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HPEINCJIOBHUE

Juctuminaa «CxeMOTeXHHWKAa aHAJIOTOBBIX M JJIEKTPOHHBIX YCT-
POMCTB» COJIEPKUT OOJIBIIIOE YMCIIO MOHSITUH, KpaliHe HEOOXOIUMBIX JIJIst
OyAylIux CIeHUagIucTOB B 00IaCTH PAAUOTEXHUKHU U PATUOITIECKTPOHUKH.

Jjis TOro 4TOOB! YCHEIIHO UX OCBOUTH, HEAOCTATOUYHO U3YUCHHUS OJI-
HOTO JIUIIIb TEOPETUYECKOr0 Marepualia, HEOOXOAUMbI MPAKTHUECKHE Ha-
BBIKH Pa0OTBHI.

JlanHOoe y4eOHO-METOAMYECKOE MOCOOME pPACCMATPHUBAET BOIPOCHI
KOMITBIOTEPHOTO MOJeIUpoBanus AU hepeHIMAILHBIX YCUIUTENEH ¢ To-
BBIIICHHBIM OciabiieHneM CUH(pa3HOTro CUTHAJIA.

[Ipennaraercs uccnenoBanue B cpene PSpice s dexkruBHOCTH CXe-
MOTEXHUYECKUX CHOCOOOB MOCTPOeHUsl AU(P(HEepEHIUATBHBIX YCUIUTENEH
C TIOBBIIICHHBIM OCJIa0JCHHEM CHH(A3HOTO CHUTHAJNa, PacCMaTPHUBAIOTCA
MPAKTUYECKUE CXEMBI U PE3YJIbTaThl KOMIIBIOTEPHOTO MOJICTMPOBAHUS KaK
HOBBIX, TaK M M3BECTHBIX CXEMOTEXHMUYECKUX pemieHurd nuddepeHnmab-
HBIX YCHWJINTENEH, a TakKe MPUBOJATCS BO3MOXKHBIE BAapUAHTBI UX TIO-
CTpPOEHUSI B CTPYKTypE aHAJIOTOBBIX MHUKpocxeM C nuddepeHinaibHbIM
BXOJIOM.

HpI/IBOI[I/IMBIe B IIOCOOMH CXEMBI MOTI'YT CTAaTb XOpPOIIHUM ITIOACIIOPEEM
AJI1 CTYACHTOB B KYPCOBOM U JIMIINIOMHOM ITPOCKTUPOBAHUU.



1. KIACCUYECKUE JUODPEPEHIIUAJIBHBIE YCUJIUTEJIN
HA BA3E (IIEPET'HYTOI'O» KACKOJA

HuddepeHnrianbable YCUITUTEIN HAa OCHOBE «IIEPETHYTHIX» KAaCKO-
JIOB OTHOCSITCA K 4YUCIy HaubOoJjiee MUpokononocHbix (puc. 1.1). JlanHHoe
CXEMOTEXHAYECKOE PELIEHUE CTAIO0 Kiaccuduecknum. Clenyer pasinydarh
nBe ocHOBHbIe Moaudukammuu KJY — ¢ HecuMMeTpuYHONW M CUMMETpHY-
HOM AaKTUBHBIMM Harpy3kamu. Huke nmpuBOASATCA pe3ylbTarbl KOMIIBEO-
TepHOro MmojenrpoBanus [IY manHoro knacca B cpeae PSpice Ha Moaensix
uHTerpainbHbIx Tpansuctopo OIYIIT HIIII «ITynscapy.
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2. IMOPEPEHHUAJIBHBIE YCUJIMTEJIA
C OBPATHOM CBA3b1O
11O HEIIN AKTUBHOU HAT'PY3KHA
«IIEPETHYTOI'O» KACKOJA

B muddepeHumanbHbIX yCHIIMTENSAX C apXUTEKTypou puc. 2.1 otpu-
naTeiabHas ooparHas cBsa3b o cuH(pazHomy curnairy (OOC) dbopmupyercs
noacxemod Al W BBOAUTCS 4Yepe3 CUMMETPUUHYIO IMOJCXEMY AKTHBHOM
Harpy3ku A2.
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Puc. 2.1. ®ynkunonansHasa cxema kackoasoro /Y ¢ OOC
0 1IeNU aKTUBHOU Harpy3ku A2 (a) u npumep e€ noctpoeHus (0)



Huddepennmanbabiii TOKOBBIA BbiIxod Y opranusyercs ¢ mnomo-
b0 TpaH3ucTopoB VI3 m VT4 mwim 3a CU€T cienuanibHOrO MOCTPOCHUS
nojicxembl Al. @yHKIIMK 3TOU MOJCXEMbI MOXKET BBIIOJHATH BTOPOM Kac-
Kaj ycriieHus Al.

Hwxe npuBomsTcs BapuaHThl nmocTpoeHus Y ¢ apxurTekrypou, a
TaK>Xe pe3yJbTaThl UX KOMIIBIOTEPHOTIO MOAENINPOBaHus B cpeae PSpice.
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3. KACKOJIHBIE JTU®PEPEHIIUAJIBHBIE YCUJINTEJIN
C OTPULATEJIbBHOH OBPATHOM CBSI3bIO
IO IEIIN BA3bI BBIXOJHBIX TPAH3UCTOPOB

OynkimonansHasg cxema KJIY »aroro kilacca mnpencraBieHa Ha

puc. 3.1.
o +
le mRz

Bx. il Bx. i2
o— ¢—°O
VTI VT2

*, *
Brox. 11 BpX. 1»

wl ]

+Kiy
Brx.1; Brix.1, — Brx.c
0 ° Ka
I VT3 1 VT4

}
gongon

Puc. 3.1. Kackognsiii 1Y ¢ OOC o nemnu 6a3sl
Tpan3uctopoB VI'1-VT2

OHa comep>XuT BTOPOM KackajJ ycuieHust Al, y KOTOpOro Umeercs
BBIXOAHOW y3en Bwix.c, ¢gopmupyronmii cursai, TpOHOPHUOHATbHBIMN
CUH(}A3HBIM HaNPSHKEHUSIM Ha JBYXIOJIIOCHUKAX Harpys3ku I, L.

B yacTHBIX ciydasx BeIXOAHOW AU(depeHInanbHblil CUTHAJ CHUMa-
eTcs 100 ¢ MOMOIIbIO crieluanbHbIX TpaH3uctopoB VT3, VT4, 0o BbI-
NENSAETCS B CTPYKTYPE BTOPOro Kackaaa ycuiieHus Al.

Ha puc. 3.2-3.6 npuBenensl npaktuueckue cxembl KJY, cooTBercr-
BylolIME (PYHKIIMOHAIBHOU cxeMe puc. 3.1, a Takke pe3yibTaThl UX KOM-
MBIOTEPHOrO MOJIEIUpoBaHus B cpeae PSpice.
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Hwxe npuBogsarcs Bapuantsl BBeneHUss OOC B «epernyThix» Kac-

KOJIax.
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Puc. 3.7. Mogudukanuu cxembl KV puc. 3.4a

4. IMOPEPEHLHUAJIBHBIE YCUJIMTEJIA
C OBPATHOHU CBA3bIO
O SMUTTEPHOMU LHEIIA «(IIEPETHYTOI'O» KACKOJAA

JUtd cTadmim3anuy CTaTUYECKOTO PEeKUMa U MOBBIIIECHUS Ko g OT-
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HBbII mojcxeMoil Al), MOXET Takke BBINONHATh QyHKUUU TuddepeHiu-

aJIbHOTO YCUJIUTEINSI ¢ BhIXojgamu Bbix*.1;, Brix*.i,. BbIxoaHble TOKOBBIE

KOOPJAMHATBl MOTYT TaKXe (POPMHUPOBATHCS AOMOIHUTEIBHBIMU TpPAaH3U-
cropamu VT3, VT4.
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5. OPTAHU3ALIMA OBPATHOM CBSI3U
B «IIEPEI'HYTbBIX» KACKOJAX
C TPAH3UCTOPHBIMMU JEJIUTEJAMUAU
BBIXO/IHBIX TOKOB

[TapannenbHOE BKIFOYEHUE SMUTTEPHBIX MEPEXOJIOB JABYX BBIXOJIHBIX
Tpan3uctopoB BMecto VT1 (VT2) B kackoaubix [[Y mo3Bosiser pacrpese-
JIUTh €T0 BBIXOJHBIE TOKU MO JBYM KaHaiam. OJWH U3 3TUX KaHAJOB MO-
KET MPUMEHSTHCS ISl BhIJICTICHUSI CUH(DA3HBIX CUTHAJIOB U MOCJIEIYIOIETO
BBEJICHUSI OTPUIIATEILHON 00paTHOM CBSI3U WJIM MO LEIU SMUTTEPA, WM 110
6a3oBoii ienu VT1-VT2 (puc. 5.1).
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Puc. 5.1. Kackogusiit /1Y ¢ neaurenasMu BIXOOHBIX TOKOB VT 1-VT2

Hpyroit muddepennmnanbubiii kaHan Beix.1;, Bbix.1, ¢ TOKOBBIMH BbI-
XxojJamMu obecrieuuBaeTr ycuieHue auddepeHnuansaoro curdaia. K nemy
MOAKIIOYAIOTCS PA3IMYHbIE AaKTUBHBIE HATPY3KH (CUMMETPHUYHbBIE WU HE-
CUMMETPUYHBIE TOKOBBIE 3€pKaja).

