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I'9jHJd]
PClkzOd dzsfls:

] zOIsd dz@ tslsdesmdlIsmw ¢ MsteOsjeduimMSddy d
hJtetsC tsj i tod d3d dzj dzd § ) o' MsCtslsjmndesdzisd d Y
OQolssdisB d dzj Mistetsj dzd d, 9 nddBdyd MEts?2 fHtesdir h dz
Hdzw sz yd dedw Mo jtemarydmlssets oatSHBGBHO HzZW ¢
ftcd fsdLesHMmlse i Mmlsj ¢ dzO, 9 L dzj S stetsdzdets? (
(Rao et al, 2000; Saguru et al. |, 2018) . 1 dzOIs d dz0© 9 ntBH(J
WEdC ydsdzOdz! dzf = ®BOIsj ted Odzts o O ddzsedy dL |
MmMos2Mlso ® d Mots?2 Mise O IstHuds AAESX gt jalfy 20465Yandet ats dzw
2017;McGuireetal., 2022).

1 i MBslstew dzO  ded L S5 jPt ¢ dd@Xc ¢ 5§ tydzd i fgtzefn
ftcdotsHwWh dj ¢ Jd Ctsdzyj dzlstcd tetso Odzd © d BB
B3 Miststesy H j dzd 2 . 1 sdz h degmis® 6C d3g M isitstizte > Hj dfdd2
KOG BOIsdyd M¢ d2 ¢ jsdzhL dizp Mmls BietEpskel daddy sy o MO
o odHJ MtjHdds dd?2 M HtelzeddEh F§ jHg N SAQME o
fsfmisy j toj ~ tsH dz" BiJPhdY Is O dRFBRUBHBSE Felo i3 2] 3J38 0 dz
S , O IOy o twlOMmMmJ W dedztz@F G tEsdeyiz] dzlsot® O(HsdE@efOd: ¢ d
fdqtedlsy , fdetctsisd dzj , fJjdzlsdzOdzHn dIsj ) o ({f tschfy lelds f
f 5dzlz d3j PORddRodzdzO ¢ BKOL B Oded®d HIMC ] Isdzr m
al., 2002; Barkov et al., 2002; Godel et al., 2007; Holwetl BtDonald, 2007; McDonald,
200 8; Hel my and Botcharni kov, 2020) , Yy ls
d&3d dzj tc Getxilla efal., 1998;HutchinsonandMcDonald 2008;Helmy and Botcharnikoy
2020).

[ sMisOlstsydets tOMY tetsMmistc Odzj deder BBIPt Mmasdz'intsls fj vd
Isj dzdzz e H T d odmdiszlsdHr , 9 (Bt Bi d GeOUs® fiildzts
fticdMmMizlsmilse & Pdsu ff Hoidtelzy @yRd-g d if Bz s sls | dzdzztcd H 59 daC
lEheojdz HMMEtse s CtsBfdzj MO d 1 jdzd€s2  ©2¢d
MsH j o) Odgifdzls B azj f dzOIsd detso 52 cteltf fMsE oy PM -t
(Cabrietal. , 2022). 1teorh jdedzets] o dzdPttOiEe(@Qy G4 Iofrgvin di
Csdzdyj Msotsds tOB SIS, zOf tcOo dzj dzdz' &zO0 fsdHf
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Eyomisdj d3. 1 Of tcd dgyilipen eto al. tcOB2ANSL 5) dL z2y0Odzd
o d Md3kzIs 5 Is j Rizdzzfitetw[fmls O o Celster n oz) YPOR] d3®) dzidzef
(PtBiTe) . J ted@meysaadiMerkle ( 1 99 0) sSlstcOy J dz sBi jHJC
HOdzdz' | 5 MtsMisOe O3 { ted o H day @i loCdrsfidAds shls | ditst
dzd dzd ¥ A3 JLUsBtBef BBl . s dJtcdHtsdzse d Hte. (20
1 Bteddzr MSdna d3d Miststetsy H j dzd 2 ) stcOMmMdzesw e € 53
L 5dzOdz! dzr d3d Cted Mls ©OdzdzO A3 BOMdztso d BtER) .d 1djdaiGa
slsCter Isr 2 dB3d dzj tc © dPLTeg RIS talis ¥ ©rlziz® flisy | dz o tclzH O
(ssdzr MSCd?2 f sdzkztsmistetse ) Subbotipdtat RGO~ M dsdzyd C

1 d Mdeslstew dzO@ BBz hts2 tsBI jd&3 qadgi s h j2Mmw
odMmMBBzissls jBydzbbc@urHis®d " | SislekiscRiiBddgw s Mg MY Stc  dz
(Vymazalol8 andChareey 2018) . 1 jHBMIsOs Mz dJdaW sted3Oy
WOoLtser § tslsdztsh j dzdPeBi-Te o o fpl€ jzdgjnls o j dzdzts L OH
CCMmY J tod d3d dzls Odz! dz" § ModHjddw 8 ¢tcOded YaEsMIslk
sB &zOMiIs! ctsdiitsej dzgdetsMmisd) W OL d WOLBSo"™ A7 Blsdatsh
MilsOB d dz! dz" § d3d dzj tc O dz' d dddz] cOdz dz' § ¢ 3t dzd
f sdzed &3O Is ¢ EmMzsodw dr tBtOL tso Odzd W . stetsdzd Is
mdMmis PtBjjTe 3y dzts dMf sdz? L s Ols H dzw tcOL tcOB tsls
Ctokzf desC ted Mis Odzdzd yj ME d = W oL, ) stsdz ydmdzd
sj ndzsdzse s, G jtdztcetss d SCtwdMmMsOdzizsctcOW s9 .

