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BpeMH-3aancn"hlit ¢nnbTp nnH crreKTpo~<eTpH'!eCKHX ycti.lHToneft 

Pacc""lTPHBillOTCH ¢n.'lbTpbl OllH cneKTPO"eTpll'H?CKIIX ycHnnrenefi. npliBO 

llH'I'CH Bl!illl!i3 WYMOBblX li 3arpy30'!Hb!X CBO(!CTB ITpOCTOI'O BpeMH-38BI!C!l"OI'O 

cpHllbTpa, COCTOHWei'O 1!3 ill!cjlcpepeHU1!8'1'0pa Ha lli!HIH! 39:Jep>'.Kil II yrrpi1BllHCMO

I'O RC -nHTcrpaTopa •. \\cTo:Jo" secoBLIX ~·yHKUHf! BbiBe.:leHbl o6wl!e Bbipa>KeHn 

nnH nncrrcpcnn rrapan.le.1bHOro n rroc,•enona TenbHoro wy~10B. Ko3•:; ;.IIUneHT 

rrpCBb!WCHH H WyMa nns <jll!ilbTpa COC'I'8Bll>IeT 1,125, a n:mTe.1bHOCT6 l!~!ITy:JbCa 

1 ,35r 0 + 0,5 MKC, rue r 0 - onTu~:anbHaSI nocTOSIHHaH spe"IeHH CR-RC- Qllllb'l' 

pa, np!HleneHa 3KCnepll"!eHT8llbH8H 38BHCI!~!OCTb 3HepreT!I'leCKOI'O pa3peweHII51 

OT 3arpy3KH, 

Pa6oTa BbtnOnHeHa B na6opaTOpi!H SinepHb!X npo6neM 011 f!H. 

Coo6weHIIe 06oeniiHeHHoro IIHCTHTyTa 5lnepHbiX· IlCCI!eaoBaHHii. lly6Ha 1978 

Ignatiev O,V,, Kalinin A,l,, Shkola ::-.i,F', 13 - 12019 

Time-Variant F'ilter for Nuclear Pulse Amplifiers 

Filters for nuclear pulse amplifiers are considered, ::-.Ioise and 
count rate performances of a common time-v-ariant filter consisting 
of a delay line shaper and a gated RC integrator are analyzed, By 
the weight function method general expressions for dispersion of 
parallel and series nioses are derived, The filter normalized noise 
linewidth is 1.123, the pulse duration is 1,33 r0 +0.5 mks, \\here ,0 
is the noise corner time-constant of CR-RC-filter. The experimental 
dependence of energy resolution on count rate is given. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'bellHHeHHbiJJ HHCTHTyT !ilJJepHb/X HCC/le!JOB8HHii f1y6Ha 

