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çìåÅÉë=äÉëë=íÜ~å=áå=OMMSK=^ë=ã~åó=çÑ=pçìíÜ=^ÑêáÅ~Ûë=ä~êÖÉI=ÇÉÉéÉê=éä~íáåìã=ãáåÉë=ÖÉí=çäÇÉêI=éçïÉê=

çìí~ÖÉë=~åÇ=ë~ÑÉíó=áëëìÉë=Ü~îÉ=åÉÖ~íáîÉäó=áãé~ÅíÉÇ=éêçÇìÅíáçå=ÖêçïíÜK=kÉîÉêíÜÉäÉëëI=íÜÉêÉ=Ü~ë=
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Johannesburg  
Bushveld Complex  

=

=



=
=
NO=ö=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=ö=pÉÅíçê=êÉëÉ~êÅÜ=ö=mä~íáåìã=mêçëéÉÅíë=ö=kçîÉãÄÉê=OMMU==

=

PK aÉã~åÇ=Üáí=Äó=ëäçïÇçïå=áå=îÉÜáÅäÉ=éêçÇìÅíáçå=

^ìíçÅ~í~äóëíë=~åÇ=àÉïÉääÉêó=~ÅÅçìåí=Ñçê=êçìÖÜäó=RMB=~åÇ=ORB=çÑ=íçí~ä=éä~íáåìã=ÇÉã~åÇI=

êÉëéÉÅíáîÉäóK=^ìíçÅ~í~äóëí=ÇÉã~åÇ=áë=ä~êÖÉäó=~=ÑìåÅíáçå=çÑ=ÖäçÄ~ä=îÉÜáÅäÉ=éêçÇìÅíáçåI=ïÜáÅÜ=Ü~ë=

êÉÅÉåíäó=ëÉÉå=~=ëÜ~êé=ëäçïÇçïå=~åÇ=áë=ÉñéÉÅíÉÇ=íç=Ñ~ää=ÑìêíÜÉê=áå=OMMVK=gÉïÉääÉêó=ÇÉã~åÇ=áë=îÉêó=

Éä~ëíáÅ=~åÇ=ÅçêêÉä~íÉë=áåîÉêëÉäó=ïáíÜ=éêáÅÉI=ëìÖÖÉëíáåÖ=ÅçåëìãÉêë=ïáää=í~âÉ=~Çî~åí~ÖÉ=çÑ=íÜÉ=ÅìêêÉåí=

ëáíì~íáçåK=qÜÉ=êÉã~áåáåÖ=ÇÉã~åÇ=Ñçê=éä~íáåìã=ÅçãÉë=Ñêçã=íÜÉ=áåÇìëíêá~ä=ëÉÅíçê=~åÇ=áë=~äëç=

ÉñéÉÅíÉÇ=íç=Ñ~ää=áå=OMMVK=eçïÉîÉêI=Äó=OMNM=ïÉ=ÉñéÉÅí=ÇÉã~åÇ=íç=ëí~êí=áåÅêÉ~ëáåÖ=~Ö~áåI=~äíÜçìÖÜ=

áí=ïçìäÇ=åçí=ÄÉ=ìåíáä=íÜÉ=ÑçääçïáåÖ=óÉ~ê=EOMNNF=íÜ~í=éä~íáåìã=ÇÉã~åÇ=êÉÅçîÉêë=íç=OMMT=äÉîÉäëK==

aÉã~åÇ=ëäçïë=áå=OMMV=

iáâÉ=ÖçäÇI=éä~íáåìã=áë=~=éêÉÅáçìë=ãÉí~ä=ïáíÜ=àÉïÉääÉêó=~ééÉ~äI=Äìí=ÇáÑÑÉêë=áå=íÜ~í=áí=Ü~ë=ãçêÉ=áåÇìëíêá~ä=

~ééäáÅ~íáçåëK=fí=áë=ìëÉÇ=éêáã~êáäó=Ñçê=~ìíçÅ~í~äóëíëI=~åÇ=~äëç=áå=íÜÉ=ÅÜÉãáÅ~äI=ÉäÉÅíêáÅ~ä=~åÇ=

éÉíêçÅÜÉãáÅ~ä=ëÉÅíçêëK=táíÜ=áíë=ìåáèìÉ=Å~í~äóíáÅ=éêçéÉêíáÉëI=éä~íáåìã=áë=ïáÇÉäó=ìëÉÇ=áå=îÉÜáÅäÉë=íç=

ÅçåîÉêí=ÅçãÄìëíáçå=ÉñÜ~ìëíë=íç=äÉëë=Ü~êãÑìä=Éãáëëáçå=éêçÇìÅíëK==

bñÜáÄáí=VW=rëÉë=çÑ=éä~íáåìã=áå=OMMT=

QUKSB

OPKNB

TKNB

RKTB

SKOB

SKPB
PKMB

^ìíçÅ~í~äóëíë=

gÉïÉääÉêó=

líÜÉê=

`ÜÉãáÅ~ä=

bäÉÅíêáÅ~ä=

dä~ëë=

mÉíêçäÉìã==

=

pçìêÅÉW=gçÜåëçå=j~ííÜÉó==

få=êÉëéçåëÉ=íç=íÜÉ=ÅêÉÇáí=Åêáëáë=~åÇ=ÑÉ~êë=çÑ=~=êÉÅÉëëáçåI=ÖêçïíÜ=áå=ÖäçÄ~ä=îÉÜáÅäÉ=éêçÇìÅíáçå=Ü~ë=

ëäçïÉÇ=Çê~ã~íáÅ~ääóI=ÉëéÉÅá~ääó=áå=kçêíÜ=^ãÉêáÅ~K=^ë=~=êÉëìäíI=ïÉ=ÉñéÉÅí=~ìíçÅ~í~äóëí=ÇÉã~åÇ=Ñçê=

éä~íáåìã=íç=Ñ~ää=áå=OMMVI=ïÜáäÉ=áåÇìëíêá~ä=ÇÉã~åÇ=Ñçê=íÜÉ=ãÉí~ä=áë=~äëç=äáâÉäó=íç=ÇÉÅêÉ~ëÉK=lå=íÜÉ=Ä~Åâ=

