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1. BBEAEHUE

CraTbs IIpencTaBisieT aHAJIUTUIECKOE OICaHNE
TEeXHUKH SKCIICPUMEHTA X METOINK 00pabOTKI 3KC-
MEePUMEHTAJIBHBIX TaHHBIX TP MOHUTOPUPOBAHUN
KOHTPOJIMPYEMOTO (hJItoeHca OBICTPBIX HEMTPOHOB.
OnpeneneHne HERTPOHHO-DU3NIECKUX XapaKTepr-
CTUK — BaXXHBII acIeKT MPU IJIaHUPOBAHUU U IIPO-
BEICHUM 3KCIIEPMMEHTOB Ha MCCIEH0BATEIbCKIX
peakTopax. KOHCTpYKIIMOHHBIE MaTepHUajbl IpU
00JIy9eHNY TTOABEPKEHBI paIallMOHHOMY TTOBPEX-
neHuto. Hanbonbimii mnHTEpec mpeacTaBisieT mory-
YeHHasi 9KCIIepUMEHTaJbHBIM IIyTeM MHMOpMaIus
0 (aroeHce OBICTPBIX HEUTPOHOB, MCITOIb3yeMast
IJIS OLIEHKW pamgualOHHOIO IMOBPEXICHUS MaTe-
puagoB B 000CHOBaHUE obOecrieyeHusl 6e30macHoM
SKCIUTyaTallly SIACPHBIX PEaKTOPOB.

B ocHOBe TeXHMKM 2KCIEPUMEHTA UCITOIb3yeTCs
HEUTPOHHO-aKTUBALIMOHHBIN MeTox [ 1, 2], Hanboee
MOJIHO YAOBJETBOPSIOMINI CIeHU(PUISCKUM YCIIO0-
BUSIM U3MEPEHUN (IMMPOKMUI THAMTa30H SHEPIUU U
MHTEHCUBHOCTU HEUTPOHHOTO N3TyUCHMSI, BRICOKUIA
YPOBEHb panuvalliy, ITOBLIIIEHHbIE 3HAUCHUS TEM-
nepaTyphl, Majible rabapuThl U TPYAHOAOCTYITHOCTh
MECT M3MepeHUil u MHoroe apyroe). B AO I'HIJ
HWMWAP paspaboraHa MeTOmOJIOTHS U PeaTn30BaHbI

TEXHUYECKUE CPENCTBA IIsI HEUTPOHHO-I03UMETPU -
YEeCKOI'0 COIIPOBOXICHUSI PEAKTOPHBIX IKCIIEPH-
MEHTOB B IIIMPOKOM IHAIla30He YCIOBUIT 00TydeHUS
MPU TUIOTHOCTHU IIOTOKA OBICTPBIX HEHTPOHOB IO
5- 10" cMm~? - ¢~ 'mpu OTHOCUTENBHOI pacIMPEeHHO
HeolpeneneHHocTH He xyxe 11.5% [3].

DKCHEPUMEHTHI 110 PEaKTOPHBIM MCIBITAHUSIM
MaTepuajoB COIMPOBOXIAIT IEPUOINUECKUMU
MPOMEXYTOUYHBIMM MHCIIEKLIMSIMU YCIOBHUIA O0IIy-
YeHUs B peakTope. B mporpamme HeMTpOHHO-I031-
METPUYECKOTO COITPOBOXKICHNST PEAKTOPHBIX MCITHI-
TAaHUW NPENYCMOTPEH PEMIAMEHT, BKIIIOYAIOLIVI B
ce0sl KOHTpOJb (hII0eHCa HEMTPOHOB Ha OCHOBE
noxka3aHuii MOHUTOpOB (dmtoeHca [4, 5]. Habop
HEUTPOHHO-aKTUBALIMOHHBIX AeTeKTopoB (JIHA)
noaBepraeTcst OMHOBPEMEHHOMY OOJIyUeHHUIO B KOH-
TponupyeMoii Touke. IlpennkropamMu 3HaYCHUS
KOHTpOJUpyeMoro ¢JiroeHca HEHTPOHOB C DHEp-
rueit 6onbiire 0.1 M>B gBnsioTCsS MOporosbie 3HaUE -
HUS GIIroeHca HEUTPOHOB ¢ SHEPTUIMU Ooble 1 1
3 Mb»sB, HemocpeacTBeHHO n3MepeHHbBIe o Nb- u
Fe-Monutopam ¢ yuyetoM 3G (EKTUBHBIX CEUCHUI
COOTBETCTBEHHO.

Lenb cTaTby — onucaTh TEXHUKY SKCIIEpUMEHTa
10 MOHUTOPUPOBAHUIO (PJIFOEHCA OBICTPBIX HEUTPO-
HOB ¢ 3Heprueii 6omapire 0.1 MaB.
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2. HEUTPOHHO-IO3UMETPUYECKOE
COITPOBOXIEHUWE PEAKTOPHBIX
OKCITEPUMEHTOB

HeTtexkTop HaKaluiMBaeT MH(MOPMAIIUIO O TTIOTOKE
OBICTPBIX HEHTPOHOB B TEYCHUE BCETO BPEMEHU
00JIy4yeHHUs, KaK MpaBUa0, B TeUEHUE HECKOJbKUX
KaMIaHui peakTopa. MexaH13M perucTpainu Hei-
TpoHOB B BemectBe JJHA ocHOBaH Ha KOCBEHHOM
METOIE, KOTOPHBI OTHOCHUTCS K ITACCUBHOMY METOIY
HelTpoHHOro aHanusa. [lpoliecc peructpanuu
HEUTPOHOB HAYMHAETCS MPU B3aMMOICUCTBUM UX C
aapamu JIHA Ha ocHOBe SiAepHBIX peaKkiuii, COmpo-
BOXTAIOIIMX 00pa3oBaHue MPOAYKTOB HYKIMIA-MO-
HUTOpA, B BUIE TaMMa-KBAaHTOB U PEHTI€HOBCKUX
JIy4eil, KOTOPhIE PEeTUCTPUPYIOTCS NIETEKTOPOM.

Martepuansl U3 kejie3a 1 HUOOUS Haumbosiee
MOJIHO OTBeYaloT TpedoBaHUSIM IJisd akTuBauuu JJTHA
B MOHMTOpPUHIE (ptoeHca OBICTPHIX HEUTPOHOB.
YcinoBrueM MpoBeneHUs TaKUX SIASPHBIX peaklluid,
KaK >Nb(n, n')”™Nb — Ha MOHHUTOpPE 13 HUOGHS U
*Fe(n, p)>*Mn — Ha MOHHTOpE U3 XXese3a, SIBISIETCS
HaJM4ue dHEepreTMIECKOro mopora, a Takast siaep-
Has peakuus, Kak “>Fe(n, v)*’Fe uuer Ha TemioBbIX
HelTpoHax. MexaHU3M perucTpaliii OCHOBaH Ha
3axBaTe HEHTPOHOB siapamu °Nb ¢ 06pazoBaHuEeM
9mNb, KoTopslil pacnianaercs oopatHo B °Nb + v ¢
nepuonom okoso 16.13 ner. st BToporo MOHUTOpA
MEXaHN3M pPerucTpaliy OCHOBAH Ha 3axBaTe Heil-
TpoHoB siapamu ~*Fe ¢ o6pa3oBaHueM >*Mn, KOTO-
PhIii XapaKTepu3yeTcsl MO3UTPOHHONH aKTHUBHOCTBIO
u pacrnagaercs B °*Cr + e* ¢ mepronom npuMepHo
312.05 cyT.

