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ihWiBH hi/h< oo/� �/n� ith nt/o it/h i/ii ohit t/i� ��/f nn i/it n/� in� iof
fhWiBH ht/h hi/i �/�� fhn i�/f ng/h f/ii �g� i/� n�/i n/f� f/t t/ih �/fo gt
nhWiBH hi/h< n�/h f/no ih� io/i f/h �/io io� �/n go/h �/f� �/� g/f g/o t�
ohWiBH hi/h< n�/i �/�h ifh o�/i� n�/h i/� iitf o/� �g/i i/fi i� o/n �/ig ihi
�hWiBH hi/h< �t/i n/iig nh� ��/ih i/h g ih�n f/ii ot/h f� g/f �/ii �/tt �i
�hWiBH hf/h og/i �/ion fnh ht/if h�/h i/� it�� ii o�/f g/ft g/n �/o �� oo
ghWiBH hf/h i�/i f/ith i�� tt/� ht/h g/� ih�f t/ii ��/i o/fn � g/f g/t� on
thWiBH ho/h no/� n/fof f�o ��/�� i�/h g/ih oggo if �t/h n/fi �/i� �/o g/if� �g
�hWiBH h�/h tt/i n/nf� ii� ig/it ii/h n/g i�t� �/in �n/h o/ig f/g �/o �/foo ng
ihhWiBH hi/h< �f/h t/foi i�� hg/o ho/h t/g o�n �/io ��/n t/i� i/n �/f fh� of
iihWiBH hi/h< i�/h g/�o i�� ��/n h�/h n/� i�� io og/� �/nh �/n t/o g/if� o�
ifhWiBH ho/h f/i �/iit io� �i/f if/h o/t ittf o/io �i/f t/n� �/� i/� �/ioi ��
inhWiBH h�/h �f/n �/gt oh �n/n ig/h �/� o�gn t/i� �o/n f/ft t/o �/n t/ot o�
iohWiBH ig/h ng/ih �/nig if t�/o nf/h f/if intht n/i� hn/nh �/�� o g/if t/ff� �o
i�hWiBH to/h to/if �/iht n nt/g fn/h n/if i�foh n/i� h�/fg f/t� i/n �/f �/iht oo
i�hWiBH i/h ��/ii n/nn in it/n h�/h i/� �tig i/g fo/o �/�h �/t �/f t/no fo
ighWiBH io/h �f/ii o/g� f� �t/if ii/h i/ih iihtf i/i� go/tn �/gt i/o n/n g/�� ni
ithWiBH hi/h< �n/i �/o� �h ht/o h�/h �/it �io i� �o/fh g/f� i/t f/g g/�o nn
i�hWiBH hi/h< ft/i oh �i �f/� ho/h g/i� gf� o/i� i�/i� f/ft �/� �/� t/�� ni
ihWfBH hg/h fn/� g/�h ift nt/o� ff/h g/ii �nio i/it ��/i t/ft g/io o/if �/ifi ��
fhWfBH hi/h< n/f �/�� ih� hn/� �o/h �/ii fffo i/t o�/i g/nn g/i� t/� g/nn fh�
nhWfBH hi/h< g�/n f/�t ftg f�/f n�/h �/ih noto �/ih i/i t/no t/� g/� o/ng in�
ohWfBH hf/h ho/o o/�� o�o o�/f i�/h �/ih nti� o/ii �i/i ng o/� �/� n/ot �g
�hWfBH hf/h �o/n �/gi ff� i�/n it/h i� onot i/io gi/� n/no � i/g g/�� �o
�hWfBH ff/h �/� �/og ifi tf/f i�/h n/i� �tgg in �t/f� �/of n/� �/� �/�o �n
ghWfBH ht/h fg/n �/o� f�n t�/i fn/h �/io no�� �/ih f�/ig g/n� i/� g/t i/oh gt
thWfBH h�/h �t/o g/o� nh g�/i i�/h g/ig ohh� n/if ��/n� �/nn f/o o g/gf ��
�hWfBH io/h tn/n i/�� ih� ng/� i�/h �/fh ohoo n/ii gg/g �/oo �/� �/� �/nf �f