çÑ=íÜÉëÉ=ÉñéÉÅí~íáçåë=çÑ=ïÉ~âÉåáåÖ=ÇÉã~åÇI=ÜÉ~îó=ëÉääáåÖ=áå=nPMU=Äó=~=içåÇçåJÄ~ëÉÇ=ÉñÅÜ~åÖÉ=

íê~ÇÉÇ=ÑìåÇ=EbqcFI=Ü~ë=Éñ~ÅÉêÄ~íÉÇ=íÜÉ=êÉÅÉåí=Ñ~ää=áå=íÜÉ=éä~íáåìã=éêáÅÉK=táíÜ=~å=áåîÉêëÉ=ÅçêêÉä~íáçå=

íç=éêáÅÉI=àÉïÉääÉêó=áë=íÜÉ=çåäó=ÉäÉãÉåí=çÑ=ÇÉã~åÇ=íÜ~í=ïÉ=ÉñéÉÅí=íç=áåÅêÉ~ëÉ=åÉñí=óÉ~êK=

bñÜáÄáí=NMW=mä~íáåìã=ÇÉã~åÇ=ÑçêÉÅ~ëíë=
= OMMS= OMMT= OMMUÉ= OMMVÉ= OMNMÉ= OMNNÉ= OMNOÉ= OMNPÉ= OMNQÉ=
^ìíçÅ~í~äóëí=EåÉíF= PKM= PKP= PKQ= PKO= PKS= QKM= QKQ= QKT= QKU=
gÉïÉääÉêó= NKS= NKS= NKN= NKP= NKP= NKO= NKP= NKQ= NKR=
líÜÉê= NKU= OKN= OKM= NKU= NKU= NKU= NKU= NKU= NKU=
qçí~ä= SKQ= TKM= SKR= SKP= SKT= TKM= TKR= TKV= UKN=

pçìêÅÉW=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜI=gçÜåëçå=j~ííÜÉó=



=
=
NP=ö=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=ö=pÉÅíçê=êÉëÉ~êÅÜ=ö=mä~íáåìã=mêçëéÉÅíë=ö=kçîÉãÄÉê=OMMU==

=

^ìíçÅ~í~äóëíë=ÇêáîÉ=ÇÉã~åÇ=

qçí~ä=~ìíçÅ~í~äóëí=ÇÉã~åÇ=Ñçê=éä~íáåìã=Ü~ë=áåÅêÉ~ëÉÇ=ÉîÉêó=óÉ~ê=ëáåÅÉ=NVVVK=eçïÉîÉêI=~ë=íÜÉ=

ÅìêêÉåí=ÉÅçåçãáÅ=Ççïåíìêå=áãé~Åíë=îÉÜáÅäÉ=ë~äÉëI=ïÉ=ÉñéÉÅí=íçí~ä=~ìíçÅ~í~äóëí=ÇÉã~åÇ=íç=Ñ~ää=áå=

OMMVK=kçåÉíÜÉäÉëëI=ëíêáÅíÉê=îÉÜáÅäÉ=Éãáëëáçåë=êÉÖìä~íáçåë=~êçìåÇ=íÜÉ=ïçêäÇI=~=ÖêçïáåÖ=éêçéçêíáçå=çÑ=

ÇáÉëÉä=îÉÜáÅäÉ=ë~äÉë=áå=bìêçéÉ=~åÇ=ÖêçïíÜ=áå=îÉÜáÅäÉ=ë~äÉë=áå=åçåJrp=~åÇ=bìêçéÉ~å=ã~êâÉíë=ïáää=

ÅçåíáåìÉ=íç=ÇêáîÉ=íÜÉ=ÇÉã~åÇ=Ñçê=éä~íáåìã=áå=~ìíçÅ~í~äóëíëK=^ë=ëìÅÜI=ïÉ=ÉñéÉÅí=~ìíçÅ~í~äóëí=

ÇÉã~åÇ=íç=ëí~êí=áåÅêÉ~ëáåÖ=~Ö~áå=Ñêçã=OMNMK=^äíÜçìÖÜ=îÉÜáÅäÉ=Éãáëëáçå=ëí~åÇ~êÇë=áå=ÉãÉêÖáåÖ=

ÉÅçåçãáÉë=~êÉ=äÉëë=ÇÉîÉäçéÉÇ=íÜ~å=íÜÉ=ïÉëíÛëI=ïÉ=ÄÉäáÉîÉ=äÉÖáëä~íáçå=ïáää=ÄÉÅçãÉ=ëíêáÅíÉêI=

ÉëéÉÅá~ääó=~ë=íÜÉ=ÉåîáêçåãÉåí~ä=~åÇ=ÜÉ~äíÜ=áãé~Åíë=çÑ=Éãáëëáçåë=Ñêçã=áåÅêÉ~ëÉÇ=îÉÜáÅäÉ=åìãÄÉêë=

ÄÉÅçãÉ=ÉîáÇÉåíK=

bñÜáÄáí=NNW=qçí~ä=ïçêäÇ=îÉÜáÅäÉ=éêçÇìÅíáçå=ÑçêÉÅ~ëíë=

RM

SM

TM

UM

VM

OMMR OMMS OMMT OMMU OMMV OMNM OMNN OMNO OMNP OMNQ

qç
í~
ä=ï

çê
äÇ
=î
ÉÜ

áÅ
äÉ
=é
êç
Çì

Åí
áç
å=
Eã

F

=

pçìêÅÉW=`pj=tçêäÇïáÇÉI=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=

rp=äÉÇ=íÜÉ=ï~óKKK=

få=OMMMI=íÜÉ=rp=båîáêçåãÉåí~ä=mêçíÉÅíáçå=^ÖÉåÅó=áåíêçÇìÅÉÇ=Éãáëëáçå=ëí~åÇ~êÇë=íç=Åçåíêçä=~áê=

