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a/1/ 6 b1n paCCMOTpeH aorrpoc 9' qryBCTBI1TenbHoCT~ 3KcnepHMeHTa 
no nOHCKY ABo~Horo 6e3HeHTpHHH~ro 6eTa-pacnaAa /2Büv / c nO~~b~ 

nonynpoBoAHHKOBl;dx AeTeKTopOB Innnl. Pac4eTbl.<!>YHKI.tHH OTKJ1HKa 
npeAl1qr.aeMorO 'HPG~-cneKTpoMeTpa cOBnaAeH~" 6bll1H BblnonHeHbl.Me­
TOAOM' MOHTE~-Kapno 6e3 Y4eT,a yrJlOBO~ H 3H~preTH4eCKO~ 3aBIIICHMO-' 

~; ..
CTH K03~HI.tHeHTa 06paTHoro pacceSHHR 3neKTpo~oB OT AeTeKTopa. 

B HaCTOR~eH pa60Te fionee AeTan&HO onHCblB~~TCR anrop~TM 3THX 
\ . 

paç4eTOB. KpoMe TOrO, nOKaaaHO BDMRHHe .q6paTH~o pacceRHHR Ha 

..,~	 
3~eKTHBHOCTb H.3HepreTH4eCKoe paapeweHHe tnéKTpoMeTpa.-Anro­
pHTM MOAenHpOBa~HR AononH~H raKme paC4eTaMH 3$<!>eKTHBHOCTH pe­
rHCTpaLlHH cneKTpOMeTpOM 3neKTpOHOB 2Bov -pacna~a 76Ge~B~oAR­
mero ~ C0C:TaB 4YBCTBHTenbHoro 06"'heMa HPGe-AeTeKTopa. 

4>.	 '1,. nOCTAHOBKA 3KCnEP"MEHTA 

nYCTb HCT04HHK 48Ca pa3MelqaeT~ MemAY ABYMR llP.Ge-AeTeKTopaM'1 
/pHC .l/. B peavns rare 28Ov-pacnaAá. 

48. 48 " 2­Ca-.	 T~+ e ,./1/ 

RAPO, HaXOARmeeCft B KaKOH-TO T04'Ke Ofi"beMa HCT04HU.Ka, HcnY~KaeT 

OAHOBpeMeHHO ABa 3neKTpOHa •. OnHCWBaeMblH anrOpH!M AaeT B03MO*­
HOCTb npOClleAHTb AanbHeHwee AB~*eHHe 3neKTpOHOB H HX perHCTpa­
I.tH~ AeTeKTopaMH. B HTore nonY4aeM KaK an~apaTypHNe MOAenbHble 
cneKTpbl 3neKTpOHOB, nonaSWHX B O~H AeTeKTO~, TaK H CYMMapHO- , 
3HepreTH4~C~He cneKTpbl COBnaAeHHrt 3ne~TpOHÓB, 3ape~HCTPHpOBaH~ 
~b1X AByMR AeTeKTopaMH~ 

PH~.!. TIpHH~HnHa~bHaH cxeMa 3KcnepHMeHTa no nOHC~Y 280v -pacn~­
na c nOMO~hlO HPGe-,o;eTeKTopOB / N ~ _!IDPM@.p K nOBepXHoCTH HCTOq~I 
HHKa! •	 ~u-::'-::- ~ . {Yl 1 . 
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I 2_0 Anr:oPV1TM tlO.Qtm1POBAHHH 3KCnEPJ1MEHTA 

P,aCCMOTplo1M npouecc pmKAe-HIo1R '~ perlo1CTpaL41011o1 3JleKTpOHOB 28 ­
0v\ 

pacnana n,03TanHOo B Aal1bHe~weM Rplo1MeM 0603Ha4eHIo1R: R - o-reperi ­
aoe CJlY4al1HOe 4 101 CIlO , paBHOMepHO pacnpeneneuuoe B Io1HTepBaJle 

{O, lT; N "- 04epeAHOe CnY4a~HOe 4101.'<:JlO HopMafÍbJ-lOrO pacnpenene-u-a 
c .HyneBblM -CpeAHIo1M / N = 'DI VI e'A~HW.fHO~ AIitCnepCJ.1eH. I a 2 =; 1lo 
HcI'10Jlb30BanCR MeToA reHe'pau.lIllo1 cIlY4a~Hblx qVlCeJl C 3a'AaHHbIM pac-

n.peAem~Hlo1eM /2/. \ 

.2o1, T04 Kà pacna..qa ?lApa 

..'8 npéA'nOJlO>KeH,1011o1 OAHOpOAHOCTIo1 I;K:,T04HI4t<a nonoxeuue T04 Klo1 B,bl­

neTa ABYX 3JléKTPOHOB pacnpeAeJleHO paBHOMepHO no rJly6HHe HCTÓ4­

HIo1Ka, Toeo 

-d1 = d o R ; d2 = d'- di	 /2/ 

·3AeCb d - TOJl14Io1Ha Io1CT04HIo1Ka; dI 101 d2 - TOJlUtIo1Ha CJlOeB, 4epes KO­

T06~e AOJl>KH~' npO~Tlo1 3JleK~pOH~~no HopManH K nOBepXHoCT~ ~CTOq-

HIflKao 

'f1oIlO>KeHJ-1e T04KIo1 auner a 14a nJlOCKOCTIo1, napallllellbHo~ noaepxuo­
C!101 J;1Cr04HIo1Ka 101 HaxOAR~e~CR Ha y~e WIo1KClo1poaaHHoA r~y6HHe d1•2 } . 

pacnpeneneao TaRJKe paaaoaepao o B nonapaux I<OOPAHHaTax 3T.o 03,­

Ha~aeT paBHOMepHoe ~acnpeAefieHlo1e 6 H p2 , Toe.: 

eb=211R; p=rJf[,.	 131 

iAe ~ - paAIo1YC ~CT04HWKao 

202'0 HanpaSJleHIo1R BblIle'ra 3JleKTpOHOB nOClle 28Ov"'pacna8.B 

nYCTb uanpaaneaaa aune r a OAHoro 1013 3JleKTpOHOB IHa30eeM ero 

nepB~M/ pacnpeAeJleH~ B npOCTpaHCTBe 10130TponHOo B c~ep1014eCKWX 

,KOOPAIo1HaTax 3TO 03Ha~aeT paSHOMepHoe pacnpeAeJleHHe cose 1 B Io1H­

r epaahe [-1 ;11 'lo1 eb 1 B JIlHTep.a'aJle [-0,2171: 
,r 
eos 01 = 2R - 1 ; eb=217R. /41 

