
n-3o 

M.lleTp)I(HK, BJ1 .<l>oMHHbiX 

CODfilllBHMR 
Otib8AMH8HHOrO 

MHCTMTYT8 
RABPHbiX 

MCC18AOB8HMI 

AYfiHa 

.t 1-t ---tr 
13 - 12672 

qACfOTHhiE J1 UIYMOBhiE XAPAKTEPJ1CTJ1KJ1 

3APH~OqYBCTBJ1TEnbHOrO llPE~YCJ1nJ1TEnH 

1979 



13 - 12672 

M.OeTp)I(HK, BJ1.ci>oMHHhiX 

qACfOTHhiE l1 lllYMOBhiE XAPAKTEPl1CTl1Kl1 

3APH~QqYBCTBl1TERbHOrO OPE~YCl1Rl1TERH 



neTpmHK M., ~OMHH~X B.H. 

4aCTOTH~e H WYMOB~e xapaKTepHCTHKH 
3ap~A04YBCTBHTefibHOrO npeAYCHnHTen~ 

13 - 12672 

npHBOA~TC~ pe3yfibTaTbl HCCneAOBaHH~ aMnfiHTYAH0-4aCTOT
H~X H WyMOB~X xapaKTepHCTHK 3ap~AQ4YBCTBHTefibHOrO npeAYCH
fiHTen~ c ~enb~ onpeAeneHH~ o6nacTH ero ycT0~4HBO~ pa6oT~ H 
anpHOpHO~ O~eHKH pa3pewa~~e~ cnOc06HOCTH AO nOAKn~4eHH~ K 
AeTeKTopaM ~AepHoro H3ny4eHH~. AMnnHTYAH0-4acTOTH~e xapaKTe 
pHCTHKH nony4afiHCb MeTOAOM nOAa4H Ha BXOA npeAYCHfiHTen~ CH
HYCOHAafibHOrO CHrHana B o6naCTH 4aCTOT OT 30 r~ AO 30 Mr~. 
An~ nony4eHH~ WYMOB~X xapaKTepHCTHK HCnonb30Banc~ WHpOKOno
fiOCH~~ BOfibTMeTp CO cpeAHeKBaApaTH4HO~ WKano~ H HeKOrepeHT
H~M CTp06HpOBaHHeM H3Mep~eMOrO CHrHana. B pe3ynbTaTe 6~nH 
Ha~AeH~ KOfiH4eCTBeHH~e KpHTepHH An~ BbiXOAH~X napaMeTpOB npe 
AYCHfiHTen~. npHBOA~TC~ KOnH4eCTBeHHble xapaKTepHCTHKH WYMOB 
3fieKTp03neMeHTOB npeAYCHnHTen~. 

Pa6oTa BblnOnHeHa B na6opaTOPHH ~AePHbiX npo6neM OH~H. 

Coo6weHHe 06beJlHHeHHoro HHCTHTyTa IUlepHbiX HCcneJloB&HKA • .Uy6Ha 1979 

Petrzhak M., Fominykh V.l. 

Frequency and Noise Characteristics of a 
Charge Sensitive Preamplifier 

13 - 12672 

The amplitude-frequency and noise characteristics of 
the charge sensitive preamplifier have been investigated to 
determine the range of its stable operation and to evaluate 
a priori before detectors of nuclear radiation are put in. 
The amplitude-frequency characteristics were obtained by in
puting to the amplifier a sine signal in the frequency range 
from 30 Hz to 30 MHz. The noise characteristics were measu
red using a broad-strip voltmeter with an average square 
scale and incoherent strobation of a measured signal. As a 
result, the quantitative criteria were found for the output 
parameters of preamplifier. The quantitative noise characte
ristics of preamplifier electro-elements are presented. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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AnR npoBeAeHHR HCCileAOBaHHM 6~nH co6paH~ MaKeTH~e o6paa~ 
~~ npeAYCHilHTene~ /MnY/ no CXeMe /pHC. 1/, COCTasneHHO~ Ha 
OCHOBe aHanH3a PRAa CXeMH~X peWeHH~ H peKOMeHAa~H~ 1 1

-
9 1

• 

CxeMa COAeP*HT OTHOCHTellbHO He60ilbWOe KOI1H4eCTBO 311eKTpo-
311eMeHTOB. npeAYCMOTpeHa B03MO*HOCTb KOppeK~HH B~XOAH~X na
paMeTpOB. npHMeHeHHe TOilbKO KpeMHHeB~X TpaHSHCTOpOB, a TaK*e 
CTa6HnH3aTOpa B ~enH nHTaHHR BXOAHOrO nonesoro TpaH3HCTOpa 
06ecne4HI10 B~COKY~ TeMnepaTypHy~ CTafiHilbHOCTb npeAYCMilHTenR. 

