
CXEMOTEXHHUYECKMMHU OCOOCHHOCTSMH TOKOBBIX 3€pKaJl, BIUSHUEM TEMIIe-
paTyphl WK HAIPsDKEHUH MUTaHus, IPUpaIleHUe TOKa B Harpy3Ke npea-
raemoro [V 6mu3ko k Hymo Al, 0. DTo cBUAETENBCTBYET O 00Jiee BbI-
COKOM CTaOMJIbHOCTH HaNpsDKEHUs! cMelneHus Hyns U, B 3TOU cxeme, KO-
TOPOE 3aBUCUT OT YMCJIEHHBIX 3HAYEHU A/, W KpYTU3HBI IPEOOpPa30OBAHMS
BXOJHOro HampsbkeHus JIY B ero BBIXOZHOM TOK Syy. leMCTBUTENBHO, B
kiaccuueckoMm Y (puc. 2.12) gayBcTBUTENBHOCTD [ K AK;3HAUYUTENBHO
BBIIIIE

(2.35)

Al, =-2AK.1,. (2.36)
[TomydeHHbIE BBIIE BBIBOJBI ITOATBEPKIAAOTCS PE3YIbTATAMU MOJIE-
TupoBaHus mpejaraeMor u u3BectHou cxeMm [IY B cpene PSpice. Tak,
npu Kod(p(puUnreHTax yCHWIEHUsS IO TOKY TOKOBBIX 3epkan K., =0,9 BbI-
WTPBILI 110 BenurHE Uy JOCTUTAET OJHOTO MOPSIAKA.
Puc. 2.14 xapaktepusyet 3aBUCUMOCTb HANIPSKEHUSI CMEILICHUS HYJIS
U 1 Koccp OT YUCIICHHBIX 3HAYEHUN KOA(Q(PUIUEHTOB NIEPENAdn 10 TOKY
K; npumensiembix TokoBbIxX 3epkain [IT1, I1T2, IIT3, [IT4 npennaraemoro
(puc. 2.13) u uzBectHoro (puc. 2.12) V.

_ MpotoTun
-

Hoean cxema

09 1.0 1.1 K

Puc. 2.14. 3aBucumocts HanpspkeHus cMeleHus Hyist OV u Ko g
puc. 2.13 ot ko3(ppunmenTa nepegaun 1Mo TOKy TOKOBBIX 3€pKal
(Ha4ai0, OKOHYAHHE CM. Ha C. 56)
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h Koc.cqb HE

Hogasg cxema
/ 16.0 MI', -3 1b

1012

-

T
/ h
N
1.86 MI'n, -3 1B N

IIpoToTun

40
Gain = 0.99

0 T T T T T T T T

10! 10* 10° 10* 10° 10° 10’ 108 10°  fTn
0)
Puc. 2.14. Oxonuanue (Ha4aao cM. Ha C. 55)

OnnoBpemenHo ¢ ynyuiienuem U, B cxeme puc. 2.13 obecneunBa-
ercs nosbieHue B 10-20 pa3 Ko g

CymiecTBeHHBIM HENOCTATOK IIMPOKO U3BECTHOM cxembl 1Y puc. 2.15
COCTOMT B TOM, YTO OHA UMEET HEIOCTATOYHO BBICOKOE OCIJIA0JICHHE CHUH-
(pasHbIX cHTHATIOB (KOd(DPUIUEHT K p), @ TAKKE XAPAKTEPU3YETCS CPAB-
HUTEJLHO OOJBIINM HaIpsiKeHueM cMelleHus Hys Us,y,.

IT1 K IIT2 K

™12 N2
- ‘A

Bx.1 Bx.2 Brix.
o—> «—o +——o
VT1 VT2

II1T3

'K112.3
o -

Puc. 2.15. Cxema J1Y c rail-to-rail no Beixoay

BBeneHrne KOMINEHCUPYIOIMMX KaHAJIOB B cXeMy puc. 2.15 no paHee
PACCMOTPEHHBIM ITPaBUJIaM MO3BOJISIET CUHTE3UpOBaATh Y puc. 2.16.
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11T4 IIT1 1112
'KiIZ.4 'Ki12.1 'KiIZ.Z
A a
A A A
,Z[Kl f i11'[4 f in.l f imz
iH.S
Bx1 Bx2 Brx
> Q R | RO Bl
i f Ly N
. . e ke 1
bl |ig| VTl VT3 T VT4 | VT2 :
2' 3 ‘\l/i \l |/ K f T3
13 ia4 v HT3

@ ¢ OF

Puc. 2.16. Ciocob yMeHbIIIEHUs] CTATUYECKUX NorpemHocren 1Y

Paccmorpum pabdoty npeiaraemoro Y puc. 2.16 npu nogade Ha
€ro BXOABbI CHH(DA3HOTO CUTHANA U, =U,, | =U

BX.1 BX.2 *

W3meHeHne u, TpUBOAUT K IOSIBIICHUIO TOKOB I, U I3 B y37ax 2 U 3,
OOYCJIOBIICHHBIX HEUACAIBHOCTBIO TPAH3UCTOPOB AU(P(DHEpEHIUATLHOTO
kackaaa JIK1 u nenei ctabuiamn3aium ero CTaTH4eCKoro pexxuma:

Iy @iy =Syl (2.37)
rae S¢p — KpyTu3Ha nepegadn cuHgaszsoro curnana JK1.

OTHU TOKH NIEPENAOTCS B OMUTTEPHI TpaH3uctopoB VT1, VI3, VT4 u

VT2
Iy =1y =l =1y =0,58 4u,. (2.38)
[TosToMy TOK B Harpy31<e 00yCJIOBJICHHBI CUH(A3HBIM CUTHAJIOM U,
Ly s = by — Iy = 0,58 Kooty — K2 1 K1 3 (g +is —1p3)- (2.39)

ITocne npeo6pa30BaHI/H/I u3 ypaBHeHUS (2.39) MOXKHO MTOTYYUTh
lys = O=SSC¢>[K1'12.2 —2K15.1K 125 + K101 Ki123K 1.4 Ju

Ki12.3 KllZ 1K1123 (1 K124) (240)

i12.2 K2
[Ipn onMHAKOBBIX 3HAYEHUSX KO3(P(UIMEHTOB Iepeayd MO TOKY
TOKOBBIX 3epKall (K1, 4 = Kjjy | = Kjjp 3 = Kipp 5 = K):

iy =0,58u (1-K,). (2.41)

= OﬂsKi12.2SC(b 1-Ki1p,4

B 1Y puc. 2.15
Ly mpor = Segp (1= Kt . (2.42)

Takum oOpa3zom, nepeaada cuH(}A3HOroO CUTHAA B npeayiaraemom Y
3HAUUTEIILHO MEHbIIE, 4eM B 1Y puc. 2.15, uro noBbiuaet Koy B He-pas
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KOC.C(b.SaSIB.H iH-HPOT ~ ‘ 1 ‘ >>1. (243)

e Koc.C(b.npOT iH.3 1- i

Ha puc. 2.17 npuBenensl pe3ynbTaTbl KOMIIBIOTEPHOIO MOAEIMPOBA-

HUS YaCTOTHOM 3aBHCUMOCTHU K ¢ IPU PA3HBIX 3HAYECHUAX KOd((PUIIUECH-
TOB II€PEIayv 10 TOKY NMPUMEHSIEMBIX B CX€ME «TOKOBBIX» 3epkain IITI,
I1T2, I1T3, IIT4 (K=Gain = 0,9, puc. 2.17a u Gain = 0,99, puc. 2.170).
IIpr >TOM BBIXOJHOE CONPOTHUBIIEHWE UCTOYHUKOB OIIOPHOIO TOKA, 3aBHU-
CAILlEE OT HANPSDKEHUS DPJM UX TPAaH3UCTOPOB, MOAEIMPOBATIOCH COIPO-
tuBieHUEM R =30 kOM. I[lomydeHHBIE BBIIE TEOPETUYECKUE BBIBOJBI
ITOATBEPKIAIOTCSA Pe3yJIbTaTaMA MOJCIIMPOBAHUS MPEIIAaracMON CXEMBbI B

cpene PSpice —npu K, =0,9 obecnieunBaercst BBIATPHILI 110 Ko o B 26 1B,
anpu K, =0,99 —B 36 1b.

Koe.op, 1B
Hopas cxema 12Mr 3 165
I, -
106.4 ‘/

80.9

12.0MTI'x, -3 1B \
40+ \

Gain=0.90

10! 10° 10° 10¢ 10° 10° 107 10° 10 fTn

K. oy 1B

H?aﬂ cXeMa 12T -3 16

147.2

10134 ————— 7

80 1 [Ipororun

12 MI, -3 2B \

40-
Gain- 099 N

0 T T T T T T T T
10! 10° 10° 10* 10° 10° 107 10° 10° £ T

0)
Puc. 2.17. YacrorHas 3aBUCUMOCTD Ko og TIPEIAracMoro U u3BecTHoro JY
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B 1Y ¢ apxurextypoit puc. 2.16 yMEHBIIAETCS TaKKE YyBCTBUTEIb-
HOCTb HANpPSKEHHS] CMEIEHUS HYJI K YHCIICHHBIM 3HaYeHUsAM Ko3hpuiu-
€HTOB YCHJICHHS 10 TOKY IPUMEHSAEMBIX «TOKOBBIX» 3epKal (puc. 2.18).

U . wmB |,

CM
64

MpoToTun

2 HoBas cxema

T
0,9 1,0 1,1 K
Gain

Puc. 2.18. 3aBucumocTs HanpsbkeHus cMenenus Hyns Y puc. 2.16
oT ko3 puireHTa nepeayu mo TOKy TOKOBBIX 3epKai K;

YMeHbllIeHHE cTaTUUeCKuX norpemnocred B 1Y ¢ pyHKIMOHATBHOM
cxemoil puc. 2.19 obecrieunBaeTcsi 3a CUET BBEJCHUSA MO PACCMOTPEHHBIM
BBIIIE IIPABUJIaM KOMIIEHCUPYIOIIUX KaHaloB (puc. 2.20).

| 1 o +
IIT1 K, Kin 1112

—— P

Bx1 Bx2 Brx

VT1 V12 +——o

L
T3 ———
-Kip

Puc. 2.19. Cxema 1V c rail-to-rail Berxomom

[Ipn wu3meHeHun BxojgHoro cuH¢pazHoro curHaia Y puc. 2.20
U, =u, =U,, U3MEHAETCS TOK i; B 001l sMUTTEpHOU Lenu J1Y

I, = VU, (2.44)
I7I€ ¥ — BBIXOJHAs! MPOBOJUMOCTb UCTOUYHHMKA OIOPHOTO TOKA /5.
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i |
'

Puc. 2.20. Cnoco0 KoMIEHCALMY CTATUYECKUX MTOTPEIIHOCTEN

nn -

Kipn

B /1Y puc. 2.19

Tok i) mepepacnpenenseTcss MexXay SMUTTEPAMH TPaH3ucTopoB VT1-
VT4, mosTomMy KOJIEKTOPHBIE TOKU 3TUX TPAH3UCTOPOB

i _ 4y,
kKl — o
4
. O, VU,
K2 — o
4
Ogy
81
l =—U
K3 co
4
Oy
9.1
l =—1U
k4 co
4

(2.45)
(2.46)
(2.47)

(2.48)

rae o; =1 — ko3 PuIMeHT ycuneHns o TOKy SMUTTEpa i-ro TPAH3UCTOPA.

Ecnu ydectp, uto Bce TokoBbIe 3epkasia cxemsl Y [IT1-11T4 nme-
I0T OTIM4arouiecs oT equHunsl (K, <1), HO OAVMHAKOBBIE 110 BEINYMHE

KO3(ppUIIMEHTHI TIepeaauu no TOKy, TO U cXeMbl Ha puc. 2.20 MOKHO co-
CTaBUTH CIJICIYIOUIYIO CUCTEMY YPABHEHMIA:

T

60

[y =1

O,y
o _ o _ 4 1
g = Kipply =——

T

uK,

T

oY

o _ o _ 2 1
o = Koo ——4 u.K,,
.* . . .

T ur4
2

i Kiz = Ky = Ko (g iz —ig)

(2.49)

(2.50)

(2.51)
(2.52)
(2.53)



IToncraBnsst B (2.53) dopmynsl (2.50) u (2.52) ¢ yuérom (2.49) u
(2.50), MO)XHO HaWTH OpUpAIlICHUE TOKAa B HArpy3ke R, 0OYyCIIOBJICHHOE
CUH(A3HBIM CUTHAJIIOM

e = 0,250 K, 01— Kilz)zuc =S U, (2.54)

IIE OL=0, =0, =043 =0, =1;

i
S, =% — KpyTH3Ha Ilepenayu CuH(asHOro curHama co Bxoma Y
u

C
puc. 2.20 Ha ero Bexoz (S, = 0,25y,K,,0(1-K;;,)%).
Jutt nuddepeHnuantbHOro BXOAHOTO CUTHANIA U, =U  —U,, TPUpaA-

IICHUE TOKA B HATPY3KE

g = Syl (2.55)

rae S, — KpyTu3Ha nepenaun auddepeHnmnanbHoro curnaia co sxoaa Y
puc. 2.20 Ha €ro BBIXO/I.
Takum oOpazom, KO3)PUIMEHT OcialiIeHUs] BXOJIHBIX CHH(A3HBIX
curHaJioB npeqmaraemoro Y puc. 2.20

Koc.cq) :ﬁ ziz (256)
S c M (1 -K i )

N3 dopmyinsl (2.56) cienyer, 4TO B CpaBHEHUM C 0A30BOM CXeMOM
Koccp TpennaraemMoro JIY CymiecTBEHHO IIOBBIINIAETCS HE MEHEE YEM B
(1- Kl.)_1 -pas.

JlaHHBIC BBIBOJBI MOATBEPKIAIOTCS pe3yJibTaTaMH MOJEIMPOBAHUS
CpaBHHBaeMBIX cxeM B cpene PSpice (puc. 2.21) — Bemrpsim no Koeop AY
puc. 2.20 coctaBinsieT oT 25 510 46 JI0 B 3aBUCMMOCTH OT YMCJIECHHBIX 3Ha-

quI/Iﬁ KOS(i)(i)I/II.II/IeHTa Hepeﬂa‘H/I 110 TOKy HpI/IMeHHeMBIX TOKOBBIX BCpKaJI
Kocop 1B

Hopas cxema
/ 17.1 MI', -3 7B

106.4

80.8-———————7 ——————————————

504

Gain = 0.90

0 T T T T T T T T
10* 10° 10° 10 10° 10 107 10° 10° £l

Puc. 2.21. HacroTrHas 3aBUCUMOCTD K ¢ IIPEATIATAEMOTO
1 Kinaccuyeckoro J1Y
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B paccMOTpeHHOIl BbIlIE CXEME Takke 00eCredYrBaeTCs MEHbIIAs
YyBCTBUTEIBHOCTh HANPSHKEHUSI CMEIICHHS HYJISI K CHHXPOHHBIM MU3MEHE-
HUSM KO3 (UIIMEHTOB Mepelayu M0 TOKY IPUMEHSAEMbBIX «TOKOBBIX» 3€p-
KaJl.

2.5. AndpdepeHumanbHbie yeunutenu
Cc apxuTekTypoun nA741

B coBpeMeHHOI MUKPOA3IEKTPOHUKE HAXOAAT IIMPOKOE NPUMEHEHUE
muddepentmanbabie yewnurenn (1Y) Ha n-p-n U p-n-p TpaH3UCTOpax C
TaK Ha3bIBAEMOM «apXUTEKTYPOUM BXOJHOr0O KacKaja ONepaluOHHOIO yCH-
mutenss pA741» (puc. 2.22). JuddepeHunanbHble yCHUIMTEIN JTAHHOTO
KJIacca, HApsALy C TUIOBBIM MMapaJJIENbHO-OAIAHCHBIM KacKaJoM, CTajH
OCHOBHBIM YCHUJIUTEIBHBIM 3JIEMEHTOM MHOTHX AHAJIOIOBBIX MUKPOCXEM.

Ha puc. 2.23 nokaszana apXuTekTypa mnpeajaraemoro auddepeHim-
aJbHOTO YCUJIUTENS Ha 0a3e Kackaja puc. 2.22, B KOTOPOM MPeTyCMOTPEH
KaHaJl KOMIIEHCAIlMU CTaTUYECKHUX OIIHOOK.

o + | I o +
B lVTl VT2B 5 VT1 VT2
X. X.
5 K :1 5 Bx1 Bx2
VT3 VT4
Brix. VT3 VT4 VT5 | VT6
I[ ——o W W
A 2 N
: r : | ks
A IK3 l IK4L : : l IKS M
I1T1 o v v ! LY Bex %,
112 : : +—o0———
o I D R
Irrrl l —4—
v IIT1 112
Yo — S—
| 'Ki12.1 | | 'Ki12.2 |
| I o
Puc. 2.22. bazoBas Puc. 2.23. O606miénnas cxema /1Y
APXUTEKTYPA BXOJAHOIO nA741 ¢ komnencamuen I/C cmeneHus
kackaga OY pA741 HYJIA U NOBBIIEHHBIM K o

B crarnueckom pexume Y puc. 2.23 1ipu HyJI€BOM HAIPSHKEHUHN ME-
*KIay Bxogamu Bx.1 n Bx.2 B nenm Harpy3ku R, MPOTEKAET CTATUYECKUM TOK
OIIUOKH [;, 00YCIIOBIICHHBIN pa3HOCTHIO
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Cocrapmsiromiasi Toka [;;» 3aBUCUT OT CTAaTMUYECKUX KOJUIEKTOPHBIX
TOKOB TpaH3uctopoB VT3, VT4 u koadduimento nepenauu Ko, Kio
IIT1 u IIT2 cnenyromum odbpazom

Iy =Ko o (Lg + 1y =15 Kipp 1) - (2.58)

Takum o6pazom

L =L 1Ko =LKy + 15 Kip 2K - (2.59)

YuureiBas, 4TO KOJUIEKTOPHBIE TOKU TpaH3uctopoB VI3, VT4, VTS5,

VT6 npubmsurensHo oxuHakoBel [ o =1.,=1,=1.=1,, n3 (2.59)

K

MO>XHO HaUTH, YTO

Iy =1g(1=K15,5) = Kijp 0y (1= Kjpp 1) = IO(I_Ki)z' (2.60)
B cxeme 1Y puc. 2.22 aHamoruyHbelid TOK B HArpy3Ke Ry
IH.HpOT z10(1_]<i)’ (261)

Takum o0pa3oM, cTaTHYECKasi OIIMOKA MO BBIXOJY B MpEjiaraeMom
Y yMmensIaercs B NV, pas, rie

>> 1. (2.62)

g

1
IToaTOMy nIpUBEAEHHOE KO BXOAY HAIIpsKEHHUE CMeleHUs HyIs Uy,
B 1Y puc. 2.23 ymeHblIaercs
Ugy = Siiv1y» (2.63)
rae Spyy — KpyTH3Ha IpeoOpa3oBaHMs BXOAHOrO HampsbkeHus 1Y B ero
BBIXOJIHOM TOK.
[Tony4yeHHbIE BbIIIE€ BBIBOJBI MTOATBEPKIAIOTCS pPE3YJIbTaTAMHU MO/IE-
mupoBanus Uy, U Ko ¢ ipesiaraeMsix cxeM B cpene PSpice (puc. 2.24).

Uw_, mB |

. Npototun

0.8 0.9 1.0 11 12 K
Gain
a)
Puc. 2.24. 3aBucuMocTh HanpsDKeHAs cMeIeHus Hyss (a) ¥ Ko o (0)
oT ko3 uireHTa nepegadyu Mo ToKy TOKOBbIX 3epkan K=Gain
(Hayaj0, OKOHYAaHHUE CM. Ha C. 64)

63



h Koc.c(p, HE
Hogag cxema

/ 650 kl'n, -3 1b
100.9

756 m e —
/7 h
1.00 MI'y, -3 1B N
IIporotrn : - N

401

Gain = 0.90

0 T T T T T T T T
10! 10° 10° 10* 10° 10° 107 10* 10 £Tn

0)
Puc. 2.24. Oxonuanue (Ha4yajao cM. Ha c. 63)

PaccmotrpenHslii crtocod komnencanuu Uy, U TOBBIIEHUS Ko g MO-

KET UCHoJIb30BaThesa B J1Y ¢ nmpyrumu MoauduKanisMu BXOTHOTO KacKa-
na pWA741 (puc. 2.25).

VT2

Puc. 2.25. CnocoObl noBeieHHs Ko cqp Y
¢ MOJU(PUKAIIMPOBAHHOM 1IE€TIHI0 YCTAHOBJICHUSI CTATUYECKOTO PEKUMa

B paccMoTpeHHBIX cxemax 00eCneYMBAETCSl TaKXE CYIIECTBEHHOE
(10-20 pa3) nossnuenue Ko .
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Ha puc. 2.26 npusenens! apyrue npumepsl nocrpoenus Y ¢ xana-
JJaMH KOMITEHCAIUN.

VT3
VT4
o )—l—’(
Bx.1
o S
1 \1 +Ecl T Teq “’lp]
Ucy ] Brix
iprs = ipy \; Ry
lelX
i
IIT3
~—_
'Ki12.3
| o -
VT3 4 VT4 °r
IIT1 T h C) C) b
-Kii21 Bx.ij Bx.,
Ip . 1 ilo N A
e ilml vT1 (. I v
ig
: : —
Bx.1 Te— O Bx.2 iz»
o— ig i —©
\j VT1 VT2 r/ ip1
. P
Ul E N Uco & Ip2 .\A BeIx.
41, C) , T2 0Tl |¢ i
Yo \ 4 A 4 R.
L S S— "
Kz -Kiaa
— . | 1 o
6) B)

Puc. 2.26. IIlpumepsl noctpoenus 1Y ¢ kaHamaMu KOMIICHCAIUH
(Ha4ayi0, OKOHYAHHE CM. Ha C. 66)
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C) I, IIT1[-Kiiz
A
Ipt
IBHX
Bx.1 E : : I; Bx.2 Ry
— T ipZ
VT1 VT3 VT4  VI2
VT5 VTé6

ip - .
4 Ea |4,

l T2

S— ¥
I @ -Kiiz2 I CP CTD I
o -

|

BX.il BX12
e

VD1

A
N
A
N
<
)
[\S]
<
—
\N]

VT1

G
. li
1p1l _ v

Brix.

i .
IT1 " 4 i

'Ki12.1 'Ki12.2

Puc. 2.26. OxoHuanue (Ha4aao cM. Ha c. 65)

3. ANPPEPEHUMAIIBHBIE YCUITUTEITIU 5
C NOCNIEAOBATEJIbHOU MHOIMOKAHAIIbHOU
KOMMEHCALUUEU

CoBpeMeHHbIe METOABI MOBBIIECHUS Kooy OY CBA3aHBI C CO3AaHUEM
YCIIOBHM, 00€CTIEUMBAIOIIUX HICHTUYHOCThH MApaMETPOB TPAH3UCTOPOB, a
TaKX€ MHUHMMHU3ALHUEN BBIXOJHOM ITPOBOJMMOCTH MPUMEHSIEMBIX HCTOYHU-
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KOB OITIOPHOI'O TOKA, BBEJICHUEM CIICIAIIETO MUTAHUS BO BXOJHOM KacKaje.
B Tex ciydasx, Korma NpUYMHOM HEMOJIHOrO OCialbieHus CHH(A3HOTO
CUTHaJIa SIBJISIETCS HEUJECATbHOCTh MPUMEHSIEMBIX B CXEME YIPABISIEMBIX
AKTUBHBIX HArpy30K (OTJIWYHE OT €IUHMIBI UX Kod(duiMeHTa nepeaadu
10 TOKY) LI€JIECO00PA3HO NPUMEHEHUE CTPYKTYPHBIX METOJ0B MOBBILLICHHUS
Koc.cy, OCHOBAHHBIX Ha IOCIENOBATENIbBHOW KoMmeHcauuu (puc. 3.1). Mx
OCHOBHAsI UJIes] — CO3JAHUE YCIIOBUM JJII MHOTOKPATHOW B3aUMHOW KOM-
NEHCALIUNA CUCTEMATUYECKUX TOKOBBIX OLIMOOK ip 1, ip2.1 JABYX Hapalieiib-
HBIX KaHAJIOB YCUJIEHUS, 00YCIOBICHHBIX BXOJHBIM CUH(Aa3HBIM CUTHAJIOM
OV u=u,=uy. TN OMMOKN BO3HUKAIOT MPEKE BCETO U3-32 CPABHUTENb-
HO OONBIIMX 3HAYECHUN BBIXOAHBIX IPOBOIUMOCTEH ();) HCTOYHHMKOB

onopHoro Toka (M1OT), ycTaHaBIMBAIOIMX CTATUYECKUM PEKUM BXOTHOTO
kackaga OVY.

Bx.1®” l

Puc. 3.1. Crtoco0 mociienoBaTeIbHON KOMIIEHCAIIUU
CHUH(A3HBIX COCTABJISIIONIUX PETYJISIPHON OITMOKU YCUJICHUSI CUTHAJIOB

Tunoeie MOT Ha coBpemenHbix CBY-TpaH3ucTopax UMEIOT BbI-

-1
XoqHoe comporusiieHue R, =y, =30-+60 xOm, KOTOpOE HE BCETAA MO-
KET OBbITh MOBBIIIIEHO CXEMOTEXHUYECKUM ITYTEM.
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YacTtHble mpuMepbl noctpoenus Y ¢ mocienoBaTrenbHOM KOMIICH-
canuen cMH(a3HbIX COCTaBIIAIONINX MPUBEICHBI Ha puc. 3.2.

K 1Tl T2 K,

D121 i12.2

— A

4[ Brix2.2

Brix2.1

Bx1.1 Bx2.2

Jingl

0)

Puc. 3.2. [Ipumepsl noctpoenus Y ¢ apxurekrypou puc. 3.1
(Hauaso, MPOJOJLKEHUE U OKOHYaHHUE cM. Ha c. 69 u 70)
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IIT1 112
'Kilz.l . . 'Kilz.z
oy 1pl 1pz A

z1

VD1 4 4 VD2

Bx.1 BX 2
O—>|_[[V1 :|—
ucl
Bx.1
lelX BLIX

i SZ VD3 u*

o -
B)
| o +
113 'Ki12.3
¥ 1IO ~ ipl
iél ~ ipl i ) Bex \i lelX
ley ®ip
+E, i R,
VT1 >‘—T—KVT2
P i
IIT1 Kiay Kips, T2
Tk ] T~
1P1 lpZ
<— —
’ <I> CIDI“
Bx.2.1 Bx.1.2
Av1 ay2
Bx.1.1 l Bx.2.2
Bx.1
I (L I
\(¥) e (P "
O -

Puc. 3.2. [Iponomxenue (Hadaso cM. Ha c. 68, okoHyaHue — Ha c. 70)



1172

F—liyl ‘:

Puc. 3.2. Oxonuanue (Ha4yajao cM. Ha c. 68)

MHorokanajabHbiil Y ¢ cyMMaTOpoOM CUrHAJIOB OIUIMOKH Ha 0a-
3e MePerHyToro Kackoaa. B nmokazanHoM Ha puc. 3.3 mpuMepe MocTpoe-
Husa noacxem AVY1.1, V1.2, £ 1 BBIXOAHBIE TOKU ip 1, ipi.; IPUHUMAIOT
HyJIEBO€ 3HadyeHue, eciu koddduuuentsl nepeaaun nojacxem IIT1, T1T2

Kilz.l = Kﬂz.z =1.

y
Kins

IICI)

i1
T3

IITS

| S

'Kilz.s

P 4
E

1)

VTS5

VT6 |

Puc. 3.3. [Ipumep nocrtpoenus noacxem JAY1.1, AYV1.2, V1

70

V’ v’
N le.”)l N
i
[ le“z ]

@



Opnnako Ha npaktuke K, = K,,, <1, 4T0 nmpuBogut k oOpa3oBa-

HUIO Pa3HULBI ip2.1, 3ABUCAIICH B CBOIO O4€peb OT CBOWCTB IIOBTOPUTEIIS
toka I1T3:

lpi21 = 0,50, y, (1= K;15,) A= K15 3N 5 )ue, (3.1)
rae Ny, — Ko3pUIreHT acuMMeTpun JudPepeHImanbHbIX YCUIUTENEH
AVY1.1, 1Y 1.2 no cundazHoMy curHainy:

N,_, = o I 1-Kiip1 |

; (3.2)
oy Yy 1=K,
o, ® o, ®] — KO3(pPUIMEHTHI epeaun 0 TOKY SMUTTEPA TPAH3U-
cropoB VT1, VT2, BXoadmux B MOJACXEMY CyMMaropa
TOKOB X 1.
[Ipu muddepeHnaIbHOM CUTHANE Ug=Uc—Uc B Y puc. 3.3 BHI-
XOJTHOU TOK MMOACXEMBI X 1:

*

Ipio1 = a2y21.2(1+Ki12.2)(1+Nl*—z)qu7 (3.3)

lKi

TOE Voyiy R Vorq R (213)‘1 = — — IPOBOJMMOCTH Tepenaun nuddepeHuu-
BX

anpHOro BXOoJHOro Hanpsokenus Y 1.1, AY1.2;
¥, — COIPOTHUBIICHUS JMUTTEPHBIX IEPEXOAOB TPaH3UCTOpOoB VT3-
VTe;
Nl*_2 — ko3 unuent acummerpuu AVY1.1, AIY1.2 no nuddepenim-
aTbHOMY CHUTHAJIY:

N =% Do 1+ K5,
-2 =

~1. (3.4)
0y YVan 1+ K,
N3 (3.1) u (3.3) MOXHO HATH KOA(PIUIIMEHT OCIa0JICHUS BXOIHBIX
cuH(pa3HbIx curHaioB /[Y ¢ apxurekTypoi puc. 3.3

Yo 1-Kiip, ) 1-Kjp 3N,

Kooy = . (3.5)
2y510 1+ K5, 1+ N,
unu ¢ yu€tom (3.4)
Ko_cl.ccb ~ 0,257, y, (1= K;15,) 1= K1 3N, ) (3.6)

Tak kak BC€ dJIEMEHTBI CXEMBI PUC. 3.3 BBIIIOJHEHBI 110 HHTETPAIb-
HOM TexHojoruu, To kKodgdunuent acummerpuu AY1.1 u IY1.2 no cun-
(pazHOMY CHUTHaly paBeH enuHuuEe, XoTd pasHuna 1-K,,, #0 Moxer
nocturath (B 3aBucuMoctu ot cxemMorexHuku I[IT1, I1T2) cpaBHUTENBHO
oonpiux 3Hauennii (0,1+0,2). ITooromy

Kooy = 0,250,,(1= K;15,)(1=K;153). 3.7)

oc.cd
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B cpaBuenun ¢ knaccuueckum JY1.2 (AVY1.1), umerommm ympas-
asiemyro akTuBHYI0 Harpysky IIT2 (IIT1), Bemrpsiu mo Ky B cXeme
puc. 3.3

|1+ N,
1_]<i12.3

[Ipu moctpoennn Y B COOTBETCTBUUM ¢ HauOosiee OOLIEH apXHUTEK-

[T >>1. (3.8)

. -1
Typoil puc. 3.1 BBIUIPBIII |, IOBBIIAETCS IOIMOIHUTENIBHO B AK 5 pas,

rae AK;; — oriuuue Kod3(p(PUIIMEHTOB YCUIIEHHsI IO TOKY CyMMaTOpa CHT-

HAQJIOB X 3 JUIsl €M0 MHBEPTUPYIOIIETO U HEMHBEPTUPYIOIIETO BXOIOB.

