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Bae}l;eHHe 

B HaCTO.!I~eii pa6oTe IIDll<l;I'aiOTC.!I proynbTaTbl 3KC!IepHMeHTallbHoro H Teope~ 

TH'Iecxoro H:lY'IeHIUI npou;eccoB lfloToBo:J6y)Kp;eHH.!I Ha,..!Ip;pax181Ta n 209 Bi _B o6-

nacTH 3Heprnii rnraHTcxoro p;nnollbHoroprooHaHca (r.J;J:P). HHiflopMau;H.!I o6 oco-

6eHHOCT.!I~ B noBep;eHHH KpHBblX ( "' ; n )-ce'IeHHH7 on;eHKH napaMeTpOB H xapaK

TepiiCTHKH npoMe)KyTo'IHOH cTpyxTypbi no:JB?ll.!IIOT ny~we noH.!ITb, KaK HM~~Ho 

nponcxop;HT q,opMHpOBaHHe u pacn~p; COCTO.!IHHH r,n;P. Oco6biH HHT~pec npep;

CTaBll.!llOT pe:JyJibTaTbl p;ll.!l 209Bi .. HMeiO~nec.!l Ha cerop;H.!I p;aHHbl.e [1-3] Hep;aroT 

)KellaeMyiO_ HHif!OpM!tiJ;HlO B nollHOM ·!l6'beMe no. p.!Ip;y 'npH'IHH: Hep;OCTaTO:'JHbiH 

ypoBeHb,CTaTHCTHKH, He nepeKpbiBaeTC.!I BC.!I 06llaCTb 3IIeprHH r,[(P, OTCYTCTByeT 
'I ' ., ' > ' • ', ·' n ' ' ., , .. ,• - ' 

IIY)KIIOe panpeweiine B HIITepe,cyiO~eM H_ac p;nana:JOII~ 3Hepr1fH - o:r nopora pe~-

u;nn p;o ......, 18 M3B. 

Pe:Jyllb~a~bl- p;aHIIOH pa6oTbl He TOJibKO Bocn~mUI~T yx~aHIIbiH npo6en, Ho 

H no:JBOll.!llOT npoBeCTH OD;eiiKY y)Ke ,cy~eCTBYIO~HX IJ;aHlibiX7 HX CpaBHeHne:.n 

HCnOllb:JOBaHHe B C~'IeTaHHH CHOBbiMH IJ;aHHbiMH,U Teope':J:'H:'leCKH!>fH pac'IeTaMH. 

H:Jy'IeHne 181Ta c TO'IKH 3peHH.!I HMH'IH.!I KaKHx-mr6o oco6eHHOcTen B xpnBon 

ce'IeliHJI (noMHMO IIDBeCTHOro p~c~enneliH.!I r,[(P BClleiJ;CTBHe CTaTH'IeCKOH p;elflop

MaD;HH) cnep;yeT C'IHTaTb Haweii nepBon nonbiTKOH TaKoro pop; aHa Heclflepii'Iecxnx 
' I'' • ',., , • 

.!Ip;pax. IIocKOllbKYll:JMepeHH.!I Ha o6onx .!Ip;pax 6blmi ~blnonHe:a~ npn npaKTH'IeCKH 

op;HIIaKOBbiX yCJIOBH.!IX, TO a(-y, Tn) Ha 181Ta, noMHMO caMoc:ro.!ITeJibHoro :JIIa<:re-_ 

HH.!I7 MO)KeT HCnOJib:JOBaTbC.!I KaK TeCTOBOe npH OIJ;eHK~ IJ;OCTOBepHOCTH pe:JyJib

TaTOB no 209 Bi B ~ononHeH:ne K p;aHHhlM xoMnbiOTepHoro :Mo~ennpoBaHH.!I. IIpliB

ne'IeHne p;onOllHHTellbHblX apryMeHTOB npH aHalliiDe 3KcnepHMeHTallbHbiX IJ;aHHbiX 

