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9JIEMEHTAPHDBIE YACTULbI U MOJIA

MOJEJIMPOBAHUE HOHU3ALIMOHHbIX MOTEPb B 3A30PAX
NIETEKTOPA BbICTPbIX HEUTPOHOB HA OCHOBE CJ104 1°B
U TA30BOM KAMEPDI
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BoinosiHeHO MOJe/IMPOBaHIE HMOHU3ALIMOHHBIX MOTEPh B HECKOJbKHUX MOCJ/IEI0BATENbHBIX 3a30paX HEHTPOH-
Horo jetekTopa. OH OCHOBaH Ha KoHBepTepe M3 TBepaoro cJjosi 6opa-10 u raszosoil Kamepe. [TokasaHo,
YTO pacripejiesieHie HOHU3ALMOHHBIX MOTEPh B ra30BbIX 3a30pax CYLIECTBEHHO MEHSIETCS B 3aBUCHMOCTH OT
9HEPruM NajlatoluX HEUTPOHOB. DTOT (PAKT MOKHO UCITOJIb30BATD J/151 KOHTPOJISl SHEPTHH I0TOKA HEHTPOHOB

C TIOMOUIbIO TOT'0 A€TEKTOpAa.

DOI: 10.31857/50044002723050355, EDN: IFDUYA

1. BBEAEHUE

[To3UIIMOHHO-UyBCTBUTELHBIN HEHTPOHHBIA Je-
tektop (ITUHJL), ocnosanubiii na B uan 19B,C
CJI0SIX, COBMEIIIEHHBIX C Ta30BOH KaMepoH, HeTaBHO
Obld noctpoenbl B [epmanuu [1], Uranuu [2], Kutae
[3] u B nawe#t JlaGopartopun aromuoro simpa MU
PAH [4, 5]. Hau netekrop, B oT/inuKe OT A€TEKTOPOB
BCeX JPyrux JabopaTopuil U npeHa3HaueHHbIX MPexK-
Jie BCETO /ISl PErMCTPALMK TEIMJIOBbIX U MeJJIEHHBIX
HEHTPOHOB, TaKKe TOIXOAUT /ISl JEeTEeKTHPOBAHHUS
ObICTPBIX HEHTPOHOB C 3HEprusiMu cBbille 1 M3B [6].
OH paGoraet 6J1aroapst siiepHbIM peakLusim:

n+1B = 4He(ETem = 1.73 MsB) +

+ "Li( Erena, = 1.013 M3B), ()

n+ 1B — *He(Frens, = 1.47 M3B) +
+ "Li(Erens, = 0.841 M3B) 4 ~(0.481 M3B). ()

HMonusalmonHble TOTEPH BTOPUUHOTO s1/1pa MPSIMO
3aBUCSIT OT yIJa BblieTa W 3Heprud (B MsB-nom
JManasoHe) BbLIETAOLIEr0 fapa. [1osToMy Mo 3TUM
3HAYeHHSIM MOYKHO OTpeJIe/IUTh SHEPrHio HeUTpoHa [7].
3apsikennas yactuua, nanpumep aapo “He wan "Li,
MOXKET ObIThb WJEHTH(HUIIMPOBAHA W OMpeJesieHa ee
SHEprusi M0 HOHU3ALMOHHBIM MOTEPSIM B MOCJEI0BA-
TeJIbHBIX Ta30BbIX MPOMEXYTKax jeTekropa [8]. Upes-
BbIUAKHO BaKHOH OCOOEHHOCTBIO HALIEro JETEKTOpa
SIBJISIETCS] TaKXKe BO3MOXKHOCTb ONPENEJsITh BKJIAJbI
pa3/IMuHBIX KAHAJOB peakUuil, HarpuMep, oo U o,

DUHCTHTYT sllepHBIX HccslenoBaHuii PocchiicKoll akajieMuu
Hayk, Mocksa, Poccusi.
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KOTOpasi HeJlaBHO HAMH MCI0JIb30BaJach B 9KCIepH-
MeHTe ¢ TOMOIIIbIO MpoToTHna jerekropa [9]. Hobii
JIETEKTOP MO3BOJIUT PACUIMPUTL BO3MOXKHOCTH JIJIsl
UCCJIeIOBAHUS B3aUMOJIEHCTBHS HEUTPOHOB C JIETKUMHU
spaMu, TAKUMH Kak 6Li,7Li, ?Be, 1°B, 1B u JIPYTUMH,
C orpejiesieHleM BeJIMUUHbI HAauaJbHOH SHEPTUH Hek-
TpOHa.

