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B pB~Y HCTOl.fHHKOB HeiiTpOHOB, HCllOJih3yeMhiX B aKTH

Bali,HOHHOM aHaJIH3e /peaKTOphl, YCKOpHTeJIH, HeiiTpOHHhle 

pa3MHO)I{HTeJIH, H30T0llhl/, HaHfionee llpOCThiMH JIBm!IOTCJI 

H30TOllHhie HCTOl.fHHKH. O~HaKo ux npuMeueuue or

paHHl.fHBaeTCJI u.enhiM pJI~OM <iJaKTopoB, KOTOpbie onpe

~eJIJIIOT HX npaKTHl.feCKYIO ll,eHHOCTb, a HMeHHO - BbiXO~ 

ueiiTpOHOB, nepuo~ nonypacna~a H30Tona, pa3Mepbi ucTol.f

HHKa, 3HeprOBhi~eneHHe, reHepali,HJI reJIHJI, CTOHMOCTb HC

TOl.fHHKa u T .~. B ma6A. 1 II I ~aHa xapaKTepucTHKa ueKoTo

phiX HCTOl.fHHKOB llO BbiXO~y HeBTpOHOB, OTHeCeHHOMY K aK

THBHOCTH 1 K10pU, B 11106/1. 2/l.f.pe~cTaBJieHbi .n.aHHble no 

TellJIOBW.ll.eJieHHIO H OfibeMy TOJibKO C06CTBeHHO pa~HOH30-

TOnOB, HOpMHpOBaHHbie K BhiXO.li.Y 5.101 0
HeU11fp.jc H,HaKOHell,, 

B 11106/1. 372 / npe.lJ.CTaBJieHW .n.aHHWe 0 CTOHMOCTH HeKOTOpbiX 

H30TOllHWX HCTOl.fHHKOB. PaCCMOTpeHHe 3THX Tpex TafinHI.I, 

no3BOnHeT c~enaTb BbiBO.ll., l.fTO uau6onee npaKTHl.fHbiM no 

BCeM BhlllleHa3BaHHWM xapaKTepHCTHKaM JIBJiJieTCJI H30TOll 
252 Cf . TaK, uanpuMep, npu o~uuaKoaoii aKTHBHOCTH y 
25~f BWXO~ HeBTpOHOB B 10 2 - 10 3

pa3 Bbillle, l.feM Y ~py
rHX H30TOllOB; npu O~HHaKOBOM BWXO~e HeBTpOHOB 3Hepro

Bbi.ll.eJieHHe y 252Cf B ~eCJITKH- COTHH pa3 MeHbllle, l.feM 
242 

Y .n.pyrux H30TOllOB /TaK, Cm-Be HCTOl.fHHK .li.JIJI CHH)I{eHHJI 

TeMnepaTypbi .n.o 6e Jonacuoro ypoBHH .n.on)l{eH 6wTb JaKniO

qeH B li,HJIHH.lJ.p BbiCOTOH H ~HaMeTpOM 100 MM C pe6paMH, 

y~BaHBaiOlli,HMH noaepXHOCTb/; npH O~HHaKOBOM BbiXO.ll.e 

HeBTpOHOB pa3Mep Kancyn ~JIJI (a ,n) HCTOl.fHHKOB .li.OJI)I{eH 

6biTb Bhifi~aH H3 pacl.feTa aKKYMYJIHI.I,HH reJIHJI H, HanpuMep, 

ucTOl.fHHK 42 Cm- Be reuepupyeT ua ~Ba nopH.n.Ka renHH 

60Jihllle, l.feM 2 " 2 Cf. HaKOHeU, no c~g.eo CTOHMOCTH, OTHeceu-
~ ~ 2a2 Cf HOH K BWXO.li.Y HeHTpOHOB, H30TOll BbirO.li.HO OT JIHl.faeT-
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Ta5.JTuua i (Kaxmuthwcmu 1 KIOPU) 

