
9t-!!/ P3-98-17 

1ll.C.3eiitta.rroB, O.B .3eiitta.rroBa, B.ILCMHpHOB 

ITPHJIO)KEHHE KOPPEJI5IUHOHHOfO METO)lA 
K I13MEPEHI15IM 3AI1A3)lhIBAIOIUHX 
HEHTPOHOB ITPH HH)lYI(HPOBAHHOM 

TEITJIOBhIMH HEHTPOHAMH )lEJIEHHH 237Np 



© 06be.O,~HeHHbll1 l-tHCH1TYf R.O,epHbiX HCC1le.O,OB3H~l1. ,l),y6Ha, 1998 

Bse,lleH><e 

__ -~ P1cCJie,IJ;OBaHMSI XapaKTep:HC'l'lU<: .. pacna,tt:a COCTaBlil>IX SI,ttep 1 

o6pasoaaHHhiX ~. pesYnbTa::'e s_axsaTa TeiiJioa~ H_ei1:Tpoaos, KaK 

npaaMno,_ nposo~~cg nyTeM ~epe.tt:oaa~ so apeMeHH 

:miTepsaJIOB HaKOIIJl9HJIISI M HSMepeHKSI XapaKTepl'.I:CTMK. pacna.tta 

J.IICCJie;rryeMDIX SI,Il;ep. ,lLJI~ HaKoruielil'1Si SI,D;ep MCilOJI:bSYlQTCSI IIY'lla.i 

HeHTpOHOB 0'1' s::t,IJ;ep~_ peal<:TOpOB:.· TaK KaK Cile:f5TPhi _Hei1:TpOHOB 

00Jlb_Im'IHCTBa· peaKTOpO~ IIOMMMO TeiiJIOBLIX. Hei1.TpOHOB CO;Qep~aT 

saMe_THYlO . .n:omo OucTp:LIX, To_· aa npaKTHKe soSHMKaeT npo6JteMa 

paS,IJ;ene~ a4J~eKTOB, B:LISsaHitl>IX 6hicTp~ M Te~oBh!Ml1: 
aeiiTPC?Ha.Mlol. O,I:l;liliM HS cnoco6oa TaKoro pas,tteneHHSI smnSie'l'CSI 

npMM:eHeliJ.ie Ka,ItMlieB:LIX ¢IMJib_Tpoa • . 3TM _ W~bTp:LI ae::ma 'tlY.I:TeJibHo 

ocnatSris:ooT IlOTOK 6l>ICTpl>IX aeiiTpOHOB M IIpaKTKt,Iect<:M He 

nponycKalOT Terutoaue HeMTpOHN. · CpasHMBast -pesyJibTaTI.I 

MSMepeHJri:i: c . npMMeHeHHeM l<:a,ttMl'fesoro ~MJibTpa H 6es aero, 

MO*HO onpe~enMTh COOTHOmeHHe Me~~ 9~WeKTaMM 1 CB~SaHH&MH 

c 6DicTpl:JMJ.1 (cl>oa) .w Tennosl:JMJ.i (s¢1cl>eKT) Hei:irrpoHa.MH. B 

Hacrro~eW: pa6oTe npvtse.rtem.t pe3yJibTaT:&I HSMepe~ cpe,t{Hero 

't:I:HCJia sanaS~aY.llltt1X HeiarrpoHOB npJ.or .rtene:HJ.ru 
237

Np. CJie1IJ!eT 

Sa.M8Tl1'!'b 1 "tlTO yKa.SaHHOe ~.D;PO 237
Np J.orMeeT Rpai1He HHSKOe 

(OKOJIO 20 M6) SHa't:leHHe Ce't:leHHSJ: ,IteJlelil1Si TeilJIOBLIMJ.1: 

Hei1TpOH3MM npH riOJIHOM Ce't:leHUJ.-1 pea~ OKOJIO 170 0 J.o1 

o6na~aeT s:&IcoKoH Y.rteJibHoH·ancWa-pa~oaKTHBHocTbro. no sToH 

npH't:IMHe npM MSMepeHHs:IX C YK~SaHHbiM J.iSOTOnOM npJ.otXO~TCSJ: 

npeo.rtonesaTb SHa"tlHTeJiclil>Ie TeXHJ.1"tlecKMe Tpy,tCHocTHI TaK l<aK 

l1CCJie~eMDri1 ::t¢lcl>eKT He npeBl:Jlli3eT HI3CKOJibl01X npOUSHTOB nO 

OTHOmeH:Hro K ¢loHY, CBs:ISaHHOMY C 5UCTp~ HeMTpOH~ M 

C06CTB8HHOH pa~oal<TMBHOCTbiD HCCJie,ItyeMOI"'O HYKnl1~a. 

009TOMY KeppeKTm.ri1 Y'JeT ¢lena B 9TI1:X HSMeperrns::tX 

np:t106peTaeT MCKJilOtrnTeJlbHOe SHaqeHJ18. ,lVIs:I HSMepeHJ.ri:i 6WI 

BDI6paH KOppeJISDJ;Io1:eHHl>IJ1: MeTe~ 1 OCHOBaHHW1 Ha N:O,IWJl~ 

l1HT8HC:HBHOCTH nytlKa T8IIJtOBl:JX nei1Tp0HOB J.o! O,IlHOBpeMeHHOM 

B.bl,IJ;eJieHJ.rn co5DITJ1:11: pacna.tta 1 J.otHTeHCli:BHocTb KOTOPI:JX 

KOppenMpOBaHa C SaKOHeM ~O.rtYJl~ ny't:J.Ka TenJIOBYX 

Hei1TpOHOB. Bnai"'OAap~ 9TOMY M8TO,It npJ.oto5peTaeT B:&ICOKyro 

noMexoyCTOi11.iJ.1BOCTb. CJie.rtYeT OTMeTHTb 1 "l.lTO l<OppeJis:II..J,HOHHbti"1: 

M8TO,D;, ycneWHO IIpHMeHs:IeTCs:I BO MHOruX 06JiaCTs:IX cl>MSHKM ,Itns:I 

Bl>I,IteJieHHS1 CJia5l:JX Clii"'HaJlOB WS ITOM8X [ 1] : B pa~o

aCTpOHOMJ.111: 1 B pa~OJIOK3J.J;l1li 1 B 6J.ote!})M.Si1Ke 1 ¢lMSHKe HMSKHX 

TeMnepaTyp. Ha nporrs:I~e:HJ.ru Oonee 10 neT YKa.SaHH:&lU MeTo.rt 

s:J:BJis:IeTCs:I O~HHM ii.S MHCTpyM8HTOB 

crrpyKTyp:&I Tsep~oro TeJia, nposo~~ 

TOF-~wpaKToMeTpoa [2]. 
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IIpJ.ot :HCCJie,D;OB3HHs:IX 

B nH4> Ow:IM: C noMOlll,blO 



9KcnepKMeHTanbH~ ycTaHOBKa 

·Ha pMcyHKe 1 npe~CTaBJieHa CXeMa YCTaHOBKM 1 

HcnonbsoaaHHoH ,Itnsa: MSMepeHJ.ri:i. 06pase~ pacnonarancsa: s 
~eHTp9 llYBCTBMTenbHOI"O 05'l>eMa HeJ1TpOHHOI"O ~eTeKTOpa C 12 
3He-C't!eT~KiiMH. , . ,lJ;eTe:K:TOp Hei1:TpOHOB npe~CTaBJIRn co5ol1: 
np~oyrOJibHYlO npMSMY MS nOJIM3TMJieHa C paSMep~ 

450x45Qx5QQ MM CO CKBOSHDIM :K:aHaJIOM ~H,Iij)H"tieCKO_I"O 

ce't!eHMSJ ;qMaMeTpOM 14 0 MM~ · 9TOT KaHaJI CJI~ B KalleCTEie 
qyBCTBMTeJibHoro ofS'l>eMa · .n:eTel(Topa 1 r.rte HaXO~MCb 

pacnonaranMCb Ha Hccne,zweMLie o6paSUl>I. 3Hei-cl.leT·t,u1.KH 
OKPY'KHOCTH 1 IJ;9HTp KOTOpOJ1: JiejKaJl Ha OCM QYl3CTBJ.1TeribHOI'O 
oO'l>eMa, H 5lJJIM pas~enem.r pasHl>.IMM npoMe""YTXaMJ.ol •· Hel1TpoHm..n1: 
,t(eTeKTOp J.1Men Ka~eBLJH 3KPaH ,t(JIS! Sam;MTI:.I OT paccesa:HHNX 
oOpaS~OM H OKp~~ V~TepHaJiaMJ.ol TennOB~ HeWTpOHOB. 