3. TEXHOJIOTUS U UHCTPYMEHTAPU
METOJA

Cnoco06 onpeaeaeHus: KOHTPOJIUPYEMOTO (PJto-
eHca HelTpoHOB ¢ aHeprueii 6obie 0.1 MaB ocHo-
BaH Ha MMapaMeTpU3allMi CIIEKTPaJIbHON (DYHKIIUM C
BBIOOPOM B Ka4eCTBE IIPEAUKTOPOB IIOPOrOBbIX 3HA-
yeHU (IIOCHCOB HEUTPOHOB C SHEPTUSIMU OOJIbIIIEC
1 u 3 MaB u pa3nensieTcs Ha IBe YaCTHU:

— BKCIIepUMEHTaJIbHAasI 9YacTh PabOTHl BKJIIOYAET B
ce0s1 aKTUBalIMIO JETEKTOPOB, U3MEpeHue abco-
JIIOTHBIX aKTUBHOCTE IMPOIYKTOB SIIEPHBIX pPeaK-
L1 ¥ IOJIy4eHUE aKTUBAIIMOHHBIX MHTETPaJIOB;

— pacyeTHas 4YacTbh IIPEICTaBIISIET COOO IMpUMeHe-
HUEe MaTeMaTU4YeCKUX 1 BHIYMCIUTEIbHBIX METO-
JIOB TTOJTyYeHUs] MHGOPMALMU O CIIEKTPaTbHBIX
K02 ULIMEeHTaX U3 aKTUBALMOHHBIX MHTETPAJIOB.
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Meton aktuBauuu JJHA oOiagaet mo cpaBHe-

HUIO C APYTMMHU MeTomaMHU IPEUMYIIECTBOM II0
YYBCTBUTEIBHOCTH K MapaMeTpaM HEHWTPOHHOIO
MOJISI B IIMPOKOM MHTEpBaJie 3HEPIUid (OT TEILJIOBBIX

Mnavuposasme
IKCNEPHUMEHTA

%

HaroToanexue
AHTHBALMGHHBIX
AETERTOPOR

Bagewmnaxue
AHTHEALMOHHBIX
AETEHTOPOR

TexHONOrMHECHHMIA YHACTON

¥naKkoBKa 8

MapHHpoBKa Kancy s

Nacnoprr3auua

PopmHposakie Habopos

Peanrop Peaxrop PeawTop PeakTop Peaxrop
Ch-3 MEAP. ML BOP-60 PBET-10 PBET-6
PeaktopHoe oBny4esHme

'lpchrlup'rHan TEXHONOMA

MoproroBka
NHA nog,
HIMEpEHHA

PazBopka
0BIYIATENBHOTO
WCTROMCTRA

PazBopka
Kancyn c JHA

CPescmsa MImMepeHni HABSALRHHOR AKTHEHOCTI

Ob6pabaTtka peynsraTos HamepeHria

#NNOTHOCTE NOTOKA HEHTPOHOR,
* SHETETHHECKUIA CIEKTP,
# hIKERE HEHTPOHOB

AHanna
IKCNEPHUMEHTANBHBIX
AAHHBIX

Puc. 1. CTtpykTypa TEXHOJOTMYECKOro Ipoliecca Heli-
TPOHHO-I03UMETPUYECKOTO COITPOBOXKIECHUS PEAKTOP-
HOTO 3KCIIEpUMEHTA.
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HENWTPOHOB 10 HEUTPOHOB ¢ sHeprueit 20 MaB), yto
JlaeT BO3MOXHOCTD I0JIydyaTh AeTajJbHbIE CBEACHUS
O CIIeKTPaJIbHON (PYHKIIUU U CIIEKTPaJTbHBIX KO3(-
duLmeHTax HEUTPOHHOrO mojsd [6] (Imoka3aHo B
pasn. 3.2).

3.1.1. IloaroToBKa K 3KCIePpUMEHTY. DKCIIepU-
MEHT I10 OMNpeneJeHUIO TJIOTHOCTU MOTOKAa Heli-
TPOHOB HAUMHAETCS C €T0 IJIAHUPOBAHUS COITIAaCHO
CTPYKTYpE TEXHOJIOTUUECKOro Mpoliecca KakK IoKa-
3aHO Ha puc. 1, B TOM uuclie pu pa3paboTKe aKTU-
BallMOHHBIX OETEKTOPOB ITOAOMpAeTCs COCTaB W
pa3Mepbl 00pas3ioB, KOTOPbIE MOJKHBI OTBEeYaTh
CJIEMYIOIIM TPEOOBAHUSIM.

1. Tlepuon nonypacnana MpoayKTOB aKTUBALIMU JOJI-

JKeH OBITh COITOCTaBUM CO BpeMeHEM OOIydeHUS.
2. Tlocme obGaydYeHUST aKTMBHOCTH MOHUTOPOB

IOJKHA OBITh JOCTATOYHOM IJISI PEeTUCTpalliK

CIIEKTPOMETPUIECKUM TPaKTOM, HO HE IIPEBbI-

1IaTh TOMYCTHMbIE HOPMbI PaJUallMOHHOI 0e3-

OITACHOCTU Ha pabouyeM MECTE.

IIpu ycraHOBKe Ha OOHY MJIM HECKOJIBKO KaM-
MaHUI B UCCIEAOBATEABCKUI PEAKTOP WM HA OIHY
KaMIIaHWUIO B 3HEPTreTUYSCKUM peakTop Hauboiee
3 OEKTUBHBIMU SIBJISTFOTCSI MOHUTOPBI (DJII0eHCa U3
xene3a-54 u Huoobusd-93 (tadu. 1, 2). Ilpu ucnoib-
3oBaHuu JJHA TonmmHoi okono 0.1 MM u nuame-
TPOM OKOJIO 1 MM HaBeAeHHasi aKTUBHOCTb OydeT
OTBEUYATh ONMMCAHHBIM TPEOOBAHUSIM.

BEJIO3EPOBA u 1p.

Ha stane noarotosku JIHA mnpoBoasiT ux B3Be-
IIMBaHWE U TePMETUYHYIO MHKATCYISIMIO B KBapII,
obOecIieuynBaIOIN TEPMUUECKYIO YCTONUYMBOCTD.
Tunuunas mMacca MoHuTopa: 0.3—0.9 mr, mosToMy
peKOMEeHAYeTCs IIPUMEHSTh BECHI KJlacca TOUHOCTHU
He xyxe 4yeMm Sartorius S4 Supermicro ¢ npeaenaoMm
JIOITYCTUMOM MOTPEITHOCTU 18 MKT.

3.1.2. IloaroroBKa K M3MepeHHSIM AKTHBHOCTH
JTHA. Ons onpenenenust aktuBHoctu JHA mpu-
MEHSIIOTCSI CHEKTPOMETPUUECKHME TPAKThl — KOM-
IUICKCHI, COCTOSIIIME U3 OJIoKa NeTCKTUPOBAHUS,
aHajaM3aTopa M MEepPCOHAIbHOTO KOMIbIOTEPA JJIsI
BU3yaJM3alluu U 0OpabOTKM AaHHBIX. Hermocpen-
CTBEHHO M3MEPAEMOMN BEJTUYMHOM ABIIETCA KOJIM-
YECTBO UMITYJIbCOB (POTOHHOIO U3IYYEHMUSI 32 BpeMs
sKcno3unuu. s rmepecyera KOJUIeCTBA UMITYIIb-
COB B aKTUBHOCTb paliOM30TOIIa HEOOXOMMMO IIPO-
BECTU KaJMOPOBKY IO dHEePTUU U 3(PGHEKTUBHOCTHU
perucTpalny U3IydeHUsI.

