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Mo OCO dqLdmMSE" J ddzH d offfpdclzetkdz@E5 di3d C e s O dzOdzd L Iz

2. 40MIsO9 . pattdgCO®]j ndzd S 5d3 My dBseclk dqLebk<d dJdaW stedzOyc
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fMtcd H d dzj z I&EAe dgjztc O LORLBIBY MEj SEM,MS
[IAEA_Gloss,200p ! 49 J
dstedBlzyd 0 LO Mdzey®  joj Ctuoj HGRS, SEM,
dblstedBlzyd © L O MdzkyO* j o'j dal MS
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OCYyj d&zj tOl§EONS O ¢ jdgjtecd j ( SEM/ EDS)
M jClesdjlsed  © (LO HdMfjeLd & IsOdkC

(SEM/WDS)

-12-



21vsfrdtrd Adtrrhwis wt Lr1rRf [BORIR

v yYyd’k hdtwj O LEZOTO d dMSEMsOeaO® O bk jHds d EmnMft
Wtstej deL € dz0 B3 ' ZdzOtetsH dets 3 dzd o Sz ts 1) Gts & Gzgzic M ISfiy LO .

10" Efjyolk?deod " d fteddzited BoaOCoadm teOddL Oyd 0 mk:
L

tste j dziNuflear Fofensics International Technical Working GrellpVG ) , | dztsB OdzdzO® R dzd y d

O I1BteBlz 1 tlsde | k GldhplOrdidawecto Conmbat ttectear BErorigrGICNT ),
JjLBjHBMGEMAEZO RrRddyd Olde ® L @roliette SeCwit) njjiativéPRi)s dzd ¥ j tc O
[Apostol2019.

21 [ j' EdzOtesH 20 ©OH d&zO ¢ Blef GUTGE dzlz € dzj Otsdzlz W

[d' EdzOtctsHdzO t OHdzO | ezt O ITWEB) 1| Wzdizis@tdaRiy d 5 2 §lzdzO ¢ € izj (
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MistcOdzy d LOSCBdesHOodzj o dzOMiIsd, Iy ddzOyo d ftedi OHdzd €
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cCtsoa Ok d dMscOcOBO dz2O0 HOLtHB IOl s€ESOJ W
fticddsj "2 E dkzCdj Otcdzets® Wstej dz2L dyd dBselkz dzO<d Mo s
dMmstcOc OBO.

t OHdZO ctekzf O C°O0 Md BOed St8°"0 My BOOd 1 OydtdzO
(National Nuclear Forensics Libraries Task Group ¢ &zOdzd L sd3 E€MX & gzis,® 5 O
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ElsotcHdd&zO M fYtsktejBO LO MloOtO' jd3 BOL ] f tsSHOISOCC
fstey' 40 dqLdid' 2 tOLd&duydlsdr &BOLjted OdzO d sy, f
HEGO' O 0O 9jLOdtse L O dzizCigzj @tsdele dzs j f 85y W dztefg lslzts ¢ @ Ost
f smdzj H d ydzts, qH]j dsd¥WJSOyd O d&OIsjted OdADWG # O Isd ¢
ts i dzts © ON\d@nal Niuclear Forensics Libraries Task Group 1 Oyd s dzOdzdz® B OL O
dzkz € dzj Otedzj rateralindzleaf forgnsi¢libraryNNFL) i HMlsOo?> O MSEY dc
Cs’" § Mk tjdjoOdidsdzy L O dzzC dzj OtedetsW tstej dzL d yS z d mis
@BOIjted OdzO €' d My ddzd dzOdZzOL § G201k NYFetsdL o j H
o j ddWstedR3OYyd j KBtsyj MOHEBEPOBJY §H2O0%L0O, jddg o daf
Otendoj kZLLOCO. v BOLd ftHOBOCO Mj dOdOL | ddts
fsdzOyk & HdMiIsddzS yd " d " JHdese dzkz € dzj Otedztse d dzd tcOH
Jo90O ki O OC' jJ tstec Odzd BIgvirtfal tgbletspirdeeris®EX)( odts’lsjlz j dzo
Mk H B Jd WBalaxyARmpefinzO Is | d3zGalsxy Getperd j ¥ BJ dd&RBO° 2 L O yd?

ftosstslsdf O dzOydtsdzOdzded » dzlz ¢ dzj OtedetsW stej deL d ySdes BdB
sH MlstcOdzj e OdzdL Olsye[/@ o jix Bd . toc @] K dz d@°Ojts dzd dz0O dzd Is
EyjmddcO ojxBJ, Cs'"'d fy ®wsMseOwtkz j fEklsjdk ftetso j
@O jted Odz StsdzL dMilsj dzlsOdz oz dzf MO fBHOYdqd&zo CB8° §

22 | dzsBOdzdzO ddzdyd " Olsdeo O L O g eisicHd L fz@sl6 Gd CHE

| ZsB OdzdzO ddzdyd Olsde © L O Btk ftoslsdes dk€ dzj Otcdzsc |
Terrorismi GI CNT) " thdtsoOdz0O 2006. ctsHddzj §ftsH Ctsdzlsj ¢ Mmls
d §dil ddesj tedzOyd tsdzOdzded »  GBEEPddH GO OGO C FisHo Jnizj dedd ™ § G
Bsclkz<dtsMmisd LO ftjojdyd k2, HiljCydubjidLtgudge sidzOdd y
flj HGBtot? dts Mo jlsddzi dJdifdzj Bj delsOyd d ARMEOLO
hdiedn dz2Oyj dzO dpjjOtcdped mB jLLB jdaiEsMIis d C5°' d SBEAFDVDISO HJS
ddzdyd ©lsdej "J HO Mmi fejdd MMz dmSkmsets d JjSMmyjtlsd
fteslsdeo ftosdzdW jtcOyd §J d dzz€C dzj Otcdetse IsjtetstedL @O, HO
ftoly ddscz<dasmls ydzOded yosd tseoj ddzdyd Osdej HO  tsHj dzj
Csdzj CIsdodzi Mfsmsedsmisd d tjmkzteiMd 0S¢t Bd M dLGt
ftoeslsdo dezC dzj OtEdtENTIs jsteFtodiddBZQP.o J MY tcsoyskedd & Hsjj dsts j flskmls
Odzc O 590 0O CtosL t©OLdzi OSkdodesMmisd §tsfkls Mmjdkddoto,
MOMsOdZOC O Isj nded WG ded dEME PR I HOHD & Bis e tf o & [BHCHETZ018M O M ls © dzO

1 Otelsdzj e j dz@QUztpB Pdddz] s Yalaffmif ° Olsdeoj L O BBk ftoslsde
HO MtkikjoL "o jsdzdsdo 2 mlse Ote(d, Bddzd E dseckz<datsml
Myt dtsMisd L O BtsteBlkz fteslsde dlzCdzj Oedzse Isjtested L BO,
i to@lkzd &3 <€ o d tc d G@ventipriop thePhygical@rotection of Nuclear Matetialited Nations

Security Council Resolutions 1373 ,15fi@onvention for the Suppression of Acts of Nuclear Terrorism

RMCOL & "GOUh@NHEB d tH FEHONTZEY -~ fteddydfo

1. USBddCt ‘] disfrisHds ©OLesdlsd d §sBs?hOlsd gl
LOhIsdlslz dzk S dzj Otedzd R d HEkzedR ©OHdsOCIkdoddn M f

51 iyBO €8°0 LO yd? dBO tjOdzdLOyd & kzdOftjH LOHOIE MmMyjd
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1 s j<0Olsd Mdektedztsmdzj o3 ey dzO ydo d dzded d3 dzlz € dzj Ote dzd

. VdzOf ted Hd Isd M YHSfissiBCdafi Idf delxE dzj Otedese  Hkzetse 6Ol
M MsOdzeyd C0¢ts Bd M Mt yddzdO dzjL OSCsdedlsO Istea
MOLOH 'k E dMttOydoa Ok d tOLets & COfdydlkjlsO L O
Bddzd tlotstejdzd LO hdtekz kftslktejBlz.

4. v®ftciHdlsd SO Oydlsi sy Ekyj mMdhd & his O d OE Of s te @ dsdz)
ZOH dzC dzj Otcdzgd 3 d Htekzed B3 tcOHIEOCIsdodzgdd3 BBOIsJ tod * O
Cstedfisj) Ct5' 'k Mk  dzjLOSdzdlstsd fsfyj H.

5 1tcjojdzyd © HO9 Ok Mdceckicdébcd G HEE DT d W d wad i o i
Cs'"'d y4jdzi HO fttdBOoj dkzCdzj Otcdzd d Hkzed ©OHIBOC

6. [BjLBj' doOfj SHEtSo OO Z<dnA dzO y d s dzO dzdzd n d tJa
sBJLBJHddd dJdi3fdj di3d dzsOyd " &2 ftedf OHO E<dr dBHGESo B
fsumMfjhE"E OCl] dkzCdj Otdtse IsjtestedL BO.

7.1 cBts?h O )] MmMfsfsedtsisd EyimMddtO L O BGHGEto B, (o
kjtestedmMisdyuSdn &OFOHO St°d ES?kyk k& kiskejslk
BOIlsjted OdzO, ESC?kZyk kE<d d Oz tis's ifY =HPEsE] dets(f) OfzOL G
ddzd dtseckz Bdlsd ES?Eyjdd E HOId ddzydHJ dzls.

8. 1 MY j® eSO ddWstdOyd O Ct°j ftjlsatsnH Mkt f

' jeBats@ fsumMf jhdo OF O, ftejHEZL ddBOT j SHGBO OO Iz

ZOyd sdzOdzded &3 § 3O o dzd &3 SE z@GfH dzd dF3 BB OO j L OBO E yd?

ddzt sted3OEdj Oz ttOL 3] C jdad E e jted 2.

w

GICNTleots* t©0OH tjOddLiz jJ ftjSts twOHddr Gtk O, fdzd ydzts
Jltekfj LO 1 k2Cdzj Otedze Atstej dzl S .ol jsots° ddzmlsOdeyd, Ists

1T tOHdZO ctokzf © L O dziNGctzr Poedsics Workisg] Gizw iy FIMEG)  (
T tOHdZO ctkzf © SHetsotste d BIIsdecOyYyd E-RMW&s ponse and
T tOHdZO ctkzf O L O dzkz¢ dzj Otedzz H JIsjg S YyNPWB) ( Nucl ear De

VCeEfdzz OCdsdh@e@is z dqL @' & liedz] w@H dzjc j wipjzif Qo Odz®@ <
d &3t dzj d3j dzlte@uyd] miiendntafion and Assessment Group (IN@)postol201. 1 OH dzO G telzf O
LO dzkz§ dzj Ote ded3& BueQ day X 22 dzOf toj ' 4 4 Mt dtsmisd k2 tsB
ZOkydzj HdMydy dzddzj dzO ¢ dzsB Odzdes 3 dzd o sz, hlsts C Ot H(ts,
"dHd HEYO9j HO ftsyjdd dd EmMytsmisOGed ojLj dqLB]'Ek
BOsjdd@ @ tsddr S8°'d fs8CEZhO°'E HO O &OIlsjted Odz dzj dzj
sO0Cts Bd Mmj HOKNEWAHGSS difhfsidin] Btelelzts . Oy © 2 ) GGIGNT.2088d3 OC yd * C

T tOLots’ Mdijteddyd d Mfeses' jSj OCkdodtsmisd §sHEhC

T 1 sMfjhdoOf | tcOL dfjfiga] izOS BdEO IS Ydes dzj Otedzj W Stej daL

T 16HdLOS ] MmojMmlsd & dezCdzj Otedes’ Wistejdet qyd S OB  dzO
o ZOMdEGH jtd BO L j BO? O ydzOdzd yO

1 1 5BOECO ] §Okldy eMSdds &OYd 0RO ftod EkMfshmsos? OF
dlz G dzj Otodzj SWOUSHSHAREHCUOS § bdkzlstwOh ¢ j d o) ' kdzOwsH dzj
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23 1 jLBjHdsMdzy ddzdyd Olsdej LO Mftej yte 0°¢ j

I jLBj HEdEEykO Olsdo © L O it Wolfe@tion Sefusdty tmaiviersy d © J  (
fojHmisOs? O cdzse Ozded §sHEZ OO, Ct5°'d LO yd? d&EO Mt
ddhIsj ¢ O, ¢ dgaapPds i fiplcz € § 0 Cd@AEs j b d f Bz s@ dz§laz T M
stectso d dzMS d 3§ OdzQ dalatpRAAOHAT dfj frfz dzjwe ZOH d dzj fStec OdzdL Oy
fetsdd j gPYA2Isds s O PSKOL o ®f) Blo OdZzBB. O c¢asHAf dzj . 1 jL B jH
ddzdyd OksdeO L O Mftej ybe O0° j YtesddW j tc®ydstalidasnisQlsld &
E L OSC tsddd0 shE'edd jotzyj Mz dzj f sl & dztSe Saf Gt Mg j SO O d B o 6
L OflsOotsds tjo,jteds SEUDJOS jBj (] Bl sSH] o 6MisO B Odzd !
HEdBj sO) HEt mj d3jEHaOd G tf @ ©E & s Y F/PSI, 200§ R, 2213

106? Eydsts MO H OB S jd dsf o Plsez@ssjdglz® ©H MlsteOdzj 107 L j d3
v OB j2d&{PSI2027. o j Ljdj ykOdedyj P isis O gt fipdziH Od dousd |
ftedmoOlsjy d RL W Gdgelf Mmis jHSiSt@meaftiorde@iction Principlgs ¢ t5° © Of j dzlz *
b judss d SBOojLbE j Ljd?j kuyjmddyj HO kEmfsflsOsj {§ d
d j¥dsomded ®PodOUd dej zPEPHzizz Istectso qdzz teky  j &3 BOM
MdMmisj &34 dmYf stelz¢ j [PHI2083s o jyLdBBA RO & gz stejBO HO BLEH
fdzy v <dd3 [RE20220PGIBES:

1 AntstedBOdzdets fsmMo j<do O | d " Oodetf totf tzlgef PE GO  hefpmEJ
(EStddSt ] Bsck<j)

1T 1teifmMtejlsO ] bttOdhW jtcd Ss°'d M E ojLd MO {§ tetsdzd W
stecOdzdL Oyd O, E MSCd&ZOHE MO MffMmlse jdddk ¢COfOydljl

T vysteh <do O | dOYdqtsdzOdzdztse ftcOo dzse FC@ JqtcO £ yd? k&

T vyijfmbeatsea O j Ek ftHtehyd §fshskzf yddd ftoj MtcjlsO® O

1 tOLots’ HtsyjHEEO E yd’k BS? ] ©OL®Kjdi dJdistedoyd

T RHjdsdW S OYyd O dzOydtdzOdzdzd mn ddelstclzdzj dzOls O Cts° d

1T 1ty 0] CtdlsOCls sMsBO St dBB® Mj kEfkz<kz' "k LORIjo

PSIdzj fsMmjHk j] MjCtjlOted Ol dzO® ' dzOtetsH detsds dzd o sk
Mg dzOdhde0s 0. Yy d&Oddyj &j' z Meetd @O tojHso dsd dzd o sk
ot d fwOSlkduds o9j3ej COCE Bd IsjMd GO & [dgOW totgd
MstezSkkzte® L O CtsteHdddmOS j d@OwOsds fshists d d sdo °
i Sy j tols ipheatiandt Exees Group( OEG) ) , € i tgj delle ddgO Iswte@s to  dzlz Is &5 ) Is
ftesdd¥jttOoyd sd d ¢ zCE(Ge ChnjB HmHdAxlsits * figfO fifdsHO difftg . H s O o dzd ¢
Ocjdyd j, fskdyd j, JjSMijcOsO dL B OREd v @@ d
Bsdsj delskz st B O PSIPE jzOME B’ G 00CIsdo dzsils O daj ddemisdls
dzj 5BOo j L k<dds qruEqitc ofidaf Wfssidgk d HO Mk fMej OCyd  j bkdzkls
sdes h st Mk L & j udkOded y[PSH2BIBREI2020. M sfisedsj HO E©OH
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24 [ j' 2dzOtctsHdzed ftcOQoded BCodted L O tojekzdzOyd ' k