Kommnbsroreprnoe mogenupoBanue OY ¢ apxurtekrypoi puc. 3.1 u 3.4
IIOKA3bIBACT, YTO 3a CUET BBEACHHUSA CTPYKTYPHOM H30BITOUHOCTH Ko g
YIIY4IIaeTCsl Ha OJIMH-/IBA MOPSIKA.

Cnenyet Takxe 3amMeTuTh, uto B Y C apxurekrtypoii puc. 3.1 u 3.4
CYIIIECTBEHHO YMEHBIIIACTCSl HAMNPsHKEHUE CMEIIEHUsI HYJIs, 00YyCIIOBJICH-
HOe CcuH(}a3HON HECTaOUJILHOCTHIO MCTOYHUKOB OMOpHOro Toka Ii, I, a
TaKkXe CUH(Pa3HbIM U3MEHEHUEM aBTOHOMHBIX ITapaMeTPOB TPAH3UCTOPOB .

MHuorokanaabHbiii /IY ¢ cyMMaTopoM curHaJia Ha 0a3e TOKOBO-
ro 3epkaja. B xadecrBe cymMmaropa CUTHalIOB X1 MOXKET IMPUMEHSTHCS
THUIIOBOE «TOKOBOEY» 3EPKAJIO.

oo v 1 o +
! | | | |
! | | | |
¥ ¥ ) s
O i
! | | | |
[ N T T [ P _
1pl . 1p2
Brix2.1 « Lot l —»
v .V Beix2.2
I, BBDl 0 Brix
. [] R,
|
Vi o- T VT4
Bx1.1 VT2: Bx2.1 :VT3 Bx2.2
— Bx 2 Bx1.2 —
T Bx.1

——————————

R ORI

Puc. 3.5. [IpuMep nocTpoeHusi CcyMmaTopa CUTHAJIOB OIIMOKU
Ha 0a3e TokoBoro 3epkana [1T2




4. ANOGPEPEHLUAIIbHBIE KACKAADI
C NPAMOU NEPEOAYEN CUHDA3HOI'O CUITHANA
B SMUTTEPHYIO LENb BXOAHbIX TPAH3UCTOPOB

IloTeHnmanpHas BO3MOXKHOCTh IOBBIIEHUS Ko Y ¢ Kaaccuye-
CKOM apXWUTEKTypou puc. 4.1 3akitoueHa B yNpaBJICHUU BBIXOAHBIM TOKOM
NOT Ttakum oOpa3om, 4ToObl CyMMapHOE IMPHUpPAIIEHUE BBIXOJHOIO TOKa
HOT i,; uMeno HylneBoe (MM 3aJaHHOE, HO JOCTaTOYHO MAJo€) 3Hade-

HUE:
o = ~KiY ~0 4.1)
lox = Vollc ilex.c &Y .
rae K, — xod(puuueHt ycuneHus 1o Toky ynpasisiemoro MOT;
i = SepU, — BXOIHOM TOK ympasisemoro MOT, cBsi3aHHBIi ¢ BXOJ-

HBIM CUH(}DA3HBIM HAIPSHKEHUEM 1.

Brix.l;  Brix.,

Puc. 4.1. 1V c ynpaBnsiembiM (CHH(A3HBIM CUTHAJIOM) UCTOYHUKOM
onopHoro Toka MOT

Takum oOpa3oM, IpH BHIMTOJTHEHNUN YCIIOBHS
Yo = KiSC(b (42)
B 1Y puc. 4.1 ymensmaercs coctaBisromast Koc o, CBA3aHHAsE C KOHEYHOU
BeJIMUYUHOU BhIXOoAHOM mpoBoaumoctu MOT (yy). 3amaua cunteza Y ¢
JAHHOW ApPXUTEKTYpPOU CBOJUTCS K TAKOMY IIOCTPOCHUIO YIPABIISIEMOIO
NOT u ueneit npeoOpazoBaHus CHUH(PA3HOTO CUTHANA B Iz, KOTOPBIE
YAOBJIETBOPSIOT yCJIOBUIO (4.2).
MoOHO BBIJICTUTH JIBa 0a30BbIX CIIOCO0a (POPMUPOBAHUS Iyy ¢
— OopraHuzalys IMapauleIbHOT0 KaHajla MPsSMOW Mepeadu U, Ha BXOJ
Bx.1 UOT 0e3 npuMeHeHus Lenel OTpULaTeIbHOW O0OpaTHOM CBSI3U;
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— BBCJICHHC MApaJUICIIbHOI'O KaHajla KOMIICHCAIIMHN TOKa iOZ C ICIIBIO

IIyOOKOW OTPHUIIATENIbHOM OOpaTHOM CBSI3M MO CHH(A3HOMY CHUTHA-
1y, POPMUPYIOUIETO iy B COOTBETCTBUU C (4.1).

4.1. Kackagbl ¢ KaHanom nNpsiMmou nepepayn
CuHcpa3Horo curHana

[lepenaua BxomHOro cuH(pA3HOTO CUTHAJIA Ha YNPABISIIONIUN BXOA
NOT (puc. 4.1) moxeT OBbITh peain3oBaHa Ha 0a3e CHEIUMaIbHOIO KOMIICH-
CUpYIOLIEro KaHana. Apxurekrypa takux Y npusenena Ha puc. 4.2.

Box.i; Boix.i,

Puc. 4.2. Apxurekrypa /Y ¢ kaHanom npsiMou neperadu
CUH(}A3HOTO CUTHANA B OOLLYIO0 SMUTTEPHYIO LIENb

< o+ o+

- <
// N - ~
- < - ~

Boix.i; Bbix.i, Bencly Bl
VTI vr3) o, o, v | VI2
BX.] ‘/ Nl BX2
o—— o
BBIX.*i] AN BBIX.*iz
|// \WI
-
Yo I::] —| C2
T i
| -
R noT
lBX.lé : i 0
4 [ S—
~— | N !
HOT Kz, 4 ™ i
[ ° i_ — o
a) 0)

Puc. 4.3. B3zanmuas komnencanus C+y; u C,+yy B KOMILuIeMeHTapHoM 1Y
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Ha BbIcOKMX YacToTax B cxeMe puc. 4.2 BO3ZHUKAIOT ITIEPEMEHHBIE TO-
KM, CBSI3aHHBIE C EMKOCTAMM KOJIJIEKTOp-0a3a Cy U EMKOCTSIMU Ha TOJI0K-

Ky Cy (puc. 4.4).
o +
NoY O
Cy . . Brixi; Brixip Cu
IR y o T F T e a
= 2T m TR (e
—— VB\\\\ AT 3 //// VT4 —
Bx.1 \‘I '/' i) 4 \\ |/ Bx.2
° A \\ N, / ™ N
l - \ G * g G / l "
/ i3 t | P i;& \
L [eE
- oy A% friti
nl? fl ml Cm>\\< & lcmi ic3 # ic4
T
<
A4
O -
a)
O +
C) L Brix.i; Brix.iz L C)
T Iv1
T VT1 V12 i
:ic*nl Cwl:;_
— | §¥im —
ucq, Cnl_z_
) VT3 V4 -

}/:
=

§1m~1n1+1 ul

1A

0)

Puc. 4.4. Tokn n HanpspkeHus B JIY Ha BBICOKMX 4acTOTaxX
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S pen
80K
U,=1..15V, 1,=1mA, R, =65 KOm
U_=15V, R, =62 KOm, Fc=2.9 MHz
60K
U_=1V, R, =62 KOm, Fc=1.03 MHz

40K
20K

Frequency

0 T T T T T T T t
100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz
Ramx p-n-p
40K
U.=1..15 V, | =1mA, R,,,=30 KOm
U.=15V, R, =27 KOm, Fc=4.7 MHz
30K
U_=1V, R, =27 KOm, Fc=2 MHz

20K
10K A

Frequency

0 T T T T T T T
100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz

0)

Puc. 4.5. BeixogHoe conporuBienue kiaccuueckoro MOT
Ha n-p-n (a) u p-n-p (0) UHTErpaIbHBIX TPAH3UCTOPAX

YuuThIBas, 4TO BBIXOAHOE CONPOTUBIICHUE Ry 11T Ha p-n-p TpaH3u-
CTOpax MeHblIe, 4eM Ry« IIT Ha n-p-n TpaH3uCTOpax, MEPCHEKTUBHON
MOXKET OKas3aTrbCa cxema 1Y ¢ menurTenemM TOKa B KaHAJIE KOMIICHCAIUU
(puc. 4.6).
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O+

Brix i Brix 1y

VT3

Bx.1 Bx2

VT1 VT2

Puc. 4.6. 1V c nenutenem Toka (VT3, VT4) B kaHase KoMIeHcaIIuu

Ha puc. 4.7 nokazansl pe3yabTaTbl KOMIIBIOTEPHOTO MOJECIUPOBAHUSA
KpyTusHsl 1Y ch) =1,/ U, TIpH Pa3IUYHBIX 3HAUEHUSAX EMKOCTEH KOPPEK-
mnu C..

Kvee

in+>

V16
TN158

VTS
TN15S

K vee

a)
Puc. 4.7. KomnwrotepHas mojens /Y (a)
M YaCTOTHAsI 3aBUCUMOCTD €T0 KPYTU3HBL Sy, = lyy /U,

(Ha4ayi0, OKOHYAHHE CM. Ha C. 78)
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Cr=0.71d

Cr=0.11®

-204
Cr=0.91d
Cr=0.31D

Cr=0.51®

-404
25. 991MT'1y, 3Db

4. 3355MI'y, 3DB ( mpepnaraemas cxema)
(mporoTHr)

Frequengy

T T T T
1.0MHz 10MHz 100MHz 1.0 GHz 10 GHz

0)
Puc. 4.7. Oxonuanue (Ha4yajao cM. Ha c. 77)

I'padpuxu puc. 4.70 nokaszpBaror, uro npu C, =0,5 nd BepxHssa
IPaHUYHAS YaCTOTa KPYTU3HBI OBBIIAETCS B 67 pas.

Momudukamuen 1Y puc. 4.2 sBugercs cxema puc. 4.8, B KOTOpOil
KOMIIEHCAalUsl OIIMOOK OT CMH(a3HOro CUrHajia u3-3a koneuHoro R1 obGec-
MIEYMBAETCS ABYXKaHAIBHOM nepenayell CHH(pa3HOTro cUrHasa B BHIXOIHYIO
LETIb.

Brix.i; Beix.i,

Bx.2

Uco )

Puc. 4.8. TudpepennmanbHblii yCUITUTEND
C KaHAJIaMH KOMIIEHCAIIMY TOKA I B BBIXOJHOM 1I€NHU
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[Ipumepsl noctpoenus Y ¢ apxurekrypou puc. 4.8 npuBeIEH Ha
puc. 4.9.

Brix.1; Brix.i,
iBbIX.l L 1 1 i iBbe.Z
v 2 3 v
+ ™ /T +
o . . o
11 ; é Lo
Bx.1 . . Bx.2
o |/ 15 152 \l o
N N — «— ‘/i '/i

lucl VT.I w . T VT2 uczl

Jr ™ " w]
VT3 - VT4

¢ i }‘l—K g i
Rﬂ ' QRS

Puc. 4.9. ludpepeHunaibHblid yCUIUTEND C apXUTEKTYpOid puc. 4.8

4.2. Kackagbl ¢ rmybokon o6paTHOM CBA3bIO
no cuHcgpasHomMmy curHany
B KaHarne hopMMpoBaHNs KOPPEKTUPYHIOLLEro TOKa

Jlns obecrieueHus yCIOBUM KOMITEHCAIIMY BBIXOHOM MPOBOJUMOCTH
yrnpasiisiemoro MOT (4.2) BO3MOKHO NMPUMEHEHHUE MapajlieIbHOrO KaHalia
(bOpMHUPOBAHUS TOKA iy ¢, PCATU30BAHHOIO HA 0a3€ CIEIUaILHOIO KOPPEK-
tupytoiero Y ¢ oTpuniarenbHOM 00paTHOM CBS3BIO IO CUH(PA3HOMY CHUT-
HaITy.

PaccMoTpym pUHLIMIIBI TOCTPOEHUS TaKUX KOppeKTUpyromux Y.

4.2.1. ephekmueHasi ebixoOHasi NPO8OOUMOCMb

yrnpaesJsisieMoc0o UCMOYHUKa ONOPHO20 MOKa

e Kkoppekmupyrowem [y

[Ipu BBeneHuHU TIIyOOKOW OTPUIIATENIBHOM OOpaTHOW CBSI3U MO CHH-
daznomy curnainy B JIY puc. 4.10 MoxHO (Ha OCHOBE TOKOBBIX COOTHOIIIE-
HUW) MOKa3aTh, YTO 3(PQPEKTUBHAS MPOBOJUMOCTh B OOIIEH AMUTTEPHOM
uenu 1Y usMeHsercs oT YpOBHS Yo A0 YPOBHS Vmin
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Yo r
S R 4.3
yaq) 14T ym1n1+T ( )

T€ Vo — BBIXOAHAS MPOBOAUMOCTh ntoacxembl MOT nipu pa3zopBaHHOM TET-
Jie 00paTHOM CBSI3Y;
Yiin = Vi1 T Yo — 2PdEeKTUBHASA MPOBOJUMOCTD B OOIIEH SMUTTEPHOU

mend JY npu OONBIIOM TNETJIEBOM YCUICHUHU

(T >>1);
Vil = rK'll, Vir = rK'zl — NPOBOJMMOCTH KOJUIEKTOp-0a3a TpaH3HCTOPOB
VTI-VT2.

YT1

Puc. 4.10. K pacuéry 3¢ pexkTuBHON BBIXOAHOM IPOBOAUMOCTH
koppektupyroiiero JIY ¢ OOC no cuHdazHoMy CUTHAITY

Takum o0pazoMm:

1. IlpenenpHble 3HAYEHUA ), B cxemax ¢ OOC 3aBUCAT OT 7y, 7'
BXoAHbIX TpansucropoB VTI1, VT2, xkoropsie Onaromapss OOC
CIPUBOIATC» B SMUTTEPHYIO Lienb Y.

2. Ecmu nerneBoe ycusienue Benauko (7 >>1), To coOCTBeHHas: BBIXOI-
Has npoBogumocTs MOT (yy) He BimsieT Ha Ko .

3. B 3aBUCUMOCTH OT YMCJICHHBIX 3HAUYEHUH )y U Ymin OOpaTHAs CBS3b
MOXET KaK YMEHbIIATh, TaK U YBEIMYUBATH d(PPEKTUBHYIO MPOBO-
JTUMOCTh B 00111e1 amuTTepHoM nenu 1Y puc. 4.11.
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Yob A

Yo

Ymin

Puc. 4.11. 3aBUCUMOCTB Y, OT IIETIEBOrO yCHICHUS I’
PH Y0> Ymin ()4 Y0 < Vmin (0)

4. Ecmu mapawienbHo MOT BKIFOYMTH BCIIOMOTATENbHBIA, HO HUICH-
tuubbli MOT kackag MOT™, To Ha ero BeIXoJie MOXET OBITh chop-

s '*
MHUPOBaH TOKOBBII CUTHAJ i;, B KOTOPOM COAEPKUATCS MH(pOpMALUs

00 3((peKTHUBHOM HMIIENAHCE Vs, IMUTTEPHOMN LIETH KOPPEKTHPYIO-
mero J1Y.

4.2.2. bazoeble cmpyKmypHbie cXeMbl

Meton ¢dopmupoBaHusi KOPPEKTHPYIOLIETO TOKA gy IMO3BOJISIET
obecrneunTs NOBBIMEHUE Ko B IU(P(PEpEeHINATBHBIX YCHINTESIX C HUA3-
KOBOJIbTHBIM muTaHueM. IIpexnae Bcero, 3To otHocurcs K cxemam Y, y
KOTOPBIX M3-3a MPOOJIEM C TUANa30HOM U3MEHEHUSI BXOJHOIO CHH(A3HOTO
curHasia He pekoMmenayercs npuMeHsaTh MOT Bunbcona mmm kackomHbie
CXEMBI.

B cxeme puc. 4.12 napamiensHo 6azoBomy (Y1 Bkitouaercs Kop-
pektupyronuid JIY2 ¢ rirybokoir oOpaTHOM CBs3bI0 1O CHMH(A3HOMY CHT-
Haly.

B pesynbprare oobenunenus ynpasistonux ueneit MOT AY1 u Y2,
a TakKe IPHU BBICOKOH MaeHTHYHOCTH TpansuctopoB MOT VTI1 u VTI',
KOJUIEKTOPHBIA TOK VT OKa3bpIBa€TCs YUCICHHO PABHBIM TOKY

L = iffl = “cJ’1*> (4.4)
rae y{k — BBIXO/IHAs MPOBOJIUMOCTh VT1.
IToatomy
fy =1 =iy =un[l=Ny], (4.5)
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Yosp =Nll—Nyl, (4.6)

*
rae Ny, = RARPV KO3(PUIMEHT aCHMMETPUU BBIXOAHBIX ITPOBOJIUMOCTEN
N1
WCTOYHUKOB onopHoro Toka JAY2 u JIY1.
——o+
*, * Il
Brix.i, Brix.i, Brix. 1; BrIx. 1y <>
> PINAL <
; . BX.ZJ)
1o
TP
Y2|:::| 1Ix1
]
- 1 |
RN
b A
|
|

Box.i; Brxi,

Bx.1

Ucy

Puc. 4.12. Crpykrypnas cxema Y ¢ OOC B napasienbHOM KaHae (a)
U IIpUMeEp €€ NPaKTUUEeCKO peanzanuu (0)

Takum o0paszom, 3(dexTrBHAs BBIXOAHAS MPOBOAUMOCTB V(.5 B
smurTrepHon nenu Y1 ymensmaercs ot ypoBHs y; B [1— NY]_1 >>1 pas3.

OTO MUHUMM3HUPYET COCTABIIIFOILYIO Ko c4.1, OOYCIIOBICHHYIO BIUSHUEM ).
OnHaKko NIpeNeNnbHBIE 3HAYEHUS ) OYLYT OMNPEIENATHCS CONPOTUBIIE-
HUSIMU  KOJIJIEKTOPHBIX TIEPEXO0JIOB TPAH3UCTOPOB, oOpazyromux (Y2
(cm. paznen 1.2.1).
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Ha puc. 4.13 nmpusenén apyrou npumep noctpoenus Y paccmarpu-
BAEMOI'0 IOJIKJIAacCA.

Beix.i;  Beix.i, VDNI1

VT5 | VT3
|

@ L VTI VT
O -

Puc. 4.13. JIluddepenimansupiii Kackajg ¢ KOPPEKTUPYIOIIUM KaHAJIOM
Ha p-n-p Tpansucropax VI35, VT6

3neck addextuBnas nporoaumocts MOT IV 1:

**-+ %
Yooy = J’{l_—yl ’ i }, 4.7)
1

sk

*
IZI€ ), — BBIXOJHAs IPOBOAMMOCTb UCTOYHUKA OIOPHOIO TOKA /).

B psae gacTHBIX ciydaeB 11e1ecoo0pa3Ho IpUMEHEHNEe APYTHX CXEM
BBIJICJICHUS] BXOAHOTO CMH(a3Horo curHana (puc. 4.14, 4.15).

o+
Ok
Al BK
+I‘£ > - Brix
N :
1 .
e N LS : R1
Bx2 | J V13 ! |
o VTl VI2 :
f N PN T o
Upx 14 R ] Bx.1 R2
44/ \;15
=77 -T-71
Cou == | v =
i f N V 1 Cys
A NVTS
O -

Puc. 4.14. Cnioco6 4yacToTHOM KoppeKmuu Kodhduimenta ociadaeHus
cuH(pa3HbIX curHanoB HeuHBepTupyromero OV (1K1, BK)
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Ipx.1

Boix.iy Brix.iy <«

Al
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i|<4 +Ki ?

VT4 )
T Lppix.1
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N VTS
oA

<«—

—
1gs

o -

Puc. 4.15. IIpumep nocTpoeHust Kackaja BbIACICHUs] CHH(A3HOTO CUTHAJIA
Ha OCHOBe pe3uctopoB R1, R2

PaccmotrpeHHblIil criocod (opMHpPOBAHUS KOPPEKTUPYIOIIMX TOKOB
Ipx.c OKA3bIBACT IOJOKUTEIBHOE BIMSHUE HA YAaCTOTHBIA IUANa3’oH Koccy.
[IpenenbHble 3HAaUEHUs] BEPXHEW IPaHUYHOW 4acTOTHI (fy ) KO3 uireHra
Kocop 3aBUCAT OT EMKOCTEH HA MOIJIOXKKY TPAH3HCTOPOB, OOpa3yrOIIMX
NOT (Cy;), koTopble ONpenesatoT BhIX0AHYI0 npoBoauMocTs MOT Ha BbI-
COKHX 4acTOTaXx.

IIpencraBnennas Ha puc. 4.16 apxurekrypa Y comepkuT kKackan
BhIZIesieHus cuH(azHoro curnaia (KBC) u kackag ¢popmupoBaHus yrnpas-
msromero Toka MOT B 1Y 1, peanmn3oBaHHOTO HAa OCHOBE TpaH3ucropa V14
¢ TiIyOoKoii oOpatHoii cBs3bio (Al, VT3).

@

Brixi; Brixi,
o) o)

Bx.1
o > avi

A[UCI
l 101
v

T Lgrrx.2

VTl
K ig1 T 53
o -

Puc. 4.16. Cnoco0 4acToTHOM KOppeKInn Ko g
muddepeHanbHOro npeodpazoBaTens «HanpsbkeHue-Tok» (AY1)
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IIpu pocratouno mmpoxononocHou mnerae OOC B cxeme puc. 4.16
(OPMUPYIOTCS TOKM iy U Iy, YACICHHO PABHBIE TOKY I 3 =1;, KOTOpBIE

KOMIICHCUPYIOT EMKOCTHBIE COCTABJISIOIIME I} W I, B SMUTTEPHOM IIEIH
HAY1. Kak ciencrsue, 4acTOTHBIM Auana3oH K.y AA(PepeHInansHoro
yeunurena Y1 pacmupsercs.

PaccMoTpeHHBIN BBIIIE TTPUHIMIT KOMIIEHCAIIMU BBIXOIHBIX ITPOBOIM-
MOCTEN UCTOYHUKOB onopHoro Toka MOT, O0a3upyromuiicss Ha UCIOIb30Ba-
HUU TIapajuIeIbHOIO KOPPEKTUPYIONIEr0 KaHalla C COOCTBEHHBIM UOT,
oxBadeHHbIM Tyookoit OOC, W OO0BEIUHEHUHM YHIPABISIONIUX BXOJO0B
naeHTHIHBIX noacxeM HMOT n I/IOT*, MOXET OBITh MOJIOKEH B OCHOBY
apyrux mogudukammii /1Y ¢ noBsIeHHbIM Ko o U f5.c (pUC. 2.63).

O +
VT1 Y12
iK3 ~ 0 iK4 ~ 0:/
Brix 1; Brix 1,
(0]
Bx.1 VTIVT V12 Bx.2
o R1

N, — yrd .
Ugq i VT3 . —. VT4 13 Ue2
i/ 1g \ 17
l—————< >———| —— 9 - — — — —

DYs Ti“simT YG|:::| Dy7 T;KgT Y8|:::|

VT35 VTé6 vT7 VT8

Puc. 4.17. Cnoco0 nossiuenus K.y Y Ha Tpansucropax VT1, VT2

B cxeme puc. 4.17 ocnoBuoii /1Y (VTI1, VT2, R1) Haxoautcs BHE
nerau OOC. KomneHcanus npoBOIUMOCTEN Vs U )7 00ECTIEUMBAETCS COOT-
BETCTBYIOIIUMU TMPOBOJAUMOCTSIMHU Vs U g 3a CUET BBEACHUS OOpPATHBIX
cBs3en uepes noacxemel YT1 n YT2.



5. ANOPEPEHUUATIIbHBIE YCUITUTETIU

C KAHANNAMW COECTBEHHOW KOMIMEHCALIMU
BbIXOOHOMN NPOBOAUMOCTH

TPAH3UCTOPHbLIX NICTOYHUKOB OINMOPHOIO TOKA

Nnest moctpoenust 1Y storo kiacca (puc. 5.1) 6azupyercs Ha uzme-
PECHUM TPUPAIICHUS TOKA Ij, 3aBUCSIIETO OT BBIXOAHOW MPOBOJAMMOCTH
noacxeMbl MOT u co3maHuu KaHalloB NMPOTHBO(A3HOW Tepeadyud 3TOro
TOKa Ha BBIXOJI KaCKaJa.

. LKy
Fop— Beix.
<«— 2' K;//'é'i4 Tnx
1y
Bl VT2 g2 o 3 4

IIT1 Kiiiir i'Kil.zil
i >'_ VTI
i Kiii 2
E A I i
-.;...............__.I — \>>
i Kii2 3

Puc. 5.1. Cnoco0 xomrencanuu cuH(pa3Hol OIIMOKN YCUJICHUS] CUTHAJIA
1Y, 00ycIoBI€HHOW MPOBOAUMOCTBIO UICTOUHUKA O1opHOTO ToKa [1T1

Brixonnoit Tok Y puc. 5.1 npu u=u=uc,
fux = 0[0.5(Ky + K p)+ Ky (Kis + Ky 5K 4]

Jlns monaBiieHust cuHga3zHol omuOku Ha Beixoae Y HeoOxoauMmo,
yT0OBI KO3 PuuMeHThl nepeaaun nojacxeM YT1 u X, yaoBieTBopsin yc-
JIOBUIO:

K., +K,;,
— o+ K K3 + K K54 =0.

Cxema puc. 5.1 umeer ase momgudukamuu puc. 5.2 u 5.3. B cxeme

puc. 5.2 ycunurenb Toka Y T1 unBeptupyet pazy Toka i;.
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. Brix.

i L . i é i 1
IIT1 CD I
>‘—' i 21 y11 |3
4 VT3 K VT4I\
i VA
o-

Puc. 5.2. Yactublii cnyyaid pyHKIMOHATBHOM CXEMBI puC. 3.2
(YT1 — unBeptupyert a3y curxana)

Ha puc. 5.3 ycunurens Toka YT1 BbIIIOJHEH HEMHBEPTUPYIOIIUM HA
0a3e kackajoB ¢ oomieit 6azon (VIT3-VT4).

1 Ky B
F” BIX.
/ —
VT1 VT2 2 KB/Z4 x| | Ru
Bx.1 Bx.2 y -
3 4

VT3 VT4

—QO -

Puc. 5.3. YactHblii cnyyaid pyHKIIMOHAIBHOM CXeMBbI puc. 5.1
(YT1 — ne unBeptupyert a3y curxana)

[IpakTryeckue BapuaHThl NOCTpoeHUs nojacxemM Y Tl u X mokazaHsl
B Ta0JIHIIE.
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IIpakTyeckue BapuaHThl nocTpoenus nmoacxem YT1 u X1

Ne
Cxema [Ipumeuanue
/1
1 e 1IT1 o2 Cxema
C) . - C) ¢ muddepen-
" iq \4 V4 Fﬁ P UAJBHBIM
[ ‘ BBIXOJIOM
i Iy i Io i
_ Ly = - ! 5 3 ¥ i _
Brix.i; Bx.1 v N Bx.2 Brix.i,
O O O O
N A
L‘“ VTI VTj uci
e
&11 T3 iy
& 21, 4 2oy
VT3 i VT4
N ' v
”A vp1 YV ’j
O
2 T3 I1T4 ot Cxema
SZ SZ J L‘ SZ SZ C CHMMCTpHY-
HBIM TOKOBBIM
N A
I BBIXOJ0M
i > i Ip
a7 <« vl & & I i )
. I
{\ % < flﬁ v
- VT3 VT4
I &210
Bx.1 2 Bx2 I
Ip & i 0
4 -5 v 2
Llc, VT1 VT2 Ue2 +Eqi
0] o]
1 % %IO @IO Beix. i, Boix. i
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IIpooonicenue maoan.

