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PazpaboTtan MeTon ompenesieHUsI CTApTOBOrO UMMYJbca JII BPEMSIIIPOJETHON METOOUKHU, KOTOPBI
CYILIECTBEHHO TOBBIIIAET TOYHOCTh BPEMEHHOI MPUBS3KU K UMIYJIbCY MPOTOHHOTO Myyka. 3mepeH
SHEPreTUYECKUN CIEeKTP UMMYJIbCHOTO UCTOUHUKA HEUTpoHOB PA/IDKC u mpoBeneHo cpaBHEHUE
¢ pesyabrataMu mMonearpoBaHusi. OnucaHa mpolienypa onpeaeaeHus: GopMbl UMITYIbCa HEUTPOHOB
OT BpeMeHU Ha 0a3e U3MEepeHHOU (hOpMbI UMITYJIbCa MPOTOHHOTO My4yKa MpU 3aMeIJIEHUY HEUTPOHOB
B mulieHu. OnucaH MeToJ abCOMIOTHON KaluOpOBKU CHEKTpOMETpa ¢ yuyeToM 3 dekTa U3MEHEeHUs
9HEPIUU HEWTPOHA BCIEICTBME MHOTOKPATHOTO YIIPYTOTO paccestHUs HEUTpoHa B oOpasiie. Paspadorana
MPOLIEAYPa BOCCTAHOBJIEHNSI CEYEHUI paAMAllMOHHOTO 3aXBaTa HEMTPOHA SIIPOM MPU MHOTOKPATHOM
YIIPYTOM paccessHUU HEUTpOHOB B oOpasiie. [lpencraBiieHbl pe3yabTaThl KAJIMOPOBOYHBIX U3MEPEHUN
CEYEHUIT paIuallMOHHOTIO 3aXBaTa HEUTPOHA SAPOM AU Ha BPEMSITIPOJETHOM CIIEKTPOMETPE YCTAHOBKU
MHEC. I1poBeneHO cpaBHEHUE UBMEPEHHBIX CEYEHU I C pACUETHBIMU CEUEHUSIMU Ha OCHOBE U3BECTHBIX
napaMeTpOB PE30HAHCOB U CEUYEHUSIMU, MOJyYEHHBIMU PaHee B 9KCIIEPUMEHTE C TOHKUM 00pa3IioM.

DOI: 10.31857/S0032816225020044, EDN: GJBEIP

1. BBEAEHUE

Vceranoska MHEC npegHa3HaueHa 1is1 uaMmepe-
HUS CEYCHUI pagudallMOHHOIO 3axBaTa HEMTPOHA
SIIPOM Ha MMIIYJIbCHOM HCTOYHMKE HEHTPOHOB
PAJIDKC [1] ueHTpa KOJJIEKTUBHOTIO MOJIb30BaHUS
NAN PAH. YcraHoBKa 1aeT BO3MOXHOCTDH ITOBBI-
CUTb TOUHOCTb U3MEPEHMSI CEYCHUI pamuaiioH-
HOTIO 3axBaTa HEHTPOHOB Ha siApax I10 CPaBHEHUIO
C CYILIECTBYIOIIUM YPOBHEM. DTO MMEET BaXKHOE 3Ha-
YeHHe IS SIAePHOM acTpoU3UKHU, SIASPHOM TpaHC-
MYTalWK U 1151 HAKOTIJICHUST aKTUHUIOB B TETIOBBIX
SIIEPHBIX peakTopax Mpu IJIUTEIbHOI pabdorTe.

CeueHMsl paauMallMOHHOTO 3axBaTa HEHTPOHOB
Ha sapax U3MEpSIOTCS C MOMOIIbI0O BPEeMSIIpO-
netHoit (TOF) metonnkm [2]. YcTaHOBKa COCTOUT
M3 BOCBbMM CEKIUI CHUMHTWIISIIMOHHBIX TeTEKTO-
pOB Y-KBaHTOB [3], MOHUTOPHBIX *He-cueTunKoB
HEUTpOHOB [4], a TaKXe CUCTEMBbl perucTpaluu
1 00pabOTKU JaHHBIX.

Hdnst oOpa3zoBaHUSI HEUTPOHOB MMITYJIbCHBIM
MPOTOHHBIM MYYKOM B HEUTPOHHOM HCTOYHUKE

47

PAIDKC ucnonb3yercss BoabppamMoBass MUILIEHb
C BOASIHBIM oOxJiaxiaeHueM. I[IpOTOHHBIN MydyoK
MMeeT FHepruio 267 MaB, UMITyIbCHBIM TOK 5—7 MA,
InuTenbHOCTD 0.3 MKC, yacToTy mMmyibcoB 50 IiI.
DHeprusi HeTPOHOB OMNpPEACsSIeTCS MO BPEMEHU
npoJjeTa, u3MepsieMoro MHorokaHaiabHeiM TDC-
KOIMPOBIIUKOM C HETIPEPHIBHOI 3aITMChIO CUTHAJIOB
oT y-netekropa Kaxaeie 100 He B TeueHuun 19.66 mc,
KOTOPBIN 3aIlycKaeTcsl CUHXPOMMMYJIbCOM IIPO-
TOHHOrO Tiyuyka. Bpemst npoiieta HeliTpoHa T [MKC]
omnpeaensieTcs NpoJjeTHOM 6a3oil yctaHOBKU L [M]
U 3Heprueii HeiTpoHa E [3B] cienytoimm odpa3oMm:
T=72.3LE""?. TIponetHast 6a3a ycTaHOBKU L orpe-
JenseTcs: pacctosiHueM ot muilieHu (W) ucTouHuKa
JI0 u3MepsieMoro obpasua 1 pasHa 49.4 M. OTHOCH-
TeJIbHAS MOTPELIHOCTh B MI3BMEPEHUU DHEPIrUu Heli-
TPOHA 3aBUCUT OT BPEMEHHOI HeONpeaeIeHHOCTH
dT w paBHa OE/E [%]=2.77 E'> 8T/L [2]. OcHoB-
HOM BKJaJ BO BPpEMEHHYIO HeoIlpeneaeHHOCTb 07
BHOCHT JUIMTEIBLHOCTb IIPOTOHHOIO Iy4yKa paBHas
npumepHo 0.3 Mxc. Bpems nmposera 1 OTHOCUTENb-
Hasl olMOKa B U3MEPEHUM SHEPTUM ULl HEUTPOHA
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Puc. 1. CxemaTuueckoe nzobpaxkeHue BpeMsmpoieTHoro cnekrpomerpa ycraHoBku MHEC Ha HelitpoHHOM KaHaze (N)
ucrtounruka PAJIDKC.

¢ sHeprueit 100 3B paBubl 357 Mxc 1 0.17% cooTtBeT-
CTBEHHO.

Ha puc. 1. npuBeneHo cxemaTuyeckoe n3oopa-
JK€HUEe BPEMSITIPOJIETHOTO CIIEKTPOMETPA YCTAHOBKU
MHEC na nHeliTpoHHOM KaHaie N HMCTOYHHKA
PAJIDKC. ITporonHsIii mydyok P B3anMoneiicTByeT
¢ oxJaxagaeMoi Bomoii MuiieHb0 W. [IBe rpymiibl
HeITpOHHBIX *He-cyeTYnKoOB pacronoXeHbl 10 U
nocje CHMHTWIISALMOHHOTO TaMMa-IeTeKTopa
Sc. MunykunoHHbIN gatyuk Toka (ID) mu3amepser
(opMy umMIyIbCa IIPOTOHHOIO ITyuka. Bakyymupo-
BaHHBIN KaHal V nMmeeT IMHY 44 M.

IMepBas rpymnna HeHdTpoHHBIX °He-cueTynkos
npeaHa3HayeHa ISl U3MEPeHUs] 9HePTUM HENWTPO-
HOB U COCTOMT M3 YeThIpeX HEUTPOHHBIX CUETYNKOB
CHM-18-1 [4]. DTu cueTuuKU yCTAaHOBJIEHBI TIepe
CHUHTWUISIIMOHHBIM TaMMa-AeTEKTOPOM B ITyUKe
HEUTPOHOB BHE 30HbI 00pa3lia AuaMeTpoM 7 CM Tak,
YTOOBI HE BO3MYIIATh IIOTOK HETPOHOB, ITaIaloIINX
Ha obpa3sell. Bropas rpyrimna c4eTYMKOB yCTaHOBJIEHA
MocJie TaMMa-aeTeKTopa, BOJIM31 LEHTPaTbHON 0cu
My4yKa HEMTPOHOB 1 MpenHa3HaueHa 1Sl U3BMEPEHUs
ocliabyieHus TOTOKAa HEMTPOHOB 3a obpasiom. s
KanuOpOBOYHBIX U3MEPEHUI UCIT0Ib30BaJICsI 00pa-
3en u3 3o0J0t1a (Au 99.99%) TonmuHoi 1.065 Mm
U MOTIEpEYHBIM pa3MepoM 44 x44 mm>.