I s didts oasftesmtse, CoOmMoOs h dr Ry dajs B dlsdzj fzdz!
o sffigts W tstocdsr dzOr 53 H j dadPty cPmfp] v dz8zB82 e G. f
LOdzed 3Oeah djMmw OdzOdzdL sz tOL dzd ydzr = K dzjf le@dzt
B tsdzj § 1600 OdzOzd L 59, s zlsdes tsftej HJ dzw W
tcjLbizdz SOIOd3 yYd et MisOs] ff SEakd dzshls 9usls st O st
fMd dzd zdHtse d Hkzedrmr dBddzj cOdzse, tsMmtse j dzdets
G tc z f JoddadkandNoddack 193 1) . 14 mMisslstew dzO Ists, Ptaylst
tczHBSBtWOL 28 hdan MEzd WdHOR, dfOdtsd disty,j Iso  Htsdnt
ppm( Obert h¢egr et al ., Fibnbrloyaetdla,c c20 1 9)i , e tsded
ZOR BY HJj dzdWw ¢ BI@Mmisjay dzids@ &Hr 2 tcOMmise tsts, dz0 dzt
Bd dzj tegPdsite d Y J Yomists tsMmisojlsmw  dzj df@ Htg>mHsjeiisP
dzj sB - tSH d 35 H dzw i S-dgddsigOudgdiS d ~v d Lizdifdis © 2 to |
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EmMtse j toh j dzMiso so OdedWw Isjrdesdzcedd f jtoj OB BISE
ftod d3j Atdgs? des dzO0 tdetse j] HOdzdz" 7 5 jJj L OteW H:
Bsy jls BTl dzOf sagizlstsHisdE toj dzlse j deso ME 52 X-Rayj €
Absorption Spectroscopy XAS) , Colstster 2 hdqtetsCts dmyf sdz! |
MstczCIskztor Bdzdy dzj 65 YsWHCO d L OtcWHBSO " A
My Hddzj ded W = . RdzWW Sted3Oyd vj,2 fssHigOdps@n Oy HANE Ssatc C
(X-ray Absorption Near Edge Structure S tsdztsCtc0Oj o OW Istsdz¢ Ow
My JSktcd fedzsh jddw), SlttOy0Ojls § dazslsdtsmis! ¢
steBlsOdzj 2  scdztsh O h j XANESOstisidfOls to b giciiPiy diEo © w to
sOCtsor &3 H dz¥n Is OsiEH OALISUS® 9, s Y dats sf tod HJ dzd
fsedzsh O M jets OlsBREQ (toH daPQfipls deftafiplsadj W j dzd §  d dz
odJdzduyddz LOWHO ftscdzsh XANESFez®f BIstBz3© o Ols tii
otseafmyj dzjsa sLasyndew L d M yYydd3 dzj sBrBHJBES (¢
fodizyd dd'j HOdd §j M kjststi-Bddkdnd thtsd- H O dzugd t

Add d diomdudse Oded ™

Addz s dzgOfplstswh j2 tOBESlIsr wodzw jlsfpw EMlsOdz
PtBi-Te 8 Isj d3fopticd® s f tizls | 6D WA & , 3 5t00L OB SIS O s Is
tesMlsO Ctodmls ©dzdzts PtdH diL Qrdyy j Sdi[Gj J dedOHEd®H 8 00 o-d fryfigf oo
Ostsddztsets tsCtolkzy j dzd W .

[ dzv HisfMisdy d dzedvw § sfisOo dzj dzdets?2 yjdzd tj h O

1. dgddzsjL WwWOL d WOLter -~ OMMBYdOyd?2,;

2. ltetso j HY dzd 4 to] dzlsc j detstf j CIstcOdz! dztsG s
toj dzlsc j detso M ts?2 HdWteOCIssdzi Isted d;

3. I1sMmbtesjddj dLobjteddud Mtda Mj ypeBgT2 W
ftcd 350, 450 d 550Aw4;

4, Il sdzeyj dzd 4y W OL, o nREBIWMé gf 7 ¢ t8 Iz fipHtfiflstg) ddfids (
W s ted3d ;

5. t §dmMsteOydw tcj dzlsc j detso MC d - Pt g | 81 d2®dc
mMejHddzgj dzedvwes M ~Odz! S B56J dz2OB], f ded € Istsc j dzO d3d
B34 s Odzagadin S d o' ydMmdzj dedy § Oty d Odt digslstsH OC
CoOdzstsots?2 ~ddzdd;
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6. Jrwodz dzdj € st jfdDMenyi20 dzisgey de 2 Ols s B4dal o3
shdse dz &5  KBNESMYgAdsdc®, O OCY | bkilsOdas:
L Of sdzdzj dzd ™ o Odzj dzlsdz’ = Pt dzj Clstetsdedyr R tsteB dls Odzj
7. [ftejH]dzj ded j f Oteyd Odz! dzRtcos sy distftgsj f
fsH jtey Oh j &5 OO dzsc | 4 Htstdjs@" &Y dgO2 H j dedz’ o3

1 Oz ydzOv w®s Gis dz0

Ifjtear j bkfMksOdase dzj dz7 W OL SREBI-Je ofs slsigsd3tfj joze(@ K
ddals j tco OB 0 A5 0( HOo dzj dzdj MtsB fiste @ igAflalr@ dsdz’ 11RO toc
f sdzlz yj der ftcd G SHAz j H dzw ftotso J HJ dedW W gL
dnfidzj Hiso Oded 2 S te-ddils Gedzz s 1o O dishS jisdzdzts ¢ 5 ssRBey) ds H t
Bj My ted dBTedzs 0 hls Ocdzgtso dzj dz L OC sdzas B tedzsmisd L
Ldzj Clotetsdzdzts?  f dzsls dztsfiyls @to o @ @ dglddgrddts Mistf B dsksO & d
BddzOtedz j dbftdj. H @2 H j & Stttej v ydd d5j > HBE O
shdetse dz' 5 f OGANESjusstlpaffls d toj dzlsc j deso S sE & f
S tej Hj dZjPts LOusd'gls O dzdzO R ) d dzlsPifists(Hyjj tps @Ne jsg &0 diok
sfdztso § .

