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BBEOEHUE

Opnoil n3 (yHIaMEHTaIbHBIX OCOOEHHOCTEW aHaJIOTOBBIX MHKPO-
cxeM ¢ auddepeHIuaIbHBIM BXOA0M (TPUEMHUKOB CUTHAJIOB KaOEIbHBIX
JMHUWA CBA3M, KOMIIApaTopoB HaNpsbKeHUH, Tud@epeHianbHbIX ornepa-
uroHHbIX ycunureneit, AL ¢ nuddepenunansupiM BXogom, nuddepeH-
HUAATBHBIX WHCTPYMEHTAIBHBIX YCUJIUTENEH, YCHIUTENEH CUUTHIBAHMUS
CUTHAJIOB Pa3JIMYHBIX AJIEKTPOMATHUTHBIX JATYMKOB, JATYMKOB TeMIepa-
Typbl U APYTUX GU3HUECKUX TOJIEH) SABISIETCA MOIaBJICHUE CUH(]a3HOil co-
CTaBIAIOIIEH IBYX BXOIHBIX HanpspkeHud u, = 0,5(u  +u,,). DTO CBOUCT-

BO OIICHUBAETCS KOA(PGIUIIMEHTOM OCIa0JIeHUs BXOJAHBIX CUH(pA3HBIX CHUT-
HaJIOB K¢ U €70 NOBENECHUEM B IIMPOKOM JUANA30HE YACTOT. Ko g CIE-
JyeT OTHECTU K OJJHOMY M3 BAKHEMILIMX MapamMeTpOB MPEUU3UOHHBIX aHa-
JIOTOBBIX MUKpocxeMm U [P-monyneit ¢ auddepenunansubiM BXogoM. Tak,
KayecTBO pana S,C-u31aearii 3aBUCUT OT COBMECTUMOCTH Ha OJIHOM KpH-
CTaJlIe aHAJIOTOBBIX U HU(POBBIX Y3JIOB, 3(PHEKTUBHOCTHU MOJABICHUS BbI-
COKOYAaCTOTHBIX CHH(A3HBIX MOMEX, B TOM YHUCJIE MO IIMHAM MUTaHUA U
JIMHUSAM CBSI3H.

B Hacrosiiem ydeOHOM mOCOOMHM paccMaTpHUBAIOTCA MapameTpuye-
CKHE METOJIbl MOBBIIECHUA CHH(A3HOW MOMEXOYCTOMYMBOCTH KJaccuye-
CKUX Tu(pPepeHIINATbHBIX KACKaJ0B U PEIIAIOIINX YCUIUTEIIEH.



1. TAPAMETPbI MTPEOBPA3OBAHUA
CUHD®A3HOIO CUTHANA
B MYJIbTUKACKAOHbLIX OY

Cnocobnocth muddepennuansaoro kackaaa (puc. 1.1) (JAK) ycunu-
BAaThb C MUHUMAJIbHOW MOTPEIIHOCTHIO PA3HOCTh BXOJAHBIX HANPSDKEHUU 1)
U U ABISIETCSI OJJHUM U3 €r0 BaXKHEUIIINX CBOMCTB:

Upx = Ky(ucl _uC2)+uBI)IX.O7 (11)
rae K, — nupdepeHnnanbabii KO3QPUIUEHT yCUIICHHUS;
Ugixo — BBIXOJIHOE HANPSHKEHUE OIIMOKH, 3aBUCAILECE OT YPOBHS CHH-
(pazHOrO curHANA U U, = f(Uy,U,)-

[Ipy oaMHAKOBBIX MPHUPALIEHUAX HANPSKEHUNA Ha 0a3ax TPaH3UCTO-
poB VTI-VT2 (puc. 1.1) na Beixoge JAK He HOMKHO OBITH KaKOro-Iudo
curHana. Ha mpakThke nociegHee OCylEeCTBUTh KpauHe TpyaHo. Bo-
NepBbIX, TpaH3ucTopbl VI1-VT2 He SBAAIOTCS MACAaTbHBIMU YCUIUTENb-
HBIMU 3ieMeHTaM:d. OHU UMEIOT KOHEYHBIE COMPOTUBIIEHUS 3aKPBITHIX KOJI-
JEKTOpHBIX nepexooB (7, =1+5 MOwM) u cpaBHUTENBHO ITyOOKYIO BHYTpPEH-

HIOKO OOPATHYIO CBSI3b (/1,5 = L = 107 -107").

O+
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Puc. 1.1. Ocnabnenue cuH(pa3HbIX CUTHAJIOB B IByXKackagHoMm (Y



Bo-BTopbix, uctounnk omnopHoro toka (MOT), ycraHaBiuBaromiui
CTaTUYECKUU PEXKUM KacKaja, XapaKTepU3yeTCS KOHEYHBIM BBIXOJHBIM

COIIPOTUBIIEHUEM R, =y, b IToaTOMYy SMUTTEpHBIE TOKH TPAH3UCTOPOB

VTI1-VT2 npu Bo3AeCTBUU CUH(A3HOM COCTABIISAIONIECH BXOJHBIX Hamps-
KEHUN U3MEHSI0TCA. B pe3ynapTrare COBMECTHOIO ACHCTBUS YKa3aHHBIX
(akTOpOB, a TaKXE€ B CBS3U C pazdpOCOM MapameTpoB TPAH3UCTOPOB Ha
Bbixoje JIK mosiBisieTcst ommoKa o, 00yCIIOBIICHHAS CUH(A3HBIMU U3-
MEHECHMSMH HANPSDKEHUN U, = U , = U, :
Upx.o = KepUe s (1.2)
rae Kqy — KodppUuueHT nepenadu CHH(pa3HbIX BXOIHBIX HANPSKCHUN.
Kpowme atoro, y JIK ¢ cumMmeTpuuHbiM BbIxoJoM (puc. 1.1) npoucxo-
IUT CMEUIEHHUE CPETHEr0 YPOBHS HAIPsDKEHUM Ha pesuctopax R1, R2, ko-
TOpOE SIBJIACTCS BXOAHBIM CHH(A3HBIM CUTHAJIOM JJII BTOPOrO Kackajaa
oYV:

uBI)IX.C = O’S(MBI)IX.l + uBbe.2) =K u (1 3)

mp.c”c»
rae Kppc — K03 (puuueHT npeodpa3oBaHus BXOJHOIO CUH(A3HOrO Hamps-
YKEHHUS U, B BBIXOJHOE CUH(PA3HOE HANPSHKECHUE Upyy c-

JI1s OOBEKTUBHOW OIICHKM CBOWMCTB Pa3JIMUHBIX YCUJIUTENICH HEeJ0C-
TaTOYHO 3HATh OIIUOKY U,y o HA UX BhIXOJE. [l0aTOMY BBOJST TpeTHil na-
pametp JIK — koapdunment ocnabneHuss cuH(pa3HbIX BXOAHBIX HampshKe-
HUl (Koc o). OH ompenensiercsa Kak OTHOLICHHE CHH()a3HOTO BXOJHOIO Ha-

IPSDKEHUS K HAIPSDKCHUIO OIIMOKH (e, ) OT 9TOr0 CUTHAJA, IPUBEIEHHON

10 BXOJly Kackaja

u K
oo _ Y (1.4)
e K

BX.0

e

Bx.0 — uBHX.O

/ K y > Koc.cq) =

Ecmu OV conepxut nBa mociienoBaTeabHo coeAuHEHHBIX K, TO ero
PE3YABTUPYIONUN KOI(PUIIMEHT ociabiieHuss CUH(pA3HbIX BXOJHBIX Ha-
MPSHKEHAN ONPENETSAETCS BRIPAKECHUEM:

K
-1 _ -1 mnp.c -1
Koc.C(bZ — Hoc.ch + —Koc.c¢)2 > (1 5)

Ky

rae Koc.cpy, Kup.c, Ky — IapaMeTpbl IEPBOrO KACKAAA;
Koc.cp2 — TapaMeTp BTOPOIO KacKajaa.

CundazHoe MU3MEHEHUE HANPSKEHUN Ue; U U MPUBOAUT TaKXKE K
n3MeHeHuI0 BXOoJHbIX TOKOB JIK (7}, i;) (puc. 1.1). CTeneHp BIMSHUS CHUH-
(da3HOro cur”ajga Ha MPUPALICHUS BXOJHBIX TOKOB OMPEACISIETCS BXOJ-
HBIMU MMPOBOJIUMOCTSIMU JIJIs1 CHH(A3HBIX BXOJIHBIX HAIIPSYKECHUI:



+) _ o ¢ _ I
Y;:(b - Y;x.ccbl =hlig _ ’ Y;:q) — IBx.ch2 T Lae _ . (16)
ol T U ol = U2
Jlns pacematpuBaemoro JIK (puc. 1.1) gaHHble mapamMeTphl 3aBUCAT
OT XapaKTEPUCTUK AJIEMEHTOB CJICIYIOIINM 00pa3oM:

)/
Yc(qj) =Yoxept ® Mg +(l+h216—1) 0,5y, + 120-2  126-1 | (1.7)
Mgy + Mg
- Hove 1 —Hye
chb) = Yoxep2 = g2 + (14 Ay ) 0,5y + 121262 | (1.8)
Mgy + M50

rae s, — h-TlapameTpsl k-ro TPaH3MCTOpa MPH BKIIIOYCHUH 10 CXEME C

o01ien 0a30ii;
Yo — BBIXOJIHASI IPOBOJMMOCTH UCTOYHHUKA OTIOPHOTO TOKA.

2. MOrPEUHOCTU PELWLAKOLWUX YCUNTUTENEN
NP HEMNOJIHOM OCNABJIEHUA
CUHDA3HbLIX CUTHAIIOB

[TorpemiHOCTH HEMHBEPTUPYIOIIUX pemaromux  ycunuteneit (PY)
CYILIECTBEHHO 3aBUCAT OT Kod(duimenTa ociadiaeHusi BXOAHbIX CUH(a3-
HBIX CUTHaJIOB BXOJHOro nuddepenimanbHoro kackaga OY. Tak, B kiac-
cuueckoM PV (puc. 2.1) peanbHOE BBIXOJHOE HAINPSHKEHUE Uy, (IIPU OT-
CYTCTBUHU pa3dpoca OT HOMHUHAJIA CONMPOTUBIIEHUN PE3UCTOPOB OOpATHOMU

o .
BBIX °

CBsI3U) Oy/IET HECKOJIBKO OTJIMYAThCS OT UJCAILHOTO U

Ugpix = Uppix.0 1_?_K _R(+)y((:$)(1_Nc) > (21)
oc.cd

) y(—)

rae N, = & ‘E‘f) — ko3 punment acummerpuu PY no Bxonawm;
yC(b

R,
I —nernesoe ycuienue PY no Hanpsbkenuto 7'= K ;
R, +R,

y&;), yég) — Bxoguble npoBoaumoctd OV s cuH()DA3HOTO CUrHaa

10 UTHBEPTUPYIOILIEMY ¥ HEUHBEPTUPYIOLIEMY BXOdaM;
R =R|R,, R =Ry|R,.
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uBLIX
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Puc. 2.1. HennBeptupyromee BximoueHue OY

B wactHOM ciyuae npu R, =0 (100%-s1 oOpaTHas cBsI3b):

| |
Uppx = Ugix.0 1- B
K y K

—~RWy) | (2.2)
oc.cd
Ecnu curnan noma€rcss HENMOCPEACTBEHHO HA HEWHBEPTHUPYIOLIHN
Bxon (R, =0), TO
1 1

Ugx = u@blx.O 1- ? B

+ Ry . (2.3)
oc.ch

N3 (2.1) cnenyet, uro kodpduieHT ociadaeHusi cMH(Aa3HbIX CHT-
HAJIOB Koccy TAKUM K€ O0pa3oM BIMAET Ha IMOTPEIIHOCTb PEMIAIOIIErO
yeuwnutens (puc. 2.1), uro u nerneBoe ycuienue 7. Ilpu 3ToM BimsiHUE
ACUMMETPUU BXOJHBIX MPOBOJMMOCTEN MO CHH(A3HOMY CUTHAIY CTaHO-

BUTCS 3aMETHBIM, €CIIU
1

‘R(—)yé; —R(”y(%) >?’ (2.4)
) (- 1
ROy~ ROy > 2.5)
Koc.cq)

N3 ypaBHeHusa (2.1) Taxxke cieqyeT, YTO IOBBIIIEHUE IETIEBOTO
ycuseHus T ¢ 1enblo CHUKEHUs norpemnocty PY HenenecoobpasHo, eciu
Kooy <T'.

HacroTHast 3aBUCUMOCTD K ., = P(®) BBI3BIBACT «AC(HOPMAIIHIO»

aMIUIMTYIHO-4YaCTOTHOM XapaKTEPUCTUKU 3aMKHYTHIX PEIIAIOIINX YCUIIH-
Tene ¢ K =1, Ha KOTOpYIO HE Bcerja oOpaiiaroT BHUMaHUE pa3padoTyu-

KU aHAJIOTOBBIX YCTPOUCTB. J[eHCTBUTENBLHO, BEKTOP MOTPEITHOCTH KO-

8



¢unuenra nepenaun K, 3amxayroro OY co 100%-i1 0OpaTHO CBSI3bIO U
HYJIEBBIM BBIXOJHBIM CONPOTUBICHUEM MOXET OBbITh Onpeaesi€éH mo Gop-
MyJIe

: U 1 1
0K, =1-—"S"%~ (2.6)
UBLIX K K oc. C(b

rae U,,, — KOMIUIEKC BBIXOJHOIO HampshKeHus peansHoro (U, . ) U uue-

anprOro (U, ) pelIaolnX YCHITUTENCH;
K, — KOMIUICKCHBI KO3(P(HUIMEHT YCUICHHS MO HANPSHKCHHIO pa-

3omMkHyTOTrO OV}

K.y — KOMIUIEKCHBIA KOI(QQHUIMEHT OCNabICHUs BXOHBIX CHH(A3-

HBIX CUTHAJIOB.
Ecmn K, u K ., aNIpOKCHMHUPOBATH MEPEIATOYHBIMU (YHKIHSIMH

IICPBOTIO IIOPAIKA

. K : K
K=Y K = _occb (2.7)
y 1 . oc.cd 14/
+ jT,0 JT.®
| (11 . ,
T0 8K, ~ K, +KOCC¢,+J(D —+— =K, +JjOTg, (2.8)
®; O
K,
re ®; =—- — 4acTOTa €AUHUYHOIO yCUJIeHUs I PpepeHnnaabHOro cur-
TB
Haja OY;
Koc.ccb
®, =——— — 4aCcTOTa AUHUYIHOIO OCJIA0JIEHH CUH(AZHOIO CUTHAJIA,
TC
Ty =T + rcl —  DOKBUBAJCGHTHas  ToOCTOsiHHAasE  BpemeHu  OVY;
K, =K, . 0% o — CTATHYCCKas OIIMOKA.

Takum 00pa3om, yacToTHas olIMOKa ycusieHus curHaia PY (puc. 2.1)
3aBUCUT HE TOJBKO OT 4acCTOThl €uHUYHOro ycuieHus OV, koTopas s
COBPEMEHHBIX aHAJIOTOBBIX MUKPOCXEM M3MEPSIETCS COTHSIMU Merarepil, HO
M OT YacCTOThl €IUHUYHOIO OCJIa0JICHUSI BXOJHOTO CHH(A3HOTO CUTHaja
®,,, KOTOpas B OOJIBIINHCTBE CIIy4acB 3HAYUTEIBHO MEHBIIIE (), .

)IOHOJIHI/ITeJIbHo cne):[yeT OCTaHOBUTHCS HA BIUSHUM BXOJHBIX IPO-
BOJMMOCTEN ycq) 51 ycq) Ha norpemHoctd PY, KoTopele cieyeT y4uThl-

BaTh, €CIU npomsBeneHus R y((f) Ré')yég comsmepumbl ¢ K;' u K.
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UucneHnHple 3HA4YEHUSI BXOJHBIX compotuBiieHut OY s cuH(azHOro
CHTHaJIa R(+) = [y(%)T R( ) = [yéq)j KOI'JIa OTUM BIMSHHEM MOKHO ITpe-

HeOpeus, onpeaenstores u3 (1.7), (1.8) popmymnamu:
Ry >RYK,, Ry >RVK,. (2.9)

N3 (2.1) crnenyer, 4TO BXOJHBIE CONPOTHUBIICHUS Jis CHUH(]a3HBIX
CUTHAJIOB OKAa3bIBAIOT CYILECTBEHHOE BIIMsAHKUE Ha norpemHoctu PY. Ilpe-
€ BCEro, 3TO MPOSBISAETCS NMPU BBICOKOOMHBIX pPE3UCTOpax OOpaTHOM
CBSI3U, a TaKkKe B Npelu3nOHHbIX OY C MOBBIILIEHHBIM KO3 (ULIHEHTOM
ycunenus K.

Takum oOpa3zoM, MPUBEIEHHBIN BhIIIE MPUMEP OLEHKHU MpPeIeIbHbBIX
napaMeTpoB OJHOIO U3 HamOoliee pacrnpoOCTPaHEHHBIX (HYHKIIMOHAIBHBIX
y3JI0B aHAJIOTOBBIX MHTEP(PENCOB — HEMHBEPTHUPYIOILLETO PEIIAIOIIETO YCH-
JIMTEIIA — TTOKa3bIBAeT, YyTo mapamerpsl OV, onpenessromuye ero noBee-
HUE€ Ha CMH(A3HOM CHTHAJIE, OKA3bIBAIOT B PAJIE CIIYyYaeB JOMUHUPYIOIIEE
BIIMSIHUE HA CTATHYECKUE U TUHAMHUYECKUE ITOTPEITHOCTH.

B 3T0i1 cBsi3u OOJBIION MPAKTUYECKUI MHTEpPEC MPEJICTABIAET pas-
BUTUE CTPYKTYPHBIX U CXEMOTEXHUYECKHX METOAOB YIYYIICHUS Koccp,

y(%) , yéqz MPELU3UOHHBIX ONEPAMOHHBIX YCUIIUTEIIECH, TOMOTHSIOMNX 13-

BCCTHBIC CXEMOTCXHUYCCKHUEC HpI/IéMBI.

3. PUSUHECKUE OrPAHUYHEHUA

HA NPEQENIbHbIN KO3®®ULMEHT OCIABJIEHUA
BXOOHbIX CUH®PA3HbIX CUTHAIIOB

B KNACCUYECKUX

ANDODOEPEHUUAIBbHBLIX YCUTTUTENAX

[TopaBnenue cuHdazHbIX curHanoB AU epeHInATbHBIMUA KaCKalaMH
CYILIECTBEHHO BJIMSIET HA TOYHOCTh MHOTHX aHAJIOIOBBIX YCTpPOMCTB. B Ha-
CTOsIIIeN paboTe CUCTEMAaTU3UPYIOTCA MPUYMHBI, BIUSAIONINE HA MPEAEib-
HbI€ 3HaYeHUs Kod(d@uuueHTa ociiadaeHuss BXOAHBIX CHH(A3HBIX Hamps-
xKeHul K ¢ Ki1accuueckumu Y.
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3.1. AudchepeHunanbHbIe yecunutenm
C aKTUBHbIMM Harpyskamu

«TokoBbie» 3epkasia B kiaccuueckux Y (puc. 3.1) okaspiBatoT (Ha-
psAIy C MPOBOAMMOCTBIO ) LEMH CTAOMJIM3AIIMH CTaTHYECKOTO PEKHMA)
JOMUHHpYIOLIee BIUSHUE HA Koc oo

IIT1

@
Bx.2

VT1 VT2>'—O

1 Uc2

Puc. 3.1. Kitaccuuecknii 1Y ¢ akTUBHOM Harpy3kou

Cundasznoe wusMeHeHue BXOAHbIX HamnpsbkeHuit JIK (puc. 3.1)

U, =U,, =U,, JOCTUrarolee UHOIAa €JUHUIL] BOJIBT, IPUBOAUT K U3MEHE-

cl
HUIO ITOTCHLMAJIA 1, HA UCTOYHHUKE OIOPHOIO TOKa [, U IMOTECHIHUAIbHBIX
KOOpAWHAT TpaH3ucTtopoB VT1-VT2:
Uy U, Ug PlUigr F U, 3.1)

IZie U, ,; — IPUPAILEHUE HAIPSDKEHUS KOJIeKTop-0a3za VTi.

D10 co374aéT HEOOIbIINE MU3MEHEHHUS] OTHOCUTEIBHO CTAaTUYECKOTO
peXuMa TOKOB KOJUIEKTOpA M HAIPSHKEHUWA 3MUTTEp-0a3a TpaH3UCTOPOB
VTI1 u VT2, 3aBucsiue oT ux Napa3uTHHIX [TApaMETPOB:

€y.1 ¥ Mllys1 = Wl (3.2)
€362 ¥ Hallygr = Hole, (3.3)
Ip RUGYy = Vol (3.4)
irl zU_C’ ir2 zU_C’ (35)
rKl er
THe Wy =/lyp g, Wy =Ny g, rK_ll =hy_y, ”K_zl =Ny gy By =Myys Ty =l —

rapaMeTphl SKBUBAJICHTHON CXEMBI 3aMEIIICHHS TPAH3UCTOPOB B CXEME
¢ 00111eH 0a30ii.
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®

o =0 | Kizy I W% M)
Kijz.1 =1 M v

iy Tl # T2

Uil = Uxe2
Bx.1

{YO #0 [
Ucr
Kij.1#0

Ty] # Iy

H1UK6.1

151 l
v

H1Ux6.2

l 1y
v

O i ®
y .
CrpykrypHas o e Texnomornueckuii
omubKa Yo Tu - pasbpoc mapaMeTpoB
YCHIICHHS U, ¢ ! VTL-VT2
4 -

Puc. 3.2. OcHOBHBIE IPUYKMHBI HETIOJHOT'O TTOJIABJICHUS U,

B pesynbrare B Beixoanou nenu K dhopmupyercs mapa3uTHbIi cHT-
HaJI i, KOTOPBIM 3aBUCHT OT YMCICHHBIX 3HAYCHUN 7,;, W;, V,, U, U UJICH-
TAYHOCTH MMApaMeTPOB TpaH3ucTopoB VI1-VT2.

C NOBBIILIEHHEM YaCTOThl BXOAHBIX HANPSKEHUM 1), Uy OCIabIeHne
cuH(a3HpIx curHanoB B JIK yxynmaercs u3-3a BIMSHUS Ha K. BBIXOJ-
HOM EMKOCTH HMCTOYHHMKa ornopHoro Toka (Cj), €MKOCTEH Ha MOJJIOXKY
(Cu1, Cip) m éMrocTeit kosutiekTop-0a3za (Cyy, Cy,) TpansuctopoB VT1, VT2,
a Tak’K€ YaCTOTHOW 3aBUCMMOCTHU UX BHYTPEHHEN 00OpaTHOM CBS3H.

PaccMoTrprum moo4epEMHO TP OCHOBHBIE COCTABIISIOIINE BBIXOIHOTO
toka JIY (puc. 3.2) npu uc=uc=uc,.

IlepBas cocraBiasiromias — iy;. [IpuunHa €€ nosBieHUs — HAIU4IUE
MIPOBOJIUMOCTHU ). Tak Kak BXOJHOE CHH(A3HOE HANPsHKEHUE U, MPAKTH-
YEeCKH ¢ €IMHUYHBIM Kod(puuueHToMm (K, ~1) BblAenseTCs Ha TOKOCTa-
OMJTM3UPYIOIIEM JIBYXITOIKOCHUKE [y, TO 3TO CO3/IaET TOK iy B €r0 BHIXOIHOM
MIPOBOJAUMOCTH )y, SMUTTEPHBIE (i,1, [5), @ 3aTEM KOJUIEKTOPHBIE (iy1, ix2) TO-
KM, 3aBUCSIINE OT KO3PUIIMEHTOB jiesieHus K, ;, K> 1; B 00111€H IMUTTEP-
Hou uenu Y

Iy =UuVoK 55 Iy =U VoK, 1

N | , (3.6)
g = YKy 2,5 by =0, Y0 K5
I 7 I 7
_ sl _ 52 ~ . _ 92 51 ~ . ~
e Kl—z.i_.__—NOJS’ K2—1.i_.__—~055> Ay, aZ“’l -
ly TypTtry ly Typtry

KO3 (DUILIMEHTBI YCUJIEHHS 110 TOKY SMUTTepa Tpan3uctopoB VT1, VT2;
751, F'>p — CONPOTUBIICHUS dIMUTTEPHBIX niepexonos VT1, VT2.
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IToaTtomy
Iyt =l —lpn = aZKZ—l.iyouc[l - Nl—Z.lKi12.1]> (3.7)

e Ny ,, =—— 2L ~] — xoodppuument nennentnanoct VT1-VT2 no

1[eTH AIMUTTEPA.
s mudpepeHInaIbHOTO CUTHANIA Ugx=U, |-l TOK B Harpy3ke Ry

E qua2

1. =~

o u
1+—L K5, zi(“‘Kﬂz.l)- (3.8)

ryt+1n o, 5

[Toaromy nepBas cocrasisromas Koo AY puc. 3.2, 00ycnoBiacHHas
KOHEYHOMN BEJIMUYUHOM ):

. 1- N, K,
Kidigs = 2y s
i12.1

Ecmu MOT BbINOJIHEH HAa OCHOBE IMPOCTEUIIEr0 TOKOBOTO 3€pKala,
TO €T0 BBIXOJHAs IPOBOAUMOCTD IIPH CTATUYECKOM TOKE dMUTTEpa [, =/,

1

Yo ZU_3>

3

2 1,yo(1-N_,K;51). (3.9)

rae U, — HanpshDKeHue JpJu.
C yu4éTtoM pEXHMMHOW 3aBUCUMOCTH 7, =¢./[, ypaBHeHue (3.9)

MOHO MPEJICTABUTH CIETYIOUIUM 00pa30M:
Ko_cl.cq).l ~ P (1=N,K;151)- (3.10)
U3
JU11 COBpEMEHHBIX MHTETPAIIBHBIX TpaH3ucTopoB U, =15+ 60 B.

N3 (3.1) cnemyer, 4TO OCHOBHBIMU YCJIIOBUSIMM MHUHHUMH3AIIUU
K gcl.cq)_l ABJISIIOTCA HE 3aBUCHUMBIE JPYT OT JIPyra OrpaHuYCHUS:
0 =0, 3.11)
K N, =1, (3.12)
VYcnosue (3.11) tpeOyeT, 4TOOBI UCTOYHUK OMOPHOrO TOKa Iy MMEN
OECKOHEYHO OOJIBIIOE BBIXOJHOE CONPOTUBIIEHUE. B 3TOM ciiyyae oTinune
OT eAUHHULBI K;» | HE CO3AAET IPOOIIEM C IosydeHueM K gcl_cq)_l ~0.
Bropoe orpanudenue (3.12) mo3BoJisieT B MNPUHLHUIE MOJTYYUTH
Kgcl_cq)'l =(0 npu HeuAeawIbHOM MCTOYHUKE ONOpHOro toka /. OmHako B

3TOM Cily4ae IOTpeOyeTcs pelnTh 1B IpYrHe HENPOCThIE 3aaa4u — o0ec-
IIEYUTh CXEMOTEXHUYECKUM ITyTEM TaKOE IOCTPOCHUE IOBTOPUTENSA TOKA
(¢ TokoBoro 3epkana) IIT1, npu xoropom K, ,, =1, n co3nare ycnoBus

g tpansucropos VT1-VT2, npu koropeix o, =o, U K, ,;, =K, ;.
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K coxanenutro, B cxeme puc. 3.1 uMeercs peKUMHAS 3aBUCHUMOCTb ITHX
MapaMeTpoB OT CTATUYECKOTO HAIPSIKEHUS KOJUIEKTOp-0a3a TpaH3UCTOPOB
VTI-VT2. [loaTomy noTpeOyroTCsl CHelualbHble CXEMOTEXHUYECKUE pe-
1meHusi, ooecrneunBaroniue cuMMeTpupoBanue Uygi=Uyes.

