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B p!!.i:te cny,rneB rrp11 11crronbaoBaH1111 6bICTpO.i:tellcTBYIOI!leli rrepeC'leTHoi!: 

.i:teKanb/ 1, 2/ B umppoBblX 113Mep11TenbHbIX rrptt6opax 11eo6xo.i:t11Ma IIHllllKaUIHI 

ee cocTonH11n rrocne aaBepmeH11n cqeTa II rrocneay10m11li c6poc ee rroKaaaH11li 

B HyneBoe aHa'leH11e rrepell H0BbIM 113Mep11TehbHblM UIIKn0M. BoaMOJKHbili aap11-

aHT TaKoro ycTp0liCTBa llllllllKau1111 II c6poca rrp11Beaen B pa6oTe/1I. O.i:tHaKo 

yKa3aHHall cxeMa rrp11Me1111Ma K neKa.i:te, B KOTopoi!: B IIllTepll'lll0M K0nbue 

IICII0nb3YIOTCll TpaH311CT0pbl _p-n -p Tllna, Tor.eta KaK B HaCT0llI!lee BpeMll 

11a116onee Ha.i:teJKH0i!: 11 Ha116onee qa·cTo rrp11MeH!leMott Ha rrpaKTIIKe nBnl!eTcll 

.i:teKana C IIllTepll'IHblM K0nhU0M Ha TpaH311CTopax TIIIIa IT311(n-p-n) 121. 

3aech rrpeanaraeTcl! ycoBepllleHcTB0BaHHall cxeMa 1111a11xau1111 11 c6poca 

Ha ·o .. .i:tnll rrocnea11ero aap11aHTa aeKaJ:lbI, K0Topa!! IIMeeT MaKCIIManbHYIO 

CK0p0CTb C'IeTa CBbillle "" 210 Mru. 

CocTOllHllll naHHOH ·neKallbl IIHJ:1yu11py10TCll cne.i:tyIOlllllM o6paaoM1 1,3/ 

( p11c. I). Llaa cocT0llHllll BxonHoro Tp11rrepa Ha Tll 1,2 orrpenenn10T BKn10qe-

s111e 'leTHblX 11n11 He'IilTHbIX umpp HHllllKaTopnoli naMIIblo TT!!Tepll'IHall rrepecqilT

Hall cxeMa rroaroTaBnllBaeT BKnIO'leHlle 0/:IH0i!: rrapbi ·umpp 113 5 B03M0JKHbIX 

( 1-2, 3-4, 5-6, 7-8, 9-0). TaKIIM o6paaoM, C IICII0nb30BaHH8M rrocneny10m11x 

cxeM C0BIIaneHllll ocymecTBnlleTCll nelllll<ppauns1 C,OCT0ll,Hllfi .i:teKai:tbI II aaJK11-

ran11e 0llH0i!: 113 10 Ull<pp IIHJ:IIIKBTOpHofi naMIIbI. 

B naHH0M nelllllqipaTope ( p11c. 1) c11rHanbl "''lilT-He'leT•, orrpenem1eMb1e 

BX0J:IHbIM J:IB0ll'Illb!M Tp11rrepoM Ha Tll 1,2 c ·Bb!X0J:lllb!MII ypoBHllMII - Q,08 !i 

11 -0,6 B, <pllKC11py10TCSI IIpoCTh!M IIOporOBbIM ycTpofiCTBOM Ha T21 II T22, 0 

K0T0poe 0Tnll'laeTCll xopolllett 'IyBCTBIITSnbH0CTblO (r11cTepe311c"" :!:_10 MB) 

II Bb!COKOli TeMrrepaTypHoli CTa611nbHOCTblO ( ll0 0,3 ;rn/rpan) rropora cpa6a-

TbIBaHllll ( U " - 0,35 B), 'ITO· o6ecne'IIIBaeT naneJKny10 pa6oTy neumqi-
rrop 
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paTopa. B KonneKTOpHb!X uemtx rrocnelly!Olll~O TpaH3HCTOpHoro Knroqa (T 23,24) 

rronyqaeTCSI CHrHan ''leT-He'leT', KOTOpbIA B BHlle orpaHH'leHHoro IIO BenH'IHHe 

TOKa ( = 2 Ma) IIOCTyrraeT B SMHTTepHbie ue
0

IIH cxeM COBIIalleHHSI (T11 -tT20 >, 
llnH llelllH¢paUHH COCTOSIHHSI IISITepH'IHOro KOnbua HCIIonb3YIOT HaIIpSllKeHHSI/ 