Hefitponnsie kaHambl ncTouyHMKa PAJIDKC
HarpaBJeHHbI Ha BOJb(hPaMOBYIO MUIIIEHb U PaCIIO-
JIOXKEHBI OJIM3KO K OCH IIPOTOHHOTrO Iyuka. [Toatomy
B KaHaJIbl MOIMAaloT IMEPBUYHBIE TaMMa-KBaHTHI
1 BBICOKODHEPTeTUYESCKME HEUTPOHBI, 00pa3o-
BaHHBIC IIPOTOHAMU B MHUIICHU. DHEPTeTUICCKUIA

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

CIIEKTP HEMTPOHOB IPOCTUPAETCS BILJIOTH IO MaK-
CUMAaJIbHOI SHEPTUH, PaBHOM SHEePTrUM IIPOTOHOB.

CUMHTWUISIUMOHHBINA AeTekTop [3] mpeacras-
JisieT co0oit ToJIy10 TOHKOCTEHHYIO (2 MM) ajloMu-
HUEBYIO LIMJINHIPUUECKYIO KaMmepy minHoii 400 MM,
nnametpoM 400 MM ¢ o6mmM oo6bemMoM 40 TUTPOB,
3aIl0JIHEHHYIO XMAKMM CHUHTWLISITOpoM. Jua-
MeTp mnoJjioctu paBeH 110 MMm. BHyTpu kamepa
JIEIUTCS Ha 8 He3aBUCUMBIX ceKumii. Kaxmast cex-
uus npocMarpuBaercs doronerekropom MOY-110,
YaCTUYHO IOTPYXEHHBIM B XKMAKWN CLAHTUIIIS-
top. Auametp dorokarona paseH 60 Mm. Kuakuii
cunHTWLIATOP coctouT u3 toiayona (CoH;CH;)
o6bemoMm 34.5 i1, tpumerundopara B(OCH); — 00b-
eMoM 5.5 71 ¢ oborauieHHbIM (94%) n3otonom Gopa
"B y cunntTuaMpylommx no6asok PPO u POPOP
BecoM 50 r. OuieHKa JJIMH HOIIOLIEHMS TeTLJI0OBBIX
HEUTPOHOB sIpaMy Bogopoaa U 6opa B CUMHTHUII-
agTope gaet BeauuuHbl 46 cM u 0.34 cM cooTBeT-
ctBeHHO [3]. Takum obGpa3om, nobaBieHUEe METUII-
6opata mo3BoJigeT 3pdekTuBHO, B 135 (46/0.34)
pa3, momaBUTh TaMMa-KBaHThI ¢ 3Heprueil 2.2 MaB
OT paaMallMOHHOIO 3axBaTa (DOHOBBIX HEUTPOHOB
sIApaMM BOIOPOAA B CHUHTULISTOPE.

DIeKTpOHMKA §-CeKIIMOHHOTO raMMa-aeTeKTopa
1 8 HEUTPOHHBIX CYCTINKOB, COCTOMUT U3 3apsiao-
BO-YYBCTBUTEIBHOTO IIPEAYCUIUTEISI U YCHUJIN-
tens-gopmuponarens [3]. LudpoBsie curHanbl
¢ ramMMma-aeTekTopa (8 KaHajoB) M HEHUTPOHHBIX
CYETYMKOB (8 KaHaJIOB) MOCTYIAIOT Ha 16-KaHalb-
HBI1 BpemeHHOIl KomupoBmuk (TDC) ¢ USB-
uHTepdEeiicoM ¢ BOBMOXHOCThIO 00pabOTKU Q-
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poBoii uHdopManuu (2 6aiita) kaxaeie 100 HC co
ckopocTbhio 20 MB/c. IlpenBaputenbHas obpa-
0oTKa M cxxaThe MH(pOpPMAaILIMKU TMO3BOJISIET COKpa-
TUTh peaJIbHBIN 00BEM JAaHHBIX IJIsI 3aIIUCU Ha AUCK
B 630 pa3. TunoBoii HabOp JaHHBIX C YCTAHOBKH
3a BpeMs1 7 4 cocTtaBisieT nopsaka 800 MB. Ana-
JIOTOBBIE CUTHAaJbl 00pabaThIBAIOTCS BHIOOPOUHO
16-KaHaJTBbHBIM aHaJIOro-LM@pPOBLIM Mpeodpa3oBa-
teemM CAEN DT5742 (waveform digitizer) [5].

2. U3BMEPEHUE IUIOTHOCTHU ITOTOKA
HEWUTPOHOB

[TnoTHOCTH TTOTOKA HelTpoHOB D (E) Monmenu-
poBajiach ¢ nmomolubio nporpaMmmel MCNP [6].
Muwens cocrout us 80% W u 20% H,O. Ilpu
MOJEJUPOBAHUMU MPEAIOJarajloch, YTO MPOTOH-
HbIH ITydok ¢ sHeprueid 300 MaB ronagaeT B IeHTp
MUIIEHU, COCTOSIIEN U3 TOHKMX BOJIb(GPaMOBBIX
TUIACTUH C OOIIEH TOJIIMHON 8 CM U MOTIepeYHBIM
pa3mepoM 13 X 13 cm?. PaccunTaHHBII TOTOK Heii-
TpoHoB ®"(E), BbIIETAIOMIMX U3 MUILIEHU BIEPEN
OTHOCHUTEJIbHO MPOTOHHOTO IyYKa, B 3aBUCHUMO-
CTU OT HEPTUU HEUTPOHOB IOKa3aH Ha puc. 2a.
AnnpokcuMalus HEUTPOHHOro MOTOKa B 00J1aCcTU
ot 1 no 10° 3B 3aBucumoctsio ®(E) = C/E* naer
3HaueHue o = 0.9. MU3mepeHne noToka HEUTPOHOB
MIPOBOAMJIOCH C TIOMOIIIbI0 MOHUTOPHBIX HEUTPOH-
HBIX CYETUUKOB. DTU CYETUNKU YCTAHOBJICHBI Mepe
CUMHTUJUISIIUOHHBIM TaMMa-AeTEKTOPOM B MyYKe
HEUTPOHOB BHE 30HbI 0Opa3ua. Ha puc. 26 nmokasaH
CHEKTP MOTOKAa HEHTPOHOB B 3aBUCHUMOCTHU OT UX
SHEpruu, U3MEpeHHBIII MOHUTOPHBIMU “He-cueT-
ynkamu. Ha n3aMepeHHOM CIIeKTpe XOpOIlo BUIEH
MIpOBaJjl OT BBHIOBIBAHMS HEUTPOHOB B W MUIIICHHN
M3-3a paJallMOHHOTO 3aXBaTa HEUTPOHOB SApaMU

a
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DON(E), oTH. en.
2
T

(@) ”

—

<
(=2}
T

10-1 10! 100 10° 107

DHeprus, 3B

nzoromna W, a taxke pezoHaHc ¢ sHeprueii 19 sB.
JBa npyrux nponaja oOyCI0BIeHbI TPUMECHIO Clie-
IOVIOIIUX U30TOIIOB B 2JIEMEHTAaX MUILIEHHOTO y3Jia
ncrtounuka PAJIDKC m HeH#TpOHHOro BaKyyM-
HOTo KaHaza: Kobanbsra »Co, UMEIOILETO PE30HAHC
c sHeprueit 132 5B, u mapranua >Mn, UMeOLIEro
pe3oHaHc ¢ sHeprueit 341 sB. MU3MepeHHBII TOTOK
HEUTPOHOB aAMMPOKCUMUPYETCS 3aBUCUMOCTBIO
D(F) = Cg(F)/E", tae ko puLmeHT

g(E)=ew(X 0 (£))

00YC/IOBJIEH BBIOMBAHUEM HEUTPOHOB DJIEMEHTAMU
HelTpoHHOTO KaHana. [Ipu atom mapametpsl C
1 3G GEKTUBHAS IJIOTHOCTD i-TO U30TOIA /1; OTIPELe-
JISIOTCS B pe3yJibTaTe MpOoLeayphl anpoKCUMaluu
M3MEPEHHOTI0 MOTOKAa HEITpoHOB DP(E).