OcuoBHhiMH xapaKTepucTHKaMH cneKTpoMeTpuqecKHx ci>unbTpoB 

JIBnJIIOTC.II HX cl>HnbTPYIOI.l\a.ll H 3arpy3oqua.11 CllOC06HOCTH. 11epBa.ll 

Bblpa:lKaeTc.ll qepe3 ·KoJ4>cl>uu;ueuT npeBblWeHH.II wyMa K 
11

• 111 • no 

OTHOWeHHIO K T .H. TeopeTuqecKoMy cl>HnbTPY I cusp - ci>unbTp, 

.n;n.11 KOToporo Kn. 111 • =1/. 3arpyJoqHa.ll cnoco6uocTb ci>unbTpa 

3aBHCHT OT .D;nHTenbHOCTH HMnynbCa Ha BblXO.D;e cl>HnbTpa. lJeM 

KOpoqe .D;nHTenbHOCTb, TeM MeHbWe BepO.IITHOCTb B3aHMHOrO Hano

:lKeHHJI HMnynbCOB, TeM BbiWe 3arpy3oqua.11 cnoco6HOCTb. )J,nHTenb

HOCTb HMDynbCa npHH.IITO H3Mep.11Tb B OflTHManbHblX flOCTO.IIHHblX 

BpeMeHH r 0 npocToro CR-· RC -ci>unbTpa. Hau6onbwee pac

npOCTpaHeHHe B cepHHHblX H na6opaTOpHblX cneKTpOMeTpHqecKHX 

ycHnHTen.llx nonyqunH KBa3HrayccoscKHe cl>HnbTpbl c pa3nHqHoH 

KpaTHOCTbiO HHTerpHpOBaHH.II /OT 4 .!1;0 7//1,2/, XapaKTepHJyeMble 

K11 •111 .=1,8-1,13 H 'MMII. =/4,3-5,3/ r 0 /no ypoBHIO 0,1o/o/ :H>I, 

HJBecTeH p.11.n; cneKTpoMeTpuqecKHX ycunuTeneH H cl>HnbTPOB Ha 

ocHoBe nHHHH Ja.n;ep)I(KH /113/, o6na.n;aJOW,HX nyqwHMH xapaKTepuc

THKaMH, qeM rayCCOBCKHe cl>opMHpOBaTenH. )J,Hana30H peanH3ye

MblX C HX llOMOW,biO KII,ILI, COCTaBn.lleT 1,125 7 1,035 npH 

.D;nHTenbHOCTJIX BbiXO.D;HblX HMnynbCOB T MMII. = /2,58-4,9/ TO· 

0.D;HHM HJ CaMblX H3BeCTHblX cl>HnbTpOB Ha OCHOBe 113 .IIBn.lleTC.II 

cl>HnbTp C O.D;HOKpaTHblM .D;H4>cl>epeHu;HpOBaHHeM Ha nHHHH 3a.n;ep:lKKH 

H .n;ByKpaTHblM HHTerpupoBaHHeM Ha RC-u;en.llx/113+2 . RC/. TaKoH 

cl>HnbTp o6na.n;aeT Hap.II.D;Y C .D;OCTaToqHO BblCOKHMH xapaKTepHCTHKa· 

MH I K 11 111 = 1,11; r =4, 9 r 0 I 161 TaK:lKe 3HaquTenbHOH npo-
• • MMII, O,P; 

CTOTOH peanu3au;HH n ·. AsTopaMH 1'8/ cl>HnbTp 113+ RC Mo.n;ucl>uu;upo

BaH 3a cqeT cyMMHpoBaHH.II Bblxo.n;uoro HMnynbca cl>HnbTpa 113+ RC 

C Ja.n;ep:lKaHHblM, HHBepTHpOBaHHbiM H OCna6neHHbiM HMnynbCOM• 

c Toro )l(e cl>opMHPOBaTen.ll. TaKoH npHeM no3Bo.riun CHH3HTb .n;nu
TenbHOCTb HMnynbca c 13 r 0 j.n;n.11 npocToro 113+ RC -cl>HnbTpa/ .no 
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2,58r
0 