1 eOSIsdud M8y L dzOy4d ded d

R dzW¥ tQaougl v s WOLter R ts Is dztPtBi-tied dzf s B 8 5 Hifdg)d
fsded BOdedw d ftescdetsL Jtetso Oded™w f OtOCEj daj L d Mt
dzZso ' ° o df &k sREls jidsidzHagjudsda’ j St d fiyls O dgafrdzlsyj sdf Ay J
OdzOdzsed B dzj tc@BEEe | i E)B ) &3'B " IS dmf sdz' L 59 C
CtedMis Oz wOY dyuj MSdn, bkjtedsnddoddyj MSdne ¢

ssdzd uj Mise j dedztsj G dMOdzd j o Rrdz® dztf © tc GARES t6 =
M jSbtcO ftsLotsddls ftosMmisr d3 + B dJted yj MCREBOY 24
dd MeBMmise j dedz" = d&3ddzj e OdzOn d dzd o dzls PleteOw jshn S dfs
) cteOMMmj W dadats 2 € -didtstdsdzj oz dfdbiay LE"Ofialipjd3 RLO®JMmlsdz :
Olsddz 2 L OWRy fotcdrgisifdetds?yj tej H! , tBUZj GyYydls
Pt L Mis Otatp 0 dzjOdeds dzts o35 tcdats s d Pt d L d3 iz k dzde'ts dzdz® & W H
o Odzj dzls dz' n steB d s Odzv 7 BjilsOkz&zO Lo sdvYls
WEdS ydsdzOdz' dz' 7 RO jted Oz o .
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AOCIdUjMSd2 &OkjtedOd d djlssur

ltedo d HJ dedz | toj L zdz sOIst ts i) dzts © @z IszDY § W)
sjtstejlsduiMSdr tOBBISOR, orf fsdzdzj dgdz"™ = ©® dzOB T
Ldzj Sstesnddiidd, bjtdBsHddOBISd d WdLde&d d&d dz
cskteyOlssomMEd?2 ddmisdlskzlse ([ Mmoo O) .

17 dzs ftetso jHjdets 192 1 € fMfisjote drd3jtislsdds M fj zddRL, L
fsdzzyj dz@ Hdzv dL Ezyj ddgty [LEOMdH sSH OLts difods 2 fiptsfg Is (
sftcjHJ dzv dzlwy B ssHBR fsosh Csots? toj dalsc j detso
~d B U MEd2 T dsE@BdIY ©O) dzlsc j dzsmy § & Isfteedfda) )dzts 6 B

1 OtcW Htse ' j Ptifja & Y10z & ZzO jJj dBsHjd dzr = M
Cltster » tojedmistedtotse Odzw  toj dzls KASHzts e C IR | -1
f solsstedzMmisd O sktyOltses M sd3 dMmis sy dadiiigy Crisos
d ftse 5H duifigy &3daOgd dJ o yd i dRUANTYM BSPRESE o C
dmMf sdzr Lso Odedj &3 o' ydmdzdIsj dz' dz" ~ tej Mztemso
ftsdz L tseo Odzad W cstsdf dzj € BSH | dzdtetseo Odzad v d
EMisOdzs o £ @zOEM@HO ¢skteyOlstse ME § B tc @edEdCdds  ts ¢ dzl
My j Cteso fsedztsh j ded v ts f) iz h Athgimot dovtizQdD d3d3 dzts Gttt
IFFEFIT. I fjcét B'M dzts L Otjcedmstedtcts¥ASdets  ©BEOB

[ dydzr 2 9C dzOH OoltstcO

boltste Gtodded BOERO EkyOfmlsdy o MmddesjLg ¢t
BteOL yses §&Oddkse' 7 %¥OL d R OfMhmsydoyd?,
bolstste ftosdL o sHfdzaB] UL fgOdizls seds” yd mdzj dad v , i
GjddscjdsomMCts?2 MijSktesMCsfdd §scdshjddy d
fsdzzyj dedz" | tojL zdy®Ismistcig e@®tc W @ S0 " Hd O
1 MY jtod d3gj dals ' fs dr dLEzyj deds . dolststc 1 tod dac
fteso jHjdede" 7 dMfmdzj Hise Odzd 2, ftoj HIMlsOo dzv dzO |
clssodd&zO &sOjtedOd § fkeddSOydd.
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ftesBOYdw tcOBTSIST

15 tedg stOIsOd3 dMmdzj Hso Oded 2 Y 2B dzd € 59 Odzts
Slstc Oy § dzdz" ~Webof SgiprgfdnC J Mdzso dz" | Jtsdzsy J dedW d te
B dzd ftcj HMIsOo dzj dzr &0 ofMmjtsmMmd2mMedr d d&d:
¢ 1™3Anternational Platinum Symposium (Polokwane South Africa, 2018);¢c A d L  uj M ¢
Odz0dzd Isd yd ¢ Ow and d&3dw ftcdtetsH dz' n d Isj n dzts G
BOIsj cdiOmesH OC 59 ME d j(2018, Is2D2ARfe1etso 5] ) i sL dzO dat
tczHstsBtcOL (BEHD daPI8e 2019);c A dL-H g tgd qg M<d filtesWd
dimmdz) Hse Odzdv o(RUADEZ L O®Eh sBi) ¢ d3dzjj @1 SGA Meet i
on E a(6lasgowv, Scotland UK, 2019);¢ 1 tste-ts H t3d dzjdtc OtddisH stsB tc O L
HisfisdXd ddY d §Jthf]j eGx" hd istpdneiSdOdk X 1 j
fs +CMYJteddsj dzlsOdz! dets?2 3 dzj te O @ER4)KY L ) Jf tg Ssfiphpdiz
hCtsdzO dBsdzsH' 7 Eyjd" n ¢t MY j ted d3j dzls Odz? dzOW
(2024);f i Y HE®RZOtecsHdzr 2 Wtstckds ftodtotg Bl @tssdzME d &
CcRMmMEzg Odedw M Gtoddsj dej ded J d3 M d den teSIste s dzdzts G t5
(2024).

1 O dh Of 3" § ftsdztsy § ded W

1. I d MishtBgETes Isj d3f j ttOls Iz tc dzts-835  dzls | gz O iz Is 8
BddzOtedz" » ff dzOlsd dzgstsH j oy O da W OL ,ssRETG,igdPHTsstc W
ssPtTe,, ssPtTe ssPtBis, ssPtBiy, ssPtBi, stets2dzr = WOL dzgj MmUAé jfr
f sdzedy O4 Is Isj i3 j cOlsztclz PigBls jBSHIIG (jH dztlg ¢ gy @zO M1
Isj B j e Ols Iz to j ssBLBIOIAHO BY@I' @zO 1 tc Te tsfigts v 2 tc yH@dzd~dl 5
A50AAtels 7 Hts 10 Oist 9 -HPUcIPIs3 30 Ad tod f tsded y j o
550 ¢ 350Au WOLto' | PHBsTasdjjdedvs my i@ ldnjydsjl
fls OB d dz' dz' ~ Bbjpdzgztiztc f h theef v  § ts &jdTe dtc Ooffr)f dgig Culajtschadf W
G sd3ts G § dzdztsdy’ls] tBAf@OJedzs MtsH j e O d A2 W OL .

