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t:-

"t.1111qu11w9t/_wJ q-lf[t'i.br"''IP"'fP/tm» '1r.e11ul ft1'i.7ftp I; 'fpt/_nuf 

,,.,,1,,,,11, l t:.w'ii,ew'i. 1mfilhp[t ,f m'i.p1u'ffi m ,,,4,,, !ft'i. 11Lu11L 1l'i.muppnL{tl 1w'i. 

I"'/~' '"I """'l"rJ-J w'i. t:.wlb ph'i. l hqt/_ nt/_ mnwp_[t'i. llLllllL,f'i.u.,rftw'i. J.bn

'""1,//1' 11111u1'i.mz'i.brft, ulU"ffirw'i.m'i.brft• "'rmlU'fP"LfilJ"''i. p'i.Ul'f"'

•/"""" 1/ 1112/uw111n'l bpftpwpw'i.'i.hp[t "- 11/tmwl1w'i. w 2 fuwmn'l'i.bp[t 
r. .,, ,, .,,,,, 

•f.f, n_ft'i. bpftnL-brb.e 1n,,,,,'j,,,,,f JLLl't'h brnul' J[t'i.b1, "''frUl:Pft UI J/t 

l''""'/""/u11tmJ t:.pwmwpw11 t/_hl b'i. pw'f.Jw{rl[tt/_ ,,,;_[uw1mn/il111L'i.'i.ibp, 

"'l'I frl.fm J t:,,,,'i.'lwJ ,,,'j,,;,LP9 J.bn'i."'pq1'bp n,,wf•11b'i1 "- omu.,rp Lb

'I"' '"'I'"''' lT b,l t:,,,,,f "'{' J wurz_btfi u.,r J'f 1uJ P"'l2_ 'lP"'ftw'i.1n{J /11Lhf!. 1 

/•~"'/'Ill', 011urw'lnrJtf_bl I; mt/_J"'l 'lf'.J!P 11L "''ll"w,,,q'i.bpfi ll"''l,f J w'i. 

,/,,,,f',,,~1111/1 IL 'i1ztf_wJ I; 'fpu.,rftu1hnL[ilJw'i. 9nL9mftnLJ nL Jbp_pbpnuf-

'''' f"" 1/ I 
flm1'i. 'lf'.J!"Ld o'l"'"''l"f'Jifbl b'i. 'i.wf._ 1bn lL11 19.'i.2 {tlt/_u.,rftw'i.fi'i. 

o,,,,.~ .. ,,,,/r '1"'l,ffi9 't"''l.,fifwJ IL hnLJh d-111Jm'i.U1ft {b'i.fi'h'll'"''f"LJ 

''"'II.'' "'"f"'J!"''i."'qnt/_ t:.pmmwpwfti[u1J- ( {b'i.fi'i.qpw'fp lbn'i.w JP'j, 

~'"""'"" m mp IL "lbm wq1a'i. ;:,,,,,,r w l" wp w'i.fi "l"'urif bpnif t:.pwm,,,pw

t111 /ii I"' M.l•r) r.Ul'i.,ew1fi'i. Jfi'i.hrwl'i.bpfi "!'"2-J u.,r'i, J.bn'i1mpqf!. "

""I I"',, ,,,11'i,h re, 

•f.f,pp_u.,r"fbu, 'lfiP.J!f!. w.lifrnifrnLJ I; f.b'i.fi'i.qpw'ffi tbn'i.,,,1fi'il fi'ilu 

H1/1111111 u1{i IL briLw'il{i "fburwqu.,rh t:.u11fwlu111pwhp nLum'iln'l':bbpph llL 

"""'lf'l'w'i1u,Cj,bpfi'i. Jfi'i.hp111'fr"'f/:>fiw1fi , 'f"'""'""''j,'f,f,,,'j, "- llfip_fi'i. 

lt11/1m1/1 llL l,w/qmftwb uu~ f:,Ul'j,.J!UlhJnLfilbpp nLU11L,f'j,w11pp1Jwh 

~" •i I• ~1111ltf• brh11'i.111J !"' ifrnrae, 

l/'1,1, t:.fiJ'ii111q111'i. 'j,"fUIUIUlqh I;' [['U19'iibl t:.m'il.e,,,'i.111Lfilbpfr Jm'h-
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rUl'JPUlUJft.IU tfi'ii nLunLJ'iiUJu/irnLfl jUlb pbUJ'f IU" UlnntJ r,IUJft.Ulft.Ulb brfr 

r,,,pw'b"'ft.,,,'i, 'lr"'ft.w'bmf/Jwb Jbf._ b'I."'J pwgf!_ IL um{nrn'I. brfourw-

11,,,r'lm flt"''iif!. urw1 ,,,.-,,r,r,,,rfbz_'ur J"'urtblfr dbn'b"'rft.: 

Z,h'I.fr'ilwft.l!.• Lfr'llblmf Jfr'ilbrw'lrwl/>fi"'!P p'liw'l"'if "'nnd hrft.nL 

funznr Jfr'llbl'"''lr"'l/> J'.uu'b"''fbur'llbrfi' wft.w'I· U.. 'I-. Pbmb/umfi'b/~ 
Li "irnlf>. f>. U. i/..nifi'lluft_nL "'Z,,,ft.brurl!., fir "fU1f'U1.J!U t r..wJu1pnuf 

unLl'iJ U12_/_uwmmf1J11Lb(!_ 'b4_frrb£ 'iirw'll9 "f"'Jrt1Un l',fizUlurUlqfi'b: 

U.1u Jwunuf mpi/_niJ bu Jfrubpwqpw!pfrw q/11nnifJ1wu qwpqw9-

11'111l1 <wJwnnm "lwmJnifl1niul', flpw fuu'Jfopubp(', nwniJLwufopJw'b 

111111upft.wubpf' "- LpwL9 1:wJwp wut;pwdbzm uwp/!wt/_npniJubpf'' 

U.1uUJfrup UbpwrtnifJ1niul' pfuniJ t qppfr bpft.ni 1:foJuwl(wu Jw-

111111/1' «I. U'foubpw1Lhpfo "l'"lPl t;wtnqnifJ1niuubpf' "- upwu9 niuniJ
l111111frpJwu brzwuwqbhpf!» L. crIJ. U'foub11w1Ubpp uqwpwqpnifJ1niul! IL 

'' l"''US n l'"lPl LU 'l!" iuwl(fi b pf!», wut; pwdbzm ni[J J niu PS' 

1rti'utru. q.ru.:iitiu. <\.tis nI>ra-3U.\i !!U.fl4U.B tru. 'ti iu.ir u.n.n s 
"l U.Slf 01'(a-3 01'\il! 

lfbmwrzubpl' ni LpwL9 <wJwJ.ni14__wJ-/!Lbl'f!• fah ;_U[bu 'bwiL <wL

J•lllJ/1)1 1FpfibpwtLhpfo JM Jwul' wL[JwtftwL9foft. bu, pum npniJ up

l""l19 11iuniJuwufapJwu 1:wJwp [Jwtfrwu9foq l"'!ul! qppwnhtfa z_t: 

ll.J'I wLfJwtfiwu9pq wnwpqwHpf!, "- wnw2fou <hp{Jpu Jbmwrz

lil.11}1 ft.wnni91fw<J-/!l'• uft.uh1 bu 11iuniJuwufrph[ wu91w1 qwpfr 40-

111%111!1 [J4__wqwfiubpfau wu'Jpw'JwpJ.wJ- L"'JuniJ: IJ.p'fh'ii 70-wft.wu 

/l1/111/1wuubppu npUfbu unp qpmm/J1niu /,_ nwnLJuwufrpJwu JbfJn'f 

.ll11111/11pi/_b9 crJbmw1nqpw!pfo.wu», puft. <hurwqw1niJ upw t;fo J /!f. 

•/11111 11wpqw9wt/_ (< JpLhpwq.pw!pfrw >> q.frmnifJ1niUf! t 

P.uur U. fl.. t/.wfupnJbb.fr Jburwrzfr wnw2fru niuniJuwufrpnifJ1ni

l•t• 1f111f1pw'Jfrurwqfr Jfr2n911t/_ qwurwpi/_bt t 1831 [J4__wft.wufr'b !l.1wmn

'" ""' .pw'lw/!11iJ 1hnuwq.np<J--frudbubp ff/ . IJ.unum/_fr ft.nrzi1fr9. Jwupw-

1J/•111111qfr oq.f1nifJ1wJp uw pw9w1:w1urb9 «TjwJwuftnu1wu ''l"'lUJUl

"'/1 " l1wn11i9i/_wrtpp qwrzm'iippf! "- ft.wq_Jwft.hp"{h9 1:wu1huwft.wlr 

1'"' 11.\pn pw ft u w J pbpfo w pur w 'lf'"'fJ J"'Uf! 1 
19-p'J 7wpfr t/_bp2bpfoL "- 2 0 -p'J 'fwpfr uftqpubpfou <pJp qpi/_b9 

·: 11111pwfi1ni{J fr J fr Lb pwq.pw!pfrw ftwu umw 2fou mun iJuw u frpni{J J 11if1-

l.t, 11/1l1 Snipfrufo UJ'lLJ..fo t;wL/!bpniJ b. '>. UurpwurwLni/_fr;_p "- b · U • 

• 'l• .1,,1111pn1[fr, fruft flipw[p f!pnJfourfo Ii. uuwurfoufr <wupwi/_w1pbpnul 
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'(ii Jn 
-'1mmu1Lm ijJ'l'lli/J1u 71 t/''l'lm1u1u2 'fl 't/mJmbud'l'IM'f} ·71 't/"'T'IJ'utl 

-rijmp_ ''fl 'fl 't/fu'7bug ''fl ·n '1u'7n11,tjlup_ ·n 'tf) i/J'l'!,lmF]tm Mn, 

1'1-bJm 'l'1 11rn]tJ/, 11wif11t/:, tjJ'l'l'7mnJuFLm Ju'!, '!,mpluJu ijJ'/11,lmJ'l'! 

-i/11 1ilGtJ'7mfJub 11,m11yJm/,mJ/,'!,m n'llnm'7mm:, <i]J'l'!,'!,'ufelJu,,tnm:, 

1m'1m'1t/mlnomL'IJ1ufJ ifJ'lll,lmJq'!,t/!' rwJqJ ifu'lf 'l'l 11,1uff]Ju,,m'l 

-ml11, Ju71J,;,7 p1ufJub Jul'lluJu ilJ'l'!,lmJ'l'li/!' 71 f'lUJ'l'!,'!,JufeJwJt/n 

-m'!,prnmu 11,m'7mi/c/;mJbmJq'!,t/1' Gm-eJ11,ilb1ub qmp'1mlp 'lmfelJun 

-qm t/nFw7 yJm/JmJ/,11,m 71 ( 117Fm 71 J'l'lJummbt/lm'!,m lmJm'1qlnnu1i 

-qbm'!,'11lutl'7i/!' 'J'li/Jmn iul'lluJu bTJumn il11,JuF£frnJfJm'7uJ,,ijp 1u 

il-M 'J'l'l'7mmtj/JmJ'lml' 'lt/Tmif'!,m:,) ]tij:,Ju'!,l 'lmpfJubmlqJmmm'1 

ifJ'l'll'JuJupmifJmn 'rrnfmbmmq:, ·(ilJq'l'1mmuFLm ltjluJu 'Jt/6mum 

i/'!,t/mrif'lm'llJ ''6 ''fl 71m11, n'llnl'li/ 'i/pmb'lJm'& 1u t/f'l-1.J 't/'7ul.JJ'IJJ} 

mJp iulqluJu il'lJuff]1uJfJm'7 pulqbmrij puJ'l'!,Lqnm JU ijJqlJlmFpm 

'lmpmmfmrij G'!,mJ'l n'JlnmJu]tmrijlb J'i j'JUf'll't/:, p1ufJub IJmplud 

-u t/Jq'!,lmJq'!,t/p 71 i/J'l'll.JueJqp 11,mpJtjnm'!,f'1Umu t/fmtJ</;mJbulm111 

-qp J"f j'JUfJubmmbo m11, l''u'lm6Jl 11m'1m'ldb'7n ,p1uwtJ11 Jiu'lm:
1 

-/J'!,il tjp 17fH11,il 'i ifmqln 6'11' 11,m118mbJmb tJFmtJc/;mJbmJq11,tJfl 

•11,t/pmb11,Jmq; ·n ''l</i/7'n ·p_ ''lt/'1ul.JJ'lfl ·.p ,11,t/J1111,'7m11 

-t/L'l:, 11,t/6m11m tJJ'l'lltJluJu tJJnlmJq11,ijp 11,ijfmi/11,m:, 71 ild'Jijb tjlml 

-mJ:, i/11,t/p_-Jq/,-'lmp 7'1l'l 'i ifm'lln GtJJnif'lmmmrijlm fmlJmln:,mf,, 

'il1J1uff]Ju'7m'Jml'l 811,qJq Gfmd 't/11,m6Jlm'7m'!,mpmp Lmp qlqp'{} 

1il'lmpJijnm'lf'lUmu '/'J'/'{ 
-mJ1umn'77m Ju qJ'l'ImJwm71uJmn qJ71j1uF'!,mif11,m:, 'l'I fmpJijJ11i 

~111,u.Ju <i]J'l'!,if11,mmmrijlm qJ711,Zt/JJu 71 i/GJm]J!) ''6 't/''1,t/mnmtJ'(
1 

•tjn/,Jmpiiq ''fl 71m11, pw'!,Gmfm'7J711, 'l7 'lJuieJrnJifJilmm'l:, f'lfl 

1(J'111,'7mmuFLm lt/ZuJu t/JnlmJ'l'!,t/!') t/11,qmJuu2 ·n '111/1' 
-mt/ In u '7nu11,u'7 qJq '!,7 mJ'l'lt/ J' 'lt/ r mif 'lm:, fm ]tJ 17''1 I iJ J 'l'l'PuF firnJ1/ 11 

-m'lrunrn tjJ'l'!,ltjJ1u 71 i/'!,uJqpqq ''l, •Jufl ''lt/Jn/,uef'l!' qJq11,p•u1/1 

-ml 11,mFfl1U'1m11,Ju 11,mpyJm/,mJ/,'!,m 1u il11,mF-eJ1unqm t/nfwl fmyJmft 

-mJ-b11,m fmpJt/]111, <i/J'l'!,'llUFeJ1ummriJlm ( 'l'IJ'ln'lmJc/;) tjlgnJo ·11 

:JU ( 11,qJ'lll,mpJqb) t/'7qJqtJ 'fl 'ilJ711,'7mmuFLm lqluJu tjmJmbud11,'1111 

-F'f} ·p_ '('!,qJ'lmuu 'i fmp11,m11bJmp] ''l'!Jqlb'!,m '( fmp'7mJmmm1l:,) 

ilJ '1 'l'l,1uf eJ1uJb mJ m'7 'l tjlm11,mt/:, tjJ'l 'lmt/ G'1 m'lu 11,m '1mt/11i/if uJ'71/,1• 

'l'I p1u]tJqd LqmJu <i/ifJijb ijmJu2 ''l, 'fl '(11,qJ'lmuu 'I'I fmp'l,rnJt 

-bJmd dpmnmp ''l'IJ'l'lml'J'lb 'l'I fm]1'7mJmtnmJ:,) il11,mpJbmJml111 

iJJ'l'!,pJuy.mJm:, B1mJ11, 71 t/J'l'llmJnt/11 'lt/Fmil11,m:, '11,t/fmf1ij/,ud•1J• 

'!,mpluJu t/JqeJ1uF'!,mil11,m:, fmpJqp11, <i/J'l'1,'!,1Uff}1ummrijlm t/J11(1 

-pm.y · (JJ 1u t/11,uF:,JqM'l'!,!) ''6 l'lmb 'l'l p1ulm'!,m:;. mup ],'II' 71 'I'l'I'" 
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rpuF£1rn'7m11,ml11, f'll' n'llnm'7mm7 1rrnJq11,J'7Jq Jmmo i/Jml i/p 71m11, 

fmpJi/]111, J"f 11,1uFeJrnJ/,mlJu f'll' 11,i/11,m'1m"fmd il11,mpGmbJmb ijJq11, 

-/,11d'11' iul'1JiJnm11,prnmu '7mm i/'7mmij/,mJ11,m11 i/J'lfirnF11,mif11,m7 

1iJJ'111,lijJ1u 71 11,411,i/'r 

-11,'lb ''ii "fl '11,i/fu'111,'lmn4 '(JJ 'fl '11,iJFmFm•'fmJq11nbqtJ 'fl 'fl '11,i/Fm'I 

-'/'1]1ui.tw(JJ ''fl '</ 71m11, n'lln711,i/ '11,{fiurifm2 ''l, "& '11,ij11,rnli.tm2 ''l, 'S 
'11,i/11,i/'7iflilms ·4 ·n ·rj;uJln ·rj;uJln l'll'l 'i '7Jm:, 'p1ufJub 11,mp/,11,m]t 

-mnm/, iJJnLu11,mmu 71 11,mpGmbJmb iJFmij<f;mJbmJq11,l/1' l'!Jmm 

-m'1 'l'l Jq/J 11,m'7m'i il11,uJu <Gi/J'1'l'lm'7m11,1r1ijb 1Fm 11,m'7mmq]tun 

1('£1 9!l6l 
'·fl O!l6l '•fl f PBl) JqifJbmnm/, ijFmijr/;mJbmJq11,ijp 'i 1'1'1mJmm 

-mJ:, n'lln·11,F1u11, il71''1!'uJnfm[. ''fl ·n ·('fl 996! '·1r1mJ:, /,J-f: "£1 6r6l 
•mmJ:, iiJ-i) pufb ijFmtjc/;mJbmJ'l'li/1' JqifJbmnm/J fmpGmJl iu'r 

-J'l n71 Bq'1mJmmmJ:, i/Ju '11,u'Jl1ug "fl 'fl ·('ef 996! 71 •£1£1 6f'6l 
-!,1'6 l , ·1r1mJ:, rn'7Jq) '7Jm11,li'!f iul'1JtJnm11,prnmu p u'1mmtj/, mJ11,•mp 

i1JnlmJ'l'lt/.P 11,tJFmi/11,m:, rn' J,l'l'1mnrnfLm Ju111, 11,mrluJu '/J'l'llmil 

-'1'Jt/f' G'fpbm'1 11,tJ'1n11,iJlup '(} '</ •iJnmlmm t/J'1'JmJ1uurn'1!/m 1U tJJ!/'1, 

-mJrnm'7rnJmn tJJ'1£fwF11,mil11,m:, G'll'bm'1 L'lmmpm:, m'I:, tJJ'l'llt.fJw 

71 t/11,1ul/,m2 ''l, 'S 71 i/J'l'llmF]1m Julud lmFJ7dmJ'ff 11,mrmmfmn/ 

11,i/FmJ1um'1rnJmn B'lt/1utfrpm 'prnbJ-,,,'1mnm/J J1111, ifJ'l'lmJ1um'11uJmn 

1u tJJ'11!mJ111mn'1qm 6'1'7Jm6mum i/Ju 'il11,i/mrif'lm'li:J "6 ''fl J'!Jmtn 

-m'7 'l'l fdub f'l!' nqlnm'1mm:, dpmF£11uLL1u 1ul'1'1,GmbJmb 11,mi/c/; 

-mJilmJn'/ I' 1nu11,·1uF drn'/ fl 11,m'1mm'IJ1u fl 11,t/J'l'li/Jmm mbmm'l( 

:ilJ'l'l'7Jm11,11'1f ifFmifc/;mJbmJni/l' ('mmJ:, 11,t/-f "£1 t86l) 

ifFu'7lrnf:' ''fl 'fl 71 ('f/ 886!} ijfm11,{f11u-bm.y ·p_ ·7 Ju t/11,t/mriJ'lm'llJ 

"f, '1/ '!'{ 7'17''1mJmmmJ:, ·efef f'86l-886l .1ilp1ubJm'1mnm/, i/Jn 

-mJrnm'7wJmn i/JufwF11,mif11,m:, 'i ni/lmm 71 11,t/nmp ifJ'l'l.f''uy.mJm:, 

tJJnlmJ7'1,t/.P pwJqefrnF11mif11m:, il11,1uFefrnmmrijlm 7tjtfrutfrpm 11,t/6m11 

-m '( 11111l1mJmmmJ:, il71JubifJ'6 ''& 't/ ·c/;uJln 11,ij11,m'1m]t£1 8?:6l 
1GifFm'/c/;mJbmJniJ.P J'111,if11,wplnmJmln 11,mr 

-GrnnJu {j'l/nJ'l'1mpbm'7 p1umwmi/mn11,i/ 11,m'1m'7i/11,rijqm'/luln (t/'7n]tul 

-l1J'17'fl) i/lmJ1y il11,1uli.tm2 ''fl ''l, ·<j;urlln '8i/11,m'1m]i£1 6?:6l fmn'1n 

'liu i/lqpm ?11,t/-Jilutfr '7nt/' '11,t/JnLu11,mmu t/fmt/!''1/,m'7m 11,•tJFm11,11ql 

if Fm ]t'7n "fl 1t1 t/ unu mt/ urn 11,t/ 11,t/F m 'lu'f 7 tj/, ~Jb 'l if 'l'I} 7 nBmef u11,m(> 

11,t/6'1n'7n mq:, tJFmi/r/;mJbmJ'l'lt/!' 11,ijJq11,11,m'7m7'£1 f'?:6l-?:?:6l 
1umq:, Gtj11,1uF£frnriJ11tfr 

-mL'l:, ~''IP 11,mFJ'!Jpqm'7u7 rw-fl(flfl 11,mGnw tJLqm ilpw6mbJmb 

1/FmtJ<j;mJbmJ'l'li/1' rn pw11mpmbm11,d 11,mpJtjnm11,p1umu tjJqi/11,m:, ilp 

-1uJ/,J'l'l 11,Fml tj/,u£f'll' 11,t/Fm'1mmif/,mJ11,m11 1Gt/pLu'1 w'76untjp_ ''1 'Q 



£'f,'l- npnul JfrHpLU[bbpfr npnznLJJ! pLUfi/r qfinuf u11/_hLfr { ,:;frJ-

1tl!i/_nuJ pwfiwqwqLUb umnLJlf mi/_JLU[Hpfr i/_pLU, WjfiUJfrufr ,:;LUU{f[nL

/JJnLfiHpfr, Jrfiz_UJfrufip bb' LUf.IT1f'LU'1-LUPJ.Jwfi nLbLUqnLf}jndit Ii. fl(tJJJ 

'l-JruUJbpufrw'ii, JfrqpnftLUpr}pnLfJJnLbf!, urnwfitlJr'ii UlLUf'Pbl'fi UJLUf'nL-

1tLUftnL{JjnLfif! {% %), npnfip {JnLJl h'ii mwlfiu ni_ UpLUJfi "l'"lbl Jfr

LbpLUlf!i WJLU ,:;LUzi/_wl'ftbl h['w pfiJfrwf[w'ii pw'iiwtlli.p1 

l/,bnfrt Jwtfw'iiwft'iibf'u Bn,. t. '-lbJbpnfie U. fipw wzfuwmw

ftfis'uhl'l! q_LUpqw9'untJ b'u J.tu Jfi frnf' -':bnwfiftwl'w1fr'u nt'l'l"'

fJJnL'u' -':wbpLUJ/rfi Jjrfibpw[fibl'fr ,:;wmqntfljnt'iifibpfr niuntJfiLUu/i['nL

,j'l! q_nLquJ1!bm LUh'ff'LU'l-UJf'dlJJ,} l"'!untJ {ftn'iinuftnUffrwqw'u JbfJn'1-)1 

"f'l! ,:;LUtipwJfi'u JfiHpLU[fihpp ;;LUJLUp mLU[pu { Jfi 'l_LUf'/! lf'LUOnt9/ri_ 

qn'uumLU'umfibl' Ii. npnzfiz_ LzLUfiLbp1 

lf LUhpw 'l-frmw ft fr J frp_n9nr/_ ,:; w bpLUfi in t{Jbpfr n tuntJfiw ufr pJ LUb 

-\ftJhwqwh bU[LUmLUqfi f -':wLpLUfiJntfJ/t Jfr'iibpLU[nqpwqwfi qwq,l'nt

fJJwL umni1q [, ll'Pt/. npnzniJI!, UIJ'l- {Jt/_niJ wi'u ;;wq_t/_wqinim nt 

(J-wfiqwpJbp JLUfipw;;wmfrft wfip_wmnul'iibpfr npnzntil[!, npnLp Jwft
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f'"''lP"'"'4nLJ. 

C-tnLJU/r "''ll!JnL{', n-"l"LJ"'f'P'l"'

"'"f', 05-oPJb4urfry, IJJ-2{/r!/>, A
w'bwtf•'f"'"'"f'• OK-o~nLLJ"'{', 

0 V1-o"lw4- frLJnLJ fr'b"'"' "f'' 

UfP zb'ln'l J;wpJwpwbpp ( flbqbJp wurwqb {Jp/Jbqfi4 ) 'fb"J[!ntif hw

n.wqwJ{J'i.tbpp t/intbff! l!'i.tlJLnLJ I; w"lw4b [Jbp fJfo{Jbqfiqfi t/_pw, npf! 

qpw'lb9'i.tnLJ I; mnLpnLufo qmpt/_wJ-pf! wJpnq2nL{JJwifp1 P'fofJb'lJ.41! 

wL'l-f1W'l-Wf1dbnLJ I; '1-b"lfi Lbp.pli. Lpw t/_pw f!'i.tq'i.tnq ~wn.wqw1fJ'i.tbpfo 

ji'i.tmb'i.tufot/_nLfJJwL Jji tfwuf!, Jiuq 'i.tpw'i.tnt/_ wL9Lnq wb'l-f1W'fWf1dwJ

LNLJUf! '1-wpdJWL JwuwJp qnp9LnLJ I; J.Lwb'i.tujit/_NL{JJnLLf!, npf! 4LwL

i/_nLJ I; WUfW4b [Jfi{Jbqfi4fi NL LnnLpnwfo U[WLnbpfi qn'l_Jj.9 ('i.tq. 2 p): 
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U..1u 'fbUf/!nuJ 'fpmnrz/i wl/!fo& b'il • -<:wuunul puft~m'l h. wu'ff1C11-

'fU1f'J.tf_wq lni.1ufi tf1uy_fi pn[np /;wnwqw.1ffubpf!, f!LUJ9 q_qwlfinpbu p11L
[LUUnuf t upwu9fi9 .fllLf'Wj!LUUl.fnipp . fiumbiiufit/_ nLfJ.fnLUf! { o'fmLU

qnpqt/_nuf t uhpuwf[LUU [nL.fup nufp znLf'l 25 °lo -1!)1 flf'''lbu 1:b

mh.wu/! W.fU 'fhU[j!nLJ umw9t/_nul t 2wm wt/_blfi U[W{'q_ UJLUmftbp, 

j!tu'ii Ufl'P'lJwu oqmwqnpqblfru, pw.f9 lniuwt/_npni{J.1niur fJnin t 
LP un uf. w .f 'f Uf w mbw nnt/_ fu np-<: nLf''f t mpt/_n iJ /J.fofJb'lf' ftnt/_ w 2/u w m bl 

Jbqw9 Jwu nLdbrz op.1bftmfit/_ubpnt/_ h. nidbrz tni.1ufi mwft1 

2.w Up LU J fiu p h.bnw 9u nrz ,J LU u pw 'fPU1 wft ni.J L nLJ u" b LU Tl.LU 'fW .f P
Ubpfr f!UfJLUS/!P f!U'f1:LUUnLp uiub.Jwu pbpt/_niJ t uftLUf' 3-niJr 

ll fi u b pw l u b pfo wu q.pw 'flU pJ.J LU u niu LU ft n i{J .f WU quLU -<: LU m .r LUU 

-<:w.Fwp o'fmwqnpqt/_nLJ t !pnmn.Jbmppft oftniuwpp' i/.nlfiuuftni OU[

mfo¥LUftLUu ubUfnt/_ (Ol/:h - 1) h. Jfo¥pn!pnmnuftwl'lwftLUu ftsLUt/inrzl! 

( :hlft-1 h. LU.flu) • l!foubpwlfi ftLUf'ql'nifil.1niup J{iftpnubpt';uzt!LUu .Ffi-

2nsntf_ npnzblnL UU[UIU1LUftnt/_ oqmwqnpqnul bu JfoftpnftLUpqf'LUl_LUl/ift t_ 

(fJJlfS - 3 }: {nwLUUftLUf1VLUU 1:LU.Jwp oqmLUqnpqt/_ni.F bu 1Fpftpn['1LULU

uftwl'lwftwu ft9wtf1nrz 1:wpJwpLUUj!Ubp lf:hu-7 11L lf:iJu-81 2.LUu

j!lUJf1u Jwupwq.fomwftubpfiu nL Jfiftpn[niuwuftwf'l..LUftLU11 ftsLUtfrnrz 

-<:wp.JwpwupUbpfru mpt/_ni.J t unt/_npwpwp lniuw!pfilmpbpfi -<:wt/_LU

.f!LUqnu 

ltumpnJm lmuw:t>p1mrp oqmwqnpqt/_ni.F t ttbftmpLU[WJUfp tni.1-

ufi 'fbrzunL{JJnLUf! ftl'uubln' -<:w.Jwp ( mbrzLU'ffl•Lni.F t OUfwft - frunLJp

uLUmnpp ftmpt/_LUqj!nLJ) U JfiUbpLU[Ubpp qni f1LUt/_np bpwUqUbf'f' bfilU1 

npnzbtnL UU[wmwftnt/_1 

\,~rfipuqmJfi lnrnwi>Iitmrp oqmwqnpqt/_nLJ t qniuwt/_np b

pwuq ubl'.. nLUb9nrz Jfoubpw[ubpfi UIUIJ-f1Ul'fLUf1J.Jw1r niuwftnL{J,(nLU[! 

-<:w.Jb.Jwm.b[ni -<:w.Jwp. !pfilmp[! mbrzwq.pt/_nt.J t OUfLUft-fiuni.Jfiuw

m11pp ftmpt/_wq/!ni.J ftw.J oftniiJLUf'P t/_pw: 

lnwwf.qwrzwqwfi lntu•.u~hmrhr: {niuwuftwp.Jwu 'fbUfl!'",J 

O CfU1~Cfnf'qnLJ bu q.b'f_pU f[LUJ 'fb'f_UUl-f[UIULUl._ £nLUW!pp[U1f'bf', npnUp 

{Jnilwauni .J bu ftwUfni1m fiwnwqw1pubpfo wq_'fb9ntfJJnLUf! [ntuw 7' 

u ftw p.J WU Pfifilbrzfo ltfo t/_pw "- U1 LU Lfr lJ b1i U1 bu nrz ni{J JLU u I! <LU J LUU[LU 

U1 LU ufuwun rz lnwwt/_11pnL{iJJLUU LUumfiCwu1 ·~ntuwuftLUf'blr1L dLUJwuwft 

!pfrlmphpf' mbrzw'fpt/_ni.J bu OUfLUft - ftuni.JjruLUmnpft ["LttwpJ.LUftfa 

J by_ 1 

2.LUpft t u2bt, np lffiu-9 JwupLU'fpmLUftfr opJbftmfit/_Ubpfo nt 

oftnLLJWpubp/r -<:wtf_LUpwqniu {Jt1LJL t mwlfiu Jwupw'fpmLUftw1fiu nL

unL.JuwufipnifJJnLUUbpf! ftwmwpb[ 3 3 - p9 Jfiu l h. 142 5 funznpLU9nuF

ubpfi UfLUJJlUUUbpnL.Jt 
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U. fl- U. SU"' 'L U" U U 

trfltt1•u.1 .. ot1r'ti ni•n<;M! z.u.stim,~sm't tl1Pl! 
l1tl., 'tl'U. 08 Hfl.UOfl.lf'li U.UtiPU'U. o U't;~Wl· 'ttl'P. 

t_..,<;,.[!..,";,JnLfilbrfr J[r"iJbrw'lrwlJ.frwftw'it munuf'itwufrrJ..,'j, f.[rJ

"1,..,ft..,'it Ju'it7frr'itbrfrs Jbft'itt "itrw'it9 pw'J."''lrm/il1u1"iJ ,fbg Jur"itn'l Jfr"itb

l""l";,bt'fr nfr2m 11('112_11LJ[! t llfr"iJhrw(ZJbrfr nrn2tfwh J:.wJ~~r wJ'b'iJwJ'ba 

"itzw'iiwftmfil1nL'ii[! abn.e b'it phrnLJ 'iirw PJllLrb'l'"~·"imfrftwftw'it , Jw-

11mJp '"IL f/>ftq/rftwftw'it f.wurft11LfiJJnL'it'iibrl!• fr'itJ_"/bu. iwu nbwftmfr"-

'itbrrfr fuw&wmuLJf! nL Jfrftr11.efrJfrwl1w"it +nrawrl1nLJ"itbr/!1 

Fwr'1 nL 'l'l.fwr 'lb"i.ebrmJ 7frJnul b'b Lrw9'm,gfrt Jbfiln'l-

'z,/; rfr \ J fi~rnnb'bm'lb'iinu"fbl1mrw [, nb'bw,,b'bnuurrnift11111Lrw Jft'b IL, 

1[hf'2.'"Ufbu, ,eftJfrwftw'b wbwlfr'l.fr'b: 

U.1um'1'l .e'b'iimpft</_nLJ' b";,' w'b7rw7wraJ'w'it nLbwftmfil1nLb[! 

(R,) , brft"''it'lf'"''l"'f'anLJf! ( ~R), J[r'itbrwtfr 7/ru"ibrufiw'it "- 'f"LJ'itf!, 

briLn'-Jfil";,b('[! juwJ_wJ,.J.. "iJfrftnl'itbrm_J, 'itbr,e/1'it nbf/>lb.eu"itbr'it nL Jfr

'itbpwlfr +n2nL 'l"'-J"it[! 2b'l l"'-J""'-Jt 

llVl-PU.'Hl.f'!!lfll."t. Ofl"t.llli0flfi'60fl"t. "t. OJ> t:rtill"t.'l-l'U.'ll1P.20Ml'I! 

ll.nwr~w1fr 1-rUI f!'iJft"iJn'J [llLJUf! JwuwJp w'it'JrW'fW('J,.1_nLJ I; 
'itrw'bfr9 , J'wuiuJp ftlwb</_nLJ , JwuiuJp l;l pw9 I; filntz'it4_nLJ1 ~w~ 

1fw"fWll1WUfu1U'it 'lnr&wftfr9'itbrf! 'it2ou"itwftnLJ b"iJ' f ( w"it'J('W'lwr• 

dmJ), t (ft£w'itnLJ), 3 (filntz11Lhwftn'-filJnL"it)t 

l/[WbnLJf! pbnrn2</_nLJ I; fttw"itJw"it 'fll('Jw/1fr9 3-n1_, "('{! t..w-

1_wuU1r I; umwr~'"Jfr ftn'lJfrs ftlw'it</_wa lnLuw+"itp_fr Fa f.wrwpbrnL-
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(rl l"'"j,I!. l!."j,ft';,n'l l"L1ufr Fi lnLuUJp"j, r..fr"j, :· UIJU/r"j,.[!"j, \ a = Fa I (nww-
Fi ' 

p';,r_fr ,,,"j,'fl'"''f"'ranLJf!. "j,2,,,';,"'ftnul u, ,,,"j,'ff'"''f"'raJ"'"j, 'lnrJ"'

~f.!J r-nif., nrf!. !JNLJ!J !; UIUIL/iu "'"j,'ll'"''f"'l'aifwJ. [NLJUP Fr fr';,mb';,

ufri{nLfil l"'"j, f.U1[11UpbntrL{tJ l'IL"j,f'_ f!.';,ft';,n 'l l''Ll••/r Fl fr';,mb"iiufrt/_11Lp l"'"j,I!, 

c , Fr 
"'lufru.[!'ii r=-1 

Fl 
(nLJufr filn'l11LhU1ftnLfilJ"'"j, 'l"j,,,,f.,,,mJ,,,"j, r.,,,,J',,,r u'l'""'lf"f',},,,,f 

b';, filn'l11L';,U1ftnLfill"'"j, t 'f"f'J"'ftP!J/!., nrf! '-.U1i{U1uU1{' f; UJttiurl/"'JP 

Jfrr_ni{ "'"j,!J,,,J lnw,,,p';,r_fr Ft '-"'l'"'PbrnLfil"'"j,I!. l!.';,ft';,n'l Fi J.NLJ-

uf.';,, JUlufr';,.[!"j,' t= Ft, 
Fi 

I? UUI f;';,br'lfr"' 1/r "i"'""'"'"j,,j ,,,"j, ""'IUl"j,fr orb'b..rfr \ Fi== Fa+ 
+Fr+Ft, nrmb'lfr!J Fi=l (ftwJ 100%) 'fb"ll!"LJ'' a+r+t=l 
(ft,,,J 100%)1 a, r, t 'lnrrt1Uftfr9';,bl'I!. ft"'/ui{.,,J b'b "'n"'rlt-i/t .Jr"' 

e'bft'bn'l l nL1ufr UI LP.[!/r brft"'rnLfil 1nL';,fr9 ( 'fnLl"j,P!J ): 

bfilb, orfr"j,UI"' ,/fr nrft/; IUttUl['ftUllfr r.,Ul,/IU(' ltlUf',/frf' {.IUn_JU

'f:IUlfil"j,br/r 'fb"l.[!nLJ (ln'[llL"j,1Uf[nLfil1nL';,f!. (t) p1Urar I;. IU"j,'f['IU'fW{'

anLJf!. (r) !JIU,}(', fruit f11U'iJJU}_ f.UlttUl'f:Ullfil"j,brfr '-.Ul,/Ulf'• f!."j,'fC,,UlftumUJft"j,, 

t-';, !J"'JI' f;, r-e p1Urar, IU"J"' "'l'f"lfrup JUnJUrftlU';, JU'b9';,n'l L"Llunul 

ftfili{"' ft"'r"/rr• Jiuft IUb'ff'IU'flUf'alUJ l"' 1unLJ' ft/U';,/Ul' 11.n '-.n1mlinL

P1nL'bf!. p';,nrnz I; .[!Lnrnl/.>frtfr ""'""'{'• nl'I!. "lwJJ,,,"j,,.,if.nrnLJ I; P"LJ

,,brfr mbrft"j,b{'p ""''},"'}_ 'f:"Ll"j,/!. 1 ~lnrn/f>fr£p lnu}nLlfilf!. U"Jfrrmft J'bl_ 

Ulb'fl'"''f"'l'a,,,J lnL1unLJ ""'"j,"'l f;, fruit Ul"j,!J'iJn'l lnL1unLJ' ltUlrJ'frr 1 

lJ.1"j, ""'r"fr'b'bbrl!.• nrn';,9 ""'""'{' ltl"'';,nule (a) ,fbJ. f;, /ruft 
r-e ( .,,'j,'ff'IU'fUl('allL,jf!.) ft t-'}, ( fi/n'[nL"j,IUfJnLfil JnL"j,f!.) !JUI,}(', fttfr'i,b'i1 

uft ft IU"j,filUlplU'i,!Jfrft ((Ul"j,'fUpbf''f:• '-• 3-r'f, 1964)1 

U.1u"lfruni/, Jfr';,brwlfr IUb'fl'"''f"'raJUl"j, nL';,U1ftmfil111L"j,f!.' R-e 
(reflexion) frrb'bfr9 ';,brftJUl"'!J';,nd I; JU"j,'fl''"'f'"rau,J · L"LJufr p'b

mb·'bufrif.•1Lfil1"''b r,,,,l'"'Pbf'nLfi/JnL';,f!. l!.';,ft'bn7 lnL1ufr Jt'bmb'bufri{nL{iJ J"'bf! 

Jr 
R=-: 

Ji 
U.n JbJmfi/JnLbf!., nr"j, U1bi{U1';,nL,/ b"j, "j,,.,ft JU"j,'ff'"''f"'f'a,J Ul"j, 

!JNL!J/rt• ,lfr2m l1nmnrU1ft1Ulfr"j, fil/ri{ I; (bfilb f!bft'bn'l l"Llufr fr';,mb'b

ufri{nLfilJnLbf!. f!.b'fnL'i,b"j,.[! = 1), .[!IU"j,fr nr LnL1uft "" Jwue Law'iu/_nuf 

f;, J1nLu JJUuf!.' JU"j,9';,nuf IJ"',j !J['i/.nLJ nL ftnrtnul f;, lJ."j,frttnmrn"l 

PJNL{'b'lfi C.'lft.if.UIJ. l1mrif."'J.[!fi!J pltbnlU!JUIJ l"LJufr ,,,'j,'f['IU'JUll'aJ,,,"j, 

l;tf>bftml!. ft"'/ui{ "',} I; fr';,'ffrft.1Umrfrun11fr ftmrif.UIJ.[!fr p'i,nL1filfr9 It "'l'I 
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l1111rif.JUJ.el• '1-Pl'l!P!J e'iiftbn'l lnLJufr UUUtnU1b11 .. J"j,brf- nr.'l'L"Lfil I w'l,. 

r,,,,,J/;,JUJm: N2Nl l;Lfr"lul!. (';,ft.. 4) !JNLJ!J I; ur"'Lfru PJnLrb'lfr 2Lfrl/.>/r 

l1urrif.,,,Jl!fr fr';,'ffrl1"'urrfru1u1/r 'fPl'.[!/!. f!."j,/l';,n'l LnL1uft uuumUJbnLJ';,brfr· 

PP nL'l'l"Lfil l"'"j, C."'Jb,/ JUm, fruft. 0 F' i[bft.mnre' l!.';,f/im'l l"Ll"P urUI-· 

mUJ';,nu/';,brfr ,,,,/ "llfrm11L'f"'"j, ( fr';,mb';,ufri{nL/_J JnLbf!. ) 1 

F1nLrb'l,,LJOPi[bft- , p 
p 

mnrl!. (!UUI I; Lii"lufr ,,,_ /-: 

ttUl"j,!J.[!"j,bpfr nL'l'lnLfilJ"'b A --~-- p,'· 

p,,,J,,,';,i{nLJ I; OA nL OB ~ 
P"''l"''fl'Pt'i,brfr, "j,l',,,"j,9 
r,,,,,f,,,"/UllnlUUfuUl'iln'l N2 
llL N1 pb11J'JU"j, 9nL9/rt_

';,b{'ni{ I 

Bml'"'l!"'';,l.Jmr P"'

'lUl'ff'PtP JU"j,'fr"''f"'ra

J.,,"j, nLbUJft.nLfillnLbf!. IJ"'P'
i{ Ult} I; "j,('Ulb r.,,,,,/ Ul"JJU

UIUlllfuJU"j,N'[ pbff,/Ul~I !JNL!J

t_/r,'f ft U1('U1Ulr:.U11urif.11L,/ I; 

OA1 nL 081 wJ"llfimnL

'f"'';,b{'ni/. , nrmb'l UJh'f['Ul

'f"'raJ Ul'b U1UIU1U1b11LJbb-

rfr rJU'lUl'ff'frt'bbre 'bif.Ul
'l.nul b'b ,,,"j,r., ,,,,/JU}_,,,_ 

t/rnrb'i11 

' -

~p· (& 
p 

0 

p' 

p 6: 

OP' U11t.mj_iu91fw"b u/uli1fm. 

a-J~'b/;pwlf1 "(UIU1Ul r,W't.w1. 't.U1/H/Ul<~e u~f/!nufi 

6-'bnp1fwl 't.ml'if"'~e ( e.urn. /•. U. t/.nt~'hu't.nL) · 

flr"lbu '-.bwJ..,,,'iJ.e ,,,';,'fl'"''f"'ra,,,J m,,,m,,,'bJ',,,'i, i[l.ft.mnre' OP'. 
L1m"'rPbrif.fr OP i[bft.mnrfr!J fr'bt"lbu frr JbrtnLfill"'"P· "'l'b"lbu l;l 

nL'l'lnLfilJU1J'p1 i/...bft.mnr OP'-/r JbrtnLfi/JnLbf!. ( nre Jfr2u1 T"./!l' I; 
OP-/r9) "l"'IJ',,,"j,,,,if.nrnLJ I; "''b'frlU'fJUf'a,,,J LnL1ufr m,,,ur,,,'bnLJ

';,brJ. JUJ"llfrur11L'f"'"j,• '-.burltJUp"'f' /,_ fr'iimb'bufrif.m.f1J11Lhf!• fruft. OP' 
if.bt1mnrfr nL'l'l'ILfilJnLhf!.. ,,,';,'fl'"''f"'l'a,,,J L"LJll/r U1UIU1UJhnLJ'bbrfr 

""'rfilnLfl J"'h 'f P{'.[!f!.1 0 P' ( ,,,';,'ff'"''f"'f'a,,,J £NLJU/r) UIUJUJUlhnLJ'bb rfr · 

nL'l'lllLfilJUlb zb'lnLtlf!. OP ( e'bft.'bn'l LNLJll/r) tnUIUIUJbTILJ'j,brfr nL7'[nL

(tlJnL';,fr9 ~nt_i{nLJ I; (!"j,fl'bn'l l"LJufr pltbn,,,9J,,,"j, t;.,,,rfilnL/iJJ,,,'j, . 

2l'l"'"l"'NLJU11 &Lfr/f>fr "IU111LJU1fr J,,,,/UlbUJft. pJnLrb'lfr ft.mrif"'J.[!p· 
'fffu"'i/.nr nL'['[nL/_JJllL"j,"j,/;{'p!J J'bft.f!. utb'l"'if nrif.nLJ /; f!"j,ft.'iJn'[ [NLJU/r 

UIUIUHuhnul'iibrfr'b / / , nL "'J'f '1-Prl!brl!. ""'1ur'bfr b'b "l'"lbu p1mrb'lfr 
'bnl'J"'l 'IPrl!br (OP if.bft.mnrfr t;.nrfrqn'b,,,ft.,,,'11 P"''l"''ff'Pl.l! "'J'i' 
'fb"l.[!nLll ""'"UIUUI(' I; 'll'nJ/r )1 
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P1nLr'"1./i uul.J1.11L 4urrtf.1.11J-.[!p f,,,,J,,,r N2 I.. Nl pb4J,,,'j, 9nL-

9fit.'librl! f,,,,';,'ffiuuJbnLJ /,';, utJb';,utputrJ.rf! nL !J"',}rf!1 p114 'brut'b9 

.t,,,,J,,,"l,,,u111JU/uut'bn'l. R2 I.. R1 ,,,';,'lf'"''l"'rJ.J,,,';, 9nL9fit'bbt'l! 'bm.1'b

"'lbu utJb'butputrJ.r'j, nL utJb'butf/"',}f'j, h'bt '1-rut'b.[! f.utJU1';,p b'J, nr

"'fbu 4uirtf.wJ-.efi ,,,-;,'II'"''l"'raJ,,,';, 'll/u"'t/.nr 9 nLyfiz.'bbr, 11.'b'lr"'

·'l"'raJ,,,';, nL'but4ntflJnL'bf! ubrui 4ut/uJut'j, ,/£·2_ I; 'fui'btf.mJ pb4J,,,'j1 

9nL9/it N-fi9 nL Jfi'bhr"'LP IJ.n'l.Jfi!} LnLJufi 4Lut'bnLJfi9, fi'bt."fbu 'J,,,,J.. 

,f!'j,(f';,n'l_ LnLJU/i utf/i.[!/i hrfJ.wpnLfJJnt'b/i9 k IUJ'j, J'fip_wiJ.w1r/i91 np/i 

Jbp_ 4wU1wri/_nLJ' b'b 'lfiuimJ'bbrf!t 

/>'l.nuipn"f m. ,,,J'nrl/> [ilwifrw'b9/i4 J'wpJfi'b'bbrfi f.wJwp R Jb

.<tmflt"L'bf! "f"'JJ'.,,';,.,,i[npi/_w<t I; Jfi.,,J'b pbl1rl1u'b 9nL9/it N-nt/. b. 

wrurwf.utJU1t/.nLJ I; 3'rb'bblfi "i"'f'l. p1.11'butM..m( R= -- t 0-(
N - 1)

2 

N + 1 
,rfi'bwf ulf>utLbrfiuifi N -.-:2,4, 'bn.'but.f!;,,rfi'bl! 1, 7, "'"l"''tnL J'fip_f1'b 

N=1,5, 

Sb'l."''lrbLnt/ "'!'I JbJ-mfltnL'b'bbrl! p,,,';,,,,J.1..fi Jbp_, 4uuiw'b,,,';,.[! 

Jfi'bbrwl'bbpfi f,,,,Jwr f.wJw"lwuiwufuw'b R JbttnLfJJnL'b'bbp[!' ,,q,,,, .. 
Lbrfiui o, 17, -;,,,-;,,,,l!"'f 0,07, "'"1"'4/i 0,04: lliJ.bLfi t,,,,rJwr I; "'!'I 
'bmJ'b 1/h<tnL{IJnL'b'bbt'l! utpuiutf.w1mbl %-m/_, np[! f.utJut"futUlutu

./uw'bnrb'b lt"'fUl"'f,"'luit/.fi t.buib.t"'l 4br"l' 17%, 7%, 4%1 

ll'b'IP"''l"'fa,,,J- LntJunLJ uu1w'bnLJ h'b,e J'nfur"''fnLJ'bfi uiwp

_pbp bp,,,'bq'bhp[!' wJb'bwpwrJ.pf! ulf>wlbrfiuifi f.wJ'wp, 'l.'l"'lPnpb'b ,,,_ 

. t/.blfi J'nL'ff! ';,"';,"'.J!"'r/i t,,,,J,,,r 11L t,,,,J,,,rt"' [ilb ul..l! "'"1"'4nL f.wJwrt 

ll'bfi'f.nUlpn"f [lutifrUl'b9fi/1 Jfi';,brwl';,/,('{! nL';,/,'j, pb4J Ul'j, U1Ulf-

. Pbr 9 m 9 fit.'bbr £. f.wJ"'"l"'ui"'ufu,,,'b1.11p"'r ,,,-;,'lf"''l"'ra.!w'b m"'r

_pbp 91119/iz.'bbr· 

Rmax nL Rmin ui"'rpbpmfltnL'b[! 4ww bpfJ.w'b'lf"''l"'rJ.Jw'b 

.l;lpbfJ.uil!' Rmax-Rm1n=.1.R1 

'l-fiinwpfJ.J,,,';, JwJw'but4 J'fi'bbrwl'bbrfi nrnzJ,,,';, t:,,,,,J',,,r 4,,,

pl1nr 'bzw'bwl1t1Lf1Jm'b nL'b/i nz. fib ~R . P"'9"'ra,,,4 J'bJ-ntfJJnL';,f!, 

'"Jl ~R f.,,,p,,,pbr,,,/t,,,'bf!t 
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f!Jbw.e 1; t.wzt/./i ,,,,,_'bbz, nr 'lfiwn'l.fi "'t.e-;, e'ii~111Lnu1 1; t.R 
f,,,,f'"pbpnLfJJ"L';,(! u4uwJ- 10°/0 t.. 1utf.bifi P"'l'al'' 

Umnpl.. phpi/_nLJ I; nrnz Jfi'bbl'"'l'bbrfi LiR J'bJnLfiltm'b'bbrfr 

"''I. J"' u ,,,4, 

//.n1.mp[ 2,90 2,62 23, 7 
l/wu/unhl'P"' 2,09 2,00 12,4 
f:.,,1• f•"' 1,65 1,64 6,0 
11 m ///four 1,66 1,49 5,9 

20 3,7 
11 ,3 I, 1 
5,8 0,2 
3,9 2 

16,9 
9,0 
3,4 

40 ,8 

'J./wrn'fp "'i./'/• 
f!.'b~wlnuff!. 

'b~wu.li[p I; 
flnLJl * I; 
m'b'bllw.I./,[p I; 
2"'"' nLJ/,'f I; 

(nLJ"l! 4L"''bn'l. Jfi'bbr"'L'bbrfi ,,,';,'ll'"''l"'l'J.Ju.'b 11L'b,,,fimflJ"L';,f! 

4,,,fuJ,,,';, 1/hr_ I; nl Jfi,,,J'b N Jb<t111[i111n'bfi.'1, "'Jl"- ,Jb,} l"'t/.1n1f 

4L"''bJ ,,,<;, qn rtt,,,4fi9 a /1,,,J K ·/i91 

P'l_nU1(1n"f nL wJnrl/> 'u"''bn'l_ Jfi'bbr"'L'bbrfi f,,,,Jwr "'!'I 
4U1p14_U1J-11L{ifJnL';,f! Ul('UJutf.UIJtni/_nLJ /; f.hmhJ"'l put'bU1a/1ni/_' 

(N-1 )2+N2K2 
R = : 

(N+lJ2+N2K~ 

ll'iifi'l_nmpn"f 4Lw'bn'l. Jfi'bbr"'L'bbr'b nL'bh'b w"'l'Pb(' ~ /,_ K 
JbJ-nL{iJJnL'b'bbl' nL f,,.,J,.,"l"'mwufu,,,'bwp"'f' mwf1pb1, R' 

Ro= ( No-lJ2+No2Ko2 t.. Re= (Ne-lJ2+Ne2Ke2: 
( N 0+l)2 + N0

2K0
2 (Ne+l )2+Ne2l(e2 

ll1u 'lb"l.enLJ 'b11LJ'ii"lbu "'""'2."''b1nJ I; LiR, t.. 4wrl1.np 'bz w

'i1,,,4nL{tlJ11L'b m'bfi t.R f,'"l'"'Pbl'"'4"''bf!, nrl! 'b4wwi/_11LJ I; u4uwd
.10 %-fi91 

Umnpl.. pbr1_11LJ" I; nrnz 4L"''bn'l. Jfi'bb{'"'l'bbrfi t.R-/i JbJ-nL 

[il JllL'j,'j,/,('" U1'l_JflLUU14 1 

U'f.'b/;l'"'l Rg % Rp % 1-"R ] -" R~"'l' · I 'J.f."'""" "'i.f'l• 
{'"'.'!· % l!.'b~wlnule. 

11.ruh'bn"lPl'P"' 57 55 2 4 w'b'h~w.,,/;[p I; 
1J."111nf.1ln'bpu1 43 30 13 30,2 llLJ/,'f /; 
U'n[pp'fh'bpm 35 15 20 80 2wm nLJ/,'f I; 
<J.pm!jlp1n 22 5 17 126 Ul('lnUl~Ul(''f n LJ/,'f. 

* i,.,,,,pm&rf.mp r,.,,,f.,,l' ..'IR-e. 'b~1nmqnLJ I; 1/f..,,J'I, f.Jhl'"P"' Jnq [, "'J'l 

r,.,,'l,'l""'"''bf'f!. o'f'bnL1/ I; "'"'l'l'hl'h[ ~muf.m/;l'P"'f!. nnunp[P9' 1/wlflp"'f!. /, "'J f 

~W{'{'n11w1n11/;{'f!.i n{'n1'9 ..'IR-e. 2"'"' nLJb'[ f;, 'bnLJ'b"/h" f,b21nnL/J JmJp mw{'

/'hl'-fnLJ h'b l'"'l'Pm p9, "l'P ..'IR-1!. w'b"b4wm/;[p I;• 



R-/r 'l'j,.,,r:,wmnLJ'f! r:.'lqifwJ 2Lfrl/unJ' lfuwrwrifnLJ' I; r:.bw£J1Ul 

4fh(<ln'J'hbrfr.'l J'bf1'j, nL J'bqfr J'fr2_n9mJ' 

1. "'ll!"'twtfrm/_, r:.wJ'bJ',,,,nblnif r:,,,,r,,,f.n<J''hbrnLJ' "£'"2'1."'l 

Jfr'hbrwlfr R-e r:,,,,1m'hfr J'fr'hbrwLfr r:.bm, 

2. brqnL 2ifrlfi'hbrfr q9ifwJ-.J'nLJ', {:,,,,J'bJ'tumb£nif nrn2ifn'f J'/1• 

"i,brwLfr R· {! (!h'Jm'hif ,,,,} J_ wtfrw'hJ'nL2'hbrfr ( l;mtul n'h'hbrfr )' ulptulb

r/rut/r (17%), {unL'btu9wJ {:,,,,'j,.[!,,,'i,JnL(<lbl'fr (29 % ), 'f"'£b'bfwrfr 

(43%), "ffrrfrmfr (53%), p'hwJfr'h "ilwmfr'hfr (R=70 % ) r:.bm, 

3. />'hnumrw'h91Lfi funL9/r nL hnLJh l'"tfrw'hJ'nL2'hbrfr J'pl_n9nif , 

4. 0'13>-1 lpnurnJbmrfrq olinLLJwrfr IL >l,nLfr'huqnL o"furfrl1w

qw'h ub"ffr O'fhnL{<JJwJ'p1 

Cum />, U. >l,nLfr'huqnL, lpnmnJ'burrfrll oquLLJ"'ff! frrb'hfr9 'hbr-

4.w J"'9hnLJ' I; l.1.nLJ'lb'hup (X 10) unif nrwf1wh oqn<LJ"'f, n rfr lp n

qw£ r:.,,,rf11nfl111LhnL1l mb'l"''lrt/_wJ I; "il"'"'P"'fr ub"iwa.IL tfrn2bJwJq 

.zbrumif "'"l"'ltb (<lfr{Jb'lfrq mwue J'frLfrJ'bmrw'hn9 11w'h'l'l"'qn1[ 

0 ,1 uu pwJw'h.[!/r ,,,rJb.[!ni/ ('hq. 5w )1 

lf[rqrnJ'bmr"'Jfr'h "iu1m mwqfr J'frr_n9nif "'!'I [<l/rflb'lfrlif! ( o"i

mfr qwqwh ub"ff!) Ul'l_UJUJ 2wrJif nu/ I; r:.nr/r'l_nhwqw'i, nL'['[nL{<J ,,.,J pt 

.U,,,'i''l'l"'¥/r JnLfW.[!WhJ_JnLr pwJw'h-Dl!. r:.wJ'w"i"'u1wu/uwh1nJ' I; ub

"ffr nrn2,,,¥/r fumnL(<l1u1'he, nrfr L"LJU/r fln'fnLhtuqnL(<l,w'h 't"rJwqfrsl!. 

ifrnfuifnLJ' I; hf'IU wJpn'l2_ brqtufnL(<l1wJ'p 1-frs Jfrht_IL 0,2 uw/:,

J'whhbrnLJ' IL 'h2if,,,J I; ,,,Jb'i, Jfr ""'f.[!P w'ha'bw'tr'"-J': 

R-/r J_UJtfrnLJ'f!. qUJmUJ11ifnLJ' I; 2LfrlpnLJ' 'tm'hifn'l J_UJ1frtfn'I. £. 

t_ 1utfr,,,'hJ'nL2w1fr'h ;:,,,,r,,,-6.if,,,J J'fr'hbr"'L'bbrfr £nLutuif nrnL/il1w'h r:,,,,_ 

t/_wu,,,rJw'b uqqpnLh.[!nif ('hq. 5p)1 

brqnL J'fr'hbrwl'hbrfr ( nrfrs J'bqe t.w1m'hfr I; IL J_wtfrtu'h1im2/r 

1.-br I; qwmwrnLJ) t.wru1f.nufl!. oqnLuwrfr mhun'ln<flJ"''j, 'l"'2mnul 

,j,,,JqifnLJ· I; O"f111frqwqwh ub"ffr "fUJU1ffbrnif WJh"fbu ("'¥· 5'f), nr 

.ub"if! ifbr"''lriffr wifbifr pwrar R nL'hb9n'l ( J'fr'hbrwL R1) J'fr'hb

f"'LP 1.r"' IL "'r"' if brfr'h bqre r:.,,,Je'hq'h/r J'fr'hbrw/itbrfr qn'hm,,,q

mfr t.bm, 9wJr , R ('hq,,,rnLJ' R2} m'hb9n'[ J'fr'hbrwlf! J''hnul I; ub

"f"if zuwifbr,,,J (tJ,,,.t~if,,,.t): ll"i"' o¥nLLI"'r/r Jbr_ .rmsifnul 1; 

'lP"'fPru1'lJ "'!"if if wr"''l"LJrfr¥, "f'l!. u,,,t.Jw'hwtfrUJqnLJ' I; 'lfrmif n'l 

mbu"''l"'2mf! IL h"fwumnLJ' I; ql:t'hmrn'hwsif,,,J 'lfrmnLJ'fr'h: Ub"ffr 

brqw1'hwqfr 2wr<fnLJnif, wumfr-6.w'hwpUJr J'(<l'hb9'hbinif R1 J'fr'hbrUJ

Lfr L nLuUJifnrnL{<JJnLhf!., a'tmnLJ' b'i,.[! r:,,,,ifwuwrb9'hbl ,,,,.,, R2 Jfr'hb

f'"'LP t.bm: 11111 'lPr.f!nLJ' 'IP"'lfirw'tJ',,,'j, 'JnLru I; l!"'2ifnLJ' IL ""'"''l
J[ "'¥/r ifrw ifbr9'hinJ' b'h.e "'"'2"'l'J ft'h'lb./Jufr 9nLSPtl!.• 'hr,,,'j, r:,,,,_ 
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UJ p 

t~. 5. w, l'' '1: • R-/> i"'i/r.fut'b u[ulofw /j>nmnrfbmf'f,/L of[nLLJ"'f'f' 

1!f.Y_n9•"/ ([!""' />. U. 'l.ntf.'bu~nL}-

w) /j>nmmfbmf'p~ o~ nLLJUlf'f mbuut'fmzurnL,f' 1- oul'n fo ~ur~ur'b ubl'l , 

2-ulr"[p utuurf.'w'bwrfnf''f"''b uw'b'f'l"'~' 3-p~1'fbcup 'lf>J , "f'I~ ub"l.l! ~"'"I.nu! 

/; UUl..,,'f'["'~f r,J,.,, I 

l') 1fut'b('"''fpurut~p urbuw'f"'l"'l! unrfnf'"'~"''b o~nLLJ"'f'n-f wrfbtf! 9wJf' 

w'b'ff'"''f"'f'J.nLJ nL'bb9n'[ Jp'bbf'"'lf ( R2 ) 'bb('put~nLJ'b/,f' r,w,fb1fwurut{'Ulf' w

rfblf> l'"'f'J.f' w'b'fl'"''f"'l'J.nLJ nL'bb9n'l Jf1~1ltrwtf' (R1) 'f"'zurnLJ, 

'1:) ·w b. l' 'f"'zurbf'p r.w,fwmb'[nLJ{! w'b'ff'"''f"'f'J.,fw'b r. wrfwuw('Jw'b 

'lfl'/!"LJ ('/,'l/!"'Jf'b 'ff"'/f>('"''l:JwJp uwr.Jw'b'bbf'nLJ), bf'{' R2= TR1 • Ri ~wJ 
R2 "f'"lrfnLJ I; "'J'f r. wrfwuut('nLJp9 i"''P"''b,fnLlf (R1 ~.,,J R2 ) r.w1ur'bp Jb

JnLfJJnL'bnrf b. '1:,}f.i~p r.wJutf'nrf ( ub"f.p w'bJ.'bw'l:f'nrf) ub"f.p [nLuut£1utput'b9-

Jw'b T-p uwr.Jw'brfw~ ,fbJnLflJnL'i.nrf1 
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J'iu"fLUurutu/utu'im'l ub"lfr /iln'lnLhut4nL{iJJ..,'j, J'bJ11L/ilJnL'i,{' (T) qu1h11LJ'. 

b h.[! tuha'j, WCf[lllLIJ I 

{nLuwi{npm /JJwh t.uti{ wuwpb9J wh 'JPI'J!Ph t.wJ LU"flUU1UIU /11 w

'i111LJ I; t.bur/,_Jwl t.wi{wuutpnLJ(!' 

TR1=R., 4ut1f T= R2
, npurb'I. R1>R2' 

. R1 

!luttfrw'i.tJ11L2.P t.wJm'i.tp R-n1[ k T-/t ( ub"ffr /Jn'lnL'i.tw/1111/J JnL-

'iJe} npn2_i/_LUJ J'bJm{iJ1nL'bni{ llLU::..J'uthi/_nLJ I; nLUnLlf'j,UIU/tri/_111r 

.. J'ft'hbrutlft R ·e· t_1mfr11LJ''j,/,rft utpIIJnLh.j!hbpft t.utputpbrw4ut'j, ufuutlf! 

.5-10%-ftg z.ft 'lbr•w'lut'b9 ,,LJ: 

f:'i,'I npnuf f,'i,utptui{np I; bp411L 'lb"l.[!' 

,,,) IJ.'4::..w1m Jft'iJbr•LULft R-e' R1> t_utptu'l.JnLz/t R2-/r,r1• 

p) U.'i.tr:.1u1m 1fJr'hbr,,,Lfr R-e' R2< t_utt/1w'i.tJnLz/t R1-fr9. 

/:,LUJLU"fLUU1u.1U{11iu'i.11uputp R1 = ~ / 4UIJ R2=TR1: 

5. R-e wJ'b'hft.'l wqbtf1 11u111LJCf npnz.1_nL1f I; J'fi4rnf/>nurnJburpfr 

(.'b(]'1,-1 /,_ 1uub) 1Jft2n,9nif1 N('{! llL'bft i_tutprt'[ t.1upJ'utputb.[!. 1/br-

2/t'i.tfru uw'i.t'l'lutltft 9111,qtu'bfrz.'hbpf! tIL'lf''l t.. wtfbJuturut4ut'h /,'j, Jfr'i,b·

{'utlft9 w'b'ff'IU'f"'I'awtt lm·!"P fr'burb'bufti/_mfJ1w'he: flr"lhu t_utfut
'i,Jmz'i.tbp O'fUllU'fn['JrtLtf b'b uf/>utibrfture (R=17"'.\ J) nL 'fUllb'bfrwe 

(R=4:J%): 

dee f_utt/r1u'bJ'11L2/t 911L9111'i.tfrz.'4 I;. nre m.'i.tft R1· d2-e npn2ifn'l 

R 
d1 R 1 11'ft'i.tbputL/t 9nL9ut'h/tz'i1 I;, nrfr R-e x I; . .ew'i.tft n11 --=-· LUJU-
d~ Rx 

17 
Rx . d., ( nrn2ifn'l Jft'hbrutL/t t.utJutr)' 

d1 (SI-fr t:.tuJutr) -

llbr 4n'lJfr.'l (!h'fnL'b1_wJ t:.fr'i,'l t_utfw'bJnL2'hbpfr' 11lf>tulbrftwfr, 

fu11L1'mguttt ::..u/'b.f!uthJ"Lfilbrft, 'lwib'iJfturft, "li'rftwft, 1,'iJutaft'h "ILLU

urfr'hfr o'lbnLfiJJut1fp1 npn'h9 R-e t:,,,,Jut"lwurutuftw1'i.tutputp 17, 29, 

43, 53, 70 % I;, IUILLUba'i1w9i{utJ b'i.t Jfr'hhptuL'bbrfr i[hg t.fu!'utu4LU'i.. 

fuJpb{', mb'lw'JpifwJ J-VI w'lJnLuut4'hbpnLJ1 

lumJp I ( ut'ltnLUw4 1)1 R~Pt-/r9 I.. ?::;RPy ( p'hLUJft'i, Jft'hb-

I'LUL'ubr /,_ n pn 2. !Jbl"Lpp'J'i,b[' ). 
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lunLJp II (w7.l1)1 R<Pt"' ~ RPy {utrub'iJft'l'iJbp IL npn2 

UJWr'l. UllLL lf>fr'liibr). 

lundp III ("''l · III): R<Py 11L ~ RGa ( unLlf/>nw:zbr nL npn2 

Uf'UI''f. UnLL lf>fi'liibr). 

lundp JV ("''l· JV): R:;Ga nL ?RTd-Tn (u11Llf/>nut'lhr !.. 

npn2_ OJ!UP'Jbbp ). 

fu,,LJ'p V (ut'l · V)1 R$Td-Tn nL ~gs1 (oJ!ufr'l'iJbp J.. npn2 

"fUII''f. uml lf>ft'J'iJbp )1 
lunufp VJ (ut'l• VJ): R _.'.S SI ( IJutl'linhutUthbp, 11nLLf/>uturhbp1 

ji'iJt"lbu hutiL Cs, Crt, Sch): 
R-/r ft'iJurb'i.iufti[mp1m.'iJe Jb'iJ.e eii4utlm_J J.'iJ.e nr"lbu t}iwn 

(Jft'i,brutlhbpft LnLUwi/_npJwh ft'iJurb'bufti/_nL/JJnLh), nrf! hi/_utqmJ I; 

J fuJ PP9 'lb"ffr VI funLJ P/!1 

llft'bbrutlhbpft uttfblft J'utbputJutub Utnnputput<futhnLJ{! f!UU1 

R-/r JbJnL/JJLUh ftd'utuur t_nLhft, .[!ut'bft nr LUJ'J JbJnL[ilJnL'iJ'bbre 

hllLJh Jft'i,,brwlft f,,,,Jutp UllUU1LU'j,i/_nLJ b'i, npnz. uw::..Jut'i.r'iJbpnt_J, 

Jiu4 'bputh9 l_utt/ufw'i, JbfJn'l'bbpf! t1tumutpbLLU'fnpJi{wJ t_b'iJ: 

•fluth/t nr Jft'iJbrLULP 'fnLJhf! 4utrn'l I; LU'l.'lbl /,_ /uutbqutpbl 

R-/r f:./rzur 'l'bwt.u11nJut'i.tf!, ftu4 JJnLu l1n'lJfr9 liutp!..nr I; LUJ'J Jb

J11L/JJnLhhbp{! f,LUJUl'Jr'bl nrn2ut4/t br4utrnL/JJwh lnLJll/t Ull/t.[!/i 

('i.tnLJb qnLJh/t) "l..,JJ ut'i.t'i.tbpnLJ, LU"fLU R-/t pnlnf' t_ut1/tnLJ'i.tbrl! /,_ 

"1-fturnLJ'i.tbpf! 4wurutpi/_nLJ b'i, 'i.twphl_w'fnLJ'i.t ( 4wJ 'l'-''tP'j,} l"' UIU

lpftturr/t J'ftl_n9n1/_1 

llft'hbru.il'ubpft 'lnLJ'uf!. tuh'fpLU'flUraLUJ lnL1unLJ t1w"lifutJ I; 

..,,'j,'II'"''f"'l'aJw'b nLbw4nLf/Jwb 'IPu"lbruftLUJ/t t.bur, w1uft'h.e'h' R-/r 
JbanLfiJJtub tfrntfrnfuJ'w'i, t.bm, 4w"lifwJ e'h4'i.in'l lnLJufi "'lP.f!hbl'fr 

br4wrnL/iJJnLbp9t •ftrfrurfr h 'l"'lh'i,frurft LUb'ff'Ul'fLUraJ,,,'j, nLb1114nL

fl 1 wb '1P""lbrufr 1111fr 4/rs 4nrfrs ('h4. 6) LU4'bt.wJU1 4hr"lnif hpiLnd 

J;, np "lfrrftmfr R-e frr J'111.euftJnLJfr'i, I; t.LUu'bnLJ° u"lb4urrfr 'lh'lfr'b

'bLUphl_"''fnLJ'j, J111um.J', t.bwiL111p111p Jft'hbr,,,ll! u"lfrurw4 lnL1unLJ 

4_bn_fr'i.tfru W'i.t'frLU'JLUrawq 1fwunLJ nLJh'l111bnLJ /;'j, 'Jb'fftb nL bwpeb· 

2.LU'fnLJb bpwb'lbbp[!_ h "f Prfrure abn.e I; pbpnLJ 'fb'lfr'u 'fnLJb 

(hpm'h'f}t 
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<J.LU1b'i1frm/r t.wJ'utp R-r J'w.cufrJ',,,JI!. f!'i.~'btJLJ 1; ""l.b!t"'rr · 

~w"fnLJm•1'whnLzw~w'f"'l'j, ( wt.J!""- t"1~wuii/_n'l} .!LUu{r ifrw t.. 'i.qw
'lnL,/ I; '1-h'lfr'i.-'bwp'i.p__w'f"LJh -6.wnw'fLUJfl'i.bp{r f.wJ'wp. u•J'l qw"l.w~
!J"Lfil JLUJ' p 'fLU[b'iJfruif! w'iJ'Jf'Ullf LUf'c\ wJ £NLJIJ nLd u"f.frLnLU~ /; ( /iJ11LJr. 
qw"fmw-J' whnLzwqw'lnLJ'b bpwh'tni/.)1 

R°/~ 
5ol'~~~~~i----::::::::=:i====::=i-~---, 

3oc:_~~....1_~~----L~~~'--~~---'-~~--' 

~00 
~1m12. 

450 

""'"' 
sso 
'J.'"l 

600 
uwp 

'i+ a. R-/r rfruu1k 1rufrwJ/r ftnpkpf!. "lfrl'frmfr (Py) 1. 'l:"'lbj,fruifr 

(Qa) ~w,f•up {f!.uu1 U. lJ.. </.wfupn1!Hf1)• 

111'b 'lb"i.J!"LJ', bpp R-e wi.11LJ I; wlfr.J!fr brl1wr11L-· 

[rlJLU'b J"bJ..,9JLU'j,f! 'l"L'ff!'bpw9 (orfr'i.LUq, "lfrrfruil!)• 11fru"lbruf>w'i. 

ltnl_qnLJ /; w'i.nJ'wl• bpp R-1! 'bqwqrn,/ /; wlfr.J!fr bpqwpnLfi/Jwh 

JbJw9J' w'b[! '1."L'ff!hfi/w9 ( opfi'bwft' 'twlb'bfiml!) 'lf""fbpufrw'b 'i.11p-

1f LU[ /;: 

/>. U. •l.nlfr'i.uqfr'i. /!um 't"LJ'bfr LUh'l._LUm11LJ I; J'fr'iibrwl'bbpfr 

f.hmb.JLUl l"f'" fuJ'pbp[!' 

1. LUh'fnL J'j, ( wnw'b9 'i.~wmblfr 'f"L'bLUi/_np b[1LU'i.'ffr )' 'twLb-

'bfrm, u/j>w[hpfrui, funL'bLU9wu t.w'b.J!"''bJm/rlbp "- pnf"l' J'J11Lu ""l.r-

111w~, 1lnfupwqm'b-u"ffrmwq llL Jn{upw'f"LJ'b J[t'i.bpw['bbpf!i 

2. 'lb'lfr'i,' p'bLUJfi'b nu~/i, fuwl~""ffrpfrm, "1.Pl'""'P'j,, um1u'i.fr'b1 

3, qwr'JLU'fnLJ'j,' 'i.fi/1/,Lfih , pnn'iJ{rU11 /;'i.wp'ffrU1 /,. LUl£h1 

4. ~w"f"LJLn /,_ hpfitw'tmt'b' qm/_bLfr'i., "l.l'muuifrUt-"f.Pl'wl''fPl'P"'' 
/,_ wu'b1 

11' pwJwJ w'b.u~ LU J'I t.b11 {r'i.utq[! /,_ dp zwp.e LUJl 'ffrui'bwqut'b

'iJbr l!'j,'l'lJmJ' b'b, "l' 'f"LJ'hft l!.h~LU[llLd[! UnLPJb~mfri/_ I; llL ~w/u·· 

i[wJ t 2.f'2_LU"f.WU1n'l Jfip__wqwJl'P wq11b9mfl1n.'iJfr91 IJ.Ju"lbu, 'fLULN

h/1Lnf!1 "{'/!. t;.LUJ'wpqnLJ /; u"ffimwq 't'ILJ'h/r l_ wifrw'bJ'11Lz, utlfilLUJfrmfr' 

l1"'l.J!f1'b m'bfr 'i.~wmblfr qwp'fLU'fllLJ'b- J'w'bnLzwq"''fnLJ'j, bpwh'f, fruq 

'lb'lfr'b fuwlltn"l.frrfrml! p'bwJ{r'b nu~nL ~"'l.f!fr'i. fuwJ.pnLJ /,_ fli/_nd /;. 

l1w'bml_LUqnL'b1 U.'b'tm(it ( U"fpmw~) pfruJnLu•fr'bl! 'fLU[b'bftmfr qn'l.J!fr'b• 
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..frlqnul I; qpb.tLU.,nLJ'b, ,,_b,,'bLUqnL'b "lb'hmtLU'b'ffrU1f! fJLUJ ""'f''fLU

'fnLJ'b qnpLUfmfr'bl! .!n'bn.!fr'hhrLUL LU'ff'b'fwui'bbrnL.!' ,,,'j,'t,,LJ'h: 

'l·nLJ'hft ,-;,,,,t,,,,U111L.!f! t.bzuiw9'bblnL 'j,"f.LUU1LUq11q LUN.LUl_LU{'qqLUJ 

.. /,'j, 'fnLJ'i.bpp l_LUifrLU'iJdnLz'iJbp1 nrn'iJ9 f.bm qLU['bffr /; f.wJ'b,/LUUI/,[ 

ntmzqn'l J'fr'bbpwLfr 'f"LJ'j,/! 1 

CJ.nLJ'bfr f.w'iipw-6.w'iiwt l_LUifrw'b.!1nz'iibpf! t.buib.Jwt'bbr'b b'i,' 

.!nfupw'fnLJ'b' uf/>wlhrfrui. 

.!nfupw-u"lfruiwf funL'bw9w<t f.w'b.pw'bJmpbp. 

U"ffU1LUq \ 'fLU[bhfrm, 

qrb.!u1'fnLJ'h-u"lfrmwf "l.frrfr m. 

qpb.!w'fnLJh' "l.frrnuifr'b. 

~rb.! LUPLJ'b-qLU r'fLU'fnLJ'h' 'i.fr~b Lfr'i,. 

'1-b'lfr'i,' /uLUiqn "l.frrfrm i 

P.,,9fr '1-l'"''i.fr9 qw'i. .!fr'hbr"'L'j,br, npn'i..c nL'bb'i, l_wrput'b.!n•z

·-;,brfr.'1 u1wppbpifn11 'fnLJ'hbr' 'J-Wf'l_'bw'tnLJ'b-i/_LUf''fw'l:mJ'h' pnn'i.frm, 

q"'"fnLJui' ~m/_blfr'b, "l.'l"'"l' 2.l'fr qLU.! pwpJ' t.'i.c\LUJ funui fr 'fnLJ'hfr' 

umw'bfr'b b. wu'b: Ufr'bbrwlfr npnzJ'w'i. t.wJ'/Ur ~LUf'"-"t' I; 'fnLJ'bfr /,_ 

.hf'LUh'ffr -6.z'fpfrm uLUl\J'w~tnL.!(!I 

U.'bfr'lnmpn"f J[t'bbpw['bbpp t;.wJ'wp w'b11pw'fwpc\wJ L"LJu111.1f1 

.JLU'bpLU'Jfrmwq/t ub'lw'bf! "l.u11nblfru fuwt_wc\/,_ 'bfr~'ril'i.bp11LJ 11frmq11LJ' 

b'i, l_npu (bppbJ''b npnzLUqfr JfrLUJ'b hp/JnL} L"LUu11/_npnL[ilJLUh J'fr'bfrJ'nulfr 

nL J'LU.eufrJ'nL.!fr 11frr.J!lip1 11.l'l tnru Jwp11ul'i1bpf! ( Jfi'iJfrJ'11LJ"bbpf!) l\1u

J'LU"f_LUUJwufuw'b11LJ' b'j, 1Ifr'bbpLU[P uiqJwl qmpqwrtJ!p 'bnpJ'iut '1Pf'J!fr~1. 

J'JnLu f_npu 11/rr.J!bpnLJ, npn'b.[! mtuppbpq11LJ b'j, umwifr'b'bbl'fr9 450.,,q_, 

mb'lfr nLh/r L"LUwi/_npnLfi/Jw'b {r'bmb'bufri/_m.[ilJwh 1fwJ!ufrJ'11LJ'[!' zt/t:/>/r 

LU'b~JnL'bw'fJLUJfr'it 11/tr.J!brnuf ('bt1. 7)1 U.1u"'b'l 'bzi/_m~ b'b 'bit• 4-fr 

·t.mJ'LUp "'l''lb'j, pbrqwJ [!'bl1Ln'l [n<Jufr (OP) nL ,,,'j,'ll'"''l-"'l'c\wu 

.[nLJUf {OP') mwuiw'i1J'w'b LUJ'"flfrmm11w'i.bp[! h. 'bpLU'b9 t,.,,J'W"f.Lll· 

mwu/uwhn'l OB nL OC (OP-fr l\wJLUp} h. OB1 nL OC1 (OP'-fr 
·l\1uJ'LUp) pw'lLU'll'Pf.'bb111!: t~LUfnLJ' w'bwlfrqwurnp11LJ l'ILJufr mwmLU

'iJnLJ''hbrfr nL'l'l'"f"JnL'bf! (AA) t.. hpLU'bni/_ LU'b9LUJ LU'b'JpLU'JLUf'aLUrt 

•i..LUn.LU'ILUJ[il/r mwmLU'bJ'w'b LUJ"l.Lfr111nL'JWh (OM} 'bnph b'b1 

OM 1_b~urnl'/! frpb'iJfi.'1 'i,/;pfJLUJw9'bn<J' I; (JP' qb~mnpfr "f_(tn-

1Jb~9frw'b h. wpuiwt;.LUJ"'"'" I; LU'b'Jl'"''JLU{'c\J'LU'j, fr'bwb'bufri/_nL{IJ11Lhf! 

juLUl_wc\t.. 'bpqnt"1hpnL.! 1(R+ )• 
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/•'t,'lfiltwuirfi"'"JP 'iinrJ"'l 'IPr.f!brnLJ p£.bnw9 J,,,'iJ f..wrfilnL

fil1w'ii "lmnLJur mb'lfi l_nL'bfi, I.. OP' 1_bl1mnrfi nL'l'[nL{tlJnL'ii(! f,,,,,J_ 

f!.'bq'iinLJ I; OP-/i m'l'lnL[ilJw'ii t:.bm. "'!'1 'IPr.f!brnLJ OP'-fi P"''l"'
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'II'PU!. f!b'fnL'iimJ I;- AA 11L'[

'l'nfil1m'iil! • w1ufr'ii.e'ii' OM-l!_ 
t:.w1_wuwr1_11LJ I;- 'lrn1fr1 n

rf! f..u1J Ul"JLUUIUIUfuw'iJnLJ I; 

JwrJw'bl!• pnlnr JJnLu 

'ffrr.ebrnLJ mb'lfr nL'iJp [nL

uw1_nrJw'iJ u1wppb11 p'iimb'ii

ufr1_nL[il /nL'iit 

ll'iifiqnurpn"JnL[ilJw'ii 1;-

:f.bqm[! {Lnww1_npJw'b p'ii

uib'bufriJ 11L[tl1m 'bf!.) t:.wzif 11ui' 

b'b t:.bmb.J"'l pw'bwJ.kn1_' 

<R+ )max-(R+ )ml n= 
=\ [(N1-N2)2 + (K1-K2 )2]. 

nrmluzfrs uwt:.Jw'bq11LJ I; 

w'iJfqnm rn"JrrL[il JW'iJ /_; lj>bqur/_Y 

lt"'/unulf!. brqpbqJw'i. nL 

br't'tl"''bJ'w'b JUn1fl1nL'ii

'bbpfr.'I: 

[llLUUJ1_n r'' wb UJU m/if.w'iJ(! 

'b1_wqnLJ I;, "'1'1 /iuq "l"'"'-
t~. 7. 11.'bf"l""'l'""l"LfJJ•u'b l;lpbft.,./• wnw- b.wnn1_ /unrt:.nLp'f I;- mp1_mu 
fw9•fw'b ufu lnfw w'b'll',,,'l"'l'J.w~ l"LJunL1I Juwz.wat.. 'bfiqnl'iibrnLJ "'I '1 

+'hH"L'blr l'"uf (£!.""' l'. U. '1."tfr'bu~"L)1 bpb..nLJ[il'i,bpf!. 'lfrmbl, O'fLnw-

'fnpJbln1 nufb'l lnLUU1i/_n

pnLJ, Jfrp_fr'ii /unznpw9J'w'ii op/bljm/i1_'iibp /,_ frJ'hpu/iw1 fil'nLJL w'bfr -

'l""'P""l Jfr'iibr "'l'iibpfr t,,,,,J wr 'lfrmmJ'iibpf! wiJ.bifr l w1_ I; l1wm w

l'bl nt_ Lrfr1 fuwz1uat.. 'iifr'tnl'iibrnLJ1 

~w-6.wfu, 'bwJw'bw1_w'b'I nulb'l w'b/iqnmpn"J Jfr'iibrwl'iibrfr 

Jnrn, /u"'JwM• 'iifr'tnl'i,bpnLJ '1frrn1_nLJ b'ii 'inL'bw1_np l;f/>bqm'iibp , 

npn'ii,e uU1qw1'ii fr'iiuibrlf>bpb'ii9frw1/i t:.bm qw"l1_wJ t.b'ii I.. pwyw

m[!p1_nul b<j, L"LJu/i '1P""Jbpu/iLUJn1_1 ~"'Jm'ii/i I;- , np Ng nL Np 
pbqJw'b 9nL9pt_'iibp[! £. 'iipw'i,9 f,,.,,J..,"lwmwuJuw'bn'l Rg nL Rp 
JbJnLfilJ11L'iJ'iJb('{! UIUlrpbr 'fnLJ'iJp qUIJ f"LJUp "'lP.J!'iJbrfr mwppb(-
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brl1wrmfl1w'ii 'lb"J.ent J mb'lw'1r111LJ b'b UIUJrpb11 w'bluw'b lllLU[l 

{ 'iiq. 8 ), np/i t:.bm£.111'ii,eni/. ub'lw'bfr "lmmJ'w'b nL JwpJw'b JwJ'w

'kw~ mb'lfr nL'ii/i Rg lt'""J"LJLn ~,,,J' Rg l1wrJfrr f.wn"''l"'Jfl'iibl'fr 

f,,,,,J'f!.'blj'ii11LJ'f!. PP nL AA UIUIUIUl-

~mLJ''iibrfi t:.bm. "'/'1"/Puni/_, wJ'b'b 

w'b'lwJ Rg qw"JnLJLn ""'rJ'w'b 

'lb"l.f!nuf' nLJ-b'lw'iinLJ b'b qw11J'frr 

bpw'ii'l'iibpf!• fru~ Rg qwrJrfr J'wr

J'w'b 'lb"l.enuf, f!'i,'lf,,"'lt'"""'~'b, 

nL<fb'l"''i,nL J' I; qw"JnLJur 'l'n'bw-

1_n pnLJ'f!• 'fpw'bn1_ I; pw9wmpi/_nLJ' 

i).'lq1wJ ztfr:f.'iibpnuf 'fnLbwiJ.nr 

brw'ii'l'bbpfi "'I';, P"''lJLUqw'bnL

filtw'ii P"'9'"lt"'JnL[i/JnLbf!, npf! 

p'hnrnz I; [rlwifrw'b9frq 21/ilf>'bbpfi 

t:.UIJLU[I ( npwb'l mb'lfr 11Lb/i fr'b

U1brf/>b,,b'b9pw )1 

A 

/l'b'fpLU'fwpJ.wJ lnLJumJ' /,_ 

fuwtwal.. 'iifrqnl'bbpnLJ w'bztfilf>'bb-

r/i 'fnL'i11u1_nr l;:f.bqu1'iJbr'iJ m'i,b'i, p 
brqnL t:.ptf'bwl1w'ii brw'ii'l'bbp' t~ . 8. '/>nL'bw1_nl' l;lf>l+nf> umwfwg-
4."'r.!rw-'bwpbp_w'fnLJ'ii nL l[LU"f.UJLU- ,/,,,~, uf.1/,,fw fuwi_w.:I.!. 'b f> ~nt'bbl'"u/1 

/i pq'iJ Ul'fnLJb: 

Cuur w'bpqnmpn"JnL{JJw'b wumfr-6."''b/i LUILU1bJ.bU19i/_nLJ' b'i, 

.J'fr'iibrwt'hbrfr iJ.b9 fuJpbr' 

1. liwm nLJ-b'l U1bpqnmpnu/ 'trwf/>frm , J'nlfrP'lb'bfrm , um/rp

~Jrm, liniJ.btJr'ii , J'wrqwqfrm. 

2. flL<fbtl w'iipqnu1pn"J' w11ub'bn11J/irfr111 , l;'i'"'P'lP"'• "JfrpnmJr'b, 

1t_nLpw'iJfrm, f_bJun'bJrm, untfr'ii'ffrur , 

3. tqwmbLJr w'bfrqnmpn"J' pnLlw'bJ-bpJrm, frLJb'bJrm, qU1-

J1JrmbpJrm 
4. fit'nLJL m'b/rqnuirn"l' Juwlqnqfr'ii, '"P'tb'bmfrui. 

5. twur [rlnLJl "''bfrqnmrn"l' ljfr'bn1_wr, fuwtltn"lfrrfrm. 

6. Pqnmpn"J' 'l"'l b'bJrm, u lf>wlbrfrm, funLbw9wJ t:.w'b,e"''ii JnL

pkp 1 .r"'''bbmJrw, "i/rrJrm , "'b'iimt"''ii'l/rm r.. wu'ii : 

~writ I; 'iizbl , nr Jpf..bnLJ'iJ J'p'bbf'wlfr 1_wp.(!£! Juutt. waf.. bp-

1'1_nt'iibpnuf', q"'"l1wJ 'bpw mwppbp J'n'1frlf>/iq"'9frw'bbpp I.. "'"-"'l"'9-

.f'w'b "l"'!J'w'b'iibpJr t:.bur , qwpn'l. I; pnfu1_bu 

IJ.1u"lbu, orJr'hwl1, fuwlqnqJr'ii/r f..wJwr t:.w1m'ii/r b'i, frqnmpn"J r.. 
27 



w'bfrqntnpn"f tniuppbrLUff'j,br, fuiu1fJn"ffirfiurfi f.utJ'wr' t:_IUUI [ilnLJl w'b

fr'fntnpn"f k 'blfwmbtfi w'bfiqn111rn"f mutpphpwlf'bLp b. "'Jl'j,' f!wgfi· 

'1r"''bp91 "lb"'.[! I; 'i1/1wmfr nL'iib'butl ' nr Jfr Z"'I'.f! fiqntnpn"f ( /un

pw'bLUr'fw 1fi'b 11/i'bqn'hfrutJ/i) J'fi'bbput['bb('p J'nm , nrn'b.p nL'i,/,'j,. 

zutm P"'rar fJutif P'"rJ.r R ( pwqJ w[ilfiif p'bw<>fr'b J'fi'bhrLUL'bbr)' 

f.w-6.111fu 'fPUJi/nLJ Ml 111'bfi'lnUJpn"fnLfilJLUb uthnJ"'l l;tpb'fUJ'hbr, £. lf'"" JLUfm,/ utnw'itwl f.b111rutt/nf' f_/;: 

Z,w'b.[!LUJp'h J1u'brw'fptn111"t1LJ 'f_nL'fLUtfbtn w'b'frLU'/Wf'J.u1r) /llLJU' 

f.'b111rutt/nr• I; umw'itwl, O'fUILU'fnr1Jblni/ ttLclb'l funznr'".9"'""" ( 40 X' 

ft -ifbl/i'b) p•urJ.r '""ibrm11Lrw1fi'i..* of11ht1mfi4.'bbr1 Op1hlfmfiif/i Jfi

y_ni/ tu'ii,9bn'l -6.uttLLU'fWJfil'bh,,fi nLcfb'l pblfJutb zbnpr.pq l"LJUf! IJ11'bnu• 

Lt""i'"9t/"'-J' /;: "'r'" z'bnr""" /uwtwJ.L. 'l,fi/1nt'bbrmJ phrm11w'bfi· 

1/i'ii'lw!ni/_ l1iuJ' wniuh,r/ olf"LLJwrfr• fr'bt"fbu iu'by'lln'l L"L/umJ', 'fPUt
i/nLJ' h'it pkbnut9J'w'b "fLUUJ!/bp'bbp: 

IJ.n "(1Utn4br'lfbrfi nLUnLJ"i,iuuf pnuf(! ,( Whflut'lptnut'fp uh'l_utbp· 

UIW!Npbp 'IPl'-1.!brfr Lt uw'b'l'l'"'' nL'bb.'J"'l UlllLllfr-6...,'j,wJ LUbLU[p'f_ut

mnr/i 'lwrJ.fi 'lb"f.[!"L" [ilnLJl I; UIWLP" nrnzbtnL J'fi'bbrw1'bbrfr 

"(U1Lll,(1U'j, f.utmfJ11Lfi!JnL'bbbf'l!• nrn'b.[! (!UU1 B. '1bJbpnbp "f"'JJ'LUhLU

if.nrtfiu,} b'it w'll'lr"''l"'f'J.LUJ l"L/"P pL.hnmyJ',,,'i, t:.iurfil•1LfilJ'"'b "ff!U1·-
111nLJnif 1 

f1/,J'bpnbl!. '1L b/IW utz/uut1t1W4/ry'lfbrl!. Ulllut't_Wp'fbl b'j, WJ'l "(WU1-

4hr'bhrl!. 0 7"'"''fnpJbl f.w'!f.[!wff>'b J'p'lfbp'"l'bbrfr lI'"'9nL9,.i_ npnzfrt 
'i1zw'i..'ltb-r k IJn'humU1'bm'llbr 11mw'bwlnL t:,,,,Jwr (Cameron , 1961): 

~nL'twJbm '"'j,'lf'"''f"'f'J.wJ l"L[unLJ pqn111pn"f /.. w'bf.qn111l'""i t!fr

'ubput['llbpfi Jnm 'IP"'i/."'1. bpltnLtfil'bbrl!. mwppbp b'i11 

f>qnmf'n"f Jfr'bhrwl'itb-rfi Jnm' "') lr/rt/ + 'bfifJnL'itbrnd ,,,._ 

11uttw'bnLJ' I; ,,/,. fuwt, "rl! 1fw'brw'1Ji111w'ffi ub'l.'"'j,P "(tnmJw'i.. Jw

J'1u'b'"IJ J'llnLlf I; w'biftn1ftnfu. p) 1UbwL/rqut1nnrfr 'fwpJ.fi 'lb"f.emJ' 

fuww tnrnf.tfnLJ' /; hr~nL f.{i"(bppnlutbhpfr, nrn'b.p f.bnw'bm J' /,'j, 

JfiJ' I w'lly {i9 uibuw'l'"zm/i uth'f J"Lb wqJ'" Jfi'i.. ttL'l_'["Lfil J"L 'b'itbrm[. 

.. OpJbftwfr•U wul/,{'.,,nL{'w'it nrnz1nLJ I; ~/,mf..J"l pw'itwJ.l..n1' A=· 
= N sin U, nrmk'l u wnwrftwJfr ftkmfr9 'lnL('U kftwt> /, O"[mfrftwftw'it "'""'~'9l!fr 
•/rw 'f"''tt1n'l UL O{',lbftur/u[fr JI.£ e.'ttft'itn11 ftn'itwJ[•'u l"Luw1Jr'tt£fr w'bftJw'it ftlru'ir 

/;1 lJ."lltl'"'" L{'"'Jfr9 I; ftwfu1wJ. "l"'"'ftbrfr L"LJ.nL'itw1tnLfJJnL'ttf!. J,. "[W{''f"Lf/J•IL'itf!., 
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11) nrnz Jfr'i..br..,Ltbrfr Jnu1 ""fPUILU" LnLJUnLJ t:.fi"fbrpn[LU'i..brfr 

'ln'tiuifnr 'f..,J nrnnLyfi'f 4n'lJbpfi ifrw 'lntw'i..mJ M, p'irnpnz '[nL'i....,-

1/nr b'lrbr, 

IJ.'i..fi'lnmrn"f Jfr'i..brwt'i..brfr Jnm' w) Jfr'i..brwLfr Lr/ril Jwr

J' w'b 'IP r.f!nLJ' ( 11 /"LJUnuf) 4n'i..nulfn"f LU!J J' w'i.. 'lb"f.[!nLJ' LU"-Ul't_ut'i..nuf' 

I; uk /uwf_. p} ub'lw'i..fr 45° 'fwpJ.fr c!wJ'w'i..wfJ J'fr'bbrwlfr J'w.f!ufrJwl 

[nLUuti/nrJw'i.. 'ffrr.ehr11LJ' ult /uwtr tnrnl\ifnLJ' I; bpfJnL t:.fr"fbppn[W

'j,brfr' nrn'i...[! 'fLUzmfr w'i..4JnL'i..wqJw tfr'b nL'l'l_nL/tlJnL'i,'j,/,pnif /:,bnw'i..nLJ' 

b'h J'fiJ1w'b9fr9 mifJ"'l J'fr'i..brwlfr t:,..,J'..,r npnzw~fr mwrw-

0-11Lfi!Jw'b 4.rLU• 9) u"(ptnut'f l"LJUnLJ' zwm 1fp'i,bpwl'i,brp /:,p"fbppn

[W'j,bp(! 'i..nLJ'i.."fbu p'i..npn2ifnLJ' b'i.. 9nL'i..wqn1• b'lrhrni/1 
f:£.bn1119J'111'i.. "'J'f "(LUtn"b(1'i..brf! LUrU1LU.(!llLUU1 z111tn 'j,J',,,'j, /,'j,. 

111'i..9..,t) L"LJUllLJ' uui..,9i/m1 fJn'i..nul1n"ffrfJ "(wml1bp'i..bpfr'i.., uwfJwi'i.., 

fi'i..t"fbu .9"LJ9 mifby '1bJ'bpn'i..l!., 'i..rw'l19 wtzw't_w9J'w'i.. "("'tn-6.wn'bb

{'f! WJl b'i..1 

f>'i..t"fbu 'i.z11LJ' I; />. U. •{nlfr'i..ulffr'i.., pkbnw,9J'w'b "(uttnfJbp'bbr/r 

'fp U1'1LJ' (! J'fr'i,b(' W[/r ut'i.fr '[ntnrn"f fJu1r1J wJ.(!'j,/,r11LJ /,_ "f UttnJ' iu'ir 

t:.iuw4nLfilJnL'i..'bbrfr f_ut1/rnLJ'[! t:.'"r""'r I; 1Jwu11uf'bl t:.bml1J"'l 4iurqni/_1 

1. C'i..mrif wJ t:.wmp'f[! umnLJ't + 'bfrl1nl'i..bpr1LJ '1f'i/m1f I; J'ui.[!

"P,f "'l JwpJ'1u'b 'IPI'.[!"L,f, t:.w'i..i/_nLJ' I; ol111Luwrc1 lfwJ' Jin,'JtfnLJ I; 

pL·rmpw'bfr nu"f'h"'"f"'IJP'b· 'lwzmnLJ wn"''i'"'b11iJ I; uk fuwt1 fTJml!.

mmJ' /,'j, ut'i..w[p'{uttnnp/!.' 11/._ /uLUi_(! mrnt:.ifnLJ' I; brffnL /:,p"fbrpn

lw'j,bpp. munLJ"i..iuufirifnLJ I; qnL'i.wi/nr bqrbrfi p'i..nL/fill!. Lt b'lf'"'

lt"'9nL[il J"L'j, I; '"l'i/nLJ w'i..'lrw'fwpJ.J'LU'i.. "i"'"LJU•p '1/i""ibl'ufrwJfr 
1fbf'wpbrl'"l (DRr)1 

2. •{b,.,,,IJiu'i..q'bifmJ' I; '"'i..'"tP'lutmnpfi wn.w'i'i..w1fi'i. ('Ir" ) 'lfrr

.[!.l!' 'i.npp9 'lfrmifnLJ I; ult /11wtl!• 11b'lut'bfr ifr"' i/.hrg'bnuf b'i.. 'fp

mw'i...[!f! Lt "'!'j, l!~l'fnL'i..nLJ b'i.. np"fb" 'lrn 1Jhm1 lJ' w'i..rw'lfimwlffi' 

uh'l..,'j,l! clLU1fw911LJSP ulw.[!/i nL'l'l_"LfilfwJp "(tnU111LJ /,'j, 45° , /r'{n

'1Pr'l1bp[!, n 1m'b.[! wnw'i w'i.nLJ b'b fu'" tfi mrnf.J' w'i. t.bmkw'b.[!ni/_, 

f./,nLU'iJntJ' /,'j, J'fiJ1w'b9fr9 utnwifbLW<f'ILJ'j, mwrwJnL[ilJut'j, 4.riu1 

'1-fitnnLJ /,'j, qm'biui/nr bqrhrf!• nrn'b.e 1/IJuttnt.J /,'j, "(Ulln,(IU'j, mb• 

uw'bb1fr w'b41111'i.. '1P""lbr11firu1fr (DAr) J'wufi'b /,. 't'bwl\LUmnLJ' b'b 

fr'ln'lfir'bbpfr f.bnw9J'w'b uwinfi-6.w'bl!• ( % -nif) mbu111'1wzmfi mpw
J'w'lofr f.wJbJ'wm1 

3. U"IP"''"" L"'J"l! tpnfu'"rfr'bnLJ b'h Jn'bn.[!pnJwmp'f l"LJunif,. 

IJ.'bwl,.'l"'"'"I'P "(ltltnJ'wJ'p 4nJ"fb'b11w9'b11L,f b'b 111'bp'[n1t1pn"(nt•· 

/ilJwJp "(WJJw'bwqnpqwJ m'b11pw'fwrJ.qwJ LnLJ"P pb.bnw9Jw'b 

t:.wp[ilnL[il[w'b "(tnnLJLnl!. k mbuw'lwzmnLJ ifbrw4w'b'l'bnLJ uk /uwf_(! I 
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1..zblnif ,,,'j,.,,lfi'l."'mnpfr "fU1m1111fr 11L'l'fnL{<JJnL'it[! Jfr'itbr"'LP ,/fr npld; 

.PJnLrb'l"'P"''l.t"''f"''it t:.,,,m'tnL[tl J"''it ( t:.bpanLJ, lir't'it,,,pt"'-t'b'l"'9 ,r ,,,'j, 
""'I'• br'tUlrU19t1LJ') 'it'tLUu1J LUJ' P• npn;_nLJ b'j, "l"'"'J' Lll'j, llL'l'l"' {ti JllL

--;,l! (RS) Pt"'rb'l"'P"''it"''t"-''it "'"-l"'l m"'rrfr t:,,,,JbJ"'"'' U,,,'it'l'l"'ltP 
.J/rf.n911i/_ npn;_nLJ f;'j, ,,,'j,"'lP'f."'IM npp 'l"'I'a,P ,,,'j,11.JnL'it[!, "I'f! t:,,,,_ 

.Ju'"l"'"'"'ufuUJ'itnuf I; mbu111'itblfr "lmmJ,,,'j, LU'it'ttw'itl! (Ar): 
4,,,1rb'i11a'tw'i.t J'"''itr"''IP"'"'lt'itbrfrs phbn,,,9 J"''it "i'"m'tbr'itbrl! 

.munLJ'j,"'"PI'blnL mbu,,,f1bmfr9 "',/b'itfr9 t:,"'I'J"'I'l! lf f>l.--8* J' iu'i1-

.f "''IP"'"'"'j, t, np'b m'bfr Of>-12 0"111111.-frLJnLJfr'b"'mnp. pbpmpw'i1fr 

-n•u"f'b"'"l-11.fr' IJl.U'j,'l'l w'tni/_ ,,,'j,"'lP'l."'"'nr "- P"'rarn r"'it OUf u•fr'tUl

·11.Lll'it ufru111b,/, [wqunl"LJ'it Wf'l/nL'b.[!'bbp'it b'it um1119i/_nLJ 40X 01•

Jb'tm/ri/_[! o'l"'"'''fnpJ.blfru b. 0,1 uu "- ,,,ifblfr funznr r."'Ulfr't'bbpfr 11L
.,,,nJ'bu1Ufrrtl"''l, 'l/,"f.[!nLJ: 

u,,,j,/ t:...u jpN'i.LU'tUl'j, 0UfU1fr'tUlf/w'j, "'I''IJUL'j,UlpbpnL{<J J"'-'j,(! ~1111-

"' "''f,}nLJ' I; Jfr'hbrwl'itbpfr 'tn'bnu'tn"ffr"'lt"''it m unLJ'it,,,ufrrmfil i"''j, 

t:,,,,J,,,r "ffrmw'it(i t:,,,,'j,.[!"'JP'j, Jw'itpw'lfru1U1't'ithpfr /iln'l"'l'""'·"' 

lfJ<'itbrwl'itbf'p UljU t:.wm'tm(<l1m'b'itbf{! 'lf<mi/_llLJ /,'j, £./,'; lnLJUnLJ 

IL Jb,} 'itzw'bwltnL{<JJnL'it 11L'bb'j, (<lwifrw'it9f<l1 11L l1J<uw(<lw1frw'b9f<lt Jf<

'itbt'"'l'itbrfr npn;_Jw'b t:,"'J"'I'' 

&b'l w'iti/_LU'itnLJ b'j, "'Jh L"'J"l!• "f'l! u/rf/>/• Jw'tbrbufr "-r"' 

1!.'blt'it11ul I; nl_ (<lb o"i"'lt-/<unLJ'{r'b"'mnpfr Jfr2.n9ni/_, '"Jl w'i.Jfr2."'"fb" 

["LJup w'l.PJnLpp!J "'J'I ,f,,,11.bpbup i/_t'"' zb'l. ,,,'j,11.Jw'it "'"'"' 
IJ.1'j, '/f;"f.f!"LJ, bpp J'fr'j,/;('"'l/! wh{<Jwifrw'it9p/f !;, 2_/;'l 6.Ult1W

'f"'J(<l'itbr'j, Ul'j,'/f'Ul'fU1'1.'j,nLJ' /;'j, Jp 11.n'f.J', llLuU1p Jfr'itbpwlf! u/,_ f;, 

fl"''r"''itgfrlt ""',/' lt/iuw(<ILUifrLU'i.9/<'t Jfr'itbp111l'itbpnLJ ?_b'l. 6.UllLLll'l"'JP

'j,brl! {tl"'lfr"''itsnLJ b'b Jf<'itbr"'LP J'b2. Jf<'itt "- "f"2 funrmf"JnL";, , 

* 11.17 ,fw'bl'"''lPm"'4l!. 4n'tnu4n"lf.4 .7pmnLJ'bl.rf. r. wi!wr '"'r''"'rl.9-

'hhtnL 'b"f.w•1uu4n1. w'tf•rwJh2m I; 'ht"" 1fh£ ,fm9'bht l,-r4nL "f.W[''f •pn•pn/unL

f/JnL't' 

J , U.'twtf.7wmnt•f1 u w't7'lw41.!. ifrn/uwrf.'tbt w1btf. Jw'bl' l"uJw'bJw~1 

(1 °- p) uw'b'l'lw4nrf.. 

2 . 11.'twtf•'J"''""l'P 'll'"'b "lbme I; 7 .n't1f. " i. pb u u1'b'l'l"'4P b'lr"uf (~'ti.
"lbu .nh'[p n L'bp 1T1'l. - 8-nuf). "'Ji 4h'tmrn'tnLJ, "'J'l 'b"lwmw4f.'t r.wu'bnuf 

b't "l"lJ"'l'"P'lC 45° 2r£htn1 4wJ o"lw4-f.LJnLJp'bwmnrr_ b. 'trw J/,£ 'lm't1n'l 

r£.h"Pi.l!. 'bnLJ'b ,.,'b41,,,'t .nw4 7/r"f.[• J.wfu .nb'lw1rnfubt"Y' 
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Ul'j,'lf'"''l"'"'j,mJ' /,'j, 'i1brufr9 (6.b'l.f!bfp91 U1'b(<ILU1frw'b9fr't Jfi'j,b(IUll~ 

'itbrfr 'itbrfw~11LJ'itbr/•s ), ab".e pbrhtnif ""'l"'l J'fr'itbr"'LP p'b"''t"''b· 
p'bnpn;_ <J"LJk[! { 'bl/• 9 )1 

2'J' '1'.f' 

l.4· 9 . fiu.n1u'lwJFJ'tbpp u{.,J,,f.,,~1 :b'l [nL ,funuf 

( eum /•. u. o/,ntf..'tu4n· ). 

l,bp.[!/r'it '"f"'"'!J"lnLJ'burf! (111.f/>LLJ! ''~'br{') l ' 'bnpnz nr11; frt. 

'b?"''b'itbr b'b .r /r Z'"r ./! 'f"L 'it"''/"r fil"'rr"'it!ffr't "'"'' ltfruw{<J"'ifr"''bsfrlL 
t:,,,,'b.f!"'tP'it Jfr'bbrwl'Lbrfr t:,"'J wr : ll..1'1"1P 11 /r.e b'b' 11.fr'bnif"'rl! ( P"'lfr' 

'1"'r"frr 'bbp.[!/•'it nl.f/>1b.eu'bbr ), "''"'l'J"'ff! ( 'bwr'b2.w·'t•uf'J'frr ), 

LUnLrfr"ffr'lJf;'j,,,,l! r tt,,nmL-,,b,,fr'b) , 1/ '"L"'/11/rm[! ( '1"'..,,"'t ) , "''l.nLr/r

Ln[! ('tw"fnLJU'), /•'it t "lb" 'b,,,L. n.•nu•frif! (11,,,rJ r"'·•1nrz) , lt"'ufimb~ 

fpLn(! ('/Lllfl_'j,Lll'fnLJ'i,), 11f/>wibr/r111(! ('ftuf'l_'j,Ul'fnLJ'j,1 '1/;'f'j,LU-'fnrz1 

"LllhLUl_LUi/_llL'j,•'fb'lfr'j, ) /,_ 1UfL'j,1 

tbr.f!fr'it nLf/>lb.f!,,'bbrl! b,,, .J,,f'b "''l'·Lf• t"'•I I; 'lfi"'Ll J'fr'bb

t'"'LP pnznL t.wJ'..,r ( fn ;uL 'l"' J'b[! ;L'l l'" I""' 'I ), p1IL11ufr"'tnif 

""',/' /u"'l_"'a,/,_ 'bpJ/nl'b/;f'nLJ ( o"f""lt-pLJnL1fp'itLUu1nrni/_ w'it9LUJ l"LJufr' 

JwpJLU'j, '/b"f.[!nLJ}: ff/b111.[! I; 'itzbl, np Jp 2_Lllf.[! '1/;UJ..[!/;(inLJ, n.'6f/>

l/;J!u'j,brfr fr'itmb'ituf<i/_nL{<J J"''j, "I"' J ,f 111'it'itb p11LJ, J]i'itbp111Lfr w'itf< 'l.nmw 

rn"fnL{<J JUl'j, I; f/>b11.U1f! .f!"'l. "'rltif t1LJ' /;: 

U.1umb'l. .f!'it'it"'r'tif mJ' b'it, Jfi'itbr"'L'itbrfr " "'r"'Pbr"'ft"''it "b-· 

lJ/; f/>(!i ""'f,}fuL{<J JllL'i.(!1 11.mri/ UI,} .f!'j,/; f'p a/, bpf! , 11.r't'itwpjntpb'f 'j,f;(' (! I 

t:.bpanLJ l!• ,/' "''l'it/ru111!1w'itnL{<J JnL'it[! , I; lb't111r "'""''l "l''l"'ftw'itnL{<J J"L'it[! , 

l nLu111fu"'J"'mnLJ l! , n pn'it.[! p JnLrL'l"'o"f"'Plt"''t"''it t:.LUm'tnLp J"L'it'itbrfr 

t:. b111 Jfrwuf<'b O'f'itnuf b'it npnzbl J'fr'itbr"'Lf!t 
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lffr'bbr'"l'j,brf! "f'f_'j,ab nL "f"'l"f'"mb wub'f_'j,brmf fuwqb[nL 

11lfry_n9nif f!"U1 4wrJrm(tl1w'b pw<fw'bnul b'j, b11b.[! fuJ'pbrfr' ,'fwJnL 

11.wr Jpmfil'"'j, ( fuwqi[niJ h'b "l.'l'j,ab wub'lnif) , Jfry_fr'b 4wrJ- 1n

p 1w'u ( "l.'l'ba/, wub'l.nif l b'b fuwqi[nLJ, P"'!9 Ju wqi[nLJ b'b IUJ"'l

""i"'mb wub'f_nif}, pwpap 4wpJpnL{JJw'j, ( "f"'f."fWUlb wub'f.nif t_b'j, 

fu wqif.nLJ )1 IJ.!'I bpb.[! fuJpbp[! [!UU1 lf n11ufr uw'b'l'l'"4/r /)wJw"l.w

mwufuw'bnLJ b'j, 3-fr9 9"'Jp, 3 J'fr'j,z_/,_ /j nL .'i-fr9 pwrar 4wrJr111.

JIJrtL'j, nL'bb9n'f_ Jfr'bbrwl'bbrfr'b1 

llub'l.'bbrfr fuwqJ'w'b o'l'b1nfi1wJp UJ•uppbp 4wrJpnL{JJw'b 

.Jfr'bbpw['bbrfr fuJ"pbpfr Ul'j,l_WUJbLfru w'b/)rlU<fhz m /; 'bitwU1fr nL'bh

'j, "'l Jfr/,_'j,nLJ'J, Jfr'j,b rwlfr 4wrJpnL/if Jw'j, U1WU11U'j,nLJ"bbrf!• 'tw"fqwJ 
'brw U11Urphp W'frbqutU1WJfi'j, iffrb.w~'bbpfi /,_ mwrpbrw4'bbrfr• fuw1t

''j,nLr'l'j,brfr !)bur, npn'b,e '"'l.'l"LJ b'j, l1wpJpnL{JJw'b, fr'bt"l.bu 'i1w/,_ 

.J,wpJpnL/ifJW'j, i[bfJ.urn11/rW[t1L/ilJW'j, ifrw1 U.1u"fbu, orfi'bw4, w'bmfi

Jn'bfrurf! fuwqi[nLJ I; "l.'l'bab wubrznif PJ"Lrb'l.fi bp4wrw9Jw'b // 

.rtL'l'f_llL/ilJWJp {11wrJpnL{JJr1L'j,(! 9wJr !;) , uw4WJ'j, br~wrw.'fJW'j,{! 

_l_ nL'l.'f.nL/ifjwJ'p tfi fuwqifnLJ (i1rurJrnL/ifJnL'b[! Jfr2fi'b /;) : '1..bnfr'h 

Ulwrfi'bbpfrh Jfr'bbrwLhbrfr 4wrJrnLflJnLh(! npnz b[nL /)wJwp [WJ

hnrb'j, 01fU1W'fnrJifnLJ /,'j, f!Jll S-3 uwp.[!/r Jfry_n9nif Jfi/Jpn'libr

{,.JLJ'w'b Jbfifn'l-l!• "Pl' Jzw4bl b'b ll. ll. lurmzz_be "- l;. 11. Fhr

ltniffilf! ('h4. 10)1 

f/JlfS-."1 (Jfritrn4wr.trwz_wtftfrt) ·""'r.ec pw•i'tu•ywJ- I; wnwr

'L"'l"'lf"''h ub'f.wh llLhb,'fn'f. zm<umfiiffr9, C.wh.[!WJ/ih J"w'brw'lfrU1w4fr9 

nL pJm'bfrl_ Jbfuw'bfrqJ'fr9, nrfr 1fpw wJp,,,9i[wJ /; wiJu11tU1p pnL[''Jf! 

(ft'b'J-bhurnpf!}: '1wrJrnL{tf1wb nrnznLJ(! 4WU1Wf1ifnLJ /; J'whrw'lfi

U1JU"" 48{) (!b'J-t,,IUhnLp funzn11w9JIU'j, "fWJJ'whhbpnLJI '1bhU1pnhw9-

'j,,,'f. /)wpJwrw'b,e/r o'lhnL{tlJmJ'p, "Pl! 'lm'bi[nLJ I; Jw'bpw'lftU1w't/t 

urnLpm ~" Jb2__ , Op Jb'tm/rif /t if /;r/,_nLJ , uurw9if wJ 'J-pn ;_J w/)/;111.(!p 

lib'hurrn'be t.wJwu1b'l.i[mJ I; Jw'bpw'1/tu1w'tft UJbuw'lwz urfr ltb'burpn'bfr 

l)bur1 /:bn'b,,,ifnrifwJ Jbfuw'bftqJ{! wJ11Lr Jftw9i[wJ I; mnLp11wfr l)bm /,_ 

urb'l.wtftn/ui[nuf I; hpw /)bur Jpwup'b : lfbfuw'bpqJ'fr J"b l. 111b'lwifnl' -

-'[1u J /; Jft Jfun91Uan'f. , nre wJrlU"fh'J-iflUJ /; brf1nL 'l_U"fUJ'j,W4'j,brft 

'/r"'' lffun9wan'f_p 'hbr.e"-/t JwunLJ urb'l.'"'lrifwJ I; '"LJwumb 

_pnLr'l"" ZI'l.'"'j,"'//l!, """ ifbrft'h JwunLJ mbrzw'lf"LJ' /,'i, P""e' 
2-p9 200 q /)wmnL't Jw'hr 'tz1tw.[!wrbre: 

!lwtftJw'b b,,_w'hw4e t.bUJ/,_!"'l'j, !;' 
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ti[. 10. lJ'f>1lt•n 1lwrJt'w i.w'p 1q lJ'S-3 - f• c'bq r. 1u'lrnL[' m lruec · 

1- uwref• r. pif/!f~, 2 -uJn• 'bw 1l 1 3 _1;/;'bwl[f'_ mn L{'nLu p r,1,.,. w/,

'lw•pnfunq 1!w'bk1l , 4- mnLpnLup r.b'bw1i , 5-w{'w'I: 2wrJ 1fw'h "f. f'_'b'l

o'lw1l, 6 - "1•1lr n J/,m['WJf"b z w rJ1fw'b ''f.~1'[ 0 '/W1l. 7- wl<W('/LW,fW -

1lw'b ub'l w'b , 8 - "(wnLmw1lwif.nl' o l1n• u w1•wJ/•'b J f•1lt• n•lb mt• , 9 -

ul.nnunwl[wif.nt• o1lnLLJW[•WJp'b Jp1lrn 1!1i"'t'/' ..,,f{'w9Jw'b "l mnL

.nwl{, 10- - 11bn'bnq J b fuw'bp'/''" 1/funqw.tnq, 11- w£w'bwl[ w r•lwu

mb JwJ{'W"l"''bw~m/ , 12- l[ zn.w e wr , 1 3 - um.bm p('p pn 'bw1l , 14-

p/;n.'bn'l 1fb/uw'bp'JJp 'l'l:"'fJ"'l"L/JJnL'bf'_ if.brwl[w'b'l:'bn'l "wl''lw•Jn

l'"'l ,, .,,..,,"" · 15-wrmwj!p'b if.n.w'b I• flwfl f>1l'blil'e. a'l"'l "l"' n L UI wl[ , 

16- w'li'l f'W'J"'L'/.Jw'b fl{1fJk'lp1lJ• /, r. w Jb{nL utm mJw'l1 f' " 'bwl[ , 

17 -[nLuw:/>[•["'l'bl' , 18-opJb1im /•if. , 19- nLunu lbwu f• ['b[p 'bJ,,. t fo 
uufrwfJ•fw'b uk'IJw1l'bk(' , 20- wu.wr1lu•J w1lw'b ubqw'bf'_ "f."'"' /;9 ,fw'l1 

pn.'bwl[c., 21-.fillrl! 1i.'J"' 'P"'l , 2 .2-m11w'bu:J> nr1lwmnr1 

3-785 
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1. Jfi'iihr"'LP r.1umfifte mb'l"''lfnL,/ b'ii mbu"''l"'Zmfi ftb'iim
rn'iin<,/, 

2. fi'ii'l-b'iimnre phn'iim,/ h'ii ""'""'"i"'u1U1u[uU1h ftZ""'.f!"'rnif. 

.'J. UllLUlfft"'J"'ftui'ii ub'luihp "im"<Jmni/_ Jfi'iibpuilfi r.uimfiftl! 

ui/;'[Ul'/("IL,f b'j, £.pzm U1l,/uiump pnLf'fp muift. 

4. 'J-UlhlfUI'[ (-10-15 ""'Jflt• f!hfi/ui9.[!nL,/) zn_m.,/ bh 'f"''fUl

rfit.fr pnhuifte ,/fi'iJz_/,_ r.b'iiuiftf! /,_ UIJU"fbu f'Jn'[hnLJ. pbnfi Ul'['/b9m.

/rfJU1h UIUI" ph7bhmnre p2_hnL,/ t 'iJ,/nLzp i/_rUI nL Ul'J-Ul,/Wh'/ pn<p'f(! 

'iibr{,.Jii/_nL.r t Jfiiibr"'LP Juifthrbue. 

5 , 10- 20 ""'Jff/• r.bmn pnLf'f{! ifbpw'fwpa'i1mJ bh uft'lphw

fJUlh '1Pf'.f!fi'i1 'l-"''1-wf'P!P hnLJh pn'iiuiftfi ,/fi2_n9nif. 

6. '.buui9'i.im,/ M, pbne, 'l-"'ra'iirn,/ b'i, uinuir•ft"'J"'ft"''i, ub'lui

'i,l! UIJ'i'"i bu, nr ,/fi'iibr"'LP t.uimfifte hnrfis ifhpui'fwnhUI mbuU1-

7wzwe 'l-Pm"'r't'l"'~' L. 'lrnzJ,.,C.bm.f!fi z_ui1fi,/w'ii t."'J"'r' 

llfi'i,brwifi ft"'rJrn<filt"''ii 'lnrJ"'ftP!ll! t.,., 21_11L.r b'ii 7 rnzJw

r.bm.f!fi uih/f!nLhUl'fJp bpftwrnLfi/JUl,/p, nrf! t_uii/t1{nL,/ t oftnLlJUlf

,/pftpnJbmpp Jfilnyn1_1 '1wrJrnLfilJ"'h ,/hJnLfilt"''ii t.uiz1."'r"1e ftui

muipi/_nLJ /: f.bmLJ"'l pwhU1ai1.n'1_' 

H= 2Psin<l> qq/ tl\f2, npmb'l 
02 

H-e l1uirJ-rnL[il1w'b 'lnrttwt1fi9'b t . 
p .-;, phn'i1 t ljq. 