ihhWfBH io/h o t/i�h nt i�/� i�/h i/it �itt f/in ��/h t/�� o/o g/i� �/t� o�
iihWfBH o/h h�/� n/ig� i�t gg/� fg/h t/nf iighh f/io nf/i t/ihi n/o f/ih f/ifi g�
ifhWfBH o�/h t�/� g/tg i�t o�/t it/h �/ig �gh� g/io t/h �g i/o �/� n/tg ��
inhWfBH ig/i �i/ih f/�n �o oi/i� fo/h fh i���h o/in i�/n f/ihg g/n n/n t/tg ��
iohWfBH ft/h ��/� n/ih� fhf g/o ff/h f/in ��io t/if i�/� �/�f �/t t/� �/�g ��
i�hWfBH ii/h ��/i o/ioh itf t�/fh h�/h �/g f��h g/if fi/ii t/n� � g/f i/ino �h
i�hWfBH fg/h n/� g/ihi ign ft/fo ii/h �/if ohoo o/in ni/f� �/n� �/� f/o f/i�� ��
ihWnBH hf/h �g/h n/go ngo ��/t �o/h �/ig ��h f/ih �/h f/oh g/if o/if i/f� i�g
fhWnBH h�/h oo/i n/nh fn� tg/o on/i i/if i��g i/� n�/i i/ni t/it o/� �/i� on�
nhWnBH hg/h o�/f n/iho nof of/o it/h f/in nhgo i� n/o n/fg n/g � i/�i tt
ohWnBH ii/h �f/t �/�� nfg t/n h�/t g/i� ��it f/in �t/o �/ng ��o �/fn �/th �ft
�hWnBH h�/h �i/i� �o i�i gf/ig in/if o/fh ofi� g/t to/ih nt f/ii� f/fo g/on ont
�hWnBH hn/h ii/f i/iih nnn gg/f �n/h �/ng fith g/ii o�/f� i/no �/g o �/�f ifi
ghWnBH hi/h< of/h ff ��n ��/i f/h �/ii i�� n if/i i/fi n/ii �/f n/o go
thWnBH h�/h oi/o t/ihi ��o �f/i f�/h �/f� n��h �/� �/in g/og �/nt i/� o/ot �h
�hWnBH hg/h ��/o f/ih� f�o it/o ig/h t/ig �gho f/ii tf/n o/oo n/� f/ii �/gf �h
ihhWnBH hf/h tt/i ihf io� nf/t ht/h i/if fi�o t/if i/i o/ft n/t n/ig �/gg ��
iihWnBH io/h f�/g �/iof ino it/ii fn/h f/fh ifg�o �/in �/h f/�t f/fg �/ii �/ii� ��
ifhWnBH n�/h �i/� �/�i ioh n�/i� ig/h �/in iigt� g/in tn/i f/�� i/� �/g t/gi og
inhWnBH of/h h�/ii g/to ifn f�/ii fi/h �/i� ihg�� t/ii gg/o �/�n g/if �/ig �/o� ��
iohWnBH hg/h ng/i �/iit ffg hg/� h�/h n/t nofh if tn/oo g/n� � i/o i/iht n�
i�hWnBH ht/h h�/f g/ing ifg og/f h�/h f/� oigh �/if h�/n� t/no t/n i/n �/ih� nn
i�hWnBH i�/h �g/� n/ifo if� �g/i� ht/h g/t oo�f g/if �g/nt t/ni ih i/g g/i�f on
ighWnBH ff/h �t/t gg fn� �i/t hg/h o/if gioh i/if f/iig t/oo g/o f/n t/ih� o�
ithWnBH i�/h ��/n �/�i nii ��/t ii/h �/ii oo�h n/ii g/iif fg i/if n.� i/�i �i
ihWoBH i�/h in/� g/i�� i�� o/n f�/h t/io o�h� i/in fg/� �/oo g/� �/o iot �g
fhWoBH h�/h hi/� t/i�h igh �/n t/i n/if o�i� �/in h�/� �/oi � o/� t/in� inh
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nhWoBH hf/h nt/i f/ihf n�� �/o fg/h h/in iotn �/ih oo/f �/o� t/� �/o t/g� in�
ohWoBH h�/h oo/i �/iii nf� n/f n�/h �/ih iton h/ii g/nf t/oi o/o �/f t/ii� ��
�hWoBH hi/h< �f/h o� i�n o/f it/h n/i� t�� g/� �/n� t/on g/n f/n f/og tn
�hWoBH hi/h< in/f i/�g itt t/i i�/h g/fh fif� i/ih i� �/nt t/� o/g i/gf to
ghWoBH hn/h gf/n g/iih i�h �/i ni/h t/i� ntfo n/if n� f/og t/� �/o in� ��
thWoBH hi/h< �f/h o/inf in� g/h h�/h �/ii �io in o/� f/fg � n/n t/io� oi
�hWoBH hi/h< ft/h n/tt ihh o/h i�/h n/t o�f �/if f/i� �/fn � g/f n/ii� on
ihhWoBH ho/h �i/i f/go i�h n/n hg/h g/if ��t if o/ih t/fg f/of �/n �/�o of
iihWoBH hf/h oo/h i/�i f�h g/nh h�/h t/ii �in f/ih t/fo i/ng t/� �/f �/�h n�
ifhWoBH h�/h g�/n i/on go �/n hg/h �/ih io�� n/i� g/f�f n/nf i/o t/i �/�i fg
inhWoBH ff/h ht/f f/t� it f/� h�/h g/ii nhi� i� t/��t i/nn g/n n/f �/f�� f�
iohWoBH hi/h< ��/h �/fo oh �/o h�/ i/fh g�t o/i� f/in if �/n t/i f/�h ig
i�hWoBH ho/h g�/h �/fh �f ft h�/h o/ii iing ig f/f � i/n �/f �/�n i�
i�hWoBH if/h i/i t/fn �h n� h�/h �/t inh� i/i� i/i �/if n/o o/i tn fh
ighWoBH hg/h gi/h fh n� f/� hg/h o/i� ii�o n/i� � f/i� i/n f/i f/�o ff
ithWoBH n/h �o/g g/f� ioo t/fi in/h f/fh nht� n/ig o/it it �/g i/f n/ni� oh
i�hWoBH o/h h�/� �/of iht f/ifn i�/h o/fh �not g/i� ��/t f/ii �/o �/f o/fn� f�
ihW�BH hi/h< ft/h n/i�o �hh i/if in/h �/if iif if oo/h o/ft o/t �/ii n/nn gt
fhW�BH hn/h f�/h n/ftf �fn i/� �f/h i� ih� �/in ��/h �/n� �/ih i/in g/no ihn
nhW�BH hf/h fn/h fnh fgn o/t ho/h �/ii ig� �/if o�/h �/f� �/n i/� g/o� oo
ohW�BH hf/h t�/h inf f�t i/f ht/h o/t ihgf if on/h g/fi o/o ig i/�� of
�hW�BH hn/h o�/h f/ii� n�f o/on h�/h i/f� otg f/ih �/h �/f� �/� �/in o/f� ti
�hW�BH hf/h ho/i n/ih� fgh i/ff h�/h �/�n ii�g o/if gg/h g/fn � o/t g/oi n�
ghW�BH ho/h �i/h �/�o f�� i/io� ho/h o/�n ngo ii t�/h �/fn t/� � f/�i n�
thW�BH hi/h< f�/h g/ifi fih �/o h�/h �/ft fn� t/ii n/f g/ig �/n i/o �/�� n�
�hW�BH hi/h< if/h f/ito fhg n/i� h�/h �/�f ot i/in fn/i t/f� �/n �/f �/i�t oh
ihhW�BH hi/h< if/h f/fhf ffn i/o ht/h �/ff �h f/if n �/ff � n/f igg �h
iihW�BH hi/h< fn/h n/fo� fo� g/f i/h f/in igo t/ii o/ng f/i� �/� �/i n/ign of
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:�C2n:#�<= ����@4# �����6 �� �1*���6 � F�� %L�*+ (#%5 ,�%-\4# �1Q�&'� c
%`.
Au Ag As Ba Bi Cd Co Cu Fe Mo Ni Pb Sb W Zn 