npH O.IJ.HOBpeMeHHOM H3MCHCHHH K- 11 •111 • C BCJIH'"IHHhl 

1,096 .n.o 1,125. He.n.ocTaTKOM !}lnnhTpa '<> · cne.n.yeT C'"IHTaTh s.n.soe 

60JihlliCC '"IHCJIO JIHHHH 3a.D.CP)I(KH, Tpe6yiOUlHXCII .ll.JIJI peaJIH3aUHH 

Ha6opa noCTOIIHHhiX !}JopMHpOBaHHJI, no cpaBHCHHIO C !}JHJihTpaMH 

Tnna 113+ RC H 113+2 · RC. 1-13secTeH !}JHnhTp, o6ecnequsaiOW.HH 

K II ,Ill,' OTJIH'"IaiOUlHHCJI BCCI'O J!Hlllh Ha 7 ,511jo OT TeopeTH'"ICCKOI'O 

npe.n.ena '9 '. Tun !}lopMnposaHHJI - 2 ·I 1131 +IH.ll,eanhHhiH HHTerpaTopl, 

rH~lll. =3,46r
0

• O.n.HaKo rrpaKTH'"IecKaJipeanH3aUHHTaKoro$HnhT

pa qpe3Bhi'"IaHHO 3aTpyJJ;HCHa H3- 3a OTCYTCTBHJI CTa6HJIH3aUHH 

ITO IIOCTOHHHOMY TOKY H.IJ.CaJihHOI'O HHTerpaTopa. IloTihiTKa H36C)I(aTh 

3TOI'O C IIOMOUlhlO CTp06HpyeMOI'O H.D.CaJihHOI'O HHTerpaTopa npHBO

Jl.HT K B03pacTaHHIO K ll,lll, .D.O 1,565 
10 

<l>HJihTp, OTHOClllllHHCII 

K 4HCJIY T.H. TpaHCBepcaJihHhiX ·-,1. xapaKTCpH3YCTCll Kll,ll! =1,035 

npu npneMneMoii .ll,JIHTeJibHOCTH HMnynbca. Taxoii ¢unhTP CO.ll.CP)I(HT 

"6eJII!UlHii" CR-!}JHJihTP sepxunx yacToT H nHHHIO Ja.ll,ep)I(KH c orso

.n.aMH, CHrHaJI C KOTOphiX CHHMaCTCH Ha 6y!}JepHh!C ycumneJ1H 

li 3aTeM CYMMHpyeTCH C BCCOM, B03pacTaiOUlHM K KOHUY JIHHllll 

no 3KcrroneHuuanbHOMY 3aKouy 11 ~ 1
, TaKOH !}luJihTP .ll.OBOJihHO CJIO)I(

HhiH H 06hi'"IHO HMCCT OJJ.HY f!OCTO.IIHHYIO !}JopMHpOBaHHJI, 'ITO HCKnJO · 

YaeT B03MO)I(H0CTb COI'JiaCOBaHHH !}JHJJbTpa C pa3Hh!MH 6JJOKaMH 

)J,CTCi<THpOBaHHH. 

E~nbll!HMH B03MO)I(HOCTJIMH .a;nH ynyYlliCHJUI 3arpy304HbiX xapaK

THPHC1HK OO.Tia)J,aiOT BpCMlJ-3aBHCHMb!C !}JHJibipbl, T.K. OHH II03BOJ1H

IOT TIOJiy'"laTh 3Ha4HTCJJbHO MCHbUIYIO .LIJIHTCJihHOCTh Bh!XO)l.HOI'O 

HMITYJihCa npn: coxpaHCHHH !}JopMhl BCCOBOH !}JyHKUHH, 6JIH3KOH K 

onruManhnoii. Oco6enuo unrepecHhi npeMll- 3aBHCHMbie ¢nnhTPbi, 

nOCTpOCHHhiC Ha OCHOBC !}JopMHpOBaTCJICH C JIHHHHMH 3a.a;ep)I(KH. 

TaK, s pa6ore '13.' onucau cneKTpoMeTpH'"IeCKHH ycunurenb, ¢nJibTp 

KOTOporo CO)J,Cp)I(HT .LJ.H¢4JepCHUHPYIOlllYIO JIHHHIO 3a,!l,Cp)I(KH, BKJllO'"ICH

HYIO B MOCTOBYIO CXeMy, H CTp06HpyeMbiH "H)J,eaJibHb!H" HHTerpaTOp. 

IlpH YCJIOBHH, 'ITO IIOCTOJIHHaJI cna,!l,a BXO)J,HOI'O HMnyiibCa Ha 

HCCKOJibKO TIOpll)J,KOB npCBbilllaCT BpCMJI !}JopMHpOBaHHll Ha JIHHHH 

Ja,ll,ep)I(KH, raKoii !}JHJibTp o6ecnequsaeT: K 11 •111 • =1 ,075, r 11 \ 111 , = 

l, 73.-0 /nporus r 11 ~ 111 • =3,46 r 0 !}lnnhrpa I 113/ 2 +"H.D.eanhHbiH" uu

rerparop, HMCIOUlCI'O TY )I(C Tpeyrom,nyJO !}JopMy BCCOBOH !}JyHKUHHI. 

Ocuosuwe TPY.D.HOCTH peannJaUHH ycrpoiicrsa ~3. CBJI3anw c no

crpoenueM Ka'ICCTBCHHOI'O CTp06HpyeMOI'O HHTerpaTopa H CXCMhl 

TO'"IHOH BpCMCHHOH npHBll3KH. B 3Ha'"IHTCJihHOH Mepe OT :nux 

ne)J,OCTaTKOB cso6oano ycrpoil:crso il 4 ·• Ono CO.LJ.CP)I(HT y3en .D.H$

!}lepenunposaHHJI Ha JIHHHH 3a)J,Cp)I(KH C H30.IJ.pOMHhlM HHTerpaTO-
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poM /7/ H npocToii RC- HHTerpa Top c 3JieKTpoHHbiM KJilO'IOM, 

KOTOphlH KpaTKOBpCMCHHO 3aMhlKaCTCJI ITOCJIC .IJ.OCTIDKCHHJI MaKCH

MaJihHOrO 3Ha'ICHHJI HaiTpJI)I(CHHJI Ha CMKOCTH. TO'IHOB BpCMCHHOH 

llpHBJI3KH B 3TOM <}JHJihTpe He Tpe6yeTCJI. 