éçääìíáçå=Ñêçã=åÉï=äáÖÜí=îÉÜáÅäÉëK=qÜÉ=ëí~åÇ~êÇë=ïÉêÉ=éÜ~ëÉÇ=áå=Ñêçã=OMMQ=~åÇ=äÉÇ=íç=ãìÅÜ=çÑ=íÜÉ=

É~êäó=ÖêçïíÜ=áå=éä~íáåìã=ÇÉã~åÇ=çîÉê=íÜÉ=ä~ëí=Ñçìê=óÉ~êëK=páåÅÉ=íÜÉåI=kçêíÜ=^ãÉêáÅ~å=îÉÜáÅäÉ=

éêçÇìÅíáçå=Ü~ë=ëäìãéÉÇ=~åÇ=áë=çåäó=ÉñéÉÅíÉÇ=íç=êÉÅçîÉê=íç=OMMT=äÉîÉäë=Äó=OMNPK=^äíÜçìÖÜ=~ää=åÉï=

ÜÉ~îó=îÉÜáÅäÉë=áå=íÜÉ=rp=ïáää=ÄÉ=êÉèìáêÉÇ=íç=Ñáí=~ìíçÅ~í~äóëíë=Äó=OMMVI=íÜáë=áë=~=êÉä~íáîÉäó=ëã~ää=

éêçéçêíáçå=EYRBF=çÑ=íÜÉ=ÅçìåíêóÛë=íçí~ä=îÉÜáÅäÉ=éêçÇìÅíáçåK=^ë=ëìÅÜI=kçêíÜ=^ãÉêáÅ~=áë=åçí=ÉñéÉÅíÉÇ=

íç=ÅçåíêáÄìíÉ=íç=ëáÖåáÑáÅ~åí=ÖêçïíÜ=áå=éä~íáåìã=ÇÉã~åÇ=çîÉê=íÜÉ=åÉñí=ÑáîÉ=óÉ~êëK=

bñÜáÄáí=NOW=mÜ~ëÉJáå=ëÅÜÉÇìäÉ=Ñçê=klñ=Éãáëëáçå=ëí~åÇ~êÇë=áå=íÜÉ=rp=
vÉ~ê= `~êë=~åÇ=äáÖÜí=íêìÅâë= eÉ~îáÉê=íêìÅâë=
OMMQ= ORB= J=
OMMR= RMB= J=
OMMS= TRB= J=
OMMT= NMMB= J=
OMMU= NMMB= RMB=
OMMV= NMMB= NMMB=

pçìêÅÉW=rp=båîáêçåãÉåí~ä=mêçíÉÅíáçå=^ÖÉåÅó=



=
=
NQ=ö=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=ö=pÉÅíçê=êÉëÉ~êÅÜ=ö=mä~íáåìã=mêçëéÉÅíë=ö=kçîÉãÄÉê=OMMU==

=

KKK_ìí=bìêçéÉ=í~âÉë=çîÉê=

få=bìêçéÉI=Éãáëëáçå=ëí~åÇ~êÇë=ïÉêÉ=Ñáêëí=áåíêçÇìÅÉÇ=áå=NVVP=~åÇ=Ü~îÉ=ÅçåíáåìÉÇ=íç=ÄÉÅçãÉ=ëíêáÅíÉê=

ëáåÅÉ=íÜÉåK=qÜÉ=bìêç=R=~åÇ=íÜÉ=ÉîÉå=ëíêáÅíÉê=bìêç=S=ëí~åÇ~êÇë=ïáää=ÄÉ=áåíêçÇìÅÉÇ=çîÉê=íÜÉ=åÉñí=

ëÉîÉå=óÉ~êë=~åÇ=ÑçÅìë=çå=~=êÉÇìÅíáçå=áå=Éãáëëáçåë=Ñêçã=ÇáÉëÉä=E~åÇ=íç=~=äÉëëÉê=ÉñíÉåíI=Ö~ëçäáåÉF=

îÉÜáÅäÉëK=fí=áë=ïçêíÜ=åçíáåÖ=íÜ~í=~ìíçÅ~í~äóëíë=Ñçê=ÇáÉëÉä=îÉÜáÅäÉë=Åçåí~áå=ãçêÉ=éä~íáåìã=íÜ~å=íÜçëÉ=

ìëÉÇ=áå=Ö~ëçäáåÉ=îÉÜáÅäÉë=Eáå=ïÜáÅÜ=é~ää~Çáìã=ëìÄëíáíìíÉë=ãçêÉ=ÉÑÑÉÅíáîÉäóFK=lå=N=pÉéíÉãÄÉê=OMMVI=

îÉÜáÅäÉë=åçí=Åçãéäá~åí=ïáíÜ=oÉÖìä~íáçå=Eb`F=kç=TNRLOMMT=~åÇ=bìêç=R=Éãáëëáçå=ëí~åÇ~êÇë=ïáää=ÄÉ=

êÉÑìëÉÇ=br=çê=å~íáçå~ä=~ééêçî~äI=ïÜáäÉ=ä~êÖÉê=îÉÜáÅäÉë=Ü~îÉ=~=ÑìêíÜÉê=óÉ~ê=ïáíÜáå=ïÜáÅÜ=íç=ÅçãéäóK=

^ÑíÉê=~å=áåáíá~ä=éÉêáçÇ=çÑ=íïç=óÉ~êëI=îÉÜáÅäÉë=åçí=ÅçãéäóáåÖ=ïáíÜ=bìêç=R=ïáää=ÄÉ=éêçÜáÄáíÉÇ=Ñêçã=

êÉÖáëíê~íáçåI=ë~äÉ=çê=Éåíêó=áåíç=ëÉêîáÅÉK=píêáÅíÉê=bìêç=S=ëí~åÇ~êÇë=ïáää=ÄÉ=ëìÄëÉèìÉåíäó=áåíêçÇìÅÉÇ=áå=

pÉéíÉãÄÉê=OMNQI=ïÜáäÉ=íÜÉ=ë~äÉI=êÉÖáëíê~íáçå=çê=Éåíêó=áåíç=ëÉêîáÅÉ=çÑ=åçåJÅçãéäá~åí=îÉÜáÅäÉë=ïáää=ÄÉ=

