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O6u1ast XapakTepUCTHKA PaboThI

AxTyanpHocTh IpobaeMel. HecMorpss Ha Manyio 7010 3ama3IbIBaroluX
HelTpoHoB (3H) B mOMHOM 4ucie HEHTPOHOB JelieHMs, AadHble mo 3H
OKa3aJINCh BaXXHBl KaK JUIS H3YyYeHHs (YHIAMCHTAIbHBIX CBOMNCTB
polecca JEIEeHus, TaK M JUI1 pacyeTOB KMHETHUKH SIEPHBIX peakTopoB. K
HACTOALIEMY BPEMEHHM IIPOBEACHO OOJIBIIOE KOJHUYECTBO HCCIICHOBAHMM
3H, nosBusommxcss B pe3yJbTaTe MACJICHUSI TEIJIOBBIMH HENTPOHAMH,
OBICTPBIMH HEHTpOHAMH, (HOTOACICHUM M T.A., OJHAKO, JOCTHIHYTOH B
U3MEPEHHUAX BBIX0/1a 3alla3]bIBAIOIINX HEUTPOHOB Vg TouHOCTH (3% JuIs
HauGosiee XOPOIIO M3Y4EHHOTo sapa ~°U) HELOCTATOYHO NS SACPHOI
JHEPIE€TUKM H, IIO-IIPEKHEMY, COXpAHIETCS IMOTPEOHOCTh B HOBBIX
U3MEPEHUSAX C NOBBILIEHHOW TOYHOCTBIO. I10SIBJICHHE HOBBIX HEHTPOHHBIX
UCTOYHHUKOB BBICOKOHI MHTEHCUBHOCTH (KaK CTAllHOHAPHBIX, TaK H
UMITYJIBCHBIX ), I03BOJISICT IPOBOJKTS McciaeaoBanus 3H Ha 6oJiee BEICOKOM
ypoBHe. B Hacrosmee Bpems usydyenue 3H mpogoimkaercs Kak ¢ LEIbIO
YTOYHEHHS JAHHBIX JJIs1 OCHOBHBIX PEAKTOPHBIX M30TOIIOB, TAK M B ILIaHE
U3y4yeHHs BbIXOJA0B 3H, NOSBISIONMXCS B pe3yibTare JEICHUS MaJlo
U3YYCHHBIX HYKIMJOB.  bBOJBIINE NOTOKM HEHATPOHOB, BBI3BIBAIOIIMX
JEJIEHHE, NTO3BOJISIOT IIPOBOAUTH U3MEPEHUS C BBICOKOH 3P (HEKTUBHOCTHIO,
4TO OCOOEHHO BAaXHO AJIS HM3YYEHHUs] HECTaOWIBHBIX HM30TOINOB M SJIED,
UMEIOIIUX Majlble ceueHHs aeneHust. OcoOblil HHTEpec B MOCIEAHEE BpeMsl
BBI3BIBAIOT MCCIE0BAHHs eieHns > Np. DTO CB3aHO C TeM, 4TO 237Np
paccMaTpUBacTCs KakK IEPCIEKTUBHBIA HM30TON B MPOEKTaX Oe30IacHBIX
9HEPreTHYECKHX YCTAaHOBOK Ha 0a3e CHIIbHOTOUHBIX YCKOPHUTEIIEH.

OnHUM U3 JyYIINX CPEeH MCCIIEOBATEILCKUX PEAKTOPOB SBJISCTCS
uMItyabcHbIN peaktop MBP-2, cozmanneii B JIHO OUSAU. Psan xananos
HBP-2 o0opynoBaH 3epKalbHBIMH HEHTPOHOBOAAMM, YTO IIO3BOJSET
IPOBOJWTH M3MEPEHHUsI C TEIUIOBBIMU HEHTPOHAMM B YCIOBUSX HH3KOTO
doHa OBICTPBIX HEHTPOHOB. lVCIIONB30BaHHE I[EPHOJUYECKOTO METOIA
00s1ydeHHst oOpasloB B 3THUX YCJIOBHAX HPEAOCTABISIET YHHKAJIbHBIC
BO3MO>KHOCTH JUlsl HCCJIE0BAHUS 3ala3/(bIBAIOLIMX HEHTPOHOB.

Llens paborel. Jlucceprainus MOCBSLICHA HCCIICAOBAHUIO BBIXOA0B 3H,
BO3HMKAIOIIUX B PE3yJbTAaTE JEJICHUS OCHOBHBIX PEAKTOPHBIX H30TOIIOB
235U, 233U, 23()Pu, a TakKxe 237Np, TEIUIOBbIMH HeHTpoHamu. M3mepenus
NPOBEACHBl  METOJAOM  INEPUOJMYECKOro  oOyiydeHHs obpasua Ha
HUMITYJIbCHOM peaKkTope WNBP-2.  Kpome TOro, ucroib3yembiii B
HAcTOAWIEH paboTe METOZ IIO3BOJISIET U3MEpUTh KpuBble pacnaga 3H B



JuanaszoHe 5-730 Mcexk 1ociie OKOHYaHHSI OOJy4YeHHs, YTO [aer
BO3MOXHOCTb Uccie10BaTh 3H ¢ MambIMU eproiaMu NoJypaciiaia.

HoBu3zHa, HayyHas ¥ MpakTHYECKas IIEHHOCTh pabOTEI.

H3mepeHHsl NpPOBEAEHBI METOAOM IE€PUOJHYECKOTr0  O0JIydeHHs
o0pasia, MO3BOJAIOIIMM OJHOBPEMEHHO H3MEPSITh YHCIO MIHOBEHHBIX U
3ana3/bIBalOIIMX HEHUTPOHOB JENECHUS OJHUM U TEM K€ ICTEKTOPOM 0e3
nepeMeleHuss obpasua. lcmosb3yemblii MeToJ| I03BOJISIET I[POBECTH
usMepeHust Bbixosa 3H ¢ BBICOKOH TOYHOCTBIO. BriepBbie M3MepeH BBIXOJ
3H B genenuu z 7Np TEIUIOBBIMHU HeWTponamu. Mcrionp3oBaHue CO3/1aHHOM
YCTaHOBKM MW UMIIyJbcHOro peakropa HMBP-2 mno3Bosiser npoBoaMTH
uccinenosanust 3H B nuanasone 5-750 Mcek mociie OKOHYaHUS OOITydYEeHUS!.
ITony4eHHbIe ¢ BHICOKOM CTaTUCTUYECKOH TOYHOCTBHIO KpUBBIEe pacmana 3H
IIO3BOJIAIOT MOJYYUTh OLIGHKY BBbIXOJA 3ama3/bIBAIONINX HEHTPOHOB C
MaJlbIM IIEPHOJOM Nojypacnaja (rnopsiaka 50 Mcex), IPOBOAUTH CPaBHCHHE
IIOJIy4€HHBIX JAHHBIX C KDUBBIMH, PACCYUTAHHBIMHU C IIOMOIIBIO H3BECTHBIX
U3 JIUTEpaTypsl HAOOPOB MAPaMETPOB .

O0BEM U CTPYKTYPaA TUCCEPTALMH.

Huccepranusi COCTOMT M3 BBEIEHUS, YETHIPEX IJIaB, 3aKJIIOYCHHS U
CIMCKa JIMTEpaTypsl Ha 75 CTpaHMLAX II€YaTHOTO TEKCTa, COJACPKHUT 16
pHUCYHKOB, 12 Tabmun u 6ubiauorpaduio u3 66 HAUMEHOBAHUI.

