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8 Te'leHHe nocne,llHBX neT HapHtly C npOCThiMB C'll!TH&IMB CBCTeMaMB ace 'lame 

II 2 3/ 
aaxotlHT npaMeHeaae B uatl>posol Texaaxe peaepcHBHhle ' ' • a aatP<PepeHuaanb-

/4,5,6/ n 
Hble CXeMbl • pOCTaSI C'll!THaSI CXeMa HMeeT. OtlHH BXOtl, OHa CYMMHpyeT 

'IHCnO DOCTynaJOmBX HMDynbCOB. 

PeaepcBBHble C'll!THble CXeMbl TO:ltee BMeiOT OtlBH BXOtl, HO o6natlaiOT tlBYXCTO

pOHHBM aeiCTBBeM. B OtlHOM cny'lde ( C'll!T B npHMOM aanpasneaaa: ana C'll!T anepea) 

OHB peracTpapyiOT '!Reno nocTynaJOmax BMnynbCOB Tax :liCe, xax a npocTble nepe

C'Il!THhle CXeMhl. 80 BT lpOM cnyqae (C'Il!T B o6paTHOM HanpasneHBB, HnB C'll!T Haaaa) 

'IBCnO DOCTynaJOmBX BMnynbCOB Bbi'IBTaeTCSI H3 'IBCna BMnynbCOB, paHee Haxonnea

HhiX • C'IIT'IBKe. B peaynbTaTe nonyqaeTCR paaHOCTb '!Been &MnynbCOB, nocTynaa

max Ha BXOtl CXeMbl B 3TBX tlBYX cny'laSIX. 8b160p COOTBeTCTByJOmero C'll!Ta ( B 

npSIMOM BnR 06paTHOM HanpaaneHBSIX) ocymeCTBnBeTCSI BHemHBM ynpaaneHIIeM, 

LlatP<PepeauaanbHaH C'll!THaH cxeMa &MeeT aaa oTaenbHhiX axoaa. Lfacno 

BMnynbCOB, DOCTynaJOmBX Ha OtlBH 83 BXOtlOB CXeMbl, C'IBT8eTC51 B DpSIMOM Hanpaa

neHHH; 'IBCnO BMnynbCOB, DOCTynaJOmHX Ha BTOpOI BXOtl, C'IBTaeTCSI B o6paTHOM 

aanpaaneaaa. CxeMa peracTpllpyeT IIX paaaocTb. 

nepaye aatP<PepeauaanbHble C'll!THhle cxeMhl 6&~na nocTpoeHhl no npaHuany 

/56/ 
KOnbl(eBbiX C'll!T'IHXOB ' , HO DOTOM 6blnH HCDOnb30BaHhl CXeMbl C 11 -cTa6Hnb-

/7/ 
HbiMH COCTOSIHBSIMB • npa yaenH'IeHHB 'IRena p83p51tl0B II Hatle:lKHOCTb XOnb-

ueBbiX CXeM peaKO CHB:lteaeTCSI, a CXeMbl C II - CTa6HnbHbiMH COCTOSIHBSIMH CTa-

HOBSITCSI 3KOHOMH'IeCKH HeBhlrOtlHbiMH. 

B nocneaaee apeMs ace qame npaMeHHIOT tlBOH'IHo-nHTepH'IHhle C'll!THhle 

CXeMbl, KOTOpble COCT8BneHbl B3 OTtlenbHbiX CXeM C tlBYMSI H DSITbiO yCTOI'IHBbiMH 
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/3/ 
COCTOHHHHMH • 3TH CX8Mbl 3KOHOMH'f8CKH 6onee Bb!I'O.llHbl. 0HH, B OTJIH'IH8, HanpH-

Mep, OT .llBOH'IHO -)lecHTH'IHbiX CHCTeM, He CO.llep>KaT CX8Mbl BOpOT HJIH uenelt 

o6paTHOlt CBH3H. KpoMe TOI'O, npH llOMOU!H CpBBHHTeJibHO npOCTbiX .llell!HcppaTOpOB 

MO>KHO llO.llKJIIO'IHTb K HHM COBpeMeHHbi8 Ullcpp0Bbl8 HH.llHKBTOpb!. 

