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B HaCTOR~eA pa6oTe npoH3BeAeH noHCK Heo6~4H~x pacnaAOB, 
KOTOp~e MOrnH 6~ npOHCXOAHTb B pe3ynbTaTe o6pa30BaHHR CBepx
nnOTH~X RAep. C 3ToA ~enb~ nponaHoBaR ABYXMeTpoeaR KaMepa 
nB3 OH~H o6ny4anacb nOTOKaMH npoTOHOB,a -4aCTH~ H RAeP yrne-

B Ta 181 Pb208 N" 58 POAa. KaMepy noMe~aJlHCb MHWeHH H3 73 , 82 , 28 1 , 

29 Cu63 C AnHHaMH 0,2; 1 H 0,6; 0,6; 0,6 CM COOTBeTCTBeHHO, 
CyTb MeTOAa H3nomeHa e Hawe~ nepeo~ pa6oTe 1 11. 0Ha 3aKn~-

4aeTCR B TOM, 4TO nepBH4H~e 4aCTH~~ c6pac~Ba~TCR B KaMepy 
B TO epeMR, KOrAa AaBneHHe B He~ HaCTOnbKO eenHKO, 4TO ycno
BHH AnR o6pa3oeaHHR ny3~PbKOB e~e HeT, 4acTH~~ aKTHBHPY~T 

MHWeHH H pa604y~ mHAKOCTb KaMep~. 4epe3 HeKOTOpOe BpeMR nopRA
Ka HeCKOnbKHX MHnnHCeKYHA, KOTOpOe Mbl Ha3~BaeM 11MepTB~M Bpe
MeHeM11, KOrAa AaBneHHe B KaMepe ynaAeT HaCTOnbKO, 4TO eCTb 
ycnOBHR AnR $OpMHpOBaHHR XOpOWO BHAHMOrO TpeKa, Ha4HHaeTCR 
perHcTpa~HR pacnaAoe; HHTepean epeMeHH AnR Ha6n~AeHHR pacna
AOB onpeAenReTCR OT KOH~a 11 MepTBOrO epeMeHH 11 AD BCn~WKH CBeTa 
/npaKTH4eCKH OH HeCKOnbKO MeHbWe, T,K, HaAO AaTb B~AepmKy 
Ha pOCT ny3blpbKOB AD Heo6XOAHMOrO pa3Mepa/, 

B 3THx ycnoBHRx e KaMepy MOmHo c6pac~eaTb 6onbwHe noTOKH 
4aCTH~ lAo 10 6 + 10 7 4aCTH~ e ~HKn e AaHH~x ycnoBHRX 3KcnepH
MeHTa/. 3TO AaeT B03MOmHOCTb HCCneAOBaTb npo~eCCbl, HAY~He 
c Ce4eHHRMH nopRAKa 1 0-33 + 1 o-34 cM 2 

0 EAHHCTBeHHbiM $H3H4eCKHM 
$OHOM ABnAeTCR $OH OT KOCMH4eCKHX ny4eH, B KOTOp~X MOryT o6pa-
30B~BaTbCR 3HeprH4H~e y-KBaHT~, Aa~~He B MHWeHAX H B nponaHe 
KaMep~ e pe3ynbTaTe KoMnToHOBCKoro pacceRHHR H npo~ecca o6pa-
3oeaHHA nap 3neKTpOH~ H n03HTPOH~ 6onbWHX 3HeprHH, 0AHaKO 
3TOT $OH nerKO O~eHHBaeTCR B KaMepe, XOTR H Tpe6yeT 60JlbWOH 
npOCMOTPOBOH pa6oT~. 

B ya6n. 1 npHBeAeH~ xapaKTepHCTHKH e~nonHeHH~x 3KcnepHMeH
TOS. 

MHweHb 
6

ct2-yrnepoA, COAepma~HHCR e nponaHe Ha AnHHe 
52 CM, 

EcJlH B o6ny4eHHRX npOTOHaMH c HMnynbCOM 1,9 r3B/c, a -4ac
TH~aMH H RApaMH yrnePOAa nOTOK 4aCTH~ Ha KaMepy B OAHOM ~HKne 
6~n nopRAKa 10 2 -10 S 4aCT,/~HKn H 6~n HaAemHO H3MepeH C~HH
THnJlR~HOHH~MH C4eT4HKaMH, pacnonomeHH~MH nepeA KaMepoH, TO 
B o6ny4eHHRX npoTOHaMH C HMnynbCaMH 3,36 H 9,86 nOTOKH 4aC
TH~ 6~JlH nOPRAKa 10 6 , H npH AnHTenbHOCTH c6poca ~1 MC B03HH
Ka~T npoc4eT~ B 3neKTpOHHOH annapaType, no3TOMY O~eHKa nOTOKa 
B ABYX nocneAHHX cny4aRX npOH3BOAHnacb no KOnH4eCTBY Ha6n~AeH-
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Ta6JIH~a I 