Takum 00pa3oM, TOJILKO MPHU BHITIOIHEHUU yCIOBUM (3.12) MOXKHO
paccuMThIBaTh Ha BBICOKOE OCia0JieHue CHUH(A3HBIX CUTHAJIOB IPU MC-
MOJIb30BaHUU B KauecTBe JiByxnoiatocHuka MOT (/) cpaBHUTEIBHO HU3KO-
OMHBIX PE3UCTOPOB.

Bropas cocraBasiromiasi — iy,. [I[pyunHa €€ nmosBiaeHus — CONPOTUB-
JICHUS 3aKPBITHIX KOJUIEKTOPHBIX nepexonaoB VT1, VT2 (ry, rx), KOTOpbIE
0OyCJIOBIIMBAIOT MPUPAIICHUS TOKOB

u u
: — C ; _ C
1= bLoa=—>
T1 T2
lyy =l =1 K = Uy [1 - Nl—Z.rKi12.1]> (3.13)
v
rie N, ,,. =% — xoopdurment HennearbHOCTH Tpau3ucTopos VT1-VT2

Kl
10 KOJUIEKTOPHOU LIEIIH 7.
C yuérom (3.13) Bropas cocrasirsromas Ko cp.2:

1_]\[1—2 K'121
Ll ry (1-N_, . K1), 3.14
k) 1+Ki12'1 3y1<( 1-2.r 112.1) ( )

TAC Vi = Via ® Vi
-1

Takum obpasom, st moydenus K. .4, =0 Heodxomumo obecrie-

YUTh
Ny 5, Kipy =1 (3.15)

To ecth TOokOBOE 3epkaiio IIT1 cienyeT BBIIOIHATH TAKUM 00pa3oM,
9qT00BI K, =1, a cratndeckuil pexxum VT1-VT2 1o HampspkeHUIo Koi-
JeKTOp-0a3a NOKEH ObITh OOUHAKOB (N, , =1).

Cpasuenue (3.9) u (3.14) noka3bIBaeT, 4TO JOMUHUPYIOMUM (haKTO-
poM B o0mmeM Ko ¢ ABIAETCS, KaK IPaBUJIO, COCTAaBIOmMas K gcl_cq)_l. Hen-

CTBUTCJIbHO, YHUCJICHHBIC 3HAYCHUA ) | = V,» = Vi < Yo- Ha IIPAaKTHUKE IIPpU
THUIIOBOM IIOCTPOCHHH HCTOYHHUKOB OIIOPHOI'O TOKa Iy IMPOBOAUMOCTE )
JIC)KHUT B IIpCaACIax
Y < Yo < 1_37
U

€}
rae I,, U, — cTaTU4eCKUi TOK SMUTTEpPA U HANPSIKEHUE DPJIU TPAaH3UCTOPA
HNOT.
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C yuyéroM umcneHHbIX 3HaueHud [, m U, npu MHIUIMAMIEPHBIX
TOKaX  MHTETPAIBHBIX  N-p-n TPAaH3UCTOPOB  MOXXKHO  HAUTH
3060 KOM < R, <1+2MOm, Tae R, = ¥, — BBIXOIHOE COMPOTHBIEHHE
NOT.

Tperbst cocTaBiasiromias — i, 3. [[pyunHa €€ nosBIeHUs — BHYTPEH-
Hsig oOpaTHas CBs3b (4,1, ) B Tpanzucropax VI1-VT2:

I3 =L, (0, + 04 K;p5,), (3.16)

Uy qu
r31+r32

rae i, =

U, B
m %5, (K — 1)

3

ITosToMy TpeThsa cocTaBiArOMmAs Koc o

- o, + oK,
Kocl.cq>.3 ~ (W ) a = n(="N,,,), 3.17)
1+ Kia.
e u=p ~uy, Ny, = % — KO3(P(UIIMEHT HEHJEHTUYHOCTU TpaH3U-
1

ctopoB VT1-VT2 mno riiybune BHYTpeH-
Hel 00paTHOM CBA3U.
- -4
YHCIIeHHbIC 3HAYCHUS || TPAH3UCTOPOB JIekKaT B mpeaenax 107°-107,

-1
OnHako MpakTHYeCKH cocTaBisitomas K. 4 3 3aBHCHT (PH COBEPLICHHO

UJEHTUYHBIX TpaH3ucTtopax VT1-VT2) or pa3HOCTH MX CTaTUYECKUX Ha-
NPSOKEHUN KOJUIEKTOp-0a3a. [IpuOauM3uTenbHO MOXXHO CUHMTATh, YTO JJIS
SiGe-tpansucropoB (IHP, I'epManusi) M HWHTErpaibHBIX TPaH3UCTOPOB
OI'VII HIII «Ilynbcap» pazauna Ussi-Ugs; B OAUH BOJBT CO34AET pa3HU-
oy W, —W,, focturaromyto (0,25 -0,5)u.

IIpakTyeckuii UHTEPEC MPEACTABIIAIOT UCCIEA0BAHUS 3aBUCUMOCTHU
pa3HOCTH KOA(h(PUIIMEHTOB BHYTpEHHENW 0OpaTHOM CBsI3U (/11,-TTapaMeTpOoB)
IBYX COBEPIICHHO HWJEHTUYHBIX TPAH3UCTOPOB PA3IUYHBIX MHKPOIJICK-
TPOHHBIX (PUPM OT CTATUYECKOro pexuma (HampsbKEeHUH KOJUIeKTOop-0asa,
TOKa YMUTTEPA).

Ha puc. 3.3 nokazaHa cxema SKCIIEpUMEHTa Uil TPAH3UCTOPOB
«KpeMHUI Ha repmaHumn» Hemenkou ¢upmel IHP B cpene koMnploTepHOTo
moaenupoBanus Cadence, a Ha puc. 3.4 — 3aBUCUMOCTb Pa3HOCTHU
Ahy, =hy, —h,, = f(AU,s) mapel 3THX WICHTUYHBIX TPAH3UCTOPOB OT

PA3HOCTH UX CTATUYECKUX HANPSKEHUMN KOJIEKTOp-0a3a.
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. 1
npnyp npnyp

betade=158.3 -

ic=496.9
voe=1.8

ic=496.9u

~650.6
g Ro

v=1.988
="
pwr=4

Puc. 3.3. Cxema 3kcriepyuMeHTa Ha Tpansucropax SiGe

-1 m
— walue(((VFCfin+" - WECfin="3 fWEC fout")) "lbias" 0.0005)
—walue(((VFC fin+" - WECfin=") § WEC fout"y) "lbias" 0.001)

1.75

1.59 delta h12 @1ma

1.254

750

Mag (E-3)

delta h12@0.5mA

500

250

T T T T
4] 200.0 400.0 500.0 BO0.0
dc {m')

Puc. 3.4. 3aBucumocts Ahy, =hy, = hyp, = (AU )

napsl TpaH3ucTopoB IHP oT pasHOCTH UX CTaTUYECKUX HAIIPSLKEHUN
Koyuiekrop-0a3a (AU ;)

N3 rpadpukoB (puc. 3.4), B 4aCTHOCTH, CJIEAYET, UYTO MPU OTIUYUHU
CTaTUYECKOTI'0 HAIPSKEHUS KOJUIEKTOP-0a3a JIBYX COBEPIIECHHO OJIMHAKO-
BeIX SiGe-TpansucropoB IHP Ha Bemmumny AU, ~0,6 B ux pasHOCTb

AhY, nocturaet 3Havenus Ahd ~ 107,

AHaJIOTHYHBIE BBIBOJIbI OBUIA CJHI€JIaHBI U MPU HCCICTOBAHUU WHTE-
rpanbHbIX Tpan3ucTopoB OI'YIIT HIIII «Ilynbcap» B cpeie KOMIBIOTEPHOTO
MozenupoBanus PSpice (puc. 3.5, 3.6).
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Vce

V1
1Vac<>
ovdc &
V2
T3 15 —
V5 JJ \Z .
{Vdc} s {Vdc} —
’ I L
=0
VT2 VT1
TN15S TN15S
V3
15 —
T2 0 I
PARAMETERS:
11 12 Vdc =4
10m C) 10m ()
Vee

Puc. 3.5. Cxema 3KcriepuMenTa J1sl UCCIIEI0BAHMUS PEKUMHOM 3aBUCUMOCTH /117
uHTerpainbHbIX Tpansuctopos OI'YIIT HIIIT «Ilynscap»

AOCOIIOTHBIE 3HAUEHUS /117 HE3HAUUTEIHLHO 3aBUCIAT OT CTAaTUUYECKO-
ro TOKa SMHUTTEpa TPaH3UCTOPOB (puc. 3.6a).

4
87010 b
84610° ¢+ - T __.
8.2810° +-———————— T ==

h li=L=5mA  hiavm,
MR l,=l=1MA

h12,VT11
|1=|2=10MA

h12,VT21
|1=|2=1 MA

h12,VT21
|1=|2=5MA

h12,VT21
|1 =|2=1 OmA

7.30103
7.1710%
7.0710% 7

64610 L T/
6-38103 -r - - - - - - - - - - - .- .-_’’’"""”'’ZZ'''''Z"————
6.3010°

Puc. 3.6. 3aBucumMocTs £, (a) 1 pasHOCTH Ahyy =hyy | —hyp, = (AU )

napsl TpansuctopoB OI'VII HIIT «ITynscap»
OT PAa3HOCTHU MX CTATUYECKUX HAPsHKEHUN KosulekTop-0a3a (AU ;) (0)

(Ha4ayi0, OKOHYaHHE CM. Ha C. 18)
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10734 Ahyy

P

/

0 05 10 15 20 25 30 35 40 45 50 AU 5
o Vv(in+,in-)/v(out)

V_V1

0)
Puc. 3.6. Oxonuanue (Hayajao cM. Ha c. 17)

C apyro# cTOpoHbl, pa3HOCTh A/, Tapbl COBEPLIICHHO WIECHTUYHBIX
TpaH3ucTopoB pu AU, = 2,5 B paBHa Ah, = hl62.1 - hl622 ~107.

Takum 00Opa3oM, OCHOBHBIM HalpaBJICHUEM MHUHHMH3ALHUHA COCTaB-
aromen K gcl_cq).3 SABJISETCSA:

— npumMmeHeHue B kadectBe VT1-VT2 TpaH3ucTopoB (MM COCTABHBIX
TPaH3UCTOPOB) C MAJIBIMU 3HAUYCHUSIMU | ;

— CHMMETpUpPOBaHHE cTaTUYeCKUX pekUMOB VT1-VT2 o Usg;

— BBEJCHHE CJIEJIAUIETO MUTAHKS MO CUH(A3HOMY CUTHAILY, IPU KOTO-
pom oOecrieunBaeTcsi He3aBUCUMOCTh Usg OT U,

-l
OCHOBHBIMH HAaNpPaBJICHUIMA MUHUMH3ALUN COCTABILSIIOMECH K . 42

SABJIAIOTCA.

— npumeHeHue B kayectBe VT1-VT2 TpaH3ucTOpoB ¢ MayibiMu abCo-

-1
JIIOTHBIMHU 3HAYCHUSIMU V=T

— TOCTpOEHHE «TOKOBOro» 3epkana VIl c K, =1;

— CHMMETpUpOBaHME cratudyeckoro pexnma VT1-VT2 mo nampske-
HUSIM KOJIJIEKTOp-0a3a;

— BBEJCHHUE CIICJAIIEr0 MUTAHUS 110 CUH(pA3HOMY CUTHAIy, IIPU KOTO-
poM oOecnieunBaeTcst HE3aBUCUMOCTD U o = U o, OT u..

K

CpasnuBas (3.9), (3.10), (3.14) n (3.17), moxkHO HalTH 0OMMH Ko o
Y (puc. 3.2)

- - - -1
K o = Kocl.ccb.l + Kocl.C(bl + Koc.ccb.3 . (318)

oc.cd

18



BbINOTHEHHBIN aHamu3 MO3BOJSET Pa3ACIUTh OCHOBHBIE (DAKTOPHI,
onpeaerromue Ky oy, Ha CXeMOTEXHUYECKUE U TEXHOJIOTUYECKUE.

CxeMoTexHUYEeCKHE (PAKTOPhl — 3TO 30HA OTBETCTBEHHOCTH pa3pa-
OOTUMKOB apXUTEKTYPbl BXOJHBIX IU(PPepeHInaIbHbIX KaCKaI0B (panuo-
HasbHOE ntocTtpoeHue MOT, noxcxemsl I1T1, cocTaBHBIX TPEXIOIIOCHUKOB
VT1-VT2, cummerpupoBanne cratndeckux pexnmoB VT1-VT2 no U n
UX TeMIeparypHas CTaOUIbHOCTD).

TexHonoruueckue (pakTopbl 3aBUCIT OT YPOBHS Pa3BUTHS TEXHOJO-
MM TIPOU3BOJICTBA (MOrPEIIHOCTH U3rOTOBJIEHUS TpaH3uctopos VT1, VT2)
Y MIOJYMHAIOTCSA 3aKOHAM CTaTHUCTHUKH.

[To Mepe coBepIEHCTBOBAHMS TEXIIPOLIECCOB JOMUHHUPYIOIINUM (haK-
TOPOM Kooy HACTO CTAHOBATCSA CXEMOTEXHUYECKHE HEAOpaOOTKH, T.€. pe-
T'YJISIPHBIE COCTABJISIONIME OIMIMOKU MPpeoOpa3oBaHUsl CUH(A3HOTO CUTHAJa
JIY, cBs3aHHBIE C €ro HEpalMOHAIBHBIM (C PACCMATPUBAEMON TOUYKH 3pe-
HUS) IOCTPOCHUEM.

3.2. AudpcpepeHunanbHbIe yecunutenm
Ha «NeperHyTomM» Kackoge

IIpupamenns TokoB B [IY 3TOro kiacca, BbI3BAHHBIE U3MEHEHUEM
CUH(A3HOIO CUTHAJIA, U = U = U, IOKA3aHbI HA puC. 3.7.

) D
VT@‘TK VT4

+E01 . .
T 14 Rl
L Brix
T 13 g |
>
Igpx RH

T i1 gy
IIT1

~_ ¥
-Kiiag

1 o

Puc. 3.7. Tokn u HanpspKEHUS B «IIEPETHYTOMY» KACKOJIE
npu Uy =U =U A =1y =0
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PaccmorpuM BHawane BIMSHHE )y HAa Kooy NPH YCIOBHM, 4YTO
T =ha =0 Uy =1y =0.
Ecimmu Ha Bxonel 1Y nonaércst cuH(pa3HbI CUTHAN U, = U, =U,,, TO

TOKH B CXCMEC U3MCHAIOTCA

lH = lBBIX = ll‘IT.l - lK47

4 = Oyly = 0.5y0,00,u,,

lK
ot = LaKin = 03K 15 11 = 0,500,003 K15 1 vt

CnenoBaTenbHO, TOK M HANPSHKEHUE OIIMOKY Ha Harpy3ke Ry:

u
. _ C
Iy = —(‘120‘4 - OLIOLE;KilZ.l)?
2R,
R u
_ H”C
u, = (Otz‘x4 _0‘10‘3Ki12.1)-
2R,

[ToaTomy ko3dpdunment nepenaun Y (puc. 3.7) nns cuHdazHOrO
CUTHaJa

Uy _ Ra ( Kiri) 3.19

b=, _2R0 Qg =03 Byyp ). (3.19)

C

Eciu na Bxox Y (puc. 3.7) nomare nuddepeHunanbHblii CUrHal
U, =U, —U,,, TO MUTTEPHbIC TOKA TPaH3UCTOPOB VT n VT2 usmensr-

B

Cs Ha BCIIMYHUHY
u u u

/ ~ 7 ~ BX — BX — BX
Ly Rly ™ - - 10’

51 +I”'32 @ + Qr 4(PT

rae . ~ 25 MB — teMminieparypHblii IOTEHIHAIL.

[Tostomy xkoadduiuent nepenauu Y mis nuddepeHmaibHOro cur-
Haja
R 1y
40,
Takum obpazom, u3 (3.19) u (3.20) cienyet, 4To Ipu HEOOIBIIUX R
(R, =5+50 kOM ) ko3P purmeHT ocnabiaeHus CUH(A3ZHBIX CUTHATIOB Ko g

K, =u,/u, = (0‘4 + OL3K1'12.1)’ (3.20)

y

MeperHyToro kackoja (puc. 3.7):
L RHIO((X4 +0‘3Ki12)2R0 _ IORO(OL4 +0‘3Ki12.1)

Koc.cq) = K

— = .(3.21)
4(PTRH(0‘20°4 _0‘10‘31{'12) 2(PT(0°20°4 - 0‘10°3K112.1)

yc i

Ha puc. 3.8 mokaszana 3aBUCUMOCTD K ., OT KO3 duIenTa nepe-

Jlayu 110 TOKY akTuBHOU Harpy3ku [1T1.
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RO
Puc. 3.8. 3aBucHUMOCTD K¢ (¢ OT IIApaMETPa aKTUBHOU HArpy3ku K;i |

Ecny MCTOYHMK OIOPHOTO TOKAa BBINOJHEH MO MPOCTEUIIEN CXEME
TOKOBOI'O 3€pKaja, To u3 ypasHeHus (3.21) npu K, ,, ®1 MOXHO HaiiTH,

qTo

Koy = (=N, (3.22)
9
rae U, =15-60 B — HanpsikeHne Opiid TPaH3UCTOPOB TOKOBOI'O 3€pKaa;
Ni4= %Kﬂz1 —  KOO(Q(QUIUEHT  acCUMMETPUHM  IIEPBOTO
Ol,0ly

(a,,04,K,,,) 1 BTOpOroO (0O,,0,) KaHaua
nepegayr CHH(pa3HOro CUTrHaja.
BrImosIHEHHBIN aHAM3 TTO3BOJISIET CAEATh CIIEAYIOIINE BBIBOIBI:
1. Ilpu HeOompmMX R) CyHIECTBYET ONTUMAJIbHOE 3HAYEHHE KO3(-
o k
(urenTa ycuiieHus 1o Toky aktusHou Harpysku I1T1 (K, ;), npu KoTto-
poM Kooy IPUHUMAET HYJIEBOE 3HAUYECHHE:
* a,0
~ F2%y
Kijp1 = : (3.23)
Q03
IIpu uneHTHYHBIX O, = O}, O, = O3 TpaH3ucropos VI2 u VT1, VT3

u VT4 stot ko3 pument paBen K i*lz.l =1.

2. B ycwmrensax ¢ HECHMMETPHYHBIM BBIXOIOM, Koraa K;,, =0,
KO3 GUIUEHT K 4 CYIIECTBEHHO YXYAIIACTCH.
3. Ecu ko3 puuueHT ycuineHus 1o ToKy akTUBHOW Harpy3ku I1T1
BBIOMPAETCS TaK, YTO ‘K i 2_1‘ >>1, T0 Koo Takux Y Taxke yXyamaercs.
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Takum 00pa3om, B «II€pErHYTHIX» KAaCKOAAX C aKTMBHBIMH Harpys-
KaMH (IIOBTOPUTEJSIMM TOKA) CIEAYET MPUMEHSATHh JOCTATOYHO JKECTKHUE
MEpBI 10 00ECIIEYeHUI0 paBeHeTBa K, =1.

JlerictBuTenbHO, U3 (3.20) MOKHO MOJYYUTh, UTO
Kooy = Ko (1=K, K;1p1), (3.24)

oc.cd

-1 _ 2¢.,0,0 K = Ol 05

oc.l — I R K s o
oRg(oy +03K;51) Oy 0Ly

To ectp B cxemax /1Y, UMEOIINX HEBBICOKUE 3HAYECHUS CONPOTHUB-

JeHuss Ry, B 0OIIel SMHUTTEPHOM II€MU, OCHOBHBIM CXEMOTEXHUYECKUM
IIPUEMOM MOBBILEHUS Ko ¢ ABIAECTCS PUMEHEHUE BBICOKOKAYECTBEHHBIX

AKTHBHBIX HAarpy30K, Ui KOTOPBIX |K,j, ;| — 1, m160 ucnons3osanue mos-

rne K ~].

HOCTBIO CUMMCTPHUYHBIX CXCM.

3.3. KomnnemeHTapHble
anpdepeHUuManbHble KacKkagbl

Apxurektypa OY HOBOTro IOKOJIEHHSI JOCTATOYHO YacCTO BKIIFOYAET
TaK Ha3bIBAEMbIE JABYXTAKTHBIE IEPETHYTHIE» KACKOIBI C JABYMS THUIIAMU
BXOJIHBIX KackagoB (puc. 3.9, 3.10a), obecneunBarommmm Hanbosee BbICO-
KUE 3HAYCHUSI 4aCTOThl €AMHUYHOTO ycuieHus (puc. 3.9). B atoil cBszu
MPEJCTABISIET MHTEPEC UccaeaoBaHue cBOMCTB OY ¢ TakoM CTPYKTypOH Ha
cuH(pa3HOM CHUTHAJIE.

Puc. 3.9. TudpepennmanbHblii yCUITUTEND
C BXOJHBIM KackajnoM «dual-input-stage»
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OHa comepX UT BXOJHBIE MapaJJIEIbHO-OATaHCHBIE KacKaabl Ha
tpanzucropax VT1, VT2 u VT3, VT4 c ucrounukamu toka (UT) I} u 11*
BUX OOMMX OMUTTEPHBIX MemiIXx. X BBIXOIHBIE CONPOTHUBIICHUSA
R, = Rl* =30+ 60 kOm. Cymmarop BeixoaHbix TOKOB 1Y (puc. 3.9) peanu-

30BaH Ha TpaH3ucropax VTS5, VT6, o0pa3yrolux JByXTaKTHBIN «I€perHy-
TBI» KaCKOJ.

OcHoBHBIE (akTOphl, Bimsomme Ha Kooy OY, MOXKHO pas3nenursb
(B cooTBeTcTBUM ¢ M. 3.1) Ha aBa OOJBIIUX Kiacca. Bo-mepBhIX, 3TO Cy-
YalHbI pa30dpoc mapaMeTpoB FJIEMEHTOB, KOTOPBIA YMEHBIIIAETCS IO MEPE
COBEPILICHCTBOBAHMS TEXHOJIOTHHA M3TOTOBJIEHHUS MHUKPOCXEM. BO-BTOpPBIX,
ATO BHYTPEHHUE CONMPOTUBJICHHUS UMEIOIIMNXCS B CX€Max BXOAHOro audde-
peHimanbHoro ycunurtess (1Y) ucToOYHUKOB OMOPHOTO TOKa R;, KOTOpbIE
HE TMO3BOJISIIOT MOJYYUTh HYJIEBYIO Mepeladyy BXOJHOTO CMH(A3HOrO CHT-
HaJla Ha BBIXOJ JaXKe IPHU CTPOTO UJICHTUYHBIX AJIEMEHTAX CXEMBI U €€ TI0JI-
HOM cuMMeETpUU. YHCIIEeHHbIE 3HAaYeHUs R; MPOCTENUIINX UCTOYHUKOB TOKA HA
COBPEMEHHBIX TPAH3UCTOPAX OINPEICISIOTCA HampspbkeHueM Opnd. [lpwu
pabouux Tokax mopsiaka 1 MA JJisl OT€UECTBEHHBIX MHTETPAIbHBIX TEXHO-
Joruil R;, Kak mpaBuiio, JeKUT B npenenax 30—-60 kOM u oka3pIBaeT cyie-
CTBEHHOE BIUAHKE HA K ¢4

PaccmorpuM paboTy ABYXTAKTHOIO «IIEPETHYTOT0» KACKOIA C IBYMS
TUMAMU BXOJHBIX KackajoB — «dual input stage» (puc. 3.9) u xackagom c
HeJMHENHON Koppekuuen (puc. 3.10a) — rnpu ycioBHH, UTO BCE MApaMETPhI
MIPUMEHSEMBIX TPAH3UCTOPOB UIACHTUYHBI.

Ecnu na Bxon /Y momarh cuH(aszHbIA CUTHAN U=U =Uc, TO IMUT-
TepHbIE TOKU TpaH3uCcTOpoB VT1 u VT2, a taxxe VT3, VT4 uzmensarcsa Ha
BEJINYHHY
. K
b te oo te
2 2R

i ~

X, x ARl , = ~—
)| 32 > “33 24 %
2 2R

OTH TOKHU IMOCTYINAOT HAa BXoabl A, B cymmaropa TokoB VT5-VT6 n
CO3/Ial0T B Harpy3ke R, IpupanieHue BBIXOJHOIO TOKa, OOYCIIOBJICHHOE
HanmruueM Ha Bxogax JIY cundazHoro curnana u,

C

L ~—+—=~— o

AR
"2 2 2\R R
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Kak cnenctBue, BRIXOAHOE HanpsbkeHue omnoku 1Y ot cuHgpazHoro

CUTHAJIA U
1 1
Uy =y " Ry = 0.5R,| —+— [u,.
R
[ToaTomy ko3pdunuent nepenaun Y mist cuHpa3zHoOro curuaia
1 1 R
K.y =ugy/u, =05R,| —+— |=—". 3.25
+ "l RoOR) R o

IIpu R, = R, = Rl* B 1Y (puc. 3.9) xoapdunment nepegaun cuHpas-
HOro curHayna K., 1OCTaTOYHO BEIMK, YTO II0XO0. JTO OOBACHAETCS TEM,
YTO TOKH Is U iys, OOYCIOBICHHBIC CUH(A3HBIM BXOJHBIM HANPSDKEHUEM, B
cymmarope VI5-VT6 He BerunTaroTcs, a CKIIaabIBAKOTC.

Curyanusi He U3MEHSETCA U B TOM Cllydae, €Cclid B KaueCTBE CyMMa-
TOpa TOKOB OYyIyT MCIIOJB30BAaThCS TOKOBBIE 3epkajia. B Takom BapuaHTte
JIY M3MEHSTCS TOJIBKO HAPABJICHHS TOKOB B HArPy3Ke, HO HE UX CyMMa.

