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BBEAEHHE 

AnR CPeMa 3aPRAOB c raaos~x HOHH3a~HOHH~x AeTeKTopos B HacToR
~ee BpeMR npHMeHR~TCR ABa THna npeAYCHnHTeneH: 3aPRA04YBCTBHTenb
H~e I l, 6/ H TOKOBble /2,3/ • 

.QoCTOHHCTBOM TOKOB~X npeAYCHJlHTeneH RBnReTCR TO, 4TO OHH Bbl
nonHRIOTCR Ha 6HnOnRpH~X TpaH3HCTOpax H no3TOMY o6ec~e4HBaiOT Bbi
COKOe 6~CTPOAeHCTBHe npH YAOBneTBOPHTenbHOM YPOBHe WYMOB H, Kpo
Me Taro, o6naAaiOT B~COKOH noBTOpReMOCTbiO napaMeTpOB, 4TO BamHO 
AnR MHOrOKaHanbH~X CMCTeM. 

3apRA04YBCTBHTenbH~e npeAYCHnHTenH C noneB~MH TpaH3HCTOpaMH 
Ha BXOAe OTnH4aiOTCR MHHHManbHO B03MOmHblM ypOBHeM WYMOB H BbiCOKOH 
CTa6HnbHOCTbiO XapaKTepHCTHK. 0AHaKO 3Ha4HTenbH~H paa6poc napa
MeTpOB noneB~X TpaH3HCTOPOB H HeAOCTaT04HaR noMeXOYCTOH4HBOCTb 
TaKHX npeAYCHnHTeneH orpaHH4HBaiOT HX HCnOnb30BaHHe B MHOroKa
HanbH~X CHCTeMaX. 

TOKOBbiE nPE,QYCHJlHTEJll-1 

6a30BaR KOH$Hrypa~HR TOKOBOrO npeAYCHnHTenR npHBeAeHa Ha PHC.l. 
BepXHRR 4aCTOTa era onpeAenReTCR nOCTORHHOH re = R e c e. a nepexoA-

, . I 

h (t) = _.1_ e-"' 'r I 1 I 
Cf . , 

rAe Re H Ce - conpoTHBneHHe H eMKOCTb B KonneKTope nepsoro TpaH-
3HCTopa. 

npH HCnOnb30BaHHH npeo6pa30BaTenR 3aPRA-KOA H3MepeHH~H aa
PRA Qme8 onpeAenReTCR KaK 

1 
Q me8"" a r e 8 (t) dt , 

8 

rAe e 8(t) - B~XOAHOH HMnynbC C npeAYCHnHTenR. 

121 

AnR HMnynbca BXOAHoro TaKa c AeTeKTopa, onpeAenReMoro B~pame-
HHeM 

i(t) = 1
0 

e -t/rk , 

B~XOAHOH HMnynbC HMeeT BHA 

e 
8

(t) = i(t) * h(t). 

PHc.I. BasoBaH KOH~Hrypa~HR To
KOBoro rrpeAYCHnHTena. 
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nocne npeo6pa3oBaH~H MOmHo nony4~Tb: 

r e - t/rk - t/re 
e (t) = fi(.\)h(t-.\)d.\=I 0 rk· --- (e -e ). /5/ 

B Ce (r f - r k) 

noAcTaHOBKOH nony4eHHoro pe3ynbTaTa e e~pameH~e /2/ onpeAenHeT

CH Q mes= 

!6/ Qmes = Qin ~ 
Rs 

rAe 

Q in = J i ( t) dt = I 0 • r k • 

OTC~Aa cneAyeT, 4To AflH n~6oro TaKa, npeACTaBnH~~ero ~3 ce6H cyM
MY 3KCnOHeHT, ~3MepeHH~~ 3aPHA 6yAeT nponop~~OHaneH BXOAHOMY C 
K03~~~~eHTOM nponop~~oHanbHOCT~ Re/R 8 • 

0TMeT~M, 4TO een~4~Ha Cf ~rpaeT ponb TOflbKO eo epeMeHH~x ~3Me
peH~Hx ~ He en~neT Ha ~3MepeH~e 3Hepr~~. 