2. [ JItH dMmf Otcj dzd We) tc @ fipls o tstdaf Ig jsdzf sS(@Fqudd Is -
ssPtTe n dzdL Sddz MBH( B ®IZH J &3 Ols. %) . [ jlssH B
NdHCBdG MsOydodOdesdy Isj i3 j tOlskztcdzgsd3 G te@H d J
PtTef) o " MisC dd3 MBSHE wdzPHzd3 83 Ols. %) .
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3. 1 Oteyd Odz! dgf 2 Olssdgder 2 L OwwH Pt 9o B (dda
tesmistsdz { dzj Sstetsslsted yOlsj dzt desmisd dzd e OdzH O, v
M J SOz dz" = tMtse J dedetsMmisg 2  tej dzld df junlsts of g~

fts6 dztsh j dad W , ddzls § dzind o detsyls d d f d&zsh OH d E
1 dzj ClstotsdgsH sdgstcdz" = dzdc OdzHtse ( Te, Sn, G®&t
LS teOW Y edztsh jdedw Eojdzdydoe Oj Ismw, Is. j. d kd

seBdlsOdY D, clsdydstists j Wdds §wOoddkz {dzjShkiesslst
L dzj Clotots dedats 2 (sisHsqids @iz s dBOs B j deffd el j shw  j j
O ¢ d B st dds O dzv T .

ulstlkClktc® d ©BI jd&& HdMMjttlsOydd

r dmmj clsOyd sdzdzO" tcOB SISO BB J B 45 0 H fnde
stejmn GdzOeo, o' oatsHtse, B XZOGBHOtdsMIsj 2, M dMm!
zOd i3 dztseo Odzd 2 , fzedzd ¢ Oyd?2 Qolsstc® 5 Isj dsd
ftoeddztsy j dzd 2. [ Mdztse d&zOw yOMmils! tOBlsT L Odzd dizO
tcd Mz dz§ dzkz dsjOe@Agdy d tod f)lz dit tdsch dztiyC jodisd WAEO WdzO RIS H
d 18 tedmkzdz tso

1l ZOG sH OtcdesMmis d

bolststc o™ O OJIs cdzEetsS ke ftodL dzOIsj dz' dats
sO0cdtesolz LO f sdysh dZzO eMmjr 110 Orn tc@BiABISZ
(1 RA csbkteyOlstseo mC d?2 ddzmisdisizlse) LO Blkyjd
~rdBIUIMEdd3 OMYY 5O, Mo d3j Mls dzlz LEmY J e
Mdder eslstetsdzgdzse s L dzeyj dzedw d or ydmdzdlsj dz' dal
f cdigsh ) dqdzisj teff toj s®jdHdz fs®delisq j dzdzd - I &30
CJtdtsedyj MSoOw Mz O, Yjadw¥w) LO ftdiBtsh:
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| ZObOOL 8o j lsdsh j @ePrTea g iBE j OIS |
qdzls j o O&p 0A%0

1l dzOMmilssw h j 3 HgHBD ogjte fdiddlo] tc Olsztcdzr = H Odzdz" -
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Stsd3d IS duwOlslizjodzr | HOdzdz" § dodzo Oted Odzlsdzr -~ to |
tsls H Odzdz’ Bharig O s{#869)(10 B .

l Oy des tSlsdzi Isdls!, ykts WOLBor | Glsdesh j dgdw
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dtsfils Qo )
(Mdzj 9 O da U, 4 A
Ols . T® _
L tc 0o dzj JAH Yy vdf g Of
Bhanetal treCqgy Guo
1 2 3 1969 "1steOf d¢ Kim, 1996 201é
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”t‘;‘#;o Lt O dzj dzd j 2Oy cOoBNe O . k) sqf tj OF
1 2 3
by L +Bi,Te;2 BiTes | 52 60 | 55.(5) | 562(835) 1 jedlsjCls
B L +Bi,TesZ BisTes | 50 | 55.(5) | 52.94 | 550(823) 1 jedlsjCls
Ds L+BisTeez Bi T| 45 | 5294 | 50 542 (815) 1 jedlsjCls
Da L+BiTez Bies 23 50 | 42.86 | 435(708) 1 jedlsjCls
Ds L+Bi,Tesz Ble | 16 | 42.86 | 33.Q) | 392(665) 1 jedlsjCls
Bs L+Bi,Tez BTe, | 10 | 33(3) | 30 332(605) 1 jedlsjCls
E L 2z BiTe+ | 25 0 30 264(537) ColjCisqe

1 Otew w & M) j tod d343dk fsmdzi HdedJ GEGHT™ H
Bi-Tefls Odzd §tod 3j da¥ Is! B4 Ists s HIg fiad dg D@ e dgdMag Grpt
etal. (2018), B"dz ftetso j H{ dzlz gy ded & Bigif § i if diindzis
Jhl BHdd oL Bty d 2 o90ttdOdzls WOLto 2 O {§
ftocse j H ] dzdasts 2 L CMY J od d3d dzls Odz! dats 2 tc OB 5 Isdf
Isj ed3sH d 2O B uj MS dd3d H Odzdds jo3d d3ts H Bf de@ @B Uf jteiCoQY W
mdmilsBidgem dmy sdzv CAPHA@REJCGAIGUlation of PHAse Diagram3  d3J IS 5
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(2018,

stscG s OW
JtetsC 52
W OLBi,Te; d
s j i3 j tzOW Lt dzls | 6 034264304 @ |,
ftsHIse jtoY H j dz

Ho J

f © CThdsmoCalyd

FactSage

W oL OW
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HJOG tc @dBOs ¢ dtff taljOnj fills BeeOdzfir gize
i @fgas iiMsigd € i d RO dz! dzOW
fisAnlsits W dzdzts ¢ BiTefids BjS@ offz h j Mlso s h

h o & dqTegots ds 52,2 0.