HMnynbC TOKa HeMTpOHOB C IDJ.1PMHOJ1: Ha nOJIYBI:.ICOTe OXOnO 
230 MKC M 't!aCTOTOJ1: DOETOpeHM:s:I J.1MIIYJII:>C·:>B OXCJIO 5 I'u, J.1 
cos~asancs:r peaKTopoM Vl:BP-2. 0TMeTl11-r, ~:z·o cpe,J:Uis:rsa: 
HHTeHCMBHOCTb HeJ1:TpOHOB Me~,D;y HMnYnl:>CaMH ,t(J'Is:I pea~Topa 

HBP-2 COGTaBns:rna OKOJIO 7% OT nMROBOJ1:. ll03TOMY ~OH, 
CBs:I3aHm..ri1:-, C 5I:.ICTpbiMM HeJ1:TpOHaMM Me~,D;y J.1M11Ynl:>Ca.MI-i 3aM9THO 
HCKa~an pe3YJil:>TaTI:.I H3MepeHMJ1:. 
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~acne~~ o6pas~ pacnonaranCH aa paccToHHHM oxono 30 M 
OT I..J;eHTpa aKTHBHOH SO:tn.l peaKTOpa' r.n;e .. . IIrnpHHa Ha 
noJIYBl>ICOTe )tJISJ: HMIJYJibCa T9IIJIOBLIX HeHTpOHOB paBHSinac:& 

12 MC· OyqoK aeHTpoHOB HMeJI npm!OyrQJibHOe Ce'tleHHe 150xl5 MM 
H ~OPMHPOBanCR npH nOMO~ HSOrHYTOro SepRanbHOrD 
HeJ1:TpoHOBO,Ita, npe~aSHa~eHHOI"O )tJISl npocTpaHCTB9HHOI"O 
paS,D;eJieHHs:J: TpaeKTopldt OI>IcTphiX H TeiiJIOBLIX :Heii:Tpoaos • B 
soae pacnono:xcemm oOpas~a paccTomru:e Me:)IC,lzy' ocs:IMH OhlcTphtX 
M TGilJIOBi.xx HetiTpOHOB COCTaBKJI0 Ol<:OJIO 15 MM 1 H TeM CaMhiM 

6WIO ,ItOCTHI"HYTO SHatni.TeJibHOe no,ItaBJie:HHe nOTOKa 6LtCTpl>IX. 

,IJ;onOJIHHTeJ'IbHOe ¢lop:wqx>BaHHe MMIIYJibCa T9I1JIOBLIX HetiTpOHOB 

Ha o6pas:u;e ocym;ecTsnsmocb npepLIBaTe.neM, npe.ItcTasn~ 

co6ol1: ,Itl-1CK HS MeTa.JI..1IW.leCKOI"'O Ka.z::tl'G1SI. flpephlBaTeJib MOI' 
spampTbC~ soxpyr OCM 1 npoxo~~eK qepes ero ~eHTp c 
nocTo~aaoi:l cKopocTblO. B,D;onb ~aMeTpa .rtJ.iCKa Ol>IJilo! c~enalilJ 
~e npospaq~e ~g Tennoswx aeHTpOHOB ~enM Up~oyroni:.aoM 
~opMl>l pasMepaM>I 200x20 MM. BpaJ!IeHHe sTore ~cKa OWJo 
CMHXpOHMS~OBaHO C MMITYnbCaMH peaKTOpa TaKHM o0pa50M 1 

ll'l'Q($& OH nponyCKaJI TeilJIOB&e HeJiTpOHhi 1 HM~e BpeMSI 
nponeTa paCCTOsnms:I OT MCTO't!HMKa ,ItO o6paeu,a B Sa,ItaHHOM 
HHTepsane. Tal(MM oOpaSoM npaKTHllecKH nonHOCTDID no.n;asngncg 
noTOK Tennoswx HeMTpoaos oT peaKTopa E nayeax Me~~ 

HMITYnbC~. Henocpe,D;CTBeHHO Ha BNXO,D;e SepKaJibHOI"O 
aeMTpoaoso.n;a pacnonarancg ~e o~ npep~aTenb noToKa 
TennOBNX Hei:fTpOHOB 1 KOTOp~ en~ ~~ MO~n~ 

HeiiTpOHHOI"O nOTOKa BO BpeMeHM TaK, Kal<: noKaSaHO Ha 
pHcyHKe 2. Cpe~ee SHa't!eHHe nOTOKa TennoENX HeiiTpOHOB Ha 
o6pa3u,e B OTcyTCTBHe MO~n~Topa 6NnO paBHO 
4*104 He~TpoH/c·~. 

Hccne~E!M!>Ie ~.n;pa s pesyJII:.TaTe saxaaTa TeilJIOBhiX 
HeJ1:TpOHOB HCm.ITl:oiBa.JIM ,D;eJieHMe 1 B peSynbTaTe i<OTOpOI'O H3 
B036y,K,tteHHhiX OCKOnKOB ,D;eJielil'1S! HCnyCKaJIHCb Mr'HOBeHHLI9 
Heii.TpOHLt. Kor;o.a BenHt~KHLI OCTaTO't!HOi:t 3HeprMH B036Y'IC.U:9HHg 
OCKOJIKOB OKaS~aeTcg He,tJ;OCTaToqHOii ,D;n~ HcnyCKaHHSi 
HeJiTpOHa 1 ~,D;pO MO~eT paSpg,D;J.iTbC~ nyTeM SMHC~ MrHOBeHHWX 

y-KBaHTOB M B pesyJibTaTe p-pacna,D;a. npM 3TOM B ~eno't!KaX P
pacna~a MOryT . o5pa30BaTbCS! Sl,D;pa 1 ,D;n~ KOTOphiX 
aaepreTM't!ecKH HaH5onee BNrO,ti;H1>IM aM,tJ;OM pacna,D;a stBJI~eTcg 

SMJ.oiCCJ.ig He.MTpOHa. Ta!Gie Hei:fTpOHhi HaS~alOTCg 
SanaS,tt:biBal01U;l-1MH M MCnyCKaJQTCSI npeHMYJ,D;eCTBeHHO B MHTepaane 
speMeHJ.-1: OT HeCKOn:bKMX MMJI.nMCeKYH,tl; ,ti;O HeCKOJibKJ.iX CeKYH,tl; 
nocne MOMeHTa ~eneHMH MCXO,D;HOro s:r.n;pa. Ha npaKTMKe npMHRTO 
OTHOCMTb qucno SanaS,tt:biB~X HeJiTpOHOB K ~cny aKTOB 
~eneHMS! MJil.1: K CYMMe SanaS,ttbiBalCIIII;IDC M Mr'HOB9HHhiX Heii:TpOHOB 
,D;ene~. llOSTOMY npe,ti;CTaBnRnOCb ecTeCTBe~ B O,ti;HOM 
3KcnepJ.1MeHTe MSMepSITb <n<CJia xaK MrHOBeHHLIX 1 TaK ,. 
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sanas~~ HeMTpOHOB d noMa~ o~oro H Tore ~e 

HeMTpOHHOI"'' ,n;eTeKTopa • TalC KaK ITOTOK TeriJIOBhiX HeliTpOHOB 

npe,n;cTaans:m coOoH :mmyJibCl>t 1 liiHpHHa KOTOphiX npHMepHo a 

~a~aTb pas MeHhme nepHo~a HX nosTope~, TO pas~eneHHe 

MrHOBe~ H SanaS~~ HeJ1"TpoHOB JierKO O~eCTBJls:t:IIOCb 

C OOMO~ HSMepe:HJ~m pacnpe~en:eHJoSH HeMTpOHOB nO BpeMeHH 

nponeTa. Ha pHcyHKe 3 npe~cTasneH cnexTp aeHTpoHoB no · 

speMeHH nponeTa, nonyqe~ c noMompro onHCNsaeMo* 

YCTaHOBKJ.i H ITOKaSaHO 1 KaK perHCTpMpyelGie HeJ1:TpOHLI 

no.n;pas.n;en:rurncb aa RaTeropHH: «ODicTpDie» 1 «MI"HOBeHHLie» H 

«Sanas~~e». 

flpM~n ,tteJ:iCTBMSI ,IteTeRTOpa HeJ1:TpOHOB COCTOs:tn B TOM 1 

'Q.TO HeHTpoHhl .n;e.neHHs:~ O:&IcTpo TepMaJIJ.oSSOBaJIHCb H 

~¢l¢lYH,ttHp0BaJIJ.i B 00"beMe ,n;eTeKTOpa ,ItO nornour,eHHSI B 

MaTepMane SaMe~TeJISi MnM s. 3 He-cqeTqMRaX. 