lJ.eJiblO HaCTOJIUlCH pa60Thl JIBJIJICTCJI aHaJIH3 lliYMOBhlX CBOBCTB 

TaKoro speMR-JaBHCHMoro $HJibTpa. CTpyxrypHaJI cxeMa<}JunbTpa 

llpHBC)J,CHa Ha puc. J a. B HCXO)J,HOM COCTOJIHHH KJIIO'f K pa30MKHYT, 

a napaMeTphl 113+ RC -<}JHJibTpa Bbi6panw onTHMaJibHbiMH no OTHo

lliCHHIO K CllCKTpaJibHOMY COCTaBy lllyMa. IlpH Jl.OCTH)I(CHHH CITCKTpo

MCTpH'ICCKHM HMITYJibCOM MaKCHMaJibHOrO 3Ha'ICHHJI 3JICKTpOHHbiB 

KJIIO'f 3aMhlKaeTC.II H llpOHCXO.D.HT 6biCTpbiB pa3p.II.IJ. KOHJl.CHCa Topa 

C cp 'lepe3 IIapaJIJICJlbHO BKJilO'"ICHHhlC COllpOTHBJICHH.II Rep H BHyTpeH

HCC corrpornsnenne 3HeKTPOHHoro KHIO'fa R K. BenH'IHHa R K Bhl6-

~t f 

~ 

ICcp 
a) 

-- L I \ I 
t=o -t:T,., • t 

6) 

Puc.l. a/YnpoiJieHHaJI cxeMa epeMJI- 3aeucuMozo ¢uAblllpa. 6/ tl>op
Ma eecoeoil fPYHKI.IUU (T HHT = oo). W l (t) - eecoeaJI fPYHKI.IUJI OAJI 
CAY'IQJI OOUHO'IH020 UMnyAbCQ, W rf..t) - 6€C06QJI fPYHKI.IUJI OAJI CAy
'IQJI, KOZOQ Oea UMnyAbCQ "npUMbiKQIOIII" opyz K Opyzy (T HHT -" T A 
ccTM' RK = 0), 
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paHa paBHoii: 0,1 Rep. TeM caMblM B 3Ha'IHTeJihHOH Mepe coKpa

maeTCH .!J.JlHTeJihHOCTh BhiXO.!J.HOrO CIIeKTpOMeTpH'ieCKOrO HMIIYJlhCa. 

IIo .LJ.OCTH)I(eHHH BhiXO.!J.HhiM HMIIYJihCOM ypoBHH, He3Ha'IHTeJihHO 

OTJIH'IaiOIUerOCll OT HyJieBoro, 3JieKTpOHHblH KJIIO'I B03BpamaeTCll 

B HCXO.!J.HOe COCTOliHHe. 

TaKOH cPHJihTp OTHOCHTCH K KJiaccy BpeMll- 3aBHCHMhiX cPHJlhTpOB 

C IIaMHThiO /BH.!J. ero BeCOBOH cPYHKJ.J;HH orrpe.LJ.eJIHeTCll cpe.LJ.HHM 

BpeMeHHblM HHTepBaJIOM Me)I(.LJ.Y perHCTpHpyeMhiMH CHrHaJiaMH/. 

Ha puc. 16 rrpnBe.LJ.eHhl BecoBLie cPYHKJ.J;HH, paccqaTaHHhle .LJ.Jill 

.!I.BYX KpaHHHX cnyqaeB: W l (t) - BeCOBaH cPYHKJ.J;HH .!J.Jl.!l O.!J.HHO'I-

HOrO HMIIYJlhCa, W
2 

(t) - BeCOBaH cPYHKJ.J;Hll .!J.Jl.!l 3arpy3KH, 

IIpH KOTOpOH cpe.LJ.HHH HHTepBaJI paBeH .!J.JlHTeJihHOCTH cdJopMHpOBaH-

HOrO Ha ll3 IlpHMOyrOJihHOrO HMIIYJihCa. KaK BH.!J.HO H3 puc.16, 

BJIHliHHe rrpe.LJ.hl.!I.YIUero cpa6a TblBaHHH CKa3hiBaeTCH B YKOpO'IeHHH 

BeCOBOH cPYHKJ.J;HH cPHJihTpa. 3TO rrpHBO.!J.HT K TOMY, 'ITO yMeHbUiaeTCH 

.!J.HCIIepcHll rrapanneJihHOro UiyMa H B03pacTaeT .LJ.HCrrepcHll rrocne.LJ.o

BaTeJihHOrO. 06mee Bblpa)l(eHHe BeCOBOH cPYHKJ.J;HH .!J.Jlll IIpOH3BOJih

HhiX IIapaMeTpOB 3JieKTpOHHOrO KJIIO'Ia H HHTepBaJia,Me)I(.LJ.Y HMIIYJih

caMH .LJ.aeTCll cPOPMYJIOH /1/: 

