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j-M noporON perHcTpa~MM. 

nOA06HWH MeTOA MO*Ha cnQOb30eaTb " All" COSASHHA nOTOKOMepa 
HeMTPOHOB C 3Heprlolert Bwwe 38Aa~HoH. aw6paB K03~~HeHTW b J 
TSK"M 06p83OM. .I.ITo6w I bJ' J(E) = 1 so BceM Hccn8AYeMOM AHsnaaOHe. 

J 
TorAa TbI NJ = r ~(E) dE. 

B K84eCTBe AeTeK Topa IoIchol1b308anC~ nnaCTHl.leCKHH C~HHTHnnR
TOP. 0611~a~" xopoweA TK8He3KBHBaneHTHOCTblO. 4eTeKTop awnOI1 
HeH a 8HAe ~IoII1IotHApa AHaMeTpOM 120 14M H 8WCOT~ 120 HM. 3anpeT 
perHCTpa"HH 3apR*eHHWX ~aCTH~ 8 pacceRHH~ nOI1RX H3ny~eHKA 3a 
3a~ToM yCKopHTeneH oc~eCT8nRI1CR C nOM~blO oxpaHHoro C~HHTHI1-
I1RTopa, wMeewero ~PMY CTaKaHa co CTeHK8MH T~HHoM 15 MM , KOTO 
Pwl1 npOCMaTPHaanCR BTOPWM Cll3Y. pa60TsBwHM B pelllHMe aHTHcoansA"
H...1iI C HeihpoHHIalM Cl.leTIotHKOM Sa' 61101.IHa" CXeMa no.TOKOMeP8-,R03",
MeTpa npHBe,ReHS Ha pHC. t. anA 0AHOBpeMeHHOrO Ha60pa HH~pMa~MH 
npw pa3l1HI.IHWX noporax M yAP6cTaa rpaAYHPOBKH B Kal.teCTBe perHCT
pHPYlQIIIerO nPM60pa Hcnonb30aancR MHOrOKaHam.HWA BHaI1M3aTOP. lUKa
na XOToporo 6wna KanHfipOB8Ha B eAMHH~ax 3KBHsaneHTHOA 3Hepr 

KTpoH08 1333/. C03A~X B C~HHTKnnRTope acnWWKY ~.eTa 
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P HC . I. B.I1OK- CXel'fa nO T OKOM e p a - p,o 

3 H M e Tpa. I - p,eTeKTOp H e rlTpOHllOro 

c'-!eT'-!I1K a S n ; 2 - OX paH1lbID C~I1H

! HJIJI5ITOP c'-!eT'-!HKa a HTHC OBn ilp,C HHH 

S ; 3 - CBeTOB o p,bl; 4 - K O)!(Y X II 

c '-!eT'-!HKOB S n H S ; AU - H IITerparIb

}{bUt p,I1CKpHM l·maTOp; TIP - JIH H eHHhni 

p a3MHOJlillTeJlb; n3  JIHHI1 51 3 a p,e p lKKl1 i 
CC - c xeMa cOB nap, e HHH; DB - OA IIO 

BH6p a TOP; nB  JIHH ei.fHble BOPO T a ; 

A.I1 - allarI l13a TOp; AT - a T Te llloaTop 

OTKJIw'-!ae T C H npl1 K a JIH 6poBKe /. 

me HHTeHcHBHoCTH, 4TO H npoAYKT~ peaK4H~ B HeM He~TpOHOB B~CO
KHX 3HeprH~. Pe~eK4HR y-KBaHTOB no $QPMe HMnynbcOB He npOH3B O
AHnaCb, TaK KaK 3HeprHR y- KBaHTOB, B~XOAR~~X H3 3a~HT~, npaK
TH4eCKH He 'npeBblwaeT HeCKonbKHX t13B /3a HCKnlO4eH HeM He3Ha4101
TenbHOro 4101cna y-KBaHTOB OT pacnaAa rr o -Me30HOB /. C 4enb~ 
YMeHbWe HHR 3arpY30K ~, COOTB e TCTBeHHO, npOC4eTOB B KaHane _3a
npeTa, opraHIo130BaH npeABapIoiTenbH~~ OTUOP COB!laAeHIo1~ S n H S , 