Cxema [Ipumeuanue
/11
3 o+ Cxema
I @ C) in c I[Hd;)(bepeH_
MUAITLHBEIM
BBIXOJIOM
Lil i i VT3 >l K VT4
VTI - i T +Eq T i
Bx.1 o—K RI Bx.2
— l o—— +——0O Brix.1
g Ug Brix.2
o
o+ . +
12
1
1 <> <I> I, i
'Ecz T iz
A R A R R
| | | |
| K b | >1 K
BAREER NS 3
|
] L] ] i T T iz
1IT1
1; 1, —»»
—>>
Is
IS @ @
O -
4 oo IIT1 T2 o4 Cxema
E C HECUMMET-
ESZ Vi C) I <> PUYHBIM
4': :I BBIXOJIOM
BX.(+)1 BX.(_)Z VT5 VT6
! b
1
L T
VT1 VT2
'Ec2 +Ecl
Brix.
VT3 T VT4 | -
IIT3 I11T4
| s
:I 1 4’< -Kii2s
4 4
o -
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IIpooonicenue maoan.

Ne
Cxema [Ipumeuanue
/11
5 """""""""" IIT1 IIT2 7= o Cxema
V4 BN S VI v/ ¢ Anepen-
N —» 2 2 W UAIEHBIM
A N BBIXOJIOM
L | gl P
> il
M Bx.1 Bx.2 2
—___ b
Brix.i; Brix.iy
o——t 4——o0
I
P | ' VT1 i
_H 1
2] L o
VD1 7
N4 .
o3 voeyy | 1174
; v v
: o
6 1IT1 or CxeMma
» C HECUMMET-
o PHUYHBIM
BBIXOJIOM
ta . b yly 2L
Ue2
—ﬁ Q VT2 \ BbIx.
+———o0
C inT2 zi,u} & &210
‘ T2
: ‘
V vb2 4
O -
7 o+ CxeMma
VT4 . VIS 7 Y/vDNI C CUMMETpHY-
i : HBIM BBIXOJIOM
E o
Brix.i; © ) 2 o Brix.i,
13
=y
Uey Bx.1 : Bx.2 & iy~
+ ; U2
[ o VT1 VT2 i
!
C)Il VI3 | ¥
4( . IIT1
Ly
V4 > K
VA VA
O -
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OkoHuaHue maon.

Ne
Cxema [Ipumeuanue
/1
8 Buix.i; Bhx.i CXGMa
(e} o]
iﬂi iBHXJ& & iBl:lX.Z C CHMMeTpHLI-
29 HBIM TOKOBBIM
BBIXOJIOM
9 Brix.i; BBIX.d, CXCMa
o] o

C CUMMETpHY-
HBIM TOKOBBIM
BBIXOJIOM

B cxemax, npencraBieHHbix B Tadmuie (Ne 4, 5), obecnieuuBaercs

U3MEpEeHne HanboJee CyIeCTBEHHON COCTABIISIFOIIEN KOJUIEKTOPHOIO TOKA
tpan3ucropa MOT u e€ nepenaya B mpoTuBodasze Ha BBIXOJ KacKaa.

Kecep, AB

HOBAs CXeMa

356 KI'ny, -3 1B

254

0 T T

IPOTOTHII

10! 10° 10°

T T T T T T T
10* 10° 10° 107 10° 10° 10" £Tn

0)

Puc. 5.4. Komneroreprnas mojens 1Y

C CHUMMETPUYHBIM TOKOBBIM BBIXOJIOM ()
Y 4aCTOTHAs 3aBUCUMOCTB €r0 Ko ¢4 (0)
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BbiBOAbI

1. CoOcTBEeHHas ¥ B3aMHAasi KOMIIEHCAIUs MAPAa3UTHBIX UMIIETAHCOB
B JIY OCHOBHBIX KJIaCCOB MO3BOJISIET CHU3UTh TPEOOBAHUS K BEJIMUMHE BbI-
XOJIHOM TTPOBOJIMMOCTH 1IE€TIEH YCTAHOBJIEHUSI CTATUYECKOTO PEKUMA.

2. Cratnyeckue MOTPEeIHOCTH YCHIIEHHUSI CUTHAJIOB B COBPEMEHHBIX
JY MoryT ObITh YMEHBIIEHBI 32 CYET PALIMOHAIBHOTO MMOCTPOCHUS UX ap-
XUTEKTYPBHIL.

3. PaccmoTpeHHast KOHIENIUS BBEAEHUSI KOMIIEHCUPYIOIINX KAaHAJIOB
MOXET OBITh MOJIO)KEHA B OCHOBY MOCTPOEHUSI OOJBIIOrO YMCIa pa3ivy-
HbIX MojuduKanui auddepeHmalIbHbIX KaCKaJ0B HOBOI'O MOKOJEHUS — C
MaJIbIMM CTaTUYECKUMU TOIPEIIHOCTAMH, OOYCIOBICHHBIMU CHUH()A3HBIM
CUTHAJIOM, BJIMSIHUEM MOBTOPUTENEH TOKA U U3MEHEHHEM HaIpsKEHUs MU-
TaHU4.

4. PaccMOTpeHbI IEPCIEKTUBHBIE CIOCOOBI MOBBIIEHUS KO3 DUITH-
€HTOB OCJIA0JICHUS! BXOJHBIX CHH(A3HBIX CUTHAJIOB, MOJABJICHUS MOMEXHU
[0 MUTAHWUI0 ¥ MUHUMM3ALMUA 3.1.C. CMEICHU HYJS Kiaccuyeckux [V,
0a3upyroTca Ha IPUHIIMIAX COOCTBEHHOM M B3aUMHON KOMIIEHCAI[UU OIIU-
OOK B AJIEKTPOHHBIX CXEMaXx.

5. Apxurektypa Y ¢ KaHaiamu npsIMOM W KOCBEHHOM MEpeIayu
CHH(A3HOr0 CUTHAJIA B YMUTTEPHYIO IICMb OOECIIEUYMBACT KOMIICHCAIUIO
BJIUSIHUSI TIPOBOJIMMOCTH MCTOYHUKOB OIOPHOTO TOKA, YCTAaHABIMBAIOIINX
CTaTUYECKUM PEXUM, HA KOIPPULIHEHT OCIabIeHNs] BXOAHBIX CUH(]A3HBIX
CUTHAJIOB.

Bonpocbl Ans caMOKOHTpons

1. IToyeMy BBIXOJHOE COINPOTUBIICHHUE UCTOYHUKOB OMOPHOTO TOKA
(MOT) muddepenmmansuoro kackana (JK) Bauser Ha ko3 PuuUeHT oc-
71a0JeHNsI BXOMHBIX CUH(Aa3HBIX CUTHAIOB (Ko op)?

2. KakuMm 00pa3oM MOXHO CKOMIIEHCHPOBATh BIUSIHUE MaJIOTO CO-
MPOTUBIICHUS (R)) TOKOCTAOMJIM3UPYIOLIETO JBYXIOJIOCHUKA B AMUTTEP-
Hoi uenu JK Ha Ko og?

3. B 4éM 0cOOEHHOCTH KOMIIEHCAUU MUMIIEAAHCOB TOKOCTAOMIN3U-
PYIOIIUX IBYXIIOJIOCHUKOB Ry B smMuTTepHOU nenu K mms cxem ¢ Toko-
BBIMH 3€pKaJIaMu ?
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4. Ilogcuure HIer B3aMMHOM KoMmreHcauu R, 3a CUET BBEICHUSI
napajiebHbIX KaHAJIOB.

5. KakuMm o0pa3oM MOXHO CKOMIIEHCUPOBATh BIUSIHUE Ry B nudde-
PEHIMAIIBHBIX KacKaaax ¢ apxutekrypoit OY uA7417?

6. IlosicHuTe Qpu3nMUecKnii CMBICH YCIOBUM B3aMMHON KOMIIEHCALIUU
BIVSIHUS HA Ko oy UMIIEJAHCOB TOKOCTAOMIIN3HPYIOIIUX JABYXIIOIOCHUKOB
B 0011Iel SMUTTEPHOM 1Ienu KoMIuieMeHTapHbIX [IK.

7. Ilouemy oTiMuue OT €IMHULIBI KOA(D(UIIMEHTOB Mepeayu 1o To-
Ky TOKOBOTO 3€pKajia BIUAET Ha K o AU (PEepeHINaIbHOrO Kackana?

8. IlosgcHuTe PU3NUECKUI CMBICI OCHOBHBIX METOJIOB KOMITCHCAIIUU
BIIUSIHUSI HEUJECATbHOCTH TOKOBBIX 3€pKall Ha mapaMmeTpbl auddepeHiu-
aJbHBIX KaCKaJ0B IIPHU UX padoTe ¢ CHH(A3HBIM CUTHAJIOM.

9. KakuM 00pa3oM M moueMmy OTpuULIaTelIbHAas OOpaTHas CBS3b IO
CUH(a3HOMY CUTHaILy BIHseT Ha K oq?

10. Tlosicaure paboTy 0a30BBIX CTPYKTYPHBIX cxeM auddepeHu-
aJbHBIX KAacCKaJOB C OTPUIATEJIbHOW OOpaTHOM CBS3bIO MO CHH(pA3ZHOMY
CUTHAIY.



YACTb 2

CXEMOTEXHUKA
ANOPEPEHLNATIbHBIX YCUITUTEIIEN
C NMOBbIUIEHHBIM OCJIABJIEHUEM
BXO4HOI'O CUH®A3HOI'O CUTHAJIA

Teopernueckue ucciaegoBaHusi CBOMCTB AU PepeHIIMaNIbHBIX YCUITH-
TEJIEU C MEPCIEKTUBHOW APXUTEKTYPOU MO3BOJISIOT CHUHTE3UPOBATH I10
PACCMOTPEHHBIM BBIILIE NTPABWIIAM IMPAKTUYECKUE CXEMbI BXOIHBIX KACKa-
JIOB Pa3IUYHbIX aHAJOTOBBIX MUKPOCXEM C AU epeHIMATBHBIM BXOOM.
B Hacrosmem paszeine paccMatpuBaeTcs IMPOKUU cuexrp Y pasinudHo-
ro (pyHKIMOHAJIBLHOTO HAa3HAYEHMS, UMEIOIINUX IOBBIIIEHHOE OCIa0JIeHue
CUH(}A3HBIX CUTHAJIOB.

6. MEPCMNEKTUBHbIE CIMOCOBbl BBEAEHUA
OTPULUATEINbHbIX OEPATHbIX CBA3EN

NOo CUHO®A3SHOMY CUTHAITY

B AHAJTOIOBbIX MUKPOCXEMAX

C JNODPEPEHUUAJIbBHBIM BXOAOM

HecMoTpst Ha mmmpokoe mpuMEeHEHHE OTPHUIATEIbHBIX 0OpaTHBIX CBS-
3eit (OOC) no cuH(pazHOMy CUTHAIIy B aHAJIOTOBBIX YCTPOMCTBAX, IPUMeE-
HEHHE HOBBIX TEXHHUYECKHX pemieHui B 1Y mo3Bosser o0ecneynTh BhICO-
Koe ocialseHne CMH(pa3HOro CUrHaja B cXeMax Ha TPaH3UCTOpax ¢ MallbIM
HaNpspKEHUEM JPJIH.

6.1. AnddepeHunanbHble ycunutenm
C obpaTHOM CBA3bIO NO OOLIEeN IMUTTEPHON Lenun

B coBpeMEeHHON MUKPOAJIEKTPOHUKE IUPOKOE IPUMEHEHUE TT0TyYH-
JIM TaKk Ha3bIBa€MbIE «IIEPETHYTHIE» KACKOAHbIE MU PepeHIanbHbIe yCu-
autenu 1Y Ha n-p-n ¥ p-n-p TpaH3UCTOPAX.

Ha puc. 6.1 nmokasana cxema npemaraemoro K1Y, B kotopom K. 4,

CYHICCTBCHHO YJIy4IIacTCA.
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[Ipu ucnonp30BaHWM B KA4ECTBE HArpy3Kd JIBYXIOJIOCHUKA R, KO-
s puuent nepenauu no cuHdaznomy curnany KAV (puc. 6.1) paBen
u,. 0,25)R,
Ky o = 200 (6.1)
u 140,58,

C

Cnenyer 3aMetuth, uTo B 0azoBoMm KV 6e3 OOC, koTophlil BBIOpaH AJis
CpaBHECHHSI
Koy~ B =025y R, . (6.2)

U

Tak kak ko3ppuuuent ycunenus no qupPepeHnanbHOMy CUTHATY
cpaBHuBaeMbix KIIY omuHakos (K, = R, /(2r,;) ), To u3 (6.1), (6.2) cremy-
€T, 4TO B IIpeiaraeMoi cxeme Ko g yiry4uaercs B N, pas, rie

Koeep =057, (1+0.567) ™",
N, =1+0,53,, (6.3)
re 7, = r,, — COIPOTUBJICHNS SMUTTEPHBIX nepexonoB VT1, VT2.

ITpu B, =50 BeMrphII N0 K o TOTYIACTCA 3HAYUTEIBHBIM (OOJICE

20 paz).

. On o (D)

VT3j 5 J) Ny KVT6
VT4 + VT5

. 1
13 T K6

iRl
| L Ugpix
|:| R1

l
w
o]
)

Puc. 6.1. Kackoansiii 1Y ¢ noBBIIEHHBIM K o

Cy11iecTBEHHOE JOCTOMHCTBO MPEAJIaraéMoil CXeMbl COCTOUT TaKkKe
B TOM, YTO B HEH OOECIEYMBACTCS NOBBIMEHUE Kooy IPH BBIIOJHCHUH
BXOJITHOT'O KacKajia IO JAPYTrUM MHOT'OYUCICHHBIM MOJU(PUIIUPOBAHHBIM
CXeMaM MapajuiesIbHO-0aJTaHCHBIX YCUIUTENCH.
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OTH TEOPETUYECKUE BBIBOJBI MOATBEPKIAIOT PE3YJIbTAThl KOMIIbIO-
TEPHOr0 MOJEIMpPOBaHMs cpaBHuUBaeMblx K/[Y kak s pe3sucTuBHOM
(puc. 6.2), Tak 1 JUIsl aKTUBHOW HAarpy30K B BHUJI€ TOKOBBIX 3€pKall.

A Koc.cp, 1B v Ipennaracmeiit JIY 760 KT, -3716

38
80 1

62 \

] AY mportotun

40+

20

10 100 10"

Puc. 6.2. Pe3ynbrarbl KOMIIBIOTEPHOIO MOAEIUPOBAHUA K o)
CXeMBbI puc. 6.1

Ha puc. 6.3 noka3zana Bropas cxema KJIY ¢ orpunarensHoit oOpar-
HOM CBSI3bI0, B KOTOPOH K 4 TAKKE CYIICCTBCHHO MOBBIIIACTCS MO CPAB-

HEHMIO C K ¢ 0azoBoro KJ1V.

o
4[1;1 VTl S --VT4 uczj ¢ Brix1 i Bsix2
l' K8l
v

NV B
=

VT6 VT7 | VI8

< I

«—
iy 2 @ 13@ @14
O

Puc. 63. Momudpunuposannsiii K1Y ¢ nOBBIIIEHHBIM Ko g,
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Koadppuument nepenaun cundaznoro curxaiza co sxoga KV Ha
BbIXOJI BbIX.1 B JaHHOW CXe€Me CYIIECTBEHHO YMEHBIIAETCS:

K _ qu ~ O’SRHlyl
@y 2+ .

C

(6.4)

Tak kak IpU UIEHTUYHBIX CTATHYECKHX TOKAX dMHUTTEpA TPAH3H-
ctopoB VT2 u VT3 B npegmnaraemoM u 6azosom KIY koadpdunuent ycu-
JNeHust U QEepeHINAIBHOTO CUrHana oxuHakoB (K, ~ 0,5R,, /r,,), To u3

3TOro ciueayer, 4ro Ky, B cxeme puc. 6.3 B Ng-pa3 myuuie, rue
N, =Bs;>>1.

[TonydeHHbIE BBIIIE BHIBOABI MOJATBEPKIAIOTCS pe3yJbTaTaMu MOJIe-
JMPOBaHMS CpaBHUBAEMBIX CXxeM B cpejnie PSpice (puc. 6.4).

IIpenaraemsrii 1Y
-3db, 1,8MI'

Koc.cq) > Z[6
R

64 /
JY- mporotun
-3db, 10MI'g

10° 10" 10° 10¢ 107 108 10° Uacrota,'n

Puc. 6.4. Pe3ynbTaThl KOMIIBIOTEPHOT'O MOJIEIMPOBAHUS
cxembl K/1Y puc. 6.3

[Ipennaraemsiii KIIY npu HECUMMETPUYHOM BBIXOJE MMEET Oosee
YeM Ha MOPSJIOK JIyUIIue 3Ha4eHUs KodpdUIMeHTa ocaadIeHusi BXOIHBIX
cUH(a3HbIX cUrHaJIoB (Ha 28 1b).

6.2. AnddepeHunanbHble ycunutenu
C obpaTHOM CBA3bIO MO Lenu akTUBHOW Harpy3ku

B kauectBe ogHOW M3 MOIU(UKAIMI BXOIHBIX KAaCKaJIOB Ha OCHOBE
«IEPETHYTOro» Kackoja siBjisiercs nuddepenumansubiii yermrens (KAY),
onucaHHbli B natreHTe pupmbl «Motorolay US Ne 4.390.850, ctatuueckuid

PEXUM KOTOPOI'O YCTAHABIUBAETCS PE3UCTOPOM R,.
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Jia noBbIIEHUS €ro Ko ¢ MIpeIaracTcs cxema puc. 6.5, B KOTOpoi
VIYUYIIGHUE ATOrO MapaMmeTpa 00ECIeYMBACTCS C JIOCTATOYHO IITUPOKOM
raMMoOW BXOJHBIX TMapajuieibHO-OaJaHCHBIX KacKaJloB (Ha OWITOJSPHBIX
WJIY TOJIEBBIX TPAH3UCTOPAX, C TPAH3UCTOPHBIMU UCTOYHUKAMU TOKa U 0e3
TPAH3UCTOPHBIX UCTOYHUKOB TOKA, IO cxeMe TuddepeHiaibHbIX Mpeod-
pazoBaTesiell «HaNPsHKEHUE-TOK» U T.1.).

v - -
. : Iy 17 .
i 10 L] | «e— —> 156

Puc. 6.5. Cxema nipennaraemoro kackogHoro 1Y
C TIOBBIIIEHHBIM OCJIa0JIeHuEeM CUH(A3HOTIO CUTHAIA

Ha ocHoBe 0000MmEHHBIX (POPMYIT MOKHO HAWTH, 4TO IpU K\, =1
KO3 (ULMEHTHI IIepeJaynd CUH(A3HOTO U, U T} PEepeHINAIBHOIO U, — U,

CUTHAJIOB CXEMBI pucC. 6.5:

u R

K, .=t~y —2—(1-K. , 6.5
y.ch u, y02+B3Ki( i12.1) (6.5)

K, ~05R, /r,,

rae K; — xo3duiumeHT nepeaadd mno TOKY YCHIIUTENsS OOpaTHOM CBSI3H

VTI.
Kak cnencrue, B cxeMe puc. 6.5 K o yirydiaercs B N; pas:
Ko_clab = JYo51 —1 R )
' 2+B3K;
N, =0,52+B;K;)>>1. (6.6)
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100, K, =1, To nmosry4daem, uro st KV (puc. 6.6) Bemr-

Ecmu B,
poI 110 Ko oy JOCTUTACT 3HaUeHuss N, ~51>>1.

RANS

Puc. 6.6. Kackogusiii 1Y ¢ 1enbio corjiacoBanus moreHmuanos Y T1

Ha OCHOBE Kackaja ¢ o01en 0a3ou

i cxemel KJIY (puc. 6.7) npoussencnue PB;K; > 10*, uro obece-

yuBaeT elé 0oJiee BEICOKUE 3HAUECHUA NN,.

% 0

; . =k

= =
N N/ _
et - SN o
NV NG
fo " N
[}

PR N S - L
ot BN/ =
- ~ > | _

| A I AR IS I S, 4 _

r-——-" A
BN
L7

Puc. 6.7. Kackogusiii 1Y ¢ 1ienbio corjiacoBanus moreHmuanos Y T1

Ha OCHOBC KaCKazaa C 06H_II/IM KOJIJICKTOPOM
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[Tomy4yeHHBIE BBINIE TEOPETHYECKHUE BBIBOJBI MOATBEPIKIAIOTCS pe-
3yJbTaTaMH KOMIIBIOTEPHOTO MOJICIMpOBaHus cpaBHHBaeMbIx KJIY kak
JUISL cilydasi, KOTJla CTaTUYECKUN PeXrUM BXOJHOTO Kackaja yCTaHaBJIMBa-
eTCsl KJlacCuYecKuM ucTogyHukom ornopHoro Toka (MOT) (puc. 6.8), a Tak-
ke i ciaydas, korna MOT B cpaBHMBaeMbIX cxeMax uaeaibHBI (Y, =0)

(puc. 6.9).

“Koc.ccb: HB
89

\

70 1 ITpennaracmerit 1Y

S ;\ e
50 1 T

Aoy mporotunn

40 -
30 -
20 -
101

0 T T T T >
10* 10° 10° 10 10® fTn

Puc. 6.8. Pe3ynpTaThl KOMIBIOTEPHOTO MOACIMPOBAHUS CPABHUBAEMBIX CXEM
C TUIIOBBIM UCTOYHHUKOM OIOPHOTO TOKa (Ry)

A Koc.cd); ab

[Tpenmaraemernit 1Y

CAR E TR

——
e

10* 10° 108 107 10° £ T
Puc. 6.9. Pe3ynbTaTsl KOMIIBIOTEPHOTO MOJIETMPOBAHUS CPABHUBAEMBIX CXEM
TIPH MICaTLHOM HCTOYHUKE OTOPHOTO TOKa (R, = o0)

CylleCTBEHHOE JTOCTOMHCTBO CXEM pHUC. 6.6—6.8 COCTOUT Takke B
TOM, YTO B HHMX OO€CHEYMBACTCS MOBBINICHHE Ko MPU BBIIOJHECHUH
BXOJHOTO KacKaja 1Mo JPYrMM MHOTOYHCICHHBIM MOJU(PUIIMPOBAHHBIM
CXemMaM MapajuieJIbHO-0alaHCHBIX YCUITUTENEH.
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6.3. AnddepeHunanbHble ycunutenu
C obpaTHOM CBA3bIO B BbIXO4HOMN Lienun
«neperHyToro» Kackopga

[ToBbimenne Ko KackomHoro ycwimrens (puc. 6.11) obecnieunBa-
eTCsl MyTEéM BBEJCHUS OOpaTHOW CBSI3U B BBIXOJHOM IIEMU «IIEPETHYTOTO»
KacKoJa.

Oco0eHHOCTh 3TOW CXEMbl — BBINOJIHEHUE TOKOCTAOMIIM3UPYIOIIHNX
JIBYXIIOJIFOCHUKOB [/} U [, B BUzEe pe3uctopoB. B cxemax puc. 6.10 peanu-
3YIOTCA TpejebHbIe 3HAYEHUs Juara3oHa U3MEHEHUs BXOAHOro cUH(as3-
HOI'0 CUTHaja, HE JOCTH)KMMBbIC MPU APYrUX BapuaHTax nocrpoenus Y.
[Tpruém nosbiuenne Ko 00ecrneynBacTcs ¢ JOCTATOYHO IMUPOKOM ram-
MOM BXOJIHBIX MapajuieIbHO-0aJaHCHBIX KaCKaI0B.

VT6

' VT4 VT '
VT3

-E.

Bx2

Brix

Puc. 6.10. Apxurexrypa npemnaraemoro K1Y ¢ nossimieHHbIM Ko o, ()
u ero moauduxanus (0)

B cxemax puc. 6.10 cyiiecTBeHHO yMEHbIIaeTcsl epejada cuHdas-

HBIX TOKOB Iyi, Iy B LEMb HArpy3ku R,. OmnpenenuM B3aUMOCBSI3b TOKa
i =10, Wiy =1,=f(R,,u,) BokBuBaNeHTHOU cxeMe IV (puc. 6.11).
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Puc. 6.11. OxBuBanentnas cxema K1Y (puc. 6.10) s pacuéra Ko o4

TokM i U i) CO3AAIOT B y3JIaX «A» u «B» HanpshKeHud u,
RBx.a(b.6 .
7 Y
r1e Ruxsp.6 — BXOJHOE CONPOTUBIICHHUE Ul CUH(A3HBIX TOKOB iy U i IO

uenu smutrepa VT6.
Pacué€r mapamerpa R, ; ® R,, ; MOXHO BBIIOJHUTL C YYETOM CIIE-
IYIOIIEH MOCIIeI0BATEILHOCTH ITPEe0OPa30BAHMIA:
i = U, —Ug
36 T ’
Ts6
U = Ry (igq + 157 + g6 T ls T3
s = R{4igs + 03 (i,y +1y7)},
g = Rg{4igs + 2013054},
g ~ Ry {4, (1— 0t6) + 2005056 |
rae Rs — SKBUBaJICHTHOE CONPOTHUBIIEHUE B 1enu 0a3sl VI4-VT7;
Yoo =Ty; — IAQ(EPEHINAIBHOE CONPOTUBICHHE SMUTTEPHOTO IIEPEXO-
na VTo, VT7.
[ToaTomy s3ddexkTuBHOEe BXOoAHOE compoTuBieHne VT6 mno nenu
AMHUTTEPA

ua sz

R
RBX.3(1).6 21.4_3 = e 1_|__6[4(1_(16)_'_2(13(16]
Ly6 56
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Takum o0pazom, B cxeme puc. 6.11 BXogHOE CONMPOTUBJICHUE TIO 1i€-
nu smutrepa VT6 nns cuH(a3HbIX TOKOB i, =i, IPUHAMAET JOCTATOYHO

OOJIBIIIOE 3HAYCHHE
RBX.3¢).6 ~ 2R6 >> Rl ~ R2 :
Kak caencrsue, npupaiieHue KOJUIEKTOPHOIO TOKa I . ~i,,, 3aBH-

CSAIIEE OT Iy, MAJIO:
Lo R Iy Rl =10 Ky,

K

[ R
rme K; =20~ —2—<<1.
%) RBX.3¢).6
[IpakTrHuecku YUCIECHHbBIC 3HAaUCHUS KO DUITMEHTA JICJICHUS TOKA i)

MEXLY Ry U Ryxsp6:

R
K, ~—2<<1.
R
6
-4
Tak, ecu R, =100 Om, R, >10° Om, 1o K, =107,
CnenoBarenbsHo, B cxeme puc. 6.10 B K;; pa3 ocnadisercs nepeaada
TOKOB I, =, Ha BBIXOJ Kackazna. [lostomy

u R R,

H H

K, .=—"~ —.
ved u 2RO RBX.3¢).6

C

VYurém, uto K03PPuLMeHT ycunenus nudepeHunarbHOro CUurHana
KV puc. 6.10
R R
Ky ~ H =" (67)
v, t+r, 2r,
Taxum o6pasom, K.« peanaraemoro KV
R R
Kl =y, —2— = yr, —%.
oc.cd YoT5 RBX.3¢.6 Yol R6

Tak kak NpCACIbHBIC 3HAYCHUS R6 OIIpCACIAIOTCA COIIPOTHUBIICHUCM

Vg = hz_216_3 3aKpBITOrO KOJUIEKTOpHOro mnepexoma VT3, To miasd cxemsl
puc. 6.10
R r, R
Kocl.cq) ~ YolaRohyys 3 = Yol —2=2.-2
ha Ry g
Takum o0pazom, B oTiinune ot kiaccnueckux KJY cxema puc. 6.10
obmanaet B N, pa3 0osiee BBICOKUM Ko o4, TIE

r
N =5>>1,
2
OTHU BBIBOJBI MOJATBEPKIAIOT PE3YJIbTAThI KOMIBIOTEPHOTO MOJICIIH-
posanus cpaBHuBacMbIX K/Y. Ilpu R, =10 xOM B npemyaraeMon cxeme
Koo moBeIaercs Ha 70 nb, T.e. 6osee 4eM B ThICSUY pas.
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Koc. ch> Z[G

-3db
1 SOkFu/
[Ipennaraembrit -3db
vy 135MI't

/ IIPOTOTHUI
38

20

107

2

10 10

3

104 10° 10° 107 108 Yactora, I'n

Puc. 6.12. AMIUTUTYTHO-4aCTOTHBIE XapaKTEPUCTUKU CpaBHUBAaeMbIX K/[Y

7. METOObI NOBbIWEHUA
CUH®A3HOUN NOMEXOYCTONYNBOCTHU
KOMIMJIEMEHTAPHbIX
ONODEPEHUUNAIBHbLIX YCUINTUTENEN

B anaiioroBoil MUKpOCXEMOTEXHUKE IIMPOKOE MPUMEHEHUE HaLIM
muddepeHianbHble YCUITMTEIN HA OCHOBE JIBYX MapajlielIbHO BKIHOYEH-
HBIX KOMIUIEMEHTAPHBIX AU(P(EepEeHINATBHBIX KaCKaJ0B C TOKOCTAOMIN3U-
PYIOIIMMU ABYXITOTOCHUKAMU B 3MHUTTEPHBIX LIETMSIX BXOJHBIX TPAH3UCTO-
poB (Tak Ha3biBaeMble «dual input stage»).

o +

VT3

Beix.3 Beix4

VT5 V;L/'—

VTI

[\l VT2

Beix.l  Brix.2 T Bx.2

Bx.1

+

VT7 VT8

O -

Puc. 7.1. Kimaccuueckas cxema koMrieMeHTapHoro J[Y
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[Ipu sTrom BhIXOABI JIK MOTyT MOAKIIOYATHCA JUOO K KOMILJIEMEH-
TapHbIM BBIXOJHBIM MOBTOPUTENIAM TOKa (puC. 7.2), TMOO K KOMILJIEMEH-
TapHBIM BBIXOJHBIM KAaCKaJiaM, BBIIIOJHEHHBIM Ha TPAH3UCTOPAX MO CXEME
c obmeit 6azon (puc. 7.3).

