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EyKnaHoe r.B., XapRToHoe JO.n. 6 - 12119 

AHanRa cocTaea CMeCR 
249Bk-249Cf no peHTreHOBCKOMy RanyqeHI!JO 

3KcnepRMeuTanbHO noKa3aHa B~3MO>KHOCTb a11anuaa CMecu 241lk- 249 Cf 
no peHTreHOBCKOMY R3nyqeHRJO. OnpeneneHbi BbiXOnhl L -nRHHii peHTre

HOBCKoro R3nyqei!RII, B031liiKBIOIUero npR pacnane 
249

Bk H 249Cf. noKa3aHO, 

qTO no Cp8BileHI!lO C R3MepeHR!IMH no a- RnR y -R3nyqeHHIIM, RCnOnb3o

B8HHe peHTreHOBCKOH cneKTpOMeTpHR CyiUeCTBeHHO paCIURp!!eT B03MOlKHOCTH 

aHanuaa. 

Pa6oTa BbinOnHeHa e Jia6opaTopRR 11nepHbiX peaKUHli OJ.1.HJ.1. 

npenpRHT 06'benHHeHHOrO RI!CTRTyTa !lnepHbiX RCCnenOBBHHli • .lly6Ha 1979 

Buklanov G,V., Kharitonov Yu.P. 6 - 12119 

Analysis of Composition of ( 249Bk- 249 Cf) -Mixture 
by Measuring 'I'heir X -Rays 

It was shown experimentally that there is a possibility 
of analysing ( 249Bk- 249 Cf) -mixture by measuring their X -rays. 
The yields of LX -rays following the decay of 249Bk and 249cr 

was determined. The data show that the applying of X -ray 
spectrometry methods considerably enlarges analytical capabilities 
in comparison with that based on measuring a- or y -radiation. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

H30TOIIbi z49 Bk H 249 Cf Hawnu Ba)I(HOe npHMeHeHHe KaK 

MHWeHH )J;JIJI o6nyqeHHJI TJI)I(eJibiMH HOHaMH B pa6oTaX ITO CHHTe3y 

u uccne.noaaHHIO caoiicTB TpaHclbepMueabrx JJieMeHTOB 1 11. 249 Bk -
cpaBHHTeJibHO KOPOTKO)I(HBYI.QHH {3 - H3JiyqaTeJib, H B HeM 6biCTpO 

HaKaiiJIHBaeTCJI ,noqepHHH 249 Ct llpH paJ,neneHHH 3THX H30TOIIOB, 

HX OqHCTKe H H3rOTOBJieHHH MHIUeHeH KOHTpOJib a6comOTHbiX H OT

HOCHTeJibHbiX KOHUeHTpaUHH CHJibHO OCJIO)I(HeH TeM, qJo y 249Cf 
. 2 3 

y,neJibHaJI a ·aKTHBHOCTb B 1,6·10 pa3, a Y ·aKTHBHOCTbB8·10' pa3 

6onbure, qeM y 249Bk. llo3TOMY y)l(e 10-15tfo-Ha» npHMecb ·cf 

B Bk .nenaer npaKTH'ieCKH HeBo:iMO)I(HbiM onpe,neneHHe Bk no 

a- H, TeM 6onee; no )' -uJnylfeHHJIM. 
. . 249 -

OcHoBHhiMH MeTo,naMH koJIH'iecTBeHHoro onpe.neneHHJI Bk JIB· 

JIJIIOTCJI: ·a/ H3MepeHHe ero {i ·aKTHBHOCTH 121
; 6/ H3MepeHHe CKO

pOCTH HaKonneHHH a ·aKTHBHOCTH ,noqepHero Cf B Bk -o6pa3-

ue131. 06a Mero.na rpe6yror npurorosneHHH TOHKHx cyxux o6pa3-

uos ,nnH H3MepeHHH. KpoMe roro, H3·MepeHHJI no BTopoMy Mero,ny 

3aHHMaiOT ,nJIHTeJibHOe BpeMH - 3-5 ,nHeH. 

M e)l(,ny reM, npu o- H (3- pacna.ne rpaHcypaHOBbiX 3JieMeHTOB. 