r.LJ.e 

W(t') = !f1-e-t'/r]-e-1MHT/r[1(t'-T 
HilT 

)-e -(t'-THIIT )/r ]-

-(t'-T 1\)
1 r -Tittrl' T -(t'-TH-TIIHT)/r 

-[1W-T )-e ' ]+e [1(t'-T-T )-e ]+ 
1\ IIIIT 

-THHT/rK , -(t '-TI111'1') /TK 
+K·e [l(t-THI!T )-e )-

-T IrK -ct'-TJl-TIIHT)'rKI 1 
- K-e HilT [1(1'-Til-THIIT )-e l . -h(T:)- /1/ 

t' - BpeMll, OTC'IHTblBaeMOe OT MOMeHTa .!J.OCTH)I(eHHH MaK-

CHMaJlhHOrO 3Ha'leHHH BblXO.!J.HOrO HMIIYJihCa; T - IIOCTOliHHall HHTer

pHpOBaHHll, r ~ Rep · Ccp ; T HilT • - cpe.LJ.HHH HHTepBaJI Me*.!I.Y 

HMIIYJihCaMH T HilT. ::.: ~I : T Jl - IIOCTOHHHaH .LJ.HdJ<l>epeHJ.J;HpOBaHHll Ha 

nHHHH 3a.LJ.ep)I(KH; K - Ko3dJ<l>nu;neHT rrepe.LJ.a'IH RC - HHTerpaTopa 

IIpH 3aMKHyTOM 3J1eKTpOHHOM KJIIO'Ie; rK - IIOCTOHHHaH HHTerpH

poBaHHH II pH 3aMKHYTOM KJ110'1e; h (T M) - 3Ha'leHHe HMIIYJihCHO

ro CHrHana B MOMeHT MaKCHMyMa. 
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I J 
I 

B COOTBeTCTBHH C '10 1 paCC'IHTaHa HOpMaJIH30BaHHaH ITO CHrHa

ny .LJ.HcrrepcHH rrapannenhHoro UiyMa: 

<N;> = f [W(t')] 
2
dt' = 

0 

-2TIIHT/r -(rK'r)THI!T;rK·r -2Tl1HT!TK 
1 1 2 

------lTa[1+e -2K·e +K ·e ]+ 
2 . 1 

h (~\1) 

-T11 r -2Tl1HT/r Ti.l lr -(rK+r)·T111IT/rK·r -Tl\/r 
+ r[e + e (1-e )-1+2K·e (1+e )] ' 

-(rK+rJ\mT/rK·r -'1//rK -2TIIIIT /rK - Tl.1 /rK 
+Kr [2e (1-e )-K·e (1-e ))+ 

K 

I i I 
2K rK ·r -TIJJ TK -2Tl1IIT' rK -(TJI +Tl1HT) r 
--- · e (1- e .e H . /2/ 

TK +r 

<l>opMyJia /3/ OIIHChiBaeT HOpMaJIH30BaHHY10 ITO CHrHaJiy .!J.HCIIepCH10 

IIOCJie.LJ.OBaTeJihHOrO UiyMa: 

<N1~> ~ f~W'(t')] 2 dt' = 

0 

1 1 e 
-Til 'r - 2TI111T /r 

e 
(T11 -2Tl1IIT ). r 

e 
= ------- ·[--- -------- -------------- + --------------- + 

h2(T ) T 
M 

2K -(rK-+r)T 1111T/rK ·r --1)\ /r T 11 ir 
e (e - e )+ 

T ' T 
K 

K2 
- (2T11+2TI1HT )'rK 

e 
j ---- \-------------------

rl< 2 
e 

) I r -(T\+2TI1HT' K 
' + 

2 
/3/ 

.HCIIOJlh3Yll «!JopMyJihl /2/ H /3/, MO)I(HO paCC'IHTaTh B COOTBeT-

CTBHH C 10.' Kll.lll. OIIHCblBaeMoro cPHJihTpa. 

IIpe.LJ.cTaBJIHJOT HHTepec cne.LJ.yromne qacTHhie cnyqan: 

1. 0.LJ.HHO'IHhiH crreKTpoMeTpH'IeCKHH HMIIYJihc/'1;1=1,04 r, T 111 rr= ""/. 