10 ddzsj edzOyddzOdzdzs s dzdo sz § s | Bt  dd §©Oo dd 5
CjekddMO’ ] d Ct@BtEEALNEdd jtdH M tkzSsoOf jd, §mjH
Bz C dzj Oedzd R, Odzd d Hkzedn ©OHBOCkdo dzdR O ted  OdO
fndzd Hd <d:

1

Vetsatste BB dzj ftetsdzd W j tc Oy d(Treaty deizlie dignPradifizstion osNuepr O
Weapons- NPT). NPT ' j fMmMkfdts dO© MmMdzOekz 1970. GtsHJ dzj ,
ftedS?kyddzs ESCEkfdzs 191 L j BO? 0O. |l dzOo dzd yd- NPT
OBtz O 0 d Yo jLOddr Ijrmrdsdzscd’ O, ftesdiityd O
dzz € dzj Otedzj HjQdzjHepgodtcfylsdd o dh d yd°? EkE eodHbk HJ ddddydzt
COL Steff OB O. gots 2d j H jHJded d dzlsj tedzOyd tsdz@ddzdy did g @ J L
dzz € dzj Otedztsc tOL Bty O O HieY O O CNP T ‘fjts iz ‘HizH dats defz ©
3§ ' ZdzOtesH dzj deldfisdpis@tc dzjd Gdodsz SOC O ftkzy O dzO BES? Iz
Mo jIlsmMEsd3 dzd o skz, HsC E dimists otej &3y fHtetsdisoadh j 0
sjrdesdzsed O ( ftoj o OMn s HARGSOROLG NRT, 2022 sMStsd3 Mi Clssteklz
s StcOL kd3 & Mo j tsBdzl2 ® @])s s dzts € QEoinfPddmhsive TedSt Ban Treaty
-CTBT).{] 90" HBCEBj ds "J thisOs sleotstejdz L O ftsilst dfMmd
PCkfdzs 186 L Jjd&BO?0O0 HESEC " tOdWdSso0Odz sH MistcOdzj
M stcOLkda O 2090410 FHATBEF oj@ @z dzlsd dzOIs j O dzdzed ke so ts
yd? LOBttOdzz JjSMfdtsLd O dkz¢dj Otedzse tstelzy * O, co¢
10BtOdzO jSMidzsLd © di3O0 rmtstedL tsdzlsOdzdzd d o j telsdC Odz
f sHL J o3dzd -, s LisjHAgeEddRr Jok Mff dztsL d ° ©. ro sed e Mmf
Jqdzlsj edzOyd sdzOdzdzd L OSsdz, tSdz BsO Bl ttOIsdW s tsa C
dzz € dzj Otedzlz Isjmrdesdzsed " &2 (BsH Ct8°dma 8 " h ko j ¢ da
RLIOJ dz, & j oritddd® sSIALIdMPsOdz d o ° J H[MOofydejal201dgi tcd < 4
CTBTQ2023.

stsdzo jdzyd " O B WdLduS " L Oh s tedondsnt®rinh DdckRizsieal 3O Is § te
Protection of Nuclear Materiaddl CPPNM)d ¢ j dz 2005 CRP8@'dgn di®lstiz f 5 dzO M«
1987. GsHddzy d (LOC? Eydzss MO 2018. G SH J dats d3) tc
¢ BZ3OdzH 30dz 2005 " jJ Mlskzfdts dz0 MdzOelkz & BO' 2 2016.
SH 153 Htey 000 yYydzOdzd yo) ftcdr o Ols djdd@d tHeoGs Is tody A3 @ aian
94 <ddzO L j i3ORpd3tol20aBCCERAeNYIR2022.

stsdzo j dzyd * O 8 dzlz € dzjiNDatedntsTegrorisny Canvenfiond§d C) . ltojIsmtsH dz
f 5L dzOIs © { wRHizlsd) dgjdadyd] s dzOdzdzO SC tsdzo j dzyd " © s Mg ted Md "
(The International @nvention on the Suppression of Acts of Nuclear TerrofiEB$STANT). NTC

“d Mz ddzO O Y HHEO®d > Oc iy thzPL 2d3 Cts° d f sSIsdu
dlsotstej dz0 ' jJ MO yd?Jjd3 HO M SteddBdddoddL iz & O0CIsd
MOLOHT O dqL i3] ' £ LOSCBdtsHOoadzi d dLotehdzi o dzOMmisd ¢
My ted uddd, dfMistcOxddddzd udte jipElat:defs], ts dgdftipd § dzyd ™ © 3O 1!
118 { @¥pdstdl2085 NTC,2022.

s stcOLEZdZ B LOBtOdzd fsMlsOo”? O O dgzC dzj Otcdetse d H tol
BetemMC s ddzd LCQED dgfny ¢ =f EHtiiBrE=ty thntshe Prohibition of the Emplaceme
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of Nuclear Weapons and Other Weapons of Mass Destruction on the Seabed and the Ocean Floor

and in the Subsoil Thergaht f stcOL 2d3 " j] Mk ds dzO0 ffdedjcezj dipd7 2z

fsmMisOe”? O 0O dzzCdzj Otedzdr, ~rddBBd MCdm JHzESZEOCHER B §
Md Jazddddded MOdzO dBsekz<dtsMmls fsHotHd bkttt j k2 dzOBG!H
dMmlstcOy o OF § otHO. | & HOHBEODMZ j'6] HHSs HAppAstQ) 2RO Isldc 9 L |
NTI,2009.

T vesoatste B fteddzydfi dBO EZftcOo? O © OCIsdd dsthtsld dzPB i t6
Mo j Bd 6 O, EC? eyl 2<d [ J fmj(eaty onHPiinzige® Gaiggreng th€ © Is j d
Activities of States in the Exploration and Use of Outer Space, including the Moon and Other
Celestial Bodies . Vet tste Mz dts dzO0 MHdzBdHzsolD 6T O
dqdzls j tdzOyd sdzOdzdzd L OCtsdz 5 Mo j i3dtela.j di3OB OH @dzOf), Mmdfc
tcOls d ¥ d {Apast@2]6 OST202].

T tdurtsdzeyd " j 1373 d 1540 1 jLBjHCMGEESGdzy O Is @&Ov M
2001. d 2004. ctsH dzjj HiGIRGH L] - asQf o llztsdzO 1 d2@AP tizdzGncdzizlz |
ddzlsj edzOyd sdzOdzdzz MOtOHC 2, COCts Bd My bkyetmisd dzO
sjtestedL @30 2O G dztsB Odzdztsdz dzd o s Iz v M AkZOHE MO tjlL
sBOo jLlz HO §Hdz Mz &EG&GWRHEIRAZC tsd Ljo jfiflds Of t9H dig] dzj
fsHdjufl? Az § ted d3j © d o OF [Bpokq),2016RastS422004 * J

Il stejH i3 dzlsdr kecseatte® d MfsOL kRO, (st d * h
SHiIEY Qo Ok diejyy ddzlsjtodzOydsdzOdzdzj dzlzC dzj ©@@dgg lsdnd sz te d
dzlz € dzj Otedets* . B juLsBfjhHsdets istddzd yd * Olsdeo © 5 o d @ f@dsthistdzO
SOHOMNC je ftiHMiHddSO "  JHC jddr ¢dBItedyuSdr 1 to) O9 O,
¢ sz, dzOc &zOh j dz0 tsj ¢ iiztelOtc g EFSdiAR § iz Otc dzed d3Qls jfed) 1sGakz & d
tesCk H Yd.sduedfOesdsdt duaf® dHJJNd aeftdiges®] o3 | dzlrn OziinQte des ¢ |
SO doOydd "Iss <j fMmj MOadld ftsH LOSBdMSd d&OHL Ste
O disekz Mj EkYftsbtejBdlsd & Meattnj dLOH] BGkzy O, ftBf?
dzj L OCtsdzd sy OF o dLdgOidj tgid * @Oz tHe dAplstc Odzj dzj 9 &ZOH d dzd =
Cted " d3yOted ddzd Isjtetstedmisduyscj ctekztfj d ftojHlzL B3O Gt
MdMmisj 8 20 ¢ ZHERUFesdz dzd o sz

AsSCEEM MOBIISO 5 dzlz € dzj Otedats BJL BJ Hafs ifdsdd ¢ 5° dif tdnjjo Odg@
ydoddzdets® MW jted Hj zZsoa O O, HOCdHd] dzagj Isdyj Mj BJjLBJHC
HOdzOM, Ht O0dzO Mk yYyjlsdtcd B OO MOBIISO: 2010. GctsH
miky 0 ststej O, 2014. Oc ®H RARJL 6z rAHE,dzjmtEsdF@dsH dz° 1| O d da
s Od@3dIskz 5 delz€ dzj Otcdztstc OHBdgdL B zQaE MEE " R OMP . sy B dZOMIS
dZOdzOy § Mz K judzOded yd <4 fJtosdzO<d dOyddz $O0¢ts HO ©O
dzO0 Y d ts dzO dzdzdj As O QOO AL dzj Otedzgz W istej deL S 2, C OB hIsts Mk
dzz € dzj Otedzd = BOLjtcd OdzO SOt d EfMftmisOe? ©° j ddzsj tcdzC
CsdzZlsOC s tsMmsB 4, O Moy Its tOHd YuHMfjihdoO O d BrtO
dzj L OGtsdedels tso d dzj dzlz € dzj Otc dde 'dz <gP Is¢ @S Odiasds Mizd ° 2y & dzOts
Bsi3fifdhg ced " 2 E o ts" duofdCidedtsi juasO Oy Plsdted MOBRBJIsO
"consensus communidyé €t d T j twlOWdtedddmMOB ¢ dzO9p @z J yqga&zQ dzd y jn O
fteiHEZLBE d2i € OCyd j, SO hists Mk tOd¥JSOyd O €° L
dzz € dzj Otedzsc BOIjted OdzO € 5° FApdtPlROBHAFROLE § slstcj B dIsd L O
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241 1 OYyqtsdzOkdzO tj ckdkoOkds O

) StejH §odjdksdr &' kdotse®](§ HREtOL @KkO O, dO Isj dl
@O fMdzOLd Mk d BHtsj' jdd wOydodOddd f§tosdd OCISJ:

1 stedodudedf OCfyatas dos HEf LdzOBO, 8B Oo? jdz & wdzky B j
B ¢ 85/2005, 88/2005d ) { tc CLO7TRM5 d i) tc @'2/Z0M, 111/20H 121/2012, 104/2013,
108/2014, 94/201@{ 35/2019 v ®©Codtk (o dj dzlsse L OCBddS O { s,
delz € dzj Oteded o5 -z tstsite f s isdyEE O H §, §sMjHE j, dzOB 0o ? C
qdzd EfitslttjB? 0o 0 dgzC dzj Otedats, B djfs dztsf € fipt] dztSiLj opfe, < fckeltse
qizd ©OHdEOSCIdo dzd ROk jted Odz ddzd Ektej' O°, ES? vyl
Btsdsh S s5¢ ddzd RfBELHo skt Koy (OJBEO tsHtsstwd ddd
dzz € dzj Otcdzj ffjsdpjlsQelsstdOdiA[AtsdL 9 5H S 2 dzkz ¢ offj Ohidsiimsss’ j @ ©te dLaC
ftoj cOHE dhdkyj dsc B dk] disbitds dz0s P B G L Olks S50
fjlsdzOjMmls esHdd&O' , LOsdmdts tH f§tydSjcdsanDeas gy
sCodtek v ZQEESPTD BONL. ([KiwA2pey. 4 3 1

1 10CcduE ®ydsds’ d dbkz€ dzj Otedss ' ipd cOntd dilf) s  wqdzeyjbL
¢ ZOMdzd S & jeB B gzd CBitets 95 /"Re0dLB L]0 CIsUiZsD 119) ktsj
tcOHd Oydsdzy d dzkzC dzj Otedzj MdebktwdesMmisd d BJ L BJ HOS
JLotstedBO L©OUJS O, fmskfo’j k& MdkzOoyd d 1§ dodd
T BddLEz E<jdB LBOUJ kL @"indiEjz fsBl§ P dGg@EH0 d N J:
McjHddzj] tSH hisjlszsE<fEdy®OQ ] ¢"SfdadCh O HLED Cdts diz BfrizjH HAf<tgjd «
%O fMoj HJjkOkdsmsd St'j EC?kyk & BdedsHsimSkz f
L©eOYJ " 0 dO0 Ijtediststed d ddzd figHf z@eddfiy detd bxdzazidez
soft56 LOCBARO, GidssOd "j rdtjtkstOls LO OHd Oy
wteBd ) SCt5°'d ©BOs?0 WhkdSyd b GHcpdhksdlr 6 0 df iz
L O¢ S[ERNSR019.

rdiej S lstc@@ly 10 d & delz &y g delz SedizisDisdzq @)D ckis jiyis Gedods o o ¥ & dz§ Y d
djLOodmdets 6] czkOlststedets Isjes Ct5°j othd toj bk dOsttds,
5B &ZOflsd ©OHd Oydtds d dziz € dzj[PRNGEROL) Y & & txGets tE® d ¥ b dzB Y
o] Cls ag@ | dj' © SHiej ' JbORO0 G dets'c ehPdEOL sdzEdnlsd d B j L B
EmfsMlsOo? 00 BjLBjHBGSNAd]R &jte0 dzCdj Ottddr B j§ Ok
l1tcOQoddzdzd € © dL tsBd&zOMIsd dzz ¢ dzj Otedzj Mdcekztodzesmisd d BJjL B
ftod o] 300N deQ djQiktsed OF O b Moy  lOwd Cdsdeds o Odztcj H dzj
fesfdmk ] &jtej LO LOhIsdlk §&° jHddOyOlsdiids Obdsd 4z " @
‘BddLl k<j¢ LBOYjT O, fdftj BO &Oytlk] MstOlsjcd' O
d BASdz 5 OHd Oydodts' d dezC dzj Otodets’ fEREAT@NEMTIsd d B j
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25 1t drdyd Y delzC dzj Otcdzz B j L B j HdzsMIs

Vv IsmMdziHS dr 30 ceHddO, "Ooedt M e j<Od Btets' ddzyc¢
cOHdtsOCIsdodzj RBOIsjted Odg’. fotefd tedfsdryid HYfj telzlsHi Isfom > o B8 G |
delz € dzj Otcdzz fMdcektedztsfls d BjLBjHsMIE COCt L jdiO?O CB°
ftesctcOdz, ISOCts d dzO ¢ dztsB Odagefs'dfs dgzCotss'zz ‘v ML k2 jfif Oz dB
LO Ol HzBBECHEARLH O O° dzkzC dzj OttduisdQ'L @] HUds' s dd B3O ff SIs j «
flse Otedzj d &3 dzd ¢ Oyd ' J  JjfHsdztffiglldscO “ oz Salz ¢ otz iPjtctifidpts 8@ Ofpd dzd te C
dzz € dzj Otedzlz  BHjjLWB]jdpddME S E@tsddzd ctolzf © ?kHd MO dsisds
M smtse dzsh < X @ difusiz@] dfjdzd dzOd3j tedzO dzj s dzOh < j dzgO® H § dZzO €
dzlz € dzj Otcdzed dBOL jted Odz, Hteked twWOHdBOSIsdoded KOjsj ted ™ Od
Hicy O8 O ElsotcH d HO diz0° dz f s 5 Odz " zls gk, dzO
dzz € dzj OtedetsB j L B e dztsifg dejd dzdffizPizy SO dBO E L O yd? HO
2z € dzj Otcdzz B jL B jHdSMIs HO dMfkdd Stode dydes ddzd OB te
BOIsjtcd OdzO, Htokzetse twCOHIESOCIsdo des€Cls GO g J Odz@g H @ d H
d dzd tsH GAsoHSHO' 'd® " dzkz ¢ dzj[BEAAED.20R2018 B juH diEOisPe ¢ iZlz <t e d d3j te
Bdlsd dLdzsyjdd dzj €d BH L dOyoO dzed dn ¢ tefdif3dxzaR0zes)H dzt| dz
bcidyd " d L O ¢8R0 L¢P dGut@tddzdzdzaft Htokzcd t©OHIBSOSCIsd:
[Apostol,201Hk

1T 1Ooftsfmdzj dzd bk W OB ted yda Haguelrta jofotdmslpfn§sf s ] " j] HO (s
EedMmlsots, Idd&3j hIss " J MmMlsOoadts d3dj IsOdzdzy tOHdtOC IS
J 90O ddzydHj del® 78] .SHsdicE s

T vdzelsOtc BjlssdzmMEtse L dHO E MsOdkkz E & Mk sttOBOItst
MOHEY OzO o dMBECEZ OKLBE & FOUH® I Mmiso Otcd B Jd&ZO H jt
Cs'"d "J dLGks? j dsdsis ey Cd@tn dadd: d3fléd T @GO in@e B P dz dz$ s d3
“d S ftcd dLEBOHSd LGEtOH ] f(MHED. tsist tcdz gigflzdls © 6 €
sotse MOdRO ' j HtBddZts d&ZjE2¢jdBd & " th Sda 17 °J
Md BHYFE LDt [Muslncflenj02].