N3MmepeHHBIIT TOTOK HelTpoHOB DOP(E)
M pe3yJIbTaThl alllIPOKCUMAIUU TOTOKA 3aBUCUMO-
cteio Cg(F)/E* moka3zaHbl Ha puc. 20. [1pu sToM
rmokasaTeib CTEIEHUW B 3aBUCUMOCTHU OT 2HEp-
TMU HEMTpOHA COCTaBJISIET BEJIMYMHY pPaBHYIO
a = 0.895 £ 0.005 B o6nactu aHeprum 5—500 3B.
DTO XOPOIIIO coriacyeTcs ¢ mokasareneM o = 0.9 mst
CMOJIEIMPOBAHHOIO ITOTOKA HEUTPOHOB.

3. CTAPTOBBIM UMITYJbLC 14
BPEMSAITPOJETHBIX UBMEPEHU MU

Hnsa namepenuss sHeprun HeTpoHOB (TOF-
METOH) He0OXOIMMO U3MEPUTH PA3HOCTh MEXKITY Bpe-
MEHEM perucTpallii raMMa-KBaHTOB OT IIpoliecca
3axBaTa HEUTpOHA SAPOM U BpeMeHeM oOpa3oBa-
HUSI HEUTpOHA. DHEPrust HEUTPOHa MPU U3BECTHOM
nHe 6a3bl ycraHoBKU L paBHa E = 0.5M (L/dT)?,
rne M, — macca HeiliTpoHa u dT — pa3HOCTb
MEXIy BpeMeHeM peTruCTpalld raMMa-KBaHTOB

D(E)=C g (E)/E* 0.=0.895+0.005 ©

W 180(19 eV)

10°

Co59(132eV)

OXP(F), OTH. en.

104

Mn55(341 eV)

(6)

10! 102
DHeprus, 3B

Puc. 2. a — PaccunTanHsbIit 1oTOK Heittporos F"(E) u ero anmpokcumarys 3aBucuMoctsio C/E B manaszone 1—10° oB
(moxasaHa CIUIOIIHOM JIMHUE); 6 — U3MepPEeHHbII TOTOK HeiTpoHoB DP(F) 1 ero anmpokcuManus 3aBUCUMOCTbI0 D (F)
B nuarazoHe 5—500 3B (moka3zaHa CIUJIOLIHOM JIMHUEIH ).

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2
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1 BpeMeHeM oOpa3oBaHMs HeiiTpoHa. B KauecTBe
CTapTOBOr0 MMIIyJIbCa, CBSI3aHHOI'O C BPeMEHEM
00pa3oBaHUS HEUTPOHA, MOXKHO HCIIOIb30BaTh CUT-
HaJI CHHXPOUMITYJIbCA YCKOPUTEIISI MU BPEMSI PETH -
CTpallMM raMMa-KBaHTOB, 00pa30BaHHBIX IIPOTO-
HaM¥ B MUIIIEHU UCTOYHUKA W, TaMMa-IeTeKTOPOM
YCTaHOBKU. B mepBoM BapuaHTe TOYHOCTh M3MEpe-
HUS BpeMeHU 00pa30BaHUSI HEUTPOHOB B MUILIEHU
W 3aBUCUT B OCHOBHOM OT BPEMEHHOI1 HECTaOWJIb-
HOCTH CHHXPOMMIIYJbCAa YCKOPUTENIS, KOTopas
COCTaBJISIET OOJIbIIYIO BeIUUYMHY, oKoyo 1 Mkc. [Tpu
B3aMMOJEICTBUHU TIPOTOHOB C MUIIIEHbIO W MCTOU-
HUKa pOXKIaeTCsI Ha TOPSIIOK OOJIble raMMa-KBaH-
TOB, YEM HEUTPOHOB, B pacyeTe Ha MEPBUYHBIN
npoToH. IIpu 3TOoM BCe raMmMa-KBaHThI JOCTUTAIOT
MUIIEHU AU B Y3KOM BpEMEHHOM MHTEpBaJje IJIH-
TeJbHOCTHU MPOTOHHOTO nyuka (0.3 MKc), B OTJIMNUKE
OT HEMTPOHOB, KOTOPBIE UMEIOT 3HAUNTEIHLHO 0O0JIb-
muii pazdbpoc. Hampumep, HEWTPOH C 3HEpTUEN
20 M»3B npocturaer muilieH! ycTaHOBKU Ha 0.6 MKC
M03Xe, YeM raMMa-KBaHThI. Perucrpalius BCIbIIIKKI
OT raMMa-KBaHTOB M HEIIPEPhIBHAS 3alUCh HUQ-
poBoOii MH(GOpPMALIMKA OT TaMMa-AeTEKTOPa KaxKIble
100 Hc TTO3BOJISIIOT MOJYYUTh BpeMsl Hayaja copoca
MPOTOHOB Ha MWIIEHb C TOYHOCTHIO IPUMEPHO
100 HC B KaXKI0OM UMITYJIbCE TIPOTOHHOIO My4YKa Mpu
obpaborke TOF-manHbIx odaitH [4]. DTo Ha TOpsI-
IIOK TOYHEe, YeM B IIEPBOM BapHaHTe CUHXPOHM3a-
mun. [1pu 3TOM CHHXpOMMITYJIBC IPOTOHHOTO ITyYKa
HUTPaeT BTOPOCTEIIEHHYIO POJIb W CIIYKUT IJISI OTHO-
CUTEJIBHOI BpeMEHHOM MpUBI3KHU. TaknuM o0paszom,
MHTEHCHUBHAs BCIIbIILIKA FaMMa-KBaHTOB C JUTUTEb-
HOCTbIO, PaBHOM IJIUTEIbHOCTH IMPOTOHHOTO ITyYyKa
(0.3 MKcC), TTO3BOJISIET TIOJAYYUTH HE3aBUCHUMBIi
OT CUHXPOUMITYJIbCa IIPOTOHHOTO IMy4YKa CTapTOBBIIA
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curHan mist TOF-usMepeHuit B KaxkKaoM UMITYJIbCe.
ITpu stom BpemeHHoe pa3pemieHue TOF-meTona
OyImeT ompenenasiThCs, B OCHOBHOM, (pOpMOiT mpo-
TOHHOT'O UMITYJIbCA.

4. ATITTPOKCUMALNA TPOTOHHOI'O
U HEUTPOHHOT'O UMITYJIbCOB

@®opma NPOTOHHOTO MMIYJIbCA P, (1), U3Me-
peHHasi MHAYKIIMOHHBIM JaTYMKOM TOKa, IoKa-
3aHa Ha puc. 3a. B mepBoM nmpudmkeHun popmy
MIPOTOHHOTO MMIYJIbCa MOXHO OITMCAaTh KaK IIps-
MOYTOJIbHOE pacIpeaesieHUue ¢ MMPUHOM, paBHOM
0.4 Mkc ipuMepHoO 1151 95% npotoHoB. OCTalbHBIE
MPOTOHBI (0KOJO 5%) UMEIOT 3KCIOHEHIIMATbHOE
pacmpenejieHue ¢ BpeMEHEeM cIlaja OKoJao IMKc.
boiiee TouHO HecMMMeTpUYHas (popmMa MPOTOHHOTO
MMITyJIbCa MOXET OBITh OIMCaHa KOMOMHAIMEH
GyHKUMI, cocTosIIEel U3 aCUMMETPUYHON (DYHK-
uuu laycca G(0,,0,) 1 IBYX 3KCIIOHEHT Mg 00s1a-
creit Bpemenu t<0ut> 0:

P (1)=K;'1G (0.1)+eexp| = |},
T

G (o,.1)+eexp| - [}.1)0.(1)

T,

1{0;py (1)=K,'

HopmupoBaHHass QYHKUMS P, (f) 3aBUCUT
OT MSITU MApaMETPOB: 0,, 05, €, T;, T,. Hopmuposou-
HbII MHOXUTENb paBeH K, = 0.5(0, + 0,) + &(1, + 1,).
Kak BugHo Ha puc. 3a, u3MepeHHas ¢oopMa IIpOTOH-
HOTO UMIMYJIbCA CPABHUTEIBHO XOPOLIO aNMpPOKCU-
MUPYETCsT QYHKIMEH Py, (7).

HeiiTpoHbl, poxk/ieHHbIe B MUIIIEHU UCTOUHUKA
W, uCnbIThIBAIOT 3aMeJiIeHue B BOAHOM 000JouKe

4.0
3.5
3.0
2.5
2.0
L5
1.0
0.5

0

. w(,1505B
— G(o1,62)

(6)

AMILIATYAQ, OTH. €.

-04-0.2 0
Bpewmsi, Mmkcek

02 04 06 08 10

Puc. 3. a — UsmepenHas popma NPOTOHHOTO UMIYIIbCA P,y (f) U €€ annpoKcUMalust GYHKIMEH Py, (f) (ITOKa3aHa CIIon-
HOI KpUBOIi); 0 — yHKIIMS w(f) 3aMeVIeHUsT HEMTPOHOB B MUIIeHU ¢ dHeprueit 150 aB u ee anmpokcumarust aciMme-
TpuyHoil pynkuumeit laycca G(s,,s,) € s; = £, Us, = 2t (1M0Ka3aHa CIUIOLIHON KPUBOI).

