
F G '"'·z - _} \.J~ 

OSoE.llHHEHHbl Vi 
HHCT'HTYT 
.H.QEPH biX 

HCCnE.QOBAHHVt 

.lly6Ha 

! 

I 
I 
I 
~ 

IO.A. Sy.naroa, A.r. Bono.c:tbKo; 
B.S. <t>mrrHH, n.i3. llimmHHKOB 

OnTI1Ml13AUI1.H l13MEPEHI111 
3HEPfl1l1 3nEKTPOHOB 

' . B nY3biPbKOBbiX KAMEPAX 
• C T5DKEnbiMI1 · )Kl1nKOCT.HMI1 

~$9, 1966
1 

A/ i, f! r0- 1~ 

tt65 



p - 1971 

IO.A. By.t~aroa, A..r. Bono.t~bKo, 
B.s. <l>m1raa, n.s. lllmunmxoa 

OflTHMH3AUH.H H3MEPEHHf1 
3HEPrHH 3nEKTPOHOB 

B TIY3biPbKOBbiX KAMEPAX 
C T.H)I(EnblMH )I(HllKOCT.HMH 

Hanpaaneao B nT3 

~, ...,r.....,.. .• w:a.:.--or.a-&<~=·-~--,.,.. .• _,., • .,.., ,_ 

~~:r: '· ',,._'['••''""c-1,. .. ,,,. .... J···•n• '!·. -·· '"'.' ~~ '"'·' ..:;,.,.~,.J.:o~L .!.."1 f<.:• .. .,; .. , ~ il 

f.~/l~!f·~~~ .. :~ f.ICt.flC!~!!C!:·:~·· 

i~~:~5J1~.-J~.:YrEi·tf-\ 1 



Dpn 113Mepeunn aueprnlf aneKTpouoB B nyabipbKOBhiX KaMepax c TSDKOUbiMH lKHAKOCTli

MII BOCbMa BalKHO yqocTb noTepn aaepr1111 Ha TOpMoaaoe nanyqeaHe, CTaTHCTHKa 8THX no-

TOpb CYIIlOCTBOHHO OTUII'ISOTCll OT CTSTIICTIIKII MHOrOKpaTHOrO paCCOllllllll HUll IIOH1138UIIOII

Hb!X HOTOpb npOlK/10 BCOro 31!8'IIITOUbHbiMII ljJnyKTY8llllliMII 1 IIMOIOIItiiMII HOpli/10K Cp0/1HIIX 1!0-

TOpb aaeprHI!, TeM He MOI!OO DOUblilOO 'IIICnO MOIIOaHeprOTII'IOCKIIX 8UOKTPOIIOB oopaayeT 

·ceMOI!CTBO TpaOKTOp11111 TSK 'ITO OK83biB80TCll B03MOlKHbiM Bbl'IIICUIITb CpOAIIOO 3Ha'IOH119 

< P(L)> II KBSApaTII'IHOO OTKUOHOHIIO L\ ~ad ( L) l1Ull pacnp9/10UOHI!ll IIMllYUbCOB lla 

AAIIHOI! AUIIHO Tp9Ka L 

DpaKTII'IOCKII .BalKIIO BbiliCIIIITb aeni!'IIIIlhi noTep& aaepruu 11 nx .PnyKTyanuu npu 113Me-

pOHIIII Ba AaHHOII AUIIBO TpeKa L 1 a TaKlKO B03MOlKIIOCTb CYlKOHI!ll paCllp0/191!0HIIll HMnyl!b-

COB nyTOM OTopaCbiBSHIIll TpOKOB C 3aMOTHWMII I!OTOpl!MII 8Hepr1111, tJacTHOO pOIIlOHIIO 8TOI! 

l!pODI!OMbl l!pll HODOUbliliiX l1UIIB8X TpOKOB II, CI!OUOBaTOUbHO, Al!ll HODOUbliliiX 8HeprHfi aneK

/1/ 
Tpoaon obmo nonyqeno B paooTe • 

HalKO 38)1a'Ia oyAOT pacCMOTpeaa B oomeM Bll/10 II, B OTUII'IBO oT
111, npu ee pemeHHII 

oyAyT Y'ITOHbl OIIlHDKII H3MOpOHllli KOOp/111HaT TO'IO K TpeKa BOCbMa CYIItOCT~OHI!biO 11Ull DOI!b

IIll!X aaeprnll aneKTpoaon ( E > 100 Man). 