1T vidzjodrLd M¢d wjftlsjte "jJ HtBdB HEB OGoak HO Mmj d
fsmMCod,, (dOPOLA] MOSCtdo j des LCOH BSOS Isdo des Btelzy " | .
ZOCsdz Yyic0o “j fwsdO' jd®*gEy Ftsod L Ofz MO Ot d dzl «
{90 ddzydhHj dzl9 9f) [Musthafler2o2].

T 7O0ftsmdzj dzd E WOBtdyd LO tjfttsyimMkzdteo® ] BOdkdr to
Kar | srdgjhfelglz szOtc dzfiddLjtc Oty J GO WSz stsdzd " Eds MO tcOH dzts G
“d IsCEhOB] HIPo ts'lslle B Johlz 3 jdzz. t OHddzS ded " § ECteC
mMokss Ot SO Ct5°jJ Mk Makyddk LO0 BttdmMO® ] BGHte]
ssf OHO. 1 ttjH fydddlsi O, " Bh dO"  BO'J] Het | ?L
o0 vyYJ dzO GHIO OO dizn Odzts 2 B-RPa&zD@sgn Kheée nizawdd dzd ¢ sdz
BstcOzO M drLotthdlsd slsfkzdzO HSCSdsOBddOoyd 0 k2 o
CteO" 2 sz’ jdz d fsmdzOls Ek L2006 tste dNigfrci@ent2eRdzy d H § dzls

1 vtese OF j ddzj SMOdzH 6 © [ d?BPod,j dz€ ®° of ts dzs dzd ‘Mg ddgs ds © RO
gqdzlsj dzL IsjIs©O dzO 803 keV) dLtOL ilds Odg Osdfipdtifls j tot.
tcemMC e Awl (1t EMEd AJH]Odd O Y]t ik dudjiztc ozd fr
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d HepEddsdusd OLdd k& JjddSs’ 1tdsOdd d. [lstso
O H e3MEPostmortume O BOMY j Clstesdj sted * MS sd OBtkzdy iy 6 d
Elsote’ jdzs “j HO ‘' j kESkfdO OCkdodetsfmls S$t° @ j ddz¢
fzkO odhj tH MjHS | djlsOddj HSLj LO MoEyo‘® Jded
LOfMss O ftey OR008 2 . ¢ wiafodgjd3ede@® U dzq o j t Lisotis jieisieps, s 1 Boms{dRc
Jtedls Qazdt &0 2 3. ff dze 6] g3eizc O [Livierkd2022. ¢ 5 H d dzj

v OH ONS| dizj to O dzdzd IAEAGIGhafied BlBaradei | SSCtsds Mo se CBotEO dZO R
Cdat jtojdeyd d 2O Isj sk | £Cdzj Otedzj B j L B J H dzs fdsiL ROD 5 .
fts dziz € dzj O te dgfApostql, 2L EIAEANTIPELY:

1. 1tedB OO0 OF | d@BRBEpQP@dd ttOHd SCtdhsttzSyd  j dlz¢dzj C

2. stcO' O dzgzC dzj Otcdetse Btekzy * O;

.1 OHdtsdzsh € ROLOtHd (s OfmdesMmisd) dzOMIsOdzd EkMmdzj H T
dgdzd IbtcOdmf stelsdzts o L  dzfs

4. [ Odzdyd L dzO0 Ef slstcj B O tcOH d ts Odirty Hombid tf- tc °d @ & jts teEOts dzHz S ) Lk

sOts hilsts Mj &ty odHjlsd JLIAEBASoB@OtSHE |z tcpU@zsc j Hd o § €
ftc? Oo | effplsie@dzi IsjtetstedmMisO. I s3] dzklsy d&OJtcOoj Mmj GtoJ
sBdzd O O Ists Mmk: R a d (R&D),dRgdiolgichl DigprrgabDevice @& DLL), émpliovised

Nuclear Device (IND)

Radiological Exposure DevidRED),t OH d sdztsh € d j € M1 i tg jyrffipleizgo @ jt @H s OC
BOjted Odz dqdzd ftejHBIIs St5°d MOHELYd tOHIBOSIsSdo dzd O
O yd" " 06 "j Moattrnr® dqL ZOGO° | " OodztsMmisd "tsdedL bz 2<jd3 L O
fsMmdi Hdyk B0 BHt] ' jdj Misisls OWmdsdidad fils B WIsjdztsd Sddzj W j C s
0O MO Isdd3z d mMSE Odzd ttcOHdBBdtsdZEh Cdrn JWJjCOISO L Oad
BOIsj ted” OdzO, BEZHO? jdesfisd tsH d2OfttOoj d dzOtcOo dzs ot 3 «
g &) f§omMisOadis@y @GOsdzj d@eimidsH difpldd SO & ° Oo das B
ftotsd3d sdzdd3 " Qo dzd d3 ff etsdzOL d BO, EdzzlsOtc f smMdzzy Oo dzed ¢ O =
d®izOlsd fslsjdeyd Odzdets o j sdBBO t§f Ofmfdzey Y sMdziHdyd, ¢0O0¢t
Qo dzc@ EifREEB] tOdets, dzj I SlstcjBdzts dL d&zOc O jJ * Qo daetsfisd
" Qo dzsfmisd, dzi i seojtey “j E o d&zOHLIE, Aposta2@lf REMEH2022 2B dIsO¢
REDinfo,2022

Radiological Dispersal Device(RDD), { OH d sdztsh € ( H JEntd jj, o) @ffig lslzs” d md ts
odMC stcOHdBOCIsdo dztse i3OI j ted”  OdzO ftso jL Odese MO Mis OdzH -
IsmMss°"d d 90ttd OGyd © RDD S$H St J M Edkimbss | ¢Mmt
fsfkzls ojdzZsddzOyd Jj. wvotrnP BOYJEBECRII O g dBOMY cOY D
t5€C tsdzd dzd , Odzd BJL dLOLdOOT O MOd] dezCadzj Otedzay t6f OF yc
EfslstejBkz RDD HB HOMOh® j6é HOO dd J EmMfjhdss dLojHJ
RBdzse sB tets dzj , {idsygjodzdHdzd’rlz mififild@eo © £ o dHE tMsB O Ct5° j
ddzdyd " Odzdzy JSMydzsLd 4§ SOt d dzOC dzOHdedrm Y telsOo O EMmdzj
LeOUYJ 'k, HB jCtdsdBmMtdr kE oadHEkz SCodsORddoyd j ydotsl
Stetsh CHejoCOs dzZls O3 dzOyd "4 d twjd@dd Hd Oyd 4 ydetlsdzj Mmted H
ELdBO E<d E BBLdtt HO LO C(dhfsttzéyd 2 IsOCoj dzOff tcO

w
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kjRndsdsh ] Mes¥dhsdydeodshlsd, bEStsddSts §scsHOd odf
Heflskzf Odz Is[MuotystdlipBlE Apdstol2016.

Improvised Nuclear DevicdND), R d3f tetso d L tso Odzd dzz € gzj BigdrdEdzigy OO ( ~dH ts
Bisd&B O, Cs°" 0 "J HdLO ddtcOdzO ddzd CdemMlstczdMOdzO 9 Odz
( dglz € dzj Otcdfste GeHgjzdpts j Ltk §f sflsts” j<j @ Otefj &zOdzO ddzd MS dzOH
LO diftcsodL s5o Odzlz dzglz € dzj Otedzz  dzOff t6c O 9 Iz ) te dztsIEN D3 Ofip jj te &) O @ ¢
("weaponggradé' f dzzIstsded " Eds ddzd HEU) d Metr O “"t8° " J dLOLd9
| ND Mk, ftty Mo jc0O, IbtojdlzlsdzO hIsjlsO d *kHMmCj Mtolsoj
L dz20 Y@ O rzPts OC Isd o dzO ¢ HallpletCadideddAy dc" @ otOF © P I ts dglz § dzdzh BY 1
d §0ddS0O0 " Oodesfplsd d tMmisOdzj $MoedyetzD2015G\postalzD1q, € s dats dz3fn €

10 CtdhbMiz gftcsdts o MojeO® L dOyo ds L dzO° j duL

dda J ¢ jtemlsoa O, fHtoj ydL detsmils dL cOH BC § Bls jzf s tizis" 8§ @ sk figpPo g
Bited LIBO?O C5° ] smMivnk & dkz¢dj Ottdzd BOIsj ted Odz, ¢ Of
sjrdesdzsh € d L ORLjodedrn MY j yd®( @ dzdzd szd ofzE® dz jif @ dEPE kGO Is j to
(UGW oL §) LO SChmhste@B@didn j Hjdi yd®iddyd E odHE, 9 .
sjtestod MDA EZH O “ j] o j sBO BOEZO. | OtcOo dets, EStsdzdSts B
Bd Bddzj j datstc BB dzOfuO Hi@AZEQUABRO B HtkzcOyd & fMdkkzOoyd " k,

RZOYf OH L dzZOyO dets o j ND,dzOt OHftddl j ' [ ftlzd HNOo | SARBO tOMY tots
odMsCsO0CIsdodzdr SCtsd3j teyd O dzdddoddy &t @RAOGTAPSstsl,ROLfzd = BOIsj tod
1 Odzdh el * § Sf@adOdz etsH M d IstejdzgH L Of dzj dzO d dzj 6 Odzdzsé  dzkz
19922 011. GEtHddzgj. zbOadhj, HttdSOLOdd Mk dMS¢?Eydet

Bsclkz kfsktejBdlsd LO CdmstezCyd & tteky 0. 1t d 1
H s s i f 14EA dMotady et al2015.

Podolsk, Russia .
1.5 kg HEU (90%) Paris, France
Andreeva Guba, Russia 0.5 g HEU (72%)

1.8 kg HEU (36%) Boe il o
st Petersburg, Russia use, bulgaria 11181, eoxgla

3.0 kg HEU (90%) 4 g HEU (72%) 100 g HEU (~90%)  Chisinau, Moldova

44 g HEU
Munich, Germany
4?0 g Pu (87% 239-Pu)
|

| ; | 1 1 | | | 1 | I | 1 | | [ I
L L] U L) L] L] L] L] L] L] L) L) L} L) L) L) L) lJ 1
92 93 |94 |[|95[|I\96 97 98 99 00 O1 02 03| 04 05 ©06 07 08 09 10| 11

Vilnius, Lithuania Georgia/Armenia border Georgia
100 g HEU (50%) ~170 kg HEU (89%) 16 g HEU (89%)
Murmansk, Russia Moscow, Russia
4.5 kg HEU (20%) 1.7 kg HEU (20%)—electrostal

diversion

Tengen, Germany -|| Prague, Czech Republic (2)
6 g Pu (99.75% 239-Pu) | | 0.415 g+ 17 g HEU (87.8%)

Prague, Czech Republic OGorahersa Hucy BepuduKoBaHa
4 3a CBe 3aIUIeHe
Landshut, Germany 2.7 kg HEU (87.8%)

0.8 g HEU (87.8%) 011.30.6.2012.

o dzd QD) Of dzj dgj M Jyd Odzded mn dezC dzj Otcdzd = BOISJ ted ™ OdzO € t
ts tc 2z jModlyet al,2015.

Ol ©0Odzd St°'d Mk SBSCO<PRIUJIEEcHORO fedhasBG® d sH dL
238242py[Moody et al2019.
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26 | AEA 1 0L 0O ft5HOOS Qzjtw tsd dase Hj jaatslshs] dsAs Oz f 1S to L

IAEA1 OL O f sHOIsOS O Idste of tsiAUtfdeds Adzisideds @nd drafficking DatabaséTDB))

"4 Hi B ddat tstc BOINEALES o i dif) Sf)@3@O Jdzls i © jd daff Sfek®lgEH<C O
dzj LOSCsdzedIsts® Isweesodded, ddzydHj dzelsdds0 d Hilzedd3s tsB dzd yd «
i Ibduk dlz¢dzj Otedese  Htkzetse tOH BSOS Is (TORUAMEQH taFCds j tod
JdzW stedsOYyd j ObklttedlsOlsde dzse sl @dzj Susj GO? Bz YO dzd O &
s B3 dzso Odzedn S tsdzZlsOC s tsMsB O, d2O HBBttsea? s BOLJ.
LB OBO ydzO0dzd yods0 d Htekzedd St OdzgdL Oyd ORBO tsH ddalsj
Lid?d yYydzOdedyd toj B Q@L jutctfiEPB@ O dds® Odaylt 9885d ¢ tsH J dzd
IAEAd L j d&30? O 1 Qz@dzd 5@ .0Ils ©C O ] wHaya s’ fakd dgOls O dzy stcls Iz
sdf soj dzlz € dzj Otcdzts ¢ BOIsj tcd ° OdzO, ftoedtotsH dzd = d o jhl
Codzls Od3d dzd e Odzd = d ) lsd@f3, § € dodsj t, Is BB Is' IDelehd d digj Istotdaf = 9 O< | d
Eots' j¢j CkOMd¥dSOyd j ddzydHj izO0O [JABA (TDBRI22 f tod * O:
ITDBfact,202Q ITDBfact2023

T 1teefiRddydHjdlsd €' d "Mk, ddd °j o jokdE@ Cugdusty O
btcesoqdzsds L dzsdzOj tedzs i 2§ slstej B t5CB.

T 1tef-Rd2ydHjdelsd yd = @ fdadsdsste @ j dzq ddo .

T Jtekf-®RdByqHjdasqd St d dedmk, ddd ‘j EBOERO o jttse Olsd
steetsoddzsds L dzsdzOBj tedes i b slstej B t5CB.

s 31. HJjyj &38tEOB 20 A KOs c3@MBitfdfiastc’ j dzdn dJdzydH j dzOs 0O,
GsHddzj. [H Isdh 3928 tftlsate' jddm Mazzyo® joa 0O, Sda 320
d ftjoOmMrtsHds 5B d&ZOMIS Hj dztse OF O dzlzC dzj Otedzj WistejdeL S
ddzydH gdzls® o ez J ez j 3. UTDBeAS'Cjr ROPR 100 > gtelasd d4j2 0 d C
[ITDBfact202. 4 © & d2RJIJDB,202] &ktsy §j fj Gweddjlsdlsd GHOHO E<d
dqdzydH j d&z2OlsO k& f jtedtsHk tsH 2017. cEtHddzgj HB HOdAdOMm.