B Ka4eCTBe OCHOBH~X KPHTepHeB O~eHKH CBO~CTB npeAYCHnH
Tene~ 6~H B~6paH~ : a/ 3aBHCHMOCTb K03~H~HeHTa YCHneHHR OT 
4aCTOT~ CHHYCOHAallbHOrO CHrHana, no KOTOpO~ MO*HO CYAHTb 06 
YCT0~4HBOCTH pa60T~ YCMilHTenR,H 6/ 3aBHCHMOCTb ypoBHR WYMOB 
OT Bei1H4HH~ eMKOCTH KOHAeHCaTOpa, nOAKn~4eHHOrO KO BXOAY 
npeAYCHilHTenR, noaaonR~~aR o~eHHTb O*HAaeMOe paspeweHHe npH 
HCnOilb30BaHHH KOHKpeTHOrO AeTeKTOpa. HopManH AflR K011H4eCTBeH
H~X 3Ha4eHH~ B~6paHH~X KPHTepHeB 6~nH nony4eH~ nyTeM ycpeA
HeHHR pe3yllbTaTOB H3MepeHH~ H8 TpeX OpHrHHallbH~X o6paa~aX 
npeAYCHilHTene~ M970- CANBERRA /2 WT/H ORTEC -120-3 /1wT/. 

AnR CHRTHR 4aCTOTH~X xapaKTepHCTHK HCnOilb30BallHCb 2 reHe
paTOpa H 2 MHilllHBOilbTMeTpa nepeMeHHOrO TOKa. nepa~~ reHepa~ 

TOp AnR AHana30Ha 4aCTOT 0,030 + 150 Kf~ co6paH no CXeMe, npH
BeAeHHO~ s 1 10~ a Ka4ecTae sToporo reHepaTopa cMrHanos a AHa
naaoHe 4acTOT 0,1 +35 Mr~ HcnonbaosancR reHepaTop THna r4-18A. 
H3MepeHMe HanpR*eHH~ B~XOAH~X CHrHanoa 8 HH3K04aCTOTHOM AHa
na30He npOBOAHilOCb MHilllHB.OilbTMeTpOM, CXeMa KOTOpOrO OnHCaHa 

1 11 1 
B ; AflR H3MepeHHR B~COK04aCTOTH~X CHrHanOB HCnOnb30BancR 
eon bTMeTp THna BSV -1624 c nonoco~ nponycKaHHR oT 10 Kf~ AO 
1 ff~ H MaKCHMallbHO~ 4YBCTBHTellbHOCTb~ 10 MB Ha WKany /npH-
6op pa60TaeT no npHH~Hny HHKOrepeHTHOrO CTpo6MpOSaHHR BXOA
HOrO cHrHana/. CoeAHHeHHe reHepaTopa c npeAYCHnHTeneM ocy
~eCTBnRnocb 4epea cornacy~ee nepexoAHOe ycTpo~cTao. 

Ha pHc.2 npHBeAeH~ 4aCTOTH~e xapaKTepHCTHKH npeAYCHnHTe
ne~. 
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Kpi-1Ba.A 1 OTHOCI-1TC.A K npe,qyCI-1J11-1Teil .AM M970 I-10RTEC-120;4ac
TOTH~e xapaKTepl-iCTI-iKI-1 Tpex MnY COOTBeTCTBY~T Kpi-1B~M 2,3,4; 
Kpi-1Ba.A 5 OTHOCI-1TC.A K npe,qyCI-1J11-1TeJl~ T1-17a n213, pa3pa6oTaHHO
MY B na6opaTOpl-11-1 .A,qepHbiX npo6JleM 011.sJI1 ?/ /3TOT npe,qyCHJli-1TeJlb 
HMeeT ,qonOilHI-1TeJlbH~~ B~XO,q epeMeHHbtX Cl-irHaJlOB/. 

