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BBE1!EH11E 

Cno~HNe neTeKTHpyKJmHe CHCTeMN H88TpOHOB Ha OCHOBe 

~HnKHX opraHHqecKHX CUHHTHnnHTOpOB HaxonHT BCe 6onee lliHpoKoe 

npHMeHeHHe B Hnepttofi ctJH3HKe 6naronapH HX xoporneMy (n-y)

pa3neneHHKJ, BNCOK08 3ctJctJ8KTHBHOCTH H OTHOCHTenbHO xoporneMy 

3HepreTHqecKoMy pa3perneHHKJ. YcnernHoe HCilOnb30BaHHe TaKHX 

CHCTeM npennonaraeT 3HaHHe HX 3ctJctJeKTHBHOCTH H cpyHKUHH 

OTKnHKa. 3KcnepHM8HTanbHOe onpeneneHHe 3THX napaMeTpOB C 

B~COKOH TQqHQCTbKJ npencTaBnHeT co6o8 cno~HYKJ 3anaqy. llnH 

onpeneneHHH 3THX napaMeTpOB ycnernHO HCilOnb3YKJTCH qHcneHHNe 

M8Tonu' 1
-

01
, npHqeM yToqHeHHe 

ttacToHmero BpeMeHH
191 

cn~nyeT 

pa60T IlOCBHmeHO 

pa3MepoB. 

aHanH3Y 

MeTonHK 

OTM8THTb, 

nponon~aeT~H no 

qTQ 6onblliHHCTBO 

He6onblliHX 

nocnenoBaTenbHN8 pacqeT 3cpcpeKTHBHOCTH H <PYHKUHH OTKnHKa 

neTeKTOpOB Ha OCHOBe ~HnKHX opraHHqecKHX CUHHTHnnHTOpOB 

BKnKJqaeT cnenyKJmHe rnarH. 

PacqeT pacnpocTpaHeHHH. He8TpoHoB B neTeKTope. B cnyqae 

onHHoqHoro neTeKTopa MHoroKpaTHoe nepepacceHHHe HefiTpoHoB B 

neTeKTope H83HaqHTenbHO H npHBonHT TOnbKO K H8KOTOpOMY 

HCKa~eHHKJ HneanbH08 cpopMN <PYHKUHH OTKnHKa, KOTOpoe xoporno 

cqHTaeTCH H He MernaeT npHHUHilHanbHO npouenype BOCCTaHOBneHHH 

cneKTpa H MHO~eCTB8HHOCTH. 11HaH CHTyauHH B03HHKaeT IlpH 

C03naHHH neTeKTHpyKJmefi CHC'reMN, COCTOHme8 H3 6onbrnoro qHcna 

oTnenbHNX. Monyne8, oco6eHHO npH HCilOnb30BaHHH nos11~110HHO- · 

qyBCTBHTenbHNX Monyne8 6onblliHX pa3MepoB. B naHHOM cnyqae 

KOppeKTHNH yqeT nepepacceHHHH He8TpOHOB KaK Me~ny 

neTeKTOpaMH, TaK H B npenenax onHoro neTeKTOpa CTaHOBHTCH 

Ba~HeHlliHM cpaKTOpOM. 

PacqeT 3HeprHH 3apH~eHHNX qacTHU (IlpOTOHOB, ne8TpOHOB 

a-qacTHU) H Hnep OT,n;aq11, o6pa3yKJmHXCH B peaKUHSIX H88TpOHa C 

li\e&:,r.<~,ifi.ll lCH.."'iltJY' 
U~tt!iWl litC.:!f~lC.111111 

susn~?OTEKA -·-~ 



.H,npaMH ao.nopo.na H yrnepo.na. 
• / 7 8/ 

PeaKUHH paccMaTp1rnaroTcH 
KHHeMaTHqecKHMH MeTO)laMH . c npHBneqeHHeM, B p.H.ne cnyqaea, 
.naHHUX O 3HpreTHqecKOM H yrnoBOM pacnpe.neneHHH BTOpHqHUX 
HeATpOHOB. 

PacqeT CBeTOBUXO)la OT 3ap.HJKeHHUX qacTHU H .H,nep OT)la4H. 