Bx2
——O

Puc. 7.2. IlepBas 6a3oBas cxeMa ABYXKaCKaJHOI'O KJIACCUUYECKOTO
KomIieMenTapHoro IV c rail-to-rail Berxomom

[Tpuuém 1Y c apxutekTtypoi (puc. 7.3) OTHOCATCS K CaMbIM IIIUPOKO-
nosiocHbM. C APYyToil CTOPOHBI, CXeMa puUC. 7.2 00eCIeunBaeT MAKCUMAJIbHYIO
aMIUTUTYy BBIXOJIHOTO HAIPsDKEHUS, OJTM3KYIO K HAIIPSDKEHUIO TTATAHMUSI.

o ¥
- N __

Uy

Puc. 7.3. Bropas 6a3oBas cxema JIByXKacKaJJHOIo KoMruieMeHTapHoro J[Y
Ha OCHOBE «IIEPETHYTHIX» KaCKOJ0B
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ITo apxurektype puc. 7.2—7.3 BBIIOJIHEHBI ONEPALIMOHHBIC YCUJIUTE-
JU BEAYUIUX MHUKPOAIJIEKTPOHHBIX (pupM. [Ipruém B KauecTBe TOKOCTaOU-
JU3HUPYIOIIUX JBYXMOJIOCHUKOB KaXJA0r0 M3 MapajjIebHO BKIFOUEHHBIX
JK takux 1Y MOryT npuMEHSATHCS pE3UCTOPHI — €CIIU YCUIIUTEIb HE paldo-
TaeT ¢ cuH(pa3HbIM cUrHaioM. OAHAKO MOCIEIHUNA BAPUAHT MOCTPOCHHUS
JIY npakTU4ecKy HE UCTOIB3YETCS B CTPYKTYpPE ONEPALMOHHBIX YCUIIUTE-
JIell 1 KOMIapaTopoB, T.K. OH HE AAET MPUEMIIEMbIX 3HAUEHUN KOA(pPuiu-
€HTa OCJIa0JIeHNs BXOJHOIO CHUH(a3HOro curHana (Koccp). ITO CBSI3aHO C
TEM, YTO JUIS NOJy4eHUs OONBIINX 3HAYCHUN K oy HEOOXOIUMO BBIOMPATH
COMNPOTHUBIICHHE TOKOCTAOUIIM3UPYIOIIUX PE3UCTOPOB HA YPOBHE COTEH KH-
JIOOM, YTO CO3Ja€T MPOOJIEMbI CO CTATUYECKUM PEXKUMOM IPU HHU3KO-
BOJIbTHOM nuTanuu (E_ =1,5+5B).

Moaudukanuein komreMmentapHoro Y sBisieTcss cxema, OINUCaH-
Hag B mareHte ¢upMbl Motorola US 5.153.529, koropas ucnonab3yeT Bce
YeThIpe BbIX0J1a y BXOJHBIX KackanoB Y1, Y2 (puc. 7.4).

O+

© " “©®

VT

5‘—!—(
-Ea
Al
Brx
——o
Bx2

VT4

Bx1

-Ea
)—]—K VT10

) 13 14 () N

Puc. 7.4. ba3oBas cxema KJIaCCU4eCKOro KoMruieMeHTapHoro Y

[To Takoil apXUTEKType BBHIIOJHEHBI ONEPAMOHHBIE YCUIIUTEIN BeE-
OYIIAX MUKPOANIEKTpoHHbIX (upm (AD8631, AD8632, HA2539 u ap.).
Onnako B OV ¢ apxurekryport AD8632, HecMOTpsl Ha IPUMEHEHHE TPaH-
3UCTOPHBIX UCTOYHUKOB OMTOPHOI'0 TOKA, KO3(PPUIIMEHT OCIIa0JIEHUsI BXOTHO-
ro cuH(pasHoro curHaina (Ko .p) Takxke norydaercss HeoonsmmM (50...60 nb).

DTO CBSA3aHO C TEM, YTO BBIXOJHOE COMPOTUBIICHHE MTPOCTEUILINX HC-
TOYHHKOB OMOPHOI'O0 TOKA Ha OCHOBE «TOKOBBIX» 3€pKaj, 00ecreyuBaro-
IMX HaumOoJiee MIMPOKUM JAuana3oH W3MEHEHHUsI BXOJHBIX CHUH(a3HbBIX
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Hanpspkenuid K[V, nocrtarouno maso (30...60 kOm). JlelcTBUTEIBHO, BbI-
XOJIHOE COMPOTHUBIICHUE (R;,x) COBPEMEHHBIX TPAH3UCTOPOB B CXEME C 00-
IITUM SMHUTTEPOM OmpeaeseTcs HanpstkeaneM Jpmu (U,) U cTaTHYECKUM
TOKOM 3MHUTTEPA /5!

R, =yl ==2

BBIX BBIX I
9

Heo0xoauMo NOT4EpKHYTh, YTO YMEHBIICHHE TOPU3OHTAIbHBIX H
BEPTUKAJIBHBIX PA3MEPOB MHTETPAIBHBIX OMIIOISAPHBIX TPAH3UCTOPOB, Ha-
IIPABJICHHOE HA YBEJIMYCHUE TPAHNYHON 4ACTOTHI YCUIICHUS U CTEIICHU UH-
Terpal MUKPOCXEM, IPUBOIUT K 00JI€€ CHIIbHOMY BIMSHHUIO KOJIIEKTOP-
HOT'0 HaNpsDKEHMs Ha TOJIIUHY aKTUBHOW 0a3bl. Pe3ylbTaToM 3TOro sBis-
€TCsl YMEHBILICHUE HAIPSDKEHUS DPIIM U BBIXOAHOTO AU (epeHIMaIbHOro
COIPOTUBJICHUS. Tak, €ClnM HampspbkeHue OpiM JUId JTUCKPETHBIX N-p-n
TpaH3ucTopos cocrasiser U, , =80..200B, a p-n-p — U, , =40...150 B,

TO TPaH3UCTOPBI COBPEMEHHBIX MHTETPAIBHBIX YCTPONCTB UMEIOT rOpasao
MeHblIee Hanpsbkenue Jpimu: U, , =20...40B, U, , =15..30B.

Kpome storo, HampspkeHue Ipiau UHTETPAIbHBIX TOPHU30HTATIBHBIX
p-n-p Tpan3ucropos (U, ,) 0OBIYHO MEHBIIIE, YEM JUI TPAaH3UCTOPOB N-P-N —

Ua.P < Ua.N’

Takum 00pa3om, HEOOBIINE HANPSHKEHUST P COBPEMEHHBIX HH-
TErpaIbHBIX TPAH3UCTOPOB HE MO3BOJISIOT MOIYYUTH (IIPU MUJIIMAMIIEp-
HBIX TOKaX) MX BBIXOAHBIE conpoTuBiieHusa 0omapiie 30—60 kOm, uto oTpu-
LIaTeIbHO CKa3biBaeTcsl Ha MHorux mnapamerpax KJY u, B yactHocTH, Ha
ero ko3 punreHTe ocnadneHus BXOJHOro CuH(pa3zHoro curaana (Koc.cgp.)-

PaccmoTpeHHbIE paHee apXUTEKTYpPHBIE PELIEHUsI MO3BOJISIOT 00ec-
MeYnuTh 00JIee BBICOKOE OciiabieHrne CUH(pA3HbIX CUTHAJIOB B PACCMOTPEH-
HbIX 0a30BBIX CXeMaxX KoMIUIeMeHTapHbIX Y.

Bce paccmarpuBaemblie Hmke cxembl KIIY cienyer pasznenutes Ha
YeThIpe OOJIBLINE TPYIIIIBL:

1. K1Y ¢ BBIXOJHBIM KacKaJOM Ha KOMIUIEMEHTapHbBIX MMOBTOPUTE-
JSIX TOKA.

2. KIIY ¢ BBIXOJHBIM KacKaJOM Ha OCHOBE KOMILIEMEHTAPHBIX «IIe-
PETHYTHIX» KaCKOOB.

3. K1Y ¢ rubpuaHbIM BBIXOIHBIM KACKaJ0M.

4. K1Y ¢ nHBapMaHTHOW apXUTEKTYPOU BBIXOJIHOT'O KaCKaJa.

Takoe neneHue CBSI3aHO C OCOOEHHOCTAMU (POPMUPOBAHUS KAaHAIIOB
KOMIIEHCAIlUM CHH(A3HBIX OMIMOOK, KOTOpbIe (PYHKIHMOHAJIBHO HMHTETPH-
poBaHbl co BTopbIM KackajgoM KJIV. Tak, auddepeHunanbHble yCUIUTEN
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C MHBAapPUAHTHON apXUTEKTypou (Y4eTBEPTAsi rpyIla) BBIXOJHOTO Kackaaa
HE UMEIOT OIPAHUYEHHMI Ha CIOCOOBI MOAKIIOYEHUs BXOoAHbIX Y Kk Ha-
Ipy3Ke — 3JIECh MOTYT IPUMEHATHCS KaK MOBTOPUTENN TOKa (puc. 7.2), TaK U
KacKaJIbl ¢ 00111ek 6azoit (puc. 7.3).

B KJ1Y BTOpO# IpyIIbl HCHOJIB3YIOTCS KOMIUJIEMEHTAPHBIE IIEPETHY-
Thie Kackoabl. B KJIY mnepBoii rpynmbl padOTarOT TOJBKO C BBIXOAHBIMU
TOKOBBIMU 3€pKajlaMi Ha KOMIUIEMEHTApPHBIX TPAaH3UCTOPaX.

Jst rubpuansix cxem KIIY xapakrtepHo NpUMEHEHUE KaK WHBEPTH-
PYIOIIUX, TAK U HEUHBEPTUPYIOLIUX [IOBTOPUTEIIEN TOKA.

7.1. OnddepeHunanbHble ycunutenu
C BbIXOAHbLIM KacKaaom
Ha KOMMJIeMeHTapHbIX MOBTOPUTENSAX TOKa

[IpyumeHeHne TPUHIMIIA B3aWMHOW KOMIICHCAIIMM HMIIEITAHCOB
JBYXIIOMIOCHUKOB B /Y 1m03BOMSIET CHHTE3UpOBaTh HAa 0a3e apXUTEKTYpPHI
puc. 7.8 cxemy puc. 7.5, umerolyto 0oiiee BICOKOE ociabdieHue cuHdas-
HOT'O CUTHAJIA.

I1T4

Puc. 7.5. Cxema npemtaraemoro /1Y ¢ NOBBILIEHHBIM K¢ ¢4,

Paccmorpum padoty 1Y puc. 7.5.
N3meHeHne BXOHOTO CUH(a3HOro HanpsbkeHus Ha Bxogax Y Bx.1
u Bx.2 na Benuuuny u, =u_  =u,, IPUBOJUT K U3MEHECHHUIO TOKOB 4epe3
NBYyXIomtocHUKH R1 u R2:
Ip1 R UYL Ipy RUY)s (7.1)
rA€ )y, ¥, — IPOBOIAMMOCTHU ABYXIOMIOCHUKOB R1 n R2.

cl
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[ToaToMy KOJIIEKTOPHBIE TOKH TpaH3ucTopoB VI1 n VT2:

i
I ® Ky30, 01, = %1; (7.2)

]
I ~ Ky 405U, szz, (7.3)

rae K, ,(K,5)~ 0,5 — ko3pPUureHT neneHus Toka iy, (i) MEKIY IMUT-
tepamu Tpan3uctopo VT1, VT4 (VT2, VT3);
o, =1, a, =1 — koapPurHeHTs Nepenayn Mo TOKY SIMUTTEPOB TPaH-
sucrtopoB VT1, VT2.

Komnekropusie Toku tpansucropos VI1 u VI2 i, i, nepenarorcs
yepes «rtokoBbiey» 3epkana [IT1 u I1T2 na Beixon 1Y m co3paror aBe co-
CTaBJISIOLINE TOKA Harpy31<1/1 I

Les = Kippy vl = Kipp 1 Ky 400 ol (7.4)
g = Kiing "l = Kipp o Ko 30 i, (7.5)

C npyroii cTOpOHBI, TOKH JBYXIOJIOCHUKOB R1 (7 Rl) u R2 (iy,) mo-

CTYITAIOT Ha BXOJIbl JOMOJHUTEIBHBIX «TOKOBBIX» 3epkan IIT3 u I1T4 un
TAK)KE CO3AI0T B HArPY3KeE JABE APYTUE COCTABIISAIOLINE TOKA Iy

i

. . ~ “R1

e = Kinsig) ® Kijpanie ® 5 (7.6)
i

. . . iy _'R2

lg = Kjjpg igy ® Kjjp 4ol = _2 . (7.7)

[Ipruém HampaBJIEeHHs] 3TUX TOKOB MPOTHUBOIIOJIOKHBI HAITPABIICHHUIO
TOKOB I s WU i;. IlooTOMY B BbIXOZHOM Yy3i1€ 1Y HNpPOMCXOAUT IOIapHas
B3aMMHas KOMIIEHCAUsl CUH(a3HbIX COCTABJIAFOIINX OLLIMOKH

Ly =hs —hg Ty L (7.8)

C yquOM (7 4yn (7.7) q)opMyJIy (7.8) MOKHO IPEICTABUTH B BUJIE

U Y2 K151 K30, (1= Ny 2)+ 1K) 4K 5,00 (1= N 3,

(7.9)
Kiio4
rne N, = ~1 — KO3(PPULHUEHT HEUJEHTUIHOCTH «TOKOBBIX)
o KK 30,
3epkai [IT1 u [1T4;
Ny = Kinas ~1 — K03 (PUIMEHT HEUJIEHTUYHOCTH «TOKOBBIX)
Ki122K 40
3epkan 1I1T2 u I1T3.
Tax KaK KO3((PULIECHTEI K, ,;=05K,,,, K, ,=0,5,

Ki4=05K,,, K,5;=0,5, 1013 (7.9) cienyer, uro B npemnaracmom Y
CYLIECTBEHHO yMEHbIIAETCS d(PPEKT «IIPOXO0KICHUD» BXOJHOrO CHH(pa3-
HOI'0 CUTHAaJIa U, Ha BeIXo J1Y.
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Tak, B cpaBHeHUU ¢ 0a30BOM cxemoil puc. 7.2 koapduiueHt nepeaa-
4M U, Ha BBIXOX [[Y ymenbliaercs B A pas, rae

4= chp.npm :| Ki12.1K,30,9) + K15, K 4040, | o 1
Keps ‘J’2Ki1z.1K2.30‘2 (1= Nya) + 11K 4 K001 - NK2.3)‘
u
e Koy mpor = Z"IX — KO3(puuMEHT mepegaun BXOAHOTO CHH(]A3HOTO

curHana u. 6azosoro 1V (puc. 7.2);

K.y, — KOdpOUIMEHT Tepesayn BXOAHOrO CHH(A3HOrO CHrHana

npemiaraemoro Y.
Ha puc. 7.6 mpencraBieHbl CXeMbl KOMIBIOTEPHBIX Mojenen Y B

cpene PSpice.
p15 p15 ‘
29 @30 V5 e l
== tp15 P o kY ’;\;1
T Qs T

Q34 Q35 tp15 | — |

0 VOFF =0
VOFF =0 VAMPL = 1
VAMPL =1 FREQ = 1k

FREQ = 1k

p15 p15| tp15] tp15 tp15
7 8 | Q1 Q2 Q3

VOFF =0
VAMPL =1
FREQ = 1k

+
;5
Q23
tn15
Q20 Q21 Q22
tn15 tn15; tn15

Puc. 7.6. Cxemsl kitaccuueckoro (a) u npeayiaraeMoix (0), (8) KIAY
B cpene PSpice
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h

Koc.c(b; I[6
65

62
-3db -3db /
4MT'

4AMI'g
Puc. 7.6(8)  Puc. 7.6(0)

-3db /

106MI'n
Puc. 7.6 (a)

38

103 104 10° 108 107 108 10° Yacrora, 'l

Puc. 7.7. Pe3ynbTarsl KOMIIBIOTEPHOTO MOAEIUPOBaHus 1Y
B cpene PSpice

[Tony4yeHHbIE BBIIE€ BBIBOBI MTOATBEPKIAAOTCS pe3yJIbTaTaMH MO/IE-
JUPOBAHUsI PACCMOTPEHHBIX CXeM B cpene PSpice ¢ ucnonb3oBaHHEM
rnapamMeTrpoB wuHTerpaiabHblx TpaHsucropos OI'YII HIII «lynscap»
(puc. 7.6, 7.7) — npennaraembiii /[Y numeet Oosiee 4yeM Ha MOPSJIOK JTyUIIne
3HauYeHUs Kor(duimenTa ocinadiaeHuss BXOAHBIX CUH(A3HBIX CUTHAJIOB IO
CpaBHEHUIO ¢ 0a30BoM cxeMoi (Ha 2427 nb).

7.2. QndpdepeHunanbHble ycunutenu
C BbIXOAHbIM KaCKafjoM Ha OCHOBE KOMIMJIeMeHTapHbIX
«MeperHyTbIX» Kackoaos

Bo BTOpo#i 0a30BOI cxeme ABYXTaKTHOTO KomiuiemeHTapHoro Y
(puc. 7.3) BBIXOJHOM KackaJ OOECIEUMBACT CYMMHPOBAHUE IMPHUpPAIICHUM
KOJIEKTOPHBIX TOKOB JIY1 u JIY2 iy U iy, OOYCIOBICHHBIX MPOBOJIUMO-
CTSIMHU Y| U ), TOKOCTAOMIN3UPYIOIINX JIBYXIIOJIFOCHUKOB.

JIeHiCTBUTENIBHO, TPU W3MEHEHUM BXOJHOTO CHH(A3HOr0 CHUTHaja

u,=u, =u, B Y (puc. 7.3) U3MEHSIIOTCS TOKH 4Yepe3 ABYXIIOJIIOCHU-

ku R1 u R2
Ipy RUY)s Ipt R UYL (7.10)
rA€ )y, ¥, — IPOBOAMMOCTHU ABYXIOMIOCHUKOB R1 n R2.

OTU TOKHM JENATCS MOMOJIaM B 3MUTTEPHBIX LEMSIX TPAH3UCTOPOB
VTI1, VT2, VT3, VT4. IloaToMy KOJUJIEKTOPHBIE TOKH TPAH3UCTOPOB VT2
u VT4:

I = Kj,0, v U, Ieq = K3 404U, (7.11)
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rie K,, = K5, — K03(p(pUIMEHTHI AeIeHUsI TOKOB B OOIIEH SMUTTEPHOU
nenu audPepeHInanbHbIX KaCKaJl0B;
o, 1, o, ®1 — KO3 PUIMEHTHI YCUIEHUS 110 TOKY SMUTTEpPA TPaH-

3ucTopoB V12 u VT4.
ITpuuém
K,=22=—Dl_~05; (7.12)
B VR S Ty
i34 3
K3.4 = = ~ Oa5 s (713)

lR2 1’33 + r34
rac ry = 32; Vy3s RV, — COIIPOTHUBJICHUA OSMUTTCPHLIX IICPCXOJO0B TPAH3U-

9
ctopoB V12, VT3, VT1, VT4.
B pesynbrare TOK B Harpy3ke Ry, 0OyCIOBJICHHBIM CHH(A3HBIM CHUTHA-
JIOM U,

Iy = les T i = Olsly + Ol g (7.14)

BbBIX

500051

Lpx = U (05K 500, Y+ K5 400, 1,) = 0,5u, (v + ). (7.15)

BbBIX

Ecnu na Bxox Bx.1 u Bx.2 1Y nopa€rcs auddepeHunanbHblii cur-
HaJ U, =u, —U,, TO TOK B HArpy3Ke Ry, 00yCIOBICHHBIN YTUM CUTHAJIOM

B

u u u
i* — BX + BX ~ _BX , (716)

BBIX
r31+r32 r33+r34 1’3

rac 1”3 :ral :’”az =F33 ZI”34.

ITo onpeneneHuto Ko .y MOKET OBITH PACCUUTAH IO (OpMYyJIE:

i:BIX RH iBI)IX RH
Koc.ccb = . (717)
u u

BX C

[Tocne npeoOpazoBanuii (7.17) ¢ yu€rom (7.15) u (7.16) ipu y, = y,
HaxoauM, 4To B Ki1accuueckom JIY (puc. 7.3)

Kocep = Vol = ViTy. (7.18)

Takum o6pazoMm, npu R2=R1=10 kOM U CTaTUYECKOM TOKE dMMUT-

TtepoB [, =250 MKA TpansucropoB V12, VI3, VTI1, VT4 uucienunsie

sHadeHus: K . =100 (nm 40 1b). ITn pacy€THbBIC TaHHBIE COBIA/AIOT C

pe3yJibTaTaMyd KOMIIbIOTEpHOTO MojienupoBanus Y (puc. 7.3).

B npemnaraemom JIY (puc. 7.8) noelnieHue ko3 duimenta ociaao-
JICHUS BXOJIHBIX CHH(DA3HBIX CUTHAIOB [{Y Mpy OTHOCUTEIHHO HEOOIBIITHX
BHYTPEHHHUX COIMPOTHUBJICHUSAX TOKOCTAOMIIM3UPYIOIMIHMX IBYXIOJIOCHUKOB
oOecrieynBaeTcs 3a CUET cOOCTBEeHHOHN KommeHcanuu BausgHus R1, R2 Ha
Koccp- IIpn 5TOM B KauectBe R2 m R1 Moryr nmpumeHATbCSA CPaBHUTEIIBHO
HHU3KOOMHBIE PE3UCTOPHI.
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Paccmorpum pabory Y co cxemoii puc. 7.8.

N~

éiKS if Brix
T 17 Fe é iKgi R
+O
P
VT7 VT8

e

Puc. 7.8. JIY ¢ cOOCTBEHHOI KOMITEHCAIIUEN CONPOTUBIICHUN
pesuctopoB R1, R2

N3meHeHne BXOHOro cuH(pa3Horo HanpsbkeHus Ha Bxonaax Y Bx.1
u Bx.2 na BenuuuHy u, =u, =u_ , NIPUBOAAT K U3MEHEHHUIO TOKOB 4epe3

NBYXIomtocHUKH R1 n R2:
Ipy RUYys Ipy ® U, (7.19)
rA€ )y, ¥, — IPOBOAMMOCTHU ABYXIOMIOCHUKOB R1 n R2.

[TosToMy KoOJUTEKTOpHBIE TOKH TpaH3ucTopoB VT1 u VT2, a Taxxke
VT5u VT7, VI8 u VTé:

Ly = Ky, 0030 (7.20)

L = K 400 p,u; (7.21)

Ies = K s0sig = K, 505y (7.22)
L7 = K;7070p, = K, 7007 V,U,; (7.23)
Iee = Olgip = Q6K 40 1yl (7.24)
Iy = Oglz = OgK3 03, (7.25)

rie K;,=0,5; K,,=0,5 — KOOOUIMEHTB! yCUIIEHUS TOKOB ir; U ir2 B
smurrepHou nenu VI3-VT2 u VT1-VT4;
o, R0, ®0s O, ®0Og #] — KOIQPUIMEHTHI YCHICHUS IO TOKY
smurrepa VI1-VTS;
K,s~=0)5; K,; 0,5 — x0oppHUIUECHTHI NeileHns TOKa B SMUTTEPHON
nermu VIS u VT7.
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N3 ypaBHenuii (7.20) — (7.25) MOXHO HAWTH COCTaBJISIIOIIYIO TOKa
Harpy3ku, 0OyCIOBJIEHHYIO CHH(A3HbIM CUTHAJIOM Ha Bxojae Y u ko3 -
(uueHt Ky 4

iBLIx = iKS + iK7 - iK6 - iKS’ (726)
Lo = U V1 (K 505 — K5 500003) + 1, (K ;00 — K qo60)], (7.27)
R
Kyc(b — lBBIX H ~
u, (7.28)

~ Y[K; 505 — K3,0505 R, + y,[ K 70, — K| 40604 ]R,,
rime R. — COMpOTUBIIEHUE PEZUCTOPA HATPY3KH.
- p p p py

(3 .o ~r '*
AHaJIOTMYHO HAWJAEM BBIXOAHOM TOK i, ., W ycuieHue nuddepen-
[IUATBHOTO CUTHANA Uy, JIY (puc. 7.8):

Gk u
Lopix = > ’ Ky =RH/F37
9
rae 7, — b PepeHIaIbHOE COMPOTUBICHHE IMUTTEPHBIX epexonoB VT1-
VT4,
[ToaToMy KO3 PHUIIUEHT OCIA0ICHUS BXOJHBIX CHH(A3HBIX CUTHAJIOB
-1

Kooy 0K a1+ 221,K ), (7.29)
rne Kp = K505 —Kj3,0505 0, (7.30)
Kpy = K705 = Ky 4040 =0, (7.31)

N3 ypaBuenus (7.29) cnenyet, uto B npejiaraecmoM /1Y Biausinue R1
u R2 Ha Ko ocnabnsercs B N, pas, rae
1 1

l | K505 — K3 0505 | | K500, — K 4060, |

>>1. (7.32)

brnaromaps nomapHoi MAEHTUYHOCTH KO3 (PUIIMEHTOB MEepeaadu 1Mo
TOKY, BXojsmux B ypaBHeHus (7.29) — (7.31), 3Hamenarens GopMy-
7b1 (7.32) 630K K Hyt0. Clie10BaTeNbHO, B CXEME PUC. 7.8 CYIIECTBEHHO
nossiuaercsa Koecp AY. Komnerorepnoe moaenuposanue (puc. 7.90) nog-
TBEPXJACT JAHHBIA BHIBO/I.

Baxuenmee CBOMCTBO mpeayiaraeMon cxemsl 1Y — mupokuii Jomyc-
TUMBIM Juana3oH u3MeHeHus: cuHdazHoro curHana (U max), MPAKTUYECKU
paBHBIM ero HanpspkeHuto nurtanud (E,). Cienyer oOpatuTh BHUMaHUE HA
TO, YTO MOCTPOEHUE BBICOKOA((PEKTUBHBIX BXOAHBIX AU(P(EepEeHINATBHBIX

KackagoB ¢ U

C.max

BPEMEHHOU aHAJIONOBOM MUKPOCXEMOTEXHUKH.

~tFE_ OTHOCUTCS K YHCIy aKTyaJbHBIX MPOOJIEM CO-
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R2
10k

14 C
0.5m

+C

13 VT9 VT10
158 TP15S TP15S

33

VT14
[TN15S

= RS
0 ¢ 10k

VT18
TN15S

. Koc.cd) 5 ﬂB

IIpemiaraempni 1Y
704 4
35 JIY nipoToTHIl
4 K.
25
10 t T T >
100 10! 10° 10° Sl

a)

0)

Puc. 7.9. Cxema /1Y (puc. 7.8) B cpene PSpice (a)
Y PE3yNbTaThl KOMIIBIOTEPHOTO MOAEIUPOBaHUS (0)

[TomydeHHBIE BBIIIE BBIBOBI IMTOATBEPIKIAOTCS pe3yIbTaTaMH MOJIe-
nupoBaHus B cpeae PSpice ¢ mcmonap3oBaHMEM MOJEICH HWHTETPATBHBIX
tpanzucropo OI'YII HIII «Ilynscap» (r. Mocksa) (puc. 7.90).

g noseiieHust Koy B IIpeanaraeMon cxeme puc. 7.10 BBomsaTcs
JIOTIOJTHUTEIbHBIE KaHAJIbI COOCTBEHHOM KOMITCHCAIIMM TOKOB Yepe3 TOKO-
CTaOUIM3UPYIOIIME IBYXIOIOCHUKHN R1 1 R2.

Paccmorpum paboty cxemsl puc. 7.10.

VT1

VTé

lRlé

.

T i38
iRl
T

Puc. 7.10. Inddepenimanbupiii yCUIUTENIb ¢ COOCTBEHHON KOMIIEHCAIUEH

R1uR2
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Paccmotpum padoty cxemsl puc. 7.10. MismeHnenue BxogHoro cuHgpas-
HOro HanpsbkeHus Ha Bxogax Y Bx.l u Bx.2 Ha BemmuuHy u, =u =u_,
IIPUBOJAT K U3MEHEHUIO TOKOB 4epe3 ABYXNOMOCHUKY R1 n R2:
Ipy R U Ipi ® UL (7.33)
rA€ )y, ¥, — IPOBOAMMOCTHU ABYXIOMIOCHUKOB R1 n R2.
[ToaToMy KOsIEKTOpHBIE TOKH TpaH3ucTopoBVT1 n VT2:

} i
Iy ® Ky300, U, = %; (7.34)
. ]
g ~ Ky 40 yu, = %17 (7.35)

rae K14(K23)~ 0,5 — koappuIUEeHT AeNeHns TOKa iy, (ig,) MEXIY IMUT-
tepamu Tpan3uctopos VT1, VT4 (VT2, VT3);
o, =1, o, =1 — KO3 PuUMEHTHI TEpeaaun Mo TOKY SMUTTEPOB TPaH-
3ucrtopoB V12, VTI.

Kosmmekropnsie Toku tpan3uctopoB VI1 u VT2 ycunusarorcs B 1Ba
pasza JOMOJHUTEIbHBIMU HEUMHBEpPTUpYIOIMMHU ycuiurtesimu Toka [1T1,
ITT2 («roxoBeiMm» 3epkamamu IIT1 u IIT2 (K, = K;, =2)). I[loatomy
AMUTTEPHBIE TOKU TpaH3UCTOpoB VT6 n VT8 (1ipu OOJBIINX CONPOTUBIIE-
HUSX JBYXNOMOCHUKOB R3 1 R4)

Le i —Iry = Kjly —Iry (7.36)
lg =g — iy = Ig) = Kl (7.37)
rne K; ~ l_l

k1

~ 2 — KO3(Q(PUIMEHT yCWJIEHUS MO TOKY JOIMOJHUTEIHHOTO

HEeuHBepTUpYyromero ycunurens Toka [1T1;

i
K., -2 ~2 — k0o PUINEHT YCUIIEHHS 0 TOKY HEMHBEPTHPYIOILE-

Lo
ro ycunurens Toka [1T2.