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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MUILIEHU TOJIIUHON mpumepHo 4 cMm. CpenHee
BpeMsI MEXy CTOJIKHOBEHMSIMU HEUTPOHA C TIPOTO-
HaMHU B BOOIHOM 3aMeIJIUTeNe OMpenesieTcsl Cpe-
Hell JIMHOM B3auMoneicTsus, paBHoit 0.93 cMm, n
cocTaBJsIeT BeJIMYMHY paBHy1o £~ 0.7/E 3 mke, e
E [3B] — sHeprus HeliTpoHa Ha BBIXOAE U3 MUILICHU.
IIpu psae ynpolmamomux MPEanoIoXKeHUH MOXHO
nokasath [2], YTO MHTEHCUBHOCTb BBIXOIASIINX
U3 3aMeIJIUTEeIs] HEeHTPOHOB OMNUCHIBAETCS HOP-
MUpOBaHHOI dpyHKumeit w(f) = 0.5x>exp(—x), rue
X = t/t. Ora pyHKUUSI ONUCBHIBAET paclpeneseHne
10 BpeMEHM HEUTPOHOB, POXICHHBLIX B MUIICHU
MPOTOHAMU B MOMEHT BpeMeHU ¢ = (. DTa QyHK-
LMl UIMEET MaKCUMYM IpU f = 2f, U CpelHee BpeMst
3ameuieHus, paBHoe 37. [l yueta apdexra 3amen-
JIECHUSI HEUTPOHOB B BOJAHOI 000JI0UKE MUILIECHU
HeoOXOOMMO HCIIOJIb30BaTh CMEIIEHHYIO 110 Bpe-
MeHU GYyHKUMIO w(f) IPpU YCIOBUU, UYTO OHA UMeEeT
makcumyM 1ipu ¢ = 0. Ha puc. 36 mokaszaH rpaduk
CMEILeHHOM (yHKUMUM W(f), OMMCHIBAIOIIEH 3aMe/-
JleHne HeliTpoHOB ¢ 3Heprueii 150 3B co caBurom
110 BpeMeHHU, paBHbIM 2f,. Hanpumep, nius HelTpo-
HOB ¢ sHepruil 150 5B cpennee Bpems 7, cocTas-
JIIET BEJIWYUHY, paBHYIO npuMepHo 60 Hc. DyHK-
U 3aMeIJIeHUsT HEUTPOHOB W(f) TaKxKe XOPOIO
anmnpoKCUMHUPYETCs aCUMMETPUUHON (yHKIMEH
T'aycca. Ha puc. 30 moka3aH pe3ynbTaT arpoK-
cuManuu w(t) acmMMmeTpuaHoi ¢pyHkIuei [aycca
C IMCNEPCUSIMU PaBHBIMU O, = £, U O, = 21,.

®dopma HEUTPOHHOIO MMIIYJIbCa OT BpeMeHU
MmojyJyaeTcsl B pesyjJbTaTe IpOoLeaypbl CBEPTKHU
(opMBI MPOTOHHOTO UMMYAbca U (DYHKLIMU 3aMe/I-
JieHus1 HelTpoHoB. [Ipouenypy noiydeHust pesyiib-
TUpyloueil GopMbl HEHTPOHHOTO UMITYJIbca JJIsI
IIBYX CIIy4aeB: U3MEPEHHOTO IIPOTOHHOI'O UMITYJIbCca
Pexp(f) M GOPMBI, aNMPOKCUMUPYIOIIEH U3MEPEeH-
HbIii IPOTOHHBIA UMITYIIbC P, (7), MOXHO 3amucarhb
B CJIEYIOILIEM BUJIE:

Py (1) =IPexp (t"Yw(t-1")dr',

P (t)szgex (1")w(t—t")dt"

Ha puc. 4 noxka3zaHsl pe3yJbTaThl BIUMCICHUS
(GopMBI HEUTPOHHOTO MMIYJIbca IJIST HEHTPOHOB
¢ sHeprueit 150 3B ¢ ncnonbp3oBaHMEeM M3MepeH-
HOM M almpOKCUMUpYIONeid (hOopMbI IIPOTOHHOTO
umnyiabca. Ha puc. 4 BumHo, 4To pe3yJbsTUpYIOIne
(bOpMbI HETPOHHOTO UMITYIIBCA P, " (F) Y Dy, (7)
¢ sHeprueit 150 3B xopolno cormacyoTcs Mexmy
cO0O0iA.

Beruncienue (popMbl HEUTPOHHOTO MMITYJIbCa
MyTeM YMCIIEHHOTO MHTEIPUPOBAaHUS TpeOyeT 3Ha-

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2
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Puc. 4. PacuetHbie (HOPMBI Py, " (F) U Pyey” (f) HEUTPOH-

Horo ummnynbca ¢ aHepruii 150 3B ¢ yuerom dpyHKIIMU

3aMeUIeHUST HEUTPOHOB B MUIIIEHH COOTBETCTBEHHO JIJIST

M3MepeHHOUW (GOPMBI IMPOTOHHOTO UMITYJIbca U TTOTY-

YEHHOU B pe3yJibTaTe ee arnnpoKCUMaIlii aCHMMETPHUY -
Hoit dynkuueii [aycca G(s,, s,).

YHUTEIHLHOTO BpeMeHH. biaromapst Tomy, 4To acum-
MeTpuuHasi GyHkius [aycca Xopouio onmuchiBaeT
(opMy MPOTOHHOTO UMMYJIbCa U PYHKIIMIO 3aMeI-
JICHUSI HEUTPOHOB, OHAa TakKXXe JaeT BO3MOXHOCTh
MOJIyIUTh aHAIMTUYECKOE BhIpaxkeHue st (hOpMbI
HEUTPOHHOTO MMITyJIbca. B 3TOM mpuOmmkeHun
MpOILEeCcC BBIYMCICHUSI CBOIUTCS K CBEPTKE IBYX
¢yHkuuit I'aycca. B utore MOXHO MOJYy4UTh MOAM-
(bULMpOBaHHYIO aHATUTUYECKYIO (DYHKIIMIO pa3pe-
meHus1 R(f) nyist GopMbl HEUTPOHHOTO MMITYJIbCA,
KOTOpasI MOoJIy4yaeTcs U3 IPUBENeHHO BhllIe (PYHK-
LUUU P, (7) (1) TyTeM TPOCTOIl 3aMeHBI Mapame-
TpoB 0,°u 0,° Ha 0, = 0 + 1’ u 0, = 0,° + (21,)?
cooTBeTcTBeHHO. DYHKIIMS paspelieHus: R(7) yuu-
THIBAET BPEMEHHOI pa30poc BbLIETa HEWTPOHOB
13 MUIIEHU UCTOUYHMKA, OOYCIOBICHHBIN (hOpMOii
HMMITyJIbCa IMPOTOHHOTO Iy4YKa U 3aMenjieHueM Heil-
TPOHOB B BOTHOI 000JI0YKE MUIIICHH:

G (o,,,1)+eexp r , 1<0;

R(t)=K"
(1) .

n

3)

G (o,,,1)+eexp _r ,1>0.

L7

-l

R (t) - Kn

HopMupoBouyHbIli MHOXUTENL paBeH K, =

= 0.5(0, + 0y) *+ &(1, + 1,). B MonudumposanHoii

(hopmyJie mapamMeTpbl 0, U O,  OMACHIBAIOT OCHOBHYIO

(bopMy TpOTOHHOTO MMMYyJbca ¢ yueToM 3 dekTa
3aMe/JIEHUsI HEUTPOHOB B MUIIIEHU UCTOYHUKA.

2025



52

5. [TIPEABAPUTEJIbHAA KAJIMUBPOBKA
TOF-CITEKTPOMETPA

[IpenBapuTenbHas mpolienypa, OCHOBaHHas
Ha COIIOCTaBJICHME ITMKOB B M3MEPEHHOM BpeMsI-
MNpOJIETHOM cIeKkTpe [4] U PHeprurM pe30oHaHCOB
B ceueHUM peakunu ’Au(n, y) Ha OCHOBE HaHHBIX
ENDEF/B-VIIIL.0 [7], mo3BoJIsSIeT ONpeneanTh I1apa-
MmeTpel Ty, u L o popmyne 7= T, + 72.298 L/\/E.