éêçÜáÄáíÉÇ=~=óÉ~ê=ä~íÉêK=

bñÜáÄáí=NPW=pÅÜÉÇìäÉ=çÑ=bìêç=R=~åÇ=bìêç=S=ëí~åÇ~êÇë=
kçíÉW=`~íÉÖçêó=kNW=îÉÜáÅäÉë=ìëÉÇ=Ñçê=íÜÉ=Å~êêá~ÖÉ=çÑ=ÖççÇë=~åÇ=Ü~îáåÖ=~=ã~ñáãìã=ïÉáÖÜí=åçí=ÉñÅÉÉÇáåÖ=PKTR=ãÉíêáÅ=íçååÉëK=`~íÉÖçêó=
kOW=sÉÜáÅäÉë=ìëÉÇ=Ñçê=íÜÉ=Å~êêá~ÖÉ=çÑ=ÖççÇë=~åÇ=Ü~îáåÖ=~=ã~ñáãìã=ïÉáÖÜí=ÉñÅÉÉÇáåÖ=PKTR=Äìí=åçí=ÉñÅÉÉÇáåÖ=NO=ãÉíêáÅ=íçååÉëK=

a~íÉ= sÉÜáÅäÉë= pí~åÇ~êÇ= fãé~Åí=çÑ=åçåJÅçãéäá~åÅÉ=ïáíÜ=oÉÖìä~íáçå=
Eb`F=kç=TNRLOMMT=

N=pÉéíÉãÄÉê=OMMV= kÉï=îÉÜáÅäÉë= bìêç=R= oÉÑìëÉ=íç=Öê~åí=b`Lå~íáçå~ä=íóéÉ=~ééêçî~ä=
N=pÉéíÉãÄÉê=OMNM= kÉï=Å~íÉÖçêó=kN=EÅä~ëë=ff=~åÇ=ffF=~åÇ=kO=

îÉÜáÅäÉë=
bìêç=R= oÉÑìëÉ=íç=Öê~åí=b`Lå~íáçå~ä=íóéÉ=~ééêçî~ä=

N=g~åì~êó=OMNN= kÉï=îÉÜáÅäÉë= bìêç=R= mêçÜáÄáí=êÉÖáëíê~íáçåI=ë~äÉ=çê=Éåíêó=áåíç=ëÉêîáÅÉ=
N=g~åì~êó=OMNO= kÉï=Å~íÉÖçêó=kN=EÅä~ëë=ff=~åÇ=ffF=~åÇ=kO=

îÉÜáÅäÉë=~åÇ=îÉÜáÅäÉë=ÇÉëáÖåÉÇ=íç=ãÉÉí=
ëéÉÅáÑáÅ=ëçÅá~ä=åÉÉÇë=

bìêç=R= mêçÜáÄáí=êÉÖáëíê~íáçåI=ë~äÉ=çê=Éåíêó=áåíç=ëÉêîáÅÉ=

N=pÉéíÉãÄÉê=OMNQ= kÉï=îÉÜáÅäÉë= bìêç=S= oÉÑìëÉ=íç=Öê~åí=b`Lå~íáçå~ä=íóéÉ=~ééêçî~ä=
N=pÉéíÉãÄÉê=OMNR= kÉï=Å~íÉÖçêó=kN=EÅä~ëë=ff=~åÇ=ffF=~åÇ=kO=

îÉÜáÅäÉë=
bìêç=S= oÉÑìëÉ=íç=Öê~åí=b`Lå~íáçå~ä=íóéÉ=~ééêçî~ä=

N=pÉéíÉãÄÉê=OMNR= kÉï=îÉÜáÅäÉë= bìêç=S= mêçÜáÄáí=êÉÖáëíê~íáçåI=ë~äÉ=çê=Éåíêó=áåíç=ëÉêîáÅÉ=
N=pÉéíÉãÄÉê=OMNS= kÉï=Å~íÉÖçêó=kN=EÅä~ëë=ff=~åÇ=ffF=~åÇ=kO=

îÉÜáÅäÉë=
bìêç=S= mêçÜáÄáí=êÉÖáëíê~íáçåI=ë~äÉ=çê=Éåíêó=áåíç=ëÉêîáÅÉ=

pçìêÅÉW=bìêçéÉ~å=`çããìåáíáÉë==

qÜÉ=áãéäÉãÉåí~íáçå=çÑ=îÉÜáÅäÉ=Éãáëëáçå=ëí~åÇ~êÇë=áå=bìêçéÉ=Ü~ë=ä~ÖÖÉÇ=ÄÉÜáåÇ=kçêíÜ=^ãÉêáÅ~K=

lîÉê=íÜÉ=åÉñí=ëÉîÉå=óÉ~êëI=~ää=îÉÜáÅäÉë=ëçäÇI=êÉÖáëíÉêÉÇ=çê=éìí=íç=ìëÉ=áå=bìêçéÉ=ïáää=ÄÉ=êÉèìáêÉÇ=íç=

Åçãéäó=ïáíÜ=íÜÉëÉ=Éãáëëáçå=ëí~åÇ~êÇëK=^äíÜçìÖÜ=bìêçéÉ~å=îÉÜáÅäÉ=éêçÇìÅíáçå=Ü~ë=êÉÅÉåíäó=ëäçïÉÇ=