Anpo0bars paboThl U IyOJIMKALMU.

OcCHOBHBIE pE3yNbTAaThl JUCCEPTALMH OBUIM  OIYOJIMKOBAaHBI B
npenpuntax OUSIU u xypHane «ATOMHAs SHEpPrHsS», MPEICTABICHBI Ha
MEXAYHapoIHbIX  KOoH(pepeHuusx B  OOHuucke, Jlyome, Yacra-
Manuepunuke (Cnosaxust), Tpuecte (Mramus). [locnemuue pesysbTaThl
ony0OnukoBaHbl B Buje npenpuntoB OUSINM u HanpaBieHbl B >KypHAaIbI
«Snepnas ¢usuka» u «Bompochl aToMmHOI Hayku u TexHuku" (Cepwus
«SlpepHbIe KOHCTAHTBI»).

KPATKOE COJAEPXXAHUE IMCCEPTALIUA

Bo  BBeseHMHM  comepXKHTCS  OOOCHOBaHHE  aKTYaJbHOCTH
UCCJICJOBAaHUN  3ala3[blBAIOIMX  HEUTPOHOB, ONpPEICIICHbl  3a1a4d
HACTOsIILEH paboThl U ONHMCaHa CTPYKTYpa AUCCEPTALMH.




B rmaBe 1 pgaH kpatkuit 0630p cBoiictB 3H u  crocoOsbl
TEOPETHYECKHUX OLIEHOK MX [apaMeTpOB.

Wrorn mnepBbix uccnenosanuit 3H mnoaBexeHsl B MoHorpaduu
Kununa, KOTOpBIH  yCTaHOBMII, YTO 3aBHCHMOCTH Bbixo1a 3H oT Bpemenu
XOPOIIO OIMCBHIBAIOTCSA B PAMKaX 6-TH IPYINOBOIO NPUOIMKEHHUA.

s Teopernyeckoii oneHku Bbixoaa 3H HE0OX0qMMO OnupaThes Ha
M3BCCTHOC MACCOBOE HJM  3apsAlOBO€  PACIPEJCIICHHE  OCKOJIKOB.
CooTBeTcTBYIOUIME MOJIENM TONYyYHIM Ha3BaHUE Z, WM A,-mMoxeneil. B
paboTe NpUBEEH OAUH U3 BAPUAHTOB BHIYKMCIICHUS YHCIIA 3a11a3/|bIBAOIIIX
HEWTPOHOB. B HacTosimiee Bpems u3BecTHO 272 sapa-IpealIcCTBEHHNKA. B
MPAKTHYECKUX pacuerax il 98 H30TOIOB HMCHOJNB3YIOT H3BECTHBIE U3
9KCIIepUMeHTa 3Ha4YeHus P,,. Jna ocransHbIX 174 spep HMCHONB3YIOT
pacueTHble 3HadyeHus P,. HemocTaTok skCHEpUMEHTANBHBIX JAHHBIX 10
IUIOTHOCTH YPOBHEH, CHOMHAM M YETHOCTSIM MUl MHOTHX  sep-
IOPEAIIECTBEHHUKOB M 3MHUTTEPOB HE IO3BOJISIET IMPOBECTH  YHUCTO
TEOPETUYECKHUE PACYETHI C BHICOKOW TOYHOCTBIO.

IlpuBenen kpaTkuil 0030p pabOT, MOCBAINEHHBIX JHEPrETHYECKOI
3aBUCUMOCTH BbIxoaa 3H.

OHepretvdeckasl 3aBUCUMOCTb BEJIMYMHBI  V; TIPU  JHEPIUSX,
MeHbIKX 1 3B, B muTeparype He 06cyxanack. OnHako, Tak Kak Beixoq 3H
OpsAMO  CBA3aH C MAacCOBBIM  PacIpefeiICHHEM OCKOJIKOB, KOTOPOE
HECKOJILKO MEHSETCS NPHU 3TUX JHEPTHsIX, MOKHO HPEAIOJI0KUTE, YTO Vg4
TAK)K€ 3aBUCUT OT ODHEpPruu. l3MeHeHHe MaccoBOro pacnpejeneHus
OCKOJIKOB IIPY TAKMX 3HEPIHAX H3Y4alloch B pabote Pexbe u ap. s sapa
*Pu. B oroit paboTe ONpeneNsyIoch OTHOLICHHE ACHMMETPUYHOIO
JICTIEHUS K CHMMETPUYHOMY B 3aBUCUMOCTH OT 3HEPTHU M OBUIO I0KA3aHO,
4TO OHO HU3MEHSETCA B 2 pa3a IPU IMEPEXOAE OT TEIUIOBBIX HEHTPOHOB K
HelrpoHam ¢ E,=0.4 3B. KoHeuHo, M3MEeHEHHE V, 3HAYUTEILHO MCHBIIE,
IIOCKOJIbKY ~M30TOMbI, COOTBETCTBYIOIIUE CHMMETPUYHOMY JIEJICHHIO,
BHOCAT Manbli BKiaj B Beixon 3H. Tem He MeHee, npencrasnser UHTEpEeC
U3Y4YHTh BO3MOXHO€ HM3MEHEHME V,; B YKa3aHHOM WHTEpBajJe JHEPruil B
HPEUU3UOHHBIX U3MEPEHHUAX.

Bo BTOpO# ri1aBe onmcaHbl 3KCIEPHUMEHTAIBHBIC METO/(bI M3YYEHUs
3H. Yacro ucnonb3yemoii cxemoi usydenus 3H sBisercs oGiydenue
JEISIEerocs HK30Tona ¢ INOCHEAYIOIUM IIepeMellieHdeM o0pasna K
nerekropy 3H. [lns perucrpammu 3H wucnons3ylorcs HEHTpOHHBIE
JETEKTOPBI C BBICOKOH 3()(PEKTHBHOCTBIO, CIa00 3aBUCALICH OT SHEPIHH.
[Tockoneky nepememenne obpasua TpeGyeT BPEMEHH MOPAIKA AECATKOB




WIM COTEH MWDUIMCEKYH]l, BKJIaJA KOPOTKOXXUBYHIUX H30TOIOB B
ucnyckanve 3H onpenensercs ¢ 600N TOTPENTHOCTHIO.

B psane skcniepuMeHTanbHEIX paboT HEMOCPEACTBEHHO ONMpPEe/IseTCs
BEJIMYMHA

Bo=Va/(V, +Vy),

TI€ V,- YHCII0O MIHOBEHHBIX HEHTPOHOB, HCIIYCKAeMBbIX B OJHOM aKTe
feneHus. IIpy 3TOM HCKIIIOYAKOTCS HEOIPEIeIEHHOCTH, CBS3aHHBIE C
TOYHOCTBIO ompejesieHdss 3(QGEeKTUBHOCTH nerekropa. 3Hast [ MOXHO
ONPENENUTh V, NOCKOJIBKY BEIMYMHA V,, KaK IIPaBHIIO, M3BECTHA C OYEHb
BBICOKOH TOYHOCTBIO.