M3MepeHHBII CIIEKTp paaualliOHHOIO 3axBaTa
HelTpoHa B oOpasiie 30J10Ta U CEYEHHE B3aUMMO-
IEeMCTBUSI HEUTPOHA C simpoM B peakunu 197Au(n,y)
B 3aBUCHMMOCTHU OT BpEMEHHU IIpojieTa HEUTpOHa
nokazaHbl Ha puc. Sa. 11 BpeMsnpoJIeTHOIO CIIeK-
Tpa OTJIOKEHO YMCJIO COOBITHIA, 3apEerucTpUPOBaH-
Hbix 32 100 Hc. CeyeHMe B3aMMOIEHCTBUS HEM-
TPOHA C SIAPOM B peaKkIUM A,y COOTBETCTBYET OCH
crpaga. llluprHa KaHama BpeMSIIPOJETHOTO CIEK-
tpa dT, paBHasg 100 Hc, cBsI3aHa ¢ IIMPUHOI KaHaJa
criekTpa 1o aHepruu (dE) cootHoueHuem dE/E =
=2dT/T. Bpems niponiera T [MKC] HEiTpOHA B ycTa-
HOBKE B 3aBUCUMOCTH OT SHEpTruu HeiTpoHa E [2B]
Bbluucisiercs: no gopmyne 7= T, + 72.298 L / JE
¢ nByMd napamerpamu 7, [Mkc] u L [M], KoTOpbIE
onpenesioT HauaJbHOe BpeMs M IJMHY 0a3bl ycTa-
HOBKU COOTBETCTBEHHO. ANMNPOKCUMAIIUS U3ME-
PEHHBLIX HaHHBIX IO METONY HaWMEHBIIMX KBa-
apatoB (puc. 50) maeT clenymoliue pe3yabTaTbl
st mapametpos Tyu L: T, = 1.18 + 0.07 mkc, L =
=49.39 £ 0.01 m.

JKWUITKHUBAEB, XJTIOCTUH

6. UISMEPEHUE 3ABUCUMOCTU ®OHA
OT BPEMEHMU

s ompeneneHus: 3aBUCUMOCTU (hOHA OT Bpe-
MeHM ucnosb3yercs cnektp C,(f) 6e3 obpasua
3osiota u cnekTp C,,(f) ¢ o6pa3uom 3010Ta. DKC-
NeprUMeHTaJbHO U3MEPEHHYIO BEPOSITHOCTh pajiu-
allMOHHOTO 3axBaTa HEeHTpOHa sAnpoM obpasna Au
MOXHO BBIPa3UTh CIEAYIOIINM oOpa3oM [8]:

Yo (1)=(Cau (1)-B(1))/(ef@(1)), 4
rne C,,(f) — 9KCIIEpUMEHTAILHO U3MEPEHHBII Bpe-
MSIIPOJIETHBINM CIIEKTP paduallMOHHOIO 3axBaTa
HEUTpOHA SIIpOM o0pa3slia, f — BpeMs IIpoJjieTa Heil-
TpoHa, B(f) — criekTp hoHa, MOTYyYEeHHbII HA OCHOBE
U3MepeHnit 6e3 obpasla 1 armnpoKCUMaIUM CIIeK-
tpa C,,(f) Mexay pezoHaHcamu, P(f) — MOTOK Heii-
TPOHOB, TOMNANAIOIIMX B HCCIAEAyeMblil oOpa3sell,
€ — 3 (HEeKTUBHOCTH ACTEKTOpa raMMa-KBaHTOB, f —
YacTh HEMTPOHHOTO MOTOKA, IOoITafarlasi B oopa-
3el. M3aMepeHHBbIl criekTp ¢poHa Cbg(t) aTIIpoKCH-
MUpPYETCs ClIeAyIolleil 3aBUCUMOCTBIO:

B(t)=C [1*+C, /1", Q)
rne C,, C,, a, B — mapameTpsl 3aBUCUMOCTU B(7).
Ha puc. 6a nokasaHbl usmepeHHble criekTpbl C,, (7)
¢ obpasiioM 307101a 1 6e3 Hero C, (7). Crenyer oTme-
THUTb, YTO CTATUCTUKA MpU U3MepeHun hona Cy,(7)
B HECKOJIBKO pa3 MeHblie, yeM crekrpa C,, (7).
B Hammx n3aMepeHusIX MOCTOSTHHBIN (DOH, HE 3aBU-
CSAIIMIA OT BpeMEHH, 3HAYNTEILHO MEHBbIIe (PoHa,
3aBUCSIIETO OT BpEMEHH.

E L §)
20000 3100 350 (6)
= 17500 1100 5 . 300
5 15000 1 E Sasof
& 12500 11020 &
S 1 ¢ E200f
2 10000 Jio s &
S 7500 g Zs0r
= 110083
75000 3 1001
2500 1 1 1 1 1 1 1 E 10_1 50_
150 200 250 300 350 400 450 500 550 T R S
Bpemsi, MKC 200 250 300 350 400 450 450
’ Bpewms, Mxc
T, 1.2
L 43.39

Puc. 5. a — Vi3aMepeHHBIi CIIEKTp (TOYKM) U CeYEHME B3aUMOIECHCTBHUS HEMTPOHA C SIAPOM B peakLuu N,y (CIUIOLIHAS

CHMHsISI TMHMS) B oOpasiie Au B nuamnaszoHe 100—550 MKc, BHM3Y ITOKa3aHbl MHTEPAKTUBHbBIE OKHA U3MEHEHMUSI TTapaMeTpOB

T,u L B bopmyne BpeMss—3Heprusi; 6 — rpaduk COOTBETCTBUSI TMKOB BPEMSIITPOJIETHOTO CIIEKTPA U MUKOB B CEUCHUU B3a-

uMoJIeiicTBIA HeliTpoHa ¢ aapoM B peakiu ’Au(n, v). o ocu aGeLMce OTIOXEHO MOIOXKEHHE MTUKA BPEMSITIPOIETHOTO

CIIeKTpa, TI0 OCU OPAMHAT — COOTBETCTBYIOIIAsl SHEPTUsSI TUKA B 3TOM cedeHUU. CIUTONTHOI YepHOIl KpUBOI TToKa3aHa
anmpokcuManms naHHbX Gynkuuei 7= T, + 72.298 L/E">.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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ITpouenypa onpeneneHus napameTpoB hoHa B(r)
COCTOUT MX ABYX 9TAIlOB: Ha MEPBOM 3Talle ompene-
JISIOTCS TIpeABapuTeNbHbIe TTapaMeTphl (poHa B(7)
IyTeM aIlllpOKCUMAIIIM U3MEPEHHOTO CIIeKTpa 0e3
oOpa3slia; Ha BTOPOM 3Talle NpOUeAyphbl MCIOJb-
3YIOTCS IIpenBapUTeIbHbIC ITapaMeTphbl ¢poHa s
(rHaNBpHOI anmmpoKCcUMalMK ITapamMeTpoB (oHa
B(1) nna cnekrpa C,,(f) ¢ OTOOPaHHBIMU y4YacT-
KaMU CIIeKTpa MexXny pe3oHaHcamu (cM. puc. 6a).
M3MepeHHbIl cneKTp 3a BblYeTOM (pOoHaA paBeH
C,*(H = C, (1) — B(f) m mpeacrasiieH Ha puc. 66.

7. ABCOJIIOTHAA KAJIMBPOBKA HA BA3E
PE3OHAHCA C DHEPTUEMN 4.9 BB

Meton abCcomOTHON KaanOpoBKU >(PEPeKTUB-
HOCTHU JIE€TEKTOPOB raMMa-KBaHTOB 1 MOHHMTOPOB
HEUTPOHHOTO ITOTOKA, UCITOJIB3YIOIINI N3MEpEeHUE
OTHOCHUTEILHO M3BECTHOTO HACHIIIEHHOI'0 Pe30-
HaHca ¢ 6osbIInM ceyeHreM (Gonee 10* 6H) npen-
JloxeH B padore [9]. PesoHaHC B 30J10Te IpU dHEP-
ruu 4.9 3B xopol11o u3BeCTeH 1 UMEET B MAKCUMYyMe
nosHoe ceyeHue pasHoe 3.03%10% 61 1 2.73%10* 61
JUIS1 panMalMoHHOTO 3axBaTa. [1pu Takom moaxone
MOXHO Mepenucarb Boipaxenue uis Y, (E) (4) cre-

JIYIOLIMM 00pa3oM:
Yexp(E)z(CAu(E)_B(E))/C”CD(E)’ (6)
rae C, — 4YUCIOBOI MapaMeTp MOTOKAa HEHTPOHOB,
HOPMAaJIM3YIOIIUI BEpPOATHOCTh 3axBara Y, (E)
aapoM obpasia Au OTHOCHUTEIbHO M3BECTHOTO
HacbIILIEHHOTO pe3oHaHca 4.9 3B.
B sTOM Tonxome HeM3BECTHBIC TapaMETPhI IOJI-
HOTO IOTOKA HEUTPOHOB 1 3(P(PEKTUBHOCTHU ACTEK-
TOPOB CBOISTCA K onHOMY napametpy C,, KOTO-

(a)

—
S
=~

Caus Cbg, OTH. e]I.