D-'b 'l-rnz.J.UIC.bm.efi w'bftJnLbw'lJfi brf1uirmfil1mhh t Ju. 
<l>-e pnLf•'ffi t.uift"''l-Pr 'bfiumbrfi Jfilk 'lm'bi[n'l ,.,'i,flJ,.,'j, 4bu'b 

t (b[ilb ¢ = 136° , 2 sinct>=1,85.J), r.bmlL"'P"'r' 

H 
1,854P 
--- . qq / tl'J2, 

2 

·Un1_npwpwp H-/i 'bz"''buiftnLfi/JnLhf! i[bp91_nL,/ t" urb'lbftui1n11L 

"''f.JNLUU1f/£bpfi91 npmb'f. llfi/_JU1[bbp(! f.uizifuiJ bi, U1U1rflb(1 pbn.h• 

1.,.,J.efi ""'""'r 1 

'1wr1knr h2_U1huiftnLfi/JnLh NLhp ftwr1J-11n<fi/JU1h nrnzr1L,/f! f,UI• 

f'"'pbp"'/f'~'j, nbubf/>p 'f'j,"'f.,.,m,/"''i, Jfiln9n1_ l C.'lfti/_UIJ 2.Lfif/>nL,/ f.U1-

mpfthbpp nbubf/>p U1U1fphp puipap111{tlJnLhf!1 nph UlllUl2_U1'jlnL1f t 
t.'lft,/"'';, "irn9 bumJ ,/fi'i,bpw1'bbrfi muipphp 'IP,f"''lrn'l"'ftui'bnLfilJ"'h 

zhnp'-/ii/_}: 

~Ul('U1pbpU1/fU1h n.bu£f/>fi 'l'bwr.UIUlnL,/f! "UIUIUlfNL,f b'b, 'l-fimb

L""- "'!';, inLUU11.nr 'lJfi 'lnrJbL"'ftbr"il! • "fl! "'" "''l"'hnL,/ t bpf1nL 
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>.wd'b1fU1mifn'l 1'fi'iibr"'L'iibrfi fib.[! ,,..,t,,f"''iim,/ ('iil1. 11): fil'L.[! 

""'",f"'f,,.,,fbpa f."'pfilnLfi/Juih 1_pui nL'['["'aP'f f!hfthn'l {,.wnU1'fU1Jfi/• 

'i1bre zh'li/_m,/ f;'j, WJ'I 'l-Pf.f!P9 U1Jh.[!U1h uii/_hifi 11uJh'l, np.[!Ulh 

l/Ulll/i/ifUlp t ,f,.,f1brbufi zb'[UIUl(!l 

6 
'i 

a-----------

I 
a, Id. I , 
I 1, - -0. 

I --- a I 

--{}- ::::::-...--.. 
0.------ ~ - - - --4=<-- --~ 
~ ~ ~ 

t~- 11. <r~n Luu,,/n11 'l:~fJ> U11tm£w9•fw'b I. •Jwrl'P ufu bdw 

{cum/•. U. •~n[p'bu~nL)l 

~ U1fU1pbr,.,f1u1'i1 "bLJb:f.m/_ Pf"'fP.'I zuim nLJ-b'l mu1f'p bpi/_n1l 

hrftnL ifp'i1br"'l'i,brf1 uwr.,f,.,'i,p 'l"'"Pfil"'P zb'l,.,u' ,/"'ftbphufi9 £."'

n_,.,'lmtfil'iibrl! zb'f1_nuf b'i, 1/fi +n'l,/ (bftwrfi aUlfu 1fU1Uf!) /,,_ UU1r. -

1fU1hnL,/ Wfl.Ul2_U1hnL,/ t ulz b'[f • f.U1fU1pbpU1quih ,,/,LJ/;lf>p wi/_bifi 

1fin.er m"'rpbpnLfilt"''b 7b"f.f!nL,r ('iift"'rP w'l_ ""'ue) ,,,.,r,,r"'<;,P.'I 

Ulh'/fUllfUlflaUIJ- £.uin.U1'fUIJfilbhp(! f!hfthnL,/ b'j, mnLpnLUfi Jb2_, 'fm.• 

,/Ulpi/_nL,/ nL'[l[Ulap'f U1b'ff"''f"'faU1J {;.U1n.U1'fU1Jfilhh{'p f.fu n 'j,J,'[ lnL• 

""'"-nr 'lJ-fi MLni/_, "'""'2."'9'i1hlnif LnLJufi 11nLU1U1ftnL,/1 Sn<pnLup 

f'"'fapuiy,f,.,'j, 'fb"f.f!nL,/ l'nuwi/_np 'fPJ-f! mb'f."'pnfui/_nL,/ t pw9U1• 

""'""'';, nbubf/> m'bb9n'[ ,//1'bbr,.,Lfi i/_pui, mnLp1nufi p2_h9Jru'i1 'l-b"i

.[!nLlf, e'i.'1-C.wftuinU1!J'b, 'l-P"'ft"''b ,.bubf/> nL'bh9n'l ,/fi'bbr"'LP. il_r"'' 

'l-fimn'f.p Ull_.[!f! f!hftwlnuf t UIJ'f hpl..nLJfilf! UIJU"fbu' UJnLpnLUp 

l'"'rar"'s""'-;, J-,.,J,.,<;,,.,'t ( Jfi'bz.L. 0 --0 t.uirfilnLfilJnL'bf!) ft"'rJ-r Jfi'bb

r"'LP ,/Ulftbpbuf! fili/_nLJ t , fib ,fJ,J,.,'iJnL,/, l"'Jh"'hnL,/ t", puft mnLpnL• 

"P filb,9,f,.,'j, J-"',f,.,'j,,,,/I ( ,/fi'bz_k 0 2 - 0 2 t.uirfi/nL{ilJnLhf! )' ftJ/1'1_nL,/ b 
Cum ""'r"'P"rlUftUlh nbubf/>fi, 'bpui ,.,{,.JUI';, ftwr'lfi ' "· u. 

•l,n!fi'iiuftfi'b ,.,,..,.,<;,a'b,.,y'bmJ t I-VII fu,/pbpf!t 

Umnr"- phril_UIJ b'b nrnz ,/fi'i,hr"'L'bbrfi orfi'bUlft'bbr eum 

fi1 Jpbrfi' 

I. U1 p'fbhmpm , fthuiJ-ph ppuJ nun 1 "'lfil"'Jpm , "ffllLU UI pm•"fp• 

rwr'lfirfim, fumiftn'l.fi'b. 
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11. q1ntb'iJfrm, pfruJnunfr'iJ, p'iJwufr'iJ nuftfr, p'iJ,udfr'h wruwfJ, 

pnLr'iln'ilfrur. 

Ill. pnubfrm, futntftn"lfrrfrm, ft111pwbfrui , J'nlfrP'lb'iJfrui, 'lf"'f/>frui. 

Iv. II1 bu1 rwh11rfrur- mb'irn1bmfr U1 , 1;c;, u11•11frm, /['IL"Jf'frm , UU1UJbfrb: 

uf/>wlbrfrm. 

V. p'l"uu/1'iJ "ll"'wfr'ii, u1frrnmfr'ii, "lb'iiwlw'iJ11frm, 'iJfrftbtfr'iJ. 

VI. unLfr'iJ'lfrm, 'lbwfrm, J',,,q'iJbmfrm, frtJ'b'iJfrm, zhb1frm, ""l

f/>rUJJfrm, wpub"un"lfrt•frm. 

VJ!. l1np1ulmfrb , t:.bJ'wmfrm, J'"'f~"''lfrm, "lfrrfron , l1wufruibrfrm: 

'J-J,f 111,. z_I; c;,~wmbi, nr• mwpphr b'l,,,'iJwt1c;,b1,,,.J ( U'nnu/1 

uUJb'f'l"'Jt' fuu11zJ'w'iJ 1fbfJn'1, J'frltrn-6.Jlm J /,_ f..w,,"'phpwftw'iJ ,,bub[/>) 

Jfrbbf'UJ/Lbrfr npn21/wu ftwrormfJJtnh ui.Jtwibbrr' t_b'i.. ~WJ£!.bftbnLJ': 

ll.1u"lbu, orfr~1Wf/1 f!_UII1 f..1UflU1f'brU1ffUJb uhubf/>fr /uUJfftn"lfrr fr 

IIlf!_ nL J,, Lf•p11b'iJfrmf! "/UJIIlf/wbmd /,';, 1! fr"-brntb (II!} fuJ p frb , u us 

f[WJb Juw'lJ"'c;, Jb{Jn'ln.J (f!.uU1 U'nnu/1 um'h'f'lUJIJfr) fr'"'Lftn"!firfrm/i 

/iu1rurmfJJ'"c;,l! .<JI;, fruit 1fntfil''1b'iJfimfi'iil! 1 wu1 ,,,1_bifi fftuop' 1-1,;')r 

U.!'1 a"-hrl! ftwrn'l b'ii ifi'iJbl fr'lnJ'Lmrfilt ftwJ' br'~"'f"'9.J"'o. 
npnz. Jfi'iJbrwi'iJbrfr f..1UJw(' z.wm pbnrnz. b'iJ l1nindn['[/> (11n'iJ9b';.11n

l'frft·'l_nbwL, "'l~"LJ'l_"'bJUJb /,_ "'llc;, ) tnbr_rum rnJ'iJbp : 

"ift. 12. l/°nifrp'fb'b/rm{• flbpnLft'bbpf!. 

(u111pmwft) Q ftywp,9p (rfnL'f Jrr{11pw-

'l"LJ'b) 'fWtmnL•fl 

l/.'bu/1 /fo, x :wo, ll'fwpw ft/r r:.w'b11w1_., 

~wJft· uu~. 
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I''lnJbuirfilt ( pninr "L'l'l"L

f! Jn<bbhpni/ f..tn.JtnuUJf'Ult uu{r 

'lwf'l"'.'IUJo) M1.hrl! p'iinrnz b'b 

"lfirfimfi, ~"P"'Lmfi'iJfi, uJ,,,l
m fi'iJ- /11 L n .,,c;, /Tl p II1 fr , ,/ W'fbb m/1-

m fi, uf/>wibrfimfi , zb bifimfi f..ru

Jwp, b1,~wrw9q ... o ( "lff'l.'lw

mfi~, fJfi[rlb'ltn.JnrJ UJUb'[btnJ.b) 

a&brf! pbnrnz f;'J, unL1I1fff1 r_bJ-

11nbpmfi , f..bJ'wmpu•fi, J'n[pp

'lbbpmp ('iJft. 12), pnLLw'iJJbrfi 

mfi, uwppbfruifi, l;'iJwrqfimfi, w

.Jhtfi f..wqr{w'lb"l wrubbn"lfrrfi

urfi ( 'iJ/1• 13 ) , ~wufimbrfiwfr """ 

mrfi2 J'fi'iJbrwi'iibrfi f:, .,,J',,,r: 

"ift. J.1. 8w,)p £hp1furnm/"> w~ou; p'b U1[u1/,'1,,,"LPL'P"'P { u"f./•mwft 1 

Asp) 1' .,,nw'lw.tf1•u J. /, "''f ['b'lw"'[~ l!'/"' f'!J P '1"'2"' "L tf : 

U.'bufr:f, ~< 100 . • 9. .. 'f/• r.w'b/!'"'f·· ~ w .r ft· uu~ 

'1nin Jnrlf wbr_ UJm rnJ'iJb{'l! 

zwm pbnf"'2 be;, J'mr1ftw'lfowfi, 

"lff"'Ll"' •z/imfr , if>Jn'bpmfi , .!w

Lwfufimfi >.w:1fu•r• r.ut.'! f.. w

{. UJ fl 'ffr II1 "Ill J' J, b b Ulk U :p IU -

thrfimfr ('iJ/1· 14 ) , "IPl'Pmfi, 

Jwqbhmfrmfr, ~UJufimbpfimp /,_ 

"'Jl .f/1'iJhr"'Lc;,bf'fi ,f,,m: 

lorlfGmF!"LrhqGbre, hm-

s}>lfGb-r}t Ghrf}>G lfwnnL9'•lwb

f!_!, lf}>lfrnulfnui'filf Gbr ... w

lfnufGt.re Jfi 2"'{' [! .Ifi'iJ/;l'"'l

c;,brfi f.."'""'r 11"'m"'r"L" h'b 

Lr"'.'f"L9fl. nr 112frt bzw'iJ'iJbr/1 

'1br1 U.'iJfiqnmrrn"I Jfi'hbrlUL'bb

rfi f:.wJUJr "l"'f'l ftwJ' ''l"
Lfrufrb[il bur /ift ~rfir "'Pl"' l'b'l. 'b b

f/! IL f..1u mfift'hbrfr 'hLrJ!fr'b t1w-

{L,'.,.,, ?;, ~. U,,f{rp;w 'b fr ) , 

t4. 14. 11nin1fni•!/1 SJ u!pwl f,l'P"'P (pwq 

rfn/uirw'f" LJ'b} 'l"tf•ft'bbpr_ r:,/,L'f1ur'l:w

J"Lrf /,'b r:.p"f.nqh'b 'IP"l"P ( rfnu[ rfn{"-

f'"''f " •J'b} 'lnlfr1t'bbpfr r:, i,.,, , U.'bu[r:j> , 

X 400. U.iw1_bp'f" L r. w~reuu[. , 

~ wJft· uu~ . 

37 



nn1.9t[wJ.pf!. 11/iwt[mJ b'll /uwl_walL 'itfiqn(bbp '"J• pqnu1rn"l f1wJ' 

fln<JL w'itpqnwpnUf Jp'itb{'"'l'itbpp 'lb"f.[!n<J "'J'l f.wwl1n•fi1JnL'it'iibpf!. 

f.w1w'itwpbpt[mJ' h'it uwpnLqw1npuiJp'it fuwJJUwJ'w'it J'p2_n,9nt[1 ' 

fl/nlfrup'itfilbwfiq qpq'ii"'PJ"Lrb'l'itbpf!. ;_ww p'itnpnz b'h' uw/•p

'itfiwfi, J'wpqwqpmp , nwJ'blupbpqpwfi, J'nlfrP'lb'itpwp1 2_bJun'itpmp1 

'lbnqpn'itpwfi , lJ"L.'Jn'llpwfi , fuwlqn"ffrrfiwfi, uf/>wtbrfiwfi, f.wmuJ'm-

'i,~. 15. U1nw'bf'bf 1lf~pnluf~1w~11f,,.'b ~l'lt'b'"p)"Lf'l"z
'b bp f!. i '1,f[w 1J."[w{ub1nw F.w~'I'" l,f~nl~'• + / /un 2n

f'"'fl· 110 (£!.""' 'IJ. f1.w1f11n11/1}1 

'itfiwfi , qwwfrwfr t:,,,,Jwpt Pmr'itn'it/""P nL 11mw'itfr'itfr t:,,,,J'wp p'itnrnz 

b'it 9111'it9w<[nr 4rq'ii"'Pl"'l'b'li.br, f!.h'l nr1nJ' UU1"'"'""'" "''lfb'l"'UJ
'itbrnu! q('q'itwpJnLrbr{bbr'it wnu'l"'9'j,,,,,f L'ii J'fal1rnqtfr'itw'itJu1'it 

9w'll9 ('itq. 1b ) 1 fl/wl''l l11'4'iiwplmrL'l'iibr t:,,,,'it'lfr"fnLJ b'ii pwqJ'w

{ilfrt/. Jfi'itbrwl'itbrfi , "'l'f filt[mJ' l;'itu1r'lfiu•fr , q"'ufrmbrfi mp ( J'it/1,,,at.. 

qpq'itwp1mrb'l'itbr) IL n•f'PZ Jfi'itbrwt'itbrfi Jnw: 
~wwpq'iibpp 'itbr.f!fr'it q111nm9<["'J.J!-fi f.wJ,,,r p'iinrnz I; qn"bw

LnLfillnL'itf!. , nre f.wtm'itwpbrt/.nLJ' I;, ""'t"fbu IL qrq'iiwpt'"l'b'l'itbrf!.• 
fuwl_ walL 'itfrqn [hb ptntf 4wJ UU1 [lnt~lllTIL(' w1fi'IJ fu,,, J-wUJnLJ nt[t ~n'ittu-
38 

LnLfilJnL'itf! f!.'it'l'IJ<[nu/ I; 'it1111L mb'lwq111ltfw'ii Uf{'n9bu'i1bpfr nL ,,,_ 

nw'itafr'iJ qn'itw'iJbpnLJ' 'iJbpp.uquLJ'i,bpp 'l"'f''f"'.'J,/.u1fp ('itff• 16 )i 

~n'itwln'filJ11Lhf!. ;_wm p'iinpn;_ I; utfwlmfi'ii-futniu'itwfiuifi, "1Pr/i

u1fi, qnpw[wp'iifi, wpub'iin"lfirfimfi, qwupm'7rfimfi, J'w'l'ithmpwp IL 

"Lr fi z J f 'ii b r' "'t 'ii b r fi r:. tutf,,, ,, , 

l,~ . 16. 1J.pu6'bn"l/'1'/"nf1 (As p} 'l"'j,'"l ,,.b'l"'~"'l""'f!. '"Lflw,ff-

1nni/ ( .\t)i lJ.'bufdl>, X 100, Qn 11f r,..,'j,(!W1f• 1 ~UIJ~ . UU~ 

(f!.Uln l; . ~ · (}.1ff('JW'b/•) 1 

f:wqd'wfilfi<[ J'fi'itbr"'L'iibrfi '1"'2.'"brnLJ' r:.w'i1'lfiUfn<J' b'it "'Jl 
Jp'itbf'"'l'itbpp ifpf[pnuqnUfpq 'i,b['pu1qrnJ'itbr, npnh.[! t:,,,,(,.,,,fu brqnL

bpb.[! Jp'itbrwt'ithrfi "IP'i,'1 LnLd-m.1fi1/• mrnt:,J,,,'i, "'f''ll'""'.P b'ii t 

U.J'l 'itbptfrwl1nLJ''Lb11'it m'itb'it qbmw<[nr l;J'n•L"P"'JP p'iinLJfil, 

f.wt[ WU "'P"' t wtfr 9 rt/.,,,,} l. 'i, "l"'f'"L'ii "''Ln'l J fi'itb r "'LP 11w;_wnLJ' qwJ 

'lm'it<[nLJ b'it P"'pwq filfifilb'lw<[np 11L 9 ,,,'j,9 ,.,t[np, t:,..,'lt/."''lb"l wum
'lwalL w'it2_WU1nLJ'itfrrfi c\ /1.nt[ , npn'lt.[! f.wrmJ /,"j, ,fb(f qw,/ brqnL 

tfrnfu111'fUl['a ·'>ww<[n'l t:,b11aJ w'it "''l'l"'filJm'it'itbrfi'ii: 

lfwu'it,,,t[nrw"lbu z"'w p'itnpnz b'it fiLJ'b'itfimp {ilfifilb'lwt/.nr 

'itbr.Ji111qnL,/'i,brl!. J'w'l'itbw/1mp Jbp_ ( w/:mw'itnJ'w'l'itbwpw }, fuwLqnUfp

p/iwp P"'('"'q filfifilb'lfrq'iibr•f!. pnn'itfrwfr 11wzmbrnLJ' ( 'itq. 17 )• un<[n

rwqw'it b'it P'"' tlt""l/irfiwfr , wt/.btfi ""''l'L"''I""' " "'"'"'fi"'fi J;Jmtufrn'it 
"bbr.Ji111qnLJ'itbrl! ,,q,,,,lbl'frwfi '1"'2."'bf'nLJ' IL ufl>wtbrfrmfr l;JnLL"P'"'it 
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(bppf;J'u wuw'l.wa!L 'i,br:1f'w4nuf'i,bf'l!) fuwiqn"ff>rf11nfi /,_ uuiwhf1bfi 

'1'"2.u1bpmJ: lln bpb.[! Jfi'bbrwl'bb11fi' SI, Cp, St-fi. ub1•w qnLqw

qg11LJ[! /,_ l;JnLlufiiu'bbp[! zwm 'fb"f.[!bfnlLJ. tlL'b/;'b npnzf•t_ 'bzw'bw

""' /t1tm'b1 Unqnp.uqiu'b /; 'bwfL pnn'bfimfr q"'J. qnifbifi'b/r /;JnLfufiw'1 

/uwiqnqfr'i,fr 'l"'zmb/'1nJ ( ifwr'fUl'fnLJh /,_ brf""''fnLJ'b fuwil1n'l.fi'j, ) 1 

&4 . 17• Cp /uw14nu1f.r/•ur ( uu1frur.,,4 f/frPln1frl{11br) uif•'b'l /"L

J nL.rP/r "'!'"'" .,,',, fl"''bflw•/nr um1rnL4urnL/' '" Bo 1•nn'b/,.nfr ( l'wfl 

1fn/111uu1fn1../b} 1fW'-UJnLl/ l 

U.'b:if•:P, X 440. ~"'"'i!""/wbfr '"'.,,/!""/. ~"'·'~. lJU~ 
(f!.UHP 'J. . .;. ,,,,,~J'U~•fr)1 

l.brbnufe: lffi ~"'r.f! Jp'l1br"'l'i,brli t:.braJwh ph"'-J{JI! 'i,"f""'

,,,n,,f I; '1pw":1,'I "l"'2.Jw'1e: Opfihw/1, 'l"'lb'i,fimfr t:.wJwr t_wifim

'l'""i'!J p'lwrnz h"b "'!""/bu 11 .. z.qw.t 1fozi1Jw"I, /,,...,'j,fu11L"hfi'i,Lrf! ("bq. 

18), 11r1nhli! 11w~.J,,,'j,,,,q,,,,4i/_w.J b'b t:.bl'aJw'l.t t:."'r{JnLfdJnL'b"hbpni/_. 

1uJ'I "h•nj'b btLwhllJnLhp'l,bpf! p'bnpnz /,'j, "bwb. fimpwhwr'l"'!fr'j, ufi"b

'ln"bfrw!fi Jfi zwr.e Jfi'i,bpwf"i1Lrfi' lllwnwmwLf11nfi, uf[.wfbpfrmfi, 

JIU'fhbmfiuifi, '1.br"'lnl'fi.fiuifr IL wu Jfi'i,briui"t,brfi t:.wJwp: 

/il'bifinLqwi/_n r '''"" Pfif"''l. wi/_ n r Jn LPP'lt.'bfimfi I 11rwfl.fiu1fi I 
ut11tpfi"ffr'11fl'burfi w"biiuLnt1LJ'llb11fr t:,.,,,J,,,r phnpnz b'b t:.bpaJ,,,'j, 

40 

; , 
.ii.. 

qnn wa/,_ :;b Ln.J!f.r , npn'b./_! ~r~'bnLJ /,'j, UJ J'f Jfr'blfrwi'bbrfr qnn wywJ 

whiwmm.J'bhpfr 11Lf•ifw'lc!b1,l! hpiu'bg bpqwrwyJwh[! 'l""l"'t:,b,,, 

'fL'j,111iw"i1'1frmfr t:,,,,J,,,r p'hnpnz I; qnmpmi/_"'.J 'IJbrfr bpqwJhnL

/iJ1wJp t:.bpaJ,,,'j, ilfr .ew'i.fr m'l~na·fdJnL'l.'j,bl'fr ifinfuw'lwra t:.wtn111.
,f £! ('i,q. 19) l 

U'auqlifauwlf ... Gn1.pJnLGe: fl/wp11n l'n 2. 1! wqhfruwqu.'itnL/J Jn< 'j, nL

"bb9n'[ Jfr'bbl'"'l"bbrfr fd/ri/e ,,,,,t:,.,f,,,'j,,,,4,,,,4 I;. 'lf'"''j,./! b"b' p'i,wd-fi"b 

h11qwfde• J w'f'iibmfrme· "ffrrn

mfr'iie, qnLpwhfruif!, fl.brn"IL"'-

111fr"he, fi.bf'p "rfrme, ,,b'i, 1brfi

me, t:.udi.urfu hwk .J!f'nl'""'l! b. 

J"'qnpufrure: 

t4. 18. 4'urJw~• bn.w'114,rnL'bfr'll!.r 

'l .. lb'bfrmfr '1'"2"'"uf 

(!!.""' U. lJ.• 8nL24n;/1)1 

t~. 19. ~brJ.,fw'b 'lJ/;rl!. u1b'llur1w'llitfr"'fr 

'1"'2urnL•'· {hHmJbr ( tnrib•t/"") 
, ,,,'b,p. X 40 (!!.""' If/. f},,,,f'l " l'fr ) • 

lJ' Ul'fbfruwqw'i111L[rfJnL'j,f! npnzmJ J,'j, Jw'fbfruwffwh llfUIJ!fr Jfr-

2_n911i/_, np[! mb'l"''lf'ifwJ f; wuh'lfr Juru1fr'b, ~wJ Jfr"bbpwL/r ifinzm. 

J wq"bfruwqw"b11Lfd J w"b ifin paw pqnLJ ni/ 1 f:pb Jfr'i,h P"'lf! ,/ "''f 'bfruw

qw'ii I;. UL"'.[!£! fdbJ!ifmJ· I; 'lb"ffr t:.wmfrlre /, ztfrf!.fr m/;'l"'2."'r<IJw~ 

dwJw'iiwl/ "'J'j, t:.wm/iqfr9 t_/r "fnq.f11LJ1 

lJ' "''l'iifruwf1w'ii Jfr'i,brwi"hbpfr •Jrnzfrb "'f"''l 9wmqmJ· /,_ ft"ff.nLJ 

I; Jw'f'iifruwqwh uiw.f!fr'ii l1wJ "fn'l"fwmh 11111h'lfr dwJpfr'b: 

1;1hlf sr.uh011)nrl)aulfwGnLp!nL6e: £:um I; ibl1111 l'"';:,"''1.nr'1"'4"'-
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bm{r/ JUlb Ullllflfif..wbp J'fibhptuLh/;('£1 unt/nf,.Uf'Wr uurnptJlf<Wtfwbif nLJ' 

h'l, brb.f! /u.fpbf'fi' l"''/ r.,,,,'l"f"f/•t.bhp, (drnu t..w11nr7/it.bhp, ifwu. 

t..w 'l nr'lfr }_',,/; r : 
l;Lb4mrw/)wqnp']wl1wbm(r!Jn<bf! }_unfrhLnL t..wJ1ul' o'lm""f:np-

J11uf h'l, t..wUtm4 ""'l'.f!'"if.npnL.f'iibp: 81,fi'lr/ifi l'"P"ru11nnf'fi'"JnL.f 

O'f"'LU'lnr~m.r hb i)hurlLJUll ""'P.f!f!\ 2-3 t.nr mwrrhrfiy P"''l-

4wywJ- .f<11pm4nyfi f;Lb4wrwl1w'U t.nuw'U.[!f! w'Uy'UnLJ t' .fp'Uhr"'LP 

Jfir.ni/. /,. 2 if.nlut"'!Pf, if.by l"'J"fbf'fi zq(rl"'!n1/ liwrf .lfi',,lipwlfi b. 

JfiLP"',f"fhr.fbi.npfi J'fitnif, wnwp_fib ,/fiwym.!e 4/ipwn.11<.f b'l, L"'1 

r.,,,,'l"P'IPt. Jfi'l,hpwL'l,/;pfi 'lb"f.J!"<J' b. 2'lf!"'!"',f r..nutub.J!fi mtlfi 

qhrwphrJ"'l . hq11w4w9n<fltm'U h',, wbm.J' ',,f1wwhLf1 zrqwywJ- /_;th4-

utp"'L"'J"l.brfi [rlif.nif.. hrltr"r'l Jfiwymrfe o'lur"''l"rJ-,,i.! h'U (rlmu 

l;l b4urr,,,t:,'"'l"P'1Pl Jpbhr"'l',,brfi 'fb"f.J!"uf /, t.nuwb.p{• mtlf! l_w

i(rrn.f L'U Jfi1fiwJ"fhpJhmpniJ.1 
flrnzi/.n'l J'fibhpo»Lf! ;nzw1fl1Ld b'U "f"'l"fLUUlh wubq'Ub rnif: U.a 

uwr.JJP o'l'Umfil 1w.!p pnlnr ,Jp',,bpw(itbp(! f!UW ttL4Ulf'"'~'"'lnf'?"''t"'
'Umf't'"b wumpf..wbp uurnpwpwtf,,,~u/1n.r b',, if.by fi1Jphrfi zwm 

pwpap, pwrar. ,/fir.fib, J'fil'.fibpy ,'}ut,}p, filnL!l, zwm pnLJ[I 

l;lhf1urrw/)w'[nr'Jw4,,,b11L[rJ1wb w1/htfi f..z11rfiur t .u4'nLJ'bbp ,,,,,

utUJpbl I; Z.LUrif.htc "" uwr.f!fi if.rw, nre P'"'l4wymJ t "f'l',,ah b. 
"1.lwmfibh wubqbwi/nf' J-w!r"'"fbwf(bhp 1nbbynq "fnmb'u9pnJh111p/iy.1 

Ur"'"'.f!P.-,,' u1q.-,,ah wuhq',,bl'fr 'lm I'll! l19if.mJ I; t.nr J,;ir 111411s'ith11/iy 

UutUlyifwJ- f;lbl11nrw4wb Z'lfil"'!P..,, b. J-w1uu111uf /_; nr"fbu Jp'UhrwLfi 

J fr r.nynif. wbybn'[ r.,,.,,,,,'U.f!fi r.,,,,'l"P'ffit. •. 'Ubr.f!fi',,' "JL<""'fi'l,p wuhr 
'hbrfi 'l"LJ'ff! Jpwyif.n<.f I; "fnmbil,9finJbmrfi'l,1 

l; l bf( mr 111~LU'f. n f''fU1fJU1bnL-

'i,~. :JO. l•t/;~u'l'"''w'ln·l''lwliw1•nL{iJ J"''b iw

pnL1/'b/;t•/• uwr~P u[uk./u• ( r_um 1'. U. </.n

tfr'bu~nL}t fi-u'b._f,.,'t, ,fwl'"'~'!9, M-flL
J.u•un'bp ~""'r£w~, H-iw</rn'l uwr~w1n
ruul , n - •nuwfnfuh . ., Jl-[Wl'f.Ul.b('p~o 
mA-JJ.tf.w•r"f.J;l'Jb.,,r, r - ,,wt1w'bn.r1;.,,t" 
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(rl 1 m bf! nrnzi/_nLJ /; 'fp.ftu

lfpn</iJ1w'iJ t"'rfinLdnq' oi>

,fhtmif., fi114 f.tf11U1fl.[!/i llL,ff! 

2.'l[cfwJnL.f' 'l"'Lif.wbn.fburpfi 

o'l'°itn<[cl !"',f p: 

ll fi',,br"'LP 'lr.r "''lr"L-
filt "<.-,,e r..wzi/_1nJ b'r, o\Jfi 0-

pbb.[!ni/.1 
/•. U. •1.ntfitu4/ib "fwur

p1numhl I; Z,wrrf.hJ/i Jh{rln

'1"1 l;Lb4111r111r:.w'lnr'l"'IJ1u

',,,.L(rlJ"<bf! }_w1fblnL Jp i\w-

. umLf( t:.wr""'r"'.-,,.f! ( -U4. 20 )1 

1.wp.f,,,pwbl!f! l'"''llJ11.19wJ- /_; ubn'l J'wrm~n9fi9 ( 5, 4 ,5 ifntmwbn9 ), 

flLpurunbfi 4w.fn_w4/19 (lv\) /,. f1u1.fn.."'J(p f!J..bpfi!J .fhqpb f/!Ji/.n'[ 

i."''"".'l t.wp.fwpwb.[!py (M)r 
'1wrfpi'_"'qfi wbqlnLbur'lJ-n<J t.nuu1b.[!p pw9wll"'!m{JJnLbf! uurm

'thlnL t.wrfw[' np"fbu uwp.[! /jppwnquL.f f; 'fp"fwbp l"'"futbpfi4fi 

l"'""l.'14 (JI), JfitfiuiJ"l.hrJhmr ( mA) , 1,,,,.r 'l'l"'!'".-,, 'l"'Lif.wbn

J'hwr (f } : 4u1pif.bJfi t.wifttu ·lbbpp "'P'lJnLb.[!bbp',, "''l!"wwqfi ab.nif 

fir ahnbwp41nJ ph[""" I; u. u.. i/,wfupn.fhbl!' 

l•t/;~'"l'"''"''lnl''l· I lfJ.1/•w.J'uikr•fb.,,l'f' [ 
wu.,,J.O.w'br_ w•/Jwl'bbrr_ ma. 

10-15 

1- 9 

f/'bwl>p'b wrl>wfl 
fl'bwJ p'b "i'lfr'b,\ 
If f.t b1•r"' 
tHbLf.'b 
f.~luu ,)J.it l'Jrurln a.m 
IJn•fLLf,'b 
1~b'bm1w"h'lf"' 

"'"''""'''~' 
(J.l'" b 1rn ''{ p {' '"" 
/:uu'iiJrm 
lfw11~1l·m fm 

Q/ J.r P"' 
.,.,,,,/;~. ""' 
'/owl~""Lf('/•m 
lfw1•~w'{/'"' 
Sl'11w'b1n f.u1 

I•, ,fb'b '"" 
Q/ u J.i n•fb /W~, 

linLu/l'P"' 
11,,,ufrm/;l'frm 
flrwnL'bjrm 
l1jr'bn1wr 
f. J. rfn'bpm 
UmJ.i•'bfr.,, 
UfPwikrfrm 
•f!c•nJ pm 

I 
'l•frJw'f('NL

fJJnL'bf! 
o~J-n1 

lQ-5 
1 ()- -1 

10- 1 
10- 1 

]Q- J 
10-3 
10--2 

10-· 2 

10- 1 
10 -1 
]Q-1 

1 
1 
10 
102 
102 
1Q3 

10s 

1Q6 

101 

ms 
108 
108 

JOB 
1()8 
1Q8 

1,.nu1wfuwbwsnufe 4,,, u11upqu ... .r I; if nl mp wqh'lfi o'l'itm/rl J"'d P• 

!Jhrb4wtfib b. wrr.,bllutUJ4UJb yr•/wJ- LnLJUf! unif.nr"'P"'r LnLUUJ
frrwJ-wutnt ,f J_h'r, UJllW!'_U19bnL.f: /.nLuUJfuUJJ-wurnLdb nLbp uw/)J'wbwi{rUlf[ 

npnzfit. bzwbw4n<[cfJnL°iJ f..pJ'i,,,,ffwbULJ' wpJ-,,,/cf/i Jpbbpw[bbpfi I),,,_ 

ifwp, .npnb.[! mclL'l lm!ufi "''l'lb9ni.{if1n<b/•y .f!"'!.f!"'Ji/.llLd b'l,, w'U-
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I 

2.."'"'bl"i/ pzmfrl1'i.br IL "'""'2."'9'j,blm/. wbn'lnrft Jwiibl'b": ll. 11.. 
.Z • .,,furuJ"lJ,I!. funpt:.111 I''I !; mwi/'" Lntu1ufuu.J.,,111JwL J,,,JwbU.1// 

wbuu"l"'Z"'P Jfr Jiuue JwJ4bL 'lfr.,,:Pr.,,'1.J"'J"i/_ 4w1l uli f/_Jnwn

/il'lflm[. "'1'1 atini/_ JwJ/11_.,,J u/r:P/r 1/fr ""'"l!. J'imul !; w'i.fn

ifrn/11 J.. ftwr"'L !; J1urLwJbl t:.wJbJ'wwmflJwb t;.,.,J,,,r: 

U.rJwflr UIUlfl'br .!fo'i.brwi'i.brl! l"' UUl/uUl,.UIU1J
0

Ulb(! h'bfllUr'r 

i/_nLJ' b'IJ U1U1fPbr "'l'"'lf"Lf/JwJp I.. fr'i.mb'bufri/_,,Lf/JwJp1 U.1u"ibu' 

"'l''lb'l.infrm[! J.i.wb'"11Ufri/_1 1 i/_wJrft• "l."''l"'u (w'l'l"LJ' !; 'i,.,,J.. wpb

'l"'~h1UJft'li £nLU1Ui/_npntJ(! Jfr .[!Ulbfr opmJ ). 

Jtbrwrq/.r/•we' 3 i/_"'Jr't· t:.bu1n. 

"J.frrwr'f/rf'Pll1(!_\ UIUlfpbp, bppl.J'b LUrUl'f 0 "'Jl 11b"J..f!br11LJ' 'fLU'j,'IUl'l• 

"1.nlfrP"''lfr"'l!.' wwrphf', f!'j,'lt;,.,,'j,rw"l.bu 'l"''j,'1"''1.• 

"l.rmumfrme' 1 rn"ib/19 t:.butn, {Jmu (pzmfi't'hbrf!. ./!Pt b'i.). 

111.nbf/_Jw'lifrme' 4 - - 10 i/_wJr't· 

z111rn.!b1brfwe' bppbJ'j, zwu1 "'flLl'f1 "'Jl 'lb"l.ebrnul t/r "''l.'lnLJ. 

l"'l"l."'Pwe' '1"'..,,'1"''1. "- (ilnLJL ( pzu•fiftLbre .r.,,Lr bL)1 

Ufi'libr.,,L'hLrfr t:.'lftif.,,J Jwftbrb"I!. fu.,,Jwmb1nL t;,,.,J'.,,r oq111.,,-

'lnrJnLJ bL t;.b111J, J"'l ,,b.,,11111/ri/_i.hrf!.' 

HN03 1:1 (1 J.,,.,.,,l fumU.19. HN03 d = 1,42 L.1 J..,i/_.t._nLr)· 

HCI 1: 1 ( l J.,,1..,,L fu111U.19. HCI d=1,19 I.. 1 Jwi/_. 2nLr ). 

KCN 20 % 2.f'"'J/rb [nLJmJfl· 

I- eCl 3 20 % .» iJ 

KOH 40% -» » 

HgCl2 5 % , .D 

Fw9/r if.ht'f!. 'bzi/_1UJ "'l""l.hu ftnti/_.,,J u111wb71up111.,,1fr'h nb.,,ft-

111fri/_'l,bpfr9_ OlfUIU1lfnpJi/_11LJ b'j, bwJ..' 

"'l'.f!"'J"'flflnL (3 J-LUi/_LU[ fuwLU9· HCJ +1 J.,,i/_. fu111w9. HN03}, 

AgN03 (t:.wqb,q. 2.l'"'JP'j, l'tLJnLJ/d. (Cp-f!. nul1m9 w;,,ppb

rblnL t:.wJU1f')1 

FeCl3 (t.wqb9. 'l.l'"'Jfr'i. lnLJnLJfl·) (Lel-e Asp-/r9 111wppbph-

l"L t;,.,,Jwr ), 

H20 2 30 % J.. 3 % 

Sn Cl 2 t;,.,,'fh9. 2.1'"' Jfib LnLJ.nLJ/if 

KMnO, , • l Mn-fr JfrLbr"'L'bbrfr 

;:.,.,,f "'I' 

K 3Fe(CN)6 - .25 % 2rUl1fr'i. lmJnLJ/if (Tn-e, nrfr 1.rw ,,b.,,1r 

mf'f.1! LULl.'lnLJ !;, Td-/r9 mU1ppb[,b[nL t;,.,,,f.,,r)1 

CJ.'b7/rf1.,,i/.nr J.1111r t1L'bb9n'l "'"l."'l1b J.n'lfrftni/_ ,.b.,,ftmfri/_/r 4.,,. 
fl/rll! wb'lw'lrt/.nLd !; Jfr'i.E.r.,,Lfr 1.r.,,, t:.b111n "'J'i, t:.w'bi/_nLJ' !; .[!"'

,/ "9"'fl1L flni/_ i 

11 "'filPLP "''l.'1£9nL[il JnL'bf! 'lfr111nLJ b'i, ,f .,,'j,l'"''f/• ut111/1nif • nb wft

mfri/_/r "''l'lb!JnLflJnL"i1e ftwrn'l. !; Lfr'i.bl 'll'"'ftw'i. ( +) ft1111l p111911111 .,,_ 

1,.,,-;, (-) , brftrn/"1 'lb"l..en<J J'fr'i.br"'Ll! tfr tf•n1frnfu4_nLJ'1 

fl.b111l1mfii/./r '1/'"'ftw'ii "''l'fb9nLf/JnL'bf! 111rmwt:.1111111i/_mJ' !; 111 .,,l'_ 

pbp AJ..bpmf.' 

1, pz111frft'i.bpfr w'i.2_111utnLJ' ft111J' bnn.J° Jfr'i..bpwlfr J'wftbpbufr 

ifr"' (orfi'iJ.,,f "'rubLn"l.frrfrme HN03 1: 1 "''l.'lb9 mf1JnL'hfi!I). 

2. tthwftm/ri/./r ft111[ilfrl/r qnL'i.1uifnpnLJ[! ( 011/r'i.111f HCI 1: 1 

ftw{rlfrll!• w'l'lblni/. J.,,q'bb111frm/r i/.r"', 'lb'l.'i.nLJ !;. HNQ
3 

1; 1 ft.,,

[rlfrlf!.• "''l'lbtnt/. fu"'tftn'lfr'bfr 4r"'• ft"'"l. 111"LJ !;). 

3. ft.,,flfrll! t:.bnw9'bb[nL9 I.. fu.,,J..,,1114_.,,J. mluw ,f.,,.f!rblm
9 

t:.butn ,/'i,nul !; pfrJ. ( orfr'bwf fu"'L'1n 'lfi'bfr •lftUI HN 0 3 1 : 1 ""'" 

FeCJ3 20 % U1'J.'fb9mf/JuL'b/r9 J'bnL,/ !; hpft'b111q11LJ'b pfrJ, pnn'bfrwfr 

1.r.,, FeCl3 20 % fln'l.'i.nL.I !; 'i,.,,rr;,2."'PLJ'i. pfrJ, fr11t1 KCN 20 "1. -e' 

'l"'rt'b.,,qnLJ'il pfrJ ). 
4. J'fr'i.br"'Lfr J'wi1brbufr J'nL'fUl!JnLJ ( uJ...,,9 nLJ') (orfr'b.,,ft' 

HN03 1 : 1-fr9 qwtb'bfr"'l! ,,i...,,<;,,lLJ' !;, frul1 p'h.,,J.fr'b wpJwfile 
J' nLqw'bnLJ !; ). 

5, J' w~brbufr JpUIJ.UJ'j_,Ul"f.UILnnLJ' (orfr'bUlf "f.frrnmfr'i..fr 4.rUI 

KOH-frs, iupub'bn"l./rft/r<n/r 1.rw HN03 1: 1-fi!!, uJ'."L111fr'ilp i/.r"' 

HgCl2 5 % -/r9). 

6. t:.wJut'b4_nLJ /,'i, t:.brAnLJ'f!, 'ln'ilwl ft.,,nnL94_.,,J..el!• ftrft'b.,,

PJ"Lrb'l'i.bre (opfr'i.wf 11 fi>.,,Lbrfr 111e .,,r.e.,,J.,,flfli/.ni/. fu.,,c>w111btm9 

t:.burn 'iJpw 'flUzUlbpnLJ' t;,LUJll1b4_11LJ' b'j, 'tr~'iJUIPJnLrb'J.'i,br 1 uJ' W[ 111/r

"i1/r t;,.,,111frl1'i..bpnLJ' HN03 1: 1-fr9' 'ln'i.wl ""'"'1L94_wJ.,e). 

7. 'tUlflfrL/r 2."Lf2_[! Uf.Uw/1fr 'I" JW 9nLJ' .,,,-;, 'lb"l..enLJ, bpp 

J'p'i,br111£fr i/.rLU U1'l'ft1LJ !; nl_ fib nbLUfJ111fri/.p ftLU[il/r[{!, LUJl i/_bp2_fr

'iJfru 'lntnrz fr'i.brl!• npn'i..[! ""'fiJPLP znLpp_'b WltUJf_Ul!J'bllLJ' b'i, O'J.Ul't 

( opfr'b.,,f pfruJ'nLmfr'bfr nL 'lbJ' un'bfrm/r ,/ nur HCl-/r 'l"l nrzfr'ilbrfr 

.,,'l.'1b9nLflJnL'b/r9 ft.,,,/ "l.frrfr111fr nL 11fl>.,,Lbrfr111fr Jnm HN0
3
-fr 'ln

l"rzfr'bbrfr w'l'fb9r1LflJnL'i./rg ). nb.,,ft<nfri/_'bbrfr "''l.'lb!lmff JnLbf!. 'bft.,,

I'"''lri/.nLJ' !; W'J.JnLuwft'bbrfr t;..,,,r.,,Uf..,,111.,,ufu.,,'j, "J"L'iJ.,,ftnLJ' J.. J.,,. 

ltWJnLJ !; Jfr'iJlzpw(/r npnzJ'.,,'j, lf'1119nL9frt 'j,2..,,'j,1 ~"'I'" f- 'bzbl, "f 
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nbU1itm/11J_'bbpnt{ /_uwd-wmnuf{! "lb"'.[!
1 

I; uitubt Jfr'bbpwlfr l'"Lnr 

f.wu1itr1L{JJnLhhbp{! npnzblnL9 f.bmn: 

f!Jbm.[! I; 'bitwmp nL'b£'bwl bppbJ'h fuwd-wmJ'w'b "'P'1JnLh.[!hbpp 

w'bnpnznL{<IJ11Lh(! (w!'1 '1b"f.[!bpr1LJ 'b;_nLJ b'b.[! ~l_ itwJ /ilnLJL} Jfr'bb

P'"l'bbrfi qnL'l"'~9nLJ'bbrfr '"'l.'1b9r1L/ilJnLh(! fuwJ,,,wJ'w'b '"P'1J"Lh.[!

'bbpfr t{rw ( orfr'11wf Ga"- Bo "'n"''bafr'b t{br9 r..,J fuwd-wu11[11LJ b'b 

FeCl3-nt{, 11witwJh bpp itwflfrlf! J"'Jit11LJ I; Ga "- I3o umf.Jw'b{!, 

"'"/'" pnn'bfrmfr t{pw nbwitmfr1[fr '"'l.'1b9111.fJJnL'i.(! wt[bLfr nufb'I I;, 

fruit 'l"'lb'irpur(! t/r fuU1d-wm1[nLJ ), fr'irt"lbu 'irwlr. [cl[clnL'irbrfr "''l.'fb

,'J"LflJw'ir tb'l.".[!w9nLJ(! l1"'rpn'irwm'irbrfr itn'IJ'fr9 /,. 1uu'ir1 

lu wJiumJ' Wh nbUlitU1frt{'irbrfr f.wt{ UIJ!W<h1L h w'irf.pwcfb zm I; 

/ifwpifw9'irbl n1_ mz, .[!Wb br~nL wJ'pu(! Jbit1 

U'fritrn.efrJfrwit.u'b •frnra "'ritmJ'irbp{! "rb'b9fr9 'j,[; rit"' !"'.'J"''IL,f 

b'i, J'fr'librlULft UIJ'b'bwJ'.ubfl f.U1mfr/1'irbrfr nrwittuitUl'ir J!frJ'frwitw'b 

nbmit9frut, nre ,,UIUllUrt{llLJ I; 'j,{'"'"'9 Jb'l_ WJU itwJ "'If, "''"rrl! 

""'1m'bwpb1,£LnL Lr. "'l'f"lfrunt{ Jfr'irbf'"'LP "P"2"'-J{! -6.zwbl"'- 'b"lw

"'"'itnt{1 ll'fr~r"J!pJpwl1w'li •frnpawrt1n,_J.'i,brfr "fpn9buf!. 11mnpwpU1-

d-LU'bt{nL1f I; brb.e f./11f'b"'itw'b 11mw'1fr.,,'11brfr' 

1. Jfr'bbrwLfr 'bJ'11Lzwrit11LJ. 

2, bJ'11L2'1 LllLJmJ. 

3. L'ILJnr.J[clfr ifrnr1J.U1[•~nLtf(! npn'bblfr mwrrl• l\wJ'Ulr: 

lJ' fo'bbr"'LP 'j,,f,,,_z./! t[bp,gt{11LJ I; "ln'I"l'"m/1 wub'lut{ l1wJ f.w

m11Lf1 Jfritr n-pnrJb.eb'bw1fr J/rf._nynt{, fruit b[clb 1l'fr'bbrwll! zwm 

~wrd-r I;' '"LJ"'um£ JLUmfrmnt[. P"l"l' '1b"l.ebr11LJ (!hmi•tfnLJ £';, 

0,1--0,4 UU mpwifw'ld-fr f.wwfrit'bbr /,_ 'bp"''b9fr9 umw9iJ.11L1f I; ifrn

zfr: 11.ub'Intf ifrzrUIJ hJnLfl/t ifrnzfr'ir flnf'UIJ 'l_pnt{ fJfl'l_UIJ JllL9itnL 

u111uJwu1 t;.wmfritnt{ mh'IU1ifrn/unLJ b'i, w"lw~nL t{[''" 'lmht{n'[ l"L

J11LJfl/t 1twfJfrl/t 1fh'l_1 'iJnL2(! l"L<h[nLJ' I; ( U1J'b'bfr9 t;.wb.wfu HNQ
3 

1 : 1 Jh?.} l;lh~mf1"'LU1J"ffr itw1f u"f Pl'"'"'!l'PlP t{pw "''".P'"9/'LUJ 

it,,,flfrlfr Jh'l_. I.fib Jfr'bbpwl(! '1d-t/"'r I; l'"Jt{nLJ, '""lw Pfltffr 

itwflfrL'i,bf'fr wiJ.bl"'[J'ILJ'f! lr. 'fnl"f'2"'9"L,ff! ~pithnuf /;'j, Jp .[!tuh/r 
lllh'fwJ' I 

'l-nlnrz"'9nLJp9 f.bmn humt{wJ.[!{! uwnb9hnLJ' b'b /,_ lnr.JrnJ 

uni/.nrwpUlr 1;7 HN0.1 Jh'l_, "'"/"' lnLJnLJf/l! itwflnsfritnt{ UJb'Iw

ifrn[u11LJ hit Jfr '"IL "'"l"'itnL tfr"' Li. itwu1LU('11LJ' ifrnpaw('~nLJ, wr[b-
46 

l"'.'l'irblnt{ nbw/1m/rt{/r J[r itwflfrL ( w'i1Jfrlw"lbu itwJ itwflfrL'irbpfr 

Jp1.0,9Jw'ir b'I.,,'irwitni/) it,,,J "fP'j,'1 nbw~m/rt{/r J[r .[!w'bp f.1.0mfrit

'irb/1t IJ.bwit9/rwJp '"P'1f"Lh.[!f! 'fpm11LJ b'ir u,,'i,9'irn'I l"LJUllLJ'. unt{n

P"'P"'P p'irnpn2 b'ir 'l"JW9"'I PJ"Lrb'I'irbrfr ai,_I! nL 'f"LJb(! itwJ LnL

°""LJflfr qnL'irUlt{npm .. Je: 

nr"lbu JNrn-1!frJfrw11w'ir nbwitsfrw'irbrfr orfr'irwit'ir£p umnrlr. 

pbpt{11LJ b'ir Bi ( ppuJ nLmp'irnLJ° ), Co ( l1np wlmfr'irnLJ ) , Sn ( itwufr

mbppm11< J /,_ w'bw'lfr ""'Lf/>ww'Ibf'nLJ} ifrnrd"'{'~nLJ'lihrf!' 

Bi 1.ft1qpnJ!{11.fl1w (pfruJ"nLmp'b J'fr'bbrwL}· Jfr'lihrwLfr ifrnz.fr'b 

lnu}nLJ b'b 1: 1 HNQ3 liwflfrLP Jb'l_ (it"'flPlf! Ir1'U.[!w9'bblnt/ nL 

'l"L"r2frw9'1ihl'•t/} , "'"I"' 'iwmt{wd-.[!{! L"LJnLJ 1: 5 HCl Jb'l_t /.nL

,}nLJfll! mb'lw1frn/ut{nLJ I; Lr. 'bpw'b U1t{bLw9t{nLJ' I; KJ Jp J!"''j,P 

'>"'m/rf LnLJnLJfll! umU1'l,11LJ I; '1b'Ifr'b 'f"L'i.wt{npnLJ. 'fpw'bfr9 f.bmn 

l"'-t!-nLJflfr'i1 1m[bl'"9'j,,,,_J b'b CsCJ Jp .[!"''bfr f.u.1mfrf L'ILJnLJfJI! 

umLU'irnLJ I; it"'rJfrr qm..'bwt{nrnLJ Lr. "'r"''bfry PJ"Lf'b'ILU'ir11LJ b'b 

BiJCsCI ~"''l.JnL/ilJ"''li l/wrJfrr 'l"LJ'bfr f.b.euw'ln'bw1fr'b fl/rlilb'Ifrit'bb111 

Co-{1 tf{1qpnJ!lnfrm (it"P'"l"'P'j, Jfr'bbp.,,L). Jfr'bbrwLfr ifrnz.fr'b 

LnLJt{nLJ I; Jp J!"'hP it"'flPL 1: 1 HN03 Jb'l_, J"L['"'.[!"''j,lJ"'-1' 

l1wflfrll! WIU.[!W.9'bbln1[ UL 'l"l"l'2Pw9'bblnt{: "iumt{wJ.ee UWIL(! t{fr

-b.1.0~nLJ lnLJt{11LJ I; 1 ; 7 HN03 Jb'l_• u1b'ILUifrn/ut{nLJ I; 'bm.J'b m

"fLUitnt. t{pw J[r WJL mb'I' l.1nd-t1LJfl/r L1"'flfrlfr'b wiJ.bLu19bnLJ b'b K 
Lr. Hg nn'1w'li"'JP'j, '"'IP Jp itLUflPL ( lnLJnLJfl/r nL nbwitmfrt{p itw

flfrL'irbp {! urb'I '"'1Pt/ nLJ b'i, itn'I.e-it"'l..[!P, "'"I"' J pw9t{ nLJ b'i,' '""i '"

itb an'ffritfr UnLr Jw1rni/. IUJ'1 f1w/i/frl'i,brfr J'/rf._lr. umbrlJt{nLJ' I; 1UIL

t{frit1 npp J/rf._119nt{ rtbU1itm/rtf{! JfrwbnLJ /; 1pnpa"'t'ittf n'I itwflfrLP 

.~bm )1 ~'b'1fritn'b-itw"fnLJ"' "ll'P'l.'fw'bbpfr, /uwtfrit'bb11/1 "- uf/>brnlfru1'bbpfr 

"''L'"'l_'"9"'-J{! l"LJnLJflnLJ 'frw~w'i. "'z"''b I;. bflb lnu}nLJfll! umw

'bnLJ' I; t{"'r'1'"'l"LJ'li bpw'b'l , l\bmlr.wp"'r "fwpnL'bwitnL,f I; 'bwlr. Fe. 
bpitwflp p.wpap "f"'pnLhw/fnLf/ J'"'j, '1b"i.[!"LJ "f PP'l.J w'bb i'{! /,_ uf/>bpn

Lf1 m't,b('{! abn.[! b'b pbpnLJ n} fJb f,'i,'1fritn'b-l1"'"f"LJU1• "'!l f.wJwr!"' 

fib ult. 'l"LJhl Co-fr f.w1m'bU1pbpJiu'b f.1.0Ju.1r D'fWW'fnpJ11,_J b'b 

K 2Hg(CNS), o.> % lP'"JP'j, l"LJnLJfl• LnLJnLJfl/19 'bumnLJ I; Co "-Hg 
hr~nn'1w'liw1fr'li Ul'Jf!' lCoHg(CNS) 4 ]: 

Stt-11 urqpnJ!h utiw ( itwufrurbrfrmfr Lr. w'bw'lfr unLL :j.wUl'Ib rfr 

f.wJ"'r ). itwufrmbpfrmfr l\wmfrlt'bbp{! un'1w!fr f.bm JpLUan'-Lt/11LJ b'i, 

"ll"'mfr'bfr itw'bflfr Jb'l_, t.. anLLt{"'J.[!{! "'""{! t[frb.witnLJ LnLJt{nLJ I; 

1: l HN0.1-nLJ't . 'ifrmpwm'l,brfr f.bnw9JLU'j, 'b"lwmwitnt{ h11mt{"'J.[!{! 

"''I'"'l.brd-1/nLJ° I; HN03-fr 1: 7 bpb.[! itwflfrL'bbpnt{, '""i'" 'l_PP J£it 

1tuiflfrlnt{1 lJ.'bw'l[! J'lin,_J I; butnt{UIJ.[!nLJ Lr. l"'-Jt{n,_J I; 1: 5 HCl-/r 
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qw{JfiLf• Jbp_1 IJ.'lwfrl[iltf "'JP'b l"LJnLJfill! l tf1npawrft_11LJ' b'b CsCl qw.f 

Rb Cl f:.iuuifiqnt[' pjmpl11zw'bm J' b'b ,,,'z,'l"'J'b, nulbrz pb~nLJ' nL'bb9n'[ 

9bqJinuf w1/-''b ( qwJ tinLp/-'11/-'nuf wJV") .f!/ n p11ui w'bwui/-' oquiw/;11p'bbp' 

CsSnCl6 ,,,,,J RbSnCl6 r 

S,,,rPbr J/-''bbr"'t'bbrfi ,,,,,_..,.-,,afi'b m"'rrbrfi t:,,,,J,,,r Jfift.rn

.efiJpw11w'b nbwft_9pur'bb pp J w'b11w q'b/-''b 'bqur f"''lf"L/J JnL 'b'bbpf!. qnL

'bwif n p lnww'bqutp'bbpm[ pbpiJ.urJ b'b lf. 'c,, &nptn/-' (1934 [rl.) I.. 

u. ll. fJ1tLz'-tn1fi (1966 [ii.) abn.'burpq'bbpnd: 

U'p~pnnhGmqhGnuiqhqmpw1, nhGmqhlinumpm.qmm.pwJpll IL 
tfpGhpw1]• lPJul J!rtfpwqmG mfiw1iiq_J1 h'b 'l-fiJmJ "'J'b 11b"1,eb1,,ILJ, 

bpp 111'itf:.111Jut Jfi'itbrLU£f! 1/hrf! 'itqLU('Ul'fri/.wJ- J'bfln11'itbrni/. UUJnLJ'f 

nrnzbl i_p f:.w2_n'fq11LJ1 

lfpqpnnh6mqhGnuu1bqmpw1 "''b"'lP'l.l! qutuiutp1uJ b'it o'lm"'

'l"fdblnq :..w11111L'-t u11111./!wi/.n11nLJ''bbp' 1l1J.IJ.- 1 (UU~lf), J/-'ft_rn'ln'itt

'11J.1ff;'1U. (3Jrut'i111/1ut), luf>SU.Qf>~lulfll.-4 nL fJluU.-3 (zi111"fn'bf-'ut} 

/,_ "'il'b' 

flrnzi/_mz J'fi'bhrLULP tfr"' nL'l.'l"LJ' b'b l;lb'-twrn'it'bbrfi tf11n'b2_1/ 

f:tb~mpn'bw1ft'b qn'it'j[!, 'l"'b'l-fr 0,1 tfq/tfu .!f-''bfi.!wl t1111'brni/.1 f:tbl1-

"'f'"'b'bhpp w'b4J ,,,'b mb'11nJ' "'""'t."''bnLJ I; 'bJ11Lz/-' '-twqJfi J/,r_ 

Jm'bn'l 1r1111prbrfi nb'bmqb'btw'b l."'"-"''l"'J{rlnulr IJ.'b,,,Lfi'l.wm11pf-' pJm

rb'l/i oq'b11L{djw.fp "'J'J- hUJn.Ul'f1U/Pt1L,/(! 111pnf:.n1.,/ /,i, U"fbf1mrfi, /.._ 

wn_111'bafi'b mwrr"rf-' u"fb'-tmrwl 'fdbpfr p'b111b'iJufiqmfi1JnL'iJ(! uwf:.

J w'bbtni/.' "-"'r"tf-' I; "['"2" l -{.,,,,,"''t"'JPJ ,,,'j, b'bfil,,,rft.t[utJ "'"LU r-

""''" q111q.!nL{if111L'it[!t 
11.qblf-' .!w'bput.!111u'b Jb[iln11/i /,_ ""'f.J!"'ifnpJ111'b 'blt"'f"''lf""Jf! 

pbpt/_nLJ I; /> . U. •l.ntf-''it11111n Abn'b,,,rft.fi brft.rnr'l- f:.p"'ut"'r'""-"LPJ"'

'bnLJ' (1966 fl. ) /,_ u111p,ebrfi'it qfi9 "ff"""fbltut'itbrnLJ, 

6. tsm-.ia-t> «1>n.vr .vu.tu.4t>B n·btS'+b\,nusrni-.11sni-.ru.sM, 
U.t.U.ll>!l 

UJm.p !1 1)mpp J!rnfiwqpg nhGmqhGnumpm.qmm.pwJpG wliw

lPq_~ Jbc}- 'bzut'bw'-tnLflJnL'b 11Lhp f:.111'b.ew1f-''b Jfi'bbrwt'bbpfi npn2Jw'i. 

f.wJ"'f' 'bw.!w'itwqw'b'l- Jf-'l.._'bnLJh ,e/rJfrw'-t111'it qw'l_JnLp-Jwh ( l;'b111p

'lPm nL LJnL9n'bf-'m /,_ "'JJ.'b ), pw19 uu1rnLf1m11Lp111jni/. 111111ppbp Jf-''bbpaul-
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'bbrfi l1w1f p "'l"f ""'l f/>wwrzb l'P n rn2J w'b 'lb"f J'"'J' I Tl n'bnJ'fr'bbr"'t 

'bJ'nLz'bhpf! 1u'bp_wuiifnul b'b ,,,'i.,Jfilw"fbu Jw'llpw'f-frmutqfr mwq .lfi'b

jk 100 X f11nznt1"'9.fu1'b "f"'JJ w'll'llLpnLJ: f>Tf'/>('{;.p tiupnpwmn

f P"'lnLJ (f:b'luJbpm'itwJ"'• Unpnlb.w) w11wp_wrq11LJ' b'b 'bJ'nL2wr'-t

Jur'b t:.bmb.J"'l brzw'bwlu/ npn21/n'l f:.wurfi'-tl! "i"'l"f"'mb wulu1nif 

/t1wqnLJ b'll J 'b/l qwJ .!fr ,ew'llfr nul'lllLfilJwJp J.. Jfr'llbr.,.Lfr umw9-

"-"'~ 1[tnzfr'b f},,,ttqmJ' b'b 11n11p'bap qutfil/itn1. ( iuuA'lfi Oolf'bmfilJ"'Jp)• 

b 11p 11nufi'bal!. 11l1unL,/ I; tnrui'bwl 11L '1"'"'i111Lt! I; JwJnL9pq1 'bp,,,. 

Jbp_ Jmstf11uf I; ,,,,,b'll! /,_ t[l1ry_fr'itft11 'l't"' 12 "'fmm11LJ1Dnt{_ ( '1-ftmblnif 

1f,,,'llr"''1/-'111wqfi mmq) l1w/Jfi1l! tfbr I; wi>qnLJ dfr q'b'1fi"t/11 lJfi'llbp,,,~ 
LP qrnzfi "f"'I''"'hwqn'l unufi'11'1fi "'t'l q'll11Ml! wulu1fi ,;,,,,'trntf mb

'l"'tf1n/vnLJ' b'h "'"'"f'-i"'J"'ft,,,'j, "'"f"''t"L q 11w, J,,,J.qm J b'b br'-t

[lnf'J- "'"f"''ini/., 11 /,'lJ'nLJ' /;'j, b. 'hnp/-'9 'l-"'fa'llmJ' 'l~"IP'-t> "'!'l"fbu Jft 

,ew'bp w'bqwJ', Jp'bt_"- bJm{il[! lfb'l-fillfi J'bp_ ,,,J,'1."'P""21"tffr f:.wi/_w

uwputt_iu•/-" rf/wmpwuurqwt} 'b1fm.z'itbl'fi 'l'h11f-''-t'llbrl! mJ1'l"''ll'if."uC b'b 

unqnpw'-tw'b ub'bmqb'hJ,,,'i, fv1n9br11LJ IL t:,,,,,f,,,"'fwu1wuJuut'b J'bf;Jn

'fni/. uu11u9iJ.11LJ b'b 'J-bpwb'll1uttf'llbp 1 

tJl"'I'"''lri/_iui> Jbfrln'l-ntf t:.'biupiui/_nr I; 0,0ri-U,1 tftf J.. Jfi'bl•

f"'l/-' u1i/_btf-' .::..wmf-''-t'itbrfr UUlllLJ'f nrn z11LJ'f!I 

UlJZ.U'-nLJ oqmuu1npJq11'[ t:.fJ''itm'-tw'b uh'h111"lb'bn1fbuip/1'[ mb.-

'lb'-tw'lf-'l'.f!l! t:,,,,'b'l-fiuw'b11ul I; •l.. />. If" l_vbbfi nrnzti w'll "''lJnLU.Ul'-t

'i,brc ( l!J.5( p . )1 J..,,,r't I; 'bz ht, "r 'l"J'""PJ"L'i, nL'bb9n'l_ P"l"l' 

nrnz t!w'b wllJ"'""''-t'itb1"""' "/-' 2"'f.e f:.w'li/-1tt"'"' J'fi'itbrwl'hbrfi 

f:.utJ'utp ( unLl:P'""''fbp , ppuJ'nLwp fi1btmr/11J-bbf /.. "'J'l'i., ) , npn'b,e. 

""''l.J'nL/JJ1uJ'p /,_ ump11L'-tu111LrU1Jn1/ Pr"'r Jnua b.'b, r"r•fwJ 1111.t111l

'itbp[! Lrfi"- ,,_ llUlnLJ'l th'b: 

7. lfl>ubPU.ll> lPl>'{ .f?l>lfl>U.ltU.\i U.t.U.lMlC nlt uPll 
flU.uU.!LMJ1 2,U.t;i.l,U.P40MfC 

IJ.q'bt:.w1111 /; ~ np ,/'fi'bbpwlf-' wJb'bwumnLJ'f npn z_nLJ[! f:.'bwpw

i/.nr I; 'itr"' Lrfitf .efi.lfiw~ut'b l1wJ' Jfiqpnu"'lbft.wrwl 111'bwi/1'l_'bhpni/_t 

Uw'-t111J'b Lrf-'1[ ,e/i.lf-'wJ1,,,'b w'i1wlfi'll! f:.'i1u•pwqnp I; J'frw(i. "'t'b 'lb"l

.f!brnLJ, hpp .lfi'bbpwlf! l1utrbtfi I; rtui/.Wft_LUh Jw,enLr 111'itp_w111bl nt_ 

"f"''-i"'"' J!"''b 0,5 -1 q ,ew'b 111'-tnL/JJwJ'p /, Jfi _,,,,'bfi qzn.nLJ!'bbrn"I 

nrnzhl 'bp"' P"''l"''l-I'"'J,,,ubrc1 

1f fiqpnu"fh'-tmr"'L '"'it'ulf-''l.l! /1,.,mwri/.nLJ I; '"J'b 'l-b"l.f!"LJ, hc1p 

Jfi'bbr"'LP w'it'l.."'"'"LJ'i.tbrfi t"'tft"re 0,2- 0,1 tftf "l"'lt"'" h'b 1, pw-
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I 

ofwrwr ,ew'bw~mfd1wilp 'b1mfd w'by_wmhl t.'bwpun[nr tb l1U,Uf;l1U. 

4i'fi~rnw'bwlp'l_tuU1nrfi O'fhnL/JJW,/p ~WJ~Wf[W'j, uu~ nu~nL f.111'b.ew

tf.1111rhrfi9 ,fb~11Lil t.1111m'h111phrc/_hl IL nLUllL,/'i,wufrrtf.ht I; (U. u. 
J!bquilhpm'hw1w, {. t. UnpnlJ..w, 196.'j)* ilfi 'bnp ilfi'bhr.,,L' t/_n

Lfr'bu~fim1 lf wmwriJ h l I; 2lP lp11LJ qnLq111~9i[ ,,,<} fib lnL[mppuil m mp mp, 

t.bufrmfr J.. ifnlfi'bu~pmp f.wmfr~'bbrfi f.wlnl''f"'P"'r fuunwq,.,Jflm.il1 

"1111rqtf.bl f;, nr t/.n1fii:u~frme fir q111qilfi ,/bl "l"'rnLhUJqnLil I; Ag, 
1:3i J.. Te r..bmbl'"l .J!"''hwqm/Jt11L'h'hbpmj' Bl 71% {!Jhl"'l'n

ppuilnunfrmfr Jhp_ "f"'f'nLhwqtJ.n'l .J!1Uh1U~nt/JJ'"h t.w.fh1fwm), Ag 
-2.7 % , fruq Te 134,,5% (r..bufim/r ,/bl "f"'f'nLhwl1n'l 'bp.,,'i,9 .ew'b1U

q11L/Jtw'b f.w.lb,/.,,m )1 fil'blnLpnpfru.lnLmpmf! "l"'f'nL'b.,,~m,/ I; Bl 
.52% , P"~ t.hufiine Ag 63,3 % J.. Te 36,7, nr"'b'l/>9 tf.ni/•'bu~fiwfi 
1ibi 'hrw'h9 "fwrnLhw~mfdJnL'u'hhrl! t.w.lwUfwmwufuw'bwp"'r t,,,,_ 

, , A 63.3 .• 25 Te-- 134.5 •. 36 •. 7_. ___ -
"-"'""'r ,,'j, g =1.'i,'i % , 49,4 % -fr 

100 100 

52. 71 
Bi---

100 
36,9 % 1 

~hrhlnt/. "'l'f pi[brl! 100 % -fr, ifnif>'bu~pmfr ,Jhl ,,,,,,,,'ba.p'b 

mmrrhrfr "f"'rnLhwl111L[rl1nL'b'bhre l1qwqilb'b' Bi 36,2% , Ag 15,5 % 

Te 48,4 % 1 

l1znw1fr'b % -e p111cfw'bblnif t.wJ'wUf1111111uufuw'b wmnilw1fi'b 

~z/111.'hbrfr "-r"'• ~umw'i.iw'b,e mwrrbrfr IUltln,f w1fi'b "'"r"'Phrm fl111Lh-

\ B- 36,2 15,6 48,4 
tbrf' 1=--=0,17, Ag= --=0,14, Te = --= 0,381 

- 209 . 107,9 127,7 

U.1uUffu11t/_, tJ.11ifr'hu¥/>w/r ptu'bm.J.bl! /)w.f111"f1Um111up1wh11LJ I; 

BiAgTe2 ¥w'lJmfl1111'h(!1 

4Ull4 nu4nL "'l'f h11LJh f.w'b.g1uif wtr/i !),,,'j,.[!,,,'j,JnL/Jhrnuf r.b

'lP'i,'"~P ~"'lilfi9 t:,,,,J"''bwphrtf.hi I; filblnLrnpfruJnLutpmfr rt"'rPl'"'IP'j, 

"'"'rPbr"''ll!· nre umm.J'I: nrnztf.wJ I; ,f,,,'j,l'"''fPUllU~UIJfr'b NL nh'bm

qh'bnu111pnLf1mnLrlUJ/r'h mi/.J"'l'bhrnt/. J.. ilw,enLr tuhl wmt/_turt Jn'i.fll

,/fr'i,bl'"'l 'bJmz{1 .J!pilpw~w'b whwfp'l_nt/. (lftu'lut.J!/"''j, 4. <f.,, 1957 )*: 
lffr'bbrwlfr .efiilfrwl1111'b whtu[pqf! ( .f!fr.lfr~nu'bbr If. If. UmnL

l1mlnt/.tu J.. U.. '1. f.i[111'b1w'b) 9nLJ9 mi[b9 "''"l'rbrfr t.bmJ..!"'l "!"'-

* Ee3cMepTtta11 M. C., Co6oneaa JI. H., 0 BOJHlliCKHTe, Ho1Jm1 

TeJiy p11 .n.e BH CMyra H cepe6pa. B c6. ,, 3 Kcnep11Me1na.1hHO-MCTO.ll.H 'leCK11 e 

11ccnenoaaHHS1 py;i,u b1 x MH~1epaJIOB", H3.ll. " Hay i<a •, 1965. 
* MaraKb!IH H. r ., CypbMSIHHCThltt TeJJJiy poBHOIYTHT 3oncKOr o 30.10-

TOPY .n.Horo MecTOpO}liJleHHSI (Bacaprel!apcKHtt paiiou A pMSIHCKoi1 CCP) . 3an. 

BMO, '!. 86, N~ 3, 1957. 
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pnLhw~m/JJnL'h'hbp[!' Te 47,5 % , Bi 46,9 % , Sb 2,7% , S 0,45 % , 

umrttf.n'l J''bw9nr'f 1,55 % J (!h'ft.UlhtlLr 'fllL,/IUf'{! 99,10 % I 

Te-Jr nrnz 111ifhl9nLqf! fihlnLrnppuJnw1fi111-Bl 2Te3 (Te 48 % , 

Bi 52%} mbu111~111'b l1w'lilnLf/J111h f.wilbilwur pw9wmr./_uLil I; Sb-fr 
'l.'l"'lP fuwn.hllL[''f"t/.• nrt! />qnilnrf/>nrb'h mb'lwqwl11L.f I; pfruJnLmp 

1fp Jwuf!. (Sb-p .lhfuw'bp~wqw'b /u .un'bmp'ff! 1fb'j,.J! pw91un.nuf h'b.J!, 

.ew'bp n11 Jw'brw'fpmw~p ww~ /ilhlnLrnpfru.!nunfrm/r !)bm 'lnLqw/19-

ifmrt Sb-p .lfi'bhrwl'bhp pw9w~wtnLJ b'b)1 

OJ 
.;-... ... 
~ 

c-:i 

Te 
Bi 
Sb 
s 

..,;.. .,. 'J.npJ.wli_p9• • ...,,.. ... ';,/,I' I' .,. • ... '":: ::.J 
. ..,.., U' f.''bl.11w Lf1 ptN"ztwJ.l,l~' • ... 

n::;9 I Sb-nq 
... • ~ . .,. 
• • O 

. ...,,.. 5 s 
~ c,, ;:s ..;: ~ c.;. Sb 

47 ,51 127,61 0,37 3 ,3 17 Bl 2Te3 li_wJ wq1'[p umnLJ'f 

46,9 209 0,'224 2 10 Bi 10SbTe17 ( .~wpppwJf"" 

2,7 l 121, 76 0,0 12 - 1 pb[nL/rnp/w.fnLm/11n) 
0,45 32,06 - - -

~U.'1.J!U.\.,SOl>fa'bPti Sb.f.>USOtiPU.\.,bP\., Oft USPOl>l.JSOl>PU.'1bP(!, 
usrntil.JSOl>PU.Sti luU.tJU.SOtiU'C! 

4w'b.ew'b11n{rlfr mb.guurnLrw'h, "'l"P'u.J!'b' 'bpw ~tunm9i[turt.J!l! /.,_ 

IJUl[fnL~U1NLr1Uh1 nr'ii Ulf'U11U/)1UJlnnL,/ I; , IUtr.Whaph Jfi'iJbrtullUJ/rh 

"''lrhqwm/> 11wnnL9 tf_,,,J.el!• frrb'bfi 9 'hbrll"'!"'9 'bnLil L'b t:,,,,'i,-I!"''l"'trfi 

""'-"'l"'9" ,,,-;, "I,,, 1" ,,,'i,'bhrfi 'frnz J IL 11L'bb'b qb'bhmfr/1,,,lf,,,'b Jb,}

'b z111'b ,,,/1nLP JnL'h, t.'hwrwifnr11L/il111L'u l!'babn.bint/. tf.br<t,,,'i,bl t.w'b.e,,,

tfr'b "1rn9bufr e'bfltu9.J!l! 1 

Z.Ulh.J!tuh I"' !Jhrfr mb.eumnLrlU'bb r/r llL UUI r"Li1mm rw'hbrfr ,,,_ 

,.,,,'j,a_'j,,,,t,,,,m~nL{dJnL'i,'i,hp'b tn'ub'i, '!,,,,/.,_ ,/bJ ltfir"'ntuqtu'b 'bz tu'btuqnL

/JJnLh, 'j,,,,,f,,,'i,,,,i[,,,'i,11: f.111rumm9ilwb Jhfdn'f'bbrfr l!'bmr11Lfd1u1b 

cf1UJIU'j,U1/J1 'j,(IUl'j,,'J mhu1U4U{c/_nrJ Ul'j, nL /),,,'j,.[!1U'j,Jt1Lflb11fry pn[N(' 

"'rcfb.[!_tui[nr P"''l"''fl'"'"'""brfr umw9ilw'b t:,,,,,f,,,['I 

Sbl!-umt1Lp1Uhbp/r nL umrnL~tnllL['IU'bbrfr nw,qfrn'itwl 'fWllUl~IU['

'f"L"f! wnw2{1'b w'b'l,,,,f J z wl1b9 "fl'nlf> , U.. CJ.. Phmbfumph[! 1937jp.: 

Cum u.. <J.. ~butefumfi'bfr t:,,,,'i,.J!,,,'j,JnLfl/r umrm4mnLrw uwhint/. !),,,,,_ 
11,,,'imLJ b'b 1lfr'bh11wl"'tP'i' "''lf'bq111ur'bhrfi 1,,,,11.11L,fJif.'"J.J!p ,,,n,,,'ba

'j,,,,t:,,,,m~nLp JllLhhh{tf!1 "f UI 1" tuh 1111[11 ri/. IUJ lU J'f IU'frh'f UIU1(! fjUl'l_,{ ntf_. 
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Tfw'l:.!u,.npft ub'[

pb'f"'9P"'JP t. 
L/ift1w9pwJp 

~"'l'/'bwr.wp4wJ 
r, m'bj'W.,,J nLff b p" 

mbj'umnLpw'bbpf!_ 

;1. Tfwuufi1 1. Tfwuufi1(mnw'b91. ~wm,fw'b (bt""- 1· ftbq/,mJ/•~' 
nbtfiftmw.rfi~1 mb- ftw.rf/"} 
j'UmULpwbbpfi 

'""'1'"1·!·) 
2. '/,bppwftnL•fwJp'b 2. '/,b-ppwftnLJwJ/•'b 2. !J.n[•u1np ("L'"[bu ~. '1n'b,']b'bmp/•ft-

ppwp /./ 6bql'bt•fi 'l".,,"'L 
upumb•fp [9Jw'b 

"'P'fJ"L~'I') 
3 • ~"'P'f•fwJpfi 

4. 9.nlw1np (!/>unft- 4. U.mwl'"P"'"'J/•'b 4. Oqwftwa/, 
mnLw9fin'b) 

,5. fl/ub1'lu2bpmwJp'b .5. ?;bt•mw•/np (np- .5. Pp4fiiP'"J/•~• 
(np"f.bu '1£'"'1/imw- u1bu 1tbt/•ftmw1fi'b) 
9fin'b 'fp!f>bp'1'b-
9 fiwu P"'J /i wp-
'lJ"L.,,I') 

-6. Ppbb_fiw'bJw'b 6. OqwftwaJ, 6. Pc•bb_fiw'b.!w'b 

3. <fJ,,,H,Jw'b (r.n-

'l"'Ji•h) 

6. "/!wp"'JP"'J/•'b 
( ftw1bp'bw1fi'b) 

,:;. t"'l"'LJ"'P (t. 
f!_'bJ. ml'<JnLJWJ fi'b) 

7 • Ppbfti/rn1'Iufw'b, 
~ nL'lt"•f bpwmw
'bf!_J w'b /, "'Jt'b 
{np"f.bu nL[/ift
mwJ/•'b) 

7. 'ibp•pmftnufwJ/•'b 7, P££wJp'b (/un

ppufuwJp'b) 

. .\i2 

8. f/JnLuru11/_nl' 
(}, 9.ntw1np ( f/>[nLft

mnLw9pn'b} 
10. !J.nlw1np {np-

"Lbu f,w£np'fwftw'b 
'bumb9Jw'b wp
'lJnLhl') 

11. ftpnLUmpfj>pftw-
9pn'b 

12. ltnftwp'f'"Jp'b 
13, 'J.pnL'fWJp'b 
14. Tfbwwftntnfi-

'l"'l 
15 • IJ.fiff•'H 'l"L'"-

1"P 
16, '1ntnJnp!j> 
11. 'J.b'h'lPP"'"'Jp'b 
18. U.mw[!upmw1fi'l. 

""l"P'l"'L r.w'bl'w- UnLt!/>l•'f"'JPh ,,,,.,,_ 
J/•'b w1tw£w9nLJ- l'"''bJnLffbpp 9b-

'bbpp mbl'umnLpw- Jb'bmw9fiw.rp 
'bbpf!_ mbl'umnL(•w'hbpf!_ 

2. U"f.nL'b'f'"Jp'b 2. Oqu•ft•uJ./, (/, 
9w'b9w1fi'b) 

:J. '1ntnJnp!/> 3. ftn'b9b'bmppft-

'l"'b"'l 

4, Umwlwftwpww- 4. OJ~Lmw•/np 
Jp'b 

,/;. ftn'b9b'bwp/ift- 5. Tfwuu/i1 
ftbql.w1fi'b 

6, (/obn'l'"Jp'b 6. 11nt"'lnp!j> 

7. 'J.P""'l"'Jp'b 

.s. ZJ'b'll''"JP.,, 'l"'-
"''"Pit"• fl J"L'b'bb
pp /, ppbb_fiw'bb
pp wJw'b wbl'u
mnLpw'bbp 

:tJ. ~"'l"'JP.,, (mfiq-
Jw1fi'b) 

10. Uwftnmftb'b 
11• ?;bpmw1fi'b 
12. 'tn'bftpb9pn'b 

'iuw4wJ.['w,1fi'I1 

'"'.,,l'"''bl""P l.efi 
m b /!"urn L[Imbh l' £!. 

Tfbww.rnpf/>n'l:b'b 

r,,,,~.,,,,,.,,,,,,pbpfi 

3. 9.ntw1np {np"f.bu 

'"'"t!f>P'l"'JP.,, 
r.w'bl'w'b1nLfJbpp 
2bpww1npJw'b 

"'l''ll"".,,I' 
4. ftn'bftpb9/rn'b 

0"/P"'"'JP~•} 
(I• 4. /ipbftifiw'bJw'b 

5. l1n'b'l:L"''bpw
"'"'Jp'b 

( /, ppblfi"'.1/i'b) 
5° fHtfi1tww1fi'b 

mbl'uwnLpw'bbpp 
wmppbp mp"f.bp 

6. PpbftiP"'.fp'b (np- 6. ~wuufw'b mbl'u 
Ufbu lnU-Tf1Wf1W,9- U1nL('U111j,b('fr WW(' 

""''h "'t''ll"".,," r"r "'P"L"r 
'lJnt pwpb~ UHLUl-

£w9nL•l'b/,pfi pb-
ftnpw9nL,fn1} 

7, Op'fw'bn'l:b'b 
(nbt1'ftmw1fi'b) 
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lfj.'b/rpw/l./1pp p1n1..pb'Jw9J.,,~, umpndlmnt.pw'bbp 
r,J,'ln1..4_ :,,,,ln!f.j!'bbl'f.!l /, 1u1..J-n1..1fJ'bbp/•9 

1. 1J.1nmppmlnr!f>nr.wmp-
4_w;p'b ( /, u1w'!.p'J/•n-
1f nl'!/> r..,,mp4_m1/1'b) 

1/nnn'[pn~t 

1. /owJ-wmdw'b 

3. O'lm4_wJ./, /, 9m'b9m
Jp'b mb'lm4_wl'fw'b 
umpn L~ m n L['w4iib I! 

4. Slr'lm4_u1lJw'b 1f'bm-
9n[''f'bbpp UW['nL4_
UlrtL('W 

mpnr.1/w'b uuipnLf[mnL

l''"'bJ,p 

2. Spnr.,f,,,'l, flft!Jb'lm
•fnr 4,,,,( 9w'lr9wJ/1'b 
UUlf'nL~UlnL[IUI 

.1. Spnr.1fm'b 011m4_wJ.lt 
UUlfRL~UlllL/IUI 

4. Spnr.1fmb r.wmp4_w1/1'i.t 
umpnL~1nnLf!U1 

o. t-.fmb4_u1/1utwJ/1'b (/, 
t•/mb4_m n!p ftt"uJp'b) 

5. Sb~w4_wt•fw'b 'l:l""lpp4_ 5. l••fmb4_mnpp',ff•b 
lllllflRL~UlRL('W 

6. 'J.w'lm'bw/tJnLph[mJpb 
,, 11:"1'"J/1'i.t 

6. Sb'lw4_111[J.,,'j, 4_1fw{u- 6. Pn9tu'i.t,fw'b 
{!UIJl!'b UUl('RL~UJRL('Ul 

PJnLph'J.wtfi'ii r.wurfr¥'iihrfr at.. ni/, l_ 1ufnq 1'L t._Ul[tW6.nuf'iih11/r h'J. w

'j, iuf1ni/ I 

l,iub.[!'"t!m/ilh11/1 mb.[!111m1Lrw1/r 111w¥ r,.,,,,¥w'ii11uf b'ii 'itpw'ii!! 

~U1nnL9qtuJ-.j!fi '"!'j, qdhf'/!1 nrn'ii.j! "'f.UIJ,/Ul'j,UltfnrqiuU b'i, r.w6.mfu 
1f'"'f.JnLflJ'",ff' /,_ umr1tL¥<1t1ILrtuJnt/_ ,/f Jtiu'ii9fi9 "''"rf'bpi/_n'l r.m'ii 

.j!WhJ11L[Jf! 't"''l""'f Jfi'iihrwlwtfi"l1 wqrb'fwm'iihrfi ahhpnq, l_tufb

rni/ nL ~'""l'"'mJiu'ii h'lw'iiwl1nq: u.. 'I·. Fbmbfi1mfi'i1/r ~n'l.Jfi9 t!2w¥
qwJ- UtnrnLf1mnLriu'iJbrfr llL wb.j!umTILflUl'j,/,f'fi r.fitf'iitu¥tu'j, urfi"fbrfr 

'l'"'""l1wr'f"L,f {! } P".[!f Lr"' 9rnJ'iib rniJ trL tfrnf n frttn{J JnL'ii'iih rniJ, 
l'"!'j, (!h'JnL'iibLm{J /mb !; 'l'"hL tfb'f_ Jnm' UUl,lf-nLtf: 

Uurrml1mmpiu'i1brfr ,,,_ mh.[!utnnLpiu'iihrfi mfr"lhre LUI" L"'"'"
pw'iiqwJ- b'i1 wurLwu'iihpttLJ, npn'ii.[! r.11wmw11w¥iJw J h'i, i/..UG'J•fJ/'-fr 

( lJ. f', S"'L'Jfrltfr'ii k nLp/r2• 1 1 95 4 ff. ) llL 1"J•fJlf-/r w2futuuttu~/r,9-
'iibpfi ¥n7t!fr9 (IJ. . 'J.. Fbuihfum/r'ii IL rnrfr2., 1958 p.)1 

Umnl'k Jbr zwur T".f!r L!'"'.9"Ltf'iihrni/ phpqnul b'ii 'ILf"wiJnr 
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5. fJ.w'f:ptn[-~ wnw'l:wJ
fJwJp'b It u!pbpn[p

"''"Jp'b 

1. zi,fl'fw'b um11nL4_-
mnLpu1 

"t,uirtt/wJ-/!"'Jpb J-w11:Jw'b 

,tn..,,j!UlbJnLfj!bpf 

umpnL~mnL[tw'bhp 

u mpnL¥mnLp1u'iibrfi /,_ mb.j!UtnllLrw'iibp/1 mfi"fbrfr lU'fJntuw¥'iihp(! 

(eum 11.. <J.. Fbmbfumft'iift, 1937 fl.)1 

Sb.[!utn1nrw'iihrft nLu11Ltf'iiwu/rpnL{<J tnL'ii(! r,/r J'iiw¥w'iim.tf ¥w
urwri/nLJ !; f, 'fq1'_wJ- zmnLfp'iibrmtf Jwqrnu¥n"ffrJJ b'lw'iitu¥nt[, uwqw1'i1 

tlfi'iiht''"L'"tfr'il '"'lrb11wui'iibrfr 1liu'iir t_wfbr/r 'Jh"f,pnLtf, '"!""lb" 

~nz.qwu Jfr4rnmb.[!utnmpw'i>brl! n1_unt.tf'iiwu/rriJnt.J" /;'j, tfw'iit''"'Jfr-

111w¥ni/1 

UmpnL¥mnLpw'iihrfi nLUllLJ'iiwufrrmF'tm'iie, e'ii1r.wqwnwq'ii , r.[rt!

'bw¥w'iinL,/ ~iumwpqnt.tf !; 2.Lfrlf>'iibtinLJ tfw'iipw'f/rmw¥/r mw¥ I.. tlfrwt 'ii 

"I'"2. 'lb"f.[!bpn,,f 2wur funznrwt.winfr¥ Jfr'iibr"'L "''lrb'lwm'iibrfr 
UUlrnL¥mnLJ'W'j,/;rf! hpknLd h'j, 'iiw/,_ ,/ w¥rn11¥n"ffr/1nf'b'j, ( orfi'iiw¥ \ 

Ufw'iift'JfinJrrrf/> umpnL¥tnnLpw'ii fun2npwr.ww/r¥ .[!pnJfim/r r.w'ii.ew

'iitnL(clmtf /,_ wu'ii)1 

l,w'ii.[!w'iit11Lflhrfr wh.eumnLpw'iibpfi nwnLJ'iiwu/•rn' tfl! { 'iiwtfw

J,..,qiu'ii'f r.wmJw 'ii, ppbt1z.ftw1fr'ii , pph¥t/r'"'ii1fw'ii, 'l."l'".f.~r IL tf/r 
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,ew'iJp lLIJl) OCJ.'iJmJ' /; uwt>J'w'iJbl 

'uumb9J :u'iJ t>w2 nr11-wf1w'iJnLfl1m_'i,(! 

UlnUJ'f/itu'iJUp[!: 

Jp'j,b f'Ull UJ JPh "''ff'b'fUIU1hb f'P 
/,_ w'iJp_wmhl f:.iu'i,.[!'" Jh"','l,f iu'is-

Ump11LftmnLpw'ubpp nLUnLJ''iJUJuppnLJ'[!' iunw'i..ap'i.. t.iumf.li'i..b1117. 
a1._bpp /,_ ::.iupwf..rnJ''iJbpp p'iJnLJfcff! Jp'iJbp.,,l iuqpb7w111'i..bpnLJ 'i.."/wu

ium J I; lnuhn1[rl/1 mifl"'l pwJ'iJpy Jp'i..bl'UJL'i..bpp 'i..umbyJw'iJ ftwr'll! 
npnzbl',.'j,' 

flr"lb" ftw'i1n'iJ L"'if a"-wifnr•ifwd- ( "'!""lbu ftnt_ifwd- P'ff.nJnr!f.-

11UJJ /;1/'fb'ff""L) Pl'"I'b'l.'i,bpf!i JUJ'iJwi/_w'iJ11- bfJ-b 'i..pw'iJ.[! l'"I''fifwJ. 

"b'j, /,_ t.wwi/_mJ b'j, iui/_blp nLz tu1Lwp_w9wJ Jp'i..b{'"'l'j,bpp bpiufJ/.fr 

'iJbpni/_, iunwf"'!Jbl f,'j, iuqblf. ifw'l. 1 .pw'iJ 'i..f'iu'i..9 dpp_w'i..ftJUJL mw

{'UJJm-{tlJtrL'iJ'iJhpf! ffj~ln'f. w'iJqw'iJn'iJ a/,_p (ft11b'i..nJ'nrt/:> ftLUJ' UJ'j,'lb'f

rwL) Jp'iJbpu1l'iJbI'l!' 

UUlftUJJ'j, t>wrlt I; 'i.i;_bl, nt• wb'l.1uftwl.fw'iJ "lrnybu11uf P'ff.n

Jnpt/:> a/Lbp abn.f! /;'j, pbpnLJ LUJh J'f1'i..bplLl['i.,bpf!i npn'iJ.f! llLhb'iJ 

wifhtf. mclb'l. /,_ '"I''"'l pJnL['b'f.w91fw'i.i f:.wu.!1nL{tfJ11L'i.. . ILIJ'f ftiu"lwft-

9mfJ1iuJp iupub'iJn"lf.rfimp t1wJ· "IPl'Pmf. f'l"Lrb'l.'i..bpf!i opp'iJUJq,_ 

npn'iJ,e wn..,p_w'iJnL.f b'i.. mb'f.wl1wLJ'w'i, i..iu'i1w"l'"I't:.ni/_ /ilhp/J-w,e.,,rht'P 

t~. 21. ''"'l"/w~[!'bbrnuf Lei LJ"tf'b

'l/1mp ( uutJ-mw~) nnLJ{'wJ./1. l'J"L('£'{

'bbl'l!. u~w-.'l,wJp'b ""'l"'l'P (,fnL•f 1fn/u-

l'"'IJ."LJ'b) '1"'2.mnt..il: 

U.'bzLf.t/" X 45 "IJm'bf-/un~p r,.,,~11!"'1.·1 

Swf_Pft. UU~. (l'.""' 'I.· '1. b'lnrm{wJp)• 

,,.,,J u/1 LUrLhW JPh LU"flLl(l" J'bp_, 

m'i..b'i.. t.pw'iJ.,,lfi 'l.pumu11f111•

i/_UJJ a"-br. '"l""IP11'1 f'!"' rh'l.
'iJbrl! UJhi/_w'iJnLJ b'i.. <r11'bmUJ-

Pl"' rb'l.'iJhr» • 'iJr.,,'i..s t:,.,,_ 

,JUI(' p'i..npnz b'i,' ftn'f.bpf. UJ'i..

.,,'l.6..,,u1 a/,_/;rf! /,_ .f!LUJ.J!"'JJ'LU'j,' 

pw9wftU1JnL/J-/nLhf! lLIJl J'p'iJb
I'"'l'iJbpp l1n'l.J'f.9 {'iJq. 21): 

U' p'i..brUJL UJ'lrb'lwmmJ UJ

nw'iJap<;, Jp'iJbrUJL'iJbpf. iu'i..

'l_UJmJ'm'u ftUJI''ff! f:.wumUJmbl'1L 

f:.wJ" "'I' 'l" Jm{tl JnL'iJ 1n'u.b'i, Jfi' 

2"'I'.f! 'i..z.,,'iJ'iJbr, 

U.1u"lbu, J'fr'iJhrUJL'i..bpfr JfJLu

JwJw'i1.,,ft q111J' f:.UJ,flLl['JlLI Jpw

JwJUJ'iJutft 'iJumb9Jiu'iJ J'wNp'iJ 

b'j, f.inumJ f:.bwl._J"'l 'ff1m11LJ

'i..bp[!' 

tu) "IP'j,'f l m.JnLJ{tl'iJbpp mpnt:.J w'iJ umpnd1.mmpw'i.brl!• 

p) l;ifmbftmfift /,, 'll'"'t/:>P't umpnd1m•npUJ'iJhrl!· 
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11) Jb// Jp'i..bf'"'ll! J'11nup l1n'l.Jf.9 ltn" nqf.mtf. /;'j, /rlwpftifblnL 

ift.1uJ Jbft Jp'i..bpiu[llL,f JJnLUp hpiuftp11'i..bpf. P'"9'"4'"J"Lfclt"Lhf!t 

flt_ JpiuJwJiu'iJwft1 t:.'"'l"f''f"''J'"'i.. 'i..11mb9Jiu'i.. 'i..ziu'i..'i..br, b'i, 

\iu'i..'ff.u whuLJ' 

w) mwpphp mf."lbrf. ftnpnqpn'i1 um11nLftmr1L[""'j,bpf! ( /uiuJium

,f iu'iJ umpnLftm•npUJJP 9 Jp'i..l_IL 11.J'UJf.1.J!"'JPh ). 

1•) Jbft Jp'iJbpwLf. bpwftpft'i..bpp wnli"'l"'P'J"Lhf! J1mup Jbp_ 

l1iuJ Jb/1 Jp'iJbrUJLP ( LUi/_btfi mz) "1 11rl! frliu.frU1'iJ9n'f. t"'l"-"''1'iJbrl! 
,f111LUp ,,._.,,2,,,p Jb'l. 

'l) t:.f."IP'ff.nJnpt/:> q.,,J uf.'fblin'i..pmLUJf.'i.. 11mpmqu1ntp"''i..• 

,,.) UL2 JbmUJ1•JnL['b'l.'i..brf. UJILW'l_•U9nLJf! l 

llfi'i..bpUJ[ Ul'ff'b'fwm'i..bpp umpnLftmnLpm'i..b{'/.' 'iJpUJh,'J L11uqJn'l. 

f'J"Lfl/;'f.LUJf'j, f:.UJmpft'i..brfi at,,brf. llL t_u11fibrf. f:.LUJlllhU1pb/111L1ff'_ 'tUl

LllWri/_nLJ' I; pl._bnw,9wJ L"LJ1111ul JUJbfUJ'ffrmwftfr UtUl/f /uUJJ_wa!L 

'i..frftnLhbpuLJ ( UJhfrqnmpn"f J'fr'i..bflLU[hhpp t:,.,,,j W(' ) f1wJ UlnflnLfr 

mnLpwffr'i, /nwd-.,,mJiu'i.. .!fr'ln9ni/_ ( /.qnmrm"I IL /rl11LJL UJ'i../1qnmrn"I 

,Jf.'i..hriuL'iJhrf' t:,.,,J.,,r )*, 
Fl._b11w9i/_UJJ L"LJUnLJ [Uli/ I; UJ{'WLUl),LUJm•JnLJ U1Jh"fpup nLJb'f. 

,,,,<j,pqnmpn"f Jp'i..hpUJL'i..bpp umrnLl1mr1Lp.,,'iJ1 fi'i..t"IP"P.J! b'u' Jn[pp

"fb'i..f.ml!• 'f['"'t/>P"'l!• iu'i..mpJn'i1f.111l!, l1nifblfi'i..l!, "1Prn111f.'i..l! , 'i..fi'tb

.Lf.'i..1!1 iupub~m"lfirfiml!, l!"LP'i..'ff.mf!1 p_bJun'i..pmf!1 f'"LL.,,'i.,Jbrf"''f!1 

.f;'i,.,,[''fP"'f!i 'fbnqpn'i..f.111£!, J.,,'j,'1.,,'i.,/1mf!1 f:.iunwJw'i..pwf!1 i/J11Lpm9p

-Lnf! /,_ U1Jl'iJ: U'p 2UJ/•.J! pqnmrn"I qiuJ filnLJl iu'i../1qnmpn"f Jpiib

flUJL'i..bpp t:,UJJUlr umnr"- pbpi/_nLJ b'i.. LUJh nbwl1mfiif'uhpf!1 npn'iJ.e 

o'fm"''fnp&i/_11LJ b'j, uwp•nftmnLr'"JP'j, /11.,,JwmJUJb J.,,J.,,~nuf uir
ppm' /umUJ9. HN03 ~ KMn0 4 + H2S04 20-60 ifwu"f.· HCl -i-H 2S04 

( +l;Lbftmr• t:.nu.,,'iJ,e)1 1 J.,,,, KMn0 4 +1 ,f.,,,, KOH (-20 % ) 

10- 20 i/_UJJr~·' lum1qnUJrPl1Ul' .,,f'.J!'"J'"f"fl•ll• 'f"l"f'Z· 10- 20 ifwl!+' 
1 J.,,,, K,'/,n04 +1 ,J.,,,, KOH (20 % ) 10-40 ifu•1r't•1 f.imw,9 . 

HN03 +KCI03 ( 7 UJ'i..w11r JUJu•'1 ift•'")' NH40 H + Jf. .e.,,'i..r 't.,,
Pf.L H20 2 ( 30 % ) 20-30 •J'"Jf''t·' U~mtbp]1m' LUf'.f!"'J.,,flfrli/_p 'fn-

1nr2· 10-20 ifw1r't·1 HJ f.iu1w9., KMnO, - i- 1 - 2 /1.,,frlfil H2SO, 
10- 30 ""'ll"J·' <f.m1bli[1m' HCI 1: 1 qwJ w1fblfi [LU" 1: /j r+1;
Lbftmr· l).,,,,.,,'iJ.e) 15-30 if.,,1r'f·1 HBr (60-70 '/(, ) 10 •Jw1r~·1 

* br~w'b'll'w'lwl'.l.n1{ .rp'bbl"'1l'b/,('p ""l:l'/,'lwm'b/,l'f' ""'{'nL~"'n'-l''"b Lw.J 

11; r.wJUlbUl('/,l'rf.n'-'f 'bw/, 1fbll "lnlJUl{'f'l"'"'n{'nL•'· nl'n2 P'l nmrnul ·' pb&{'w['b&rf. 

{"lPl'P"'• 'lmlb'bpu. 1 l!l'n•fpm) umrn<-~mn'-l''".-,, l""f I; f• :.wJm p&r•fn'-J ni 

'1_mmW{'JW[ r,'l~Jw'b J/,fl.n'Jn•{• 
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PeCl 3 (20%) 20 •/wJr'1·1 HN03 (7:s - s:; J'wu) +C2H50H (Ui-

25 J'wu) 2 - 10 ifw1r't·• r:.w'lb9wJ NaCl-p 2rwJp'L LnLJnLJ[/ + J'fo 

.ew'Lp qwflh F'eCl3 10-30 if"'Jr¥·• lfwqGbmpm' /utnw.9. HCl 
qwJ' /uww9• HN03 2 - .'i rn"fb, HBr (60-70 % )• Sbfiwlimpm' 

KMno,+H2S04 2ii-.'JO ifwJrq., wr.pwJw[/[/nL 10-20 ""'Jr¥·· 

9 uu3 fuw1u9. HCI +.J ui.1'3 /utniu,,. HN03+ 5-12 utf3 C2HsOH1 
Sbmpmbqppm' KMn0 4 + KOH+H 20 2 (6 % ) 10-60 if"'Jr+ ( wb

'Lw'L1nfo1nfo ifrw tP "''l.'1-nLJ') , 9 utf3 /utn"'9· HCl+4 utf3 HN0.3 

/utn"' .'!·+s-12 ni.1'3 C,n 50H, CrO:i+HCI: f!nnGpm' "'r.P"'Jwfl{lnL 

- 10-20 if1uJr'1·1 KCN 20 % , J inutifwJ- KJ J'b2_ (10 q ,J-~ .1,.2 q 

KJ + 50 uua H20 )1 UumimJ16-J:up1mfimpm' /utnLU9. HN03 S- .'JO 

ifwJr't· 2 Jwu KMn0 4 +1 ilwu H20 + 1 l1wflfiL p11nw9. H2SO, 
!i-lO ifwu+• himtqnqpfi' p1111w9. HN03 3-10 if"'tr¥· qwJ' 

KCN 20% 1 Umw6]11i' KMnO,+KOH, KMn0 4 3-10 ifwJrh 

HN0.1 1: 1 3 ifwJrq.: f!G.mapfi u111ft6c\' Cr03+HCl (1 J"wu 50 % 

Cr03+1 Jwu fo1111w,9. HCJ) 10-20 ifw1r'1·, H20 2+NH40H (1 
Jwu10 % H 20 2+1 J'w,, zs % NH 40H): f!fim~pfi h-mppp' KMn04+ 
+H2S0 4 , K2S /u111w9wJ-, H2S20 7

1 f!Gmal1fi uipumJ16' CrO:i+HCI , 
wr-1wJLU[il[ilnL+ H 2S0 4 (mw.p,,,9'LLifou wh2_wwifnLJ' I; Cl ' }: f!fiwa·pll 
nu!ifi' "'."J!"'l"'fil[ilnL +Cr0.1 , Cr0 3+HCI, KCN /umwu,,,J. KCN 
+Caf21 f!fimi)pfi wph-mp-' HN03 /u111w9.+Cr0 3 (.50 % ), HJ fuww

y,,,J: qmupmbppm' HCI 1: 1+zn ( whLU'fLUJph r:.wJbifo"i1 JwJqnLJ' 

I; r:.wmftqf!. w'hr:.wifwuwr"'t.wf )1 SpmmGnuwqfibm)1m' "'rJ!wJLU/l[/ifp 

'lnlnrz.1 qm-Ujppm' fu111,,,9wJ HN0 3 30 1f .uJrf1.1 qnpmimpli' 1 J',,,u 

H2S0,+ 1 J·,,,u KMn04 : 1.bummpm' fuinw9iuJ HCl (J'ft'Lt"- 2 tlwJ' ), 

HF 1-3 if"'Jrf1. ( J'm'fw911LJ')1 (f)bGmimGqpm' ('-wifLU'i.LUpwr HJ?)1 

q.bpuqnp~pm' fumw9wJ HN03; HBr-p 'lnlnrzft'Lbp: Oquwfipm~ 
fuinw9wJ HN0:1 ( qninrzfow9ifn'l.)1 l.pfibpm-uint[1qpuj1m' /utn,,,9wJ 

HN03 : f!m.plinfipm' HBr (60-70 % ) 2-ii ifwJr¥· KOH+KMn0 4 , 

9 utf3 HCI + 4 uu3 HN03 + 5 -12 uu3 C2I-I~OH1 
ff/bm.e I; hzbi, np [lb/,_ fuwJwmJ'wh dwJLU'i.LUqf!. 2_UIU1 'fb"f.eb

rmJ pbr1ifnLJ' I; , UUl~UIJh LUJh U1LUU1wh•/nLJ I; L"'t'L u,,,r:.J'w'L'LbrnLJ 

I... nrnz1fnLP /; /;.[!""fbrftJb'i.mwt b'l.w'i.wqnif 1 

~LUr¥ I; h//LUtn/t nLhbhLUL hwJ.. , nr ft tnLUrpbrnL[ilJnLh 11ftwq

"im11111/zq fuwJwmJ'w'Lf!, brp ziftf/>p ifrw mb'lw'lrnLJ' b'L nbw/1111/tif/t 

fn.p.r 11rnnL9/1't f1wflftt • u111rnLq111nLr"'J~h fu,,,JwmJ' ,,,';, 'lb"f.enul 

2.lftfp 'l'l"'LP mb'l.wJ'LUuf!. JwJ~ifmJ' I; nb,,,qb'Lmft P"'r"'q ;_brurnif, 

f[LUJ' u/dpft /11 wJLU Ultll.J' f!. qwmiurif nLJ' I; nb wqwftif ft 'Jll { nrzft'Lb

('llLJ' (nbiul1inftifnif UJtf wJ P"'9 '1b'l."'22Plfp ifbph.nLJ' )1 
58 

!:l . _.!U.Stil(trbPti !:!U.it>nMfC!, .VU.lrU.liU.liU.lr 4U.t4,U.PtinMflrbPC!, 
.VtilftiU.liU.lr U.lrU.lti!llrbPti S4,BU.llrbPti usnl>ct-nMf C! 

(';L~lf>'LbrnLJ' r:.,,,infoq'Lbrft t_wfbpp nrnznLJ'f! J'bJ hziu'L ..... -

J1m[/Jt1Lh nLhp r:,,,,'j,.e,,,'L1nL{iJ/t ""'r""'"'sJ'iu'L 'lnrJnLJ• h. IJUIU1Ulr-

1.nLJ' 1; unifnr,;,11 ,,,r J'ftlirnJ'binr-oq1nuwr/t ( J'pqrnJ'bmrr»Jft'L 9w'L

ynif) o'lhnLflJ"'J' P• nr/• ULUh'f'l."'¥/t p,,,J,,,'bnLJ'f!. n11nz11LJ' L'L O'flnUl

'lnrJblnif opJbq111-J'ftl1rnJ'b111r' .eiu'Ln'L, nrft ifr"' 1 tftf p iu.J,,,'i,if wJ 

I; 100 J'.,,,uft ( "'J""ffiunif, J'blt pwtlp'Lf!. = 0,01 uu): 
lJ'bfl,,,'lrb'L.e, "f' J'pqrnJ'bmr-oqnLlJW['P 2U piutlp'b'Lbr r:.wJ

[!'Lq'L1nJ b'L opJbqur-J'ftqrnJ'butrp 40 pwJ-1u'Lnul'Lbrfi r:.bw, r:.bwh.LU

f'"'r uti/JIUL 0f1llLlJUlf'ft f... 0p1bq111/1ifft q11J"pft'Lw9ptuJ/t r:.wJ'Ulr J'ftfr 

o,4o uu ., ir r 
rnJ'burr·oqnLLJ"'rP J'bq pwdwhnLJ'f!. = 20 qwJ' 0 , 0 .~ l I 

U.fu'-wJtn I; 1 nr 9wh9w J/th J'ftf1rnJ'binr-of1nLlJ wrft O'th111 p JLUJ' p 

r:.'Lwrwifnr I; tiufbl nt_ J'ft,,,J'L r:,,,, 111/tqft brq"'r 111[/Jni'Lf!. I... l"'JhJ!f!• 

"'llh.. 'Lr"' qmrif,,,J.eft ,f,,,~brb"l!.1 
/Unr~nLr'f I; inrifnLJ' mifJ"'l J'iuhriu11ft111iuf1/t UIWrf'br p1nzn

r1u9nLJ"i.brft f:,,,,J'UJf' hw/uornJ! qLU'l_J'bi J'ftf1rnJ'bmr•oqnLLJWrft pw

<fwhnLJ'hbrft ,,,,,.Jb.e'Lbrfo "''1.JllLULUIJt 

U'ft'Lbr,;,Lft .ew'Liuqwq,,,'i, r:.wzifiurt1111.J"Lbpf!. ziftf/>nLJ' qwmwr-

1/ nLJ b'L in"'rPbr b'l."''i,,,,q'Lbrnif' "fl"''LftJ'bmpftq (J'wq'1rbu1uJp'L), 

qJ,,,/ph qwJ' qbmwJft'L J'b[/n11'Lb11nif1 
'llLmfipubmppq tfbp-nqp qftrwnJ'..,'j, tliuJ'w'bwq .liu'Lr"''IPw"'ltfi 

mwq npnznLJ /,';, wJh J'iuf1brbu'i.b('f!.• nrn'L.[! 2LPlf>1nJ' piu.Jp'i. J,'j, 

f!_hf/hnLJ' JllLf' W.(!LUhlJllLr J' ft"i1b riutft'L • LUJ'f n rn £.llL'J' /!. qwtntuf'if nLJ' I; 

.[!IUTLutqnLU/t•9iub9wifnf' oqm.uiur-J'foqrnJ'bmrnif, ll('P 9tuh9h nLhf 

20 X 20, uttuft'ii.p.'L' f!.h'lwJ'b'Lf!. 400 if1u'L11w~'Lbr 1 U.'Lr:.rwtlbzm I; 

~wJbl wJ'pn'l.2_ 2LPfPI!. qiuJ' 'Lriu J'p J'wul!., r:. wzifblnif ifw'L11wl1'Lbrft 

J!"''L"'q{! • nrn'L.[! J,,,JqnLJ' b'L ,,,J'b'L J'ft J'ft'Lbrwift r:.wurf1q'Lbrf! 1 

~wzif,,,J pninr 'l"' zurbrfo J'wt1br1bu'Lbrl!. •1m.J',,,r1[nLJ' I... ifbr• b'L ,,,J. 

4_11uf % -pt 

U.Jutnb'l.P9• "f"'JJ'iu'i.w/1iu'Lnpb'L iu'i.9'Lblnif h11LJh Jiuifiui'Lb

t'ft'L, r:.wzifp b'L,e .,,,,"hnLJ' r:.w'L.ewJft'L J'ft'Lbrwl'Lbrft inbuwq"'r"'r 

qzpn'Lbr'I!. 1... 'Lriu'Lg J'bl "'r.Jb.ewifnr P"''l."''lrfot."i brft "f"'fmL'i.LU

ltm[/JnL'L'Lbre . nrutb'f.ft9 f1iurn'f. J,'j,.(! ""'zifbt 'j,J'in2ft .eftJ'fiwq ..... 'i.t 

qw'l.J'nL[/ JnLhf!.1 

b'Lfliu11rb'L.e, nr pnLnr J'br 

r:.wrnLUtn .et/ wpg-qiuuftwbpftiniu Jph 

r:.wzif"'rt1/iil1rl!. 11wmwrifnLJ' b'L 

r:.w'L.eiu'LJm[/p f:,,,,J',,,{'' nrurb'l. 
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~.~. 22. lT/•'h/;l"ul~'/;f'p l''""~'W~f!. 11pn2btnL r,.,,,fbJurn1 w~w'b 1fbfJ"'ll!.• 

uutf11nw~ UfW1n~ll1~1bp/• 1nnlcnuwJ/1'b l! "''bm~nL{J JnLhf!_ ,,[, :J>n'b/1 oJ.ciw 

J j, '/. /:, /.; llr IU .J! fl .J!(ITll J 

u11fbl h';, f.hurL.1wl 
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s bu.,, 'l UJ z 111 /; l ' /!. 

I 
2 
3 
4 
.5 
6 

I; Sn-/> Uf1Uf'"'-'hw~m/JJ"''j,l!' 
Wfllf.( llL t .f! 'j, /, r (! \ 

i,.., .. ,.mbpf_.u .. -.., 'll:"'"tba-1 
p •uJ. .fw'b'lw~'bbpr 

.p.w'bwf,£' 

15 
10 
5 
5 

4 
2,5 
1,25 
1.25 

f!f;r1/n Ltf I; J n L[tUl/!W'i.1 ':_JNL(' 1.11/il/ 'Ill/ W z.111 f! f; u11f w(' 

( f!_utn // . U.. t/,m/u1rn•f/;f,,. ) • 

L._ wu'b, l!-;,'1,,,Jh~'l! H6 1f111'1.11-'"ll ' 

U.1u"ff1Untf ' () ./!"'" wl1"'""""/,rnuf ( wbuw1wzml>rnuf ). nrn'ii.e: 

,,.';,/.;';, 6. 400= 2..J{J(J 1Jm'L11w'! ~·hf' · li1uufimh:· /imf>'h p wJf>'h I; (!'j,/1-

';,n,J 36 t{...,~''1"'11, w.111/,51.J''I.' ("'"' .fw• br1hu}t f ,ij % L f.w1fw1'hw 

f1u.r'hnrb~ 'bw/, l!""' ,)uufu.rtf>· ,J'5,w.'lw ')f! 'l)'w'/h9'hn,J I; .etfwr9l!' 

f!w19 ,,...,,,,,urbrftmf> (7) /1 .etf1ur11}t (/.!,fj;j) wb11.uf1wf'W(I ¥zf>IL

'j,/,f{! /ufiuw mw11rlir1Jnuf h'j, ,,,,,,.( .,,'j,.'J/>!J• nr fi t:.hrnhw'h.f!n1f ¥wuf>

mhrf>mf>'h ztfd/wuf f!UUI f!(n}t f'LUJ,,~1 I; £l'j,~~111L1f % l 
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7 
1,5 • --=4 ~() (t.Ul,/UlrJUI fib LIUlllLJ'f)l 

2,65 

'-Iu111frwbpfrmf! · "f'"I'nLhU1'fm,/ 

=3 %: 

<}.3mJ rli tfbpnq.~ [!h'fnLhnL,/ /;, np Jp'Ubp,,,l'i.tbpfr f1mt•i/_U1J-.[!

hb['nt[ 'l_P,,,'lb9I''"J- J,,,l[bpbu'Ubpfr t.iup,,,pbpnLfi/JnLhf! hnLJhh I;, fr'Uz_ 

Pf' ,,,,,, _'fmr1_,,,J-.e'i.tbpf! t:.,,,mn'l 'lJ-brfr :.,,,m,f,,,J-'i.tbpfr ;:.,,,p,,,pbr111L

fil tnLh(!t 

4bmmJrli tfbpnq.~ (,,,n'"l'"'H'1LUJ- I; U.. U.. 'l•l'"'lnlbfo fJn'l1'fry) 

t:.iuzqfr I; LUnhnLJ. Jfr'i.tbpwlfr ,,,J'j, t.LUm/rl1'i.tbpf!• npn51.e [!hfthnL,/ /,'j, 

ol1nLLJ'"I'P filbLfr'f'itbrfr t.,,,m,/,,,'j, 1[b111fr q_,.,,,, 

llqmn1'wmfrl[ ;:.,,,2qiupl[nL,/hbp l[,,,m,,,1,blnL t,,,,,f,,,r U.. 11.. <J.l,,,_ 

qnlt.f! UllZU12_U1rf1bl I; ,/fr ;:.,,,mml[ ump.p' UfnLrJr'UmbqrUlmnr, nrf! 

_fi/nLJL I;_ mUILfru ,,,,,,,J,,,,f,,,'j,,,," ;:.,,,21-bl qb9 ilfo'i.tbr,,,L'itbrfr.'J P'"'l

"Ul9UIJ- ,,,qpb'f,,,mfr 11,,,q1'nLfilJ11L'i.tf!' 'i'f'"I''"'ll"l.'"J ,/bfiln'l'Ubt•fr9 
,,,Jb'i.tfr9 umnLJ'f mi/_t,,,t.'irbp WUILfru I; "fl'"'j,fr,/bmpfr'ff!.• frul[ 'lJ-,,,tfr'Uf! 
/,_ qbm.,,J{th[! q/rp_nLJ b'i.t 'i.tp.,,'i.tt 

U. 11. if,,,,,fupn,/b/,{! U1ILU12_U1pl[nL,/ I; 2LfrfPnLJ tifr'i.tbl''"LP .[!"'

·r;,,,,'f[! npn2bl, ;:..,,,ff,,/.,,mblnq '"!'it hw/uopn.[! "f'"U'['U1UmU1J- l;m.,,ln

'j,.,,Jfr'i.t 07,,,l['i.tbpfr t.bm, npn'U9 uk lpn'i.tfr qp,,, mb'l'"'lf'q,,,J- b'i1 

npnz,,,'ffr .e,,,'j,,,,f1nLfilJ,,,,Jp (%) uUffrm,,,I[ . "fUlml[bp'iibp ('i.tl[. 22 ) 1 

11111 ((um,,,'i.t11,,,rm "II'b"f,,,r,,,mfr ,/bfiln'lnq» Jf'Ubl''"LP .e,,,'i.t,,,li11L

fil111L'i.tf! 2lfrfPnL,/ npn2i/_nLJ /; t,,,,,ff,,/,,,m11Lfi1JU1h mi/_J'"l'j,/,pni/_, n{'{! 

l[,,,m,,,pi/_nL,/ I; ,,,Jpn'l2_ zLfrfPnL,/ (10-12 mbu'"'1'"2.mbpnL1') 1 

4U:tJ.f.lU.Sti'i.i tlti!h'i.ibPti 2;U.>l,U..f.lU.unJtti b>l, lJ.l}U.M!ti'!J 
tlti!hti v-1u.ru.c+rn~rrc 

&mnL/f.'Ubpfr ;:.,,,q_,,,.[!nLJ[! t.bm,,,,,,,, ,f,,,'j,r,,,'1frm,,,'f,,,Jfr'i.t 11L

-unLJ'b,,,ufrpnL{JJ'1L'ii'i.tbpfr t,,,,,f,,,r "fbm.e I; ft,,,m,,,rbl fr'i.tz_utbu ,/.u

J1brbufr.'!• '"J'b"fbu l;l lbn.'Urutfr'i.t tfrnpq,,,J-.e'tibpfr m,,,ppbp t.npfrqn'i.t-

4iib11fo9 J... t.npU1mU1h,1J.[!hbpfr l1Ln'Ufr9, 'UJnL251bpfr npn2 .[!'"'j,,,,l[llL

filtnLh utbm./?. I; 1_br91_fr ;:.,,,c;,J!,,,Jfr'U fil'"T'1Lf1";,bpfr!J /, 11 ,,,ruLUl['Ubpfrg, 

UIJ'f fili/_nL,/ 'j,,,,/,_ t.fr'i.t nL L.e1,,,J- LbtzhUIJfr'i.t ifrnr1[iuJ-./?.'j,brfr9: 
'iJnL2hbp{! UfLUI'lnUl'ffrr I; t,LUi/_LU.f!/,l LUJh"fbu, np hplllh.J?. Ulr-

UIUlt,LUJmbh t,,,,'j,J!Ul'j,JnL{rJbpfr pnlnr mfr"fbpf! J... U1Jh ,/fr'j,/,f'LUlUIJfrh 
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uwn9fr•u9fr,,,'i.tbpf!' npn'U.e t.'i.twp,,,qnp I; ,,,'i..p_,,,mbl ,f,,,l[pnu'fn"ffrlr 

f,'l,,,'j,,,,~ni/_, J... nrnh.f'- t.wJ.,,"fUlmU1u/11U1'i..11uf f,'j, ;:.,,,r;,.e,,,1fr'i.t "fpn9bufr

frr1Ur t,,,,mn'l ""'" m,,,p,,,J,,,/1,,,'j,npLh ,,,'i.,p_,,,mifn'l U1tzU1hap'U umU1-

'IP'"hbpfr'i.t1 

;_,,,'j,.f'-,,,'j,Jnt filbf'fr mb.eumnLf'Ul'i.,bpfr /,_ UltzlU'i..afr'i.t ,/fr'i.tbpLUlLUJfrh 

LU'frb'f LUm'bbp/t tpn fr1t.LUf'LUpb rill {J JnL 51'i..b r/t nLUnt_,/'j,LULI frr ,/ LUh h"fLU

mLU/1ni/_ "fLUUlf1LUumq1n,/ b'i.. t,'l~qwJ- 2mmlp'Ubp1 

l.11~</_LUJ- 2tfrlf.'bbp ( LUh2tfrlf.'Lb11) "fLUmpw11mblnL t,LU,/LUp 'ii1'm-

2'"r'fnufnq "fbm.e I; f!h'f'fr'fbl t.LUh.[!LUi/_LUJ!'I' pnlnr mb'lurJLUubp[! 