Ha corrpoTHBneHHSIX R li I+- R lJ 5 ( pHc. 1). KOTOpbie, HaIIpHMep, MoryT HMeTb 

OllHO H3 3-x B03MOlKHblX :aHa'leHHll : 0,5 a; 1,5 a; 2,5 B ( CM.Ta6nnuy). O1lH03Ha'I

HO ¢HKCHpyeTCSI COCTOSIHHe KOnbua HanH'IHeM HarrpHlKeHHSI 1,5 a Ha OllHOM 

H3 STHX corrpOTHBneHHll ( CM. Ta6n. 1) .OllHaKo TaKoe HaIIpHlKeHHe TpyllHO HC

rronb30BaTb llnSI 1lel!lH¢paUHH, TaK KaK OHO HMeeT rrpoMelKyTO'IHOe 3Ha'leHHe, 

O6XOllSIT STY TPYllHOCTb o6b!'IHO IIpHMeHeHHeM KOM6HHaUHH cxeM cnolKeHHSI 

Ha corrpoTHBneHHSIX/ 1 ,31. HarrpHM~p. rronyqaroT rronycyMMY HaIIpSllKeHHii co 

2-ro H 4-ro BbIXOllOB Kn!O'leii KOnbUa ( CM.Ta6nnuy ). ·, KOT~pasi IIpHHHMaeT 

3Ha'leHHSI -0,5 a; 1,0 a; 1,5 a; 2,0 a; 2,5 B. B llaHHOM cnyqae nerKo ¢HK

CHpyeMoe KpaAHee HaIIpSllKeHHe 2,5 B COOTBeTCTByeT COCTOSIHHIO KOnbua, 

KOrlla cpellHHll ypoBeHb 1, 5 a HMeeTCSI Ha BbIXOlle 1-ro. Knroqa. IT pH C'leTe cpell

HHll ypoBeHb 1,5B rrepeMemaeTCSI IIO KOnbUY H ¢HKCHpyeTCSI HanH'IHeM HarrpSl

lKeHHSI 2,5 B. Ha COOTBeTCTBYIOlllllX BbIXOllaX cxeM cnolKeHHSI. 

C uenb!O IIOBbIWeHllSI HallelKHOCTH H 'leTKOCTH llewn¢pauHH lleKallbl lKe

naTenbHO yaenH'IHTb pa3HHUY MelKllY KpaAHHM (jJHKCHpyeMblM HaIIpSllKeHHeM Ha 

Bb!XOllax cxeM cnolKeHHSI H . 6nHlKaAwHM K HeMy B03MOlKHb!M HaIIpSllKeHHeM. 

B rrpe/lnaraeMoM 3/leCb ycTpOACTBe rrpnMeHeHa llHOllHO~pe3HCTOpHaSI cxeMa 

cnolKeHHSI (pHC~ 1), KOTopaSI IIO'ITH B 2 paaa yaenH'IHBaeT yKa3aHHylO paaHH

uy (B llaHHOM cnyqae llO "; 1 a). 8To o6'bSICHSleTCSI TeM, 'ITO Ha Bb!XOllax 

cxeM cnolKeHllSI IIpH pa3HbIX BXOllHblX CHrHanax rronyqaeTCSI HaIIpSllKeHHe, IIpH-

6nH3llTenbHO paBHOe MeHbl!leMy BXOllHOMY CHrHany. B peaynbTaTe yaenH'IH-
l • • 

BaeTCSI s¢¢eKTHBHOCTb llewn¢paUHH, CHHlKalOTCSI Tpe6oBaHHSI K rrocnelly!OlllHM 

cxeMaM COBIIalleHllSI, KOTOpbie MoryT 6b!Tb B3SITbl 6onee rrpoCTb!Mll. 

BbIXOllbl cxeM cnolKeHHSI lIOllKnro;alOTCSI K 6aaaM orrpe/leneHHbIX rrap 

TpaH3HCTOpOB (Tll,16, T12,11 , Tl3,18 , T14,19 , T15,20 ), KOTOpbie 

BbIIIOnHSIIOT llBe ¢YHKUllH. 8 Ka'leCTBe cxeM COBIIalleHllA STH TpaH3HCTOpbI 

IIpOH3BOllSIT OKOH'laTenbHYIO llelllH¢paunro COCTOSIHHSI lleKallbl H, KpoMe Toro, 

ocymeCTBnSIIOT Tpe6yeMoe BKnlO'leHHe UH¢p HHllHKaTopHoii naMIIbl 11H-1. 8MHT

Tepbl TpaH3HCTO.pOB,. KOTOPbie BKnlO'lalOT 'IEiTHbie un¢pbl 11H-1, C"?ellHHeHbl 

BMeCTe, KaK ll SMll~epbl Tp8H3HCTOpoB, KOMMYTHPY!OlllllX He'leTHbJe un(jipbI. 
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O6e rpyIIIIbl SMHTTepoB IIOllKnlO'lalOTCSI K COOTBeTCTBYIOl!lHM BblXOllaM TpaH-

