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C03,lLA1illE VI IIP11JIAE:HEill1E MCKYCCTBEHHOrO MCTOT.fril1KA AHTL1HEWrPI1HO HA
 
OCHOBE l130TOIIA 147PM: ITperrpzHT MT8~ 26-96/ .
 

B.H.KopHoyXOB - M., 1996 - 240. 

B pa60Te rrOKa3aHa B03MOJKHOCTb C03.n;amUI HCKyccTBeHRoro HCTo~a 

annrneiiTpmm Ha OCROBe A0JIrO)KHBymero OCKOJIOlfHOrO H30Torra 147Pm 

aKTHBHOCTblO ,. 5 MKli. 3TOT HCTO~IHHJ( MO)KHO HCrrOJIb30BaTb .n;illI rrpOBeAeHIDI 

9KCI1epHMeHTOB no H3yqemno CBOHCTB (aHTli)HeiITpHHo. B Ka~eCTBe .ueTeKTopa 

I1pe.n;JIaraeTCH HCrrOJIb30BaTb HH3K0<P0HoBbie HH3KonoporOBbIe AeTeKTOpbI, 

pa3MemaeMbIe B rro.n;3eMHbIX JIa60paTopllilx. IlpH 3TOM MO)KHO I13MepHTb ce~eHHe 

ynpyroro pacceIDiHH aHTHHeHTpHHo Ha 9JIeKTpOHaX C BblCOKOH TOtUlOCTblO ('!:- 1 %) 

H nOCTaBHTb npe.n;eJI Ha cymeCTBomume MarHHTHOro MOMeHTa HeiITpHHo Ha ypoBHe 

,. 5.10-12 !-lB' 

FRIo. - 5, OImCOK JmT. - 18 HaZM. 

~ ~BCT~TYT TeOpeT2QeCKoft R aKcnepMMeBTa~bHO~ ~M3MKM. 1996 



3KCnepHMeHTbI no HCC.lIe,l{OBamno ynpyrOfO paccemrn~ (aIffJI)HempHHO Ha 

3JleKTpOHax, B KOTOpOM yqacTBYIOT rOJlbKO JIeIITOHbI (npHtleM 0,l{HH H3 IDIX ­

HeHTjJaJIbHhIH) n03BOJIaroT Ha6.IIID,l{aTb RaK 3epepeKTbI cJIa60ro B3aHMOJJ;eHCTBIUI 

(MO,l{eJIbHO-He3aBHCHMOe H3MepeHHe aep<l>eKTa mrrepepepeHIJ.IDI HeiiTpaJIbHbIX Ii 

3ap$l>KeHHbIX TOI<OB, H3MepeHHe BeJIWIHHbI sin2ew, OCUHJIJIIDlIDI HempHHO, YKa3aHHe Ha 

cymeCTBOBaHHe HOBbIX 6030HOB) , TaR H 3.IIeKTPOMarHHTHble cBoifcTBa neiITpHlIO 

(cymecTBOBaHHe MarnHTHOrO MOMeHTa H 06Hapy:lKeHHe 3l}JepeKTOB Ha.JIHtfH~ BH)'TpeHHeH 

CTpyKTypbI "HeaJIeMeHTapHoro" HeHTpl1HO). HanpHMep, 06Hapy>KeHHe y HeiITpHHo 

MarHHTHoro MOMeHTa 60JIbIIIOH Be.JIH1lliH.bl (J.lv = 10-11 - to-10 !-lB' rJJ;e J.lB = e/2rnec2 ­

MarReTOH Dopa) I103BOJlJUro 6bI 06b$lCIDITb He TOJlbKO JJ;eepHUIIT COJIHCtIHbJX HeHTpHHO 

[1], HO H CBHJ\ereJlbCTBOBaJIO 6bl 0 HOBOll epli3HKe HempHHo, BbIXOJJ;mIJ;CH 3a paMKH 

CTaH.lJ;apTHoH MOJJ;eJIH 3JIeKTpOCJIa6bIX B3aHMOJJ;CHCTBHH [1,2]_ 

B HacToSIIII;eii' pa60Te rrpellJIaraeTC~ HCCJlellOBaIlHe 3JIeKTpoMarHHTHbIx H CJIa6bIX 

CBOHCTB (aWrH)Heii'rpHHo B rrpou.ecce HX ynpyroro paccemnul Ha :meKTpoHax MHIlleHH, 

HCnOJIb3Y51 B Ka-qeCTBe HCTOlffiHKa aHTHHempHHO H30ron 147Prn cBepXBbJCOKOH 

aKTHBHOCTH [3]_ 

1. Ilponecc ~yroro v,e-paCCe5lHH5I_ 

)..{HepepepeHI.J;HaJIbHOe ce-qeHHe ynpyroro v,e-pacceffilltl( Ha cBo6ollHbIX 3JIeKTpOHax B 

paccMaTpHBaeMoM lDI:lKe cJIy-qae HBJI5leTCa Cy-MMOK lIJjyx KOMJIOHeHT [4]: 

do/ dT = dO"EM/ dT + daw/ dT ( 1) 

flle: 

dOEM/dT = 1t'J.l~r2·(t/T - 1/E-.) (2) 

daw/dT = (GF Il1ec2 /21t).[(gv + 8A)2 + (t - T/E)2·(gv-8A)2+ 

(3) 
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r,ll,e ~ - KOHCTama C1>epMH (1.166.10-5 [3B-2), KOHCTaHTbI gy H gA ,lI,IDI 3JIcKTpoHHoro 

aHTHHeiITpmm paBHhl ( 112 + 2sin2ew) H ( -1 12) cooreeTCTBemlO, e w - yrOJI 

Baii:H:6epra, YCTaHaBJrnBaIOlI{Hii CBJl3b Me:>KJ.lY SJIexTpoManmTHOH H CJIa60H XOHCTaHTaMH 

(sin2ew = 0.2319 B CTaImapTHOH MO,ll,eJl1l), ~ - xJIaCClNeCKnH PMHYC 3J1eKTpOHa 

(2.8.10-13 CM), W o - rropor perncrpaUHH pacceSlHblx ::)JIeKTpOHOB, T - KHHeTHlleCXM 

SHeprHH pacceHHbIX 3J1CKTpOHOB. 

Ha pRc.1 IIpHBC,lI,CH cnCKTp aHTHHeWrpHHO OT HCTO'IHHKa 147prn, a Ha pHc.2 ­

AH<P<pcpelill,HaJIbHOe ce~eIDlC aHTHHCHTpHHO OT CJIa60ro H 3JIeKTpOMannfrHOrO 

B3aHMO,l{eHCTBHJl Ha CB06o,l(HbIX 3JICKTpOHax. BH,UHO, liTO crrcKTpbI 3JIeK"rpOHOB OT,l{a~ 

,l{IDI 3JICKTpOMarHHTHOro H cJla60ro B3aHMo,l{eHCTBKH CHJlbHO OTJIHqaIOTCSl B 06JIacTH 

MaJThIX 3HCpnrli 3JICKTpOHOB OTllallJl T, T .x. BeJIlNHHa llH<PtPepeHUHaJIbHoro ceqeHHH 

,lI,.IDI 3J1eKTpoMannrTliOH KOMIIOHeHTbI paCTeT KaK 1 IT, a llJISl CJIa60H - OCTaeTCSl 

rrpaKTlNCCKH nOCTOHHHoH. 

