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EYXAPIXTIEX

Apykd o nOela va uyaploTNo® TOV K. LEIPNEVN Yo TNV ovyKatabeon Tov
oTNV €KmOVNoN TNG Tapovoog epyaciag. H fonbeia kat ot supufoviéc Tov Ntav

KOTAAVTIKEC.

Ev ovveyeia, Oa n0era va gvyapiotiom tov k. [Totnpddn, yia tnv
EUMLOTOGVVY Kol TO EVOLAQEPOV TOL POV emEdELEE, KADMDG Kl TIG KAIPlES

vodei&elg Tov kKab’ OAN ™ ddpkeLa NG EpyOciag.

To peyaAvtepo evyapiot®d opeilm otov K. Kapeomovio, yopic t cvupfoin
0V omoiov d¢ Ba NTav dvvatn N tepaimwon g epyoaciag. Méow g dyoyng
ocvvepyaciog pali tov, Tov eneénNynce®v TOL Kol TNG cLVVEY0VG Kafodnynong
T0V avéNOnke oNUAVTIKA TO YVOGTIKO LoV eMimedO Kol KaiiiepynOnke o

TPOTOG GKEYNG LLOV.

Téhoc, Ba MBera va evyaploTHo®m OAN To VTOAOLTO LEAT TOL TUNLOTOG
eAEYYOL padievépyetag mepIPAALoOVTOS Yia TIG VTodEi&elg Tovg Kol KVpimg yia

T0 PUAKO TEPIPAALOV TOV OV TPOGEPEPOAV.
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1. EIXAT'QI'H

Avtikeipgvo g mapovcac Awmlopoatikig  Epyoacioag  amotedel 7
BaBpovounon ¢ oviyvevtikng Oldtaéng pe  oviyvevtn vrepkabopov
veppoviov oyetikng amnddoong 70%, mov eivar €ykoTteESTNUEVN GTO TUNUA
padevépyelag mepiparroviog  (TEPII) g EEAE. H  ovykexpiuévn
aVIYVELTIKN OldTaén YPMNOLUOTOLEITAL Y10 TN Y-QOGUOTOGKOTIKY OVAAVLGOT
delypdtov Kopiog teptparioviikod evolapépovtog, 6to TAAiclo Tov €0vikov
TPOYPAUUOATOC EMOTTELAG TNG pOdIEVEPYELNG TEPIPAAAOVTOC.

Ot petpnoelg oty oldtaén avtn TPOAyUOTOTOLOVVTAY, UEXPL TPOTIVOG, GE
oLYKEKPLUEVN YewueTpia Tny®v, N omoia oto €&N¢g Ba avapépetal wg Talald
veopetpia kvabiov. Agdopévov 0Tt oyedtdleTal N AVTIKATACTACN TNG HE VEX —
Kowvovpla yeopetpio kvabiov — 1 Kat’ emEKTAON UETAPOAN TOV YEMUETPIKAOV
YOPAKTNPIOTIKOV TOV TPOS UEAETN Oelypdtov oamaittel TNV €K VEOVL
Babpovounon tov aviyvevtikov cvotiuotog. H gbvpeon tng amddoong g
AVIYVELTIKNG dtdtagng yia ™ véa yewpetpia kvabiov mpaypatonodnke, 6to
nhaiclo g mopovcag epyoaciag, 0&lomMoldVIAS TOV KMOKO TPOGOUOImGOTS
Monte Carlo PENELOPE, kabd¢ kat th pébodo petapopdc anddoonc.

Katgd ™ oweloaymyn TtV Y-QOCUATOGKOTIKOV OVOAVGE®V OEIYUATOV 1
ntAnpwon tov  kvabiov véag yeopetpiag mpaypotomoleitor  ce 00O
dtapopetikovg 6ykovg : 205 mL xar 100 mL. 'Etot, n aviyvevtikn otdtaén
BaBpovoundnke yia evvéa dtaopetikég mTukvotTnTeg Kvabiov Oykov TANp®oNg
205 mL xot €& drapopetikég mukvotnteg kvabiov dykov TAnpwong kot 100
MmL. To evepyelakd @Aacpa evola@EPOVTOg KAALTTE TIG TAEOV ocvvnOiopuéveg
evépyeleg o1 Y-eaopotookonia, peta&d 46 keV kot 1900 keV.

H duthopoatikn epyacio anaptiCetor and €61 kepdiora, To omoia avairdovral
GLVOTTIKA TOPOKAT® :

10 2° Ke@OGAOO TWpoyupatomoleital  swoaymyn otn  uébodo  y-
eacpatookoniog. Ileprypdoovtar extevdg 6la ta amapoitnto otolyeic mTOv
anoptiCovv  pla  dtdtadn  Y-Q@AGHOTOGKOTIOG  KOL  OVOAVOVTOL  TO
YOPAKTNPLOTIKA Kot 1 Agttovpyia Tovg. Ewdikn pveia yivetor otn dtdtaén mov
ypnowponoteitar oto TEPII kot m omoia aomombnke oto miaicio 1ng
epyaciog. Ev cvveyeia, dieteléotnkayv OAEG Ol amopaiTNTES TPOEPYACIES TPLV

TV Tpocopoimon g véag yewpetpiag Kvabiov :



o cvepyelakn PBabuovounon. Ilpocdiopiotnke oyxéon m omoio ekepdlet
TNV EVEPYELN TOV OVIYVELOUEVOV QOTOVI®OV GUVAPTNGEL TOV KOVOALOV
TOL PAGLOTOC.

e BaBpovounon dakplTIKNG tKAVOTNTAS, HEC® TNG omoiag eKepaleTal TO
€VPOG TNG KABE POTOKOPLPNG GLVAPTNGEL TNG EVEPYELAG TOV POTOVIOV
oT0 0Toio avTIGTOYET

o mepapatikn Pabuovoéuncn amddoong tov aviyvevty. [ to okomd
avtd ypnopomoOnkav ot drabéoipuec molvevepyetakéc (46-1900 keV)
npotuneg mnyég tov TEPIL. Ilpdkettar yia mpdtumeg mnyég oto Kudbia
MG «maAlde yeopetpiag» Oykov mAnpoong 260 mL xar 100 mL og
OO PETIKEG TUKVOTNTEG. H TELPOLATIKN Babpovéunon
TpayHaTOTOInOnKe a&10TO1OVTOG UETPNOELS OV dev
TpaypatonomOnkav ota tAaicla TG TapovGAs pyociog.

Y10 3° Ke@GAowo, oapylKd TEPLYPAEETOL O KOOKOG TPOCOUOi®mONG
PENELOPE, pe m ypnon tov omoiov mpaypatomoloOvial ol VTOAOYIGTIKEG
BaBpovounocelg otn cvykekplpuévn gpyacia. Xta mAoicio efowkeimwong pe tov
KOOIKo peAethOnke kot meptypdeetol éva amdd TapAdELyLo TPOGOUOI®ONG
OV 0aQ@OPOVCE TNV EVPECT TOL YPOUUKOD ovviedeotn e&acBévnong tov
YOAKOV Yo ®TOVIO evépyelag 662 KeV.

Xtn ovvéxela mpaypotomoleitoar 1 poviehomoinon g e€etalopevng
AVIYVELTIKNG O01ataéne 1 omoio amaltel TOV TPOGOLOPIGUO TOV YEDOUETPLKOV
YOPAKTNPLOTIKOV TNG. [dtaitepn éupacn divetar otnv ghpeon Tov TAYOLS TOV
vekpov {ovov tov aviyvevtn. H dwadikacia mov axolovOndnke otnpiletan
oTN GUYKPLON TEPAUATIKOV KOl AVIIGTOY®V VTOAOYICTIKOV TIUOV TNG
amdo0oNG.

210 4° KEQAAALO KOl PLE OEOOUEVO TO LOVTELO TPOGOUOIMGTS TOV AVIXVEVLTN,
npaypotonoleital N vroloyloTiky] BaOpovounon Tov aviyveLTH, TOGO Yo TNV
molald 660 Kal ylo TNV Kawvovplo yeouetpio kvabiov. Xe 0,11 apopd o1 véa
veopetpia yivetor epappoyn e nefooov petapopdg anddoons. H emuxdpwon
¢ Pabpovounong mpaypatonoteital pe pétpnon katdiiniov deiypotog and
doxnon dacvykplong oty onoia cvppeteiye to TEPII katd 1o mapeAbov.

210 5° Ke@AAOLO0 TO POVTEAO TOV QAVIYVELTN YXPMOLOTONONKeE oTa TANicLN

YOPOKTNPLoHOV EAAGHOTOG YOAKOD, TO 0TO10 EVTOTIGTNKE GTOV KUKAO EAEYYXOV



TOV oAV PETAA®V. To £€lacpo apyikd peTpiOnke o©TOV OVIXVELTN
vrepKabapov yEPUAVIOV EVD 1N ATOIOCT TOV OVIXVELTIKOD GLGTNLOTOS Ylo TN
veopetpio Tov eAdopatog tpocsdlopiotnke pe ypnon tov kovdwka PENELOPE
kot T péBodo petapopdc anddoong. Me avtd tov TpdéTO TAVTOTOMONKE TO
pad1EVEPYO 16OTOTTO GTO OEIYLO KOl VITOAOYIGTNKE 1 EVEPYOTNTA TOV.

210 6° KEQAAO0 TPOYUOTOTOLEITOL MO OVOOKOTNOTM TNG epyociog Kot
nopoatifevtol po GEPE TPOTAGEWY TOV APOPOVY HEALOVTIKEG LEAETEG.

H dwmhopotikny epyocio olokAnpdvetor pe 4 mapoptnipato, To Oonoio
OLYKEVIp®OVOLYV  peTahd AAA®V  TO  WOTOTMOMTIKA TOV ZANYOV  TOL
YPNOLOTOMONKAY, TO TWIOTOMOUTIKO TOV OVIYVELT KOl OloypAULLOTO
Babpovounong anddoonc mov adtomomOnkav | mapdydnkav 610 TANICLO TNG

epyaciog.



2. TEXNIKH I'"MPAXMATOXKOIITAX

2.1 EIXAT'QI'H

H vy-pacpotookonmio amotelel pia ek 1tV mo dolodedopévov pedoddwv
TOLOTIKNG KOl TOGOTIKNG avAAvong poadilevepynv oelypdtov. Emrpéner v
Tavtomoinon kabd¢g Kol ToV TPOGdIoPIoUd TNG EVEPYOTNTAG POUOLOTGOTOTMOV
oV eKTEUTOVV Y-okTivoPfoAia. IIpokettal yia pio pn KATOGTPOPIKY TEYVIKN, N
omoia emutpémel, pe ovvnbwc¢ ovvioun mpoetonacio Tov delypatog, TNV
TOVTOYPOVY aAvAAlLoN OAOV TOV PadloiGOoTOT®V TOL TEPLEYOVTAL GTO Oeiyla.
[Mpogpavog n pétpnon Oa mpémel va dtopkel enapkéc ypovikd SloTnua OoTE
vo  pewovovtat 660 1o dvvatdv  meplosdTtepo ot aPfePordtnTec  moOvL
EUMEPLEYOVTAL GTNV TEYVIKN. AKOUN, kabiotd dvvatn tmv avaivorn mdong
eVoemMG delypdtov, avefoptntog Katdotaong (oteped, vypd M oépla) Kot

ovotaong. (57, 62, 71)

Ot y-padievepyol mupfveg MOV UEAETOVIOL OTN Y-QACULATOCKOTiO €ivat
ocvvNnBwg mupnveg pe peyaro ypdévo nuilmng, ot omoiol EKTEUTOVY EVEPYELEG
and pepika keV péypt 10 MeV. Qg eni tov nieictov, Tapdyovv ypapupuikd
QeACLOTA OKTIVOV-Y, ONAOON TO QOTOVIO EKTEUTOVTOL GE OLUKPLTEG EVEPYELEC.
Y10 cvveyn eAcpoTo To 0Toio TOPATNPOVVTIAL GTOVS TOUEIS TNG AGTPOPVGIKNG
KOl TNG QUOIKNG OCTOWYEI®ODOV COUATIOI®OV aviyvedovial TOAD VYNAOTEPES
evépyeleg, akoun kot dve tov 1 TeV. Axoun, a&ifer va avaeepbel 611 TO
evepyelokd O6plo peTa&d akTvov-X Kol OKTIVOV-Y gival ocvyvd acapéc. Ot
aktivec-X ovvnlm¢ avaeépovial oe LYNANG EVEPYELAS MAEKTPOUAYVITIKY|
aktwvoBoiio m omoia mPoépyeTOL OO ATOSIEYEPCELS ATOLMV KOl 1 €VEPYELD
e evoéyetar vo Eemepvder kot to 100 keV, evd owtdvia younrotepov

EVEPYELDV TTOV EKTEUTOVTOL OO TVPNVEG CVYKOTOAEYOVTAL 6TIG aKTiveg y. (57,
62, 71)

H y-gpacpotookonio mapovcoidler minbopa epoppoydv oce topeis Ommg
aVTOVG TOL EAEYYOVL TUPNVIKOV  EYKATOGTAGE®V, TNG OKTIVOPVOIKNG, TNG
TUPNVIKNG  1OTPIKNG, TNG e€momTeing NG padievépyelag mePPAAAOVTOS, TNG
EMOTAUNG VMKOV, KaBdG Kol oTOvE TOUEIS TV  PLOETIOTNUOV KOl

Brounyavik®v epapuoydv padtoicotonwv. (57, 62, 71)



2.2 ANIXNEYTIKH ATATAZH

H y-pocpatookomikn avdivon Pociletor otnv KatAAANAN enelepyacia Tov
EVEPYELOKOV PAGLOTOC TO OTTO10 TPOKVTTEL MO TA PMOTOVIO TOV AVIYVEVOVTOL
OTO OVIYVELTIKO UEGO — OAVIXVEVLTNG, UETE amd TNV ATOSIEYEPON POUSIEVEPYDV

TupNveOV 6to eEgtaldpevo delypa.

Mio tomikn oviyvevtikn otdtaén y-eocuatookoniog anoptiletar and &vav
aviyvevTn veepkabapod yepuaviov, TPoPoOSOTIKO VYNANG TAGNS, TPOEVIGYVTN
(o omoiog ocvyvd ocvumeplAapPavetalr ®g HEPOS TOL AVIXVELTY]), EVIGYVTH,
petatpoméa ovaioywkov onuatog oe  ynowkd (ADC converter) kot
nolvkavaiikd oavaivty (Multichannel  Analyser, MCA). ZXvvontikd
avaeéPETal OTL TO QOTOVIN AAANAETIOPOVV UE TOV KPUGTAALO TOVL OVIYVELTH,
nopdyovtag oméG kol mAektpoOvia. Me epappoynq tdong, Ta MAekTpdvia
amopakpvvoviar and tov kpvotairo. H mpocavatoMopévn xivnon tov
niextpoviov (MAektpikd pedpa) €xel ¢ anotéAecpa T dNHLovpyia TaALov, o
omoiog apylkd evioyVeTal amd TOV TPOEVIGYLTN Kol €v ovvexeia evioydeToL
TEPOULTEP® KOl OLAUOPPAOVETAL GTNV KATAAANAN Hopon amd tov evioyvth. Ev
ocvveyeia, N €VTaon TOL MOAROV UETATPEMETAL GE aplOUNTIKY TIUN amd TOV
petatponéa ADC. Oleg ot apBuntikég Tipég €164Y0VTAL GTOV TOAVKAVOALKO
avaivt (MCA) dmov kat kataypdeovtatl. Telkd, ot mAnpogopieg 0onyovvTal
o¢ VLWOAOYLGTN, O omoiog amofOnkevel, cueaviCer xar emelepydletar Ta

dedouéva HEGM AOYIGUIK®OV avaAvong eacpdtov. (5, 57)

[MAéov, pe v mpo0dOo 1TNG TEYVOAOYIOC YPNOILOTMOLEITOL OE TOAAQ
epyaoctnpla, cvumeptiapfavouévov kat tov Tunpoatog EAEyyov Padievépyetag
[Tep1parrovtog (TEPII) tng EEAE, évac diapopetikdg tomog €E0mAlopov.
Yvykekpipéva, ypnolponoteitar eEonAGUOG eneEepyaciog YNOLAKOD CNUATOC
(DSP ©1 DSA), o omoiog avtikabiotd tov gvioyvtn, to ADC kot to MCA. To
DSA esxtelel Tic 101€¢ Aettovpyiec e 1o avaloyikd cOOTNUA, UE TN dLaPOpPd
0Tl T1¢ eQappolel ot YNELOKN LOPON TOL TOAROD and tov mpoevioyvth. (5,

23, 57)

To DSA enelepydletar kot QUIATPAPEL TO. ONUOTO TOV  OEYETOL

YPNOILOTOLOVTOAG TaYVPpLOLOVS YnelakoHsg aplOuntikods LTOAOYIGUOVC.



Avto amotelel kot 10 Poacikd mAgovéktnua tov DSA évavilt tov molaiodv
avaloyikov pefoddov emefepyaciog. H emefepyacio tov onpotog pécw
aplOUNTIKOV VTOAOYIOUADV TPOGREPEL GTO YPNOTN TAN00G dLVVATOTNTOV KOTA
NV EMAOYN TOV TOPAUETPOV LOPPOTOINGNG TOV TOANOV. AKOUT, 1| TAYLTNTA
TOV dlEPYAcIOV YN@lomoinong Kot elAtpopiopatoc eival taydtepes, emOopEvmg
10 DSA dwbétel peyoaldtepn OSlEKTEPALMTIKY 1KOVOTNTO GE OYECT UE T
avaloyikd ocvotiuata. A&ilet emiong vo avagepbei 6Tt To DSA moapéyet
peyardtepn otabepdtnra Bepuokpaciog, a@ov HOMS 0 TOAROS ynelomoindet,
OLeg ol petémerta depyaocieg eivar avegdptnteg g Oepuroxpaciag. Télog,
TOPATNPOVVTOL TOAD HIKPOTEPEG EVOAAAYEG OTNV OLOKPLITIKY] 1KOVOTNTO TOV

aviyveLTn VIO GLVONKES VYNAOD pLOUOD Kpovoewv KabBdg kot otabepdnTa

™m¢ 0éong tov potokopvedv. (23, 57)

Ewova 2.1 dotoypagio aviyvent) oyetikng amddoong 70% tov TEPIL.



Ewéva 2.2 Potoypagpio eEomhopon eneéepyociog ynelakod onuotog (DSA).

2.2.1 ANIXNEYTHX

O aviyvevtnc omoteiel TO OavVOMOGTOGTO KOMUWMATL piag Owataéng v-
eaopatookoniog. Onwg eivol yvootd, Ta QOTOVIN OEV OVIXVEDOVTAL GUEC
amd TOV aviyvevtn, dedopévou O0tL dgv gival gopticuéva. Etol, n aviyvevon
aktwvofoiiag-y Paciletar oTIC AAANAEMOPACES MOV TPAYUATOTOLOVV TO
QPOTOVIO, HECH TOV OTOI®V UETAPEPOLY OAN N HEPOC TNG EVEPYELAG TOVL OF

NAEKTPOVIO TOL UEGOV.

Moévo to MAEKTPOVIO UTOPOVV VA TPOGOEPOVV TANPOEOPIN GYETIKA TIG
TPOOTINTOVGEG OKTIVEC-Y. AVTA Ta MAEKTPOVIH UTOPOVV VO OTOKTHGOLV
HEYIGTN OVVATH €VEPYELD 101 UE TNV EVEPYELD TOV TPOCTIMTOVIOS PMTOVIOV.
Xé&vouv gvépyela HEGO JLAOOYIKAOV LOVIGUMV Kol SIEYEPGEDV TOV ATOU®V TNG

VANG KaBDOG Kot AOY® TEONONG Kol £TGL TOPAYETOL TO GNLOL GTOV AVIYVEVLTN.

SOUQOVO LE TO TAPOATAVE EIval ELPAVESG OTL EVaG aVIXVEVLTNG akTIvofoiiag-y
opeilel va dlekmepatdvel dVO dlaKpLTEG Agttovpyieg. Apyikd, TpEmel va dpa
®¢ €va PEGO PETATPOTNG, 6TO 0Toio KABe mpooTinTOV ®TOVIO TPETEL VO £XEL

Hio OPKETA HEYAAN eVEPYO OlATOUN AAANAETIOpaoN G dGTE va Tapaybodv éva i



nopanaveo niektpoévia. Emiong oeeilelr va aviyvevel ta dgvTEPOYEVH] QLT
niexktpovia mov moapNyOnoav. OTmg avaPEPETOL EKTEVDOS GTNV EIGAYMOYT TOV
KepaAaiov 3.3, to péyebog Tov aviyvevtn ennpedlel TIC TOPATAVEO AEITOVPYIES
TOV. X€ OVIYVEVLTEG MOAD WKP®OV dlootdce®v, 6mov 10 péyebog tovg eivat
UIKPOTEPO O TN HEGT EAEVOEPT dL0OPOUT TOV OEVTEPOYEVOV COUATIOIMV, O1
OTMOAELEG OTNV OVIXVELON TOVG EIVOL ONUAVTIKEG. L€ AVIXVEVTEG TOAD UEYAA®V
d106TACEMV TO GO TOV TOPAYETAL OO TOV AVIYVELTN KATA TNV amoppdenon
evog  omtoviov  egivor  avegdptnto  TOV  OAANAETWOPACE®V  TOV
npaypatomomOnkav péypt 1o eoToOvio va amoppopnbel mAnpwc. Emouévmg

TPOTILAOVTOL AVIYVELTEC pecaiov peyébovg. (38)

2.2.2 ANIXNEYTEX HMIAT' QI'QN

Ot aviyveuTtég TOL YPNOGIULOTOLOVVTAL KOTE KOPOV GTN Y-QUCUATOGKOTio eivatl
ol oviyvevtég Muayoyov. Ilpoceépovv 1 PEATioTn dvvatny OLOKPLTIKY
wWKovoTnNTo 6€ O%€ECT WE TOVLG OVTIOTOLXOVG OVIXVELTEG OmvONpLopov.
Amotehovvior and tpelc Coves. H (avn oBévoug avtiotolyel oe niektpdvia
eEMTEPIKOD  KEAVQOVLG Ta  omoia eival  decpevuéva o€ GLYKEKPLUEVA
kpvotadkd mAéypata. H (ovn petaPifacng aviictolyel oe mAektpovia To
omoia eival eAevBepa va KivovvTal Héca 6ToV KPUGTAALO. AVTA Ta NAEKTPOVLO
GLVELCPEPOLY GTNV NAEKTPIKT AYOYIHLOTNTA TOV KPUGTAAAOV. MeTta&h towv dvo
Lovov vmapyer pkpd evepyelokd yAcuo, £€T6l MOTE TO VAKO va Opo ®G
NUY®YO0s. MeyaAdTEPO £VEPYELOKO YAGUO £XEL MG ATOTEAEGHO TO VAMKO va
Opa MG LOVOTNG, EVO HIKPOTEPO EVEPYELAKO YAGUA 1| OAANAOEMIKAALYN TO®V

300 Lovov kabiotd to VAMKO aymyo. (38)

Y1ov¢ muuyoyovg upe OBeppoxkpacia 0 K, omiadn amovcio Oepuikng
déyepong, ta niektpovia PBpiokoviar ot (ovn oBévovg xar oynuatifovv
OMOLOTOMKOVG JECHOVE HETOED TOV ATOU®V TOV TAEYUOTOG. L& KOVOVIKEG
Oeppoxkpacicg, n Bepuikn evépyela dieyeipel 10 Tp®TO MAEKTPOVIO LOVNG
c0évovg otnv (odvn petafifaong, aenvovtag £€T61 Hio 0T GTNV OPYLKY TOV
0éon. Tote, éva debtepo yertovikd niextpdvio cBévovg Ba mapel T 6Eon Tov
npmTOoV, £va Tpito Ba kataAdPer v mwaiid 0€omn Tov devTEpPOVL, K.0.K. H omn

EMOUEVMG KIVEITOL KATA UKOG TOV KPLOTAALOL, dpdVTOS O Popéag BeTikoD



eoptiov. 'E1o1, og évav nuayonyd dnpiovpyeitar pedbua pe 6vo tpomovg: Tnv
Kivnon eievBépwv niektpoviov otn (ovn petafifoacng kot v kivinon g

omn¢ ot {ovn cBévovg.

Ta vAkd TV nuayoyov, Tepléyovv TPOGUIEELS 1| KPLOTUAMKES ATEAELEG,
KofioTOvTog mo mepimhokn TN dtadikacio TG aviyvevong Tov e®TOVIoV.
[Mpocpi&elg vikov pe 3 niektpovia cbévovug, m.y. Bopiov (B), odnyovv otnv
KOTAANYN KAmolwv 0€ce®V NG KPLOTAAAMKNG OOUNg amd dtopa 3c0evovg
npocéne, avti atopwv 4c0evovg, m.y. Ge. Ze kabeuio and avtég 11 Béoelg
vapyel éva Ayodtepo niektpovio oBévove. Tétoleg mpoouitelg ovopdlovton
déxtec. H mbavotnta tApmong g onng and Bepuikd dieyeppuéva nAektpovia
etvar peyddn, apnvovtog micw g onéc. 'Etot, yia kabe déktn dnpiovpyeitat
pla omn. Omwg avaeépOnke, n pon tov ondv kKabopiler TNV MAEKTPIKN
AYOYILOTNTO TOV KPLGTAALOL KOl TETOL0L Nulaywyoi ovopdlovatr nuiaymyoti
TOmov p. Avtictorya mpooui&elg Sobevovg otoryeiov, my. pwcseodpov (P) ,
npokalovv mepicoelo €vOg MAEKTpoviov TOoL omoiov M oTdbun eivar mMOAL
KOVTA 611 otdlun ayoypnodmtag. Tétoleg mpooui&elg ovopdlovtat 86T Kot
OLVELGQEPOLY  MAekTpdvia  ayoyipdtnrag. Ot avrictoyyolr muuayoyoti
ovopdalovtalr mMuuoy®yol TOTOL- N KOl 1 MAEKTPIKY OYOYILOTNTO TOVG
kaBopiletal oxedOV AMOKAEIGTIKA a0 TO NAEKTPOVIA KOl GE TOAD HKPOTEPO

Babuod and tig omég.

Ot aviyveuTés NUIOY®YOV €X0VV HEYAAN TUKVOTNTO, EMOUEVMOG KOl HEYAAN
o0 avdaoyeong (stopping power). Metd and 1 diélevon/arlinienidpacn
aktwvofoiiog toviopov, dmuprovpyeitoar (edyog ommdv niektpoviov, KaOOG
Kamola nAekTpoOvVia, €xovtag OleyepBel petammdovv otn Covn petofifoong
apnvovtag ico aplBpd omadv otn {OVNn 6Bévovg. Xe Evav Nuay®yd HEYAANG
kaBapotntag, o omoiog avaeépetar otn  Piprloypagio G  €VOOYEVNC
NnUY®yog, mn tooppomio mov emépyetor amd T Oeppikn di€yepon 1OV
NAEKTPOVIOV KOl TN UETEMELTO EMAVOCVVOEST] TOVG, £YEL G AMOTEAEGUO TN
onuovpyia 610 VAIKO i6ov aplBpov elebbepmv niextpoviov kot ondv. Mg
eQPOPUOYN NAEKTPIKOV Tediov, Ta NAekTpOVIa oL eivar ehevBepa va kKivnbovv
ot {ovn petafifacng kabmg kot ot onég petapépoviat. Dtavovv TEAKE ot
NAektpddla 6mov divouv maApd mov petpiétat. Onmg eivar mpopavég, ol omég

tagdevovv avtibeta and ta niektpdévia. To Hyog Tov maipod mwov peTpléTal



EMTPETEL TOV TPOGOIOPIGUO TNG EVEPYELNG MOV EVATOTEONKE GTOV AVIYVELTN.
2TOVG OVIYVELTEG NUIALYOYOV TOTOV P GTOVG OTMOIOVE GLYKATOAEYETOL KOl O
AVIYVELTNG TOL TUNRATOG padievépyelag mepifdirlovtog g EEAE, to mAn0og
TOV PopémVv mov kabopilovv TV NAekTPIK) ay®YlpnodTnTa €ivarl ot onég. 'Etot,

HeTPLETAL TEAKA 0 BeTikdg madpdg and t1g onég. (38, 74)

[draitepn pvelo opeilel va yivel 610 yeYovog OTL 1] ATOLTOVUEVT EVEPYELD Y10
™ Onuovpyia evdg (edvyovg mAekTpoviov-omng eival coemg pikpodtepn amd
™V evépyela mov amatteital yio va mapaydel Eva (edyog 1OVT®OV 6€ aviyveLTN
agpiov kaBdOC KAl pIKPOTEPN OMO TNV EVEPYELD TOV ORMOALTEITAL Yo TNV
TopaAy®Yn €VOC QMTONAEKTPOVIOL GE  OviyveELTN omvONplopov. AUEGO
amoTéAEG O TOVTOV €ival 0 pneyaldtepog aplOndg TapayOLeEVOV QOPEDY GTOVG
aviyveutéc nuyoyonv. Katd cvvénela, n oTatioTikny S10KOUAVGT TOV VYOLG
TOV TOAROV &ivol HIKPOTEPN, KATL TOL EMPEPEL VYNAOTEPN OLUKPLTIKY

wovotnrta. (38)

Axéun, n taydmta TOV niektpoviov péco GTOV MUAY®YO odnyel oe
YPNYOPN GLAAOYN TOV TANOOVE TOV TAPAYOUEVAOV POPEMY KOl GYNUATIGUO TOV
avTicTOlYOV TOANOD. G ATMOTEAECUA, Ol OVIXVEVLTEG MUWLYOYDV OTOKTOVV

TOAD KAA xpOVIKN d1aKplTikn tkavotnta. (38, 74)

2.2.3 ANIXNEYTHX YIIEPKA®APOY I'EPMANIOY

Mepikol amd T0V¢ MO OLAOEOOUEVOVS OVIXVEVLTEC NULAYOYDV OTOTEAOVV Ol
OVIYVELTEG YEPUOVIOL KOl Ol OVIXVELTEG TLPLITIOL. XVYVE, TPOTILOVTOL Ol
aviyvevTéc yeppaviov O10tL emrpémovv TN omuovpyio peyoivtepng {ovng
aviyvevong, peplk®dV ekatoot®v. ‘Etolt kabiotodv dvvary v wANpN
amoppodeNoN  aKTIVOV-Y pepikov  MeV. Zvykekpipéva, mpoOKETOL Yo
AVIYVELTEG YEPLAVIOV VYNANG KaBapOTNTAC, O1 OTOI0L AVAPEPOVTAL GLYVEA GTN
BipAloypapio eite ®g evooyeveig aviyvevtég yepuoviov &lte g aviyvevTEG

vrepkabapod yepuaviov (HPGE). (38, 57)

Otav avantoydnkoav yio Tpd®TN QOPA Ol AVIYVEVLTEG YEPUOVIOL, VINPYE 1M
dVVATOTNTO KATAOKELNG HOVAYO TOAD UIKPOV Ol0GTACEOV KPLOTAAA®V, Ol

omoiot AOyw £€Ahewyng kabapotntag, 0ev NTav kKoTAAAnior yia ypnon. Ot
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TOPAUEVOVOEG TPOCUIEEIC OTOV KPUOGTAAAO &€lyav G OTOTEAEGUO TNV
Toyidgvon NAEKTPOVI®OV KOl OTMOV Kol TN ONUAVTIKN Helmon TG amddocng Tov
aviyvevtn. 'Etot, ypnoipomomOnkay and tToug KaTaokevaoTég 000 AVGELS MOTE

01 AVIYVELTEG VO KAB16TOOV AELTOVPYIKOL.

Apyikd O0KIHAOTNKE O EUTAOLTIGUOC TOV KPLOGTAAA®V pe 00TEG, KOl
ovykekpipéva ovto ABiov, aeod €xel oAokAnpwbei m  avamtvén TOVL
KpvotdAiov. ‘Etol anokabictatal icopponio peta&d tov aplfpov 60T®dV Kot
aTodEKTAOV. Mg avTd TOV TPOTO TOPAYETAL 1 EYYEVNG TEPLOYN LECH TNG OO0
TOL NAEKTPOVIO KOl Ol OTTEG KATAANYOLV TEAKA ot NAekTpddLa. Ot aviyveLTEéG

avToi ovopdoTnKayv aviyveutég dtdyvong Mbiov, Ge(Li). (38, 72, 74)

Ev ovveyela oavamntoyOnkov mepottépo ot teYVIKEG KoBoplilopod TV
KPUOTAAAL®V Yepuaviov, ol omoiec emtpémovv TN Onuovpyia vrepkabapdv
aviyveLTOV yepuroviov, yvmotovg oc HPGE. Axéun, ypnoiponoteital tAéov n
péBodog o1ayvong wWvtemv ABiov yio TNV KATAGKELT] TNG TOTOL-N OUIKNG
emapng kot n néBodog £yyvong wWovtmv Popeiov Yo TV KATAGKELN TNG TOTOV -
P opkng emaeng. To mAyog TOV €na@OV TOTOL-P Kol TOTOV-N dNpLovVPYel
vekpég Caveg TEPUETPIKA TOL KPLOTAAAOVL. OGS avVOPEPETUL EKTEVMDS GTO
KepaAao 3.3 n evépyela mov evanotifetorl and TIg GAANAETOPACELS POTOVIOV
péca oe avtég TG (dveg ogv glvar dvvatdv va aviyvevbel. To tuomkd mhyog
vekp®V (OVOV ovTIoTOolel o€ HEPIKEC E€KOTOVTAOEG UM Yylo €V GTPOUQ
dtayvong ABiov (emaen TOTOVL-N) KOl GE UEPIKEG OEKAOEG UM Yo CTPOUA
epevtevong Popiov (emaen TOTOVL-P).Q2G ATOTEAECHA UELOVETOL 1) ATOOOCT
TOV AVIXVELTN, KLPlOG Yo evépyeleg aviyvevong uikpotepeg tov 200 keV.
‘Etot, €xel avantuyBel mAéov n 1V ELEVTELONG LOVTOV Yl TN dnuovpyia
TOV ENAPOV, N omoio €xel ®g amotéAecuo TN onuovpyio vekpodv {ovav
povéaya AMyov dexkddov pum, BeAtidvoviag TNV amdd0GT TOL AVIYVEVLTH OTIC

Youniég evépyeleg. (38, 74)

Ot aviyvevtéc vmepkabopod yepuaviov TPOTIUOVIOL CE OYECT UE TOLG
aviyvevTég dtayvong ABiov 91061t gival mo @liikoil ot ypnon. Ot aviyvevtég
dtbyvong AMbiov amaitovv cvveyn dlaTHPMNOT o€ YaUNAES Beppokpacieg, evd
ol aviyvevtég vmepkabapod yepupaviov dvvatar va  dwatnpnbovv  oe

Oeppoxpacio dopatiov petald TV ¥pNoE®V.
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2.2.4 YYZH ANIXNEYTH

Ot aviyvevtéc vmepkabapod yeppoviov o@eilovv va AeltovpyodVv GE
ovvOnkeg youniov Bepupokpaci®v O10TL AOY® TOVL UIKPOV EVEPYELOKOV
ybopotog petald Covng oBévovg kot {ovng petaPifacng moapatnpovvion
pneyaieg owappoéc Adym Oeppikng oéyepong oe Oeppoxpaciec dopatiov.
Anladn, elvar dvvatdv AOY® Bepuikng  O€yepong, Vo HETOMNONCOVV
niexktpovia and 1 {ovn oBévovg otn {ovn petaPifoacng yopig v dmapén
aktvoPBoiiag. Me avtd tov tpdmo onuiovpyeitar B6pvPog, o omoioc odnyel

oTN LEl®ON TNG EVEPYELOKN OLOKPITIKNG IKAVOTNTAG TOV aviyvevth. (38, 74)

[Ipog amoeuyn oL BopVPOV MoV mpoépyetor oamd Bepuikés deyépoelg
niextpoviov, o aviyvevtng owautnpeitar oe Bepuokpacioa 77 K, pe tn ypnon
evog povouévov doxeiov pe vypd dlwto, to omoio Ppioketar ce Bepuikn
emaen pe tov aviyvevtn. O aviyvevtng tomobeteitor péca oe KPLOGTATN KoL
Bpioketal oe cuvONKeg KEVOD, €TCG1 OGTE VA UNV LILEPYEL BEpUIKN ay®YILOTNTO
petah 10V KPLOTAAAOL Kol TOL aépo mov Tov mePLPArAel. Ot aviyvevtég
veppaviov owaBétovv €va cVLOGTNUO OGQAAEING, TO OMOl0 O0Ev €mMTPEMEL TNV
EQOPUOYT LYNAIG TAong €dv o aviyvevtng oev &xel @OTdoel oe YAUNAEG
Oepuokpacies. 'Etotl, mpootatevetol 1 €16050G TOV NAEKTPOVIKOD KUKAMULOATOG
TOV TPOEVIGYLTN amd efalpetikd peydaia pevpata dappomdv. Ta tedevtaio
xpOVIa £XOVV aVOTTLYTEL GLOTANATA YOEEWMS TO OOl TPOGPEPOVYV OVTOUOTY
AVOKOKA®GT TOL LYPOV al®TOV, HELOVOVTOG £TCL CNUAVTIKO TO AELTOVPYIKO

k6ot0oc. (38, 74)

12



Ewova 2.3 dotoypagio aviyveuti kot doyeiov aldtov.

2.2.5 X XHMA ANIXNEYTH

Ot aviyvevtég yepuoaviov eivatr dvvatdOV vo KOTOOKELOGTOOV 6 TANO®pa
oympatov kot peyebov, Pdoer tov peyictov dvvatod peyéBovg vAKOY
NUIEY®yoy Kot Tov HeYIGTOL dvvatoh TAYOVS TNG €VOOYEVOUS TEPLOYNC.
Qo16060, AOY® TNG OMAPOITNTNG E£PAPUOYNG MAEKTPIKOD mediov péca oTov
KPOGTAAAO XPNOILOTOLOVVTAL KUPI®S AVIXVELTEG OVO E0MV, O EMIMEOOC KOl O
opoa&ovikdg  aviyvevtng.  YTmApyovv  Ola@opeTikd  €1dn  opoa&ovik®dv
AVIYVELTAV, avAloya pe To oynua kabag kat ™ 6éon g omng. Ta mo gvpéwg
dradedopéva €1dn amoteAoVV 0 opoaEovikdg avorytov TOToV, KAELGTOD TOTOL

Kol oynuatog tnyadiov. (38, 72)

2.2.6 H ANIXNEYTIKH AIATAEH TOY TMHMATOX
PAAIENEPI'EIAX ITIEPIBAAAONTOX THX EEAE.

O aviyvevTtng mov YPNOILOTOINONKE GTNV TAPOVGA EPYAGIO KATOUGKEVAGTNKE
and v etapia Cranberra (Mirion). Ilpokettar yio aviyvevt nuiaywyo,
vrepkabapod yeppaviov, tomov-p. To poviého tov aviyvevty sivar GC7020
Kol 0 0EPLaKkOg Tov aptduog b99113. Axdun, o aviyvevtig gival opoa&ovikog

avolytov tomov. H BéAtiotn tdom Aettovpylag tov eivar ta 4000 V, evo 1
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Tdon anokomn¢ Tov aviiotolxel ota 3000 V. H dwappon pedpatog kotd tnv
eQpoproyn TG PEATIOTNG TAONG AELTOVPYIOG TOV aviyveLTN avTioTolyel o€ 0.01
nNA. O aviyvevtg mepifdiietar and oté€yaon orovpiviov kKabog kot amd

0opaKion TPLOV CTPOUATOV: YOAKOV, LoAOPSOL Kat xaAvPa.

O kpvootdtng TOoL OaViYvELTH €ival Katakdpveog, Tomov 2002CSL kot givar
KOTOOKEVOGUEVOS amd alovpivio. Méoa 6Tov Kpvootdtn cvuneptlapfavetot
Kol TPoeVIGYVLTNG, Moviéhov 7500SL, dote m yoén va Peitictomolel
Aertovpyia Tov. TéLog, 0 kKpvootatng eival eufantiocpuévog e doyxeiov vYPOL
alotov Dewar. ZOu@ovo pe TO MIGTOTOMTIKO TOV OVIXVELTY, 1 OYETIKN

anddoon tov givar 70% Kot n SLaKpITIKY 1KAVOTNTA TOVL Eivat:
— FWHM: 1.05 keV yia evépyeia potoviov 122 keV.

— FWHM: 1.96 keV kat FWTM: 3.66 keV yiwa evépyeia potoviov 1332 keV.

To motomomTikd 10V OVIYXVELTH ©TO Omoio mapatifeviar OAeg o1 OYETIKEG
nAnpooopieg Ppioketat oto [apaptnua 2. O1 S106TAGELS TOV AVIXVELTH KOOMC
KOl OVOAVLTIKY weptypaen ¢ Bopdkiong tov ocvumepthapufdvovialr o610

Ke@aiaio 3.5.

2.3 ATAAIKAXIA ENEPTEIAKHX
BAOMONOMHXHX

H dwdwkacio tng evepystoxkng Pabpovounong Paciletar 6tov TEPAUATIKO
TPOGOLOPIGUO GYéong, M omoia ovTioToryel KABe KAVAAL TOL TOAVKAVAALKOV
avalvth oe pa evépyela potoviov. Ipdkeitar cvvnbme mepl piag TpodTOoL N
devtépov Pabpod mOALVOVUHIKNAG GYXECMNG, OVOAOY®G ME TNV okpifeld mov

embopeitorl vo emtevydei. (43, 57)

21V mapovoa gpyocia yxpnoiporondnke tolvovopo tpo®tng tdéng. 'Etot, 0
evépyelo Tov eAcUaTOC cLVOEONKE pe Tov aplBd KOVOALOD GUUOMOVO HE TN
ypopukn oxéon: Energy= a- Channel + B. To a eivar 1 «iion tng gvbeiag
(evepyelakn kKMpoka) kot petpiétar oe keV/channel evd 1o B givat to onpeio

TOUNG LE TOV KOTAKOPLPO dEoval.
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Me okomd v €0peon ™G oyéong evépyelag avd Kavail eival avaykaiog o
TPOGOLOPIGUOG TOV OVO AYyVAOGTOV TOCOTHTOV o Kal B. Avtd mpaypatomoleital
YPNOILOTOLOVTOG TPOTVTN TNYN, M Omolo eumepléyel padlovovkAidio mov
EKTEUTOVY € TANODOPA SAPOPETIKAOV EVEPYELDV, KAADTTOVTOG TO €mBLUNTHd
edopo  evepyeldv  mov  peAetdtrotr.  Evoaliaktikd, eivor  dvvatov  va
ypnowpomombel mpdtun mmyn M omoio exkméumer wANOOpa  QoTOVioV
OLAPOPETIKAOV eVEPYELDV, OT®G TOo Eu-152. Lnv mepintwon mov n evepyelokn
neployn evolapépovtog eivar péyxpt to 2000 keV ovvnbiletar n yxpnon
evepyelakng kAipakog mepimov 0.25 keV/channel, n omoia avadeikvoet
TEPLGGOTEPO TN OLOKPITIKY 1KAVOTNTA TOV  OVIYVELTIKOV GULOTNUATOC.
Avtifeta, otV TEPITTOON TNG PACUATOOKOTIOG YOUNADV EVEPYELDV, GLYVA
apkel evepyetakn kipaka g tdéng tov 0.05 keV/channel. Enouévog, otnv

TOPOVGH EPYACIO AVOUEVETAL (10 TIUN EvEPYELOKNG KAMpaKkag kovtd ota 0.25

keV/channel. (38)

XpnowpomomOnke mpdtunn tnyn n onoio mepieiye Am-241 (59.54 keV), Cs-
137 (661.62 keV) xar Co-60 (1173.2 kot 1332.3 keV), étor dote va
KOADTTETOL ETAPKDG TO eveEPYELaKO pacpa and ta 50 uéypt to 2000 keV. Xtov
[Mivaxa 2.1 mapatiBetar o aptOpoc Tov Kavailod 6TO GAGUO KOl 1 EVEPYELL
otV omoia avtiotolyel. AxorovBel n e&ayopevn ypapikn TopdoTacT, €K NG

omoiag mpoxkvTEL N {NTOvUEV GYEDT.

Evépysra Apr0pég Kavariod

59.54 239
661.62 2648
1173.2 4695
1332.3 5333

Mivaxag 2.1 Evépyslo evandBeong oToviov 6Tov aviyveut cuvoptiosl oplfpod Soviov
IOV OVTIGTOLYEL GTO PAGHLAL.
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ENEPI'EIAKH BAOGMONOMHXH
ANIXNEYTIKHX ATATAZHX
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Awdypappa 2.1 BaBpovounon evépyelag oviyveutikng dtdtaéng.

Q¢ €k TOVTOVL, N GYXECMN TOL GLVOEEL TNV E€VEPYELD OV gvamotifetal GTov

OVIYVELTY LE TO KOVAAL TOV OTOTVTAOVETOUL GTO PACLO, MG
Evépyeia = 0.2499 - ApiBuods Kavadiob — 0.1239 (2.1)

KoBictatar wiéov dvvatdg o mpocdlopiopdg G €VEPYELNG OTOLOGONTOTE
QPOTOKOPLONG OTO QAcUA KOOMG Kol 1M TaLTOTOoiNnoTm AYyvemoTwv oTolyeinv

Bdion g evEpPYELOG TOV POTOVI®V TOV TAPAYOVTAL.

‘Evag and tovg eAéyyovg motdtntag mov mpémel vo dtevepyeital kol oyetiletat
pe ™ otafepdTNTo TOV MAEKTPOVIKOV TOV GLOTHUOTOS, OPOpPE oTNV
evepyetokn Pabpovounomn g d1ataéng Kol mo CVYKEKPIUEVA, OTIS TOOVHOG
TOPATNPOVUEVEG LETAPOAEG TOV TILOV TOV GLVTEAESTOV NG oyxéong (2.1). O
EAEYYOG TpémEL Vo €lval GLOTNUATIKOG, Vo oTnpileTal o€ GLYKEKPLUEVA
KPLTNPLO. Y. OTOOEKTN OMOKAIGN Omd TNV OVOUOCTIKY EVEPYELN, KOl VO
Aoppavovtar av oamatteital, ot KataAAniec OlopBwTikég evépyeleg  my.

puikpopvOpuicelc otnv gvicyvon.
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2.4 BAOMONOMHXH AIAKPITIKHX
IKANOTHTAX

H Pabpovoéuncn odlakpitikng wkavotntag, 1 omoio cvyvl avoQEPETAl GT1
Biproypagioa ®wg Pabpovounon evpovg nuicemg vyovg FWHM (Full Width
Half Maximum), amockomeli otnv ebpeon pag ovvaptnong mn  omoio
TEPLYPAQPEL TO TAYOG / €VPOG TNG POTOKOPLPNEC CVVAPTNOEL TNG EVEPYELAG TNG.
(5, 38, 57)

Otoav peletdrtol pio LOVOeEVEPYELOKT TTNYN, avapévetol Bewpntikd OA0L o1
noApol mov mpoépyovial amd yeyovota TANPOVS ATOPPOENONG VO £XOLV TO
1010 Vyog. Zmnv mpdén, ot SloPopPETIKEC TIHEG VYOVG KATAVEUOVTOL GE £€Va
pikpd  aplpd koavolidv. Avtd opeiletal o UEYOAVTEPEC OTATIOTIKEG
dlakvpdveelg otov aplipd tov eopéwv mov SNUovpyoHVIOL GTOV NUAY®yd
KOTA ™V oAANAEmidpacn Tov pe TNV akTtvofoiio Kol KOT’ EMEKTOCT OTIC
dtakvpdvoelg petald tov moipdv. Ot dtakvpdvoelg avtég opeilovtol o€
petaforég TV ouvOnk®V Agltovpylog TOVL AVIXVELTH KATA TN OLAPKELD TOV
petpnoewv, oe mnyéc Bopvfov mov mnydlovv amd TNV aviyvevtikny dtdtadn
KoBmg Kot og oTaToTikd 00pvfo mov mpokLETEL amd TNV 101 TN VUGN TOVL

naipov mov puetpiétat. (5, 38)

To nAnpec evpog Nuicemwc vyovg (FWHM) opiletar, 6nwg mpoxkvmtel Kot and
TNV ovopocio Tov, WG TO TAYXOS TNG POTOKOPLONG (KATAVOUNG) 6TO €mimedo
OV aVTIGTOYEL 6TO UIGH VYOG TNG POTOKOPVENG. Amapaitntn mpobmdOeon
Yo TNV €VPECTN TOV, ANMOTEAEL M APOIPEST TOV GLVEYOVG VTOCTPAOUOTOS OO
TNV EMPAVELL TNG POTOKOPVONG, £TCGL OGTE TO VYOG MOV EMAEYETOL VA
anodidetatl povaya ota yeyovota mov eivatl vmevhuva yio T0 GYNUATIGUO NG
ewtokopvens. 'Etor, to FWHM ypnoponoteitor og pHétpo TG EVEPYELNKNG

«dtoomopdc» kKol HEcw 0avTOoV VTOAOYIleTOl M OLOKPITIKY 1KOVOTNTA TNG

WHM

, . , . F . ,
AVIYVELTIKNG O1dTaENG cVLP®VA LE T oxéon R = , 6mov R 1 drakprrikn

wovotnta g aviyvevtikng owatang kot Ey m evépysio otnv omoia

OVTIGTOLYEL TO KEVTPO TNG POTOKOPVPNG.
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Yoppova pe  PBiproypaeia, n oxéon mwov ocvvdéer to FWHM kol v

1
evépyeto gival pla oxéon g popeng: FWHM =a - (E,) 2 + B, 6mov o kot B
otabepéc.(57)

Katd ™ pétpnon mmg npodtunng Tnyng mov ¥PNOILOTOMONKe pLe oKomd TNV
evepyelakn Pabpovounomn, 1o Aoyiopkd Genie2000 mwopéyelt ™ dvvotoOTHTA
ektipnong tov apBpov kavoaii®v mov avtictolyei oto FWHM  «dabe
eotokopvenc. H petatponn apbuov kavoiidv oe keV kabiotatar dvvatn pe
) Bondeta g oxéong (2.1) mov mpoékvye and v evepystokn Padpovounon.
‘Etov mpaypotomoteitar n avtiotolyn ypoaeikn omeikdéviery FWHM  (keV)
ocvvaptnoel ¢ pilag g evépyelog. Méow ™G YPOQOIKNG TOPAGTAGTG
npocdlopiletorl N YPOUUIKT GXECM N omoio GLVOEEL TO TANPES €0POG NUIcEMC

vyoug pe ™ pila tng evépyelac.

H ovykexpipévn pébodog ypnowwomondnke vyio eaxpifoon kot dev
nopatiBetar oty epyacio, kabog m eEiocmwon Pabpovounong tov €vPovVg

nuiocemc vVyovg vroAoyiletal apeca and to Aoyiopkd Genie 2000 wc:
FWHM = 9.059-10"‘keV +3.321-107%2-VE (2.2)

Téhog, a&iler va avaeepbel o0t OBewpdvrag ™ Onuovpyia kabe @opéa
(MAexTpOvio Kot omég) o¢ pio degpyacio mov akoAovBel v KaTOVOUT|
Poisson, umopei vo efaybei pio mpooeyylotikn oxéon m omoia ovvdéel
OlOKPLTIKY 1KAVOTNTA TNG OVIYVEVLTIKNG Otdtaéng povdya pe tov apBpud tov
eopémv. (38) Evéeiktikd, avagpépetotl 6TL 1 oxéon eival n e€Nc:

R = 2.35/(N)"G) (2.3)
6mov R n drakprrikn tkavotnta kat N o aptBudg tov eopémv. (5, 38) H oyéon
(2.3) avagépetar yio va kotaotel co@ég 6Tl pe avénomn tov appov tov
eopémv avapévetalr peioon (dpa BeAtioon) g OLAKPITIKNAS KAVOTNTOS TOL

GULGTNLOTOG.
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2.5 BAOMONOMHXH AITOAOXHX

H an6doomn aviyvevong owtoviov piag aviyvevtikng otdtaéng eivar €va
HETPO TOV TANOOVE TOV TOAUDV TOV TAPAYOVTOL GTOV €V AOY® AVIYVELTN Yo
éva oLYKEKPIUEVO TANOOG OKTIVOV-Y 7OV eKmEUTOVTOL amd pio 7Tny".
KabBopiler o peydho PBabud tmv xpnotikOTNTO TOL AVIXVELTH KOl Yo OLTO

Bewpeital éva and ta faciKOTEPA YOPAKTNPLOTIKE TOV.

Xpnowonotovvtol dtapopa pueyédn yio vo ekepdoovv tnv amddoomn €vog
OVIYVELTY, OTT®MG 1N OMOI00N PMTOKOPLONG, N OAIKN OTOIOCMN, N ECOTEPIKN
amoo0GT, N OYETIKN amodoon k.a. Kdébe éva amd to moapoamdveo peyédn
e€aptatal amd OlUQOPETIKEG TAPAUETPOVS KOl TEPLYPAQOEL UE OLAPOPETIKO
TPOTTO TN SLVVOTOTNTO OVIXVELONE P®MTOVIOV ATO TO AVIYVELTIKO CUGTNUO.
[Mopakdto oavoAvovial ol 7o ONUAVTIKEG EKQOPAGELS ATOdOONG MOV

YPNOLOTOLOVVTAL GTT Y-PUGULATOGKOTOL.

H amddoon tov aviyvevty, Ommg avadelkvieTal Tapakato, Eaptdtatl and
TNV €VEPYELD TOV QOTOVIOV, TN YEOUETPIA TNYNG-OVIYVEVLTY, TO TPOS AVAALGN

deiypo kabmc kot and v aviyvevtikn dtataén. (38, 50, 74)

2.5.1 EKOPAXEIX AIIOAOXHX

2.5.1.1 AITIOAOXH ®QTOKOPY®HX

H anédoon pwtoxopveng (full energy peak efficiency- ef feqr) anotedei pia
amod TIG MO CNUAVTIKEG TOPOAUETPOVS TOV OVIYVELTN GTN Y-QUCLOTOGKOTIA.
Opiletar g 0 AOYog Tov TANHOVE TOV POTOVIOV TOV AAANAETLOPOVTAG LUE TOV
KPOGTAAAO TOV aviyVeELTH €vamoBETOVV OAN TOVG TNV EVEPYELN GE ALTOV, TPOG
TO0. GUVOAKE Q®OTOVIOL TNG EVEPYELONG OVTNG MOV EKTEUTOVIOL OO TNV TNYN.
YopuPoriletar g €. Ilpoaktikd, 1 omdO006T EOTOKOPLONG, ekPPAlel ™V
wWKavOTNTO TOL OVIYVELTN VO OVIXVELEL &va QOTOVIO HE TNV TANPN TOL
evépyelta. Ta o@otévia TtV omolwv M evépyeld avIyVELETOL TANPOG,
KOTOYPAPOVTOL GTO €VEPYELONKO QPAGLO, ONUOVPYDOVTOS TIG QOTOKOPLYES (1)
auég mARpovg amoppdéenong), uHe popen Gaussian, SnAadny KOVOVIKNG
katavoung. (38, 50, 74)

Emopévmg, o AOyog g empdvelog Tng (OTOKOPLONG TPpog mANnBog tov

eotoviov mov ekméumovtalr omd TNV 7wy ekepdler v  amddoon
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QewToKOpPLONG. Dvowd, pe okomd TNV 0pON ekTiUNoN NS EMPAVELNG TNG
QPOTOKOPVONG, €lvol avayKaio vo a@olpeiTal 1 ETLPAVELDL TOV OPEIAETOL GTO
ovveyxég vroéoTpopa. Avtd eival duvatov va mpaypatonombel avtoépata pe ™
xpnomn tov Aoyiopikov Genie2000. Katd v eneéepyacio 1oV QOTOKOPLOGOV,
LE TO OVLYKEKPIUEVO AOYIGUIKO, ava@épetal 10 dBpoiocpo tov euPfadov g
Q®OTOKOPLONG Kat Tov vroPfabdpov tne (Original Area), to epfaddov vrofddpov
Kbto omd v eotokopven (Ambient Background), kabmdg kot to «kabopo»
eufaddv potokopveng (Subtracted Area). Onwg avaldetol €KTEVOS O©TO
KEPAAALO 5, M amdO00N POTOKOPLONG YPNOIUOTOLEITOL GTOV TOCOTIKO

TPOGd10PIGUd 160TOT®V KATE TNV avaAven evoc deiypatog. (74)

2.5.1.2 OAIKH AIIOAOXH

H olkn amddoon (ef fror) opiletar g o Adyoc tov GLVOALKOD aplBpold —
aveEopTNTOG EVEPYELNG — YEYOVOT®V TTOV KATOYPAOOVTOL ATO TO OVIYVEVLTIKO
cvoTNUO Kot oQeilovial 6e OTOVIO GLYKEKPLUEVNG APYIKNG EVEPYELAS, TPOG
10 TAN00G TOV EKTEUTOUEVOV QOTOVI®OV TNG EVEPYELNG QLTNG ad TNV ANYN.
Exepalet v tkavotTnTo TNG OVIXVELTIKNAG dtdtaéng va aviyveboel £€0T® Kot
Eva LEPOC NG evEPYELOG €VOG QMTOVIOL GULYKEKPLUEVNG EVEPYELOG TOL
ekméumetal and v mnyn. Emopévec, xkatd v edpeon g oAkng amddoong
o0 AapPdavovtar poé6vo vToOYly mTOVio TOv OAANAEmidOpacav evamoféTovTag
OAN v  evépyeld TOLG OTOV  KPOGTOAAO, OGAAQ Kol Q®OTOVIO 7OV
aAANAeTiOpacav aPnvovTag HEPOS TNG EVEPYELLS TOVG o€ avToV. 'ETot, vd T1g
ioleg ovvOnkeg de&aymyng HeETPNOE®V, 1M OAIKY omédoon eivor mavTa
pHeyoAvTEP 0md TNV amddoon eotokopvene. (38, 74) Axoun, oiler va
avaeepel 0TL OAIKN amOO0GTM YPMNOIULOTOLEITAL GVYVE GTN Y-QAGUOTOCKOTIN
HE OKOTO TOV TPOGIOLOPIOUO GLVTIEAEGTAOV O10pO®ONG YO TO QALVOUEVO TNG
TPAYUATIKAG cvuntoong. (74) Télog, mapepgepng eivor 0 0pog TG AmdOAVTNG
OMKNG amdd0oNG, 0 OMOl0G AVAPEPETOL GTO AOYO TOL GLVOALKOV aplOpod
KPOVGEMV OV TAPAYEL O AVIYVEVTNG Y10 POTOVIO OA®V TOV EVEPYELDV TPOG TO
TAN00G TOV EKTEUTOUEVOV QOTOVIOV OA®V TOV EVEPYELDV TOL TPOEPYOVTOL

and v myn. (50)

2.5.1.3 ZXETIKH AITIOAOXH

O 0pog oxeTiKn amdO0CN OVOPEPETOL GTNV ATOO0CT (QOTOKOPVLPNG TOV

OVIYVEVLTN GE GYECMN HE EVAV AVIYVELTY] avOoPOpPdEc. g aviyveuTng avaQopag
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ypnoipomoleitor aviyvevtig twotovyov vatpiov Nal(TI) dwactdoewv 3"x 3".
Ocov agopd TIC ovvOnkeg ™G UETPNONG, YPNOLLOTOLOVVIOL TO (POTOVIN
evépyetag 1.33 MeV onuewakng anyng Co-60 tomoBetnuévng oe andotoom

25 cm and to mapabvpo tov aviyvevty. (50, 74)

2.5.1.4 EXQTEPIKH AITIOAOXH

Q¢ eocmtepkn anddoon opiletar o Adyog Tov TANOOVE TOV EOTOVI®V TOL
KOTOYPAQPEL O OAVIYVEVTNG TPOG TOV Oapliud TV TPOSTIATOVIOV GE OVLTOV
ewToviov to omoio 0gv €yovv vmootel okédaom. Alapopomoleitor and TNV
amoOAVTY OMKN amddoon, KabdSG o aplOuds TOV EOTOVIOV TOV EKTEUTOVTOL
amd v TNyn 0&v 16ovTOL UE TOV aplBUd TOV POTOVI®V TOL KATAAYOLV GTOV

aviyvevty. (50, 74)

2.5.1.5 AOT'OX AITIOAOXHYE ®QTOKOPY®HX ITPOX OAIKHX
AIIOAOXHX

Ye MEPMTOOELS OMOV O TPOGIOPIGUOS TNG OMKNG amdI0GNG KOl NG
amodooNg  QMOTOKOPLONG  Eegywplotd  eglvor  dVOKOAOG 1 adVVATOG,
xpnopnonoteitar o AOyog amddooNS PMTOKOPVONG TPog OAKY| anddoon (PTT
ratio) kaBdg kot 0 A0Y0G 0AKNG anddoong Tpog anddocn ewTokopvens (TTP
ratio). (74) O ovykekpipuévoc A0yog umopei va Oempnbel pe kovomoinTikn

Tpocéyylon ave&apInTog T EKGoTOTE Ye®UETPiag mnyNc-aviyvevtn. (73, 74)

2.5.2 YHHOAOI'TEMOX AITIOAOXHXE OPQTOKOPYDHX

H an6doon owtokopveng (peak efficiency) vmoloyiletor yia v egkdotoTE

EVEPYELD COUOOVA LE TOV TUTO:

£ = ﬁ (2.4)

omov:

Eg: M amdO0GT QMOTOKOPLONG Yo TN GLYKEKPLUEVT evépyelo eotoviov (1

effpeak) )

cps : 0 PLOUOG KATAYPOUPOUEVOV YEYOVOTOV TOV @OTOVIOV TNG CVYKEKPIUEVNG
evépyelag Tov evamoféTovv OAN TNV EVEPYELD TOVG GTOV AVLYVELTH GTI HOVAdO

TOV XPOVOL Kol Kataypagovtal (counts per second),
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gps : 10 QOTOVLL TNG CLYKEKPLUEVNC EVEPYELOG TOV EKTEUTOVTOL ATO TNV TNYN

oTn povada tov xpovov (gammas per second).

Agdopévov 611 10 CPS amoterel To pLOUO KATAYPAPOUEVOV YEYOVOTOV €ENLTIOG
QPOTOVIOV TOL OAANAETIOPOVV HE TOV OVIYVELTH gvamoBEéTovTag OAN TOLG TNV

evépyeta, propet va opiotel og:
cps = ? (2.5)
omov:

N : O apiBudg yeyovoétov o omoiog avtiotolyel otnv Kabapn emedvelo g
QOTOKOPVONG. Mmopel emopévog va exkepactel Kot ®¢ 10 gufadodv g

QPOTOKOPVONG UETA TNV APAIpEST TOV GLVEYOVS VooTpduatog (Net Area),

t : o mpaypatikdc ypOVOG GLAAOYNG TOL EVEPYELNKOV (PAGUOTOS OF

devTEpPOAETTOL.

Emniéov, dedopnévou 0t 0 gps anoterel 10 puvOUd EKTOUTNG TOV AKTIVOV-Y,

umopel v oplotel ®¢:

gps = A - yield (2.6)
omov
A : m evepydotnta n evepydnTa (Activity) Tov padloicoTOTOV £VOLAOEPOVTOG
m¢ YR o€ Bq,

yield : To mOG0OGTO EKMOUTNG OKTIVOV-Y TNG VWO UEAETNG EVEPYELAG AVA

didomacn mupnva. (38, 74)

Avtikafiotovtag Tig oyéoelg (2.5) kot (2.6) otn oyéon (2.4) mpoxdntel dueca
N oxéon VHoAoywlopoh TG amddOCNS (OTOKOPLONG Yo TNV aviyvevon

eotoviov gvépyelog E og:

N
€6 = Ty Jrot (2.7)

omov
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g M omddooN TNG AVIYVELTIKNG O1ATAENG Yo TNV €KAGTOTE TPOC WEAETM

evépyelo poTokopuens (M ef fpear)

N : o aplBuog tov yeyovOT®V OTNV EMIPAVELL TNG QOTOKOPLONG (€xovTog
apolpécel tov aplOpud kpovoewv mOL O@PEiAeTOl GE OKESACES M OE

aktivoPBoiio vrofdOpov — cuveyxég vTOSTPOUA),

A : m evepyotnta n evepydnta (Activity) Tov padloicotémov €vOlAQEPOVTOG
m¢ YR o€ Bg,

yield : To mOGOCTO EKMOUMNAC GKTIVOV-Y TNG LIO UEAETNG €VEPYELNG ava

dldomacn Tupnva
t : H duapxeia g pétpnong (Live Time)

ftor : Xvvtedeotng d16pBwaong o omoiog Aapfdver vroyw dopbdcoelg AOY®
aVTATOPPOPNONG KOl AOY®  QOIVOUEVOL  TPOYUOTIKNG  GOUTTOONG.

(5, 38, 43, 56, 72, 74)

Youmepaivetar OTL Y100 TOV VTOAOYWOUO TNG OmMOO00NG (QOTOKOPLONG
delynatoc ovykekplpuévng evepydTntac, Omolteital 1 YvOOTN TNG EVEPYELNC
eotokopveng (péow ™G evepyelakng Poabpovounong), TOL  TOGOGTOV
EKTOUTNG TOV QOTOVI®OV 0VTNG TNG EVEPYELNS , TOL YPOVOL UETPMNOMG KOl TOL
euPadov g empdveiag g eoTokopLENS. O ¥podvog uétpnong kabwg kal To
eUPadOV NG EMPAVELAS TNG QOTOKOPLONG TAPEYOVTOL AUEGO GTO YPNOTN

Héc® tov Aoylouikov eneepyaciog paocpdtov Genie2000. (74)

Yvykekplpéva, avaypaeetotl toco o xpoévog petpioewv (Real Time), 6co kat
0 YpOVOG KATA TOV Omoio 1 (QACUATOCKOMIKY Otdtaén Aapufdver peTpnoelg
(Live Time). O xpo6vog mov 1 @ACHATOCKOTIKY dtataén £xel T dvvatdInTo Vo
AopPaver petpnoelg vmoloyiletor pEG® TNV 0QOAipESN TOVL VEKPOL YPOVOL
(Dead Time) and to cvvolikd ypdévo petpricemv (Real Time). O vexkpdg
YpoOvog opiletor g o ypdvog MOV TO GUOTNHA OEV €YEL TN SLVATOTNTO VO
aVIYVELCEL KAVOLPlo TOANS, KaBdg oakoun emnefepydletar tov tehevtaio
ToApo mov aviyvevoe. O vekpdg ypovog eEaptdtor and to pvOud Kpovcewmv,
TOV KPOOTOALO TOL OVIYVELTN KOODOG Kol amd Ta YOUPAKTINPLOTIKE TOV

NAEKTPOVIKDV GLGKELOV TNG dtataéng. (38)
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2.5.3 IAPAT'ONTEX I1IOY EIITAPOYN XTHN AIIOAOXH

Onwg €xer oM avoagepbei, m anddocn tov aviyvevty e&aptdtar and €va
oOVOAO TOpayOVI®OV 7OV ocvvoyilovial oTnv EVEPYELD TOV QOTOVIOV, 1N
yeopueTploe mNYNG-0VIXVELTH, TO TPOC avdivorn odelypoa xabodc Kot v
aviyveutikn owataén. (38, 50, 74) Ouwg, nAnbodpo emmAéov QAIVOUEVOV
OLETMOVV TIG PUETPNOEL aAmOIOoNG TNG aviyveLTIKNG dtdtaéng. 'Etotl, o akpiPng
TPOGOLOPIGUOG TNG ATOOOONG ATOUTEL TNV €QapUOYN OlopOBdoemV pe KOO TN
peioon g enidopaong N v €EAAEWYN TOV GLOTNUATIKOV GOAALATOV. XT1G
O10pODGELG OVTEG GLYKOTOAEYOVTOL Ol TWOPAYOVTEG KOl TO QOLVOUEVO TOL

EMOPOVV GTNV 0TAS00T.

Me agemmpia 1 oxéon (2.7) vmoAoylopov 1TNG omddoong, OVAALETOL
TEPULTEP® O O0PHMTIKOG TAPAYOVTOS fror ®C €V YIWVOUEVO TECGAP®V

TopayovVTmVv.
ftot =fg'fs'fd'ft (2.8)
omov

fg :  Tapbyovtag yeouetpiog anyfig-aviyvevtn, o onoiog exk@pdlel T oteped

yovia Q,

fs - [Mapdayovtag delypotog o omoiog ek@pAlel TNV oVTATOPPOPNON TOV

eoToviov péca oto deiyua,

fa : Hapbyovtag aviyvevtn o omoiog ekepdlel v eocmTEPIKY] ATOSOCN TOL
aviyveLTn, OMAadn v THAVOTNTO TO EOTOVIO TOV ETAVOLV GTOV AVIXVEVLTN
va evarofécovv OAN Vv gvépyeta tovg e avtdv. Eaptdtar and tnv evépyeia
TOV QOTOVIOV TPO¢ €EETACT, TO NAEKTPOVIA TNG OVIXVELTIKNS S1ATAENG KOl TN

LOPP1 TOV QVIYVELTY| ,

ft : Hapdyovtag o omoiog dtopOBdvel v amdOOCT GYETIKA PE QaIVOUEVA
COUTTOONG Kol EMKAALYNG TOALDV. ZoviOmc apopd povo t 610pbwon yio
TO QUIVOUEVO TNG TPOAYUATIKNG CUUTTOONG, AOY® TNG HEYAANG eMidpaoNg TOL

oTNV amdd0G™ TNS OVIYVEVLTIKNG OldTaénC.

Ot mapdyovteg Kol To QAIVOUEVO TOV AvVaeEPONKAV avadhOVTOL 6T GUVEYELOL.
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Evépyera: 1 oxéon mov ovvdéel TV amdd0Gn TNG AVIYVEVLTIKNG OldTtaénG HeE
v evépyeto peretdtal oto kepdiato 2.10. I[Ipooeyyiotikd, Ba puropovoe va
Oewpnbel 611 | anddoon avéavel ypapuikd pe v evépyeta uéypt ta 200 keV
Kol €V ovvexelo peldvetar €kBetikd. Xtnv mpaén, pe okomd v eaymyn
0p00TEpOV amoterlecpudtov, cvoyetiCovtalr ot AoydpiOpor tov dvo peyedov
Kot ypnotlpomoteitar €va moAvaovopo 2°° Babuod kol Aveo ®¢ cvvaptnon

avadpounc. (ke.2.5.4) (3, 36, 74)

H yeopetpio anyns-aviyvevtn: emdpd onuovtikd otnv omdédocn, O010Ti
kaBopilel 1 oteped yovia aviyvevong. H emidpacn tov dlactdcemv TOL
KPVGTAAAOL TOL aviyvevty kKabdg Kot Tov wapadvpov TOV, AVAAVOVIOL GTO
KepaAioto 3.3. v mepintoomn mov de peAETOVIOL LOVO CNUELOKEG TTNYEG,
aArd Kot TnyEg OyKov, M YeopeTtpia tng 1010 TG myng ennpedlel dueca v
OVIYVELTIKN 1KOVOTNTO TOV GLGTNROTOS, HeTAPAAAOVTIOC TN oTEPEd Yovia

aviyvevonc. (38, 57, 74)

Avtamoppoéonen: mn QLo TOL TPOG avdAvom Oelypatog emnpedalet v
amddooN TNG OVIXVELTIKNG dtdTtaéng. Xvuykekpipéva, n cOOTOCT, 1 TUKVOTNTA
KoO®¢ Kot ot dtaotdoelg Tov delypatog mpokarodv peTafoArég otnv anddoon
tov aviyvevt. Ot petaforéc avtég o@eiloviar G610  QAWOUEVO  TNG
avtoamoppoenonc. (57, 62) Otav to EOTOVIO YOUNADV EVEPYELDV EKTEUTOVTAL
and mnyég dykov vmapyel peydAn mbavoétnto ovtd va amoppoenfovv N va
eEaclevnoovv and 1o 1010 T0 LVAMKO TG TNYNG M Kol and 10 d0YEL0 MOV TNV
TEPLEYEL, AOVVATOVTOG VO @OTACOLV GTOV  OVIXVELTH] N  OTAvVOVTaC LE
YOUNAOTEPN eVvEPYELD. AVTO TO QOIVOUEVO OVOUALETOL QLTATOPPOPNOT Kol
epoavifetar axdpo kol ce mNYEC TAXOLS Alyov ylMooTt®V, OTOV TO
EKTEUTOUEVO  QMOTOVIO &lval oapKeETA YOauUnAng evépyetag. Ta kvplotepa
ototyeia mov ennpedlovv TNV AVLTATOPPOPNGN TOV POTOVIOV €lval 1 evépyela
TOV EKTEUTOUEVOV  QOTOVIOV KOl 1 TUKVOTNTO KOl 1 GLGTOGT TOL

eEetalopevov deiypatoc. (62, 74)

XopoKTNPIGTIKA  GVIYVELTIKNG Oldtaéns: To  YOPUKINPLOTIKA NG
aVIYVELTIKNG dtdtaéng emdpovv emnicng otnv amddocn Tov CVGTHUATOS. Ta
VAIKO KOTOGKEVNG TOL OVIYVELTH, TOL TOPabBVLPOL TOV, TOL TEPIPANUATOC

Kabog kal g Bopaxiong eivar vrevBuva yio T EVGN TOV GAANAETIOPACEDV
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mov Ba mpaypatoromBovv. O pvBuiceig Aettovpyiog Kot o1 xpOVOL ATOKPIoNG
TOV MAEKTPOVIKOV NG Otdtaéng emmpedalovv emiong v amddoon Tov

GULGTNLOTOG.