[ns mpoBeneHUs KaJluOPOBKU TPUMEHSIOTCS
Habopbl 00pa3LOBbIX CIEKTPOMETPUIECKUX UCTOY-
HUKOB C XOPOIIO UASHTUDUIIUPYEMBIMU ITMKAMU
nosHoro nornoiieHus (ITITIT) B ciekTpe. B pesyinb-
TaTe KaJIMOPOBKM yCTAHABIMBAECTCS 3aBUCUMOCTh
HoOMepa KaHalla OT SHEPTUM U MHTeTrpaibHas HEJIM -
HeiHocTh. g cnekrpomerpa “Dko-I1TAK-02-3”
3aBHCHMMOCTh HOMEpa KaHajla OT 3HEPIuM JIMHEM-
Has, 3HAYEHUE WMHTETPAJIbHOU HEJIMHEUHOCTU

Taomuna 1. AnepHo-dusnueckue XxapaKTepuCcTUKN MaTepPUAJIOB IETEKTOPOB

DddexTuBHOE ceve-
Marepuan N IToporosast s3Heprust MaccoBoe
Tum snepHOit peaku HHUE peaKnu .

JIETEKTOPOB R, HeliTpoHOB, M3B conepxanue, %
Keneso *Fe(n, p)**Mn 348 3 5.8(>*Fe)
Huo0wuit 9Nb(n, n')*™Nb 209 1 100(**Nb)

Taomuna 2. XapakTepruCTUKU MPOMYKTOB peakinii akTuBaiuu [7]
POV T evr ITocrossHHas pacriaga| AOCONIOTHAsI MUHTEHCUB- DHeprus
HOHYIIHIA 172> &Y A 1/c HOCTb U3JTy4eHUs 1, % U3Iy4YeHus1, K3B
93mMNb (5.73£0.22)- 10° 1.36-107° I, =9.33 I, = 16.6
*Mn 312.3+£0.26 2.57-107% 1,=99.98 E,=834.8
YFe 44.510.01 1.80- 1077 I,=56.5 E,=1099.2
182T3 114.74 £ 0.12 6.99-107% I,=3524 E,=1121.3

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

Ne | 2025



MOHUTOPUPOBAHUE ®JIOEHCA BbICTPbIX HEUTPOHOB

cocrassieT 1.24 - 1072 % npu MakcUMalbHO JOMY-
ctumom 0.04 %.

Kanu6poska sddekTuBHOCTH! MpoBOAMUTCA
NI OTIpeneeHUsI aOCOMIOTHOTO 3HAYEHUsI aKTHUB-
HoCcTU Hykauaa — moHutopa JIHA. B mpouecce
KaJIMOPOBKM MU3MEpSIeTCsI KOJIMYSCTBO MMITYJILCOB
B I1IIIT kaxxaoro panuoun3oToria U3 Habopa obpa3s-
LIOBBIX CMIEKTPOMETPUYECKUX UICTOUHUKOB. DPpdek-
TUBHOCTb PETUCTPALIMU OIIpeAeisieTcs Mo hopMyJie

g = L’ (1)
TA, exp(—Af)n
rae ¢; [umn./potoH] — a2ddeKTUBHOCTL peru-
CTpalliy TaMMa-KBaHTOB JCTEKTOPOM IS HaH-
HOTO 3HavyeHUst oHepruu, N, [MMI.] — cpenHee
YUCJIO UMITYJIbCOB, 3apeructpupoBaHHbix B TTITT1
COOTBETCTBYIOIEl dHEPruu, IO pe3yJbTaTaM #
N3MepeHuiA, T [c] — BpeMs Habopa criekTpa (“XXuBoe
BpeMs~ aHanm3aropa), A, [bk] — macnoprHoe 3Ha-
YeHMe BHEIITHETO U3JTyYeHUS JaHHOM 9HEPTUH B YTOJI
47, A [1/c] — nmocTossHHas pacrajga HYKJIuWIa-Mo-
HUTOpa — MPOAYKTa peakluM, COIJIaCHO ITaHHBIM
Tabn. 2; ¢ [cyT] — Bpems, Tpoleniinee ¢ MOMEHTa
aTTecTallud UCTOUHMKA, T [OTH. e1.] — KBaHTOBbIH
BBIXOJI [IJISI COOTBETCTBYIOIIETO TaMMa-KBaHTa.
DopMmynly aHATUTUICCKOM 3aBUCHMMOCTHU [JIST
anmnpokcuMauuu 3G@EeKTUBHOCTU pPETrUCTpalnuu
kBaHTOB &(F) B I1I1I1 mpuHuMaroT B BUae

1
g(E)=e"""),

rne €(F) [ummn./potoH] — 3¢ HEeKTUBHOCTL peru-
CTpallMy raMMa-KBaHTOB JETEKTOPOM JJIsI JAHHOTO
3HAYEHMSI DHEPTUH,

5
Pn(lnE)=Zpi(ln E)
i=0
— OPTOTOHAJIbHBIN MOJVMHOM CTENeHU n =5, p; — i-ii
Koa(pdunmreHt anmpokcuMauuu npu i=0..5,
F [kaB] — sHeprus y-KBaHTA.

YunteiBas, yto odmydeHHsle JIHA mMoryt nmerhb
pa3INYHYI0 aKTUBHOCTH, KaaInOpPOBKa 110 3P dek-
TUBHOCTHU IIPOBOIMTCS B PA3IMYHBIX T€OMETPUIX
usMmepeHuin L — R, obecrneuynBalolIMX paccTos-
HUE OT UCTOYHMKA IO BEpPXHEM CTEHKW KpHocTaTa
no HomuHany R [cMm] € [5; 40]. B cBs13u ¢ HeOOJIb-
MMM pa3MepaMu MCTOYHMKA, YKa3aHHBIMHU B
pasnmene 3.1.1, mipu n3mepenun B reomerpun L — 10
(98.5 MM OT KpmocTaTa JIeTeKTOopa) IToIpaBKa Ha
T€OMETPUIO MCTOYHMKA HEe BBOAUTCSI — MCTOYHUK
CUYNTAETCS TOYCYHBIM.