/,_ LUh2_LUlni/_LUJ- t.w'i.t.ew'i.t1nLfilbr/i utLUpLUmb11LUl['Ubp[!t U'fr 2LUI'J! 'i.t1'nL2-

'Ubrfr t.111,/LUr,' nrnh.(! ffLU'l_,/qruJ- /,'j, t,LU'j,J!UIJ/rh llL "rLU'ILUJ/rh ,/fr
'j,L·rLULbbf'fr.'J' qbpp_fr'U'Ubrfru nw1n1'hLUufrp,/LU'j, /,_ hpLU'i.t9 nL ;:.LUh.[!LU-

1/r'i.t Jf1~1brLUL'iibrfr ifrnfut.LUrLUpbrnLfi/JnLhhhp[! UfLUf''l"l''L 'ii"futmLU

"n"- "fLUmrLUumi/_nLJ L'i.t bpl[rn 1z111qLUt:.lm ztfrlf.'bbp' t.'llfqLUJ- /, filLU

'P'"'j,9/r~· .rJLU'bfi,,,L/t I; t.'l'fh L LU 1r;, t.LUrfilm /ii 1LU'i, :.LU~LU'ffrr J LUt1b rb ,,_ 

'irbrf!• npnq 'j,,/rn;{! 2_U1f''f111L,/ I; Up'fnL JLUufr: flJLUmr1Uumfr ufr:P

hbpf! abn.epbrblnL.'J LUfLLU2_/rh t:.bp/Jfr'i.t LUhl:,pLU<fb2m I; 1f1UhpLU'ffr

mLUV mLUf( LUl_.(!/r wh,'JqLU9hbl fL afrlf.'i.tbpf! /u1fpLUqnpbl f!Um hnLJ

hU1mfr"fnLfi/JLUh f1LU" qLUqJ'm(JJLUh, n1•c t.bu1LU'JIWJ"'-" l1LUrLU'fLU9hfr 

'Up,,,'i.t9 npnpnLJ[! /,_ 'i.t'f,,,f''"'lf''n1'[!: 

811Lf'UIJ'.,,,'i.ttJ"Lr fuJ.pfr 9 ,f ,,,r;,r ,,,'1..-,, /1'b 11Lu1nJ'i.i,,,11frrnLfil 1nL 'U'Ubrfr

t,,,,,f,,, r UltzLUhahUl,'Jl[nuf /,'j, 2-3 2lfrfP'bbp, npnhJ! h'fLUflU1'fp1[11L,/ 

b'U LUi/_htfr ,t,,,r;,r,,,J,,,,,'i.t, U.n fr1Jpfr ,/'i,LU9wJ ztfrlf.'itbrf! f1,,,f'btfr I; 

'U'f,,,r,,,'lrbl ,,,q_blfr t,,,,J,,mnm, ,,,n,,,'i.ty 'frl/1rn'lmfJ11n'i.t'Ubrfr, 'it2bLm[ 

1'frtuJh '"f''l/,'j, 'j,((Ulf1Ul'fr1UIJ- ufr/f.'hbrfr t,,,,,//,,/LUm hnp "!llU1hahLU

;:.Ulm'fmfil1nLhhbf1t fl/bm.J! /; f!h'fqobl, np mi/_JU1l t,,,,'j,.[!Uli/_UJJpfr t,LUh

J!UlhJnLfilbpnuf ,,,nLUp_fr'i.t ,,,'j,q,,,J t,.,,'j,'lfr"fn'l, fr'i1t_"[b11 'j,,,,/,_ pnlnl' t,.,,q

q,,,qJ"'m ,/fr'i.tbpLUL'j,/,['{! UfU1pmU1'ffrp /; n11nzbl umnLJ'f ,//,fil;,'f'i,bpmf' 

nb'Um'lb'Un umpr1L'fmnLp U1f frhf! /,_ 1'frl1rnnb'Um'lbhnu"fb'fmr,,,L ,,,Jfrhf! 'Ub

p ,,,n J,,,l • fru'f t,'i,,,,p,,,i/_nrnLfi/J,,,'j, 'lb"f.enL,/ l[LUm,,,rbl Lrfr1 .efrJfr,,,-

1[,,,'i.t ,,,r;,LU1frq. 'i.tl[,,,,,tbrfr t.. LntuLU'Ut1,,,r'iibrfr ;:.,,,,f,,,r f!'i.tmpi/_LUJ

mb'l,,,JLUubrf! "fbm.[! /; h2L-l afr:Pfr ,/,,,'f/,f'bufr q('UI (,,f,'j,,,,'j,/,p'fnqt 

BnLrLU.e,,,'UtJnLp 2tfr:Pfr r;,4,,,p,,,qpJ,,,'j, t,,,,,f,,,r lI',,,,'J'i.tnL,/ b'i.t filbr

{Jfrlt, npfr i/_pLU t.bm,,,'l_nmn'Jf! pbp1nJ /; t.bm/,_J,,,l mi/_JU1lhbrf!.' t,LU'i.t

J!IUi/_UIJf'{!• 'i.t,/nL2/r 1_bp9JU1h mb'Jf! /,_ Ul,/UUlfil/rq{!, 'i.t,/nLzfr t,LU,/LUp{!1 

t.b111,,,qnmn'lfr U1'l_'fU1hnLh[!, ,,,'j,nLh[!, ;:.,,,Jp,,,'i.tnLh[!t 'i1fnL2/r l[LU.i 

nfr:Pfr ,f,,,l[['nu'fn"ffr'f h'fUlpUlqpnLfilJnLh(!t U' p'i..bp,,,ln'ffr'""-'"'j, "LU'l_

JnLfi/Jnth{' ( ,f,,,'j,I''"'ffrm,,,'ffr mUl'f)' 'flfu,,,1[np, bp/fI'"f''fUl'fUlh /,_ 

Jp'i,b(IUll-/u'"nhnLp'fhbp umnpU1pU1J,,,'j,mJnq. 'fLfu1uqnp /,_ bp'fpnp-
63. 



I 

'?-w'tw'h J'p'hbrwl'hbr/i r:.mJ'iur pbrifm_J I; 'hrw'hy "i"'l'm'hw'tmfilJ"'hf! 

(% )1 llfr'hbrwlhbpfr h'twrW'f['nLJ'f! ( Uff'l_pnLJ' qlfuwt{n('J W"JW 

br'trnl''l"''t"''h, fuwn'h11Lp'/'hbrfr "- iunw'hap'h unL"Jbt''l/,'h J'fi'hbrwl

'i1brfr f,,,,J'wp ). 1•nrw.eu1'htJ"Lf• J'fr'hbr,,,Lfr r;,,,,,r,,,r pbpif1nJ' b'h 

r:.bm"-J"'l mifl"'l'hbp' UJh•lf'"''l"'f'aJ',,,'j, qnpJw'tfi9l!' R, ~R, 'f"LJhf!, 

'"-"'['.[!{! /uwl_wat._ 'hfi'tnl'hh1.nLJ', 'hbp.efi'h rrblf>Lb.eu'hbl'l!• lj"'pJp111-

fJJnLhf! /,_ .C,,,,l'"'/lbl'w~wh nhubtf>l!· 1/iw'timum{r't fr1wrhumnLJ'f!• 

J' wq'hpuw'tw'hn1-fJ JnLhf!, 'l_llL'f LU't9nLJ' f! IL w Ji r:.wm't•nfJ JnLhhb /'f!, 

npn'h.e fJnLJL b'i, mwlfiu npnzbl J'fi'hbl'"'lf!I U."l"' phpif_n1-J' L'i1 

mi/_J"'l'j,b[' llfilf>nLJ' J'fi'i,b['LUlfi pwz_/uJwh phnLJf'fr i/_b[""f'bf'JIUl• 

r:.wurfr't'hbrfr /,_ "''lt'b'lwur'hbrfr at .. b1•/i /,_ l_LU•fr"rfi J'umfi'h. 'h'twrw

'll!Ptfnuf /,'j, i/_b['l_phfru uurf'm./[utnLpwhUph nL urb.euu11nrw'hbpf! 1 

r:.wuw~•uJfi'i. r:.wpwpbprnf'JnL'h'hbpf! "'Jl J/i'hbpwl'hbpfr 11L "''lrbqwur

''i1brf r:.bur1 U,,,_iu'l.,afr'h 'hz_i/_11ul I; r;,,,,,,_i/_,,,,lJ"w' 'twJ' '10-if u•r 11pnz_1_n'l 

,f fr'hbp UI l'hbpfi Lr LU9"Lflfi t n1-u11uf'h LUt1frlrJ' ,,,'j, w'i1r:.pwd-b zu11nfl JllLhf!, 

'h2if111-J' b'h [nLllLUh'tLUr'i.,brfr 'twJ' 'h't,,,r'hbpfr urb'lb['f!I Fnl"l' J'fr'hb

f'"'l'hbpp upumbJ'.,,urfr't 'hltwf'LU'f["'LJ'fi9 r:.bmn 1•bpi/_1nJ' /; hptuh9 

'buurbyJ'w'h r;,"'l"f''1LU'twh11L{<f.(nLhf! wJ'/,'j, J'fi mqr•bqwmnLJ', fiu~ 

bflb 2._f/i:PrrLJ' iun'tiu b'i, J'/1 .f_!LUhfr J'fi'i,bf'"'lWJ/1h wqpbqwmhbp' 

'hpw'h9 iunwl_iu9J'w'h ft.,,I''ll!' "l'l! unifnl'"'l'"'l' '.1uJ'w"fwmwu/11w

hn1-J' I; r:.iu'h.ewJhLU9J,,,'j, UlnLUl1/1LU'hbpfr'h1 

U.n urifJwl'hbpf! 'll'iu'h,9t{n1-J' b'h "'1""fb,,' [q, Py, CpJ>[Ga, 
Td-Tn, Ca], npwb'l wn.,,lfi'h J'fi'hbl'"'l"'Jfi'h wqpbqmurl! u•ifblfi if•u'l 

I; LU"-"'l"'Yb/, fruit J'fi'hbp.,,['hbl'fi huwb9J'w'h r:.w2_nl''lm'tm'hn1-fJJ•«hf! 

.UILLUl_fr'h "''ll'l''l"'"'fr f,,,,,f,,,f' 'tlfi'hfi .e•[m1•9• "/Pl'fim, /uwll/n"ffif'fim, 

fruit br'tl'"l''I wqr•bqwurfi f,,,,J.,,1, tafi'hfi 'l"'lb'hfr111, /u111-'hw9wJ r:.iu'h

.f_!LUhJn1-flbr, f1wwfrur: •{bf'l"'"fbu, nrn2ifn1-J' I; 1lfi'hbf'Ull "''ff'b

#JUIU1hbf'fr 111nrnL'turn•-rw'h /,_ f,.,,'u.ew'h1111-[rlfi mh.euutn1-l'w'h1 

fil'brflfr'tl! 11urn f'LU'ff'if r11-J' I; r:.bu1LUqnurn'lfi l1n'1J'fi9: 

br4rnr'l uuu 
lfti"LtJrU.l utrti 1.tiu.ru. q.rnfl.~Snfl."Ll! tJtl nr•nc;112 

U.1.SnttUU.ti\.brl! 

Umnp/,_ pbpt/nul I; 16 nrn2fit "''1J'ILUwfbbrn1-J' fuJ'pwifnrif_wJ-

162 r;,,,,'j,.[!"'Jfi'h /,_ nl_ r:.w'h.eiuJfi'h J'fi'hbrw/itbrfr 'IP"''l'hnumfr't r:.wur-

11n1-fl JllLhhb rfr U" U urbJ' wurfrff 'it'twf' "''frn1-fl JnLhf!* I tff"'f'"''ff'if wJ- J'fr

'j, /, f' Ullhbf'fr fli/_m J' f!h'l'll''tif iuJ- b'h wnwlfi'ii f,bl'filfi'h wJ'b'hJ.9 l"'Jh 

UtUlf'UJJ-i/_wJ-hbf'f!J frht_"/_bu 'j,,,,/,_ .uifblfr r;,IU'l_""''fJnLtnhbf'f!' nrnh.[_!1 

n !'"I.bu r;,,,,,,_i/_wqJnLur nL 9rif wJ- Jbinw'l'hbr "f"'lrn1_'h,,,'tn'l J'fi'hbpwr 

'hbr, 'hbr'tw1w9'hn1-J' b'h '1frriunru'tw'h wr<fb.e: 

U'fi'hbf'Ullhbrfr fuJ'pwifnrJ'wb /,_ h'tUlf'Ul'ff'J'Ulh f!hfiliu9./_!nLJ' 

"/_Ulr;,"/_Ulhifhl I; J'fi f!h'lr;,UlhnL[' u'tqpr1Lh.f_!\ J'fi'hbrwlhbf'f! '/UIUUJi/_nr

if bl b'i, euur u1h'll'"''l:"'l'aJ',,,'j, 'l"l'J-wl19fr (R-fr) 'h1[wq111-J'fr, .ew'hfr 

"!' R-e e'h'ln1-'hifbL 1; nr"fbu r:.p.r'h,,,'tw'h nrn2fit r:.,,,m'tw'hfr;_: 

U.'lJnLuw't'hbrfr J'bJ- J'wu111-J' (I-'1 nL VII) J'fr'hbl'"'l'hbrl! pw

J-,,,'hif_wJ- b'h br'tn1- b'iiflwfuJ'1,brfr' w. "f"'f''l_nf'n2 qn1-'hwifnr brw'h

qni/_ /,_ 11 • wnw'it9 "f"'l''l_nf'n2 qm.'hwif nr brw'i1qfr: 8n1-rw.ew'hun1-r 

J'fr'hbrwifr npnzfit r:.wm'tw'hfrz'hbrf! pbri/_nLJ' /,'j, Ul'l_JllLUUl'thbrfr 

u11n'hwt1'hbrn1-J' r:.bmkJ"'l r:.bpfJw't1uhn1-fJJwJ'p' R-fr J'bJn1-fJJnLhf! 

( i/_fiqn1-wl z_wifrw'hJ'n1-zfr /:,bur r;,,,,,fbJ'wur /,_ % ), br'tw'ii'll'"''l"'l'~w1-J'1!' 
b.R, 'f"LJhf! /,_ brw'h'll! ,,,'j,'ll'"''l"'l'a"'J- ln1-1unLJ', if "'l'.[!l! + 'hfr'tnl

'j, brn1-J', 'i,b['.[!/ih nb.tf>lb.f_!uhb['f!, ""'f'J-['nLf'JnLhf! (9wJ-[', J'firfr'it nL 

P"'l'al' l1wrJ-rnL{rf1w'h J'fr'hbrwl'hbrfi uurnrwpwd-w'hn1-J'ni/_), r:.wrw

pbrw'tw'h nbublf>e (fuJ'pbr I-VII), J'fr'hbr"'LP w'iiif_w'huLJ'l! "- pw

'b,,,a1.tl', nbw'turfrif'hbrfr "''l_'lb9n1-fl1n1-'hc, ll'"'9n1-9frl.. npn2fit r:.wur'tw

'hfr/11brl! ( J'fi'j,/,f'Ull'j,/,f'fr 'l_nL'fUl't9nLf'JnLhf!1 Ulhl__U11nn1-tf'i,bf'fr a,/,_/,f'f!, 

'tr't'hwpJnL['b'l'hbl'l!' r:.bran1-J'l!, 'tnblfrn1-fl1n1-'hl! 'twJ' '1Jn1-pwpblin1--

* TJ'hp ~n'f•f/r9 ~"''{Jq.,,J b. 1954 £1. ~""'"'"'l'"'~q"'J "''lJnLu .,,~'bh('[• 

"'"-wifr'b "'"'l'Pkl'w~nLJ J/''bkl'"'l'bkl'/: fl/r1e l!.~''l"'Jb~,I!. 91 /;(', nl'n'bj! [uJpw

qn['q"'J l;Jr'b 6 W'lJnLUw~'bb('n!,Jf 
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I 
{J JnL'bf!, J "''l'bfruiu4iu'hnL{J JnL'h[!, "lfr'b'l l nLJ-mJ{J/r 1n1•n>.J ,,,<;, u1nrnL4-

UJnLpiulihp k "'JL'h ), k 'h21/uuf t t'll!' npmh'l. mpt/_nLJ' t Jp'hbr"'LP 

Jw'hpiuJwu'b 'h4"'I'"''lf'nL{<IJnL'h[!t flnLpiu.[!,,,'litJnL(' tlfr'bbr"'LP 'h4,,,_ 

f'"''lrnL{JJ"''h Jb'l iuniu'b/J.'hiu,9tJ,,,J- b'h l;.bmJ..1,,,1 piurlfi'h'hbrl!• f/>frqfr-

4,,,4,,,-;, ::.,,,;,,ffnL{JJm'h'hbrl! ( Jfr'hbr"'LP ufr'ii'ln'bfrwit, R, tiR, 'l"LJ'hl!, 

,,,'i, p qn Ulf1n"[nL[<f J w'b w u U1 pf.,,,'j, f!, 'J,J, p.[!p 'i, n/; :p [/;.[!Uh/; f' [!, ft"' pdpnL

fJ J nL'h f!, >.iupwphpw4,,,i, ububfPI! /, UIJl'h), /u,,,J-,,,mnLJ'[! nbiulimfrt/_

'i1bpnt/_, iu'h2w1nnLJ''hbrfr /J.kbrl! k Jfr'i1brwt'hhrfr 'lnL'fw4,9mtle, 

u1w11pbpn1.fJ1nL'h[! 'bJwit 1/fi'bbrwl'hbpfr9, t.m'b.ewtJiu1rhre: U'ft'bb

f'"'l'hbrfr >.wm4nL{J JnL'b'hhpfr npn 2J ,,,<;, JbfJn'lfr4w'h pbpt/_iuJ t 'II'./!P 

iunUlpfr'h J'U1U11LJ'. "'J"Ln"'l. mwifru b'ii.e 1lfriu1'h nrnz 'h2iu'ii'iibrfr k 

;:,,,,"f,,,t/_nLJ'iibpfr f'"'9"'"'I'"LfJJnL'h[!, npn'h.e f!'b'lnL'ht/_iuJ- b'i, "''lJnL-
11wl1'hbpnLJ'' 

+-r- r.UIU14w'bfrz/! wpmU1t,U1JU1t/_U1J t 2_Wln nLUb'f• 

+ >.ium4,,,'h/rz[! ,,,pmiut.w1miJiuJ t 'lI'"'4,,,'hnph'h ( n hiu41nfr

t/.e "''l'lmtf t, tiR 1,,,,, tlfr'hbr,,,Ll! iu'bfr'lnmpn"f t k ,,,Jl'i, ). 

> UJt/_btfr ,//,,}, )'>2_UIU1 iutJhtfr 1J'bJ ( piup/J.p), 

< Ultfblfr 1fn.er ( 9iuap). «: z ium ,,,1.btft 1'n.er ( 9,,,Jp). 

I} 'l UI 5, tpu 'l • 

p- [<h•L IL. 

! . t.U1m4iu'hfr21! zium p'hnrnz t. 

to.to. 1'zr.r,,,-;, bn.,,,'h41nL'bft'hbp1 

11' fr'hbrUI i'hh re 11111.. 'l"'49nLJ'hbrfr 
,f "''i,I'Ull nwiuitftUJp'bbpnLtf 'i,z ,,,'i, Ul'fft/_nLJ' 

/J.£.nt/_ I 

-;,4,,,f'"''lI''nfJ1m'h'hbpnLJ fc: 

b'i, t,IU"fWt/_t/_iuJ-, {!'b'lm'bt/_UJJ· 

Uu1npk pbpt/_nLtf t 'h4UII'"''lrtJwJ 16.2 J'ft'hbriui'hbrfr 9nL9,,,fte, 

J"LI'Ul.fJW'htJmrfr l:,,,,,,fUlr 'bz1{UIJ /,'i, \ .R ( % ), Ul'J.JULuUJ4/!> nptnb'f: 

1nh'IUl'lr'f UIJ- t mt/_Jwl tlfr'hhp•utl!• k 'hr,,, t.UJJ'iun.nui 'h2w'hUl'fr"LJ'f!" 
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~~ 
~--i:J 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

rs 
16 

17 

11s 

19 

20 

21 

22 

23 

24 

lJ'j.'bbl'wll'. nL 'bf'm .pm'i,wJLp_ 

.2 

lf.l'JwfJ p'i,mJj.';,-Ag 

llJ7p'ba L•'hmJp'b-Cu 

/lu~p p'bmJp'h-Au 

/;1b~url'nu!- ( Au, A g) 
' 

llJn1J.eub'b- (Pt, Fe) I 

OuJpn._J.,,Jf,'b Pl'f.7/rn...J- i 

(Ir, Os l l 
flj.uJnun p'bwJp'b-Bi 

'(J'wf'Pl' p'bmJp'b-Sb 

fiJ'lrln'-l' e'bwJJ.'h-Te 

G['~w{J p'bmJp'b-Fe 

ll'~'bqlr 7 p'bwJj.'b- A s 

[]'bln'bpm-N!Te2 

· 'J.pu~f'm•1 pm-Ag3Sb 

,U.,, ppfan"1w1wqp'bp.,, - Pd 3Sb 

ll,1f1wJ[ .. n-PbTe 

fiJ'bl nL['nppuJn._.,, P"'-Bi2 Te3 

Sb.,,f'wqp•fj..,,-Bi 2Te3S 

•ll.l'ub'bnu1pf' pm-feAsS 

'J.lwn ... ~nqn.,,-(Co, 'Fe)AsS 

Hw:J.1 n [' pm-nw,fbl upbf''IP"' 
CoAs 2- NiAs2 

1J.Jw1mp'b- fulnw'bmpm 
CoAs2- NiAs2 

J.1nLfa'bqpm - feAs2 

'J.nJbJ~P"' - Cu3As 

"iHbLf.'b--NiA s 

R% U.'l_JnL111u~ 
"lwJJu1'bm-
11_.wb bzwb ... 

~"I' 

3 4 5 

95 I I U., I fl Ag 

90 I U. Cu 

84 I U. Au 

S I I fl EJ 

70 I f 1 Pl 

68 I fl Ir Os 

68 I U., I fl Bi 

68 I fl Sb 

63 I fl, II fl I Te 

60 I fl, II fl 

I Fe 

58 Ifl. IIfl As 

63- 65 I U., II ll., VII U. Me 

62 · I U., I fl DI 

60 I fl PSb 

60 I U., I f:, II U., II f, At 
VII U. , VII fl 

58 I U., I fl, II 11., II f1, Teb 
VII U., VII fl 

55-53 I U.. !fl, II U., II f1 , Tet 
VII U.. VII fl 

57 II fl Asp 

57 II 11. , II fl GI 

57 II U, II fl Sf-Ram 

58 II fl Sm-Chi 

56 II fl Lei 

56 II U., 11 fl Do 

56 II 11. Ne 
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1 I ,2 

25 ll'hl.l'f"n-NiS 

26 U'wnLf.ilsl'P"'-Nl4 As3 

27 lufuubqnL'lP"'-Nl3S 2 

28 UUflsl'hfun- PtAs2 

29 U'.ul'ft.w'l f•m-FeS 2 

30 l/Jp{'pm-FeS2 

31 f/Jl."i.mtw'rnzpm-(fe, Nl}S 

32 '1ne"'l"'P"i.-CoAsS 

33 flpwqnpm-(Ni, Fe )S2 
{qwbu/•m NiS2-ft.wmpb{'pm 
CoS2) 

35 'Hru'l nl'fP pm-N iAs S 

36 n ._l'fw"i.pm-NISbS 

37 fi[.uJn<-mp"i.-Bi2S3 

38 111wtft.n"lfrP"'-CuFeS2 

39 {p'bhpm-Uf_nlf!'lf"I pm Co3S,
Ni3S4 

40 9,,,,l/r"i.pm-PbS 

41 'J.,,,lb~mp/•uJnLmpm
PbS. Bi~Sa 

42 Umpp"i.f!ui-Sb2S 3 

3 

56 

55 

55 

55 

55 

53 

53 

51 

52-40 

50-40 
~ 

49 

47 

48-42 

47 

46 

43 

4 

II U. 

II U., II fl 

II fl 

II fl 

II U., II fl 

II U., II fl 

II U., II fl 

II U., II r: 
IIu., llfl, mu., 

III fl 

II 11., 11111. 

II U., II fl , Ill U., 
Ill fl 

II fl, IIJ fl 

II U.. II fl , III 11. , 
Ill fl 

II n. , Ill U. 

II 11., II fl, 11111., 
III r: 

III r: 
43 III fl 

43-30 IIIfl,JVfl 

43 lJ'h"i.b'lf>'bp.,.-4PbS , Sb2S3 40 III fl 

Ill fl 44 Bfip"i.'ll'P"'- 40 
tiPbS • Sb2S3 • 6SnS2 

45 fl/p['nmJ.~1-FeS 40 

46 '1n<-l'w"i./un- Cu2S • 2FeS. Fe2S3 40 

47 11n1-"l Isl' pm--P tS 

III U. 

Ill u. 
III 11. 

48 tf.w11.rp/>m-Cu2S. 2Fe2S3 

491 fl/,l'"'Jb('p"'-FeSb 2S4 

46-15 III U., IV U. 

38-27 III U., Ill ft 
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I 5 

Mch 

Chz 

Sp 

Mr 

Py 

Pn 

Cob 

Bv 
(V:i.-Ct) 

Bt 

Hs 

Ul 

bsm 

Cp 

Lin-Pol 

Ga 

Gabsm 

Sbt 

Men 

Ci! 

Po 

Cub 

Cpt 

Val 

50 .l?l.J,, n"i./•m-2PbS • Sb2S3 

S I flnL[w"i.Jbrf!m-5PbS , 2Sb2S3 

52 1J.{''lb"i.mpm-A g 2S 

53 Unlf•p'lls'bpm-MOS2 

54 fln1-{'"i.n"i.pm-2PbS. Ct12S . 
Sb2S3 

56 tf/up1n•f/,l"'"i.- qw'1 
mMn0 2 • MnO • nH20 

58 

59 

i 

I 
'1n'-Uf.('/•m-Cu~O I 
81.m{'wl;'ll' /•m-mlr~1w'bm pm 

3 '.:: u2S. Sb2S3-3Cn2S. As2S3i 

60 

61 

62 :b['lrJpl./''lP"'-
3Cu2S • (Sb, AghS3 

c3 'lf'"'1"'l' HgS 

64 '1nqbll!"i.-CuS 

65 ~l.J.umpm-fe203 

66 Un1-lqw"i.pm-3Cu2S , V 2S0 

67 {>'b"'l''lP"'-3Cu2S • As2S5 
{nnJ{'.) 

68 {1u9n'bpm-3Cu2S • As285 
(ml.ml'. ) 

69 3'w.!wm/•'bpm-3C u2S, Sb2S; 
{nnJp•} . 

3 4 

38- 32 IV fl 

37 

36 

IV fl 

IV fl 

35-15 IV fl, V f' 

33 IV fl 

33 IV fl, VIII 

30-20 IV fl , VII! 

32-- 27 

31-26 

29-22 

2~ 

19 

29 

27 

26-18 

25 

....,25 

23 

25 

25 

24 

IV U. , IV fl 

IV fl 

!Vfl,Vfl 

IV U., IV fl 

IV U. , IV fl 

IV U., IV fl 

IV fl 

IV U. , V 11. 

IV fl 

v 11., v fl 
v 11., v fl 

v 11., v fl 

v u. 

v U. , v fl 70 Umw'bJ..'b-Cu2S , FeS • SnS2 

71 fl.n<-mh-Ti0 2 

72 1'11w1pm-Cu5feS 6 

24-20 v fl 

....,22-20 vu. 

li 

Djem 

Bui 

Ar 

Mob 

Bur 

Pyrol-Pol 

Psil-vad 

Pyr-Prus 

Aur 

Cc 

Cu p 

Td-Tn 

Fb 

Ci 

Cv 

hem 

Suv 

En 

Luz 

Fam 

St 

Rut 

Id 
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1 I 2 

73 flpwnL'hfrui-Mn 203 

7 4 '/>pw!p frur-C 

77 Slr'hnpfrur-CuO 

78 /Huul'lw['-ASS 

79 'Hurfrur- 7.FeO • OH 

80 ~/,"l/r'J:nftpnft_frur-·1 FeO • OH 

81 U'w'l'hlnnfrm-Fe304 

'82 U'nL2ft_fr.,,n./frur--Fe304 

84 U'uuub 1lfr.,,- 7- Fe203 

85 11nL1un'ufrur-(Fe, V} 203 

86 '/>fr'lk'ufrur-Cu0S5 

:87 1'1·fb'ufrur-FeTI03 

3 4 

22-16 V fl, VIII 

22- 5 

21 

,....,20 

,....,20 

20 

20 

20 

20 

20 

20 

,...., 18 

V fl, VI 

vu. 
v fl 
v U., v fl 
v fl 

v fl 
v fl 

v fl 
y fl 

V fl, VIII 

v fl 
v fl 
vu.. v p 

v fl 
88 U'w'h'lw'ufun-Mn02 • Mn(OH ) 2 18- 16 V fl, Vlll 

89 '1.ntfPf!wJfrm-(Fe, Mn)WO, 18-14 V fl 

90 Sw'uurwln-ftn1na..fp/rur 
(Fe, Mn)(Ta, Nb) 20 l, 

91 ll!J.wtbpJrur-ZnS 

92 '1.1nLpur9 faUJ-ZnS 

94 Ylpn.lfrur-(Mg, Fe)O • (Cr, 
AlhOJ 

95 flLpw'hjr'h/rm - · U02 

96 l.wuurnt.pw'h- pU02•QU03°Pb 

97 8/rpnLufrur-PbC03 

98 t,,,,ufruilrpfrui-Sn02 

70 

18- 14 v fl 

17 

17 

14 

14 

14- 7 

12--8 

11 

v fl 
v fl 

V fl, VI 

5 

Br 

Cf 

Bo 

Pa 

Tr 

Real 

Het 

Lep 

Mt 

Mu 

Haus 

Mg 

Kul 

Dg 

llm 

·Man 

Wt 

Ta-Cb 

Sl 

Vz 

"Lim 

Crt 

Ur 

Nas 

Zer 

Cs 

1 l 3 

,....,11-12 VI 

100 tLl.Lf•ur-CaW04 JO VI 

101 l;p/"" l'fr'u-C03( As0,)2 . 8H2 0 10-9 VI 

102 U.tfrrnun'hfrm- ZnC03 10- 6 VI 

103 Uwtw/uf .. n- CuC03. Cu(OHh 10-6 VI 

104 U.'f"Ll'/rm-2CuC03 • Cu(OH)2 9-- 7 VI 

105 lJ.'u71b'lfr"'-PbSO, 9 VI 

106 ll/r'J:lic•fam-FeC03 9-6 VI 

107 fl,,,c•/rur-BaSO,. 

103 1/w19/rur-CaC03 

109 'J.,.,,,J fa m-CaMg (C03) 2 

110 fl{wrs - Si0 2 

6 VI 

6-4 VI 

6-4 VI 

4,5 VI 

4 

111 '1('/r'u/;p/•m-AuTe1 

112 r,"'L"'{bpfrur-AuTe2 

113 Upl'fw'hfrm - AuAgTe4 

70-65 Vil 11,, VII fl 

66- 58 VII U., VII fl 

58-53 VII lJ., VII fl 

115 ~ku/rur-c--Ag2Te 

116 t1/lrur9pw-Ag3AuTe~ 

117 1/nl"l'"''lnfrw- HgTe 

118 l.w'lfrw'lfrm-PbbAu(Te, 
Sb)4S6 - 8 

119 '1tnft_J..,'bfrur-CuSe 

120 N.ftmJppm- A gCuSe 

121 fllrp31ruw'bfam-Cu2Se 

122 /J.fr~"' l''lPm-Cu4Te3 

43 VII fl 

42-40 VII fl 

42-38 VII fl 

39 

35 

VII fl 

Vil fl 

29-22 VII U. 

27 

25 

VII U., VII fl 

VII U., VII fl 

20-14 VII U., VII fl 

16- 14 

21- 16 

22-16 

VII U. 

VIII 

vm 

5 

Zn 

Sch 

Er 

Sm it 

Mal 

Az 

A ng 

Cid 

Ba 

Ca 

Doi 

Q 

Cren 

Cal 

Sil 

Cl 

He 

Pe 

Co 

Nag 

Cloe 

Ev 

Bz 

Um 

Ab 

Sit 
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1 I 2 3 4 5 1 i 2 3 4 5 

,..,20 VIII Wd 152 '1/n [pPUI 'l fr "'-"lfrl' uk frm 25 IX Pb-Ps 126 '1,pk'fk'bpnLp'ffrur-
Ag 10Sb~ S 11-Ag1GAs2S11 3Mn30 4 • 2Fe203 

~ 

127 8w4npufrm-(Mn, Fe}J04 22-16 VIII Jb 153 '/,ppwJfrm-TI( As, Sb !JS1 29 x Wb 

128 .Z,kp'bw'lfr"'-Mn02 • H20 16 Vlll Vn 154,i '1pnL4kufrm-( Cu, Tl, Ag)2Se 29 x Kr 

129 :b['w'b4tfr'bfrur- 14 155 ;· 1''b,1frm-Feln2S4 28-27 x In 
(Zn, Fe. Mn)(Fe, Mn)i04 VIII Fl 

156 /H'bJkl'fr"'-Cu 3(Fe, Ge)S0 28 x Rn 
IJ.n'ln'bfrm-(Mn, Ca)S!03 9-8 VIII Rd 4,,,J (Cu, Fe; Ge, Zn, As, Sn) S - 130 

Reh 157 J!k'l4"''l'l"'"'fr"'- Cu(Re, Mo)S4 '27 x Di 131 IJ.n'ln/upn'f fr"' -MnC03 9-6 VIII 
4,,,J (Pb4ReaMo3)S16 

132 (;w"f.pwfufrm-Ag(BI, Pb)S2 44 IX Sc hp 
158 '1-wtfrm-CuG aS2 ~6 x Ga 

133 11.uwu4wfru•-AgBi3S5 ,..._,43 IX Al 
159 1.np,,,'l,'ffrur- -TIAsS: ::!3 x Ld 

134 l/n'l"'Lfr"'- Pb2Bi2S0 ,.._,43 IX Cos 
160 'J.kr''"'"'frur-Cu 3(Ge, Fe)S4 21,5 x Ger 

135 l/nL"f.pn</ fr u J nLm frm--C uBiS2 41 IX Cubsm 
161 11.p'f frl'mtfrm-4 w'b!p frt'lfrm 21 x Ad-Cf 

S frtfrm-PbSnS2 38 IX Ti! Ag8 GeS6-A g8SnSi; 136 

137 '1t"'"f.Pnm frm-Cu6Bi4S9 39-33 IX Clap 162 'J.pfr'bn~frm-C dS 17 x Orn 

138 11.J4fr'bfr.,,-PbCuBiS3 ,..,37 IX Ak 

139 Uk.f uk;frm- Pb9SbsS21 36-35 IX Sem 16 auunwwl/bh('p J/;f. ,/UJ"iinLJ /,"i,' 

11.'l• I. R-e ~p"bwd-fi"b Pt R-/i"b qwJ "" P".f!f' '30 "bpw"bp9 • 140 'J.kn4pn'bfrur-Pb,,SbAs Ss 36 IX Geo 
Jfi"b1-b.. R_:: Py ( LUJ'f {u11LJ°pe e"ii'f'ff'qnuf I; p"bwd-p"b Jfi"bbrwl"bbre h 

141 N"f.tk4mfrm-CuBIS2 35 IX Emp npn2 flblnLpp'f"bbp) . 

142 8fr'b4k'bfrm-PbSl:>2S4 33 IX Zc 1) b"b[ilw{unLJ'p 11.' Jp"bbf'wl"bbr Uf_W{''l"f'"Z 'l"'"bwif.nr .-b-
rw"b'lnif., 

143 8np'fw'bfrm-Pb4AS2S7 33-32 IX Jd 2) b"bflw{unLJ'p f:' Jp"bbrwl"bbp wnw"b9 Uf_Wf''l"rn2 'fnL"iiw-
144 '1/tw'lfrn'ufrm- 5PbS. 4Sb2S3 32 IX P!ag i/.nr bpw"b'lP• 

145 :bpw'b4b-Jfr"'-Pb5Sn3Sb2S14 32 IX Fe 11.'l. II. R-l' <Pt-/i9 b.. ~ qwJ Jp P".f!r § Py R-/i9 ( wr-

lJ.pwJwJnfrm-Ag(Sb, Bi) S2 31 IX A ram ub"bp'f"bbp[' b.. npn2 Uf.Wf''l u1nllf>p'f"bbpf!.)• 146 
.'J) b'iiflu1{unLJ'p II 11.' Uf"'f''l"f'"2 'f"Lbwifnr bpw'i1'lnif, 

147 Bwt"l'"frm-Ag3CuS2 30 IX JI 
4) b'iifJw{unLJ'p II fl' wnw"b9 Uf"'f''l"f'"2 'fnL"bwif.n11 bpw'b'IP' 

148 i/,frmfrfuk'bfru•-Cu3BIS3 29 IX Wit 11.'l. III. R-e< Py R-'7.9 b.. ~ qwJ "" P".f!r >Ga R-/is 
149 11' frwp'ffrl' frm-AgSbS2 29 IX Mig ( unLLlf>ww'lbre IL nrn2 Uf.W{''l UllLLlf>P'f'iibre)· 

5} b"b[tlw{unLJ'p Ill lJ.' Uf.Wf''l"f'"2 'l"'"bwif.nr bpw'ii'lnif., 
150 Umk!pw'u frm-Ag6SbS, 27 IX Stef 

6) b"bflw{unLJp III F' wn.w'ii9 Uf.Wf''l"f'"2 'fnL"bwif.nr bpw'ii'IP' 
151 !;urpn1fb-Jkpfrm-Cu2 S • Ag2S 26 IX Str 

11.'l. IV. R-e $ GaR--:fi'ii J'p'iij_b.. R_?Td-Tn-/i R-fi"b ( unLLlf>a11u-

'lbre b.. nrn2 o.f!ufi'f'iibre). 
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7) b'lt[J"'fu"'J'p IV U.' "i"'r'lnrnz 1f11L'1tLUi/_nr b1,..,'/,'lni/, 

8) b'ltfl"'funuf'p IV f:' LUuw'lt9 "l"'P'lnrnz 'f'IL'ltwi/_np bpw'ii'IJr: 

lltz. v. R-L'<Td- Tn Jfi'lt1..t.. R?;Sl-Jr R-/r'lt ( t.fi,J"i,w4iu'ltuui 

o.eufi'f'ltbpf!. £.. npnz "J"'f''l tJnLffPp'f'ltbpf!.) • 

9) b'lt[JwfunLJ' p V U.' "J"'rprnz qnL'ltw1_nr br"''ii'lm/. 

10) k'ii(ilw/unLJp V f.' w,.w'lt9 "i"'r'lnrnz 'fnL'ltwi/_np bpw'iiq:Ji: 

U.tz. VI. R-L' '<: Sl-/r R-/rs (t./ul'ltwftw'ltnuf' l1w1•pn'ltunn'ltbre £.. 

'""-Lf/>wm'ltbrl!• fi'ltl..UJbu 'It.,,/,. Cs, Crt, Sch). 
.11) VI J'fi'ltbr.,,1'ltbr LUnw'lt9 "i"'r'lnf'nz 'f"L'ltwi/_np bl'w'ltqfi : 

u.'l_. VII. [t!blnLrfi'f'lthr nL ubth'ltfi'f'lth11e· 

12) b'bfiliufunLJp VII U.' UflU[''fnrnz 'fnL'lt,;,qnp brw'lt'ln</_, 

1:J) b'ltflwfunuf'p VII P' iunw'lt9 "i"'l''lnrnz qnL'ltiui/_nr bpw'lt•1/i1 

u.'l· VIII. 14) J'iu'lt'fLU'ltfi J'fi'lthrLUL'ltbr, 

U.,,_. IX. 15) un•if/>wLU'lbre' Sb-Pb, Cu-Bl, Sn-Pb-Sb, Ag
Sn-Ge t._ wu'lt: 

U.,,_. X. 16) sriJLUJ znwrrbrfi' Cd, In, Ge, Ga, Tl, Re J'ji

"i,hrwt'ltbre1 

l.wrft I; 1.zh1, nr I-VI W'l_JnLuwfbhre ftwrlJ'1_wJ. b'lt R-/i 

1fbJnLf/Jm'j, 'lttJut'fdiu'lt 11//'fP"L'j,J!nll /,_ umnrwpiuefu.'lti[ut.J. b"i, 1nL

{'W.[!W'j,l_nL['{! (pLU91.Unt1L/1JLUJ'p W'l_· VI} brftnL b'i.pwfu.Jpbrfi, npn"i,

SPS wnwp_fi'ltl! nL'ltfi npl..I; 'l"''i.wi/_nr hpLU'lt'f, fiul1 brL1rnr'ffi ,/bl 

Jm'im'l Jf!'iJbpw{'bbp[! qnLrft b"i, 'fnL'ltiu1_nr hpw'lt'ff9 ( u"Jfi111wl1 b'lt, 

;/ nfupw'fnLJ'lt-u"lfi111w41 JnfupwqnLJ'lt }: 

U.,,_. VI-fr pnlnr Jf!'ltbrwi'ltbre qm'uutif.nr bpw'ltq l"L'bb'lt1 

U.t'u 'fb"J.ebrnLJ', b{'I' 'l'IL'ltut•Jnr brw'b'lf! "i"'l''l i_I; L1"'J' 

ftiurn'l I; pw!J fln'l'lt4_bt• J'fi'ilbr"'lf!. pbrif.nLJ' I; bpftnL b'iJ{dutfuJ'ph

l'nuf1 fil'bln•rfi'l-'bbrfi nL uhlb'ltfi'f'bbrfi t:..wJutp Lt"''lJi/_utJ b'i, br~nL 

,,,,,_iu'i,afi'b "''ltnwwft'i,br' VII U. "'· VII P, nrn'i,.f! f!.'lt'l'lrftnul bL 

t.wJ'bJwmwpwp lwJ'i. 1nwrwJ1fwJ nL 'bwfunr'f w'lJ"Luwft'bbpmJ 

mb'l 'lmwb wn fuJ'pfi J'fi'i,brwl'i,brfis pw9fi 'i,wk puofwftw'bfr'it 

t:...,,q4_w111mm Jji'bbpw/bhpf!.1 

U.'l• VIII ft"''lJifbl I; t.utmftut"fbu Ju/iiqw'bfi Jf!'bhput/bhr/i 

t:..utdwp1 nrn'iJ9 nrnznLd(! f.w6.wfu 'f<h/wpnL/J-JnL"b'uhp I; WILUl'[.W!J"j,nL,/I 

u.'l. IX J'b'l Jmbt h'lt pw9fi [WJ'j, mwrw.}i[wrJ unLL lpww'l_hpfr9 

'ltwJ.. wqbtJ1 t.ucqi/_wqJnLm'ltbp(!1 npn'b9 11pnzntd(! 'frf.J.wr b t/..br

'l_W"fUU) W'l_• X-fi Jh'l phr1_nLd bi, zwm ""''l1w'll"LLn srif wJ urutp

rbrfi Jfi'bbrwt'hhpf!_. nrn'b9 Jwufi'b mi/l"'l'hbre umut91_wJ b'b Jfiw1'b 

i[h['2_f'j, <fwJ'w'i.wft'bbpu1 lJ'fi'j,/,['W[p ,,,'j,'ff'"''fwf'aJw"i, nLbUl~IJLflJ"L

"j,(!\ R-(! /,. t.wJwuiutmw11juut'i. juJpp'lt 11L W'l_/nLUutft/i'b 'bpw i[bp,,,-

74 

'ff"'LJ[! f1wurwpi/_11LJ' I; 'ff'.f!P wnwl.fi'i, Jwu11LJ "'f''lb'i, 'j,J/"'l'w'lpt/_wr)
npb.I; Jhft Jb{tJnp1_' 

. ut} f/>nU'ln.lbmpp~ ol[nLLJWf'P I.. I'. U. "1.,nlp'i,uf/"L o"Jmfi/J,,,fl"''j, 

"""Jfi Jp 'l_11ffnif, t:..wqwuwpb9'iJblm/_ np11zifn'1_ Ul'j,f,UIJm Jp'i,bf'Ult/i /,._ . 

i_utpw'iJJ' nLz_f [11Luwi/_np11Lf/Jwb utumphwb[! dutbf'w'lfimwf[p mhuw
'f"'2.mnuJ', 

p ) 1lfi'bbr"'Lr nL t "'ifrUl'ltJntz'ltbpfi R-l! t:..wJ'hJu1mbL"'1 /•'j,,,,,_ 
mpw'k9b.p fu119p oq'k11L{JJwJp. 

q ) nrnz1"'l J'fi'bhrwLfi R-l!. t:..wJhcfutmbln'1 t.w1ur'bp Jfi'bb
rwt'bkr/1 R-/i t:..hU'I 'ilpw'b9 !.wput6.trulbbr11LJ, 

'I- ) clfo'bbr"'Lf "L l "'P"''i.,J,,Lz'ltlsrf> R-e t.wJ'bJ'wu1hln'1_, 'lf>mb

L"1 WJb .ru, mbuu11wzm11LJ', br""L 2.l/./p'bbrJt "9"-"'J.emJ' I 

R-/i JbJ.nLflJwb 'l'bwt.wmnLd[! l1wu1wpif.nLJ' , I; 'fb'lfi'b [11LU.,,,_ 

f/>frtmrn4_ ' {rlutpJ k [Ult/ ;;,,_41wJ u/tf/>'bb1rnul'*: 

ll'p'i..brwl'ilbp[' [!uui R-/r J'UnLfJJut'lt 1_b9 fuJphpnLJ /,._ t:,,,,Jw

"JWL11wufu ut'butpwp if by (I- VI) LU'l_JllLUU1fi.hpnLcf' mb'ILU'lf''/ht fru

l)wzqjt I; um'bq ,,,J, "£' '1-ftmn'lfi UIUH!. R-r U'lutpphpnLfJ JnL'ilf! e'ltf1',,,

L"Llf' I; ui_uw.J. t:..wpLUpbpLUftw'b D.R-/r 10 % -fi9 , t:..bmiLLUf' Ulf' fr.Jpkrf!· 
JbJ -Dut'bwir1LfJJLUb LUb2_UIUllrLdf!_ ut'ltfiJ'utULn !;1 U.n htnt'il "JUIU1-

f.wrur</_ "'J'h clfr'i.bpw('hbp(!• rtprt'h,g R-e 'lur'iJi/_nLJ· I; kplfnL t;,,,rJ..,,,'j,. 

/u1f'phpfi u,,,!)Jw'bnLJ' f1wJ b'ii(rlwl1w I; mwmutb11LJ'hbrf. ( "JmJ.fut-· 

'i,,,,1_,,r4_ wJ. J.R-nif 4wJ' mw11pbp wqpbqutU'lwjp'i. tfp6."-'ftntf /,_ U1wp

ph11wf1'kbpn4_), p.br1_11LJ I; hpJ1,,L ,,,'iJ'l,,,cf'' bczrucifrwlihLntf J'p fumJ'p'lr 

m tu'l_J"Lu,,,J1e k uqubl"t/ t:..wl"l''le' /}"'""'J'b J'frwJ'il J'bli Ul'l_JnL

""''/"LJ' J fi'bhrwll! qm'b1_11LJ I; Pl' rrftuftut"w'ii» "'"'f"LJ' "- 'hjrw 
m'uqut'bmJ'e w1umb'l l!'j,'l'lJ.tJ.111J 1;t 

lJ' Ji 'bbrwl'iibpp ~utpJp11Lf'I J"''i.. mlllmut'ltm_J''j,J, pfi J/"'"J"'ft!JnL-

{iJ JutJ p bpU1'h,e phpifr1Lcf' b'j, bppbJ'j, lU'f.JllL11wl1/> 2 - .'J h'b(ilutpw

tlfi1.'bbpnLJ', l ' "'i!J b[<Jb J'fi'bhr"'LP mb'l_f!_ eum t1wpJp11Lfl Jw'h p'bnr"t. 
i_l;-1 'j,['UI wbtfutbnLtf'(!_ qbp9qnLd I; 1/iutfJLUL/:J hpp Jb2_: 

U'l;luU.Stri,.f?fl (!t.fa-llB-l!t flfl lffltbflllltbflfl 
nro~rrut ortitu~tbrc 

U.'ht:.w JUI ,/fi'bhput[f npnz11L,/(! LtUIU'IUl('"nL,/ I; /) /,Ln/,._JW[ 

l1hr"I' u" 'lP"L,f npnzq11LJ I; ( umnLJ'f Jh{Jn11'bhpni/ liwJ t:..wJh'J'LU

mblnc[ t wfw'bJ'nLz'bbrf! t:..bm) Jp'bhpwL/.' R-e k bpw "fWmftw'bh-

* R-p ,ff,,),ILfJJnL'bfskpf!. '1/,'lf'b l " LJ Up ~mJutp f!. fs'l n Liu[..,.) k'b 1'. U. 
•l,ntf.'bu~n L , tunUJ'bJ.j.'i, 'l:b"l.l!bl'nLJ tfJ . fl..,,.f'l " l'P m'/_l"'l'b/,l' ~ ~wJ wJ.w/i" 
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lnLPJnL'i.if! Uln.Ul2..fr'b ifb9 nrnzfrt /111/pbrfrs nL U11[JnLUU1"'i.ibrfr9 nrl.I; 

J/;"fr'i,1 U.(i.J 'fb"f.J!brnL1f > brp "UIU"Ulq I; U1nUl2..U1'i.inLJ1 nr Jfr'bb

rUILf!. UfU1U1"Ul'i.inLJ .I; fibLnLrfr'l'bbrfr /,_ ubib'bfr'l'i.ibrfr "UIJ Mn-fr, 
unLL:PUIUll[/;rfr, 9ri/_U1J- JbU1U11['i.ibrfr Jfr'i.ibrUll'i,brfr fuJpfr'i.i' 'ffrJnLJ 

h'i.i r:.U1JwUfU1U1U1ufuU1'i.iU1pU1r VII, VIII, IX "UIJ X U1'lJnLuU1"'i.ibrfr'i.i1 

C'bwrnLJ b'i.i.J! U1nU12..fi'i.i r:.fr'b'l Ull[JnLUUl"'iibrfrB (I-V) nr"-1; 

Jb"l!. "wJ VII IU'JJnLUU!"f!.· nrn'hgnui Jfr'i.ibrUIL'bbrl!. uwnrwpU1tfw'b

i/_wJ- b'b fl "- P b'bpUlfuJpbrfr ('fnL'i.iUlifnr brUl'b'fnif t1UIJ UlnUl'bg 

'fnL'i.iUlifnr brUl'i.i'f/i)' flrnznLJ b'i.i.J! Jfr'bbrUILfr br"Ul'i.i'frUl'fUlramJe' 

~R, 'iirw 'f'ILJ'i.il!. /,_ brU1'i.i'fl!.• i/_U1r.J!l!. + 'bfr"nl'i.ibrnLJ, 'i.ibr.J!fr'i.i nbf/>

lb.J!u'bb{'f!.• U1Jufr'i.i.J!'b' Jfr'i.ibrUILfr pninr PJnLrb'lU10Ufwfr"U1"w'b r:.ww

f1w'bfrz'bbpf!.• 'frU1'i.fr9 f.brnn nrnznLJ /;'i,.J! Jf.'i,brUllfr "wrJ-rnLfiJnL'i.if!. 

(b[Jb f,f,UlrUlifnr I; 'j,UI/,_ t:.U1J/;JwU1U1"Ul'jl nbubf/>e) /,_ 'i,f'UI rnb'[f!. 

Ull[JnLUUl"'j,/;rfr brb.J! b'b(ilU1fuJ'pbrfr9 nr/,_/; J'b"nLJ' ( [!_UU1 "UlrJ-rnL• 

PtUl'b )1 bpb uwU19i/_ UIJ- f.UIUJ"Ul'bfrz'i.ibrfr'i.i UI l'1 b'i.i[iwfuJ' pnLJ t:.Ul

J U1Uf U1U1UIU/u LU'bnLJ /,'j, Jfr .[!_Ul'bfr J' fr'bb rwi'hbr > 'ffrJ'nLJ' /;'i, t//rUl'f• 

'iJnuwfr" fuUIJ-UIUJJUl'j,f!. /,_ nrnznLJ' J('U19nL9/rt f:,UIU1ffw'bfrz'i,br (Ulb• 

2..utU1nLJ'i,brfr a£.b('f!.1 qnL'fUl"9nLJ'f!.1 t:.branuff!.1 f1r"'i.iU1pJnLrb'l'i,/,('f!.1 

U1 rnt:.J' Ul'j, UU1 r"L"U1nLrUl'i,/, rf!.> "nb [/rnLPJnL 'i,f!. "u11f 'fJnLrUlpb"nL

P JnLhf!, JU1'f'i.ifruUl"U1hnL(il/nLhf! /,_ UIJLh), nrn'ii.J! unifn11wpwr O'fhnLJ' 

p'j, Jfr'bb('Ullf!_ UU1nLJ'f nrnzbittLhl 'l-tl-ifmr "UIJ "UIUffUIJ-bifr 'fb"f.[!_b

rnLJ' Ul'j,f:,('U1tfbzw /; UU1nL'f/,l Jfr'bbrUILP nrnznLJf! Jfr"f'nJ!frJfrw

l[Ul'b, nb'iiw'lb'bnJbwrfr", nb'iiw11b'iinu"ib"rnrU1L IL, ifbr2..U1Ufbu, Lrfri/. 

.efrJfrUl"Ul'b U1hU1Lft'l.'iibrnif1 Pbrb'ii.J! J'fr'i.ibrwi'iibrfr nrnz_Jw'ii Jfr 

.(!LUbfr orfrbUl"bbr' 

1) flrnzi/_UIJ- b'b J'fr'iibrUILfr t:.bwl..JUIL t:.wwl1w'bfrzbbre' R-e 

Jnw I; I tUlfU1'iiJnLzfr'b (Pt), U1Jufr'b.J!'b' 70%, "Ulrd-rnLfiJnLhf! 

9UIJ-r I;, 'fnLJhf! "rbJ'fr-u"lfrwUI" if Ulf''fUl'fnLJh brUl'ii'f""- ( Ul'lJnLUUI" 

I U.), UfU!fl'l_ w'bfrqnwrn"i /;: U.1'1 t:.U1U1l/U1bfrz'iibrfr'ii t:.U1J'IUUfU1U1U1U

fu;.,'i1nLJ' I; J'frUIJh 1J'b" Jfriibrw/ pbUIJ-pb pfruJ'nLU1f!1 nrfr UU1nLJ'f 

nrnzJw'b hUfU1U1Ul"n" "wrbifr I; "UIU1Ulf/,l tf/r"rn.efrJfrUl"Ulb nbUl"-
9 /rUI Bi t:.wJ Ul/Yl 

2) flrnzquu} b'b 1lfr'iibpU1tfr t:.bmiLJmt t:.ww"w'bftz'bt.1,t!' R-e 

J'nw I; "wJ Jfr fn.J!r iuifbifr pwrar I; 2-r'l tmtfrw'iiJ'nLzfr.'I (Py), 
l[wrJ-rnLfiJnLhf! pwrar /;, 'fnLJbf!. U"fprnw"' nLJ-b'[ whpqnwrn"fl 

ll'fi'iibriull!. UfbU1.J! I; nrn'bbi II µ Ul'[JnLUUl"ttLJ' pwrar "wrJ-rnL

ft11w'ii J'fr'iJbrwi'iJbrfi b'bfiwfuJ'pnLJ', nrrnb'[ U!.('f t:.wU1"Ulhfiz'iJbrfib 

t:.wJU1UfU1U1UIU/uU1bnLJ /;'i, ifb9 J'fi'iibrwi'iibr' wrubbn"ffirfrurf!, untfrh• 

'f PU1f!1 'fl U1nl"n'fnU1f!1 UUl:Pin r/irn•nUIJ'/;l upbf'f PLnf!. 1 J' wp{f U1'l_pU1f!. 1 
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prwi/_npmf!. (b(rlb t:.wzi/_p tmnbbh.[! qbft_fi'i.i tnru 1fp'iJbrU1Lhb rfi 'fnL

'iJU1i/_nr briu'ii11'iibre)1 ll'fr'iibrwifr /uwd-U1wnLJ'f! 1: 1 HN03·ni/_ ww-

1/iu I; 'lnrzw9nLJ' /,_ J-pwJ-whUl"fU1U1nLJ', nrnb.[! pbnrnz /; 'j, UIJ'f 

ifb9 Jp'iibf'U1lbbrfr9 br"nLup' wrubbn"ffirfiwp nL 'flwnL ""'fnwp 

t:.wJ'wr• J'bp Jp'j,/,('Ullfr J'w.J!nLr u.uipww" 'fnLJbf! /,_ "rbJ'p- i/_wr

'fUl'fnlJb brw'ii'lfr pU19w"wJnL/iJnLbf!· "{'(! p'iinrnz I; 'flUlnLftn'lnwp 

t:.wJw('> t:.wJn'fmJ' I; Jbq, nr nrnzqn'[ J'piibrwlf!. UfU1U1"U1bnLJ' I; 

Ulrub'iin"lfrr1/.wfr'i11 lln Jp'bbrwll!. 'flU1'"'1n•1nw "U1u"wJ-bi11L 'lb"i

.J!nLJ' U1'iif.1,..,Jbzw I; "wm"'rbL Co-fr J'frtirn.efrJ[i Ul"w'ii tfrnra"'r 11,,LJ', 

3) flrnzqiuJ- b'ii 1lfr'bb1,wifr t:.bmt..Ull t:.iuw~Ul'ii/1z'iibl'l!' R- l' J'nm 

I;, Jp 1/in.er yiud-r I; Sl-fr9, "..,rJ-rnLfilJnLbf!. pwrar 1;, ~"LJhf! 
Jnfi1rw'fnLJb1 frrznwrn"f, 'iJbr.J!frb nblf>Lb.J!ubb{'f!. "U1r1f'rU1i/_1IL b-'fnrz: 

ll'piibrwll!. nrn'iinuJ' L'b.J! v µ l1wJ' VI Ull[JnLUw"'iibrnuf. U!J'f 

t:.U1m"U1bfiz'iibrfr'ii t:.wJ'U1UfU1mU1ufuw'bnuf b'i., .[!f'nJpmf! /,_ •tLrw'ufr'bpmf! 

(nLrUJ'iip'iifrwfr Jnw 'iibr.e/1'ii nbf/>lb.e11'iibrl! 'lfrwrfnLJ b'D f.w'lif "''lb"i 

IL pnLJL b'ii)1 i/...-6.nw"LUh I; w1u 'lbUf.[!nLJ' lf_"L'lw"gnLJ[!' nL/ru1'bfiml! 

'lrw'iipwwJ/•h Ufb'IJ'wwfrw'iibrfi J'piibrw(b.br/• t:.bu1, fruit .[!f'"J'frwl' 
0 tfiifp'iifr t:.bw nLiwrwt:.fiJ'.ewJ/•'ii ut"fU1riibrnLJ'1 flrnznLJ{' w~ '"!JnLg
i/_nuf I; J'Hrin.efrJ'frw"w'u nbwf19frU1'iibrnif U "UIJ Cr t:.wJ'UJr: 

ll'br "n'lJfr9 "Ul'[J'i/_UIJ- Ull[JnLUU1f1hbrfr /,_ J'p'iJbrwi'iJbr/1 nrn-

2_nLJ'iibrfr t:.frJ'.enLJ 'lrifUIJ- /;'j, wnw2..fr'b t.brfifi'b Jp'iibrUIL/r PJ"Lrb

'f_Ul0UfU1""Ul"Ulh f.ww"Ul'bfiz'iibre (R, ~R., 11nLJhf!, 1/Ulr.J!l!. + 'iifr!J_n i

'hbrrlLJ', 'j,/,f'.J!Ph nbf/>ib.J!ubbrf!), pu" U!Jl f:,UIU1"Ulbfiz_bU[I(!\ "UlrJ-

rnLfiJnL'i.if!, f:,Ul('Ulpbrw"Ulh nbubf/>f!> fuwJ-wUJnLrff! nbU1"U1"ifhbrnif, 

Jfr"rn.J!pJ[iUl"Ulb tfrnraUlr"tlLJ'bb('f!> UJhl_WUJnLJ'j,/,f'fi aJ..bf'f!• 'l_nL

'fU1"9nLJ'f! /,_ utJLb, nLhbh oJ-U1b'fU1" h:_U1hU1"nL{iJnLb1 

flJ'l u1buU1"bwp9 J'b'j,.[! f.bwlwuf b'it.J! />, U. i/...ni/i'itu"nL gnL-

9nLJ''iibrfi'ii Uljh JUlufrh, nr t:.Ulh.J!UIJ/rh Jp'iJbrwi'iJbrfi nLUnLJhUl

ufirJ'Ul'j, /,_ nrnzJUl'j, t.frJ.f!nLif UfbU1.[! I; 'lw'bifb'b f/>fiqfi"Ul''Ul'j, /,_ 

1UnU12..Ph t:.brfifr'iJ Jfr'iJbf'UILhbrfr pjnLrb'lut0UfU1""'U"Ulb t:,UIU1"nLp JnLb• 

'iibre1 llp'iibrUIL'ubrfr ~fuJ'pbrfi U1h2..U1wJw'b "- t:.[rJ'iiUl"Ul'k Ul'f.JnL

uUJ"'iibrfi (I-VJ w'l..) "UlqJJw'iJ 11nrJ-nLJ' zUlw f!'j,'ft:,UJ'j,nL[' 11J-br 

"Ulh J'br /,_ i/... t. ~n'lnt'iifi~ni/_/r Ul2_/uU1u1m PJllLhhbrnLJ, nre U1Uf'"r 

"wqJ'n'l PUltfrU1'it9fi" Jfr'iibrUlfhhpp t:.UIJwr euw pbl1JUl'j, gnLgtfi' 
N-/i wi'..p U1;h2..U1U1nLJ' /; 7 /unLJp1 

ll'br Ul'f.JnLUUJ"'iibrnLJ (I-VI) qb9 fuJ'pbre UlnUJ'iia'bwgwJ- b'ii 

f!UU1 Ulh'ffUl'fUlraJUl'j, 9nL9tfr R-p, nre UIJUU1b'f. "UlrJ-bu fib tfrn

/uUlrfi'iinLJ' I; pb"JUl'b BnLBtfr'ii1 

U.nUJ'bafr'b Jfr'iibrUlt'iibrf. 'ii"UlfUl'frJ'Ul'ii JUIJ' U1'iJU111, 'iirUl'ii!J 
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nl'nznuie f:,bzm,,,9'bbl"'· J.. umnLJ'f uuftwl"bhr ""'.,,,'j,"'l"L 'j,"l,,,mwlintf, 

fr'bt"lb" "'!'1 ,,,'j,,,LJ I; •Z.. t. Ln11nt'bfrftniff!, Jb.t 11Lzw11rnLfi1JnL'b I; 

'f'"f'aif nLd Jfr'bbrwlfr JllL['IUr:,UJLllnL1f r.w·m·q1Ubfrz'bbrfr'i1, b['IU Wb2_1U

U111L.fbbrfr aJ..brfr'iJ, l[11L'f1UfJ9"LJ'j,/,f'fr'j, k bdwb Jfr'j,b['w£bhf'fr9' 

UIW['f'/,£'/,£ nLb t 

lfJit.br U.l t.b rJi v1 u.ru. q.r o Jtta-S o Jtt..f! 
1. U.rlTUI"' fll.U.lJM.1-Ag (Uq. I U., I fl>_ 

:bp.q p.qwlpu Ii fim~nqnqavn.lilibrP:: Jun rw'hwr11w tfr'b ufr'bp"bfr w, 

ft,,,rJrnLfilJnL'bf!' 2,.5-3, ftn.hlfr, r.frw'bwlfr l;lb1fmrwC.w'l11r11frt1 U.'b

Zlfrlf>nL.t R-l! zww pwrar I;' 95%, ,,,Jb"biupiurare J'i,,,,9 wJ p11£11r 

t!fr'bbrwl'bbrfrs, 'l"LJ"iif! ""lfrurwft ftrbt!fr ( '1b'l'bwif 11L"ii) brw'hqnt{ 

(qwlb'bfrmfr !.. pbwrtfr'i, "ll"'mfr'bfr ftn'l.efr'b brw'bq[! 'b~wmblfr I;, /tuft· 

p'bwrtfr'b pfr11Jnu11fr r:,,,,,JbJwm bnLJbb !;), AR t:n'bfo, fr'lnwr11"1 /;t 

tbr.J!fr'i, n.blf>lh.J!"'i.brl! p;,,9wl1w1nul b'i., ~wrJp11LflJnLbfl gwrtr 

f;, cum t:.wJbt!iumiuliw'i, nbubf/>fi "f•uu11fiubuuf I; Ill fu1lpp'b ( 'l'"

lb'i,fiwfr J.. ppuJ'nLmp'i,fr 'j,f1wmJwtfp P"'['a{' f; , fuwlftn"lfil'fiwfr'b'' 

t!nw, fru~ fu11L'i1w9wJ f:,,,,'j,.[J'"'i.JnLflbrfis 11L uf/>wlb11fr.wfi9' 9wrtr)1 

lum1hurnnufe*1 U.'l'l"uf b'i, 11rw~,,,'i,' HN03 (f111L!l bn.11LJ~ 

11!..w9nL.f), FeCl3 ( uL.w9t1Ltf, Jpwrtw'i,w"lww11LJ), HgCl 2 ( q11rzw~ 

911L.f, JfrwJwbw"fwmnLJ'): 

Umr11Lf1m11Lrwtfr'i, fuwrtwmnLt!' 1 tfwu Cr03 (50%) +.1 J'1uu. 

/umw9. HN03 1-5 •f"'trft· ftwJ' /umw9wJ HN03 L. Hlr 

Z.wturbwpbrifnLJ' I; wlnm11finJnrf/> r.wwfiftwif nr ~w1111L9if wJ.p., 

r:,,,,l,,wfu flfrflb'l,,,ifnr '1rft'b'"PJ"Lrb'l'i,hr, brpbd'i. 'ln'bwl ftwnnL9~ 
",,,J.e, 

U.li)l_llllllllLU1ibpl1 ul.t.bpe, ifj11ibprntlibpp. <[nLqmqgnLife: Unif'n

l''"P.;,r wbftwbnb aL.brfr J wb[' iub2_ 111mnL.f'j,b [' ul1L£ lf>fr'f 'i,b f'P 1 ftwr

pnbiu whb[' p nL JJ</'"rsfr '1'"2.mbrr1Ltf ('bft. 23)1 brpbJ'b 11hr;,11rfiw

'i,brfr (bf/• 24) llL br1uqfrq'i,/_;rfr ak.nift ll.bj>_WUti/llLd I; f:,wh.[!UIJfrb 

"lrn9bufr ifbr2nuf, UlrLUl2_Ul9'bblnif '"!l t!fr'i,brwl'i.brfr r.bw ubpw· 

r.wrwf,,nLJ'i.br, urb'lw~wlblnif 'i.rwbyr fl.nL'f'"~9ifnLJ' I; '"l''lb'i.mfiurfr, 

Co nL Ni "'r"""'fr11'i.brfr· funLh1U9wJ r:,,,,r;,.[JUlhJnLflbrfi, Ga, Sl, Py, 
Prus-Pyr, Sb-Pb Ul1L£f/>ww'lbrfr· Au nL Ag flhl'1Lrfi11'i.brfi, 

* 'izw"bw~nLJ' /; [![r.![rw~w"b nkw~infrtf"b/,pfr "''f'f:/,fl"LflJnL"bf'. J'fr";,/,['"'{

";,/,['[r •f('IU w"bufr!/>nLJ't 
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'i~. 23 • P'iuuJ[r"b "'l"~wfl (Ag) funL"bwuwh '"'"b{!w"bJnLfl /r 
'IIU2LllnLJt 

1J.~'2Lfr!f>, X 200. U.fuflwL•u1fr '"'-;,/!""/,., ~"'J~- UU~ 
{r_uin if.. ~- fT/.urn"bHJw"bfr)• 

1,~. 24. P"bwJ[r"b u1rJwfl[r ( u•'f[•inw~) nu in Hf'. ~"'lflfrin/1 ('f nfu

l'"''f"LJ"b) 'f:"'2tnnLJt 

V."bzd!/>' x 2. !lwuk"b'T: 'tJ"Lll/r zri_w"bfr ,.,,-;,/!"''''' u.'T:l'l'b f . uu~ 
(L~""' ·~· 11. fJ'fnl'm{w1[r)1 
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ft"'ppn'i11um'bbrfr, putrfrmfr, .J!<f.wrsfr t:.bm t:.fr'frnflbpJ'wl J-..,.,,/..,'f, 

t:,,,,'i.,.J!w'b1nLflbrnLJ': 

O.J!ufr'fw9J'w'b nL brftrnr'fwtfi'b unLLIPfi'fwtfi'b t:,.,,pum·w9J'w'b 

'ln'but'bbpmJ' '[nLqutft9</.nLJ' I; iapqb'bmfru1fi, ftbputpq/rp/rmfi, 9bpnL

upmfr, /uuttftn'lfr'bfr nL 4n<f.btfr'bfr t:.bm1 

Smppbpm.pJnLU~ litfwli up.!ibpmtlibpp.g: P'itnrnz b'b' putpap 

R-l!• qnLJ'bl!, /r'[nmpn"f.nLf'JnL'bf!, "f.Wputqb'bb'lfi"l!' lJ' ut'bp t:.wurfi/1-

'bbpf! t:.'bwpw<f.nr I; z•frnflbl p'bwJ-fr'b Au-fr, l;lbftmpnLJ'fi, p'b,,,Jfi'b 

Bi, Sb, Te, Pt, Fe t:.bm1 U,,,ft,,,t'b Au-fr "- l;LbftmpnLJ'fr 4.r,,, •u•w

ft,,,'b /; Ul'f'fnLJ' KCN {ub.ut9nLJ', /ruff Ag' nt_), 4"'"J."LJur lnLJu·p 

m,,,ft ft.,,J' ftw"l.m-Jm LnLuUJ/P/rlmpnuf Au n<- l;LbftmpnLJ'fr R-e 'i,4_,,,

'[nLJ' I; "- ,,,<f.btfi 9"'Jr I;, .J!w'b Py, Asp, Ga, fiulf' Ag t:.wJ,,,,.. 

R-e J''bnLJ' I; 2_UJUI w<f.btfr P"'rar, .J!"''b Py, Asp, Gar 

f:'b,,,J-fi'b BL Sb, T e -l! nL'bh'b z"'w w<f.btfr 9w&r R, J!wh 

Ag-l! h .,,'i,frqnmpn"J. b'b, fiuft p'but&fi'b Pt-'b nL'b/r J'filfi'b ftwpJ-pnL

f'JnL'b, .J!fiJ'fr4.,,m'bbp/r "''l'fb9nLfJJwJ'p t_/r [uwJ-.,,m<f.1nJ', t:.w'b'ffi

"l.nLJ' I; J'fi.,,'i.,q.,,J "'l'j, .,, ll "l.w 1J'w'b'bbpmJ 1 f:'bwJ-p'b Fe-{! nLhp 

w<f.blfr 9w&p R m_ J' wq'b/,,,wftw'b 1;r 

U.nw'bafi'b 'fb"l..J!bpnLJ' p'b,,,J-fi'b Ag UUINLJ'f nrnz_blnL r:.,,,J'wr 

u1'bt:.pwclbzm I; 4,,,m,,,rbl J'frftrn.J!fiJ'fi,,,ftw'b w'b.,,Lfi'l 1 

1.wli.J!wtlmJpbpe: '1np"'lu' ('1w'itw'f,,,), (;r;,,bbpbr'l ('VJ;~), 
'1n'b'f"pbpq (inp<f.bqfr,,, ), SnLpfi'bt,,,r;,, t:,,,,r;,,.J!·• U.Lflwl, U.rhbu,,,'iJ. 

IJ.'b'fppwJ4"'l1 ~UU~-nul' U.[uflutlut, (;.,,J'lnuz, '1-utput[w'fl"''l • !J.nir 

(U.'l. I U.) 

:bp.q_p.q m~w!i limmqm.pJ nt.lilihpe: fun f "'htuf'f"' tfi'b ufr'i.tqn'bfi1u, 

4,,,pJ-pmfl1nL'bf!' 2,5 - 3, ft"blfr, L"'4. l;Lbftmr,,,r:.,,,rznr'ffit1 11.'bzt/r

lpmJ' R-{! z wm P"'rar I;' 90% ( 'lfi2.nLJ' I; Jfr,,,t'b p'i.tut&fr'b "'r

J-,,,flfr'b ), qnLJhf!. "l.'l'bafr-4.,,,r'fw'fnLJ'b, t.R t_nL'bfr, fr'lnmpn"f. b 
"ibr.J!fi'i, nblplb.J!u'bbpf! put9Ul4U1JnLJ' /,'j,, 4utftJ-pnLf'JnLhf! !JUIJ-r 

4.,,J' Jfry_fi'b I;, eum f,.,,J'bJ'w1nw4.,,r;,, nbub/Pfr "l."'m4.,,'b1nJ' I; Ill 
fuJ'pfi'b ( fua1tftnczfi'bfi9 "- fv"'L4n"l.firfrmfr!J P"'rar I;, /ru4 4nL"l.rP-

1nfr!J' 9,,,J-11)1 

lumcYmmm.tl'e: U.cz'fnLJ' b'b 'frw4ut'b \ HNOJ (lrnnLJ', ukw911L J'' 

4.,,{JfiL/r fl.,,'j,.,,t_mJ' ), FeCl3 ( "'I'"''l uhw9nd }, HgCl2 ( "'I'"''l ub-

4,,,9nL1.I, &fiwJ-,,,'j,,,,"l.,,,UlnLJ' ), KCN (flnLJl qnrz ,,,9nLJ'), wr.J!"'l"'

flflnL ( Wf"''l ,,£.,,,9nLJ')1 
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UmpnLl/tnllL[•uttfi'i1 [u.,,J-.,,1n11LJ'' 1 J'.,,u {umut9. HCI + 1 J'.,,,,, 

Cr0.3 (50 % ) ·10-20 •/,,,Jr4 .. 'bum<f.,,,J.J!l! t:,,,,'i.,bl 1 4wflfrL fu1na19-

HCl-n</.1 l,utJU1ha1pbp4_nLJ' b'i.t "l.nlfiufi'bflbmfi4 f:.w-6..,,[u ltnf"'9"'J

ftrfitutpJnLpbrz'bbp, bppbJ'b 'ln'i.t,,,l 11,,,,,,,L!J<f.,,,&.J!r 

U.li11.mmnt.tl'!ibpp. O.Lhpe. up.fibpmtlihpt1 q_mqwqgnufe: Um/n

r,,,P"'r ,,,'i.,ft,,,'i.tn'i.t a£.bpfi 411w1ut4nLJ"i.tbp, 'fb'b'fpfrm'bbp, bppbJ"i.t. 

4nlnJ'nplp nL "frfl11fi4 'bumb9J'.,,'j, umpnLftmnLput'bbp LfiJ'n'bfrmfr• 

f:.bm J'frtuufr'b 1 

t4. 25. P'i..wJf-'b "l'l[•'zt.l. {u"l[wrw4 } /, Lfrfn'i..{rur {Jn{upw'fnLJ'i.. ), 

Pn'fnu[n1_u1Lf• :.m'zt.e• X 110 {e.uur fl/. fl.w1f'fnp{• ) 1 

~fi"J.bpqb'b "1.,,,l,f,,,'j,'i.,bpnLJ' "'""'l "''j,,,LJ' I; fv.,,L/ln'lfi'bfr n• 

4nL"J.pfr1nfi /:,,,,z <f.fi'b, '[nL'[Ulf(!Jbln<f. pnnhfrmfr , 4n<f.btfr'bfr, 1fW[ut{ufr1nfr, 

"''lnLpfrmfi, LfiJ'n'bfimfi t:.bm ( 'bft. 2S } r ~fi"l.n'lb'b p'bw&fi'b "l.'lfi'bal!.. 

'lnL'f"'ft9<f.nLJ' I; p'b.,,&fi'b wpJ-.,,flfi , pJb1l1fimfr {CU3As), 9bnlfi1n

'bbpfr nL ftwwfrmfi f:.bm 9wc}r p_bpJ,,,umfr-6.,,,'i.,,,,lfr'b /:, fr'frnflbpJ'wl 

f:.w'b.J!,,,4."'lI'!Jl"'LJ' ft,,,J l;lp11L'[/r</. "'"i."'l''bbpfi funnn t_'b bpnLJ': 

Sm11p.hpnqc>-Jll1-Ue litfwli up.!ihpm1libp!1g: P'unrinz b'ii' P"'rar 

R-e, qnLJhl!, fr'lnmpn"J.nLfJJnL'ii(!t 

1lw'i.tr r:. ,,,mfil1'bbrl! r:.r;,,,,,r,,,4.nr I; z ifnfihL p'b,,,c}fr'b utp&utflfr 

t:.bm ( tnwppbp<f.uu f /; qnLJhn</. /,_ WJL "f.LUf"''lb'iihrlfrun<f.) , t..w'l<f.w -
81 
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·'fJ'ILU1 J'fr'kb11tul'kbr' 1flrl11'bfrinfr (NiTe2) Ill. J'tum/11brfrinfr (Ni3AS2) 
t:.hU1, nrn'k.[!, uwl1wt'k, w'bfr'L"url'""l b'h £. 1n'hL'i, 2,,,,,, w.JL·lfr 

_9 ,,,Jr R1 

4mG~mt[mJpbp~: lJ'frf.fr'lw'i, (lllJ''t), 'tuu1Lf["'"'' SnLr/:'hiw'k 

t.w'b.(!, :,uu 4-mJ'' Ill wi[ br11nL juuuf f'f!.1 ll.'[ wi['ltUJJ-.n rt 

3. nUltf> P'uUtrli'u-Au (U.q. I U.) 

ai ti Cl ll qtuqmfi Ii wmlpnpJ n LG Ghp~: Ion r w'butr'l"' tfr'k u /1'bqn'bfrUJ J 

!J.wrJpnLf/JnL'hf!.' 2,.'5-3, ft.nhlfr• imi[ l;ihft.U1r,,,r:.,,,'l"r'lfrt' ll.'bufr

lpnLJ' R-1!. 2"'UI putrar I;' 84% , rzfrr.bini[ J'frw1'k p'butJ/1'b wr<hn

flfr'b llL p'bwJfr'b "l'l'i,J-.fr'h, 'f'ILJ,,,I!. 'lb'lfr'i,, ~R f_t1L'i1fr, fr'l""'r""l /;t 

thr.f!fr'b nhf/>ih.f!u'hhrl!. P"'9wft.w1nLJ' b'b, ~,,,rJrnLf/JnL'itf!. 9"''>r 
I;, f!.Ulll t:,.,,JbJ'winwft.w'b nhuhf/>fr "lwinft.w'bnLJ' I; [][ juJ'pfr'k ( qw

lh'bfrurfr £. 1•fru J'nLmfi'bfr 'hl1wUJ1f wJ p P"'l'ar f;, ju wlft.""lfrrfrmfr'b J ,,,,, , 

.Jruft. ufl.wthrfrmfr9 11L [11nL'i1w9tud t:.w'h,e,,,'kJnLfJbrfr9' 9"'Jr ): 

luwbwmnufE: ll.rzrf'ILJ b'i, 'lr"'l[w'k' KCN ( uluu911LJ', ,,,'j,t:,,,,fif/ 

J,,,ft.brbufr 'l"l"'9"'J), mr.f!"'J"'f/f'JnL'k (frJJn'bUJ91nJ' ), Hg {l,,,,,l_ 
JnLJ' I; 11u1frUJtuft. ,,,Jwl'lw1fw}1 UinrnL~mmrmJJr'b [utudutwmJ'f!' 1 

.furn '""'"'9• HC! +1 J,,,u Cr03 (/50%), "'r.C"'l"'ppm:. + Cr03 , 

KCN+Ca.B1
2 1 

~,,,l,,,'i,"'phrifmJ· h'i, t:,,,,{,.,,,ju ft.nr,,,9 ,,,J fl/rf"b'l,,,if"r ft.i111'bw

P l"'l'l''l'kbr, brpbJ'i, rzn'butl ft.umm 9i[wJ.f!' 

llu2wmnul'Ghp{1 uL.hpE, u{1Gbpw1Ghp{1 qm.qmqgnLUE: Uni[n

rwpwr J'w'br ft.wfilfriwJ-.£., uf/>hrfrlt. ft_wJ' nr'fUl'j,J',,,'I, 'i,br1frUJft_nLJ''i1br 

.umtfPfr'l'kbrfr 11wzwhrnLJ' ('bft.. 26) nL hr,,,ltfrli'kbr .f!'[•urgfr, pw

rfrmfr, ft.utrpn'kwm'iJhrfr J'hp_1 '11urzJ'11LJ' I; hrpbJ'J1 'f/,'j,'fflftn'kbr llL 

ft_n[nJnrfP wntup_wg11LJ''j,hr1 ftnLqmft_9i[nLJ' /; .[!i/wrgfr ('i1ft_. 27 ), wr

ub'bn"ffrrfrUJpj "Lfrrfrmfr ('b~. 28 ), ju1n'b,,,9,,,J t:,,,,'j,.f!,,,'j,l"'flbrfr• qw

lb'bfrmfr, JuutLft.""lfrl'fr"'fr, pnn'bfrin/1, f!btnLrfr'l'kbrfr ('bft.. 29 ), pin

rfrmfr, lt.UJrpn'binu1'khrfr t:.bm: l,w'b11fr"f11LJ' I; 'btufL "ffrrnmfr'kfr1 zbb

LfrU1fr> pfruJnLUJfr'i1fr, uinfrp'bfrUJfr, P"'lw'bt!brfrmfr, pnLn'kn'bfrwfr, 

Juwt9b11n'iifr, "''l"'ll'"rfr t:.hin 9wJp-J'frp_ji'l.t, putpJ-.p p_hJwuinfr6.w

'bw1fr'b t:.fr11r 11 f"brJ,,,l t:,.,,'j,.f!"'if"'trhrn'J' l.fr"lhr11b'i.t "lmJJ,,,'i,'bhpnLJ' 

'1."''lutft.9i[nLJ I; LfrJ'n'bfrmp ft.wJ' Juwtllnrzft'bfr t:.hm: 

Smpphpmp-JDLllE fiuwfi u{1fihpm1fihp{1g: µ"'"r"2 b'i,' P"'rar 

R-!!., 11b'lfr'k 'l"'t"'!!., lJ' "'"'r t:.wmfrft."'"r!!. t:.'kwr"'if"r 1; ztfrnfilbt p'l.tw

Jfr'b Ag, l;ih~mpnLJ'ft, p'b,,,Jfr'b BL Juwift.n"1/1rfrinft, J'frlbrfrinfr, 

ft."'L "'ifhr/1wfr, ltrh'khr/1infr t:.hui1 
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'!,~. 2'J . P'zuuJfr'b nul1nL (Au} '""""'l'JnL/'/,'ll' /unL'bw9wJ '"''bl!,,,_ 

'bJnL/J/r '1:"'2mnul. {/1C.e1fw'lfr ' "'~'/!• (~ UU~} ~( 210 
(eum (;. ~. 11.JfrpJ"''b/1}1 

'!,~. 27. P'bwJfr'b nu~nL ( Au) w'b£wmnul'blipp_ ( ""lPUIUJ~) e1•up9fr 

/, "'Jl ni_ :;,,,-;,l!.,,J/1'b 1/j."b/ip.,,l'b/,l'P '1:'"2innuf (1lnL'f Jnfupw f nLJ'b)1 

(J.'l.21fr!/>1 X 60. !J."'lP ' "'~'l!w1., ~WJ~· Ull~ (L'.""" (;, ~· lMr PJ"''bfr}• 
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b~· 28. J'..wr•l'/1u1} ulfrl'/""l!. ( pw9 1ln/"f'W'f"LJ'b) 9'1Jb'b..,,wqi/uu} I; 

p'bwufr'b nu~n1/ (u"f.pmw~)· ,./,!!.' l;w['pn'bwm 1 

U,'L:Lf!J>, ;"- 100. {frC.1!•/w'lfr ~w'bl!"''i·• ~"'J~· UU~ le""' t;. ~- 11.Jfrriw'bfr)• 

F'iiwtlfr'b Ag-fr r.wJ'wp ~"'"f"LJm lnLJ''P ww~ R-l' JhmJ' I; 

zwm wifblfr r-wrar, .f!"''b Asp, Py, Ga, fru~ Au-fr R-l' "'!'l Jfr

~brwt'iihrfrs 9wJr, I;. Au ifrw KCN-l' "''l'fnLJ' I;, HN03 ' "i..' fru11 
Ag r.wJwp i.frzm r.w~w"w~'b: 

/;lbl1mrnLJ'fr i/11w H N03-l' '"'l'f"LJ' I; wif bLfr nufb'J, frul1 

KCN-l' wifblfr p11LJL1 .J]Ulb Au-fr ifrw, fru~ phwofrh Bi-fr ifrw 

HN03-l' Ul'l'f"LJ' !; ZUI"' "'P"''l I. ,,,Jb1z ( ub1u91nJ' )1 Ju,,,l/l""l.Prfr

UI(! nu/fnL ~"'l.JJfrh hubJwhnuf t · nL hpiu 'Im [h(! {</,/t1uf I; 'fb'l.'i,w

~whwt_wr/_nLh. nuf[nL Jwhp r..u11nfrl1tbrl' [uwllf""iPrfrmfr 'f"'ZmbpnLJ' 

'ffruiifnuf b'i, "f"l.bu cr11"1f>ww~» 1lfr'i1brwitbr, .ffr hpluntf<I. "Pl! 

Uf"'!J'wtwifnrifwJ I; ph1uJfr'il nu~nL zwui P"'l'a,. R-m/, 
/o,,,l/l""lfrrfr•11fr rfr'"' fr w"'rPb!'"'-PJnL'i1 Au, "''l'l-"L,f I; f,,,,_ 

11b9w.J- AgNQ3 -(! ( ukw9nLJ ), 

llfribrfrmf!, IJ'"L"'1"rfrmf! , ~rb'i,bf'/•Ulf! m"'f'P"r"f"'J b<i, phw

Jfr'b 11u~nL9 zwm wifblf1 9wJr R-nif, 1u'i1fr'lnm11nu1111 P1,,,Jp nL 

nbiu~mfrrftbpfr "''l'lb91nfd1w1l p 1 

.Z.wGJ!wqlUJpbp~t l/...frmifwurb1"'l'iuh111 lr"l'"/1• lJ',,,!l""'l"''j, b

I''"~' µbr!"'l"""~· 1,,,l~'"I' I '"1-tupUJUflL 'r.1, F IU/ b !' l,!Jlf 4- rnJ' ~"'I' 
llbrzrwanl'' (fri.J.!if '"'l> 4,,,J'l'"tfrJ'w'u, U.Jufif'"L'"• (;,,,Jimrz, ll.'tw

I'"'~ /z_ lUJLbt 

4. HbltSrnMT-(Au. Ag) (U'l. I U) 

3>JiqfiqwqwG fiwmqm.pJnt.GGbpE: lonpwhwf'l'"!P'j, ufr'il'l"'i,fr,,,, 

1twrJr,,'-P1mtl'' 2,5 - 3, t1n.btfr• L"'1 lab~wr'"r.'"'l"I''l-Pl' U.'iiztfrlpnLJ· 

R-l' z'"ui pwpd.r !;' 81 % , 'l"LJhf!. P'"9 1brzfrt, ~R J_nLhfr, frqn-

"'I'""I. /;t 
tbr.efrt nMf>tb.J!uhbl'l' P'"9'"~'"!"ul b'i,, ~wpJprn/JJnLh[! 9wJr 

!;, l!"m r,,,,,fbJ,,,m,,,~wh n.bublf>fr "i'"m~whrnJ I; III fuJppht 

luruh-unnnt.ifE: ll.'l'f""' b'i, '1-I'"'~,,,'j,' H N03 ( pnLtL bnnLJ', 

funLhtu9nLJ) 1 KCN (11nrzw9nLJ, ,,,r,,r.,,,pp J'w~bpbufi '1"!"'9"LJ', 

'fbrzfrt bpwt'tfr pnLL ,,,9 ,,LJ )1 

llli2wmnufGbpJi nubpE, uJifibpwt libpfi qn1.qwqgmuE: Unif n

I'"'P"'I' ,/,,,'j,r 4wPfrlwak r..wmfr~tbr, 'fbt1rfrmbbr, br,,,4fr~tbp1 

RnL'fw~9ifnLJ' I; "'l''lbtmfiwfr, "lrnrnwfrm-"l.frru•'ffrrfrmfr, :/>r•b1pbp-

1ffrmfr, phw.tfr'ii Ag-fr "L Au-fr, pbl"LJ'fr'J-tbrfr, umfrphfrmfr, ~frhn-

4_,,,rfr r.bm 9'"Jr ?_lrpJ'wumfr-6.whwJph r.fr1rnflbpJ'iul r..wt.ewifw1-
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SmppbpnLpJ11LUJ: !itfw!i 1.fl1!ibpm1libppg: lfw'br t:.wu1/1l1'bb('l! 

r..'bwpu11f nr I; zrfinflbl p'bwJ-fr'b Ag nL Au t:.bmt 

I• urwppbpmfl111Lh p'itwJ-fi'it Ag-ft nL'itJt zwm wi/.btfi "fUlf'l. 

11b'lfr'b bpw'bq. !;ib1l_m1•111.J'fr i/rw Ul'J.'fnLl.l b'j, KCN-e llL zwm (111L!f 

HN03·[! Ag-fr "'''"' KCN-Jr tfi w'l'lnLJ', jru11_ HN03-{! UJ'l'l'"-" I; 
[ wq I 

,. LnUl('pbp11L[ilJnL'b p'iiwd-fr'it Au-fr, l;Lh4wrnLJfr 'fb'lfr'i, bpwbq(! 

tuqblft P'"9 f;, KCN-ft U1'f'fb9nL{tlJnL'bf!.' flnLJL' 

4wGJ!un\rnJpbpg: U.Lflwl, 9.11L~nw~w: ~UU~-11LJ' U.Lwi/.br'fm. 

/unLJ'pt_!1 ~n'I, lfb'J.['Ul(!'-"f'I 

5. ~nu•i/Uht.-Pt, Fe (U.'l · I fl} 

!'bj1qJ1 qm qrnG l:irnml:pn.pJ IlLU Gbpg: lunr w'b "'r'lw 1fi'it ufr'itqn'bfrw, 

11_wp.JpnL{tlJ"''j,l!. 4-4,5, l1nbtft• Lwi/. l;Lb/1m11wr:.w'lnr'lftt1 U.'iiztfifl.nof 

R-e zwu1 pwpar !;' 70%, qnLt'itl! ""J.PUIW11_, t.R t_nL'itft, fr'lnml'""l /;t 

"ibp,efi'it nhfl.tb.eu'bbp(! pm9w1l_w111uf b'b, t1wpJ-pnL{tlJnL'itl' 11'/i

y_ft'ii f;, f!."ur llw1fh.lwurw1l_w'it nbubfi.ft "lwm4whnLJ' I; \V fuJpft'b. 

nrnz m.uppbpw11_'iibl'l' (f/>brn"flU/tnfr'itw) J'wq'bfruw~w'b b'iit 

lorn~unnnufg: Unqnpwpwp nt_ J'jr nbw11_mftq t_ft "''l'f"'J':

'l/wl"''f/1mJnq, "J.'l'iianq 11,,,,r bl'/lwfclnq t>wpnwU1 mwppbp"'lt'itbpp 
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t~. ao. /l'hw~fi..,, uuwmfi'he ( u"lfi'"w~ ~wmH'ht.p) 1.t ~l' nJfr'"e. 

(1fn/01{'W'f"LJb). 'fnLbpmp Jt,l (JnL'f 'fW2'"f!.)• lJ.'1.uPfl>, X300. 

l,, Sw'lfitP ~w'l.~wtfwJl'' 

qpw [clnLJL w'l'f"Lll b'i,' "'l'J!w!wfcl{tlnL'it IL HCl-ft nL Cr03-fi Juwn

"bnLf'Jl!' Ump11L1i_m11Lrw1ft'it fuwJ-wmnuf' fillnw9. HCl+Cr03, wr

.J!UIJUlfcl{tlnL. t>wtur'iiwpbpqnLJ b'i, t:,,,,£,.wfu [1/t[ilbizwqnp ltrfkwpJnL

pbiz'iibp nL 'ln'i11ul l1wnm9qwJ-.e1 
U.u21llmnuflibpp nilbpi:, tfpllbpm1llbp]l. q_m.qwqgm.ug: P'iinrn2 

b'b ft'l.nJlunpftq qub'itnJnpfj. qwJ fr'ffinJnrf/> t:.wmft1l_'iib11 .ernJfrurft 

('ii11_. 30 ), t>w'li/.w'fb"/. 1nftmw'bnJwq'iib111f11nft, olftqft'iift l11u1f "J.ftpo.J!

ub'bft t:.bur rrnLrwuw'b» mft"lft t>ftumbpnJ'wqJwmft11_ r..w'b.(!1uqw[pb

r11L,/ I (// n Lft.eub'bft 'fW zurbpnuf t:.w6. w/u r..w'ii'ffi"lnLJ' I; OU JftnLJ UI tft'ii 

Jtnfi'fftnL,/ pwpw11_ {tlftfclb'l.wi/.nr• 'itbprfiutl1nd'iibrft li.L.nq: 

~nLqwl19qnd I; 'j,,,,/,_ Po-fi, Pn-fi, Cb-ft, "flwwfa'bfr ,, "'-L fi.fr11-

'j,brft m wpub'iifi11'bbrfi t:,J,m rrbnpfttultf1» mft"lf' tft1i_qw9fin'ii r..w'b

.f!Wi{w trbr.,L.r, 
Swppbpnq<>Jm.lig !itfm!i tfplibpm1libpflg: U.u ""lfrmwq p'bw

aft'it Jft'itb(IW["j,bpft9 "fntft.eubh(! U1Ulflpbptjnuf /; J/ty_fi'i1 11.WfHJ('nL

JiltwJ'p llL 11_iutnL'bnLfclJwJ'p nbwf1mfrq'iibrft 'j,{(UIUl,j'Ul,j'P• zu.1m f'bnpn:z. 

I; J'ft'bbpwt'bbpft 'lnLqw~snLJf!' 
1,mli}!wlllujpbpg: '1n[nLJ'pftw, FnLzi/.bl'I, t>1nwftuw1fi'b 11L J'fi-

tft'b flLrwL' ~UU~-nLJ' UiLw'ittu L{,,ft r..1n111fr11·wrlLbuw'ii tui{i[!t 

(Uq. I P) 

fupq}qwqwG fhmnqnLpJmGGbpg: ~b,euw'fn'bu11ft'b uft'it'fn'bftw, 

l1wl1J-pnLfJJ11L'bf!' 6-7, 'fJnL['"'Pb't /;: 

U.'it2tfr:fo11L!/ R-e zwm P"'rli.r !;' 68 % ' 'l''LJ'itf!. ""lfrmw~ (pm !l 
'fbizfr'b bpw'itqnq), t>.R nL'iift ('iiqwmi{nLJ /; frJ'bpufrw!nq), w'bfiqn-

mpn"[ /;t 
'i,bp.J!ft'b nbf/>lb.J!u'bbp[! pw9w't"'i''",f h'i,, l1wpJ-pnL(1J11L'i1[! f-'"'f'ap 

J;, l!"m r..wJbJ'wmw4w'it nbub:foft "lwurl1w'it11w' I; VI fiiJ'pft'b ( "f"

Lft .eub'bft9 'l'lwlfrnpb'it pwpli.p )1 
luu1~nmnnufe,: fl.bw1l_mftq'itb1'l' t_b'b "''l'f"'J 1 b11pb1f'ii w'l'l"LJ 

I; W f'.[!UIJUlfclflnL'i,' zwm 'flU'j,'f"''f. nL [ifllLJll 
U.u2wmmufibpp ultbpg, tfltlibpm1libp\1 '1_mqwl19nufg: P'itnrn2 

b'it li.qq"'r} 11_wJ' 4_b9 w'b4JnLb flfifclb'lw4_np w'itl"'"'"L,f'j,br t:.bpanLJn4_ 

j/ (0001), unqnp.,,pwp "lntft.eub'iifr IL fj.bpn"J.lwurft'bft 'fwzmbpnLJt 

!J.nLqwq9i{ nLJ I; ,epnJfturfi nL p'bwJ-fi'b "fl wmft'bft fuJ P/i J'ft

'itbp w['iibpft t:,bm llftumbpnJwq.fwmft4 11L[LnfU11lftJ ,ewJfi'it Ul"f"'P 'bbpft 

l:,bm ftw"l.qw<t ll"''ii.J!wi{w1rbrnLJ1 
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s. uurtir fl'1Uut•'1-Sh (U'l· l fl} 

:ti Jtq} qml1mG. fiwmqm-p-J nt..G ftbpe: S rfrqn'bw1/r'b u{i'bqn'i.tfrur, 

ftwpJpnLfi!J"'-'bf!' 3-3,5, 'f/t1Lp1»pbq I; ( pzpt[_nuf t' uiwtnt/_ Jw'bl' 

bn.w'bfttnLbpbbp, npn'ii,e 'bJw'i1 bi, 'lwlb'iifrUt/r ifrzrJ"''b bn.u/i,fJ_JnL'i..f.

';,bpfr'b ), l...,'[ l;Lbftuirwr.1u'l"P'ffrt1 

U.'bztfrfP11LJ R·f! zwui p•urar t' 68%, 'l"'-J'i.tf! ""lfrmwt1, tiR-!! 
zwm flnLtlJ w'bfr'fnUJrn"fnLfi!JtrLbf! [iltrLJl (trLJb'[UlbnLJ I; frJb11ufrw1n1_)1 

't,br,e/r'b n.bfPLb,eu'bbrf! pw9w~U1Jt1'-J b'b, qwpJp"'-fl/"Lbf! 9 wJp 

I; t1L J'frl_fr'b, eum r:.wJbJ,.,uiwqw'b n.bublJ>fr "lwmftw'i.nLJ I; I {uJpfr'b 

( p'b.,,Jfr'b pfruJ'nL1.nfr9 P"'l'AI' nL p'b.,,c)-f.'b Jq'ii'fb'lfr9• 9wdp ): 

luut~mmnufe: U.'l.'f"'-J b'i.t 'II'"'ftw'b' HN03 (qnpz Jfr'"Jw'bw
"i"'m"'-'J), FeC13 (qnpzw9nLJ, bppbJ'b ukw911'-J)1 HgC12 ( pw9 

'f"I'2. 'f'''-J'bfr pf.J), W[•.[!WJwflfJnL (bn.nLJ, 11kw911'-J}1 Uuipmqr:r.nL

pwJfrb {uwJwmrnJ' K2S {umU19. qtuJ H 2S
2
0 7 r.wJmbwpbpt/_nLlf b'i, 

flfrfilh'l ..,i/.11 r "l"LfrufrLflbuifrl1 ltrfi,wp/11'-rb'l'i.b r: 

Uli~wmnuflibp lt llhbpe, uJt Gbpmt libp Ji q nt..qwfignufe: U n1[n
p.upwp ..,'j,f/1u'im'i. at._bp nL b{'pyu1JiuAk w'blwmnLJ'bbp, l",.w'l_t/_w'fb"/ 

Pfrfrlb'lu'iJ"r PJ"'-rh'l'bbr l",.brAndnt[_ II (0001)1 Rmqwft,rit/_nLJ I; 

uuifip'bf.urfr, 7-fruftrw'l.fr'"P ( Ag3Sb), 'f"'lb'i..fruifr, Ulrub'bn"lfrrJruifr, 

p'i.w.Jfr'b Au ,,,_ As, wl'ub'i.fr'f'hbrfr r.hui r.fr'fr"filbrJwl r.w'b,ewt/_'"J

rhrnu!: ~w1m'bfr I; pbwJfr'i, Jwrfrrfr /,_ Jq'i,'fb'ffr Jb(uw'i.pfflllYLLl'j, 
{u lUll <jJllL I''ff! \ LU Lb 1/ II 'j, U1 fr U1 (! l 

Smpp.bpnq>-Jnt..Ge liuwli tf~Gbpm1Gbpl1g: U' "''br r:.wuiH'hbrl! 

r,.<;,,.,r'""-"r I; zpnfi!bl p'bwJfr'b Ag-fr, Bi-fr, Te-fr, Pt-fr, As-fr, 
fr'bt"lh" 'i.wl.. 'fP"ltI'"''l.P'"P ,,,_ "'Lf"..,,1/rmfa r:.bui1 P'i....,Jfr'b Ag-I!, 
Bl-I!• T e-I! ,,,_ 'ffruftrw'l.fruil! "'"'rpbpt[_n,_J b'i. p'i."'Jfr'b J"'rfrr"fr9 , 

bp.u'i.y :,,,,J "'{' zlUm p'hnpnz ftpbJfr br"'"''l""- ( Jiurfrrf! Jw,en'-r 
u"lftmud/ /;}1 wl/ifwJfrUtf! t1Lbft ftUJbwtwt/_nL'it bpw'bq k ft'l.nuipn"f f;, 

fruit r'blUJfr<u J"ft'i.'fb'll! tlLbft wt/_bt/r 9wJp R llL ,,,_Jb'l wbft'l_nmpn

"i"'-/il JllL 'iu 

P'i.wJfr'b "llwurft'bft {uJpfr Jfr'bbrwt'i.bpf! ( "lnlfr.f!ub'i.I!, lpbpn~ 
"f[lUUJfr'bf!i ouJ'frnLJ1.111fr'i. frn.fti1fr"'-Jf! /,_ lllJl'j,) U1lllppbptf_m._J b'j, 

p'bwJ.fr'b J.wrftrft9 zwm wt/_btfr pwpap ftwrJl'"'-fllwJp /,_ p'hnpnz 
"f W{' wqb'bb '1./runt[_ 1 

4 mli.l!mtl lliJ pbpe: "'rzfrppiuJ, r,,.,LPW JP lbn.'i.w Z'lflw, Rn"l{ufruin 
('1.rw9. UU~): 
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9. ~bl0'1P fl\,U"Ul•\,-Te (U'l· I fl, II fl) 

:bJtql1 fimfimli fl mmqnt..]~J nt..G.Gbpe: Spftqn'bwtft'b ufrL'ln'bfrw, 

'twrJrn'-ftl !"'-ill!' 2-2,.5, 'f!"'-pwpbl1 /;1 U.'bzL/rfPn,_J R-1! pu.trAr I;' 

-63 % ' P'-/;,l! ""lftmiuft ftrbJfr f/11'-!l bpiu'b'fntf_, ~R-e "lwr•t. ( ""IP

miuftfr9 Jfr'btk pw9 lf"Pz), w'bf.'l_nmrn"lnLfdJn'-'bf! ,,,_Jb'l I;: 'ibr,efr'b 

n.bfPlb.f!u'bbrl! pw9wlfwJnLJ b'i,, qwpJpn'-fll"'-'j,f! 9wJp f;, e.um r:.w

JfbJwmUJ~UJ'j, n.bubfPfr "iw"'~"''i.r1LJ I; I fr1J"pfr'b1 

lum3·wmnt..tfe: U.'l.'l'"-J b'b 'II'"'ll"'';,' H NO:i (uluu9mJ) , AgNOa 
{ Jfr,,,Jw'bw"lwuim._J, 'l"I'2"'9"'-J), FeC13 ( J{i,,,JUJ'bw"lwuwuf), wp

..[!"'!"'/ilfiJllL ( 'fb'l'bwlf"I'2 ifrwn-)1 

U.G~wumt..tflibpJt nhbp~. uJtlibpm1Gbp]1 qmqmqgnt..tfe: 1tr~'hw

.Pl"'-rb'l'bbrl! ,,,_ 'l_n'bwl ""'''-"'-91_wJ.f!I! pw9w~'"l"'-J b'i., p'hnr",,z 

h'i, J"''br ,,,';,~'"<;,,,';, '"'i,'l..'".,,,,,_J'i,br, r.w'l.i/."''fb"I {unznr pt"orlu/i1bp1 

R"'-'1'"~91_111.J I; [rlbl'ILI'fr'f'i.hpfr, "lfrrfrurfr, 'l"'lb'bfimfr, /ulU[9b11-n'bfr, 

''-"'f"/urn'l.fruifr l",.b1n 9mJp '/._b[1J,,,uuifr-6.u1'i.w1fr'b l",.fr'lr"/tl-bt"l"'l ~UJit

..[!'"t/_wJpbpnLJ: 

Swpµbpnt..p-Jmlie litfmli urG.bpw1Gbpl1g1 ltwrblfr I; z1/1nfdbL 

p'b'"J/r'b pfruJtrLm/r ,,,_ Jwr/ir/r l",.bui, npn'i.t9/r9 p'bu.1Jfr'b f!ll'L"'-I'I! 

.urwppbpi/_nLJ I; mJb'l w'bfr'l.""'I'""l"'-filJwJp nL 'b~wmblfr 6.R-nt/_1 

/.wt[_ [11LJ-t/_r1LJ I; {umw9wJ. H 2SO-i-"'-''' w1LUJ'l._UJ9'bbln4.. ftwp

..lfr'bfr it"'rJ'frr TeSOa L,,,_J,,, Jf"' 
4 mli}!mq mJpbpe: '1'"l'l"'-I'LP ( U.t[_umrwtfriu ) , l7 '"f'UJ.'"t.Ft'bbr, 

.Sp'hfrUJnL'l_l l,UU l,- mJ' Rn7, U' b'[pUIAnp, 'J..UJifrw'b 1 

10. bPJ.iUfa" fl\,U"Uto'1-Fe (Utt. I I• , II fl) 

3>rqJtfi wqmli fi mm~ nt.. PJ n t..G Gbpe: hJ,, r UJ'i.wr'lw tfr'i. ufr'i,'ln'bfi ,.,, 

11wpJp"'-filJnL'bf!' 4-5, J''"'l'i.frUluftw'b /;1 U.'bu/rl/>n,_J R-1! p.UlrrAr I;' 

60 % 1 'f"'-J'b[! u"lfruiwft, liR tm'bfi, P'l.""'I'""l /;1 'ibr.f!fr'b "bfPtb.eu

<j,bp[! P'"9'"~UIJnLJ. b'i.
1 

ftiupJpn'-fJJ"'-'b[!' Jfi'lfi'b, [!UUJ l",.wJbJ
0

wL11w

qwb nbubfJ>fr "i'"'"~'"'i.,,,,_J' I; IV {uJpfr'b ( Jw'l'bbmfrm/r9 9wJp )1 

him~mmnufe: U.'l.'f"'-J b'i, 'fI''"ft'"'b' HCI, H 2S04 ('bnur ), 

CuS04 ('bnup}1 UL11pnLftui11Lrw1/r'b {uwJwLtrnLJ' ""/Pt•Ln'"JPb "lfift

.rfr'bwtfiil (ilfdn'- (1: 100), ~LUJ J ""1frruinLJ1 

U.li~mmnuflibpJt nh.bpe, uJtlibpm1libpr qmqwqgnufe: r'bnpnz 

b'b ftwflfrL'i.bp ftwJ" u"ln'-b'f"'JP'j, w'lrb'l"'mitbr pw'l_wlmfr Jb'p_1 

1,w'l.1 w'fb"i r.wuifiyw1fr'b w'lrb'fUJLtl'bbr "l"l"'l"'j,"'l PJ"'-rbrz'bbrnt/_1 
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f:'uwafi'b lir4iuflfi t.bm 'l_"L'fiul191_11,J' h'u ftn'lb'ufim-,'lbJ'h'ucnfimf! 

(Fe3C' uL'hJr t:.R, "f'"P'l. ,,,'l,fi'lnmrn"L I;), Mt-L', Jlm-L'' 
SmrrbpmpJmGe litfwG tfpGbpu11libppg: f:'u,,,tlfi'u br4,,,flf! 

4wrhlfi I; 2•/rn/Jbl p'uiuJfi'u "IL,,,u1 fi'ufi fuJ'pfi J'fi'ubriut'uhrfi t.bm, 

npn'u9 R-e, ULU4w1'u, iuifblfi pwriir I;. nhw4urfiq'ubrl' t_b'u LLl'['J""' 

nL "L'"rw'lh'ub'lfi"f! fufium miuppbp l;r 

1.mG.J!wilutJilhp~: lhfilp,,,4 {'J.pb'ulw'u'lfiw ), '1iuubl ('J.:h4): 

4Ull4-nLJ' U!._,,,'l,,,_, ii.fi r.1nwJru-LUpiLbu,,,'u ,,,PL'' 

11. lfll'i/J.b'I, fl\JU.lJJi\J-As (U.q. I fl, II fl) 

!bpqpqml1mfi fimmqnq~JnLlifibp(!: Srfip'uwtfi'b ufi'u'fn'iifiw, 

"w11Jpmflt11Lh£! 3,.5, '1!"Lf'Wf'h4 l;r U.'uzifi/f>nLJ' R-L' pw1_w4w'ii f'LL1f'J.r 

/;' 58 % , 'fnLJhf! u"f.purwft (o'JnLJ wpw'f fu,,_,J'pnLJ /;), flR-['' f/11LJl 

(fiJ'b-rufiwtni/_ "1,,,l''lnrnz), 'u4u1mblfi (fiJbrufiw1nif 'iinLJ"iJfiu4 nulb'l) 

w'iifiqnurr""l I;: tbr.f!fr'ii n.blf>Lb.l_!u'ubrl' P"'.'lwl1wJnLJ' b-'u, 4,,,rJrnL

fltnL'iil' J'fip__fi'ii, (!UU1 r.wJb1fWurLUf1w'i.J nbublf>fi "l_LLIU14WhnLJ' I; r-n 
fuJ'pfi'u: 

lumb-mtnnLu~: u.'['JnLJ' b'u 'J('LLl~w'u' HN03 (btwLJ', ulLw-

9nLJ' ), FeCl;, ( wrw'I 'fnrzw9nLJ, JfiwJ-,,,'l,,,,"l.w"'nLJ), I---~02: 3% 
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'l,~. 33. P'i.w~J..'b J~';,'l/;'lf!_ (As) /;'ll'"'"l""""-"'~ "L "'"'l"'~"'t"-'"~ 
/; nkwt'l"'['"1_ (Real)· 1fnL'l Jnful'"''l"LJ'b' ~e1/w('9 (Q)1 

U.'bu/•·'l>o X 150. U.•fw11frw1fr r.w'i.i!w1_., ~W/~· uu~ (euur '1.· ~. 

tf/iul'n'i.H1w'bp) 1 

( ,,,'l,J'fi2.Ul"fbu r.LU.(U1hwpl1r•r/llLJ' I; umr11d1u•mrUJ'u)1 Uu1rnL4m111_r,,,1fi'ir 

fuwtlU1m1nJ'' IC'v\nO.i + H2S04 , K3Pe' CN )6 10--2fJ rn"lb1nJ' 4,,,,r 
H202 (.'J % L""}"Llfil )' .2 r•n"f/utLJ', O.[!ll/>'JU19nt1f O'JmJ'' 2 - 3 or11LJ'1 

l.w1m'u,,,pbp1_mJ' b'tt "lnLfiuf.'tt[ilLwfilt fu,ft'u"'P!mrb'l'ttbr, 4b'll..wilb_ 

nL nfrflJ/1~ 1'111f11Lftu111Lr•uhbr: 

UG2tUUll1LUGlipp nlibp~. uj1Gbpm1Gbpj1 qnLqtuqgnLue: f:'ttnrnz 

b'u r.wmfi4UJ1_nr "''ff/,lf'UJnhbf, ntff[llL/'[LUlllfLUh llL ftb'l/,_,,,iJ./,_ w'itt_W

cnnLJ'hbp, ,,b,,,l'f"'l'P ( 'u11. 33) k ,,,"' rfi"ffi'IJb'hmf. r.buc ubr"' 4,,,
"lw49i/_wJ r,,,'l.,,/uum'u ,,,,._,,,p,,,,911LJ'ubr, t.u111r/,,_,'lb"I .,,pJwflfi Jfi

'bbrwi'uhrf, 'J/IU/ff'"''f/IU•fi, p'tt,,,JJr'u J,,,r/>r/• t:.bw .'J"'Jr t_hpJ,,,,unfi

l.w'uw1f'b r.1''1r"f1Lr,f"'L r,,,,.-,,.J'-""["'!rbr"' .i, bf1pbJ''u l;l t.fi"lbr'lb'u 

U[WJJwhhbf''" J'1 

Swppli[lll'-PJIHli12 litfmli if11Ghpu11!ihpp9: 11,,,rbtfi I; zifinfilbl 

p'u,,,Jf'u J,,,rfir/• 11L 'Jfiu•1, .,,,,if1111/> t:.bw, 11rn'uyfi.'l 1.'iuuafi'u J'ft'tt'lb'lf! 

ur.,,ppbr4_1nJ' I; mifbL/. .'!,,,,){' I~-ni/ 11L "'Pw'I p1mJl"nJ'ni{ O'JnLJ': 

Z,ruG~wqwJphp~: l;'!,bbl'b/''f ('V1':.). u,,,,1-,,'tt: 4uu:.-11LJ'' 

lf.J'mup"' t 

(IJ.q. I U., II U., VII U.) 

fupqp q lU !pull fi unn qm PJ mG Gbp~: 4b.J'-u LU'f n'u ,,_, J/1'ii uph'fn'u fiw, 

11wrJ-rnLfJ.(nL'ul'' 1 - -.2, J,n.blfi, 2 LUu• r..,,,,,1,,,'ltm"' {Jbl'nrfi'I I;: U.'u-

2Lfilf>nLJ' R· l' pwpiir I;' (),'J-65 % , 'Im t'bf! u"lfiu1w~-1_wr'lwlf"LJh1 

t:.R-f! (Jmu (fiJ'btrufi,,,tnt/_ ), u.'ufiqnwrn"I. I; ( fiJbrufiu•.(nq 'ul1wmb

Lfi)1 ~,br.f!fi'u nblf>Lh.f'u'i,hr im'tt/1 , ~,,,,,Jrmfdtm'l·e .'JLLldr I; , ['UU1 

t;,,,,,J'bJ,,,,,,w~w'u 11bublf>fi "lwmf1w'umJ I; 1- 11 fuJ'pfr'tt: 

lumb-mmnLU(2: U.'l'J"LJ b'u '1f'w4w'u' HN0:1 (bn1nJ', uluu9nLJ), 

F eCl3 ( filmu 'lnrz 'l"'t'ufi pfia ), HCI + ( hppLJ'h flrnu 'lnl'2 'f"LJ

'iifr pfiJ-) 1 

UGll_wmnufGbpp nhbpJ~, ut.!i.bpm[ Gb11!1 q mqm~ gn'-ue: U nt/_n

pwpwp ,/' w'br w'u4LU'un'u 1u'up__,,,mrnJ''ulir, "l'"'u.[! t.fi'JfrnflbpJ'wl t.w'u

.f_!LL1t/_wtrbr1mJ' qm'f,,_,~9i[mJ' b'tt wu (dhi"Lf'/r'1-'uhrfi ( 'ult· 34) uL 'ufi4hlfr 

Jfi'ubr"'L'hb-rfi r.b,,, : ~,,,'11,,,'1""1 r.,,,u,,, flfi[Jb'l,,,1 11r Pl"' rh'l'hb-r, 

/ilfiflb'lfi4'ubp /u"'Lltn"lfif'P"'P 'Jwz mbl"nJ', J'firJb11fim"'tP'u 'unLrf' 

t:.wrw-6.nLJhbp mbmr,,,'lfiJfiurfi t.hui: 

SmpphpmppnG~ liurnli ut1 lihpm1 Gbppg: (;.,,m p'iint"'2 I; f'LUriir

R-e, 'fnL t'ii e ( ""IP"'"'4· "-wp']W'f"'-!'u ) , 'l"''f LU/19m•f l' mrfr 2 fib l nL

rfi'l'ub rfi ,,L Ni-fi J'fr'ubrwl'ubrfi t.bur: 
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1,luG}!u1~mJphpe: U'bln'i,I,,, (l1,,,Lftf/>ni1'iifi,,, , Y.1f'b), TJ,,,.,r;,,;1/rUI 

.( '1nl"f'"''l:"' U.lf'(,), tnr 1.wr"'"-· lhbl"' 1,UU1,-nLJ' 9,n'l: 

t~ . 3 4 . l1w1w11'l'f•uo[• ( Cal, •fn[upw<f"LJ'it 1u•J[1urw~) "L ,f lr1n~1fr"'fr 

(M l, U"f.Jruuu~) ~dwjuj!wJfi'b w'b£w u•nL•f'b1'pf!. j!•[wp9[1 'lw2m -H J 

( ,fnu1 1lnfurw•1"LJ'h), 

ll.'bun•. ';\_ 100. lin11/1 ~W'bj!w1•t ~WJ~• uu~ (euur ?;. ~· 11.•'f•('JW'hfr)• 

9-tr<tr ljlulj tuG 11 u1mqm p J nt. lili.hp[! ' Or fl nnn ,f P'" I ft'ii up 'h'ln'i.tfr LU, 

·¥"'rJrnL/rfJnL'Itf!' 3,;;-4 , 'IJ"Lf"'Pb4 1;, U.'iizLft:P•nJ R-l! pwrar I;' 

'62 % (rifr fn.f!-r wiJbtfr 9"'Jr I;, .J!Wh p'ii.uJfr'ii Sb·/r R-[!), 'l"'l'i,f! 
.u"lfrmwl1 1z-b'lfr'ii br1w'i1'1nt[, 6R-l! l_hf_ph I;, .,,'itftqnmpnUf11L{JJnLh[!' 

.fl"LJL: tbr.f!-f1'i.t nbf/>Lb.f!-u'iibpf! pw9w¥U1JnLJ h'ii, 4wpJpm-fil1nLhf! 

J'ftt_fr'ii I;, [!um t;,,,JbJ wm"'4w'ii "bubf/>/r "1"'"'4w'i.tnLJ I; I-II fuJpp'ii 

(t:.wJwr1•u h11L/h[!, fr'iit"ibu p'iiwdfi'i, Sb·[! ~w rf. Jp fn.f!_p "'tfblft 

P LLlrar): 

hiwbwmnLue: U.q'l:1nJ' b'i, '1-f'"'tLLl'ii' HN03 ( 'l"P2 Jp,,,Jw'iiw

·"l"'mnLJ ) , FeCIJ ( J pwJ,..'j,"'"l'uu11nJ ) , HgCl2 t:.w'lb9"'J ( 'fb'l'bw

lf"PZ 1pLL11L): UmrrnLf1umLpwJp'ii fu"'JwmnLJ' frn'l-'""2.r"'J'iiw1ft'ii /ilfcl1n 

.2 1_w1rt1., HN03, KCN, KMn04 : 

U.G2lllWllLUGbpp t\L.hpe, up Ghpm1 lib-pp qmqw~gnd~: u 1nL

i.wU, fiqn1fhu1rfrlL t1utJ' fififtlb'lLUifnr PJ."Lf'h'l'iihr p'bLUJp'ii A g -ft, 
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As-/r, Sb-/r, /r'iit."lbu 'iiw/,_ Co-fi llL Ni-/r wrub'iilr'J'iibr/r· Ga-/r, 
Bo-/r llbin mwrpbr llft'l:rnfilbrJ'"'l flw'u.[!_wiJw1rbrnLJ: 

SmprLpnt.p-J m Ge lhfrnu up uhpwi lihpl1g: '1'/ru¥r"''l.P"'l! l1wrbift 
I; zfnfilbL p'iiwJ/r'b Sb-/r, Bi-ft, Ag-/r flbm1 P'ltwJft'i, Jwr/rr"9 'j,UI 

miuppbr1"'-J' I; "l_"'f''I_ 'Jb'J/r'i1 b,-,wh'fni/_, ppuJ'nLmp,9 zwm wi/_bip· 

pwrar ¥wrJrmf11w1'p 11L [ilfr[ilbriwiJnr ¥rlt'iiwp1mrb'l'iibrfr pw,9wl1w

l"'fill"'Jp , p'iiwdp'b "'I'J.,,fl/ry \ w'iipqnmpn"fntfcl1.,,Jp /,_ zllUur wi/_btfi • 

9U1Jr I~-nt{r 

1,wG~m~mJpLpi;: '1npwim, Prn¥b'b-/1Jpl ( U.1JumrwL/r"'), .Z..ni

f/>wfu ('1·,<i>~) : 

(U.'l· [ fl)· 

9lpqp4ml1mG fiunn4mpjnt Gfihpe: Or/clnnndpurJ{t'ir l1wJ' fun

l'"''ir"'f'l"'//r'ii (?) 11ft'iJ'1,,'i,P"'• ft"'rJrniff1•1L'hf!' 4-S: U.'iiziftf/>nur 

R.-r P"'rar I;' 60 % , f. u,,f.,,rt"' 'iimJ'ii£!, /r'iiz."lbu p'ir.,,Jft'ii J'fr'iib

r'"L'iibpft'be, 'l'IL(hf! ""!Pm"'¥ 'l:b'l'b"'if"'f'l'"'l'1L(l1 bpwb'lni/_. 1R-l! nt. 