Metslse § ks ffls oHjOodedss . |
d ks tsoupdeyGifsdsts o | GHg)b) tzePfs 4Sieriptka
coHitf stzo Oz o j toh | dzf ICAPBIADIAAS R - S H

(fesa

Omasdsy). (2021)) MY sd' L 5o Oded j &5 f o
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C)
5
o
o
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o
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100:
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k)

1 ¢ Experimental data /:—'

B

BizTea

Bi2Tes+Te

0

Bi
it dMz@GsOL so OW

1 J M ls or ts drz® ts

1 51 Istsd3lz
and Tanner (1990) € ©¢
Cted Mils Odzdzd yj MG 52

[ O lsfecisstings ‘o

H dzw

0 10 20 30 40 50 60 70 80 90 100
Te, at%

,»LfB S

" |L+Bi4Te3 BiaTe3+B|
‘\l:_"*'B B /'"/'

,’ L+B

| L+Bi2Te | BizTe+p |

L, B .,—r//,"

Te

HdOC BRI fi izl dacet@lB(20ES)

¢ e@pygldls o tf sfpe w h j dadz” - W
slsdetsh j dzd W d3 BeTe ffd fillDjLddgs 5B tc OL d J
fmMd Mlis flz@" H Odzdz" 2

BB d3d dals  dzj

%ZOd B tsdzj j

ko jtoH A ¢ tod Ps-C0kzd2 50§ (PEEdet9?2).

f SsHeBBHBDY d

izt § Mise zj Is mjlsHso dal’
Yd dzii O msOpiazmd@ v ts OB B 1 'O ¢ tc O Gdgi@otom s
C B i3 tRrE dgd] frirjrisodz v
MistczC Is z BijTe ff DL H fls QB defzdz@ - o ¢
Is o j TeHfiedf)ls Oo dzw j Is

od @il ot

0. 005 Ddso %,
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v OB &z §@®dTIs Odzdzed yj S OW flstekC kBiO B JddzOtedy = W OL

oLt EENEEOENE udde tulkECsy| t OPOBIMW 2L RS 5
ceffO |} dteMmt sqdq a b c b
Bi.Te P3ml hP9 ShTe 4.4688(1)| a | 17.9216(4) (nglezt)al"
. ] _ (Yamana et
BiTe, R3mh hr21 Bi.Se 4.451(1) | a | 41.888(5) | °; "1 g70)
(Shimazaki
BiTe P3ml hP12 BiSe 4.422(2) | a | 24.05(2) | andOzawa,
1978
| _ _ (Feutelais
BisTes Rsmh hR51 BisSe 44l pal 103 1o g 1903
. _ ] ] (Brekbrick,
Bi.Te, hé 4.4214(4)| a | 78.195(12)| " g6
. _ ) ] (Brekbrick,
Bi.Te, hPé 4.4106(2) a | 54.3300) | " joeg)
| ] _ (Feutelais
Bi,Te; Ramh hRL5 BizTe; 4395(Q) | a | 30.44(1) | ot o1 1903

114w d fyls PeBOTe

AOL SO | slsdztsh j dBfBi-Te & fgaPfis sy J disz o toj d3d
(Vymazalo\8 and Chareey 2018) R d3j ¥ Is fypw Mo Miz ) gefplsddatfdf dzj @s O «
BOMEzOBtEIe ( d dzW stedzOyds M), WO LWHQEDSjls dzts h 5j edzd v
Bd d&zOtcdz" - ~PtTefPB dFfdTe( Md3. ©WOUH] d&z2 1. . hitstsise j;ls
dL o jMisde daj ¢ Silststbteg totf PEARN])-bzg BRI sls j dzdzz tod H &

RL 9 J Mmlsdzts, Ylskk Pt qaRtewimdkic@L jIs HIdME ] Is
As, Sb, Te d Bid oc¢ dpGosafdz@diSddf ~= Mizdz' W d
(Cawthorn et al. 2002, Barkov et al. 2002, Godel et al. 2007, Holwell and McDonald 20C
McDonald 2008; Spiridonov et al. 2015, Helmy and Botcharnikov 2020,ts [ d3j dz' h
ontYHJd] o MmMkzd ¥ dwllazstgl. 1988 Hajictsian'and(MEonald 2008
Helmy and Botcharnikov 2020).

Harneyd Merkle (1990)sB i j Hddzd dzd dzdIlsj teOlskztedz j H Odac
o d MBlzls sls j Redazrter jHdzcpdzd tsB dzO i) ldndv h i tg fifpley © &£ 5 adzd dag ldsd
d Jdhdodaddls | shifisffd Od&" W tzg dgd & z o3l daig o d Bl Is
PtBi;), Oo lstster ftcoj Hf SdzOG O Is fn & hojifisle dastisadO dzd3j 3 HL
B dzj cO&BHBIls slsdijlsdls! , ybts &sdyj dls d ddzi
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mMddzce sdzdwv n ( Bsdzyj dils o Og B Mdc tsCEosddf WizsRe 20
clso jtcHT 2 tcOMmMlsotstce © HOdkBR MdkzEyod] OoltC
f® dHd Bz, Jdidghdoadbdls Ndpledisidewkidsls Iso j dH "
PtBi,Te), {P{TeBi),, MistclzC Iszc®H Sdsdiz®ac) Fdetcdf i3 dgO dzts ¢ O d3.

Te

Pt +Pd+Fe+Ni+Cu ] Hélz - T Bis+sb

{ dMzdsS ] e sd ddiSsL § 6 BEEHO H dzP+PdrREMISGUIBI(+Sh)-Te
dZOdzj Mj dzdz’ B Istsyf ©dsd s Hig G B 5 j Rtz t8 d Ha=fols j te @ls 2
LSy jted B) dzls Oz dz' o5 ( L(GadedysndNerk, 239@) d) H Odzdz’ o

1 tc OWilgdenjet al. (2015P 9 Is tist®@'tc ON O Is o dadf dg@Rd]j] disds o
Tel Bi d slfj dasigjtedudtso Odzd® Iso j toH BG 5 L€ O fipls fsdidCe
PtBiTe (taf fl0).} sM ¢ tsdz € EPtIBE de indsI© dzdzd L 2§ sqpw o @ ¢ f
0 d&oOmeBidedilso CBPE 2 (, CoaBinlstsi sz ot &
BOMzso dls© HEsMIstse j te,datsls siz] fr) kehOjinfh) Isf i thoas@ RGO Is o |
Holzd3w {1 Isdd3d BB dzi tOXzOB Mdded Isj dz! dzts.