103

Bpewms, mkc

(¢), OTH. ex.

P
u’

ex;
Ca
A5
S
()
()
T
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PBII OIpenesieTcst MpoLeAypoil anmpoKCUMalun
9KCIIepUMEHTAJIBLHOIO clekTpa pe3oHaHca 4.9 3B.
HeiliTpoHbl ¢ 3Heprueit 0Kojao MakCMMyMa pe3o-
HaHca 4.9 3B mpakTW4ecKd ITOJTHOCTHIO MOIJIO-
IIAIOTCS SIAPOM 00paslia ¢ BEpOSITHOCThIO paBHOM
0,/0,(1 —exp(—na,)), KoTopast COCTABIIAET BETUINHY
pasHyto nipumepHo 90%. CeueHue 0, paguannoH-
HOTO 3axBaTa HEHMTpPOHA SAPOM U IOJHOE CEeYeHUe
O, BBIYMCJISIOTCS 110 OJHOYPOBHEBBIM (popmysnam
Bpeiita—Burnaepa [10] ¢ ygeToM AOTIEpOBCKOTO
yipeHust pezoHaHcoB. [IpuBeneHHas ToammHa Au
obpasua #n = 6.29- 1073 612 HeitTpoHbl B 06pasiie
JINOO0 HE MCITBITHIBAIOT, JJM00 MCHBITHIBAIOT MHOTO-
KpaTHOE YIIpyroe paccesHue A0 Mpolecca paau-
allMOHHOTO TIoTJIoNeHusT anpom (puc. 7a). Ilpu
KaXXJIOM YIIPYTOM PACCEIHUU HEMTPOHBI C SHEPrUcii
E TepstroT sHepruto B cpeqHeM nopsinka AE ~ 2E/A,
rme A — aTOMHBII Bec simpa. [IpuBeneHHas BbIIIe
dopmyna o,/0,(1 — exp(—no,)) WIsi BEPOSITHOCTH
B3aMMOENCTBUSI HEMTPOHA ¢ 00pa3LlOM KOPPEKTHA
I BapMaHTa ¢ HYJIE€BbIM MHOTOKpPaTHBIM paccesi-
HUEM 0 pagvallMOHHOIO MOIJIOIICHHUs HeHTpoHA
SIIPOM.

B Hammx m3aMepeHusIX UCIIOIb3YeTCsI CpaBHU-
TeJIbHO TOJICTBIA oGpaselr 30j0Ta (1.065 MM), mos-
TOMY HEOOXOOMMO YYUTHIBATh 3((PEKT, CBSI3aHHBIN
C U3MEHEHMEM DHEPTrUU HEHTPOHA OT MHOTOKpaT-
HOTO YIIPYTroro paccessHus B obpasue. i 3Toro
HCIIob30Bacsa Meton MoHTe-Kapio, Mmomenupyro-
LM TIpoliecc B3auMOJECTBUS HeliTpoHa ¢ oOpas-
1IOM B 00J1aCTH KaXI0ro pe3oHaHca ¢ UCMOJIb30Ba-
HueM ceuyeHuii ouonuoreku ENDF/B-VIIL.0O [7].
7151 Kaxkoro pe3oHaHca pa3birphIBajIoCh HECKOJIBKO
MUJIJIMOHOB COOBITUI B3aMMOACHCTBUSI HEUTpPOHA

—_
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(=)
T

(0)

—_ =

S N

o O

o O

S O
T T

2000+
O i L L L L L L L L L
150 200 250 300 350 400 450 500 550

Bpewms, Mkc

Puc. 6. a — Msmepennbie ciektpel ¢ 00pasuoM Au (C,,) u 6e3 Hero (C,), annpokcumauus GoHa 3aBUCUMOCTbIO B(7) st
cnekTpoB Cp (1) u C,,(f) OKa3aHa CIUIOUIHBIMY JTUHUSIMU; 0 — u3MepeHHbli criekTp C,,“P(7) 3a BoraetoM doHa B 001acTu
BpeMeHU npoJieta HelTpoHa 150—550 mMkc.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2
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JKWUITKHUBAEB, XJTIOCTUH

(©)
. Y&ap

cap
" Yms

0 2 4 6 8 10 12 14
DHeprus, 3B

Puc. 7. a — [1pumep B3anmoneiicTBUsl HEMTpOHA B 0Opaslie C yIpyruM MHOTOKpaTHBIM paccestHueM (0, 1, 2) mo pannanm-
OHHOTO TOIIOIIEHUS SIIPOM; O — BEpOSATHOCTh 3axBaTa HEMTpoHa siapom Y (E) s mpoliecca MHOTOKPATHOTO YITPYroro
paccesHusd Y, P u 6e3 Hero ¥, .

¢ obpasuoM Au. Ha nmpumepe pe3oHaHca 4.9 3B
KpaTKO OIIMIIEeM IMpOolenypy MOIEJIUPOBaHUS
Ha ocHoBe MeTozaa BecoB [11]. [Ins onucaHus npo-
LIEAYPHI ONPEISIUM CIICAYIONINEe BEIUNINHEI Ha i-OM
11are B3aMMOIEMCTBUS HEHTpoHa B oOpa3slie: Bec
coobiTusa W,; sHeprus HeiitpoHa E; niuna L™
paBHaA pPAaCcCTOSIHUIO OT TOYKM B3aUMOIEHCTBUS
(x, ¥, 2,); 10 TOBEPXHOCTU OOpa3lia B HAIPaBJIECHUN
rnosieta HeiTpoHa ¢ yramu (0,¢),; obparHas JiMHa
B3auMozeiicreug HeltpoHa w(E,) = po(E)), roe
o — wiotHOCTh 06pasua; W, = o.(E)/0(E); M(E,) —
JJIHA CBOOOAHOIO mpobera HelTpoHa. Monenupo-
BaHUE KaXIOrO0 COOBITHS COCTOUT U3 CIICHYIOIINX
3TaroB;

1) 3amanue HavajabHbIX 3HauyeHuit W, = 1,
L™ = At — tonmuHa obpasua, (x, y, z,),= (0, 0, 0),
(©, d), = (0,0), BoruncieHUE dHEPrUn HeTpoHa £,
C paBHOMEPHOI INTOTHOCTEIO pacmupeneiaeHus ot 0.1
1o 15.1 3B;

2) BBIYMCIIEHWE IJIWHBI CBOOOAHOIro mpobera
HeliTpoHa A(E)) B penenax ot 0 no L™ n koopnu-
HaTBbI -0l BEpIUUHBI (X, Y, 7); TPAEKTOPUU HEUTPOHa;

3) BBIYMCIIEHHME HOBOTO BeCa COOBITUSI C W; =
= wi(1 — exp(—uw(£,)L;"(E,))), BBlUMCIIEHNE BeCca
BEPOSITHOCTU 3axBaTa HeHTpoHa sapom Y, P =
= w,W,(E,), BbrauciieHe 3Heprun E;, BbIMUCTCHME
(6,0),, coxpaHeHue NaHHBIX (iev, Tne iev — HOMED
cobwItus, i, £, xyz, 0, ¢, Y);

5) BBIUMCIIEHME HOBOIO BecCa COOBITUS W; =
=w(1 — W,) s crienyionero nara MoieJIMpOBaHuUs;

6) ToBTOpPEHME Tpoliecca HauYKHas ¢ MyHKTa 2),
ecau Bec cobbitua W, > 10-°, u ocTaHOBKa MpO-
uecca, ecau W, < 1075,

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

Ha puc.76 nokasaH pe3yabTaT MOACAUPOBAHUS
B3aMMOEHCTBUSI HETpoHa B oOpa3ie Au B 00JacTu
pe3oHaHca ¢ sHeprueit 4.9 aB 151 mpouecca ¢ MHO-
TOKpaTHBIM ynpyruMm paccessHuem (Y, ") u 0e3
Hero (Y,°®). Cnenyet oTMeTUTB, UTO Mpouecc 6e3
MHOTOKPaTHOTO YIIPYTOI'O PacCesTHUS OIMMCHIBASTCS
dopmynoi

Y, (E) =o,(E)/c, (E)(1-exp(-no, (E))).