.. HH>Ke .naHo onHcaHHe .llBOH'!Ho-nsTepH'IHOlt .nHcpcpepeHUHB/lbHOlt C'I~THOlt cxeMbi. 

!./1 0 I' II 'I e C K a H C T p y K T y p a S 'I ~ T H 0 lt C X e M bl. Jloi'H'!ec

KBH CTpyKTypa C'I~T'IHKa noKa3aHa Ha pHC. !. 8 COOTBeTCTBHH C Bbi6paHHOlt CIICTeMOlt 

C'I~Ta CXeMa COCTOHT 113 .llBOH'IHOI'O TpHI'I'epa II 113 MHOI'Ocjla3HOI'O TpHri'epa, o6na-

.naiOU!ei'O nS!TbiO ycTOlt'IHBbiMH COCTOSIHHHMH. L[BOH'!Hbllt TpHI'I'ep nO Cyll!eCTBY He 

OTJIH'!aeTCSI OT KJiaCCH'!eCKOI'O. 

OcHoBHhiM sneMeHTOM cxeMbi SIBJIS!eTCSI sqeltxa HE-11 (pile. 2). Ha Bhixo.ne 

H'leltKH llOHBJIHeTCH JIOI'H'IeCKHlt "Q', KOI',lla Ha BCeX BXO.llax CXeMbl 11, IIO.llKJIIO

qeHHOlt K 6a3e TpaH3HCTopa, nOSIBJIHeTCSI O.llHOBpeMeHHO JIOI'H'IeCKOe COCTOSIHI!e '!". 

Jloi'H'IeCKOe COCTOSIHHe Sl'leltKH *Q" H.lleHTH'IHO ypOBHIO HallpS!>K8Hllll Ha BbiXO.lle, 

paaHoMy 0, a norH'IecKoe cocTOHHHe "I" - ypoBHIO Hanps>KeHHH U CocTOHHHe 

TpaH3HCTOpOB, HaXO.llHU!HXCH B HaCblll!eHHH, C'l HTaeTCH *Q', a COCTOHHHe 3aKpb!TbiX 

TpaH3HCTOpOB - '1". 

nsTepH'!Has cxeMa cocTaaneHa 113 llHTH H.neHTH'IHbiX H'!eeK HE-11. YeTbipe 

.n11o.na, co.nep>KamRecs B Ka>K.nolt 113 gqeeK HE-11, no.nKJIIO'!aiOTCH cooTBeTCTBeH-

HO K KOJIJieKTOpaM TpaH311CTOpOB OCTaJibHbiX '!eTb!pex gqeex, xax noxa3aHo Ha 

pHC. 3. PeayJibTaTOM 3TOI'O BKIIIO'!eHIIH HBJIS!eTCH cxeMa, B KOTOpolt O.lll!H TpaH3HCTOp 

1IpOBOmT; a '!eTbipe - JleT, Cne.noaaTeJibHO, O.llliH TpaH3HCTOp HaXO.llHTCH B coc

TOHHIIH "Q', a OCTaJibHbJe - B COCTOSIHHH '!'. 

K onHChiBaeMolt nsTepli'!Holt Cl!cTeMe npl!Ha.nne>KaT eme .nae HeaaBHCIIMbie 

.npyr OT .npyra ueiiR, nepe.naiOmHe RMnyJibCbl "anepe.n• H "Haaa.n• cooTaeTcTaeH

Ho; IIX BXO.llHbi8 WIIHbJ 0603Ha'!eHbl Ha p11c. } 6yKBaMII •a• II "H". 11MnyJibCbl 
1 

llOCTynaiOU!He Ha WIIHY •a•, .neltCTBYIOT TaKHM o6pa30M, 'ITO JIOI'H'IeCKOe COCTO

HHHe "Q' no IIHTepli'IHOlt CIICTeMe nepeMewaeTCH B npHMOM HanpaBJI8Hllll, a HM

nyJibCbJ, llOCTyiiHIOU!lle Jla Wl!Hy "Il", nepeMeWBIOT COCTOHHHe *Q" B o6paTHOM 

HanpaaneHIIII. 