Takum o0pazoMm, muddepeHumanbHbl yeuutenb (puc. 3.9) Oyner
BCETJIa UMETh IUIOXO0M KOd(PPUIIMEHT nepeaun 1o cuH(pa3HOMY CUTHAIY,
YTO CBSI3aHO C €r0 apXUTEKTYPOU, U, KaK CIIEICTBUE, HEBBICOKUM Ko ¢

JlerictBuTenbHo, koddgdunueHt nepenauu Y (puc. 3.9) no mudde-
PEHIIMAIbHOMY CUTHAITY

Koo~ oo (3.26)
Uy — U r

rae r, — Jud@epeHiuanbHOoe CONPOTUBICEHUE AMUTTEPHOrO IMEpexoia
TpaH3ucTopoB VT1-VT4.
N3 (3.25) — (3.26) MOxHO HaWTHU, YTO KOAIPPUIMEHT OCIa0ICHUS
BXOJHBIX cuH(pa3HbIX curdaioB 1Y (puc. 3.9)

Kow ~ 2 2By
oc.chp ~ ~ ~ .
ch T
Jlnst mzyuenus cBoictB 1Y (puc. 3.10a) HeoOX0auMO TIPEABAPUTEIIH-
HO PAacCMOTPETh CBOWMCTBA BXOJHOI'O KacKaJa C PACIIUPEHHBIM JHANa3o-
HOM aKTHUBHOM paOOThl, YNpOHIEHHAs CXE€Ma KOTOpPOro IMpHUBEJICHA Ha
puc. 3.100, a Taxxe Ha puc. 3.11 B cpesie KOMIIBIOTEPHOT'O MOJICIUPOBAHUS

PSpice.
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1 =11 +14 <> I
A A :
ix Sk .
1] +1] ®lgp
i +Ecl

. . .*

VT6 ‘\/‘_o E,

OCHOBHbIC YPaBHCHHS

+ — b . . . . .* .
153 =11 5] =l =1y4 +1] =1] +1;
1,4 =1 157 =143 +11 =11+11
1K3 z133 zll uczuczuc
11 ~ uic ¥ uC

Ri TR

1

0)
Puc. 3.10. 1Y ¢ HenmmHelHOM KOppeKiren (a) 1 ero 3KBUBaJICHTHas cxeMa (0):
OvT11, VT2 — IMUTTEPSI TpaH3ucrtopos VTI1, VI2;

U, = U, — HalpsHDKEHUe CUH(pA3HOIO CUTHAJIA
Ha 3MUTTEpax TpaH3uctopoB VTI1, VI2;

skek

*
U, =~ u,— HaIpsDKEHWE CUH(A3HOTrO CUrHAJIa HA NCTOYHUKAX TOKa [, 1
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OcHoBHbIe napameTpbl cxembl (puc. 3.100), KoTopbie HEOOXOAUMBI
i pacuéra Kocey AY (puc. 3.10a), — 370 K03(pPUIMEHTH IIEeperaun B
KOJUIEKTOPHYIO II€Nb MPUPAILEHUI TOKOB 4€pe3 BBIXOJHBIE CONPOTHUBIIE-
mus R, =R, WUT I,,1,. Tounslii anamus cxems! (puc. 3.106) mokasbiBaer,
4TO

I
_ K3
17 Ki3 . 3
l +ll

Kl

. -*
L + L

~
~

K; (3.27)
. Jk *
I€ i, i, — IpUPAILECHU TOKOB 4epe3 R U R, , BBI3BAHHBIC U3MEHEHUEM U,

gy =l

o> Ly & 1,3 — IpHpalleHus TokoB Komekropa VI1 u VT3, BbI-

. -*
3BAHHbIC U3SMCHCHUAMU TOKOB [ U 1 .

®opmyibl (3.27) MOATBEPKAAIOTCS Pe3ysibTaTaMH KOMIIBIOTEPHOTO
moaenmpoBanus JIK (puc. 3.11), koTopble CHUMAIMCH C MOMOIIBIO TPOTPaM-

MBI PSpice npu IByX 3HAYEHUSX TOKOB [, = Il* =1MAul = Il* =2 MA, T.c.

. * K
IIpu Hanuuuy npupamienus Al, =i, = Al; =i, =1 MA.

L

4

VT1

VT5
=y tp15

VT3

I
1NTA C

2.033mA

tn15

tp15  tp15

-1.077mA

-1.077mA

tn15

2.033mA

VT2

j_

VT6

tp1s =

VT4

"
)11\}A

a)

Vee

Vee

VT1

VT5
tp15

VT3

4.059mA

tn15

tp15  tp15

1 -2151mA

Il K3
2mA C) L 2151mA

tn15

4.059mA
VT2

;I_

vT6 |
tp15 —,

VT4

r
) 21\}|A

0)

Puc. 3.11. Pe3ynpTarsl KOMOBIOTEPHOTO MOJAEITUPOBAHUS
CTaTHKW BXOJHOTO Kackaaa

Vee

Vee

[Tomyuennsie BbImie Gpopmysl 17 ko3 uimenToB nepegaun K;; u K3
MO3BOJISIIOT ONPENETUTh MPUPALEHUE BBIXOJIHBIX TOKOB J[Y, KOoTOpBIE MO-
CTyHaroT Ha BXoAbl A, B 1ByxTakTHOrOo «1ieperayroro» kackoaa VI35, VT6:
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1 1

1R

OTH nIpUpallleHUs] IEPEJAI0TCS B Harpy3Ky R, ¢ €IMHUYHBIMU KO3(-

(UUHEeHTaMH Mepelayu U CO3JAl0T B HArpy3ke R, HANpsyKeHHE OLIMOKU

Ucp, OOYCIIOBIIEHHOE BXOAHBIM CUH(A3HBIM CUTHAJIOM U;, KOTOPOE HE KOM-
IIEHCUPYETCH:

(3.29)

c*

AT R(1 1

e =i R, = Ry| I | =Ml = ) (3.30)
2 2 (R R

ITosTomy naxe ipu R, = Rl*

R

K4 ~—2. 3.31
ch R1 ( )
Takum oOpazom, B cxeme (puc. 3.10a), tak ke, kak u B 1Y
(puc. 3.9), HEBO3MOXKHO MOJIHOE TOJaBJieHHe CUH(pA3HBIX TOKOB, 00YCIIOB-

k
JICHHBIX BHYTPEHHMMM COIPOTHUBIICHUSAMHM UCTOYHHUKOB TOKa R, =R, . Ko-

3 duLMeHTHI Nepenaun CUH(Pa3HOTO CUTHAJIA Y HUX OKa3bIBAKOTCS OJMHA-
KoBbIMU [(hopmyibl (3.25) u (3.31)].

C apyroii croponbl, ko3¢ duiuent nepeaauu Y (puc. 3.9) no aud-
(pepeHIMaIBHOMY CUTHAILy OKa3bIBA€TCS IPAKTUYECKU TaKUM XKe, Kak U K
kackaza (puc. 3.9):

K — Z/tBLIX 2RH

y ~ ’
Uy — U (ral +I/'34)

THE V51, V54 — AP dEpeHIINaTbHBIE COTPOTUBIICHUS YMUTTEPHBIX MIEPEXO0I0B
Tpan3ucropoB VT1, VT4.

Crnenyer Takxke 3aMeTUTh, 4TO Ky B pacCMaTpUBacMbIX CXEMax HeE
SBIIIETCS ONPEACIAIOIMNM (PaKTOPOM IS Koc ¢, KOTOPBIN 3aBUCHT MIPEKIE
BCETO OT 3HameHaresns GopmMynsl A Koc g

K
Koc.cq) = K—y .
o

Yem Menble Kqp, TeM aydmie Kocp, A 3TO OCHOBHOE HAIPaBIICHHUE
YJIy4lIE€HUs JaHHOIO IapaMeTpa CXEMOTEXHUYECKMMM METONaMH, T.K. K
CYIIECTBEHHO YBEJIUYUTH JOCTATOYHO TPYIHO.

[IpuBen€HHBIN aHAIN3 TO3BOJISET CIEIIATH CIECAYIOIINE BBIBOIBIL:

[IInpoko pacnpoctpan€HHas apxurekrypa OY Ha OCHOBE BXOIHBIX
kackaznoB tuna dual input stage He obecrieunBaer 3(hPeKTUBHOE MMOJABIIE-
HUE COCTABJISIONIMX BBIXOAHBIX TOKOB, OOYCJIOBJICHHBIX BHYTPEHHUM CO-
MPOTUBJICHUEM KMCTOYHMKOB OMOPHOr0 TOKA MPU HAIMYUKM CUH(A3HOTO
CHTHaJa.
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[Tpuuém 310 cBOMCcTBO OY € TakMM BXOJIHBIM KaCKaJIOM HE yJIydIla-
€TCS U MPU peaau3aliu MPOMEXKYTOYHOTO KacKaJla Ha OCHOBE JBYXTaKT-
HBIX «TOKOBBIX» 3€pKaJl.

BxonHoil kackaa ¢ HelMHEWHOU Koppekuuen (puc. 3.10a), ctaBmmii
OCHOBOM MOCTPOCHUS Psifla COBPEMEHHBIX ObICTpojiecTBYIomMX OV, Tak-
’Ke HEe 00ecreurBacT BBICOKMX 3HAYCHMH Ko (IPU THIIOBBIX BapHaHTaX
MOCTPOEHUSI BBIXOJHOM MojAcXeMbl). OIHAKO JaHHBI BXOJHOM KacKaj
CO3Ha€T B HArpy3ke R, JBE pPa3HOHAIPABIICHHBIE COCTABJIAIOLINE TOKOB
OIINOKU iyxs U I3, OOYCIIOBJICHHBIX BBIJICICHUEM CUH(A3HOrO CHTHaja Ha
HEOOJIBIINX BHYTPEHHUX COINPOTUBIICHUSX HCTOYHUKOB OIMOPHOIO TOKA.
DTO MO3BOJIAET CXEMOTEXHUYECKUM MYTEM (3a CUET BapbUPOBAHUS KOI(-
(GUILIMEHTOB TIepe/iaur MO TOKY BBIXOJHOMW MOJICXEMBI 110 Pa3HbIM BXOJ1aM)
o0ecreyuTh MOJHYK KOMIICHCAIUIO Nepeiaun u, Ha Bbixoa OY u TeMm ca-
MBIM YBEIHYUTb K o (pHC. 3.12).

. . Lk
igl =11 +1i] <> I, e
- o +

| |
| |
3 | |
A VT7 ! &:_4’5 | IIT1
VTS +E ! l
| |
| |

Puc. 3.12. BapruaHTsl NOCTPOEHHUS BBIXOJHOTO CyMMaTopa TOKoB /(Y
(puc. 3.10a)

OIHaKo MaHHBIA CXEMOTEXHHYECKUH MPHUEM CO3aET HEKOTOPYIO
aCUMMETPUIO B Tiepefade OOJIBIINX W MaJIbIX CUTHAJIOB, a TAKXKE MOXKET
YXYAIIUTh HanpspDkeHue cMmeineHus Hyiaa OY u mapamerpbl NEPEeXOqHOr0
rporecca.

28



4. OBOBLEHHAA ®YHKLUMNOHAIIbHAA CXEMA
ANDODOEPEHLUUAIIBbHbIX KACKAOQOB

[Ipu moCTpOEHHMH aHAJIOTOBBIX MHUKpOCXeM ¢ Aud@epeHIInaTbHBIM
BXx0/10M, HarpuMep OV u KoMIapaTopoB, MPUMEHSETCS OOJBIIOE YUCIIO
pasHoBuHOcTen JIY. [ BeiOOpa Hanbosee palMoHaIbHbIX CXEMOTEXHU-
YECKUX pENICHUM W3 MHOXKECTBa BecbMa OJM3KUX Moaudukammii J[Y He-
00X0AMMO pacronaratb MmogpoOHON CpPaBHUTEIBLHON XapaKTEPUCTHUKON MX
CBOMCTB Ha CUH(A3HOM CUTHAJIE.

Hawubomnee pacripoctpanénnbie JIK MoryT ObITH MpeICTaBICHBI B BU-
e 0000IEHHON (QYHKIIMOHAIIBHOM CXEMbl, TTOKa3aHHOW Ha puc. 4.1. Dta
CcXeMa COACPKUT TUITOBOM IMapasuie/IbHO-OaTaHCHBIM KacKa/l, BBIMOJTHEHHbBIN
Ha Oaze TpéxmomocHukoB 1 m 2. Harpyskoit JIK siBisercs moacxema 7.
OOBIYHO OHa BKJIIOYAET ABa pesucropa (puc. 1.1) wim noBTOpUTENH TOKA
(axTHUBHYIO Harpy3ky) (puc. 3.1). B xauectBe moacxemsl 3, Kak MPaBUIIo,
HCTOJIb3YEeTCs BTOPOM MapasuieabHO-OaiancHbIM Kackaa JIK, dbopmupyro-
IUHA CUTHAJI OOpaTHOM CBsI3W u3. BBIXOJHOE HANPSKEHUE ATOM MOJCXEMBbI
IPONOPLIMOHATIBHO CUH(A3HOMY W3MEHEHUIO HANPSKEHUN U, | U U

BBIX. BBIX.2 *

Uy =3 (U 1 +0,Us5), TAE €5, b, =1 — KO3((PUIUEHTHI IPONIOPLIKO-

u
HaJIbHOCTH.

o, i/ ", T4
uBblx.Z

0
|
r\b—‘
Mo
0
P
-
[
wﬂ

P |

=
o
-
<
=
=
i
i
—
=

Puc. 4.1. O0001ménHas GpyHKIHOHATIbHAS CXEMa BXOJAHOIO KacKaa
AHAJIOTOBOW MUKPOCXEMBI
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Hudbdepenumanbubiii kackag K3 (moacxema 8§) ycunuBaer pas-
HOCTh BBIXOJHBIX HANPSOKCHUN U, = K g(Upyy | —Upyy o) . PYHKIHOHAID-

BBIX.2
Hasi CXEMa COJICPKUT TaKue IENu OTPUIATEeIbHOW OOpaTHOM CBSI3M 10
cuH(azHomy curHaiay. OJHOHaAIpaBJICHHbIC KaHAJIbI MEepe/ladynd HampshKe-
HUS U, BKIIIOYAIOT B ce0s MHOTOIONIIOCHUKH 3, 5, 4, 7, Korjga cursai oo-

PaTHOM CBSI3M MOCTYMHAET B KOJUIEKTOPHBIC 1IETH TPAH3UCTOPOB MOJCXEM 1-2,
7100 MHOTONOJIFOCHUKHU 3, 5, 6, KOTJla 3TOT CUTHaJ BO3JICHCTBYET Ha HC-
TOYHUK OIIOPHOTO TOKa 6.

B cxemax JK co cieasIen CBSI3bIO HAIPSKEHUE
U, ¢ ~0,5(u, +u,,) mMomaércs yepe3 MHOTONONIOCHUKHU 5, 4 nimm 5, 6 B

KOJUICKTOPHYIO WJIM 3MUTTEPHYIO LENH TPAH3UCTOPOB MoacxeM 1 u 2
(puc. 4.1). Moaudukanuei nanHoro nojkiacca JIK sBistoTcs napaieib-
HO-OaJTaHCHBIE YCUJIUTENH, Y KOTOPBIX MOJACXEMa 5 OCYIIECTBIIIET CpaBHE-
HUE BXOJHOTO Y BBIXOJIHOT'O CMH(DA3HBIX HAINIPSIKEHUH, a CUTHAJI paccoria-
COBAHHS MEXIY HANPSKCHUAMU U, , U U; BO3JEHUCTBYET HA IIOJCXEMBI

MMATAHUS KOJUIEKTOPHBIX WJIM SMHUTTEPHBIX LEner TpaH3ucropoB VTl u
VT2 (puc. 4.1).
JlanpHeWIMii aHaJIM3 YacTHBIX BapuUaHTOB moctpoeHus Y Oynem
BBITIOJIHATH C YYETOM HMPHUHATHIX Ha puc. 4.1 0003HAYEHUN.
Xapakrepuctuku JIK, cooTBercTByronme (GyHKIMOHAIBLHONH CXEMe
puc. 4.1, MOryT OBITh ONpPEACNICHbl MyTEM PELICHUS] CUCTEMBbI JIMHEUHBIX
ypaBHeHuid Kupxroda, onuceiBaronmx padboTy Ha MajioM CUTHAJIE:

u
_ Y
Koc.ccb - ?
BX _
uBLIX.l - uBLIX.Z
_ BbiX.] = “BBIX.
K C Uppixl T Upux2
ya — D
Upy
u, =0
_ uBLIX.l + uBLIX.Z > (41)
Knp.cq) - s
2u,
Uy = 0

Upy =Uep —Up, U = Oﬂs(ucl +u02)9

uBLIX.l = buluc + buZMBX + bu3ul—4 + bu4ul—6 s

uBLIX.Z = buluc + buZMBX + bu3ul—4 + bu4ul—6 s

_ _ -1
Us = Cu3(uBLIX.1 +buuBLIX.2)’ Cy, =Uy gy = 19

Up_y =U_g =Cys Uz +C,C 5 oU,
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rae b

ui»

b, Cy» Cy3» Cys_; — KOIPHUIUEHTHI TIEPEAAYH COOTBETCTBYFONIHX
noacxem JIK.
Pemenue cucrembl ypaBHeHui (4.1) OTHOCHTENBHO KO3(pduUIIMEHTa
Ko« IPUBOJMT K CIEAYIOIIEMY 00OOIEHHOMY BBIPaKEHUIO:

e\l . .
K o (Koc.ccp) + nbl(bu3 —by3 +b,, - bu4)
- 1 CuCus—2 TCyus_ 1Cu3(b +bubu1) i
b - '
1 b, —by, 1- Cus-— lcu3[bu3 +b,,+b (bu3 +b, )J 4.2)
1 Cus— 1Cu3(bu2 +b buZ)
My = 1
b, —b,, 1 Cys— lcu3[bu3 +b,4+D (bu3 +b )J
* _ b1;2 B bu2
oceh — 5, 4
bul - bul
rIe KOC «p — Koodurment ocnabnenns cMH(A3HBIX BXOIHBIX HAIPsOKeE-

Hut JIK, B KOTOpOM HUCKJIFOYEHO BJIMSIHHUE CIEISAIIUX U 00-
PaTHBIX CBA3EH.
Bropoit napametp K — koapdunmrent npeodpazoBanus cuH(pa3zHOTO
BXOJHOro HanpspkeHus (1.3) — onpenensercs ciaeayolM BbIPaKEHUEM:

Kipep = Knp cd +Knp cd +Knp e > (4.3)
rae
Koy = 0,56, +b,), (4.4)
’p o= 0,5¢,s5-2¢, (b3 +by +b“4, +b;‘4,) 1, 4.5)
e l_cuS—lCu3lbu3 +b,4 +b, (bu3 +bu4)J
K = 0.5¢,51€,3 (B + BB, )(Bys + b3 + by +b,) : (4.6)

mp.chp — ' '
1- Cus-1Cu3 lbu3 + bu4 + bu (bu3 + bu4 )J
B dopmyne (4.3) KHp b
HOT'0 BXOJIHOTO HanpspkeHus JIK npu UCKITIOUEHHBIX OOpaTHBIX CBA3SIX.
Pemienue cucrembl ypaBHeHuil (4.1) oTtHocuTenbHO nuddepeHiu-

anbHOro ko3dduimenrta ycuienus no Hanpspkenuto K moxkHo mpexacra-
BUTH B CIICIYIOILIEM BUJIE:

— k03 dunreHT npeoOpazoBaHusi cuHPasz-

K, =K, +K,, 4.7)
rae
Ky =by—b,,, (4.8)
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K = Cus-1€43 Bz + B2 )bys = b3 +bus = ba)
ya ' '
1- Cus5-1€u3 lbu3 + bu4 + bu (bu3 + bu4 )J

B Bripaxenuu (4.7) K;[ — ko3 uiment ycuinenus K npu otcyt-

(4.9)

CTBUM OOpPATHBIX U CICIAIINUX CBI3EH.

Bripaxxenus (4.2), (4.3), (4.7) mo3BOJISIFOT MPOBECTH CPABHUTEIIBHBIM
aHalM3 MpenesibHBIX XapakTtepucTuk JIK Haunbosee pacmpocTpaHEHHBIX
MOKJIACCOB.

dopmynibl 11 pacuéTa KodHPUIUEHTOB b b;u. Kackaja Mpu ycjo-

ui >
BUM, YTO MOJCXEMbl 1, 2, 7 ONUCHIBAIOTCS A-MlapamMeTpaMH, UMEIT Clie-
JIYYOUIUN BUL:

by =D,/ Ay bt =buot /A,

by =b,p /A, bz;z = bz;oz /A, (4.10)
b3 =dy3821414, b;3 = d1;3g21—4 /A,
by =dysyyie/ A, bus = d1;4J’21—6 /A,

1€ byors byors buozs Duoas Ay diys dpss dyys dpy — KOIOOUIMEHTBI, OTIPe-
JeasgeMble COOTHOIIEHUSIMHU Ta0J1.;
214> Vo1_6 — KOO(D(DULIMEHT Nepenadu 10 HANPSHKEHUIO U IIPOBOJIU-

MOCTh MEPEAYN HANPSHKEHUS MoACXeM 4 U 6 COOTBET-
CTBEHHO;
hy,_, = 0 — BHyTpeHH:s 00paTHas CBSA3b B IIOJCXEME 7.

Ko duumenrsl s pacuéra napamerpon JIK

Koao-
bunm- dopmyna
CHT
1 2

buoi | A- dys + AY oy cpo-3 T MiaMVoa-6Mi-7ha -7 +
+ A Yo cpr3Bin L+ Mooy 6) + A Vg o3 (M12hap +

+hy My )t Ve 6D s ]

b1 | A—dys + AY, cpi-3Mmiria—g + by 2V 6 —

— A Yo cpr3Mmir — M2V 6ho7 + Ay Yy cgi3Ban X
X (1411 V20-6) + Yaxoprs (Piihan—n + hyp_yhyy ) +

+ N1 2V 6Dzl
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OxkonuaHue maoi.

1 2
bioa | Ayhayhoy o+ gy My oy 7+ 8oy 4hoy 7 (Hyy = hy )
by |~ Ayhyy 1l + &op ahoy (Mg —hy o) = hy g —hyy 1y,
dys Avhyy 7 +hy By o+ Agys (U Ay Y0y 6) = My iy 2l 7 —

— g Py Ty 4
dyy | Ao g +hyys ol gl g+ Ry gl g Ay (L Ry Y0 ) =

— iyl + Iy g lhys Py + Ay (L4 1y 50 6)]

dyy | A2l Bops T ol oy 1(8ap g+ Pg) + Iy By 5805 4
dyy | Al Ays + oy o[(T+ 800 4hyy ) + Ry iy 5800 4l 5
Al M5 2800 ahoy 7 (L4 Iy _yhys 1)+ hyps 1800 4(hoyy + 1y 7) +
+ (4 hyy 75 )yps_y + Py 7)) + hogs My 28254M015]

B Tab6u1. npuHATH cienyroniue 0003HaYCHUS:
A= gy 4hyy 7[(hy_y = hyr )Py = ipy) + (B + o) (hopy + 1oy p) ]+
+ 8004 (M Agy + hoy 5 Ay YA+ By 75y ) +
+ 820 4Vm-6[AipBop L+ Ay 77y ) + o7 (B Ay, + Ry Agy) ]+
+ 8204l 7 [ A0, (Myyy + Vop_6A1) + hay 5 Ay, 1+
+ (Mg + g Ay ) gy + hyy )+ (L4 hgp_yhyy 7)) (Ayy + By Ty 7)) —
— oy o hyy g + Vop 6 (Myyy + Py Ay )y o ls 7 + Ay,
Ay = hy+ by Y6
Ay =gy (I +hy )+ hyy g + 8o sl 7Py 73
hyas 1 = Mooy + Yaxopioss Maos—o = Map o + Vg g3
Va6 =Yoo+ Yauss Ay =y iy i —hiy iy,
Ay = Myhogs = hip o s Dgys = By ohgs 5 =iy ohyy s,
rae Y, s — BXOAHas IPOBOAMMOCTB MOJCXEMBI 5 TI0 BTOPOMY BXOJY;

k . [V
¥Y2,_¢ — BBIXOJIHAs MPOBOJUMOCTb IOJCXEMBI 6 NpPHU HCKIHOUEHHOH
neTJie 00paTHOM CBSI3Y;
Z,,_, — BBIXOJIHOE COMPOTUBIICHHUE MOICXEMBI 4;

Yixepi-3> Yaxop2—3 — BXOIHBIE MPOBOIMMOCTH JUISl CHH(A3HBIX BXO-

B B
HBIX HaIpsDKEHUM TOJICXEMBI 3 IO NEPBOMY U
BTOpOMY BxoAam (1.6).
IIpu onpenenenun napameTpoB cuHTe3upyemoro K Toro mimm mHo-
ro nojkiacca Beipaxxenus (4.2) — (4.7) MOKHO HAMHOTO YIIPOCTHUTb.
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5. KACKAOblI C CUMMETPUYHbIM BbIXOOOM

Xapakrepuctuku JIK, cooTBeTcTByrOnMe (PyHKIMOHATBLHONH CXEMe
puc. 4.1, MOryT OBITH ONpEACCHBI MYTEM PEIICHUSI CUCTEMbl JTMHEHHBIX
ypaBHeHur Kupxrodga, onucsiBaronmx ux padoTy Ha MajoOM CHUTHAJIE.