0 r· ................ :...-- ..___...._ ...........,.._ 
-400 eoo soo 1 ooo 1200 

Time 2*sec 

~CYHOK 2 o 3aBJ.1CI<1MOCTb WHTeHCli.IBHOCTW «Mr'HOBeHHblX Hei:f'I'pOHOB» 

OT BpeMe~ npw WSMepeHMHX C npHHeHeHMeM 

MO,tzy.JI51Topa o B Ka'.JeCTBe wsMeps:IeMoro oOpas~a wcnonbsosanacb 

MWllleHb 23Su Maccoi1 oKono 2 M r 

reoMeTpMSi .n;eTeKrropa H era pacnoJIO:lKeHHe no OTHome!rnlO 

R Il}"iRY HeHrrpoHOB BLt6HpaJIMCb Ta:KMM: o6pasoM 1 'lT06DI 

,rt05MTbCSI HaH60Jiee OOTMMaJibHOI"O COOTHOnteHHSI Me:K.n;y 

sc»cl>eKTMBHOCTblO perHCTpal.l;t1li HeJ1:TpOHOB 1 MCIIYllf.eHHLIX M3 

oOpaS~a, U S~~eRTit:tBHOCTblO pei"'JJIcTpa~ HetiTpOHOB OT 

peaKTopa 1 pacce~HHYX aa oKPY"'~X MaTepuanax. 

BepO~THOCTb o6HapY:KeHH~ HeMTpoHa B ~eTeKTOpe qepe3 t MKC 

nocne ero po:K.rteHHst onpe.n;en~eTCSi cne~eM SaEMCKMOCTblO: 
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I I 
P(t)= -exp( -- ). (*) 

' ' 
I",Ite 't - cpe,ItHee spew:~ ,IJ;M¢l¢lySMJ.1 HeJ1:TpOHOB B .rteTelCTOpe ,ItO 

nornour.emut. Be.nMttMHhl 't M & - s¢>¢>eKTJ.oSBHOCTb pei"lo1cTpawm 

MI"'HOBeHHLIX HeJ1:TpOHOB ,IteJieHHSi 1 OIIpe,IteJISUIMCb 

TaJibHO C nOMOlll,l:>lO KaJIM0pOBOtiHOI"O MCTOtiHMKa 

252Cf 0 

s~ecnepMMeH

MS npenapaTa 

PerMcTpa~st aeHTpoHos .x:te.neHMS~ oc~eCTBJISUiacb c 

nOMOlll,l:>lO SJieRTpOHHOH annapaTypLI, ¢lYHKIJ;HOHaJlbHaSl CXeMa 

KOTOpoM npe.n;CTaBJieHa Ha pMCyaKe 4 • CMI"HaJThi C Ra:K,ItOI"O MS 
3 He-cqeTq:HKOB YCJ1JIHBaJIMCb M ¢lOp:Miq>OBaJIHCb no 12 
HeSaBMCHMWM KaHaJiaM. B Ka:K~OM KaHane CMI"HaJI:&I 

¢>opMHpoBaJIHCb no a.MnJIHTy,Ite H ,ItJlHTeJibHOCTM M .n;anee 

nocTynaJIH Ha ,ItH!l>~epemzy~anbHLie ,IJ;MCKpMMJ.iHarropLt 1 c noMOlU,blO 

ROTOpLtX ocyur.eCTBJlruiCSI OT50p HMIIY'JibCOB ITO a.MilJIMTy,Ite, 

BhiXO.n;HLie CMI"HaJILI ,n;MCKpMMJ.iHaTOpOB nocne JIOI"MtieCROI"O 

cYMMJ.oS:PosaHHst no.n;asaJIMCb Ha sanycR o6ur.ero ,ItJlSi scex RaHanos 

O~OBM0paTopa 1 ROTOp~ ocyur.eCTBJISUI ~OpMMpoBaHMe KMnYJibCOB 

co cTaH,n;apTHoH ,ItnHTeJibHOCTblO, TaKMM o5pasoM 1 IIpH 

perHcTpa~M HeJ1:TpOHa Jll00UM MS CtieTtiMKOB B:Dipa0aTLtBaJICSI 

CTaH,n;apTMSOBaHH:EiiH TTR CHI"HaJI ,ItnMTeJlbHOCTblO OKOJIO 1 1 0 MXC 1 

KOTOp~ OOCTynaJI Ha 6JIOK perHCTpaTopa HeMTpOHOBo 

7000 

6000 
~Fast 

5000 

,. 4000 

·" 0 
c 3000 • :;; 

2000 ~~ I 
Pro~pt 

I Delayed 
1000 

0 
0 200 400 3200 4000 

Time-Of-Flight *48JlS 

PJ.1:cyHOK 3. BpeMSanponeTlil:Jia cneKTP 1 nonyqeHHl>ri1 c noMOlU,blO 

OnMC~aeMoJ1: YCTaHOBKHo Ha pHCYHKe noKaSaH:DI KaTeropHH 

aeHTpOHOB 1 pa3,rten~eM:&Ie no apeMeHH nponeTa TOF : 
O<TOF<1 1 5 MC- "6:&IcTpl.le 11

, 1
1
5 <TOF<24 MC- "MI'HOBeHHbie 11 M 

24<TOF<180 Me - ''sanaS~alOliJ;J.1e 11 
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PeniCTpaTop HeKTpOHOB 6W1 Bl:JIIOJIH9H B B~,tte MO,JlYJISI 