2. PETMCTPALIMS HEMTPOHOB
[TO MOHUSALIMOHHBIM TTOTEPSM
B 3A30PAX

HeTekTop MMeeT cienyloliyto cTpyktypy. Msoton
60p-10 Ttonuwmno# 0.003 MM oca)knaercss Ha CTeK-
JITHHOW WJIM KPEMHHMEBOH TMJIaCTUHE BO BHYTPEHHEH
YacTH JieTeKTopa. AHOJAMHU CJy’KaT CeTKH M3 Tpo-
BOJIOK U3 BOJIb()paM-peHHEeBOr0 CrJlaBa JAHAMETPOM
d4 = 0.02 MM, MOKPBITBIX 30JI0TOM M HaTSHYTbIX Ha
NpsSIMOYToJIbHbIE KAPKACHI, 8 KATOJAMH — CETKH U3 Ta-
KHUX 2Ke poBoJIOK uamerpoM do = 0.05 mm. C6opka
U3 uepeylolIMXcsl MJA0CKONapallie/bHbIX aHOAHBIX U
KaTOJHBIX CETOK C OJIMHAKOBBIMH Ia30BbIMH 3a30paMH
o0OpasyeT MponopuUroHaJJIbHYIO0 KaMepy.

C mpoBoJIOUEK STHX CETOK PErHCTPUPYIOTCS 3apsi-
JIOBble CUTHaJbI. JleTeKTop 3anoJjiHeH ra3o0Boil CMecChlo
Ar + 25%CO4 nipu aTMOChePHOM JIaBJIEHHH.

Kax/blii U3 ueTblpex ra3oBbIX 3a30pOB HMeET Be-
JIMUUHY 2.5 MM, ONITUMaJIbHYIO /IS PETUCTPALMH Hel-
TPOHOB B JianasoHe aHepruii ot 1.8 10 4 M3B. Snpa
“He n "Li u3 BbILIEYNIOMSHYTHIX SIPHBIX PEAKLMA
MOTYT ObITb 3apPErHCTPUPOBAHBI B POBOJIOYHOMH MPO-
MOPUHMOHAJIbHON Kamepe. 3aperncTpHpoBaHHble am-
MJIMTY/Ibl UMITYJIbCOB OT U€TbIpeX MPOBOJIOUHBIX CETOK
NPONOPLHUOHAJLHBI TOTEPSIM HA HOHU3ALMIO B Fa30BbIX
NPOMeXKyTKaX.
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Puc. 1. CriekTpbl HOHH3ALMOHHBIX TOTEPb a/lb(Pa-uaCTULL OT cvo-peaxuuu npu B, = 1.8 MsB. Kpusble: / — B Hy/1eBOM ra30B0oM
3azope; 2 1 3 — B TIEPBOM M BTOPOM I'a30BbIX 3230pax AETEKTOPA, €CJIM CHTHAJ TPETbEro ra3oBoro 3a3opa silie nopora 0.1 MsB;
4 — creKTpbl CUTHAJIOB CYMMBbI TOTEPb HA HOHH3ALHMIO OT BTOPOTO H TPEThEro ra3oBbIX 3a30pOB; 5 — amnmpokcumanus [aycca.
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Puc. 2. Criektpbl HOHH3ALHOHHBIX OTEPb alb(a-uacTULL OT - U o1 -peaxuuii npu £, = 2.5 MsB. Kpussle: / — B Hys1eBoM
razoBoM 3a3ope; 2 U 3 — B [1ePBOM U BTOPOM [a30BbIX 3a30pax A€TEKTOPA, €CJli CUrHaJjl TPeTbero ra3oBoro 3a3opa Bblllie opora
0.1 MsB; 4 — cniekTpbl CHrHaN0B HOHM3AIHMOHHBIX TTOTEPb OT CYyMMbl BTOPOTO H TPETbETO Ta3oBbLIX 3a30pOB, 06pa3oBaHHbIC
anba-yacTULiell OTAEJbHO B pe3dyJibTaTe peaklU (w; & — TOXKe OTIe/bHO B pe3yJbTaTe PeakluH aa; 6 — TOXKe B pedyJibTaTe

peakuUnil g M vy BMeCTe; 7 — anmnpokcumaius [aycca.