Hel my et al . (2007) ECOL™ 90 1Is dzO 5B
Ni(Te,Bi)-Pd(TeBi),d tlsdzj yoOsls, ybts 1Ilsts d@Esyjls BT Is!
L dzj a3 dzlstseo . VW sl o3 B f3dzimfisdidny j R d{Tabritaide.aflammel976,
Zhu et a, 2010) ftedmizlsmMlselzj s L dzOydlsj dz@ dzOw  fryd3g
B3ts dzy § d Is-@3j RiztsBiza(Nsi (Hudson 1986)i ts ¢ tc O dzd U j dzdzOW .
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Pt

e}
Moncheite & _ o \. [nsizwaite
(PtTe,) oo ST i 00 M0 “y (PtBi,)
Maslovite

(PtBiTe)

Te Bi

Mk B S tej ¢ s qzy dzf S5@ | BHES fiyls PeBi-Te i) dzOdzj j dzdz’ o3
sMlsOo so o d M dfl 8 EHOjsdeciicodjHdom C o 2 Vikoenaghld2015)n)  (

I 1Sy | ted dig QaEstOsf 1829 ) dffL EWOWAse r j tsisdatsh
PtSbTef ted 8 @PMLY) . ( 1 © §fsMmbtetsj dzdetsdz L slsj to o3d y j
tc Ofls o s toBpdzts fi) lizdzlz tPHoHtOLA e O fg ks O if3ls dzfs Is PrRdzizHe{lsH jOdREzE to
} sHisB dats Lo j dzd uJ digfsp §aB@ foas feytisd] dpasH B Tiels

{
m

Pt

Liquidib) /S
PESD s " B PtTE
T PEaTR
:-.'—ll’tlTea
PLOD: — ra—— L ) -
Liguidia)
sh = o il = o TITT L= sEd el T T L ITIIICTIvT T T ey TrT n'\-'"l-l."-l—l—l.d.l-"'\_:. Te

atomic %

t dmzdasEL sjtedgdujMStj Mjujddj YPSEeERd HI@MEDC
1999)
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12f ddzj ©Odz' df | OdOdzscd Mkh j MRBikP:-TegBRTeW OL
d Pt-Bi-Te

Liso j oy H j dzdz’ j B dzj te O dz' Pt-Bi-Bepdsten fipftfj dzbp) Isfigfufij s
% OL OREC OL Oty M12z0 | Mj ¢ 5 kst G Jeskidd] det®© dzts o : PiTelss dz
di3d Is te s ¥ ORigkep df dzfy d L BtEYJHSte d ¢ tPYBd 1§ 2 d3tsBiTls,  § d dz'BisTisdzd L
s j dzdzl 6 ts o BLFpsBz IS g s BT e GFHO i) dz®eBides

Te

MOHYEeuT
PtTe,

Pt,Te,

. _ TennypoBucCmyTuT
Bi,Te,

2 NMANB3eHUT
Bi,Tes
BigTe,

. uymowmut

BiTe

Bi,Te,

Bi,Te )
. xeanemurt
Bi,Te,

MuTpocaHoBUT
Pt,Te,

PtTe

MacnosuTt

PtBiTe
*

Pt Bi

ApPUKonuTt ; ; : UHCU3BauT
PtBi Pt,Bi, PtBi,

Mk deds G 6 juae ded ¢ {1 ®[LBjBEMOEGRO dzj M dede” i3d Mddels Isd ud
dshdJ d3d dzj tc Ofias dif JgQRde@dizs g .3 Mtssilse jlsMisealzs h j Gt

[ Jdzj @zl L PtBIIs o f jtco " j CelfidH@ridzdz’ A 97 2 ¢ SH
dzO22 Hoj disB e OL Y4 dBOMMdo das? tind tathislftiimstoyts?j dief W
odH] &BJEkEdr BCtokzedzr 7 Lijtejdz (25775 (Feglis®( frp
o' Hjdzde " dBMY r@EESS s JePEs&sy Jtedlstsds ( MisH
B 5 tc dafsBeS) , O IsO¢ % J NijBighicd j tzd dsusdiysn (Cabri and Harris
1972). Rd&zlmdL o Odls SCtodMmMsOdzdzdL 2jIsimwy o C kB dn
Paam) , dd3j s MstezClskztedzr 2 kdf T dqtedlsO. 1 GO
6.625A (CabriandHarris 1972) V = 290.775 % Z=4;d dzlfdL o Odls wo dzw j Is
OkOdzse sd3 Md dzls j-BtBisyd mMEts2 W OL " b

td
dd3
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[ d dzj tei@df ¢ SRR WcDonaldet al., 202 3) tsB dZDASIESiHj 0z - 45 Is
fjteor j Z§ sd3d dzOded v  d3d dzd tc O dzitsdgs G 5B daq B € @ O3S 950 ¢
slsdzsmw Isdgwve €H QAR  to tfPartdm cirtd Stumpfl 1074 1975.C B dted Yy J f
Wstedsz azO  § ted te s H dzts PlisesPch 4178 1) & 1+ B B AS0 &2Snb.0S000r 1 -0 1
rtedStsgdls OmMmsyddtelzg Is figF ed L SV g t6tztztl] dEKSS zls &
GdodwmdBtBEE, ( ddedL oFEBY)ls,5d3 @idaiztedis O tc H BHSHES
Misde dsf OddRdSk)dzd IsfgtEs & dzPdBN ¢ il B rted Csf dls  Cto
GJ $MOG BAdzOdz! dats 2 fnd dze sdzd d (Péxfmitmdn Is tci® dziifs® tg @zl;
L dzj d3j dzls Ot das24.1993B)c=C b . 6 1 W4 ( B)5 822 (McDonad etal.,
2023)