C'OPm llOPO-

! c'e CHapp~ p p p « 
6 

t1 Mnqnnc fl dPCI-
!,go 3,36 9, 86 o,gs 3, 36 

I CllOpJJf>a, 
T:oll/C I HW<IIOH I 

u NtSI 12Pb201 73
Ta'11 NtSI 1

NtSI ! 
CoPm Ropo-

21 201 t Pb 2ol' 
,Pb~o• j •ePb 811 

MuUJeHU 2,cu 61 i "c'fl tP (IJ 11cu 63 29Cu63, 

LL C ll .c ,, "c•a J 

f!'IM,.-rCipHbt~ noTOK 6,6·10 6 
f,3•10Q 2,4 ·10

1 
61iN0 6 I 

f,f· to6 J 
lftiCmULI 

<IWC/10 KOlJpo~ 4370 16*0<10 ?200 4350 2500 J 

H~x e+ oT pacnaAOB paA~OaKT~BHoro a3oTa 7N 12 • Ce4eH~e o6pa-
3oaaH~R :nora RAPa a peaK~~~ p + 6C 12

-> 7N 12 o~eH~aanocb c ~c
noJlb30BaH~eM AaHH~X pa60T~ /2/,rAe OHO onpeAeJleHO np~ ABYX 
3Ha4eH~Rx nepa~4HOH 3Hepr~~. T,K,, no-a~A~MoMy, yKa3aHHaR 
peaK~~R npo~cxoA~T 4epe3 rr-Me30HH~H o6MeH, TO ee ce4eH~e 
ADJlmHo naAaTb c 3Hepr~eH o6paTHO nponop~~oHaJlbHO naAa~~eMy 
~MnyJlbCY B HeKOTOPOH CTeneH~. noArOHKa K AaHHbiM pa60Tbl '2/ 
AaeT AJlR ce4eH~R peaK~~~ p + 6 C 12... 7N 12 3Ha4eH~e a (P) =0, 086. 
(P)-0,87 M6, rAe P- ~MnyJlbC B r3B/c. 

Ha p~c, 1 npeACTaBJleH~ B OTHOC~TeJlbHbiX eA~H~~ax cneKTPbl 
pacnaAH~X no3~TPOHOB a KaMepe a o6nacT~ ny4Ka nepa~4H~x npo
TOHOB AJlR pa3HbiX ~Mnynbcoa naAa~~~x 4acT~~. B~AHO noAo6~e 
cneKTpoa. n~K np~ 3Hepr~~ no3~TPOHOB oT 8 AD 9 M3B o6R3aH npo
~eccy pacnaAa 7 N

12 /MaKc~MaJlbHaR 3Hepr~R e+ a HeM pasHa 
16,4 M3B/. 0AHaKo a o6nacTb 3Hepr~H no3~TPOHOB ;:: 8 M3B Aa~T 
BKJlaA no3~TpOHH~e pacnaA~ APYr~x RAep, Hanp~Mep, 5 B8 /MaKc~
MaJlbHaR 3Hepr~R pacnaAa 14 M3B/. Ecn~ np~HRTb, 4TO BKJlaA oT 
pacnaAOB 8cex APYr~x RAeP, KpoMe 7 N 12 , 8 o6nacTb > 8 ~138 co
cTa8JlReT nOJlOB~Hy BCeX Ha6Jl~AeHH~X no3~TPOHOB, TO MOTOK nep
B~4H~X npOTOH08, onpeAeJleHH~H no KOJ1~4eCT8y Ha6Jl~AeHH~X 
no3~TpOH08 OT 7N12 C ~CnOJlb308aH~eM Ce4eH~R o6pa308aH~R . 7N12 