C T04KJ;l apeH14R Teop~101 28 p a c n a Aa YAo6Hee oaecaarpaaar s.0v ­

yrOJl ~ I~Mo pJ;1Col/, onpeAeJlR~~Io1~yrJlOBY~ ~OppeJlRLtlo1~ B~JleT9 

3-!JeKT-pOHOS; nOA4101HeHHY.IO <1>YHKt4Io1H f(8). 3TOT yron CBflsaH· ClleAYlOl4lo1M 

06paaOM c ,yrJlaMltI 8 " cP , () " cP 
1 1	 Ja 2 

cos (J = cos Oi cos O~ ,+ sín 81 sin 02 cos( eb - 1J ).	 l5t 
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An~ 09peAeJleHIo1B HanpaaJleHIo1~ B~l1eTa BToporo 311eKTpOHa BeJllo14101Hbl 

c~s 02 101 c/J 2 reHe p l4PO\Balll1Cb .paBHo~epHO paç:npeAeJleHHblMIo1 S, Io1HTepBa­

naX" [ -1 .u J.It [0,2171 COOTBeTCT,BeHHO, c Y4eTOM f( ()) : 

cos 0'2 = 2R - 1. ; ch ea , 2 17 R ;	 j 61
2 

,	 I. 

f(O) ~ ) , _ j 

eCJlIo1 -- < R. TO Sbl6101paeTCR APyraR napa (02 ch • ,8- Ka4eCT'Be koppe>
(max	 . z 

J1flLtIo10HHO~ $YHKLtIo1Io1 paCCMaTpllrBaJlOCb... KaK nacnpeneneuae f(e)~(l:"Gose), 
Ta K 101 f ( O) - ( 1+ cosO )1 31 • 

2.3. 3HepreTlo14ecKIo1~ cneKTp 3JleKTpOHóB 

\ C T04HOÇTb19 AO 3Heprlo1101 OTAaLtIo1 3Heprlo11O 28
0v 

-pecnana MO?\<HO'
 
3arllo1ca~b :
 

Q= E~+ E~,	 17/ 

r ne, E~ 101	 E2- 3Heprlo1101 euner esuiax 3neKTpOHOB. 

.QJlR' CJlY4:i3R Ma~apaHOBCKO~ Mac­
F(El Cbt Hei(fTplo1Hd, r eopun /3/ npencxasu­!,O 

BaeT KOJlOKOnoo6pa3HYlO ~OPMY 

$YHKLtIo1Io1 nJlOT~OCT~ ppcnpeAeJleHlo1fl 

3,Heprlo1vt, 3J1eKTpÓHoB' F (E. ) Ipk1c,o 2, 
1 

Kplo1BaR li o ,E.\Jln ynpouieuaa paC.4e­

Toa F(El)6w~a ~nnpoKCIo1MHpOBaHa 

nOI1i11HOMOM BTOpO~ CTeneHIo1: 

Ef ~ E o" 8
F(~l° ) = -4(--} + 4 (.:..-t.) + 0,4./ I

Q "~ . 
O}·, 

B ~peAnono~eHIo1Io1 cy~ecTBoBaHIo1~ 

npaB~X TOKOB IpMc02, Kplo1BaR 21 
o	 0;2 O,L 006 0,8 io pacnpeneneaae a,oIo1MMeTpJ1..lfHo. 

E/a B 3TOM CJlY4ae ~CnOJlb30BáJlaCb 
, ( 

(flYH K:LtIo1R 14/:
PHC o 2 o <1>YHKIJ,}IH, rrnOTHOCTH F (E) 
o,lJ,H031IeKTpoHHbIX crrex-rpon	 E j 2' E(

P( E, ) :, (2 - - 1) (-- ­
p,n H 28 -rpa cnana /3/ c F = 1 . 1 Q 'QOv _..... max'
 

I 1 - rnv " O,. 2 - npansre TOKÍ1o,
 191 
Ej 2 1/2 1 E~i E-i 2. 

- (--)) (-- + - - ( --} ) • 
,Q ~'I Q Q Q 

3aMeTIo1M, 4TO OTJlH4Hbre' OT HYJl~ 3Ha4eHJ;1R F(Eo) npa E, = o 101 E. := Q' 
1 t . 1 . 

RSITRIOTc'R	 peayns r aro« t<:y110HoBçKbro 'B3aIo1MOAe~CTBH~ Me>t<ÂY BblJle- ' 

TalO~Io1MIo1,3JleKTpOHaMIo1 101' RAPOM. B npoLteCce MOAeJllo1pÓBaHIo1R E~ ~ ,E~ 
Bbl6lo1paJ1lt1Cb 'c Y4eTOM F (E t) : o 

f 

'E 1 = Q. R; 
I IlOI 

". 