I CP I • 

llcTDI./HLLK Peaxu,uJl 1 En , 1"138 j BbtxotJ, ~'~/c 
~----- -- ---------+--- ~~---
Sb12"·Be o. n - 0.024 1.6 
J!l!~~g·~e d.,n ' 4.5" z.o 
JlmZ~tt.Be c(,n ~4 2.0 
Po-it~~e_ d~-n 4.3 2.5 xj[f6 
Pu23B.Be c{., n -4. 2.8 

-· ~ --- - -

Cmz""·Be , c{, n -4. 3.0 ----- --- I , 
Cm2"z·Be : ct..n -4. . 4,0/ __ j 

~f:!· : ~; ~;.~ ' ~~~:~~~ 
Tab/IU.U.Q 2 (~< 8bLXOtJ!I 5·toto n;c ) 

LicT04.H.lLK I Tt;; I o-ao3a. ! Ten.Ao, D5~eM. 
2 jpaiJ,Ili.·JI(. _ !Jm CM:J 

I ~~~: r 1~~-~f: 1 '~·_5;_.~~- ~ __ si~ -~ :gg 
cmztz.Be J6J cym_ O,J · 600 2 ----- ----------- t- --------- T ------

C{f252 2.65zoiJI 2,9 i 0,8 <1 
~ cmz""·Be tB.t 2oilr o.z I 600 -7o --

Pu238.Be 89 .nem 1 0,4 I 550 350 
Am2~t:Be 458Aem I 2,5 I 750 2.2·10-~-

TaaAu.u.a 3 

li C T04.H.UK 
8/JIXOiJ, CTOUALOCTb, 

n;c 00.11./IUPbl 

Sb·Be i·J0 8 22 000 
llm·Be 2·107 6000 
Ra·Be i 6·10 7 56000 

Cf256 ! 1.1·/D s 8000 

~- :~:!:--r-l:~~; 20000 
16000 

I MUKPOTPOH = n·tD 11 'Yc j 

C Pal'JH..eH.ue 
XQPa;<TePUCTUK. 

ucmo~H.uKofl 

H.eamPOH.OIJ. 

... 

.. 

CB OT APYrHX HCTOqHHKOB, OAHaKO OH 3HaqHTenLHO AOPO:>Ke 

TaKoro HCTOqHHKa, KaK MHKpOTpOH /BLIXOA Heii:TpOHOB 

-n-10 11 Heiimp./c 131;, H no3TOMY BCTaeT Bonpoc o 6onee 

3<1>4leKTHBHOM ero HCnOllL30BaHHH. 

llOA 3<1>4leKTHBHOCTLIO HCnOllL30BaHHB H30TOnHoro HC

TOqHHKa HeHTpOHOB nOHHMaeTCB HenpepLIBHOe MaCCOBOe 

npOH3BOACTBO aHallH30B npH peweHHH KOHKpeTHLIX aHanH

THqeCKHX 3a~aq. B HaCTOB~eii pa6oTe HCClleAyeTCB OAHa H3 

B03MO:>KHLIX 3aAaq - MaCCOBOe npOH3BOACTBO aHanH30B no 

onpeAeneHHID 3neMeHTOB, o6pa3yro~x npH 3axBaTe HeiiT

poHoB ~onro:>KHBY~He H3oTonLI / T ~ = qacLI- AHH/ npH 

OTCYTCTBHH Tpe6oBaHHB 3KCnpeCCHOCTH H BLICOKOH qyB

CTBHTenLHOCTH. PeweHHe 3Toii 3aAaqH peanH3yeTCB npH

MepHo no cne~yro~eii cxeMe: AllHTenLHoe o6nyqeHHe OAHo

BpeMeHHO 60llLWOrO KOnHqeCTBa o6pa3D;OB -+ BLIAep:>KKa 

AllB CHH:>KeHHB aKTHBHOCTH KOpOTKO:>KHBY~HX H30TOnOB -+ 

H3MepeHHe aKTHBHOCTH onpeAenBeMLIX H30TOnOB B TeqeHHe 

Man oro BpeMeHH /MHHYTLI/. 