Au i g�/h hn�/h f�/hW n��/h i��/h htn/h g�t/h nin/h ffn/h �hi/h if�/hW ht/h f�/h ii�/hW

Ag g�/h i hon/hW f�g/hW fti/h nf�/h h�i/h ��f/h nf�/h itf/h �ho/h ihf/h nho/h fh�/h iht/h

As hn�/h hon/hW i fo/h ii�/h ifg/hW hi�/hW hfn/h i/h hi�/h hfi/h ig/hW i�t/h o�t/h iho/hW

Ba f�f/hW f�g/hW fo/h i ht/hW h�g/h if�/h ft/hW ot/hW h�/hW hf/hW io�/h fff/h i�/hW n��/h

Bi n��/h fti/h ii�/h ht/hW i fo/hW ift/h f�/h n��/h i�/hW hg/hW h�/hW fhi/h iii/h f/hW

Cd i��/h nf�/h ifg/hW h�g/h fo/hW i i�g/h nh�/h f�o/hW if/hW oo/h o�t/h i�g/h f��/hW g��/h

Co htn/h h�i/h hi�/hW if�/h ift/h i�g/h i hot/h hf�/h ht�/h ii�/h iht/h i/h i�o/hW ff�/h

Cu g�t/h ��f/h hfn/h ft/hW f�/h nh�/h hot/h i n��/h fh�/h �f�/h hhi/h fgf/h f�/h h��/h

Fe nin/h nf�/h i/h ot/hW n��/h f�o/hW hf�/h n��/h i i/h h��/hW f�/hW hn/h �i�/h n�g/hW

Mo ffn/h itf/h hi�/h h�/hW i�/hW if/hW ht�/h fh�/h i/h i i�t/h fnn/hW nn�/hW n�i/h f�f/hW

Ni �hi/h �ho/h hfi/h hf/hW hg/hW oo/h ii�/h �f�/h h��/hW i�t/h i h�/h nn�/h hoo/hW nnf/h

Pb if�/hW ihf/h ig/hW io�/h h�/hW o�t/h iht/h hhi/h f�/hW fnn/hW h�/h i nhn/h nhg/hW �i�/h

Sb ht/h nho/h i�t/h fff/h fhi/h i�g/h i/h fgf/h hn/h nn�/hW nn�/h nhn/h i fon/hW oh�/h

W f�/h fh�/h o�t/h i�/hW iii/h f��/hW i�o/hW f�/h �i�/h n�i/h hoo/hW nhg/hW fon/hW i oo�/hW

Zn ii�/hW iht/h iho/hW n��/h f/hW g��/h ff�/h h��/h n�g/hW f�f/h nnf/h �i�/h oh�/h oo�/hW i

_@;����'= 0�1
�2 ���T ����� ��I/�# � 0C; �4�%5 (��)�
�� 784 $# (:#�<= ����@4# �����6 ��.
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:�C2o���� %
������8*� eY�; � (�����6 %
$ � �� %L�*+ (��:#�<= ?��@4# �� ��'+ w#%--K/ 3�4# %5 (C*5 
��<'� Pb. Zn. Sb Cu. Ag. Ni Pb. Zn. Sb/ Cu. Ag. Ni ��<'� Pb. Zn. Sb Cu. Ag. Ni Pb. Zn. Sb/ Cu. Ag. Ni