L[RcpcpepeHUllaJibHbi8 nepeC'!~TilbJe CXeMbl, COCTaBJieHHbl8 113 3JieMeHTapHbJX 

17/ 
H'!eeK H E-11, 113B8CTilbJ • n pHHIIMaH BO BHHMaHHe TO, 'ITO 'IIICJIO .llliO.llOB, 

llpHM8HH8MbiX B Ka>K.llOlt H'l8ltKe, paBHO n- I ( u -qHCJIO li'I88K), M O>K H 0 

FIHL18Tb, 'ITO 'HICJIO L1HOL10B B CX8M8, HMeiOmelt 11 COCTOHHHlt, paBHO n(n-1). 

•I 
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Cne.noaaTeJibH01 .lliiii DSIT8pii'IHOlt CX8Mbl H806XO.lliiMO 20 lliiOllOB, 8 ll1111 Ll8CSITHq

HOI CX8Mbl - 90 llHOllOB. nocTpOeHIIe neCSITH'IHOI CXeMbl DO STONy DJHIHUIIny 

9KOHOMII'IeCXH He&blrOllHO. C pOCTOM CTa61111bHbiX COCTORHHI TaX)I(e YM8HbWaiOTCR 

6biCTpOlleiCTBHe CX~Mbl II ee CTa61111biiOCTb. nosTOMy HaNK 6biJ18 Bb16p8Ha llBOII'IHO 

DSITepH'!HaR CHCTeNa. LlBOII'!HaR CXeMa llOllXIIIO'!aeTCR X llRTepii'IHOI '18p83 U8DII aa

.nep)I(KII ,. a• • nor11'!ecx11e cxeMbl 11 ( 11
1 

11 11
2

), a axo.nbl B 11 H nonxniO'IaiOTC 

x nepec'!&THoA cxeMe qepaa norll'!ecxyiO uenb 11nH, xax noxaaaHo Ha p11c. 1. 

2. n p II H U II D II a n b H a II C X e M a. npHHIIIIDIIanbHaR CXet.ea C'i0T'IIIXa 

riOKa3aHa Ha pile. 3. Ha 9TOM p11CyHiut DOBTOpRIOWH8CR 9118MeHTbl 0603Ha'!eHbl 

TOIIbKO OlliiH paa. BXOllOM CXeMbl RBI1118TCR .llBOH'IHbll TpHrrep C 110I'II'18CXKMK BOpO 

TaM a Ha TpaHaKcTopax T 1 - T 4 • noraqecx111 xnanaH HnH &blnonHeH Ha n11onax 

Ll 1 II Ll2, a xnanaH H - Ha lliiOllax L[
3 

H Ll
4

• L II C
1 

RBIIRIOTCR 9J1eMeHTaMK 

uemt aa.nep>KXII, KOTOpble o6oaHa'!eHbl Ha pHc. 1 6yxaoA •a•. BpeMR aanep)I(KK 

paaHo 1,5 MKcex. 

8XO.llbl llRTepii'IHOI CX8Mbl DO.llKIIIO'!eHbi K BbiXO.llaM CXeM H Dpll DOMOWK 

ueneA, nepenaiOll!IIX IIMnynbCbl 'anepe.n• 11 'Haaan•. Uenb, nepenaiOwaR IIMnynb

Cbi 'anepe.n•, &bluonHeHa Ha .nRo.nax n
13

, a uenb, nepenaiOmaR IIMnynbCbl 'Haaan• 

Ha .llHOLtax Ll 12• Ha BC8X .llHO.llOB B UeDRX nepe.'1a'lll IIMDYIIbCOB npOBOllSIT TOIIbKO 

Te .llBa, KOTOpble qepea COOTBQTCTBYIOU!lle pe311CTOpbl DOllKJIIO'!aiOTcSI X TpaH311CTopy, 

HaXO.llRWeMyCR B COCTOSIHIIII'Q~ 0CTaJ1bHble .llHOllbl aanepTbl. CIII'Hanbl, DOSIBJISIIOWK

ecs Ha WHHaX 'a' II '11", DOCTyDaiOT Ha 6aay TeX TpaH311CTOpOB
1 

BXOllHble .llHO.llbl 

KOTOpbiX OTKpbiTbl. 