)KellaTeJibliO IID-:Ja BO:JMO)KHOrO BmUIHH.!I Ha npon;ecc H:JMepeHHH .HeH:JBeCTHbiX 

(n noTOMY IIey'ITeHHblX) CHCTeMaTII'Ie~KHX norpeWHOCTeH. IlpH HX.Hal'IH'IHH CJie

p;yeT Q)KHIJ;aTb nO.!IBlleHH.!I B q,opMe Ce'IeHHH o6ome ..!Ip;ep H~eHTH'IHblX CTPYKTyp, 

'ITO MallOBepO..!ITHO-IJ;ll.!l CTOllb pa:3mr'IHbiX ..!Ip;ep H CKopee. IJ;Oll)KHO CBHp;eTellbCTBo

BaTb 06 OWH6KaX IIDMepeHIIH HllH HeKoppeKTHOH o6pa6o~Ke pe~yllbTaTOB. 
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8KcnepHMeHTaJibHble j:\aHHble 

Ji:JMepeHIDI BhiXO)J;OB cpoTOHeHTpOHOB npoBep;eHhi Ha ny'IKe TOpMO:JHOfO ll::Jlly

qeHIDI6eTaTpOHa cry B pe:lKHMe CKaHHpOBaHIDI no rpaHH'IHhiM 3HepriDIM E-y max• 

TexiiH'Iecxne napaMeTpbi H:JMepnTenbHD-Bbi'IHCllltTellbHoro KOMnnexca n MeTo

p;nxa excnepnMeHTa nop;po6Ho paccMoTpeHbi B [4]. 
IIony'leHhi BbiXO)J;bi cf>oToHeHTpoHoB H:J $1p;ep 181Ta n 209 Bi B p;nanoooHe rpa

HH'IHbiX eHeprnn 6+17.3 MeB c waroM H:J~mpeHnn"' 103 xeB. ,IJ;llj[ 209Bi nony

qeHbl .z:~aHHbie c rnaroM - 48 K3B B o6nacnt :mepmii OT nopora peaKUHH .z:~o 8.9 M::~B. 

}J:OCTllrH)'Trui !)THOCHTeJibHrui . norpelliHOCTb. 'BbiXO)la npn 3Hepml!X OKOJIO 

17 MeB cocTaBllj[eT "' 0.06%. YcnoBIDI H:JMepeHnn 6blnn nop;o6prurbi B npo~ecce 

Mop;ennpoBaHIDI excnepnMeHTa TaxnM: o6poooM, '1To6bl o6ecne'lnT:b' pooperueHne 

cTpyxTypHbiX oco6eHHOCTen B 'ce'leHHH c wnpHHaMH nop$1p;Ka 200 xeB B npnno~ 

poro:Son o6nacTH n' 0.5+ 1.5 MeB B o6nacTH MaKCHMyMa.rnraHTcxoro p;nnonbHoro 

pe:JOHaHca. B · xaqecTBe xpnTepiDI cooT.BeTCTBIDI Mop;enbHblx • n excin!pnMeHTanb

HbiX p;aHHbiX ncnonb:JOBaliC$1 :Jap;aHHbiH 'ypoBeHb OTHorneHIUI nx norpewHocTen K 

BeliH'IHHaM nepBhiX pOOHOCTeH BbiXOp;a B)J;Ollb Bcero p;nanoooHa rpMH'IHbiX eirep

rnn )J;llj[ p;aHHOro mara H:JMepeHHH. 

Pac'leT ce'leHHH ocy~eCTBllj[liC$1 MeTop;oM cTaTHCTH'Iecxon peryn$1pH:J~HH [5]. 