B rmase 3 omnmcana 3KCIepUMEHTalIbHAs ycTaHoBka «M3omepy, Ha
KOTOPOH OBLIM NOJIy4eHbI IPHBEJCHHBIC B AMCCEPTALMU JAaHHLIE U METOJ
usmepenri. [l ucciepnoBaHMi 3amaszgplBaloOIMX HeitpoHoB B JIH®
OMSM 6bul pasBUT METOA  IIEPUOJMYECKOrO O0JydeHHs obpasua u
co3jana ycraHoBka «M3omepy», ucnons3ymomnasi B KaueCTBE HEHTPOHHOTO
UCTOYHHMKA MMITYJIbCHBIH peakrop UBP-2.

B pabore npuBeneH BBIBOA OCHOBHBIX (HOPMYJI, MCIOJIB3YEMEBIX B
paMKax Meroja IepHoauyeckoro otuydyenus. OrHomenue Beixoma 3H k
YHCIIy MTHOBEHHBIX HETPOHOB ACJICHHUS PABHO:

V—"=S—”£—”F(t,,12,At,T) (D
v, S,¢g,
rae  S; U S, KOJMYECTBAa 3apETHMCTPUPOBAHHBIX 3aIa3[bIBAIOIINX |
MIHOBEHHBIX HEHTPOHOB JeN€HUs; € M §, - COOTBETCTBYIOLIHE
3(QPEKTHUBHOCTH PETUCTPALIHH.
6 -1
F(tptz,At,T)=[gﬁ%(ﬂpﬁlﬁ)—eXp(—/l,tz))] )

>

GyHKLMs, 3aBUCAIIAs OT YCIOBHM W3MEPEHMS W  yYMTHIBAIOILAS
HEPUOJUYHOCTD 00ydeHus: obpasua. 3aech a; 1 A; OTHOCHTENBHBIE Beca U
nocrosinuele pacnaga (A; = n2/T),; , roe T, - NEpUOaBl NONypacnana,
COOTBETCTBYIOILIME  ONIpENeNeHHOW rpymnmne). [lns a; BbIIOJHSETCS
clenylolee COOTHOIeHue: Ya; = 1.

Hcrnone3yst nepuoanyeckuit MeTox 06iydeHusl, BEIUYUHBI S; U S,
MOXHO  HM3MEPHUTh OJHMM H TEM XE ICTEKTOpOM 0e€3 MepeMEICHUs
obpasua. Kax moxHO BuzeTs u3 (2), usmepenue f3) He TpeOyer 3HaHHMS
abcomoTHOH 3 GEKTHBHOCTH JETEKTOpa M XapaKTepUCTUK obpasua, a
TOJIBKO OIIPEJIENICHUS OTHOIIEHUS 3 (HEKTHBHOCTEN IS 3aIa3AbIBAIONINX U
MTHOBEHHBIX HEMTpOoHOB. DyHkuus F(t1,t2,At,T) IpaKTUYECKU HE 3aBUCHT



OT HCIIOJIb3YEMOr0 Habopa MapaMeTpoB M MOXKET OBITh PACCUUTAHA C OUYCHD
BBICOKOH TOYHOCTBIO.

VYcranoBka M3oMep pacrionioxeHa Ha pacCTOSHUM 27 M OT aKTUBHOM
30Hbl peakTopa. Peakrop MBP-2 umeer cpenniorw momuocts 2 MBT u
gacrory umnyiabcoB 5 T'n. IllupumHa  umMmynsca — COCTaBiseT
npubmusurenbo 230 Mmkc. TakuM 00pa3oM, MOLIHOCTh pPEAKTOpa B
umnynbsce (1500 MBT) 3HauMTeNbHO MPEBBINIAET CPELHIOIO, 4YTO
[TO3BOJIICT MMETb 3HAYUTEIBHBIA IOTOK HEHTPOHOB, MagalOIMX Ha
obpasel] B TEUEHHE KOPOTKOIO HHTEPBAlia BPEMEHHM (M BBI3bIBAIOLIUX
Ji€JIeHHE), M IIPOBOJUTh M3MEPEHHs BbIxomoB 3H Mexmy Bcnblmkamu
peakropa. OgHAKO, XOTS MOLIHOCTh PEaKTOpa MEXIY BCIBIUIKAMH Maja
(0.15 MBr), ¢on, BI3bIBaGMBIH HEHTPOHAMH U3 aKTHBHOM 30HbI PEAKTOPA,
3Ha4MTENIbHO NpeBbiIaeT cuet 3H ot oOpasiua.

ITosTroMy HE0OXOAMMO MpEpBIBaTh MYy4YOK HEHTPOHOB IOCIE TOTrO,
KaK TEIUIOBbIE HEWTPOHBI MHONAIM Ha oOpasel. YCTaHOBKAa COCTOMT M3
M30THYTOI'O 3€pPKajbHOIO HEWTpOHOBOAa JuMHOW 20 M, mpepbiBaTelis
TCIUIOBBIX ~ HEHTPOHOB M  HEHTPOHHOTO  JETEKTOpa.  3epKajbHbId
HEUTPOHOBOJ CIYXKUT IUISl 3HAYUTEIBHOTO MOAaBJIeHHUs (OHA OT OBLICTPBIX
HENTPOHOB M raMMa-KBaHTOB. [IOTOK Ha BBIXOJE HEHTPOHOBOJA paBeH 6
107 1/ em’ c. OHeprus najaromux Ha obpaser] HEHTPOHOB ONPEAEIIANaCh
METO/IOM BPEMECHHU IIPOJIETa.

IlpepeiBaTeny mpencraBiasier cOOOH AMCK M3 KaIMHs, 3aXKaTOTO
MEX]Y aJIOMMHHEBBIMH Auckamu. KagMuil umeer 2 1miend, CHMMETPUYHO
PacIoJIOKEHHbIX Ha AMCKe. BpalieHne aucka oCyLIecTBIISIETCS MIATOBBIM
JIBUTaTeleM C  4YacTOTOM 2.5 Tun. Bpamenue mpepsiBarens
CUHXPOHM3MPOBAHO C BCIBILIKAaMU peakrtopa. Kpome Toro, ObL1
IPEAYCMOTPEH PEXUM BpAILLEHUs IIpepbiBaTens ¢ yacroroit 0.625 'y, yro
MI03BOJIMJIO MCCiie0BaTh XapakrepucTuku 3H B unTepBane 1o 750 mc.

Heiitpounslit 1eTextop cocTouT U3 12 *He c4eT4rKOB, OMEIEHHBIX
B 3aMEUIMTENL M3 NONMATHIIEHA. Bbul npoBenen pacuer sddekTuBHOCTH
metogoM Mownre-Kapno ¢ nomompto nporpammel MCNP s HaGopa
SHEPTUH HEWTpOHOB B MHTepBase oT 0.1 mo 2 MbsB. DddexTuBHOCTH
JETEKTOpa M3Mepsulach C MOMOIIBIO KalMOPOBAHHOrO HCTOYHHKA - Cf,
MMCIOIIEr0 CICKTP HEHTPOHOB JeNeHHsA. Pe3ynbraThl H3MEpEeHHi U
pacyeToB HaXOAATCA B XOPOILIEM COTTIACHH APYT C APYIOM.