! D heKTUBHOCTD — 3TO OTHOLIEHNE KOJTMYECTBA 3aperuCTPUPOBAH-
HBIX UMITYJbCOB K KOJIMYECTBY MCHYILEHHbIX. Takasi 3aBUCUMOCTb He
SIBJISIETCS JIMHEHOMA.
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BaxxHBIM 3TaroM, MNpeAlIecTBYIOIINM H3Me-
peHuto HaBeaeHHo# akTuBHOoCcTU JIHA, saBasercs
pacxojiaxkyuBaHue 00JIydyaTeJbHOIO YCTPOIiCTBa.
DTOT mpollecc MO3BOJSICT CHU3UTH AKTUBHOCTD
KOPOTKOXUBYIINX PagOU30TOIIOB C IIOBEPXHOCTH
Karlcys1 IUISI YMEHBIIEHUST J030BOil Harpy3kKu Ha
MepCcoHal, a Takxke M30aBUTHCS OT HeXeJaTeTbHbIX
JIMHUI B Y-CIIEKTpe OT OOJy4eHHOro MOHMTOpA.
Oco0eHHO BaxeH 3TOT IPOIIECC IUIsI MOHUTOPOB U3
HUOGUS: TIOMUMO LieJIeBOTO pagrounsororna "Nb
o0pasyeTcs psia IPYyTUX Paguon30TOIOB, KOTOPbhIE
MMEIOT B CIIEKTPE IMUKU C OJIM3KUMU WIN UISHTUY -
HBIMU 2HEPIUAMU McIycKaeMbIX poToHoB ("Nb u
92mNb). Kpome Toro, uzoron *Nb co3aaer 3Ha4M-
TeJbHYIO TO30BYIO HAarpy3Ky Ha mepcoHal U 000-
pyIoBaHME, a TaAKXKe YBEIUMIMBACT MEPTBOE BpeMs
(BpeMst 00pabOTKM MOCTYMHAIOIIETO CUTHAJIA) CIIeK-
TPOMETPUYECKOTO TpaKTa. XapaKTepUCTUKH IIPO-
JIYKTOB aKTUBALIMK CTAOMILHOTO HUOOUS TIpeICcTaB-
JieHbl B Ta0J. 3 [8].

Takum obpa3zoM, 10 Hayajla UBMEPEHU aKTUB-
HOCTHM HeoOxonnMa BeIIepxkKa B 10 eproaoB Moty -
pacnana Haubojee 3HAUUMBIX U30TONOB ™Nb 1
92MNb, 4TO COCTABIISIET OKOJIO TPEX MECSLIEB.

OTHOCHUTENIbHAsl HEOMPENeJeHHOCTh 3HAaYCHU I
aKTUBHOCTH, COIJIACHO aTTECTOBAaHHOI METOIMKE,
coctaBisieT 6%. OTHoOcUTENbHAsI HEOIMPEHCICH-
HOCTb 3HaUYeHU (pIroeHca HENTPOHOB COCTABIISICT
9.3% [9].

3.1.3. U3mepenne akrusHocTH JIHA. ITocie o0iry-
YeHUs] W BBIICPXKKM Ha M3MEPUTECIBHOM y4acTKe
MPOU3BOMISIT BCKPBITUE KATICYJI, €CJIU TOJbKO PEXUM
00JIy4eHUsI He OTHOCHUTCS K BBICOKOTeMIIEpaTyp-
HoMmy. [Ipu BBICOKOTEMIEpPaTypPHBIX YCIOBMSIX
U3MepeHUs aKTUBHOCTH ~*Mn MpoBOASTCS B Karcy-
sax [10, 11] oag yyera paauallMOHHOIO pa3orpeBa u
BO3roHKH. MnenTndukaims n3Bjicdye HHBIX MOHUTO-
PpoB (JIoeHCca Toc/e BCKPBITUSI Karcys IPOBOAUTCS
no ramma-kBanTam (**Mn, “Cou . 1.).

Mg Nb-JIHA Takxe CylIecTBYIOT OCOOEHHO-
CTH M3MEPEeHUSI aKTUBHOCTH, KOTOpbIC CBSI3aHBI
C HENTPOHHO-(PU3NYSCKUMU XapaKTepUCTUKAMU
pPEAKTOPHOTO OOJIydeHUSI, OT KOTOPBIX 3aBUCHUT
HapaOOTKa MPUMECHOT0O TaHTaja Ha MOHUTOpPE U3
HuoOus. TaHTall — MeTaJl1, CJIeAbl KOTOPOI'O HEOTE-
JINMO IIPUCYTCTBYIOT B HUOOMH, B CBSI3M C YeM BBO-
IUTCS TIONpaBKa Ha aKTUBHOCTh TaHTaja. CTaOuIb-
Hblit u3oton ®'Ta, B3auMONECTBYS ¢ TEMIOBBIMU
HeiiTpoHaMM, o6GpasyeT paaMoakTuBHbI '*°Ta,
KOTOPBIIi CIIOCOOEH BbI3BIBATh (hJIyOPECLEHIIUIO
crabuibHoro **Nb. I[Tpy 3TOM HCIycKaloTCsl KBAHTHI
3JIEKTPOMArHUTHOTO M3JIydeHUsI ¢ SHeprusiMu 16.6
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Ta6muma 3. XapaKTepuCTUKHU MPOLYKTOB aKTUBALMU *~Nb

BEJIO3EPOBA u 1p.

AOcCoI0THast UHTEH- DHeprus Hell-
Panvony- DHeprus usiyye- )
- T, cyT wust E. k5B CUBHOCTb U3JIYYEHUS Peakuus TpoHOB, M3B;
v 1, % ceuenne, OH
= — +
93mNb (5.89 £ 0.05) - 10° ;é; _ }ggg_ig;i 91;3 ; 8?5 %Nb(n, n')*™Nb | BsicTphie, E > 1.0
702.65 = 0.06 99.82 £ 0.002 TeruioBbie
94 + . 106 93 94 )
Noo AT 0.38) 107091 09 + 0.02 99.89 + 0.001 Nb(n, v)"Nb 8=115
912.60 = 0.20 1.78 £ 0.10
+ +
92mNb 10.15 + 0.02 X9i41"‘546g—011507 4 23% : (5)(5)3 %Nb(n, 2n)”>"Nb | Brictpsle, £ > 1.0
X = 17.62—17.96 9.68 £ 0.98
Nb 34.99 £ 0.01 765.8 % 0.01 99.81 + 0.01 %Nb(n, v)*’Nb Tegf‘?‘;‘e’
235.69 = 0.02 24.83 £0.77 TeruioBhic
9mNb 3.61 £0.03 X, = 16.48—16.58 35.38 = 3.62 94Nb(n, v)”™Nb 6=06 ’
Xy = 18.57—-18.94 6.49 £ 0.66 )

u 18.6 k3B, T. €. Te 3ke KBaHThI, YTO UCITyCKAET MHTE-
pecytouuii Hac **™Nb. 11 UCKITIOUEHUST BIUSTHUS
3TOl (hIyopecleHIIUM BBOAUTCS ITOIIPaBOYHBIN
KO3(GUIIMEHT ¢ Y4eTOM M3MEPEHHON abCOIOTHOM
aktuBHOCTH '®*Ta, yBenuueHHoit Ha Ky,, B COOTBET-
CTBUM C TaHHBIMU Ta0JI. 4.