BapuanTsl nocrpoenus npuHuunuanbHeix cxem KV mannoro kmac-
Ca U Pe3yJbTaThl UX MOJEIUPOBAHMS IPUBOIATCS HA puUC. 5.2-5.9.
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Puc. 5.9. Moaudukamms kackoanoro 1Y
C JEIUTEISIMA BBIXOJIHBIX TOKOB

6. «<bPUJIJIMAHTOBBIE» TPAH3UCTOPBI
B LHEIIAX CTABUWIN3ALIUA
CTATUYECKOI'O PEXXUMA 1Y

Cnoco0bl BBeleHUSI OTPUUATEIbLHOM OOPAaTHOM CBSI3M IO CHUH-
(¢aznomy curraiay B kiaaccmueckux Y. Orimune ot enuHuIs Koddghu-
LMEHTA TMePeaur MO TOKY TOKOBBIX 3€pKaJl OTPULIATENILHO BIMSIET Ha J10C-
TUXKEHUE TPENEIbHBIX 3HAUEHUN Ko3(PQuireHTa ocnadieHus: CuH(pa3HbIX
curHanioB 1Y ¢ ynpapiisieMbIMU aKTUBHBIMU Harpy3KaMmH.

B at1oli cBsi3u Oosiee MEpPCIEKTUBHON MOXKET OKa3aThCsl apXUTEKTypa
Y ¢ cHMMETpUYHOM AaKTUBHOM Harpy3kou. OIHAKO Takoe NMOCTPOECHHUE
cxeM TpeOyeT pa3pabOoTKH CIIOCOOOB BBEJCHUSI OTPUIIATEIILHON 00paTHOM
CBSI3U IO CMH(pA3HOMY CUTHAJY, CTAOMIM3UPYIOLIEH CTATUUECKHUIN PEXKUM.

B nacrosmem pazaene mnpeiaraeTcd s peUIeHUs 3TOW 3a7auu
MPUMEHSTh «OPUJUIMAHTOBBIC» TPAH3UCTOPBL. Takoe CXEMOTEXHHYECKOE
penieHue no3BoyisieT ooecneunBaTh nocrpoeHne OY Kak ¢ HU3KOOMHBIM,
TaK 1 BEICOKOOMHBIM BBIXOJI0M (rail-to-rail).
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«bpuaJMaHTOBbIE» TPAH3UCTOPHI B LENSAX O0PATHOH CBA3M MO
CUH(A3ZHOMY CHUTHAJIY «IEPerHyThIX» KackoaoB. CHMMETpHUYHOE TIO-
CTPOEHHUE «IEPETHYTHIX» KACKOIOB MO3BOJISIET B MPHUHIIUIE OOECIEUUTH
0oJiee BBICOKOE OCJIabJieHHEe CHH(A3HBIX CUTHAIOB. JTO OOBACHSETCS OT-
CYTCTBHEM B JIaHHBIX CTPYKTypax CHCTEMATHYECKHX MOTPEIIHOCTEH Tpe-
oOpa3oBaHus U., 00YCIIOBJICHHBIM HEHUJEHTUYHOCTHIO KaHAJIOB Mepeaadu
Ha BBIXOJI IBYX BXOJHBIX HampspkeHuit JIY. OnHako Takoe cxeMOoTeXHuYe-
CKOE pEIICHHUE MOPOXKIACT APYIYIO 3aJady — HEOOXOIMMOCTh BBEICHUS
LEenel OTpULATEIbHOM 00paTHOM CBSI3U MO CUH(pAa3HOMY CHUTHAIy, CTaOu-
JU3UPYIONIEH cTaThyecKuil pexum. Huke paccMatpuBaroTcss HETpaIUIH-
oHnble criocoOs! BBeneHus OOC, ocHOBaHHBIC HA UCTIOIB30BAHUU «OpHUII-
JIMAHTOBBIX)» TPAH3UCTOPOB.

o +

R6 H}
200

R1 R2
BX.il BX12
VT1 VT2
A Boix.i; Bruix.i, N
JIOI11 T Vbl T JIDI12
Kj| R3 R4 A
RAN L — [0
VT3

!

w,
Brix. 1;

®

l

w,
Brix. 1,

O
O -

Puc. 6.14. «llepernytbiin» kackon ¢ OOC

Ha 0aze «OpWITMaHTOBBIX» TpaH3ucTopos (D111, JIDI12)

vT13 N

P15

Puc. 6.15. IIpaktuueckas cxema OY Ha 0a3e kackana puc. 6.14
B cpene PSpice
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103 10° 108 flo 10* 10° 108 fTn
a) 6)
Puc. 6.16. AMIIIUTYAHO-4aCTOTHBIE XapaKTEPUCTUKU Ky (a) U K o (0)
OY puc. 6.15
O +
R1 R2 .
Bx.i |j +E |j Bx.i,
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o | [ mom
K K| R3 R4 [K 4 K
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Puc. 6.17. Criocob cornacoBaHus «IEPETHYTOr0» KaCKoJia C MOCTOBBIM
JIY Ha «OpWIIIMAaHTOBOM» TPAH3UCTOPE
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VT N

TP15S
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1Vac
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70 v } V22 |
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Puc. 6.18. Ilpaktnueckast cxema OV Ha 0a3e kackana 6.17 B cpene PSpice
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Puc. 6.19. I'papuk onpenenenus K,=100 nb, fg=1 MI'L, fcp=415 MI'ny
OY puc. 6.18
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VTI | VT2
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Puc. 6.20. «Ilepernytoiin» kackon ¢ OOC
Ha 0aze «OpWITMaHTOBBIX» TpaH3ucTopos (D111, JIDI12)

R1 R2
200 200

VT N Pk vz
PisS TPi5S
V13
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Puc. 6.21. IIpaktuueckas cxema OY Ha 0a3e kackana puc. 6.20
B cpene PSpice
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A Ky, nb

387KI'n, -31b

A

219 A
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476KT'u, -31b

110 + 200

50+ 100 -

445MTI'n, Onb
0 T 1 > 20 1 T >

10* 108 108 £Tu 10* 10° 10° £ Tu
a) 0)
Puc. 6.22. AMIIIUTYAHO-4aCTOTHBIE XapaKTEPUCTUKNU Ky (a) U K o (0)
OY puc. 6.21

O +

R3 ijm

VTI1 VT2

VT3 Beix.i; Bbix.i,

*, *.
Brix. 1; Brix. i,

@ L=1Ip L=1Ip @
o -

Puc. 6.23. IIpumep BBenenust OOC no cuH(pazHOMY CUTHAITY
10 SMUTTEPHOU LIEMHU IIEPErHYTOr0» Kackoaa

7. OIIEPAIIMOHHBIE YCUJIMTEJIN
HA BA3E KOMIVIEMEHTAPHBIX 1Y
C HOBBIINEHHBIM OCJIABJIEHUEM
CHUH®A3ZHOI'O CUT'HAJIA

Kommnemenrapubie BxoaHble kKackaabl (niau dual-input-stage) siBis-
IOTCSI OCHOBOM MHOTHX ITHPOKOMOJIOCHBIX OY.

Ha puc. 7.1-7.3 npuBenens! cxemsl Y maHHOro mojakiacca ¢ mo-
BBIIICHHBIM KO3((OUITMEHTOM OCIa0JICHUSI BXOJAHBIX CUH(A3HBIX CUTHAJIOB
Koccp- DPPEKTUBHOCTD PACCMOTPEHHBIX PAHEE METOIOB MOBBIIEHUS Ko o,
MOATBEPKIACTCS pe3yIbTaTaMy MOJICTUPOBaHus B cpeae PSpice Ha Moe-
nax uHTerpanbHbixX TpanzuctopoB PIYII HIIIT «ITyascapy.
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if/ 11 <> 12 <>
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+Ec1
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Bbix.

R
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50 /- S
OV na denope _046MI'u-3 1B S e

kiaccuyero BxK
dual-input-stage

-50 T T T T T T
10° 104 10° 10° 107 10% 10° 10" £I'n
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Puc. 7.1. Cxema OY ¢ noBbIIEHHBIM KO3 (PUITMEHTOM OCIa0IeHUS
CHUH(aA3HBIX BXOJHBIX CUTHAJIOB (@) U pe3yJbTaThl €ro MojeaupoBaHusi (0)

OCHOBHBIM HEJIOCTAaTKOM Kjaccuueckux cxemM OV sBuserca He-
OonpiIoe ObIcTpoAeicTBUE. [[1s1 MOBBILIEHUS] CKOPOCTH HapacTaHUs BbI-
xoHOro HampsbkeHus OY aBTOpbl PEKOMEHIYIOT MPUMEHATh HECUMMET-
pPUYHBIE BXOJHBIE KACKa/bl C HEJIMHEHMHOW OTpUIIATENBHON 00paTHOM CBS-
3b10 0 CUH(A3HOMY CUTHATY (Hampumep puc. 7.2).
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VTS

K VT6

V VD1

R1

)
Bx.1

VT1

VT2

R2

VT3 ©
Bx.2

VT10

A

VT4
R4

VT11

VT12

VT7

VT

[

LI

7 VD2

Puc. 7.2. OV ¢ BxoaubiM kackaaoMm dual-input-stage

MonemupoBanue OY puc. 7.3 Ha OCHOBE BXOJHOIO Kackajaa puc. 7.2
B cpeae PSpice (monenu tpanzuctopoB OI'YII HIIIT «Ilynscap») nmokasbl-
BaeT, yto 0e3 HenuHerHoM OOC no cuH(azHOMYy CUTHally MakCUMAaJIbHAsI
CKOpPOCTb HapacTaHUs BBIXOAHOTO HampsikeHus OY (pu yacTtoTe eAMHuY-
Horo ycujienust f;=568 MI1) cocraBnsier 133 B/Mkxc u 460 B/Mkc npu
BKJIItOU€HHOM HenuHelHo OOC (puc. 7.40).

12 D %—L{ P‘Jj vT7
{Ib} A N_T TP158 R5 R6 R9
400 100 200
VT5
P15 Vi
VT18 5
TP15S
PARAMETERS: VT
T —— TP15S
Vac =1
Vir =2
! VT2 VT4 \
TN15S TP15S
R12 1m
in+ _# #_ in- out
VIN VT3 VT1
P15 TN15S
Y VTI3
TN15S
PARAMETERS: V2
R = 50 VT17 5
Ib =2m TN15S
13 ) N Xk vri4 R7 R8 R10
{Ib} TN15S 400 100 200
)
TN158 .