121 
HaaecTHo , 'ITO ecn11 nepaoaaqan&Hal! aaeprHl! aneKTpoaa ecTb E 0 , To aepol!T-

BOCTb 113HY'IOHI!ll 8HepriiH Ha 111!11110 f paBHa 

w (y )dy dy , (I) 
['(bf) 

x/ ( 
X 0 -paAnannonaal! nnnHa), a ['( bf) -raMMa-ljlyHKUHll, 

Bne11eM nopor o6peaannll y 0 aToro pacnpenenennll, onpeAenl!eMbiii 113 aenH'IHHhi 

MaKCHMan&no AonycTnMofi aaeprnn hv 
max , Tepl!eMoll aa nanyqeane aa 11nnae L (cny-

'Ian c noTepl!MH aneprnn, oon&mi!MH, 'IOM 

peaun): 

E0 ( 1 ;e"Yo ) , OTopaCbiBaiOTCll llpl! H3MO-

(2) 

Benaqnaa Yo MOlKOT MOHl!TbCll OT 0 110 n ycTaaaannaaeTcl! na pemeanll al!bTep-

HSTHBhi: TO'IHOCTb 113M9p01!Hll - KOUH'IOCTBO OTopOIIlOHHb!X Cl!y'IaOB, Tor11a Cp0/11!00 II Cp0/1-

HOKBaApaTfi'II!OO 3H8'IOHIIO IIMI!YI!bCa 8UOKTpOHa Ha /1UHHO L COOTBOTCTBOI!HO paBHbi: 

Xf no fafiTUOpy/2/ b a· CODSt l!pH 

H rpaljJHKII Cl10U8Hbl l1Ull l!pol!ai!OBOJ! KaMOphl ( 
E 0 ~ 25 Man, Bee 'IHcneunhiO pac'IOThi 

X o ., 108 CM), 
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'b 
r~>w(y)dy L •bf 

<P~ = _.:_ [o P0 df. ,.-df 2...J,2 y(bf • 2yo) df 

Po L o f W(y)dy L o y(bf,y
0

) 

0 

Yo 2 

2 JP(L)W(y)dy ·bf 
<P (L)> 1 Lo ---p2 1 f 3 y(bf, 3yo) 

rf -· { 0 df •·---p;- L o ' fc W (y) dy L o y{ bt • Yo) 
0 

I'AG y ( bf, ¥o ) -HenorrHaH I'aMMa-<jlyHKUIIH0 a KBaApaTH'lHOG OTKDOHGHIIe: 

ti prad ( L) 

Po 

2 
<P (L)> 
<---=-r

po 

<P(L)> 2 

_p_2_ 
0 

K 
) 

. 

(3) 

(4) 

(5) 

npii IIHTerpiipOBaHIIII no BCGMY cneKTpy 003MOlKHblX 3Ha'lenHI! 

a3 (3), (4) II (5) nai!AeM: 

y OT 0 AO 

<P(L)> 

Po 

bL 
1-2 

bL fn 2 
II 

tip rad(L) 

Po 

- ·bL . ·bL :1 

[

1-3 1-2 2 1K 
~· bLfn 3 -\Lfn 2 )j · (6) 

nrrH Bbi'IIICDGHIIH IIHTerpaDOB (3) II (4) Dpii DpOII3BODbHOM 3Ha'IGHHII Yo 

norrHyiO raMMa-<jlyHKUIIIO B BIIAG pHAa: 

3BAII!liGM He-

To rna 

rne 

<P(L )> 

p~· 

n n+:bf 
~ (-1) (kYo> 

y (bf,ky
0

) 

ncO n I (n +:bf) 

n n 
.. (·1) (2y

0
) L 

- ~ {.G(f,a)df 
L ncO nl 

0 

4 

<P
2 

(L )> 

~ 

n f L 
1 

00

(-1) (3yo fv(f,o) 4t. \• 
=-I I ·o L nooO 0 

J' 

!J 

i I 

1 
I 

I 

,• 

G(f • n) 

bf 
Yo 

(n+:bf) i(-1)nyon-lobf 
naO ·--

0 l(n +: b£) 

CxoAHMOCTb pHAOB B (7) TaKona, 'ITO nnn npaKTH'lBCKIIX 3Ha'leHni! Yo 'lncneHHoe peme-

HIIe IIHTerpanoB He npeACTaBDHeT aaTpyAHeHIIi!, Ha puc,· 1 DOKaaaHa 3aBHCIIMOCTb KBaApaTH'I-

HOI'O OTKDOHGHHH tiPrad(L)/P0 OT MHHbl L TpeK.a, Bhl'lHCDGHHaH DO <jlopMYrraM (5) II 

