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AHanHa 111 xapaKTepHCTHK A03HMeTpoe An~ HHAHBHAyanbHoro 
KOHTpOn~ A03~ o6ny4eHH~ HeHTPOHaMH noKaaan HaH60nbWY~ KOH
KypeHTOCnOC06HOCTb B HaCTO~~ee BpeM~ MeTOAa, OCHOBaHHOro 
Ha perHCTpa4HH TpeKOB npOTOHOB B ~AepHOH 3MynbCHH 
11<I>KH /2, S/, 0AHaKO AOCTOBepHOCT b onpeAeneHH~ 3KBH eaneHTHOH 
A03~ HeHTpOHOB C nOMO~b~ 11<1>KH e~e He OTBe4aeT peKOMeHAa4H
~M MKPE 141• 

HacTo~~a~ pa6oTa npoAOn>KaeT HccneAoBaHH~ 15•6 1 , BblnOnHeH
Hble c 4enb~ ycTaHoeneHH~ aAeKBaTHOCTH noKaaaHHH W!>KH 3KBH
eaneHTHOH A03e HeHTPOHOB B non~X H3ny4eHHH peaKTOpa 116P-30. 
M~ npoBOAHnH o6ny4eHHe A03HMeTpoe e6nH3H 4HKnOTpOHOB Y-300 
H Y-200 na6opaTOPHH ~AePH~X peaK4HH 011~11. 113MepeHH~ Ha 
ycKOpHTen~X T~>Ken~X HOHOB npeAOCTaBn~~T HaM B03MOIKHOCTb pac
WHPHTb HCCneAOBaHH~ aAeKBaTHOCTH noKa3aHHH 11<1>KH 3KBHBaneHT
HOH A03e HeHTpOHOB a6nH3H ~AepHO-<I>H3H4eCKHX ycTaHOBOK Ha 
cpeAHHe 3HeprHH, K KOTOp~M MOIKHO OTHeCTH YCTaHOBKH, reHepH
py~~He 6~cTp~e HeHTpOHbl ( HO TOnbKO B cny4a~x, KOrAa BKnaA 
a 3KBHBaneHTHY~ A03Y HeHTPOHOB c 3HeprHeH 6onee 20 M3B He 
npee~waeT 5% ~· 7• 8).AAeKeaTHOCTb ycTaHaenHeanH nyTeM cpae
HeHH~ noKa3aHHH 11<1>KH, OT rpaAYHPOBaHH~X C nOMO~b~ (Pu- Be) 
HCT04HHKa HeHTPOHOB B eAHHH4aX 3KBHBaneHTHOH A03~, C 3KBH
BaneHTHOH A030H, nony4eHHOH Ha OCHOBe H3MepeHHH CO cneKTpO
MeTpOM 60HHepa /C6/ 191, 

3KCnEPI1MEHT 

npH B~6ope T04eK, B KOTOp~X npOBOAHnHCb H3MepeHH~ /pHC . 1/, 
~ CTpeMHnHCb paCCMOTpeTb TaKOH Ha6op HeHTpOHH~X cneKTpOB, 
OT 11 M~rKoro11 AO 11>KeCTKoro 11 I no BKnaAY e 3KBHBaneHTHY~ A03y 
6~CTP~X HeHTPOHOB/, KOTOpbiH 6bl OXBaTbiBan no B03MOIKHOCTH ace 
peanbH~e cneKTpanbH~e pacnpeAeneHH~ HeHTpOHOB a6nH3H ycKopH
TeneH Y-300 H Y-200. nonaranocb,4TO e T04Kax 1,3,4 cneKTP~-
11M~rKHe11 , a B T04Ke 2 - B np~MOH BHAHMOCTH MHWeHH, rAe 
BKnaA pacce~HHbiX HeHTPOHOB B 3KBHBaneHTHY~ A03y HeBenHK, -
cneKTP HeHTPOHOB 6onee 11>KeCTKHH 11

• 
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B MecTax ~3MepeH~~ onpeAen~n~cb: 
- peaK~~~ AeTeKTOpa cneKTPOMeTpa 6oHHepa c wapos~M~ 3aMeA

n~Ten~M~ A~aMeTpOM 5,0; 7,6; 12,7; 25,4; 30,4cM; 
- nnoTHOCT~ noToKa Tennosblx He~TpoHos-c4eT4~KOM CHM-9 110 1

; 

- BepxHee 3Ha4eH~e nnOTHOCT~ nOTOKa He~TpOHOB C 3Hep-
r~e~ 6onee 20 M3B-no aKT~Ba~~~ yrnepoAa B Tonyone 
speaK~~~ 12C(n, 2n)11C / 11/ /T04Ka N'2/. 