[TonpaBoyHas pynkums G, (E), yautbiBaroas
M3MEHEHME DHEPruy HEMTPOHA BCJISACTBUE MHOIO-
KPaTHOIO YIIPYIOro paccessHusl B oOpaslie, ornpene-
JIIeTCS CJIENYIONIUM 00pa3oM:

Goi (E) =Y, (E)/Y, ™ (E).

ms

Ha puc. 8a u 806 mpencrasiieHa IoIpaBoYyHas
dbynkuus G, (E) s obaactu pe3oHaHca ¢ 3Hep-
rueii 4.9 3B u B GoJiee MIUPOKOI 00IaCTH DHEPIUiA
1o 280 3B cooTBETCTBEHHO.

Pacuetnbiii criektp C, ™ pannanoHHoro 3axsara
HEUTpOHa sIApoM Au, U3MEPEHHBIN BPeMSIIIPOJIET-
HBIM CHEKTPOMETPOM, BbIpaxKaeTcsl CJIENYIOLIUM
oOpa3om:

Ch =€ ()Y, (1),
7, (1)=[ R(L0Yw(E) G, ('),

w(E)=%(l—e‘”“’(E)),

rne w(E) — BepOSITHOCTb paguallMOHHOTIO 3axBaTa
HEUTpOHA SIAPOM C YYSTOM IOMIOLICHKS B 00paslie,
C, — 4uCII0BOIt MapaMeTp MOTOKa HEUTPOHOB, KOTO-
pBIil OIpemensieTcsl amIIpoKCcHUMalneil M3MepeH-

(7
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Puc. 8. a — IlonpaBouHas pyHkuus G, (F), yduTbIBaIOLIas U3BMEHEHUE IHEPIUU HEMTPOHA BCIEACTBUE MHOTOKPATHOIO
YIPYroro paccesiHusi B oopasLe UIsl pe3oHaHca ¢ sHeprueii 4.9 3B; 6 — yHkuus G, (E) nast pe30HaHCOB ¢ SHEprueit
meHble 280 3B.

HOTO CITeKTpa B 00JIaCTH HACHIIIEHHOTO pe30HaHca
4.9 5B, Ar — mpuHa BpeMeHHoro KaHaia (100 Hc),
dD(f) — MOTOK HEUTPOHOB, MafaIOIIMX Ha oOpasell,
M3MEpEeHHBIII MOHUTOPHBIMU He-cyeTunkamu,
(dyHkuus paspemieHust R(z, t') yauTbiBaeT BpeMeH-
HOM1 pa30poc BblJIeTa HEUTPOHOB M3 MUILIEHU MCTOY-
HUKa, 00yCJIOBJIEHHBI! (hOPMOIi UMITYJIbCA MPOTOH-
HOTO Iy4yKa YU 3aMEIJICHUEM HEMTPOHOB B BOIHOM
obosouke muienu, G, (E) — nonpaBouHas QyHK-
LI, YYUTHIBAIOIIAs U3MEHEHE SHEPIUY HeITpoHa
BCJIEACTBHE MHOTOKPATHOTO YIIPYIOTO pacCesTHUs
B obOpasiie. CevyeHue 0, paaMallMOHHOTO 3aXBaTa
HEUTpOHA SIAPOM M TOJHOE CEeYEeHUEO, BbIYMCIISI-
JIOTCS O OJHOYPOBHEBBIM (opmynaMm bpeiita—
Burnepa [10] ¢ yueToM mOIIJIEPOBCKOTO YIITUPEHUS
PE30HAHCOB.

Usmepennbiit C,,* u pacuetnbiii C,,™ Bpemsi-
MPOJIETHBIE CIIEKTPhI peakLuu (n, ) A1l pe3oHaHca

th
—C
2500k @ Au
2000
= 1500
=
o
%g, 1000 -
500
O_

500 1000 1500 2000 2500 3000 3500

Bpewms, Mkc

Puc. 9. a — Usmepennsiit C, *° u pacuetnsiii Cy,"

S
g

Cay» OTH. €.

c aHeprueii 4.9 3B B 06pasiie Au mokasaHbl Ha puc. 9.
Pacuetnniit cnektp C,,™ (puc. 9a) BuiumMcnsiercs
C y4eTOM InonpaBoyHoii pyHkunu G, (E), yauTsBa-
IOIIei M3MEHEeHNE SHEPIUM HEMTPOHA BCIIEACTBUE
MHOTOKPaTHOTIO YIIPYTOI'o paccestHUs B oopasie. Ha
puc. 96 nokasan pacuetHbliit criektp C,, " 6e3 yuera
bysKim G, (E).

Kak BugHO u3 cpaBHeHus puc. 9a u 90, yuer
a(ppexTa n3MeHeHre dHEPruu HeWTpoHa BCIIEN-
CTBHE€ MHOTOKPATHOTO YIIPYIOTO pacCesTHUs Heli-
TPOHOB B 00pa3lle CyIIECTBEHHO YIy4IlaeT coIia-
cHe M3MEePEHHOTO ClieKTpa ¢ pacueTHbIM. CrenyeT
OTMETUTh, YTO MOAEIMpOBaHUs 3¢hPeKTa U3MEHE-
HUSI SHEPIUU HERTPOHA BCJIEACTBYE MHOTOKPATHOTO
YIIPYTroro paccestHusi HEMTpoHa B oOpa3slie U odpa-
0O0TKa JaHHBIX SKCIIEPMMEHTA HAIIMCAHBI HA SI3BIKE
python ¢ MCITOJIb30BaHNEM MHOTOYMCIICHHBIX MaKe-
ToB (math, numpy, scipy, ...) [12].

th
2500 (6) — Cau

2000
1500 -

1000

500
0_

500 1000 1500 2000 2500 3000 3500

Bpems, mkc

CIIEKTPBI C YYETOM NONPaBOYHON PpyHKUMU G JUIS1 PE30OHAHCA C DHEP-

rueii 4.9 3B; 6 — To ke camoe 6e3 yueTa MompaBOYHOI (DYHKIINU.
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8. KAJIMBPOBOYHbLIE USMEPEHUA
CEYEHMA PEAKIINU (n, v) B OBPA3LE
30JI0TA

Jlnst ToHKOoro oOpasla, Koraa BeJWYMHa Ko,
MHOTO MEHbIlIe equHUILIbI, PyHKUMS (7), OnmuchIBa-
o1ast BeposITHOCTh W(E) panmaiimoHHOTO 3axBaTa
HEHTPOHA SIAPOM C YIETOM ITOIJIOIIEHUS B 00pasIie,
CBOIUTCS K BbIpaxeHuto w(E) = n 0,(E), tae n u
0,(E) — COOTBETCTBEHHO MpPUBEICHHAs TOJIINHA
oOpasla u ceueHue paauallMOHHOTO 3axBaTa Heil-
TpoHa ganpom. IlompasouHas dynkuusa G, (F),
y4YuThIBalOIass M3MEHEHUE 3HEePruuM HeuTpoHa
BCJIEACTBHE MHOTOKPATHOTO YIIPYTOTO PacCCesTHUS
B clIydyae TOHKOI'O 00pa3sia, CTAaHOBUTCS OJIM3KOI
K equaune. OyHKUMA pasperieHus R(z, t'), yIUTHI-
Balolllasi BpeMeHHOW pa30poc BblJIeTa HEUTPOHOB
W3 MUILIEHU UCTOYHMKA, O0YCIOBIEHHbBII (hopMOit
MMITyJIbCa IMPOTOHHOTO Ty4YKa U 3aMeljieHueM Heil-
TPOHOB B BOAHOI 000104KE MUIIIEHU, IpeBpaIia-
eTCSI B MACAJIbHOM B3KCIIEpUMEHTE B O-(DYHKIIUIO
o BpeMeHU. B 3ToM cirydae pacueTHslil criekTp Y,
pamManOHHOIO 3axXBaTa HEWTpOHA SIAPOM B IIpH-
OJMXXEHUU MIealbHOrO pa3pelieHus U TOHKOTO
oOpa3slia yIpollaeTcs U MOXeT ObIThb 3al1CaH B Clie-
IYIOIIEM BUJIE:

(E)=w(E). w(E):%(l_em,)’

w(E)=no, (E).

Y,

th

®)

Bripaxxenue (8) as ciiyyast TOJICTOro oopasua
MOXET OBITh MepenucaHo yepes GyHkuuio R (E)
B CJICOYIOIIEM YIIPOIICHHOM BHJIE:

th

103k MHEC

exp

=TT T T T T T 1T

Ceuenue, 6apH
—_
=

—_

(e
=

|

107!
100

DHeprus, 3B

Y, (E)=R,(E)w(E),
R,(E)=[R(1,/')w(E")G, (E")dl" /w(E).