Nekpog ypovos 6VOTNNOTOS: OTOG avaeépOnke 610 vVIOoKEPAAalo 2.5.2, ®¢
veKpOg ypovog opiletal o €AdyloTOg XPOVOG MOV amalteitol VOTEPOL ATO HLa
O1€YEPGT TOL OVIYVELTN DGTE Vo ENAVELDEL GTIC apylkéG ocvvOnKeg Aettovpylag
TOV KOl VO OVIXVEVLGEL TO €MOUEVO COUOTIO0 ¢ Eexwplotd yeyovodg. XN y-
(QPOCUOTOOKOTIO, 1 TIUN TOL VEKPOV YPpOVOL OQEILETOL GTOV OVOAVLTH] VYOULC
TOALOV KOTE TN LETATPOTY] TOV CNUATOS and avaAoyikd o ynoeltakod. Katd
dldpkeld TN dlepyaciog OLTAG O OVOAVLTAG advvotel vo KOTOUETPNOEL
Kowvovplo maApnd. Meiwon tov pvBupov kpovoewv emeéperl Peitioon otnv
TIUN TOL VEKPOL Ypdvov, o omoiog oe kKAbe mepimtwon vmoroyiletor mAov

Gueco HEGCH TOV AOYIGUIK®OV Y-pocpatookoniag. (38, 72)

Emwalvyn malpov (pile up effect): Ttovg aviyvevtéc nuioyoydv, o vekpog
YPOVOG Oev emmpedlel oNUAVTIKE TIG HETPNOELS. ZLVNO®G M UETATPOTN TOL
ONUATOC amd avaloylkd o€ YnNELokd gival ToyvLTATN, €101KOTEPA UE TN YPNHON
TV vémV texvoloyiov emnefepyaciog ynolakov cnpatog (DSA). Ouwe, Adywm
NG TEPLOPLOUEVNG YPOVIKNG OLAKPLTIKNG tKavOoTNTog (Tng TAENS TV Us), eivat
dVVaATOV 1 GLYXMOVELGT OVO MOAUDV KOTA TNV aViyVeLoN Kol M avayvapilon
TOVG ®G £vav, e VYOG TOAROV 160 pe T0 ABpolopa TOV VYOV TOV VO TAALDV
OV £PTOCOV GTOV OVIYVELTN HE EAAYLOTN XPOVIKN Olapopd. Q¢ amoTEAECH,
TOGO 0 YPOVOG MOV AVIXVEVTNKE O EKACTOTE TAANLOG KOOMS Kol 1 EVEPYELL TOV

givat advvorto vo tpocdioptotovv. (72)

Tvyeaia ABpowen (random summing): to @ovopevo TG tuyoiag abpoiong
opiletar g 1 aviyvevon dVo Tvyoi®V aveEdpTnTOV YeYOVOTOV, ®C éva. Ommg
KOl GTO QOLVOUEVO EMIKAALYNG TOAU®V, TO VYOS TOV TAALOD TOL TPOKVATEL
avTioTol el 6T0 ABPOIGUA TOV VYOLE TOV TOAUMV TOL AVIYVEDLTNKOV GYEOOV
tovtdypova. H ypovikn dtapopd tov maipdv gival g TaENG TV MS 1 Us.
‘Eto1l, pmopel va meplopiotel pe 1 ypnom MAEKTPOVIK®OV KOANG YPOVIKNG
OlOKPLTIKNG 1KAVOTNTAG 7OV TPOGIIO0LV GTNV aviyveLTikny Otdtaén yxpovo

amoKplong g TééENG TV usS. Axoun, 1o @owvopevo g tvyoiog aBpoiong
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egaptatal and to pvOud kpovoewv. 'Etol, eivar dvvatdv va meploplotel pe

avénon g andotaong TNyNc-oviyvevtn. (72)

Mpaypotiky Xopntoon (true coincidence): Q¢ mpaypoatiky ocOUTTOON
opiletar to @ovoéuevo kotd to omoio VO 1 TMEPLOGOHTEPU PMTOVIO TOL
ekméumovtal dtadoyikd amd tov 1610 KAASO Jldomacng TOv TLVPNVA EVOG
1GOTOTOV, AVIYVELOVTOL TOVTOYPOVO OO TNV OaVIXVELTIKN dltdtaln Kot
KOTaypaeovtal ®¢ Eva goToVio eVEPYELNG 161G LE TO AOPOIGHO TOV EVEPYELDV

TOV EMPEPOVS pwTovinv. (72, 73, 74)

Katd ™ didomacn evoc mupnva cuviBwg TpokKHTTEL TVPNVAG GE dLEYEPUEVT
KOTAGTAGY, Y0 TNV OTOJEYEPCT TOV OMOIOL CLYVO OMAITEITOL T EKTOUTMY|
TOAADV d1ad0 KOV poTovimv. Zvvnlwg, o xpoévog nuilmng g Kabe otadung
sivat ¢ Ttaénc tov psec (107'%sec) N nsec (107%ec). Opwc o yxpodvVOC
amOKPLONG TNG avViXVeELTIKNG Otdtaéng (response time) eivar tng tdéng toOV
pusec. Emopévmg, 6tav 0Vo 1 mepiosdtepa dtadoyikd eotoévia and v idta
Olbomacn OAANAEMOPAGOVY pHE TOV  OAVIYVELTY, OVLTOC advvaTtel va To
AVIYVELCEL GAV OLOPOPETIKA, OAAG Ta aviyvedel G £va MTOVIO PE gVEPYELD

ion pe to afpolopa tov evepyelmv tovg. (56, 73, 74)

Q¢ amotélecpa, €0V TO QOIVOUEVO TNG TMPOAYUOTIKNG COUTTOONG E£ivol
€VTOVO, KATOYPAPOVTUL GTO PAGHO TOALEC KPOVGELS O1 0Toiec opeilovTal 6TO
aBpowopa g evépyelag oowtoviov. 'Etotl, dnpiovpyovvrar 1 avédvetor m
EMPAVELDL QOTOKOPLPDOV, YEYOVOS TO OTMOI0 OMOJIdETAL GTO QAIVOUEVO TNG
TPAYUATIKNG ovuntoons. Tavtoyxpova, a@alpobvTal KpPoVGES Omd  TIG
QPOTOKOPVPEG MOV OVTIOTOLXOVV  GTNV  TPAYUOTIKY)  EVEPYELD  TOV
aviyvevouevov  eotoviov. To @ovoépevo avénong G  EMOAVELNGS
QPOTOKOPVONG AOY® TOVL EAWVOUEVOL TPOAYUATIKNG COURTOONG ovopdletal
summing-in effect, evd 10 @awvopevo peimong NG ETLPAVELNG POTOKOPLONG
kaieitor summing-out effect. Edav «xdamoio amd to 800 @mTOVIA 7OV
aviyvebovtal TavTtOypova, 1 Kot To 000, 0eV OAANAEMOPAGOLV UE TOV
aVIYVELTN €VATOBETOVTOG OAN TOVG TNV EVEPYELX, TOTE TO (QOULVOUEVO TNG

TPOYLOTIKNG COUTTOONG 00N Yel o€ aOENGT TOV VTOGTPDOUATOC.

To o@owvopevo ¢ mpaypatikng ovuntwong eoptdtor and mAnbopa

TopayOvVI®V, Ol omoiol MPOg OLEVKOAVVGT KOTOTAGCOVIOL GE OVO0 UEYAAECS
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katnyopies. H mpdtn xatnyopia mapapétpov yapoaktnpilet To unyaviopd g
OL0O0Y KNG EKTOUTNG O0V0 N TEPLOGOTEP®V PMOTOVIOV amd TOV 1610 TLPN VA KoL
n dghTEPN TO UNYXOVIGUO TNG TOVTOYPOVNG aviyvevong Tovg omd TNV

aviyveutikn dtdtaén. (38, 74)

Emypoppoatikd, ot mapdyovieg mov €£apTdVIOL OO TOV POOLEVEPYO TLPNVO

sivat:

e 1 00UN TOV dLAYPAUUATOS OLdoTaoNC TOV €EETALOUEVOL 1GOTOTOV,

® T0 TOCOOCTA EKMOUMNG TOV Old0YIKA EKTEUTOUEVOV QOTOVIOV TOV
1010V KAGdoL dldomaoNc,

e 0 ypovog nNuoNng TOV EVOLAUECHOV  EVEPYELOKOV  oTAOU®OV
anod1€yepong,

e 0 TpOéMOC O14oTMACNG TOL TVPNVO TOL 1GOTOMOV TOL PMTOVIOL MOV
e&etdletat (ekmouny| copatdiov-p, ekmounn aktvov-X)

Ot mapdyovteg mov oyetiovtol He TNV TAVTOXPOVN AViYVELON TOV POTOVI®OV

sivat :

® 7O LAMKO Kol T0 TéyY0og ToL TapadHPOL TOV KPLOGTATY, TPOKELUEVOL VO,
eheyyBel av to dtamepvodv axtiveg-X,

e 1 amdd0cN NG AVIXVELTIKNG 01dTtaENG, KabBdg 660 peyalvtepn eival M
mBavotnta aviyvevong eotoviov 1660 mo £€vIovo gival To eAVOUEVO
™G TPOYUOATIKNG GOUTTOONG,

® T YEOUETPIKA YOPOAKTNPLOTIKA TN TNYNG,

e 1 oteped yovia mnyng-aviyvevt kabmg, pikpdTEPN andoTocn TNYNG-
aviyvevtn  mopovctdlel  peyaAvtepn  mBavotnta  TaVTOYPOVIG
KaTaypaeng 000 1 Kol TEPLGGOTEPOV POTOVI®V KAl dpa TO QAIVOUEVO
™G TPOYUOATIKNG COUTTOONG €lval o £VTOVO.

Mio oaxOpo mapapeTpos 1 omoio €mMOPE GTO QALVOUEVO TNG TPOYLOTIKNG
COUTTOONG, aALd dev umopel va katnyoptromonbei Eexdbapa oe pio omd T1g
dv0 moapamdvem opadeg mapayoviov, €ivalr mn yoviakn ovoyétion (angular
correlation), n yovia dniadn mov oynuatifovv petald ToLE TA SL0d0YIKA

EKTEUTOLEVA QOTOVLAL.

‘Exovtag avaidcel OAOVG TOVG TOPAYOVTEG KOl TO QAIVOUEVO TOV EMLOPOVV

OTOV TPOGOLOPIGUO TNG AMAO0GNG TNG AVIYVEVLTIKNG oldtatng &ivar mAéov
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dvvatd va oeEayxbel PabBuovounon ™G amdd06NG POTOKOPVONG TNG
aviyveuTikng drataénc. (38, 74)

2.5.4 IEIPAMATIKH BAOMONOMHXH AITOAOXHX

H PoBpovéunon amddoong pHiog oviyveutikng o1dtaéng omookomel otnv
gVPECN GLVAPTNONG M omola eKEPAlel TNV ATOS00N PO®TOKOPLPNG GLVOPTNCEL
¢ evépyerag. Ilpdxettar ocvviBmOG ylo TOAV®OVLUIKY KAUTOAN OVOOPOUNC
devtépov Pabuod kar aveo (43). H Pobpovoéunon amddoone amotelel
ONUOVTIKT TOPAUETPO TNS Y-QocuaTOoKOTIOG KoOMG oyetileTal dueoca e tov

TOGOTIKO TPOGOLOPIGUO TOV padlovovkAdiov. (43, 74)

Apywkd, omatteitor 1 TPOETOHOGIO  EPYOCTNPLOKOV TPOTLVTOV  TNYOV
KOTAAANANG YeOUETPlOG, YPNOLUOTOLOVIOS TIGTOMONUEVEG TNYEG YVOOTNG
evepyotntag. Ilapadoctokd, ot PabUovouncelg oaviyveuvtov yepPUAvViov
TPOYLOTOTOLOVVTOL WE TN XPNOTN PASIEVEPYDOV MWMYHATOV, HECOH OE VALKA
dtapopetik®dv ovotdoemv (1). Embupeitar ot mpdtumeg nnyég va eKmEUTOVY
Qe®OTOVIO. TOL VO KOAOTTOLV OG0 TO dLVVATOV TANPEGTEPA TNV EVEPYELOKT|
TEPLOYN EVOLAPEPOVTOG Kl Vo £Xovv peydro ypdvo nuilong ®ote va givor
KaTdAnia yia Babpovounon yio peydro ypovikd dtdotnua (3). Me okond v
amoQLYN  TMEPALTEP®  loay®YNG  ofePatotrov oty dwdikacio NG
BaBpovounong, araiteital n tpdtvAN TNYN vo tonobeteitan otnyv 1dwa Béon enl
TOV aviyvevtn otnv omoia Oa tomoBetnBel to mpog avaivon deiypa. Téhog, 1
OULAAOYN TOL QACHOTOG OQEIAEL VO TPOYUOTOMOLEITAL Y10 ETMOPKES YPOVIKO
dtbotnuo  mpokewwévovr va  emitevybel 1KovomomTiKn otoToTIKY  (T.Y.
afefarotnta pikpdtepn tov 1% oe eminedo gumictocvvng 1o avdroya pe tnv

EQOAPLOYN KOl TO eMOL®KONEVO amotédeopa). (38,74)

21V mopovca epyocio ypnoipnonotOnke Seiyo TOAVEVEPYELOKADV TNYDOV, TO
0Toil0 KAAVTITE TO evepYELOKO Qaopa evdtapépovtog 50-2000 keV. O dardtng
OA®V TOV TNYOV NTav €M0&ikn pNnTivn S10POPETIKOV TLKVOTHT®V, EV® TO
piypa Bproxdtav evtdg doyxeiov moAvatBvAieviov, GLYKEKPIUEVNC YEOUETPLOG.
To doyeio TomoBetovvTav Kdbe popd madvew 6to mTaPEOBLVPO TOL AVIYXVELTY, GTO
KEVTPO ovTov. XpnoipomomOnkav dHo Oykot mAnpwong tov doyeiov 260 mL
kot 100 mL. ITopdAinio, yio «dBe Oyko mANpwong ypnoipomomiOnkav

SLOPOPETIKEG TVKVOTNTES VALKOV (em0o&ikN ¢ pntivng) dote va Anedel voyn to
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QeOVOLEVO NG ovtamoppoenons. [ Tig oavaykes NG  TEPAUATIKNG
Babpovounong aélomomOnkav dedopéva  amd TAAOMOTEPEG UETPNOCELG
anddoong wov giyav de&aybel oto TEPIL. Zvykekpipéva, eKk16¢ TOV TAAIGI®V
¢ mapovoug epyaciag, ANEONKE T0 EAGUA TNG €KAGTOTE TOAVEVEPYELUKNG
TNYNG Kal €V ovveyeio TpocdlopioTnke N amdI0CN NG AVIXVEVTIKNG O1dTAENG
yio kaBe evépyelo poadloicotOTOL TOL delypatog, UE TN YPNON  TNG

npoavaeepbeicac oxéong:

€E :A_t_;vm'ftot (2.7)
O oplBudg TtV yeyovotmv omnv  emeavelo. TS @oTokopveng (N)
npocdlopiotnke Gueco pEc® TOL  Aoyiopikov Genie2000 to  omoio
OALOKANPAOVEL TNV ETMLPAVELL TNG POTOKOPVONG. AKOUT, LEGH TOV AOYIGULKOD
nopatifetar o akpipng ypovog pétpnong (t). H evepydtnta 10V €kdoTOTE
padtovoukAdiov (A) vmoAoyiotnke He 11 YPNON TOL TIGTOTOINTIKOV TNG
YNS, AapuPévovtag vmoyv 1o vopo ekbetikng peiwong g evepydtag. To
TOGOGTO EKMOUMNG OKTLVOV-Y TNG VIO WHEAETNG €VEPYELDG OavA OlACTOCM
nopfvo (yield) amotelel yopakTnploTikd TOL €KAGTOTE POdLOIGOTOTOV TO
omoio AauPdvetrar and Piproypapucéc nnyés. Emopévog, amarteitar n opbn
gvepyelakn Pobpovounon g Owdtaéng ®cte vo  Tovtomoleitar  kafe
padtoicotono. Télog, dedopévov OTL o1 amoddcels de dtopHdvovtal yio TO
QOWOUEVO TNG TPOAYUOTIKNG OCUUTTOONG KOl TNV ouTamoppoOenomn, o
ovvteleotng O10pBwong (fior) OcwpnOnke icog pe ™ povada. Me avtd Tov
TpOTO TPocdlopioTnke N aAmdO0CN NG AvViXVeELTIKNG dtdtaéng (&x) Y TO
oOVOAO TOV OLOQPOPETIKAOV EVEPYELDV QOTOVI®V-Y TOL TPOEPYOVIAL ATO TNV
ekaotote mnyn. Ta dedopéva ovtd katéotnoav ovvatn tm oeaywyn g
TEWPANLATIKNG PoabBpovounong Tng aviyvevtikng otdtang oty mapovca

epyacia.

Téhoc, emonpaivetor 611 GOUEOVO HE TO TIGTOTOMNTIKO TOV TNYDOV TOANLOV
kvabiov, 6ykov mtAnpwong 260 kar 100 mL, mov mapatifetor oto [apaptnua
I, 6ieg or aPefardoTntec ommv T ™G AnOO00NS TOV PadlOiGOTOTOV
avtiotolyovv o€ mocootd 1.5%, oe eminedo epmictoovvng lo. E&aipeon

amotelel 1 aPfePardtnto TC amddoong e®TOKOPLENG Tov Pb-210 mov

30



avtiotolyel oe mocootd 5.7% (lo) xor tov Am-241 mov avrtictoyel oe

nocooto 1.8% (10).

Ewova 2.4 dotoypagpio moiods yeopetpiog kvabiov.

2.5.4.1 BAOMONOMHXH AITIOAOXHX 260mL

Ytov Ilivaka 2.2 wopatibeviar ot evéEPYElEC TOV QOTOKOPLO®V TOV
epoaviCoviar oto @dopo Pabpovounong kabog kot To poadloicdTOmA TOL
piypatog mov aviiotolyobv e Kébe evépyeto. AkOun, cvumeplAapfavetat 1

amdd00N TOL aVIYVELTN ©€ KABe &evépyeln, Yyl evvEd OLOQPOPETIKEG TIUEG

TokveTNTOG TG TNYHS Badpovounonc?.

Onwg éxet avaeepbei, okomdg g Odwadikaciog eivar 1 €vpeon HLOG
ocuvvdptnong mn omoia ekEpAalel ™V amdO06T POTOKOPVENG GLVAPTNCEL TNG
evépyertog. H oyéom avti, n omoio mPOKVLTTEL HE TPOCSUPUOYN KATAAANANG

ovvaptnong oavadpoung &= f(E) oto (evyn mepopatikov onueiov (E, eff),

1 Tmv mepinmtoon g mukvomrog manyhg 2,0 glcc, eldyiota @wtovie Tov 1cotdémov Pb-210
OVLYVEVOVTOL GTIV EMLPAVELN POTOKOPVPNG AOY® TOV POVOUEVOD OVTATOPPOPT|GNG.
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amoteAel T ovvaptnorn Pabpovounong amdd0cMNg Yo TN GLYKEKPLUEVT

veouetpia (74).

21 BiprMoypagio mpoteivovtal dLAPOPES LOPPES GLVAPTNGEDY AVAIPOUNG,
EUTMELPIKEG M NUIEUTEIPIKES, YPOUUUIKES | TOAVOVLUIKEG, TOV e&apTtdvTol Omd
10 €100C TOL AVIYVELTN KOl TNV gvepyelakn meptoyn Pabpovounong. Ilavrwme,
EXEL EMKPATNOEL CVOYETION TOV peYebdv pécw tov Aoyapibuwv tovg. 'Etot,
YPNOULOTTOLOVVTAL GYECELG TG HopoNG [n(e)=f(In(E)). Axdéun, ocoppova pe
BiBAloypaplkéG ava@opég OTIC Omoleg CLYKPIVOVTOL OLUQOPETIKES HOPPEG
CUVOPTNGEDV OVAOPOUNG, M YPNON TOAVOVLUIKOV €EICOCEOV  UEYAAOL
BaBpov e&acparilel moAd Kavomomtikn mpooapuoyn ota onueia (In(E), In(e)).
(36)

‘Etol, n oyéon avadpoung mov kupimg xpnoHomoinKe oTnV Topodca EPYACio e

okomd ™ Pabuovouncn amddoong nTov ToAV@VUIIKY 4°° Babpod g Lopenc:

In(e) = ag + a; - In(E) + a, - (In(E))? + a3 - (In(E))® + a4 - (In(E))*
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- Evépysra Mepopotikéig Tinég TNG 0m63001G YLa SLapopeTikég mMuKVOTNTES (g/Ccm?)
66TOTO
(keV) 0.05 0.5 0.7 0.9 1.0 ] 15 1.7

Pb-210 46.54 0.01543 = 0.0146  0.01503 0.01328 @ 0.01237 @ 0.01024 0.00924  0.0069

Am-241 59.54 0.03591 0.03692 0.03582 0.03274  0.0303  0.02924 0.02439 0.02035 0.02149
Cd-109 88.03 0.05646 =~ 0.06044 = 0.06052 = 0.05572  0.05246 @ 0.04729 @ 0.04339 @ 0.03986 & 0.03903
Co-57 122.06 0.06085 0.06662 0.06501 0.05947 0.05427 0.0519  0.04705 0.04384 0.04421
Cd-109 165.85 0.05447 = 0.05989 = 0.05928 0.05419 @ 0.05001 @ 0.05119 @ 0.04402 @ 0.04153 & 0.04161
Hg-203 279.2 0.03982  0.04515 0.04479 0.04164 0.03832 0.03796 0.03423 0.03167 @ 0.03157
Sn-113 391.69 0.03123 = 0.03582 0.03574  0.0333 | 0.03083 @ 0.03052 0.028 0.02639 = 0.02714
Sr-85 513.99 0.0256  0.02953 0.02976  0.0281  0.02588 0.02625 0.02371 0.02238 0.02306
Cs-137 661.65 0.02175 0.02538 = 0.02452 = 0.02412 @ 0.02249 = 0.02384 @ 0.02078 @ 0.01964  0.02044
Y-88 898.02 0.01641 0.01902 0.01932 0.01826 0.01702 0.01791 0.01581 0.01495 0.01549
Co-60 1173.22 | 0.01338 @ 0.01567 @ 0.01592 @ 0.01518 @ 0.01415 0.01426 0.01318 0.01256 @ 0.01308
Co-60 133249 | 0.01218 0.01431 0.01465 0.01399 @ 0.01307  0.0131 0.0122  0.01165 0.01207

Y-88 1836.01 0.0098 = 0.01159 | 0.01186 @ 0.01136 & 0.01064 & 0.01129 0.01008 @ 0.00957 0.01

Hivekog 2.2 Tiéc amdS00TG GUVOPTHOEL TNG EVEPYELNS Y10 OAEG TIG TUKVOTNTES TNG TNYTS
Badpovounong dyrkov mAnpwong 260mL.

AxoloOBwe, mapoatiBevtor evdelkTIKA ol KOumOAeg NG  amddoong
QPOTOKOPVONG TOV OVIXVELTN GLVAPTACEL TNG €véPyeElag Yyl Oyko Ooxeiov
260mL kat 0vo drapopetikég mukvotnteg tnyng (0.05 xoar 0.9 g/ec). Axdun,
avaeépetatl 1 TeETApTov Pabpod molvovoukn e&icwon avadpoung mov
mpoékvye Yo KABe mukvOTNTA KAODG KOl O EKAGTOTE GOLVIEAECTNG
ovoyétiong. Ot kapmdreg amddoong yiw OAEC TG TLKVOTNTEG TNYOV

nopatifevtor oto [Mapdpnpa 3.

33



NEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 0.05 g/cc

0,07

MEIPAMATIKH KAMMYAH BAOMONOMHEHS
A In(g) = -0.0803In(E)* +2.0182In(E)? - 18.9In(E)? + 77.465In(E) - 119.68

0,06 f ‘
0,05

+ MEIPAMATIKH ANOAOZH

: —TMEIPAMATIKH KAMMNYAH
BAOMONOMHZHZ
0,02
J» \\'\'\
0,01 .

——

ANOAOzH

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Avdypappa 2.2 Tepapotikn fadpovounon nnyng Pabpovounong dykov mAnpmong 260 mL,
mokvotrog 0.05 g/cc.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 0.9 g/cc

0.07
0.06 0\
0.05
<+ NEIPAMATIKH AMOAOZzH
4
—MEIPAMATIKH KAMITYAH
o \'\\'
!

BAGMONOMH2ZHZ
0.01

NEIPAMATIKH KAMNYAH BAOMONOMH:HZ
In(g)= -0.0867In(E)* + 2.1675In(E)® - 20.214In(E)? + 82.624In(E) - 127.35

=3
=)
=
_ |

AITIOAOXH

=)
5
L
*

o] 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Adypoppa 2.3 Tlepapatikr faduovounon myng Pabuovounong dykov tAnpmeong 260
mL, mokvomtag 0.9 g/cc.
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2.5.4.2 BAOMONOMHXH AITOAOXHX 100mL

2opepova pe TN otadikacio mov akoAovOnOnke pe oKOmO TNV MEPAUATIKT
BaBpovounon amddoong mnyng Oykov 260mL, mpoaypotomoOnke Kot
Babpovounon amnddoong Tng aviyvevtikng dtdtaéng vy anyéc éykov 100mL,
€EL OLAQOPETIKAOV TLKVOTNTOV, PE TN ¥pnon g e&icmwong 2.7. Ltov Ilivaxka
2.3 mapatifevial o1 EVEPYELES TOV POTOKOPLP®V TOL epPavifovial 6To PAcLa
KoOm¢ Kol Ta padloicOTOnO TOV UIYHOTOG TOV GVTIGTOLXOVV GE KdBe gvépyeta.

Sounepthapfdavetal n andd0c TOV AVIXVELTH o¢ K&Be evépyeta, yia Tig €61

OLAPOPETIKEG TILEG TVKVOTNTAG TNG EMOEIKNG pNTiving TS TNYNC.

Mewpapatikig Tipég TG amédoons yia dra@opeTikég mukvoTnTES (g/Cm?)
Isétono Evépysia (keV)

_ s |

Pb-210 46.54 0.02379 0.01841 0.01667 0.01273 0.00059
Am-241 59.54 0.05775 0.05035 0.04781 0.04089 0.04266
Cd-109 88.03 0.09893 0.08701 0.08216 0.07569 0.07371 0.00306
Co-57 122.06 0.10667 0.09373 0.08853 0.08317 0.08266 0.00796
Cd-109 165.85 0.09581 0.08484 0.08194 0.07697 0.07635 0.0164
Hg-203 279.2 0.07194 0.06372 0.06008 0.05501 0.05438 0.02961
Sn-113 391.69 0.05656 0.05078 0.04933 0.04692 0.04672 0.03447
Sr-85 513.99 0.04646 0.04193 0.0408 0.03891 0.03915 0.03414
Cs-137 661.65 0.03849 0.03619 0.03596 0.03368 0.03393 0.03072
Y-88 898.02 0.02903 0.02645 0.02574 0.02474 0.02486 0.02327
Co-60 1173.22 0.02381 0.02164 0.02114 0.02037 0.02049 0.01952
Co-60 1332.49 0.02182 0.01986 0.01942 0.01872 0.01873 0.01815
Y-88 1836.01 0.01747 0.01604 0.01571 0.01518 0.01539 0.01515

Mivaxag 2.3 Tyég amdd06MG GUVAPTIOEL TNG EVEPYELNS Y10 OAES TIG TUKVOTITEG TNG TNYNG
Babpovounong 6ykov mAnpwong 100mL.
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Onwg xar mponyovuévmg, ta ueyédn ovoyetiomkov péocw tov aiyopibpwov
TOVG KOl XPNOIHLOTOONKE ®G cVVAPTNON OVadPOUNS ToAvdVVHo 4°° Babuov.
AxoroO0m¢ mapatiBevial EVOEIKTIKA 01 KOUTOAEG TNG ATOSI0GN G POTOKOPVONG
TOV OVIYVELTH GLVOPTNCEL TNG evépyetag yia 6yko doyxeiov 100 mL kot dvo
dtapopetikég mokvotnteg mnyng (0.7 xar 1.0 g/cc). AkOUN, OVOQEPETAL M
TETAPTOL Pabpov moAvwvupikny €£i6mon avadpPOUNG TOL TPOEKLYE Yo KAOE
TUKVOTNTA KOOMOG Kol 0 €KAOTOTE GULVTEAESTNG oVGYETIONG. Ol KAUTOAES
amdd0oNG Yo OAEC TIG TLKVOTNTEG TNYOV Tapatifevtal oto [Mapdptnua 3. H
oVVAPTNON aVAOPOUNS GVOAVETOL TEPUTEP® OTNV Tapdypogo 4.1.2, 6mov
ovykpivovialr Ol GLVOPTNCGELS OVOOPOUNG MOV  TMPOKVMTOLV  OmMO TNV

TEPAUATIKT KOl TNV VTOAOYIOTIKY Paduovounon.

MEIPAMATIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
100 mL, 0.7 g/cc

0,12

MNEIPAMATIKH KAMNYAH BAOMONOMHZHX
In(g) =-0.0824In(E)* +2.0768In(E)? - 19.524In(E)? + 80.358In(E) - 124.05
01

o
o
@

’\
\ ¢ TEIPAMATIKH ANMOAOZXH
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\ —MEIPAMATIKH KAMMYAH
| BAOMONOMMHZzHZ
J» \\\
0,02
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o
=}
i~

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Avdypappa 2.4 Tepopotikn Babpovopnon mnyng Pabpovounong oykov minpmong 100 mL,
nmokvotnrag 0.7 g/ce.
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MEIPAMATIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
100 mL, 1 g/cc

0,12

MEIPAMATIKH KAMMYAH BAOMONOMHEHZ
In(g) = -0.0942In(E)* +2.3534In(E)? - 21.932In(E)2 + 89.584In(E) - 137.3

01

¢ TEIPAMATIKH ANOAOZ:H

{ \ —TMNEIPAMATIKH KAMNYAH
. BAOMONOMHZHZ

I \\
002 4§

T — o

AMNOAOSH
]

(=]
o
=4

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Avdypappa 2.5 Iepopotikn Babpovopnon mnyng Pabpovounons dykov minpoong 260 mL,
mokvotntog 1.0 g/cc.

2.6 XZYMIIEPAXMATA

210 KeQAAOLO0 aVTO avarlhlONKe KAl TAPOLOIAGTNKE 1 £VvOola TNG amdd0ooNg
aviyvevtikng  owdtaéne.  Ilepiypdonke 1 dwadikacio  eveEPYELOKNG
BaBpovounong kot Pabpovéunong amddoong pe EU@Ocn OTN  ATOO00M
QPOTOKOPVONG, EVO TAPOVGLAGTNKAV KOl Ol WOPAUETPOL Ol Omoiol EMOPOVV

GTOV VTOAOYIGUO / EKTIUNGT TNG.

Ewwd yro v aviyvevtikn ddtaén tov TEPII pe aviyvevt vrepkaboapon
Ieppaviov oyetikng anddoong 70% meprypaonke 1 dwadikacio fabpovounong
TOVG Y0 TIC XpNoipomolovueveg nnyég oykov. Ilapovoidotnkav ot KOUTOAES
Babpovounong amdd0c6ng GOTOKOPLENG Yo TNV Tolald yeouetpio kvabiov.
Onwg Ba ¢@avel kot oto emdueva ke@dloto, ot &v A0y Kaumdieg Oa
anoteAécovy TN PAcn yio TNV TEPULTEP® PaBpovouncmn Tng aviyveELTIKNG

d1ataéng Kol o€ AALEC YewueTpieg OYKOV.
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3. YIIOAOT'TETIKOX KQAIKAX
IMPOXOMOIQXHY KAITEQCMETPIKA
XAPAKTHPIXTIKA ATATAEHX

3.1 KQAIKAYX PENELOPE

3.1.1 EIXATI'QI'H

210 Ke@PAAOLO OV aKoAovOel meplypdpeTor M OldIKOGIiN VTOAOYIGTIKNG
BaBpovounong tov aviyvevt HPGe (oyetikng andooong 70%) tov TEPII g
EEAE. T v viomoinon t™¢g Pabpovounong, adiomorbnke o kmdoOKog
npocouoimong Monte Carlo, PENELOPE.

O koowac PENELOPE eivar évag vmoloyiotikdg k®dokag pe tov omoio
egetalovtat to eawvopeva d1ddoong eotoviov Kot copatidiov-f otnv VAN, pe
texvikég mpooopoimong Monte Carlo. To o6vopa PENELOPE amoteAei
akpovouto tov PENetration and Energy Loss of Positrons and Electrons,
d0edoéVoy OTL Ol TPOGOUOLDGELS QOTOVIOV TPosTédNKaV oe vedTEPEG
exdooelg tov kmdka. O kmdikag avamtvydnke amd tovg F.Salvat, J.M.
Fernandez-Varea kot J. Sempau kot egivar ypoppévog o€  yilmdooa
npoypoppaticpo Fortran 77. Emopévag, eival duvatov va ekterectel oe Ol
T0 AELTOVPYIKG GLUGTANATA E TN XPNON €VOC petoyAwttioty Fortran. (20, 42,
74)

O alyopiBuog mpocopoimong Paciletar oe £va LOVTELO d1AGTOPAG, TO OO0
ovvovalel aplOuntikéc Pacelg dedopévov pe avVOALTIKE HOVTEAD EVEPYDOV
SO TOLAV Y10, TOVG SLOPOPETIKOVS UNYAVIGULOVG AAANAETIOpaoN S POTOVIOV KOt
nolitpoviov. Epapuoletar oe evépyeieg potoviov and 50 eV péypt 1 GeV. Ot
unyoviopol aAAnienidpacnc mwov Aaufdvovtoal vawOYLy yio Ta. @OTOVIN €lval N
elaotikn okédoomn (Rayleigh), n avelootikny oxédaocn (Compton), n didvun
YEVEGST KOl TO QMOTONAEKTPIKO @owvopevo. H mpocopoiwon tng petddoong
QPOTOVIOV TPAYULOTOTOLEITAL COUPOVA LE TNV AETTOUEPT dladiKacio, ONAAON
T YEYOVOTA OAANAETIOPAONC GTNV 10TOPi0 TOV POTOVI®OV TPOGOUOIDVOVTOL

HE YPOVOAOYIKY] CEPA. AVTIGTOIY®G, Ol UNYOVIoRol aAANAemidopacng mov
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Aoppavoviar vmoywy yio to copatidwe-f eivar m eAooTIK okédOom, M
aveloTIKY okédaor, N eEablwon, N akTivofoAiio wEMONG KAl O 1OVIGUOG
E0MTEPIKOV oTOPAdwv atdépov. H mpocopoimon g Stadpounsg Tovg
npaypatonoteital péom evog ovbvhetov adlyopibuov. (20, 74, 49)

¥10 mAaiclo ¢ gpyoaciog ypnotpomomOnke n €ékdoon PENELOPE2018 tov
Kodika. Tov k®dika pmopel va anoktnioel kaveic uéco tg NEA Data Bank

tov OOZA.

3.1.2 AOMH TOY KQAIKA

O k®ddkag amoteAeitonr and 10 kvpiog mpdypaupo (Main programme) to
omoio GLVTAGOETOL OO TO YPNOTN KOl TEPLYPAPeL TN Odtadikacio TG
npocopoimong kot and £va tAN0og vropovTiveov ot omoieg AAANAOETIPOVV UE
T0 Kupiwg mpdypappa kot 10 kKabiotodv Aettovpyiko. Etol, eEacpariletar

opoAn dte&aymyn NG EKAGTOTE TPOCOUOIWCTG.

Iyaior Kodikeg

(penelope.f, pengeom.f, penvared.f, rimer.f)

Kddwkeg ypijoty)

(m.y. penslab ), pencylf, penmainf)

Apyeia eioddov dedopdvov:
« AP0 TOTIOU .in Apyeia dedopsvev

«  Apygio Omou .geo r.:",ﬁﬁm)

Ewova 3.1 Aoun Aettovpyiag tov kddike, PENELOPE2018

To cbvoro TV apyelwv mOL YXPNOIUOTOLOVVTOL YO TNV «EKTEAECN» TOL

K®OKa, dopeital oTig akdAovbeg katnyopieg apyeiwv:
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e Fsource. Ileprrapfdver t1g vmopovtiveg TG TPocopoimong, OMANdM
TNYOLoVGg KDOOIKEG 0 KaBEVaC €K TOV 0Moi®V GLUPAALEL GE OLOPOPETIKEG
Aettovpyieg Katl ypnoelg TG npocopoimons. Evosiktikd, npdxkettal yia
TOKETO  YEOUETPLAC, MHOVIELOD TPOGOUOLDGE®V, HOVTEAD pelmoNG
OTOTIOTIKOV omokAioewv, k.4. I[To Poaowd «pivetar 10 TOKETO
vnopovtivag Penelope.f, 10 omoio opiler TO YOPAKTINPLOTIKA
OAANAETIOPACE®Y O©€ VAIKA KOl OVGLOCTIKGA moapoakoiovdel Tig
TPOGOUOIMGELG.

e Pendbase. Tlepiéyer @akélovg amapaitntovg yio Tn Odnulovpyic TV
apyeiov mov meptlapufdavovial ot evepyég OLOTOUEG KOL TO QPULGIKA
YOPOKTNPLOTIKE DVAIKDV.

e Other. Eunepiéyel Aoyiopikd ta omoia oyetifovtal pe Ty ontikomoinon
JedOUEVOV KOOMS KOl TEPAITEP® LOVTEAN TPOGOUOLOGEDV. ATO AVTA,
ypnolpomomOnkav kvpiog ta Aoylopikd gview2d kot gview3d to omoio
EMTPEMOVY OVTIGTOLYO TN O1GOLAGTATN KOl TPLoOLAcTOTN ANEWKOVION
G YEOUETPLAG TNG TPpOGsONOimoNG, OTMS ALTH dNUIOVPYNONKE Amd TO
ypNotn. Emurpénovv tnv mepiotpopn g vyemuetpiog, v ameKOVIoN
NG VO SLoPOPETIKEG Yovieg kabBdg kot ™ peyébvvon tng. Aryotepo
xpnotporomOnke to Aoyiopkd tables, to omoio avamapdyst dedopéva
OYETIKA peE TN OVGTOCT VAMKOV, gvepyég odlatopés, euPférea
COUATOI®V 6TO LAIKO K.d.

e Mains. Ilepilopfdavovial ta Kvpi®g TPOYPAUUATE TOL KOOIKO GE
ocvvovacud pe TAN00G¢ TAPASEIYUATOV TPOGOUOIOCEDY JOUNUEVOV UE
Bdon avtd ta mpoypdppata. o kédbe mpocopoimorn amaiteitar m
xpPNoM evOg kupimc TPOYPAUUOTOS, OGTOGO Yo TN OlELKOALVGT T®V
YPNOTAOV, VEIApYovv Ownbéciua  Kupiwg mpoyplupoato  To.  Oomoio
KOAOTTTOUV TNV TAELOYNOio TOV gpapuoy®v mov Ba ypelacteEl va

npocopolmbovv anod to ypnotn (20, 74, 49)

3.1.3 KYPIQX ITPOI'PAMMA

And 1o SwbBéolpna Kuplwg TPOYPAUUATE TOV KAOOIKO, OLTE 7OV KLPI®G
a@PopovV TIG EQAPUOYEG GYETIKEG UE TN padlevépyeLla TEPIBAALOVTOG, AALE KoL

TIC WTPIKEG EQapPOYES, eival Ta: pencyl kol penmain.
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To mpodypappa pencyl mpocopotd®vel KOMVIPIKEC YEMUETPIEG OTIS OMOiEg
T0GO0 M TNYN 0G0 Kol To VAMKA GAANAETIOpaoNG €lvol CUUUETPIKAE G TPOG TOV
déova Z. Avtiotolya, to mWPOYpOUUO PENMAIN emTPEMEL TNV TPOGOUOI®GOT
YEOUETPLOV (TY. KOVIKOV TOUOV Kol EMTEI®V), Ol OTNOIeg OATOTEAOVV
VLEPOVVOAO TOV YEMUETPLOV TOV pPencyl. Xe kdbe nepintmon, n yeouetpia Tov
npofApaTOC TEPLYPAPETAL 08 EEXMPLOTO apyeio €16000V, TO 0moio «Otafdler»
10 KVplmwg TPOYPALLLAL.

Enouévmg, 1o mpdypappa penmain emnttpénel TNV eKTELEGT] TPOGOUOIDOEMV
oce mo ovvletec vyeouerpieg. AgdOUEVOV  TOV  TPOCOUOLDCEMV OV
peietnOnkav otnv mapovca epyacia, KpiOnke g KATAAANAOTEPO KLPI®G
npdypappa to penmain. Ta dca akorovbwg exktibevtal apopodv 6T J1KT TOV

doun kat yapaktnplotikd. (4, 20, 42, 49, 74)

3.1.4 APXEIA EIXOAOY PENMAIN

Ta apyeio €166060v drakpivovtal ce Tpelg eMUEPOVS Katnyopies. Ymapyovv

o apyeia:

e file.mat ota omoio wEPLYPAPOVTAL TO YAPOKTINPLOTIKA TOV VAIKOV NG
TPOGOUOLOVUEVNG YE®UETPLAG,

o file.geo ota omoia mepLyplpeTOL 1| YEOUETPIO TPOGOUOI®MONG KO

e file.in ota omoia €loAyovTal Ol SLAPOPES MOAPAUETPOL TNG TPOGOUOIMONG
(m.y. e€ldog wor evépyelwn ocopatwiov 1 eotoviov, yeoueTpio Kot
YOPAKTNPLOTIKA  TNYNG  EKMOUTMNG, TOMOG  OVIXVELTOV  mov  Oa

ypnoipomonBovv, TpOToC pPaviong anoteAscudtov kKAn). (4, 20, 74)

3.1.4.1 APXEIA EIXOAOY FILE.MAT

Ta oapyeia file.mat amotelovv ti1g PipAiodNkeg pe to YOPAKINPLOTIKA TOV
VAKOV T0 omoia Ba ypnoipwomomnbodv otnv mpocopoimwon 6 oyéon UE TOV
TPOMO aAANAETIOpOCNG TOVG Me TG akTivoPoAiec. IlepthapuPdvovtal otolyeia
Om®wg o palikdg Kol 0 atoptkdg aptBpog Tov VAKOV, 1 TLKVOTNTA TOV, KAODG
Kot TAN00G eveEPYDV SOTOUADV  Ylo TOLG OLALQOPETIKOVS  UNYOVIGULOVG
aAAnAieniopaons. Ta apyeio avtd mwapdyovtal and 10 ¥pNotn pEc® TG Paong

dedouévov pendbase mov dra0étel 0 kdOIKAC.
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INa v mopayoyn tov ev Adyo apyeiov, «exteleitary 10 TPOYPOUUQ
material.exe. Ev ocvveyeio emAéyeton and to ypnotn to otoyeio | n évoon
mov Ba ypnowwomomBel and ™ Pprodnkn. Av kdmoio yMuikn Evoon ogv
neplapfavetor ot Piprodnkn pmopel vo  ecayxtel amd TO  YPNOTM,
EL0AYOVTAC TOV ATOUIKO aplBud TV ototyeiov mov Vv anaptilovv kabdg Kat
oV aplOpud atdép®v Tov eKkdotote otolyeiov ava uoplo e évoone. (4, 20, 42)
3.1.4.2 APXEIA EIXOAOY FILE.GEO

Ta apyeia file.geo meprypdpovv ™ yeouetpia 10V GLOTAUOTOE TAV® GTNV
omoia Ba eEeMybel  dradikacio Tng mpocopoiwong. Opilovial OAEG 01 OOUEC
wov anaptifovv ™ dtdtaén tpocopoiwong.

Yvuykekpiuéva, o xpnotng opilel otabepd emimeda ©6T0 YOPO KOl KOVIKEG
TOUEG. TNV TOPOVGA Epyacia, ypnoipomomdnkoyv poévo eninedo Kot KOAVIPOL
yio T dnpovpyio dopdV yewpetpiag my. aviyvevtng, kvadio, dyvootn mnym
kAm.. Ev ocvveyela, oprofBetodviar ot douég €161 ®GTE Vo TPOKLYOLV TA
YEOUETPIKA cdpata oto yodpo (bodies), m¢ éva odvoro empoaveidv. Kabe
YEOUETPIKO copa aviiotoyeitor pe €va apyeio vAkov (.mat) to omoio &xet
nopayfel ocoppova pe to mapamdve kot Kaieitor and to apyeio €16000v
file.in. (4, 20, 74)
3.1.4.3 APXEIA EIXOAOY FILE.IN

Ta apyeia file.in ocvvtdocovtor amd 10 YpPNOoTN ©€ KAOOPIOUEVY LOPOT
(format), yio k@be xvpimc mpoOypOauO, KOl EUTEPLEYOVY TANPOPOPIES YO TIG
ovvOnkeg de€aywyng g mpocopoimwong.

Apywikd «ar og 0,11 a@opd oto Kuvpimg mpOYpappo penmain  mwov
YPNOLOTOMONKE Yo TNV TOPoVGa gpyocia, ETAEYOVTOL TO YOPOKTNPLOTIKE
™G mMNYNS, N Ke GAlo Adylo mpaypoatomoleitalr 1 mpocoopoiwon g TNYNg
evolapépovtog. O ypnotng HeE KATAAANAN €MAOYT TAPOAUETPOV UTOPEl va
TPOGOUOLMGEL GNUELNKT TNYN N TNYN OYKOL, TNY1 N Omoin EKTEUTEL 1IGOTPOTA
N o0& oVYKEKPLUEVN oTEPER Yovia, N TEAOG pmopel va opicel Omol0dNTOTE
YEOUETPIKO oM TOL apyeiov yeopetpiag og mnyn. EmAéyetar 1o €idog TtV
TPOTOYEVAOV COUATIIIOV 1] QOTOVI®V TOV EKTEUTOVTOL O TNV TNYY|, KOO®C
Kol M evépyeld tovg. Axoun, eivor dvvatdv vo ETIAEYOVV LOVOEVEPYELOKES
TNYEG N TNYEC MOV VO EKTEUTOVV GOUATIOO GE Eva VPV Paopa evepyelmv. (4,

20, 74)
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Ev cvveyeia, kahovvtal Ta apyeio VAMKOV TOV £YEL ONULOVPYNCEL O XPNOTNG
Kot opilovtal ot TIHEC TapARETPOV TpOocouoimong Yo 1o Kdbe vAkd (m.y.
oplo evépyelog Kt amd 1o omoio Bewpeital 4TL VEAPYEL ATOPPOPN G GTO
vAko — cut off energy). Meténetta, kaleital Kot To apyeio yemuetpiog.

EmAéyetor axdun to €idog tov aviyveut®v mov Ba ypnoipomoindovv kabwg
KOl TO YOPOKTNPLOTIKA TOLS KAl YIVETOL OVTIGTOIYION TOV EVEPYOD OYKOV TOV
OVIYVEVLTY] GE OVTIOTOLXO YEWUETPIKO copo omd 10 apyeio yeoperpiag. To
eldoc aviyvevtn mov ypnoomomdnke otV gpyacio avtn €ivatl o aviyvevtng
amotifépevng evépyetag. O aviyvevtng ovToOg KATOYPAPEL TO EVEPYELOKO
ebopa amotiBépevng evépyelog amd To eOTOVIOL N/Kol copatidln mov
TPOGTITTOVV GE AVTOV. Xg 0,TL APOPA GTOLS AAALOVG TUTTOVG AVIYVELTOVV TOV
pmopov va alomoimBovv amd to YpNoTN TPOKELTAL Yl (0) TOV OVIYVELTN
d00MG, 0 0moiog KATAYPAPEL TNV KATAVOUN d00NS 6Tov Oyko Tov Kot (PB) yia
TOV OVIYVELTN aAANAETiOpaONS, O 0moiog KATOYPAQEL TO EVEPYELOKO QACLA
TOV QOTOVIOV /Kol COUATIOIOV TOV TPOSTITTOVV € AVTOHV.

Avagopikd pe TIG TAPARETPOLS TOL OAVIYVELTH TOL Tpocdlopilovrat,
aQopovV KLPIWG o©TOV TPOTO AmMOOOONG TOL EVEPYELOKOD QACUATOS TOL
«amodidovVv» KOl TO GLYKEKPIUEVA GTNV EAAYLOTN KOl UEYLOTN EVEPYELN
aviyvevong «kar oto TANOOG TOV  EVEPYELNKOV KAVOALDV  OLOUEPIONG
(evepyelakd mapdbvpo) Tov gvepyelakon edacpatog. (4, 20, 74)

Téloc, péow tov apyeiov egioodov file.in, emdéyovtar o péyletog xpodvog
npocopoimong N o péylotog aplpds npmToyevdy copatdiov ta omoio Oa
npocopol®Bovv (1otopieg), T apyeia 6mov Ba amodnkevoviol TpocwPIVa Ta
ATOTEAEGLOTO TNG TPOCOHOImGNG KAOMS Kol To ¥povikKd PAUa TS TPOCWOPIVAG
armonkevong. (20, 74) Enueidvetal 6Tl 01 TPOGOUOIDOGELS oL de&nyOnocay
oto TAaiclo TNG CLYKEKPLUEVNG epyaciag dtapkovoav mepimov eikoot Aemtd
™me Opacs, xpovikd S1EcTNHe TOV S1APOPOTOLOVVTOV PAon TOV GuvONKOV

deaymyng Tovg.

2 TnUEIDVETAL OTL O ENMEEEPYAGTNG TOV VIOAOYIGTH GTOV OO0 TPOYLOTOTONONKAY Ol TPOGOHOLDGELC
eiye 1o e€N¢ yapaxtnpiotikd: Intel(R) Core (TM) i7-2600K CPU @ 3.40 GHz 3.70 GHz.
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3.1.5 APXEIA EEOAOY PENMAIN

To apyelo €10000v G€ OLVOVLOGUO HE TO KLPIOG TPOYPUUUO KOl TIG

VIopovTiveg avTov, dlotelobv Vv mpocopoimon. To amoteléopota Tng

npocopoimong Kotaypaeovtar ota apyeioa €£60ov. Metd To WEPAC NG

npocopoimong mapayovrot €61 apyeia £600v:

Penmain-res.dat. Eumepiéyet ypnoiwpec yevikég mAnpoeopieg yio Tnv
npocopoimon. Meta&d dAAov avaeépovial 0 YpOVOE TOV OUPKNCE 1
npocopoimon, N TaxdTNTA TS, 0 aplOudg TPOTOYEVOV COUATIOIOV 1
eotoviov ~ mov  mpoocopolwbnkav, ot wBavotnteg  dnpiovpylog
dEVTEPOYEVAOV COUATIOIOV KAODS Kol 0 aplOpoc TPOTOYEVOV COUATIII®V 1
ootoviov to omoia e&€pyovtar and ta Opra g yeoperpiag. To apyeio
avTd ovavedvetal avtopota Kdbe @opd mov TO amOTEAECUATA  TNG
TPOocopHoimoNg anofdnkevovtal TPOGOPIVAL.

Spc-end-xx.dat. Y& ovtd TO 0apyeio EUTEPLEYETOL TO EVEPYELAKO QAGLA
€000V OV KOTEYPAYE O AVIYVEVLTNG EVATOTIOENEVNG EVEPYELAG LE AVEOVTA
aplBuo xx katd tm Oldpkela TG mpocsouoimons. And tnv mpocouoimon
nopayovtal tO6ca apyeio 60 Kol Ol OViYVELTEG AmOTIOEUEVNG EVEPYELNG
nov opiotnkav. Ot TAnpoopieg kabBe apyeiov eivar opyavopévesg o TpeLg
omiec. H mpotn omAn mepilapufdver 10 6HVOAO TOV EVEPYELOV TOVL
evanmotéOnkav otov aviyvevtn, oce povadeg eV. o kdbe evepysioxd
Kovail divetar n evotbpueon evépyeta. H péyiotn kot n eAdyiotn evépyeia
aviyvevong kabmc Kol To Ppa TG evePyELOKNS dtapuépiong £xovv emAagyel
and 1o xpnotn oto apyeio €wcddov file.in. H dgdtepn otqin aviictoryel
otn ovvéptnon mwokvotntag whavotmtag pdf (probability density
function), onAadn otnv mBavotTNTA EVaTOBEONG EVEPYELOG GTO AVTIGTOLYO
EVPOC EVEPYELOKADV KOVAALOV, dtalperévn e TO €0POG TOV EVEPYELAKOV
noapadvpov AEy;,. To AE,;, umopel va vmoAloyiotel gite pe v agaipeon
VO JLASOYIKDOV EVEPYELOKWY KOVAALOV €ite ocOpQova pe T oyéon Epp, =
(E;—E,)/NBE , 6mov E; xav E, m péyiomn kot 1m €AAyloTn €véPyeLld
aviyvevong, avtiotoiymc kot NBE o apiBuoc evepyelakmdv kavoaldv.
Téhoc, M 1pitn oTRAn avagépetar otnv afefatdTnto TG GLVAPTNONG

TUKVOTNTOC TOAVOTNTOG OE EMMEDO EUMIOTOCVVNG 30.
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e Penmain.dat. To apygio avtd meprlapPdvel avalvTikd To d€d0UEVO TN
npocopoimong ta omoio ewoNyOncav and 10 YPNoTN 610 apyeio €16060V
file.in. Evdeiktikd, avagépovial To YOPOKTNPLOTIKA NG TNYNG, TOV
aVIYVELTAOV KoOMC KOl TOV VAIKOV TOV GLUUETEIYAV oTn dtadikocio TNG
TPOGOUOimoNG.

e Material.dat. To apyegio eumepiéyel AEMTOUEPDC TA XOUPAKTNPLOTIKA TOV
VAIKOV OV YPNOLLOTOLOVVTOL GTN YEOUETPio TNG TPocsopoimwong Kabdg
KOl TI§ TAPOUETPOVS TPOGOUOIMONG OV €xovv emAeyel Yo kaBe LAKO.
(.. TNV TIUN ™G EAQYLOTNG EVEPYELOG KAT® 0omd TNV omoia Bewpeital 611
KOO0 cOUATIO0 amoppoPlTOL 6TO EKAGTOTE LAKO.)

e Dump.dmp. X& avto 10 apyeio amobnkevovtal To. TEAEVTAIN OTOTEAECLATA
¢ mpocopoiowons. Edv n mpocopoiwon diakomel kot o ypnotng embopel
vo, T ovveyloet pe okomd my. TN Pertioon NG OTATIGTIKNG,
aVOTOPAYOVTOL OO TOV KOOKO TO TeEAgLTOio OmOTEAEOUHATA KOL 1)
npocopoimon ocvveyilel and to onueio ekeivo mov dEKON.

e Geometry-rep. To apyeio avtd mepthapfavel ta dedopéva g yewUETPiag
™G mpocopoimwong, Onwg avtd ewonydncav and to XPNGTN ©TO OpyEio
glc6d0v file.geo.

Yty moapovcsa gpyocio ypnoipomomnkav kvpimg ot wAnpoeopiec mov
didovtatl and ta dvo mpmta apysia €60V mov avapipOnkav(Penmain-res.dat
kal Spc-end.dat), eved éupeca ywve xpnon kot tov apyeiov e£6dov Dump.dmp
o6tav Mtav anopoitntn 1 PeAtioon NG OTATIGTIKNG KATOL0G TPOGOUOI®ONG.

(4, 20, 74)

3.1.6 XPHXH KQAIKA

Onwg avaeépbnke, o VTOAOYIGUOG 1TNG amOIOCNG QGMOTOKOPVONG TNG
aVvVIYVELTIKNG Oldtaéng mpaypatomoleitor pécw MG enefepyociog TOV
dedouévov tov apyeiov e£d6dov spc-enddet-0l.dat. To apyeio mpaktikd
amotelel v oplOunTiK  KaTOypa®r €VOG  OVTIGTOLYOL TEPAUATIKOD
ebopatoc. H dedtepn otin meprypdoetr v mbavotnta €vog copotidolo va
evantofécel oTtov aviyvevtn evépyeln péoa ota Oplo. TOL  AVTIGTOLYOL

evepyetokov kavailov. H mboavotnta avt) eivar avnyuévn oto €0pog NG
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EVEPYELOKNG Olapépione Kot 10 TANHOG TV copatdiov N eOToViov Tov
npocopol®Onkav. Q¢ ek T00VTOV, TOAAATAAGLAlOVTOG TNV WOOVOTNTO WE TO
€VPOC TNG EVEPYELOKNG dlapnépiong, AapuPdvetal n anddoon emtokopvens. To
OTOTEAEGLO. TOV VTOAOYIOHOD €ival 1 whavOTNTO OVl apYLKO EKTEUTOUEVO
Qe®TOVIO Vo amotedel OAN M apyikn evépyeld Tov. Avtd to néyebog aviiotoryel
otV anddoon GMOTOKOPLONG yio TNV evépyeta avth. (74) Etot

&g = pdfg * bin_width (3.1)
omov:

Eg: M ATOS00N POTOKOPVONG YO TNV EVEPYELN EKTOUTNG TOV POTOVIOV,
pdfg: m T ¢ mBavotntag evamdbeong €VEPYELOS MOV OVTIOTOLXEL GTO
KOVAAL TNG €VEPYELOG EKTOUTNG TOV ewToviov E, 0nmc divetal and to apyeio
spc-enddet-01.dat.
bin_width : To gvepyelakd €0poOg TOV KOVAALOV.

To evepyelokod €0pog TV Kavaiidv, bin_width, vroloyiletar apapdvtag 600
dtadoykd evepyelakd emimeda:
bin_width = E, — E,_4 (3.2)

Me okomd 1 pé€ylotn Ovvatn TPOCEYYION TOV TEWPAUATIKOV GLVONKOV,
Aappdévoviatl veoy”n EMAAEOV TAPAYOVIES KATE TOV DTOAOYIGUO TNG ATOOGNG
QPOTOKOPVONG. ZTNV TEPIMTOON TNG TPOGOUOIMSNS 0 BE®POVUEVOS AVIXVEVLTAG
elval 100VIKNG S1OKPITIKNG IKAVOTNTOG KOl Ol VTOAOYIGTIKEG POTOKOPVPEG TOV
Aoppavovtar  €xovv  undevikd €vpog mMNupicemg Vyovg. Qot060, OTOG
TEPLYPAONKE GTO KEPAAOLO 2, Ol POTOKOPLPEC TOV TEPAUATIKOD QACUATOG
&xovv opiopévo mAAtog, to omoio kabopiletar and to €0pog nuicewg Vyovg
tov¢ (FWHM). Méoa ota 6plo Tov pOTOKOPLOAOV OVTOV KATAYPEOOVTOL KoL
QOTOVIO. To ool amoBETOVY GTOV AVIYVELTY EAAPPDOG UEL®UEVT EVEPYELQ,
AOY® OKESACEWMV TOL TPOYUOTOTOLOVV UE TA VAIKA TO 0Toio mapepfariovton
peta&v e TNYNGS Kot Tov Kpuotdiiov aviyvevons. (34, 60)

MeletdVTog €va DTOAOYIGTIKO QACHO, TapoTNPEiTOL OTL GTO KOVOALDL TOV
OVTIOTOLYOVV O€ LYNAOTEPEG €VEPYELEC AMO TNV EVEPYELNL EKTOUTNG LTAPYEL
undevikn mbavotnta evamdBeong evépyelag, KATL MOV €ival OVOREVOUEVO.
Avtifeta, oe KOVAALL KPOTEPOV OAAL KOVIILVOV EVEPYELDV TOPOLGLALOVTOL
avénuéveg TIHEG ™G mBavoTnTag amdfeonc evépyelag, KATL Tov emPePatdvel

Vv Vopén TPONYOVUEVOV GCKEOAGEMV HE TOAD HIKPN OTOAELQ EVEPYELOC.
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[Ipokewévov Lomdv va AapPdvovtal vwdéyn Kol To POTOVIN 0VTE, EVOEIKVLTAL
0 GUVLTOAOYIGUOG GTNV ATOO0CT KOl TV EVEPYEL®V TOV TEPLAAUPAVOVTUL E®G
10 K4T® Oplo ™G ewToKopLENS. 'Etol, cvumepthapfdvovtal ot aviictoryeg
TIHEG anddoong oto evepyelakd gvpog and E-1.5-FWHM (3.3) uéypt E. (34,
73, 74) Enopévme, n oyéon mov YpNOCILUOTOMONKE Yo TOV TPOGILOPIOU TNG
amOO0GNG PMOTOKOPVPNG AVAYETAL OTNV :
ep = bin _width - YE_; s rwnm(Pdfs) (3.4)
H tipun tov gdpovg nuicewg vyovg (FWHM) elaptdtar and tnv evépyela
QPOTOKOPVONG Kot vToAoyiletal and ™ oyxéon (2.2) mov mpocsdlopicTnKe KOTA
™ Boabpovounon g SlaKpITIKNAG 1KOVOTNTAG TNG AVIXVEVLTIKNG O1dtaEng 610
KePALalo 2.
Evdewktikd, avtikabiotovrtag ot oxéon (2.2) v gvépyelo ooTOVIiOV-Y TOL
noapayovtal and tn dtdomacn g tnyNng Apepikiov-241, vroloyiletal
FWHMsg 5410y = 1.16 keV
Emopévoe, ovpomva pe t oyxéon (3.3), to evepyelakd €0pog evamdBeomc
EVEPYELOG TOV  QOTOVIOV TOL OCUUTEPLAAUPAVETAL GTNV  POTOKOPLON

VTOAOYIGTIKOV PAcuotoc eival and 57.8 uéypt 59.54 keV.

3.1.7 YIOAOT'TXMOX ABEBAIOTHTQN

Oocov apopa t1g afefardotntec katd t deaywyn TOV HETPNGE®V, O XPOVOG
npocopoimong emAéxOnke £tol ®wote Yo kabe amdd0ooN EOTOKOPLONG M
afefarotnta va eivar pikpotepn tov 1% oe eminedo gumotoovvng lo. Onwg
éxel avapepBei, n Tpitn oAn tov apyeiov spc-enddet-01.dat mepihapPdvet
v andéivtn ofefardtnra g mBavotnTog evandBeong evépyelag ota Opla
0V avtictoyov kavaiov o(pdfi) ava eV oce emimedo epmioTochvng 3o.
YNUEWDVETOL OTL TO YPOVIKO Oldotnua NG €KAGTOTE TPOCOUHOImMONG
dtapopomoteital avdroya pe tig cvvOnkeg deEaywyng g, aArd Kotd péco
O6po dropkel mepimov gikoot AenTdL.

Agdopévou 0Tl OlOQPOPETIKEG  EVEPYELEG (QOTOVIOV KOl  OLOPOPETIKES
TUKVOTNTEG TNYOV ETEPEPAV AALAYEG GTOV ATOULTOVHEVO YpOVO de&aywyng g
npocopoimong yio TNV emitevén g {NTodUEVNC GTATIGTIKNG, N afefatdtnta
eheyydtav mpw 10 WéPaC KABe mpooopoimong. o Tig avhykeg avtég

ypnolporonke n oyéon :
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7ar% = (M) () 35)

O m@pocdiopiopdg ™G  afefatdTNTog ™G LTOAOYIGTIKNG  ATOSOCNG
vmoAoyiletal o1 ovykekpluévn epyoacio oce emimedo eumiotoocHvng lo

cOUPOVO LE TN GYEoN :

Ocp = \/ZE+I.SFWHM((6(pd3fE))2) -AE (3.6)
omov
d(pdf): m amdivtn afefardotnTa otnv avnypévn mbovotnTta evamdbeong
evépyelog o€ eninedo eumIoTOGVLVNG 36

AE : 1 d1090pd 300 dladoyik®dV gvepyelak®v kavaitdv. (bin_width)

2
To daBpowopa tv andivtov afefatotntov (ZEH_SFWHM(@) )Tov

vrelcépyetar otn oyxéon (3.6), opeidetal, OT®MG avapépOnke mopaTAvVE®, GTO
yeyovog Ot AoauPdvovtor vmoyn kot ot ofefardtmreg tov mbavotntov
evandBeong evépyelag and oTOVIO TOL oKeEOALOVTAL PE TOAD HIKPN ATOAELN
EVEPYELOG KAl CUUTEPIAAUPAVOVTAL GTNV POTOKOPLOTY].

Me agemmpio ™) oyéon (3.6), vmoloyiotnke m oyetikn ofefardtnra g
EKAGTOTE AMOS0GNG POTOKOPVONG G€ eminedo eumiotocHvng lo cOhpewva pe

™ oyéon:

0:p% = =£ 100 (3.7)

€E

Emopévmg 6heg ov oyetikég afePardotnteg tov anoddocewv mov mapotifevral
otnV mapovca gpyacio £€xovv mPocoloplotel pe N ypnomn g oxéong (3.7),
€yovtac vroloyicel apykd T TVTIKEG afePotdOTNTES LE TN XPNOM TG GYEONS
(3.6). (74)
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3.2 IIAPAAEII'MA E®OAPMOI'HY KQAIKA
PENELOPE

3.2.1 OETONTAX TO ITIPOBAHMA
¥10 mAoicto efokeimong pe to Aoyioukd «PENELOPE», peletnOnke o

ovvteleotng eEacBévnong aktivoforiog Katd tn dtéAevon g pnéoa amd v
VAN. TNV Tp€YOVca TPOGOUOIMOT VTOAOYIoTNKE 0 GVVTEAEGTNG e&acBévnong
oV yaikov (Cu) yia déoun evépyetog 662 keV, mov mponibe and padievepyod
anyn Kaitoiov-137 (Cs-137).

O ovvtereatng eEacBévnong opilel To OG0 gvkoAra umopel va d1elcdvoEL pia
AEmT] TWOPAAANAN déoun QoToviov og éva VAKO 1 avtioTpo@o TOGO
anodotikn Bwpdkion pumopel va amoteAécsel To VAKO Yo TN déoun ovtn. H
TIUN T0V cvviereotn e§acBévnong eaptdtotl and to vAkO mov e&etdleTal Kot
and v gvépyela ¢ d0éoung. H povada pétpnong tov oto ocvotnua Sl eival

metres™!

kot ovpPoriletar pe to ypdppa p. AmoteAiel pétpo mbavotntog
aAANAETTIOpOOTC VA LOVADA UNKOVS TNG OLAOPOUNS TOV GOTOVI®MV TNG 0EGUNG
LLE TO £KAOTOTE VALKO

Otav pia Aent déoun eotoviov npoonéccet kabeta oe Eva VAKO, Oa ydoet
evépyelo AOY® TOV OAMAETOPAGE®V (POTONAEKTPIKO QOIVOUEVO, OKESOOM
Compton, didvun véveon) tov ¢otoviov pe v VAn. Av 1 mbBoavotnta
OKEOUCEMV EUTEPLEYETAL GTO GLVIEAECTN OKEOAGEWMV Uy €V 1M mOAVOTNTO
ATOPPOPNGNS GTO GLUVTEAEGTY| ATOPPOPNONG Ugp, O CVVTEAEGTNG eEacBEVNIONG
p opiletor ocdHppowve pe T0 TOPATAVO® ©F TO AdBpolcpa TV VO OVTOV
GUVTEAECTOV.

H €EacBévnon Aemthc povoevepyelokng Oéoung o¢otoviov 1 omoia
TpooTinTeEl KAOETA G€ VAKO ThYovg X TepLypdeTorl and tn oyxéon.

I =1y e ¥ (3.8)

omov
Iy: 10 TAN00G TOV ApYIKOV QOTOVIOV TNG 0EGUNG
I: 10 TAN00¢ TOV QoToViov Tov 0eV GAANAETIOPAGOV KATA TN OLEAELCT TOVG
and To VAKO (mapBevikd)
U: 0 cvvtedesTng e€acBévnonc

X110 TAY0G TOV VALKOV
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3.2.2 MEOOAOAOITA

ApyiKd, TpocopoldOnKe 1 AETTH LOVOEVEPYELOKT OEGUN 1| OTOI0 TPOCEMINTE
kabeta oe otpoOpa yarkov. Iicw and 10 oTpdp YOAKOD VANPYE AVIYVEVLTNC,
N amoppoOPNGN POTOVIOV GTOV OTOi0 KATAYPAPOTOV GTO EVEPYELOKO (PAGUA
€000V TNG TPOGOUOIWOTNG.

INa ™ deoynyn TOV TPOGOUOIOGE®V YPNOIUOTOMNONKE O KOOIKOC
PENELOPE xa1 10 xvping mpdypaupa penmain. Tkomwdc ftav 1 dnuiovpyia
pog dtatagng mpoocopoimong mov Ba amotelovviav amd £vav aviyveLTNH
1wd100yov vatpiov pe pia enicTp®on 610Mpov 610 Tow PEPOS TOL (TPOKELTOL
Y0 YEOUETPLO aviyveLTH TOV VINPYE EToun otnv €kdoom g PENELOPE mov
ypnowpwonoOnke), pia onuetakn nynq Cs-137 kaboc kot pia mAdko yoAkov
evolaueca.

Emopévmg, n déoun ootoviov aiiniemidpd pe tpio LVAIKA, TO YOAKO, TO
1wo100y0 vatplo kol to cidnpo. o v opbn deaywyn g mpocopoimong
elval amapoitntn n yvoon TOV YUPOKTINPICTIKOV TOV KABE LALKOV, OT®G O
aTOpIKOG aplOpdc kot M mokvoOTTA TOL, KAODOG KOl TO GUVOAO TOV
mhavottev mov dtEmovy kKabe dvvatd TPOMO AAANAETIOpAON G TOV POTOVIOV
OlOPOPETIKOV EVEPYELDOV HE TO VAWKO avtd. Olec avtég ot mAnpogopisg,
EUMEPLEYOVTAL GTO OPYXEI0 TOV VAKOV TOL ONUIOVPYNONKAV KOl ATOTEAOVV
LEPOG TOV apyel®V €16000V TNG TPOCOUOIMONG.

Ye 0,TL agpopd oto apyeio €0600v mov oyetileTonr pe TN yewueTpion TOL
nelpdpatog, emAéyOnkav n 0éon o610 YOPo KAODG Kol Ol JAGTACELS TOV
aVIYVELTN Kal NG TAGKaG yaikoV. H mAdka yaikol €xetl emAeyel dote va €xel
TAYO0G 2 cm KOl VO OEYEL P60 €KOTOGTO amd Tov oviyvevtn. Exteldvtag 1o
apyeio 16000V pe 10 “gview2d.exe” mpokVTTEL 1] H1601AGTATY ATEIKOVIGT] TOV

TELPALOTOG:
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Ewova 3.2. O aviyvevtrg aneucovifeTon usw ypopata pol (1wdovyo vATPlo) Kol UTAE

(oldnpog) evd N TAAKO YOAKOD LLE TO YPMUO TOPTOKOAL.

Ye 0,TL aQopd oto apyeio €16ddo0v .in, ekel mepiypheovtal ot cLVONKeEC
deaywyng g mpocsopoioong. Ewonyncav ta yopoaktnplotikd g anyng m
omoia emAéxOnke wg povoevepystokn nnyn Cs-137 o¢ andotaocm 3.5 cm and
TNV TAGKA YOAKOD, M omoilo Yo TIG OVAYKES TOVL TEPAUATOS OEV EKTEUTEL
100TPOTIKA OAAG oe pio Aemtn déoun. EmAéyOnke to €id0og Tov aviyvevtn og
AVIYVELTNG ATOTIOEPEVIG EVEPYELOG.

Me emleypéveg OAEG TIG TAPAUETPOVS, TPOYLOTOTONONKE 1N «EKTEAEGN» TOV
TPOYPAULATOG.