(7) Dpii, Yo a- 1 

t1 P rad (L )/ p o 

, TaM )!(e ADH cpaBHGHIIH DpiiBeAeHbl tiPrad (L)/P0 ADH Yo • 00 

. /1/x/ 
, Bhi'IIICrreHHaH npn y

0 
c·1 no <jlopMynaM Bepa n MnTHepa : 

<P(L)> 

Po 

tiPrad (L) 

Po 

1+ ~ bLy 0 

(8) 

1 2 K 
(_ bLy 0 ) 

6 
(9) 

KaK BHAHO II3 piiCYHKa, Aa)!(e npn OTHOCIITeDbHO 60DblliOM nopore o6peaaHIIH y
0 

=·1 

OmH6KH B HMnyrrbC::e H3-3a paAHBAHOHHbiX noTepb cymeCTBeHHO H!l)!(e omn60K, Bhi'IHCrreHHhiX 

nng Yo -=·oo KaK H cneAOBano OlKHAaTb, ncnorrb30B8HIIe (8) H (9) Dpii y
0 

• 1 

AaeT neaepHhii! peayrrhTaT. 

noKa)!(eM Tenepb, 'ITO B cny'lae 6orrbmnx 9neprnl! 9rreKTpOHOB 3Ha'leHIIH Yo << 1 

ADH KOTOpbiX cnpaBeADHBbi 6onee DpOCTble <jlopMYDbi ( 8) 11 ( 9) HeCOBMeCTHMbl C Tpe6oaa

HIIHMH B03MO)!(H0 6orrb!liGi! CTaTIICTHKHo 

II 

Ecnn II3MepHTb nMnynhc 9DeKTpona no cTpene nporn6a B MarHIITHOM none, TO oTHOCll· 

TeDbHaH OIDH6Ka B HMDYDbCG H3-3a MHOI'OKpaTHOI'O paCCGHHHH, KaK II3BeCTHO, paBHa 

·K ti P00 (L) 
-=· aL 

Po 

I'Ae a - DOCTOHHHaH, ODpenenneMaH BeDH'IHHOi! Mai'HHTHOI'O DODH H paAIIBnHOHHOi! ADHHOH 

cpeAhlo 

npn KBaJlpaTH'lHOM 06'b9AHHGHHII OTHOCHTGDbHhiX omn60K B HMnyrrbce, Bbl3BaHHhiX H3-

Dy'leHIIeM t1Prad(L)fp 0 
II MHOI'OKpaTHhiM pacceHHHGM tip 00 (L )/P o CyMM8pH8H 

OTHOCHTGDbHaH omn6Ka B HMnyDbce tiP(L)/P 0 HMeeT MHHHMyM H8 HeKOTOpOi! ODTII-

MllDbHOi! ADHHG Lop\ t ne 38.BHCHmei! OT Ha'lal!hHOI'O HMnyDbC8 9DeKTpOH8o 

x/ Mo)!(HO noKa38Tb, 'ITO STH <jlopMyrrhi npn6nn)!(eHHo· cnenyiOT na (7) n (5) npn 

Yo« 1 H bL « 1 • 
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Onuaxo, ecnn n cyMMapuyro Ollll!OKY n uMnynhce snecTH neTO'IHOCTh HaMepenHH 
2 

tJ. P m eo(L )/ P0 = c P0 tl.tfL ( anecb c=-cons~ , · tJ. f -neToquocTh H3MepenHH cTpe-

nhr nporn5a), TaK 'ITO 

tJ. P(L) 

Po [

tJ.P,:d(L) 
-----p; + 

2 
i'l.P

80
(L) 

?;;"" 

2 

tJ.pm•{L) 1li 
+ • p2 

0 

TO nnH cnyqaes c 5onhiiiHM HMnynhcoM L•~t Mo~eT 3Ha'IHTellbHO B03paCTII (eM. pHc, 2 

H pHC, 3). 3TO npiiB011HT K TOMY. 'ITO 110llSI 9nexTpOHOB N ( L opt • y .P ) • YaosneTBOpSI!OlllHX 

Kpl!TepHIO ( 2) ua onTHMallhHOJ! 11llHHe, yMeHblllaeTCSI C ysenn'leHUeM 9UeprHH 9neKTpOHOB1 

nocK011hKy, KaK cneayeT H3 (1), 

3aBIICHMOCTh N (Lopt •Yo ) 

y(bL•P• Yo) 
N(Lopt •Yo) = r (bLo~) 