<N 2 
I 

s 
0,941 r. 'N~ · 1.547'r, K 

11.111. 

4 ----. ---- ----
v' <N 2> <N 2. s ,y 1,098. 
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r = vf<N 2>/<N 2> = 1 282r 
opT ~ s ' 

2. Cpe.nHHii HHTepaan paaeH apeMeHH )J.OCTB)I(eHHll MaKCHMyMa 

(T 1~~ 1.04r.THIIT T, K 0,1, rK 0,1r). 

2 2 ; 4 --z-----z---
<N 

8
> = 0,7055r, <N K = 2,093, r, K ll.lll. = 1.022 y <N 8 > "NL\> = 1.126. 

3. YcnoBHJI aHanoruqHbl cnyqa10 2, HO Rl\ =0, K =0. 

" 2 <N;/ c 0,7054r, <'Ni\> 2,0933, r. K II.IU.- 1.1260 

fiJ aHaJIH3a npHBe)J.eHHblX ,ll.aHHblX CJie)J.yeT, qTO HeCTaUHOHap

HblH WyM, 3aBHCJIIUHH OT CKOpOCTH cqeTa, HeCKOJibKO yXy)J.waeT 

wyMOBble xapaKTepHCTHKH «l!HJibTpa I cnyqau 1 H 2/, TeM He MeHee 

BeJIHqHHa K
11

,w OCTaeTCJI 6onee HH3KOH, qeM )J.JIJI rayCCOBCKHX 

«l!HJibTPOB, H npHMepHO paBHOH aenuquHe K 11.lll. «l!HJibTpa 8 

/Kit.lll =1, 125/. 0)J.HOBpeMeHHO )J.JIHTeJibHOCTb HMllYJibCa COCTaBHJia 

B npaKTHqecKOH cxeMe 1,35r
0

+0,5 MKC /npOTHB 2,66 r0 B .S,' /. 

CpaBHeHHe cnyqaea 2 H 3 noKa3biBaeT, qTo K napaMe.TpaM xn10qa 

)l(eCTKHe Tpe6oBaHHJI He npe)J.'bJIBJIJIIOTCJI. 

Ha OCHOBe paHee ony6JIHKOBaliHOH pa60Tbl :7, C npHMeHeHHeM 

onucaHHoro npHHUHna apeMJI· 3aBHCHMoro «l!opMHpoaaHHJI 6biJia pa3-

pa6oTaHa CHCTeMa cneKTpoMeTpHqeCKHX 6JIOKOB )J.JIJI npeUH3HOHHOH 

ClleKTpOMeTpHH B yCJIOBHJIX llOBbiWeHHbiX 3arpy30K /l~-\>e3yJibTaTbl 
H3MepeHHJI 3aBHCHMOCTH 3HepreTHqeCKOrO pa3peweHHJI llO JIHHHH 

MnKa . OT qaCTOTbl CJie)J.OBaHHJI BXO)J.HblX CHrHaJIOB )J.JIJI ,!l,aHHOH 

cucTeMbl npe)J.cTaaneHbl a ma611U14e. B pa3pa6oTaHHOM ycTpoiicTae 

Ta611u14a 

n .!1~_!!_ 500 1200 2800 5300 8600 1200 15000 20000 30000 40000 
---------------------------------------------------------

1
/ 2 ~ Si 38 251 257 258 270 27 5 280 roo 309 338 384 

6blJia ycTaHOBJieHa llOCTOJIHHall «l!opMHpOBaHHJI, paBHall 5 MKC. 

l13MepeHHll npoae)J.eHbi c Si(Li) - 6noKOM )J.eTeKTHpoaaHHll, 

B npe,!l,yCHJIHTeJie KOTOpOrO HCllOJ1b3yeTCJI HenpepbiBHaJI CTOKOBall 

o6paTHall CBJ13b. CxopocTb yxy)J.WeHHll JHepreTHqecKoro pa3pewe· 

HHJI C pOCTOM qaCTOTbl ynyqwaeTCJI npH HCllOJ1b30B8HHH 6JIOKa 

)J.eTeKTHpOBaHHJI C HMllYJibCHOH CBJ13bl0. 

8 

ABTOpbl Bhipa)l(aiOT CBOIO npH3HaTeJihHOCTh ,l.J..A.raraHOBY H 

B.Il.ruMaHoay Ja opraHHJaUHIO HCIIbiTaHHii. 
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