Tadmuua 4. [TonpaBoyHblil ko3 buumeHT K,
115 dayopectieHunu *Nb

PeakTop K,
CM-3 2.36 £ 0.20
PBT-6 2.33£0.18
BOP-60 ITpeHebpexxMoO Maio

MN3MepeHre aKTUBHOCTU OOJIYUEHHBIX MOHMU-
TOpPOB peructpupyercss no umnyiabcam B ITITIT ¢
pacindpoBKO anmapaTypHOro crnekTpa u odec-
neyrBaeTcs] HAOOPOM TEXHMYECKUX XapaKTepu-
CTHUK, KOTOpbIE HE XYK€ ITapaMeTpOB raMMa-CIIeK-
TPOMETPUUYECKUX ycTaHOBOK “Dko-ITAK-02-3”
C KOAaKCHaJbHBIM geTeKTopoMm u3 OUYI? momenn
GCD-25185° 1 ¢ MHOTOKAaHAJIbHBIM aHATU3aTOPOM
BOSON dupwmnr Baltic Scientific Instruments Ltd
11 raMMa-uctoyHrkoB 1 ORTEC GMX10P4-70% ¢

2 OYT — kpucTam1 0co60 YUCTOrO repMaHus, IPU XpaHEHUH KOTOPOTO
HE HYXCH XHUJIKWIi a30T.

3 TBepHnOTENbHBIII IETEKTOP KOAKCHANBHOI KOH(UTYpaluu, odecre-
YMBAIOIIAs PaJMaIbBHOE C OCEBOI COCTABIISIIONICH JIEKTPIUUECKOE TOJIe
IUTst cOopa 3apsia, BIMSIONIETo Ha ObICTPONCIICTBIE, U C OOJIBIINM YyB-
CTBUTEJIBHBIM 00bEMOM, 00ECTIEYMBAIOIIMM BBICOKYIO 3(h(heKTUBHOCTH
perucTpary raMMa-KBaHTOB BBICOKMX dHEPTHIA.

* TNnaHapHBIT IETEKTOP, COCTOSIINIA U3 KPUCTAILIA C KPYIIBIM TIOTe-
PEUHBIM CEYEHUEM M TOJILIMHOM YyBCTBUTENbHOTO ciosi 10 Mm. Diek-
TPUYECKOE TI0JIE TIEPTIEHANKYIISIPHO TUIOCKOCTH TTOTIEPEYHOTO CEYEHUSI

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

OepUJUTMEBBIM OKOIIKOM U ¢ aHaiu3aTopoM ORTEC
DSPEC 50 111 ICTOYHMKOB PEHTI€HOBCKOTO U3JTy-
YEHMUSI.

B ramMmMma-cneKTpoMEeTpUM MHOTOKaHaJIbHbINI
aHaIM3aToOp OT JETEeKTOpa 00pa3yeT BBbIXOIHbIE
WMMOYAbChl, AMIJIUTYAbl KOTOPBIX MPOMOPLMO-
HaJIbHBI DHEPTUU, TTIOTEPSTHHOI (DOTOHAMMU B JIeTEK-
tupytoleit cpene. MamepurenbHas cucteMa BKITIO-
YaeT METOIl aHAJIM3a BCEX BXOAHBIX UMITYJIbLCOB I10
aMILUIMTYJIaM U TIPEACTABICHUS UX CIIEKTpa.

KoHeuHbIM pe3y1bTaTOM MHOTOKAHAILHOTO aHa-
JI3a SIBJSIETCS TMCTOorpamMma (CIeKTp) 3aperucTpu-
POBaHHBIX BLIXOAHBIX UMIYJIbCOB, OTCOPTUPOBAH-
HbIX M0 amIiuTyae. CHekTp aMIUIMTYA UMITYJIbCOB
MpeacTaBisieT cO00i HEIOCPEACTBEHHOE OTpaxe-
HHE SHEPTETUYECKOTO CIIEKTpPa B3aMMOACHCTBUMA
ramMMma-KBaHTOB B J€TeKTUPYIOILLIEl Cpele U COCTaB-
JISIET CIIEKTPOMETPUYECKYI0 MH(POPMALIMIO, UCTIOb-
3yeMylo Tpu onpeaeaeHuu akTusHoctu JJTHA.

Korma ramMma-kBaHT momnanaeT B JEeTEKTUPY-
IOIIYIO Cpeay, OH IepeaacT 4yacTb WJIM BCIO CBOIO
SHEPIrUI0 aTOMHOMY 3JEKTPOHY, BbICBOOOXKIas
3JIEKTPOH M3 €ro aTOMHOM 000104KU. OOBIYHO 3TOT
OCBOOOXIEHHBIN 2JIEKTPOH 3aTeM IMepeaacT CBOIO
KMHETUYECKYIO SHEPTUI0 B CEPUU CTOJKHOBEHUIA
B JIETEKTUPYIOLICH Cpelie APYrMM aTOMHBIM 3JI€K-
TpoHaM. KoJnyecTBO 3HEpTruu, HEOOXOAUMOM IS
00pa3oBaHMs Mapbl JIEKTPOH—UOH B I€TEKTUPYIO-
el cpene, onpeaeisieT IMOJTHBIN 3apsia, KOTOPBIA
o0OpasyeT BBIXOJHOU UMITYJIbC.

kpuctania. TonuHa KpycTauia BbIOpaHa ¢ yYeTOM M3MEpPEeHUi HU3-
KHX 9HEPTHUii B 00J1aCTH PEHTTEHOBCKOTO CIEKTpa.

Ne | 2025
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1 06pabOTKM CIIEKTpa MPUMEHSIOT pa3IndHbIE
nporpaMMbl: Hampumep, aas “Dko-ITAK-02-3”
ncnonbdyetcss ASW-2, a mig cnekrpomerpa Ortec —
Gamma Vision. @yHKIIMOHAJI TTPOTPpaMM BKITIOYAET
B ce0s1 00paboTKy CIIEKTPOB, MPOBEACHUE KaTudbpo-
BOK MO 3((EKTUBHOCTU U IHEPTHUU, COCTABJICHUE
CKPUIITOB Ha CepuM M3MepeHuii. B cooTBeTcTBUU
¢ JaHHBIMM puc. 2 nmporpamma Gamma Vision mpe-
JMOCTaBJISIET JaHHBIE O ILIOLIAASIX ITMKOB, (DOHOBOTO
3HAYEHUSI TUX IIMKOB, a TaAKXe SHEPIreTUIECKOIO
paspeleHus: ajs sHepruii 16.6 k3B u 18.6 k3B oHO
cocrapisieT 0.67 k3B 1 0.69 k3B cooTBeTCTBEHHO.

Ha puc. 3 u 4 npuBeneHsl MpuMepbl 00padOTKHU
[IIIIT ¢ sHeprusmu 835 koB (3HEepreTuyeckoe pas-
peienue cocrapiseT 1.44 ka3B) u 1099 kaB cooTBeT-
cTBeHHO n30ToroB **Mn u *Fe cpencTBamu mpo-
rpaMmMbl ASW-2.

AOCOIOTHAs aKTUBHOCTb HYKJIMIa-MOHUTOpA,
KOTOPHIN SIBJISIETCS TIPOAYKTOM SIIEPHOI peakLun
Ha HEUTPOHHO-UYYBCTBUTEeIbHOM Hykauae HAHA,
paccumuThIBaeTCs Mo (popmye

AL,
Sy }\4 e’

Jla-MOHUTOpPA — MPOAYKTA peaKLIM1 B COOTBETCTBUN
¢ taba. 2 (cronbeu 3); ¢, [c] — Bpemsa or KoHLa
0o0JyuyeHus 10 Havana uamepenus; E[3B]| — sHeprus
Y-KBaHTOB B COOTBETCTBUHM C Tabi. 2 (cTonbelr 5);
e(F) |oTcueT/KBaHT| — 3HepreTuyeckasli 3aBUCH-
MOCTh 3D (PEeKTUBHOCTU PETUCTPALIMM Y-KBAHTOB;
1 [OTH. en.] — KBaHTOBBI BbIXOA C dHeprueit E
B COOTBETCTBMU C Tabj. 2 (ctonbelr 4); T [c] — mnu-
TEIBHOCTD DKCTIO3ULUK; S, [MMIL./PoToH] — TuI0-
manp (poTomMKa ¢ IoIpaBKaMU Ha pacIiaj 3a BpeMs
M3MEPEHUS ¥ TeoMeTprIecKre (pakKTophl