HWmMnynecel OT HEHTPOHHOrO [JETEKTOpa IOAaBaUCh  HAa BXOJ
BPEMCHHOIO KOAMPOBIIMKA. BpeMeHHble pacnpeneieHus HEHTPOHOB
PErMCTPUPOBAIMCH C IIOMOLIBIO JJIEKTPOHHOM anmapaTypsl, pa3paboTaHHOM
B JIH® OMAM. HaxomseHne NaHHBIX OCYIIECCTBIISIOCH C MOMOLIBbI0 IBM



COBMECTHMOIO IIEPCOHAIBLHOIO KOMIIBIOTEpA. YTIpaBIIEHHE MPOLIECCOM
U3MEPEHHUs OCYUIECTBISJIOCh IPOrPaMMOM, IO3BOJISIOIIEH YepeaoBarh
usmepenus: 3doexra u GoHa M 3aNUCHIBATH HAKOIUICHHBIE CIEKTPHI Ha
JKECTKMM TUCK KOMITBIOTEpA.

bonplioe BHHUMaHHE YAENEHO XapaKTEPUCTHKAM HCIIOIb3YEMbIX
00pa31oB, IOCKOIBKY OT HUX 3aBHCST YCIOBHS H3MEPEHHHA.

st u3MepeHuit HCMONB30BAIKCH  CJIOU nuameTpoM 60 MM,
HaHeceHHble Ha nomiokky u3 Al (°U), wm Ni (*°U, *°Pu). Howioxka
u3 Ni ucnone3oBanace s yMeHblueHust poHa ot (0,n)-peakiuu, KoTopas
uzaeT ¢ OOIbLION BEPOSITHOCTHIO IPH B3aUMOJACHCTBHHM O-4acTHIl C Al,
4acTO MCIOJIb3YEMBIM B KayecTBE MOJIOKKH. Kpome Toro, (0,n)- peakuus
Ha KMcaopoze-18, naer 3aMeTHbIN BKIIaJ B BBIXOJ HEHTPOHOB U3 0Opasiia.
IlosToMy B  mHOCIENHHMX  H3MEPEHUSAX  MCIOJIB30Baics  obpasel|
METAJLIHYECKOT0 ~° Pu, 4TO MO3BOIMIO CHH3MTH (DOH IOYTH B ABA pasa.
Juia uccnenosanuil kpuBbix pacnaga 3H ucnonszoBamuce 00pas3nbl BECOM
HECKOJIBKO TpaMM. OTHOCHTENBHO HEBBICOKOE OOOralleHHe H30TOINOB
ypana (90%) He BIMSET Ha PE3yJIbTaT U3MEPEHUM, TaK KAK OCHOBHYIO YacTh
MIPUMECH COCTaBIISIET 80U, He ensmmiics TEIIOBBIMH HEUTpOHaMU.

Jna uccnenoanuit 3H HenTyHus OBUI M3rOTOBJICHBI OOpA3IlbI,
cofepxaie okuch > 'Np B repMETHUHBIX KOHTeiiHepax u3 Al s
YMEHBILICHHs (OHA OT (OL,n)- peaKLUU Ha MaTepHale KOHTCHHepa, BHYTPH
OblIa IPOJIOKEHa HUKeJeBas Qosbra.

U3-3a ToOrO, 4TO Cedyenue nenenus > Np B 3 10” pas meHbmie yem
ceueHus s 25U n 239Pu, HEITYHUH TIATENIBHO OYUIIAJICS XUMUYECKH OT
BO3MOXKHBIX IIPUMECEH U un *Pu Cogepxanue %y moxer
KOHTPOJIMPOBAThCSI METOIOM ((-CIIEKTPOCKONHUH. M3MepeHus, cienaHHbIe
TpH OuMCTKEe 0oOpasla I0Ka3anH, 4To mpuMech - Pu ue Gomee 10 r/r.
Ommaxo i >°U  Takoid KOHTPOJIb HMMEET 3HAYUTENIbHO XYALIYIO
YYBCTBHUTEJILHOCTD, IIOCKONBKY €0 aKTUBHOCTb OYEHb Majla U SHEprus o-
gactun ot > U MeHble, yeM ot > Np. Meroas! Y-CIIEKTPOCKOIIUH TaKKe
HE IIO3BOJSIOT JOCTHYb TpeOyeMod TouyHOoCcTH. [losromy Gbiia
MpeINPUHATA MOTBITKA ONpE/IeNeHns coepxanus > U B obpasie > 'Np ¢
IIOMOILIBIO PE30HAHCHBIX HEUTpOHOB. [lsi 3TOro ObuLla HM3rOTOBIIEHA
HOHHU3aLMOHHAs KaMepa, cogepikamas 88 mr 237Np U3 TOM e MapTHH, YTO
u obpasen Juis u3ydeHus 3H. MsmepeHus npoBOAMIHCE METOLOM BPEMEHH
IpoJieTa Ha MMIIyJbCHOM MCTOYHHMKE HEHTpoHOB (Oycrepe) WBP-30.
Conepxkanne U B 06pasiie ONPeeNsIoch M0 W3BECTHbIM napameTpam
HanboJsiee CHJIBHBIX PE30HAHCOB U n 237Np. B pesynberare usmepeHuii

237



ObLI CHeNaH BEIBOJ, uTO coxepxkaHue U He IIPEBBIAET BENUYUHE 107

I/T.

Bonbmoe BHuUMaHue OBUIO YAENEHO ONPEACICHHIO MEPTBOTO
BPEMCHH PETUCTPUPYIOIIEN annapaTtypsl 1. 3MepeHne MepTBOro BpeMEHH
MPOMU3BOJMIIOCH KJIACCHYECKHMM METOJOM C IIOMOIUBIO JBYX HEHTPOHHBLIX
UCTOYHHUKOB. TouHOCTH onpenenenus 7 coctasiuser 10 %.

®on ompezpensics ¢ noMoupo ¢uinbTpa u3 Cd, nepexphIBarOIIEro
MYYOK NaJaroluX Ha 00pa3ell TeIIOBbIX HEHTPOHOB.

B muccepranuu mnpoaHaIM3UpOBaHbl (PAKTOPHI, BIMSIOUIME HA
HOTPELIHOCTh 3HAYEHHUS BEJIMYHHBI V,,

1. - HEOIPEJEICHHOCTD B MONPABKE Ha IPOCYETEHI,

2. - pa3’NuM4HBIC SHEPTHHM MIHOBEHHBIX M 3aI1a3/bIBAIOIIMX HEUTPOHOB IS
Pa3IMYHBIX H30TOIIOB;

3. - HEPaBHOMEDPHOE BO BpEMEHH 00IydeHHueM 00pasna;

4. - pasnuuHble 3HaueHUst QyHKUUM F(ALT,t;,t;) A0st pa3inudbX HaGOPOB
1apaMeTPOB, M3BECTHBIX M3 JIUTEPATYpPhl, IUISL OJHOrO M TOIO XKE
U30TOIIa.

OcHOBHBIM ~ (DakTOpOM,  BHOCSIIMM  HEONPENETIEHHOCTH B
MOJIy4aeMBbI€  pE3YNBTAThl, SBISETCS IMPOCUETHI. Jns  obpabotku
pe3ylIbTaTOB HM3MEPEHHH OBUIM HamnucaHa [pPOrpaMMa, BLIYHCIISAIONIAs
UCIIPABIEHHOE HA MPOCYETHl BPEMEHHOE PaclpesiesieHne HeWTpoHOB. [Ipu
U3MEPEHUSIX ¢ 0Opa3laMu, UMEIOIIMMH OOJIBIIOE CEYEHUE NEIICHUS, IIOTOK
HEHTPOHOB OCNAOISIICS C IIOMOLIBIO MOTJIOTHTENEH U3 KapOuza 6opa uiaM
CBHHLA TaKMM 00pa3oM, 4yToObl MaKCHMallbHas MIHOBEHHAs 3arpys3ka He
npesbimana 2x10* 1/c. Takum o6pasom, IIOIIpaBKa Ha IPOCYETHl HE
npesplliana BedM4MHBl 10% ¥ IOrpemIHOCTH NpU €€ BBEICHMH HE
npesblana 1%.