HopMnpoBKa K a6coniOTHhlM BerrH'IHHaM n BHeceHne nonpaBKH Ha M~o:lKeCTBeH-
HOCTb :Ja · noporoM ( 1, 2n )-peax~nn ~llj[ 181Ta H 209 Bi npoBop;:imacb c nci:mrrb:JoBa-

Hne:M:, cooTBeTCTBeHHo, pe:JYllbTaToB pa6oT [6,1]. 
' 

06cy:>Kj:\eHHe pe13yJI&TaTOB 

Ha pnc. 1, 2 npep;cTaBlleHbi ceqeHH$1 Ha 181Ta n 209 Bi, nony'leHHble np;eH

TH'IHbiM o6pOOOM C TO'IKH :JpeHIDI YCliOBHH H TO'IHOCTH H:JMepeHIDI. BhiXO)J;OB H 

npo~ep;ypbi nx o6pa6oTKH. Ka'leCTBeHHble OTliH'IIDI B cpopMe KpHBbiX o'leBH~Hbi. 

,II;llj[ 181Ta Ha6niOp;aiOTC$1 oco6eHHoCTH Ha xpnBon ce'leHIDI p;o eHeprnn,;.... 10 MeB, 

HO HX aMnliHTY)J;bi nop$1p;Ka BeliH'IHH norpelliHOCTeH B YKOOaHHbiX TO'IKax. ,Jl;anee 

Mbl HMeeM rnap;xyiO liHHHIO, BocnpoH:JBO)J;j[~IO rpocc-cTpyKTypy B o6nacTH MaK

CHMyMa r,IJ;P.c HeCKOllbKO liY'J:WHM pooperueHHeM, 'leM proyllbTaTbi H:J (6, 7]. 

Ce'leHHe Ha 209 Bi HMeeT xopowo poopeweHHble cTpyxTypbi p;o "' 11 MeB n p$1p; 

oco6eHHOcTeii npn 6onee BbiCOKHX ::mepmllx "- B HHTepBanax :11-12 M::~B, 

15-16 M::~B n B o6nacTu MaKcnMyMa. Mo)KHO OTMeTHTb, 'ITO Hannqne no'ITH nnocKoii 
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Puc. 1 a( 1, Tn) H~ 181Ta: 1 .:_: ~a.HH~e 
HaCTO$lrueif pa60Tbi; 2 U 3 - ~aHH~e . . 
UO pa60T {6} U {7}, COOTBeT~TBeHHO. 

Puc:· 2 a( 'Y.• Tn) Ha 
209 Bi: m_TpHXH -

~aH~hle HacT..~j[we~ pa6oThl;· uiTpuxu 

c· ~eHTpallbHhiMU TO'IKaMU - UO 

pa6~JThl'{8}. 

BepWHHbi B 3THX )J;aHHbiX OTliH'IaeT liX OT HaWUX :lKe npep;biJJ;Y~liX pe:JyllbTaTOB . . 
[3jn $1Bllj[eTC$1, BH)J;HMO, Clle)J;CTBH~M .BTpoe 60llbWero06'beMa CTaTHCTHKH _BHOBb 

' . 

H:JMepeHHbiX BbiXO)J;OB .HeHTpOHOB. !_Ia pHC. 2. npHBep;eHO c.e'leHll~, n?liY'IeHHOe Me-

TO)J;OM Me'leHbiX cpoTOHOB (You~g, .1972, )J;aHHble B:J$1Tbl 113. [8]),. p$1)]; nop;CTpyK

Typ KOTOporo II cpopMa. BepWIIH~ KOppellllpyiOT C )J;aHHb!Mll HaCT0$1~eH pa60Tbi. 

Hy:lKHO yqecTb, 'ITO war H:JMepeHIIH ("' 103 xeB) Bee :lKe Hep;ocTaTo'leH )J;ll$1 Hap;e:lK

Horo Bbi$1BlleHIDI Y:JKHX pe30HaHCOB p;a:lKe B ~lly'lae BbiCOKOH TO'IHOCTII H:JMepe~llH. 