Sy = S(’pnkcr[kcyMMkreOMk7 (3)
roe Sqm [umIL./poToH| — M3MepeHHasT IUIOIIAlb
¢oTonuka 3a BbIYETOM (hOHA.

s BBeneHUs1 monpaBok B (3) koadpduumeHT

CaMOTIOIJIOIIEHMSI BEIYUCISIIOT IO (hopMyJie

L u,x In(cos a)
en T 7uyx1n(cos o) >
cos oy -1
1-e 0 (cosa, 1)
rne kg, KO3 ULIMEHT caMOMOIJIOUIEHUS,

[r/cM?] — MaccoBast TONIIMHA IeTeKTopa, [cM2/T] —

- 2) )
e(E)n (1 —e ) MAacCOBbI KO3 (HULIMEHT 0CIabIeHUS Y-U3TyUeHUS
BEILIECTBOM JETEKTOPA,
rme A [bk] — akTUBHOCTL MHAMKATOpa B KOHIIE H
. _ obd —
obmyueHust; A [1/c] — mocTostHHAsI paciiama HyKJIA- €OS 0y ==, H,p,=hyt h,
D 2
—+H,,
16,6 KeV (Nb-93m) 4
18,6 KeV (Nb-93m)
260 22‘0 2“0 ZéD 280 360 350 34‘0 3é0 3“'30
Channels
[Z] Analysis Results Table
Energy FWHM (keV) Area Background
5,86 0,58 5327 10140
7,14 0, 31816 8209
9,05 0,67 5151 4413
18,58 0,69 71237 7987
22,16 0,8 289 1135
32,19 0,8 386 384

Puc. 2. O6pabotka crektpa >"Nb B nporpamme GvPlot.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne |
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138 BEJIO3EPOBA u np.
,0) Mk — O X g
A MO A«“ﬁ:} g
dooo]” L il g i Al SR e I S S, R - - e PR et = e
DLy ===y e i s (i i ol (R, ineenesl e e P manriae e Crnucok nukoe n
DO L A SRS OO SN U S O ———_ —
: 5 ] : : : ! : . g : . ] . 5 ' Kanan 4443.8 ]
By peciposeagiaseshoeocdpoocerpecasioaaocgfotpoced jooaoo e eooocromoac gm=mmcfpemmegosocyonoas - Sneprun 835.2 |
il e o 8 8 b N L . I o4 [ ____ WMutenc, umn/c 28.065
IR T . Paspewenne, % 0.16
1500 . W S P Lo LS i MLUNB, k=B 1.34
R o — - MWNB, kanan | 7.1
T L 1 e e e e L Tegaas Geaeness Teacss Nesbiit kpaii, kanan 6.03
: : : H I : AMnauTyga, uMn 4430.2
e L e B e i e st st siesc S wan 33468
: : ! g 0 : : : SHeprus
0 y 1 1 y u t u t 1 u t 1 T 1 t t 1 B kanubposKy |
4428 4430 4432 4434 4436 4433 4440 4442 4444 4445 4443 4450 4452 4454 4456 4458 4460
Kawan R— —
Kanan: 4455 3HBD|'HF|: 837.3 --E__---E__---E_----E_----E_-T -------- E ________
,0) Muk
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13004---
12004-
11004
1000
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800 -
700} -
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5004 -
400}-
3004
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1004
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KaHan: 5832 Jneprus: 1096.8

t
5860

5870

Puc. 4. Pexkum pa6ots ¢ nukom *°Fe B mporpamme ASW-2.

h, — paccTosiHMe OT IMOBEPXHOCTU CIIEKTPOMETPA
10 3 PeKTUBHOTO IeHTpa peTucTpanum, 1 — pac-
CTOSIHME OT UCTOYHMKA J0 MOBEPXHOCTU KpHCTajia
criektpomeTpa, D — nuameTp KpucTajia IeTeKTopa,
cM. O6bryHO px < 0.1.

Ecnu y-KBaHTBI UCITyCKAIOTCS B KacKaie, UMe-
€TCSI BEpOSITHOCTh 3aperucTPUPOBATh UX B CYyMMeE
aMIUIMTY/, CO3IaBacMbIX KaXIbIM KBAaHTOM. DTO
OpUBOIUT K yTeuke umityiabcoB u3 ITITI1. ITpu peru-
CTpallMM Y-KBaHTa C 3Heprueit £, UCIycKaeMoro B
Kackaje C Y-KBaHTOM 3Hepruu FE,, mompaBka Ha
CYMMMPOBAHUE UMEET BUJI

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

-1
7 8(£))

kg =|1=p (E)W —2 | |
CyMM py( 2) ER(Ez)

rne p,(E,) — noist Y-KBaHTOB ¢ oHeprueil E, Ha
pacnan, W — daxTop HaKOIUICHUS Y-U3TyIeHUS
BEIIECTBOM [IETEKTOpa, YUYUTHIBAIOIINI yITIOBYIO
Koppesiuio y-KBaHTOB (W = 1 ans xapakTepu-
CTUYECKOIo u3jydyeHus:, W = 2 njas aHHUTUJISILIM-
OHHOro usnydyeHusd), R(E,) — OTHOLIEHUE YuUCIa
nmiysibcoB B ITTIIT ko BceM 3aperucTprpoBaHHBIM
UMITyJIbcaM criekTpa. s cpaBHUTEIbHO OOJIBIINX
paccrosgHuit k_, = 1.

CyMM

Ne | 2025



MOHUTOPUPOBAHUE ®JIOEHCA BbICTPbIX HEUTPOHOB

Jns mpuBeaeHUsT BceX U3MEPEHHbBIX aKTUBALIM-
OHHBIX UHAMKATOPOB OAHOW COOPKMU K YCJIOBUSM
00JIy4yeHHUsI B €AMHOM TOYKE MPOCTPAHCTBA, B KOTO-
poit pazMerancsd OCHOBHOM MHIMKATOP, BBOIUTCS
reomMeTpuyeckasl monpaska Ui i-rTo UHAUKATOpa

keow =S50 /S,

reom;

rae S; — ckopocTb cuera umnyabcos B [ITTIT sHep-
TUU U3MepsieMbIX (D)OTOHOB BOJIM3U i-T0 UHANKATOPa
¥ OCHOBHOTO MHAMKATOpa, IIPUBEISHHBIE HA OJHO
sapo. B kxauecTBe OCHOBHOrO MHAMKATOpPa Clie-
IyeT BBIOMPATh OOWH M3 ITOPOTOBBIX MHINKATOPOB
(HanpuMmep, **Mn).

[TorpaBka aBTOMAaTUYECKU YUYUTHIBACTCSI, €CIIN
perucTtpupymoliias amnmaparypa HUMeeT pPexXUuM
“>xuBoe” BpeMs, k — moIpaBKa Ha “MepTBoe” BpeMs

CIIEKTPOMETpA:
1

T —
1-5,.0/1

rae 0 [MKc] — “MepTBOe” BpeMs CIEeKTpOMEeTpa,
T [MKC]| — IJIMTEAbHOCTh U3MEPEHUSI.