H o0 axpifodg dwadikacio axkorlovdnbnke kot otn devtepNn mpooopoiwon,
Yopic va AneBovv voy”N Ta d€d0UEVA TOV ALPOPOVGAV GTO GTPMOUA YoAkov. H

veopetpia Tng mtpocopoimong ntov n eENG:
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Ewova 3.3 O aviyyvevtig anewovileton pe wxpd)uaw pol (1wd100y0 VATPLO) KOt TOPTOKOAL

(oionpog).

3.2.3 AIIOTEAEXMATA

H exdotote mpocoopoimon teppatiotnke HETA TO TEPAS  YPOVIKOV
106 TNUOTOG TO OO10 EMOPKOVGE MGTE VO LEL®OElL apKETA TO GTATIOTIKO TNG
ocPaipa.

Y10 apyeio e£6dov penmain-res.dat cuykevip®vovTol TANPOEOPIES GYETIKG
pHe to YpOVo Kot v toydInTo TG mpocopoimong, tov apldud mpmToyeEvaVv
COUATWI®OV KOl TO TOGOGTO TOLG TOL EEPeLYEL Oamd TN YEOUETPIOL TOVL
TEPANOTOS KAOMS Kol 01 TOAVOTNTES ELPAVICNG OEVTEPOYEVDV COUOTIOIMV.

Yt0 oapyeio €£6dov spc-enddet-0l.dat sumepiéxovror ot mAnpogopieg mov
aflomomOnkav otn UEAETN NG oLYKEKPUEVNS epoappoyns. Ommg €xer Mom
TEPLYPAPEL, TPOKELTAL YO TO EVEPYELOKO QAGUA OTOTIOEUEVNC EVEPYELOG GTOV
aviyveLvTn ovvodsvduevo and v avtictoyyn afePfatdotnra. IoapatiBevror ta
000 vmoAoYloTIKA @dopato TOv Kailciov, pe v mapeuPfoin NG mTAAKOG
YoAKOoD peTadd TNYNS KoL oviyveELTH AL Kot Yopig avTy.

Onwg moapatnpeital, 1o @ACHATO CLVAIOLY WHE TN LOPON TOL OVOUEVOTOV

BewpnTiKd cOpEOva pe TNV Tapdypaeo 3.2.2.
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Ta evepyeltaxkd edopata €£600v amotelovvtal and dHo dtakpltd pnépn:

e 11 QwTtoKopvLYN (undevikov fwhm) xataypoagnc TV eoToviov 662
keV. Ilpokeitar yioo @oTOVIA TOV OAANAETIOPAGAV LE TOV OVIXVELTH
anofétovtag TAPW®G TNV EVEPYELL TOVG GE ALTOHV, Kol

e 10 vnOAOmO @Aopa oTnNV TEPLOY evepyeEldv <662 keV 10 omoio
aVTIOTOLXEL OTNV €VEPYELD TOL OMOTEONKE GTOV aAVIYVELTH Oamd T
okedalopeva oe avTOV EOTOHVIO N OO POTOVIO TOV GKESAGTNKAV GE
GAAO. ompeio ™G yewupeTpiog TPOoOHOI®ONG KOl TO TOPUYOUEVA
devtepoyevr] copatioton 1 okedalodueva emtovia mov amnébecav Tnv

evépyeld Tovg (1 LEPOG AVTNG) GTOV AVIYVELTY] .

270 TUHO A KOTOYPAPNKOV TA QOTOVIO To 0Toio dev aAAnAenidopacay Le v
nhbdko Cu xar étol éptacav otov aviyvevtn. Ilpdxeirton onAadn 7y ta
ootovia I g oyéong (3.8). E&aipeon oe avtd amotérecav ta ¢oTOVIO TOL
aAlniemidpacav pe Rayleigh kot kotaypdenkav amd TOV  AVIYVELTY.
Avtictolya, oto tunua B kataypaonkav eootdévia ta omoio aAAnAenidpacav
pe Compton eite otnv mhdka Cu eite otov 1010 tOov aviyvevtn. [ v
EKTIUNON TOV apYIKOV QOTOVIOV TNG dé0uUNG, ETAVAANEONKE N Tposopoimon
YOPIic TNG Tapovcia NG TAGKAS YOAKOD. X€ QLT TNV TEPITTOON TO TUNUA A
TOV EVEPYELAKOV QAGHOTOC TOV AopuPdvetal aroterel tov 6po I 0 g oyxéong
(3.8).

A6 ta dwbécipa dedouéva TV OVO TPOGOUOIDCEWMV, VTOAOYIGTNKE O
{ntovpevoc ouvvteAesTG O010pBmong oG okoAoVOBwG. Avatpéyovtog oTo
dedopéva mov ANEONKav omd TNV mPocopoimon ywpic v TAGKA YOAKOD,
vroloyiotnke o Aoyog I'/I,'. Onwg mpokhmtel amd Tov 0pioud TNG GLVAPTNONG
TUKVOTNTOC THAVOTNTOG:

I'=pdf - AEpin - I’ (3.9)
To eOpog 710V evepyelakov mapabvpov AEy;,, vmoAoyiotnke egOKOAO
aealp®vTac Vo dladoylka evepyelakd kavaiia. BpéOnke ico ue 5 keV.
Awogopetikd, Bo propovce va VTOAOYIGTEL COUP®VA LE TOV TUTTO

AEy;, = (E, — E,)/NBE (3.10)
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omov E; xar E, t0o HEYIOTO KOU €AAYLOTO E€VEPYELWNKO OPlO  AVIYVELONG
avtiotoiyowg kot  NBE o  oaplBudc evepyelokdv  KavoAldv — TOv

ypnopomomOnkav. Telkd tpoékvye OT1
() = 4.213 - 107 (3.11)
0’

H twypn ovt), 42.13%, exepaler v omdd0CN TOL OVIXVELTH TOL
TPOGOUOIMONKE .

H 1610 dradikacio akorlovdnOnke Kot otnv mepintwon ¢ tpocopuoimong pe
™V TAdka yaikov. Yrnoloyiotnke to AEy,;,, =5 keV, é6nwg kot tponyovuévme,
a@ov ot petafAnOnkav ot ocvvOnkeg deaywyng g mpocsopoiwong. o ta
QOTOVIO TOV KATEANENY OTOV aviXVELTN He evépyeta 662 KeV, dnhadn mov dev
aAANAeTiOpocay HE TO GTPOU YOAKOV, VITOAOYI{eTOL CUUP®VA HE TN OoYéon
(3.9)

[ =0.118- 1, (3.12)
Mo tov vroloyiopd tov {nrodpevov Adyov cvviedeot wotdco Ba mpémetl va
Moedel vroyn Kot M amdS0ooN TOL AVIXVELTH, OMMG 0LTN eKTIUNONKE oM

oyéon (3.11). Tehxka,

p—hx — 0118
T 04231

= 0.278 ka1 u=0.64 cm*

H PBiproypapikd avapevopevn  Tiu  TOL  GLVTEAESTY| W, €lvon
u=0.655cm™t | nrady ehoagphdg peyalvtepn. (53) Ot dvo Tuég Exovv
anokAlon 2.3% 1 omoio KPIvETOL KAVOTOWNTIKY Y10 TN OLYKEKPIUEVN
epappoyn, dedouévov kot Tov afefatotntov g Tpocopoinong aAld Kol ToV
TopadoydV Tov £ytvav Yy TNV vAomoinon . Evdewktikd oavogépetor m
nepintoon oToviov mov okeddlovtal EANSTIKA GTNV TAGKO KOl KOATOAYOLV
OTOV OVIXVELTN 1 QMOTOVIO To omoio dev aAAnAemidpohv pe v TAGKO OAAA
oVTE KOl HE TOV aviyvevtn. Agv yivetol avoAlvTikOTEPT OAVAQOPH GCTIG
afefardTnTeEg TOV GLVOOEVOLY TOV VTOAOYIGUO TOL cvvtedeotn e&acBévnong
KaOmg N mapovoa epapproyn anotelel pio andn £01KeEI®ON HLE TOV KOIKA.

Téhoc, a&iler va avapepBei, 611 0 YpNotng £xel ™ dvvatdtnta arrdaloviog
TIG TIUEG TOV TAPAUETPOV OTO apYeEl 10000V, OTWG TY. N EVEPYELN POTOVIOV
KOl TO DMKO NG TAAKAG OV TapeUPAAAETAL, VA VTOAOYIGEL TO GLUVTEAECTN

e&acBévnong yio TANOOPO VAIKOV Kol EVEPYELDV.

55



33T'EQMETPIKA XAPAKTHPIXTIKA
AIATAEHX

H yvoon 1tov yeouepik®V YOPOKINPIOTIKOV TOV COUATOV  TOL
CUUUETEYOVY OTNV TPocouoimwomn gival amapaitntn dcte avtd vo gloaybovv
oto apyeio yewuetpiog file.geo xar va meprypagei katd 10 dvvatd motd TO
neipoapo mTov mpocsopol®veTal. Ot d100TACELS TOVG emnpedlovy TN dladiKacia
aviyvevong molKIAOTPOT®G. MeTafAALOVY ONUAVTIKG TO OTOTEAEGUOTO TMOV
TPOGOUOIMGEMV, ETOUEVOS E1VOL CNUAVTIKO Ol d10GTACEL OA®V TOV COUATOV
TOV XPNOILOTOONKAV 0TO TEWPANATIKO UEPOC TNG epyaciac va tavtifoviol
LLE QVTEG TOV E1GAYOVTOL GTOV KMIIKA.

Onwg avaldvdnke o610 TPONYOOLUEVO KEPAANLO, Ol OlAOTAGELS TNG TNYNG
EMOPOVV  ONUOVTIIKA oTNV amddoon TNG aviyvevTikng dtdtaéng, Kabmg
dtapopomoinon Tov dtactacewv pHeTafariel TOGO TN oTEPEd Yovia aviyvevong
660 KoL TNV €TLOPAGT TOV PAVOUEVOL TNG avToaroppoenong. (38, 57, 62, 74)

Eival yvooto and ) Biproypaeia (45, 58, 64, 74, 75) 611 01 d106TAGELS TOV
aviyvevtn emnpedlovv TNV OAMKN TOL 0amOO00T KOOMG Kol TNV amddooM
ootokopveng. H amddoon tov aviyvevtn emnpedletar emiong onpovtikd,
OTMOGC OVAQEPETOL EKTEVAS KOL GTO KEPAAALO 2.5, amd to VAKA and ta omoia
amaptiCovtor to copata ™G aviyvevTikng owdtadng. Kdébe vikod €xet
OLOPOPETIKY eveEPYO dtaTtopn Yo kGBe evépyeta, eMOUEVOG EVVOEL dLAUPOPETIKEC

AAANAETOPAGELC.

34 TEQMETPIKA XAPAKTHPIXTIKA
KYAQGOIOY HAAATAYX TEQMETPIAX

Me oxomd v gbpeon TV dl0cTAGE®V TOL doyelov mov eumepieiye TIg
padlevepyég mNyEC Kal TNV €moSIkn pnrTivn, HeTpnOnkav OAeg ol S10GTAGELS
evOG KeVOD doyelOV TaAOLAG YEOUETPiAG. ZVYKpLUéEva, TapatifevTal avaAvTIKA
ol dlaotdoelg tov delypatog mov gwonyOnocav oto apyeio yeoperpiog tov
kodiko PENELOPE :

e Alduetpoc Tnyng : 7.834 cm
e 'Yyogmnyng: 5.515 cm ywa 260 mL, 2.0746 cm ywa 100 mL
o [ldyog doyelov mnyng : 0.203 cm

e Amndotoom doyxeiov and mapdabvpo aviyvevtn : 0.052 cm
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Emonpoivetar 611 10 doyeio (kvdbio, container) mov mepikAeiel v mnyn
€xel otofepd mAYOC 0TO KAT® OAAG KOl 6TO TAAIVA TOL pépn. AempnOnke Ot
dev mepikielet v myn amd TNV TAVEO TAELPA, KAODOG To Q@OTOHVIO TOL
okedalovtal kel dev emdpovv otig petpnoetg. Opeirel va avaeepbel 6T 1O
doyelo g mnyng moapovciale €00yég otV KATO TAELPA. AVTEC Ol €60YEG
MoednKav vroyn glcdyovtac v andotacn Tov doyxeiov amd 10 Tapdbvpo Tov
aviyvevtn og 0.052 cm. Ola ovtd ta dedopuéva cvounepednkav 6to apyeio
yeouetpiog.

210 apyeio €16000v cvumeplAopfdvovior ot cvvtetaypuéves g 0€ong g
TMYNG GTO YOPO Kol ot dactdoelg ™G enl tov tpdv a&dvev. To vyog g
INYNG LETAPAAAETOL AVAAOYQ E TOV OYKO TANPp®ONG ToL doyeiov. H cuvoAiikn
EMPAVELD TNG TNYNG AQUPAVETAL ®C 1| TOU] TOV SLOCTAGEDV TNG TOV £YOLV
neplypogel 610 apyelo yeopetpiog pe 11 000TAGELS TOL £YOVV TEPLYPOPEL

oto apyeio €166d0v.

Ewoéva 3.6 dotoypagpia yeoperpiog mnyng maiatod kvoabdiov.
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Ewova 3.7 Anotommon wnyng yeoueTpiog TaAaiod kvabiov (kagé xpmdua) Kot TeptPARIaTog
moAvatBvieviov (pol ypoua) pécsm tov kmdwa, PENELOPE.

35S TEQMETPIKA XAPAKTHPIXTIKA
ANIXNEYTIKHX ATATAZEHX

3.5.1 AEAOMENA AIIO HIXTOITIOIHTIKO

ZOUQOVO HE TO TOPATAVED, 01 d10GTACELS, KAODG Kol T VAMKO KOTOUGKEVLNG
OLOV TOV dOU®OV TNG AVIXVELTIKNG OtdTaéng ANeOnKav and To TIGTOTOTIKO
tov mpounBevtr. To motomomtikd mapatibetar oto [Mapdptnua 2. Onwg
avodEIKVOETAL TOPAKAT®, ©€ KATOlEG MEPIMTMOOEL; Ol TANPOQOPIEg TOV
dtatifevtal amd To mMoTOTONTIKG dev ival emapKeis.

Kpvoetariog aviyveonti

Ocov apopd TiG S06TAGEIC TOV KPLGTAAAOL TOVL AVIXVELTH, 1 OLAUETPOG TOVL
AVOQEPETAL GTO TIOTOMONTIKO ®¢ 7.2 CM, 1O unKo¢ tov 7.25 CcmM kol m
amOGTACT TOL KPLOTAAAOL amd To mapdbvpo ToL aviyvevtny 0.5 cm.
[TAnpogopiec oyxetikd pe T1g d106TAGELS TNG OTNG KOl TNV ATOGTACNH TNG and
t0 mapabvpo TOL AVIYVELTN O0& ovumepllaufdvovtav  GTO  GYETIKO
motonomTikd. Télog, ¢ VMKO TOL KPLGTOAAOL TOL  OAVLYVELTH
ypnowwomomOnke 1o yepudvio. Ot dtaoctdoelg @aivovtol GVOALTIKG TNV

Ewova 3.8. Eivoar gpopavéc otL yoo tnv ékepocmn g yeopetpiog eivor
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amopaiTnTn N YVOON TOV d10C0TACEMV TNG 0TNG KAOMS Kot TG amdoTUoNG TNG

amd 10 TapaBvVPO TOL AVIXVELTY.

Ewova 3.8 [Ipocopoiowon tng yeopeTpiag Tov KPUGTAAALOL TOV OVIYVELTH] GOUP®VO LE TO
TLOTOTOUTIKO TOV.

Hepipinpno avyyvevt

Ot dtaotdocelg Tov TEPIPANUATOS TOL AVIXVELTH €MMNPeAlovV Kol OVTEG TO
amoteAéGUOTO TOV TPpocopoldoe®mv. H amdéctacn tov kpuvotdiiov oamd 10
nepifAnua eivar xkabopiotikng onuoaciag, Kabm®c pHEPOG TOV GOTOVIOV TOL
EKTEUTOVTOL Omd TNV 7NYN OAANAEMOpa pe T10 mepPifAnuo, wvpiog pe
okeddoels. 'Etol, ot dwootdoelc tov emmpedlovv onuoaviikd tov aplipnd
QOTOVIOV TOL KATAANYOLV GTOV OVIYVELTH YOPIS va €Xovv aAANAemOpAcEL.
Axoun, kdmola potdvia okedalovtal Kot e To VAKSO tov Tapabbpov to omoio
neptfaiiel tov aviyvevt. 'Etol, &lte KatoAyovv GTOV OVIXVELTN £XOVTOG
4ol evépyeta, eite dev aviyvevovtal kaborov. (37, 75)

To unkog tov mepiPfAnpatog extiundnke g 13.5 cm, pe mdyog (neta&d
noapabvpov aviyvevtn kot tnyng) 0.1 cm, evd n eE@TEPIKN OLAUETPOG TOV
nepIPANUOTOG TOV aviyvevtn petpndnke 4.45 cm, pe méyog 0.15 cm. To méyog
TOV KAT® PEPOVS TOV TEPIPANUATOS OEV NTOV YVOOTO PE akpifeto, emopévmg
BewpnOnke ico pe 0.1 cm. Mia tétola Bedpnon kabictatal dvvarn, Kabmg ot

d100TACELS TOL KAT® UEPOVLS TOL TEPIPANUATOC dev €MNPEAloVV CNUOVTIKA
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™MV anddoorn Tov aviyvevtn. TéAog, to LVAKO TOL WEPIPAUATOC MTAV O
YOAKOG.
Oopaxion aviyvevTi
H Owpdkion tov exdotote aviyvevtn ennpealelt 10 QACUHO  TOV
hoppavetar. Porog g OBopdxiong eivar o meplopiopdc g aktivofoiiog
vrofdOpov, n omoia mpoodidel afefardTnTo GTIC UETPNOELS KOl ALEAVEL TO
opta. aviyvevonc. (74)

To punkog ™G O®PAKIONG TOV OVIYVELTN OMMC AVAQEPETOL GTO OYETIKO
TLOTOTONTIKO NTtav 35 cm, pe UmPooTvO TAXog S cm Kot omicBio mdhyog 1.5
ekatootd. H ddpetpoc tng petpnnke 20 cm, pe mayog 5 cm. H Bwpdkion
anoptileTal amd V0 1 Tpic GTPAOUATO VAMKOV. ZUVRO®E TO ECOTEPIKO GTPOUO
elval koataokevacuévo amd YoAkO, TO evoldueso amd pOALVPOO Kol TO
eEotepKd amd ydAvPa. Avtd cvpPaiver 10Tl 0 YOAKOG €xel peydAn evepyo
dtatopr] oamoppoenong (mBavotnta  EOTONAEKTPIKOD  QOAIVOUEVOV) OTIG
younAéc evépyeleg. 'Etot, amoppoed tig axtiveg X Kol Yy TOV TPOKVATOLY OO
TIG OAANAEMIOPACELS QOTOVIOV VLYNMANG €VEPYELONG HE TO OCTPOUN TOV
noéAvPdov. (55)

210 TAOIClO0 TOV TPOCOUOIOCEMV TNG €pyociog kol Kabdc ol vwoAoyiopol
a@opovoaV oTNV ATOO0GT POTOKOPVPNG, 0V ANPONKe vdoyn N Bwpdkion Tov
aviyveutiy®. Edv eixe ocopmepiinedei 1 Owpdkion oto apyeio yeopstpioc, ta
anoteAéopato NG mpocopoimong o0&  Oa  petafdiroviav, aArd  Oa
ONUELOVOTAV CMNUAVTIKY] aVENCT 6TO XpOVO NG mMpocopoimwong kobwng Ba
vroloyilovtav kol ol OAANAETWOPACELS TOV COUATIII®OV HE TO VAIKE TNG
Owpdkiong. Avrtifeta, otnv mepimtwon kotd v omoio. Ol LVTOAOYIGHOL
aQOPOVCAV KOL GTNV OALKN amdI0CN TNG aviyveLTIKNG dtdtaéng OBa émpeme va
ocounepiAnefel n Bopdxkion ©®CTE VO PNV VTOEKTIUATOL TO QOAIVOUEVO

Compton. (56)

3 Mpaxtikd 1 0wPAKIOY TEPLYPAPNKE LEV GTO APYEID YEMUETPIAC Kot opicTnKaY Ol SopéC TG, DOTE Vo
etvar oLoKANp®UEVO T apyElo Yoo LEALOVTIKY ¥pNoT, OP®C, MG VAIKSO Bwpdkiong yproipnonombnke to
Kevld, €161 OoTe vo pn AopPdavovior vmoyn kATl TV TPOCOUHOInon ol aAANAEmdpAcElS TOV
aKTVOBOMMV PE QVTY.
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3.5.2 AEAOMENA 110Y ITPOXAIOPIZONTAI AIIO TO
XPHXTH

ZOUQ®MVO UE TA TOPATAV®, TO YEOUETPIKA YOPAKTNPLOTIKA TOV TEPLPAUATOG
KaBmg kot g Bwpdkiong eival dSvvatdv va meptypaeodv pe akpifeia and to
YPNOTN, UE TN YPNON TOV dedOUEVOV Oamd TO MIGTOTMOMNTIKO OAAL Kol HE
QLLEGEG UETPTNOELC.

Avtifeta dev egival duecoc 0 TPOGOOPIGUOC TOV YEOUETPIKOV TOPAUETPOV
TOV KPLGTAALOL KaOdG avTdg Bpioketar evidg Tov mepipAquoatog. Ocov agopd
oToV KPUOTOALO TOV OVIYVELTN, KATOPYAS OPEIAOVV VO TPOGILOPLGTOVV Ol
dlactdoelg g omMg kabdg Kot n andctacn TG and 1o tapdbvpod tov. Opwg,
aKOUY KOl 1 YVOON avTdV TV 0edopévev dev emapkel yo v akpipn
TPOGOUOIMGT TOV KPVGTAAAOV. ZVYKEKPIUEVA, YO TNV AVTIITPOCOTEVTIKOTEPT)
TePLYpa@n tov eival amopaitntn Kot n eKTIUNON NG €KTAGNG TOV VEKPOV

Lovov Tov.

3.6 OPIXMOX KAI EITIIAPAXH NEKPQN
ZONOQN

O aviyyvevtng vaepkabapov yepuaviov tOHmov-p, €xel plo emoen N+ Kot po
eEMOP P+, ot omoieg OMUOvPYoLVTAL AmO TNV E£YYLom ATtOp®V AlBiov Kot
Bopeiov avtiotoiywg. H emoaen n+ xoaldmter pépog tng UmPOGTE Kol TNG
TAOIVIG EMIPAVELNG TOV KPVGTAAAOL YEPULAVIOL KOl TOV GLUVOEEL e TO BETIKO
niexktpoolo. H emaen p+ xaAdmter pEpPog NG EMQPAVELNS TOV KPLGTOAAOL
YOp® amd TNV 07N Kal TOV GLVIEEL e To apvnTikd niektpodio. (30, 31,74)

Ot vexpég Loveg dnuiovpyodvtal and v emagr ABiov n+ 1 Bopeiov p+.
[Ipoxettar yio avevepyég meployéc, oTIG Omoieg 8 GLAAEYETAL N evépyela amd
T0 COUATIOW TOV AAANAETIOPOVV N ATOPPOPAOVTOL KOl OEV TOPAYETOL GYULO
and tov aviyvevtn. (30, 31,74) H evépyeia n omoia amoppopatal 6Tig TEPLOYES
AVTEG EXEL OC AMOTELEGUO TNV TOPOUYOYN LELOUEVOL GNpHaTOC. (24)

H cwot) emdoyn tov mayovg g vekpng {dvng tov aviyvevtn eivat
KaBoploTikng onpaciog ylo tnv mtpocopoimon, Kabmg ennpedlel onuavtikd ta
OTOTEAECHOTO. XVYKEKPIUEVO, HE aOENGM TOVL TAYOVS TNG veKPNg L{dVNG
LEWDOVETAL 1] OMKN ATOO00N TOV OVIXVELTH KOl 1 ATOO0CT PMTOKOPVONG TOV

aviyvevtn, eved oavéavetatr o Adyog TTP (total to peak ratio) (45, 74). H
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amTOO0GT] TOL OVIYVELTY GUVAPTNOEL TOV TAYOVE TOV TEPLOYDV VEKPOV LOVDOV
opeiletal oe dVO OlaEOPETIKA Qorvoueva. Apyikd, 1 avénon mlyovsg TV
vekpov {ovov mpokaAel mepauttépm Bwpdkion oTig aktiveg Y mov dielcdHouvv
o0TOV KPUGTOALO, HEL®VOVTOG £TGL TNV amddoon tov (6, 9, 65). Akoun, avénon
TAYoVg TOV veKpoOV (ovov empépel Uelmorn TOL gveEPYOV OYKOL TOV
KPVGTAAAOL YeEPUOVIOV, TO OTTOI0 EMIPEPEL KOl AVTO UE TN GEPE TOV peimon
G anddoong g aviyvevtikng otdtaéne. (6, 65) H enidpaon tov @atvouévov
Bopaxiong eivar éviovn poOvo yio yoaunAég evépyeleg, evad m emidpacmn TOv
QALVOUEVOL OAANYNG TOL EVEPYOD OYKOL TOV OVIXVELTN &MMPeAlel OAeG TIC
evépyeleg (2, 58) Emopévocg, pikpég petaPoréc oto mhyog e vekpng Lovng
AMBiov pmopovv vo enNPeACOLY OPKETE TNV OTOS00N TOL OVIYVEVLTH GTO
eacpo TOv xauniov evepyeldv. (26) To mayoc g vekpng Covng eEaptdtal
and T yeopetpio Tov aviyvevtn, to Pabog kot To €i00¢ TNG EMAPNG, TNV
KoBopdtnta Tov yeppaviov Kol TNV LYNAN TAGT TOAWONG Tov gpapurodletat.
(6, 74)

Télog, €xer mapatnpnOel n vVapéEn evog oTpdpaTOC peTafaong, petasd tov
YEPUOVIOV TOV EVEPYOD OYKOL TOL KPLGTAAAOL Kal TOV VEKpOV (ovav (2, 65)
H yaunin évtaon niextpikod nediov o€ avtd T0 GTPOUA EYEL WG ATOTEAEC LA
™V ated] KaO®O¢ Kot apyn cvALoYN @optiov. Q¢ amOTEAEGUA, TO YEYOVOTO TO
omoia mpoépyovior amd AAANAEMIOPAGELS GE AVTO TO GTPOUN AVEAVOLV TO
vrofabdpo. H vmapén avtod tov 6TpdUaTOg OVGKOAEDEL TOV TPOGHOPIGHO TOV
nhyovg Tov vekpov Lovav (2, 58) Ztnv mapovoa gpyacia, katd tn dtadikacio
TOV TPOGOLOPICHOV KATAAANA®V TILOV TaYOoLS VeEKp®OV {®VAOV, TO CGTPOUM

petafaocng o ANeOnke vdyn.
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3.7 MPOXAIOPIXMOX KATAAAHAQN
ITAXQN NEKPQN ZQNQN

Ot minpopopieg mov TAPEYOVTOL OO TOV KOTOOKEVOGTH OXETIKA WHE TIG
dlaotdoelg ¢ vekpng Ldvng tov aviyvevtn eivat ovyvd avoakpifeic. (2, 44,
58) Evdéeiktika, extipdrotl 6t1 ot dt00Tdoelg e vekpng Cdvng sival mepimov
dumhdoteg and Tic extipdpeveg (9, 45, 58, 74) Akoun, £xel mopatnpndei 6T1 o1
daotdoelg T vekpng Covng avédvovtal pe v mdpodo tov ypovov. (6, 10,
30, 31) Avté 10 @ouvouevo éxer moapatnpnbei kvpiowg oe cLVOnKeEG
Oeppoxkpaciog dmpatiov, kKot opeidetar otn ocvveyn £yyvon atopmv Adiov
péca otov kpuotairo. Emopéveg, to mhyog tov vekpov Lovov €xelt tnv
elAyLOTN TIUN AUECMC LETA TNV KATACKELT TOV aviyvevtn. (31)

Ocov oagopd tOvV VWO HEAETN OVIXVELTH, 0€ ovumepthiapfavoviayv GTo
TIGTOTOMTIKO TOL dedopéva mov a@opovv Tig vekpés Lavec. ZOpUQvO LE T
nopamdve, okKOUn Kot €qv avtd  to.  ogdouévo  OwatiBevrai, o
EMAVATPOGOOPIGUOC TOVG Kobiototor amapaitntog. Axdun, ota mAaiclo
aVTNG TNG TOPAYPAPOV TPOCOOPIoTNKAV EKTOC ATO TO TAYN TOV VEKPOV
Lovov Kol ot dla6TACELS TNG OTTNG TOV AVIXVELTY, KOOMS KAl 1| 0mOGTACT TN
and to mapdbvpod TovL.

[Ipwv v mapovociaon g pebodoroyiag mov akorovdnOnke, opeilovv va
avaeepfodv o1 TapaKAT® TOPATNPNCELS KAl TOPAOOYEG:

e Me okomd 1N pETAQOPE TNG YEOUETPiAS TV veKp®OV (OVOV oTNV
npocopoimon, OewpnOnke O6TL 0 aviyveLvTNC TapovVGlAlel TEGGEPLG
otapopetikég meploxés vekpov {ovov. H pmpootd meproyn, m mico
mEPLOYN, M WAQIVN meployn kot M mepoyn g omng. H yeopetpia tov
KPVGTAAAOL KOOMDG Kol Ol dLOPOPETIKES TEPLOYEG TOV VEKPOV {OVAOV
elvan eppoavng otnv Ewodva 3.8

o Kdbe meproyn vexkpng {ovng emidpd da@opetikd oto eOTOHVIA TOL
TPOGTITTOVV G€ 0OVTY, Gpo KAl 6TV 0mdd0C QOTOKOPLENG TOV
OVIYVELTH, OVAAOY®MG HE TNV EVEPYELL TOV EKAGTOTE QOOTOVIOV.
JuyKeKpIUEVO, TO QOTOVIO YOUNANG evépyelag emmpedlovtal Kupimg
amd v umpootivy vekpn Lovn, kabdg yxavouv evépyelo Kot
ATOPPOPOVTAL TPV PTACOVV G€ peYOAO PAaBog péoca oTov aviyveLTY.

(6, 74) Toa owtovia péong evépyelag ennpedlovial Kupiog amd v
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wAaiv vekpn {ovn kot and 1 vekpn Covn tg omc. Ta owtdvia
pneydAng evépyelog emmpedlovial Kvpiowg and v mico vekpn Ldvn,
JedOUEVOD OTL JATEPVOVY TO UEYOAVTEPO UEPOG TOVL OAVIXVELTH Y®Pig
Vo, AAANAETOPAGOVY LLE QVTOV KOl TEAKA YAVOLV €VEPYELD OE UEYAAO
BdOog péca oTOoV aVIXVELTY.

O1 vekpég Covec toL aviyvevtn O0ev wapovcldlovy OUOL0YEVELO.
Q61660, Y10 TIC AVAYKEG TNG TPOCOUOI®ONG, TO TMAYOC TNG EKAGTOTE
vekpng Lovng Bewpndnke otabepd kot opotoyevég. Avtd de ocvpPadilet
LE TNV TPAYUHOTIKOTNTO, KAONDG o1 vekpéc (dveg amoteAovvtol amd
oLVEXMS AVEAVOUEVT GLYKEVIPWOOTN Tpoopifemv, avaioyn UHE TO
Ba00c.(7) Aedopévov Opmg 6t otV mopoboa epyacion HEAETATAL M
andd00N POTOKOPLONG, N TPOCGEYYLGT TOL TPpaypatomomOnke sival
amodektn. (8, 10 , 27) oupovo pe kamoileg peléteg, m Oedpnon
opotoyévetog g vekpng Covng umopel va em@EpPel AMOKAICELS TOV
VTOAOYLOTIKOV  omoTeEAecHATOV  and to  melpapatikd. (68) Ooo
peyoldtepn eivar m evépyela TV TPoomTOHVIOV copatdiov, 1660
pkpotepeg  elvor o1 amoxAicelg mov  mapovcialovrar  AdY®
avopotoyévetag. (6)

Qg vMkd mpocopoimwong yio TG mEPLoYES  vekpov  Lovov
xpnolpomomOnke to yeppdvio mpoceyylotikd. (10, 74)

Ot tipég vekpov Covov mov vmoAioyiovtar dev avtamoxkpivovial og
QLoKd pey€On. Amotedlovv pia and TG dmelpec Svvatég AVCELG DGTE Vo
TEPLYPAPOVV 01 JLOGTAGELS TOV KPLOTAAAOL TOL OVIYVELTH 0ONYDVTUG
0€  OMOOEKTEC  OMOKAIGELS  VWOAOYIOTIKOV  —  TEPOUATIKOV
amotelecpdtov. (26)

Ot tpég mhyovg vekpdv Lovov, OTm¢ avtéc ekTiundnkav, Aappdvoovv
VIOYN KOl TIC OTEAELEG TOV AVIYVEVLTH TOL 00N YOLV GE UEPIKT] GLAAOYN

eoprtiov. (26)
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Ewova 3.9 Kpbotailog Tov aviyvent vrepkabopod yEPLOVIOL Kot Ol SLUPOPETIKES TEPLOYES
vekp®v {oVaOV Tov. (Evepydg OYKOG aVIXVELTN-TOPTOKAM, UTPOoTa vekpn {Ovn-umie, TAaivn
vekpn Lovn-tpdowvo, micw vekpr| {dvn-kitpivo, vekpn Ldvr 0mNG-KOKKIVO YPODLLOL)

Kotainyovtag, pe okomd v €0pecn KOATAAANA®V TIUOV ylo To oYM ToV
vekpav {ovav koo kol TIG dl00TACELS TNG OMNG TOL OVIXVELTN KOl TNV
andcTOocn TNG and 10 mapadvpd Tov, EPUPUOGTNKE EMAVAUANTTIKY dladikocio
pe Baon v omoia:

® EMAEYOTAV L0 OMHAOO YEMUETPIKOV YOUPAKINPLOTIK®OV (7). TbYOC
UTPOGTIVIG VEKPNS LOVNG TOVL aviXVEVLT

e uécm mMPOoOMHOi®ONG YWVOTAV EKTIUNGM TNG VTOAOYIGTIKNG OTOO0ONG
NG AVIXVELTIKNG OtdTtagng Yo TNV malotd yeopetpio Kvabiov

® 1 VTOAOYLGTIKY ATOS0GT GLYKPVOTAV PE TNV AVTIGTOLYN TEPOUATIKN
TN Kot

e 1 dndikacio emavalapPoavotav uéxpt va enéAbel ocvyKAlon g TaENG
0V 5%

Ot mpocopoi®oelg dtevepyndnkav ved T akpifeic ocvvOnkeg pe T1C omoieg
VTOAOYIOTNKAV Ol MEPAUATIKEG ATOOOGELS TNG OVIXVEVLTIKNG dldtaEng otnv
nopaypapo 2.5.4. O aviyvevtng ntav tomobetnuévog oe  Kabopiopévn
anOGTACT OO TPOTLTN TNy OYKOL, YVOGTNS evepydtnTag. Ot d106TAGELS TOV

aviyvevtn kobdg kot tov TEPIPANHATOS TOL EloNYONCAV GTOV KMOIKA
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ocOpeova pe 6ca avaeéptnkav toapandve. O1 dtacTdoelg TG TNYNS Kabdg Kot
Tov doyelov mov TNV eumepleiye peTpnOnKav Kol eloNyOncov Kot avtég 6ToV
kodika. Emonpaivetatr dpwc 61t 0Aeg o1 Tnyég mov  TPocOopol®ONKAV NTOV
TNYEG TOV AVTIOTOLYOVGAV OTN YEMUETPi TaAatov kvabiov, 6YKOV TANPWOGOTG
260mL. Onwg avagépbnke 610 Ke@AAOLO 2, €KTOG Omd TNV EVEPYELNL TOV
QeOTOVi®OV, M amdO0GN TNG AVIXVEVLTIKNG Otataéng emmpedletal kol and Tnv
TUKVOTNTO TOV JLAAVUOTOG TOV padleEveEPYDV mny®V. Emopévmg eival avaykaio
OAeg o1 TYEG va €xovv TNV 1010 TLKVOTNTO, DGTE VO TO OTOTEAECUATA TOV

TPOGOUOLMGEMYV Vo, €lvol oGLykpiolua HE TO OVTIOTOXO TELPOUATIKA.

EmAéytnxav anyég og didAlvpa epoxy resin, mokvotntag 0.9 %. Ot vtoérOTES
emloyég Ntav mokvotnteg 0.05, 0.5, 0.7, 1, 1.3, 1.7 ko 2 C“fn—r3. [ToAd younAég

Kot TOAD VYNAEC TIHEC TUKVOTHTOV amo@edydnkav yio avty T dwadikocia,
10Tl OTT®G OVOAVETOL GE EMOUEVO KEQAAOLN GVVOOEVOVTAL OO VYNAOTEPEG
afefarotnrec.

Me Bdon v gvepyelakn €£APTNON SAPOPETIKAOV TEPLOYDV VEKPOV COVAV,
xpnowomomOnKav TPEg TWPOTLTEG TNYEC Yl TOV  TPOGOLOPIGUO  TOV
{ntodpevov maydv. To Am-241 pe ootdévio evépyeiag 59 keV yia tov
TPoGdlopIond ™G Hurpootivig vekpng {mvng, to Cs-137 pe potdévia evépyetog
662 keV yio tov mpocdiopiopd tov mAivov vekpdv (ovov kot to K-40 pe
emTovia evépyelag 1460 keV yio tov mpocdlopioud ¢ micw vekpng Ldvng.
Télog, To mayog TG vekpng {dVNg T omng BewpnOnke apyikd undeviko, evo
ol d100TACELS Kol 1 amdoTaon NG OTMNG amd 10 mapAdvpo TOL AVIYVELTY|
apykd emAéyOnkav oavBaipeta. Avapévetar vo emmpedloviar 1660 amnd To
QeOTOVIO peGAinV 0G0 Kol ATd TO POTOVIL DYNADV EVEPYELDV.

Kabog peraBfoarrdotav 10 mhyog piog mEPLOYNG, TO TAYXN TOV VTOAOIT®V
dtatnpovvtav otabepd. Mo v «dBe meproyn mov efetdotnke, ywvoTav
emA0YN d00 avbaipetwv 0AAd akpaiov Tiu®V Tayxovs. Ev cvveyeia, ywwotav
oUYKPION TNG VTOAOYIOTIKNG TIUNAG TNG TPocopoimong He v ovtictoym
TEWPOUATIKY oTN Pdon g TIUNES TS OYETIKNAG TOVg amdkAtong (relative bias)
yio KaOe evépyelo poTOoVimV Tov ££ETACTNKE:!

Rp = Swmor”énep (3.13)

Emep
omov

Rb: n oyxetiKn andKAon TS VTOAOYIOTIKNG TIUNAC OO TNV TEPAUATIKY TIUN
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Eymor: M VTOAOYIGTIKY] TIUN TNG ATOO0CNG QOTOKOPLONG YO MU0 EVEPYEL
ooToviov
Enept M OVTIGTOYM TEPOROTIKA TIUH TG AnOS00NG PWTOKOPLENG Yia TNV {d1a

EVEPYELD POTOVIOV.

Yuykpivovtog Tig TIHEG TIC TPOGOUOIMONG UE TIG AVTIOTOLYES TEIPAUATIKEG,
JLOLOPPAOVOVTOL OO TO ¥PNOTN TA TAYN TOV VEKPOV {OVOV UEYPL O TIUEG TOV
TPOGOUOIMGEMV VO OTOKAIVOUV amd TI§ TEPOAUATIKEG KATO £VO TOGOGTO
uikpotepo tov 5%. (17) Eleyyotov kdbe @opd to mpOONUO KOl M TIUN TNG
OTOKALONG OO TNV MEPAUATIKY amddoon Kot pe Pdon avtd emigydtav n
EMOUEVT] TIUN TAYOVLG Yo TNV TPOGOUOoimon. OeTikn amndkAion odnyel oto
ocvumépacpa 0Tt To ThYog ™S vekpns Lovng mpénel va avénbeil, evd apvntikn
ATOKALGT CULVETAYETAL OTL TO TAYOG TNG vekpNS Covng mpémel va pewwbei. H
dwadikacio ocvveyllotav €wg O0tov emrevyBel M emBountny cvyKAoM Kot
akolovBovoe 1 avtictoyn Stadikacio yia Ti¢ volowneg {dveg. TOueova pe
Kamoieg Piproypagieg, eivor amodektéc akOun kKot amokAicelg g tdéng 5-
10%, AOyo tov avopévov mpaypatikng copntmong (19, 65, 68)

Ot Tipég TV mov dokiudoTnKoy Yo Kafe {NTodpevn YEOUETPIKY] TOPAUETPO
TOV KPVOTAAAOVL, KOBMDG Kol Ol OavVTIGTOXEC VTOAOYIOTIKEG OMOOOGELS
noapatifevtor otovg ITivakeg 3.1-3.10. T'a kdBe TIU| VIOAOYIGTIKNG amOS00oNG
ewToKOpLENG mapatiBetar n oyxetikn afefardTd TG O vVWoAoyioTnke
ocoppova pe tn oyéon (3.7), kabdg kot 1 andKAon MG and Vv avtictoyn

TEWPANLATIKT andd0GT, OTwG vIToloyioTnke chpupmva pe ™ oyéon (3.13).

Mewpdpota pe Ty Am-241 yio Tov TPOGHLOPLONO TNG UTPOGTIVIG VEKPIG

Lovne.
Apyikd, ypnowomombnke onuelaxy mpotvan wnyn apepikiov-241, dykov
260 mL xat mokvoéttag 0.9 C‘fn—rg, LLE OKOTO TOV MPOGILOPIGUO TNG UTPOGTIVIG

vexpng Covng. EmAéyOnke avbaipeta tTipun mdyovg tng mAaivig vexkpng Lovng
1 cm, andotocn omnc-mapabvpov aviyvevty 2 cM kot aktiva omng 0.55 cm
KOl Ol TILEG AL TN TapEUEVOV oTabepés.

Zopeova pe tn dadikacio mov meprypdonke, mapatifevrar otov [Mivaxa 3.1

0l VTOAOYIOTIKEC ATMOOOGELS TNG OVIXVELTIKNG dATaENG HE TNV avtioTolym
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apefardotnta (1o) yo ta mhyn Urpootiviig vekpng Ldvng mov SOKIUACTN KAV
KoO®OG KAl 1 andKAMoN TOV VITOAOYIGTIKOV OTOOOGEMV OO TNV TELPOUATIKY|
anddoon. H mepapoatik oamddoorn eixe vmoAroyiotel oto TEPIT {on pe
0.03274+1.8% (10).

Metafdirlovtog covex®g To TAYOG NG UTPOSTIVAG vekpNg Cdvng telkd
TPOEKLYE TIUN M ool OMEKALVE 1KOAVOTOINTIKA TNG TEPAUATIKNG, N OmOoid
OVTIOTOLY0VGE O€ ThyY0og Unpootivig vekpng Lovng ico pe 0.065 cm.

Evdeiktikd, avagépetar 0Tl TOo TAYX0G mMuicelog Sladpopns yio QoToOVia

evépyetag 60 keV oto yeppavio givar di = 0.7 mm. Enopévag, petapforf tov
2

TAYOVG NG UmPooTIViG vekpng Covng xatd 0.1 mm, emoeéper 10%
dtapopomoinon otnv amddocn TOL aviyvevth, Bewpdvrag OTL T POTOVIN
npoomintovv kabeta. Aegdouévov Ot mANBog ewtovimv mpoomimtovv VWO

yovia, n dtapoponoinon eivat akdun peyoarvtepn. (7)

Ipocdropiopnog prpootd vekpig dVNG pe Ty Am-241

MIIPOXTA MAAINH NEKPH | YIOAOTIZTIKH
ANIOKAIZH
NEKPH ZQNH (cm) ZQNH (cm) AIIOAOXH

0 0.1 0.0056+0.35% -82%
0.2 0.1 0.08234+0.11% 151%
0.1 0.1 0.02042+0.20% -37%

0.075 0.1 0.02849+0.32% -12%
0.055 0.1 0.03745+0.24% 14%
0.065 0.1 0.03265+0.28% -0.25%

Mivaxag 3.1 [Ipocdiopiopdc mhyovg UmpocsTtivig vekpng (dvng cuykpivovtag TV omoKAIoT
TEPULOTIKOV KOl VTOAOYIGTIKOV 0t0d0GEMVY Yl TV evépyeta 59.54 keV tov Am-241.

Hewpapoata pe nynq Cs-137 ywo 10V TPOGOOPIGRO TNG TAGIVIAG VEKPNG
Covng

Kpatdvtag otabepn tnv Tiun) 0.065 cm 1 omoia vworoyioTnKe TOPATAV®D Y10
™ umpootivy) vekpn {ovn, Kab®g Kal TIG TIHES OV EMAEYTNKAV OGOV apopd
TO, YOPAKTNPLOTIKAE TNG OMNG, VToAoyiotnke pe tnv ot pebodoroyio 1 TiuN
TAYovg TANIVIG vekpNg Cavng, xpnotpnorotdvtag tpdtunn tnyn Cs-137. Onwg
QOaiVETOL OTOV TOPOKAT® TivakKa, TEAKE N BEATIOTN TIUN TAYXOVS TNG TAOIVIC
vexpne Covng Ntav ta 0.16 cm.

Ytov [Tivaka 3.2 mwoapatifevial ot VTOAOYIGTIKEG OMOOOGELS TNG AVIYVEVTIKNG

dtdtaéng v v TANBdpa TaydV TAAIVAG vekpng (VNG mov doKlIpndoTnKaY
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pali pe tig afefardotntéc tovg (lo), xkabdg xar M oxeTIKN OnTOKAIGN TOV
VTOAOYIOTIKOV 0amoddce®mV omd TNV mepapatikn anddoon. H mepapatikn

anddoon eixe vworoyiotel oto iom pe 0.02412+1.5% (10).

[poocdropropog mrhaiviyg vekpns ovng pe anyn Cs-137

MITPOXTA MAAINH YIIOAOTI'IXTIKH
AIIOKAIZH
NEKPH ZQNH (¢cm) | NEKPH ZQNH (cm) AITOAOXH
0.065 0.1 0.02517+0.12% 4.3%
0.065 0.2 0.02359+0.08% -2.1%
0.065 0.15 0.02438+0.08% 1.0%
0.065 0.17 0.02407+0.08% -0.18%
0.065 0.16 0.02423+0.08% 0.49%

Mivaxag 3.2 TIpocdiopiopdg mhyovg TAMIVIAG vekpng (dVNG GLYKPIVOVTOC TV OOKALGT
TEPAUATIKOV KL DVTTOAOYIGTIKOV OT0dOGEMV Yia TNV evépyeta 661.65 keV tov Cs-137.

Meipapa pe anyés Am-241 kv Cs-137  yw  emwai)Bevon ko

BeiticTOMOIN G ATOTEAEGPATOV.

‘Eyovtog Opwg petafdiiet tmqv Tiun ¢ mAaivig vekpng Lovng, eivat
anmopoitnto va emainbevtel edv ta véa dedopéva emdpovv N eEakorovbovv va
0dNYOVV G€ Am0OEKTES TIUEG ATOKAIONG Y10 TIC TPOGOUOIDGELS e AmM-241 mov
nopovoldoTnkav mponyovpeva. Onwg ¢aivetar mapaxdto, otov Ilivaxka 3.3,
N andékion g anddocn Tov aviyvevth Yo To Am-241 arokiivel TAéov amnd
™m OeopnTikn TIU KATtd €va Tocootd TG Tdéng tov -3%. Mia tétoln
amoOKAlon eival amodektn, mapdra avtd £ywve mpoomdbelo PeAticTomoinomng.
Ta aroteréopata TV aAAaydv mopatiBevtol otov mapakdto wivaka. Ommg

eaivetal, ol amokAicelg elval evtOC TOV aAmT0dEKTOV Opimv.
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BeltioTromoinon anotereocpdrav

Am-241
MIIPOZTA IMAAINH
YIIOAOTIZTIKH
NEKPH ZONH NEKPH ZONH ATIOKAIZH
AIIOAOZH
(cm) (cm)
0.065 0.16 0.03178+0.19% -2.9%
0.063 0.16 0.03258+0.21% -0.47%

MIIPOZTA IMAAINH

YIHOAOTIXTIKH
NEKPH ZQNH NEKPH ZQNH AIIOKAIXH
ATIOAOXH

(cm) (cm)

\ 0.063 \ 0.16 . 0.02417+0.33% | 0.25% \
Mivaxag 3.3 'Eleyyo¢ TV TGOV ThYOLG UTPOCTIVIAG Kol TANIVIS vekpnc {dvng cuykpivovTog
NV OTOKAON TEWPAUATIKOV KOl VITOAOYIGTIKOV amodOcemV Yo Tig evépyeleg 59.54 keV kot
661.65 keV.

Hewpdapota pe nynq K-40 yio tov mpocdiopiopd g wicw vekpng Lovne.
‘Exovtag mpocolopicel Tipéc yio T UmPocTd Kot TNV mAAivY vekpn Laovn,
ypnolpomomOnke wpdtvmn ANy kaiiov-40, evépyelag 1460 keV, pe oxomd
TOV TPOGOOPIGUO TOV TAYXOLS TNG Tio® veKPNS {dVNG.

Ye 6,11 apopd ™ StabeocipuoTNTO TPOTLANG TNYNG, avaeépetol 0tt to TEPIL
dev O1€bete motomompévn mpotvmn mnyn Pabpovounong pe K-40. Ot
dlaBéoipeg mNYEG e EKTOUTT GOTOVIOV GTNV OVTIIGTOLYN EVEPYELOKN TEPLOYN
nepieiyav 1oétona 6Twg 1o Co-60 kot to Y-88, Tov 0moiwv 1 GLUUETOYN GTO
QAVOUEVO TNG TPAYUATIKAG COUTTOONG, 08V EMTPENMEL TNV €E0YOYN OGQAADV
ocvunepacpbtov. YrevOouiletar 6Tt 01 VTOAOYIGTIKES TIUES TNG TPOCOUOIMONG
etval amoAloypéves amd to €v A0Y® QatvOpevo.

Mo va avtipetoniotel 1 ovykekpipuévn EAreyn agltomomOnkayv deiypoto and
doknon  dwaocvykptong mwov  ovpueteixe mn  EEAE.  Zvykekpipéva,
xpnopwomomOnkav dedopéva amd JlEPYASTNPLEUKT AOKNGN  OlGVYKPLONG
2018, ota mhaicla Tov mpoypappatog Procorad. H doknon mepieddapupove v
avAAVOT OEYHAT®OV OVP®V 6T OTToia M TIUN NS ocvykévipmong K-40 660nke
TeEAKA amd Tovg dlopyavemtés. H  ovopoaotiky avti tiun tov K-40
alomomOnke Yy  TOV  TPOGOOPIGUO  TNG  TEPOAUOTIKNG  AmOd00oNG
POMTOKOPLONG otV evépyela tov 1461 keV «xar sxktypuidnke ion upe
1.280E-02+0.05%.

Onwg mponyovpévmg, EKTEAEGTNKAV TPOCOUOIMCELS OLATNPpOVTOS oTtadepd Ta

YN UTPOCSTIVAG Kol TAAIVIG vekpng {dVNG mov 1dN mpocdiopicTnkay KadmG
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KOl TIG EMAEYUEVEG TIHEC dlooTACE®MV Kot BEong tng omnc. Aedopnévov dumg
OTL M TIUN TOV TAYXOVS TG Miow vekpng COVNG eaiveton va eanpedlel apkeTd
TNV 0mAO00T TNG AVIYVELTIKNG OLATOENG KOl OTIS WECOIEC EVEPYELEC, GTOV
[Mivaxa 3.4 copmeptAapfdvovial Kot ot ovIicTOlES 0MOO0GELS KAl OTOKAOELS
amd TIG TEPAROTIKES TIHES Yo To Cs-137.

Onwc gaivetrar otov Ilivaka 3.4, n BEATIOTN ATOKALGT OO TNV TELPAULATIKN
T 0.78% epeavifetal 6to KdAo Yo wayog micw vekpng Lodvng 1.5 cm. H
avtiotolyyn tun tov Keoiov givat oplakd pn amodekTy], a@OV LTOEKTIHATAL
katd 4.5%. 'Etol, ¢ Bértiotn T 1oL WAYXOVLG TG micw vekpng {dvng
BeopnOnkav ta 1.2 cm, dedopévov 0Tt TapaTNPOVVTAL OPLOKE ATOOEKTEG TIUEG
ATOKAIGE®V TOGO Y10 TNV VIOAOYIGTIKY OTOS00MN TNG EVEPYELAC TOL KOAAIOL
600 Kat ylo ovtn Tov KEGiov. (3.56% kat -2.91% avtictoiymc). [Mapodra avtd,
npoaypotomombnkav  mepartépo  mpoomdbeieg  Peltictomoinong TV

OTOKAICEDV.

IIpoocdropiopdc micm vekpig Lovng

MIIPOXTA IMAAINH InIxQ
YIIOAOTI'IXTIKH
NEKPH ZQNH | NEKPH ZQNH NEKPH ZQNH AIIOKAIXH
AIIOAOXH

()] (cm) (cm)
Cs-137 0.063 0.165 0.24 0.02431+0.53% 0.77%
K-40 0.063 0.165 0.24 0.01415+0.85% 9.7%
Cs-137 0.063 0.165 1.0 0.02349+0.43% -2.5%
K-40 0.063 0.165 1.0 0.01353+0.74% 4.8%
Cs-137 0.063 0.165 1.5 0.02301+0.48% -4.6%
K-40 0.063 0.165 1.5 0.01300+0.85% 0.78%
Cs-137 0.063 0.165 1.2 0.02342+0.47% -2.9%
K-40 0.063 0.165 1.2 0.01335+0.82% 3.5%

Mivaxag 3.4 TIpocdiopicpoc micw vekpng (dvng cvykpivoviag TV OmOKAIGT] TEWPAUATIKMY
KOl DTTOAOYIGTIK®V amodOcemV Y1, Tig evEpYeteg 661.65 keV kat 1460 keV.

Mewpapara pe wnyés Cs-137 kv K-40 7y Pehtictomoinon
OTOTEALEGRLATOV.

Eivalr gppavég 0t1 drapoppavovtac poévo to méyog ¢ micw vekpng Ldvng
dev emépyetor to 10avikd amotéhecpa. ‘Etot, emiyeipnOnke mn  petofoin
TEPOULTEP® TOAPUUETPOV TOV KPVLGTAAALOL TOVL OVIYVELTH. XTO TAMiIGLO0 aLTO
apyikd ewonydn meproyn vexkpng Lovng yOpw® amd TNV OMH TOV AVI(VELTY, &V
ovveyela OwapopomomOnke mn amdcTOcNn TNG OMNG amd 1O TOPAOBvLPO TOL

aviYveLTn Kot TéAOg ot dwaotdcelg g omng. Omwg kot mponyovpévmg,
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petafdiretar kKabe eopd LOVO 1N TPOC HEAETN TOPAUETPOS, EVD Ol VITOLOITEG
dtatnpovvtal otabepéc.

Apykd emiyelpnOnke n elcayoyn mepLoyng vekpns Laovng yupo amd v oy
tov aviyvevtn. [apatnpeitar 011 660 7EPLGGATEPO ALEAVETAL TO TAYXOS TNG
vekpng {ovng yopo oamd tnv omrn, 1060 Peitictomoleitor 1 AMOKALON TG
VTOAOYIOTIKNG amddoong Tov KaAiov and tnv melpapatikn anddoon. Opmg, n
avVTIoTOlYN OTOKALGT TNG VAOAOYIGTIKNG OmOO0GNG Yo TNV €EVEPYELD TOL
KEGIOV VTEPEKTIUATOL CNUAVTIKA ©€ oxéom HE TNV TEPOAUOATIKY amOdoon,
onwg mapotiBetar otov Ilivaxka 3.5. Emopévec, kpibnke ot m ecaymyn
vekpng Covng yopo amd v omn 0Oev  oonyel o€ Pelrictomoinom
amoTEAEGUATOV. Q¢ €K TOVTOV, TO WAYXOC TG VEKPNS Cdvng omng OempnOnke

160 pe 10 unodév.

IIpocdropropdg vekpis OGS omnig

MIIPOXTA | MAAINH | Mm@ | NEKPH | | ]
YHOAOTIZTIKH
NEKPH NEKPH NEKPH ZOQNH ONHE ANIOKAIZH
ANIOAOXZH
ZQNH (cm) | ZQNH (cm) | ZQNH (cm) (cm)
Cs-137 | 0.063 0.165 1.2 0 0.02342+0.47% | -2.9%
K-40  0.063 0.165 1.2 0 0.01335+0.82%  3.6%
Cs-137 | 0.063 0.165 1.2 0.1 0.02257+0.53%  -6.4%
K-40  0.063 0.165 1.2 0.1 0.01280£0.86%  -0.71%

Mivaxag 3.5 Tlpoodiopiopdc vekpng {dvng omng cuykpivovtog TV OmOKAIST] TEWPAUATIKMY
KOl VITOAOYIGTIKOV amod0GEmVY Y1, Tig evépyeteg 661.65 keV ko 1460 keV.

Ev ovveyeia, exteléotnkav TPOGOUOIDGELS UETAPBAAAOVTOG TNV 0mOCTOCN
™m¢g omn¢ and 10 mapdbvpo tov aviyvevty (dyog omng). Oleg ot vmoOLoITEG
mopapeTpol datnpnOnKav apetdPAntec oTIC TIHEC TOL TPOGIOpioTNKAV 1
emAExOnKav. Melwdvovtag to VyYog g omng, ONAad avEdvovtag Tov evepyo
OYKO  TOVL  aviyvevth, TwopatnpnOnke mEPALTEP®  VWOEKTIUNGOM NG
VTOLOYIGTIKNG amddoong yio TNV evépyela 662keV tov keciov oe oyéon ue
NV avVTIGTOYN TEPAULATIKY] ATOO00T), TEPA OO TO ATOdEKTA Opla. Avtifétme,
aVEAVOVTOGC T0 VYOG TNG OmMNG, TopatnpnOnke vmEPEKTIUNGCN NG
VTOAOYIOTIKNG amddoong yio tnv evépyeto 1460keV tov koAiov og oyxéon pe
NV aVTIoTOLYN TELPOANOTIKN TEPA amd Ta amodekTd Opta. Tavtoyxpodvwg, 1M
AmOKAMOT TNG VTOAOYIGTIKNG AmMOO0GNG Yo TNV EVEPYELD TOL KEGIOL Of

Beltiwvotav onpavtikd. Ta mapandve mopatifevial avaAvTikd 6Tov Tivaka
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3.6. Emopévoc xkpinke 611 n dtapopomoinon g andcsTaons TN onng and 1o
nopdBvpo tov aviyvevtn Oev emeépel PeEATIoTONOINON TOV ATOTEAECUATOV

KOl TPOTIUNONKE N apylkn Tiunq 2 cmM mwov emAéyOnke avbaipeta.

[Ipocdropropdg 0éonc omng

IIAAINH

MITPOXTA

NEKPH ZQNH

NEKPH
VA :

NEKPH
ZQNH

YIIOAOTI'IXTIKH

AIIOAOXH

ATIOKAIXH

(cm) OITHZ (cm)

(cm)

TCs137 0063 0185 12 02 002342s047% 2.9%
K-40 0.063 0.165 1.2 0 -2 0.01335+0.82% 3.5%
Cs-137 0.063 0.165 1.2 0 -3 0.02331+0.43% -3.4%
K-40 0.063 0.165 1.2 0 -3 0.01355+0.74% 5.1%
Cs-137 0.063 0.165 1.2 0 -1 0.02286+0.22% -5.2%
K-40 0.063 0.165 1.2 0 -1 0.01312+0.38% 1.8%

Mivaxkag 3.6 IIpocdopiopdg 6éong omfg cuykpivoviag TV amOKAIGT TEPOUATIKOV Kot
VIOAOYIGTIK®Y 00d00EemV Y10 TG £VEPYELES 661.65 keV kar 1460 KeV.

Téhog, doxipdotnke m OAAOYY] TOV OlOCGTACE®V TNG OKTivag NG OTMC.
Meiwon g axktivag g omng, oMAadn avénon tov evepyov OYKOL TOVL
OVIYVELTN EMEPEPE VTEPEKTIUNGT TNG VTOAOYIGTIKNG OamdOI0GNG Yo TNV
EVEPYELD TOL KOAIOL G€ oYéomn UE TNV AVTIGTOLYN TEIPOUATIKY anddoon TEPa
and to amodeKTd Opta. AvtiBétmg, avénom g aktivag g omng eixe g
amoTéAEGHO COPOpPT] VRWOEKTIUNGT TNG VTOAOYIOTIKNG OmAO0CGMNS Yl TNV
EVEPYELD TOV KECIOL GE GYEGM WE TNV avTioTOlYN TEPOANATIKY anddocn. Ta
anoteAéopato moapatifevral otov [livaka 3.7. EEdyetal To cvunépacuo 4Tt 1
dtapopomoinon ™G aktivag g omng dev odnyel 6e tavtdYpovn COYKAION
EVTOG TOL TOG00TOV 3% TV VTOAOYLIOTIKAOV KOl TEPAUATIKOV ATOOOCEDV Yld

™V €VEPYELDL TOL KEGIOL KOl TOL KaAiov. Q¢ ek TOVvTOVL, emMAEYONKE ®C

BéLTioTN TN oKTiVOG OTTAC M apylkn ektipnon 0.55¢cm.
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[Ipocdropropdg akTivag omng

AKTINA

YIHOAOTI'IETIKH
OITHX ATIOKAIXH
AIIOAOXH
(cm)

K 0.063 0.165 1.2 0 -2 0.55 0.0133+0.82% 3.5%
Cs 0.063 0.165 1.2 0 -2 0.4 0.02332+0.21% -3.3%
K 0.063 0.165 1.2 0 -2 0.4 0.01343+0.37% 4.1%
Cs 0.063 0.165 1.2 0 -2 0.7 0.0227+0.53% -5.8%
K 0.063 0.165 1.2 0 -2 0.7 0.0131+0.92% 1.6%

Mivaxag 3.7 [Ipocdopiopdg g aKTivag 0mnG GLYKPIVOVTAG TNV OTOKALGT] TEPOUOTIKMV Kot
VTOAOYIGTIK®Y 0t0d00EemV Y10 T1G £VEPYELES 661.65 keV kar 1460 KeV.

Hewpapoata pe anyég Cs-137 kor K-40 ywo ermoavoampocolopiopd mwico
veKpNg CdVNg.

Agdopévov 0Tt M peTOPOAN TOV TAPATAV® TOPAUETPOV OEV 00NYNOE OF
BeATIOTOMOINGT TOV ATOTEAECUATOV, EMYXEPNONKE EMAVOTPOGIOPIGUAG TNG
micw vekpng Covng petafdiiovtog v T TAYXOVLG TNG TANIVAG VEKPNG
Lodvng. Oleg ot vmoOAOIMEG TTOPAUETPOL TTOPEREWVAY OTAOEPEG OTIC PEATIOTEG
TWwég mov mpoocdlopiotnkav. Q¢ TIUW wAYovs wAAivig vekpng Ldvng
emAéyOnkav ta 1.2 cm. 'Etot, petafdiroviog poévo tnv Tiun mg micom vekpng
Ldvng, vmoloyiotnke teMKkd M PEATIOTN TIUN TAYOLS TNG Tiow vekpng {dvng
o¢ 1.5 cm.

Ytov [Tivaka 3.8 mapatiBevial o1 VTOAOYIGTIKEG OMOOOGELS TNG AVIYVEVTIKNG
dtdtaéng ya v tAn0mpa moydv ticw vekpng {ovng mov dokipdotnray pali
pe 1 ofefardottég tovg (lo), kabdG kol M OYETIKN OAMOKALON TOV

VTOAOYIOTIKAV OTOd0GEMV ATd TNV TEPANOTIKT ATdI00T).
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Emavarpocdropiopodg ticom vekpng Lovng

MITPOXTA ITAAINH
nrxQ

NEKPH NEKPH YIIOAOTI'IXTIKH

NEKPH AIIOKAIXH
ZQONH ZQONH AIIOAOXH
ZONH (cm)
(cm) (cm)

Cs-137 0.063 0.12 1.8 0.0232+0.56% -3.6%
K-40 0.063 0.12 1.8 0.0129+0.92% 0.75%
Cs-137 0.063 0.12 1.7 0.0233+0.51% -3.3%
K-40 0.063 0.12 1.7 0.0131+0.92% 1.6%
Cs-137 0.063 0.12 1.6 0.02337+0.39% -3.1%
K-40 0.063 0.12 1.6 0.01321+0.61% 2.5%
Cs-137 0.063 0.12 1.55 0.02338+0.34% -3.1%
K-40 0.063 0.12 1.55 0.01330+0.60% 3.2%
Cs-137 0.063 0.12 15 0.0236+0.55% -2.1%
K-40 0.063 0.12 1.5 0.0133+0.90% 3.8%

Mivaxag 3.8 Emnavampocdiopiopdc micm vekpng CdvNg ouykpivoviag Tnv  omoKAon
TMEPOUOTIKDY KOl DVITOAOYIOTIKOV 0modOGEmVY Y10, Tig evépyeleg 661.65 keV kot 1460 keV.

[Mapovoiacn amotereopdTtov

Me avt6 Tov TpOTO 0AOKANP®ONKE 1 Stadikacio TPOGdOPIoHOD KATAAANA®Y
YEOUETPIKAOV TOAPOUETPOV Y10 TOV KPUGTOAAO TOL OVIXVELTH, OGCTE Ol
VTOAOYIOTIKEG amodOcelg Yoo Tig evépyeleg 59, 662 xor 1460 keV va
amokAvouv 6g T0606TO 3% AmO TIG OVTIOTOLYEG TELPALOTIKEG.

Ytov [Tivaka 3.9 woapatifevtal ot VTOAOYIGTIKEG AMOOOGELS TOV TPOS UEAETN
evepyeEL®V KaBMOG Kol 01 aToKAMGELS TOVG Ao TIG AVTIGTOLYES TEPAUATIKES Yid
TIG TIHEG TapapéTp®V oL pocdtopictnkayv. Xtov Ilivaxka 3.10 mopatiBevron

ol PBEATIOTEC MOPAUETPOL TOL QAVIYVELTH TOV TPOCHIOPICTNKAV GE QLT TNV

TOPAYPOPO.
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MITPOXTA  ITAAINH nrxQ NEKPH

AKTINA
NEKPH NEKPH NEKPH ZQONH YINOAOTI'IXTIKH
OIIHX AIIOKAIXH
ZQONH ZONH ZQONH OIIHX (cm) AIIOAOXH
cm
(cm) (cm) (cm) (cm)
Am-241 0.063 0.12 1.55 0 -2 0.55 0.03305+0.15% 0.96%
Cs-137 0.063 0.12 1.55 0 -2 0.55 0.02338+0.34% -3.1%
K-40 0.063 0.12 1.55 0 -2 0.55 0.01330+0.60% 3.2%

Hivaxag 3.9 AmokAicelg T@V LRTOAOYIOTIKOV OO TIC TEPOUATIKES OMOOOCELS Yo TIG
BéATIOTEG DLOOTACELS YEMUETPIKMV TAPAUETPOV TOV TPOGIOPIGTNKAV.

FTEQMETPIKH NAPAMETPO2z AIAZTAZEIZ (cm)

MMPOZTINH NEKPH ZQNH 0.063
MAAINH NEKPH ZONH 0.12
NizQ NEKPH ZQNH 1.55
NEKPH ZQNH OMNHz 0
ATMNOZTAZH OMNHZ AMNO NAPAGYPO ANIXNEYTH 2.0
AKTINA OINHz 0.55

Hivaxag 3.10 Béktioteg mopaUeETPOL LVIYVELTY.

Ewova 3.10 Ot féLTIoTEG d100TAGELS TOV KPUGTOAALOL TTOL TTPOGdlopioTKAY (EVEPYOS OYKOG
OVLYVELTN-TOPTOKAAL, UTPOSTA veKpT| (dvn-UmAe, TAAIVY vekpn {OVN-TPAGIVO, TIG® VEKPT|
{dvn-kiTptvo, omn-padpo YpdLLeL)
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3.8 EIIIAOI'OX -
YXYZHTHXH AITIOTEAEXMATQN

210 KEPAANLO 0VTO TEPlypdonke o Kddkag mpocopoimong PENELOPE, o
omoiog a&lomoOnke 610 TAAIGLO TNG VIOAOYIGTIKNG AMTOO0GNC POTOKOPLPNG
™G aviyvevtTikng otdtang tov TEPIIL. Ileprypdonke n doun tov K®OKM, O
TPOMOG UE TOV OMOI0 OLVIAGOOVTOL T Opyeio €10000v Kol 1 ANYTN Kol
KOTOYpOQn amoTEAECUATOV T apyeia £600v.

Y10 mAaicto g efolkelwong pHE  TOV  KOOKO  TPOYUOTOTOINONKE
VTOAOYIOTIKY EKTIUNGCN TOL OAIKOV YpOoupkod ovviedeotn eEacBévnong
ootoviov evépyelag 662 keV og Bwpdkion Xaikov (Cu). H Ty mov AMebnke
ovykpiOnke pe v Bewpntikd avapevopevn Tiun kot Bpébnke 611 n andKAon
wov emtevyOnke NTav g 1édéNg tov 2.3%, n omoia Kpidnke tkavomromTikn.

AxoloOBm¢ meprypdonke m dtodKacio. LOVIEAOTOINGNG TNG GVIYVEVLTIKNG
otdtaéne. o v emrvynuévn npocsopoimacn, kpiowun Bewpeitar n dradikacio
TPOGOLOPIGUOD TOV YEMUETPIKAOV YAPOKTNPLOTIKOV TNS. Ot kphoTailol TV
aviyvevtav yeppaviov owabBétovv vekpég (mveg, ot omoieg HELOVOLV TNV
amOd00T TOL OVIYVELTYH, OQEVOS UEV UELOVOVTOG TOV £vePYd OYKOL TOV,
apetépov d¢ e&acBevaviag potoévia. Ta mhyn Tov vekpdv (OVOV, aKOLd Kot
0TV TPOCEPEPOVTOL ATO TOV KOTOUOKELAGTY, OV TAPEXOLV amapoaiTnT
wavomomTikn axkpifeta. Avtd opeidetor 6TV avENom tov TaYOVS TOVS UE TO
xpoOvo kabdg xar otnv vmapén {ovng petafifacng 6mov mpaypatomoleitat
uepkn oviioyn goptiov. (17)

H mapapetponoinon tov odwactdocswv tov aviyvevtn eivar dvvatd va
npaypatoronfei ypnolponoidviag texvikég Monte Carlo. Ot drootdoelg Tov
OVIYVELTN Kol To TAYN TOV veKpOV (ovodv tpomomomdnkav £Tcl ®CTE Ol
VTOAOYIOTIKEG ATOOOGELS VAL ATOKAIVOUYV 6€ TOG0GTO PikpdTEPO TOV 5% 0md
TIG OVTIOTOLXEC TMEPAUATIKES Yo €va €upL QAcpa evepyelwv. H ev Adyw
amokAon Oewpeitol  1KOVOTOINTIKY Y100 TG EQOPUOYEG TNG MEAETING
padlevépyetag tepfdiiovtoc.

Oocov agopd otnv afefatdmra TOV HETPNCEOV TOL MOPOLOLACTNKAVY,
dtdetar Eexywprotd n oyxetikn afePordnTa Yoo K4Be T VTOAOYIGTIKNG
amdd0GNG (QOTOKOPLPNG OTOVG TIVaKES TNG mopaypdeov, o€ emninedo

eumiotoovvng lo. OAeg ot oyetikég oaPfefaridtntec TtOV LTOAOYIGTIK®OV
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amod0ce®mV €xovv vmoioyiotel oOpeova pe ™ oyxéon (3.7). Ogeirer va
avaeepel 611 1 afefaldnTo TOV TEWPAUATIKOV HETPNOEOV ATOOOONG
(apepardotnteg tOmov A) mov eiyav deaybel oto maperbBdv 610 €pyOacTNPLO
OeopnOnkav apeintéec cvykplrikd pe t1c afefardtnreg mov eiodyel n idta M
myn Poabpovounong (aPefardotnta twmov B), n omoio pe Pdon Tov
TIGTOTOMTIKO TOVL KaTtaokevaot Ntav g taéng tov 1.5% (1o) ya 6ia ta
teotona, 1.8% (1o) yia to Am-241 ka1 5.7% (1o) ywo tov Pb-210. Opoiwg, 10
mAN00¢ TOV 10TOPLOV TNG TMPOGOUOI®GNG Kol avtiotolyo o ypdvog
npocopoimong, emAyOnkav pe tétolo TPOMO M®OTE Ol aPfefardTnTec NG
VTOAOYIOTIKNG TIUNG TNG amddoong va eival onpavtikd pkpodtepn and 1% oe
eninedo gumioToovvng lo.