ITocne mpeobpazoBanus (7.36) u (7.37) ¢ yuérom (7.34) u (7.35)
MOXHO HaWTH TOK Harpy3ku Y, oOycliOBIEHHBIN CHH(a3HBIM CUTHAJIOM
u, i, =g —1I.c WIH

ty = u [y, (1= KK, 30,) + 3, (1= KK 404)]. (7.38)

VYuureiBag, uto K, K, ;0, #1, KK, 4,0, =1, u3 (7.38) cienyet, 4ro
B paccMmarpuBaeMoM JIY cylecTBEHHO 0ocialsieTcs BIUSHUAE MPOBOIUMO-
CTE y, U y, Ha Iepeaady CUH(pa3HOIro CUTHAJIA HA BBIXOJ, KOTOpas B UJe-
QJIBHOM Cily4yae JOJDKHA ObITh Osm3ka Hymto. C Ipyroil CTOpOHbI, BBIXOA-

HOM TOK, OOYCIOBJIEHHBIM CHMH(A3HBIM CUTHAJIOM B Kilaccuueckom /Y
(puc. 7.3)

L, =u(y +5,).
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[ToaToMy K03 dHUITHEHT 0cabIeHNsT BXOIHBIX CHH(DA3HBIX CHUTHAJIOB
B JIY (puc. 7.8) ynydiiaercst B cpaBHeHUU ¢ J[Y-TpOTOTUIIOM KaK MUHUMYM

B N, pas:

NCJ AR 1, (7.39)
‘J’2(1_Ki2K2.30°2) + Y2(1_Ki1K1.40L1)‘
AHAaNIOrMYHBIM aHAJIU30M MOKHO MOKa3aTh, YTO B Kjlaccudeckom JIY
(puc. 7.8) ymyumaerca B N, N, pa3 U Apyroi BaXkKHbII IapameTp — KO-
3 GULMEHT OAABICHUS TOMEXH IO MUTAHUIO.
Cxembl UCCIIEIOBAHHBIX YCTPOUCTB B CPEAE KOMITBIOTEPHOTO MOJIE-
nupoBanusi PSpice mpencrasiensl Ha puc. 7.11, a Ha puc. 7.12 moka3aHbl
pe3yJbTaThl UX KOMIIBIOTEPHOTO MOJICTUPOBAHUS.

PARAMETERS:
Vac=1 R1 R2
Vir=0.5 200 200

Vde =0

Vi1 =
15| TN1ss O

V117 VT18
TN15S TN15S

V121 V122 T 5

TN158 TN158
R9 R10
200 200
vee
e 4

Puc. 7.11. Komnsrorepnas mozaens Y (puc. 7.8) B cpene PSpice

A Koc.cq): HB

64
N ]
npeanaraembliii 1Y
f =3MI'n
38 D .
JAY-npororun X,

s f =90MI'n \\

T f f T >

10 10° 10° 10° £, Tu

Puc. 7.12. Pe3ynbTaThl KOMIIBIOTEpHOTO MoaenaupoBanus K1Y

[TonydeHHbIe BBIIIE TEOPETHUECKHE BBIBOJIBI MOJITBEPIKAAIOTCS pe-
3yJbTaTaMyd MOJICTUpPOBaHUs cXeM B cpene PSpice — mpennaraembiii Y
uMeeT 0oJiee yeM Ha MOPSIIOK JTy4lIue 3HaueHus: Koaduurenrta ocnadne-
HUS BXOJHBIX CUH(a3HBIX CUTHAIOB (Ha 26 ab) (puc. 7.12).
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CymecTBeHHOE NOBBIIIEHUE K o, 00ECIIEUNBAETCS B IPEIaracMoM
Hmwxke KV (puc. 7.13), BEIIOJIHEHHOM Ha OCHOBE 0a30BOM CXeMbI puc. 7.4.

+

I I,

VT3 )TK VT4
i65T

Bx.2

4
VW)—LK VT10

Puc. 7.13. KommnemenTapHsbiii 1Y ¢ HOBBIIEHHBIM Ko g

IIpu usmeHenuu cuH(da3zHOro curHaiga Ha Bxomax Bx.l u Bx.2

u, =u, =u, (Harpumep u, =5 B) Ha BeIMUUHY U, U3MEHSIOTCS HAIPS-

KEHUS HA KOJUICKTOPaxX TPAaH3UCTOPOB, BXOSAIINX B HCTOYHUKH OMIOPHOTO

toka VTS u VT6. DT0O MpUBOAUT K U3MEHEHHIO TOKOB YEPE3 UX BHIXOIHBIC
MIPOBOAMMOCTH )| U V; pe3nuctopoB R1 u R2:

I & Vil Ipy ® Yol (7.40)

Ha ocHoBanuu mnepBoro 3akoHa Kupxroda s TOKOB B CXEMeE

puc. 7.13 crpaBeyIMBEI CIEAYIOMINE COOTHOIICHHUS:

i =0,5(ip -is5), (7.41)

i33 ~ iK3 ~ iKl = i65 = s s (742)
BVTS

iKl = iK2 = iK4 ’ (743)

i =050g, =), (7.44)

L = 0,5(ig, — l) = 10 (7.45)

iH = iK4 + iKlO’ (746)

118



L I
Ly =g ®lyy =lge = > (747)

Ly =g = Lo (7.48)
rae PByrs = Bype >>1 — Kod(pPuUIMEHT ycuieHus 1o TOKy Oa3bl TpaH3U-
cropoB VTS5 u VT6, Bxoasmmx B CTPYKTYpy HC-
TOYHUKOB OIOPHOTO TOKA.
W13 ypasuenuii (7.40) — (7.48) npu Byrs = PByrg MOKHO HAUTU TOKU
KOJUJIEKTOPOB BBIXOJHBIX TpaH3ucTopoB VT4 m VT10, Tok u HanpsoxkeHue
Ha HAarpy3kKe Ry:

iK4 ~ Oasucyl(l_ﬁ\/iJa (749)
2+Byrs

: Bvrs

ko & Oﬁ“d’z(l_— ) (7.50)

2+Byre
Iy =lq0Tias (7.51)
MH:O,SMC I_B— [y1+y2]RH7 (752)
2+

rie B =PByrs = Pyre-
Takum oOpazoM, ko3hPUIMEHT nepenadyn CUH(A3HOrO CUTHAaja CO
Bx0710B Bx.1 u Bx.2 Ha Beixog K/1Y (puc. 7.13)

y B
Kgy="2=05R(y,+y,))1-—|. 7.53
@, (n yz)( 2+BJ (7.53)

VYuuteiBas, yto Ko3pPuimeHT ycuneHus aud@epeHimanbHoro cur-
Hana K1Y

K = H ~ —H
S 2r
52 38

MoO>kHO HAWTH AJ1s1 CXEMBI puc. 7.13

KD =~r + ——B ,
oc.cd 3(y1 yz)( 2+Bj

Tne 7, = r,, ®I,q — CONPOTUBICHUE DMUTTEPHBIX IepexonoB V12, VTS.

CrnenoBarenbHO, IPU OJMHAKOBBIX KO3 (UIIMEHTaX YCUJIEHUS IU-
(depeHumanbHOro curHana cpaBHuBaeMbix KJIY u oauHakoBBIX cTaTuye-
CKHX pexumax cxema puc. 7.13 umeer B N, pa3 nydiiiee ocjiabjJeHue CUH-
(ba3HbIX CUTHAJIOB, I]I€
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N, = IB >>1. (7.54)
24P
Mio L O‘%&A

v

V122

j TPI5S

VT25
TN15S

Nl
1Va
ovdc

15V

-0 V131
TP158
N

TP15S
VT33

V137
TN15S
L
TN15S
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" L Qo
£
Puc. 7.14. Cxema KJ1VY (puc. 7.13) B cpene PSpice

npeamaracMast
cXeMa

804K -3 A6

Koc.cq» 1B
1004 /

95

60— ——— g ———— — — ——
~
504 /r RN
6,46 MI'y -3 1B <

IIPOTOTHIL

'50 T T T T T T T >
10° 10 10° 106 107 108 10 10° £Tu

Puc. 7.15. AMIIIUTYIHO-4aCTOTHBIC XaPAKTEPUCTUKU Koc ¢4
cpaBHuBaeMbIx K/[Y

KommbrorepHoe MoaenupoBaHue Koy NPELIAraéMoro MU KIIaCCH-
yeckoro KJIY Ha mopemsx unTerpansHbix Tpanzucropos OI'YII HIIII

«Ilynscap» MOATBEpPKIACT IMOTYYEHHBIEC BBIINIC TEOPETHUYECCKHUE BBIBOJIBI:
Ko cp. ymyamaeres Ha 35 b, T.e. 6onee yem B 50 pa3 (puc. 7.15).
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Crnenyer 3aMeTUTh, 4TO NOBbILEHUE Koo B LAY (puc. 7.13) obecne-
yuBaercs 0e3 yXyAIIEHUs YHEPreTUYECKUX XapaKTEPUCTHK (TOKOMOTpeO-
JIEHUd), a TaKXKe Juarna3oHa M3MEHEHUs BXOJHBIX CHH(A3HBIX CHUTHAJIOB
(Kc.max)-

Kpowme storo, KJIIY puc. 7.13 (puc. 7.14) moxer paboTtaTh npu ma-
JIBIX HAMPSHKEHUSIX MUTaHUS. DTO SABJISIETCS CYIIECTBEHHBIM JOCTOMHCTBOM
JTAHHOU CXEMBI.

7.3. QndpdepeHunanbHble ycunutenu
C NTMOPUAHBLIM BbIXOAHbIM KacKagaom

OCHOBOM MOCTPOEHUS ATOTO IMIMPOKO PACHPOCTPAHEHHOTO MOAKJIIAC-
ca quddepeHInanbHbIX YCUIUTENEH SBISIOTCS MapajulelIbHO-OAIaHCHBIE
AY1 u IY2 Ha TpaH3ucTtopax pazHOro Tuma npoBoauMocTH (puc. 7.16),
YVIPaBJISIIOIIME MO0 WHBEPTUPYIOUIUM, JTUOO0 HEUMHBEPTUPYIOIIUM JIBYX-
TaKTHBIM BBIXOJHBIM KaCKaJIOM C BBICOKUM BBIXOJIHBIM UMIIE€JIAHCOM.

Kak B mepBoMm, Tak 1 BO BTOpOM ciydasix Takue /Y He obecneunBa-
10T 3Q(PEeKTUBHOE MOJABJICHUE CUH(A3HBIX CUTHAIOB, 00YCIOBIEHHOE KO-
HEYHBIMU 3HAYEHUSIMHU BBIXOJHBIX NPOBOAMMOCTEH ); U ), UCTOUYHHKOB
OnoOpHOro Toka /; u [, yCTaHAaBIMBAIOIIKNX cTatndyeckud pexuMm Y1 u
JIY2. JlaHHBIN HEJOCTATOK SIBJIACTCSI XapaKTEPHON 0COOCHHOCTHIO KJIaCCH-
yeckoil apxutekTypsl dual-input-stage.

IT1

i T =

S}

N
9
=

Bx.2"

xQ
=

T2

Va
4’{?‘7 1172

<«

Puc. 7.16. Apxurektypa Y noaknacca dual-input-stage
C IOBBIIEHHBIM K ¢4,

121



CymectBeHHOE NoBbIIIEHUE Ko o OOecnieunBaercs B 1Y (puc. 7.16)
3a CYET HECHUMMETPHYHOIO MOCTPOEHUS BBIXOAHOTO KacKajzia, KOTOPBIM
BBINIOJIHEH Ha ocHoBe wuHBepTupyrome (IIT1) m HeunBeptupyromen
(ITT2) moxcxem.

BxonmHoW cuH(pa3HBIM CUTHAT U, = U

o] = U, ®U R U, CO3MAET NpU-

palleHus TOKOB I U i, 4epe3 BBIXOJHBIE IPOBOAUMOCTH ), U ¥, (i =u_ ),
i, =U_,y,), KOTOpBIE HEIATCS IONOJaM B SMUTTEpHBIX nemsax AY1, V2.

Kak cnencrBue, BBIXOJHOM TOK ipr «TOKOBOro» 3epkana IIT1 co3maér B
Harpy3ke R, COCTaBJISIONIYI0 CHH(A3HOW OIIOKH

K.

. Baamin

1 A Ue, (7.55)
rie K =1 — K03QPUUMEHT yCWIEHus IO TOKY «TOKOBOIO» 3epKaia

IIT1.
C npyroii cTOopoHBbI, BBIXOJAHOW TOK Y2 iy, mepenaércs uepes3 Kac-
kaj ¢ obmieit 0azoit I1T2 u co3maér B Harpy3ke Ry COCTaBJISIONIYIO irro,
KOTOpas MPOTHUBOITOIO0KHA IT0 HAIIPABJICHUIO COCTABIISIONICH i1y

~ Kinr2 s
Iy & — ) U, (7.56)
rne K, ®1 — koaduimeHT ycuieHus o ToKy Kackazna ¢ oOren 0a3oi

I1T2.
CnenoBateinbHO, BBIXOJHON TOK JIY 75,1, OOYCIOBICHHBIN HATMYKEM
na Bxozxax Bx.1" u Bx.2" cundasnoro curnana:

: U,
Lopix = E(KiHlel —Kinm2)2) - (7.57)

Tak xak K,y =1, K;qrp =1, TOTIPYU ¥, =y, i, = 0. OT0 03HauUa-
€T, 4YTO B JAaHHOW CXEME CYILECTBEHHO OCJIA0JISIETCS «IPOXOKIACHHUE)» CHUH-
o + -
dasnoit momexu co Bxoaos Bx.1", Bx.2" B narpysky R,.

HOSTOMY JaHHasdA COCTaBJIAIOIIAsA

Ko_cl.cq) ~0,5 K — Kinra )2 ’ (7.58)
Vo114 K1 + V212K inm
Ll I i
rae Va1 = - ; V212 ="==2r) = y,,.
Z/lBX BX

CrnenoBaTebHO, BBIMTPBII MO OCIA0JICHUIO CHH(A3HBIX CUTHAJIOB,
KOTOPBIX TAET JAHHBIA CXEMOTEXHUYECKUU TTPUEM:

_ ‘KiHlel + KiHT2y2‘ o1 (7.59)
‘KiHlel —Kinm )2 ‘

Takum o0pazoM, cxema puc. 7.16 a¢gdexTrBHA TTpU OJIM3KUX 3HAUE-

HUSX V1, )2, a TAKKE IpU K K
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7.4. QndpdepeHunanbHble ycunutenmu
C MHBapWaHTHOM apXUTEKTYpPOM BbIXOAHOIo Kackaga

OcHoBHas unes nocrpoenus KIY (puc. 7.17) coctout B HETpaau-
LIMOHHOM IOCTPOCHHH MCTOYHHMKOB ornopHoro Toka (VTS, VTS), npu xo-
TOPOM MapaJuIeNIbHO BbIXOAHOMY Tpansuctopy MOT BBOOUTCS KOMIIEHCH-
PYIOIIMM KaHall ¢ TiyOOKO# oTpuIlaTeIbHONH OOpaTHON CBs3bI0. B pe3yiib-
Tare€ B3aMMOJEWCTBUS BBIXOIHBIX TpaH3uctopoB MOT m mapautenbHbIX
KAHAJIOB KOMIICHCALUH MOBBIIACTCS Ko o

VT1 V12 - VT3 VT4

Brix.1 Brix.2

Puc. 7.17. Komrmuiementaphsbiii J[Y ¢ MOBBIIIEHHBIM KO3 (DUIIEHTOM
ocnabneHust cuH(pa3HOro curHana Ko o

[Ipu n3menenunn cuHdazHoro curHaia Ha Bxogax Bx.1 u Bx.2 (na-
npuMmep, U, = 5 B) Ha BEMUUHY U, U3MEHSIOTCS HAINPSHKEHUS HAa KOJUIEK-
Topax Tpan3uctopoB VI5 u VT6, VI9 u VT8:

Uss U RUg FUZ = U ~5B.
DTO MPUBOAUT K U3MEHEHHUIO TOKOB Y€PE3 BHIXOAHBIE MPOBOAUMOCTH

Vs, V6, V9, Vg TpauzucTtopoB VIS, VI6 , VT9 , VT8
Is & Ysile, 1g = Yell,
Iy ® Yoll, I3 = Vgl .
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Ha ocHoBanuu nepBoro 3akona Kupxroda ais TOKOB TpaH3UCTOPOB
VTI10, VT9 u VT8 cripaBe 1uIUBBI CIIEAYIOIMIME COOTHOLICHUS:

Iy10 = Iy =l (7.60)

lyo = PBolsy =1y ~1y105 (7.61)
ly1o = Igg +1gg = 2igy = 2y, (7.62)
Iy10 = I (7.63)

rae By = Pg >>1 KodPPUIMEHT yCuIeHHd MO TOKY 0a3bl TPAaH3HCTOPOB
VT9 u VTS.
W3 npuBeEHHBIX BBIIIEC YPABHECHUN MOXXHO HAWTH, 4TO IIpH [y >>1

TOK KOJUIEKTOpa TpaH3uctopa VT8 mpuOIM3UTENsHO paBEH TOKY KOJUIEK-
Topa Tpan3zucropa V19

U)oy

1+ —
By
[loaToMy B mpeasiaraeéMoi cXemMe CyMMAapHBI TOK Ij OOIIEH >MUT-

TepHor nenu guddepennmanbHoro kackaga VT3-VT4, oOycioBieHHBII
CUH(DA3HBIM CUTHAJIOM U, 3HAUUTEIHLHO MEHBIIIE, YEM AHAJIOTUYHBIA TOK iy
B KJ1acCH4ecKkoM JIY:

~
~

Ieg = Lo ~ Volleg = Yoll . (7.64)

ly = Iy - g (7.65)
iy =U,)s -y—92uc. (7.66)
1+ —
Py
[Tocne npeobpazoBanuit hopmyimy (7.66) MOXKHO ITPUBECTHU K BUIY:
io = 1o ys[1- K 1. (7.67)
rae K, — KodhPUIMEHT HEeUACHTUYHOCTH BBIXOJHBIX IMPOBOJIUMOCTEM
Tpan3ucTopoB V19 u VTE. [Ipnuém
1
K, = &—2. (7.68)
s 1+ —
Bo

YuuTeIBas, 4TO CTAaTUYECKUM PEKHUM TpaH3UuCTOpoB VI9 m VT8
IIPAKTUYECKU OJUHAKOB, a 3¢ >>1, MOXKHO CYUMTaTh, YTO Y, = Vg, U IO-
stoMy Ky = 1. Kak crnencrBue, Toku Ha Bbixoaax Beix.3 u Brix.4, o0y-
CJIOBJICHHBIE CHH(]a3HbIM curHajgoM Ha Bxogax KJ[VY, cymiecTBeHHO
yMeHbIiatorcs. [loaToMy KpyTu3Ha rnepenadyd CHH(A3HOro CUTrHajla, Ha-
MpUMEP, Ha BbIXO «BBIX.u» Takke yMEHbIIAeTCs

i
Scc = %z'u = O’SyS(I_KHl)’

Ecnu ydecTs, 4yTO KpyTH3HA Tepeadyu BXOAHOTO IuddepeHimaib-

HOI'O CUTHajna u,, =u, —U,, K y3i1y Beix.u
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S _ iBI)IX.U. —_ 1 1

cn - - >
U — U T3 7y 2]"3

TO ocyiabneHue cuHdaszubix curHanoB K/{Y, o0ycioBieHHOE MpOBOIUMO-
CTBIO g

oc.ch —

i S
K _SCC =nys(1-K,),
ca
r1e 7, =1,y ® 1,4, — COIPOTUBJIEHUE SMUTTEPHBIX IepexonoB VI3, VT4,

Takum oOpazom, k03(pdUIMEHT OCIabIeHUsT BXOJHBIX CHH(DA3HBIX
CHUTHAJIOB TIOBBIIIACTCA B CpaBHEHMUU ¢ KinaccnueckuM KIY B NV, pas, rae

B |
cl — 1-K
gl
AHaJIOTNYHO MOXHO I10Ka3aTh, YTO Kooy KAY 1711 BTOpOU rpymisl
BbIX0J10B Bbix.1 u Brix.2 Takxke ynmyumaercs B Ny, pas, T1e

>>1. (7.69)

N, = L >>1, (7.70)
I_KHZ
~ 6 o
rue K,~=—=>=l. (7.71)
Vs

KomnsrorepHoe MonenupoBanue Kooy npeanaaraeMoro (puc. 7.17) n
u3BectHoro (puc. 7.1) KIY Ha Mouensx HMHTErpajibHBIX TPaH3UCTOPOB
OI'VII HIIII «Ilynbcap» MoATBEpKAAET IOJIYYEHHBIE BBILIE TEOPETUYE-
CKHUE BBIBOIBL: Ko g YIYUIIAETCS U KaXKIO0TO U3 BBIXOJOB 0OJIee 4eM Ha
nopsiioK (puc. 7.18).

K]
1mAC VT5 ]*I I/J
TP15ST_A V19
[ TP15S
Vi,
1.4V=

\l

TN15S
VT11
TP15S vr12
TN15S NS
—15V

VT3 T4
VT1 TN15S [TP158

S, fi —

=0
\&J N
VOFF =0 =15v
VAMPL = 0 \32 VT10 -
FREQ =0 TP15S
AC =1 = [
0 ~ T14
TN15S
F -
vz &k I/_Z:g VT6 _21;
™15ST A I T ™N1ss K
12 V7
1mAC> 1.4V

Puc. 7.18. Kommiementapusbiii /1Y B cpene PSpice (a)
U pe3yJIbTaThl MOAEIMPOBAHUS €70 Ko o (0) (Ha4asio, OKOH4aHHE CM. Ha C. 125)
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Koc.cdr BB HOBas cxema 1,2Mly, -3 86

Puc. 7.18. OxoHuanue (Ha4ayuo cM. Ha c. 124)

Crnenyer 3aMeTUTb, YTO MOBBILEHUE Koy B NpemtaracmoMm KV
oOecrieunBaeTcsi 0€3 yXyALICHUS YHEPTreTUYECKUX XapAKTEPUCTHUK (TOKO-
MOTPEOJICHHUS ), a TAK)KE JMana3oHa U3MEHEHUsI BXOJIHBIX CUH(a3HBIX CHUT-
HaNOB (Ug max)-

Kpome storo, KIIY (puc. 7.17) moxeT paboTaTh Npyu MajbIX Hamps-
KEHUAX MUTAHHUS. DTO SBISIETCS CYIIECTBEHHBIM JOCTOMHCTBOM JaHHOM
CXEMBI.

Cxema puc. 7.17 umeer pan moaudukanuid, B KOTOPbIX 0OpaTHas
CBSI3b B MapajieIbHOM KaHaJjleé OPraHU3yEeTCs C MOMOILBIO «II€PETHYTOr 0
kackoga. OH BKJItOUaeTcst BMecTo crabunutpona VDI.

Bropeim pgoMuHMpYIOIKUM (AKTOPOM (IIOMHMO )y HCTOYHUKOB
OIIOPHOT'0 TOKA4), OKa3bIBAIOIIMM CYIIECTBEHHOE BIMSHHE HA Koo KOM-
meMeHTapHbIX Y, SBISIOTCS HEOJWHAKOBBIE 3HAYCHUS MapamMeTpoOB
BHYTpPEHHEW 00OpaTHOM CBSI3U B TPAH3UCTOpax IudepeHImanbHbIX KacKa-
noB Y1 u Y2 (puc. 7.19).

Bx1 !

Puc. 7.19. Komnnementapubii 1Y ¢ nacaabHbIMU HCTOYHUKAMH
OIIOPHOro TOKa /1 U I,
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JIeliCTBUTEINIBHO, W3-32 PEKUMHOW 3aBUCHUMOCTH TJIyOMHBI BHYTPEH-
Hel OOpaTHOM CBSA3M BXOAHBIX TPAH3HCTOPOB PA3HOCTh MX /-lTapamMeTpOB

Ahy; = h)y, —hy ;» ONpEEIsoNIas KOd(PMHUIMEHT OCIadIeHUsT BXOMHbIX

cuH(a3HbIX HanpsukeHUN (Kocop) KAY, oka3pBaeTcs BecbMa 3HAYMTEIb-
Hol. Kak ciencTBue, pu pa3HbIX YPOBHSIX HAIPSKEHUM KOJUJIEKTOp-0a3a B
crtatnyeckoM pexume (Uys), KOTOpasi UMEeT MECTO BO MHOTHX MpPaKTHUYe-
ckux ciydasx (Hanpumep, KV ¢ akruBHbiMu Harpyskamu, KIIY ¢ «mepe-
THYTHIMI» KacKoJamu H T.JI.), pPasHoCTb Ahy,; He paBHa HYIO

(hS. —h, ; =Ahp,; #0). IlosToMy 4YHCICHHbIE 3HAUCHHS Koo TAKHX

CXEM (J:[a>1<e IIpHu UACAIIbHBIX UCTOYHHKAX OIIOPHOI'0 TOKA4, yCTaHaBJIMBAO-
IMUX TOKKU OMUTTCPA U COBCPIICHHO MJACHTHUYHLIX BXOJIHBIX TpaHSI/ICTOPaX),
JICKaT B IIpecaciiax:

occq) ~h122 h123 _10_3 _10_4

B 00ibIIMHCTBE CIy4aeB 3TOr0 HEJIOCTATOYHO.

Ha puc. 7.20 npuBeneHa 3aBUCHMOCTb KpYTH3HBI (S¢y) HEpenadu
cuH(pazHoro curnana (u.) KIAY (puc. 7.19) ang nepBoil u BTOpOH TpyHIIbI
BBIXOJIOB NPU PA3JIMYHBIX 3HAUYEHUAX PA3HOCTH KOOPIAMHAT CTAaTHUYECKOTrO

iBLIX
Ugst =Uxsa> THE Sy =225,

U

peXuMa BXOIHBIX TPaH3UCTOPOB AU , =V, =

i, — BbBIXOJHOM TOK K[V

BbBIX

Sc¢, HB /
Ve=0B V=4 B Ve=12B

Ve=2B V= SB/
123+ jl - —

-126

130 +— —_——— — — — —
-133 /

A/ — — — — — — — — — -

1 100 1000 10108
YactoTa, Iy,

Puc. 7.20. 3aBucumMocTb KpyTU3HBI (S¢y) Epenadu CHH(Aa3HOTO CUTHAIIA
knaccudeckoro K/ Y
(puc. 7.19 npu naeabHBIX UCTOYHHUKAX OMOPHOTO TOKa /) U 1)

B uneanbHoM citydae TOIDKHO OBITE: Sy = 0.

IIpakTyeckuii UHTEPEC MPEACTABIIIIOT UCCIIEI0BAHUS 3aBUCUMOCTH
pa3HoCTH KOA(h(PUIIMEHTOB BHYTpEHHENH 0OpaTHOM CBsI3U (/11,-TTapaMeTpoB)
JBYX COBEPILICHHO WACHTUYHBIX TPAH3UCTOPOB PA3IMYHBIX MHUKPOIJIEK-
TPOHHBIX (PUPM OT CTATUYECKOro pexuma (HampsbKEeHUH KOJUIeKTOop-0asa,
TOKa YMUTTEPA).
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Ha puc. 7.21 moka3zaHa cxema 3KCIIEpUMEHTA I TPaH3UCTOPOB
«KpeMHUl Ha repmaHumn» Hemenkou ¢upmel IHP B cpene kommnbproTepHOTro
MojaenupoBanus Cadence, a Ha puc. 7.22 — 3aBUCUMOCTb Pa3HOCTH
Ahy, =hyy = hy, = f(AU,s) mapel 3THX WICHTUYHBIX TPAH3UCTOPOB OT
PA3HOCTU UX CTAaTUYECKUX HAIPsHKEHUH KOJUIEKTOp-0a3a:

npnvp npnyp

betade=158.2 - betade=158.3 -

© lc=488.9
vee=1.8

ic=49B.9u

—53F.6m .

o R@ .
v="1.988
=g
pur=@a

Puc. 7.21. Cxema skcniepuMeHTa Ha TpaH3ucropax SiGe

¥-1 Al
— valuel(OVFCin+") - VECFin="0 1 VEC ot Mbias” 0.0005)
— value(((VFCin+") - VEC/in=" [ VEC fout)) "lbias” 0.001)

1.75

1.59

1.254

Mag (E-3)

750 delta h12&0.5ma

500

250

0

T T T T
0 200.0 400.0 E00.0 B00.0
dc {m)

TpaH3ucTopoB IHP ot pazHOCTH MX CTaTUYECKUX HANPSKEHUI
Koyuiekrop-0asa (AU )

N3 rpadukoB puc. 7.22, B 4aCTHOCTH, CJIEAYET, YTO MPHU OTIMYUHU
CTaTUYECKOTO HAIPSKEHUS KOJUIEKTOP-0a3a JIBYX COBEPIIECHHO OJIMHAKO-
BbIX SiGe TpansucropoB IHP nHa Bemmuuny AU ~ 0,6 B ux pasHOCTBH

AhY, nocturaet 3Hauenus Ahd ~ 107
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AHaJOTUYHbBIE BBIBOJIbI ObUIM CJI€JIaHbl U MPU HCCIICIOBAHUU UHTE-
rpasibHbIX TpaH3uctopoB OI'YII HIIII «Ilymbecap» B cpene KOMIbIOTEPHO-
ro moaenupoBanusi PSpice (puc. 7.23, 7.24).