Tpa.nHUHOHHO Hcnonb3YIDTC.H pa3nHqHue annpoKCHMaUHH 
3 K cnepHMeHTanb HUX .naHHUX/l,4 ,7 ,9 /_ 

nocne.nHHA war - 3TO oueHKa caeToc6opa/ 1 
O/. 3TOT war 

HaH6onee . cymecTBeH- B cnyqae Il03I11.lHOHH0-4yBCTBHTeJibHb!X 
· · .n~-TeiCTopoB 6onhlllHX · pa3Mepoa. · 

METOllHKA PAcqETA 

·Ilep~HOC He8Tp0HOB. · PacnpocTpaHeHHe HeATpoHoB B 

.neTeKTHpyromeA CHCTeMe Mo.nenHpoaanocb HaMH C nOMO!QbID MO):lyJieti' 
. / 1 1 / BXOJl.HIQHX B KOMnneKc nporpaMM ·srTHA . KoMnneKc nporpaMM 

il03BOn.HeT MO)lenHp.oBaTb nepeHOC. HeATpOHOB B MHororpynnOBOM 

rip~6nH~eHHH MeTOJlOM MOHTe-Kapno. ~ nporpaMMe Hcnonh3ye~C.H 175-

rpynnoaa.H CHCTeMa ~OHCTaHT, c no.nrpynnoBYM dnHCaHHeM o6naCTH 

pe30HaHCOB, no.nroTOBneHHa.H Ha OCHOBe ~aAna oueHeHHYX 

HeATpOHHHX .naHHYx ENDL-84. oco6eHHOCThro nporpaMMbl, none3HoA B 
· Ha·weM cnyqae, 

HeATpOHa B 
.HBn.HeTc·.H To, qTo nocne Mo.nenHpoBaHH.H npo6era 

TQqKe B3aHMOJleACTBH.H paiurpuaaeTc.H HyKnH.n, c 
KOTOPUM IlpOH30Wno CTOJlKHOBeHHe. Mo.nenHpOBaHHe peaKUHH 

B~rionH~eTC.H Ha OCHbBe HH)lHBH,nyanhHYX JlBHHYX O HYKJJH)le. B175-
rpynnoaoA CHCTeMe KOHCTiHT yqTeHY Bee THnu peaKttHA HeATpbHa C 

.H,tipaMH BOJlOpo.na H yrJiepo.r:1a; BKJlroqeHHYe B ~aAn 'ENDL'-84. TaK011 

no.nxo.n no3BOJJ.HeT HaH6onee npocTo BKnroqHTh 6noK ·pacqeTa 
~HeprHi 3ap.HJKeHHUX qacTHU H .H,nep OT)lllqH: 

3HeprH.H 3ap.HX8HHYX qaCTHU H .H,nep OT)laqH. B pa6oTe 6YnH . , . 

yqTeHY cne.nyromHe peaKQHH, npHBO)l.HIQHe K o6pa30B~HHID ~~p.HZeHHYX 
qacTHU H .H)lep OT)laqH. 

1 1 . · · 
H(n,n) H: llaHHUe no yrJJOBOMY pacnpe)leneHHID pacceHHHYX 

HeATpriHOB B CHCTeMe ue~Tpa Ma~c (~UM) BKJlroqeHY ~ CHCTe~y i75 

rpy11noaux KOHCTaHT. llaHHYe npe)lCTaBnei-iii a BH)le -ra6JJHU 
KOCHHYCOB yrnoB C 

, . .. . . I, .nn.H KaJK,no11 3HepreiHqecKoA rpynm,1, ,Jle 

::,~~--;:,, ..,:.1: •• :.:• 2 ! .'.!...,~. 

~ ~. :;: :;•-:-, r 
0
1 f_ ) ' 

-~ 

pacceHHHe 

HHTepaam,1 

aHH30TpOnHo, 

C - C 
- i-1 

TaKHX 1 qTO 

paBHY MeJKJlY 

Bepo.HTHOCTH pacce.HHH.H B 

co6011. 3TOH HH~OpMaUHH 

)lOCTaToqHo JlJ151 pacqeTa 3HepreTHqecKoro cneKTpa npOTOHOB 

OTJla4H. 
12 12 C(n,n) c: llaHHue no yrnoaoMy pacnpeneneHHro ynpyro 

pacceHHHYX HeATpOHOB B CUM BKJlroqeHY B CHCTeMy 175 rpynnoBUX 

H811TpOHHUX KOHCTBHT. 
12 12 C(n,n') c: Yrnoaoe pacnpe.neneHHe Heynpyro pacce.HHHYX 

HeATpOHOB, Ha BY)lBJlBHHYX ypoBH.HX, npennonaraeTC.H H30TponHYM B 

CUM. Y4HTYBaeTC51 6 BblAefleHHblX ypOBHe~ 3HeprHH Ha yrnepone. 