C yuérom ctpykrypHbIXx ocoOenHocteil JIK mpu R, = R, ¢dopmyna

i Koc o cXxeMbl puc. 1.1 npuHumaer Bux:

-1 * -1 -1 -1
Koc.ccb = (Koc.ccb) ~ Koc.ccb(l) +Koc.0(b(2)7 (51)
- y;2—6
rae K\ oo = by by R, = hy by Ry, 52
(1) R1+R2(2111121 22l Ry) (5.2)
h ., +h
Koo =h,  —h, o+ =2(p R —h, R)). 53
oc.ch(2) = h2-1 ~ Ma-2 R +R, (Mo Ry —hyy 1 Ry) (5.3)
Nnu nocne npeodbpazoBanmii (5.1), (5.2)
-1 *
oc.ch(l) = 0:9V20 61 (1= N5 ) (5.4)
-1
Kocep) = Mo (1= Nypp) + Iyyhyy (1= Ny ) (5.5)

rae hy1, hi, hy — yCpeAHEHHBIC 3HAYEHUS /-TTapaMETPOB:
Py =05 + ) = by = by,
My =0,5(h +hy) = by =y, (5.0)
hyy =0,5(hyyy + 1y ) =y = 1y s,

Ni21, Nu12, Nmo — koo uniuertsr acummerpuu. [puuém
Ryl ol

o = ~1 (5.7)
1-2-1 )
Rihy by,
hyy_
Nyip = hlz Lxl, (5.8)
12-2
hy, >R
Npoy = h” 2R2 ~1. (5.9)
22-21%

Jlnst naneHeiiiero cpaBHuTeNbHOro ananu3a JIK pasaeix moaudu-
Kaimii Ko3(p(HULIHEHT Kgcl_cq)(z) yI0OHO TPEJCTaBUTh CIEAYIOIIHUM O0Opa-
30M:

Ko_cl.ccb(2) = Ko_cl.ccb(B) + Ko_cl.C(b(4) ) (5.10)
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e

h,+h
-1 _ _
Kocears = am ~ha- +p 70 = 5.1)
X[(Myg-y + Yx cqi-3) B = (Mypy + Yoy cpn3)Ra 1,
ho,+h
1
Koc.C(b(4) = llRl +Rll 2( BX.Ch2— 3R Yxccbl 3R] (512)

BriBoas ycpenHEéHHbIE 3HAUEHUS OJHOMMEHHBIX A-TIapaMeTpoB, IO-
clIeIHUE ypaBHeHI/IH MO>KHO IPEACTABUTH B CIEIYIOLIEM BUIE:

Koc ch(3) = hlz(l_NH12)+h11h;2(1_N:122); (5.13)
Koc ch(4) — hll BX. ccb(l N, ) (514)
x Yixop2—3 T Mo Ry

NH22 = B zl, (515)
Yicopis ooy Ry
Y
NC _ BX.ch1-3 ) Rl zl, (516)
Yicears B
Yy 2 0,5(Y 15 + Yopo3)- (5.17)

IlepBoe ciaraemoe mpaBoi 4acTu BblpaxeHus (4.11) mpomopimo-
HaJIbHO BBIXOAHOM MPOBOAUMOCTH MOJACXEMBI 6 ( y;2_6) (puc. 4.1). Ilyrém

() k
PaLMOHAIILHOIO ITOCTPOCHUS JAHHOU MOACXEMBI, IIPU KOTOPOM V,, ¢« — 0,

-1 .
MOYXHO YMEHBIIIUThH COCTABIISIIOILYIO Koc.C(b(l) 710 JIF0OOTO, Hamepen 3a1aH-

HOT'O 3HAYEHUS.
ITpu oguHakoBBIX R, =R, U h,, | = hy),_, K03 PunueHT ocaadneHus
CUH(A3HBIX CUTHAJIOB OIpPENENIAETCS HEUJEHTUYHOCTBIO IapaMeTpoB

BHYTpPEHHEN 00paTHOI CBs3U TpaHBI/ICTOPOB VTI-VT2
Koc ch ~ Koc ch(2) ~ hlz.l _h12.2'
k
[Ipy MCIIONB30BaHUMU HMCTOYHUKOB OIIOPHOIO TOKA C Y, =y, =0

3TOT (aKTOp ABIAETCA JOMUHUAPYIOIMM B JIK pasnuuHbX Moaudukanui.
Cuenyer 3aMEeTUTh, YTO AaXKE€ IIPU COBEPLICHHO MIACHTUYHBIX TPAH3UCTO-
pax VT1-VT2 BHyTpeHHss oOpaTHasi CBsI3b B MPAKTUYECKUX CXEMaX OKa-
3BIBAETCSI HEOAMHAKOBOM M3-3a PEKUMHOM 3aBUCUMOCTH h,; = f(U,s.),

rae U, — HanpshKeHUe KOJUIEKTOp-0a3a TpaH3ucTopoB. IloaToMy ais mo-
BBIIICHUS K ., HEOOXOAMMO OOECIevYnBaTh ONMHAKOBBIA CTATUYECKHUI
pexum VT1, VT2, T.e. IpUMEHATH CXEMBI C CHMMETPUYHON HArpy3KOi.
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6. KACKAObI C LENAMU CUMMETPUPOBAHUA
CTATUYHECKOI'O PEXXUMA TPAH3UCTOPOB
B AKTUBHbIX HAITPY3KAX

Jlna yBenudenus kodddunmenta ycuienus Bxoanoro K u ympo-
meHus CTpyKTypbl koppekuuu OV pesucropsl R1, R2 kiaccnueckon cxe-
Mbl (puc. 1.1) nenecooOpa3HO 3aMEHSITh CHEIUATBHOM aKTUBHOW Harpys-
kol (AH) — Tak Ha3pIBa€MBIM «TOKOBBIMY» 3€PKAJIOM, WM MOBTOPUTEIEM
toka (I1T), (puc. 6.1a) ¢ 11€JIbI0 CHMMETPUPOBAHUS CTATUYECKOTO PEKUMA.

0)

Puc. 6.1. IlepcrieKTUBHBIE CXEMBbI AKTUBHBIX HArpy3o0kK (a, 0)
st J1IY ¢ TIOBBIIIIEHHBIM YCUJICHUEM (B)

Beenenue AH He n3MeHsIeT KaueCTBEHHYIO0 CTOpOHY padoTsl K npu
cuH(}a3HBIX BXOJHBIX curHaiax. [loaroMy Bce paHee MoiayyeHHbIE BHIBOJIBI
OTHOCUTEJIBHO TMpeaenbHbix Bo3MokHocTed JIK (puc. 1.1) coxpansitoT
CBOIO CHJIY U JIJI1 JAHHOTO MOJKJIACCa CXEM.

C y4yéroM THUIOBBIX 3HAUEHUI napameTpoB 3nemeHToB JIK (puc. 6.1B)
HETPYIHO MOJTYYUTh:

-1 -1 -1
Koc.ccb = Koc.C(b(S) + Koc.C(b(6) ’ (6 1)
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rac

_ hy +h
K cl.c(b(S) ~ hlz—l - h12—2 +—111 j_ h =2 (h21—7h22—1 - h22—2)> (6-2)
21-7
K., v 26 (hy_qhy ol g — oy ol ). (6.3)

c.ch(6) ~
1+ 4,
VYpasueHus (6.2), (6.3) npu A,,_, =1 MOXKHO TakXke IPEICTaBUThH B
BHJIC
Ko_cl.ccb(S) ~ (1= Nypp)+ hyhy (1= Ny 7)), (6.4)

Ko_cl.C(b(6) ~ 095)732—6}111(1 - N;1—7) ) (6.5)

iy

12-2 ~1
~ 1

rae Ny, =

iy

12-1

h
LI
Nyg = hy7 =1,
22-1

N = My .hll—z
217 =177 h
21-2 M1

Ecim mapamerp /,,_, aKTUBHOM Harpy3Kd paBeH €IVHHIE, TO U3

~].

cpaBHeHUs BeIpakeHud (6.1) u (5.1) cienyet, yTo 3HaYeHUs KO PUIIMEH-
Ta Koo (6.1) mpakTHUeckn coBmanaroT ¢ 3tuM kodpdunuentom mia K,
MMEIONIET0 CUMMETPUYHBIA BBIXOX. UeM cuibHEe nmapameTp f,,_, OTInYa-
€TCsl OT €IUHMIIBI, TEM OOJIbIIIE CKAa3bIBACTCS BIUSHUE HAa KO3(DPUIIUEHT
ocyiabsieHust CMH(a3HbIX BXOHBIX HAIPSKEHUIN BBIXOHOMN MPOBOJIUMOCTH
nojcxeMsal 6 (puc. 4.1).

Ecnu moacxembl 1-2 MMEIOT COBEPIIEHHO HJCHTUYHBIC A-TIapa-
METPbI, TO HEOOXOJUMBIM YCJIOBHUEM MOJYYEHHUS JOCTATOYHO OOJBIIOTO
ocnabneHust CUH(A3HBIX CHTHAJIOB SABISAETCS PAaBEHCTBO A, , =1. Ot0

IPENBSBIIAET MOBBILICHHBIE TPEOOBaHUS K TOYHOCTH NEPENayu TOKa MOJ-
CXEM aKTUBHOU Harpy3KHu.

B mpakTHUecKUX cXxemax W3-3a PSKUMHON 3aBHCUMOCTU /j, ; W
hy,_; TPAH3UCTOPOB BCETAa MOSBIETCS COCTABJIAIOIIAS OLIMOKM YyCHUIIE-

HUs, OOYCJIOBJIEHHAsl HaiauyueM cuHdaszHoro curHaia Ha Bxomax JIK.
YMEHBIINTH 3Ty OIMIMOKY MOKHO 32 CYET CUMMETPHUPOBAHUS CTATUYECKUX
pexnmoB VI1 m VT2 — npuMeHeHusl CrieuaibHbIX aKTUBHBIX HArpy30K
(puc. 6.1a). B atux cxemax BbIXOJIHbIE TpaH3ucTOpbl Y padoraioT mpu
OJMHAKOBBIX HANPSDKEHUAX KoJutekTop-0a3a (U s ~ U, ).
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7. ANODOEPEHUUAINBbHBIE YCUITUTEIN
CO CnegAawmm nNUTAHUEM

[Toxg K co cnensuuMm nutanueMm OyaeM MOHMMAaTh TaKUe KacKaJbl,
Yy KOTOpPBIX CUH()A3HBIE BXOJIHBIE HANIPSHKEHUS MepeatoTcs 0€3 U3MEHEHUs
(a3bl B KOJUIEKTOPHYIO MJIM SMUTTEPHYIO 1enu TpaHzuctopoB VT1, VT2
JIK. B cootBeTcTBUM ¢ (hyHKIIMOHATIbHOU cxeMou (puc. 4.1) Bce KacKapl,
YAOBJIETBOPSAIOIIME 3TOMY IPU3HAKY, MOYKHO Pa3fEIUTh HA TPU TPYIIIBI
(msATH TPyMN).

[lepsas rpynmna — 310 JK, y KOTOpBIX HallpspKEHUE 1, MOCTYIAET Ha
001K BXOJT MOJCXEMbI Harpy3ku 7. [IpuMep mocTpoeHus Takoro Kackaja
naH Ha puc. 7.1. 3nech OydepHbli ycunutens bBY BbINONHSIETCS B BUJIE
SMHUTTEPHBIX ITOBTOPUTEIIEN C LIETISIMA CMELIEHUS CTATUYECKOTO YPOBHSL.

Bx1 u—{ u|i, ¢! Z,
o——> i, T Brix.1

e

j uipg D ugge u, 1
C.

<«— MoJEIb

Puc. 7.1. O6001ménnas cxema tuhepeHInaIbHOrO YCUIUTEIS
CO CHEISAIIUM IMUTaHueM (a)
Y €ro NpUMEHEHHUE B CTPYKTYpe apaliBepa (0)

Bropas rpynmna Bkmtodaet [IK co creadineit CBsA3bI0 MO LUENH SMUT-
TepHOro muranus Tpanzucropos VT1, VI2 (3mecwy c,; =g,,4 =0), T.c.

OTCYTCTBYET Mepeadya BXOJHOIO M BBIXOJHOTO CHMH()A3HBIX HANpPSHKEHUH
JK B komnektopHsle nenu TpanzucropoB VT, VT2). [nsa ycunurenen
JAHHOU I'PYIIIBI XapakTepHa IpsMas Iepeladya HANpsHKEHUS u, o = u, Ha

BXOJ ojicxemsl 6 (puc. 4.1).
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Tperbs rpynna — 310 JIK ¢ Tak Ha3pIBaeMbIM «IITABAIOIIUM MMUTAHU-
em» (c,; =0, puc. 7.1). B stux JIK cunpasHOe HanpspkeHHE MOCTYNaeT

OJHOBPEMEHHO KaK B KOJUIEKTOPHYIO, TaK U YMUTTEPHYIO LIEIIH.
JK uerBéproii (y,,_¢ =0) u naroi (g,,_, =0) rpynn sABIAOTCA, 1O

CYIIIECTBY, MoAu(UKaiuend ycuiauTeled cOo CIeIslled CBA3BI0 IO IIENu
KOJUIEKTOPHOrO mutaHus TpansucropoB VT, VT2. OcHoBHOE oTimuue
takux K cocrouT B TOM, 4TO J1s1 epeiaun CUH(Aa3HOIro CUrHaja Ha BXOI
noacxemsl 7 (6) y HUX UCHONIB3YETCsl OTpULlaTeIbHas oOpaTHas CBA3b, OX-
BATBIBAIOIIAS NIEPBBIA U BTOPOU Kackaasl OY.

Cxembl 1Y mepBoil U BTOPOW TpyMNIbl UMEIOT PSJ MOAU(PUKALIMIA.
Jlns mepenaun cMH(A3HOrO CUTHAJIa Ha BXOJ MOjACXeMbl 7 (6) y HUX HC-
MOJI3YETCSl OTpHULIATENIbHAsE 00OpaTHAsl CBsI3b, OXBAThIBAIOLIAs NEPBBIA U
BTOpOM Kackaasl OY.

Mopmudukanuei 1Y co ciegsmieil CBA3bIO MO MUTAHUIO KOJUIEKTOP-
HOW LEMH ABJISIOTCS cxeMbl puc. 7.2. 3aech Tpanuctopsl VIS, VT6 [IK
(puc. 7.2) obecnieunBaOT YCUJIEHUE MO METJIE OTPUIATEILHON 0O0paTHOM
CBSI3U, KOTOpasi CTa0WJIM3UPYET HANPSLKEHUS! KOJJIEKTOP-0a3a TPaH3HCTO-
poB VT1-VT2 B mupokom auanasoHe U3MEHEHHS HANPSDKEHUA U, = U, .

] of, s ® B
v Bpix.i;  Beixi, 3

0 3
oy Y/ vD2 VT&T VT4 vy v

N VTS5 e 7‘_4'
Bx.1 \ Bx2 \\llTS Bl B2 VTh -
O—K_ = ) quc O_K_ Y VD3

UEL VIl VIZ u i VIl | VT2 jjcz V17 VIS
uz_ézucf \"  VI6

@Il VTé6 CT) L L ) Bexi, Boix'i;
‘ o - o -

a) 0)

Puc. 7.2. Ycunuremu [xuns0epra co ClaeasIIuM MUTaHUEM

Ecnu cuHda3zHoe BXOJHOE HAIPSKEHUE UMEET OTPUILATENbHYIO TO0-
JSIPHOCTB, TO KOJUIEKTOPHBIE TOKHA TPaH3UCTOPOB VT5-VT6 yBenmunBaroT-
cd. [lanenue HanpspkeHUs Ha ABYXIOIOCHUKE [, Bo3pacraer. B pesynbra-
T€ pasHULA MEXAYy NPUPALICHUAMHU HANPSHKEHUH U, . U U; CBEIETCA K
MUHHMYMY, U, CJIEJOBATEILHO, CTATHYECKUI PEKUM TpaH3ucTopoB VI1-VT2
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M0 HAIpPSHKEHUIO KOJUIEKTOp-0a3a He u3MeHHTCS. [Ipu mosioxuTenbHOM
MOJISIPHOCTA CUH(A3HBIX BXOAHBIX HAINpsKEHU TpaH3uctopbl VTS5-VT6
MOA3AMUPAIOTCS. JTO MPUBOAUT K TOJOXKUTEIBHOMY MPUPAIICHUIO Ha-
NpsDKeHUs. U, 4, ~u,. VHorma mMexnay ysnoMm 3 m guomamu VDI, VD2
(puc. 7.2a) 1nenecooOpa3HO BKJIOYATh SMUTTEPHBIN MOBTOpUTEIhL. Ode-
BUHO, B KaueCTBE MmojicxeMbl 4 (puc. 4.1) B yCHIIMTENSAX pacCMaTpUBaEMO-
ro TUIIAa MOTYT HMCHOJIb30BaThCSA M JIPYTU€ KACKaJbl, HE UHBEPTUPYIOIIHE
(hasy HarnpsKEeHUs.

IToncxema cpaBuenus 5 JIK (puc. 7.20) BbIIIOJTHEHA HA TPAH3UCTOPaAX
VT5-VT6. E€ xapakTepucTUKu CBsi3aHbl ¢ mapamerpamu 3semMeHToB JIK
CIEAYIOIIUM 00pa3oM:

Cust X —Cuso & —Ry(hy 5 5 + 2hll6—6)_1 ) (7.1)

Yoos = hyg g+ Ry (14 yy56),
rae R; — S5KBUBAJIGHTHOE COMPOTHUBJICHHE B y37€ 3.
g paccMarpuBaeMoro kackaja c,; = 0,5, g,,_4 1 MOXHO momy-
YUTh
u3' 1 (s +2hy 6 6)Rs ' < 1. (7.2)
VYuuteiBas BbipaxkeHue (7.2), MOXXHO ONpPEAETUuTh KO3PHUIIUEHT OC-
nabneHus cuH(a3HbIX BXOJAHBIX HANpshKEHUN Kackaaa (puc. 7.20).

OcHoBHas ocobenHnocts [IK (puc. 7.3a) cocTouT B TOM, 4TO 37€Ch
nmojcxema 4 peann3oBaHa Ha «TOKOBOMY 3€pKajle.

VT3 VT4 VT35

N4
/X
ZEAN

VT35

VT1 VT2 I—

| BC))KLK_ Bx2
—: VT6
VT3 VT4

Breix.i, Beix.i

. iuz,é U, VT7 VT8
I . "
CT) Bex. "1 Berx. 1,
C) -

a) 0)

Puc. 7.3. MoauduurpoBanubie Au(dHepeHInaTbHbIE KACKA b
CO CIEISAIINM MUTaHuEeM (Hadalio, OKOHYaHHE CM. Ha C. 41)
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E Upg ® U
R1 R2

2
N
VT3 VT4
VTS VT6

Bx.1 : Bx.2 : :
Llcl VT1 V12 uci Brix.
¢———o0

Uy ®Uc
v

HOT HTH o

“™Ni21

B)
Puc. 7.3. Oxonvanue (Hayajao cM. Ha c. 40)

Cratnueckuit pexuM TpaH3uctopoB VT1-VT2 1o HanpskeHuro
KOJUIEKTOp-0a3a Tak ke, Kak U B CXeMe, MPUBEAEHHON Ha puc. 7.2, ompe-
nensiercs moneBbiMu Tpan3uctopamu V13-VT4. KonnekTopHbIN TOK TpaH-
suctopa VTS pasen Toky MOT I,. 3amerum, uto nojcxema 4 MOXKET ObITh
peann3oBaHa Ha 0a3e MHOTMX JPYTUMX YCUIIMTEIbHBIX KaCKaJa0B, HHBEPTH-
pyronmx ¢asy HarpsKEHUS.

B ycunurene (7.3B) BTOpoil Kackaj BBIOJHSET P JOMOJHUTENb-
HbIX (YHKUMI: OCYIIECTBISET BBIJCIECHUE BBIXOJHOIO CHH(pA3HOTO Ha-
npsokeHus u, (puc. 4.1) n ycunuBaer pasHOCTh MEXKIY 3TUM HaIPSKEHU-
EMHU U,y R U,.

Takoe coBMmelnienre GyHKIUMNA B OJTHOM MOJCXEME MO3BOJIMIIO TOBBI-
cuTh Ko3huimeHT ocnabieHuss cMH(pa3HbIX BXOJHBIX HAaIPSKEHUWU Kac-
KaJia, YOPOCTUTh CXEMY, MUHUMHU3UPOBATh MOIIIHOCTh, MOTPEOISIEMYIO UM
OT UICTOYHUKOB IMUTAHUSI.

[Tpumep nocrpoenus JAK nsroit rpynmsl (g,,_, =0, puc. 4.1) npu-
BEJEH Ha puc. 7.4.
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I, () () L Bex.i, Brix.i,

Puc. 7.4. Kackang co cieadaimM DUTaHUEM

B naHHOM Kackaze CUrHaji paccoryIaCOBaHUs MEXKIY HANPSHKCHUAMMU Uy
U U,_ o MOJAETCA B OMUTTEPHYIO Lenb TpansucTtopoB VT1, VT2 (mogcxema 6,
puc. 4.1). KomiekropHslii TOK Tpanzucropa VTS npubimxEHHO paBeH To-
Ky [,. OTOT pexxuM Tpansucrtopa VTS5 ycTraHaBiIMBaeTCs OTpULIATEIbHON
O0OpaTHOM CBA3BIO IO cHH(a3HOMY curHaiy. Ecim HampsbkeHue u,  Io-
Jy4aeT MPUpAILEHUE, TO KOJUIEKTOPHBIA TOK TpaH3ucropa VTS5 u3sMenser-
Cs. YBEIMYEHHUE WM YMEHBIIEHUE KOJUIEKTOPHOTO TOKA TpaH3ucropa V15
BBI3BIBACT U3MEHEHUE HaNpsDKEHUs u;. Tpansucropsl VI1-VT2 paboraror
MIpU HANPSDKEHUSX KOJUIEKTOp-0a3a, He 3aBUCSAIIMX OT CHH(Aa3HBIX BXO-
HBIX HamnpspkeHui. CIie1oBaTenbHO, MO0 CBOMM BO3MOXKHOCTSIM KacCKaJlbl
naroi rpynnsl 6iu3ku kK JK co criensineit cBsA3bi0 M0 UENU KOJUIEKTOPHO-
ro nutanus TpaH3uctopos. [Ipu riryOokoil 00paTHOM CBSA3M KO3(P(HULIHEHT
OCJIa0JIEHHS ONPENEISAETCS cnez[y}omHM BBIPOKCHUEM:

8>
22 : Koc ch(l)» (73)

Koc ch ~ Koc ch(4) =
22 6

e Ko op1ys Kocepesy COOTBETCTBYIOT cooTHOICHUM (5.1), (5.12);
g,,_, — BBIXOJIHOE COMPOTHUBIIEHNE UCTOUHUKOB OIOPHOTrO TOKA /1, L.
Pemas cucremy nuHedHbIX ypaBHeHuul 11 Y (puc. 7.1), MOXHO
MOJIYYUTh CJICAYIONIEE BhIpKEHUE sl KO3 UIMeHTa ocinabieHus CHUH-
¢a3zHbIX BXOnHBIX HampspkeHud JIK co crienmsium nutaHueM mo KOJIIEK-
TOPHOM LIETIH:

Y

-1 -1 BX

Koc.C(b = (1 _PI)K .ch(3) + Koc ch(4) + Koc ch(1) 1+ : ’ (74)
J’22—6
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rne B =u,/u, =1;

Koc.ccb(l)’ Koc.ccb(3) ’
(5.10) — (5.12).

Ecnu noacxemy BY (puc. 7.1) noctpouth Takum 00pa3oM, 4ToObI €€

KO3((PULMEHT nepeadyn 0 HanpspKeHUIo (F) ObL1 ONM30K K €UHULE, TO

K ¢ cp(ay OTPENENCHBI B BeIpaKeHMsIX (5.1) — (5.3) n

oc.cd

Ko3(ppunmeHt ocnabnenusa cundaszHbix curHaioB 1Y Bo3pacraer.
VYcaosuro P, =1 ¢ Tol nian MHOM CTENEHBIO TOYHOCTH YIOBJIETBOPSI-
1

0T pa3IMyHble MOAM(PUKALIMKN 3MUTTEPHBIX U HUCTOKOBBIX MOBTOPUTENEH
HanpspkeHus. VX BaXHENIM napaMeTp — NorpeHocTs nepenaun (1—-F) —

0OBIYHO JEKUT B Tpenenax 10 —107. CieqoBaTenbHO, IPH HCIOJIbB30-
BAHWM TUIIOBBIX MOBTOPUTEIIEN HANPSDKEHUS B KauecTBe bY mepBbIM cia-
raeMbIM B ypaBHeHuH (7.4) MoxkHO npeneOpeus. [loaTomy

a0 hth Yies
Kocep ® R 4R (R Yix cpr-3 — Ri¥ix cgio3) + Kocopy| 1+ . (71.5)

| T 15 Y226
OOBIYHO TpaH3UCTOPHI BTOPOro kackajaa OY paboraroT Ipu OTHOCH-
TEJIbHO OOJBIINX SMUTTEPHBIX Tokax. Kak crieicTBue 3TOro, BXOJHBIC

MPOBOAMMOCTH JUTSL CHH(A3HBIX BXOIHBIX HANPSHKCHUA Yy cp1-3 U Yoy cg2-3

BTOpOro Kackazaa (puc. 4.1) HAMHOTO MPEBBIIAIOT 3HAYEHHUE MTapaMeTpa /iy,
TPaH3UCTOPOB TIEPBOTO Kackaja (P61 << Yixep1-3 = Mag-3>

Yixepa—3 = M4 >> hpyg_5 ). [looromy JIK co crensiieit CBA3bIO MO MHTa-

B
HHIO KOJUIEKTOPHBIX Lenen TpansuctopoB V11, VI2 He Bcerna narot 3Ha-
YUTEIbHOE yBeIMYEeHHE Kodduuuenta ocnadienus. [Ipeaenbubiii Kord-
¢uuueHt ociabineHuss CUH(A3HBIX BXOJHBIX HAIPSHKEHUW, PaBHBIN
K ¢ cp(1)> MOXKET OBITH MOIYYEH MPH YCIOBHH, YTO BTOPOi Kackan OV xa-

PaKTepHU3yeTCst MaJbIMU 3HAYCHUSAMU MPOBOAUMOCTEH Yy 413 M Yoy c42-3 5

T.€. UMEET JIMOO0 MOJIEBbIE TPAH3UCTOPHI HA BXOJE, MO0 CIEASAIIYIO CBS3b
[0 KOJUICKTOPHOMY MUTAaHUIO TpaH3ucTtopoB V13, VT4. O1o ogun u3 He-
nocrtatkoB JIK mepBou rpynmbl. BTOpol HETOCTAaTOK 3aKI0YaeTcsl B €1U-
HUYHON nepenave cuH(a3zHoro BxoaHoro HanpsbkeHus Ha Bbixon JK. Ilo-
3TOMY BTOpOM Kackaa OY NOKEeH UMETh MIMPOKUM THANa30H U3MEHEHUS
CUH(}A3HBIX BXOJHBIX HANPSHKEHUN U, KPOME 3TOr0, JOCTATOYHO OOJIBIIOM
ko3¢ durueHT ocnadneHus (1.5).

B JIK BTOpO# IpyIIIbI HAIIPSDKEHUE U, ONAETCA B DMUTTEPHBIE LIEIU
tpan3uctopoB VT1, VT2 (puc. 7.5). 9T0 no3BOIsET NPUMEHSATh B KayeCT-

BC ueneﬁ CTa6I/IJ'II/I3aHHH CTaTUYCCKOI'0 pPCKHMMa CPaBHUTCIbHO HHU3KOOM-
HBIC PE3UCTOPLI.
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VDN1
Beix.i;, Bbix.iy

| it

T g T g I g B

Brixi,

VTI VT2
VT1 VT2

—_———r——n

Rl D Bx.2

VDN2

2 > +1 W, ~U
(L r-- "'i uzz’ 5 } "o x

a) 6)

Puc. 7.5. IK co caensiumM nutanueM no sMmuttepHoit nernu VT1-VT2 (a)
1 ero o0o6mEnHas cxema i TpanzuctopoB VT1, VT2 (6)

®opmyna i Koo B 3TOM CIy4ae IPUHUMAET BUL:

S, + Yy +7Y.
-1 gl 2T Ve S5 -l
KOC.C(b ~ KOC.CQ)(Z) + * = KOC.C(i)(])’ (76)

Y226
e Sy = Y21-65 Kocopy» Kocop(z)y COOTBETCTBYIOT BBHIpaKeHHIO (5.1).

