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HaMlf npHBeAeHbi pe3yJibTaTbi KoppemruHoHHoro 
3KCnepHM9HTa no npoBepKe cymeCTBOBaHHH HH3KOTeMUpepaTypHoro 
HAepHoro CHHTe3a (HTC) 
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B THTaHe If UHpKOHHH npH HaCb1m9Hlflf HX AefiTepHeM lf3 ra30BOfi ~3bl. 
0CHOBHbJe BbiBOAbi paOOTbl, B KOTOpofi lfCCJieAOBaJICH KaHaJI peaKUHlf ( 1a) , 
CBOAHJIHCb K CJieAyDmeMy: He HaOJIDAaJIOCb npeBbiWeHHH BbiXona H9fiTpOHOB 
HaA YPOBHeM ~Ha; He ·o6Hapy%eHa BpeMeHHaH KOppeJIHUHH Me~y 
MOM9HTaMlf nOHBJI9HlfH HefiTpOHOB If CHrHaJIOB C aKJCTHqecKoro AaTqlfKa 
<npoBepKa ycKopHTeJibHoa MOAeJilf 12 ' 31, npeAJIO%eHHoa AJIH od~HcHeHHH 
MeXaHH3Ma HTC). JqHTbiBaH pe3yJibTaTbi MHOrHx padoT/4 - 9 /, 

CBHAeTeJibCTBYDmHX o cnopaAHqecKoM xapaKTepe HTC, a TaK%e 
OTCJTCTBHe BocnpOH3BOARMOCTH 3TRX pe3yJibTaTOB (no BCefi BHAHMOCTH 
3TO CBH3aHO C H3HaqaJibHb!M pa3Jll{ql{eM B T9XHOJIOrHH npHrOTOBJI9HHH 
HCCJieAyeMbiX o6pa3UOB), Mbl peWHJIH npOAOJI3HTb 3KCnepHM9HTaJibHYD 
npoBepKy rnnOT93bi cymeCTBOBaHRH HH3KOTeMUepaTypHoro HAepHoro 
CHHTe3a c HeKoTopbiMli MOAHWRKaUHHMlf KaK perHcTpHpynmea annapaTypbi 
(HCnOJib30BaHHOfi B padoTe /t/), TaK R TeXHOJIOr:lfll npHrOTOBJieHRH 

o6pa3UOB. HH~e npnBOAHTCH onHCaHHe SKcnepHMeHTa no noncKy 
B03MO%HOfi 3MlfCCRH HefiTpOHOB H3 THTaHOBoro 3JI9KTPOAa, HaCMmaeMoro . '\ 

AefiTepneM B pe%HMe 3JI9KTpOJIR3a TH%9JIOfi BOAbi D
2
0. 

SKCITEPMMEHTARhHAa YCTAHOBKA 

Ha pHc.1 npHBeAeHa .cxeMa SKcnepHMeHTaJibHoa ycTaHoBKH. . ' . . 

PerncTpauHH HefiTpoHoB , o6pa3yD~XcH B peaKUHR < la) , ocymecTBJIHJiacb 
c noMOmbD AeTeKTopoB ,TenJIOBbiX HefiTpoHoB 1 <nponopuHoHaJibHble 
cqeTqHKH Ha ocHoBe BF3 >; pacnono%eHHbiX BOKpyr sneKTpoJIH3epa 2 (Bo · 
BHyTpeHHeM KOJibUe -. 16 cqeTql{KOB, B Hapy%HoM - 20) . Jl.JIH 3aMeA.rreHHH 
HefiTpOHOB AO TenJIOBbiX CKOpOCTefi HCnOJib30BaJICH rpaHyJIHpOBaHHblfi 
nOJIH3THJieH 3. C U9JibD 3amHTbi cneKTpOMeTpHqecKoro HefiTpOHHoro 
KaHaJia OT B03MO!HbiX 3JI9KTpOMarHHTHbiX HaBOAOK BCe HefiTpOHHble 
AeTeKTOpbi 1 noMemanHcb B doKc 4, cTeHKH KoToporo dbiJilf R3rOTOBJieHbi 
H3 JIHCTOBoa MeAH u xene3a. S!JeKTpOJIH3ep 2 HaxOAHJICH B ueHTpe 6oKca. 
B cneuHaJibHOM KOJIOAUe b B@TIOJIHeHH~- B BRAe 

Dtrac~I;~~·~ ~u~.: E:~cn:-fyT t 
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PHc.1. CxeMa sKcnepnMeHTaiThHO~ ycTaHOBKR. 

URHRH,npa, CTeHKR KOTOporo 6aHR TaK~e R3rOTOBH9Hhl R3 Me,ltR R ~enesa. 
Tonuuma cnoSI rpaHynnpoBaHHoro nonnsTnneHa, HaxonsrmerocSI Me~y 

CTeHKOH KOno,nua 5 R HefiTpOHH~ ,neTeKTOpaMR, pacrrono~eHHbmR BO 
BHyTpeHHeM KOITbUe, COCTaBHSina ~ 70 MM- Cos,naHHaSI TaKRM .o6pa30M 
CRCTeMa SKpaHOB TI03BOnRna rrpaKTRqeCKR TIOnHOCTbD RCKnDqRTb 
B03MO~He sneKTpOMarHRTHNe HaBO,ItKR KaK Ha He~TpOHHH~, TaK R Ha 

~ 

aKYCTRqecKR~ crreKTpOMeTpRq~CKRe KaHanhl. nnSI nonaBneHRSI BHeWHero 
HefiTpOHHOro cpoHa 60KC 6Nn OKpy~eH 60pRpOBaHHbm TIOnRSTRneHOM • 6 

TOnlli,RHOH -200 MM. ~TIOITh30BaHRe TaKO~ 3alli,RThl IT03BOnRnO rrpRMepHO Ha 
,nBa nopHnKa YMeHbWRTb ypoBeHb cpoHoBotl: sarpysKR He~TpoHHhlX 