CKOpOCTh MOHUTOPHOM peakiiuu B pacyeTe Ha
OMHO SIIPO HYKJIMIAa-MUIIEHU BBIUMCISETCS IO
pe3yabratam n > 1 u3MepeHnit aKTUBHOCTH HYKJIH-
na-moHutopa JIHA:

sy,
i )
A7)

rne A; [bk]— akTMBHOCTH MHAMKATOpA HA KOHEI
00JIydeHUs 415 i-TO u3MepeHus, N — KOJIU4eCTBO
siIep HYKJIuIa-MUIIEHW B MOHUTOpE (B COOTBET-
CTBUHU CO CBUIIETEJHCTBOM Ha MaTepua sl Habo-
poB IIHA), A [1/c] — mocTosiHHAs pacliana HyKJIn-
Jla-MOHUTOpPA — MPOAYKTa peaKLM1 B COOTBETCTBUU
¢ Taba. 2 (crosbern 3), C, p — MoMpaBKa Ha UCTOPUIO
MOIIITHOCTM peakTopa U JIOKAJbHOM MOUIHOCTH,
KOTOpasl YYUThIBaeT 00Opa3oBaHUe U pacnai Ipo-
IyKTa peaklny aKTUBAIlUU P U3MEHEHUH TLIOT-
HOCTH ITIOTOKAa HEUTPOHOB 3a BpeMs OOJIyYeHUS B
MecTe OOJTydeHUsI JeTeKTopa:

j P(t)dt

C

PO

C

AP T 3 5

j P(t)e " dt
0

P(f) [MBT] — uctopust MOIIIHOCTUA peakTopa B
XPOHOJIOTMYECKOM TOpsKe OT KaJeHAApHOM AaThl
M BpEMEHHU CYTOK (XpOHOJIOTMYECcKasl 3aBUCUMOCTh
MOIITHOCTU peakTopa OT BpeMEHM ).

HMHTerpanbHasl MIOTHOCTh ITOTOKA HEHTPOHOB
OIIpeAeIIsITCS 1Mo (hopMyJie

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1
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- bl
Prp Con
rne E,;,, — 9hdekTuBHBIN MOpOr peaknu aKTH-
Balnu, R — CKOPOCTb PEaKIUU aKTUBALUY, O,4p—
3¢ (PeKTUBHOE ceyeHUe B3aUMOJECUCTBUS Heii-
TPOHOB C SIApaMU MUIIEHEH 1eJeBbIX HYKJIUIOB B
COOTBETCTBUU C JaHHBLIMU TabJI. 1.

3.2. Pacuemnas uacmo

9KCH€pI/IM€HTaJIBHO€ SHA4YCHHNEC CKOPOCTH pCaK-
UM aKTUBaIlUN:

rie ¢; [oTH. en.] — CKOpoCTh NMOPOroBoii peakuuu
aktuBanuu JIHA B pacueTe Ha OgHO SIAPO HYKIM-
Jla-MUIIEHU B COOTBETCTBUHU C (4), T,4q, [€] — 2D DeK-
TUBHOE BpeMsl 00JIydeHM s, onpeaeiiseMoe GopMyioit

j.P(t)dt
_0

abd P :

HOM

T

rae P(f) — ucrtopuss U3MEeHEHUST MOIIHOCTU peak-
TOpa 3a BpeMs objydeHus, P, ,, — AeKIapUpOBaH-
HBIIf HOMUHAJIBHBIN YpOBEHb MOIITHOCTH PeakTopa,
MBT; T [c] — KaneHaapHas NPOMOJKUTEIbHOCTb
00Jy4eHuUsI.

PacueTHOe 3HaUeHME CKOPOCTU peaKIIMM aKTu-
Baimu R, [c7']:

R = T o(E)o,(E)dE,

E[

Hop
rme i = 1, 2, ..., n — WHIEKC TOPOTOBOM peaKInu,
0,(E) [OH] — sHepreTnyecKast 3aBUCUMOCTb CEYEHUS
i-i1 moporoBoii peakuuu, (E) [c' - ecm? - 3B7] —
IuddepeHuranbHbI MOTOK HEATPOHOB 3HEpruu E,
oIpeaesieMblil o hopmyie

®(E) =*AE),

- ¢”'] — MacITabHbIt MHOXUTENDb, E [3B] —
SHEPIrusl HEUTPOHOB, Efmp [3B] — aHepreTuyeckuii
MOPOT IS HEUTPOHOB B3aMMOIEUCTBUS C SApaMu
Hykauna-muieHu st JJHA nmo moporoBoii peak-
LIMM aKTUBAIIWMN.

AHanmuTI4yecKasl CieKTpajibHas (QYHKIUS B KOH-
KPETHOU TOYKe peakTopa IMpencTaBieHa HAOOpOM
MaTeMaTHYeCKUX BEIPaKeHW U3 YeThIpeX ITapaMeT-
pos [12, 13]:

@ [em?

(1+a)
P/E E,<E,

fE)= P F E, % "/M.10° E <E,’°

)
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140 BEJIO3EPOBA u ap.

e fE) [MaB~!] — nuddepeHunanbsHas cneKTpaib-
Hast pyHKIUS; P— K03(pULIMEHT MOLTHOCTU, COOT-

OTKJIOHCHMUA 6I)ICTpOFO CIICKTpa OT MAKCBCJJIOB-
CKOI'o CII€KTpa A€JI€HuA, 3a4a€T 3aBUCUMOCTDb OT T

BETCTBYIOIIUI MOPSAKY MacIITAOHOTO MHOXUTEJIsI

B BUJIC

*@ [oTH. ex.], XxapakTepu3yeT 3HaYCHNUE MOIITHOCTHU
00JIy9eHHMST; O [OTH. elI.| — ITOoIpaBOYHbBIN KO3(pPu-
LIMEHT AJIs1 OTKJIOHEHUS OT (hepMU-CIieKTpa, F [OTH.

en.] — Ko3(pPULUUEHT NPONMOPLUNOHATBHOCTU IS
OBICTpPOTO CIeKTpa, Y [OTH. ea.] — KO3 DULIMNEHT

i Ilyck }

BI:I‘II/ICJ'II/ITL Ha4YaJIbHbIC 3HAYCHUA
x0,i=1,2,3,4,5uS(x{)
Ha4YaJIbHOTI'O CUMIIJICKCA

v

»  Bbraucants x,,43 — HEHTp
TSDKCCTH, X U X;

OTtpakeHHe: BBIYUCINUTh
X3 = X+ 00042 — X))
Beraucauts S(x,13)

|

y

T
_ L _os
=126

[

1
|

n=

| ) 1/2
z[s(x;k>)<s(x;ﬁ;)}} st

n=1

Brmonasercs Breinosnasiercs HEPaBCHCTBO Brmonasercs m
HEPABCHCTBO  (—HET - S(x,43) < S(x;) nns Beex —— HET—=4  HCPABCHCTBO
S(rp43) < S(x;)? i<>h? S(x,3) < S(xh)?J
. ] —
HET na
W
Pacrskenue: BBIYMCIUTD HET.
XR+4 = Xpi2 V(X543 — Xpi2) na 3aMeHHTb Xj, HA X;,14
Brrancants S(x,,14) Cixarue: BBIYMCIUTD
\lr X5 = X T Py — Xp42)
Boinonnsercs au ‘1’
HEPABEHCTBO  f—HET-3y 3aMEHHTD X) Ha X,43 Berancimts S(x,+5)
SCrgea) < S(x;)? I 1
T
na Boinonusiercs iau
] HET, HEPaBEHCTBO
3aMEHUTD X, HA X, 44 S(x,45) < S(x;)?
I = 3aMEHUTH X) Ha X5 nla
| |
M Pemyxums: 3aMeHUTD

BCe X;=x;+ (x;—x7) /2

Ja

=  OcraHoB ,

Puc. 5. biok-cxema mapaMeTpu3aiy CieKTpaTbHON (DYHKIIMU METOIOM ONTUMU3AIINN.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

No 1

T =1.290 M»sB — nmapametp pacnpeneiaeHuss Makc-
sesuta st 2°U, E [3B] u E,, [M3B] — aHeprus Heii-
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TpOHOB(E=E,, - 107, E;[M3B] — sHeprus neneHust
UCTOYHUKA HEUTPOHOB, 'onpenenﬂeMaﬂ dopmynoit
E;=0.63(0.5 +v).