I1pOHHTerpHpoBaB BbIpIDKemm (2) H (3) OT nopora pCrHCTpa~ W o /1,0 

MaKCHMaJIbHOrO 3Ha-qeHHH 3Hepnm 3J1eKTpoHa OTlla"lJH, onpe,neJUleMOrO KHHeMaTlf-qeCKHM 

orpa.JlHlleIDleM T = Ev /(1+IDec2/2Ev), MhI nO.7IyqHM: 

OEM = J,L2.1t·r2.[ln(Ev/wo·(1+IDeC2/2Ev» - 1/(1+IDec2/2Ev) + (wo/Ev») , (4) 

Ow = d;.'ffiec2 /21t{(gy + gA)2[Ev/( 1+(Il1ec212Ev ) - wo] 

+ (1/3)·(gv-gA)2-[~-wo/Ev)3 - (1 - 1/(1+(mec2/2Evl3].Ev (5) 

+ (g~-g~)Il1ec2/2Ev'[wo - (Ev/(1+I11ec2/2Ev »2]) 

nOJIHOC ce-qeIDle ,l{JISl 3JICKTpOMarHHTHOrO B3aKMo,neHCTBIDl (4) pC3KO ynCJIWIHBaCTCSl 

rrpH Wo ---» 0 (T.e. rrpH MaJIbIX nepc/1,a-qax ,meprHH 3JIeKTpoHaM). 3TO CeqeHHe TaK:>KC 

yneJIHtUmaCTcQ. H C pOCTOM 3HCprHH HeWrpHHo Ev no 3aK0HY. 6JIH3KOMY x - In(Ev/wo) 

H MO)KeT ,llOCTHraTb 60JlbIIIHX BeJIWIHH rrpH YBeJIHqCmm OTHOmeHlUl (Evl wo). TIoJIHoe 

)Ke ce-qelillC ,l{JIH c.1Ia60ro B3aHMO.lleu.cTBHH (5) pacTcT TOJlbKO KaK paaHHUa (Ev - wo) ­

CM. pHc.3. 

Ba)KHbIM 06CTOmCJIbCTBOM JlBIDICTCSl TOT q,aKT, lJTO 6JIaro/1,ap.H TaKoMY nOBC,llemUO 

I10JIHbIX cc-qCHHI1, oTHOCHTeJlbHbIH BKJIa,zJ" 06YCJIOBJICHHbiR 3.IICKTpOMarmrrHoH 

KOMIIOHeHTOH B IIOJillOe CeqeHHe ynpyroro paCCemIHSl B03pacTaeT C YMeHbllleJilleM 

IIopora pcrncTpatUlli Wo B 3HalfiITeJIbHO 60Jlbmcu. CTcrreHH, lJeM BKJIa,ll OT CJla60H 

KOMIIOHCHTbI (plfc.4). ITPIfTICM 3TOT 3tPl}leKT 3Ha'ilITeJIbHO YCHJIlIDaCTCH npH 



3 

YMeHbIIIeHlm 3Hep:nm (aHTH)HeifrpHHo £.v, a TaIOKe npH 3aMeHe HempHHO na 

aHIHHempllHO. 

CJIe"lJ,OBaTeJIbHO, IIpH IIOCTaHOBKe 3KCnepllMeHTOB no pacceSIHHIO HeifrpwlO ,llJUI 

H3yqeHIDl ero 9JIeKTpOManDlTHhlX CBOHCTB JKeJIaTeJIbHO HCnOJTh30BaTb HCTO'lliHI<H 

HeHTpHHO C 9Hepmeif OT - 100 !WB /.1.0 HeCKOJThKHX COT KaB, a IIopor pernCTpa1UfiI 

JJ:eTeKTOpa He "lJ,OJIJKeu rrpeBbImaTb HeCKOJlbKHX RaB. 

MHTeHCHBHbIMH HCTOl{}l}lKaMH (aHTH)HeiiTpHHo 1llI3KOH: ::meprIDI HBJIHIOTCH MOUUlbIe 

H,ZIepHbIe peaKTOpbI H HCKycCTBeHHhIe HCTO"IffiHKH (aHTH)HelITpHHO (11I1H) Ha OCROBe 

E-3aXBaTHbIX HIDI !3-paCI1a"lJ,HbIx PaJJ:HOH)TK.1IH.JJ:OB C COOTBeTcTByJOmeii: oHeprHeH. OJJ:HaKO 

H3-3a pH.,ll;a Heorrpe/.1.eJIeHHOCTeH: B paCqeTaX cj>OPMbI 9HepreTlfqeCKOrO cneKTpa 

aHTHHeiiTpHHO OT H.,ll;epHbIX peaKTOpOB (onpe,lleJUleMOH "CXOM H3 .llaHHbIX 0 BbIXO,lle H 

xapaKTepHCTHKax OCKOJIKOB .lleJIeHHH) H B 3HaHHH a6cOJIIOTHoif BeJ1.HqHHbJ nJIOTHOCTH HX 

nOTOl{a HH3KonoporOBbIe 3KCnepllMeHTbI Ha MepHbIX peaKTopax B nJIaHe rrOBbIIllemUI 

HX ~CTBHTeJThHOCTH HMeIOT npHHIUfII.HaJIbHbIe orpaHWIeHlUl. 3TO TaIOKe CBJ.l3aHO C 

HeB03MO)KHOCTbIO IIOH.H:>KeHHJ.l rropora "lJ,eTeKTOpOB JJ:O npHeMJIe1tiOH Be.1lWIHHbI B 

yCJIOBIDlX "BbICOKoro cj>OHa OT KOCMWleCKoro H3JIY'ieHHH (B T.q. H3-3a HaBeJJ:eHHOH 

aKTHBHOCTH B BemeCTBe .lleTeKTopa) B MeCTax HX pa3MemeHIDl y peaKTOpOB aTOMHbIX 

CTaHUHiI. 

TI03TOMY rrepCneKTHBHbIM nyreM JJ:JISI nOCTaHOBKH 3KCnepllMelITOB no H3yq:eHHIO 

yrrpyroro paCCeSIH1UJ (aHTH)HempHHO Ha 3JIeKTpOHax npH HH3KHX 3HepI1UlX SlBJISleTCH 

HCnOJIb30BaHHe HHH H HJf3K0<lJ0HOBblX .lleTeKTOpOB C HH3KHM noporOM B YCJIOBWIX 

rrO"lJ,3eMHOH: JIa60paTOpH.H r JIY60KOro 3al10:>KeHlUl [5]. 

06myIO cxeMY C03"lJ,aJIIDI I1I1H Ha OCHOBe K- MIDI 13- pacna.zlHoro H30Torra MO>KHO 

npeJJ:CTaBHTb COrJIaCHO CJIe)fj'IOmeH cxeMe: 

- nOJI}"IeHHe H30Tona -(aHTH)HeHrpHHHoro H3JIyqaTeJUI CBepXBbICOKOH: aKTHBHOCTH; 

- C03JJ:aHHe co6CTBeillIO I1I1H (BKJIJO'IiUI naCCHBHYIO 3annrry. cHcTeMy TeIIJIOOTBO"lJ,a H 

TpaHCnopTHhIii KOlITe:i1:Hep); 

- H3MepeHHe a6COJIIOTHOH aKTlmHOCTH H30Tona C BbICOKOH TOlffiOCTbIO (- 1 %); 

- rrpOBe"lJ,eHHe 3KCnepHMeHTa. 

HHJKe MbI 60JIee nO,llp06HO paccMoTpHM Bce 3TaIIbI Ha npHMepe H30Tona t47Pm. 

2.BbI60p pa60'lero H30Tona MMH. 

B pa60Te [3] BnepBbIe npe):{JIO:>KeHO HCnOJIb30BaTb B Ka'leCTBe pa6oqero 

paaHOHYJOIH):{a MMH npOJJ:YKT "lJ,eJleHH..H TOnJIHBa Jol):{epHbIX peaKTOpOB - "lJ,O.TIrO)KHBY~ 
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li30yon 147Pm (OTHOCHTeJIbHhIH BbIXO,U cpe,101 .npyrRX OCKOJIO'lHbIX 3JICMeHTOB - 2.25%). 

147Pm IiCllbITbmaeT ~-paclIa.z:t C rrepHo.nOM nOJIYPacna,ua 2.62 rOJJ;a, rpam~aH 3Heprn.SI 

~-cneKTpa p~uma 224 KBB, cpe,l{HIDI 3Hepnm ~-aJIeKTPoHoB - 62 K3B [7]. CneKTP 

OTHOCliTC.SI K O,llHoKpaTHo aarrpe-meHHoMy nepexoJJ;y. CpeJJ;H.SI.SI 3HeprIDi, BbI.ueJI.SIIOmaHCH 

npH pacna.ue 147Pm paBHa 370 BT rrpu aKTHBHOCTIi 3.7.1016 DK (1 MKn). 