8To xopowo BHp;Ho npn cpaBHeHliii Ha'lanbHoro yqacTKa ce"leHll$1 Ha pnc. 2 c p;an-
. . • ,', <:•-.l ': ,,., ' c • : 

HbiMll Ha pnc. 3, nony"leHHJ::IMH H3 BbiXO)J;OB, ll3MepeHHbiX ,C T<UWH :lKe TO'IHOCTbiO, 

HO c waroM 48 xeB B HacTOj[~en pa6oTe H c waroM 35 xeB p;o eHeprnn 10.5 MeB 
. ' . . ' . - ' •, ,. ' " .. - ~ . . -

paHee (ce"leHne npnBep;eHo B [9].) CpaBHHTellbHbiH a.HanH:J penynbTaToB no 18~Ta 
' • ' •• , ' ""' c • _, 

n 209 Bi, npep;cTaBneHHbiX Ha pnc. 1-3, nonBOllj[eT roBopllTb. o peanbHOCTll p$1p;a 
' - ' ' ' .. , . I ' • ' '' ~ • •' ~. " ' 

oco6eHHOCTen B ~e"l~Hllll Ha 209 Bi. 0"leBHp;Ho TaK:lKe,. 'ITO eTH )J;a.HHble Hellb:Jj[ 

C'lliTaTb OKOH"laTellbHbiMll C TO"'KH 3peHIDI nony"leHHOfO poopeWeHll$1. 
.,_ . . . . . ~'. 

B ce'leHuu Ha 209 Bi uMeeTC$1 p$1p; oco6eHHocTen npu e~epruj[x 7.61, 8.07, 8.65, 

9.22, 10.09, 11.7 MeB. IIono:lKeH~ 11 aMnllllTY)J;bi nnxoB cpaBHIIMbi c BeliH'IHHaMu, 
., . _, . - . . ··. 

nony"leHHbiMH paHee npt,I a.HanH:Je KpHBbiX ce"leHIDI Ha 208 Pb [2,3,10] H(l. ero Bocx_o-
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PH c. 3 u( 7, Tn) Ha 209 Bi, H:JMepeHHH 
1 \ • 

c IllarDM ,48 KrJB. , 1, 2, 3,- no

Jiy'!eHHble B pa6oTe {12} oH~'leHHH 
u('Y,. no): u('Y, n 1) ;; u('Y, n2);cooT-

BeTCTBeHHO. 
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PHc. ·4 u('Y, Tn) Ha 20_9Bi, nonyqen

Hoe H:J 067;~HHeHHbiX l{aHHbiX no po-

TOHeifxpDHHbiM BbiXOl{aM C IllarOM 48 

H i03 KrJB Ha~TOJI~ei! pa6oTDI, H no

Jly•wmoe pmtee [3] c uwzoM 100 K3B. 

)J;.IIII:(eH BeTBH, 'ITO no::lBOJI.IIeT rOBOpHTb. 0 :JHa'IHTeJibHOM. BrrH.IIHHH BO:J6y:lKp;eHHH 

OCTOBa Ha cpopMHpOBaHHe COCTO.IIHHH, r,[(P npH cpoTOBO:J6y:lKp;eHHH 209 Bi. 

Cauo HaJIH'IHe npoMe:lKyTO'IHOH cTpy~Typbi B HimKorJHepreTH'lecKoii .qaCTH 

cneKTpa .IIBll.IIeTc.II cnep;cTBlleM HHGKoii imoTJIOCTH ypoBHeii'p;un~JihHbiX BO:J6y:lKp;e

HHH ·u:J-:Ja cna6oii cB.IIOH op;:HocpoHOHHhiX cocTO.IIHHii c 6onee cno)KHhiMll H He:JHa

'IHT~libHoii Bepo.IITHocfb!O n~HMoro Bo:J6y:lKp;eHHH p;ByxcpoHOHHhlx 1- - cocTc>H

Hnii [11]. BhlnonHeHHhle n:3i1epeHH.II'ce'leHim peaKxinn c' pacriap;oM.B036y:lKp;eH