I o I 
- ~CJlIo1 F(El ) Fmax<R,TO Bbl6101paeTcR APyr aa Ei ~ Io1Ha4e ~2 = Q - En' 

3r 



2.4. Ilpoxoxqeuae 31JeK'TpoHOB 4epe3 Belf\ec'tBó 

'. 1 
f (x , ~E) = T c1l ( À) , ~ = x . ---~---	 j] 1/ 

AB 2 

rAe t	 - napaaerp , Xapal(TepvlsYlOlijllll::1 cpenuae nor epn 3Hepn1111 B cnoe 
eeuiecr aa x; Z - a-:oMHbll1 HOMep; A - aToMHbl~ aec ; B,; v Ic ; . 
mec 2 - MaC-C,anOKOR anexrpoaa ; NA - 4111CllO Aeoranpo ; Co - xnec ­
cIII4eCKIIII1 paA~Yc 3lleKTpoHa. YllY4weHHoe peweHllle AllR f(x,~E) 6WllO 

nony-reuo 13aBlIIllOBblM 15/, KOTOPbl1::1 -nokaaan , 4TO OHO COBnaAa.eT c pe­

weHllleM Jlaunay /<t>opMYlla /11// npa ç-1.E r e • «orna cpea­m ax<O,Ol, i 

Hl1e nOTeplll MHoro MeHbwe MaKCIIIMallbHO BOSMO}l(HO~ nOTeplll B OAHOM 

CTOflKHOB~HIIIIII,. n03TOMY B HaweM cnyuae M9~~o IIIcnollb30BaT~ ~:(À), 
.annpOKC~MlllpOBaB ee AeBRTblO raYCClllaHaMIII c Y4eTOM peSOHaHCH~X 

3<t><t>eKTOB (81 : 

I 2
 
~ Ciy. . (À-ÀO


~(À) =	 ~ 1 _ exp ( ) , /12/ 
. 2 2 b2J yt + b, 1 = i	 Yi + 

rne napÇlMeTpbl C í ' À i ,Y. onpeneneau no MeTOAY Hallllv!eHbWIIIX KBaA­

paTOB/ 7f , a b2 - pesoHaHcH1111 oaxrop bllYHKa-Jlel1seraHra: 
I 

b2 =2 ::10 -5 Z 11/3 ~E' • '/13/ 
H2 

3AeCb H'= 0,154 Z . 'x/AB2 ,a cpenuae norepu 3Heprllllll ~E onpej:\eJlRIOTCf1 

no MOAIII<t>III~lIIpoBaHHoH <t>opMYJ1e 6eTe-6lloxa / 91 

- . - E'2 (E + 2) E 2 18 - (2E' + 1) In 2 2 
l\E = t"[ln----- + ---------- + 1 - B - ô J , /14/ 

21 (E + 1)2 

rAe I	 - cpeAHlII11 noreuuuan lIIoHIII3a~lIIl11, ô-BellIll4I11Ha, Y4111TblBalOlijaR 

3'ff><t>eKT' nllOTHOCT-"l cpena 1101. ' 
11/

Haw101 3KcnepIllM,eHT.allb-Hble,. i4CClle.QOBaHIIIR ' nokaaana YAOBlleTBO­

pIIITe.nbHYIO TÓ4HOCTb /12/ ,qná IilCT04HIIIKOB c' TOlllijlllHOI1 < 50 Mr/ CM 2. 

.: llpouenypa 'paC4eTa noreps 3Heprllllll' anexr poua B 1II~':04Hi-1Ke cne-
AYlOlijaR. Ad BWlleta 11I3 IIICT04HIIIKa 3lleKTPOHbl'npoxoART nYTH ' 

-- ~~ .. • J)o J" ~	 , 

•\ 

aI ~~HepHpyeTcR o4epeAHoe cllY4al::1Hoe 4111CllO q, paBHOMepHO pac­

9 Ci Y. 
npeneneuxoe B IIIHTeps'alle [O, I 1 1 ; 

i=l J'Y.2 + b2 
1 

k-l Ciy· k Ciy·
6/ JI1S YCllOBIIIR q ç; [ 'I --_.-!.--, I ----!.--J HaXQAIIITCfl k; 

. i=l lf-t}- i=l J 2 b2 ' 
. Y + Y + 

i i 

B/ Bbl4111CllRefcR À = N J(y ~ + \:P )/2 + À k •
 

rloTepfl 3HeprHW AAA AaHHoro 3lleKtpoHa nOllY4aeTCfl no <t>opMYlle:
 

2m c2 H8 2 . 
' ...... 

~E = H (À + In ---
e 

- B2 
+ 0,423 - )	 11-6/õ • 

12( 1,82 ) 
-, 

3Heptllllll 3lleKTpoHoB~ SWlleTeBWIIIX 11I3 IIICTo4HIIIKa, 6YAYT~ 

, E i = E1-- ~E 1 ; E2 :::; E2- ~E2 •	 /17/ 

2.5. HanpaslleHIIIR !3bllleTa. 3lleKTpOHoe 11I3 IIICT04HIIIKa 

MaKpOCKonW=leCKoe onac a-u-e yrnoaor'o oacnpenene-ura BblIleTa 

3lleKTpOHDB rrocne npOXO}l(AeHHR crroa aeurec r aa TOlll:.lIIIHOI::1 x naer 

TeopHfl MHorOKpaTHoro pacceflHlllfl-raYACMIIITa 11I CaYHAepCOHa / 11/.PaAH 

'" ,,'	 npOCTOTbl tJ\bl 6YAeM nplIIAep}l(lIIBaTbCfl nOAxOAa HOllb epa 1 12/ , c o r lla CHO
 

KOTOPOMY yrnoaoe pacnpeneneuae MO>KHq onacar s Bblpa>r<eHllleM
 

0 2 _
W(O) - exp (- ---) , /18/

20 B
1
 

rAe
 

- 2	 - Z(Z+l), x 
O = 0,157 ---- . ,-------- •	 /19/

1 '2 2­
~ 8 E (E + 2meC ) 

3Aecb .x - TOlllijlllHa CllOR aeuiec r aa (~/ CM2 ) ; E, me c~ - KIIIHeTIII4e­

CKaR 3HeprlllR 11I Macca nOKOfl 3lleKTPoHa /M3B/; B'- KopeHb TpaHC­

4eAeHTHoro ypasHeHlllfl: 

I); 
B - In B =: In (e1 I O~ )

2 
+ 1 - 2 C ,	 /2 O/ 

r,ge C = 0,577 - nOCTORHHaR 3i'1llepa; °3 - yron axpauupoaa HI-1R, 

Y.q,OBn~TBOPRIOIJ.t1ll1::1 YCllOBII1IO: 

2 1/ 3 OI 2	 (Z+l)·x 
Xl = di I I cos 01 I , ~2 = d2 /"1 cos O2 I -' /]5/ (--) = 7800 " . /2,1/ 

0
3 B 2A (1 + 3,35 (aI 8 2 )) 