MoH~Top~posaH~e npo~3BOA~nocb ABYM~ AaT4~KaM~ Tennosblx 
He~TPOHOB Ha 6a3e C4eT4~KOB CHM-9 ~ CHM-14 B napa~~H08~x 
3aMeAn~Ten~x. 

KacceTbl H~K-2,3n21 c ~AepHo~ 3Mynbc~e~ T~na K Ton~~Ho~ 
20 MKM 8 KOppeKT~py~~eM naKeTe An~ per~cTpa~~~ He~Tp0H08 
/H~KH 12• 3' I o6ny4an~cb 8 MecTax ~3MepeH~~ Ha A8YX no8epx
HOCT~x TKaHe3KB~8aneHTHOrO ~aHTOMa: Ha 11 rPYA~ 11 - 8 HanpasneH~~ 
npeAnonaraeMoro ~CT04H~Ka ~3ny4eH~~, Ha "en~ He" - npoT~so
nonomHo~ cTopoHe ~aHTOMa. 06ny4eH~e KacceT npo~380A~nocb 
TaKme ~ 6e3 ~aHTOMa. 

l.l~KnoTpoH Y- 300 pa6oTan 8 pem~Me BbiBOAa 
15

N, 
16

0 ~ 12C 
8 ~~3~4eCKY~ Ka6~Hy, ~3MepeH~~ np0~3BOA~n~Cb COOT8eTCTBeHHO 
8 1,2 ~ 3 T04KaX /p~C. 1/. 3Hepr~~ ~OH08 COCTa8n~n~ OT 7 
AO 10 M3B/HyKnOH. YcKopeHHbl~ 8 ~~KnOTpOHe Y-200 ny4oK ~OH08 
4He c6pacbl8anc~ Ha BHyTpeHH~~ M~WeHb. 3Hepr~~ a-4acT~~ co
cTasn~na OKOno 9 M36/HyKnOH. 
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P~c. 1. nnaH~ noMe~eH~~ s6n~3~ ycKop~Tene~ Y-200, Y-300, 
pacnonomeH~e MeeT ~3MepeH~~. 

·. 

• 

PE3YnbTATW 3KCnEPHMEHTA 

BoccTaHosneH~e 3HepreT~4ecK~x pacnpeAeneH~~ He~TpOH08 

8~nonH~nocb c noMO~b~ nporpaMMbl, ~cnonb3y~e~ MeTOA cTa
T~CT~4ecKo~ peryn~p~3a~~~ 1"31. np~ BOCCTaH08neH~~ pacnpeAene
H~~ KPOMe noKa3aH~~ AeTeKTOpa cneKTpoMeTpa 6oHHepa c wapo
BbiM~ 3aMeAn~Ten~M~ ~cnonb30sanacb ~H~OpMa~~~ o nnoTHOCT~ 
nOTOKa TenJlOBbiX He~TpOHOB, OnpeAeneHHO~ C nOMO~b~ C4eT4~Ka 
CHM-9. KpoMe Toro, np~ soccTaHo8neH~~ cneKTpanbHoro pacnpe
AeneH~~ Y4~T~8anacb o~eHKa 8epxHe~ rpaH~~bl noToKa He~TPOH08 
c 3Hepr~e~ 6onee 20 M3B, nony4eHHa~ nyTeM ~3MepeH~~ aKT~
sa~~~ yrnepoAa. MaKc~ManbHa~ 3Hepr~~ cneKTpa He~TPOHOB np~
H~Manacb pa8HO~ 3Hepr~~ ~oHa np~ ~3MepeH~~x s T04Ke 2 ~ np~

MepHo nonos~He 3TO~ 3Hepr~~ np~ ~3MepeH~~x 8 APYr~x T04Kax. 
3HepreT~4eCK~e pacnpeAeneH~~ noToKa He~TPOH08 ~ pacnpe

AeneH~~ 3KB~BaneHTHOR A03bl C 3Hepr~e~ 8b1We 3aAaHHO~ 8 OT
HOC~TenbHbiX eA~H~~ax np~BeAeHbl Ha p~c. 2. KaK ~ om~Aanocb, 

Ha~6onee 11meCTK~R 11 cneKTp ~MeeT MeCTO B T04Ke 2, a Ha~6o-
nee 11 M~ rK~~ 11 

- B T04Ke 3. 
B Ta6n~~e npeAcTasneHbl AaHHble o MO~HOCT~x 3KB~saneHTHO~ 

A03bl, onpeAeneHHO~ no 3HepreT~4ecK~M pacnpeAeneH~~M ~ YAenb
HOR 3K8~8aneHTHO~ A03e Ha OA~H He~TPOH /~/. Mo~HOCTb A03bl, 
~3MepeHHa~ c noMo~b~ H~KH Ha ~aHTOMe, cpaBH~sanacb c Ha~-
6onee AOCTOBepHO~ MO~HOCTb~ 3KB~BaneHTHO~ A03bl, KOTOpy~ 