B Ta6JfHlle 1 npliBeJJ;eHbI nOjDlble 3JIeKTpOMarHHTHble Ii CJIa6bTe ceqeHHH ynpyroro 

paccemIIDI aHTHHeiiTpHHo OT 147Prn B 3aBHCHMOCTH OT nopora .neTeKTopa Wo (1, 5 1-1 10 

K3B) .nJI.SI cJIa60ro B3aHMo.ueHcTBIiK Ii 3JIeKTpOMarHHTHOrO (,UJISI /lv = 10-11 /lB Ii /lv = 

5.10-12 IlB). 

llpe.unOJIaraSi H,ll"eaJIbHyIO 41t-reOMeTpHIO 3KCnepHMeHTa (B l(eHTpe 3KCnepHMeHT3JlbHOii 

C60pKH HaXOJJ;HTCa lU1.H B BH,lle lIIapa pa,llliYca Rs, oKpY:lKeHHbIH JJ;eTeKTOpOM 

TOJlII(Hlmii (R-Rs» JIerno OQeHHTb CKOpOCTb C'IeTa c06bInrn no <popMyJIe: 

dN/dt = (J·Ane·(R-Rs) (6) 

r.ne (J - Ce1JeHHe B3aHMOJI.eHCTBWI (aHTH)HeiiTpuHo, A - aKTHBHOCTb MJ1H If I1e ­

KOJlWIeCTBO K,llep (3JIeKTpoHoB) B e.uHHHl(e o6beMa JJ;eTeKTOpa. 3Ta BeJIH1iHHa JlHHeiiHo 

paCTeT C yaeJIH1leHlieM aKTHBHOCTH IiCTOlllfHKa, KOHl(eHTpauHH 3JIeKTpoHoB B e;unm:u;e 

06beMa JJ;eTeKTOpa Ii ero a<P4>eKTHBHOii TOJlIl(HHbI (R-Rs)' OITTHMaJIbHbIM rryTeM 

yBeJIH'leHIDI 34><peKTHBHhIx paaMepoB JJ;eTeKTOpa (R-Rs) SIB.IDH~TCH yueHbUJeIDIe 

paaMepoB liCTO'lJlHKa BMeCTe C rraccHBHoH 3aI1.lHTOH Rs rrpli coxpaHemrn: (HJIR JJ;<UKe 

YMeHbmeHIDl) uapy>KHbIX pa3MepOB JI.eTeKTopa R. 3TO 06MlcHHeTcH TeM, 'ITO BHelIIHHIt 

<pOH JJ;eTeKTopa pacTeT KBa.upaTH'IHO C pOCTOM Hapy:lKHblX R Ii BHyrpeHHHx Rs 
pa3MepoB, a BHyTpeHHlfii <pOH pacTeT nponopI.{HoHaJIbHO ero 06beMy KaK (R3 - Rs)- R3. 

3TO 03HaQaeT Qpe3BbfllaiiHo BhICOlGie Tpe60BaHIDI K 1JHCTOTe BemeCTBa KaK J.1J.1H TaJ< Ii 

caMoro ,lleTeKTOpa B OTHOillemm. npHMeCeH 3JIeMeHTOB, COjlepiKalI{HX H30TOIIbI - y­

H3~aTemr. 

YlfHTbIBaSI BeJ1H'lHHbI ceqeHIDI (3HTH)HeiiTpHHo HH3KOH 3HeprHH H <POHOBhlX peaKIJ;UH 

(- 10-46 CM2 Ii - 10-23 CM2 COOTBeTCTBeHHO), Tpe6yeMyIO CKOpOCTb CqeTa nOJIe3HbIX 

C06blrnH (> 10 cyr-l) Ii pasYMHYIO a4><peKTHBHyIO TOJIIJ.U{Hy .n.eTeKTOpa (-10 - 15 CM), 

K I1MH npe,llbHBJISIIOTCSI CJIeJJ;ylOlIlHe Tpe60BaHWI. 

.AIcrHBHOCTb HUH JlOJDKHa 6bITb He Menee - 3.7.1016 OK (- 1 MKIi) - B 3aBliCHMOCTIi 

OT KOHUeHTpa.r.nrn 3JIeKTpoHoB B e.llRHlil(e 06beMa ,lleTeKTOpa H O)KH,llaeMorO B 

3KCnepHMeHTe COOTHomeIDlH ClITHaJIj tPOH. 
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QwmR H3 OCHOBHhIX XapaKTepHCTHK MMH HBmleTCg ypOBeHb corryrcTBylOwero raMMa­

H3JIyqemm (oco6eHHo BbICOK03HepreTWleCKOrO) , CYIUeCTBCHHO OrpaID1'UlBalOlIJ:erO 

B03MO)KHOCTH rrpOBeJleHHH 3KCnepHMeHTa (T.K. BeJIHIlHHa YJleJIbHOH y- aKTHBHOCTH 

BemCCTBa I1MH onpe,lJ:eJUIeT Hapy)KHbIH pMMep HCTO~a BMeCTe C naCCHBHOH 

SaJl.{HTOH Rs, CM. <poPMYJIY (6». 

Ji!CTOq}fl{[{OM y-H.3.nyqeHlUI ~-- pacna.n;Horo H30Tona B nepBylO oqepeJlb HBmllOTCg 

TOpM03Hoe H3JIy'leHHe H nepeXOJlbI Ha BbICOKOJle)l(at.l(He B036Y)K,lJ,cIDIbIe ypOBHH 

JlOlJepHoro SIJlpa B npOI(eCce ero pacrra,na. 

ami MMH, HcnOJlb3YlOmero B Ka'leCTBe pa6olJero H30Ton, nOJIy-qeHHbIH B npouecce 

nepepa6oTl<Ii OTPa60TaHHOrO SIJlepHOro TOIIJIHBa t OCHOBHhIMH KaHaJIaMH y-4>OHa 

HBJUIIOTCg HaJIH'DIe JlPyrnx ,lJ:OJIrO)I(HBymnx y-H3.nyqalOmnX Pa.n;HOaKTHBHbIX H30TonOB ­

npOJJ:YKTOB ,lJ:eJleHIDI 3Toro )Ke XHMlf1IeCKoro 3JIeMeHTa, OT KOTOpbIX HeB03MO)T(HO 

H36aBHTbCa B npouecce XHMHtIeCKOH O'DICTKH, 11 IIpHMeccj{ JlpyrHX XHMH'!eCKHX 

3JIeMeHTOB, COJlep)KaI!IHX ,lJ:OJIrO)I(HBymne pa.zJ)fOHYKJIHJlbI - p' H y-H3JIY'1aTeJIH. 

HaKOHCI(, eme O,llHO Ba)KHOe orpaffi[qeHHe rrpH BhI60pe HSOTOIIOB-npO,lJ:JKTOB AeJleHIDI 

- BbIXO,U ApyTHX cTa6HJlbHbIX HJlH ,D;OJIrO)KHBymnx H30TonOB AaHHOrO XHMH'leCKOrO 

3JIeMeHTa,HSOTon KOToporo HcnoJlbsyeTcH B KalJecTBe pa60Qero. MO:lKeT OKaaaTbCH, lITO 

Macca MMH (H ero paaMepbl Rs) 6YAeT OnpeAeJIIDCSI APyrHMH AOJIrO)l(HBymHMH HJIH 

cTa6HJlbHhIMH H3OTOrraMH JlaHHoro XHMHlJCCIWrO 3JIeMeHTa H BO Maoro pM 

npeBOCXOAHTb Maccy pa60'lero H30Tona [3]. 

HmKe 6YAeT IIOKMaHO, lITO ITpH BbillOJIHeHHH pMa yCJIOBHH H30Ton 147Pm)B KalJeCTBe 

pa60qero,Y,D;OBJleTBOpaeT BbImenepe'lHCJleHHhIM Tpe6oBaIIIUIM. 

3. Co31IaHHe MMH Ha oCHOBe 1130TOna 147Pm. 

llpoMerneBblH HCTO'lJHHK MO)I(HO C03,llaTb B np0I(ecce XHMWIecKoH nepepa60TKH 

oTpa6oTaHHOrO TOrrJIHBa A3C (-1 Kr H30Tona Ha 3.7.1016 OK ero aKTHBHOCTH). 