IIpoaeoeHue 3KcnepuMeHma 

B pa6oTe HcnonL30BancB KnaccHqecKHii MeTOA 3onoTLIX 

4JonLr. ,lJ;nB BLI6opa 3aMeAllHTenB, CBOHCTBa KOTOporo on

peAenJIIDT KOnHqecTBO OAHOBpeMeHHO 3arpy:>KaeMLIX Ha o6-

nyqeHHe npo6, npOBO~HllOCL HCCneAOBaHHe B-rpa4JHTe H B 

BOAe. rpa4JHTOBLIH 3aMeAllHTenL npeACTaBnBeT co6oii Ky6 

pa3MepaMH 70x70x70 eM, BOABHoii 3aMeAnHTenL - 6aK 

H3 oprcTeKna AHaMeTpOM 100 CM H BLICOTOH 90 CM. 

B n;eHTp 3aMeAllHTeneii noMe~ancB H30TOnHLIH HCTOqHHK 
252 Cf pa3MepaMHcp 4 MM H r = 6 MM, HMeiD~HH K MOMeHTY 

npoBe~eHHJI 3KCnepHMeHTa BLIXOA 1,3.10
8

Heiimp./C. 
Ha paccTOBHHH 50 MM oT n;eHTpa 3aMe~nHTeneii pac

nonaranacL Kacca c Ha6opoM Au - AeTeKTopoB H3 cllonLrH 

TOll~HHOH 10 MKM paBHOrO pa3Mepa H Beca /30 MZ/. 

Au -~eTeKTOPLI pacnonaranHCL KaK 6e3, TaK H B Gd -3K

paHax c n;enLID H3MepeHHB KaAMHeBoro OTHoweHHB Red 
AllB pa3llH'IHLIX 3aMeAllHTeneii H OD;eHKH KaqecTBa cneKT

poMeTpHH peanLHLIX npo6. 
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06nyqeHHe npOBO~HnOCb HHTerpanLHhlM nOTOKOM 

1.1013Heump./c /To6JI. = 21,5 ~aca/, apeMJI H3MepeHHJI-

3 MUH. Ha6op H o6pa60TKa HH$OpMaiJ;HH npOBO~HnHCb no 

nHHHH H30Tona 198 Au Ey = 412 K3B Ha Ge ( Li) llll,LJ, 
o6'heMOM 30 cM 3 . P~3ynLTaThl 3KcnepHMeHTa npe~cTaa
neHhl Ha puc. 1. 

06cyJKOeHue pe3yAbmamoe 

XapaKTep aKTHBaUHH Au -~eTeKTopoa onpe~enxeTcx 3a

Me~nJIIOU.(eB cpe~OB, TOnll(HHOB 3aMe~nHTenJI H COOTHOllle

HHCM nOTOKOB TennOBhlX H Ha~TennOBbiX HeBTpOHOB B ~aHHOB 

3aMe~nxiOmeB: cpe~e. 

IlpH aKTHBaUHH o6mHM noTOKOM Heii:TpoHoB BHYTPH 

c4Jepbl pa~HYCOM 12 CM Ka:>KeTCJI, qTo nyqlliHM JIBnJleTCJI 

ao~xHoil 3aMe~nHTenL. O~HaKo cna~ aKTHBau;HH oT u;eHTpa 

K nepHl}JepHH C yaenHqeHHCM TOniiJ;HHhl CnOJI BO~hl npOHCXO~HT 

oqeHb pe3KO no cpaBHeHHIO C rpa$HTOM - Ha pa~HyCe 16 CM 

cpaBHHTenLHO C pa~HYCOM 5 CM aKTHBHOCTb ~eTeKTOpOB 

a rpal}JHTe na~aeT TonLKO Ha 25~o, a B ao~e - noqTH B 40 pa3. 