ihWiBH �/fn��i gfiih� hnft��/h fhWoBH �/�nf� ��i�ii hh��g�/h
fhWiBH n/�t�� ft�fn fngi�t/h nhWoBH t/ofoo g/��gh� hoon�i/h
nhWiBH o/ff�f �/inif gi��on/i ohWoBH gn� �/iih�tf hh��nf/h
ohWiBH n/�ot� �/no�fg i�tt�g/h �hWoBH g/�t� f/fongf hoh�hg/h
�hWiBH n/i�nf oo�o� hnonfi/h �hWoBH offg n/igoggt hfoit�/h
�hWiBH gnh gttnh hh�f��/h ghWoBH �/fi�h �/�gingt hhnf�n/h
ghWiBH n/gh� o/ftn�f hfoto/h thWoBH �/�gt f/t��t hgt�it/h
thWiBH i/o�oo �o�g�g hhghng/h �hWoBH �/�gi f/nftf igoif/h
�hWiBH ifhh ��ii� hfiggn/h ihhWoBH �fgi n/fthoi ffn�nn/h
ihhWiBH t/nf� t/�ho� h��nin/h iihWoBH otg f/tngo h�ti��/h
iihWiBH n/g�h iio� �tg��g/h ifhWoBH i�g itih�i hhihtg/h
ifhWiBH g/nf�g tnn�o hn�hgt/h inhWoBH foo fhgt�� hhiigo/h
inhWiBH �/ggo o/o�g�gg hhi���/h iohWoBH ih� �hoo hfi�ht/h
iohWiBH fgn� g/t�gghit hhhni�/h i�hWoBH iff g�i� hi�hn�/h
i�hWiBH �/n�g g/fiftnoif hhhhi�/h i�hWoBH iff g/it�ho hh���i/h
i�hWiBH �/��n n�i�ini hhhi��/h ighWoBH tn g/ifooh hh���i/h
ighWiBH t/oig ihifnfih hhhhoi/h ithWoBH o/�n� �/oohngi hhioon/h
ithWiBH i�ff t/oohtg hon��f/h i�hWoBH nn� n/nhf�ho hhiif/h
i�hWiBH if�f f�inf hotf�i/h ihW�BH �/ggnh tgn to�gf�/t
ihWfBH o/iit�o �/iinoo�� hiho�t/h fhW�BH o/iohnh �/ihfi gnogog/in
fhWfBH itg�o �/igftng iht���/h nhW�BH i�n� g/ihig �htnt/i
nhWfBH g�gh o�oo�f hi�tg�/h ohW�BH nht� n/i�gog i��oit/h
ohWfBH g/f�fg ���g�o hhoong/h �hW�BH �/ihnto �/�in� ��io�i/i
�hWfBH �/f��h �onin� hho��o/h �hW�BH �/ioot f/f�o�f ho�i�o/h
�hWfBH t/ffho �/iot��h� hhioto/h ghW�BH n/��t �oin itoofi/h
ghWfBH �/noo� oi�g�f hhtfh�/h thW�BH ��� ifin o����/h
thWfBH f/��� �i�fh� hhi��h/h �hW�BH o�� n/i�g t�titn/f
�hWfBH �/fthn ��og�f hhohn�/h ihhW�BH f/ghf fn� �n�tn/f
ihhWfBH o/nfhg iooghoi hhffi�/h iihW�BH �/g�� �/ggt �gi��o/h
iihWfBH g/nnf� ihg�nifo hhhnht/h ifhW�BH ��g �f�oo hh��nf/h
ifhWfBH g/i�o� oo��ght hhhnog/h inhW�BH o/nit ft�gg hiiihf/h
inhWfBH f/thh i��i�tfn hhhhoi/h iohW�BH o/fgn n/ntfti hhgion/h
iohWfBH t/nnio �/ff��gii hhioon/h i�hW�BH f��n �/fghtnn hiih�i/h
i�hWfBH g/g�g �/itfnh� hhong�/h i�hW�BH f�gg n/iionti hfnoh�/h
i�hWfBH g/fni� �nfng� hhfott/h ighW�BH ghio i�og�hgn hhho�n/h
ihWnBH �/nh�tf �/f���t fhghff/i ithW�BH o/itoh �/tti� fht�g/h
fhWnBH �fft� ��t�g gotn�t/h i�hW�BH ofo� ogfhhf hht��n/h
nhWnBH t/�gog �/fh��oi hfgti�/h fhhW�BH ��t� fifft�fg hhhftf/h
ohWnBH gh���tf ffhf��o ffftgt/n fihW�BH n/ih�o ootgnofh hhhhfo/h
�hWnBH ifit�i� fotfghi o�hton/h ffhW�BH f/nggo no�fto�g hhhih�/h
�hWnBH f/nti� o/i��t�i hfonit/h ihW�BH o�og ig� �nth�f/fg
ghWnBH fii� in�f �ffon�/i fhW�BH �not ii�n� oothg�/h
thWnBH fifon tnnh�t hf��/h nhW�BH t/fnff� iif ofhni�/fhg
�hWnBH f��h ii��nog hhf�tt/h ohW�BH o/�gn�� fngff tn�n��/f
ihhWnBH g�f� ii�gt� h�to�i/h �hW�BH g/i�f�i tn�f� fnhot/h
iihWnBH fh�go �ifniih hhff��/h �hW�BH f�ifi f/i�it �foff/i�
ifhWnBH fi�o �f�tf�f hhhnoo/h ghW�BH �/itnt iho �t�fgt/ig
inhWnBH �/infgi �ngifft hhfhtn/h thW�BH o/o�h�� thnhgo h�go/h
iohWnBH gti n/igi�hg hho�oo/h �hW�BH g��t f/nhhf�f hf�igf/h
i�hWnBH ntt nhoi�o hhifg�/h ihhW�BH fntt �tf��� hhoh�t/h
i�hWnBH nhht tihoth hhngif/h iihW�BH o/itfo ih�tt�� hhi��/h
ighWnBH �/��f fgggg�t hhhfn�/h ifhW�BH �/�go �/o��t�o hhii��/h
ithWnBH f�fh ooiong hh��n�/h inhW�BH iohi �/nggo�o hhngii/h
ihWoBH fhof ifohifg hhi�og/h iohW�BH �/o�o f/nhf�fi hhi�nn/h
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