12C(n,n'3a): llaHHa51 peaKUH.H MO)lBJJHpyeTC.H TpanHUHOHHO/ 8
/ 

KaK nocnenoaaTBJlhHOCTb JlBYX qacTHqHYX pacna.noa: 

12c + n ➔ 12c• + n' I 

12C• 
➔ a + 8

Be, 
1 

8
Be ➔ a +·a . 

2 3 

3nepreTHqecKoe pacnpenenenHe HeATpoHOB 3a,naHo B 175-rpynnoaoA 

CHCTeMe Hel1Tp0HHYX KOHCTaHT B BH)le MBTPHUY nepexo.noB. 

IIpe.r:1noJiaraeTCH' qTo 8
Be o6pa3 yeTC.H B OCHOBHOM COCTO.HHHH, a 

yrnoaoe pacnpeneneHHe HeATpOHOB H a-qacTHU H30TponHo B 

COOTBeTCTByrome11 CUM. 
12 9 C(n,a) Be: npennonaraeTcH, qTo 9 Be 06pa3yeTC.H B 

OCHOBHOM COCT051HHH H yrnoaoe pacnpeneneHHe a-qacTHU H30Tponno 

B CUM.-
12C(n,d) 11

B: llaHHB.H peaKUH.H MO)leJJHpyeTC.H B Tex JKe 

npe.nnonoJKeHH.HX, qTo H npe.nu.nyma.H peaKUH.H uC(n,a) 9 Be. 
12 12 C(n,p) B: npennonaraeTc.H H30Tponnoe pacnpe.nenenHe 

npOTOHOB no yrny B· CUM. Pacnpe.neneHHe no 3HeprHH, 

cornacno/ 7
/, MOJKeT 6YTh npe.ncTaaneno B cne.nyromeM BH,ne: 

3 



r(x)dx 

r.ne 
I 

C x 1n ( 1 - x) 2 dx , 

C = J P(x) dx, 
0 

X E / Emax 

Ema~MBKCHMBnbHO B03MOZHBH 3HeprHH npDTOHa. 

~orronHHTenhHO,, B cnyqae BTOpHYHl,IX npDTOHOB, YYHTHBanacb 

B03MD•HDCTh BHneTa npDTOHa 3a npe.nen1,1 YYBCTBHTenhHOA o6nacTH 
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PHc.1.CBeTOBHXO.!l B CUHHTHnnHTope NE-213 OT npoTOHOB, a-YaCTHLl 

H H.nep yrnepo.na no .naHHHM pa3nHYHHX pa6oT. 

4. 

t 

·C' 

.neTeKTOpa .no ero nonHoA OCTBHOBKH. PaCCMOTpeHHe Benach B 

npe.nnonozeHHH HenpepHBHblX noTepb 3HeprHH. BnH OCTanhHl,IX 

3apHzeHHHX YBCTHU .UBHHBH B03MOZHOCTb He paccMaTpHBanacb. 

CBeTOBl,IXOJl. Ha pYic.I npe.ncTaBJieH CBeTOBHXO.!l B 

CUHHTHnnHTOpe NE-213 OT npDTOHOB, a-YBCTHU H H.nep yrnepo.na, 

npe,rvmraeMblH B pa3nHYHHX pa6oTax
1 

l '
4

• 
9 
/. KaK BH.UHO, HMeeT 

MecTo onpe.neneHHoe 

a-YacTHU 6on&rnoe 

3HeprHA. 