ÇçïåI=ïÉ=Çç=åçí=ÉñéÉÅí=íÜáë=Ççïåíìêå=íç=ÄÉ=~ë=ëÉîÉêÉ=~ë=kçêíÜ=^ãÉêáÅ~ÛëK=dáîÉå=íÜÉ=åÉï=

bìêçéÉ~å=îÉÜáÅäÉ=Éãáëëáçå=ëí~åÇ~êÇë=~åÇ=ãçêÉ=êçÄìëí=ÇÉã~åÇI=ïÉ=ÉñéÉÅí=éä~íáåìã=ÇÉã~åÇ=Ñêçã=

bìêçéÉ~å=îÉÜáÅäÉ=ã~åìÑ~ÅíìêÉêë=íç=áåÅêÉ~ëÉ=çîÉê=íÜÉ=åÉñí=ÑáîÉ=óÉ~êëK=

gÉïÉääÉêó=ÇÉã~åÇ=ëÜçïë=ëíêçåÖ=éêáÅÉ=Éä~ëíáÅáíó==

mä~íáåìãÛë=ìëÉ=áå=àÉïÉääÉêó=Ü~ë=Öêçïå=Ñêçã=~äãçëí=åáä=~í=íÜÉ=ÄÉÖáååáåÖ=çÑ=íÜÉ=OMíÜ=ÅÉåíìêó=íç=

NKSjçò=ä~ëí=óÉ~êK=jçëí=çÑ=íÜáë=ÖêçïíÜ=Ü~ë=í~âÉå=éä~ÅÉ=çîÉê=íÜÉ=ä~ëí=OM=óÉ~êëI=éêáã~êáäó=Ñêçã=

ÅçåëìãÉêë=áå=g~é~å=ïÜç=~ÅÅçìåíÉÇ=Ñçê=OQB=çÑ=ïçêäÇ=éä~íáåìã=ÇÉã~åÇ=áå=NVVUK=páåÅÉ=íÜÉåI=`Üáå~=
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ÇáÑÑÉêÉåíá~íÉ=ëìÅÅÉëëÑìä=Åçãé~åáÉë=áå=íÜÉ=ëÉÅíçêK=qÜÉëÉ=ÅêáíÉêá~=áåÅäìÇÉ=ÅìêêÉåí=çê=áããáåÉåí=

éêçÇìÅíáçåI=ëÜ~ääçï=êÉëçìêÅÉëI=~=ïÉëíÉêå=äáãÄ=äçÅ~íáçåI=~ÅÅÉëë=íç=áåÑê~ëíêìÅíìêÉ=~åÇ=îÉêíáÅ~ä=

áåíÉÖê~íáçåK=lÑ=íÜÉ=NM=Åçãé~åáÉë=éêçÑáäÉÇ=áå=íÜáë=êÉéçêíI=ïÉ=Çê~ï=áåîÉëíçêëÛ=~ííÉåíáçå=íç=Å~ëÜ=

ÖÉåÉê~íáîÉ=b~ëíÉêå=mä~íáåìã=~åÇ=póäî~åá~=oÉëçìêÅÉë=~ë=ïÉää=~ë=íÜçëÉ=Åçãé~åáÉë=~Äçìí=íç=Öç=áåíç=

éêçÇìÅíáçåI=å~ãÉäó=mä~íáåìã=^ìëíê~äá~I=mä~íãáå=~åÇ=oáÇÖÉ=jáåáåÖK=

gìåáçê=éä~íáåìã=Åçãé~åáÉë=Å~å=ÄÉ=î~äìÉÇ=Äó=~åó=åìãÄÉê=çÑ=ãÉíÜçÇë=ÇÉéÉåÇáåÖ=çå=íÜÉáê=ëí~ÖÉ=çÑ=

ÇÉîÉäçéãÉåíK=cçê=É~êäóJëí~ÖÉ=Éñéäçê~íáçå=~åÇ=ÇÉîÉäçéãÉåí=Åçãé~åáÉë=ïáíÜ=~=éçêíÑçäáç=çÑ=êÉëçìêÅÉ=

~ëëÉíëI=~å=bsLêÉëçìêÅÉ=çìåÅÉ=ãÉíêáÅ=áë=~ééêçéêá~íÉK=rëáåÖ=ÇáëÅçìåíÉÇ=Å~ëÜ=Ñäçï=Ea`cF=~å~äóëáë=~åÇ=

Å~äÅìä~íáåÖ=íÜÉ=åÉí=éêÉëÉåí=î~äìÉ=EkmsF=çÑ=Åçãé~åáÉë=~Äçìí=íç=Öç=áåíç=éêçÇìÅíáçå=áë=~åçíÜÉê=ìëÉÑìä=

î~äì~íáçå=ãÉíÜçÇI=~äíÜçìÖÜ=ëìÄàÉÅí=íç=~=åìãÄÉê=çÑ=~ëëìãéíáçåë=EáåÅäìÇáåÖ=ãÉí~äë=éêáÅÉëI=

éêçÇìÅíáçå=ÑçêÉÅ~ëíë=~åÇ=çéÉê~íáåÖ=ÅçëíëFK=cçê=äçåÖJäáÑÉ=Åçãé~åáÉë=ïáíÜ=É~êåáåÖëI=ìëáåÖ=~=mLb=ê~íáç=

áë=éÉêÜ~éë=íÜÉ=É~ëáÉëí=ï~ó=íç=Åçãé~êÉ=íÜÉ=ÉñéÉÅíÉÇ=êÉíìêåë=çÑ=ÇáÑÑÉêÉåí=Åçãé~åáÉëK=cçê=íÜÉ=

Åçãé~åáÉë=ïÉ=éêçÑáäÉI=ïÉ=Ü~îÉ=~ééäáÉÇ=~=ÅçãÄáå~íáçå=çÑ=íÜÉëÉ=î~äì~íáçå=ãÉíÜçÇëK=få=~ÇÇáíáçåI=ïÉ=

Ü~îÉ=áÇÉåíáÑáÉÇ=ÑáîÉ=âÉó=ÅêáíÉêá~=~Ö~áåëí=ïÜáÅÜI=ïÉ=ÄÉäáÉîÉI=áåîÉëíçêë=ëÜçìäÇ=~ëëÉëë=àìåáçê=Åçãé~åáÉë=

áå=íÜáë=ëÉÅíçêK=

NK fåîÉëíçêë=ëÜçìäÇ=äççâ=çìí=Ñçê=Åçãé~åáÉë=~äêÉ~Çó=áå=éêçÇìÅíáçå=çê=íÜçëÉ=~Äçìí=íç=Öç=áåíç=