Ha HH3KO.Tle)l(aiUHe /30-50 K:JB/ B036y)l(,neHHbie ypOBHH ,noqepHHX 

Jl.o;ep 3a C'iel KOHBepCHH }' "H3JIY'ieHHH, KaK npaBHJIO, B03HHKaeT 

.o;ocra roqHo HHTeHCHBHoe xapaKrepucruqecKoe peHrreJtOBCKoe L -
HJJiylfeHHe. 3HeprHH L -cepuii 3JieMeHTOB c Z = 95-100 Jie)l(aT 

B rrpe.o;enax 15-25 K:JB, coce.o;HHe no z 3JieMeHTbl or ,neneHbl "3a3o

poM" B 340-360 :JB no La -rrHHHJIM H B 550-620 :JB no Le-nu

HHHM. B 3THX YCJIOBH.RX BeCbMa 3~eKTHBHbiM MO)I(eT 6hiTb ITpHMe· 

HeHHe rrorrynposo,nHHKOBoro cneKrpoMeTpa. 113. nurepaTypbl H3" 

BeCTHO npHMeHeHHe peHTreHOBCKOH CIIeKTpOMeTpHH )J;JIJI H,neH

TH$HKaUHH 'ipe 3Bbl'iaHHO MaJibiX KOJIH'ieCTB TpaHCypaHOBbiX 3Jie-
14 I 

MeHTOB no a - L x corma,neHH.RM 
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Hcnon&3yJI xpeMHHeBblH cnexTpoMeTp c pa3peweuueM-170 3B 
' /5/ 

/JJ.JIJI E = 5,9 K3B/ H- 300 3B /JJ.JIJI E = 26,4 K3B/ , Mbl HJY'IHJIH 

BOJMO)KHOCTb npHMeHeHHJI peHTreHOBCKOH cneKTpOMeTpHH ,llJIJI aua· 

JIHJa cMecu 249Bk- 249 Cf. 