-1
Uro0Bl YMEHBIIUTH COMHOXHUTEb TpU Kodbduiuente K. .4q) B
ypaBHeHUU (7.6), MOXXHO TMOTpeOOBaTh B3aUMHOTO COKpAIEHUS cliarae-

* *
MBIX S, U V,9_¢, T.€. IIOJOKUTHh PABHBIMU S, U Yy, . ITO MOXKHO peasu-

30BarTh, €CIU MojcxemMa 5 — Oy(depHbI YCUIUTENb C €AMHUYHBIM KO3 Pu-
LMEHTOM TepeAadyd IO HaNpsHKEHWIo, a MojcxeMa 6 — JBYXIIOJIIOCHHK.
Koaddumment ocnabiaeHusi mpu 3TOM HECKOJBKO IOBBIMIACTCS 3a CYET

YMEHBILICHUS] BTOPOT'O CJIaraémMoro:
Ko_cl.cq) ~ Ko_cl.cq)(z) +#K§c¢(1)- (7.7)

22-6

Takum 00pa3oMm, BBEICHUE 3TOW CIEIAIICH CBSI3M SKBUBAJICHTHO
YMEHBUIEHUIO MPOBOAUMOCTH B 3MHUTTEPHOM LENU TpaH3UCTOpoB VT,
VT2 JIK 6e3 oOpaTHOM CBSI3M A0 YPOBHS BXOJHOM MPOBOJAMMOCTH IOJI-

cxeMbl 5 (Y, 5). OTO NO3BOJIAET, BO-NIEPBBIX, MCIIOJIB30BATH B KadyeCTBE
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IIOACXEMBbI 6 CPaBHUTCIIbHO HHM3KOOMHBIC PE3UCTOPLI, @ BO-BTOPLIX, HC
Tpe6yeT IMOCTPOCHUA CJIOXKXHBIX HCTOYHHUKOB OIIOPHOI'O TOKA JJII MUHHUMMU-

3a1uu cocTasistomen K gcl_cq)(l).

JlononuurensHOe KayectBo 1Y ¢ mpeanaraeMou apXuTEeKTypou —
pacuIMpeHue Iruana3oHa akTUBHOW paOOThI, YTO MOBBIIAET HA 1-2 mopsia-
ka ObicTpoericTBre OY.

BxoJHBIM KackajaM C «IUIaBAIOIIUM MUTaHUEM» (puc. 7.6) IpUCYIIH
BCE OCOOCHHOCTH YCUJIMTENEH JIBYX paHee paCCMOTPEHHBIX TPYIIIL:

.S + Yy + Y
Koc ch NKoc ch(4) +(1 P)Koc c¢>(3) 2 23# :

X3 Koc ch(l) > (7 8)
Y22-6

rae kodpdurmeHTsl K . o1y> Koceps)> Kocop) COOTBETCTBYIOT BBIpaXKe-
HusMm (5.1), (5.12), (7.4), (7.6).

; Bblx 1 o+

R
)
H

Bx.2 <\ R,
BX.C. By
» +1 uy ~u
i VT L
u2—6 b uc +

E

C

2

=
&
5
[\S]
_

Puc. 7.5. O6o6ménnas cxema JIK ¢ «mnaBaronumy» nuranueM (E;-E,)

JUI 3HaYUTENIBHOTO MOBBIIEHUS KOYPPuuueHTa ociadneHust Koccg
Heo0X0auMO, YTOOBI MapamMeTprl oacxem 3, 4, 5, 6 (puc. 4.1) ynoBieTBo-
PSIIA CIETYIOIIUM YCJIOBI/ISIM'

A=1S5 :_J’22 6>

Crpykrypa K 4erBEPTOM TIpyNNbl MOJHOCTBIO COOTBETCTBYET
000011éHHOM cxeMe (puc. 4.1), ecnu B HEW UCKIIFOYUTH Niepeady CuH(pas-
HOT'0 BXOJIHOT'O CUTHAJIa B SMUTTEPHYIO LIeTb. TO4HBI aHanu3 cBoMCTB JIK
MOXET OBbITh BBIINOJHEH HAa OCHOBE BhIpaxkeHwuii (4.2), (4.3), (4.7). Bmecte ¢
TEM, JIJI1 IPAKTUYECKUX PACUETOB yJIOOHEE BOCIIOIB30BATHCS MPUOIMHKEH-
HBIMH COOTHOIIEHUSIMH, TOJYYEHHBIMU TIpH  yCIOBHSIX K ~1,

K ~ K. c, ~1:

ya>

~O Yxcq)l 37 YBx.cq)2—3 ~0.

Bx5

p.ch
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Y
-1 -1 -1 -1 BX.
Koc.C(b ~ (1 — U3 )KOC.CQJ(E;) + Koc.C(b(4) + Koc.C(b(l) 1+ y*_S > (79)
22-6
g = &21-4Cu5-2 ) (7 10)
1-2¢,5.1¢,3821-4

B Bepaxenun (7.9) wucnonb3yroTcs KO3IOPUIIUEHTHI Koc.cd)(l)’

Ko c3)» Kocep(ay> Onpenenéunsie coornomenusimu (5.1) u (5.12).

[Ipu BBIOOpE MapameTrpoB cxeMbl JK Takum o0pa3zoM, 4TOOBI KO3(-
(UIMEHT |, PAaBHAUICA €AMHULE, B 3HAYUTEIBHOW Mepe ociadiseTcs
BIIMSIHUE MTapaMETPOB BXOAHBIX TpaH3ucTopoB VT1-VT2 Ha ko3 duiimeHt
ocJia0ieHust CUH(a3HbIX BXOAHBIX HAIIPSKEHUM.

B c¢Bsi3u ¢ aTuM coctasisitonye BoipaxkeHus (7.10) 10mKHBI ya0BIIe-
TBOPSATH OJHOU U3 TPEX CUCTEM HEPABEHCTB:

Cus-1 < O’ Cus-1 > O’
Cu5—2 > O’ Cu5—2 < O’
c <0 c .>0
u3 s u3 ’
e (7.11) : (7.12)
g1-4 >0, 851-4 <0,
821—4%3%5—1‘ >>1, ‘821—4%3%5—1 >> 1,
1.1 _ g 1.1 _ g
Cys5-2Cy3C, 51 = —4 Cys5-2C3C, 51 = —4
c,s5-1 >0,
C,s5-0 >0,
c <0
u3 s
. (7.13)
g21-4 <0,
‘821—4%3%5—1 >> 1,
11
Cys5-2C3C, 51 = —2.

JIOTOJIHUTEILHBIMUA YCIIOBUSIMUA 3HAYUTEJILHOTO YBEIWYEHUS KOd(]-
dbunrenta ocnabdienus: JIK uyeTBEpTOM rpynmsl SIBISIOTCS CIAEAYIOIINE HE-
paBEHCTBA:

Y )
Yics = Yaxeps + B> << V6>
) 1-2¢,51¢,3851 4 (7.14)

Yiceps = Yxepa—s <<y =l _y,

B B

BX. B

*
r€ Yoy ops> Yex.s — BXOIHBIC TIPOBOAMMOCTH JUTS CHH(A3HBIX U T depeH-

B

IIAJTLHBIX COCTABJIAIONINX HANpsOKEHWH Ha BXOJaX
nojacxeMsl 5 (puc. 4.1).
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ITepBoe u3 cootHomeHuii (7.14) moka3pIBaeT, 4To MOJACXEMa S5 HE
JOJKHa CHJIBHO IIYHTHUPOBATh BBIXOJHOE COMNPOTUBIIEHUE HCTOYHUKA
OMOPHOI'0 TOKa B AMUTTEpHOU 1enu Tpan3uctopos VT1, VT2 JIK. Bropoe
HAaKJIaJIbIBa€T OTPAHUYEHHUS Ha CXEMHYIO peali3aldi0 BTOPOro Kackaaa
OV, BXOAHbIE CONMPOTUBIEHUA M1 CUH(pA3HBIX HANPSKEHUA KOTOPOIo
cJielyeT BBIOMPATh TOCTATOYHO OOJIBIIMMH.

Cunre3 cxem JIK yeTBEpTON IpynHbl CBOAMUTCS K BHIOOPY Hapamer-
poB nojcxem 3, 4, 5 (puc. 4.1), yIOBJICTBOPSIONIUX OJHON U3 TPEX CUCTEM
OrpaHUYCHUH, peAcTaBIeHHBIX BbipakeHusmu (7.10) — (7.13). B cBsa3u ¢
TE€M, YTO YUCJIO MOAXOIALIMX IMOJCXEM BEJIHMKO, MOXXHO CHUHTE3UPOBATH
YCWINTENN C IIUPOKUM CHEKTPOM TEXHUYECKHUX XapakTrepucTuk. Ha
puc. 4.1, 7.3 noka3aHbl CXEMBbI, WJUTFOCTPUPYIOIIAE PUHIUITBI TOCTPOECHUS
takux K.

8. KACKOAHbIE
ANDODOEPEHLUUAINBbHBIE YCUITUTEIN

O600meénHas cxema kackoaubix [IK npuBenena Ha puc. 8.1a.

4 Bex.i,  Bbixi,

I o] o]
R1 R2 1
Brx.1 o— +—0 Brx.2
2 2 >‘J—K VT8
JIK1

_________________

VT1 VT2
2 D B e B e T
Bxl -2 Bx2 L !
[ Su—| Y
0 5 N |
[ o, ’ Tug VTS VI6 VI3 T VT4

HOT ; . '
Y26
T I
. o) e} 2
) Bex"i Bex.i, )

Puc. 8.1. O606mEnnas cxema kackoaaoro JIK
C CUMMETPUYHBIM BBIXOJIOM (a)
Y MPUMEDP €ro MOCTPOCHUS Ha KOMILJIEMEHTapHBIX TpaH3ucTopax (0)
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B kauectBe moacxem 1—4 1enecooOpa3HO NPUMEHSATh OJWHOYHBIC
MOJIEBbIC WJIM OWMOJIAPHBIE TPAH3UCTOPHI, @ MHOTAAa — 0OOoJiee CIIOKHBIE
MHOTONOJIFOCHUKH. [loacxeMa S5 ciy>KUT 1711 YCTAaHOBJICHHUSI CTATUYECKOTO
pexuma TpanuctopoB JIK nmo HanpspkeHuro KosuiekTop-06asza. B ycumute-
JAX CO CIEOSIIEH CBSI3bI0 OHA, KPOME TOTO, OCYIIECTBIISIET MEpPEaayy Ha-

IIpAKEHUA U, o R U B OC€IIb KOJUICKTOPHOI'O IIMTaHUA ITOACXEM 1-2.
2-6 cd.Bx

Ipu P, =us ;/u, ~1 HampspkeHWe MEXIy y3namu |-2 JaHHBIX TOICXEM
OCTaE€TCsl MOCTOSIHHBIM B IIMPOKOM JIMANa30He M3MEHEHUs CHUH(a3HOro
curHana Ha Bxoaax [IK. Kak cnenctBue, pazdopoc ux A-napameTpoB /i, U
hy; B TOpa3/lo MEHbIIEH CTeNeHu BiuAeT Ha KOAdhPumeHT Koy Tpaau-
LIMOHHBIE BAPUAHTHI BBITOJIHEHUS MMOJCXEMBbI 5 — HCIOJIb30BAaHUE SMUTTEP-
HBIX WJIM UCTOKOBBIX MOBTOpUTENEH HanpsbkeHus (puc. 8.1).
Koadduument ocnadienust cuHpa3HbIX BXOAHBIX HANPSKEHUN Kac-

koJHbIX JIK ¢ cummeTpudHbIM BbIXOJIOM (puc. 8.1) onpenensercs Gpopmy-
JIOM:

Koc ch ~ (1 P4)Koc ch(2) + Koc ch(7) + P4Koc ch(8)» (81)
rne Py rus 5 /u, =1,

Koc.C(b(2) - Koc ch(3) + Koc ch(4)»

. (8.2)
Koc ch — (Koc ccb) ~ Koc ch(1) + Koc ch(2)»
-1 Y
Koc.cd3(7) = R 22]62 (B 1hy1ohy 4Ry — hyy oy hy 11y 3Ry, (8.3)

Mo+ s
—————=(hy, 3R, —hyy 4R, +
R +R, (B335 22-4 (8.4)
+ Ry _4hiy_ghyy Ry =y _shyy_shy (Ry),
Vo6 = Va6 T Yaxs-
B Bepaxkennu (8.1) P, — ko3 PUIMEHT nepeaadn N0 HapPsHKEHUIO

-
Koccpsy = Ma1Mps =My ol g+

noxacxemsl 5 (puc. 4.1); Y. 5, y22 ¢ — BXOIHAas ¥ BBIXOAHAs IPOBOAUMO-
CTU TOJCXEMBI 5 W HMCTOYHMKA ONMOpHOro toka MOT cOOTBETCTBEHHO;

K . cp(2) COOTBETCTBYET COOTHOLICHHUIO (5.1).

[Ipu ycnoBumn P, =1 HaMHOTO yMEHbIIAETCS BIUSHUE HA KO3 PULIM-

EHT ocia0yieHus1 CHH(A3HBIX BXOJHBIX HaNpsDKEHUU pazdpoca h-mapa-
METpOB MojacxeMm 1, 2, HO, BMecTe C TeM, MOAYEPKUBACTCA BJIUSHUC HA
JTaHHBIM  KO3((UIIMEHT BBIXOJHBIX MPOBOAMMOCTEH moacxem 3, 4
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(puc. 8.1). IlosTomy B kauecTBe mojacxeM 3-4 xKenaTeabHO UCIOJIb30BaTh
aKTHUBHBIC SJIEMEHTHI C MaJBIMU 3HAYCHUSIMH TIapameTpa /iy, a TakkKe uX

KOMOWHAIINH.

Ecnu Bmecto pesuctopoB R1, R2 (puc. 8.1) BritouaeTcs akTUBHAs
Harpy3ka (puc. 8.2a), To Ko3(hPUIIUEHT Oc1abJeHHs] BXOAHOTO CUH(A3HOTO

CHUTHaJIa

Koc o *1-F )Koc o) T Koc cp10y T P4Koc (1)

TAe Koc @) ® Moy —Myy + Ay (hyy_y + hyy_y) %
X (hy1_4hys 5 = hyy 1By _3hy1_7),
Ko_cl.ccb(10) ~ Ay Yy (1 hyy_ahy g = Mol 1y 3 7)
Ko_cl.ccb(ll) ~ Ay (hyy g+ hy o)y 3hy 7 —hyyy),s

-1
Ay =+hy5) ",
hy,_; =1 — h-napaMeTp MOACXEMbI aKTUBHOW Harpy3ku 7.

IT1

i12.1

Boix.

VT3 VT4

)TK

Bx.1 : : Bx.2 jl_K‘bﬁ
ulI_ VT1 VT2 _IJJZ BY
[4 C. 5

o= +1

6
w[] (ot [*

a)

Bex.i;

Brx.i,

U

V' vD2

VTS

Puc. 8.2. Kackoausiit JIK (a) u npumep ero noctpoeHus (0)

(8.5)
(8.6)

(8.7)
(8.8)
(8.9)

B otnnuune ot tunoseix K (puc. 1.1) ycunurenu co criensuieit cBs-
3bI0 MO0 KOJUIEKTOPHOMY NMHUTAHUIO UMEIOT CPABHUTEIBHO MAIIYIO BXOJHYIO
MPOBOAUMOCTh JUIsi cuH(pa3HbIX HanpspkeHud (1.6). Tak, s cxembl Ha

puc. 8.1
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h

e
YBX.C(1)1 :(1_P4)h22—1 +|:(1_P4)M+035y226:|(1+h211)7 (810)

My + s

hyy | —hyy_
Yicepr =(L=Phy 5 + {(l—&)(MJ +0,5y226}(1 +hy ). (8.11)

hyy g+

9. KACKAObI C OTPULUATEJIbHOU
OBPATHOU CBA3bKO
MO CUHD®A3HOMY CUTHANY

HuddepeHnrianbabple  yCHIIMTENM C MEPCIEKTUBHBIMUA CIOCOOAMHU
BBEJCHUS OTpUIATENbHBIX 00paTHBIX cBs3ed (OOC) MOryT noiay4uTh IIH-
pokoe npuMeHnenue B OY HoBoro nokosieHus. [1o cnocoOy BBenenuss OOC
B JIK MOXXHO pa3iennTh Ha IBE€ OCHOBHBIE TPYIIBL. B yCcunuTensax nepBou
rpynnsl curHan OOC mocTynaer B AMUTTEPHBIE LENU TPAH3UCTOPOB VT1-
VT2 uepe3 noacxemy 6 (puc. 4.1). B ycuinrensax BTOpoW IpyIIibl HaIpsi-
xenne OOC u; nmoma€resd B nens KosuiekropHoro nuranusa K. Cymect-

BYIOT TaK)K€ KacKaJibl, COYETAIONINE B ce0e 0COOEHHOCTU YCUIIUTEIIEH Tep-
BOUW U BTOPOM T'PYIIIL.

VI | VI2 R1 is VT3

Bx1 Bx2 +Ea . .
* * :I ° Beixi; T I: Broix.i,

VT4 . .

U ez i i
i ioi i i VTI |37 & VT2
1 l ial i32 l

Ueq . - Uca
= N
VT3 L @ L1 R2

o . -

Puc. 9.1. Iudpepenunaibubie yCUIUTENN
C OTpUIATEILHON 00paTHOM CBS3bIO 110 AMUTTEepHOM e VT1-VT2
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CornacHo dopmyne (1.5) mis pacuéra pe3ynbTupyromero ko3gdu-
IIMCHTA OCJIA0JICHUS JBYXKACKATHOTO YCHUJIUTEISI HEOOXOAUMO IpeaBapH-
TEIBHO HAUTH KOIPPUUUEHTHI Koc oty Kip oty Kyn-

O600mEHHOe BhIpakeHue (4.2) mpu HUCKIOYEHHON Tepeaade CHUH-
¢da3HOr0 HANPSDKEHUS Ha BXOJT IMMOACXEMBI 4 IPHUHUMAET BU/I;

Ko_cl.ccb ~ Kc:(:l.(:(b(2) + @K&:l.ccb(l)’
Ya2-6 | \ 9.1)
_ nc(bMOI +bubu01)
Yeux.6 = V22-6 + ' ’
I=n(dyy +b,ds,)

n.= y21—6cu5—lcu3/A7

7€ Ko cp1ys Kocep) — cOcTaBitonme kodpdurmenta JIK 6e3 odparHbIx

cBazeit (5.1).
i cxemsl puc. 9.1a npu h,,s | = hyys, =0 CIpaBeIMBLI CIEAYIO-
II1€ TOKOBBIE COOTHOIICHUS:

-

I
. . . . _ 0~. ~ 1
Iy =1yt 13, Ly _;~1K4 X lg3,

) ) Iy . )

[ 2 =Priza =B:—, Iy = iR
i3 Biss = B3 PREL S 9.2)
Iy =U Y3 =l +ig =g +ig =Paigy =ig3(n+P3),

) .. ) ) ) i
lp = I3 — Ly = U V3 —Pslgy =heq = U3 —Psiyy = ;,

LBy
lo+107—“c)@>

i34 :
rae n=—-- — Kod()pPUUUEHT JeNeHHS TOKa i
L
B; — K03 pUIKEHT yCHIIeHH 110 TOKY 0a3bl TpaH3ucTopa V3.
Kak cnencrue, 3ppeKTUBHBIN TOK OOIIEH SMUTTEPHOM 11eH

uy
lp = CB3 :ucyacb’
1+

n
[TosToMy 3¢ dexTrBHAsT BBIXOJHAS MPOBOJUMOCTh B amuTTepe VT1
(VT2) ymensbiaercs:

Vo = 93)
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AHQJIOTMYHBIM aHAJU3 C YYETOM COIPOTUBIICHUN KOJUIEKTOPHBIX II€-
pexonoB VT1, VT2 nokaseiBaet, uto BBeaeHne OOC 3KBUBAJIICHTHO U3MeE-
HEHUIO BBIXOJHOU mpoBoauMOCTH nojacxembl 6 JIK (puc. 1.1) ot e€ cobceT-

* %
BEHHOTO 3HAYEHUS ), = V5, ¢ A0 dP(PEKTUBHOTO 3HAYCHUS V. . ¢ < Voyg-

WNHpIMU clioBaMH, OTpHUIIaTeIbHAs OOpaTHAs CBSI3b YMEHBIIIAET BIMSHUE HA
KO3((UIIMEHT OcNalJIeHUs] TOJIbKO OJHOM COCTaBIISIONIEH BbIpaxke-

Hus (5.1) — Koy 1- 1Ip¥ 9TOM cTereHb MOBBIMICHHST KOI(PHUIMECHTA OC-
nabneHus 3aBucHT oT TIIyouHbl OOC U MOXKET OBITh OILIEHEHA T10 MPEeJIeIb-
HBIM 3HaYE€HUSM BBIXOAHON MPOBOJUMOCTH Y, .« -

B pe3ynbTare npeodbpazoBanuii (9.1) MoxkHO HAWUTHU:

R,

Verix.6 Ry +—=b,hyy 5 |Hy + My =y ))H,,  (94)

n, —> 0 R,

My +hyy o, H. = buh2l—2R2Rl_l — Iy

By o +bhy RRT i Iy o +b,hy RRT

Jlns ynpoieHus BeipakeHus (9.4) monoxum, 4To BCEe KacKaibl yCH-
JIMTEIIS XapaKTepU3yIOTCs BBICOKOM cummerpuei (b, =1, R, = R,). Torna

rae H, =

beIX.6 ~ yBLIX.6 ~ h22—1 + h22—2 . (95)
n.—» o

C
N3 mocnegHux COOTHOIIEHUW CIEAYET psifi BaXKHBIX BBIBOAOB. Bo-
IIEPBBIX, BBIXOAHAS MPOBOJUMOCTH V. . . B 3aBUCHMOCTH OT INIyOWHBI

% '

OOC mensiercs B pefenax 0T Vi, ¢ A0 Vi - 1AKUM 00pa3oM, BBOIUTH
-1

OOC n1st MUHUMHA3AIUKE COMHOKHTEIS TIpU Kodbunmente K. .41 (3.9)

*
LEJIECO00Pa3HO TONBKO B TEX CIy4asiX, KOTHA Y, = Vyy_¢ >> Moy 1+ Hyy 5.
B ycunutensix ¢ TpaJAMIIMOHHBIM BBIOJHEHHEM MojJcXeMbl 6 (puc. 1.1)
k
IIPOBOJAUMOCTB ),,_ o BECbMa OJIM3Ka K CyMME ITapaMeTpoB /iy, | U hy, 5.

N3 paccMOTpEHHOTro clieAyeT, YTO OOJIBIIOrO BHIMTPHIIA 110 YBEIH-
yeHuto kodpunmenta ocnadnenus K nannas OOC we maér. Uckmoue-
HUE COCTAaBJISIOT YCHUJIUTENU C MOJEBBIMH TPAH3UCTOPAMHU Ha BXOJE, T.K.

*
IUI1 HUX OOBIYHO BBIIOJIHSAETCA HEPABEHCTBO Y,y ¢ >> hyy | +hyy 5, @ TaK-

xe JIK ¢ mpocTedmnmMu MCTOYHUKAMHU OIIOPHOTO TOKA Ha TPAH3UCTOPAX,
MMEIOIIAX MAJIOE HANPSDKEHUE DPJIH.
Bo-BTOpBIX, HE3aBUCHUMO OT MOCTPOEHUS MOJACXEMBI 6 TIPU TIIyOOKOi

OOC »kBHBaneHTHAsA NPOBOAUMOCTD V, . o OJNH3Ka K oNTUMaNbHOM (9.5).

52



[TosToMy mnpenenbHbi  KOADPUIUEHT ocnabiaeHus CcuH(pa3HbIX
BXOJIHBIX HANPSIKEHUM CXeM C 0OpaTHOM CBSI3bIO PABEH:

K_l ~ hlz—l B h12—2 + hl 1—1h22—1 B hl 1—2h22—2 . (96)

oc.cd

CpaBuenue gopmyn (9.6) u (5.1) mokasbIBaeT, 4TO U3 COOTHOIICHUS
st ko3pduuurenta ocnabdnenus K 06e3 oOpaTHO CBSI3U MCKIIIOYAETCS
ciaraeMoe, 0OyCIIOBJIEHHOE BBIXOJIHOM TPOBOJMMOCTBIO MCTOYHHMKA TOKA 6.
Opnako BciencTBue npeolaaaaromero BIUsSHUSA Ha Koo pazopoca mapa-
METPOB /1y U hy, moAcxeM 1 U 2 OIIyTUMOTO YJIy4IlICHUS JAaHHOTO KO-
(¢unrenTa B OOJIBIIMHCTBE CIIy4aeB HE HaOJII01aeTCA.

OtpunarenbHas oOpaTHasi CBSI3b YMEHbIIAET KO3 UIMEHT Mpeoo-
pa3oBaHUs CUH(}A3HOTO BXOJIHOTIO HANPSKEHHS B BBIXOTHOE.
| bu4bul _bu04’bul << K* .

2(bu4 + bubu4) et

JanHoe cBorcTBO JIK mepBOM rpymiibl SBISIETCS MHOTIA PEIIAIOIIAM
(akTOpOM B MOJB3Y UX MPUMEHEHHS B CXEMaxX aHaJIOTOBBIX YCTPOMCTB.
D10 00BsicHAETCS TeM, yTo TpaH3uctopsl JK yvacto paboraioT B pexume
MHUKPOTOKOB. [103TOMYy KO3(pPUIIMEHT yCUIeHUs MO HANPSLKEHHUIO IEPBOTO
Kackajga mMal. B Takux ycJIOBHUSIX BIIOJIHE ONPAaBAAHbI CXEMOTEXHUYECKHE
METO/1bl, YMEHbIIAONINE KO3PPUIMEHT npeoOpazoBaHus Ky cgp.-

CHmKeHHe BXOJIHBIX MPOBOJUMOCTEN JUIsl CUH(A3ZHOTO CHUTHaNa

K.pep ® (b, 9.7)

Yiceprs Yaxcpz (1.6) B cxemax JIK ¢ 0OpaTHOI CBSI3bIO HECYIIECTBCHHO.

B
Jlns pacd€ra 3THUX MPOBOJMMOCTEN MOXKHO BOCHOJIB30BaThCsA (hopMyia-
k
MU (1.6), TOJNOKUB B HUX Yoy ¢ R Ny | +hyy 5.
Bropoii cioco6 Beaenuss OOC (puc. 9.2) mpu BbICOKOKaY€CTBEH-

HoM MOT rtaxxe He Bcerna moBblIaeT KO3(Q@PUUUEHT OociabieHus CHH-
(ba3HBIX BXOJHBIX HANPSLKEHU BXOJIHOTO KacKaa.

o
Ile

VT3 >|74|< VT4
VT6

VTS5
VT1 i i . VT2

Bx.1 i Brix.i, Brix.i; Bx.2
[ e
Ue1 ~o
N

“® [

—1

+

Puc. 9.2. 1Y ¢ OOC no xomnexkroprnou nenu VI1-VT2
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VT8

|
i
|
|
K IvTe
|
|

PJ_"I\/. VT7

L
Brix
—o0

(|
N
|

Puc. 9.3. [Ipumep nocrpoenus kackoanoro Y ¢ OOC

MoxHO yTBepKAaThb C TOYHOCTHIO JO BEIMYUH BTOPOTO IMOPSIKA
ManocTH, 4to JIK ¢ riryO0okoil oTpuIiaTenbHOM 00paTHOM CBS3BIO MO MUTA-
HHIO KOJUIEKTOPHBIX Lener TpaH3uctopoB VT1-VT2 umeror takon ke KO-
¢ PumeHT ocnabieHus cUH(pa3HbIX BXOJIHBIX HanpsbkeHui, uro u K 6e3
OOC (puc. 1.1). Ongnako 3¢ dextuBHOCTh BBeaeHUs qaHnHoM OOC cTtaHo-
BUTCSI 3aMETHOM, €CJIM UCTOYHHUK OMOPHOro Toka 6 mMeer Manoe Ry, Ha-
MIpUMEP MPHU BHINOTHEHUU B BUJIE CPABHUTEIBHO HU3KOOMHOI'O PE3UCTOpa
(puc. 9.2).