6bl MOr nony4~Tb cOTPYAH~K np~ pa6oTe 8 ~ccneAyeMOM none. 
H 3Ty A03Y onpeAen~n~ Ka K H 1 = K- , K - K03~~~~~eHT, Y4~Tbl-

sa~~~~ HanpasneHHOCTb ~3ny4eH~~. OH nony4eH ~3 AaHH~x no 

o6ny4eH~~ KacceT Ha "rPYA~" /A/ ~ "cn~He" /B/ ~aHTOMa: K = A~B. 
,Qo3y He~TPOH08 c noMO~b~ H~KH HaXOA~n~ no 4~cny TpeK08 

B 3Mynbc~~. o6ny4eHHO~ Ha "rPYA~" ~aHTOMa, C ~CnOnb308aH~eM 
rpaAY~P0804Horo K03~~~~~eHTa, onpeAeneHHoro np~ o6ny4eH~~ 
KacceT He~TpoHaM~ Pu- Be ~cT04H~Ka I ll. npocMoTp nneHoK ocy
~ecT8n~nc~ TpeM~ na6opaHTaM~; An~ B~4~cneH~~ ~cnonb308an~ 

AaHH~e, ycpeAHeHHble no TpeM pe3ynbTaTaM npocMoTpa. Y4eT 
yrno8oR 3a8~C~MOCT~ 4YBCT8~TenbHOCT~ H$KH npo~3BOA~n~ c no
MOillb~ K03~~~~eHTa Ky /eM. Ta6n~~y/ 121

• 

norpewHOCTb onpeAeneH~~ MO~HOcTe~ A03 c noMO~b~ C6 o6ycno8-
neHa B OCH08HOM OW~6KOR BOCCTaHOBneH~~ 3HepreT~4eCK~X pacnpe
AeneH~~ HeRTpOHOB ~ COCTaBn~na 20-30 %. 3Ha4~TenbH~e OW~6K~ 
B , ~3MepeH~~ A03 C nOMOIJ.Ib~ H~KH C8~3aHbl 8 OCHOBHOM C no
rpeWHOCTb~ np~ npOCMOTpe 3MynbC~~. 

An~ aHan~3a AaHHbiX ~3MepeH~R ~ noH~MaH~~ np~4~H nony4eH
H~X pacxomAeH~~ 6~n npo8eAeH pac4eT peaK~~~ A03~MeTpa H$KH 
Ha o6ny4eH~e He~TpoHaM~ co cneKTpanbH~M~ pacnpeAeneH~~M~, 
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C A030~, KOTOpy~ 6~ MOr nony4HTb COTPYAHHK npH pa6oTe 
B MeCTaX, rAe npOBOA~nHCb H3MepeHHR. 

H1 w Ko3¢¢Hl.IHeHTbl K2 = - .• - OTHOCRTCR K TOH 4aCTH paCXO>KAeHHR, 
HT 

KOTOpaR CBR3aHa C HeKOppeKTHOCTb~ rpaAYHPOBKH H<IJKH B none 
Pu-Be HCT04HHKa He~TPOHOB H Mano~ 4yBCTBHTenbHOCTb~ A03H
MeTpa K He~TpoHaM npoMe>KyT04H~x 3HeprH~. CpeAHRR senH4HHa 
K2 = 1.6. Hcnonb30BaHHe s Ka4ecTse rpaAYHPOB04Horo HCT04HHKa 
252Cf co cpeAHe~ 3HeprHe~ oKono 2,1 M3B sMecTo Pu-Be 
yMeHbWHT senH4HHY K2 s 1,2 pa3a. 

B AOnonHeHHe K Ha6opy K03¢<I>H1..1HeHTOB K2 , nony4eHH~x s /5,6 / 
H HacTORI4e~ pa6oTe, 6~nH pacc4HTaHbl K03¢¢Hl.IHeHTbl K 2 AnR 
cneKTpa <IJOTOHe~TpOHOB H3 BOnb¢paMOBO~ MHWeHH npH 60M6apAH
pOBKe ee 3neKTPOHaMH c 3HeprHe~ 45 M3B 113·141 H cneKTpa He~T
POHOB, nony4eHHOro B 3KCnepHMeHTaX s6nH3H He~TpOHHOrO reHe
paTOpa Ha 3HeprH~ 14 M3B 1151. 3Ha4eHHR pacc4HTaHHbiX K03<I><I>H-
1..1HeHTOB paBHbl 2, 0 H 1 , 1 COOTBeTCTBeHHO AnR cneKTpa <IJOTOHe~T

pOHOB H He~TpOHOB s6nH3H He~TpOHHoro reHepaTopa. YcpeAHeHHoe 
no 14 senH4HHaM H3 Tpex pa6oT 3Ha4eHHe K03¢<I>H1..1HeHTa K~,OTHO
CRI4erocR K HeHAeanbHO~ 3aBHCHMOCTH 4YBCTBHTenbHOCTH H~KH 

OT 3HeprHH He~TpOHOB, 6nH3KO K 1,5, H MaKCHManbHOe OTKnOHe
HHe 3Ha4eHH~ K2 oT cpeAHero pasHo +0,5. 3Ta HeonpeAeneH
HOCTb cooTseTcTsyeT peKoMeHAal.IHRM MKPE~I OTHOCHTenbHO H3-
MepeHHR A03 Ha YPOBH~ npeAenbHO AOnyCTHM~X. 