,neTeKTOpOB. 
I 

· Ha pl!c. 2 npRBeneH cxeMaTRqecKR~ qepTe~ sneKTponRsepa: . ,llaTqRK 
Cl!rHanoB aKYCTRqecKO~ SMRCCRl! 1 6Nn ycTaHOBneH B BepXHetl: qacTR 
KaTona 2, BHTIOnHeHHOro B BR,ne URHRHnpa ,nnaMeTpOM 12 MM R 06lll,efi 

. ,ltnRHO~ 200 ·MM~.C TIOMOlll,bD pe3RHOBOH npoKna,nKll 3 ocylll,eCTBnSinOCb 
ynHOTHeHRe Me~y KaTO,ItOM 2 R ~naHUeM sneKTponusepa 4, O,ltHOBpeMeHHO 
npoKna,nKa · 3 · _SIBnHnacb aKycTl!qecKo~ pa3BSI3KO~ Me~y KaTonoM u 
,npyrl!MR sneMeHTaMR snKeTponl!sepa. ~naHeu 4 6hln usroToBneH us 
opraHl!qecKor~ cTeKna. ITpn noMolli,R ~oponnacToB@x npoKnanoK 5 
OC~eCTBllSillOCb ynnoTHeHRe Me~y ~llaHUeM 4, aHO,ItOM 6 R KOprrycoM 
sneKTpOnR3epa 7, BHTIOnHeHHOrO 1!3 Hep~BeDlll,e~ CTanu. nnSI oxna~eHUSI 
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Puc.2. CxeMaTuqecKu~ qepTe~ sneKTponusepa. 
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2 ---
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sneKTponusepa ucnonbsoBanacb Bona, rrporrycKaeMasr qepes sasop Me~y 
aHO,ItOM ~ ll KoprrycoM 7. AHo.n 6 6bm ll3rOTOBneH ll3 rrnaTUHb! B BR,ne 
rronoro CTaKaHa ,ltllaMeTpOM· 100 MM C TOlllll,llHOfi CTeHKll 0,4 MM. 

HaMu 6hlnu npoBe.neHhl R3MepeHusr c .nByMsr KaTo.naMu: a) c KaTo,noM 
usroToBneHHhlM ll3·XRMl!qecKu.qucToro TRTaHa; 6) c KaTo,noM us SToro 
~e MaTepuana, HO. CHapyu ITOKphlTb!M cnoeM Hl!Kensr TOlllll,llHOtl: 0, 4 MKM ~ 
ijnesr ITOKphlTllR ITOBepXHOCTll TllTaHOBoro KaTona TOHKllM cnoeM Hl!Kensr 
B03HRKna us cne,nyDlli,RX paccy~eHutl:. Bo-rrepBb!X, TaKoe rroKpNTl!e 

. npe.noTBpamaeT o6pasoBaHue OKRcHofi rrneHKu TRTaHa (OKRCHNe rrneHKu 
pa3nU4HhlX Belll,eCTB, B ITPllHURrre, RBnRDTCR CBOeo6pa3HhlM 6apbepoM ,nnH 
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HpOHHKHO~eHH~ H30TOHO~ ~OAOPOAa B 3TH Be~eCTBa H B o6naeTR B~COKHX 

naBneHRR H TeMnepaTyp AOBORbHO ~aCTO RCnORb3YDTCH B Ka~eCTBe 
;~o uj 

"sa~THbiX" noKpbiTRR '. nnH npenoxpaHeHRH. MeTannoB H cnnaBoB oT 

BOAOPOAHOR KOpp03HH) ~TO, B CBOD O~epenb, npRBOART K _BO~pacTaHRD· 

CKOpOCTR npOHHKHOB9HHH neRTepHH B TRTaH, a; cnenoBaTeRbHO. H 

CKOpOCTR npouecca HaCb~9HHH ero neRTepHeM. Bo-BTOpbiX, npR CTORb 

ChlCTj)OM HaCb~9HRH noBepXHOCTHOrO cnog TRTaHa neRTepReM B HeM MoryT 

B03HRKaTb AOCTaTO~HO CORbWH9 rpanReHThl KOHU9HTpaURR neRTepRR, ~TO, 

cornaCH0/12
/, RBRH9TCH H90CXOAHMhlM ycnOBH9M ARH S~KTRBHOrO 

npoTeKaHRH. peaKURR HTC. 06~eM TR~enoR BOAhl, sanRBaeMoR B 

sne~TponRsep, 6hln paBeH ~ 400 CM
3

• B Ka~ecTBe sneKTponRTa 

RCnORb30Bancicb ~enO~b LiOD, KOHU9HTpaURR KOTOpoR paBHHnacb 0,1 M. 

AKTHBHaH ~aCTb K~TOAa, ,HaXOAR~aHCH B D2 0, COCTaBnRna no ARHH9 -50 

MM (Macca TRTaHa ~ 26 r). ToK sneKTponRsa npR HanpH~eHRR Me~y 
sneKTponaMH 30 B 6hln p~BeH -z,s A. 

3JIEKTPOlillKA 

Ha pRc.3 npRBeneHa 6noK-cxeMa perHcTpRpyD~ea sneKTpoHRKR. 

CTpyKTypa sneKTpOHHKH nosBORHna nony~aTb OAHOBpeMeHHO aMTIRRTYAHYD 

R BpeMeHHYD RH~pMaU~D 0 COCbiTRHX saper~cTpRpoBaHHhlX KaK 

HeRTpOHHhlMH neTeKTOpaMH (N), TaK H aKyCTH~9CKHM naT~HKOM (S), 

ycTaHoBneHHhlM Ha KaTone sneKTPOJJimepa. · HeRTpOHHMR 

cneKTpOM9TpR~9CKRR KaHan COCTOHR H3 sapHAO~YBCTBHT9RbHOrO 

npenycRRRTenH (PREAMPL), cneKTpOM9TpR~9CKOrO YCRRHT9RR (SHAPING 
AMPL) C KBaSRrayccOBCKOR.WOpMHpOBKOR CRrHaROB (nOCTOHHHaH' BpeMOHH 