paC~I~><pe>rn>< 3BM IBM PC (p><cyHOK 5) " npe;~~cTaBJisut co!Soi< 

MHo~oKaHaJib~ aHan~SaTop no speMeHM nponeTa, nosson~ 

Ocyllf,9CTBnstTb peni:CTpa~ 'qJ.iCJia BXO~ MMIIynbCOB BHyTp~ 

cne~x ~yr sa ,ttpyroM ~HTepsanos sp~eHH sa,ttaHHoK 

,I:tJIMTeJibHOCTK, 

"1/c:-c:ounl<::r 

~ • 
• 
• 

HVG--------J 

Pli:Cy-HOK 4 , 4lYHKUUOHaJibHaS1 

HeHTpOHHO~O ,tteTeKTOpa 

Sliltt 
>-

~~).!-~~-

::till.<: 
>· 

T 
R<f 

CXeMa 3Jl9KTpOHHOK annapaTypl:.I 

P><cyHOI< 5. 4lYH~OHaJibHCiS1 CXeMa BpeMSmponeTHoro 

aaanMsaTopa 

6 

q~CJIO TaKHX MHTepBa.JIOB M MX ,ItJIKTeJibHOCTb_ .MOr'Jrn BLt6KpaTbCSi 

s sasMCMMOCTK oT TPe6osa~ 3KcnepKMeHTa._ Pei"'J1cTpaTop 

HeKTpOHOB MMeJI ~a pe~ pa06TLt - OCHOBHoK K 

KanMf5posoqHLtK, B OCHOBHOM pe~e SanyCK pe~CTpaTopa 

OCyllf,eCTBJimiCSJ BHel~IliHM: . 110 OTHomeHHIO . K ,tteTeKTOpy. Hei:iTpDHOB 

CM~H~OM, . Hai-xpHMep - CHHXpOCK~Ha.JIOM 0'1' peaKTOpa :· B 

Kan~_6posoq~oM pe»>M.e s Ka"tlecTBe sanyCKru<;:DIJ,ero 

KCI10JibS0BaJICSi MMnvnbC OT nro66ro aei:iTpDHa, 

SaperMCTpKpOBaHHOr'O ,tteTeKTOpOM, ,n;rn'l'eJlbHOCTb 

peni:qTp~TOpa. B OCHOBHOM pe*MMe KSMepeHMK 

,ItOCTaTO"tlHO 60JibmOH, TaK "tlTO npaKTKtl9Cl01: see 

MHTepaanos 

sLtOKpinaCb 

MI"'HOB9HHl>Ie 

aeJ.1TpOHl:.I 1 KCnym.eHJil>Ie B O,ItHOM aKTe ,IteJieHHSI 

perKCTPKpOBaJIMCb B TeqeHKe 3Toro ~HTepsana. 

CM~HaJ'W. ~eTeKTopa ~aSLt npepbiBaTeJISJ (PickUp-CKrHaJI!.I) 

npe,ItCTaBJimiK co6oK ~a ypOBHSI Hanp~eHMS1 1 0~ KS KOTOp~ 

COOTB9TCTBOBaJI OTKpYTOMY COCTORHHro npepbiBaTens:z, a ~yroK~ 

SaKpbiTOMY. CM~Ha.m.I OT 
3
He-cqeT"tlMKOB I10CTynaJIK Ha cqeTq;J.1:K 1 

CJI~~ ~S1 MSMepeHMSJ "tlKCJia MMITYJibCOB Sa MHTepBaJI 

speMeHM 1 sa.I{aHH:I:Jti: nepMo,ttoM TaKToaoro reaepaoropa. B 

MOMeHT, npe~ecTs~ oKoH"tlaHKID oqepe~oro nepMo.tta 

TaKTosoro reaepaTopa KH~op~SJ o "tlMCJie 

Sapeni:CTpHpOBaHHWC Sa npe~ nepM:O,lJ; HeJ.1TpOH0B M: 

,D;BOH"tlHOe "tlHCJIO 1 cooTBeTcTs~ee Wase npepbiBaTens:z a sTOT 

MOM9HT saaoCMJioCb a Oy~ep~ naMs:ITb TMna FIFO (First-In

First-Out) eMROCTbD 8•4096 6MT. DpM aToM 7 6MT 

HCI10JibSOB~Cb ~SJ SanMCM CO,ttep~oro cqeT"tlHKa, a 8-K 6HT

,ItJIS1 SallJ.ofCK COCTOS3:HJ.1S1 MO,IWJISJTOpa , 

Kan~opoBoqHMe ~sMepe~ 

,ILJls:~ Ka.JIM6pOBO"tlKl>IX HSMepem.n:1 }1CnOJibS0Ba.JIC~ HC'l'O"ti.HHK 

HS npenapaTa 
252

Cf, KoTopDIK pacnonarancSJ B UeHTpe 

"tl.yBCTBHTeJlbHOI'O 06~eMa HeHTpOHHOrO ~eTeXTOpa. 

J1HTeHCKBHOCT:b CfiOHTaHHLIX ,tteJieHJoti:t HCTO'iHMKa 6l>IJ1a KSMepeHa 

C B~COKOH TO"ti.HOCTbW npH I10MO~ ,t:I;BOHaoH HOHJ.iS~OHHOH 

KaMepN .tteneHHSI H cocTaBnsma I=2 7 J 2 ± 1, 0 ,x:tenem.rl1/ c. 

J1cnonbsys:z xopomo MSBecTaoe [ 3] saaqem1e cpe,ItHero "ti.HCJia 

MI"'HOBeHHNX HeJi1TpOHOB Ha aKT ,tteJieHMS1 ~s:l 252
Cf 1 5WIO 

onpe,tteJieHO cpe,ItHee llUCJIO MI"'HOBeHHLIX HeHTpOHOB ,tteJieHMRI 

HCJ1YCXaeMNX 3THM HCTO"ti.HHKOM B e~~ BpeMeHM In 

105' 4 ± 4 HeHTpOH/ C, 3W~eKTMBHOCTb perM.CTpaiJ;HK Ml"'HOBeHHbiX 

Hei1Tp0HOB ,n:eJieHMs:l ,tteTeKTOpOM Onpe,ttenst1IaCb KaK OTHOmeHKe 

"tlHCJia sapei"'KCTp:HpOBaHH&X B e~ BpeMeHM HeH.TpOHOB K 

HHTeHCKBHOCTH HCTO'i~Ka, 

~pYroH MeTO~ MSMepeHHs:l 

MI"'HOBeHHWC HeJi.r:TpOHOS ,IteJieHMS1 

7 

sW~eKTMBHOCTK perM.CTpa~ 

,IteTeKTOpOM 01J:JI OCHQBaH Ha 



pe~CTp~ aXTOB SMHCCHH MHO:t::eCTBeHHUX HeHTpOHOB. 

0THOme~rn:e Me:t::;::tY co($hlTHSIMJII C paSJD.i'tlH6M_ . Kpa THOCTblO 

HeMTpOHOB :p:OJ1HOCT!:>l0 onpe,IteJIS:ZeTcs:z SHallelmSIMM Bepos:zTHOC'l'H 

. HCilYCKaHHs:I HeM:TpoHOB paSJDoNHOH lq)a THOCTH 1 C . O,ItHOH 

CTOpo!W:1 M si}li}leKTHBHOC'l'blO pe~CTp~ O,ItHHOllHlJX 

HeJiTpoHOB 1 C ,ttpyroM • BepOSiTHOCTH MCIIYCKaHHs:I Kpa THbiX 

aeHTpOHOB npH cnoaTa·HHoM ,IteJieHHH 252Cf- HSBeCTHhi C BLICOKOH 

TOllHOCTblO ( 3] • llOSTOMy 1 Haii,ttfl . OTHOme~rn:e 'Q"HCeJI 

MHO:t::eCTBeHHLIX C06LITHi1: C Kpa THOC'l'blO 2 H 3 1 MO~O 
o!xpe.t{e.JD1Tl:. s4ti}leKTHBH0cT1:. Peri-icTpai.J;HK·- 6,D;HHotnn.oc: aeHTpoHoa 

HS ypaaae~rn:s:z 

r;qe Mk = LC~PI&k(l-&y-k; 
l=k 

M2 -
M =f(c,, 

3 

k=213; i==klk+l,k+2, ... ; pi 

BepOS:ZTHOCTH HcnyCKaHHS:Z paSnHllHOPO llMCJia HeHTpOHOB npH 

cnOHTaHHOM ,IteJleHHH 
252Cf 1 a C~ - ~CJIO CO'tieTaHJ.ri1: M.S k 

SJieMeHTOB no i ( 6HHoMHanhHhte KOs~cl>~eHTbl) • Ha npaKTHKe 1 

O,ItHaK0 1 Y,It06Hee COCTaBHTb Ta6~ OTHOmeHKH C06LITJ.iM C 

pa.SJ1H"tlHOM KpaTHOCTblO B .SaBHCHMOCTH OT BeJIHllHm.t 

Scl>(peKTHBHOCTM perHCTp~ O,IlHHO'tlHl:JX HSJ1-TpOHOB H HaXO,ItHTb 

pemeHHe ypaBHSHHSi Ta6JIHllHO. B pe.SyJibTaTe HSMepeHH08 

o6o~ cnoco6aMH SHalleHMe sQcl>eKTHBHOCTH perHcTpa~ 

MrHOBeH~ HeMTpoHOB ,IleJISHHSi B npe,Itenax TOllHOCTH 

HSMepeHHH coananH Me*.ItY co6oM He = 0,20±0,1. 
,Itns:z onpe,IteJ1eHHS:Z cpe,ttHe"ro BpeMeHM ,ItHi}li}lySMH He:tfTpOHOB 

B ,tteTeKTope 6l:.Ulo npoBe,tteHo HSMepem-te pacnpe,qeneiD'tSI 
WIHT8Jll:>HOCTeia HHTepBaJIOB BpeMeHH Me~,tty MOM9HTaMH 

perHCTpal.Xl-1M He:tfr;rpOHOB B C06LtTHSIX C KpaTHOCTSIMJ-1: 6onee 1. 