[ dstctsW OdR g 8" &z B &ZOtclzy j dz o 2018 G SH
o CtcOff dzj dzdets? tokzH] d&O &j Miststctsy H j-lda dgfn LisS:ifdy 5 9
stsdz? MEtsets fodzEsMistetsoa O o odHJ dzd dz€ d - L J to
MeOMisOdzed v » & @Risdaug Gs® m Hiclze d d3d GBS0 dz
o' M YRINBES MY BeBed” Hic. ) o dBOIs to ey jozlslODdzh G tistOE o
(Subbotin et al., 2019PL 8 Qdz o yJ fmls mMtseo jIsmMEsens 1
[ distetst Odasagg®y s OV I ts 6 30D dz® ¢RElIRE 0dg 2 (J&.0Bioodr 4. 07
(Subbotin et al., 2019). 4 d dzls j Isd yd M < dgRls tc G HzORAStE (f figls © dzdzd L k&
stod ais difls? Mddzc sdzd d o 6 g iRiNshE Ofi)ls ® (8 fdsgERjd3ifls O
woyj As89874(1)c= 35.,¥8 14 8 6 .°0Z1=(3BYbbagtinetal., 2019)

[sdze 5] t8 @y digef ydzr J aB3d dzj tc ©dz' dzr j Bi, fiptisfiglg Qe h
W s te i3BUziTex d MsH j ey O dj  dzj B t5dz’AQ, tisjs dz6 1y dzdzdl § s o«
oJtodftskister 2 o ff jdc alyd fzjHu@@diiBEc s OC OL Qdazfy' § to dzd
zO0 MmOoditsdze davj dégts H | dz'd3ifrdafg tc O dz' dz', BPB R 'BsEd3  ldg dzd
o d Mz3EAOD te o thizd dz' L Biddds)s B¢ | MmdfgTe (Thompson 1949 Shimazaki
andOzawa 1978;0zawaandShimazakj 1982).

l 197 89 ate ©Bheimgak and Ozawa(1978)B ' dz s tfdcfiff@eds H dzr 2
W OL BiTe zOL o Pldzdpts@ s 2 3J Miskz AdEBESFHEE iy Is © dzdzd L E
IsSted 6 sdzOdz! dzts? Mmd dzee sdzd d o R3Mlidrs Mifls@stOQizk)iIslo tg QipEgzfs 2 |
4422(2)c= 24.05(2)6., A erg@tiszpjde & adHj IsOmdzd
OmmMtsydoOoydd M (BijlesSs OH of dsif &3 KBzG)zts df s 1L O(BbBIsSy of
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G Odzj daPIFsd3 slso j YyOdz ~ d d3d UBiopRhis)?o0:Tewods(Bhugiazili and
Ozawa 1978).

1 ddz L Biggels off jtcor | jBithOdz8z59 G . d dzOL 9o
ZOr BHCAHsY JIs MsH j tey Ols!  dzj LIy d S dBRHEogkiet &l.is dzc
2007) stwdMmMlsOdzdzd yi M Ov Mk lsktcO® Mddzsi Isduyd M
ftotsMmistcOdzMmis o |R3IAP W § @ s @ Y ddjtcddid3ifls O tc dzds2 4.4851() @€ d
41.888(5) 3., (dLkzdz IsO" f828csHBLOT Ists fizdzk & 4§
Hd d dz L j dzd Is @zawaarid Stentadaki(1 982 ) , Mtse kzOmMEkze Ismw |
md dzls | Isd 8 gz@ &enéhae(al., 1979)

uv J dedslp d ) d3@aBegWso dzw j Ismw  dzOdBtsdzj J t©OMY tesmls t
gL zyj dedgrdmgztz t5d o d M BEISBG stcr 2 HitsdzG ts§ o toj dgw n
Is j Is tc O H Bf.d5SIKBAIch 1863;) O o ! viaB$)os] zdzz tetso d Mz Isd s 3t
dzj B sdzt M dJ CSs &lof ¢ jSh I$CGo@x et al., 2007; Ciobanu et al., 2009).
stedMlsOdzdzd yJ M¢ O Mmdipkip s H ik @@QBMtCR dzdzztctso d
tesdiB 8L Hicd yd ME Ow , { tc BR3IMdntc Qf deirdpdi j dsdia@D'd3dc t@ il atfdg)
=3.395(3)c= 3 0. 424+31Frutelaietal., 1993)

Mmj HdzBi;Tes ( d B, Te), 0 f jtco ™ | 5§ d fig ©dgdzisdand Peacock
(1945) d dzOL 9 Odzdz" ¥ tofff 8 Mdg jOfy I dalz@AsBHSR d f dzOMiIs d
BB Istsdzh Jdzs?2 d Oty dB, sy ©ZBifmESHO K¢ to & B dats
Ot fipjf i tc JHeAsty ¢ O dz' QpdAsosA. s 6 d Mis Odzdzd yd ¢ O Ml
GJ ¢MOG 5D wiElyj ste" 1 dzj aFj4ddeoctc de BZ28YJ;i 2 C & d i3
W ts to d3Bigdl®s; Warrenand Peacock 1945; Fleisher 196 aAF44fdlzcf= 17 . 87
( =~ d izdoyj MpSs Biefkz,dzO) O ! W dzse, 1981;. 108! wdzses (