1 Bhi'!ncneuuaH ang uecxonhKHX auaqennl! y 0 , npnse-

nena ua puc. 4. Kax snnno II3 pncynxa1 npn y 0 = 0 13 '!Hcno oT5pol!leHHbiX cny'laes 

y~e npn 

L opt 

E 0 = 50 M9B ( L opt = 200 MM) cocTaBnS!eT 25% 1 a npn E 0 = 1000 M9B 

350 MM) - 41%, 

Ecnn n 9KcnepHMeuTe perncTpnpyeTcSI uecxonhxo 9neKTpouos H noaHTpouos 
+ - 0 

( y .. e + e 1 " -+ 2y -+ 4e u T,J:I,) 1 TO nponenT oT5poll!euuhrx coohrTnl! anSI Ma-

ilb!X Y 0 xaTacTpo<jlnqecxu soapacTeT. EcTecTaenubiM BhrxonoM ua 9Toro KpHTn'lecxoro 

nono~eHIIH S!BmreTcSI ysenH'leHHe ana'lennH Yo 1 cxa~eM1 ao y 
0 

"' 1 • B 9TOM cny-

'lae nonpanKH ua uanyqeune cneayeT Bb!'ll!CI1S!Th no TO'lHb!M <jlopMynaM ( 7) II ( 5). 

B nroooM cny'lae nopor o5peaaung Y 
0 

II IIcnonhayeMbre anHHhi Tpexos onpenemr-

!OI'CSI pell!euiieM anhTepna rHBbl TO'lHOCTh l!3MepeHHSI - KOI1U'leCTBO OTOpOll!9HHbiX cnyqaeB, 

llanuaH paooTa nOMOraeT peiiiUTb 9TY npooneMy B 'll!CI1eHHOM Bblpa~eHHH ang BCeX 3Ua'le-

Hill! Yo 

n II T e p a T y p a 

I, L,Behr and Mittner, Nucl, Instr, and Meth, ~ 446 (1963), 

2. B. faliTnep. 'KsanTonag Teopng II3nyqeuug•, Han. uuocTpannoli nHTepaTYJpbr, Mocxna1 

1956 r, 

P)Ko nncb nocTynnna B nanaTenhcxnli oTaen 
23 SIHBapg 1965 r, 
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p B C, }, 

28 

26 

24 

20 

/8 
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48 '~Prod(%) 
,.a., 

ItO 

.52 

24 

16 

8 

200 

@ 

L /MM/ 
400 600 800 1000 

0THQCUTenhH8Si OIIIHOKH B HMnynhCe tJ. p rad (L )/ p 0 , KHK lj>yHKill!Si 
anHHbl Tpexa L npH y 0 = I; r:pnsag (I) .Bbr'IBcne!Ja no <jlopMyne ( 9), 
KpHBHSI (2) -no <jlopMyne ( 6) 1 KpHBHSI (3) -no <jlopMynaM (7) 1 (5), 

m 
II ., 
0 
'1 
'l: 

16 
\ 

'" 
\' -~----

12 c!f{MM) 
fflL---~--~--~----L---~--~--~L---~---L---J 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

p u c. 2. CyMMHpHaSI OTHOCHTenbH8SI Oll!l!OKH B HMnynhC9 i'J.P(L)/P0 , K8K '¥.)'HKI1l!SI 
anHHbl Tpexa L , Bhi'lncneuuag npn y 0 = I nnl'l uecxonhxnx aua'leHHl! 
9Heprnli 9nexTpona, CnnoiiiHbie KpHBbre cooTB9TCTBYIOT neTO'IHOCTH uaMepeunH 
cTpenxn npornoa tJ. f = 0

1
3 MM npn sen"'IHHe MarunTnoro nong B = 1, 7 Tn. 

nynKTl!pHaH KPHB8SI Bbl'IHCneua npn ..Af = 0 !I cnpanennHB8 ami niOOblX 

9ueprnli. 
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--, , ___ _ 

28 

26 

2H 1 I~ 

22~ I I~ ... 
20" ·"" 
/8 

/6 

14 

12 

10 

c'f. ( HH) 

so /00 ISO 200 2SO JOO JSO 400 ltSO 500 

p H C. 3. CyMMapHaSJ OTHOCHTenbH8H own6Ka B HMnynbce /). P (L ) I P 0 npn 
Y 0 = 0,3. OcTanbHbie napaMeTpbi Te *e, 'ITO n aa pnc. 2. 

100 200 JOO 4oo sao 600 700 800 900 1000 

p H c. 4. 3aBHCHMOCTb OTHOCHTenbHOI'O 'IHCna sneKTpOHOB, ynosneTBOpHIOillHX KpHT9pHIO 

{ 2), KBK !}yHKUHSJ .nnHHbi Tpexa, BbrrmcneHHaH llnH HecxonbKUx auaqelmit y
0 

• 

~----- --