300

3870

195 205 203

250
200
150
27 34
. -

992 1993 19 998 1999 200( 2006 2007 2008 2009 2010 2011 2012 32014 2015 201

HdRPUSEfOd Bes® fod Qo2 jddn § lso @02L[EGE202dzyd H j dzO|
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ITDBdz0O 3 dzj < ey dlsd dzgzC dzj OtcdesW stej dgl d y¢Jj dda¥ sted3Oyd "
2z ¢ dzj Otcdzse ddzd Htekzetse WOHdBOSCIsdo dese BOIsjted OdzO (|
¢ tsdzls to s dzts d3) Odzd dBsyJd HOId dJdeW stedBOYd * ji ddy He O dzdz® Y © OO
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42 1 OBO MfjSkttdjlsted O €O dzgj HjMistekSIsd o dzO

v MEyo joddO ¢ OHORJ] GBI thizxopcO® ffjls Fda L O d i3 J Ol
dzz € dzj Otedzets® Wistej dzaL 3y dzff g w2lsBUdT G Bz) 6 PO lzC Isd o dzd n

sH “dr “J d cOBO M jCbtsdkjlstcd” 0. [dzO Mmj SCtstedMmisd H
L dz2Oy@j wj MistczCIsdo Odz dzOyddz dretehd COLOSISjtedL Oyd O

BOIsj tcd OdzPH lz Jdgj A3 dzls Otcdzse MOMIsOa © dqdzd ¢ jes90O ¢ 0OIsy
Lt O. I stejH §od3j dkzlsy Mmotern ], COBRBO M jSlstesd3d sted
LORIsjodzd dn LOHOILOCO, COt hists Mk fd0O0° ] tjtPesyd Mz
dmistetsh | detscc dalzt€ tdaf O®)ztsC O s [Afpostoljetats, 2006 eldheédito RO B sigrai,

Nguyen,200p

SOt hlsts ‘j fLdOsHPGR]dHQisgEst®] IS Yh'dh yd O j dzj t
WslstsdzO. wlbtsecO, ot ‘ lsOjzHO@ BuBBOS bpEc N s§ i
SHdshds sdfo HjlkjClksed S d <j Mi Csedmlsdlsd. v dk
OkO&dL d, yjfibkts Mt d skicjsO LO OdOddL z dzz$ dzj Ots
d ZeOddLsBipYiy. v LOsdmdshisd SH StdStjlbdse JLessf O
fjCt Meffmiseojddr cOKO dCto0®, HSS Mj bk Hkzedd fndt
Cdrso0 OCkdodssfls BSHE] ) fsks<kz cOBO S0 it

421 [dzjecd’ j BH GdBddgy dOdl kdj Otdse KOk jttd  Odo

dlsjfjd SBEGGEO<j- Oz AORZHQ p(tUgfEtd A EY-ded ME sssc ODFUE (
sdtesBBOh j dz Cistc@ded jEdPYMe s o jL P P ECwidgy'dlsicOfBls<kz
jdzgjteed OO tsH 143. 8, 31&2.V3, FPUEH)gUsBA].'dz " A0 ¢
f slstsBOC O, FRp O] cj0dzj ced OO 250. 3, 766. 4 d 10C
(Cdeyd delsteOyd " ) EteOdd 230 fd BUY tc Q&Y untls € sded @l
LO BHt]' dRHOJ jdzOisowds OzO (otej di3j d20 ftoslsj C dzsBUSH ff sy
idgz j] OO W slskdzVj dzj ©dsdY P BRSO diL Sgsf&BtcdmMisdisd ¢ O
CJBELOWME e st CdzO twhkHJ teOdzd * k& &30, OCts dhgjnls d MC st
CodeCtoj sdes mBotse LBl O dzj L dzOlsdets o Otedte © BUR o d dets M|
(SstedMmlsi<d Jdzijteecd & 49. 4 keV) mMd SCttedimilsd L O Eklsotk
ftojlsntsHdzats Bdts BLteOYdo O0dz Ut jefACdsts tefis)TifjtsH S Cgied fifls js
sHicj' o OF j MisOtetsMmisd dBOIs PBd° Gdeintststic i f MO 5 Is®B ts1 {6
qdzHdC Olsdodes L O HtedmMBPUlsomlzicstcg HBHB] fezlsHrs o j sdBBO Isj
M jSClted 30 LBt Wil ditseo O MAdOB sjc ofjddsdzg@z. s ®. L Dt
dzlz € dzj Otcdzd = Hidzj<@C IsHsAc O° jB ks dz  QRpdtisetks,J0tERadzg bkcketcats 2208

Zsigraiet al,2019.

ltod Q2P dzdi3OIsjtcd OO St d MOHtEYd Pu, mMdskzOyd 0 ° j
f dzlz Is s dzd * Iz d3f) EPE“PduL) ts ] Gs YW Isjj cdOBR L slssf Cts° d fyj € s
LO dLWGOHE dkz¢d &rRdese | Oz OTOBO LteOyYj*j Jjdjteed
ftedmMziffBo sklsotec' ' jdis ftcjets cORBO S0 dzO 45.2 (
fteOCIsdydets dzj BO ' & oadH? 89P0, cOKRBJ itz BB §@ECHISEBEJR o
ik comYANdfsOjcse0 cORO dddd  © @O 59.5 keV. RLE
f totsH 2%¥ZIs fRu( 1¥Cs, BCs,?Np d Htekzced) , SHdtshds ‘drtsej ¢ ORO
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MfjCledkO &Ojtd OO St°'d Mk ©lsf OH H datek ¥ dejcEs dij

BHE<d HO dBO" 2 HEGOYOS §j tod & H sS=HrQchipdyd fipst Of. 5 sy tEsid
[Fedchenko,2015

422 ASdNSE LBOYJ S §

AsdzmCts LteOyYd “d Bk oj<ddzd tkzlsddzmMSdr d@jted O Htoj HMISC
LteOYJ ¢ O. [des dz0° oyj<diBH € jsdgkdf ySYfttsdlsd L e Oy ¢ O, L Oh s
COHdSOCIkdo dzd R dzj udMlsts<O E HjlkjChstmMSsd Mdmisj Btz d
LicOYJ * 0 dL ¢ tsdzd dzj . HPGe HjljSlststed dzO" 9 j<kz jWd¢<Cc
sB dzOMIsd, cH] W] offd@mEdZ@&Pisd f sL OHddMS s (W sdzhmS s
Gjhjc 0 LO jHESYyd & WsdO, SOHO fttduyOdkts s HPGe H s

10 " jHdsMlsOoded  j tH Sdm ‘jJ HO fMmj dL Bddyj S tddd
' j HGY dabdzsdnj dgdfifelz dzj sfotsHdzj. 0CtsddSt ot dzd
LOHBaB? OO0 E<d dedots, ftcdBjceOo0O Mj SCodhstczSyd d L O!
6] OdzdL 59 OdzO 20 Ho O dZOYddzO: OSClkdodzO (9 jlsts) °dO §f Ofd o «
HSHOIdz HjlsjShtsts (kZedzOsdsd Mk It GeOdntd { dzOf
Odzels S sddzydH jdelsdzs ftso jykz MO HPGe HjlkjChtstetsd, d&O kO
ddzd 2 dzj StsdzdSts fOosOUYO BStekykz . v Y OOCRG GofjL gz
HilkjSClksoOdz £ ojlsts HjlsjShtstez, O ftltsd & ¢jtedOdd Iz
MdedzOdzd St d fsbdyukz dL Stdddj HjkjCltsttd O dj &jte
MlsOldmMsdSk HBEO' O 0, dREzsEssHiEzydg@hns@dR] OfoficEigis ¢
My jSlsOte. zlbts Mj bdyuyj §OMdeodzdn LONdLO, ®dj fMmj k¢
Codi3jteyd ” Odzdes zOCts HisMlskzfds d dO o dzdS bk cGkMmisddiz h
[j'klsdd, d itdd BEe@&PEd yds Mo O0Ct dzOS tHjsdyts 'z § dgsts ds dzt
Codals ORd dzd e Puasls BPB BRI B d Mots j ftstej Cdzs e dzOo detsdz o s
f tsczlz tc GHPYbO HJQ dzsid 22 . 2 GtsHddzj, ot dg tooyQaigCze s jt distidy
46.5 kebemt@Bung{tsdzlsd dzgzzdstsds Hts 1. 16 MeV, 2Bis, dSHBsEd U
“jHOdz BH BIBIsROCO®' | kb Ml Oy dzk s fjytzedtcaf @BOI7 & e
Cts' d dzOMsO & bkfdjH dJdadsj @O dB ER0 RO OF tsls 8 ABHf) O ME@E
Zz0 Wisds, ftoj @Gz’ NS¢ icEizso O ( SH MisOtdn Gdzse dzd .
MO Mmls Otecd 4 Isk[EBadehdnko@015/erplanckel99].

VSdzdC s Wdz fomisdedzls ftojlsisHdts SfidMOksd &jlstHd
ftcdBjE00 0 fj CodmstezSyd d fas jodlsj LOVIdlj. 1 0 v
FdzlsteOh ¢ O d Mdztsl ¢ nb)te j OO edz -Sfihjiipt s dgoftisfS @ tesss B OS to
(Cu), it SO0 MdjHd bLOIHSHFEESOGED &j ( BNiks HEHE
zO° ®OMdoded ) Mmdzs' dOftOo? jdz sSH Bdkses® (Pb). [90°
Ho O HSAEQ ¢ EZdzzlsteOh ¢ j ¢ Mds N SO ddO “did dziOits* ddad fifipdemd f tc O -
sdzso O ¢t | ¢ tEPbhts dH @30dpid ofgsiste ndf 5? Oh ¢ j ¢ Mzt © BH Cfs
59 0Ct Mdzts jodlsj LOMIsdlsj-L oS fdzismj 6zt okbe §dizij Spag. ozl lday
i jh dets COSjOdOfte bk SCtsds M bkEMmdjH 6O ¢ daikoteyg o 2 &k
285keV; fiaePyd HBMfjoO k& Ht bkdkbtedOh ¢ jg fMds O tH B!
s Mlse j doj W dzkz et@jSfijy jjodkidgic dM © 8 keV d 8.9 " feVHO[ &fs
cklsddzMSts® cOBOMY jClstesdjlsted NS ts° OdzOrizgycdj fMoBQCURELES
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ftseoj <0 ] B tcfFedthentni2BTS tc ts dzO

I'jaded Hofteddsh ¥ chdekfosmlz Ldeddalj Eaiz@u@RQ ¢ smj ¢ isd
220Ra,28Th %K C 5 d diRi< i3t j dzj $ Is to 5 dzff SjdHdy £ iz GodE) \ifis, © dg GO Isfdtal3
ftedtesHdzdn t©0OHJdSPY, Yo HITR Wi fo @) dBsyj dO<d k& Odziz do
Cstedfmisd k ddesecddz € tsdaf tsdzi dzls © 3O Ra B i¢9K, s toffjel tis'c His{ fintisd o
Wsdkzk sk HOId d ftejSts OCldodteOdatse OCIsdo dzse kc? O
(Oydzd ‘' j H EZOttkz) HPGe HjbjSCbtthmitse MdMmilsj BO. [ Odzd
tOHddLslsfd 6¢jttdOdd R0 C° d ®zQfEOajF jEE. d das jHEOME vsdh
cOHdBsdZES &ZdH O Ct°'d (k2 LOsdMmdesmisd BH d&sSOyd j do ¢
sOydzed “§ ¢ JcoBRn@ded LSO ®@D) ,56 s) §sLdzOH¥Rnd d ¢ Ot
(Tiz= 4 s), WO ik Zzwohfse dlstsd MOk, &OCtS HdWEdHE  E
BioLts tcOMfOHO & dz0 Mot j { tsls s &P, Rb8 % Bi B E°°T ¢f olzls g ten  » dac
l tesBdzj &3 EZlsdyO 0 ©OHGBAZO M * jHdshlsOs dsfddjls jae@®
[Fedchenko,2015

SOHO " j tjy 8 Cti3ftsdzgj dzlsd WtsdzO C8° 0 fslsdud BH & 5f)dic
ddzd dL. Mmj SkdzH Otcdets qdzH kS so Odzdr t6d OCyYyd ©O. v OMlsOe Cts
Udmisdyd d IO " JjLetO. vidiv ¢ d&shfitic] OLQs O’ W2
Jdzj Slstesdzd, Wtlstsded d Hkej yYydifmsdyd Ct°J ¢lssd Misd>
BIsdz0 MO BOIljted ¢ shisgs OE®CHs ) jj O tafpdf  ffdrlsh Qg y
qaznzC 2" 2 dzOMIsOdzO¢ cOBOsdEOYUS OOSCBd] M stk o C
ftoj fsteyk" & M GJtedL jdgded ddzd yoO¢ §oHL jdgded Efmdzse d
vsOCtssglz @I YosMsOoadlsdi O HibjesshtdmMOdess, dzO L d1
Bd MmJ Cosmdzd QEEzs d ¢ OGO 2 dzic Oy J ¢ J qdzH 26 59 Odzts ¢ d d3d d3
[Fedchenko,2015

423 L O jShtesdjlsted O COs OdOls dzzC dzj Otedaj Wistej dat € §

ROSE fMj COBO MijSktesdjlsted O HOdOM tklsddhSd SCttdhl
fslstejBj dzzC dzj Otedzj? tetstoff e YO Oezff <l WPLPE IsjCMlskz k& M
ftoj f Stz OBO d3j ' ZkOtesHAz] ©OHM Gtk j L O dzS dzj Otedzk

sOt hists ‘j ftojbitHdts Bddzts toj yjdets, cO®RO MY jSlstetsdyk
delz ¢ dzjOtotegsfalC | OO gD’ jj. LizOME HO i L dzts tsiphO®S kdsj teafj Lk
ftejlsntsHddn rd B MEdrn ddzd ¥dLduédns ftedftej B0, Cttedf
COHdGdLIEY] d Sjetse dddsjdet dlsjls SOCt BJ MikdElsLeds
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bLsteSk. 1 O0BO MijSkisdjsted © fMos & foddj dzk dzOdzOL ¢
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T v bjtejdmMtdd EMmdatsses d B0, sok &GilkHE C(tttdhmMisddks ¢ O
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BOIsjted Oz d HO M MisjCdzj kO MdzdC O B ¢ jcEtse
&Zoyddz dzO0 Cts°d < ZLsteOS dz20C dzOHdzs Bdlstgd f etsyyd
COljctOH disOCIsdo dzd O] tod © WORM téNptisraly Gswring st j € dzC
RadioactiveMaterial- NORM)

T fdndyddmtd tOHdsdL sty d

T R&zHEMmisted " MSCd tOHdGIL SIssfd ( BBPHO EBOYdisd OB J

T v jyd” Odzdzed dzz€ dzj Otcdzd BOIJ tcd * Odz

LH] FNORMBSBHEOLEZAG] o0 £ tdd &Okjted Odd Ct'd fj &Gsck

COHdEdLEIsEf ] fodoHdse st S0 (ke koo dfs®P st yd
BY Prh, OB dqu &jHGYyddamS | B0 L T TR Y, 1, B Y ®H.0 ‘ L

HESS fj E ddHkmlsed Me At Ba 8l 2Es%cs, FCHiBincisis. OAEa * L

No. 2G,2013.1 sH Mt j yd * Odzded B dzz ¢ dGperialdhiicsar dy@éial eSINM)@dzd 3O (

fSHEOLEG] o0 & tdd &Okjtd Odd ¢ 22k dhkd stox Eazi §dJ
¢ d SH dL &l S26PuVdddyetab2gls IEONo. 2G,2015 ITWG_G#,2014.