OHEeprud MTHOBEHHBIX HEHTPOHOB IPAKTHYECKH OJUHAKOBBI IS
BCEX HccnenyeMbix u3oTonoB. CrexTtpbl 3H uMeEOT cnoxHbI xapakrep,
cpenure sHepruv 3H ompeneneHsl ¢ IWUIOXOM TOYHOCTHIO. OIHAKO,
IIOCKOJIBKY 3(Q(}EKTHBHOCTh JAETEKTOpa cnabo 3aBUCHT OT JHEPrHH,
COOTBETCTBYIOIIAS HEOMPEAEIEHHOCTh He npeBbiniaeT (0.2)%. OTHomeHHe
3} deKTUBHOCTEH I BCeX HU30TONOB MCIOJIB30BANIOCH TAKOE XK, KaK I
B35

HepaBaomepHoCTb 00i1y4eHUsS BO BPEMEHHU [IPUBOJUT K OIIUOKE HE
6onee 0.2 %.

HemocpencrseHHpIME BeIYMCICHUAME GyHKUMK F(AtT,t,t;) 6blIO
HOJIY4YEHO, 4YTO pe3yIbTaThl MCHONB30BAHUS Ppa3NIMuHBIX HAOOPOB
1apaMeTPOB COBIAAAIOT C TOYHOCTHIO nopsiaka 0.1%.



I'1aBa 4 conepMT ONMCaHUE NPOLEAYPHI H3MEPEHUH U 06pabOTKH
JaHHBIX. 31€Ch XK€ NPHBEICHBI PE3yIbTaThl M3MEPEHHUH, UX CPABHEHHE C
JaHHBIMM JpPYyruX pabGoT M C TEOPETHYECKMMH OLCHKamMu. - U
UCTIOJIB30BAJICSA B Ka4yeCTBE CTaHgapra. TUIHYHBINA CIEKTP, MOIYYCHHBIH C
obpasuom >3U Becom 25 mr 3a 18 4acoB, NOKa3aH Ha puc. 1. Ha arom
PHCYHKE T0Ka3aHO TaKxe AcHcTBHe mpepbisatens. Mamepenns ¢ > U npu
sHeprud 0.023 5B no3sonmin ompenesnuTh OTHONICHHE 3((PEKTUBHOCTEN
HCHTPOHHOTO [IETEKTOPa JUlsl 3ala3bIBAIOIIUX U MTHOBEHHBIX HEHTPOHOB
nenenvs. IIpu 5TOM Ui OTHOCHTEIBHBIX BECOB U IEPHOJOB TOJIypacnaga
pasaMYHBIX TPYII UCIIOJIB30BAJIMCH JaHHBIC paboThl TaTia.

(7)) 6 T T T M T v T M T T T T T T
- . t =
g 10 §t0 t, 235U(25 mg) 2 3
) ] ]
3 AU |
10° 3 E
10 3 3
3 a 3
s JIf ]
10 1 2 ¢
b 3
102 3
C

101 n 1 " 1 n 1 " 1 n 1 1 1 n 1 "
0 25 50 75 100 125 150 175 200

Time, ms
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Puc. 1. Dxcnepumenmanvholii cnexmp, noayuennwiii ¢ ~U: a- cnekmp,

USMEPEHHbIIL NPU OCMAHOGIEHHOM npepvigamene, b — ¢ epawarowumcs
npepvieamenem, ¢ - ¢pon, usmepennviti ¢ nomowwio Cd puibmpa.
llokaszanvr épems obnyuenus (1p,t;) u ummepsan eépemenu, 6 KOMOPOM
gviyucnAnocy wucno 3H (t),t,).

s BemuumHel ) Obuto npuHsTo 3Hauenue By = 0.680 * 0.020,
NOJyYEHHOE C IOMOIIBIO M3BECTHBIX U3 JIMTEPATyphl 3HAYECHHMH V; U V.
BbUIH IPOBENEHB! TAKXKe U3MEPECHHUS IIPH SHEPTHHM [aJalolUX HEHTPOHOB



0.035 u 0.003 5B, uT0o mocTHranock M3MeHeHHeM (asbl IIpephIBATENs.
B mocnennem cimyuae ucrnonb3oBaics Take Be ¢uibTp, KOTOpEINH MMeeT
PE3KUH CKadoK B ceueHHH paccesiuus mpu 0.005 3B.

Jns usmepeHunit ¢ *Pu HCIONB30BANICS METALIMYECKHUil obpazer.
Tem ne menee, Gon cocrabnsan 60%. BbuIo MPOBEAECHO HECKOIBKO cepuit
U3MEPEHUH C LENBIO NIPOBEPKU CTAOMIILHOCTH IMOJYYAEMBIX PE3YJILTATOB.
Ownbka onpeensnach Kak CTAHAAPTHOE OTKJIOHEHHE CPEIHEro 3HAYCHHS.

[TonyuenHele Uit TPEX OCHOBHBIX M30TOIIOB JaHHBIE IPUBEIEHHI B
tabmuuax 1 (By)) u 2 (v,). Cnemyer OTMETHTh, YTO CTATUCTHYECKAs
TOYHOCTh U3MEPEHUM, KaK IpaBWIO, Jydlle OJHOrO IIPOLEHTA.
Heonpenenennocts nopsaxa 1-1.5% BHOCHT HompaBKa Ha IPOCYETHI HPH
OINPEJEICHNH YUCIIA MTHOBEHHBIX HEWTPOHOB. CyYIIECTBEHHBIH BKIax
B OIIMOKY Vy; BHOCHMT HEOINPEJEICHHOCTb UCIIOJb3yeMOoro cranaapra (3%).
Ornomenve Bemuuunsl B s U (E, = 0.003 u 0.035 3B), s U (E,
= 0.003, 0.023 1 0.035 9B) u mua “’Pu (E, = 0.023 3B) k B> U+ny)
TOJIY4CHO C TOYHOCTBIO He Xyxke 1.5 %. Dra xe Bemmuuna 1 = Pu (E, =
0.003 u 0.035 5B) onpenenena ¢ TOYHOCTHIO MOPsAKa 4% W3-3a XYAIIHX
(GoHOBBIX yCIOBHH. 3aBUCHMOCTH Bbixoga 3H OT SHEpruu HajeTarommx
HeiTporoB ju1st U 1 2’Pu He 06HapyKeHO.

Tabnuna 1. OxcnepumeHTanbHble 3HayeHust [y (B IpoueHTax) M HX

2 .
otHomieHuss K  fy( 35U+nm) (B cxoOkax) [yl pasiMuHBIX OSHEPrUi
HaJIETAIOUIMX HEUTPOHOB. '

Wzoron | E,=0.003 3B E,=0.023 5B E,=0.035 sB
3y 0.683 +0.021 0.680 + 0.020* 0.687 + 0.021
(1.004 + 0.009) 1.000 (1.010 +0.008)
0.274 +0.009 0.267 +0.009 0.255 + 0.009
3y (0.403 + 0.005) | (0.382 + 0.005) (0.375 £0.005)
0.227 £+ 0.013 0.234 + 0.008 0.230 +0.011
py (0.334+£0.016) | (0.344 +0.004) (0.338 £ 0.013)

* - cTaHgapT.