Y'lHTbIBM BbIXO,/l, H30Tona 147Pm B npOAYKTax ,/l,eJIeffiUI (2.7.1015 DK·.1 ,/l,JIa TOflJIHBHOH 

KOMII03Hl.(ID1. peaKTOpa BB3P-440 nOCJIe 3-x JIeTHeH Bbl,l(epXU(H [7]) ,UJla IIOJIyqCHJUI 

HCTO"tIHHKa aKTHBHOCTblO - 5 MKH nOTpe6yeTca rrepepa60TaTb OKOJIO 70 TOHH 

MeTaJIJDftIeCKOrO TOIIJIHBa (IllTaTHaH 3arpY3Ka peaKTOpa BB3P-440 ypauOM COCTaBJISIeT 

42 TOHHbI. 1130TOIIHbIH COCTaB OCKOJIO"tIHOro npoMeTHH nOCJIe 3-x JIeTHeR BbI,Uep)l(KH 

npHBe;:J;eH B Ta6JIHUe 2. I1cxo;:J;H 113 ;:J;aHHbIX Ta6JIHIlbT, MO)KHO C;:J;eJIaTb BbIBO;:J;, 'ITO 

OTHOCHTeJlbHO "CBe:lKee " TOIIIDIBO (Bbl;:J;ep)l(Ka - 3 ro,a,a) IfMCeT BbTCOKoe cO;:J;ep)l(aHHe 

KOpOTKO)KHByIUHx H30TonOB 148,148mpm (t1/2 = 5.73 ;:J;HSI H 41.3 ,l],lffi cooTBeTcTBeHHo), 
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HcnycKaIOIWIx )l(eCTKOe y-H3.rryqeHHe C BbICOKHM BbIXOJ{OM - 1.08 M3B (20.2%), 1.47 

M3B (22.2%) H LJ{. n03TOMY ,llJUI rrepepa60TKH CJIeAYeT 6paTb TOnJIHBO C BbIJ{epX{J(QH 

- 3.5-4 ro,lla, B y-aKTHBliOCTb npOMeTIDI KOToporo orrpe,lleJUlIOI.llHH BKJla.zJ; BHOCHT TOJIbKO 

J{OJITO)K}{BYuum H30Ton 146Pm (Ey= 0.747 M3B H Ey= 0.736 M3B C cYMMapHbIM 

BbIXO,nOM - 56%) rrpH BbICOKOM COJJ;ep>KaHHH pa60'lero H30Tona 147Pm1 . 

IIocJle BbII10JIHe:tllUI 3Toro Tpe60Ba.HHR pa.ztHaIl,HOHHM "~cToTa" HCTO'lHliKa 6YJJ;eT B 

J];aJIbHeH::w:eM orrpe,lleJUITbca Ka'lCCTBOM npOBe,llemm XlfMHlIeCKoro BbI,lleJleHIDI rrpoMeTHH 

H3 npOJJ;yKTOB JJ;eJleHHH, r JlaBHhIM 06paaoM pH,llOM pacnOJlO>KeHHbIX pe,llK03eMeJIbHbIX 

3J1eMeHTOB - UepHH H eBpOIIIDl_ B Ta6J1. 3 rrpHBe,lleHa xapCU<TepHCTHKa caMbIX onaCHblX 

OCKOJlO'IHbIX H30TorrOB P3.3 - H4.Ce(144Pr). lS2,154Eu H 158,160Tb. OrMeTIIM BbIcoKlfii 

BbIXOl( H3OTonOB 144Ce (3.64.1015 OK-T-1) H 154Eu (2.5.1014 OK-T-1), COnOCTaBHMbIH C 

BhlXOJJ;OM pa60'lero H3OTorra - 147Pm (2.7.1015 DK·T-1). 

T _K. aKTHBHOCTb caMora onaCHoro y-H3~aIO~ero H30Tona npOMeTIDI - 146pm, 

JIHMlITHpYIOru;ero paaMep naCCHBHOH 3aIUHTbI, COCTaBJlHeT HeCKOJIbKO MKH Ha 1 MKH 

aKTHBHOCTH pa60"llero H30Tona 147pm, TO 'lT06bI He rrpeBbICHTb ypoBeHb y-H3~e:H:IDI 3a 

C"lleT BKJl3,Aa 01' J{pyrHX onaCHbIX H30TonOB P 33, He06xo,llHMo OllHCTHTb rrpoMeTHH J{O 

ypOBHH He xy>Ke - 10-7% Bec. (B rrepBYIO ollepe.zu> OT H30TonOB 144Ce H 154Eu). llpH 

nOM H3-3a HaJIH'lHH y H30Tona lS4.Eu >KeCTKOH y- JIHHHH 1.275 M3B (BbIXOJJ; - 34%), 

OllHCTKa no eBpOIIHIO l(OJl>KHa COCTaBHTb BeJIH'IHHY He xy>Ke 10.8 %. TaKOH: ypoBeHb 

cOJJ;ep>KaJIHH rrpHMeCeH MO)KHO 06eCne"llHTb MeTO.n.~1H HOHo06MemIOH 

xpoMaTOrpaepHH [8]. 

YlIHTbIBaa MaclllTa6 XHMHKO-TeXHOJIOrntlecKRX orrepaUHii: (OKOJlO 70 TOHH 

06~eHHoro ypana) H orpaHH'leHHOe BpeMH (- 6 - 8 MeCHl.{eB), OTBOJUfMOe Ha C03,llaHHe 

HCTO'IHHKa, :ny pa60Ty B POCCIDiCKOH cDel(epaUHH MO>KHO BbmOJIHHTb TOJIbKO Ha 

cneUHaJIHSHpOBaHHOM KOM6HHaTe no llepepa60TKe OTpa60TaHHoro Tonmma A3C. 3TOT 

KOM6HHaT 06J1a.zJ;aeT YHHKaJIbHbIMH TeXHOJlOrHSlMli H 060py,llOBa.ruteM, B COCTaB KOTOpOro 

BXOJlHT H BbICOKOrrpOH3BororreJIbHM xpm.<faTorpaepHllecKaa yCTanoBKa JJ;JUI r JIy60KoH 

O'IHCTKH OCKOJlOllHOrO rrpOMeTIDI 01' .zwyrnx pe,llK03eMeJlbHbIX 3J1eMeHTOB - npHMeceH. 

I1cxOAH H3 BbImeCKaaaHHOrO, cxeMY BbI,neJleHIDI H rJIY60KoH OllHCTKH npOMeTIDI 

MO)J(H.O npeJJ;CTaBHTb CJlel(yIOIUHM 06paaoM. IIepBWlHM nepepa60TKa TOnJIHBa 

OCYlUeCTBJlHeTCH B onepaIl,uax o~eHKH H 3KCTpaKUHH OpraHH'leCKHMH 

1 OrMeTHM, 'ITO eCTb yKa3aHHH Ha aHaqHTeJIbBO 60nee BbICOKoe CO,ltep)KaHHe (8500 - 1000 paa 60Jlbwe) 

aOJTrOxcHBymero H30Torra 146Pm, 'ITO rroTpe6yeT 3HaqHTeJIbHOro YBenH'leHHH TOJlll{HHbI naccHBHoH 

3all{HTbI. 
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paCTBOpHTeJDIMH Ha CTClH,llaprnOM 060pY.llOBaHHH pa;ntoxHMWIeCKOrO 3aBOl{a [8,9]. llpH 

aTOM B nepBYIO O"IJepe,lU> Y,llaIDlIOTCH nJlyTOHHM, Hemymrii, ypaH, ue3HH, a TaIOKe 

raJoo6pa3HbIe npOJJ;yKTbI l{eJIeHIDI - Xe, Kr H 12' IlocJIe 3Toro oCTaBIIImkH pacTBop 

ynapHBaeTCH. 3aTeM B PMe nOCJIe~IOmHX onepaIlmf npoHcxoJUIT oTl{eJleHHe Nb, Zr, 

Ru H npo.l{yKToB KOpp03KH (Fe, Cr, Ni, ... ) OT CMeCH P33, Am, Cm H Sr. 