Puc. 7.3. Cxema OY Ha ocHOBe BXOOHOTO Kackana ¢ HenuHeitnon OOC

[Ipumenenne HenuHeitHOM OOC oOecneunBaeT BBIUTPHINI MO OBICT-
poxnencTBuio B 3+4 pasa.
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a) 0)

Puc. 7.4. AMommTyaHO-4acTOTHAs Xapakrtepuctuka OY
¢ 3aMkHyTOM 100%-i1 0OpaTHOI CBSA3BIO (a) U MEPEXOIHBIN MTPOLIECC
Ha BbIxojie OV puc. 7.3 (0)

8. IPAKTUYECKUE CIIOCOBbI BBEAEHUA
OBPATHOM CBS3HU IO CUH®A3ZHOMY CUTHAJTY
B KITACCUYECKHUX KACKOAHbIX
ANOOEPEHIIUAJIBHBIX YCUJIMTEJIAX

Oco0EHHOCTh KJIAaCCHUECKMX KAaCKOMHBIX Y — Hammdme BBIXOIHBIX
Tpan3uctopoB VT1-VT2, koTopbie BBOIATCS B KOJUJIEKTOPHYIO LENb AU]-
(depenuumansHoro kackaga [IK1 ¢ menpio ynydlieHnus 4aCTOTHBIX XapaKTe-
puctuk. Ilogcxema Harpy3ku Al puc. 8.1 ¢opmupyer curdan orpuria-
TEJIbHOW OOpaTHOM CBSI3M, KOTOPBIA MOXET I0JIaBaThCS B OOIIYIO dMUT-
tepHyto uenb K1 (mnmm smurrepsr VI1-VT2 (puc. 8.1a)).

Ecmu B amutrepax VT1-VT2 umerorcst CpaBHUTENBHO HU3KOOMHBIE
CONPOTHUBIICHUS, TO OOpaTHas CBA3b MOXET BBOAUTHCA MO Ienu 0a3bl
VT1-VT2 (puc. 8.16). Otnuuue cxem puc. 8.1a u 8.106 — pa3znbie dha3zoBbie
caBuru cuH(a3zHOro CUrHajia B mojcxeme Harpy3ku Al, dbopmupyroiieit
OTPHULIATENIbHYIO OOpPaTHYIO CBA3b.
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Puc. 8.1. Bapuantsl BBeaeruss OOC no cuH(pa3zHOMY CUTHAITY
B KaCKOJHBIX /1Y

[Ipumepsl moctpoeHust Y, coOTBETCTBYIOMMX (PYHKIMOHAIBHOM
cxeMme puc. 8.1a, npuBeaeHsbl Ha puc. 8.2 u 8.3.

O +
e O
2
VT1 VT2 | V15 . L LVT6
N I/ . ¥ BeIx. 1y Brix. 1;
A Ny O +lhg
To | L || r1 R2 1 Iy Biix.
— —o e
- VT1 T VT2
VT3 VT4 Ry N L
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2 I2 | L
| S| 2
b l‘ Bx2

VT3 VT4
I,=21,
o -

Puc. 8.2. IIpumepsl noctpoenus Y ¢ OOC no sMATTEPHOMN LIETTH
BBIXOJHBIX TpaH3ucTopoB VT1-VT2

B cxemax puc. 8.2—8.3 peanuzyrorcs rail-to-rail BeIXoibl.
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VTS5 C) =l b7l C) VT6

VT3

IIT1

1;=4l, CT}

Puc. 8.3. Kackonnsiii /1Y ¢ apxutektypoit puc. 8.1a

Cxema puc. 8.4 wmmoctpupyeTr BTOopoir crocod BBeneHuss OOC B
KackoJIHbIX JIY — 1o 1enu 6a3bl BHIXOAHBIX TpaH3ucTopoB VI1-VT2.

O +
OF
+Ec2
VT3
Brix.i; Brix.i;
o_
4 +
VTI1 Ea VT2
R1 R2
Bx.1 Bx.2
o—> AV1 «—oO

Puc. 8.4. IIpumep noctpoenus 1Y ¢ OOC
0 1Ienu 0a3bl BEIXOAHBIX TpaH3ucTopoB VT1-VT2

Oco0eHHOCTh PACCMOTPEHHBIX CXEMOTEXHUYECKUX PEIIEHUN — BO3-
MOHOCTb Pa0OTHI MPY HU3KOBOJILTHOM NMUTaHUU. [Ipu cooTBETCTBYIOMIEH
3aMeHe OMMOJISIPHBIX TPAH3UCTOPOB Ha MOJIEBBIE UX MPAKTUYECKAS peaju-
3a1sl BO3MOXKHA B paMKax Si(Ge-TeXmnpoleccoB.
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9. IBYXKACKAJHBIE 1Y C OBPATHOI CBSI3bIO
M0 CUH®A3HOMY CUTHAJY

Hanuuue BToporo xackana (JIK2) B /1Y storo monknacca (puc. 9.1)
NO3BOJIIET C(HOPMUPOBATH HAIPSIKEHUE Uy (TOK icg), MPOIMOPLUOHAIBHOE
BBIXOZIHOMY cuH(pa3HoMy HanpspkeHuto K1, u BBecTH uy (icy) B L€ 00-
paTHOI CBsI3U MO SMUTTEPHOM (puc. 9.1a) nnu kosmektopHo (puc. 9.10)

uenu 1K1 yepe3 noacxemy YT1 (umu Al).
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Bx.1 Bx.2
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LK1 T L e
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o— ——o0
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Puc. 9.1. Cnnoco6s1 BBeneHusa OOC no cuHpa3HOMY CUTHATY
B JIByXKacKaJgHOM JTu(dhepeHInaIbHOM YCUITUTENE

B OV c apxurekrypoii puc. 9.1a nenp OOC oxa3bpIBaeT CylIeCTBEH-
HOE BJIMSIHUE HA CTATUYECKUM PEXUM MO TOKY BXOAHBIX TPAaH3UCTOPOB
BxoaHoro auddepenunansHoro kackaaa JKl1. B cxeme puc. 9.16 OOC
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«HACTpaMBaET» MOJACXeMy Harpy3ku Al (aKTHMBHYIO WJIM NACCHUBHYIO) Ha
crarnyeckuid Tok JIKI1, KOTOpBIN 3aBHUCHUT TOJIBKO OT JBYXIOJIOCHUKA 1.
Anamu3 BmusHua OOC B JIY paccMarpuBaeMbIX IOAKIACCOB Ha Koo
IpUBEAEH B paszaeine 1.

Ha puc. 9.2 npuBenensl npuMepsl MOCTPOEHUS ABYXKAacKaIHbIX 1Y ¢
OOC, kotopasi BBOAUTCS B SMUTTEPHYIO LIETIb BXOAHOTO audPepeHInaib-
Horo kackaaa /IK1. JIocTOMHCTBO JJaHHBIX CXEMOTEXHUYECKUX PEIICHUN —
BBICOKAsl CHMMETPHUS, a Takxke rail-to-rail Beixo.
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Puc. 9.2. JIsyxkackanubie /1Y ¢ onuueit rail-to-rail
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Ecnu BxonHol nmuddepenimanbabiid kackaa Y BbITOIHEH IO cXeMe
C pe3ucTtopoM MmecTHOM oOparHoi cBsizu (R1), To ciaeayeT ucmosb3oBaTh
MoauuunpoBanHble BapuaHTsl opranuzaunu OOC no cuHdazHOMY CuT-
Haiy (puc. 9.3).
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VTS5 <> I3 VT6
o -
0)

Puc. 9.3. Ocobennoctu opranuzauuu OOC 1no cuH}pazHOMy CUTHAITY
B Mo puipoBanubix Y npu R1#0
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B tex cimyuasx, korga B cxeMe Y HCIONB3yeTCA «IEPETHYTHIN
KacKoJ, CJIeIyeT MPUMEHSTh JPYroe NOCTPOEHUE LIeTH CTa0MIN3alluy CTa-
TUYECKOTO PEKUMA, TIOKa3aHHOE Ha puc. 9.4.
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Puc. 9.4. CiocoObl yCTaHOBJIEHUS CTATUYECKOr0 pexuma B Y
Ha OCHOBE «IIEPErHYTOr0 KaCKOJa
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Ha 0a3e paccCMOTpEHHBIX KacKaJOB PpEaJUu3yKTCs OIEpalMOHHbIE
YCUJIUTEIIH, IIPECTABICHHBIE HA pUC. 9.5-9.7.
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CXeMa Ha OCHOBE KJIACCHYCSCKOTO
“HeperHyToro” Kackoaa
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0)

Puc. 9.5. Cxema OV 00111€T0 IPUMEHEHHUS C MOBBIIICHHBIM
KO3 (ppumeHToM ocnadiaeHus CUH(a3HbIX BXOIHBIX CUTHAJIOB (a)
Y pE3yNbTAThl MOAEIUPOBAHUS €T0 Koo (0)
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Puc. 9.6. Cxema OY ¢ noBbIIEHHBIM KO3 (PUITMEHTOM OCIa0IeHUS
CUH(}A3HBIX BXOJHBIX CUTHAJIOB (@) U pe3yJabTaThl €ro MoAearpoBaHus (0)
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Puc. 9.7. Cxema OY ¢ noBbIIEHHBIM KO3 (PUITMEHTOM OCIa0IeHUS

CHUH(A3HBIX BXOJHBIX CUTHAJIOB (@) U pe3yJbTaThl €ro MojeaupoBaHusi (0)

Ecmu Bropoi kackax JIY BBIIIOJHEH Ha OCHOBE apXUTEKTYpPbl KOM-
meMeHTapHoro kackojga wWA741, to OOC no cuHdazHOMY CUTHAITY, CTa-

OMJIM3UPYIOIIAs CTaTUYECKUN PEXUM, MOXKET OBbITh BBEIEHA B COOTBETCT-
BHH C puc. 9.8.
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Puc. 9.8. Cnioco6 Beenenust OOC B JIY ¢ KOMIJIEMEHTapHBIM KaCKOAOM

[TpakTuueckue BapuanThl BBeAeHUs OOC no cuH(pazHOMY CUTHAITY B

KOJUIEKTOPHYIO LIETb BXOJHOIO KacKaza, COOTBETCTBYIOLIME 000OIIEHHOM
cxeme puc. 9.10, mpusenensl Ha puc. 9.9 n 9.10.
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Puc. 9.9. Cnoco6s1 BBenenusa OOC no cuHpa3HOMY CUTHATY
B JIY (VT1-VT2) ¢ cummeTpuyHO# aKTUBHOM (a)

Y pEe3UCTUBHOM (0) Harpy3kamu
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Puc. 9.10. Cxema nuddepenimansaoro ycunurens ¢ OOC
Oco0eHHOCTh MX ITOCTPOCHHS — CO3/TaHKE YCIOBUH ISl OpraHU3aIiH
rail-to-rail BeIxO/1a.