Horo COCTO.IIHHH B OCHOBHOe COCTO.Ilime OCTaTO'IHOr'o .!Ip;pa O"("f, no) [12] )J;lUOT )J;ll.II 
208 Pb i:rph :meprHHx 7.632, 9.298, 10.055 n 11.387 MaB :JHa'leHH.II, npaKTn.qeciix 

coBnap;ruol[(ne c u('Y, Tn ). ' A rJTH rJHeprnn 'cooTBeTCTBYIOT nonci:lKelrn:IO nHKOB 

npoMe:licyTo-.!Hoii cTpyKTYPhl 'Ha Bocxop;H~e~ BeT.imr,[(P B 208 Pb. · Ta.KnM o6pa3oM, 

Mhl :Jp;ecb nMeeM p;eno c np.IIMhiM pacnap;oM BX~)J;HhiX qacTII'IHo-p;:btpo'IHbiX KOH

cpnryp~nii, OIJ;eHKH · WHpHH KOTOpbiX ( eCJill ·UCXO)J;HTb II~ napaMeTpriB npoMe:lKy~ 
To'l:Hoii CTPYKTYPhl) UJ>ll pa3HhiX aHeprH.!IX He npeBblxiiruoT 200-600 KaB. Pac'!eThl 

pacnap;Hoii WliJ>HHhl rT )J;ll.II aHeprHH BO:J6y:lKp;eHIDr 13.8. MaB Ha 208 Pb [13] p;ruoT 

BeJIH'lliHY 120 KaB. 
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· 'PHc. 5 Pacnp~eneHHe CHJIDI E1· 

nepexol{OB H:J ocHOBHoro cocTo

.HnHH B: a) 208 Pb H 6) 209 Bi. ·· 

Ce'IeHlle Ha 209Bi,'nony'leHHOe B p;nari:a3oHe aHeprnii OT nopora p;o 26 MrJB no 

llOliHOMY Ha6opy ~ruUihiX (~:3 Bb!XO)J;OB C maroM 48, 103KaB HaCTO.IIII:(eH pa60Tbl 

II 100 KaB H:J. [3]}, npHBep;eHO Ha puc. 4.! I! pH 06II:(eM mo6aJibHOM CXO)J;~TBe c 

pe:JynhTaTaMn ~ll.II 208 Pb oHo nM~e:r 6onee mi.rna)KeHHhiii Bnp; p;a:>Ke B n!mnopor<>~ 

Boii o6nacTn. Taxoe pa3liii'llle B noBep;eHHH ce'!eHuii· MO:lKHO ner~o noH:S:Th, ~cnn 
cpaBHHTh Bepo.IITHOCTH E1-Boa6y:lKp;eHHH H:J ocHOBHoro cocTO.IIHHH 208 Pb u 209 Bi. 

Pe:JynhTaT:bi Ta~nx p'ac'leToB 'upnBep;e~hl Ha puc. 5. Pac~eTDI Bhl~~n~~~~ B npn-

6nn:lKeHHII CliY'laHHbiX cpa3 C O)J;HHM II TeM :lKe Ha6opOM napaMeTpOB raMIIlibTO

HHaHa KBa3H'laCTH'IHO-cpoHoHHoii Mop;enn, B:J.IIThiMH H:J [10]. KaK BHp;Ho 1m p,nc. 

5, pacnpep;eneHHH E1-cnnDI B aTHX .11p;pax noxo:lKn, HO TaK KaK B ·He'leTHOM . .!Ip;pe 

n:J-:Ja npasnn cno:>KeHH.II yrnoBhlx MoMeHToB qucno cocToHHnii, Ha ~oTophle HAYT 

p;nnonhHble nepexop;hl, yTpanBae·TC.II, TO ~ 209 Bi liMeeT MecTo 6onee cun~Ha.II cppar

MeHTan;HH. Y'leT CBJI:JH co CJIO:lK~~Mii K{)Hcpnrypan;HHMH npHBO)J;liT K crna:lKliBaHHIO 

nop;cTpyKTyp B Ce'leHH.IIX cpoTonorliOII:(eHHH, XOT.II CJia6Me cnep;hi OCTlUOTC.II B HH3-

K09HepreTH'leCKOH .o6JiaCTH.. . . . 