H3FOTOBJIEHHE PEIIEPHOFO HCTOlJHHKA 249 Bk 

)J,JIJI npoBe;:teHHJI KOJIH'leCTBeHHblX H3MepeHHH Mbl H3rOTOBHJIH 

penepHbiH HCTO'IHHK H3 249Bk. 24~ Bk H HaKOnJieHHbiH ero )tO'Iep· 

uuii: npOJJ.YKT 
249 

Cf pa3JJ.eJIJIJIHCb MeTOJtOM 3KCTpaxu;uouuoii: xpoMa

Torpacl>HH B CBCTeMe )J,23rci>K • nOJIH3THJieH • aJOTHaJI KHCJIOTa 

C npe;:tBapHTeJILHbiM OKHCJieHHeM fiepKJIHJI )tO 4-BaJieHTHOrO CO· 

CTOJIHHJI 6poMaTOM KaJIHJI/G/. 3a O)tHH 3KCTpaKII;BOHHO·XpOMaTO· 

rpacl>H'leCKHH ll;HKJI )tOCTHraJIOCb CHH)KeHHe COJJ.ep)KaHHJ'I Cf B Bk • 

4JpaKII;HH HH)Ke 0, 1~. BbiXOlJ. Bk no 3TOH MeTOJJ.HKe COCTaBJIJIJI, 

xax npaauno,- 9711/o. Ilocne TIUaTenLuoii: O'IHCTKH Bk oT Cf u 6an

nacTHblX npHMeCeH HeKOTOpoe KOJIH'leCTBO a30THOKHCJIOrO pacT· 

BOpa Bk HaHOCHJIOCb Ha CTeKJIJIHHYID nO.D.JIO)KKY B BbiCYWHBaJIOCb 

noll. uucl>paxpacaoii: naMnoii:. KaqecTBO npuroToBJieuuoro TaKHM 

o6pa30M HCTO'lHHKa D03BOJIJIJIO nony'laTb C nOMOlll;LIO Si (Au) ·,IJ;e· 

TeKTopa a -cnexTpbl 
249

Bk H 
249 Cf c pa3peweuueM - 25 K3B 

H 'IHCJIOM OTC'leTOB B HH3K03HepreTHT.feCKOM "XBOCTe" He 6onee 

lifo no OTHOWeHHIO K OCHOBHOMY DBKY. 
249 

)J,nJI onpeJJ.eneHBJI uaqaJILHoro KOJIH'leCTBa Bk ua penepuoM 

HCTO'lHHKe B Te'leHBe 7 JJ.HeH DOCile ero H3rOTOBJieHHJI nepHOlJ.H• 
249 

'lecxu /14 pa3/ B3MepJinHCL a6comoTHble a -axTHBHOCTL Bk 

H pacTylll;aJI a ·aKTHBHOCTb 249Cf, a TaK)Ke OTHOWeHHe aKTHBHO· 

cTeii: R = Acr /A Bk . B npeJJ.eJiax speMeuu H3Mepeuuii: ABk t~ 0,015, 

H n03TOMY C )tOCTaTO'lHOH TO'IHOCTbiO MOlKHO 3aRHCaTL: 

A (t)=N (O)A A t + N (O)A 
cr Bk Bk cr cr cr 

/1/ 

Acr Ncr(O) Acr 
R(t) =---· t +----. --~-

a Bk NBk(O) A Bk a Bk 

/2/ 

rJJ.e t - apeMJI, npoweJJ.wee nocne O'IHCTKH Bk , N Bk (0) • Ha

'laJibHOe xonuqecTBO JIJJ.ep Bk , N cr(O) - xonu'leCTBO Cf, ocTaa

weecJI B Bk nocne O'IHCTKH, a Bk - BHJIKa ua a -pacnaJJ. lJ.llJI 
249Bk 
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3uaqeHHJ'I napaMeTpa a Bk 

paJJIH'laiDTCJ'I 6onee T.feM ua 

npHBO.II.HMbie B JIB Tepa Type ' 7 I ~ 
50%, H n03TOMY Mbl He3aBHCHMO 

onpeJJ.eJIHJIH ero B HailiHX HJMepeHHJ'IX. 

flo 3KcnepuMeuran&HblM .3Hal.feHHJIM Acr H R MeTOJJ.OM uau

MeHbWHX KBa;:tpa TOB HaXOlJ.HJIHCb HaHJIY'IWHe 3Ha'leHHJI HaKJIOHOB 

npRMbiX I 1/ H /2/, a no HHM onpeJJ.eneHbl uaqan&uoe KOJIH'leCTBo 

Bk Ha HCTO'IHHKe - m Bk = 1,05±0,06 MKZ H BHJIKa Ha a ·pacna,IJ; 
249 Bk-aBk= /1,48±0,10/·10-5 , 'ITO npaKTH'leCKH COBnaJJ.aeT 

c peJynbTaTOM a Bk = /1,45±0,08/ ·10 •·
5
• nony'leHHbiM MuncTe

lJ.OM H JJ.p.' 3 ~. flo H3MepeHHOH a6COJIIDTHOH a ·aKTHBHOCTH 249Bk H 

nonyY:eHHOMY 3Ha'leHHIO 

KOJIHY:eCTBO Ilk-· ill Bk 
249 

nonypacnaJJ.a Bk H 

COOTBeTCTBeHHO. 

a
8

k e~e pa3 onpeJJ.eneuo uaqan&uoe 

= 1,02±0,08 MKZ. flpH pacqeTe nepHO)tbl 
249 13 I /8/ 

· Cf npHHJITbi 314 JJ.Heii B 366 neT 

Bb/XO)J,hl P EHTF EHOBCKOFO H3JIY£1EHHJI 

l/PH PACIIA,4E 249 Bk H 249 
Cf 

flpu pacnaJJ.e 249 Bk a 249 Cf B03MO)KHO B03HHKHOBeuue peuT-

reuoscxoro H3Jiy'leHHJ'I Tpex JJieMeHTOB: AmLx /3a C'leT a -pac

naJJ.a Bk /, CrnL x /npu a - pacna;:te Cf / H CfL x - npu {'3- pac

naJJ.e 249Bk, eCJIH OH HJJ.eT Ha B03fiY)KJJ.eHHble ypOBHH. MO)KHO 

O)KHJJ.aTb, 'ITO BblXOlJ. AmL x -cepHH no cpasueHHIO c CmLx Man 

H3" 3a TOrO, 'ITO a ·aKTHBHOCTb 249Bk B 160 pa3 MeHhWe ax• 

THBHOCTH 249 Cf. 0 {i • pacnaJJ.e 249 Bk H3BeCTHO JIHWb, 'ITO B 990/o 
CJiyqaeB OH H)teT Ha OCHOBHOe COCTOJIHHe 