coanaAaeT c noTOKOM, ~3MepeHH~M C4eT4~KaM~ AJlR ~Mnynbca naAa~
~~x npoTOHOB 1,9 r3B/c. TorAa, ~CXOAR ~3 noAo6~R cneKTpo8 no-
3~TpoHoa AJlR npOTOH08 c ~MnyJlbCaM~ 1,9; 3,36 ~ 9,86 r3B/c, 
MO>KHO O~eH~Tb nOTOK~ npOTOH08 B 3KCnep~MeHTaX np~ p t:1 =3, 36 ~ 
9,86 r3B/c,np~H~MaR,4TO a cneKTpax no3~TPOH08 c E +;::.8 M3B no
Jl08~HY cny4ae8 AaeT pacnaA 7N12 .3Ha4eH~R noTOK08 ,e onpeAeneHHbiX 
TaK~M o6pa3oM AJlR nepa~4H~X npoTOHOB c ~MnynbcaM~ 3,36 ~ 
9,86 r3B/c, np~8eAeH~ B Ta6Jl. 1. 

Bo acex 06Jly4eH~RX He HaHAeHO H~ OAHOro CJly4aR, KOTOP~H 
6bl MO>KHO 6b1Jl0 OAH03Ha4HO ~HTepnpeT~poaaTb KaK He06bi4Hbli1 
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0,2 

0,1 

1 
0 5 

-- • Pp= 1,9 r3B/c 
- -- o Pp= 3,36 r3B/c 
------ • Pp=9,86r3B/c 

10 15 
Ee• (M3Bl 

PHC, I , CneKTpbJ no3HTpOHOB B OTHOCHTCJibHbiX eAHHH~aX 

B nponaHOBOH KaMepe AJili npOTOHHbiX 06JIY'fCHHH ·- p p = 
=1,9 f:JB/c, A-Pp =3,38 f3B/c,O-PP =9,86 f3B/c. 

pacnaA /E pacnaAa >16,4 M3B/. TaK~M o6pa3oM, M~ onpeAenReM 
TOJlbKO aepxH~e rpaH~~~ o6paaoaaH~R C8epxnnoTHoro RAPa c nocne
AY~~~M era pacnaAOM. 

To4HOCT~ B~4~cneH~R ce4eH~H onpeAeJlR~TCR apeMeHHOH w~p~HoA 
ny4Ka /~ 1 Me I 8 cny4aRx T04Horo ~3MepeH~R noToKa ~ MeHR~TCR 
o6paTHO nponop~~OHaJlbHO apeMeH~ ~~3H~ caepxnJlOTHOro RApa. anR 
BpeMeH~ m~3H~ 2 MC T04HOCTb COCTaBJlReT -50%. anR 3KCnep~MeH
T08, rAe noTOK onpeAeJleH no 4~CJ1Y pacnaAOB 7 N12 , T04HOCTb 
onpeAeJlReTCR e~e ~ CTaT~CT~KOH Ha6Jl~AeHH~x 1 ~acna~08 ~ HaAe>K-
HOCTb~ 3KCTpanoJlR~~~ Ce4eH~R peaK~~~ p + 6 C -+ 7 N 2 , KOTOpy~ 
TPYAHO o~eH~Tb ~3-3a CKYAHOCT~ ~Me~~~xcR AaHHbiX a Jl~TepaType, 

B Ta6n. 2-6 AaHbl 3Ha4eH~R aepxH~x rpaH~~ ce4eH~H a sepxH. o6pa
aoaaH~R caepxnJlOTHblX RAep AJlR HeKOTOPbiX BpeMeH ~X >K~3H~ rc 
a paan~4HbiX npo~eccax np~ pa3H~x 3Hepr~Rx nepa~4H~x 4aCT~~. 

np~ a~4~CJleH~~ ce4eH~H Y4~T~aanocb ocna6neH~e ny4Ka 4acT~~ np~ 
npOXO>KACH~~ 4epe3 KaMepy ~ M~WeH~ C ~CnOJlb30BaH~eM 3Ha4eH~H 
Ce4eH~H Heynpyr~x B3a~MOAeHCTB~H npOTOHOB, a-4aCT~~ ~ RAeP yr
JlePOAa np~ COOTBeTCTBY~~~X 3Hepr~RX l.al, BepORTHOCT~ W c Ha6Jl~AeH~R 
pacnaAOB pacc4~T~Ba~TcR, KaK ~ a111• 11MepTable apeMeHa 11 8 3Kcnep~
MeHTax MeHRJl~Cb OT 9,7 AD 17 MC, 
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Ta6nm~a 2 