B pa6oTe/4/ onpeAeneHo e~pameH~e AflH wyMoBOH xapaKTep~cT~K~ 
cxeM~: 

ENC 2 
= ENC ~ + ENC ~ = 

2 1 2 , 2 
= qf(IBl + Is2) ( w(t) dt + 2C1 · 4KTrfl fw (t) dt, 

171 

--n 
rAe ~Nv- - 3KB~BaneHTH~~ WYMOBO~ 3aPHA, onpeAenHeM~H KaK 3aPHA, 
KOTOP~M AOn~eH o6naAaTb C~rHan, 3KB~BaneHTH~H ~' np0~3BOA~
MOMY seeM~ wyMoB~M~ ~CT04H~KaM~ cxeMbl; ENC ~ ~ ENC 8 - cpeAHe
KBaAPaT~4H~H WYMOBOH 3aPHA 3fleKTpOHOB napannenbHoro ~ nocneAo
BaTenbHOro ~CT04H~KOB wyMoe, qf - 3aPHA 3neKTPOHa, 181 ~ I 82 - 6a-
3oe~e TOK~ nepeoro ~ BTOporo TpaH3~CTOPOB, rf1 - BXOAHOe conpo-
T~BneH~e nepBOH CeK~~~, Ci - BXOAHaH eMKOCTb, W(t) ~ W '(t) - Be-
COBaH ~YHK~~H ~ ee COnpHmeHHOe 3Ha4eH~e COOTBeTCTBeHHO. 

np~ B~BOAe B~pameH~H 6~n~ CAenaH~ cneAY~~e AOny~eH~H: 

R c > R f > r ft ~ r f2 ; 

C£ «Ci; 

4k!._ < 2qei 
82 

; 
Re 

4kT < 2q f I B 1 • 
R1 

rAe Ri - napannenbHoe conpoT~eneH~e ecex BXOAH~x pe3~cTopoe. 
113 B~pameH~H /7/ B~AHO, 4TO WyM~ TOKOBoro npeAYC~n~TeflH onpe

AenH~TCH rnaBH~M o6pa30M 6a30B~M~ TOKaM~ Ha BXOAe npeAYC~fl~TenH. 
B pa6oTeiS/ noKa3aHo, 4To e 3ae~c~MOCT~ oT W(t) een~4~Ha ENc2 

MOmeT COCTaBnHTb OT 1000 AO 12000 3fleKTpOHOB. 

2 

3APfi,L104YBCTBHTEJlbHbl~ np E,LIYC HJlHTEJlb 

oa30BaH KOH~~rypa~~H AflH 3aPHA04YBCTB~TeflbHOro npeAYC~fl~TeflH 

C noneB~M TpaH3~CTOpOM Ha BXOAe np~BeAeHa Ha p~c.2. 

06pa30BaHH~H B AeTeKTOpe 3aPHA Qin co6~paeTCH Ha eMKOCT~ o6-
paTHOH CBR3~ Cr ~ eMKOCT~ AeTeKTOpa cd. ,LinH eMKOCT~ cf 3aPHA 
onpeAenHeTcH KaK 

Qin 
Q = 1 

f c -1 
+ d • Cin 

(A + 1) • C r 

qn /8/ 

3AeCb C10 = C g + C rCA+ 1), C g - eMKOCTb 3aTeopa exoAHoro noneeoro 
TpaH3~cTopa, A - K03~~~~~eHT yc~ne~~H c pa30MKHYTOH o6~e~ o6paT
HOH CBH3b~. OTMeT~M, 4TO AflH 3KB~eaneHTHocT~ Qin ~ Qf Heo6xoA~Mo 

~MeTb 

cd 

cin 

TO ecTb 

<< 1. 

cd «Cr. A. 

1), ,...,,...,..,,,....,~ ,..,.,,...,, ......... TT ,.. --·---,.., .. -.. -· .... _.. -~ -

/9/ 

................ ,,,.., .................. _ ................ ........ -............ .... 
0 0 t"'"""MJ -~''"oro'._.,.'" o .............................. 

U2= ~ 
Cr 

/10/ 

C9 T 

~2(1) 

PHc.2. Ba3oBaH KOH~HrypaUHH 
3apHAO~YBCTBHTenbHOrO npeA
YCHnHTenH. 

lc 

Puc. 3. CxeMa HCTO~HHKOB mYMa 
3apHAO~YBCTBHTenbHoro npeA
ycHnHTenH. 

CxeMa ~cTo4H~Koe wyMoe AflR 3aPRA04YBCTB~TenbHoro npeAYCHnH
TenR np~BeAeHa Ha pHc.3. 

B 6onbWHHCTee cny4aee TepMH4eCKHM wyMoM AJ~df npeHe6pera~T. 
npH npoCTOM RC=CR-~opMHpoeaHHH B~XOAHOrO CHrHana npeAyCHflHTe
flR MOmHO nony4HTb/6/ : 
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-- e2 kT 2 0,15 2 ENC2 ~ -[0,6-(Cg+ Cd + C r) + -- kTCg + 
0 2 rg m r g m 

/11/ 
1 1 r 

+ kTr(- + -) +-0 +ld)], 
Re Rr 2 g 

rAe eo: 2,712, gm- KPYTH3Ha BXOAHOrO nonesoro TpaH3HCTOpa, lg 
~ Id - TOK~ 3aTsopa ~ AeTeKTopa. AnR 6onbw~HcTBa npeAYC~n~Te
ne~ c nones~M~ TPaH3~CTopaM~ Ha BXOAe ENC~ne*~T s npeAenax OT 
100 AO 1000 3neKTpoHos. 