V3

1Vac<>
('\J +
OVde N — 2

T 10

out

\VAl +—_—
Ovde _—T
vz L Y - VT
TN15S T A T TN15S
in+ = in-
0 — 4

I12m @ I11m %) T 10

Puc. 7.23. Cxema 3KCIIepUMEHTA IIPU UCCIIETOBAHUN UHTETPATIbHBIX
tpansuctopoB OI'YII HIIIT «ITynscap»

1073 Ahy,

e

L —

0 05 10 15 20 25 30 35 40 45 50 AU 4
o v(in+,in-)/v(out)

0

V V1

Puc. 7.24. 3aBucumocts Ahy, = hy, | —hy,, = f (AU, s) napsl TpaH3UCTOPOB
OI'VII HIIIT «ITymbcap» OT pa3sHOCTH UX CTAaTUYECKUX HAIIPSIKEHUAN
Koyuiekrop-0a3a (AU )

3nech pa3HOCTh Ak, Tapbl COBEPIIEHHO MACHTUYHBIX TPAH3UCTOPOB
npu AU = 2,5 B paBHa Ak, = hl62.1 —h162.2 ~107°,
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Kpome 3TOro, BXOAHBIE CONPOTHUBIICHUS ISl CHH()A3HBIX CUTHAJIOB
(Roxc.1, Rexcp2) Kiaccuaeckux KV, takke 3aBucsamme ot Ak, U conpo-

TUBJICHUU KOJUICKTOPHLBIX IEPECXOA0B BXOAHBIX TPAH3UCTOPOB, OKA3LIBA-

FOTCSI HEOOJIBIITUMU:
Ry opt ® Royopp ® 152 MOm. (7.72)

Ha puc. 7.26 noka3aHbl pe3yJabTaTbl KOMIBIOTEPHOIO MOJAEINPOBA-
HUSL BXOJHOTO CHH(A3HOTO CONpoTHBIIEHUsS Kiaccuyeckoro KIY
(puc. 7.25) B cpene PSpise Ha MojeNsIX HHTErPAbHBIX TPaH3UCTOPOB

OI'VII HIII «llynbcap» mnpu pa3sinUyHBIX 3HAYECHUSAX PaA3HOCTHU
AU, =V, =U —U,sr, THE U,y — CTATHUECKOE HANPSDKEHUE KOJIIEK-

Top-0a3a i-ro TpaH3ucTOpAa.

R1 R2 <
1 1
I
im C
out3
V2
Vo= 15 2=

AAA
v

VT VT2 —
TP15S |7—| TP15S (Vdc)__—|— -
VT3 VT4
) TN15S TN15S 1
inc —
B] #_E 0
V4
— V5
- 15 =

-
1Vac & V3 .
0Vdc fvdg = 2 —

im
out4

0 g3 PARAMETERS:
1 1 =

>
<
=
s
1 Vee

Puc. 7.25. Cxema knaccuueckoro KJIY B cpene PSpice

Rexcq, MOM

11.é93 _%____} ___________________

% T T S S

15
\ Ve=0 B
Vic=2 B
Ve=4 B
V4=8 B

1 10*

V=12 B

>

100-10°
YacToTa, 'y,

Puc. 7.26. Pe3ynpTarsl KOMIBIOTEPHOTO MOJEIUPOBAHUS
BXOJHOTO CMH(A3HOr0 CONMPOTUBIEHUs Kitaccuueckoro KJ[Y
1pu pasinuuHbIX AU =V
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OTMeueHHBIE BBIIIE HEAOCTATKH YCTPAHSIIOTCS B IMpejjiaraeMond HH-
xe cxeme KI1Y (puc. 7.27):

o +

Bbix. Bbix.
o

Tn VT1 j_LKVTZ

VT3 VT4 -
Bx.1 IR Bx.2 )

o O——»

ﬁ 1 VT5 VT6 ‘Yd tet /' (+) o——
e )

VT7)—TKVT8 VX

Puc. 7.27. llpennaraemsiii K1Y (a) u cxema ero BKJIFOUEHUS
B CTPYKTYpE ONEparmoHHOro ycunurens (0)

PaccmoTrpum ocobennoctu padotsl Y (puc. 7.27a).
B cratnueckom pexume, korna u , =u,, =0, TOKM 3MUTTEPOB TPaH-

suctropoB VT1, VT2, VT3, VT4, VTS5, VT6, VI7 u VT8 onpenenstorcs
5 _1,
TOKaMU 4yepes3 ABYXINOMOCHUKU [y u l: 1, = 5 = E%
Hanpsbxenust koiekrop-0aza tpansuctopoB VI3 u VT4, VTS u
VT6 63Ky K Hymo. OJJTHaKO TPaH3UCTOPBI PaOOTAIOT B AaKTUBHOM PEXUME.
[Ipn wm3meHeHuMu cuH(paA3HOro CUTHAJA Ha Bxojgax Bx.l1 u Bx.2
U~U=U HA BEIMYUHY U, (Hanmpumep, u~S B) HU3MEHSIOTCS HapsKEHUSI

Ha TOKOCTAOMITM3UPYIOLIHX ABYXIOMOCHUKAX [1 ¥ [t u; =u; ~u,.

Kak crmencrTBue, Ha BEIMUMHY U, U3MEHSETCS HANpsyKeHHE Ha 0aszax
Ttpan3ucTopoB VT1 u VT2, a taxxke VI7 nu VT8. Ilpu 3TOM HanpspkeHHUs
KoJuiekTop-0a3za tpan3uctopoB VI3 u VT4 u VTS, VT6 ocrarorcst mocto-
SSHHBIMU BO BCEM JUAIa30HE U, YTO UCKJIIOYAET BIUSHUE UX BHYTPECHHUX
OOpaTHBIX CBsA3el Ha Koccy M BXOAHOE CONPOTHBIICHUE M CHUH(A3HOrO
CUTHANIA Ry ¢

Ha puc. 7.28 nokazana cxema KJ[Y (puc. 7.27) B cpene PSpice, a Ha
puc. 7.29 — 3aBUCUMOCTb €€ KPYTU3HBI Sy, OT AU s =V, B pasHbIX Mac-

mrradax.
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Puc. 7.28. Cxema npemnaraemoro KJIY B cpene PSpice

JlelicTBUTENBHO, CpaBHEHUE pUC. 7.29 1 puc. 7.28 mOKa3bIBaET, YTO B
nperaracMoM KJIY cymecTBeHHO ocCnmalbiseTcss 3aBUCUMOCTB S (T.e.
Koccp) 1 Rix ey OT HEUIEHTUYHOCTH CTATUYECKUX HANpPSDKEHUH KOJIEKTOp-

0a3a BBIXOJIHBIX TPAH3UCTOPOB. [Ipr 3TOM CYIIECTBEHHO yIy4IIAfOTCS ao-

COJIFOTHBIC 3HAYEHUSI 3TUX MMapaMETPOB:
— Koccp Ha 20 b (B 10 pa3);
— Ryxcp € 1,8+1,9 MOm 1o 70+-80 MOM, T1.€. B 35+40 pas.

Scp ob
3nb

-150
4
f f >
1000 106
YacToTa, Ny,

a)
Puc. 7.29. 3aBucumocTb KpyTU3HBI S¢y Ipeanaraemoro KAy

ot AU, s =V,. B pasHbIX MacmTabax (HayaJlo; OKOHYaHUE CM. Ha C. 133)
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Soqq nb

-148

-150 -

-152

-152.6
-152.8

T T
1 10 1000 10*
YacToTa, Iy,

Puc. 7.29. Oxonuanue (Ha4yanao cM. Ha c. 132)

CrnenyeTr 3aMETUTh, YTO MOBBILEHUE Kocchy U Rixcy B MPEAIaracMoM
KIY obecneunBaercst 0e3 yXy[ALIECHHsS 3HEPTeTUYECKUX XapaKTEPUCTHK
(TOKOMOTpPEOJICHUS ), a TAKXKE JUara3oHa U3MEHEHHUS BXOIHBIX CHH(a3HBIX
curHalioB (U max). Kpome atoro, KJIY (puc. 7.27) moxer pabotath npu
MaJIbIX HAMPsOKCHUSIX MATAHHUSA. JTO SBISETCS €Tr0 CYIMIECTBEHHBIM JOCTO-
HHCTBOM.

['paduku pexMMHON M YaCTOTHOM 3aBUCUMOCTEN BXOJIHOT'O COIpPO-
TUBJICHUA U1 CUH(A3HOIO CUTHana Ry .y KIY (puc. 7.28) nzoOpakeHsbI
Ha puc. 7.30.

Rax.ctpx MOwm 4

84.5
813
78

71

63

25 ~

0 T T T
1 104 10%YacroTa, 'y

Puc. 7.30. PexxuMmHAag 1 yacTOTHAS 3aBUCUMOCTH
BXOJTHOT'O COIIPOTUBIICHUS
U1 CUH(pa3HOTO cUrHaina Ry ¢ KV (puc. 7.28)

Onna u3 ocobennocrert KAV (puc. 7.27a) — nanuuue 3¢ dekra B3a-
MMHOM KOMIICHCAIIUW BIUAHUS €MKOCTEH KoJuieKkTop-0a3a (Cy) JOIOIHU-
TelbHbIX TpaH3uctopoB VI7-VT8 u VT1-VT2 Ha nepenauy cuHdpazHOTO
CHUTHAJIa CO BXOMOB U U Uy HA M000M 13 BeIXogoB K1Y Breix.1, Bex.*2 u
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Beix.*1, Bbx.2. DT €MKOCTH OTPHULIATEIBHO BIMSIOT HA Sc B 00JIACTH
BbICOKUX yacToT. Ognako B KJY (puc. 7.31) npu uaeHTUUHBIX 3HAYECHHSIX
émkocTer komtekrop-06aza C, = C, = C; = C, naHHb 3P PeKT ocnadisercs.

Ha puc. 7.31 npencrabinena cxema KJIY (puc. 7.27) B cpene PSpice
Ha Mozensax uHTerpaiabHblx Tpansucropos OI'YII HIIIT «Ilynscap», B xo-
TOpOM uccieaoBayicsa 3PpPeKT B3auMHON KOMIIEHCAIIMU BIIMSHUA HA Tiepe/a-

qy cHH(a3HOro curHama Sy, EMKOCTEH KOJUIeKTOp-0aza Cy TPaH3HCTOPOB
VT7, VI8 u VT1, VT2.

i .
m Rl < R =
T3 1 BT

ol
= s

VT3 VT4 VTl j VT2
TPI5S TPI5S TNIBS TNIBS

A
VT T
S LES
inenew }/}
V7 VT =
v TPIsS TPI5S 0
c

PARAMETERS:
k=%

Puc. 7.31. Cxema KJ1Y (puc. 7.27a) B cpene PSpice

Ha puc. 7.32 wu3o0paxéH rpadhuk 4aCTOTHON 3aBUCHUMOCTH KpPYTHU3-
Hbl TpeoOpa3oBaHus CHH(A3HOrO CHUrHaja B BbIXOAHOW TOok KV
(S=i,,(u,)) npu pasmmunbx 3HaueHusIX C, =C, =C,  =2+16 nd mi
cirydas, korga émkoctu C; = C, =2 n® = const ,

N3 sToro rpaduka ciaemyer, 4To CyIIECTBYET HEKOTOPOE ONTUMAaIb-
Hoe 3HadyeHue C, ~ 1,5 nd, mpu KOTOPOM BEpPXHAS I'PAHUYHAS 4acTOTa
KPYTHU3HBI JOCTUTA€T MAKCUMAIILHOT'O 3HAUCHMUSI.

A

Seq, AB 15046, 2.2 kI'w,
Cc=1nd n 4nd

-1504B, 618w,
Cc=8n®

-15040B, 8.5 kl'y,

-150aB, 255Mw, AR

Cc=16 n®

-153

1 >
1 8.510° 10°
YacroTa, 'y
Puc. 7.32. YacToTHas 3aBUCUMOCTb KPYTU3HBI TPEOOpa30BaAHUS

cUH(a3HOro curuaua B BIXOAHOM ToK KAY (S =17, (1))
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Ha puc. 7.33 moka3aHa 3aBUCHMOCTh BEPXHEM T'PAHUYHOW YaCTOTHI
KpPYTH3HBI S¢p, (10 ypoBHIO +3 1b) pu C, = C, =2 n®d = const u npu us-

menennu C; = C, = C, B npenenax 0+20 nd.

A

YacToTa,
frly

npu C=1.6n0,

f=133 kl'y
100-

C=2 n®,
f=8.8 'y

.
-

1 2 Ewmkoctb, Cy,
n®

Puc. 7.33. 3aBUCUMOCTb BEpXHEH IPAHUYHOMN YaCTOTBI KPYTU3HBI S¢g,
pu C=C,= 2 n®d ot émxocren Cy

W3 3TOoro rpaduka Takxke cCiIeayeT, YTO CYIIECTBYET HEKOTOPOE OIl-
tuMasibHOE 3HadeHue C, ~ 1,6 n®d. [Ipuuém BEMIphIII IO TPAHUYHOMN Yac-

TOTE€ B CPABHEHUU C HEONTUMAaIbHBIM BbIOOpOM Cy JOCTUTaeT OJHOIO IO-
pAIKa.

Hannbiii KJIY cnocoben padboTaTh npy MallbIX HANpPsDKEHUSX MUTa-
Hus. Ha3zBaHHbIE TOCTOMHCTBA CXEMBI HE YXYAIIAIOT SHEPreTUUYECKUX Xa-
PaKTEpUCTUK (TOKOMOTPEOJICHUS), a TaKXKe AUAna3oHa U3MEHEHHUs BXO/I-
HbIX cUH(}a3HbIX CUTHATIOB (U, max)-

XapakTtepHoi ocodeHHOCThI0 OY 3TOro nojkiacca siBisercsa padbora
nByx auddepeHunanbubix kackagoB Y1, JIY2 Ha HU3KOOMHYIO Harpys-
KY, BBIIIOJIHEHHYIO B BUE CyMMAaropa TOKOB X 1 Ha OCHOBE CXeM C O0IIei
0a301 WM «TOKOBBIX» 3€pKaJl.

Jltsa noBeieHust Koccy B Y (puc. 7.34) HeTpaauunoHHO (C IOMO-
mpto [IT1 u I1T2, IIT3 u IITS) ycranaBiuBaeTcs CTAaTUYECKUN PEKUM
muddepennmansabix kackagoB JAY1 (VTI, VI3) u AY2 (VT4, VT6), uro
CO31a€T yCJIOBHS Uil OoJiee MOJTHOW KOMIIEHCAUMH CUH(pA3HOW OLINOKH
IIpU YCUJICHUH CUTHAJIOB.
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VT2
4
T 21
+Ky B
Bx.2 > bIX
nr 55 T

Uz +K; lppx

i l

Bx.1®

I
T4 |

0)
Puc. 7.34. «llepernyThiin» Kackoa
C KOMIIEHcalnel cuH(a3HO COCTABJISAIONICH

OIIMOKU YCUJICHHS ABYX CUTHAJIOB (@) U MpUMEP €ro nocrpoeHus (0)

136



Brixoanoii Tok cymmaropa 21 B 1Y (puc. 7.340) paBen

Lo, = Kit (i3 Tigg) =

BBIX.

" (7.73)
= E(yHTz — Kinm3%sVira + Yoz — Kinr2 % Vi )s

rae K;; — ko3 GUIMEHT nepeiayu N0 TOKY BBIXOAHBIX KACKaJ0B C OOINIEiH
0a3o0i, oOpazyromux cymmarop = 1.
VYuureiBas, 4to0 K;jr3 ® 05 =1, u3 (7.73) HaX0AUM, YTO BBIXOIHOU
ToK J[Y, 0OyClIOBICHHBI HAJIMYUEM Ha €r0 BXOJax Bx.1™” u Bx.2" cun-
da3Horo curHasa

Lo, = 0,5u (Va2 — Yot + Yoz — Yot - (7.74)

Ha mpaktuke ncrounuk onopHoro toka IIT1 m «roxkoBoe» 3epkaino
IIT3, a takxke uctounuk onopHoro toka IIT4 u «rokoBoey» 3epkano 1112
BBITIOJIHAKOTCSA IO OJHUM U TEM KE CXEMAM M UMEIOT OJMHAKOBBIE BBIXO-
HBIE TPAH3UCTOPHI U UX CTaTUYECKUM pekuM. Kak cieicTBue, paBHbI U UX
BBIXOJIHBIE MPOBOAUMOCTH: Vyrs = Yrra> YVirs = Vit~ 1103TOMY B 1Y
(puc. 7.34) BBIXOJHOM CHUTHAJ, OOYCIIOBJICHHBIM HaJIMYWEM Ha BXOJaX
Bx.1¥ u Bx.2" CUH(a3HOM COCTaBJISIIOIIEH BXOJHBIX HaNpsDKEHUU (1)
OJIN30K K HYJIO, YTO CBUJAETEIBCTBYET O BHICOKUX 3HAUCHMSIX JAHHOM CO-
CTaBILAIOIIEN Ko cg:

Ko_cl.cq) ~0.5 Yor2 — Yora T Yo — Vol , (7.75)
(Vor1 + ¥212)K,
i Lo
Tae Vo zu_3’ Vorp ®—
BX BX

IIpaxTruecku Koy ONPENENACTCd HEUIEHTUYHOCTBIO CONPOTHUBIIC-
HHUW KOJUIEKTOPHBIX ItepexoaoB TpansuctopoB VT1, VI3 u VT4, VT6, ko-
TOpBIC OKa3bIBalOT Ha 1+2 mopsaka MeHbllee BIusHUE Ha Kooy, YEM BBI-
XOIHBIE MMPOBOJAMMOCTHA UCTOYHUKA OITOPHOT'O TOKA.



8. ANOPEPEHUUAJIbHBIE KACKAODbI §
LLIMPOKOIMNONOCHbIX ONEPALMNOHHBLIX YCUIMTUTEJIEUN

8.1. BxoaHble Kackaabl ObicTpoaeucteyrowmx OY
C NOBbIWEHHbIM ocrnabrneHnem cuHcgpasHoro curHana

OnHUM W3 HaINpaBJICHUH MOBBIIICHUS! OBICTPOACHCTBUS ONEpaIliOH-
HbIX ycuinreneit (OY) sBisercs npuMeHeHUE TPUHIIMIIOB HEJIMHEWHON KOp-
pekii. B MUKPOCXEMOTEXHHMKE HAIUIM IIUPOKOE MpuUMeHeHue audde-
peHIManbHble BXoaHble kackaabl ([IBK), obecneunBaroie Bo BpeMs Iie-
PEXOAHOTO TIpoIiecca OObIINE YPOBHU BBIXOAHOTO TOKA.

o +

BbIX.iy BbIx.iz

B bIXT1 BbiX .2

o -
Puc. 8.1. Kitaccuueckuii BXoOAHOM Kackaj ObIcTpojiercTByomero OY

Takue JIBK ctamyu ocHOBOM MOCTPOEHUS MHOTHUX OBICTPOJIEUCTBYIO-
IIMX ONEPAIMOHHBIX YCUJIUTENECH Kak 3apyOeXKHOTO, TaK U OT€UE€CTBEHHO-
r'0 MPOU3BOJICTBA.

Henocrarok BXxoaHOro kackaaa puc. 8.1 COCTOUT B TOM, YTO OH UMEET
HEBBICOKOE oOcJia0ieHue CHUH(pA3HBIX CHUTHAJIOB Ha BBICOKMX YacTOTax
(f >1 MI'1). 9T0 CHMXKAET TOYHOCTH psiia OBICTPOJICUCTBYIOIIUX aHAJIO-

roBbIX MHTEp(eiicoB Ha ero ocHoBe. Kpome 3TOro, MakCMMasbHBINA BbI-
XOJIHOM TOK cxembl puc. 8.1 ([ ) 3aBUCUT OT KO3 (ULIMEHTA YCUICHUS

H.max

10 TOKY 0a3bl IPUMEHAEMBIX P-N-p TPAH3UCTOPOB. YBEJINYECHHE [, . TIPH
COXpAaHEHUU Ha HEM3MEHHOM ypoBHe 3Hepronotpedienus JIBK — BaxHas
CXEMOTEXHHUYECKas 3a1a4a.

PaccMoTpenHbIit 010K mpoOieM peniaercss B MpeajiaraéMOM HIKE
JIBK (puc. 8.2), B KOTOpOM BBOAMTCS KaHajl KOMIICHCAIIUM BBIXOJHBIX

IpoBoAMMOCTEN TpaH3uctopoB V17, VTS.
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Beix.1 Brix.2 “w—

Puc. 8.2. BxogHoi kackaz 0bIcTpoaeicTByromero OY ¢ moBbIIIEHHBIM Ko o4

OcHOBHast IpPUYMHA CYIIECTBEHHOrO YXyHueHUs Kooy [ABK
(puc. 8.1-8.2) Ha BBICOKHMX YacTOTax — HaJIMYUE€ Yy TPAH3UCTOPOB, 0Opa-
3YIOIIUX UCTOYHUKHU onopHOro tToka VI7 m VT8, éMKocTel Ha MOIJI0XKKY
C), (. DT EMKOCTH BKJIFOUEHBI MAPAJUICIIbHO BBIXOIHBIM TPOBOIUMOCTSIM
V7, Vs, CBsI3aHHBIM ¢ 3 dexToM Dpau. [Ipuuém ajist 6a30BBIX MUKPOHHBIX
texHonorui C;, = C, = C, =2+3 ng.

C nOBBILIEHWEM YaCTOTHl CHUTHAJIA YBEJIWYHUBAETCS EMKOCTHas CO-
CTaBJIAIOIIAs. TOKA SMUTTEPOB TpaH3uctopoB VTI1 u VT4, o0ycioBneHHas
HamnuuemM Ha Bxogax JIBK Bx.1 u Bx.2 cuHdazHoro curnana
Uc = UBx.l =U

BX.2 :

1, =U_joC, [I,=U_joC,, (8.1)
rie o —yacrora cuHdasHoro curHaia Ha Bxojax /IBK Bx.1 u Bx.2.
[Ipupamenus TOKOB i,,, i,, co3garoT Ha snementax VT1, VDI u
VT4, VD2 HekoTOphIE TIEpEMEHHBIE HAMPSHKEHUS, KOMITJIEKC KOTOPBIX
U1 =Upr tr)y, Ugyn =rpy + 13414, (8.2)

TIE Tpys Ty ¥pys Tog — AU(POEPEHIUANBHBIE COIPOTUBIICHUS YMUTTEPHBIX

nepexonoB TpansucropoB VIT1 u VT4 u nemnei
cmenienus VD1, VD2.
OTHU NIEPEMEHHBIE HANPSHKEHHUSI OKA3bIBAIOTCS MPUIOKEHHBIMU MEXK-
ny 6a3zamu TpanzuctopoB VI3 u VTS, VT2 u VT6, uto yBenMunBaeT TOKU
AMHUTTEPOB TpaH3zuctopoB VIS5 u VT6.
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: : : U :
_ Yoml o _ Y em2 o
I = e 1 I = 5 I, (8.3)
£3.5 £2.6
e Zsys, Zsye — OKBUBAJICHTHBIE COIPOTHUBIIEHUS DMHUTTEPHBIX LIETIEN
TPaH3UCTOPOB VT3 u VTS5, VI2 u VT6.
Jlannbie Toxu [, I mepenaiorcs B KOIIEKTOPHBIE HEMH HA BBIXO-
* * o o
nbl Beix.1 n Beix.2, Beix .1 u Beix .2. OHM SBASIOTCS OCHOBHOW NPUYHUHON
yxyawenus K JABK Ha BBICOKHMX yacTOTaX.
B npemnaraemom JIBK toxku 7, u I, nepenarorcs ¢ €JMHUYHBIM
KO3(pPUIIMEHTOM B KOJUIEKTOPHYIO 1enb Tpan3ductopoB VI1 u VT4, a 3a-
TE€M Ha BXOJ U J1AJIE€ HA BBIXOJ JOTIOJHUTEIBHOTO yCuiuTels Toka Y T'1:

Ly =1y +1,, 1L, =K]I (8.4)

BX.Y 17 BX.y?

Y

rae K, >>1 — koappuuuenTt ycuneHus 1o Toky noacxemsl ¥YT1.
IIpnuém BBIXOJHOM TOK [,, MOMOJHHUTENIbHOrO ycuiutens YT1 pa-
BEH CyMMe TOKOB 0a3 TpaH3uctopoB VI7 u VTS:
167 +I68 = Izy.
B cBoro ouepenp npupaiieHus TOKOB /5, U 5 CBA3AHBI C KOJUIEK-

TOPHBIMU TOKaMH TpaH3uctopoB VT7, VT8 uepe3 koapPUIMEHT ycuiieHUs
0 TOKy 0a3bl B, = 34

B7 I . IBx.yKiB7

I, ~"21, = : 8.5
K7 2 2y 7 ( )
P Bg P IBx.yKiBS

lo~—1,, =———. 8.6
K8 2 2y 7 ( )

B paccmarpuBaeMoil cxeMe CO3Jar0TCsA ABE COCTaBIIAIONIUE KOJIJICK-
TOPHBIX TOKOB [, = [ ¢, KOTOpBIE (B ONpPENEIEHHOM YaCTOTHOM JIUAaIa3o-
HE) TOYTH IOJHOCTHIO KOMIIEHCUPYIOT €MKOCTHbIe TOKH depe3 C; u (.
Kak cnencrsue, addextuBHble 3HaueHnsa Hanpsbkenud U, ,, U, , (8.2)
YMEHBIIAIOTCS, YTO IMPUBOJUT K YMEHBIIECHUIO TOKOB [,s U [, W, Kak

CJIEJICTBHE, K MOBBIIEHUIO Ko p. JericTBuTenbHO, U3 (8.1) u (8.5) cneny-
eT, uro B npennaraemoM JIBK s¢¢dekTuBHBIE 3HAUEHHS] TOKOB Yepe3 dJie-
MeHTel VDI, VT1 u VT4, VD2 ymenpmarorcsa U, Kak CIEIACTBHE, YMEHb-

marorcs U Toku 1 5 v 1, Biusiionue Ha Koe.op:

Iy=1,-1, (8.7)

I,=1, 1 (8.8)

jﬂzI“Y, (8.9)
2
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I,=~ 2y (8.10)
for—b _y oG (8.11)
1+K1.B7 1+K1.B7
j34 CZ

I,~—2% =U_jo—2—. 8.12
BT R P a1
To ectp B cxeMme puc. 8.2 3(ppeKkTUBHBIE 3HAUCHUS BBIXOIHBIX EMKO-

CTE€W UCTOYHHUKOB OIMOPHOTO TOKA

c -4 ¢, (8.13)
1.od 1
1+ KB,
Crop=— 2 << C,. (8.14)
' 1+ KB

®opmyisl (8.12), (8.14) cripaBeayiMBbI 10 JUana3oHa 4acToOT, B KO-
TOPOM 4YHCJICHHBIE 3HadueHHsA [3, =[P4 U K; >>1 cylecTBeHHO He yXyn-
IIAI0TCS OT CBOMX HU3KOYACTOTHBIX 3HAYCHHIA.

[Tony4yeHHbIE BBIIE€ BBIBOBI MTOATBEPKIAIOTCS pPE3yJIbTATAMHU MO/IE-
JMPOBaHUsI CPABHUBAEMBIX CXeM B cpejie PSpice ¢ ucnonb3oBanueM Mo/e-

neit uaTerpanbHbix TpansuctopoB OI'VII HIII «Ilymbcap» (r. Mocksa)
(puc. 8.3).

PARAMETERS:

Vac =1

Vir=0.5 Rdn1 Rdn2 11 C)
Vdc =0 1 1 2m

;G
&
=
—
n
:
i
<

— Vce
21 R T 5

VT36
TN15S[_TN15S TN15S | TN158  TN15S

VT48  VT49
TP158  TP15S TP15S

D Y ) V57 V27 ) V28 5
MN15S T INISS ™N15S ™NIsS T 4 KT TN15S
Rdp3 Rdp4 Rdn3 Rdn4 C 13
1 1 1 1 im
vee vee

Puc. 8.3. Cxemnl Ki1accuyeckoro (a)
u npeanaraemoro JIBK (0) B cpene PSpice

%
[TpakTryecku miig kaxaoro m3 BeixonoB Beix.l m Beix.2, Beix .1 u
%
Brix .2 B otnensHOCTH ocnabnenue cuHdasnbix curHanoB JIBK we yxya-
IIaeTCs OT CBOMX HU3KOYACTOTHBIX 3HAYCHUU 110 4acToT 20—25 MI .
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35 I, MA
A , ab
Kocop. 2 v [pennaraemsrit JIBK

62

g— 56 .
N \ ™~
Teapn 40 JIBK-ipotoTum

833 KI'ny, -3/16
—— Tlpepnaraemsiii JIBK 20+

=== JIBK-nipoToTHIT

24 MI'n, -3/16

T T T T T T 0 ! T T T ;
5 3 1 0 1 3 5 Us,B 10 100 10 10° 108 f.Tu

a) 0)

Puc. 8.4. Pe3ynbTarsl KOMIIBIOTEPHOTO MOJICIIMPOBAHUS MPOXOIHBIX (a)
Y aMIUTUTYIHO-4acCTOTHBIX (0) XapakTepucTuK cpaBHuBaeMbIX [IBK

Crnenyer 3aMeTUTh, YTO UCNOJIb30BaHUE NU(P(HEPEHIUATBHBIX BBIXO-
noB JIBK Beix.1 u Beix.2 nmm Boix .1 u BLIX*.2, a TaKXKe TPAAULMOHHOE
CYMMHPOBAHHE CHIHANOB BHIX0OH0B Bbix.l u Bpix.2, Beix .1 u Bbix'.2 ¢
MIOMOIIbIO TUIOBBIX «TOKOBBIX» 3€pPKaJl MO3BOJSIOT 3HAYUTEILHO YBEJH-
YUTH a0COTIOTHBIE 3HAYECHUS Ko o

Takum oOpazomMm, paccmorpenHbil JIBK nmeer Oonee mmpokuid yac-
TOTHBIM JTMANa3oH MO OCIa0JIeHHI0 CUH(pA3HBIX CUTHAJIOB, a TAKXKE XapaK-
Tepu3yeTcs 00siee BBICOKUMHU YPOBHIMU MaKCUMAJIbHOTO BBIXOJIHOT'O TOKA.
[Tocnenuuit 3(pPextT oOBSACHAETCS BIUSHHUEM Ha MPOXOJHBIE XapaKTEpH-
ctuku JIBK HenmuHelHON oTpULIaTeIbHOM 0OpaTHOM CBS3H.