~pMHpOB.a!!RR T ~ 2 MKC) H ABYX aHanorO-cUH!fJpOBhlX npeo6pa30BaTeneR 

(ADC) c BpeMeHeM"npeo6pasoBaHRH MeHee 10 MKC, npenHasHa~eHHhlX nnH 

H3M9p9HHH aMTinRTYA ABYX nocnenoBaTenbHO cnenyD~HX CRrHanoB C 

HeRTpoHHhlX neTeKTopoB B Te~eHRe onpeneneHHoro Bhl6paHHoro RHTepBana 

BpeMeHR (B naHHOR nocTaHOBKe 3KCnepRM9HTa ARRT9RbHOCTb · STOre 

RHTepBana COCTaBnHna- 1 MC). 3KBRBaneHTHhlR WYMOBOR sapHA 

npenycRRRT9RH npR CYMMapHOR eMKOCTR HeRTpOHHhlX A9T9KTOpOB 500 n!JJ 

COOTB9TCTBOBan 3HeprOBbiA9R9HRD· B HeRTpOHHbiX .A9T9KTOpax paBHOMY 

~100 KSB (3HeprOBbiA9R9HR9 B · A9T9KTope B cny~ae perRCTpauRR 

T9IInOBhlX · HeRTpOHOB no KaHany peaKURR n + 
10

B -+ a + 
7
Li 

COOTB9TCTByeT 2,3 MsB). HanH~He aMTIRHTYAHOR HH~pMauHH 0 BTOpOM 

saperRCTpHpOBaHHOM COCbiTHH HeRTpOHHhlMH neTeKTOpaMH cy~eCTB9HHO 

.noBbiCHm) cTeneHb oT6opa ··nonesHMX" co6biTHR B pe~Me "off-line". 
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PHc.3. BnoK-cxeMa perHCTPRPYD~ea sneKTpOHHKH. 

PerRCTpaUHH CHrHanOB aKYCTH~9CKOR SMHCCHH (AS), B03HRKaD~eR 
npH o6pasoBaHHH Tpe~H . B THTaHOBOM KaTone B npouecce COpCUHH 

neRTepRH (06pa30BaHHe neRTepRna THTaHa), OC~9CTBRHRaCb C TIOMO~D 
cneuHanbHoro axycTHK0-3MHCCROHHoro npR6opa APfYC-7/sa;_ B Ka~ecTBe 

5 



npneMHHKa cnrHanoB A8 ncnonbaoBancH wnpoKononocHhlfi nbeao~aT~HK Ha 
ocHOBe nbeaoKepaMHKH UTC-19. Pa6o~aH nonoca ~acToT HaMepnTenbHoro 
TpaKTa cocTaBnHna 0,02 + 2 Mru. Bee ncnonhaoBaHHMe ~aT~HKH A8 6MnH 
npoKami6poBaHM c noMOU1,bD CTeH~a, onncaHHoro B pa6oTe1 u 

1 . B 
peaynbTaTe 6MnH onpe~eneHbl HX •a6conDTHMe aMnnHTY~HO-~aCTOTHMe 

xapaKTepHCTHKH·-- Hcxo~H na BenH~HHbl a6conDTHo:ll ~yBCTBHTenbHOCTH 

ncnonbayeMoro nbeao~aT~HKa H y~HThlBaH TO, ~To a~KTHBHoe aHa~eHHe 
HanpHXeHHH C06CTBeHHhlX WYMOB npe~ycHnHTenH, npHBe~eHHOe KO BXO~y, 

He npeBhlWano ypoBeHb 5 MKB. 6blna npoBe~eHa pac~eTHaH oueHKa 
"noporoBoro" paaMepa perncTpHpyeMbiX ~e~KTOB . - EDina ycTaHoBneHo , 
~0 aKyCTH~eCKH:ll KaHan 06ecne~HBaeT Ha~eXHyD perHCTpaUHD 
ynbTpaaByKOBbiX cnrHanoB reHepnpyeMhlx B npouecce o6paaoBaHHH H 
paaBHTHH ~e~KTOB c xapaKTepHbW paaMepoM 0,1 MKM H 6onee, ~axe npn 

ycnoBHH y~eTa Hx aaTyxaHHH B MaTepnane o6paaua. CnrHanbl A8. 
npeo6pa30BaHHble ~aT~HKOM B aneKTpH~eCKHe HMnynbCbl, HMeDUlHe B 06IaeM 
cny~ae BH~ "aai'yxaD~ae:ll" CHHycoH~bl. H ycnneHHhle B npn6ope APfYC-7, 
TpaHCqlopMHpOBanHCb nHKOBb!M ~eTeKTOpOM B CTyneH~aTyD arH6aDiaYD, 
KOTOpaH C nOMOU1,bll ~ononHHTenbHoro ycHnHTenH (H~eHTH~Horo 
y~TaHoBneHHOMY B He:llTpOHHOM KaHane > .. npeo6paaoBhlBanacb B 
MOHOHMnynbC KBaaHrayCCOBCKO:ll qlopMhl ~nHTenbHOCTbll OKOno 12 MKC
TaKHM o6paaoM, Ka~oMy co6hlTHD A8 cooTBeTCTBOBan o~HH HMnynbc, 
napaMeTpbi KOTOpOrO (aMnnHTy~a H BpeMH nOHBneHHH) perHCTpHpOBanHCb-

AMnnHTY~Hble noporH perHCTpaUHH CHrHanOB B He:llTpOHHOM (N) H 
aKyCTH~eCKOM (S) KaHanax aa~aBanHCb C nOMOU1,bll KOMnapaTOpOB (COMP). 
J!nH qlopMHpOBaHHH norH~eCKHX CHrHanOB "GATE" BHeWHero ynpaBneHHH 
ADC HCnOnb30BanHCb qlopMHpOBaTenH ~nHTenbHOCTH (~nHTenbHOCTb 