VU &OBGKObstd MCdd EkMmdse kO, ¢OkGs MY §ekdEksdysid dil
Cstedmisddss COCt BJ dBscdd ftjydLds HO BHEjHJES JL
COHdEdES ZdHO £ LOfdjf jdsdk Lswlk. sOHO fMmj ©OH] &
hiss Mk bkteOdd ko3 ddzd f dzizls tsoggdis e, § Ydsshsi<dgts e a0 ity fizf
GO td OkO, fdhmkzmsets tjfosyjMkbdwOodse kioOdd  kdko
RAW StedBOYd‘ j B BB J dzPdaj] dzk@ss z §sedls ff Misic OFC e d sy O° <
ft6j Cz0 d MOttmisd L O fdsbkicj<dissdn IsHO I jetmdj 'L @d@D,¢ 05 Gstds ¢ a3
Csddquddsd dhsse qdd MO dzj S d HITWE _Gae)l.R s+ dzd R Mz yO°

1OBO M jClsOte Bjtej dese kL tsteC O dzO "dge tsdzly b, o EpitdDidz <dfO wfdz f
dL ¢ J 60 ctlstseo ts dgjlshootasififfdsdfin dZjOds® dgekiind " J tOHJsdzkz ¢ dzd H ©
15" jHdzsMIs Qo ? jdets toj yd des, M jClsOte ftedSCOL k" J Bt HJ
1 Ondzd yd 44 t6d SOL40ddd Mk COwOCIsjtedmisdyded MY j Slstcd EktcOdz
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LEU: 4.46% 23U
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tcOyYykdzOtc® St°d MdzkEyd L0 fdtOL, tBOHEZ d Yyke Ot j a6C
dLoJHBOBO dBsck BdlsdH ddafylE tcdm®z] Mz C Hmdzstcly OB d dzdzd -
CoBf sdzd dezlsjy kZceteO' jdai E “JHOd ftoj desipded Etej' ©O° . s tsdel
sedydzets sty k" & LOhIsdlsddedds dzOlsjted” Odzd 30 S° d Mz
Hstf e desMz Wds@a® dHtczcdr ©WOHdOSCIsdo dz@ &OdPlsd tof * @zgz® s B &
5 ¢ 5 d4dTaEG_GOv,2014.
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y30paKk MeTEeKTOP ca MpeTnojadaBaieM (mojauasas 1 MCA) 3a raMacleKTpOMeTPU]CKY
¥ CHCTEMOM 3a XJlabeme aHaMM3y

udzd 90z j BOMSd ftdCOL € &Y sdj[BWd GOY2BIFS oS s i

10" " jHdesIsOo dzff "fijj teHjtugjcfitss, ¢ GIAPO BMY j SIsOtc L Of dzj ¢ j desc [z L
E sHtej' jdad fsdzsy O d d2O0 BHtej' jdtsdz tOfmiss” O & H €
mMoktse kLt O, ftoj Mo jcO ¢ jetsaj OSkdodesmisd. 1 slstsd,
Hj Isj S Iststc O, GH] HBAEZOLd Ht ddzksjttOCyd J Boetse LtOYJ " O
ddzj Ssteduyded MdecdzOdz. vd MdedzOdzd ftesdzOL § SCtetsL f° OYoO
Bzdzlsd C OdzOdzdzd OdzOdzd L Olstste, L Olsd delzGiplgj BlAc 9 Qo dcfin datstdipdsisfd tas@
CGOBO LLGOCO (OB ddlskzH] MdedzOdzO) . [0 Ikdf fHOKOSCO
HjljSlstso Odedrn -§ifE Z2OQ@PMHydmHls) "rsoatse ~"dMstsctcOBO E o dH
ddzjteead 2, HBBd Odw, Y § Ofsdzedf sesOdg@ frpifizf ¢ FWO RA40.zBdsd * O

HExd otidddi OSeoadLrdyd 4 M jSkte®, B?*0O0 “j MlsOldmlsd¢
M j ClsOte), tHdsMdes BOC j Mk &jtedsj daj Mdekztedasmisd d dzlsj
hists " ®fdd 8O, ¢ sHOYd JITWE{GIVBIEE®D Mz §tskzL HOdd d

40 Htekc] MlswOdj, otejdj fsltejodts LO OSodLdyd k& HEGBt
SH BHEj' jddrR OOk kOLd COs hkts Mk, ki MojcO, OF
LSO k BHdshEz &0 HjlkjSkst, jW¥JdCOmdshisd HjlsjCltt
qLobkyjdts dL M{jSktd ( jHodsMsOsdO dHjdsd¥dsoyd O «
Isd§ duded d3 delisGededDtddzgtlS d i3 Mz yO " j o d BO otsg di O Rl 'ij ‘O = ex
Zdyk B@iMmsO j twjiHO HjMmjlddyg BddkzlsO, HBE j LO HJl
Bjtej® O SH § Ot MOETNGIEOVIIE sdzdS & H OdzO

SOHO " j wJy B8 dqLeBttk ftedS dzOHdtSEG HJlsj SIststcO® L O HOIE
HdlsjgSyd jJ. sOB hists " j L dzOts, jWdSOMmMdesMmls HjlsjSIsts
d Btes' O Wsltsdd ¢t'd Mk Hth dd H R HHEzEsS lordg@z) 1CELaddel
M iSO, sdes ] CtlO<j hbss " jJ JiWdeOmdesfmils HjlsjCyd
COoOwOCIsjtedmMisdC O cOBO MfjCltetsd stcO, fO d MoOCHE Ht
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ftci HMIsOa > O i3 ol MY sMse dsd@)isa{OBQ st Slstsde® Bi1dd EO H o jsdzd!
drn ftcdCO)j SO HOO BHoatt j 2O WlsfdsO. [ ®AVHEN jIsmC O
(Ful Width at Half Maximum)¢ s° © ftej HMisOea?> O hdteddze Wslssf dC O ©Hic,
“deteoj BOCMIBOdzdr &dke¢ EEWHHKIBON) o4 <0 " j Jjdzjtecjlst
HiljSktste®, Isj “J MbtcO MftsmsBOd HO Bt? j figd®d gakz yd H
49° ] ftdSOLOdO ©OLEZJSO dLdBj' ' B MfjClOtcd® dMmlssec d&OIs ]
ded MC o jilsthjte) tTWE BOYAPIF) 1 jIsj SIststed dedMmSy d Mmeju®j |
COts hists Mk Ists fyd dzs d dz@ gafts dfdo S N aff( sSTdek) 1 te tscp dzafi dztf BE  Cd
CstedMmisdisd & bjttijdhidd Ehdteddkd ¢0O0¢t Bd MJ dHJj d
HiGlgsoOdzs ftedmkMmlsets dezC dzj Otedetse dOIs§ ted ° O dzO, Odzd L
OdzOdzdL & Ststedmlsy My dME?Eydets cORBO M jCltesdj Isted o
vtej BO dzOc zOMdlsd HO f jteW stedgOded Istej dzkz Is ditslzd RO “HIRGHets j H
HiljSktste® dedfmkz dzO0O LOHBot? OO0 E<jd3 dzdotskz LO {§siste]
EC?EZyk " j dftc. tSHtj' doa0O° | dqLbtsfmMitse MOMIsOes O dzkz ¢ dzj
sy Mmetenj CttedMmlsy dME? kydets P Oe WhMGUHEsgBY. Cs° d M =
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vdzd 9Duf jCUEOG d j Mdd B jdz Na(Tl)!l HjljClttesd dad
dded  5d3) d HPGe HjljChtttd [HIYE6Ea2018.j L sdzyd  j |

v MzEyo ' &2 COHO Bddts S d CSBOH LOfdj‘ jdse &OIsj tcd
di3f dzj @3 dz2sdtc O & My HOo O IsdfO dzOBttOIlststcd siEYHds J ¢ @dgOn
tcOL dzd ydIls O Hsjdifjc& IsHFBE. 1 ted dB3j 6O tOHd, dL HEOBfRhYd UnEhld
Pu, MmMbOtttsMmls Pu M HE]' &'k f@t<kz Hik]jSCktsttd C¢t'd
keVitsots Mk  &zOdzOtcdzed Hjlsj Slssted §fdhnclEEME < sGCOOoe \z de
122 keV, Bzhni<d HO M EZdB®od¢ ojdaddej EigEsl d SBaOMNis
sHtcd ' o O | ftdd dezlsdr COLOCIjtedMisdC O dzz€ dzj Otedzd = 3
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dmfdlsde Oded &Ojted Oz Mj &sck Hssdlsd dL odhjc jdajt
CjLidEyd O HikjSEBEPY ETOR@GENO] sEO0fBdzlsts. dlsseO0,

jdzj bejsMCE S tsqzidaj 'l i< dzk e BB ZOMBE* &t <zBBHB j W JS Ofd
jdjtwed OBO, ki MfjClkted MO odhdd Jjditted O®RBO (todC|
OHj CoOlaigd] LD Qdp O° fsedjd Mj tjhOo0O HEBHOIA]E dj 6]
HikjCltste C5°d &0 L dzOkdes Bk jWJCAf@Emkk el ) o d fytOS t
ZOouyddz fd dBseck HBdISd ddtstedkOyd § U Jj LiPEsimd dUted mt
fedmkmlsets WdMdsddr (EsHEZSOLO. uvOCE' j, dL MyjClkeo
LS MCd MOMOs § dkzlstsdd @O, HtBd jd dL MfjSkto

SHEBSOOBO E<j& HjbjChtt® LO CtdSlsjhdistakiehsj tzpy
jWdC Oomdesfmls PTWEG,Gha Z016d * j

10 Ibteydhlskz § smis'iBoagenafgy sPE BB ¢ d JBO 2 LOHBY?
CjLskzyd & & SskBddOyd d MO toj ZOkdodts odmtsStd jWd
dsck Mi SCSttedmlsdlsd LO Bjtej i COCt ddMmStsjdajtedjIlsmCj |
ZOtOo dzs kL Htej ' jdzj € sl tcBroadengrgyHz IYf jsGlslg ez fif i toH tsHEcte®
£ edHkz EhIjHj tojfmMiztemMO, BEZHE<d H® dift iy d2jdeg@ Isdfffcdiz fi
2z C dzj Odedr d Htekzedr ©WOHdSOCIsdodzdr BOjted OO, Odzd
fsfsd<d MO HjljChstddkO Ct°d Mk sf EHHMIGEE00Hd L O H

zts i kdyuj LOMIdl] HjHi GEEBBO Bd6akd dd Ok thdtsts j d
CstedMisd dBBs SSOCMd Odzdzd HjlsjSltste St5°d B3O HEsBtel U
dL SB¢6 YyJjddds HO dqLokyj i3t ddaW stedsOyYyd "§ oJjL0Odzj LO (
sH ddzsj e MOdigz@®Ots G sPdelsj dzl® YOS d ftedtesHdzd Wisde d3tsy d
VEBdZdis CttedMisddits § ZOdzOtedzd HJjIsjClstste L O tSHE] ' o O° j§
fdCtso0 k dadMmStsjdejtecjlbMSts’ ©BdkOMsd Mk L dzOIsjdis] .0 j <,
vV s drklsts® dJddeMlsOdzyd L O"NIsdIlsO HjIsjClststeO® ded J dzj sfn
Bselz<dzsls L O IsHTWG G£2,2016] § sy J ? dzO

14 dzj 6 Odzd@MEzts .6 dzffrs HiWdddyd d [J' kzdOtkskdac (A j dyd " j
dzlz € dzj Otc dzts W tste § difLta]jwiSids OG dz@dz@fdiPayij L OF dzd ¢ J detse  d dzj 6 O dzdats
Hicketse WOHdBSOCIkdo dzgse BOIsjted OzO d Medr o jL Odedn
OtedBlzyd . lttsyjifmM O0dOddJL ] foyd®ji MO COljestedL Oyd
d ibPedOzO ftejls® O, M YicO HEOLd HjLO?dd 0 Odz
dzj Ho sMdzd Mdzj des tSHicJ HJ ZO JtodiesHO tWOHdEsOCIsde dese d/  dz
M j Ctesdgj Isted " © ddBZ3O Heot OCkE Ekdtsclk. jtd 50d dsds S\,
fciHMISO? O 9RO CStedmMisOdz OdkzOIs L O BwLEZz Isjtj dh¢k
cOHds0OCIsdodzatse ddzd dzz€C dzj Otedese dB@OIsj tcd *  OdzO. v § tsyd Isd
otej &3j deMCd ¢ JjtedtsH dHJ dzlsd WMeBO jindd@IO] tax] *“Ojdr twfo tsfigds jdtLdigjls
[ekets, LO Mo jsBEZRoObdd £ SO0LOCkjtedLOyd & ®KOL,jtd
dzj Hj MistczCIsdodzk OdzOzdIsduysSk bjrdzdtk E &OBttOltsted d.
fMisd §jdtsds sOydzsmisd M@ @3@Is g tctf s © iz tHf judpdS’ dfdzdsts d3 | dalaelj drj ¢
RO j e OB distsOdglr s ddzd § dzklstsdzd g, SCtedfisj<d ¢ ORO
d EkESEkEfdk C(tdodyddkz diz¢dj ottdse &OIsjted OdzO, ftedmkzfm
RO jtod OkzO MEMks tof YWiddrtsdzdrn HsHEZS OO, 1 O0LO®R] Istsd
CoOdzsdW¥ S 50 Odzd fBs<k ¢ ORO uidsj CAAENARGSVRAE. j, §tdS oL
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424 VL BENYALOCIjtdMisdCj d BcwOddyjs O

SOt hbts “j oj< HjWdddmOods, cORO i j<ussk)sad G
fteddsj dzdlsd O h detsS w©wOMitsd L sOSO oL &duydlsda S tdzW
seqdudes MsOo? 0 k& &0 OdOkdLE bk dLosdsd MsOTE (COCE
ftojlsntsHdey rddBBd MEJ d WdOdsyeid Q&Y tgj ozfL tsisuslyf @€ g Ists+
SHE]' doOlsd dzgjL Oodfdes ©SH BBEIJSO, 5Sjdd MCse MOMkOs
bfsktejBlk w©jWjtjdsdd: &Okjtd OkO. w0 Hekd] Mstod
COHqedEC dzdH O fodMizlsdd § ek e lseEd wBE gy Okldabs zs ¢ 50
HsBd O ) SqdrRtej OCkdodsmsMmisd, o jcdk@jkjCBEEdd dj BfEds
bYslktejBO tjWjtejddsdedr &Ojted OO d OIS tzaPiy dfipdiafF dzj
d/ ddzd MmJj &dJlgf-daads MY ted A3 dels Odzdzd teOH o j IsjLd, B
oL dzdudlsdn cjtdkilted 0 ELBBCO d °jeésoj &Oltedyj dzO
bLsteC O, €' dSe<jls db Hij BsaOk PRNGAOE29%4] dz

U OB JAZQP OKROMY jClstetsdsj lsted  MSd § OwOdjsted toj dzj o Odzls dz

[ITWG_G®©v,2014.

] OOk s Ots s s Bj dzls Ots

lticdmkzMmMlso s "sE POz LV EOLE & dz2O ftkmizmlseots Mmlis
gqdzlsj 6t OC yd -  J Odz¥ 0 ®BOLjtd O0dzO ¢t°d Mk BJddd
dzj iz Is tc ts dzO dzz ¢ dzj Otedzd dOIs§ ted ™ Odz
dlsOtetsfils U lejtfstezykz § Md LOhIsdlsO |
dlsOtesmls Pu -

RLBfMEO L ORISR *PUcvec dzOodesd3 BJjL fsisted B ( dadf
E EtcOded " EddME sy L st dzj tecd” §)

RLssfMCO L OFfRuz Py vedzOo desds BjL fYtslstecjBj L O

2Py, 2Py 2gAm 2 f dziz Is ts dadf S .
bl 8¢ I (dedm&d ddajecd’ d)

4 OH 65O 2y ECOLE @O fedmkz
ZteOdzd © &z B3O

VLEEf Oz MOHEBYO" Pu -
ltodzfiflsots WdMmMdsdedr § vEOLE jJ dz2O ftojlsntsHdzs tSLt

| ©fls © q OCIkdodaty fte. CBOjtd Odd bk tcOH
COHdsOCIsdoddr O] tkOfwOod ddzd S tdlsOdsd dzOyd
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VU MsOdH OtHdzs GO, B CORPHIF]sRsG) @] NHS oD

Odzd fMmj ®Rste® kO] &0 bz HO bStddSt Mk Hddj dLd  j |
ojdzdSy ckfMmsdds ELtKEO) HBERZOLd ftojoOmMatsHdts dL f§totc!
E Isdd3 MdzERi@&'jfaddz®O,dzj HtsBd O3t dzed ¢ OCoj ddaW stedzOyd |
®iflskz <j Bdld dLdjMjkO d&jcO tH Mot MO0 O kL OSC
B@BOIjted” OdzO) C¢t°d d@seckz dqd&3OIsd dzj ¢ Olsd §INE_EEwdoqdd - dzO0 ¢

1T ¢CIsdo desmbtf d s®ELOEZdL d L stOCO yd 0 “J OCIsdo desfyls
Btelsotse otcj BB dzZO HjIsjSClststcO® (otej ddd Ct5° § ‘4 I Blsts,
ttcOLHOots "  d HO9O ddzd odhj cORBO WtsltsdzO Cts' ' ts° d ftedfm
Bsyd dL ojjhdd) df &oH ©° j desisd LSO tSH HJjlsy SIststcO
JdLdsi ' &2 “da, fttdBic0o0O Mi HI?Ji‘E (yYyifo'k ELBEO

T ltedimikmlsots Htckedr ©WOHQUHOGIs FoOdRR Lds@lyjitsd” QD J M3
CGOBRO L teOyjmMasingz L jsWck ©OI§) .