Ha 6a3e apxurektypsl puc. 9.16 Bo3amoxxkHo nocrpoenue Y co cre-
UM nuTadueM (puc. 9.11).
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Puc. 9.11. ®ynkumonaneHas uarerpanus uenu OOC
10 CHH(aA3HOMY CUTHATY U Lilenu ctabunuzaiuu Uy TpPaH3UCTOPOB
BxojHoro kackaga (VT1, VT2)



10. OCOBEHHOCTMU BBEJIEHUSI OGPATHBIX CBA3EN
O CUH®A3HOMY CUTHAJIY
B JIY C APXUTEKTYPOM nA741

Kommnnemenrapusii kackoausii Y (puc. 10.1), BnepBbie npume-
HEHHBIM B ONEpallMOHHOM ycuiutene W 741, obnagaeT psiioM CyliecTBEH-

HBIX MPEUMYIIECTB (110 YaCTOTHOMY JAMAIa3oHy, BXOJHOMY COMNPOTHBJIE-
HUIO U T.II.) B CPAaBHEHUHU C KJIACCUYECKUM MapaliieIbHO-0alaHCHBIM Kac-
KaJgoM.

[Tpu ko3 dunmente nepeaayu no Toky Kjjp; nojacxemsl 11T2, 6au3-
KOM K €IMHUIIE, CTATUYECKUU pexum TpaHzuctopoB Y pwuc. 10.1 ycra-
HAaBJIMBAETCS UCTOYHUKOM OIOPHOIO TOKA /).

Cratnueckue n nuHamudeckue napamerpst Y puc. 10.1 (Uew, Kocco
U JIp.) CYILIECTBEHHO 3aBUCAT OT CBOMCTB TOKOBOro 3epkaina I1T1, kotopoe
IOJDKHO UMeETh Kjjp 1=1. DT0O o1Ha U3 0COOEHHOCTEN CXEMBI C HECUMMET-
PUYHBIM BBIXOJIOM.

KBazucuMmeTpuyHbIi BapyuaHT CTAOMJIM3AIMU CTAaTUYECKOTO PEXU-
Ma J1Y nokazan Ha puc. 10.2.

Ta
(|
N
"
@
W
)W
=
=
@
W
3]

<
o=
i
I
I
I
I
I
I
I
I
|
[
<
o=

BY
VT2

VT3 I VT4
VT4 3
VT3
vrs ¢ VTo6

IT1 A
'Ki12.1
Puc. 10.1. KoMruieMeHTapHbIit Puc. 10.2. Cioco0sI cTabunm3anuu
KAaCKOJ C apxuTeKkTypoul p A741 CTaTUYECKOro pexuma Y

¢ apxutektypon nA741
(HECUMMETPUYHBINA BBIXO/)

B nanHoli cxeme ocnabiisieTcst BIUsiHUE Toka 0a3wl TpaH3uctopa V16
Ha HanpspKeHUe cMeeHus nys Y.
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BapuanTtsl noctpoenus uenei crabmnuzauuu Y npu cummerpuy-
HOM BKJIIOUCHMH HArpy3KH BXOJHOIO Kackaaa AaHbl Ha puc. 10.3. Cum-
METPUYHBIE CXEMBI BCEI/1a UMEIOT 00JIee BBICOKUN YPOBEHB Ko ¢

IIT1
'Ki12.1
Bx.1 ‘ — ‘ Bx.2
VT1 VT2
N b
A N
VT3 I VT4
Brix.1; Brix 1,
o—__| - | __—o©

'\
VTS /j VT6
— |
¢ [ ¢

a)

o +

VT1 VT2

Brix.

VT5s

VTe6

7\

VT7

0)

IIT2

‘ ‘ 'Kill.l

VT6

Brx.

Puc. 10.3. Crioco0bI cTabuam3aiuy craTuaeckoro pexkuma Iy
c apxuTektypoit LW A741 (CHMMETPUYHBIE BBIXO/IbI)

Ha 0aze cxemorexHuueckux pemieHui puc. 10.3 m1ocTaTodHo mpocTo
peanmuzyroTces cxemsbl JIY, umeromue rail-to-rail Berxon.
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11. OBPATHAA CBA3b B 1Y
BE3 TPAH3UCTOPHBIX HCTOYHUKOB
OIIOPHOI'O TOKA

Jlns paciivpeHus Auana3oHa U3MEHEHUsI BXOJAHBIX CUH(A3HBIX CHUT-
HaAJOB U, 1I€Ib CTAOMJIM3AIMU CTaTUCTUYECKOTO pexxkuma JIY 1eneco-
00pa3HO BBHIMIOIHATH B BUJE PE3UCTOPA, TaK KaK OUIOJSAPHBIA TPAH3UCTOP
B MCTOYHHUKE OMOPHOIr0 TOKa CyXaeT U, m.x Ha 0,7 B.

B sTom ciydae 3¢ dexkTrBHOE 3HAUEHHE BBIXOJHON MPOBOJIUMOCTH
MOXET OBITh YJIY4YIIEHO 3a CYET OTPHUIATEIbHOW OOpaTHOM CBS3H

(puc. 11.1).
Ri m VTS5

BbIX.i1 iss i s BbiX.io

Bxi1 JVT1 | VT2 VT3 VT4 | pyeo

1‘101 L i32 i33 i _ uci
i R2 m | ire o4

a)
° o +
R3 VT6
BbIX.iq BblIX.ip
Bx. 1 VT1 VT2 VT3 VT4 Bx 2
l ]

[ iR2 l|;| R2 isa
O-

0)

Puc. 11.1. 1Y ¢ HU3KOBOJIbTHBIM IIUTaHUEM
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B cxeme puc. 11.1a a¢gdexktrBHOE 3HaUEHUE TPOBOJUMOCTH B 0OLIEH
AIEKTPUYECKON LIENMN YMEHBIIAETCS A0 YPOBHS

)2

Vaop @7

rae =R, ! ;
B — KOO(HIMEHT ycHIIeH s 110 TOKY 0a3bl Tpanzucropa VT3,
AHanorn4so g cxemsl puc. 11.16

_ W
y2.3c1) - R1°
442—
R4

B nenom, naHHbIE CXEMOTEXHUYECKHUE PEILIEHMS] MOBBIIAIOT Ko oy 00-
JIee YeM Ha MOPSIIOK.

12. CIIOCOBbI HOCTPOEHUA .
JANODOEPEHIIMAJ/IBHBIX YCUJIUTEJIEN
C HAPA®A3ZHBIM BbIXOAOM

[Ipumenenune nud@epeHnanb-HOro BhIX0Ja B YCHIIMTEIbHBIX KacKa-
JaxX MO3BOJSIET CHU3UTh BIMSHUE CUH(A3HBIX ITOMEX, YMEHBIIUTh YPOBEHb
BTOPOW TapPMOHHUKH B CIIEKTPE BBIXOJHOI'O CUTHAJIA, B JIBA pa3a YBEIUYUTh
MaKCUMAJIbHYI0 aMIUIUTYAY BBIXOJHOIO HANpPSIKEHUs, CHU3UTHh 3(P(DEKT
«Tposie3aHus» MU(GPOBBIX CUTHAIOB 4Yepe3 MOJJIOKKY B aHaJoro-uudpo-
BbIX MuKpocxemax CBY-nuamnazona. [losToMy 3a/1ada mpoeKTUpOBaHUS Ta-
kux OV sBiseTcs JOCTATOYHO AKTyalIbHOM.

XapakTepHol 0COOEHHOCThIO yCHIIMTENe 0e3 0OpaTHOM CBs3U C Ma-
pada3HbIM BBIXOJIOM M BBICOKHM KO3((UIIMEHTOM YCUJIEHUS O HampsKe-
HUIO SIBJISIETCS HAJIMYME B CXEME BBICOKOOMHOIO y371a, 00pa30BaHHOTO JIBY-
Msl aKTUBHBIMHU «IIPOTUBOOOPCTBYIOIIMMMUY» UCTOYHUKAMU TOKA, HAIIPUMED
KOJUIEKTOPOM TPAH3HUCTOpPa BXOAHOTO J[Y M KOJJIEKTOPOM TpPaH3UCTOpa aK-
TUBHOM Harpy3ku. YToObl Bce TpaH3UCTOPHI B cxeMe OY HaXOoauiInch B aK-
TUBHOM PEKHUME IPU U3MEHEHHH TEMIIEPATyphbl U apaMeTPOB TEXHOJIOTHU-
YECKOT0 MPOIECCa, B CXEMY BBOJAT OOPATHYIO CBSI3b MO CHH(A3HOMY CHI-
HaJly, KOTOpasi «BBIPABHUBAET» TOKU KOJUIEKTOPOB 3THX TPAH3UCTOPOB, UTO
oOecreuynBaeT CTaOUITbHBIN CTATUYECKUN PEKUM.