3APRA04YBCTBHTEflbHbltl nPEAYCHflHTEflb C AKTHBHbiM 
<l>OPMHPOBAH~1EM nOCTO~HHOtl CnAM B~IXOAHOrO C~lrHAflA 

CpasHeH~e YPOBHe~ wyMa TOKOBoro ~ 3aPRA04YBCTB~TenbHOrO npeA
yC~Jl~TeilR 6e3yCilOBHO yKa3biBaeT Ha npe~MYI!IeCTBO nocileAHero np~ 
~3MepeH~RX, rAe Tpe6yeTCR Man~~ ypoBeHb WYMOB. 

B AaHHO~ pa6oTe on~c~eaeTCR sapRA04YBCTB~TenbH~~ npeAYCHnH
Teilb, OTBe4aiOUIH~ ycnOBHRM pa60Tbl B MHOrOKaHanbHbiX CHCTeMaX 
/OTCYTCTBHe peryn~PYIOUIHX 3IleMeHTOB, noMeXOYCTOH4HBOCTb, npo
CTOTa B HaCTPOHKe ~ 3KCnnyaTa~~~/. 

np~H~~n~anbHaR cxeMa npeAycHn~TenR, npHBeAeHHaR Ha pHc.4, 
BKI1104aeT e ce6R: exoAHOH noneeoH TpaH3HCTop VTl/Kn 307 m/, ycH
nHTenbHYIO ceK~HIO c B~XOAHbiM noeTOPHTeneM VT2- VT5, ycHJlHTeilb 
MPf" T 1-<f"'IU nnn::ITI-<f"'IU f" RR '>lA nA 1 lA f" T ::~filA niA '>::ITf"'lnl.l niAT ::IIOIIIP.rn HrlnnRlKP.

HHR VT6. VT7. 
OT o6UienpHHRT~x 1 1,6/ AaHHYIO cxeMy oTnH4aiOT HanH4He AenHTe

nR R2,R5 B ~enH o6111eH o6paTHOH CBR3H H ycHnHTenR M1 c HHTerpH
PYIOI!IeH ~eno4KOH R14(C4 + C5) s ~enH MeCTHOH o6paTHOH CBR3H. 
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C1 H + 80•6 ~-----?------~------~----~~~-;( 

UDS 
KC168A 

PHc. 4. IIpHuu;mmanbHa.R cxeMa npeAYCHJlHTe.rm. 

AEflHTEflb B UEnH 06~En 06PATHO~ CBR3H nPEAYCHflHTEflR 

AnR nOHHMaHHR ponH AenHTenR B ~enH o6~eH o6paTHOH CBR3H npeA
ycHnHTenR /CM.pHc.5/ BHOBb o6paTHMCR K B~pa~eHHRM /8/ H /11/. 
B~pa*eHHe /8/ B paccMaTpHeaeMoM cny4ae npHXOAHT K BHAY 

y 

PHc.5. BnoK-CXeMa npeAYCHnHTen.R c 
AenHTeneM B ~enH o6~en o6paTHon 
CB.R9H H C ~HHAPHqeCKHM cqeTqH
KOM B KaqeCTBe AeTeKTOpa. 

OpH e~nonHeHHH ycnoBKR 

/12/ 

1 R2. --"'--
Rl + R2 

eecb co6paHH~H s AeTeKTope sapRA B~AenHTCR Ha eMKOCTH Cr. B~xoA
HOH CHrHaJl npeAYCHnHTeJlR onpeAenReTCR B~Pa*eHHeM 

/13/ 

CpaBHHBaR B~Pa*eHHR /10/ H /13/, npHXOAHM K B~BOAY, 4TO B nocJleA
HeM cny4ae CHrHan B03POC B 1/Y pas. 