éêçÇìÅíáçåK=mêçÇìÅáåÖ=Åçãé~åáÉë=ëÜçìäÇ=ÄÉ=Å~ëÜ=ÖÉåÉê~íáîÉ=~åÇ=éêçÑáí~ÄäÉI=éêçîáÇÉÇ=

Åçëíë=~êÉ=ìåÇÉê=ÅçåíêçäK=få=~ÇÇáíáçåI=éêçÇìÅÉêë=ã~ó=ÄÉ=áå=~=éçëáíáçå=íç=ëí~êí=é~óáåÖ=

ÇáîáÇÉåÇë=íç=ëÜ~êÉÜçäÇÉêëK=`çãé~åáÉë=áå=éêçÇìÅíáçå=~êÉ=~äëç=äÉëë=äáâÉäó=íç=åÉÉÇ=íç=ê~áëÉ=

~ÇÇáíáçå~ä=Éèìáíó=Ñáå~åÅÉI=ãáåáãáëáåÖ=íÜÉ=êáëâ=çÑ=Çáäìíáçå=Ñçê=ÉñáëíáåÖ=ëÜ~êÉÜçäÇÉêëK=lÑ=íÜÉ=

Åçãé~åáÉë=éêçÑáäÉÇI=b~ëíÉêå=mä~íáåìã=áë=éêçÇìÅáåÖ=Ñêçã=áíë=`êçÅçÇáäÉ=oáîÉê=jáåÉI=ïÜáäÉ=

póäî~åá~=oÉëçìêÅÉë=éêçÇìÅÉë=éä~íáåìã=Ñêçã=áíë=í~áäáåÖë=êÉíêÉ~íãÉåí=çéÉê~íáçåëK=mä~íáåìã=

^ìëíê~äá~I=mä~íãáå=~åÇ=oáÇÖÉ=jáåáåÖ=~êÉ=~ää=~Äçìí=íç=Öç=áåíç=éêçÇìÅíáçåI=ÉñéÉÅíÉÇ=É~êäó=

OMMVK=

OK låÅÉ=áå=éêçÇìÅíáçåI=ÇÉéíÜ=çÑ=êÉëçìêÅÉ=áë=~=âÉó=ÇêáîÉê=çÑ=ÅçëíëI=~åÇ=íÜÉêÉÑçêÉ=éêçÑáí~ÄáäáíóK=

táíÜ=áåÅêÉ~ëáåÖ=ÇÉéíÜI=éêçÇìÅÉêë=Ñ~ÅÉ=~=êáëáåÖ=ÖÉçíÜÉêã~ä=Öê~ÇáÉåí=~ë=ïÉää=~ë=ÜáÖÜÉê=

Å~éáí~ä=~åÇ=çéÉê~íáåÖ=ÅçëíëK=qÜÉêÉÑçêÉI=íÜÉ=ëÜ~ääçïÉê=íÜÉ=êÉëçìêÅÉëI=íÜÉ=ÄÉííÉêK=jçëí=çÑ=

íÜÉ=Åçãé~åáÉë=éêçÑáäÉÇ=Ü~îÉ=êÉä~íáîÉäó=ëÜ~ääçï=êÉëçìêÅÉëI=~äíÜçìÖÜ=ïÉ=Çê~ï=~ííÉåíáçå=íç=

mä~íãáå=~åÇ=póäî~åá~=oÉëçìêÅÉëI=ïÜáÅÜ=Ü~îÉ=ÉåíáêÉäó=ëìêÑ~ÅÉJÄ~ëÉÇ=çéÉê~íáçåëK=

PK içÅ~íáçå=çå=íÜÉ=_ìëÜîÉäÇ=`çãéäÉñ=áë=~äëç=áãéçêí~åíK=tÜáäÉ=ãçëí=éä~íáåìã=ãáåáåÖ=Ü~ë=

ÜáëíçêáÅ~ääó=í~âÉå=éä~ÅÉ=çå=íÜÉ=ïÉëíÉêå=äáãÄI=íÜÉ=É~ëíÉêå=äáãÄ=áë=íÜÉ=ÑçÅìë=çÑ=åÉï=

ÇÉîÉäçéãÉåíK=eçïÉîÉêI=~ééêçñáã~íÉäó=UMB=çÑ=íÜÉ=É~ëíÉêå=äáãÄÛë=éä~íáåìã=êÉëÉêîÉë=~êÉ=

ÜçëíÉÇ=ïáíÜáå=íÜÉ=rdO=EÅçãé~êÉÇ=íç=çåäó=RQB=çå=íÜÉ=ïÉëíÉêå=äáãÄFI=ïÜáÅÜ=Ü~ë=~=äçïÉê=

~îÉê~ÖÉ=éä~íáåìã=Öê~ÇÉ=íÜ~å=íÜÉ=jÉêÉåëâó=oÉÉÑK=cìêíÜÉêãçêÉI=íÜÉ=ÅÜêçãÉ=ÅçåíÉåí=çÑ=

É~ëíÉêå=äáãÄ=çêÉë=áë=ÜáÖÜÉêI=ã~âáåÖ=ÅçåîÉåíáçå~ä=ëãÉäíáåÖ=ãçêÉ=ÅÜ~ääÉåÖáåÖK=qÜÉ=ïÉëíÉêå=

äáãÄ=~äëç=Ü~ë=ÄÉííÉê=Éëí~ÄäáëÜÉÇ=áåÑê~ëíêìÅíìêÉK=jáåáåÖ=çå=íÜÉ=ïÉëíÉêå=äáãÄ=áë=íÜÉêÉÑçêÉ=

éêÉÑÉê~ÄäÉ=íç=íÜÉ=É~ëíÉêå=äáãÄK=_çíÜ=b~ëíÉêå=mä~íáåìã=~åÇ=mä~íãáå=Ü~îÉ=ãáåÉë=çå=íÜÉ=
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=
OT=ö=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=ö=pÉÅíçê=êÉëÉ~êÅÜ=ö=mä~íáåìã=mêçëéÉÅíë=ö=kçîÉãÄÉê=OMMU==