T 10hIsdlsO izk Giwd&dPS s MJ dL B ' £ kL stet€jOo dd § H JL Ojh sl tistel
BOLjtcd OzOM( sdztco ©®) HBBId O M BettOdzdyj dz sBdd3 d
sOCodd3 EMmMdzse d BBO.

T 14dEbtesdzmC Bu Lfe@s &gMmisd Pu MmMj yj MistsB & sdzi st tsdzig ©d 3
JdatstcO®. 1 JEzbsdzNits LOYd 'y fiHMsO? O S OMdzetsmls

1. t OHdtsdzsh € R OLOKGH LO cOBO M jSClstetsdzj Isted MlisJ

2. ABdemCd Stsdelsddzzkzdz & M jSlstelz ¢8°d fwlsduyjy GH
dzj lstesdzO MO CtedMmMlsOdzsdy HI IS CIsstcO® MBI SO E Jo
d dzmls OdzyOBO ¢ OH O -Bfej ddzjo islictets dffic@Gp JPusH Pu 9o j tsd3
dLGEOtO® OPH K B 0dads ISaffifiC@® k j t2fiLloyd,d@yton,1978,
Jdzls jteW jtejdeyd 4 kE M jSCltck d@sckz B dIsdqOdajL HcOL d3]
BOIsjtcd OREZGRAMEA s ZHEZ £ dseck<dtshmisd HO IsOydzs t
L steC O.

3. Isekz<O ©OHd OydtddddisOdzo] - © HPGe

T 4OHtY O dzlz € dzj Otddetss BAPO Islz] tetgts WakzOsH dz] Ssdzd S5 MO
ftoiydL Odz toj L z2dzlsOls L slssf M S5 HOMfBEOEPORAZSE S BOW s

T RLBBYMSEd MEMHEBETHU MOMISOs Pu Ek EBELttkz M vy
d i3 dzj B dels de O j d3 S5 tyg@® Oddet] O fy s HOGEAGIE <[t fipIsdz dzC
MOMIsOes dL cOBO M JjClstcO®.  OL dzeffudils df ilstisHEts L ds HIOO  dsC
HtezeOyd jJ tjLiEzdazlsOls] SCstedMmisj<d dmisd MmfjClsOte. 1 &
d B30 ¢ tso d"Pdz KH jftsdzj H d Y &P ufndf@& ] jHdg IsOw'f OO LN j B Odz
fsdgj dzzlsy CtsHtsoj, KOSt HOOBYHG OISO YOZRIMY jditsd* (
stej BO BELJ®BOId MO BGHtj' jdtsdd HSLR tftejL O. s tsd
ddzhsodzyodzO Ektsfhilsj dz2i EMfjea0O " E HO HBBd k tjL kzdzlk
ddzd fted Ooj fYctejhdzj otcjH&zOWSH] Oddsg ttdgOgdzla U@ §
Bd MJ HBddzd WLjftjL jdisOlsdoaded twjL EzdzlsOIsd, dzj ¢ OH
OCodLrdyd " J MfjSlktcO®, HBEC " j tdgj COH flstcjBdats f to

LViskejBO CORO MY jCltdjlsted j Lk dgas dfjro tejdats Hidissdnjlsodi, d 1
o' dds BOdO, hists <j &O HO? | Bdlsd dzOo j Hj dats.

1 toj HdztsMIs ( :
T 1teLd tjLEdlsOd oj< dO Isjtcj dzlz.
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1 1 stelsOB d dzdzs fyls .
1 1 sbfbds dajHjMmstekzSlksdo dzO0 &jstsHO, uyddj weOHdYydsdO
1 f ddzed 5Odzded ddzd dedS OCod EOEBOT  odHk §dytj di

| Odzj :

1 10 cOBO MfjShktesdkjlstej odmsS) ©jLsdkEyd j (olst] s
oL s 5 ds.

1 ufdjH BCwOddyj$ O do Isjtjdz (kckOodsd Mk It €t
Cdestetsdzy EMdkses O @Bjtejs O d&O -tzd gk 0P M@l O H OF § jzts d
kOydesfls Isjtej dzmCdn sjtejs O °j L dOlsds dedy O BH o
Efdzse d &O.

1 40 HwoH,jteddd COBOMYjClesd)btd MSdd HjlkiSlstehnsd
MfjCltcd dLeokz<d ddEPueBOoyd " gd sipjzrnfeicBiglEddid dL &
Ctej OYd j. 10 PwPus’ dsodshk@ Lo im0 Hjjds( ¢ j dzj g el
Lt MS e MOMsOo O f dzizls ts dzd 2R uBOf 5 |5 fslB dits Odzjj H Jf g5 ty iz
BjssHOBO &sck<j *j OSs (o, Ldgedgsdads'jj d3isO dfpO  fiythj] k< Idste
CsqdzydH jdelsdedds dBjtej  qiO d COdsted & sted * 5 as.

T 16jydL desflls cOBO M jShkiesdjsted j “j LdOyo' ds &O

oL zdudlsds &OMjddr MijChktodjsttd O ( MlsOdm OH dzO
CSH COBO W L sejsdgdlsd o j<0) .

43 utsWilso jteMSd §OCjlsd LO O&Od]L &

10 fsbtjej OCodLdyd j d dzOCdzOHdzj OdzOdzdLj ftedSh
COHdsOClsdoddr BOljted OO Cswdh<jdz 'j dzj CsdSts MW
GENIE ®0G0jfg, Cts'd 'j Csedh<jd LO fdSkf? 0o @y
s j deL dls j 5O COBO dddd  © ©H ddzsjtej MO b dAngeods My j Sk
EFFTRANE yd° & COdS kdzOyd O Gd cilp OOy d < dok @iddyedits
WdSOMmds Gk zoyd sded GEMNES SEiS d jf OGjclsfh <jdz L O &sHj dzt
d Stejqeo’ j mMdBzddeOddr % kdSyd REFRAMGS® kdtigls § sesjsls zC
fj ek Hosedlsd BOMjdd bHjdd SHE] ' jskd] SEEEOSEO . H
fsdij dzelsdn fMWlse jtc® Sttedh<jdd Mk d Hteked Odd b s
C Ofpded * § .
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4.3.1 GenieTM 2000 Basic Spectroscopy Software

Genié™ 2000 Basic Spectroscopy Softwafetc j H MIs©o?> © Mo jtsBlkr o Olsdets tsCtolzy
OCodrdyd k2, fttdSOLdo0O ] d OdzOdzdL bk Y BHOLOCO Ek B GO
LO ojdzd¢ Btets® djLOeadMmdedr HJilk]SCIlBte®, yYyddidi MJ § sMmlis
GeniéM 2000 W sofjdssdg MOMIsOokz dBsyjy HO fsMinHkz  j t©OL dzdydl
sBJLBJ' ' 'k Bsclz<dzsifddzOpiddesyS HitajC sy Grdg fdstcy @ Is @ds@,dzH
M JClstcOdzdzy OdzOdzdL j YSHEBGOLERI 9O StjdteO® i MfJjydw dy
f ° JOnydizt - fdetse O Fdzzls Ot Bz dzlsdf dzj Is O, Csted Cyd ' J t
dHjdzlsdWdeoyd & d SCo0dzdsdWdsOydmgrn @@H s dzlf Ssalzj wlad sd & |
Interactive Peak Fif sfng MOMIsts’ dO dHsGB @ tzO dzd E s dpUt€ Bt REdz. [0 O
fOCilblBEO MotemMdmMrtsHOd E JddhMsOdyOdOG ¢ O0HOB tHE fioers Q
M s NMBAREOZdL Jtc© Mddec dzj s fdStseaj SOt dajfgdp &s° d
sMisOCO M jCltc®. vOSCt' j, SCttedhdds dd dagO O fhd 6 bz @1 ¢k
d dzd BBz dzlsChrtindz jABAlysis Software ] f OC jls S°d MOHtyd MSkY dzOf
0dzOdzdL & cOBO MY j ¢ Ist@nie? 800 wts8 Gdp@inin®ehpesagdsscz<kz J
dqdzls j cOSIsdodze odL Ej dzdL Oyd £ d HiWdddyd & §fO0ttOdj lsOts
Mdzd 440" § JtedSOLOdzts Ctstedmdzed ysé s ¢ telzGprie™ 2000y Basici H d dzd
Spectroscopy Softwafe]Genie2016 GenieOM,200§.

LowEnery  ®  Measured

500 1000 1500 2000
Energy [keV)

Datasource; CAGENIEZKACAMFILES Mived Gamma Standard.cnf
In[ENf] =-4081e+001 +1481e+001NE) - 1.435e+000n(EN"2

In[EA) =-1.0002+002 + 6.0312+0017n(E) - 1.403e+001(E"2 +1.422e+000°NE) "3
- 5.376e- D02"IN[E) 4

L Opbors Delssource fdp

&) huaa:: = o5

ounts:

Next |

NUCLIDE INF
{ Wi

ddzd 4. s sted mded Yy s € oz ) § ‘Geniez2fydd IB&Sic Sppdsdsdopy Saft®are
[Genie2016 GenieOM, 2004.
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432 EFFTRAN fmsWlse j o

EFFTRAN * j 0l j ®80lsdysSd MmsWise jtemMSd ¢ tH FAtan7dd Sits  &Of d f
¥ &z dz€ yd ts dzdWindowsdf@izO Is ¥ tste i3  ff tMigriospftEkpll L tisds i dzd S 56 € tolz
4§ tsls tc Visud @asic Applicatio(VBA) d3tsH Odzd Is j s©, EkE Mmeternk tOykzdzO® ©
Hilsj CEFFTRANM Y Ise j ts O & PH fif s OC Is d y dzkz "Istfet®diaig )V dzlic O 3 jj i 1€ @ fr) dzts
COBOMY j Sbtetsdzj Isted  d L O EZLBtS] yddzddHtdydzj ¢Jjsd3jlstec
Cts" ] dqdSstefstcdtcO' & o jtotsoOlsdes<j L O tOL ddJudlsy ddzlsj te
OL dzdydlsy KjHd Edj ¢OBsKist® Ml ehfdptr@O ud BB W] SjsH
"dHdMbOo dod &Y Od OH J C o Olsdzz & ©L ddzis d OB 2% @ @D iy @z¢f -
M 4 C.ls OftejOr Odzd L Odf tHotgO L dgidig ®RPE dz0 o As'sils OfliddeE @ B ddsinstfO L ©

SH ddzls§ @dzi)®tc Poydiis@igsiazsy J ¢ J o3 1SS fitstH jdzdsdnd®)j dzls O dzdzts d3 5 H dats fi) «
Full Energy Peak EfficiencfFEPE)C O dzd B ts Oy d s dzts ¢ {f laa j sitafe@g s IS IdHeaf L OO M I
ks HO fMj ©OUEZMOS j B BHAEEMO ¥ dC¢ Ofdss fijldsdd y ds fplsiddzddSsy
dzj MOo tch jdesisd E MOBSdE BsHjdZE HjlsjSlsttd®, yddii M 6
d E MdskzoOoOyd O30 COHO tH MttOdzj ftoesdLots' OYO HJls|
dzj sflsdd3dL s Odzd § sHOY(. 1 sdzd " s 09 @OJ J tzd € OMdzs M Idde j Mg
ddzs j cO¢yd " J] ccORBO d tjdHej dZMSdr L©OCO0 ¢t°d Mj &se
®BJ IstSHO IstcOdz¥ jdte @zQ) W <L @fffckts fitskegish) jted@fS W de'O< § © U J BEPe s O
EFFTRANfisY¥ so j 6 KOS ' j ¢ @Ol jddsipttejdgsypss dzd = W OC sstc® L O
MEedcOOj sHtej ' jdzd ©WOHdBdzES dzd i j k| Ctsscds o @ jadSfiplpdsCissds diz L
tcOYkzded'daxr W OCIktsteO, L Hftcd-d50O BB, -thif DS Btc | dzH-& jHdaf) GzigC |
CsddzydHY @yt dzj d L tc Qupedp@as@id@3 W OC Iststcd 3O L O Rdsts)>gy dfmjj dzls
dzj sts ffsotch ddzgi tBEZR O O< | .BFFTRABBGHRsY EsBrrsGOEHSELZJL tc
WOC k0 Shdtselz ¢jtdjlsted j kLGSO, KBsHfjdad 2005 Isj S st
Vidmar et al.201Q Stanic et al2019 Vr aar etlal.2021]. 1 ted S OL CtstedMmded ys sce ¢t
EFFTRANf Y s o | tc O fizdi@dsld 4.1 dzO

sOCt Bd JLELOULdZOG dzj 5L dz@isjlsj @ 80N GG PDis
Md o' 0 O { tdyQ Mdt ittt od jM] M ZOHE MO ° jH O

(4.2

U dZO8 jH s  jHAOUddzed, W isBHEE fji dI§ ©OGasdgjs dj WS G dat
M@ 1 Jjdduyddy S$t°j ddimkz ddHj ¢ MdteOda misi disth)jj Md d3@20L da
ref " sHdetsj] dO S jtd3jlsted & MO MlsOdzH OtcHdzddz toj W j toj dals
jWdecomdshisd Mz MOyl kOl ERFERABE . HOWE ¥ 1§ st & gz dS
CjWitjddte JLotEO BstO &z BdBElsEY dg toj tzgf S ORGERE oz
otsdzz 3 detsL dese  dL @ st O. 1 Otc O o dzts, HO Bd ftd3j delzlsj Is ts
dzj s OtsHdzs ) CtdhlstezdMOlsd HjlO? Odz BsHjdkz HjljSststs
COBOMY j Ctesd3j Isted " MC dr &3 tgJ * Pt ysh dztsj ool tgjO U & P ezB® ) I
HiljSyd J LO wOLddydl] ejtdjlsted  j dLotte®, &BOLtedyj
J W d¢ 0oMmeRefdndeck Efticiency Cunie REC) . steOy jd20 JWdSOMmdesmis Mmd

-63-



(selt RV L 0 REWImMLRST
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Jata  Raview  View

Efficiency Transfer Efficiency
Standard Sample
E[keV]  Efficiency Uncertainty Efficiency Uncertainty from Standard o Semple
%] (2]
1400 | 8.035E03 | 30 | 6967E-03 [ 3.1
5500 | LAGTE-02 | 30 | LOME-02 | 3.1 ‘
8000 | 1.6SIE02 | 30 | 14026-02 | 31
100.00 1.836E-02 30 : 1.553E-02 ‘ 31
12000 | 1.844E-02 | 3.0 | 1.558E-02 | 3.1 . )
150.00 | 1.699E-02 | 30 | 1435602 | 31 Load Store Store I
20000 | 1377E-02 | 30 | L166E-02 | 3.1
30000 | 9.263E-03 | 30 | 7876E-03 | 31 Standard Efficiency Standard Efficiency Sample Efficiency
40000 | 7.053E-03 | 3.0 | 6OITE-03 | 3.1

500.00 5.720E-03 3o 4.892E-03 31
600.00 | 4.819E-03 3.0 4.130E-03 3

31
800.00 | 3.678E-03 30 3.163E-03 31
1000.00 2.982E-03 3o 2.5T0E-03 31 i e
125000 | 2.417E-03 30 | 2.088E-03 | 31
1500.00 2.033E-03 3o | 1.760E-03 | 3.1 £
1750.00 1.757E-03 30 | 1.523E-03 | 31 £

200 400 600 800 1000 1200 1400 1600 1BOD 2000
E [keV]

Welcome | Detector | Source  Efficiency
1
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HilsjSste®, stB bdzzlsOtc St O L OHO | BB -ftOHOftds | Iotyf Mds B P H
HSHOIsdzj f OtcOd3j stej C Ot hists Mk ftoj ydqr desmls € O0dz€ £ dzOyd *
d Is FAngle 42019