Toro *e ~eKTa MO*Ho Ao6HTbCR, yMeHbWHB s 1/y pas eMKOCTb Cr, 
HO AJlR ManowyMR~HX npeAYCHnHTeneH ll,&l B HaCTOAUiee BpeMR Y*e HC
nonb3YIOTCR eMKOCTH MHHHManbHOH BeJlH4HH~ /0,5-1 n~/, TO eCTb nHWb 
npHMeHeHHe AeJlHTenR B ~enH ~eH o6paTHOH CBR3H no3BOJlReT ysenH-
4HTb 4YBCTBHTeJlbHOCTb CXeMW /~e Ha nOPRAOK/. 

rnaBH~M B~HrpwweM OT npHMeHeHHR AeJlHTenR RBnReTCR YJlY4WeHHe 
OTHOWeHHR CHrHan-wyM CHCTeMW AeTeKTOp - nPeAYCHJlHTeJlb - cneKTpO~ 

MeTPH4efKHH ycHnHTenb. Ka4eCTBeHHO o6~RCHHTb 3TO MO*HO yMeHbwe
HHeM cocTasnR~eH wyMa oT nepsoro KacKaAa cneKTpOMeTpH4ecKoro ycH
nHTeJlR 6naroAaPR yseJlH4eHHIO 3aPRA04YBCTBHTeJlbHOCTH nPeAYCHJlHTenR. 
B 3TOM cny4ae e~pa•eHHe /11/ AJlR cpeAHeKBaAPaTH4HOro wyMosoro 
sapRAa 3neKTPOHOB npHHHMaeT BHA 

/14/ 

s 



rAe U 2 = 4kT(!.. + -'-), r 111 R- 3KBII1Ba11eHTHble nocileAOBaTeilbHble 111 
T RC2 

napa1111ei1bHble WyMOBble conpoTII1BI1eHII1R BXOAHOrO KaCKaAa cneKTpoMeTpll1-
4eCKOrO ycii111111Te11R. Ko3~~111~111eHT C~·y2 n03BOI1ReT np111eecT111 wyM 
BXOAHOro KacKaAa cneKTpoMeTPII14eCKOro YCII111111Te11R KO BXOAY npeAYCII1-
11111Te11R. KaK noKa3a11111 npRMble 1113MepeHII1R, y4eT 3Toro wyMa 6bl11 Heo6-
XOAII1M, TaK KaK np111 Y =1 ero Be111114111Ha cpaBHII1Ma C WYMOM, C03Aaea
eMbiM npeAYCII111111TeneM np111 MailbiX eMKOCTRX AeTeKTopa C d 111 6onbwol:1 
Be111114111He pe3111CTOpa B ~en111 o6~eH o6paTHOH CBR3111 10 rOM. 

0nTII1Ma11bHaR Be111114111Ha OTHoweHII1R nne4 Ae11111Te11R 6bl11a Ha~AeHa 3Kc
nepii1MeHTa11bHo: 111 oKa3anacb paeHoi:1 0,1 np111 111CilOilb3oBaHII1111 cneKTpo
MeTpll14ecKoro yc11111111Te11R Tll1na OPTEK-570 • 

0Tp111~aTe11bHO~ cTopoHoi:1 npii1MeHeHII1R Ae11111Te11R RBilReTcR YXYAWeHII1e 
BpeMeHHbiX xapaKTepii1CTII1K npeAYCII111111Te11R 1113-3a yMeHbWeHII1R K03~111-

~111eHTa nepeAa4111 no neTne o6~el:1 o6paTHo~ CBR3111. 

MECTHMI OTP~UATEflbHAH 06PATHASI C8SI3b 8 nPE,llY01fl~TEflE 

MeCTHaR OTpll1~aTe11bHaR o6paTHaR CBR3b no3BOI111111a OTKa3aTbCR OT 
311eMeHTOB nOACTPOHKII1 111 C~OPMII1POBaTb cnaA BbiXOAHoro C111rHa11a, 
paBHbiH 50 MKC, HenocpeACTBeHHO B 3aPRA04YBCTBII1Te11bHOH CeK~111111. 
nocneAHee nOBbiCII1110 noMeXOYCTOH4111BOCTb 3a C4eT orpaHII14eHII1R CHII13Y 
4acToTHoro All1ana3oHa. 

Mo*Ho noKa3aTb, 4To ~opMa BbiXOAHoro c111rHa11a paccMaTpll1eaeMoro 
npeAYCII111111Te11R AI1R BXOAHOIO 
Onii1CbiBaeTCR BbiPa*eHII1eM 

Jo 
=--e 

-2...!.. . .!!. 
T2 ykl 

Cry 
/15/ 

rAe T2 - nocToRHHaR 111HTerpll1poeaHII1R e ~en111 BHyTpeHHei:1 o6paTHOI:1 
CBR3111, kl 111 k3 - K03~~111l4111eHTbl YC111IleHII1R no ~enRM ~ei:1 111 MeCTHOH 
06paTHbiX CBR3eH COOTBeTCTBeHHO. noAp06HbiH BbiBOA AI1R U J_t) np111Be
AeH B np111110*eH111111 1 • 

~MnYilbCbl TaKOH ~OpMbl IlerKO OnT111M1113111PY~TCR no OTHOWeHH~ 
Cll1rHa11a K WYMY CTaHAaPTHbiMII1 cneKTPOMeTpll14eCKII1MII1 YCII111111Te11RMII1. 
8e111114111Ha cnaAa BbiXOAHoro 111Mnynbca T2 · y · k1/k3 6blna Bb16paHa 111C
XOAR 1113 YCI10BII1R ero HOpMailbHO~ pa60Tbl CO CTaHAapTHbiMII1 cneKTpo
MeTpll14eCK111M111 YCII111111Te11RMII1. 