Feuepupye.rca ovepenuoe 3Ha4~Hllle napaaerpa À, .pacnpeneneuuoe 
rAe a	 = 1/137 nOCTOf-lHHaR' TOHKOl1 CT,PYKTypel. 

c nllO;-HOCTblO BepORTHOCTIII \ <I»(À) /<t>opMyila /12/ /', AllR aroro : 

4 li 



npl-1 MOAenl-1pOBaH~1-1 yron OTKnOHeH~fl OT nepBOHa4anbHoro ABI-1~eHl-1fl 
3neKTpOHa nocne npoxomAeH~fl cnOR X onpeAenReTCfl $opMyno~ 

r/J ='N· JO~~~B •	 1221 

TorAá yron, onpeAenfl~~I-1~ HOBoe HanpaBneHl-1e AB~meHI-1R ·3neKTpo~a
 
ICM. pa3Aen 2.2/, 6YAeT
 

~, 

cos O"= cos Ocos r/J + sin O sin r/J cos r:h ,	 J1231 ' 

rAe 0'- yron, onpeAenR~~I-1~ ~anpaBneHl-1e ABI-1~eHl-1fl 3neKTpoHa ~o
 

npOXO>KAeHI-1R cnoa TOn~I-1HO~ X ; cf> - yron , paBHOMepHO pacnpenene-t­

H~~ B I-1HTepBana [0,2"] •
 

2.6. nonaAaHl-1e 3neKTpOHa B AeTeKTOp 

nYCTb Ha4an~ npRMoyronbHo~ CI-1CTeM~ KOOPAI-1HaT HaXOAI-1TC~ 

B 4eHTpe I-1CT04HI-1Ka ~ OCb Z COBnaAaeT c HopManb~ K nOBepXHOCTI-1 
ICM. pl-1C. li. TOnl1.\I-1HO~ I-1CT04HI-1Ka d 3AeCb M~»<HO npei-t~6'pe4b, T.e. 
nnó~KocTb WCT04HI-1Ka I-1MeeT ypaBHeHl-1e z=O.a nOBepXHOCTI-1 AeTeKTO­

_POB z = ± L, rÃe L - pacctoauue I-1CT04HI-1K-,qeTeKTop. 3nel;<TpOH npo-: '. 
XOAI-1T 4epe3 nOBepXHOCTb AeTeKTopa B T04Ke: 

X = Xo ±L ~!- . Y = Y - ay. 
z= ± L ,	 124/O + L _....:._.p	 Daz '. a ' z 

rAe 
J 

a = sinO cose/>. ~y = sín é sin<;b. a = cos ,éx z	 1251 W 

04eBI-1ÀHO, 4TO 3neKTpoH nonaAaeT B AeTeKTqp npl-1 ycnoBl-11-1 ' 

. 2 2 1/2
(XD+YD) <fD ,	 ·/261 l 
rAe f D - paAI-1YC AeTeKTopa.
 

npl-1 pacvere MOAenbHblX cnexrpos np~HI-1Manl-1Cb cnenyounre r.eoMéT­

pl-14eCKI-1e pa3M'epbl: = 28 MM, L = 1 M~.·
rD 

2.7. Y4eT o6paTHoro paCCeflHI-1R OT AeTeKTopa 
~,f npl-1 MOAenl-1pOBaHl-11i1 cneKTpoB/ 11 õuno npI-1HRTO, 4TO BepOflTHOCTb 

OTpa>KeHl-1fl 3neKTpOHOB OT AeTeKTopa He 3aBHCI-1T OT I-1X jHeprl-11-1 1-1 yr ­
na naAeHI-1.R. CornaCHO / 13/,K03$<lJ~4I-1eHT oõpar aor-o paCCeRHI-1R 3neKT­
pOHOB AnR repMaHI-1R 6~n B~6paH 0,45. Ha 3TOM 3Tane'paC4eTOS C41-1­ t"íl 

TaeTcR, 4TO 3neKTpOH OTpa31-1nCR, eénl-1 

-R < 0,45 • 1271 

B paaaene 3 6YAYT noxaaauu peayns r aru paC4eTOB MOAenbHbIX, 
cneKTpOB c Y4eTOM yrnoBo~ 1-1 3HepreT1-14eCKO~ 3aB~CI-1MOéTI-1 K03$QH­
41-1eHTa o6paTHoro paCCeRHI-1R 3neKTpOHpS OT AeieKTopa. 

3.	 Y4ET yrJlOBOPl H,-3HEPrEn14ECK0'1 3ABk1C~1NOCn1
 
K03~HUHÉHTA 06PATHoro PACCERHHR
 

H3BeCT~O, 4T~ K03$$1-14I-1eHT o6paíHoro paCCeRHI-1R 3neKTpOHOB 
OT n()BepXHOCTI-1 MaTepl-1ana c onpeneneuuu» Z 3aBI-1CI-1T KaK OT' 3Hep­
rKI-1, TaK ~ OT yrna naAeHl-1fl 3neKTPOHOB. KaK 6wno nOKaaaHO Kyab­
MI-1Hbt'X 1-1 Bopoõs eaua /14 /: 

. d
P(Z,E,B)=cO +Po(Z,E,O=O).	 1281 

I 

rAe 6 -\ yron Me>KAY Hop~anb~ K nosepXHOCTI-1 1-1 Ha~p~BneHl-1eM 
.
naAe­

HI-1R 3neKTpOHOB, c 1-1 d - cnoxuue Cl>YHK41011-1 Z ~ 1-1 E, xoropue ,AnR 
repMaH~fl ~MeIOT np~6nl-13l-1Tenb Hble 3Ha4eHI-1R 0,2 K 2 cbOTBeTCTBeHHO. 

. í<o3$$1-14I-1eHT 06raT'Hàro paç:ceR-Hl-1fl npl-1 HopMaI]bHoM naAeHl-11-1 3neKT­
pOHOB cornacHo / 15 paBeH: - .... 