PaC4eT 3$$eKTHBHOCTe~ nnaCTH4 e CKoro C4HHTHnnRTopa C4eT4 HK a 
So B 3aBHCHMOCTH OT noporOB per lo1C Tp a4H H npOBOAHnCA no MOAIo1$H
4HpOBaHHO~ nporpaMMe ' 3 / MeToAOM MOHTe- Kapno . Me TOAH4eCKaR T0 4
HOCTb nporpaMM~ AOCTHraeT 5%. Y4HT~BanOCb BnMAHHe oxpaHHoro 
C4101HTHnnRTopa Ha 3$$eKTIo1BHOCTb Sn' KOTopoe Ha 4 MHaeT 3aMe THO 
npOABnATbCR npM 3HeprMRX He~TpoHoB 60nee 100 M3B 3a C4 e T now.
H~X cpa6aT~BaHM~ C4eT4MKa aHTloicoBnaAeHM~ ~ OT B~COK03Hepre
TH4HbiX npOTOHOB, pO)!(AeHH~X B HeiiTpoHHOM C4eT4101Ke Sn B n + H 
101 n + C B3aHMoAe~cTBMRX. nOAo6H~~ 3$$eKT Ha6nlOAancR TaKme B pa

' 4
60Te ' 

B xOAe pa60T no c03AaHIo11O nplo16opa 60nbwoe BHIo1MaHloie 6blnO YAe
neH O 3KcnepMMeHTanbHO~ npoBepKe KoppeKTHOCTIoi pac4eTOB E _(E) 
B none He.:iTpoHoB Pu-Be HCT04HIo1Ka ' 1/ H annapaTypHblX $YHK~Io1~ OT
KnHKa npl'l6 opa B none He~TpOHOB H3 peaK41011o1 T(d, n) "He, npOBe 
AeHHo.:i Ha r e HepaTope TexHIo14ecKoro YHMBepC MTeTa r.Ape3AeHa / 5! . 
CpaBHeHMR nOKa3anM xopowee cornaCHe paC4eTOB M 3KcnepHMeHTOB. 

rpaAYMpOBKa WKan~ aHanM3aTopa B eAHHM4ax 333 npOBOAHnaCb 
C nOMOUlblO Ha60pa Y -HCT04HMKOB /Mcnonb30BaJldCb TaK~e JlMHHR 
C 3HeprHe~ 4,44 M3B Pu-Be MCT04 HI'I Ka/ H npe4H 3~OHHoro aT Te HlOa
Topa. no pe3ynbTaTaM rpaAYMpOBKM MeTOAOM HaHMeHbWHX KBaApaTOB 
6~no onpeAeneHO COOTHoweHHe Me~AY 3Ha4eHHe M no pora perHCTpa4MH 
B ~11 ~ HOM~POM KaHana aHanM3aTopa /CM. pMc.2/. npOBepKa pa60TO
cnoco6HOCTM nOTOKOMepa-Ao3HMeTpa He.:iTpoHoB B peanbH~x nonAX 
pacceAHHoro H3nY4eHHR 3a 3aUlMTO~ CHHx pO$a30TpOHa Ha 3HeprHIO 
10 r3B OCYUleCTBnAnaCb nYTeM cnH4eHHA ero nOKa3aHIo1~ C p e 3ynb
TaTaMH H3MepeHH~ nnOTHOCTH nOTOKa He.:iTpoHoB C 3HeprMe.:i 60nee 
20 M3B B 3TMX nonRX aKTMBa~MqHH~MM y~epoAcoAepmaUlMMM AeTeK

....'I,:1;.,:;: 
~ i • 

3 



PHc.2. 3aBHCHMOCTb nopora pe
rHCTpaWfH T OT HOMepa KaHaJIa CIO 

aHaJIH3aTOpa. 3KCnepHMeHTaJIbHble /0" 0. 
eoToqKH COOTBeTCTBYIDT 3HaqeHHHM 

T=Ey.KAT , rp;e KA T - K03q.llH
~HeHT ocna6neHHH aTTeH~aTopa. 
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TopaM~. ~3MepeH~R npoBoA~n~cb 3a 6eToHH~M~ 3a~~TaM~ Ton~~Ho~ 
2300 Kr/M2 ~ 7000 Kr/ M2 np~ 06nY4eH~~ TonCTOH MeAHo~ M~weH~ 
Ae~TpoHaM~ ~ a-4aCT~~aM~ C 3HeprHeH 3,65 r36/HYKnoH. 4T06~ 
cn~4eH~e 6~no KoppeKTH~M, ~cnonb30Ban~Cb K03~~4~eHT~ b j • an
npOKCHMHpYIO~He 3HepreTH4eCKYIO 3aBHCHMOCTb peaK4H~ 12C(n.2n)11 C. 
6 nepBOM cnY4ae H3nY4eHHe naAano Ha He~TpoHH~H C4eT4HK npeHMY
~eCTBeHHO cBepxy, nOA yrnoM _45°, 4TO np~BOA~T K HeKOTopOMY 
/AO 10%/ 5/ / 3aB~weH~1O nOKa3aHHH nOToKoMepa-Ao3~MeTpa H3-3a He
~30TponHocn1 ero AeTeKTopa . TaK, nnOTHOCTb nOTOKa lieHTPoHoB, 
H3MepeHHaR yrnepoAH~M AeTe KTopoM, cocTaBHn"/4,3+0.S/·10 5H/M 2.c, 
a nOKa3aHHR nOToKoMepa-~o3HHeTpa ~ 5,7·10SH/H 2.c. 60 BTOPOM 
cnY4ae H3nY4eH~e naAano npeHMy~ecTBeHHO AOA HOPManb D K 60KOBOH 
nOBepXHOCT~ AeTeKTopa /3~eKTHBHoCTH (j(E) paCC4~TaH~ AflR AaHHO
ro BapHaHTa o6nY4eHHR/, H cornac~e 3Ha4HTenbHO nY4we 
(1,12·10"H/M 2 ·C ~ l,18"05H/ M2. c ). 