Hu3koBoJbTHBIA AU(PPEepeHIHAIBHBIA YCHJIUTENb € IBYXKa-
HAJIBHOW OTPHULATEJIbHON O0PATHOM CBSI3bI0O MO CUH(PA3ZHOMY CUIHAJIY.
B kaudectBe ycunureneil ¢ mapada3sHbIM BBIXOJOM MPUMEHSIOT Kiaccuye-
ckue nu@QepeHInanbHble KacKaabl C OTPUIATEIbHON 00paTHOM CBA3BIO MO
cuHpaznomy cur"ainy (OOC, puc. 12.1), koTopble CTaJlMi OCHOBOW MHOTHX
CEPUIHBIX aHAJIOTOBBIX MUKPOCXEM CUCTEM CBSI3U U TEJIEKOMMYHHUKALUH.
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Puc. 12.1. Knaccuueckuii JIY ¢ nmapadaszabsim BbeixojgoM u OOC

B mocnegnue roaer Y manHOro kiacca ctanm 0ojiee aKTUBHO HC-
noyib30BaTtbcsi B CcTpykrype CBU-ycTpoiicTB, peann3oBaHHBIX Ha 0aze
SiGe-TexHosoruii. 3TO CBSI3aHO C BO3MOXXHOCTBIO MOCTPOEHUS Ha UX OC-
HOB€ akTUBHBIX RC-QuiabTpoB rurarepueBoro AuanazoHa JJii COBPEMEH-
HBIX M MEPCIEKTUBHBIX CUCTEM Mepenaur uHpopmanuu. B 3HaunTenbHOM
CTENEHU 3TOMY CHOCOOCTBYET MPOCTOTA YCTAHOBJICHHSI CTATUYECKOIO pe-
xuma 1Y ¢ OOC npu Hu3koBoiabTHOM nurtanuu (1,2+2,1) B, koTopoe xa-
pakrepHo it SiGe-TpaH3ucTopoB ¢ npeneabHbiMu yactoramu 20+200 I'T.

CymectBennsii HegocTaTok Y puc. 12.1 cocTouT B TOM, 4TO IpH
HU3KOBOJIBTHOM MUTAHUKM OH UMEET HEOONbIIONW AUana3oH U3MEHEHUs BbI-
XOIHOTO HANPsKEHUSA Upnay. U1t moBeieHUss Uy, TOKa3aHA NEPCIIEKTUB-
Hag apxutektypa Y (puc. 12.2).

Cratnyeckuil pexuMm 10 TOKY npemiaraeMoro Y ¢ nByXkaHaJIbHOU
OOC ycranaBIMBaeTcs ABYXITOJIOCHUKAMU /| U [, a TAK’K€ CPABHUTEIIBHO
HA3KOOMHBIMU pe3nuctopamu R6 u R7:

I sRg = (g + gy + Igs)R;,
Li=1,, IL=I,
Ips <<l =1y,.

CpaBHUTENBHO BHICOKOOMHBIE pe3ucTopbl R3, R4, R5 obecneunBator
HEOOJIBIION TOK LN cMenieHus: 0as3wl Tpanzuctopa VTS. [lpu stom miis
YBEJIMYECHUS MANla30HA W3MEHEHUS BBIXOJHOTO HAINPSKEHUS YCHIIATENS
pexomenayercs Beioupars Uy, =100 +200 MB.
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Puc. 12.2. Cxema 1Y ¢ npyxkanaisHOM OOC

B cxeme puc. 12.2 cymecTBeHHbIE HEJIMHENHBIE HCKAKEHUSI CUTHANIA
HE BO3HHUKAIOT, €CJIM CTAaTUYECKOE HAIPsHKEHHE KOJUIEKTOp-0a3a TpaH3H-
ctopoB VT3 u VT4 Gosbliie uiam paBHO CTaTUYECKUM HANPSKEHHUSIM Ha pe-
3ucropax R1 u R2. 310 no3BosiseT COCTaBUTh CIEAYIONIYIO CUCTEMY ypaB-
HEHUM JIJIs1 TOTEHIIUATBHBIX KOOPAUHAT
Upy +Uri +Usg3 ¥ Uges = Eqy + £y
VYuuteiBast, 4TO JOIKHO ObITh U (4 =Upg,, U3 (4.1) HaxoouM onTH-

MaJIbHOC 3HAYCHUC HAIIPSIKCHUS Ukr::
R1 ™ .
2
Ecm Uy, =100 MB, E, =E , =15 B, T0 Uy, =11 B.
Takum 06p2130M, B paCCManHBaCMOﬁ CXEMC MaKCuMaJbHas1 aMIIJIN-
Tyaa I[I/I(l)(l)epeHHI/IaHBHOFO BBIXOJIHOTO CHTHaJia cocTaBisier U max — 2,2 B

npu 3 B nuranuu. B ucxognou cxeme ycunurensa U, =1,6 B.

Ecnmu nanpspkenune £, =FE , =1,2 B, 1o Bemrpbi 1no Upa, Takxke

cocrasiser AU =1,6—-18 =0,6B.

Ha puc. 12.3 nokazana cxema /Y c¢ nByxkananeHoii OOC B cpene
KOMIILIOTEPHOT0 MojieiMpoBanusi PSpice Ha MoAesIX MHTErpaJIbHBIX TPaH-
sucrtopoB OI'YII HIIII «Ilynbcap», a Ha puc. 12.4 — 3aBUCUMOCTD €r0 BbI-
xoaHoro (AuddepeHnanIbHOr0) HaPsHKEHUST OT BXOJHOTO HAIIPSDKEHUS.
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NEWvin+ VT9 VT NEWvin-
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NEWvout1 NEWvout2

V6 0
1Vac
0vdc

Tk Y l % vri2
™issl A N T Niss PARAMETERS:
res = 2.6k
cur = 380u
res2 = 50

R7 RS
(res?}% (resZ)% -1,5V
Vee

Puc. 12.3. Cxema moaudunupoBansoro 1y
B CpeJie KOMIIbIOTEPHOrO MoaeupoBanust PSpice

4

Uses (B)

2.33

14
04— ___>
-14

-2.33

3.3 4 0 A 33 Us, (MB)

Puc. 12.4. AmMmumnrygnas xapakrepuctuka 1Y ¢ asyxkananbHort OOC
IIpU ONTUMAJIBLHOM BBIOOPE MapaMETPOB FJIEMEHTOB

AHanu3 XapakTEepUCTUK IMOKA3bIBAET, YTO MOAUPUIIUpOoBaHHBIN Y
umeeT Ha 0,6-0,7 B 001b111y10 MaKCUMAJIbHYIO aMIUTATYAY BBIXOJHOTO Ha-
NpSKEHUA. JTO BEChbMa CYIIECTBEHHO JUIsi HU3KOBOJBTHBIX (1,2+1,5 B)
AHAJIOTOBBIX MUKPOCXEM.

MyabTHBBIXOAHON AU PepeHInaANbHbIN YCHINTEIb ¢ HeJTUHEeH-
HOI OTpHIATEJILHOM 00paTHOI CcBsA3bIO. Hibke paccmarpuBaercs penie-
HUE TMpOOJIEMbl MOCTPOCHUS MYJIBTUBBIXOJHOTO UM PEepeHIInanbHOrO
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yCUIIUTENS (MMEIOIIEro EeCTh BBIXOJO0B, pUC. 12.5) ¢ IIMPOKUM CHEKTPOM
TEXHUYECKUX XapaKTEPUCTUK U YBEJIMYECHHBIM MaKCHUMaJIbHbIM YPOBHEM
BBIXOTHOTO TOKA J{Y ([ max) IPY HU3KOM COOCTBEHHOM TOKOIOTPEOJICHUU
B CTATUYECKOM pPEXKUME.
Paccmorpum pabory Y puc. 12.5. CtaTudeckuil pexuM IO TOKY
CXEMBI YCTAaHABJIMBACTCS NBYXNOMIOCHUKaMu 11 u 12:
I, =1s+1=1 +1,=const,
Iy =1gys 1y = Iy,
Upi =1piRy, Upy = Igs R, .

O+

x50 & Borx,
© @ 2
o

Brix 1

VT1 VT2 —O +—O Brix.2
Bx.1 Bx.2
] [Je
v
v ip AI‘I} O Bex3
—————O Brx4
o
A
IKS; i IK5 IR2
IIT1 v I1T2
| I B B I -1
: VT35 : : VTé6 :
I b >‘7 I
I i I
I VD1 XZ 1 VDZEZ I
I 11 I
| +t t O
I 11 I

Puc. 12.5. bazoBas cxema MyJIbTUBBIXOAHOTO 1Y

JIns TToay4eHus: MaKCUMaIbHOTO THAa30HA U3MEHEHHUS BBIXOIHOTO

nuddepeHanbHOTO HAMPSHKEHUS HEOOXO0AUMO BhIOMPATh
Uiz ®Ur15Uiss = Ugs-

[Ipn mONOXKUTETLHOM NPUPALICHUN HANPsHKEHUS HA BXone Bx.1 ot-
HOCHUTENBHO BxoAa Bx.2 Tok uepe3 pesuctop R2 yBenumuunBaercs, a dyepes
pesucrop R1 ymenbmaercs. OgHako X CyMMa OCTAETCA IMOCTOSTHHOM
(1, =1y, + 1z, =const). BreixonHoe HanpsbkeHue Ha Kosulektope VT1
YMEHBIIAETCA Ha BEJIUYUHY U], 4 HA KoJulekTope VT2 — yBennunBaercsa Ha
u, =u;. Ilpu 3TOM INpHpalleHUs T TOKOB HAa BXOJIaxX IIOBTOPUTEIEHU TOKA
IIT1 n IIT2
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rae u; = K, u

BX ?

yl
uz =K 2“

BX ?

y
Ky =K, =K, — cooTBeTCTBYyIONHEC KOIPDUINECHTHI YCHICHHUS IO

HanpspKeHUto co Bxo1oB /Y Ha 6a3e1 VT3, VT4.
ITpuuém

K, ~B3RSpy = B4R, Spy >>1,

rae PB;, — KodQGUUMEHT YCUIIEHUs 1O TOKY 0asbl TpaH3uCTOpoB VT3 u

VT4;
l l
Sy — KpyTH3HA BXOJHOTO Kackaza (S = < = £2.),
uBX uBX
IToaTtomy
_ u
IR1 = Ky == B3S)1Yu13x’
R,
0 =K, =S
IR1 = y - B3 llyqu ’

1

o Z/tBX
IRy = Ky = B4S)1y“3x-
R,
JIaHHBIE TOKHU CO3JA0T HA BXOAHBIX COMPOTUBJICHUSAX TOKOBBIX 3€pPKal
IIT1 u IIT2 nanpspkeHus1, KOTOPBIE BBIAETSAIOTCS HA BbIxoax Brix.3 n Brix.4

Y TIEpEIatoTCs CIEAYIONIeMY Kackaay (HanpuMep, Kak Ha puc. 12.6, 12.7).