8.2. CobcTBeHHasA KOMMNeHcauus
napa3uTHbIX UMMNeOaHCoB
B [1Y ¢ apxutektypoun pA741

OpnHoil n3 0a30BBIX apPXUTEKTYP COBPEMEHHBIX aHAJIOrOBBIX MHUKPO-
cxeMm siBisieTcs AudhepeHInaNbHbIA YCUIUTENb (pUc. 8.5), KOTOPBIA BIEp-
BbI€ OBLT UCIIOJIB30BAaH B MUKpocxeMe HnA741.

e e

!

Puc. 8.5. IudpepeHunabHblii YCUIUTEND C ApXUTEKTYPOil pnA 741
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CaoirictBa 3T0ro /Y CcymecTBeHHO 3aBUCAT OT TMHAMWYECKUX Mapa-
METPOB MPUMEHSEMOI0 OMOPHOTO TOKa /[, €ro BBIXOJAHOW IMPOBOIUMO-
ctu y;. [Ipumenenre B kaduecTBe /| HU3KOOMHBIX PE3UCTOPOB CO3MAET MPO-
0JieMbI ¢ 00€CTIEUeHHEM XOPOLLIETO MOJABJICHUS CUH(A3HBIX CUTHAJIOB.

B npemnaraemom 1Y (puc. 8.6) obecrieunBaeTcsi COOCTBEHHAsT KOM-
TIEHCAIUs BIMSHUA MPOBOJUMOCTH Y Ha KO3 PHUIMEHT ocnabiieHns BXO-
HBIX CHH(Da3HBIX CUTHAIOB (Koc.cg)-

w @}ﬁ @11 s Bx.4 |
Inrl =1

Puc. 8.6. /1Y ¢ kaHanom coOCTBEHHOM KOMIICHCAITUH
BBIXOJTHOM TIPOBOJIMMOCTH NCTOYHHUKA OTIOPHOTO TOKA /|

A T
: : o+
| 1
Bx.3 | AV e '
(PRI ': N E
v
| ]
Bx.1 Bx2 | T2 |
o—K VTl VT2 >'—o ! !
| 1
. . Ue | el
Uet % 151 132$ : i i i Box.1
i ] : ._:_O__]
MT1 | .
N : T Nk
A N ! o
! ! I | 1
' i | [}
| I
. I |
i LT3 !
A | |
| [}
I |
| [}
| [}
| I
T T
| 1
| [}

____________

Paccmorpum pabdory Y (puc. 8.6). BxonHoli cuH}a3zHbI CHUTHAT

U, =U, =U, MPAKTUIECKH C EAUHUYHBIM KOI(P(PHULINEHTOM Iepeaadu mno-
CTyIIaeT Ha BBIXOJ MCTOYHUKA OIOPHOro TOKa [i: u; ~u_ . IlodTomy
h=u-

Tak kak momcxema IIT1 — «TokoOBOE» 3€pKaino, 3TO NPUBOIUT K U3-
MEHEHUIO TOKOB SMUTTEPA TpaH3ucTOpoB VI1 n VT2:
Iy RV U, Ly =Yy U, (8.15)
TZI€ ¥ — BBIXOJHAS MPOBOJMMOCTb HCTOYHHMKA OIIOPHOTO TOKA /).
JInsl COBPEMEHHBIX MHTErPAIBHBIX TPAH3UCTOPOB IIPU TOKAX SMUT-
Tepa | MA BBIXOJHOE COIIPOTHBIICHHE HWCTOYHHMKA OIOPHOIO TOKa

) B .
R, =y =30+60 xkOm.
[Tpupamenus i, u i,, TOCTyIarOT Ha BXoabl BX.3 u Bx.4 cymmaropa
TOKOB 2 1:
Iy ®ly Bl I Bl L.
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Kak cnencrteue, BEIXOAHOM TOK iy JOMOJHUTEIBHOTO CymMMaTopa 2
TOKOB UMEET JIBE MPOTUBOMOJIO’KHO HAMPABJIICHHBIE COCTABJISIFOIINE:
=il =0, =K =K
rae K l.(;) ~1, K l.(_;) ~ 1 — K03 puLMEHTHI Iepeadn Mo TOKY CyMMaropa X
OTHOCHUTENbHO BX020B Bx.3 u Bx 4.
CrnenoBatenbHO, BbIXOJHOW TOK JIY iy, OOyCJIOBJICHHBIH HAJIWYHEM

Ha Bxojiax Bx.1 u Bx.2 cundaszHoro curuana u.:
~iy (K K =u (K - KD, (8.16)

BLIX
Tak kak K" =K' ~1, 10 u3 dpopmysi (8.16) BuaHO, 4TO B CXeMe
puc. 8.6 CyIIECTBEHHO OCJIA0JISIETCS «IIPOXOXKICHUE» CUH(a3HOU OMEXU

co Bxo70B Bx.1 u Bx.2 Ha Beixoj Beix.1, 00ycioBI€HHONW KOHEYHOMN BEJH-
YUHOM BBIXOJHOW MPOBOJUMOCTH V| KICTOYHHUKA ONIOPHOI'O TOKA /i:

chb =u /uc = leH(Ki(.+) K( )) (817)

BbIX
Koadppuumentsl nepepaun nuddepeHuuanbHoro curHaiza mnpeasa-
raeMoro u kjaccuyeckoro Y nmpuOim3uTenbHO OJUHAKOBBI

K, = R,
Y 2n, ’
TZE 75 — SMUTTEPHOE CONPOTHUBIIEHUE TpaH3ucTopa V2.
[Hootomy Koc e
Koc chp — 2y1 (Kz(;) _Ki(.;))’

K, 06
KY

46

HOBbIN 1Y 1 6a3oBbit [1Y

10,4Ml'y; -306

20

Puc. 8.7. Koapdunment nepenaun quddepeHnnanbHOro Curaaia
cpaBHUBAaEMbIX Y

Kommnbrorepnoe MmonennpoBanue cxeM puc. 8.5, 8.6 moATBEpKAAECT
MTOJTYYCHHBIE BBIIIE TEOPETUUECKUE BHIBOIBI.
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Kep, [16

3,5Mlu, +306
44 6aszoBbin 1Y

-7,6

Hosbi [IY 112,6MIy, +3006 / o\

A7 e —_ — — e —— — — — — ———

10 100 10° 10* 10° 10° 107 10°  fruy

Puc. 8.8. AUX kos(pdunmrenTa nepenauu
BXOJHOr0 cMH(pa3Horo curnana (K.y) cpaBHuBaeMbIX Y

Takum o0pazoMm:

1. Koadg¢punuent nepenaun BXOTHOro cHH(pa3HOro curHama K., B
npeiaracmMoM 1Y Oostee yeM Ha MOpsiioK MeHslue, 4eM K Y ¢ kiac-
CUYECKOM apXUTEKTYPOU.

2. YacTtoTHbIi quamna3oH (1mo ypoBHio -3 1b) koadduiuenta nepea-
91 BXOJHOI'O CHH(pa3HOTo curHana Ky, pacmmupsercs 6onee uyem B 30 pas.

PaccmorpenHoe cxemorexHuueckoe peueHue Y mnosBonser He
TOJIbKO YMEHBIIINTh MPOXOXKJACHUE CHH(A3HOr0 CUTHajla Ha BBIXOM, HO U
OCYILIECTBUTH ATO B O0JIE€ MIMPOKOM YaCTOTHOM JMalia3oHe, BILIOTH JI0 CO-
TEH MeTrareplil.

9. ANODPEPEHUUAIIbHBLIE YCUITUTEIIN

C NAPAJINENBbHBLIM KAHAJTIOM

KOMMEHCALUUUN UMINEOAHCOB
TOKOCTABUITIUSUPYOLLUUX ABYXMNMONIOCHUKOB

PaccmoTrpeHHble paHee TPUHIIUIIBI KOMIIEHCAIIUU Mapa3uTHBIX TOKOB
B JuddepeHnanbHbIX YCWINTENIAX, MOPOXKIAEMbIX CHH(A3HBIM CHUTHA-
JIOM U, U1 KOHEUYHOH MPOBOAUMOCTBIO )y TOKOCTAOMIIM3UPYIOIIMX JBYXIIO-
JIIOCHUKOB, MOJIOKEHBI B OCHOBY IOCTPOEHUS MPEJIaraéMbIX HUKE CXEMO-
TEXHUYECKUX PEIICHUA BXOJHBIX KAaCKaJOB AHAJIOIOBBIX MHUKDPOCXEM C
muddepeHIanbHbIM BXOOM.
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9.1. CxeMbl C CUMMETPUYHbLIM BbIXO40M

B coBpeMeHHON aHAJIOrOBOM MHUKPOIIEKTPOHUKE IPUMEHSIOTCS

CXEMbl JBYXTaKTHbIX IU(DPepeHIInaIbHbIX YCHIUTENIEH Ha OCHOBE TPEX
«TOKOBBIX» 3epkan (puc. 9.1). Bartux Y wucnonb3yrorcsa oba BbIXona
BXOJIHOI'O KacKa/ia, KOTOpbIE YIpPaBISAIOT akTUBHbIMH Harpy3kamu (I1T1,
IIT2). B 3TOM CMBIC/IE JAaHHOE APXUTEKTYPHOE PEIICHHE MOKHO OTHECTH K
MTOJKJIACCY CXEM C CUMMETPHUYHBIM BBIXOZOM.

I
S
<
9
AN

IT1 T2

[

Brx. 1 Brx.2

Bx1 Bx2 Brix
@

1
1
H
.l
b
7

Puc. 9.1. IlepBas 6a3oBas cxema /Y
C CHMMETPHUYHBIMH TOKOBBIMH BBIXOJaMHU

CymiecTBeHHOE TOBBIIIEHHE KO3 UIMEHTa OCIa0JIeHUsI BXOIHbBIX

CUH(}A3HBIX CUTHAJIOB 00ECIIEYMBAETCS BBEACHUEM B 0a30BYIO0 apXHUTEKTY-
py (puc. 9.1) mapamienbHOro KaHajga KOMIIEHCAIMU CUH(A3HBIX OIIMOOK
ycujeHus curnana (puc. 9.2).
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\:2 Brix.
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Puc. 9.2. Crtoco6 KoMITEHCAllMi OCHOBHBIX COCTAaBIIIOIINX Ko o).
muddepeHInanbHOTO YCUITUTENS



Komnencupyrommii kanan KKc u tokossie 3epkana IIT1-11T2 obGec-
MIEYMBAIOT Tepeaady B nmpoTtuBodasze Ha Bbixona Y mpupamenus toka i,
KOTOPBI YUCJIEHHO PaBEH TOKY I, OOYCIOBIEHHOMY BBIXOJHOM MPOBOIU-
MOCTBIO V, B OOIIEH SMUTTEPHOM II€MM OCHOBHOTO KaHajia ycujeHus. Ya-
CTHBIM ciydan moctpoenus noacxemol KKce mokasan Ha puc. 9.3.

‘ IIT1 IIT2 [

Kizza 3 3 Kizz2
s — A

l 2
¥

Im1 ir

I I

Puc. 9.3. O600ménHas pyHkunoHanbHas cxema Y
C KaHAJIOM KOMITEHCAlMH K o Ha 0a3e MapajiebHO-0aIlaHCHOrO KacKana

Kosdduiment ocnabnenuss BxogHoro cuHpaszHoro curHana Y
(puc. 9.2) onpenensieTcss OTHOIIEHUEM

K
KOC.C(I) == Y >> 1,
y-cd

Z/tH

e K. = — KOR(HULIMEHT YCUIEHUS [T CHIINAJIGHOTO CUTHAIA Uy,
y y cp

cl " U

U, — BBIXOJHOE HAIIPSDKEHUE HAa HAarpys3ke R, 00yCIOBICHHOE U, ;
U, =u, —U,, —BXOJHOU MU PepeHmanbublii curnan /V;

B

u
K.y =—" — KodppuuneHT npeodpa3oBaHusi BXOTHOTO CHH(A3HOTO
u
C
curHana Y u, =u,, =u, B BBIXOJHOE HaIpPHKEHHE

ay u,.
Koa(puument ycunenus no HanpsskeHuro 11 1udepeHinanbHoro
curnana 1Y (puc. 9.2)

1 1
K, = 2R, + ,
r31+r34 r32+r33
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(O
rne i =

1

31

— muddepeHIMaIbHOE COITPOTUBIIEHUE IMUTTEPHOrO Iepe-

X0J1a I-r0 TPAH3UCTOpA MIPU CTATUYECKOM TOKE SMUTTEPA
131';
¢, =25 MB — temneparypHbIil IOTEHIMAIL.
Ecnu Toxu uctounukosn (/1) u (/) OAMHAKOBBI, TO

2R R.1
Ky = n il (9.1)

51 + T4 O
PaccmorpuMm nanee axTopsl, BIMSIONIME HA nepenady cuH(pa3HOro

curaana co sxonaa JIY Ha ero Beixon. Msmenenve u, =u,, = u, NIPUBOJUT

K MU3MEHEHUIO TOKOB Yepe3 BBIXOJHbIE MPOBOJAUMOCTH ), U ), UCTOYHH-
KOB OMOpHOT0 Toka (/3) u (14):

I = Viles Iy = Yylley. 9.2)

DTO MPUBOIUT K TOSBICHUIO TPHUPANIEHUNA KOJJIEKTOPHBIX TOKOB
tpansucroposB VT1, VT2 (i, i,) u tpansuctopoB VI3 u VT4 (i 4, i.4):

iy =1.,~0,5 ~05u.y, (9.3)

i =i, =05y,u,. (9.4)

[Ipupamenue TOKa i, MOCTYNAaeT HAa BXOA 1 «TOKOBOrO» 3epKaia

IIT2, a Toka i, —Ha Bxox 1 «rokoBoro» 3epkana IIT1. C gpyroi cropoHsl,

TOKH I 4, [, 4 IIOAAKOTCSA HA BXOBI 3 OTUX )K€ «TOKOBBIX)» 3€PKall.
[ToaTOMY BBIXOAHBIE TOKH «TOKOBBIX)» 3€pKall
Iy = Kool = Kizpia = 0,5u[Kipp 1V, = Kisp 1) 9.5)
Iy = Kool = Kz oty ® 05U (K155, =Ko 1) (9.6)
I = b K3 (9.7)

rae Kipy =1, Ky =1, Kipy =1, Kiyy =1, K3 — KoddduimenTsr

nepeaadyy mo TOKY MEXIY COOTBETCTBYIOIIMMU BXOJaMHU U BbIXOAaMU
«TOKOBBIX» 3epkau [IT1-I1T3.

"3 (9.5) — (9.6) cnenyer, 4T0 TOKH i ., U i, MOTYT UIMETh HYJICBbIC

3Ha4YCHU, €CJIN

Kin1y2 = Kisp 01 (9.8)
KoYy = Kz (9.9)
B gacTHOM ciydae 11 3TOro He00X0IMMO, YTOOBI
K1 =K (9.10)
Ky =Kiznos 9.11)
Yo =N1- (9.12)
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VYuuThiBasi, 4TO TOKOBBIE 3epKajia UICHTUYHBI, yciioBus (9.10) — (9.12)
JIETKO BBITIOJIHAIOTCS B IPAKTHYECKUX CXeMaXx.

Ecnmu pomycTuTh, YTO M3-32 HETOYHOTO BBIMIOJIHEHUS YCIOBUMN
(9.10) — (9.12) tokm i, #0, i, #0, TO HEOOXOOUMO 3aMETUTH, YTO B

«TOKOBOM» 3epkasie IIT3 mpomcxoauT BTOpOE «BBIYUTAHUE)» ITAPAZUTHBIX
TOKOB i, H i .,, OOYCIOBICHHBIX CHH()a3HBIM CUTHAJIOM:
by =l — Ki12.3ll'IT17 (913)
rne Kijpz = 1.
DTO noBkIIAET 001Iee 0cIadIeHne CUH(Pa3HBIX CUTHAJIOB.

st pacuéra Ko g, moacTasias (9.5) u (9.6) B (9.13), vaxonum
fy = 0,5u.y, [ K1, (1= N; Ny ) = K5 3K, (1= N; ;Ny)l, - (9.14)

K.
e N,, =322 ~1; (9.15)
i12.2
N, =SBz (9.16)
Ki12.1
N, =2l ~1. (9.17)
Y2

[Tapamerpst N,,, N,,, N, Y4YUTBIBAIOT HEUJIECHTUYHOCTHb KOXPu-

IIUEHTOB MEPeaauM M0 TOKY «TOKOBBIX)» 3€pKaJ, a TAaKKe OTIMYHUE JIPYT OT
apyra IpoBOJUMOCTEN Y, U ), .

Tak Kak «TOKOBBIC» 3€pKaja OJUHAKOBBI, & CXEMOTEXHHUKA UCTOUYHHU-
KOB TOKa [} U [, Takke UJEHTUYHA, TO JIETKO 00ECIEYMBAIOTCS YCIOBUS
N.,=1,N,=1, N, =1.

Yucnennslie 3HaueHns KodhPpuuueHTa nepenadyn cuHpa3HOro CUrHa-
na npemyaraeMoro Y (Ky.p) 1 ero Koccp MOTYT OBITH ONPEIENIEHBI IO
dbopmynam:

Ky.cq) =0,5R,y,[Ki122 (1- Ni.2NY) —Ki123K121 (1- N; Ny )], (9.18)

oc.ch —

Koy =057 @,[Kippo (1= NioNy) = Koy Koy (1= Ny Np))- (9.19)
2

Ananns ypasHeHus (9.19) nokasseiBaet, yto npu N,;, =1, N,, =1,
Ny =1 3a cuér «IBOMHOT0» BBIYMTAHMS COCTABIAOIMX omMOKH 7, (9.13),
00ycoBJIEHHOM cuH(]a3HBIM CUTHAJIOM Ha Bxojax J[Y, obiiee ocnabdienune
ero cuH(pa3HbIX CUTHAJIOB MoOBkIIaeTca. B ycuurene (puc. 9.1) atot 3¢-
¢ekt orcyrcTByeT. [loaTOMy nepenaya cuHpa3HOTO CUTHAJIA Ha €T0 BBIXO/T
Oosiee 3HauntenbHa. Kak cnenctBue, Kooy NPUHUMAET Ha OJUH-IBA I10-
psiZIKa MEHBIIIEe 3HAUCHHE.
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Pe3ynpTaThl KOMIIBIOTEPHOTO MOJICTUPOBAHUS TTOATBEPKIAIOT JIaH-
HBII TEOPETUYECKUI BBIBOJ — MpeuiaraeMbiid JIY B cpaBHeHUUM ¢ 0a30BOi
cxemoil umeet Ha 39 b (= 100 pa3) ayummii kKo3hPuuueHT ocnadiieHus
BXOJHBIX CHUH(Da3HbIX curHaioB. Kpome storo, ero nuddepeHnmanbHblil

Kod(ppuIMeHT yCuJICHUS HE MEHee 4eM B JBa pasza Bbime, yeM y Y
(puc. 9.1).

VT1
TP15S

\eloa] %
Tvl;r?SS t TV;]gS 5 K
ROUTd 1
VT15 ?0 C) 1
15 =
0.5m
[,
=0
vT27 L_G V28 g =
TNT5S Tr N T ™i1ss
PARAMETERS
Vac =1
Vir=0.5
Vdc =0
a)
AaKoccp: AB IMpennaraemsni 1Y,
139+ J=5.5 MI'y

AY- mporoTum,
504 f];:z, 5 MFI.[

1 >»
100 100 107 108 f.Tu
0)

Puc. 9.4. Cxema /1Y B cpene PSpice (a)
U pe3yNbTaThl €€ MoAeIpoBaHus (0)

Takum oOpa3om, BBeJieHHE B 0a30Byr0 cxemy puc. 9.1 kaHaia B3a-
MMHOW KOMITEHCALIUU BBIXOJHBIX MPOBOJUMOCTEN HACHTHUYHBIX WCTOYHU-
KOB OIIOPHOT'O TOKa IO3BOJISIET HAa OJWH-/IBa NOPAJIKa MOBBICUTH KO3 Pu-
LUEHT Ocia0yieHusi CHH(a3HbIX CUTHAIOB M PacIIMpPUTh B 2-3 pas3a Bepx-
HIOIO IPaHUYHYIO 9acTOTY (110 YPOBHIO -3 1b) Ko cp-
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Puc. 9.5. IIpumepsi noctpoenus noacxem I1T1, T1T2
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Puc. 9.6. [Ipumeps! noctpoenus noacxeM KKc Ha 6aze kackana
C OOIIMM SMUTTEPOM

Ki32.1

irrrl L

o+
IIT1 1IT2
3 3 Kiza
b —A,
_ 2
I .
L ? L Inr2
Bx.71 Bx.(2 BhIx
© —>
uci VT1 VT4 1102 = RH
. L irrr3
iy po--- y T3
Y1 @ I -Kii23
PR l O -

Puc. 9.7. IIpumep pyHkumnonanbHou unTerparmu nojacxem Y1 u KKe
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Cxema 1Y (puc. 9.2) umeer psia moaupuKaiiuii.

IT1

-Kiiaa

1

Vg~

VT3

Y/ VDNI

fin

320

Puc. 9.8. ®ynkunonansHas cxema 1Y

C TapaJuieIbHbIM KaHAJIOM KOMIICHCAIIUHU ()

U IIpUMepHI €€ noctpoenus (O, B)
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[TapannenbHblii KaHaT KOMIEHCAIMM UMIIEAaHCa )| MOXET OpraHU-
30BaThCsl B COOTBETCTBUH CO CXEMOTEXHHUYECKUM pelieHueM (puc. 9.8a), B
KOTOpOM (hOpMUPOBAHUE MU Tepefadya KOMIICHCUPYIOIIETO TOKA B BBIXO-
Hy10 (KaKk IpaBUJIO0, HU3KOOMHYIO II€Ib) OOECIEUMBAETCS TPAH3UCTOPOM
VT3 u noropurenem Hanpsbkenns [TH].

B cxemax Y puc. 9.9 ucnonbp3yrorcs apyrue moaudukauuu QpyHk-
MOHAJBHBIX Y3JIOB apXUTEKTYpPHI pUC. 9.8a.

IIT1 12
O +
V4 V4
L 1, =1
Brx.1 ¥ ot VoS Brix.2
o——  Bxl Bx.2 +——o
Ip1 I i
| VTL VI2 | ue
N v’
A N
VT5 R1 R2 VT6
VT
w& i Jv, 2
o]
VT7 VT3 C) L vr4 VT8
N ~N [ v’

IIT1 IIT2

a2y Li“l < - VTS VTé
Bx1l 7 ™, Bx2 BrIX.
o
e o

—_ iﬁ/ IIT3 KTJ" ny
. I:I r-c;&l/ VT3 l &I/ VT4
il K _ —K
,,,,,,,,, :r\¥12
® ol el

Puc. 9.9. IIpumepsl noctpoenus 1Y ¢ KOMIIEHCUPYIOIMM KaHAJIOM
(Ha4ayi0, OKOHYaHHE CM. Ha C. 155)
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Puc. 9.9. Oxonuanue (Hayajao cM. Ha c. 154)

B cootBeTcTBUM ¢ MpUHIMIAMUA COOCTBEHHON M B3aMMHOUN KOMIICH-
caluii BO3MOXKHO MOCTPOEHUE KACKOIHBIX AU (epeHIIMAIbHBIX YCUIUTE-
Jei Ha ocHOBe 0a30BOM cxeMsl puc. 9.10, B KOTOpO# K ¢ NOBBIIIACTCA 3a
CYET BBEJICHUS CHEIUAIBHOrO MapaJlIeIbHOIO0 KaHaja IOJaBJICHUS CHH-
(da3HbIX OMOOK B BhIXOAHOM 1enu VT2-VT3.

T2
| |
| L o+
W 1w L\LTS VTﬁJ Vi
<« | |
| VDI VD2 |
e O SO
I I
o g g
{ s
iy f VT7 fias

[ 1 Ueo .
__________ Berx s
f | oA
17 f
1r1 i 1o Ry
vE——™ ___"I\; e A @
~—__
R m <>11 12<> mRZ Kpe [T
i i

Puc. 9.10. Cxema J1Y ¢ koMmneHcalue ToKa iz, TOKOM ig;
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A Koccg, 1B [pennaraemerit Y
127
101 1\
707 AY mporotun
30 T 3 t p t 5 >
10 10 10 100 £,

Puc. 9.11. AUX xoaddunuenta ocinadiieHUs
BXOJHBIX CUH(a3HbIX CUTHAIOB Y K o

Koadduuument ocnabnenuss BxomHoro cuHdazHoro curHana Y
(puc. 9.1) onpenensercss OTHOIICHUEM

KOC.C(I) == Y >> 1 5
y-cd
Ri R, 2R
K, = Y (9.20)
Uy — U Upy Uy +Ug

rae K, >>1 — koadpunment yeunenus 1udpepeHInanbHOro CUrHaa,
K,y <<1 — KOO HUIMCHT ycHileHus CHH(A3HOTO CHrHAA,

i, (i.) — TOK B Harpy3ke R
(cuH(pa3HBIM) CUTHAJIOM, IPUYEM:

00yCJOBJICHHBIA U] PepeHInaIbHbIM

H?®

2 (14 Ky ), 9.21)
sz + Ty3
T€ 7,, X 7,3 — COIPOTUBICHUE SMUTTEPHOIO IIEPEX01a TPAaH3UCTOPOB VT2
u VT3;
K., =1 — xo3pduuueHT nepegadyn mo TOKY «TOKOBOTO» 3€pKaa
IIT1.
N3 (9.20) u (9.21) MOXXHO HAWTH, YTO
Ky m (14 Ky ) v 9.22)
r33+r32 r33+r32

PaccmorpuMm nanee axTopsl, BIMSIONIME HA nepenady cuH(pa3HOro
CUrHajma u,=u,=u, co Bxoma JIY Ha ero Beixola M3meHeHue

Uy =U, =U, IDUBOAUT K U3MCHCHHIO TOKOB 4€PE3 BBIXOAHBIC IIPOBOIAM-

cl
MOCTH ), U y; UICTOYHUKOB OIIOPHOI'0 TOKA [} U I>:

IRy ® VU5 gy R Vol (9.23)
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OTO NPUBOAUT K TMOSABJICHUIO IPUPAIIEHUN KOJUIEKTOPHBIX TOKOB

tpausucropoB VT1, VT4 (i, i ,) u TpauzuctopoB VT2 u VT3 (i, Ls).
IIpnyéM mnpupalieHue TOKa iy =iy +ip, MOCTYIIAET HA BXOJ TOKOBOIO

3epkania [IT2 (VTS5 VT6) u co3maét Ha ero cuH(pa3HbIX BBIXOJIAaX Iepe-
MEHHBIE TOKH [.s, .. 1103TOMYy TOKM SMUTTEPOB TpaH3UCTOPOB VI7 H

VT8
lyy = by —lhes RU(0,5y, =Kipyy), g =l =i = (0,5, =Kj» 1), (9.24)
rae Ky =ies /iy =i/l -
N3 (9.24) cnenyer, 4TO A MONYYEHHs HYJIEBBIX NPUPAIICHUN i,

K5

. .*
H I, @ TAKXKE HYJICBOro TOKa B Harpyske i, =0, npu koropom K, 4 =0

(1, kaKk crnencreue, K ., =0), HEOOXOAUMO, YTOOBI BBIXO/IHASI TIPOBO/IH-

MOCTb UCTOYHHMKA OMIOPHOT'O TOKA /| YOBJIETBOPSIIA YCIOBUIO

0.5
= ) 9.25
N K, V2 ( )

I[Ipu y, =y, ciuenyer obOecneunTs KOI(D(PUIMEHT Mepeaadn

K, =0,5. B atom ciydae BXoaHOW CUH(a3HbIl curHai 1Y Oyner momnHo-
CTBIO TTOJABIIATECS M er0 K 4 = 0.

s -* s
B obmem ciydae BeixonHoM TOK /1Y i, , 00yCIOBIICHHBINM HAaIN4YMEM
Ha ero Bxonax Bx.l n Bx.2 cundasHoro curnana u,

-* . . . . . .

Iy = g —lg = Olglyg — L0y Ky = Olglyg — 07 Ky 117, (9.26)
rae o, =1, og =1, K,;,, ®1 — Ko3QPULMEHTHI NTepenayn Mo TOKY IMUT-
Tepa Tpan3uctopoB VI7 u VI8 u tokoBoro 3epkana I1T1.

VYpaBHenue (9.26) MOKHO NIPEACTaBUTH B BUJE:
i'w = u [0g(0,5y, = Kpy) = 0; K15, (0,5, = Kyl (9.27)
CnenoBarenbHo, Kod(hduuueHT mnepeaaun cuHdazHoro curdaiza Y
(puc. 9.10)

Riw
Ky.cd) =—"—= R, 0a5(0,5y, —K;,y)[1-N,], (9.28)

ug

o, K;
rae N, = —7—12L _ xospduument acummerpun >1eMeHTOB cxeMbl J1Y.
o
8
Kak cnencrBue, mo cpaBHeHuIo ¢ u3BecTHbiMU 1Y (puc. 9.1), ko3d-
buneHT ocyabjieHus] BXOIHOr0 CMH(pa3HOTO CUTHaja npeayiaraemoro Y
CYIIECTBEHHO YIYy4IIIaeTCs:

Kotep =025y, (r3 +10)(1= Ny )(1=N,), 9.29)

oc.cd
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rae Ny = 2Ki2& ~1 — ko3pPuuUEeHT acuMMETpUN TPOBOJUMOCTEN HC-

3 %)
TOYHHUKOB OIOPHOTO TOKA [} U I5;
V52, V'y3 — COIIPOTUBIICHUS SMUTTEPHBIX nepexonoB V12, VT3.