3. HEUTPOHHOE CEUEHME
1 ATITIPOKCHUMALIKIS

CeueHune TeruoBbIX HEHTPOHOB BMJIOTH 10 E, =
= 0.1 M5B MoxKHO onucatb GopmyJioit:

oy = 10(—0-196—0.497+Ig(E)) (1)

OnHako HEUTPOHHOE CeueHHe UMEET CJIOXKHOE TMOo-
BeJleHUe B JiMana3oHe HecKoJbkux MasB. Mebl nogy-
Yud opMysly annpoKCUMalUKd HEHTPOHHOTO ceye-
nus aast B, ot 0.25 no 7 MsB, ucnosb3ys naHHble
cnpaBounuka [10] u nanubie U3 6ubanorek ENDF u
JENDL:

1 =0T 1 510 6.

(2)
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31ech:
Ay =093, E., =032, w; =040
Ay =0.54; FE.=0.30; wy=1.80;
A3 =0.36; E.3=0.30; ws=2.75;
Ay =0.30; FE. =045 wy4=3.70;
As; =0.11; E.; =1.60; ws=6.10;
Ag =0.049; E.=06.0; wg=15.0.

Hcnosb3oBasich 3HaueHUst COOTHOLLEHHST BKJa-
JIOB (rg- M «p-peakuuit u3 pabotel [11]. g mone-
JIMPOBAHMSI HOHU3ALIMOHHBIX MOTEPh 3apPsXKEHHBIX Ua-
CTHLL B 3a30pax JieTekTopa Oblja co3jlana rnporpamMmma
Ha si3bike g++ B OC Linux. Aaroputm nporpammbl



636 [TOTAILLEB
N
800 -
600 -
400 -
200 -
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 . 2.0
AE, M>B

Puc. 3. Cnekpbl HOHH3aLMOHHBIX 10TEPb a/lbha-uyacTHLL OT - U a1-peaxuuil npu £, = 3 MsB. Kpuskle: / — B HyseBoM
razoBoM 3a3ope; 2 U 3 — B [IePBOM U BTOPOM [a30BbIX 3a30pax J€TeKTOPa, eCJlH CHUrHaJ/l TPeThero ra3oBoro 3a3opa Bhlllie opora
0.1 MsB; 4 — cnexTpbl CUrHa/ 0B HOHM3ALUUOHHBIX IOTEPb OT CYyMMbl BTOPOIO M TPETbEro ra3oBblX 3a30p0B, 00pa3oBaHHbIe
anb(a-yacTUliell OTEJbHO B pe3dyJibTaTe peaklU aw; & — TOXKe OTe/bHO B pe3dyJ/bTaTe PeakluH aa; 6 — TOXKe B pedyJibTaTe

peakuUnil g M vy BMeCTe; 7 — anmnpokcumaius [aycca.
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Puc. 4. Cnektpbl HOHH3ALMOHHBIX 10TEPb a/lbha-uyacTHLL OT - U o1-peaxuuil npu £, =4 MsB. Kpuskle: / — B HyseBOM
razoBoM 3a3ope; 2 U 3 — B [IePBOM U BTOPOM [a30BbIX 3a30pax JETeKTOpa, eCJH CHUrHaJ/l TPeTbero ra3oBoro 3a3opa Bhlllie opora
0.1 M3B; 4 — cnexTpbl CUrHa/ 0B HOHM3ALUUOHHBIX IOTEPb OT CyMMbl BTOPOIO U TPETbEro ra3oBblX 3a30p0B, 00pa3oBaHHbIe
anb(a-yacTUliell OTAEJbHO B pe3dyJibTaTe peakll cw; & — TOXKe OTIe/bHO B pe3dyJ/bTaTe PeakluH ai; 6 — TOXKe B pedyJibTaTe

peakunil g M oy BMeECTe; 7 — anmnpokcumaius [aycca.