TECTMPOBAHME 

pacxoz.neHHe B .naHHblX. 

pacxoz.ne1rne Ha6n10.naeTCH 

BnH npOTOHOB H 

B o6naTH MBnblX 

8 COOTBeTCTBHH C H3nozeHHOA MeTD.!lHKOA, KOMnneKC nporpaMM 

SITHA11 
l/ 6Yn .nononHeH Mo.nynHMI-! pacYeTa 3HeprHH npoTOHOB, 

a-YaCTHU H n.nep OT.UBYH, o6pa3yl01UHXCH B peaKUHHX HeATpOHa C 

n.npaMH BO.UOpo.na H yrnepo.na. Mcnonh30BBHHHe ceYeHHH HeATpOHHYX 

peaKUHA npe.ncTaBneHY Ha pHC.2 a. BnH TeCTHpOBBHHH 6YnH 

l-!Cnonh30BBHl,I .!lBHHYe pa6oT
14 

'Bl. B 0601-!X cnyYaHX B pacYeTax 

6unH HCI1Dnh30BBHbl JlBHHble no CBeTOBblXO.!lY I-! COCTBBY 

CUl-!HTHnJIHTOpa NE-213, npHBO.!ll-!Mble aBTOpaMH pa6oT. 

B pa6oTe
141 

paccMaTpHBancH .neTeKTOp UHnHH.UpHYeCKOA cpopMH 

4,60 CocTaB CUHHTl-!JIJIHTOpa .nnm10A 

NE-213 

CM H .!lHBMeTpOM 4,65 

nnoTHOCTh 0, 867 

CM. 

r /CM
3

, 

60KOBOA 

KOMn03HUHH CH 
1.21 

Mo.nenHpoBancH cnyYaA o6nyYeHHH nonepXHOCTH .neTeKTOpa 

nnocKonapannenhHYM nyYKOM HeATpDHOB C 3HeprHHMH B .UHana30He 

OT O, 2 .no 20 M3B. Pe3yJibTBTbl HBillHX pacYeTOB, 3ctJctJeKTHBHOCTH 

.neTeKTOpa B 3BBHCHMOCTH OT 3HeprHH HeATpOHOB, H .naHHYe 
/ 4, 

pa60Tl,I . npe.ncTanneHH Ha pHC.2 ~- CTBTHCTHYeCKBH TOYHOCTh 

HBIUHX pacqeTOB Me Hee 1%' conna.neHHe C .!lBHHblMI-! pa60TH
14 

/ B 

npe~enax 2% BO BC8M paccMaTpHBaeMOM .UHana30lle 3HeprHA. 

MCKJ!KJYeHHe COCTaBnHeT HHTepBaJJ 3HeprHA 7-8 M3B, r.ne 

pacxoz.neHHe .!lOCTHraeT BenHYHllbl nopH.UKB 5%. nocKOnhKY HBMI-! 

paCCMBTpHBaJiaCb nonHaH 3ctJctJeKTHBIIOCTb .neTeKTDpa (HyJieBoA nopor 

pen-Jc-rpai..tHH), TO no cy1uecTBY, pe3ynhTaT onpe.nenHeTcH nonHllMH 

ceqenHHMH HeATpoHon Ha n.npax Bonopona H yrnepo.na. KaK BH.UHO 

1-13 pnc. 2 a, B HHTepnane 3Hepr!ili 7-8 M3B B UOJIHOM ceYeHHH 

5 
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3HeprHR, !.faB 

P11C. 2. a - ceqeHl1.H HeiiTpOHHhlX peaKU11H Ha H.Upax BO.Uopo.ua 11 

yrnepo.ua, 11CITOflh30BaHHble B HaCTOHmeii pa6oTe; 

6 - 3¢¢eKTl1BHOCTh per11cTpau1111 HeiiTpOHOB u11n11H.up11qeCKl1M 

.ueTeKTOpOM .u11aMeTpOM 4,65 CM 11 .llfll1HOH 4,60 CM. 

HeiiTpOHOB Ha yrnepo.ue 11MeeTCH lli11pOKHH pe30HaHC, o6ycnoBneHHhlii 

OTKphlTl1eM KaHana peaKu1111 (n,a). Pa3nHqHoe rpyITITOBOe 

ITpe.ucTaBneH11e HeiiTpoHHoro ceqeH11H, B .UaHHOM 11HTepBane 

3Hepr11ii, 6y.ueT ITp11BO.lll1Th K HeCKOflbKO OT Jrnqa10m11MCH 

pe3ynhTaTaM. B HarneM cnyqae qacTh pe3oHaHca IToITa.uaeT B O.UHY ,~, 
3HepreT11qecKy10 rpyITITY· KpoMe Toro, 11cITonh30BaHHoe B pa6oTe _ 