Ilpnuém B cpaBHEHHH ¢ 0a30BOil CXeMOW 9TO moBbiUeHHE K .4

JOCTUIacT BEJIMYUHBL:
1

n=—
ITpu K;, =0,5 1 OIMHAKOBBIX TOKaX UCTOYHHUKOB /| U [, KO3 puu-

>>1. (9.30)

eHT acummerpuu N, =1, moaromy n >>1. [IpakTnuecku, Kak OKa3bIBaeT

KOMIIBIOTEPHOE MOJiesiupoBanue, n =20-+100.

Takum oOpazom, nipeaaraeMbiii JIY Oosnee apdexkTuBeH npu padbore
¢ cuH(a3HBIM CUTHAJIOM.

B dactHOM ciiyyae kaHaja KOMIIEHCAIMU OIMMOOK YCHUJIEHUS, 00Y-
CJIOBJICHHBIX CHMH()a3HBIM CUTHAJIOM, MOXKET ObITh ()YHKIIMOHATILHO UHTET-
PUPOBaH C OCHOBHBIM JIY U 1eNbI0 CMEIIEHUSI CTAaTUYECKOTO YPOBHS BbI-
XOJIHBIX TPAH3UCTOPOB (puc. 9.12).

O +
af] || wmY Y v
\n o
A N
A% NZER Y VT4
K3
e
Il | VTS VT6
+—
V1 | vra [H
Bx.1 Bx.2 Brix.
o—— ———o +——o0
N, W
l ————— o l
IT1

|:| M Q
I; CTD -Kiio1
1
| o-

Puc. 9.12. IIpumep noCcTpoeHUsT «IEPErHYTOr0» KackogHoro Y
C 1LIETbI0 COOCTBEHHON KOMIIECHCALIUH )

Takum 00pa3oM, BBIMOJHEHHBIN BBIIIE aHAJINU3 MTOKA3bIBAET, UTO Op-
raHu3alys MapajyiebHOrO KaHajla KOMIIEHCAIIMM MMIIe/IaHCca TOKOCTaOu-
JU3UPYIONIETO JABYXIIOJIOCHUKA y; MO3BOJIAET OOECHEYUTh IOCTPOCHUE
CUMMETPUYHBIX /1Y ¢ HOBBILIEHHBIM K ¢4
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9.2. CxeMbl C HECUMMETPUYHON aKTUBHOMW Harpy3Koun

Knaccuueckue /Y ¢ HECUMMETPUYHBIM BKJIOUYEHHEM aKTUBHOW Ha-
rpy3ku (puc. 9.13) cranu ogHUM M3 OCHOBHBIX (DYHKIIMOHAJIBHBIX Y3JIOB
COBPEMEHHOI aHaJIOrOBOM MHUKPOCXEMOTEXHUKH, MIUPOKO HCIOJIb3YIOTCA
B CTPYKTYpPE PAa3IMUHBIX NPELU3UOHHBIX MpPeoOpa3zoBaTeIell «HampshKe-
HUE-TOK» U ONEPAlMOHHBIX YCWINTENAX. B TaHHBIX CTPyKTypax MHUHUMHU-
3upyetcs 3PPeKT yMHOKEeHHsI EMKOCTH KosutekTop-0a3a VT1-VT2. Cyme-
CTBCHHBIM HenocTatok 1Y »sToro mopkmnacca COCTOUT B TOM, YTO OHHU
MMEIOT HEBBICOKHME 3HaueHHUs Kor(pduimeHnTa ociaadiieHusl BXOJAHOTO CHH-
(paznoro curnana (Koccy), KOTOPBIM CYIIECTBEHHO 3aBUCUT OT BBIXOJHOIO
CONPOTHUBIICHUS] HCTOYHUKA OIOPHOTO TOKA /).

Ayl Brix \‘
| i Iy — O
Bx 1! '
[o—:—@ VT2 l Ugppix I:::| Ry
Ue1 | |
[ P, I l U2 V12 e
(EP——
w I::] QD E [T '
I
1 L I:| »
1
o

Puc. 9.13. Apxurektypa 1Y ¢ HECUMMETPUYHBIM BKIIOUCHUEM
AKTMBHOM HAarpy3KHu

Jlanee Ha pHCYHKax M B TE€KCTE MPUHSITHI CICAYIONIUE 0003HAUCHUS
napaMmeTpoB 1Y U 3J1EMEHTOB €ro CXEMBbI:

K, — xoappunuent nepepaun audQepeHnuaibHOro BXOQHOIO Ha-
npsokenud Y u,, =u  —u,,;

Ky — ko3 punment nepenaun cuHpa3HOro BXOAHOTO HANIPSIKCHUS Ue.

[Ipnuém Mexay 3TUMU MapaMeTpaMud U Ko3pduuueHToM ocnadle-
HUS BXOIHBIX CHH()A3HBIX CUTHAIOB Ko CYIIECTBYET CIEAYIOLIAs B3au-
MOCBSI3b

u u

— BbIX __ . — BbIX __ .
Ky - _S)Z[CRH’ Kyc - _SCCRH’
Z/tBX Z/tC
K _ Ky _ SIlC S _ lBLIX S _ lBLIX
oc.ch K - S ’ cc — > Mne T ’
yc cc U, Upx
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TJI€ Ugy — HANIPSDKEHUE MEXAY BXxojamu Y
u. — cu(azHoe BXOAHOE HaMpsiKeHue Ha Bxoaax Y
Ugyx — BBIXOHOE Hanpspkenue Y (u,, . =i R.);

R, — conpoTuBIIeHUE HATPY3KH, HOAKIIOYaeMoe K Beixony Y,
Sy — KpyTusHa nepeaaun Y no quddepeHnraibHOMy BXOJHOMY CUT-

HAIY Usy;
Sec — KpyTu3Ha nepeaaun Y no cuHpazHOMY BXOAHOMY CUTHATY I;
C,=C,=C, — E€MKOCTb Ha IOJIOXKKY TPaH3UCTOPOB HCTOYHHUKOB

OIIOPHOrO TOKA [ U .
Paccmotpum pabory 1Y Ha npumepe aHanusa cxemsl puc. 9.14.
Ecnu na Bxomwl JIY (puc. 9.14a) nogath cuHdazHoe BXOJHOE Ha-
MNPSIKEHUE U~U1=Uc, TO B BBIXOJAHBIX MPOBOJAUMOCTSIX )| U ), HCTOYHUKOB
OIIOPHOro ToKa [, =1, = I, = I, NOABATCS IEPEMEHHBIE COCTABIIAIOIINE

Ly RUYy, L RUY, 3R Vsl (9.31)
[Ipupamenue TOKa i, =i, +i, MOCTymaer B OOLIYI0 3MUTTEPHYIO
uens auddepenuuansHoro kackana Y1 u genurcs nononam. Kak cnen-

CTBHE, KOJUIEKTOPHBIA TOK TpaH3ucTtopa VT2 (Tok Bhixona Bbix.ir) U BbI-
XOJHOW TOK iy «TOKOBOTrO» 3epkana [1T1

, i +1,
le - a,z . (9.32)
2
, , i +1i,
It = Kb = Kjpp 10 5 (9.33)
rae o, #l — Ko3(pQUUUEHT YCHJIEHMS O TOKY 3MHUTTEpa TPAaH3HCTOPA
VT2;
K., =1 — KO3pOUIMEHT YCWIEHHUS 10 TOKY «TOKOBOIO» 3€pKaia
IIT1.
C npyrou CTOpOHBI, KOJUIEKTOPHBIN TOK TpaH3ucropa V13
I3 = Olsiy = O3 Y3l . (9.34)

Takum 00pa3om, B BbIXOHOM 1enu Y mpoucxoauT B3auMHasi KOM-

NEeHCAlMs BYX OJIM3KHUX IO BEJIMYMHE TOKOB iy W I ., OOYCIOBICHHBIX

HaJIMYMEM Ha €ro BXoAaxX CUH(a3HOW COCTABJISIONICH BXOIHOTO CUTHAMA U,
1 leeix —Lg = OJSKiIZ.laz (ll +12)_a313’ (935)

I =i
C yu€rom (9.31) u (9.34) u3 (9.35) MOKHO HAMTH, YTO BBIXOJHOM TOK

nrl

1y
iH :iBBIX = [OJSKiIZ.laz(yl +y2)_a3y3]UC' (936)
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Brix.i;

Brix.

Puc. 9.14. ®ynkumonanbHbie cxeMbl [[Y ¢ mapaaieapHbIMU KaHAJIAMU
KOMIICHCAIINU MTPOBOIMMOCTH )|

[Ipuuém kpyTu3Ha nepegaun cuH@azHoro curuana S U Ko3hpuim-
eHT Ky, nepenaun v Ha Beixoxn Y (puc. 9.15)

i
See = % = O>5Ki12.1a2(Y1 + J’2)_ Q33 (9.37)
u
K, = SR, =%, (9.38)
u

rae Ry, — conporusiieHue HAarpy3ku Y.
Koadpdumment ycunenus Y (puc. 9.14) no nuddepenunanbHomy

BXonay
K = Uppix =S R = RH _ RHIO
g u e 51 + 5Y) 2(PT ’

BX
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rne [, =1,=1 =15;
7,1, 1y, — COIPOTUBJICHUS 3MUTTEPHBIX IIEPEXOI0B TPaH3UCTOpPOB VT1
u VT2;
¢, =25 MB — TemneparypHbIil IOTEHIMAIL.

B mpemnmaraemMon cxeme 3a CUET MHTETPAIBLHOM TEXHOJIOTMU H3rO-
TOBJICHUSI TPAH3UCTOPOB M CXEMOTEXHUKH 00€CIIEUMBAETCS BBICOKAs UIECH-
TUYHOCTb BBIXOAHBIX IIPOBOJUMOCTEUW NMPUMEHSEMBIX UCTOYHUKOB OIIOpP-
HOro TOKa [y, [, 5: y, =y, =y; =y,. lloatomyipu r, =@, /1,

See = VolKi210, —a3], (9.39)
K, = R.S.., (9.40)
— K C 2 T
Kocl.cq) = K_y = I(P Yo [Ki12.1a2 - 0‘3]- (9.41)
y 0

Tak xak K,,, =1, a, =05 =1, uz ¢popmyiusl (9.41) caenyer, 4To
Koccy B AY (puc. 9.14a) mossimaercs B N pa3 (mo cpaBHenuto ¢ JIY
(puc. 9.13)), rae

Ky 10, N‘

N =~ ~ ‘>>1. (9.42)
‘Kﬂz.laz _0‘3‘ ‘Kilz.laz _0‘3‘

PeanbHble 3HaueHus N  JIOCTUTalOT OJHOIO-ABYX  MOPSJIKOB
(N =10+100 pa3).

Ecnun ucrtounuku Toka /1 u I3 paboTaroT Mpu HEOAMHAKOBBIX 3Haye-
HUSIX KOOPJAMHAT CTaTUYECKOrO0 PEXHMMa, TO 3TO TpeOyeT 0oJjiee TOYHOM
OLIEHKH Ko c:

N 2
Kocl.cq) ~ %[Oﬁ(l + Ny, )_ Ny3aNys3 ]>
0

rae Ny, | = Y201 KO?()PUIIMEHT aCHMMETPUHU ITPOBOIUMOCTEN 1, U V15
M
o
_ 3 o
N, = k= 1 — ko3dduuueHt acummerpun Kod(pduuueHrta
2812

repelayi TOKa KaHAJIOB YCUJICHHUS
Nysy = e KO?(PUIMEHT aCHMMETPUH MPOBOJAUMOCTEN V3 U ).
Bg|
*
IIpn oToM BeIHIpeII N MO Kooy M YUCIHCHHBIE 3HAYEHUS Koo

MOYKHO OIIEHUTH MO PopMyJiaM
N = ! >>1,
0,5(1+ Ny, 1) = Ny3oNys
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-1 2(PTy0 ( *)_1
Koc.C(b ~ Ji N .
0
Eciu B kauecTBE NCTOYHUKOB OIIOPHOI'0 TOKAa IIPUMCHAIOTCA KJIACCH-
YECKHEC KTOKOBBIC) 3CpKaJia, TO

-1 . 2([)T
oc.ch * 9
Y UnN
rne U, = 1,y, — HanpsbKeHUe OPJM BBIXOJAHOIO TPAH3UCTOPA «TOKOBOIO»

3epkasia. J[si COBpEMEHHBIX MHTErPabHBIX TPAaH3UCTOPOB
n-p-ntuna U, =30+60 B.

J171s1 IOBBINICHUSI UACHTUYHOCTH CTATUYECKUX PEKUMOB UCTOUHUKOB
OMOpHOro Toka /; u I3 nenecoodpazHo NPUMEHEHHUE COTIIACYIOIIEr0 MTOBTO-
purens [THI1 (puc. 9.140), koTophelil obecrieynBaeT OJMHAKOBBIE CTAaTUYE-
CKHE HAIIPsLKEHUS HA IBYXNOJIOCHUKAX /1 v ;. B nemom, 3to maé€r momnosn-
HUTEIBHOE NOBBIEHUE Ko ¢4

B psage cnydaeB mapajuieNbHbIA KaHAI KOMIIEHCAIUA MOXKET OBITh
OPTaHM30BaH MO CXEME C YIPABJIECHHUEM OT BXOAO0B /Y, 4TO XapakTepHO
IUI1 paHee PAaCCMOTPEHHBIX CXEM C CUMMETPUYHON HAarpy3KOM.

Ha puc. 9.15 nokazana cxema J[Y, B KoTOpoil o0ecrieunBaeTcsi KOM-
TeHCalMsa TPOBOAUMOCTH )| IPOBOJAUMOCTBIO V), KOTOPYIO UMEET ABYXIIO-
JIFOCHUK /5, COTJIACOBAHHBIM C IIMHOM MOJIOKUTEIBHOTO UCTOYHUKA TUTA-
HUSL.

Tl I o+

7 i ~ L PRI RN

_4’( . 7
vir L]

P
i Lim =2 VT1 T2 [
v v
Bx.1 Bx.2 Brix.
,\l/i O O

2
— T Iy i 4 = i2
i Ue2 K
+ Igpix ‘[ucl 1 RH
llc | VT1 VT2 o kcz i |:::|

VT4 ——

I Vi =i
@, [ <y

~~~~~~~ o ¥

. i
l Intl ®
v

Brix
+—o0-——1

R2

1; :
r 12
e dED =

Y1 |:| VT4
, @ it CT) 1 R3
O

a) 0)
Puc. 9.15. Cnnoco6 koMneHcaluy BbIXOIHOM MPOBOJIUMOCTH ()'1)
HMCTOYHHUKA OIIOPHOTO TOKA /)
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[TonydeHHbIE BBIIIE AHATUTUYECKUE COOTHOLIEHUS MMOATBEPKAAIOTCS
pe3yibTaTaMyd MOJIETMPOBAHUS MpejuiaraeMblx cxem B cpene PSpice
C HUCIOJIB30BAaHUEM MOJEIEH UHTErpajibHbIX TpaH3ucropos PI'YII HIIII
«ITynbcap» (r. Mockga) (puc. 9.16-9.20).

rPiss #_5 q
) Vee
F(’QR:%METE RS: E 15
1)2.5m G)
= E_# ;/NT1153 T%Tszs#_]_ 4(
V1ac<,£ E_# \'I{;];S
J?_O @b 1)1.5m

.
— Vee
T 15
c1

{Cs}
V6 J E % I/_+ vT15 I/_+ VAK I/_# VT4
TN15S A T TN1ss B\ T TN15S A T TNiss == C2

{Cs}

Puc. 9.16. Cxema npemsaraemoro JIY B cpene PSpice
pu CUH(}A3HOM CUTHAJIE

VT7_2 L( |J vT8_2
TP15s T TP15S ,
V6

PARAMETERS: I\js
Cs=5p

in+_2 _K_# VT1_2 VT2_2£
TN15S  TN15S

L]
_# vis2 =,
Vac1_2 K TN15S
C 1.2 - vbias
=0 0.5m =0 - 21
‘—_— Vee
J_ T 15
=c3
{Cs}
VT6_2 .| Fi, viig Ll viz 2 I/_JI; VT4_2
TN158 j T b] TTN1ss I T TN15S I\ TTNISS = (004)
S,

Puc. 9.17. Cxema JIY-niporotuna B cpeae PSpice
Ha quddepeHIanbHOM CUTHAIEe

164



. Szc.JI6 TASMI'-3]16
T PP Ll g

482MI'y-3/16

— JIY mpototun

----- TpespIaraeMelit JIY

Yacrora, I'11
¢ 10 ¢ 17

Puc. 9.18. AMIIIUTYIHO-4aCTOTHASI XapaKTEPUCTUKA KPYTU3HBI (Sj)
npeoOpa3oBaHusi BXOAHOTO IU(pepeHInaIbHOro HalpsHKeHUs
B BBIXOJIHBIE TOKU CpaBHUBAEMBIX 1Y

Sce, 16
O"-
754 —  JIY mpoToTHI
----- TpenaraeMsrii ;Y

100 mmm e -
I i
-103 [ P
: o
1 i
1 ,* |
15 |
"f |
S :
g [ 1
. ! I
R - !

133 : : Yacrora, I'1(
0 100 10 10" 10° 17 2310 301 10

Puc. 9.19. AMIIIMTY1HO-4aCTOTHBIE XapaKTEPUCTUKHU
KPYTHU3HBI ITpeoOpazoBanus (Se.) BXOJHOTO CUH(}A3HOTO HANPSHKEHUS
B BBIXOJIHBIE TOKU CpaBHUBAEMBIX 1Y

Koc.cd., 16
94 femmmmmccmecccacccaacmaaccaaaceamm————a
..
----- npenaraemstit JIY "0,.
s,
] .
80 —  JIY mporoTHI .‘.‘
“
.
.‘
6’) .\
3 S NS
i
1
[
' "
404 i N
| S
| 1y
1 .
: ) “. Yacrora, MI'nt
0 100 10 10" 10 ¢ 2410 30710 17

Puc. 9.20. HacroTHas 3aBUCUMOCTh KO3 PuiimeHTa ociadaeHus
BXOJIHOT'O CHH(A3HOTO HANPSHKEHUS CpaBHUBAaEMbIX Y
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Koadpduuument ocnabnenust cuHdazHoro BxomHoro curHana Y
(puc. 9.16) mpesbimaer Benmuiuny K. ., >94 1b B 10CTaTOYHO MHPOKOM

nuanaszone 4dactoT. [Ipu atom B npemmaraemoMm 1Y pacimupsiercs auaria-
30H 4YacToT no auddepeHnmraibsHoMy curnany ¢ 482 no 745 MI'n.
B cpaBHenun c¢ JY-mpororunom (puc. 9.17), koropeli umeer

K =63 n1b no ygacrorsl 2,4 MI'1, mpemnaraemserii 1Y (puc. 9.16) no-

3BOJISIET TIOJIYYUTh OOJIee MHUPOKUM Auana3oH 4actot ( f,.. = 30,7 MI'n) ¢

oc.cd

TaKUM e ociabieHueM cuH($a3HOIro CUrHaIA.

B paccmarpuBaeMmbix cxemax JIY obecnieunBaercst Takke Oosiee BbI-
COKasl CTENEHb NMapaMETPUUECCKON KOMIICHCAIIMU BJIMSHUSI TEMIIEPATYPhl U
paguanuu Ha JDJIC cMmernieHus HyJs1, 00YCIIOBICHHON CMEIIEHUEM BXO/I-
HBIX M BBIXOJHBIX XapaKTEPHUCTUK TPAH3UCTOPOB HCTOYHUKOB OMOPHOTO
TOKa 11, 12, 13.

Ecim uzmensiercs HanpspkeHue nurtanus Y u, Kak CleICTBUE, TOKU
I, u I3, TO B peyaraeMoM yCTPOMCTBE TakKe MOBBIIIAeTCA KOA(DPUIIUEeHT
TIOJIABJICHHS TIOMEXH IO TUTAHUIO.

9.3. Cnocob6bl cobcTBEeHHOM

U B3aMMHOM KoMneHcauum r-C,
TPaH3UCTOPHbLIX UCTOYHUKOB OMOPHOIro TOKa
B anddepeHunanbHOM ycunurene

9.3.1. Knaccu4yeckue pucdpdepeHumanbHble YCUNUTENN
[IpuMeHeHne NPUHIUIOB COOCTBEHHOW KOMIIEHCAIIMM Mapa3uTHBIX

MMIIEJJAHCOB TO3BOJISIET PEUINTh MPOOJIEMY YMEHBILIEHUS COCTaBIISIOLINX
Koccpy CBA3AaHHBIX C KOHEYHOM BEIMYUHOM IIPOBOIUMOCTH (EMKOCTH)
3aKpBITOr0 KOJUIEKTOPHOTO TEpeXofa BbIXOAHOro Ttpanszucropa MWMOT
(puc. 9.21).

JIns 3TOM Lenu B CXE€MY BBOAMTCS JABYXKAaHAJIbHBIM JIEJIMTENb TOKA
VYTI. Iloatomy BbixogHbie Toku Y, 00ycioBiaeHHbIE CUH(A3HBIM CUTHA-
JIOM U, YMEHBIIAKOTCS

lBBIX.l = uCyK3 [035 - Kil];
lBBIX.Z = uCyK3 [035 - KiZ ] .
I[J'IH IMOJIY4YCHHUA HYJICBBIX 3HAUYEHUH ATHUX TOKOB HGO6XOI[I/IMO BBI-

K,=0,5
K,=0,5.

IIOJIHUTD YCJIOBUA
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Puc. 9.21. ®ynkunonanbHas cxema 1Y
¢ coOcTBeHHOM KomneHcanuen 7-Cy Tpan3ucropa VT3

[Ipumepsl noctpoenust Y, coorBercTByronmx (HyHKIHOHAIBHON
cxeMme puc. 9.21, npuBenensl Ha puc. 9.22-9.27.

Brixi Brixi, Brix1; ‘B Brixi,
cl
iBI)IXl LT L iBI)IX2 VT4L T J VTS
1 ' NG
bey| VDI VD2 || is
i N 1
i oy > <
2 i . 13
i_r23 T Kiis L 2
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167



O +
TOOREIC)
Bx.1 Bx.2 VT3 VT4
VTI VT2 +E Brix.
+E01 — 0O
VT7 VTS
VT6
VTS
N . om |
»1 e
@13 O v :
: o
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9.3.2. lucbpepeHyuanbHbIe ycunumenu

Ha «rnepez2HymbIx» Kackoodax

Co3nanve KaHalOB COOCTBEHHOM KOMIIEHCAllUU COMPOTUBIICHUN
KOJUIEKTOPHBIX IepexonoB 7y TpanzuctopoB MOT B JIY Ha ocHOBe mepe-
THYTBIX KacCKOJOB TO3BOJISIET TMOBBICUTH HMX KOI(PPHUIMEHT OCiIa0ieHUs
cuH(}a3HBIX CUTHAIOB. B 001ieM citydae Juist 3Toil 1esm He00XO0IMMO CHH-
TE3UPOBATH CHEHUAIBHYIO IToACXeMy akTuBHOM Harpy3ku I1T1 (puc. 9.28),
MMEIOIIYIO JIBa JIOMOJHUTEIBHBIX BX0oJa 3 U 4, ko PpUIMEeHTHI nepenadn
M0 TOKY OT KOTOPbIX Ha BbIxoA Y Onu3ku k equHMUIIE.
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Puc. 9.28. KomneHcanusi cuH(})a3HbIX COCTABIISIONIUX IEPEMEHHBIX TOKOB
I3 M4 B JY Ha «IEPETHYTHIX» KACKOAAX

IIpn o, =a, =05 =0 =1 BXOOHOW CHH(]A3HBIN CUTHAI U, NIEpea-
ércs Ha BbIXOX Y U co3maér npupalleHue ToKa B Harpy3Ke
Lo = U [(Ki42 —D s + (K = Kiz )J’K3]'
Jnst monydenus i, =0 HEOOXOAMMO BBITOJHHUTH CIIEIYIOLIUE YC-

BBIX

JJOBHUA

1

Kilz = Ki32
[TpuMepsl TOCTPOEHUS MPAKTUYECKUX CXEM, YAOBIIETBOPSIOUIUX IO-

CJIETHUM YCJIOBHSIM, IPUBEICHBI HA pucC. 9.29-9.34.
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Puc. 9.30. IIpumep nocrpoenus 1Y co crerumanbHON TOACXEMOU
aktuBHOU Harpy3ku I1T1 (puc. 9.28)
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9.3.3. QueppepeHyuanbHbIe ycunumernu

Ha ocHoee kackadoe «OK-Ob-Ob»

YcnoBue nonarieHus cUHGA3HOM MOMEXH, MPOHUKAIOUIETO Ha BHI-
xoa Y (puc. 9.35) uepes r3-Cys Tpanzuctopa VT3, MOXKHO NMPEIOCTaBUTh
B BUJIC CIICIYIONIMX OTpaHWYCHUNM Ha KO3(PPUIIMEHT Iepeaadd Mo TOKY
KOMIIEHCHUpYolIero kaHana Y T'1

of
o -

Puc. 9.35. ®yukunonanpHas cxema Y
C KOMIICHCAMEN BIUAHUSA 7'3-Cyz Ha Koe gy

JIaHHOMY YCJIOBHIO YJIOBIIETBOPSIET, HAIPUMEp, cxema puc. 9.36.
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9.3.4. BzaumHas komneHcayusi rc-Cx e 1Y

CO c/1e0sW UM NuUMaHuUem

B cxemax 1Y co cnepsiuuM nutanueM (puc. 9.37) 1ocTaToqHo Mpo-
CTO OpraHW30BaTh B3aUMHYIO KOMITEHCANMIO 7-Cy MBYX HMJIEHTUYHBIX HC-
TOYHUKOB OMOPHOIO TOKAa Ha TpaH3ucropax VIS u VT6.

Bexi,  Bopxb —oO +
VT3L j VT4 12<>
Bx1 V1! V12 o

Ixs

VToé

)

VT5

Puc. 9.37. BzaumnHas koMneHcaiys BbIXOJHON MTPOBOIMMOCTH
Tpan3uctopoB VI5-VT6 B 1Y co ciensiyuMm nuTaHueM

VYcnoBus, KOTOpble HEOOXOUMO BBIMOJHUTH JJIs MUHUMU3AIUU CO-
CTaBILIOIUX Ko o, OOYCIOBICHHBIX BIUSIHUEM 7s U Cys, MOXKHO IIPEICTa-
BUTH B BHJIC

Txs = Tk6
| Ky =1
D
CK5 = CK6
RBx.l =

rone K g~ 0, Rix1 — k03bduIMEeHT nepenadyn no HANpsHKEHUIO U BXOJHOE

conporusieHue nosropurens [TH1.
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Bonpocbl Ans caMOKOHTpOnA

1. HazoBute criocoObl BBEAEHUSI OTPULIATENBHON 00paTHOM CBSI3U MO
cuH(}A3HOMY CUTHAIIy B aHAJIOTOBBIX MUKpOCXeMax ¢ IuddepeHimaibHbIM
BXOJIOM.

2. [losicaure padboty Ha cuH(pa3zHOM curHane auddepeHuanIbHbIX
kackaaoB (/1K) Ha oCHOBE KOMILJIEMEHTapHBIX YCUIIUTENEH TOKA.

3. KakuM 00pa3oM MOKET ObITh CKOMIIEHCUPOBAHO BIIMSIHUE HA KO-
3G (UIUEHT OCNa0NIeHNsT BXOAHBIX CHH(A3HBIX CUTHAIOB (Koccy) COIPO-
TUBJICHUSI UICTOYHHUKOB OIMOPHOIO TOKAa Ry B KOMIUIEMEHTapHBIX Iudde-
PEHIMAJIBHBIX KACKaAaX?

4. Ilosicaure padboty Ha cuH(pa3zHOM curHaue auddepeHuaIbHbIX
KAacKaJI0B HA OCHOBE KOMITJIEMEHTAPHBIX «IEPETHYTHIX)» KACKOJIOB.

5. IloueMy HampsbkeHue Opiii BXOIHBIX TpaH3ucTopoB /K Bimser
Ha ero Ko3(ppuureHT ocnadiieHus: BXOAHBIX CHH(a3HbIX CUTHAIOB?

6. [losicHuTe pabOTy BXOJHBIX KackajoB ObicTpojeicTByromx OY
C TIOBBIILICHHBIM OCJIa0JIEHHEM CHUH(A3HOI0 CUrHaja

7. KakuM 00pa3oM MOXET ObITh CKOMIIEHCUPOBAHO BJIUSHUE UCTOU-
HUKOB OIIOPHOIr0 TOKA Ha K.« JK ¢ apxurexkrypon pA7417?

8. ITosicaute paboty JIK ¢ mapamiebHBIMU KaHAJaMU KOMITEHCAIIUU
MMIIE€/IAHCOB TOKOCTAOMIN3UPYIOLIUX ABYXITOJIIOCHUKOB.

9. KakuMm 00pa3oM MOXKHO CKOMIICHCHPOBATh BIMSHHUE Ha Ko EM-
KOCTH KOJIJIEKTOPHOT'O MEPEX0/1a TPAH3UCTOPOB UCTOUHHMKA OMTOPHOIO TOKA
muddepeHIanbHbIX KaCKa0B?

3AKINIOYEHUE

PaccMoTpeHHBIE CXEMOTEXHUYECKHE IPUEMBI IOBBILEHUS Koccg
BXOJHBIX KackagoB OY paclUpsiOT CIOXKHUBIIUECS TEOPETUUECKHUE TPe-
CTaBJICHUS O METOJaX MOBBIICHUS CUH(]A3HON MOMEXOYCTOMYMBOCTH aHa-
JIOTOBBIX MUKPOCXEM C U PpepeHInaIbHbIM BXO0M.

Cxemorexnuka /Y, 06a3upyrommxcs Ha apXUTEKTYPHBIX PEIICHHIX
rJ1aBbl 1, MO3BOJIIET CUHTE3UPOBaTh AUPEepeHIIMaIbHbIE ONEepalMOHHBIE
YCHIIUTEIIN C IMOBBIIEHHBIM K¢ ¢ TIPA HU3KOBOJIETHOM ITUTaHUM.
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