C)rp;.II no p;anHhiM II:J [12], HeCKOJibK~ no-p;pyroMy ~hlrJI.II)J;liT C~TY~HH c pac

nap;OM ·Bo:J6y:lKp;eHHbiX cocTO.IIHHH. KaK· BH)J;HO Iffi pile. 3, TOllhKO u('Y, no) nPH 

E..,=7.939 MaB II u('Y, n2) npu E..,=8.498 MrJB HMeiOT cpaBHHMble c u(7; Tn) 
BeJIH'IHHhl. A, y:lKe ~a'IHHas: ~ 8.884 MaB ce'leHHH c pacnap;oM B~6y:lKp;eHHhiX co

CTOJIHHH Ha ocHOBHOe H nepBhle HH3KOJie:lKal[(ne ypoBHH ocTaTo'IHoro .11p;pa p;ruoT B 
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cyMMe TOllbKO OKOJIO TpeTH llOliHOrO Ce'IeHIDI. QqeBH)J;H07 'ITO IIMeeTCJI pHp; p;pyrHX 

J:(aHaJIOB pacnap;a, 'ITO npHBO)J;liT K yBeliH'IeHHIO WHpHHhi B036y:lKp;eHHhiX COCTOH

HHH n, KaK CJiep;cTBIIe, K 6onbwen rnap;KocTII CTPYKTYP B ce'IeHHII Ha Bocxop;x~.qen 

BeTBH r.n;P. Ha piiC. 4 Hapxp;y c aKcnepHMeHTallbHhiMH p;aHHhiMII npnBep;eHhi pac

qeThi nOJmoro cpoTonorno~.qeHIDI. XoT.sr B n;enoM pac..feThi p;aiOT Hennoxoe onncaHIIe 

aKcnepHMeHTallbHhiX )J;RHHhiX7 B BhiCOKOGHepreTH'IeCKOH qaCTH ceqeHIDI He yp;aeTCJI 

BocnpoH3BeCTH nop;cTpy:r:cTyphi. Y'IeT B03MO:lKHOCTH B036y:lKp;eHIDIII3oBeKTOpHoro 

KBap;pynollbHOro proOHRHClJ: npiiBO)J;IIT K llO.HBlleHIIIO nop;cTpyKTyphi npii aHeprmi 

oKono 22 MaB, HO aTa nop;cTpyKTypa CJia6o Bhlpa:lKeHa. 

3aKJIIO'IeHHe 

B p;aH:Hon pa6oTe npep;cTaBJieHhi pe3yllbTaThi aKcnepnMeHTaJibHoro n Teope

TH'IecKoro H3y'1eHIDI npon;eccoB cpoToBo:J6y:lKp;eHIDI Ha "'.sp;pax 181Ta n 209 Bi. IIo

nyqeHHaH IIHcpopMaiJ;IDI ro~OpHT 0 HaJ!H'IHH pHp;aoco6eHHOCTeH B.llOBep;eHHH ce

'IeHIDI a( 1! Tn) Ha .209 Bi, HMero~.qnx cpopMY xopowo pa3peweHHhiX pe30HRHCOB 

B o6naCTII nopora peaKIJ;HH H Crlla:lKeHHhle npHliHBhi Ha BOCXO)J;HI.qeH BeTBII r.n;p. 

IIono:lKeHIDI CTPYKTYP 6nm3KH K HMeiOI.qHMCH aHan:orH'IHhiM xapaKTepiicTHKaM p;nx 

ceqeHIIH :Ha 208 Pb. 

HacToxmrur pa6oTa 6biJia rroMep:lKaHa Poccnii:cKHM !lJmmoM !lJYHJJ:aMeHTa.JihHhiX nccneJJ:o-
BaHnii:. •· · · · ' '·· 
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