CHrHanOB COCTaBnHna -10 MKC ) . JlorH~eCKHe CHrHanbi ~nHTenbHOCTbll -1. 
MKC nocTynanH Ha BXO~hl 6y~pHoro HaKOnHTenH (SHIFT REGISTER 
16x1024) , , CTp06HpyeMoro reHepaTOpOM TaKTOBO:ll ~aCTOTbl (GEN. 1 
MHZ) , ynpaBneHHe KOTOparo ocy~aecTBnHnOCb m)6b!M nepBbiM HMnynbCOM, 
npnwe~WHM.nH60 C He:llTpOHHblX ~eTeKTOpOB, nH60 C aKyCTH~eCKOrO 
naT~HKa. qHCno KaHanOB 6y~pHOrO H~KOnHTenH COCTaBnHnO 1024, ~TO 
noaBonHno HaMepHTh npH aa~aHHo:ll ~acToTe TaKTOBoro reHepaTopa 
BpeMeHHbie HHTepBanbl Me~y nocne~oBaTenbHO aaperncTpnpoBaHHb!MH 
C06hlTHHMH KaK B'He:llTpOHHOM, TaK H B aKyCTH~eCKOM KaHanaX B Te~eHHH 
1-MC. ·cne~yeT OTMeTHTb, ~TO ~nHTenbHOCTb HHTepBana H3MepeHHH B 
3aBHCHMOCTH''oT ·YCnOBH:ll npoBe~eHHH SKCnepMMeHTa . MOl!teT nerKO 
BapbHpo~aTbCH nyTeM H3MeHeHHH TaKTOBO:ll ~aCTOTbl reHepaTOpa. no 
OKOH~aHHH 1 MC CO~epXHMOe BCeX aMnnHTY~HO-Uti!ppOBbiX 
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npeo6paaoBaTene:ll H 6y~pHoro HaKonHTe1IH nepe~aBanocb B IT9BM 
AT-286. B Te~eHMe BpeMeHH nepe~a~H He npOH3BO~HnaCb perHCTpaUHH 
CHrHanOB KaK no He:llTpOHHOMy, TaK H no aKyCTH~eCKOMy KaHanaM. 
EnOKHpOBKa ocy~aecTBnH1IaCb C noMOU1,bll CHrHa1Ia "INHIBIT", 
qJopMHpyeMoro no KOMaH~e OT n8BM H no~aBaeMoro Ha HHBepcHhlfi BXO~ 
norH~eCKOro qlopMHpOBaTenH (LOGIC SHAPER). Co~epuMoe c~eT~HKOB 

(COUNTER) cooTBeTCTBOBano nonHoMy ~Hcny aaperHCTpHpoBaHHbiX 
HMny1IbCOB no Ka~OMY H3 KaHanoB B Te~eHHe BpeMeHH SKCn03HUHH. 

YCJIOBHH nPOBEDEHHH OnhiTOB 

HaMH 6hlnH rrpoBe~eHbi ~Be cepnn onhlToB B pexnMe aneKTponnaa 
THXe1IO:ll BO~bl D2 0 , C KaTO~aMH H3 Ti. B nepBO:ll cepHH OnhlTOB 
HCnOnb30BanCH KaTO~ H3 ~HCTOrO THTaHa (OnbiT I), aBO BTOpO:ll cepHH 
- THTaHOBhlfi KaTO~ C HHKe1IeBbW noKpbiTHeM (OilbiT II). noBepXHOCTHaH 
n1IOTHOCTb TOKa SJieKTpOnHaa B OllbiTe I 6blna paBHa 170 MA/CM2 , a B 
onbiTe II - 120 MA/CM. nonHOe BpeMH Ha6opa CTaTHCTHKH B onbiTaX I H 
II 6bl1IO rrpHMepHO O~HHaKOBbW H COCTaB1IHnO 80 ~aCOB. Pa6o~He 
SKCn03HUHH ~epe~oBanHCb C qloHOBb!MH, B Te~eHHe KOTOpbffi aneKTpOnHaep 
HaXO~HnCH B OTKnD~eHHOM COCTOHHHH. B cpe~HeM ~nHTenbHOCTb pa6o~HX 

H qloHOBb!X SKCil03HUH:ll COCTaBnH1Ia 2 ~aca. KpoMe STOro, ITO OKOH~aHHH 
OilbiTOB I H I I 6blnH rrpoBe~eHbl ~pyroro THna qloHOBble OilbiTbl C 
BKnD~eHHbiM aneKTponuaepoM, B KOTOpbl:ll BMeCTO THllte}!O:ll BO~hl D

2 
0 6blna 

aanHTa o6~HaH BO~a H2 0, a TaKXe BMeCTO HCITOnb30BaHHOrO B 
aKcnepHMeHTe KaTo~a na THTaHa 6bln noMemeH KaTo~ Ha "cBexero ·· 
THTaHa. nJIOTHOCTb TOKa aneKTp01IH3a B pa6o~HX H qloHOBb!X SKCil03HUHHX 
6blna npHMepHO O~HO:ll H TO:ll Xe. Ha rrpOTHXeHHe BCeX SKCilepHMeHTOB ~nH 
npoBepKH CTa6HnhHOCTH pa60Thl perHCTpHpyDiae:ll S1IeKTpOHHKH H 
~eTeKTOpOB npOBO~Hnacb KanH6pOBKa . He:llTpOHHOrO H aKyCTH~eCKOrO 

KaHanoB:·c Il0MOU1,bll CTaH,napTHhlX HCTO~HHKOB He:llTpOHOB Pu-Be, 252 Cf H 
reHepaTopa CUrHanoB aKyCTH~eCKO:ll SMHCCHH, HBIIHDiaerocH COCTaBHb:ll 
~aCTbll npn6opa APfYC-7. 

Ha pnc . 4 npHBe~eHbi aMn1IHTY~Hble pacrrpe~enemrH 
BTOpbffi (2) aaperHCTpHpOBHHbffi He:llTpOHOB, rrony~eHHble 

He:llTpOHHOr~ KaHana C nOMOU1,bll HCTO~HHKa 252Cf. 

rrepBb!X c 1 ) H 
rrpu Kann6poBKe 

KaK BH~HO, -. 
nony~eHHble aMnnHTY~Hble pacrrpe~eneHHH H~eHTH~Hbl, CMemeHHe Xe ·ITHKOB 
B aMnnHTY~Hbffi pacnpe~eneHHHX OTHOCHTenbHO ~pyr , ~pyra o6ycno~neHO 

paaHo:ll ueHo:ll KaHana _ ~Byx aMnnHTY~Ho-un~poBblX rrpeo6paaoBaTene:ll 
(ADC). M3 cpaBHeHHH aMITnHTy~HbiX pacnpe~eneHH:ll, nony~eHHbiX B 
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N 
n 

20 

40 

: 

E0 = 2,3 MeV 1 

r1. ...... x.r.:· 
'-··-·-----' 

80 

r 
) 

, I 
.. r·: 

Amplitudes (ADC channels) 

+-- 1 

1"": 

J '••i 
i 
i +-- 2 
!... 