Tabnuua 2. 3HaueHus V; Ui OCHOBHBIX M30TOIIOB.

H3zoron Bo, % Va

Hact. Pabora JIpyrue JaHHbIE

Py 0.270 £0.009 | 0.00674 +0.00022 | 0.00667 % 0.00029 [17]

“9py 0.232 +£0.008 | 0.00668 +0.00023 | 0.00653 +0.00026 [26]

Wsmepenuit Beixoma 3H  mpu AeneHUM TEIUIOBBIMH HEUTPOHAMHU
*Np 10 cuX 1mOp He HPOBOAMIOCh. ITO OOBACHACTCS OYCHb MAJIbIM
cegyenueM Jenenus  040.025 sB)= 21.5 m06. HaxomneHue naHHBIX
IPOBOJMIOCE B PEXHUME dYacToro, kaxaple 10 MuH, dYeperoBaHHS
m3mepennii ¢ Cd ¢uustpoM n 6e3 Hero. M3mepenus ¢ obpasuom >°U B
Ka4yeCcTBE CTaHAapTa MPOBOJWIKCH B TaKoM ke pexume. ddpdexr ot 3H mis
3 "Np cocrapisan 5-6% OT HOJHOTO CYeTa HEHTPOHOB B MHTEPBANAX MEXIY
carrenutamu. OCHOBHYIO 4acTh (oHa (IpUOTU3UTENHHO 4 HMMITYJIbCa B
CEKYHIY) COCTaBIsUT GOH OT (O,h)-peaKkiiy, BHI3BIBAEMON O-4aCTHLIAMH.
@®oH, BBI3BIBACMBIil OBICTPHIMU 1 PE30HAHCHBIMU HEUTPOHAMHU OT PEaKTOpa,
pacCeUBAIOIIMMICS Ha MUIIICHH, COCTABISUI 1.2 UMIIyJbca B CEKYHAY.

T T T T T T T

Np-237 (40 g)
Meas.time 61 h.

Counts

Channelwidth 1.024 ms

. . 237
Puc. 2 Oxcnepumenmanvuuiii cnekmp, nonyuenuwlti ¢ obpasyom ~~ Np.
Huoicnsis kpusas - gpon, usmepennwiii ¢ nomowvio Cd unvmpa.
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beIIO mpoBeieHO HECKOJIBKO cepuil paboumx wu3MepeHui no 4-7
4acoB Kaxxjaas. Pe3ybraTel OTHENBHBIX CEPUil HAXOIATCS B COMIACHH JPYT
C IpyTOM B IpeiesiaX TOYHOCTH IKCIIEPHUMEHTA.

Hcnonp3ys monmyyeHHOE 3HaYEeHHE
Bo=(0.506 £ 0.029)%
Y U3BECTHOE 3HAYEHME V,, TOIYYHM BEIHYUHY
v, =0.0125 £0.0011

OTO 3HaueHUE HAXOINWUTCS B YAOBJICTBOPHTEIHHOM COTIIACHHM C

JAHHBIMH, TOJTyYEHHBIMHU IIPH ACIEHHH ObICTPBIMH HEUTPOHAMH.

Meron  nepuogMuYEcKOro  OOJyuYeHHs, OCYIICCTBICHHBLIM  Ha
ycranoBke M3omMep, 1o3BonseT n3MepuTh KpuBblie paciaja 3H B unreppae
BpemMeHn g0 0.75 cexyHmsl. g 3THX HM3MEpEHH MCIOJIL30BAINChH
o0pasipl ¢ OOJNBUIMMH MaccaMu: 7 I' B ClIydae 35U u10r s 2P
H3mepenus ObUIH IIPOBE/ICHBI B HHTEPBAlE BPEMEHH pacnaia OT 5 MCEK 110
730 Mcek mocie OKOHYaHMs OOJIyYEHHs], YTO JOCTHraloCh YMEHBIICHUEM
4acToThl BpameHus npepeiBarens o 0.625 I'm. Hakorienne gaHHBIX
MIPOBOJAMIIOCH B TeueHue 40 4acoB s 25U n 86 yacos I 29py, [Ipu
3TOM CTATHCTHYECKAsi TOUHOCTb OTcUeToB coctasisuia 0.3- 0.4 % s U
u “Pu B KaXXZJOM BpEMEHHOM KaHayie, paBHOM 1.024 wmcek. Pon
OIIPEENSICS B UBMEPEHUSX C KaJIMHEBBIM (QHIBTPOM B MyYKE M COCTABIISAI
BEIMYMHY He Gonee 1% OT HOJHOTrO cyeTa HEHUTPOHOB B MCCIIELYEMOM
HWHTEpBaJIE BPEMEHHU.

Pe3ynbraTel H3MEpEHUl ¢ BHIYTEHHBIM (JOHOM MMOKa3aHBI HAa pUC. 3
1A 25U n na puc. 5 nmus 29py.

Ha atnx e rpagukax 1nokasaHbl KpUBBIE paciiaja, PaCCYUTaHHEIE TI0
bopmyine (3.6) ¢ ucronp3oBaHHEM pa3aHYHbIX HAGOPOB mMapamerpos. Bee
pacyeTHhIC KPUBBIC IPHBSI3aHBl K OKCIEpUMEHTadbHOMY cuery 3H B
unrepsane 720 - 730 Mcek, NOCKOIBKY B 3TOM HHTEpBaje BKJaj
KOPOTKOXXMBYIIMX H30TOIOB MHHHMMasleH. s WUIIOCTpaUWH MeEToa
IEPHOJNYECKOTO OONydeHUs Ha pHC. 4 IOKa3aH BKJIAJ HapacTalolIeH
CYMMBI 3KCIIOHEHT B 1ojIHOe yncio 3H.

11
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Puc. 3 Dxcnepumenmanvnan kpueas (mouxu), noiyyenmHas c¢ obpasyom
“PU. Mokasamvr Kpusvle pacnada, paccuumanHvle ¢ UCHONbIOEAHUECM
cnedyrowux Habopos napamempos: 1- R. J. Tuttle [10]; 2- R.W. Waldo et
al. [18], 3- Mills et al. [59], 4- G. Spriggs et al. [57].
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Puc. 4. Bxnao cymm paznuunozo wucia skChoHeHm 6 Kpugyio pacnaoa 3H.

12



Kpome Toro, mpoBoannace MogroHka napaMmeTpoB KOPOTKOKHUBYIIHX
IpyII  METOJOM HAMMEHBIIMX KBaJpaToB C IIOMOLIBIO IIPOTrPAMMBI
MINUIT. Tak kak HaMH aHaJIU3UPOBAIUCH SKCIICPUMEHTAbHBIE JaHHBIE B
OTPpaHMYEHHOM MHTEpBaJIe BpPEMEHH, IIpU aHaiu3e JMJaHHBIX B 6-TH
IPYNIIOBOM IPHOJIMKEHHH HUKCUPOBAIKCH 3HAYeHHs T, IUIS BCEX IPyII
Y 3HaYeHMs @; U NEPBBIX 4eTbipex rpynn. CBOOOIHBIMH MapamMeTpamu
OCTaBaJIUCh BEC 5- rpynIbl 1 HOPMUPOBOYHAS MTOCTOSTHHAs. 3HAYEHUE a4
ONPENENANOCh M3 YCIOBHS HOPMHpPOBKH. [lombiTka BapbUpOBaHUsI
OoJibILIEr0 YMCNIA TAPaMETPOB IPUBOAUT K OOJBLIIMM OLIMOKAM W3-3a
CHJIBHOM KOppeJSIIMM [apaMeTpOB pasNuuHbIX rpyni. DuTupoBaHUE
SKCIIEPUMEHTAIIbHBIX JAaHHBIX IPOBENEHO Ui  Habopa IapaMeTpoB,
B3sTOr0 M3 paboThl Tarma. [lonyueHHsle naHHbIE 1151 > U NIPUBEICHBI B
TabmIe 3.