249 
Cf, H rpaHHII;a {3 -y 

COBlla;:teHBH < 1% 171
. 0.IJ.HaKO npJIMOe /6e3 COBna,lleHHH/ H3Me· 

peuue peuTreuoscxoro cnexTpa cMecu Ilk- Cf noxaJaJio, 'ITO 

HapRJtY c L -cepueii em B ueM co cpaBHHMbiM si.Jxo.n.oM npucyTcT

syeT L -cepuJI Cf /eM. puc. la/. 
Ha puc. la npuse.IJ.eH cnexTp penepuoro HCTO'IHHKa qepe3 

128 cyTol< nocne ero HJroTosneuuJI. KonuqecTBO Bk H Cf B o6-

pa3u;e Ha 3TOT MOMeHT BpeMeHH 0,78 MKZ H 0,25 MKZ COOTBeT· 

CTBeuuo. Kax u cne,lloaano O)KHJJ.aTb, BblXOlJ. AmL ·cepuu ue,IJ;ocTa

TO'leH lJ.JIX HafiJII{)JJ.eHHJI. 

HanH'IHe L - cepHH Cf B c~eKTpe HenL3JI o6'LJICHHTb caMo

B03UY)KJJ.eHHeM Cf 3a C'leT a ·aKTBBHOCTH: B o6pa3u;e H3 Cf • 

cl>paxu;uu, oqameuHoii oT Bk, nHHHH Cf He Ha-fimoJJ.aroTcJI /puc. 16/. 

s 
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PeHitUeHoecKue cneKmpbr a/ penepHozo ucmo'IHUKa, cooepxa-
lllezo 8 MOMeH7!1 U3MepeHUJI 0,78 MK2 

249 I3k U 0,25 Ml<2 249 Cf 
6/ I<UAU(JopHueeoiJ (Jpal<ijUU nocAe OI!IOeAeHUJI 6epi<AUJI. 

KpoMe Toro, B cnyqae caMOB036y)l(,neHHH KaK a-, Tax u (i -qac

THUaMu B cneKTpe penepuoro HCTO'IHHKa uaps,ny c L - cepueii 

Cf .non)I(Ha · 6bina 6bl npucyTCTBOBan. H L- cepus Dk, icoToporo 

B o6paJue B 3 paJa 6onbwe, 'leM Cf. HenbJH HCI<ffiO'IHTb, 'ITO 

J$4JeKTbl CaMOB036y)l(_neHHJI MOryT llpOHBHTbCH npH pa6oTe C KO" 

llH'IeCTBaMH BeiUeCTBa. '- 1 Ml<2, HfiO llpH yBeJJH'IeHHH KOJlH'IeCTBa 

aemecTBa B n pa3 Bblxo.n liJruoopecueuuuu Ja c'leT caMoBo36y)l(

)leHHH B03pacTeT B n 2 pa3 jpacTeT B n pa3 MOIUHOCTb BOJfiy)l(

,naiOIUero HCTO'IHHKa H BO CTOJlbKO )l(e pa3 - KOJlH'IeCTBO B036y)l(

,naeMbiX H)lep/. Ha JTY BOJMO)I(HOCTb BOJ6y)l(,neHHH liJruoopecueu

UHH B HCTO'IHHKe yKa3b!BaeT, KCTaTH, HaJJH'IHe B cneKTpe Cf -liJpaK-
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uuu I puc. le/ K - cepHH 6poMa, KOTopwii BXO)lBJJ B cocTaB OKBCJJB

Tenx npu paJ)leJJeHBH Bk B Cf . llpH co)lep:JKaHBB :JKe Bk a o6-

paJue < 1 Ml<2 /Mbl npoBO)lBJlB B3MepeHHJI C o6pa3UaMB 0,3•1 ,0 MI<Z/ 

Ha6JJIO,naeTCJI nponopUHOHaJlbHOCTb Me:JK,ny KOJlB'IeCTBOM 249 Bk H 

Lx -HJJJy'leHBeM Cf. 