3ArPY304HASI CnOCOEiHOCTb nPEAYC~fl~TEflSI 

8 Onii1Cb1BaeMOM npeAYCII111HTe11e B OTI11114111e OT 06b14Horo 3arpy3o4-
HaR cnoco6HoCTb onpeAeilReTcR AOnyCTII1MbiM A111HaM~4eCKII1M cM~eHII1eM 
3aTBOpa BXOAHOrO noneeoro TpaH3111CTOpa. 

6 

06yCilOBileHO 3TO TeM, 4TO 3aPRA, HaKOnileHHbiH B eMKOCTII1 06~eH 
o6paTHOH CBR3111, nOA B03AeHCTB111eM MeCTHOH o6paTHOH CBR3111 nocTy
naeT Ha cyMMapHy~ eMKOCTb 3aTeopa BXOAHOro noneeoro TpaH3HCTopa 
111 AeTeKTopa, H3MeHRR noTeH~II1a11 3aTeopa. Pa3pR~aeTCR 3Ta eMKOCTb 
o6paTHbiM TOKOM 3aKpbiTOrO p-n nepeXOAa 3aTBOpa 111 TOKOM, TeKy~HM 

4epe3 conpOT111BileHII1e O~eH o6paTHOH CBR3H. 
Hai:1TII1 3arpy3o4HY~ cnoco6HocTb Mo*Ho 1113 Bblpa*eHHH 

J.R =U , c g /16/ 

/17/ 

rAe J - cpeAHHH TOK, o6pa30BaHHbiH 1110HH3111PY~II1M H311y4eHHeM B pa-
6o4eM o6DeMe AeTeKTopa, R 0 - conpoT111BileHII1e, 3KB111BaneHTHoe na
panneilbHOMY COeA111HeH111~ conpoT111BileHHH Rg 111 o6~ei:1 o6paT~OH CBR3111, 
n- 3arpy3Ka AeTeKTopa, Ug- HanpA*eHII1e aaTeop-111cToK, E - cpeA
HRR 3HeprHR, BbiAeilReMaR B AeTeKTope OAHOH 4aCTH~ei:1, en- 3Hep
rii1R o6pa3oBaHHR eA111HII14HbiX HOCII1Tenei:1 3aPRAa. 

~3 BbiPa*eHHH /16/ 111 /17/ MO*HO HaHTII1 BbiPa*eHHe AilR MaKCII1Ma11b
HOH 3arpy3KII1 npeAYCII111111Te11R: 

Ug mu ·en 
/18/ 

;-~~ !_! - ~~:!~': ~~~~-~~ u0 nnnvrTIAMnP H.=tnOR>KeH\.<1e 3aTBQO-HC TOK, 
~ gmu. · · -

nm&x - MaKCHMailbHaR 3arpy3o4HaR cnoco6HOCTb. 
AilR Cily4aR Ug mu = -18, en= 30 38, E = 0,5 ~138, Rc= 5 rOM, 

Qf= 1,6·10-19 K HaXOAII1M: 

n mu = 80 ·10 8 4acT./c. /19/ 

8o3MO*Ha pa6oTa npeAYCII111111Te11R 111 6e3 pe3111CTopa o6~el:1 o6paTHO~ 
CBR3111. np11 3TOM J KOMneHCII1pyeTCR o6paTHbiM TOKOM 3aKPbiTOro 
nepeXOAa BXOAHOrO noneeoro TpaH3111CTOpa /-0,1 HA/. 

8 3TOM cny4ae 3arpy304HaR cnoco6HoCTb yMeHbW111TCR BABOe 11 pas
Ha 40-10 8 4aCT./C, 4TO AOCTaT04HO AilR MHOr11X npii1MeHeHI1H. 