IIocJIe OTJJ;eJleHHH CTPOHUHH XJlMHI{ecIarli COCTaB CMeCH P33, KOTOpbIH 06bflDlO 

HCnOJIbayeTCSI npH nepepa60TKe B npouecce C03,lJ;aHIDI npoMeTHeBblx HCTO~{QB 

CJ1e~IOmIDI: La - 12%, Ce - 25%, Pr- 10%, Nd - 40%, Sm - 6%, Y - 6% H Pm - 1% 

[8]. O,llHaKO B CBHaR C HeJJ;ocTaTolfiloH npOR3BOmrreJIhHOCTbIO xpoMaTOrpa¢WlecKoH 

yCTaHoBKH (HanOMHHM, "'ITO HCTO"lJHHI{ Tpe6yeTcH C03l{aTb B Teqemm: HeCKOJIbKHX 

MecHIJ;eB) KOHIt;eH'rpaumo npOMeTHH He06xo,llHM0 YBeJIHlfiITb B HeCKOJIhKO paJ. llo3ToMY 

aTOT paCTBOp (col{ep>KaIIUrii TaIOKe aMepHUJrii H KlOpHii) nocTynaeT B 3KCTpaKUHOHHYIO 

yCTaHOBKy, B KOTOpOH Y.llaJIJIeTCH 4'>PaKUIDl JIerKHX P33 (La, Ce, Pr H qaCTH'lHO Nd) H 

TaKHM 06paJOM KOHUeHTpaIlIDI npOMeTHH nOBbIIllaeTCH .no - 5%. 

HaKoHeu, BbI,lleJIeHHe liHCToro rrpOMeTIDI (c co.nep:>KaHHeM onacHblx B pa.l(HaUHOllllOM 

OTHOI.IIeHHH H30TonOB P33 Ha ypoBHe < 10-7%) ocymecTBJISleTcH Ha 

xpoMaTorpaq,HlJeCKOH yCTaHOBKe 60JIblliOH npoH3Bo,l(HTeJIbHOCTH B TeqeHHe HeCKOJIbRHX 

MeCJlUeB. 

CJIeJJ;yIOIIUIM IIJarOM B C03JJ;aHHH HI1H HBJISleTCH n0JIY"'!eHHe XlfMHIIeCKH H 
2~20 

MeXa:HJIqeCKH CTOHKHX coe.u;HHeHHii rrpOMeTHH - oKcH,lla Pm203 (tm==~ °C) HJIH 

KepaMHKH (HanpHMep Pm20rTi02 8 ,}:QJm9pa:I:3~QH l171llBi'IeIl"lbl tnt £ ~) [10). C 

TO'IKK 3peHHJI nOJIy-qeHHH HCTO'lllHRa C MaKCHMaJIbHOH yJJ;eJIbHOH aKTHBHOCTblO JIYtIlUe 

Bcero HIIOJIb30BaTb OKCHJt npOMeTIDI Pm203. B Ta6JIH.IJ;e 4 npHBe.neHbJ XHMJ['{eCKHe H 

TenJlo4'>H3WiecKHe CBoHcTBa 3THX coe.u;HHeHHii [11.]. 

4.H3MepeHHe a6COJIIOTHOii aKTHBHOCTH HMH. 

T.K. nOJl)"leHHe tIHCTOrO npoMeTHH Ha xpoMaTorpcupH'leCKOH KOJIOHHe oCYIUecTBJDleTCJI 

nopUIDiMH (Bec KroK,l(OH rropUKH 6yJJ;eT COCTaBJUITb He MeHee 300 rpaMM rOTOBOfO 

npott)'KTa), TO onpe,lleJIeHHe aKTIIBHOCTH HCTOt.IHHKa MO>KHO BblIIOJlHHTb B rrpouecce ero 

H3rOTOBJIeHHH, H3MepHH HJIH no OT,lleJIbHOCTH am nopUKH HJIJf >Ke BeCb HCTO~ 

ueJlHI(OM. OTMeTHM, lITO aKTHBHOCTb yKaJaHHOH: nopUHH 6y,neT npeBblIIJaTb 230 

KHJTOKlOpH npH TeTIJIOBbI,neJIeHHH > 80 BT). 

Mcxo,nH Ha BbIIIJeH3J10>KemlOfO, H3MepeHHe a6COJlIOTHOH aKTHBHOCTH HCTO"IJRHKa C 

BhlCOKOH TOlJHOCTbIO ( - 1 %) MO:H<HO BbTllOJIHHTb ,nByMH cnoc06aMH: MeTOJl.OM 
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KaJIOpHMeTpHH [12] HJIH rryreM IIpHMoro B3BeUIHBOlmUI C nOMOIl.(bIO npeUH3HOHHbIX 

BeeOB. 

KarropHMeTpH'leCKHH MeTO,lJ; gaJISIeTC~ Ol6COJIlOTHbIM MeTo.n.OM H He -rpe6yCT KaKHX-JllI60 

nanOHOB, 'ITO HBJUleTCH ero rJIaBHbIM npeHMYlllecTBoM. OH OCHOBaH Ha orrpe.n.eJIeHHH 

TeUJIOBOrO 3<p<peKTOl, 06yCJIOBJIeHHOrO norJIOmeHHeM p- 11 y- 113JI)"leHIDI PaJIHOaKTHBHOrO 

11CTO"IfllHKa; ITpH 3TOM era TenJIOBM MOIWiOCTb W npHMO rrponOpUHOHaJIbHOl CKOpOCTH 

pOlcna,Tla No: 

(6) 

rAe e - 3HeprnH, ITpHXO,!UllI{aHCH B CpeJUieM Ha o,llHH aKT pacIIMa, p - K03<P<PlfllHeHT, 

y'IlITbIB<UOInHH CTeneHb lIorJIOmeHIDI H3.n:yqeHJUJ B KanOpHMeTpe. CJIe.n;oBaTeJIbHO, 

KaJIOpHMeTpwreclOIe 113MCpCHHH II03BOJUUOT onpe.n;eJllITb a6COJIIOTHYIO aKTHBHOCTb 

JIK)6oro pa,ZUiOaKTHBHOrO HCTO-.:nmKa, .n;JU1 KOToporo H3BeCTHhI crreKTpOCKOIDftleCKHe 

XOlpaKTepHCTHKH ero H3.n:yqeJIHii (cpe]:UUUI 3HepfHH J3- qOlCTHIl, ,meprHH H 

IDITeHCHBHOCTH Bcex Y-I<BaHTOB), n03BOJImOIUHe BbJqHCJUITb 3HeprnIO, BblAemmWYIOcH B 

O,l{HOM aKTe pOlcIIMa. 

.llJUI IfHH, HMeIOIIUiX 60JIbillHe Hapy)KHbIe paaMepbI H cBepxBhlcoKYIO aKTHBHOCTh, 

KaJIOpHMeTpHtIeCKHH MeTo.n. HBJUleTCH npaKTHIleCKH e,llKHcTBeHHbIM MeTolIoM, 

rr03BOJUlIOIWIM npoH3BecTH IIpJlMbIe H3MepeHIDI ero aKTHBHOCm C BbICOKOH. TOqHOCThIO. 

KpoMe Toro, ,ZJ;JISI Ta:I<HX H3MepeHl£i:i He Tpe6yeTCH pOlspymeHHH HJIH cnelllf.aJIbHOrO 

rrp:nrOTOBJIeHHH HCTO'iHHKa, I1paKTHlIeCKH rrpHeMJIeMa JII06aH: <l>opMa H KOH<lmrypOlu;HH 

HCTO"tlHHKa. KaJIOpHMeTpHIO HCTOtrHHKOl MO>KHO BbillOJUUITb MHOrOKpaTHO, .lI.:uKe nOCJIe 

3aBepmeHIDI 3KCnepRMeHTa I KaK Ha npe.ztIIPHHTHH-H3rOTOBHTeJllt, Tal< H rrO,lJ;3eMHOH 

JIa60paTopmr. 