B To :>Ke apeMJI, ecnH Ha pa~Hyce 5 cM aKTHBau;ux ~eTeK

TOpOB B BO~e noqTH B 4 pa3a nyqrne, qeM B rpa$HTe, TO Ha 

pa~Hyce 12 CM OHa O~HHaKOBa, a Ha pa~Hyce 16 CM aKTHBa

IJ;HJI a ao~e a 6 pa3 xy:>Ke, qeM a rpal}JHTe. TaKHM o6pa30M, 

a rpal}JHTe MO:>KHO pacnono:>KHTL 3HaquTenLHO 6onLrne o6pa3-

IJ;OB H o6nyqaTb HX 6onee paBHOMepHO 6e3 ~OnOnHHTenLHhlX 

ycTpOBCTB. )J,nJI ~OCTH:>KCHHJI TaKoro :>Ke 3$4JeKTa B BO~e 

noTpe6yeTcx MexaHH3M "nepeMernimaHHJI" o6pa3u;oa BHYTPH 

c$ephl pa~HYCOM 16 CM. 

)J,anee, npH aKTHBaiJ;HH 06IIJ;HM nOTOKOM HeBTpOHOB B ao

~JIHOM 3aMe~nHTene B 3HaqHTenLHOB Mepe 6y~eT HaKannH

BaTLCJI /B cnyqae peanLHhlX nopo~/ aKTHBHOCTb TaKHX 

MaTpHqHhlX 3neMeHTOB, KaK HaTpHB, KanHB, MapraHeu;, :>Ke

ne3o, Me~L, UHHK, MhllliLJIK H T .~., 3a cqeT 3axaaTa 

TennOBhlX HeBTpOHOB. 3a3KpaHHpOBaB o6pa3IJ;hl Ka~MHeM 

HnH 6opOM, MO:>KHO 3HaqHTenLHO CHH3HTb aKTHBaiJ;HIO 3THX 

3neMeHTOB TennOBhlMH HeBTpOHaMH H TeM CaMhlM B px~e 

cnyqaea cymecTBeHHO CHH3HTL apeMJI "oxna:>K~eHHJI" o6-

pa3IJ;OB, nOBhlCHTb KaqecTBO cneKTpOMeTpHqecKOB HHl}Jop

MaiJ;HH H COKpaTHTb BpeMJI H3MepeHHJI aKTHBHpOBaHHhlX 
o6pa3u;oa. 
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To0..11 = 2f.S ~<aca, Tox/1 ""J.MUH., Tu3Al=;J.MuH.. 

Puc. 1. AKIIIU6QijU.R Au - oemeKmopoe no U301110ny Au-198 6 
pa3AU~HbiX 3a,weOAUllleA.RX jzpaf/Jum U 600a/ U pa3AU~HbiMU 
HeumpoHHbiMU nomoKaMu je Cd- 3KpaHe u 6e3 Hezo/. 

O~HaKo, KaK BH~Ho H3 puc. 1, aKTHBHOCTL Au -~eTeKTo
poa npH o6nyqeHHH Ha~TennOBbiMH HeBTpOHaMH B BO~JIHOM 

3aMe~nHTene 3HaqHTenLHO na~aeT. 
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Ka.IJ.MHeaoe oTHoweHHe a cpe,IJ,HeM ,IJ,nH mo6oro enos 

BO.IJ.bl cocTaanseT Red ;;;4; 5. 3To oJHaqaeT lcornacHo/4/ I, 
'ITO OTHOWeHHe DOTOKa TeDllOBbiX HeiiTpOHOB - <l>th K no

TOKY Ha,IJ,TennOBbiX HeiiTpOHOB - <I> epi COCTaBnHeT <l>th I <l>eprM• 
T .e. B o6I.QeM DOTOKe HeHTpOHOB TOllbKO 1 ,5'1o Ha,IJ,TeDllOBbiX. 