I 

L 
l 
! 

[I 
... 

120 

Pnc.4. AMnnHTY~Hhle pacnpe~eneHHH 1-x H 2-x HeRTpoHoB, 
3aperHTpHpOBaHHhlX HeitTpOHHMMR ~eTeKTOpaMH B cnyqae HX 
Kann6pOBKH HCTQqHHKOM 252Cf. 

TeqeHHe 3KCnepHMeHTOB, MOXHO C~enaTb YTBep~eHHe, qTQ BCe 
.cneKTpOMeTpnqecKHe KaHanhl pa60TanH CTa6HflbHO, T. K. HH -~pMa 
aMnnHTY~HhlX pacnpe~eneHHR, HH nonoxeHHe UeHTpa THXeCTH llHKOB 
~paKTnqecKH He H3MeHHnHcb. Ha pnc.5, B KaqecTBe npnMepa. npnBe~eHo 

.. aMnnHTY~Hoe pacnpe~eneHHe co6biTHH, nonyqeHHoe B pe3yJibTaTe 
cyMMHpoBaHHH ~aHHhlX HeCKOJibKHX pa6oqnx 3Kcno3HUHR. S~KTHBHOCTb 

perHCTpaUHH HeitTpOHOB peaKUHH ( 1a) 3KCnepHMeHTanbHOR ycTaHOBKOR 
onpe~enHJiaCb C llOMOmbD HCTQqHHKa 262Cf, llOMemeHHOrO B MeCTO 
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i 
1 

( 

>,, 

1 
-I 

j 
l 
\ 
l 
].· 

~ 
I• 

I 

N 
n 

Pnc.5. 

1 En = 2,3 MeV 

80 160 240 

Amplitudes (ADC channels)-

AMnnHTY~Hoe pacnpe~eneHne co6hlTHR~ C3aperncTpnpoBaHHhlX 
HeRTpOHHhlM ~eTeKTOpOM),-nonyqeHHOe B pe3ynbTaTe 
cyMMHpOBaHHH ~aHHNX HecKonbKHX pa6oqnx 3Kcno3HUHR. 

ycTaHOBKH aneKTponn3epa, H oKa3anacb paBHOR (26 ·± 1)%. YpoBeHb 
HeRTpOHHOrO ~Ha, ycpe~HeHHhlR DO BC9M ~HOBhlM 3KCD03HUHHM, 
cocTaBnHn -8x10-2 HMIT/C, a ~nyKTyau~m ero B TeqeHne Bcero BpeMeHH 
H3MepeHHR _OllHChlBanHCb HOpMaJibHhlM pacnpe~eneHHeM CO CTaH~apTHhlM 

OTKROH9HHeM ~ _3x10-a HMIT/C OTHOCHT9JibHO DpHBe~eHHOR BeJIHqtmhl. 

OBCY!DEHHE PE3YRbTATOB 

B HaCTOHmeit pa60T9 Mhl npe~naraeM OTJIHqshlR OT padOThl/~/ M9TO~ 
o6pa6oTKH aKcnepnMeHTanbHhlX ~aHHhlX. CYTb ero 3aKnnqaeTcH B 
cne~ynmeM. HcnaJib3YH To.o6cToHTeJibCTBo. qTo co3~aHHaH aneKTpOHHaH 
JIOrHKa 3KcnepHMeHTa D03BOnHna nonyqaTb BpeMeHHYD H aMnnHTY~HYD 

HH~pMaunn o nocne~oBaTeJibHo 3aperncTpnpoBaHHNX co6hlTHHX B TeqeHne 
1 MC Ha npOTH~eHHe·BCero 3KcnepHMeHTa, Mhl HM9JIH B03M03HOCTb B 
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pel!rnMe "off-line" npmmBO.D.HTb nocTpoeHHe pacnpe.n.eneHH:A BpeMeHHb!X 

HHTepBaJIOB Mellt,!J,y MOMeHTaMH pel"HCTp~UHH nOCJI8,!J,OBaTeJibHb!X C06biTHfi , 
y.n.oBJieTBOpKDmRX 3a.n.aHHhlM aMriJIHTY.D.HhlM KpHTepHHM. TaKaK MeTO.D.HKa 
o6pa60TKH ~aHHb!X n03BOJIHJia cy~eCTB8HHO nOHI-!31-!Tb ypOB8Hb WoHa, a 
CJI8,!J,OBaTeJibHO nOBhlCHTb ypoBeHb ,!l,OCTOB8pHOCTH H,!J,8HTH~HKaUHH 3~KTa 

B CJiyqae, KOHe~o. ero cy~eCTBOBaHHK. TaKHM o6pa30M, ,!J,JIK 

,!J,aJibHe:Awero aHaJIH3a OT6HpaJIHCb TOJibKO TaKHe nepe.n.aql-! HHWopMaUI-!1-1 B 
IT9BM, KOI",!J,a B TeqeHHe 1 MC Ha6JID,!J,aJIHCb ,!J,Ba H 6onee C06biTHfi; 
3apel"HCTpl-!pOBaHHb!X He:ATpOHHb!MH ,!J,~TeKTOpaMH. 

Ha Haw B3I"JIK.D. npHMeHeHHe .n.aHHo:A MeTO.D.HKH 1-1 aHaJIH3a 
aKcnepHMeHTaJibHb~ .n.aHHb!X no3BOJIHeT nonyqHTb OTBeTM Ha PH.D. 
BonpocoB: 

1) cy~eCTByeT Jil-l, B npHHUHne, . Hl-!3KOTeMnepaTypHhlfi H,!1,8pHhlfi 
CHHT83?. 

2) npouecc HTC Bo BpeMeHH HenpepMBHMfi HJIH HOCHT HMny~hCHMrt 
xapaKTep? 