23 ANGLE 4 ¥ =HECE X
File  Detector  Container | Geometry | Source dditional s G i Help
3 i {
O 7 = @ F = ¥ ©
1 New Edit Rename Geometry  Geametry Import Expart Delete
1 geometry  geometry  geometry info preview geometry  geometry geometry
Modify Info External data Delete
Detector Container
@ 47-TH32155A M Marinelii 5306-E
ORTEC 47-TN321554 detector
M 54-P51326A | Petri dish
54-P51326A well detector Petri dish for filter sources
@ 6C2020 = Soil container
2 A Canberrals GC2020 detector S Container for soi sources "'\3
@ GEM40P4-76V | TA 250 ml vial
ORTEC's GEM40P4-76Y detector 250 m plastic vial
g Nal 3x3 | Tuna can
= Canberra 05L £52, madel 802 Tuna can
H_H Well-new-k0 I8 | V1 vial (25 ml)
25 ml vial for Nal detector
Geometry
Ho holder Source
Source height: 32 mm
m 76 mm protective cap Source radius: 31.75 mm ‘~\
L4 Protective cap for ORTEC's 76 mm detector Source volume: 101.341 ml 5
1 ial:
4 ﬂ Nal 3x3 Source material: water
Geometry for 3x3 Nal detector
m Petri holder Additional parameters
Two stacked Petri dist
o stacked Petri dishes Energies: BR-82
m Point Source @ 10 cm Reference efficiency curve: SRS 80327-11 2001 @ 30 cm \._\
Point Source at 10 cm Calculation predision: o o — | 35 6
Mi[] Wel kL1 - Units: Milimeters

u Y @.16.s o d f)dzd Y S & ANGLESE § 9 JANGER, 201B
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Density > Jr 10.96 v
-
Material Definiton
Compound Fraction
No. (i.e., H2804, NaCl) by weight [%0]
A newly defined material becomes available in the drop-down menus
1 uo2 100.00% of any EFFTRAN module after restarting that module
2
3 A compund is specified by a simple chemical formula, i.e., H2504 or NaCl.
4 (Note the lowercase "a" in Na.)
5
6 If the sum of the fractions by weight is not 100%, normalization is automatically
7 taken care of.
8
9 To create a composite absorber out of two materials with thicknesses d1 and d2
10 and densities r1 and 12, a new material should be defined with the fractions by weight
of the two original materials being d1*r] and d2*r2, respectively. The thickness
. of the new absorber should then be given as d1+d2 in the detector specifications.
Density [g/ccm] 10.960 © P
]
Save
material data file
Load
material data file M
Welcome | Material ® 4 »
Ready i) = 1 + 85%

o dzd 5DV L &Y O dzj oftsd dBlajdzd 6 0 dz0 1 st SO CERETEL| @Y § ©0
(HJ Mdets)

-78-



ftrvfvoduvr Ruut OIrgRIGYRA ¢ t &1 R ROV SRYW L t RMO [ ¢

VL Ste@®C jJABAtej W j toj dzelsdzd BOIsj tod * Baz,dzQNEHRGiZH) [RGERH 1987, sz H O
Ef OCso Odz0 Ek & stodL S0EEORAsAs] Ukts fiiHs jO® Pzl {f ted LERHIL O 2 7
odMmddagm 48 Co0doOdzj dzlsdz®@C @) s fEIsted @ d BzrR8man® tod {f oted) e S O1 &4
mmltej d58j OCoadL dyd 4s.MHJX 5 &€ tsjopfQligizf ded GzH O L jIs “ j
ftejMiS rAtkdLdsOdkds §shmsOs? jdj sBsuydyi, O odmddo
ntsted L tsdzls O dzdiE@d dadts edBiHA J W jsbdjdadizdh Otc d ZO " & vd fiplecO gL QF toj o
sO¢C ' | ktlsGldsioOfedadtizdzintcd ydzzf € j sdzad 5@ 6 & mm d odmddzai 6
PLs©BSO )] bELPL@L BPB | dzt dg230t0H)lgafmiize st @ 8@ toj ¥ j toj dzls dzt
otej HdatsMls L O € tsdzyj @l tot®n d( &. DLA]p Wiasliadsk @ 9 kzg ds@pa y j
ftcdC OL Odzts * jOMdp@REz edzdE PzO5 f SMis o C O dRPBEANTA O g8 QL Pde® [
O Mdzdyd 5.5 E ejsikjlsted d mAtstedL sdzlsOdzdetse o d OdzO, ftsH
Gij®ilsted” d.

VLBEPC G BBOH ) lsOdzdzj , ¢ § Stog § daB oy kg s¢ BsksssO® MO o
22Th, 0 j HdzOU  dgjlemm Hzg f dzqeteg  j B dzd SBym sk § 6 d @z dzb 2
Cit®kjstedzOj BOSES OHO BEHj 36k de @igyndzic J 2sdzdsg © 0T D d L d v
MY jCht8@s0j¥jClsdo d®OWjfezttzdz® ‘' j kL jkO COB foteh ddz
f dzsyy, M SOkt &@OOdmset s dq@osd yO kL tdekty ' jj (2R g ),
¢ 2z fls d dzgem¥lz f8EVSAts oHDRES tslzizls | © dzj 6 MO H jnen?[ of dbtsddzgLiBOas tetsfHy j 1
fedCOLOds ‘' j &0 madyd 5.7, HEC °j GEANTLZ]ISORO0 o Gda® (
z0 Mmdzdyd 5. 8.

CH Insert Pagelayout Formulas Data Review View @ Tell me what you want to do. Sign in ,Q,_Share

Density fr 1.234

Material Definiton

Compound Fraction
No. (ie.. H2S04,NaCl) by weight [%]
A newly defined m e drop-dov
1 o] 47.00% of any EFFTRAN 1 ule
2 Si 35.00%
3 Al 8.00% A compund is 1 formula, i.e.. H2804 or NaCl,
4 Fe 3.90% (Note the low
5 C 2.10%
6 Ca 1.40% If the sum of the fractions by weight is not 100%, normalization is antomatically
K 1.30% taken care of.
8 Na 0.60"
9 Mg 0.60 To create a composite absorber out of rtwo materials with thicknesses d1 and d2
10 N 0.10% and densities r1 and r2, a new material should be defined with the fractions by weight

of the two original materials being d1*rl and d2*r2, respectively. The thickness

Density [¢/cem)] 1234 of the new absorber should then be given as d1+d2 in the detector specifications
Save

material data file

Load

material data file
Welcome | Material

Ready ] - 1 + 8

4 dzd GO j W d dzd MO jiz LAsALEEFRERANM G W s o | ok

0 High DensityPolyEthylenei ff s dzd j Is d dzj¢dz frplscfiolzg € J
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oz 504 d Bz dZd L Odz0 § Mk O 5 WES ERUSB G @ad0 d - sisd s oz ©kzdzs ¢
GEANT4Y OC j Is O

4 izd 5.0u d B Zd L Odz0 § &)k O 5 GWAS BPOdEHED WHAEE " « §f Edgits td Ydzs
5C o GBANTAY OC j Is O
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Insert Pagelayout Formulas Data Review Vi Q Tell me what you want to d Signin & Share

= - g‘“’ Insert =~ >~ A
=€  Number M ': s ,‘ - Y
= % Bpeete - [ 2
B2 05 9 | €0 00 Conditional Formatas Cell 1o . _ Sort & Find &
Formatting ~ Table~ Styles ~ [l Format —  Filter ~ Select ~
Clipboard = Font = Alignment = Number = Styles Cells Editing ~
Density A S 7.874 v
-
Material Definiton
Compound Fraction
No. (i.e.. H2SO4, NaCl) by weight [%]
A newly defined material becomes available in the drop-down menus
1 Fe 100.00% of any EFFTRAN module after restarting that module.
5
3 A compund is specified by a simple chemical formula, i.e., H2804 or NaCl.
4 (Note the lowercase "a" in Na.)
5
6 1f the sum of the fractions by weight is not 100%, normalization is automatically
7 taken care of.
8
9 To create a composite absorber out of two materials with thicknesses d1 and d2
10 and densities 1 and 12, a new material should be defined with the fractions by weight
of the two original materials being d1*r1 and d2*12, respectively. The thickness
- of the new absorber should then be given as d1+d2 in the detector specifications.
Density [g/ccm] 7.874 © P
]
Save
material data file
Load
material data file -
Welcome | Material (©)] 4 »
Ready H m - 1 + 85%

4 dzd 01 j W d dzd ) OF jiz LdsQAEEBFRERANT G W s | to bz

o dzd 5.0V L B oL H | d20 § dzENgdhzd(tsd@jdaos )i st SO CEPNTEE| 6 ¢ O
§fOC§BOMdzs)
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l tste OyYlz dz

sOts hlsts " jJ dgO@o jHjdes k2 ERZotsHdzddz toj yj dzd yoso totsc ff ts
¢ sted MEFFTRANGANgle MsWiso jtoj, d fsbtsd Mz f§stej' jdj MO jW
GEANTAM Y so j M s8¢ § OS¢ jkO.

] s BOe0 Z<dfOROj <dddiged * © ©OL BOtcOdzdrn ©OHdBdES dzdH O
Cstej Cydtsded WOCItsted L O e tseddizileERANE @G Is dnjztdigdg O M@ B dzd
(" dHddedgpc © ] otePudHO] BO | W ¢ OfydztERASHANH Aniglg € yd * §
MW lse ptg tcdAfdle@ st Iso j 6O Ctsted tf M Oy (AxgRB)aidg i3 2 ¢ *AOY L “ §
WOCkktipie) tcOdzdzats B3O © tsH 8 %COIY OC takdfdlz ssd dxdfiz thzzay Pdzdg $ ts
LO HtsBd OF ¢ 5 dz&QddedBrte Ot [ L diistiicfClisgoR @ HP®ijl0 e dzd Hj s Mo
COBRBOMY § CsteEwRjEGE . MOS@BE sdz " Ists Mk M JSlsted dL d3j teg dad,
ftostcOyk dz0 e ¢ ig Wicdi CAsmEBEINIsd tco s, dZOSCBdz RBjtej * O ¥tsBtets H
MO L dOlsd OFIsdo dats hO< it d Lade "CEfifg ‘Mijjtc © iy §f dzjOHaPdZd L © OC Is
My ud¥ dudej ©OHJ OO firg e J d3jidgsCoRmEDB 5 O ¢ sjeda@ykdfz 5. 1

0 (5.1)
o0

sz ydes SOt hlsts | SHffRPHkEs@R YBcOE] @z4B B Hjlsj S L
SHE] ' jdj Jdzjtecd J tz jmysjt€ilsumilz @Eflisaefizndip ), O ¢ o Odzls dzd
SHdEMds o) tso Olds<l jBdhmd j % slHO&BJdSe @dsinls] &P®e d @ dzz ¢
flsOdzH OteH Iz, 2O SEEEHIWEI@NEOA dz§ St s} S yd* j dz0@ SsddzydH j dzls
HSEFFTRANISS L dBOs BH®edG@Bs dLOUzdOl] j% dCOomdshlsd
flsOdzH OteH dzd toj W jtoj delsdzd CBOIs | tgdW jOaly, Gz digy ¢ o C @) dztiidezi Is tc |
COL dzduydisy HiljSCltstej, ¢ J Bd3iHIgls|O? jdzilz LIS PP 8 ©F y J .
fls O dzHs@UEjH it 6] dzls dzts ¢, ERRTRAN & 4ngle dds ¥ |s a5t . s Oy dzOls d  dzj § &L
j¥dcomdsmlsd LO Bdds Ss' d djfsLdOd kL steOS.

SOt MisOdH Oteelzded BRE Y e Gtz &z Modds dBjtej O Ststedh < j dz
Bjsesdsh Ss¢ JdhsylszEe  dEOMEBES MOHEY d &jh Os ddzk
(*“TAm, 19%Cd, 13%Ce, 5'Co, ©Co, 3'Cs, 11350, %5Sr, 88y, 51Cr, Eu ) , C OS¢t Bd {(s®H&ds hdts
Jzls j teolO8B 659k eV. [od ©WOHdBMES ddHd Mk d &f O dzs d te O dzd
Hi S ZzOted MOded 3 J dzj d3j dzls Ot ded d3 gdy® M Is O &BXFIs (H JcWiafivisddipizids d9Q |
EfOStcoOdz £ Ctsdasj “dzajte yddzddzvtedudej cjs®jlsted  j, f.jy

[ @dnd EdzzlsOted AN B Y FREFTRAMGANgle L ttOyYykz dzOdzj dzj f tsL dzOIsj J W d¢C
SH ddsjtej MO, Ek Codtelz MjBdjBfded MEJ d@ibsH],
eV dSCOMBREM)Isd 1(© HAMBERRAGXR00 21 ftsd3j dzklsO© Ctedo O ° § dL t
Mmts ¥ Is o TawW&Curve 2D [TableCurve,20Z23 Pdzz s Otg CtsG O o ZOf tcOo ? j
dSmMyjtedd3dd dzlsOdzdzts HtsBd " jdzdm JWdECOMdesmisd Cts5° § Mz Mt

Uy lsOdgH OteH dzd toj % jtoj dzlsdzd kO jted Oz C5°d kO fjtelsd¥ dC so Odzk
Cs ' d fj dOkOLd bk Sjkkz COs  ‘Ofds HjW¥dddhod MOMsos d =&,
2560 fj BHBOHdE]d CttjCyd O das®d dzOfi®aj, O #sdeb fakt) ls d L tda®y
OClkdodzsflsd ' jHddzdR ©OHdGdES ZdHO O HOdz Bj Bj ¢ O.
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BOls j 6 GBSOZZREC: | cwOW d S d MikedQOLHOsE0 ‘dg0 Wk deS yd O Wdlsc
CjHdZ0Rd dd 5.

EdukacHocTt

=
O
o
o
O
d
o
~
A
[Sa]

bz GO jWitjdsdzO CtedoO | VWCANEEREZGHPEZAL L O Hjlsj Clstst

L g8 Q (5.2)
D W

Jtejrndesfisd §° jHEddE O O tc PRfEd Q@D 53789), b=-0.0051(21),

c=198(9)q d=-771(31) 4 O BO W by fi'MBE 0o ? O j % d ¢ O f datswif lés j i jinls OB 9 ¢f ‘dzd

Jzjttedi®e] ' j 2 MO ok Bfdted MEBR &BibssHd, L O Mdd
] % jlealgddz OIS j g Odz. 1 BSE bSEO j MdBzdOydsdd &jlstH

[ sdzlsy sOtedzs Md @z dzOyd * ©, ¢ to tsAgosthEIiRtNIT2003 fn d dzGizGyd 5idado
Motcrnk tojlftesHEZSCYd J BHLdOo O ¢ j tedzgOdzd * &z BfilsSOjdZdzdH Jfrdf . $C Idsttctaf
HilsjShtsteO Bk h dtetsS SJakovipdf dl.2089ddrmatfetca,2833dz0 GEANT 4 tdiRsc lz<
sfdfm JS¢MYfjteddid dzlsOdzdzj  sMlsOea ¢y HtijHMlsOo? jdaj MstekzClIs
SHtej ' Jdzds d&@BOIs ted  OdzO, d fwokQbgd oV, dLdaju d@ dzdi tdaizfry o
LO jHdzs MO yj dzsdz f smisOo € 53, Cdemlstezd MOdzed Mz o 53
ftesdLots' Oyo. V Battdl dMlstcOYdo O SCttdh<jdO " j o jtlL
HdlsiSyd 4 LO ©OL ddudbdr 6( ssteligzlisdedf dzig L dzd Yo j fadalastc © f sl
HjlsjSbttc® (dkzd¢j 5.3, 5.5, 5.6, 5.8). v ydq’k dLoets
E tsBLdtt Ikjrddyt¢y COttOCIjtedMmMisdS] HBBBJd jdai BH ftsd
f OtcOB Istedtf B Uz Wialzptal.,2014 . 1 © Mo OC k WaEdg@ dgodzj tgc | zj teld
dLtslstesf dzs L tHE] ' Jdte dqLotO. v MddBzdzOyd OO ° |
BOtedyd ELsOCO d dLottO. ABsfd¢ JWdsOmdesmls L O
WlstsdzO HjIsjSCIstso Odegdr  §H dW mBldassy X tdf day @dgfjfn QjdaFj~tc dVds'ls s dzC
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feddj jd MisOden Otor dzd j dzj S stes BOC dzj Is dzd MC®Y jik ORI AN ] 4
1000 nm LO ftjMmMjiC fwO<jsO d 990 eV LO jdzjtecjlsmsd

dSlsdodzsMls Mo OSCEBE BH bLBLOCO LOYEdROSO ‘j k& M &OHE

stslizB d dztso Odzgz d3j tedgz dzj e kztedesmls L O ftejlsnatsHdes HJ W ddzd
COHO W CEBiffdatips | cdhs< bz Enfsh SRUNYGCIOG Y AdQdke | shs<bk  fid
6j &zOoyd " j:
- (5.3)
00 1 1 C