3HCTOpHoro Kn!O'la "qeT-He'leT" • CnrHanbl C BbIXOllOB IISITepll'IH0ro ·Konbua, 

lIOCTyrraromHe Ha OTllenbHbie rrapb! TpaH3HCTOpoB, .rronroTaBnHBalOT OllHy H3 

HHX. B STOA nape BKnlO'laeTCSI TpaH3HCTop, OTHOi,:SllllHACSI K T0ii rpyrrrre, B 

SMHTTepHylO ueIIb KOTOpoA IIOCTyrraeT TOK= 2 Ma (cnrHan 'qeT-~eqeT'). 

Harrp11lKeHHe Ha SMHTTepe BKnroqaeMoro TpaH3HCTop·a,. a cnenoaaTenbHo, H Ha 

BCex ocTanbllbIX ·a STOA rpyrrrre, HMeeT TaKoe 3Ha'1e11ne, 'ITO aarmpaeT OCTanb-

Hbie TpHO/lbl STCii rpyIIIIbI. KonneKTOpHbIA TOK TpaH3HCTOpa, paBHbill = 2 Ma, 

o6ecrreqnaaeT HOpManbHoe cae'leHHe onaoii H3 un¢p 11H-1. CxeMa• o6ecrreqnaa

eT BKnlO'lel!He TOnbKO OllHOA un¢pbl. B cxeMax COBIIalleHHSI H yrrpaBneHHII 

HH-1 MOryT, HaIIpHMep, HCIIOnb30BaTbCII TpaH3HCTOpb! TllIIa IT309 • TaK KaK 

OHH HMelOT llOIIYCTHMOe HaIIpSllKeHHe KOnneKTOp - 6aaa, KOTOpoe HHlKe, qeM 

KOMMYTHpyeMoe HaIIpHlKeHue Ha 11H-1 = 160 B, TO B KonneKTOpax TpaH-

3HCTOpOB CTOSIT pe3HCTOpHbie llenHTenH, orpaHl!'IHBaromHe HanpSilKeHllSI Ha HHX, 

TpaH3llCTOPbl T 25 -+ T 27 HBnSIIOTCSI OCHOBOii cxeMbl llnSI c6poca IIOKa

aaHHSI lleKallbl ·11a Hynb, 3a HCXOllHOe COCTOSil!He lleKallbl B3SITbl COCTOSIHHSI 

llBOH'IHOro TpHrrepa . C BbIXOllHbIM HaIIpSilKeHlleM - 0,6 B, a IISITepH'IHoro KOnb-

ua c 11anpsilKeHHeM + 1,5B Ha BbIXOlle 1, Knroq (T25,26 yrrpaBnSieTcSI 

OTpHuaTenbHblM HMIIynbCOM C aMnnllTYllOA 6onbwe 2 B OT Hyneaoro ypoBHSI, 

OTpnuaTenbHbll{ CHI'Han c KOnneKTopa T 25 qepe3 llHO/lbl ils, 9 ycTaHaa-

nnaaeT B HCXOlll!Oe COCTOSIHHe llBOH'IHblil TpHrrep, a Ha BblXOlle 1 IISITepH'IHoro 

KOnbua-HarrpSilKeHHe < t-,5B, C Tpa1!3llCTOpa T2a nonOlKHTenbHbiii CHI'Han 

qepea IIOBTOpl!Tenb T 27 ll llHOll ll 7 ycTaHaBnl!BaeT Ha BbIXOllaX 2· u 4 

KOnbua HarrpSilKel!HSI > 2,5 B. 8THX CHrHanoB llOCTaTO'IHO llnSI OllH03Ha'IHOI'O 

aaaaHllSI HCXOllHOI'O COCTOIIHHSI aeKallbl, ITpH OTCYTCTBHH cHrnana c6poca 

cxeMa o6ecne'IHBaeT Ha paaaennTenbHblX llHO!lax llOCTaTO'IHO 6onbWHe aannpa

lOl!lHe HaIIpSilKeHHSI ( Manb1e eMKOCTH JlHOllOB) ll He OKa3bIBaeT BnHSIHllSI Ha pa-