C T04K~ 3peHHR npaKTH4eCKoro Hcnonb30BaHHR nOTOKOMepa-A03~
MeTpa 6onbwo~ HHTepec npeACTaBnReT onpeAeneHHe MHHHManbHoH nnOT
HOCT~ nOTOKa He~TpoHoB, KOTOPy~ MO~HO AocToBepHo H3MepHTb. no
CKonbKY M~HHManbH~H nopor nOTOKOMepa-A03HMeTpa B~6paH HaM~ paB
H~M 2 0 M3B ~33, TO co6CTBeHHoro ~Ha npH60p npaKTH4eCKH He HMe
eT, H B OTCYTCTBHe H3nY4e HHH RAepHO-$H3H4eCKHX YCTaHOBOK peaK
4HR ero o6ycnoBneHa KOCMH4eCKHM ~3ny4eHHeM . B 3TOM cnY4ae M~H~
ManbHO ~3MepReMaR nnOTHOC Tb nOTO Ka HeHTpOHOB onpeAenReTCR He-
3$$eKT~BHOCTblO 3anpeTa 3apR~eHH~X 4aCT~4 /rnaBH~M 06pa30 M M~OHOB/ 
KOCM~4eCKoro npOHcxO~AeH~R oxpaHH~M C4~HT~nnRTopOM. AnR 04eHKH 
HH~HeH rpaH~4bl npHMeH~MOCT~ npH60pa 6~nH npOBeAeHbI H3Mepe HHR 
B HH3KO$OHOBOM AOMHKe C BepXHHM nepeKp~T HeM Ton~HHoH 
2000 72500 Kr/M 2 H CTanbH~MH CTeHKaMH Ton~HHoH 1300 Kr/M 2 , Ha 
XOAR~eMCR Ha nepBOM 3Ta~e 3AaHHR /Ton~HHa nOTon04H~X n epeKpblTHH

2
-500 Kr / M / . ~3MepeHHR n poaOAHnHCb B nepep~Be M~AY ceaHcaMH 
pa6oT~ RAepHO-$H3H4eCKHX YCTaHOBOK O~RH. nOTO K 3apR~eHH~X 4ac
TH4 H3MepRnCR nYTeM Ha6oP2 annapaTy pHoro c n e KTpa C06b1TH~ Sn • 
COBnaAalO~HX C C06~THRMH S / CM. pHC. 3/. B cneKTpe OT4eTnHBO 
npORBnReTCR MaKCHMYM OT BepTHKan bHO naAa~HX MIOOHOB, nono~e HHe 

KOToporo COOTBeTcTByeT 3HeprOBblAeneHHIO B C4HH THI1JlR TOpe -21 tb B. 
3HaHHe He3$$eKTHBHoCTH 3anpeTa, H3MepeHHo~ B OTAenbHOM 3KcnepH

PHC • 3. AnnapaTypHblH CneKTp C06bl

!HM Sn.CoBnap;~x C C06~THHMH 
"., 

-,'. S. ua6paHHhIH npH H3MepeHHH QuuoeH

""' - , ca 3apHJl(eHIlOrO KOMTlOHeHTa KOCMH
I qeCKOrO H3nyqeHHH. 
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~ Me HTe, H nOTOKa 3apR*eHH~X 4aCTH4I_~ ,rr ... t n03BOnHnD onpeAeflHTb. 4 TO -4Q% 
OTC4eTOB npH60pa c aMnflHTYAOM. ~ t \ npeB~alO~eH MHHHManbH~M nopor

i 
20 H3B 333 npH Ha60pe HH~pMa~HH 
S HH3K~HOBOH AOMHKe, 06ycnoBt_.. .t . .. ~~ 

u " fleHO OCTaT04HO~ perHcTpa~He~ 3a'Il40!IOIII7CIO"'Gl"'C1QUD "" flO ~ 

NN~ pR*eH~X ·4aCTH~ KOC~4eCKoro 

npOHCXO~AeHHR. CneAyeT OTMeTHTb, 4TO BcneACTBHe 60nbWoM npOHH
KalO~e~ cnoco6HOCTH MIOOHHoro KOMnOHeHTa ero ocna6neHHe a 3a~HTe 