3TOT MeTOa xopomo 3apeKOMeHAOBaJI CC6H rrpH H3MepeHHH aKTHBHOCTH HCTOllHHKa 

Hempmm Ha OCHOBe StCr (3KTIffiHOCThIO - 0.5 MKH) npH Ka.lm:6poBKe rarr.7l:lill­

repMaHlfeBoro HeiITpmrnoro TeJIeCKOnOl KOJIJIa6opaiurn: SAGE, aJIH KOTOpOM 6bIJIOl 

paapa60TaHa H HSfOTOBJleHOl KaJIOpHMeTplflleCKaH yCTaHOBKOl, n03BOJUII01lI~ rrpOBO,lUfTb 

H3MepeHIDI TenJlOBbI,l(eJIeHHH B lIIHpOKHX npe.n.eJIax - OT MHJlJllIBaTOl ll.O KHJIOBaTa [13]. 

OT,l(eJlbHO IIo.n;qepKHeM, TIO Heo6xo,IJ;HMo BbmOJIHHTb rrpeUHSHOHHbTe H3MepeHHH 

CXeMbI pacna,ua 147Pm H oIIpe,l(eJlHTb BKJla.n; B TenJlOBbI,ZJ;eJIeHHe Bcex PaaHOaKTHBHbIX 

ITpHMeCeH (eM. Ta6JI. 2 H 3). 
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S.TIaccHBHM 3aIIDlTa HHH 11 TerrJIOOTBOH. 

IIpmrnMM BO BHHMaHHe HCKAI01£HTeJIbHO B3JKHYIO POJIb JJ;JTH rrpOBe.neHHH 

3KCrrepHMema pa3MepOB 11MB (KoTopble onpeJJ;eJIHIOTCH TOJlllUfiIOR rraCCHBHOH 

3a.uJ;HTbI), Bbl60p MaTepHaJIa ,llJIH H3roTOBJleHIDI naccHBHOlI 3a.w;HTbI, a TaIOKe ee 

KOHCTPYKl.\IUI HMeJOT rrpHIfilHIIHaJl.bHOe 3Ha"l{eHHe. 

EJUffiCTBeHHbIM peaJIbHblM KaHJlH)laTOM .llJlH HCnOJIb30BaHHH B Ka-qeCTBe MaTepHaJIa 

rraccHBHoH 3a.w;HTbI TaKHX HCTOlfilHl(OB MO)KHO ctrnTaTb TIDKeJIblii CITJlaB BOJIbeppaMa (c 

MaJIbIMH ,ll06aBKaMH Ni H Cu )J..1UI rrpH,l{amUl rrJIaCTH"lJHOCTH). 3TOT MaTepHaJI 06Jla,llaeT 

BbICOKO:H: rrJIOTHOCTbJO (85 - 95 % OT rrJIOTHOCrn MeTaJIJIWleCKOrO BOJIbeppaMa), 60JIblII.HM 

aTOMHblM HOMepoM H npH 9TOM ero MO)KHO rro,llBepraTb MeXaHJllleCKOH o6pa60TKe .nJIH 

npH,l{a.HJUI Tpe6yeMoH epOPMbl H HY:>KHblX pa3MepoB. 

QT06bl 06ecrrelIHTb BKJIM OT y-H3J1Yl.lalOII{HX npHMecen: Ha ypoBHe < 10% OT 3tPtPeKTa, 

TOJJIl{HHa BOJIbtPpaMOBO:H: 3aIIUITbi ,llOJDKHa COCTaBHTb 25 - 30 CM IIpH Bece - 1.5 - 2 

TOHHbI (,llJIH o:u:eHKH 6blJlH HCrrOJlb30BaHbI ,llaHHble Ta6.1 H 2 H3 HacTomn;eii: pa60ThI, a 

TaK)Ke Ta6. 4.32 H3 pa60Tbi [14]). 

OTMeTHM, Iff0 CITJIaB Bo.Jlb¢paMa 6bIJI RCrrOJIb30BaH IIpH H3roTOBJIeHHH HCTOlffiHKa 

HeiITpmfO Ha OCHOBe 51Cr KOJIJIa60pauHH SAGE [ 13J. 

I1p06JIeMa TeIIJIOOTBO,lla - 1.8 KBT MO)KeT 6bITb JIerno peweHa rryreM UHpKyJTmJ;HH 

BO.llbI (npH HCrrOJIb30BaHHH MMH C ,lI,eTeKTopaMH, pa60TaJOII{HMH rrpH KOMHaTHOH 

TeMIIeparype)2 HJIH rrapaMH )KHJ:(Koro a30Ta (,llJIH .neTeKTOpOB C fJIy60KHM 

oXJI<UK){eHReM) . 

6. ITpoBelleIDIe 3KCrrepHMeHTOB C MI1H. 

)lMI o:u:eHKH B03MO)f(HOCTeH npOBe,lleHIDl 3KCrrepHMeHTOB C MMH Ha OCROBe 147pm, 

paCCMOTpHM H,l{eaJIbHYlO reOMeTpHJO, OlIHCaHYIO B fJI.1. ITpHMeM aKTHBHOCTb HCTO'IHHKa 

paBHO:H: 5 MKH, cyMMapHYlO TOJIIIUlHY rraccHBHoH 3aIl(HTbI - 30 CM. TaKM reOMeTpHH 

o6ecnelfHBaeT rrJIOTHOCTb rrOTOKa aHTlfileHTpHHO Ha nOBepXHOCTH HCTO"llHHKa­

1.2.1013 cM-2·ceK1. B Ka-qeCTBe .neTeKTopa MO)f(HO HCnOJIb30BaTb C60pKH HH3KOq,OHOBbiX 

neTeKTOpOB Ha OCHOBe Ge (H.lIH Si) HJlH HH3KoIIoporoBble CUHHTHJIIDIUHOHHbIe 

,lI,eTeKTOpbI NaI(Tl). He B,lI,aBMlCb B paCCMOTpeHHe KOHKpernoro THIla ,lleTeKTOpa, 

npHMeM KOHUeHTpauHIO 3JleKTpOHOB B HeM 1le-1024 CM-3 (C"lJHTM HX Bce cB060,ll,HhlMH), a 

aepepeKTHBHYIO TOJIIUHHY .ueTeKTopa BbI6epeM paBHOH 10 eM. 

2 npH 3TOM Hco6xotJ;HMO nOMHHTh (3aMCll:aIDIC A.B.,llaBbI,ll.oBa) 0 B03MO>KHOCTH pO)l(JlCH1UI HeihpoHoB 

>KeCTKHMH y-KBaHTaMH (Eo,> 2.23 MaB) Ha npuMecH TIDKeJIOH BOtJ;bI B peaKlUia D(y,n)H. 
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.llJUI 3THX yCJIOBHH KOJIHlleCTBO BSaHMO.n:eHCTBIDi B cynm B SaBHCMMOCTH 01' 

npe,l{JIOJIaraeMOH BeJllflHHbI ManIHTHOrO MOMeHTa aHTHHeHTpHHO npe.nCTaBJIeHO B 

Ta6.lIHUe 5. Ol.J.eBH,lJ;Ho, 'ITO I1pH nopore pemCTpauHH, paBHOM 1 lOB H sa BpeMH 

HSMepeHIDI -1 rO,lJ;a MO)KHO 06Hapy)I{}[Tb MarHHTHbIH MOMeHT Ha ypoBHe 5.10-12 liB' ITPH 

3TOM TO"lfliOCTb H3MepeHlUI MO)KHO nOBbICHTb aa CqeT CHH)KeHIDI BepXHero nopora 

pemcTpaIUIH pacceSlHhlx 3J1eKTpOHOB .nO BeJIHlIHHbI 20 - 40 I<3B, T.K. B aTOM c.nyqae 

OTHOCl1.TeJIbHblH BKJIa,IJ, 3JIeKTpOMannrflfOH KOMllOHeHTbI 6y.neT cyluecTBeHHO BbIlIIe (CM. 

pHc.4}. 