OtHocutenpbHO KO3 (unueHTa npeodpazoBaHus Ky s HEOOXOAUMO
OTMETUTH, 4TO npu BBeleHHnH OOC BTOpPBIM CIIOCOOOM OH YMEHBIIIAETCH,
CHIDKAsl TEM CaMbIM BIUsSHHUE BTOporo kackaga OV Ha oOmuii ko3¢ duiiu-
eHt ocnabnenust K. 45 (1.5):

"

Kooy ®0.5(b, =By —byy) << Ky - (9.8)

[locnennee 0OCTOATENHCTBO HEOOXOIMMO YUYHUTHIBATH MPHU PEILICHUU
BoIpoca o 1enecoodpasnoctu BeeaeHuss OOC. Peammzanus JIK mo cxeme ¢
OOC moxer ObITh TakKe MOJIE3HA C TOYKU 3PEHUSI IHEPronoTpeOIeHus
JK, yropoleHus uenei ycTaHOBJICHUSI U CTAOMJIM3AlMU CTaTUYECKOTO pe-
’KMMa aKTHUBHBIX 3JIEMEHTOB, TpuMeHeHus B kauectBe MOT pesuctopos.
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10. OCJIABNNEHUE CUH®PA3HbIX CUTHAIIOB

B ONEPALUNOHHbBLIX YCUITUTENAX

C BXOOHbIMU KACKAOAMUA

HA OCHOBE «BPUITIMUAHTOBbIX» TPAH3UCTOPOB

OMUTTEpHBIE TTOBTOPUTENIM HA 0a3€ KOMILUIEMEHTApPHBIX N-p-n U p-n-p
TPaH3UCTOPOB (TaK HA3BIBAEMBIE «OPHIJTMAHTOBBIE» TPAH3UCTOPHI) CTAIH
OJIHMM M3 HauOoJiee MONYyJAPHBIX (YHKIMOHAIBHBIX Y3JI0B aHAJIOTOBBIX
MHUKPOCXEM HOBOrO MOKoJieHHs. OHU CTall OCHOBOM BXOJHBIX KaCKaJOB
OV c¢ Tak HazbiBaemoil TokoBo# oOpatHoi cBs3bio (TOC) (puc. 10.1), a
TaK)Ke APXUTEKTYP KIACCUUYECKUX ObIcTpoaeicTByomux OY ¢ MOCTOBBIMU
BXOJHBIMU Kackaaamu (puc. 10.2).

B aT0ii cBsI3M npencTaBisieT UHTEpeC U3ydeHue CBOUCTB auddepen-
IUAATBHBIX YCUIIUTENIEH, Pealn30BaHHbIX HAa OPUIUIMAHTOBBIX TPAH3UCTO-
pax, Py HaJTU4IUKU CUH(A3HON COCTABIIAIONIEH BXOIHBIX CUTHAJIOB.

Onepanuonnsie yeusmrenau ¢ TokoBoii OOC. Koapduuuenr oc-
nabneHuss cuH(a3HbIX CcUTHaAOB BXxojHoW mojacxembl OY ¢ TOC
(puc. 10.1) cylIecTBEHHO 3aBUCHUT OT COMPOTHUBIICHUS pe3UCTOpa Ry, BKITIO-
4aeMOro MHOI'/IA MOCJIEI0BATENIbHO C MHBEPTUPYIOIIMM BXOJIOM, U COIPOTHB-
JIEHUM 7, SMUTTEPHBIX nepexonos VT1-VT4.

Ecorm R, =0, 7,=r,=r;=r,=r,, TO CHH()A3HOC H3MCHCHHUE
BXOJIHBIX HAIPSKEHUM 1, CO3JaET B CXEME IMpHUpPaICHUs] TOKOB, 00YCJIOB-
JIEHHBIX KOHEYHBIMH 3HAYEHUSMH BBIXOJHBIX MTPOBOJAUMOCTEN HCTOUYHUKOB

110/1) nu 120/2):
I & Ve, Iy ® Vol
L Ry Ry, by Ry Ry,
iy = U (Ko 101 + Koo 02)
rne K.,y =K;,y, ®1 — K0O3pPUIHEHT yCHIEHUS 1O TOKY TOKOBBIX

3epkain I1T1, TIT2.
Jnst nuddepeHmanbHOro curHaina Ko3QpQUIMEHT YCUICHUs

K ~R (Killl + Ki12.2J= uBBIX
y H .

51 ) Upx12
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Puc. 10.1. Ilepemennsie Toku BO BxogHoM Kackazae OY ¢ TOC
Ha CUH(a3HOM CUTHaJe

[TosToMy B naHHOM pexuMe KOdPHUITMEHT ociadiieHus: CUH(pa3HBIX
curHanoB BxoaHoro kackaga OY ¢ TOC (puc. 10.1) 3aBucur ot abcotoT-
HBIX 3HAUYCHUI napaMeTpOB AJIEMEHTOB CXEMBI:

Kocccb"'Kocccb ~O,5]"3(y1+y2). (101)
MunumanbHbIe BETUYUNHEI BXOOIHBIX HpOBOI[I/IMOCTeI‘/JI JJIA CI/IH(1)33HO-

ro CHrHajia BXoaHou noacxemsl (puc. 10.1) mpu R =0 onpenensercs no

bopmynam
*(+)

Yebmin T Viz T Vias (10.2)
ycé)})nm RVt Yo, (10.3)
TAC Vi3 = K313 Via = Fea 2 MIPOBOJMMOCTHU 3aKPBITHIX KOJJIEKTOPHBIX Tepe-

XOJ0B TPAH3UCTOPOB 3 U 4.
®opmynsl (10.1) — (10.3) nonydensl 6e3 yuéra BHYTPEHHEH 00part-
HOM CBSI3M € Tpan3zucropamu VIT1-VT4.

Ecm R, >>r,, =r,, TO HallpaBJIECHUE COCTABJIAIOIIUX TOKOB Iy U

inr1 B Harpy3ke Ry, CBSI3aHHBIX C CHH(A3HBIM CUTHAJIOM, U3MEHSIOTCS, U
KO3(PGUIUEHT K o B ITOM PEKUME ONPEAEIAETCSA pa30pocoM IapaMeTpoB
DJIEMEHTOB CXEMBI:

K~ g (Kilz 1 _Kilzz)(J’1”a3 — Vol'sy ) (10.4)
occq) occq) S P . .
0,5K;,. 1 4R, +0,5K;15, R,

Iy +
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IIpy nAEHTUYHBIX 3HAUYEHUSAX CONPOTUBIICHUH DMUTTEPHBIX IEPEXOI0B
r,=r 1 K;,, =~K,,, =1 ¢popmyna (10.4) cymecTBEHHO yIIPOIIAECTCA:

**_1

Koc.ccb ~ OaSROT()’l _)’2)(Ki12.1 _Kilz.z)- (10.5)
Takum oOpaszom, ko3 duIeHT ocnadbieHuss CUH(A3ZHBIX CUTHAJIOB

OV ¢ TOC B 3aBUCMMOCTH OT YUCJIEHHBIX 3HAYEHUU COMPOTHUBIEHUS Ry
JIEXKUT B MPEENax

#ok—] *—]

K <K' <|K (10.6)

oc.ch oc.ch occh| -

IIpu oTOM yBenmYeHue CONPOTUBIECHUS Ry, OT HYIIA 10 R >> 7, U3-
MEHSET XapaKTep 3aBUCUMOCTH K.y OT BBIXOIHBIX IIPOBOAMMOCTEU HC-
TOYHUKOB OIIOPHOI'O TOKA V1 U )»: Ipu R =0 5TOT mapaMeTp IporopLuo-
HaJIeH CyMMe IIPOBOJMMOCTEN Y1 U y», @ IPU R . >> 7, — UX Pa3HOCTH.

Onepannonnsiil yceusureab ¢ OCH. Cxema BxogHoro kackaga OY
¢ OCH mnpusenena Ha puc. 10.2, rae r, — CONPOTUBIIEHUE DYMUTTEPHBIX IIE-

k k
PEXO0I0B TPAH3UCTOPOB; V1, V2, Vy, V5 — BBIXOAHBIE IIPOBOJAUMOCTH UCTOY-

* *
HUKOB TOKa Iy, b, 1, , I,.

Bx. "1 VT3

o ¥

Puc. 10.2. Ilepemennsie Toku BO BXxogHoM Kackaae OY ¢ OCH
Ha CMH(a3HOM CUTHaJe
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Ecnu npeanonoxuTb, 4TO0 CONPOTUBIICHHS BCEX SMUTTEPHBIX p-h Te-
PEXO0JI0OB TPAH3UCTOPOB OJIMHAKOBBI, U MPEeHEOpeUb X BHYTPEHHEW o0part-
HOH CBSA3BIO, TO MpHUpanieHus: TokoB B cxeme (puc. 10.2), o0ycrnoBiIeHHbIE
cHH(pA3HBIM CHTHAIIOM 1, Ha Bxogax Bx.1"), Bx.2"), npaktuueckn He 3aBu-
CST OT YUMCJICHHBIX 3HAUYCHUU Ry:

U

Il :7()’1 _J’2)zixza

Iy = Kk — 00K,

Tak xak ko3ppuument ycunenus audpdepeHunarTbHOro HanpsHKeHUs

paccmarpuBaemoii BxoaHoi noacxemsr OY ¢ OCH K = RH‘R TO KO3(-

OH °

(¢unueHTt ocnadiieHusi CHH(pa3HbIX CUTHAJIOB

K&l:.cq) ~ OaSROT()ﬁ _)’z)(Kilz.l _Kﬂz.z)- (10.7)
Cpasuenue dhopmyi (10.7) u (10.1) mokassiBaeT, 4T0 KOADPUIIUECHTHI

ocabnenns cupasnpx curnanoB OY ¢ OCHu OY ¢ TOCnpu R, = R, #

UJCHTUYHOM TIOCTPOEHUU 1IENeil CTaOMIM3aIMK CTaTHIecKoro pexuma (1, 1)
npaktudyecku oauHakoBbl. Ecim R, =0, To OY ¢ OCH umeer B N, pa3

0oJiee BBICOKOE OCJIa0IeHne CUH(A3HBIX CUTHAJIOB, 1€

AL |
ch 3(y1 y2) ) (108)
Ry, (51 = 72 Kooy = Kiinn)
on ()’1 b) )( i12.1 i12.2
Ecnu ydecTbh, 4TO B IPAKTUUECKUX CXEMAaX BBIIOJIHACTCS HEPABEHCT-
BO ), > ), (C Y4ETOM CBOMCTB p-N-p TPAaH3UCTOPOB B UCTOYHMKAX TOKa /|,

1>), To BEIMrpbII 1O Kooy B paccMaTpuBaeMbix OV onpenensercs uicH-
TUYHOCTBHIO «TOKOBBIX» 3epkan [1T1, I1T2:

N, ‘ 2r, ‘

‘Ron (Kilz.l — K12 )‘
BxonHble TpoBOAMMOCTH sl CUH(A3HOTO CUTHAJIa 110 HEMHBEPTH-

(10.9)

pytomiemy Bxoay OY ¢ OCH u OV ¢ TOC takxke OJIU3KH, T.K. JJISI CXEMBbI

(puc. 10.2) cipaBeyIMBbI CIAEAYIONINE COOTHOIICHUS
W% v+ s (10.10)
(-) o

vy, R VotV (10.11)
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11. MPEAEJIbHbLIE MAPAMETPbDI

MCTOYHUKOB OIMOPHOI'O TOKA (UOT)

U YINIPABIIAEMbIX AKTUBHbIX HATPY3OK B 1Y
C NOBbIWEHHBIM OCJIABJIEHUEM
CUHD®A3HOIO CUTHANA

11.1. CTPYKTYpHbIE U CXEMOTEXHUYECKUE MeToAbl
yMeHbLleHus BbixoaHou nposoanmoctn UOT

BrinosiHEHHBIN BbIlIE aHATIU3 TTOKA3bIBAET, YTO BBIXOIHOW UMIIEIAHC
HMCTOYHUKOB OIIOPHOTO TOKa OKa3bIBAET BEChbMa YacCTO JOMHUHUPYIOIIEE
BIMSIHUE HA Koo IU(P(EpeHINAIbHBIX yCHIIUTENeH. B aToM cBsA3M npen-
CTaBJISIET MHTEPEC UCCIIEIOBAHNE YCIOBUM MOMYUYECHUS MIPEACIIbHBIX 3HAUE-
HUM ) ( y;2_6 , puc. 4.1) UOT c 6a30B0i1 apXUTEKTYPOI.

HNOT ¢ kiaccuyeckoil apxuTeKTypou. TpaH3uCTOPHBIE HICTOYHUKH
onopHoro Toka (MOT), koTopble NCMONb3YIOTCS sl CTA0OUIN3ALMKN PEXKU-
Ma JIK HOBOro mokoJyieHusi, BBIIOJHSIOTCS JIMOO MO cxeMme 0e3 oOpaTHOM
cBsi3u (puc. 11.1), mubo mo cxeme ¢ riyOOKOM OTpUILIATEIHbHON 00paTHOM
cBs3bio (puc. 11.1a), a Takke Mo IBYXbIPYCHON KACKOJIHOU CTPYKTYpE.

Brix
Q

iKl o)
Uppx ~. I‘K3\‘A . AN ’
h % R1 Ly l s R1
v

VTI j—\—
VD2
. VTI
o) U o
a) 0)

Puc. 11.1. UOT Ha OunonspHom tpanzuctope (a) u cxema MOT
C TIPEJICIbHO BO3MOXKHBIM JUANIa30HOM U3MEHEHUS Uy, (0)
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BrixonHas mpoBOAMMOCTB Y, = y;2_6 HNOT nepBoil rpymnmbl (Kak
noacxeMbl 6 JIK puc. 4.1) MoXeT ObITh MUHUMHU3UPOBAHA 3a CUYET OMNTHU-
MaJIbHOT'O BbIOOpa pe3uctopoB uenu cMemenus R1, R2, R3 (puc. 11.1a) u
THIIOB IPUMEHSEMBIX AKTUBHBIX 3JIEMEHTOB:

* - R KB
Yo = Yo = g R : + g 1402 | (11.T)

9.0KB
9.0KB

rae hy;_, — h-mapamerps Tpansucropa VT1 B cxeme ¢ obmieit 6a3oi;

R, ... =R, + N5, — DKBUBAJICHTHOE COIPOTHBIJICHUE 3MUTTEPHOM Iie-
ma VT1;

Rs o = Rl”(”oz + R;) — SKBUBAJIEHTHOE COIPOTUBIIEHNE 0a30BOM LIeNU
VTI;

rn, — IAdPepeHnranbpHoe CONPOTUBIEHHE p-n niepexoaa VD2.
IlepBblii YaCTHBIM CJay4Yall — KJIACCHUYECKOE «TOKOBOE» 3€pPKajo
(puc. 11.10). 3gece R, =0, R, =0, R, >> Ry, . IIpn naHHBIX OrpaHn4YeHU-
sax BbIxoaHas npoBoaumMocTbh MOT (puc. 11.10) umeer HaubobIee 3Ha-
YEHUE

* h V. I
126-1 2 | oM -1 _ 14 -1
Yo =DVane = +hyps | 1+ ~—+2ny U +2r, (11.2)
hy15-1 116-1 51 (N

— ~ — 5] >
Tae Wy =My 1s ¥y R Mgy ¥ = Mgy — TAPAMETPBI (PU3NYECKON DKBUBA-
JICHTHOM CXEMBbI TPAH3UCTOPA;

¢, =25 MB — TemneparypHbIi IOTEHIMAT,
[, — cTaTMYecKuid TOK SMUTTEpa Tpansucropa VT1.

ITepBoe cinaraemoe ypaBHeHus (11.2), yuuTeIBaromiee BHYTPEHHIOO
oOpatHylo cBsi3b B TpaHzuctope VT, nomunupyer. [loaTomy B maHHOMN
cXxeme

1, 1

=y, ~ 2L 11.3
Yo = Ve (PPH U ( )

T )|

rae U,, =15+ 40 B — nanpspkenne Dpim tpan3zucropa VT1.
sl p p

Bropoii yacTHBIN CIy4ail — COIPOTUBIICHUE R, B OMUTTEPHOMN LIETIH
VTI1 Bemuko (R, >> hy,5_, =1,,). B 9TOM cirydae BbIXOHasi IPOBOAUMOCTb

NOT npuHMMaeT MUHUMaIbHO BO3MOKHOE 3HAYCHHE:

Yo = y;2—6 = Yomin = Ms 1 = rK_ll’ (11.4)
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Tpernii yacTHbI ciay4ail — CONPOTHUBIICHHE B LieNU 0Oa3bl MaJo

(Rs . ®0), a conporuBienre R, #0. /laHHBIA pe:kuM 00ecreUnBaECTCA

noakaoueHueM 0a3bl VIl K UCTOYHUKY HaNpsKEHUs] CMELIEHUs C HyJle-
BBIM BBIXOJHBIM COIPOTUBIIEHUEM. [Ipy 3TOM BBIXOJHAs MPOBOJUMOCTH
NOT

M6 ~ P 1, +”K_11- (11.5)
Ry+hsy Uy LR +0,
Ecnmu manenuwe HampsbkeHUsT Ha R, CYIIECTBEHHO OOJIbIIE, YeM
¢, =25 MB, 10

%
Yo = Vo X sy +

?;
R2U31
Taxkum 06p&30M, B 3aBUCUMOCTH OT COOTHOHLICHHUS IIAPaMCTPOB IJIC-
MCHTOB B IICIIN 0a3pl U LHCIIKM OMHUTTCpA VTI BbBIXOAHAA IIPOBOJUMOCTD

Yo = Vg X +rg (11.6)

NOT (puc. 11.1a) moxer usmeHsaTbCA B Ny pa3 OT YpOBHA /s | = ro! 1o

- - 1,7
ypoBHs 7 >>r', Tae Ny = 25 > 1
51

*
AYO=Y22-6

Ymin ® ki
h261 y

Puc. 11.2. 3aBucumocts BeixogHou nposoaumoctu MOT

OT CONPOTUBJIECHUS R, ipu Ry, . =0

VY HCTOYHHKOB OMOPHOTO TOKA C TNIYOOKOW OTpHUIIATENIbHOW 0oOpaT-
HOM cBs3bt0 (puc. 11.3a) BeIXOAHAS TPOBOAUMOCTh HE MOXET OBITh MEHB-

*
i€, YeM Yy = Vay_¢ < Myys ;- Il0O3TOMY B KauecTBe TpaH3ucTopoB VT1 BbI-
TOHO IPUMEHSATH I10JIEBbIE TPAH3UCTOPLL. B 3TOM ciydae JIETKO MOIy4YUTh

3HAUYEHUSI y;2_6, JIe)KAIME B Mpeaenax 10 =107 Cm.
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IBHX l luBBIX
v
i r1<3 ’//
113‘/ & T 1y = o3Kjlp3
: VT3
NG
A4 T i33 ~ ir3
10 2

2) 6)

Puc. 11.3. ®yHKIMOHANBHBIE CXEMBI HCTOYHUKOB OIIOPHOTO TOKA
C OTpUIATEILHON 00PaTHOM CBSI3bIO (a)
1 COOCTBEHHOM KOMITCHCALMEH 73 (0)

Cnoco0 mocTpoeHMsl TPAH3UCTOPHBIX KAaCKaJOB C MaJION BBIXOJHOM
MIPOBOAMMOCTBIO TAET XOPOILIME PE3YNbTATHl U IIPU CHHTE3E CXEM BBICOKO-
kadecTBeHHBIX MOT. Ecnu mexay sMmutTepoMm u 0a3zoi Tpanzucropa VT1
BKJIIOUUTh HEMHBEPTUPYIOMIUN yCUIUTENh TOKa A4 C €IUHUYHBIM KO3(-
¢uureHToM nepegauu 1o Toky (puc. 11.36), To ero

J’;z—é ~ hyps  (L+ Dy g) + Py gl lynsq + hogs 1 (Byysg + Myyg)], (11.7)

rae h;_, — h-napametpsl nojacxeMsl A4.

ij—4
ITpu mocTaTo4HO MajbIX 3HAYECHUSAX NApaMerpoB A,, , U h;_, BBI-
xonHoe corporusiaeHre NOT MOXKeT 10CTUraTh HECKOJIBKUX COTEH METAOM.

AOCOIIOTHBIE 3HAYEHUSI COMTPOTHUBJIEHUIN pe3ucTopoB Ry u R, JIK ¢
CUMMETPUYHBIM BbIXOAOM (puc. 1.1) He BimsOT Ha KOIPGUIUEHT Kooy
C TOYHOCTBIO JIO CJIAra€MbIX BTOPOrO MOpPsAKAa MaJOCTH. bonee BaxHOU
XapaKTEPUCTUKON HArPy3KH SIBJISIETCSI OTHOCUTENBHBIA pa30dpOCc COMPOTHUB-
JEHUW HTUX pe3uctopoB. MHorma ¢ momonipro pesuctopoB R1, R2
(puc. 1.1) perynmupyercsa I/C cmemenus K, mosTomy nmpakThuyecku HX
CONPOTHUBIICHUS BEIOMPAIOTCS HEPABHBIMU. B Takux ciydasix BecbMma Kelia-
TEJIBHO, YTOOBI BHIXOAHASI IPOBOIMMOCTh UCTOYHHKA onopHoro Toka MOT 6
(puc. 1.1) ynoBneTBopsijia paBEHCTBY:

Va6 =Mhyp g+l 5. (11.8)
[Ipu maHHOM 3Ha4YeHUM BBIXOJHOM npoBoaumoctu (11.8) koadduu-
eHT K¢ HE 3aBUCHUT OT COIIPOTUBIIECHUN pe3ucTopoB R1 u R2:

K_l ~ hlz—l B h12—2 + hl 1—1h22—1 B hl 1—2h22—2 . (1 1 9)

oc.cd
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VYcaosue (11.8) moutm Bceraa BBITONHAETCA B IMOITYIPOBOJHUKO-
BbIX OY, NOCTPOEHHBIX HA TPAH3UCTOPAX C BBICOKOW MACHTUYHOCTHIO Xa-
pakrepuctuk. MHorna paBenctBo (11.8) MoxxHO obOecnieuuTs 3a CU€T Hajl-
nexaiero Bpioopa pexkuma MOT. HeoOxoauMo TOJIBKO UMETh B BULY, UTO
B OTOM CJIy4a€ HE TapaHTUPYETCSA BBICOKAs TEMIEpaTypHas U BPEMEHHas
CTabMIBHOCTh KO3 duImenTa ocnadiieHuss cMH(pa3HbIX BXOJIHBIX Hamps-
YKEHUM.

B aHanmoroBbIx MUKpPOCXEMax C MajblM HalpsSKEHUEM MUTaHUS TTPU-
XOJUTCS OTKa3bIBaThCA OT ABYXbApYyCHOU apxuTekTypbl MOT, a Takxke Tu-
noBeix MOT mno cxeme BuiibcoHa, yMeHbIIATh 10 HYJIS CONPOTUBJICHHUE Rj3
B SMUTTEPHOM LIENU BBIXOAHOTO TpaH3ucTopa kiaccuaeckoro MOT.

HaunOonee mmpokuii 1uamna3zoH M3MEHEHUS! BBIXOJIHOTO HANPSKEHUS
NOT peanusyercss B KIACCMYECKOW YNPABIAEMOW AKTHBHOM Harpys3Ke
(puc. 11.16). 3aecy MUHUMaIbHOE BBIXOAHOE HanpsbkeHue Uy, onpeness-
€TCs yCIIOBUEM HachllleHus Tpansucropa VI1 U .. ~0,5+0,6 B. Onnako

BbIXoJIHOE nuddepenmansHoe conporusienne NOT (puc. 11.10) cunbHO
3aBUCHUT OT CTaTU4YECKOro Toka smutrepa VT1 u HanpspkeHust Ipiu TpaH-
suctopa VT1 (U,;) (puc. 11.4).

R =-—2, (11.10)

rae [, — craTudeckui Tok smurrepa V1.

R n-p-n

80K

BbIX

BbIX

60K —

BbIX

40K

TN15S

20K ~

Frequency

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

a)

Puc. 11.4. Beixonnoe conporunenue kinaccuaeckoro MOT
Ha n-p-n (a) u p-n-p (0)
uHTerpanbHbIx Tpansucropax OI'YIT HIIIT «Ilymascap»
(Ha4ayi0, OKOHYAHHE CM. Ha C. 64)
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R

BbIX.p-N-p

40K

BbiX

BbiX

30K

BbiX

20K

TP15S

10K

Frequency

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

0)
Puc. 11.4. Oxonuanue (Ha4yajiao cM. Ha c. 63)

Heob0xoauMo MOJYEPKHYTh, UYTO YMEHBIIECHUE TOPU3OHTAIBHBIX U
BEPTUKAJIbHBIX PAa3MEPOB MHTEIPAIbHBIX OUIOJSPHBIX TPAaH3UCTOPOB, Ha-
MIPaBJICHHOE HA YBEJIIMYCHUE TPAHUYHON YaCTOThl YCUJICHUS U CTEIICHU WH-
Terpalu MUKPOCXEM, IPUBOJUT K 00Jiee CUIIbHOMY BIIUSIHUIO KOJIJIEKTOP-
HOT'O0 HaIpPsPKEHHS] Ha TOJIIMHY aKTUBHOW 0a3bl, pe3yJbTaTOM 4YEro sIBJIs-
€TCSI YMEHBIIIEHHUE BBIXOAHOTO Ju(PepeHIUATIBHOTO COMPOTUBJICHUS U
HanpspkeHus Ipau. Eciu HanpsbkeHre Dpiu i JUCKPETHBIX N-p-n TPaH-
sucropos cocrasiser U, = 80...200B, a p-n-p — U, =40...150 B, T0 Tpan-

3UCTOPBI cCOBpeMeHHbIX IC MMEIOT ropasio MeHbIIee HApsUKEHUE DpIn:
U, =15..40 B.

JIJ1sl OLIEHKM HaIpsKEeHUsT P OCHOBHOTO YCHIIUTEIILHOTO 3JIEMEH-
Ta — N-p-n TPAH3UCTOPA — MOXKHO HCIOJIB30BATh PE3YJIbTAThl U3MEPECHUI
THIOBBIX TEXHOJOIMYECKUX MPOLIECCOB, MOKa3aHHble HA puc. 11.5 u 11.6
JUISl PA3JIMUHBIX 3HAYEHUN YJIETILHOTO COMPOTUBIIEeHUS cios (R;) p-0a30Boit
00J1IaCTH ¥ TOJIIIMHBI N-3TIUTAKCUATILHOM TIIEHKH (£).