TaK KaK BepOS:ZTHOCTb perHCTpa~ HeMTpOHa T e~HHQ BpeMeHH 

cnycTSI .nocne MOMeHTa ,It8JI9HHSI OIIpe,IteJISI9TC5i ~OPMYJIOM ( *) 1 

TO HeTpy,ItHO npoaepWTb cnpaae,ItJIHBOC'l'b CJie,ItyiOllteM cl>opMYJibl 

,rm:s;~ aepos:zTHOCTH per.HcTp~ ~yx He~TpOHOB c HHTepaanoM T 

e,IlH~ MS:t:.rtY HJ.1:MH : 

I T 
P2(T) = -exp( --) 

t t 
npH YCJIOBMH, 'Q"TO o6a HeHTpOHa 6Lt.JIJ.i pO:t::,IteHLI B O,D;HOM aRT9 

.rteneHHSi. Pacnpe,~:teneHHe TaKHx HHTepaanoa npe,ttcTaaneHo aa 

pHcyHKe 6 M c ere noMa~ onpe~eneao cpe,t{Hee apeMH 

,ItHi}l~ySHH He:tfTpOHOB ~ = 35 MKC. 

Ba*He~ noKaSaTeneM ,tteTeKTopa s:zans:~eTCSi tc~-"MepTaoe 
BpeMS1 11 

1 T. e. HHT9pBaJI BpeMeHJ.oi noc.ne perHCTp~ HSJ1:TpOHa, 

B TeqeHHe KOTOpOrO ,t{8Tel<:TOp OKaSl:J:BaeTCSi H8qyBCTBJ.IITenb:H:hlM: 

K nocne~ qaCT~aM. BeJIH'Q"HHa ~ SaBMCHT OT cl>HSHqecKHX 
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CBOHCTB 
3
He-clleTqHKOB 

HeHTpOHOB SJieKTpOHHOM 

BeJIHtlHHa 

MeHTaJibHO. 

"MepTaoro 

1000 

'"""'"""'-

H HCnOJ1bSYeMOM ~s:z pe~CTpa~ 

annapaTypLI. flOSTOMY Ha npaKTHKe 

BpeMSHH" onpe;Q:e.nsmacb sKcnepH-

. ~~~~ -

•-~>j\t,'tll{~l!' ~~ 
~ 
0 

8 
\00 

• I ~~~~~w~~v~~~~~~~~w1~J:tl~,, ~~r nil' 
to 0l----"----\~0~0----._--~2i00~--"----,~0~0----._ ___ 400 

Time3*J.l.s 

PHcyaOK 6. Pacnpe,tteneHHe ,llJIHTenbHOCTeH J.IIHTepaa.n:oa npl1 
perwcTpaUHJ.il MH0*9CTBeH~ HeHTpoHOB cnoHTaHHOrO ,lleJieHHSi 

zs2cf 

flpH6JIW:t:eHHO "MepTBOe BpeMSi" MO*HO OU9HH'I'b 1 y,ItBOHB cpe,ItlilOIO 

ll01pl-1:HY J.iMIIYJlbCOB 
1 

BLtpaf5aTLIBaeMLIX SJieKTpOHHOH annapaTypOH 

IIpJ.II perMCTpa~ HeHTpOHOB Ha BXO,Ite CXeMLl perHCTpaTOpa. 

~s:~ 6onee ToqHoM oueHKH Hcnon~:>soaanacb cne~s:~ 
npoue,nypa wSMepel-il1M [4 J. Ha axo~e o,~Pioro HS 12 
npe.rtYCHJ1HTeJieM C nOMOWP~ reHepaTbpa MOr ~THPOBaTbCSI 

HMIIYJibC C napaMeTpaMH 6JIWSKHMM K J.iMIIYJ1bCY OT HeiaTpOHOB. 

YacToTa J1MI1YJibCOB reaepaTopa at.:I6J-tpa.n:acb Ha ypoaae oKono 

(3"td) -l. B qYBCTBJ.IITeJibm.rii oCS'l>eM .r:teTe}(Topa pacnonarancs;~ 

~CTOqHHK He~TpOHOB l1 HSMeps:znaCb era HHT9H~BHOCTb IIpM 

B~'Q"eHHOM H npH BLIKJiroqeHHOM reHepaTope. na.n:ee no WOPMYJI9 

td 
1-[(Rc -R)I /]1/2 

R 
s 

r,Ite R$ - J.IISMepeHHOe SHaqeHHe HHT9HCHBHOCTH npM B~qeHHOM 

reHepaTOpe, Rc - HSMepeHH09 SHalleHHe HHT9HCMBHOCTH IIpH 
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BKnro~eHHOM reHepaTOpe 1 a f - ~aCTOTa riOBTOpe~ HMnynbCOB 
reaepaTopa. Onpe~eJieHHas:t TaKUM cnocoOoM Be.m::t~m!a 
11MepTBOI"O BpeMeHH11 ,IteTel<:TOpa HeJ1Tp0HOB Ol<:aSanaCb paBHOJ1 
td = 1 1 25 MKC. Sa.MeTHM, 'tlTO BeJIHtlHHa nonpaBKK Ha IIpOC'tleTI>I 
npK paOo'tllix HSMepeHl4Slx a xy.ttmeM CJIY':lae ae npeauwana 
aec~OnbKKX npO~eHTOB. 

TeopM~ Koppen~OHHoro MeTo~a 

B OCHOB6 !<:Oppen~OHHOI"O MeTO.rta ne*ana M,Ite~ aaanHSa 
Koppen~ Me:t:~ ~YH~~ ~HTeHCHBHOCTH o6paSOBaHMs:t H 
pacna.rta sos6Y')K~eHHhiX cocrrosun-Gi SI~ep. "ccne.rr,yeMble s:J.~a 
o6pasos~anMCb a pesynbTaTe saxsaTa Tennosux aei1Tpoaos 
IIpM o6n~eHKK oOpaS~OB MO,Ity3IMpOBaHH!>IM IlO HHTeHCHBHOCTH 
noToKoM. Sa C'tleT Mo.ItYnSIJ..tMM cos,qasanacb onpe,r:teneHaast 
SaBHC~st OT BpeMeHM CTPYKTypa ~YH~ MHT6HCMBHOCTM 
co6~>ITM:i1 .rteneHHs:t Mccne,ttyeMHX st.rtep. O~ospeMeaao c 
o6n~eHMeM oOpaS~OB O~eCTBns:tnOCb MSMepeHHe 
MHT6HCKBHOCTM pacna,r{OB ('tlHcnO paCila,ItOB C MCnyCKaHMeM 
SanaSJJ;l:.IB~X Hei1TpoHOB B e,D;l1lil1lzy BpeMelrn) B 3a'BHCMMOCTH 
OT BpeMeHM ~, JJ;aHHhle 14"8Mepeln1J1:: B BM,Ite ~C!<:peTMSOBaHHJ.IX 
~YH~ BpeMeHM, MCriOnbSOBaJIMCb ,It.Jlst Bl>NMCJieHMSI Kpocc
!<:Oppen~OHHOJ.i 4>YH~. C~eCTBoBaHHe KOppeJis:nJ;mi Me:t:,Ity 
4>YH~~ MO,Ityn~ Hei1TpOHHOI"O IlOTOKa H MHT6HCMBHOCTM 
pacna.D;OB IlOSBOns:tno B~ens:tTb MS noTOKa perMCTPMpYeMNX 
C06l>ITMJ1 TOJibKO Te 1 MHT6HCl1:BHOCTb KOTOpUX KoppeJIJ.q)OBana C 
J.i"HT6HCHBHOCTbiD riOTOKa TeiinOB~ HeHTpOHOB. 