,	 -b -b63	 
(b7 -b8!Z) -1 

- )[1+(b )E, 1~. 1291Po(Z,E,O=0)=b1 exp ( b2Z 4+b5 Z 

/ 
Ko3$$~4Ii1eHTbl b i- HaXOAflTCR 1-13 npl-1BeAe'HHOIIt HI-1>Ke r aõnuuu: .... 

1: 1 2 3 4 5 6 ,. 7 8, 

b} '0,9383 9,3038 0,6041 ó.o 135 13,>99 1,5415 1,6'359 5.31'2 

--.. " 
Aflfl repMaHl-1fl (Z = 32) 1-13 1291 I-1MeeM: ---...... 

- . .
PO(E,O= O):;: 0,2979 (1+0,OS04,E 

1.4699 .:..1
). , l301 

C Y4eToM_/28j 1-1 1301 'paHee on~caHHbU1 é!nrop.I-1TM pac-re'ra MOAeflb-­
HblX cnekrpoa 3J1eKTpOHOB 2Bov -pacnana 48Ca õun nononuea , llpea-: 
Bapl-1TenbHO, Ha OCHOBe np04ecca MHorOKpaTHoro paCCeflHI-1R 3neKTpo­
HOB ,B rept-1aHI-1I-1 c 'I-1CnOnb30BaHl-1eM MeTOAa HOHTe-Kapno t, 6bln~ npoae-' 
AeHbl HccneAOBaHl-1fl B03MO>KHOCTI-1 np~MeHeHI-1R An~ MOAenl-1pOBaHI-1R $Op­
Mynbl 1281 1-1 cpaaueuae c I4MelOlAI-1MI-1C~ 3KCnep1r1MeHTa'nbHb1MI-1 peayns r a­
TaMI-1 I-1paC4eTaMI-1 APyrl-1x aBTOpos no q6paTHoMY paCCeRHI-1IO. 

3:. 1. MHo'r"oKpaTHoe paCCeRH'I-1e 3neKTpOHOB· B HPGe-AeTekJope 

3ne.KTPOHbl', 'r:-JP~~oAR~l-1e ~epe3 Be~eCT80, OTKn9HRIOTCfl OT nepao-: 
Ha4anbHoro HanpaBneHI-1~ ~ Tep~IOT 3Heprl-11O 3a C4eT ynp~roro 1-1 He­
ynpyroro B3aI-1MOA~~CTBl-1fl. CpeAHI-1~ cBo6oAHbl~ npoõer npl-1 ynpyroa 
pacceRH~~ onpeAen~eTC~: " 

7, 
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" 

6 



"1
 

f 
I,' 

2
 
1 A P O e ~+ e tt ~~
N Z2 r (m C2 ) 2 ~ m 0 2 61 3Jle~TpOH Ha/xoA~T-eR B ne rekrope , er-o .aueprua E ~ 3 K3B ­

- == --------(-----)---, /311 .' 311eKTpOH 3aper~CTp~pOBaH; 

À el AE2 E +'2m 02 S {S -+- 1) aI ~11eKTpOH B~11eTe11 ~3 AeTeKTopa - 311eKTpOH OTpa3~11CR OT Ae­
e " T€KTopa. 

rge P = 5,323 r/cM3 - nnOTHOCTb repMaH~R; S r napaMeTP 3KpaH~­ tpaH~4HaR 3Hepr~R 3 'K3B Bbl6paHa paaHo~ Ben.J.14~He 3Hepr-eTJ.14e­
I 

'1. CKoro pa~peweH~R CTaAAapTHoro repMa~~eBoro ~eTeKTopa A11R 3Hep­pOBaH~R no MOA~(j:lY1,",~POB~HHO~ et>opMyne Monbepa /16/. 
" n1~ nopaaxa HecKonb KYlX -M3B, ninjll4HblX AJlR aaccnarpnaaeaor-o C11Y­
t.']",\ 4aR.

, 
-5 2/3 1 - 8 2 ' Z a 2 

S:::: 1,7·10 Z --"-- [ 1,13 + 3,76 (-8-) l . , 1321 I' 
, 2 3TOT anrooarn 6lrt11 r1011Q}~eH B OCHOBY, n'porpaMMbl pacuera K03$et>I4'­

B 
I 

i ,4~eHTa 06paTHoro pacceRH~R 3~eKTpoHoB OT fipCe-AeTeKTOpa. 
CpeAH~~ CB060AH~~ np06er np~ H~ynpyroM pacceRH~~ 

3.2. npoàepKo KoppeKTHOcT~ a11rop~TMaU 133/À i n e1 :::: -S- ' 
Koppe~THOCTb anroourtaa ~ npaB~11bHOCTb pa60TblnRorpa"MMbi npo­

O 
BepR11~Cb ~3 cpaBHeHJ.1R ~ pe3Y11bTaTaM~ no o6paTHo~y pacceR~~IO,r.qe So - ç:peAHRR nOTepRHHaR 3HepnlR Ha eA~H~14Y nYTYI; U - cpen-

HRR norepn ~Hepr:\il~ np~ OAHOM axre Heynpyroro pacceauas /17/ 'i n011Y4eHHOMY APY1Y1M~ aaropaaa. Ha puc . J noxaaauú peayne raru Ha­
/' 

WI1X oac-reroa AIIR HOpMa11bHO nanaoumx 311eKTpOHOB. ,[l11R n011Y4eH~R 

- Ka>KAOk1 T04K~ i5bl110 peaurpauo 1000 C06brTJ.1~. CTaHAapTHoe OTKnDHe­Uma x : U mi n Uma x 
U;:: -------- In -~---- • /341

U 'H~e onpenenanocs no q)opMY11e 1).::::J P-( 1 - P)/1000. Henpepuauaa 111;1­
ma x ,- Um ib ,Umin 

l" 

'I). H~R "'l(3./ PYI-e. 3 noc rpoeua 'no q,opMY11e 1301, npeAIlO~eHHO~ Taõar a 
>111 AP/ 15/. B BblõpaHHOM 3HepreT~4eCKOM ~HTepBaI1e Ha611IO~aeTCR xopo­3geCb: U - E/2,a ,,= 7+25 36 4aCTO Ha3blBalOT 3Hepr1'le~ n11a3­ma x Umi n
 

MeHH~X Kone6aH~~ B Be~ecTBe.
 wee CornaCJ.1e pe3Y11pTaTO~. 