=

ïÉëíÉêå=äáãÄI=ïÜáäÉ=tÉëáòïÉ=mä~íáåìã=~åÇ=mä~íáåìã=dêçìé=jÉí~äë=~êÉ=éä~ååáåÖ=íÜÉ=

ÇÉîÉäçéãÉåí=çÑ=åÉï=ãáåÉë=íÜÉêÉK=

QK ^ÅÅÉëë=íç=áåÑê~ëíêìÅíìêÉ=áë=áãéçêí~åí=Ñçê=~åó=ãáåáåÖ=çéÉê~íáçåK=eçïÉîÉêI=ÅçåÅÉêå=

êÉÖ~êÇáåÖ=íÜÉ=~î~áä~Äáäáíó=çÑ=éçïÉê=~åÇ=ï~íÉê=ÅçåíáåìÉ=íç=éä~ÖìÉ=pçìíÜ=^ÑêáÅ~Ûë=éä~íáåìã=

ãáåÉêëK=pÉäÑJëìÑÑáÅáÉåí=çéÉê~íáçåë=~êÉ=ãçêÉ=äáâÉäó=íç=ÄÉ=~ÄäÉ=íç=ãáíáÖ~íÉ=íÜáë=áãé~ÅíK=^ää=çÑ=

íÜÉ=Åçãé~åáÉë=ïÉ=éêçÑáäÉ=Ü~îÉ=í~âÉå=ëíÉéë=íç=í~âÉ=~Çî~åí~ÖÉ=çÑ=ÉñáëíáåÖ=áåÑê~ëíêìÅíìêÉ=

ïÜáäÉ=~äëç=éä~ååáåÖ=Ñçê=ÅçåíáåÖÉåÅáÉëK=

RK sÉêíáÅ~ä=áåíÉÖê~íáçå=áë=îáí~ä=íç=~=ãáåáåÖ=Åçãé~åóÛë=~Äáäáíó=íç=Öêçï=~åÇ=ÅêÉ~íÉ=î~äìÉK=

^äíÜçìÖÜ=êÉä~íáîÉäó=ãçêÉ=ÇáÑÑáÅìäí=íç=Éëí~ÄäáëÜ=~ë=~=àìåáçê=áå=íÜÉ=éä~íáåìã=ëÉÅíçêI=~=éçêíÑçäáç=

çÑ=Éñéäçê~íáçåI=ÇÉîÉäçéãÉåí=~åÇ=éêçÇìÅíáçå=~ëëÉíë=áåÅäìÇáåÖ=~ÅÅÉëë=íç=åÉ~êÄó=ëãÉäíáåÖ=

Ñ~ÅáäáíáÉë=áë=âÉóK=b~ëíÉêå=mä~íáåìã=áë=íÜÉ=ãçëí=îÉêíáÅ~ääó=áåíÉÖê~íÉÇ=çÑ=íÜÉ=NM=Åçãé~åáÉë=ïÉ=

éêçÑáäÉK==

bñÜáÄáí=ORW=pìãã~êó=çÑ=áåîÉëíãÉåí=ÅêáíÉêá~=
= få= pÜ~ääçï= tÉëíÉêå= ^ÅÅÉëë=íç= sÉêíáÅ~ä=
= éêçÇìÅíáçå= êÉëçìêÅÉ= äáãÄ= áåÑê~ëíêìÅíìêÉ= áåíÉÖê~íáçå=
_ê~ÉãçêÉ=oÉëçìêÅÉë= √ = = √ =
b~ëíÉêå=mä~íáåìã= √ √ √ √ √ 
gìÄáäÉÉ=mä~íáåìã= = = = √ =
kâïÉ=mä~íáåìã= = √  √ =
mä~íáåìã=^ìëíê~äá~= √ √ = √ √ 
mä~íáåìã=dêçìé=jÉí~äë= = √ √ √ =
mä~íãáå= = √ √ √ √ 
oáÇÖÉ=jáåáåÖ= √ √ = √ √ 
póäî~åá~=oÉëçìêÅÉë= √ √ √ √ =
tÉëáòïÉ=mä~íáåìã= = √ √ √ =

pçìêÅÉW=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=

bñÜáÄáíë=OS=~åÇ=OT=éêÉëÉåí=çìê=éÉÉê=Åçãé~êáëçå=Ñçê=íÜçëÉ=Åçãé~åáÉë=ïáíÜ=ëí~íÉÇ=mdj=êÉëçìêÅÉëK=

qÜÉ=ïÉáÖÜíÉÇ=~îÉê~ÖÉ=bsL~ííêáÄìí~ÄäÉ=êÉëçìêÅÉ=çìåÅÉ=Ñçê=íÜÉ=ëÉÅíçê=áë=rpANOLçòI=Åçãé~êÉÇ=íç=~å=
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bsL~ííêáÄìí~ÄäÉ=êÉëçìêÅÉë=î~äìÉë=çÑ=äÉëë=íÜ~å=rpANOLçò=íê~ÇÉ=~í=~=ÇáëÅçìåí=êÉä~íáîÉ=íç=íÜÉáê=éÉÉêëK==

bñÜáÄáí=OSW=bsL~ííêáÄìí~ÄäÉ=êÉëçìêÅÉ=çìåÅÉ=
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bsLlò=oÉëçìêÅÉ tÉáÖÜíÉÇ=~îÉê~ÖÉ=bsLçò råïÉáÖÜíÉÇ=~îÉê~ÖÉ=bsLçò
=

pçìêÅÉW=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜI=Åçãé~åó=êÉéçêíëI=_äççãÄÉêÖ==
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=
OU=ö=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=ö=pÉÅíçê=êÉëÉ~êÅÜ=ö=mä~íáåìã=mêçëéÉÅíë=ö=kçîÉãÄÉê=OMMU==