~cn~TAHHSI nPEAYC~fl~TEflR 

npeAYCI111111Te11b 6b111 111CnbiTaH C ra30BbiM ~1111111HAPH4eCKII1M.C4eT4111KOM 

C AHaMeTpOM KaTOAa 1 CM, All1aMeTpOM aHOAa - 20 MKM 111 AI1111HO~ 6 CM. 
AnR 111CT04H11Ka 241 Am/59,57 K38/ 6blno nony4eHo pa3peweH111e 13 K38 
np111 HanOI1HeHII1111 C4eT4111Ka KCeHOHOM nOA AaBileHII1eM B 10 aTM. npH 
3TOM C4eT4111K HCnOilb30Ba11CR B 1110H1113a~1110HHOM pe*HMe /6e3 YCHileHII1R/ 
noilHOrO C06HpaHHR 311eKTPOHOB, reHepaTopHbiH nHK 1!1Me11 W1!1p111HY Ha 
nOilYBbiCOTe 10 K38. 
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B pa6oTe'171 on~caH aHanor~4H~~ c4eT4~K, cHa6*eHH~~ o6~4H~M 
npeAYC~n~TeneM, Ha KoTopoM nony4eHo 3HepreT~4ecKoe paapeweH~e 
25 K3B. 

TeMnepaTypHa~ HeCTa6~nbHOCTb npeAYC~n~Tenn COCTa8~na 0!05%/°C 
8 A~anaaoHe TeMnepaTYP OT 20 AO 50°C. 

BbiBO,Qbl 

npeAYC~n~Tenb C none8~M TpaH3~CTOPOM Ha 8XOAe, ~Me~~~ pe-
3~CT~BH~~ Aen~Tenb 8 4en~ o6~e~ o6paTHO~ c8~3~, no cpa8HeH~o 
c o6~4H~M npeAYC~n~TeneM o6ecne4~8aeT 6onee 8~CoKoe oTHoweH~e 
c~rHana K wyMy np~ pa6oTe c AeTeKTopaM~ Man~x eMKOCTe~. · 

np~MeHeH~e MeCTHo~ o6paTHO~ C8~3~ 8 npeAYC~n~Tene noa8on~eT 
~cKno4~Tb 3neMeHT~ noACTPO~K~, CAenaTb ero 6onee noMexoycTo~4~-
8~M ~ C~OPM~p08aTb noCTO~HHYO cnaAa 8~XOAHOro C~rHana 50 MKC He
nocpeACT8eHHO 8 3aP~A04Y8CT8~TenbHO~ ceK4~~. 

np~ CpeAHeM TOKe, o6pa308aHHOM nOA 803Ae~CT8~eM ~OH~3~py~e
ro ~any4eH~~ 8 4Y8CT8~TenbHOM o6DeMe AeTeKTopa AO 0,1 HA, 803Mo*
Ha pa6oTa npeAyc~n~Ten~ 6ea pea~cTopa o6paTHO~ C8~3~. 

On~·caHH~~ npeAyc~n~Tenb MO*eT 6~Tb np~MeHeH An~ nocTpoeH~~ 
MHOrOKaHanbH~X C~CTeM C ra308~M~ ~ nonynp080AH~K08~~ AeTeKTO
paM~. 

B 3aKno4eHHe XOTenocb 6~ no6naroAaPHTb ~.K.AKHM08a 3a PYKO
eoncTBn n.-::.flnTnLA r ._. llllAnna::a ~~ ~0~0~~ ~ ~::"~~e~e~::~~~ ~~=~:..=~.:: :~;~. 

nPHJlOlKEHHE 1 

B~80A 8~Pa*eH~~ An~ nepeAaTo4HO~ xapaKTepHCTHKH 
npeAYC~nHTen~ C MeCTHOH o6paTHOH C8~3b0 

YcHnHTenbHYO CeK4HO k2/CM. PHC,6/, OX8a4eHHYO o6paTHOH C8~3b~, 
MO*HO OnHCaTb 8~Pa*eHHeM 

k2'~) =-----k2 ______ _ 
1 

/20/ 

T2·P+1 

ynpOCTH8 KOTOpoe, MO*HO nony4HTb: 

k2·T2'p k1 1 ___ ;;.._ + - ----
T2'p + 1 k3 T2'p+1' 

/21/ 

T2 
T2' = ---

k2·k3 

8 

Y41-1Tb1Ba~, 4TO k 1<< k S, 8TOpOH 4neH MOIKHO 8 AanbHeHWeM He pac
CMaTpHBaTb. Ko3~~"'4~eHT yc~neHH~ npeAyc~nHTen~ 6ea o6~e~ o6paTHO~ 
CB~3~ k(p) OnHCbiBaeTC~ B TaKOM cny4ae Bblpa>KeH~eM 

k(p) = ------, 
T2':p + 1 

/22/ 

nepeAaT04HYO ~YHK4~0 npeAYC~n~Ten~ C o6~e~ o6paTHOH CB~3b0 MOIKHO 
HaHTI-1, ~cnonb3Y~ MeTOA KOHTYPHbiX TOK08 /eM. p~c.]/: lbx= 11+ 12 , 