PP == 1, go Gale 

'L,, 6'1~/11111, ~lePxH, fi'&tPXH, bllPkH1 

w. lo-Jo ,,..., 10-tg CM2 Jo·•Q c""' lo-uc,..• 
MC (,o Rapo C 1 (NQ Q)po Nl} (•a R~PO Cu) ,_ •• PO P6} 

2 2,5•10-3 ao,s 109, 0 175,0 391,0 

5 1,6-10"1 2,J -',I s,o 11 ' , 

10 2, 'JoiO-t o, g 1,2 f, 9 4 1 f 

50 2 .10" 1 1,0 I, 3 z, f 4 ,, 

100 1,2 • fO·t 1,6 2,i 3,5 7,1 
-- 1000 1,5_ ofO-~ !3,J __ ,,, 0 Z 910 64,6 

Ta6nm~a 3 

Pp = '3, 3 6 r»B/c 

fi'&ep.,t, 6'lepx111 't'c, we MC 10-33 '"'2 to-a' ,,.., 
(NO ll'bPO C) (•a g(Jpo Pt.) 

j! 1,5 .,o- 3 6fJII, 0 20f I 0 

5 6,9 .(0- 2 
16,0 "," f 0 2 • to-1 5,3 1 '5 

so 1,1 ·10_, 5,9 I 1 7 
40 0 1, 1 • to-t 9,7 2,1 

I 00 o 1,.1 ·to-t IS. I, 2'i 0 

Ta6mu~a 4 

Pp"' 9, 86 (»Bic 

1"c, o~epu, 66.,.,, J 

'We 10·32 CM2 to-3°cM 2 
MC 

(HQ N1PO C} (Na ll~ao Ta J 

2 2,0·10-~ ~7W,O Z~to, o 
! 5' 3, 1./0-2 17,6 1'1, 9 

10 f, 3·10-f 4,2 3,6 

I 30 1, 5·10- 1 3,6 3,0 
100 9, 5·10- 2 5,7 Ej,g I 

I 
• 1000 - 1,2·10- 2 

4 ~ --- ' 3 ~_g._ I 

Ta6mu~a 5 

P.,.. = o, g6· r .. a/C'I·~~·oN 

t'c, 61u.rH, I 6uax•, tJ/~"'XH, ~HPIIHt 
We to·JO CM 1 -to-tUcMA to-Ill CM2 to-ll'c,..a ,.,, 

(,Q ~3PO C } ir.au)oo Nil (HQ. Q~DO Ph J (Ha .apo CuJ 

2 2, .,-.,o-3 138,0 l 107, 0 .SGs; o 21,5,0 
5 8,6· 10-~ ~.o 3, I f6,fl, 9,6 

10 2,3·10 -f 1, 5 i ,, f 6,0 3,5 
so 2,0·10- 1 1, 7 I f1 J 6,9 't,o 

100 1,2·10-f z,8 L ,;~;_ 11, 3 6,7 
1000 t,f.ff£_2 2 ~ltl_ g~Lo 56,1 

---

4 

I 

j 

l' iv 
i 
,,; 
:~ 

')~\ 

a 
l,J 

l, ' . . , • 

Ta6JIHI..Ia 6 

Pc = 3,36 (:,{;/C/HyllttOrl 

Tc, We 
6'8e!'<H, ts'tJtprH, tS' 61lP•~. 6,.,. .. , 
w-29cf12 to-ZicM! 10-U CM.t to-211 ,,..a MC 

(Ha. q()po loll) (WOJ/~1>0 f'h) (Ho •~Po Cu J (Ha. .apo c J 
2 7," .,o-J 219,0 154,0 109,0 63,9 
5' 1,0.10_, 15,9 ,,ll. 7,9 '1,7 

fO I,S • f0- 1 9, 3 6, 5' 4,6 2.,7 
50 9,8 ·to·2 16, 8 tt,8 s," 4,9 

tOO 5,5·10-1 29, 6 20, s 14,? 1,7 
1000 6,/l.d0-3 2.6 410 i 185,0 t31 1 o 77.0 

ABTOp~ 6naroAapRT n.~.MenbH~KOBy ~ APYr~x na6opaHTOB 3a 
npocMoTp nneHK~ ~ ~3MepeH~e 3HeprH~ no3HTPOHoe, a TaKme ecex 
COTPYAHHKOB nB3 O~H~, o6ecne4HBWHX Ha6op MaTepHana B AaHH~X 
3KcnepHMeHTax. 
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PyKDnHCb nocTyn~na e ~3AaTenbCKH~ DTAen 
16 anpenR 1981 roAa. 
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