=

lÑ=íÜÉ=Åçãé~åáÉë=ïÉ=éêçÑáäÉI=tÉëáòïÉ=mä~íáåìãI=mä~íãáåI=mä~íáåìã=dêçìé=jÉí~äëI=oáÇÖÉ=jáåáåÖI=

b~ëíÉêå=mä~íáåìãI=kâïÉ=mä~íáåìã=~åÇ=gìÄáäÉÉ=mä~íáåìã=íê~ÇÉ=~í=äÉëë=íÜ~å=rpANOLçò=~åÇ=~í=~=

ÇáëÅçìåí=íç=íÜÉ=ëÉÅíçêK=

bñÜáÄáí=OTW=mÉÉê=Åçãé~êáëçå=Ñçê=íÜÉ=éä~íáåìã=ëÉÅíçê=
kçíÉW=^ë=~í=NN=kçîÉãÄÉê=OMMU=
G=`çãé~åáÉë=éêçÑáäÉÇ=áå=íÜáë=êÉéçêíI=ÉñÅäìÇÉë=_ê~ÉãçêÉ=oÉëçìêÅÉë=

`çãé~åó== iáëíáåÖ= j~êâÉí=Å~é=
ErpAãF=

bs=
ErpAãF=

^ííêáÄìí~ÄäÉ=
êÉëçìêÅÉë=

EPmdjH^ìF=

bsLçò=

^èì~êáìë=mä~íáåìã= ^pu= TSUKS= UQPKN= ONKQM= PVKQM=
mä~íáåìã=^ìëíê~äá~G= ^fjI=^pu= NMPKS= VQKR= RKMP= NUKTS=
içåãáå= cqpb= OISOVKQ= PIRQTKQ= NSRKSO= ONKQO=
^åÖäç=mä~íáåìã= gpb= VIVRVKO= NMITSSKQ= SQNKPR= NSKTV=
póäî~åá~=oÉëçìêÅÉëG= ^fjI=^pu= NMPKV= SQKO= OKUS= OOKQO=
fãé~ä~=mä~íáåìã= rpI=gpb= SIVQUKU= SIMRPKU= QUSKUS= NOKQP=
tÉëáòïÉ=mä~íáåìãG= gpb= NPTKQ= NNQKQ= NOKVQ= UKUQ=
mä~íãáåG= ^fjI=qpu= UQKO= OQKR= OMKVP= NKNT=
píáääï~íÉê=jáåáåÖ= rp= PSQKO= QTOKS= RTKOO= UKOS=
kçêíÜ~ã=mä~íáåìã= gpb= NINPMKR= VPUKT= NPPKRR= TKMP=
mä~íáåìã=dêçìé=jÉí~äëG= qpuI=^jbu= RPKU= QSKR= UKUS= RKOR=
oáÇÖÉ=jáåáåÖG= ^fj= QVKO= QNKQ= NUKPN= OKOS=
b~ëíÉêå=mä~íáåìãG= ^fjI=qpuI=gpb= OMRKO= SUKP= VNKVN= MKTQ=
kâïÉ=mä~íáåìãG= ^pu= NSKP= UKV= POKPT= MKOU=
^åççê~è= ^pu= TTKU= USKO= NMMKQU= MKUS=
gìÄáäÉÉ=mä~íáåìãG= ^fjI=gpb= OQKR= VKU= QMKVR= MKOQ=
mä~íáå~=oÉëçìêÅÉë= ^pu= NMKS= TKM= QQKMN= MKNS=
j~ê~íÜçå=mdj= qpu= UKQ= JNQKT= PKQP= JQKPM=
qçí~äL~îÉê~ÖÉ= = OOISTRKQ= OPINTOKV= NIUUUKN= NOKP=
råïÉáÖÜíÉÇ=~îÉê~ÖÉ= = = = = VKM=

pçìêÅÉW=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜI=Åçãé~åó=êÉéçêíëI=_äççãÄÉêÖ=
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OV=ö=bÇáëçå=fåîÉëíãÉåí=oÉëÉ~êÅÜ=ö=pÉÅíçê=êÉëÉ~êÅÜ=ö=mä~íáåìã=mêçëéÉÅíë=ö=kçîÉãÄÉê=OMMU==
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UK pÉåëáíáîáíáÉë==
qÜÉ=éä~íáåìã=éêáÅÉ=áë=íÜÉ=ãçëí=ëáÖåáÑáÅ~åí=î~äìÉ=ÇÉíÉêãáå~åí=Ñçê=Åçãé~åáÉë=áå=íÜáë=ëÉÅíçêK=qÜÉ=éêáÅÉ=

áë=~=ÑìåÅíáçå=çÑ=ÇÉã~åÇ=Eä~êÖÉäó=Ñêçã=îÉÜáÅäÉ=~ìíçÅ~í~äóëíëF=~åÇ=ëìééäó=EïÜÉêÉ=pçìíÜ=^ÑêáÅ~=áë=íÜÉ=

Ççãáå~åí=éêçÇìÅÉêFK=táíÜáå=çìê=ãçÇÉäI=çìê=Ä~ëÉ=Å~ëÉ=ëÅÉå~êáç=ëìÖÖÉëíë=~=éä~íáåìã=éêáÅÉ=Ñçê=OMMV=

çÑ=rpANIPRMLçòK=eçïÉîÉêI=áÑ=ïÉ=~ëëìãÉ=~=NMB=êÉÇìÅíáçå=Ñêçã=çìê=Ä~ëÉ=Å~ëÉ=áå=íÉêãë=çÑ=îÉÜáÅäÉ=

éêçÇìÅíáçå=~åÇ=pçìíÜ=^ÑêáÅ~å=ëìééäóI=ïÉ=ïçìäÇ=ÉñéÉÅí=~å=~îÉê~ÖÉ=éêáÅÉ=çÑ=rpANINTMçò=áå=OMMVK=

bîÉå=áå=íÜáë=ëÅÉå~êáçI=íÜÉêÉ=áë=éçíÉåíá~ä=ìéëáÇÉ=íç=íÜÉ=ÅìêêÉåí=éêáÅÉK=tÜÉå=áåîÉëíáåÖ=áå=íÜáë=ëÉÅíçêI=
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