U1'iipqnm11n"ln1/tl111L'iif! zwm flnL!l b'ii /,_ flb;_ U1m/iJ1wJ'p ''"'f'"'l b'ir P"'9 

fln'l_hi/_hu tbf'.f!_pb nbf/>Lb.f!_uhbrf! put,9iu4w111LJ b'i,, ¥wrJrm[iJ111L'b[! 

Jfrp_fi'ii I; , [!llUI flwJbJwmwl1w'ir "bl!bf/>/r "liuml1w'iinLJ' I; IV ft1J'pft'b 

/,_ 1'nm I; "l"lfi.f!-11b'i1fr'ir1 

luw<l-wmnLU[l: U.rnnuf L'ir 'l:f•wl1w'b' u•r•.p.wJutfiJ(clnLb ( r,"'lur-

'i,,,,pbrrfnLJ' I; umrm4mnLpw'ii), fuurw9. HCl+ KCI03-fr t.bur Cl' 
U1h2_U1UlllL J nrf 3-fi ""'Jr4• r.IU JUlhutpb{'nt ,/' I; UUlfllL¥UlnLputh b_ 

f11wr'JU1urnuf /; ( r"'.9 'fb'l/r'i., Jft'iit f, pw,9 'l"l'Z 'f'ILJ'i1fr quun}: 
UG ~mmnufGhpr nhhpe, tf(1GbrnutGhpp qnt_'llu4gnufe: lunzn

r"'r.ww/r~ IU'ff'b'lww'bbr '1"'£'-6. UJllLbUla/,_ 4wJ L"'l'j, flfr[rlb'l"'''"r 

wht_tUUJllL J'j,brnrf nL fl/,.f!_UUl'fllhWf (!h'l:f "'JhU1¥/r 4mri/_wJ.f!_'iJbrnt/ I 

9."'''1"'49111LJ I; u"ibrfttfrm/r, '1"'"ibrfrmf1 , p'b"'Jp'i., Pt fuJpfr J'ft'bb

rLUL'iihrfr , Po-fr . Pn-ft, Cp-fr, p'iiwJfr'ii Pd·/1 i)bui 1/t4tJLLl9frn'ii r.LLlh- · 

.f!-'"1.w1rh pmJ': 

Sm Pl' L-pm PJ mG e G uw G uJ1 G bpmt Ghp !1 g: U urfrppn"f LLI L w11/1'iifrwl! 

LLIJl Jft'i.thr'"l'i.tbrft.'I mU1ppbr1_mJ I; 'lbf'"''l.'"'hg r.'l~"' Jni/_, 'lb'l'i,,,,. 

tf"'P'l"''l"L Jh hpu1'ir'lniJ, t:,,,,JWrJUI fib w'ii'ii2w'b D.R·ni/_ Ill_ w'iifrqn

'"f'n "Im /ii! wJ P• t,.,,,J'b J LUUILLIJ' "'I' f. b2u1 O.J!" fr'lw9m J ni/_ Ir. "i'"Pw'lb
'i,b qfr11ni/_: 

1,mG:t!wtlmJphre: S11m'411'1o•!'"'!' tnl'frl',fl' 



l;). U.llNJ.:ll>S-PbTe (U.'l. I U.. Ill. II U.. II ll) 
(Yll U., Vllll) 

3>pq_pqmlpufi fimwqm.pJndilihpe: lunr"''ii"'t''l"'Jfr'i.i u fr'b'ln'bfr"' 

' ~"'rJpnL[JJnL'b[!' 3, #JJnLr"'Pb~ I; (i[r21,i/_nLJ' I,;' m"'t""- J'"''br b1LU1'b

IJJnL'i.ifr'bbr, nrn'ii.e 'l.J'Ul'j, b'b 'l"'lb'i.ifrurfr ifr2rJ'U1'ii b1LU1'iifunL'i.ifr'bb

rfr'b, P"'J9 Uli/_bLfr •[wur b'i.i U1fU1Ulr..WJUli/_UIJ), f"nLJL l;Lb11mrU1r..Ul-

'l_nf'lfrt b 
11.'b ztfrl/!nuf R· f! P"'f~'f I;' 60 % ' 'lnLJhf! ""f PUlUI~ (~Ul'j,UI}_ UI-

"- nL'b br"''t'lni/_), t.R }_nL'bjr, /r'l_""'f""l I; ~"'J' 2"'m {JnLJ[ "''bfr'l_nm

r ""l· 'i.ibr.eft'b ,,bfP1b,cu'iibre P"'9"'4w1mJ' b'i.i, ~UlrdrnL/dJm'iie 9wJr 

,1;, euur r..wJbJ'wmU14u.'i.i nbubfPfr "1"'"'4"''LmJ' I; I P,J'r0f1'b { 'l"'Lb

-.'i,frmfr9 9 wJr b P"'JS r..bufru1fr9 nL "lbm9frmfr9 2wm "'i/_Lj/1 P"'rar), 

~.~. 3fi. U.lflwJ/rU•f!_ (At) "''"1w~wl<fw.> I; r'llwJ.f.'b nu~'"' (Au)· 
""brlf1'&u' P'"llP WJ'f• P"'l'w~ Jw'l•u'brfw'b br.,,~fr~'bbpfr ahn<f l;w

,.,.nLJ I; r.bufrm/r (Hs) 'l"'2"'f!_· ''"ful'"''t"LJ'bf!_' l'l'"''P"'' J,.._'t 

,J,.ful''"'t"LJ'bf!_ J, i;w,fw{'JW pk uhe_' "i. l;w'bew1/i~ J[1'bbl'"'L'bbr1 

:/.1.~•ttfr:f., XJOO. fln'lfr i;w'bA!w•[·• ~wA· UU~ (I!_""'?';.~· U. 0f/rl'J"''bfr)
1 

l11mc1lmmnLue: U.'l_'lmJ' I; '1r"'4w'ii' HN03 (b,,nLJ', 'lnrzw· 

'9'1LJ', Jfr waw'tiu"lwmnLJ' ), HC! llL FeCl.l ( JfrwJw'i.Ul"fUIUJnLJ' )1 

U.li~wumdlibpp c\L.hre• tfpCihprntlibpp q_nLqm~gni.ue: Uni/_n

r"'P"'f' ~w'/_dnLJ' /; r.,Ulmp~wi/_nr 'l_"''j,'fi/_wJ'i.ibr ~iuJ J'w'i.ip 'i.ibppw

~nLJ''i.ibp UllL£Ebfr'f'bbrfr 'fW2U1b['nLJ', Wr<W2_Ul!J'j,btni/_ r.w rw-6nLJ'hbp 

"'Jl pblnLpp'f'iihrfr nL p'bwJfr'i. Au-fr r.bm ('i.4. 35 ): f.!.11L'fwl19i/_nLJ' 
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I; U1Wfpbr FJbl'11rfr'f'i,bf1fr, 'f"'lb'bfrmfr ( nrfr ~n'l_.f!fr'j, WttUl'i.ia'i.w"f_bu 

l"'i/_ I; 'b~U1mi/_nuf wlf"w1frmfr ~w'bU1j_U1i/_nL'i. brw'i.'ff!, fru~ fr'i..ee 

'l"'lb'i.ifrme umw'bnLJ' I; JUIUUIJ'Ul'i.ifr P"'9 ''"'" 'l"r2-1-"'r'1..,'fnL1'b 
bpw'b'l}• uf/>wLbrfrmfr, p'i.iwJfr'b nul111L1 ~wppn'iiUJmhbpfr, .,,i/_bLJr 

r..w'l_i/_w'lb"l frmL'bw9wd r.w'i.i.e"''i.i 1mFJbrfr, pnn'i.frmfr, "lf1pfrm fr r.bm 

r.,fr 'lrnf"brJ' "'l r.w'i.i.ewi/_w1rbrnLtf1 

SmppbpmpJnLGe liumli tl'plibpm1libppg: 11"'rblf I; 21/rnf"bl 

p'bwJfr'i. Sb~p nL Te-fr, 'lfru~p"''l_frmfr, FJbLnLpnppudnLmfrmfr m. mbUJ

P"''lfrtlfrmfr l",bUJ: /> mw11pbpnLf"tm'b 'ii2i/_wJ J'fr'i.ibr"'L'bbrfr• "'lfJw1fr

U1[! fr'l_nmpn"f_ I;, 'iir"' r..wJ'"'r p'bnrnz I; ~w'iiwtwi/_m'i. bji"''b'll!• 

HCl-fr 'IP"'~"''j, w'l_'fh9nLf"JnL'i.i nL tffrlJpn.f!frtlfrw Pb-fr r."'J'"'p' 

Z,mli_J!mqmJpbpe: '1nl"P"''1n, Umb"l'i.iJwl1, U.Lf""'J' Z,UU:.-nLtf' 

f.!.n'l, U'b,,_1,wanr, 'l.,wpU1'i.i1 

16. fa'blOf>POlll>UlTOJ>Sf>S -Bi2 Te3 (U.'l. I u., I ll, II u., II ll, VII u., vn P) 

3Jpq_pqmqmli fiwwqnLpJmlilibpe: Srfr'ln'bw1fr'b ufr 'i.'lP'i.fr"'• 

11w pdpnLfJ JnL'i.if!' 1,5-2: 11.'bztfrfPmtl R-e pwrar I;' 58 9-0, 'i'"J'ile 

u 111frmw~ ~rbJ'fr \ l1wtf pw9 '1b'1.fr'b) brw'b'fni/_, t.R-e zwm {JnLJl 

(frJ'b11u~U.J!'Ld r..wU7frf{i1hpfr uwr.tfw'i.'bhpnLJ' "i"'f'l_ /;), wi.fr'1_114rpn

"fnL{JJnLhf! "l"'r'lnrn2 1;, fru/1 frJ'bp11frw1ni/_ wi/_btfr "i"'f'l_"P"'- ?:nr2 

'f"L'biui/_nr brw'i.'l'i.ih1,,.q, 1hr.efr'i.t ,,bfi>Lb.eu'hbre P"'S"''t"'J'IL,r b'b, 

f!UUJ r.,,,,,fbJ' U1tnU1/1w'i.i nbubfPfr "f_wml1w'i.tnLJ' I; 1-11 jr.tlpfr'i.i' 'f'"Lb

'bfrU7 fr9 nL pfruJ'nLmfr'i.fr9 9"'Jr1 

lnwbwmnu.fe: U.'l_'lmJ' b'b 'lrw~w'i.t' HNO; ( "'P"''l• bppbJ''b 

'l"''j,'1"''1. J'm'l 'l"rzw9nLJ', pnLn'b bnnLJ'ni/_, J'w.epb£nL9 r.,/,,;,n J'i,mJ' 

I; Jfrwaw'i.iw"lwmi/_wJ J'w4brl;u ), FeCl 3 (FJnLJL 1frwn} HC! nL 

HgCl2±: 
U611_mmnLtl'fibpp c\hbpe, tfpGbpw1libpp q_nLqwqgnde: Uni/_n

l'"'Pwr filfrpb,,_wi/_np 1 bppbJ"b ~nnw9wJ {'ii~. 36) w'i.ilwm11L1f'i.br 

ujwp'l_ t;bpanLJni/_ f!UU7 (0001). ,~nL'fw~9i/_11LJ' /; 11Lffr2 f"Ulm_fp'f

'iJbpfr ( wnw'i.ia'bw"f_bu r..w-6wjr. r.wUJ~mfJJnL'i.'iibpni/_ 'Upw'i. 2"'"' 'j,J,,,'j, 

UJbUJp"''ffrJ'/,mfr ), pfruJmU1fr'i.ifr, 'l'"lb'i.frUJfr, p'i.iwJfr'i.i nu~nL t.bm 

r.,fr'lrnf"hrJ' "'l r.w'i..[!wi/_ "'Jrhrnuf 1 

Swppbpnq>JnLlie liumli tl'plibpmtGhppg: /1'i.inrn2 b'b' f""l'ar 

R-e· zwU1 f"nLJL t.R-e llL "f_Wf'l_ w'i.ip'f_nmpn"f_nL/ilJnL'i.if!: fil'btnL[ln

pfruJ'11unfrm'i. frph'i.i 2wm 'i.iJ'w'b "'Lfil"'Jfrmfr9 UJwppbpi/_m.J" I; f'"'9 

'lb'l_fr'i.i bpw'b'lni/_ nL w'bfr'l_nU1pn"f_nLFJJwJ'p ( "'Lf"wJfrU7f! 11L'i.fr ~,,,'j,,,,,_ 
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j_wif1n'i. brw'ir'l llL fr'l.nuirn"I I; )1 •l.brtfr'iru mbuirw'ffrJ'fruifr'i. w1'i. • 

11-w'i. 'i,J..,'i, J;, np w1u Jfr'bbpwl'bbrfr uuinLJ'f uiwppbrnLJ'[! "lw~,.,'i,

l mJ I; nb'bui'lb'btuuuirm'tmmrw1fr'i. w'bwcfr'l.1 

1.mGJ>mil,w3pbpJ!: Fnlfr'l-b'i. (&1_/;'lfrw)1 ~UU4-mJ'' ~"'I-• lfb'l_· 

pwanr: 

'l,~. 36. ftt.w.pnfuiJ.iu~ P"L""l'"l'""''"'""""'" P'-'P"""~"'"re. ( ""l.P"''"~;' 
l!Y"'l'9/r ( J,. .. 'I: Jn/rir"''l"LJ'b) 'l"'l"'"LJ. 

U.'bufi~, x so. R"'IP ~"'"e"'i/.·1 ~"'I~· lJU~ (e.um l:. ~· 11.Jfir;w'b/•) 1 

(Utt. I U., I fl, II u:, II "· nr U., VII fl) 

:D~qJi~m~w 6 fi al\n~nt.p-J m. Ii 6b111!: Srfr'ln'i. w1fi'i. ufr 'i.'ln'i.fr,.., 

11wrJrnL{J 1nL'i.f!' 1,5-21 ll.'ir21/rf-nLJ R-l! plUif.'wlt-'i.fr'b p1S1rar t' 
55_,53 % ( "'Jl uiifJIULUrnrf 48% ), tftnJ!r fi'bt. Uf"'itlUu, .J!,..'i, 'i.rw'b 

2,,,ui 'i,J'w'i. fablnL[tnpfiu.Fnunfurfr'i.f!t <J.nLJ'i,[! u*(/r111w't !; [ilnLJL 11-b'l.fr'b

brw'U'l"i/.' L\R-[! 2wui flnt.U ('b'twuiifmJ !; /11/brufrwtnr/_ r.wuifr't'i.brfr 

uwr.J.,_,'j,'i,br11Ld ), "JUlr'f. _,'i,fi'f.nurrn"J !; ( 'fnr2 JirlU'z,'f'i,/,pnif w'ir

lt.JnL'i.w'fJw1fr'i. 'fPr./JllLJ' ): tbr.efr'b n.btftlb.e11'blsrl! piu9ouit"'J~LJ b'i,, 

f!UU1 r:.wJ'bJ'wUJWffLU'j, 1Lbubf'fr "fUIUJ'tw'i.nLJ' !; r-n fnJ'pfr'iJ 'fwlb-

'i./ruifr9 nL pfiuJ'nLmfr'bfr9 !J"'lrr1 
hw<\·wmnLUJ!: u,,_,,nLlf b'i. 'lrwltw'i.' HNOa (1nrUl'f1 brpbJ'i, 

'fw'i.'lw'l JnL'f-'fnr2'°!J11Ld P"1:.11fl hrrnc..ini/. J1U.f!['bl.n~8 r.bma J"i,nL1f' 
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t Jpu1t}w'i.w"lwui4_wJ J'wl/brhu), F€Cl3 ([ilnLJl 1fr.,,n), HCl nL 

HgCl2±1 
llfi)'.ULU\llt.lffi)Jp'[:i UlLUpJ!1 upfibpwtfibpJi qnLqmqgm.tfe: 1.wuip

J1wif:nr .,,'ll'b'fwui'i.br 'tw.J' (Jfrlrlb.,_.,,4np w'i.lwurnuf'i.br, brphJb 

JfrrJbitfrurw1fr'i. r.wrw6.nuibbr 'i.r..,'i, uib'lwl1wlnr1 'f"'lb'i.frmfr nL pfru

J'nLU1fr'i.fr r..bui: Sbuir"''lfr1lfr111fr 'l-"'2uibrmJ' 'l-fru1if1nJ' b'i. fJbLnLrn

pfruJ'muifruifr nL pfruJ'11unJi'i.fr "lfr'i.rf lnufnLJ{il'i.b11/r mpnr.J',,,'j, uuipnd1-

urnLrut'i.b{1' f>'j,J!(!\ UJbUJrw'l-frJ'frUJf! r,,,,(,,,,,fu r,Ulbl/fr"fm.J' I; 'f"'lb'i,frmfr 

nL ,,,ifblfr r.w'ItJ.w11b"1 pnn'i.fruifr 'l-1»2mbrm_J J'w'Ur 'bbpifunl111LJ"iJbpfr 

aJ..nif (46ffr'i.11 l'ndnLJPfr uirnr.J',.,'i, u1nrnL'tutmrw'irbp)1 Unifnrw'ttu'b !; 

'1.nL'f"'it!JnLJ'[! "'!l fJhLmrfr'l-'hbrfr, pfru.!nw1fr'i.fr, 'fwlb'i,frmfr nL p'irw
J.fr'i. nuffnL /:,/,.UJ r,fr,'frnfilbrJ'w1 r,,,,'j,,fJUl4_U1JphpnLJ'1 

SmppbpmpJnLfiJ! 61.fmfi uJifibpw16bppg: F'i.npn2 !; f!Wrar 

R-£! nL fl11LJL AR-[!· 'i.rut'ir 2wUJ 'irJ'w'i, filbLnLrnpfruJ'1nuif"nfr9 uiwr

pbrifnLJ' I; w·ifbLfr 9uufr R-m(, pw!!J u11tnLJ'f npn2J'w'i, r.wJ'wp ,,,'i,_ 

r.rw.Jb2m I; l1wmturbl nb'i.U1'fb'bw-uurrnL'tmnLrw1fr'b w'bwlfr'l.1 

J,wfiJ>wtlm.JpbpJ!: Smrfr'b1w'ir r.w'b,e., '1nulw't (4wpwif. flLr"'L), 

'1nt_l1wr1 4.UU4-11LJ'' .~n'l-, lfb'lrwJ.nr, 'J...,iJ.,u'i.1 

18. u.ruM .. fiflJ'flrM -Fe AsS (Utt. II fl) 

:.bp<[pqwq•mfi fiwmqnq(}Jll• fifibpJ!: Opfi'nnnJ'pwJfr'ir ufr'i.'fn'bfrtu, 

'ttur<lrnLfi'/nL'hf!' 5,5-6, l;1h'tuirwr..,,,,_nr'lfrt !;: U.'i.2lfrlfunJ' R-l! 

P,,,rar I;' 57 % , ( "lfrrfrmfr8 J'fr •frner pwrJ.r ), 'f"LJ'bl! "llffrmwlt 

{unLfr'b'ffrmfr ftn'll!fr'ir nL'i,fr ·ltr'bJ'fr brw'ir«I), AR-[! [ilnLJl I; (frJ'bp

afrwJnr/. 'bltwmblfr I;, uwl1w(i. wnw'b9 J 'wr't."''1.fruifr r.w1fwr ·p'irnrn2 

?:b'l'i.w'tw'i.w}_ brw'U'f'irbrfr ), nufb'l w'ir'fr2nmrn"I _!; 'irnLrp if wr11w-

1fnLJ'i. nL /1w'iJwt_w1_nL'i. br,,.'j,'f'i,brni/1 'ibr..efa'iJ ttbfhb.eu'iJbp{! /ILUfJW

ltw1nLJ' b'ir, l1wr<lrm.fil1nL'i.[! P""rar !;, f!UUI r..uJ'bJ'wuiwltw'i. nbub-

1/>fr "JIUln"W'i.nul I; VI {-J' pfo'ir \ untfr'i.«1fr111fr!l pwpar, "lfrrfrm /r8 nL 

1tnpwluifr'bfr9 9wJ.r1 
lllw.\wurnufJ!: U.'l.'fnLJ' b'i, ·'lrwft ... 'i.' HN03 (r.w6.wfu bnnLJ', 

p'irnrn2 J.fiwJw'i.w"lwuinLJ' ), wrrJ!"'Jw/JfilnL'f.1 f> uiwppbrnLfi'Jm'ir 

unLfo'i,'ffrm/r jrtuiw8· FeCI, 1.'/r "'·'l.'fnLJ'1 ll111rnLltUJ11Lrw1/r'ir fuwtfw

UJnLJ'' HN03 (1: 1)it,wJ KOH+H202 (30%), l1wJ' KMn0.1+KOH 
10- 60 4_w1r't.•1 4w1m'i.urpl.r4_nLJ' !; 'l."''j,"'t. 't.LUttnLfJif wJ.e nL t,n'l_J'

"i.nrn2i/.ura r.wrwi..n1.1/'i.lir lJ"LP'it'f/"11/r ~.u11/ uwf>Lnrfrm-nwJbLupbr

'lfr"" /r r.ha11 
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U.G21.wmnut'Gbpfi ahbpe, tfpfibpw1GbpJi qmqwqgmtf~: µ'iinpnz 

b'ii n.n1fpwab. ('ht1• 37) _ bpJ1wpwaq1_wJ fturri/.wJ.e'iibp, t:.wqifw'lb"l 

"ll'fr'lJwurfrft, wub'l'bwab. ,,,_· iu'bftw'bn'b w'iip_wmnul'iibp: ~m'1:wft9'{11,_J 

I; Co-fr, Ni-fr, Fe-fr wpub'bfr'l'iibrfr· Cu-fr, Zn-fr, Pb-fr Un'-Lfi>fr'l

'iibrfr· Py-fr, Mt-fr, Cs-fr, Po-fr, brpbJ'ii Sch-fr, Real-fr, Aur-fr, 
Sbt-fr, p'bwJfr'ii Au-fr t:.bur urwrpbr p_bpJwumfrnw'b'iibrfr "/_WJJw'b

'iibpmJ wn.wp_w9uiJ t:.fr'lrn!JbrJ"'l t:.w'b,ewtfwJpbpmJ: 

?,ft.. 37. U.rub'l.n"l.{'l'P"'P fr•tfrnJnr:/> ft."'l'Y"''~/!'l,J,l'"'-J n.nJpwAI... 

PJ"'-l'b'l'l.bre 'l."'-'twft.gyn<-J b'I. u:f>wtbrfrurfr (SI) nL 'l:"'lb'I.frurfr 

(Ga) '""'' 
U.'l.u(•:/>, )< 70. '1w1wl"'-f 'w'l.[!w•/., ~wJft.• UU1, ( £!""' •{.~. tf/wrn'bJ..1t.1w'l.f.) 1 

Smppbpmp-JnLGe GtfwG tfl1Gbpw1GbpJig: t,'uwpwtfnr I; z1frn

!Jbl ll 11tfr'b'1:frurfr r.bur, nrfr 1.rw• uwftw1'h, HN03-f! lU'f'JnLJ I; wtfblfr 

{JnLJL I.. wn.w'b9 JfrwJw'bw"lwurJw'b, fruq /rJmw9. FeCJ3 , qwJ 50% 

FeCl3 LU'l.'J"'-J b'b. pw9fr 'lrw'bfr9 untfr'ii'1:frU1f! Jw,en'-r u"lfrurwft I; 

IL wpub'bn"i/irfrurfr r.wJwp p'iinpnz ftrbJfr bpw'b'1: t"'-'bfr, fruft 'bpw 

t:.wJbJ UIU1Ulftw'b n.bub:Pe wpub'bn'ffirfrurfi9 9wJr {: U.pub"i..n"f_fr

rfrurf! t:.'bwpwtfnp I; zpn/Jbl 'bwb. 'f:[WnLqn']nurfr /:,bm, npfr t:.wJwp 

p'iinpnz I; tfwr'lw'l:ml'b bpw'ii'1:, fr'bt"lbu 'bwb.' uwfPtnrfrur-n.wJblu

pbp'l:frurfr >.bur, "!'/! HN0 3-fr w'l'lh!Jn'-{JJwJp uni(npwpwp tfr Jfrw
Jw'iiw"f_w1111fm.J, "'/l ukw'bn,J I;: 
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l,mG.)!w1JwJpbpe: µnlfr'lb'b, fJ.b1fr>b'iizurb1'b (l.bt:.wumw'b), '1nt_

l1wr' ~Ul"f_nqpnif u1t, 8w'b w, 1f nurfr!/> l t,UUt,-111.J' ~n'I• s W'f:wJfrr' 

lfb'lrwanr: 

19. <Hun1>tin'}nS-(Co, Fe)AsS (U'l. II U, II fl) 

!bpqpqwqmG. fiwm1p1Lp-Jm.GG.bp~; 011/J111rnJpm1fr'b ufr'b'l:n'bfrw, 

t1wpJpn'-fJln'-'bl!' 5-6, pn'-ll l;Lbfturpwr.w'l"I''l-Pt /;: 

U.'bztfr!/>n,_J R·f! pwpap I;' 57% ('bn'-J'iil!, fr'iit_"f_bu "'l'ub'bn

"lfrrfrurfr'bl! "'- fn.er fr'iit wifbtfr pwpap, ,ew'ii "Jfrrfrmfr'bf'), '1:"'-l'j,l! 

u"lfrmwft pn'-U t1pbJ fr-1.wr'lw'l:n'-J'ii br"'"''1:"'/. ( tf wr'lw'ln'-J'ii b11w'b'1:f! 

wi/.blfr /J"'-Jl• ,ew'i1 qnpwfmfr'bfr Jnm), 6.R-{tJnLJL J;, 1u'iifr11.nmpn

"f_nLp l"'-'j,l! m_Jb'l tf wr'lw'1:"'-l'j, nL l1w'iiwt wtf nL'b bp w'iiq'iibpnt/ ( fr'iit

u1bu wpub'iin"f_/1pfrurfr Jnur }: 'Lbp,efr'ii n.bfPtb,eu'iibpf! pw9wftwJnLJ' 

b'b, ftwpJpn'-fJJn'-'bl! pwpap I;' l!"ur r.,,.JbJwurwftw'b 11bub:Pfr "f_wm

ftw'bn,_J· I; V P,J pfr'ii' wpub'iin"f_frppurfr 9, wnwtf bl b.u "lfrrfrurfr.9 nL 

~npw[urfr'bfr9 9wJp: 

luwc)wmnLtfe: ll'l'I"'-" b'ii 'lrwftw'b \ HN o.J ( '1:"r2"'9"'-J' Jfrw
Jw'iiW"f_U1U11JL1f, fr'bt_U/bu wpub'bn"lfrrfrurfr 'Jb"f_,enLJ, pwJ9 wtfbtfr 

fJ"'-ll}, "'P./!"'l"'P {JnL'ii: 1f tnLu 11bwftmfrtf'bbrl!, "'l'I {Jtf nLJ fr>mw-

9wJ FeCl3 t_b'b w1nn,_J, 

U.G21.wmnut'Gbpp nL.bpe• tfJiGbpmtGbpJi qnLqmqgmtfe: µ'iinpnz 

b'ii n.nJpwab. brftwrwa'lifwJ, t:.wnwfr> qn'bwl pJn'-rb'l'iibp: ~"'-'1:'"'ts

tf11,_J I; wpuh'bn"Jfrrfrurfr, untfr'ii'f:frurfr, ftnpwfmfr'bfr, "ffrrfrmfr IJL WJl 

unLt:Pfr'l'iibpfr r,J,.,, t:.fr'JrnfJbpJwl b. uftwn.'bw1fr'b t:.w'ii,ewifwlf'bpnLJ: 

SmppbpnLp-JnLGe GtfmG upGbpm1GbpJig: t,'iiwpwtfnr I; zfn

/rlbl Asp-fr, Lei-fr, Cob-fr, Sf-fr Ram-fr t:.bm: llnwp_fr'b . brftmufr9 

urwppbptfnLJ I; if.wP'l"''l:n'-J'j, bpw'b'l:nif, fruft qnp111Lurfr'iifr9 tfwp'Jw

'1:"'-l'j, b11w'b'1:fr /Jn'-l"'-PlwJp, ,,,_Jb'l w'iifrqnurpn"f_nL/JJwJp m . HN03-fr 
iuq']b9n'-fJlwJp: UwfPtnrfrm-n.wJbtupbr'1:frmfr9 mwppbrtfnul I; i(wp

'l"''l"'-l'j, bpw'ii'l:ntf, wtfbtfr pwpar ftwpJpn'-fJJwJp nL "i"Lfrufr'ii[Jb

mfrft ftrft'iiwp/"'-rb'l'iibpfr ( p'bnpnz b'ii n..,Jblupbr'l:frmfr t:.wJwr} nL 

tfb9 n.wn.wq1u1/Jw'bfr wum'lfr4'iibrfr (p'impnz b'b uw!/>tnrfrurfr t:.w

Jwp} pw9wftLUJn'-fJJwJp: 'l-twnLqn']nU1f! uurnLJ'1: npnzbL"'- t:.wJwp 

Jfr zwr.e 'lb"l.ebrnLJ w'bt:.pm<lbzur I; Co-I! t:.w1ur'iiwpbrbLnL 'ii"f_w

U1Wftn1. qwurwpb[ Jfrlll'n.efrJfrwftw'ii w'bwtfrq: 

1,mG}!w1lw1pbpl!1 '1npw£ur, '1-wzftbuw'b, lfnupfr!p: 
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(U'l· II U, II fl) 

:bpqJiqmqmli fimmqnq>jm.lilihp~: Orfilnn.nJ'p,,,Jfr'h ufr'h'ln'iifriu, 

J1,,.rJr11Lfi1JnL'hf!.' 4,5-5,51 U.'iizL/.fpnLJ' R-l!. P"'rar t' 57%, qnLJhf!. 

uiuff>Lnrfrwfr t,,,,J,,,r ,f,,..[!nLr u"ffrwwlf_, fruq 11.,,,J'blupbr'tfrurfr t,,,,_ 

,f,,,r u"lfrurwq 'lb'lh"'i{nLh briu'ii'lni[1 ~R-l!. film.IL !;, whfr'l.nurrn

"lmfi11m'itl!., f.,,,urq_,,,"lbu uiuf/>inrfrmfr t,,,,J,,,l' Z"'Ln nul&'l !;
1 

if.wr

'J"''fnLJh nL ftLU'bwz_ tui{nLh brUlh'f'itbrni{ I 'ibr.pp'it n.b!f>tb.puhbrf! 

P,,.S"'lf."'J"L,/ b'i,, q_,,,1,JrnLfilJnL'bf! J'fr2./•h/rs J'{i'iiz_l.i. pwrJ.r, f!.uu1 
t,,,,,fb,J,,,m,,,qw'ii n.bubf/>fr "l"'wlf_,,,'iJnLJ !; V fu,/ pfrh' u,/ w1mfr"b-fuLn

.,,'i,,mfrw/r9 P"'fa_f, l!.'j,'1 nrnL,/ n.wJ'blupbr'lfrmfrhf!. uwfPLnr/r1nfr9 
l'"'rar !; (hqwwi{nLJ' !; "'1'1 brlf_nL Jfr'hbr,,,Lc;,brfr t.wr,,,f..mJ'hbrnLJ) 1 

rumi}wmnLlf~: U.'l.11n•,/ b'j, 11rwft,,,'i,' HN0
3 

(bn.nLJ' b'i.. nL ub-

4,,,'itnLJ·, n.w,/bLupbr'ffrUlf!. ULUfPtnrfrm/rs "'f"''l l.i. mJb,,_), FcCl3 
(filnLJl 'lnrz ifr-n. )1 u mrnLfttnnLr '"Jfr'ii fuwJU1urnLJ'' /umiu 9wJ HNO~ 
Jfr .pw'itfr ""'Jrlf.· Jfr'itz_l.i. 15 rn"fbl 

U.!i~mmnu.flibpfi l\l1hp~, upGhpw1Ghpp qm.qwltgm. u~: UwfPLn-

1•/rmfr t,,,,,f,,,r p"bnrnz b'i, bn."'pJnLrb'l'iibr i[bs l..wn.w'lwlfil"'Jfr'it 

Ulum'lfr"-'itbrfr Uni[, fruft ,.,,,J'blupbf'lfrmfr t,,,,,f,,,r filfr[rlb'lwi/nr 

"ln1/rufr"bfilbmfr"- ftrft'h"'pJnLrb,,_"bbr1 Uwf/>inrfiure t.wl..,,,fu 'l.n'i,,,,l !;, 

,,,,,,fb1upbr'lfrml!.' nz_1 P'itnrnz !; 'l.m·'lwft9nL,/l! Co, Ni, Fe-fr l.i. "'IL 

utrub'itfr11'ithrfr1 Bi-fr nL Ag-fr unL1:Pfr11'i.brfr1 p'itiuJfr'it Bi-[i l1L Ag-fr, 
UlUlfphf UnL1:P/r11'itbrfr nL brpbJ''j, llLflU'j,LUJfr"i, /ubJfr f.bm t.fr11rn• 
JilbrJ,,,1 t.w'h.ew1."'Jrbrm_,/, 

Smpp.hpm.p-Jm.G~ liumli tf!1lihpwLlibppg: UwfPLnrfrurl!. m ,,,,,_ 

J'b1upbr'lfru1 l! frrwrfrs umnLJ'l 't"'rbLfr !; w"'rpbrbl Jfrlfrn.pfrtifr
.,,q_,,,'i. ut'b,,,Lfr'l.fr tifry_n9ni[1 'iriu'b9 t."bwrLUi/nr !; zifrnfilbl Lfr'itbfrm

"lnlfr11fr.lfrmfr, uJ,,,Lmfr'h-fuLnw'iimfrmfr, t.bru11nrf/>fr1nfr t.bm ( 'lf"''j,./! 

pnlnrl!. frqnmr""I b'i, ), "'rub'itn"lfrrfrmfr l1L untfr'it'lfrmfr t.bm ( LUif.bLfr 

11.,,,rJr b'it, 'f."L'fU1ft9m,/l!. wll !;), JwnLfuhrfrmfr t.bm (nL 'iifr 1.-r
'l"''l"LJ'b br"'"b'l b. filn•JL ,,,'iJfrqnmrn"I !;}1 

Z.mG~wqwJphp~: ~"'"i,l!"'Jfr'h ibn'iibr, l;l'1nr"''1n, lunif.U1/u11/r 
(SnL1_U1)1 l,UUl,-nLJ'' ~n111 
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21. UlfUlSM,-lolnll'iiSf>S 
CoAs2-NiAs2 

(U'l. II fl) 

:bfictfiJiwqmli fiiumqnL}>Jm.lilihp~: UJ,,,Lmfr'itl! It.. fuLn,,,"bmptn[! 

uni[11rwpU1f "Ul'f.,/nLd b'i, fuUln.'iJ pJnLfb'l'i,br /,.. . dUl.[!llLf i{fil.UlftnL,/ 

f,,,,'j,'JfrUfnLd b'/, f,Ul'f.1. 1u11b"f l lu Ulfl[! f' JnLrb'l'itb rfr ftw'f.,/ llL[il JnL '/,{! 

't"'J"L'it z_!; ( fr1,,,n.'itnLr'J'itbrfr 1u'ituwf.J,,,'i.,,,,ifr,,,/1 Z"'fJ! + f.U11_btnL1fil
'bbr) nL 'l..r ... "bs l'"''i.wab.l! 'lr1"LJ' !; "'luUfbu' (Co, NI, Fe) As2- 3 1 

IJ.J'l fuUln.'i, ,,,,."'2."'9"LJ'iibrf! u11i[11f"'f'U1f' 'l.n'iJUll b'i, nL f1U19fr ,,,J,,,l. 

mfr"bfrs It.. fuLniu'ii1nfrmfr9 "l"'f'"L'iJ,,,ftr1L,/ b'it 'j,,,,J.. uftnunbr11L11fr1nfr 

(Co Asa) fu-n.'iJllLf'J· t,,,,"j,.[!U1pU1'ii11Lfl JllL"bnL,/ 'j, r"''ii.[! t,,,, 11n'iifr b'it 

nr"lbu ,. z"lb I""' Jp'it ""P"' LU1lJ I 

lunpw'ii"'f'l"'J/r'h ufr'ii'ln'iJfi,,,, ft,,,rJrnLfilJnL'iif!. ft"'"lr/."'J ft"''l.
,/mfill,,,'i, t.bur urn1uru,"bi[nLJ !; 4 ,iJ-6 ( Jfry_p'bp9 Jfr'btl.. P"'rar ) , 

[!UUI t,,,,Jb,/UIUJUl"IU"j, ububf/>fr "l"'urftiu'itnLJ' !; v nL VI fuJpbrfi'il 
J... ,,,'j,t,,,,Jiuubn !;. f.U1JU1'itU1pbrr/_11LJ b'i, bfb.[! UILUfpbriuft'itbr , nrn'it.[! 

Jfr,/,,,,"b,9fr9 u1iurpbri[mJ b"b nt J'fr-1"b t:,,,,,,fbJ,,,mUlftUlb n.bubf/>nr/_, 

"'IL"- R·ni[, 'fnLJ"bfr br"'"b'fnr/_, fu,,,J,,,m11LJ11r{ nL ft"'J"L'iinLfilJ"',/P 
o.eufr'l"'S,/ ,,,<;, bftwmJ wJ pi 

'ifr'tb l "'Pbr ur"'rPbr,,,ft'iibrl! L "'1 t1bft111r"'t."''l.nr11frt b'b, fru" 
ftnp,,, tmni{ t,,,,r•tLum'bbrl!' filnLJl t1b111nf."'ut.,,,'l.nr11frt b'i11 U.'bzLfrfPm.J 

R-l! pU1rar !;' 56 %, 'fnLJ'iif! UUffr111UI" ( uftnLmbrnL'ffrlnUIJfr'ii 'ln'iJ,,,_ 
'bbp[! nt'itb'i, '1b'l'h"'r/_11L'ii brw'h'l}• ~R z_m'hb';,, tfr 'bft,,,1nr/_11LJ 'itnLJ'h

fruft frJbrufr"'J"L,/1 f>'l.n1nr11"1 b'i,, P"'l9 fr1,,,n.'ii m 'l.n'ii1ul ,,,,.,,,~,,,-
9nul'ithrf! t,,,,l.Ulfu filnLJL ,,,'i,n,/,,,l ,,,'itfr'l.nurr""I h'itt 

UJ'l"lfrufr fuum.b "'- 'l.n'j,,,,l 1Ull.U12_"'9"'-,r;,brl! q_,,.'[Ji{..,.} b';, 

brb.e P"''l"''ff'UIJ,,,ubrfr91 

} P"''l."''ff"'Jtuu, np'it nL'itfr t,..,,JbJ,,,ur,,,p"'f S"'Jr'_R nL "l"'f'l. 

,,,'bfr11.ntnp11"f"'f1JnL'b, 'lur'iii{11LJ !; uni[nr"'P"'l' fuwn[! pJnLrli'l.'iibrfr 
Jft2_nL~n•,/ It.. p'it11r112i[11L,/ !; 'itftwmbifr 11b'lt,,,r/_nL'h br,,,'h'lnr/.1 

11 P"''l."''fr"',f,,,,,' 'ZJm1'hutbu nL'iifr t,,,,JbJ,,,tnlUpUlr 9"'Jr R 
(III 'IL/u"'i/"r ftntl"I. t;...,,/J,,JLU.,,llL[ilJtuJp), rf111.er-fr'hz.. ..,1.bifi P"'rar 

n.buhf, ""'f'fUl'fnLJ'j, brw'b'f nL fiJnLJL 1u'iifr'J.11U1fll."f !;: 

brr"r'f t.fr,/'i,,,,ft-'h P"''l."''ff"'J"'ul! nL'hfr ,,,Jb'iJUJpUlrar R-l!, 
{tlnLJ[ '1b'l.'i,,,,i[nL'b br,,,'i,'l It.. f.wJbJ,,,m"'l'"'f ,,,,Jb'bfr9 ft"'JnL'it !; 

.pfrJfr-fttu'b n.bU1ft1nfri['bbrfr nL o.eufr'f"'!IJ ,,,r;, 'i,~,,,111,/ ,,,,/ p1 't,,,, ft"''l.

J,,,_,/ t PJ"Lrb'l~'brfr "'P"'"'l!fr'it 'l."t,,,'itbrl! IL f!Uln f//, fJ.,,,J''fnr/t 

'J/rur<[mJ !; nr"lbu 'l.n'ittul U~l1LU1b['n'-'1frur1 I llL II P"''L"''ff""'"'uh-
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rfr UUlnLJ'f ""''l_J'(! f.,UIJUl'bfr j_I;: tbr.efi'iJ nhlf>Lb.eu'iJbrf! f'nlnr 'i.z4_UIJ

PUI 'I"''l-r"'J,,,ubrfr J nm pu19U1'JU1JnLJ' b'b1 

lumdmmnufE: 84_t"'l'bbrl! t,,,,,q,,,uwq,,,'iJ b'b, /!"''bfr n r /u"'nl! 

""''IJmfilt"''b nL 'l_n'iiu1l PJ"Lf'b'I'l,brfr /uUld-wmnule UIUlr pbr nb,,,IJ

U1pif'i.brn4. J[,.uu1buw4 nL t.wJ'U1ubn t_/;t lJ.'l'l-nLJ' b'b '1-f'"' q,,,'j,' HN0
3 

( bnnLJ', uk.,,,9nul' P"' 19 b L/.£'"' 1fi'b uqnunhrnL'l-/rmUJ Jfr'ii 'l_n'b ,,,'iJbrfr 

.frw brpbJ'b u1q1111L,/ I; 2_UIU1 /clnLJL)1 FeC13 ( 'l"f'Z "'9nLJI, P"'!!J 

u4nLmhrnL'l-frm"'Jfr'b qn'iJ,,,'iJbrfr 4.r"' t,,,,,J',,,ptw j_p "''l'fnL J) , Hg01
2 

{ Ul'l_'l-nLJ' /; 'bfr~b lnif f.,UlffnLUUI U1Ul('phpU1/1'iJbrfr 4.rUI) I u mrnL'JUlnL

r"'Jpb /u"'J"'mnLil' HN03 fuwui9 UJJ li-30 4_w1r'I· qwJ KMnO,+ 
H2 S04 5-10 </_wJr'I· t,,,,,1m'bwpbr'1_nLJ' I; PJ"Lrh'l'bbrfr qn'bwl ""'

n.nLy</_"'d-.[!l!.' 

lJ.G~wmnuflibp\i 6.kbpE, ul1Gbpm1libpp llnLqwqgnuf ~: P'bnp11z 

b'b /rqnJ'bmrfr4, fr'lfrnJ nrl/» t.w-6..,,fu 'l."'j,"'l PJnL('b'l'bbr I R"''l"'4l!!J

"1.nLJ' I; Co, NL Fe·fi "- "'!l wpub'itfi'l'bbpp. Bl-fr nL A g-fr Jfi'itb

rwl'i.bpfr1 brpbil'iJ llL('Ul'j,IUJp'iJ fubJp '. bw f,P'lftnfilbrJ·wl t.u1'u,ew-

4_U1Jrbrnuf: 

U!1nLmbr111-11fiml! w4_blfi p'iinpnz I; P"'rar 'lbrJw uu1p(.Ul'j,U1Jfr'b 

!:.fr11rnflbrJ"'l rlL u4wn'i.U11fi'b t;,,,'b.[!"'"-"'Jrhrfi t:.wJUl['l 

Smppbpm.pJnLG~ GumG. urG.bpw1G.bppg: 1,'iiwrw</.nr I; z tfrn

jlbl 11r 112 "'ll "'rub'bfi'l-'bhrfi' l1nP"'l 111fr'itfr, l!11Lfr'it'tfru•fr, u"'/f>Lnrfrm

nUJJblupbr'll""P• Lfr'bbfrw-"fnlfi'l-frJfrmfr, nL(J' "''bfrmfr nL t:.bru'l-nr•

/j>frmfr r.bur1 .l1np"'£"'fr'itl! m"'rPbriJ.nLJ' I; "i"'r'l .Jwr'l-w'tnLJ'il br,,,'iJ

'ln4., u11/_blfr P"'rar ""'rd-r11Lfl1w1fp "- {iJnLJL w'bfiqn111rn"f'1Lfill"'"P' 

l..Jn[p'ii'fpUI(! nL uw/f>[npfru1-nU1Jb[upb{''fpU1[! nLJb'l UJ'iJp 'l_ n mrn"f /,'j, 

A "'r"''j,9 /:,U1,/u1r p'imrnz /,'j, brJ1U1rUla'f'1_U1J f/L nnJ'pUI aJ.. "Ul{!('-

4. UIJ .[!h hr I 

flLlJui'iJfrm[! 11L f,br11'1-nf'l/>frm(! nL'iJb'iJ t,,,,,,fb,f,,,UlUlf'UI(' U1'1_bifr 

9"'Jr R nL "f."'['q '1b'l'bw4_nL'ii brw"i.9, fr11l1 Lfo'bbfrm-"f." Lfr;fr"fr111l! 

ui</_blfi !JUl,}f' IJwrJrnLfilJnL'iJ nL ""'f''l-Ul'fnLJ'i.t brUl'i..91 

UJ'wlmfi'ii/r nL /utn"''i.tmpmfr ,/"'$"Lr mwppbpwlJ'iibp[! JfiJ'1,,,'i1-

9/r9 4wrblfr I; 'l."''bwqm'itbl J'filtrn.[!pJfruilJu1'i.t ;,b"'q,9frw'bbrn.J (Co 
""'J Ni). fiult uf1nLmbrnu1fim'ii "'!'I- b111Jnw fi9 mwrpbrif.nLJ !.- u11/bLfi 

pwrar R-ni/_, t:,,,,JJ,J'.,,wurq"''b nblJb/f>nif. nL {iJnLJl '1-b 'l'i11u.j_m'ii 

br"''b'l".J {'b'J,,,wblfr I; uJ111Lwfi'itfr IJn'l.[!/r'b } 1 

1,wGJ!m4. WJ[Jbp(!;: '-lnpU1[U11 PnL-11.qbr (fl wrn'Jn) , &'bbbpbr'l' 

lun4_w/uu/i (Sm4_.,,), U.IJ-'1'clfrl'l"' ('1frr'l• UU1.}1 ~UU1.-mJ'' g,,'1-t 
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(Uq.. II fl) 

S>rllP. li Ul \pu G. fi UlU\qnt.pJ ndilibpe: 0 rflnnn J' pw tfr'b ufr'bqn'b/1UJ I 

fiuird-rnL{iJJnL'b[!' 5-5,5 ( mrub'bn"lfrrfrUl/rs t/tn.[!r•-/•'itt v.11Jbtfr !J"'J-r 

I; nL l)'l'Jifnul I; U1i/_blft L"'4.)1 l..pU1'bu1Lfr hh'JLnpw1' w'lnl"l-frt I; { ,,,'j,_ 

r.wJ'bJ"',,, wifbLfr L"'if• .[!"''b uirub'iin"f.frrfrwe) 1 

ll.'bzifr:f.nul R-e pwrar I;' 56% , 'f"LJ'bl! ""IP1n"'lt ( 'l"'lb'bfunfi 

IJ"'ll!P'b nL'bfr 'lb'l'buii/_nL'b, frulJ utpub'i111"f.f•rfr1nfr 1'utJ'bJUJm hrlJ'i.w

'J"LJ'b brw'iJ'J, Jfr'iJabn 1urub'iJn"ffrrpU1(! abn.p I; phfTJLJ' frbJ'fi 

b 111Al'ii'f}' t.R t_nL'ii/1, mcfb'l w'itfr'ln"'P""l I; 'bnL('p if.uir'l-"''f"LJ'ii nL 

Jiut'itwt_uti/_nL'ii brw'ii'l'ithpm/_ { wi/_blfr L"'4. b'i, '"rwui t.u111n1/wd-, .[!"''ii 

"'rub'bn"ffrrfrur/t Jnur} : 

tbr.[!/r'b 11.blf>Lbl!u'iibrl! pwyut'Jw1m_J b'b , l1wrd-rnL{J111L'il£!.' J frtfr'ii 

11L P'"ra1, , l!"ur t;,,,,fbJ'"'m"''iw'ii ribublf>fr "i"'"''iw'unLJ I; VI /11J'r1fr'i.' 

Jw11'bburfiurpy1 "ffirfimp91 "'rub'itn"l.frrfrwfr9 9"'Jr I;, frul1 uui/f>in-

11frw-n.U1Jb l"Phr'lfrmfi9 I "I.fr rnur/i'bfi91 u:f.Ulibrfrmf• f!' ' ""' tlin"lfr rfr u•fr 9 

'l't"'LPnrb'ii l'"'l'J.r 1 

luwO-wmnu fr: ll.,,_7,..J /1'i, 'lrLUIJUJ'b' HN0 3 (q"/'2LUtJ nLJ, P"'!!I 

U11LU1'i.9 J pui JU1'i.tU1"f U1U1 J' 1u'b, "''l'l-llLJ' /; w.j_b L/1 {iJnLJl 1 .[!"''j, wf'u b

'i1n"f frf'frurfr •Lr"') • FeC13-e fuuiw9"'J l1wJ 50 % ( qnr2,,,9 nLJ· 1 - 2 

l'""fbnLJ, fruq wpub'bn"lfrrfiwfi iJ.rw l_/r "''l'l-nuf ), wrl!u'! "'fl[il11L 

( 'l"PZ"'!JnLJ} 1 UwpnL'iUJnLr"'J/r'ii /uu1d-wmnLJ' /umw9U1 J- HN 0 3-e 
u-10 '1_wJrlh FeCJ 3-e ( 1: .1) HCl-fi t:.hur 15 - 30 if"'tr'I·' 4 u11w

'iiutpbrif.11ul b'b "l"Lfrufr'ii[ifb1nfrt, 'irlJ'buip JnLrb'l'iibr , -6. w " "''l"'! fi'u1J.b.. 

"''lf'b'lwm'itbr1 'ln'iiwl lt"'""'94."'J.f!1 

U.G~wUlnLulibp]1 6hh11l! I uf1 Gbpm1fihpp f{ m .. qmqgmu~ : P'bnp11z 

b'iJ llnJ'pwafL nL brlJ"'r"'a'fi/_wJ ( 'i.q •. 18) q111p'1_wJ-.e'itbr , f,Ut6.mfu wr-

11b'iJn"f.frppuip t;bui JputUp'b 'iwqJnLJ' I; 'l"'j,"'l Pl"L('b 'l.'bbp 'iut1f 

LJnlfr'i,qpm-wpub'i1n"ffrrfrmw1fr'iJ 1'wpw£.ntJ'bb(' {'iJfJ• 3 9 ) 1 nrn'iJ911LJ' 

1ffi'i1bpLU['iibrl! wh'luiiJu1L11LJ b'b JfrJ1u1'b9: 

P'iinl'"2 I; qnL'J"'l/9nLJ'(! Co, Ni , Fe I.. "'ti wpu b 'i.,fi'l-'bb11fr , 

Bi-fi Jfi'Ubrw(i1brfr• "ffrrnuifi'it fr "- "'!l u"LLfPfr7'bbrfr t:. hm t.fr11rn

[ilb pJ U1£ nL uqum'iJwjp'iJ f,w'iJ.j!UJi/_ wjpb pnLJ I 

Swpph1rn L)_')JnLG~ G. uutG u]1Gbpm1Gh11pg: '.'uwp1ul/.nr I; z t/tn

fJbl "'rub'bn"ff{'/im/i nL uwf/>i nrfrui-11.U1J'blup hpqpwfi 1'bur1 U.rub

'bn"f.fit•frwl! wi/_htfi l1wrd-r I; "- m'bfr wi/_btfi pmr ar n.bubf/>, 'irbilfr 

b('w'b'f ( LJnlfr'bqfrmp qnl[.l!p'iJ) , ,,,'1_blp {iJnLJl u1'bfrqnm1111"f.nL{JJm'b, 

,}/r,,,d-"''i.,"'"f wm</_nLJ' I; HN03-fi "''l.'lbynL[if JwJ p k. , fr uiwpp brnL

/IJnL'b unifr'i111frmfi , 'itr'" "''"' /u111U191U J 1,UIJ .50 % FeCl3-{! t fr 

Ul'l'fnL,/ I 
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t4. 38. {Jnlfi"lP"'P ( u"lpu11u4) J.nqu,./nl' {'JnL['h'l'il/,['• JnL'f Jn[u

l'""fnLJ'j,1'.' nl f,w'i.ewJp'b Jfa'bb['UIJ' lJ.'i,,uf.ffo, X 2• 'iw'('iJn4fi >uz'i.

ew1• Swi{+ 1J1H (eum '{ . ''· "/J'fnpn</wJfa): 

Uwtf.LNrfrure NL nwJ'blupbr'tfrure l1wrJrmfil1wJ'p 'lPf_nLJ' h'i, 

unLfr'i.t'lfim/i 'it, u11fbLfi rlLJbrz b'b fuwJwurtfuul HN03-Ni{, /"'11 uwlp

LNrfrure, pw9fr "'!'1• wnwp_w9"bmJ' I; zwur p'imrNZ ifb9 ii.wnW'JWJ

fil•utfr'i.t wu ur'lfrl1'i.tbpfr b""'PJNLfb'l_"bbpt 
4wfi}!wq WJ pbpi:: l_ w'i...e "'JP"j, l J,,,'j,£ f • ,, wpp'iJurpw, lJ.'fNL JNLf

J w, l!Nurfi :p, '1w'l_'irnf[, rt/1w"bp_-luNf[ (i/.bpp_fr'i.t j_Npue S,,,p_fift. UUl.-N<J'}~ 

l/Nfun'i..'1,,, ( Qfimwtf• ,/"'I''l}: l,UUl,-mJ' 9,nrp 

23. 'l-OlTbS41'S-Cu3 As (U.'l. II U., II ll~ 

3>}tqj1qmqwli fiwml1nLJ'>JDLlilibpp: 1l.nwp_w9'i..NLJ' I; bp1fN< mwp

pbpw1f'iibr' x- 11NJ'h11ffrm JuNrw'i..wr'l"'!P'i.t ufi'i.tqN'bpw' m P,-,,nJ'bt· 

l1fiur 1'b.euw'fN'i..wtfr'i.. ufi'i..'ln'i..frw1 o.-7nJb1ftfrure w'i..y'i..nul !;; ~-7n-

1fbt1ffiurp 22.5°C ?_hp.I wuurp-6.w'i..fr "l.w!J' ,,,'i.t'iJbpmJ'i l1 wpJ.pN<fil JN< hf!" 

3-3,.5, '-'l4ifmJ' I; l"'"-' U.'i..zLfrt/>N<J' R-e pwrar I;' 56 %, 'l'"J'i..e 

ftrbJ'fi-u"lfrurwq 'lbrz'i.twi/_n<'i.. bp,,,'b'fni/_1 C1.-'fnJ'b11ffrme t:.R t_m'iif• NL. 

/11zNmfN"f I;, ~-'1bJ'bt1ffrure 11<'i1fr filu<Jl :iR N< w'i..fi'lN"'fN"I h 
1br.efr'i.. nb:f>Lb.eu'i..bp[! pw9w1fwJN<J' b'i.., 1fwpJpn<fiJJnL'be' .lfip_fr'ii ~ 
emn r,...,JbJ'unnw1fw'i.t nLubf/>fr "fWU1'1w'irnLJ I; IV fuJ'pfr'i..' fuwL1fn

"lfrrfrurfr9 pwpar NL pph1urt..um<UJ"'P"'P9 9wJp: 
lum~wmnufp: U.cf'INLll b'i.. 'II'"'ftw'i..' HN0.1 (bnNuf, ·uL.w9N<J'),. 

"'r-l!"'!"'flfiln< (bnnuf, t.w1m'i...,,pbpi/_Nuf I; uurpN<1furn<pw'ii), KOH 
( JfrwJw'i.tw"fWU1NLJ ), NH40H { 'lb'l'i,,"''fNr2 qn<J'bfr pwn)t 

U.611_mmnLulibpJ1 o.l1bpe, u}tlibpm1 libp}t l[nLqtul19nLife: Yw'l_

,f,,LJ' I; t.nJ 'l"''ii'ltJwJ'i..bp 11,,,J' ftb'l.£.'i,b['' %ub'iiNJnpf/> w'i1p_wmNL,/

'i,,bl' Pr"hfi-'iibrfr NL wif w'l"'-l!"'r"rfr 9bJb'ii111nLJ': ~nL'J"'491"LJ I; 
1'frUJN'lb'i, p'iiwJfr'i.. Cu-fr, hrpbJ''j, p'i..wJfr'i.. Ag-fr, U/.'l'bafr un<LfPfr'l

'irbrfr• "'rub'bfr'l'irbrfr t.bur t.p'JfN[ilhrJ'"'L t.w'ii.e"'t/."'trhrnuf1 

SmppbpnLj)JDLll~ lluwG utiGbpw1 Gbp}tg: '}NJ'b 14/rme uurnLJ'f 

NfNZbl nL UlUl['PbrbL 'i..pw'i.. 'j,,f,,,';, U/.'l'iiafr , 'iifrltblfr NL 'tNPWLurfr ""IL' 

"'rub'hfr'l.'i..bpfr9 l;'i..iupwi/_N[t I; ,/frwt'ii nb'hm'lb'iinumrnLl1utnLf"'Jfr'ir 

,,,';,,,,Lfi'lfr J'1f_n9ni/_1 

4wGJ!mtJ.wJphpp: llfrJfi'lw'b, /.n'ii'lpw'i.. {&qb'lfrw), 8bpn-'1b-

81u~aumbqwu (lfb.eufr'1,.,}1 
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24. 'li'1~blM.1-NIAs (llq. II ll} 

::brq_rqwl1wfi fimmqnL}<l-JilLfifibpl!: ~bJ_!UU1'fn'i.tU1Jfr'i.t ufr'i.tpkfrUl.1 

IJwrJrmfilJnL'i.tf!.' 5-5,5, L"'1 l;lbi,mr"'t:,"''l"P'l-frt. I;: IJ.'hufr/pnLJ· R-l!. 
P"'rar I;' 56 % , 'fnLJ'hf!. IJrbJfr-1.wr'l-"''fnLJ"h 'lb'lfr'h br1u'i.t'ln1., llR-l!. 
[ilnLJL J;, P'"J9 frJ'bpufr"'Jn'/ 'bi,U1mb1fr ( qmJ'i.tl!. 1/rn/uqnd I; pw9 

1"'P'l-"''fnLJkfr9 J'fr'i.tt."- "'1.blfi J'nLq 'lnrz"''/nL'i.t-1."'r'l-w'fnLJ'i.t ) , mJb'l 

"''bfr'lnmpn"f I; "i"'P'I. 'fnL'hu11[nr l;lf.blJmm/ ( "-"'r'l-"''lnLJk-'l-b'lfr'i.t nL 

lt"''i.t"'t."'"-'rL'b), wn"''l"'9'i,bln'1. "'!""I.bu 4nt_1_wJ <r u"'n9"''b"'fuzbp»: 

'tbr.efr'h ,.bfPib.eu"hbpf!. P"'9"'""'J"LJ b'i.t, ""'rJrnL{rlJnL'i.t[!_' Jfr'lfi'i.t nL 

P"'f'ar, l!."m t.wJ'bJ'"'m"'i,"'<;, nbub/f.fr "i"'m4w'bnLJ' I; V fuJpfr'i.t' 

i,npU1[Lnfr'hfi9. unifi'h11fimp9.1 wpub'hn"l.firfimfr9, "i/irfrmf.9, uw/f.in

rfim-nU1Jbiupbr11frm/r9 9"'Jr1 

luw3-mmnLU!!: U.1nnLJ' b'b 'l-P'"lfw'b' HN03 (bnnLJ, 11nrz"'-

9nLJ'), FeCl3 ('l"P2"'!JnLJ), HgCl2 +1 Ump11L/1m11Lrw1fr"h fuUIJUl

mnLJ'' H 20 2+H2SO, i,"'J KMn04 +H2SO, , 
U.62.wmDLtffibpr O.ltbp~, urfihpw1fihpr q_mqwlignd~: bri,"'

rwa111"'<>, 'fk'J-Ula/,_ llL U1k/1w'itn'i.t tUk2_UIU1llLtf'j,br1 !l.m'fU1fJ91.nLJ I; 

Co, Ni, Fe-fr "'rub'i.tfr'l-'i.tbpfi, Bi-fr nL Ag-/1 J'fr'bbrwi'bb11fr , t:,Ul'l

'i"''Jb"i nLpU1'i.U1Jfr'j, jubJfr /:,bm /:,p'J-pnfilbrJ"'l t:,Ul'j,J_!Ul"UIJrbrnLJ't 

IJppbJ'i. "lfrrnuifr'hfr, "ib'hml"''i.t'l-frmfr, fuLULi,n"l.frrfrmfr t.bm LfrHLU

yfin'b t:,"''j,.[!."'r/"'JrhrnLJ
0 

IJwtf t:,"''1.1."''lb"i .ernJfrmfr t.bm t.frumb

pn J "''l,f wmfilfwlf "''i.t t:,"'"j,J.!"'1wJrbpnLJ'1 

SwppbpnLp-Jmfi~ fitfwfi tfrfibpw1libprg: ltwrbifr I; 2ifrnfilbL 

ppb1mt.wnL"fmfrmfr (NiSb) nL J-mfubpfrmfr (Ni 4As3 ) t:,b.,,, Frbim

t.wnL"fmpmf!. nL'i.tfo 2"'ur m.Jb'l llR, t_nL'i.tfr 'l-b'lfr'i.t bpw'i.t'l nL 'i.tp"' 

•[r"' HN0 3 -[!_ '"'1.'l-nLJ I; "'qbLfr [ilnLJL1 "'""''j,!J b1LJw'i11 lfwnL/ub

PP"'l!. z"'m filnLJl "''i.tfr'lnmpn"f I;, frui, 5'r"' 1."'P'l-"''fnLJ'j, br"''i.t'lf!. 

2"'w w1_bifi [ilnLJl I;, .[!"''j, 'i.tfri,b[pkp J'nurt 

.Z,wli.J!wqmJpbpl!: ltnp"'l"'• l,"''i.t.f!"'JP'j, lbn.'bbp, 1J.'h"'rb4 ( f>
r"''h), FbrHnLl, UJn1.U1/uufrr 1,UUt.-nLJ'' !l.nlJI 

25. ITMbP'1S- NiS (llrl . II ll} 

furq_rqmqwfi 6.wmqnLJO-JilLfifibpP.: Srfr'ln'i.tU11fr'i.t ufr'i.tp'i.tfrw, 

'1"'rJpnLf/JnL'i.tf!.' 3-4, l "'"- l;iblJmrwt."''lnr'l-fit.' U.'b2i'1 lfrn, J' R-l!. 
l' "'f'ar I;' 56%, 'lnLJ'i.tf!. 'l-b'lfi'b l1rbJ'fr br"''i.t'ln1 (fu"'L4""1.PrPmfr 

t.wJbJ'"'m qnLJkf!. "'1.btfi P"'B I;, "l.wr'l "'fm"'t.w1m1."'J 4rbJfi 

bp"''i.t'ln'/. "ib'i.tmiw'i.t'l-frmfr nL tfr'hbfrm/i t."'J'bJ UIUI 'lh'lfr'i.t 'f"LJ"hf!. 
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1.w/btfr "i"'P'l I; 11L P"'SwlJ1.1.1.1n,J I; "'l'l-_ brlJnL Jfr'bbp"'(iJbrfr t."'
" "'r p"hnpn2 'lnr2 br"'"h'lf!.}' AR-[!_ filnLJl I; , P"'J!J frJ'bpufr"'tn'i 

"hlJuum[nd I; ( "'PnLJrfr 'l-b'lfr"h 'f"LJ"hfr9 J'fr'bt."- P"'9 'l-b'lfr"h ) , m.Jb'l 

1.D"hfi'lnll!,pn"f I; 'fnLkU14_nr l;f/.b4m"hbpn4_ ( 'l"f2"'1_nLk nL 'lnr2"'4_nL'b

i,wkU1t_} 1 ·,'tbr.[!.fr"h n.blf.tb.[!.u"hbpf! p w9w1Jw111LJ' b"h , lf"'rJ rnLfilJnLkf!. 

Jfr'l~'i1 I;, •[!_um t:,"'JbJ'wm"'iJ"''b nbublf.fr "fu•mlJw"hnLJ' I; 111--JV 
f11J'pfrh' fuwtlin"l.frrfrmfr.'! P"'rar I;, frulJ ufPwLb1•/rmfr9 nL tfr"hbfr

m p9 !J'"Jr1 

lnm~mmnuf~: lJ.'l'l-'tLJ b"h 'l.P"'lf"''b' HN 0 3 juww9. (11nrtw

fl"'J'), "'fJ!."'!"'filfilnL i,"'J KMnO, +HiS04 (11nr2w9nLJ )1 llmpnLIJ

mnLp"'Jfr'i.t ju"'JwmnLJ'' fumwy . HN0 3 lf"'J' Br 11ntnr2fr'bb111 

U.G2.mmmtf fibpr O.ltbp~, tfrfibpw1Gbpr q_m .. qwqgnLtf~ : &-m 
p"hnpn2 b"h "'"b'l'b"'a"- nL /ilfrfilb'lw1.nr U/"j,'l"'"'nL J 'bbpf!. b nw"hlJJnL

'h"'Jfr'i.t 4mr4_"'JJ!.'i.tbrn4_1 ~"'-6."'fu n"''l-frwL--6."'n"''l"'Jfilw1fr'i.t t:,"'r"'

-6.nLJ'i.tbrfi i,"'J' P"'f"'lf /rlfrfilb'lfrfiJbrfr Mrn4_ np"fbu "ffi"h'l- LnL<}nLJ

filfr m pnt.J' "''it "'f'lJnL'i.t.[!. /•11uli,n "I.Pf frmfi , "ib'i.tml "''i.t'l-frmfr , 1 fo'i.tbfrm fr 

'J"'2mbpnLJ' 1 '1 pi,"hwpJnLpb7 'i.tbpf!. nL 'ln'hw l IJwn m 91_"' J.[!{! t.w1m'i.tw

pbp4_nLJ b'i.t Ju"'tw<lk 'i.tfrl1n(kbpnLJ lf"'J' uu1pnt.l1mm r 1u1fr"h /u"'
J"'mJ.,,Jp: 

fl.m'lw494_nL1f I; Po-fr, Pn-fr, Cp-fr t.bm Lfri,qw9/rn'i.t t:,"''j,JJ"'

"-"'trbp111.1f. t:,"''l1"''l-b"i t:, "''h'l-fi"fnLJ I; f' '"'lJ"'Jbmw'l"'!P"j, !,fi'l-rn

filbpJ'wl t:,"''j,.[!"'""'Jfbpm.J nL t.p"fbp'fb"j, "f"'JJ'"'"j,'iJbpnLJ "fppfrmfr, 

""'rlfw'lfrmfr, PP"'1.nfrwfr t.bm: 

Swppbpm.p-JnLlil! litfmG lfrlibpm1Gbprg: ~'b"'r"'1.nr I; 2ifm

fi1bl 4_wlbrfrfrmfr (Cu2S . 2Fe2S3) nL fuwllin"lfrrfrmfr t.bm, npn"h.e 

t:,Ul"j,'l-fr"fnLJ' f,'j, 'i.tnLJ"j, 'fnL'fUl//9nLJ"hb r11LJ l 

'1.,."'Lbrfrfiml!., fr mwppbpnLfilJnL'b JfrLbrfrmfr, nL'i1fr 2."'m n<Jb'l 

llR nL 'itr"' "-r"' "''l'l-nLJ I; HCl-[!_ 1 UJU1L~n"i/1rfrwl!. z wm filnL[l 

.,,'j,fr'lnmpn"f I;, frJ'bp11frU1Jn4_ nL'i.tfr i,w"hwt."'4_nL'i.t bp"''i.t'l , 2"'m "'1_b1fi 

9wJp IJwpJpnLfl JnL'h "- R {l!.um R-fr' 47 % , "i'um4"''i.tnLJ' I; "'"-"Lfr 
-6.fr2m III juJpfr'u nL p'bnrnz I; III 1J. "''lJ"t..UUl"fr t:,UIJ'Ulr}: 

~wG~wqwJpbpl!: ~w"h.e"'Jfr'b lb"'bbp , Fbr!n'lnquiJ , '1"'r"'P"'2• 

ll.nfrrtfr r 1, UU1,-TILJ' !l.nrl' 

(llq. II U, II fl) 

!li}iqp~w~wG. fiwm~ntp.imG.G.hrp: Sbmr"''ln'i.t"'JP'i.t ufr'i.t11n'i.tfr"'• 

'1"'rJrnLfi!JnL'i.tf!.' 5, t.'li,1.nLJ' I; l"'1' U.'i.tzifrfPm.J R-l!. P"'l'ar I;' 

55 % , 'fnLJ'hl!. ""IP"'"'" ( ""l.frm "'~ Jfr'i.tbr"'1'i.tbrfr ""'l.J.!fr'i.t 4"'rJ' r"'-
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i/_11L'h-'lb'lfi'b /;, 'bfi4btfi'bp ~n'l.J!fi'b' P""!J ,/';,fupw'f"LJ'h), ~R z_u/-'bft, 

frlnLJl w'b fi 'ln mpn"/_ I; ( fiJ'bpufiw1niJ. 'h4wmbtfi ... 'bfiqnuipn"f.)' ltbr
.efi'b nbf/>Lh.[!11'bbp[! pw9w4w JnL,/ h'b, 4.,,pJpmfiJJnL'b[! #filfi'b I; m. 

. pw17a.p, f!"U1 t.w#b#wm..,4w'b nbubf>[i "/_wm4w'h11L,/ I; V /pJ'pfi'b' 

'bfil1bLfi'it.[i9 tpn,ep-[i'bz_ pwpa.p, u.!wlmfi'bfi'b JnM, u"'f/>Lnffrm-1Lw

Jblupb(1'1P"'P!J1 untfi'h'lfimfi9 "- wu'h wruh'hfi'l'hbrfi9 9wfr 1 

luwawmnufp: U.'l.'lnuf b'b '1P"'4w'b' HN0 3 (bnnLJ, ~l..w9nul ). 

FeG13 (filuLJl 'l"P2 'f"Lt'hfi iftwn), KMn0 4+H2S04 , H2S0, + H20 2 t 

llmpnL4mnL['"'!P'j, /11w<twmnL,/' KMn0 4+H2S04 4w.! H~02+HNO:r 

(1. : 1) t 
\J.li~wmnuflihr}i ohhrp:, J}ilihrw11ihrfx qntqwq9nttlp:: U.lnmpfin-

Jnl'f "''II'b'lwm'bbp, 'bwl.. h114wr Jw'bpwfilblwtfi'b w'biwmnL,/'bbp, 

ft/fifilb'lwiJ.nr pwpw4 4f'4'bwfl!nLph'lw!JwJ zhpmft4'bbp: 4wf.wfu /:,w

pwf.nLJ'bbp 11L mb'lw4wlnL,f'bbp 'bft4btfi'bnij_: ~nLqw491_nLJ I; Sf-/i. 
Sm-ft, Ne-ft, Cc-ft, Bo-ft, Ar-ft, Pyr-/i p'bwJfi'b Ag-f;i t:.bm: 

SwrphrntpJntC1p litfwli tf}ilihrw1lihr}i9: 4'hwrw1.nr I; vf!nfilbt 

'bfi4blfi'bft t:.bm, "fl!• uw4w1'b 1 nL'hp wiJ.bLft Jmq qnLJ'bft bpw'bq, 

nLJb'l AR llL w'bftqnmrnUfnLfilJ"L'h, 'bwl.. uwlf>Lnppui-n..,Jbluphpqp

"'ft t:.bm, nrn'b.[! nLJ/,'/. w'bft'fnmpn"f_ /,'j, nL wij_b£p U"f_pmw41 

4wf1fwt\_wJrhrp: '1npwlw, 4w'b,ew1fi''i1 tbn'Lbp, llw'bufbL'I' 

(U.'l. II ll} 

!li}iqrqwqwli fiwmqntp.]ntf11ihrp: Spfiqn'bwtfo'b ,.,fi'bqn'bfiw, 4wpJ

pnL{rl1nL'h[!' 4: U.'bztftfwLJ R-l! pwpap I;' 55%, qmt'bl! 11•1fimw4 

[tluLJl '1b'l'bwi/_11L'b-4p/,Jfi bpw'bqni/_ {'bJw'b I; "l.Prftmfi'b, pw19 w

iJ.bLfi U"f_pmw4 !;), ~R-l! ;_wm fiJnLJL I;, w'bft'lnmpn"f.nLfiJJnL'h(! 'fi4iu

wb£pt bbp.[!/i'b nbf/>Lb.[!11'bhp[! pw9w4wJnLJ J.~, 4wpJpmfi/JnL'b[! 

#fitfi'b I;, l!~w t.w,/bJ'wmw4.,,'j, nbubl/>[i U/.u1m4,.,'bmJ I; JV fu.lpft'b' 

"f_h'bmlw'b'1ftmp9 nL #fitbt'P"'P9 9wJpt 

luw~wmnttfp: U.'l'lmJ b'b 'lrw~w'b HN03, FeCl3, KOH, HgCl, 
llL fi/nLJL I; "''l'l:nuf HCJ: 

\J.li~wmnttflihr}i ohhrp:, tf}ilihrw11ihr}i qntqwq9nttlp: µ'bnpnz h'b 

t:.wmft4wiJ.np wqpb'fwm'bhp'b nL t:.wpw6.11LJ'bbpf! "l.b'bml.,,'j,'lftmft t:.bm, 

funpw'bwl''lwa.I.. nnJ'pnl;'fp'bh111 ~nLqw491_nL,/ I; Pn-[i, Mi-[i, Mt-p 

PP"'i/.npmfi, wi/_wpnLpmfi {'h4. 40} t:.bm: 

SmrphrntpJmlip litfwli tf~lihrwilihr}ig:: llwin 'b,/w'b I; "l.ftr/i-
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"V''j,, nf'P!J urw['pb('i/_nL,/ /; wij_b£p 9wJp 4wpJpnLfi/JwJp, wi/_btfi 

fil~ll 'lb'l'bwi/_nL'h 41,bJfi hpw'bq111/ nL w'bfiqnmpn"f_nLfiJJw.!pt 

4wlifwtl_w.]rhrp: lufr'ltbiJ.m '1 I.. . Srwu-luwI'P"I' { SwuJw'bfiw )# 
l1w'b~l (bnp l1..,lb'ln'bfiw)t 4UU4-nLJ' '&npJw: 

\ 

"ift. 40. fof'lLb<fnL'lP"'P (Jn[ul'w'lnLJ'b) r.wl'wb. nLJ

'b/,l'l!. w<fwrnLpmp (u"lf111wft) r.111111 

lJ.'buffP, X75. 'l'inl'dWJp '"'"'l!"'tf·· 4wJft· uu~ 
(e_u111 U. fl. l/.pn<f1w'bp) 1 

(U.11. II ll 

Si}iq}iqwqmli fiwmqmp.imlilihrp:: lur1 rw'bwr'lwtfi'b ufi'bqn'bfiw, 

lJwpJpnLfi/JnL'hf!' 6-7, '1l"Lf•wpb4 /;t U.'bztfifP 11LJ R-l! pwpap I;' 

65%, 'f"LJ'hf! u"l.fimw4 {"I.for/imp t:.w#hJ"wm i/tn.[!p-ft'bz_ u11fbLfi pw,9 

nL U"fpmw4, "flwmfi'bfi 4n'lJ!fo'b wiJ.blfi JnL'f1 fiu4 umppfin"fwlw'lfi-

4b/imft t:.wJbJ'wm 4w"/_mwi/_nL'h·u"f_/i"'w4), ~R l_tlL'bft, fiq11u1pn"f /;t 

'tbp.[!/i'b nbfPLbJ!u'bhp[! pw9wl1w tnLJ h'b, l1w !'J l'"Lfil JnL'b(! pwpap I;, 

[!Um t:.wJh#wmw4w'b nbuflf/>/i "f_tuU11fIU'bnLJ I; VII fu.lpfi'b' #nm I; 

UJfippmp'b 11L zwm wi/_btft pwpa.f' /; "l_lwtnfi'b/i ,'}t 

luw~mmmdp: U.'l'l"LJ I; '1rw4w'b mw.[! wrJ!wtwfil(tlnL ( 'lw'b

'lw'l, pw19 "f_Wf''l"rnz), KCI0.1+1-12804 ( iftwuwuJ-It"L'2 iftwn), 

H
2
804 { ptu9 qnrz-'lh'lfi'b iftum }: 

\J.li~W\Ilill.tllihrp ohhrp:, tf}ilihrw1lihr}i qmqwq9ntdp:: P'bnpnz h'b 

LwrJ. 'lwpqw9 wJ fi'lnJbmrfi4 pJnLphq'bhp, n1in'b.[! 'l"L'fw49i/_nLJ b'b 

p'bwJ[i'b "l.lwmfi'bft, Mt-[i, Po-fi, Pn-ft, 4nL"f_hpftmfi, 11mfippnUfw• 

lw'lfi'bfim/i t:.hm tft4iJ.w!J:pn'b t:.w'b.[!wiJ.w1pbpnL#1 
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SwrphrntpJntlip litfmli tfpf1hrm1lihrpg:1 1,'iiwrwt.fnr I; 2pn[Tbl 

"l.Prfrmfi ( mwpphpt{nuf I; nhwftmful.'iibp/i "''l.'lb911L[iljwJ'p), r;./,1,,,1~r
lpfimfi {f;.b2m I; fuwJ-mmt{nLJ nbwftmpt{'iihpnt{) nL p'iiwJ-p'ii "1.Ltuinp'iifr 

~bm (ftwpJ-pm.filtnL'iif! J'"2_/1'ii I;, R-e 2'"m ,,,t.fbtfi P'"rAr I;' 70 % ' 
w'i1p_,,,mnL.!'iibre r;.,,,-6.,,,fu t1ub'iinJ' nplp b'i, ): 

4wf.fmi.l_mjrhrp: Ub'fpbrfi • µnL2t.fbnfr fimul'pf!, tni•fit/"i: 

29. ITUPiiU!l1'S-FeS2 (Uq. JI U, II fl) 

Sipqpqwqmli nmtnqntpjlltbbhrp: 011filnnnJ'f'LUJfi'j, jufr.,,lfn'iJfi w, 

ft,,,rJ-rnLfilJnL'iif!' 5-6, [clnLJL l;ibqm11wr.w'lnr'ffit: U.'iiu~fPnLJ R-e 

P"'f'a.r I;' 55%' lJ:llLJ'iJe' ftrbJ'fi-uUJfrmruft ( llf.Prfim/i9 f'lu9, UJfrr/imfi 

nL wpuh'iin"l.firfimfi 'l"LJ'iil.rfr J'h_fr'iie, t.fbnfr'iifr f;.wJ'bJ'wm nL'iifr 

ftw'iiwt_wt.{1n'iJ-'fb'lfi'i, hpw'ii'1:), llR-e 'iiftwmbifr I;' 'iinLpp ft,,,'iirut_wt{m'ii 

nL 'fb'l'ii"'t{llL'ii 'fnLJ'iih1111t.{1 mJb'l UI'iipqnmpn"J. I;' t{UJtt 'fb'lfr'i,, l1w

'iJmt_ r1L ; J'w'iJ11L2u1ft"''l"LJ'ii brw'ii'l'iihr111/1 thr.efi'ii nbfPlb.J!u'iibp I! 

pru9wftwJnLJ b'ii, ftwrJ-rnLfcltnL'iif! J'frp_/i'ii ,,,_ pwrAr I;, P.""' r.wJ'b

J'wmwftw'ii nhubfPfr "l"'mf1w'iinLJ I; VII fnJpfi'ii' "IPl'fiwfr9 1frn.J!r
fr'iit pwpil.111 

fow.)-wmmtfp: lJ.q'fnLJ' I; 'lf'"''l"''j,' HN03 rtL "'f'.J!LUJrufil[ilnL'ii 

(brpbtl'i, [ilnLJl 'l"L"f'2"'9"'J'): UmpnLqumLrwtfi'ii fr1wd-wmmJ" 
H2So4+KMnO,, KOH+K:MnO,l: 

U.bz>Wtnnttflibrp ohbrp, tfplibrw1librp qntqwqgnttfp: fl'j,,,f"'2 b"I, 

'iifrqwf1w'iiJ'w'ii pjnLph'l'iib11 nL ttw'ffi"'i-"'-"'""''1:"'Jfilw1fi'il r. wpm-6.1nJ'

'iibp, qninJnplp wnwp_ru9T1LJ'iib11: Z,,,.-6.wfu /,'j, "l"lP"P'iifilbmfrlt fll'//'j,,,,_ 

p1mrb'l'iib11e nL 'l"'j,"'L ftwnllL[Jt{wJ-.ee: 1,fr"ln'lb'i, Jwit!t"''lP"'l!. 'l"L

'1:"'ft9t{nuf I; Py-fr, SI-fa, Ga-fi, Cp-fi, Po-fr, Asp-/i k "'Jl unLL
:Pfr'f'bbp p llL WftU/,hfi'f'j,/, rfi f;.hm I 

Z,frUJbplfb'ii ilwpf1wqfime wnuip_w'iimJ I; UJ/rf1nmfi'iJfi, wt{b Lfr 

r.wq1/w'fb"I UJppfimfi, u:J.wib11frmft k "'Jl ,,,,,__Llf.11'f'iibpfi r.w2•[fi'ii1 

SwrpbrntpJntlip litfmf1 tfJ1lihrw1lihr]ig: Z,'iiwprut{np I; 21/infilbl 

"IPrftmft nL wpub'iin"lfirfimfi fuJpft J'ft'iibr"'L'iibrft f;.bm: "lfipf-'mft,'1 

mut11pbf' t{ nu/ I; w'iifi'lnmp nUJnLfJ J 1uJ' p, "I" i/iufr'ii fJbmfift lll'ft'ii,,,f'JnL

rb'/_'iib1111 t.f, rut{bfp fi/11LJl ftr/JJp ( 'fL'lp'i,) lf"LJ'iip bpw'iipt.{1 lJ.1wb'iin

UJPrfrmft fuJ'pfi Jft'iibrrui'iibpft9 J'utttl1ruqf-'me mU1pphpt.[1nJ' !; ftrb1lfi

ullf.ftmruq lf11LJ'iint.[, wt.fblfi mJb'l ~R..-nt{ nL w'iipqnmpn"f11L/d 1wJp, 

H N03-/i [i/11LJL "''l'fhy1nfil1,,,J p: 

4mf1fm1Jw.irhr11 : 3Jpbjpbr'l• µLJwt.fw, µ,,rnt.fftt/t: Z,UU1,-nLJ'' ~"'l-' 
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(ll.q. II U., II fl} 

Sip 1 l1m qmli nmmqmp,1n tlilibrp : Ju,, pw'ii "'P'l-"' tfi'ii ufi'ii'ln'ii fiw, 

l1wrJ-rnL nL'iie' 6-6,5, fclnLJl l;lbftmrwr.w'lnr'ffit: U.'iinfi:PnL,/ R-e· 
l''"t'il.r I;' ·:1% • 'l"LJ'iif! ft11bJ'fr-11"1.P"'"''L (ftrbJ'fi ftwJ' P"'9 'fb'lfi'ii 
h11w'ii'lf! ,,, LP nufb'l I;, .eru'ii J',,,pftruq_fimp J'nm ), ~R t_nL'iifr , pqn

"'l"'"I. /_;t &b .efi'ii nblf.ib.eu"uhrc P'"9'"ft'"J"LJ b'b, ftrur.trnLfilJnL'bf! 

P'"f'Ar f;, eu~r.wJbJ'wmwftw'ii nbub:f.fi "JWUlftUJ'iinLJ I; Vil fr1eJ-

1·fi'ii' ,/ "'rftruq_fi 'P 9 i/tn.[![1-fr'ut 9ruJ-p' ""lbrfii/imfi9 nL ftwupmbpfi

m/i9 'l_'frulfinpb 9w.tr1 1 pru/9 J'i,ru9rud- pn[np um-ilf.fi'f'iibr1fi9 nL 

mpub'iifi'f'iibrfis ~,,,ra.r: 
lum~mmmtfp ~ l ·rf'bJ''ii wq_'fnLJ' I; 'fl'"'ftw'ii HN03 (filnLJl 'l"r

zw9nLJ'), unt{npw~LU(I f!llfll(' ttbruftmfit.f'iibrf! l_/,'j, Ul'l_'fllLJ': 1l'bi'iifr

f1nt.ffim miuppbpruftfJ 6'rw HN03 nt- KCN ru'l'f"LJ b'i, "'f'"''l ( u[Lruw 

f!"Ltf ): U mpnLftmnLprujp'ii /u,,,J-wmnLJ'f!' H 2S04 + KMn 0 4 20- 60 

t.f rutf'li'' HN 0 3+CaF2 qruJ' l;Lbqmpnf/imM fuwd-rumnul NH40H, 
KMn04 + KOH: 1.rutm'iiwpbrt.fnLJ' I; ru'lrb'lwmfi umpnLftmmpru'ii nL 

PJ"'-rb'l'iib !'fr 'l"-;,"'L "Lfil J"L'iie: 

U.lil'_wtnnttflihr]i ahhrp, tfJ1lihrw1lihr]i qmqwljgnttfp: µ-;,,,['"2 b'h 

pqnJbur11/il1 r.wmfiqwt{np "''lf'b'1:rum'iih11 {'iiq. 41) rtL runw'iia.p'ii l'"i{' 

f.~. 41, f!J/•rfunfr ( u"lfrrnw~) PJ"Lf/;'l'bhrfr urb'lw~"'L'IL'ff!._,J;J.,,. 

urfrurn1 (Jnfurw'l:nL/u)-

lJ.'bzL/r:Pi X 440. U.1'lbJ."rfr r.wtew1· • ~'"I~· UU~ ( f!.urn 9•. ~· iPfrl1w'rifr )• 

8-785 
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'!+ 42. 'l/frf'/unf!_ ,w.,.wJ I; fuwl4""lfrf'fr"'fr lrf'w4fr4'b/;{'"'/.' "{'"'bl! 

'bl'w .,.,, , Jw'b'blrl'frU To .,./,''bw'b"'fr"'fr "'- Ga 'lwl/;'bfr"'fr 'l"'2"'lr{'f!_ 

1/r'b w'b9'bn1...J1 

11.'bufr/f>, X 160 ,,,.,,WL"'- • w'bi!w1., ~WJ4 · uu~ ( f!_UUI •I, . ~ ,,,.,,{',._ 

'bH1w'bfr} I 

"L4. 43, Sl-/r 'l"'2"'f!_ {1fn/u{'w'1:nLJ'b ) 

Py "f/•f'fr"'r q.'b'lwJ.£. 4nlnJn{'/f> 

w'b£wmn 1...J'b/;f'n1 ( uulfr"'w4} 1 

11.'bu/it/>, X 90. i:wJln1...'lfr •w'bl!w1., 

~w14. UU~· 

'114 

t4. 44. Ulr(11fr4n1fr"'-"f.frl'fr"'f!. 

( Jnfuf'w'fnLJ'b - u"f.fr"'w4) /;'1.l'wlfr'b 

Jwu nLJ Pl " '-l' /;'[w9w~ w'lf'/;~w"'
'blr{'n1• 

1J.'z.21fr/f> J X 180. !/ f.pn'-fuln'-fr 

' "''bl!w1•1 ~wJ4 • UU~ 1 

/il..wt/_~•t/_ wJ PJnir'b'l'i,bp ( 'i,11. 42 ) : :.w'i,7pUJmJ' b'i, f1nlnJnp!f. {'i,~. 
43} 'ln1~9nuf'i,hp ( t.1nf.wp1,.,4p t,;,,'j,'1-PUJ"Lll h'j, L1nu_b'f..,'j,w1fi'i, i>w'i,

.f!'"'i,lmf< r nLJ), bppbJ'j, flpfJ/i'JWt/_nr f1U1J 1fibw1uu/i/,_ ayt[uu} LU'j,_ 

't_ lllUlllld'j, 1, nrrn'i,.(! LUJ'f /if..bpf! 

i>..,t[w'i,wp~ dw1Lu1'i,'fbl b'j, 

.twr~"''lPm~ ' 
Z,bl/;'j,J.i.._'j, ~w,f ,f r1n'i11fw'i, 

11n1w911LJ'j,hr'n_ i>w1m'i,fi b'j, Jbl-

'i,fi~nt/_fiur iu'i,'i(w'i, mw~, pu~ 
flw.e'i,1_w0- PJn4th11w1fi51 mwr

l' brw4'hbrf!• n f.11r'ii.e LUILW't_ LU

'j,11LJ b'i, 'ff'"''j,.'1 l'JNL['b'l. w ,9nL

J'fi9, i>w1u1'i,p b'j, npUJbu Jbl

'i,fi4nt/_pm -UJ.p('put { 'i,4. 'i,4. 44, 

45 }: ITJppputf! utwpwJt/_wJ I; 

z wm lwJ'i,, ..,,fb'i,wmwppbp Jfi

'i1b r'wl w1fi'i, qnL'fw49nLJ'bbp11LJ, 

11nLLlf.fi'1-'i,brft , wpub'bfi'f'i,bpp, 

".f!"P'l'i,brrfi, p'i,wJfi'i, Jfi'i,brwL

'i1brfi i>bur: 

Smppbpm PJ mG~ liuw G 
ifp.Ghpm1Ghppg: ~'i,wpwt/_nr I; 
2__1/tn{tfbl J..,['4 w qputp {p utwp- '!+ 45 .• l/nln'fn{'t/> ,ff; l'r,/>4n1frm- "f_p{'[r

p bpnLfJJ"L'j, Ufppputp nL'i,p ~R 

llL w'i,JtqnmrnUJ I;} , l1npwfurp'i,p 

t.bm ( 4wrJrnLfl JnL'i,f! UJ/irfi

mp9 9wJp J;, l wt/_ I; ..;'l.4t/_nLJ, 

Pl"'-{'b·'[w9w~ w'b£w"'nLJ 1 

11.'bu/•t/>, X 90. !t frp n'-1'> l nLfr • w'bew1., 

~WJ4 · uu~. 

nL'i,p t/_wp'JutlfNLJ'j, bpw'i,'l, fJnLJL w'i,pqnutpnUJ I; }: U'1u'i,p t.wmfi4-

'i,bpf! 4wrb[p I; 2_ fnflbl p'i,wJp'j, nu411L i>but, npf! uw41u1'j, 11L'i1ft· 

z 1nm wt/_btfi nulbtz R t.. z wm 9 w Jr i> tuJbJwm w 4w'j, nbubtf. : 

.4wl'ifm1lm.i rh r p.: U'Jb'lb'i, , 'J.1JL btt/_w, fl Lrwl , U.LfJIUJ , !ifirw

~filinpz ~UU~ -nLJ' U.twt/_br'lnL /11nLdpf!' 'l,utfw'i, , Sw'i,/im.m, !J p

pnLfziLP' 

31. lflb'LSlUVHS- ( f e, Ni)S (U'l· II U, II f!)· 

!lifiqpl1w~ wr. 6mmljn1p.in1&&hq1: Ion r w'i, wr'fw i fi 'j, ufi'i,'ln'i, fiw , 

4w11JrnL{ilJnL'i,J!' 3 ,5- 4 , lwt/_ l;Lb4wrwi>ut'l.nl''l-Pt I;: U.'i,ztfitf.nLJ 

R-1! pwrar I;' .53 % , 'fllLJ'j,l! 4,,b.tfi-uUJpu1wlr 'lb'l.fi'i, b r•w'i,'l""- ( 1b
ll :> 



"[Ph 'fnLJhf! u11JhLfr l""{ !; "'rm,,,f.wjm1f,,,c}, ,ew'b "l.frrfrm~J'nm. 
"lfrrnmfr'bfr ltn'l.cfr'b "'"-blfr P"'9 !; "- "-"'r'f"''f"L.(h hp,,,'b'ff! P"'9"'-
1i"'tnuf !;), t.R J_nL'bfr, frqnmpn"f I;: bhp,ep'b n.hEf>Lb,eu'bb J_nLhp., 

11,,,rctrnL[il !"L'bf! ,r frt.fr'h !; , f!"m r,,,,,r1;,r ,,,m,,,qw'b n.b ub:P~"i"'mlt,,,

'bnuf I; IV fuJ'pfr'b' fu"'L'tn"lftrfrmfiB P"'rar I; m "l.ftrnm/r, P!! !!"'ctr: 

luw~wmnufp.: U.q'fnLJ' !;, "'l'j, l;l filnL!I, "fr"'t"' H 03 llL wr•
. .e"'t"'PfilnLb ( P"'9 'lnrz t.bzm ""'.er4-n'l q.,,,,,)1 

• U.li~wmmdl'ihrp ahhrp., lfpl'ihrrn1fihrp qmqw~gnuf{ P'hnrnz b'b 

,,,'i,1[,,,'bn'b ,,,'j,l"'mnLJ''hbp, r,,,,'l4-"''fb"i fr'ffrnJ'np{/> Ptfrb'l'bbr "iP

pnmfr.'bfr 'f"'zmhpnLJ': {,,,</_ I; "'l'm"'f."'tm</_1uJ f.bpam/J'f! fl.um (111), 

npf! J11uqJ'nLJ' !; qnmpm</_LUc} 'fc}brfr J'fr ufrumbJ': ~Ul6.Ulfu f,,,,'j,'ffr

"fnl.J' t "l.frrnmfr'hfr 'f"'zmhrnur J,,,'j,,, Pfrfilb'lft11~,brfr aun<I_, nr"'"" 

"JPh'f lnLJnLtfilfr mpnf.J,,,'j, "'I''f!"Lh.[!t f!Jh'i1ml"''b'ffrmfr 'f"'zmhrmJ' 

hppbJ''b 'ffrm</_mJ' b'u "l.firnmfr'bfr 11L "-"'thrfrfrmfr "IP'j,'f l"LctmtPfr 

mpnf.J,,,'j, filfrfJb'lfrit'bbp: RnLlf"'l/9</_nd I; Po-fr nL Cp-/1 f.bm Lfrlr 

"-"'.'Jfrn'b r.,,,'b.e"'"-"'trhrmul, ,,,4-bLfr r,,,,'l4-"''fb"I Cub, Mob, Bsm, 
Ni nL Co-fr "'l'ub'bfi'f'bhpfr, Mt, Sb, Cp-/r f.bm t.fr'frnfilbrJ'"'l i),,,'iJ_ 

..[!"'"-"'trbrnuf: {,,,!'j, UJUlrUlc}4_,,,c} !; "ib'burtUJ'b'ffrU1fr t.fr"ibrqb'b mb

'l"'""'lnLJ'(! .Pr"'</_nfrmn</_ m. </_frnl"'I'frmn</_ (NiS2 ): 

SwrphrntpJntl'ip. l'idw& tipl'ihrw1f.hrrg: ~'bu'r"'"-"r I; zifrnfilbL 

Po, Mi, Cub, Val, Py, Bv-fr t.bm. "'""'tfi'b i."ru J'fi'hbr""L'bhpfr9 

·"ib'bml"''b'ffrmc m"'rt'br</_nLJ' I; frqnm1m"imfiltu11fp. 1 fruit Cub-c nL 

Po-e P"'9P "'!'f ,f,,,q'bpuUlqUl'b b'b: 'IJfrrfrmfr9 nL Pr"'</_nfrmfr9 "ib'bm

l"''b'ffrmc LflUlrphp</_mJ' t- "'"-blfr .'J"'c}r ""'r<trmfil1,,,J'p, nufb'l 'fb'l
bLU</_nLb br,,,'bqn</_ nL p'bn1mz f.branufn</_ (qnurpm4_,,,c} qctbrfr ufru

u1hJ'n</_)1 lln f.bpanLd(! hpphJ''j, "fUlf,"fUlh</_nLJ' !; "fbburJLUb'fpurpy 

U111.U11.."'9"'c} pp,,,</_nfrmfr "luk'fnJ'n1d/mq'bbpnLJ, uwfl"'!'j, Pf'"'</_nfrmfr 

f,,,,,j' Ulr pbn rnz /,'j, "-"'r'fLU'fnLJh•qnr 2 nL 'fb'lbw</_1JLb U1U1ppbrUl't• 

1.hrfr f,,,,J,,,mb7 qn'b"'l qn!"'9'nJ'bbp nL 'bp,,,'b9 ,,,,,,J,,,mnLJ'f! 

HN03·n</_ (bn.ndn</_)1 

4wf.fwtJ.w.irhr~: Ub'ff'brfr, bnpfrtuq, lfn'btb'l"l'u't, 'IJbJ_b'bq,,,: 

~lJU~-nLJ' Rn'f, UJ.,,,'j,,,, 16.fr f.tmufru·"'r"-bu,,,'b "'Pf!' 

32. 1!0fllllSM.1-CoAsS (ll.q. II ll, II fl) 

!hpqpqwqwl'i fiwm~mpJntfi.&hrp.: lunr"''ii"'l''f"'tP'ii ufi'iiqn'iifrw 

( lbrJ'wuuifr6.,,,'iifr ';,4_,,,qJ',,,'j, "i"'JJ',,,'j,';,hpmJ' ,,,';,9'bnLJ I; n.nJ'pnl;'f

I'"'JPh mwppbp,,,/1fr ), it,,,rJpnLfltm'iic' 5,5, {Jmu !;lb~mr,,,f.w'lnr

·'ffri. I;: ll'iizLfr:PnLJ' R-c p,,,<1_,,,11,,,'iifr'ii P"'l'al' I;' 51%, qnLJ'iie 11rb.t'fr 
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u"ip'41,,,/l p'bnpnz fi'n'!I. "-"'I''f"''fnLt'h-qnrz bl',,,'i,'ln</_ ( "-"'l''f"''l"'l'j, 
br,,,'j,¥. f.wurq,,,"ibu l"'</_ /; 'iJ",,,m1{1nJ wrubhn"fp{'pmp /,_ "'!l ""IP

mLUq ~Y!..'bhr"'L'bbrfr ltn'l.efr'b: Q/frrfrmfr r,,,,,fbJ'wm 'fb'lfr'b br,,,'bq J_nL

'bfr, t.R.l.e nL w'bfrqnmrn"in'/_Jtm'hc film!l b'b, 'tbr,efr'b n.b{/>1b,eu'bbr 

1nLbp, ~'f'{'c}/'11L/<ftnLh(! P"'l'al' I;, cum f,.,,J'bJ'wmut"Ulb ,,bub{/>fr 

"i"'mqw'iim J' I; Vl fuJ' PP~'' "iPl'PutfrB 9 ,,,c} {' f;, fruit "'l' 11 b'iin"l.frrfr

mfr9 nL L!,:,lfr'iiqfrmfr9 P"'l'ar: 
Juw~wmmdp.: brpbd'ii [ilm !l "''l'fmJ' I; l-IN0 3: Um1r11LqwnL{'"'-

tfr'ii fu,,,J,,,mnLd'c' KMn0.1+ H2SO, . l"'"- f.w1m'iiwpbr4_nL.t· /;';, l'JnL

l'b'l'bbrfr qn'b,,,LmfiltnLh(! ,,,_ qnp•uLmfr'bfr r,,,,,r,,,r p'iinrnz filfifilb'l,,,_ 

</_nr 'trlt'ii"'P!nLrb'l'iibrc: 

'i,~ . ;46. l1npw1"'fr'bfr ,fb.,,wpJnLpb'J'bbpf!. ni r.w'bew1fr'b 'lw'b•p/w~[r Jb£• 

'1.tw'lf1Jppn4,u~[r r.w'be. (U.1filwJ} X40 (f!.u"' '1,. U.. flL'b~uni//r)• 

U.r.2wmn1df.hrr ahhrp., lfrl'ihrw1fihrr qmqw~Hmtip.: P'iinrnz b'ii 

/i'l-frnJnrt/> frqnJ'hmrfr't pJnLrh'l'iibr ('iiq. 46) 11L f.,,,mfrq,,,</_nr "''l-

1,bq,,,m'iibr: ~,,,6,.,,,fu mb'lw'twl</_nLJ' /.; uJ'wlmfr'ii-fuL'~"''iimfrmn</_ llL 

unLLlpfi'f'iihrn</_1 RnLqw"9</_nLJ' I; Py' Asp, Lei, GI, Lm-Pold. Po, 
Cp, SI, Cub, Bl nL Ag J'fr'iibrwi'iibrfr t.bm t.fr'frnfilbrJ'"'l t,,,,'ii.e"'-

•l UJ Jl'b (' llLJ' l 
Swrphrn1pJmr.~ fitiwl'i tirl'ihrw1fihrrH: ~'£,,,r,,,<l_nr /; zifrnflbl 

"iPl'frmfr ( un</_nt'"'P"'l' 'iirw 4_rw wq'fnLJ' I; HN0 3 , q"'{''f"''f"LJh 
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I 

kp,,,'i,'f i_rtL'itfr "- frtz"urf'n"I !; ), "'ruk'itn"ffrrfrmfr (HN0
3
-fo J.fruJJ.,,,_ 

'itw"fwUlnL,/, tfwl''l"''fnLJ'it kpw'it'l t_nL'itfr, nLrlk'l w'itjr
11
nurf'""f !;/nrrJ

p,.,aJ.._ f[ur['tfwJ..[!'l.b{' ), Lfr'itkfrui-"fnlfr'lfrJfruijr t:.bur (fr'lnurifn"f L 
ll"'f'J.f'"'PJnL'itf! ,,,tf/,Lfr 9"',}[' )1 lfnpwlm/r'it[! uurnLJ'f nf'nzbtm/ r:,,,,,r "'P 

' / 

,,,'j,r:,r,.,rfb:_m !; ft,,,mwrbl Jfr4rn.[!fr,/frw"w'it .,,'j,,,,L/r'l' / 

..!wr. fm1Jw.i rhrp: l1nf""L m, U4m urbl'"''I (1.mrtf b'ffr,,,), /r.nL-U.'lbf" 
1f "'l'nft~n ), 'l-wz4buw'it1 4 UU4-nLJ" ~"'I' 

1
' 

33. f!PU'{flf>S-(Ni, Pe)S2 (U11. II U, II ll, III U, III f!) 
), U.ttJ. tl,U.tUl>S- llU.SI> trl>s NIS2-CoS2 

!bpqfiqwqwC.. fimml)mp-.im&.&.hrri: lonp.,,'i,,,,l''l"'t/i'it ufi'itqn'bfr,,,, 
fJ"'rJ.rmPtnL'itf! m,.,uuu'ittfnLll !; 3,5 Jfi'i..t"- 6 ('i,,{,,,'lnLJ !; Nl-m[ 

t:.wpnwur ur,,,ppbp,,,fJ'itbpuLJ), t:.7qi/_nL,/ !; "1/rrfrmfr9 L"'t/' U.'itzLfrf/>nui 

R-e nL 'f"LJ'itl' 'f"'"fi/_wJ. lfw'lJmpJnL'itfi9 nufb'l rjrnrjrnfui/_nuf b'it. 
Ni-ni/_ t:.Ulrnwm urwppbptufJ'itbpfr R-{! ~40% !; (Jnui !; Po-fr 
R-/t'it). /ru!1 Co-ni/_ r:,.,,/lnLUUJ mtupphrtuq'itkrfi'itl! 2_UIU1 "'tfbtfi l'"'rar 

!;' 50-52% ( Jnm !; Py-fr R-Jr'it)r 4,,,,r.,,"fU1m1»ufu.,,'i,.,,f'"'[' 'f"LJ'itf! 

rfan/ui/_nL,/ !; "-"'f''l"''f"LJb-'f"r<:./r,9 (Po 'i,J ,,,'i,) J'fi'itt_I.. lirb1lfi-u"l.fi
m,,,4 (Py-fr 'it ·f,,,'i,): liR·e ilni/_nr"'P"'l' pnLJL !;, w'itfr'lnur{in"fnL

PtnL'itl' 'itlt,.,urhlfi: 1brl!fr'i, nbfPLb.[!u'bbrl! f'"'B"'lfw1mJ b'i,, 4,,,pJ.pnL

Ptm'be' J'h_fi'b nL pwra.r !; ( J'r1w'i,J,,,'i, urwppbptufJ'bbf'fi t:.wJ',,,r 

'imLJ'itfr,,ft ,'J .,,,}['' 3 "f"'qwu ), I!'"" t:."',/bJ wurwftw"b nbukf/>Jr urw
urw"btf m,J !.- IV (~SJ) k VII (~Py) fuJ'phrr Jfir_k: 

luwbwmnnip: U.nnuf !; 'IP"'ftw'i, HNQ
3 

(£-,rnLJ, t,"'tui'bwpbl'. 
tfnuf !; 'l"'i,"'L"'Pt11i_'b), HCl 11L KCN+: 

Uf1fmmnnfGhrr 0.1...hrp, tfpGhrw1Ghrr qmqwl)gmtfri: U.nw
2
,,,

9
• 

'i.11LJ' !; ltnlnJnrf/> w'i.2u11nmJ'itb1,, Jw'i,l'"'t."'m/rl[ "''lt'b'f"'UJ"bbr~ 
frqnJbui1-./.!1 'ln'bwl PJ"Lrb'l"bhr, hpphJ'i, tfb/'bfi4ntf/rm/r ur/r"i/r J' rw

'j,,f ,,,'j, lrnmu1"nLJ"bhp: U.nwp_,,,"b1n,/ !; /r'itz"fhu t:./rU[n'fk'it, "'J'i,"fbu !;l 

t:.fi"lbl''fb'i, "i"'t'lw'it'bbpnLtf' 'l"L'fwfJ9 1fbL"'[ Po, Pn, Py, Mr, Mi-fr 
t:.bur: {,,,J'j, "'"'l'"'Ji/_wJ !; "f'"fbu "fh'bur[w'b'lfrui/r O.[!"/r'1w9Jw'it 
cu f''l-J"L'it.p L/rl/i/_ .,,9{in"b t:,"''j,.[!uti/_,., Jf'h[11nJ 1 

SwrpbrcHpjntG.p Gtfw& tfpf.hrw1Ghrp!J: 4'hwp,,,tfnr !; ;_rjrnpbl 

P y·/r "- Lfr'bh /rur•U[n Lfr'lfr1lfrur/r fuJ p/r J{i'bbpw['bb11/r t.bur, npn'it9fr9 

ppwtfn/rm(! ur"'l'l'bl'tfnLJ !; p'bnpnz '[n'bwl qwnnL9i/_wJ.[!ni/_ nL 'itf(ru~ 
urblfr w'bfr'ln"'l'""f"LPJ"',f p1 

..!w&fw~w.1rhq1 : !2fr'fb'it ('f.:h4) , '&fi'bftntnpi/_b (!lwfrr), U.J'lfrr
LP' :.uu~-nLJ' ~"'1' 
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lurn~wmntUJ1: U.cnnul h'b 'lr,,,l[,,,'b' 
1
HN03 ( "'"111'b9 b,,,f,,,'j,,. 

hpphJ'b p,,,9 ,,,u,,,",,,'b), ,,,r.eUIJlllflflnL'h, Br 'l"L"rzfi'hhrl!' hpphJ''h· 
FeCl3 "'- HgCJ2 , Uu1pml[11111Lr"'1fi'h /u,,,J,,,mruJ!!' KMn04+H2SO~ 
1,w.r H20 2+ H 2SQ 1, Ulf'.f'-"'J,,,fi!fi!m'h, /um,,,9. HN03 , Br 'l"L"rzfr'hbrl!.' 

u.r.~unnnu.ffihrji al..hrp, ujifihrw1fihrji qntqwlrnntup: U,,,,,,p__,,,9-
bnLJ' I; frrzn,/hmpfi/f PJllLrb'/.'i,bp nL UJhffUJbnh U1hP._U1mnL1fhhp, npnh.['_· 

wb'l"'""'l'IL,f b'i, "tfirfimfr'b, 'bfi"btfi'hfr'b, "lh'bu1l"''j,'lfrmfr'b l.t. "'Jl'j,• 
pbn/'"2 h'i, frmpUJbUlp'J-"'Jfrb f.bpd11LJ' nL tft2pJ,,,'j, bn,,,'bl[JnLbfi'bb[',. 

.QnL'f,,,l[9tJ.11LJ' I; Ni nL Co ,,,1,,,b'bfi'l'hbrfr, tfr'hhfimfi, lfnL'biutJ.nr Jb

m,,,'l'bbl'fr unLffi./i'J-hbf'fi f.bm f./i'J-pnflhp1f"U1[ f.tub.f'_U1t/.U1JpbpnLJ'1 

- flLLJ,,,'bfimfi (NiSbS) f.bu1 ,,,,.,,,2.'"9'bnuf I; fi'l.nJ'nrfP 2"'P.f'-' 

SwrphrntpJntfip fit.fwf, t.fpfihrw1fihrJi!l: 4'blllf'"'t/."r I; 2'f•nflb l 

nLLJ',,,'bfrmfi f.hm, "l'P 'lh'lfi'b br,,,'!,'ll!. u,,,ft,,,J'ii ,,,tJ.htfi [il•nJL I;, fiu!1 R-[! 
1fin.er-fi'ht 9 111Jp' 47%, •hi•J,,,'i, bn,,,'blunL'iifi'bb1,l!. :,,,,'l.t/.111'1b"i b'b,. 

Br-fr 'l" l "£'2.fi'hbrl!. th'h '"'l'lnLJ l 9·bru'ln r lpfrw-nLL ,f ,,,'bf.mfr 2UI r.efi 
J'[1bhpU1[hbf'fr umnLJ'f mU1[1php11LJ'[! f.'i1U1pU1tJ.np /; "UlutUJpb[ 1/fil[pn

.f!f.J'f>UJl[Ulb "''h,,,tfr'l.'hhrnt/. (As ",,,,/ Sb): '1-hru11nrfi.fimfi'h 'iiJ' w'h 

h'b tfr'hhfim·Ufnlfi'ffiJfimfi /uJ'11fi J'f'hhrw/bhpf! (!1,,,rJ-pnLfi!JnLh[! ,,,,/_btfr 

9,,,Jr I;, nL'hh'b t/."'J''l""f"LJh hpw'b'l) nL uJ',,,Lmfi'b-fulnw'bmfrmp 

/uJ'pfr J'fi'bhpw['hhp[! (R-[! ,,,tJ.btfi pwpdf' I;, 'lh'lfi'b bpwh'f[! [ilnLJL} 1 

.4mf1fm~wJrhrp: 1Tnp,,,l"'• 4w'h.e,,,tfi'h thn'hhr, .'lbrfrl[nLL, Pbr

!"'l."tJ.ul11 ~uu4.,,,_J' .Q"'l' 

3G. OHlfU'11' S-NiStS 

:hliql1~wl1wf1 fiwmljnqi-.imfifihrp: lun J'UlbUJ r'lwJ/t'ii uft'ii'fnbput, 

11111rJr,,,_/J1111.'hf!' 5 -/J,5, L"'t/. l;lb"mrUJ:.,,,,l"f''IPi.. /;: U.'h2tfrfPnLJ' 

R-e Jfi'l_fi'h 1;' 47 % ( "Lftr/tmfiy 'h"wmbtf1 .9 wttr, 11 ,,,utJ.nd 1; UJtJ.btfi 

i.fi2m Ill /uJ'pfi'b "'- mhqw11-rtJ.UJJ I; 'j,,,,ft. lII w'l.JnLuw"nr_J ), 'l"'-Jbf! 

""Lfrmwl[ (rluLJl lwb1lft brw'h'lntJ., t.R tn'-'bft, f1cznmrn"1 /;1 thr.efi'ii 

nblf>Lh.eu'hhl'f! P,,,9"'",,,JnLJ' h'b, l1iupJf""filJ11Lb I! J'ft2.ft'i1 I; nL pwpdp, 

f!Um f,,,,J'bJ'UJmlU"lUh nbubfi.fr "ftum4UJbtlLJ' I; v ft1J'pfib1 "ffrr/tmf.9 

4'".er-fr'iit 9,,,Jr' 
lnm«)wmmt.fp: U.rnr1LJ b'i, 'll'"'"w'it' HN03 ( ,,,l,,,,'l '1"1'2,,,9"'-,f ), 

"'l'.f'-WJtu[il(rl1n'ii ( wrw'l ,:ft.,,,9 ,,,_,r ), hrphJ''b FeCl3 "'- HgCl2-e 
(rlnLu+: llmpnr_l[in11Lr"'!P'b /utuJ,,,mn'-J'!!' Jf11tu9n'l HN08-/t 'l"L"r-

2Jt'i.,brl! l_hh UICJ.'fllL,f (Ji mwp phpnL(rl JULb f.hru11nr :/>fr mfr}: 
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U.fi~wmnuif,hrji al..hrp., t.fjifihrw1fibr~ qntq.wlignui'p.: F'hnrn2 b'ii 

fiqnJ'bwrf" t.w6.,,,/u qn'bwl PJ"'rb'l'hbr tftuJ'w'b bnw'hl[Jn'-'bfi'bbrnt/. 

( tJ.hrp__fr'ii'hbp[! wtJ.htfr tJ.wm b'b "'rmwf.,,,1mtJ.wJ, .['."'ii 'lhru11nrfPfiwfi 
.,/nm): 

.QnL'l"'"9 tJ.nLJ' I; Co "'- Ni ,,,ruh'iifi'l'hbrfr, Bi "'- Ag J'fi'bb

l""L'iibpfi, bpphJ''b "'-P"''j,"'Jfi'h fi1bclfi , d•'I1bfimfi , 'l,,,lb'bfim/i, uf/>w

.[hpfrmfi f.hm t.fr'lrnflbrJ',,,l f.w'h.ewtJ.w1rhf'"'-,f ' 
SwrphrmpJntfip fiJwf, Jpfihrwtf.hr}i!l: 1,'hiurwtJ.nr I; 2tftnflbl 

Lfi'iJhfimfi f.hm, npf!.1 UUl"U1Jb1 TILbfi wtJ.htfr 9UIJ/1 ""'f'Jpnt-{JJf!L'i,, t/.iur• 

'fW'f"'-Jh bptub'l ( "f'f! ptu9U1/f"'J"'-,f /; "'l,J,,,'i,fimfi J'nm) u"11LmhpnL

·'1fimfi nL uJ"'l"'""'" f.bw ('hrwt9 R·f! UltJ.h1fr PUJrdr ·1;. l[rbJfi 

bpUJbt:f{! ptu9UJ"U1JllL,j /;)t 
fl._LJUJ'bfiml!. 2wm ';,,f,,,'i, I; 'lbl'"'l"rfPfimfi'b ft. IJUJ'l.J'"' 1! I; 'bpw 

f.hm fr-'l.nJ'nrfP Jfi 2UIP.['.' 1' wwpphpn'-(rlJ"'-'j, 'lbru11n1•:PJ•mfi, "'-L• 

J,,,'bfime Br-/1 'l"L"r2fiiihrmf tfi P,wJ-,,,wtJ.11,_J' ft. •hrJ'UJ'b },,,,,,-;,_ 

11.t"'-tfi'hhp[! 'hrw J'nm U1t[h1fi f.w'l.tJ.•ur1-h"i h'ii "'- 1/wm w111111uf.U11u•

t/.U1tt1 '1-br"'l"l'fPfim-nLLJ'w'b/1m fiCJ.nJ'nrfP 2"'!'.['./i Jw1r .,,'j,'1.,,J'hbrf 

~mnLJ'f npn2nule f.'bwr"'t/."!' I; J'frl1rn.efiJf1w"w'ii (As nL Sb nirn-

2,,,_,r) nL nbbm'JhbnJhmpfl[ /,'/.UlbU1/f'j,b('nt/.1 

4wfifwqw.irhrp.: 4w'h.eUIJfi'ii thn'hbr, '1,,,rfi'hmfi,,, (U.tJ.umrfiUI ): 

(U11. II U, II fl , Ill U, III fl) 

!bpqpqwqwfi fiwmqntp,pnfifihq1: Or(rlnllnJ'pwJfi'ii ufr'ii'l~'bfiiu, 

"Ulf'Jrm(rlim'he' 2 - 2,5, (rln'-Jl l;Lhl[mr•uf.w'l"l''l-frt /;: U.'b21pfimJ' 

R-e 48- 42 % 1;, 'l"'-J'hl!. ""i/tm,,,11 (rl•ILJL11h'lft'i1 ",,,,r '1rbJft br,,,'h

"l"t/. ( 'l,,,lb'bftm/t ""'l.f'-fr'b nr_'bfi 'lb'l'b"'tJ.nLh bpw'h'f, w'bwfrJ'n'bftmfr 

f.wJ'b ,/ UJm l[[•b ,f fr-u"i/t mwl[ I;, f''j,,,,J Jt'b pfiuJ11Lm/t f.wJ'bJ' wm ""'"f
'""'.J n P,p w'f"LJb ) , t.R-e 'j,",,,mhtfi I; ( u"Lftw..;l[/19 J'fr'bj_!t. 'lh'liJ,,,

tJ.m'ii, pU1JS ,,,iJmfrJ'n'iiftmfi t.R-Jt9 2wm wtJ.htfr fil"'-JL } : U.'bfrqnmr"

Uf"'(rlj,,,_'j,I! UfUlpCJ. /;1 (rlnLJl 'f"f'2wtJ.11Lb 'f"'-Jhhbpnt/.t thf'.['_fib nblp-

1b.['_uhhp 1.."'-'bft, 11,,,rttpn'-f"J"'-'i'l! 9 ,,,Jl' J;, f!UUI r,,,,,fbJ,,,mu.",,,'j, 

nbubfi./t "iwm"UJ'hmJ I; II [uJpfi'b' fr1wtl1n"Lfil'ftmfr9 9wttr, uwl1w1'b, 

p'iiwJJt'ii pftuJ'nLm/i!J P"'fd{'t 
luw~wmntt.fp: U.'l.'1"'-'I _h'ii 'lrw!1wb' HN03 ( bn11LJ', UlfW'f ub

tJ.wsnr_J) , UJp.['_wJw(rl(rlm. ((rlnLJL bnnuf, 'l"l'2w911LJ) , /11miu9,,,J HCI 
(Jftwdtuhw"fwmnr_J), HgCI 2 ( 'l"f2w9 nul, ft mwrpbf'"'-(rlJn'-'b Bl 
'"IL J'fr'hhr,,,L'hbrft, npn'b9 •lrUI HgCl2 i../i wtz'1'"-J') : u'-"f"'-"mnLpU1-
1fr'ii ju,,,Jwmnr_Je' P,m,,,9 ,,,J HN03 f.w1u1'ii,,,ph11nLJ' I; f.brdnr_Je: 
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lJ.bQWtnnttffihr}i al..hrfl, tf}iG.brw1G.br}i qn1qwlJgnttlf1: f:'i.,npn2_ b'il 

hrit"'r,;;li'lrf"'"'' "lffrqJ.,,mfr4 ('b4. 47) nL_ ,,,,,b'l'i,.,,/i/,_ J.11frnJnp/[>

PJ"LPb'l'bbp1 wi/btfi f.wqrf w'lb"l t:.wmfr4'bbpfr "'l""'l'finJnp/f> "''ll'b

'l'""'' Rm'l"'4srfmJ I; Cs, Wt, Sch, Asp-fr, m"'rl'br unLilf>fr'l-'bbpfr, 

Co llL Ni-fr "'rub'bfr'l-'bbrfr· p'b.,,Jfr'ii Bi, Au, Ag-fr, nLpUl'bUIJfr'i, 

fr1bJ-J> t;.b1.11 r.fr11rn[Jbt'""'L t;,.,,-;,.f!'"'["'JrbrnLJ: 

l,~. 47. /lfruJnLtnp'ltfr (u"IP"''"~) w'j,!"'"'"d 1-wl~""lPl'P"'P (•lnt_.l'"''l:"'--J'j,
""l~uu•~) 'lwztnn,__J, U.1'1"'1nrp ~w.-,,1!+ (~UU~) X 240 (I'.""' 'lo.~. t/Jf_il1w'j,f_i)• 

SUirpbrmp.imG.p G.Jw!'. JpG.brw1G.hrpg: J..'iiwr"'"-"r I; 21mfilbc 

.,,<;,urJ>.ln'iifrmfr t;.b1.11 ( t.R-1! 2"'1.11 .,,i/btfr nLJ-b'l J;, R-1! 8"'.)P• KOH 
"''l'J-"LJ I; nLJ-h'I_, "'""'l"'9'1.iblnr/ 'b.,,p'iip__"''f"LJ'ii pfrJ ), pm-L"''j,J-/spfrm/r 

llL 2_.bJun'bJ.1.11fr t;.bu1 (bp~nw'ii l;l nL<ub'ii .,,i/_btfi S"'Jr R, p'bnpn2_ t 
4"'"l"'"'i{nL'b bp"''b'l), l;J"flb41.11frmfr nL lll"'"lP""'fr1.11fr J:,b1.11 (bp4nw'il 

/;[ nLitb'b .,,i[bifi 8"'Jr R, bpw'b'lf! 'l"r2"'r/_nL'ii}1 
FfruJ11Lmfr'bfr umnLJ'f "£"'2,f.,,'j, nL "'l'b Cu, Pb, Bl, Ag 'j,J.,,"j, 

unLL:/i"'"''llsrfrs m"'rPbrbinL t;,.,,J.,,r "''iir.piucl-bzm I; 4.,,ur.,,rbl Jfr4-

rn.efrJfr"'4"''b .,,'j,.,,Lfr'l.'iibr Bi "'"'t"'JnLfilJnL'iif!. nL Cu, Pb, Ag-J_. 
P-"'9'-"it"' JnLP 1nL'bf! n rn2bi11L 'i,"f "'1.11 Ul4ni/ I 

,.!wG.fw'1_wJrbq1 : Swu'bw, llbpn•'fb-f//.,,uqn ("lbpnL), '{;brini/"'J"'' 

lb", U.'1-r"'uJ.,,'j,, µ rfit-JnLL Ull 1,Ulll,-nLJ' Rn'I-, /jb'lr"'anr, ~--
2."'r"'"'' U.'l-,,,r"'4• 'J-,,,umU1qbr1.111 
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38. lullt'inlflPP1'S-CuFeS2 (llq. II U, III U) 

~pqplJwlJwG. fiwmlJmp.1mG.G.hrr : Sbmr"''ln'biu1fr'i1 ufr'b'ln'i.,fi.,, , 

14.,,pJpnLfilJ11L'bf!' 3-4, fl11LJL l;Lb4mriut:.w'lnr'1/ii.' 