HH3KO$OHOBOro AOMHKa cy~ecTBeHHO MeHbwe, 4eM He~TpoHHoro KOM
nOHeHTa, 4"TO XopOWO npORBHnOCb npH cpaBHeHHH C aHanorH4HblMH 
H3MepeHHRMH, B~nOnHeHH~MH BHe 3~aHH~ B OTKP~TOH reoMeTpHH. 3a 
HHHHManbHoe 3Ha4eHHe H3MepReHOM BenH4HH~npHHRTa Ben~4HHa. paB
HaR YABoeHHOMY 3Ha4eHHIO $aHa /a HaweM cnY4 ae 4Hcny OCTaTO~Hbix 
c06~-TH~ perHCTpa~HH Sn BHewHHX ~apR*eHHbIX 4.3CTH4I H p.e..al1bHO 
H~HRR rpijHH4a npHMeHHMOCTH npH60pa COCTaBnReT o~ano 374 ~/M2.c. 
HSMepeHHR SHe 3AaHHR AanH 3Ha4eHHe nnOTHOCTH nOTOKa He~TpoHoa . 
KOCMH4eC·Koro npOHCXO~AeHI<1R ..":/0 H/M 2. c , npH4eM nonY4eHHblH pe3ynb
TaT HeCKonbKO 3aBbiweH H3-3a per~CTpa4HH He~TpOHH~H C4eT4~KOM 
TaK~e H Y-KBaHTOB KOCMH4eCKHX nHBHe~ C 3Heprl<1e~ 60nee 20 M3 B. 
nnoTHocTb nOTOKa 3apR~eHH~X 4aCTH4 BHe 3AaHHR COCTaBHna 
-170 4acT./M 2 ·C. 

BepxHRR rpaHH4a npHMeHHMOCTH nOTOKOMepa - A03HMe Tpa o n peAe
nReTCR npOC4eT aMH 3neKTpoHHOH annapaTYp~, H B cnY4ae CTa4HOHap
Horo nonR H3nY4eHHR paBHReTCR npHMepHO 2·107 H/ M2 ·c AnR AaHHo~ 
KOHCTPYK~HH npH6opa. 

npOBepKa cTa 6HnbHOCTH npH60pa B Te4eHHe 10 4 HenpePblBHO~ 

pa60T~ H BocnpoH3BoAHMOCTH pe3ynbTaToB B x~Ae HeCKonb KHX H3Me
peHH~ nOKa3ana, 4TO Ko ne6aHHR K03~H~HeHTa npeo6pa30BaHHR npH
BOART K H3MeHeHHRM nOKa3aH~H nPH6opa , He npeBblwa~HM 4 75%, 4TO 
BnonHe npHeMneMO. 

Pa3pa6oTaHH~~ nOToKoMep-Ao3 HMe Tp HeH TpoHoB, o6naAa~H~ BeCb 
Ma B~COKO~ 4YBCTBHTenbHOCT bD, n03BonH T peWHT b PRA 3aAa 4 . CBR
3aHH~X C Hccn eAOBaHHeM BnHRHHR YCKopHTene~ KaK HCT04HI<1 KOB H3ny
4eHHR, Ha oKpy~alO~ylO cpeAY, H C YT04HeHH e M rpaHI<14 paAHa~HOHHblX 

30H Ha HX TepPHTopHRX. B HaCTOR~ee BpeMR BeAe TCR Aan bHeHwe e 
COBepweHCTBOBaHHe nOToKOMepa-Ao3HMeTpa B 4aCTH 3aMeHbI 4HnHHA
pH4eCKoro AeTeKTopa Ha H30Tpon HblH C$epH4ecKH~, 06e cne4eHHR 411
reoMe TpHH 3anpeTa 3apR~eHHblx 4 acTH4 o x pa HHblM c~HHTHnnRTOPbM , 
CHH~eHHR r a 6apHToB, Beca H nOBblWeHHR M06HnbHocTH npH6opa. 
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B 3aKn~4eHHe aBTOpbl 6narOAapflT B. n.baMfineBCKOrO, B.A.KynH
KOBa, A.H.Pe3YHHKa, A.A.HHKHTHHa, B.r. m6aHKOBa 3a nOMO~ b npH 
npOBeAeHHH 3KCnepHMeHTOB . 
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