PacCMoTp~ nepMo~qecKHH npo~ecc 14"SMepeHMM, a 
KOTOpOM IlOJIOBJ.i"HY nep14"0,Ita MO,ItyJISITOp nepeKp~a)I IlOTOK 
TennOB~ He:i1Tp0HOB. ~J.i"TeJibHOCTb nepHO,Ita Onpe~enHM paBHOJ1 
400 C6KYH,ItaM. ITp14" 9TOM ,ItJIMT63IbHOCTb MHTepsana o6nyqeHMS1 
o5paSLJ;a 5y,IteT ,ItOCTaTO'tlHOJ1 ,ItJISI TOI"O 1 qT06lol MHTeHCJoiBHOCTb 
pacna,ItOB C MCnyCKaHlieM SanaS,It:LIBalO]U,IDC HeJ1TpOHOB ,D;OCTMI"Jia 
aa~eHHst. Ha pHcya~<:e 7 npe.rtcTasneHI>I ~YH~ 
MHT6HCMBHOCTM MI"HOBeHHI>IX, SanaS~~X HeJ.iTpOHOB 
.D;eneHMSI, a Tal<::t:e OLICTphiX aei1Tpoaos peaKTopa 1 paccemnn.nc 
Ha o0paSQe B MOM6HT BCnl>ImKK B SaBUCHMOCTJ.i" OT BpeMeHH npK 
MSMepeHHSIX C 235U. . 

ITpe,Itnono~ 1 q'l'O TpeOyeTcst onpe,ItenMTb d>YH~ A(t), 
npe.n:cTaBJis:noliiylO coOoH c:~<:opocTb pacna.n:a s:t,ttep c ucnycKaliJI!eM 
sanaS.Itb!Ba!Oli1)1:X aeHTpoHos. .z:tpyi"HMl1: CJIOBaMK 1 • d>YH~ A ( t) 
eCTb Bepos:tTHOCTb MCnyCKaHHSI SanaS.D;WB~6I"O HeJ1TpOHa B 
MHTepsane (t,t+dt) npH ycnoBMH 1 llTO eaxaaT Tennosoro 
HeJ.iTpOHa MCXO.D;Hl>IM s:I,ttpOM (MJIM al<:T .o:eizeHHs:t Mccne,ttyeMOI"O 
SI,ttpa) npoMSomen B MOM6HT t=O. HeTpy,D;Ho y0e~TbC~ B 
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cnpase~socTH cne~ero ypaaHeHKst 1 css:rs~~ero MCKOMYID 
. 4>YHKU>OO A(t) >r "'SMepS<eM}'IO N(t): 

f' X(t-r) 
N(l} = .;, x x A(r)dT+ B(t) (1) 

o vP~P . 

S~ecb HCnonhsosaHY cne~e oOosaaqe~: 

&d - 9~~el<:THBHOCTb perMCTpa~ aanaS,ttLmaJOIU;KX 
HeJ.iTpOHOBi 

~ - 9d>d>el<:THBHOCTb perHCTp~ MI"HOB6HHI>IX HeJ.1:TpOHOBi 
Vp - cpe,ItHee ~CJIO MI"HOB6HHI>IX H6HTpOHOB B pac"tleTe Ha 

OWiH aK'l' ,I(eJieHKst i 
X (t) - MSMepSJeMOe 8Ha'QeHHe HHTeHCMBHOCTH MrHOSeHHloiX 

HeHTpoHOB ,IteJieHMst B MOM6HT BpeMeHH t; 
N ( t) - CKOpoCTb ClleTa SanaS,tthiB~ HetfTpoHOB 1 T. e. 

N (t) dt, pasao tniCJIY eanaS,ttl>ISaiOm;IDC aeHTpoHos 1 

SaperMCTPMpOBaHHI>IX ,IteTel<:TOpOM B HHTepaane BpeMeHU (t 1 

t+dt); 

B(t) - SaBH~ OT BpeMeHH ~OHi 

t- MOMeHT BpeMelill1 HSMepeHHSt, a ~ 

".IU'a MOMeHTaMH ~eJieHHs:I KCXO~OI"O 

sanas~~ero aeHTpoaa; 

P;:orrpc 

Fast 

400 

300 

"' "' "' c 200 Q) 

:£ 

100 

0 

Time 2*sec 

PMCYHOJC 7. 3aBHCHMOCIX'b 0" BpeMeHH 

ea,u;ep:.tKa Me~;DY 

* perM:cTpa~ 

HHTeHCMBHOCTH 
"CSwcorpwx" 1 

non.yqeaawx. 
c 23s0 

''MrHOBeHHJoiX11 H "SanaS,ttWB~X'1 aeJ1:orpOHOB, 

C OOMO~m OnMCWSaeMOH YC~aHOBRM npH H.!3MepeHMRX 
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B HacTo~ee BpeMR 06~enp~~ ~ReTCR npe~cTasneHMe 

~yHK4JOf A ( t) B BM~e cyMMht meCTH SKCDOHeHT /S/. i1MeeM 

6 • 

A(l) =LA, x exp( -..t,t) , (2) 

i:l 

c yqeToM noc.ne,ttHero BLipa:«:eHMS:z ypasHe:Erue 

nepenHcaTb s c.ne~eM BM~e: 
(1) MO:«:HO 

6 
' X(t ) 

N(t)=f',xi:J -T xA(T)dT+B(t)= 
•=I 0 vP~P 

(3) 
6 

' X(t ) 
f', xi:A,J -T xexp(-.-l,T)dT+B(t) 

i=l o vP~P 
Ha PJ<cyHI<e 8 npJ<Be.rteH rpa~><I< ~YH~ N ( t) np>< eyneBoM 

~OHe 1 DOCTpOeHJil>IM: C MCilOnbSOBa!rueM ~OPMYJihl ( 3) ,It.TIR 

5Ha~eHHH A1 1 B5HTUX HS pa60TH [8). 
B ycTaHOBMBmeMCQ pe:«:KMe N(t) ganReTcg TaR~e 

nepMo,ItloNeCROJ1: C TeM ~e nepMO~OM1 llTO M X(t). HeTpY,ttHO 

nposepMTb 1 llTO Me~.IW aMIIJIHTY~aMH ~YH~ N M X HM:eeTcg 

IIpOCTaSi C~S15b: 

r~e CHMBOnaMJ.i 

perHcTpa:u:r-rn 

N & 
vd=_o_Ly 

Xo ed P 
(4) 

&p 1 E<:1 1 Yp, Y<:1,Na,Xa o6o5HalleHI>I 

MrHOBe~ aeJ1TpOHOB 1 

pei'MCTpal.l;J1li sanaS,tthiB~X. ael1:Tpoaos, 

3~~eRTMBHOCTb 

S~~eKTMBHOCTb 

cpe,ttHee llHCJlO 

MI"HOBeHHl:>IX HeJ1TpOHOB Ha O,Itr;iH aRT ~eJle:frug 1 cpe,ItHee 'qHCJ]Q 

SallaS,II;I:>IBalOlU;IDC HeHorpOHOB Ha O,ItHH aKT ~enemm: H a.MIIJIHTY,D;bl 

q,~ N(t) H X(t) cooorseTcTseHHo. TaR RaK BeJJMllHHl>I Yp 

M5BeCTHbl C BblCOXoM TO'T.lHOCTblO 1 a B~ Na 1>1 Xa lo1SMepSliOTCs:t 

aenocpe~crrBeHHo 1 TO ,IVIs;t onpe~eneHMSI v 4 ~ocoraTollHO 

aeSaBlo1CHMO Onpe~enHTb OTHOWeHMe sW~eKTHBHOCTeH 

perHCTpa~ MrHOBeHHHX 111 Sana5~~ HeJ1TpoHOB. ~Si 

STOI"O MO:lKHO IIpOMSBeCTM H5MepeHMSt ,I+JISi 
235U M 1 

BOCilonbS0BaBmHCb MSB9CTHWM SHaqeHHeM ~Si Vd [9], 

Onp9~enHTb SHalleHHe OTHOWeHMR sfP~eKTHBHOCTeH perHcTpal.l;J1li. 