CJIeIyIOLLMI: TPOU3BEJIEHO PABHOMEPHOE pacrpeese-
HUEe CJyualHOoro yucJsa B quana3one ot —1 1o +1 asis
KOCHHyCa yrja BbljieTa siiep B CUCTeMe LIeHTpa Macc
€0S B¢ m., UTO 0OECMIEUHBAET PaBHbIE Te€CHbIE YTl B
nporpaMme HCMoJib3yeTcst hopMyJia anmpoKCHMalluu
HEHTPOHHOTO ceueHus], TabJula yAeJbHbIX HOHU3AlH -
OHHBIX TIOTEPDb U PENSITUBUCTCKHE 3aKOHbBI COXPAHEHUS
UMITYJIbCA U SHEPTHUH.

3.1. MoznennpoBarne HOHH3ALIHOHHBIX [10TEPD
npu 1.8 MsB
ap-Peakuust peanusyercst ToJMbKO ¢ HCIyCKaHUEM
“He u "Li sinep 6e3 y-kBanta. uepruu sigep *He u 7Li

M3 ap-peakuuu ¢ ucnyckannem *He, “Li u y-kBauTa
npu sHeprud 1.8 MsB HenoctaTouHo, 4TOOb! BbI3BATH
coObiTHe. Hymepauusi razoBblx 3a30poB BeJeTcsl OT
HYyJIs1 JIO TpeX.

[IpennoJsioxkum, uto Tpurrep cpadatbiBaeT Mpu Mo-
JIyUeHHH CHTHaJjla OT MOCJeJHEero TpeThero 3a3opa.
B sTOM cjlyyae npHHUMAlOTCSl BO BHHUMaHHe Hepre-
THUECKHE TOTepH ToJIbKO siapa ‘He us-3a Toro, uto
curnan ot sagpa 'Li orcyrersyer. ITopor 0.1 MsB
B TpeTbeM TMPOMEXKYTKe YCTAaHOBJIEH sl MojaBJe-
Husl oHa. CMoJe/MpoBaHHble CHEKTPbl MOTepPb Ha
MOHHU3aLMIO a/1b(a-yacTHLL OT cvg-PeaKLMU B HYJIEBOM,
NepBOM W BTOPOM Ta30BbIX MPOMEKYTKAX JIETEKTOPa

SIIEPHASI PU3MKA TomM86 Ned 2023
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Puc. 5. ITosnoxxenne mMakcuMmyMa B pacnpeiesieHUH ar-
npokcuMaiuu [aycca B ciekTpe CyMMBI CHTHAJIOB BTOPOTO
M TPETbEro Ta3oBBIX 3a30pOB /I (- M (v1-PeaKIHil
BMECTe B 3aBHCHMOCTH OT IHEPTHH TOTOKA HEHTPOHOB.
[Ipsimast iuHus1 — JIMHelHAast aNnPOKCUMALHsl.

NPH HaJIMUMHK CUTHAJA TPEThEro ra30BOro NPOMerKyTKa
npu E, = 1.8 M3B npexcras/ensl Ha puc. 1. [Totepu
SHEpPTrUM YBEJIUUUBAIOTCS, a CIIEKTP pacLIUpsieTCst MpH
yBeJIMUeHUH UHeKca 3a30pa. /s KaxK10ro MoJIe3HOro
cOOBITHSA TaKKe CyMMHPOBAJIUCh OCTaTOUHbIE OTEPH
9HEpPruu BO BTOPOM M TpeTbeM NpomexkyTKax. Cmoe-
JIMPOBAHHbIE CMEKTPbl CYMMApHOTO CHrHaJla MOHH3a-
LIMOHHBIX MIOTePb OT BTOPOT0 U TPEThEro ra3oBoro Mnpo-
MeXKyTKa, CO3/1aBaeMoro ajba-uacTHLIAMH M3 (-
peakiu, TakxKe MoKasaHbl Ha puc. 1. Annpokcnmanus
pacnpenesienrem [aycca nocjieHel ynomsiHyTol Kpu-
BOH OblJia BBINOJIHEHA I ONPee/eHHs MOJ0KEeHHUs
ero Mmakcumyma. Muuekc sasopa, B KOTOpOM OCTaHaB-
JIMBAETCSl 4acCTHULA, MOXKET YKasblBaTb HA HETOUHYIO
BeJIMUMHY SHEPTUH HEUTPOHA.