3HaqeH11e ITonHoro ceqeH11.H HeiiTpOHOB Ha yrnepo.ue 1)4~6 ITp11 

3Hepr1111 8,029 M3B, Ha Halli B3rflH.U,3aBblllieHo. 
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• • " • " UWAMINO e.o. ( 1982) 
-- SITHA 

P11C.3.¢yHKUl1H OTKfll1Ka u11n11H.up11qecKoro .ueTeKTopa HeiiTpOHOB: 

.u11aMeTp 7,60 CM, .un11Ha 7,60 CM; a - 3HeprHH HeiiTpOHOB 

2,5 M3B; 6 - 5,5 M3B. 

B pa6oTe' 8
' paccMaTp11BancH .ueTeKTOp U11fl11H.llp11tieCKOH 

¢opMhl .llfll1HOH 7, 6 CM 11 .u11aMeTpOM 7, 6 CM. ATOMHa.H ITflOTHOCTh 

CU11HTl1flfl.HTOpa NE-213, 

4, 93701022 aTOM/CM3 11 

3a.UaBaeMaH 

yrnepo.u 

B pacqeTax: ao.uopo.u 

4, 07001022 aTOM/CM3
• B 

pa6oTe'B' 11CITOflh30Ban11ch op11rHHanhHble .uaHHble ITO CBeTOBhlXO.llY 

OT ITpOTOHOB, CBeTOBhlXO.ll OT a-qaCT11U 11 H.Uep yrnepo.ua 
. /5/ 

paccq11Th1Banc.H cornaCHO pa6oTe • naHHble ITO CBeTOBhlXO.llY OT 
·-·- . : /2/ 

ITPOTOHOB ¢11T11p0Ban11ch ITOflY3MIT11p11qecKOH ¢0pMynoa BHpKca : 

. 7 



Er 

p (Ep) I dE / ( 1 + koB 9!L ) dx , 

,.ne P(Ep) - CBeTOBblXO.ll 
0 
,UJI5I 

KOHCTaHTa, onpe.nenHeMaH H3 

,naHHblXi dE/dx - T0pM03HaH 

npoTOHOB C 3Hep,HeA Ep; kB 

¢HTHpOBaHHH 3KCnepHMeHTaJbHblX 

cnoco6HOCTb aemecTBa .nnH npOTOHOB. 

B pa6oTe/B/ 6uno nonyqeHo kB 0,0107 CMoM3B-1
• 

Ha pHc.3 a,6 H pHc.4 a,6 npe.ncTaaneHbl pe3yn&Tan,1 

pacqeTOB ¢YHKUHH OTKRHKa .neTeKTOpa H .naHHble pa60Tbl/ 
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• • • • • UWAMINO e.a. ( 1982) 
-- SITHA 
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uaWHX 

,UJ!H 

0 .20 30- 40 50 60 
HOMep Y.aa-ana 

PHC.4.<I>yHKUHH OTKRHKa UHRHHJi.pHqecKoro .neTeKTOpa Hefl"TpOHOB: 

,UHaMeTp 7,60 CM, anHHa 7i60 CM; 

HeATpOHOB 9,5 M3B; 6 - 18,5 M38. 
8 

a '.:ll!ej)l'HH 

cnytiaR o6nytieHHR TOpQOBOH noBepXHOCTH ~8T8KTopa rrnocxorra

pannenbHb!M ITytIKOM H8HTpOHOB, rrapannenbHO OCH ~eTeKTOpa, 

c 3Hep,HHMH 2, 5; 5, 5; 9, 5; 18, 5 M3B COOTBeTCTBeHHO. KaJK.naH 

¢YHKUHH OTKRHKa npe.ncTaBneHa .URH 60 paBHblX HHTepaanoB 3Hep,HH 

(3Hep,HH npOTOHOB OT,naqH) B .nHana30He OT uynH .no 3Hep,HH 

uaneTaDme,o ueATpoua. 