y4HTb1Ba~ , 4To 

MO>KHO nony4~Tb 8~Pa*eH~e 

U 2 yU2 +U2 /k 
I = -- + 
bx kz 1 z 2 

ynpoc T~8 KoTopoe, nony4aeM: I bx 
u 2 z 2+ (ky + 1) z 1 

k zt'z 2 

u2 --. 
z 1' z 2 

k • --.,---~-- /23/ 
z 2 + (k·y + 1) • z 1 

An~ Toro, 4T06bl nony4HTb nepeAaT04Hyo ~YHK4~0 npeAYC~nHTen~, 
Heo6XOAHMO 8 /23/ nOACTa8HTb 3Ha4eH~~ An~ k , z 1 "' z 2 : 

koT2'p 1 Rr 
k= 'Z1=--, Z2= __ _.:;_ __ 

T2 'p+ 1 • p · C1 1 + P· T r 

C1 = c d + c g , T r= R r · C r • 

U2(pl ~ PHc. 6, CTpyKTYpHaH cxeMa npeAYCH

~ JlHTeJIH, 

PHc.7. Ynpo~eHHaH CTPYKTypHaH 
cxeMa npeAyCHJIHTeJIH. 

9 



nocne noAcTaHoBK~ nony4aeM: 

U2(p) ka· P· T2'. __ 1_. R r 
W(p) = -- = ~--

Ibx(p) 1+P·T2' P·C1 1+P·Tr 

1 

R r (kay+1)·T2'·P+ 1 --- + __: _____ _ 
1+P·Tr (1+pT2') P· C1 

PacKp~saR cKo6K~~ ~MeeM: 

P·T2' ka Rr 
W(p) = -- • _..:...._ 

p.C1 1 +P·Tr 1+P·T2' 

(1 + p. T r) • p. C1· (1 + P· T2 ') 

X --------------~----------------------------------• 

---x 
/25/ 

Crpynn~posas 4neH~ ~ npo~3BOAR coKpa~eH~R,np~XOA~M K B~pa~eH~~: 

P·T2'·R,.y-l 
W(p)=ka· ----. 

p 2[ Rr'Ct'T2' + (k a· y + 1) T r·T2']+ p[ Rr·C1 +(ka·Y+ 1) T2' + T r1 + 1 

ka Y -1 
W(p) = --- • - X 

(kn•Y + 1) C t 
/27/ 

p 

x---------------------------------------------------
Rr· C 1 1 1 1 

+1)+P( +-+ )+-----
(kaY+ 1)·'tr·T2' Tr T2't:lt0y +1). T2'·Tr(koy+1) 

nycTb 

1 
--------- .. c . 
T2''Tr(k 0y +1) 

/28/ 

10 

b± y'b2 -4ac A12"'- ___ ,;...._ __ _ 

' 2a 

MO~Ho aan~caTb: 

W(p) 1 p 

Y4~T~BaR, 4TO BXOAH~M c~rHanoM RBnReTcR 
Hoe npeo6paaosaH~e nannaca, nony4aeM: 

k A At t ' A2 t a . _1_ • 1 ' e - "2 e u 2(t) = _...;;__ 
k 0y + 1 C r A 1 - A 2 

/29/ 

/30/ 

ArtR aHan~aa HaHAeHHoro peweH~R y4TeM, 4To k a·Y » 1, R r. C 1 .. 7T r• 
Y = 0,1, TOrAa 

8 1 c"' __ .:..._ __ 

T2'· Tr ko y 
a .. 1, b .. 

koy· T2'' 

KopH~ xapaKTep~cT~4ecKoro ypasHeH~R np~ 3TOM paBH~: 

A 12 = - 't ± v' ( 'i )2 - 1 
k 0y · T2' kay· T2' T2'· T r' k 0y 

/31/ 

4 BbiHecR - aa cKo6Ky, nony4~M: 
k 0y·T2' 

4 T2'· k 0 y 
A 12 "'- • (l ± v' 1 - ) • 

k 0 ·y· T2' 18T f /32/ 

3 T2 , n I HaR, 4TO = -- ~ 4TO ko= k 1 k2 , B~pa~eH~e 32/ MO>KHO np~-
BeCT~ K B~AY k2, k3 

A12 = -4k3 (1± v'l- T2. kl·y ). 
y·k1·T2 Tr k3·18 /33/ 

B HaweM. cny4ae: 

-2 -2 
T2 =4·10 c,Tr= 1·10 c, k 3 /k 1 .. 100, 

TOrAa: 