St Odzj dg€ j tetsd3 H G . (1979) mMstse h Odzts iy
MsH j oy BLAPEBi d Te (Sh PbC OC fteddzj Md) o MY dztsh dz" -
BsdrzCdlssear a tokHOR [ClswBtc! dgifts@ds dIg Ndz@GHe@dEd
fdtedlsse sets IsdPudlzj cHdBep dafsdzifgCPtBIO d lalzf di3d yd M¢ d
sHdts?2 yOfmisd j ) ey d dgdgBralzd y Oz ® @ tc O ® Apdzjj 8 of 64
s mis ORIt dntSHMIso ~dd3d yud MS tsc BIBITA) s Mé O dZtie’
tcj dzls ¢ | detststilO t afd dztg dzd Is ¢ slsH j dz dz" 2 T deigQ@ifsy dmodef
dH j Od¥ Ha@dslz dzO ¢ BYfsdsiip'tes @] RBile CfAEMdzso s dzOB dz¢
PHdzddzj dedz" = (ddzd ddescHO tsCtekzedzr 7)) Elj2tdj dez$ d
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(50 jt6) Wded S j tafsup tedz € oyfjigls 6 Odzr dzts?2 yOflsd
NeOMsOdd2, o MshisOs kL KsQ Uakiz e M a §
(PdB) , dBs&lE) dls O wd@Jeled § § dzOIsd dzd s 2 df@BL) dzd
N | cePdm)ls ([ jLEd ksOtss sl C@®AEQ dsdflzi® L j 1o dz  BC
iets  fjtej dgi dgdz" 2 MsmilsOo , ftod 1ltdd dzOdB ¢
Nstlsds Byt Y | HOdds? OBl Oskti' i)
£ Ofls o s 1o SRIBL-PIBTEPIBTe] o' Hj dwe |5 f Sdzj t0ots LRy ddE
56 teOded UJ dzdats | PtBifésHly @ MBi0edl sPch sBiy 5 Tey s-PtBiysTeps ( ofte j L
PtTe-PtBi,-PdB,-PdTe) . 1 OteOdj Ists ! dzj dgj dzls Gt dBEBI9 W[ W jd2
(P%.71Pth 27)0.9¢(Bi1.31T €0, 645k 07)2.04 d dzd 6.i671[ Hdzv M
(Plo.53Pth.49)1.0ABi1.16T€0.76Sh 05)1.0d- s O € zy d BN dzts t5ilsd3d tsld d©fls
o] Bj dzf HBMisGe jtede & HOdd = & StedflsOddd yj f

I mw erhjftede jHj dedz@vizOdedil & tc dfO BicsP Bz 5] t§ da
flsOB ddz' dzsfisd d d&BfEOHISY @ dOGESITE Qazdz d3d dz
Mtsd Hddzj ez ddzd tMdeso 82 HdzW HOdz dgj 2Mh jGets (I
PtBi-Te.

13f jstsH chMkotsetse MddsjLO COC Mishmtse §t

I MMy ®BttOLYr Hd&v dJL Ekzyj ddv jRBitTem™ &d ststszzh
By ssHEsd3 ¢Mzrtsetsé Mddelsi L O, Ctlstster 2 tsMdse O
ftsorh jdadats?2 Isj &3 jtcOlskztecj] o cGjtedsilsdyds = toj OF

rdzv Mmddzisj L O BB te Gpfydstsin I jYf seES BL giSip)Oed@d M Is ts Is
B dz29 9 OO COyjMmsej toj OCydodeder » MshMkzH o
Misj CdzO. [ OMMO "sdrn 0 2 Efisls O dzv dzO

RMatsHdz" | o jh jMlsoa® oaLojhdoOdzdm' dO 0O0dzOd
d LOCdZzZOHT 9 Odzd ! o OWMWGY zdz06dd3 o wizzds G Addatf tgdzi d ¢
fls j dRlgds.~ 1 Olsj s O3 zdzr ) h dusls s IseOstshyxiztdtists o
BOW L O Odoe Odzd '€ d fy dztstetidgmstids(® j dz$ d . P COfdEE Wz dil;
tc] OG J dzls sds ¥ dsde@dzduils T = j UOR te i s Fels,ls  Adwj0d
Isj B Olsztelz o dzzlsted J ud ¢ tsdzlstcts dzdkiste df @kAd tsdfy C
Odz¢ jipz' I9ts Yy detsApd @ simolNL ) tsyjde dedL $s52 € ddzj
(taf )13, ] s Ogzte 1 DB 1) , Hdzd Is jJ dz' dats fls '3-12 g > caQ@ o
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LOodMmd dssmisd ©ls fifts MdsiOBYO] hOdsAzidedzy  Mmifiglflsty te jOdzd W (
mMdMmisd 3" & twOedzeso j Mde , { totsBIsH HASES Wy dsfttcrin
OcOlstso 52 ) lHAdtCHjts dey CHdgaifiRis i O H O dzgzEsy j ©Ols ke

Cunuxamst U OKUCARL

Temneﬁumgpn e

$psspa8E

TMuppomux
100
J% NWN\Cu-Fe-cynopudn,
107°10721070 1 10 107 10° 10* 10° 10°
Bpems docmudicenust paenosecus, zodbt

Mz dzB8Cl o] 3% bk fis Odetso dzj dzd s O tc @ datizd g fry iy dzfi &® dzt o
B jtcOlkzter (198l Odz  stej 2@

] ez y®ls Mz Is 1f B o dfy By a 9L OddBsH jJRIIHs o FOtc OC [k
sBteOL Yytso M o MsCPY d3 GigtcHO L tap] O dadrjHiz to d © O dzd !
Isj BY j tcOIs8@A} (06 510] y ndz®geL Blejj B Mdzso © tsilsy d ¢ Od
sj &3 j cPREzE | oL Odissdzj 2 ecsd QFf sH d &d BFOC ydsd
fd3d ' dzOc tej o Addn dzs twfOz@g st dz¢ d H B SfBdOO s d
LOCOdzd o Otlzd yp dzo sH L B J ) Ols! GRpicOBKE BV d3tzp dzt
tcOo datso g Milzs g Is tste datsl wshisdyjd GtdPldizioH dzTL IO d dfjs D ¢ O dzd o
ZO otLHEZA] ddzd o ~"tsdzsHdzs?2 9 fSHJ .

td
Is d

14 ¢dzOdzdIsdud M dd dgdlssur dMmmdzj Hs9 Oded W

141f jlssH MCOddtoks h j 2 1 dzj € d6 %l Xatiess Gz det5 1§ 6 € 15 & €
BISesO0dOddL (faf ¢)

RL d3 to] dad & O dz! Hztf dstf yJ MG tishigs@ess e OL Yy t59 i tedz® s
slsf sdzd tctso Odadz w d LOljdd dzOf r dzj dgdg'ddv  ldntisdaS
1 dzj Sstotst tots o tsHIAYSECSH d HdiztsY ) dzif © ¢ ORO ydWtetse tsd
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