3.2. MozesupoBatne HOHH3aIIHOHHBIX [T0TEPH
npu 2.5 MsB

Peakiwst oy ¢ ucnyckaHuem 4He, "Li u ~-kBaHTa
JI0J2KHA yUHThIBaThCA NMpH Ey, = 2.5 M3B 1 oiwe. Ha
pHC. 2 oKa3aHbl pacyeTHble CIIEKTPbl HOHU3ALMOHHbBIX
notepb anba-yacTHilbl U3 06EUX peakuuil o U g
B HyJIeBOM, T1€PBOM M BTOPOM ra3oBbIX 3a30pax Jie-
TEKTOpa, €CJ/Ii B TPETbeM Ta30BOM 3a30pe MOSIBJSIETCS
curHaJ npu £, = 2.5 MsB. MoxHo B1IeTb, UTO pac-
CTOSIHHE MEXKJly MAaKCHMyMaMH B CIIEKTpax sl Tpex
HOMEpOB Ia30BbIX 3a30POB YBEJHUMBAETCS U CHIEKTPbI
ente 6oJiee pacimpsitores. Ha puc. 2 takeke nokazaHbl
pacyeTHble CMEKTPbl CYMMapHOro CUrHaJja oT BTOPOro
Y TPETbEro ra3oBblX 3a30POB, POU3BOUMBIX asbda-
YacTHIIEH U3 peaKlHHu: ayg, (v, a TaKxkKe U3 00eux 3THX
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peakuyii BMecTe. BbimosHeHna maremaTtuueckas moj-
FOHKa rayCCcoBOro pacrpe/iesieHust K ocse/iHel U3 Bbl-
LLIEYTTOMSIHYTBIX KPUBBIX VISl TOTO, UTOObI ONpeIe/HTh
noJioxkKeHue ero Makcumyma. PasHocTb Mexty 3Hep-
FeTHUECKUMHU TIOTEPSIMU peakli g U ] BO3HUKAET
3a cuet sHepruu 0.481 M3B, yHeceHHO# y-KBaHTOM.
CaiefoBatesibho, sHeprus saep “He u TLi ymenbluaer-
cs1, @ SHepTHs UX MoTepb — yBesuuuBaercs. CoObITHS,
NpHHa/IeXKalllle TOJIbKO 1/1epHOH peakLMH g, MOXKHO
oToOpaTh, NMPUMEHSISI HUKHUH M BEpXHUH MOPOTH B
TpeTbeM (WJH1/H APYroM JIoGoM 3a3ope). 3aTeM MOxK-
HO MOJIYUUTb BKJIaJ PeaklMH 1 BblUMTAHHEM BKJaJa
peaKLHH g U3 CyMMApHOTO CIEeKTpa.