I13MepeHI-1e wyMOB npoeo,q1-1I10Cb no MeTOAI-1Ke, npHMeH.AeMO~ ~Hp
MO~ ORTEC npH aTTecTa~l-11-1 npe,qyCI-1IlHTene~ 1 B I . CHrHail oT reHe
paTopa C PTYTH~M pene, 1-iMe~~l-1~ ~pOHT HapacTaHH.A 15-20 HC H 
MeAfleHH~~ cna,q, no,qaeTC.A Ha BXOA npe,qyCI-1Jli-1TeJl.A 4epe3 KOHAeH
CaTOp eMKOCTb~ 0,5 n~. no I-13BeCTHO~ 4YBCTBI-1TeilbHOCTI-1 npe,qyci-1-
IlHTeJl.A ycTaHaBilHBaeTc.A C:ooTeeTCTBI-ie aMnill-iTYAbl BbiXO,qHoro Cl-ir
Hana 3KBHBaJleHTHOMY 3Ha4eHI-1~ aap.A,qa Ha BblXOAe reHepaTOpa. 

Bb1XOA npe,qycHilHTeil.A no,qKil~4aeTc.A KO exo,qy Ili-1He~Horo ycl-inH
Ten.A, r,qe ycTaHaBJ1HBa~TC.A nOCTO.AHHble ~OpM~-ipOBaHH.A, paBH~e 
2 MKC /o,qHOnOJ1.RPHbiH 1-iMnYilbC/, 1-1 yCI-1JleHI-1e, o6ecne4HBa~~ee Ha 
BbiXOAe aMnJ1HTYAY CHrHana, paBHY~ =4,58. 

K sblxo,qy IlHHeHHOro yci-1Ili-1Teil.A no,qKil~4aeTC.A WHPOKononocHbl~ 
BOJ1bTMeTp co cpe,qHeKBa,qpaTH4HO~ wKano~ - RMS -BOilbTMeTp. noc
ne BbiKJ1~4eHH.A reHepaTopa CHI-1Ma~TC.A noKa3aHI-1.ARMS-eonbTMeTpa, 
H OKOH4aTeJ1bHOe 3Ha4eHI-1e wyMa npe,qyci-1Ili-1.Teil.A onpe,qen.AeTc.A no 

<)lOpMyne: 
112 E i 

!:. ( K3B ) = 2,35 - V RMS ; vi 
r,qe Ei -3ap.R,q, no,qaeaeMbl~ Ha exo,q npe,qyci-1Ili-1Ten~ e K3B /e Ha
weM cny4ae 40 K3B/; Vi- aMnill-iTYAa cl-irHana Ha e~xo,qe Ili-1He~
HOro ycHJ1HTeil.A np~-1 no,qa4e aap.A,qa Ei /e HaweM cny4ae 5,0 B/; 
VaM8 -noKa3aHI-1.A RMS -eonbT MeTpa. 

Ha pHc.3 npHee,qeH~ aae!-1CI-1MOCTI-1 wyMOB npe,qyci-1Ili-1Tene~ np~-1 
pa3H~X eMKOCT.AX KOHAeHcaTOpOB, no,qKil~4aeMbiX KO BXOAY· 

KpHea.A 1 nony4eHa np~-1 pa6oTe c npe,qyc1-1n1-1TeneM M970 6e3 
KaKHX-nH60 erO H3MeHeHI-1~. Kp1-1Ba.R 2 COOTBeTCT ByeT TOMY me 
npe,qyCHJ1HTeJ1~, HO C 3aMeHO~ BXOAHOrO noneeoro TpaH31-1CTOpa 
/nT/ Ha nT ~ 33, xapaKTepHCTI-iKI-1 KOTOpOrO npi-1Be,qeHbl Ha p!-1C.5. 

Kp1-1e~e 3, 4, 5 nony4eHbl np~-1 pa6oTe ,qeyx MnY 1-1 n213 c none-

B~M TpaH3HCTOPOM ~ 33. 
KaK BHAHO, 4aCTOTH~e H wyMOBble xapaKTepi-1CTI-1KH MnY no,qo6-

Hbl xapaKTepHCTHKaM M970. noBbiWeHHble 3Ha4e HI-1.A WYMOB~X CBO~CTB 
npH H3MepeHH.AX C nT ~ 33 Ha exo,qe o6ycJlOBJleH~, no-BI-1AHMOMy, 
,qOnOilHI-1TeJ1bHbiM BKJ1a,qOM WYMOB nT, conpOTHBJ1eHH~ B ~en.AX o6-
paTHOH CB.A3H H Harpy3KH, a TaKme 3Ha41-1TeJlbHbiMH pa3MepaMH ne-

peXOAHOrO KOH,qeHCaTopa. 
AanbHeHwHe Hccne,qoeaHH.A aaeHCHMOCTI-1 wyMOB OT pa3J1H4H~X 