U.'bzifr/f>nuf R-1! 47 % I;, PL/hf! 7-b'lfi'i., (u1.11iu'bfi<uJ. 4n'f.l_!fi'i.,' 

.f'-"'9 'ib'lfi'b, "1'1rnmfi'i1fr ltn'l.f!fi'i.,' 'lb'lfr'i., "'""''bs 'tnrz hpiu'b'ffi• 

/''b'"Jfr'b Ag, Au, Bi·fr 4n'l.J'/>'b flm-ll l1iu'bwz.iui{nL'b-11b'lfr'b ) 1 6R-l' 
/,_ iu'bfiqnmpn"fnLf/Jnt.h(! 2_WU1 fil11LJL /,'j, nL 'b~iuUJi[nuJ' h'b r.wqi{iu

''lb"f JfriuJ'b piuplir 2._bpJwumJ.i...,,5,.,,Jfr'i., urU1pphpwJ1'i1lrrfr Jnm, '"J'b 

l;L frJbrufr"'Jni/ /,_ nufb'l inLuU1i[npnLfilJiu'b "l"'JJ.,,'b'bbpnLJ: 1hp.pfr'b 

J1b/f>1b.eu'bbr z.11L'bfr, 4UlrJrnL{iJJnt-'bf!_ f/Uldr I; nL Jfr2._fr'b, (!UUI t;,.,,_ 

.JbJ.,,u:t"'4"''b nbub/f>fr "1"'"'4"''bnd I; III fuJpfr'b' 'l"'Lb'bfrm/i9 

l'-"'rlir I;, P"'J9 u/f>U11brfrmfr9, "1frrnmfr'bfi9 llL "lb'bm1tu'b11frmfr9 

s"'Jr, 

luwb-wmnnfp: U.'l'lnul b'b '1r"'4"''i,' HN03 (bppbJ'b [t!nLJL J'm

'l"'9mJ), KMn04+H2S04 , l{i'v\n04 + KOH, fr1m•u8iuJ AgN0 3-fr im

ct11L1fl { u"-U19nLJ )1 

lJ mpnL4111nLr "'Jfr'b friwJw1.11nLJ e' KMn04 +KOH /j i[w1r4" 

NH40H+ J'fr .J?"''bfr l1wfilfr1 H 20 2 (30 % ), HN03 fr11.11"'s· + .J'fr 
.JJ/rt KC103 , 2,5 J'wu /umw9.,,J H N 0 3 + 4 J.,,u frimw9U1J- HC! 
+ JJ. JJ/rt KCI03 +10 1lwu 2._nLr' 1."'1m'b.,,pbpi{1nJ ht "l"Lfrufii.

_[ilbmfr4 4r4'bwpJnLpb'f'i,bp nL U1'frb'fU1U1fr f,,Ultn/i4Uli/nr umpnL~
LnnLpw'b1 

U.G.fwmnufG.brp al..hrr, JpG.hrw1G.hr\i qmqwlJgmJr: f:'bn11n2 b'b 

.uinmpfrnJnp/f> "''lrb'l"'m'bbr ('bl1 . 48 ) , "'i/btfr t;..,,'li/"''lb"l ltnlnJ'nr/f> 

"'""'l"'SnLJ'bhpt luwi~n"ffirfiuifr 'l"'zmbrnLJ r.wi..w/11 b'b "lfr'b'l inL

JnLJ[il'bbpfr mpnt;.J.,,'j, br"-nLJfil'bbrl!' 4nLp.,,'bfrmfr filfrfilb'lfrlt'bbp, 4.,,,r 

SL Po, St-fr l;JnL1ufr.,,'i.,. friwi~n"lfrrfrme frr t.brfilfr'b nr"lb" "1fr'b1f 

L"LJnLJfl'bbpJ. mpnr.Jw'b "'P'IJ"L'b,e filfrfilb?fr4'bbpfi nL l;JnLiufr"'Jfr 

a"-ni/ t;..,,5,'lfr"fnLJ I; Bo, SI, St-/i '1"'2_Ulbp11LJ'1 RnL'fW4fJnL1l<uhre 

2_UIU1 U11Uppbr b'i.,' Po nL Pn-fr t;.bw Lfr4rwsfrn'b r.w'b.p"'"'"Jr"rnLJ, 

Mt, Po, Asp-fr t;.b,,, ul1wn'b.,,1fi'b t;. .,,'j,.J?Wl[UIJrhrnLJ, Py, 81, Ga, 
Mo, Bo, bsm-fr, p,n1_'b.,,9wJ t;..,,'i,.J?.,,'bJnLfilbrfr "- '"Jl J'fi'bbr"'L'bbpfr 

t:,J,.,, m"'rPhr r.fr11rnfilbrJ'"'l t;.,,,'b.e"'i/"'JrbrnLJ: 4,,,,,_,l'"'lb"l t;.iu'b

'1fr"fnLJ I; t;.fr"lbr'lb'b "i"'IJ"''b'bbpnLJ: 

SwrphrmpJmf1p G.JwG. J}iG.hrw1G.hrpg: 1,'biurwi/nr I; zfnflbl 

-"fribrfrmfr t;.bm ( Jfrtbrfrmfi R-1! .,,i[bifr P"'rlir I;, 11dbq ,,,'i,frqn

m P""l I; nL ,,,'i,2._ UJUlnLJ'bbr I! b r4w r"'/i'fi{UIJ b'i.,)' 4nLpU1'bfrmfr ( nL

J-b'l .,,'iJpqnmpn"f J;, nLhfr i{wp'J-Ullf11LJ'b•'fnp2_ bp.,,'b'f)• "ffrpnmp'bp 

( nufb'l iu'bfrqnmrn"f I;, "-"'r'l"'Cf"LJ'b bp.,,'b'fni[), "lb'bmi"''b'l-frmfr 
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'1,ft_. 48, /uwlftn.'ff•ppmp o'lwftwJ./, wlnlwftwlnLJ£!. Lf-Jn"bpu1m/1 

11."bufaf/>nv!, ".. 60. !J.n.,p ~ .... "bcw•f., ~wJft· uu~ (£!.""' &. ~. lJ.,lppJw"bp)r 

(R-e ,.,tJ.btfi piur•/ir t , p'bnrnz t r.bp/inufe 11.1mrmtJ.iuJ 'IJbpnif., 

'Jh'l.fr'b 'f"LJ'bl! ZIUUI iutJ.btfr P"'9 t), "ffrrfrmfr (R-e nL nbubf/>e 

uitJ.btfr piurar b'i1, 'Jb'lfr'b 'lmthf! ztum tui[bifr 1'"'9• r.tu-6.uifu fr11-frn

Jnr:P t), 'tuitw1_bpfrm/i - AuTe2 nL 'trb'i.hrfrmfr - (Au, Ag) Te2 

r.htn (r.w'b'Jfi"fnuf b'b r.wqtJ.u.1'Jb"f, 'fnLJhf! pU19 11-h'J.fr'b t, nhu'1f/>e 

zwtn 9wJr ): 

lowiftn"frrfrmfr Jui'br r.uim{rl1'bbre l1wrlrtfr t zifrn[clb[ p'bwJ-fr'b

Au r.b;,., ( nu'tnL R-e z ium tui/.htfr f'Ulf'ar t. fumui9. AgN®J [nLdnLJ-

fle tfr Ul'l'J"Llr, ""'' KCN-e Ul'l_'J"L,r t): 

4wf1frn1lw.irbrp: µfi';,'l:;,f;,f, !lml1fr'ttuifUJmUJ, '1UJtnu.1h'IUJ• '1nnLh

riu'l, ULJiuL{rft, Jlh'fftlU'f'f"''j,' nL['IU[/r 4nah'fUJbtuJfr'b t,,,,'i,.[!., SnL

rfr'bttuh r,tuh.[!•' ~UU~-nLJ' IJ.[u.11_br'f"L funLifpf! ' 1.iupiu'i., 'f?w'lw

riu'b, 11.'liu ru.1ft, ~fr'b'JIUrUJr 
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Sip q]1 l1rny w& fiwmynq>.1mf1f1brp.: lun 1•tu'i1tu1•'1w tfr'b ufr'b'ln'b frw, 
ltturdrmfltnL'bf!' "fnlf1'1fr.!fr"'fr r.wJwr 4,ii, ifr'bbfrtnfr' Jfr'bt_l.t. 5,.5, 

fJ.'i.2Lfrf/>nLJ R· e 46 % t, 'f•n(ul! 4rb.!fr·u"ffru11u't tJ.tur'Jw'fnLJh-'fnrz 

brw'b'l"'l ('i.1fw'i1 t Po-fr 'fnLt'bfr'i1), t.R t_in'bfr , frqntnrn"f b 'tbr

.f!fr'b 1Lb:f.1b.f!ubbrf! pw9wff1UJllL,/ b'iJ, /1wrJrnL[cl JnL'i1f! Jfrp_frb t nL 

pwr/ir, cum r.wJbJ.wmtuf/tuh nbubf/>fr "f'umf1w'i1nuf t V /11.!pfr'u' 

"ffrpnm/1'bfi9 nL /11wi4nu1frrfrmfr9 pturJ.r t 11L wpub'bn"ffrl'frmfr9 11L 

"ffrrfrmfr9 zwm 1U1/bLf1 9u"fr: 

luw~mmnuSe: U.'l'lnuf b<;, 'lrtu'tUJ'b' HN0,1-e ( 'lnl'z.w'lnLJh pftJ, 

bppbJ<u tfr wrl'JlfLJ), HgCl~-L! b1,pbJ'b, r.w1m'i.tupbf''IL" t umrnLf1-

mnLrUJ<u: 

U.&l'wmnu!Gbrp li.hbrp., tfp&brw1Gbrp qmqwlrnnuip.: µ'i.nrnz b'b 

fr'JfrnJnr:P of1mwt'JftU£frh /i/.r.hpfr tuh'l_WUlnLJ'bbr brpfr,/'j, Jfribrfr111Jr 

"'t'nr.nLJni[ 'brtu'i.9 'lwztnbp11L1f1 R_nL'fu.1l19i[nuf t hem, Bo, SI, Cp , 
Ga-p r,1;.,, r.fr'll'n[clbpJtul r.w'b.[!wi[wu•hr11LJ: 

Swrpbr1n1:>Jntf1p GJwG tf]1Gbrw1 Gbrp9: '1turbifr t zi/1n[clbi l1n

ptutmfr'bfi ( tutJ.bifr l1w/'Jl' t nL [clnL!L tuhfr'l""'lm"f) , "ffrrn111fr'bft 

( w'bpqntnrn"f t, 4tu11dpnL{cJJ"L'i1'b nL R-e wi[bifr 9wdp b'b, wh'l_tu

mnLJhbrfi J..l.r.hpf! 'tub'im.!nrf/> ), /11wil1n"ffrf'fr"'fr r.bm ( qmt'i.L' 'lb'l.fr'ir 

1UfllUh9 i/.Ul(l'fW'fllLJh•'fn('2_ hp1Ub'ffr1 'ttuf'Jrnl/t/Jlllhf! ztuur wtJ.hifr 

9wdr t )1 
4wfifm1lwvbrp. : '1iu111<u'i1'lw , S11Lrfr'btw'b r.w'b.[!., 'l-tiu:f>frrtw'ir 

r.w'b./!" :bfrtfr•U"'! (fl.'lrP· 1JU~ ), 11.!'lfrrifr ( ~wt•tutJ.. flLrlUL): ~UU~-
nLJ' R_n'fl 

40. 'l-u.t,btt>S- PbS (U.11. III fl)" 

Sipqp~wyrnf1 fiwm~ntpjm&f,brp.: lunrtuh•ur'lwtfr'b ufr'b'ln'bfrw, 

1JwrJrmf11nL'i.f!' 2,5, [cln<t ttbf1mrwr.w'l.nr'lfil b U.'i1ztfr:f.1nil R-e 
43 % b 'fnLJhf! u"ffrmwfl {'fnLJhfr nL R-/r tmtu[nh t ) , t.R t_nL'bfr, 

frqnmrn"I. b 'tbr.f!fr'b nbtf>Lb.f!u'bb1,l!. pw9tuft"'l"LJ b'b, l1wrJrnL

flt"Lhf!' 9 tur}r, cum r.iuJbJwmtu'tui'i. nbubf/>fr "f"'"''f"'hnLil I; II 
futf l'fr'b-iur'lb'bmfrmfr9, l1ntJ.b tfr'bfr 9 nL "In tfrpwqfrtnfr9 pwpar t, 

pltuf'tn"ffrrftmfr9 nL fr111Lhw9iuJ- f.tuh.[!WhJnLftlbf'fr9 9wdr: 

luw~mmnttfp: U.q']nLJ b'b '1-f'IU,flUh' HN03•f! ( wrw'l ul.t.w9nLJ ), 

HCI-e (flnLJl 'f"{'P.tu911L.!), FeCI 3-e (Jfrwdwhw"fwmnuf, pw19 
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pnn'bfrmfr 4n'J.l.zfr'b tfr W'{'lnLJ ). HCI-e fr1mw9tuJ ( wrw'I 'lnrzw-

911ul)1 Ump11L4m11Lpw1fr'b /uwdwmnul[!_' 75-85 Jwu HN03-e (d = 
=1,2), npfr'b 'l'l'"-!7- IL w11mfrl..w'bwpw(' wifbiw9'bbl 25-15 J.,,,, 

9fr'bnL ""lfrrm (90-96'.!\, ). HCI (1: 5) 2-10 if"'Jr4·' 

U.G.fwmnuIG.hrfi. lihhrp, t1'fi.G.hrw1G.hrr qntqW~!Jnttip: f'bnpnz I; 

winmpfrnJnrf/> r.111mfr~wi/_"r "''lrb'l"'"'l!• r.w'{i[w11b"i pJm-rb'l'bbp IL 

'lblb'bJw'b 4n'b9b'buri1filt 'ln'iuu'bbp. npn'b9nLJ Ga·e r.bpfilw'lwlifnLd 

I; Py, SI Cp-/r /)bur (4nu_b11w'b.,,Jfr'b t:,,,,'i,.f.!wifwu•hpnLJ}: ~nLlfUI• 

~ff'fnLd /; U1Ulppbp unLi:Pfr11'bbf1fr1 1JnL[f/>ww'fbpfr1 /)w'f.ifw'lb"f wp• 

ub'bfr'f'bbpfr l)bu1 l)fr'lrnfilbp1l.,,l l)..,';,J'wifwJpbpnLJ: l.,1u'lifw'1b"f 

'bumi[wJ.f.!wJfr'b "i"'J,J'w'b'bbpnLJ SI, Cp, Bo-fr t:,bmr 

SwrphrntpJntG.p G.tiwG. t1'fi.G.hrw1G.hrp!J: ~'b.,,rw1fnr I; zifrnfilbL 

Jfr Z"'PJ' r.w 11ifw'l!"un Jfr'bbrwi'hbrfr t:,bm' luwnw"'"'Lfrmp PbSe 
(R-[!_ "'"-"ifr P"'l'ar I;' -"9 % , nbubfi.l! zwm "'"-"ifr 9iuJr, .f_!Ulh 
"lu1ib'bfrmfr'bl! ) • 4ninl'"''lnfrmfr -HgTe r.bu1 (R-r 'l"'lb'bfrurfr9 9"'.tr 

f;, nL'bfr ifwr'l"''lnLJh bpw'b'I , 1/i;_pJw'b bnw'b4JnL'bfr'bhp[! pw9w~w

Jn<d b'b): 9-wib'bfrme Jfr 2."'f'./.! l"'!'j, miup.,,Ji/_wJ nL r.wml1nL• 

fJJnL'b'bbruif 1lnm (R, 'lmJ'b IL "'JL'b) Jfr'bbr"'L'bbr,.9 L""' I; mwr

pbpifnLJ f:iR-/r p1119w~LUJ11L[i1Jwdp, /r'{nmpn"fnL{JJ111dp1 1ui.4w'b11'b 

J.ILbpfr Uihp_wmmJ'bbpni/_ nL zwm phnpnz ifrzp,F111'j, J,,,.,,r;,4JnLhfrhbpni/_1 

4wG.fwt[wJrhrp: lfJruunL['P, {b'lifPL• Frn4b'b-lufiL, lf"iw'b'I"' 

(Sw'b'lw'bfr4w), Uw11n'b, Smpiw'b, U.Lfil"'J, ShmJnLfub1 ZTJUZ,-nui' 

lJ.[11/ilwl"'• '~w'lJiu, &wr.rlLJJwh: 

(ll'l. Ill 11) 

!h}1q}14w4wt fiwmqmp.imG.G.hrp : Or[ilnn.nJ P"'JP'j, ( ?) up'blfn-

'iipU11 11wr•JrnLfilJ11L'ilf!' 2,5, U.'ilztpfi.nLJ R-e 43 % !;, lf"LJhf! ""iP"'"'4• 

nLhp ~R /,_ nLJb'l w'ilp'{""'P""f'ILfilJnL'il: 'ibr.pfr'il nbfi.tb.f.!u'ilbpe pw· 

9wl11111mJ b'il, ~wpdpnL{iJJnLh[!_ 9wdp f;, £!""' t:.wJbJwmw~w'b nbub

:P/i "i"'"'4w'ilnLJ !; J fuJpp'il' 'l"'lb"itfrmp9 nL P'"'l4n"lfrr•frmp9 9wdp1 
luwbwmnttfp: U.'l.'l"LJ b';, '1rwl1w'b' HN03-e ( bn.nLJ, ul.w911LJ) . 

FeCl3·e "L HCl-e ± ' 
U.G.~wmnttil~hrp. lihhrp, t1'pG.hrw1G.brp. qmqwq!Jnttfp: F'ilnpnz b"it 

uwb'l.'ilwJ.J.. nL l..wnw'lwJ[ilw1f.'iJ "''IPblfwU1'ilbp, r.111fiw/u ppudnLmfr'ilp 

l;.bm :.wpwl..rrul'ilbpni[: RnLlfw49ifnLd !; Pb nL Bi-p unLLtf.P'l'i,brp nL 

unLLf/>ww'lbrp r.bm, p'ilwJp'il nu~11L l)bm f,P'lrn[ilbrJwl r.w'il.J!wifw1· 
pbpnLdt 
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Swrphrntp.1 ntf•p G.tiwG. t1'pG.hrw1G.hrp!J : Z.'bwrwifnr I; zifrnfilhc 

r.w'lif"''IJllLUI Jfr'bbrwl 4n'l"'LP"'p-2PbS. Bi2S3 r.bm, nrl!• uw4w,'b, 
P mwpphpnL[ilJnLh 'l"'lb'bnppud11Lmfr'bp , t_nLhp ~R IL [ilnLJL w'bfr '{n· 

mpn"f /;t 

.Z.wG.fwtl_lll.lrl:;i•p: .,,n-'tmr'1Jwr4 · (&ifb'lpw), >J.mlltw'bn ( {p-

"i""PJ"''j, 4'f'lfr'bbp) . U.11rwuJu1'b: Z,UU~-nLJ' 'f.wf._wpwi., 'rwuU1U1• 

ltbrm, 'l,wifrw'b • 9.n'f ( ?) : 

(ilit· III fl, IV) ~ 

Sipqp4w4wf, fiwm~ntpJntG.G.hrp: Op[ilnnndpwJph uph'fn'bpw, 

4wpr1pm-fi11m'be' 2-2,;) ( Jp'bt_IL 4), /;£hl1mrwC.w'l.nr'lfrt z.1;: U.'ilztfr· 

f/>nd R-e 43-30 % I;, 'l"LJ'bf! ""f P"'"''L ( p'ilwJfr'il Ag-p l1n'l.f.!Pr;, 

1ln/uf'"''lnLJ'il I;, pu4 'l"'lb'ilpurfr flL ppudnunp'ilp /)wJbJwu• wifblfi' 

JnL'f t , nL'ilp 4l'bJp bpw'il'I)• L\R-[!_ nLJb11 /; (umb'IJifmJ I; 'ilnLJ'il

pu~ u/11wl "'"iwifnrnLfilJ"L'j, bpl[nL mwpphp Jfr'bbpwt'ilhpp iun4w

JnL{iJJw'il Jwup'il, n11n'ilr1p9 Jbff[!_ ""IP"'"''/ /; nL R·f! 43 % ' pu4 

JJnLu[!_' Jnfurw'lnLJh•u"fpmw/1 nL R·[!_ .'JO % ), nLJb'l. w'ilfr'lnmpn"f ~ 
lfnLhwifnr l;lf>hltmni[ {'illiwmifnd I; nt_ ll'"" /uw z_wJ.IL 'bpl1n/bb['"LJ} 

t.h'l"./! ~"'"f"LJ"'P!J Jp'iitlL 'lb'l'iiwifnL'il-'lnrz: 
'ibp.f_!p'il nlr.lf>tb.f.!11'ilbre 'il~wmifmJ b'il nt_ P"l"P 'lb"i.f.!bpnLJ wJ'ir 

l;l Jf11u1'ii pJbrufrw1nif, 'iinLrP ifrnznLJ JnLlf 4/UrJfrr b'il: -,,,,,rJrnL

filJnL'iie 9wdp I; nL Jpp_p'il1 [!Ulll /)wJbJ111111wf1w'il nhubf/>fr "fWUI• 

fiwi.nLJ t I fuJpp'ii' nbwl'l"'PP!J nL "''nrp"fplfJb'ilm,.9 pwrJ.r I; , 
'l"'lb'ilpmp9, 1rnLp'iln'ilpmp91 pbrm1hrpmp91 l1Jr'ilnifwrfr9' 9wJ1r: 

luwbwmmtip: U.'l'f"L,f b"it 'IP"'~w'il' HN03-[!_ ( "'P"''I ulLw9nLJ ) , 

KOH-[!_ ('!nrzw~nLJ, "'"/"' 'ilwp'iip_wlfnLJ"it ppJ), KCN ±: Umpnd1-

mm.pwJp'il fuwJwm11uf' KOH-e p1mw9wd 1-3 if111Jr4• 1 

U.G.ywmnuIG.hrp. 0.hhrp, t1'fi.G.hrw1G.hrp qntqw~!JDttlp : F'bnpnz b'il 

br4wrwJ.lfifwJ ('ii~. 49), [ilfrfilb'lwifnr, wub'l.'bwJ.IL w'ilp_wmnL,/r;,bp, 

wifhtp f, 111'lif"''lb"i LUl""'rpnJnrf/> "''lrb'lwm'iibr : Unifnrw~w'il b'il 

P"'P'I "i"Lpup'il[ilburp4 tir~'ilwpJ'ILrb'l'itbr"it 11L 'ln'iiwl ~w1wL9i[wJ.f.!l!' 
9. llLlfw~9if nLJ I; ~p'iinif wpp, "IP/'""'", J' UI rfJIU'f P"'P , ILbWLlf"'PP, 

"'"'-rfr"fplfJb'i,mfr, pbf'"' '"pp mfr, wrub'bn"lfrrpmfr, Jb';,b'fp'ilpm fr·, 

P"Ll 111'iiJbrpurp r.bm r.p,,rnfilbrJ "'l 9wJr p_bJ wuurfrfiLUhUI JP"it r.w'il-

1!"'" UI Jr b r nLJ I 
. SwrphrntpJntfir- G.tiwG. tf~G.hrwtG.hrfi.g: 4'ilwrLUifnr I; zifrn(Jbl 

'lbJu11'ilpmfi nL pnLLw'i1Jbr1pmfr /)bur, npn'il9 t:iR-[!_ wifbtp {ilnLJL !;, 
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Jiu'1 KOH+ t Umftp'i.tftml! 2ifinfi11111l b'u ';,,...,/,. pfru.!murfr'l1fr f.bm, "l'l! 

"'"'rPbr4_nL,/ I; wlf_htft P"'rar R-n.f_, t,...,,fbJ'wmUlpUlr fil"LJL A R-nl/_ 
nL w'itfr'lnmpn"fmfilt•uJp. m'up 'lb'l'itwlf_m'i.t br"''b'l, ftu/1 KOH tft 

U1'['J'1LJ', pmp'i.tn'bfimft (AR-e nL ...,';,ftqnmpn"f"'-fillnL'bf! filmu b'b, 

KOH tft Ul'l_'lnLJ' ), pbrmibrftmfr (AR-e "'"-"Lft fil"L/£ I;, nL'I1ft 'l"r

.2-1/_m.'b -4--r'1...,'f"LJ'b bp,,,'i.t'f, KOH "''l'JnLJ' I; (rlmu), 111nL1•frUfft11-

.. lb'bmft t.bm ( p'iinpnz b'b P"'s-'1-b'lfi'b 'ubp.p.ft'b nL/f>th.p.11'bbN!)1 

t~. 49. Uu•frp'b/unfr Ul/'P'lJ.uinH .u'i.£.uurnLJ'bbr ( uuiL1ur.u~) e1"'l'fJP Jb~ 
( JnLIJ J11fu£'"11f'1LJ'b ) t 

(J.'bufrlf>, X 40. U.'l.uinh~fr liw'be.u•f., ~"'J~· UU~· 

4w&fwil_w.1rhrp.: Ufr- <J.m,,,'b-& ,,,';, ( !tft'bwum,,,'i.t ), I'zft'bnl1wl/_1U 

(zl,,,"ln'bfr..,), i,,,,,,,,,J·'l_"'l' f},,,'l.'lnt'bn1h, SnLrCf"'l' !J.n"lfuftmn (•1.r"'B· 

UU~)1 ~lJUl,-nL,/' 1J.'l,,,mb'1, 1J.,J,,,uftU1, !J.n'JI 

(U.q. III fl) 

!hjiq}t~wqwG. fiwmqlllp]mG.r.hrp.: Orfdn1Ln,/pU1J/i'b uft'i.t'ln'bft,,,, 

"'-"'r'~r•1Lfi/Jt:1L'bf!' .2,.'51 11.'bzLft:f>nLJ R-l' 40% , Cf"Ll'hl! ""IP'""'" I; 
( 'l"'lb'iiftm/i '1"'1.Cft'b nL'bft "w"lm"'l/_nL'b hpw'bCf), AR-e [ilnt..JL . I; 
<i.tnL1'b/iut1 frJbpufr"'l""-' nLJb'l ,,,';,ft'lnmpn"f !;, 'l""·'bwl/_np !;/f>h'1m

<i.tbpn4_' '1b'l'bw4_nL'b-'lnr2 ttL '1"''b"'[ wl/_nL'b-'1w"lnL1m1 
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"ibr,eft'it n.lrlf>tb.eui.llre 11ftuu[nL,/ ht 11J1_,,,pnLfi11"'" p1 "'lit l;l 

Ji,/l.puftlUJnll' fn2nL,/ ""'r"ftr /,'j,I l/,,,pJpnLfi11nL'itf! 9"'Jr I;, {!UUl 

t,,,,,Jb,J,,,ur,,,'1"''it nhub:J.ft "l"'ui'1,,,'iinL,/ I; I ft1Jpft'it' 'l"'tb'itfturft9 

'l'l"' L" n ph'it 9 ,,,J-r I 
fuw~wumufp: ll'l'lnul bit 'lr"''1i.u'it' HN03 (bn.nul, Jft,,,J,,,_ 

fi"'"l"'urnLJ, ukU19nL,/), "'P~"'l"'fil[ilnL ( Jft,,,J,,,'j,,,,"l,,,urnL,/ }, HCJ 
nL KOH± [ilnLJll lJurpnL'1mnLP"'lfr'it fu...,J,,,mnL,/ fum"'9· HC11 

U.G.fwmntJG.hrJi lit..hq1, tIJiG.hrw1G.hr}t qlllqw~gllldtt: fl'itnpn2 J.'j, 

1>Uub'J'j,,,,a£. NL ,/,,,'j,r1Ufi1b£Ullfr'ii p1nL('b'J'itbrf!• 1U1_bLf1 f,,,,'f11U'Jb"f 

"'lnmpftnJnr:f> f.,,,mfr'1-1.nr "''lrb'l"'m'iibp1 P'iinpn2 I; t.b,,anL,/f! 

"r'1nL nL'J'JnLfi11-Jp' II nL _l_ Pl"Lrb'l'iibrfr br'1-rnLfi11-'iie. t,,,,';,,ft

"lnL,/ b'j, ,/ftr,/b/JftU11U1ft'i.t f.U1pU1£.nuf'ithr pntp'bn'i.tftmfr1 u:f>Ulthrftmft, 

fu-L'1n"Lftrfrmft t.bm1 ~"L'fU1'19if_nL,/ I; nLrft2 UNL£:PUIU1'Jbpft1 Ga, SI, 
Py-ft r.bui lftfu"'1.nr...,"lbu P"''l.,f,,,Jbm,,,'l"'lft'i.t t.fr'lrnfilbr,/"'l t,,,,f,_ 

.e-1 IU lrb rnLJ I 

SwrphrnipJntG.p G.JwG. tfJiG.hrw1G.hr]ig: ~'it"'r"'"-"r I; 2fnf.JbL 

umftp'i.tfrmft (ft m"'ppbpnLfillnL'i.t ,/b'i,,b'lft'i.tftmft, umftp'itfrur'i.t nL'i.tft 2"'m 

nulb'l AR, ftu'1 KOH Ul'J'Jb,9nLfill...,'j, f.bmh,,,'it,enl/_ "'""''l_U19'bnu/ I;';,,,,,_ 

rf!'it'l_U1CfnL1'i.t pftJ) nL "'Jl Pb-Sb unLL:p...,,,,'lbrft t.bm ( "-"nfr'ii'i.tbrfrs 

uurnLl'l m"'pphpl/_nL,/ I; nb'i.tmqb'i.tnumpnL'1m11Lr"'lft'it ...,'i,,,,,lft •tnl/_)1 

4wGfwi}_w,irhq1: Snu'1w'f..., (fom,,,lft"'}• 'J-,,,p...,unL'it1 ~UUl,-nL,/' 

IJ.'l"'"''~I 

(liq. III fl) 

!bJi.q}t~w~wG fiwmqntp]lllG.G.hrp.: Sbmr"'tn'b,,,1fr'b (?) ufr'it'ln'bfr"'• 

'1wrJrmfi11nL'bf!' 2,5-31 U.'b2tfi:f>nLJ' R-e 40% I;, Cf"Ll'bl! ""lfrm"' "' 

flR-e filmu ( JrJbpufi,,,1n1/ -1."tft l"'"- I; 'it'1wml/_nLJ' ), "l...,P'l. w 'itft

'l"mrn"l I; CfnL'bw4_n11 l;tf?b'1mni/_ funL'i.tw9,,,J- iJ"'"fU1"'';..'lb'l'it"'4_11L 'it 

"r"''b'l'ithpnl/_1 C'b'll"'l'i.t"'"ft '1mr4_-J,e'bbpnLJ' U11U£ftu I; uL. fu-b 

/r'i.tt"lbu ulft-brntfrm'bbre1 

"ibr.efr'b n.blP£b.eu'bbp l_nL'itft1 '1-rJrnLfi11nL'i.tf! 9"'Jr !;, f!UUI 

t,,,,,JbJ,,,m,,,/1,,,'b nbub:f>/i "l"'m'1,,,'i.tnL,/ I; II fuJ'p/i'i.t' um,,,';, ft'bfr91 

u:J.-1brftmft9, fu-1'1 11"1ftrfturfr9 9-.>r1 

luw~wmnufp.: Y.,_p,J b'f. 'lr"''1"''b' HN03 KOH-p filnLJl (t"r-

2'"9"LJ ), -r.e-1-filfilnL ( "'P"''l L. mJb'l 'l"P2"'9"L" ), HCl-e nL, 

FeC13 ±: 
129 

9-785 



llG.fwmntJ'G.hr~ 0.1.brp., J~G.hrw1G.hr~ qmqw~gnttlp.: &wu• p'i.tn

P"Z b'i.t 'll"''j,,,,aJ .. nL ftn'i.t9b'i.tU1rfrl1 (r.wJ'wftb'i.tU1pn'i.t) zbrurwt[nr w'i.t-

2."'urnLJ'i.tbpf!. ('i.tft• 50 }1 RnL'fwft9i{nLJ !; uurw'i.tfr'i.tfr, 'lbJ'un'i.tfrwfr, 

ufl>wtb1'frutfr, ftwufrutbrfr"'fr t;.bur w'i.tw1fr nrnz r.fr1rnflbpJwl t;,,,,'j,_ 

.[!"'t/"' Ir b pnLJ' I 

'tft. 50. 8frLfr'b'lrP"'{', (Cil) qnupuft9•/nLJ I; ut/>•"Lbrfrwfr (SI), 'l:w1H•/1 ~ 
mp (Ga) nL y_b,furt'bpwp (Jem) ~bm. fl,,1f.ifrwJp ~w'b11° X 100._ 

Srnrphrmp.intG.p G.tfwG. tf~G.hrw1G.hr~~i: P'i.tnpnz 'll"''j,,,,'j,J',,,'b 

aJ..bpf!.J U1Jf r.wutft11L{J1m_'j,"j,J,r"j, nL qnL'fwlt9n<J'f!. Wj'i.t.[!UJ'j, JllLrwr.w

UlnL" /,'j,, np p1119wnmJ' /,'j, .'ffrtfr'it1rfrurfr zpnflnLJ'(! nLrfrz J'fr'i.tb

rwl'i.tbrf1 t;,bU1: 

4m f,fmil_w.irhrp: f!Jnn"l.n ( Pntfrt/fr.,, }1 

45. "ll>POSI>\.- FeS (Uq. III U) 

!hlHIJiqwqwG. fimmqmpJmG.G.hrp.: Z,b.f!""''l"'ii"'Jfr'i.t ufr'i.t'ln'i.tfiw • 

ltwi•JpnLflJnL'bf!' 4, L"'if !;Lb~111pwr.w'l"P'ffrt /;t U,';,,2lfr/j>nL1f' R-e 40% 

!;, 'f"Lt'i.te ltrbJ'fr, "-"'r'f"''lnLJ'i.t-'lnr2 p'i.tnpnz br.,,'i.t'lni/.1 f!Jb"b"'l"''i.t

'ffr"'fr t;,,,,J'bJ'wur qwr'f"''fllLJ"b-qnrz• 'i.tfrlt~tfr'iifr'i.t' "'""''i.t9 11wrJ'frr 

bpw'i.tqfr , f[nLpw'i.tfrU1fr'i.t zu1111 'i.tJ'w'i.t "1.frf';,111p'i.tp qwp'f"''lnLJ'i.t-'fnpz 

bpw'i.t'lf!. wi[bLfr "1."'r'I. !;, fruit ftm-pw'i.tfr"'I! wqblfr J'ntn, I; ltrbJ[w 
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6fnLj'i.tfi~1 l.R-1!. /ilmJl !;, frJ'bpu'frw1m[ 'i.tftwurt{nLJ' b'i.t l1wpJ'pwt{nL'i.t

Zfnpz m 'l.J.b'l'i.twt{nL'i.t 'lnrz bpw'i.t'l'i.tbp: U'i.tfrqnurpn"fnLf/Jm'i.tf!. mclb'l 

t", 'lnL'i.twi[np !;f/>bftutnt{ 'fb'l'i.twt{nLb·l1w'i.twtwt{m'i.t nL 'fnp;_.,,t{nL'i.t

l[wpJ'frp 'Lpw'i.t'l'i.tbpnt{: 

tbr,efr'i.t nbfl>tb.[!u'i.tbpf!. p....,9,,,ftwJnLJ' b'i.t , liwr~r11Lf1JnL'i.tf!.' J'fr

tfr'i.t, f!.UU1 t;,,,,,JbJ'wU1wftw'i.t n.bublf>fr "f"'"'ftw'i.tnLJ' !; V fr1J'pfr'i.t' 

JuwifrUJ.frrfrmfr9, ufl>wLbrfr"'fr9 nL ft11Lpw'i.tfr"'fr9 pwpap !;, fruft 111r

ub'i.tn"1.f'rfrurfr9 llL "ffrpfrutfr9 'i.tftwurblfr wi[b1fr 9wd-p: U'w'l'i.tfruwftw'i.t 

t ( n}_ pntnr 'fb"f.[!bpnLJ' ), wpwq o.f!ufr'fw'i.tnLJ !; o'fnLJ' m 'lnrz 

hpw'i.t'I/!. mclb'l!"'i.tmJ' /.:1 

luw~wmmdp: u.'l'f"LJ' b'i.t 'fP"'""''i.t' "'"'.[! HCl· f!. ( "'"'"- nL ub

'1_w911.J' ), HCl-fr 'lnl"f'2• (i/twn.), HN03-/!. nL KOH+ flmJL, wi[bLfr 

r.u1-6.wju tb'i.t "''1.'f"LJ', "'P.f!"'J"'flflnL'i.t ( 'l"P2 'fnLJ'i.tfr pwn) 1 'J-nL

'bfrur'i.tbpfr urpnfrlfr"'fr t/rw pmn.'i.t "''1.'fnLJ' b'b HN0 3 llL HCl-1!.1 
UurpnLftU11npwJfr'i.t /uwd-wU1nLJ'f!.' HL 'i.tnup HCJ t"tbllml'"Lfr"'fr" 

h'lw'i.twftnt{ 10- 30 t{wJpl[Jw'i.tnLJ' r.wJut'i.twpbpt{nLJ' b'i.t "f"Lfrufi'i.tflb

ur/rft l1rlt'i.twr1nLrb'l'i.tbp nL 'l.'"'i.t"'l ftwnnL!Ji{"'J.f!' 

UG.f wmmdG.hr~ 0.1.hrp., d~G.hrw1 G.hr~ qmqw~ !ln ttl p.: U ni{n r"'P "'P 

,,J,,,.,.,,,fp brft"'r"'a'ltJ"'J "'lnurppnJ'np/j>r.w"'frltw1fr'i.t "''ll'b'l"'"" Pwp

~l!.l' 2_bpJ'wuutfr-6.,,,'j,,,,Jfr'i.t "l.frrn"'fr'i.tf!. 2"'"' , t;.,,,-6.,,,fu utpnr.q11u! !; lr. 

tuna1'l1119'i.tnLJ' bpftnL P"''l"''l-Pfr1-'i.tbp, npn'ii.J' "'"'PPbpi[111J b'i.t bpu1'i.t

'ln1f, R-nt{ nL t.wJbJ'wU1UJ"Ul'i.t abubfPni[: U.n P"''l"''frfrt'itbrl!. ltwq

.!11uf' /;'j, UQ"f.UIJ,/,. nL flrfl"'l"'i/.nr t;,UlrU1bnL,J'j,br1 f!Jppnut/r'kfr 'f"'2_

UIQrllLJ' hppbJ't 'ffrurt{nLJ ht "l.b'i.t"'l"''k'ffr"'fr "';,,rpbp J.lr.brfr tb1.

.JiwftnLJ''iibrfr utpnt;.J',,,"j, umpm.ftU1nLpw'i.tbp. fr'i.tl!f! "ffrrn"'fr'i.tl!. ftb"'wi/.nr 

!;J'ml"P"'JP aJ..nt{ hppb,J'j, t;,,,,t'ffr"fnLJ !; "l.b'i.t"'l"''i.t'ffr"'fr' u/f>wlb

rfr"'fr nL fu 111tft11"ffrf'frmfr 'f"'2"'bpnLJ't f!JppnU1p'i.tp t;,wzt{p'i.t '1."'P'/:"'

'i.Jn1J' b'i.t J'wpltwqfrmfr u/f>brnifrm'i.tbr nL hpwltfrft'i.tbp1 

f!J,frpn111fr'ke 'lnL'f"'lt!Ji/."' J !; "'"'rPhr Jfr'kbpw{iil1rfr t;,b"' , Pn, 
Cp, Pt n1 Pd J'fr"bbrwl'i.tbpp, Mt-fr t.h"' LfrlttJw9frn'i.t t;,,,,'i.t.[!wi/.wr 

rhrnLJ. Asp, Cs, Sl, St-fr t;.but ,,,'j,,,,'lfr t;,fr'frnflbrJ'"'l t;,,,,'j,.[!Ul

""'lrbrnuf'. Ga, Sl, Cp-/r t;.b111 pwqJ'wJ'b"'"''l"'Jfr'i.t t;,,,,'j,.[!"'i/."'J

pbpnLJ'. Mt, Asp, Sch, Cp-fr t;.bur ul1wn'i.tbpnLJ'1 f!JfrpnU1fr'i.tl!. ,,,,.,,,_ 

2w'i.tmJ' !; JJJ'pfr w'i.tpwi[wpwp "f"'l,J"''i.t'i.tbpnLJ' nL JJJ'pfr nbclfrJ'fr 

pnpnjutlw'i.t 'fb"f.f!"LJ' w'i.t9"bnLJ' !; J'wpltwqfrmfr ftwJ' "ffrpfrU1fr1 

Swrphrntp.intG.p G.tfwG. tf~G.hrw1G.hr~g: f!Jfrrn"'fr'i.tl!. wJ'b'i.tfr9 w

i[hifr t.bzur !; zpnflbl ftnLpw'i.tfrut/r t;,/,U1 ( U1wppbpi{nLJ' J,'j, f!.UUI nb

uh/f>fr• l1mpw'i.tfrU1fr t;,..,,JbJ'wU1wftw'i.t nbub/f>!!. J'nU1 !; fuwtltn"l.frrfr

Ulfr'i.t nL "l."'""ltw'i.tnLtl f; lII fuJ'pfr'i.t, fruit llf.frrn"'fr'i.tfr 11bub/f>1!.' V 
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fuJpfrb nL 2_WUI wif_btfr pwpap I; /vwlqnUffrrfrU1fr9): "lfrpnuifr'bf!. f:,'j,..,_ 

pwi/_np (; zpnfilbl 'bwlL Ufb'burlw'b'ffruifr t:.bui, npf!.1 uwqwJ'ii, nL'ii/r 

wqblfr pw11a.p R, frqnuipnUf (;, m'bfr qnuipui'/.wd- 'IJ-bpni/_ p'iinpnz 

t:.bpanLJ nL 'l_nLpq (; i/_wp'fLU'fnLJ'ii-qnrz bpw'bqfrg• UffrpnUJfr'j,f! 

t:.'iiwpwi/_nr I; zifrnflbl Lfr'iibfrui-Ufnlfr'lfrJfrmfr fuJpft J'fr'iibrwl'iibrfr 

t:.bui (R-e. nL "" abffrl! 'iipw'ii9 J'nui ,,,i/_blfr pwpa.p (;. frqnuipnUf b'ii } : 

llqhlfr t>wqi/_wqJnLui Jfr'iibrwl'iibrfrs' qwnLfr1bqnp'iifruie. (Ni, 
Co)7 • (S, Sb, Bi)8 nL zuibp'iipbr'ffruil! (AgFe28 3) qwrn'l b'ii e'ii

'fnL'iii/_bl Uffrpnuifr'bfr uib'l. 11rw'ii9/r9 wn.•wtfr'iil! nL'bfr bpqwpwa.qqw.> 

" a.ILbr, wi/_blfi filnLJl ~R nL w'bfrqnuirnUfnLfilJm'ii, J'wq";,fr11wqw";, iJ, 
fruq brltrnr'll!. ";,ml";,"lbu J..,'l";,fruw~w";, t_I; IL 11L'itfr z,;,ui nLJb'l .lR: 

4w&.fwqw.irbrp: Ub11pbrfr, tnrfrL"~• SnLpfr";,J..,r;, t;..,r;,.f!·• :hfr

Lfr'l_f_wJ, Sbui111Lfvb, Uw7n";,, lfnurfrf/>: l,YU4-mJ' ~"'1• U1L,,,";,,,, 

f6.fr /:,J11LUfru-1HrlLJ.uw"j, wpf!.l 

(U.q. III U.} 

:hpq)1lpu4w&. fiwm~ntp,1m&.&.brp: Orfilnn.nJ' p..,,Jfr";, 11fr";,'1,,";,frw, 

~,,,rJ-rmfi11m";,1!.' 3,5: U.<;,zLfrfPmJ' R-e. 40% I;, ~rbJw11nLJ~' filnLJl 

ifwr'l"''f"LJr;, bpw";,qnif ("lfrrnuifr";,fr IJ.n'l,e/t'ii wifblfr 'lb'lfr'b (;, fuwL

~nUffrr/zuifr qn'l.efr'ii Ufw~wu 'lb'lfr";,' i/_wr'l""'l"'-Jr;,-ppn";,qfr bpw";,qni/_} 

~R-e. filnLJl (;, pw/9 frJ'bpufrw1ni/. Uf_Wf'l_' pw9 '1b'lfr'bfr9 J'fr'iit!.. 

'l"P2."'i/_nL'b, nLJb'l w'bfrqnuirnUf (;, i/_wr'l""'l"LJ'ii-qnrz nL Jnfurw
i/_nL";,-qwUfnLJur qnL'l,,wifnr l;f/>bquini/_ (brpbJ'b pnLJl I; ";,qwuii/_nLJ) 

tbr,efr";, nb:f>Lb,eu'iibrf! pw9wqw1111.J /,'j,, qwrd-rnL{UJnL'bf!.\ J'fr

p_fr";,, euui t;,,,J'bJwuiwq,,,'b nbubfPfr "lwui~iu'iinLJ I; III fuJ'pfr'ii' 

zwur Jnm (; fuwlqn"ffrrfrmfr'b nL zwui wi/_blfr 9wJ-r, ,ew'ii Uffrpn

uifr'bfr nL Ufb'iiurlw'ii11fruifr nbubf/>e: 1J" wq'ii{tuw~w'b I;: 

luw~wmnu.fp.: U.'l'l"LJ b'ii 11rwqw'b HN03± (pnLJL, 'l"P2. 'l"LJ
'bfr ifr..,n., t>w6.w{z1 pw9wuwqw'b (;), KOH-e. (filnLJL brlL"'rwuolL 

U1'[_'fb9nLfiJ J"''j, 'lbUf.f!"LJ }: 
U.&.~wmnu.f&.brp 0.hbrp, Jp&.brw1&.hrp qmqw~gmdp: P'iinrnz b'ii 

filfrfilb'l"'>f.nr "''blwuinLJ''iibr uni/_nr"'P"'f fuwl~"UfPrPuifr, wi/_blft 

""'"-"-"''lbUf Uffrpnuifr";,fr '1"'z111bpnLJ1 ~nLq111~9i/_nul I; Po, Pn, Cp-J. 
t:.bui Lfrqi/_w9{tn'ii t:.w'ii,e-i/.w1rbrnLJ'1 qwJ Cp, Po. Sl. Lel-/r t;b,,. 

t>fr'lrnfilbrJ"'l t;..,'j,./J"'"-"'lrbrnLJ1 '1nLpiu'iifrurfr 7 iuzuibrnuf brpbJ'ii 
'ffruii/_nLJ' J,'j, ufPU1lbffruift IUUUJ'l wa.J.. iu'ii2._UIUlnLJ'i,J,p ( f:,l»J' iurifm.J' /,'j, 

Uffr'b'I lnLd-nLJfiJ/r uipnt>Jw'b "'f'l!"'-'ii,e), npnb./! q:n'iii/_m.J' b'b J'iu-
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uwJ'p qnLpw";,frmfr, JwuwJ'p fvwlqnUffrrfrUJ/r J'b2_, t:.builLwpwp utf_>,,,

Lbrfrui'b umwlw9bl I; J'fr";,t_h. juwn.'b PJ"Lfb'lfr uipnt:.nufl!. fuwlqnUffr
rfruifr nL ~nLpw";,fruifr j<;,~, 51): 

'l,ft_, lil • l/nLpw'b[rur[r { JnL'I: Jnful'"''l:"LJ'b ) "l/r'b'l ["L.}nLJP/r urpn~nLJf!. 
filfrfillsrzfrft.'bhrfr d.&n1[ fuwtft.n"lfrl'frurfr {pw9 JnfupwpLJ'b ) 'l"'2"""·J' U/fw

tlrrJ.uifr wuur'IH'bhp { u&f!.), npn'bl! wn.w!w9'1[ J,.-,, Jfr'bi. Juw1ft.n"lfrl'frur

ft_nLpw'bfr111 "lfr'b'l ["L.}nLJfil/r urpn~nLJf!.' '1wifhtur"l'"l ~w'bl!· (&ifb'lfrw} 

x 300 ( {!_UUJ If/, /J.wJ ']"('" )1 

Swrpbrntp,jnt&.[_l &.Jw&. JJ1&.brw1&.hrpg: '1nLp,,,'Ufrme t:.bzm I; 

zifrnfilbl "lfrrnurfr'bfr t:.bui ( UUJ~UIJ'b Uffrrnurfr'bfr JnUJ P"'9,.,J1w1mJ b'i, 

fu"'L~11 Uffrrfruifr t;..,r,,,6.i/_wJ- fil/r{Jb'lfr~'iibr, brw'iiqf!. "-"'r'l"''f"LJ'ii

'l"P2. t, IL t>frJ'bwqw'iie' nbuMJ.e. 2_UIUI ,,,i/.blfr pwra.r (;, Jl"'"' fv"'L
~"Uf Prfruifr'iie., wJ'ii JwJ'w'b,,,q, bpp ~nLpw'bfrurl!. zwui Jnur (; fu"'L

qn"lfirfruifr nbub:/>fr'ii ): '1nLpU1'iifruif!. /:,"j,UlfUli/.nr I; z+nfilbl 'iiwlL 

fu-L~"Uffrrfrurfr t:.bur ( if.hrp_fr'Uu filnLJl w'bfrqnuir"Uf (;, 'f"LJ'iil!. wpnL1-
rfr-7b'lfr'ii, J IU'f'bfruwqw'b l_(; ): 

iw&.fwqwJrhrp: Ub'fpbrfr , tnrfrL•+ Smrfr'ii1w'b t;..,'j,Jl·' 4UU4-
nLJ'' ~11'fl 
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(U·'l· III U.) 

:bpqpqwqw!'i. £.wmqntp.]nt!'i.G.hrp: Shmrw'ln'iiw1fi'i, ufi'ii'ln'i,fiw, 

l1wrJrnLflJnL'i,f! ~4-5, zwm 'fJnLrwphlj I;: 11.'iizLfilf>nLJ' R-1! f!UU1 

</,.nl/r'buljnL ~40 % /;, lf"LJ'j,l! pw9-'fL'lfr'j, { um.w'i,9 UJ'1£rnmp'i,jr qwJ 

umpppnUJU1£W'Jfrbputp f.wJ'wr p'hnrnz ""'f'f"'CfnLJb hrw'iiqp); il.R-/! 
nL ,,,'j,fi'lnmrn"l1nfl1nL'hf! flnLJl h'br 'thr.efi'ii nhlf>Lh.J!u'i,hl'I! pw9w

q,.,JnLJ' h'j,, qwrJrnLfJ JnL'i.f!' J'"2_p'b, f!"U1 f.wJ'hJ'wmwl1w'h nhahf/>p 

.. UJLUU1"LU'j,llLJ' I; v /lllfppb1 tfrn.er pb}_ UJ.frrnmfr'i,fr9 purrJ.r I; nL 

uUJhr'7Lfimp9 'l'lwlfinrh'h 9wJr1 
luwowrnnu.fp: fl.hwljmpi(iihrl! tb'i. w'l'lnuf1 

\J.b~W1Illll1.l'f1hrp bl._hrp, upG.hrw1fi.hrp qntqWq!IRlUfl: '1w'[J'nLJ' I; 

J'w'i.r P'ffinJnrf/> UffP'lJ'wm'7ft, f.wi..wfu . q11q'i,wpJ"Lfb'lw9wJ pJnL

rh'l'hbr, 'lnL7w49i/_nLJ' I; Pn, Po, Cp, Pt nL Pd J'fi'i,hr"'l'j,hrfi f.hw 

L'1'1if "'9fin'b f.w'h.ewif UI 1rh rnui I 

Swrphrntpjnt!'i.(l f11.fwf1 tfpf1hrw1!'i.hrpg: luwl4'"'iPrPmfi9 nL "1'1-

1rnmfr'bfr9 ljnLUJhfpU1f! U1LUfphri/_nLJ' I; .J!pJpUlffut'j, ljwJnL'iJnLf<IJurJ'p 

n.h.,,ljmpq'hhrJr w'l'fhynLflJur'i. 'i.1iwmJ' .,,J'p1 

.!wG.fwqw,1rhrr: µnLz ifhl'f , 'tnrfiLu'-! (? )1 

(U.q. III U, IV II.) 

. !hpq}iqwqwf1 6wmqmp.imfif.hrp.: Orflnn.nJpwJfr'ii (?) lj,,,J t:.h.e

uuu1n'h"'JP'j, ufr'b'ln'ii/rw (?, nwrnJ"iiuw/rrif.wJ J_/; }, ""'l"j'f"'-flJnL

'j,/!' J'"2_fr'i.r1 11.'iiufif/>nul R·f! tfrnfui/_nLJ I; 46 % -p9 (Ro //- frlfiflh

'lfr1i'hhrfr hr1i"'1'hmfl1w'hl!} 1lfi'i.rt"- 15% (Re J. fl'1[Jh'l'7fL'Uhrfr hr

'-i"'J'hnLflJ"''i.rl!), 'l:nLJ'hl! 'lnrz"'ifnL'U-'fh'lfr'j,' Cp nL Po-/r J'frlfr'i,I!, 

t.R-1! z"'m nLcl-h'l I; 'l:nL'hwifnr l;f/>h11mni[' Ro-pur9 11h'lfr'j,, Re
/u1n'b,,,9.,,J J'nfurw'fnLJ'h ( eum </,.nlf1'i.ul1nL), m.cl-b'l ,,,';,fr'lnm1•aUJ /;1 

'ibrefi'i. n.bfPLb.eu'hbrf! P"'B"'1i"'JnLJ' b'i,, ~,,,rJrnLflJnL'iif!' 
Jfr2.fr'b, f!Uu1 t,,,,,fbJ'u1U1"'""''j, nhuhf/>/r 11wui/_nLJ' I; III- JV fuJ'pfr'i,, 

fuwl'1n"lfrrfrurfr9 P"'rJ.r !; nL "lb'i,u1l1u'b'lfrmfrs 9w6r1 

luwowmmtf11: '1-ru14,,,'j, !; "''l'JnLJ HCl-1!1 

U.G.fwmnufl'ihr]i bhhrp, tf}i!'i.hrw1G.hrp qntqwqgnttfp.: ~w'ii'lfr"lmJ' 

I; J'fr11rnu11nUf./r11 flfrflh'l"'ifnr ,,,'j,l"'mnLJ''iibrft alwi[ t.br1J.nLJ'ni/. / / 

hr1lw1'hmfl1w'i.1!1 !l.nL11w1i9ifni_J' I; Pn, Po, Cp, Cub·/r f.hu1 Lfr1iif"'-

9frn'b t,,,,'j,.J!,,,i/."'JrbrnLJ't 

SrnrphrntpJnt!'i.p !'i.tfwfi. tf]i.G.hrrn1f.hrpg: U.ru1wll"'f'l TJLcl-b'l Ll.R
nif nL ,,,'bfrqnmrn"lnLflJwJ'p if"'Lhrfrfrml! 'j,J',,,'j, !; 'lf"'f/>frmfr'i, nL 
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J'nlPl''fh'i-f1mfi'i,, pw/9 mw11rhrifnuf I; hrq11wfiy l;l wifhlfi pwrJ.l' 

R-ni[ nL LUJl UJLU/'"''lh'iipl[ni[r 

lwfifwtlw.irhrp.: U.ifrnrw 'tfiwljn"lwrphr'l ( C:ifh'fpw), 'tnrPL"'t' 

(Uq. Ill U., III fl) 

!hpc1pqwqwf1 £.wmqntp,lntG.G.hrp: O!'[JnnnJ'pwJp'h up'iiqn'i.pm 

ljwrJr1nfJ1m'i,1!' 2 - 3, 'fJnLrurr h'1 I;: U.'bzLfif/>rrLJ' R-l! 27- 38 % ·1;, 

'fnLJ'i.f! ~·"lfimwq 'fb'l'ii,,,i/_nL'ii-qnrz ( UJ/ir',,mp'iiw'i,J',,,'j,) bl',,,'t,'lnif, 

AR-[! 'i.qurn1h1fi I;, pull iu'iip'[nmrnUJmf/JnLbf! 11ulh'l, if.urn 'fnL'bwi[n[" 

hrur'i.'f'i.hrni/.1 'tbr.[!/r'j, nb:/>th.eu'i.hrl! piu9iuqiuJ11LJ' h'i1, '1"'rJrnL

fl1nL'i.f! 9wJr I;, /!um f.wJ'bJ'"'m"'lj"''ii nbuhf/>fi UJ"'m1lw'bnLJ' I; 

1- 11 fuJ'phrfi'ii' 'j,J',,,'j, "- tfrn.er-fi'iit purrJ.r uwpp'iipmfi9, uf/>wlhrfi

urp9 'l'lwlfinrh'ii 9wJ1r: 

luwowmmtfp: U.q'fnLJ h'j, 'lrw11ur'ii' HN 03 ( umiu'i,9 h11.J'w'ii ), 

KOH ( w'ii11w/nL'ii 'lnrz 'fnLJhp tfuun), NaOH: 
U.firwmnuIG.hrp bL .. hrp., tIJi.G.hrw1f.hr]i qmqwqgnttfp: F'iin1rn2 h'ii 

UIUh'l'j,UIJ.f,_ llL J'.,,'j,f'UlflhlwJpb Ul'j,2_UJU1nLJ"iibr, urifhlfi t.uu1.1/Ul'JbUJ 

t,.,,U1"""'" nr W'frh'ftuUlbhr: !l.m'l"''l9if11LJ' I; Sbt, Mr' Py' Sl-'7 
f.hm 9w.Jp lhrJ'wumfil..w'iiur1fr'j, t.fi'frnflhrJ'url f.w'ii.eurifw1rhrnLJ' : 

SwPphrntp,JntG.p G.tfwG. upG.hrw1G.hrJi!I: ~'iiUlrurifnr I; ztfrnfilhl 

umfrp'i.p mp f.hm (KOH-/iy "'""'l"''ii11LJ' I; 'j,,,,f'j,l,,,'fnLJb ppJ ), pnL

l"''bcl-hf'p ur/r t:.hm ( 1W-1! wifhlfi flmu 1;, NaOH t'1 wunLJ'), lhJ'

un'i.frmfi f.hm ( 'fh'l'ii"'i/_nL'ii h11w'ii'l J_nL'i,fr, 'i,1lwmi[11uf h'i. 'iihr,efi'ii 

nhf/>Lh.eu'i,h r )1 

4wG.fwqw,1rhrp: :bl'hJphr'l• f//rzfiprwJ', fl•wq'fnl'iin 1b, i,,,,l_ 
pw[p lhn'ii.1 

(Uq. IV fl) 

!h]iq}iqwqwG. £.wmqntpJntf.f.hrp: lln'i,n/llfr'iiw1fr'j, ufi'i,'ln'i.frw, 

~,,,r6rnL/JJnL'i.f!' 2-3, l;lh~mrwf.w'!nr'lfrt }_/;: U.'b2Lfr:P•JLJ' R-1! 

38-32 % I;, 'fnLJ'i,l! uUf.frm"'" ""''j,"'t"'i/_nL'j, b1,,,,'b'lnif (br,,,'j,'ll! 

'i,q.,,uri/_nL 1/ I; 'lwlb'i.frmfr llL umfrp'i,frmfr qn'l.J!fr'j, ) , t.R-1! Uf"'f'l !;, 

uU11i"'J'j, , ,,,ifblfr flnLJL , ,/?"'';, umfrp'Ufrmfr'iil!• . w'iip'lnmrn"lnLflJnL'j,f! 

nLcl-h'l qm'b,,,ifnt• l;f/>h4mni[ 'fb'l'i,wi/_nL'ii-'lnrz nL 11,,,'j,.,,z_,,,i/_uL'i.

""'UJnLJ Ul br,,,'iJ'J'iJbrnif: lJ nL'1:-1i"'rJ'fir 'i,br.efi'j, nb/f>Lb.eu'iJbf'f! 'it"LUUl-
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4_nul b'b ifrnznul /ulbpufriuimf' lt"'l'JpnLflJnL'bf! 9iuttr !;, /!um 

r.iuJbJiuuiiufiw'b nbublf.fr "f.LUU1fJiu'bnLJ' !; II fuJpf1'b' 'l"'lb'bfruifr9 

9iuJpt 
luw~wmnufri: u.'l'lnLJ' b'b '1.P"'fJiu'b' HN03-f! ( ukiu911LJ), iur

.[!WJtu{tJ{tJnL'b (bnnLJ', ukiu9nLJ' ), KOH± (!)iub.iufu tfr "''l'fnLJ'). 

uuipnLfJrnnLpiuJfrL /uiuJiumnLJf!' HN03 qiuJ KOH zUlrn '/Ul'j,'f"''l1 

U.&fwmmtl:&brp £.hhrp, '1p&hrw1&.hr}i qmqw~gmlfp: brftUlrUl-

df!'lif."'J "l.I'fr'lJUluifrfi fiuirif.UIJ.f!Lbr r.bpanLJnif. _l_ brfiUIJ"imLf/J"'LI!, 

!)Y'b.Ulfu nw'lfr"'L_[,.,,,,,,,,'l"'Jfl"'tfrL "''lrb'fLUUJi.brfr akni/_ t P'bnpn2 !; 

l/..nL'l"'fJ9nLJ'f! Ga, SI, Bur, Sbt, iuif.blfr r.Ul'l1Ul'fb"I. Asp, Cs, St-fr 
r.bui r.fr'lrnflbrJ Ull r."'L<DUlt/.UltrbrnLJ', 

Swrphrn1Fjm&p. &tl:w& tfp&hrw1&.hrpg: ~tUlriuif.nr !; z<frnflbl 

uuifrpiifrui fr !)bw ( 1_bp2Jr'bfru !l.R-1! nL iu'bfr'l_nurpn"f.11L(rl JnL ti! iuif.blfr 

nufb'I_ b'b, fruq KOH-I! iunU12._tu9iim .. J' !; 'bUll''j,l"''fnLJii pfrJ} pin

l"'<j,Jbpfrurfr !)bur (.;lR-f! U1i/_btfi /iinLJL !;, lfnLJiibpf! /uwf_iua.k tfr
finltbpnLJ'' fu11Ltiu9iutt, Ul'fl'b'fUIUltbrf! flfrflb'lU11.n11 fiiu.I J'Ul'f_IU

tJw'b }t JlbJun'iifrurf! pntlwtcfbpfrurfr9 /,_ 'bJw'b "'Jl unLLfPiuiuii11tfr

J'n'iifruriibpfrs' Jbtb'lfr'bfrurfr91 9fr'bqb'bfrurfr9, "l.l"''lfrn'bfrurfr9 /,_ m-pfr2-

'bbpfi9 UUJnLJ'f U1Wf'Pbrblnt !)UIJLUr iutr.pUIUbzur /,'j, nh'brn'lb'i,n

Jburrfr'J iu'biu1fr7'bbpt 

,.!wf.fwqwjrhr11: 8frJ'iu"l.w'b (ll'b.[!ufr/Jiu), Pfrzn"f.1 '1npiimnl, 

't1upwunLiit 

(l.q. IV fl) 

!l>}1qp4w4w& liwm~ntFJillbbbrp : lf niinfJLfr'b"'Jfrt qiuJ op(lnnnJ

P"'Jfr'b (? )- ufr'b'ln'bfriu, ""'rttrnLflJnLtf!' 2,5-3, !;Lbfiurpwr.iu,,_nr'lfrt 

t_!;t U.'bztfrlf.nul R-1! 37% !;, 'lnLJ'j,f! u"l.frmiufJ fJw"l.urw-qiu'biut_wrf.nLii 

bpiut'lni/. ('bfi,,,u1i/_nLJ' !; 'lUllb'bfrurfr fin'l.f!fr'b }t AR-I! {tJ11LJL !;, iu'b

fr'lnurpn"f.mf/JnL'bf! nLclh'l, P"'J9 'lnLJ'bbpf! funL'biu9ruJ bt' 7/s'l_'bw

'lnrz nL firu'biut_U1i/_nL'b-fiw"fnLJurt tbr.efr'b nblf.th.eu'bbpf! JnL'l fiwr

J'frr b'j, /,_ 'bfiU11ni/_nul b'b ifrnznLJ frJ'bpufriuJnrf.. IJru11JpnLf/JnL'bf!' 

9wttr, f!Uur !)iuJbJ'ruuiiufiw'b nbublf.ft "l."'ur"w'bmJ' !; JI fuJ'pfr'b' 

zwur wrf.blfr 9wJp !;, .[!IU'j, 'f"'lb'bfruifriif!: 

luw~wmm'111: ll'l'lnL J' b'b 'lr"'fiiu'b \ HN 03-f! nL IUr.J!"'l"'flpnL'b 

( ukw9nLJ' }t UuipnLfJurnLpiuJfr'b fuwJruuinLJ'f!' HN03 t 

U.&fwtnmtl:&hr}i £.hhrp., '1}i&hrw1 &hr}i qn1qw~gm'1p: Ptnrnz bt 

wub'l'bwak, J'iu'lru'bJ'iu'b, (rlfrflb'liurJ.nr ru'biwmnLJ''bbpf!1 npn'bl! ftiu'l-
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J'nLJ' b'b ::.wurfrfiiu1_nr nL fu-6.b.if.wJ J'w'bpwflbl"'Jfrt "''II'b'lwuitbp 

('bfi. 52)1 RnL'fwfJ91_nLJ' !; Ga, SI, Bur, Sbt, Djem-fr, /unL'bUl-

9,.,J r.w'b.eiu'i1111L[Jbrfr r.bui r.fr'lrn[JbpJ'wl r.w'b.f!wif.wirbrnLJ't 

Swrpbrn1pjn1&.p. &tfwf, tfp&hrw1&.hrpg: ~tiupiuif.nr !; zifrnflbl 

uurfrp'bfrurfr ( 1_bp2._/i'f1U nL'bfr iurf blfr mcfb'l Ii< nL w'bp'l_nmpn"f.nL{tl Jn<ii, 

'(,~. 52. flnL[w'bJ bl'/1wf! {u"[frurw~) fuC.&1/w.J- 1fw'bpwflblwJf'b w'll'b'twur['_ 

i!1"'l'9f 'l"'2urnu!' U.'buf!lf>, x 100. ~n'lf! '"'..,,1!"'1· ~ ... 1 ~. Ull~ 
(l'_Ullr r;, ~• U.JfpJw'bf! ) • 

KOH-J.9 UlfLtuP._wiinLJ !; ii.up'b2._ w'fnLt'b pfrJ), pnLp'bn'bfruifr ( r.wuifrfi

'bbpf! fr'lnJb mr/rfi bt nL IJLnriui{nL'b, p'bnrn2 b'b lir"t"'PJnLrb,,_tbre)· 

pftuJnLuiftt ft (R-1! iuif.btft piupap !;, p'bnpnz !; 'lb'l_'bwi/_11L"b hpwt

'lf!), P._bJun'bfturft !)bui (r.wD.iu/u "''l.PLJ !; KOH-I!, r.wurftfJ'bbpf! 

"l.l'P'lJwuiftfJ b'b, .;lR-1! nL iuiip'f_nmpn"fmflJnL'bf! wif.bLft nLclb'l_}~ 
PnLLiu'bclbpftuif! 2._ bJun'bftmft9 /,_ fJUl"f."'l'P "'Jl unLLfP,.,wiiurftJn'bftur

'bbrft9 ULnnLJ'f Ultuppbpbl !)"biupwi/_np !; J'ftwJ'f. nbiJur'fbiJnJ'bmppq· 
ru'brulft'l.'bbr ni{t 

.!w&fwil_w jrhrp.: 
~UU~-nLJ'' 11'1.rumbq, 

f//r2/tppwJ', bw'lnl'bft firiiucl , 

'l,ru'l.Jru, <J.JnLJnLz/uw'bu11 
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(ILJ.. IV fl) 

!lip qpqwqwf. liwmqmp.iml'ifihrp: lun1rw'bw1111w1ft''ii uft'b'ln'bftw 

(180°C-ft9 9wdp wn.wy_w'bnul I; n.nJ'pn/;'lr"'Jft'b mwppbpw'Ii!.' wltw'b

wftml!.), 1twrJr1n/il1nL'bf!.' 2-2,5, {JnLJL l;[blt1nrwt.w'lnr11ftt1 U.'bzLft

f/>nLJ' R-[!_ 36 % /;, 'fnLJ'j,/!.' u"f fturwlt ltw"f urwqnL'b-ftw'b wt_wqnLb 

bpw'b'lni/. ('blt_wuriJ.nLJ' I; 'l"'lb'bftmft lt_n'lJ!ft'b), LiR-1!. nL w'bftqnurpn"f11L

/JJnL'bf!. /JntJL b'iJ lt_wJ' zwm pnLJll bbpJ!ft'b n.bfPlb.[!u'i.bp t_nL'i.ft, 

t1wpdpnL/JJnLhf!. 9 wJp I;, f!.Uur t.wJ'bJwmwlt_w'b n.bubf/>ft "fwinlt_w

'i.nLJ' I; I fuJ'pft'b' 'lwlb'i.ftinft9, /uwtitnqft'bft9, /unLbw9wJ t.w'b.[!w

hJnL/JbrftS 9wJ1•1 &win · i,_nblft I;, fuwqblftu wub'll!. [tlnizbnLJ' I; 

Jlb"fwif.np wlt_nu, pnzft umw'bwll!. 11J-if.wr /;1 

luw~wmmJe.: U.q11nLJ' b'b '/.P1Uf1w'ii' HN03-[!_ ( 11w'b11w'l 'lnrzw-

9nLJ'}: KCN-1!. (wrw'l 'lnrzw9nLJ'), FeCl3-[!_ ( !Jm!l tnrzw9nLJ') 

HCI± ({JnLJL 'fnpzw9nLJ', wif.blft t.wf.w/u tft wq11111J' ). nLJ-b'l 

l"LJuft mwlt_ fuwJwmqnLJ' I; (pzmftlt_'i.bp, '1nrzw9nLJ' }1 

U.f.twmnuJC.hrp ahhrp, Jpr.hrw1C.hrp qmqwljgmJp: µc;,nrn2 b'i, 

w'bi,_w'bn'iJ af..brft tu'by_winnLJ''iJbr nL hbppwffnLJ'hbp, brw1tftlt'bb11, 

11b'b11rftm'i.bp, J'wqw'bJ'w'b 'ln!"'9nLJ''bbp1 Tuwt_wal.. 'bftltnl'bbpnul 

11fturiJ.nLJ' b'b "fnlftuft'b[Jbmftlt_ lt_plt_'bwpJnLrb'l'bbp nL 'ln'bwlnL/JJnLh1 

O.[!u/t11w9J'w'b q_nbwJnLJ' umwr_w9wJ wr'lb'bmfturft t.wJ'wp 11ftm

qmJ' b'b n.ft{JJ'ftlt-lt_n'b9bilurftlt wn.wr_w9nLJ''bbp 9bpnLufturft t.bu11 

9.nLlfUl'isiJ.nul I; Ag-ft LUJl J'ft'bbrwl'bbpft t.bur, 'fWlb'bftmft !)bur ( nrft 

11wzurbpnLJ' l)w6.w/u wn.w't_w9'bnLJ' I; 'bhppwlt_nLJ'hbp ), SJ-ft, /unL

'bw9wJ t:,..,'j,.[!UJ'bjnt/Jbrft• Asp-ft. Co nL Ni wpub'bft11'bbrft, p'bw

Jft'b Ag l)bm i)ft'lrn!JbrJ'wl t.w'b.ewiJ.w1rbrnLJ'1 UnL"fbr'lb'b "'r'lb'b

urftme q_nL'1wlt9iJ.nLil I; Cc-ft, p'bwJft'b Ag-ft, itbrwr'lftrftmft (AgCl) 
t.bm: 

SwrphrntpJntr.F C.Jwr. Jpr.hrw1C.hrpg: 4i.wrwif.nr I; zpn!Jbl 

"fnlftpwqftmft' 9Ag2S • Sb2SJ t.bm, nrl!. uwlt_wi'b nL'bft J'nL'f ltwr

J'ftr 'bbr.eft'b n.bfPtb.[!u'bbp ( 11fturiJ.nLJ' b'b pnznLJ' ftJ'bpuftw1nif.), 

J"'l"iwftmp' Cu2S . 3Ag2S l)bm (HN03 tft ut'l_'lnLJ', nLbft 11h'l'bw-

1[nL'b bpw'b'l, nrl!. Lwif. I; 'bltwmiJ.nLJ' ftJ'bpuftw1nif.)1 TU11Lhw9wJ r.w.'b

.pw'b1nL!Jbrft9 nL pnLphnhftmft9 tup'fbbmpm[!_ mwppbpif.1nJ' I; 9wJp 

i,_wpJpnL/JJwJ'p I.. l)'litif.bLnL i[wm nL'kwltnL/JJwJ'p: 

4wr.fwtl_w.irhre.: '1n'b'fupbp'f, 8iu4wmbfiwu (U'b.[!uftltw), &'bbb

pbr'l• Bw/uftJ'nq, U.L!JwJt 4UU4-nLJ'' U.Ju!Jwlw, .µ,,,r_wpw'h: 
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(ll.q. IV fl, V fl) 

:hp qpqwqwr. liwmljn tp.1mC.C.hrp: l,b.[!u "''l n'bw tft'b ufi'b'ln'bftw, 

i,_wpJpnL/J 1 n~'bl!.' 1-1,5, pnLJl l;lbitmrwf.wpr11ftt /;1 U.'buftf/>nuf 

R-1!. 35-15% !;, 'lnLJ'i'i!.' u"fpmwlt wn.wb9 'lrwf/>pu1p /)wJ'wl' p'hn

pnz 'lnl'2 bpw'b'lft, LiR-1!. pw9wpawi,_ pwpap I; ( {JnLJl J'w'bnLzw

lt_wlfnLJhPB J'p'bt_f.. 11b'l'i.wqnL'iJ), w'i.pq_nmpn"fnL{JJnL'bf!. zwm nLJ-b'l /; 

'fnL'biu'bnp l;f/>bltmnq ( 'lb'l.'bwqnL'u 1IL ltw"fmwqm'b bpwb'lbbp }: tbp

.[!p'b n.bf/>l b.[!uf.bpf!. pw9wltwJnLJ b'j,, i,_wpJpnLp JnL'iJ[!_' 9wJp, [!Utn 

/)wJ'bJ'wmwllw'i. n.bubf/>Ji "fwmi,_w'i.111.J' I; III fuJ'pp'i.' 'l"'lb'bpwp9 nL 

fuwlltn"ffirfimp9 pwpar !;, pwJ9 'frwf/>pUlpy 9wJp1 

Juw~wmmJe.: G[•pbJ'b [tlnLJl wq11nLJ' I; HN03·[!_1 

U.f.twmmJC.hrp ahhrp, JpC.hrw1C.hrp qmqwljgnnfp: µ'bnpn2 b'j, 

[clp/Jb'l.wif.nr pJnLrb'l.'bbr l)bpanLJ'n1[ II br1tw1'bnL/JJtu'u[!_, npn'b.[! t:,UJ

f.w/u ~npw9..,J b'b: U.'lrb'lwLn'bbl'l!. 1n'bb'b i:.p"f P11finJ'npf/> uwp11Llt_

wmpw, bf'pbJ'j, ~..,qJ'1nJ' b'b iJ.wr11w'bwfuzbr, r..wqiJ.w11b"f linln1lnp/f> 

wn.w2_ wynLJ'bbp l 9,1n'lwlt_9i[nul I; Wt, Cs, Bsm-fr r..b w 'lrb J qL·'b

'bb p1nJ' ,,L pwpap y_bpJwuwpf.iu'bw1Ji<u .ei/."'i'9P brwlt'bbp1nJ', Scht 
Po-ft, ult_wn'bw1ft'b J'p'bbpwl'bbrfi !)bur, lt«!J' Cp, Py ( 'btt· 5iJ ), Bo-p 

i~. /i3, t//frl'P"'C (u"l.frurwV ~wur<f."'~ I; Jnlfrl''l/;'bfrurfr (J11furw.'l"LJ"i.

""l.Purw~} fl pfl/;'l'j,/,l'n1 • 
lJ.'bufr!/>, x 200, ~w'b~w<f.w'bp ~Ul'i,~w4,, ~UIJt• uu~ (euur CJ.,~' <l>/rfJw'bp)t 
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f.bui t.fr'frnfilbrJ"'l J'"2_f'k p__brJ'U1uu1fr6."''k"'J/r'k t,"'<;,J?"'4."'JrbrnLJ1 
Swrpbrn1pJntGp GdwG d~Ghrw1Gbrh: ~·;.,.,,r"'4.nr !; zlfinfilbL 

nu/b'l. t.R nL'lib9n'l_ 4_wtbrfr/rm/r' Cu2S . 2Fe2S3 f.bui ( liR-/r 'fnLJ'iibrl!. 

uw~wJ'it 'fb'lfr'k nL 'lnrzw4_11L'k b"b), nL 'lr"'lf>frui/r f.bui (Mob-fr 
Rmln Jnui !; Sl-fr'k, fru~ 'lr"'/f>/rui/r Rmln z"'ui "'4.htfr 9 wJr t /.. 
Jnui !; .J!4."'r9/r R-/r'k )1 ll nlfrP'lb'kfrm/r ""''j,r [ilbpnL~"bbrl!. f,"j,"'r"'-

4.nr !; zlfinfilbL 'kwt.. mbuirw'ffrJfrinfr t.bui (R-1!. zwui w4_btfr pwrar 

!;, J?w'k Mob Jnui, brw'k'll!. 'fb'l.'i,,,,4_nL"b} nL "bw'lfrw'lfrm/r f.btn (R-1!. 

~iJ.bLfr pwrar !;, .J!w'k ,V...ob-fr'ki!, AR-I!. [ilnLJL !;): 
.:wGfw1l_w.irbrp: '1tw1JwJ?u, F1fr'k'lt.bJ, 11,,,'i,"''i,bw, U.rt..bu,,,"j, 

'1nnL'krw'f, Sr"b/rLUnLq1 ~UU~-nLJ' .Pwp__wrw"b, IJ.'l"'r"''L' ~w"it,ew
ifw'k, 1'wuuiw~brui1 

(ll'l. IV fl) 

!lih~qw~wli .liwm~nlp.Jntl'i.Gbrp: OrfilnnnJp,,,Jfr"i. ufr"bp'kfr,,,, 

~wrJrmfil1m"i.1!.' 2,5-31 U."i.zLfrlf>nLJ R-1!. 33% !;, 'fnLJ"j,I!. "Uffruiw~ 
~wUfuiwifnL"i.-~wbwi_,,,i/.nL'it brw'k'lni/. ( wif.blfr Uf"'r'l. !;, J?w"b uibui

l'"'l;'fpfruifr ~w'litui_LUi/.nL'it a[rp.,,"Jui'lfr br"'"j,'ff!.)t f.R-[!_ 2-""'"' filnLJl 
!;, Ul"i.frqnuirn"JnLP-JnL"i.[!_' pnLJl, "bbr.J!fr"j, nblf>lh.J!u"i.brf!. JnL'f ~Ulr

Jfrr b'k, fr"i.t"ihu uibuir"'t-'frfruifr"bl!. t.. r."'1ui'k"'pbrifnLJ b"i. [rJbr

ufuu1n1/. pnznLJI '1wrJrnL{J-JnL'it[!_ 9"'Jr !;, [!_UU1 f,UIJbJUIU1Ul~Ul"j, 

nbublf>fr Uf"'U1~Ul"j,nLJ' !; Il /uJ'pfr"b' 'f"'lb"bfruifr9 nL uuifrp"bfrut/a.g pwrar 

!;, P"'l9 funL"bU19wJ f.w"b.J!"'"i.JnLpfr9, fu"'L~nUffrr/ruifr9 nL uf,,,Lbrfr

uifr9 9wJr1 

luwbwmmdp: IJ.q'fmJ b"b 'frw~w"b' "'l'J?"'l"'P°PnL"b ( "'r"''l ub

ifw9nLJ ), HNOJ ( "''l.'fmJ !; brpbJ'ii m pnLJL}i 

Uuir11L~uinLr"'Jfr"i. fu"'J"'uinufl!.' 'lnlnrzfr"bbr HBr-/r 2-5 

"-"'Ir~· fu.uJ,,,uinLJnif J.. /u"'t"'aJ.. "bfr~nt"bbrnLJ f,"'Jui"i.UlpbrifnLJ b"b 

p"i.nrnz U[n£frufr"b{J-buifr/J nL 9"''i.9wifnr ~r~"b"'pJnLr/.'1.'itbrf!' 
U.Gtwmnnif.brp 0.1..brp, dpl'ibrw1t'..brp qmqw~gn1d1_1: f1"bnpnz b'it 

frqnJbuirfr~ f.U1ut/r~'bbrfr Ul'frb'fwurbbrf!.1 Ufnlfrufr"b[J-btnf~ nL 9U1"b-

9U1i/_nr ~r~"blUpJnLrb'l.'itbrni/. ('b~. 54). t,,,,6."'fu ~"'P°/rL"'ai.. "bbrtfiw

~nLJ"bbrfr ali.nif 'lui"bif nLJ !; 'l"'lb"bfrui/r 'f"'zuihrnLJ ~wJ um.wyw9-

"bnul !; t;.,,,r,,,6.m .. J"bbr funL"bw91uJ t;.,,,"j,.J!,,,"j,JnL{J-brfr r.bui1 ~nL'l"'~l!.9 -

<[mJ !; Ga, SJ, Djem, Bui, Cp-fr, /unL'it,,,9,,,J t;.,,,"j,.J!,,,'i.JnLP-br/r, 

Ag-/r Jfr"bbr"'L"bbrfr r.bui pwqJ1UJbui"''l"'lfr'b r./r'frnP-brJ"'L r."'"b

.e"'4."'Jrbrnul1 
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Swrphrmp.Jml'ip GdwG d~Ghrwil'ibr~g: f1nLp"bn"bfruil!. f,'j,,,,p,,,ifnr 

!; zpnfilbl fum'litu9wJ f.ut"bJ?,,,"j,J,,Lfilbrfr f.bui (R-1!. wifbLfr 9"'Jr !;, 

'L"'rJrnL[<IJnL'kf!. "'"-"Lfr P"'rar, fqnuirnUf !;), pnL£LU"j,Jbrfruifr nL 
2-bJun"bfrui/r f.bui (br~nLu"b !;l mJ-b'l. ,,,";,frqnuirnUf b"b, ~,,,qJ'nLJ b'k 

l.it• 54. PnL(''bn'bfrmfr 'tl''t'b,,,pJ"L['k'l'b/,[' (pw11 £. JnL'I: Jnful'"''l"LJ'b1 

fuw~1»m1_w~ !; W{'f!WJwpp.jfr 'l"l"l'2fr'bh{'ny)• 

1).'z,2/frtfoo X J00. 1J.7w111/,ltfr r,,.,'z,/!w1.•1 ~WJ't• UU~ (eu111 l;, ~.1J.Jp('Jw'bfr)1 

br~"'r"'a'liJ."'J ,,,'bp__wuinLJ"bhr, "inlfruf>'bpbuifr~ ~r~'it"'pJnLrb'l'itbr 
tb"b UltlW2_W9"bnLJ. 'itr"'"j,9 "-r"' "''l.'f"L" I; HNOa), uuifrp"bfruifr r.bui 
( nLJb'l. t.R nL Ul'itfrqnuirn"inL{<IJnL'it, KOH-/rs "j,"'r"j,2-"''lnLJ'ii pfrJ ), 

'l"'lb'bfrur/r t.bui ( ""i/r111w~ 'lmJ"b, R-1!. "'"-htfr P"'rar !;, frqnuirn"i, 

'itr"' if.rw l"'"- b'it "''l.'fnLJ HN03, HCl, FeCla, p'itnrnz b"b lfizrJ"''it 

b n w"b~JnL'itfr'ithrf!.) 1 

.:wf.fw1l_w.irhrp: "lr2/rPr"'J, '1l"'muuiwl (~wp9)1 1_,,,,'lnl'itfr 
~rJ"'J, ?-wpLUunL'bt ~UU~-n._J' lJ.q,,,uib~, !l,n'ft 

(ll'l. IV fl, VIII) 

!li~~qwqwl'i. fiwm~mp.1ml'i.r.brp: "lfrrnLJnLqfruil!.' J,,,'brwpJnL• 

rb'l. nL 'f"''l."'"j,"'pJnLrb'l., fru/J "J"lfr"''kfruif!. funznpwpJmrb'l. "bnLJ"j, 
~LUqJnL{J-1w'it-Mn02 uiwrpbr,,,~'itbr b'i.1 SbuirLU'fn'it1UJfr'k ,,,,,,, or

[ilnnnJptuJ/r'ii ufr'it'ln"bfrw, IJ"'rJrnLfilJnL'iif!. ur,,,ui,,,"bifmJ !; z"'ui lwJ'it 
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.J 

uwt.nw"b'bbpnuf' 1-frs J'fr"biJ.. 6-6,5 ( 9wJr "lfrrnunuzfrmfr J'pw-

"bJw'b, J'frlfr"b "b11w Jw'bpwt.wmfrq 111u1ppbpwq"bbpfr Ii. PLUf'a.r "tn

Lfrw"bfrmfr t.wJ'wp}; fd-nLJL l;Lbqmpwt.w'lnr'fPi. I;. 11."bufrf/>nLJ' R-~ 

33 % I; ("bif wqmJ I; qw'[m"bwp[nLpb1z w1fr"b urLUppb['LUq"bb1rnLJ' nL 

33%-fry 'l.'lwlfrnpb'b pwpa.p I; "lnlfr"''bfrmfr t.iu.!wr ), qnLt'bf! Jn{u

pwqnLJ"b-u"lfr111wl1 I; itrbJ'fr qLUJ qnp;_wifnL"b "i"'l''l bpw"bqnif 1 '1pb

J'fr hpw"b'll!• np[! "bJ'w'bifnLJ' I; Mr qu11f Py-Jr, L"'if I; "bq"'m-inLJ' 

tft.!n'bftm/t qw.! "lufrlnJbl"''hft qmz,eft'bt ~R-l! nufb'l I; Pt~•LpluzLU
tft"b lnl.Uf'pbf'UIJJ'j,brft (t.UIUJ"LU"fbu "fn[/tU1"bft111ft) J.. flnLJl I; J'Ul'j,f'Ul

t,UIU1"" "ffrpnLJnLq{im/t iln111, w"bftqnmpn"fnL{rlJnL"bf! nufb'l I; 'lm"bU1-

ifn f' l;f/>bf1111nif' 'fb'[[i'iJ-'bwp'i,i'._Ul'fll!..J'j, bput'b'f'j,brnif ( 'f Ul'[Ul'j,WpJ nLpb'f 

111U1ppbpwl1'bbp[! t.wJ "'rt"' frqnmpn"f b'b) 1 . 

tbr.eft'b ,,bf/>Lb,eu'bbrl! P"'S"'it"'J'ILJ b'b, ~"'rJrnLf'JnL'bf! 9 ,,,Jr 

I;, .!ftlfr'b flL P"'ra.r, f!UU1 t,.,,Jb.!wmwqw'b nbubf/>fr "f"'Ul'J"''bnL.! k: 
IV-VI {uJpbrfi'b: 

luw~wmnuir.: U.q'fm.! b';, 'fr"'l[u1'b' H 20 2 (b,,nLJ I;, P"'!9 tfr 
{uLUJwmifnL.!), SnCJ2 ({uwJ.umnLJ'), H2S04 +H10

2 
(11b.w9nLJ), HCl 

{u111w9LUJ (q,,,pJfir pfrJ ), KMn04 3 % (LnLJnLJfll! 2-3 if"'tr4· 

qnp9'1111i,/ I; fir qnLJ'bl!), HCJ nL KCN (bppbJ';, fJnLJL "''l'fnLJ b'b}t 
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tft • . 55. /i>'frfilliqwrfnl' J.,,'bpwl'J"L['bq UJPl'"lJ"L'l~ui "L hns "lufrlnJlrl"''b• 

U.'bufrlf>, X60. 'lw/"'!WJp f>w'be"'rf., ~w1ft· UU{1 

U.&~mmnuiG.brp. al..hq1, dfi&hrw1&hrfi qmqw~gn1tfp: Unifnr"'Pwr 

-0ntfiui'bbp, ltntn.!nplp LUllLU2_ LU.cJnLJ'bbp, bppbJ';, i;LUmfrl1LUi/nr PJ"Lrb-

1z LU tfr'b "''lrbqa1111'bb r ('bq. 5ij) nnJ' P"'a.J.. flL b rltUlrLUa.'fif wJ qm l!r-

4. LUJ,e'bb1111if, LUif b Lfi t,w~if LU'fbll/ ILLU'ffr LU[-f,,LUILW'f"' JfJ"' Jfr'b llL wub'l

'j,UIJ.J.. LU'frb'lw111'bbp1 .~nL'f"'it!J4_nL.! I; "tuftlnJbl"'';,-4_w'lfi • ,/"''b'lw

-'hpmfr 1>b111 ( mb'l"''twlblni/_ 'bpw'b ) , J\fo-/r qwppn'bU1m'bbp[i t.bm 

'i.umif"'JJ!"'tfr'i. J-w'lJw'it Mn-fr !:,U1'it,ewi[w1rbpnul. wifblfr /), w'li/_w

'fb"i hem, Ba-fr, "''I"'"' fr t.bm l;qn'fLUL .u9fin'b-'bumi/_LUJ ,ewifr'b t:,,w'b

J!LUi/_LU JrbrnLlf f[LUJ' f'LU'[d wJ' bw UI'[ LU J fr'b t.w'i-,e LUi/_ LU J rbrfr OJ!Ufr'ILU9" 

J'LU'j, 'l"'j,LUJnLJ 1 

SwrphrntpJntfip fitfwfi tfr&hrwt&hrfig : f!J[ipnlJ"L'f.frm-"inlfrw'bfi

u•f! t,'j,.,,rLUifnr I; ;_pnflbl "lufrlnJ'bLLU'b·ifLU'ffi t.bm ( qnLpq I; qnL

-'itLUi/_np brw'b'lfr9• p'bnpn2 b';, uwn.9w'bwfrt2br q.uJ qnL'fU11>bn.-.!w'b

pwfJbLLUJfr';, w'fpbqwm'bbp ), .!w'bq.u'bfrmfr r.bm (R·f! wifbtft 9wJ11 

.I;, wub'l'bwa.J.. 11L "tl'fr'l.Jwmfrll w'fpbqwm'bbp, frJ'b11ufrw1n4_ wrJ"''j, 

qwpJfir 'lm(i,[i 'bbp,eft"b nbfPtb,eu'bbp ), ppwnL'bfrmfi t.bm ( w'bfrqn

mpn"fmfltnL'bf! {Jmu f;, f'J"Lf'b'l'bbpf! ol1wwl;'ll'U1Jfr'b, 'bbp,ep'b nblp-

1b,eu'bbpf!' '1"1'2. } t 

l.wfifwt!_w.irhrp: fl/nu111JwupnL/''l• t{iqn"tnl, !lf.LUmnLputt 1,1JU1,

siul" UJ...ewr~Uwl'fr'IJ"L'l' 

!brqrlpuqw& fiwm~mp,in1&&hrp: f!JuftlnJbl"''bf! t,,,J PJ"Lf'b'l.wJfr'b, 

Jrull i/_"''fl! Jpw'b.!w'b mwppbpLUq I;, npn'b,e t.w'b'fp"fnLJ' b';, t.wJw-

111b'l J.. qw"fi/_wcl- b';, wumfi{,,w'bwtfr'b w'b9nLJ';,bpni/_1 "lufrlnJbl'u'bfi 

i,wqJnLfJJw'b ,/bl Jm'bnL.! b';, bplfnL-bpb,e Jw'bqw'bwtfr'b mwppbp 

pw'lw'lrfrt'bbp 11L 'lbmfrinl!, npn'b,e qw'l.!nLJ' b';, ubpm nL .!w'bpw-

1>wmfrq Jb{uw'b[rl[wltw'b {itwn'imL[''f ( 1>w1m'bwpbpifnLJ I; frJ'bpufrw1niJ. 

Jb,} {unznpw9.!w'it "fWJJ'w'b'bbpnLJ' } t 

f:w'lw'fl'Pi. 1. ftrb'bft9 'bbpl[wJ"'9'bm.! I; Jw'bpwt.wmM "fP

I'"lJnLqfrm1 

Pw'lw'frfti. 2. t.ftJ'bwltw'bf!, pn["l' 'fb"iJ!bpnLJ fufium qbpw-

4.znn'll!• 11L'bft "iPl'nlJnLqpmft9 ·zwur wi/_btft 9wJ-p nL pnpn{uwqw'b 

R' 20 ,/fi'btli. 30 % , 'bpw J'nm "tfirnlJnL'f.ftmfi t.w.!wr p'bnpnz '1-b'lfr'b 

hpw'bqf! 1>wJwr!"' pw9wqwJnLJ I;, fiuq fiJ'bpufrwtni/_ "lfrrnLJnLqfrmfi 

qn'l./!P'j, ';,~ a.bn,e I; pbpnL.! qw"fmwi/_nL'b bpw'bqt OpfJnnn.!p wJfr'it 

uft'i.11n"bfiw, 'itqwmblft 6-R ( ullffrmwqfi9 II bpl1w1'bnL{ilJw'i.l! J'fr'btk 
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f[_w"f."'"'-Jnfuru111nLJ'it J_ bri[wrwli'lif.wd- ;:.,},,,,frf[_'itbl'fi bri["'Jh•ILflJiu

'ite), mclb'l w'itfrqnmrn"I. 1;1 u.J'I 111/uwif.nr pwrz-'lr/rte "· u . .Z.n
Lfiwf[/r'it utnw2."'r1fnL,J I; w'itqw'itbl cr"lufrln,Jblw'it.1>1 

Pw'l"''lr/rt 3. 'hkrl[w I; ifrnJ!r J!w'itwf[nLPJ'IL"i.'itbpni/_ /,_ nt_ 
Jfrzm. 'itrw t:.wmf[mfilJnL'it'itbr'it b'it' d-ut1fnmlib'itnL[ilJnL'i.[!, 9wJr f[utrd-

fi/JnL'il[! nL t:.wJhJwmwf[ut'it nbublf.-f!, fl/r[ilhrz,,..if.n11 /J.ILfr w'itp_wumLJ

'itbrf!1 nrn'it.[! nLt/b'l f:lR-ni/_ nL w'itfrqnmrn"f.nL[i/JutJp zwm 'it,Jut"ir 

b'it 'lr"'f/>/r mfr'it, uwf[w1'it nL'itb'b JnL'l-'l"r2 'ithrJ!fr'it nlsff>Lb.[!u'itb1, 

('1/turi/_nLJ b'it Jw'itr 1frnzm.J frJbru/iutJm/)1 Cum fTJ. fl·wJ'lnrfr w1u 

PW,'lw'lrfrte t:.wJU1"f.UIU1utU/uut'itm,/ I; rr "-"''l.,JnL[i/Jw,Jp fuwLf[nlf>ut

'hfrmft'b' (Mn, Zn)O . 2Mn02 • 2H201 trpb,j"j, P"''l"''lr/it 2-fr t:.bur 

'f"L'fU1/19i/_nLJ I; 11bmfrure. 'itput'it9 t:.utJutUlbrz w'it2.wmn1.J'itlsre L"'4. J,"j, 

/:,'lf[_if.nLJ /,_ ,/JnLU urbrzutJwubrfrs LUi/_0£fr f[wrJr b'it1 

f1Jufr£ nJlrlw'it-if.w'ffr i[wrJrnL[iljnLh(! U1UIU1ut'iti/_nL,J I; zutut l UIJ"j, 

Uut/:,J w'it'i, brnLJ' 1-2-frs ,/fr'i.Jtf.a {J ( l[w"fif. wJ Ul'frb11wurut1fr'it t/fr

but1ffr91 utJls'itut9utd-re p'itnrnz I; "r"''it,J,,,'i, mwrpbrutf['itlsrfr' i/_w
'lbrfr t:.wJwp}1 /!_UU1 /)w,/bJutmutf[Ul'it nbublf>fr "f1UU1f[_ut'it111,/ b'i, 

V-VI fu,/pbpft'it, [ilnLJL l;llrl1mrut t:.utrzn r'lfrt b'it: 

luw~wmnu1p: U.q'fnL,/ b'it '1r"'1fw'it' HCI ( wr•11 u1Lut9mJ, 

[il[ilnL'it 'l"rzut'itnLJ I;), H20 2 (bnnLJ), HN03, "'PJ!"'l"'filfilnL'it, 
SnCl2 "''l.'lnLJ lr'it [ilnLJ£1 

UG.fwmnufG.hrp O.l...hrp, tfpG.hrwrG.hrJi qmqwqgnttfp: fl'itnrnz b'z, 

"-"lnJnrlf> umr11L1f111mrut'itbrfr f[_n'itf[rb9frut'ltJut'it Ulllut2_1U9nL1f'j,br, t:,,,,_ 

-6.utfu UU1U1£U1f[_mfrmut1fr'it f[_ut,/ nrzf[nt-J'[Wa/,_ ut'it2_utU1nL,/'j,br: 4frJ'i.Jwf[au'it' 

2-r'I P"''lw'lrfrt/r t:.utJwr p'itnrnz b'it uutn9 w'it,,,fuzbre "-"'" putpwl[ 
utub'l'iJut/J./,_ f[nrw9wJ Ul'frb11wm'i.Jbrf! (t:.utJtn'itutpbri/_nLJ /,'j. frJbr

ufrw1nif. /uwtwlilL 'itf>f[nl'itbrnL,/ 11L ,/bJ funznrut9nLJnq) 1 RnL'lw1fe9-

i/_nLJ I; Pyrol, Man, Lim, Get-fr t:.bm J,,,'it'lut'it/r 'itu.,qutJJ!"'J/r"ir 

t:.ut'it.[!uti/.utJrbrnLJ nL Jut'it'fut'itw1fr'it 'flfuwrf['itbrnL,/I 

SwrphrmpJntG.p G.uwG. tfpG.hrwiG.hrpg: 4'itwr"'"-"r I; zifrnfilbl 

"lfrrnlJnLqfrU.fr t:.bm, nrfr R-e, uutf[w1'it, "'"-"Lfr putrlir I;, brut'it'l:I! 

'lb'lfr'it, HCl-e tfr "''l.'J-nL,/, uwn9ut'itwfu2e put9wf[utJnL,/ 1;1 4'itutrut

i/.nr I; 2•/rnfibl 'itwl.a LfrJn'itfrmfr t:.bm, nrfr if.rw, fr mutrpbrnL{JJnL'fl 

"f.ufrlnJ blw'it-if.,,,'lfr, HCl-e lfr "''f.'l-nLJ., fruf[ 'itbrJ!fr'it nhtf>LbJ!u'itbrl! 
'lb'l'it "''lnrz b'b1 

..!wG.fw{w.1rhrp: fTJnumJutupmrt• 'ifrl[n"f.nl, !ifrw11rnLrut1 ~UU~
nLJ' ""-J!"'r-Uutrfr'IJ"L'l, Uif.utrut'it91 
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57. 4)J>PUP'J.J>PJ>S-lllrn"USl>S--Ag 38bS3-Ag3AsS (Uq. I V U., I\' fl3} 

:h}iqpqwqwG. fiwmqntp.imG.G.hrp: Srf>11n'itU11fr'it ufr'it'ln'itfiut, f[wpJ

pnL[tlJnL'it[!' 2-2,5, l;lb1fmrwt:.,,,rznr'1/>t t_b U.'itzifrfPnLJ R-e 32% 

( "f./rputp'ffrrfrmfr t:,,,,Jwr) nL 27 % I; ( "f.[lllLUm/rm/r /:,wJ utp ) , 'f"LJ'j,f!' 

U"f.frmw1f I; ( "f.frrwr'ffir/rm{! nLhfr "-''""" b11ut'it'11 fiu1f "f.rnL11tnfrU1f!' 
f[ut"l.u'"'"-nL'it brw'it'l) , .1R-e 'it1fwmi/_nL,/ I; brf""''f"LJ'it-Jnfur"''fnLJ· 

'itfr9 Jfr'itt"- JnL'l 1f"'"l'""'-Jnfurw'lm-1'h, ut'itfrqnmrn"I. I; 'fnL'itutif.nr 

(ifoLJL l;lf>b1furni/_ 'fbrzfr'it nL f[W"f.Ulut-dnfurUl'fllLJ'j, "r"''j,'f'j,J.rnif.1 

'ibpJ!fi'it nbfl>lbJ!u'itbrf! "f."'r'f. b'b' l[_wrJfrr /,';, filmJL J w'itnL

zut1fw'lnLJ'it brut'hpi/_ ( u11ufr'itJ!'b' 1fwrJfi'itfr-1fwrJfrr1) "f.frr"'r'lfrrfrmfr 

t:.utJwr nL 'itutrh2.ut1fw11Jfir ( "f.rnLumfrmfr t:.wJwr}1 '11urdpnL[i/JnL'itf!' 

9utd-r J;, £!"'" t:.wJbJwurw1fru'it nbublf>fi Ufwmf[U1'itnLJ I; I fuJpft'it' 

"'r'f:b'itmfr~fr9 pwrar I; nL 'fU1£/,'i,frmfr9 9w<lr1 
luw~wmnttfp: U.q'lnLJ b'it 'II'"'~w'it' KCN-e 'l:nrzw9nLJ, liut[il/r

ll! t:.ut'bblm9 r.bmn J'b,,L,/ I; ';,,,,r'itp_w-'lbrzfr'it pfrd- ( "''l.'f"LJ I; .aif.btfr 

m.clbrz "f.frr"'I''ffir/rm/r /,_ [ilnLJl "f.rnLUtn/rm/r 1_rut), "'rJ!"'J"'filfilnL'it 
nL KOH-e (6fiutJw'ittu"f.UIU1nLJ), HgCl2-e llL HNOa-e ([ilnLJl /,_ nt_ 

Jfrzm), FeCl3-{! ([ilnLJl "l.frr"'r'lfrrfrmfr if.rw /,_ P"J!f1-fr'itt wif.blfr 

nulb'l "l.rmumfrmfr if.rut}: 
UmrnL1fmnLr"'Jfr'it fuwd-wmnLJ l!' HJ. t:.w1m'itwpbri/_nLJ b'it [ilfr

[ilbrzuti/.n r 1f rf['itutPJ11Lpb'l'i.J/,r llL 'f_nhut£ r1L[il JnL'it: 

UlifwumttfG.hr}i O.l...hrp, tf}iG.hrw1G.hrJi qntqw~gnttfp : Um/_nrutpwr 

d w'itr 'itbrifrwf[nuf'i.Jbrfi '1L putrwf[ Urutf[/rf1'itbrfi /J.f..ni/_ 'f"'l/,'i,frmp1 /unL'itw-

9wJ t:."''ilJ!w'it1m.[ilbrfi !.. 1uu Jfr'itbr"'L'itbrfr '1wzmbpnLJ1 4wrut-6.nLJ'itbr 

Ag-fr "'IL Jfr'hbrwl'hbrfr 11L p'itwd-fr'it Ag-fr t:.bm, brplsJ'it fr'lfrnJnr:P. 

"lrfi'l.J,,,mfrf[ pJnLrbrz'ithr p'itutd-fr'it Ji['h'lh'lfr t:.b1m Rmp11[9i/_nLJ I; 

mwrpbr UnL[ lf>fr'l'itbrfi' unLL :j.utwrzbrfr, wrub'itfr'l'itbrfr· p'itwd-fi'it Ag' 
Bl, As-fr t.b m t:.fr'lrn[ilbpJ1ul 9"'JI' p_bpJ wumfr-E.w'itw1fr'it f.ru'it.[!w
i/."'JrbrnLJ 1 

Swrphrntp,1mG.p G.uwr. upG.hrw1G.hr}i!J : "1frrwr11frrfrme nL "l.rnw

mfrme frrwr/r9 'lclif.wp b'it mwppbpi/_nui. "l.r"Luurfrme t:.w'it'lfr"f.nLJ' 
I; zwmr wif.blfi t:.w'f.if.ut'fb"f. llL WJ'i,"f.frufr /:,,,,'j,~uthjnL[ilhpnLJ, npn'it~ 

t;,utrnLUtn b'i, Jf['it'fbrznif. nL Ul'lJ!UIU1 Jwrfrrm/_1 'itrUI 'itbrJ!fr'it nblf>lbJ!u

'i,brf! 'itwr'h2.w-l[wrJfrr b'b, KCN-e "''l.'l"'J I; filn'-ll• fruf[ KOH-e "'
FeCl3-e utif.hLfr nLclbrz, J!"''b "f.Pr"'r'lfrrfr11rfr if.rw1 

fTJpr""r'ffipplll-"f.rnLIJU1frUJf! /:,'itwr~"-"r I; zifrnflb£ 'i,w/,_ Jfiwr

'fPrfrm/r t:.bm (R-e -1."Lfr pwrlir J;, 'itbr,efr'it nlslf>LbJ!u'ithre wiJ.bLfr 

t:.wqif.w'lb"I. b'it nL fJnLJL} /,_ "l.nlfrpw'f.frmfr t:.bm, "rl! wif.blfr 'IJ-if.wr 
I; t:.rz1fi/_nLJ IL nL'itfi 'itnLpp ~w'hwtwi/_m.'b bp.u'it11: 
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.ZtUGfwt}_w.irhrp: 8w'tum1bl[wu, 

•&'iibbpbpq1 Z,UU Z.-nul' U.q.nwbJ1, 

I 

<J.11Lw'bw/unLU1Uln ( lfb.eufrl[w ), 

(U.q. IV fl) 

!b)iqp~w~wli liwm~ntpjntlilihrµ: OrfclnnnJpwJfi'ii ufr'iiqn'iifiw 

( "'Jl ur.J.Jwlhbpni[' Jniln'tlfr'bw1fr'b), liwrJrmfclJnLh[!' 1,5-.2, !:ibl[

mpwf..,,'lnr'lfrt. t_b U.'lizLfr~nLJ' R-e 31-.26 % /,;, 'l"LJ'i'/! J nfu11w-

4f"LJh-uUffrU1UJ~ [unL'iiwywJ Jw'iimz"'ll"''l"LJh bpw'iiqnif., ,iR-e 'bl[ww

·.J.nLJ' !;, flLbfr TILefb'l w'iifiqnwpn"ftlL{clJ1tL'bt 'ibr.efiiJ nb/f>Lb.eu'iibre 

J'lnuuuqnLJh b'ii, liwrJrnL(clJnLh[!' 9µ1Jp, eum r,.,,Jb,/wmml[w'b ,.b

.uhf/>fi "i'""''tw'irnuf t I fuJpfr'b 11L f1,,,fuif.wJ 'tmrif.wJ.efr 'lfrr.efiy, 

,,,'i,,,,frJn'i.frurfr9 i[wJ' pwpap !;, l[wJ ywJr1 

Juwbwmnufp: O.q'lnuf b'li 7pwl1w'u' KOH·[! ( wpwq 'l"f2."'fJ"LJ, 

·"'"f'" 11b.w9nLJ), KCN-e ( J',,,'l"'9"Llf, t:.w1tn'ii.,,pbpi[nuf !; uur1111Ll[

u111Lpw'b), HgCJ2-e (7bqfr'ii 'iiuurif.wJ.[!, hppbJ'ii l_P "''l'lmJ): 

U.lifwmntt.flihr}i 0.1.hrµ, tf}ilihrw1lihr}i qntqw~gnu.fp: ~'hnrnz b'it 

·"frfrqJwmfil[ nL tuub'l'itwaJ .. , t:.wmpt1,,,.J.nr "'L""'rfrnJ'nrf/> /,. qn[n

Jnplp "'""'i"'9'1LJ'iibp1 ~nLqwl19.J.nLJ !: Real, Sbt, Mr-fr, Jbl'bfrqn

·if.frmfi, 'tfi'itniJ.wrfi t:.bw 9"'Jp p_bp.lwump6.ut'i.w1fi'i. t:.fr7p11(clbr.i"'L 

t:.wb.JJwi/. WJpbpnLJ I l.fr"fbf''f/,'j, UfWJU Ulb'itbpnLJ Wl1Ul2_Ul'j,,ILJ !: nb

"'l'f'"f'P t.wztJ.fi'li k if.bnfr'iifru 4.rw t:.w'i.7bu !; 'l"'lfru ltb'lJ.,.'iibpfr nL 

.,Ptunbrfr MwiJ.1 

Swrphrntpjntlip Gt.fwli d~lihrw11ibr}ig : 4'i.wrwiJ.nr !; 2.ifinfclhL 

·~fr"'Jh nb"'l'l"'f'P J)bm, npf!• fr mutppbpnL(clJnLh UlllLf'fr"ffr'lJb'i,mfr, 

m'iifr 'j,,,,f''i,iw-l1iur.ifrr 'i.br,efr'ii nbfP1b.eu'iibr1 

4wlifwqw]rhq~.: 11.L"'fuwp (lf,,,J1b'lnhfrw), {nL[um.ifr, J!~L£f/>w 1 
411U 4-nul' 11 "'Li/. "'f'I' 

(Uq. IV fl) 

!hpqp~w~w&. 1i.wmljmp,1mGGhq1: Or(cln,,nJ'p,,,1fi'i. ufr'iiqn'i.Jrw ~ 

urw['l,bpwlffr t..w.fiup (91°0·fr9 9wJp 2_bp.fiuumfr6.w'i,,,._J) trL w.J.blfi 

r,"''li/."''lb"i Junput'brup~wJfr'i. ufr'ii'ln'iifiw a. "'"'pphpwl[fi r,"',f"'I' 

.( wn.wi1»hnLJ f; 91°0-fr9 P"'Paf p_bpJiuuwfr6.,,,'i,fr "f"'J,f,,,'i,'1,bpnLJ ) 1 

i,,,,rJrnL(clJm'lie' .2.......,3 l1n.blfr · I;, L"'i/. !:Lhl1wrwt..,,,'lnr7frt_: ll.'itzLfr

./[>nLJ R-e 29- 22% !;, 'f"Ll'j,1! u"lfrwtul[, bppbJ'u iJ.wr'l"''fnLJ'i. 

.br,,,'iiqni[ ( pnn'bfr,,,fr fr.wn.'bm.p7fr 'lb"i.IJ"L,f) fJ.tutf hr't'ii,,,qnL/'ii br,,,'ii-

41"'[ ( l1nif.blfr'i.fr Juwn.'itnL['~/r tjb•'f.[!nLJ' )1 IJ.nJ' pwl;;7r..., 1/i'i. 111 "'l'Pbr,..-
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'ti! nL'iifr ..lR llL w'hfrqnuipn"f !;, u11[bLfr r,,,,'li/.w'lb"l' funptu'iiwr'l"'JPb• 

ui..,ppb,.,wl[I! ..\R t_nL'iip 11L pqnwpn"f !;z tbp.[!p'i, nbf/>Lb.J!11'iib['{! pw

,'J..,'t"'J"LJ b'ii, qwpJp11L[ilJ11L'ii[!' ywJ[', £!""' r,,,,,fb,f,,,,,,,,,4,,,r;, ILbubf/>p 

'f"'uif.nul /,; II - Ill /uJpbrfi'in 
luw~w~nufp: U.q'lnLJ b'ii 'lf"'/iw'i,' HN03-e f wpwq lwnuf nL 

ll"'"i""'i.J, qwfclfiLP 4,,,iiwt_nLJ), KCN-e ( "'f"''l ub.wy,,,_J ), FeC1 3-e· 
nL HgC1

2
-e "''l'tnuf b'ii [<Im Jl 1 U uip11L'f.;,nLrw1fi'ii fuwJwmmJ' HN 0 3 

fi1urtu9wJ 3-10 .J.w1r't· qwJ KCN-e (1: 5 )1 
. U.lifwmmt.flihrp '11.hrp, tfplihrw1 lihr}i qntqm~gntdp: w) Z./i"in

'lb'i, nnJ'p w!:'l['"'Jfr'ii fi1wlllnqfr'iie pwr'I flfi[ilbrl'u.J.nr 4r•lt'iiwpJnLpb11w-

9 .,,,} !; IL nL'h/r "i'"l''l t:.bpAnuf ('i"t- .56 )1 ft.11Lqw't94_nLJ !; Bo-fi nL 

Cp-fr r.bm, nrn'ii.e wnwp_wbnLJ b'ii fuwlqnqfr'iifry wif.bifr nL2: Z,mq-· 

if.w'fb"f f.wiJ'/p"fnLJ !; nrn2 l.fr7rnflbrJwl t. w'ii.ewif.w1rbr11LJ: 

t~ . 56, /IJnlnl'wruump~ fuwl~"'lf'bp "''l:l'lt'lwan1° Sw-mnL'b (!2p'bwuU1w'b) 
~"''bl!. X 58 (e.u"' If}. f/-w.t'l"l'r)• 

p} Z,fi"fh{''lb'i, nn.lpw!;'fp"'Jfi'u fuwLftnqfi'bl! l wJ'ii ~mwpwJ-qwJ. 

.. !; brlwnr'l"'Jfr'it unL1f/>fr'1"'Jfr'i. t.,,,,pumiu9•fw'i. qniiw1nLJ, npuih'l 

'lnL'fUllfyif.nLJ' !; Cv, Bo-fr nL Ull1U12_'itiu1fr'it UllLL~fr'l'iibrfr' Cµ, SI, 
Py-fr t_uib'lwfJ,,,L.J.iuJ J"i,"'Y"f''l'librfr t..bm1 

q) """i"'lbii funpiuhtuf'llUJfr'it fuwllln'lfr'ite, nre "i"'f""fnrf/>n

pb'li ifini/rnJuifbl !: nnJp,,,!;'fp"'JPh mtupphpwqfi, t:.iu'ltf wqb"f !: "i"'" 
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u11u1'nul, rn'bfr 9w'b9iu-{<lfrflb'lwtf.nr 'Lwn11L9t/_w.t-l!., 1'w6.wfu "fLUpnL

c;,w'LnLJ I; pnn'b/11nfr "fp'b'f lnL.tnLtfl· nrfr t:.bu.Juu'b.[!nt/. UU1UJ'bnLJ I; 

t/_wp'fw'fnLJ'ii b1rw'b'l1 

'f) l.fr"ln'lb'b w'bt/_int/_in/u /unpw'brup'fiutfr'ii fuwl'Ln'lfr'bf!. unt/_n

pwpwp nL'ii/r br4'iiw'lmJ'ii bpw'ii'l, "lwr'l t.bpJ.nul "- "liur1n'biul1nul 

!; u"lfrmw4 Cc 'LwJ Cv l;JnLLufrw1 Z,w'ltf.w'fb"l I; "lwmw1'nLJ1 

b) Z./r"Jn'fb<j, /unpw'iiiup'fwJfr'j, fuwl'Ln'ffr<j,f!.1 npf!. "fP'j,'f [nL

dllLJfl/r J.£.nt/_ "fLUrnL'iiw'LnLJ I; pnn'bfrmfr 'l_'fLU[p /uwn'iinLr'f• U1wr

pbpt/_nLJ I; t/_iup'fw'lnLJ'ii bpw'b'lnt/. /,_ iu1fblfr nLJ-b'l iu'iifr11.nmpn"fnL'

.. P1wJp nL 'fnL'iiwt/_np l_;lpb4mnt/_1 Z.w11.tf.w'lJnLU1 I;: 

SwrphrntpJntbp f.i.Iw& ilp&hrw1&hr}ig: lu1ull1n11.fr'iil!. t:.'bwpwt/_nr 

t zifin[Jbl /unL'iiw9w.t t_Ul<j,.J!LU<j,tnLflbrfr t:.hm (brflJw'fnLJ'b brw'b'f 

J_nL'iib'b, fr11.nmrn"l b'b, iutf.blfr l1wr.tr b'b, HN03 nL KCN-e tb'ii 

LU'l_'fnLJ ), wp'fb'bmfrmfr /:,/,U1 ( nL'iifr "LU'j,LUl_LUt/_nt'ii hpw'ir'f1 'Lwr.trnL

flJnL'iif!. wtf.blfr 9wJr 1;), "fpnLUUl/rUl-"ffrrwr'ffrrfrmfr t:.bm {'LiurJfrr 

Cj,br.J!fr'b nbfPLb.J!u'iibr), 4fr'iintf.iurfr t:.bm (nbUl'Lmfrt/.'iibrl!. tb'ii w11.pLJ, 

l1wrJfrr 'iibp.pfr'b nbfPLb.J!u'iibi'' wu "lwrw'lb'iib11.fru )1 

4w&fwil_w.irhrp.: PJnLm (U'n'bmw'biu, lUJ't), Pfr'ii'lt:.bJ {BnLmiu, 

llU't), '1nnL'bpw'f, J!b'l'Liunw'ii, SnLpfr'iitiu'ii 1'w'b.p.: Z,UUZ,-nLJ' l;wJ

lnL'l_• ?,wt/_iw'b, Sw'bJ.mm, U.'liurw'L1 

(U'l. IV 11, IV fl) 

:hpqp~Ul~Ulb fiwm~mp-.im&f.hrp.: lunpw'bwp'fwJ/r'ii ufr'b'tn'bfrw, 

'Lwr.trnL{<JJnL'bf!.' 3,5-4, l;lb'Lmriut:.w'lnr'IPt t_I;: U.'iiufrf/!nLJ R-e 
29% 1;1 'fnLJ'ii/!. Jnfurw'lnLJ'ii-u"lfrmiu'L br'L'iiw'f"LJ'ii bpwb'lntf., 6.R-e 
j/nLJl I; ( frJbpufrwJnt/. 'ii'Liumt/_nLJ I;), 1'w6.wfu w'bnJiul {<JnLJl w'bfr

lf.nmpn"f I;: "ibp.pfr'b nbfPLbllu'bbpf!. nLJ-b'l b'b, 4wrt!frr 'lni1'iifr, 

4wrJpnL{<JJnL'iif!.' Jfrlfr'b, f!.UUJ t:.wJbJwmwlf.w'b nbubf!!fr "lwm'Lw'iimJ 

!; V fuJpfr'b, fuwl'Ln"lfrrfrm/r9 nL p'iiw.tfr'b "l'l'bJ.fr9 pwpJ.p I;, LfrJn-

1ifrmfr9 9w.tr1 

luw.)wmmilp: U.11.'fnLJ b'b 'frw'Liu'ii' HN03-e ~bnnLJ, pbwJ-fr'b 

Cu t/_iiun, 'Lwflfrl/r 4w'iiiut_nLJ), HCI-e ( ub.w9nLJ, u"lfrmwlf. t/_iwn), 

KCN ( JnL'fw9nLJ )• FeCl3-e { JfrwJ-w'bw"lwmmJ) 1 U mpnL'LmnLrw1fr'll 

juw.twmnLJ' 'bnur HN Oa•f!.1 

U&fUllDD uf&hr]i 0.1.hrp., d]i&hrw1 &hr Ji qmqw~gmilp. : Pim rn 2 b'b 

t.wmfrlf.wt/_np w'trb'tium'bbp nL LfrJn'bfrm/r t:.bm t:.n'liufuiun'b pwriu'L 

Juwn'iinLr'l'iibp ( w l""lbu 4nt_t/_w.t ~ LU'l_JnLuw1fr'ii "l'l'bJ.fr t:.w'b.[!w

'iiJnL{<J ~ ), 1'wrl'[ "''fb"l wub'l'bwJ./,_ uL Jw11.w'bJ w'b PJnLr'6'l'bbp ( fuwL
H8 

4nmrfrfufrm)1 U'frwt'ii 1'fr"lbr'lb'b I;, mwpwot/_w.t I; o.pufr11w9Jw'b 

qn'biuJnLJ', 'fnL'lw'L9rnJ I; t.fr"lbr'lb'b Cu, Mal, Az ( 'ii'L. ti7 ), 

Lim, Cc-fr t:.bm, t:.w&.wfu wnw2.w'brnJ I; ftrwl/ln'lfr'bfr 1'wztf.fr'b1 

i,~. 6'1. lf'wtwfuf.u•p nL w'[nLl'P"'P (pwg ,/nful'w'fnLJ'b) ~nln.fnr!/> 

w'bfwurnLJ'bbf'l!. ~nL"fl'P"'P ( u"lfurwft.) ~burr 

U.'b21f!/>1 X JOO, 11.qwurb~p ~w'bew1• ~WJ~• uu~ (euur ~• ~ • lJ..lfl'Jw'bP)1 

SwrphrntpJntlip lidwli d}ilihrwilihrpg : '1wpJfrr 'iibr.J!fr'b nblp

lb.[!u'bbpm[ 'LnL"frfrm/r /:,bm /:,'bwpwtf.nr I; z_t/_inflbl 'Lfr'iintf.wrf!. nL 

"lrnLUmfrm·"lfrrwr'tfrr/rmf!.1 Uiu'Lw1'b LUJ'f br'LnL Jfr'bbrwl'iibrl!. mwr

pbpt/_nLJ /;'j, 'LnL"frfrmp9 2_LUU1 wt[bifr 9w.tr 1'wJbJwmwlf.w'b nbub

lpntf_, nbw'Lmfrtf.'bbrfr LU'l.'fb9nLflJwJ p /,_ pn[npntf.p'b WJL "flUflU'fb

'i.,b'l_punt[t 

4wlifwil_w.irhrp: l;bufr ( :hpw'bufrw), SnLpfr'iitw'ii t..w'b.[!., 'l>nL

J'bz_hu'Lfr 1'iu'b.[!.1 Z,UUZ,-nLJ' U'frufuw'bw, ll.'lwrw'L, -f.w2.wrw'ii1 

:hpqp~w~w& fiwm~ntp.imlilihrp.: lunpw'bwp'fwtfr'ii ufr'b'tn'bfrw, 

4wr.trnL{<JJnL'bf!.' 3,5- 4,5, zwm 'fJnLpiupb'L bb, {<JnLJL l;Lb'Lmrw

t:.iu'lnr'ffri..1 U.'iizLfrf.nLJ R-e 29% f; , 'lmt'iif!. Jnfupwt{nL'b-u"ffrmw'L 
149 



'l"l'2"'ifnLh brwh'lnif mbmriuL1rfimp 
1

nL qwhwt_wi/.nLh brwh'lnif 

mhhwhmpiup J'nw: t>R t_11L5Jb"b, pqnmrn"i h5'1 "ihr.efiiJ nbfi>Lb.eu

'bbrl! 1/wn IJ"'l'J'fir mb'bw'bmfimfi r.wJ'wl' nL. 'f"l'Z.,,if.nL'b-qwpJ'fir /,, 

wifbLf1 p11LJL mLml'wb1fl'fiu1fi l*;wJw['• l/"'['Jpn•PJnL'bf! J'pf.p'b J;, eum· 

t:.U1JbJ'~mw~w'b nhubf/>fi "i"'mqw'bnLJ' I; JV juJ'pfi'b' 'l"'lh'bfimfig, 

11mfip'bfimfi.r1 • "IP r "'l''lPl'P m· "f1•nLU mpu1fi9, fuwllln"l.firfimfis, rnL1r'bn

'bfim fi9. P"'l'al' I; nL uf/>wlb11fimfi9, "fp['nmfi'bpg ywJr: 

'1w11J111n/rl-JnL'iif! nL t:.wJ'hJ'wmwqw'b ~bubfl>l! 'bifwqnLJ' Jr'j,. 