B uenoM ua6nD.naeTcH xopowee co, nacHe noae.neHHH ¢YHKUHH 

OTKRHKa, npe.ncTaBneHHOH B pa6oTe/B/ H nonyqeuuoA B HaWHX 

pacYeTax. HeKOTOpoe pacXOlK.UeHHe ua6nD.naeTCH TORbKO B o6nacTH 

ManoA 3Hep,HA CBeTOBblXO.Ua .nnH 6on&WHX 3Hep,HA HaneTaDmHx 

HeATpOHOB(pHc.4 a,6). nocne.nuee, BH,UHMO, CBH3aHO C 3aHHlKeHHeM 

,UaHHblX 0 

y,nepo.na B 

CBeTOBblXo.ne B CQHHTHnnRTOpe OT a-qacTHU H H,Uep 

pa6oTe/ 4
/' ·HCilORb30BaHHblX B HaWHX pacqeTax, no 

cpaBHeHHD C .naHHblMH Tex JKe aBTOpOB 

HCilORb30BaHHblX B opH,HHaRbHOA pa6oTe. 

3AKRI04EH11E 

B 
/5/ pa6oTe , 

MO.UH¢HKaUHH naKeTa npo,paMM SITHA Il03B0RHna cymecTBeHHO 

pacruHpHTb B03MOl!CHOCTH naKeTa B uanpaaneHHH pacqeTa 

3¢¢eKTHBHOCTH H ¢YHKUHH OTKRHKa CROlKHblX .neTeKTHpyDmHX CHCTeM 

HeATpouoa. ITpoae.neHHoe TecTHpoaauHe noKa3ano xoporuee co,nacHe 

nonyqaeMblX pe3yn&TaTOB C .naHHblMH .npy,Hx aBTOpOB. cymecTByDmHe 

paCXOlK.UeHHH CBH3aHbl C pa3nHqHblMH npe.ncTaBneHHHMH ¢YHKUHH 

CBeTOBblXO,na B CUHHTHRRHTope OT npoTOHOB, a-qacTHU H H,Uep 

y,nepo.na. 

ABTOpbl 6na,o.napHbl npo¢.ITeHHOHlKKeBHqy l0.3., npo¢.Py6qe

He B.A. H BMHTpHeBy B.B. 3a IlOCTOHHHblA HHTepec H no.n.neplKKY 

pa60Tbl. 
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. JlaHv1snb A. B. , Ko3ynv1H 3. M. , Ky3Heu,os A. B. P3-92-325 
Pac4eT ~YHKU,v1v1 OTKnv1Ka 
He~TpOHHWX AeTeKTOpOB Ha OCHOBe 
>Hv1AK_v1X, opraHv14eCKv1X CLl,v1HTv1nmnopos 

, PaccMoTpeHbl MeTOAbl pac4eTa ~YHKu,v1v1 OTKnv1Ka He~TpoH- __ 
HWX AeTeKTOpOB Ha OCHOBe ~v1AKv1X opraHv14eCKv1X CLl,v1HTv1n
nHTOPOB, peanv13osaHHWe s Ka4eCTBe Hosoro 6noKa noAnpor
paMM, BKn~4eHHoro B KOMnneKC nporpaMM SITHA~ 06cy~Aa~T~ 

. CH pe3ynbTaTW iecTOBWX pac4eTOB, no nporpaMMe-SITHA; 
3~eKTv1BHOCJv1 v1 ~YHKLJ,v1v1 OTKm1Ka He~TPOHHblX AeTeKTOpOB .. 
Ha OCHOBe C~v1HTv1nnHTopa NE...;213. · . . . 

• .. 

Pa6oTa swnonHeHa ~ na6opaTopv1v1 HAepHwx peaKu,v1A O~~~-

I 

_Coo6mem1e O(h.e;ittHeHHOro HHcrnry:ra 11;:iepHbix 111:'c.1e;io~a1rni1. .Uy6Ha 1992 

nepeBOA asTOpOB 

Daniel "A.V., Kozulin E.M., Kuznetsov A.V~ 
Calculation bf the Response Functioi of
the Neutron Detector Based 
on Liquid Org~nit.S~intillator 

P3-92-325 

Calculation methods of the response,function of the 
neutron detector-based on a liquid organic scintillator 
are discussed. These methods have bee_n rea 1 i ied as a 
new subroutine block included in the code SITHA. Re
sults of the testing, calculations of the efficiency 
and of the response function made by code SITHA for . 
neutron det~cto~s based on ·scintillator NE~213 are dis
cussed. 

The investi~ati6n has been performed at the Labora
tory ~f Nuclear Reactions, JINR. 
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