HT 
Ko3<1>¢H1..1HeHT~ K 3=-~ xapaKTepH3Y~T pacxO>KAeHHR, o6ycnos-

H3 
neHH~e "noTepRMH 11 TpeKOB npH npOCMOTpe 3MynbCH~ Ha MHKpOCKO-
ne. CpeAHRR senH4HHa K a= 1.6. Mo>KHO O>KHAaT b, 4TO Hcnonb3osa
HHe AnR rpaAYHPOBKH A03HMeTpos252CfHCT04HHKa He~TpOHOB CO 
cneKTpOM, 6onee 6nH3KHM K npHBeAeHH~M Ha pHC. 2, 4eM cneKTp 
rle~TpOHOB Pu-Be HCT04HHKa, 6yAeT 6onee KOppeKTHbiM 6naroAapR 
6onbWe~ CXO>KeCTH pacnpeAeneHH~ TpeKOB no HX AnHHe B rpaAYH
pOB04H~X H pa604HX 3MynbCHRX. 

AnR A03HMeTpos H<I>KH, o6ny4eHH~X 6e3 ¢aHTOMa,3aHH>KeHHe A03~ 
s cpasHeHH~ c A03o~, onpeAeneHHO~ no C6, 6onbwe H cocTasnReT 
s cpeAHeM K 1 =3,4. YsenH4eHHe pacxo>KAeHHR noKa3aHH~ CBR3aHo 
B OCHOBHOM C 04eHb HH3KHM 3Ha4eHHeM 4yBCTBHTenbHOCTH H<IJKH 
K npOMe>KyT04H~M He~TpOHaM npH o6ny4eHHH A03HMeTpOB 6e3 ¢aH
TOMa. 

3AKJ1104EHHE 

AnR KoppeKI..IHH norpewHOCTH, cHcTeMaTH4eCKH 3aHH>Ka~l4e~ 
3KBHsaneHTHY~ A03y, asTop~ peKoMeHAY~T npH onpeAeneHHH non
HO~ 3KBHBaneHTHO~ A03~ He~TpOHOB no noKa3aHHRM OTrpaAyHpO-

. 6 
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saHHoro no Pu-Be HCT04HHKY He~TpoHos A03HMeTpa H<I>KH s nonRx 
H3ny4eHH~ s6nH3H ycKOpHTene~ TR>KenbiX HOHOB Ha cpeAHHe 3Hep
rHH ssecTH nonpaso4H~~ Ko3¢¢H1..1HeHT 2,5. Pa36poc noKa3aHH~ 
H<IJKH npH OAHO~ H TO~ >Ke A03e o6ny4eHHR B nonRX He~TpOHOB 
c pa3nH4H~MH cneKTpaMH, paccMoTpeHH~MH s AaHHO~ pa6oTe, 
COCTaBnReT OKOnO 30% scneACTBHe HeHAeanbHO~ 3aBHCHMOCTH 4yB
CTBHTenbHOCTH oT 3HeprHH He~TpOHOB. AononHHTenbH~~ pa36poc 
noKa3aHH~, CBR3aHHbl~ C cy6beKTHBH~MH OWH6KaMH npH npOCMOTpe 
3MynbCH~, npHBOAHT K ysenH4eHH~ cny4a~HO~ OWH6KH AO 60% 
/npH OAHOKpaTHOM npOCMOTpe/. 

AnR rpaAYHPOBKH A03HMeTpos H<I>KH >KenaTenbHO Hcnonb30BaTb 
HCT04HHK He~TPOHOB C 6onee 11 MRrKHM11

, 4eM y Pu-Be, cneKTPOM 
He~TpOHOB.nyTb K yMeHbWeHH~ cy6beKTHBH~X OWH60K npH npOCMOTpe 
3MynbCH~ aBTOp~ BHART TaK>Ke B HCnOnb30BaHHH AnR 3TO~ 1..1enH 
npoeK4HOHH~X MHKPOCKOnos. 

AsTOPbl 6narOAaPRT COTPYAHHKOB rpynn~ HHAHBHAyanbHOrO 
A03KOHTponR 3a npocMOTP 3MynbCH~. 
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