Me~AY ABYMR'COYAaReH~RM~ 311eKTpoH npoxoA~T nYTb: ~ pa60Te/ 18/ AIlR reOMeTp~~ ~CT04H~K-AeTeKTOp, nOKa3aHHO~ Ha 
puc , 4a, '6bl11~pacC4~TaHbl,3Ha4eH~R K03et>et>~,",~eHTa oõpe ruoro oaccen­
H.~R c ~cnonb30BaH~eM MeTOAa t1oHTe-Kap110 Ip~c"5/. Peayne r aru 'Ha­

X:::: _ ~~1_'~in~_1---In R • 135/ w~x pélc4e,To,B, Bbln011HeHHblXA11R 3TO~ r eoaerpaa , HO c nonyõecxo­~ 
À el + ,À inel He-4HbI.M AeTeK~pOM lCM. PJ;1C,. 461, r aiose npJ;1BeAeHbl aa pac , 5. EC11~ 

Y'LleCTb, 4TO 4aCTb 311eKTpOHOB, aune reauiax 4epe3 60KOBble CTyHbl04epeAHo~ aKT pacceRH~R 6YAeT ynpyr~M, eC11~ 
I KOHe4Horo AeTeKTopa, nonaA~IOT B rpyn~y o6paTHo pacceRHH~XB C11~­

4ae c n011y6ecKoHe4H~M AeTeKTopOM, TO MO}/(HO 'C411TaTb cor11ac~e pe­1361'\'81 I(À e1 + À i n e1 ) <R, 
ayns r a r oa XOpOW~M. 

~Ha4e npo~30~AeT Heynpyroe pacceRH~e. 

np~ ynpxroM pacceRH~~ 3neKTpOH He TepReT 3Hepr~~, a TonbKO 
J 
{OTKnOHReTCR OT nepBOHa4anb~oro HanpaBneH~R Ha cpeAH~~ yron, 

onpeA~11ReM~~ COOTHOWeH1'IeM: ~' 
~ 

0.32
cõSõ :::: 1 + 28 + 2S ( 1 + S) In __8_ 7 1371 I 

! 1+8 0,30 
, t­

~ nepeMe~aeTCR B HOBOM HanpaBneH~~ Ha paçCTORH~e x. np~ Heynpy- O.28L 
'rOM pacceRH~~ C4~Ta110Cb, 4TO 311€KTPO~ He MeHReT HanpaSlleH~R AB~­

~eH101R, a r epaer 3HeprYllO Ü , nponaaraac s Ha paCCTORHJ.1€ x • Onpe­ 1 6;26 
1 

Ae11RR MeCTononomeH~e ~ 3Hepr1011O 3neKTpOHa nOC11e KamAoro aKTa 
I

" IpaCCeRHIIIR /ynpyroro J.111~ Heynpyrorol, MO)f(HO npoc11eA~Tb nYTb ;1 0,2J. 
3neKTPQHa B 06beMe AeTeKTopa. np~ 3TOM perWCTpa,",~R 311eKTpOHa i;AeTeKTopOM o,",eH~BaeTCR no C11eAYIO~~M Kp~Tep~RM: '} r 

aI 3neKTpOH ~aXOAY1rCR B AeTeKTope, ero 3Hepr~R E >3 K3B ­ r 10'2 2 5' 10-1 2 5 1,0 
E,M3!3, ABlIImeH~e 311eKTpOHOB npoc11em~BaeTcR A~11bwe; .t~ 

~~­

napa1111e11bHO K03qxpJ.1l.\~eHTaM 06­
paTHoro pacceRH~R 6~Ra paCC4~Ta­

Ha A11~H~ np06era 311eKTpOHOB, 
OCTaHOB~BWJ;1XCR B AeTeKTope. 3Ta 
Ben~~~Ha Tome MomeT c11ymlo1Tb 'Kp~­
TepJ.1eM npaB~11bHOCT~ Hawe~ npo­
rpaMMbl pacuera . 'Ha puc , f> AaHé> 
cpaBHeH~e n011Y4eHH~X pe3ynbTaToB 
c paC4eTaM1;1 /18,19/. 

PHc.3. 3HaqeHHH K03~@HQHeHTa 06­
paTHoro pacceHHHH ÓT repHaHHeBo­
ro geTeKTopa npH HOpMaITbHOM na­
p;eHHH 3JleKTPoHoB. TOlIKH - pac­
lI€THbIe 3HaqeHHH; nenpepsmaaa JlH­
HHH - ~opMYJla TaõàTa 1:1 p;p/ 15/ • 
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., 
T" 

25 IIIf!Icr:?; t(Q) = 1 - coeQ I 

I::~I t '	 
I 

./ 

~'Jl ~	 
I 

O,3n ~t '1-' 
· 1

0.30~PH!2. 4. PaCnOJIOJICeHHe CliCTeMbI
 
HCTOqHHK-geTeKTop /paccToHHHe
 

0~28~ ,I I 

HCTOqHHK - geTeKTop - 3 MM/; .
 
a - r-eoxer-pna cor-nacno /18/ / gHa­
 1.-2 

I261MeTp Ae~~KTopa 16 MM, TOJImHHa 0.
 
7 MM/;' P' - nOJIy6ecKOHeqHWH 0,06
 

,lJ;eTeKTOp.
 ·i -3 
O,OL L. 

0,02 
:~ JIPHc.5. 3HaQeHHH K03cP<lmI.J;HeHTa 

oõpaTHOFO paCCeHHHH OT repMaHHe­
~BO~O geTeKTopa gJIH re6Me~p~H, ~ Ol­ ~­

nOKa3aHHOH na pHC. 4:- I - pe3YJIb­ O 0,2 O.L 0,6 0!8 l,O\E,~3B 

Ta TbI ,lJ;aHHOH PáÕOThI, 2 - p aõo-: 
TbI/1-8<3' - K03<P<PHI.J;HeHT BhIJIeTa 

3,lJeKTpoHóB' Qepe3 QOKoBhIe C'TeHK.H 

,geTe.KTopa. 