Axéun, ot mAPAYOVTEG TOL EMOPOVV GTNV TEPOAUOTIKY KoODG Kol TNV
VTOAOYLOTIKY dtadikacio ektipnong amddoong, kKabdg katr ot afefardtnreg
oV €VIOTE TPOKVTTOLV OO TN SladIKAGio TEPLYPAPOVTOL AVAAVTIKOTEPO KO
OTO EMOUEVO KEPAAALO.

EvoAdlaxtikd, or vekpég (oveg Ba pmopodoav va LTOAOYIoTOOV KOl HE TN
xpnon tov Eu-152. To cvykekpipévo padlovoukAidlo eKTEUTEL PMOTOVIO CE
VPV QACHO evEPYELDV, LE HEYAAN €vtaom. 'Etot, dtapopetikéc meployés tmv
vekpov {ovav Bo pmopovcav va ekTiunfovdv pe ™ ypNon OlQOPETIKNG
evépyetag potoviov. (9)

To amoteAéopata mov mpoékvyav KoOMS Kol TO VITOAOYIGTIKO LOVTEALO TOV
aviyvevtn aflomodnkav o100 TANIGL0O TOV EMOUEVOL KEQOAAOIOL Yyio TNV
EQOPUOYT TNG TEYVIKNG METAPOPAG amddocong 1t Poabpovoéunon g
avV1YVeLTIKNG Otdtaéng kat Tnv &v cvveyxeia Pabuovounon anddoong otn véa
veopetpia kvabBiov 0AAL KOl TO YOPAKTINPIGUO OAYVOOTOV POILEVEPYDV

derypdtov. (7)
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4. YIIOAOT'TXTIKH BAOMONOMHXH
ANIXNEYTH

4.1 YIOAOI'TXTIKH BAOMONOMHXH
TOY ANIXNEYTH I'TA THN ITAAAIA
I'EQMETPIA

4.1.1 EIXATI'QI'H

Me agemnpia v avénon tov dLVVOTOTHTOV VTOAOYICHOD T®V GUYXPOVAOV
VTOAOYIOT®V, YPTNOGIULOTOLOVVTAL OAOEVO KOl TEPLOGOTEPO OL TEXVIKEG Monte
Carlo yio tv mpooopoi®won TV aviyveLTIKOV ovotnudtov. Etotl, otv
TPONYOVUEVT] TOPAYPAPO VTOAOYICTNKAV HECH TOV TEXYVIKOV TPOGOHoimoNg
01 OO TAGELS TOV VEKPAOV {OVAOV TOL aviyveLTn vepkabapov yeppaviov tov
TEPII. Avtd mpaypatomodnke cuykAivovtog tnv TEWPALATIKY ATOOOGT TOL
OVIYVELTY UE TNV AVTIGTOLYT VTOAOYIGTIKY] EVTOG TOV TOGO0GTOV 5%, Yyl mNYEG
younAng (apepikio), péong (kaicto) kot peydAng (xdio) evépyelog,
emAéyovtag pia otadepn mokvotnta tnyne 0.9 gr/cm3.

H moapdypapoc avtn armockomel otn ¥pMon ovTdV TOV d10C0TACEDV, KAODG
KOl TOV OJl00TACE®MV TOV NNYOV TOAOLAG YeopeTtpiag kvabiov mov
TEPLYPAPNKAV GTNV TOPAYPOPO 3.2, Y0 TOV VTOAOYIGUO TOV 0AT0dOGEDV
QPOTOKOPVONG TNG AVIYVEVTIKNG O1dTaéNng Yo TANOMPA TLKVOTHTOV TINYOV TNG
ovykekpipuévng yeopetpiog. ‘Etol, kobiotatar dvvarn 1 VITOAOYIGTIKN
BaBpovounon amdd0oNG QOTOKOPLENG TOL  OAVIXVELTN Y10 OLOPOPETIKEG
TOKVOTNTEG TNYNG maAoldg veopetpioag, Kabdg kot M cOYKplon TOV

OTOTEAECUATOV UE TIG avTioTOolXEG TEPANATIKES Baduovounoelc.
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Ewova 4.1 H aviyvevtikn dtdtaén mov Tpocopuoiddnke yio Tig LETPNOELS amddoong kuabiov
ToAalGg yeouetpiog, oykov 260 mL (piypo wnyov moiotod kvabiov-kaeé, kpOGTOAAOG
aVIVELTN-TOPTOKAM, TEPIPANLLO AVIXVELT-TPACIVO, BOPEKIGT) OVIYVEVTI-UTAE).

4.1.2 YHHOAOI'TETIKH BAOGMONOMHXH

Me okomd 11 Pabuovouncm, tpocsdlopicTnke 1 VIOAOYIGTIKN anddocm (LECW
TPOGOUOIMONG) TNG AVLYVELTIKNG OtdTaéng Yo T «véa yewpeTpia Kvabiovy
og OAeg T1G Yeopetpieg (dnA. 260 mL kot 100 mL) kot mukvotntes. [lapakdto
nopatifevtol og mivakeg Kot dOloypappota:
e 0Ol TIWWEG TOV OMOOOCEMV QOTOKOPLONG Tov ANeOnKav omd v
npocopoimon
e 1 oyetikn afefotdOTnTo TOV HETPNGE®V ATOO0CNG
® 1 amOKALGN TOV VTOAOYIGTIKAOV ATOOOCEMV ATO TIC MEIPAUATIKEG TIHEG
e dloypappato amddooNS GMOTOKOPLENG GLVOPTNGEL TNG EVEPYELNGS,
ocvumeplAaUPavopevov ToV afefoloTHTOV TOV TILAOV 0TO000GEDV
o  Yy£GELG OVOOPOUNG Y10 TELPALOTIKN KOl VTOAOYLOTIKY Pabpovouncn

o  YVYKPION TEPALATIKOV KOl VTOAOYIGTIK®OV AT00OCEMV

Onwg €xer emonuaviel kar 610 KePAiato 2.5, 6mov mpaypoatoromdnke n

newpapatikn  Pabpovounon  tov  kvabiov, Kdmoleg amoddoelg Yo
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OVYKEKPLUEVEG EVEPYELEG PAOLOVOVKALI®V OV €X0VV GUUTEPIANQOEL GTOLC
TIVOKEC. ZVYKEKPIUEVA, OE OAEG TIC TLKVOTNTEG OEV £YovV cLuUmeEPIANPOHel o1
HETPNOELG amddoong Tov aopovv TV evépyela 136.48 keV tov KofoaAtiov-57
kot v evépyewa 255.12 tov Kaooitepov-113, kabog ta amoteléopata
OAAOLOVOVTOL ONUOVTIKE, €€atTiog TOL PAIVOUEVOL TPAYUOTIKNG GUUTTOONG.
AxoOUN, Yo peydAeg mukvoTNnTEG EMOEIKNG PNTIVNG, 0 cvumePIAQUPAvovTaL Ot
puetpnioelg amdédoong yio tnv evépyela 46.54 keV mov avrtiotolyel o©to
MoAvBo0-210 xar tnv evépyeia 59.54 keV mov avtiotoiyel 6to Apepikio-241.
Ot petpnoelc avtéc ogv eivat axpipne, Kabmg A0Yy® TOL HEYALOL GLVTEAECTY|
AVTOATOPPOPNGNG TNG TNYNG, TOTOOETOVVTAL TOAD KOVTA GTO OPlO OVIYVEVLGOTG
g otataéng.

[draitepn pvelo otic afefoatdTNTEG TOL JLAKOTEXOLY TIG UETPNOELS YiveTal
oto T€A0g Tov kepaiaiov. Opwg, opeiiel va avaeepBel mpv v mapovcioon
TOV PHETPNGE®V OTL, 6TOVG Mivakes moapatifevtal ol oyetikéc afefoardTnTeg TV
VTOAOYIOTIKAOV amoddcemV o€ eninedo euniotoovvng 1o, 6Twg vroloyioTnKov
ocopeova pe ™ oyéon (3.7).

Axoun, o1 anokAIGELS VTOAOYIGTIKOV TILAOV OTOOOCEMV OO TIG TELPOUUATIKES
Bcwpodvtar péoa oto Opro afefatdotntag otov eivor pikpdtepeg tov 3%.
[Mnbopa mapayoviov ennpedlovv TG UETPNGELS KAl TOLS VTOAOYIGUOVG,
aAAG OOl gumintTovy péca otnv afefatdotnta mov mnyalel and T padlevEPYES
mnyég ko ayyiler to 3%.

Onwc Ba avaivdel, petpnoelg pe akdun peyordtepeg amokiioelg Bempodvral
amodektéc kabamg enmnpedloviol amd TO QUIVOUEVO TPAYUATIKNG GUUTTOONG.
‘Etot, yio v aloddynon tov anoTteAEGUATOV, XPNOIULOTOLEITAL TO KEGLO MG
onueio avaeopdc yio OAEG TIG TLKVOTNTEG TOV OLUPOPETIKOV OYK®V TANPOONG
mov peretnOnkav, kabog dev ennpedleTol amd T0 PAVOUEVO TNG TPAYLUATIKNG
ocOUTTOONC.

Télog, Omwc €xelr emomuavlel oto mpomyovuevo ke@dAolo, M oyéon
avodpPOUNG OV YPMOLHOTOONKe KAt KOpOV oIV mapovoo epyacio Ue
okomd ™ Babpovouncn anddoong eival g LopeNG:

In(e) = ag+a; - In(E) + a, - (In(E))? + a3 - (In(E))3 + a4 - (In(E))*
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I'EQMETPIA 260mL

IMYKNOTHTA 0.05 g/cc
[XOTOIIO | ENEPI'EIA | YIIOAOI'IETIKEX AIIOKAIZH AIIO
TIMEX AIIOAOXHY | HEIPAMATIKEYX TIMEX ATIOAOXHX
Pb-210 46.54 0.019080+0.02% 23%
Am-241 59.54 0.04495+0.08% 25%
Cd-109 88.03 0.07702+0.03% 36%
Co-57 122.06 0.08359+0.07% 37%
Co-57 136.48
Cd-109 165.85 0.07695+0.10% 41%
Sn-113 255.12
Hg-203 279.2 0.05432+0.13% 36%
Sn-113 391.69 0.04128+0.16% 32%
Sr-85 513.99 0.03314+0.19% 29%
Cs-137 661.65 0.02722+0.16% 25%
Y-88 898.02 0.021751+0.01% 32%
Co-60 1173.22 0.01785+0.28% 33%
Co-60 1332.49 0.01623+0.31% 33%
Y-88 1836.01 0.01254+0.28% 27%

ivexog 4.1 Ynoroyiotikr| Babupovounon anddoons pwtokopuerg kvabdiov mukvotntag 0.05
g/cc, dykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NAAAIAZ TEQMETPIALX
260 mL, 0.05 g/cc

01
NEIPAMATIKH KAMNYAH BAOMONOMHZIHZ

0.09 n(e) =-0. n(E)* + 2. n(EJ> - 18.900In(E)? + 77.465In(E) - 119.68
wl A R? = 0.9942
‘ YNOAOFIZTIKH KAMMYAH BAOGMONOMHZHE
007 In{e)= -0.0884In(E)* + 2.2213In(E)* + 20.795In(E)? — 85.18In(E) -130.93
\ R?=0.9979 ¢ TEIPAMATIKH ANOAOIH
T 006 A
W

0
rd
A

Q 0,05 —TEIPAMATIKH KAMTYAH
' \\ BAOMONOMHEHE
0,04 \\ A YTNOAOTIZTIKH ANOAOZH
0,03
\Q\\ —YMNOAOTIZTIKH KAMIMYAH
0,02 BAOMONOMHZIHZ
1 \’-\\%

0,01 —

ANO

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Awaypappa 4.1 YmoAoyiotiky BoBLovouncn omddoomg pOToKopLeNS Kuabiov mukvotnTog
0.05 g/cc, 6ykov Tpwong 260 mL.
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Enmopévocg, coppova pe 1o mtapandve 6edouéva TPocdlopioTnKaY 01 KOUTOAES
Babpovounong andd0ong , TEPAUATIKA KOl VITOAOYIGTIKA:

o [lepopatiky kopumOAn fabpovounong anddoong:
y = -0.0803x* + 2.0182x3 - 18.9x? + 77.465x - 119.68
Agdopévov 611 y=In(e) xar x=In(E), 6mov € n amddoon kot E n evépyea,
TEALKAL:
In(e) = -0.0803In(E)* + 2.0182In(E)® - 18.9In(E)? + 77.465In(E) - 119.68, e
ovvteleotn cvoyétiong R2 = 0.9942.

¢  YmoloyloTikn KapmdAn Pabpovounong anddoonc:
y = -0.0884x* + 2.2213x3 - 20.795x% + 85.18x - 130.93
Agdopévov 611 y=In(e) xar x=In(E), 6mov € n amddoon ko E 1 evépyela,
TEALKAL:
In(e)= -0.0884In(E)* + 2.2213In(E)® + 20.795In(E)? — 85.18In(E) -130.93, pe
ovvteleotn cvoyétiong R2 = 0.9979.

[Mapatnpovvrar peydieg amokAicels HeTAd TOV TMEPAUATIKOV KOl TOV
VIOAOYIOTIKOV — TIUOV  omddoong yio tnv  mokvotna  0.05  gr/cmd.
Yvykekpiuéva, N anddoon mov tpocdlopiletal péow g texvikng Monte Carlo
vrepekTipator katd 32% péco Opo. Or amoxkAiicelg ovykataAréyoviol GTO
eVpo¢ 23-41%. Anoxkiicelg tétotag Taéng peyébovg de Bewpovvtarl amodektéc.

Ady® ™G peydAng andKAlGNG TOL GLVOJEVEL TN CVYKPLICN TOV TEPALATIKOV
am0dOCEMV HE TIC VMOAOYIOTIKEG, 1 omoio 0& oLVAdEL ME TIG AVTIOTOLYESG
ATOKAMGELS Y0 TIG VTOAOITEG TIUEC TVKVOTNTOV, aKOAOVONoE dlgpebhvnon Tov
eawvouévov. Omwg avaldetar oto keedhowo 4.1.3, m upeydin tun TtV
anokAicewv Bo Umopovce va opelAeTOl 6€ COAALATA KOTA TN OladlKAGio TNG
TEPOUATIKNG €VPEGNG AMOSOGEMVY Yo TIg Tyég mukvotnTag 0.05 gr/cm3. Ot
TELPOUOTIKEG HLETPNOELS OEV TpaypoatoromOnkav oto mhaiclo NG mToPOVGAS

epyaciog.
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IIYKNOTHTA 0.5 g/cc

IXOTOIIO | ENEPI'EIA | YIOAOTIIXTIKEX ATIOKAIXH AIIO
TIMEX AITIOAOXHY | IIEIPAMATIKEX TIMEX AITIOAOXHX
Pb-210 46.54 0.01604+0.13% 9.83%
Am-241 59.54 0.03814+0.09% 3.30%
Cd-109 88.03 0.06556+0.07% 8.47%
Co-57 122.06 0.07176+0.06% 7.72%
Co-57 136.48
Cd-109 165.85 0.06680+0.09% 11.53%
Sn-113 255.12
Hg-203 279.2 0.04831+0.10% 6.99%
Sn-113 391.69 0.03712+0.12% 3.63%

Sr-85 513.99 0.03014+0.15% 2.07%
Cs-137 661.65 0.02519+0.17% -0.75%

Y-88 898.02 0.020116+0.01% 5.76%
Co-60 1173.22 0.01667+0.29% 6.37%
Co-60 1332.49 0.01522+0.32% 6.33%

Y-88 1836.01 0.01184+0.41% 2.16%

Mivaxag 4.2 Yroloyiotiky Pabuovouncn anddoong eotokopueng kvadiov mukvomrag 0.5

g/cc, dykov mAnpwong 260 mL.

0,08

0,07

0,06

ANOAOZH
E

k=)
o
@

0,02

0,01

NEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
MAANAIAZ TEQMETPIAZ
260 mL, 0.5 g/cc

NEIPAMATIKH KAMMNYAH BAOMONOMHZHSE
A In(€) = -0.086In(E)* +2.1556In(E)? - 20.153In(E)” + 82.542In(E) - 127.31
/ R2=0.9917
YNOAOFIZTIKH KAMIMYAH BAOMONOMHZHSE
* In(€) = -0.0883In(E)" + 2.215TIn(E)? - 20.713In(E)’ + 84.805In(E) -130.54
R? = 0.9975
+ MEIPAMATIKH ANOAOSH
\ ~—MEIPAMATIKH KAMMYAH
{ \ BAOMONOMHZHS
4 YNOAOTIETIKH ANOAOSH
\\ —YMOAOTIETIKH KAMMYAH
J; \ BAOMONOMHzHZ
0 200 400 600 800 1000 1200 1400 1600 1800 2000
ENEPFEIA (keV)

Abypappa 4.2 Ymoroyiotikn fodpovopnon omddoons ¢oTokopueng kKuadiov mokvotnTog

0.05 g/cc, 6ykov mnpwong 260 mL.
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IIYKNOTHTA 0.7 g/cc

IXOTOIO | ENEPI'EIA | YHOAOI'IXTIKEX AIIOKAIZH AIIO
TIMEX AITIOAOXHY | IIEIPAMATIKEY TIMEX AITOAOXHX
Pb-210 46.54 0.01491+0.19% -0.74%
Am-241 59.54 0.03556+0.13% -0.70%
Cd-109 88.03 0.06135+0.11% 1.39%
Co-57 122.06 0.06742+0.11% 3.72%
Co-57 136.48
Cd-109 165.85 0.06353+0.13% 7.18%
Sn-113 255.12
Hg-203 279.2 0.04571+0.17% 2.06%
Sn-113 391.69 0.03551+0.19% -0.64%

Sr-85 513.99 0.02897+0.23% -2.64%
Cs-137 661.65 0.02420+0.28% -1.30%

Y-88 898.02 0.01949+0.01% 0.91%
Co-60 1173.22 0.01629+0.21% 2.38%
Co-60 1332.49 0.01483+0.27% 1.26%

Y-88 1836.01 0.01167+0.34% -1.59%

Mivaxag 4.3 Ymoloyiotikn Babpovounon anddoong potokopueng kvabiov mukvomrag 0.7
g/cc, dykov mAnpwong 260 mL.

0,08

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMH2H
MNAAAIAZ TEQMETPIAX
260 mL, 0.7 g/cc

0,07

NEIPAMATIKH KAMNYAH BAOMONOMHZzHZ

In(e) =-0.0822In(E)* + 2.0678In(E)® - 19.387In(E)? + 79.603In(E) - 123.14
R2=0.9940
YAOAOTIZTIKH KAMOYAH BAOMONOMHzHZ

0,06 ,\
0,05

In(g) = -0.0881In(E)* +2.2122In(E)? - 20.695In(E)? + 84.764In(E) - 130.61
R?=0.9974 + MEIPAMATIKH AMOAOZH

ANOAOZH
E

—MEIPAMATIKH KAMNYAH
BAOMONOMHzHz

AN

=}
=}
@©

4 YNOAOTIZTIKH ANOAOZH

\

—YNOAOTIZTIKH KAMNYAH

0,02

0,01

BAOMONOMH2:HZ

—

0 200

400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Awaypoppa 4.3 Ynoloylotikn Bafpovounon ards06mg @oToKkopuens Kuabiov mukvotntog

0.7 glcc, bykov mAnpmong 260 mL.
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IIYKNOTHTA 0.9 g/cc

IZOTOIIO | ENEPT'EIA | YHOAOI'TXTIKEXZ ATIOKAIZH AITIO
TIMEX AITIOAOXHY | IEIPAMATIKEX TIMEX AITOAOXHX
Pb-210 46.54 0.013894+0.02% 4.62%
Am-241 59.54 0.03319+0.07% 1.36%
Cd-109 88.03 0.05754+0.06% 3.27%
Co-57 122.06 0.06344+0.10% 6.68%
Co-57 136.48
Cd-109 165.85 0.05946+0.13% 9.73%
Sn-113 255.12
Hg-203 279.2 0.04356+0.18% 4.62%
Sn-113 391.69 0.03380+0.21% 1.50%
Sr-85 513.99 0.02788+0.24% -0.80%
Cs-137 661.65 0.02330+0.20% -3.41%
Y-88 898.02 0.018894+0.01% 3.47%
Co-60 1173.22 0.01574+0.35% 3.72%
Co-60 1332.49 0.01440+0.30% 2.90%
Y-88 1836.01 0.01135+0.38% -0.09%

Mivaxag 4.4 Ymoloyiotikn Babpovounon anddoong potokopueng kvabiov mokvomrag 0.9
g/cc, dykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZzH
MNAAAIAZ TEQMETPIAX
260 mL, 0.9 g/cc

0.07

NEIPAMATIKH KAMMYAH BAOMONOMHEHZ
In(g)= -0.0867In(E)* + 2.1675In(E)? - 20.214In(E)? + 82.624In(E) - 127.35

008 R?=0.9914
1 \ YNOAOTIETIKH KAMNYAH BAOMONOMHEHE
005 In(g) = -0.0885In(E)* + 2.2202In(E)3 - 20.748In(E)? + 84.924In(E) - 130.86
R2=0.9973
- * MEIPAMATIKH ANOAOsH
Pl 0.04
g —MEIPAMATIKH KAMMYAH
o y BA@MONOMHIHZ
0.03
5 \\ 4 YMOAOTIZTIKH AMOAOZH
00z —YNOAOFIZTIKH KAMNYAH
Jb \\‘ BAOMONOMHIHZ

0.01

o] 200 400 600 800 1000 1200 1400 1600 1800 2000
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Awaypappa 4.4 Ymoloyiotiky BoBpLovouncn omddoong pOTOKOpLENS Kuabiov mukvoTnTog
0.9 g/cc, dyxov TApwong 260 mL.
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IIYKNOTHTA 1 g/cc

IZOTOIIO | ENEPTEIA | YIIOAOI'TXTIKEX ATIOKAIZH AITIO
TIMEX AITIOAOXHY | IEIPAMATIKEX TIMEX AITOAOXHX

Pb-210 46.54 0.01345+0.18% 8.7%
Am-241 59.54 0.03214+ 0.12% 6.1%
Cd-109 88.03 0.05574+0.06% 6.3%

Co-57 122.06 0.06165+0.11% 13%

Co-57 136.48
Cd-109 165.85 0.05837+0.12% 16%
Sn-113 255.12
Hg-203 279.2 0.04248+0.16% 10%
Sn-113 391.69 0.03323+0.20% 7.8%

Sr-85 513.99 0.02738+0.20% 5.8%
Cs-137 661.65 0.02284+0.21% 1.6%

Y-88 898.02 0.018580+0.01% 9.2%

Co-60 1173.22 0.01558+0.27% 10%

Co-60 1332.49 0.01432+0.30% 9.6%

Y-88 1836.01 0.01119+0.38% 5.2%

Mivakag 4.5 Ymoloyiotik) Pabuovounon anddoong eotokopueng kvadiov mokvomrag 1
g/cc, dykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
260 mL, 1 g/cc

0,07

NEIPAMATIKH KAMMNYAH BAOGMONOMHZHZ

A In(e)= -0.0883In(E)* + 2.20491n(E)? - 20.518In(E)? + 83.689In(E) - 128.78
0.06 R?*=0.9908
A{ YANOAOTIZTIKH KAMNYAH BAOMONOMHZIHZ
R B\ In(e) = -0.0888In(E)* + 2.226In(E)? - 20.796In(E)? + 85.103In(E) - 131.15

R?=0.9974
+ MNEIPAMATIKH ANOAO2H

—MEIPAMATIKH KAMNYAH
BAOMONOMHZHZ

X \ A YNOAOTIZTIKH ANOAOZH
0,02
—YMNOAOTIZTIKH KAMNYAH
J; BAGMONOMHZHZ
0,01

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)
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g 2
e

Awaypappa 4.5 Ymoroyiotiky Babpovounon amddoong potokopueng kvabiov mukvotntog 1
g/cc, dykov TAfpmong 260 mL.

87



IIYKNOTHTA 1.3 g/cc

IZOTOIIO | ENEPT'EIA | YHOAOI'IXTIKEZ ATIOKAIZH AITIO
TIMEX ATIOAOXHX | IIEIPAMATIKEY TIMEX AIIOAOXHX
Pb-210 46.54 0.01206+0.28% 17%
Am-241 59.54 0.02928+0.19% 0.14%
Cd-109 88.03 0.05082+0.16% 7.5%
Co-57 122.06 0.05645+0.17% 8.8%
Co-57 136.48
Cd-109 165.85 0.05334+0.18% 4.2%
Sn-113 255.12
Hg-203 279.2 0.03956+0.24% 4.2%
Sn-113 391.69 0.03219+0.29% 5.5%
Sr-85 513.99 0.02571+0.24% -2.1%
Cs-137 661.65 0.02163+0.28% -9.3%
Y-88 898.02 0.0177836+0.01% -0.71%
Co-60 1173.22 0.01492+0.09% 4.6%
Co-60 1332.49 0.01371+0.10% 4.6%
Y-88 1836.01 0.01092+0.13% -3.3%

Mivaxag 4.6 Ymoloyiotikn Badpovouncn omddoong ootokopueng kvabiov mukvottag 1.3
g/cc, 6ykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NMANAIAZ TEQMETPIAZ
260 mL, 1.3 g/cc

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ

In(g) =-0.0913In(E)* + 2.2823In(E)? - 21.263In(E)* + 86.884In(E) - 133.95
0,06 R2=0.9914

YNOAOrIZTIKH KAMNYAH BAOMONOMHZHZ

In(g) =-0.0864In(E)* + 2.172In(E)? - 20.34In(E)* + 83.449In(E) - 129.07

0,07

0,05 J R*=0.9973
\ + NEIPAMATIKH ANOAOZH
I
W 0,04
2 —MEIPAMATIKH KAMNYAH
(o] BAGMONOMHZHZ
E 0,03

' A YMNOAOTISTIKH ANOAOSZH
4
002 —YNOAOTIZTIKH KAMMNYAH
BAGMONOMHEHS

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

0,01

Awaypappa 4.6 YmoAoyiotiky BoBLovouncn omddoong pOToKopLenS Kuabiov mukvotnTog
1.3 g/cc, dykov Tinpwong 260 mL.
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IIYKNOTHTA 1.5 g/cc

YIIOAOI'IXTIKEX

OO | Ny HIMEZ A(g:))AOEHE HEIPAMA?"{II?EI;A'IE?DI;II&HSHOAOZHZ
Pb-210 46.54 0.01144+0.28% 23%
Am-241 59.54 0.02742+0.19% 12%
Cd-109 88.03 0.04795+0.16% 10%
Co-57 122.06 0.05332+0.12% 13%
Co-57 136.48
Cd-109 165.85 0.05126+0.14% 16%
Sn-113 255.12
Hg-203 279.2 0.03783+0.18% 10%
Sn-113 391.69 0.02984+0.22% 6.6%
Sr-85 513.99 0.02483+0.26% 4.8%
Cs-137 661.65 0.02092+0.31% 0.70%
Y-88 898.02 0.017249+0.01% 9.1%
Co-60 1173.22 0.01459+0.32% 10%
Co-60 1332.49 0.01332+0.34% 9.2%
Y-88 1836.01 0.01065+0.43% 5.7%

Mivaxag 4.7 Ymoloyiotikn Badpovouncn omddoong ootokopueng kvabiov mukvomrag 1.5
g/cc, dykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
260 mL, 1.5 g/cc
0,06
NEIPAMATIKH KAMNYAH BAOMONOMHZEHE
In(g) =-0.0915In(E)* +2.2863In(E)? - 21.299In(E)? + 87.037In(E) - 134.33
005 R2 =0.9891
{ YNOAOTIETIKH KAMNYAH BAOMONOMHEHE
A In(g) = -0.0879In(E)* +2.206In(E)? - 20.619In(E)? + 84.442In(E) - 130.43
oon R2=0.9971
g \\ + NEIPAMATIKH ANOAOSH
I
W
g 0o —MEIPAMATIKH KAMMYAH
g By BA@MONOMHSHS
< 1 A YNOAOTIETIKH ANOAOSH
0,02
—YNOAOTISTIKH KAMMNYAH
| BAOMONOMHSHS
0,01 3 —
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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Adypappa 4.7 Yrmoroyotikn Boabpovouncr anddoong emTokopueng kKuabdiov mokvotntog
1.5 g/ce, dykov Tinpwong 260 mL.
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IIYKNOTHTA 1.7 g/cc

YIHOAOI'TXTIKEX

OO | Ny HIMEZ A(g:))AOEHE HEIPAMA?"{II(OEI;A'II"fl\I’-II&HfHOAOZHZ
Pb-210 46.54 0.01068+0.19% 54%
Am-241 59.54 0.02596+0.13% 27%
Cd-109 88.03 0.04535+0.11% 13%
Co-57 122.06 0.05047+0.11% 15%
Co-57 136.48
Cd-109 165.85 0.04873+0.12% 17%
Sn-113 255.12
Hg-203 279.2 0.03624+0.16% 14%
Sn-113 391.69 0.02868+0.20% 8.7%
Sr-85 513.99 0.02382+0.17% 6.5%
Cs-137 661.65 0.02031+0.20% 3.4%
Y-88 898.02 0.01677+0.01% 12%
Co-60 1173.22 0.01413+0.29% 12%
Co-60 1332.49 0.01301+0.31% 11%
Y-88 1836.01 0.01049+0.38% 9.6%

Mivaxag 4.8 Ymoloyiotikn Babpovounon anddoong potokopueng kvabiov mokvomrag 1.7
g/cc, dykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
260 mL, 1.7 g/cc

0,06
NEIPAMATIKH KAMNYAH BAOMONOMHZHz

In(g) =-0.106x* + 2.6395x> - 24.485x? + 99.693x - 153.06

oos N\ R? = 0.9884
YNOAOTISTIKH KAMOYAH BAOMONOMHZHE
‘(\ In(g) = -0.0882x% + 2.2129x* - 20.685x2 + 84.723x - 130.94
* R? = 0.9966

0.04 + MEIPAMATIKH ANOAOZH
—TEIPAMATIKH KAMNYAH

’ BA@GMONOMHZHZ

2
4 YNOAOTIXTIKH ANOAOZH
0,02

—YNOAOTIZTIKH KAMMNYAH

BAOMONOMHZHZ

0,01 —

AMNOAOzH
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Adypappa 4.8 Ymoroyiotikn Babpovouncr anddoong ¢mTokopueng Kuabdiov mokvotnTog
1.7 glce, dykov minpwong 260 mL
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ITYKNOTHTA 2 g/cc

MDD || IR TIMES AIOAOYHE TEIPAMATIKES
(1o) TIMEX AITOAOXHX
Pb-210 46.54
Am-241 59.54 0.02383+0.11% 10%
Cd-109 88.03 0.04179+0.08% 7.1%
Co-57 122.06 0.04681+0.13% 5.9%
Co-57 136.48
Cd-109 165.85 0.04465+0.18% 7.3%
Sn-113 255.12
Hg-203 279.2 0.03396+0.22% 7.6%
Sn-113 391.69 0.02712+0.26% -0.08%
Sr-85 513.99 0.02258+0.27% -2.1%
Cs-137 661.65 0.01931+0.26% -5.5%
Y-88 898.02 0.016166+0.01% 4.4%
Co-60 1173.22 0.01367+0.44% 4.5%
Co-60 1332.49 0.01259+0.37% 4.3%
Y-88 1836.01 0.01009+0.59% 0.87%

Mivaxag 4.9 Ymoloywotik) Pabuovounon anddoong eotokopueng kvabiov mukvotntag 2
g/cc, dykov mAnpwong 260 mL.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH

NANAIAZ TEQMETPIAZ
260 mL, 2 g/cc

005 MEIPAMATIKH KAMNYAH BAOMONOMHZHZ
vons A In(g) = -0.059In(E)* + 1.5079In(E)? - 14.403In(E)2 + 60.293In(E) - 96.133

R? =0.9914
- N YNOAOFIZTIKH KAMMYAH BAOMONOMHEHS

' 1 \ In(e) = -0.0668In(E)* +1.6959In(E)3 - 16.061In(E)2 + 66.598In(E) - 104.78
0,035 RZ=0.9973
x « TEIPAMATIKH ANOAOH

=}
=}
@©

—TMEIPAMATIKH KAMIYAH
y \,\ BAOMONOMHIHE
*

* A YMOAOTISTIKH ANOAOSH

\ —YMOAOTIZTIKH KAMMYAH
N BAOMONOMH2ZHX

—

AITOAOXH
Ve

(=]
o
o

o
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Q
=
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Awaypappa 4.9 Ymohoyiotikn fadpovopunon amddoomg eoTokopuens kuadiov mukvotntag 2
g/cc, dykov TApmong 260 mL.
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I'EQMETPIA 100mL

ITYKNOTHTA 0.7 g/cc

IZOTOIIO | ENEPT'EIA T‘;ﬁ%g(l)&l&gigggz ATIOKAIZH AITIO
(10) NEIPAMATIKEX TIMEX AIIOAOXHX
Pb-210 46.54 0.02313+0.24% -2.8%
Am-241 59.54 0.05684+0.16% -1.6%
Cd-109 88.03 0.10122+0.14% 2.3%
Co-57 122.06 0.11215+0.11% 5.1%
Co-57 136.48
Cd-109 165.85 0.10122+0.14% 5.7%
Sn-113 255.12
Hg-203 279.2 0.07490+0.14% 4.1%
Sn-113 391.69 0.05769+0.20% 2.0%
Sr-85 513.99 0.04657+0.15% 0.24%
Cs-137 661.65 0.03868+0.25% 0.50%
Y-88 898.02 0.03105+0.32% 6.9%
Co-60 1173.22 0.02563+0.33% 7.7%
Co-60 1332.49 0.02331+0.36% 6.9%
Y-88 1836.01 0.01822+0.11% 4.3%

Mivaxag 4.10 Yroloyiotiky Pabpovouncn amddoons petokopueng kuadiov mukvotntag 0.7
g/cc, dykov mAnpwong 100 mL.

NEIPAMATIKH BAOMONOMHZH
NAAAIAZ TEQMETPIAZ
100 mL, 0.7 g/cc
NEIPAMATIKH KAMMYAH BAOMONOMHZHZ
In(g) = -0.0824In(E)* +2.0768In(E)® - 19.524In(E)? + 80.358In(E) - 124.05

0,12 R2=0.9937
YRNOAOTIZTIKH KAMNYAH BAOMONOMHZHZ
In(g) =-0.0921In(E)* + 2.3102In(E)? - 21.583In(E)* + 88.308In(E) - 135.34

o1 n R?=0.9970
+ MEIPAMATIKH ANOAO3H
—MEIPAMATIKH KAMMYAH
BAOMONOMHSHS
R \ A YNOAOTISTIKH ANOAOSH
004 —YNOAOTIETIIKH KAMMNYAH
J BAOMONOMHZHE
0,02
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Awaypappa 4.10 Yroloywotikn fabpovopnon omddoong ¢oTokopueng Kuabiov mukvotnTog
0.7 glcc, dyxov TAnpwong 100 mL.
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ITYKNOTHTA 1 g/cc

IXOTOIIO | ENEPI'EIA | YIIOAOI'IXETIKEX ATIOKAIZH AIIO
TIMEX AIIOAOXHY | IEIPAMATIKEY TIMEX AIIOAOXHX
Pb-210 46.54 0.02186+0.16% 18%
Am-241 59.54 0.05394+0.11% 7.1%
Cd-109 88.03 0.09617+0.09% 10%
Co-57 122.06 0.10664+0.09% 22%
Co-57 136.48
Cd-109 165.85 0.09972+0.10% 17%
Sn-113 255.12
Hg-203 279.2 0.07216+0.11% 13%
Sn-113 391.69 0.05559+0.13% 9.5%
Sr-85 513.99 0.04519+0.16% 7.8%
Cs-137 661.65 0.03763+0.19% 3.9%
Y-88 898.02 0.03030+0.23% 14%
Co-60 1173.22 0.02515+0.54% 16%
Co-60 1332.49 0.02276+0.59% 14%
Y-88 1836.01 0.01793+0.76% 11%

Mivaxag 4.11 Yroloywotiky Babuovounon omddoong emtokopueng kvabdiov mukvotrag 1
g/cc, dykov mAnpwong 100 mL.

MEIPAMATIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
100 mL, 1 g/cc

0,12

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ

I‘\ In(g) =-0.0942In(E)* + 2.3534In(E)? - 21.932In(E)? + 89.584In(E) - 137.3
01 R% =0.9890
{ YNOAOFIETIKH KAMNYAH BAOMONOMHEHE
) In(g) =-0.0914In(E)* + 2.2948In(E)? - 21.47In(E)? + 87.968In(E) - 135.06
R%=0.9974

0,08

\w\\ + NEIPAMATIKH ANOAOZH
—MEIPAMATIKH KAMMYAH
Iy BA@MONOMHIHS
) 4 YNOAOFIZTIKH ANOAOSH
0,04
—YNOAOTIZTIKH KAMMYAH
BA@MONOMHSHE
0,02

3 I ——y

AMNOAOZzH
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Adypappa 4.11 Yroloyiotikn fabuovounon anddoong @oToKopueng Kuabiov Tukvotntog
1 g/cc, 6ykov TAnpwong 100 mL.
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IIYKNOTHTA 1.3 g/cc

T || MBS ATIOAS S IEIPAMATIKES
TIMEX AITOAOXHX

Pb-210 46.54 0.02075+0.20% 24%
Am-241 59.54 0.05125+0.14% 7.2%
Cd-109 88.03 0.09138+0.11% 11%

Co-57 122.06 0.10168+0.12% 14%

Co-57 136.48
Cd-109 165.85 0.09517+0.13% 16%
Sn-113 255.12
Hg-203 279.2 0.06949+0.18% 15%
Sn-113 391.69 0.05381+0.22% 9.1%

Sr-85 513.99 0.04381+0.26% 7.4%
Cs-137 661.65 0.03665+0.25% 1.9%

Y-88 898.02 0.02952+0.32% 14%

Co-60 1173.22 0.02464+0.38% 16%

Co-60 1332.49 0.02242+0.09% 15%

Y-88 1836.01 0.01760+0.12% 12%

Mivexog 4.12 YroAoyiotiky Babpovounon amddoong potokopueng kvabiov mokvotmrog 1.3
g/cc, 6ykov mAnpwong 100 mL.

MEIPAMATIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
100 mL, 1 g/cc

0,12

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ

I‘\ In(€) = -0.0942In(E)* + 2.3534In(E)? - 21.932In(E)? + 89.584In(E) - 137.3
ox R2 = 0.9890
4 YNOAOMETIKH KAMNYAH BAOMONOMHEHE
In(e) = -0.0914In(E)* + 2.2948In(E)? - 21.47In(E)? + 87.968In(E) - 135.06
¢ R?=0.9974

0.08 \w\\ + MEIPAMATIKH ANOAOSH
—NEIPAMATIKH KAMMYAH
) BAOMONOMHSHE
1 A YNOAOTIETIKH ANOAOSH
0,04
—YMNOAOFIZTIKH KAMMNYAH
BAOMONOMHSHS
0,02

3 M ——

AMNOAOzH
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Adypappa 4.12 Yroloyiotikn fabuovounon amddoong @oToKopueng kKuadiov Tukvotntog
1.3 g/cc, dykov Tinpwong 100 mL.
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IIYKNOTHTA 1.7 g/cc

IZOTOIIO | ENEPT'EIA | YHOAOI'IXTIKEX ATIOKAIXH AIIO
TIMEX AITIOAOXHY | IIEIPAMATIKEY TIMEX AITOAOXHX

Pb-210 46.54 0.01949+0.24% 53%
Am-241 59.54 0.04793+0.16% 17%
Cd-109 88.03 0.08542+0.14% 12%

Co-57 122.06 0.09542+0.15% 14%

Co-57 136.48
Cd-109 165.85 0.08977+0.16% 16%
Sn-113 255.12
Hg-203 279.2 0.06584+0.20% 19%
Sn-113 391.69 0.05137+0.25% 9.5%

Sr-85 513.99 0.04224+0.16% 8.6%
Cs-137 661.65 0.03530+0.19% 4.8%

Y-88 898.02 0.02858+0.24% 15%

Co-60 1173.22 0.02388+0.28% 17%

Co-60 1332.49 0.02178+0.31% 16%

Y-88 1836.01 0.01729+0.39% 13%

Mivakag 4.13 Yroloyiotikn Padupovouncn anddoong pmtokopveng kvuadiov Tukvotntog 1.7
g/cc, dykov mAnpwong 100 mL.

MEIPAMATIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
100 mL, 1.7 g/cc

0,12

MEIPAMATIKH KAMMYAH BAOMONOMHEHS

In(g) = -0.1137In(E)* + 2.8198In(E)? - 26.059In(E)? + 105.66In(E) - 160.68
01 R? = 0.9843

YNOAOTIETIKH KAMAYAH BAOMONOMHEHS

In(g) = -0.09In(E)* + 2.2606In(E)? - 21.157In(E)2 + 86.733In(E) - 133.41
R?=0.9971

f + MEIPAMATIKH ANOAOZH
—NEIPAMATIKH KAMMNYAH
’ BAOMONOMHEHS
y A YMNOAOTIZTIKH ANOAOSH
0,04 3
—YMOAOTISTIKH KAMMYAH
BAOMONOMHSHZ
0,02

ANOAOzH
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Awaypappa 4.13 Yroloyiotikr fabpovopunon omddoong ¢oTokopueng Kuadiov mukvotnTog
1.7 glcc, 6ykov mApwong 100 mL.
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IIYKNOTHTA 2 gl/cc

| [ZOTONO | ENEPTEIA | YHOAOTIETIKEX |  ANOKAIZHANO |
TIMEY. AIOAOZHY. | NIEIPAMATIKEY TIMEX ATOAOZHE
Pb-210 46.54
Am-241 59.54 0.04551+0.19% 6.7%
Cd-109 88.03 0.08147+0.13% 10%
Co-57 122.06 0.091110.13% 10%
Co-57 136.48
Cd-109 165.85 0.07977+0.13% 4.5%
sn-113 255.12
Hg-203 279.2 0.0637520.17% 17%
Sn-113 391.69 0.04969:0.14% 6.4%
Sr-85 513.99 0.04087+0.24% 4.4%
Cs-137 661.65 0.03423+0.29% 0.89%
Y-88 898.02 0.02787+0.31% 12%
Co-60 1173.22 0.02347+0.39% 14%
Co-60 1332.49 0.02143+0.10% 14%
Y-88 1836.01 0.01698+0.12% 10%

Mivaxag 4.14 Yroloyiotikny Babuovouncn amdooons eoTokopueng kvabiov mokvotntog 2

g/cc, dykov mAnpwong 100 mL.

MEIPAMATIKH BAOMONOMHZH
NANAIAZ TEQMETPIAZ
100 mL, 2 g/cc

NEIPAMATIKH KAMINYAH BAOMONOMHZHZ

0,1

0,09 A

R?=0.9950
43 YNOAOTIZTIKH KAMNYAH BAOMONOMHZHZ

0,08
0,07 '/\s\\ RZ = (.9983
0,06 \
A\
0.03 \

0,01

ANOAOZH
: &

ENEPTEIA (keV)

In(€) = -0.0548In(E)* + 1.4083In(E)? - 13.536In(E)? + 56.906In(E) - 90.482

In(€) = -0.0664In(E)* + 1.6876In(E)? - 16.012In(E)? + 66.485In(E) - 104.04

0 200 400 600 800 1000 1200 1400 1600 1800 2000

+ MEIPAMATIKH ANOAO2ZH

—MNEIPAMATIKH KAMNYAH
BAOMONOMHZHZ

A YMNOAOTIZTIKH ANOAOzH

—YMNOAOTIZTIKH KAMMNYAH
BAOMONOMHzHZ

Awaypappa 4.14 Yroloyiotikr fabpovopunon amddoong ¢oTokopueng Kuadiov mukvotnTog

2 glcc, dyxov TApmong 100 mL.
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IIYKNOTHTA 3 gl/cc

IZOTOIIO | ENEPT'EIA | YHOAOI'IXTIKEX ATIOKAIXH AIIO
TIMEX AITIOAOXHY | IIEIPAMATIKEY TIMEX AITOAOXHX

Pb-210 46.54 0.01578+0.13% 2574%
Am-241 59.54
Cd-109 88.03 0.06973+0.15% 2178%

Co-57 122.06 0.07834+0.15% 884%

Co-57 136.48
Cd-109 165.85 0.06790+0.15% 314%
Sn-113 255.12
Hg-203 279.2 0.05653+0.19% 90%
Sn-113 391.69 0.04452+0.16% 29%

Sr-85 513.99 0.03706+0.27% 8.2%
Cs-137 661.65 0.03141+0.33% 2.3%

Y-88 898.02 0.02594+0.34% 11%

Co-60 1173.22 0.02180+0.42% 11%

Co-60 1332.49 0.02005+0.11% 10%

Y-88 1836.01 0.01602+0.14% 5.8%

Mivaxag 4.15 Yroloyiotik) Pabuovouncn oamddoons gotokopueng kuabdiov mukvomrog 3
g/cc, 6ykov mAnpwong 100 mL.

MEIPAMATIKH BAOMONOMHzH
MNAAAIAZ TEQMETPIAZ
100 mL, 3 g/cc
0.09
NEIPAMATIKH KAMMNYAH BAOMONOMHIHS
008 In(e) =-0.1054In(E)4 + 2.343In(E)3 - 18.459In(E)2 + 59.504In(E) - 58.590
R® = 0.9986
o7 YMOAOTIETIKH KAMMYAH BAOMONOMHZEHZ
' T In(g) =-0.0859In(E)* + 2.1568In(E)® - 20.198In(E)? + 82.944In(E) - 128.26
oo R® = 0.9960
' \ + MNEIPAMATIKH ANOAO3H

T
s 0.05
a \\ —MNEIPAMATIKH KAMNYAH
8 ooa BAOMONOMHzHZ
< 4 YNOAOTIZTIKH AMOAOSH

0.03

—YMOAOTIZITIKH KAMMYAH
002 BAOMONOMHzHE
&
0.01
0 200 400 600 800 1000 1200 1400 1600 1800 2000
ENEPTEIA (keV)

Awaypappa 4.15 Yroloyiotikr fabpovopunon omddoong ¢oTokopueng Kuabdiov mukvotnTog
3 g/cc, dyxov minpwong 100 mL.
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4.1.3 MEAETH IIYKNOTHTAX 0.05 g/cc ITAAAIAX
I'EQMETPIAX OI'KOY ITAHPQXHYX 260mL

Onwg éxer onuelwbel, mopatnpovvtal oNUOVTIIKEG amokAioelg peta&d tov
TEPAULATIKOV KOl TOV VTOAOYIGTIKAOV TILAOV amddoons yio tnv tukvotnta 0.05
gr/cc. Avalvtikd, n anddoon mov mpocodtopiletor pécw g teyvikng Monte
Carlo vmepextipdtar katd péco O6po 32% vyio OAEG TIC EVEPYELEC MOV
egetaotnkav. O1 amokAicelg cvykataréyovtal 6to €0pog 23-41%. Anokiicelg
tétolog TaENg peyébovg de Bempodvtal anodektés. Me apetnpia 11§ AVOTEP®
amokAicelg TOV LETPNOEDV ™mg OLYKEKPLUEVNG TUKVOTNTOC,
TpOyYHLOTOTOONKE TEPULTEP® dlepevvnon 1 omola Kol mopovotaletal
aKoAoVOG.

Biproypagikd, avapévetar peioon g amdd0CNG QOTOKOPLONG  TOV
aVIYVELTN QLEAVOUEVNG NG TVKVOTNTAS TNG TNYNS. Agdopévov 0Tl O¢
petafarietol kapio GAAN amd TIG TAPAUETPOVS TG LETPNONG, OVTE 1] GLOTOCT
tov Kvabiov, elvar avapevopevo avEavovtag v TLKVOTNTA TNG TNYNG vo
avédvetar o ocvvieheotng e&acBévnong tov eotoviov-y 610 péco. Qg ek
TOVTOL, avapévetal va avEnbel n mboavoTNTO AAANAETIOpOONC TOV QOTOVI®V
eviog ¢ mnyn¢ (okeddoelg kot amoppooencels). Etol, o apOudg tov
KOTOYPOAQOUEVOY  QOTOVIOV 7OV  aviloTolel o€  yeyovoto  TANPOVG
amoTIOEUEVNG EVEPYELOG OTOV aVIXVELTY], avapuévetor vo petwBel. IIpdxkerton
Yl TO QOLWVOUEVO TNG OaLTOATOPPOPNONG TO omoio &xel dtatvmwbel oto
KEPAAaL0 2.

E&etdotmkav ta mepapoatikd dedopéva yio v maiaid yeoperpio, OyKov
nAnpoong 260mL, yia t1g 9 dtapopetikég mukvoTNTEG. MEAETOVTAC TIC TIUEG
TOV TEPARATIKOV aT0d0ce®mV, 0AAE kol e€Eetdlovtag kolvd dlayplpupoto
TEPOUOTIKOV KOl VTOAOYIOTIK®OV OTO0OGEMV GLVOAPTNGEL TNG TLKVOTNTOC,
TOPATNPOVVTOL TO KAT®OL:

e H mepapotikny anddoon avéavetal pe TNV adENCN TNG TLKVOTNTAS TNG
myng and 0.05g/cc oe 0.5g/cc, yio OAeC TIG TIUEG TOV EVEPYELDV OV
ekméumovtal and v myn. Onwg avaiddnke, avtd doe cvvddel pe ta

De®@PNTIKOC OVOUEVOUEVO ATOTEAEGLOTAL.
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H vmoloyiotikn anddoomn, OT®MC aVOUEVETAL, LELOVETAL LE TNV AVENON
¢ mokvotntag ¢ mnyne omd 0.05g/cc oe 0.5¢g/cc yia Oheg TiC
evVEpYELEC.

Ot TIHEG TOV TTEPOAUATIKOV KOl VTOAOYIOTIKAOV 0T0dOCEDV GUVAPTNGEL
TOV VTOAOIT®V TUKVOTNTOV OTOKAIVOLV EVIOC TOV AMTOOEKTMOV OpimV
yioo T TAnBopa TV TPog peréTn evepysldv. Amokiicelg puéypt 10%
avVOUEVOVTOL, AOY® TOL GULVOUEVOD TNG TPOYUOATIKNG COUTTMOONG, apKel
N HOPOPN TOV Jdoypopudtov va eivor idta, onAadn mn oamddoon va
LELOVETOL GLVOAPTNOEL TNG TLKVOTNTOG.

Emopévoc ovumepaivetar o6t vmapyovv afefardtnteg or omoieg
eMPopOVOVV TIC TEPANATIKEG LETPNOELS ATAOOGNG Y0 TNV TLKVOTNTO
0.05g/cc. H emavdinyn TV OLYKEKPIUEVOV  HETPNGE®V  OgV
TPOYLOTOTOONKE GTO TAAIGLO TNG GLYKEKPLUEVNG EpYaciag.

[MopatiBetor evoekTiKd TO KOWO OLAYPOUUN TEPAUOTIKOV KOl
VTOAOYIOTIKOV OMOSOGEMV  GLVOPTNGEL TNG TVKVOTNTAS Yo TNV
evépyeta 513 keV tov Ztpovtiov-90, émov givar eppavig n advénon g
TEWPAULATIKNG anddoong dtav N TukvoTNnTa TG TNYNS HeTafdAreTot amd
0.05g/cc oce 0.5g/cc. Me okomd TNV HEYOADTEPN GULVAQPELX EYXOVV
ovumepAnebei povo ot mukvotnreg 0.05, 0.5, 0.9, 1.3 kot 2 g/cc,
TOPaAEITOVTOG TIG EVOLANETES TIUEG TUKVOTTMV TOV PEAETHONKAV.

O oynuaticpdsg eoToKopLENS amd to Sr-90 otnv evépyelo tov 513
keV mpooceyyiler v evépyeron tov 511 keV mov aviiotolyei ota
eotoévVIa-y mov mpokvmTovv amd  eabiwon molitpoviov  mov
TPoEPYOVIOL Omd TO @Qovopevo Tng oidvung yéveong. Meyalvtepn
akpifela Bo moparnpovvtav, Omwg €xer e&nynbei, ovykpivovtag Tig
TEWPAUATIKES KAl VTOAOYIOTIKEG ATOOOCELS GLVAPTNCEL TNG TVKVOTNTOG
Yo TNV evépyEln TOL KeGIOV, dedopévov OTL O0EvV  gUTEPLEYOVTOL
Qawvopeva ocOuntmons. Avtd amogevyetal, kabdg OmTwg avarveTol
TOPOKAT®, N TIUN TNG TEWPAUOTIKNG AmTOS00NG TOL KEGIOL Yo TNV

nokvotnta 1.3g/cc eumepiéyet kar avty afefoardtnreg.
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NEIPAMATIKH-YNOAOTIZTIKH ANOAOZH ZYNAPTHZEI THZ NYKNOTHTAZ
A ENEPTEIA513 KeV, 260 mL

0,035
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005 I 1

YNOAOTIZTIKH ANOAOZH
MEIPAMATIKH AMOAQZH

ANOAOZzH

0,015

0,005
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NYKNOTHTA (g/cc)

Abypoppa 4.16  Ilepopotic) Kot VTOAOYISTIKY OOIOCN 1TNG OVIXVELTIKNG Oldtadng
CLVOPTNOEL TNG TVKVOTNTAG, Yo TV evépyeto 513 keV, kvabiov maiadg yeopetpiog dykov
TApwong 260 mL kot mokvotrag 0.05 g/cc.

Inuetovetar 6Tt ot afefatdOTnTEG TOV TILAOV TOV OTOOOGEMV TOL £YOLV
ewoaybel oto daypappa givar g taéng tov 1.5% (1o) xar mpoépyoviat and

™V afefatdtnta mov TPOcdHIdETUL GTIG LETPNGELS ATO TIC PASLEVEPYES TNYEG.

Me okomd Tnv emkOP®OSN TOL ocvunepAcpatog mov e&Nydn mepl NG
avakpifelog TOV TEPAUATIKOV TILOV, akorlovOnce m dwadikacio gvpeong
evog ovvtedeotn 010pHwong, o omoiog apalpel v enidpacn Tov QAIVOUEVOL
™G ovtoanoppoonons. 'Etol, omnv mepintoon mov OAeC Ol TEPAUATIKEG
petpnoelg NTav opbéc, Ba avapevotav 1 eEicoon TOV TILOV TS ATOIOCNS Yo
OAEG TIC MUKVOTNTES TNYNG, EVTOG TV oploVv afefatdTnTog.

O ovvtereotng 01OpBoNg TpokLTLTEL YwpilovTag TNV TNYN 0€ UIKPEG TAAKES
QUEANTEODL TAYOVG KOl OAOKANPAOVOVTIOG MG TPOS TO VYOS NG, EVAO AopPavet
voyn 1o ocvviereotn e&achBévnong Tov potoviov 6to pnéco, Kabmg Kol TV
TUKVOTNTA TOV UEGOV. AldPOVTAS QVTO TO GUVTEAEGTN WE TNV VTOAOYLOTIKY|
KOL TNV TWEWPANATIK) onddoon Yo KaBe moukvoOTNTA, TPOKVATOVV Ol
dopfopéveg amododcelg, ot omoieg eivar aveEApTNTEG TNG TLKVOTNTOG TNG
myng ywo kaBe evépysla. Q¢ avaykaio mapadoyn, fewpeitar 6TL T POTOHVIA

amd TNV AINYN TPOCSTIimTOVV KAOETA.
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O ocvvtereotnc d10pOBwong opiotnke wg: CF = fode(_(%)pxdx (3.14) , 6mov

W 0 YPOUUIKOS ovvtedleotng e€acBEévnong Tov LAIKOD TG TNYNG Yo TNV TPOG
LEAETT EVEpYELQ,

p: M TUKVOTNTO TNG TNYNG,

d: to Yyog ¢ TNyNG.

O poalikég ocvvtereotg e€acbBévnong vmoroyiotnke yia Ti¢ 13 d10QOopeTIKEG
EVEPYELEG TOV POOLOVOLKALII®OV TOVL PiyHATOG, Tpaypatomoldviag T nébodo
YPOUUKNG TopeuPoAing yio ta dedopéva mov ANeONkav amd 1N Pdon
dedopéVMV, BE@POVTAC MG VAIKO NG TNYNG TO TOALAlOVAEVIO, AdY0 TOPOHOLag
YNUIKNG oVotoong pe v enoéikn pntivn. (53)

[ToAhanmracidlovtag to palikd cvvieheot e&acBévnong pe v e€kAoToTE
TUKVOTNTO, LTOAOYIGTNKE O YPOUUIKOG 6VVTEAEGTNG eEacBévnong yia OAeG TIC
evépyeleg 5 drapopetikdv mokvothtov (0.05, 0.5, 0.9, 1.3 xatr 2 g/cc). Qg
VYOG TG TNYNG xpnowomodnke n tiun 5.397 cm, cdpewva pe 1o 6ca Exovv
avaeepBel mtapandve. 'Etol, mpocdiopictnkav ot cvvieleotés odphmong yia
TG 13 evépyeleg kal tov S5 dta@opeTik®Vv TukvotnteV. Opeilel va avapepBel
0Tt ovykpivovtag Tig TIpéG TV pallkov ovviteleotov eEacBévnong mov
npoékvyav amd TN UEB0do YpaupIKNG TopEUPOANG HE TG AVTIIGTOXEG
BipAtoypapikég, mapatnpodvtol amokAicelg uéxpt 5%.

Ev cvveyeia dtapédnke o ekdoToTE GLVTEAEGTNG O1OPBOONG e TIG AVTIGTOYES
TELPOUOTIKEG KOl VITOAOYIGTIKES AMOOOGELS TOV OVIYVEVLTN GTN GLYKEKPLUEVT
evépyelo Kol TUKVOTNTA. X& OAo Ta Olaypdupoto tov dtopbouévov yia v
AVTATOPPOPNGT VTOAOYIGTIKAOV KOl TEIPAUATIKOV ATOdOCEMV GLVOPTNGEL TNG
TuKVOTNTAG, Yoo otafepn evépyeln eoTOvViov, avapévetol otabepn Tiun g
amdd0GNG GLUVAPTNOEL TNG TLKVOTNTOG NG TNYNGS. Opme mapatnpeitar 6T 1
TEPOUATIKN anddoon Tov piypatog mukvotntag 0.05g/cc drapopomnoteital Tov
vroAoinwv. Emopévog cvumepaivetal 0Tt 1 GLYKEKPIUEVT] HETPNOT TEPLEYEL
avakpifeteg, gite 6TL Ta YOAPAKTNPIOTIKA TNG TNYNS OLOPEPOLY Amd AVTE TOL
avaypa@ovTal 6TO TIGTOTOINTIKO TNC.

Ta moapamaveo mapatifeviar otov  mopakdteo Ilivake 3.26, d6mov
nopovcstalovial  evOEIKTIKA o1 vmoAoyiwopol Twv dopbopévov yio To

QAWVOUEVO NG aVTOATOPPOPNONG amoddoemv yio Tto0 XTpovtio-90. Omnwg
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OVOAVETOL TOPOKAT® OAEC Ol TWWEG TV amnodocewv Popdvoviar amd

afepfarotnto oe T060ocTo 5%.

NYKNOTHTA YNOAOTIZTIKH NEIPAMATIKH SYNTEAESTHE
(g/cc) AMNOAOZH ANOAOZH AIOPOQOSHE
0.05 0.03314 0.02560 5.3233
0.5 0.03014 0.02953 4.7171
0.9 0.02787 0.02810 4.2547
1.3 0.02570 0.02625 3.8530
2 0.02258 0.02306 3.2700
AIOPOQMENH AIOPOQMENH
”Y'ENZI;"TA YNOAOTIZTIKH NEIPAMATIKH
& AMNOAOZH AMOAOsH
0.05 0.006225 0.004809
0.5 0.006389 0.00626
0.9 0.006551 0.00660
1.3 0.006671 0.006812
2 0.00690 0.007051

Mivaxog 4.16 Ymoloyopds tov Sopbopévev Yoo To QOVOUEVO OLTONTOPPOPNONS
0TOdOGEMV Y10 TO XTPOVTIO.

[Mapatnpeitar 6tL 6cov apopd TG StopO®UEVEC VTOAOYIGTIKEG ATOJOGELS, Ol
Tipég tavtifovrar kabdg ot peyardtepeg amokAiioeglg eivar g 1dENg Tov 5%.
Oocov apopd 11 dopBopuéveg mEPAROTIKEG ATOOOGELS, OAEC Ol AmMOdOCELG
amokAivouv petald tovg péxpt 5%, pe e€oaipeon v amddoon yia MV
mokvotnto 0.05 g/cc, n onoia anokAivel t@v vroloinwv Katd péco 6po 27%.
Emopévmg givat epeavéc 6Tt 1 6LYKEKPIUEVT TEPANOTIKT péTpnon Papdvetot
and cedipata. H amoxiicelg 5% mov mapatnpovvtol HETAED TOV VTOAOITMOV
anoddcemVv amodidovtal 6e afefardnreg mov TPOKHTTOLY aAmd TN YPNON TNG

neb6d0v YpappIKAG TapePoAng, cOUP®VA LE 66O avaPEPONKAY TAPATAV®.
IMopatibetor evdeiktikd 10 didypappo g evépyetog 513 keV tov Xtpovtiov-

90, 6mov eivar gpeavég OTL Ol TMEPOUATIKEG TIHEG OMAO00MNG 7OV €Y O0VV

d10pBmbel ¢ Tpog 10 PavOUEVO TN aLTOATOPPOPNGNG deV TavTilovTal.
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AIOPOQMENH NEIPAMATIKH-YNOAONZTIKH ANOAOZH ZYNAPTHZEITHZ
MNYKNOTHTAZ
FA ENEPTEIA513 KeV, 260 mL

0,008
0,007 I
0,006 t

0005 T

AIOPOQOMENH YMOAOTIZTIKH
AMOAO2ZH

AIOPOOMENH MEIPAMATIKH
ANOAOZH

AMOAOZH
E

0,003
0,002

0,001
NYKNOTHTA (g/cc)

Aldypoppa 4.17 AopBopévn Yo TO QUIVOUEVO TPOUYUATIKNG GOUTTOOTNG TEPOUATIKY Kol
VTOAOYIGTIKY] amOO00T TNG AVIXVELTIKNG O1ITOENG GUVOPTNGEL TNG TLKVOTNTOG, Yo TNV
evépyea 513 keV, kvabiov molaidg yempetpiog dykov mAnpwong 260 mL kot mokvotnTag
0.05 g/cc.

Emonuaivetor 611 1 perétn tov omoddcewv e€ivol TOlOTIKY, ONAAON O&v
vroAoyifovtal ot 0pBég TIpéG TOV am0ddGE®V € TEPITTOON MOV dEV VANPYE
TO QOLVOUEVO QVTATOPPOPNONG OO TNV TNYN, OALE PHEAETATAL 1| TAVTION TOVG

amovcia TOL EALVOUEVOD.

Onoc avapépnke, ot afefardtreg TV TILOV dopBopéveov antoddcewv ivat
5%. Yrewoépyetal 160 n afefardtnta tov padievepyov tnyov (3%) ailrd xat
n  apfefardtmra otov  vmoAoyiopud  tov  ocvvieAeotny  0OpBwong

aVTOATOPPOPNONG HECH TNG €KTIUNONG TOL cvvieAeotn eEacBévnong pe

pnéBodo ypappkng mopepuPoing (5%).
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414 MEAETH HOYKNOTHTAX 3 g/cc ITAAAIAX
I'EQMETPIAX OI'KOY ITAHPQXHYX 100mL

Ot vmoAoy1oTIKEG am0dOGELS TOv WANDOC evePYEL®V TOVL UIYHOTOC TNYDV
nokvotntag 3 gr/cc, moAoildc yeopetpiog kot OykKov TANp®oNG Kvabiov
100mL, anékivav and T1¢ mepapatikeg katd péco 6po 510%, pe evpog Tipmv
and 2574% péxpr 2.26% xatd amdivtn Tiunq. Ot moAd peyaieg TIHEG
OTOKAIGE®V ATOTELECAV EQAATNPLO Y10 TN SLEPEVVNON TOV QALVOUEVOL.
[Mopatnpeitar 0tt pe avénon g evépyelag and ta 46 péypt ta 391 keV
LELOVOVTOL Ol ONOKAICEILS TOV VTOAOYIOTIK®OV ONTOOOCE®V Oamd  TIG
TEPAUATIKES, UEYPL TOV TEAKA GLYKAIVOLV €VTOG TOV OMOSEKTOV Opidv Yia
evépyeleg peyoAvtepeg tov 513 keV. Evdewktikd, yia evépysia 88 keV ot
VTOAOYIOTIKEG UEOOOOL TMPOGOUOIMONG VREPEKTILOVV TNV ATOJ0CT KOTA
2178%, evd ywo evépyeto 391 keV n amddoon vrepektipdtal mAgov kotd 29%.
H BéAitiom tun amddoone mapatnpeitor 6to kéolo, evépyetag 662 keV kat
avtiotolyetl oe 2.2%. o peyalvtepeg evépyeteg, n andkAion avavetal AOY®
TOV POLVOUEVOD TPAYUATIKNG COUTTOONG, AAAE dtatnpeital o€ anodekTd Opta,
kovtd oto 10%.

H peydin vrepextipnon g VToAOYIGTIKNG ATOS00NG GTIG YAUNAES EVEPYELEG
KOl 1] TOOTIGN TNG KE TNV TEIPAUOTIKN ATOO0CT G LYNAOTEPES EVEPYELEC,
VTOVoEl dAPOPOTO|GELS GTN GLOTACT TNG MNYNG. XTA ap)eid €16600V TNG
npocopoimong ypnoipomondnke to 1010 LVAKO mEPLYpAONG TNG TNYNS, TO
omoio MtV GE CLUE®ViIO UE OAO TO TPONYOVUEVO TEPARATIKO OEdOUEVA.
Ouwmg, xatd T peAétn anyodv peyoAvtepng tiung mvkvotntag (3g/cc),
vrapén Toyxov npocspifewv PapvTEp®V VAIKOV 6TO piypa g emo&ikng pntivng
EMOPA TEPLGCOTEPO GTO OMOTEAECLATAL.

Apykd, vrotédnke n mapovciac poALVPOOV 61O KVABLO. T TIC AVAYKEG TNG
ektédeong nebddov SoKIUNG Kol GPAALATOC, TEPLEYPAPNKE HUECHO TOV KMOIKO
éva VToBeTIKO LAKO TO 0moio £xel OAa Ta X oPAKTNPLOTIKA TOV LOAVPIOVL aAAd
N mokvoétNTd Tov 1oovtatl pe 3 g/cc. AxolovOncav ovykpicelg g
VTOAOYIOTIKNG OmTOO00NG OV MPOEKVYE Y10 TO GLYKEKPILUEVO LAIKO WE TIG
aVTIOTOLYEC MEPAUATIKEG am0d0cel. H amdxMon tov vToAOYIGTIKOV TILOV

and TI MEPOAUOTIKEG AVTIOTOLYOVOE TAEOV GE amOAvTn Tiu 14 %, pe evpog

104



TILOV and 28% péypt 4%. H peloon otig tipéc tov anokiicewv 16img otnv
TEPLOYN TOV YOUNADV EVEPYELDOV NTAV AloONTY.

Enyelpdviacg ™ PeAtioTonoinon TV anoteAecpdTOV TEPLEYPAONKE LEGHD TOV
K®OIKO, TPOGOUOI®GNG éva akOUn vmobeTikd LAIKO, To omoio €xel Ao Ta
YopoakTnplotikd tov ofetdiov tov pwoéAvpdov (PbO), aird mukvotntoa 3 g/cc.
To 0&eidto tov poOAVPOOV YpNoILoTOLEITOL CVYVA OTO TOVE KATUOKEVAGTES Yo
TNV TOPOCKEVN TNYOV UEYAANS TUKVOTNTAS. OcwpnOnke avaioyio poAv Bdov
Kot o&uyovov 1:1.

H mpocappoyn tov dedopuévov nNrav akoun koldtepn. H amdxkiion tov
VTOAOYIOTIKAOV TILOV and TIG TEPOAUATIKES AVTIGTOLX0V0E TAEOV GE amdAvTN
Tiun 12%, pe gvpog tipmv and 24% péyxpt 3.8%

[Ipog tehelomoinomn TtV amoteleopdtov emyeipndnke m  petaforn g
avaloyioag poAvPdov xar ofvyovov oto delypa. I[lapoatnpovrag peydin
VTOEKTIUNGT TNG VTOAOYIGTIKNG OMAO00NG TNG OVIYVEVLTIKNG dtdtaéng yia
YOUNAEG evEpYeEleg, uet@Onke N avaloyia Tov Bapvtepov pOAVPSoV GTo deiypa
Kot avéNndnke n avaioyio tov o&uyovov. Ta BéAtiota anoteléopata exnAbav
Bcopovrag avaroyia poOAvPdov xar o&vydvov 0.45:0.55. Orv avrtictouyeg
VTOAOYIOTIKEG OMOOOGELS TNG OVIXVELTIKNG Otdtaéng, poll pe T oyeTiKég
afefardTntéc TOLG O€ emimedo lo, KAO®OC kol M AMOKAION TOVG AMO TIG
nelpapotikég tapatifetar otov Ilivaxka 3.27. [MapatiBetor akdun n aviictoryn
YPOQIKN TOPACTOCT), OTOL OVAPEPOVTIAL 1 VTOAOYIOTIKY] KOl T TEIPUAUOTIKY
KopmOAn Babpovounong.

H oandékAiion tovV LTOAOYIOTIKOV TIUOV aTOO0CNG OnMd TIG OVTIGTOUXES
TEPONOTIKES, avTiotolyel oe amdivtn Tiun 11%, pe gdpog tpadv and 22%
péxpt 0.03%. Aedopévov OTL M OWOKAIGN TNG VLTOAOYIGTIKNG ATOSOONG
QPOTOKOPVONG TOV Kaloiov amd TNV aviicTolyn TEPAUATIKN omoKAivel o€
m06006TO HKpoOTEPO TOL 1%, O1 petproelg Bewpovvtal amodektés. Ommg
avaAveTal otV woapdypapo 4.14, T0 QUIVOUEVO TNG TPAYUATIKNG COUTTOONG

av&avel T anokAMoglg Tov anoddcemv, akoun kot kotd 10%.
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IIYKNOTHTA 3 gl/cc

IZOTOIIO | ENEPT'EIA | YHOAOI'IXTIKEX ATIOKAIXH AIIO
. TIMEX AITIOAOXHY | IIEIPAMATIKEY TIMEX AITOAOXHX

Pb-210 46.54 0.000722+2.1% 22%

Co-57 122.06 0.009591+0.46% 20%
Cd-109 165.85 0.018496+0.36% 12%
Hg-203 279.2 0.034500+0.28% 16%
Sn-113 391.69 0.036511+0.27% 5.92%

Sr-85 513.99 0.034128+0.28% -0.03%
Cs-137 661.65 0.030459+0.13% -0.85%

Y-88 898.02 0.025829+0.14% 11%
Co-60 1173.22 0.022107+0.16% 13%
Co-60 1332.49 0.020363+0.17% 12%

Y-88 1836.01 0.016210+0.21% 7.0%

Mivaxag 4.17 Yroloyiotik) Pabuovouncn oamddoons otokopueng kuabdiov mokvotrog 3

g/cc, oykov mAnpwong 100 mL, pe petapoin odotacng Tnyne.

MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
100 mL, 3 g/cc

0.04

0.035 R?=10.9986

4 3

0.03
R?=0.9988

0.025
0.02 // \\\ &
0.015 #
0.01 //
0.005 I
!
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ENEPTEIA (keV)

ANOAOZH

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ
In(e) = -0.0803In(E)* + 2.0182In(E)? - 18.9In(E)2 + 77.465In(E) - 119.68
N

YNOAOFIETIKH KAMMNYAH BAOMONOMHEHS
= 9.9673In(E)? - 27.786In(E) + 15.538

¢ TEIPAMATIKH ANOAOZH

——TNEIPAMATIKH KAMMYAH
BAOGMONOMHZHZ

A YMNOAQTIZTIKH ANOAOZH

—YMOAOTIZTIKH KAMMNYAH
BAGMONOMHZIHX

Abypappa 4.17 Yroroyiotikn Badpovounon amddoons oToKopueng Kvabiov mukvotntog

3 g/cc, dyxov mApmong 100 mL, pe petafoin ovotaong Tnyne.
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4.14XYZHTHXH AITIOTEAEXMATQN

‘Eyovtog mhéov mpocdlopicel T0 YEOUETPIKA YOPAKTNPLOTIKE TOV OVIXVELTN
HPGE oyetucnc amddoong 70% tov TEPII pe 1 Ponbeid tov kddika
PENELOPE, npaypatonombnke n vrohoyiotikn Babpovoéunon mg.