OtHocutenbHasa GyHKUMA R ,(E) yUUTbIBAEeT Bpe-
MEHHOM pa3bpoc BbLIeTa HEUTPOHOB M3 MUIIEHU
WCTOYHUKA U d(PGHEKT U3MEHEHUS SHEPTUU Heli-
TPOHA BCJIEACTBME MHOTOKPATHOIO YIIPYIOTO pac-
CesTHUSI HEUTPOHOB B 00pa3Ie OTHOCUTEIIFHO BepO-
aTHOCTU W(FE) paIrallMOHHOTO 3axBaTa HEWTpoHa
SIIPOM B ujeajbHOM ciydae. Mcxonst u3 yciaoBus
Yoo (E) = Y, (E) v BeipakeHust (9), MOXHO BbIPa3uTh
CeYeHue paauallMOHHOIO 3aXBaTa HEMTpPOHa SIIpoM
0,”? yepe3 3KCIEPUMEHTATBHO U3MEPEHHYIO BEpO-
SITHOCTbh paIMallMOHHOTO 3aXBaTa HEUTpPOHA SIpOM
B CJIEIYIOIIEeM BUJIE:

G:Xp — Yexp (E)Gt , (10)
R, (E)(1-exp(-nc,))
I1e O, — IOJIHOE CEYEHME B3aUMOIECHCTBUS HEi-
TPOHA C SIIPOM.

O0paboTKa U3MepeHHBIX JaHHBIX U BOCCTAHOB-
JIeHV€ CeYeHMIi paauallMOHHOIO 3aXBaTa HEHTpOHa
SIIPOM Ha BPEMSIIPOJIETHOM CIIEKTPOMETpE ycTa-
HoBk MHEC ¢ TosicteiM o6pasiomM Au (1.065 mm)
npoBOIMJIach B OuWalla3oHe 3HEPruili HeHlTpoHa
no 300 3B. PacueTHoe ceueHue oyth paaudalumoH-
HOTO 3axBaTa Au TOJy4eHO Ha OCHOBE 0a3bl JaHHBIX
pe3onancoB ENDF/B-VIIIL.0 [7]. BBenem TepmMuH
M3MEPEeHHOE ceyeHue 0,, KOTOPbIi 03HaYaeT ceve-
HIE, BOCCTAHOBJICHHOE M3 M3MEPEHHBIX BBIXOIOB
Y, ,(E) o popmyie (10). st Gombliieil HATIAIHO-
CTH M3MEPEHHOE CceueHue 0,”" U pacyeTHoe ceve-
HUE oyth peakuuu (n,y) rMokasaHbl B 6ojiee y3KOM

140

160

OHeprus, 3B

Puc. 10. a — Wsmepennoe 0,™ u pacyetHoe oy‘“ cevyeHUs B3aMMOIEMCTBUS HEUTPOHA C SAPOM B peakIuy N,y B quara-

30He 100—200 3B ms o6pasua Au (1.065 mm) B akcriepumente MHEC; 6 — 1o ke camoe mist oopasua Au (0.122 mm)

B akcnepuMmeHTe n_TOF. PacueTHoe ceyeHMe panmaliMoOHHOro 3axBaTa Au Ha ocHoBe maHHbIX ENDF/B-VIII.0
MOKAa3aHO CIUIOLIHOM JTUHUEH.
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nuarazoHe aHepHruit100—200 3B Ha puc. 10a. Ha
3TOM PUCYHKE BUIHO, YTO U3MEPEHHOE U paCUeTHOE
CEUYEHMUsI XOPOIIIO COITIACYIOTCSI MEXIy COOOI.

B skcnepumenTte n_ TOF [8] 0bu11 mpoBenmeHbI
caMble TOYHbIE M3MEPEHUSI CEYCHMSI pamvanioH-
HOro 3axBaTa HEUTpoHa IaApoM Au ¢ TOHKUM 00pa3-
oM (0.122 mm). ITpu 3TOM UIMTEIBHOCTH MTPOTOH-
HOTO ITyYKa COCTaBJIsjia BEJIMYMHY, PaBHYIO 6 HC,
npoyieTHag 6a3a paBHsmach 185 M. B ycranoBke
MHEC >t Benmmuunbl paBabl 300 He 1 50 M cooT-
BeTCTBeHHO. TakuM oOpazom, yciioBus (8) uaeanb-
HOTO 3KCIepUMEHTa MPaKTUYECKU peaanu30BaHbI
B ycraHoBke n_ TOF.

Mamepentoe 0, u pacueTHoe oyth ceueHus B3a-
MMOJIEICTBUSI HEUTPOHA C SIIPOM IS peakiluu A, Y
B nuamazone 100—200 3B B TonkoMm o6pa3siie Au
(0.122 mm) B akcniepumente MHEC Bbluncnsinoch
no ¢opmyne (10) ¢ ucmoab3oBaHUEM JAHHBIX DKC-
nepumenTa n_TOF u3 6a3bl nanHbix [7]. I[Ipu aToM
dbynkuusa R, (E) 3aMeHS€TCSI HOPMUPOBOYHOM KOH-
CTaHTOM paBHOI 1.1. DKcriepuMeHTaIbHbBIE JaHHBIE
n_TOF 110 BEIXODY HEUTPOHOB HOPMUPYIOTCS TAKNM
obpasom, uto Y, (4.9 3B) = L.

Ha puc. 106 mokaszanbl usmepeHHoe 0, 1 pac-
YeTHOE O'Yth CeueHMsT B3aMMOJEMCTBUS HEUTpoHA
C SIApOM IJ1s peakuuu n,y B nuanaszone 100—200 sB
B TOHKOM oOpa3sie Au (0.122 MM) B BKCIIEpUMEHTE
n_TOF. CpaBuenue puc. 10a m 106 mokassIBaeT
XOpollee Corjlacie M3MEPEHHBIX CEeUYeHUM B IKC-
nepumente MHEC ¢ paHHBIMM 3KCIEpUMEHTa n_
TOF [8]. CpaBHeHUE U3MEPEHHBIX CEYEHUII C pac-
YETHBIMU CEUYEHUSIMU, TTOJYYEHHBIMU HAa OCHOBE
napameTtpoB pe3oHaHcoB ENDF/B-VIII.O [7], u
CEYCHUSIMH, TIOIyIYCHHBIMU paHee B BKCIIEPUMEHTE
n_TOF ¢ TOHKOI MUIIEHbIO, MOKA3bIBAET, YTO ITHU
CEUYEHUS XOPOIIIO COMIAacyloTCs MEXIY COOOIA.

9. BAKJIIFOYEHHUE

Pa3zpabotan MeTon ompeneaeHuUs] CTapTOBOIO
UMIyJAbca 111 BpEMSIPOJIETHONR METOAMKM, KOTO-
PBIii CYILLIECTBEHHO ITOBBIIIAET TOYHOCTh BPEMEHHOM
MPUBSI3KY K UMIIYIbCY IIPOTOHHOTO my4yka. M3me-
PeH SHEePTeTUYEeCKUI CIIEKTP UMITYIbCHOIO UCTOY-
Huka HeiltpoHoB PAJIDKC u npoBeaeHO cpaBHe-
HUe C pe3yabTaTamMu MmoaeiupoBaHus. OnucaHa
npolienypa omnpeneaeHus: GOpMbl UMITyJIbca HEM-
TPOHOB OT BpeMEHM Ha 0a3e u3MepeHHOI (GOopPMBbI
MMITYJIbCA IPOTOHHOTO MyYKa C YIeTOM 3aMeIJICHUS
HeHTpoHOB B MuiIeHW. OmucaH MeTom abCOJIIOT-
HOM KaJIMOpOBKM CIIEKTpOMeTpa ¢ yuyeToM 3 dekra
W3MEHEHNSI SHEPTUM HEMTpPOHA BCJICACTBHE MHOTO-

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

KpaTHOTO YIIPYroTo paccessHUs HeMTpoHa B oOpaslie.
Paszpabotana nmpouenypa peKOHCTPYKLIMM CeYeHUN
panMaliMOHHOIO 3axBaTa HEHTPOHA SIIPOM VIS CIIy-
yasi ToJictoro oopasua. IlpencraBieHbl pe3yabTaThbl
U3MEPEHUWI CeUYeHUI paanuallMOHHOIO 3axXxBaTa Hell-
TpOHa SApPOM AU Ha BPEeMSIIPOJETHOM CIEKTPO-
meTpe yctaHoBkM MHEC ¢ saneprusmu go 300 3B.
M3mepeHHbIe ceueHUsT XOPOILIO COIacyloTcs ¢ pac-
YETHBIMU CEUCHUSIMU Ha OCHOBE M3BECTHBIX I1apa-
METPOB PE30HAHCOB U CEYCHUSIMU, TOTYYSHHBIMU
paHee B 3KCIIEPUMEHTE C TOHKUM 00pa3IioM.
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