Hanpsbxkenue Dpiid MHTErpalIbHBIX TOPU30HTAIBHBIX P-N-p TPaH3U-
ctopoB HITO «MHTErpaim» 00bIYHO MEHBIIIE, YeM JJIsl N-p-n. ITO 0OBSICHSI-
€TCAd TeM, YTO KOHIIEHTpalus MpUMECH B 0a3e TOPU30HTAJIBHOTO pP-n-p
TpaH3UCTOpa (AMUTAKCUaIbHAas IJIEHKA N-TUIIA) MEHBIIIE, YEM B p-0a3e n-p-n.

Takum oOpa3zoM, IpU MHJUTMAMIIEPHBIX TOKAX AMUTTEPA BBIXOJHOE
conporuBieHue kiaccudaeckoro MOT (puc. 11.10) He npeBbIIaeT BEIUYH-
HbI 15+30 kOM. B OOJIBIIMHCTBE CIIy4aeB 3TOr0 HEAOCTATOUHO.
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60
R =0.4kOm/0
50
R =1kOm/00

40
20 _— R =3kOw/

—
10

2 3 4 5 h, MM

Puc. 11.5. Hanpspxenue Opiu n-p-n TpaH3ucTopos (U,)
B 3aBUCHMOCTHU OT TOJIIIHUHBI N-3IUTAKCUAIBLHOMN TIIIEHKHU (/1)

U,,B

39

40

30

h=4 mMxMm
20
10 I—
h=2 MxM
0,5 1 1,5 2 25 R, kOw/O

Puc. 11.6. Hampsxenue Opiu n-p-n TpaH3ucTopos (U,)
B 3aBUCUMOCTH OT YEJILHOI'O COPOTUBJIEHHUS cJ1os (R;) p-0a30Boit o0macTu

Kpowme sToro, kinaccuueckue HCTOUYHUKU OMOPHOTO Toka (puc. 11.10)
«cpenarot» He menee 0,6+0,7 B or momycTuMoOro auarna3oHa CUH(A3HBIX
BXOJHBIX CUTHANIOB JIY (U, max). IIpu Hanpsixkenusix nutanus 1,5+3 B 310
IOCTAaTOYHO CEPHEZHOE YXYALIEHUE JAaHHOIO MapameTpa.

[Ipy HU3KOBOJBTHOM MUTAHUU U €TI0 BHICOKOW CTAOMIIBHOCTU MOYHO
IIOCTaBUTh BONPOC O 3aMEHE TPAH3UCTOPHBIX UCTOYHUKOB OIMOPHOIO TOKA
Ha WX PE3UCTUBHBIC aHAIOTH. OOHAKO IIPU 3TOM NPOSIBISIETCS OCHOBHOE
«IpoKJIATHE» B JU(D(PEpeHINANBHBIX YCUIUTENSX — CYIIECTBEHHOE CHHU-
*eHue Ko puirenTa ociadieHus] BXOAHBIX CUH(Ga3HbIX CUTHAJIOB.

HNOT ¢ nensiMu B3aMMHOM KOMIICHCALIMU BBIXOAHBIX MMIIeJIaH-
coB. PaccmarpuBaemas Hmke uuest nocrpoeHus MOT ¢ noBBITIEHHBIM BBI-
XOJIHBIM COMNPOTUBIICHHEM Oa3upyeTcs Ha MPUHLMUIE B3aMMHOW KOMIICH-
CalluM TMPOBOJMMOCTEW JBYX MMAPAJUIEIbHO BKIKOYEHHBIX TPAH3UCTOPOB
VTI u VT2 (puc. 11.7).
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Brix

(0]
Ugpix /' L Tppx VT2

VT1 VT'1

Puc. 11.7. Apxutrexktypa MOT ¢ noBbIIIEHHBIM Ry« ()
U IIpUMEP €ro NPaKTUUYECKOn peanu3anuu (0)

IIpu sTom B cxeme puc. 11.7 mpeaycMoTpeH MOBTOPUTEND HAPsKe-
Hus ¥ Toka (ITH1), Haxoasmuiics B eTiie OTPUILIATEIbHON 0OpaTHOM CBSI3U
(Al), xoTopblii oOecrieurBaeT mnepeaady BBIXOJHOIO HAMPSKECHUS Uy,y B
KOJUIEKTOP KOMIIEHCHpyoliero Tpansucropa VT1, a Takxke nepeaady npu-
paieHus Toka koyuiekropa VTl " Ha BXOJ[ TOACXeMBI Al.

B kauectBe moacxembl Al MOTYT HNPUMEHATHCS Pa3TUYHBIE HEUH-
BEPTUPYIONIUE KacKabl (LIENb CMEIICHUSI Ha CTA0UIIMTPOHE, LENb CMelle-
HUS Ha SMUTTEPHOM MOBTOpPHUTEIIE, KacKaj ¢ o01Ieil 6a30il u T.11.).
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s cxemsl puc. 11.7a npu K y =1 crpaBemIMBBI CIEAYIONINE TOKO-

BBIC COOTHOLICHMUA:

L SUgx V15 by =y =1 — kg yl BBIX Kl > Bl l6l >
ly = yl*uBI)IX B Brlgl s l;l = Kiliy ’ iy Upix Bl
*
iy = y—}k Ugpix > Bl l61 - Bl iy Kl B Kil * BBIX *
1+B,K, 1+B,K,

Tak kak Tpansuctopsl VT1-VT1" naeHTHUHBL, TO iK1 ~ iKl. ITosTomy
BbIxonHou Tok MOT i, =u, v, —i.

CnenoBarenbHo, 3(d¢ekTuBHas BbhIXoAHAs mpoBoauMocTs WMOT
puc. 11.7a

Vo1 =1 (1=Ny_y), (11.11)
BTKil y_l*zl
1+BTK1'1

Takum oOpazom, B cxeme puc. 11.7a BbrIXOJgHAs TPOBOJUMOCTH

rae Ny y =

ymenbmraercs B (1- Ny_y )_1 pas.

Ha puc. 11.9 npuBenens! pe3ynbTaTbl KOMIIBIOTEPHOIO MOAEIMPOBA-
HUs Ry UOT (puc. 11.8).

11
1mAC>
V1
VOFF =0
VAMPL =0 ,9 .
FREQ=0 e
AC = 1V T w2
DC =5V v
N V3
—_— 15V
: s
Ecm—=— TN15S
VT2
TP15S
)
VT3 ZF N X
TN15ST 4 AT
VT4
TN15S

o

Puc. 11.8. Komnsrorepnas moaens MOT B cpene PSpice
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A Rebix, OM

958 kOM HOT ¢ nepcreKTHBHON apKHTCKTYpoi

10° Jpr”

322xI'n, 0,707

10 Knaccrmeckmit IOT

0,6510H= = = = — = — —— ../_ ——————

107 10° 10 10° io6 I107 ST

Puc. 11.9. AYX BpIXOHOTr0 conpoTuBieHUs cpaBHUBAaeMbIX cxeMm MOT

*
Nx anamus IIOKA3bIBACT, 4YTO B3aWMHasA KOMIICHCAIUsA )| U N

(puc. 11.7a) noBeimaet Ry,x MOT Gonee yeM B 10 pa3 0e3 yxyaiieHus yac-
TOTHOTO Juarna3oHa (mo ypoBHi0 — 3 1b). 91ot a3dpdekT oObsICHIETCS TEM,
YTO Ha BBICOKHMX YacTOTax B paccMoTpeHHbIX cxemax MOT obecrneunBaet-
Cs B3aWMHAs KOMIICHCAITUsl EMKOCTEH Ha IMOJJIOKKY BBIXOJHBIX TpaH3H-

*
CTOpPOB, KOTOPHIC BKIIFOYCHEI ITIapaAJITICIIBHO )V U V.

JInst cUMMeTpHpOBaHus craTHueckux peknmoB VT1 u VT1™ 1o Ha-
MPSIKEHUIO KOJUIEKTOP-0a3a MOTYT MPUMEHSTHCA AOMOTHUTEIbHBIE IMUT-
TE€pPHbIE MOBTOPUTEIM, B TOM 4YHCIe (DYHKIIMOHAIBHO UHTETPUPOBAHHBIC B
apxuTekTypy oydepHoro kackanaa (puc. 11.10), «cHUMAaIOIIETO» MOJIE3HBIM
curHan ¢ Beixonaa MOT.

RO O

Brix +K; Vi3

uBHX ? +
; VT4 VT35 BexX2
L +——o

r” 3
- D D v2 V17
TVl H——KVTZ T
L

N4

Puc. 11.10. Mctounuk onopHoro Toka (VT1)
C LENbIO KOMIICHCAIIUH BBIXOAHOM MpoBoguMocT VT1 y;
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Ha puc. 11.11 mokazanel apyrue Bapuantsl noctpoenus MOT B
CTpYKType I pepeHIMaIbHBIX YCUIIUTENEH.

Beix.1 C
(6]

VTl VT3

Bx.1 E :—

I
j K — Cus
|
VTS5 VT6 i
i o -
a)
o+
Beix.1y C) I, Brix.1,
o o
Bx. VTl VT3 VT4 VT2 Bx.

1 b S~ ™ 2
N Al A
R1 -1

—1
_____ | e —
C " e |
15 |
i ! : CH7
— ~N V- v ——
i A ~ - i
: VT35 VT6 VT7 :
. d o -
0)
o +
BbIXil <> I BbIXiz
o 1
Bx.1 VTI1 V12 Bx.2
o w V13
//// _______ —l
o —= G
OV VTS |
B e N l
I I
L i o -
B)

Puc. 11.11. CriocoOb1 KOMITEHCAIIMU BBIXOAHBIX MpoBoguMocteit MOT
B I pepeHmanbHbIX Kackaaax (Hauyano, OKOHYaHue cM. Ha c. 70)

69



- —o0 +
Brixj : 1 Berxiy
1 G !
Bx VTl —— VT2 Bx.
1 ! 2
VT3 Rl VT4
R Ko— N i
: ™ % :
Cns _1L_ VTS VT6 vr7 | G
T > T
A - Y
| |
| |
[ . o -
r)
o +
Brix i IC . Brix.i,
<> L B !
)
Bx.1 VTI R1 )/ V12 Bx.2
— /
| | /
/
VT3 // VT4
[ T
| |
: VT5 N / VT7 : S
Cps == —
s=>— l
| VT6 |
L Lo .
n)

Puc. 11.11. Oxonuanue (Ha4ano cMm. Ha ¢. 69)

Ocobennoctb cxem puc. 11.11a, 6 cocTouT B TOM, YTO 3/1€Ch HaIpS-
’KCHHME Ha KOMIIEHCHpyomeM Tpansucrope VI6 (u, , = u. ) hopMupyercs

13 cUH(pA3HOTO CUTHANA U, C TOMOIIBIO JOMOJHUTEILHOrO AU PepeHIu-
anpHOro Kackaga VI3-VT4.
B cxemax puc. 11.11 obecieunBaercst Tak)Ke KOMIECHCAIIUS BIUSHUS
Ha Ko o Mapa3sUTHBIX EMKOCTEN Ha MOUI0KKY Tpan3uctopos MOT.
B3anMHas kommeHcalusi BBIXOJHBIX MPOBOJUMOCTEN ABYX HCTOYHH-
KOB OIIOPHOI'0 TOKAa MOYKET OBITh TAK)KE pean3oBaHa 0e3 BBEACHUS 1IEMHU OT-
puLaTeNbHOM 00OpaTHOM CBSI3W B MapaJlIeNIbHOM KaHalle 1o cxeme puc. 11.12.
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Puc. 11.12. UOT ¢ noBBIIIEHHBIM BBIXOAHBIM COITPOTUBIIEHUEM

Ecnu Ha BBIXOJ MCTOYHMKA OMOPHOTO TOKA MOMAETCHA Ugyyx, TO Ha-
k
IPSDKCHUE HA BBIXOAHBIX IIPOBOJUMOCTAX )y U ), TpaH3ucropoB VTI u

k
VT2 Oyaer OMU3KO K Ugyx: Uy, = U, . 1[03TOMY npupalieHne Harpsoke-

HUM ¥ TOKOB B AJIEMEHTAX CXEMbl MOXXHO OMNPEACIUTh C YU4ETOM 3aKOHOB
Oma u Kupxroda no cieayromnum popmynam:
lo ® Uppx * Vo s
Jk * * *
log ®Uppx Vo ¥ Upx “ Vo>
. . . . -* *
Iy = bo — Iy = lo = Kido K1 = Uy (Vg = K 10Kj1) 5
k
-1 _ _ Yo
RBLIX = Veax = Yo 1_]<i]<i12.1_ » (1112)
Yo
rae K;12.1 — kKoauumeHT nepegadyu mo TOKy «ToKoBoroy» 3epkaia [1T1.
Tak kak nMpu MHTErpajbHON TEXHOJIOTUM M BBICOKON WMJIEHTUYHOCTH

*
JJIEMEHTOB BBIIOIHACTCA Yy = V,, K; =1, K;,; =1, T0o pu R, 1y = ©

BBIMTPBIII MO BhIXOAHOMY cornpoTtusieHuto MOT (puc. 11.7) mocturaer
HECKOJIbKUX MOPSIKOB

A=-20 = S (11.13)
g 1- KiK. 2
Yo

JIIsl CHMMETPUPOBAHKS CTAaTHYECKUX PEKHUMOB BBIXOJHBIX TPaH3H-
ctopoB VT1 u VT2 mo HanpspKeHUIO KOJUIEKTOpP-0a3za 1ieraecoo0pasHo
obecrneuuTh crienualibHOe rocTpoeHue nojacxemsl [T1H1 wnm BBectu B KO-
nektop VT1 monmomHutensHbli p-n nepexon (V7, puc. 11.13). Takoe cxe-
MOTEXHHUUYECKOE PEIICHUE 00ECIIeUYnBAET:
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— 0ojee TOYHOE MOJACPKAHUE PABEHCTBA ), = y;Kl.Kﬂz'l, T.€. I0-
BBILLICHHBIE 3HAYEHUA Rpy,x B IIMPOKOM JHANAa30HE BBIXOJHBIX Ha-
npstxeHuid padounx TokoB UOT (puc. 11.13);

— pabory UOT npu ManbIX HaNpsHKEHUSX MUTaHUS;

— Oosee MMUPOKUI JOMYCTUMBIA JTUAMA30H U3MEHEHUS BBIXOJHBIX
HarnpspkeHud MOT 1mpu 3aIaHHBIX 3HAYEHHSIX BBIXOJIHOTO COIIPO-
TUBJICHUS,

~ YMEHBIIICHHUE BJIMSHUSA HECTAOMIBHOCTH UCTOYHUKOB IMUTAHUS HA
BbeIxogHou Tok MOT.

Komnsrorepaoe moaenrpoBanue yactHbix BaprantoB MOT (puc. 11.12),
BBITIOJIHEHHOE B cpene PSpice, moareepxaaer 3p(HeKTUBHOCTh PaccMoOT-
PEHHBIX CXEMOTEXHUYECKUX PEMIEHMHA — BBIXOAHOE comnporuBieHue MOT
MOBBIIIAETCS OoJiee ueM Ha 1-2 mopsijxa.

<{vee
11
J~V12V <>{|b}

VT3 12
TP15S <>1mA
R1 . >
- — . _%g VT4
i), '1—' I T TN15S
@vms
VT5
TN15S
V2
-_ VT1 |
T fab TN15S V16
TN15S

{vee

Re.x= 195M Om
(npwn Uyx=4.8B)

100M |

Re.x=1.3MOm
(Mpu Uy,=3B)

1.0M 4

10K Rebix= 65K OM(VNOT- npototun)

Frequency

t t t
1.0KHz 10KHz 100KHz

0)

Puc. 11.13. MOT ¢ nOBBIIEHHBIM BBIXOJHBIM CONIPOTUBIICHUEM
B cpene PSpice (a) u pe3ynbTaThl €ro MojieaupoBanusi (0)
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Takum 00pa3om, mpejiaraeMble BBIIIE apPXUTEKTYPHBIE U CXEMOTEX-
HUYECKHUE PEUICHUs MO3BOJSIOT 00Jiee YeM Ha MOPAJIOK MOBBICUThH BBIXO-
HO€ COIIPOTHBIIEHUE UCTOYHUKA OMOPHOIO TOKA, YCTAHABIMBAIOLIETO CTa-
TUYECKUN pexuM JudPpepeHInaIbHOr0 KacKaia.

11.2. MeTOoAbl YMEHbLUEHUS1 PEXUMHOU 3aBUCUMOCTHU
Ko3adhpuumeHTa nepeagaym no Toky
ynpaBnsieMbIX aKkTUBHbIX Harpy3ok

Koaddumument nepegaun 1o Toky K;j, KIACCHYECKOM aKTMBHOW Ha-
rpy3ku (puc. 11.14) 3aBucut ot ko3 dulMeHTa YCUIEHUS MO TOKY O0a3bl
B, Tpan3ucropa VT2, ciydaliHOro (TEXHOJIOTMUYECKOIr0) pazdopoca Hamps-

XKeHUM sMmuTTep-0aza Ttpansucropo VT1-VT2 AU :6, U3MEPEHHOIO 1A

OJIMHAKOBBIX TOKOB OMWTTEpA, a TAKXKE OT HANPSHKEHUSA HAa KOJUIEKTOPE
BBIXOAHOrO Tpansucropa U, , U ., +0,7 B. IIpu 3TOM 4nciacHHbIC 3HA-

k
yenusa AU 5 HOAUUHAKOTCS 3aKOHAM CTAaTHCTHUKH, NOCTUI'AOT BCJIMYHHBI

AU :6 ~ +(1+2) MB 1 umeroT npou3BoILHBIN 3HAK ().

Q TEu
Ry
Bx
L
& o 1 24 Brix
[ A B A
UK6 2 & Lox U2 Tl

<

-
<
—
[\

Puc. 11.14. Cratnueckuii pexxuM TPaH3UCTOPOB B «TOKOBOMY» 3€pKaJle

Omnpenennm 3aBucuMocTb Ko3ppuuuenra nepepaun K, , =1, /1,

cxembl IIT1 (puc. 11.14) ¢ yuérom TEexHOIOTHMUECKOrO pa3zdpoca
k

Uygr,—Uys =AUz, U3MEPIEMOro NMPH OJUHAKOBLIX OMUTTEPHBIX TOKaX
I,,=1,, a Takke ¢ yd€roM d(p¢dexkra Dpnu. B >KBUBANCHTHON cxeme
puc. 11.15 sror a¢ppexr monemupyercss ucrounukom C w,U . ,, rae
W, =0,/U, — xodpdunueHT BHyTpeHHEH oOpaTHOM cBszu VT2;
¢, =25 MB — temnieparypHbiil noreHuuai; U, — HanpspKeHUue OpJld TPaH-

sucropa VT2 (U, =15+30 B).
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e 2]
® Pl
Bx 1 UKG/' 4\[j1<3.2
Is2
VT1 g — v
+
% U362 . L 132

361

AL . [ D

Puc. 11.15. DxBuBaneHTHas cxema TokoBoro 3epkana (I1T1)
¢ yuétoMm n, =0, AU:6 # 0

Ha ocnoBanuu 3akoHoB Kupxroda st cxems puc. 11.15 moxHo co-
CTaBUTh CIEAYIOLIYIO CHCTEMY YPaBHEHHM:

Uy, =Usg = WyUs, + AU, (11.14)
0, 1n1i=AU362, (11.15)
131 .
e AU 55 = AU +1,U 6, AU =U,s, —Uss.i :
52 = 1o I, =1,
Brixonnoit Tok IIT1 u Toku smutrepa VT'1, VT2
[BI;IX :azlaz, (1116)
Iallex_I62=IBx_ IBHX ’ (1117)
o, (1+B,)

I,=1, eprU36'2 : (11.18)

¢,
[locne mpeoOpa3oBaHUl W3 MOCIECAHUX YPAaBHEHUN MOXKHO HaWTH,
YTO KO3(PPULHEHT Nepesayu o TOKY

AU,
Bz exp 0.2
Ky = (PTU : (11.19)
1+B, +exp— 0%
G
e AU,y = +AU + %(Um ~0,7B).

€}
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Ecnu npeneOpeub BHyTpeHHEN 00OpaTHOM CBA3BIO TpaH3ucTopa VT2

U TMOJIOXKUTh, yTO0 AU :6 =0, To u3 (11.19) moaydyum XOpOIIO U3BECTHYIO
bopmymy

K,,=K, = Py (11.20)

[To ypaBHeHnuto (11.20) MOXXHO HOCTPOUTH CEMEMCTBO XapaKTepu-
ctuk K., = (AU 55,B,) (puc. 11.16).

A Ki12 A

0.85—

[$3)
iy
w
N
[=]
—
N
w
N
&

Puc. 11.16. 3aBucumoctu ko3¢ PuiieHTa nepenayu no Toky K;j»
YIIPaBIsIEMON aKTUBHOW Harpy3ku or AU 5 u f3,

Eciu B BBIXOJHYIO 1IENb 2 BKJIIOYAECTCA PE3UCTOP HATPY3KH Ry, TO

HanpspKeHne Koiuiekrop-smurrep VT2 paswo U, =FE; -1, R, , rIe

BbIX” "H 2
ES)— HarpsbkeHue nutanust V2. Takum oOpa3om, oJlHa U3 NMPUYUH HE-
TMHEVHBIX uckaxeHn curHana B IIT puc. 11.14 — Henunelinas 3aBucu-
Mocte K, = f({,,,). OTO OOBICHAETCA TEM, YTO IapaMeETP AU:6_2 B
dbopmyie (11.19) He ocTaércst MOCTOSTHHBIM MPU U3MEHEHUHU TOKA [y

BBIX" 'H °

AUy =AU +%(E§+> ~0,7B)- (“;T IR (11.21)

9 €}
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Anamus rpapuka K, = f(AU ) (puc. 11.16), moctpoeHHOr0 10

dopmyne (11.19), nokassiBaet, 4To:
1. Tlpu coBepuienHo uaeHTHUHbIX Tpanzucropax VT1 (VT2) (orcyrcr-

k
ByeT pazopoc U,s IpH OJMHAKOBBIX TOKax, T.e. AU, ; =(0) ocHOBHas
npuuuHa oTinuus K, ot eguHunsl (K, # 1) — HeEcummerpus cra-

thudeckoro pexuma VT1, VT2 no HanmpspKeHHIO KOJUIEKTOp-0asa.
Taxk, ecim Hanpsbkenue Opmu U, =20 B, 1o yxe npu U, =4 B

ko3 unueHt nepenaun K, = 1,15.
B mpaktumyeckux cxemax, Kak mnpasuino, U, >>0,7 B. Ilostomy
npu 3, >>1 xoa¢punnent K;;, Bcerga Oosnbiie equHunsl (K, > 1).
2. Cny4ailHblii TEXHOJOTUYECKHM pa30poc HANPSHKEHU sMUTTEp-0a3a
k k
AU, moxer ymenbsmath (mpu AU, <0) nmm yBennuusath (IIpH

k
AU >0) xo3(p¢dunueHT nepenaun o TOKY K OTHOCHUTENBHO

*
3HayeHus K;,, paccuuranHoro mnpu AUy =0 u 3aBuCALIErO
TOJIBKO OT a0COJIIOTHBIX 3HaueHuu 3, (10.1).

3. Jns nomydeHus Ki*12 — 1 B cxeme puc. 11.14 HeoOxonumo obecne-
quth B, >0, AU 5 =0.

AHAJIOrM4HO MOXHO II0Ka3aTh, YTO XapakTep 3aBUCHMOCTH

K., =f(AUygs) B npyrol MomupuKaluM¥ «TOKOBOTO»  3€pKaia

(puc. 11.17) coxpansiercs U JOCTATOUYHO OJIM30K K MPEACIbHON KPUBOU
«A» (puc. 11.16).

Bx

1 o + Brix
T o2

VT3 UK6.2
™
UK6.1 UK3.2
U VT1 VT2
1 o N

M(UK3.2 - UKa.l) C)
%
AU (1)
O -

Puc. 11.17. IlepBas 6a3oBas MoaudpuKaus
YIIPaBJIsEMON aKTUBHOM HATrPY3KH
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VCC

V1

o.wC) T

in out —

| E VT3
TN15S V2
VOFF = 0,7-15 ‘D
VAMPL = 1
FREQ= 1k

VT1+_\| b VT4

TN15ST A AT TN15S

vee

0.9

0o 149 40 60 80 100 120 140 150 Uks,B
npu 1 MA
0)

Puc. 11.18. Pe3ynbraTsl koMnbroTepHOro Moaenuposanus K., = f(U,,,)

st obecnieueHus eqMHUYHOTO Kod(puimenTa nepeaadu mo ToKy B
cxeme puc. 11.17 nenecoodbpazHo BHIPOBHSTH CTATUUECKHE MOTCHITUAIBI HA
KOJUIEKTOpax TpaH3uctopoB VT1-VT2 myrém BBeaeHus B smurrep V13
1enu corjacoBanus noreHnuanoB VDNI, Hanpumep, Tak, Kak 3TO clela-
HO Ha puc. 11.19 B KaCKOJTHOM ycuIuTENE.
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BX.il oO——

+
BY
<4£VT3 Brix  Uow, MB
Um.l ol .
| 10 4

-
|
' W lvpNi .
Ey : : Ui, 57U 1 0
| I -
VAN 410
I |

VTI ‘\/'74( VT2 20

o - 0 5 10 135 15 20

a) 0)

Ey=V4

Puc. 11.19. Crioco6 cummeTprpoBaHus craTudeckux pexumoB VT1-VT2 (a)
u 3aBucumocts U, = f (Ey) B JIY na 6aze kackoanoro J[Y (0)

B TokoBeix 3epkanax Buibcona (puc. 11.20) BnusiHue Ha K;, He-
WJICHTUYHOCTH CTaTUYECKOro pekuMma Tpan3uctopoB VTI1-VT2 cymect-
BEHHO ocJiadisercs, T.K. 31ech Bcerna U, =0,7B,a U5, =0.