.lJBOH'!Hbllt TpHI'I'ep nepe6paCb!BaeTCSI Ka>K.llblM 113 CIII'Hanoa, DOCTynaiOWHX 

Ha BXO.llbl B K H. Yepea norK'IeCKIIe ·aopoTa x llRTepii'IHOA cxeMe npoxo.niiT Ka)l(

.llbllt BTopoA CHI'Han. C llOMOU!biO JIOI'H'IeCKKX Ta6nHU Ia H 16 MO>KHO npOCJ18lliiTb 

pa6oTy C'I~THOlt CX8Mbl. 

TpaHaHCTOpbl TpHrrepHbiX cxeM pa6oT8IOT Ha rpaHaue HaCblll!eHKSI, pacc'!K

TaHHoll no MHHHM811bHOMy K03cpcpiiUHeHTy yCHJ18HHH CXeMbl C 06ll!HM 3MHTTepoM. 

8 nepeC'I~THOA CXeMe HCDOJib30B8H ra30Bblll UHcppoaolt HH.llHK8TOp THDa 11H-2 

(pH C. 4). AHO.ll HH.llHK8TOp8 H8XO.llHTCH DO.ll Hanps>KeHHeM + 100 a, 8 KaTO.llbl-uHcppb 

riO.llKJIIO'IeHbl K Bb1XO.ll8M .newH_cppaTopa C'I~T'IHKa. 

VfHcpOpMaUHH nepeC'I~THOl! CXeMbl, nonyqaeMaH B .llBOH'IHO-llS!TepH'IHOM KO.lle, 

npeo6paayeTCSI C 110MOWb10 .newHcppaTopa B .ll8CSITH'!Hbll! KO.ll. Ha O.llHOM 113 Bb!Xo

LlOB .lleWHcppaTopa acer.na HaXO.llHTCSI 110I'H'I8CKaSI 1, a Ha OCTaJibHb!X - IIOI'H'IeCKHlt 

JlorHKa .newHcppaTopa nocTpoeHa Ha peaHcTopax. Ero cxeMa noxaaaHa Ha pac. 5. 
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Bxonbl I J - 1 
7 

nOnKIIIO'!aiOTCSI K COOTBeTCTBYIOI.UHM TO'!KaM neKanbl (eM. pHC,3), 

Bxonbi newHtl>paTopa o6oaHa'!eHbi Ha pH e. 5 UHtl>paMH 0,1 •...••••••• 9. 3TH TO'IKH eooT

aeTCTByiOT aHallOf'H'IHbiM aneKTponaM UHtPPOB0£'0 HHnHKaTopa. nof'H'!eeKaSI eBSI3b 

Me>Kny BXOnHbiMH H BhiXOnHblMH TO'!KaMH IIOKaaaHa Ha Ta6n. 2 

MepTaoe speMSI exeMbl, nony'leHHoe no MeTony nsoAHbiX ifMnynbCOB, coe

TasnsteT 4 MKeeK, C'!i'!T'IHK 6biii nposepeH B TeMnepaTypHOM nHanaaoHe OT + 20 

no + 50°C. B 3TOM naana3oHe exeMa pa6oTaeT Hane>KHO, HaMeHeHHe Hanpst>Ke

HHH IIHTaHHSI Ha :!:. }0% TSK>Ke He HapywaeT HOpManbHOI pa60Tbl exeMbl, C'li'!THSSI 

cxeMa pa6oTaeT OT HMIIYilbCOB e SMIIIIHTynoA 3,6 - 6 B H nllHTellbHOCTbiO 

0,2 - } MKC,,K, CsoleTBS IISITepH'IHOI exeMbl 6b11IH nposepeHbl OTUellbHO: ee Mep-r

BOe apeMSI COeTSBIISieT 8 MKeeK npH BXOnHbiX HMnynbCaX e aMIIIIHTY no A 4 B H 

nnHTellbHOCTbiO 0,5 MKeeK. 