3.3. MoxespoBarne HOHH3aLHOHHBIX [TOTEPD
npu 3u4 MsB

PacueTHble crieKTpbl HOHU3ALMOHHBIX IOTEPb SApa
“He n3 o6eux peakiuii ag ¥ aq B HYJ€BOM, NePBOM
1 BTOPOM 'a30BbIX 3a30pax JIETEKTOPaA, €CJ/Id MoJydeH
CUTHAJ/l OT TPeTbero 3a3opa, M0Ka3aHbl HA PUC. 3 U
puc. 4 COOTBETCTBEHHO INpH 3Heprun L, =3 M3s3B
u F,=4 MsB. Ha puc. 3 u puc. 4 nokasausbl
TaK)Ke CIEKTPbl CyMMapHOT0 CHrHaJ/1a HOHU3ALIMOHHBIX
NoTepb OT BTOPOTO M TPETbEro ra3oBbIX 3a30pOB,
MHIyLIUPOBAHHOTO aJjib(a-yacTuiiell U3 peakuuil «p,
o1, @ TakKKe 00eHMH peakUHUsIMU g W (] BMeECTe.
Heyurtennasi octatouHasi notepst SHEpPruu MaJjia u ero
MO2KHO npeHebpeub BIJIOTH 10 £, = 4 M3B B cayuae,
ecJsiM ajiba-yacTLia MpolLLIa Bce 3a30pbl U OKUHY.J1a
JIeTEKTOp. DTa OCTaTOUYHAs SHEPIUSl BJAUSET TOJIbKO Ha
(hopMy crieKkTpa, HO He Ha MoJI02KeHHe MaKCUMyMa, KO-
TOpOE UCTI0JIb3YeTCsl B laJibHElIlIeM aHaln3e SHePruu.

4. OIIPEJIEJIEHWME 9HEPI'MH
HEWUTPOHHOTO ITOTOKA

3HaueHHs MOJ0KEHUST MAKCUMYMa B CIIEKTPE CHT-
HaJla CyMMbl MOHM3AaUMOHHBIX TOTEPb OT BTOPOrO U
TPeTbero ra3oBbIX 3a30pPOB, MHAYLMPOBAHHBIX SIAPOM
4He ot o6eux peakuuid cg U o; BMeCTe, MOTYT ObITb
UCIMOJIb30BaHbI JIJIs1 BOCCTAHOBJIEHHUSI XapaKTEPUCTH-
YeCKOH HepPrud NOTOKA HEUTPOHOB, KaK 3TO MOKA3aHO
Ha puc. 5. Ecan npunsth 3a HaubGoJsiee BeposiTHOe
3HaueHHe LEHTP TSXKECTH pacrpeeseHus CyMMBbI M0-
Tepb U COIMOCTABUTb €ro 3aJAHHOU SHEPruH, TO MO-
JIYUAM JIMHEHHYI0 3aBUCHMOCTb OT 3HEpTHH. 37ecCh
OLIMOKH — 3TO HEONpPENeJIEHHOCTH 3SHEpPrud M3-3a
HECOOTBETCTBHUS (DOPMbI CIIEKTPA U rayCCOBCKOTO pac-
npeeieHusl.

5. SAKJIIOUEHUE

[IpoBeneHo MonenupoBaHue NOTePb SHEPTHH B 3a-
30pax jieTeKkropa ObICTpbIX HelTpoHOB. [ToTepu sHep-
TMH YBEJUUMBAIOTCS, a CIIEKTP paclIMpsieTCsl B 3aBU-
CHMOCTH OT HOMepa 3a3opa. BesmuunHa mnosoxeHus
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MaKCHMyMa B CIEKTPe CHrHaJa CyMMbl MOHM3ALMOH -
HBIX T10Tepb OT BTOPOrO M TPETbEro ra3oBbIX 3a30-
poB, HHAyLMpoBaHHbIX ‘He oT o6enx peakuuii o u
Q1 BMecCTe, TMpONOpLHOHA/IbHA SHEPrHH HEHTPOHOB.
CoObITHS, OTHOCSLLMECS TOJBKO K SII€PHON peaKUuu
a0, MOXKHO 0TOOpAaTh, NMPUMEHSIST HUKHUHA W BEPXHUH

oporu B MnocJieaHeM I/IJII/I/I/I Ja1060M JpPyrom 3asope
JAETEKTOpPa.
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IONIZATION LOSS SIMULATION IN GAPS OF FAST NEUTRON
DETECTOR BASED ON !°B LAYER AND GASEOUS CHAMBER

S. I. Potashev!

Dnstitute for Nuclear Research of Russian Academy of Sciences, Moscow, Russia

Anionization loss simulation in several sequent gaps of the neutron detector is performed. It is based on the
rigid layer converter so as boron-10 and gaseous chamber. It was shown that the distribution of ionization
losses over gas gaps varies significantly depending on the incident neutron energy. The fact can be used to
control the energy of the neutron flux using this detector.
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