3J1eMeHTOB npoeo,qHilHCb e cxeMe MnY. 
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nOJlEBbiE TPAH3HCT0Pbl AllR BXOAHOrO KACKAAA 

Y BCeX nOileBbiX TpaH3HCTOp08 lo13MepR/1HCb CTaTH4eCKHe napa-
MeTpbl: I -Ha4allbHbiH TOK CTOKa lo1 S - KPYTH3Ha. nocne HX c Ha4. 
BK11~4eHHR 8 cxeMy MnY ycTaHae~HeancR pemHM no nocTORHHOMy 
roKy: HanpRmeHHe Ha CTOKe + 4, 5 ± 0, 2 B 1o1 HanpRmeHHe Ha saTeo
pe - 0 , 5 ± 0 , 1 B • 

Ha pHc.4 Aa~TcR pacnpeAelleHHR noneeblx TpaHSHCTopoe no wy
MOBbiM CBOHCTBaM npH pa3/11o14HbiX 3Ha4eHHRX eMKOCTeH KOHAeHCaTO
p08 Ha BXOAe npeAYCHilHTellR. H3MepR/1HCb TpaH3HCTOpbl THnOB 
Kn303r /50 WT/, Kn307~ /50 WT/, 2N4416 /12 WT/ H Tffi -75 
/5 WT/. Ha PHC.5 B Ka4eCTBe npHMepa npHBeAeHbl pe3yllbTaTbl H3-
MepeHHH WYMOB HeKOTOpbiX noneBbiX TpaH3HCTOPOB. 

KaK BHAHO, A/lR 3~eKTHBHOro HCnOilb30BaHHR nr ~enecoo6pas
HO npOBOAHTb HX OT60p C y4eTOM 3/1eKTPH4eCKOH eMKOCTH KOHKpeT
HOrO AeTeKTOpa. 

COnPOTHBJl~HHR BXOAHbiX UEnE~ nPEAYCHJlHTEJlR 

WyM conpoTHBileHHH HSMepRncR 8 cxeMe MnY nocpeACTBOM BK11~-

4eHHR HX e ~enb o6paTHOH CBR3H. ConpoTHsneHHe Harpy3KH npH 
3TOM OTK11~4a/10Cb. 

Ha pHc.6 npwBeAeHbl xapaKTepHCTHKH wyMOB oTe4eCTBeHHbiX 
conpOTHBileHHH THna KBM, OC H conpoTHBileHHH sapy6emHbiX ~HPM 
THna HR -600, KEWEX, VICTORIA, MOD-11)2, MOD-104. 

npeACTaB/lReTCR B03MOmHbiM HCn0/1b30BaTb OTe4eCTBeHHble conpo
THB/leHHR THna KBM B ~enH o6paTHOH CBRSH /c HOMHHallbHbiM 3Ha-
4eHHeM 4,7 rOM/ H B ~enH Harpy3KH /C HOMHHallbHbiM 3Ha4eHHeM 
4, 7 + 1 0 rOM/. 

PA3AE11HTEJlbHbiE BbiCOKOBOJlb THbiE KOHAEHCATOPbl 

HaMH HcnonbsoeanHcb oTe4eCTBeHHble KOHAeHcaTOpbl THna K15-3 
x6,3 KB,npeAeapHTellbHO npOMbiTble e cnHpTe, BbiAepmaHHble e ea
KYYMHOH KaMepe np·H TeMnepaType +(50+70)°C B Te4eHHe 8 +1 0 4a-
COB 1o1 cpasy me nocne 3Toro noKpbiTble napa~HHOM THnaT-100 /4CCP/ . 
np1o1 nOAa4e HanpRmeHHR CMe~eHHR AO 3 KB He 3aMe4a/10Cb H3Me-
HeHHH BbiXOAHbiX napaMeTpOB npeAYCHilHTe/leH. 