ITapaMeTphl 11T BOCCTAHOBJIEHUS CIIEKTpaib-
HBIX KO3(M(GUIIMEHTOB OMNpPEneasioTcs CTPOTo U3
AKTUBALIMOHHBIX MHTETPaJIOB COIIACHO OJIOK-CXeMe
puc. 5 [14].

CrnexkTpanbHasg (PYHKIUS B KOHKPETHOM TOYKE
peakTopa mpeacTaBieHa HAOOpPOM MaTeMaTUYeCKUX
BbIpaxeHui (5). JIas pacyeTHOTro omnpeacjaeHUs
napaMeTpoB crnekTpoB {P, a, F, vy} ucnonab3yercs
neneBast GyHKIINS BUIA

3

o R®Y
(X
sy =3[1-8%)
i=1 m[
rae M =3 — KoJIM4ecTBO 103UMETPUIECKUX PEaAKIIiA,
A; — CKOPOCTb PEaKL1H i-T0 AETEKTOPA, UBMEPEHHAsI
METOJIOM HEUTPOHHO-aKTUBAIIMOHHOTO aHaIu3a;
X — BEKTOP MapaMeTPoOB, X = [X,, X,, X3, X,]/, nmuHamu-
YECKU MepecYUThIBAETCS B (pU3NUYECKUe TapaMeTphbl
armnpoKCcUMallMy CreKTpajbHON (YyHKIIWU MO clie-

nIyiomemMy Habopy popMyi:
P:107-%, a:0.6-%,
I+e™ l+e™
p 1 1
F=2-10"-——, v=0.2 - ———,
l+e™ I+e™

n = 4 — 4K1CII0 UCKOMBIX ITapaMeTpoB, R(X) — Teo-
peTUYecKM paccuMTaHHasi CKOPOCTh PeakIUuu i-To
JNeTEKTOpa Ha OCHOBE aHAJIUTUYECKOW aIIpoK-
cumanu (12) B BHEpPreTMYECKOM Juana3oHe
2.15-107'=1.05- 10775B B cooTBeTCTBUY C HDOPMYJIOi

Rl.(x):Z(G,-jf(Ej)(Em ~E)),

L = 30 — Konmn4ecTBO BCeX IHEPTeTUUECKUX TPYII,
0; [0H] — cpenHsist BennYMHA CEYEHUsST aKTHBA-
LIUM i-TO OETeKTOpa B j-il SHEPreTUUISCKOMN TpyIIIIe
COINIaCHO OMOIMOTEKE SIMePHBIX MaHHbBIX, AE; —
WHTEPBAJ j-ii SHEPreTUYECKOM TPYIIIThI, OIpeness-
eTcs 1o (popmyie

AE=E,.,—E,

Hab6op mapamerpoB P, a, F, y onpenensiorcs
aqropuTMHU4ecku [12] B COOTBETCTBUU C OJIOK-CXE-
Moii puc. 5. CrnekrpalbHble KO3(hOUIIMEHTHI OIS
HEUTPOHOB g\, U &5y, ONPENENSoTcst 1o (Hop-
MyJIaMm

Do, Do,
81501 = > 83501 = )
] 3
e @, [cM 2 - ¢”!'] — IIOTHOCTB MOTOKA HEHTPOHOB C

sHeprueit 6osbuie £ =1 M3B,
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o= | J(EME,

@; [eM™? - ¢!] — mIOTHOCTH MOTOKA HEHATPOHOB C

sHeprueii 6osbie £ = 3 M»aB,
¢, = [ F(E)E,
3

@, ; — TUIOTHOCTb NTOTOKA HEUTPOHOB C IHEPTHUE
oonbiie £ = 0.1 MaB, onpenensiemast hopmyioit

0w = | F(EVE.

[Tocne onpeneneHust IByX 3HaUCHUI @ | Pe3yib-
TaT 00001IaeTCS KaK CpeIHEeB3BELICHHOE:!

3 3
08 00 P 085,00 D3

@y, 5
O, + O,

e w;, ®, — BecoBble Ko duuuments! [9, 10], onpe-
JIenseMble TIo (popMynaM

o, = 1/7(9)), 0, = 1/7(¢y),
rae T(g) — MOTPEIIHOCTh ONpeAeaeHUS TJIOTHOCTHU
MOTOKA HEUTPOHOB @, C dHeprueii donbiie 1 MaB
1 3 M3B COOTBETCTBEHHO, @ U ¢; — dKCIIEPUMEH-
TaJIbHbIE 3HAYCHUSI INIOTHOCTU ITOTOKA HEUTPOHOB C
sHeprueii 6onpiie 1 MaB n 3 MaB cooTBeTcTBEHHO,
onpenensitores no popmysam

3 R] 3 _R2

(‘Plz 3’(‘P3_ 5 °
1 2

DroeHC HEUTPOHOB ¢ dHeprueii bonbie 0.1 MaB
ornpenensieTcs o opmyJie
—21 —
Fiy, [eM™ ] = @, Topd:

4. BBIBO/Ibl

OnucaHBl TeXHMKa BJKCIIEpUMEHTAa M TaM-
Ma-cIleKTpoMeTpuuecKkas amnmapatypa, MeTOIbl
aHanM3a U 00pabOTKM SKCIEePUMEHTAIbHBIX JaH-
HBIX IIPU MOHUTOPHMPOBaHUU (hrOoeHCa OBICTPHIX
HeUTpOHOB ¢ sHeprueit 6ombire 0.1 MaB.

ExeronHo HaGopsl JITHA u3 xene3za U HUOOUS
YCIIEITHO TIPUMEHSIIOTCSI B MOHUTOPUHTE (hJIoeHca
OBICTPBIX HEUTPOHOB TSI KJTIOUEBOI OLICHKU paan-
allMOHHOIO MOBPEXIEHUSI MaTepuajIoB B obecreyue-
Hue 0€30I1aCHO SKCIUTyaTalluy SIAEPHBIX PEaKTOPOB
AO T'HLI HUMAP. JlocToBepHOCTh OIpeaeIeHUS
3HAUYCHUI (ioeHca OBICTPHIX HEMTPOHOB C 3HEP-
rueit 6onee 0.1 MaB B KOHTPOJUPYEMBIX TOUKaAX
00JIyJ4aTeIbHOTO YyCTPOMCTBA MTOATBEPXKIAETCS CPaB-
HUTEIbHBIM aHAJIM30M PACYETHBIX U KCIIEPUMEH-
TaJIbHbIX TaHHbIX.
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