TaKHM o6pa3oM, MO:JKHO c.nenaTb BbiBO.ll o TOM, 'ITO L -cepus 

Cf B cneKTpe CMeCH 249Bk- 249Cf B03HBKaeT Ja C'leT J3-pacna

)la 249 
Bk, H CfL - JJHHHB a. JTOM cnyqae MoryT 6b1Tb ucnonb 30-

BaHbl ,nJJJI OTHOCBTeJJbHblX B a6COJ1IOTHbiX H3MepeHBH 249Bk. 

HJ cnexTpos ea 

JJH3a JJBHHB CmLa 

CKOJlbKHM o6pa3UaM 

puc. 1 au.nuo, 'ITO uau6onee y)lo6Hbl ,nJJJI aea-

CfL J3 H CfLa . Orrpe)leJJeHHble no He-

c BJBecTHbiM co.nep)l(aHHeM Bk u Cf, Bb!Xo,nbl 

:HHX JlHHHH B paC'IeTe Ha 1 pacna,n COCTaBHJJH: 

)J.JJJI Bk w( CfL a) = /5,5±l,l/.10 -
5 

1/ J3- pacrra)l; 

w(CfLf3) =/2,7±0,7/·10-
5 

1/J3-pacna.n; 

)J.JJH Cf w(CmL)=/5,3±1,1/-10-2 1/a-pacna,n. 

0WH6KH B npHBe,neHHbiX 3Ha'leHHJIX u) o6yCJJOBJleHbl B 60JJbWeH 

CTeneHH OWH6KOH B onpe,neJJeHHH a6COJ110THOH J$4JeKTHBHOCTH cneKT

poMeTpa H3- Ja OTCYTCTBHH XOpOWO KaJJH6pOBaHHbiX HCTO'IHHKOB ,nJJH 

o6JJaCTH 3HeprHH 10-30 K3B. 0THOCHTeJlbHaH HHTeHCHBHOCTb cqe

Ta JJHHHH CfL a H Cm La B cneKTpe penepuoro o6paJua ue 

JaBHCHT OT JliJiiJeKTHBHOCTH ClleKTpoMeTpa H OT Ha'laJlbHOrO KOJJH· 

'leCTBa Bk: 

N(CfLa) e-,\Bkt ,\Bk (<J(CfLa) 

N(CmLa )- = ~ _ e:x~;"t-. -~-. -:-(c~i·:). /3/ 

w (CfL a) 
llo3TOMY BeJJH'IHHY OTHOWeHHH -:-:-rrc·r-,-- MO:JKHO onpe,neJJHTb 

cu,vmuaJ w(CfL ) 
C JJy'IWeH TO'IHOCTJ,IO. flo HaWHM H3MepeHHJIM 'WT"Cnii-;;r = 

/1,03±0,05/•10- 3. 3TO 03Ha'laeT, 'ITO npH paBHOM KOJlH'IeCTBe 

s,nep 249Bk H 249 Cf B CMeCH OTHOWeHHe HHTeHCHBHOCTeB COOT" 

BeTCTBYIOIUHX La ·JJHHHH paBHO 0,44±0,02. 

llPEAEJJbl OliHAPY)f(EHHB llPHMECH 
249

Bk B 
249 cr 

Onpe.nenua JKcnepuMeHTaJJbHO cxopocTb c'leTa aeanHTH'Iecxoii 

JJHHHH Bk- hcp(CfLa)= 2,1· 10 3 OIIIC'Ie111o8/MUH Ml<2 Bk H CKopocTb 

C'leTa liJoua B paiioue JTOH JJHHHH B cneKTpe Cf -liJpaKUHH -

Jcp = 2,2 •102 OIIIC'Iemoe/MUH Ml<2 Cf, Mbl MO)I(eM OUeHHTb npe,nen 
249 Dk 249Cf n 6 o6uapy)l(eHHH B . ~JlJI JTOrO BOCITOJlb3yeMCJI 0 bl'IHO 
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npHHHTbiM xpurepHeM N ·1¢= 3\ N {~ Ilocne HecnmKHbiX npeo6pa· 

JoaaHHH nonyqaeM __ 
mBk 3yl <P 2.10-

2 

( ---) = -·---~---~= "' -- ···--
mer m4n· I'}<P(CfL)v.mcr t \'nt crt 

r.ne mer I MKZ/ - xonuqecrso 249Cf. B xoropoM onpe.uensercs 

Bk, t /MuH/ - speMH HJMepeHHH. Tax, npH speMeHH HJMepeHHH 
"49 249-.. 