O +En
_I&LA
A
L L Brix.5

£

® @ A -
|\1

Brix

Puc. 12.6. IlepBblii ipuMep MOCTPOEHUSI BBIXOJIHOTO Kackaja rail-to-rail
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Ha puc. 12.6 nokazana cxema 1Y ¢ dynkiuei rail-to-rail, y kotopo-
ro BbixogHbie d5eMeHThl [1T3 u VT7 cBg3aHbl ¢ COOTBETCTBYIOIIUMU BBI-
xo0/1aMu 0a30BOM cxemsl (puc. 12.5).

O+E,
®" ®°
Kipp
A
y
VT3 VT4
Brix.
+——o0
VT9
V
Ny
O - En»

Puc. 12.7. Bropoit npumMep OCTPOEHUS BBIXOJHOTO KacKaaa
¢ omiuen rail-to-rail

Ilokazannas Ha puc. 12.7 cxema WUIHOCTPUPYET APYrod BApHAHT
MMOJAKIIOYEHUS BRIXOAHBIX dieMeHnToB VI8, VT9, I1T4, obecnneunBaronimx
noctpoenue rail-to-rail kackana.

3aMeTHhM, 4TO MPHU BBICOKOOMHOW Harpyske Y puc. 12.5 Toku BBI-
x010B BbIx.5 u BeIX.6 nmponopuuoHasbHbl BXOAHOMY HAIIPSHKEHUIO:

Ly =l = Ky % ~ B3S)1y“3x )
1
Z/tBX
YR,
DTO MO3BOJISET MOJYYUTh HA JIAHHBIX BBIXOJIaX MPOTUBO(A3HBIC CUT-
HaJlbl, KOTOPbIE MOT'YT CHUMAThCS U MEPEAaBaThCs CIEAYIOLIEMY KAacKaay
(puc. 12.8). Cnenyer 3aMeTuTh, 4YTO BBIXOJ BbIX.5 mpoTuBOo(da3zeH BbIXO1Y
Brix.4 u cundazen Bbixoay Brix.3. B aHamornussix (pa3oBbIX COOTHOIIE-
HUSIX HaxodaTcs Beixodsl Beix.6, Beix.4, Brix.3.

hg =lgy =K ~ By vy
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IIT6

'K112

Puc. 12.8. Cxema /1Y ¢ nenmuneinoit OOC (nva VT10, VT11)

B cxeme puc. 12.8 BBoauTCS HelMHEWHAsE oOpaTHast CBs3b (3J€MEH-

tamu VT10, VT11), uro mo3BosiieT noiny4uTh Ha Bbixojae BriX.7 cpaBHU-
TEJbHO OOJBIINE TOKH B Harpy3Ke NpH CTaOMIBHOM CKBO3HOM TOKE BbI-
XOJIHOTO Kackaja. JTo mokazaHo MojenupoBanueM J[Y B cpene PSpice
(puc. 12.9, 12.10).
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Puc. 12.9. Cxema 1Y puc. 12.8
B CpeJie KOMIIbIOTEPHOrO MoaempoBanust PSpice

63



[Ipoxonnas xapakrepuctuka puc. 12.10 nokassiBaer, uro 6e3 VT10,
VTI11 makcuMaiibHbIN BBIXOAHOU TOK JIY ompenensercss CTaTU4eCKUM pe-
KAMOM BBIXOJHBIX TPAH3UCTOPOB, @ 3TOT PEXKUM XapaKTEPU3YETCA JOCTa-
TOYHO BBICOKOM CTaOWJIBHOCTBIO, KOTOpas, Onarojaps 30HE HEUYyBCTBU-
TesbHOCTH XapakTepucTtuk VT10 u VT11, 3aBUCUT OT TOKOB ABYXIIOJIOC-
HUKoB /1 u [, .

Al MA
Hosas cxema BBLX>

/ 20

AY 6e3 VT10u VT11

T T T T T T T T >
-400 -300 -200 -100 0 100 200 300 400 u,;, MB

Puc. 12.10. IlpoxoaHbie XapakKTEPUCTUKN CpaBHUBAEMBIX (Y

B vactHoM ciyuae (puc. 12.11) B kauecTBE OCHOBHBIX MPOTUBOGA3-
HBIX TOTEHIMAJIBHBIX BBIXOJIOB MOTYT HCHOJIb30BAThCS BXOJIbI MEPBOTO
IIT1 u(umm) Broporo I1T2 TokoBbIX 3epkai (puc. 12.5).
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Puc. 12.11. Tperuii cnocod nMocTpoeHuUs BEIXOJJHOT'O Kackaja
¢ yukuuei rail-to-rail
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B apyrom yacTHOM citydae poJib BCIIOMOraTelIbHBIX TPOTUBO(A3HbBIX
MOTCHIUAIBHBIX BBIXOJOB BBITOJIHAIOT 3MUTTEPHl VI3 u VT4 BbIXOIHBIX
TpaH3ucTopoB (puc. 12.5). B xkauecTBe nepBoil rpynmbl TONOJIHUTEIBHBIX
MPOTUBO(A3HBIX BBIXOJIOB MOTYT TaKyK€ MCIOJIb30BaThCS KOJJIEKTOP Tep-
BOI'0 BBIXOZHOTO TpaH3ucTtopa VT3 m BXoA BTOPOro TOKOBOTO 3€pKaia
IIT2 (puc. 12.5). B kadecTtBe BTOPOIl IpyNIbl JONOJHUTEIBHBIX MPOTHUBO-
(ha3HBIX BBIXOJIOB MOTYT TNPUMEHATHCA KOJUIEKTOP BTOPOTO BBIXOJHOIO
Tpanzucropa VT4 u Bxon nepBoro TokoBoro 3epkana [1T1 (puc. 12.5) u 1.1.

[TomydeHHbIE BBIIIE BBIBOABI MOATBEPKIAIOTCA PE3YIbTaTAMU MOJE-
mupoBanus Y puc. 12.9 B cpeae PSpice — MakcUMalIbHBINA BBIXOJAHOM TOK
nanHoro VY (puc. 12.10) B HECKOIBKO JECATKOB pa3 MPEBBIIIAET MAKCH-
MaJIbHBIMA BBIXOJHOM TOK KJIaCCHYECKHX J[Y M COOTBETCTBYIONIIMK CTaTHYE-
CKUM TOK BBIXOJHBIX TPAaH3UCTOPOB. TakoM PEXKUM XapaKTEpPeH i1 yCH-
nurenen kiacca AB. Pacmmpenue nuana3zoHa M3MEHEHHUS BBIXOJHBIX TO-
koB /Y 0Oe3 yBennueHus sHEpronoTpeOaeHrs B CTATUYECKOM PEKUME T10-
3BOJIIET YBEIUYUTh OBICTPOACICTBUE PA3IMYHBIX aHAJOTOBBIX YCTPOWCTB,
paboTaromux Ha EMKOCTHYIO Harpy3ky. Kpome storo, cxema puc. 12.8 xa-
PAKTEPU3YETCS MPENEIIPHO BO3MOKHBIMU 3HAYCHUSIMH JIMAIA30HA U3MEHE-
HUSI BBIXOJTHOTO HANPSDKEHUS (OT IIMHBI MMTAHUS O IIUHBI TUTAHUs), YTO
XapakTEepHO JIJIsl yCUIuTeNen kiacca rail-to-rail.

Cnoco0b1 opranuzanuu napadgassbix Bbixoa0B B OY Ha ocHOBe
«IEePEerHyThIX» KaCKOAOB. B COBpPEMEHHON TEXHHUKE INPOCKTUPOBAHUS
aHaJIOrOBBIX MHTEP(ENCOB Ha 0a3e ONEPaAllMOHHBIX YCUJIIUTENCH IMIHPOKOE
PacCIpOCTPAHEHUE MOJYUUIIN CXEMBI TaK HAa3bIBAEMBIX «IIEPETHYTHIX» KacC-
KoJHbIX auddepenunansubix yeunurenen (KIAY) puc. 12.12. Ha ux ocHo-
Be BbINOJHEHO Ooiiee 20 cepuiinbix OV, BBITYCKAaEMBbIX KaK 3apyOeKHBIMU
(HA2520, HA5190, AD797, AD8631, AD8632, OP90 u np.), Tak u poc-
cutickumu (154Y 13 u ap.) MUKPO3JIEKTPOHHBIMUA (PUpMaMHu.