3.3. P~3ynbTaT~ MOAen~pOBaH~R 
trrfR 48Ca 

fi 
lC ~pOBeAeHH~e ~ccneAoBaH~~li - PAcOTA'!I?/.. 

6.181 o6paT~oro pacceRH~R 3neKTpOHOB 
no~a3blBalOT xopouiee cor.nacue 

lC - PA60TA/ . 
• - HÀCTORUlEE
 

C006UlEHl-1E *
2 
3Kcnep~MeHTanbHWX A~HH~X ~,Teo­

~' i
% peT~4eCK~X p~3ynbTaToB, nony­% 

L 4eHHblX MeT'0.AO'fJl MOHTe-Kapno
w' t·ID 
o ~ ~3 $opMyn~ /28/. CpeAHeKBaA­
€L •c: paTK4Hoe OTKnOHeH~e He npeB~­J4. 

urae r 1,5%. t1oAent;J Hbíe cnexrpu 
1.1 _ 3neKTpOHoB/ 1/ 28 - p a t n aAa· ov 

48Ca ~bln~ paCC'4lo'1Ta'Hbl 3aHOBó 
f 

o 
c Y4eT9M ~HepreT~4ecKO~ ~ yf~ .../1 nOBO~ 3aB~c~MoC~~ K03~$~4~eHTa 

..ti> I I I o6paTHoro pacceRH~R cornaCHO 
O ~ 1 2 <t>oPMyne. /28/. Pe3YI1bTaTbl pac-

Ç» 3HEPnll'13nEKTPüHOB.t·bB 4eTOB AnR ~1CTo4H~K,a TOnll.l~HO~ 

PHC. 6. IloJIHaH gJ1HH'a np6õera 25 Mr/ CM2 AnR pa3n~4HbIX, xoppe-: 

3J1eKTpàHoB B rkpMaHH.e~0M nereic- nR4~OHHbIX C!>YHK4~~ f CO) npaae-
TOpe..' ~AeHbl 'Ha puc , 7 ~ 8.,. B~AHO, 4TO 

lO: 

. 4
19.


OJl!HXl11EKTPCfIIlliIl C!IEKTP EE3 Y'IETA P (12 %)
 CIIEKTP COBllA,IJ,EID\lt EE3 Y'IETA P (33 %) 

ro3 

102 

L 
,'tI jIO 

I 

t{
 <,
 

OllHOO.!lEKTPCHIlHI1 'croocrp c Y'IETCIA P (~)I: ~ .. 103 

'30nB102 

10 

C!ÍEKTp C~ C Y'OO(J,\ P 

500 1000 I' 1500 2000 500 1000	 1500 2000 
H~P KAHAJIA 

PHC. 7. MO,r;J;eJIbHbIe cnex-rpu 3JIeKTpOHOB 2Bo -pacna~a 48Ca 

/HCTOQHHK - 25 Mr/CM 2; i(O) = 1- cos O: ,o6paTHoe pacceaaae 
no <poPMYJIe KY3bMHHhIX H Bopoõt.ena /14/ / • 

" 

~ ~ 
" 

\ I 
2
 

4
 
25 IDI5!cm ; :f(Q) = 1 + cosQ I 

10 r
 
QlllItl:3JlEKTl'OOf'.illI ClIEKTP EE3 Y'OO'A P (20 %)
 CIIEKT? COI3flA,l(EHl1ll b'E3 Y'lErA P (16 %) 

103 

ro2 

,~ 10
 

<, I I 11 I
 
I

I
 
Q!lJl0311EKTP<lIllWI CIIEKTP C-Y'lE."l'CIol P ( 6,5%)
 ClIEIITP éoBlIAJlEHlolí\ C Y'OO'(I,l P (7 %). \ ~ 

103 

26 KaB 
40 R3B 

102 

rir·.' ~ 

Ia 

500 1000 1500 500 1500 2000\:,'	 2000 róoo 
HOOP KAHAJIA 

~ 

r- PHC. 8. 'MogeJIbHpIe cnercrpu 3JIeKTpoHOB 28 v-pacnaAa 48Ca
 
/HCTOQHHK, - 25 Mr/.c~2; )f(O) = 1 + cos O ; o~paTHoe pac ceanne
 

I, no lpopMYJIe ,KY3bMHHhIX H Bopoõ sena /14// •
 

I 
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- õonee T.Q4Hbl~ Y4eT 06paTHOrO paCCeRH~fI np~.BOA~T K YBen~4eH~1O 

3$weKT~BHOCTH~er~CTpa~~~ CneKTpOB cOBnaAeH~R AO 15% Anfl cnY4aR 
((8) = 1- cos () IAJlfl P = 0,45 6b1no 10%1 ~ Ao 7% AnR rCf))::: 1 + cos O 
I Anfl P = ()., 45 õsmo 5%1. I<pOMe ~oro" ynY.4waeTcfI peapeuieuae c 36 
AO 30, K3B lIt c 50 AO ,40 K3B COOTSeTCTBeHHO. 

4.	 3$$EKT~aHnCTb PErHCTPAU~H
 
3nEI<TPOHOB 2Bev- PACnAAA 760e
 

BI1/ r-oaopanocs o B03MO}l(HOCT~ npOBOAIttTb flO~CK 2B -pacnana 
160e , Bx oAfl U\e r o B COCTaB HPGe-AeTeKTopoB cneKTpOMeTpa 

ov 
cOBnaAeH~~. 

,Qnfl 0~eHK~4YBCTB~TeIlbHOCT~ 3Kcnep~MeHTa c HPGe':"TeI1eCKOn-OM no 
OTHoweH~1O K 2B ov -pacnaay' 760 e He06xoAHMO, nOMHMO CAeI1aHHbIX 
npeAnonO>KeH~~ o Macce 760e,o BpeMeH~ ~3MepeHIo1f1 101 ypOBHe '$oHa, 
3HaTb 3$$eKTIo1BHOCTb perlo1cTpa~1011o1 3I1eKTpOHQB AeTeKTopoM. a pa60­

/1/ '	 ,
Te 6~I1a YKa3aHa 3$$eKTIo1BHOCTb (= 0,8, n0I1Y4eHHafl-1013 reo­
MeTpIo14eCK~X co06pa}l(eHIo1~. 