IU('Jw{tftu[!b(' (f/>rhJpb(''fpm) nL u'iJ'fpqtupb[' (2if.w9pm) LnlU('f!b('tuq

.. 'bbrf1 t:.wJ'1U{'1 n['n'b,e ,,,'i,b'i, ,,,if.btfi P"'l'a,, R llL ap{rl-w"im'l.fi '1-b'l.

'j, "''I"[' 2 b [' tu'i.'f I 

luwc)wmnulp: ll'l'l-""J' h'b '1-l'"'~"'"j,' "'['.[!"' ,.,,p pnL ( 'l"N."'S~ul), 
HN03 ± ( "''l'f''LJ' I; Fe ~"'J Ag-ni/. r."'rmum m"'l'PLrw~'i.brfi· 
1.f'UJ ), KCN ± p11LJL' . 

Umr11L~m11Lf'"'JP'ii fuwJUJmnLJ'' 4mf3 HN03 , (d=1,2)+9 mf3 

HCI (d-1,1!> )+5-12 uJ'3 C2H50H (96% )r Cr03 (50%)+HC!:· 
KMn04 /11u1U19wJ +KOH p1mw9U1J + H20 2 (6 % ) t..iuifwuwr JU1-

i/."'L'bbr: 10-60 if "'Jl'~· tu'l.'1-"uf I; l"'if mhmrwh11•fimp rtL tfi 1uq-
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t~ . 58. IJ:f.wlbl'frurfr (SJ, rlnful'"''f" LJ'b) 'l"'b"'l urb'l"'~"'L"L•lf!. 1nliurl'"'" 

b'(p/1urn1/ (Td, p.w9 rlnful'"''f"LJ'b). u"lfrurw~ fr'lfrnrlnr!/r P.J"Ll'/,'l'bbpf!.' 

wpub'bn"lfrl'frur (A sp), ul..e' l!-/"'l'!J (Q)• 
U.'buf•:f. , x 100. !J.n'lfr t;..,'b(!tu-/., ~ -J~· uu~ (euur &. t U.r!frl'J"''bfr)t 

'lnLJ' mh'bw'brnfimfi ifrw, nr/i ""'"l"''1snLP1wJ'p O'fU1"''f"l'J!f.11LJ' I; 

Tn nL Td J'fiJ'1w'b9fi9 '""'l'Pbl'hlnL 'i,"i"'m"'qnif: 

Uf.~wmnuIG.hrJi H.hrp, iIJi.G.hrw1 G.hr]i qmqw~gntil r: U nif.n rmq"'iJ 

b'i, UllnmppnJ'nrf/> r.wmpqUJifnf' um['nLqmnL['UJ'i,b[', r,,.,,{,.Ulfu q£n('UJaJL 

lfUJJ' qwpfiLUJML w'b2.,,mnLJ''bbr Ga, SI, Cp, Bo-p 11L "'Jl um.1.f/>fi1-

5Jhpfi '1-"'zmbpnLJ', hrpbJ"b qnlnJ'nrf/> wnUJ'l"'9"LJ'bbr: 9,11L'l"'IJgi/.nLJ' 

I; Ga, SI, Cp, Py, Bo, En-/i ('iiq. 58), UJifbLfi t:.wqif"''l-b"i Bur, 
Bui, Asp, Lei, St, Po, Au-fi t:.bm, 'bwb. Sbt , Ci, Real-fi r.hm 

uiwl'lzbr p_brJ',,,ump6.tu'b'bbrfi "i.,,JJ'w'b'bbrn.,f u"'"'P..'"Y"'J t:.fi'l-rn

Phr J·"'l t..UJ'ii.e"'if UJ trhrnLJ' 

Swrphrntp.]ntf.p. r.irwr. tl'Jif.brw1f.brpg: ~hUJJIUJi/.nr I; z•finPhl 

Juwl~"'lP'bfi ( nLhp br~'b"''l"LJh ht'"''i,'l, 'b{'UJ ifrw L"'if b'b wq'fnLJ' 

HNOs, KCN), qnL"frfimfi ( "''l'l-"'J' b'b HN03 HCI, KCN, FeCl3-e, 
"i"'l'"''lb'bbqfiul! m.,,l'f,bf'ifnLJ' 1;), umw'bfi~•p (R-e "'ifbLfi 9wJr J;, 

1n'bfi '1-h'l.fiiJ br"''ii'l, "''bpqnmrn"I 1;), l;'b"'l''lPmfi t:.bm (R-e .,,,fblfi 

9.,,Jr I;. nL'bp if..,,l''l.,,'l"LJ'j, hr.,,'b'l, nulb'l. .,,'j,P'l"'"l'""i l;} r 

~wG.fwtJ.w.Jrhrp: Pbrl"'l"ifuq, f>l.,,'l"'1"'u1'bfi r:.,,,'b,e. ( J'filfi'b 

flLf'"'L), lllP"'l' ~UU~-11LJ'' lltwif.br'f"L fumJ'pf! • 1,"'tfr"''b, 1-"'r"'

l.,,'ll"''lP fu nLJ'Pl!• lfhJ anr r 

!hpq}iqwqwf. fiwmqntpJntf.G.hrp : "liumqw'bnLJ' I; funLhU19U1J i;w'b

.J!"'hJnLPhrfi: fuJ'pfiiJ, 'iihrq"'J"'s'bhlnif wbmr"'b'l-rfimp "'r.twp.,,

phr UIUl['phr"'"l!' lunrUlhUlr'J"'lP'j, ufi'b'ln'bfiUI, qUlrJrnLPJnLhf!' 

3,5-4,5, '1-J"Lf'"'phq I;: ll'iiufi/f>nLJ' R-e' 29 % 1;, 'f"LJhf! J'n/"r"'

'{nLh•u"ffrurwq, appwMJU1'J.p-'Jb'l.5Jw'lnr2 P"LJl br"''ii'lnif, t..R l_TILhp , 

frqnmrn"i b "ibr.efi'b nbfi>Lb.[!u'iibre P"'9"'~WJnLJ' b'b qUIJ zwm 

filnLJl b'b, ~wrJrnLpJnL'bf!' Jfi2.fi5, , eum t:."'JbJ'"'m"'ll"''i, nhubf/>fi 

"f"'m~whnLJ I; III fuJ'pp'b' Ga, Sbt, Py nL "'IL wub'l.'i."'aJ.. unLL

f/>"'"'J.brfrs P"'rar J;, Cp nL Bur-fi5' J'nm' SI RL Po-fi9' 9"'.tr: 

luw~wmmilp: ll'l'fnLJ' b'i, '1-l'"'~.,,'j,' HN03 nL KCN ( wl'"''l), 

KOH '1"'';,'fUl'l. ( wnw2w'b11LJ I; pU1n}1 hn'bUJif 011nLJ' , brw'i.'l"'P"" 

funLPJ"''ii t:.but!..w'b,eni/., lf>rh1phr'lfimfi r."'mpq'hbrfi bqrhrnLJ' qud 

h['UI nL fuwllln"lfil'P"'P uwr.,J.,,'i,'i,hpnLJ' "'""'2."'hnLJ' I; J"L['wt:.wmnLq 

'f"L'iiUJif nrnLJ' 1 UmrnLqmnLr"'Jph fu"'JwmniJ'' 4 utf3 HN0 3 ( d= 
=1,2)+ 9 utf3 HCI (d=l,19 J+5-12 utf3 C2H50H (96 % ) , ~"'J' 

Cr03 nL HC!: .. . 
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U.f.fwmn1tff.hrp li.hhrp, tl'pf.hrw1fihrp qmqw~gmtfp: />'f_nJ'lnnrfrlt 

f.mmpi,_'bbrfi IU'Jrb'fUIUl'j,br1 f1U1fil/rt'iibr1 filfi[ilb'f_fr"'j,br NL 'iibr.pwi,_nLJ'

'j,br 9w1b'iifim11ut m "'IL un•t:Pfi'l'bbpnulr :hrbJpbr'lfimfi '1"'2-mb

r11LJ 'lfrmifnd b'b Ga, SI, bppbJ-Y, bsm-fi J'..,f,r 'bbptfuui,_nul'iibr 

{ "f P'j,'I 1nu)nLJ{ilp mpnf.tl ..,'j, "'P'IJnL'ii.p}t 1,wi.wju b'b qn'bwl pJnL
['L'l'bbrl!.' 

~nL'l"'"-sifnLJ' !; Ga, SI, Cp, En, Py, Po-fi /.,_ "'IL unL1:Pfi11-
'hhrfi nL unLLfJ.w..,'lbrfi t.hm t.fi'ltinfilhpJ'wl t.w'ii.p..,ifwirbi•m .. tl1 

.. Swrphrntp.]ntf.p fitfwf. tl'pf1hrw1fihrp9: Cum 'fllLJ'bfi nL R-ft 
'j,,/..,'b UnLf:PUlw'f_brfis mwrpbrifnL,/ !; pqnmpn"fnLfilJUIJ'pt 

4wf.fwtJ.w.irhrp: :hrbJpbr'I• Fbr1nqnifui,_, Flw'ln'l"'m'bfi t.w'h.p. 

( Jpp_fr'b flLI'"'l)• U.lfil"'t' 1,UU1,-11LJ'' lJ.fufilwlw, 'J-"'I'"'l"''fJLU'l_: 

(Uq. IV fl) 

/[11L"ff'PUJP f.bm (i,_wpJpmfilJnL'bf!_ J'pt_fi'j, !;, nbwi,_utpif'bbrf!. Ul'l_'lnLlf 

b'b, "l"'P"''lb'hbqfiue uiwrpbpifnLtl !;)1 

4wlifwil_w,1rhrp: ll.LJ'w'lb'b, lf n'iimh-U.Jfi,,,ur..,, f>'lrP"'• lJ.1_,,,

l ..,, "ipi,_frmnif i,_..,, luw J'l"'ri,_w'b: 1, UU 1..-nLtl' U "'I'Pl ..,'j,2.., 'f.1..,u ..,,/ ..,'j,, 

lunurnif 1 

64. liO'lbll>'i.-CuS (Uq. IV U, VU) 

S.fiqp~w~wli fiwm~Ill?Jntlilih rp.: 1,b.pu..,'ln'iiw J fi'b ufi'b'ln'bfi..,' 

i,_,,,rJrmfilt"''iie' 1,5 - 2, l"'if !;lbi,_uir..,t.w'l..nr'IPl. !;t U.'b2.Lfi:PnLtl 

R-e 26-18% !;, 'fnLJ'iil' 'bnLpp bri,_iJ..,'fllLJ'bfig J'fi'bt_IL JnL'f-i,_"'

"fnLJm, ~R-e nHfh'l !;, w'bfrqnmrn"fnLfilJnL'bf!. 2wm nLJb7 !; 'fnL

'bwifnr ttpbi,_m'bbrnif pn9w-'bw11'bp_U1fNLJ'bfi9 tlfiiitk "l.'1.'bafr-1.wr'l"'
'lnLJ'h, 

"ibp.p/i'b nb:f.tb.pu'hbre P"'9"'""'JnLJ b'b, i,_,,,pJpnLfilJnL'be' 
ywtlp, eum t,..,,JbJ'wmwi,_w'b nbublJ.fi "lwmi,_..,r;,,,LJ' !; J fuJ'pfi'b' J'nui 

!; Cc-fiil, "'r'lh'bmfimfi9 P"'rar !; nL Ga-fr9 ffL Cp-fi9 .'JLUh['t 
luwbwmnttfp: lJ.'l'lnul b'b 'lr..,i,_w'b' KCN (J'w'brn;_!ull"''fnLJ'b-

4wpJfir tfrwn), "'PJ!"'J"'filfilnLil (bnnLJ', i,_wrJ'pnLJ'): 
U.&~wmn1tflihrp li.L.hrp, tfp&hrw1fihrp qn1qw~9n1tfp.: F'bnrnz bi. 

Pfrfilb'l..wifnr t.wuifri,_'bhrf!. l. (r;,i,_. 59), wifbifi t.wqif..,'lb"l 1."'r'l"'r;,e-

l.ft, ti9. ~p"f_n'l/,';, ftnt/./,Lf'bp fl pflluz'b/,l,. Sw'bJ.nLU• p r, ,,,'bl! . ( ~ U U U 
x .200 {e.uuY {:, (}., MWlUIWl'JUl'bp}t 
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I 

,J.,,'i., 11L 4nlnJnpf/> 1u""'l"'S"LJ'bb1,, ~/11•1.br'lb'i., Cv-'b 'l_"L'f"'ltst{nLJ 

I; Cc, Bo, Cp /,_ "'IL unLLf/>fr1'hbrfr t:.bm. t:.frUJn11b'b Cv-L 'l"'-'fW-
4st{m_,J I; t:.p"f"'lb'i., Cc-fr nL En-ft t:.bm: 

SUirphrntpJntf.p f.Jwf. Jpf.hrUI11'ihrpg: '1ni[bLfr'bl! t:,'i.,,,,r,,,t/.nr I; 

zi/rnfJbL 'bptu'b 2"'m 'i.,J,,,'i., lun4Jw'bfrurfr-Cu8e (~R-e ft"'"J"LJurfrs 

a/i{t1,,,.'l,,,'lfr Jnfur"''f"LJ'i., "''l'l"LJ I; HN'03-e) "- t;fi"Jbr'lt'b br4-

'i.,.,,'f"L.t'i' /u"'llfn'l_fr'bfr t:.b'm, "I'/! UUJ¥UJJ'j, fr'l_nuipn"J I; 4UJJ /JnLJl 
,,,'i.,fr'l_nmpn"J: 

~wl'ifwtlUIJrhrp: FJnLm , Suuufbp (t;"'I'"'t/.-"'r"-Jm, U.fi.rfi¥w), 

'1,,,t/.,,,111
• 4'l'lfr (lmr ~blUJ'b'lfr"'Jfr 1fnm)1 1,lJU1,-nLJ' U.l"'t/.bt''l"L 

/un<,Jf'f!• 'J...,,i/rUJ'b, S,,,'banu"" 1 

:hj1qp~UI~Uil'i fiwm~ntp.intl'i&hrp: Srf>'fnh"'Jfr'h ufi'hptpLU ( "'ll 

<nt{~UJL'bbpnt{ r.b.[!uw'ln'b,,,Jfr'h ), ~LUI'Jl'nL/ilJn<'he' 6 1 U.'h;_tfif/>nuf R-e 
25 % I;, 'f"LJ'bl! uUJ/1Lnwl1 (Mt~p t:.w,JbJUJm "'t{blfi u"lfi-.,,LU4 I;, 

'lb'lfr'h 'f'ILJ'hfi un<Lf/>/111'hbpfr l1n'l.efr'i1 n<'hfr br4'hwqnLJh bp1u'b1t, fruit 

/uLUL'L"'lf'h/t ~"'l.P~'i,' 't"rzw1_nL'h bf'LU'i,'f ), AR-e pnLJL I;, ,,,J-b'l 

t~ . 6 0 . ~ /;Jwmf.mf. flf./J/;']IU •Jnr UJ'[(',;'flU Ul l 11."'ufr!f> , xro, u1UJrUJ'b[J/> 
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~IU~l/'UJ'' .J ~<UJ~• uu~ ((!_Uln 'J., P, [j/,JfnLJ/tu',,fr)1 

,.,,'i,fr'l_nmr~"i I; 'fn<'h.,,t{np l;f/>b4mnt{ /111n'bUJ9"'u 4"'"f"LJU1 n< 'l"r
zUJt{n<h bp,,,'i,'f'hbpnt{: 

IJ.mpfr'hfr-4UJrJfrt• 'hbp.f!fr'b ,,bfi.Lb.[!u'hbrl! 'h4,,,wt{n<J b'i., pn

z1nJ frJbpufrUJJnt{, ~"'l'qr1nfil1nLhf! PUJrar I;, f!UU1 nbubf/>fr 'l"'u

t{nd I; VII fuJpfr'h' Mt-fr9 nL Jlm-fr9 PUJrar I;, J'nm I; Py-fr'h llL 

9"'Jl' 1; Cs· frs: 
luw~Uimnttlp : IJ.b.,,4mfrt{'bbpf! t_b'h UJ'l'l"<J: Uwpnd1m11<pUJJfr'h 

.fuwd-.,,mn<J' HF 1 - -2 f""lb, /1.,,J' fum,,,9wd- HCl-c 1-2 JUJ,f., 
HCI+zn, 

lll'ifUitnmd&hrfi lihhrp, dp&hrUIJl'ihrfi qmq:UI~gnu.fp: F'hnpnz b'h 
JilfrfJb'lUJt/.nr ( 'h4. 'h4. 60, 61) nL "'""'l'j,,,,aJ.. PJ"'rh1/iJbr . t:, ,,,-6.Lll/u 'he-
p<11h.[! U/flLll2_Lll9hnLJ /,'j, /11UJttf!. 

.r "''hi·"'Pbt"'Jfr'h "'-'lr"'f"'U1- , 
1'bp, bppb,J'i, qnln1lnrf/> 'll!'h -

1Jfo4',, br ~"'.r br"'4/>4'hbl' "
"'l_I'UI 'l_Lllp'fb r (!UUI ,/ Lll'fhh-

U1 frU1p ( Jwr•mftmfr'l"'9frUJ ): 
4Lll-6.UJ/u b'i., /Jfr{tlb'[wt{n11 

4rl1'hUJptn<rb'l'hbr 11< Ilm-fr, 
Rut -fi, hppbJ'h C s-fi 'hb1·-

4' UJ4n<J'hbr hem-fr 'fUJ?.mb

r nLJ I ~nL'fUJ¥9t{11L.r I; Mt, 
Py, "'1.bLfr t;UJ'l1.UJ'1b"I Rut, 
Cs, llm, mUJrpbr um 1q,f,'1-
~bpp l)bm u4wn'hw1fr"-' "L 

.' ..... ..... 

t:.fi'lrnflbrJ,,,l l)UJ'h.ew4UJ1-
1•bpn<J1 GppbJ'j, '1frmt{11LJ I; t~ . 61 • ~hfu,.n/11n/r Pfrfilb'l"'1"r l'l"'--

,/ft'hbl',,,Lfr UJ'h9 m.re ,JUJ'f'hb- l'"'l"'"rfr ""tr"'I-"'"' (-•"ffr"'"'~l e1"'1'9fr 
'1"'2"'"'-J ( ,f n/urw'l-"'-.1',,) . •/iwf wp.,,',,f. 

""frwp, f!h'l npnuf "IUJ(,"f.UJh-
r, .,,.,,/!• (WU~) x uo ( l!.""' u.. U . .Jud b'i, /)/,,JUJmfrmp fJft/llb-

'f_UJt{np a1Lbl'l! ( Jm_z4bmnt{fr-
U1UJ9 n<J )1 

Swrphrntp ,Jntf.p f.Jw& tfp&hrUI1f.hrpg: 1,'hU/pwt{nr I; zi/rnfJbL 

Rut-fr r.bw ( "i"'I''l t>R, whp<J'h ~"',/ 'lb'lfr'h 'hb['.[!P'j, 11bfi.Lb.f!u'hbp ) , 

tb"lfi'ln4rn4fimfr t:.bm ( nufb'l ~R, 'l"L'2-4"'rJfrr 'hbp.[!p'it nbf/>Lb.[!u

'hbr}1 :,,,,1w'hfi 1; Fe20 3-fr /unrUJ'hwr'l"'tfr'h mwppbr•u4e-1Fe~03' 
J'"''ll"J'frwe, "I'l! wttwl_wh11LJ' I; Mt-fr o.f!ufr1w9JUJ'j, cfwu IJlhUJ4 "-

111wppbpt{1nJ I; hem-fr9 wt{b(p 9UJul' 4wpupn<fJJUJ,Jp n1_ nbubf/>nt{' 

Mt-"9 i/rn.er-fi'ht > nL hem-fr9 zwm U/t{bifr 9"'ur, frqnmpn"f I;, 

J"''l',,fiuw4"''h I; /,_ n<'hfr 4wpJpUJt{nL"b 'l"I'Z 'bbp,efr'h nbfi.Lb.[!u'hbp1 
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.lwf1fwi!w.Jrhrp: '1..brfi'ii ifi6 (U.U"i), "/:ipw ~'l'lfi, lfntuifiJ,. 

'1rfi1.n J IJ.mF :,UU :,. m_J' Fnqbrfi-'l,.,,z ( '1n'lp 'llnuifi Jnui )1 

(U'l· V U, V fl) 

9ipqp~w~UI!'. fiUim~nlp,1ml'ilihrp: lunpw'iiwr'lwJfi'ii ufi'ii'fn'iifiw, 

~wptJpmfltn<'ii[!' 3,51 U.'bzLfd/u1LJ K• f! ~26% f;, 'fnLJ'i,/! 7 b,,_'i,,,,_ 

qnL'b-u"ffi"'"'" ('i,J.,,'i, /; uuiw'itfi'i,fi'i,, pwJ.'J wn_w'i,9 a[iflw"ftn'l_/i 

bpw'i,'ffi), ~R l_m-'i,fi, /i'l_nurpn"f /;: 

"ib1•,e/i'b 11_bfP1h,eu'bbrf! pw9wl1wJnLJ /;';,, l1wrJrmfltn<'b[! Jfi

~fi'ii (-, [!UU1 t,..,,JbJuwrw~w'i, nbuhlpfi "lwm'tw'bntJ I; III fuJpfi'ii' 

fuwtltn"Lfirfimfi9 i/tn,er·fi'bt "'1.btfi pwrar 1 

luw~wmnufp: HN03± ( brpbJ'it pinrzfi'bbp[! mwlfiu b'i, P"'"-)1 
111i£wmnufr.hrp li\..hrp, i.f)ir.hrw1C.hr)i qmq_w~!fmtlp: Utnmpfin

Jnplp t.wmfilt'itbrfi "''lrbqwm'itbr , brwltfil1'bhp. 'l_nL11w~9qn<J I; Vz. 
Cc, Cv-fi t.bm nrnz llnL11Pfi11-1fi'it t.w'b,ew1.-1rbrfi o,eufi11w9Jw'i, 

'l_n'iiu.JnLJ' ~wJ Ga, SI, Po, Bi nL Au Jfi'itbrwt'bhpfi, fum'bw9wJ 

t.w'it,e,,,'i, JnLflhrfi t.bm t:.fi"ln'lb'it "fWJJ w'b'bbpnLJ 1 

SUirphrmp.Jnllip lii.fwf, i.fJir.hrw1C.hr)ig: :,-;,,,,1,wqnr I; zi/tn[J-bi 

G a-fi t.bui ( 'l"'Lb'itfiu•fi R·f! zwm wqblfi pwrar I; nL 'lb'lfi'i, bpw'b7 

t_nL'bfi), Po-p t.bm ( "Lfirnuifi'itfi R-1! w1_b1fi P"'rar !;, 'bw w'i.fi'ln

mrn"l 1;-, ""'I''fUl'fnLJ'j,•'fn[';_ I; }1 

,lwf.fwi.Jw.irhrp: .~wfir ( '1wmw'b'lw), FnLpw-Fn<pw - ft.wr"'-

1..,,Jfi'ii U.<fuuir"'Lfi"' )1 

7 -68. tt.Ur'l-J>S nJt l11n1'!1R\.l>S-
3Cu2S · A s2S5 ( opp,,.,,,,fp.) nL 3Cu2S· A s 2S5 ( ,,,i,,,,l' .) (11.•t· V U., Vfl) 

9'Jiqp~w~wli 6wm~ntp.1mlilihrp: OpflnnnJpwJfi'i, ufi'b11n'bfiw l;'b

wp11/im/i nL uibuipw'fn'bw1fi'it' LJn<,9n'bfiU1/i t,.,,,J.,,r, 'twrJrn<flJn<<;,[!• 

3 - 3,5, fln<JL l;ib~mrwr:..w'lnr'lfit'itbr b'i,, U.'bztfifPn<J l;'bwr'ffiUlfi 

R.-1! 23 % I;, LJn<9n'bfiU1fi'be 1/rn,ep-fi'bt .,,1_b1fi P"'rar' 25 % . 11n<J'iil! 

J"n/urut1_nL'b•u"fp111w't qwr'lw'lnLJ'i, hpw'b'lnq ( funL'itw9wJ t,..,,'i,,ew

'i,Jmflbrfi 'tn'l.efi'it "l,,,f"l. qwr'lw'fn<J'b b'b nL wi[bifi JnL'f}• AR-/! 
'bltwmiJnLJ I;' qwr'lw'fnLJ'ii-'lnrz/i9 Jfi'bt_"- 1wuwJw'bfi qn<J'ii, w'bfi

'l_nlI1rn"J"<{J-Jn<'b[! m_J b'l I; qw1t 'fnL'bwqnr l;f/>b'tUJnq 'twl'Jrw-Jw

'b11tzut~w'fnLJ'i, nL pw9 apflw"ftn'l_/i• ltw'bwt_ brw'bq'i,bpnqz U'nL'l ~-r

Jfir 'bbr,e/i'b nhlp1b,eu'bbrf! bppbJ'i, 'i,~wuiqn<J' b'i, fiJ'brufiw1n1_, 

ltwrtJrnLflJnL'b[! J'fitfi'b nL 9wJr, [!Utn nbubfPfi UfWU1~Ul'i,nLJ' b'ii IV 
fuJ'pfi'i1 { 'fWlb'itfiuifi9 nL pnn'bfiU1"9 pwpap , ufPwtlirfimfi9 9.UJp}: 
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t 4. 6 .2, J..1n L9n'bfr.,, [1 /,p4U1pw9w~ w'b£ w.,,nurb/,p ( pw9 J nful'w'fn LJ'h) 

l;'bwp'ffr"'P 'lw2mt1LJ (J np•('W'fn LJ'b) . 'J.uufrw'bfr ~w'be• (~ UU~) X 340 

l l!.""' /;. lJ.. hw1w"'l'l"''bfr) • 

t4. 6 3 . l..1n L9n'bfutfr {'/"Ll'l"l'b/,pfr w'fr" 'l"""I! 4w

n.n L9.J.w~ee• f/w£w pw'bf! ~w'be• (~UU~ ) X 280 

(I!.""' ll.• U. :J,wpwJw'l/111'bfr}• 
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luwiluunnufp: u.'l'J"LJ b'it 'lrwqw'it' KCN-e llL wr,ew1w[il[ilnL 

. {11!.w9nLJ), HN03-e nL HgC12±1 Uurp11LqU1nLr"'tft'it {ituuJ.,,urnLJ1 KCN 
{ P"'"l! '>brLLu9'itblnL9 '>buin )t 

llhfWtnnuff.brp ahhrp, tlphhrWJhbrp qmqwqgmtlp: q/rfttzJwurpq 

·'>wurftq'itbpft "''lrb11wur'itbp 1 hppbJ'it qn[nJnpf/>1 Z,w6.wfu '>wrwii.m J

'bbpft aJ..m[, qwJ 'itbptfrwqn,,f'itbr Cp, Bo, Td-Tn-ft 'l"'zuibrnLJ 

('itq. 62)1 l;'itwr11fturft t:.wJ wr p'itnrn2 b'it "l."'r'l 4r4'itwpJn<rh'l'itb·r 

nL 'Jnhw[nL[ilJnLh, ftuq lJnL9n'itpurft '>wJw11' "/_n[ftuft'it[Jburftq qpq'itw

ptnLrb'l'itbr ('itq. 63 )1 ~nL'lw4s1'.nLJ h'it Cp, Py, Mob, Tn- Td, 
Bo, Sl, Ga-ft '>bur '>/t'lrnfilbrJ"'l r:."''it,ewt{"'JrbrnLJ, r:.w6.wfu En-e 
nL Luz.-e uibtzwl1wlif nuf b'it Tn-nt{: 

SwrpbrmpJni&p fiifw& iiprobrwtr.brpg: Z,'itwrwtfnr I; z1ftnfilbL 

/flw,Jwmft'itftuift ( tfhrp_ft'ite !"'""'J"''itft· if"'P'l"''l"' 1'i1 I;, r;,1,w tfrw 

KCN-e r:."'J"'rJ"' ;/t "''l'J"LJ, Jft4pn,eftJft"' Sb-ft r:.w.r"'l'}• pnn

'bftt4ft ("'if bi ft Jn<'f 'l"PZ I;, R-e 9"'Jf'• P'l""'f'""I.) /, 'fbpJw'itftmfr 

r:.bm (R-e w1[blft P"'l'ar I;, P'l"'"l'""I.• 2_LUUI "'"'l""''lJ"LUI )1 I• mwr

pbrnL{J1nL'it nnJp. En-e, "['{! "'"'LP" I; "l."'P'l 4r4'it"'PJ"Lf'btz'itbr /,_ 

unifnr'"P"'f' JwpnLJ I; u<tzP'l ,.,r;,4J"''it m,.,4 Pl"Lf'btz'itbl'ft hrq'"

rw9J·,.,r;, 'itqwmJLUJp, mhmrw'ln'itu11/t'it Luz-ft r:.w.rLU[I p'itnrn2 b'it 

P"'P'"q "f."lP"ft'itfilbuiftlt l1rq'itwptnLpbtz'itb11 nL unt{npwp"'p zbtz (20-

250) J,.,rn<J bpqwrw9Jw'it 'itqLUmJwJp (fuftum /11LU}_wdl.. 'itftqnL
flbrn<J )1 

.4w&fwqw.1 rbrp: . Fimm, !ln<qpq"'J"'mw, SumJbp: Z,Ull~-nLJ' 

U'bJ-anr, 1."'P"''it, .P"'2-"'f'"''it1 · 

(ll'l. V U) 

!hpqpqwqw&. fiwmqmp.in1fifibrp: Sbmrw'fnhLUJfi'it ufi'itp'itftw, 

~wrJrnL[ilJnL'ite' 3,5, 'IJ"Lrwpbt1 I;. p"LJL . ttb4,;,riu'>wtz"r'l-Pt' l1'it-

2lfif/>1iLJ R-e 2 5.% I;, 'f"Lt'ite 'l"'rt'itw-tfwr'l-"''l"<J'it J"''it'ILZ"'4"'

'l"LJ'it bpw'it'lnif, t>R-e "l'"P'l I;' tfwr'l"''f"<Jb/19 Jfi'itt iL 1wuUJJw'itfr 

.qn<J'it, w'itftqnmpn"f.11't.filtnL'ite' nLd-btz, 'fnL'iiwt[r,p l;f/>bqmnt{ tfwr'l"'

Zi"LJ'it, Jiu'itnLz wqiu-qwrJfir nL qw"/_111w-'tw'itwt brw'it'f'itbpnt{t 

tbp,eft'iJ nbfi>lbJ!u'itbp }_nLhp, ftwf'Jpn<[ilJ11Lh[! Jfip_p'it f;, f!Uln 

.nbubf/>ft 'l'""t{nd I; IV /uJp/.'it: 

luwilwmmiip: U.q'JnLJ b'it 'lrwqw'it' HN0 3-e ('lw'it'l"''l 'l"rz w

.B"<J, JpiuJw'iJLU"f.wmnLJ, brp bJ'it t/t "''l.'l"uf ), KCN-e ([ilnLJL 

'l"f'2."'9"LJ, bppbJ'it tft LU'f'J"LJ),· "'PJ!"'J"'filfilnL (bn 11LJ, 'l"'rt'itw
.lf'ILJh ifrUJn)t 
158 

llf,fwmn1ii&.brJi ahbrp, iiJi&brw1&hrJi qmqw~gmiip: lllnmrftn-

1fnrf/> umr"Lq"'"'P"'!P "''ll'b'l"'"''itbp, 'itbr•/,,uqmJ'itbr Bo, Cp,. 
Tn-Td-/t 'l"'zmbrn<J, 'l"''l"'4sifblnif 'it11w'it9 '>but '>ft'lrnfilbrJ"'L 
Jftp_ph p_b f',j W11U1pbwh LU JPh t:.whJ!LUt{ LU JrbrnLJ': 

Swrpbrn1p,!nd.;.p &iiwfi iiJif1brw1&brJi!r Z,'itwr"'if"r I; Z'i"'filbl 

En-ft '>bUt ( E n-'it nL'itft wifblft 11Ld-btz '1-"'rt'itw'ln<J'it bpw'it11 , /tuft 

Fam-ft Jnui 'lbrftzfu11LJ I; 1wuwJw'itft-tf wr'l-"''fm·t'it brw'it'fe)• pnn

'itftuifi '>bm (R-e wtfblft ,17wJr I;, ft'l.nmt'""I. !;), 'fbpJw'itftuift r:.b.,. 

( P'l.""'f'""I. I; )1 
Fam-l' Luz 11< En-ft!J umn<J'l uiwrpbrbl r:.'itwr"'ifnr I; Jft,.,J'ir 

1lft4rn.p.ftJfiwlJLUh w'itwlfi'l.ntf (Luz llL En-l' As-ft. ftuq F'am-e Sb-ft: 

Jft'itbput[ !;): 
4wGfwil_w.irbrp: llftbrw•'Jb-:JJLU,f UJU1phw ( l1r'fb'itm[t'i11u), ul'itw.

Bwp ( !lftL/t )1 

(llq. Vil, I Vf\)' 

!hJiqpqwqw&. fiwmqn1p,1mfir.brp: Sbmr"''l"'itwtft'it uft'it'ln'itfi,.,, 

4"'rJr11LfilJm'ite' 3 - 4, filn<JL l;Lb4mrw~w'l"P'lPt /;t 

ll'itztftf/>nLJ R-e 24 % I;, 'f"<J'ite JnfurLUt{nL'it-u"l.ftmwq '1-"'rt

'itwt{nL'it ( u"f.fimwq Jp'itbpwl'itbpp ff"'lJ!fi'it) qwJ appw"f.mtzfi ( fu'"l

qn"f.fipfimp ft"'LJ!fi'it) bpw'it'lnif*, t>R-e [ilnLJL I; {'iiqwmt{nLJ I; fiJbpufiw

tntf), w'itfirznmpn"f. I; /unL'itw9wJ liw'itw}_ nL if wI''l"''f"LJ'it bpw'it'l'itb

r11if nL p'itnrnz Jfi4rn4tfi'itLU'itJw'it 4rt1'itw1•J11Lrbtz'itbrntf, P"'l9 b['

pbJ'it /tq nmr""I. 1;: 

tbr,e/1'it n.bfi>Lb.eu'itbr }_nL'itft , 4UJrJrnL{Jim'ite' Jh_ft'it , eu1n 

'>wJb,J wmiul1w'it nbubf/>fi "l.wm/1,.,'itn<J I; Ill fuJE1fi'it' uf/>wlbrftin/tg. 

9"'Jr, '1 114 P1 '"L4""1.Pl'ftmft9 iu'it'itz "''it P"'rar: 
luwilwmmifp : llq'lmJ b'it 'lf'wqw'it' HNQ3 nL HCl ( J{twJw'itw

"l."' mnLJ). AuC13 qiufilfiJe• mbtz"''lrifiuJ- HN03-nt[ fuwJiumt{wJ

mbtzwJiuufi tfr"'• 'itumb9'itnLJ I; Jhmiurzwtfi'it Au, "f'I! P"'l''"'L [ilw

'l"''itfil/i at..nt{ JwJ-~nLJ I; Jfi'itbl'"'LP Jiuqbrb"l! ' lJmpnLf1mnL[''"JP'it 

fuiuJwmn<J' KMn0 4+ KOH 3 --10 ifwtr4·• 'it11mt{'"JJ!e r:.bnw9t{nLJ I;_ 

HCl·ntf, HNOa (1: 1): 

* Umw'bfr'bfr 'f"LJ'b['_ u.r'bufrfPnLJ J"L('wr.wmnL~ I;. fu"l''"Ll''f lr'b~ "'"'Lfru· 

"'J'b r.hlrt "l'"lbu a:u1nw'bfr'bw1fr'bJ> 'f"LJ'b• r.lr'lfr'bw~'blrrfru nJw'b~ 'b~"'l'"''ll'"uf 

h'b "'J'I 'l"LJ'b[! "l'"llru a:pwl'J r.'b.twJ funurfr J> ~.,,,( w'bJ.rL.fr9 r.bwn tbn'bw1fr'b 

'f""'" "l'fUlll('qwJ ~('fr 'f RLJ'bt 
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U&rwmnuff.hrJi lit..hrp, dpf.hrw1f.hrp qntqw~gntdp: llln"'rfrnJ'nrlf. 

'('h¥. 64) UU1rnL¥umLrUIJfr "''lrb'I"'"'' P"'r"''tb'l.r"''l."'r'lbr Cs-fr nL 
·Cp-fr ,,,,,t:,,/w'b'bbrnLJ', J'frrJb¥frurw1fr'b t:,"'f'"'(,,nL,/'i,br Cp-fr t:.b"'' 

~ wUJ p'hnrn; b'j, nL t:."'-G.wfu ""'"''bfr'bfr "lfr'b'I lnutnLJPfr "'rnt:.J'w'b 

¥b"'wifnr "- pfrpb,,_,,,i/.nr uUJrnL¥UJnLrw'hbr' Cp-fr m SI-fr 'l"'Z"'b

'r"L" nL, l!'i,'ft:,U1ffWllU1¥'b, Cp-fr nL SI-fr "'rnt:.J'w'b UU1rnL¥U1nLrUl'hbr 

St-fr '1"'2."'brnLJ'1 1Uwl_LUJ.J,_ 'hfr¥nl'bbrnLJ' ¥w,/ uUJrnL¥UJnLrwtfr'b fuw

,}.,,"'"LJ'fr t:.bUJ/,_Ul'j,.[!"'f t:.wJui'h"'pbrifnL,/ b'j, U/."Lfrufr'bpb"'fr¥ ¥r¥'hw-

1'J"Lrb'l'bbr nL 'l.n'bwlmPJnL'h1 Unifnrw¥w'b St-fr.'/ pw9 fr, bppb,/'i, 

t:.w'b'fliUf_nLJ' I; pwrAr-p_bpJ'wuuifr{,,w'bwtfr'b, fr'l.""'rnUf., funpw'bwr-

'l.4· 64. U!f>wtlrl'f""I!. ( Jnfuf'"''l"'-/'") "'lr'lw4wirfw~ I; u.,,w';,f.,,nr/ (Ttn, 
-l'"'fl JnfurwpLJ'hf) • ""Lf"'w~e' "Lfl'f"'-u!/>wilrl'fwf 'l"'2"'nLJ Cp-f 4b

"'"'1"f' l;J nLJU fw I 
ll.'h21ff/>, x100. ~n'lf ~ ... 'tl!wf, {wJ4 . uu~ (eum ?J. t U.·lf'f'Jw'hf)• 

''l"'!fr'b 11fr'J,qn'bfrwtfr mwrpbrwltf!' St-'b 'f."L'fU1¥9ifnLJ' I; unt[nrwpwr 

Cs, Asp, Po, Cp, SI-fr t.bui. wtJ.bLfr t.w'l.t/."''lbUf. Tn-Td, En, 
Ga, bsm, Mr, Sn-fr utnllf>"'"''l.brfr t:.b"' t.fr,1-rnPbr""'L J'frp_fr'h p_br

J'"'""'fr{,,LU'iJUIJfr'h t.w'b./!wifw1rbrnLJ'1 O./!ufr11w9J.,,'j, qn'bw1n,,/ ifrn/u
-'f.nLJ I; un•Uf.br'lb'j, Cs-frz 

SwrphrntpJntG.[l &dw& dJiG.hrw1&hrJig: ~'bwrwifnr I; zifrnphl 

JunL'bw9wJ t.w'b./!"''hJnLPhrfr fuJ'pfr .Ifr'bbr"'L'bbrfr t.b.n, wn.,,2.fr'b 
16() 

r...brPfr'h Td-fr r...bUJ ( 1/hrp_fr'bfr R·e wifblfr PUJrar J;, fr'l.nmrnUf. J;, 
Cp-fr nL SI-fr l;J'nLLufrw tb'b Uf."'r11L'bwl1nL,/, Cs-e un1[nrU1pwr pw-

9"'¥"'!'1LJ !;) 1 UUJw'bfr'bfr, 'bwJ'w'bu11[w'b11 'hrw fr'l.""'r"Uf. ¥wJ' pnLJl 

w'bfr'l.n"'r"Uf. "'"'rpbrw¥'J,brfr t1UJnLJ'f nrnz,/w'i, t:.wJ'wr w'bt.rwclbzw 

1; 'lfrJ'bl J'fr¥r".f!frJ'frwt1w'b w'bwlfr'l.fr ( nrn zbl Sn-e) 1 

4wf.fwtJ.wJrhrp: ff/n"'n'l.fr, 9.frt.w'b (llt[uu•r"'Lfrw ) , l;'tb-luiu1w, 

luw"ltbr"''b'l"': ~UlN,-11LJ' lfbJ-J.nr, &wJ'l"''l' U.fuP"'L"'• .2n111 

(U.q. V~) 

!h)iqp~w~ruf1 fiwm~ntp.]ntG.G.hrp: Sb"'l'"''ln'b"'!fr~1 ufr'bp'iJfr.,, • 

l1wrttrnLPJnL'bf!' 6-6,5, P"'!S fr inwrpbrnLpJnL'b lfwufrwbc•fr"'fr 

t.'l¥t/.nLJ' I; l"'"-' l;lh¥inrwt.w'l"r'lh l_/;' U.'bZLfrlf>11LJ' R-e 24-20 % 

J; , ¥wufru1brfrinfrs 'b¥w"'blfr P"'S I;, 'l"LJ'bf! J'nfurw•[nL'b·uUf.fr"'w¥, 

~R-e "h¥w"'blfr I; 011m.,/ m . nuJb'lw'bnL,/ I; frJ'brufrwtnt/. 1 w'J,frqn

"'r"Uf."LPJnL'bf! Uf."'r'l f;, tbr.pfr'b n.blf>lb./!u'bbrf'. w'b'lnLJ'j, b'b, wqb

lfr t.wqt[t.11']bUf_ 'fb'/.fr'iJ nL ¥wrJ'rt.U•'fnrz1 ¥wrJrnL/iJJnL'iJf! pwrJ.r I;, 
ubublf>e Uf_Winl1w'h11L,/ I; VII fuJ'pfr'b z 

luw~wmntdp : IJ.bw¥wfrif'bhre l_b'b Ull/.'f"L,/: 

U.G.rwmn1.df.br)i lil..hrp, d)i&hrw1&hrp qntqw~gn1.dr.: F'bnrnz b'b 

"frfr'l.J'Ul"'fr/J brliwrwJ.rl'/.wJ ('h¥. 65) t.w111fi¥'bbr, t.w(.wfu J'ii¥wJ.k 

t4. 65. Rut- f ( Jnfuf''"'f-nLJ't-u"Lf"'w4) uJnL'twJ.b. pJnLf'b'l'tlrf'[!_ Bo 
pnn.'tf.,.f ( f'"'fl J nfuf'w'lnLJ't) '1'"2"' nul 1 

lJ.'t2[f!/>1 X30Q. 'J.wUUIUl4bf'Ulf ~w't/!w-1.., ~UIJ4• uu~ (f!_UUI .,., ~ ' <l>fo2Jw'bf)1 
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qpq'hwp1rnphtz'hhp1 IJ.nLmfrtfr pJmrbtz'hhpnLJ' bpphJ'j, '1/tmtf.nLJ I; 

fr1Jb'hptnp trL f.hJwmptnp "IP'b'I 1 rru}nLJ/JP tnpnf.Jw"b w'ht_wtnnLJ

'hbp1 9.nLqwq9tf.nul I; hem,~ Mt, llm, Py-/t, wtf.bifr f.wqtf.w'lb"i 

Asp, Cs nL Mob-fr t.bm pwrar p_bpJwumfir.w'hw1fr'h nL Jbmw1fnr1-

!f.wJ.p'h wn.wt_w9m..J"hhpnuf1 

Swrphrntpjntf.p f.dwf. d}il'ihrw1r.hr}ig: IJ.nunftll!. t.'h,,,puu[nr I; 

zifmf.Jbl Cs-ft t.bm (<Js-fi R-1!. zwm wtf.bt/t 9wJ.r l;1 i:lR •[!_ 0'1nL1f 

f.wJwpJtu t/t 'hqwmifnLJ', t.tzqifnLJ I; tf.wm, HOl-e nL J'bmw'l· Zn-fr 
f.bw wn.wt_w9'hnLJ I; <rw'hwqw1/t'h f.w1b1/t» ) 1 ft1Jb'hftmfr f.bm {'hhp

.j!p"b n.b!f.1h.eu'hbrl! f.w'l.tf.w'lb"i b'h 11L Jmq qnrz), Mt-/r t.bm ( p'fn

mpnUf l;1 J'wq'hftuwqw'h, 'iibr.e/t'h n.hlf.1b.eu'hbr l_nL'hp 1 1/wr'lw'fnLJ'j, 

hrw'hq ), hem-/r t.bm ( bpq'hwqm 1'h hpw'hq, qwpJ'frr 'hbr.e/t'h n.b!f.-

1b.eu'hbp )1 

.!wlifwtlw.irhrp: ft1Jb'h1w'h 1hn.'hbp. UbJp'l-f.'IL'fnL1 4Uu4.,,LJ' 

Utf.wpw'h9 1 4wtzwpdfr'h, 9.n'11 

(U.q. v U.) 

!h}tq}tqwqwG. Jiwmqmp,JmG.G.hrp: 4h.euwp'itw1ft'it uft'itp'bpw 1 

qwpJpnL/JJnL'itf!.' 2 ,5 1 t.'lqtf.m.J I; 1wtf.1 ll'itzi/tf/>nLJ R·e 20-22% I;, 

qnLJ'itf!. qwpJpwtf.nL'it-'itwr'itp_wqnLJ'j, ('itJw'h I; [JwpJ t.'lqtf.wJ. pnn.

'itfrmft'it )1 i:lR-[!_ zwm mrlbtz I;, w'itfrqnmpnUfnLf1J11L'it[!_' nL<fh'l' bhp

.J!p'it n.bf/>1h.J!u'ithp l_llL'hfr, qwpJ.pmf11nL'itf!. 9wJr 1;1 eum f.wJbJw -

111wl1w'it n.buhf/>fr Uftutnqw'itmJ I; I [uJ pp'it' 1f nm I; qwJ pn.J!p· ft'ht 

wtf.bift pwpap, .J!"''j, qntf.b1fr'itfr'bl!1 

luwbwmmdp: flwnLJ"hwu/trtf.wJ. tb 

lJ.f.fWIDlllOfi.hrJi al..hrp, OpbhrWJbhrp qnlqwqgmlfp: 4w-6.wf.. pnn

'itfrurf!. wpnf.qmJ I; Pfi/Jbtzwtf.nr fi'lw1/tmfi nL fi1fil1wa/,_ f..wiqnUffrrfi

m/11 !J.nLqwl19tf.nLJ I; 'itwlt. Cv-/t nL llm-fi f.hu1 1 

SwrphrmpJnlG.p G.uwG. d}iG.hrw1&hrJig : &wm 'bJw'it I; pnn.'itfi

m/r'h, npf!.1 fi urwppbpnL/JJnL'it p'ftuJpmp1 pqnmpn"f I;, l\R l_nL'itp 

qtuJ 'hqwtntf.nLJ I; 2_Ultn pnLJll lltf.bifi f.wqtf.ut'f/llLU1 ,/ft'itbrw1'itbpfi9 

p'fU1Jptnp'it 'itJw'j, I; 'itu1J.. n.f.'j,Jbpptn[!_, nre nL'itp 2_1Uln wtf.bLf1 pwpap 

f.wJ'bJwmwl1w'it n.bub/f.> {III {unL.!p) nL Jwq'itfiuw!1w'it 1;1 

4wG.fmtlw.irhrp: ft'lw· Jw l'j, (t.111pwtf.·ut11lt.Jm1w'h ll!f.ppqw ), 
f.nL• llqb r I 

lti2 

(U.q. V fl, VIII) 

!h}iqpqwqwf. JiUJmqnlpjnlG.G.hrp: Sbmpwqn'hw1ft'h up'hqn'hfrw, 

l1wrJ.rmf.J1nL'hf!' 6-61J1 ll'huftf/>rnJ R·f!. 22-16 % 1;1 qnLJ'j,l! Jn{u

pmtf.nL'h·uutfrmwq {JnLJl 'lwr:_'hwqnLJ'h bpw'hqm[ ( 'hJw'h I; Jwq'hh

m/1mfr 'f"LJ'hp'h ), AR-[!_ /ilnLJL I;, pJhpufrwJnt/. 'hl1wmh1fi 1 {JnLJl w'h

pqnmpnUf I; (ftJ'bpuftw1rrtf. 'hqwmh1fr}1 tbr.e/t'h n.b!f.ih.eu'bbrl!. ( JnL'f 

11nrz} '1Pmtf.nLJ b'j, JpwJ'h ifrnznLJ ftJhpuftwtntf. 1 qwpJ.pnL/JJnL'bf!.' 

f1"'f'ar, eum f.wJ'bJwmwqw'h n.buh!f.p Ufutmqw'hnLJ I; Vll {uJpft'h 1 

JuUJbwmnufp.: UU1w'h'1wrm n.hwqmfttf.'hbrl!. tb'ii "''l'lnLJ1 llq'fnLJ 

J;'j,' H20 2·f!. ( 'lw'h'l"''l hn.mJ )1 SnCl2-c ( qnrz wgmJ )1 U mpnLqu1nL

f"11Jfi'h p,.,,J,,JLnnLJ' f..1mu9. HCl-e 10 tf.w1rq. 1 Ultf.bift l"''[' fr11nw9 . 
HF-/!. 60-100 tf.wur11.1 

lJ.f.fWIDntuf.hrJi al..hrp, lfpf.hrUJ1f.hrp qntqwqgnlOp: f.'iinpnz b'j, 

r'lftn.tnrf/>1 t.wt.wfu ot1w.,,1;'1rN a1..1irft t.wm/tq'hhr1 t.wqtf.w'lbut 

"iwrq" qpq'hwpJnLrb'l'hbpntf.1 9.nLqwq9nul Hausm-/t IL Mn-fr "'Jl 
Jft'hhrwl'hbrfi t.bm: 

Swrphrmp,1n1&p fuIUJG. uJiG.hrw1r.hr}ig: 4'itwrwtf.nr 1; zifrnf1ht 

f.utm_uJw'hpmp f.bm, npf!.1 uwqutJ'h1 nufb'l ut'bpqnmpnUf I; /,_ nL'hp 

Ufniftup'it[Jhmpq l1pq'itwpJnLphr(itbp. Jw'itqut'itpmp t.bm (nL<lbrz w'it

P'l"mrn"I I;, nL'itp utp1w'it-qwpJftr qnLJ'itfr 'itbr.e/t'b n.h!f.Lb.eu'itbr) 1 
J'wq'itburftmp f.bm (/t'lntnpnUf I; nL J'wq'itpuwqw'it) , Jutqnpupurp t,b 111 

(fr'lnmpn."f I;, Jwq'it/r11wl1w'it, 'hbr.J!fr'b n.bf/>1h.eu'itbrl! JnLq-qutp.lfrr b'b ) 1 

.lwG.fwtlw.irhrp: f!/n11111.fwupnLp'f1 Uw"iwluqnL f.w'b.J!. 1 J?hq'1fi1 
1Jw11wlwl ('l,wqw[u. UU4)1 4UU1.,-11ut' Utf.wpw'it91 

74. <).PU9.'1S-C (U.11.. V fl, VI) 

!h}iqpqwqwG. JiUJm~mp.imG.&hrp: 4h.J!uwqn'itwtfi'h ufi'hqn'hfiw1 
i1u1pJpnLf.JJnL'itf! 1-1151 iwtf. 1;1bqmpwf.w'lnr'1fit l;t ll'hZLfi!f.nLJ R-e 

22-p9 [!'itq'itnuf I; Jfi'itt_k 5 % 1 qnLJ'itf!. Jn{upwtf.nL'it•u"fpmwq I;, 

"iwrq 'lwrt'itwqnLJ'it hpw'itqm/1 AR-e zwm m rlb'l ( 'l"'rt'itwqnLJ'it/ts 
1fp'itl_/,_ JnL'f Jnf..r1ut'fllLJ'j, )1 2_1Utn nLrfb'f w'itfrqntnpnUf I; pn9ut'itutpf!'it

l_Ul'fllLJ'j, bpw'itq'itbpntf. I bbp.J!fi'it n.b/f.>1b.J!u'itbp l_ nL'itp 1 qwpJ pnLp JnL'itf! 

zwtn 9wJ.p I;, [!um f.wJbJ..,tnwqw'b n.buhf/>p 'fwuqnLJ I; JTJ {u[!J

f'p'it' fuw1qn"ffirfimfi9 ifm.er-fi'itt pwpap1 

luwbwmnlUp: IJ.bwqmfitf.'ithre tb'it "''l'1nLJ1 

lJ.f.fWIDnllff.hrp al..hrp, lf}tf.hrw1f.hr}t qnlqwqgnlOp: f.'hnpnz b'j, 

Pfif.Jbqwtf.nr f.wmftq'ithrfi "''lrhqwm'itbp1 f.wf.w{u qnpwswJ.1 'itwk 
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'l"''lui'bwpJnLrbrz qw'iul'/wtl"irbp: ~nL'lw~9i(nuf I; 11~um'i11u1fr'b Jfr'bh

l'"'L'j,brfr t.hm, q, tfrwuurr'hhrfr, hppbJ'b unLLifw'bfruifr (CuVS4 ) b. 

i(w"irw11frmJfi "'ll Jfi'bbrwl'iibrfr t.bui, wrJfumtfr"ir 'hJnL(ilfr t.hui Jb

uiwJnpfw&fi'b, u~wn'b,,,tfr'b nL pwpJ.p thrJwumfr{.,,,'j,,,,tfr'b t.fr'lrn

filbpJ "'l t,..,'j,.f!"'if"' trh pnuf 1 

Swrphrntp]ntl'..p. l'..tiwl'.. ti}il'..hrwil'ihr}ig: ~'b,,,rwifnr I; 21'n(rlht 

J'ntfip'fb"irfimp l)bui (11w~w1"ir Mob Rmln-e Jnm I; Sl-fr'b, fru~ qpw

ffrmfr Rmin-c 2"'"' wif bLfi 9w&r I; nL Jnurh'bnd I; ,ei/wry/i R· fi'i,. 
JnlfiP'lb"irfiu•f! i(wm f;lb~111pw/)wrznr'lfrt I; nL 'hr"' qnLqw~ynLJ[! iull 

!;), if.wtbrfifr111fi' Cu2S . 2Fe2S3 t.b111 (R-e wi(b1fr pwpar I;, qnL

'l"'~yi(nLJ I; Po, Pn, Cp-/i f.b111 LP~ifw9ftn'i1 f,,,,'j,.f!"'if"'trbrmJ' ), 

umlifiu"irfr111fr' CuVS4 f.h111 (R·f! "'ifbLfi pwrJ.r I; IL fiqn111pn"f), 

uib'bnpftu•fi' CuO t..b111 ( t..R-l! {iJnL!l f; , qnLqiul19n'-Jl! 'l_'l"'Lfrnph'ir 

wurr•pbf'ifnul !;)1 

2;wl'..fwtl_wJrhrp: Bbun"ir l1nfi'b, U.lfrpbpfr , '1mrbt~"'1 ~UU~-•ILJ' 

<J.bfufi 'l""'" "'""''l"''j,f!l 

(lLJ.. v U.) 

!li}iq}iqwqwl'.. fiwmqntpJnt!ilihrp: ltJnl' w'iiwr'l"'Jfr"ir ufi'i,qn'lifrw, 

l1wr.Jrmfi11nL'bf!' :J, 'IJnLr"'Pbtl I;, Jfrp_fr'b ~..,r'lP l;lbl1111riut.w'lnr'lfrt 

1;: U.'b2lftfm . .r' R-l! 21% 1;, qmi'he if"'r'l"'-'l"'rt'b"''lmt-;,, nre 

p'bnpn2_ f; fil"'pJ ZLfifnLJ1 ~R-{! zwm filnLJL f;, ppuif'n"f ~,,,J filnL!l 

w'bnJwl w'£frqn111pn"f /;: "ibp.[!p'j, nbf/.>tb.[!u'j,/,(' 1_11L'£fr, ~Ulf'JpnL

filJnL'i.tf! 9wtlp f;, eum f.wJbJ'wmw~iu'b nbuhffr 'lwui(nuf I; !fl 
fuJpfr"ir ( 'fwlb"irfiwfiy nL /uwl~nqfi"irfr9 P"'rJ.r "'- fuwL~n"Lfrrfr111/r9 

9w.Jr )1 
lUw~wmnttlp: 11.'l'l"'-J b'j, 'IP"'~"''j,' HN03 (bnn,_J', Jfr'bbr"'Lf! 

'lh'l'bmJ I;, l1iufilfrll! ~iu'bwtnuf), KCN (qnpzw9mJ'), FeCl3 (qnp-

2w9n,_J', bppbJit t/i unnnLJ' ), "'P.f!"'l"'Pfilm- (bnmJ, J'fr"irbpwlf! 

'lbrz'i.mJ' /;): 

U111pn'-~Uln'-riu1fiit fuwJwuin,_J' Kl lnutm1fil 1-/r Jb't, HNOl 
(1: 1): 

U.lifwmnuil'..hr}i li.hhrp, u}if1hrw11'..hr}i qntqm~gnttfp: p'imrn2 b'b 

WLnurrfrnJ'nrf uuipnL~U1"Lrw1Jr'b "''lrbqwin'i,bp, wifblfr t.wqifiu'lb"I 

fr'JfrnJnplp w'i.iiuur11LJ'i.tbp1 'l-fr111i(n,_J b'b 'bwb llnlnJnpf nL qn'biut 

witi,,,urnLJ'bhl' . 'l."'-'l"'~Yifw& Cp-Jr, Jbl'bfr~ni(frur-"Lfrrf-m/r, Td-Tn-/r 
nL En-fr f.bm (~no_b'lw'iiw t~it f.wit,ew'b1mfilbr11uf ), 8'.:>-/r "'- Cp-/i 
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'lrw/f>fi~ t..wrw-6.nuf'iibr~('b~. 66 ), Cp-fi • "tfi'b'I Lnuhu.tfilfi wrn'-

.r,.,'b uurnLpnL~urnLpw'bbp pnn'bfimfi '1"'2mbpnLJ ('i.~. 67} nL Bo-fi 

"'l"'r.nuf Cc-fi '1"'2"'brnLJ ("'!""lb" ~nt1fu.1.} "-'"r'l"''l"Ll'j, C c ): 

~fi"lbr'l/,'j, Bo-fi t..w.r "'E' 11'hnrn2 b'i1 "r"''1M'bbr nL bqpwq Wf''l"r 
f!UU1 Cp-/i: 

t~. 66. Cp fuwl~""l.fl'f"""'/ Bo pnn

'bf,.n[r "'"'l"'Y"'lJ"'~' unL/"f['W!/>{ry 

""'f"'LY"'"L('Wt 1J.'b21frf/> , X 300. 

a't"'r"'ftr r.,.,t~.,.1 ., ~"'JY· uu~, 

'!,~, 6'1. Jlwl'tn"l.frP"'P { Jw'br uuLfr

"'"'Y p[rpk,,'i.kr) "lf·'b'l l"L~RLJPr 

"'l'"'Jw'I. 9w'b9w-/.nr '""f'"L~"'"Lf'"' 
f'""'i.frurj. ( Jnl-l'"''l"LJl.) 'l"'2"'nuf. 

1f nful'"''l"'-J'b-u'f/itnwlf. 111'b£wurnuf

"l./,l'l!' urlrurrwl;11r/itn1 111..e "i 4w'b

[!'UJf~' J[r'i.1..rwl' IJ.1.u[rf/» x 300, 

'l/1m1'£-Jlnftf. 'w'i.ew.[. Sw£[rt, . Ill/~ • 

1,fr"ln'lb<;, Bo-<;, 'ln"l"'~9i(11LJ I; Asp, Lei, Cp, SL Py, Mob, 
Td-Tn, En, Ga-/i f.h111 wwrpbp p_bpJwumfrG.ur'i.'bbpfr "i"'lJwit

itbpnLJ LUrLLU?_Ul9LUrJ t.fr'frnfilb pJ UI[ f.w'j,.[!UI" "'/,rbrnLJ, 'buwrf wrJ

.[!Ul/Jrit Jiu'IJ'wit f.w"ir.f!wtfw1rbrn,_J Bo-'it 'l."''l"'~9ifn,_J I; Cp-Jr, 
Cc-fr, wifbtfr t.iurzrfw'lb"I SI, Ga-fr t.b,,,, ~Jr"lbr'lb'b Bo-'b ~ ,.,,fb
J'wmwpwr t:,,,,'lrf"''lb"l I; nL 'l_nL9w~9i{n,_J I; Cc-Jr nL Cv-Jr t.bin: 

Swrphrnt~.lntfip l'..tfwl'.. 1f}il'..hrw1f.hr}is: Bo-p ,r,,,-;,r t,,,,1nfr~'hbrc 
~wrbLfr I; 2ifrnfi1bl Po-fr t..bm (R-f.' 1 ~wr<trn'-filtn'-'bl! nL nbubfPI! 

2_ILIUJ urif htfr P"'rar b'b, nulbrz ,,,'i,fr'lnmpn"f I;). En nL Luz. Fam-Jr 
1',,b.,, ( ,,,'i.,fr'l.""'f'""l b"ir, R-l! -ifbLfi p<upJ.p I; , 1.-r'l,,,'l"'-l'b br,,,it'll! 

'j,,,,_rp), Ge-fr t..b111 (,n,_'iJfr 'l"'rt'b"''l"'-tit hpw'b'l• KCN-it tfr "''l'l"'-J, 

2_UJm t..iuqifw'ltn'-ur I;, f.itwpiuifnr I; t..1u1w'itwpb1,bl Bo-fi '1,,,2mbpnLJ 
J<CN-m/ t,w.fwurtupUJJ /11mJ,,,,,,,f,,,'i, 'lbUJ..[!n'-J) 1 
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,lwf.fwil_wJrhrp: ~"'/rr ('1wu1w'b'l"'}• F1mui, SunLJbp. lfw'bu

lpb l'I• fl w"lb'buft/i, J!h 'l.ftwnw'b, fl L[•WLP ftn a_b'l-"''bw 1/i'b t:.w'bJJ"'iJ .1 

41/U~-nul' lJ.iwiJbr'fnL fi.nufp[!i 'l,w1/1U1'b, '1-wuuiwftbpm 1 J!p'b'fwprut 

!bpq}1~w~wf. fiwrn~ntppnfifihr11 : llfi'b'ln'bfi..,';, (?) (t:.wi/_.,,'bwp..,[• 

Jfiwn...,.-,,9 .J' I;), t1wrJ-r11Lp 1nL'bf!' 2: ll.'bzLfifPnd R-l! ,.._,:w % I;, 

,1nLJ'b[! Jnfi.pwlfnLJ'b ( fi'bt"lbu ufPwlbl'fimfi'bt:}: 6R-l! IL .,,';,fiqnu1pn

"f"LP JnL'bf! zwm nufb'l. b'b, tLrJJfi'b nbfPLb.J'u'bbp }_m_'bfi, ftwpJ-

t•mfil J"'·"'{! \ 9ruJ-p1 (!UU1 ~wJ/;,f UIU1 wftw'b ttb ubfPfi "f LUU1f11n'bnLJ' I; 

I-II P,Jphrfi'i.1 

luwbwrnmdp.: '1-rw~wh "''f..'1-'n,J I; JfiwJh KOH (J-pruJ-w'bw"lw

m11LJ )1 
Uf.fwmmdf.hrp 0.1.hrp, dpf.hrw1&hrp qntqw4gnuip: ll.lnmrfin-

1fnrfP nL {rifipb'l"'i/.np t.1nmfifi,brfi wlfpbqwm'bltp1 ~m'1wft9nLJ I; 

ppwi/_nfim/i nL J'i/"'PBP t:.bm1 

Swrphrntp.Jntfip f.dwf. tfpf.hrw1&hrpg : twui 1nclb'l t::.R-ni/_ 11L 

whp'f._nuipn"fm fil1wJp ';,Jw'b I; qpwlpfiuiph nL J·nlPP'lb'i.,fiuifi'b, pwJ9 

bpftnw/i9 l;l mwppbpi[mJ I; wiJ.btJ. 9wJ-p R-n•[ ('i.,wJwhwi/_wh'l 

Mob-/i t:.wJbJwm), 6R-/i qnLhwi/_nr l;lpbftui'bbpni/_' pru9 Jnfi>rw

'f"LJ'b-ftw'bw}_"'.i/_nL'bfi9 tlfi'i.t_IL J11Lq Jnfi.pwlfnLJ'b nL 'lwrt'i.wqnLJ'b, 

IL KOH-/i U1'1.'fb9nL/ilJwJp1 

,lwf.fwtlw.irhrp.: lffi'bwu-fl.w'f-pru ('IJbpnL}: 

77. Sb\,Orrs (U'blU.IJO\,l•S)-CuO (U.'l. vu.. v fl) 

!bpqp~w~wf. 1iwm4mp.imf.f.hr11 : If n'bnftlfr'i. ""lfi'b ufi'bp'i.fiw, 

11.,,l'JrmPJnL'b[!' 3,5- 41 U.'i.?LfifPnLJ R-l! ~20% I;, 't'ILJ'j,l! Jnfi>

pwi/_m 'j,. u"lfimwft '1-b'l'i.wi[nL'b-1f&Uf }_'bwqnLJh hp w'blfntJ, ( ftnL"fp/• wfi, 

Juwl~nqfi'bfi,nL LfiJn'bfim/i ~n'lJJfi'b bpl1'bw11nLJh), t>R-l! 'bft1nmbtfr I;, 

w'bfiqnmrn"fnLfiJnL'b[!' mtfb'l1 tLrJJfi';, nbfPLb.J'u'bbp }_"L'bfi, ftwrJ

pnL{rJJnL'bf!' Jfit.fi'b, [!Uln t:,.,,,JbJwuiw/1.,,-;, nbubfPfi "lrumftw'b11LJ I; 

III fi.Jpfi'b, Jwlwfi>fiuifi9 pwr~r I;: , 

luwbllltnntdp.: U.1nnLJ /,';, 'frUJftw'b' HCl-e ( wrwq Jmqw9nLJ ), 

FeCJ3 ( '1nrzw9 nLJ ), HNOs-/i 'l.ntnrz fi'bbrl! ( filnLJl P,wJ-wmnLJ )1 

ur.fwmntdf.brp O.l...hrp, dp&hrw1 f.hrp qmqw4 gmtf-11: ll.nwp_ w9'bnLJ 

I; "-"lnJnrfP M .. bp, -bwn.,,'lrulpwaiL 11L PfrPb'lwi/.nr w'fpb'fwm'bbl' 
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OJ1"P'l-ru9Jw'b 'l.n'bwJfi t:,.,,'b.J'w'bJnLpbpnuf. 'l_nLlf&Ul19i/_nLJ I; Cup-fi. 
p'bwJ-fi'b Cu, Mal, Az , Cc, Lim-/i t.bui1 

Swrphrntp.Jntfip f.dwf. dpf.hrw1&hrJig: F'bnrnz 

'fwp}_'bwqnLJ'b bpw'bq[!, nufb'l w'bp'f._nmpnurLPJnL'b[!, 

"f WpLU'fb';,b'f._pU(!I 

b'i,' 'l-b'l 'i.11u

J fi'bb [' w(bbpfi 

.lwf.fllltlw.irhrp: U.mwftw.Jw (!ifiLfi), IJ.fin-Sfi'i.uin, f//rzfippUJJ, 

BwP,fiJni/_, lf/itfi'lw'i1, Smpfi'bJwh t:.w'b.J'•' ~UUZ,-nuf' IJ.lfwpruft, 

lfpufi.w'i.UJt 

78. O·bU.l'l-U.P-AsS (ll'l· v fl) 

!bpqp~w~lllf. f1wm4mp.intf.f.hrp: lf n'bnfttfr'bw 1fi'b ufi'blfn'bfiw, 

l1ru1•J-11mp JnL'b[!' 1,5 - -2, '1-JnLprupbft I; 1 l;tbftm rw'w'lnr'l-frl l_ I;: lJ.'i1-

ZLfifP11LJ R-e' 20 % I;, lf"LJ';,l! Jnfi>rruifnL'b-u"lfimwft brt1'bwlf"LJ'b 

bpw'blfni/_, 6R-e P"LJl , 'bftwmbtfi ftwJ nLtflill w'bfi'f..""'P""i I;: bbp

J'fi'b nbfl>th.p11'bbrl!. f!w'bap 'bwp'bp_w-ftwrJ·frr b'b, ftwpJ-pmpJnL'bf!' 

,9wJ-r I;, l!""' t:.wJbJrum"'ftw'b ubublf>fr "lrum~w'bm .. J !; I fi.Jpfi'b' 

runLpfi"ffi'lJb'bmfr9 nL uuipp'bpmfi9 9wJ-p1 

lulllbwmntdp: HNOJ±' KOH ( rur"''f qnpzw9nLJ ~UIJ uJ..w

,9nLJ }: 

Uf.twmntdf.hr~ O.l...hrp, dJtf.hrw1&hrJi qmqlll~gmdp: l//rfi'LJ,umfilt 

t:.rumfrft'bbrfi LU'fpblfruu(i1br ftwJ ftub'bnJn11fP w'bp_wU1nLJ';,brfi &Jl[n

U1pfinJnrfP uuipnLf1wnLp,,,'bbp, t.w6.wfi. ftn'b9b'bmrfrft-ftntn.Jnrf/> wn.U1-

p_ru9nLJ'bbr nbrut'l'"PP n< wnLpfi"ffi'lJb'bmfi 'ln'bw'bbpfr t:.bppw1fin 

J"'1LpJwJp1 RnL'fwft9i/_nLJ I; Aur, Sbt, Ci, Mri MI-Py-fr, t.w'l.

i/_w'fb"l Tl· fi Jfi'bbrwt'bbrfr' i/_ppwfimfi 11L lnrw'b'l-fr"'P t:.bm B"'Jr 

p_brJ wuuifi-6.1U'bw1fi"' t:.fi'l-rnPbrJ WL t:.w'b.[!wi/_w1rbrnuf I 

Swrphrntp,Jntfip f.dwf. d)1f1hrw1f.hr~g: fJ.bwllfwre fir 'bbp.J'fi'b 

nbfPtb.J' 11'bbpni/_ t.'bwrwi/_nr I; ztfrnpbl "IPP"'r'lfir/im-"lrnLUmfimfi, 

"""'""-Ulrfr nL ftnL"ff'P"'P t:.bm, uruftw1"' WJ'f brb.[! Jfr'bbrwl'bbrfi 

'bbpJJfr'b nbfPlb.J'u'bbp[! }_nL'bb';, 'bwp'bp_wlfnLJ'b bpw'b'1 Lr. mruppbpi[nuf 

b'b ,,_b"'t'lwrfis wt/btfr P"'rar R-ni/_1 

.lw&fwtl WJrhq1: &'i.bbpbr'l• B•ufufiJ ni/_ , 'flw'l'l.i/.w'b, (m fi•m Jf1, 

JlnLLf/>w, lfp'bltJnL[b (Bru/111Lmpw}1 4lJU~-nLJ' UwliJ"'f''f, lJ.J'ruupw: 
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!h~q~~w~w& fiwmqmpJm&&brp: Or[ifnnnJp,,,Jfi'ii ufi'b'ln'bfiw, 

t1m1,JrnL(rlJnLh[!' 2-3-{i9 (r.n'l,,,/u,,,n'b tnwrpbpiu4'bbpf!) J{i'bz_£. 

.5-5,5: ll'bzLfitf:.nLJ R-e 20% I;, Jnfupwqm1'b (LfiJn'bfim{i9 p,,,9 !;, 

l"''J9 lb"ffi'l-n4pn4{im{i9 Jm'l, wn,,,'b9 bp~'iiwqm1'il bpw'b'ffi, npnq /,_ 

u1wrpbri/_nLJ' !; "'l'l- bp4nL 1ffi~1b1,,,,l'bbp{i9 ), t.R-e f'm JL I;, 'b4,,,

wbLf1 LUb{iqnmpn"I_ I;: Lbp.j!{i'b nbfPLb./!11'bbre 'Jb'lfi'b nL PLU!J 'lnrz· 

/1114 pnznLJ '1-"'rt'ii"''l"' J'il b'i1, 4LUpJpnL{if JnLhf!' 9 ,,,Jr, J {ip_{i'ii, euu1 

,,bub!f>fi 'l-wui/_11LJ" I; IV-VI fuJ pbrfi~•: 

luw~wmmtfp: Umw'b7wpm ,,b,,,4mfiq'bbf[' z_b'b ,,,'l'l-nLJ'z Umpndr 

u""f'LUf{i'il fuLUJLUmnLJ' SnCl21 

U.&fwmmtf&hrp lihhrp, tfp&brw1&brp qntqmqgmtfp: l:wm p'bn

L'"2 b'b ulUb'l'bLUa.t._ PJ"Lrb'l'bbrl!• 1),,,-b.LUfu 4nln.lnrf/>• tnrLU9 JLU'b £,.b'l

.cbpni/_, 'l_n'ilwl llL nw'J-{iLU[-bU1rtLU'lwJ{iJiu1{i'b W'ff•bqium'bbpni/_1 lJ.nw

f_LUhmJ' I; O.f.!ufi'l-w9JUl'j, 'ln'ilw1mJ unLL•'f>/1'1-'bbp{i r.iuzq{i'b l1iuJ 

ifiJn'b/im{i 'J-LU2mbp{i -b.br1.f.!bpmJ', np"fbu i[bf'lfi'b{iu l_{'LU'lf4J'w'b 

"'f''J-.("''j,J.!l <J.bmfiuif! 1 nr'il urJpn'Jt_nL{dJiuJp wb'J."'4"'LnLJ' !; p1iui4n

"ffif'fim{i 'l-"'zuibp[!i l),,,{,.,.,fu "fLU[mL'bur4nLJ I; "fpp{izn/i 4.,,J "[/i{'n

u1{i'bfi r.urzqfi'b umurp_iu9wJ lh"ffi'l-"4rn4{izn/i "fuk'l-nJnplf.n'l'bbt'f!l 
GppbJ'b w'b/)iui/_iuuiur t.,,_4J'U1'b t.bmkiu'b.[!ni[ 'lbm{iur{i J nm 'l-fimi/_nLJ' 

I; bumiuqLUJ{iliuqnp uwn9w'bw/uzu.1fi'b umpnL4mmpu11 

SwrphrnlpJntf.p &tfw& tfp&brw!&brpg: 'J.bmfrml! uiwppbri/_nLJ' 

I; [pJn'bpmp,'J pJm-pb'f_wJ'bm(clJwJp, U1hfi'lnu1pn"f11LfJJwJp 1 'bbp.j!ph 

nblf>Lb.f.!u'bbpfi qnLJUni/_, uri[bLfi pwpap R.·ni/_, 11burfiurl! lb"ffi'l-"lfpn4p

u1{i9 miupphpi/_nLJ' !; 'iibp.j!p'b 11bfPLb.[!u'iia1•/i 'l"'Jhni/_ (Lb"ffi'l-nf1pn4{imfi 

t,,Ul,/Ulr' qnpz•4LUrJfip /,'j,) nL hpffhUl'fllLJh bpm'b11/i f'U19Ul41UJnLflJUl,/pz 

4w&ft11~w.1rbrp: /,.n[clLUpfi'bq{iw. f//1•2/ip('iu,/, 1/...nllt-Ouu1pni[ (0-
'bb'l'u Lf1b), ftbpt_, f..,,4,,,l: 

80. lbfllM·ntirOtil1S- 1FeO· OH 
( "-"L/rp'i.wJ /r'iJ r/rWJlW('/r~J 

(llq. VF') 

:b~q~~w~w& fiwm~ntp]ntl'i&brp: Op[ilnnnJpwJfib ufi"bqn'bfiw, 

fiwpJpnLflJnL'b[!' 5: ll.'bzLfi•'f>nLJ R-1!' 20 % !;, J'nfurur11nLJh b1tl1'b,,,

'f"LJ'b bpw'bqnq, ~R-1! mJ-b'f_ 'f"L'bwqnp bpw'b'l'bbpnq p1u9 hp4'bw

'f"LJ'bp9 nL l1 ... 'bwz_wi/_nL'b-Jnfu11iu'lnLJ'ilp9 J'p'bz_k J'nfurw-u!... w'bfr'ln

mpn"f I; r.w'l/ii/. 'b4iuwblfi 'lm'biui/_np l;lpb4wn1[: Lbp.j!p'b nblf.Lb.[!u-
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'bbl'/! 'J-LUpt_'biuifm'l.-4iurJ'fif' 4.,,,r 4"'1',j'l'"''l"I'Z b'b, {iu4 pn;1nJ' 
'biu11hr_LU-4Ulr Jfi1·' 4iu rJrnL(il JnLh[! \ Jfip_{i'b nL PUI ra.r I (!UUJ t,,,,,Jb

J' ,,,UJU14iu'b nbub/f>fi 'l-,,,m{nLJ I; IV-V fuJpbrfi'b, 11bm{im{i9 pn.f.!l'
{1'bz_ !J,,,Jrz 

lumbwmnufp: Umw'b'l-,,,rm nbU14m{iq'bbre z_b'b '"'l_'fnL,/1 Umrnd1-

u"nriu1fi'b fuUIJUIUJllLJ' SnCJ~z 

U.&fwmnttf&brp lihbrp, tfpf1brw1&brp qntqmqgn,dp: F'hnrnz b'b 

PJ"Lf'b'l'bbrfi Pfifilb'liui/.n11 a,t,_J,f'' t,,,,,£,.,,,fu 'i,,,,t,_ 4ntn.!nrf/> ,,,,.Ull_"'-

9nuf'bbr nL "fuk7nJ'n11f/>n'l'iibr f!UUJ "ffirfimfi £. "i/irrrmfi'b{i: :,,,,1m

'b/1 I; Jfi,,,1'b t.{i"fbr11b'b "f,,,l,r,,,'i,'bbr1n,/, 'l"'-'l,,,~9qm_J' I; 'lburfiUtfi, 

Lim, Mn-{i t.fi'l-ro.f.!"fi'l-'bbrfi t.bm: 

Swrpbrntpjntf.p f.tfw& tfp&brw1&hrpg: CJ.burfiu1/i9 nL t.bJ,,,ur{i

ur{i9 UIUlrpbri/_nLJ' I; 2_LUU7 nul-b'l t.R-ni[ nL 'bbr.f.!fi'b nbfPLb.[!11'bbrfi 

'lnLJhni/_ (11btn{iur{i t,,,,,,J,,,l'' 'l-b'lfi'b £. flLU9 'l"f'Z• t,,f,,f,,,ur{iur{i t,,,,,JUJ11' 

nnLpfihfi•4Ulf'Jfir )t 

~w&fwlj_wJrbrp: .~fi11b'b ('J..''H), /.fi"fb94: 

(llq. v fl) 

!h~qpqwqw& fiwu-i~mp.im&&brp: //JnpLU'iiLUp'J-U.J/i'b ufi'b'ln'ilfi,,,, 

f1urpJpm(ilJnL'b[!' .5,.5, Lmi/. l;lbl1mr,,,t.ur'lnr'l-fit I;: U'bzi/if/>nLJ' R-1! 
20% I;, JnfupUl•'fnp2_urt{nLh bpwhqni/_ ( m{imurhni/_ /)Ul('nLUln murr

pbpiuf1Jbp(! nL'blr'b qnpz•ui/_nL'il-i/.,,,r'l-,,,'l"'Jf, bpw'b11 ), ~R z_nL'b{i, 

fi'lnmrn"f I;: Lbl'J.!Ph nb/f>Lb.J!u'bbp t_nL'bp, 4urpJpnLfJJnL'b[! JJtr_fi'b I; 
nL piupa.p, [!um l),,,JJ,,f',,,,,,..,¥.,,'IJ nbubf/>fi "fwm4w'bnLJ' I; VJ fuJ'pfi'b' 

t;.bJwmfimp9 9wJp nL fitt!b'iipmfi9 P"J.!f'-fi'ilz_ 9wJp1 UU1'f'bfiuwqU1'b /;: 

luwbwmnttfp : Uu1iuh'J-•up1n nb,,,4mfiifbbre z_b'b Ul'l'J-"LJ: U.r.ew

,,.,ppnLh nL fumU19iuJ HCl-1! +r .tp'bbpw[p pnLu 'l"I'2"'9"LJ, 

lnLJnLJ{iJI!. 'l-b'l_'iinLJ' t}. Ulw.[! HCI-[! + (J'{i'iibpw[p "'P"''t uf.u19 nLJ}: 

UmpnL4mmp•u1fi'b fuU1JU11n11LJ'' HBf·[! 4,,,,r 6-fuwsn'l HCI-[! 2 - /j 

i/."'JP4· 1 

U.l'ifWtnnttf&brp lihbrp, tfp&hrw1Chrp qntqw~gn,dp : F'iinpnz b'b 

fi'lnJ'bmr/i4 ol1uiiul;'l-I'"'J/i'b l;.urmfi4'bbpfi "''lf'b'lium'bbp {'b4, 68 ), t,,,,,_ 

-6.Ulfu "l_"Lru/i'bpbUI /i¥ 4pq'bU1pJnLrb,,_,,,9,,,J nL 'l"'j,"'l' ll.qb Lfi r,,,,'l_ 

i/.w'J-b"f_ 4nlnJ'nplp &111Lwp_w9nL,/";,hp nL fiJ/ipb,,_wi/_np "'lu£.'l-nJnpfPn'l
'bbp l;.bJ'U1m/im/i t.urzqfi'b ( J'nLz4bmni/_fim) : 

fl,,,pa.p p_bpJ,,,umpbw'bfi "f,,,l,f'"''j,'j,/,pnLJ ,r..,11'bbmfim{i 'l-"'Z

mbpnLJ' 'J-pmi/_nLJ Ir';, fiLJ'b'bpmp mpnf.J'w'ii [il/r[ilh'lfi4'bbp 1 ~{i"fn'tb'b 
169 



"l w1J'w'b'bbpnLJ' J'w'l'bbu1fam/r 1.wztf.fr'b qwp'fw'bnLJ I; ()bJ'wm/rml! 

(J' wpm/rmfrqw9/rw )1 R,nL'l"''t9tf.nLJ' I; llm, hem, Py, Asp, Rut, Cs 
ftwJ' Po, l'n, Cp-/r t.bm t.fr"ln'lb'j, P"'rd.11 p_brJ'wumfr-6.w'bw1fr'b f,,,,'j,. 

,ewt1nLpbpnLJ'1 
SwrphrntpJmG.e G.t.fwG. u~G.hrw1 G.hr}ig: l.'hwrwtf.nr 1; ztfrnPbL 

uf/>iulbrfrm fr t.bm (Sl·/r R·[! nL n.hubff>l! wtfblfr 9wtlp b'b, pw9 

'lnLJ'itfr 'itbp ,e/r'b n.bff>Lb,eu'itbr, t>w-6.wfu "i"'PnL'itwftnLJ I; Cp-/r l;JnLr 

11/rw), t>bJ wm/rm/r (R·e wtf.blfr pwpdp I;, w'it/iqnmrn"l J;, ftwpJfrr 

't,bp,e/r'b n.bf/>Lb,eu'itbp ), frL Jb'itfrm/r ( m'b/r &R, nLcfb'l w'itfrqn

t~. 68. Mt-Jr fr'lnJliurrH l'J"Ll'f,'l't,/;pf!. 

{pwo : JnfurwfnLJ'h) nt .•w'b.[!wJfr'b Jfr

'b/;C'wlfr 'fw2"'nLJ (Jn&. .'f Jnfurw'l:nLJ'b)z 

U.'hufrl/>' X 90. ?:Tw~lil'fr-p2fr •w'b.f!"'"-• 

~ ... ,~. uu~. 

mpn"f I; ) 1 ppwnL'itfrm/r ( [clmll 

w'itfrqnmpn"f 1 'lnrz 'itbr.e/r'it 

nbf/>Lbl!u'itbp ), 11.11ftnpufrm/r 

( Jnfurw'lnLJ'it d.fr/Jw"im'l/r b

pw'it'lntf., ftwrJfrr 'itbp.[!/r'it n.bf/>

Lb.eu'itbp ), ,epnJfrmfr ( i_nL'bfr 

t/. "'P'f'"'lnLJ'it-1wr t'it,.,'fnLJ'it b

l' "''it'I, - R -l! wtf.bLfr gwttr f:, 
'itbp,e/r'it nbf/>Lb.eu'itbrl! ftwrJ'rw

tf.nL'it-'lnrz), 11Lr,,,'it/r'itfrm/r t>bm 

(R-{! 'l.'lwLf111pb'it 9wtlp J;, i_nL'it/r 

'fwpt'i..wtf.nL'it brw'it'l )1 If,,,.,_ 
'itbmfrmp p'itnpnz r.,.,mftnL/JJnL

'b[! J,.,'l'bfruwftw'bm/J1m'b'b /:t 

lwG.fwqw,irhrp: Plw'ln-

'l'"tn , If w'l'bfrm'bwJw1 '{Jiunftw

J"' llm'itbp[!1 1-wzftbuw'b1 l.UUl.

m.J' l_pwq1w'b1 IJ.pntf.1w'b1 

(Uq. V ll) 

9i~q~~w~wli liwm~ntp-Jnt&&brp: If mzftbmntf.frml! frrb'bfr9 'bbr

l1w1w9'bnLJ I; Jw'l'i..bmfrm/r "l"J.'fnJnrf/>nq (!UU1 t.bJiumfrmfr, iun.w

p_w9iutl ~'fi'fn'lb'it "ftuJJ',,,ft't,bpnLJ', LnLflnLJ/J'bhpnLJ /J/Jt/.,,,J'itfr "fn

mb'b 9/rwi/i 'btf.wqJ w'b 'fb"i.[!nLJ'1 

ll.'bzifr[/>nLJ' /rr pnlnr t>wmftnL/JJnL'b'i..bpntf. t;,,,J"'"l"'mwufuu.1-

'itnLJ I; Jiu'l'bbm/rmfr'it, uwftiuJ'b iutp_wmJ'w'it d.J..brntf.' t>bJ'iumfrmfr'b 

( untf.nr"'P"'P PfrPb'lwtf.np, pbtfrnLftwtf.nr ('itft. 69), bppbJ''j, fuiun.'b 

J,.,'briu/Jbliutf.nr w'itp_iumnLJ'itbp ), t>bJ'iumfrm/r t.mb'l'"ftiultf"'J J'biu

gnp1'iibpniJ.1 R,nL'ltuft9tf.nLJ I; Mt, hem, Py' Cp £. mr/rz UllLJ f/>/r1-
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'j,brfr f.bm, {!'j,'f nrnuf J'nL2ftbmm//rmfr umwyw9nLJ'(! cfwJ' w'bwftfr 

mbuwftbmfr9 J'nm I; u11LLfPfr'f'bbr/r 'bumb9 J,,,'j,l! ; (pwrd.-rw 'bmJ' I; 

JJJp/i 'fbrl!,i'btf.wqmJ I; , pptf.wJ'b/1 1brl! /._ o,eu/r1w1/r'b brt1wpfr 

Jfr J'wul! tf.bpwftw'i1'l'btf.nLJ' I; 

J'fr'bt"- Pbro.eufi'J-w1/r'b' Fe203----" 

-->Fe 0 . Fe20 8)' 

lfnLzftbmntf.hm(! t.bJww/r

m/r9 mwppbptf.11LJ I; J w'l'bfi

uwftw'bnL/JJ wJ p, 1utfblfr ywtlp 

R-ntf., 'lnrzwtf.m'b hpw'b'lntf. 

{f.wmftm'bfrz'bbp, npn'b.[! p'bn

pnz b'b J'w'l'bbmfrmfr f.wJ'wp ) . 

JnLzftbmni//rml! J w'l'bbm/im/rs 

wwppbrtf.nLJ I; 1u'bp_wmnuf'id1rfr 
d.l._bpntf.1 

2,w6.}!uulmJPbp~: l.UUl.-nLJ' 

Uw~brfr-1nz (11,,'IP 'llm'l_/r 
Jnm)1 

83 . ..:un1>UlTUlif1 S-Mn304 
(Uq. V Jl, VIII ) 

!li~q~~w~wG. fiwm~mp.imf1-
G,brp: Sbmpw'fn'bw1fr'b ufr'b-
'ln'bfr,.,, ftwrttrm/JJnL'b[!' 5 - t~. 69. ~liJwurfr"'fr Pfrfilli'lw4nr /'J"L• 

r"11"'"rl!. ( u"lfrurwV Ul"'l"'~w14 " ... J b'i, 
5,5i IJ.'h2Lfrf/>nLJ' R·[! 20 % !:, 1luz'l:'l,f,.,,fruin4_ {Jnfurw'l:n'-J'b), wn.w-

Jnfupw'lnLJ'j, {JrlLJl 'fnpzwtf.nL'b f_w9'bb1n4_ JnLt~l,urn4_frur . ~wf_wrw'hfr 

Upw'it'fntf. 1 6.R ·[! 'bftwmtf.nLJ /; 1 ''""'./!· X 450 ( [!_uur U,. lj, :b wrwJw'[• 

mclb'l w'itpqnmrn"l f:t 'ibr.f!fr'b 1w'bfr)
1 

n.bff>Lb-l!u'bbrl! pnLJl b'b /iJbru/r,.,Jnt/. ,J...,'j,r 1frnznLJ' "'rJ"''b-ft,.,rJ'l!. 

r/rs J'fr'j,t/,_ 'fnrz•ltUlflJfrr 1 't"'rJpnL/JJnL'i_,(!' J'frp_fr'b, (!UU1 f,,,,J'J;,J',.,. 

mw/1,,,'j, nbubf/>fr "i"'"'ft,,,'bnLJ I; VII fuJ'pfr'b' J"nm I; PP"'nL'b/rmfr'b1 
. low~wmn~dp: Um,,,'i.,'f"'l'm nhwftm/itf.'bbrl! tb'b "''l.'f mJ: SnCI

2
-fr 

'In ln P2fr'hbpfr9 tlfrwtlw'bUl"f U1U1nLJ' 1 

UmnLpftmmp,,,J/r'h fu,,,J,,,mmJ' H20 2+ H2S0
4 

ftwJ fuu1 ,,,9 iutt 

HF-I! so tf.iuirt1.1 

U.G.fwmmuG.hr}i O.hhrp, d}i&brw1G.hr}i qntqw~gntdp: P'itnpnz b'b 

t>fr"lfr'ffrnJnrf/> umpmftmnLptuJ/r t>iuuifrft,,,t/.!'r iuqpb'fwm'bbp nL Liutf. 

d.J..iutf.nptf.iutt oftmiu/;1r/rft t>iupfrmmufr pJmrb'l'bbp1 tiu111 p'bnpnz b'b 

piupiuft "ln1/ru/r'b[Jbmfrl1 (iii/• 70) pfrpb,,_iutf.nr ( J/rftpnfttfr'h~'bJ'iu'b) 
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llL wiJbtfr t:.w'l_i[w'fb"l yw'bswifnr 4r~'bwp11nrb'l'bbpt R,nLr1wf[9i{nul 

I; ppwNLbpu1fr, 1w4npupmfr, UffrpnLJnL'l_Pmfr, UfufrlnJblw'bp k Mn-Jr 
"'JI Jp'bbpwl'i,brfr r:.bui J'bmwJnpfl.n11b'b, 114wu'bw1fr'b m /:,fr'frnfilbr-

Jw1 t,,.,'b,ewi[w1rbrnLJ1 

tq. '10. ~wnLUJw'i./unp "lnLf.1up'i.fJlnnpq qpq'b"'l'J"L{'l11z'bhpe· 1,n'b•lf'"'"'f• 

r..w'be. (7;tf./,'fpw) . 'bflt.nt'i.• +• X 5lf (eum "I. fl>,,.J'lnl'J..)1 

SwrphrntpJntlip. &tiw& tfp&hrw1!~hrpg: ~wnLUJ'w'bfruil!. f[wrbLfr 

I; zifrnfilbl ppLUnLitpmp ( 1_bpy_pbu {iJnLJL wbp'l_nu1pn"f f;, l_nLbp "fn

Lfrup'iJfilbmH ~r4'itw[!JnLrb'lbbr ), Jw'l'itbmfrmfr ( p'f_nmpn"f I;/,_ J w11-

'bpuw4w'b}, JW~npupmp r:.bm (p'l_Nmpn"f I; /,_ J'w11'bfruw4w'b), ifnL

fj.pwJ'pmp r:.b.,, ( t_nLbp 4rl1'bwrJnLpb,,_'bbp1 "fwpuu1b'bb'lfrul!. "''"r-

11bpi[nLJ /; }t 

4wlifwtl_wJrhq1: (n'L'lt' '"'i, (&ifb'ffrw), "ifi.bl'f nL folJb'i.twnL 

(9-:h~), '1iur'"'l.'"l' U,.,"f..,Lu4fr r:.iu'b,e.t ~lJU~-nLJ' Ui[wpw'b91 

(U.'l. v ll) 

:bpqpqwqwli fiwm~mp.im&&hrp: Gpf[w filfr o,eufr'IP J w11'bfru,.,f[w'it 

u1wppbpwf['b I;' 1-Fe20 3, "Pl!. wniufwbnLJ I; J'iu11'bbmpurp 'o,eu/i

'1"'9 J ,.,'b f',.bur£a1'b,eni[ t Tun pw'biup'fw Jfr'i, ufrb'JN'bfiw, l1wpJpmfil 1nLhf!.' 

5, J'w111tfi11w~w'i, I; (fi'bt"lbu Jw11'bbmfime}1 11.'iizLfifi.nLJ R-e 18% 

I;, J'n/upwi{m'b u"lfiurwf[ bpf[bLU'fnLJh bpwb'lnif, ~R l_nLbp, /r'l_n-
112 

m11n"f /;t "ibp,e/i'i.t nb:f>Lb,eu'i.tbpf!. (?) r:.w1_w'i.twpwp bpplul'ii r:.w'i.t'ffr

Uf"LJ b'i.t k m'i.tb'i.t J'nL'l 'fwpt'i.tw'fnLJb ~wpJpp bpw'i.t11'i.tbp, ~wpJ

pm-{tfJnL'i.tf!.' J'plJr'ii NL pwpdp, f!Um nbubfi.p 'fwu1_NLJ I; V JuJpp'b' 

Jw'l'bbmpmp9 pwpdp NL f;bJwmpmp9 'l'lwlfrnpb'b 9wJp1 

luw~wmnu.fp: Sw~ /umw9. HN03 W'f'fmJ I; {iJNLJ[I U'fr'btk 

lfwrJrwzfr~w9Jw'b wump-6.wbf!. mw,ew'bwtfru JwcubJpmf!. wrw'l 

w'b9'bnLJ I; t;bJwmpmp: 

U.&fwtnnuff.hr]i. bl..hrp, iili&hrw1&hrli qmqwljgmdp: R.wpfwbnLJ 

I; J'w11'i.tbmpurp mb'lw~wlJ'iu'i, 6.w'bw"{wpr:.N1_ Jw~bpbuw1fr'ii "fWJ

J'w'b'bbpNLJ, 'l_NL'fw~9if.blni/. LfrJn'bpmfr, 11bmpmfr, lb"ffr'fn~pNf[pm/1, 

t:.bJwmpmfr r:.bm1 >/..bn.fr'b bpb,e JJi'bbpwl'bbpp9 mwppbpi[nd I; 

/i'lnmp n"fnL{iJ J wJ' p 1 Jruf[ J wpmpmp9' ,J w11'bfruwf1w'bnL{iJ JW,j' pt 

Swrphrmp.intf.p &dw!i t.fp!ihrw1&hrpg: U'fr'bbrwl'i,brfr 'lm11wf[

s•nfil JllLb/!_, P'l_NUlf NUfnL{iJ JnL bf!. nL ,j' W'fbpu wf[wbntfi/ JNLb/!_ p w9w

IWLJ' b'b J'wrubJpmp 2_i/rNfilblnL r:.twrwif.npnLfi/JnLb/!_ WJl Jp'bbrwl

bbpfr !;bu,, 

4wf.fwtl_wJrhrp: U.Jpn'b U'wm'bmb1'b ('1w1/ifl.np'bfrw, UJTi), 
lJ' w11'bfrm'i,w1w lbne: 

(\Li. v ll) 

:bpqpqwqw!i fiwm~mp.im&lihrp: "ibp~w1w9hNLJ' I; frrb'bfr9 i{w

'bw'ffrnLJ.N1_ 2_UIU1 r:.wpntUUl J'w111bJpmp mwppbpw~, NP/!_ UN1_npiu

f.!.Wr 'l"L'lwf[9i{nLJ I; mpu1LubNJ'w11'bbmfrmp :.bm1 lJ' LUbpw'ffrmiuf[p 

mw~ nwmJ'bwuppi{wJ I; w'bpiuifw1•wp NL f!.UUI bpk11LJfilfr'b r:.w-6.wp1 

11w9 I; filn'l'itifnLJ: 

4w&fwtl_w.irhrp: Swpbp'f tbttf!. (&ifb'lfrw), FpJuwr ( ~'it'ff[wu
m,.,'b), flLf'"LP nL ~UU~-/i( ?} uipmw'bwJ'w11'i,bmpmw1Jr'b f.w'b,ewi[iuJ-

f'brf!. t 

(U.'l. v u., v ll) 

!bj1qp~wljwf. liwm~mp,1m!i&hrp: "iw/uf[p'bnLJ 'bf[wrw11r1.nLJ' l;p 

m'"ppbp w'bi{w'itnLJ'i,bpp mwf <r lunpiu'bwp'fiuJp'b /u'"[f[N'l_pb}), <ra.

Cu28}), <rf[w"f"LJU1 P'l""'fN"f /uw[f[N'f.Pb}), P'"/9 frrb'bfr9 'bbpf[w1w9-
'itnLJ I; Jr'it,e'bmpmJ'i, Jp'bbpiuL' 'fP'lb'bfrm, f[,.,J {!um f!J. fJ.iuJ''fnrfr' 

'bbn'lfr'lb'bpmt luNpw'bwp'fwJpb ufr'b11n'bpw1 ~w11JpnLfi/JnLbf!.' Z,5- 31 
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u:;,2.Lfrtf>mJ R-e ~ 18% t, Jnfur'.ui[nL'b-uUJfrUIUI~ bpq'bw,,nLJh 

bpw'b'lni[, ~R z.nL'i.fr, fr'l.nuipn"f b "ibp,efr'i. 11btf>Lb,eu'i.bp J_m'bfr, 

qwpJpnLfJJnL'iJ(! 9w.Jp e (!UUI f.wJbJwmUJffUl'j, nbubtf>fr "fUIUl"Ul

'j,,,,,f t II fuJpfr'i.' Jnui t 'l"'Lb'i./rmfr'b m wi[b1fr 9'"Jp, .e'"'j, 1•nn

'i.fruie nL l1ni{blfr'i.f!1 

ruwbuunn uf 11: u.'l.'l"' ,f b';, 'lr'"~LU'j, \ HN 0 a·e ( bnnLJ, "'"Uf U111LJ), 

KCN-e {wr'"'l ub.1119nLJ, umpnLqmnLpLU), FeCl3-e {flnLJL bf''"'j,_ 

'l'"i{npm.J), HgCl2 ± flnLJll Um11nL4mnLpwJfr'b fu,,,JwmnLJ' HN03 

+0-10 1.'"Jr4·• KCN 1:5: 
U.G.twumufG.brp ltl..brp, ujiG.brw1G.brp qntqwq!JntUp: ll.n.wp_w9-

'i.nLJ t t,,,,uifrlt'"i/nr "''II'b'l'""''bbp, 'lm'l'"491.mJ t P:,.-, En, Tn
Td, SI, Bo, Cv-fr t.bm qnub7w'i.,,,jfr'b t.fr7pnflbrJ'"L t.'"'b.ewi['"J

rbrnLJ1 

Swrpbrntp.]mG.p G.uwG. uJiG.brw1G.brJi!l: IZ.ilwrUJ1.nr t 2tf111fdbL 

fuwLffn'f.fr'iJfr UIJl UIU1rf'brUJfi1brfr f.but (fr UIUlrpbp11Lf/JnL'j, 'iJpUJ'j,9 

'lfr'lb'bfrme nL'bfr ,,,i[b1fr 9'".Jr !:\ nL frqnmpn"f t), "'I''lb';,mfrm/1 t.bm 

( "f'f! nLilfr "'"'j,"'i.'"ifnL'b bp.,,';,'f , i{UJm t" f.'1.4tJ.mJ), /11nLilw91UJ t,UJ';,

.J.!"'LJnLFJhpfi t.bm (R-e nL 4wrJpnLfJJnL'i.f! Lpw'i.9 Jnui wi{bLfr 

pwpa[' b'i,, bp.,,},'ff! 'f"I'2."'"nLL q'"J f['"L"'l"'"nL'iJ}, wpJ'"f'I" np112 

""'-Ltf>'"w'l.brfi t.bm {'ilr'"'j,9 R-e wi[blfr pwrar t, p'bnrn2 b';, iibr·

.efi'b nbtf>Lb,eu'hbpf! )1 

lwG.fwil_w.1rbrp: P1nLm, '1b'i,bf1nu1 (U.u.,,u4"'}, Su11LJbp1 Z.UUl,-

nLJ' 'l,uu/uu'b1 

87. Nlrbuf>S-FeTi03 (ll.q. v fl ) 

!hJiqJiqwqwG. fiwmqmp.intG.G.brp: Spfrp'h"'Jfi'i. ufr'i.'ln'i.fr'"• "'"rJ
pmf'IJnL'bf!' 5-6, flnLJL tLh4inr'"t.'"'1."I''IPt b 11.'bzLfitf>mJ R-e 
18 % t, J11fur"''l"LJ'i. i{uir'l"'"'l'"I'l.'h'"if1n'i. br'"'h'lni{, t1R-e flnLJL• 

,,,';,fr'l.nmpn"fnLFJ JnL'i.f! 'i.qwmi{nLJ t Lwi[' flnLJL 'lnL'i.UJi{np t'tf.b4urni[ 

'lb'l.';,'"i{nL'i.-q'"'i.wz. nL lt'""f"LJur-J" '"'i.m.2.'"4'"'l"LJ'j, b I''"'j,'l'i,bpni{, lJ m'l 

'lnrz 'i,bp,efr'i. nbtf>Lb.eu'i.bpf! 'ffruri{nLJ b'j, f.tu'f.i{w'fb"f nL JfrwJ'iJ 

frJbpufrw1ni[. 4w11Jpmf/1m'be pwpap t, eum t.wJbJwmwq'"'b nbl-

1btf>fr "lwur4UJ'i.11LJ t VII fuJpfi'b1 

luwbwmn1up: Um'"'ii'lwrm nbUJ~urfri[ilbre tb'j, '"'l.'f"LJ (~ urwr

phpnLflJnL'i. J'"'l';,limfrwfr, "Pf! HCl·fr w'l.'lb9nLf'IJ'"'j, urwq 'lnrz w

'i.nLa t)1 UuipnL4mmrw1fr'i. fu'"J'"mmJ' HF "'"" HF+H2S0 4 1 

U.G.twmntuG.brJi ohbrp, uJiG.brw1G.brJi qn1qwq!Jntup: P'i.nrn2 b'b 

flfiflb'l.'"1.nr pJnLpb'l.'i.bp nL P'"I''"4 "lnlfrufr'i.flhu.frq q'"J 9w'i.9'"-
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i{np qpq'b•uptnLph'l.'bb1,1 (;'""' piinpn2 b';, Uffr'b'I LnLJnLJfl'bbpfr mpnt.

J1u'i. umpnLqmnLpLU'i.bre' P'"r'"4 frLJb'bfrmfr flfrf/b'l.frl1'bbr Jw11'bbmfr

uifr 'l'"zinbpnLJ { uifruiw'i.nJ'"'l'i,buifrui ) , wi[bLfr f.wqi{tu'lb"l t.bJw-

111frmfr FJfrfiJh'l.frq'i.bp frLJb';,fruifr 'l'"zuibpnLJ {'bq. 71 )1 

t~ . 11. ~fzJwonfunfr ( u"lfr"'w~) onrn~nufl!. frLJli..,,frinfr 

(Jnful'"''l"LJ'b) '1"'2"'nuf. N"r'lnL'b'lfr ~"'.-,,I'' (tnr-
1_'1qfrw) x aw (1!.uur 41. flowJ'lnl'fr)• 

!/.nL11wq9i{mJ t Mt, hem, Rut, Ta- Cb, Po, Pn-/r t.bur 1inL'b 

JLU'fJ1UU1frqwq1U'iJ f.w'iJ.e1U1.U1JpbpnLJ b_ npn;_ "fb'fJIUmfrm'iJbpnLJI 

Swrpbrntp.]ntG.p G.uwG. uJiG.brw1G.brJi!l: ~'i.wr'"il.nr t z ifmflbL 

J u111'i.bmfiuifr t.bui {fr m '"f'PbrnLFJ JllL'j, frLJb'bfruifr frqnmpn"f b J'"'l

'bfru'"q'"'b, f.tuuifrq'i.bre fr'l.nJbmpfrq ), n.nLmfrLfr t.bui ( t.,,,f.,,,/u b';, 

ui'i.'fnLJ'j, qtuJ 'fb'l_hLU'fnpz 'i,bp,ep'i. nbtf.£b.[!u'i.bpf!) I 

lwG.fwil_w.]rbrp: S'"pbr'l Lbne ( '<li[b'lfr'")• '1r'"'lbrb (tnri[h

'lfi'")• "'"tq'"'i."'r Lbne, />LJb';,1,,,'i. Lbn'i.hp1 ~UUZ.·nLJ' Ui[,,,pw'i.91 

(ll.q. V ll, VIII) 

!hJiq}iqwqwf, fiwmqntpJmG.G.brp : lln'i.nqlfi';,,,,lfi';, ufi'bp'i.fiw, 

'i'"rttrnLf/JnL'bf!' 4, tLbquipwt:.w'l.nr11frt z.l;t ll'bzLfrtf>nLJ R-e 18-

16 % t, Jnfupw'f"LJ'j, 'l"I'zwi{nL'b bp'"'i.'lni[, i1R 'i.qwuib1fr t, mJb'l. 

w'i.fr'l.nuipn"f t "'""- 'lnL'i.tui{np t lpbquini{ Jnfu pwi{nL'b-qw"fnLLnfr9 

Jfi'i.z.IL Jnfupwi{nLL·'lb'l.fi'j, nL Jw'i.nLzwqw'ln'-J'j,I "ibp,efr'b nbtf>Lb.eu-
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'i,brf! b~wmi{nLJ b'i, pJ'brufiU1Jni/.1 i{inz_nLJ WrJWb•~WrJ'fir 'fnLJbp 

b'b, 'twrJrm/iltnLbf!' J'fip_{i'b, eum r..wJbJ'wmw'tw'b nbuMf>fi 'f,,,u

i{nLJ' I; V {uJp{i'b' r..wnwJ'w'bfim{i9 nL prwnLbpmp9 9wJr1 

luw~wmnulp: Umwb'f•urm nbw'tmfii['bbf'l! t_b'b wq'fnLJ'1 H 20 2-e 
1 rn"fbnLJ' Wll_'fnLJ' I; fJnLJL (w'l_'fb9mf'1nLbf! nufh'l_WbntJ' I;, bf'/, 

wi[bL w9'bbl H2S04}1 H2S04-p qnlnrzfi'bhre umwp_w9bnLJ' b'b Jmq 

i{iwn1 UmrnL~mnLrwtfi'b {uwJwmnLJ'' HF 30 i[w1rlt•' 

U&.l'.wmnufG.hr]i H.hrp, dp&.hrw1G.hr]i qntqwqgmdp: fl'bnrn2 h'b 

"frpqJ'wmfi't nL ILIUb'l_blLla.k ptnt('b'l_bbf', brpbJ''j, 'tnl11J'nr:P WfllLI• 

p_w9nLJ''bbr. qnLqw~.'Ji/.nLJ' I; prwnLbpw/1, r..umwJ'w'bfim{i, "lfirnunL

'l.Pmfi, "lufilnJ'blwbp r..hm "J1"1&rqb'b {'bumi{wJ.(lwJ{i"i,) nL uti{blfi 

r..wqi{w'fb"I r..p'ff'nf'hrJ'wl r..w'b.[!w•[wtrhrnLJ't O.[!up'fw9J'w'b qn'bw

JnLJ' w'b9'bnLJ' I; "!ftrnLJnLqpmfi: 

Swrpbrntp;im&.p G.dwG. dpG.hrw1&.hr)ig: :..'bwrwi/.nr I; 2i/inf'bl 

prwnLbpmfi f.bm (i/.b{''f.pbf! f'nLJl wbpqnmrn"f f;, 'bbr.[!pb nbfPtb.[!u

'j,brf! i{ww b'b wrmw~"'Jmi{wJ, r..w111fi~'bbrl! "lnlfi'ln'bwl b'b ), r:,,,,_ 

11wJ'w'bpuip r..bui ( hrp r..w.rwr p'bnrnz b'b "lnlfiup'bf'buip~ 'tr'f'bw

ptnLrh,,_'bbr ), J'w'l'bbmfimp r..hui ({iqnmrn"I I; /,_ J'wq'bfiuw'fw'b )1 

4wG.fw1lw;irhrp: l.n'b'fpw'b (&i[b'ffiw), SlfimuinLrw, 'ifi'fn"lnl' 
1,UUl.-m.J' Ui[wrw'b,9: 

89. >l,Ol9if'U.ITJ>S-(Fe, Mn)W01 (1Lt· v ll) 

!h]iqpqwqwG. Jiwmqntp.]ntG.G.hrp : U' n"bn'ftfi'bwtfi'b ufi"b9n'bpw 

'fwrJrnLft/JnLh(! ,'J- 5,5, 'fJnLrwpb'f f;, /;[h~mrwr..w'l_nr'fpl_ l_/;r m1z1fi· 

lpnLJ' R-e 14-18% I; ("bi[,,,qnLJ' I; Mn-ni{ r..wrnLUU1 mwrpbf'w't

"bhrnul, qJnLp'bhrfim'bbrnLJ'), J'nfur,,,'lnLJ"b, iiR-e f'nLJl (fiJ'bru/iw

tni/. 'b'f 1uuib LP I;), w"bfi qn uirn"I /;t 'ihr.[!/r"b nblp l b.[!u"bb re qn r zw

i{nLh·f1111rJ rfi.'J J'pht_k wr1w"b-~wf'J'fir1 wi[b(p pw9 'fttLJhp /,_ r:,,,,-£,.Ulfu 

r:,,,,r;,'fP"fnLJ I; Mn-wpl.r m,,,rpbrw'f'bbrmJ, 'fwrJrmfltnL"bf!' J{i

p_p'b, euui nhubf/>fi 'fwui{m J I; VI {uJ'pfr"b J'w'l'bbuifruifr9 nL r:,,,,_ 

J'wrtw pntnr unLLfPfi'f'bbrfi9 pwra.r I;, fruit ~wupmbrfiuifr9 nL Ufp· 

f'pmp9 .'JILIJ('t br.'fwf'ni{ r..wrllLUUI UllUf'f'bf'w'fbbf'f!\ fPhrphrfrm'iJbf'f! 

fJnLJL J "''l"bfiuw~wb b'i11 

luW~Wffillttlp: /J.bw'fmpif'iJbf'f! t_hh W'l_'fnLJ't 

ur.l'_wtnntdG.hr)i lil..hrp, d]iG.hrw1&.hr]i qntqwqgntdp: fl'bnrnz b'b 

"ff'P'l.J wuip~ ( fJfrfJb'lwi[nr} ('b~. 7 2 ), wi[b LP r..wqi{w'fb"I wub,,_'bwa.IL 

w'iJp_wmnLJ"bb('t 1,w-S.w{u mb'l_w~w[i{ntJ' /; unLffPp'f'iJbrni/. nL zbb[p• 
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mm{ (t~. 73). 'ffimi{nLJf I; "f'"r'l_ ~r'tbwp/nLrb'lbbr llL qnbW[nt

{JJnLbl ~nL'lw't9i{nuf t- Cs, Mob, Sch, Asp, bsm-/i r..bm, wi{btfi 

r..wqi{w'fb"I Po, SJ, Cp, St-{i r..bm l''"ra.r "- J'fip_{i'b p_brJ'wumfi-S.w

'bwtfi'b r..p'frnf'brJ'wl r..w'b.[!wi/.wtrbrnLJ't 

t,4. 72. Wt-fr ( f'w9 Jnfur"'

'f"LJ'b) " JnL'b..,J.k. r...,mfr~'b/,f'f!. 

9b.f/,'bu,,u9-f"'~ k. r.wm•/w~ /,';, 

Po-fr ( ,fnJur"''f"LJ'b-u"lfr"'w~) 
"t•w~H'bt.rn-f • y~..,n.'bwJfr'b w

"l"'f'f!. ('fnL'/: ,fnfuruu1nLJ'b)1 TJ.'i,. 

u/df>, X 45 '1npnLUI fr r.w'bpw-f"'Jf'L 

Sw£H· UU~· 

t,~. 73. l';/,/,tfruifr fun2nr ..,';,£..,
"'"LJf!. (Jnfuf'"''l:"LJ'b) -fnt!f>t•"'

Jfruifr "'"'l"'~"'l""'~ ,,..,,..,9"f''l..,,,,_ 

pn-f (pw9 ,fnfuf'"''f"LJ~•) • ""fl•

AnW~f!_' "ffrpnuifr'b, ''"'·'I .!nfur"'

'l:"'l~'I!.' l!'f"'NI' TJ.'huf>!f> , X 90. 

l/npnu,,p ,..,..,,/!"'"" s..,u·~· uu~. 