Tabnuna 3 Pe3ynbraTsl IOArOHKH HapaMeTPOB IS s
MPHOJIHIKEHUH.

U B 6-TH TpynmoBomM

No. Ay l/cex | a;

5 1.40 0.137 £0.008

6 3.87 0.017 (£0.008)
X2 1.20

[IpoBeneHHBIN aHAM3 MIOKA3bIBAET, YTO OTHOCHUTEILHEIE BECA S5-U U
6-1 rpynm MOryT ObITh ONIpeAeseHbl ¢ 0ojiee BHICOKOW TOYHOCTBIO, YEM
paHee, IpU YCIOBUHM (PUKCHPOBAHHS IMAPaMETPOB IEPBBIX 4-X IPYNI W
EpUOAOB  mosypacnmaga S5-H wum 6-H  rpynm.  [lomydyeHHble
9KCIIEPUMEHTAJIbHBIE JJAHHBIE II03BOJIIOT TAKXKE MOJYYHUTh OTPAHUYCHHUE
Ha BeC IPYINBl, C IIEpUOJOM Tnodypacmaza MeHsme 100 mcek. U3
JMTEPATYPhl U3BECTEH PsiJi M30TONOB C Mepuojamu mnoiypacnana 40-70
MCEK, KOTOpbI€ MOTJIH OBl JIaTh BKJAJ B TaKylo IpyIIry. ITo %Br, *Rb,
'Rb,'"”Rb. Mx XapaKTEPUCTUKHA M3BECTHBI C IUIOXOH TOYHOCTBIO. Jis
OIIEHKM BKJIaZla 3TOH IPYMNIbI IPOBOAMIIACH MOATOHKA C BKJIFOYEHHUEM 7-#
rpynnbl - ¢ Ty, =50 MCeK M  JIONOJHHUTEIBbHBIM  IApPaMETPOM,
COOTBETCTBYIOIIMM OTHOCHUTEIBHOMY Becy d;. B pesyisTare OBLIO
H0JTy4€eHO orpaHuuenue a; < 0.005 (mpu ypoBHe nocroBepHOCcTH 95%).

13
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Puc. 5. Kpusas pacnada ons *’Pu: 1- R.J. Tuttle [10], 2 - Brady-England
[7]; 3- Wahl[5]; 4- Waldo uop. [18];

B nocnennee Bpemst Cipurrcom u Ap. NpeaioKeHa 8-Mu rpyIoBast
cUCTeMa, JIy4lle COIJIACYIOINAsiCsi C pe3ylbTaTaMH SKCIICPUMEHTOB IO
U3MEPEHUIO PEaKTHBHOCTH M MEPHOJIa Pa3roHa KPUTHUYECKHX CHCTEM, YEM
6-TH TPYIIIOBasi, ¥ MCIOJB3YIOWAsi OJHH U T€ e MEePUO/bI M0ypaciaaa
TpYII AJIs1 ONIMCAHUS JAHHBIX BCEX U30TONOB. B CBA3M C HanmM4uueM B 5-if u
7-# rpynmnax G0JBLIOTO YHCIIA IPEIIICCTBEHHUKOB, HMEIOIIUX CPAaBHUMBIC
BBIXOJIbl, HaMH OblIa MNpPEANPHHATA MOMBITKA YYECTh BKJIAA OOJBIIETO
yucna npeamecTBeHHUKoB 3H B atux rpynmax. [Ipu 3ToM HCnosis30BaInch
JaHHbIC [0 NEpUOJAM IOJypachajia, 3HaYeHHsM P, M KyMYJIATUBHBIM
BBIX0JIaM M3BECTHBIE U3 IUTEpaTypbl. KpoMe Toro, BCieacTBHE OTCYTCTBHS
NPEINIECTBEHHUKOB C 3aMETHBIM OTHOCHUTENBHBIM BbIxojoM (0.01%) B
unTepBane 0.6-1.4 cex 1 COOTBETCTBEHHO MaJIbIM CYMMAapHBIM BKJIAZIOM Q4
< 0.02% npexcTaBaseTcs Lenecoo0pa3sHbIM UCKIIOYHTh €€ KaK OTAEIbHYIO
IpyINIly ¥ NEPEUTH K 7-MHU IPYIIIIOBOM CUCTEME KOHCTAHT.

CormocTaBieHHE pacyeToB MO MPEUIOKEHHON CHCTEME KOHCTAHT C
pe3ysibTaTaMH SKCIIEPUMEHTA MPECTABIeHO Ha pyc. 6 wis > U. Kak BUIHO
U3 PHCYHKAa, KpHBas, pacCUMTaHHas C TPEIUIOKEHHbIM Habopom
napaMeTpoB, JIy4lllE COrIacyercss C JaHHBIMHM, YeM KpHUBas pacraja,
paccuMTaHHas ¢ HabOpOM IapaMeTpoB, B3ATHIX u3 Tabi. V Ha crp. 14 B
pabore Crpurrca u zp. (kpuBas 4 Ha puc. 3). B Toii xe pabore npusogsrcs

14



napaMeTpsl, COOTBETCTBYIOIIUE DPACUIMPEHHOW §-MH TpPYIIOBON MOACTH
Kununa. KpuBas pacnaga, paccunTaHHas C IapameTpaMy 3TOW MOJEIH
IIPAKTHYECKH COBIIAJAET C NIPUBEIECHHOM Ha puc. 3 KpUBOH 1.

B Tabn. 4 npuBeneHb! pe3yibTaThl MOArOHKH C IBYMS CBOGOIHBIMU
apaMeTpaMu KpuBOH pacmana s > U, MOoIydeHHble B 7-MHU IpyIIIOBOM
npuOIKeHNH. B kauyecTBe MapamMerpoB  MEPBBIX 5-TH TPYIII B3SATHI
IEpHOABl NOJypacnaga K OTHOPMHUPOBAaHHBIE Beca rpymil. [logyepkHem,
yro B Tabu. 4 npuBeACHBl OTHOCUTEINbHBIE Beca (TO €CTh UX CyMMa paBHa

1), B TO BpeMs Kak W3 JIMTEPATypbl [OJy4eHbI abCONIOTHBIE BEca IPyYII
(cymma paBHa 1.6%).

Tabnuua 4. 3HaueHHUs OTHOCHUTENIBHBIX BECOB 6-i U 7-i rpymi Jyis Us 7-
MU TPYIIIOBOM IPUOJIMKEHHUH, ITOJYYEHHbIE B Pe3YJIbTaTe HOATOHKH.

Homep | Ty (cex) a;

IPYIIIbI

6 0.494 0.125+£0.010

7 0.218 0.020 (£ 0.010)

X2 1.34
£ 85000 T T T
3
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Puc. 6. Kpusas pacnada ons 2y, paccuumantas 6  7-Mu 2pynnogom
npubIUdICEHUU.