Onna u3 3ama4, KOTOpYI Tpebyercst pemarh ¢ nomoinbio KV, —
CO3JJaHME HAa UX OCHOBE YCUJIUTENEH ¢ IBYMsI HU3KOOMHBIMH MPOTUBO(A3-
HBIMU BBIXOJIaMHU, COTJIACOBAHHBIMU C OOIEd HIMHONH MCTOYHUKOB IHUTAa-
HUs. YCWINTENIM ¢ TakuM napada3sHbiM BbIXojioM (puc. 12.12), Hapsay c
kiaccuueckumu OV, 00pa3yloT OCHOBY JJIsl IPOCKTUPOBAHUSI AKTHUBHBIX
(uIbTPOB, ApailBepOB JIMHUN CBSI3U, IPeoOpa3zoBaresell 0JTHOrO0 BXOJIHOTO
HaIpsDKEHUs B JIBa NPOTUBO(A3HbIX curHaia u T.4. [Ipm 3ToM Bo Bcex
ATUX CIy4YasX IS MOJYYEHHS IMIMPOKOTO JUHAMUYECKOTO AUAIla3oHa IIPpU
MaJIbIX HAaIpPSKEHUSX MUTAHUSI HEOOXOJMMO UMETh HYJIEBOU (MJIM JPYroiu
3a/IaHHBIN ) CTATUYECKUN MOTEHIHAI Ha apada3HbIX BIXOaX.

Cnenyetr ormeTutsb, 4to J1s kiaccuueckoro KV puc. 12.12 xapak-
TE€PHBI MPOTHUBOPEUYUBBIC TPEOOBAaHUS K IMapaMeTpaM 3JIEMEHTOB CXEMBI,
MpU KOTOPBIX OOECIEUMBACTCS BBICOKUM KOA(DPUIUEHT YCHICHUS I10
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HaIpPsLKEHUIO Ky U 3aJaHHBIA YPOBEHDb BBIXOAHBIX CTaTUYCCKUX HAIIpsKe-
HUW, KOTOPBIE JOJKHBI ObITh «IIPUBA3AHBD) K MOTEHIHUATY OOILIEH HIMHBI
VMCTOYHHUKOB ITUTAHUS.
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Puc. 12.12. Knaccuueckuiit K1Y ¢ napadazHbiM BBIXOI0M

JeNCTBUTEIILHO, U1 MOBBIIEHUA Ky B KAYECTBE IBYXIIOJIOCHUKOB /|
U I, HEOOXOAMMO HUCIOJIB30BATh UCTOYHUKHM OMOPHOTO TOKA, YTO B TO XK€
BpEMS MIPUBOJUT K HEOMPEACIEHHOCTA CTATHUYECKUX MOTCHUUAIOB UgyTs,
Usvrs (nn1 moteHuanoB U,yrs 1 Usyry HA BBIXOAAX AIMUTTEPHBIX TTOBTOPH-
TEJIEW, KOTOPBIC BKJIIOUAIOTCS IJISI COIVIACOBAHUS CXEMbI C HU3KHMH CO-
MPOTUBJICHUSAMU Harpy3ku). CylIeCTBEHHbI HEAOCTATOK KJIACCHUYECKOTO
Y (puc. 12.12) cocToUT B TOM, 4TO IIPH BHICOKOM KOA(DPUIIUEHTE yCUJIe-
HUS 110 HAIPSDKEHUIO CTATMYECKUM MOTEHIMAN €ro napada3HbIX BBIXO0B
HeCcTaOWIeH, 4TO cO3/1a€T mpoOeMbl ¢ corjiacoBaHueM BbixoqoB KIIY ¢
HArpy3KOu.

B cxeme K/1Y puc. 12.13 co3narorcs ycioBus, IPU KOTOPBIX BBIXOM-
Hble crarndeckue HanpsokeHuss KIY ycranaBiamBaroTcs Ha 3aJlaHHOM, B
TOM YUCJIE HYJIEBOM, YPOBHE.

Cratnyeckuil pekuM 10 TOKY TPaH3UCTOPOB cxeMbl puc. 12.13a yc-
TAHABJIMBACTCS ABYXIIOJIOCHUKAMU [, U [4, a TaKXKe 3a CYET COOTBETCT-
BYIOIIIETO BHIOOpA HANPSKEHHUS UCTOYHUKA CMEIICHUs E.; U COMpPOTHUBJIE-
HHM JBYXITOMOCHUKOB R1, R2, R3.

YpoBenb crarnueckux HanpspkeHut KAY Ugyrs u Ugyry oTiimdaercs
OT noTreHnuana oomei muuel Ha +0,7 B. [loaToMy 1ipy BBEJICHUU SMUT-
TepHbIX mnoBroputeneit OIIl u OII2 (puc. 12.13a) HampsbkeHue Ha
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BBIXOAAX Ugpxnm U Uk OYZIET OJU3KO0 K HYJIIO, UTO SIBJISIETCS. HE00XO0-
JTMMBIM yCJIOBUEM JIJI1 BBEJCHUS OOpATHBIX CBSA3EH Ha MOCTOSSHHOM TOKE U
MOJTYYEeHUSI MAKCUMaIbHOTO TMHAMUYECKOTO JUara3oHa.

,,,,,,,

O +
R1 m R2|j R3 ﬁ]
o——¢ +———o
VT1 VTZK‘ \»)VB VT4
N : b
S
] +Ecl [
v
(o]
- ___| °m2
R4 VT6 RS V17, |
K — SO
N — TN I
?UGVTS Usyrr i | |
: ‘—:—OBLIX.Z
JR - |
|
|
|
|
|

R1

,,,,,,,,,

R3

o +

Bx.i2

VD1 Y/

Brx.1 o—

UBI)IX.l A[ Il @

@

VD2 Y/

+——o Bmx.2

I4 @ UBI)D(.Z 1
o -

0)

Puc. 12.13. bazoBsie cxembl MmoauduimrpoBanHoro Ky

Ha puc. 12.14 uzobpaxxena mogupunmpoBannas cxema KJY, ¢pyHk-
LMOHAJIBHO UHTETPUPOBAHHAS C BXOJIHBIM AU (epeHIUATBHBIM KaCKaI0M

(VT5, VT6).
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Puc. 12.14. Kackoansiii JIY ¢ mapada3HbiM BBIX010M

OcobeHHOCTh cxembl puc. 12.14 cocTOUT B TOM, YTO 37€Ch BBIXOJ-
Hble cTaTHdeckue HampsikeHUs! Upyxy U Upyxo PaBHBI BXOJHOMY cUH(pa3-
HOMY HamnpsDKEHUIO MapajuiesibHo-OanmancHoro kackaaa (VTS, VT6, I).
Cxema puc. 12.14 umeer noBbIIEHHBIN KOAQPUIIMEHT OclIabaeHus: BXO-
HBIX CUH(A3HBIX CUTHAJIOB.

Ha puc. 12.15 nokazana cxema KJIY puc. 12.14 B cpene kommblo-
TepHoro mojaemupoBanus PSpice.

1"
R1£ 3m C) RZL R3L
5003 5003 5003
Vi —
10 T
N viz_ L )JJ. VI3 ek via
A TP158 LA N_T TP158 N_T TP15S
=0
PARAMETERS: I‘} VTS v2 ==
fes = 1000 N P58 10 T
TN15S  TN15S
R4 RS
{res} {res}
in2 A K_:’I: Var: M
TN15S
out1 out2 12
- R0
14 I5 0
3m C) 2m C) 2m C)
Vee

Puc. 12.15. Cxema K1Y puc. 12.14
B CpeJie KOMIIbIOTEPHOrO MoaemupoBanust PSpice
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Hns mpenmaraemoro KIY puc. 12.15 na puc. 12.16—-12.18 npusene-
HBI aMIUIUTYTHO-4aCTOTHBIE XapaKTePUCTUKU KO PUIIMEHTa YCUIICHUS 110
HanpspkeHuto K, (puc. 12.16), BXOAHOTO CONPOTUBIICHUS JIJIs1 CUH(A3HOTO

curHasia (puc. 12.17) u BXogHoro audQepeHInanTbHOro CONPOTUBIICHUS
(puc. 12.18).

4 Kll) (HB)
48 res=7 kKOM -3 nb, =8 MI'u
44
0 res=1 kOMm
20
. f, (C)_
100 10-10° 1-10° 1.2-10°

Puc. 12.16. AMIIIUTYAHO-4aCTOTHBIE XapaKTEPUCTUKHU
ko3¢ durmenta ycusenus no Hanpsbkenuro KJIY puc. 12.15 (res=R3=R4)

A R, (kOm)
41 res=1+7 kxOm
-3 n1b, R=301 xkOm
250 -
125 - -3 1B, R=1 kOm
0 : \ £ ')
100 1-10° 188-10° 100-10°

Puc. 12.17. BxonHoe conpoTtusiienne Juist cuHgasHoro curnana KJ[Y
puc. 12.15
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4 Ry, (xOMm)
res=1+7 kOm

-3 1b, R=1.4 xOm

f, ()
5-10°

100 1-10° 27-10°

Puc. 12.18. Bxonnoe muddepenunansaoe conporupienne KY
puc. 12.15

Cxema puc. 12.19 coBnamaer co cxemon puc. 12.14. Ognako 31€ech
tpan3uctopel VI1, VT2, VI3 u VT4 — nonessle, peasinzyemsbie (B 4acT-
HOM CJIy4ae Tak e, KaK U ApyTrHe 3JeMeHTbl) 1o Texmnpoueccy SGB25VD.

o +
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Bx.j; o——4 +———O Bx.i»
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VT3 }—/ +E1N—1 VT4
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1 |/ 1
| I\A |

L
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)

Puc. 12.19. IlpunmunuanbHas cxema KJ[Y Ha 6a3ze mosieBbIX TPaH3UCTOPOB

Cxema Ha puc. 12.20 cootBerctByeT puc. 12.19 B cpene Cadence Ha
Mozensax narerpaibabix CBY-tpansucropoB Texnonornn SGB25VD.
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Puc. 12.20. Cxema K1Y puc. 12.19
B Cpelie KOMIbIOTEpHOro MoenrpoBanus Cadence

Ha pwuc. 12.21 npencraBneHa aMIIMTyAHO-4aCTOTHAs XapaKTEpH-
CTUKa KO3 (ULIMEHTA YCUIIEHUS 110 HAPsHKEHUIO cxeMbl puc. 12.20,

A K. (1B

15

104 -3 b, =504 MI'nt

-10¢
£, (L'm)
—

-15 } } } } } t t t
10! 10° 10° 107 2-10°

Puc. 12.21. AMmmuTyaHO-4acTOTHAs XapaKTEPUCTUKA
Ko3(ppuimeHTa ycuiaeHus no HanpsLKeHuro cxembl puc. 12.20

IIpuBenénnbie pe3ynpTarel MoAenupoBaHus npemraraemoro KJY ¢
napada3HbIM BBIXOJOM IOKAa3bIBAIOT, YTO B JIAHHOM CXEME€ pa3peuaroTcs
TEXHAYECKHUE MMPOTUBOPEUHNS, XapaKTEPHbIE 1S Kiaccuueckoro KIY.