3) cy~eCTByeT Jil-l KOppeJIKUHK Mellt,!J,y MOMeHTaMH HCnycKaHHK 
He:ATpOHOB H MOM8HTaMH 06pa30BaHHK TpemRH B o6pa3UaX 1-13 THTaHa 1-1 
.n.pyr1-1x MeTannoB B npouecce cop6uHH .n.efiTepHK?. 

OcTaHoBHMCK 6onee no.n.po6Ho Ha nocne.n.oBaTeJibHOCTH o6pa6oTKH 
3KcnepHM8HTaJibHb!X ,!J,aHHMX.· 

a) @HOBble 3KCn031-!IJ,Hl.f . 

1) .llJIK'i<allt,!J,otl W<)HoBotl 3Kcno3HUHH oT6HpaJIHCb TaKHe nepe.n.aqH 
HHWopMaUHH B IT9BM, KOI",!J,a B TeqeHHe 1 MC HMeeTCK· ,!J,Ba HJIH 6onee 
C06MTHtl, 3aperHCTpl-lpOBaHHhlX HefiTpOHHMMH ,!J,eTeKTopaMH ( ''nOJI83Hble" 
nepe.n.aqH >. 

·, 2) HCXO,!J,K 1-13 nonyqeHHOfi HHWopMaiJ,HH ,!J,JIK Kal(,!J,Otl 3KCn03HUHH 
npOH3BO,!J,HTCH nOCTpOeHHe pacnpe,!l,eJieHHfi BpeMeHHb!X 

0 

1-!HTepBaJIOB MelK,!J,y 
3apel"HCTpl-!pOBaHHMMH C06b!THKMH B TetieHHe O,!J,HOfi MHJIJIHCeKyH,!J,bl ... .llJIH 

o nO,!J,TB8plK,!l,eHHH. TOI"O , qTO WaH l-!30TponeH B TeqeHHe BC8I"O Bp9M9HU 

npnOB9,!1,9HHH 3KCnepHMeHTa, He06XO,!J,l-!MO npoBeCTH cpaBHeHHe ,!J,aHHb!X 
pacnpe,!l,eJieHHfi (HOpMHpOBaHHb!X Ha O,!l,HO 1-1 T0%8 BpeMH) KaK no nOJIHOMy 
q1-1cny co6biTHfi, TaK 1-1 no WoPMe. 

3) ilpOl-13BO,!l,liTCH nOCTpOeHHe pe3yJibTHpyD~9I"O (npocyMMHpOBaHHOI"O 
no BCeM WoHOBhlM 3KCn03HUHHM) ·· pacnpe,!l,eJieHHH BpeMeHHb~ 1-!HTepBaJIOB o 

6) pa6oq1-1e 3KCU03l-IUI-Il-l 

1) Kax.n.aH 3KCU031-1Ul-IH pa36HBaeTCH Ha l-IHTepBaJIM ,!J,JIHT8JibHOCTbD 
0, 5 . q TaKHM 06pa30M, qT06b! KOJIHqecTBO ''UOJI83HblX '' nepe.n.aq 

HnWopMaiJ,Hl-1 B IT9BM B TeqeHHe riaHHOI"O l-IHTepBaJia 6MJIO He MeHee .D.BYXo 

10 

2) ilpOH3BO,!J,HTCH nocTpOeHHe pe3yJibTHpyD~9I"O (npocyMMHpOBaHHOI"O 
no BC9M BM6paHHblM l-IHTepBaJiaM) pacnpe,!l,eJieHHH BpeMeHHb!X 1-!HTepBaJIOB 

'MeX,!J,y llOCJie,!J,OBaTeJibHb!MH C06b!THHMH, 3apel"HCTpHpOBaHHb!MH HetlTpOHHMMH 

,!J,eTeKTOpaMHo 
OKoHqaTeJihHbiM 3TanoM o6pa60TKH BCetl COBOKynHOCTH 

3KCrrepHM9HTaJibHhlX ,!J,aHHhlX HBJIHJIOCb COBMeCTHOe ~1-!THpOBaHl-19 

pe3yJihTHpynmnx BpeMeHHb~ pacnpe.n.eneHHtl, nonyqeHHb~ B pa6oq1-1x 

3KCn03HUHHX 1-1 B WoHOBb!X 3KCll03HUHHX 3a BpeMH T = NLnt \nt ( NLnt 

ql-JCJIO HHTepBaJIOB ,!J,JIHTeJibHOCTbD tLnt = 
Kpl-!Tepl-IHM nyHKTa '' 1) " , 3a llOJIHOe 
aHaJIHTHqecKHM Bhlpa~eHIIeM BH,!J,a: 

0,5 q, BM6paHHb!X COI"JiaCHO 

BpeMH pa6oql-JX 3KCn03l-IUHfi) 

dn -
dt = Aic;nexp{-Inent} + [A2 c;cexp{-Icc;ct} + B]T/Tf (2) 

1",!1,8 , A
1

, A
2 

-
0 

HOpMHpOBOqHbl9 KOHCTaHTbl; 

en - 3~KTHBHOCTb pel"HCTpaUl-11-1 HefiTpOHOB peaKUI-Il-1 .(1a) 
3KcnepHMeHTaJibHOfi ycTaHOBKOfi; 

I - l-IHTeHCHBHOCTb HcnycKaHHH HefiTpOHOB BO BCnMWKe C yqeTOM 
n .. . ' 

npouecca 3aMe,!J,JI9HHH HefiTpOHOB B rpaHyJIHpOBaHHOM llOJIH3Tl-IJieHe 1-1 
I 10 ' -< 

nocne.nyn~ero I-IX 3axBaTa H.npaMH B B HetlTpOHHMX .neTeKTopax; 
Sc - cpe,nHee 3HaqeHHe 3~KTHBHOCTH pei"HCTpaUl-11-1 HetlTpOHOB 

KOCM:tfqecKOI"O l-13JiyqeHHH 3KCnepHM8HTaJibHOtl ycTaHOBKOtl; 
I ·.- l-IHT8HCHBHOCTb nOTOKa HefiTpOHOB, 06ycJIOBJI8HHOI"O 

c ' 
cy~eCTBOBaHHeM aTMOC~pHb!X Jil-IBHefi; 