B ROppen~OHHOM M9TO~e BuqHcnSieTCSi BSaMMHaR ROp

penSlU><OHHaS< ~YH=>i .rtn>< N (t) >< ~YH~ Y (t) , paBHOH 1 np>< 

OTlq>DI'I'OM IIOnO~eHHH MO,ttYns;tTOpa H -1 - IIpM SaJq>:LITOM. J1MeeM 

T 

N'(l)= JN(t-T)xY(T)dT. (5) 

0 

no~CTaBHM B STO BLipa:«:eHHe HBHHe SHaqeHMSt ~yH~ M IlOCJle 

HeCJJo~ npeo6pasosaHHA nonyqHM 

N(t)=N.xZ,(t-T,), (6) 

12 

~ 

• 

" 

' 

r~e IPYH~ Zc:1(t-td) npe~cTaanHeT co~oH ._nepHo,ItHqecKYlO 

TpeyronbHyiD ~YH~, MM~ SanaS~aHHe tc:1 OTHOCHTeJlbHO 

onopaoro CHI"Hana Y(t). Cosepmeaao aaanorJ.o~qao B~HcnHM 

B3aHMHl>Ie KOppen~OHHhle ·: ¢lYHKIUm ,lVIR ¢IYH~ 

HHTeHCHBHOCTM 

He:i:1:Tp0HOB». 

.'l 
'2 , 
€ 
.!!. 
]> 

•• c 
! 
.: 

1$000 

10000 

$000 

«MrHOBeHHl>IX He:i:1:TpOHOB» 

0 ----. ---

,. «0!oiC'l'pLIX 

200 <4oo eoo eoo tooo t:aoo 

Time (sec) 

PHcyaoK 8. PeeynhTa'l'w paclleTos no ~OPMYJie 

HHTeHCHBHOCTH 3anaS~~X He:i:1:TpOHOB 

11Mee>< 

X'(l) =X, x Z(t) " Br'(l) = Br, x Z(l) , 171 

(1) ~YH"'-""" 

r~e Z(t) - nepHo~qecKag TpeyroJibHas;~ ¢lya~s;~, CHH~aSHa~ c 

MO,IWJIJ.q)~eJ1:, Br' (t) - ~yH~~ HHTeHCHBHOCTH "e'S!o!CTpLIX 

Heii:TpOHOB", a B:r::a - aMilJIHTY~a nepeMeHHOtf COCTaBn~eH STOJ1: 

~yH:tcr.J).1M. nepeMeHHag COCT3BJI~g MHT€HCHEHOCTH CB~3aHa C 

OCJiaOneHHeM IlO'l'OKa "0l>lCTpl>IX HeJ1TpOHOB 11 H3-Sa 

sSaHMo~eiicTsMH c ~APaMM MaTepMana MO,IWngTopa. 

TaK KaK npH MSMepeHMgx 237Np MSMep~eMhiJ1: 34J¢leKT 

COCTaBJI~ HeCKOnbKO npo~eHTOB OT 05~ej;i HH'l'eHCHBHOC'l'M 

perHcTpHpyeMl>lX HeHTpOHOB (~OHa), TO aMnJIHTy~a H3MepgeMoJ1: 

4lYH~ HHTeHCHBHOCTM eanaS,tt:b]BaJOlU;l1X aeHTpoHoB N (t) OWia 

no,ItBep~eHa OoJiblliHM cTaTHCTHQeCKMM 4JnyxTya~.zy~SiM ciloHa. 41oa 

~eTeKTopa OWI CBRSaH B OCHOBHOM C co6cTBeHHOJ1: 

pa~oaK'l'HBHOCTblO MCCJJe,z:r.yeMoro o6pas~a H OwcTpbtMM: 

HeHTpOHaMH OT peaKTOpa, HCnyCKaeMNMH B naysax M€~,IW 

MMilYJibCa.MH. STH ¢lnyKTya~ CJlY'KaT IlpHllMHOtf BOSHHKHOBeHMs:t 

norpeliiHOCTeii B peSyJil:>TaTaX HSMepeHJ.ri:l. B KalleCTBe Mephi 

STHX norpeWHOCTE:ti IlpHMeM cpe,ttHeKBa~aTMQHOe OTKnOHeHMe 

MnM ~cnepcMro MSMeps:t~ CJiyqa:i1:HNX fPyaKUHtf. nns:t 

13 



BJ,ttll..ICJieHMSI ,ttMCnepcmi o6paTHMCSI R (5) J.i BCOOMHJ.iM, tiTO 

WYHKI..J;mi N(t) OllHCUBaeT OW!opo~ nyaccoHosc~ npouecc 

[1]. - WliTerpaJI B npasoH-. 't13CTH (5) npe,D;CT3BJISieT cyMMY C 

BeCaMH Y(t) HeSaBH~ cnyqaH~ tiHCen, HM~ 

pacnpe.tteneHHe UyaCCOHa. TaR KaK Y (t) MO:t:eT · npPUn1Ma.Tb 

SHaqeHHSI ±1, TO HMeeM 

T 

a'; (N'(t)'); J N(t- t)dt = N,. (8) 

0 

r.tte Nt -- ecTb nonHoe 'tiHCJIO HeMTpOHOB, sapei"McTpJ.q>OBaHHLIX 

sa see apeMS-1 l1:SMepeHH>~ T. STOT pesyJibTaT 6E:JJI non~eH 

,ttOCTaTO'qHO ,D;3BHO B pa6oTaX nO HCCJle,D;OBaHHID 34>4leRTOB 

ynpyi"OI"O pacceSIHHSI HeMTpOHOB Ha TBep,D;OM TeJie [5]. TaM :t:e 

· Bnepable 5E:JJIH C~OPMYJIHpOBaHl:J OCHOBHI>Ie OC05eHHOCTH 

KOppeJI~OHHOI"' MeTo,D;a. O~oM HS XapaKTepHbiX OC06eHHOCTeM 

KOppen~OHHOI"O MeTo,D;a RBJlReTCSI TO, tiTO ~cnepCMR He 

33BHCHT OT t. ,Itpyi"aR Ba:t:H3SI 0C05eHH0CTb COCTOHT B 

npl1C~eM 3TOMY MeTO,tty BU'tlHTaHMH nro60I"O HeKoppeJIHpOBaHHOI"O 

!l>OHa B{t). Koppen~OHHbM MeTO,t\ qyBCTB~TeneH K cpe,IUieM 

BeJIHtiHHe Sa,D;ep:t::KH MCilYCKaHMSI SanaS.rtbiBaiOlii;tiX HeHTpOHOB B 

COOTBeTcTB~ C (6). 

I'ISMepem<e cpe,I<Hero q><CJia sanaS,I<!.!BaiOIIl,>IX Heih'POHOB 

np>< ,I<enem<>< 2~7Np 

KaK yKaS~anocD, An>~ 

SanaS.rtbiB~X HeMTpOHOB IIpM 

OTHOWeHHe 9~~eKTl1BHOCTeM 

onpe.n;eneHJ-:t>~ 

,D;eJieHJ-1H 237Np 

pei"McTpa~ 

cpe,D;Hero t~Mc.na 

He06XO,t:tMMO SH3Tb 

sanaS)J;I::JBaJOJitl1X M 

MrHOBeHHblX HeMTpOHOB ,D;nSI HCOOJlbSyeNOI"O ,D;eTeKTOpa. 

npJ.otBe,tteM OIIMCaHHe O,D;HOI"O MS BOSMOa\HblX COOC060B 

onpe,D;eJieHHSI yKaSaHHOI"O OTHOWeHMSI sWWeRTHBHOCTeM. 