Swrphrntp,JntG.p G.dwG. dj1!'ihrm1G.brpg: •l.ntfPrwJ'frme r..'bwrw

i/.nr I; z•finf'bl ufPwLbrfiuip r..bm ( P'l."mf'n"I f;, {uwJwmi{nLJ' I; 1ur

.[!'"l'"f'f'i{/r qnlnrzfriibrni[, p"hnrnz b'i: "lnlfrufr'i:flbuiplf ~rt1'bwpJnL
rb'l"hhr ) , a.iLbrf! w"b~w'i:n'i: b'j, nL pqnJbmrf>~, r..w-S.w{u "f'"rm'i1,,,

~nLJ I; Cp-fr, w.;_bifr r..w'li/.w'fb"I Po, St nL nLr/rz J{i'i:brwl'i:brfr 

l;J'rJLLufrw, h em-fr r..bm (R·e zwm wi{btfr pwra.r 1;), frLJ'b'i:frw/r 

r..bm ('lnrz brw'i:'l, '"Jl "l'"r'"'lb'iibqfru)1 Jw'l'iibmpmfr r..hm (/rqn

uirn"I I;, f.wmfi'f'iibrl!. {tqnJ'hmrH b'b, 'f'"rt'iiw'lnLJ'ii brw'iiq}1 

4wG.fwtl_w.irhrp: l..wr-i/.·wrkbl. ll.uftwtfr J'wrqbrf!, Pni/ri/.frw , 

f//nrmnL'lwlfrw , ~P'f'"• flblnL[uw, flnL~nL'fw, 1J.t1z wmwm1 1,UU1,-nLJ·' 

1,wJ'qwt_pJw'ii, U'b'lr"'1 2rp_w'ii (?): 

12--785 
177 



!l>}iq}i~w~wG fiwm~nlp]ntGGhrp : OrfilnnnJ pwJfr'ii ufr'b'ln'bfrw, 

l1u1p6pnLfilJnL'ii[!_' 6, 'l:J"Lpwpb~ !;, !;lb~uipwt.w'l"f''fPt tb U.'ii2lfrf/>nLJ 

R-e 18%-/ry (Mn nL Nb-nt[ t.wpnLuui' ~nlnLJpfrmfr mwppbpw~'iibrfr 

l;,wtfwp} frp__'iinLJ !; Jfr'iit_IL 14% (Fe nL Ta-nt[ t.wp11Lu1.r1' 1.r1w'ii1.r1w

tfr1.r1fr 1.r1wppbpw~'iibpfr t.wJwp} 1 tlnfupw'f"LJ'ii' 2wm filnLJl 'l:wpt'iiw

'l:"LJ'ii bpw'ii'l:ntf, ~R-e filnLJL !;, w'iifr'{_nuipn"fnLfi/JnL'iif!_ 'ii~wuib1fr1 

tbr.f!fr';, nbf/>tb.[!u'iibpf!_ JnL'f 1ur1w'ii ~wJ 'l:wN_'iiwt[nL'ii-~wpJpfr9 

( u1w'ii1.r1wtfr1.r1fr t.wJ"'{') Jfr'iit_IL "'ifbLfr pw9 ~wpJpp nL 'l:b'l'iiw·'l:wpt~ 

'iiw'f:nLJ'j, ( ~11£NLJppU1p f,UIJ wr ), ~wpJpnLfil J11Lhf!_\ pwpaf' 1 f!_UUI /:,,w

JbJwUJW~Ul'j, nbubf/>fr UJU1U1~U1'iind !; VII fuJpfr'ii1 

lowbwmmdp : fl.bw~uifrq'iibre t_b'ii "''l.'J:"LJ1 

U.G~wmmd&hr}i ahhrp, dJiGhrw1Ghr}i qntqw~gmtip: f.'hnrn2 b'ii 

'1"'ri. "lrfr'l.JU11.r1fr~ PJnLrb'l'hbp, UJUI{''{_ filfrfilb'lwtfnr nL 9w'b9wtfnr 

l1p/J';,"'PJ"Lf'b'l'hbpnt[ ('l:frmt[mJ b';, /uwt_wat.. 'hfr~nt'iibp11LJ ). unt[n

pwpwp lwtf !; 'J:pulrnpt[nLJ t.bpamJf!_ Jb~ ~wJ bp~nL nL'l'l"L

filJ'IL';,'hbpntf 1 

' 9,nL'l:w~9t[nLJ !; Cs-fr, vVt-fr, t.w'{_tfw'lJ"LUI t;.,,'lbrfr Jfr'hbrwt

'hbrfr t.b1.r1 'l:rw'iifrurw1fr'ii UJh'l:Jw1.r1frui'iibpnLJ1 

SwrphrntpJntGp GdwG ti}i&hrw1Ghr}ig: l,'iiwr"'tfnr !; 2ifnfilbl 

tfntf/>r"'Jfr1.r1J_. t.b1.r1 ( t[bpp__J_.'iiJ_.u t.R-e nL whp'{_nmpnUJnLfiJJnLhf!_ wtfbtfr 

m J-b'l_ b',, ) 1 Jw'l:'iibuifruifr t.h1.r1 { p'{_nuipn"f !;, Jw'l'iifruw~w'ii, t.w1.r1H

'hbpf!_ p'{_nJbmrH) 1 ~wufr1.r1bpfr1.r1J_. t.b1.r1 ( 2w1.r1 wtf btfr ~wrttr f;, 

t;.'l~tfnLJ !; t[w1.r1, 'iibp.f!fr'u nbf/>tb.[!ubbpf!_ wtfbtfr P"'9 'f:"LJ'iifr b';,}, 

1npw'hfr'iiJ_.1.r1fr t.bm (/r'l_n1.r1pn"f !;. t.w1.r1H'iibre p'{_nJh1.r1rfr~)1 

_.!wGfwqw;irhrp: 1'tffr'luittLUI (<J.pb'iit1uh'J:p"'), {frJnJ- (:hpw'ii

ufrw ), '1pw'fbrb ('inptfb'lfrw ), 1,w'l.wfuw~w'ii UUl,, 11.'h'J:ppw J~ut[t 

91. U!hlllbrt•S- ZnS (II.it. V fl) 

!l>}iq}i~w~wG fiwm~ntp]ntG&hrp: lunpw'iJwp'J:utJp'ii up'ii'fn 'hfrw, 

~wpJpnLfilJnLhf!_' 3,.'J-4, '1:/mpwpb~ f;, !;Lb'f.1.r1pwC.wrznr'l:/rt tb U.'b-

2Lff/>nLJ R-e 17% !;, Jnfupw'f:"LJ'ii, bppbJ'i, filnLJl br~'iiw'f"LJ'ii 

l1wJ JUittwJw';,fr bpw'ii'lntf, ~R t_nL'iip, p'{_nUlpnUJ /;t 'ihp.[!fr'ii nbf/>

lb.[!u'iibpf!_ 'l:"f'2 b';,, "'tfblfr t.w'{_tfw'l:b"i 'l:b'lfr'ii, ~"''iiwt_wt[nLh, ~wpJ

pwt[nLh IL UJWJJw'iiwt[npt[wJ b';, Jfr'iibrwlfr p'iiw~w';, 'l:"LJ'iint[, ~wpJ

f'"LfilJnLhf!_ Jfrp__fr'h !;, eu1.r1 nhubf/>fr "JWUl~"''iinLJ !; IV fuJpfrV UJfr-
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pnwfr'iifry yw,Jp nL fuw1l1nUJfrf'frm/19 1 fr1m'iiw9wJ t.w'ii.[!w'ii1mfilbpfr9 

nL UUuu'iifr'iifr9 pw(1ar !;1 

luwbwmmdp : HN03 ± {[ilnLJL 'l"f'l_ut9nul, 1utfbtfr t;,w-6.wfu t/r 
W'{_'J:nLJ )1 wp.j!WJw(iJfilnL+ ( 'fnr2w,9m.J , 'fn[ "rzfr'iibp/!_ t,,,,JUl'i,Ulpb

rnLJ b'i, u1.r1pnL~U1nLrut'ii)1 UuirnL~mnLpwJfr'ii fr1wJwmnLJ' Ul('.[!UIJUI

filfilt[fr 'l"tnnfr'iibre• Cl, Br, Hl-e, ~wJ KMn0 4 +H2S04 10-30 

tfwJplf• t.w11.r1'hwpbpt[nL1f !; w'lrb'l'-"m/r uuipnL~mnLpw'ii, "f"lfrufr'iifilb

mfr~ ~p~hwpJ"Lf'b'l'iibpf!_ {'h~. 74) nL '{_nhwl'1LfilJ11L'iir. 1 

t~. 14, l1f/>w1b11/unp u1n1fru/1'bfJbmH ~l'~'b"'l'J"Lf'/,'l ([u"'J-"'"'""'J-j 
1; "'l'l'"'l"'filfl1fr 'l"t"l'2-)• ll.'bufrf!>, x100. ~ .. ,,fr '"'.-,,""''/-• 

~wk llll~ (eum ~- ~- lJ.Jfrl'Jw'bfr)• 

UG~wmntdGhr}i ahhrp, tiJiGhrw1!'.hr}i qmqw~gmtip: Untfnr,,,11,,,'iJ 

/:;'j, Ut[llUl('pnJnpf/> llL f,f_."Jf'J:pnJnpf/> "''ff'b'fwUJ'iibpfr UU1pnL~U111Lput
'i,b('/!_i wtfbtfr t.w'{_tfut'l:b"i fr'J:frnJnrf/> PJ"Lrbrz'hbpf!_ ~wJ ~nlnJnrf/> 
'{_n'iiwl wnwp__w,9nLJf.bp fr1wL~"UJPnfr1.r1/r, fu nLhw9wJ l;,w'h.[!whJnLfiJb

pfr, Mr, Py, Ga, St, Vz-fr, t;,P"i"'lb'h 'IP"i"P• ~"'rpn'hwui'hbrfr 
t.b1.r1 t.wJw1.r1b'l1 Uf!.wthr1fr1.r1fr 'l:w21.r1bpnLJ t.w-6.wfr1 'l:frmt[nLJ h'h Cp, 
wtfbtfr t.w'{_tf w'l:b"i Bo, Po, St "IP'j,'1: lnLJnLJfilfr mpnt.Jw'b !;JnLL

ufrw1 />';,.[!/!_ ufl>wtbrfr1.r1e ~w'{_JnLJ !; !;JnLLufrw, filfrfilb'lfr~'hhp 11wJ 

wu1.r1'lwat.. {'ii~. 75} w'iip__w1.r1mJ'hbp' UJPh'I: LnL,JnLJfilfr 1.r1pnl;,Jw'h 

wr'l:J"Lh.[! Cp, Cub, Bo, St·/r 'J:U121.r1bpmJ1 
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~NL'fU1ft.9i[nuf I; 2_UIU1 t:,,,,6.w/11 c_ra, Cp, Py, Td-Tn-fr, t:,,,,'l_ 

if w'lb"I. Po, Asp, Bo, St, Cs, Mt, Cub-fr t:.bm 'llfuwi[np"'"f.bu 

.J'fr~fr'b r_bpJ wuwfr-6.w'b,,,tfr'b 1>fr•wnfJbpJ' Ull 1>w'i.t,e"'i/.,,, JpbpnLJ 1 

SwrphrntpJnt&.p &.uw& u)i&brw1 &hr Jig: '1 "'t'btfr I; zi/in!JbL i/.nL-

f/>pwJfrmfr t:.bm , nrl!.• uw

'1"'t'i.t, U1'i.tfr'lnwpn"f_ I;, ,,,qb

L/1 q.,,pJp, t_fr fuwr!wwifnLJ 

"'f'.[!WJw{JfJqnq, Jwq'i.tbwp

wfr t:.bw ( ,,,ifbLfr ft.,,,pJp I;, 

Jwq'i.tfruwf1w'iJ, R-1!. "'ifblfr 

[<Wpap, nL'i.tfr 'l"'rt'i.twqnLJb 

bp,,,'i.tq), i/JnLpw9~w~ ( un

i/nrwpwr t1ninJnrf/> I;, {J11LJL 

w'bfr'lnwrn"I. 11L t_nL'i.tfr ft.r•ft.f!.

'i.twpJnLrb'l'i.tb1.J, zfr,/n'i.,frwfr 

(t>fr"l.bf"lb'i.t I;, unifnr"'P"'P 

ftnin.lnrf/>, 1n'i.tfr "l."'P'l bpi[-
'I,~. 75. lllf>wl/,l'f""P (Jnfurw'l"LJ'b) 

'i.tU1qttLJ'i.t bpUl'i.tq, "'Pl!"'Jtuulfi'iu1 J"L~RLJ{J/r '"l'"r,J,,,"J, wum'lwJ.J, 

umpnL~mnLfW fuwl~""lPl'P'"P ( u"/_/r- {tJ{Jm'i.t t_fr ""l'f"'J), 'fpfr'i.tn-
mw~) 7 w2mnuf • qfrmfr 1>bm ( unif nr "'P"'P l:,fr-

m•ufrlf> , X300. "1w1u111w'bfr r.w'b[!wq., "l.brqb'i.t 1;, nL'i.tfr qfrwpn'i.tfr-

~,,,J~· 1111~1 '1-b'lfr'b qnLJ'i.tfr 'i.tbp,efr'i.t nbfj>-

lb.[!u'bbp )1 F,,,9fr Ul/'11 'i.tzif ,,,J l'"L"P Jfr'i.tbrwl'i.tbpfr9 uf/>wibr1frml!. 

'""'rpbpif mJ I; 'i.tpUI 'lwzmbpnLJ unif nrnr"'P"'l' Cp-fr wifbzfr t:,,,,'1.1.Ul

'lb"I. Po, Bo, St-fr l;JttLLufrn'b 'i.tbpi/iUlft.nuf'i~brfr 'i.tbpft.w1nL{JJ"',Jp1 

4wf1fw~w.lrbq1: Spfruuibtm (UlJ't), Fpnqb'i.t-fufrl, Fnm'liffr'b 

(Ffrp1fw), 11.i!Jw!, Sbui11nfub, Uw'ln'i.tt Z,UU~-nLJ, 11.fu!Jwiw, 

92. tJ.3nJtrS81>S- ZnS (U.,_. V fl) 

!hJiqfiqw4w&. fiwm~ntp.imG.&.brp: ~b-l!""''ln'b,,,t~'i.t ufr'i.tqn'i.tfrw, 

firupJpnLfJJnL'i.tf!.' 3,5 -41 U.'i.t2Lfif/>nLJ R-e 17 % I; ('i.tnLJ'i.tf!., fi'i.tt"l.bu 

uf/>"'lbl'frwfr'i.tl!.), JnfupUl'fnLJ'i.t bpq'i.tw'f"LJ'i.t bp,,,'i.t'fnif, tiR t_nt..'i.tfr, 

[tlnLJL w'i.tfr'lnmpn"f. l;t 1,bp,efr'i.t nb/flib.eu'i.tbpf!. 'lb'lfr'i.tfr9 Jfr'i.tt"- JnLq

'l"'rl'i.t"''l"'J'b, lt.Ulf'JpntfJtnL'i.tf!. .J'frr_fr'b 1;, /!_UU1 nbubf/>fr "/_f.Ulnf[UJ'i.tnt.J' 

1; IV fuJpfr'i.t (fr'i.tt"l.b" uf/>,,,ibrfrwe)1 
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luw~wmnuin: H N0 3 +:( {JnL/l 'f"P2"'9nLJ ) , wp,ew1wfJ{JnL+ ( qnp

zwyt1LJ, 11.n'i.twi '-nL l1b'lt..wat.. L1n'b9b'i.tmpfrl1 uwpnLl[wnLpw )1 ~ 
U&fWIDntuf1brJi '11.brp, uJi&hrw1&hrJi qmqwljgntup: l:;u1w p'bn

pnz /;'j, ftb'lt..wa.t.. t1n'byb'i.tUtpfrq 11wJ wub'l'bwalL wn.wr_w9nLJ"i.tbrl!.• 

11.n'i.twlnL{JJnLbf!., fipft.'i.twpJnLpb'l'i.tbpfr pwywqw JnL{I JttL'i.tf!.1 ~nLqwft.f!.9-
qnLJ I; Sl, Ga, Mr, Py-fr t:.bw 1>fr'lrnfJbpJwi 1>fr"f_nqb'b t:. .,,'i.t,ew

bJnL{JbpnLJ, fr'i.tt"l.bu 'i.twl.. brftr"r'lwft.w'i.t u11Lifi>fr'lwtfr'i.t 1>wr1Uuiw9-

,J w'i.t 11.n'i.tw1nuf: 

Smrpbrmp-.im&p &uw& tfJi&hrw1&brJig: &ww 'i.tJw'i.t I; uf/>wib

rfruifr'b, npfry mwrpbpi[nLJ I; wub'l'i.twa.!L pJnLpb'J'i.tbpni[, PfrPb

'l"'i/.nr qpq'i.twp/nLpb'l'i.tbrfr pw9wft.wJnL{JJwJp1 81-/!. nL V Z·f!. Jfr

j1w'iiyfry UU1nLJ'f wwrphp1_nLd b'i., n.U'i.twqb'i.tndbwrfrff w'i.twifr11.nift 

lwf1fwt{_w,P'brp: Ftmm, f!/pzfrprwJ, Op11Lpn, f!/nwn'lfr• Fuwifw, 

8,,,.J'w'i.t-'1wufr, O.qu1!""l ( '1frr'l · UU~)1 

(Uq. V ft , VI) 

!hJiqJi4wqwf1 fiwmljmp.im&&hrp: /.frJn'i.tfrml!. frpb'i.tfry 'i.tbpft.U1Jw9-

'i.tmJ I; ,efrJfr,,,"l.b" t_lf"'"l.if "'J- r_pfr i/ini/infuwqw'i.t ,ew'i1wqmfJ1nL'b'i.tbp 

"f_wpm'i.t,,,ft.n'l bpq,,,pfr '~ wJnpf/> nL PJ"Lfb'l"'Jfr'i.t 1>fr'lt10,eufr'l'i.tbpfr 

w"'Pl'brwft.'i.tbpfr fr1wn'i.tnLp'f1 /.frJn'i.tfrm'i.tbpfr f[UlpJpnL!JJnL'i.tf!. wU1-

uiw'i.tifnuf I; l "'!'i.t uw1>Jw'b'i.tbpnul' 1--2- fry .lfr'i.tt_"- 5 ,-'J1 0.'bzLfr

f/>nLJ R·e 11 Jfr'i.tt"- 10% I; ( wU1ppbp I; wnw'bafr'b pw'JU1'1f'frt'bbpfr 

f,U1Ju1p), Jnfrt11wqmJ'b I; bp~'i.tU11fnLJ'i.t bpw'i.tqnq, l!R t_t1L'i.tfr , fr'ln

mpn"f. /;: 

bbp,efrb nbf/>ib,eu'i.tUpf!. JnL'f"'f"f'Z b'i.,, f1wf'J['tlLPJ"L'l,f!.' 9wJp, 

Jfrr_fr'i.t nL P"'f'a.p, I!.'"" nbubf/>fr "l."'uiq,,,'i.tnd I; Ill - VI fuJpbpfr'i.t : 

lum~wmnttfp : fl.bwl1u1frif'bbpf!. t_b'i.t "''l'l"LJ: 

UG.fmmnttf&hrJi 0.1.brp, uJi&hrw1&brJi qmqmljgnufp: &wm p'i.tn

f'"Z b'i.t ft.nlnJn17f/> nL 'l"'j,"'L-ft.ninJnpfj> U1bf_U1U1nLJ'bbp , "f_Ul..'J-nJnp

/flnq'i.tbpf!. f!.UUJ Py-fr /,_ nLrfrz unLLfPfr'l'i.tbpfr1 ~nL'lwft.91_nL,J I; qbmfr

utfr, zb"l.fr'fnqpnl1frwfr, Mn-fr o,eufr'l'bbpfr nL 1>fr'lro.eufr'l'i.tbrfr· bppbJ'b 

Mal, Az, Cup-/i nL o,eufr'1"'9J'w'i.t 'ln'i.twtfr "'ll Jfr'i.tbrwi'hbrfr t:.bui: 

Swrpbrntp-jnt&p &uw& tfJiG.brw1&brJig: /.frJn'bfrwl!. 1>'i.twpwif11p I; 

;_i/in!Jbl qbwfrmfr nL Lb"f.fr'lnft.pnqfrwfr t:.bui ( bpffnLU'i.t l;i , fr UfUl['pb

pnLfiftnL'i., ifrJn'i.tfrmfr, w'i.tfrqnwpn"f b'i.t, 'bbp,efr'i.t nbf/>ib,eu'bbpf!. 

'i.tp,,,'i.ty Jnm JnL'f•qnp2fr i/infu,,,pb'b 'lmpt'i.t"''fnLJb·ft."'l'Jfrp q,,,J 

'lb'lfr'b b'i.t. 9U1Jp q,,,pJpnLf/JnLb nL'i.tb9n'l ifrJn'i.tfru•fr m"'ppbpU1f1-
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'iJbp/!_1 npn'h9 r.u11fwr p'hnpnz b'j, 'Jlitzfr'h nL qwpJfrr 'iJbr.f.!fr'j, 11bf/>

fb.[_!u'iJbp/!_1 />, lJ, .Z.nifr'huqfr'h wnwp_wpqnLJ I; w'hqw'hbl r.wJ1u~w
mwufuw'hwpwp r.fr11rnqbmfrm nL r.fr'lrnib~fr'ln4rn4frm: "ipw'h.[! muip

pbpi/_nLJ b'i, qbmfrurfr9 nL ib~fr'ln4pnqfrmfr9 frqnmpn~mfil1wJp nL 
l::J.f(-fr pw9w/lwJnLfilJwJp1 

4wf..fwil_w.irhrp: ~nfilwrfr'h'lfrw, '1brt, flLrwL (bpqwfilwtfr'h 

'11/uwp4'hbp)1 ~UU~-11LJ' ll'frufr1w'hw, 'f.u1p_wpw'h, U.iwifbr'Jfr IL wu'hi 

94. -l?PnlfrS- (Mg, Fe)O-(Cr, A1) 20 3 (U'l· Vil, VI) 

!li~q~qwqwf.. fiwmqntF.Jntf..l'..hrp.: lonpu•'hwr'l'"Jfr'h ufr'hqn'hfrUI, 

ltwrJ.rnLfilJnL'hf!.' 5,51 11.'hzifrf/>nLJ R.-1!. 14% !;, JnfupwqnLJ'h, i::J.R 
t 1n'hfr, frqnmpn~ /;t "ibr.f.!fr'h 11hf/>1b.[!u'hbpf!. qwpJpwqnrz, qwpJpnL

filJnL'hf!.' pwpap, f!.uur r.wJbJwmU14Ul'h nbubf/>fr ~wmqw'hnLJ I; VII 
fuJpfr'h' Jutq'hbmfrmfr9 pwpap1 ll'bmwJnrf/>frqw9i/_wJ. nrn2 mwppb
rwlJ'hhrl!. Jwq'iifruwf1U1'h b'h1 

luw~wmnuir: IJ.bwqur/ri/_'hbrl! th'h wqp1J1 KC!0
3
+H

2
S0,

1 
fuwn'hnLr'lfr Jhp_ 30-60 rn~b bttnLJfr9 r.bum r.w1m'h1upbpi/_nLJ I; 
r.bpanLJ1 
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'Lt. '16, fll'm/f,.np ( pw9 Jnful'w'fnLJ'b) pqm!lnnl'H pJnL{'b'l'bbl'l! 

2l'fw"Lwm1_w~ b'b ,fbmw•ln{'f/>pqw91_w~ bq{'b{'w~l!n1_ ( w1_btfa pwfl 

'f"LJ'iip). JnL'f Jnful'w'fnLJ'bf!_' w"lwl''b b 
11.'bufaf/>, X40. ,,,,~~W{'Ul'bp ~W'b[!w1_., ~WJ~· uu~ (l!u"' u. fl· 

1J.pn1_1w'b p), 

U.&fwmmlff..hrJi. 0.1.hrp., lfJi.f..hrw1f..hr\1 qmqwqgmlfp.: µ'hnpnz b'h 

/nifrnJnpf/> oqmw/;'lrfr4 pJnLpbq';,bp, r.w(,,wfu J,,,uwJp 4inrw9wJ. 11L 

Zl'lwr.wii{wJ. ('hit• 76 )1 GppbJ'h 'ffrmi/_11LJ b'i, r.wpw(,,nLJ'hbp Jwq

'hbmfrmfr r.bm, npn'h9 Jbp_ .[!pnJfrml!. qm'hi/_nLJ I; l1b'hmp11'hnLJ1 ft.m_

'l'"49ifnLJ I; 0 ifriffr'hfr, Pt-fr fuJpfr Jfr'hbrwi'hbpfr, Mt-fr, bppbJ'j, 

Po, Pn, Cp-fr r.bm p11L'h Jwqilwmfrq r.w'h.[_!wi{wJpbpnLJ, qw~i/_wJ. 

miuipwr.fr.V.f.!wJfr'h w~wp'hbpfr' 'JnL'hfrm'hbrfr 11L ~brfr11nmfrm'hbrfr r.bm1 

SwrphrmF.Jntf..p f..lfwf.. lf~r..hrw1f..hr~g: 'f.pnJfrml!. r.'hwpwifnr I; 

;_ifrnfilbL Jwq'hbmfrmfr r.bm ( ifhrp_fr'hu 11L'hfr wif bifr f''"rar R, 'l'"N..

'hwqnLJ'h bpw'hq, l_nL'hfr 'hbp.f.!fr'h nbf/>Lb.[!u'hbp ), qwpbifr I; zifrnfilbL 

'hw!L nLpw'hfrmfr r.bm ('hbp.f.!fr';, nbff>Lb.[!u'hbpf!. 11frmi/_11LJ b'h r.wq1[w

'1b~, nL<fhq 11w11frnwqmfii{ !; , ~w[1wqb'hbqfruf! /u/rum mwppbp I; )1 

4wf..fwil_w.1rhrp: nL['WL, UbinLqi/_b, µwil1w'h'hbr llL U.'hw111n-

lfrw1 ~UU~-nuf' U!Lw'hw r{,,fi r.wrwif-wrb.buw'h w1frl!.1 

(U'l. Vil, VI) 

!1~q~qwl1wf.. fiwmqmp-.imf..f..hrp.: lun11w'hwp11-w1fr'h ufr'hqn'hfrw, 

't_wpJpnLfilJnLbf!.' 6, 'IJnLpwpbq I;, {tlnLJL l;ibqmpwr.wqnf''Jfrf_, uulbq 

11w11frn wqmfri/_ 1 U.'hzifrf/>nLJ R-e 14 % I;, Jn/u['wqnLJ'h, i::J.R l_nL'hfr, 

pqnmpn~ !;: "ibf'.f.!fr'h nbf/>Lb.[!u'hbf'f! 'hqwmi/_nLJ b'j, r.wqifw'l.b~, 

pnznLJ frJbl'ufrwtnif' JnL'f qw['Jf'w'lnl'z b'h, qw['J('nLfilJnL'hf!. 

P"'l'ar, /!.um r.wJbJwmwqwb nbubf/>fr ~wmqw'hnLJ I; IV-VII 
fuJpbpfr'h' ~frl'frmfr9 llL .[!i{wp9fi9 9wJ['1 

luw~wmmlfr: Umw'hlfW('W 11bwl1mfrif'hbre unqn('wpwr tb'h u11z-

11nLJ1 b('pbJ'h HN03-'h nL FeCl3-f!. W'l_'JnLJ f,'j, {tlnLJLI 

U.f..fwmmlff..hrJi. 0.1.hrp., lfJi.r..hrw1f..hrJi. qmqwqgmlfp.: fl'hnl'"2 b'i, 

fr'l{inJn['f/> frmpw'hwl''l'j,bp nL oqmw!;'ll''hbl', r.wmfrqwi{n[' winml'frn

Jn['f/> wqpbqwm'i1'1('1 ~w(,,wfu nL['wbfr'hfrmfr r.wmfrq'hbf'/!. 2('2_w~wmqwJ. 

b'h ifr'hnLJ r.bJwmfrmfr pwpwq ifrnznL ~uwl1ni/_ ( w"wp_w'iinLJ I; b['

qw[ilwpbp qw('pn'hwm'hbpfr nL .f.!l"l'fr'J'hbl'fr O.f.!ufr11w9J w'h r.bU1ILw'h

.[!ni{). nL['w'hfr'hJimfr r.wmfrq'hbl'fr9 zwnwi{qwJfr'h nL'l_'l_"LfilJ11L'h'hb['ni{ 

mwl'wJi/_nLJ b';, b.bq.[!fiq'hbp, "l'"'j,.J! r.wmnLJ b'h 21'2.'"~wmnq Jfr'hb

pwi'hbpfr'h1 

µ'iJnpn2 I; 'l_nLqwq9nLJ/!_ mw'iJmwin-'hfrnpwm'iJbf'fr, sfrr4n'hfr, 

Jn'hw9frmfr r.bm 'lf''"'hfrmwJfr'h ~bqJwmfrm'hbpnLJ: 

SwrphrntF.]ntl'..p f..lfwf.. lf~f..hrw1f..hr~g: l/wl'blfr I; zifrnfilbL Jwq

'hbmfrmfr r.bm (ifbnfr'hu Jwq'hfruwl1w'h f;, nL'hfr ']wN_'hwqnLJ'h bl'w'hq), 

./_!('nJfrmfr r.bm (fr mwrpbpnLfilJllL'j, llLpw'iJfr'iJfrmfr, .f.!rnJfrmnLJ r.wf,.w/u 
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1
J/JU11.f11,_,1 b'i. 'ln1,2-11,,,1,,1111, 'bbt'.f!rL ""lf>Lh.Jp•'i,£1,, "l"'P"''l""'"'""'f' 

/11pum mwppbp I;): ·· 

4w&fwqw.irhrp: -~"'Pl' (llwmu..'i,'lw), ~ "''i,.f!"'lP'i, L£,,'bbp i 

96. 'liU.USOftPU.'1- pUO~ ·qU03 -Pb (ll'l. VI) 

!Lj1qp~w~w& 1iwm~ntpjnt&&hrp.: <J."''Im'bwf'l"'-Pb'l I; 4wJ' LUJ'nplp . 

/11/iclw'i.J'"''j, (n1.pw'bwif1'b fubcl), bppbJ''i, "r"''i.tJ'"''i.t (n1.pw'iiwif1'i.t 

ulrnd1), '1"'rr>1rn1.fil1n1.'bf! u1wm"''i11/N1.J' f; 3-p9 Jf1'bt"- 6 , filn'-ll l;Lb4-

mp"'t."''lNP'fPl. I;, fiu4 NLclb'l n.w'fpNw/1mf11/: U.'i.2LrfPn1.J' R-e 7 

J'f1'b1"- 14 % I; (11"'/uqwJ I; "''lrb'lwm"'Jr'b 1fi6."'4P9 ). J'N /ur"''l"'-J'b• 
t.R 1 11'-'bfi, P'lnmpn"f b 'tbr.f!fi'b n.bff>Lb.f!u'itbre pp2 b'i.t qwJ' b

'Jp'i.t ("l."'r'l b'i.t fiJ'brufi"'Jnq) , 1t"'r<>r 11'-filJ 111·'ite 9"'J-r , J'h_f1'i.t, P"':ar 

(~I w'l. ., eum 4wr<>r,,,_[J1w'i.t l1r~'b,fmJ I; bt'b.J.! "''i.t'l"'J' P"LNr b

l' . .f! fuJ'pbpN'-J'), f!"m t."'JbJ'"'m"'q"''i.t n.bubtf>r 'l"'UlfmJ· I; IV-Vil 
f11Jrbrf1'it1 

luw~wmnufp: Umw'i.t'f"'rm 11bw4mp<f'itbre J_b'i.t "''l'f"'-J' ' 

Uf,fwmnuf&brp. liL.hrp, tfp&hrw1&hrp. qnlq~~gnufp : '{;"'"' p'itn

PN2 b'i.t 4NLnJNrf/> "'""'2."'9"'-J"i.tbre' brfi4u•JLUat,·, uf/>brNLPU1"'Jr'i.t 
4b'l./,_"'J./L, qn'bU1[-qnLN1fnplp: bwummp•u'it[i 2.P"''l.('qJLU'j, f.bu>iuu'i, n1 

;r~wtu'i.tn1.J' b';., fuLULf/N"ff.p/rmnq, ppuJ'11Lmp'i.tnq, qwlh'i.tpurN1_, A~-{i 
P P"'L'bbpnq L91LU<> "LU'fP"'L "'- l1n'it9L'i.tu1l'fi4 6.b'li!fi4'i.tbp1 

t"'uurN1.p,,,'i.tf! 'lm'l"'491N1.J' I; C o-p NL N i-p "'rub'i.tfi'f'i,brfr, 

Ag ,,,_ Bl-t J'f1'i.tbrtuL'i.tbpfi1 wpub'i.tn"fpppmfi, fu"'L4""1.Prfimft, t.b-

1/wmpmp "km, "'•[bLfi t,"''l1"''fb"i 'l"'Lb'i,f1mf1 , uf/>wLbp/tmfi, J'nLpp

'fbilftmf1, P"'rpmft, 4"'rpn'i,"'m'i,brfi t.bur t.fi'frnfilbrJ'"'L• 'lt/u"'rfn
P"'"ib11 .F'12_f1'b p__brJ LUumfi6."''i,"'Jr'it f.w'i.t.[!LU•[w 1rbrn,_J1 

nL['Ul'j,LUJf'j, uknL4r Jpw'i.tJ'w'i, UINUl2_U1911LJ'bbpf! p'i.tNrN2 b'i, 

b('qpNp'fWJp'i, UnL[f/>p'furJfi'i, f.LUpumw9J'LU'iJ '[n'i,LUJ/i f,LUJwp
1 

npm/J'J. 

N'-P"''j,"'lf'j, ukmqe 'l."'-'f"'l19qmJ' I; fu"'Lltn'lf1'i.tp , wqblfi t,"''l.1"''fb"i 
rnn.'bpmfi, 4111.btfi'bfi ' "'l"th'i,.nfimp t.bm : 

Swrpbrntpjnt&(l &JwG tIJt&hrw1&br}ig: bLUumnLpw'i,l! f.'bwpw

•/~r 1;
0 

2PNfilbL Jw'l'i.tbmfimp t.bm ( J"''l'i,bmfimfi R-e "'1"Lfi P"'rar 

f; 
2

0 %' llL'i.tp Pr2 br"''bq, Jw'l'i,fi11w4w'i.t !; )1~LfiJ'n'bpm{i t.bm ( p'i.tn
/1n2 I; br4'b"''l"'-J'i.t bpw'bqf!}1.[!pnJf1mfi t.bm ( p'bNPN2 b'i.t fi'ff1 11 Jn lp 
PJNLpb'l'i.tbpf!1 'i.tbp.[!p'i.t n.bf/>fb.[!u'i.tbpf! .[!pntfpm{i f.wJ' wp 'fpm•/111.J' pb'j, 

f.wqqw'fb"i, "i"'P"''lb"Ubqfiue fupum mwppbp I; ) 1 
4 wGfwqw.irbrr : ~"'fit• ('1wmw'b'l,,,), ~"''i,.[!wJp'i.t Lbn.'i,bp, lib.> 

U.Plr Lff.1 
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!Ji. llhl'fll• lll•S- PbC0 3 (ll.q. VI) 

!h!1qJt~w~w{; fiwm~nip]ntbbhrp: Op/dn1LnJ'pwJfi'i, up"Uqn'b{iw• 

!11111"~/111'-(tlJN'-'i.t!!' 3-3,iii ll'i.t2Lf1f/>n1.J R-e 12-8% J;, J'nfu1•w'fn'-J'j, 

( f1111ul1w1f1'i, J[i'i,brw(iJbpft9 pw9 I;, ufPwLb11f1m{i9 Jm'l ) , t.R-e nL

dl"l 1;, w'i,fiqnm11n"i l;t tbpJ!fi'i.t ubff>Lb.[!u'bbpf! w'i.t'l"'·J'i.t nL 'fb'l'i.t"'-

1/11151, '1"'r<>r111./J111L'i,f! 9"',}r NL J'fil fi'iJ, f!UUI f.wJ'bJ'wmLU/flU'j, n.bub

pp 'l"'urfn1.J' I; II /uJ'pp'i.t' 4"'L9fimp9 9"',}I, I; NL J'nLn I; (4wJ 
1/rni!rfi'itt -1bLfi f" ural') 'l"'Lb"/,fiurfi uhu£/fft'b1 

luw~wmnttfp: ll'l'f"'-" b'b 'ff'lU4,,,"U' H2SO~-e ( LUn."'2."''bn1.J' I; 

zb'l L"'-JUllL,f U"fpmwl1 PbS04-p 'iium<[wd-.[!)1 HNOJ ( bn.nLJ , /uLU• 

1/urf'N'-J'), FeCl3 n1. !<OH (umpnd1mn1.r"' ) · Cr03 1% J'b/1 p n"fb

uuf tf[i'i,bf'LUlfi J,,,//brbufi qpw wn"'2_"'9'j,NLJ I; f[W"fLUf'fi .[!rnJw

Ulfi ,,,,,,, 'fb'lft';, T"'" ( fi U1LUppbrn1.fil111L'b w"/,'llb'l.fimp, n1•r 11•w 

CrO 3-e tfi "''l'f"'-J )• 
ur.fwmnuI&hr~ H .brp, ..rp.&hrw1&brp. qn1qw~9nttfp : Un<fnrw4LU..,, 

b';, J'LU'i.tr ptn1.rb'l1UJfi'i.t W'ff'b'furUt'iibp(! i wqblfi t_LU'f.1.lU'fb"i £LU1. ab
"LUl[npt/LUJ- pJn'-rb'l'i,bp, 4,,,J 4NLnJ'Nrf/> "'"LUf."'9'"-J'i,br , b'lr"''lu'r

'fbr 1fLULb'i.tf1mf1 t"'b'l,,,,fLUL1"'J- J"i.tLU9Np'f'bbrn1f I 

Rn1.'lwl19q11uf I; LU'i,'flb'lfimfi, uJ'pmun'b{imfi, /u"'LqNq{i'i,[i , 4n

rfbtfi'bfi, brpbJ"i.t "/,LU/,_ t.fi"lbr'fbb urp'fb'btn{imfi nL p"/,LUJ-{i'i, LU['J-LU[il{i 

t>hm P"''l.JwJbm,,,'lLUJr'b t."'"Ui!LU1LUJrbrft oi!ufi'fLUsJ'LU'i, qN'bLU1,,,_J1 

Swrpbrntp,im&p. &tiw& tf}i&brw1&brpg : l,'bwpw1_Nr I; 2•rnfilbL 

w'i.t'llb'l.rmfi t.bm (1br2r'i.tfiu 6. R-e. LU'bp'[nU1['N"f11Lfi/JnL..,,f! [iln1.u b'b, 

Cr03-e tfi lU'l.'fnLJ' ), "i'l'i.tap ~-rpn'iiwm"Ubrfi t.bm ( 'iibp.[![i'i, 1tbfp
Lb.1Ju"ilbre 4LU"Uwt b'i, 4,,,J 4"'"1"'-Jm), lt"'L9rrnr L. "'Jl 11,,,rpn"/,wu1-

'i,brfi t.bm (R-e 2LUw wqhlfi 9w.>r I;, .[!"'.-,, 9bpr1Lupurft'iie}1 

.4wG.fwqw,1rhrp.: SnLrlw'i,, '1w'fwlw, lltfil"'J t ~UUl,-mJ, l;"/,

'ffi?..LU1 

98. liU.U'1SbP'1S- SnOi (ll.q. VI) 

:b~qp.~w~w& fiwm~ntp.]ntf.f.hrp : Sbmr"''fN'j,lUJfi'i, uf1'b'ln'bfiw, 

l1wrr>rn'-filJnL'i.tf!' 6 ,5-7, 'fJ"'-rwpb4 I;, f.'l4•fn,_J' I; 1_wu1 ( Jwl1b11bul! 

wV.wp[il !;)1 ll'bzLfifPnd R-e 11 % I;, JnfurlU'fn'-Jb (brw~w1fi'b J{i

'i.tbl'"'l'i,brfi9 P"'9• uff>wtbrfim{i9, •f11LfPrLUJ'{imfi9. nn1.rnfitfi9 Jn,_q, 

.[!T' 11 Jfi 111fi9 Jp 'P"i!r JnL'f "- zbblfim{i9 t,,,,'lfi1 'i,f1LUmbtfi P"'9 ) • t.R-e 

O'f"'-,f f.LUqpq I; 'i.i4LUm1_nLJ' , P"'J9 [iJ'bru/iLUJnq "i"'l''l I;, filb"lbur/,_ 

filN'-JL• ,,,'i,{iqNut('n"i"'-filJn'-b[! "fLUf''l. • pLUJ9 bppbJ'i, .[!n'l"'t''t1n,_J I; 
"/,bp.[!{i'b nbflb.[!u'i.tbpni[, Npn'b.[! LlU1 b';., "'rw,,,f.LUJmqwd- ( 'fb'lfi"l,, 
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'lb'l'j,"''l"l'2 Jp'j,J_J.. 2"''lw';,w~w'fnLJ'j, b';,, ~w/uqwJ Jp';,bl'wl/r p';,w

l1w';, 'fnLJ'j,PB }z ,,..., ('J('nL{JJnL'j,f!. pw('J..(' /;, f!.UU1 f)...,JbJ UIUIUl~W'j, 

n.huhf/>/r 'l"'uquul I; Vll fuJ'pfi';,-.f!if."'l'BPB• nr/r J'hf t.wf,.w/u 

'lui';,i{nLJ 1;, l'"'l'ar, 
luw~wmmtf p: lJ ui...,'j,'1..,l'ur n.b..,~m/ri{i,hre. J_h'i.1 •uq'fnLJ' 1 

UurrnLl1mnLriu1fi'j, fu...,J...,mnLJ' HCI+ J'buiwrz"'IP'j, Zn-/r ~'""{' 
U1t1.U1f_w9'itnul b';, J'hrn"''l. U1J/r'i1 Sn-/r {Jwrl ..,'j,p ( w'il"''l"'J/r'h t,...,Jhlfi} 

ttL t.w1m'j,U1phpnLJ' /;'j, Ul'f('/i11wuip UUJ('nL~rnnL('Ul'j, llL /)wuip~'j,bf'fi 

'itbr.f!fi'it ~..,,rnL9q...,J-.f!l!.' "l."LP"fi'it(Jh.,,/rl[ 'tr~'ii"'PJ"Lrhrz'hhre.• qn'iJ...,_ 

lnL{JJnL'j,f!.1 

U.li~wmnullibrJ1 0.1.brp. , tf}ilibrw11ibr}i qmqw~!fnttfp. : fl'hnl'"2. b';, 

fi'lfinJ'n,nlp "il'P'l.J'...,mM (<;,t1• 77) PJ"Lrbrz'iibr uL t.fi"l.P'IP"J'nrf/> 

11uirnL~uinLf'"'JP<;, ... ,,1rb'lwui'itbr, hr1,bJ";, J'ht,wat.. l:r11'h...,PJmrhr/bhr: 

~-~ · 7'1. l/wufim!.('pm/• u!."lwJ.lt w'b£wmnL•f'b/,l'l!. ( Jn[u['w9nLJ'b, 

funn.ni_p~w1.n£') l!1.W£'!J/• (f,wl'fl• •fnL9 Jn[u('W'fnLJ"j,) 11w2mnLJ1 

U.'bufitf>, x aoo, '(!.1./r r.w'bew1_., Sw£filt· UlJ~, 

~w'h7/rU(11LJ' b';, UJuhrz'hwJ..J.. nL qn'hwL·~nlnJ'nrf/> ('bft. 78) w'hp_w

utnLJ''iihr (•P"'l'"ur'iiJw'it ...,';,...,'l)' ~...,6.wfu b<;, "1."lP"P'hfJh.,,/rl[ 11r~e
'bwnmrhrz'hhre. nL l/.n';,wlnL{JJnL'iJf!• t:.w1m'i,p /,'j, ~wupuihrfiuip brb.J!. 

p';,nrnz qnL'f"'~9nLJ'bhr' rnw'ituiwln-~nlnLJ'pfirnfi, "'IPfiuifi, uin"i"''l.P• 

mmrJ "'Lfi'h/r t:.hm 'll'"'<;,P'" w1fi'it "l.b'lJ' ...,uifim'bbrnLJ, q n l tf>r11.1J'fiui/r, 
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um"i"''l.P• f/>unrnrfiu1fi, phr/rt/r, b rphJ'h J' "LPP'lb';,fim /r t:.hm 'll'h i
qb'ii';,brmJ' nL P"'l'al' p_brJ'...,umfi6....,'iJ...,Jfi'h .fJif."'l'BP hrw~';,brllLJ'. 

UIUl('ph(' unLl fPp'f'j,h('p nL Ul('ub'iJp'f'j,b('p {:,bur J'fip_p'iJ f/;('J' U1Ump6.U1-

'j,w1/ril t.p'f('n{Jh('J' w l unLl f/>p'f ·~Ulupuih('puuu JP'j, t,...,';,.p....,qw Jf'b('"'-J': 

t~. 78. Fw!J ,fn[u['w'l:nLJ'b /, [unn.nifi~w1.nl' ~n[n•fn{'t/> qn[w1_nt• 

-~wufim!.['/•m {1•wJ"'w'bJw'b w'bw1}' l!1."'l'!JP { JnL'l: Jnful'w

'f"LJ'b } 'lw:_ 111nLrf1 

U."1•u/it/>' x 200' U fifunmb-U.1fi"bf• l !.,,'bwaflw• 

SwrpbrntpjntG.p G.tfwli tf~G.brw1G.brp!f: U.1<;,"l.fiu/r t.wuil1u.t'h/r2-

'j,/;('/r Jpwif.nrnLJ'nq , fi'hJ.."1./ru/r.p. h'h 2"''" P"'l'al' n.bubtf>e.• !J"'Jl' R-e, 
...,';,fiqnuirn"fnLfJJnL'iif!. nL ''ithr.p.fi'it n.bfPLb.[!u'iihre.· ~Ulu/ruihrfiuie Lurif. 

I; "'"'l'Pbrif.nLJ' "'ll Jfi'hbl'"'l':.brfiB· ~...,u/1...,d-ht/r 'lh"f.p.hr,,,ul ...,<;,_ 

t:.rwrlbzrn I; ~wrnwl'bl HCl + Zn n.b...,ft9fiw'it ( w'itu"l"'J/r'h t,...,Jhl"'

u WWff nLJf!.) I 

-'wG.fwtlw.1rbrp.: l1nr'iinrnl , lJ"'lJ"''l"L"'' f>nLLmfi'h, O'iin'h, f;,1L

luw1"'• luw"l.J..brw'lu.tt ~UU~-nLJ'' ll'bJ-J..nr, U.fufJ...,Lu" 

99. BM.1'11'S- ZnO 

S.~q~~w~w(;. fiwm~ntpJmG.G.bq~: ~b.p.u"''l"'h"'JP'j, ufi'h'ln'h/r...,, 

~wrd-rnL{JJnL';,£!'4-4,5, t','1.~if.nLJ' I; L"'if.1 U.'ii zL/rfPnLJ R-{! - ·11- 12% 

!;, J'nfur"''lnLJ'j,, "-"'l''l"''f"LJ'h-'lnrz brw';,'lnif., i .6R-e. 'j,~...,mhtfi !;, 
187 



u1';,fr'l.n"'l'nUfnL{t!JnL'it(1_ f.Jmll 11L .en'l.wl'lfif.nLJ' I; 'itbp.J'-fr';, nblf>Lb.J'-11-

'ltbrni/. ( 'lb'l.fr'itfi9 Jfr';,t/,. ';,wl'';,2.w-qwpJfrp 11L if.wn l1wrJfrr 'lmJ';,fr )1 

17Ulf'Jr111-fl111L<j,f! ,/fo2_fr';, /;1 f1_Uln t.wJbJ'ulLnW~lllh nhubf/>fr 'IWlll/nuf 

I; IV juJpfrV l/>11w<;,qtfr'bfrwfr9 zwm wif.btfr 9"'Jl' /;t 

luw3wmnufp: flu11nJ"l,,,,,,firif.,,,J- t_/;t 

U.G.fwmnufG.hrp 0.hhrp, tfpG.brw1G.hrp qmqw~gnttfp : P<;,nrnz b'it 

q[npwdl.. q,,,,f l1ub'itnJ'npf/> r.,,,mfr~';,bp, n11n5.1.e 'l"''1"'~9qnL1f h';, 

f/>111u';,//lfr'itfrmfr1 t.wnwJ,,,';,frwfr J:.bm uqw1t';,wJfr';, nL JbmwJ'npf/>wJ/15.1 

.Mn-Fe t,,,,';,.J'-Wi/.UIJ('b{'nLl!t 

Swrphrntp.in1.G.1_1 G.tiwG. tfpG.hrwiG.hrpg : IJ.1';,"l,frup t.wmq,,,'bfrz';,b

{'P Jfrwif.npnLJe1 fi'ittUfP"P.f!- b'it Jfrp_fr'it l1wpJ-pnL{ilJnL';,f!• ';,br.efr'it 

nhlf.lb.eu';,brf!i 9wJ-p R-e nL "i"'l'"''lb';,b11_puf!1 t.wJ wrl"' pw91u1tmJ 

f; 9fr';,qfrmfr 2.pnf.JJ'w'b /:,';,wpwqnpnL/JJm';,{' "'Ji Jfr'i..hpwl';,brfr t.bm: 

ltuf1fw1tm.irhrp: .'bpw'i..l!Lfi'it1 U.lJ'bpfiw. Ol~"'Z' 

100. l:bbl1'S- CaW04 (U'l· VI) 

9'J1qp~w4wr. fiwm4mp,jntG.G.hrp: Sbmrw'l.n'itw1fr';, ufr';,'ln'itfrw, 

l1w11Jp11Lf.JJnL'i..f!' 4 1/i --S, p'itnpnz I; LJ'IL,/fr';,bu9b';,9fr1u ( bpq';,w'lnLJh} 

l1wf.Jn'lwJp'it uwr.e"'i/.nrJ'1u'b 11LLmrwJ,,,'i..m2wt1w'l"'l';, -6.w1tw'l'"JP

'hbpnLJ'1 U.'i..z Lfrlf>nLJ R-e 10 % /;1 J'njupw'fnLJ';, (bp,,,~w1fr'it Jfr';,/, _ 

l'"'l'i..bpfr9 pw9 1 uf/>wlbl'frmfr9 '1.'l"'lPnrb'i.. J11L'1) 1 ~R-e nL w';,fr'l.n

mpnUfnLfilJ11L'hf! t_b'it ';,f1wm<f11LJ: 

"ibr.efr'it nblf>Lb.J'-u'i..bpf! p'itwb'itufrif. L';,' w'b'lnLJ';, liwJ' pUlg 'lb

'lfr';,1 qwpJ['"'-filJnL';,[1_ Jfr2fi';, nL P"'l'al'1 l!"m f:.wJbJwmlU~,,,';, nbuJ.

f/>/r 'lwuqnLJ' I; IV fu"1·fr'it' 2wm wif.btfr ,'J"'Jl', .[!.Wh Cs-e nl. \Vt· et 

luw3wmnttfp: U.11_'1-nLJ /;';, 'll'"'~"'';,' HN0 3 n< HCl (fu,,,JwmnLJ 

b'it U1nw'b9 bnJ ,,,';,. t.w-6.wfu ';,umnLJ I; 2"'1. Lill 1u11L1f '1fru11/n'l 'lb-

'lfr';, i/>n 2/r)1 

U.G.fwmnttfG.hrp O.hbrp, tfpG.hrw1G.brp qntqw4gnufp: P<;,nrnz b'b 

P'lfrnJ nrf/> qmpqwJ-.e';,brnLJ nnJ1rwat.. f'l"'rb'l';,brf!1 wif.blfr t.w'l.

if.w11h"i' ,,,<;,~Ul'hn';, ab.brfr t.UlmM';,bpf! q,,,J "i"b.'lnJ'nrlf>n'l.';,bp';, eum 

1[nLlf>rwJ'frmfr1 RnL'lwq9if.11LJ I; uqwn'itw1/1';, Jfr~1bpwl';,bpfr Q, Wt, 
Mob, Po, Asp-fr ('b~. 79 ), wif.bLfr r.,,,'li/."''lhut' Cs, St , Cp-fr 
p 'ltwJfr'it Au, Sbt, 81-/r J'fr'itbr"'L'bbrfr t.bm U~U1n'itU11/1'it nL t.fr'lrn 

filbf'J' Ull t,,,,'zt.f!-Uli/. "'Jl'brnLJ', 

SwrpbrntpJntG.1_1 G.JwG. tfpG.brw1G.hrpg : z..-,,,,,rwif.nr I; 2.Pnf.Jbl 

ulpb';,fr t.bm ( nre nulb'l w'bfrpmrn"i /; 1 1n';,fr <;,~"'"'"Lfr AR ). 
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'!,~. 79, f:w!J 1!nfupw'l:'"· J'b 2H1Jrm/r 
futnrf/;mpH r.wmfr*e uifrrnmfr'bfr 

(u11//•111wfi) 'f"'2mn1..1fr lf,,L'l 1ln/11-
f''"'t'1 L J'z,(!' n i f, ,,,'z,{'"' JJ.'11 ,( fr'J,/;{'"1/ 1 

fJ.'b21JrfJ> 1 X1BO. 8w~-U.l'l'"J[• 

r, ,,,'bl!""/·, Swi_H UU~ · 

l,~. 80. fl./;ul,fJ>wJ/•'b, Jn[ur'"'l"LJ~• 

2Erl,Lf•me mlr'l "' ~w/y'".>-1; "IPl'" "'P'bnr/ 
(ult). ""IP"''"qf!' l!Ywl'il ' 

/O'w.p . ufrf!>., X 16 . l;wmn Lp

'*'"'r'lw'b/1 f, w'bj!w•/• SwtH· Ulf~ , 

11~wn'itwifi';, J'fr';,brml';,brfr t.hm ('itrw';,g R-e "'"-'' LP 9wJr I;. HN03-';, 
nL HCl-e t_b'it "''l'lmJ )1 

&bblfrme ,,,if.btfr t.b2m I; nrn2liL [Jw,Pw';,9fr~ 2L~lf>';,bpmJ', 
npmb'l. ';,pw t.u1Jwp /!<j,11/ln2 b';,' £_UIU1 pUl('d(' pbqJw';, 9m9pl_[' /,. 

,,,<;,t,,,, rP J',,,t1£rbu (<;,4 . 80). (No=1 .918, N e =1,934)1 Ng-Np= 
= 0 ,016 ( Jnfurw'lm J';, , u"lfru1m~1 'lb'lf'b fr'ituibrlf>brb'bgfrn';, qnLr 

'itbp}. Jfr,,,nw';,9.J'_ I; nL 'll'"'~Ul';,l 
&bbtfrmfr ,Pn;fr';, HCl-/r n< Sn-/r t.bm l•nw9J,,,';, '1£"i~nLJ 

umiup_,,,9';,mJ I; f.JPi/./r ~'""in<JUI 'lnL';,,,,qnpn<J1 

lwG.fw~w,irbrp : '1rwJ'U1w - "lm-l'"l {l!wlwJw},' (J"''it'lwl', 

!lnpnLju-'1-wirn';,, CJ.n<JpbJl/w 1 11' w1/un<['"'' ~IJIJ~-11LJ- '11hf/> 1u2b';,, 

lJ'pujuw';,w, ~wJ''l.wt_frJ,,,';,, 

(Uq. VI) 

~pqpqw4wr. fiwm4mp.imG.G.brp: 11' n';, nq1fi'itw1fr';, ufr'it'l n'itfrw1 

t1wrJrnLfi/JnL';,f!' 1 1ii - 2,5, t.'lH_nLJ' I; Lwif.1 U.';,2l filf>nLJ R-e ~9-
10 % /; ( wqblp (;.2'f{'PLn t_p nrn2i/. ,,,J )1 Jnfupw'f nL[';, J;, ~ -[! /JnLJL 1 

,,,';,frqnmpn'lf (t.w -6. wfu .pn'f"'rHnd I; ';,bp.J'- fr'b nbfPtb.J'-u'bbrn~1 



bhp.[!/_J'b nlif>lb.[!u'bbrf!. i/utr'lut'fntJ"b £";,, fJwrJrnL{rfJnt"b[!_' 9utJp1 

[!_Utn t:,,.,JbJLUtnLUfJut"b nhuhlf.fr 'lutuqni,/ I; I-II fuJpbrfr"b1 

luw~wmmJp: U.'l.'lnLJ b"b 'lrutfJut'i.' HN 0 3 nL HCl-1!. ( ut"-"'l"'B

'i.nuf I; ut"b1>,,,rfil .l"'fibrbu), KOH-e Jfr"bt"- ,/"'.erblf! JfrwJw"bw-
"f"'tnm.J }1 

Ul'..fWUrnuil'..hrp ahhrp, Jjil'..brw11'..hrji qntqw~gmdp: l.n11iu/uwn"b 

LUflutl?_U19nLJbbp1 fih'l/,_"j,/,r, f.utllW'fUIJ[Jwif nr Ul'frb'futU1"j,/;[', nrn"b.e 

'fnJLU"bnLJ h"b~'inpLULtnp wrub"bp'f"bbrp O.[!Up'f"'9Jw"j, 'f.n"b.uJnt1f1 ~nL

·p1fi9qnLJ I; ufinrn'lfrmfr' FeAs04 • 2H20·Ji, ut'i."bwpbr'lfrmp' Ni
3 

• 

. (As04 ) 2 • 8H20 "- o.eufr'lw9Jw"b 11n"bw1/i wn .IJi'hhrwL"bbrfr t:.bUJ1 
Swrphrntpjntfip l'..Jwl'.. Jplihrw11'..hrj1g: P"bnrn2 b"b if"'r'l"''fnLJ"b 

"bbr.efr"b "blf>Lb,eu"bbr"b 11L 'f.nL'fwfi9 11LJ'{! ftnP"'LmJi "'ruh'i.fr'l"bbrfr t:.hmi 

,4wl'..fw{w,!rhrp: 'J-,,,2.ehuut"b, lunq1u/uufr (Smq.,,), U.filPL'f"' 
( 11fit''f· UUl,)1 

102. Ulfl•S U0'1l•S- ZnC0 3 (llrt. VI) 

!hpqp~w~wli fiwm~mp.1m&&hrp : Srfr'ln'bw 1/-''h ufr"bqn"bfrw , ~ fi"'rrt
rnL{rl JnL"bf!.' 5, 1>11l1ifnLJ I; Luti/1 U.'iJu{1lp11LJ R-e 10-6 % !Let"' 1/nfu

r"''fnLJ"b ( ulJ.utLbrfrinp9 2-"'tn wifbLfr J'11Lq)1 !:iR-1!. nitfb'l, !.w"bJiqn-
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l,~ . 81 . U~wllzf'pmp {Sl )'n.pf1Ju11/n(' ~•mluzw~wfnLJf!. [p•fn'b/unm[ 

(pwf! Jnfuf'W•fnL.J'b) nL ·uJJ.rpun'bpinm[ {JnL'f •lnful'w'fnLJ'b)1 

U.'huH• X BO. ~"'IP t.w'bew.J. 1 ~"'J~· UY~(/!."'" t . ~ . Y.•fpf'Jw'bp)• 

111rn"i !;t "ihr.efr"b nhlf>Lh.eu"bhrf!. "'"b'fnLJ"b h"b, 'lh'l"b"'ifni"b, fi"'"b"' 

l"'if nL"b ""',/ qnp21 ""'rJrmfU1ni"bl!. J"2_Ji"b, f!Ulll t:, LU,/hJLUtnLUfJLU°il 

nbuhlf.fr 'lwuqnL.I I; IV /u.lpfr"b : 

luw~wmnufp: U.1nnL,/ h"b 'lr"'fiw"b' HNOa nL HCl-e (,,w"btfUl'l 

bnnul, r.w1m"bwpbpqm,/ I; 11mrni~tnnLrut"b), FeCl3 m KCN-e ( ut'l.

'lnL,/ J."j, [il"nLJL } i 

u.r..fwmnufl'..hrji ahhrp, JjiG.brw1G.brji qntqw~gnttlp: UnifnrLUJiut"b 

h"b "fnlfr'fn°il"'L 1>wwpfi"bhpp "''frhq"'m"bhp, 1>wf.utJu ftnlnJnplp w

ttutJ?_ut9nL.l"bhp1 

~nt'f"''i9ifnLJ t 9hr11iuJiinfr , ut"b'flb'l.frinfr, Lfr.ln"bpinp ("bfi. 81), 

unLL lf>fr'l "bhrJi ( ulJ.utL brfrinfr , 'f utlb"bfr in fr) 1l"bw9nr'l"bhp/i t:.bin P"''l

J "'Jhu.,,,11 "'JP"j, 1>ut"b.euti/utJpbrfr o.eur'1"'9J,,,";, 'l.n"butj11t.l1 brph,/"b 

"huinmJ I; 'frni"bwut1p"b 'lrhrfrs fi"'rr-n"b"'in"'JP"b "'"futr"bhtmL.I 

unillf>P'l"'J/i"b 1>ut"b.[!ut"bjn<fil"brfr hl.[!bpfr9 t:.LrrnL1 

Swrpbrntp.]ntl'..p G.JwG. JjiG.hrw1G.hrjig: Sutrphpqni.I k- ut[L 

f11»rpniiutw"bbrfr9 zw111 LUifbtfr putrar ""'rrtrmfil"J"',/P , fru/1 Jiiut9 wrt 
brLUfJutjp"b Jp"bhrutl"bbpp9' m tfb'l f:iR-nq nL t:,LUJbJ1»tnwp ut[I 

p ut par R-nq ( R max 'lrr.en• .I )1 

.4wl'..fw{w.1rhrp: {b'lifPL • Snirliu"b, S,,,'ihlfr1 l,lJU:,.mJ' Gii'ffr

l?_ut ('1-UlrutLut'IJut'l.}1 

!hpqp~w~wl'.. fiwm~ntpJ ntf,f..hrp: U'n'i.nfJLfr"b,,,Jfr"b ufr"bqn"bJiw, 

Jiwr<trmfil" JnL"be' 3, .5-41 U."b2lfrlf>niJ R-e 10-6 % I; , JnfurwqnLJ"b , 

~R-e mtfh'l !;, ,,,"b'1'f.nutpn"f ( .en'l"'r'iifnt.I I; "bhr.efr"b nblf>Lb.e11"bb

rnif} 1 °ibr.f!P"j, nblf>Lb.[!u'i.brf! ;"_LUtn p"bnrnz b";, , fiu1"bLUj_ qnLJ'i./i h";, , 

'iwr<trnLfil"J11L"bf!.' JfrJ?.fr"b, f!"u' 1>wJb,/LUmutf1w"b nbublf.fr 'l"'uifnLJ I; 

III '"" p /i"b I 
luw~wmntdp: U.'l.'1""1 h"b 'll'"'ft,,,"b' HN0 3·f!. ( bnniJ, 4"'fil"Pll!. 

4.,,"b.,,tnLJ f;, t:,"'Jm"b,,,phrif1nJ I; 11inrni'iinmrru"b), HCl·e (hnmJ , 

1>w1m"bwphrifnLJ I; umrnL'itnnL[IUl"b), FeCla·e ( lmnLJ, 'lh'lfr"b fwn) , 

KCN-1!. ( [Umu , uinrnLl1inmrUI) , KOH-e ( 1.'5 - 20 rn"fbfr9 t:.buin 

u11ulfru I; hr~"bw'fnLJ"b "bumqwJ.e) , NH40H-/-' qnLnrzfr"bbpf!. (10-
15 rn"fhp9 t:.hmn Jp"bbr"'l/!. fJw"ftnnLJ /; ) 1 

U.1'..1wmntJl'..hrji ahhrp, J~f.brw11'..hr~ qmqw~gnttlp : µ"bnrnz b'i1 

qn"bu,L-ltnl nJnrlJ. ("bt1, 82} wnwl"'9nL,/"bhr. qnL'f"'fiYif nLJ I; "''f.nL-
11.)1 



rfiui/1, IJnL"frpui/1, r'itwr}p'it "l'l'itap, LfiJn'itpwp, /uwl~nqp'itp t:.Lui 

"f'l'ita{t umlfPP'l-UJJ/r'it t:.UJ'it.[!ut'itJm /clbrfr o.eufr11w9.fw'it qn'itw1m.f1 

'!,~. 82. Uu11w/u/u11p (pw9 ,f,,/upw'fuLJ'b) ~n'b11/,'bmp[1~ 'l"'bw'bbp 

/pd1>~1pmp (-f1>/U/'W'lhLJ~I) '1Ul2mnL•ft 

1/."i.21/<{f, X 120. 11.?wpw~[• Sw'beuuf., ~mJfl. UU; 

(cum 'J.. ~. tf>p£,1w'b/>)t 

Swrpbrn1p,1n1r..e r..tfwf.. tfJif..hrw11a,rp!J: &br./Jfr'it nblfotb.eu'itbrfr 

'fllLJ'itnif fr1frt1tJ1 UILUftpb111[111. J I; LU[L t.fr"fbp'fb~t Jfr'itbrt..ut'itbrfr.'J nL 

l1wrpn'itu11n'hbrfr9: li1rfr1znltnl"''it, "Pl! brl'b,f'it 11L'itfr 1fwtwfufruifr 

'itJ wb 'itbr.eft'it nblfotb.eu'itbr, m"'l'l'br1{nLJ' I; ,r1wc>p R-ni{ ( 4 % ) nL 

r,.R-/r P"'9"'~"'l"'/"J"'Jp1 
4wf..fwtJ.w.irhr11: ll'b'f'it"r"''fl"''ituq, <J.nLJbzl...1111fr f:.ut'it.[!.t 4UU4-

m.J' ll'fru/u t..u'itt..u, ·Pwp_wpt..u'it, IJ.'l.,,r"'ll, '1-t..uu111t..u!1brui, S!.fr'it11wrw1 

104. ll9.01'r1'S - 2CuC0 3 · Cu(0Hh (llq. VI) 

:h}tq}1~w~wf.. fiwm~ntp,]ntf..librp.: lJ' u'itn4Lfr'itt..u Jfr'it ufr'b'l"'itfr w, 

'1"'r')rn'P1nL'be' .'J,5 -41 U.'itztfilfrnLJ R-e 9-7 % /;, Jnfr1rU1'f"LJ'it I; 

'it~utuiblfr ""'r'l-"''l"LJ'it hrt..u'it'lnif, ~ R-e 'it~ILUU1"11Ld I;' Ul'itfrqnui r""l 

I; ( dutUUldp .[!n'[Ulp4i{nLd I; 'itbr~fr'i, nblfrth.eubbrnif)t tbr.efr'it n.hlfr

lb.J!u'itbre JnL'f ~w"l"'lui, ~wrJrnL{JJnL'ite' Jfrt_fi'it, euui t:."'JbJ,,,_ 

uit..u~ut'it nbubf/tfr '1-"'uifnul I; Ill [uJpfr'b: 

lowbwmnttf11 : u.'l'f"LJ b'it '1-P"'~Ul'j,' HN03 nL HCl-e {lmmJ, 
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l1w/clfr1e ~w'itwJ_nuf I;, t:.w1ui'itutrbrif 11Ld I; uuirnd1mnLrut'it ), FeCla-e 
( UUI rnL~U1nLrlLU) I 

u.r..fwmnuiG.hr}i ohbrp, tf~f..brw1G.hr}i qn1qw~gmtfp.: µ'itnrnz b'it 

~nlnJ"nrf/> llL nw'l-frwl-f.wttut'lwJfrlwiJnr utnwt_w9nul'itbr 1 wifblfr 

r:.wqiftU'fb"l PJ"Lr"'l"'Jfr'it f:.wui/1l1utifnr "''lrb'lwui'itbr nL J"w'itr PJllL

l'b'lfrl1'itbrfr '1-P"L'l.'itbr frmnnt'itbrnuft ~nL'f"'~gi{nLJ I; Jwlwfufruifr, 

P'rP'l."~"L"'lfr, ~nL"frP"'P b.. "'Jl "l'l'ita[r l)w'it.ewifw1rhrfr t:.fr"lbr'lb'it 

o.J!"P'l-w9J w'it qn'it"' J/r J"f'ithrwl'itbrfr t:.b uit 

Swrpbrn1p,1n1f..p f..tfwf.. tf!1f..brw1f..br~g: tutui p'itnrnz b'it Jm'l 

ftw"fnLjUJ 1f11LJ'itfr 'ithr.efr'it nhlfrlb.[!u'itbrez tbr.efr'it nbff>Lb.eu'itbrfr 

lfllLJbni{ bdw'it /urfrqn~nlWJ/rg k nLp/r2_ Jfr'itbrwt'ithpfrg Ulwrpbr

ifmJ I; wifblfr pwrar R-nif, 'it~wuihtfr r,.R-nif, HN03 nL HCl-fr 
"''f'J-b9nL{J jUld pt 

4wf..fwtl_w.1rbrp: U'b,1'itnpm.'J-Jwbuq, '1-mJbzlLUqfr f:.w'it.[!.t l,UUl,-

1nJ' ll'frufuut'itw, .Pwt_wrw'it, ?-wuuiU1~brui1 

(llq. VI} 

:h}iqp~w~w r.. fiwm ~mppnf..G.hrp.: 0 r{J nttnd pw 1fr'it ufr'itp'itfrw' 

lt"'l'JpnLPJnL'ite' ,'Jt ll.'itz.tflfrnLJ" R-e 9 % I;, J'n/ur"''l"LJ'it, ~R.e 

2_1UU1 pnLJL 1 wbpqnuipn"fnLflJnL'it£!' pnLJll tbp.[!p'it nblfrlh.[!u'itbrl! 

t..u'it'fnLJ'j, b'i,, qw(1Jpt1t/tfJnL'itf! 9wJr nL J"frl_fr'it, £!UU1 f:.ut.fbJwuiutqw'it 

nbuhf/rfr 'f"'ui{nLJ I; JI /u.fp[r'it' 'itnLJ'itl! , fr'itt"lbu gbrnwfr..,,fr'itl! nL 

u1'it'itz w'it wif btfr pwrar, .ew'it 'l"'lb'itpuifr'ite: 

luw~wmmtf11 : Umt..u'it'l-wrui nbut~uifrif'bbrl!• 'itwk 1% Cr03 tb'b 

"''l.'1-"'.r (" u11uri,brm{J JnL'it ybrnwfruifr )1 K2Cr20r/r 2 % J1.r"'-

1fr'it L"'·JnLJ{Je NaOH (0,.5% -fr) t:.bui wpw'f "'""'lwg'itnul I; '1-b'lfr'it 

iftwlLI 

U.f..fwmmtff..hrp 01.hr11, tf!1f..hrw11ihr~ qmqw~gnttlfl : µ'itnrnz b'it 

,f,.,'j,r Pf Pb'lutifnr nL "lrfr'l.J"'uifr~ (~·nrifwJ.e'ithrnLJ ttnJ"pwab..) 

f:.t..uuifr~'itbre, fr'itt"lbu 'itwf.t. 'f"'llr'itfruifr t:.wziffr'it utnwl.'"Y"'J bqrw

'l"'l''l-br'it nL bpwfJ/r~'j,/,J'J!I ~nL'fUl~gi{nLd I; gbrnLUfruifr, Udpu1Un'itfrui/r 

nL pwqJw.fbuiw'[wJfr'it f:.w'it.ewifw1rbrfr o.eufr'fwg.fw'it qn'bwlfr "'ll 

J"fr'itbr"'t'itkrfr t:.bui, 

Swrphrntp ,1n1f..p f..tf wf1 tf!1f..hrw1 f..hr~g: 8brnLUfruifr9 b.. w ll ~"'r
pn'itwui'ithrfrg utU1ppbpi{nuf /; z wm fl11LJL ~R-ni{ nL {JnLJl w'itp'f_n

utpn"fnLflJwJp1 fruq o.eufr'J-w9Jw'it qn'itwJfr "'ll Jfr'itb{'U1l'ithrfr9' 
1!13 
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nhU1ft.ui/11fbhrfi "''l_'lh9m/rl1w'b 'bft.,,,uiJ'"'J'p n<'i.hy"'tt ft."'Jn<'i.n<flJ"'Jp1 

4w&fwil_w.1rbrp: µhr1nqn1[11ft.fi, U.ifl"'J• thritfi'buft.fi fun<J'/'f!' 

i.uui,.nd' b'i.'lfil"'' 

106. U'1%1''1S FeC03 (llq. VI) 

!hpq}i~w~w& fiwm~ntp,1m&G.hrp.: Srfi'ln'ii"'t/i'i. 11/i'bqn'bfiw, ft."'rtt

pn<fl1n<'i.[!' 3,5-4,5, r:.'lft.4.mJ' I; twi/.1 U.'bziJrl/>u<J' R-e 9-6% I;, 

J'nfur"''fnLJ'j, (ulf>wtbrJruifi9 'i.ft.w"'hlfi J'n<'l J;, l'"'l9 ft.wl9fi111fi9 11< 

.J!i/."'P9P9 wt[hifi P"'9), t.-.R-e n<Jh7 , 'bft.wmhtfi w'bjrqnui11n"I /;t 

thr.pfi'b nblf>th.pu'bhp(! Ul'j,'fnLJ'j, ht, 'fh'l_fi'j, ft.wJ' 't.UlrJ'rLUi[nL'ii-'f'1r2_, 

l1UJrttrn<f/Jn"t1!' J'jrf.fit, /!""' f:,,,,,J'bJ'wmwft.wt ,,huhlf>Jr 'IUJui[1nJ' I; 

IV fuJ'pfrt' J'nui I; uf/>UJibrfi"'fit: 

fuw~wmmdp: U.q11mJ' ht 11rwl1U1t' HN 03-[! llL HCl-e ( uUJpn<ft.

llln<rw ) , FeCl3± 1 

U.&fwmntd&brp lihbrp, dpf1brw1&br}i qntqw~gnttfp.: µ<;,nl'nz ht 

"l"Lfiuptflbmfift. 't.rft.t"'PJ 1nrb1iw9wJ P'lfrnJnrf/> r:."'m/1ft.thre· f,..,-6.iufi1 

ft.ntnJnrf/> /;t 4p"fn'fhb ufi11hrJr1.11e 'l"''f"'it..'Ji/.n<J' I; 11nLil/>Jr11thrJr • 

ft.wujr1r1hrfi1.11fr, .pi/.wr9fi, pwpp1.11/r · t;,b,,,, r:.p"fhr'lhte' "'IL '1"'rpn

t"'"'tbrfi f.b"'' O.pufr'l"''j,"'tni/. "'t9'b11uf I; hrft."'flfr r:.p11ro.pu/r'l-

'bhrfi• fiuft. Mn "f"'rm'bUlft.n'l ufi'lbrfi"'P ·1-""l.P"'J' fi1watmr'l-fi ab
i[ni[ f:,,"''j,'IP"fnLJ' ht "l"PlnJ'hlwte nL "fP('nlJllL'lP"'f!t 

SwrphrntpJDlbfl &Jw& d}i&brw1&hr}i!r :.,'bUl['Ull[nr I; zifrn/rlbt 

"'IL ft."'rpntwU1tbrfi' uJ'pU1un'bpin/r nL nn11n[11rm'lJrin/r !)hint 1/w

IJ"'lt uJ'fruiun'bfrin/r r:.wJ'wr p'bnrnz I; "'Jl "l"'l'"''lhthq/i11, Jrnlt 

"n'lnfurn'lP"'l! 1n'i1fi i/."'P'l"''lmJt tbp.pjrt nhlf>th.puthp: 

2wlifwljw.irbrp : ~fr'lhl'l"''j,'I, ('/.:hi,), f~,,,'t.'"l' 4Ull4 · nLJ'' .9..n11, 

'1-wr"'L"''ll"''/_1 

I07. llU1''1S- BaS0 1 

!hpq}i~w~w& fiwm~n1p,1nt&&brr: nrflnnnJ'pw1frt ujr'i.t11ntfrw, 

ft."'t'Jrmfl1n<te' 3-3,.5, r.,,_1t.4.11<J' I; L"'i/.• t:.LU6.LUfu 'bft.w 111i[n<J' I; 

r.hramJf!, U.t;i/ll/>n<J' R-e 6 % I;, J'n/11rwq11<J'b, AR-t11<tfr, 1u'b

pqn1.11rn"lmfl1n<te tfi tft.wini[n<J', tbr.pJr'ii nhlf>tb.putbre w'b'l111-1'b bt 

ft."'J' 'lb'ltLUi[n<t, lt"'l'Jlm<flJn<te' J'fr2.fr'b, eu"' 11huhf/>fr 11wui[nuf I; 

Ill fuJ'pjrt' ft.wl9frinfr9 P'"rar, 

fuwbwmmdp: fl·biuft.infri[thre tht "''l_'fmJ': 

Ulifwmntd&brp lihbq1, Jplibrw1&brp qntqw~gntdp: µ'iinrnz bt 
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flfiflh'lwi/.nr pJn<ph11'i.h1'/!• npn'i..p qn<'f1ul194_mJ' h'b u11<tlf>fi'l'bhrfi' 

ulf>wthrfiuifi, 'l"'th'i.fiuijr, /u"'tft.n"lfirfiuijr J pnn'i.fiu1p [,_ n<r/iz 't.Ulr1-

11n'bU1ui'i.hrJr, .pt[wr9fi f.hm, f.Jr11rn[ilhpJ'wl, 'llfu"'i/.nrw"lhu J'Pl_fi'b 

2.h l'J' U111mfi-6.w'bw Jfi'b, r:.w'ii.p"'t[w irh pn<J' 1 

Swrpbrntpjnt&p fnfw& dp&brw1&brpg : br"''t."'JP'j, ft."'r1m'i.wm

'bhi•Jr9 1r1wppbpi[n<J' I; t.-.R-jr P"'!J"'ft."'Jn</il J"'J' p nL ft.wJnL 'bmfl J"'J' p 

,,b,uft.urjri['bhl'fr 'i.ft."'urJ'wJ'p. ufitfi'i"'ur'i.hpfi9 urUJpphpi[n<J' I; "'i/.htfi 

9.uttr 't.UlrJ-pn<flJ"'J'pz i.'j,"'1'"'4.nr I; ztftnflht 9bthu1.11Jr'bfi, UJ'i.r:.p.,

rP"'P· "'"f"'"'"UI" t.hui. UUJnLJ'f nrnzJ'w'b f,UIJ'wr w'bf.pU1Jhz1.11 I; 

JIUlnL'fbl filU1ifrw'i.9frft. 2tJrlf>'i.bpnLJ' I 

4w['1fwil_w.1rbrp: 'fl1nflw1fiufi, ~ni/.'l"'f' i,uui,-mJ'' ll.fi•flwt"'• 

{;,,,J'tn<'l_, '/,"'ifr"''i,, IJ<i_--f.PlP""'• 'J-,,,pw[W'fJ"''l_ • ~n'ft 

(U.'l· VI) 

:hJ1qp~w~wli. fiwm~ntp.im&librp.: Srfr'ln'bw Jfi'b ufi'bqn'bfr"' , '1"'rtt

rm-fl1mte' 3: 1l'b2LJrl/>nLJ' R-e 6-4 % I; , t.-.R-e nLJb,,_ I;, Ul'b/rqn

u:rn"fmfl1mte nLJh11 ( J!n'l"'rft.4.n<J' I; 'bbr.p/rt nhfPth,eu'bbpni[): 

tbr.pfrt nhfPth.puthre Ul'j,'fnLJt /1'j,, f1U1rarn<f1JnL'bf!' !J"'Jr , f!UU1 

nbubfJ>fi 'l"'ui[n<J' . 1; Ill /uJ'pp'b' J'nui I; /uwtft.n"f/rrfi1.11p'ii1 

fuw~wmntdp: 4bzinmfl1"'J'P .J!"'IJ!"'Ji/.n<J' I; pntnr flflm.'bhpni[, 

"'J'I fli/_11<J' tnur .J!"'9w/11U1flfli[ni[ ( inwrphpn<[il1m'be 'l"lnJ'jr1.11fr9): 

U.f.fwurntd&hrp O.hbrp, dplibrw1lihr}i qntqw~gntdp.: µ'bnrnz h'b 

1a1ninrJrnJ'nrfP "''ll'b'l"'"''j,hr nL Uli/.htfi ""''l""''lb"f nnJ'pUIJ fi'b P"'

l'"''t. flJrflh'l"'i/."t' ft.rft.'bwpJn<rb71u9wct ""'"'frft.'bhr: ~'n'lwft.gi[n<J' I; 

umif/ifi'l'bbpfr, P"'rJruifr, .J!i/."'1'9/r !)b1.111 

Swrpbrntpjntlir G.Jw& Jpf.brw11ibrpg: P'fln<'bhrni/. t.hzm J!'"J

.f!"'IJ'"'J'p. n«lh,,_ t.-.R-ni/ (t.(-Jr 9"'ttr 6-4 % "'l'JbJ!'bhrJr 'lh"f

.J!"<J') nL flpflh'l"'i/.np ltrft.'b"'pJn<ph'l_w9J'"'J'p ft.Ult9P"'f! UJW pphp· 

i[n<J. I; JJn<u pninr Jfitbr"'t'bhrfr.'I' 

4w&fw~w.!rbrf1: •/,pLJn<J, /lwp'fn<'[n[' ( 8wl_pft.. l/Ui,)1 i.uui,. 

n<J'' '1-wpwpu'fJ"''/_' f>lt.."''bfr 2.r2."''j,' 

(ll'l. VI) 

!h}1q~~w~w& fiwm~ntp,1m&&hrp: s r/r'ln'bw 1/r'ii ufr-'bqn'bfiw, 't."'r ct •. 
pn<f/Jn<te' 3-3,51 U.tztfi/f>n<J R-e' 6-4 % I;, J'nfurw'l"'·Jt, ~R-e 
nulh'l I; ( frtt"fhu ft.wt9fiinfr'be}• n<Jb'l wtfrqninrn"i l;t thp.[!/r'b 

nhlf.th.pu'bhrl! "'t'f'ILJ'b b'b, 4-rttrn<f/Jn<'bf! 9war , puu1 r.iuJ'bJ'iu-
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mtulftu'j, nbubf/>fi '1-tuuif.nul I; III fi1J'pfi'i,' futul~n1'f.firfimfi9 nL fttul-

9/imfi9 pturaf' b 
luw~wmnufp: fil'[ilnL'i,brl! (ptu9/i .ptu9tufutu[il[ilif.fi9) tu'l.'1-nul b'i,, 

ptuJ91 fi mturpbrnLfilJm'i, ~tuL9Jrmfi, 2tum tuiJ.bLfi '1-tu'i''l-tu'l' 

U.f.fwmnttff.hrp 0.1.hrp., Jpf.hrw1f.hrp qntqwqgnttfp: fl'j,nrn 2 bi, 

P'l-finJnrf/> tL11J'ptuJfi'i, PJ"Lrb'l'j,b{'/!1 nrn'i,.[! t:.tu'i,'1-fi"fnLJ' bi, 2"'U1 

tuif.bifi t:.tu6.tu/u, .[_!tu'j, ~tul9fimfi J'nm1 RnLqtulf!Jif.nLJ' I; nLr/i2 ~tu['

pn'i,tum'i,br1fi, unLLff>fi'l-'i,bf'fi ( tuJ'b'i,fi9 t:.tu6.tu/u qtu[b'i,fim/i nL uf/>tu

Lbrfimfi ), ';,tub. ff>LJ"Lnrfim/i 11L pturfimfi t:.L m1 fil'p[ilh-'l"'ifnr l1rf1'i,tu

PJnLrb'ltuS"LJp, fi mturpb11nLfiJJnL'i, IJ"'l9Pmfi , '1-fimif.nLJ' I; t:.tuqi/_tu

'1-J, "f 1 

Swrphrmp.intf.p f.Jwf. tfpf1hrw1f.hrpg: '1wr1in'i,tum'i,brfi J'bJtu

J'wu'i,nLfi/JnL'i,fi9 mturpbrifnLJ' I; t:.tuJbJ'tumtuptur 9tuJ-r R-ni/_, fi11l1 

~tu[9/imfi9' P'l-finJ'nrf/>fiqJ'nif_, filfilnL'i,brfi tuiJ.bLfi '1-tu'j,'1-tu'l "''l'l-b9nL

fiJJtuJ'p llL ~r~'j,tuPJnL(l/,'['j,/;rfi t:.tuqif.tuqJllLU1111.filJtuJ'p1 

4wf1fwil_w.irhrp: Utum~tu, '1"'l"''mtu11L lbn'i,tu2'lfil"''i,1 t,UUl,-11LJ'' 

U.r'l"'~tu-;,, f>p_J..tu'i,, Rn'l-, '1-"'r"'Ltu'IJ"''l 1 

110. -i.>'lllP!l- Si02 
(llq. VI) 

!bpqpqwljwf1 Jiwmqn tp3ntf.f.hrp: s rfiqn'ittu 1fi'i1 11/i'itqn'itfi tu I l1wrJ

rmfil 1nLhf! \ 7, t:.'l~'fnLJ' /; ftuif, "f.Prfimp9 nL f1u•upmbrfimp9 2'"m 

"'""Lfi Ltuif.1 lJ.'it2ifif/>nLJ' R-e' 4,5 I;, J'nfurwqnLJh !;, t:i.R-e nL tu'it

fiqnmrn"fnL[iJnLhf!_ z_b'it 'itl1"'mif.nLJ'1 'ibr.f!fi'it ,.bff>Lb.f!u'itbrf! ptuy 

'f"LJ'itfi b'it, JptuJtu'ittu"ftumnLJ'nif., liturJrm/ilJnL'ite' pturar, f!"m 

t:.tuJbJ'tumu1~tu'it nbubf/>fi "l"'m~tu'itnLJ' I; VII fuJ'pfi'it1 

luw~wmnttfp: {J.b..,~mfiif.'itbre z_b'it tuq'l-11LJ'1 

U.f.fwmmtff.hr]i bhhrp., J]if.hrm1r.hr]i qmqwqgnttfp: fl'itnl'n 2 h'it 

1UfllU1rfinJnrf/> t:.IUutfi~'itbrfi tuqrbqtuuthbp(!1 fiu~ t:.IU6.tufu Ltui/. aJ..IU

if.nf'if.IUJ- "ll'P'lJ'tumfi~ PJ"Lrb'l'itbre1 lJ.Jh'ittul'"J'it mtuptuJif'"J- br'"

~'"Jfi'it Jfi'itbf'wl'it I; t:.fi•irnfilbrJ"'l J'"qJtu'it P"''lJ'"'filfii/. u11Lif/>fi

'1-'"JP'it t:.tu'it.[!"''itJmfilbrnLJ'1 Rniq"'~.'Jif.nLJ I; 11nLiff>fi'l-'itbrfi, '"rub'itfi'l-

'i,bpfi• o.f!ufi'l-'itb1,fi, ~turpn'it1Um'itbrfi• p'i,'"Jfi'i1 J'fi'itbptui'itbrfi t:.bm1 

Swrphrmp.]ntf.p f.tfwf. tfpf.hrw1f.hrpg : C:'"m pturar ~"'l'JfinL
filJ'"JP nL n.bubf/>nif.1 f:,IU(,.IU[U fi'l-pnJ'nrf/>pqJ'w[ llL t:.branLJp p1U-

91U~tuJnL{iJJ1UJ'p fufium m'"l'Pbrif.nLJ' I; '"IL br"''J'"JP'it J'fi'itbr111i'ith

rfi9, fiu~ ytuJ-p R-ni/_ pninr t:,IU'j,.[!"'JP'j, Jfi'itbr"'L'itbpfi9 1 

4wf.fwtl_w.irhrp: lJ.l'l-tu'it, 'IJtuJpf'• flLptuL1 '1.n1fi'i,1 t,UUl,-mJ' 

lfpufutu'ittu, ~tup_turtu'it, 1-,tuptu'it "- tuJL'it: 
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(llq. VII ll, VII fl) 

flL'i,fi 'i,nLJ'j, ~tuqJ'nLfi/JnL'i,f!, fi'i,t ~tultuif.brfime (AuTe.,). ""'-
l1tuJ'j, ,;,if.blfi t:.turnwm I; "'rJ-tu[iln1[ (Au: Ag=4: 1)1 " 

!bpqpljwljwf. Jiwmqmp.1mf.G.hrp : Orfilmr.nJ'p"'Jfi'it ufi'itqn'itfitu, 

~wrJ1111Lfi/JnL'it[!' 2,5, '1-JnL111upb~ !;, nL'itfi Ufturqnrn2 t:.branLJ r_mn 

(001), nrf! t:.tu6.tufit '1-frmif.nuf I; tuh2[pf/>nLJ', /:,'[fti/.nLJ' /; [tui/_1 

lJ.'it2Lfiff>nLJ' R-e 2"'"' ptura1, I;' 70-65 % , qnLJhf! ~1,bJ'fi
""lfimtu~ ( '1-Jif "'r I; mturipbrif.nLJ' fttul"'ifbrfimfi qnLJ'itfi9' ifin.f!f'-fi'itt 

P"'9 '1-b'lfi'it !;), f:i.l:{-1! 'it~tumif.nLJ' I; fiJ'br11fituJnif, P"'!9 :."'JbJ'tu

mtuptur {iJ11LJL I;, tu"i1fiqnU1f'n"l"'-filJ11Lhf! 'it~tumi/_11LJ' I; ( tuifbtfi nLJb'l, 

.f!Wh lt"'Ltuifbrfimfi J'nm, Lr/ii/ tfr ,f"'f'"LJ', bri..nLJ' I; JnLq·'l-utrt· 

htuqnLJh brw'itq'itbr) I tbr.f!fih nbff>lb.f!uhb[' f_ nLhp1 ~tu['Jp11Lfil JllLh(! 

9tuJp I; 1 (!UU1 t:.tuJ'bJ' tuuttu~tuh nbubff>fi "{tuutfftuh/ILJ' I; I! P,J' pfih I 

luw~wmnttfp: lJ.'l'l-nul b'it 'lr"'l1w'it' HN03-t! (JptuJ-tu'ittu"{tum

ifn'l ptun-)1 FeCl 3 nL KOH-e ( qnr2 'P"'n), bppbJ"i, KOH-e' {iJ11LJL1 

Uu1rnL~mnLr"'Jfi'it fi1tuJ-tumnLJ'' HN03 (t:.tu1m'ittupbrif.nLJ I; t:.branLJ'e )1 

U.f.fwmnttff.hrp bhhrp, J]if.hrw1f.hr]i qntqwqgnttfp: U.inmr/111-

J'nrf/> tu'ff'"'l"'m'itbr, "'"-"Lfi t:.tu'lif"''l-b"l fi'l-fi 11 J'11rff> t:.tumfifi1 br C:.hr

anLJ'nif., mb'[tu~tufiftuJ tuifbfp llL2 tuntup_tu,9tuJ filbf11LrP'l-'j,b['ni/_1 Pt"'l

ftn"ffirpmnif., p'ittuJp'it nu~nif.. ph.[!(! fir t:.brfilfi'it mb1ztul[tu[nLJ /; 'itw

'1P"''IPmfi'it1 Rmqtu~9nLJ' I; nu~nL "'IL fiJbL"Lf'P'l-'itbrfi t:.bu11 

Swrphrntpjntf.p f.tfwf. tfpf.brw1f.hrpg : '&tum 'itJtu'it I; ~"'Ltuifh
rfimfi'it nL upfif.tu'itpmph1 f> mturpb['nLfi/JnLh fJtu[tui/_brfimp, ~pb'ith

rfimp t:.bpanLJ'(! 'f"'r'JtuhnLJ' I; Jfi .[_!tuhp pnptut'l-tura llL'['[tuC:.w11u,'J 

11L'['[nLfilJnL'it'itbrni/_, HN03-e tuq'l-nLJ' I; tuifbLfi nLJb'l. t:i.R-e nL ..,'j,. 

fi'lnmrn"fnLfiJJnLh(! tuifbLfi nLJb'l b'it, .[_!tuh IJ"'Ltuif.brfiu•fi Jnm. ufil

i/.tu'itfime, fi mturpbrllLfi/JnLh ltrb'itbrfimfi , 11Lhp tuiJ.bLfi 'itl1tumblfi 6.R 
llL filfifilb'ftuif.nr ftrffhtupJnLr/,'f'j,/,(1 1 nrnh.[_! ~f'/,'j,b(ipmfi Jnm ptuym• 

~tuJnLJ' b'i,, 

4wf.fwqw.irhrp : 11wltuif.brwu ('1"'Lfif/>np'itfitu), ''rfi"IL-'1rfil1 ( 11n

l"f'tu'l-" ), '1tul1J:"Lf'LP, S11tu'it11f>L1[tu'itfi"'1 t,UUl,-11LJ'' Rn'l- , lfb'lr'""'"f'I 

(lJ.ii. VII U., VII fl) 

!bpqpljwljwf. Jiwmljmp.imf.f.hrp : If n'itn~ifi'ittuJ/i'it 11/i'itqn'itfitu, IJ"'rJ

(rnLfilJ"L'j,f!' 2,5, '1-JnLrtupb~ I;, t:.bramJ z_m.'itfi (/i mtuppbpnLfi/JnL'it 

~rb'itbrfimfi, "rl! nL'itfi hnLJh ~tuqJ'mfil1nLh"f!' AuTe2)1 lJ.'it2ifif/>n11l 

R-e 66-58 % I;, 'l"'-J'itf! lll'bJfr ""lfim111l1 ~"'J ptu9 '1-b'Lfi'it, ~R-l' 
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fcl11L!l !; {L¥111uuf11uf !; t.wuififiibffr uwC.Jw'b'bbfnLJ), 111'bfi'l.nmfn• 

"fllLfrJJnL'j,f!\ "f111f'{"f'"2• flWJ9 filnLu: &bf./Jfr'b nblf>Lb./Ju'iibr t_nL'iifi, 

~wrJrm{JJnL'iif! 9wJp !;, l!"ui t,,,,JbJwui111¥111'b nbubf/>fr 'l"'ui/_nLJ 

!; II {uJpfi'b' Jnui !; 'f"'lb'bfrrn/i"it 11L 1/in.[!p·fr'iit_ wifbifr pwpdp, .[!"''it 

"f,, (' Wf'f P f'f mp"itf! I 

luw~wmnnfp: U.q7mJ b'b 'lr111¥111'b' HN0.1 ( wf"''l 'l"l'zw9mJ, 

"'"i"' 11kw9nLJ }, FeCIJ ± ( ft111LJL 'I "f'Z w9nLJ), IJ uifnL¥uinLfw Jfi'ii 
,,,,,,J,,,,,,m_J' HN0

3 
(1: 1): 

lll'ifwtnnltff.hr}i liL.hrp, tf}il'ihrw1 f.hr}i qnlqw~~pntfp; U.inmpfin· 

Jnrf/> wqpb'fwUl'i.bf nL fr11finJnr1f/> f'JllLf'b'l'i,b/1 1 11f11'1,.[! 'lnl'ltu¥91_nLJ 

b';, ,,,IL filbL"Lf'fi'l'bbffi ('•¥· 83), p'iiwJ-p'b nu¥m, Py, Ga, SI, Td
Tn t.h,,,, 

t~. 83 . l1w1uu/bl'fr"'I!. ( ""lfrmw~} "'- u /r1ifw'i./1"'l'. { P"'9 1Tnfup"'

'l n'-J'i.} "l""'o/rm/r I.. r.buf.m/: ("r~nu/'b ti •lnful'w'lnLJ.,,) '1"'t
mnL1f. u&e' eifwp91 

1J.'bup!/> 1 XIOO. lJ'b'lrwJ.npp t;,,,'i.l'wif., ~ "'J~ · ~llj~ 

(£'.""' ;;. ~· lJ.Jfrr1w'i./1)• 

SwrphrmpJnll'iJI l'itfw& tf}i&hrw1&hrJiH: 4'iiwr111ifnr !; z•frnfilbL 

ftr1b'iibffiinfr f,J,ui, "fl! wifblfi t.wr11Lum !; Ag·n1. "- nL"itp t.bpdnLJ. 

ufr11_w"itfrurfr t.bui, "fl! mwrpbpi/_nLJ !; ~"'l"'ifbpfrmfr9 w1,blfr 9wJ-p 
198 

R-ni/_, tuiJ.bLfi nufb'l ,,,'j,P'l."Ulfn"lmfcl1wJp nL qnL"itwifnf !;f/>bll uini/_ h 

Ag-fi zwur wifbifr pwfdf "fU1fnL'ii111¥nLfi/Jw.fp1 

2w&fw4_wJrhrp: '1w1wifbfwu ('1w1/if/>nf"itfiw), '1wl'lnLr LP• Sfw'b

"PLifw"itfrwz ~IJU~-uui' ~"'I' 1/b'lfwdnfl 

113. UJiltJ,llt.J>S- AuAgTe4 (lLt· VII ll, VII fl) 

~t'q~lpu4w& fiwm~mp,lnll'if1hrp: lln'iin¥Lfr'ii111tfi'ii ufr'bqn'iifr111 , 

¥wJrmfclJnL"itf!' 1,5-2, '-'1¥ifmJ !; Lwif, t.bfdnLJ{! 21frf/>'iibf11LJ 

'iilj111uii/_nLJ !; t.111q1_ "''lb"f 1 U.'iizLf• f/>nLJ "1 •[! 58-53 % !; , 'f "Lt'iif! 

¥fbJfi-u"lfrurw~, AR-e Lwif 'b~wuiblfi (~phJfi-u"l.fiui111ftfr9 Jfr'iit."

ftrb.!fr·'l"'rt."it"''f"Lt'ii) , mJb'l wtf11znuif""l !;' qnL'iiwifnf !;f/>bftmnif 

,/ nfur111-7wpt_"it111qm t'iifr,g Jfr'iit_k 1_ '"f''l'"'f"LJ'ii-u"lfr 111111111 

tbr./JP'j, nbf/>ib~utbr t_nL'iifr , ftwrJf11LfclJ"'-'j,I! 9111J-f' !;, [!""' 

t.u,JbJwmwft111'ii nbubf/>fr 7wui/_1nJ !; II {uJpfi'ii' zwm wifbLfi 9111Jr1 

11 f/> 111Lbrfr 111/i9 nL 1P".f!f'·fi'iit. pwfar 'ii"''IP"''IP"'P9' 

t~. 8.J. l/fr1ifw'b/1mfr u1n1frufr'i.pbmH ~l'P'"'('JnLl'b'l'ubp 1 

U.'i.21/.!fo, x:uo. ll'b7pwd.npfr r,,,,'bpwif., ~"'}~· uu~ {£'.""' ;;. ~ . lJ.Jfrr1w'i./1Y, 

luw~wmmtfp: U.q'lnLJ b'ii 'lf'w~..,'j,' HN03 ( Wf"''l• p1119 'f"'l' t.· 

i.111qnL/"it tJiwn) , wp.f!w1111[clfilm ({cl11Ltl tJi111n ) 1 

U.&fwmnltf&hr}i liL.hrp, tf}il'ihrw1&hr}i qmqw~9mdp: I'>'iinrn,". h"it 

filfrfilb'l"'if"f ~fft'iiwpJ"'rb'l'iihr {'ii~. 84) , "fl! L"'1 !; t,,,,1ui'ii111pbl"fm ,f 
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6.R·/r z_'imr•t.frif., t,,,,(.w/_r1 b'11 ~Jwfr1.J!wJfrh J,.l.brf!1 ~nL'lw49if.n<J t 
IU!l f?btmrfr'f'j,brfr· rhwJfr'j, Au, UnLLfi!fr'f'i.,bpft, l1wrpn'bwUJ'bbrft· 

.e1.wr9ft t.b"' t.ft'1rnfilbr1lwl, 'lLi•uuifnpu11'ibu 9wJp lbrJ,,,uUJft(,.,,,_ 

'j,,,, 1/t'b f.w'b.ew1J w1rbrnuf 1 0 J?"ft'1w9J wh '[nhw 1nLJ uftLtJ,,,'b/tUJ/t '1w2-

uibrnuf w'blwUJi/_nuf I; tJrn2/tw'bJw'b nu4/t1 

Swrphrmpjntfip fidwf. dpr.brw1f.hrpg: Ufttifw'bft"'f! l\'l,wrwifnr 

/; ;_1finfl11l l1rb'j,brfunfi nL l1wlwifbrfiu1fi t;ban , nrnh9fi9 uftti/_mhfiw[! 

miu rphpi/_nLJ /; nuJb'l AR• ni/_ nL w'l,ft'ln"'trn"fnLfil /W,f p I.. t;,,,(,.wfu 

t;,,,'!,'fft"in'l [<J ft filb'l wif nr l1r4'1,wf'lmrb,1'bbrntJ: bwqfiw'lft"'f! 11/r Lif w-

5.,ft m/t l\wJbJww UL'b/t 2wUJ wifbtft 9mJr R, pwrw4 filftf<Jb'lwifnr 

I; L.. 'l,rw l\wJwr '1ft"lm4 I; "fLUf'fnrn2 t.bra11LJf!1 

4wf.fw1[w.1rhrp: ltwlwifbpwu, 'Lw11ftw11 ('1w1•"fwUJ'l,b1')1 l..UU1,-

11tJ' ~nrf' 

114. ltlllOflU SU.lflS- Pb Se (Uq. VII Jl) 

!hpqp ~W~Wr. fiWtn~IllF,10 tfif.hrp: /iJ n fLU'iJLUf'fLU J/th ufi'i.,qn'i,ft LU 1 

fiwf"}pmfil1m'iil!' 2 ,5 - 31 ll.'!,zLfilf>m . .! R-l' 43 % I;. 'fnLJ'bf!. ""ifiu1wl1 

( {""' R-/t m . p•Jh/t zwan '),Jw'ii I; 11wlb'l,ft111fi'b), ~R J_nL'l,ft, /i'[n· 

wpn"f I; 4w.t 2w"' filnLJL w'iift'ln"'ftn"ll 'Lbr.J!frh nbfl!Lb.[!u'l,br J_n•hfi, 

l1wr<>rmfl1n•hf! 9wrtr !;, l'""' r.w.tbJwUJw4wh nbfJ.ublf>fi 'fwut/_nLJ 

I; II fuJ'pfi'b' 'l"'lb'bftw/i9 t/rn.er-ft'bz. 9wdp /;i 

luw~wmnufp: 11.'l'fm.! b<;, '1f"'4w'j,' HNOJ (11n112w9nd), FeCl3 

(f<JnLu tjrwn, 'fb'[hnLJ' nL 4Ul"fUlnl.J ), Wf.J_!W/LU/iJ[rfm ( JfiwJw'iJw

"fWUlnLJ )1 

U.f.rwmmdf.hrp lihhrp, dpf.hrw1f.hrp qmqw~gnu.1'p : Y.ln"'r/in

Jnpfj. f..,,infr4wifnr LU'frb11win, 'lm'lw49nLJ wll ublb'bfr11'i.,brfr t:.bUJ, 

hwiL phwJfi'i., AU· fr, hem-fr umLfi!fi'1"1brfi• 11Lrw'bw1fr'i., fubJfi, 'fn

lnJfrmft nL ~wl9P"'P l\bw JJJ'pni/_ w'l.[!wm l\fi'frnfilbrJ'wl t,.,,'j,.[!.,,_ 

ifw!fbrfi t,.,,'j,.[!wh1mfilbrmJ'1 1J.Jb'iifi9 ,,,ifbLft m2 iuniuliuywJ J'ft

'l,Ll'"'l'l,bpfi9 J'b4<;, I; £. 111b'lw4iulmJ' I; wu J'ft5.,brwL'iibrft'ii. fr'bJ?l!. 

/1r t. lirfilfi'b u.b'l.w~iulifmJ I; "'ftJw'bftUJni/_' HgSe-nt/_1 
SwrpbrmpJntfip f1dwf. dpf.brw1&.hrpg: ~'biuriuifnr I; 21ftnf1bl 

wifliutfiwfi l\bw (R-{! 2"'"' wi/_b[p pwfa{' /;. .J!"'h ~lwnLumwlpmfi

'1,£!)1 't"'lb'bftmft t;bw ( 1'uJw'i., bnm'blf1nL'bft'bbre iuifblft L"'if b'ii 

wrmiut.w1111ifwJ, Se·e pw9w~w111LJ !;) 1 

4wf.fwtlw.1rhrp: 11lwmu111LUL ( ~-r9)1 

20J 

(U.q. VII fl ) 

!hpqp~w~wf. fiwm~mp.1mfif.b q1: "1nrLU'bwr'1"'//t'b nL Jn'l,n/ll~
'j,,,,Jfth ufr'b11n'b/1w, 4wr.>rnLfcltnL'I,(!' 2-3, t,'l4ifmJ t t/_wm, .J!b/'J

•JwJ.[!'bbrnif·1 ll.'b2Lftf/!nLJ R-{! 42- 40% I;, Jn/11pwi/_11Lh•u"fftmwl/, 

AR•[' {tJnL/l 1 w'bft'fnUlfn"f11L{<JJ11L'iJf! "fwp'[nfn2 /; 'fnL'bwt/_nr /;f/!bJJ

wni/_ ilm11 hwf'l,l"''fnLJhfr9 ilfi'btl.. J'1n11 br4'),'"'I"' Jh• 'Lb['.[!/t'b nbfj.

lb.J!u'l,br tn•hft, 4wrJrr1Lfl/m'l,l' yw.>r I;, /!""' f.w.tbJwUJwf1w'b ,,J.,. 

ub fJ./t "fUIU14w'i11nil I; I Ju ,f pft'I, I 

luw~wmntdp: HNOJ·f! t,,,,,UJ'l,wpbrrnJ I; umrm4UJnLrw'b: llft'b

J_IL 150°C UlW.J!LU!]'),blftu w'b9'!,nuf /; /unpw'z.wf'fw/p'), pqnmfrn"f 

"'wrpbrw4ft1 

t~. 85, ~/:;u/""l!. p'bwliJ.'b n11~n L p wpw4 kpw~J.~'b/,pn'/. l 9 'bnuf ~ 1.wku/,.n/• 

r'lrn•fnr!J> pJnLpk7'b/,pf. ''rlw'b~JWl 1nwpwlinLfiJJnL'b'b/:;l'l!.' UnL'I: 1fnJupw

'fnLJbf'.' crn•'r"'' U.'b21fo!/>1 x 100. !/.n'fp r. w'bc w•f·· ~WJ~· UU{ (!!.""' '{; . ~. 
u..r rl'Jw'bJ.)' 

U.firwmntdf.hrp ohhrp, t.l'pf.hrw1&hrp qntqw~gntdp: fl/nlfi11n'biul 

t. iuUJ/t4'bbrft Ul'ffb'fWUJhbr nL IUllUJhap'b l LU" aL..iuif nrif LUJ . p1mrb'l

hb('1 brpbJ''j, upli/_w'iJpUJp l\bui .!firJ'b~ftUJwtft'ii t, ,,,f,,,(,.nLJ''iJbpft ab

i/_ni/_1 ~m11w~9ifm J I; "'II /clblnLrft11'blrrft • p'biu.Jft'b Au ('b4. 85 , 'bit• 
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t~. 86. <bufr•n-.,,bm9/"""'JP'b (Hs) 
"''ll'b'lwurfr ""/'"' '"'r"''"L',..,,/'l' r~•w
Jj.'b nu~nL r.bur. flw[wrw'bp r.w'bl!uu/., 

{~·l/l/~} X430 {e.uur lJ., lf, 
:bwrw.!w'IJw'bJ.J• 

86 ). Te t:.bm ,'!utrlr 2.hrJ'urnmfi-

6.ut'i.w Jfi'i. "fr11rnfilbrJ utl f..ut'it

.f!uti/.utJrbrnLJ1 

SwppbpnLpJnt.GJ! Gtl'wG tfp
Gbpm16bppg: l,'i.wruti/.nr t zt/m

filbl wr'lh'it1nfr111/i r.bm, nre 

wif.bifi fJmu ut'it/r'ln111rn"1 t I... 

frJhrufiw1mJ" m'itfi *utbwt_ut

if.nLh brw'i.'f, ..,l'j, 'fb"l.f!"L.r, 

b(ip r.lwfimfi h11wb'lf! 11wrt_'itut

'l"LJh t 11L 'i.rw r.wJwr p'itnrnz 
t '{"L'fw*911LJ'l' WJL filbLnLr/r11-
'j,b rfi r..h1n1 

4w&fw~w.1rbrp: Umb"l'i.Jut*, 
U.ifiJw11 :,fJUl,-nLJ'' Rn'I, lfb'l.
f"'a"I'• l,ut'it,ewi/_utb, '/.wtfw'it, 
(';utf..m.J"1w'i., U.m*fr'l.1 

CU...- VII ll) 

!hpqp~w~w& liuun~ntpJm&&brp: 11b1lJ fun1•whutf'l"'Jfr'i. 11fr'i.'ln

'i.fr,,,, 4wrrlrnLfilJnLii[!' 2,t;, "'l41/11LJ' t f..wJ'bJru111U1putf• Lutif.1 U.t2Lfr

lp11LJ R-e 42-38% ("-, Jnfurutif.nL'i.-u"i/r111wl1 4utrJ'rut4w"1nL1111 

*..,,r 'lutrt'b"''lmJ'h brut'i.'lml ('l'ulb'i./rm/r 4n7,efr'i.), ~R-e filnLJL (--, 

ut'itfr'l.n111rn"lmfil1ni'i.e 2"'111 wif.bLfr filniil• .[!wb t:.bufr111fr'i.l!, putJ,'f 

'itf1wmif.m J" (--1 

bbf./!P'j, n.b/f>[b.[!11bbr fULb/r, 4w rJrm fl JnLbf! 9ut<ff ("-, f!UU1 

t:. wJbJ"utmut*utb n.bub/f>fr 11wui/_11LJ' t I fuJ'pfr'i,' u/r[i/_utbp111/r9 nL 

411L111•w11n/rm/r9 9utd-r b 
Ju·wb_wmnnlp : U.11.11nLJ b'j, 'lrwliw'i.' HN03-e (bn.nLJ", 'l"rzw-

9mJ ), FeCl3-e ( Ulfut'f• .rUl.f!fif."'l putn.)1 

U.&fwmnul&hrp lal..brp, tlp&brw1&hrp qmqw~gnttlp: '1ut'[JnLJ' t 

l1r4'i.utpJnLrb'J.u•9wJ fil/rfilb'l.H'i.br, wif.bifi t:,,,,6.wfu utlumrfiJ"nrf/> 

Ullffb'futLni.br nL f..wrw6.nLJbbr t:.bup111Jt, 4w1wif.brfr1nfi llL WJl [Jb

LnLfP'fi_,brfi f..b1111 RnL'l"'lf9qmJ t filbLnLrfi'l'i.brfi ('i.4. 87) nL p'i.ut

Jfi'i. Au-fi f..bm 9utJr tbrJ"wumfi6.w'i.ut1fi'i. t:.fi11rnfilbrJ'utl f..w'i.,ew-

,ewi/_w irbrnLJ" 1 

Swrphrntp,int&.I' &tlw& tlp&hrw1&brp!{: 
UlutfpbfnLJ"(! 'j,J"utb Jp'j,bfut[bbrfi9 'fJif.wr 
2CJ2 

UtnnLJ'f nrnznLJ"f! nL 

b l,'i.wrwif.nr t ztfn-

filbl *"Lnrut11nfi111fi' HgTe r.bm, "fC, 11w4utJb, HNQ3• nif. friwJ.,1111 -

qnuf ("- 2"''" wqb LP 'JU1h'lut'l' 

4w&fwtf.w.irhrp : bw'lfiut'l, 1tUtf'l"'rLP• ''rfiun-'1rfi4: l,UUZ.-mJ'' 

Rn11, lfb'l.riuJ.nr, l,w'itl!uttf.w'i., 'l,wpw'it, IJ.ui~/r'l. 1 

t~ . 87. ~l."fr'"f! (rw.'J rlnful'w'l"LJ'b) 'l"L'lw~!J'fnul I; Uf. /, '" 9 P"'P 

(.!"L'I ''"ful'"''f"L J'i.} " ' '"· 1,unfiw'it Jr r.w'blJ· (WlfU X 125 (cu'" /j. . t. 
!l."'rJw'bfr)• 

117. lifilOPU.'1-0l•S- HgTe (U.'1.· Vll ll) 

!hpqp~w~wf. fiwm~ntpJntf.f.brp: lllnpu1hutr 'lwJ/r'i. ufi'i.'1 11'i.frw, 

*wrJrnLfilJm'i.e' 2,5 - 3 1 U.'itz i/rf/>mJ" R-l' -39% ("-, J'nfi•r""{nL'i.

u"lfitnut*, ftwJ" u"lfitnw* 'iwrt_but'lnLJb brw'iipif., ~R t_nLbft, /r11.n

"'r""1 t, 'i.Jbf .. f!/rb nbf/>[b.j!rthbf t_nL'itfr, fJwrJrnifilJnLb[! 9wJr ("- , 

eu111 t:.wJ'b1lutmwl1w'i. nbubf/>ft "iw'"*w'itmJ t I fuJ"pfib' "lbm-

9/r1nfr9 piufJ.(' t, ptu19 'tU1luttf.brfi1np9 nL f/(1bbb('ptnp9 9iuJr: 

luwbwmnttf(l : U.11.11mJ" /;'it 'lfut*ut'it' HNOJ t[hl11nr. /r1w~wmm ,f 
(11w'it11w11, pw9 'JW['t_'itw'lnLJh, ut"i"' brtf15'brut'i.'1 iftum), Wf'.f!WJtu

filfilnL ( bn.nLJ', filnLJL putn), FeCl3 ( fiJnLJl 'JUlftb"''l"LJh putn) r 

a U.r.fwmnttlf.brp lil..Lrp, tlpt.brw1f1hrp qntqm~gmtlp: l!ut'i.r 4Ln

pw /,. *utJ uth4tubnb J./,.br/r uth£_uttnnLJ'i.br , '[llL'fut49nLJ" nL('P2_ 

filht 11Lrfr11'i.brfr f..bm 9utJ1, 2.brJ'utumfi6.ut'itut1p'i. r.1r11rnfilbr.!utl r.w'i1-
.f!ut1. "'JrbrnLJ', 



Swrphrmp.intG.p G.tfwG. tf]iG.hrw1G.hrJi~r 4'itwr"'t{np I; ztfrnfilbL 

"f_hui9{1U1fr r.Lui, npfi9 '1nl"P"''lnfruil! U1U1['pbpqnu.f I; frqnuipn"f_nL

{JJwJp 111. t{"'P'l"''f"LJh bpUlbqfr P"'9"''f"'Jmfi/J"',/p1 

..!wG.fwtJ.w.1rhq1.: '1nl"P"''ln, '1"'l'lml'Lfr1 4UU4-m.J' ~"'l• 'J,,,,_ 
,fr,,,'it1 

(U'l. VII fl) 

!li~q~qwqwG. fiwm~ntp.intG.G.hq1: 1f n'kn'flfr'i,,,,Jfi'k ufr'kqn'kfr,,, ( 'f ,,,J 

~b'l.,} mhmpwqn'k"'Jfr'k), q.,,pJpmfi/JnL'kf!' 1,5, r.'1.'fi/_nLJ I; r.wJbJ,,,_ 

u1U1pwp Lwi/_, f.bpd.mJI!. euui (010) L"'q I; bpf..nLJ UlbzLfrf/>'kbpnLJ 

nL ';,,/;,;<;, I; J'n1frp11b'kfiuifr r.bpd.,/,,,'i,I!, U.'kufrf/>nLJ R-e 35 % I;, 

J'nfr•pwi/_m'k u"lfrui"''f.1 t.R·e filnLJl I; (fr mwppb{'m[ilJnL'i, ,/nlfiP'lb

'iJfimfr ), U1'iJfrqnuipn"f_nL[ilJm'iJe' filnLJL 1 P"'J9 'iJ'fU1u1i/_nL,/ 1;t 1bp.efi'iJ 

11bf/>Lb.[!u'iJbp t_nLbfr, 'fwpJ.[tnLfi/JnL'iJ[/ 9wJ.['' f!"Ul r,,,,,JbJwuiw'f.,,'i, 

ttbztblpfr 'l"'uqnd I; II fuJ'pfr'iJ' pn.[!p-fi'iJt_ 9"',}l' ufrLt{w'iJfrmfr9 ,' 

Juw~wmmtfp: llumJ' I; HN03-e ( d-fr"'J.,,,'i,"'"f.wU111LJ')1 

U.G.fwmmtfG.hr]i 0.1.hrp, tCJiG.hrw1G.hr]i qmqw~gnttfp: F'i..npnz b';, 

f<lfiltlb'l"'t{nc1 .,,'i,p_.,,uinLJ'iJbp, P"'l'"''f "/."Lfrufi'iJ[ilbu1fr'f nL "f_IU£''fbmU1-

'j,,f"''j, l1pq'iJ,,,pJnLpb'J.'i,bp r.bpd.mJ'ni/_1 ~"''l"'q9i/_nLJ !; "'Jl filbLllLC'/i'l-
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1,ft. 88. llJfil'PUlf!. 9l.1/l/burw9{w~ I; 'bwqpw9pwn{ (na) .9..n'lfi 

~w'be. (WU~) -;-.< JOO (cuur t;, ~· U,1lfirJm'bfi), 

'j,/;t'fr nL p'it"'J.fr'it Au-fr r.bui ( 'it'1• 88} 9wJ.p p_bJ'U1uuifrf.,,,'j,,,,Jfrb 

uipU1bufiLt{"'bJU1b uifr"l.fr nu'fnL r,,,,'j,.[!"'t{"'JPbrnL,/1 

Swrphrntp.JntG.p G.tfwG. tf]iG.hrw1G.hr]ig: ~"L'f"''19t{n'J. "'IL [ilb

L"L£'fr'l'itbpfr9, 'it"'qfrwqfruie m"'ppbpt[nuf I; ,,,t[bLfr 9"'.;P R-ni/_, 
fru'f frpb'it 'j,,f.,,'j, J'nlfrP'lb'kfrmfr9' [ilnLJL iiR-m/. nL [ilnLJL .,,'i,frqnuipn

"f"Lfil I ,,,J p 1 

..!wG.fwtJ.w.irhrp: t,,,'ffr"''f' 4UU4-nLJ' ~"'l • lfb'l.l'"'anp1 

119. ltlnlt1TU\.1'1S- CuSe (ll.'l· VII ll.) 

!li]iq]iqw~wG. fiwm~ntp,JntG.G.hrp : 4b.euwqn'iJw1fr'b ufr'L'l"'bfrw , fr
qnJ'npf/> I; CuS-fr r.bui, 'f,,,pJ.pnLfi/Jni'Le' 2 - 3 , r.branLJf! l"'"

Ulpui,,,r.,,,1uii/_UJJ. I; // (0001) m r,.,,(..,,fu 11fruii/_11LJ' I; 2.Lfrf/>nLJ'1 lJ.'L-

2.LfifJ.mJ R-e 29-22 % I; ( fr'Lt"l.bu /u"'Lqnqfr'bfr J'nui), qnLJ'LI! qUl

'b"'t"'i/_nL'L-bplJb"''fnLJ'j, (euw fl/. {J..,,,f'l"l'fr' P"'9 q"'"f."LJm-l1U1'bUJt_

Jnfur"''fnLJb), t.R-1!. nulb'l. !;, "''bfrqnmpn"fnLfi/JnLbf!' 2."'Ul 11ulb'l. 

'fnL'iJU1i/_np l;/f>b'1uint{ ""l.fim"'q/19 J'fr'iJt_/.. P"'9 t{"'P'l"''f"LJ'iJ-11U1£'l'i,.,,

'f"LJht tbr.efr'L ttbf/>L b.eu'bbp t_m.'bfr, q,,,pJ.p11LfilJnLhf!' !!"',}£' , eum 

r,"',fb,J,,,m,,,'1UJ'h nbub/f>fi "l."'mq,,,'brlLJ' I; II fuJpfr'b' r,"',f"'['JUI 'bnLJ

hf!, fi'b t_"f_bu mJ U1h'ffrmfr'bf!1 

luw~wmmtfp: U.nn<,/ b'b 'll'"'q"''it' HN03 ( 'f"l"P2.fr'bbpfr9' P"'n)' 

I<CN ( "'P"''f u /..U19nL,/ ), KOH (11-UlhlfUl'J. 'tnrz "'9"LJ, bppb,/'b tfr 

UJ'l_'l"'·,f )1 

U.G.fwtnnttfG.hr~ 0.1.hrp , tf]iG.hrw1G.hr]i qntqw~gnttfp: /il'frfi/b'J.Ult{np 

r.U1mfrl1'bbpfi "''fPb'fUIUlbbp r.UlpUlf.t[UIJ. nL,/Ul'b'ffimfr, pbp9bLJU1hfruifr 

/.. "'Jl ublb'bfi'l'itbpfr r.bm1 ~nL'fU1q91/nL,/ I; "'Jl ublb'bfr'l'bbpfr ( nL

J".,,'j,'ffruifr, pbp9bu,,,'bfrmfr, l;i/_'fU1Jpfrmp ), bl'l'b,f'i, itwumnLpUJ'bfr 

t.bm t.fr11rnfilbpJ,,,l t,.,,'j,.[!"'t{"'J£'bpmJ'1 

Swrphrntp.imG.p G.JwG. tf}iG.hrw1G.hr]ig: &.,,ui p'bnpnz h'b nulb'l. 

t.R-e, UJ'bfrqnmpn"fnLfilJnL'bf! nL 'l_"L'f"'q9nLJf! "'Jl ublb'bfr11'bbpfr 

r.bm' UIJ'l P"l"PI! r.bz.m,,,9'bnLJ b'b ,/fr'bbrUllf! npnz bll! /.. pU19U1nnLJ 

"'Jl Jfr'bbpU1l'j,b£'fr r.bm bpUI z pnfilblnL (,'j,Ul('U1i/_npntfi/JnLhf!: 

4wG.fwtJ.w.irhrp: Ufibr,,,-11b-flL,fUl'b'fn ( U.p'fb'buifr'bUI ), Uqpfrqb

pnL,/ ( &t[ b11fr UI ) 1 
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120. l:'lli1BP'1S- AgCuSe (llq. VII 11, VII fl) 

Sipqpqwqwf. fiwmqmpjntf.r.hrp: 1/b'lJ /unpw'hwp11w1fi'b 4'"" urb

"'P"''ln'hw1Jr'h ufr'h'ln'hfr.,,, lJ"'i'JpmfiJJnLb[!' .2, r.,,4i{mJ' !; L"'qt IJ.'h2lfi

fPnuf R-l! 27% !;, 'l"LJ'hl! 4rbJ[i ""IP"''"'' l11u1f 1'"'9 'lb'lfr'h, LlR·e 
'blJuturi/_nLJ' !; ( ""IP"'"''t/r9 J/i'ht_"- 'lb'l_'b"'qm'i1-u"l/r"'wfJ), 1u'hfr'l.nurrn

"fnLfiJJnL'h[! 11ufb'l !;' 'fnL'hwi[nr !;fPhl1111ni[' b11f11w'lnLJ'h nL J.frfiJw

"l"''lP-'lnr2 bp.,,'b'f'hbrni/_: 'Lbp.[!pb nbfPlb.[!u'bbr t_nL'hfi, fJwpapnL

fiJJnL'hf! .'!'"Jr !;. {'_UU1 r..,,JbJ'wurut4w'i1 nbubfPfi "fUIU14UJbnLJ !; II 
/uJ'pfr'h' Jnur !; lJL"'nwurutlfiurfi'h nL w'b'b2"''b P"'rJ.r 4LnlJ1f.,,'i,Jrm/r,qt 

luw~wmmtfp: U.,,_'JnLJ' b'i. '1/'"''tw'i.' HN 0 3 ( ""'"9nLJ' ), "'r.f!"'

lwfilfilnL {put9 'l"'pt'bw'fnLJ'j, pfiJ), FeCJ 3 (filmll, 1''"9 'l"'rt'i'w'lm-Jb 

pwn), KCN { u1pw'f 11/,_w9mJ }: 

U.f.twmnttff.hrr lihhrp., drr.brw1r.hrr qmqwq!ln1dp.: z..,,£..,,fr, b'i., 

JfrpJ'b4Jrur"'1/r'i1 r.wp.,,-6.nLJ'i,bpf! lJLnfJJw'bJrur/r r.bw /,_ 'bbp.Jrwl1mJ

'bb11l! nLJ'1u'b'lfur/r '1'"2"'bl'm_J: ~nL'fwfJ9i/_nLJ I; "'Jl ublb'bfi11'bbpfr 

nL bppbJ''b Co-Jr J'fr'bbl'"'l'b/;pfi r.bur: O.[!"P'Jw9J .,,'j, 'lb"l.[!nuf ut'i1,9-

bnLJ !; fJLnl1J'w'bJrurJr1 

SwrpbrntpJnlf.p f.Jwf, Jtif.hrw1r.hrr~r flrnz11ute 11""-"'r I;. oq

'bnul !; 'l_"L'fw4.rJnLJ'f! '"Jl ublb'bfi11'bbpfi t:.bu11 

~wf.f wi1_w.1rhrp: ~brp'"/" ( 1, wp9 ), ll 4pfil1b1•n11f ('1i[b11/."' ): 

(llq. VII ll, VII 'll) 

Sipqpqwqwf. __ fiwmqntp.in lG r.h rp.: Ju nr"''h"'r'I"' 1/r'h ufr'h'ln'b/r w, 

IJu1rarmfil111L'hf!' 2, lJ.'b2lfrfPm.J' R-e 2J % !;, Jnfr1r"'"-'IL'h-bplJ'b.,,

'lnL1'b, 1/ .,,.,.,,J p o.[!u/r'l"'9 .,,J 2L/r fP'bbrnLJ fr'h'lfi'lnfr-IJ"'"fnLJ"', ilR 
t_m'bfr, fi'lnur11n"l !; IJwJ 2"''n fiJnLJl .,,'bfr'lnurpn"f: 'Lbp.[!/r'h nbfP

lb.[!u'bbr t_nL'hfr, 4wrJrmfi'JnLbf! 9"'ap !;, £!""' r,"'JbJ'utur"'fJ"''b n.b

lJbfPfr 'l"'""'IL" !; 11 fr1J'pfi'h' /r'bt"lbu '1LUlnLUU1WLP"'l! /,_ nLJ'.,,'hqfrure: 

luw~wmmtfp: IJ.'l'JnLJ' J.<j, '1P"'4w'b' H N0 3 ( J[i1uJ"''b"'"f"'U1nLJ'), 

"'P.f!"'l"'filfilnL ( "'P"''l qnr2"'9m J), PeCla ( "'P"''l• P"'9 qnr;_ pfiJ ): 

U.f.fwmmtflihrp lihhrp, tfpr.brw11ibrp qmqwq9mtfp.: U.u ublb-

'bfr11'bhpfr' 4L "'m uurw LfiurJr, nLJ "''b'lfrur/r / urJrJ UJb/r ur/r r.bm "'""'l"'9-

'bnuf I; "'lnurpfrnJ'nrfP "''lrb'lwu1'bbp 4"'rpn'bwur'bbpfr '1"'2uibrnLJ': 

SwrphrntpJmf.p litfwf. tfpr.hrw1r.hrr9: ~'b"'r"'qnr !; 2.Jrnfilbl 

/u"'L4n'l/i'hJr r.bur { qnLbUJi/_npnLJ'f! 2"'"' wi[blfi fiJnLJL I;) nL 4ni[bLfi

'hJr l;.bm (11Ld-b'l LlR nL ut'hfr'lnurrn"fnLfiJJnL'ii}1 

.lwf.fwil_w.irhrp.: /,hppw/u ( 1.wp9 ), UqpfiqbpmJ' (?li[b11fi"'}' 
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122. ll-'1lillP'~'1S-Cu4Te3 (U.q. VII U., VII :fl) 

· 3ipq)iqwqwf. fiwmqntp.imf.r.hrp.: Sburr"'P'b"'Jfi'b ufi'b'ln'bfi"', 

fl'"f'JrnLfiJJnL'h[!' 3-3,5, /:.,'l4i/_nul !; l"'"-' U.'h2Lfdpnuf R-(! 20-14 % 
I;, qnLJ'j,(! pnfui/_nuf !; 0firU1'hfi-/fU1rJrfr9 Jfi'bt_/,_ J°U1'i,nL2wfJw'fnLJb

JnfurU1'fnLJ'j,J LlR-1' 2.,,.,, nufb'l !;, "''hfr'lnurrn"fnLfiJJnL'h(!' 2'""' nL

Jb'l 'l"L'hwi/_nr !;ff:.b11urni/_ '1b'lJ.w'hJr4Jr-11b'l'hfi9 Jfi'bt_"- '1"'rt.'h"''l"LJ'b

l1"'r"Jrr1 tbrJlfr'i, nbfPlbJlubbr t_nL'hfr, 4wrJrnLfiJJnL'h(! 9w<Jr !; llL 

1f/rt_fi'b, l!""' r."'JbJwurU11Jw'b nbubfPJr "lw-ur4"''b11LJ' !; II fuJ'pfr'h1 

luw~wmnu.fp: u.,,_'JnLJ b'h 11rwfJU1b \ HNOJ ( "'r"''l bnmJ, u/,_U1-

911LJ' ), HCI ( Jn/ur"''lnLJ'h - 11wrt_bU1'fnLJ'b), KCN ( 11"''b'l"''l' Jnfu

r"''lnLJ'h "l'l"'n1111LJ' ). FeClJ ( J'nfur"''lnL1'b-IJw"lnLJU1 "l'l"'nrnLJ ). 