CpaBHeHHMEe 4YACTOTHBIX XAPaKTePpUCTHK v depeHnaIbHbIX
OY Ha moJsieBbIX U OMNOJASAPHBIX TpaHu3ucropax. Ha puc. 12.22 nmpuse-
JI€HBI MEPCIIEKTUBHBIE ApXUTEKTYPhI MOTHOCTHIO AU depeHunanibubix OY
C MUHUMAJILHOM AJIEKTPUUECKOMN JUTMHOM, UMEroIre mapada3Hblid BIXO/I.
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100/0.13 8X 39X VT2
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50/0.13 VTS

Tt

1,25MA

Puc. 12.22. IlepcniexktrBHBIE cXeMBI OY ¢ MUHUMAJIBHOW JIEKTPUYECKOU
nmHoM B 6asuce 0,13 Mxm buKMOII (a) u komMIiieMeHTapHOT O
ounonsipHoro (6) SiGe TEXHOJIOrMYECKHUX MPOIECCOB

Llenb 0OpaTHOI CBSI3U MO CUH(A3HOMY CUTHAIy B 3THX CXEMax BbI-
MOJTHEHAa Ha OCHOBE MaciiTabupyromiero TokoBoro 3epkana VT3, VT6
(puc. 12.22a), VT4, VT9 (puc. 12.220).

KommiiemeHTapHbIi OnepaloOHHbIA yCUIUTENb puc. 12.226 coctout
u3 nudpepeHInanbHOro BXOJHOro Kackasa Ha n-p-n tpansucropax (V13
n VT6) ¢ akTUBHOW HArpy3koil Ha p-n-p Tpansucropax (VT2, VTS). Iloxa-
cxema OOpaTHOW CBA3M MO CHMH(A3HOMY CUTHAIY BBINOJHEHA Ha TPaH3U-
cropax V19, VT4. Beixoansie nmoBroputenu HanpsokeHus VI8 m VTI11
o0ecrneuynBal0T HU3KOE BBIXOJHOE COMPOTHUBJIICHHUE W COOTBETCTBYIOIIEE
cTaTU4ecKkoe HampsbkeHue (2 B) st ynpaBieHus BXOAHBIM KacKalIoM II0-
cineayromiero OY. Kommnemenrapusii OY (puc. 12.226) umeer MHUHU-
MaJIbHO BO3MOYKHYIO 3JIEKTPUYECKYIO IITMHY, a KO3((UIMEHT YCUIICHUS Ha
MIOCTOSIHHOM TOKE 0€3 OOpaTHOM CBSI3M IOJIy4YaeTCsi CPAaBHUTEIBHO OO0JIb-
muM OJlaroiapsi BBICOKOMY BBIXOJIHOMY CONPOTHBJIEHUIO aKTHBHBIX Ha-
IpPy30K Ha p-n-p tpansucropax VT2, VTS. OnepanmoHHBIA yCUIUTEID
puc. 12.2206 pa3paboTaH Ha OCHOBE KOMILIEMEHTAPHOTO TEXHOJIOTUYECKOTO
nporiecca 0,25 mxM SiGe (p-n-p Tpan3uctopsl ¢ =85 I'T1, fn=120 I'Ty u
BVceo=2,5 B, n-p-n tpansuctopsl ¢ fr=170 ITu, fn.=170 ITu u
BVceo=1,9 B). Monenuposanue OV puc. 12.23a BBIIIOIHEHO C MOJICIISIMU
0,13 mxm SiGe BuUKMOII TexHosoru4eckoro mpoiecca, B KOTOpOM HMe-
IOTCSI N-pP-n TPAH3UCTOPBI CO chenayromumu napamerpamu: f1=170 I'T,
Jmax=170 ITT1y u BVcgo=1,9 B (mpenBaputenbHbie JaHHbBIC 1JISI TEXHOIOTH-
yeckoro mnporecca SG13B).
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s ycroitunBoi pabotsl OY co 100%-it 00paTHO# CBSI3bIO BTOPOM
Mapa3uTHBIA MOJ0C ero paszoMkHyTto JIAUX kosdduimentra ycuieHus
CleyeT pa3MeCTUTh 3a YaCTOTOM €IMHUYHOIO ycuiieHHs. YacTora BTOpO-
ro nojtoca B OV puc. 12.22a, 6 onpenensiercsi NOCTOSIHHON BpEMEHH, 00-
Pa30BAHHOM BBIXOJHBIM COIPOTHUBIICHUEM MCTOYHHMKA CUTHAJIA U BXOJHOM
émkocTeio OY.

Bxoanaa émxocte buKMOII OV puc. 12.22a onpenensercss €MKo-
CTBIO 3aTBOP-UCTOK TPAH3UCTOPOB M7, M8 1 mponopimoHalibHa MIOMIAAN
3atBOpa (A =W x L) 3TUX TPaH3UCTOPOB.

Takum oOpazoM, oNTUMHU3AIUS PACIIOIOKEHUS BTOPOTO Mapa3UuTHO-
ro TMOJIFOCA MOKET OBITh BBITOJIHEHA ITYyTEM PETYJIMPOBKH UCTOYHUKA TOKA
B LIETIH SMUTTEPOB B Clydyae OUIOISIPHOrO BXOJHOIO KACKa/Ia U U3MEHEHHUS
murpuHbI 3aTBOpa B ciaydyae MOII BxomHOro Kackazua.

YtoO0kI npoBecTH cpaBHEHUE ATUX ABYX OV, ObUIM CIPOEKTUPOBAHBI
CXEMbl C OJMHAKOBBIMHM YaCTOTAMU €IUHUYHOTO YCHICHHS N0 OJaHO(a3-
HOMY BBIXOAY (fep.1). Pe3ynpTaTel MoOAenuMpoBaHUS IPUBEACHBI Ha
puc. 12.23.
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Puc. 12.23. Pezynbsrarsr MogenupoBanus JIAUX u JIOUX

paszoMkHyTOro Koahduirenta ycuwienus 1 OV puc. 12.22a, 6
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BbuKMOII OV umeer nyuimuii 3amnac mo (ase, oJlHaKo 3amnac 1o ycu-
nenuto (3Y) xyxke, yem B KomruieMeHTapHOM OY. OCHOBHBIE IMapaMeTphl
OY puc. 12.22a, 6 npuBeieHbI B TA0JIHUIIC.

IHapameTpbl OY ¢ MUHUMAJIBLHOM YJICEKTPUYECKON NJIUHOM

[TapamMeTphl ¥ €TUHUIBI U3MEPEHUS

3amnac Vcunenue
Cxema 3amac .
oV Jep.1s o ¢aze 10 VeIICHMIO Ha nocto- | [lorpeGisiembrit

T (3D), Y STHHOM TO- TOK, MA
(3Y), nb
rpaaycel ke, 1b
pnp/npn 10,7 70 -15,5 39,4 12,5
BbuKMOII 10,7 87 -7,6 30,8 20

3anac o ¢aze komiieMeHTapHoro OY MeHbllle BCIIECICTBUE BIIHSI-
HUS KOppeKTUpyomel EMKOCTH Ceomp HA 9aCTOTY BTOPOTrO Ioroca. B 00-
nactu Beiciinx 4actoT buKMOII OV umeer 6omnee ObicTpsiii cnag JIAUX
BCIICJICTBUE OOJBIICH «JIEKTPUUYECKON JIMHBD) OTHOCUTEIBLHO KOMILJIE-
MeHTapHoro OY.

3AK/IIOYEHHUE

PaccMoTpeHHbIE B TaHHOM y4€OHO-METOJIMUECKOM MOCOOUHU MIPaKTH-
yeckue cxeMbl [[Y ¢ moBbllIeHHBIM OciabiieHueM CHUH(A3HOIro CUTHala U
pe3yabTaThl KOMIBIOTEPHOIO MOJECIUPOBAHUS MX OCHOBHBIX JUHAMHYE-
CKMX M CTaTUYECKUX NapameTpoB IMPEACTAaBISAIOT cOO0M OOMMpPHYIO 0aszy
JAHHBIX JIJI1 KypCOBOTO MPOEKTHUPOBAHMS.

CXeMOTEeXHUYECKUE NMPUEMBI MOBBIIICHUAS Koy BXOAHBIX KacCKaOB
OV pacumpsroT CIOXKUBIIMECS MPEACTABICHUS O METOJIaX MOBBIILICHUS
cuH(}a3HON MOMEXOYCTOMYMBOCTU aHAJIOTOBBIX MHUKpPOCXeM C auddepen-
IUAATBHBIM BXOJIOM. YIIydllleHHEe KO3((PUIMEHTa OcClIadiIeHusT BXOJHBIX
cuH(pa3Hpx curHaioB jpocturaet 2070 nb (o cpaBHEHMIO C Kjaccuye-
CKUMU PELICHUSIMHU).
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