BocnoJibSYeMCSI ~OPMYJIOM (4) ·, npe.I{IlOJiai"aSI J.oiSBeCTm.IMH: Vd H Vp 

,JlJI>~ 23su , "· HSMepHB aMIIJIHTY,ttbi Xa, N, onpe,tte.TIJ.1M 
&, 

J<a~< 

c, 

peweHHe ypaaHeHH>~ ( 4) • PacCMoTpl-iM no,ttpoOHee npoi.:(e.n;ypy 

onpe.n;eneHHSI aMIIJIHTy,D; Xa, Na MS peSyJlbT3TOB MSMepeHHSI. 
235

U. 

Ha pMCYHKe 9 (a,b,c). npe,ttcTaBJieHbl: aaToKoppenSD.J;M.OHHa>~ 

~-yHKLT;I-1SI (a) .rt.JISI 1<:3Tei"OpJ.Gf. "MI"HOBeHHble" H BSaJ.1MHl:J:e 

KoppensnzytOHl-We ~YH~ (b 1 C) ,D,Jls:I KaTeropJ.ri:i HeHTpOHOB 

«SanaS)J;I::JBaiOlltl1e» l1 «6NCTpble» COOTBeTCTBeHHO. llOCROJlbKY 

yxasaHHNe KOppenSII.l;HOHHLte ~YH~ nepl-1o.IJ;J-1qHl:J c nepMO,ttoM 

MO,ttyJl~, TO ,I1JISl -yMeHbWeHHSl CTaTHCTl-'lqeclGfX cbJIYKTyaiJ,ID1: 

pesy_JibTaTbl npHae,tteHLt K . O.ztHOMY nep1-10,llY l-13Mepe~. !3Tl-1 

,ttaaHl>le OE:JJIJ-1 :>iCOOJib3oBaHLt ,ItJISl onpe.n;eneHHSI cu-mJIHTY.It Na, Xa H 
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PMCYHoK 9. KoppensnJ;l-ichnw:e IPYH~ , nocTpoeHHNe no 

peSYJibT3TaM MSMepe~ C 
23~U. HOPMHpOBRa slotOpaaa Ta:KJW 

o6pasoM, ta:TO SHata:eHHe WYH~ a Ma~<:CHMyMe pacnpe,tteJieHl-1s:~ 

paBHO OOJlHOMY trn:CJly HeHTpOHOB , Sapei"McTpHpOBaHHloiX ,D;eTeK

TOpOM Sa Bp~ MSMepeHHSI 
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Bra·. · AMrl.nMTy,n;a Na Ol>Uia c:teoppe:teTI-ipOBaaa c yqeToM ~oaa 

«6:E.ZCTpl:oiX H9J1:TpoHOS» OT pealC.TOpa 1 perMCTpMpyeMWC B naySaX 

M9:XC,llY ro:-my.nbCaMJ'.t pea~TOpa. Koppe~ CBstSaHa C TeM, "QTQ 

noToR ONcTpLIX Hei&:Tpoaos oCJiaO.nsteTcst npH nepeKpLITHH ere 

MO~nstTOpoM 1 a nOTOMY paSJIHllHhiM o6paSOM BJD1Sl9T Ha 

USMepeHHst s~~eKTa H Woaa. Cne,n;oaaTeJibHO .ItJist :teoppeRTHoro 

onpe,n;eneHMSI s~WeKTa . T9IIJIOBLIX .aeHTpOHOB Heo6XO,I:tJ1MO SHa'l'b 

UHTeHCHBaocTb ~oaa 1 cas:~saHHoro c OLicTpLIMH aeMTpoHaMH H 

B~ KOS~~HUM9H'l'a OCJia0neHUSI MO~JISITOpOM nOTOKa 

0LICTPLIX Hei1TpOHOB. 

UHTeHCHBHOCTb ~oHa ONCTpUX aeMTpoHoB onpe,n;engnacb npH 

,9a:tepLITOM noJI0*9HJ.\[H MO~JISITOpa H pa00TalOIU.eM peaKTOpe 1 a 

q,oa, CBSI3aHHLIH C C00CTBeHHOi1 pa,D;HOaKTHEHOCTbiD o5pa3~a 1 
WSMepgncst npH BLIKnro"Q9HHOM peaKTOpe. Kos~W~eHT 

ocnaOneHMst noTOKa 6NCTpLIX aeHTpOHOB HSMepstnCSI no 

aMnn*TY~e Br(t). 
TaKKM o0paSOM 1 BSSIB SHal:leHHSi Vd H Vp ,ItJISI 235

U HS { 9] H 

paCCMaTpHBast (4) KaK ypa:aHeHHe OTHOCHTeJlbHO 
& 

OTHOlU9}1HSI ____!!_ 

c, 

Mioi onpe~enruut ero saal:leHHe Wist npHMeHst:eMO:i1 AJIHTeJibHOCTH 

nepHo,n;a Mo,n;yn~: 

& 
~ = 1,25±0,035. 
c, 

Boo~e ro:aopst 1 sWWe:teTHBHOCTb perHCTpa~ sanas~~x 

Hei1TpOHOB SaBHCHT OT ,Itl'IM'l'eJibHOCTH nepMO,Ita ~O,D;yJI~ 1 TaR 

XaK npH H9,ItOCTaTOl:IHOi1 ere IIpO,ItOJI~TeJlbHOCTH HaKan»HBaeMast 

aKTMBHOCTb He ycnesaeT ,ItOCTHI"'HYTb Ha~eHH~. DpH 

B~5paHHOW ,ItJIMHe nepMO,Ita OTHOlUeHHe sWWeKTMBH0CTei1 B 1,0311 
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,ItJISI nepHo,n;a 

pesyncTaTe ,ItJist 

Ed 0 -=1,29±0, 4. 
c, 

«6eCKOHetlHOJ.1: 

nonpa:aneaaoro 

DorpelUHOCTb no.n:yqeaaoM BeJIMtlHHbi onpe.rtensteTcSI rnaBHl:.IM 

o0paSOM norpelUHOCTbiD Vc1 ,ItJISI 235tJ 

Ha pHcyH:tee 10 npe,n;cTaa.neHht :teoppensru;HoHHNe WYH~ 1 

nonyqeaHb!e npH HSMepeHID1: c oOpas~oM 231Np. 
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PJ..:I:cyaox 10. Kpocc-xoppenSIIJ;HoHltl>le, ~YHKI..lHH ·noc'l'poeHHb!e no 

peSyJibTa'l'aM M3MepeHMJ1: c 237Np. HopMHpOBKa B~6paHa TaKKM 

o6pa3oM 1 llTo 3HatleHHe ~YH~ s MaKCJ1MYMe pacnpe.rteneHHSI 

pasHa nonaoMY tlHcny aeMTpoHOB 1 saperHcTpHpoBaHHLIX 

,IteTeKTOpOM Sa Bp~ M3MepeHHSI 
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3TH pesynhTaT~ 6unM Mcnonbsoaaaw ~st onpe~eneHMst aenHqHaw 

Vd .I+JIR 237Np 1 KO~Opast COCTaBWia 

v, = 0,0114±0,0011. 

:Sonhmast OliiMOKa a onpe.tteneHHOM SHaqeHJ11.1: vd castsaHa c 
6onhmOH OmH6KoH aenwqJ~~aw Vp 1 BSRTOH MS pa6oT~ [7]. B 3TOM 
CMl>ICJie ropas~o paSYM:Hee Mcnon~:.sosaTh aeJIMql1ey OTHomelrnst 

Vd/Vp 1 qepes KOTOPYlO BNpa~aeTCSi HCnOJibSyeMast B peaKTOpHOH 

Texrnn<;e KOHCTaHTa Po: 

flo 
v lv 
d p -000460±0,00028. 

1+vd!vp ' 

B sa~qeHMe aaTop~ cq11T~T npMSITHMM .ttOJirOM 
noOnaro,ttapMTb sa noMomp a npoae.tteHHH 3KcnepMMeHTOB 
C.:S. :SopsaKoaa 11 A.H. AH.ItPeeaa, a TaK~e ID.C. 3~THMHa, 

~.H. lloKOTMnOBCKoro 11 B.M. ¢ypMaHa sa MHoroqHcneHHUe 
noneSawe ~CKYCCJ.'IH H KOHCTPYKTHB~ KpHTHKy. 
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