3JlEKTP03JlEMEHTbl nOCJlEAYIOII{HX KACKAAOB 

B cxeMe MnY npHMeHRilHCb conpoTHBileHHR MJlT-0,5; MOH-0,5 c 
OTKilOHeHHeM OT HOMHHallbHbiX 3Ha4eHHH ±5% lo1 ±1 % COOTBeTCTBeHHO; 
311eKTP011HTH4eCKHe KOHAeHCaTOpbl THna K-53. 

Bee TpaH3HCTOpbl npOXOAHilH KOHTPOilb no {3 lo1 OT60p no wyMo
BbiM CBOHCTBaM nocpeACTBOM BK11~4eHHR B CXeMy, npHBeAeHHY~ Ha 
pHC. 7 / 121. 
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s cxeMe MnY, npH pa3H~x 3Ha4eHH~x eMKOCTH KOHAeHcaTopa Ha 

BXOAe npeAYCHnHTen~. 
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PHc. 7. CxeMa H3MepeHHH wyMos TpaH3HcTopos. 

AnH npHMepa Ha PHC.8 noKa3aH~ OC~HnnorpaMM~ WYMOB HeKOTO
P~X TpaHaHcTopos THna KT306r. 04eBHAHO, He npeACTasnHeT aa
TPYAHeHHH CAenaTb OT6op TpaH3HCTOPOB C MHHHManbHbiMH 3Ha4eHH
HMH WyMOB. 

npeAYCHnHTenH, cofipaHH~e no CXeMe PHC. 1, C npeABapHTenb
H~M OTfiOpOM 3neMeHTOB B COOTBeTCTBHH C npeAnO)I(eHHbiMH peKo
MeHAa~HHMH HCnOnb30BanHCb AnHTenbHOe BpeMH B 3KCnepHMeHTaX 
Ha ycTaHOBKe Cm1H 

1 13 1 
npH H3MepeHHHX y -cneKTpos. 6~na ycTa

HosneHa HAeHTH4HOCTb peayn bTaTOB H3Mepe HHH , nony 4eHH~X npH 
HcnonbaosaHHH npeAYCHnHTeneH MnY H M970,KaK no paapewa~~eH 
CnOCOfiHOCTH, TaK H no CTafiHnbHOCTH. 

AsTOpbl &rpa~a~T 6naroAaPHOCTb B. M.UynKO-CHTHHKosy, M .~H H
r epy 3a nOCTOHHHOe BHHMaHH e K AaHHOH pafioTe H M.H.ErOWHHy, 
6.A . AnHKOsy, ~.npa)l(aKy 3a nOMO~b . 
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PHc . 8. Oc~HnnorpaMMbl wyMos TpaHaHcTopos THna KT306r. 
/MacwTa6 no ocH X - 1 Mc/Aen; no ocH Y - 5 MB/Aen./ 

IlMTEPATYPA 

1. ~HnnecnH A.6. CHrHan, wyM H paapewa~~aH cnoco6HOCTb ycH
nHTeneH. ATOMH3AaT, M., 1964. 

2. AKHMOB ~.K. H AP · nonynpOBOAHHKOB~e AeTeKTOPbl HAepH~X 4ac-
TH~ H HX npHMeHeHHe. ATOMH3AaT, M., 196]. 

3. KanHHHH A. M., WeHKO B.A. OMRM, 2357, Ay6Ha, 1965. 

4. Cy66oTHH B.r.,~e~Hnos 6.8. OMRM, 13-3111, Ay6Ha, 1967. 
5. 6epnOBH4 3.E. H AP· npenpHHT JlMR~ ~ 57, IleHHHrpaA, 1973. 
6. 3y6apesa A.M. HAP· OMRM, P13-10430, Ay6Ha, 1977. 
]. Akimov Yu.K. et al. Nucl. lnstr. and Meth., 1972, 104, 

p.581. 

13 



8. Preamplifiers Series 120-0RTEC, Operating and Service 
Manual. 

9. Preamplifiers Series M-970 CANBERRA, Operating and Ser
vice Manual. 

10. Syrovatko R., Cernoch B. Zapojem s integrov. obvody. 
SNTL- PRAHA - 1976. 

11. Kryska L. AR-B6/77, c.217. Magnet- PRAHA. 
12. Blaha E., Havlik L., Stach J. Merem polovod soucartek. 

SNTL- PRAHA- 1977. 
13 . fpoMoaa H.H. HAP· OH~H, P13-11363, Ay6Ha, 1978 . 

14 

PyKonHCb nocTynHna a H3AaTenbCKH~ OTAen 
17 H~nR 1979 rOAa. 