B- ypoBeHb-WoHa CJiyqafiHMX COBna,neHHfi; 

Tf - llOJIHOe BpeMH Ha6opa CTaTHCTl-IKW B WoHOBb!X 3KCU03HUHHX 0 

naHHaH WoPMyJia nonyqeHa B npe,nnoJio~eHI-!1-1, qTo HefiTpOHHhle 

BCUb!WKH 1-!MeDT npHMOYI"OJibHYD , WoPMY (llpl-! YCJIOBHH, KOHeqHo, 
cy~eCTBOBaHHH TaKOBb~) 1-1 I-IX .D.JIHTeJibHOCTb ropa3,!1,0 60JibWe _cpe,!l,Hero 
BpeMeHH OT MOMeHTa nona,naHHH HetlTpOHa B nOJIH3THJieH, OKpy~aDmRfi 

s.o 
,!J,eTeKTOphl, .D.O MOMeHTa ero 3aXBaTa H,!l,pOM B. CorJiaCHO npoBe,!J,eHHhlM 
pacqeTaM, .D.JIH re6MeTpHH ,!J,aHHOfi. ycTaHOBI{H 

0

,'. 3TO BpeMH COCTaBJIHeT t = 
20 MKCo Bb!pa~eHne (2) npHMeHHMO ,!J,JIH arinpOKCHMaUHH pacripe.n.eneHHH 

BpeMeHHb~ 1-!HTepBaJIOB Me~y nocne.D.OBaTeJibHO 3aperHCTpHpOBaHHb!MH 
C06b!THHMH, ,!J,JIHT9JibHOCTb KOTOpb!X 60JibWe B8JII-Iql-!Hbl t. 

C U8JibD npoBepKR YCKOpRT9JibHOtl MO.D.9JIH/2
'

3
/, npe,!l,JIOXeHHOfi ,!J,JIH 

o6~HcHeHHH HBJieHHH HTC·, HaMH 6MJI npoBe.n.eH aHamt3 .n.aHHb!X Ha npe.n.MeT 
llOliCKa BpeMeHHblX KOppeJIHUHtl MelK,!J,y MOMeHTaMR UOHBJI9HRH CHI"HaJIOB C 
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.. 
HefiTpOHHhiX .neTeKTopoB lf aKyCTlftiecKoro .naTtilfKa. IIpRl!eM, tiT06bl 
lfCKRDlllfTb B03MOEHOCTb cnytiafiHbiX COBna,neHlffi TaKoro po,na; HaMlf nplf 
aHanRae .naHHhiX Cno cpaBHeHRD c pa6oTon1~1 > npRMeHHRlfCb 6onee 
:m:eCTKHe KpHTeplflf OT6opa: aHaRH3HpOBaRHCb TORbKO "none3Hble" 
nepe,nal!lf_lfH¢QpMaUlfH B IT3BM. 

CornacHo npoBe,neHHofi o6pa6oTKH .naHHhiX onbiToB I H II .MOJKHo 
c,nenaTb cne,nyn~e BbiBO,Il;bl. 

1. CpaBHeHHe aMnRlfTY.D:Hb~ pacnpe.neneHlffi. 1-x . lf 2:x 
aaperHCTpHpOBaHHbiX HefiTpOHOB,. nonytieHHbiX B pa60l!UX H ¢QHOBbiX 
3KCn03HUHHX onbiTa I (KaTo,n lf3 ~lfCTOrO THTaHa) CBlf,D;eTeRbCTByeT 06 
OTCYTCTBHH npeBbiW9HHH BhiXO,na HefiTpOHOB B peKUMe aneKTpORlf3a D

2
0 

Ha,n ypoBHeM HefiTpoHHoro ¢QHa. 

2. AHanRa pacnpe.neneHlffi BpeMeHHbiX lfHTepBanoB (Me~y 
. nocne,noBaTenbHO aaperRcTplipoBaHHbiMII co6biTlfHMlf > , nonyqeHHbiX B 
pa6pq1fx lf ¢QHOBbiX 3KCn03lfUlfHX onbiTa I, nO,D;TBep~aeT BbiBO,n 1. 

3. B OnbiTe I He. 06Hapy:m:eHa KOppeRHUlfH Me~y MOMeHTaMlf 
perlfCTpaUHlf HefiTpOHOB lf MOM9HTaMlf nOHBReHlfH aKyCTlfqeCKllX CHrHaROB. 

4. B onbiTe II CKaTo,n Ha Ti noKpbiT cnoeM HHKenH> B npouecce 
HaCNmeHlfH THTaHa ,nefiTeplfeM B pe:!:lfMe aneKTponHaa 06Hapy:m:eHa 3MlfCClfH 

. . 
HefiTpOHOB, lfMeD~aH XapaKTep OT,D;eRbHbiX BCnbiWeK CTOXaCTlfl!9CKH 
pacnpe.neneHHhiX BO BpeMeHlf. 

5. B peaynbTaTe annpoKCHMaURR aKcnepRMeHTaRbHhiX ,naHHb~ 
Bblpa:!:eHlf9M (2) nonytieHO 3HaqeH:I'!e :I'!HTeHClfBHOCTH :I'!CnycKaH:I'!H 

,HefiTpOHOB BO BCnbiWKe, KOTOpoe OKaaaROCb paBHbiM: 

I = (3,6 ± 0,9)x104 c~. n. 

IIonytieHa TaK:m:e oueHKa .nnRTenbHOCT:I'! HefiTpOHHofi Bcnb~KH: 
• >0' "' 

T ~ 300 MKC. 

Ha pHc~s npRBe.neHo pacnpe.neneHRe BpeMeHHhiX :I'!HTepBanoB Me~y 
nocne,noBa!eRbHO aaperHCTp:lipOBaHHbiMlf HefiTpOHaMlf_ 3a BbllleTOM ¢QHa 
(CnROWHaH KpHBa$1 - peaynbTaT qlHT:IipOBaH:I'!H). 