-5 MUH, nopor o6Hapy:>KeHHH "' Bk B l MK2 cf cocrasn:Jier 

OKOJIO 0,01 MK2. 
Cne.uyer no.u.tiepKHYTb, qro nonyqeHifaH oueHKa cnpase.unusa 

,ll;JIH KOHKpeTHbiX ycnoBHH H3MepeHHH: pa3peweHHe CllCKTpi.JMCTpa 

.uns La ·JIHHHH Cm H Cf ::: 300 :JB, a6comorHaH J$$eKTHBHOCTb 

-1 0/o. 

3AKJIJOqEHHE 

PeJyJibTaTbl pa6oTbi noJsonHIOT c.uenarb cne.uyiOIUHe BbiBO.Ubi: 

1. {3- pacna.u 249 Bk conpoBo)f(.uaercH L - cepHeil: peHrreHo.scxo

ro HJny'leHHH ,noqepHero Cf. BbiXO.U 3Toro HJJiy'leHHH Man, 

w(La -+ Lf3 + Ly)"' 10 ·-4 1/ {1- pacnao, o.uHaKo 6nar.o.uaps Bblcoxoil: 

Y.UCJlbHOH f3 ·aKTHBHOCTH 249Bk, 1 MK2 3TOrO H30TOna H3nyqaeT 

-3,7• 105 peHTreHOBCKHX KBaHTOB B MHHyTy. 3TO ll03BOJIHCT 06· 

Hapy)f(HBaTb .uocraTO'lHO Manble xonH'Iecrsa Bk j-0,01 MKZ/ 

ITO peHTreHOBCKOMY H3Jiy'leHHIO Ja speMH H3MepeHHH 5·10 MUH. 

2. liblcrpoe HaxonneHHe .uoqepHero 
249

Cf He Mewaer onpe-

,neneHHIO 249Bk no peHTreHOBCKOMY H3Jiy'leHHIO. )l.a)f(e npH paBHOM 

'-lHCJie H,D;ep Bk H Cf B CMeCH, OTHOWeHHe COOTBeTCTBYIOIUHX HM 
- 249 249 

La ·nHHHH pasHo 0,44. Ilo3TOMY cocras cMeCH Rk- Cf no 

peHTreHOBCKOMY H3Jiy'leHHIO MO)f(HO onpe,UeJIHTb B WHpOKHX npe,ne· 

nax H3MeHeHHH OTHOCHTeJibHbiX KOHU.eHTpaLJ;HH IJk- Cf: IIpHMCpHO 

OT 0,03 ,11;0 80. Ba)f(HO OTMeTHTb, '-lTO )l.JIH OTHOCHTeJibHbiX H3Me • 

peHHH He Tpe6yeTCA npHrOTOBJieHHH cneu;HaJibHbiX o6pa3UOB, H60 

peHTreHOBCKOe H3Jiy'-leHHe C 3HeprHeil: 15·20 K:JB He CHJibH.O norno· 

maeTCH B <:TCHKaX XHMH'IeCKOB nocy,nbl HJIH B paCTBOpe. 

B 3aKniO'-leHHe asropbi Bblpa)f(aiOT 6naro.napHOCTb axa.neMHKY 

r.H.wneposy Ja nocraHoaxy 3a.na'IB. Asropbl npH3HarenbHbl npo· 

<Pe-ccopy H.lsape B B.H.KocsKooy 3a pyKoso.ncrso H KOHCYJ1bTauBB 

8 

s XBMH'Iecxoil: qacru pa6orbl, a rax)f(e B.A.)l.pyuHy u B.r.Cy66o· 

THHY - 3a none3Hble o6cy)f(.neHHH. 
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