3. n 0 n 0 n H H T e II b H bl e 3 a M e 'I a H H SI, npeHMyweeTBOM npen-

no>KeHHOI exeMbl SIBJISieTeSI TO, 'ITO H3 Hee HeTpynHo nony'IHTb npoeTyiO HIIH pesep

CHBHYIO e'!i'!THYIO exeMy. Ha pHe. 6 noiaaaHo, KaK MO)KHO nony'IIITb e IIOMOWbiO 

nsyx nononHHTenbHhiX ex eM H ( H 
3

, H
4

) pesepeHBHYIO e'!i'!THYIO exeMy 6ea Ha

MeHeHHSI oeHOBHOI exeMbl. 8 H H SIBIISIIOTeH ynpaBIISIIOI.UIIMH BxonaMH e'li'!T'IH-
p p 

Ka. EenH Ha axone B noSIBI!HeTCH nof'H'!eeKaSI 1 H onHoapeMeHHO Ha axone H p p 
IIOf'H'!eeKHA 0, TO exeMa e'!HTaeT a npSIMOM HanpasneHHH, npa H3MeHeHHH IIOf'H-

qer:KHX ypoaHeA Ha ynpaanSIIOI.UHX axonax Ha o6paTHble exeMa pa6oTaeT a pe-

>t<HM~_ .. "'aaaa.a•. 

Eme 6onee npoeTbiM o6pa30M MO)KHO H3MeHHTb llexonHyiO exeMy Ha peaepcliB

HyiO HeKOTOpbiM 113MeHeHHeM OeHOaHol exeMbl 1 KSK IIOKa3aHo Ha pHe, 7. BopOTa 

HnH (eM. pae, 1) OTeyTCTBYIOT, axonoM eHf'HaJIOB eny)KHT nepee'IQTHbll BXOn 

nB nBOH'IH0£'0 TpHPPepa, a axonbl IIOf'H'!eeKHX exeM H 1, 1-12 eTaHOBSITCSI ynpas

IISIIOI.UHMH, UenO'IKH 3Snep)KKH 3aMeHeHbl nlltl>tl>epeHQHpyiOI.UHMH nenO'IKaMH n. 
K poMe aroPo, ablxonbl naoH'IHOf'O TpliPPepa, eBSJ3aHHble e eooTBeTeTBYIOI.UHMH 

IIOf'H'IecKIIMH exeMBMH H 
1 

H 1-1
2

, Hano IIOMeHSITb MeeTBMH, 

Ha pae. 8 np11sene!la 6noK-exeMa npoeTol eqQTHOI exeMbl. EcTecTseaHo, 

'ITO B 3TOM enyqae H3-3a OTCyTCTBIISI pe>KIIMa "Ha3an" II eOOTBeTCTByiOI.UaSI 

uenb nepena'lll HMIIYilbCOB OTCyTeTByeT. 

AsTOpbl Bblpa)KaiOT eso10 6naPonapHOCTb C.M.KopeH'IeHKO • A.H.Caaaesy 

3a BHHMBHHe K pa6oTe, 
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PyKOIIKCb nocTynana B HanaTellbCKKA oTaen 

J KIOHSI }967 Pona. 
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PHe. 1. noPK'IeeKaH exeMa natl>tl>epeHuHanbHolt C'I~THoA exeMbl. 
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•U 
Pae. 2. noPH'IeCKKA aneMeHT H-HET nSJTepH'IHOA cxeMbl. 
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PHc. 6. PeaepcHBH8B C'10TH8SI cxeMa, nony'laeMaB .aononaea11eM .allcj:Npepeaallanb
aoro C'IOT'IIIKa. 

Hp> - I 

118 
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PH c. 7. PeaepciiBHaB C'I&TH8B cxeMa, nony'iaeMaB MO.QIIcPIIKaa•el .aK.P.Pepeaa•anbHol 
cxeM.bl. 

na~~ /c~~r-
8 I 

PHc. 8. npocT&B C'I&TH8B cxeMa, nonyqaeMaB MO.QHcPHKaa•el .aa.P.PepeanaanbHoro 
C '1& T'lll K8. 
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PHc. 9. 06IUHil aHn cqf:'!THoil neKanhi. 
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