Cne,nyeT OTMeT:I'!Tb, liTO Hafi,neHHble HaM:I'! XapaKTepHCT:I'!K:I'! 
HefiTpOHHbiX ... BCnbiWeK HBRHDTC$1 ycpe,nHeHHbiMlf no BCeMY BpeMeH:I'! 
npoBe,neH:I'!$1. 3KCnep:I'!MeHTa (B CBH3:1'! C orpaHlfll9HHbiM Ha6opoM 
cTaTHCTHKR)~ IIoaTOMY, .nnH .HayqeHRH peanbHoa ¢opw· :1'1 BOSMOEHofi 
BpeMeHHoa MRKpocTpyKTypbl liefiTpOHHhiX BCnbiWeK HTC Heo6xo.nRMo 
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4 

100 200 300 

t (IJB). 

Plfc.6. PeaynbTRPYD~ee pacnpe.neneHRe BpeMeHHbiX YHTepBanoB Mex.ny 
nocne,noBaTeHbHO aaperYCTpHpOBaHHb!MY HeaTpOHaM:I'! aa Bblll9TOM 
¢QHa (N - l!lfCHO C06biTRa, np:I'!XO.D:HmlfXC$1 Ha YHTepBan 40 MKC; . 
cnnoWHaH HlfHH$1 - peayHbTaT qlHTHpOBaHH$1}. 

npoBe,neHRe 6onee .nnHTeiTbHbiX aKcnepHMeHTOB, c ueHDD · Ha6opa 
CTaTHCTlfKH, Tpe6yeMOfi ,ll;RH O,ll;H03Hal!HOa YHTepnpeTauHH 

3KCneplfM9HTaHbHbiX ,naHHbiX. 
6. B onbiTe II He o6Hapy:m:eHa KOppenHUHH Me:m:,ny MOMeHTaMH 

HCnycKaHlfH ;HeaTpOHOB H MOMeHTaM:I'! ilOHBH9HHH CHrHaROB c 

aKyCTlfl!eCKOrO ,naTlllfKa. 
7. llilTepBanbl Me:m:,ny BCilbiWKaM:I'! COCTaBHHDT OT HeCKOHbKliX C9KYH.It 

,no ,neCHTKOB M:I'!HyT. 
8. qaCTOTa HefiTpOHHbiX BCnbiWeK C T9ll9HH9M BpeMeHH 3R9KTPOHY3a 

yMeHbwanacb. MaKcHMaHbHasr tiaCToTa HeaTpOHHbiX BcnweK Ha6nn.nanacb B 
TetieHlfe nepBbiX H9CKOHbKHX tiaCOB (~ 4+5 . q), Hal!HHaH C Hal!~a 

aneKTponRaa. 
ITonyqeHHble HaM:I'! peayHbTaTbl CBV.,IteTenDCTBynT 0 TOM, liTO 

Ha6nn.neHHe HMnYHbcHoa awccHH HeaTpOHOB peaKUHH ( 1a > HTC nYT9M 
cpaBHeHHH BbiXO,Il;OB HefiTpOHOB B pa6ol!lfX H qloHOBbiX 3KCil03HUHHX npH 
HCnOHb30BaHlflf He60RbWOro . KOHHl!eCTBa ' B9DI,eCTBa, HaCbiDI,a9MOrO 
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,l 
'! 

.zte1!TepReM, R MeTO.!{RKR perRCTpaiJ.RR TeiiJIOBbiX He1!Tp0HOB C 

3~KTRBHOCTbD cymeCTBeHHO MeHbWe1! e.!{RHRIJ.U CTaHOBHTbCH IlpaKTHqeCKH 
HeB03MOXHUM Oe3 IIpHMeHe~HH rrpe.ztJIO%eHH01! HaMH CHCTeMU 

perHCTpHpynmea 3JieKTpOHHKH H MeTO.!tHKH aHaJIH3a rronyqeHHblX 
3KCIIepHMeHTaJibHbiX .ztaHHbiX. 

HaOJID.zteHHe He1!TpOHHbiX BCIIUWeK B HaCTOHmea paOoTe IIOCJie cepRR 
BUIIOJIHeHHbiX HaMH paHee paOoT/t ' 115 

'
16 ,n I C TaK Ha3UBaeMUMH 

OTPRUaTenoHUMH peaynoTaTaMR HBJIHeTcH cBoeo6pa3HUM CTHMJJIOM .nnH 
.ztaJIDHeawero donee .neTanoHoro Hccne.noBaHHH.HBneHHH HTC. 

Ha HaW B3rJIH.!{, HCIIOJib30BaHHe MeTO.!{HKR perRCTpaiJ.RH OUCTpb!X 
He1!TpOHOB peaKn.Ra HTC c IIOMOmDD %H.!{KRX' CIJ.HHTHJIJIHTOpOB c n-r 

pa3,neneHReM COBMeCTHO C MeTO.ItHKoa H3MepeHRH BpeMeHHbiX HHTepBaJIOB 
Me%,ny llOCJie.!{OBaTeJibHO 3aperHCTpRpOBaHHUMH He1!TpOHaMH HeCOMHeHHO 

ll03BOJIRT C .ltOCTaToqHo BUCOKoa TQqHOCTbD nonyqHTb HH~pMaiJ.HD KaK 0 

BpeMeHHoa CTpJKType, TaK R 06 HHTeHCHBHOCTH HeaTpOHHhlX BCIIUWeK 
(%eJiaTeJibHO TaKoro po,na 3KcnepRM9HTU npOBO.!tRTb B Il0.!{39MHbiX 

JiadopaTOpRHX c HH3KRM YPOBHeM uenTpOHHoro \POHa).' 

B 3aKnnqeHHe aBTopu Bb~a~DT 6naro.napHocTb .ztHpeKTopy 
~adopaTOpHR R,nepHhlX npo6neM ij.~.BhlJIOBy 3a · llOCTOHHHhla RHTepec R 

no.n.nep%Ky .naHHbiX Hccne.noBaHRa, B.B.BenHeBy 3a none3Hhle .nHcKyccHH, 
H.PaKy 3a llOMOmD npH o6pa60TKe pe3yJibTaTOB, r.B.KapneHKO H lli.r. 

lliaMCYT.ztHHOBY 3a R3roToBneHHe HeKoTopbiX Y3JIOB aKcnepHMeHTaJIDHoa 
YCTaHOBKR. 
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