H Babpovounon mpaypatomomOnke yio v maiaid yeopetpio kvabiov og
aMpn mAnpoon (260 mL) kabdg kot oe upepikny mAqpwon (100 mL).
SUYKEKPIUEVO, TPOGOOPIGTNKAV Ol  VAOAOYIOTIKEC amoddoel vy 9
OLOPOPETIKEG TLKVOTNTEG TANYOV TOAALAG  YeEOUeTpiag kvabBiov  Oykov
nAnpoong 260 ML xat yi 5 d10QopeTIKEG TUKVOTNTES TOAALAG YEOUETPLOG
oykov wAnpoong 100 mL. Ev ovveyela, mpoodlopiotnke mn  KAUTOAN
BaBpovounong otovg Aoyapifpuovg tov TIHOV anddocnc-evEPYELNG, Yo KAOE
oelpb peTpnoewv, ®g tolvavopo 4°° Babpov. Ot koputvAeg Tapovsioacay TOAD
KoA mpocapupoyr, kKobdc o ovviedeothc ovoyétiong R? ftov mavio
peyardtepog g Tipng 0.99.

AxolovOnce oOYkplon TOV  VTOAOYOTIKOV PBabpovounceov pe  Tig
avtiotolyeg melpapotikeés Pabuovounocelg 0nwg avtég meprypdonkav oto 2°
KEPAAAL0. XvykeKplpéva, Tpocsdlopiotnke yio kABe Tiun TLKVOTNTOS KOl Yid
TOVG 0V0 OYKOVG TANPMOCEMS, 1 OMOKALON TOV VTOAOYIOTIKAOV TILAOV TOV
amod6cemV and TG TMEWPANATIKEG amoddoelg kabe evépyetag. Otr amokAicelg
aneikoviCovtal Le TN YPNOT KOOV SL0YPOUUUATOV ATOO0CNG-EVEPYELNS OTOV
TopovoldfovTal 01 VTOAOYIGTIKN KOl N TEPAUATIKY] KOUTVAN Babpovounong
vio K60e oelpd LeETPNGEWDV.

H péon tipun tov anokAiicemv petalh vTOAOYICTIKOV KOl TEWPAUATIKOV TILOV
an6doong ntav < 10% yio tov dyko mAnpwonc 260 mL xar <12% yia tov 6yko
nAnpoong 100 mL. Ov anokiicelg avtég opeilovial Kotd KVplo AOYO GTO
QOLVOUEVO TNG TPOYUOATIKNS GOUTTMOCTNG KOl EIVOL AVOULEVOUEVEG.

H Bértiotn mpocappoyn tov xoumdAov Pabupovoéunong kot ot kot’
EMEKTOOT EAOYIOTEG OMOKAIGELS HETAED MEIPOUATIKOV KOl VTOAOYIOTIKOV
TILOV TNG amOO00NS, TUPATNPOVVTAL Y10 TIG HETPNOELS TOL APOPOVV GTINV
nokvotnta mmyne 0.9 g/cc, xkabmdc kol yio TIC KOVTIVEC GE OVTN TIUEG
TUKVOTNTOG, Yo TNV TEPIMTOOTN TAPoLG TANpwong Tov kvabiov. H
nopatipnon Ba mpémel va amodobel 6to Yeyovdg OTL M HLOVTEAOTOINGN TOL

aviyvevtn, mn €bpeon OMAAd TOV TOPOUETPOV TNG YEOUETPIAS TOV,
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npaypatomomdnke otn Pdon ovTtHE TNG TLKVOTNTOG KOl YEMUETPOC.
Agdopévou 0Tl LILAPYOVV ATELPOL GLVOVACHOT OlUGTACE®V Yo TO TAYN TOV
vekpov {ovov — aAld Kol TOV VTOAOITOV YEOUETPIKAOV YAPOKTNPLOTIKOV,
npocdlopiotnkav ot PéAtioteg ADCELG MOV OAPOPOVV OTN GLYKEKPLUEVT
YEMUETPIO KO TUKVOTNTO.

Oco n  mokvotnta petafdiieton  Aoppavoviog TIWEC Ol OTOLEG
amopokpvvovtor arnd v Ty 0.9 g/cC, o1 amoKAiGES VTOAOYIOTIK®OV —
TEWPAUATIKOV TIHOV anddoons teivouv va avénbodv, aiid Oyl ce emimeda
T£T010, TOL Vo Kabiotatal avayKaiog 0 ETAVATPOGOLOPIoUOS TOV OlUCTACEWDV
0V aviyvevtn. YmevBopiletor 0Tl Ta TAYN TOV VEKPOV (®VAOV KAl 0 TPOTOG
pne tov omoia €yovv poviehomomBel dev avtamokpivovtol amapaitnta otnv
TPOAYHLOTIKOTNTA, 00MYyo0V ®GTOC0 G€ TNMPOGOUOLDGELS KAUVOTOLNTIKNG
akpiferag.

Avtictoym mapatnipnon woydel kot 6tav avti g mukvotntog, e€etaletot o
O0yKog mApwong tov kvabiov. Katd tnv petakivnon g peréng and 0yKo
nAnpoong 260 mL oe 6yko mAnpwong 100 mL, or amoxAicelg gaivetar va
avédvovtalr  yoplg Kot og  avtn MV wepimtoon va  anaiteitot
EMAVATPOGOLOPIGUOS TV OLOCTAGE®Y TOV OVLYVELTY].

Ev véver, 6060 n yeopetpio mpocopoimong mpooeyyiler ) yeoperpio ot
Bdon tng omoiag £yve 0 TPOGIIOPIGUOG TOV YEOUETPIKOV YAPOUKTNPLOTIKOV
TG OVIVELTIKNG Otbtaéng, TOGO TA VTOAOYIGTIKG OTOTEAEGHOATO TTOL
Aappdavovtar pe tnv mpocopoimon avapévetal va tpoceyyilovv KaAvTEPA TO
TELPOLOTIKA.

e 0,11 a@opd oTn GLYKPIGN VTOAOYIGTIKOV — TEPAUOATIKOV TIUOV
andd0oNG, MO EMTAEOV TAPATNPNCT MOV TPEMEL va yivel a@opd o1
CUGTNUOTIKY VAEPEKTIUNON TNG LVTOAOYIGTIKNG ATOSOCNG PMOTOKOPVONG GE
cOYKplon UE TIG avTioTolyeg TEPANATIKES TINEG T™G. H mapatnpnon, n onoia
glvar evtovdtepn oty mepintoon 160TOTOV O6mT®E 10 Y-88 ko Co0-60,
amodidETAl GTO QOIVOUEVO TNG TPAYUOTIKNG COUUATOONG KLPIOG Kol NG
Toyoaiog ABpoiong devTeEPELOVIMG.

[Two ovykexkpipéva kol 6€ 0,71 APOPA GTNV TPAYUOTIKY) COUTTMOGCT, 1| ATOAELN
YEYOVOTOV OmO TIG QMOTOKOPLOEC evdlapEépovtog (summing out effect) xatd
TOV TEPOAUOATIKO VTOAOYIGUO TOV 0m0d0cemV 00N Yel avTioTol o, 6& HEL®UEVEC

TIHEG anddoong eotokopvens. (7, 39, 40) Avtibeta, xatd Tov TPOGIOPIOUO
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TOV VTOAOYIGTIKOV TIL®OV TNG 0mOGO00NG TO QAIVOUEVO OEV TPOCOUOLDVETAL,
KoBmg og KAOE TPOGOUOIOVUEVN 1GTOPLN, TPOGOUOIMVETAL £V LOVO PMTOV1O.

Onwg yivetar avtinmtd, ot amoKAGCELS €lval EVIOVOTEPEG GE MEPIMTMOELS
LGOTOTMOV PE VIOV GLUUETOYN GTO QULVOUEVO TNG TPOAYUOTIKNG COUTTMOGCNC.
Evéewktikd avaeépovior ot mepwmtocelg tov Co0-60, Y-98 oto omoia
Kvplapyovv ot y-y oabpoicelg kar n mepintwon tov Ce-139 oto omoio
Kvplapyovv ot y-X abpoiceic. (9, 14, 22, 28, 40, 47, 61)

[Tepartépm kot o 0,TL AQopd TNV TVYAic AOPOIGT CMUEIOVETOL KOl TAAL M
dl0popd TELPALOTOG KOl TPOGOHOImoNG KOOMDG KAl GE aVTH TNV TEPINTOGN TO
QavopeVOo dev AapPavetol vVTOYN — dEV TPOGOUOLDVETAL.

[Iépa and 10 POUIVOUEVO COUTTOONG TOV OVOADOVTOL TOPATAvV®, 1 VITapEn
otpovtiov oto piypo Pabpovéunong odnyel oto oYNMUATIOUO QOTOKOPVONG
otV egvépyela tov 513 keV mpooceyyiler v evépyeto tov 511 keV mov
avtiotolyel 6Ta MTOVIO-Y Tov mpokHTTOVY and eEabAmwon molitpoviov mov
wpoépyovtol and to eavopevo g didvung yéveons. (47) Asgdopévov 6Tl T0
piypo  eumepléyxel padlovoukAidla TOv EKTEUTOVY GE EVEPYELEG UEYAADTEPEG
tov 1.02 MeV, to pavopevo tng didvung véveong eppavitetat.

Ye 6,11 apopd otov O6yko twv 260 mL xvabiov, ot peyardtepeg amoxiioelg
HeETAED MEWPAUATIKOV KOl VTOAOYIOTIKOV 0T0d0GE®V Tapatnpndnkav otnv
anyn mokvotnrtog 0.05 g/cc. Ot anoxAicelg Ntav g taéng tov 32% evd oTIg
VLOAOTEG TVKVOTNTEG N HEST TIUN TV anokAicewv NTav 7.12%. Tlepartépw
dtepevvnon g emidpacng Tng mtukvotntag avéderée mpofAnpatiopnd ce oyéon
pe to dtobféoipa mepapatikd onueio 01K yioo TNV mepinTtwon TG TNYNG
Babupovounong pe mokvotnta 0.05 g/cc.

Avtictolya, otnv mepimtwon tov Oykov mApwong tov 100 mL, ot
peyoldtepeg amokiicelg mapoatmpnOnkav otnv  mepimtoon MG TNYNG
Babupovounong pe mokvotnto 3 g/cc. Ot vynAéc avtég amoKAMGELS apopovoOY
v meployn evepyeldv 50 — 500 keV, evod eEaieipovtov oTic vynAOTEPES
evépyeleg. [Mo ovykekpipuéva ot VTOAOYIOTIKEG OMOOOGELS MTAV CNUAVIIKA
VYNAOTEPEG OO TIC OVTIoTOLXEG TMEIPOUATIKEG. Agdopévng g €vtoving
TOPOLOIONG TOV QOLVOUEVOL TNG avtamoppoenonsg, eetdotnke n mbavn
emidpaocn ¢ ovoTOeNG TOL Ociypatog Pabpovounong. AmodeiyOnke o611 pe

KOTAAANAN €MAOYN VAK®OV G6UGTOCNG TOV VAIKOV TNG MNYNG, Ol opylKd
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TopaTNPOOUEVEG LYNAEC amokAicelg, pewdONKav oto emBountd amodexkTd
enimeda.

AmoxMoelg otV anddocn Umopel va €10AYEL KOl 1] ETAOYN TOV TAPAUETPOV
NG TPOGOUOIMONG OO TO YPNOTN. ZVYKEKPIUEVO, KATA TN OldpKED TNG
TPOGOUOIMONG, (P®OTOVIO TOVL UETOPEPOVYV  OCLYKEKPIUEVT EVEPYELDL GTOV
OVIYVELTN KOTAYPAPOVTAL LEGH GE GLYKEKPIUEVO EVEPYELOKA TapdBvpa. Avtd
0. evepyelokd mapdbvpa kabopilovtar and 10 ypNotn, OTwOg £xel avaivOel
oto kepaiao 3.1., emmpedlovrtag mbBoavd tov aplBud TOV QoTOViOv mTOov
aviyvedovTal OTNV EVEPYELOKT] TEPLOYN TNG POTOKOPVPNG. AKOUN, EMIAEYETOL
amd 1o YPNOTN £VO GUYKEKPLUEVO Oplo evépyelag amokomng. Otav katd tnv
TopaKoroVONGen TV OAANAEMOPAcE®V €VOC @OTOVIOV M €VOC QOPTIGUEVOD
copatidiov n evépyeld tovg pelwdel kadto and TNV Tpoavapepheica evépyela
OTOKOTNG, 1 TAPOKOAOVONGT NG 1oTopiog oTOpOTA Kol 1| TO QOTOVIO T
copatidlo anofétel OAO TOL TO gvePYELOKO TTEPLEXOLEVO TOTIKA. Meyarvtepeg
TILEG EVEPYELOG OTOKOTNG LELMVOVV TO YPOVO TNG TPOGOUOI®mONG, OAAE proped
vo. 0dnyHoovv cg avENoN TOV OTOKAIGE®V TMEIPAUATIKOV — VTOAOYIOTIKAOV
OTOTEAEGUATOV €101KA O©E TMEPIMTMOELS KOTA TS oOmoieg mépo amd Tig
QOTOKOPVPEG TANPOLS amoppdenong e&etdlovtor Kot GAAG TUNUOTH TOV
gvepyelakob gacuotoc. (34, 61)

Onwg avagpépetal kKol 610 KEPAAalo 3.1, ocuyvd o1 S10GTAGELS TOL AVIYVEVLTY
OV TPOCEEPOVTIAL and TOV KOTOUOKELOGTN OEV  AVIOTOKPIivVOVIAlL GTIg
npaypatikés. (39, 40) Avtd avtiotabuiletal pe tThv €0PECT TOV TAYDOV TOV
vekp®OV (OVOV TOL aVYVELTY], OAAL akpifng yvdon ToV OdGTAGE®Y TOV
aviyvevtn Oa mpocépepe axdun peyardtepn akpifelo 0TI VTOAOYIGTIKEG
petpfioelg amddoons. Omwg avoivetar 6to keediato 6 Kétt té€Tol0 €ival
dvvatov pe ™ yxpnomn ¢ pebddov g padioypaeiog 1 HE GAP®OON TOL
aviyveutn ue mnyn apepikiov-241. (15, 17) ‘Etor, Aaufdavovtor vrdyn Kat
TUYOV ATEAELEC TOV KPVGTAALOV, O1 OToieg emiong ennpealovV Tig LETPNOELC.

2opeova pe molaldtepeg peAéteg, 0mov €yel mpaypatononbel cdpwon tov
aVIYVELTN, Topatnpovvtol HeTOPOAEG otnv amddoon Tov and onueio oe
onueio.  Xvykekpipéva, o©to  yoaunAdtepo  onueio  TOL  KPLOTAAAOVL
TOPATNPOVVTOL Ol UEYOAVTEPEC OMOKAIGES oTnv amddoon, kvpiwg Ady®
avopoloyévelag otnv koatebhvvon kot v €viacr TOL NAEKTPLKOV TEdiov.

Avtd Tt0 Qouvopevo emnpedlel TIG MEPOUATIKEG HETPNGELS omdooons. Oa
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umopovoe 610 pEAAOV va peketnfel n amdooon Sl0QOPETIKOV oMUei®V TOL
avIXVELTN WE TN xpnomn evbvypappicpévov tnyov. (28, 39, 40)

Ot k®dikeg mpocopoimong Pacifovral anapoitnteg mapadoyés, ot Omoigg
Baciovtor o©& amAOVLGTEVLOELS TOV  OAANAETOPACE®V (QOTOVIOV Kol
niexktpoviov. ‘Etol, vmeicépyetor afefatdotnra 6T TIHEC TOV  EVEPYDV
doTop®V TOV aAANAemdpdoemv. Ot afeBoatdotntec avTéc, €01KA Y10, YOUUNAEG
evépyeleg  eivar dvokoAo va  exktiunbovv. (15). Axkoumn, ot KOOIKEG
npocopoioong Monte Carlo vroAoyilovv Tig TIHEG EVEPYDV SLATOUDV HECH
™m¢g pnebdoov mapepPoing, kabmg eivar advvatov va meptlapupfdvovialr ota
apyelo €16600v OAeg ot dvvatég mMBAVOTNTEG AAANAETOPAGE®V Yo KAOE
evépyela. Adym g nebddov mapepPfoing, vretsépyovtal afefatdtnreg otnv
vroloytotikyy PBabuovouncmn, ot omoiec oum¢g Bewpovvtar apeintéeg. (61)
Téhoc, AOY® NG OULUUETOYNG TOL  KPLOTOAALKOD  TWAEYUOTOG  OTIC
OAMAETOPAGELS QOTOVIOV, TPAYUATOTOLOVVTOL QAIVOUEVE OTT®G OLTO TNG

droxétevong (channeling), ta omoio d&v ATOTLIMOVOVTIAL GTNV TPOCOUOIMGT.
(19)

4.2 YIOAOTTXTIKH BAOMONOMHXH I'TA
TH NEA TEQCMETPIA KYAQOIOY

4.2.1 EIZXAT'QI'H

‘Exovtag mpocdlopicel to YEMUETPIKA YOPAKTNPLOTIKA TOVL OVIXVELTT,
TPOYLOTOTOONKE GTO TpoMnyovueEVo Ke@AAailo vroloylotikny PBabuovounon
MG amdd00NG QMOTOKOPLONG TOL Yo TNV wolald yeoperpia Kvabiov.
Yvuykpivovtag to amoteAéCUATO UE OVTA TNG TEpApOTIkng Pabuovounong,
avaoeiyOnke o611 N péBodoc €vpeong AmOOOCGNG HE TN XPNON TOL KOIKO
PENELOPE eivar axpifng. O pécsog 6pog TV anokAMoemv TEPALATIKOV Kol
VTOAOYIOTIKAV amoddcemv NTav ¢ TaEng tov 10% 16060 Yo 11 TNYEG OYKOoL
nAnpwong 260 mL 6c0o kot yio g 6ykov TAnpwong 100 mL. Ov amokAicelg
avtég 0o pmopovcsav vo OewpnBodv amodexktéc upe Paon ™ Oebvn

Biproypaeia. (20, 27, 39, 58, 63)

Ykomd ovtod 1OV KeQaAoiov amoteAel 1M Pabpovoéunon  amddoong

QPOTOKOPVONG TNG OVIXVELTIKNG Oldtaéng mov aeopd TN Vvéa yeopetpia
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kvabiov. H ex véov BabBuovounon eival anapaitntn, Kaboc petafdiioviog
ye®UETPlO TNYNG-AVIYVELTN dloPOopoTOlEiTAL 1| OTEPEN YwVia aviyvevong, dpa
Kot 1M omdd0GN TOV OVIXVELTIKOD OLGTHUATOG. AKOUN, Ol OAANYEG TOV

dla0TdoEe®V TOV TNYOV €mNpedlovV TO PAIVOUEVO TNG AVTOATOPPOPNGTC.

Agdopévov OtL dev LTAPYOLV Ol ATMOPAITNTEG MNYEG OAVOQOPAG Yo TN
dteaymyn g mepapatikng fadpovounong, Tpaypuatonoleitol VTOAOYIGTIKN
Babpovounomn. Onwg avaeépnke Kot TOpATAV® 1 AVOUEVOREVT akpifeta NG
dwadikaciag avtng Ba Ntov e tdéEng tov 10%. Me otd)0 TNV TEPALTEP®
Beltiwon g axpifetac Tpocsdioptopov g Pabpovoéuncng anddoong g véag
veopetpiog kvabiov, epapudotnke n pnéBodog TG HeTaPOPEC amdd0oNG TOV

OVOAVETOL TAPAKAT®. .

4.2.2 MEOOAOX META®OPAX AITOAOXHX

>t PBiproypaeia, cvvavioviar d0o Poacikég uéBodot mPocdloplopol NG

amOS00NG POTOKOPVPNG GLVOPTNCEL TNG EVEPYELAC.

H npdt pébodog Paciletar otov mpocdiopiopnd g Habnpatikng oxéong
OV GLVOEEL TNV AMAS0CN HE TNV EVEPYELD AUESCO, LE TN XpNon koolke Monte
Carlo. & avtq ) néBodo, o xpnog €xel T dVVATOTNTO VO, YPNOILOTOLOEL
TIG TOPAUETPOVS TOV OVIXVELTY] TOV TPOGPEPOVTAL OO TOV KATOGKEVOAGTN, 1|
VO TG TPOTOTONGEL TPOG PEATIGTOTOINGT TOV ATOTEAEGUATOV. ZVYKEKPIUEVA,
eqv  ypnoilpomomBovv ot dl0CTACES MOV  TPOCEEPOVTIAL OO  TOV
KOTAOKEVOGTY, Oovopévovtal pneyaieg amokAicelg akoun kar 40%. Edav o
xpnong mpoPel oe doplmoelg TV OlOGTACEMYV TOL TWOPEYOVIAL ATO TOV
KOTOOKEVOOGTN Kol €K VEOL TMPOGOLOPIGUO TV VEKPOV LoVOV, OVOUEVETOL
ocOUQ®VO PE TPONYOVUEVEC WEAETEG IO LIEPEKTIUNGT TOV VTOAOYIGTIKOV

amodocemv katd 10%. (11, 41, 66)

H Jebtepn pébodog, m omoia eivor nuiepnepikn, Poaciletor otov
TPOGOLOPIGUO UIOG OYXECNG UETAPOPAG amddoons. Avtd mpaypotomoleitot
AopBavoviag vToy”n TIG TEPAUATIKES KOl VTOAOYIGTIKEG TIUEG OmOSO0NG TOV
Exovv AneBel amd pa yeopetpio avogopds. (11, 66) IMapovoidler capmg

pwkpotepeg anokioelg and tig pefodovg dpeong Padbuovoéunong, nepirov 5%.
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AvTéc o1 amokAioelg avEavovTol avarldyme e TN YEOUETPIA TOL AVIYVEVLTN KOl
TOV TNYOV, KoOOG Kol TIg ovvOnkeg NG HETPNONG, OAAE M CLYKEKPLUEVT
uébodoc mopapéver m mo okpprig (11, 41, 66) xar ywo to Adyo ovTod

EQPOPUOGTNKE GTNV TAPOVGO EPYATiL.

H pébodog petagpopdc amddoong, n onoia mpotddnke tpdn Qopd and Tovg
Moens et al (1981), PBaciletar otnv vdbeon 6tL N TOAVOTNTO KOTAYPOUPNS
NG TANPOVG EVEPYELOG EVOG @®TOVIOV €E0PTATAL LOVO ATTO TNV EVEPYELD TOV.
(11, 41, 46) Axéun, m ovykekpipuévn pébodog o AoauPdaver vmoéyn v
AAMMAETIOPOOT QOTOVIOV e TO PULVOUEVO TNG EAAGTIKNG okédaong. (46, 67)
‘Etol, yio 11 avaykeg g pebodov, opiletar éva véo péyebog, o Adyog
EIKOVIKNG OALKNG OmOO0CMS TPOG TNV EIKOVIKY ATOO06N @MTOKOPLONS. AVTo
10 péyeboc avaeépetor 6To AOYO OAKNG OmMOO0ONG ®G TPOS TNV OmAO00N
owtokopveng (TTP), To omoio avaeépbnke oto kepdiato 2. H dtapopomoinon
£ykeltal oto yeyovog OtL 0g AapuPdvoviar vmoyn okedACELS POTOVIOV GE
TEPLOYES €KTOG TOV €VEPYOD OYKOL TOV KPLGTAAAOL TOL OVIXVELTY], OVTE TO
eovopevo ¢ elootikng okédaong. (46, 67, 69) Enopuéveg cvpemovo pe tig
TOPATAVE TopadoyES, 0 AOYOG EIKOVIKNG OMKNG amdO0GNS TPOS TNV EIKOVIKN
anddoon ewtokopveng (Virtual TTP), eivar ave&aptnrog 0éong, oynuatog,
Kol ocvotaong mNyNS. Amotedel €vOOyeVvEG YOPAKTNPLOTIKO TOL KPLGTAAAOL

TOV QVLYVEVLTN.

Metd ™) Onpocigvon g pebodov, akorovONcov peAETEC OYETIKA pe TNV
eaxpifpowon g otabepdtnrag tov Adyov VTTP. Onwg avadeiydnke, o Adyog
unopetl vo Bewpnbel otabepoc, apkel m nyn va unv eival ce emaen pe tov
KPUGTOALO, 0ALG Vo Tapepfdiretal pia andotacn peta&d Tov mopadHpov Tov
OVIYVELTN KOl TOL KPLOTAAAOL. AVTO ®¢ eml TV TAsicTOV 1KOvVOTOlEiTOL
OTOVG HOVTEPVOVG OVIXVELTEG  Y-QacHOTOoOKOTioG. AkOun, ooeider va
avaeepBel 611 0 AOYoC mapapével otafepodg 6TOVE OLOAEOVIKOVS OVIXVEVTEG,
oAl petafairetor yio evépyeieg peyoAvtepeg tov 200 keV oe emimedovg
aviyvevtéc. Emopévmg doedopévov 611 10 gpyactnpro tov TEPII tmg EEAE
dtafétel opoagovikd aviyvevt, n uéBodog petapopds amddoong pumopel va

epappootel pe akpipeia. (67)
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Soppovo pe to mopamave, dedopévov O0tL 0 Adyog VTTP eivar otabepdc,

TPOKVTTEL AUECAL
Ex/Tx = €rep/Trer (4.1)
omov
& i M {nTodpevn amdo00T POTOKOPVONG Y10 TN YEOUETPLOG TPOG LEAETT
T,: M OAKT amOO00T Ylo TN YEOUETPia TPOG LEAETN
Eref - M ATOB0CT POTOKOPLONG Y10 TN YEWUETPLOG OVAPOPES
Tref © M OMKY 0mOO00T YL T YEOUETPia OvapOPag

Axoun, n €KAGTOTE OAIKY] OTOS00MN UTOPEL VAL VTOAOYIGTEL GOUQOVO LLE TN

oyéon:
T=0/4n (4.2)
omov
T : M oMkn andd06™M Y0 OTOL0ONTOTE YEMUETPLaL
Q: 1 evepyoc 6TEPEA YOVia Yo TNV avTicTOYN YEOUETPia

Yvvovdlovtag T oxéoelg (4.1) war (4.2), m Intovpevn amddooom

vroloyiletol cOUPOVOA LE TN GYEON :

0
£y = Sref?; (4.3)

omov
& 1 M nTodpevn andd0Gn POTOKOPVONG Ylo TN YEWUETPIOG TPOG LEAETN
Eref - M ATOO0CT GOTOKOPLONG Y10 TN YEWUETPLOG OvVaAPOPEG
£, : M evepydg oteped Yovia Yo ye®UETPiO TPOG LEAETN
e @M eVEPYOG OTEPEA YOViO VIO YEOUETPia
(11, 35, 41, 46, 54, 66, 69)

nueltdvetal 6Tt XPNOIUOTOLEITAL 1] OpOAOYin «EVEPYOG OTEPED YOVIO KOt O)1

oteped yovia. H evepydg oteped yovia, eKTOC TOV  YEOUETPIKOV
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YOPOKTNPLOTIKOV TOV SEIYUATOV, AOUPAVEL akOUn LTOYN TG HETAPOAEC OTO
Q@OLVOUEVO TNG OLTOATOPPOPNONG KOl OTNV  ATOKPLON TOV  OVIYVELTY.
Metafdirovtag povo t oteped yovio aviyvevtn-tnyng o0& Aaufdvovtal
VOY” ot petaforég avtéc, ol omoieg dvvatal va ennpedlovy GNUAVTIKA TNV
akpifela tov vmoAroyioumv. Kat’ ovcia, o 6pog &vepydg oteped yovia
ELCAYETOL Y10 TIC AVAYKEG TNG neBdOOV peTtapopdc anddoong Kot opileTal g M
ThavoTNTO éva EOTOVIO Vo KOTOANEEL 6TOV  €vePYO OYKO TOV KPLGTAAAOL
YOPig Vo aAANAETIOPAGEL UE TNV TNYN N TO YOP® VAIKA, KOOMS Kol yopic va

alinAemdpdoet pe elaoctikn okédaon. (11, 46)

423 MEOGOAOAOITA BAOGMONOMHXHX NEAX
I'EQMETPIAX KYAQOIOY

Me aeetnpioa tnv mapoamdve pebodoroyia, otnv mapovca epyacio 1
{ntovpevn amddocn yio Tt véa yeopetpio vroloyiletar cOueovo pe ™
oyéon:

ngnoloyto"ruc’

— l

Ex = Epef | — (4.4)
TELPAUATLKN TELPAUATLKN Eref N !

UTTOAOYLOTLKY

oOmov

: n {ntovpevn mEPOUATIKY aATOIOGT GOTOKOPVONG YO TNV TPOG

Ey ,
TELPAUATLKN

HEAETT YE@UETPIlO KO EVEPYEL

Erefrepapari - N TELPOANOTIKY) OTOO00N QOTOKOPLONG Yo TN YEMUETPiOC

avaQopag

I | VTOAOYIGTIKT] PMOTOKOPLPNS ATAO0CT Yo TN YEMUETPiO TPOG

peAétn

Erefymoroyiorucy - VTOAOYIGTIK OOO00N QMOTOKOPVLONG Yo TN YEOUETpia

avoagopdc (35, 41)

Me dAda AOYL0 0 AOYOC TOV TEPAUATIKOV ATOOOGEMYV GMOTOKOPLOTNG Y10 [0
evépyela Kal 000 d0POPETIKEG YempeTpieg elvan 1010¢ pe Tov avtictolyo AOYo

VTOAOYLIOTIKAV OTOO0GEDV
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H vmoAloyiotiky anddoon yio 1n véa YEOUETPIA KOl TN YEOUETPIO AVAPOPAS
npocdlopiovtar pe ™ Ponbeia tov Aoyiwopikov PENELOPE. O Adyoc tovg
opiletar ¢ ovvtedeotng petapopag (TF). (69) Enouévaoc,

TF = sxvnoloywnkr’] (45)

& ,
refymodoyiaTixy

ZOUQ®MVO LE TO TOPOUTAVE®, O GLUVIEAECTNG UETAPOPAG AauPfdavel vToyn TIg
Ol0POPOTOMGELS GTN  YEOUETpiO TNYNG-aviyvevtn Kkoabdg Kol  otnv
avtoamoppoeoon g nwnyng (11, 41), evd ypnoipomold®vtog 10 AOY0o TOV
anoddcemv ot omoieg afefatdTnTeg TOV TPOGIHOPIOUS TOV YEOUETPIKOV
YOPOKTNPLOTIKOV TNG TPOGOopoimong aniomotovvtotl | cvumiélovtat. (35, 69,
70) H ovykekpipévn puébodog eival 1dtattépwg ypnotun, Kabmg emitpémet
BaBpovounon amddoong g C{ntovuevng yewpetpiog mnyodv pe ™ XPNON
omolacdnmote yeopetpiag avaeopds. (70) Ouwg, opeirer va onuelwbei 611
060 mePLGoOTEPO M TPpog eEETacT yewuetpila mpooeyyiler T yeopetpia

avaQopas, TOGO0 TLO IKOVOTONTIKA anoteléspata Aappfavovtat.(25)

Q¢ yeopeTpio ava@opiag oTnv mapovco epyacio ypnolportonke n maAld
veopetpia kvabiov pe 0yko mAnpwong 260 mL ko 100 mL. H mepapatikn
KOl VTOAOYLoTIKY Pabpovouncy tovg mpaylatomondnke oto mTponyovUEVA
kepdiota. T[oa v  mpocopoimon g Vvéag yeoperpiog kvabiov
YPNOILOTOMONKAV TO YEOUETPIKA YOPAKTINPIOTIKA TOV OVIYVEVLTH, OT®G
npocdlopicTnKay TpoNyovpeva, avtd e£AAAOL elval Kol TO TAEOVEKTNUA TNG

pnebdodov peTo@opdg anddoon .

4.2.4 YXYNOHKEX ITPOXOMOIQXHX

Me oxomd TOV TPOGOHOPICUE TNG VTOAOYIOTIKNG OamddOoNS Yo ™ véa
veopetpia kvabiov, ypnoipomomOnkav ot TOPAEUETPOL TOL OAVIYVELTH WOV
npocdlopiotnkav ot1o kepdiato 3.1. Aedopuévov OTL peAretdtar mn véa
vyeopetpioa xvoabiov, petafAndnkav ot dwactdoelc g mMyNE oto apyeio
veopetpioag kabog kot oto apyeio €c6dov tov kddka PENELOPE. Ot
dwactdoelg g véag yveopetpiog kvabiov petpnOnkov pe mayOUETPO ®F

aKolovOwg:

116



e Eootepikn didpetpog kvabiov : 8.28 cm
e Eocwtepikod vyog kvabiov : 4.113 cm yio 205 mL, 1.764 cm yiwa 100 mL
o TIldyog toryopudtov kvabdiov : 0.136 cm

e Amdotacn doyelov and mapdbvpo aviyvevtr| : 0.2 cm

Emonpoivetar 611 to kvabio (container) mov mepikieier v mnyn €xet
otafepd mAYOC OTO KAT® OAAQ kot ota mAaivd tov pépm. Ogeiler va
avapepBel o011 otnv mpaypatikdéta T0 doyelo G mMYNg Oev MTOV
CUVUUETPIKO, aALA mapovciale €00yEC TNV KAT® TAELPA. AVTEG Ol €60YEG
AMeONKav VoY g16dyovTac TNV andcsTacT ToL doyeiov and to Tapdbvpo Tov

aviyvevtn og 0.2 cm. Axoun, to Vyog g mNyNG petafarietor avdioyo pe

ToV OYKO TANPOGNG TOV doYEIOV.

Ewova 4.2 dotoypagio véag yempetpiag kvabdiov.
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Ewova 4.3 Anotdommon myng yeouetpiog véov kvabiov (Koeé ypdpo) kot mePPANLATOG
nmoAvoatBuieviov (po ypodpa) pécm tov kodiko PENELOPE.

Ewova 4.4 H avyvevtikn dtdtaén mov Tpocopoimdnke yio Tig HETPNOELS amddoong kuabiov
véag yeopetpiag, oykov 205 mL  (piypo anyov mohood kvabiov-Kogé, KpOGTOALOG
aVIVELTN-TOPTOKAAL, TEPIPANLO-TTPAGIVO, OpaKioN-UTAE).

4.2.5 ATIOTEAEEMATA INTPOXOMOIQXHXE

Méow g vmoloyiotikng Pabpovoéunong amdédoong HeE Tn YPNON KOOIKA
PENELOPE, mnpocdiopictnke m amdd0GN @QOTOKOPLONG GLVOPTNCEL TNG

eVEPYELOG Yo EVVIA TMYEC SLOPOPETIKOV TULKVOTHTOV HE OYKO TANPOONG
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205 mL xat €61 Tyég dapopeTIK®V TUKVOTATOV 6YKoL TANpwong 100 mL g
véag veopetpiag kvabiov. Ta padlovovkAidio mov eumepléyoviol 6To Uiy,
dpo kot ot evépyeleg Pabuovounong, eivar 0 pe avtd G TOAALAG
veopetpiag. Ta  amotedéopato NG LWOAOYIOTIKNG  Pabupovouncng
nopatifevtar otovg mivakeg 4.1- 4.15 kot to avtictolya doypluppoata, o€

ovvovacud pue avtd TG neBOd0V HETAPOPAS ATOOOGTC.

Ev ovvexela, ypnoipomombnke mn moloid yeopetpia  (yio v omoia
TPAYULATOTONONKE TWEPANOTIKT) KOl  VTOAOYLoTIKY  Pabuovounon ota
nponyovUeEVA KEQAAALL) ®G YEOUETPiO avaPopas. MECH TV VTOAOYIGTIK®V
KOl TELPOAUOTIKOV OTOOOGEMV TOV OVIYVELTN Yo TN YEOUETPi avaQopdc
KOOMOG Kol TNV VTOAOYIGTIKY OmAO0GT TOL GVIYVELTN Yo T Vo yewpetpia,
vmoAoyiletatr pe ™ xpnom g pebdoov petagopds amdooons m avtictoyn
TEWPALATIKT ATOO00N Y10 KAOE eVEPYELDL POTOKOPLONG TOV PAILOVOLKALII®V

TOV piypartog, oyéon (4.2).

Onwg €xer avaivBel mapoamdveo, pe v €mMA0Y] ®C Oelypatog ova@opdg
TYNS N omoia dtabétel mapoUoleg S1OGTAGELS, ¥NIIKN OVGTAON KOl TUKVOTNTA
LE TNV TNYN TPOC UEAETY, HEL®VOVTOL Ol amokAicelg g pebodov. (25) Me
Bdon avtn v mapatnpnon, 66ov agopd ctov O6yko mANpwong 205mL 1tng
véag vempetpiog, ypnolpomomdnke ¢ yeopetpia ava@opds m  moAoLd
veopetpia Ooykov mAnpwong 260 mL. Opoiwg, 6cov aeopd octovV 0OYKO
nAnpoong 100 mL g véag yeopetpiag, emiéyOnke og yeoperpio avagopdc
N maAotd yeopetpio 0ykov ntAnpwong 100 mL. T'a kéBe yeopetpia, n péBodog
LETAPOPAG OmAO00NG TpayLaTOoTOMONKE Yo 110 TVKVOTNTA TNYOV AVAPOPAS

Kol LEAETNG.

Y1ov¢ mapoakdto mivakeg mapatifeviar yio kaBe celpd VTOAOYICULAOV KOl Yio

K0e evépyela padlovoukAi®V Tov piypotog:

*  YmoloyloTIKEG TIUEG ATOOOGEMV TNG VENG YewUeTPiag kvabiov

*  YmoAoyloTIKEG TIUEG ATOOOGEMV TNG TAANLAS YEOUETPiag KvabBiov
o Ilelpopotikég TIHEG OMOSOCEMV TNG TAANLAS YEOUETPiag Kvabiov
e Xvvteleotg petapopag (Transfer Factor)

o Ilepapatiég TIpéEG amododce®V TG VEAS YeEOUETPiag

o Xyetikéc afePordneg OAwV TV pEYEDDV o€ eninedo eumioTocvvng 1o
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o  AmoxMGoELS TEWPANATIKOV TILAOV ATO00GE®V TNG VENS YEWUETPLOG aTO

TIG AVTIOTOLYEC VITOAOYLIOTIKEG.

Axoun

mopotifevral

T0  KOWwa

dtaypdppata

VTOAOYIGTIKOV

Kol

TEPAUATIKOV OTOOOGEDMV NG VEAC YEMUETPIOS GLVOPTNOCEL TNG EVEPYELQG,

poli pe tig afefardotnteg g ekAoTOoTE TIUNG amddoong. [Ipocdiopilovtar kot

mopotifevral

ol 0OVTIoTOl(EG VTOAOYIOTIKEG KOl TEPOAUOTIKEG KOUTOAES

BaBpovounonc.

Néa yeopetrpio kvabiov pe 60yko tiqpwong 205 mL.

[MopatiBevtar OAeg o1 peTpNOELS, VTOAOYIGHOT Kot T avTicTolya dtoyplupato

TOV ALPOPOVV GTN UETAPOPA amddOcNG o€ TNYES OyYKov TANpwong 205 mL g

véag yeopetpiag kvabiov.

ENEPT'EIA

88

122

165

279

391

513

662

898

1170

1330

1836

IMYKNOTHTA 0.05 g/cc

0.02019+0.18%

0.04840+0.12%

0.08447+0.11%

0.0922+0.11%

0.0852+0.13%

0.0607+0.18%

0.04615+0.15%

0.03709+0.18%

0.03055+0.23%

0.02435+0.28%

0.02008+0.32%

0.01818+0.25%

0.01406+0.36%

0.019080+0.02%

0.04495+0.08%

0.07703+0.03%

0.08359+0.07%

0.07696+0.10%

0.05432+0.13%

0.04129+0.16%

0.03314+0.19%

0.02723+0.16%

0.02175+0.01%

0.01785+0.28%

0.01623+0.31%

0.01254+0.28%

0.01543+5.7

0.03591+1.8

0.05646+1.5

0.06085+1.5

0.05447+1.5

0.03982+1.5

0.03123+1.5

0.0256+1.5

0.02175%1.5

0.01641+1.5

0.01338+1.5

0.01218+1.5

0.0098+1.5
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ENEPT'EIA LYNTEA. £,
Y META®OPAX (TF e
47 1.0583+0.17% 0.01635.7%
59 1.0768+0.14% 0.0386+1.8%
88 1.0966+0.10% 0.0619+1.5%
122 1.103240.12% 0.0671+1.5%
165 1.1075+0.15% 0.0603+1.5%
279 1.1179+0.20% 0.0445+1.5%
391 1.1179+0.19% 0.0349+1.5%
513 1.119140.23% 0.0286+1.5%
662 1.1221+0.25% 0.0244+1.5%
898 1.1196+0.25% 0.0183+1.5%
1170 1.1251+0.38% 0.01501.6%
1330 1.1203+0.35% 0.0136+1.6%
1836 1.1207+0.41% 0.0109+1.6%

Mivaxag 4.18 Aeayoyn pebodov petapopds omddoong yio 0 kKudbo véag yempetpiag,
oykov mAfpwong 205 mL ko mokvorog 0.05 g/ec.

NEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH

NEAZTEQMETPIAZ
205 mL, 0.05 g/cc

0,12

0,1

ANOAOZH

0,04

0,02

NEIPAMATIKH KAMNYAH BAOMONOMHEIHZ
In(€) = -0.0847In(E)* +2.1230In(E)? - 19.8329In(E) + 81.1253In(E) - 124.9304
R2=0.9917

YNOAOCIZTIKH KAMNYAH BAOMONOMHEHS
In(€) = -0.0935In(E)* + 2.3436In(E)? - 21.8781In(E) + 89.4099In(E) - 136.9755
R?=0.9963

+ MNEIPAMATIKH ANOAO:H

—NEIPAMATIKH KAMMYAH

BAOMONOMHZHZ
A YNOAOTIXTIKH ANOAOZH

—YNOAOTIZTIKH KAMNYAH
BAOMONOMHZHZ

200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Abypappa 4.19 Awloywyn peboddov petapopdc omddoong Yo To Kuabio véag yempeTpiag,
dykov mAnpwong 205 mL kou TokvomTag 0.05 g/cc.
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IMYKNOTHTA 0.5 g/cc
€

ENEPT'EIA
47 0.01758+0.21% 0.01604+0.13% 0.0146+5.7%
59 0.04244+0.14% 0.03814£0.09%  0.03692+1.8%
88 0.07422+0.12% 0.06556+0.07%  0.06044+1.5%
122 0.08150.13% 0.07176+0.06%  0.06662+1.5%
165 0.0759+0.15% 0.06680+0.09% | 0.05989+1.5%
279 0.0551%0.20% 0.04831£0.10%  0.04515+1.5%
391 0.04239+0.17% 0.03712+0.12% | 0.035 82+1.5%
513 0.03446+0.20% 0.03014+0.15%  0.02953+1.5%
662 0.02862+0.25% 0.02519+0.17% | 0.02538+1.5%
898 0.02293+0.30% 0.020116£0.01%  0.01902+1.5%
1170 0.0190620.36% 0.01667+0.29% | 0.01567+1.5%
1330 0.01734+0.27% 0.01522+0.32%  0.01431+1.5%
1836 0.01360+0.40% 0.01184+0.01% | 0.01159+1.5%
ENEPTEIA LYNTEA. £,

Y META®OPAX (TFE =

47 1.0965+0.22% 0.0160+5.7%

59 1.1128+0.15% 0.0410+1.8%

88 1.1320+0.13% 0.0684+1.5%

122 1.1362+0.13% 0.0757+1.5%

165 1.1370+0.15% 0.0681+1.5%

279 1.1397+0.19% 0.0514+1.5%

391 1.1420+0.18% 0.0409+1.5%

513 1.143120.22% 0.0337+1.5%

662 1.1359+0.27% 0.0288+1.5%

898 1.1397+0.26% 0.0216+1.5%

1170 1.1437+0.40% 0.0179+1.6%

1330 1.139520.37% 0.0163+1.6%

1836 1.1485+0.35% 0.0133+1.6%

Mivaxag 4.19 Awelayoyn pebodov petapopdg amddoong v 0 Kudbo véag yewpeTpiog,
oykov mAnpwong 205 mL kar Tokvotntag 0.5 g/cc.
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ANOAOZH

0,09

0,08

0,07

0,05

0,04

0,03

0,02

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 0.5 g/cc

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ
A In(g) = -0.0898In(E)* +2.2506In(E) - 21.0162In(E)? + 85.9861In(E) - 132.2685

R?=0.9887
YNOAOTIZTIKH KAMNYAH BAOMONOMHZHZ

In(e) = -0.0927In(E)* + 2.3232In(E)? - 21.6897In(E)? + 88.6743In(E) - 136.0881
R? = 0.9956

+ MNEIPAMATIKH ANOAO:H

—MNEIPAMATIKH KAMMNYAH
BAGMONOMHZHZ

A YNOAOTIZTIKH ANOAOZH

AN

—YNOAOTIZTIKH KAMNYAH

SN~

BAOGMONOMHZ:H:

! \

200 400 600 800 1000

ENEPFEIA (keV)

1200 1400 1600 1800 2000

Avdypappa 4.20 Ae&aymynq nebddov HETOPOPAS 0Tdd0oNS Y10 TO KLAOL0 VENC
yveouetpiag, dykov mAnpmong 205 mL kat rokvotntoag 0.5 g/cc.
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ITYKNOTHTA 0.7 g/cc

ENEPTEIA e et
47 0.01664+0.15% 0.01492+0.19% | 0.01503+5.7%
59 0.040160.10% 0.0355740.13%  0.03582+1.8%
88 0.07019+0.09% 0.0613640.11%  0.06052+1.5%
122 0.07741+0.09% 0.06743+0.11%  0.06501+1.5%
165 0.07239+0.10% 0.0635340.13%  0.05928+1.5%
279 0.05293+0.14% 0.0457140.17%  0.04479+1.5%
391 0.040940.17% 0.0355140.19%  0.03574+1.5%
513 0.0332420.15% 0.02898+0.23%  0.02976+1.5%
662 0.02778+0.18% 0.02420+0.28% | 0.02452+1.5%
898 0.02240%0.22% 0.019496+0.01%  0.01932+1.5%

1170 0.01857+0.26% 0.0163040.21%  0.01592+1.5%
1330 0.0170420.28% 0.01483+0.27%  0.01465+1.5%
1836 0.01339+0.35% 0.01167+0.34%  0.01186+1.5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF -
47 1.1154+0.22% 0.0167+5.7%
59 1.1290+0.15% 0.0404+1.8%
88 1.1439+0.12% 0.0692+1.5%
122 1.1480+0.13% 0.0746+1.5%
165 1.1394+0.14% 0.0675+1.5%
279 1.1580+0.19% 0.0518+1.5%
391 1.1530+0.22% 0.0412+1.5%
513 1.1471+0.24% 0.0341+1.5%
662 1.1479+0.29% 0.0281+1.5%
898 1.1491+0.19% 0.0222+1.5%
1170 1.1392+0.29% 0.0181+1.5%
1330 1.1484+0.34% 0.0168+1.5%
1836 1.1469+0.43% 0.0136+1.6%

Mivoxog 4.20 Awéayoyn peboddov petaeopds amddoons yio To Kvdbio véag yempetpiog,
oykov mAnpwong 205 mL ko Tokvomrag 0.7 g/cc.
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ANOAOZH

0,09

0,07

0,06

0,05

0,04

0,02

0,01

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 0.7 g/cc

NEIPAMATIKH KAMMNYAH BAOMONOMHZHz
In(e) = -0.0856In(E)* +2.1495In(E)® - 20.1258In(E)? + 82.5364In(E) - 127.3239

R2=0.9913
YNOAOrIZTIKH KAMNYAH BAOMONOMHZHZ

In(e) =-0.0920In(E)* +2.3052In(E)® - 21.5297In(E)? + 88.0612In(E) - 135.2925
R? =0.9954

+ MEIPAMATIKH ANOAOZH

—MEIPAMATIKH KAMMNYAH
BAGMONOMHzHZ

4 YNOAOTIXTIKH ANOAOXH

—YNOAOTIZTIKH KAMNYAH

BAOMONOMHZH2

200

400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Abypappa 4.21 Awloyoyn pedddov petapopds amddoong yio to kKvdbo vEog
yveouetpiag, dykov mAnpmong 205 mL kat rokvotntoag 0.7 g/cc.
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ITYKNOTHTA 0.9 g/cc

ENEPTEIA e et
47 0.01579+0.23% 0.013894+0.02% | 0.01328+5.7%
59 0.038080.16% 0.03319+0.07%  0.03274+1.8%
88 0.066380.14% 0.0575440.06%  0.05572+1.5%
122 0.0737+0.14% 0.0634440.10%  0.05947+1.5%
165 0.0693+0.16% 0.059460.13% | 0.05419+1.5%
279 0.0506+0.22% 0.04356+0.18%  0.04164+1.5%
391 0.039350.18% 0.0338040.21%  0.0333+1.5%
513 0.0322020.22% 0.02788+0.24%  0.0281+1.5%
662 0.02699+0.28% 0.0233040.20%  0.02412+1.5%
898 0.02182+0.32% 0.018894+0.01%  0.01826+1.5%

1170 0.01822+0.39% 0.0157440.35%  0.01518+1.5%
1330 0.01667+0.29% 0.01440+0.30%  0.01399+1.5%
1836 0.013110.43% 0.01135%0.34%  0.01136+1.5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF -
47 1.1365+0.20% 0.015045.7%
59 1.1474+0.15% 0.0375+1.8%
88 1.1537+0.13% 0.0642+1.5%
122 1.1618+0.15% 0.0690+1.5%
165 1.1650+0.18% 0.0631+1.5%
279 1.1622+0.24% 0.0483+1.5%
391 1.1642+0.24% 0.0387+1.5%
513 1.1552+0.28% 0.0324+1.5%
662 1.1583+0.30% 0.0279+1.5%
898 1.1550+0.28% 0.0210+1.5%
1170 1.1575+0.45% 0.0175+1.6%
1330 1.1579+0.36% 0.0162+1.6%
1836 1.1548+0.48% 0.0131+1.6%

Mivoxog 4.21 Awayoyn peboddov petaeopds amddoons yio To Kvdbio véag yempetpiog,
oykov mAnpwong 205 mL kot Tokvomrag 0.9 g/cc.
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ANOAOZH

0,09

0,08

0,07

0,06

0,05

0,04

0,03

0,02

0,01

MNEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 0.9 g/cc

NEIPAMATIKH KAMNYAH BAOMONOMHZHz
In{€) = -0.0902In(E)* + 2.2541In(E)? - 20.9915In(E)? + 85.6880In(E) - 131.6663

R%=0.9889

YNOAOTIZTIKH KAMNYAH BAOMONOMHZIHZ

In(e) = -0.0926In(E)* +2.3187In(E)° - 21.6281In(E)? + 88.3723In(E) - 135.7087
R? =0.9954

+ TEIPAMATIKH ANOAO2ZH

——TMEIPAMATIKH KAMIYAH
BAOMONOMHZHZ

4 YMOAOTIZTIKH ANOAOZH

I\

—YMOAOTIZTIKH KAMMNYAH

S

BAOMONOMHzHZ

200 400 600 800 1000 1200

ENEPTEIA (keV)

1400 1600 1800 2000

Abypappa 4.22 Awloyoyn pedddov petapopds amddoong yio to kKvdbo vEog
yveouetpiag, dykov mAnpmong 205 mL kat rokvotntoag 0.9 g/cc.
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IMvkvétyre 1 g/cc

ENEPTEIA e et
47 0.015270.23% 0.01345+0.18% | 0.01237+5.7%
59 0.037100.16% 0.0321540.12%  0.0303+1.8%
88 0.06478+0.13% 0.0557440.06%  0.05246+1.5%
122 0.07168+0.14% 0.06165+0.11%  0.05427+1.5%
165 0.0677+0.15% 0.05838+0.12%  0.05001+1.5%
279 0.04972+0.16% 0.04248+0.16%  0.03832+1.5%
391 0.03877+0.19% 0.03323+0.20%  0.03083+1.5%
513 0.0317520.23% 0.02739+0.20%  0.02588+1.5%
662 0.02658+0.19% 0.02284+0.21% | 0.02249+1.5%
898 0.0215520.23% 0.018580+0.01%  0.01702+1.5%

1170 0.01795+0.27% 0.01558+0.27%  0.01415+1.5%
1330 0.016500.30% 0.01433+0.30%  0.01307+1.5%
1836 0.01301+0.37% 0.01120+0.38%  0.01064+1.5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF -
47 1.1357+0.26% 0.014045.7%
59 1.1541+0.17% 0.0349+1.8%
88 1.1622+0.12% 0.0609+1.5%
122 1.1627+0.15% 0.0631+1.5%
165 1.1595+0.17% 0.0579+1.5%
279 1.1704+0.19% 0.0448+1.5%
391 1.1666+0.24% 0.0359+1.5%
513 1.1592+0.26% 0.0300+1.5%
662 1.1634+0.24% 0.0261+1.5%
898 1.1598+0.20% 0.0197+1.5%
1170 1.1522+0.34% 0.0163+1.5%
1330 1.1516+0.37% 0.0150+1.6%
1836 1.1615+0.46% 0.0123+1.6%

Mivoxog 4.22 Awéayoyn peboddov petaeopds amddoons yio To Kvdbio véag yemperpiag,
oykov mApwong 205 mL kot TokvotTog 1 g/cc.
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MNEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL,1g/cc

0,08

NEIPAMATIKH KAMNYAH BAOMONOMHZIHZ

007 A In(g) = -0.0913In(E)* + 2.2772In(E)? - 21.1794In(E)? + 86.3397In(E) - 132.5533
{ \ R? =0.9872
] YNOAOFISTIKH KAMNYAH BAOMONOMHEHX
005 o In(€) =-0.0922In(E)* + 2.3103In(E)? - 21.5600In(E)? + 88.1383In(E) - 135.4531
\\ R? = 0.9950
+ TMEIPAMATIKH BAOMONOMHZHS

0,05
0,04 \‘\ —MEIPAMATIKH KAMNYAH
b \ ANOAOZHZ

A YMOAOTIZTIKH AMTOAOZH
—YMOAOTIZTIKH KAMMYAH

¥
; \ BA©@MONOMH3HE

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

AMNOAOZH

=)
=}
®

0,02

0,01

Abypappa 4.23 Awlayoyn pedddov petapopds amddoomng yio to kKvdblo vEog
yveouetpiag, dykov minpmong 205 mL kat Tokvotntog 1 g/cc.
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IIYKNOTHTA 1.3 g/cc

ENEPTEIA B
47 0.014110.20% 0.01206+0.28% | 0.01024+5.7%
59 0.03341+0.14% 0.02928+0.19%  0.02924+1.8%
88 0.060060.11% 0.05082+0.16%  0.04729+1.5%
122 0.06677+0.12% 0.05645+0.17% 0.0519+1.5%
165 0.06296+0.13% 0.05334+0.18% | 0.05119+1.5%
279 0.046850.18% 0.03956+0.24%  0.03796+1.5%
391 0.03667+0.22% 0.03219+0.29%  0.03052+1.5%
513 0.0301620.19% 0.02571+0.24%  0.02625+1.5%
662 0.02551+0.22% 0.02163+0.28%  0.02384+1.5%
898 0.0207620.26% 0.0177836+0.01%  0.01791+1.5%
1170 0.0175040.31% 0.01492+0.09%  0.01426+1.5%
1330 0.01599+0.34% 0.01371+0.10% 0.0131+1.5%
1836 0.01258+0.43% 0.01092+0.36%  0.01129+1.5%
ENEPTEIA TYNTEA. £,

keV META®OPAX (TF =

47 1.1698+0.30% 0.0119+5.7%

59 1.1411+0.21% 0.0333+1.8%

88 1.1820+0.17% 0.0559+1.5%

122 1.1829+0.17% 0.0613+1.5%

165 1.1804+0.19% 0.0604+1.5%

279 1.1842+0.25% 0.0449+1.5%

391 1.1392+0.32% 0.0347+1.5%

513 1.1731+0.26% 0.0307+1.5%

662 1.1795+0.30% 0.0281+1.5%

898 1.1674+0.23% 0.0209+1.5%

1170 1.1734+0.28% 0.0167+1.5%

1330 1.1666+0.31% 0.0152+1.5%

1836 1.1515+0.49% 0.0130+1.6%

Mivoxog 4.23 Awéayoyn pebodov petaeopds amddoons yio To Kvdbio véag yempetpiog,
oykov mAnpwong 205 mL kot Tokvomrag 1.3 g/cc.
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MEIPAMATIKH - YMOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 1.3 g/cc

0,08000

MEIPAMATIKH KAMMNYAH BAOMONOMHIHZ

0,07000 In{g) = -0.0973In(E)* + 2.4210In(E)? - 22.4652In(E)? + 91.4559In(E) - 140.2163
220.9806

YNOAONIETIKH KAMNYAH BAOMONOMHEHZ

In(g) = -0.0930In(E)* + 2.3257In(E)? - 21.6728In(E)? + 88.5081In(E) - 136.0062

2=0.9962
0,05000 + MEIPAMATIKH ANOAOZH
0,04000 \ —MNEIPAMATIKH
\ KAMMYAHBA®MONOMHEHS

4
0,03000 . A YMOAOTIZTIKH ANOAOZH
002000 \\ —YMOAOTISTIKH KAMMYAH

J \‘\ BAOMONOMHzHz
>

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

0,06000

ANOAOzZH

0,01000

0,00000

Abypappa 4.24 Awloyoyn pedddov petapopds amddoong yio to kKvdbo vEog
yveouetpiag, dykov mAnpmong 205 mL kat rokvotntog 1.3 g/cc.
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ITYKNOTHTA 1. 5 g/cc

ENEPTEIA reros rern,
47 0.01342+0.23% 0.0114520.28% 0.009245.7
59 0.03263+0.16% 0.02742+0.19%  0.02439+1,8%
88 0.0571620.13% 0.04795+0.16%  0.04339+1,5%
122 0.06364+0.10% 0.05332+0.12%  0.047051,5%
165 0.06027+0.12% 0.05127+0.14%  0.04402+1,5%
279 0.04507+0.15% 0.03784+0.18%  0.03423+1,5%
391 0.03544+0.19% 0.02984+0.22% 0.028+1,5%
513 0.02923+0.26% 0.02484+0.26%  0.02371%1,5%
662 0.02469+0.21% 0.02093+0.31%  0.02078+1,5%
898 0.02033+0.26% 0.017249+0.01%  0.01581+1,5%

1170 0.01691+0.31% 0.01459+0.32%  0.01318+1,5%
1330 0.01572+0.33% 0.01332+0.34%  0.0122+1,5%
1836 0.01235+0.42% 0.01066+0.43%  0.01008+1,5%
ENEPTEIA TYNTEA. £,

keV META®OPAX (TF e

47 1.1727+0.31% 0.0108+5,7%

59 1.1898+0.21% 0.0290+1,8%

88 1.1919+0.18% 0.0517+1,5%

122 1.1934+0.13% 0.0561+1,5%

165 1.1756+0.15% 0.0517+1,5%

279 1.1911+0.20% 0.0407+1,5%

391 1.1875+0.25% 0.0332+1,5%

513 1.1769+0.31% 0.0279+1,5%

662 1.1799+0.32% 0.0245+1,5%

898 1.1786+0.22% 0.0186+1,5%

1170 1.1590+0.38% 0.0152+1,6%

1330 1.1802+0.40% 0.0144+1,6%

1836 1.1587+0.51% 0.0116+1,6%

Mivoxog 4.24 Awéayoyn pebodov petaeopdg amddoons yio To Kvdbio véag yempetpiog,
oykov mAnpwong 205 mL kot Tokvomrag 1.5 g/cc.
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MNEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 1.5 g/cc

0,07

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ

In(e) =-0.0967In(E)* +2.4089In(E)* - 22.3643In(E)? + 91.0940In(E) - 139.8594
R?=0.9851

YNOAOTIZTIKH KAMNYAH BAOMONOMHZHZ
In(e) =-0.0935In(E)* + 2.3371In(E)® - 21.7563In(E)* + 88.7662In(E) - 136.3305

R2=0.9947

+ MEIPAMATIKH ANOAOZH
—MEIPAMATIKH KAMMYAH

4 BAOMONOMHEHE
3 \\ A YNOAOTIETIKH AMOAOSH
0.02 —YNOAOTIZTIKH KAMNYAH

| \ BAOMONOMHSHS

[
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Abypappa 4.25 Awlayoyn pedddov petapopds amddoong yio to kKvdblo vEog
yveouetpiag, dykov mAnpmong 205 mL kat rokvotntog 1.5 g/cc.
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ITYKNOTHTA 1.7 g/cc

ENEPTEIA reros rern,
47 0.01267+0.20% 0.01068+0.19%  0.0069+5.7%
59 0.03089+0.14% 0.02596+0.13%  0.02035+1,8%
88 0.05450+0.12% 0.04535+0.11%  0.03986+1,5%
122 0.06075+0.12% 0.05047+0.11%  0.04384%1,5%
165 0.0577620.13% 0.048730.12%  0.04153%1,5%
279 0.04343+0.18% 0.03624+0.16%  0.03167+1,5%
391 0.03411+0.19% 0.02868+0.20%  0.02639+1,5%
513 0.02855+0.22% 0.02382+0.17%  0.02238+1,5%
662 0.0240420.21% 0.02031+0.20%  0.01964%1,5%
898 0.01979+0.26% 0.016770+0.01%  0.01495+1,5%

1170 0.0166620.31% 0.01413+0.29%  0.01256+1,5%
1330 0.01536+0.33% 0.01301+0.31%  0.01165%+1,5%
1836 0.01214+0.42% 0.01049+0.38%  0.00957+1,5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF e
47 1.1867+0.23% 0.0081+5,7%
59 1.1899+0.16% 0.0242+1,8%
88 1.2017+0.13% 0.0479+1,5%
122 1.2036+0.14% 0.0527+1,5%
165 1.1854+0.15% 0.0492+1,5%
279 1.1982+0.20% 0.0379+1,5%
391 1.1892+0.23% 0.0313+1,5%
513 1.1986+0.23% 0.0268+1,5%
662 1.1838+0.25% 0.0232+1,5%
898 1.1798+0.22% 0.0176+1,5%
1170 1.1794+0.36% 0.0148+1,6%
1330 1.1804+0.39% 0.0137+1,6%
1836 1.1575+0.49% 0.0110+1,6%

Mivoxog 4.25 Awéayoyn peboddov petaeopdg amddoons yio To Kvdbio véag yemperpiog,
oykov mAnpwong 205 mL ko TokvomTag 1.7 g/cc.
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MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 1.7 g/cc

0,07

NEIPAMATIKH KAMNYAH BAOMONOMHZIHZ

A In(g) =-0.1122In(E)* + 2.7823In(E)? - 25.7145In(E)2 + 104.3350In(E) - 159.3654
0,06 R*=0.9946
y \ YNOAOrNIZTIKH KAMNYAH BAOMONOMHZHZ
A In(g) = -0.0941In(E)* + 2.3501In(E) - 21.8645In(E)? + 89.1689In(E) - 136.9526

Y. R? = 0.9852
f \\ ‘ + MEIPAMATIKH ANOAOH
—MEIPAMATIKH KAMMYAH
BAOMONOMHEH
! \‘3\\ A YNOAOTIETIKH ANOAOZH
002 —YNOAOTIZTIKH KAMMYAH
J \ BAOMONOMHEHS
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Abypappa 4.26 Awloyoyn pedddov petapopds amddoomng yio to kKvdbo vEog
yveouetpiag, dykov mAnpmong 205 mL kat rokvotntog 1.7 g/cc.
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ENEPI'EIA

IIYKNOTHTA 2 g/cc

£refmra).

sref,mp

59 0.02787+0.21% 0.02383+0.11%  0.02149+1.8%
88 0.0507520.18% 0.04179+0.08%  0.03903+1.5%
122 0.05682+0.19% 0.04681+0.13%  0.04421+1.5%
165 0.05438+0.21% 0.04465+0.18% | 0.04161+1.5%
279 0.04092+0.28% 0.03396+0.22%  0.03157+1.5%
391 0.0326020.23% 0.02712+0.26%  0.02714+1.5%
513 0.0271620.29% 0.02258+0.27%  0.02306+1.5%
662 0.02305+0.34% 0.01931+0.26%  0.02044+1.5%
898 0.019240.39% 0.016166+0.01%  0.01549+1.5%
1170 0.01618+0.32% 0.01367+0.44%  0.01308+1.5%
1330 0.01489+0.41% 0.01259+0.37%  0.01207+1.5%
1836 0.01190+0.56% 0.010090.42% 0.01+1.5%
ENEPTEIA TYNTEA. £,

keV META®OPAX (TF -

47

59 1.1697+0.20% 0.0251+1.8%

88 1.2143+0.16% 0.0473+1.5%

122 1.2138+0.19% 0.0536+1.5%

165 1.2179+0.23% 0.0506+1.5%

279 1.2049+0.30% 0.0380+1.5%

391 1.2021+0.29% 0.0326+1.5%

513 1.2029+0.33% 0.02771.6%

662 1.1935+0.36% 0.0243+1.6%

898 1.1902+0.33% 0.0184+1.5%

1170 1.1838+0.46% 0.0154+1.6%

1330 1.1826+0.47% 0.0142+1.6%

1836 1.1798+0.59% 0.0118+1.7%

Mivoxog 4.26 Awcéayoyn peboddov petaeopds amddoons Yo To Kvdbio véag yempetpiog,
oykov mApwong 205 mL kot TokvotTog 2 g/cc.

136



0,07

0,06

0,05

o
o
B

o
=
@©

ANOAOzH

0,02

0,01

MNEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
205 mL, 2 g/cc

NEIPAMATIKH KAMNYAH BAOMONOMHzHZ
In(e) =-0.0607In(E)* + 1.5528In(E)® - 14.8299In(E)? + 62.0662In(E) - 98.6540

R*=0.9949
YNOAOTIZTIKH KAMNYAH BAOMONOMHZHZ
In(e) = -0.0684In(E)* + 1.7378In(E)® - 16.4600In(E)’ + 68.2608In(E) - 107.1399

2 =
R*=0.9997 + TEIPAMATIKH ANOAO2ZH

——TMEIPAMATIKH KAMIYAH
BAOMONOMHZHZ

\ﬂ\ 4 YMOAOTIZTIKH ANOAOZH
>

—YMNOAOTIZTIKH KAMNYAH
\\ BAOMONOMHZHZ

200 400

600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Abypappa 4.27 Awloyoyn pedddov petapopds amddoong yio to kKvdblo vEog
yveouetpiag, dykov minpmong 205 mL kat Tokvotntog 3 g/cc.
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Néao yeopetpio kvabiov pe 6yko tifpoong 100 mL

[MopatiBevrar 6deg ot peTpnoelg, vroroylopol

KOl Ol OVTIGTOYES YPAPLKES

TOPACTAGELS TOV APOPOVV TN HETAPOPE ATOO0CNS G€ TNYEG OYKOL TANPWOCNG

100 mL tng véag yeopetpiag kvabiov.

ENEPI'EIA

122

165

279

391

513

662

898

1170

1330

1836

IIYKNOTHTA 0.7 g/cc

0.02134+0.16%

0.05300+0.11%

0.09517+0.15%

0.10574+0.09%

0.09873+0.10%

0.07150+0.14%

0.05494+0.17%

0.04471+0.21%

0.03700+0.25%

0.02961+0.30%

0.02465+0.37%

0.02243+0.26%

0.01782+0.11%

sref vmol

0.02313+0.24%
0.05685+0.16%
0.10122+0.14%
0.11215+0.11%
0.10122+0.14%
0.07491+0.14%
0.05770+0.20%
0.04657+0.15%
0.03868+0.25%
0.03106+0.32%
0.02563+0.33%
0.02332+0.36%

0.01822+0.11%

sref,mp

0.02379+5.7%

0.05775+1.8%

0.09893+1.5%

0.10667+1.5%

0.09581+1.5%

0.07194+1.5%

0.05656+1.5%

0.04646+1.5%

0.03849+1.5%

0.02903+1.5%

0.02381+1.5%

0.02182+1.5%

0.01747+1.5%
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ENEPT'EIA
keV

47

59

88

122

165

279

391

513

662

898

1170

1330

1836

XYNTEA.

META®OPAX (TF

0.9227+0.32%

0.9324+0.21%

0.9402+0.21%

0.9428+0.15%

0.9753+0.18%

0.9545+0.21%

0.9522+0.28%

0.9600+0.26%

0.9565+0.37%

0.9533+0.46%

0.9616+0.51%

0.9621+0.46%

0.9781+0.16%

ey
0.0219+5.7%
0.0538+1.8%
0.0930+1.5%
0.1005+1.5%
0.0934+1.5%
0.0686+1.5%
0.0538+1.5%
0.0446+1.5%
0.0368+1.5%
0.0276+1.6%
0.0229+1.6%
0.0209+1.6%

0.0170+1.5%

Hivaxag 4.27 Awloyoyn pedodov petapopdg amddoong yio 1o kKvdbio véag yewueTpiog,
oykov TAfpoong 100 mL kot rukvomtog 0.7 g/cc.

MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
100 mL, 0.7 g/cc

0,12

0,1

NEIPAMATIKH KAMNYAH BAOMONOMHZHE
In(g) = -0.0809In(E)* + 2.0548In(E)? - 19.4373In(E)? + 80.4310In(E) - 124.7677
RZ=0.9914

YNOAOTIZTIKH KAMNYAH BAOMONOMHZHZ
In(g) =-0.0912In(E)* +2.3007In(E)° - 21.6049In(E)? + 88.7898In(E) - 136.6341
R% =0.9950

4(\
\

0,06

ANOAOZH

N

0,04

0,02

400 600

1200 1400 1600

ENEPTEIA (keV)

+ MNEIPAMATIKH ANOAO:H

—NEIPAMATIKH KAMMYAH
BAOMONOMHZHZ

A YNOAOTIXTIKH ANOAOZH

—YNOAOTIZTIKH KAMNYAH
BAOMONOMHZHZ

Adypappa 4.28 Awloywyn pebodov peTopopdc omddoong Yo To Kuabio véag yempeTpiag,
dykov mApoong 100 mL kou Tokvomrag 0.7 g/cc.
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IIYKNOTHTA 1 g/cc

ENEPTEIA reros rern,
47 0.02046+0.15% 0.0218620.16%  0.01841+1.5%
59 0.05047+0.10% 0.05395+0.11%  0.05035+1.5%
88 0.09050+0.08% 0.09618+0.09%  0.08701%+1.5%
122 0.10078+0.08% 0.10665+0.09%  0.09373%1.5%
165 0.09450:+0.09% 0.09972+0.10%  0.08484+1.5%
279 0.06873+0.13% 0.07216+0.11%  0.06372+1.5%
391 0.05315+0.16% 0.05560+0.13%  0.05078+1.5%
513 0.04322+0.19% 0.04519+0.16%  0.04193+1.5%
662 0.03599+0.23% 0.03763+0.19%  0.03619+1.5%
898 0.02900+0.28% 0.03030+0.23%  0.02645+1.5%

1170 0.02421+0.27% 0.02516+0.54%  0.02164+1.5%
1330 0.02202+0.29% 0.02277+0.59%  0.01986+1.5%
1836 0.017187+0.01% 0.01794+0.76%  0.01604%1.5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF e
47 0.9358+0.23% 0.017245.7%
59 0.9356+0.16% 0.0471+1.8%
88 0.9409+0.13% 0.0818+1.5%
122 0.9450+0.13% 0.0885+1.5%
165 0.9476+0.15% 0.0803+1.5%
279 0.9524+0.17% 0.0606:+1.5%
391 0.9561+0.22% 0.0485+1.5%
513 0.9564+0.26% 0.0401+1.5%
662 0.9565+0.31% 0.0346+1.5%
898 0.9571+0.38% 0.0253+1.5%
1170 0.9623+0.63% 0.0208+1.6%
1330 0.9672+0.68% 0.0192+1.6%
1836 0.9581+0.79% 0.0153+1.7%

Mivoxog 4.28 Awcéaywyn peboddov petaeopdg amddoons yio To Kvdbio véag yemperpiag,
dykov mpoong 100 mL kot Tokvottag 1 g/cc.
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MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
100 mL, 1 g/cc

NEIPAMATIKH KAMNYAH BAGMONOMHSHZ
In(g) = -0.0979In(E)* + 2.4402In(E)? - 22.6836In(E)? + 92.4486In(E) - 141.4084
R?=0.9861

f\

YMOAOTIETIKH KAMMYAH BAOMONOMHEHZ
In(g) = -0.0957In(E)* + 2.3955In(E)? - 22.3409In(E)? + 91.2797In(E) - 139.7815
R?=0.9957

\

+ MEIPAMATIKH ANOAOZH

—MEIPAMATIKH KAMMNYAH

BN

BAGMONOMHzHZ
4 YNOAOTIXTIKH ANOAOXH

—YNOAOTIZTIKH KAMNYAH
BAGMONOMHZHZ

200

400 600 800 1000 1200

ENEPFEIA (keV)

1400 1600 1800 2000

Abypappa 4.29 Awloyoyn pedddov petapopdsc amddoomg yio to kKvdbo vEog
yveouetpiag, dykov minpmong 100 mL kat mokvotntog 1 g/cc.
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IIYKNOTHTA 1.3 g/cc

ENEPTEIA reros rern,
47 0.01948+0.20% 0.0207620.20%  0.01667+5.7%
59 0.04811+0.13% 0.05125+0.14%  0.04781+1.8%
88 0.08619+0.11% 0.09138+0.11%  0.08216+1.5%
122 0.09607+0.11% 0.10168+0.12%  0.08853+1.5%
165 0.09050+0.08% 0.09518+0.13%  0.08194+1.5%
279 0.06648+0.19% 0.06949+0.18%  0.06008+1.5%
391 0.051440.23% 0.05382+0.22%  0.04933+1.5%
513 0.0420620.61% 0.04381+0.26%  0.04080+1.5%
662 0.034970.34% 0.03666+0.25%  0.03596+1.5%
898 0.028400.28% 0.02953+0.32%  0.02574+1.5%

1170 0.02372+0.34% 0.02464+0.38% | 0.02114+1.5%
1330 0.02159+0.28% 0.02242+0.09%  0.01942+1.5%
1836 0.01694+0.35% 0.01761+0.12%  0.01571%1.5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF e
47 0.9385+0.30% 0.01565.7%
59 0.9387+0.20% 0.0448+1.8%
88 0.9432+0.17% 0.0774+1.5%
122 0.9448+0.17% 0.0836+1.5%
165 0.9509+0.16% 0.0779+1.5%
279 0.9566+0.27% 0.0574+1.5%
391 0.9558+0.33% 0.0471+1.5%
513 0.9600+0.69% 0.0391+1.6%
662 0.9540+0.44% 0.0343+1.6%
898 0.9620+0.44% 0.0247+1.6%
1170 0.9626+0.53% 0.0203+1.6%
1330 0.9628+0.30% 0.0187+1.5%
1836 0.9622+0.38% 0.0151+1.5%

Mivoxog 4.29 Awéayoyn peboddov petaeopds amddoons yio To Kvdbio véag yempetpiog,
dykov mApoong 100 mL ko Tokvomrag 1.3 g/cc.
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MNEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
100 mL, 1.3 g/cc

NEIPAMATIKH KAMNYAH BAOMONOMHZHZ
In(g) =-0.1015In(E)* + 2.5238In(E)* - 23.4005In(E)? + 95.1657In(E) - 145.3039
R? =0.9826
ot /‘\\ YNOAOFIZTIKH KAMOYAH BAOMONOMHZHZ
1)

0,12

In(g) =-0.0949In(E)* + 2.3759In(E)* - 22.1670In(E)? + 90.6115In(E) - 138.8988
R? =0.9954

008 Y9 + MEIPAMATIKH ANOAOZH
—TMEIPAMATIKH KAMMYAH
’ BAOMONOMHSHS
A YNOAOTFIZTIKH ANOAOSH
0,04

—YMOAOTIZTIKH KAMMNYAH

ANOAOzH

P

BAOMONOMHIHZ
0,02 ¥
*
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
ENEPTEIA (keV)

Avdypappa 4.30 Ae&aymyn pedddov peTa@opds amddoong yio To Kuabo véag
yveouetpiag, dykov mAnpmong 100 mL kot rokvotntog 1.3 g/cc.
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IIYKNOTHTA 1.7 g/cc

ENEPTEIA reros rern,
47 0.01826+0.31% 0.01949+0.24%  0.01273+5.7
59 0.04517+0.21% 0.04794+0.16%  0.04089+1.8
88 0.08101+0.17% 0.08542+0.14%  0.07569+1.5%
122 0.09029+0.18% 0.09542+0.15%  0.08317+1.5%
165 0.08539+0.14% 0.08977+0.16%  0.07697+1.5%
279 0.063100.19% 0.06584+0.20%  0.05501+1.5%
391 0.0494520.23% 0.05137+0.25%  0.04692+1.5%
513 0.040530.28% 0.04225+0.16%  0.03891+1.5%
662 0.03398+0.28% 0.03530+0.19%  0.03368+1.5%
898 0.02749+0.23% 0.02858+0.24%  0.02474+1.5%

1170 0.0229620.28% 0.02388+0.28%  0.02037+1.5%
1330 0.021130.30% 0.02179+0.31%  0.01872+1.5%
1836 0.01655+0.38% 0.01730+0.39%  0.01518+1.5%
ENEPTEIA TYNTEA. £,
keV META®OPAX (TF e
47 0.9366+0.41% 0.0119+5.7%
59 0.9424+0.28% 0.0385+1.8%
88 0.9483+0.23% 0.0717+1.5%
122 0.9462+0.24% 0.0787+1.5%
165 0.9513+0.23% 0.0732+1.5%
279 0.9584:+0.29% 0.0527+1.5%
391 0.9625+0.35% 0.0451+1.5%
513 0.9594+0.34% 0.0373+1.5%
662 0.9627+0.35% 0.0324+1.5%
898 0.9617+0.35% 0.0237+1.5%
1170 0.9615+0.41% 0.0195+1.6%
1330 0.9699+0.45% 0.0181+1.6%
1836 0.9567+0.57% 0.0145+1.6%

Mivoxog 4.30 Ate&aywyn pefoddov petapopdg anddoong yio To Kuadio véag YeopeTpiog,

dykov mApoong 100 mL kou Tokvomrag 1.7 g/cc.
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MEIPAMATIKH - YMNOAOTNIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
100 mL, 1.7 g/cc

A In(e) =-0.1184In(E)* + 2.9290In(E)® - 26.9998In(E)? + 109.2259In(E) - 165.7513

NEIPAMATIKH KAMMYAH BAOMONOMHZHZ

)\ R?=0.9799
I\ YNOAOTIZTIKH KAMMNYAH BAOMONOMHIHE

In(e) =-0.0948In(E)* + 2.3726In(E)® - 22.1198In(E)? + 90.3760In(E) - 138.5765
M R%=0.9950

\\ ¢ TEIPAMATIKH ANOAOZH

\\ ——TMEIPAMATIKH KAMIMYAH

-

\&\‘ BA@MONOMHIHZ
4 YMOAOFISTIKH AMOAOSH

\\\ —YMNOAOTIZTIKH KAMMNYAH
+ BAOMONOMHzHZ

200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Abypappa 4.31 Awloyoyn pebddov petapopds omddoong yio to Kvdbio véag yewpeTpiag,
oykov TAfpoong 100 mL kot Tokvomtog 1.7 g/cc.

145



ENEPI'EIA

IIYKNOTHTA 2.0 g/cc

59 0.04311+0.12% 0.04551+0.19%  0.04266+1.8
88 0.07726+0.12% 0.08147+0.13%  0.07371%1.5%
122 0.08646+0.12% 0.09112+0.13%  0.08266+1.5%
165 0.08235:+0.14% 0.07978+0.13%  0.07635x1.5%
279 0.06103+0.22% 0.06375£0.17%  0.05438x1.5%
391 0.04794+0.27% 0.04970+0.14%  0.04672+1.5%
513 0.03923+0.21% 0.04088+0.24%  0.03915+1.5%
662 0.0329620.25% 0.03423+0.29%  0.03393%1.5%
898 0.02693+0.30% 0.02787+0.31%  0.02486%1.5%
1170 0.02255+0.36% 0.02347+0.39%  0.02049+1.5%
1330 0.02072+0.28% 0.02143+0.10%  0.01873+1.5%
1836 0.0163520.37% 0.01699+0.12%  0.01539+1.5%
ENEPTEIA LYNTEA. e,

keV META®OPAX (TF -

47

59 0.9473+0.24% 0.0404+1.8%

88 0.9484+0.19% 0.0699+1.5%

122 0.9489+0.19% 0.0784+1.5%

165 1.0322+0.18% 0.0788+1.5%

279 0.9574+0.29% 0.0520+1.5%

391 0.9647+0.32% 0.0450+1.5%

513 0.9597+0.34% 0.0375+1.5%

662 0.9628+0.40% 0.0326+1.6%

898 0.9663+0.45% 0.0240+1.6%

1170 0.9608+0.55% 0.0196+1.5%

1330 0.9669+0.31% 0.0181+1.6%

1836 0.9624+0.41% 0.0148+1.6%

Mivoxog 4.31 Awéayoyn peboddov petaeopdg amddoons Yo To Kvdbio véag yemperpiag,
dykov mApoong 100 mL kot Tokvotntag 2 g/cc.
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MEIPAMATIKH - YMNOAOTNIZTIKH BAOMONOMHZH
NEAZTEQMETPIAZ
100 mL, 2 g/cc

MNEIPAMATIKH KAMOYAH BAOMONOMHZHZ
In(e) = -0.0536In(E)* + 1.3864In(E)? - 13.3980In(E)? + 56.5945In(E) - 90.3857

0,1

0,09

R? = 0.9946
0,08 r\ YNOAOrII:TIKH KAMNYAH BAOMONOMHZIHZ
( In(e) = -0.0650In(E)* + 1.6601In(E)? - 15.8238In(E)2 + 65.9722In(E) - 103.6421

0,07 \ R% =0.9999

¢ TEIPAMATIKH ANOAOZH
0,06

0,05 X\\& —TMEIPAMATIKH KAMMYAH

BAOMONOMHZHZ

0,00 \\ 4 YMOAOFISTIKH AMOAOH
0,03

\\ —YNOAOTIETIKH KAMMYAH
000 BAOMONOMHEHS

'\%

ANOAOzH

0,01

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Avbypappa 4.32 Awloyoyn pedodov peta@opds omddoong yio to Kvdbio véag yewpeTpiag,
oykov TAfpoong 100 mL kot Tukvottog 2 g/cc.
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ITYKNOTHTA 3 g/cc

ENEPTEIA Erefuns retn,
47 0.00069+2.2% 0.00072+2.1% 0.00059+5.7
59
122 0.00936+0.44% 0.00959+0.46%  0.0164+1.5%
165 0.018250.34% 0.01850+0.36%  0.02961+1.5%
279 0.03419+0.31% 0.03450+0.28% = 0.03447+1.5%
391 0.03563+0.31% 0.03651+0.27%  0.03414+1.5%
513 0.03305+0.32% 0.03413+0.28%  0.03072+1.5%
662 0.02947+0.30% 0.030460.13%  0.02327+1.5%
898 0.025230.33% 0.02583+0.14%  0.01952+1.5%

1170 0.02131+0.29% 0.02211+0.16%  0.01815+1.5%
1330 0.01965+0.32% 0.02036£0.17%  0.01515+1.5%
1836 0.01569+0.37% 0.01621£0.21%  0.00059+1.5%
ENEPT'EIA LYNTEA. £, ‘
keV META®OPAX (TF o
47 0.9512+3.2% 0.0006+6.5%
59
122 0.9755+0.65% 0.0078+1.6%
165 0.9867+0.50% 0.0162+1.6%
279 0.9910+0.42% 0.0293+1.6%
391 0.9759+0.42% 0.0336+1.6%
513 0.9683+0.44% 0.0331+1.6%
662 0.9675+0.33% 0.0297+1.5%
898 0.9768+0.37% 0.0227+1.5%
1170 0.9641+0.34% 0.0188+1.5%
1330 0.9651+0.37% 0.0175+1.5%
1836 0.9679+0.44% 0.0147+1.6%

Mivaxag 4.32 Aeayoyn pebodov petagopdg omddoong yio 1o kKvdbio véag yewpetpiog,
oykov mAnpwong 100 mL kot Tokvotrog 3 g/cc.
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MEIPAMATIKH - YNOAOTIZTIKH BAOMONOMHZ:H
NEAZTEQMETPIAZ
100 mL, 3 g/cc

0.04

NEIPAMATIKH KAMMYAH BAOMONOMHSHS

In(e)= -0.0867In(E)* + 2.1675In(E)3 - 20.214In(E)? + 82.624In(E) - 127.35
R2=0.9994

YNOAOTIZTIKH KAMMNYAH BAOMONOMHEHS

8In(E)? + 84.924In(E) - 130.86

0.035 /A

0.03

¢ TEIPAMATIKH AMTOAO2H

0.025
002 // \ N —MEIPAMATIKH KAMIYAH
ﬂ \ BAOMONOMH2HX
4 YNOAOTIZTIKH ANOAOzH
0.015 ~9
/ —VYMOAOFIZTIKH KAMMYAH

ANOAOzH

>

0.01
BAOMONOMHIH2

0.005 /
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Abypappa 4.33 Awloyoyn pebodov petapopds omddoong yio To kKudbio véag yewpeTpiag,
oykov TAfpoong 100 mL kot Tukvotntog 3 g/cc.
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4.2.6 EIIIKYPQXH BAOMONOMHXHX NEAX
I'EQMETPIAYX KYAQOIOY

H mopdypapog ovt] amockomel oTnNv eMKOPOCN TOV  TELPOAUOTIKOV
Kopumdrlov Babpovounong véag yeopetpiag kvabiov, mov mpocsdlopicTnKav
oTNV TPONYoOUEVN TTapdypapo pécm tng pnedoddov petapopdg amddoons. IMa
T0 6KOmO avtd, avarlvOnke deiypa to omoio eixe AdPer to TEPII xatd
dte&aywyn depyaostnplakng doknong dtacvykpiong to 2017, ota mhaictia Tov

npoypbupatog Procorad.

To Procorad diopyavdvel eTnoleg aokNoelg padloToélk®V d106VYKPIoE®Y UE
oKomd TNV aEloAdYNGT TNG TOLOTNTAG LETPNCEMV TOV EpyacTNpioV, KaBdg Kat
Vv avadelén Pértiotov pebodoroyidv. Xpnoiponotovvtal deiypata to. omoia
eumeptéyovv 1o TAEOV OladEd0UEVA PAOIOVOVKALOD KOTA TNV €PYACLOKN

éxOeon.

Y10 mhaiclo TG &v AOY® dlepyacTnplakng acknong eaednoav deiypata
ovpov. T Vv emkdpwon g pebBddov  petagopdc  amddooNg
xpNolpomomOnke to £va ek TOV detypdtov, Katayowpnuévo oc Procorad 2017-

C. AxolovOnOnke n e&ng Sradikacio:

e Jlocotnta ToV £mMAEYUEVOL SElYLOTOG OVPOV, TVKVOTNTAG 1%, gy
oto kvabio véag yeopetpiag, €101 OGTE 0 OYKOC TANPOONG TOV
kvabiov va avtiotoryel oe 205 mL.

e To odelypa perpnOnke otov vmd perétn aviyvevtn vrepkabapov
yeppaviov, oyetikng anddoong 70% tov TEPIIL.

e Amd v 1oyvovca evepyslokn Pabupovouncmn, Ommg avtny  £xel
kotayopnbel oto Aoylopikd emefepyaciac ¢dopatogc GENIE2000
TPOGOLopicTNKAV TO PAOLOVOVKALIdLA TOV EUTEPLEYOVTAL GTO Oelypal.

o  XPNOUOTOLOVTAG TNV TEIPALATIKY] KOAUTUAN PBabuovounong yio tn véa
veouetpio kvabiov, oykov mAnpwong 205 mL kot woxvotntag 1%
(Atdypappo 4.22), vmoroyictTnkov ot am0dOCELS QOTOKOPLONG TNG
AVIYVELTIKNG O1ATaENG Yo OAEG TIG EVEPYELEG TOV POOLOVOVLKALOI®V TTOV

avViVEDTNKOV GTO OELY L.
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e  XpNoWOTol®VTAS TIC AT0dOCEIS PMTOKOPLPNG TOL TPOSIHOPIGTNKAV
pEC® NG KOUTVANG Babuovounong yia kabe evépyela padloicoTOTOV
Tov  Oelypotog, VTOAOYIGTNKE M €vEPYOTNTA TOV  EKAOCTOTE
pad10iGOTOTOV.

o Ot Tuég evepydTNTOG MOV TPOCOHIOPIoTNKAYV CUYKPIONKAV e TIG TIUEG
avoQopag evepydmntag mov d0Onkav oamd TOVG JOPYAVOTES TNG
doxnongc.

o tov mpoodopiopd g evepyodotntag (A) Tov €KACTOTE POOLOTGOTOTOV
ypnoipomomOnke n oxéon (2.7). H xabapn emopdveia kdbe potoxkopveng (N),
0 xpovog pétpnong (t) kabmg Kol 10 TOG0GTO EKMOUTNG OKTIVAOV-Y TNG VIO
HEAETNG EVEPYELAG POTOKOPLONG ava dtdomacn mupnva (yield), avagpépovrat
oTNV avaivcn g pétpnong, n onoia mapatifetor oto Iapdaptnua 4. Xe kabe
EVEPYELDL QOTOKOPLONG avTioTolyileTal N mepApATIK) onddoon (&), OMmG
VTN TPOcolopioTNKE amd TNV KAUTOAN Padpovounong mov mpoékvye UE ™
pnébodo petapopdg amddoonc. Xe mepimt®on MOV KATOLO PadloicdHTOTO
EKTEUTEL POTOVIQ-Y JLOPOPETIKAOV EVEPYELDV, 1 EVEPYOTNTA TOV VTTOAOYILETAL
o¢ M otaBuiopévn péon TIU NG EVEPYOTNTOG OV VTOAOYIGTNKE Yyl TNV

EKAGTOTE POTOKOPLPN TOV.

Ytov Ilivaxka 4.33 mapoatiBevior 1 evepydtnto KdBe padloicotdmov OTW®G
vmoAoyiotnke pe Paon ™ Pabpovoéuncn amddoong véog yewpetpiog mov
TPAYLATOTONONKE GTNV TPONYOLUEV TOPAYPOPO, KOOMS Kol o1 avTioToryeg
apepardonteg. ' tov mpocsdlopiopd NG evepydTNTOG POdLOIcOTONTOV 7OV
EKTEUTOVY QOTOVIO-Y G€ TEPLOGOTEPEG amd piot EVEPYELES, YPMOLULOTOONKE N
otofpopévn HESN TIUN TOV TILOV €VEPYOTNTOG TOL VLTOAOYIGTNKAV , EVA

MoKV vTOYN o1 akdAovBec TNYEC afefatdotnTag:

o APBeBardtnteg tTOMOL A: apopd otnv kabapn emMPAvEIN POTOKOPVPNG
Kot Aapfdavetal and 10 AoyIopKO TG AVAAVGTC.
o APBefardtnteg tOmov B: apopd otnv afefardtnta g amddoong

QPOTOKOPVONG Kal 6Tn pétpnon g pnalog tov deiyplatog.
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Cs-134 10.60 + 0.84 10.50 = 0.18

Cs-137 10.60 £ 0.41 10.30 £ 0.26
Co-60 11.60 £ 0.42 11.40 £0.19
K-40 58.3+3.0 58.30 £5.05

Mivaxag 4.33 Evepydtnrta mov vroloyiotnke ota TAaiola Tng Epyaciog Kot vepydtnTa
avaPOPAS TV Padloicotdn®v Tov deiypotog Procorad 2017-C.

Me okomd 11 oVykpion kot v aloAdynon TovV TIUOV €vePYOTNTAC,
ypnolpwomomOnkav ovo kputhipla, Ta omoio avaivoviar akolovbwg. Ta
anoteAéopata tapatifevtatl otov [livaxka 4.34.

(o) H oyetikn awokien (relative bias, B,..):
H oyetukn amdxAiion vmoloyiotnke yia kabe evepyotnta padloicotdéTov and
™ oyéon:

Aj—Aref
Are f

-100% (4.10)

omov

Brei: M OxeTIKN  amOKAIOM NG €KAGTOTE  TIUNG EVEPYOTNTAS TOV

TPOGOLOPIGTNKE AT TNV TIUN AVAQOPES TNG ACKN OGNS O1AGVYKPLONG.

Aj: m Tty gvepydtnrag yia kébe padioicodtono, 6mwg vroroyictnke pe Baon

™ Babuovéuncmn anddocng yio ™ véa yeopUeTpial.
Aper: M TWUH 0vaQopdg NG evepydtNTOG KAOE padioicotomov 6to deiyna. (73)
(B) ZratioTikég £heyyog pe U-test:

To U-test ypnoiwomoOnke pe oKomd TN GUYKPLON TOV EVEPYOTNTMOV OV
vroAoyioTnKav ota TAaiclo TG epyaciag, e TIC EVEPYOTNTEG AVAPOPAS, DOTE
va e&aybel ocoumépacpa oXETIKA HLe TO €4V Ol TIUEG UmopovV va BewpnBodv
otatioTikd ioeg. [Ipdkettar yio éva dimAevpo 6TATIOTIKO TEGT OV otnpileTal
ommv T ¢ petaPinmc U. H twyunq avt)y vrohoyiletar ocOpeova pe

oyéon:
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U= —2L (4.11)
J(6)) +(80e1)

omov

Aj: m Tt gvepydtnrag yia kabe padioicotono, 6mwg vroloyictnke pe Baon

™ Babpovéunon anddoong yio ™ véa yeopueTpia.

6(4;): m oamélvtn afePfardoTnTa TNG EKAGTOTE TIUNG EVEPYOTNTAG TOV

npocdlopiotnKe 6t TAaicla TG epyaciag, o€ eminedo eumotocvvng lo.
Arer: M T 0VaQOPAG TNG EVEPYOTNTAG KAOE pad10IGOTOTOV GTO deiypa.

6(Arer ): m amolvtn afefordTnTa g €KAGTOTE TIUNG EVEPYOTNTAG AVOPOPAG,

o¢ eninedo gumicoToovvng lo.
Axéun, opiletar n undevikn kat n evairlaktiky vrobeon Hy ko Hy :
HO: A] = Aref

H1: A] * Aref

Yopeova pe to U-test:

* yio |UI<1.96 ot o000 Tpéc O& JAQEPOVV GTATIGTIKO ONUOVIIKA Gpa
Beswpovvtat ioeg, pe Pabud epmotoovvng 95%. Emopéveg toyxder n undevikn

vobeon.
e av 1.96<|U|<2.58 dgv elvar duvatn 1 eEaywyn ac@oA0VS GUUTEPEGLOTOG.
e av 2.58<|U ot 6V0 Tipég d109EpovV 6TaATIoTIKA onpovtikd. (73, 74)

XXETIKH

IZ0TOIO AHOKAISH TIMH U
Cs-134 -0.9% 01
Cs-137 -2.7% 0.7
Co-60 -1.7% 05

K-40 0% 0

Mivaxag 4.34 Zoykpion THOV EvEPYOTNTAG TOL VIOAOYIGTNKE GTO TAGIGLO TNG EPYOTING KOt
EVEPYOTNTA AVOPOPAS TMV PadLoicoTOT®Y TOL detypatog Procorad 2017-C.
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Ta oamotedéopota oe kdbe mepimtowon eivor wkavomomtikd. H oyetikn
anokAlon elvatl yia 0Aa ta 16oToTa HiKpOTEPT TOL 3% €V GE 0,TL APOPd GTNV
Tiun tov U, woyver ot U< 1.96 oe «d4be mepintworn. Emouévog ta
amoTEAEGHATO TOL ANEONKAV d& JLAPEPOVV CTOTIGTIKG CNUOVIIKA ATO TIg
TIHES avapopds, o€ emimedo eumiotoovvng 95%. Emopévoc, n pebodoroyia

mov akolovOnOnke, odnyel o a&lomMoTO ATOTEAEGLATAL.

4.2.7 EIITAOTI'OX - XYZHTHXH AITIOTEAEEMATQN

O mpoodoptopds ™G andd0oNS TNG AVIXVEVTIKNG dtdtaéng arotelel pia anod
TIG WEYAAVTEPEG TMPOKANCELS TOV €PYUCTNPi®V TOL HeEAETOVTOL TANOOpO

JEYHATOV, SLOQPOPETIKAOV YEOUETPLDOV, TUKVOTHTOV Kol cvotdosmy. (11)

Apywkd  mpaypatomomOnke  vmoAoyiotikn  Pabpovounon  amddoong
QPOTOKOPVONG NG Vvéag yewpetpiag kvabiov. Omwg €xer emonpavei, ot
vroAoyloTiKéG péBodol dev emapkovV Yy TNV akppn Pabupovoéunomn g

AVIYVELTIKNG dtaTaéng.

‘Etot, dtevepynOnke emtoydg n fabpovouncn mg aviyveutikng dtataéng, pne
™ xpnon ¢ pebddov petapopds anddoong. Zopewva pe ™ Pipiioypaeia, 1
Befartdotnta g pebddov petagopdc amddoong éykettor oto 3%. (11, 41)
Opwg, xatd ™ peAéTn anyodv 0yKov ot amokAicelg umopel va avédvovtol ce
5%. (41)

Ot afefardnteg 6TIC TIHEG TOV VTOAOYIGTIKOV TILOV aT0dOCEMV €ivol KAT®
and 1% oe eminedo eumotoocbvng lo. Avtd €xer emtevyfel pe KaTAAANAN
EMAOYT TOV YPpOHVOL S1EEAYOYNS TOV TPOGOUOIOCEMV. [0 TOV VTOAOYIoUS TV
afefatotNToOV OAOV TOV VTOALOYIGTIKOV AT0dOCE®V XPNGLLOTOONKE 1 GYEom
(3.7). Onwg éxer avapephei, n afefatdTNTA TOV TEPAUATIKOV TILOV TOL OEV
npaypatomomOnkav oto  mhoiciwo NG mapovoog epyaciag BewpnOnke

apeAnTéa.

Axoun, opeirel va avapepBel 0t n oMkn amdAvtn afefardtnTo GTNV TIUN
T0V oLVTEAESTN O010pBmwong mpocsdlopictnke cOUPOVE HE TO VOUO O184000MC

cQOALATOV amd TN oyéon:
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2 2
O¢ O¢
Xvmodoyiatik ref yrodoyioTiky
orp =TF - || /| 4+ ———"4 (4.6)

& &
XvmodoyioTiky ref ymodoyiatiki

Kat’ eméxtaon, n oxetikn afefatdtnta otnv TIUN TOV GLVIEAEGTN LETAOOONC,

N omoia mapatifeTol 6TOVG MIVAKEG VTOAOYIGTNKE COUQ®VO LE TN OYEOT:
o/, — ITF |
OTFr Yo = TF 100 (47)

Opoiwg, m oMkn amdéAvtn ofefatdtnta TNV TP TOV TEPAUOATIKOV
anoddocemV NG véag yemuetpiag kvabiov mpocsdiopiotnke cOUPOVE HE TN

oyéon:

o, 2 o 2 o 2
o _ EXvmodoyiaTixy + éref yroroyiatici + EXmepaparuch
gxnetpap.armﬁ Xrepapatixn

Exunoloywnkr'] E”"fvno/loytcr‘rmﬁ anapauarucﬁ

(4.8)
H oyetikn ofefatdmmra oy T TOV TEPOAUATIKOV OT0dOGE®V TNG VENG
yeopetpiog Kvabiov vrohoyicTnke COUE®VA HE TN GYXEOM:

Ocy ,
o 0p = —Smepauetil 100 (4.9)

&x " £
TELpApATLN Xnepapaticy

‘Eyovtag oe€ayer emtuydg ™ Pabuovouncn amddoons @OTOKOPLONG TG
aviyvevTikng otataéng tov epyactnpiov tov TEPII, eivon mAéov dvvarn n
GUECT TOGOTIKN KOl TOLOTIKN UEAETN OEIYUATOV 7OV VLTAYOVTOL OTN VEQ

yeoueTpia.
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S. PAAIOAOT'TKOX XAPAKTHPIZXMOX
AT'NQETOY YAIKOY

5.1 EIZXAT'QI'H

210 mopdv KEPAANIO TPAYUOTOTOMONKE O TOLOTIKOG KOl TOGOTIKOG
TPOGOLOPIGUOC PASIEVEPYELAG AYVMOOTOV AVTIKEIUNEVOL / LVAMKOV. O To10TIKOG
TPOGOLOPIGUOC AVOPEPETAL GTNV TOVTOMOINGT TOV PASIEVEPYOD 1GOTOTOL KoL
0 TOGOTIKOG TPOGILOPIGHOC PASIEVEPYELNG AVAPEPETAL GTOV VTOAOYIOUO TNG
EVEPYOTNTAG TOV.

To padievepyd vAKGA to omoio Oev OmOPPITTOVTIOL GOUUEOVOL UE TIG
evoederyuéveg  pebdoovg, ovyva  KOTOAyovv  G€  QOpTia.  TaAOoD
GLONPOUETAAAEV LOTOG, gpyootdoio enelepyociog Kot gepyootdoia
avoKOKA®ong petaiiov. (16, 18)

[Ipokewévoy va dwoceailotel n mpootacia tov gpyalonévov, TOL
nAnbvopod kot tov wepPdAiovtog amd mBavy padioroyikny pvmOvon,
amotteiton - ANy KatoAAniov pétpov ntpocstaciag. 'Etot, eykabictavial otig
xalvBovpyieg otabepég aviyvevtikéc d10TdEELS Yo TOV EVIOTIOUO pAdIEVEPYDV
VAKOV, opoavedv n/kot mmyov. Kotd v gvepyomoinon tov &v AOY®
OVIYVELTIKOV OCULGTNUATOV, O opYyoavicudg mpofaivel ot amopaitnteg
evépyeleg pe faon to E6OTEPIKO GYES10 ATOKPLIGNG TOV, EVM EVIUEPDVETOL KOL
n EEAE.(16)

To ovykexkpipuévo padievepyd vAwkd evromiotnke otig 05/3/2018 o¢
gpyootdolo emelepyaciog peTaAlwv, petd and emitomo £aeyyo e EEAE.

(16) To vAkd mov amaptilel To deiyua givor 0 YOAKOC.
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Ewova 5.1 dotoypapio eAdopatog yorkov.

5.2 METPHXH XTON ANIXNEYTH HPGE

Apywd, mpaypatomomOnke pHETPNON TOL OEIYUATOG GTOV  OVIXVELTN
vepkabapod yeppaviov oyetikng anddoong 70% tov gpyactnpiov tov TEPII.
Y10 [Mapbptnpua 4 mapatibetol n avaivon
¢ pétpnone. H enelepyacio tov pdcpatog mpaypatonomOnke pe tm xpnonm
oV Aoylopikov Genie 2000. And tqv avaivon g uétpnong, Aaupdavovrot ot
€ENG XPNOUEG TANPOQOPIES Vi TN HEAETT TOV SelyuaTOg:

e O mpaypatikdg YpoOvoc HETPNOMNG TOL OelYUOTOC OVTIOTOLYOVGE GE
200 sec. To deiypo petpnOnke yio cvvolikd ypoévo 216.3 sec, emopévmg
0 VEKPOG YPOVOG NG aviyvevutikng otataéng kaivmte 1o 7.54% 1tng
pétpnong. Adym g vyning evepydmnrtag tov deiypatog, enetedydn n
emBoun ) afefordTnTa TG ETPAVELNLS POTOKOPLPTG GE TOGOGTO KATM
and 1% o€ 6OVTOHO XPOVIKO SLAGTNLLA.

e X710 y-Qdopo avaivong aviyvedInKayv 000 QOTOKOPVPES OTIC EVEPYELEG
tov 511 keV xat 1115.75 keV. O duecog tpocdloptopidg TG eVEPYELAG
QPOTOKOPLO®V eivar dvvatdg pe Paon 1 dadikacio EVEPYELOKNG
BaBpovounong n omoia meprypdonke oto Kepdiaio 2 .

e H aviyvevon ¢ gmTtokopvenc oty evépyeta tov 511 keV amodidetat
o0TO QovOpEVo NG didvung yéveong.

e Oocov agopd otn owtokopven evépyewag 1115.75 keV, n kabapn

EMPAVELD TS QOTOKOPLONC avTioTtolyel oe 1.86-10° kpovoelg, e
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apepardtnto. 4.40-10% (16) «kpovoelc. Emopévog 1 OYeTIKN
afepfatotnta g pétpnong aviietoyei og 0.24% 9( 1o).

AxoloVOw¢ mapatifetor otnv €1koOvVa 5.2 TO TEWPANATIKO QACUA aATO TN
pétpnon 1oL gAdopatog  yoAkov. Emonpaivetor o6t1 ot0  @doua
nopatifevtalr ot amaplOuncelg ovvaptNceEl TOoL  AplBUOD  KOVOALDOV.
Xpnowonowdvtag T  oxéon  evepyewakng  Pabpovounong  (2.1),
npocdlopifovtal ot amaplOuncelg cuvapTnoel g evépyetog. Me avtd Tov
Tpomo, mapotiBevrar otnv ekovo 5.3 1O TEWPAUATIKO QACUA  TOV

EMAGULOTOC YOUAKOD CUVOPTNOEL TNG EVEPYELNG.

NMEIPAMATIKO ®AZMA ENAZMATOZ
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2
e
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e
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é 100
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000
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Ewova 5.2 Tlepopoatikd @aopa eAGoHatog yoAkov, omaplfuncemy Guvaptnoel oplfpov
KOVOA®V.
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Ewova 5.3 [epapotikd gdopa eAGcHaTOg YOAKOD, amaplfUncemy GUVOPTICEL EVEPYELOG.

5.3 IIOIOTIKOX ITPOXAIOPIXMOX YAIKOY

Me Bdon ta mopandve dedopéva akorlovOnce o0 MOLOTIKOG TPOGIOPIGUOG
TOV AYVOGTOV VALKOV, OMANdN 1 TovTtomoinon tov padtovovkidiov. I'a tov
okomd avtd ypnolpomodnke to Aoyiopiko Janis. Xt Bdon dedouévov tov
Moytopkov  Janis?,  eumepiéyovtonr  petafd  GAAOV  Ohec ot SuvaTéc
anodleyépoelg padtovovkAwdinv. Extog and tnv evépyela kdbe amodi€yepong
ocvunepthAopfdvoviar o xpovog nuilong tov poadloicotémov kabdg Kol TO
TOGOGTO EKTMOUTNG OKTIVOV-Y TNG LIO UEAEING eVEPYELNG OavA dl10GTOCoN
mopnva (évtaomn ekmounng). Aappavoviag vroyn OA0 To TOPATAVE dedoUEVA
gelvar ovvatn m tavtomoinon kdabBe padiovovkAdiov oe éva @lopa Y-
(QOGULOTOGKOTIOG.

Agdopévou 0Tl M evépYELd TNG VIO HEAETN] POTOKOPVONG OVTIGTOLYOVOE GTNV
evépyela tov 1115.75 keV, avalnmOnkoav pécm tov Aoyioutkov Janis éio to
POOLOVOVKAIOLD 7OV OLUCTOVTOL EKTEUTOVIOG QOTOVIO-Y GTO EVEPYELAKO

napdbvpo 1115-1116 keV. (32)

4 Xpnowonownke 1 éxdoon 4.0 Tov Loyopikov JANIS. To loyiopikd avamtoydnke amd Ty OECD
Nuclear Energy Agency kot givor dwobéoipuo péom tng avtiotoryng 1otocedidac Www.oecd-nea.org.
Emitpénet v mpoPoin dedopévav Tov apopovy TupnVIKEG OAANAETIOPACELS.
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Apyikd amoppipOnkav 0ca padiovovkAidla eiyav pkpd yxpovo mMulong.
Yuykekpiuéva, O0€00HEVOL OTL TO VAKO uHeTPpNONKe VO YpOVIOL HETA TNV
gupeon tov, amoppipdnkav 6ca padiovovkAidia eiyav ypovo nmuilong amd
pepKa devtepdrenta ¢ pepikéc nuépes. 'Etol, anépeivav povo 5 vmoyneteg
padtevepyés mnyéc. H  amdppiyn 10V vroAowmeV  podlovVOLKALOI®OV
TpaypatonoOnke otn PAcn T TOPATAPNONG TOV POTOVI®V TOL EKTEUTOVV
oe oxé0M KOl UE TO MOCOGTO EKMOUTNG TOLG. & To ovvOeta Qdopato Oa
umopovce vo  efetaotel kot M mBavomTa  VTAPENG  CLYKEKPLUEV®V
pad1ovVoOLKMOimV 610 VAIKO € oyxéon Kot pe mbavég mAnpogopieg yio TNV
TPOEALEVGT| TOV.

Telkd, To pOVO padlOVOLKAISIO TOVL KAVOTOLOVOE TO PAGHO TOV ANQONKE
ntav o Zn-65. O ypovog nuilmng tov eivar 243.9 nuépeg kot n €vtoaon
ekmounng tov (yield) yia v avotépm evépyeta eivar 50.7%. (32)

To ovyxkekpipuévo 166TOTO TOL YELIAPYVPOV ZN-65, dracTdtal e GOAANYN
nAektpoviov ce m10600Td 98.3%, eknéumoviag potoévia-y evépyetag 1115 keV.
Axoun, dtaomdral pe ekmounn molitpoviov, evépyetag 300 keV, e m06061o
1.7%. Eropéveg cvpmepaivetor 6TL 1 OTOKOpLON evépyetlag tepitov 511 keV
mov mapoatnpNOnke oto @dopo, o0ev opeiletar HOVO OTO QALWVOUEVO TNG
dldvung yéveong mov mwPAyYUOTOTOlEITAL Yo QOTOVIO EVEPYELOG UEYOADTEPNG
tov 1020 keV (kor peténerto eEabiwon tov molitpoviov mov mapdyetol and
10 Qoawvopevo g otdvung yéveong), oAAd pmopel va opeiletor Kol o€
eEatlmon molitpoviov mov napdyovtal owd thv anyn. (32, 59)

H OYmopén wevdapyvpov oto odelypo yoarkov emainbevetar and 1N
Biproypapia. O puoikdg yaAkog amotedeital and 000 ctabepd padioicdTona,
10 Cu-63 «xatd 69% xar 10 Cu-65 xatd 31%. Onwg avaeépOnke, to
padloicotono Zn-65 tov yevdapyvpov dtacmdtorl pe ekrounn molitpoviov ce
10600610 1.7%. Méow avtng g dtaomaong moapdyetatr to otabepd 166T0MO
tov yaikov Cu-65. (52) H avtidpaon mov mpaypatomoteitar sivar n €€ng:
65Zn —» 65Cu + B + v,

Axoéun, péow tC mupnvikng avtidpacne ®°Cu(p,n)®°Zn mapdaystar To
padlevepYO 16OTOTO TOL dEIYHATOG amd PLGIKO YAAKO, KOOMS N Tapovsio Tov
Cu-63 dev emmpedler v avrtidpaon. Tétoleg avidpdoelg eivat dvvatdv va
TPAYLATOTOINO0VV GE EPYACTNPLA EMTAYVLVTAOV COUATIOIOV, KAODS 1 EvEpYELL

KOTOPALOD TNG 0£0UNG TPOTOVIOV MOV TMPOCTINTEL GTO OTOYO YOUAKOD
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avtiotoryei oe 3 MeV. (59) Enouévoc 1o deiypa icoc mpoépyetal and Kamolo
oTOY0 MOV YPMNOIUOTOMNONKE o€ €PELVNTIKO KEVIPO Kol €V ovveyeio Ogv

anoppipOnke cOppova pe T1g evdedetypuéveg nedodovg.

5.4 IIOXOTIKOX TPOXAIOPIXMOX
PAAIENEPI'EIAX

Me 6KOmO TOV TOGOTIKO TPOGOLOPIOUO TNG POSIEVEPYELOG TOVL OEIYUATOG,
ocOppova pe ™ oxéon (2.7) eival anopaitntog 0 TPOGIOPIGUOS TNG ATOd00NG
NG aviyVeELTIKNG Otataéng yio T yeopetpio tov deiypatoc. H edpeon g
amOdOoNG TNG AVIYVEVLTIKNG d1dTaENG Yo To deiypa yaikol mpaypatomoteitol
pe ™ xpnomn g neboddov peTaopds anddoons, OTMG AVTH TEPLYPAPNKE GTO
KePAlalo 4.

Amapaitmtn mpobmdOeon yio v eeappoyn NG ueBoddov  peTOPOpag
an6dooNg anotelel apylkd 1 TPOGOUOIMGT TNG YEOUETPLOG TOV delyHaTOg Kot
N €0PECN NG VLMOAOYIGTIKNG ATOOOONG TNG OVIYVELTIKNG Otdtagng yio T
oLYKeEKPLEVN yempetpia kot evépyeta nnyng 1115 keV. Q¢ nnyn oavagopdg
ypnolponoleitol to piypo mnyov wolalds yeopetpiog, 6ykov mAnpwong 260
mL kat Tokvotntog 0.9 g/cc.

YuvonTikd to fpate Tov tpaypatoromOnkay NTav ta €ENG:

e [Ipocopoimon ™™g yvempetpiag To0v AyvoOoTOL VAKOV / delypotog pe
xpnom tov kodiko PENELOPE.

e FEvVpeon vmoloyloTikng amddoons TNng aviyveuvtikng otdtaéng ywo tnv
evépyeta 1115 keV kat ) yeouetpia Tov AyvwoTon VAKOD.

e FEvpeon ™G LTOAOYIGTIKNG OmdS00NG TNG AVIXVELTIKNG Oldtaéng yia
v evépyewa 1115 keV ot yeouetpia avogopdg.

e IIpocdlopiopdg ™G TEPARATIKNG ATOO0ONS TNG AVIYVEVTIKNG O1dTagNg
v v evépyeta 1115 keV ot yeopetpio avagopdc.

e Eoeoppoyn g pebodov petagopdc omddoong Kol EVPECN NG
TEPOUOTIKNG OTOOOCNG TNG OVIXVELTIKNG O1ATAENG Yoo TNV €VEPYELN
1115 keV kot tn yeouetpio 10V AyvOGTOL VAKOD.

o IIpocdiopiopdg g evepyodTNTOG TOV VALKOD.
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e Extipnon tov afefatot)tov mov cvuvodehovv TG HETPNGELS KOl TOVG

VTOAOYLIOHOVE.

5.4.1 TIPOXOMOIQXH 'EQCMETPIAX

Me 6Komd TOV TPOGILOPIGUO TNG VTOAOYIGTIKNG AmOI00NG TNG AVIYVEVTIKNG
dtdtaéng vy tnv evépyeta 1115 keV kot ) yeopetpia tov delypatog yoAkov,
apylkd xotayopnOnke m yveopetpic tov VAIKOD TPOS UEAETN OTOV KOOLKO
PENELOPE.

To delypa BewpnOnke 611 anaptiletar €€’ 0AOKANPOL ATO YOAKO, TUKVOTNTOG
8.96 g/cc. Axdun, n mpocopoimon viAomobnke vwd TV moapadoyn OTL TO
VAKO EKTEUTEL OLOLOYEVAOC mTOVIA evépyelag 1115.75 keV and 6Ao tov TOV
oyko. H pértpnon tov owoctdoedv tov mpaypatomomOnke pe ypnonm
TOYLVUETPOV. AVOAVTIKA Ol Ol0CTAGELS TOV OElYHATOG TOL €lonyOnoav 610
apyeio yeopetpiag tov kd@doka PENELOPE:

e Mnkog :53 mm

e [IAGtOG:22.3 mm

e Yyog:3.4mm

e Mnkog mpoe&oymv : 8.5 mm

e [IAdtog mpoegoyxmv : 11.43 mm

e 'Yyog mpoeEoymv : -

e Atlbuetpog onav : 7.5 mm

e Amndotoomn omdv petaly tovg 1 13.9 mm

e AndoTOCN OMOV OO TO AVAOTEPO SNUEl0 TOV VAWKOD : 15.8 mm

H yeopetpia tov poviélov tov VAWKOD OT®G €oMyOn oTOV KOIKOA,
nopatifeTal 6TO MOPAKAT® GYNUO, TO O0mMoio mpaypotomodnke pHéGO TOL

Aoyiopikoy gview:
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Ewova 5.4 Amotommon aviyveutikng dtdtaéng uétpnong tov eAAGHOTOC YUAKOD (KOKKIVO
xpoua) pécm tov kddwko, PENELOPE.

[Ma 11 avaykeg 11g Tpocopoimong BewpnOnke 611 T0 VAIKO NTAV GUUUETPIKO
®¢ TPog 10 KEVTPO Tov. O1 mpoeloyeg meptyplonkayv ®¢ eMinedeg EMPAVELES,
xopig mdyog (Vyog). Axoun, Bewpndnke 4Tt 1 S1AUETPOG TOV dVO OTOV NTOV
ion.

Mg ™ ypnon ™G mopomave YEOUETPIOG TNYNS KAl TOV TOPOUETPOV TNG
aviYveLTIKnG  oldtaéng mov  mpocdlopiotnkav  oto  kepdAiowo 3.1,
TPOYLOTOTOONKE 1 €VPEST TNG AMOOOCGNS TNG AVIXVEVLTIKNG OldTaéNG He ™
xpHomn Tov kddika tpocopoiwong Monte Carlo. Zvykekpipéva 1 VTOALOYIGTIKY
amdd0GT TNG AVIXVELTIKNG OtdTacng yia to EAacpa yaikov Ppénke :

= 5.24F — 02 + 1E — 04(10)

ngnoloytouxﬁ
[MopatiBetor to nuiloyaplOpikd eéopa Tov EALCHATOS YOAKOD TOV TPOEKLYE

and v mpocopoiwon Monte-Carlo :
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Ewova 5.5 Yrnoroyiotikd gdopo ELAcuatog yoAkoD.

Emonpaivetor 6Tt 670 LTOAOYIGTIKO (PAGUO TOV EAACUOTOC YOAKOD o€V
napotnpeitor 1 eotokopven tov 511 keV 1 omoia &ivor opatn oto
nePpapatikd edopa. Agdopévov 0tt o kddikag PENELOPE Aapfdver vnoyn
T0 QovOpeEvVo Tng oidvung yéveong, avtn n owaeopomoinon Ba mpémer Katd
KOpto Adyo vo amodobel oto Yyeyovdg OTL 0 ocvumEPIANOONKAV otV
npocopoimon ta copdtia-f (rolitpdvia) mov mapdyovtoal and to Zn-65 Kotd
TN O106Tac Tov. AKOUN, €d0UEVOL OTL 1| TPOGOUOIMGOT TTpayUaToTOMONKE
xopig ™ Bwpdxion Tov aviyvevtn, 0 ANEOMKAV VITOYN Ol AAANAETOPACELS
dtdvung yéveong tov QoTOViOV NG MNYNG KE TO OGTPOUA HOAOPOOVL TG
Bwpdkiong.

5.4.2 MEOQOAOX META®OPAX AITOAOXHX

Egappdéotnke n pébodog petagopdc amddoong e OKOMO TNV €VPECN NG
TELPOLOTIKNG AmTOO0ONS TNG OVIXVELTIKNG d1dTagNG Yo 1o Ehacpa YaAkov. Q¢
yeouetpio ava@opdc ypnoiporodnke avt tov kvabiov mTaraldg yeopetpiog,
6ykov wmARpwong 260 mL kot mvkvotntog 0.9 g/cc. Emdéxbnke 1
OLYKEKPILUEVN TNYN ovogopdc kabmg oev vanpye nmnyn Pabupovouncong pe
yeouetpio mwov va eivor Opota pe ovty TOL TPOg MHeAETN delypatoc 1 HE

TopOUOL0 GVGTAGT KAl TUKVOTNTA.
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H =mepapoatikn anddoon G aviyvevtikng otdtaéng yio TN Ye®UeTpia
avoa@opdc kot potoévia evépyetag 1115 keV vmoAloyiotnke pue t ypnon g
KoOuUmOAng Pobpovounong mov mPoodlopicTNKE KOTA TNV  TEPOLATIKY
BaBpovounon mov  dievepynbnke oto  kepdrato 2. Zvykekpluévo
xpNopLoToOnke n oyéon :

In(eff) = -0,08852696In(E)* + 2,22018368In(E)® - 20,74820241In(E)? +
84,92362395In(E) - 130,85958692

Tehkd, N TEPARATIKY 0TAO00T TNG YEOUETPIOG AVAPOPES Yo TNV EVEPYELD
1115.75 keV Erefrep = 1,65E-02. Onwg €xel avaeepbei, dedouévov OTL dgv
nrav dabéoipueg ot afefatdTnTeg TOV TEPAUATIKOV LETPNCEDV ATOOOCNG TOV
dev mpaypatomomOnkav oto TAaiclo AL NG epyaciag, N afepfatdtntd TOoLG
Oewpeitar apeintéa, kabng eviaccsetal 6to 1060otd 3% TtV afefototToVv
OV TPOGILdoVTAL OO TIC PAdIEVEPYES TINYEG.

H vmoAloyiotikn amddoon 1tng oviyveutikng oldtaéng mov agopd 1N
yeouetpio avapopdg kat gotovia evépyeiag 1115.75 keV 0o pnopovoe emiong
vo. voAoylotel pe T ypnNon ™G KaumdvAng Poabpovouncng amddoong mov
npocdlopiotnke oto Keediaio 3.5. Me okomd tnv emitevén g UEYIGTNG
dvvatng axpifetag, mpaypatoromOnke tpocopoimon.

H vroloyiotikn anddoon g yeouetpiog avaeopdg yia tnv evépyewa 1115.75
keV mpocdiopictnke : &ref, =1.63E — 02 + 4.8E — 05(10)

‘Exovtac mpocdiopicel v TEPAUOTIKY KOl VTOAOYIGTIKN dATOO0CTN 1TNG
AVIYVELTIKNG OldTaéng Yoo TN YEOUETPIOL OavVOPOPAS KOl TNV OVTIGTOLYM
VTOAOYIOTIKY] amddoon vy 1 yeopetpia Oelypatog mov peletdrot,
epapudletar n péBodog petapopdg andooons. Xtov Ilivaxa 5.1 mapatiBevran
OAEC Ol TIHEC TOV AVOTEP® OTOOOGE®V, M TIUN TOV GLVIEAEGTN HETAPOPAC
KoBdg kot n U TG {NTOOLUEVNG TEPAUATIKNG ATOO0GNG Y10 TN YEOUETPia
10V eAbopOTOg YOoAKoVD. Axoun ocvuneptrapfavetor n ofegfardmra ctov
Tpocdloplopnd kabe peyébovg kabmg Kot 1 ATOKAIGT TNG TEIPOAUATIKNG ATO TNV
VTOAOYIOTIKY ATOO0GT Yo TN YEOUETPiO WOV peAeTdTOl. XpMolpomoOnke 1

oyéon 3.6 yio ToV VTOAOYIGUO TV aPEPALOTATOV TOV TILOV ATOOOCEWMV.
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META®OPA AITOAOXHX

ENEPT'EIA
(keV)
1115.7 0.05242+0.27% | 0.01631+0.31%  0.01645
ENEPT'EIA SYNTEA.
G ATIOKAIZH
(keV) META®OPAS (TF)
1115.7 3.2140.01 0.0528+5.2% 0.87%

Mivaxag 5.1 M£00dog HETOPOPAS 0mdd00TG LE GKOTO TNV EVPECT ATOSOGNG Y0, TN
ye®UETpio ELACULATOG YOAKOD.

5.4.3 IOXOTIKOX ITPOXAIOPIXMOX PAAIENEPI'EIAX
AEII'MATOX

‘Eyovtog mpocdlopicel TNV TEWPARATIKY ATOS00N TNG AVIXVEVTIKNG O1dTaéNg
ylo ™ yeopetpia TOV eLoPOTOG Y OAKOD,
etvar mTAéov dvvatdg 0 TPOGOHOPIoUOG TNG EVEPYOTNTOS TOV YeLIAPYVPOV ZN-
65 oto deiypa.

O vmoloylopdg TNG EVEPYOTNTAG TPOUYUATOTOINONKE HE TN XPNOT TNS OYEGNS
(2.7), Movovtag g Tpog TNV evePyOTNTA TOV SEIYLATOG :

N

A=—" (5.1)

T extimexyield

O ypbévoc pétpnong tov deiypatog (time) xabmg kot n kabaph empavela
eotokopveng (Area), Anednkav and v pétpnon otov aviyvevty HPGE.
Onwg €xer avagepbel o mpaypatikdg ypodvog HETPMNONG GVTIIGTOLYOVGE OF
200 sec kot N emeaveia poTokopLeHc o 1.86 - 10° kpovosic. H avdlvon ¢
puétpnong mapatifetar oto [Mapdptnua 4. H Tipq ¢ mbavotmrog eKTounnig
QeOTOVimv-y ava didomacn ANeonke and ™ PBiprioypaeia, wg 0.506 (50.6%).
(32) ’Etot aviikafiotdvtog Kot TNV TIUR TG TEPOUATIKNG amtdd0ooNS TOL
OVIYVELTN Yl T1] YEMUETPLA TOV OEIYUATOS, TPOGOHOPICTNKE N EVEPYOHTNTA TOV
pad10icotOTOV TOL YeEVdAPYOpov ®¢ : A=34.8kBq+52%. H aPfefoardotnta
TOV GLUVOJOEVEL TOV VTOAOYIGUO TNG EVEPYOTNTOG TOV EAAGLATOG VTOAOYIGTNKE
hoppavovtag vroéoyn v afefatotnta g puebddov petapopdg amdO0oMNG,

KoOdg Kol cCOUPOVO PLE TN GYEON:
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Te ' Oempiveia pwrokopue 2

Oopeilel va avapepBel 0TL OAEC OL LETPNOELG, TEPAUATIKES KOl VTOALOYIOTIKEG
mov oeENyOnoav oto TAAIGLO AVLTOV TOL KEPOANIOV TPAYUATOTOIN ONKAY Yia
EMOPKEC YPOVIKO dtdotnpo (mepimov gikoot Aent®V) dote N afefardnTd TOVG
va gival pikpotepn and 1% oe eminedo eumotocvvng lo.

Axoun, onueldvetal OTL avti NG MOAALAG YEOUETPIAS OYKOV TANPOONG
260mL 6o pmopovoe va ypnowwomondel w¢ yeoperpio ava@opds n moraid
veopetpioa xvabiov oOykov mAnpwone 100 mL, m omoio wpooeyyilet
TEPLGGOTEPO TIC OOGTAGEL TOL gAdopatog yoaAkov. Ilpotiunbnke n mnym
6ykov TAMpwong 260 mL kot wokvotntag 0.9g/cc, kabdg pe ™ ypnHon g
OUYKEKPLUEVNG TNYNG TPocdlopicTnKAY Ol  TIHEG TOV  YEOUETPIKAOV
TOPAUETPOV TOV aVIYVELTH. 0TOG0, 6T0 TAAiclo NG epyaciog €EeTAGTNKE
KOl T OVLYKEKPLUEVN TepimTOON. ZUYKEKPLIUEVA, YPNOILOTOLOVIAG MG
yeopetpia avapopds 1o kvdhio dykov tAnpwong 100mL, n tipun evepyotnrag
vroAroyiletar ®¢: A=39.1kBq £ 5.2%, m omoio de Odlopépel OTATIOTIKA
ONUOVTIKG amd TNV TN 7ov mpocdlopictnke mapandve. H tuq U tov
OYETIKOV GTATIGTIKOV €AEyyov vrmoAoyiletal ion pe 1.59. H tiun avtm eivar

UIKpOTEPT TNS TIUNG avapopdc 1.96 yia eninedo gpmiotoovvng 95%.

5.5 EEAKPIBQXH MEO®OAOY

[Ipwv ™ de&aywyn ™G UETPNONG TOV E€AAGUOTOG YOAKOD GTOV OVIYVELTN
vrepkabapov yepupoaviov, mpaypatonomnke pétpnon tov pvOpod d6ong TOV
delypatog pe N xpnom eopntov OVIXVELTN YEPUHAVIOV, doTE Vo AneHodv ta
anopoaitnto pétpo aktivompootaciag. O aviyvevtng tomobetndnke ce kat’
ektiunon andcotacn 8-10 cm and 1o deiypa kataypdeovrag pvOud 1codvvaung

doong ioo pe 58.1 urem/hr (Ewkova 5.5).
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Ewova 5.6 Métpnon 66omg EAAGLOTOC YOAKOV.

Y10 miaicla g e&akpifpmong g pebddov, akorovONnce VITOLOYIGUAG TOV
pvOpov o606cemwg TOovL Oelypatog, pe PBaon TV TIU NG EVEPYOTNTOG TOVL
VTOAOYIOTNKE TOPATAV®.

H otabepd I' tov padioicotdémov Zn-65 PBpébnke ot Piproypaeio ion pe
8.98-107°> mSv/hr ava MBQ mnyng, oe andctacn Im amnd v anyy. (29)
‘Eto1, 0 avapevopevog pvOudg 1codvvaung 60ong ce andotacn evog PHETPOL

and to lacpa yaikov eival :

Dose Rate;, = 8.98-1075( MV .0348 (MBgq) = 3.1041-10° (msv)
ose Rate,, = 8. e MBg q) = 3. o
urem

= 0.31041 ——
hr

Aappévovtag vréyn TO VOHO TOL OAVTIOTPOPOL TETPAYOVOL YloL TNV

aktwvofoiia, vroroyiletar n 66on ota 10 cm oc:

100\?
Dose Rate ey = 0.31041 - (E) = 31.041 yrem/hr

Kot ota 7 cm o¢

100\?
Dose Rate, ., = 0.31041 - (?> = 63.349 urem/hr
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Agdopévou OTL 0 aviyvevtng puvoipov 1oodvvaung ddong  KATEYPOYE
58.1 urem/hr ce andctaon 7-10 cm, cvunepaivetal 6TL 0 TPOGOOPIGUAG TNG

EVEPYOTNTAG TNG PASIEVEPYNC TNYNG EXEL TpaypatomolnOel pe emtvyia.
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6. XYZHTHXH AITOTEAEXMATCQN-
ITPOTAXEIX I'TATO MEAAON

210 TOPOV KEPOAOLO TPAYLOTOMOLEITOL 1 OVOOKOTNOY TOV OTOTEAEGUATOV TNG
epyaciog. AKOuUT, SLOTVTMOVOVTOL TPOTACELS KOl 1OEEG Y10, LEAAOVTIKES EPYOGIEC.

Boaowod otoxo ¢ Swmloupotikng epyociog omotélece mn Pabuovounon g
avyVeLTIKNG Odtaéng oyetikng amddoons 70% tov TEPIL yw ) véa yeopetpio
kvadiov oto evepyelaxd pacpa 46-1900 keV.

Apyikd meptypdonKe 1 TEWPOAUATIKY] Pabpovounon e aviyveuTikng otitaéng yo
v mtolod yeopetpio kvabiov. Ev cuveyela pe m ypnom tov kodika PENELOPE
TPOGOOPIGTNKOY Ol YEOMUETPIKES TOPAUETPOL TOL OVIXVELTN YL GULYKEKPIUEVN
mokvotnta Kvabiov molowdg yeopetpiog. Xpnowomomdnke emovoinmtiky] pnébodog
GUYKPIONG TEPAUATIKOV KOl VTOAOYIGTIKOV OTOOOGEMV TNG OVIYVEVTIKNG O1ATOENG
YO TPELS EMAEYUEVES EVEPYELEC POTOKOPLPTG, Ol OTTOIEC KAAVTTOY OAO TO EVEPYELNKO
oaopo perétns. ‘Eywve mpoomdfeia dote o1 €v AOY® €VEPYEIEG VO OVTIOTOLYOVV GE
16OTOTO. T OmoioL OV £€XOVV €VIOVI) GUUUETOYN OTO (POIVOUEVO TNG TPOYLOTIKNG
ovuntoons. H epyacia eotiace otov mpocsdopiopnd tov vekpov (ovov. H axpifela
oV TEMKA emTedyOnke NTav TG TaENG Tov 3% Kot KPiBnKe tKavomomTiky.

Me TPOGOIOPIGUEVO TO HOVTEAO TOL OVIYVELTH KOl AL LE YPNOT OV KOO
PENELOPE npayuatoromnke n vmoAoylotikny PBabuovouncr tov yio v moiod
veopetpia kvabiov. MeietOnkav dvo dykol mAnpwong 260 mL kot 100 mL pe evvéa
kot €& dwpopetikég mukvotteg avtiotoya. [lapdydnkav cvvolkd 17 kopumOAeg
Babuovoumong oamddoong Tov aviyveutny Yyl TV moAoid yeopetpia kvabiov. H
OUYKPION TEPOUOTIKOV — VTOAOYIOTIKAOV OT000GEMV OVEJEIEE UEOT amdKAIoN Yo
v mepintmon Tov Oykov Tv 260 mL g tdéng tov 10% kot yio v mepinTmon Tov
oyxov Tov 100 mL g tdEng tov 11%. Ot amokAicelg avtég KpiBnkav tkavomomtikég
dedopévov 0Tt apopohv Kol 10OTOTO. TOL OTOI0L GUUUETEXOVV GTO (POIVOUEVO TNG
TPOYLOTIKNG COUTTMOONG Kol Aappdvovtag voyn Tig apfePotdtnteg mov GuvodELOVY
TEPOUOTIKEG KOl VTOAOYIOTIKEG 0moddoels. Tlapdiinia 1 cOykpion odfynce ctov
TPOPANUATIOUO KOl TNV OVAYKT ETAVEAEYYOV CLYKEKPIUEVOV TEPOUATIKOV CUEi®V,
Om®G avTd oL avTieTOrYoVY oty YN Tev 0.05 g/cc ya dyko mAnpwong 260 mL.
Emiong avédeiEe 1 onpacio g ovoTtaong Tov delypatog, mépa amd TV TukvoTnTd

TOV, GTN LEAETY] TOL POLVOUEVOL TNG OVTATOPPOPNONC.
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IMa v extipnon g anddoone g {nTovpevng Kovovplog yeoueTpiog kvadiov,
a&lomomOnke T0 HOVIEAO TOL OAVIYVELTH OTMG TPOCOIOPIGTNKE TPONYOVUEVE KO
epappooke 1 péBodog g petapopds amddoonc. H pébodog emiéybnke kabag
QKOUTN KOL OV TO HOVTEAO TOV OVIXVELTH OV &iye TPOGIIOPIOTEL UE IKOVOTOMTIKN
axkpipela, ot mapduerpol avokpifelag copmélovtar onuovtikd /Ko eEaieipovrot.
INa ™ véa yeopetpia kvabiov mpocopoimOnkay kot fabpovoundnkay 2 dtapopetikoi
OYKOL TAMPWONG GE OLAPOPETIKEG TUKVOTNTEG. ZVVOAIKA, 17 kapmoreg fabpovounong
AmOO00NG.

Mo mv emdpwon g Pabuovounong perpndnke osiypo odpwv amd Acknon
dacvykpiong otnv onoia cvpueteiye to TEPII. TIpdkerton yia v doknon Procorad
2017 kou ta woTtoma mwov e€etdotnray frav Cs-137, Cs-134 ko K-40. To deiypa
OLOKEVACTNKE GTNV Kouvovpla yewpeTpio kvabiov kot n avdAivon tpaypotomoldnke
He TIG KapumbAeg Pabuovopnons anddoons mov ekTiunnkay oty Tapovca epyacia.
Ta amoteAéopato dev SEPEPAV CTOTIGTIKA CTUOVTIKA OO TG TIEG OVOPOPAS EVA M
amoOKAon Tovg omd avtég dev Eemepvovoe 10 3%. Emopévog n Pabuovounon mov
TpaypatoromOnke 6to mAaiclo g epyaciag Kpivetatl agldmot.

210 TEAELTOIO KOUUATL TNG €PYACIAG, TPUYUATOTOMONKE TO0TIKOG Kol TOGOTIKOG
TPOGOOPIGHOG TNG PASIEVEPYELNS PAOIEVEPYOD €AdGULOTOC oV Ppédnke Katd Tov
Eleyyo @optiov Talomv peTdAA®V. ['a T1g avdykeg g pebddov, mpayuotomodnke
pétpnomn tov Oetypatog otov aviyvevtn vrepkabopov yepuaviov. Ot cvvOrKeg
deEaymyng g pétpnong mposopowmdnkay pe m xpron tov koadika PENELOPE. To
padievepyd 160TOTO TPocdopiotnke pe T Pondeta g evepyelakng Padpovounong
®G Yevddpyvpoc-65. TeAkd, HEC® NG TEPAUATIKNG OTOSOONG TNG OVIYVEVTIKNG
duataéng vy to doetypa n omoia mpocdopiotnke pe T HEB0SO peTaPOPaS amddooNc,
TPOCIOPIGTNKE 1 EVEPYOTNTO TOL POOIOIGOTOTOV.

Ye 0,11 aQopd otV EMEKTOOT TNG TOPOVCHG €PYOCING O UEALOVIIKY €pgvval
avaeEpovtol Ta okOAovOa onueia:

e A&wmoinon Tov HOVIEAOL TOL OVIXVELTH] GTOV VIOAOYIOUO OCULVIEAEGTOV
d10pHmoNG Yol TO PAVOUEVO TNG TPAYUATIKNG GCOUTTOONG gite dupeca chykpion
VTOAOYIOTIKAOV — TEPOUATIKOV OT0d0CEMV EITE EUUECH GE GLVEPYOACIQ e GAA
Aoywopkd ( w.y. TrueCoinc).

e A&onoinon tg vropovtivag pennuc tov kodiko PENELOPE, 6mov givor duvatm

N ueAhétn / mpocopoimorn oAOKANPOL TOL Olaypdppotog Sdomacng €vOg
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160TOTOV. ME TOV TPOTO AV TO, EXTLYYAVETOL KOL 1] TPOGOLOIMGT TOL POULVOUEVOD

NG TPOYUOTIKNG GOUTTMONC.

o Ilepoutép® HEAETN TOVL QOIVOUEVOL TNG OLTATOPPOPNONG UE E0TIOGN OTN
oLGTAGT] TOV OELYHOTOC.

o  Xpnon SPOPETIKMOV AOYIGHIK®V LETAPOPAS AmTOd00NS Kol GUYKPLON TOVG WE
TO ATOTEAEGHATO TNG SMAGUOTIKNG £pYaciog. Ot TAEoV S100e50UEVOL KMOOIKEG
petagopds amddoong eivor ot kmdwkes : ANGLE, EFFTRAN, ETNA,
GESPECOR.
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ITAPAPTHMATA

ITAPAPTHMA 1 IIictomomTiKd TNy®V

BaOpovounong
IMetomtomtikd Tnyov fadpovopnong éykov aapoocng 260 mL

s——— - 0_05 26 N
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fur Radioaktivitat

Calibration laboratory for activity, specific activity, photon flux and particle flux
Akkreditiert durch die / accredited by the

Akkreditierungsstelle des Deutschen Kalibrierdienstes

éé i ég Deuischer

Akkreditierungs

Eckert & Ziegler Isotope Products g A
DBA Isotope Products Laboratories , o Rt AR
24937 Avenue Tibbitts & R DKD-K-36901
Valencia, CA 91355 '

000719
. ' e oy DKD-K-
Kalibrierschein i -Kalibrierzeichen 36901
Calibration Certificate . . =SCalibration Jabel 2008-05
Gegenstand Multiple gamma ray emitting large Dieser "Kalibrierschein dokumentiert die
Object volume source Ruckfuhrung auf nationale Normale zur

Darsteliung . ‘der -Einheiten in Uber-
einstimmung - mit dem Internationalen

Hersteller Eckert & Ziegler Isotope Products Einheitensystem: (Si).

Manufacturer ' : Der ‘DKD ‘“list Unterzeichner der multi-
lateralen Ubereinkommen der European
* co-operation for Accreditation (EA) und der
Typ EG-ML International Laboratory Accreditation
Type . Cooperation (ILAC) =zur gegenseitigen

Anerkennung der Kalibrierscheine.
Fabrikat/Serien-Nr. 1290-47-1 “Fur. die “Eirihaltung €iner angemessenen
Serial number ; Frist zur’Wiederholung der Kalibrierung ist

.- der Benutzer:verantwortlich.
Auft(agg‘eber Eckert & Ziegler Isotope Products This :calibration certificate documents the
Customer - ROb?“‘ROSSIe'St"- 10 fraceability to national standards, which
: Berlin, 13125 realize the units of measurement according
Germany to the Intemational System of Units (S1).

S AUt The DKD is signatory to the multilateral
Ordt e;a Osnummer agreements of the European co-operation
LrHenNo. 121438 for Accreditation (EA) and of the

2 : o 2 International Laboratory Accreditation
“Anzahl der Seiten des Kalibrierscheines ;

Numb, yas 7 the certificat Cooperation (ILAC) for the mutual
; orol pages.o R € 3 recognition of calibration certificates.
.Datum der Kalibrierung A The user is obliged to have the object

Date of calibration 1 May 08 recalibrated at appropriate intervals.

‘Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bedurfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giiltigkeit. )

. This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
. Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel _ Datum Leiter des Kalibrierlaboratoriums Stellvertreter Bearbeiter
- -Seaf Date Head of the calibration laboratory Deputy Person in charge
W W T
7 Apr 08 Dr. Van Dalsem Catterson Catterson / Dey / Milford
e ) Van Daisem
24937 Avenue Tibbitts Tel: +1-661-309-1010 Fax: +1-661-257-8303 1800 North Keystone Street

‘\_/a"len;iva, CA 91355 www.isotopeproducts.com Burbank, CA 91504
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¢ Obiject Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 0.05 + 0.01 g/cc foam matrix
Active Volume: Approximately 320mL (15.94 = 0.02 grams)

Backing: ' Plastic

Cover: 4 Plastic

¢ Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegier Isotope Products procedure LP05-24, Revision B “Operating Procedure
for Calibration of Multiline Sources”. The germanium spectrometer’s efficiency curve was generated using
standards traceable to a national metrology laboratory. The energies and branching ratios for the gamma
rays used are listed in the Measurement Results section.

¢ Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

» ‘Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8- 12 Revision B “Large Volume Gamma
Standards - Slmulated Gas Stardards, Densities 0.04 to 0.4g/cm™. When applicable, decay corrections
were performed using the half life values listed in the Measurement Results section.

* Environmental Conditions:

Temperature: (23£2)°C
Relative humidity: (24£5) %

¢ Measurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3+0.2 years 4.18 11.3 kBq(0.305 uCi) 472.3 11.4%
60 Am-241 432.17 + 0.66 years 36:0 1.13 kBq (0.0305 uCi) 406.8 3.6%
88 Cd-109 462.6 £ 0.7 days 3.63 16.4 kBg (0.443 uCi) 595.3 3.1%
122 Co-57 271.79 £ 0.09 days 85.6 0:565 kBq (0.0153 pCi) 4836 2.9%
166 Ce-139  137.640 + 0.023 days 79.9 0.719 kBg (0.0194 pCi) 5745 '_'2 9%
279 Hg-203  46.595 + 0.013 days 81.5 2:12.kBq:(0.0573 uCi) . .. 1728 . 2.9%
392 Sn-113 115.09 + 0.04 days 649 -  2.82kBg(0.0762:uCi) - 1830
514 Sr-85 64.849 + 0.004 days 98.4 3.55 kB (0.0959 Ci) .- 3493
662 Cs-137 30.17 £ 0.16 years 85.1 2.50'Bq (0:0676 pCi) 2128
898 Y-88 106.630 + 0.025 days 94.0 5.72 kBq (0.155 uCi) 5377
1173 Co-60 5.272 +0.001 years 99.86 3.12 kBq (0.0843 uCi) 3116
1333 Co-60 5.272 = 0.001 years 99.98 3.12 kBq (0.0843 pCi) 3119
1836 Y-88 106.630 + 0.025 days 99.4 5.72 kBq (0.155 uCi) 5686

e Total: 49.9 kBq (1.35 pCi)
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o Uncertainty of Measurement:

The uncertainty stated is the expangg
coverage factor k = 2. It has been gg

within the assigned range of values Wit e
@ Probability of 95%.

¢ Radioimpurities:

This source contains trace level radioj
the source’s mtended usage.

o Leak Test Results:

The source was wiped over its entire g
checked for activity using both a pg

Sta.
counter. Measured removable activity | Vgamma plastic scintillation €0 mma and <3.7 Bq (0.1 nCi) aipha.