O,lJ;HOBpeMeHHO pesyJlbTaTbI 3KCnepHMeHTa MO)KHO HCIIOJlb30BaTb .nJlX o6Hapy>Kemrn 

3<p<peKTa OClJ;HJIJUIIlltii aHTHHeiiTpHHo (T.K. ceqemre paCcemIIDI Ha 3JIeKTpOHe MIOOHHOro 

HeiiTpHHo, nOHBJIXlOIllerOca B pesyJlbTaTe OCUHJI.JUIl.U{ii, CYIlleCTBeHHO HH:>Ke). ITPH 3TOM 

npe,neJlbHM 't)'BCTBHTeJlbHOCTb 3KCnepHMeHTa K 3HaqeHHlO Llm2 6y.neT orrpe.neJUITbCH 

01'JIHl.J.HeM OTHOmeHIDI OaKcn/O'pac OT 1 sa CqeT IIorpeIIIHocTlf 3KCnepHMeHTa H paCqeTa. 

PesYJlbTaTbI orpaHlfl.J.emm Ha napaMe1pbI oClJ;HJIJImudi rrpRBe,ll,eHbI Ha pRC. 5. 

He06xo,lUfM0 YKaJaTb Ha a<p<peKT B3aHMo,neHcTBlfx aHTHHeiITpHHo co CBX3a.HHbIMlf 

3J1eKTpOHaMH aTOMOB ,neTeKTopa [15,16]. TIo OlleHKe aBTopOB pa60Tbl [16] 3TO 

npHBe.neT K CHH>KeHHIO O>KH.l{aeMoro 3<p<peKTa Ha - 10 %. 

OTMeTHM, lITO Tpe6yeMhIif ypoBeHb <poHa .neTeKTopoB, HCnOJIbsyeMbIX C 

npe,nJIaraeMbIM MMH ,lJ;OJl>KeH 6bITb - 0.01 c06./K3B·Kr·cyr, tITO Ha omrn - ABa 

nopH,llKa rrpeBOCXO,l(HT ypoBeHb epoHa Jlyqnmx COBpeMeHHhlX 1ill3KOepOHOBhlX 

.neTeKTOpOB B 3TOH 06JIaCTH. 

BbIBOlIbI. 

B pa60Te nOKaJaHa B03MOXHOCTb cos,naliHH MMH Ha OCHOBe ,llOJITO>KHBYIllero 

OCKOJIOl.J.HOro HSOTona 147Pm aKTIlBHOCTblO - 5 MKH. 3TOT HCTOl.J.HHK MO>KHO 

HCrrOJIb30BaTb ,nJUl npOBe,ll,eHIDI 3KCrrepHMeHTOB no H3YQeHRIO CBoikTB (aHTH)HeifrpHHo. 

B Ka1:leCTBe ,lleTeKTOpa npe,llJIaraeTCH HCrrOJlb30BaTh Hlf3K0<P0HoBbIe HJf3KOnOporOBhle 

,lleTeKTOphI, pa3MeIllaeMble B rrO,llSeMHbIX JIa60paTopHHx. IIPH 3TOM MO)KHO 

H3MepHTb CeqeHHe ynpyroro pacceIDIWI aHTHHeH-rpHHO Ha 3JIeKTpOHaX C BbICOKOH 

TO'IHOCTbIO ('" 1 %) H nOCTaBHTb npe,ueJI Ha cyruecTBOBaHHe MarmrrHoro MOMeHTa 

HeifTpHHo Ha ypoBHe - 5.10-12 liB' 

B 3aKJ1IOQeHHe OTMeTHM, 'ITO C TOl.J.KH 3peHHH Tpe60BaHlm K pa60"lfeMy HsoTony (CM. 

pa3.ll:eJI 2), CTeneHH no,uaBJIeHHH conyrcTBylOIllero y-H3JIY"lfeHHH 01' I1MH ( .nO 1014 pa3) 
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H *eCTKOCTM Tpe60BaIDiH K HX pa3MepaM HCTO~H nHn nOCTaHOBKH 3KcnepHMeHTOB 

no paccenHHIO (aHTH)HeihpHHO Ha 3JIeKTpOHax IDJJInIOTCH HCTOqHHKaMH C.lJellYIOIUcro 

nOKOHeHHH (no cp,umemuo c HI1H AAA Ka1IH6pOBKH pa,lUiOXHMlf1IecKHX .n.eTeKTopOB 

COJIHe'llThIX HeiiTpwlO [17,18)). 

AllTop BhlpaJKaeT 6JIarO,ZlapHOCTb B.JI.MOpryHOBY H 11.0.IlHJIIOrmIy 3a BbIllOJIHeHHble 

paC'IeTbI H 06CYX<AeIDfe 3epepeKTOB B3aHMo.a;eHCTBHn HeiiTpHHo co cBo60AHbIMM H 

CBH3aJIJIDIMH 3JIeKTpOHaMH. 

AnTOp TaIOKe rrpH3HareJIell I1.P.fiapa6aHoBY 3a o6cy»c.nellMe B03MO)I(ROCTeH 

npOBe.ll.eHWI HciiTpHHbIX 3KCnepHMeHTOB C I1I1H Ha ocHOBe 147Pm1 a TaK)KC 

f.B.KopnYCOBY H B.M.feJIHCY 3a MHOrO'lHCJleHHhle KOHcyJlhTaUHH no pa.nHOXHMHH 

npOMenUI H OCKOJIO'lHblX 3J1eMeHTOB. 
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Ta6JIHl.l;a 1.
 

Be.JIWIHHa ce'tJemul ynpyroro pacce.ffiuUI aHTHHempHHO OT 147Pm
 

Ha cBo6o,UHbTX :,meKTpoHax B 3aBHCHMOCTH OT nopora perncTpaUHH, 10-46 CM2.
 

IIopor 

perncTpaI{lm, Wo 

Ce-qeHKe 

cna6oro 

B3aHMO,lteHCTBlUI, 

10-46 CM2 

Ce-qeHHe 

aneKTpOMarHHTHOrO 

B3aHMO,l:leHCTBHH 

J.lve = 10-11 J.lB, 

10-46 CM2 

Ce-qeJDIe 

aneKTpOMarHHTHOrO 

B3aHMO,l:leHCTBHH 

~e = 5.10-12 J.lB, 

10-46 CM2 

1 KgB 3.33 0.82 0.21 

5 K3B 2.96 0.51 0.13 

10 KoB 2.54 0.36 0.09 
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Ta6JlHIla 2.
 
1II30TOfihI rrpOMeTIDI, Bbl,neHeMbIe .lI3 06JIyqeHHoro TOIIJIHBa
 

(BbltJ;ep)KKa TOnJIHBa peKTopa BB3P - 440 - 3 ro,na)
 

f 
r' 

MaoTon 

(T j / 2) 

YAeJIbHasI 
aKTHBHOCTb 

(KH/r) 

BbIXO,lt 
H30Tona 

Ha 1 TOmry 
o6.JIY'IeH. 
TOllmma 

(OK) 

AKTHBH. 

H30Tona 
Ha 1 MKH 

147Pm 

3HeprnH 
Y-H3.nyqID1.H 
(BhIxoA, %) 

To.nmmta 
3 a.IJ..l)ITbI 

1I3 

BOJIb¢paMa 

t46Pm 
(5.53 r) 

443 KH/r 1.32.107 5 MKH 

0.747 MaB 
(33.9%) 

0.736 MaB 
(22.9%) 

.................... 
0.454 MaB 

(65.1%) 
................... 

- 22 eM 

--­

t47Pm 
(2.62 r) 

927 KH/r 2.69.1015 1 MKH 
0.197 MaB 
(3.4.10-7%) 
TOpMo3Hoe: 
0-225 kaB 

--­

U.8mPm 

(41.3,ltH) 
2.14.104 

KH/r 
1.2.107 4.4 MKH 

.................. 
1.083 M3B 
(20.2 %) 

0.915 M3B 
(17.1 %) 

0.726 MaB 
(32.7 %) 
0.63 MaB 
(88.6 %) 

..................... 
0.55 MaB 
(94.4 %) 

- 28 eM 

t48Pm 
(5.37 ttH) 

1.64.105 6.35.105 0.24 MKH 

2.28 M3B 
(0.0444 %) 
1.73 MaB 

(0.0386 %) 
1.47 M3B 
(22.2 %) 

................. 
0.915 M3B 
(11.46 %) 

................. 