EcnH o6paTHTbCH Tenepb K rpa!l~HTOBOMY JaMe,IJ,nHTemo, 

To ,IJ,ns Hero a HaweM cnyqae Mbl HMeeM a cpe,IJ,HeM Ka,IJ,MHe

aoe oTHoweuue R cd = 1,8 H OTHOWeHHe <l>th I <I> epi = 15, 
T. e. ,IJ,OllJI Ha,IJ,TennOBbiX HeHTpOHOB COCTaBnHeT OKOllO 70/o -
3TO a 4 pa3a 6onbwe, qeM a BO.IJ.HHOM JaMe,IJ,nHTene. TaKHM 

o6pa3oM, a cnyqae peanbHbiX o6pa3u;oa HaHnyqwuH. 3414leKT 

npH pa6oTe C 252 Cf -HCTO'IHHKOM HeHTpOHOB npH onpe,IJ,e

neHHH 3lleMeHTOB, HMeJOI.QHX pe30HaHCHbiH 3aXBaT HeHTpO

HOB, ,IJ,aCT aKTHBaiJ;HJI B rpa4IHTOBOM JaMe,IJ,llHTene C Ka,IJ,

MHeBbiM 3KpaHoM. HaKoHeu;, HY)KHO OTMeTHTb, 'ITO q~acT-
u 25 f 

BHTellbHOCTb TaKOH ycTaHOBKH C HCTO'IHHKOM B 

1,3.108 Heiimp.jc cpaBHHTellbHO HeBbiCOKa - 3.10-
4

2 llpH 

C'leTe B DHKe 10 UMn/MUH. Y4HTbiBaH, 'ITO C TO'IKH 3peHHJI' 

CTOHMOCTH H 6e30DaCHOCTH pa6oT ODTHMallbHbiM MO)KeT 

6biTb HCTO'IHHK 252Cf C BbiXO,IJ,OM nopH,IJ,Ka-n•}Q'J Heiimp.jc, 
qyBCTBHTellbHOCTb MO)KeT 6b1Tb DOBbiWeHa llpH TOM )Ke 

cqeTe .IJ.O 1,5.10- 5
2. BepoHTHO, 3TO pa3yMHbiH npe,IJ,en, 

KOTOpblH MO)KHO ,IJ,OCTHrHYTb H KOTOpbiH He06XO,!J,HMO DO,IJ,TBep

,ll;HTb B peallbHbiX y~nOBHHX 3KCnepHMeHTa. ll03TOMY B Ja

KllJO'IeHHe aBTOp OTMeqaeT, 'ITO TaKOH HCTO'IHHK HeHTpOHOB, 

KaK MHKpOTpOH /:l/, ,IJ,aJOI.QHH DOTOK- n • 10 11 Heiimp.jc, HB

nseTCH 6onee nepcneKTHBHbiM. Jiy,IJ,y'IH "Ka6HHeTHbiM" yc

KOpHTeneM, MHKpOTpOH Ha,IJ,e)KeH, Y.IJ.06eH B 3KCnnyaTaiJ;HH, 

npH paBHOM BbiXO,IJ,e HeHTpOHOB B COTHH pa3 ,IJ,eweane CaMOrO 

,IJ,eWeBoro HCTO'IHHKa HeHTpOHOB IKaKHM ,IJ,O CHX nop 6bln 

252 Cf 1, H nuweH TaKoro 'IHCTO !lluJH'IecKoro He,IJ,ocTaTKa, 

KaK nepuo,IJ, nonypacna,IJ,a. 

AaTop npHJHaTeneH aKa,IJ,eMHKY r .H.<I>nepoay Ja nocTa

HOBKY Ja,IJ,a'IH H pyKoBO.IJ.CTBO uccne,IJ,oaaHHHMH, JI.ll.KynbKH

HOH, K.AH,IJ,peH.ceKy H A.r.lienoay Ja TexHH'IeCKYfO noMOI.Qb. 
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