G0 to] Hofyleaial i ¢ Litcdiis@ie Sty di'd C OfMdzsmisd b Ctde d zOyd  d
dzj Mdc oSk ¢ £ dOHss OC HEOdZBEREN DdH Otodzs e 6] ¥ | © jz@ls defs ¢
dzj Mdeztedzsh <k ko jiHgicHad SHE G Y ifjEdg dzH Otedets e toj W j toj dzls dats
ftotsdL o(@BSER) Shtsdgfdz oRj WstorOflzmW | O | & N Sjiteas@isd{c &z to dzts i Is
sHBEsMAC tedzsisd €t fidpiniz & dast] jok QfatedE® tgdzj fulAd iz @& das & ks

OdzO dzd LjddgjCagjd * j ded * j Htoj ZOL O 10% dzO dzdo sk 5o jtoj©

U GEANT4 1§ QS j Bled decPutie@EBf tedzj dzj Mdekztedzsimisd, kLjlko

fojHBY] 2O bk O] H im0 @z B Pejfdz@eej St j Mk kdzj
COLOClkjtedmisdyudzdn HdjdL g O HjlsjSkttw® (ftwjyddS d H
hEf? ddzj, GBS d Mdss sy kD § dugd i s8waz0 sl 560 J ©C
fesL 860 d SdmlsOkd) d 4 COwOCIk]twdmlsd CholSjced’ i ot
(e MO d ¢ fsdzls J 7 dxpladh ls dsdz@iztsdn ditsj i3 MSd MOMsOs, d tC
Of MsteB j6O) . 10 Boj o0kd OBdzj, ®GMdE Rj®k] MCsec MHOM
fesyjddlsd dzO 1% LO cjsdkjlsted £ StedmsOkd d ©OL BOS O
feL 860 d LOLGE dL&j' £ B thlksd ot Ml q af Ledgj
fd i3lz dzd tc O dzd ~ ode jdHLdEififdsiddzd B Z dzj s L Oyd ™ O, delsed Mmazs'™ J

Mz o0kdwOdd kb MdEzdOYd d, O Ikddkj ‘' J djmdekziedshls

Cdalsy  dzgj 80 ' j H B e G W djdzdifbisiz O yzdO LSOs dgfidzd € 5o Odzd
d2j OH jSCoOldes L dz00 OS] Sjdkd MSsE MO MOOP OdHse) dedh’ [etsks!
Hsfteddatsid o <ft5' d3j tedets’ dzj Md ¢ Nikadis 64 BIP014 1 totgipJs Yy j Isfju
fd dstg de@Kij ,te dz0  dzj Tygheta b izsdlst O Yk Z0s 0 ftj BO fMdzj Hj <B° * jH

) 16 (5.9

GHjG fittj HMIsO8? O ] &zOIsd o dzz  cvj )  &f HcdsdsEOmns dzlp o jtoHj darftplsc oz
dzj Mdcztedzsmisd M BEegOyH MpBGdss@dd” Q@ Ofdesmis ( FEPE) ,
f 5° j H dfigaodgias] tc © dzGEEANTALCHHJAc L © Mo O ¢ bu f jtejHtdiplsO ol , ©  HidgjSdzO Is
tsH fMis EAEBEs jtaijdzts s dL tcOYk zOE@r tc P daifafisdgzido@iviaeld PO dzd » H 56 C
founk [flsdROddd OB@iBE HKtts' d HO' j] HGgidgk@uEEms ¢ Lz
LOHBO 5 Q9 O I €yl A @B Bz <d O k@i HO §tsd&3j dzzlsO dzj d ¢t
E wOmitsdkz tH (o@iE@kizEd B%sSBLdtK dOo jHjds, ESEfdO
toj L k@zlsfoussyj S 2 j fj dz® 5 %.
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tjLkdlsOld d HdmMSkmd O

{iLkdsolsd Hsed' jdd ¢ 6ol dyis o6 dugly sy EFjFPO,R AINO

fd Bz dzO Y d ts dASEANTAOC §f @GS OL Oded Mk & o dHE LSOsdasy s 't Pdgif *
Jdgjtecd j $¢t°j MkzL&BOY s EOURN w0 s -Pdrff**bh 1( v OB j dzO
5.4).

L Baodddstc Oy d3g BB O dzMI W qeOMdzsMisd * § GEEITAA g Halk € tp PEaiztzd3

CsHE dz® Mmdzjruj<d dOuydds Sttedh<jdzy Mz CO©OSI] ted
fsHjhOo0O% ) cjtdkilted j (SOt hbkts Mk HjB? &0 &klse dn

MO J&° HO igjkHas®diderd delf dzls Ols d (MY fsfrifp@AlsP'dzidzi o toj H desMisd J W
HiljCyd j dLeOUkdOl] Mk ¢ ttdmlsii<tls dilj S CdetotaidEasdz) o jiisi
BOIs j tc §BSO2z0L &34 {jjd@imY Jj to d dfj dEidOptzddgd)tc Odzj € teild@ j CHIPIE ¢ O fndzts
ftod HiplsOo ? j dzjl0 dzQ@ j ffx@dsqiehtazly fiplf) BEAEc O <d wHYfs d dhes § b
fOHO dmitsH 15%. JttddOct' jdj SO©OCljtedmisdSj HilkjCls
LO dMmidlksdeOdzj kL.

-3.0 — A ExconepuMeHT

® GEANT4

4.4 — 40 45 50 55 6.0 6.5 7.0
R InE [keV]

T T T T T° 11 T 1 I

4.0 4.5 5.0 5.5 6.0 6.5 7.0
InE [keV]

ooz SB[ S MY j tod & dzls O dzdzjn OF 5 & dslp @REBOOdzk (3 § SHjh O OF d dsC
HilbjCltste®) Ctdej JWdCOmMdshmisd LO Mi2tlsd¥ ds e Odzq

stdzyj dzlstcOyd 0 OC Yo dzp M@ Uz@ZOEOSEsfod <j ¢ jd&3 BSHBEES  C
keV ¢ 0 sy 0 KeODEBGH @ { sTRA, B zE@RHOM® O
HO O WhktfdsO dROBs dO BOTE Codadyddkz dJdlsj el jtj day
OCIkdo desfls 3L Qe OfultstiEdsfO L dzdded " © de© 143.8 keV d 16
tc Of 28h O

HO M) tjLbdksOld GEANT4HE Whts§gesjl ds

BAd? o90ddHOyd " J J
O jSMfjtdds delsOczdzs HisBd  jdesds 4 WS OMmdesh <kz.

fsCdzsfj MO MM
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10 W@z dz BOM  dzf®U0 Qs d g dethfdaf " < j dz® 2O ddzls j dzL g o dzd © O

qazls jteW jtejdeyd  § MO dzdded  sd3 20 4B, 20 ket @ sdk@’ jf sy
CoOdzsdlsOlsdodss dMS? yj dz0 Ekfdzj v k dejicfleOL dz@ s tiet) j ol tasOsysdy”
OCkdodtsiisd L O FUSHEY O t@0dd UHtsPs gL Gdef jiiz -518. v OB j O«

stsdyj dEsteOyd O OS¢ dsfistdO y Bdz@ls & lsGstftedh < j ¢ j o5 dzd dzd © O
Cts' j flsdyubk?Phr 2ednf@HdEEcld (edCOL0dj mkz b uvosj d«
fsdj dezlsdn Ctdeyj delscOyd  © OSCIkdodesimisd MEOSLOds * j
COHdEOCIsdo dzO ©OoadaslsjyO. o¢SClsdodesimisd L O tsHEs'd] dez ¢
HsBd  jddn §klsj disJEMNTHARAN soAm®l, e cOykdO] fk dL dhks

0B 5@ s5dzyj deste OYd " | I GUWPR asdete| f) I§ dizj G ds'dhtpSi sl o M d Bz zOy

B s BH GG
utsWise jto t OHdtsdzz € [ dzj tedkgV] O stsdeyj delstcOyd* ™ O
[MBag/kg]
EFFTRAN =8y 63.3 3.56£0.17
1001.03 5.68t0.24
By 143.8 0.233:t0.014
163.3 0.245:0.016
Angle 28y 63.3 3.73:0.19
1001.03 5.38:0.81
=By 143.8 0.195:0.013
163.3 0.234:0.015
GEANT4 =8y 63.3 3.94+0.21
1001.03 5.79:0.87
=By 143.8 0.2130.014
163.3 0.219:0.014

-86-



ftyvfuvoduvr Ruut OIrgRIGYRA ¢ t &1 R ROV SIRYW L t RMOS O

U OB 5O dzyj dZsteOyd  Pr BGlPRo @ fiplsy) sted * d S stedL tsdzls Odzdzts @
f sazkdeRff MCdd d MdBzdzOyYydsdtsd o3 IstsH B

stsWiso jto t OHdtsdzz € [ dzj tedkV] O s tsdeyj dzlstcOyd O

[MBg/kg]
EFFTRAN =8y 63.3 4.45:0.29
1001.03 4.51+0.26

=By 143.8 0.424+0.018

163.3 0.266:0.015
Angle =8y 63.3 4.36t0.28
1001.03 4.3#0.25

=Y 143.8 0.382:0.019

163.3 0.252:0.021
GEANT4 =y 63.3 4.85:0.31
1001.03 5.34:0.29

=Y 143.8 0.386:0.018

163.3 0.2510.015
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U OB 5&O sdzyj dElsteOyd * j b BlclPko ¥ gl gz fip@ ydes© ¢ j s5d5j Isted
f sdzlz § di3Y d tefiffd dEHQ@B s dzs &3 BJ IStSH 5K

stsWilse j to t OHddzz € [ dzj tedkfV] O s tsdzyj dzZlstcOyd O

[MBg/kg]
EFFTRAN =y 63.3 5.1#0.24
1001.03 5.23t0.26

By 143.8 0.242:0.019

163.3 0.249:0.021
Angle 238y 63.3 5.26t0.25
1001.03 5.28t0.27

By 143.8 0.248:0.018

163.3 0.266:0.022
GEANT4 =8y 63.3 5.1#0.26
1001.03 5.23t0.28

=By 143.8 0.1930.018

163.3 0.204:0.015

U OB jS&@ ey dzsteOyd  jla Blkldde xshmdJ kP 1§ &z HBisfizdnd s iks dsd

Bj lss.HBA
utsWise jto t OHdtsdzC dz [ dzj e O stsdeyj desteOyd * O
OCIsdo desBigkg] [ 1
EFFTRAN 232Th 238.6 1.11+0.04
338.3 1.12+0.05
Angle 2%Th 238.6 1.09+0.05
338.3 1.03:0.06
GEANT4 232Th 238.6 0.91+0.05
338.3 0.94+0.05
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L OV diuEdS OL d3j ' s detse istej ' j O HisBd jdedm tojLlzdzsO
63.3keVla Stc@fla StcP)F BHhsMdts 238. @ kte@®S dBeIID.LDABE | (20
511515 1 kZHbk<d HO IsOydz0 otejHdetsls Ctsdzyj dzstcOyYd  j OCIsd:
B steyddg@d dzd  j L dOlO, Ctedh o tHic OO @ < Bikj HdtE
Hiod Oyd B3 SOt twjWjtejdlsdd (OyukBlk®S § @O & d dzdn

tojWjtcjdalsdzd EOIjtcd Odz d COts ISOCOs dqd&ZO HJ S dzOted MOdzj
Cjdiz ftedmizlsddrn wWOHdEdRZES ZdH O, s Mj SOt tjWjtj dzls dz®
Sdz0 HJ S ZOdMOdzO, Mel%LtstedHiStesd Gtojh ¢ j tsH

4.3x10° - Vaopak 1A | 7
7?3 keV
4.0x10° - _
=)
X 38x10° =
O 1
o,
< 1
3.5x10° | \ - -
3.3x10° | -
| 1 1
EFFTRAN Angle GEANT4

CodtBep

iz GOLs sdzyj st Oyd * j b BLPEDREBIS B K@ Yzj HE sBE<k t©OL dzd
BjlssHO

YatejH O ot HdzsMEE I COX Isdaydeidiscdy' §j HBBJ jd20 Eftej H® O OF j &
Angledd GEANT4 fsWilke jtemSdd § OCjIlsd k0.
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T T
V30pak 2A - XOPU30HTAIHU
6000 63Kkey  PHam -
5500 -
o)) -
< 5000 |- ol
o
Q n
<
4500 Eoaiisn s el e e e e -
4000 | 2l
1 ]
EFFTRAN Angle GEANT4
CodTBep

Hd R s sdzyj dEscOYd‘ j BLPEORZERISE KOV HsBd' jd § S

~nstedL BdzlsOdzdztse o

B IsSsBHO, k2 6jdited: d
6000 , = ,
V3opaxk 2A - UMJIHHOPUYHA
63 keV reomeTpuja
5500 - .
n
n |
=)
X< 5000 | -
=2
o,
<
4500 - -
4000 : 1 L
EFFTRAN Angle GEANT4
CodTBep

4 dzd .. s sdzyj dzs e Oy d © j Iz 106 B@EOdz6BIs § k@®V HEsBd " j d2f 1§ t5dits:
E yddzddrtedydzs® cjtsdiilsted d

BjlsSH O,
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I Y | v I

5
1.4x10° - ¥V3opak 3A =
238 keV
1.2x10° |- -
- I

= 1-1x10° @ - -
X
(@ F 5 -
m,
< 9.0x10' F % -

7.5x10% |- -
6.0x10* 1 - - : .
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O 38kV) . ) JEBREHRE sz L f sBs<  §7AKe\Ds dsEs 1°8j5 . f Slstj B
HSHOBdE jisq H G PRA(IBEKE)) R¥c(18454keV) . 1 O shdsolz L Of Oy OF G
dL ¢OKO MY jitsksidd® Niso@se@iE B e Ok0 § d§ ke, BWEkal@o dasds 2
6093keV) ECOLE'j] HO f§afst’ d R ChddyRilB®S O oz s d dz
MEOtcOdz L Odzj BO? do g

V fteets’ dustgu@BOGd HA, W d dzd MO dz Mdzj v ] &5 34 % %dainlsly ts & | Qs df @300
Lid® ] % 48HB6 1 0Ctd o' oOT O jWdCOMmdsmisd HjlkjSlst
OCIkqoaks @B BL JBO E<d bk sBLdt Moj jW,jSlj ddidsj W jtej day
dsj©Oyd d fedSoLQdy Mk & vOBjdd 5.10
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ftyvfuvoduvr Ruut OIrgRIGYRA ¢ t &1 R ROV SIRYW L t RMOS O

v OB j5d0s Bdzyj dElstcOyd O s@FOJR dafstyssy: dlsj wOyd  d

{ OHddzzC [ dzj edkéV] (s sdzyj dEstcOyd O vt HS j dZO OF

[MBq kg ] (MBq kg1

239 63.29 4.92+0.31 5.96+0.11
92.59 5.38+0.33
1001.03 6.63+0.41

235 143.76 0.25+0.02 0.26+0.06
163.33 0.24+0.01
185.72 0.30+0.02

RLiIcOYkZdzOlsj 0] sidzgls f tcOL dzddgdislf = B § @BOBY '€ fists ©Odets [z fy !
HO " J Bddzts dgjtsfrtsHdzs HJWddzdmMOIsd desad MOMISOe kL s
f d<¢ O1008B3keV 1 ts9 Q dEBHO BHaFO YQ@LZO " j  j HEZONNJJEOBO GHhdBa
stse® 'J BGHto]' FROOJHQRHEOIsEtcOYyd " & BO®6 LGIR*II3 A >
11% oBH, .

) o) p T Tkpe \Ib Y -
aee 3 C@X (5.22
, a c® Y ud 0O & 50
a = (6)
a®» Y P (5.23

1 8dz09? O E<d ftojlsn sHdAse jsf @ MOdeo ditshipdsdz f @K€ , MtcOyYkz dzOIs §
ftedCOLOdzj Mk B vOBjd&d 5. 11.
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