- 26 em 
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Ta6JlHI.{a 3. 
'uoJIro:lfomYll.l)fe H30TOllbI P33 - IIPO~)'KThI ~eJIeHH}l 06JIyqeHHoro TOllJUrna I
 

BbI.llep}l(Ka - 3 ro~a
 

(npHMeCli ~pyrHX P33 B MaTepHaTle HCTO'lHHKa - He 60JIee 10-7 %).
 

1130Toll 
(nepno.ll 

rrOJIYpaCIIaJla) 

AKTHBHOCTb 
Ha 1 TOHHY 

TODJIliBa, fiK 
(Y.lleJIbHaH 

aKTHBHOCTb. KH/r) 

r - H3.nyqeHHe, 
vnepOUl, 

(BbIXO.ll. %) 

ilpHMelJaHHe 
( aKTHBHOCTb 
H30TOIIa Ha 

1 MKH 147Pm) 

BhIXO~ u;epml Ha 
1UCe-(144Pr) 2.64.1015 0.133 M~B TOHHy o6JIY'1eH­

(19.2%) Horo TOIIJIHBa: 
(284.3 lUUI) (3.18.103 KH/r) m(Ce)=2 Kr/T 

144Ce/Ce-10-2 

144Pr 

(17.28 MHH) 

2.64.1015 

(7.5.107 KH/r) 

2.65 MaB 
(0.00019 %) 
2.186 MaB 
(0.70 %) 
1.56 MaB 

(0.00023 %) 
1.489 MaB 
(0.272 %) 

............ 

0.696 M9B 
(1.34 %) 

(0.03 MKH) 

... 
1.8 M3B 
(0.087%) 

BbIXO~ Eu Ha 
TOHRY 06JIyqeH­

152Eu 

(12.4 rOM) 

2.3.1011 

(176.4 KH/r) 

'" 

1.408 MaB 
(20.8 %) 

... 
0.964 MaB 
(14.5 %) 

... 

Horo TOIIJll1Ba: 
153Eu=100 r /T 

152Eu/ t53Eu 
=4.10-4 

(0.07 MKH) 

.....
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llpo.u.OJDKeHHe Ta6JlHI.{bI 3. 

154Eu 

(8.5 ro.u.a) 

2.51.1014 

(264 KH/r) 

1.9 MaB 
(0.0015 %) 

... 
1.59 MaB 
(1.86 %) 

'" 

1.275 MaB 
(35.5 %) 

'" 

154Eu/153Eu 
= 0.25 

(7 MKH) 

1.19 M::lB 
(1.71 %) 
1.11 MaB 

6.98.106 (2.06 %) (is MKKH) 
t58Th 0.962MaB 

(15 KH/r) (19.8 %) 

(150 rOlla) 0.944 M3B 
(43 %) 
.......... 

1.31 MaB 160Tb/ 158Tb -
5.53.108 (2.92 %) - 0.1 

160Th 1.27 MaB 
(1.1.104 KH/r) (7.49 %) (1 MKu)

(72.3 d) 

-. 
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Ta6JIH1.la 4. 
CBOHCTBa coe,Almemn'.i rrpOMenUi [11]. 

CBOHCTBa 

MaTepHalIa 

Pm - MeTaJIJI Pm203 

IIJIOTHOCTb, r / CM3 7.31 --­
C- THII --­ 6,84 
B- THTI -­ 7.43 
A-THII --­ 7.62 

Y.lleJIbHasI aKnmHOCTb, 

KH/r 882.4 758.5 

To"IiKa nJIaBJIeHIDl, °C .., 1160 °C 2320 0 C 

TerrJIonpoBOAHOCTb, 

KI<aJI/ (M-"q.rpa.n;) --­ 2.15 

K03q,q,. TeIIJlOBOrO 

paclllHpeHIDI 

(70 - 1000 0C), rp3J\-l --­ 9.4-10-6 

YJJ;eJIbHOe 

TerrJIOBbI.lleJIeHHe: 

BT/r 0.32 0.27 
BT/CM3 2.31 1.99 

PacTBOpHMOCTb: 

B MOpcKOH BOJJ;e 4.10-8 
B JUlCTHJIJlaTe 4.10-6 
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Ta6JIHI.ta 5.
 

TeMII CqeTa .lleTeKTOpa (R = 10 CM), B 3a:BHCHMOCTH OT BeJ1WlliH
 

nopora perncrpa1um H MarHHTHOrO MOMema HeifrpHHo, (co6./cyn<H).
 

Ilopor 

pemcrpaI.llill 

3JIeKTpOMar­

HHTHOe 3M, 

( 1Q-11 IlB) 

3JIeKTpOMar­

HHTHOe 3M, 

(5·10- 12IlB) 

CJIa60e 

OTHOlIIeHHe 

3M(5-10-12IlB) 

K cJla60MY 

1 KaB 13 3.3 53 0.06 

5 K3B 8 2 47 0.042 

10 l(:;lB 6 1.5 41 0.036 
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147Pm Neutrino Spectrum 
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PKe.1. CrreKTp aHTHHeKrpHHO OT K3OTona 147Pm [6]. 



19 

-1./3 2­
G:, LO Cf4 

Recoil electron spectrum 
> 
t]) 

.Y 
""-. 
E 
o 

.!:l 10 

; .: .: 

...... .t.M : l l L .L. ~ . 
• ~ • ~ .•.. ~ •..• - - ~ • • •. ~ - • -:- . _. . - •.•. ~ .•.•.•. - • '!•••••••• .•:. ..•... - •• ~ • . . .• ..-

":t 
C'-J 
I
 
*
 * o 

c 
o 

'';:' 
U 
ilJ 
III 

I 
III .•••••••}••••.•••. j•••••~2i1 .••.•••.•~ •••••••••:••••••••:
III 

2 .... ,~ . 
u 

-1
 
10
 •••••• b~·I~ .•..~.Il.~J •• ]:.. :.I.~! ••••••••·
 

-·r··:Itli:···r:::r···r: 
-210 L...J....l-1.....l.............J.....L..JL...L...1--'-'-..L...L...J.....L..JL-L-L...L.l..............J.....L..JL-L-L--'-'-..L...L...l-L-JL.J-1,...L.L...L...L..l-..-l-I.............L.J...J
 

o	 10 20 30 40 50 60 70 80 90 100 

Kinetic energy. keV 

PRC. 2. ,UHq,q,epeHl.lRaJThHbIe CrreKTpbI pacceIDfbIX SJleKTpOHOB OT 

3J1eKTpoMannrrnoro (Ilv = 10-lt IlB) H cJla6oro B3aHMo,neHcTBHH aHTHHeifTpHHo 
OT 147Pm Ha cBo6oAHOM 3.TleKTpOHe. 
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PHc.3. 3aBHCHMOCTb BeJIKtIHHbI nOJIHoro CeqeHIDI pacce.RllIDl aHTHHeH-rpHHo 
OT 147Pm Ha CBo6o,llHOM 3JIeKTp0He ]I.IDl 3J1eKTp0MamHTHoro (J.1y = 10-11 J.1B) H 
cJIa6oro B3aHMo,u;eHcTBWI OT BeJUNHHbI HHX<.Hero nopora perncTpanHH (OCb 
a6clUIc) H BepXHero (25 K3B H 100 I(3B). 
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Ratio (EM/WEAK)* 100 for different upper limit of T 
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PHC.4. OTHoweHHe DOJIHOrO BJIeKTpOMarmrfllOro CeqeHIDI pacceIDIIDI 
(Ilv = W-11J.lB) K cJIa60MY B3aHMo,lleHcTBHIO (B %) B 3aBHCHMOCTH OT 
BeJ1HqHHbI HHlKHero nopora perHcTpauKH (OCb a6cUHc) H BepxHero nopora 
(25 :KaB, 50 K3B H 100 K3B). 
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Neutrino oscillation for 0.01 accuracy
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PHc.5. OrpaIf.HlIeHIDI Ha rrapaMeTpbI OCUHJIJUIllHH rrpH TOq}{OCTH H3MepeHIDI ceqeHIDI 
pacceJIHIDI - 1 % (147Pm, L == 0.35 M, pa3peWeJUlasI o6J1acTb - CJIeBa OT KpHBoif). 
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