« Additional information:

-This is an original caliprq
-This is not a reg/stere
classification: none).
-Eckert & Ziegler Isotopg
-Nuclear data was takep,
larger than expecteq to
uncertainty in its gammg_
1985. Without the gq
the Pb-210 contained g¢

-The date of calibration jg o

~This document uses the
-The source has a reco
-Eckert & Ziegler Isotq
Technology (United State
establish and maintajn ;
(and later National In stity,
Materials (as in Nuc/ear
-The Deutscher Kalibrig,
European co-operatiop

Cooperation (ILAC) fo,.o
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Denmark, Finland, Fran
Sweden, Switzerlang
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Zealand, Singapore, Soyt uth
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enst
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ng the standard uncertainty by the
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'ned in accordance with D

mpUrltles N—— determined not to adversely affect

er disk. After drying, the disk was
SUrface with a moistened filter PaP% ter and a ZnS alpha scintillation

€I were <37 Bq (1 nCi) beta-g2

- Jeff Milford, Spectroscomst ]

on Certificate.

salod gy o sl number: none, ANSI N542/1S02919

OdUCZ‘S ref 129 47, i
n fro erence number: ¢ all nuclides except Pb-210. The
t om IAEA-TECDOC-619, 1991, T

ontained activity was due to the
taken from NCRP Report No. 58,
included, the total uncertainty for
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OF Standards and Technology © fﬁf/_‘git/;;or;)wo F Standard Reference
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rica, Tajwan, the United State '
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DEUTSCHER KALIBRIERDIENST DKID oo tunse

ACTIVITY: 536 kBq

Kalibrierlaboratorium flr Radioaktivitét REF DATE: 1 MarQ7 - CAUTON
/ Calibration laboratory for activity, specific activity, photon flux and particle flux SOURCE #: 1232-29-2 .i‘
Akkreditiert durch die / accredited by the NOTFORDRUGUSE  HRRATE

Akkreditierungsstelle des DKD bei der -

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB) %

Deutscher

Isotope Products Laboratories g
DBA Isotope Products Laboratories ZANRR
24937 Avenue Tibbitts DKD-K-36901
Valencia, CA 91355

Datum der Kallbrlerung
Date of calibration 1 Mar 07

000483
. DKD-K-
Kalibrierschein Kalibrierzeichen 36901
Calibration Certificate Calibration label 07-03
\} -
' Gegenstand Muitiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die
Object volume source Ruckfihrung auf nationale Normale zur
Darstellung der Einheiten in Uber-
) einstimmung mit dem Internationalen
Hersteller Eckert & Ziegler Isotope Products Einheitensystem (S).
Manufacturer Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
EG-ML co-operation for Accreditation (EA) und der
Typ ' : International  Laboratory  Accreditation
Type Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.
i ; 1232-29-2 %,
E:g'#ﬁ},ﬁ?”en'm' Fur die Einhaltung.-einer- angemessenen
_ Frist zur Wiederholung der: Kalsbnerung ist
Auﬁraggeber Eckert & Ziegler/Isotope Prod. Europe der‘Benutzer verantwortlich.
Cus{omer - Roberi-Rossle-Sir. 10 This calibration certificate documents the
I ) -Berlin. 13125 traceability to national standards, which
5 realize the units of measurement according
: Bermany to the International System of Units (Sl).
Auftragsnummer The DKD is signatory to the multilateral
Order V. 110788 agresments of the European co-operation
. for Accreditation (EA) and of the
‘Anzahl'der"Seiten des Kalibrierscheines International Labar{atoﬁy Accreditation
Number of pages of the certificate 3

Cooperation (ILAC) for the mutual
recognition of calibration certificates. -+

The ~user is obliged -to have the. object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverdndert weiterverbreitet werden. AuSnge oder Anderungen bedirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als. auch des- ausstellenden Kallbnerlaboratonums

Kalibrierscheine ohne Unterschrift und Stempel‘haben keine Giiltigkeit.

This calibration certificate may not be reproduced other than iin full except-with the permtss:on of both the Accred!tat/on
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

“Stelivertreter ‘Bearbeiter

Stempel - ™7 ¢ o 2y -Datum Leiter des Kalibrierlaboratoriums 7 v N
Seal 4 % Date Head of the calibration laboratory Deputy ‘ Persdn in charge
¥ 15 Mar 07 Dr. Van D Catterson : Catterson / Dey/ Milford
o G j ‘“Van'Dalsem ..t
24837 Avenue Tibbitts Tel: +1-661-309-1010 ‘Fax; +1- 661—257 8303 . 1800 North Keystone Streét

Valencia, CA 91355 www. isptopeproducts.com

Burbank, CA. 91504
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e Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 0.05 + 0.01 g/cc foam matrix
Active Volume: Approximately 260mL (15.88 +0.02 grams)

-Backing: Plastic

Cover: Plastic

. Célibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources*. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

» Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

* Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8-12, Revision B “Large Volume Gamma
Standards - Simulated Gas Standards, Densities 0.04 To 0.4g/cm®. When applicable, decay corrections
were performed-using the half life values listed in the Measurement Results section.

» Environmental Conditions: -~

Temperature: (22 £2)°C
Relative humidity: (40 £5) %

o NMeasurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3 £ 0.2 years 4.18 12.3 kBq (0.332 uCi) 514.1 11.4%

60 Am-241  432.17 = 0.66 years 36.0 1.22 kBq (0.0330 uCi) 439.2 3.6%

88 Cd-109 462.6 £ 0.7 days 3.63 17.3 kBq (0.468 uCi) 628:0 3.1%

122 Co-57 271.79 + 0.09 days 85.6 0.646 kBq (0.0175 uCi) 553.0 2.9%

166 Ce-139  137.640 +£.0.023 days 79.9 0.805 kBqg'{0.0218 uCi) 643:2 2.9%

279 Hg-2083 48.595 +0.013 days 81.5 2.44 KBq (0.0859 uCi) 1989 2.9%

392 Sn-113  115.09 +0.04 days 64.9 2,91 kBq,(0:0786 uCi) 1889 2.9%

514 Sr-85  64.849.+ 0,004 days 98.4 3.91kBq (0.106 uCl) 3847 3.0%

662 Cs-137  30.17 +0.16 years 85.1 2.59 kBq(0.0700 uCi) . .. 2204 2.9%

898 Y-88 108.630 + 0.025 days 94.0 6.22 kBq (0.168 uCi) 5847 2.9%

1173 Co-60 5.272 £ 0.001 years 99.86 3.23 kBg (0:0873 uCi) 3225 2.9%
1333 Co-60 5.272 +0.001 years 99.98 3.23 kBq (0.0873 uCi) 3229 2.9%
1836 Y-88 106.630 + 0.025 days 99.4 6.22 kBq (0.168 uCi) 6183 2.9%

Total: 53.6 kBq (1.45 uCi)

See Additional Information section for a detailed explanation of Pb-210 total uncertainty vaiue.
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by rﬁe
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radicimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

Leak Test Resﬂlts:

The source was Wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation Counter and a ZnS alpha scinfillation

counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bg (0.1 nCi)
alpha.

e

iSHArT
Mattriw Dey, Spectroscopist

Additional Information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products’ reference number: 1232-29.

-Nuclear data was taken from JAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 £ 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000 =1 0.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, pased on the blind

assay (and later National Institute of Standards and Technology certification) of Standard

Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).
-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement ef t.he
European co-operation for Accreditation (EA) and the International Labe(atory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration ce'mf/cafes. The orher
signatories at present are the accreditation bodies in Austria, Belgium, Czech Bepubh'c,
Denmark, Finland, France, Ireland, ltaly, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreemen'ts have been
concluded with the accreditation bodies of Australia, Brazl, Canada, (?hina, lnd{a, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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Kalibrierlaboratorium fur Radioaktivitat
Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes %

Akkreditierungs

Eckert & Ziegler Isotope Products

Rat

DBA isotope Products Laboratories (g o [R3
24937 Avenue Tibbitts DKD-K-36901
Valencia, CA 91355
000720
DKD-K-

Kalibrierschein Kalibrierzeichen 36901

Calibration Certificate Calibration label 2008-05

Gegenstand Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die

Object volume source Ruckfuhrung auf nationale Normale zur
Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen

Hersteller Eckert & Ziegler Isotope Products Einheitensystem (SI).

Manufacturer Der DKD ist Unterzeichner der muiti-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der

Typ EG-ML International  Laboratory  Accreditation

Type ; Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Fabrikat/Serien-Nr. 1290-47-2 Fur die Einhaltung einer angemessenen

Serial number Frist zur Wiederholung der Kalibrierung ist

: . der Benutzer verantwortlich. .

Auftraggeber Eckert & Ziegler Isotope Products This calibration certificate documents the

Customer Robert-Rossle-Str. 10 traceability to national standards, which

Berlin, 13125 realize the units of measurement according
Germany to the International System of Units (S/).

The DKD is signatory to the multilateral

Auftragsnummer agreements of the European co-operation

Ord ;
raer o 121438 for Accreditation (EA) and of the
. I . » International  Laboratory  Accreditation
Anzahl der Seiten des Kalibrierscheines .
Number of pages of the certificate Cooperation  (ILAC) for the mutual
a4 3 recognition of calibration cetrtificates.
Datum der Kalibrierung The user is obliged to have the object
Date of calibration 1 May 08 recalibrated at appropniate intervals.

Dieser Kalibrierschein darf nur vollstandig und unveréndert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohi der Akkreditierungsstelle des DKD als auch des ausstelilenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giiltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempe! oo, Datum Leiter des Kalibrierlaboratoriums Stellvertreter Bearbeiter
Seal P Date Head of the calibration laboratory Deputy Person in charge
DY/ AT %&M
= "l'e rd'\@- & 7 Apr08 Dr. Van Dfalsem Catterson Catterson / Dey / Milford
N § Van Dalsem

24937 Avenue Tibbitts Tel +1-661-309-1010 Fax: +1-661-257-8303 1800 North Keystone Street

0_5_260 N
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Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 0.5 + 0.1 g/cc epoxy matrix
Active Volume: Approximately 260mL (130.3 = 0.2 grams)

Backing: Plastic

Cover: Plastic

Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating Procedure
for Calibration of Multiline Sources”. The germanium spectrometer’s efficiency curve was generated using
standards traceable to a national metrology laboratory. The energies and branching ratios for the gamma
rays used are listed in the Measurement Resuits section.

Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

Measurement Conditions:

The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8-10, Revision B “Large Volume Gamma
Standards - Epoxies, Low Density Using Microbubbles®. When applicable, decay corrections were
performed using the half life values fisted in the Measurement Results section.

Environmental Conditions:

Temperature: (23 +2)°C
Relative humidity: (24 £5) %

Measurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3+0.2 years 4.18 11.3 kBg (0.305 pCi) 472.3 11.4%

60 Am-241  432.17 = 0.66 years 36.0 1.13 kBq (0.0305 pCi) 406.8 3.6%

88 Cd-109 462.6 £ 0.7 days 383 16.6 kBq (0.449 uCi) 602.6 3.1%

122 Co-57 271.79 £ 0.09 days 85.6 0.570 kBq (0.0154 uCi) 487.9 2.9%

166 Ce-139  137.640 + 0.023 days 79.9 0.725 kBq (0.0196 pCi) 579.3 2.9%

279 Hg-203  46.595 + 0.013 days 81.5 2.06 kBq (0.0557 pCi) 1679 2.9%

392 Sn-113 115.09 + 0.04 days 64.9 2.84 kBq (0.0768 pCi) 1843 2.9%

514 Sr-85 64.849 + 0.004 days 98.4 3.58 kBq (0.0968 uCi) 3523 3.0%

662 Cs-137 30.17 £ 0.16 years 85.1 2.52 kBq (0.0681 pCi) 2145 2.9%

898 Y-88 106.630 + 0.025 days 94.0 5.76 kBq (0.156 uCi) 5414 2.9%

1173 Co-60 5.272 + 0.001 years 99.86 3.15 kBq (0.0851 pCi) 3146 2.9%

1333 Co-60 5.272 + 0.001 years 99.98 3.15 kBq (0.0851 pCi) 3149 2.9%

1836 Y-88 106.630 £ 0.025 days 99.4 5.76 kBq (0.156 pCi) 5725 2.9%
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. Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies

within the assigned rangé of values with @ probability of 95%.

. Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect

the source’s intended usage.

o Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and 2 ZnS alpha scintillation
counter. Measured removable activity jevels were <37 Bq (1 nCi) peta-gamma and <3.7 Bq (0.1 nCi) alpha.

Q,,M M ;ﬁg.w! 3 A?ﬁ 04
iford, Spectroscopist

Jeff M

« Additional Information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI N542/1S02919
classification: none).

_Eckert & Ziegler |sotope Pproducts’ reference number: 1290-47. .

-Nuclear data was taken from IAEA—TECDOC—G'IQ, 1991, for all nuclides except pp-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray pranching ratio, (4.18 £ 0.23)%, taken from NCRP Report No. 58,

1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty for
the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 1 2:00 p.m. PST (GMT—OS:OO).

_This document Uses the numerical convention where 4.000 =1 and 1,000 = 10°.

-The source has @ recommended working life of 1 year.

_Eckert & Ziegler |sotope Products participates in a National institute of Standards and
Technology (United States national metrology laboratory) measurement assurance prograim to
establish and maintain implicit traceability for @ number of nuclides, pased on the plind assay
(and later National Institute of Standards and Technology certification) of Standard Referencé
Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

_The Deutscher Kalibrierdienst is on the signatories tO the Multilateral Agreemenf of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation

Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other

signatories _at present are the accreditation bodies in Austria, Belgium, zech '8?%“171{0’_ i

Denmark, Finland, France. ireland, Italy, the Netherlands, Norway: portugal. Slovakia, gam’r") A

Sweden, Switzerland and the United Kingdom. Corresponding 8d" en;s-.jlaV:n S:W

concluded with the accreditation podies of Australia, Brazil, Cana a, tha, India, JaP |

Zealand, Singapore; South Africa, Taiwan, the United States of America and,.\. T Gl

End of Certificate
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ACTIVITY: 51.0kBg

Kalibrierlaboratorium fur Radioakiivitét REF DATE: 1 Mar07  S&72"
Calibration laboratory for activity, specific activity, photon flux and particle flux Source#: 1232293 A
Akkreditiert durch die / accredited by the NOT FOR DRUG USE "RRRARLE
Akkreditierungsstelle des DKD bei der '
PHYSIKALISCH—TECHNISCHEN BUNDESANSTALT (PTB) %

Isotope Products Laboratories
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

Kalibrierschein Kalibrierzeichen
Calibration Certificate Calibration label
Gegenst‘and Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die
Object volume source Riickfhrung auf nationale Normale zur

Darstellung  der Einheiten in Uber-
einstimmung  mit dem Internationalen

Hersteller Eckert & Ziegler Isotope Products Einheitensystem (S1).
Manufacturer ) Der DKD ist Unterzeichner der multi-
|ateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der

Typ EG-ML International  Laboratory Accreditation
Type Cooperation (ILAC) ~ Zur gegenseitigen

. : 0. Anerkennung der Kalibrierseheine.
ggr%?rbfr}'{bse? flen-hr. 1P Far die Einhaltung -einer -angemessenen
Frist zur Wiederholung -der’ Kalibrierung ist

Auftraggeber Eckert & Ziegler/lsotope Prod. Europe der Benutzer verantwortlich.
Customer Robert-Rossle-Str. 10 This calibration certificate documents the
Berlin; 13125 traceability to national standards, which
Germany realize the units of measurement according
to the International System of Units (SI)-

Auftragsnummer The -DKD is signatory to the multilateral
Order No. - - 110788 agreements of the European co-operation
. o . for Accreditation (EA) and of the
ﬁ%?glo‘?s; Eggfe'peciggiéggbnerschemes International ~ Laboratory Accreditation
= 3 Cooperation  (ILAC)  for the mutual

. recognition of calibration certificates.
u
B;te gfncad,,?,{atfo?q“b”emng 1 Mar 07 The user is obliged to. have the object
recalibrated al appropriate intervals.

Dieser Kalibrierschein darf nur volistandig und unverandert weiterverbreitet werden. ‘Auszlige oder Anderungen bedlrfen
der Genehmigung sowoh! der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giltigkeit. . SRR : :

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel

Datum Leiter des Kalibrierlahoratoriums . Stellvertreter. Bearbeiter
Seal

 Date * Head of the calibration laboratory Deputy 77 Person in charge

g, lerd # 19 Mar 07 Dr. Van Dalsem . Catterson = =, - Catterson/Dey/ngt_o;d
e » o R T o S :‘AVan Dalsem ~ «u7
24937 Avenue Tibbitts Tel: +1-661-308-1 010 Fax: +1 -'661\_‘-‘257__-8303 Hes 1800 North Keystone St(?et

Valencia, CA 91385~ - www.isotopeproducts.com - ' Burbank, CA 91504~

| ———————aT

encia, California 91355
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Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit. Multinuclide distributed in 0.5 = 0.1 g/cc epoxy matrix
Active Volume: Approximate\y o60mL (126.8 = 0.2 grams)

Backing: Plastic N v

Cover: Plastic

Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the congcentration of each
nuclide according 10 Eckert & Ziegler |sotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Muliline Sources’. The germanium spectrometer’s officiency curve was
generated using standards traceableto @ national metrology jaboratory. The energies and pranching ratios
for the gamma rays used are listed in the Measuremnent Results section.

Place of Calibration:

Eckent & Ziegler |sotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

valencia, CA 91355

USA

Measurement Conditions:

The source was manufactured using gravimetr‘nd aliquots from previously calibrated master nuclide batches
according 10 Eckert & Ziegler |sotope Products procedure PMB8-10, Revision B “Large volume Gamma
Standards - Epoxies, LOW Density Using Microbubbles’. When applicable, decay corrections were
performed using the half life values listed inthe Measurement Results section. '

Environmental Conditions:

Temperalure: (22 £2) °C
Relative humidity: (40 £5) %

l\!\easurement Results:

Gamma-Ray Branching : Gammas Total
Energy (keV) Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 02 3 +0.2years 418 11.4 kBq (0.308 uCi) 476.5 11.4%

60 Am-241 43217 + 0.66 years 36.0 447 kBq (0.0318 uCi) 421.2 3.6%
88 Cd-109 462.6 £ 0.7 days 3.63 16.6 kBa (0.449 uGi) 802.6 3.1%

122 Co-57 57179 £ 0.09 days 85.6 0.620 kBq (0.0168 £C) 530.7 2.9%

166 Ce-132 137.640 = 0.023 days 799 0.774 kBq (0.0209 uCi) 618.4 2.9%

279 ° Hg203  48.595% 0.013 days 81.5 5 33 kBq (0.0830 #Ci) 1899 2.9%

392 on-113 11509004 days 64.9 5 80 kBq (0.0757 KCi) 1817 2.9%

514 Sr-85 64.849 0.004 days 98.4 3.75 kBg (0.101 uCi) 3690 3.0%

662 Cs-137 30.17 £0.16 years 85.1 2.49 kBa (0.0673 uCi) 2119 2.9%

898 Y-88 106.630 0.025 days 94.0 5.98 KBq (0.162 uGCi) 5621 2.9%
1173 Co-60 5072 +0.001 years 99.86 3.11 kBg (0.0841 uGi) 3106 2.9%
1333 Co-60 5.272 +0.001 years 99.98 3.11 kBqg (0,0841 pCi) 3108 2.9%
1836 Y-88 106.630 = 0.025 days 99.4 5.98 kBq (0.162 uCi) 5944 2.9%

Total: 51.0 kBq (1.38 pCi

)
See Additional information seciion for a detailed explanation of Pb-210 fotal uncertainty value.
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« Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor K = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 956%.

Radioimpurities:

This source contains trace level radioimpurities; all of which have been determined not to adversely affect
the source’s intended usage. 2 :

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bg (1 nCi) beta-gamma and <3.7 Bg (0.1 nCi)
alpha. ;

) I\/\,Ezml VO Mar0T

Jeff Milford, Speotroscopist

Additional Information:

_This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANS] test number: none).

_Eckert & Ziegler Isotope Products' reference number; 1232-29.

-Nuclear data was taken from JAEA-TECDOC-619, 1991, for all nuclides except Pb-21 0. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray pranching ratio, (4.18 £ 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

_The date of calibration is referenced to 12:00 p.m. PST.

_This document uses the numerical convention where 1.000 =1 and 1,000 = 10°.

-The source has & recommended working life of 1 year.

_Eckert & Ziegler Isotope Products participates. in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (@S in Nuclear Regulatory Commission Reguiatory Guide 4.15).

-The Deutscher Kalibrierdienst is_on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation

Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation podies in Austria, Belgium, Czech Republic,
Denmark, Finland, Erance, Ireland, ltaly, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, BraZl, Canada, China, India, Japan, New

Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fiir Radioaktivitét

Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Isotope Products Laboratories

DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

Kalibrierschein

Calibration Certificate

<> Eckert & Ziegler
isotope Products

ISOTOPE: Multinuclide

Valencia,

ACTIVITY: 1.45uCi
ACTIVITY: 63.7 kBq
REF DATE: 1 Mar 07
SOURCE #: 1232-29-4

NOT I'OR DRUG USE

Deaulscher

. Akkmditlorungs
i Rat

o AR
DKD-K-36901

000485
DKD-K-
Kalibrierzeichen 36901
Calibration label 07-03

Gegenstand Multiple gamma ray emitting large
Object volume source
Hersteller Eckert & Ziegler Isotope Products
Manufacturer
Typ EG-ML
Type
Fabrikat/Serien-Nr. 1232-29-4
Serial number
Auftraggeber Eckert & Ziegler/lsotope Prod. Europe
Customer Robert-Rossle-Str. 10
Berlin, 13125
Germany
Auftragsnummer
Order No. 110788
Anzahl der Seiten des Kalibrierscheines
Number of pages of the ceriificate 3
Datum der Kalibrierung
Date of calibration 1 Mar 07

Dieser Kalibrierschein dokumentiert die
Ruckfiihrung auf nationale Normale zur
Darsteliung  der Einheiten in  Uber-
einstimmung mit dem Internationalen
Einheitensystem (SI).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
international  Laboratory  Accreditation
Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.

This calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (S1).
The DKD 'is signatory to the multilateral
agreements of the European co-operation

for Accreditation (EA) and of the
International  Laboratory — Accreditation
Cooperation  (ILAC) for the mutual

recognition of calibration certificates.
The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unveréndert weiterverbreitet werden. Ausziige oder Anderungen bedtirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gultigkeit.
This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel v e o
Seal #

Leiter des Kalibrierlaboratoriums
Head of the calibration laboratory

Dr. Van D

Tl fog VoDl

Tel 66131

, California 91355
09-1010

CAUTION

&0
&8

RADIOACTIVE

MATERIALS

Stellvertreter Bearbeiter
Deputy Person in charge
Catterson Catterson / Dey / Milford

Van Dalsem

Valencia, CA 91355

Tel: +1-661-309-1010 Fax: +1-661-257-8303
www. isotopeproducts.com

1800 North Keystone Street
Burbank, CA 91504
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¢ Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 0.9 + 0.1 g/cc epoxy matrix
Active Volume: Approximately 260mL (232.8 = 0.2 grams) '
Backing: Plastic :

Cover: Plastic

e Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources®. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

* Place of Calibration:
Eckert & Ziegler Isotope Products
DBA Isotope Products: Laboratories
24937 Avenue Tibbitts
Valencia, CA 91355
USA

o Measurement Conditions:
The source was manufactured using gravimetric aliquots frofn previously calibrated master nuclide batches
according to Eckert'& Ziegler Isotope Products procedure PM8-10, Revision B “Large Volume Gamma
Standards - Epoxies, Low Density Wsing:Microbubbles®. When applicable, decay corrections were
performed usingthe half life values-listed.in the Measurement Results section.

e Environmental Conditions:"

Temperature: (22 +£2)°C
Relative humidity: (40 £ 5) %

e Measurement Results:

Gamma-Ray Branching Gammas --Total

Energy (keV) Nuclide Half-life ' Ratio (%) Activity per second “Uncert.
47 Pb-210 22.3+0.2 years 4.18 12.3 kBq (0.332 uCi) 5141 11.4%
60 Am-241 432,17 £ 0.66 years 36.0 1.23kBq (0.08324Ci) 4428 . 36%
88 Cd-108  462.6 £0.7 days 363  17.3kBq(0.4684Ci). . 628.0 31%
122 Co-57  271.79.%0.09 days 856  0.648:kBq(0.0175kCi) .. 554.7. 2.9%.
166 Ce-139  137.640£0.023days 799  0.809kBq(0.0219uCi) ... 6464 2.9%
279 ‘Hg-208  46.595 +0.013 days 81.5 2.45 kBq (0.0662 4Ci) 1997 - 2.9%
392 Sn-113  115.09 = 0.04 days 64.9 2.93KkBq (0:07924Cl) - "1802 - 2.9%
514 Sr-85  64.849.+0.004 days 984  .3.92KBq(0.106uCi)" . SO B.0%T
662 Cs-187  30.17.£0,16 years 85.1 2.60 kB (0.0703 Ci). o
898 Y-88  106.630:0.025days 940 6.25 KBq (0.169 wCi) 5 1 2.9%

1173 Co-80  5.272:0.001 years 9986  8.25kBq(0.0878uCi) . 3245  2.9%
1333 Co-80  5.272:0.001years 9988  3:25kBq(0.0878xCi) ' 3248 T 2:9%

1836 Y-88 106.630 + 0.025 days 99.4 6.25 kBq (0.169.4Ci) 8213 2.9%
Total: 53.7°kBq (1.454Ci). . G s
See Additional Information section for a detailed explanation of Pb-210total uncertainty valle... ;%
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Uncertainty of Measurement:
The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the

coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage. ;

Leak Test Results:
The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was

checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)

alpha. A

Mattbe'w/Dey, Spectroscopist

Additional Information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number; 1232-29.

-Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Iltaly, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazl, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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Kalibrierlaboratorium flr Radioaktivitat

Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bej der

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Isotope -Products Laboratories
DBA Isotope Products Laboratorles

= Eckert & Ziegler
Isotope Products Tel 661-309-1

ISOTOPE:
ACTIVITY:
ACTIVITY:
REF DATE:
SOURCE #:

1.47 WCi
54.3 kBq
1 Mar 07
1232.28-5

NOT FOR DRUG USE
i3 G

&

DKD-K-36901

Deutscher
: Akkmditiorungs
I Rat

‘24937 Avenue Tibbitts
~Valencia, CA 91355
000486
DKD-K-
*Kalibrierschein Kalibrierzeichen 36901
- Calibration-Certificate Calibration label 07-03
Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die

; ‘. : Gegenstand
_:Objec

- Hersteller
<. Manufacturer

e

" Fabrikat/Serien-Nr.
fSerial number

: Auftraggeber

= Cusi‘omer

volume source

Eckert & Ziegler Isotope Products

EG-ML
1232-29-5

~Eckert"& Ziegler/lsotope Prod. Europe

Robert-Rossle-Sir. 10

1 Berlin} 13125

Germany
Auﬁragsnummer
Order No. 110788
Anzahl:der:Seiten des Kalibrierscheines
Number of pages of the certificate 3
Datum der Kalibrierung
Date of calibration 1 Mar 07

Ruckfuhrung auf nationale Normale zur
Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen
Einheitensystem (SI).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
International  Laboratory  Accreditation
Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Fur die ‘Einhaltung einer angemessenen
Frist-zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.

This calbration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International Systemn of Units (SI).
The DKD is signatory to the multilateral
agreements of the European co-operation
for Accreditation (EA) and of the
International ~ Laboratory  Accreditation
Cooperation (ILAC) for the mutual
recognition of calibration certificates.

The user is obliged. to have the..object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollsténdig und unverandert weiterverbreitet werden. Ausztige oder Anderungen bedtirfen
der Genehmigung 'sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und-Stempel haben keine Giiltigkeit.
This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel
Seal 4

# 15 Mar 07

Leiter des Kalibrierlaboratoriums
Head of the calibration laboratory

D

Dr. Van Dalsem

b Dellp

Bearbeiter
Person in charge

Stellvertreter
Deputy

Catterson / Dey / Milford
‘Van Dalsem

Catterson

24337 Avenue Tibbitts
Valencia, CA 91355

Tel: +1-661-309-1010 Fax: +1-661-257-8303
www.isotopeproducts.com

1800 North Keystone Street
Burbank, CA 91504

Multinuclide

Valencls, (illlomh 91355
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» Object Calibrated:

Customer supplied 260mL. container

Nature of Active Deposit: Multinuclide distributedin 1.0 £0.1 g/cc epoxy matrix
Active Volume: ' Approximately 260mL (261.2 = 0.2 grams)
Backing: . . Plastic

Cover: .Plastic
. Cahbratlon Procedure

Master nuclide batches were callbrated using an efficiency curve to determlne the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for:Calibration of Multiline Sources®. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma.rays used arejlisted in the. Measurement Results section.

o Placeof éalibrafion:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA .91355

USA

. I\_Il‘ea_sgz;ement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches

according to Eckert. & Z:egler Isotope Products procedure PM08-01, Revision D “Large Volume Gamma
Standards - Epoxy*“.’ When apphoab!e decay corrections were performed using the half fife values listed in
o -

é ‘Envirbnmentéilf_'?,_‘ ;

Temperature; (22 +2) °C
Relative humidity: - (40£5)%

¢ Measurement Resulis:

Gamma-Ray ) " Branching Gammas  Total
Energy (keV)  Nuclide ‘.ji-‘laifr_life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3x0.2years .. 4.18 12.5 kBqg (0.338 uCi) 522, 5“__ R EE 4%
60 Am-241  432.17 + 0.66 years 36.0 1.24 kBq (0.0335 uCi) . 4464 . 3.6%
88 'Cd-109 462.6 0.7 days 3.63 17.5kBq (0.473 uCl) - = 6353 "31%
122 Co-57  271.79+0.08 days 85:6  '0.655 kBq (0.0177 uCi) 560.7  2.9%
166 Ce-139  137.640 x 0.023 days 799  0.817kBq(0.0221 uC)) 8528 2.9%
279 Hg-208  46.595 +0.013 days 81.5 . 2.47kBq(0:0668 uCi) - 2018 2‘ %
392 Sn-118  115.09 x 0.04 days 649  2:95kBg(0.08004Ci) .. 1921 . 29%
514 Sr-85  64.849.+0.004 days 98.4 .3.97kBq(0.107 uCi); . 8906 - 3 0% - .
662 Cs-187  30.17 +0.16 years 85.1 - 2.63-kBq (0.0711 uCi) »* . 2238 i 2:9%
898 Y-88  106.630 +0.025days  94.0 6.32kBg'(0,171 4Ci).., 5941  2:9%
1173 Co-80  5.272+0.001 years 99.86 3.28 kBq (0.0886 uCi) 3275 . 2.9%
1333 Co-60  5.272 +0.001 years 99.98 3.28kBq(0.0886 4CI) © 8279 - 2:9%
1836 Y-88  106.830 +0.025 days 99.4 6.32kBq (0.171.uC) . 6282 2.9%
Total: - 54.3 kBq (1.47.4Ci).

See Additional information section for a detailed explanation of- Pb-210 total l'u certémty value
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e Uncertainty of Measurement:

The uncertainty stated js the-expanded uncertainty obtained by muitiplying the standard uncertainty by the
coverage factor k =.2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the ass:gned range of values with a probability of 95%.

¢ Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s mtended usage.

o Leak Test Resuits: -

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bg (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)
alpha. :

~

o e
=" Mo

Matthew Dey, 'Spectroscopist

¢ Additional Information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: ‘none).

-Eckert & Ziegler Isotope Products' reference number: 1232-29,

-Nuclear data was .taken-from IAEA-TECDOC+=619, 1991, for all nuclides except Pb-210. The
larger than:expected :total .uncertainty for the Pb-210 contained activity was due to the
uncertainty:in'its .gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2. .

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1.and 1,000 = 10°.

-The source has.a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory).measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, ‘based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst is on the .signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the Interational Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are ‘the accreditation’ bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, ltaly, the Netherlands, Norway, Portugal, Slovakia, ‘Spain,
Sweden, Switzerland .and -the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, india, Japan New
Zealand, Singapore, South Africa, Taiwan, the United States of America and V/etnam
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DEUTSCHER KALIBRIERDIENST Dkb

Kalibrierlaboratorium fur Radioaktivitat ‘
Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Eckert & Ziegler Isotope Products : % - ‘
DBA Isotope Products Laboratories S | i

24937 Avenue Tibbitts

Valencia, CA 91355 DKD-'K-3.6‘901
. 000721
Kalibrierschein - Koy o8 0 b g DKD-K-
Calibration Certificate o Fierzeichen. ... | - !
"bration label - - |-2008-05
Gegenstand Multiple gamma ray emitting large Dieser R
Object , volume source Ruckfih, ‘Qlibrierschein dokumentiert ~die

Darsteyy, NG auf nationale - Normale zur
emstlmm S de heiten: in " Uber-

Eorsteliar Eckert & Ziegler Isotope Products [E)inheite :’;g mit' .dem-" Internationalen
Manufacturer er Dy YStemi(Sl). .- <o i

la’n:—:ralen_D st ;e:z,e[c'h’nér der ‘multi-

. co—operé'ﬁ Ub nkommen. . der .European

Typ EG-ML Internag; On- creditation (EA)-und-der

Type COOpe'ﬁétinal,:; tl,-'éb atory .- .<Accreditation

Anetke;
Fabrikat/Serien-Nr. 1290-47-3

Serial number

Eckert & Ziegler Isotope Products

Auftraggeber A ; : Gk il
Customer Robert-Rossle-Str. 10 traceap;,. ration certi e .documents ‘the
Berlin, 13125 realize'yY 'to. national “standards, which
Germany to the 1, té_e Units-of measurement according
The Dy, 'Tn_.a-tione"fl';Syste_rn of Units (SI). .
égdftra snummer agreeme, Is.signatory ‘to the multilateral
er No. 121438 Tors A rts of the European co-operation
_ w . Infemay; - ©ditation (EA) .and :
Anzahl der Seiten des Kalibrierscheines Coo, Mongy . 1 o) i
Number of pages of the certificate (i1 e Leboratory  Acorgditsiion
pag 3 "'.9009'7iti0°” . (ILAC) for the mutual
. The s 1-Of calibration certificates.
Datum der Kalibrierun be2r S obli S
Date of calibration . 1 May 08 R fiora eésat%tggi‘zﬁz 'f"atve ﬂ/w et
: : ; e intervals. * '~

Dieser Kalibrierschein darf nur volistandig und unverandert weiterverbreitet werden, A s . ] .
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des -g,¢ 2lge oder Anderungen bediirfen

Kalibrierscheine ohne Unterschrift und Stempel haben keine Gultigkeit. i Stellenden Kalibrierlaboratoriums.
This calibration certificate may not be reproduced other than in full except with the

‘Body of the DKD and the issuing laboratory. Calibration certificates without signature an "Mmissijon of both the Accreditation

-Seal are not.valid.

Datum Leiter des Kaliprierlaboratoriums s "SteIIVe,tret' A
Date Head of the calibration laboratory - .. .. Deput, ST Boarbelter
S sy e : Person in charge
i > ~§I \ i D Z: B -
7 Apr 08 Dr. Vah/‘ Dalsem g 'Qatterson

e Catterson / Dey/Mi_ifdrd
24937 Avenue Tibbitts Tel +1-661-309-1010  Fax: +1-661-257-8303 Van Daisem “
Valencia, CA 91355 www.isotope roducts.com . - 1800 North Keystone Street
' n 2 Burbank, CA 91504
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Object Calibrated:
Customer supplied 260mL container
oy Nature of Active Deposit: Multinuclide distributed in 1.3 = 0.1 g/cc epoxy matrix
Active Volume: Approximately 260mL (337.8 + 0.2 grams)
Backing: Plastic
Cover: Plastic

Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating Procedure
for Calibration of Multiline Sources". The germanium spectrometer’s efficiency curve was generated using
standards traceable to a national metrology laboratory. The energies and branching ratios for the gamma
rays used are listed in the Measurement Results section.

Place of Calibration:

Eckert & Ziegler isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

Measurement Conditions:

The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8-7, Revision A "Large Volume Gamma
Standards - Mixed Density Epoxies Densities 1.1 to 2.0“. When applicable, decay corrections were
performed using the half life values listed in the Measurement Results section.

Environmental Conditions:

Temperature: (23+£2)°C
Relative humidity: (24 £5) %

Measurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3+£0.2 years 4.18 11.3 kBq (0.305 pCi) 472.3 11.4%

60 Am-241 43217 + 0.66 years 36.0 1.14 kBq (0.0308 uCi) 4104 3.6%

88 Cd-109 462.6 + 0.7 days 3.63 16.6 kBq (0.449 nCi) 602.6 3.1%

122 Co-57 271.79 £ 0.09 days 85.6 0.572 kBq (0.0155 uCi) 489.6 2.9%

166 Ce-139  137.640 + 0.023 days 79.9 0.727 kBq (0.0196 uCi) 580.9 2.9%

279 Hg-203 46.595 + 0.013 days 81.5 2.07 kBq (0.0559 uCi) 1687 2.9%

392 Sn-113 115.09 £ 0.04 days 64.9 2.85 kBq (0.0770 uCi) 1850 2.9%

514 Sr-85 64.849 + 0.004 days 98.4 3.60 kBq (0.0973 pCi) 3542 3.0%

662 Cs-137 30.17 £ 0.16 years 85.1 2.53 kBq (0.0684 pCi) 2153 2.9%

898 Y-88 106.630 + 0.025 days 94.0 5.79 kBq (0.156 puCi) 5443 2.9%

1"_1_73 Co-60 5.272 + 0.001 years 99.86 3.16 kBq (0.0854 uCi) 3156 2.9%

11333 Co-60 5.272 + 0.001 years 99.98 3.16 kBq (0.0854 LCi) 3159 2.9%

: "1836 Y-88 106.630 + 0.025 days 99.4 5.79 kBq (0.156 uCi) 5755 2.9%

Total: 50 R kRA 11 2R n/in
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a Zn$S alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bqg (0.1 nCi) alpha.

\].:“ Mﬂgnﬂj 1 Bar 08

T

Jeff I\Xﬂford, Spectroscopisf

 Additional Information:

~This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANS/ N542/502919
classification: none).

-Eckert & Ziegler Isotope Products’ reference number: 1290-47.

-Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP Report No. 58,
1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty for
the Pb-210 contained activity was 2.9% at k=2,

-The date of calibration is referenced to 12:00 p.m. PST (GMT-08:00).

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program to
establish and maintain implicit traceability for a number of nuclides, based on the blind assa y
(and later National Institute of Standards and Technology certification) of Standard Reference
Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.

End of Certificate
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Isotope Products Laboratories

DBA Isotope Products Laboratories
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Kalibrierschein
Calibration Cerftificate .

DEUTSCHER KALIBRIERDIENST DKD

Calibration laboratory for activity, specific activity, photon flux and particle flux

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)
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ACTIVITY:  1.46 uCi
ACTIVITY: 54.0kBq
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Calibration label 07-03

Gegenstand Multiple gamma ray emitting large
Object .. . volume source

Herstelior . 'Eckert & Ziegler Isotope Products
Manufacturer

Typ : g W Al EG'ML

Type

Fabrika/Serien-Nr. ~ 1232-29-6

Serie] nurber

Auftraggeber Eckert & Ziegler/isotope Prod. Europe

Customer

‘Robert-Rossle-Str. 10
z-Berlin, 13125

" Germany
. Auﬁragéﬁﬂfhmer
“Order No. - 110788
- Anzahl der Seiten des Kalibrierscheines
Number of pages of the certificate 3
- 'Datum der Kalibrierung
. Date of calibration 1 Mar 07

Dieser Kalibrierschein dokumentiert die
Ruckflhrung auf nationale Normale zur
Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen
Einheitensystem (SI).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
International  Laboratory  Accreditation
Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Far die “Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.

This -calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (S).
The DKD is signatory to the multiateral
agreements of the European co-operation
for  Accreditation (EA) and of the
International ~ Laboratory  Accreditation
Cooperation  (ILAC) for the mutual
recognition of calibration certificates.

The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollsténdig und unveréandert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung .sowohl der Akkreditierungsstelle des DKD als auch des ausstelienden Kalibrierlaboratoriums.

Kalibrierscheine.ohne Unterschrift und Stem pel haben keine Giiltigkeit.

This calibration certificate ’may.not-be reproduced other than in full except with the permission of both the Accreditation
. Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

rem e Stempel e e
ComroT Sealn e % Date

" Leiter des Kalibrierlaboratoriums
Head of the calibration-laboratory

% lie rdj‘ 15 Mar 07 Dr. Van Dalsém

Bearbeiter
Person in charge

Stellvertreter
Deputy

Catterson / Dey / Milford

Catterson
: Van Dalsem

24937 Avenue Tibbiis
Valencia, CA 91 .’355

Tel: +1-661-309-1010 Fax: +1-661-257-8303
www.isctopeproducts.com

1800 North Keystone Street
Burbank, CA 91504

ISOTOPE: Multinuclide
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* Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 1.3 0.1 glce epoxy matrix
Active Volume: Approximate!y 260mL (3392 4 0.2 grams)

Backing: Plastic

Cover: Plastic

Calibration Procedure:

Place of Calibration:
Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories

24937 Avenue Tibbitts
Valencia, CA 91355
usa

Measurement Conditions:

Standards - Mixed Density Epoxies Densities 1.1 to 2.0“. When applicable decay Corrections were
performed using the half Jife values listed in the Measurement Resuilts section,

Environmentaj Conditions:

Temperature: (22+2)°C
Relative humidity: (40 £ 5) %,

Measurement Results:

Jamma-Ray Branching Gammas Total
inergy (keV)  Nuclide Half-life Ratio (%) Activity per seéond Uncert.
47 Pb-210 22.3%0.2 years 418 12.4 kBq (0.335 HCi) -518.8 11.4%

60 Am-241 43217 + 0.66 years 36.0 1.23 kBq.(0.0332 1 Ci) 4428 3.6%

88 Cd-109 462.6 +0.7 days 3.63 17.4 kBq (0.470 yCj) 631.6 3:1%

122 Co-57 271.79%0.09 days 85.6 0.651 kBq (0.0176 HCi) 557.3 2.9%

166 Ce-139  137.640 + 0,023 days 79.9 0.812 kBq (0.0219 4Cj) 648.8 2.9%
279 Hg-203 46505 4 0.013 days 81.5 2.46 kBg (0.0665 4Cj) 2005 2.9%

392 Sn-113  115.09 20,04 days 649 .294kBq(0.0705 7e)) 1908 2.9%

514 Sr-85 64.849 + 0,004 days 98.4 3.94 kBqg.(0.108 #Ci) «--8877 3.0%

662 Cs-137 30.17 +0.18 years 85.1 »2.62’kBq (0.0708 4Ci) 2230. - .. 2.9%

898 Y-88 106.630 + 0.025 days 94.0 8.28 kBq (0.170 i) 5903 2.9%

1173 Co-60 5.272 +0.001 years 99.86 3.26 kBq (0.0881 KCi) 38255 2.9%

1333 Co-60 5.272 + 0.001 years 98.98 3.26 kBq (0.0881 1Ci) 3259 2.9%

1836 Y-88  106.630 + 0,025 days 99.4 6.28 kBq (0.170 i) 6242 2.9%

< Total: 54.0 kBq (1.46 uCi)

Additional Information section for a detajled explanation of Ph-210 total Uncertainty valye.
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k =2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’'s intended usage.

Leak Test Resulis:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)
alpha. :

Ma’ﬁﬁew Dey, Spectroscopist

« Additional Information:

-This is an original calibration certificate.

_This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number: 1232-29. r

_Nuclear data was taken from JAEA-TECDOC-619, 1991, for all nuclides -except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 £ 0.23)%, taken from-NCRP Report -No.
58, 1 985, - Without the.gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2:9%at k=2. '

-The date.of calibration’is referenced to 12:00 p.m. PST. :

~This docurnent uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

_Eckert & Ziegler Isotope Products participates in 2 National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (andlater National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

_The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement. of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the-mutual recognition of the calibration certificates.  The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,

- Denmark, Finland, France, Ireland, ltaly, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have ‘been

‘concluded with the accreditation bodies of Australia, Brazl, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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ACTIVITY: 54.9kB
Kalibrierlaboratorium flr Radioaktivitét REF DATE: 1 Mar of/i CAUTION

Valendla, Caléornia 9135

Calibration laboratory for activity, specific activity, photon flux and particle flux SOURCE #: 1232.-28.7 M:é:m
Akkreditiert durch die / accredited by the YOI FOR DRUG USE Uoiheted
Akkreditierungsstelle des DKD bei der

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB) %

Deutscneor

Isotope Products Laboratories i Adiionuros
DBA Isotope Products Laboratories B DN T
24937 Avenue Tibbitts - DKD-K-36901
Valencia, CA 91355 '
000488
| DKD-K-
Kalibrierschein Kalibrierzeichen 36901
Calibration Certificate Calibration label 07-03
@ Gegenstand Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die
Object volume source Rackfuhrung auf nationale Normale zur

Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen

Hersteller Eckert & Ziegler Isotope Products Einheitensystem (SI).
Manufacturer B Der DKD ist Unterzeichner der multi-
) lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der

Typ EG-ML International  Laboratory  Accreditation
Type Cooperation (ILAC) zur gegenseitigen
: . o Anerkennung der Kalibrierscheine.
geang?rlffmt/b%ﬁar(emNr. 1232297 Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
Auftraggeber Eckert & Ziegler/lsotope Prod.:Europe der.'Benl{tzer'verantw.gnhch.
Customer Roberi-Rossle-Str. 10 This calibration certificate documents the
iy Berlin. 13125 traceability to national standards, which
s Germa;ny . realize the units of measurement according
to the International System of Units (SI).
Auftragsnummer The DKD is signatory to the multilateral
Oraeriie, 110788 agreements of the European co-operation
. o . for Accreditation (EA) and of the
Y ,’%D%g‘g' chigggfgtfeﬁ?e%:sﬁﬁlvgglelbnerschemes International  Laboratory — Accreditation
{4 3 Cooperation  (ILAC) for the mutual

o recognition of calibration certificates.
B;E“or,”cgﬁfaﬁ%"b”emng 1 Mar 07 The user is obliged to have the object
ar recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistéandig und unverandert weiterverbreitet werden. Auszlige oder Anderungen beditirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel % e o, Datum Leiter des Kalibrieriaboratoriums Stelivertreter Bearbeiter
Seal ¢ %, Date Head of the calibration laboratory Deputy Person in charge
Do gl
# 15 Mar 07 Dr. Van Dalsem Catterson Catterson / Dey / Mifford
et Van Dalsem
24937 Avenue Tibbitts Tel: +1-661-309-1010 Fax: +1-661-257-8303 1800 North Keystone Street

Valencia, CA 91355 www. ispiopeproducts.com Burbank, CA 91504
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» Object Calibrated:

Custormer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 1.5 +0.1 g/cc epoxy matrix
Active Volume: Approximately 260mL (892.6 = 0.2 grams)

Backing: Plastic

Cover: Plastic

e Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources®. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

D e Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

¢ Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8-7, Revision A “Large Volume Gamma

Standards - Mixed Density Epoxies Densities 1.1 to 2.0“. When applicable, decay corrections were
performed usmg the half ||fe values listed in the Measurement Resuilts section.

« Environmenial Conditions:

Temperature: (22£2)°C
Relative humidity: (40 £5) %
- « Measurement Results:
Gamma-Ray Branching , “ Gammas  Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity . per second Uncert. .
47 Pb-210  22.3x0.2years 4.18 12.6 kBq (0.841 1Ci) -~ 5267 VA%
60 Am-241 43217 + 0.66 years 36.0 1.26 kBq (0.0341 pCi)+ . -453.6 8.6% ;e
88 Cd-109 4626 £0.7 days 3.63 17.7 kBq (0.478 pc|) 6425 1. A%
122 Co-57 271.79 £0.09 days 85.6 0.662 kBq (0.0179 LCiy” 5867 . 2.8% -
166 Ce-139  137.640 +0.023 days 79.9 0.826 kBq (0.0223 4Ci) . . 660.0 2.9%
279 Hg-203  46.595 +0.013 days 81.5 2.50 kBq (0.0676 Ci)+ ' - 2038 2.9%
392 Sn-113  115.09 +0.04 days 64.9 .  2.99kBq (0.0808 ,uCl) L e4 2.9%
514 Sr-85  64.849 x 0.004 days 98.4 . - 401KkBq(0.108 uGi) =~ 3946 3.0%
662 Cs-137 30.17 x 0.16 years 85.1 2,66 kBq (0.0719 uCi) - 2264 ~  2.9%
898 Y-88 106.630 = 0.025 days 94.0 6.38 kBq (0.172 pCi) =~ 5997 2.9%
1178 Co-60  5.272 +0.001 years 99.86 3, 32 kBq (0.0897 iGi) . 3315 2.9%
1333 Co-60 5.272 +0.001 years 99.98 332 kBq (0:0897 uCi) - 3319 2.9%
1836 Y-88  106.630 = 0.025 days 99.4. . 6.38kBq(0.172 uCi) 6342 2.9%
Total: ©.54.9 kBq (1.48 uCi) '

See Additional Information section for a dstailed explanatién of Pb—?‘lo total uncertainty value.
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« Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3.. The value of the measurand lies
within the assigned range of values with a probability of 95%. '

Radioimpurities:

This source contains trace Jevel radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage. :

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)
alpha.

2 ismesr
Matthew Dey, Spectroscopist

« Additional Information:

-This is an original calibration certificate.

_This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number: 1232-29.

_Nuclear data was taken from JAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 £ 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

_The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

_The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazl, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.

913¢
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DEUTSCHER KALIBRIERDIENST DKID

Kalibrierlaboratorium fur Radioaktivit&t

Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Isotope Products Laboratories

DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

Kalibrierschein

Calibration Certificate

= Eckert & Ziegler

Valencia, Californla 91355
010

Isotope Products Tel 661-309-1
ISOTOPE: Multinuclide
ACTIVITY: 1.46 uCi
ACTIVITY:  54.0 kBg

REF DATE: 1 Mar 07

NOT FOR DRUG USE

@&

Dautschor
Akkmﬂ itlorungs

u=3 - Na=s!
DKD-K-36801
000496
DKD-K-
Kalibrierzeichen 36901 _
Calibration label 07-03

__Stempel _ s
~ Seal

Multiple gamma ray emitting large

Gegenstand

Object volume source
Hersteller Eckert & Ziegler Isotope Products
Manufacturer
Typ -~ EG-ML
Type
Fabrikat/Serien-Nr. 12?'2'2‘:.9'1?
Serial number '
Auftraggeber Eckert & Ziegler/Isotope Prod. Europe
Customer Roberi-Rossle-Str. 10
: YL e TR “Berlin, 13125

Germany

Auftragsnummer
Order No. 110788
Anzahl der Seiten des Kalibrierscheines
Number of pages of the certificate 3
Datum der Kalibrierung
Date of calibration 1 Mar 07

International

‘Dieser Kalibrierschein dokumentiert die

Ruickfihrung auf nationale Normale zur
Darstellung der Einheiten in  Uber-
einstimmung mit dem Internationalen
Einheitensystem (SI).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
Laboratory ~ Accreditation
Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine. - -

Fir die Einhaltung einer ‘angemessenen
Frist zur:-Wiederholung -der Kalibrierung ist
der-Benutzer verantwortlich.

This -calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (SI).
The DKD is signatory to the multiiateral
agreements of the European co-operation
for Accreditation (EA) and of the
International ~ Laboratory  Accreditation
Cooperation (ILAC) for the mutual
recognition of calibration certificates.

The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und-unveréndert weiterverbreitet werden. Auszlige oder Anderungen bedurfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als ‘auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierschelne ohne Unterschrift und Stempel haben keine Gltigkeit.
This calibration certificate may not be-reproduced.other than in full-except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Callbrat/an cert/ﬁcates W/thout szgnature and seal are not valid.

SOURCE #: 1232-29-19

. Daum . Leiterdes Kalbrieriaboralariurms
y, Date Head of the calibration laboratory

Bearbeiter
Person in charge

Stellvertreter
Deputy

Catterson / Dey / Milford
Van Dalsem

Catterson

T s

e 24937 Avenuelebltts
Valencia, CA 91355

Tel: +1-661-309-1010 :.-:-Fax:_“+1»—681 -257-8303
www. isotopeproducts.com

1800 North Keystone Street
Burbank, CA 91504

CAUTION

AA

RIDKOACTIVE
MATERI
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» Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 1.7 £ 0.1 g/cc sand matrix
Active Volume: Approximately 260mL (443.6 = 0.2 grams)

Backing: Plastic

Cover: Plastic

» Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources”. The germanium spectrometer’'s efficiency curve was
generated using standards traceable to a national metrology faboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

» Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

» Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM08-05, Revision C “Large Volume Gamma
Standards - Sand*. When applicable, decay corrections were performed using the half life values listed in
the Measurement Results section.

» Environmental Conditions:

Temperature: (22£2)°C
Relative humidity: (40 £ 5) %

» Measurement Resulis:

Gamma-Ray Branching Gammas Total

Energy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3+ 0.2 years 4.18 12.4 kBq (0.335 uCi) 518.3 11.4%
60 Am-241 43217 + 0.66 years 36.0 1.24 kBq(0.0335 uCi) 446.4 3.6%
88 Cd-109 462.6 + 0.7 days 3.63 17.4 kBq (0.470 pCi) 6316  B31%
122 Co-57 271.79+0.09days - 856 0.652 kBq (0.0176 uCi) 5581 2.9%
166 Ce-139  137.640 +0.023 days 79.9 0.813 kBq (0.0220 #Ci) 649.6 2.9%
278 Hg-203  46.595 = 0.013 days 81.5 2.46 kBq (0.0665 uCi) 2005 . 2.8%
392 Sn-113 115.09 £ 0.04 days 64.9 2.94 kBq (0.0795 uCi) 1908  2.9%
514 Sr-85 64.849 + 0.004 days 98.4 +8.95 kBq (0.107 uCi) 3887 - 3:0% .
662 Cs-137 30.17 £ 0.16 years 85.1 2.62 kBq(0.0708 wCi) . 2280w 2.9%

RAR Y.R8] 10R ARN + N N25 davs 94.0 6.28 kBa (0.170 Ci) 5903 2.9%
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Uncertainty of Measurement:
The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the

coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%. '

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adver_sely.éffect
the source’s intended usage. ) 2

Leak Test Results:
The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was

checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq. (0.1. nCi)

alpha. i _
/%;?‘;/th‘ﬂ7

Mattf;ve)éy, Spectroscopist

Additional Information:

-This is an original calibration certificate. : Sk

-This is not a registered sealed source (Registration number: none, ANSI test number:none).

-Eckert & Zjegler Isotope Products’ reference number: 1232-29. o

-Nuclear data was taken from IAEA-TECDOC-619, 1991, for all-nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity. was .due to_the
uncertainty. in.its gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP.Rsport No.
586, 1985. Without the gamma-ray branching ratio uncértainty included, the total uncertainty

- for the Pb-210 contained activity was 2.9% at k=2. - ' I ey

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000.= -77.0?.

-The source has a recommended working life of 1 year. oo

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory). measurement assurance program
to establish and maintain implicit traceability for a number of ‘nuclides, -based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear:Regulatory Commission Regulatory Guide 4. 15) = ‘

-The ‘Deutscher ‘Kalibrierdienst ‘is on the' signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the -mutual recognition of the calibration certificates. ~ The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, ltaly, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland .and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan,. New
Zealand, Singapore, South Aftica, Taiwan, the United States of America and Vietnam.
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DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium fur Radioaktivitat
Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

é i ég Deutscher

Akkreditierungs
Rat

DKD-K-36901

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories

24937 Avenue Tibbitts
Valencia, CA 91355
000722
DKD-K-
Kalibrierschein Kalibrierzeichen 36901
Calibration Certificate Calibration label 2008-05
Gegenstand Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die
Object volume source Rickflihrung auf nationale Normale zur
‘ Darstellung  der Einheiten in Uber-
< einstimmung mit dem Internationalen
Hersteller _Eckert & Ziegler Isotope Products Einheitensystem (Sl).

el Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
Typ EG-ML International  Laboratory  Accreditation
Tipe Cooperation (ILAC) zur gegenseitigen
. Anerkennung der Kalibrierscheine.
1290-47-4 Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.
This calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (SI).
The DKD is signatory to the multilateral
agreements of the European co-operation
121438 for  Accreditation (EA) and of the
Intemational  Laboratory  Accreditation
Cooperation  (ILAC) for the mutual
recognition of calibration certificates.
The user is obliged to have the object
recalibrated at appropriate intervals.

Fabrikat/Serien-Nr.

Serial number
Eckert & Ziegler Isotope Products
Robert-Rossle-Str. 10

Berlin, 13125
Germany

Auftraggeber
Customer E

Auftragsnummer
Order No.

Anzahl| der Seiten des Kalibrierscheines
Number of pages of the certificate 3

Datum der Kalibrierung
Date of calibration

1 May 08

Dieser Kalibrierschein darf nur vollstéandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungsstielle des DKD als auch des ausstelienden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gultigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Datum Leiter des Kalibrierlaboratoriums Stellvertreter Bearbeiter

Date Head of the calibration laboratory Deputy Person in charge
Dol faaloDeliu (i

7 Apr 08 Dr. Van Dalsem Catterson Catterson / Dey / Milford

Van Dalsem

24937 Avenue Tibbitts
Valencia, CA 91355

Tel: +1-661-309-1010 Fax: +1-661-257-8303
www.isotopeproducts.com

1800 North Keystone Street
Burbank, CA 91504
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stémer supplied 260mL container

ture of Active Deposit: Multinuclide distributed in 2.0 £ 0.1 g/cc epoxy matrix
tive Volume: . Approximately 260mL (520.1 + 0.2 grams)

acking: Plastic

"Cover: Plastic

éiibhation Procedure:

aster nuclide batches were calibrated using an efficiency curve to determine the concentration of each
clide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating Procedure
~Calibration of Multiline Sources”. The germanium spectrometer’s efficiency curve was generated using
indards traceable to a national metrology laboratory. The energies and branching ratios for the gamma

/s used are listed in the Measurement Results section.

_écé of Calibration:

skert & Ziegler isotope Products
3A Isotope Products Laboratories
1937 Avenue Tibbitts

ilencia, CA 91355

3A

easurement Conditions:

1e source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
ccording to Eckert & Ziegler Isotope Products procedure PM8-7, Revision A "Large Volume Gamma
andards - Mixed Density Epoxies Densities 1.110'2:0“. 'When applicable, decay corrections were
srformed using the half life values listed in the Measurement Results section.

nvironmental 'Conditions:

amperature: (23+2)°C
elative humidity: (24£5)%

easurement Results:

mma-Ray Branching Gammas Total

argy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pbh-210 22.3+£0.2years ° 418 11.4 kBq (0.308 uCi) 476.5 11.4%
60 Am-241 43217 + 0.66 years 36:0 1.14 kBq (0.0308 pCi) 4104 3.6%
88 Cd-109 462.6 £ 0.7 days 3.63 " 16.7 kBq (0.451 uCi) 606.2 3.1%
122 Co-57 271.79 +.0.09 days 85.6 0.574 kBq (0.0155 pCi) 491.3 2.9%
166 Ce-139  137.640 £ 0.023 days 79.9 0.730 kBq (0.0197 uCi) 583.3 2.9%
279 Hg-203  46.595 + 0.013 days 81.5 2.08 kBq (0.0562 uCi) 1695 2.9%
392 Sn-113 115.09 + 0.04 days' 64.9 2.86kBq (0.0773 uCi) 1856 2.9%

i PR D S " RN 0o 4 D LA LD~ A NOTE N 2ARR2 2 N%
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bg (0.1 nCi) alpha.

Lol Ml 708

Jeff 1\7[ Hford, épéctroscopist

Additional information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI N542/1S02919
classification: none).

-Eckert & Ziegler Isotope Products’ reference number: 1290-47.

-Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 +0.23)%, taken from NCRP Report No. 58,
1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty for
the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST (GMT-08:00).

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program to
establish and maintain implicit traceability for a number of nuclides, based on the blind assay
(and later National Institute of Standards and Technology certification) of Standard Reference .
Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.

End of Certificate
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REF DATE: 1 Mar07  CAuToN
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Kalibrierlaboratorium fur Radioaktivitat
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Akkreditiert durch die / accredited by the NOT FOR DRUG USE ATERALS
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Isotope Products Laboratories
DBA Isotope Products Laboratories P
DKD-K-36901

24937 Avenue Tibbitts
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000489
DKD-K-
Kalibrierschein Kalibrierzeichen 36901
Calibration Certificate Calibration label 07-03
- Gegenstand Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die
Object volume source Ruckfiihrung auf nationale Normale zur
Darstellung der Einheiten in  Uber-
. einstimmung mit dem Internationalen
Herstelier Eckert & Ziegier Isotope Products Einheitensystem (SI).

Manufacturer Der DKD ist Unterzeichner der multi-

lateralen Ubereinkommen der European

. co-operation for Accreditation (EA) und der

Dlp EG-ML International  Laboratory  Accreditation

ype Cooperation  (ILAC) zur gegenseitigen
. . 1232-29-9 Anerkennung der Kalibrierscheine.

Fabrikat/Serien-Nr. Fur die Einhaltung einer angemessenen

Serial number : : ) -
Frist zur Wiederholung der Kalibrierung ist
Auftraggeber Eckert & Ziegler/lsotope Prod. Europe der Benutzer verantwortlich.
Customer Robert-Rossle-Str. 10 This calibration certificate documents the
Berlin, 13125 traceability to national standards, which
Germany realize the units of measurement according
to the International System of Units (SI).
Auftragsnummer The DKD is signatory to the multiateral
Crasr . 110788 agreements of the European co-operation
; o ; for Accreditation (EA) and of the
‘ ﬁpégglo?ggggseggpe%ﬁﬁﬁggbrlerschemes International ~ Laboratory — Accreditation
Semst 3 Cooperation  (ILAC) for the mutual
Datum der Kalibrierung recognition of calibration certificates.
Date of calibration 1 Mar 07 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistandig und unveréndert weiterverbreitet werden. Ausztge oder Anderungen beditirfen
der Genehmigung sowohi der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrieriaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gitigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel T re ma,  Datum
Seal 4 %, Daie

Leiter des Kalibrierlaboratoriums
Head of the calibration laboratory

~

Dr. Van sem

Stellvertreter Bearbeiter
Deputy Person in charge

Catterson / Dey / Milford
Van Dalsem

Catterson

Valencia, CA 91355

Tel: +1-661-309-1010 Fax: +1-661-257-8303
www., isotopeproducts.com

1800 North Keystone Street
Burbank, CA 91504
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Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 2.0 0.1 g/cc epoxy matrix
Active Volume: Approximately o60mL (523.1 0.2 grams)

Backing: Plastic

Cover. Plastic

Cailibration Procedure:

Master nuclide patches were caliprated using an efficiency curve 10 determine the concentration of each
nuclide according 10°Eckert & Ziegler Isotope Products procedure LPO5-24, Revision B “Operating
Procedure for Calibration of Multiline Sources®. The germanium spectrometer's efficiency curve was
generated using standards traceableto a national metrology jaboratory. The energies and branching ratios
for the gamma rays used are listed inthe Measurement Results section.

Place of Calibration:

Eckert & Ziegler Isotope Products
DBA lsotope Products Laboratories
04937 Avenue Tibbitls

valencia, CA 91 355

USA

Measurement Conditions:
The source Was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PMB-7, Revision A “Large Volume Gamma

Standards - Mixed Density Epoxies Densities 1.1 to 2.0% When applicable, decay corrections were
performed using the half life values listed in the Measurement Results section.

Environmenta‘l Conditions:

Temperature! (22+2)°C
Relative humidity: (40 £5) %

Measurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV) Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 223 +0.2years 4.18 12.4 kBq (0.335 pCi) 518.3 11.4%
80 Am-241 43217 = 0.66 years 36.0 1.24 kBq (0.0335 1Ci) 446.4 3.6%

88 Cd-109 462.6 £ 0.7 days 3.63 17.4 kBq (0.470 pCi) 631.6 3.1%

122 Co-57 271.79 £ 0.09 days 85.8 0.652 kBq (0.0176 uCi) 558.1 2.9%

166 Ce-139  137.640£0.023 days 79.9 0.813 kBq (0.0220 uCi) 849.8 2.9%

279 Hg-203  46.595 % 0.013 days 81.5 .46 kBq (0.0885 uGCi) 2005 2.9%

392 Sn-113 115.09 + 0.04 days 64.9 .94 kBq (0.0795 uCi) 1908 2.9%

514 Sr-85 64.849 + 0.004 days 98.4 3.94 kBq (0.106 pCi) . 3877 3.0%

662 Cs-137 30.17 £0.16 years 85.1 2.62 kBq (0.0708 uGi) 2230 2.9%

898 Y-88 106.630 = 0.025 days 94.0 6.28 kBq (0.170 pCi) 5903 2.9%
1173 Co-60 5.272 +0.001 years 99.86 3.26 kBq (0.0881 uCi) 3255 2.9%
1333 Co-60 5272 +0.001 years 99.98 3.26 kBq (0.0881 uCi) 3259 2.9%
1836 Y-88 106.630 + 0.025 days 99.4 .28 kBq (0.170 uCi) 6242 2.9%

Total: 54.0 kBq (1.46 uGi)

See Additional information section for a detailed explanation of Pb-210 total uncertainty value.
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95 %.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bg (0.1 nCi)
alpha.

/ (SMaro]
MattRew Dey, Spectroscopist

Additional information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number: 1282-29.

_Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 £ 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty -
for the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST.

_This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

h -Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazl, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.,
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Multiple gamma ray emitting large

Gegenstand

Objsct volume source

Hersteller Eckert & Ziegler Isotope Products
Manufa"cturer

'f:ryp:; o Ry EG-ML

Type

Fabrikat/Serien-Nr. '1232"29"‘10

Serial number

Auftraggeber‘ V-Eckert & Ziegler/lsotope Prod. Europe
Customer Robert-Rossle-Str. 10

R . 1 A.\.;_.Bg__glz_gn, 13125

Auftrage g

Order.No.: 110788
Anzahl.der.Seiten.des Kalibrierscheines

Numbér of pages of the certificate 3

~Datum der Kalibrierung
Date of calibration .~

Dieser Kalibrierschein dokumentiert die
Ruckfuhrung auf nationale’ Normale zur
Darstellung der Einheiten . in Uber-
einstimmung mit dem internationalen
Ernhectensystem (Shy. :

Dér " DKD ™ist= Unterzelchner der ‘multi-
lateralen Ubereinkommen ~der: European
co-operation for Accreditation (EA).Und der
International Laboratory -Accreditation
Cooperation  (ILAC)... .zur’ gegense1t|gen
Anerkennung der Kallbrlerscheme

Fur die Einhaltung .einer angemeésenen

Frist zur Wiederholung.der. Kahbnerung ist
der Benutzer ‘verantwortlich. e

This calibration certificate documents the
traceability to national standards;.’ “which
realize-the units of measurement accordlng
to ‘the:International System of Units, (S1).-
The DKD:is: signatory 'to the - multiiateral
agreements of the European co- operatlon
for Accreditation (EA) and the
International Laboratory " - Accredltatlon
Cooperation  (ILAC).. -for - the ' mutual
recognition of calibration certificates.

The user .is obliged to have the object
recalibrated at appropria te intervals.

Dieser Kalibrierschein. darf nur vollstandig und unverandeﬁ wenerverbreltet werden Auszlge oder Anderungen bedurfen
der Genehmlgung .sowohl der Akkredme ngsstelle des DKD als auch * des ausstellenden Kalibrlerlaboratonums

This .calibration certlﬂéate may not be reproducsd other than in full except ‘with the permission of both the Accredltat/on

I/bratlon certificates:without signature and seal are nol valid. "

Leiter des Kahbnerlaboratonums &

Seal -Head of l‘he calibration Iaborzn‘ory

Stellvertreter
. Deputy

Bearbeiter )
* Personincharge :::..-

Catterson

Catterson/ Dey/ Mllford
Van Dalsem s

54557 Avenuelebltts
Valencia, CA . 91385,

Tel: +1- 661

'309 1010 FaX'+1 661 -257-8303
130‘(0 1 roduct oom

1800 North Keystone Street
Burbank CA 91 504



000490
DKD-K-
FapeR 36901
07-03

Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

¢ Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

o Leak Test Results:
The-sou_.rce was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was

_checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintiliation
* counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bg (0.1 nCi)

alpha.
/Z% St o]

MattHéw Dey, ‘Spectroscopist

« Additional Information:

-This is an original_calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number: 1232-29.

-Nuclear data-was taken from IAEA-TECDOC-619,.1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma:ray branching ratio uncertainty included, the total uncertainty

 for the Pb-210 contained activity was 2.9% at k=2.

* ‘The date of calibration is referenced.to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a-recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute -of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear-Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst'is on the signatories to the Multilateral Agreement of the
European co-operation for Accred/tatlon (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the* mutual recognit/on of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Ira/y, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan, New
Zealand, Singapore, South Afr/ca Talwan the United States of America and Vietnam.



CAUTION

PN
S

RADIOACTIVE
MATERIALS

REF DATE: 1 Mar 07
SOURCE #: 1232-29-11

NOT FOR DRUG USE
e

" Kalibrierlaboratorium fur Radioaktivitat
- -Calibration laboratory for activity, specific activity, photon flux-and particle flux

_ Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der
: PHYS]KALISCH -TECHNISCHEN BUNDESANSTALT (PTB)

Dauischer
Akkraditierungs
Rat

IsotOpe Products Laboratories
'DBA Isotope Products Laboratories
124937 Avenue Tibbitts

- Valencia, CA 91355

DKD-K-36901

Ob/ect Vi e s g

Hersteller -

- volume source :

Eckert & Ziegle:;!édt&b:e Products.

*"'Manufacturer

s . [EG-ML
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: Callbrat/on Certlf/cate Calibration label 07-03
Gegenstand Multlple gamma ray emlt’nng lar Dieser ' Kalibrierschein dokumentiert die

Ruckfihrung auf nationale Normale zur
Darstellung - ‘der  Einheiten in Uber-
einstimmung mit dem Internationalen
Einheitensystem (Sl).

Der. DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European

‘¢o-opetration for Accreditation (EA) und der

Laboratory  Accreditation
(ILAC) zur gegenseitigen

International
Cooperation

...Anerkennung der Kalibrierscheine,
Fur die Elnhaltung einer angemessenen

Frist zur Wiederholung der Kahbnerung ist
der Benutzer veraritwortlich.

This calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (SI).
The DKD is signatory to the muftilateral
agreements of the European co-operation

for Accreditation (EA) and of the
International ~ Laboratory  Accreditation
Cooperation (ILAC) for the mutual

recognition of calibration certificates.
The user is obliged to have the object
recalibrated at appropriate interva’ls.‘

Dieser Kalibrierschein darf nur vollstandig und unveréndert weiterverbreitet werden. Auszlge oder Anderungen bedurfen

der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch
Kalibrierscheine ohne Unterschrift und Stem pel haben keine Gultigkeit.

des ausstellenden Kalibrierlaboratoriums.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel
Seal 4

Leiter des Kalibrierlaboratoriums
Head of the calibration laboratory

Dl o \AM.

15 Mar 07 _Dr. Van Dalsem

Stellvertreter Bearbeiter
Deputy Person in charge
. Catterson Calterson / Dey./ Mllford

Van Dalsem -

54937 Avenueibbitts
“Valeriaia, CA 91355

: www isotopeproduots com

Tel: #1-661-309-1010"" Fax. +1-661:257- 8303

11800 North Keystone ;S.tr.e.et :
. Burbank, CA 91504-. .
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Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 1.0 = 0.1 g/cc epoxy matrix
Active Volume: Approximately 100mL (100.3 0.2 grams)

Backing: Plastic

Cover: Plastic

Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources®. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section. ' :

Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

Measurement Conditions:

The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM08-01, Revision D “Large Volume Gamma
Standards - Epoxy*. When applicable, decay corrections were performed using the half life values listed in
the Measurement Results section.

Environmental Conditions:

Temperature: (22+2)°C
Relative humidity: (40 £5) %

Measurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second Uncert.
47 Pb-210 22.3+0.2 years 4.18 12.4 kBq (0.335 uCi) 518.3 11.4%

60 Am-241  432.17 + 0.66 years 36.0 1.24 kBg (0.0335 Ci) 446.4 3.6%

88 Cd-109 462.6 + 0.7 days 3.63 17.4 kBq (0.470 uCi) 631.6 3.1%

122 Co-57 271.79 £0.09 days 85.6 0.653 kBq (0.0176 uCi) 559.0 2.9%

166 Ce-139  137.640 + 0.023 days 79.8 0.814 kBq (0.0220 uCi) 650.4 2.9%

279 Hg-203  46.595 £ 0.013 days 81.5 2.46 kBq (0.0665 uCi) 2005 - 29%

392 Sn-113  115.09 +0.04 days 64.9 2.95 kBq (0.0797 uCi) 1915 2.9%

514 Sr-85 64.849 +0.004 days  98.4 3.95 kBq (0.107 uCi) 3887 3.0%

862 Cs-137 30.17 £ 0.16 years 85.1 2.62 kBq (0.0708 uCi) 2230 2.9%

898 Y-88 106.630 = 0.025 days 94.0 6.29 kBq (0.170 uCi) 5913 2.8%
1173 Co-860 5.272 +0.001 years 99.86 3.27 kBq (0.0884 uCi) 3265 2.9%
1333 Co-60 5.272 +0.001 years 99.98 3.27 kBq (0.0884 uCi) 3269 2.9%
1836 Y-88 106.630 + 0.025 days 99.4 6.29 kBq (0.170 uCi) 6252 2.9%

Total: 54.0 kBq (1.46 uCi)

See Additional Information section for a detailed explanation of Pb-210 total uncertainty value.
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not fo adversely affect
the source’s intended usage.