KCnOI1b~YR on~~aHHbI~ B pa3geI1e 3.1 aI1rop~TM Io1CCI1eAOBaH~fI ABIo1~ 
}l(eHIo1f1 3neKTpOHOB B BeU\eCTBe 101, C Y4e'{oM ynoMflHYTblX B pa3AeI1aX 
2.2 ~ 2.3 KOppeI1f1~~OHHbIX $YHK~~11 HanpaBI1eHIo1~ auner a f(O) ~' pac­
.npeneneuaa 3Heprl-t~ F (E) 3I1e.KTpOHOB, 6blJla paCC4~TaHa 3$$eKT~B­

HOCTb per~cTpa~HIo1 3I1eKTpOHoB B repMaH~eBoM AeTeKTope A~aMeTpOM 

56 'MM ~ TOJlU\~HO~ 6 MM. . 
C4~Tanocb, 4TO o-tepenuaa napa anexr pouoa aapcr ac rpacoe aue ~ 

'ycrreuu-o , ecna 06a 3J1eKTpOHa oc r ae ariacs B_,06'beMe ne texrooa .AO 
r ex nop , noxa 3Heprvm ,Ka}!{Aoro ~3 H~X E < 3 K3B. ECI1~- 'XOTR 6bl 
OA~H 1013 3JleKTpOHOB napu nOK~AaI1 AeTeKTOp c E > :3 K3B-, 3Ta napa 
oT6pacblaanacb. ­

6blI10 paaurpauo 1000 pacnanoe np'i,t cneAYIQU\HX ycnoaaax: Q 28 = 
-,	 = 2,041 M3B, T04K~ pacnana pacnpeneneuu paBHOMepHO no 06beMY 

nerex'tope , f(O)=l-cosO, F(E)- CM. $OPMYJ1Y 18/. Pacveru Aan~ 

3$$eKT~-BHOCTb per~CTp~~~ 6 = 0,872 (11) . 

5.	 4YBCTB~TEnbHOCTb-3KCIll;PHt1EHTA ,.. 
no	 nOHCKY 2Bov-PACnAnA 

nOnY4eHHble peayns r atu n03BonRIOT YT04"t~~Tb oue-uca 4YBCTB~Tenb-
HdtT~ 3-Kcnep~MeHTa no nOIl!CKY 2 Bov -pacnena I 11. YJ1Y4weHVle paape­

'WeHIo1f1 ~ YBen~LteHk1e 3$$eKTVlBHOCTVI npaaona r t< CI1eAYIO~~M Ben~4t1HaM: 

lirnTOV,(48Ca»1022neT límT OV (,70 0 e» 3·1023neT 
1/2 - - ' 1/2 _. 

TaK~M 06pa30M, pe3ynbTaTbl MOAen~pOBa~Vlfl c yyeTOM MHorOKpaT­
Horo pacceflH~R 3neKTpOHOB B Ge Aa~T 60nee T04HY~ o~eHKY 803­
MO*HOCT~ npeAnaraeMoro jKcnep~MeHTa/l1 no nO~CKY 2Bov -pacnaAa 
c nOMO~blO HPGe-cneKTpOMeTpa COBrlaAeH~~. 

12 
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M~pHHOB A. H AP· 13-85-99 
MoAe.J'IHpoBaHHe :3KCnepHMeHTa no noHCKy 2 B -pacnaAa . 
c noMo~biO' HPGb-cneKTPOMeTpa co:BnaAeH:Hii 011 

, 

OnHcaH anropHTM pact~_eTa c rioMO~bi'J !1eToAa ·MoHTe-Kapno 
~YHK~HH OTKnHKa nonynpOBOAHHKOBOrO cneKTpOMeTpa COBnaAeHHH~ 
npeA.flo~eHHoro paHee A.flH :3KcnepHMeHToB no noHCKY 28011 -pacna­
Aa. llpoBeAeHO MOAe.JlHpOBaHHe :3KCnepHMeH:ra _c _ytJeTOM MHOrOKpaT­
Horo paccenHHH :3neKTpoHoB B AeTeKTopax. HccneAOBaHa yrnoaan 
H :3HepreTH'leCKaH 3aBHCHMOCTb K0:3~H~HeHTa o6paTHOrO pacceHHHH 
:3JleKTPOHOB OT HPGe -AeTeKTopoB • . llonytJeHbl . YT-OtJHeHHbie o~eHKH 
'lYBCTBHTe.JlbHOCTH :3KCnepHMeHTa no nOHCKy 280 -pacnaAa 4Bca' 
H 76Ge A.flH cne~TpoMeTpa co~naAeHHii H3 32 HPGe-AeTeKTopoB: 
lim T

1
%?. (48 Ca)·_::: JQ22neT, lim T

1
% ?_ . (76oe)?:~.3 .to23neT. -

Pa6oTa BblnOJI-HeHa B na6opaTOPHH HAepHbiX npo6neM OlUIH. 

Cool5 .. eHHe 015'beAHHeHHOro HHCTHTyTa ll.l{epiGoiX HCcne.QOBaHHA, ,llyi5Ha 198S 

. • . ~ . 

llepeBOA f.f.CaHAYKOBCKOH 

Marinov A. et al. · 13-85-99 
The Modelling of Experiment on Search of 2Bov -Decay 
by Using the HPGe-Coinc.idence Spect-romet.er 

The algorithm o.f- calculation .by the Monte Carld method 
is given for the response functi"an ·of· .a semiconductor coinci­
dence spec;rometer .~or _expe:iment~ . on search of 2 Boy -dec a~ . 

The modelhng df · th1s ·~xper1me·nt 1·s performed allow:tng for , 
the multiple scattering of electrons ~in . detecfors. The ang~­
lar and energy dependence of the coeffici~nt. of .•.back scatter­
ing of electrons from HPGe-detectors is studied._ lfure exact 
estimates are obtained for . the set'lsitivityof experiment ori 
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