Bxo 4 2 o BbIxX
K VT3
<\UK6,‘I
vT1 Y VT2
g

-
N
() 1(Uyg2 — Uy 1)

@ AU

Puc. 11.20. McTtounnku norpemHocTy K,
B «TOKOBBIX» 3epKajiax BuiibcoHa

o -

Cnenyer 3aMeTUTh, YTO B JJAHHOM CXEME BHYTPEHHssI oOpaTHas
CBsI3b TpaH3uctopa VT3 gocraTodHo ciabo BiauseT Ha K;p, a HEUJACHTUY-
HOCTh cTathdeckoro pexuma VTl m VT2 co3maér ycioBus He A
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yBeIMYEeHUs, Kak B cxeme puc. 11.14, a nns ymenbsiienus K1, (puc. 11.21).
k

Pa36poc BxomubIx xapakrepuctuk AU, BnuseT Ha Kjj» Tak ke, KaK U B

cxeme puc. 11.14.

vce

11 R2 Lo
1m C> out 1 15 j___
1
in
- VT3
I&} TN15S
V2
VOFF =115 D
vit L Y b VT4
TN15S£%| I&% TN15S
vee
_?_0
a)
Y
0.995 -
0.987
0.975]

1 2 4 6 8 10 12 14 15 Ukes, B

0)
Puc. 11.21. Pe3ynbpTaThl KOMIBIOTEPHOIO MOJETUPOBAHUS CXeMbI Buibcona

B Momudunmposannoi cxeme Buibscona (puc. 11.22) obecneunBa-
eTcst 6osee BhICOKAask UIEHTUUYHOCTh HANPSHKEHUN KOJUIEKTOp-0a3a TpaH3u-
cropoB VTl u VT4 (U, =U 4 =0). Kak cnencrsue, 370 yMEHbIIAET
OTHOCHUTEJIbHYIO HECTAaOMIBLHOCTh Kjj» B IIMPOKOM JIMANa30HE MU3MEHEHUs

Hanpspbkenua U, =V, .
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VCC

" R2 Vi
1m C B(EJ'X out — 15 =
_ 1
l/
Bx I&} ¥NT$53
VT2
TN15S V2
VOFF = 1-15 f)
MES) L3 s
=)
a)
3
1.00175 -
1.00500 -
1.00000 -
0.99606 »

1 UK331 B

0)

Puc. 11.22. Pe3ynbpTarsl KOMOBIOTEPHOTO MOJIEIUPOBaHUs B cpee PSpice
MoAU(ULIIMPOBAHHON cxeMbl Buibcona

CuMMeTpHUpOBaHUE CTATHYECKOIO PEKUMa B IPYTrOM CXEME MOBTO-

putens Toka (puc. 11.23) obecniednBaercst myTéM 1EJICHAIIPABICHHOTO W3-
MeHeHust notennuana U, = U, Ha 6ase Tpansucropa VT3,
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VCC

0.1m<> 15 ==

Bbix
fe

TP15S j— *
VT3 v IBbIX

vt LY bk v T
™NI5ST A T TN15S

[
=

vee

Ki12

0.8 T T
0,7 5 10 15 20 26 30 U=V, B

0)

Puc. 11.23. IloBTOpuTEbh TOKA C YIPABIAEMOMN LIENBIO CUMMETPUPOBAHUS
cratudeckoro pexxuma VT1 u VT2 (a) u 3aBucumocts ero K, = f(U,)

N3 puc. 11.236 crnenyet, 4To AJig TaHHOM CXEMBI UMEETCSI HEKOTOPOE
ontumansHoe 3HadeHne U, =U,, =10B, npu xoropom K, =1. Ecian

3aukcHpoBaTh moTeHiman U, = E) (puc. 11.24), To enuHu4Has mepe-

Jaya 1o TOKY yIpaBJisieMOl akTMBHOW Harpy3ku (puc. 11.24a) obecneun-
BaeTcs npu Hanpsbkenun U, , =V, =17,5 B.
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vcc

™ Q) L=

R2

Bx C Bbix

o out  ——

| 1

TP155)F_ —

VT13 V6 =0
\| = 0 I/ V2 15 —
VT VT2 0 () T
TN15S] 4 Ix_%s TNiss  VOFF=0.7-30 1
vee
a)

1.04

0.77 |

0,7 5 10 15 17,5 25 30 Uks2, B

0)

Puc. 11.24. «TokoBOE» 3epKaJIO C HEYNPABIISIEMOU LIEMBIO
CUMMETPUPOBaHUS HANIPSKEHUN Uy U Uy (Q)
U 3aBUcuUMocCTb €ro K., = f(U_,) (0)

Takum 00Opa3oM, MIMPOKO MPUMEHSEMBIE B aHAJOTOBOMl MHUKpPOCXE-
MOTEXHUKE YIPaBIISIEMbIE AaKTUBHbIC HArpy3Ku (ITOBTOPUTENIM TOKa WU
«TOKOBBIE» 3€pKajia) CYIIECTBEHHO OTJIMYAI0TCS APYT OT JIpyra Mo KpuTe-
PUIO PESKUMHON 3aBUCUMOCTU KO3 (uIlMeHTa nepeaayu TOKa, KOTOPHIH,
KaK IIpaBUJIO, HE paBeH equnune K, # 1. OgHako mpu ux panuoHaIbHOM
noctpoeHnd AH U onTUMaabHOM BBIOOpPE CTAaTUYECKOTO PEXUMa TPaH3U-
CTOPOB, ONPEICIISIONMX KPYTU3HY XapaKTEPUCTUKU MEPEIadYu TOKa, pea-
JU3YIOTCSl €IUHWYHBIE 3HadeHHd K, =1, 4TO IO3BOJIIET OOECIIEYUTH
yJIy4lIEHHE MHOTHX I1apaMeTPOB aHAJIOTOBBIX MUKPOCXEM (Kocch, Ucwy, Kin
u J1p.).
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12. OCJIABNNEHUE CUH®DA3HbLIX CUTHAIOB B A1Y
NP HECUMMETPUYHOM CTATUHECKOM PEXUME
BXOOHbIX TPAH3UCTOPOB

IIpenenpHple 3HA4YEHHUS COCTABIIAIOMIEH Kooy Kinaccuyeckoro Y
OBUIN MOJYYEHBI BBIIIE MIPU YCIOBUM, UTO CTATUYECKUN PEXKUM MO HAMpsI-
XKeHuto koiekrop-6a3a (Us) BXxoaHbIX TpaH3uctopoB VI1-VT2 uaentu-
YeH.

05 =

in VT1 VT2
TN15S TN15S rl
0

5V,,B

m @

0

1.04

1.00 1 ;
0.98

0 0.7 1 2 3 4 5V,,B

Puc. 12.1. Cxema usmepennit ko3puumenra neiaeHus Toka [, =/
mexay amurrepamu VT1-VT2 (K, =1,/1,)B 1Y (a)
u rpaduku 3aBucumoctu K, = f(V,) npu Vo, =2,5B (0) u V, =4,3 B(B)
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Kommnsrorepnoe monenuposanue Y (puc. 12.1a) mokaspiBaeT, 4To
MIPU CYIIECTBEHHOM acUMMETpHUH pexuma 1no Ugs KOdPPUUUEHT aeleHus
TOKa o0uieil smurrepHon uemm [, = I, mexay smurrepamu VI1-VT2 mo-
KET OTIIMYAThC OT €AMHHULIBL, YTO CO3MAET YCIOBUA M YXYAWECHUS Koc o
1 K03 (duUlMeHTa MOAABICHUS MOMEXU IO MUTAHUIO, YBEIUYEHUS Hampsi-
XKEHUS cMeleHus Hys Ugy,.

HeunnieHTHUHOCTh HaNpsHDKEHUH KOJUIEKTOp-0a3a Tpan3ucrtopo VT1-
VT2 1Y ¢ akTUBHOW Harpy3Koil MOXeET ObITh YYTE€HAa B PacCMOTPEHHBIX
BhIIIE (popMyJIax s Ko g MMYTEM PEXUMHBIX KOPPEKTUPOBOK YHCICHHBIX

3HAYCHUIN hl61 -nmapaMeTpoB TpaH3uctopoB VTI1-VT2. OnHako nepecyer

BiusiHUA Uy Ha hl61 nocTaTodHo Tpyaoémok. [losTomy Oosee 1enecoo0d-

pasHBIM ABIIAETCS NPAMOU pacueT Ko LAY ¢ yu€rom sadpdexra Ipmu VT1-
VT2.

| O +

IIT1 'KiIZ.l .

A

A

In’rlL l ilTl'l RH
v
aun o
v v <«

Uss i L ‘\Um.z
Bx.l [ VIU Us 1 1aUsgr \YT2 1 Bx2

U36.1

131 > <— 132

1) —»» “— 1y

ORI
¢ O

Puc. 12.2. K pacu€ry cocraBistomen Koy 1Y ¢ aKTUBHOW Harpy3Kou
IIPY HECUMMETPUYHOM CTaTHYECKOM pexxume VT1, VT2

B skBuBasnienTHO# cxeme JIY (puc. 12.2) ¢ akTUBHOW Harpy3Kou
(ITT1) BBeaensl ucrounuku IJIC, moaenupyromue BiussHue kodhuiuen-
TOB BHYTPEHHEN 0OpaTHOM CBs3M |, L TpansuctopoB VT1, VT2 Ha cra-
TAudeckuid koduuueHt aeneHus toka Iy mexay VIl u VT2 (K,). U3
ypaBHeHuid Kupxrodga ais cxemsl puc. 12.1 MOXXHO HailTH, YTO
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Kia — h = exp MlUK6.1 _“2U1<6.2 . (121)
132 O
Ecmu p, =p, =, 10

_ HPAU .12
K, =exp—————. (12.2)
@
Jns mpupallleHuld KOJUIEKTOPHBIX TOKOB x|, Ix» CIPAaBEIIIMBO Clie-
QYIOLIEE€ COOTHOIIIEHUE

K, =blyg, =2l (12.3)
Ly Aalyo
N3 ypaBHenuii (12.2) u (12.3) HaxoauMm, 4TO KOJUJIEKTOPHBIE TOKH iy

U i» CBS3AHBI C iy QYHKIUIMU:

A
exp“ Uss1-2
- ) ¢
i =1 = , (12.4)
! 0 Otl 1_|_ a’z eXp MAUK61-2
al (PT
. Iy 0‘1/‘12
Iy = , (12.5)
2 ﬁ+exp HAU 515
(12 (PT

rze i, — NpUpallcHue TOKa OOLEH YMUTTEPHON LIENN i, = U_),, [P HAIU-
YUy CUH(pA3HOTO CUTHAJIA U, 1;
Vo — BBIXOJIHAsI IPOBOJAMMOCTH UCTOYHHKA OTIOPHOTO TOKA.
[ToaTOMy mIpupallleHle TOKa B Harpys3ke Ry, BBI3BaHHOE CUH(a3HBIM
CUTHAJIOM 1!

/ , exp HAU (612 1
. O, /0, P O,
Iy = U)o — K54 . (12.6)
% exp HAU 1. 0(12 14+ %2 exp HAU 1.
L a2 (PT al (PT J

Beixognoit Ttoxk  JIY g nuddepeHImaibHOro  CMrHala
Ugy =Ucp — U

: u

[, =——. (12.7)
51ty

[ToaTomy B 00mmeM ciaydae ¢ yuétoM BiaustHUS AU 5, KOOPPUIMEHT

ocJIa0JIeHUs1 BXOJHBIX CHUH(A3HBIX CUTHAJIOB, OOYCIIOBJIEHHBIA MPOBOAU-
MOCTBIO )o:
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| exp HAU 515 1
N N K. ¢
K I Qv o _ 121 T (128)
oc.ch Yol 2 )
N, +exp PAU o N, 1+NO:1€XP HAU 1.
i ?, ¢,
rae N, = —L.
%)
Iy=01 =Ty
Ecnu cyurars, yto N, =1, T0O
2 AU
1+exp——*0=2 T
0
ITpu AU 4, , /U, <<1
- HAU 6.
Kocl.cq) ~ yora(l_Kilz.leXp(P—mJ (1210)
U
AU 4.
Koc.cq) ~ 3y0(1_Ki12.1eXp%Ja (1211)
Q;
rae | = ;
H U

9
U, — Hanpstxenue Opim VT1, VT2.
Takum 0Opa3oM, HECUMMETPHUS CTATUYECKOTO PEKMUMA TPAH3UCTOPOB
VTI u VT2 co3gaér ycnoBus, Npu KOTOPHIX OTIMYUE OT €AMHHIBI KO-

¢unuenra nepenauu no Toky 11T1 K1, | nonuépkusaercs B NV, pas, rae

_ HAU 61, _ AU
N, =exp—>—==exp— . (12.12)

T 2
B d4acTHOM ciay4ae NpuH CHUMMETPUYHOM CTATHYECKOM PEXKHUME
AU 6, =0 u3 (12.11) Haxoxum, 4To

Koo ®100(1=Kip1). (12.13)

VYpaBuenue (12.13) coBnagaer ¢ Gopmynoil, MOIy4YeHHON paHee s
Koccp Y 0€3 yuéra acCHMMETpHUH CTaTHYECKOTO PEKAMA.
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®opmyny (12.9) mpu K, ; =1 MOXKHO Takke IIPEACTABUTH B BUJE

1- empA(Z}‘m'2
E(AUK61—29U3) = AUS 9 (1214)
1+emp — X012
rie
1- epr((]]“m'2
E(AUK61—2JU3): (]3 . (1215)
1+ exp—— K012

€}

I'paduk Pynknum (12.15) nokaszan Ha puc. 12.3.

» F(AUKG.I—Z’ Ua)

0,6 1
0,4 1

0,2 -

[T N N N R R AR N B Lo 1 AU,
-1-0,9-0,8-0,7-0,6-0,5-0,4-0,3-0,2 -0,1 10,20,30,4050,60,70,80,9 U,

-0,2

-0,4 -

-0,6 -
Puc. 12.3. I'papuk pynxuun F(AU 4,,,U,)

HOJIyquHBIe BBIIIIE aHAJUTHYECKHUE 3aBHCHMOCTH ITO3BOJISIOT OOB-

ACHUTh PEXKUMHYIO 3aBUCUMOCTh Kooy B JY € aKTUBHOM Harpyskowu
(puc. 12.4a).
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VOFF =0
VAMPL =1

V2
+
14 ——

_# vT1 VT2 #_\I
TN15S TN15ST &

V6 VOFF =0
VAMPL =1
T FREQ = 1k

F1

&l

GAIN =1

_4; VT3
TN15S TN15S

R5

0

Hj

VT4

FREQ =1k
_0 11 — 0 12
= om Q@ O]
a)
Koc.co, B
160 ‘
140 -
120 -
100 -
70 - ‘ ‘
60 - ; i ; . .
0 1 2 2,5 3 4 5 V;,,B
0)

Puc. 12.4. CxeMsl 1y nccie10BaHus PEKUMHON 3aBUCUMOCTH Ko o (@).
3aBucumoctu K. 4 = f (V) mpu V9 =25 B (rpaduk «A»),

V9=473 B (rpadux «B») npu uaeanbHbIX HCTOYHUKE OMIOPHOTO TOKA /|
1 TOKOBOM 3epkaiie F2 (0)
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F15
15 V17
[ 9 5 —
1
GAIN =1 1 Rs
V19
| I—|

-—

inp V_%s VT VT2
TN15S TN15S
27

VOFF =0
VAMPL = 1 '9 1
FREQ = 1k =0

V22

- IR

V17

GAIN =1 1 R5

e +—T—
V20

+
ik2 25 —

inp bk vmi VTZ*_
}j TN15S TN15S

VOFF =0

VAMPL = 1 q)

FREQ = 1k =0
V22

=0 ]~ :

F

0)

Puc. 12.5. Cxemsl 1Y B cpene PSpice
C pa3HBIMM YPOBHSIMHU BBIXOJHOTO cTaTUdecKoro noreHiuana (V20)



1.0359;

1.0212-

1.0000

0.9774

0.9626 . . . : i

10695 Ao :

1.05254

1.0359+

1.0199+

1.0000 1 :

0.9895 —

A 4

0)

Puc. 12.6. 3aBucuMocTb Ko3(ppuiireHTa geneHus: ToKa
B 00m1el smutTepHoit nenu 1Y
OT aCUMMETPHUH CTaTUYECKOI0 PeKUMa
BXOJHBIX TpaH3uctopoB (Eu= V19=var) qyst cxem puc. 12.56 (a)
u puc. 12.5a (0)
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F5
F15 -
L V7 ¥ Q]
| E—

&l
i

E
GAIN =1
GAIN =1

15 —=— - V18 R6
.
B V20 15 = 1

e [
inp _%s VT VT2
TN15S TN15S
27
VOFF =0

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

FREQ = 1k
+
= I::I R8 —_— 5
5k -

V21
+

= 25 —

_Z‘S VT3 VT4 |
TN15S TN15S

0%

.|||
o

a)
Krm 5 b
160
140- /B A\
1204
1004
70 L—
60 ) 1 ) L} L}
0 0,7 1 2 2,5 3 4 5 Eu,B
0)

Puc. 12.7. Cxema skcniepuMeHTa (a) ¥ 3aBUCUMOCTb KOo3(ppuirenra
MOJIaBJICHUS TOMEXH 10 TuTaHuio Y ot Hanpsokxenus £,= V19 = var
npu V20=4,3 B (rpaduk «B») u V20=2,5 B (rpacdux «A») (0)

MoxHO CKa3aTb, 4YTO aCUMMCTPHA CTATHYCCKOI'O PCKUMa OKa3bIBACT
CYHICCTBCHHOC BJIMSHHC W Ha KOB(I)(i)I/IHHeHT noAaBJICHUA ITOMEXU I10 IIH-

Tanuto K, (puc. 12.70).
Crnenyer 3aMeTUTh, YTO OOJIBIIMHCTBO MpakTUdyeckux cxem Y pa-

0oTaer BIANM OT DKCTPEMaNbHOU TOYkH £, = E, — V20 u mosromMmy nMmeer

MaJjible 3HaYeHUA Koc cqp U K.
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BOMPOCHI ANnA CAMOINPOBEPKH

1. Ilepeunciure OCHOBHBIE MapaMeTpbl U PepeHIInanbHbIX KacKa-
JI0B, XapaKTEPU3YIOIINE OCIA0ICHNE BXOIHBIX CUH(A3HBIX CUTHAJIOB.

2. Yro takoe nuddepeHunanbHblil 1 CUH(a3HbIil CUTHATBI IS TA-
(bepeHIaTbHOTO YCUIUTENA?

3. Kak onpenensercs kKo3pUIMEeHT ociabieHus BXOJHOTO cUH(pa3-
HOTO HanpspKeHUs!, KoaPUIMEHT niepegayr BXOJAHOT0 CMH(pa3HOro CUrHa-
na, koddduiment ycuieHus: 1uddepeHiinaibHoro cCurHaia, KodguimeHT
npeoOpa3oBaHusl BXOJHOIO CHH(A3HOIO CUTHAJa B BBIXOAHOU nuddepen-
IUAIBHBINA CUTHAL, KOA()(PUIMEHT NOIABICHUS TOMEXH 110 TUTAHUIO?

4. Yem onpepaensieTcs KodPpUITMEHT 0CIabieHUs] BXOAHOTO CUH(pa3-
HOT'O CUTHaJa IBYXKAacKaJHOTO yCUIIATENsA?

5. Kakum oOpazom napamerpsl auddepenunanbHoro kackaaa (J1K),
XapaKTEpPU3YIOIIUE €ro padoTy ¢ CUH(a3HbIM CUTHAJIOM, BIUSIOT HA IO-
IPEIIHOCTH PEIIAOIINX YCUIUTENEH B HEMHBEPTUPYIOIIEM BKIFOUCHUH ?

6. Uem onpenensitoTcsi BXOJAHbIE COMTPOTUBICHUS U PepeHIInaIbHO-
ro Kackaja juisi cuHdaznoro u audepeHuatbHOro CUrHaaoB?

7. B uéM cocToAT (pu3NUeCcKue OrpaHUYEHUs] Ha MPEAeIbHBIN KO3()-
(uIueHT ocnabieHNsl BXOIHBIX CHH(A3HBIX CUTHANOB (Koccp) KiIaccuye-
ckoro JIK?

8. Ilouemy npenenbHble 3HaA4YEHUA Ko cq TUPDHEPECHIMATBHOIO Kac-
KaJia 3aBUCST OT HAMPSHKEHUsT DPJIU NPUMEHSEMbIX TPAH3UCTOPOB?

9. KakuM 00pa3oM MOKHO NOBBICHTE Koy B AHPPEpEeHIMATBHBIX
YCUWJIMTENSIX Ha OCHOBE «IIEPETHYTOr0 Kackoaa»?

10. Yro moHMMaercsi moJi KOMIIEMEHTApHbIM Ju(depeHInaIbHbIM
kackaaoMm? KakoBbI €ero OCHOBHbIE CBOMCTBA?

11. Kakum oOpa3om BEITJISAUT 00001IEHHAs (PYHKIIMOHAIBHAS CXeMa
muddepeHIanbHbIX KackaJoB € OTPULATEIbHOM OOpaTHOM CBSI3bIO 1O
cuH(}a3HOMY CUTHAITY?

12. TTouemy HEOOXOAMMO BBIIOIHATE CUMMETPUPOBAHUE CTATHYE-
CKOr'0 peXuMa TPaH3UCTOPOB aKTUBHBIX Harpy3ok B JIK mpu ux padote c
CUH(}A3HBIM CUTHAIOM?

13. JInst yero BBOJAT «ciejsiiee NMuTaHue» B auddepeHnraibHbie
YCWJIMTENHN U KAKUM 00pa3oM OHO peanu3yercs?
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14. Tlosicaute paboTy KacKoAHBIX AU(P(DHEPEHIHATBHBIX YCUIUTENEH
Ha BXOAHOM CHH(A3HOM CHUTHAJIE.

15. Kakum oOpa3om BiuseT Ha Ko ¢ OTpULATENbHAS 00OpaTHAs CBA3b
110 CUH(A3HOMY CUTHATY?

16. Uto moHuMaeTcs Moj BXOJHBIMH KAacKaJlaMu Ha OCHOBE «OpuMJI-
JIMAHTOBBIX COCTABHBIX TPAH3UCTOPOBY»?

17. Kakue CTpyKTypHBIE U CXEMOTEXHUYECKHE METOAbl YMEHbBIIICHUS
BBIXOJIHOM MPOBOJMMOCTH MCTOUYHHMKOB onopHoro Toka B JIK Bam u3BecT-
HbI?

18. Kakum 00pa3oM MOXHO YMEHBIIHTH PEKUMHYIO 3aBUCUMOCTH
KO3(pPUIMEHTOB Mepeaaur MO TOKY YIPaBISEMbIX AKTUBHBIX HArpy3okK
JIK?

19. Ilouemy HECUMMETPHUSL CTATUYECKOIO PEXUMA BXOJHBIX TpPaH3U-
cropoB JIK Biusier Ha ko3DPuLIMEHT ocnabieHusT BXOJHBIX CHH(A3HBIX
CUTHAJIOB?

3AKITKOHEHUE

AHanmu3 npoOJsieM CHUH(pA3HOM MOMEXOYCTOMYMBOCTH aHAJIOTOBBIX
MHUKpOcXeM ¢ Tud@epeHianbHbM BXOJAOM MOKa3all, 4To X Kod(duim-
€HT OCJIa0JICHUSI BXOJHBIX CHH(A3HBIX CUTHAIOB (Ko ) OTHOCUTCS K Of-
HOMY M3 MAJIOM3YYEHHBIX MMapaMeTpoB. MI3BECTHBIE TEOPETUYECKUE BHIBO-
OBl O METOAAX YIy4IIeHUs Koy HY’KIAIOTCA B CYILIECTBEHHBIX JOIOJHE-
HUAX C YUYETOM CYILUECTBYIOLIMX TEHICHIMM MEpPexoJa Ha TEXIIPOLIECCHI C
HU3KOBOJIBTHBIM NHUTAHUEM, CHIKEHHSI HAIPSHKEHUST DpJid UHTETPaIbHbBIX
TPaH3UCTOPOB, CYIIECTBEHHON PEKUMHOW 3aBUCHMOCTH JTMHAMUYECKUX Ta-
pamMeTpoB TPAH3UCTOPA U T.II.

Bce cocrasmstonue ommoOku JIK, 00ycioBieHHbIe CUH(A3HBIM CUT-
HaJIOM, MOYKHO Pa3JeJIUTh HA JIBE€ TPYIIIbI.

B nepByto rpynmny BXOIAT TaK Ha3bIBAEMbIE CTPYKTYPHBIE OIIUOKH.
OHU TpOSIBISIIOTCS JaXXe B TOM Cllydae, Korja mapaMeTpbl BCEX UCIOJb-
3yEMBIX 3JIEMEHTOB B OJIMHAKOBBIX CTATUYECKHX PEXUMaX COBEPIICHHO
UACHTUYHBL. Tak, 4uciacHHbIE 3HAUYeHUS Ko KIaccudeckux auddepen-
IUAATBHBIX KACKAJOB C AKTUBHBIMH HAarpy3KaMH 3aBUCST HE CTOJIBKO OT
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TEXHOJOTUYECKOI0 pa3zdopoca MmapamMeTpoB COBPEMEHHBIX TPAH3UCTOPOB C
MaJIbIM HampspDKEHUEM OPJiM, CKOJIBKO OT HEUJIGHTUYHOCTH MX Hampsike-
HUM KOJUIEKTOp-0a3a. K CTpyKTypHBIM OIIMOKaM OTHOCSITCS TaK»Ke COCTaB-
JISIFOIME, CBSI3aHHBIE C OTJIMYUEM OT €AUHUIIBI KO3 UIIMEeHTa Tepeaadn
110 TOKY aKTUBHBIX Harpy30K M KOHEYHOUW BBIXOJIHOW MPOBOJUMOCTHIO UC-
TOYHUKOB OIIOPHOTO TOKa. B n1aHHOM yueOHOM mocobuu pa3paboTaHbl Me-
TOJBI UX MUHUMHU3AIUH.

Bo Bropyro rpynny omubok JIK BXoadT cocTapisomue, 00yciaoB-
JIEHHBIE TEXHOJIOTMYECKUM Pa30dpOCOM MapamMeTpoB FJIEMEHTOB B OJIMHAKO-
BBIX CTAaTUYECKUX pexknMax. OHU MOJTUMHSIOTCS 3aKOHAM CTaTUKHU U OyyT
yMeHbIIaThesl. [lo Mepe COBEpIIEHCTBOBAHUSI TEXIMPOILIECCOB JTOMUHU-
pyromuM (pakTopoM, OHNPENEISAIOMNM Ko cp, CTAHOBATCA CXEMOTEXHHYE-
CKHE HEJIOpPaOOTKH, T.€. PETYJISIPHBIE COCTABJIAIOIIME OIIMOKHU Mpeodpa3o-
BaHUS CMH(A3HOrO0 CUTHAJIA, CBA3aHHBIC C €r0 HEPAIMOHAILHBIM ITOCTPOE-
HUEM.

ba3oBbIMU CXEMOTEXHUUYECKUMHU PEIIEHUSIMU BXOJIHBIX /Y anamoro-
BBIX MHUKPOCXEM HOBOI'O IOKOJICHUS, ONPEICIISIONIMX MOTPEIIHOCTU CO-
BPEMEHHBIX MHTEP(PEHCOB M3MEPUTETHHBIX U KOMITBIOTEPHBIX CHCTEM, SIB-
JISIFOTCSL:

— nudpepeHImanbHbie YCUITUTENN Ha OCHOBE «IIEPETHYTHIX» KACKOJIOB;

— koMIuieMeHTapHubie /1Y (tak HazbiBaemble dual-input-stage);

— nudpepeHuanbable  yCUIUTEIN 0€3 TPaH3UCTOPHBIX HCTOYHUKOB
TOKa B OOILEH SMUTTEPHOM IIEMH, JTONMyCKarolue padoTy B cCUCTEMax
C HU3KOBOJIbTHBIM ITUTAHUEM;

— nudpepeHmanbable YCUINTEIH C PACIIMPEHHBIM JHAa30HOM aK-
TUBHOM pabOTHI (BXOHBIE KacKaJbl ObICTpoeHicTBYIOUX OY).
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