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)
alpha.

4 15 ther 2
Mattfiew Dey, Spectroscopist

Additional Information:

-This is an original calibration certificate.

_This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number: 1232-29.

-Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 # 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST. :

_This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

_The source has a recommended working life of 1 year.

_Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15). ;

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, ltaly, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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Dieser Kalibrierschein dokumentiert die
Ruckfihrung auf nationale Normale zur
Darstellung der Einheiten in -Uber-
einstimmung mit dem Internationalen
Einheitensystem (S!).

Der DKD ist Unterzeichner der muiti-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der

Multiple gamma ray,
* volume source

Eckert & Ziegler |

EG-ML International  Laboratory  Accreditation
. Cooperation (ILAC) zur gegensemgen
; i Anerkennung der Kallbrlerscheme
ab_ka’i/Serle' N} 1232'29'12

Far d|e Einbaltung ‘einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
Eckert & Zleglerllso’tope Prod. Europe de‘r' Benutzer verantw.o'rthch.
Robert-Rossle-Str. 10 This calibration certificate .documents the
“Berlin: 131 25 o traceability to national standards, which
’ realize- the uriits .of measurement according
German to the International System of Units (SI).
The DKD is signatory to the multilateral

110788 ' agreements of the European co-operation

for Accreditation (EA) and of the

\nzahl der Sel‘ten des Kalibrierscheines International  Laboratory — Accreditation

umber of. PageS_ f the certificate 3 Cooperation ~ (ILAC) for the mutual
LT . recognition of calibration certificates. -

D;aéu?cggaﬁ%hbnerung 1Mar07 The. user is obliged to have -the object

recalibrated at appropriate intervals.

‘:Dleser Kahbnerschem darf nur vollstandig und unverandert ‘weéiterverbreitet werden. Auszlge oder Anderungen bedtrfen
der” Genehmigung sowohl der Akkreditierungsstelle des DKD als alch”des ‘ausstellenden Kahbnerlaboratonums
vriKahbnerscheme ohne Unterschrift und-Stempel haben keine Gultigkeit. -

This calibration certificate -may not be reproduced other than in full except with the, permission of both the Accreditation
- Body of the DKD and the fssuing laboratory. Callbratlon certificates without signature and seal are not valid.

Stempel " y o oy, Datum Leiter des Kalibrier'laboratoriums Stellvertreter Bearbeiter

Seal . VS LA, Date Head of- the_cahbration laboratory Deputy Person in charge
15 Mar 07 Dr. Van Dalsem . Catterson Cétierson !/ Dey/ Milford
i ‘ ‘Van Dalsem

24937 Avenue Tibbltts Tel: +1-661-309-1010 Fax: +1-661-257-8303 1800 North Keystone Street

Valencia, CA 91355" www.isotopeproducts.com Burbank, CA 91504
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' « Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 1.3 = 0.1 g/cc epoxy matrix
Active Volume: Approximately 100mL (131.7 =0.2 grams)

Backing: Plastic

Cover: Plastic

s Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources®. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

.‘ e Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

« Measurement Conditions:

The source was manufactured using gravimetric aliquots from previously cali
according to Eckert & Ziegler IsotopeProducts procedure PM8-7, Revision A “Large Volume Gamma
Standards - Mixed Density Epoxies Derigities 1.1 t02:0“. When applicable, decay corrections were .. . S
performed using the half life values listed in‘the Measurement Results section. Wy

brated master nuclide batcheé,. i

o Environmental Conditions:

Temperature:’ B (22 ¥2) °C
Relative humidity: (40 £ B)-%

« Measurement Results:

o Gamma-Ray < Branching
Energy (keV)  Nuclide Half-life Ratio (%) Activity
A7 Pb-210 223+ 0.2 years 418 12.3 kBq (0.332 Ci)
60 Am-241 43217 £ 0.66 years 36.0 1.23 kBq (0.0332 uCi)
88 Cd-109 462.6 + 0.7 days 363 17.3 kBq (0.468 uCi)
122 Co-57 271.79 £ 0.09 days 85.6 0.647 kBq (0.0175 uCi) -
‘ 166 Ce-139  137.640 +0.023 days 79.9 0.807 kBq (0.0218 uGi) -
279 Hg-203  46.595+0.013 days 81.5 2.44 kBq (0.0659 pCi). "
5 392 Sn-113  115.09 +0.04 days 64.9 2.92 kBq (0.0789 £Ci)
514 Sr-85  64.849 +0.004 days 98.4 3.91 kBq (0.106 1Cl).
662 Cs-137  30.17.x0.16years 85.1 2.60 kBq (0.0703 4Ci)
898 v-88  106.630 x 0.025 days 94.0 6.24 kBq (0.169 £Ci)
1173 Co-60 5.272 +0.001 years 99.86 3.24 kBq (0.0876 4C)
1333 Co-60 5.272 +0.001 years 99.98 3.24 kBq (0.0876 #C) :
1836 Y-88 106.630 + 0.025 days 99.4 6.24 kBq (0.169 1Cl).
Total: 53.6 kBq (1,45 #OI) -

cert

See Additional Information section for a detailed explanation of Pb-210 total un
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Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bg (1 nCi) beta-gamma and <3.7 Bg (0.1 nCi)
alpha.

o

i 5_1071/‘[77
M&tthew Dey, Spectroscopist

Additional Information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products’ reference number: 1232-29.

-Nuclear data was taken from IAEA-TECDOC-619, 1 991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in jits gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP Report No.
568, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for'the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program

to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15).

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation

Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other

signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,

Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,

Sweden, Switzerland and the United Kingdom.  Corresponding agreements have been

concluded with the accreditation bodjes of Australia, Brazil, Canada, China, India, Japan, New

Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.

TTEE ey

iR s
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ACTIVITY: 546 kBq

0 Kalibrierlaboratorium fir Radioaktivitat S (Ml s
- Calibration laboratory for activity, specific activity, photon flux and particle flux SOURCE #: 1232-28-20 ‘A
Akkreditiert durch die / accredited by the Mpeomeos VG
: Akkreditierungsstelle des DKD bei der o
PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB) %

Qeautscher
Kkkraditlerungs

Isotope Products Laboratories =~
DBA Isotope Products Laboratories
24937 Avenue Tibbitts DKD-K-36901
Valencia, CA 91355

000497
| DKD-K-
Kalibrierschein ' Kalibrierzeichen 36901
Calibration-Certificate Calibration label 07-03
' Gegenstand Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die
Object " c ‘Volumé:sldurce Ruckfihrung auf nationale Normale zur

Darstellung der Einheiten in Uber-
. einstimmung mit dem Internationalen

Hersteller ‘Eckert & Ziegler Isotope Products Einheitensystem (S!).
Manufaciurer Der DKD ist Unterzeichner der multi-
: lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der

v - EG-ML international  Laboratory  Accreditation
Type : Cooperation (ILAC) zur gegenseitigen
L o _ : Anerkennung der Kalibrierscheine.
gabl;lkat/bSeFleﬂ'Nf- 1232-29-20 Fir die Einhaltung einer angemessenen
ehatndmaer - » Frist zur Wiederholung der Kalibrierung ist
Eckert & Ziegler/isotope Prod. Europe der Benutzer verantwortlich.
’ébgg,?,g? sl Robert-Rossle-Str. 10 This calibration certificate documents the

S traceabilty to national standards, which
Berlin, 13125 redlize the units of measurement according

v - Germany g, to the International System of Units (SI).
Auftra Ngsnummer g ’ The DKD is signatory to the multilateral
Order 110788 agreements of the European co-operation
- ; : for Accreditation (EA) and of the
Anzahl der Seiten des Kalibrierscheines International  Laboratory  Accreditation
Number afpages onhe certicals 3 Cooperation (ILAC) for the mutual

recognition of calibration certificates.
Daturn der Kahbrlerung 2

Date ofca[,branon - 1 Mar 07 The user is obliged to have the object
A re’c’a librated at appropriate intervals.

Dieser Kallbnerschem darf nur vollstandig. und unverandert welterverbrextet werden. Ausziige oder Anderungen bediirfen
. der Genehmxgung sowohl der Akkredltlerungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
: Kalibrierscheine ohne Unterschrxft und Stempel haben’ keine Gultlgkelt
: This calibration certificate may not be reproduced other than .In full except with the perm;ss:on of both the Accreditation
I3 Body of the:DKD and the issuing laboratory Callbrat/on certrﬂoates without s:gnature and seal are not valid.

Datum Leiter des Kalibrierlaboratoriurms Stellvertreter Bearbeiter

Stempel Py Sy, ) ;
y %' Date ; Head‘ofﬂ:;e_rcg/_praﬁqnc]aboratary Deputy Person in Charge

e - Seal

Catterson Catterson / y / Milford
e R Van Dalsem
24937 Avenue lebxtts . Tel +1:661-309- 1010 Fax +1 -661-257-8303 1800 North Keystone Street

Valencia, CA 91355~ ” _W_W_,W,_L_S_D_TQLEMQ&S,Q_Q,CQ Burbank, CA 91504
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« Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 1.7 + 0.1 g/cc sand matrix
Active Volume: Approximately 100mL. (171.6 = 0.2 grams)

Backing: Plastic

Cover: Plastic

e Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources”. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

.) "o Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

+« Measurement Conditions:
The' source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM08-05, Revision C “Large Volume Gamma

Standards - Sand“. When applicable, decay corrections were performed using the half life values listed in
the Measurement Results section.

¢ Environmental Conditions:

Temperature: (22+2)°C
Relative humidity: (40 £5) %
{'J ¢ Measurement Results:
~
Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second  Uncert.
47 Pb-210 22.3+0.2 years 4.18 12.5 kBq (0.338 uCi) 522.5 11.4%
80 Am-241 432.17 = 0.66 years 36.0 1.25 kBg (0.0338 uCi) 450.0 3.6%
88 Cd-109 462.6 + 0.7 days 3.63 17.6 kBq (0.476 uCi) 638.9 . 3.1%
122 Co-57 271.79 = 0.09 days 85.6 0.659 kBq {0.0178 uCi) 564.1 2:9%
166 Ce-139  137.640 +0.023 days 79.9 0.822 kBq (0.0222 uCi) 656.8 2.9%
279 Hg-203  46.595 +0.013 days 81.5 2.49 kBq (0.0673 uCi) 2029 2.9%
392 Sn-113 115.09 + 0.04 days 64.8 2.97 kBq (0.0803 1Ci) 1928 2.9%
514 Sr-85  64.849 +0.004 days 98.4 3.99 kBq (0.108 xCi) 3926  3.0%
662 Cs-137 30.17 £ 0.16 years 85.1 2.65 kBq (0.07 16 xCi) 2255 2.9%
898 Y-88 106.830 + 0.025 days 84.0 6.35 kBq (0.172 uCi) 5969 2.8%
1173 Co-60 5,272 +0.001 years 99.86 3.30 kBq (0.0892 pCi) 3295 2.9%
1333 Co-60  5.272+0.001 years 99.98 3.30 kBq (0.0892 1Ci) 3299 2.9%
1836 Y-88 106.630 + 0.025 days 99.4 6.35 kBq (0.172 uCi) 6312 2.9%

Total: 54.6 kBq (1.48 uCi)
See Additional Information section for a detailed explanation of Pb-210 total uncertainty value.
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« Uncertainty of Measurement:

The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

« Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

« Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
V. ocounter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)

alpha.

LY Merd7
Mattiéw Dey, Spectroscopist

« Additional Information:

_This is an original calibration certificate.

_This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products’ reference number: 1232-29.

_Nuclear data was taken from JAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 £ 0.23)%, taken from NCRP Report No.
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1 .000 = 1 and 1,000 = 10°.

_The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in @ National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Regulatory Comrmission Regulatory Guide 4. 15).

_The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, -France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation podies of Australia, Braz, Canada, China, India, Japan, New

Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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Kalibrierlaboratorium fur Radioaktivitat
Calibration laboratory for activity, specific activity, photon flux and pa

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienst€s

ricle flux

éé % ég Deutscher

Eckert & Ziegler Isotope Products B Sreinerns
DBA Isotope Products Laboratories . [;‘=’3
24937 Avenue Tibbitts e DKD-K-36901
Valencia, CA 91355

000723
Kalibrierschein e . > s 36901
Calibration Cert/ﬁqate o Aliyeation label I
Gegenstand Multiple gamma ray emitting large g:lecskiuhKallbnerschem dokumentiert die
e volume source Darsteliy, Ng auf nationale Normale zur

D emstlmmg der Einheiten in Uber-

. mit dem Internationalen
Herdtaller Eckert & Ziegler Isotope Products g';“egen Syerorn (51

Manufacturer |ateraley, . ist Unterzeichner der multi-

' cO-Operati bereinkommen der European

'On for Accreditation (EA) und der

ternati
Typ . . ':Eg-ML Igoopert;ot" | Laboratory  Accreditation
Type Anerken| n  (ILAC) zur gegenseitigen
; ; 1290-47-5. _ i dia g der Kalibrierscheine.
gsr%r’llégggeernen-Nr. 1290-47-5 .EriSt 2ur thaltung einer angemessenen
‘ - o . oo .. -derBeny, elederholtungl;-t Idehr Kahbrierung ist
. Ty - This ~can. S verantwortlic
égggg%rgeber Z;Zceat?:;t ation certificate documents the
realize the to national standards, which
3 to the Ingg units of measurement according
Germany The Dk ®mational System of Units (S).
Auftragsnummer O agreemey, is signatory. to the multilateral
Order No. - 121438 for A ora ts of the European co-operation
Intemnatiop, Sditation (EA) and of. the
Anzahl der Seiten des Kalibrierscheines Cooperat, a3l  Laboratory  Accreditation
Number of pages of the certificate 3 reCOthl On (ILAC) for the mutual
The USe N of calibration certificates.
Datum-der Kallbrlerung reca/ibratre is obliged to have the object

Date of calibration - - 1 May 08 .- 9d at appropriate intervals.

en.
Dieser Kalibrierschein darf.nur volistandig und unverandert welterverbrentet Wedrcejs aﬁuSZuge oder Anderungen bedurfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als ~auch SN Stellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempei haben keine Gultlgkelt

This calibration certificate may not be reproduced other than in full except with t”;e P8 riission of both the Accred:tat/on
Body of.the DKD and the.issuing laborafory Cahbratlon certifi cates without SIQ” u a”d seal are not valid.”
T - - A - g T stellverty, g
Stempel ‘Datum Leiter des ‘Kalibrierlaboratoriums ste Totey ; iter.
Seal [/, Date . Head of the calibration laboratory g DEP aty "E:f.;gﬁ‘}ﬁrcharge i
DM/dQ«MA (/ﬁ\%
: 7 Apr 08 ‘Dr. Van Daisem : atistsny : Catterso. /'Dey / Milford
. . 3303 VanDalsem™ . .

24937 Avenue leb|tt5 Tel: +1-661-309-101 0 Fax: +1-661'257— 1800 North Keystone Street

Valencia, CA 91355 www.isotopeproducts.com Burbank, CA 91504
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Objéct Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 2.0 + 0.1 g/cc epoxy matrix
Active Volume: Approximately 100mL (199.7 + 0.2 grams)

Backing: Plastic :

Cover: Plastic

Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating Procedure
for Calibration of Multiline Sources“. The germanium spectrometer’s efficiency curve was generated using
standards traceable to a national metrology laboratory. The energies and branching ratios for the gamma
rays used are listed in the Measurement Results section.

. P.léce of Calibratioh:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA .

* Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8-7, Revision A "Large Volume Gamma
Standards - Mixed Density Epoxies Densities 1.1 to 2.0“. When applicable, decay corrections were’
performed using the half life values listed in the Measurement Results section.

« Environmental Conditions:

Temperature: (23+2)°C
~ Relative humidity: (24 £5) %
J

¢ Measurement Results:

Gamma-Ray S Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second : Uncert.
47 Pb-210 22.3+0.2 years 4.18 11.2 kBq (0.303 uCi) 468.2 11.4%
60 Am-241 43217 + 0.66 years 36.0 1.12 kBq (0:0303 uCi) 403.2 3.6%
b 88 Cd-109 462.6 + 0.7 days 3.63 16.4 kBq (0.443 uCi) 595.3 3.1%
122 Co-57 271.79 +0.09 days 85.6 0.565 kBq (0.0153 lCi) 483.6 2.9%
166 Ce=139  137.640 +0.023days  .79.9 0.718 kBq (0.0194 uCi) 573.7 2.9%
279 Hg-203  46.595+0.013days - 815 2.04 kBq (0.0551 uCi) 1683 = 2.9%uw o
392 Sn-113 115.09 + 0.04 days 64:9 2.82 kBq (0.0762 uGi) 1830 = ~=72.9%
514 'Sr85  64.849 £ 0.004 days 98.4 3.55kBq (0.0959 uCi) = 3493  3.0%
. 662 Cs-137 30.17+0.16years  -85.1 . 2.50 kBq (0.0676 uCi) 2128 .~ 2.9%
898 Y-88  106.630 +0.025days  94.0 5.71 kBq (0.154 pCi) 5367 2.9%
731478 Co-60 5.272 + 0.001 years 99.86 3.12 kBq (0.0843 uCi) 3116 2.9%
.".1333, Co-60 5.272 +0.001 years®:-. 99'98 3.12 kBg (0.0843 pCi) 3119 2.9%
1836 Y-88  106.630 + 0.025 days 99.4 5.71 kBq (0.154 uCi) 5676 2.9%
Total: 49.7 kBq (1.34 uCi)

See Additidnal Information section for a detailed explanation of Pb-210 total uncertainty value.
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¢ Uncertainty of Measurement:

The uncertainty stated is the expanded “unbé'r.‘fé/.'nty‘ obtained by multiplying the standard uncertainty by the
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

e Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

o Leak Test Results:

The source was wiped over its entire surface wnth a moistened filter paper disk. After drying, the disk was
checked for activity using both a ‘beta-gamma’ plastic ‘scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi) alpha.

S Mgl SHsoE

Jeff Iv'lljfford, Spé'otroscopist |

£y
N

e Additional Information:

-This is an original calibration certificate.

~-This is not a registered ‘sealed: :source (Registration number: none, ANSI N542//S02919
classification: none). - #wiv s L ¥ ' '

-Eckert & Ziegler Isotope Products’ reference number: 1290-47.

-Nuclear data was-taken from IAEA-TECDOC-61 9, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 £ 0.23)%, taken from NCRP Report No. 58,
1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty for
the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST (GMT-08:00).

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 10°,

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program to
establish and maintain implicit-traceability for a number of nuclides, based on the blind assay
(and later National Institute of Standards and Technology certification) of Standard Reference
Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.15). !

-The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration cefificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
3 Sweden, Switzerland and the United Kingdom.  Corresponding agreements have been

Lot & R concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan, New

Pt L L T Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.

End of Certificate
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Akkreditiert durch die / accredited by the
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Kalibrierschein

Calibration Certificate

= Eckert & Ziegler
Isotope Products

Valendia, California 91355
Tel 661-309-1010

ISOTOPE:  Multinuclide
ACTIVITY:  1.45 uCi
ACTIVITY: 537 kBq

REF DATE: 1 Mar 07

NOT FOR DRUG USE
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Gegenstand
Object

Hersteller
Manufacturer

T
T)}/p%

Fabrikat/Serien-Nr.

Serial number

Muitiple gamma ray emitting large
volume source

Eckert & Ziegler Isotope Products

EG-ML

1232-29-15

Auftraggeber Eckert & Ziegler/Isotope Prod. Europe
Customer Robert-Rossile-Str. 10
Berlin, 13125
Germany
Auftragsnummer
Order No. 110788
Anzahl der Seiten des Kalibrierscheines
Number of pages of the certificate 3
Datum der Kalibrierung
Date of calibration 1 Mar 07

Dieser Kalibrierschein dokumentiert die
Ruckflhrung auf nationale Normale zur
Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen
Einheitensystem (SI).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
International  Laboratory  Accreditation
Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.

This calibration certificate documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (SI).
The DKD is signatory to the muitilateral
agreements of the European co-operation
for Accreditation (EA) and of the
International  Laboratory  Accreditation
Cooperation  (ILAC) for the mutual
recognition of calibration certificates.

The user is obliged to have the object
recalibrated at appropriate intervals,

Dieser Kalibrierschein darf nur vollsténdig und unverandert weiterverbreitet werden. Auszlge oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrieriaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giltigkeit.
This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

SOURCE #: 1232-29-15

# 19 Mar 07

Leiter des Kalibrierlaboratoriums
Head of the calibration laboratory

Dr. Van Dalsem

e sl b Duli

Bearbeiter
Person in charge

Stellvertreter
Deputy

Catterson Catterson / Dey / Milford

Van Dalsem

54937 Avenue Tibbitts
Valencia, CA 91355

Tel: +1-661-309-1010 Fax: +1-661-257-8303
www. isoioneproducts.com

1800 North Keystone Street
Burbank, CA 91504

CAUTION

A,ﬁ

RADIOM:T IVE
MATERIALS

’M@@W
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« Object Calibrated:

Customer supplied 260mL container

Nature of Active Deposit: Multinuclide distributed in 3.0 = 0.1 g/cc epoxy matrix
Active Volume: Approximately 100mL (311.4 = 0.2 grams)

Backing: Plastic

Cover: Plastic

e Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources”. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

e Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

o Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM8-11, Revision B “Large Volume Gamma

Standards - Epoxies, Densities Higher than 2.0%. When applicable, decay corrections were performed using
the half life values listed in the Measurement Results section.

¢ Environmental Conditions:

Temperature: (22 £2)°C
Relative humidity: (40 £5) %

¢« Measurement Results:

Gamma-Ray Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second  Uncert.
47 Pb-210 22.3+0.2 years 4.18 12.3 kBq (0.332 uCi) 514.1 11.4%

60 Am-241 43217 + 0.66 years 36.0 1.23 kBq (0.0332 uCi) 44238 3.6%

88 Cd-108 462.6 + 0.7 days 3.63 17.3 kBq (0.468 uCi) 628.0 3.1%

122 Co-57 271.79 + 0.09 days 85.6 0.649 kBq (0.0175 uCi) 555.5 2.9%

166 Ce-139  137.640 £0.023 days 79.9 0.810 kBq (0.0219 Ci) 647.2 2.9%

279 Hg-203 48,595 +0.013 days 81.5 . 2.45 kBq (0.0662 uCi) 1997 2.9%

392 Sn-113 115.09 + 0.04 days 64.9 2.98 kBq (0.0792 uCi) 1902 2.9%

514 Sr-85 64.849 + 0.004 days 98.4 3.93 kBq (0.106 uCi) 3867 3.0%

662 Cs-137 30.17 £ 0.16 years 85.1 2.61 kBq (0.0705 Ci) 2221 2.9%

898 Y-88 106.630 = 0.025 days 94.0 6.26 kBq (0.169 pCi) 5884 2.9%
1173 Co-60 5.272 + 0.001 years 99.88 3.25 kBq (0.0878 uCi) 3245 2.9%
1333 Co-60 5.272 + 0.001 years 99.98 3.25 kBq (0.0878 uCi) 3248 2.9%
1836 Y-88 106.630 + 0.025 days 99.4 6.26 kBq (0.168 uCi) 6222 2.9%

Total: 53.7 kBq (1.45 pCi)

See Additional Information section for a detailed explanation of Pb-210 total uncertainty value.
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The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by (he
coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not 1o adversely affect
the source's intended usage.

Leak Test Results:

The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk VflaS
checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removable activity levels were <37 Bq (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)
alpha.

_Ull, Mllj.ls’ll 14 Mae O]

Jeff Mnford: Spectroscopist

Additional Information:

_This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number: none).

-Eckert & Ziegler Isotope Products' reference number: 1232-29.

_Due to fluorescence x-rays from the source's matrix, Am-241's 60 keV gamma ray is not
suitable for calibration purposes in this source because of spectral overlap. Am-241's
contained activity value in this source is included for information purposes only and is not
intended to be used for efficiency calibration. ’

Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due to the
uncertainty in its gamma-ray branching ratio, (4.18 + 0.23)%, taken from NCRP Report {VO-
58, 1985. Without the gamma-ray branching ratio uncertainty included, the total uncertainty
for the Pb-210 contained activity was 2.9% at k=2.

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1,000 = 1 0.

-The source has a recommended working life of 1 year.

-Eckert & Ziegler Isotope Products participates in a National Institute of Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Reguiatory Commission Regulatory Guide 4. 15).

_The Deutscher Kalibrierdienst is on the signatories to the Multilateral Agreement of the
European co-operation for Accreditation (EA) and the International Laboratory Accreditation
Cooperation (ILAC) for the mutual recognition of the calibration certificates. The other
signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,
Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been
concluded with the accreditation bodies of Australia, Brazil, Canada, China, India, Japan, New
Zealand, Singapore, South Africa, Taiwan, the United States of America and Vietnam.
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ISOTOPE: Multinuclide
ACTIVITY:  1.47 uCl
ACTIVITY: 54.4kBq

REF DATE: 1MarQ7  caumion
SOURCE #: 1232-20-16 ‘5‘

NOT FOR DRUG USE TRRAALS”

 DEUTSCHER KALIBRIERDIENST DKD

| Kalibrierlaboratorium fUr Radioaktivitat
Calibration laboratory for activity, specific activity, photon flux and particle flux

Akkreditiert durch die / accredited by the

Akkreditierungsstelle des DKD bei der

‘PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Isotope Products Laboratories

DBA Isotope Products Laboratonés s
24937 Avenue Tibbitts
Valencia, CA 91355

Kalibrierschein = .
Calibration Certificate

DKD-K-36901

| 000494
| DKD-K-

Kalibrierzeichen ~ | 38901
Calibration label 07-03

Gegenstand ‘ Multiple gamma ray emitting large

Object .. =& . .'volume source

Hersteller " Eckert & Ziegler Isotope Products
Manufacturer i

Ty s ia 2 o ~EG-ML

Type

Fabri kat/Senen-Nr“
Senal number

Eckert:& Ziegler/lsotope Prod. Europe
Robert-Rossle-Str, 10
.-Berlin, 13125

Auftraggeber

Customer

Auftrags ,

Order No, 110788
Anzahl-der Seiten des Kalibrierscheines

Nurmiber of pages of the certificate 3

Datum der Kahbnerung i

Date of calibration & W7 1 Ma"‘i"}’07‘ R

Dieser Kalibrierschein dokumentiert die
Ruckfuhrung auf nationale Normale zur
Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen

. Einheitensystem (SlI).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
International  Laboratory  Accreditation
Cooperation (ILAC) zur gegenseltlgen
Anerkeninung der Kalibrierschéine. !
Fiir:die ‘Einhaltung einer ‘angemessenen

. Frist.zur:Wiederholung der-Kalibrierung ist

der Benutzer verantwortlich.

This calibration certificate -documents the
traceability to national standards, which
realize the units of measurement according
to the International System of Units (SI).
The DKD is signatory to the multilateral
agreements of the European co-operation
for Accreditation (EA) and of the
international ~ Laboratory — Accreditation
Cooperation. (ILAC) for the mutual
recognition of calibration certificates.
The-user s obliged -.to .have the .object
recalibrated at appropriate intervals.

Dieser Kaliprierschein darf nur vollstandlg und unveré‘mdert ‘Welterverbreitet werden. Auszlge oder Anderungen bedurfen
der Genehmigung sowoh| der Akkreditierungsstelle’ des ‘DKD als "auch.des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben kelne Gultigkeit. .- . .

This callbration certificate may not be, reproducsd other than in full except with the permsszon of both the Accreditation
Body of the DKD and the issuing /aboratary Ca//brat/on cen‘lf/cates without s:gnature and seal are not valid.

" Leiter des Kallbnerlabo'ratonu'ms
- Head of the cal/bratlon Iaboratory

Stempel % g e aRy,  Datum
Seal # 7 A

Stellvertreter Bearbeiter
Deputy Person in charge

Tit (i

Catterson / Dey/ Mllford
Van Dalsem

Catterson

24937 Avenuelebltts

Vilencia, CA :91355. - WWW, |sotogegroduots com

Tel +1 661 -308- 1010 Fax +1- 661 -257-8303

1800 North Keystone Street
Burbank, CA 91504
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e Object Calibrated:

Customer supplied Marinelli beaker (538-G)

Nature of Active Deposit: Multinuclide distributed in 1.0 £ 0.1 g/cc epoxy matrix
Active Volume: Approximately 700mL (700.9 = 0.2 grams)

Backing: Plastic

Cover: Plastic

e Calibration Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources®. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

¢ Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA -

* Measurement Conditions:
The source was manufactured using gravimetric aliquots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PMO08-01, Revision D “Large Volume Gamma
Standards - Epoxy*. When applloable decay corrections were performed using the half life values llsted in
the Measurement, Results section.. |

« Environmental Condit’i:o'ns:

Temperature: - (22+2)°C
Relative humidity: (40 +£5) %

o Measurement Results:

Gamma-Ray . Branching Gammas Total
Energy (keV)  Nuclide Half-life Ratio (%) Activity per second. Uncert.
47 Pb-210 223 +0.2years - 418 12.5 kBq (0.338 uCi) 5225 - 11.4%
60 Am-241 432,17 % 0.66 years 36.0 1.24 kBq (0.0335 uCi) 446.4 : 3.§°/o
88 Cd-109 462.6 £ 0.7 days 363 175 kBq (0.473 uCi) 635.3°  B1%
122 Co-57 271.79£0.09days 856 0.856 kBq (0.0177 uCi) 5615  2.9%
166 Ce-139  137.840 +0.023 days 79.9 0.818 kBq (0.0221 uCi) 6536 . -2.9%.
279 Hg-203 46,595 +0.013 days 81.5 2.48 kBq (0.0670 4Ci) 2021 .2.9%
392 Sn-113 115.09.+0.04days - 649 2.96 kBq (0.0800 uCi) 1921 2:9%
514 Sr-85 - -64.849 :0.004 days 98.4 3.97 kBq (0.107 Ci) 3906 :8,0%: 4
662 Cs-137 30.17 +0.16 years 85.1 2.63 kBq (0.0711 uCi) 2238 2.9%
898 Y-88 106.630 = 0.025 days 894.0 6.32 kBq (0.171 uCi) 5941 2:9%.
1173 Co-60 5.272 +£0.001 years 99.86 3.28 kBq (0.0886 LCi) 3275 2 9%
1333 Co-60 5.272 +0.001 years 98.98 3.28 kBq (0.0886 ©Ci) 3279 2 9%
1836 Y-88  106.630 % 0.025 days 99.4 6.32 kBq (0.171 uCi) 6282 9%
Total: 54.4 kBq (1.47 uCi)

See Additional Information section for a detailed explanation of Pb-210 total uncertainty value.
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Uncertainty of Measurement:
The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the

coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source’s intended usage.

Leak Test Results:
The source was wiped over its entire surface with a moistened filter paper disk. After drying, the disk was

checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation
counter. Measured removabie activity Ievels were <37 Bqg (1 nCi) beta-gamma and <3.7 Bq (0.1 nCi)

alpha. 5
z%m

Mat‘[’hew Dey, Spectroscoplst

Additional Information:

-This is an original calibration certificate. '

-This is not a registered sealed source (Registration number: none, ANSI test number none)

-Eckert & Z/eg/er Isotope Products’ reference number: 1232- 29,

-Nuclear data ‘was taken from IAEA-TECDOC-619, 1991, for all nuclides except Pb-210. The
larger than expected total uncertainty for the Pb-210 contained activity was due ro the
uncerta/nry m its gamma-ray .branching ratio, (4.18 + 0.23)%, taken from NCRP F?epon‘ No:+
58, 1985, Without the gamma-ray branching ratio uncertainty /ncluded the total uncertamty
for the Pb-210 contained activity was 2.9% at k=2.
-The date of calibration is referenced to 12:00 p.m. PST..

-This document uses the numerical convention where 1.000 = 1 and 1,000 =1 0’

“The source has a recommended working life of 1 year. ' :
-Eckert & Ziegler Isotope Products participates in a Nat/ona/ Institute of . Standards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) -of Standard
Reference Materials (as in Nuclear Regulatory Commission Regulatory Guide 4.75). . 5
-The Deutscher Kalibrierdienst is on the signatories to. the Multilateral Agreement of the

European co-operation for Accreditation (EA) and the International Laboratory Accreditation

Cooperation (ILAC) for the mutual. recognition of. the .calibration  certificates. - The other

signatories at present are the accreditation, bodies in Austria, Belgium, Czech Republic,

Denmark, Finland, France, Ireland, Ita/y, the Netherlands, Norway, Portugal, Slovakia, Spain,

Sweden, Switzerland and the United Kingdom. Correspond/ng agreements have .been

concluded with the accredftat/on bod/es of Australia, Braz, Canada, China, India, Japan New

Zealand, S/ngapore ‘South Africa, Taiwan, the United States of America and V/etnam




f:’ Eckert & Ziegler — .
Isotope Products Tetosr: 35;“'"'”1”

DEUTSCHER KALIBRIERDIENST DKD  owr vy

ACTIVITY:  54.0 kBg

Kalibrierlaboratorium fur Radioaktivitét REF DATE: 1 Mar 07 c:m.on
Calibration laboratory for activity, specific activity, photon flux and particle flux SOURCE #: 12322817 el

. . . " RADIOAFHVE
Akkreditiert durch die / accredited by the JOLFORDRUGUSE - MATERALS

Akkreditierungsstelle des DKD bei der
PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

Daulscher
Akkraditlerungs
Rat

Isotope Products Laboratories

DBA Isotope Products Laboratories 7
24937 Avenue Tibbitts DKD-K-36901
Valencia, CA 91355

- 000495
. » DKD-K-
Kalibrierschein - Kalibrierzeichen 36901
Calibration Certificate & Calibration label 07-03
Gegenstand Multiple gamma ray emitting large Dieser Kalibrierschein dokumentiert die

Object . + - voluime source Ruckfihrung auf nationale Normale zur
. Darstellung der Einheiten in Uber-
einstimmung mit dem Internationalen

Hersteller Eckert & Ziegler Isotope Products Einheitensystem (SI).
Manufacturer Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der

Typ , , EG-ML International  Laboratory  Accreditation
Type ' Cooperation (ILAC) zur gegenseitigen
. o oaiv - : Anerkennung der Kalibrierscheine.
gg&?‘#f%gf”en“n e Fiir- dié’” Einhaltung einer angemessenen
o S : g - Frist zur Wiederholung der Kalibrierung ist
Auftraggeber Eckert & Ziegler/Isotope Prod. Europe der Benu'tZer‘verantw?rtlich.
Customer Robert-Rossle-Str. 10 This calibration certificate documents the
: Berlin, 13125 traceability to national standards, which
Germany realize the units of measurement according
‘ i B to the International System of Units (SI).
Auftragsnummer ' The DKD is signatory to the multilateral
OidarNe. 110788 agreements of the European co-operation
. o . for Accreditation (EA) and of the
ﬁpégglogeg'Efgfeﬁ?eggﬁiﬁlé;lelbnerschelnes International ~ Laboratory  Accreditation
g 3 Cooperation  (ILAC) for the . mutual

Datum der Kalibrierun recognition of calibration certificates.
Date of calibration Ll 1 Mar 07 The user is obliged to have the -object
reca/ibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollsténdig und-unverandert weiterverbreitet werden. Ausziige oder Anderungen bedtirfen
der Genehmigung sowohi der Akkreditierungsstelle des DKD als auch -des ausstellenden Kallbnerlaboratonums
Kalibrierscheine ohne Unterschrift und.Stempel haben keine Gultigkeit.

This calibration certificate may not be reproduced other than in full except with the permssron of both the Accredrtat:on
Body of the DKD and the issuing laboratory Ca//bratlon certificates without signature and seal are not valid. .

Stempel ™ b o 3, Dafum ‘ »Leiterdes.Kalibrieriaboratori_ums Stellvertreter ; Bearbexter 2 ey
Seal £K 2ay & Dale . __Headof the__gg:_[ipr,aﬁorg [aboratory Deputy _Person in charge.

y 15 Mar 07 h Dr Van Da}sem ‘ ! Catterson Catterson/ Dey/ Mllford
: 3 Van Dalsem

24937 Avenue lebltts Tel +1 661-309—1 010 Fax +1- 661 -257- 8803 41800 North Keystone Street
Valencia, CA 91355 i wwwsoto e roducts.com -~ Burbank, CA 91504 .
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» Object Calibrated:

Custormer supplied Marinelli beaker (138-G)

Nature of Active Deposit: Multinuclide distributed in 1.0 = 0.1 g/cc epoxy matrix
Active Volume: Approximately 1700mL (1701.7 = 0.2 grams)
Backing: Plastic

Cover: Plastic

. Calibratibn Procedure:

Master nuclide batches were calibrated using an efficiency curve to determine the concentration of each
nuclide according to Eckert & Ziegler Isotope Products procedure LP05-24, Revision B “Operating
Procedure for Calibration of Multiline Sources”. The germanium spectrometer’s efficiency curve was
generated using standards traceable to a national metrology laboratory. The energies and branching ratios
for the gamma rays used are listed in the Measurement Results section.

* Place of Calibration:

Eckert & Ziegler Isotope Products
DBA Isotope Products Laboratories
24937 Avenue Tibbitts

Valencia, CA 91355

USA

+ Measurement Conditions:
The source was.manufactured using gravimetric aliguots from previously calibrated master nuclide batches
according to Eckert & Ziegler Isotope Products procedure PM08-01, Revision D “Largée Volume Gamma
Standards - Epoxy“. When apphcable decay corrections were performed using the half life values hsted in
the Measurement Resuits section. S

¢ Environmental anditions:

Temperature: L eyl
Relative humidity: ~ (40%5)%

* Measurement Results:

Gamma-Ray Branching ' Gakmin‘aAs'-. To’tal _'?;

Energy (keV)  Nuclide Half-life Ratio (%) Activity . . - per second Uncert. -
47 Pb-210 22.3 +0.2 years 418 12.4kBq (0:3354Ci)  518.3 - . 11.4% .
60 Am-241  432.17 + 0.66 years 36.0 1.23kBq (0.0382 uCi) ~ 4428  36%

88 Cd-109 462.6 +0.7 days 363 17.4 kBq (0.470 pC) 8316 . 31%
122 Co-57 271.79 + 0.09 days 85.6 0.651kBq (0.0176 uCi) . 557.3 . 29% .
166 Ce-133  137.6400.023days  79.9 0.812kBq(0.02194Ci) . 6488 = . 2.9% .
279 Hg-208  46.595 +0.013 days 81.5 2.46 kBq (0.0865 uCi) 2005  2.9% ...
392 Sn-113  115.09 £.0.04 days 64.9 2.94 kBq(0.0795 uCl) 1908 -, .| 2.9%
514 Sr-85  64.849 +0.004 days 98.4 8.94kBg(0.106 ZCiy = - 3877 ' 3.0% v
662 Cs-137  80:177%0.16 years 85.1 - 2.62 kBq (0.0708 Ci) 2230: T 2.0%

898 Y-88  106.630 0.025 days 94.0 6.28 kBq (0.170 uCi) 5903  2.9%
1173 Co-80  5.272%0.001 years 99.86 3.26kBq (0.0881 pCi) ~ 3255 . 2.9%
1333 Co-80  5.272+0.001 years 99.98 3.26 kBq (0.0881 #Ci) -~ 3259 . 2.9%"
1836 Y-88  106.630 % 0.025 days 99.4 6.28 kBq (0.170 4Ci) 6242 " 2.9%

Total: 54.0'kBq (1:46 uCi): ' e

See Additional Information section for a detailed explanation of Pb-210 total uncertainty value .
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Uncertainty of Measurement:
The uncertainty stated is the expanded uncertainty obtained by multiplying the standard uncertainty by the

coverage factor k =2. It has been determined in accordance with DKD-3. The value of the measurand lies
within the assigned range of values with a probability of 95%.

Radioimpurities:

This source contains trace level radioimpurities, all of which have been determined not to adversely affect
the source'’s intended usage.

Leak Test_ Results:

The source was wiped over its entire surface with a moistened filier paper disk. After drying, the disk was

- checked for activity using both a beta-gamma plastic scintillation counter and a ZnS alpha scintillation

counter, Measured removable activity levels were <37 Bq (1 nC:) beta- gamma and <3.7 Bqg (0.1 nCi)
alpha. . - ;

Matthew Dey, Speotroscop:st -

. Additional Information:

-This is an original calibration certificate.

-This is not a registered sealed source (Registration number: none, ANSI test number none)

-Eckert & Ziegler Isotope Products’ reference number: 1232-29,

-Nuclear data was taken from IAEA-TECDOC-619, 1991, for all nuclides except. Pb-210. The
larger than -expected ‘total uncertainty for the Pb-210 contained activity was due’ to the
uncerta/nty in its gamma-ray branching ratio, (4.18 + 0.23)%,-taken from NCRP Fiepon No:

. 58, 1985.' ‘Without the gamma-ray branching ratio uncertainty :ncluded the total uncerta/nty

ewifor the Pb-210 contained activity was 2.9% at k=2. & =

-The date of calibration is referenced to 12:00 p.m. PST.

-This document uses the numerical convention where 1.000 = 1 and 1 000 = 105

© : =The source has a recommended working life of 1 year.

" -Eckert & Ziegler Isotope Products participates in a National lnstltute of Sfandards and
Technology (United States national metrology laboratory) measurement assurance program
to establish and maintain implicit traceability for a number of ‘nuclides, based on the blind
assay (and later National Institute of Standards and Technology certification) of Standard
Reference Materials (as in Nuclear Hegu/atory Commission Regulatory Guide 4.15). )

“-The Deutscher ‘Kalibrierdienst s on the signatories to the Multilateral Agreement of the

_ European co-operation for Accreditation (EA) and the International Laboratory Accreditation

" “Cooperation (ILAC) for the mutual recognition of the calibration certificates..  The--other

_ signatories at present are the accreditation bodies in Austria, Belgium, Czech Republic,

' Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United Kingdom. Corresponding agreements have been

" concluded with the accreditation bodies of Australia, Brazi, Canada, China, India, Japan, New
Zealand, Slngapore South Africa, “Taiwan, the United States of America and Vjernam , ’




ITAPAPTHMA 2 II6TOoTOWMTIKO OVLYVELTI]
VEEPKAOUPOV YEPUAVIOV GYETIKNG UTTOO0GNC
70%

DETECTOR SPECIFICATION AND PERFORMANCE DATA

Specifications
Dretocior Mode] Serlal sumber b 93113
Cryostat Model 73008L
Preamplificr Model  J002CS[
The purchase spocifications and therefore the warranted performance of this detector are as follows :
Nominal volume _____ ¢ Relstive efficiency 70 %
Resolution 20 ke (FWHM) at 1.3 MeV

bV (FWTM) at 1.33 MeV

LO3 kel (FWHM) at 122 ke

eV (FWIM) &t ’

PealcComton  T0:1 Cryostat well diameter Welldepth __ mm
Cryostat description or Drawing Number if special Vertical Dipgtick, type 73005

Physical Charactesisties

. 1332

FWEL (ke'V) 993 1.96

FWTM (keV) 166

Peak/Compton ™41
Rel. Effaciency TL6%
- Test are performed following [EEE standard lest ANSUIEEE std}25-1986

- Btandard Carkerra el ice meed - Boe G e 4 | Boction 7

-
%




ITAPAPTHMA 3 KoumvAec mEPOUATIKNC

BaOuovounong moiords yEOMUETPLOS KLAOL0V
Kopmireg Badpovopnong kvabiov 6ykov tipwong 260 mL

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 0.05 g/cc

MEIPAMATIKH KAMMYAH BAOMONOMHEHS
A In(g) = -0.0803In(E)* +2.0182In(E) - 18.9In(E)? + 77.465In(E) - 119.68

0.06 f \
0.05

+ TEIPAMATIKH ANOAOZzH

. ——TMEIPAMATIKH KAMMYAH
BA@GMONOMH2ZHZ
0.02
* \\\
0.01

—

ANOAOZH

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Adypappa Al [epoapatikr Babuovounon tnyng Pabuovounong oykov tAnpmong 260 mL,
mokvotntog 0.05 g/ce.

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 0.5 g/cc

0.08

MEIPAMATIKH KAMMNYAH BAOGMONOMHEHS
0.07 = 4+ 3 - 2+ )-127.31

0.06 ’fx\
I \ * TEIPAMATIKH ANOAQZzH
r \\ ——TMEIPAMATIKH KAMMYAH

X \ BAGMONOMHZHE
0.02
! \

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

4
=}
@

4

AMNOAOZH

o
o
@

0.01

Adypappa A.2 Iepopatikn Babuovounon tnyng Pabuovounong oykov tAnpmong 260 mL,
nmokvotnrag 0.5 g/ce.



ANOAOzZH

0.08

0.07

0.06

0.05

o
=
b=

o
o
@

0.02

0.01

MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
260 mL, 0.7 g/cc

>

NEIPAMATIKH KAMIMYAH BAOMONOMHSHS
= d 3. 2 n(E) - 123.14

¢ TNEIPAMATIKH AMOAO2H

—
—_— )

\
\
AN

—MEIPAMATIKH KAMMYAH

BAGMONOMHZHEZ

S~

——

200

400

600 800 1000 1200

ENEPTEIA (keV)

1400 1600 1800 2000

Abypappa A.3 [epapatiky Babuovounon tnyng Pabpovounong oykov tAnpmong 260 mL,
mokvotntog 0.7 g/cc.

AITIOAOXH

0.06

0.05

e
=
=

e
=
®

o
IS
~

0.01

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 0.9 g/cc

MEIPAMATIKH KAMIMYAH BAOMONOMHZH
In()= -0.0867In(E)* + 2.1675In(E)? - 20.214In(E)2 + 82.624In(E) - 127.35

¢ TEIPAMATIKH ANOAOZzH

——MEIPAMATIKH KAMMYAH
BAGMONOMH2ZHZ

—

200

800

ENEPFEIA (keV)

1000 1200 1400 1600 1800 2000

Adypappa A4 [epopatikn Pabuovounon mnyng Pabuovounong oykov TAnpmonc 260 mL,
nmukvotntog 0.9 g/cc.




MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
260 mL, 1 g/cc

0.07

MNEIPAMATIKH KAMIMYAH BAOMONOMHSHS
In(€)= -0.0883In(E)* + 2.2049In(E)3 - 20.518In(E)? + 83.689In(E) - 128.78

0.06

o o
o o
B &
—

.

\ ¢ TNEIPAMATIKH AMOAO2H

—MEIPAMATIKH KAMMYAH
BAOMONOMHzHX

ANOAOzZH

o
8
/

0.02

0.01 J’ \\'\’\‘

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Avdypappa A5 [epapatiky Babuovounon tnyng Pabpovounong oykov tAnpwong 260 mL,
mokvotntog 1.0 g/cc.

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 1.3 g/cc

MEIPAMATIKH KAMINYAH BAOGMONOMHZIHX
[\ In(e) =-0.0913In(E)* +2.2823In(E)® - 21.263In(E)* + 86.884In(E) - 133.95
0.05

<f \
0.04
¢ TEIPAMATIKH ANOAOZzH

\\ —MEIPAMATIKH KAMITYAH
0 BAOMONOMHEHS
\\'

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

AMOAOZzH

0.01

Adypappa A.6 [epopatikn Babuovounon mnyng Pabuovounong dykov TAnpmong 260 mL,
nmokvotnrag 1.3 g/ce.



MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
260 mL, 1.5 g/cc

0.06

NEIPAMATIKH KAMMYAH BAOMONOMHZHZ

In(g) =-0.0915In(E)* + 2.2863In(E)® - 21.299In(E)? + 87.037In(E) - 134.33
0.05

0.04

X / \ + TEIPAMATIKH ANOAOZH
—TMEIPAMATIKH KAMMNYAH

0.01 \\;\,\

BAGMONOMHZHEZ
0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

ANOAOzZH
.//

Awdypappa A7 Hepopatcn fabpovopnon mnyng fabuovounone dykov minpwong 260 mL,
mokvotntog 1.5 g/cc.

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
260 mL, 1.7 g/cc

oo A NEIPAMATIKH KAMMNYAH BAOMONOMHZHZ
: f\ In(g) =-0.106x" + 2.6395x> - 24.485x% + 99.693x - 153.06
*

0.04 \
0.035

=}
=}
@©

¢ TEIPAMATIKH ANOAOZzH

: - ——MEIPAMATIKH KAMYAH
\ BAOMONOMHzHSE
0.015 2
\
0.01

0.005

o
S
/

AMOAOZzH
/

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Awdypappa A.8 [Mepopatikn Pabuovounon mnyng Pabuovounong oykov TAnpmong 260 mL,
nmokvotntag 1.7 g/ce.



MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
260 mL, 2 g/cc

0.05

MEIPAMATIKH KAMIMNYAH BAOMONOMHZHX
f\ In(e) =-0.059In(E)* + 1.5079In(E)? - 14.403In(E)? + 60.293In(E) - 96.133

s | ]\
’I A
l

0.045

0.04

I
=}
@©

\ ¢ TNEIPAMATIKH AMOAO2H

002 \ & —TMEIPAMATIKH KAMIYAH
\.\ BAOMONOMHEHE

o \.\'\

0.01 —

AIIOAOXZH

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Avdypappa A9 [epapatiky Babuovounon tnyng Pabuovounong oykov tAnpmong 260 mL,
mokvotntog 2.0 g/cc.

Kopmireg padpovopnong kvadiov 6ykov tipwong 100 mL



MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
100 mL, 0.7 g/cc

0.12

MEIPAMATIKH KAMMYAH BAOMONOMHZHS
In(€) = -0.0824In(E)* +2.0768In(E)? - 19.524In(E)? + 80.358In(E) - 124.05

0.1

.\
0.08
X \ ¢ TNEIPAMATIKH AMOAO2H
4
\ —NEIPAMATIKH KAMNYAH
0.04 BAGMONOMHZHEZ
J, \\'\\
0.02

—

ANOAOzH

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Avdypappa A.10 Tepapatikn fabpovopnon mnyng Pabuovounong oykov minpwong 100
mL, mokvottag 0.7 g/cc.

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
100 mL, 1 g/cc

MEIPAMATIKH KAMMYAH BAOMONOMHEHS
In(€) = -0.0942In(E)* + 2.3534In(E)? - 21.932In(E)? + 89.584In(E) - 137.3
0.1

0.08

_ / \\ + MEIPAMATIKH AMOAOH
—MEIPAMATIKH KAMITYAH

0.02

BA@MONOMHZHZ
* —

AMOAOZzH

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPFEIA (keV)

Adypappa A.11 Tepapoatikn fabpovounon anyng Ppadbuovounong oykov minpwong 100
mL, rokvotntog 1.0 g/cc.



0.1

MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
100 mL, 1.3 g/cc

NEIPAMATIKH KAMMYAH BAOMONOMHZHZ

0.09 ,\

4 \
0.08 ¢

th{e)=-0.0987In(E)* + 2.4576In(E)> - 22.819In(E) +92.914In(E) - 142.01

0.07 \

0.06 \

¢ TEIPAMATIKH AMOAQO2ZH

AMOAO:H
P

' 4 \
0.04 ¢

. —TMEIPAMATIKH KAMIMYAH
\ BAOMONOMHEHS
0.03

'\

800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Awaypappa A.12 Tepapatikn Babpovopnon anyng Padpovopnong oykov mAnpwong 100

mL, mokvomtoag 1.3 g/cc.

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
100 mL, 1.7 g/cc

0.1

0.09

MNEIPAMATIKH KAMMNYAH BAOMONOMHZH2

0.08 A

In(€) =-0.1137In(E)* + 2.8198In(E)* - 26.059In(E)? + 105.66In(E) - 160.68

0.06 \

0.05 \

+ MNEIPAMATIKH AMTOAOZH

0.04 \

ANOAOZ:H

——TEIPAMATIKH KAMIYAH
BA@GMONOMHZHZ

0.02 \\

0.01

——

0 200 400 600

800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Awaypappa A.13 Iewpapoatikn Babpovounon myng paduovopnong oykov mtinpmong 100

mL, mokvomtag 1.7 g/cc.




0.09

0.07

0.06

0.05

0.04

AMOAOZH

0.03

0.01

MNEIPAMATIKH BAOMONOMHZH
MANAIAZ TEQMETPIAZ
100 mL, 2 g/cc

. MNEIPAMATIKH KAMNYAH BAOMONOMHZH2

W@%’—}}W +56.906In(E) - 90.482
\
\ —[1EIPAMATIKH KAMMNYAH
BAOMONOMHZHZ

T~

\

¢ TEIPAMATIKH AMOAQO2ZH

|
1

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Adypappa A.14 Tlepopatcy fadpovopnon mnymg Pabuovounong dyxov minpwong 100
mL, Tokvomrag 2 g/cc.

0.04

0.035

0.03

0.025

0.02

ANOAO:zH

0.015

0.01

0.005

0

MNEIPAMATIKH BAOMONOMHZH
NMAAAIAZ TEQMETPIAZ
100 mL, 3 g/cc

MEIPAMATIKH KAMIMYAH BAOMONOMHZzHZ

WEV +59.504In(E) - 58.590

/ \ <+ MEIPAMATIKH ANOAOZH
J \\
/ —TEIPAMATIKH KAMIYAH

BA@GMONOMHZHZ

/l

0 200 400 600 800 1000 1200 1400 1600 1800 2000

ENEPTEIA (keV)

Awaypappa A.15 Mewpapatikn Babpovounon myng paduovopnong oykov tinpmong 100
mL, mokvomtag 3.0 g/cc.




ITAPAPTHMA 4 AvolVGEIC HETPNGE®Y
ostyunatoc Procorad 2017-C kol €LAcuotoc

LOAKOV

Avalvon pétpnong dciypatog avagopdag Procorad 2017-C.

RADIOTOX-ICOLOGICAL INTERCOMPARISONS

PROCORAD SYNTHESIS OF RESULTS
= J 7 44 y-X EMITTERS IN URINES EXERCISE
Enter your results at the reference date: [ 2017 March 15"' I Your lab number: :
20 1 7 | YOUR OWN RESULTS |
e 33323“ A?:::" ‘ u;tpzﬁ:"‘:;:v M:;B:/Jzue STAND::I: zi\T/umON ATRTY Z-SCORE BIAS Ey
B | (8al’) | (Bal?) (BaL) (BaL?) (Bq.L-1)
Sample C

134Cs @ 10501 262601 | J | | | | I |
137Cs @ LmBe 1BE0 | I |l I Il | |
60Co 2 LME0L 1860 | I r —| | [l I | L
Ll | I Il
Sample ABC | “ ” ” ” ”
o @ ownen oo | g0 || sesew || || [ |

| YOUR COMMENTS

1 Number of laboratories taken into account for the calculation of the means




Avdivon pETpnong ELAGNOTOG YOAKOV.

hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk Kk kk ok k%

* Kk Kk

GAMMA

SPECTRUM

* ok k Kk

ANALYSTIS

hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkk ok k%

Filename: GEA 03

Report Generated On

25-02-2020 12:22:16

Sample Title XX

Spectrum Description

Sample Identification XX

Sample Type XX

Sample Geometry XX

Peak Locate Threshold 4.00

Peak Locate Range (in channels) 50 - 8190

Peak Area Range (in channels) 50 - 8190
Identification Energy Tolerance 1.500 kev

Sample Size 1.000E+000

Sample Taken On 01-04-2009 12:00:00
Acquisition Started 25-02-2020 12:14:21
Live Time 200.0 seconds
Real Time 216.3 seconds
Dead Time : 7.54 %

Energy Calibration Used Done On 22-02-2018
Efficiency Calibration Used Done On 27-05-2008
Efficiency ID BOX1 3 N

Background Subtract Report 25-02-2020 12:22:16

R R R R R R R R R R R

BACKGROUND SUBTRACT REPORT

R R R R R R R R R R R R

* kKKK * kKKK

Detector Name: GEA 03
Sample Title: XX

Peak Analysis Performed on: 25-02-2020 12:22:16

Env. Background File: C:\GENIE2K\CAMFILES\YEAR 2020\027FEBRUA
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncert. Background Uncert. Area Uncert.
1 510.87 1.47E+004 198.44 5.76E+000 7.05E-002 1.47E+004 1.98E+002
2 1115.75 1.86E+005 439.91 1.86E+005 4.40E+002

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

Interference Corrected Activity Report 25-02-2020 12:22:16

R R R R R R R R R

NUCLTITPDE IDENTIFICATTION REPORT

B R R R R R R

* kKKK * kKKK

Sample Title: XX
Nuclide Library Used: C:\GENIE2K\CAMFILES\Stdlib 30 03 2009.nl

IDENTIFIED NUCLIDES

Nuclide Id Energy Yield Activity Activity
Name Confidence (keV) (%) (kBg/ ) Uncertainty
* = Energy line found in the spectrum.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance 1.500 kev
Nuclide confidence index threshold = 0.30

Errors quoted at 1.000 sigma



Interference Corrected Activity Report 25-02-2020 12:22:16
Kk kkhkhkhhk Ak hkhhhh kA hkhkhhhh kA hhkhhhkh kA bk hkhhh kA bk bk hhhhhkhkhhhhkhhkhk bk hkhhkhkhkkhkhkhkhkkkkkk

e INTERFERENTCE CORRECTED REPORT Hr KK
ok ok ok kK ok K ok Kk ok K ok K ok K ok ok kK ok ok ok ok K ok K ok ok ok ok K ok ok ok ok ok ok ok ok ok ok K ok ok ok ok K ok Kk kK kK

Nuclide Wt mean Wt mean
Nuclide Id Activity Activity
Name Confidence (kBg/ ) Uncertainty
? = nuclide is part of an undetermined solution
X = nuclide rejected by the interference analysis
@ = nuclide contains energy lines not used in Weighted Mean Activity

Errors quoted at 1.000 sigma

ko okkok ok ok Kk k K UNIDENTTITFTIETD PEAKS kK ok Kok Kok kok K

Peak Locate Performed on: 25-02-2020 12:22:16
Peak Locate From Channel: 50
Peak Locate To Channel: 8190

Peak Energy

No. (keV)
1 510.87
2 1115.75
M =

Errors quoted

Nuclide MDA Report

EK KK NUCLTIDE MDA REPORT

First peak in a
m Other peak in a
F = Fitted singlet

Peak Size in Peak CPS
Counts per Second % Uncertainty

7.3317E+001
9.2817E+002

multiplet region
multiplet region

at 1.000 sigma

1.
0.

35
24

25-02-2020 12:22:16

Kok kkkkkkkkkkkhkkkkkkhkkkkhkkkkkkkhkhkhkhkkkhkhkhkhkhkkhkhkhkkhkhkhkkhkkhkkkkkkk k%

* Kk Kk

Kok kkkkkkkkkkkhkkkkhkhkkhkkhkkkkkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkhkkhkkkkkkkkkkk k%

Detector Name:
Sample Geometry:
Sample Title:

Nuclide Library Used: C:\GENIE2K\CAMFILES\Stdlib 30 03 2009.nl

Nuclide
Name

@ BE-7
NA-22
K-40
SC-46

MN-54
Co-57

FE-59

® ®® ®

CO-60

ZN-65
SE-75

KR-85
KR-85M

@ @

SR-85
KR-87

KR-88

PEEEE®E®E®E®®® ® ® @

GEA_03
XX
XX

Energy Yield Line MDA

(keV) (%) (kBq/ )
477.59 10.44 3.7000E+021
1274.54 99.94 5.2157E-001
1460.81 10.67 1.8358E-001
889.25 99.98 3.2084E+013
1120.51 99.99 1.3393E+014
834.84 99.97 9.2065E+002
122.06 85.51 1.1224E+003
136.48 10.71 9.1852E+003
142.65 0.97 3.7000E+021
192.34 2.92 3.7000E+021
1099.22 56.59 3.7000E+021
1291.56 43.21 3.7000E+021
1173.22 99.85 1.4460E-001
1332.49 99.98 1.1330E-001
1115.54 50.60 1.0679E+005
96.73 3.42 1.0673E+010
121.11 17.20 2.1267E+009
136.00 58.20 6.4619E+008
198.60 1.48 3.1484E+010
264.65 58.90 9.4101E+008
279.53 24.99 2.2453E+009
303.91 1.32 4.4001E+010
400.65 11.47 5.6333E+009
513.99 0.44 6.1573E+001
151.18 75.00 3.7000E+021
304.87 14.00 3.7000E+021
513.99 98.50 4.1249E+017
402.58 49.50 3.7000E+021
673.87 1.91 3.7000E+021
845.43 7.30 3.7000E+021
1175.40 1.12 3.7000E+021
1740.52 2.05 3.7000E+021
2011.88 2.90 3.7000E+021
165.98 3.10 3.7000E+021
196.32 26.00 3.7000E+021
362.23 2.25 3.7000E+021
834.83 13.00 3.7000E+021
985.78 1.31 3.7000E+021
1141.33 1.28 3.7000E+021
1179.51 1.00 3.7000E+021

(k

3
5.
1
3

el

Nuclide MDA

Bq/ )
.70E+021
22E-001
.84E-001
.21E+013

.21E+002
.12E+003

.70E+021

.13E-001

.07E+005
.46E+008

.16E+001
.70E+021

.12E+017
.70E+021

.70E+021

Activity
(kBa/ )

3.
-5.
-1
-3.
-1.

5.

2
1
3
3
3
3
-1
-2
9
-1
8
1
-1
1
1
-1
2
-1
3.
3
-1
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

7000E+021
4554E-001

.5805E-001

8966E+013
0350E+013
0025E+001

.5003E+002
.0780E+003
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.1565E-001
.1848E-002
.8602E+006
.2360E+009
.0602E+008
.2867E+008
.1920E+010
.5210E+008
.0502E+009
.5798E+010
.9043E+009
.6331E+002

7000E+021

.7000E+021
.0941E+018

7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
7000E+021
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KR-88

MO-90

SR-91

Y-91M
NB-95
ZR-95

MO-99

TC-99M
RU-103

RU-106

CD-109
AG-110M

In-111

SN-113

Te-123m
I-125

SB-125

I-129

I-131

TE-132

BA-133

I-133

XE-133
C5-134

1250.
1369.
1518.
1529.
2029.
2035.
2195.

1836.

1024.
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.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.0000E+000
.1092E+010
.6317E+009
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.2058E+018
.0623E+018
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.5700E+003
.1892E+003
.9438E+002
.1575E+005
.9809E+005
.9811E+003
.4922E+004
.2357E+004
.7651E+004
.4241E+005
.1287E+004
.1221E+005
.3555E+004
.2764E+004
.9425E+003
.0390E+004
.5532E+003
.0599E+004
.7000E+021
.7000E+021
.6244E+010
.5019E+009
.9136E+008
.7000E+021
.7000E+021
.7000E+021
.7143E+000
.2907E+001
.3674E+000
.0048E+001
.2095E+000
.5540E+001
.1703E+001
.8699E+001
.4040E+000
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.1388E+000
.4809E-001
.5776E+000
.3708E-001
.0342E-001
.4409E+000
.7000E+021
.7000E+021
.7000E+021
.8309E+002
.5836E+001
.9817E+001
.3285E+000
.5830E+000
.5711E+001

w

w

.70E+021

.63E+009

.70E+021

.70E+021

.70E+021
.70E+021
.06E+018

.70E+021

.70E+021
.70E+021

.57E+003

.94E+002
.94E+003

.70E+021

.50E+009

.91E+008
.70E+021

.37E+000

.40E+000

.70E+021

.70E+021

.03E-001

.70E+021

.70E+021
.33E+000
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.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.0000E+000
.1572E+010
.2167E+008
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.5128E+017
.1946E+017
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.1055E+003
.7562E+003
.6440E+001
.5639E+004
.3866E+004
.3962E+003
.3568E+004
.7032E+004
.1533E+003
.0297E+002
.3793E+004
.9294E+004
.9954E+003
.2019E+003
.3903E+003
.2825E+003
.4769E+003
.4134E+004
.7000E+021
.7000E+021
.1340E+010
.2083E+008
.4893E+007
.7000E+021
.7000E+021
.7000E+021
.0027E+000
.2814E+000
.0238E-002
.7457E+000
.3260E+000
.4505E+000
.6196E+000
.5689E+001
.9581E+000
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.4267E+000
.2178E-002
.8527E-002
.7678E-001
.5462E-003
.2329E+000
.7000E+021
.7000E+021
.7000E+021
.8863E+001
.3776E+001
.2578E+000
.6541E+000
.2743E-001
.3453E+000
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I-134

I-135

XE-135

CS-136

CS-137
Cs-138

CE-139
BA-140

LA-140

LA-140

CE-141
CE-144

EU-152

1038.
1167.
1365.
135.
405.
433.
540.
595.
621.
677.
766.
847.
857.
884.
947.
974.
1072.
1136.
1806.

1009.
1147.
1343.
1435.
165.
162.
304.
423.
437.
537.
328.
432.
487.
751.
815.
867.
919.
925.
1596.
2521.
145.

133.
121.
244.
344.
411.
443.
778.
867.
964.
1085.
1112.

=

- o o

N
SONNO IR O PP O0OONWHEJFEFOODIWWE o s s 0oy s 0o Jdbd JdWwwkE o

o)

[

OFEFRFPOR WEBABRPNUOBWOWWWWWWWWWWWWWWNWWWWWWWWWWREFWWWWWWWWWWWWWWWWWwWwWwWwwWwwWwWwwwWwwwwwwwwwwwwwwwwwwwwNnaNn

.7358E+002
.9414E+001
.9989E+001
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.3690E-001
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.6515E+007
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.0000E+000
.7000E+021
.3450E+004
.4470E+003
.2136E-001
.2193E+000
.0653E-001
.9332E+000
.7378E+000
.5524E+000
.1968E+000
.3640E+000
.1715E+000
.7370E+000

3.70E+021

3.70E+021

3.70E+021

3.70E+021

3.70E+021

1.37E-001
3.70E+021

2.65E+007
3.70E+021

3.70E+021

3.70E+021

3.70E+021
5.45E+003

2.05E-001

-1.
.4736E+001
=7.
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.3480E-002
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.1004E+007
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.7000E+021
.0000E+000
.7000E+021
.1042E+004
.0659E+003
.7349E-001
.1724E-001
.2039E-001
.6569E+000
.4507E+000
.0811E-001
.1036E-001
.8838E-001
.4574E-001
.3825E+000
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1057E+000

8678E+000



\

1408.01 20.85 2.0453E-001 2.4482E-001

EU-154 123.07 40.40 2.1581E-001 1.97E-001 1.0173E-001
247.93 6.89 1.8587E+000 4.8813E-001

591.76 4.95 4.0551E+000 4.5871E+000

692.42 1.79 1.2915E+001 2.4198E+000

723.30 20.05 1.2085E+000 -3.8618E-002

756.80 4.53 5.8035E+000 -2.2916E+000

873.18 12.17 3.0444E+000 -9.4811E-001

996.26 10.50 2.0700E+000 7.2559E-001

1004.72 17.85 1.1388E+000 3.3101E-001

1246.12 0.86 8.9878E+000 -4.0115E+4000

1274.43 34.90 1.9718E-001 -2.0624E-001

1596.48 1.78 1.9908E+000 -7.3994E-001

IR-192 295.96 28.72 3.4000E+015 1.21E+015 2.8448E+014
308.46 29.68 3.3207E+015 2.2234E4015

316.50 82.75 1.2110E+015 8.0843E+014

468.07 47.81 2.4994E+015 -6.0979E+4013

@ T1-201 135.34 2.60 3.7000E+021 3.70E+021 3.7000E+021
@ 165.88 0.16 3.7000E+021 3.7000E+021
@ 167.43 10.00 3.7000E+021 3.7000E+021
@ T1-202 439.56 91.40 3.7000E+021 3.70E+021 3.7000E+021
@ HG-203 279.19 81.48 3.7000E+021 3.70E+021 3.7000E+021
TL-208 583.19 30.60 2.6487E-001 2.65E-001 -1.3082E-002
860.56 4.50 3.2569E+000 3.5496E+000

2614.51 35.92 0.0000E+000 0.0000E+000

Pb-210 46.54 4.25 4.6611E+000 4.66E+000 -2.7684E-001
BI-214 609.31 45.16 1.8751E-001 6.56E-002 3.6541E-002
768.36 4.85 2.3261E+000 4.7064E-001

806.17 1.25 1.0020E+001 -6.7678E+000

934.06 3.07 4.1179E+000 -3.8694E-001

BI-214 1120.29 14.78 4.5748E+000 6.56E-002 -3.8487E-001
1155.19 1.62 2.3941E+000 -1.8192E+000

1238.11 5.78 5.5645E-001 2.6536E-001

1280.96 1.42 2.0773E+000 -6.4755E-001

1377.67 3.95 6.0906E-001 -1.3628E-001

1385.31 0.78 3.0049E+000 -2.4104E+4000

1401.50 1.32 1.8346E+000 -2.1171E+4000

1407.98 2.37 1.0377E+000 1.2421E+000

1509.19 2.11 9.6089E-001 7.8495E-001

1661.28 1.04 1.3325E+000 -2.0654E-001

1729.60 2.82 3.8421E-001 1.3598E-001

1764.49 15.17 6.5643E-002 -2.6036E-002

1847.44 2.00 5.3780E-001 -3.4773E-001

2118.54 1.15 0.0000E+000 0.0000E+000

2204.07 4.89 0.0000E+000 0.0000E+000

2447.67 1.54 0.0000E+000 0.0000E+000

PB-214 74.81 6.33 6.7930E-001 1.75E-001 3.3652E-001
77.11 10.70 3.8642E-001 -6.5785E-002

87.20 3.70 1.0142E+000 -7.1127E-001

89.80 1.03 3.6097E+000 1.2455E+000

241.98 7.19 7.3496E-001 -1.5512E-001

295.21 18.28 3.1155E-001 -9.8244E-002

351.92 35.34 1.7454E-001 -3.5084E-002

785.91 1.10 1.0972E+001 8.4386E+000

Ra-224 240.99 4.12 1.2777E+000 1.28E+000 4.2426E-001
Ra-226 186.21 3.53 1.2527E+000 1.25E+000 -6.5026E-001
AC-228 89.95 1.90 1.9457E+000 4.61E-001 6.7133E-001
93.35 3.10 1.1756E+000 -2.4084E-002

129.08 2.42 1.5044E+000 8.4675E-002

209.28 3.89 1.3312E+000 2.2207E+000

270.23 3.46 1.5841E+000 -9.8273E-002

327.64 3.07 2.0155E+000 2.5732E-001

338.32 11.27 5.5384E-001 1.7239E-001

409.51 1.92 3.3013E+000 -5.5089E-001

463.00 4.40 1.5639E+000 4.2210E-001

794.70 4.25 2.8764E+000 1.7256E+000

835.71 1.61 8.4267E+000 6.7784E+000

911.60 25.80 5.6952E-001 -1.7396E-001

964.60 4.99 2.2870E+000 9.4239E-001

969.11 15.80 6.9913E-001 1.8290E-001

1459.14 0.83 2.3929E+000 1.2551E+000

1587.90 3.22 4.6066E-001 -4.5319E-002

PA-234M 766.36 0.32 3.5165E+001 1.04E+001 -3.3146E+4000
1001.03 0.83 1.0419E+001 -2.6463E+000

TH-234 63.29 3.73 1.5066E+000 7.02E-001 -5.9186E-001
92.60 5.21 7.0188E-001 9.9815E-002

U-235 89.96 1.50 2.4644E+000 7.69E-002 8.5030E-001
93.35 2.50 1.4578E+000 -2.9864E-002

105.00 1.00 3.5354E+000 3.2646E+000

109.16 1.54 2.2949E+000 5.7831E-001

143.76 10.96 3.5169E-001 2.9320E-002

U-235 163.35 5.08 7.9685E-001 7.69E-002 9.6832E-001
185.71 57.20 7.6855E-002 -7.6267E-002

202.12 1.08 4.3662E+000 -1.1208E-001

205.31 5.01 9.7374E-001 -1.5018E+000

AM-241 59.54 35.78 1.7749E-001 1.77E-001 -3.5277E-002

+ = Nuclide identified during the nuclide identification



* = Energy line found in the spectrum

= MDA value not calculated
= Half-life too short to be able to perform the decay correction
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