6oTy lleKallbl, 

TaKHM o6pa30M, paccMOTpeHHOe ycTpOACTBO anSI HHllHKaUHH lleKallbl 

H c6poca Ha Hynb no cpaBHeHHIO C H3BeCTHblMH/ 1,3/. OTnH'laeTCSI, Bo-nepBbIX, 

6onee s¢¢eKTllBHOii llHOllHO-pe3HCTOpHoii cxeMoii aewn¢paumr IISITepH'IH0ro 

K0nbua, a ; BO-BTOpbIX, rrpHMeHeH!reM 6onee npocTbIX II HallelKHbIX yanoB • 

KpoMe Toro, anSI cxeMbI xapaKTepHo IIOHlllKeHHOe IIOTpe6neHHe 

MOl!lHOCTll ( ace .KOMMYTHPYIOl!llle l1H...:1 TpaH3HCTOpbI, KpoMe OllHOro, aarrepTbi) 

5 



II MeHbJJJee · KO/JII'!SCTBO 1IcrronbayeMbIX TpaHalicTopoa, llo6aan_enne rrpennara-

eMoro ycTpollCTBa K .cteKane/2/, KOTOpaSI pa6oTaeT KBK .. BXOlll!Oll ll9/JlIT9/Jb 

'18CTOTbI, HaIIplIMep, B 3/JSKTpOHHO-C'leTHbIX '18CTOTOMepax, II03B0/JIIT IJII6o 

YM9HbllllITb Ha rropSI.ctOK Bp9MSI II3M9p9HIISI, /JII6o YB9/Jil'IIITb Ha rropSI.ctOK TO'I

HOCTb II3M9p9HIISI '!aCTOTbl IIplI COOTB9TCTBYIOJJJ9ll CTa61I1JbHOCTII '18CTOTbl orrop

HOI'O reHepaTopa,· 

B cny'lae IICIIO/Jb3OB8HI!SI IIHllYUIIpyeMoll ll9Ka.ctbl B C'!eTHb!X umjJpOBblX 

rrpn6opax neo6xo.ctlIMO ocymecTB/JSITb yrrpaBnen1Ie axo.ctHhIMII c1IrnanaM1I (ape

MSHHy10 C9/J9KUIIIO), Ha PIIC, 2 Il01(83aHa TaKaSI cxeMa IIplIM9HIIT9/JbHO K 

paccMaTplIBaeMoll ll9K8.cte/2/, 11 MIIY/JbCbl yrrpaB/J9l!IISI ( TIIIIa Meannpa II/III .ct Ba 

pa3HOIIO/JlipHblX KOpOTKIIX HMIIY/JbCa, COOTB9TCTBYIOJJJIIX Ha'!a/Jy II KOHUY BpeMe-

HH rrporrycKaHIISI) 38IIYCK8~T Tll4 1 pa60T8IOJJJ1Ill B p9lKIIM9 Tp1Irrepa II SIB-

/JSIIOJJJIIllCS! 'lyBCTBHT9/JbHblM II CTa61I1JbHbIM aMII/JIITYllHblM llHCKplIMIIHSTOpOM, 

B Ka'!eCTBe narpy3KII Tll 4 IICIIOnbayeTcSI TpaH31IcTop T no cxeMe c 

o6mell 6aaoll, KOTOpblll pa6oTaeT KaK K/110'1 C TOKOBbIM yrrp8B/J9HII9M, CoCTOSI

HIISI Tp8H3IICTOpHoro K/110'18 orrpe.cte/JSIIOT p9lKIIM Bb!XOllHOf'O Tll OllHOBII6paTopa 

q>OpMHpOBijTS/JSl/2/, IlplI OTKpb!TOM T B Tll3 CMemeHne TaKOBO, '!TO BXOll

noll C'!eTHblll CIII'HB/J He aarrycKaeT OllHOBH6paTop n, COOTB9TCTB9HHO, ll9Kany. 

Ilp1I yKa3aHHblX HB pnc, 2 3/J9M9HTax Bp9MSI cpa6aTb1BaHHSI K/JIO'la MOJK9T llO

CTHf'aTb ~ 2 HC9Ko 

B 3aK/JIO'l9HII9 aBTOp 6naronap1IT 11.11.raaplillla 38 MOHTaJK _rrpHB91l9HHblX 

Bbllll9 CX9M H Y'l8CTH9 B HX HB/Ja.ctKe, 

fl II T e p a T y p a 

l, IO~H.llettncoa, B,M,fla'IHHOB, B,H,Ilpnn1IIIK0, 11T3, No4, 83, 1965, 

2. B.M.na'IHHOB. 11T3 N95, 105, 1966. IlperrpHHT omrn J 2217, lly6aa, 1965, 

3, R,Engelmann. Electronics, ~. N46, 19, 1963, 

·~~.....,. 

PyKOIIHCb IIOCTyIIH/Ja B H3.ctaT9/JbCKHil_OTll9/J 

20 .cteKa6psi, 1968 rona, 
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P11c, 2, BpeMeHHol! ceneKTOp, 
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