A12 = ~~ • (1 ± 0,99875), 

II 



noACTaBHB ,\ l H ..\2 B Bblpa>KeHHe /30/, C4HTaR, 4TO k
0 

y » 1, AJlR 
BbiXOAHOrO CHrHaJla HaXOAHM: 

_ t·SOO _ !.:J!..&! 
(800e T

2 -0,6e T
2 )·T2-l /34/ 

0,1·C r (800- 0,5)T2-1 

TaK KaK BTOPOH 4JleH 4HCJlHTeJlR 6o11ee 4eM Ha 3 noPRAKa MeHbwe 
nepeoro, TO ero MO>KHO He Y4HTbiBaTb H npHBeCTH Bblpa>KeHHe /33/ 
K BHAY 

Io u2 (t) .. 10. - . e 
Cr 

SOOt 
T2 

/35/ 

noJly4eHHOe ypaBHeHHe onHCbiBaeT HMnyJlbC C noCTOSlHHOH cnaAa, pae
HOH T2 /800 = 4 ·1 0-2 /800 = 50 /MKC/. 

,llJlR aHaJlH3a MO>KeT 6b1Tb noJle3HO 6o11ee o6111ee Bblpa>KeHi1e, Ko
Topoe MO>KHO nOJlY4HTb H3 Bblpa>KeHHR /30/ npH yCJlOBHH, 4TO 

..\ 1 » ..\ 2 ' T r "' R r . C1 ' 

Io 
U2 (t) =- · e 

yCr 

JU1TEPATYPA 

t kS --·--
T2 kl·Y 

/36/ 
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Mep311AKoa C.H. 13-83-646 
Ma110WYMR~HH nPeAYCH11HTe11b AJ1R ~eTeKTOPOB Ma11WX eMKOCTeH 

OnHc~aaeTcR Ma11owyMR~HH 3apR~04YBCTBHTe11bH~H np~ycH11HTeJlb AJlR pa6oT~ 
C ~eTeKTOpaMH MaJl~X eMKOCTeH. 0T11H4HTeJlbH~MH 4epTaMH CXeMW np~yCHJlHTeJlR 
RB11A~TCR pe3HCTHBH~H ~eJlHTeJlb B ~enH ~eH CBR3H H MeCTHaR OTpH~aTeJlbHaR 
06paTHaR CBR3b. Pe3HCTHBH~H ~eJlHTeJlb Y11Y4WaeT OTHOWeHHe CHrHa11a K WYMY npH 
pa6oTe C ~eTeKTOpaMH MaJl~X eMKOCTeH. Ha11H4He BHyTpeHHeH OTPH~aTeJlbHOH 
o6paTHOH CBR3H n038011ReT CTa6H11H3HPOBaTb CXeMy no nOCTORHHOMY TOKy, HCK11~-
4HTb 311eMeHT~ no~CTPOHKH H C~OPMHPOBaTb B~XO~HOH CHrHaJl C nOCTORHHOH cna~a 
B 50 MKC Henocpe~CTBeHHO B 3apR~04yBCTBHTeJlbHOH CeK~HH. CTa6H11H3a~HR CXeM~ 
no nOCTORHHOMy TOKy n03B011ReT pa6oTaTb 6e3 pe3HCTopa o6~eH o6paTHOH CBR3H 
3a C4eT KOMneHCa~HH TOKa, o6pa30BaHHOro HOHH3HPY~HM H311y4eHHeM B ~eTeKTO
pe, o6paTH~M TOKOM 3aKp~Toro p-n nepexo~a axo~Horo no11eaoro TpaH3HCTopa. 
npHB~eH paC4eT nepe~aT04HOH xapaKTepHCTHKH np~yCH11HTe11R C BHyTpeHHeH 
o6paTHOH CBR3b~ • 

Pa6oTa e~no11HeHa a fla6opaTopHH R~epH~x npo611eM OHRH. 

''!:;::r.~.:=-= : :;.,;,. 

Merzlyakov S.l. 
Low-Noise Preamplifier for Low-Capacity Detectors 

13-83-646 

The low-noise charge-sensitive preamplifier for low-capacity detec
tors is described. The circuit differs from the standard ones by having 
a local negative feedback and a resistor divider in the general feedback 
loop. The resistor divider improves signal-to-noise ratio when working 
with low-capacity detectors. The local negative feedback allows De-stabili
zation of the circuit, elimination of tuning and shaping of the output 
signal with the 50~s droop constant immediately in the charge-sensitive 
part. De-stabilization allows to operate the circuit without the general 
feedback resistor due to compensation of the current, produced in the 
detector by the ionizing radiation, by back current of the FET gate. The 
tran~fer characteristic of the preamplifier with the local feedback is 
calculated. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

Commurtication of the Joint Institute for Nuclear Research. Dubna 1983 
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