DKCMEpUMEHTAIBHBIE JIAHHBIE, IOJYdYeHHBIE C 0OpasioM > Pu,
aHAJIM3UPOBAIIUCh B 6-TH U 7-MM TPYNIIOBOM NPHOJMKCHHH TaKHM K€
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06pasom, Kak 1 B ciyuae >°U. B Ta6il. 5 [10Ka3saHsI 3HaYEHHS BECOB 5-0if

U 6-1 TPyI, NOJIy4E€HHBIE B PE3yJbTaTe MOArOHKU. CCHUIKM YKa3hIBAIOT HA
paboThl, U3 KOTOPBIX OBLIN B3AThl (DUKCHPOBAHHBIE [IAPAMETPHI.

2
Tabnuua 5. 3Hauenus mapameTpoB s = Pu, II0JIy4EHHBIC B PE3yJIbTaTe
IOATOHKH B 6-TH IPYNIIOBOM NPHOIMKEHUH.

No. A;[5] a;[18]
5 0.118 + 0.008 0.082 +£0.010
6 0.022 (£ 0.008) 0.049 (£ 0.010)
%2 1.58 1.51
Ha puc. 7 mokazaHo corjacue pacCYMTaHHOM KpuUBOM (C

IapaMeTpaMH) C KCIIEPUMEHTaIbHBIMU JJaHHBIMH.
ITonyuenHsle pe3ynbraThl npeacrasiensl B Tabmuue 6. Cormacue ¢
239 2
OKCIIEPMMEHTATILHBIMH JIAHHBIMH JUIS > PU HECKOJIBKO XyXKe, 4eM it U

(x*=1.7).

110000 T T . Y
3
) | Pu-239
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105000 gy 4
N
100000 [~ 3 E
~
95000 |- 3 ,
| . ]
90000 - g‘.‘ -
85000 |- %'.‘G 2 |
80000 + 1 1 t =
0 200 400 600 :
Time, ms

2
Puc. 7. Kpusas pacnada ons “’Pu, paccuumannas 6 7-mu 2PYNno8oM
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Tabmuua 6. Tlapamerpsl rpymn mmst >°Pu B 7-Mmu TPYIIIOBOM
NpHOIIKEHNH, TIOJYYCHHBIC B PE3yJIbTATE MOATOHKH.

Howmep T a;
rpyan | (cek)
bl
6 0.460 0.066 = 0.008
7 0.191 0.029 (= 0.008)
: 1.68
K COXaJICHHIO, OJTHO3HAYHO OIIPENICIIUTh rapameTphbl

KOPOTKOXMBYLIMX TPYHNI C BBICOKOH TOYHOCTBIO HE IPEACTABIAETCS
BO3MOXHBIM. IlpuumHa, BHAMMO, 3aKIIIOYAaeTCs B CIMIIKOM KOPOTKOM
nepuoje o0IydeHHs 1 MaJIOM HaKJIOHE M3y4aeMoit KpuBoii. Tem He MeHee,
MOJIYYEHHBIE C PEKOPIHOM CTATUCTUYECKOH TOYHOCTHIO KPHBBIC pacuaja
TIO3BOJIAIOT IIOJYYHTh HEOOXOIMMBIH IS NPAaKTHYECKHX Ileiedl Habop
JaHHBIX C 0oJiee BBICOKOI TOYHOCTHIO, 4YeM paHee. [lomyueHHblE AaHHBIE
JAI0T BO3MOXHOCTH IIPOBEPSTH COOTBETCTBHE MEXAY I[IpelaracMBEIMU
PasIMYHBIMH aBTOpaMH HaOOpaMH IIapaMeTPOB M OKCIIEPUMEHTAILHBIMU
JaHHBIMH.

Ha 3ammty BBIHOCSATCS CIEIYIONINE PE3YJIbTATHI:

1. Ha umnynscuom peakrope WMBP-2 cosmana ycranoBka «M3omepy» s
U3y4eHHs XapakTepucTHK 3H, oOpasyroimuxcst B J€JI€HUH, BHI3BAHHOM
TEILUIOBBIMH U XOJIOTHBIMH HEHTPOHAMH.

2. MeTo0M NEPHOIYECKOro 00IydeHus 00pa3ioB U3MepeHb! BbIX0 bl 3H
JUIsl peakuuM JACIEHHUs sAOep-MUIICHEH U u Pu Temiosbimu
HEHTPOHAMH C MCIIONB30BAHUEM JAHHBIX U1 > U B Ka4eCTBE CTaHJapTa.
TO4YHOCTH onpesesnenus Beauuunsl B 1o otHomenuio K B U) nydiue
1,5 %. To4HOCTb NOTYYEHHBIX 3HAUEHHH V,; HECKOJIBKO XYK€, TOCKOJIBKY
CTaHAapT OIPEAEIEH C TOYHOCTBIO 3%, HO HAaXOAWUTCS HA YPOBHE
COBPEMEHHBIX OLIEHEHHBIX JIaHHBIX.

3. M3mepennsl BbIXoasl 3H, BO3HUKAIOUMX [PU JENEHUH XOIOAHBIMH
Herirponamu (0.003 5B) u neitrponamu ¢ sueprueii E, = 0.035 3B snep
235U, 233U, 2%y | IToxaszaHo, 4TO B mpeznenax TOYHOCTH MU3MEPEHUH HET
SHEPreTUYECKOH 3aBUCUMOCTH Bbixoza 3H B ykaszanHoM nuanazone E,.

4. Briepsble u3MepeH Beixon 3H B peakuuu nenenus 237Np TEIJIOBBIMHU
HEUTPOHAMM.
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5. U3mepens! kpuBble pacrnaga 3H B uHTepBane Bpemenu no 730 Mc mis
sep U u »Pu. H3mepenust IpoBeACHE! ¢ CTATUCTUYECKOH TOYHOCTHIO
nopsiaka  0.3-0.4% i1 KaXOOro KaHama, COOTBETCTBYIOLIETO
BpeMeHHOMY HHTepBainy 1.024 mc. [lomydyeHHBIE 3KCHIEPUMEHTAJIBHBIC
JlaHHBIE [TO3BOJIAIOT:

a)  TECTUPOBaTh pa3iW4yHble HAOOpPBHl MAapaMeTpOB, H3BECTHBLIE M3

JIUTEPATYPHI;

6) J[alT BO3MOXXHOCTH IOJIyYHTh OrPAaHMYCHHE HA BO3MOXKHOE

CYILLIECTBOBAHHUE I'PYIIIIBI C CBEPXMAJIBIM NEPHOJOM Norypacnana (50 Mc);
B) TOJYYUTb OTHOCUTEIBHBIE Beca 5-il M 6-U rpynm (B 6-TH TPYIIIOBOM

MPUOIIMIKCHUH) C YIIYYIIEHHOH TOYHOCTBIO.

6. Jlns omMcaHusl KPHUBBIX pacliajia IPe/UIoKeHbl HOBbIE 7-MH TPYIIIIOBbBIE
Habopbl koucTaHT A - U u >’Pu, onmparommecs Ha M3BECTHbIC H3
JUTEpaTypsl AaHHBIE UL OTHCIBHBIX SACp-IPEANIECTBEHHUKOB, |
[IOKAa3aHO MX COOTBETCTBUE IKCIIEPUMEHTANBHBIM KPHUBHIM pacraja B
UCCIIEIOBAaHHOM MHTEPBAJIE BPEMEHHU.
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