HgC1
2 

( Jfrrw'bfr-1/"'rJfrr .Jrwn), KOH ( J[iwJw'b"'"l"'"'nLJ' ) 1 

U.r.fwmn1tfr.brr lihbrp., iirf.brw1f.brr qn1qwqgmtfp.: fl'l4"LJ'l"'

'bJ'.,,'b 4wJ .,,'h4w'bn'h J.J..fr .JrburrwJ."- J'"'br"'""'"'/r'1 '"'lrh'l"'"''hbr ). 

'lnL'l"'49 nLJ' "'Jl fdbl11Lrfi11'hbrfr, Bo, Cp-/r r.bur r.Jr11rnfilbrJ"'l r..,,'b-

.f!"'"-"'irbrnLJ, 
SwrpbrIHpJIHf.p f.tfwf. tfpr.hrw1f.hrpg : Cuur "I. fl.wJ11nr/r' 

11frl11ur11/rurfr z.JrnfilnuJ'l! "'Jl Jfr'hbf'"'l'bbrft r.bw P"'9"'ni/_nLJ' b 

.::w&fwq_w.1rhrp: '1nlnrw11n, Ufr11J.m nl1w (ilw"ln'hfrw jt 1,UU1,-

11LJ' ~"'1' 

(11.q. VII 11.) 

!lipqpqwqwl; fiwmqntpJIHf.fihrp.: Op/dnnml'p"'Jfr'h ufr'bqn'hfr"'• 

f1wrJrnLfiJJnLb(! \ 2,5-3, brpbJ'j, 'hqUJUli/_nLJ' I; r.brJ.nLJ' "r4nL nuz

'f m/iJ JnL'b'iibpni/_ 1 ll'b2lfifPnLJ' R-(! 9wJp !;' 16-14 % • 'fnLJbf! 'J"'rt

'b'"'l"LJ'h-iwuwJ' w'b/r {/r'bt_"[bu fu'"J'pwJ pnn'bfrurfr J'nur)• ilR-e 
'blf"'"'"-nLJ' !;, nLd-b'l w'hfr'lnurpn"f !; 'lnLbUJi/_nr !;tpb4uini/_ 'b.,,p'IJ2.,,

lJ"'pJpfr9 J'fr'bt_/,_ 'iJwpb2_'"-'lb'lfi'bf!t tbf'.[!pb nbfPlbJlu'bbp t_nL'bfi. 

fiwrJrnLfiJJnL'h[!' 9 .,,Jr, l'_""' r.wJbJ.,,1nw4w'b nbubfPJr 11wut/_nLJ !; 

11 fuJ' pfi'h' fi'ht"lbu Ill n4J' ut'b/r "'l!' 
luw~wmmdp: U.1l'lnLJ' b'b 11rw1Jut'h' HN0 3, HCI, FeCl3 (hrb

.[!/r9 !;l 4ut"lurnLJ' !;), KOH ±: 
U.f.fwmn1df1hrr lihhrp., dlir.hrw1r.hrr qmqwq!lmtfp.: U.lnuipfrJnrfP 

"''lrbqwur'bbr, r.w-6.wfu pwpwlJ "in ,[iufr'bfilburfr4 4r4'b"'p~nLrb'l'hbp / 
.~11L'f'"//9i/_nuJ' !; "'Jl ublb'i..Jr11'bbpfr' 4Ln4J'.,,'bfrurfr, pbr9buw'bfruifr, 

IJL"'nLuurwlfrurfr, bppbJ'b 'but/,_ 'bwuurnLrw'b/r r.bur1 

SwrphrmpJntf.p f.Jwf. iilt&hrw1r.hrr~r µ'bnpn2 r..,,urfJnLfiJJnL'it-
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I. 

'j,brf!' 'fnLJ'j,e, m!l-btz 6.R·e nL ,,,'i,pqnmrn"fnL{JJnL'l.e pw9w1tnt J b"j, 

,,.._Jw"b'lfimfi 2ifrnflnule wu Jp'i,br,,,L'j,brfi t:.bm1 

4wlifwil_wJrhrp: Ufibrw· 'lb-fldw'i,q,, (Y.r'lbtmp'i,w ) , Y4rfi11b
rn...J (&1_b11/uu }1 

124. UlUllU\ll-M,- MnS (lLt· VIII) 

!h}tq}tqwqwf. fiwmqmp,1mlif..hrp : lun11w'iiw11'1wJfr'i.. ufr'ii'ln'i..frU11 

4wrdpnL[clJnL'i..e' 3,5, Lwtf !: t:.tz4tfnLJ, t:.bra.nufe // (10U )1 U.'bzi/t

lpnLJ R-e 21-16 % I; , Jnfi1rw'fnLJ'i, (1fnm I; uftutbrfimfi qnLJ'b/1'b, 

i[rn,ep-p'h}_ wtfblfr pw9), 6.R-e ;_wm p11L!L• 1•w19 'i..4wmijmJ I; 
fiJ'bru/itutntf, fiqnmrnlif f;, 

'ibp.[!p'i, 11bf/>ib.[!u'j,bf[! JnL'f ftUl'i..tu}_ nL 'JUlrl_'j,W'fltLJ'j,, 4wpJ

('nLflJnL'iJ[!' Jfry_p'b, eum t.wJ'l.Jwmw4w'h nbublpfr 11w11iJ.nul I; IV 
/uil pfr'i,, ifrn.er-fr'ht :ufPLUthr/unfr9 9wt1-r1 

luw~wmnnfp : U.'f'fnLJ b'i, 'lrw4LU'b' HN03 "'- HCl ( p z_ mfi4'i,br, 

ptu,,, t:."'tm'hwpbr1_nLJ' I; umpm4mmptu'h), HgCl2 (c1nLnrzfr'bbpf! 

tuntup_w9hnLJ' b'j, t:.bzm J"'.f!['i/.n'l ifttun.}1 lJmpn<ftmnLptuJfr'i.. futud-w
mnLJ'' aaJ'pwfJfli/.tuJfr'j, "lbrJw'i..'ftu'j,tuLn[! ftwJ' HCl-/t 'l"Lnrz fr'l.bre• 

U.f.~wmnuff.hr}t lil.hrp, J}tf.hrw1r.hr~ qmqw~9mtip: P'i,11rn2 b'i.t 

pwrtult /ilfifJbqtu1/nr 4r4'iiLUPJllLrbtz'j,br, qn'i,tulnLflJm'i,, Po nL Cp-/r 
mr11f.J'tu'i.t 11mpml1mnLptu'i..bpf! 1tL "ffirnl/m'lfrmp brtu4fi4'i.tbrl! tulw

pw'i..'fp'i,p 'lw2mbrnLJ, 'f"L'flU491_nLJ I; Reh , Rd , Ga , SI, Cp, Ag-/i 

Jfr'i,bt"ul'bbrfr• brpbJ''j, [rlblnLpfr'f'bbf'fr t.lim t:.fr'lrnfJbrJ'tul t:.iu'b.eiu
i/.tuJ!•brnLJ: 

SwrphrntpJnt&p f.Jwli J)1f.hrw1&hrjlg: ~'i,wrwtf.nr t zifrnfJhL 

Sl-p t:.bm ( "'l tupw'i,'lfr'j,l! nL'i,p tutfblfi ptupa.p R nL J'nL'l lttu'btu}_ 

'j,br.eft'b nblJ.Lb.J!u'bbp }: 

4wf.fwil_w.1rhrp: U.[tuptu'h'fb ( ftJ'nL['.[!/itu), Orfi9wpw ( Ub.eu/r-
4tu), ),,w'Jpturl' ~uu4.,,.J' '7-tuumtuftbrm: 

(lLt· VIII) 

:bpqpqwqwr. fiwmqntp.ini f..lihrp : lvnr w'biur'ftutfi'i, ufr'hqn'i..pw' 

ltwrornLfJJnL'j,[!' 6-6,5, t:.w6w/11 npn2 z_u1pntf Jtu'l'bfruU14w'i.. J;, f> 
1nturpbr11Lf1Jn<"ir pp4upfifrmfr, up1111u"lwu1p111p Jbp_ Mn-fr J'p .!tuu{!_ pqn

Jnplp a.lr.ntf mbtztu4tuLiJ.tu'1- !: Ca-nt[. ptu9/r 'fptu'i,Jr,9 ufrmUl"ffrrfime 

untfnrwpwp ltub'bnJnrfP I;, ftu4 Pfr4uppfrme' fr'1frnJ'nrfP1 lJ.'j,2LfrfPmJ 

R-e. 22-16 % I; { Jnw I; 1'('1UnL'i..pmft R-p'i..) , pw9 Jnfupw'fnLJ'j, 

f:, 6.R }_nL'i,fi, f•qnmrn"l !: i1tuJ brpb,j"j, z_tum fl"'-ll iu'i.tpqnmpn"f' 

'ibr.efr'j, rtb!f>Lb.eu'j,/;(' }_nL'i.Jjz, 4wf'Jf'nLfJJnL'i.J[! pwpa.r I;, (!ULn t.wJb

iltumtu4W'j, nbubf/>fi "{w1nftU1'hnLJ I; VI /uJ'pp'i..: 
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luw~wmnnfp: ll.q111nJ' J;'j, 'lr"'4w'j,' HF 60 rn"lbnLJ ( 11mr11L4-

urnLrw), SnCl2 ( wcnmJ I; 'ltu'b'ftu'l nL [JnLJL)• H2S04 /umw9wJ 

4,,,J H2S04+H20 2 LU'f!JnLJ L'j, wrw'l u/1mW"fUlrfimfr 1.rw NL 11w'l.

'lw'l !.. flnLJl pfi4urfifiurfi 1.r,,,· HCI nL HN03 "''l'f"<J b'j, ufrww-

lifwr/iu•/i 1.r,,,, 
U.f..fwmnttilihr}t lihhrp, J}tlihrw1f.hr}t qntqw~gmtfp : Ufrm"'"l"'-

rfime 4LU'l_J'n<J' /; l1uL"imJnrfP• fru4 pfr4upppm[! fr'lpnJnplp f.,,,m/rlf

"bbrfr "''lfb'l,,,m'i,br: .<tnL'lw49 1_nLJ' I; Br, Hausm, lb, hem t:.bm 

'i..uu11_wd-,ewifr'j, JbmwJ' nplpfrqU19tf ,,,J t:.U1t,ewt[wu1br11LJ' I 

Swrpbrntf>jnt&l1 f.Jw& J~f,hrwlr.hr~9: llfrmw"{tu[•ptn[! (pfi4u

pfrfrme) /:,'l1Lurwtf.11r I; 2if1nflbl /'flUnL'i,frmp /:, /;m ( fr IJILUrf'brnLfJJnL'j, 

f'fLUnL'hpmfr, ufrLnLU"fLUfput/z 1-< -e 1fin.er-fr'i.J}_ Ul1./rlfr f!Ulfa.r f: . "j,4LUm

tfnLJ I; 'lbtzfi'h brw'i1'1), J1UJ1nr11fru1p t:.bm ( 1w[htfr t:.LU{,.IUfu b'j, '11br

.[!P'i, nbfib,eutbre nL 'lbtzfr'i.. hl''"'j,'ll! Ultfblfr ''l'"l''l /; )1 

4wf.fwil_w.irhrp: U pm,,,"lmr ( ~ 'j,'14wumLU'l.}, "I n 11mJ' wup111-f''l• 

/,n'h'Jpw'i.. ( '&1fb'lfrw) , l1wr"'l "'l' U.[tlwum 1 

(Uq. VIII ) 

:bpqpqwqwli fiwm~ntpJntf1f1hrp: 11/UqJiJ.wn I; hp4nL pu"llU'frfrt 

'hbrfi9' t.1.u11Lutftu'i.Ji111Ji.9 ( mbmrtu'ln~11U1fr'i. uf1'11qn'hfrlU} ,,,_ !"'4npufi

mp9 ( /unpw'i,wp'f"'Jfr'i.t ufr'i..qn'i,frLUJfr) . npn'j,.[! t:.1u1[w'i.twp"'(' 1Untu

p_w9bl /;';,, "IP'i.t'f L"LOn<-JfJft mrnl:,Jw"ir t:. bmhiu'h,e11q1 l1tupJ pm.fl1nL"ir[!' 

6, t:.'l4'f_nuf I; t:. frw"i.twLfr , J'w'l'hfru.,,/1.,,'is I;: f:r4n< l' IU'llU'ff'fit.'hbrfi 

R-e J nm I; /r(ttur nL ~20 % I; ( fr'h t "lb" J' w'l'l.bmftmft R-e) , 'fnLJ'j,l! 

JnfurwtfnL'i,-u"lfrmwl1. pwtz w11rfrt 'hbrfr.'1 ,f bite ( PfiPbtztut/.nr t:.Ulnt ,,_ 

1fiu"bfiwe} nL'i..fr .lR nL w'isfrqnmrn"f I; , J l"'·"l! ( f.p J 'bwftw'b qw"i1'l1.iu

t}l!' iw4npufrme) 6.R t_nL'b/r nL pqnml"'"l /;: 

'ibf./!P'j, nb!f>Lb.J!u'i,b{'[! br4nL l'tu'l"''lrfrt'hbrfr f.w.!tup tu('JIU"ir-

4wrJ'frr 'f"LJ'hfi b'b , 4wrnrnLflJnL'be' PIUra.r , cum t:.UIJ'bJU1mtu4Ul'j, 

nbubffi 'ftumfnd b'b V- VI fz1Jpbrfr'i, , 

luw~wmnnfp: P./i{tlbtzwiJ.nr p tu'l"''lr/rtl! {f. u111<-11JIU'iifrme) f 1U1. I; 

/uwawintfmil HF-niJ., t:.fr,j"j,tu4tu"i1 qw'b'ltf.IUa[! ( J'"'l"l'ufrme)' n}_1 U.n 
'i.J11LJ'i.J ctbtuftmpt/_[!_ O'fLnUl'fnrotfnLJ !: 'i..tuk umrnL4LnltL('lU'i.J /:, lUJLn'i.Jtu

pbpb[nL 'i,"fWLntu4ni/.t 

U.'f'lnLJ' b'i, '1-P"'4"''h' HCl + SnCl2 , H 2S04 + SnCl2 . H 2S(\ + 

+H202' 
U.f.fwmnttff.hr}t lihhrp, Jjlf.hrw1f.hrjl qmqw~9nttfp : '-lwqiln<-J' !: 

oulnurppnJ'nplp 4wJ' 4Lnrwa.t.. t:.iump4'bbpfr w'lrb'lwm'i..bp, nrn"b9nLJ 
:W9 
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P"''l"''frfrt'iibr1/'s J/;~l!. (t:.w11wJ'w'i..Jiurl!.) 11L'i..fr filfr[Jb'l_uil{nr 4wnnL9-

i{ wd-.[!t 

!J.nL'fw4siJmJ !; Hausm, lb, Br, Mt t:.bm u~wn'i..w1fr'i.., Jb.: 

urwJnrf/>frqw9qwd- 'i..uu1i{wJ.pw1fr'i.. 11L t:.p'frn{JbrJ'wl t:.w'i...ewi/...,i

rbrnLJ1 
Swrpbrntp,Jnth(l &JwG. dp&brw1f1brp~J= ~'iiwrwi/.nr f; zifrnfilbl 

ib, Mt, Hausm t:.burr I• urwI'f•brnL{J J"L'ii "'J'f Jfr'iibrwi'iibrfr •[rb

'fb'i..pnLr11frure 11Lbfr J'fr Ulwrpbrfrt t:.wur4wbp2 \ hpflf'W'l_W'frfrt ~W'f.
J'mfilJnL'i.. ( pw'l_w7pfrt'iibpp9 Jb4(! w'i..frqnu1rn"I. t:.wnwJ'w'i..frm'i.. !;, 

- /;l!~r"r'fl!' frqnmrn"I. nL J'w11'bJiuw4w'i.. 1wl1nf1Ufime)1 

4w&fwqw,1rbr11; (n'i..'fpw'i.., 11..,rwlwl' 

(ll.11.. VIII) 

:hpqp~w~wG. fiwm4m p.Jmhl'.br11: lunr w'izwr'f"'Jfr'b ufi'i..qn'bfrw, 

liwr"rnLfil /"Lhf!.' 6, t:.'lHnLJ' !; L"'i/' J' wq'i..fruw4w'i.. !;: ll.'b2tfitf>11LJ' 

R-e' 17 % , Jnfupwi{nL'i..-u"l.fimwft d/1{Jw"l."''1./i hpw'i..qni{, .lR l."''i..fi, 

fr'lnurrn"I. !;i ~.br.cfr'i.. ,.btf>Lb.eu'izbre J'mq l1wrJfrr b'i., 4wrJrnL

filJnL'i..f!' pwpdp1 euur t:.wJ'bJwurwftw'iz nbubf/>fr 'f•u11i{nLJ !; V 
[uJ11fr'i..1 

luwbwmnni11: U urw'b11 wpm nbw4mfiq'hbpf! J_ b'b wtl'fnLJ t hppbJ'iz 

{JnLJL wq'fnLJ b'i..' H 2S04 , H20 2 , SnCl21 
U.l'ifWlililltlf1brp ol..br11, tfp&brw1f1brp qmqw~9nttl[1 : P'i..npnp_ b'j, 

"1."Lfr'ln'i..wl ~wJ 4Lnrwif.nLh t:.wmfr~'bbpfi w'lrbqw111'i..bp, npn'ii.e t:.w

-C.w/u t:,..,'j,'fbu b'i.. 'lwlfru Pyrol, Lim, hem .f!WJ.[!"'Ji{wJ fuwn

hnLr'ffr db.nijr !l.mqw~9qm.J' !; Br, Hausm, Mt, Mn-Mt·fr t:.bur 

u4wn'bw1fr'i.., JLu1wJnpf/>fr11.w9i{wJ 'i..umqwJ.ew1/r'i.i nL !;4uqwuw9fr

n'i..-'i.uurqwJ.[!wJfr'i.. t:.w'b.ewi( UIJrbpnLJ': 

Swrpbrntp,1n1f111 f1tfwf. tfpl'ibrw1f.brpg: ~'izwrwif.nr !; 2</rn[Jbl 

ppwm'ii/rmfr t:.bm ( ppwnL'i..ftmfr 'hbr.eft'b nblf>Lb.eu'i..brl!. 'fwpt'bwqnLJ'i.. 

L'i.. , Jwq'i..fruw4w'i.. tt ), Jwq'i..bmJimfr t:.bu1 ('i.ibp,efr'b nhtf>tb.eu'i..bp 

}_llL'i..fr )1 

4wli fwtf_wJrbrp: Bw4npupbpq ( &if.b'ffillJ ), (n'i.i'fpw'b, 11wpw'f.."'l' 

~ljlJ~-nLJ' f!..,J.[!b'j,,f ('J.11111filt 'fbUlp wif.""'l"'hf!)• 
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(U'l· VIII) 

:hpqp~w~wh fiwm~ntpJntf1f1br11: ll.nwl1u9'i..mJ !; ~"L"fr'fw[, ifrn

?_b'i..Jw'i.. 4,,,J fil"'·JL pJmrb'l"'!J1aJ "''lrb11wm'i..bp, f1wpJpnLfilJ"''bf!' 

2-3, 'fJntpwpb~ /;t ITJppnLJnL'l_frinfr9 urwppbr1/mJ' /; 2.rfr l/.'fW[p 

"l"'rnL'iiw~nLfiJJwJ[' • P..P"''lr4J,,,'u t:.bmhw'i...p11<{ w'b,9'u11LJ !; "l.firnum

qpmfrr ll.'i..ztfitf>mJ R·e -16 % !;, J'nfurwqnLJ'i.., llR-e nL w'i..frqn

"'P""lmfil JnLbf! fi/mJl b'b , 'j,f;p.[!fr'j, nbf/>[b.[!11'1,/;rt! f[wpJ'['W'l"P2"'ifnL'li, 

bppbJ'j, pw9w~U1JnLJ' b'i11 

luwbwmnufp: ~b;:_u1mfil1wJ'p lnu)i{nLJ' !; HCJ-fr Jb'i_ , wb'f_wmb

l"i/. Cl': H 2S04·fr 'l"l"N.fr'libpf!. fuwdwu1111J' b'i.. t"'"-' 
U.&~wumuf&brp al..br11, tfJ1&brw11'.brp qntqw4gnttf11: 11nlnJ'nrf/> 

~wJ 'l"''l"''j,"'Pl"'r"'l "''lrbqwur'bbr, npn'ii.e IJlllW'f_IJl'i..11LJ b'b Mn-fr 
4"'rpn'i..wmw1fr'i.. ~wJ nfrtfrl1wmw1fr'i.. t:.w'i...ew'i..1mfilbrfr o.eufr'fw9J'w'i1 

t:.wzi(fr'i..1 9."''1"'49</.nLJ' !; Reh, Rd, Pyrol. lim IL o.eufr'f"'!J'f"''b 

'l"'ii"'Jfr ( Jw'i..'lw'i.u.1ifr'i. 'ltfr•wrt1'blipfr) wu 1fp'iibrwl'hLrfr t:,b.,,, 

Swrpbrn1p.in1&11 &tfwf, tfphbrw1f.br~g: 'tpw'i.. ""Lb4Y"'l Mn-fr 
"'IL o$"P'f'bLpfry 11L t:.fr'fro.e11f1'f'i.bpp9 mwppbpqmJ !; wqblfr 9w•>1• 

R-nq, D.R-111/ nL wbfr'l_nU1f"'"l."L{JJ.,,'j, w11111/1-C.w'i..n1/, fr'ht''/bu 'l,Ulf, 

~wJnLbnLfiJJwJ'p H20 2-p "''l'fbym{J1w'i.. 'bl1wmJ'wJp1 i\1n-fr 4wrpn

'i..wm'i..b{''j, m ufilfr4wLn'ubpf!. 11L'iiL'b 2"'"' wif.btfr 9"',}l' R. fr114 l1wr

r11'bw111'bbrfr t:.wJwr, r•wsfr "'l'f• 2wu• p'iinrnz !: ""fl"z t.R-e, 
4wf.fwtf_wJrbrp: flwp'i..11~fr, 11e'l.frt-Swz ( Z..w1•wi(. lhrwt)• 11/n

L"L'bnt'i•fi• !lfrwmmpwr 

129. 9.PU'i.lilM,JiS- (Zn, Fe, Mn)(Fe, Mn)i04 (!Lt. VIII) 

!bJiqpqw~wf. fiwmqmp.imf11'.br11: lunpwhwf'l'"IP'j, upb'f11bftw, 

~w('JpnLfi/Jm'lie' .'i,5, brrbJ'b 1fwq'bfruwftw'b b ll.'iz21ftf/>111J 1~ -e 

14 % f;, J11fr•rw11m1'i.. (•frn.er-fr'iit J'mq t uf/>1ulbrfrmfr9)1 D.R t_m'hfr, 

fr'l""'P""I. !;: thr.efr'i.J nbf/>1b.e11'bbrf! J'11L'l ~,,,rJfrr b'b, 4wpJ1111L
fil JnLhf!' pwpap, /!""' t:.wJ'bJ wmw/1,.,<;, nbubf/>fr 'J.w11i{nLJ' !; V fuJpfi'br 

luwbwmmtf11: SnCJ2+ ( P"'S 'fwpt_'bw'l"LJ'i.. q11un, "Pl!. Jw.er•-
1/mJ' !;). W'l_'fmJ' f; {JnLJL, P"'J9 t:.wJIIlhwpbpmJ !; qn'bwtnifi/J11Lb(! 

m 4r~'bwpJ"Lrb'1."'Jfr'b ~wnm9qwd.[!p /!.""' (111 ): 

U.l'ifwtnnLtfl'ibrp O.hhr11, tfJ1~brw11'.brp qmqw4gnLtf11: fo'ffrnJ'npf/> 

t:.wmfr~'itbrfr w9pbqwm'i..bp, f/>rw'ii4ifr'bfruifr 'fwzmbpmJ' 'ffrmi{nLJ b'i.. 

Mt-fr, Hausm·p 4wJ 2"1.fr'i..btfr "l.P'j,'f lnLtJm!fJ'bbpfr mpnt:.J'w'i1 
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umrnL~UJnLpw'bb/'1 R11u1-~9tfnul !: Hausm, Br, Mn, lb, Znk r:.but 

uf11111tbU1Jfrb nL ,/bui111J"nrf/>Ulc}-frb li.U1b.[!lllt/.1111rbr11L,/I 

Swrpbrntpjntli[l lii.fwli i.fJilibrwtr.br}ig: 1,'b,,,rwtfnr !: 2ifinflbl 

J111q'bbu1fruifr t:.bui, npf!. fr uiwppbp"'-{JJnLb f/>r111'b¥Lfr'bfruifr 'bb(t.pfrb 

nbff>Lb.p.u'bbp tn'-'bfr: 

4wlifwt{_wJrbrp: :hp,,,'blufr'b-:hb11'i,111u ( 11.ll't )1 

130. IJ.O'l-O'iJl>S- (Mn, Ca)Si0 3 (U'I: VIII) 

:hpqp~w~wli fiwm~mp.intlir.brp: Srfr~Lfr'hw1fr'b ufr'b'ln'bfrw, ~wrc}-
rmf/JnL'h[!' 5-5,.'j, U.'bzLfrf/>mJ R·f!. 9-8 % !: ( uf/>wlbrfrmfr9 'l'fUI• 

Lfrnrb'b ""'-'I !;), ,/nfur"''l"'-Jb, ti.R z.m-'hfr, bppb,Jb fln'-Jl w'hfr'l.n

u111n"l !;1 '),/,f.[!/•b nb!f>lb.[!ubbpf!.' ""'f'fW'f11LJb 1 ~wrc)-fn'-flJnLbf!. 
pwpar !;, f!.UUI r.,,,,JbJwutw~w'i1 nbuMf>fr "f.UIUl~WbnLJ !: V-VI 
fuJ pbrfr'b: 

1uw~wmnuf11: HCl·fr9 .[!WJ.[!"'Jt/.n,_,J !;, UJnw2w9'hbtntf Si02-fr 
u111fru1U1¥ ifinzfr: 

U.f.fWtnnti.fl.br)i li.L.brp, i.f}ilibrw1r.br)i qmqw~!Jntdp: ll.nw2_1119'hn,_,J 

!: r:.n.;. r:.wuifr~wtf nr qw'h'ltf111d-'bbr, wtfbLfr t:.wqtf w'fb"i [ilfr[illuzwtf nr 

11111" "lrfrqJwuifr~ l'l"'-rbrz'bbr, R 11'-'f"'¥st/. 11'-J !: Hausm, Br, Reh, Mn
fr'b 'lrw'huun'bbrfr, Pb, Mn, Zn-fr UIJLL:Pfr'f'hbrfr t:.bui ul1111nbtuJfrb 

11111.! ,/but w,/n r:P,,,c}-ft';, t:.111'b.p.wt{,,, Jrbr"'": 

O.eufr'f"'!JJ,,,'j, 'l."b"'J"'-,f w'by'bnul !; tfbr'h"''1fru1fr1 

Swrpbrntp,Jntli[l lii.fwli i1Jilihrw1libr)1!1: 1br.p.fr'b nb!f>tb.eu'bhrfr 

'l"'-J'hnt[ l1wrblfr !: 2ifinflbl nn'fnfurnqfruzfr t:.bw, "rt! ,,,_';,fr 2 wui 

1u1fbtfr 9111.)-r ~wrc)-rmf/Jn'-'h /,_ nulbrz ti.R: 
..!wlifwt{_w.]Pbrp: 'J.n,_blif.w ( fiu"f"'bfrw ), '1n'bfr'bqb,/ (U.111}, 

Utf_br'IL"tfu~ .ew'l. 2r2iu'bl!., llbraJw'l'bfrwn'lnru~fr ju11L,/pf!.: l,UU1,

mJ' Utfwriu'b9, !l"'J.[!b'b,1, Rm11 

!h}iqp~w~wft fiwm~ntpJntlif.hrp : Or[ilnnnJp,,,Jfr'h ~,,,J mrfr'fn· 

'hw1fr'b (?} ufr'u'ln'ufrw, ~wrc)-rn'-/ilJnLbf!.' 3,.5-4,.5, 'IJ"'-l'"'Pb~ f;, 

t:.hranLJ'l!. !!.um nnJpn!:'frfr (1011)r ll'hztf1f/>11'-,/ R-1!. 9 - 6 % !;, 2wm 

mtlbrz ti.R "- nLJb'l ,,,'i,frqnmrn"l.n'-flJnLb, 'i.Jbr.efr'b nMf>Lb.p.u'bbrl!. 

tf wr'f"''l"'-Jb b'h ( 'ffruitfn,_,J £';, "t pnLnr 'fb"l..ebrn'-,/ ) r '1wr.;.r"'-· 

/ilJn'-b[! ,/frlfr'h !; , f!Uut t:.wJb,J wuiwl1w'b nbub!Pfr 'f"'ut{nL,/ !; Ill-IV 
juJp.brfr'b: 
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luw~wmnu1Jl: HCl•nu/ UUJtz(! tffr-6.,,,¥nLJ l"'-c)-t{nL,/ !; 'f"'b'f"''l' 

uw¥UJJb uiw.p. [il[ilt{fr ,/b2. l"'-c)-qnL,/ !; fr'burb'bufrt{npb'b, C02-fr w'b-

2. UIUI ,/ ,,,,/ p 1 

U.lifwtnnuil.br)i li.L.brp, d)ir.brw1libr)i qmqw~!Jmdp : IJ.n.,,,2.,,,9-

<;,,,,_,J !: r:.,,,uifr~"'tfnr 'l"''h'ltfwc}-'bbp, ~nln.fnpf/> ,,,<;.,2.,,,urn,_J';,br• qnL

lf"'~9iJ.nul !; "'Jl ~wppn'bUJwbbpfr 1 ttn'fnbfrurfr, "'l"'P"'b'ffr'bfr, [ilb

l"'-Pfr'l'bbrfr, un'-t:Pfr'f'bbrfr r:.bw "fr'lr"flbr""'L r.,,,'b.p.wtf"'Jrbr"'" 

fl,,,,/ wnwb9 flbl"'-rfr'f'bbpfr nL urt'-t!f>fr'f'bbl'fr 'huurt{wc)-.p.wJfrb t:,,,,'j,. 

.p.wtfwJrbrn,_,J, 

SwrpbrmpJntlip lii.fwf. d}ilibrw1librp!f: 1,'b,,,rmtfnr !: 2ifin[tlbl 

'bbr.p.fr'h nb!f>Lb.[!u'hbrfr 'l"'-J'hntf ';,,JUJ'i., nn'fn'bfrurfr t:.bw, "fl!. fr wwr-

11brmflJnLb n.n'fnfurn'l.frwfr z.nL'bfr ti.R "'- (ihu.u ,,,tfrqnwpn"f /;: O.p.

ufr'J"'9,J.,,'j, qnbwJni_,/ nn'fnfr1rnqfrmfr r:.w2tffr'b wnUJ2.wbnL,/ b'b ,J.,,'j,. 

'lw'hfr u/._ 'I"' J'hfr o.pufr'f'bbr nL l;fr'fro.eufr'f'bbr ( Jw'b'fwbUJJfr'h 'll!.l

ju"'r~): 

4wGfwtl_w.irbrp: F1nLU1, r.J"'-"• "lfrrb'hb1'bb11 (3>r,,,'bufr111), !lfr

UJutntrw, "1nlnLbnt_bp, U111"f.Ulltl~l1L r.wb.p.1 .9.ft'full 

132. t;Ulllfllllul>S -Ag(Bi, Pb)S" (U.'I.· IX) 

Sipqp ~~l1wli fiwtn~ntp.intG.librp; of' /ilnnntffl LUJfrb ufrb 'fnbfr LU 

!J""'tr 2.brJurnmfr-6.iu'b1111fr'b mwpphf'iu~fr "'- funiuu'bwr'fwJfi'b ufr'bqn

'bfr,,, pwrar 2.brJwuuifr-6.w'b,,,Jfr'bfr r.wJwr, ~,,,r.;.r,"-flln'-'bl!.' 3,5: 

U.'b2lfr:pn._J R-e 44 % J;, 'l"'-Jbf! u"lfr"'"'q fln'-Jl 'fb'lfr'h brw'h'lnt/. 

(fr,/brufrw1ntf)1 fi.R·f!. fJ"'-Jl !;, w'bfrqnmr""l."'-fJJnLbf!.' 'bl1wuibtfr1 

1br.f!frb nb!f>lb.[!ubbr f_llLbfr, ~wrc)-r,,Lfl JnLbf!.' ,/fr2.frb > f!.Ull1 f:,,,,Jb

,/ wuiwqu.. b nbuMf>fr "f"'ll1~UJbnL,/ !; III fu.!pfr'b { 'l"'lb'it/1mfr9 'hqw

uiblfr pwrar !:) : 
lum~wmmi.fp : U.q'Jm,/ /,'j, 'frLU~w'b' HN03 ( bnnL,/, ul.r.w9n,_J), 

H Cl ( "'P"''l ukw9nLJ ), F e Cla ( pw9 'fWrt_bw'l"'-Jb p frc)-): u mrnL~
UlnLfLUJfrb fuwc)-wwm,J' HN03 , HCI, l1w,/ wtfbLfr L"'tf' KCN: 

U.lirwmnti.flibr)i li.L.brp, d)iG.hrw1 libr~ qmqw~ !JillOJl : U.'b~w'bn'b 
qub'hn,/npf/> w'h2wmnLJ'bbr 'l"'lb'bfrwfr r.LUwfr11.'hbrfr ,/frll.r.1 8,,,'b9w

t/.nr - flfrflb'lwtf nr "'""'2."'9"'-J'bbr' flfrflb'lfr~'bbpfr Jfr2.LU'b~J"'l mw

rw.,.mfl1m'b'bbrniJ' 'l"''bt{nLJ !: 'l"'lb'hfrwl!. "r"l.bu AgBIS2- PbS-fr 
"ffrb'f Ll1Lc)-11LJ[ilfr mrnt:.,/wb "'/''fJnLb.[!t ~wbwfu /:,Wb'ffr"fnL,/ Ub qn

bwl wb2_LUUJnL,Jf.br1 RnL'fwl19t{nLJ !; 'l"'lb'bfrwfr r:.b1111 

SwrpbrntpjntG.p G.tfwli d)ilibrw1&br~!l: 'J.LUlb'bfruifr t:.bm p'bnrnz 
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"'""''1 L"LJ nLJP/i Ulflnt:.J ..... 'j, umrm4urntrw'hbrl! nL 'bftwinhifi w'bfi

'f_nurrn"fnLP JnL'bf! urwrpbrnuJ b'j, 2'"Ufptufi1fitnf!. 'f"'lb'bfimfi9 nL 'ftu
lb'iJfimiu'bJ w'b Jfi'bbr1ui'hbrfi91 

4w&fwtl_w.irhrr: (;'""iP"'fi' (µw1b'i1, 'l·fh1.): 1,lJU1,-mJ' l1w1w

im- ('1'iur'"L'"'IJ'"'l)1 

(ll.q. IX) 

:hpqpqw4w& fiwm4ntpJRt&&hrp; lfn'iJnfu/1'iJ1u1p'iJ up'iJqn'bpUI, 

't'"l'JrmPJnL'iJf!' 2-2,J, t:.'I'tt/.NLJ I; zww iwtJ., t:.bramJp 'j,/L'"'""Lr 

ti 11.'bzirf/>NL•l R-e .J3 % I;, 'fNLJ'bl! u"iP'""''t ( /!.""' R-/i llL 'f"LJ'bp 

'l'"lb'ilpurp 'btfiu'bwft'b 1;), tiR m w'bpqnurrn"l.111-fJJNLhf! 'ill1wmbip b'il: 

~·hr.er'h 11bfhbJ.!11'ilb,. i_NL'ilj,, ftiurJ-fmLPJ"L'bf!. 9 wJr I;, l!."u' t:.wJb-

1fiummft111'il nbubf/>fi 1wui/_mJ I; III p1Jpp'b ( ifrN.JJf•·fi'bt wtJ.bifi gwJr 

ft 111J Juur I; fi1'"Lftn"fprf1mfi'il, 'l'l'"LfiNrb'il ulf>U1Lbrfimfi9 gwJr ) 1 

luwbwmn1tfr: U.1l'1n1J b'i, '1/""'t'"'il' HNOJ ( Jnf11rLUtJ.m'b-11 wrt
'ilw11nLJh 1frwn ), FeCJ3 ( '"'l_'lntJ I; fdm JL }: 

HN03-/i juwJwmnLtfNi/_ t:.w1m'bU1pbrtJ.Nuf I; p'i1nrN;_ t..branr rle: 

U.&~wmn1tf&hrp lihbrp, tfp&hrw1f..hrp qn1qw4!lnitfp: U.[N"'f'/11•-

,f,,f,q, UtnrNL'ttnntptuJ/ih '"'frb'fUIUlhbr, fifbp{J111i/_Nr U1'itl_LUU111LJ'iJbr, 

'L""-'fUlftgtJ.11LJ I; '"J'tfr'ilfrmfl, r/rU1f111mfi'bfa /,_ UIJl Jfi'bbrwl'hbrfi t:.bu11 

Swrphrnip,1ntr•11 rniw& tfp&hrw1&hrpg: Uu""!'l NrNzJw'b t:.Ul

JU/r Ulhf.,pu,dbzm /; ftwUlwrbl nb'bm11b'i-numrmfJtnNL[llUJfi'iJ numuf
'j,Ulll" rm /iJ-JnL'i.,'j,/, f' t 

i w&fwt!_w.1rhrr: U.uwu4w, '1U/rU1.!U1qwr : 

(U.'l· IX) 

:hpqpqwqwr. fiwm~ntp.int&lihrp : o,.p11nntf1•U1Jph ufi'b'ln'bfiu1, 

'1""f'J-[inLPJNL'b[!' 2- 2,.5, t:,'l'tt/.nLJ I; L'"t/.• p'bnf"'2 I; t.branLJft rw-
9'"1t"-" J NLP JNLhf!l 

U.'bztftl/>NLJ R-1!. -43%, 11nLJhf! u"iftur111ft {tlnLJL ftrbJft hrw'b

'l"t/.' tiR NL 111'b/r'1.nu1f'n"im/J1m'ill! pNLJL J,'j, (frJbrufrwtntJ. 'bftw
mblfi b'b): 

'ibrJ!ph nbf/>i•.j!U~tbr i_NL'bp, ftiur1JrnL[dJNL'iJ['\ ,'JUI.Jr, ['UUI t:.w

JbJtumtufttu'b n.bubf/>fi Uftuurft,,,'iJ11LJ I; II furlpfi'b , 'l'"lb'ilfimfis pn.[!r
fi'bz 1•wrar 1;, 
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Jowbwmnuip: U.1nmJ b'iJ 1rwftw'il' HN03 ( wrw'l ""'".'J"LJ, 

h1111LJ }, HCI (11-w'b'lw'l 'lb'l'iJnLJ I;, Jw.(!rt/.11LJ I;), KOH {um1.1.1• 

y111J ( piu9 'l'"rz'bUl'fnLJ'b tfrUln, JpU1ttU1'iJw"i'"'"'nJ ): 

ur.~wmnuif.hrp ol...hrp, tfpr..hrw1&.hrp qntqw~!lnttlp: lf w'il11 w/ilb

L'"t/.nr nL -6.U11t1U'f'"JfJU1tJ.nr '"'lrb'lwm'bbr, J,N,bJ'i, uJnL'bwat .. pJNL

rb'l'iJbp1 'Pu1J.IJU1Jt/.NLJ /,_ ifbr I; LUtti/_m J p'iJU/Jfi'il BL 'fUllb'bfimp nL 

wub'l'iJwa£. w'bfiqnmrN"f u"ifiuriuft Jp'ilbr'"LP ( ?) {uw1thnLr'1P' 'ilftw

fUl'frtJ.U/J b'iJ ftn'l.'"LP'"P mb'IU11tU1Lm.J'ilbr pp111f11Lmp fJbinLr'11'bh

rNt/. NL JprJhftptnU1Jph ~LUfU1-6.11LJ'iJbr lfLUlb'iJptnp /,_ 'f'"LbhNppuJ11L

Utptnp f.bur z 

~NL'fwftgqnuf I; Ga, Bsm, fiiLim·rr'l'ilbpp , p'iJwJp'iJ Bi. hr

pbJ'l. Lel-'7 t:.hm: 

Swrphrntp,Jnt&[l f.tfwf. tfpf.hrw1&.hrl1!1: tJw'b u"iP'"'"'l Jp'ilb

f'"l'ilbrrs uttuppbri/_uL.J /; /tlnLJl tuhp'l_nmrNUfNL/iJJLU,/fl nL fl'j,N['N2 

.(!'"J.[!U1J,/wJp ( wnwl_wg'iJ,,LJ I; Jw'ilrwt.U1mpl11utJ.n1• p'ilwJp'il Bi , Ga 
"- '"Jl Jp'l.brwi'ilbrfi {11umhnLr'1)' 

4w&fw~w.irhr(1: ,'/,UIL"L'j, (&ifb1/iLU), Srw'ilupitJ.w'ilpw, 11n11wtfw 

( IJ'bJ.!uftftw): l,UU1,-NLJ' '''"J"'l"L ('1'wr'"L'"'IJ'"'l. ) ' 

( ll'l· IX) 

:hpqpqwqw& fiwm ~n tppnf.f.hrp: lf n'bnftifr'bw Jfi'b ufi'il'fnhp"-"' 

liwrJ rnLfd JnL'b[! 3, t:.wmftnL{J 1nr.'b'bbre ,f w'brw1fiwwftnif Lr/it/. t b'b 

nLUnLJbwu/irtJ.UIJ: U.'ilztfif/>nLJ R-1!. ~41 % I; ftwJ 1frn.er-fi'bz. wtJ.b

Lfi f'Ulrar, JN/urw1f11L'b- ""iP"'Ul't '1U/rt'ilU111nLJb brw'b11nt/. ( P''"l'tN

"i/irfimft t:.U1JbJwU1), tiR-1!. fJnLJL I;, U/'bfiqnmrn"inL{JJm.'be' 'b/l'u

,,,blfi, uU1/fU1J'j, U1nw'b9 'fNL'iiwtJ.Nr l;f/>bll"'P' 

tbp.j!fi'i, nbf/>[b.j!u'bbr J_nr.'bfi, ftwrJrm/JJ11Lh['' gwJr, f!_Utn t..m

,f/;JwU1tufJw'iJ nbubf/>fr t.wi/_w'bwp.ur "ibm.[! I; 'l'""bl II juJpfi'b1 

luW~W\DllU.f J1 ; fl•burf1mfitJ.'bb r/i LU'flfh911LpJm. 'j,l' llLUTIL J'j, tuuprt/. tuJ 

U.&fwmnttf&hrp ohhrp, tfpf.hrw1f.hrp qn1qw4!Jmtfp: F'bnrn2 ft'iJ 

iuub'l'bwd/,_ PJ"Lf'b'l'bbr, NfNh.j! qnL11wftgqNLJ /,'j, Cu--Bi '"Jl /JNLL

f/>ww'lhrfi, Bsm, Cp, Py, SI, Ga-fr t:.hin: 

Swrphrnlpjntf.(l f.uwli Jplihrwif.hrpg: t11w'b 'ilJ'w'b Cu - Bi 
,/ 1nw uNLL/f>"' Ul'fbrfi 9 m wrpbrtJ.nuf I; '1 wr t 'bw'lNLJ'b J, 11w'b11mf nL 

{uwJ_wdk 'bfiftNL'bbrnLJ qm'bwtJ.nr l;f/>hftinft pw9wll"'JnL/JJwJp1 

4wf.fwt!_w.irhr(l: lJ'ftuNLrfi-llwJh ( 11NLnrw'1N)r l,UUl,-NLJ' !J.n11 
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136. Sl>U•S- PbSnS2 (lLt. IX), 

!L~q~~WqWb JiwmqDLpJDLbbbrp: 0/•[ilnnnJpwJfr'i.. up'i..'fn'i..pw 

4wrJrnLfilJnL'i..[!' 1,5, r:.1141.nLJ' I; pwi[w4w'i..fr'i.. iwiJ., r:.bpAnLJf!. eum 

(001)1 U.'i..zLfrf/>nuf R-e 38 % f;, 'fnLJ'i..l! ""l.fimw4 lwbJfr-i/."'r'l-"'

'ln'-J'i.. bpw'i..'lnif ('lwlb'i..frmp r:.wJbJwm r:.uiJ"'pjw 'i..nLJ'i.."l.bu pw
9 

I;, 

uwl1w1'il fn.[!p·fi'i..t 'lb'l.'i..wifnL'b. f/>rwill1bfi1nfi' Pb5Sn3Sb
2
8

14 
r:.ui,fb

Jwui uiifbLfi P"'9 I; "'- 'Jb11f'i..): D.R-e [ilnLJL I;, P"'/9 nulb11,,,'imLJ' I; 
fiJbpufiwJniJ' II (001} UUJ.frUlw~ I; P"'9 'lb11fr'i.. bpw'i..'lnif, _L (001} 

""ffruiw4 nL pn.[!r-V"t wiJ.bLfr pui91 IJ.'i..fiqnuipn"fmfilJnL'i..f! 'i..4wuiblfr 

!;- bpf'i..b piu'i..'I 'f.nL'i..wif nr I; f/>b4m'bbpnif 1 

"ibpJ!fr'i.. nbf/>lbJ!u'i..bp l_nL'i..fi, 4wpJf'mfiJJnL'i..f! 9 wJp /;, {!lltn 

r:.uiJbJ'wu1ui4w'i.. nbubf/>fi "l."'ui4ui'i1nLJ I; J- 11 fuJ'pfr'i..' uf/>wlbrfr· 

urp9 zuim uiifblfi 9wJp /;, P"'J9 f/>pLU'i..~bfimfr9 f'"'f'Ap1 

luw~wmnufr. : U.q'l-mJ b'b 'l-P"'4w'i..' HNO:J (fil"LJL 'lnrz"'9 mJ), 

HCI ([ilnLJl P"'9 'f'"rt'i.."''f"LJ'j, T"'n), FeCJ3 ,,._ KOH ± 1 

ll&fwmn1tff1br~ 01.brp, J~&brw1f.br~ qn1qwljgn1tf11: ii'fr[ilb11"'ifnr 

r:.wmfi4'iibr/i '"'lrb11wm'i..br hppbJ'i.. 4rl1il"'Pl"'-rb11"'9"'J1 l../i"in'fb'i.. 

"f"'l'fw'b'i..bpnL1f r:.w{,.w/11 mb11fr nL'i..fi uifilfrui/i uib'l."'~"'LnLJf! Cs "L 

Ga-fi fuwn'i..mrpif, fr'i..t"lbu 'i..•u"- SI, Vz, Py, Mr-nif1 OJ!ufr'lws

J,u'i.. 'fb"IJ!nLJ ""'"''l.."''i..mJ b'i.. Cs-fr J'LU'i..puir:.uJLnfilt qw'i..'lifu><}'i..br 

w'i..'llb'l.fruifi, l'"f'"'l.fuir "- "'!L /:,,fr"lbr'lb'i..' Jp'i..brwl'i..brfi r:.bui1 4w'i..

'lfr"fnL,/ I; nrnz /:,,fr'Jrnfilbr11fwl1 'flfuwifnf'Ul"fbu .'J"'J/' f_bf'J'U1uU1fi{,.w

'j,Ul Jfr'i.. un'-l f/>fi'1-//"'""mbpfiu1w1fr'i.. f/>npJ w9frwJp /:,,"''j,J!"'i/ '"JpbrinJ'1 

SwrphrDLpJDLfir. &Jw& J~&brw1&br~g : fi uiwppbrnL[ilJnLil "'IL 

Pfifilb11"'1.11r Jf'i..brLUi'hbrfr "'"'" [ilnLJL t.R. f:,,'j,LUrwifnr I; z fnfilbl 

f/>rLU'i..4bfr uifr r:.bm (1.bpp_fi'i..fau R-e ,,,ifblfr 9wJr I;, w'i1fiqn1nrn"fnL
fil1nL'i..f! w1fbLfr filn'-JL): 

4w&fwqw.irhrp: Ormr11, "lnn"fn ( PnLr•[ftw ), Ufrfun1nb-ll.ifr'bfr 
lbn'i..wz 'l [ilLU'i.. 1 

(14. IX) 

!h~q~~w~w& Jiwm~ntpJml'i&brp: Orf~nnnJpwJ/r'i.. ufi'i..'ln'i..frw, 

'1"'rJrmfil J"L'i..e' 2, r:.bra,,._Je eum (100 )1 U.'bzLfrfPnLJ R-e 39_ 

33 % I;, '1.nLJ'i..I! ""lfruiUI// 'i..4"'mbifr 'lb11p'b br"''i..'lnif, t.R-e 'j,//"'ui

ifn._J I; o'lnLJ nL z "'ui mJ-b11 I; fiJbpufr"'J"i/ (br~"'r"'9 J"''j,l'. II w

ifbl/r P"'9 I;, _L -Jn'-'l• wJ'b'/.iwJ'nL'f 'l/rrJ!nLJ 'i..J'U1'i..1_nLJ I; i{/iu•fr

/ub'i..fimfr "'J b'i,"'P"'9 'lfrrJ!fr'i..). z"'ui nL<lb11 "''i..frqnmrn"I I;' z iuui 
216 

,,,iJ.bifr nulb11, J!au'i.. 1l/11nfrfub'i.f1me nL l;J"l.l b4mfruie. JwpmJ'e m

?.fr11 au'i..4,,,,'j, UIU14. 1u'i..lw1L'i..U1'fJ"'JP'j, 'l-PrJ!nLJ'' ""'n 'fnL'i..Ulifnr lnL

uU1iJ.nr11LJ1 

"ibp.[!fr'j, nbf/>1,b.p_u'/Jb p t_nL'i..p 1 4,,,pJ p11LfiJ /nL'i..f! 9"'Jp /;. [!llln 

r:,,,,,JbJ',,,mw4w'i.. nbubf/>fi "f.WU1/[ui'imLJ' I; lII fuJpfr'i..' fuwl4nqfr'i..fr9 

l' "'rAr I; nL JnuiuiiJ.nrw"l.bu 'i..nLJ'i../! fr'i..t"l.bu pnn'i..fruifr'i..e: 

luw~wmnufp: SiJ.1w(i..bre P"'9"'~"' 1nuf b'i..1 

Ur.fwmnu.f&br~ 0L.br11, J~&brw1&br~ qDLqwljgDLtlp: f:'i..npnz b'i, 

{,."'n"''l"'Jfilwifnr "l.rfrqJ',,,uipl/ ,,,'j,p_,,,mnLJ''i..br, filfrfd"b11fifi..bp1 4w

{,.wfu 1nb11w~wliJ.nLJ I; ( ilqpw"f.U1U1i{nLJ /;) p'i..wJfr'i, B!-nif [ilwfw'i..9-

i{wJ l;J"l.lb~u1puini{ f1wJ' uib11w4wLifnLJ I; iffruibfub'i..frmniJ1 ~nL'fw-

49i{11LJ I; B!-/i "'IL Jfr'i..brwl'i..bpnif, Cp, Cc n11nz r:.fr'l-rnfilbrJwl 

t:.111'i1J!wif w 1rbrnLJ'1 

SwrpbrntpJntf.p &Jw& J~&brw1&br~9: }..'i..wruii/nr I; zfn/ilbl 

/;J"f.l/;4uif!uip /:,,b111 (l/l""'ff'"mpuifr t.R-e llL w'i..frqnuirn"f.nLfilJnL'i..[! 

zwui wif bLfr nufb11 b'i, , r:.bpAnLJ(! 11 b r~wrw9 J' w'i..e)1 

4wf.fwqw.irhrp: f.111Lm, &if wr9ifwl'l-I 4UU4-uu!' '1,wqJ'1u, '1•1111.

J' uLz/u w'i..w1 

(lLt· IX) 

!L~q~~wljwf. Jiwmljntp.]DLfi&br11: o,,pnnnJ P"'Jfr'i.. ufr'i..'ln'i..fiw, 

l1"'rJrnLfilJnL'i..f!' 2 - 2,5, 'l-JnLpwpb4 I;, r:.1141_nLJ I; iJ.iu1n1 U.'i..z Lfrf/>nuf 

R-e ,__,37 % I;, 'ln'-J'i..l! ""lfr"'"'4 [il11LJL 11rbJfr brau'i..'fnif, ti.R-e 

'i..4wuibifr, w'i..frq_nuipn"f•IL[ilJnL'i..[! 'i..4"'"'blfr• fr11~ frJbpufrw1nif' nulb11 

/;t "ibr.[!/r'j, nbfPlbJ!u'i..b{' t_nLhp1 4LUrJpnLfJJnL'i..f!' 9wJp, f!UUI f:,,,,,Jb

JU1u11uftU1'j, nbubf/>/r 'l"'uifn._J I; I fuJpfr'i..1 

luw~WtnDLtl(l: IJ.'l.'l"LJ b'i, 'l-f"'4w'i..' HN03 (bnn._J, ub.w911LJ) , 

fuuiU19wJ HCI ( "'f"''I 'l"rZ"'9"LJ' ), FeCIJ ± (t' "'9 'l-"'rt'i.."''l"'-J'i.. 
1frU1n)1 

llbfWLDDLtlbbr~ ol..brp, J~f.hrw1f.br~ qntqwljgnttlp: f:'i..n/'nz /,'j, 

"lrfr'l.J"'mfriL PJ"Lrb11'i..br ('i..4. 89 , 'i..4. 90), brpbJ'i, l;"fib4ui/rur/r 

uipnr:.n._JniJ. OJ!ufr'l-"'9J"''j, qn'i.."'J"LJ mb11wf1"'Lifnuf I; 4niJbL/r'i..niJ1 

~nL'f"'~9ifn..J I; Pb, Zn, Cu-fr u1nLfPfi'l-'i..bp111[ , p'i.."'Jfr'i.. Au-n1_, 
bppbJ'j, llLrUl'j,UIJ/r'j, fub<fni{1 

Swrpbrntpjni&p &Jw& Jp&brwt&br~g : f:'bnpnz b'i.. "ir/rqJw

uifi/1 "''i..lwmnLJ'i,br zLUm L"'if 'i..l1"'rnblfr fiJbrufr"'J"if t.R-ni/ ( ""i/r
UIUl~iui{nL'i.. ~rbJfr II br~"'I'"'9J"''j,/! nL ""i/ruiwft ''"'J P"'9 'l-"'l't-
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'bw'f"LJ'b J_ 'bpw'b)1 Um{npml[IU'j, b'b 'l."''l",[f!J""ff! llL r.wpw6.r1uf

'i,/,pf! p'bwc}fi'b Au r.bu11 

4wl'ifw~w.irbrp: f>b['Jnqm{ul1/r 1 l1nLfi•[w'bul1fi1 ~l/l/~-nul' -f.w-

2_Wpw'b, l/wJW[llL.1 

t~. 89. /unL'btu:7u1.} r,..,'b/!'u'b,111Lp p (Tn) mbqw~wlnul f!. U1J~p'upmn1/ 

(aik) "tPf'P"'/• "'"''''"'bf. ''""" 
/l.'b21p!/>1 xwo. 'l-,rnufnL2fuw'bwjp r.tu'b(!tul/•1 ~utjf{• uu~ 

(f!.UUI •/., ~• q/tu['n'b/1~Jtu'bp)t 

t~. 90. /1.r~p'bpmp wubq'btu,\I, 

tu'b£wurnuf'b/;l' '[W[b'bnppu ,f .,L -
mpmp 'l"':mnuf (<ln/11l'w'fnLJb}. 

l''"9 rln/ul'w'fnLJbf!.' fuml~"Uf./•

ppm. "/?tu£wptu'bp r,.,.'b/!• ( ~UlJ~) 
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X91t; (f!."UI 11.. u. thwl''"''"''l

J'"'bf.)• 

139. UblfUbilt-S- Pb9Sb8S 21 (1111.. IX) 

:hpqp~w~wf.. fimm~IllPJilll'il'ihrp: lJ n'bnlllfi'i..wJfi'i.. ufr'b'ln'bfiw1 

l1wrc}rmP1nL'b[!' 2-2,5, r.bpJ.11ul£! {!um (ln ), 'fJnLpwpbq f;, 11.'b-

2tfifl>nuf R-f! 36-36% f;, 'fnLJ'b[! u"ffimwq l1w'bwt_wi/_nLb bpw'b11ni/_1 

liR-£! /tlnLJL /; ('bf/'umblfi /; fiilbpufiwJni/_} 1 11LJb'l w'bfiqnurpn"f f;, 

'ibp.f!fi'b nbff>Lb.eu'i..hf' t_m'bfi, qwpc}f',,LfilJnL'b[!' 9wc}p, pum r.wJbJ"w

wwqw'b nbubf/>fi "lw111qw'b11L.! /;II fuilpfi'b, 'lwlb'i..fimfi9 'bqiumblfi gwc}p1 

luw~wmnnfe: 11.rl'lnt.! b'b 'fpwl1w'i..' HN03 (wpw'f c}fiwJw'bw

"lwmnLJ, '""I'" uk w9nLJ ), HCJ ( '"f''"'f• [clnLJl 'lnrzw9nLil ), HCl-Jt 
qntnrzfi'bbrfrs /cl11LJL fum1 

U.l'ifwtnnufl'ibrp lihbrp, tfpl'ibrm1fibrl1 qillqm~!lnttfp: 11.nwp_w9-

'bnL.! I; qb'lli.fiq'i..bp 'liulb'bfimfi t[pw 1 r.wpw(,.nul'i..br 'bpw r.bm IL 

Pb--Sb-/i '"Jl unL[[/>ww'lbl'r llL SJ-/i t.bm: 

Smrpbrntp.intl'iJl &t.iwf.. tfpl'ibrm1fibrp!J: '1-clqw[' /; wwppbpi/_11Lil 

Pb-Sb '"ll unLLf/>ww'lbrfis Ii. umnLJ'l nrnz.!w'i.. r.w.!wr w'i..r.pwJbzu• 

/; qu1mwrbl nb'b111'lh'i..numpnd1mnLpw1fi'b w'bwlfi'l.1 

4wl'ifwtJm.irbrp: Sl'w'bufi [qw'bfiw1 •{nl f/>uphp'f ( ~'"/'9 )1 ~ l/l/ ~-
11Lil' 1J.'lwmbq1 

:hpqp~w~w&. Jiwm~IllpJml'il'ibrp: l/'11'bnlllfi'ilw1fi'b 11fi'b11n'bfiw ( '"ll 

wt[/wl'bbpnt[ op/clnnn.fpw1fi'b) 1 11wpJp11L{clJ"''j,£!' 2,5, r.'lqi/_11L.! I; lwi/_1 

l/.'i..zLfif/>nLd R•[! ~:J6% f;, 'fnLJ'b[! U"ffimwq /clnLJL 'fb'l'bw-qw'bwt_w-

1/nL'b bpw'b'lnt/. 1 liR·[! /elm.IL /;, w'bfiqnmpn"fnLPJnLb[! 'bqwmblfi 

(r.w1m'bwpbp1_mJ h'b r.wmfil1'bbrfi r.wpw(,.11L.!~1hp[! nL qpq'i..wpJnLph'[

'bhp[!• twL1'bwp1nLrb'l Pfi!ilb'l.fiq'bbrfr .!wpnd[! zb'l /;)1 

l,br.efi'b nbf/>Lh.e.u'bbp t_nL'i..fi, qwpJp11•PJnLh[!' 9wJp, eum 

t.wJb.!wwwqw'b nbubf/>fi 'fwui/_11Lil I; I fu.!pfi'b' 'l.'lwlfinrb'b 'l'"Lb
'bfrmfi9 9wJp1 

luw~mmllltfp: 11.rl'I"' ii b'b 'ff''"qw'b' HN03 ( wpw'f uli.w911Lil ), 

HCl /um w,9wJ ( '"f''"'f• P'"9 'f'"pt'bw'fnLJ'j, pwn}1 

U.l'ifmmnttfl'ibrp lihbrp, tfpl'ibrm1l'ihrp qlllqm~!lnttfp: F'bnpnz /; 

/clfi[clh'lwi/_np qpq'biupJnLpb'[w,9wJ w'bqw'bn'b l1w.! q[npwi/_11Lb r.w

mfifi.hpfi 111'lrb'lwm'i..bp1 ~w{,.wfu .J!'"l.J!'"Ji/_nLil Ii. i/_br /;- wJi/_nLJ" 

Ga nL D ]em qw.! Ga nL Bur' Ga llL Bui fuwnbnLr'frl ~nu1wq[!9-

i/_11Lil I; Ga, SI, '"ll Pb-Sb·r unLLf/>ww'lhrfi r.hu11 

Smrpbrmp,lilll'iJl l'it.iwl'i tfpl'ihrm11'ibrp!l: ~'bwpwi/_n11 I; 2•/rn{ilbl 

Pb-Sb '"Jl um.lf/>'"'"'lbrfi t.hm1 Uwqw1'b r.wJwpJw P"l"f'l! nL'bb';, 
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1111/blfi puip/!p R nL "'"-"'2."'9"i1nLJ b'b "'"b'l'i,,,,(j./,_ nL uJnL'b,,,(!£. ,,,"j,_ 

2."'uwLJ"iibr: <J.hnftpn"iipmp t,,,,J"'r p"iinpnz !; flpfilb'l"'t/nr 'trft"ii"'

l'!"LI'h'l"'9"LJf!: UmnLJ'l npnz_nLJ'f! ft"'uiuipt[nLJ' !; nb"iiui'lb"j,m/hmppft 

w"iiuilf.'l.nt[ ( 1hpuib'lr"'J ,,,';, zwm "iiJui"ii !; 1nr•1w"iifimfi"iifi"ii' Pb4AS2S"' 
nr'l!• " ui111ppbpnL{tl JNL'b 'lbnl1rn"iifiuifi} Sb J_p "i"'l'"' "iiuiftmJ I ' 

4w&f:"1lw.1rhrp: U"'L"' (tt[b1 fi,,,), ''hn•fitiL"ii (1'"-L"'"ii1 fi,u), 
~ UO ~-nLJ U.'l_uimbft, ~"1' <J.JnLJ nLz_P,w"iiui 1 

141. l:U'flllbliS1'S- CuBiS
2 (!Li. IX) 

t~. 91. f1pu•f1n111p'i..f!. (bsm) 1;.r"l
lb~111p111p (em), if.p111ftfuh'bft111p (btj 
nL {unL'i..w9w~ ~w'i...[!w'i..;nL{Jp (Td} 
~/,.,,, 'flwi_wpw'i..p ~w'i../!• X 915 (f!_um 

U.. U. :bwpwJwvw'i..ft), 
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U.G2wmm.tflibp!1 ciL.bpe, t1'!1-
Gbpw1 Gbpp q_mqwqgmue: [!•1 pn

Jnplp hrft"'r"'/i'lt["'J- ui"ii2_111wnLJ

"iibp, t.ui6."'/u t1rt1"iiuiptnLrh'l."'9"'J-1 
fJppbJ'"j, wb'l"'ft"'Lt/nLJ' I; p.,,,l_ 

ftn"ff1pfimp, pfiuJnLU1/1"iifi, p'i..111Jfi"j, 

pfiuJ'mmp p1U1nhnLr11fi9 ftuiqJ't["'J

"''lf'b'l"'mnt[ 1 /;{'Pb J"j, bqr"'if11uft-

1[ 111J- !; t[pmf.P,b"iifimnt[ ("iift. 91), 

puft o,eufi1"'9J"'"j, '[nhuiJnuf' mb

'l"'lf"'Lt/nLJ !; f1nt[blfi"iint[1 ~"''l"'

l1f!.'1t/nLJ I; Bi "'IL Jfi'bbr'"L'bhrfi· 

Co nL Ni "'rub"iifi1"iibrfi· bppbJ"j, 

nLpui"ii"'!P"j, P,bJfi t.bm 1 

Swrphrmp-jntf1p &tiw& tfpGh
rw1&hrpg : l;J"llbftmfiuie t,';,,,,pm

t[np I; z_pnflbl ppuJnLm/1"iip, 

ftlw"fpnmfimfi, t[fimfifi.b"iifim/i /,_ rfiuJ'mmp /i1nLh1119UIJ t.wh,eU1'bJ11L

flp t;.bui1 

PfiuJ'nLmf."iil!, p m"'ppbpmfltm"ii !;Jullb!Jmpmfi, uit[hLfi u"lf1-

m111ft !; ( "'""'"j,9 ftphJfi bp,,,"ii'fp ), ~R-e mJb'l !;, r:,,,,(;,."'P, 1/imt[nLJ' 

!; t.hp/J.mJe (// br't'"E'"'.'1J,,,'be) 1 

'1l"'"irnurfim"ii m"iifi 111t[bLfi 9"'Jp R, fiuft "iipui ~R-e nL ui"ii

pqnuipn"fnLfilJ"Lhf! wt[blfi mJb'l J,"j,, .[!"'';, l;J"llbftmpmp'b[!t '1.,pmp

P,b"iifimp t.uiJ"'r p'tmpnz_ b"ii ftLnr111t/nL"ii t.uimfift"iibr, "iift,,,mbifi t.br

/J.mJ J_m'bfi, ~R-e nL ,,,'bfiqnmpn"fmfiltnLhf! z111m uit[blfi flnL!L h'b1 

PfiuJ'uunp P,nL"iiw9,,,J- t.,,,"ii,eiu"iitnLfiJf! uit[bLfi l1uirJ-r !;, "''IL'b'l"'m

"j,brl! "'tnmpfinJnr•:P b"ii, R·e 111t[btfi 9111op, fiqnmpn"f !;1 

4w&fw1Lw.irhrp : U"iiuipbf''l' ll.1r"'uJ,,,"ii: ~UU~- mJ' tuiJtm'l, 

.P."'2."'I'"'"j,, U.'l"'f'"'*' 'J-,,,uu1wftbpm, ~,,,"j,,e,,,t[111"ii: 

(11.t· IX) 

!bpqp~w~w& fiwm~mp-.int&&hrp. : ~b.f!""''l""j,"'!fi"ii ufi'b'ln"iip,,,, 

ftuipJ-pmfltnL"iif!' 3, t.'lftt/nL,f I; f'"'"-"''L"''bfi"ii L"'t/1 U"iizLfifPnLJ R·e 

33 % !;. 'fnLJhf! ""lfim"'ft• ~R-e {tlnL!l !; ( 11LJb'l U1hnLJ' !; fiJ'bpupui

Jnt[), U1hp'[nmpn"fmfil111Lh[! "iiftuimblfi, J,,,pnLJ'f! llL'JP'l ui'bftt"'"j, mU1ft1 

tbp,efi"ii nbfPlb./.u"iibpf! 11pmt[nuf J."j, t.111qt[w11b"i' ft111pJ'fip 'fnLJhp 

b"j,, *"'f'JrmfltnLhf!\ 5111Jp1 f!UUJ t.uiJ'bJ'UIUJUlffwh nbuld/1Jr "fUIUl

ftuihnLJ' !; II - III fi1Jpbpfi"ii ( ? )1 

luwbwmmtfp: lJ.'l'lm.J f."j, '1£'"'4,,,"j,' HN 0 3 ( "'l'"''l ukui9nLJ, 

bnnLJ'), KOH ± : 
U.&rwmnuf&hrp O.L.brp., tf]1Gbrw1 &brp qmq:w~gmtl'p.: U."-"'2.'"9-

"iinLJ !; u JNLhui/!/,_ ptnLpb'J'hbrfi (;,.UITLUl'fUI tfl"'"-"r "''lf'b'f"'Ul"j,br1 

~nL'f"'it9t/"'J !; Djem, Sbt , Bui, Bur, SI, Ga, Cp-/i "- mrfiz Jfi

"iibr"'L'bhrfi t.bm P"''lJ,,,Jbw111'l"'!P"j, t.f.111rn[ilbrJ"'l t.ui"ii.e"'"-"'tr'b
pnLJ1 

Swrphrntp-.]nt&p &tfw& tfj1f1hrw1&brpg : "iiJw"ii !; Jfi 2"'£'.f! Sb 
Pb "'IL umlfP"'"''l"rfi"ii. llUJNLJ'f npnz_J'1u';, t,.,,Juir Ul"j,t.rwJhz_m J,"j, 

nb"iim'lb"iinJ'bmpfift mt/t"'l'hbp1 

4w&fw1lw.irhrp: :t,,,'lfi"''l• Ormrn (flnL"1//•"'), '1.,nlfP"t'bI''l 

(~"'rs)1 ~UU~·mJ' U.'l."'mhft1 



(ti.it· IX) 

!hpqp4w4wr. fiwm4ntpJntf.f.hrp: lf n'bnftif 'kwJfr'i1 ufi'b'fn'bfrw, 

ftiurJ-rn'-filJnL'bf!' 3, '1JnL1•wpb~ !;: 11.'iizifrf/>11._J R-1! ~32-33 % !;, 

'fnLJ'kl! u"lfrmw't, t>R-l.' 'kftwmhifr, w'Ufr'l.nmpn"{nLfiJJnL'i.f! 'bftwu1hifr 

t{iun 'f"'-'j,,,.,[nr !;f/>b'tuimJ' bpft'b"''l'''-(ii·ftw"fnL/UJPB J'fr'iitb. ),nLf P 

"-"'r'1w'fnL1'ii-J'n/up.u'f"LJ'ii1 'ibr.f!fr'b n.bf/>ih.eu'khp l_nL'iifr, ftwpJpn'-

fi/J11'-'i.£!.' 9U1J-r, [!um f.wJ'bJwmiu~w'b 11huhfl.fr "{wrnfiw'iin._J I; II- Ill 
/uJ'phpfr'b' tfrn.er-fr'iit 'l"'lb'bfruifr9 1•wpa.,, I; nL u:/>wihrfrurfr9 'l'lwlfr
npb'i, 9wJ-r: 

hJw~wmnu.ip: 11.'1.'l-n'-J L'k 'lrwftw'b' HN03 ( u~'l.P"'-J 'IUl'ii'lw'l, 

1iw9 J'nfur"''f"LJ'ii pfrrJ-)1 /umU19"'J- 'b1Umr/r11LJ'fr l:,,fr"ln.[!Lnrfrml! 4 

.J. "'Jl'ftJw'knLJ' nLCfh'l fuutJ-wmnLJ' !; /,_ wn.w2. w9'knLJ !; ~UIUfnLJUI 
'f'IL('tifr hpUl'b'fw.J.npnLJ'iibr 1 

lJ.f.~WtnilHff.brp. O\..hq1, tf}i.f.hrw1f.hrp. qmqW~!fDttl(l: IJ.nw2_U19'i.nLJ' 

!; t;,"'"'P~w.J.nr "''ffb'fwu1'iibp, 'f'i.'1wa.1.., brfr~w1Fwa.J.., . ~n'bsb'buipfr~
nfr[rlJfr~ w'b2.wmnLJ''iihp: ~"'-'1"'~94_11LJ' !; Mr, SI, Vz, Au [t1LinL
rfr'1'iibrfr t.hur: 

Swrphrmp,Jnlr.(I r..rwr. tl'pf.hrw1f1hrp!f: " mwrphpnL[il1m'b "'IL 
UllLif/>ww'lbrfr p'knrtnz b'i, 11u1.J.wftU1'bfr'i, f'"'ra.r R-1!, w'Ufrqnmrn"{uL

l't"''j, .J.wn !;f/>bftm'bhpf!1 'iihr.efr'ii n.bf/>ih,eu'iibpfr pw9 "'ftwJ•1Lf'J"L'i,l' 1 
/JmnLJ'f npn2J'U1'j, l:,,wJ'wp w'i.t.pwrfbz.u1 /; nb'iJm'fb'i,nurnpt1LftmnLpwJp~ 
llLUnLJ'iiwufr pnL{iJ JllL 'i, I 

(IJ.'1.. IX) 

!b~qp~w~wf, Jiwm4ntp.imf.f.bq1 : If n'bnfti/i'i11u1fr'ii ufr'i1'l"'i,fr111 , 

~wpJpnLfilJnL'i.[!' 2,5, U.'i.:2ifrf/>nuf R.-e ~32% !;, Jnfurw.J.11._'j,_,,"lfr

,,,w~ ftpbJfi bput),'fni/_ ( 'fwlh'iipu1fr t.wJ'bJ'1um )1 d~-e zwrn {tln1.Jl !; , 
w'b/r'[n rnrn"fnL{iJ JnL'iJf! \ 'iJ~w111bifr l 

thr.efr'i. n.bfl>Lk.eu'iibrl!' ~-rJ'frr 'f"LJ'iifr (frJ'hrufrw1n4_), ftwrd-

1"1'-[rltnL'bl.' 9wdr ~. euur t.wJbJwrnw~w'b n.hub:f.fi "l"'rn~u1'iinLJ' !; 
II /u J' pfr'iiz · 

luwbwmnufn_: fl·bwl•ur'-·''kbpfr b u c 
IC ., , • .,_ "''l'I 9m,- i"'-"l! nLUnL,/'i,U111frr-

4_wJ- l_!;z 

222 

U.&twmnutr..brp. ol..hrp, ii}i.f1hrw1&hrp. qntqlll~!fnttlp: l.wuifr~w.J.nr 
"''lfb'fUIU1'iibr, hpph.rir filfrfilh'lw.J.nr nL "lrfr'lJ'"'uifrft PJnLrb'l'iihp: 

~nL'fwft94_nLJ' !; Pb-Sb wu un'-L:/>"'w'lhr/•, SI, Ga, Td-Tn-/r t.han: 

Swrphrntpjntfip f.tl'wf. tl'pf1hrw1&hr}i.!f: ~-ml1nLfi/JnL'b'iihpm/_ 2wur 

J'nm Jj. 2"'f-l! un'-L:/>ww'lhr[• f.wJ'bJ.um, "il"''ffrn'bfrme nL'iifr iuJ'b

'ii-9wJ-p R·l.'I UmtlLJ'f nrnz.hl t.'iiwrU14_nr !; nb'bm'fb'i,numpnL~mm.

l'"'JP'j, w'b"'LP'l.P Jh__n9n4_1 

..!wf.fwtl_w.1rhrp: '1.,nllp"pbp'f (l.wp9)1 l,lllll.-nLJ' U.qwuibft: 

(ti.it. IX) 

Sipqp~w~wf, fiwm~ntp.Jntf1f1brp: ll'n'bnftifr'iiw1fr'k ufr'b'fn'Ufrw, 

l1wrrJ-rnL{IJn'-'bf!' 1-2, ".bra.,,._Ji!' JI (001): U.'iizL/rfl>n._J R-e 32% 

!; , Jnfr1rU14_1n'b-11"lfrmwl1, t.R-/r fi/nLJL, P"'J9 frJ'hp11t'rw1n.J. 'b~wrnliifr' 

J/ (001) {iJnLJL '1b'l'bw.J.nt'ii, /r1tl1 .l (001) 2wm fiJnLJL ftwUfU1U14_m.'U, 

U1'iJfr'l.nmrn"fnLfi/Jm'ii(! {iJnLJL !; nL 'b~ww.J_nLJ' !; J'fiwJ'k ".wmfrft'iib11fr 

uwt.Jw'b'bhpn1J1 

thr.efr'i, nh:/>ih.eu'kbr l_llL),fi, 'twrJ-rnL{iJ JllL'j,f! 9wJ-r !;, £!.lltn 

t.-JhJ'wd.w~w'b nbubf/>fi "lwml1"''kn._J' !; I fi•J'f'fr'i,' pninr "'-'lb/19"'1. 

J'fr'iibrw/i!brfr9 9 wJpz 

Juw~himmif fl: U.q'J-nLJ b'b 'lf'wftw'ii' HN 0 3 ( 1urw11 'fnp;_w9nLJ'), 

HCl (qnl"f'2fr'iibpf! fr•wawmmJ' h'b)z 

U.f.f~,lJlDttl&hrp. lll..hrp, tl'pf1brw1f.hr}i. qntqW~!fnttlp : ll.n.w2.w9'iimJ' 

!; filfifilb~"'"-nr t.wmfrl1'iihrfr 1uqrh'fwu1'iibr, p'kn11nz h'i, ftr11'iiwptm~ 
r'"J_'kbr nL qn'iJwlutfiljnL'i.: ~llL'fluft94_11L1f t uzfrifrmfr, 9frlfr'j,'J/IPll1fr, 

"'"'rPbr. llntLf/>w11mw'i1wm'i1brfr, Py, ,lv\r, SI, St Lr nLrfrz Jfr'iibr'"L

'iibrfr t;,b.,,, -

Swrphrmp,Jnt!'.(l f.tl'wf1 tIJ1f1hrw1r.hrJ1!1: ~'bw11w.J.nr !; 2tfrn{Jl•l 

mfrifrmfi t;,J,,,,, nrfr R-1! ui.J.bifr pwra.r !;. 'f"LJ'j,£!. w.J.bLfi '1"11fr'i1, 

t;,'1.4.J.nLJ' !; l w.J_, w'iifr'Lnuirn"l"' fi/J"'-'j,l! w.J.bifr 1nrfb'l. !;, -6.J'iJ'w'U 

'tr~'kutpJm.Pb'l.'bl1rl! pw,9wl1w1n'-J' b'i, ( f/>rw'i.fthfrwfr ".wJ'wr zwm p.'itn

rnz b'i.)1 

4mlifwq w.1rhrr: f//nn"{n, /.1wuw'f"'-ut ( Pn ifr•[frw )1 



146. llrlltrll:IOl•S- Ag(Sb, Bi)S 2 (ll'l . IX) 

9.Jiq~~w~wG. fiwm~ntp.iniG.G.br11 : Sl'fi'JLfi'iiw1fi'ii 11fr'ii'ln'bfiw, "·wrJ
r1n[ilJnL'b[!' 2,5, t,bl'J.mJ'e {!UU1 (010)1 11.'bzLfifPnul R-l!' 31 % , Jnfu

rw1f11L'b-uUfpU1w", t.R-(! 'ii'Jwurblp /;, 1u'bp'f.nwrn"fnL(rlJnL'i,[! "fwr'f.n

f'n2 ( nLJb'l I; fiJ' b ruftw1n1_, '-w1ur'bU1pbrifm,/ b'i, '-wurfi"'iibrfi UUlt.

J'w'b'bbrf!. nL "['//'j,WPJ'1Lf'b'l'iJbrf!)' 'ib{'.[!P'j, nbfPlb.[!u'bbrf! 'fputifnLJ' 

b'i, '-w'l.1."''fb"l' J"1n'l 'Jwrt!fir 'lm J'bfi, 'JwrJpm.(rl 1nL'bf!' 9 ,,,Jr, f!UUI 

r,wJ'bilwutw'Jw'b nbubf/>fi "fWur"w'iinuf I; I fuilpfi'b, "lfrrwr'lPl'P"'P9 
9wd-r b 

luwbwmnufp: lJ.'l.'f'"J' b'i, 'lrw~· w~1' HN0.1 (JpwJw'bwUfwur11LJ'), 
KOH ( J[iwJ w'iiw"lwurmJ )1 

t4. 92. U.['w•fwJn/rm[• (pw3 'l"LJ'i.[• P"'l'"'4 flfrflb'lfr4'bbl' 

/, l;J nL[U frw) ulfriu1 ["LJnL.ff/ [• "'l'n r. ,f w'ir uurenL4urnLrw 

'lw[b'b/•m /r 'l"'2mnuf, "l'f!. fuwJww{wJ I; "'{'/!WJwfJfJ{/r 

'l"L"l'2fr"'be,,1• 

U.'i.ufr:f>, >< 105 . ''"'J"'lnL :.w'irl!u•{-. ~~J4· 1111~ 
(l'.um '/. . ~ - 11/wen'l,/,~J...,'J,fr) 

U.&fwmnuif1br~ ilhbrp, tI~G.brw1G.hr~ qniqw~!JDltlp: 11ub'bnJnrf/> 

t.wwfr~tbrfr "''lt'h'lwur'iihp. nrn'it.[! t.bzw I; ztfrn[ilbi 'lwtb'bfiur{r t;b,,,, 

luwl_wdb.. 'bfr4nt'iibrnLJ' t:.w11n'bwpbr1_1nJ !; 4rfiiwf'Jmrl11zw8 nLJ'[! 

II ( 110)1 fTJp'b'f inLJnLJ{rlfi wrnt.nLJ' Ga-ft 'fwzwnLJ {'b". 92)1 ~nL
'l"'"9"m.J' !; Ga, Td, Ag~/r 1nwrpbr J'fr'iibrwt'iibrfr r.bw1 

Swrp hrntpjntfip G.tiwG. tI~Gbrw1G.brJ1!J: ~'hw11w'fnr I; ztfr11frlbl 
224 

'l"'Lb'b/1111/i '°""' ( wru.J"'l"P"'P R·f! wifbLfi 9 wJr 1;, w'iifi'l.n"'rn

"'nLfrlJm'iil!' "fU'J''l.nrnz}1 
4wG.fw~w,1 rbrp: ftn'Jwln, fTJnwn'l.fi { Pnlnifpw} 1 

147. 3U.lfllll'1S- A g 3CuS2 (llq. IX) 

9ij1 q)1~w~wf. fiwm~n~p.imG.G.hrp: '1b'lJ funrw'itwr'fwJfi'ii (?) up'b

'ln'iift,,,, "wrd-r111fl1m'bl!' 2,.'5-3, 'Jnblfi !; , '-'l'JifnLJ' I; t.wJ'bJ'www

pw{' lw1f ( wifblft Lwif, .ewh Cc 111. Ar-e}1 lJ.'ii2LfifP111J' R·[! 30 % !; 

( [!Uur f>. U . '1.,nlfi'iiu/1111), Jnfuru11fmb·uUfpurwl1 'fb'lbwifm'b-ifwr'fw

'fnLJ'j, b1rw'b11nif ( "'f''lh'burpurp "n'l.efi'ii), t.R·[! {rlnLJL !;, "f"'r'I. 

w'iift'l.nwrn"l "Ul~IUll_ w1_m'ii- br14'iiw11m1'b hr w'ii11'"1,brnif m . P"'rwl1 {J fi(rlb

'lwif 11r "wn111gifwd-.cn•f1 'ibr.efi'ii nbfPLb.eu'iibr l_nt'iifi, 'J,,,rJrmfrlJnL
'ite' 9 ,,,Jr, l!""' t,wJ'bJwur,,,/1,,,'j, nbuhf/>/• "lwm4wfinLJ' I; I fuJ'pft'ii' 

Wf''lb'iiurfiwft9 f''"rar !; m.. 'lwlb'"l,fimft9 9wJr1 

luwbwmnufp: lJ.'1.'lnuf M1 'lrw4,,,'j,' "'f'.[!"'l'"frl{ilnL (Jfiwd-w'bw

"l"'urnd), KCN (rim. ('fwh'J'"'l•Jl 'f'"l'l'i,'"'fn•J'j, tfrwn), FeCJ3 ( Jfiw· 

Jw'iiw"lwwmJ), HgCJ2 {'f"'f'l'j,'"'l"'J'j,• J'w.[!ri/n'l tfrwn } 1 (nLJ"P 

"''"" fuwd-wu11frnJ I; wr""l · P"'J.9 '"f''lb'iiurftwfi9 (rlnLJll 
lJ.fifwmnuffihrr Ol..brp, u~!ibrw1ftbrr qmqw~gnu.fp : '1w'l.J'nLJ' !; 

t.wwfr4wifnr wqrb'l,. ur~i.r , ~h,1 bfr~'iLr Lrw~ft"'iibr. ~fiJtw4wtmJ 

h4f'nr'f wtJ.'ii 1111LLfPfr'f'"IP'j, t.wruuru18 1fw'i, 'l.n'iiwJnLJ'1 l.wifw'iiwpwr 

liwr.n'l !; Lfi'i,Ll 'iiwb. t.fr"ln'l/,'j, , !t."''l"''19if11LJ' I; Ga , SI, Cp, Ar, 
p'b"'Jfi'i, Ag, brpbJ''ii zurrnJ'b1brrft1nfi t,bur : 

Swrpbrntp-,Jntfip G.JwG. ifl1 G.b rw1G.hr~g: Bwi"lwfrur/r t.bur t.ii w

f'"''f"f' I; z'/infrlbL "l"LPF"''l.fr"'l! "'- liw'iif/>frnfrurl!: Bwi"lwfrutp '-w
J'wr p'ii"f'"2. J;'j, f.wwfr"'bbrfr p wpw/1 [rlfrfrlb'l'"ifnr 'Jwnm9ifwJ.[!'j, nL 

w'bfr'l.nwrn"lmfrl1w'ii 4w'bwl_ wif 11L'b· br4'iiw'lnLJ'ii 'l"'·J'iibrf!1 

4wf.fw~w.i rhq1: B"'l"l'" ( llb.[!u/i'Jru) , !/.frr1w'bnifu'Jfr ( IJ.Lfrlw1}1 
l,UUl,-mJ'' lJ.fu{rlwiwr 

148. •lJ•S'11ub't.'1S- C u 313iSa (ll'l. IX) 

9.~q~~w~wG. fiwmynip,1mG.G.b r p: Or[rlnrrnJ' pwJfr'i, uft'bp'iifrw, 

"'"l'JpnL[ilJm'iic' 2 - 3 , t.'l.11ifmJ' !; iwif: ll.'hztfrfPmJ R· [! ,...._, 29 % !; 

(fr'bt "lbu fum 'iiw9wJ t.w'b.[!w'b1 rr•frlbrfr'iie} , 11mi 'bf! l1rbJp -J'nfurw

ifnL'it• u"ffrurw4, t. R·[! 2,,,,,, frlmJL !;, w'iift'l.n1nrn"fnL[<IJ"L'ii[!' (rlnLJlz 

'ibrafr'ii 11.bfPLb.[!u'iibr• l_nL'bfr, 'Jwrd-pnL{<IJnL'b[!' 9 w Jr, l!""' '-wJbJw-
'E- 225 
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"'"''L'"'i, nl•ubtf>fi "l"'ur~u.hm J' I; II fuJ'pfi'iJ' p'iJ'"J-fi'iJ Bl-fi9 nL 

l;J' "f lb/1m/unfi9 f'"'f'af' 1 /:,UIJ' uip JUI '/.un Jh(! fi'I, l_ "fbu ~l "'"frnurfi111fihf! 

m pnnhfiwfihf!, '"ifbLfi 9'"J-p, .[!"'';, funLhU19wJ- t:.'"'b.[!'"hJmPLrfi 

n.bubtf>l!' 

luwbwmnnfp: U.'l'l"'J' b'i, 'lf'"'f,UJ<u' HN03 ('l'""'i...mJ' I; 'IUJN_

'i,'"'f"L/h), KCN (b!'i/li'"'f"L/'u l1'"J' 'l"'l't';,,.,'l"LJb t:.'"if_'",,'"f'"'t"''P 

'fnLhU1i/_npnLJ' }: 

ur.~wmnu.fr.hrp. b.1.hrp., J'P,l'ihrw1 f.hrp. qmqwq9nttf r: u """/'"'['"'/' 
"'lnmpftnJ'npt/> t:.'"mfil1iuifnr '"'ll'b'l"'m'iJbp. 'l"L'f'"IJ9i/_nLJ' I; Bi 1ull 

J'p'iJbr'"L..,,bf'fi, Cc, En, 80, Cp, Ba-fi t:.bm t:.fi1r11PbrJ''"l t:.'"'b.[!'"· 

if'" If' bf' nuf 1 

SwrphrmF.Jntl'ip f.Jwf. J'P,l'ihrw1fihrP,9: t.'b•ur"'"-"r 1; zfnPbL 

l;J'"llb~mfimfi rlL IJL"'"ll'"mfimfi f:.bm, ""'~"'!';, "'!'I /,p~mufi t:.'"J'"'r 

/;1 p'unpnz b'iJ "'ifblfi P'"l'ar R·f'· tiR-l! 11L lUhP'l"mrn"f•ILPJnL'kf!, 

iuub 'l'iJ"'alt- "/PP 'lJ' UI mp~ Pl"' rb'l';, brf! I 

4wf.fw~_w,irhrp: i/...JimffuL';, ('&i[wp9if"'L'f1 'J..'H), Fl"' <n: t,UUt.-

11LJ'' &mJ'lm'l, 'fl,,,2.'"f"u'i,, U.'l"'f'"'~' ?-w111nml1Lrm, t,'"5'.[!LUt/.LUh, 

Y.1'1banp, i,LU/LULllLI 

(ll'l.· IX) · 

Sipqpqw~wf. fiwmqntp,Jntl'il'ihrp.: U' n'i...n~Lfi'/..,'"!fi'/.., uf1'1...'l11'lJfiw ,. 

~1u1rJ-pnLPJnL'ii[!' 2,.5, 'IJ"Lf'"'f'bl/ /;: U.'bzLfifPnLJ' R·[! 2[)% I;, J'11/11-

piui/_nLh·u"ffim"'~ IJ"'"l"' 1m hr"'"''l"if ( 'l'"lb'iJfimfi ~"'l.[!/ih ), ~R-e 
pnLJL I;, mJb'l "'"'P'l"'"f'""l' "ibr.[!/ih nbfPLb.[!u'iJbrl! fiJbpufi"'J"if 

Jnf'nL fJ"'pJ'/ip1 ~Ul('J-prn{rJJ.,,5'(!\ 9'"J-f', (!UUJ f:,Ul,fbJ'UIUIUl~UJh nbl

JbfPfi "i"'m~'"';,,nJ' I; I /urfpp'iJ-'l"'lb'iJfimfis 9'"J-r nL "/Pr"'r'lfirfi

mfi'iJ J'nm: 

luwbwmmJ'p : U.'l'l"'.r b';, 'If'"'~"'';,' K CN ( P'"9 'I'"/' t_'i".u'l'" it 
pfiJ-). Ulf.[!"'l ..... PfrJ11L (pz111fil1'iibr, ""'"'r"'.t), HN03 nL HgCli ±. 
nLdb'l l"' J"P mU1fJ p1wJ-U1mi/_1nJ' /;: 

Ul'ifwmnttff,hrp. b.1.hrp., tfP,l'ihrw1!'.hrP, qmqwq9nttfp.: l•qnJbwrfi~ 

t:,UIUJfi~'iibrfi '"'ff'b'fUIUJhbf'l aif_UlatL hbrfUl~llLdbbp llllLL :Pfi1'iJbrfi 

,fb2. nL t:,'"l'"'{,,,ILJ''iJbr 'iip"''l.t9 t:.huu 9."''l"'~9i/_nL.r I; Ga, Prus
Pyr, Td-Tn "- mrfiz Jfi'iibr"'L'iibrfi t:.bm t:.fi'l-r11[rJbr.t'"l t:,,,,<;,J!,,,_ 

"-"'trbr,,,.r, 

SwrphrntFJntl'ip f.J'wf. J'pl'ihrw1!'.hrpg: t,'iJ"'r1.11ifnr I; ;fnpbl 

Prus-Pyr, Fb, Ga, "l"LPP'"'lfimfi nL zmr11J'b1brfimfi t:.bm1 fhrb1-

phr'lfime, " U1UIPf-'"rm·f1J 11Lh Jfi'"r'lfirfimfi, P'l""'rn"l I; nL '""blfr 
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~LUrJ-r. Prus-Pyr-[! nLhfi fi'iJmb'iJufiif_ ';,b('.[!P..,, nblf>Lb.[!uhbf', KOH-{! 
..,,,.LU..,,9 ifrLU '"'l'l"'J' I;. 'l"'lb'iJfiml! fiqnur/'""11;, R-l' '""-"l" f''"l'ar, 

'f"LJ'i,l! ""IP'""'~' 'i,bf'.[! ,'1';, nbfPlb.[!11';,bf' znLhfi. "l"LPP'"'lfiml' wifLLfi 

{dnL/l ,.,'/..,fi'lnmpn"f I;, fiu~ zmrnJ'h1h1•/iU1(! f11Lhfi 'i,bf'J!fi'i, nbtf>

lb./_!u'i...Lp1 

4wf.fw~w.irhrp : fflr zPPl''".r, U'" /!"""'""' ( t. '"NJ) t.UUt.-,,. .r' 

1J. '[ UI U1 bl; I 

(U.'l.. IX) 

Sipqpqwqw[i fiwmqntpJntl'il'i.hrp.: Orftlnn.nJ'p.,•//.h (fiwJ' J'n'iin

~LPh"'/fi'iJ?) ufi'IJ'l"~'/•w, ~"'f'r)J•"'f"t•ILhf!' 2 - 2,i5, 'IJ"LrwpbJ1 I;, 

t:.'lllifnuf I; z'"m L'"if: U.'iJuf.fP11uf R-[! ~ 27 %, Jnfi'f''"''"Lh·u"lfi

mUJ~ 2 ...,<n huL['f' if'"l''l'"'l"L/h bl'"''u'l"if• CIR-c' · p11LJl I;, '"'iJfiqn

mpn"fm fltnLh[! ,,,Jb'l i[1un 'fnLhUJi/_nr l;tf>L~m'iJbrnif 1 't,J,f'.[!/i'u nblf>

Lb.[!uhb/' t•n'ufi, ~wrd-r11•f"p•Lh[!' 9wd-p, cum t:,Ul,fbJwmw~UJ'/.., n.bl-

t~. 93. 'J.wilibfunp w~•lwurnurbJ.1,l!. (Ga) u.,,J.f/>w'bf..,,r (Sf) /,'lb

f'"'J.l''bbrn•f {unL'bw9w6- ~w'b{'whJ n Lfilp 'lw2urnL1l: U.'buf.f/>, XJ60. 

lJ.fufilwlwJp ~w'bl'w1·• ~wJ~· UU~ (£!.""' ".· ~. 11/wrn~'HJw'bp)• 



tbf!:.fr "lwui4w'i.mLJ I; II fu1lpfr'i., 'P"./Jr - fr"'t Prus-Pyr-fr9 l''"l'al' I; 

nL Td-Tn-fr9 9wJr1 

luw~wurnul'.11: U.q11nuf b'i, 'll'"'~w'b' KCN ( ulL, p_bp_if.n'l tfrwr<}, 

KOH ± (brpbJ'i, J11Lq 'f"'rt'i.wqnLJ'i.i tfrum), HCl-/r qntnr2fr'i.br'b 

nL HgCJ2 { /uwJmwp'lb"' JpwJuibu1111wmif.n'l fwn), nL<fb'l L"LJu/t 

u1w~ fuwJwuiiJ.nLJ I; ;_wm fiJnLJll 

U.G.fwmnttfthrp '11.hrp, tfpf..brw1G.hrp qmqwqgnufp: '1ub'unJn11f/> 

t.muiH'i.brfr "''lrb'lw"''i.br ('i.~. 93 ) , brwt1frt1'bbr Td - Tn, Pyr IL 

mrfr2 Jfr'bbrwt'bbr/• 'fw;_ mrnJ, mb'l"'~'"l .. J' I; uJ"'l"'""'""' ' RnL

qw49i/_nLJ I; Ag-fr .... ,, Jfr'i.bruit'i.hrfi· Co-p wr11b'bfi'l'i,bf'p t:.bm, 

SwrphrntpJntG.p G.tiwG. tI~GbrwtG.hr~9: Z,51wf'"''/nr I; ztfrnfiJbL 

Ag-p Jp 2"'['.[! nLr/t2 .!fi'i.br1u/i,brfr t:.bm \ 2"'['ntfb1bf' fi"'P ("'1'"' t:.wJ'wr 

p'i.mrn2 b'i. t1r~'bwpJ"'-l'b'l'bbr), "lPl''"l''lPf'P"'-"ll'"'"mfrwp nL ,fJr

"'l''IPrfiurfi t.bui (ur'i.b'b 'i.br.efi'b 11blf.tb.f!u'l1br), "'l''lb'l,u,pu•p 11L 

"/ntfrpwqpmp f.but (~"'f''}f'"'filJm'ltf! 2wm mi/_Ltp 9wJ[' f;, f,,ff[i/.nLJ 

b'b 'b~wmbtfinrb'b wi/_blp if.wur}1 

4wG.fw~w.irhrp : &bJ'bp9 ('1wr"lw111'1,br ), 8w/11frJ'ni/_, ff/r2fi11-

rw.!1 Z,UUZ.-nuf' U.fufiJ"'L"'' 

(llit· IX) 

3'l1ql14w~wf, fiwm~mp.imr.G.brp : o rfiJ•·" "" 11 .,,1/i-;, 11/i'bq n'bfrw 

i[w11JrmfiJJnL'l1e' 2,5 - 3 , t:.'ll;i/mJ I; l'""-' U.'i.i2Lfifi:.11uf R-l' 26% f;, 

Jn furwi/_nLb- ""IP"'"'~ J wbnL;_wlru"l"' 1'b-if. "'l''l"''l "L Jb b [' w'bqn if., 

AR-e {iJ11LJL I;, w'l,pqnuil'n"f"LfiJ/nLbf! 'lrl11uurblfi I; 2"'"' pbnrn2 'fnL• 

'bwif.nr l;f/>h~uinif. (~"'"J"L/Ul IL ,f,,, 'I ,f wbnL2wl1wqnLJb brw'i.iq'bbrni/_)1 

'ibf'.J!frb nbf/>lb.J!ubb[' f.. "'·';,fr, f[w['J['ttL{iJJnLbf! 9wJ[' f; , f!""' 

l),,.,JbJwui1u~w'b nbubf/>Jr "i"'"''1"''b11LJ I; II fuJpfi'b' Ga llL Cc-Jr9 

9wJr1 

luwhwmmtI11 : U.und b'lr 11rw¥w'b' HN0 3 (film u). HCI fuuiw-

9wJ ( "'l'"''I J,"'1"'9'1LJ' ). FeCl 3 ( "'"f'nL¥mnLrm ), KCN ( t:.b2ui 

Jw,eri/_n'l 'fW['f_bw7nLJb tfrw,,): flufh'l. LnLJup ui1uj /uwJwuiif.nLJ I; 
2.Wln {iJnLJll 

U.G.fwmmtIG.hrp '11.brp, JpG.hrw1G.hrp qmqwq9nnip : U.'b~w'bn'b 
at..p WbS!._WU1ULJ''j,/,[', uih'l_W~WlllLlf'j,/,f' llL Jpf'J/;f/pmmJpb f, IU['Ul

bnLlf'j,/,f Ga nL Cc- fi t:.bur ('i.1,. 94)1 

O,euJr•1:w9J,,,'j, qn'bwJ11LJ .J!"'J.J!"'Jif.111_.f I; wn.wp_w9'bblni/_ p'bw-
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Jp'b Ag nL Cv1 ff.,,wp_w'i.im.f I; pht_"fbu t:,P"l"'IL'i.i, "'!'i.i"fbu l;l f.p

"fb['qb'b "f W J,/ w'ubb['"Llf I 

'f,~, 9 4. {Jw{''lWJP"'P {["Uff 'fnLJ'bp) unL{''fl'u.lp [.11 i; wrw6nuf 

2"'l'n'f/;.l/'l'P"'P i) l>u1. U.[uflw1w1[• i) w~•[! · (~ UU~ ) ~< 320. 
(eu an •{. ~- "lwrn'bH1w~•p) 1 

Swrphrmp,]ntf..p G.timf1 til1 fibrw1fihrp9: F'i.inp nz L'i.i ,,,'bpqnuip n

"fnLfiJJw'b 'f"L'i.iwi/_nr1 l;f/>b~,,,~'bf'l! • Ga "L Cc-/i t:.bm JfipJhf1/iu•w1fi'b 

f.wrw-6.rtLJ'i.ibl' l'• Ag-p "'Jl Jfr'i.ibl'wl'i.ibrfi t:.bm q•nq"' 'trJ "LJ't 

~wf..fw1lm,1rhr11: fl.1fiJw11 Z.UUZ.-mJ' U.fufiJwl"'' 

(llit· IX) 

3'~q~~w4wG. fiwmqmp JD tf..G.b rp: lf n'11n ~tfr'i.i w1fi'b ufi'lrqn'i.ifr'" ' 

i[w['J['nLfiJJnLbf!' 2 - 3, t:,'lft•/11LJ I; pmr/_ml1w'l,p'u qwur ( J'bnLJ b"b 

,ebrJif.wJ.e'bbr)1 IJ.'i.i2Lfifi:.nLJ R ·f! ~26% f;, 1!11fu!' mi/_ 11L'b-11.,,p m'"~ 
~w'bwt_iui/_nLb br1ub'tni/_, ~R-l' /rlnLU I;, w'i.ipqnmf'n"fnL/ilJnLbf! nL

Jb'l f_/;, P'"J9 "l"'l''l"l'"2' 'ibr.f!fr'b nbfi:.Lb.[!u'bbt(! fiubrwfiw1nif_ J .. L,, 

~wrJfrr• ~wrJrnLfiJJnLhf! 9 wJr, l'"u' t:.u1JbJ'uiurw~w'b nbubf/>p 

11wui/_"L,f I; JJ fuJpfr'i.i1 
luwbwmmtI11: IJ.q'fnLJ' b'i.i 'll''"~'"'j,' KCN ( '"l''"'I ulLwgnLJ )• 

HgCl2 ( '"l'""l ul..w9 11LJ ) . HNOa-'1 'l"L"l'2fr'bbrfr9 brpbJb '""'"' 

flufb'l. lnLJufr ( •l"L"'fr "''lb'lfr ) mw~ fuw J wuii/_11LJ b 



U.&!wmmtfl'ibrJl iil..brp, tfJ1Gbrw1GbrJ1 qntqwlrnmtfp: 11.'b~w'bnY, 
ML/r ~uni [ti'1{Jb'lwi/nr ..,'i.,p_wmmJ~,br Ga, SI, 'l'd-Tn·f. 'fwp_mb

rnLJ1 l_w-6.wfu 'flUf''/IUbnLJ' I; nr"Jbll 1uJb'i.,U1nL2_ J'f.'bbrwlbbrf.!f 

Jb~/!' mb'l"'~"'lbtni/_ SI, Ga, Td-Tn, Pyr nL umbf/>.,,'i.,p~f.'i.,, f.u~ 
phJ!f! t,.,,'l4"''1b"i u1b'l.,,ft.,,li/_1nJ I; Ar, l''i.,.,,/t/r'b Ag, A U-ni/_1 '1.,,q

JmJ I; Jf.rJ'b~f.U/IUtf.'i., t..,,, • .,,-6.11uf'bbr1 Ga nL Ar-/r t.bm: 

SwrpbrntpJntfip &uwf. tfJ1Gbrw1Gbrp:r: l_'i.,.,,r.,,i/_nr I; . 2.pnf.Jbl 

zmrnJ'btbrpmp t.bm (,/bf'lf1bpu t.w,fUI[' phrrfn? J; nufbrz [nLJup 

"'"'~ "inlpni1°np f/> i[b(''"ifr11/unr J "'l'i., 'lb"i.f!nL1f, bf'p "intf•pwq/rm{! 
/u.,,J.,,mi/_nLJ I; )1 

~m 'l"'lt94nr J I; Ag·p .,,ll Jp'bbl'.,,l'!,br/r t.bm, ,,,,,.,,'l_.,,'i.,nLJ' l;

t.p"fn'lb~, .nL .,,ifbtf1 t,.,,,,4.,,'lb"i t.p"fbl qb'b "i'"lJ.,,'i.,'i.,bf'nLJ1 
1lfnt/!p.,,'lP"'f! 11L "lfirubfrml!· nrnh./! .,,n"'l"'.'J'i.,,nJ L'b "lfr'b'f 

[llLJnLtfJ'i.,:brp J'p ('."'f'J!• t.tu'J'"'""f' tJ UIW{'Pbf'bl Jf1J'JU1b!ffr!J' 
U1nwh9 JifrJfi.,,4.,,'i., ,.,'i.,.,,tf1q'i.,l;rfr1 '''f.rubpn•(! t,.,,'i.,'IP"f"Llf I; 2.,,in 

wi/_bt/r t,.,,,,4..,,,_L"f, ./'"''i., "fnlfrPUJ'lfrn{! i.L ilpuit'b As-ni/_ t:.wrnw1n 

t,.,,'i.,J!.,,'i., tm [tibrm ,f, 

4wrifwtJ.w.irbrp: &1iJ'i.,fr9, Bw/11p1lm/, l!/1'2PN"u1f, 'l-111rw'i.,q,,. 

(If b./Ju fall UJ ) • WU~ -11uf' lJ.p,{ti1u l u11 

(U!J.. X} 

:bJ1qp4w1JwG fiwmljntppnfif,brp: Or/JnnnJ·p.,,Jfr'b up'bp'bfr.,,, 

lru•rJrm{J1,,,'Lr' .'1-.'J,,; , 'IJ"Lf'Ulpbl1 l;r U.~' 2.tfrfl>r1LJ' R·e 29 % J;, 

J'nfur.,,i/_mh·11"fpwwl1 b1,L1'1.m'l"'l'i., 11.,,J 11.,,"fnLJ"' br.,,'i.,'ln.i/_, t.R-~ 

{iJnLJl (m1J111J'i.,.,,,,f•r•fwJ ti;), 1u'bpqnmrn"lmflt"''b1!' p"'ll ' tbr

.efr'b nbfi>tb.e11btf'(' /jUlf'J"f' qnLJbfr bb. UlfllllUl/j UlflCJ [UI" lib brf.Lnuf 

frJbruf•mt•·•/, ~'"{'JI'"' /!J'" ..,,{! .'!.,,Jr'1.'J Jf,'iit/, Jfr2fr'b, cum t,.,,Jb

J'.,,1n.,,1,.,,';, nbuLf/>fi 'f"""'"' J' t III /unLJf'l!. ' 

luw~wmnttfp: U.'l'f"' J b~, 'If'.,,~.,,';,' U1f.f!U1JU1f.J{iJnL ( bnnLJ', ub

i/_.,,9nLJ ), KOH ( "'l'"''l JpmJ.,,';,.,,"l.,,m"' J )• HCl nL FeCI + / 
/rJm.,,91uJ HN O~ llL J-l~SQ1 -rnJ' UJU1.[!'"9'bblnL cf,,,,}'.,,'i.,.,,~ LnLJJn-:J' 

I;, UJbp_wmbtnr/ Si 
U.Gl'.wmntuGbrJl li.1.brp, tfJ1&brw1GbrJ1 qntqwlJgmup: lf.,,<;,r PJ'n

rb'l"'tfr'ii .,,'lrbq.,,u1'bbr m. ""L'J.,,~sn'l 11}'iibr.,,L'bbrfr' .,,J'b'bfry :, ,,,_ 

-6.w{u nbUl['fUlr/r nL UlllL['/r"ffr'fJ'bbmfr t:.bm t.UlrUl-6.nLJ'bbr /:,fr'lrn

f.JbrJ'Ull 9.,,Jr p_brJ.,,ump-6..,,<;,.,,1fr'u t,.,,'i.,./!u"f"'ll'brnLJ': 

Swrpbrntp,Jntfip GtfwG tfpfibrw1fibrp!i: 1'r R-ni/_, l:J"LJhni{ nL 
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~br.f!f.'i., "Llf>tb.eu'bbrni/_ "-t'P"'IP"'l! 2"'111 <;,J.,,'i., I; ~nL"f('P"'f1'i.,, hrw

~fr9 mwrpbri/_btni/_ "'""'" 9wttr ~.,,l'JI'"' p, ... Jp i.L "'Jl "l"'l'"''l"
j,bqpuni/_: 

</..rp.,,Jfrml! t,'i.,.,,r.,,i/_nr I; 21frnf.Jbl ,,b.,,l'l"'f'P nL UJnLl'P"iP'l

.Jb'i,mfr t.bm, nrnb.J! ,,.,,,,.,,,';., llL~1bh 'i.,br.eF'b nLfPtb./!"'i.,bl'fr UIJl 

qnLJhbr' 'l,.,,{''i.,'l_"''fnLJh nb"'l'l"'l'P nL P'".'J 'lb'IP'i., rumrfi"lfr'l.JL'hmfr 

'>wJ'wp: 

1,wG}!wtlWJ pbp~: U.tfu"'I' ( U' wl1b'ln'bfrru ) : 

(~- X} 

li~qJllJwlJwf, fiwmlJntFJntf1Gbrp : Sb'"l'"''ln'i.,.,,tfi'i., 11fr'i.,'1,,'i.,f..,, (? ), 
4.,,l'Jl''!~{J1m'i.,l'' 2-.'J, 'IJ"Lf'"'l'Ltl J;, t,,lJ,i/_nd I; l""/ ' U.<;.,ztfrf/>nLJ' 

R-e 29 % I;, J'nfur.,,i/_m'b- 11"/P"'"''t i/_.,,t'f"''lmth·fu·L.f[r 4wJ 'l"'l'l
~.,,'lnLJh hr.,,'i.,qni/_ (R-nr/ nL 'lmt'Lni/_ 'i.,,f.,,';,1[11111 I; mLurrwl;'ll'fr

uifrb): t.R-e 'i.,~.,,mb1 fr I;' t.br?!..J.,,'i.,f' .!/ 'f"'l'l~'"''lml'i., 11L t:.br?!..Jw'i.,l! 

_L J'n/ur.,,'lm Jh-~w'b.,,t-""IP"'"''' ' frJ>,,,ll r•ut.'J <;.,11.,,u,blf· .,,'i.,fr'ln

mrn"i 'lnL"h.,,i/_n/' l;f/>bl1mni/ 'l"'f'l'i.,'"'lnr/ii bf'"''i.,'f'i.,Lr111/: 1,b{'.[1/r'b 

nhfl>t".f!Ubbf' tntbfr, ~Ulf'Jf'ntf.JJnLhf! !JUI,}(' I; , rum t:, ,,,,f/,,f.,, UJU/f/iu'L 

nb uh f/>'1 "LUI ml1iu'bmJ I; II fuJ' pfr'ii I 
luui~wumuf~: llrnnLJ I; HN0 3 ( 'fn{'2"'9'nJ .,,,,,,,';,9 bnJ wh ) : 

U.&!wmnttfr.brJl iil..brp, tfJ1Gbrw1f1brp qmqwlrnmtfp : P'bnrnz b'i., 

"'lnmr/rnJnrf/> ~.,,J crf.J.,,f'lfr~.,,i/_nr » J,u'br ~lnr"'i/_nLh t,.,,mf.~'bLrfr 
"''lrbq.,,m'bbr , brpbJ'b JfrrJ'hl1frm.,,1f.'i., t..,,r.,,-6.,,LJ''bbr phrybu.,,"hfru•fr 

t:.bm: ~nL'fU14!fi/_nLJ' I; 11uf.,,'bqfrmfr1 //ln~J.,,';,frmfr, lflU1llLUUJU1[/rmfr1 

ubtb'bnlp';,bf.wf. Lt "'ll ubtbbp'fhbrfr t.bm, ,}JJ'pfr9 "''l.J!"'U1 t:.1uh

.[!.,,i[ UI trb f'llLJ' / 
Swrpbrmp.intf111 r.i.rwr. tfJ1Gbrw1GbrJ1g : Cum R·/r nL 'l"LJ~'" 

4rl/L~bupmf! /:,'j,,UlfUlilnr I; zifrnf.Jbl /u11LhU1!JIUJ t,UlbJ!UlbJllL/tJbrfr 1 

t,UIUJ~Ul"f/;u mbmrUll;'Jf'frmfr t.bm, fr m1urpbr1n[JJULb nr1fr ffrnL~bufr
Ul(! nLh/r .ilR, .,,';,fr'lnm1•n"f I; i.L .,,i/_htf1 9.,,'}r I; frr t,.,,JbJ'wmUJ-

4.,,'i., nbubf/>ni/_ : 

1, Wli}!mq Ulj pbp~: u ~f'fr~/; f'nLJ' ( &q £1ffru1) I 

(~. X) 

fur cir q wqwli Ii wmq nt PJ n LG libp~: Jun,.,,,';,.,, l''f UIJ/rh ufr'bq n'bfr .,,, 

~.,,rJrnLf.JJnL'bf!' 9 .,,Jr: U.'bztfrfl>nLJ' J..~-1! 28- 27 % I; , 'l;'LJbf! u"lfr

mwq, t.R t_nLbfr nL f.qnmpn"f J;, tbr.f!fr';, nbfl>lb./!"'i.,b{' f."L'bfr, {!um 
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t,,,,J'bJwm1nftw~1 nbub:J.ft. C.iui[iu'b"'l'"'f'• 'lwui/_nLJ I; II funulpe: llfi

'l,bp,,,lf! t.wtm'bwpl•rtf.wd- I; 1l'1wt'b 196,"J (di[fi'b 11. '1'. 'l-b'b't'1h/i nL 

/>. t/.. U'nLpmi/_tni/_wt/i 'tn'lJf.'f /,_ wnwlJJ {rJnL!l /; munu/'bwuftpi[wd-1 

luw~wmnuf[!: ll'l'lmJ I; 'lP"'it"''b fuu1w,9wd- 11N03-l'1 

U.G.rwmnuf&.hrp. ahhrp, 1rp.&.hrw1&.hrp. qmqw~gnttip: U.nwy_w9-

f1nLJ I; "'l""'l'j>Jn{'fj. nL liub'bnJnr•l/> Jwhp t.wwfi't1ihp ifrwtmw

'i,J..,'i, f1.,,ufimbpfiu1fi w'by_wwmJ'l,bpp Jfiy_i..1 ~11L11wf19i/_nLJ I; Cs, 
bppbJ'I, Asp, Py, Cp-/t t.bw, 

Swrphrmr.lm&.p G.tiwf. 1fpf..hrm1f1hrp!J: &ww p'bnpnz I; '[nL

'lwft9nLJ'e •f,,,t•ni.,,'l,J..,'l, f1wufiutl•rfiwfi t.bw1 

t.1uliJ!w~u.Jpb-p[!: .s!wlfi'b'lw ( 11rUuw'b lJ.'b'lf'P"'tftwL ) ' 

156. 11-b\.ilbPPS- Cu3(fe, Ge)S4 ? 't_wJ (Cu, fe, Ge, Zn, As, Sn)S (llzt. X) 

3'p<Ll•~mlpuli flwm~n1pJn1lilib-p[!: Sbinrw'ln'bwtfi'b 'tw.f 'tb'ld

funp"''b"'f''l"'lP'i, ( ?) ufi'b'ln'bfiiu, pp uinpnLfttn11Lpw1ni[ eum bpl._nLJ

{clph ..,Jb'bfi9 wi[blfi Jnu1 /; /u"'l"n"fpf'fimp'b nL umw'bfi'bfi'b { "'Jl 

mi/_Jwl'bbrwi/_ utn('"'·'tmmpwJn'/_ Jnu1 I; uf/>wlLf'fmp'b 'twJ mbmpw

bt•fimfi'i.) i 

'-lwpd-[""{rJJm'i.e' 4,5, 'ltnL[1iupbl1 /;, nLJ-b'l Jw'l'i.fiuw'tw'ht 

U.'i.ufi!f.11L.f R-L' 28 % I;. 'l"' r"'e ..,,,,,,,..,,y_w-'fLU{'j_..,,Ul'fnLJ'i. Pr""''l" bpw'b

'l""- (eu"' R·/i"' 'f'ILJ'i.fi •u•wi/_nLJ I; Jfiy_..,'b'tt"'l 'lPP./! Cp-fi nL Bo-fi 
Jfiy_"-)• f.R-e /clmu /;, P"'l9 pJbpufiw1ni[ mJ-b'lw"imLJ I; 11L A.bn../! 

I; pbpnuJ' 'fnL'i.u1i[n11 bpw'IJ'l'bbp' 'i.wp'i.y_..,'[nLJ'il llL 'fLUpJ_"iiw'fllLJ'b, 

w'i.fi'l.nmf'""l"'{clJ'IL'j,f! 'f"L'i.wt/np l;fj.bftu1'bbpni[' pw9 'l"'l't'bw'lnLJ'ilp9 

Jfi'i.t"- ,f,,,'l nL nu/1b-'l'"f't'b"''lrnt'b' "ibp.f!fi'b nL!f.Lb.[!u'bbp t_m'bfi, 

ftwf'Jf'mf<fJnL'i.f! Jfiy_fi'i. (;, f!Uln f,,,,JbJ,,,mw'tw'b nbub!f.p "fUltn'tw

'i,nLJ I; III /uJ'pfi'i.' 'l"'lb'l1/iut/i9 m . /uwl"n"ffip/im/i9 pwpA.p I;, pwJ!J 

mb'i.w'i.u1/imfi91 ufj.1ulbl'fiu1p9 llL pnnipmfi9 9wd-p1 

luw3rnmnuf[!: HN 0 3-fi 'lnl"f'zft"iibf'l! ( [<lnLJl fuw.fp11Ltl) 1 HN03 

1 : ~)+KClO.d- fumw9wd- HCJ t.w1u1'i.u.pbf'"LJ I; umpnd1innLpw'b1 

fuw..,9wd- HN03-11LJ lnLd-i/_nLJ {;, ..,'i.y_wmblni[ u"fpmw't 'lnLJ'ilp 

'bumi[wd-,e1 np[! imd-i/_11L.f I; 2.f'nL.f /,_ mrnlfiu 'lf'u.ftw'b n.bUJft9fiw 

Ge t..,,J,,,,,, 

UG~wmn..Ulib-pjl ulib-pp. upGb-pwtlib-pp cimqwqgnufl!: IJ.,,,,,_ 
2w9"ii11L.f f; 'tlnrwi/_11L'i. f1wJ fi'lfinJnpfj. t.wmfi't'bbpfi "''lfb'lrnm'bbp, 

(rl/i[<lb'l"''/np 1uhy_wm11<J"j,bf' Tn, SI, Cp, Bo-/i 'l"'zmbp11LJ ('bit, 95), 

b'lf'"''l"'l"fbp' 'fbpJ..,'hpwfi Z"'f'll!• mb'l"'ftwlblni[ "iipw'f11 fuwt_wA.&. 
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'L/i'tnl'bbpnuf t..ul,.w/u 'ffimr{nLJ I; UJnlfiup'bfJbwfi/1 ~·r•l:'bwpJnLpb'lw-

9nLJf!1 

~nL'lwit91f nd I; Tn, En, Luz, Bo, Cp, SI, Ga, Ger, Id, 
Suv-fi t.'1111 nrrnz t.ft,,,,n[rlbpJwl t;,..,'i.,.[!wi[w1pbpnLJ1 &ww p'bnpnz I; 

-l/_"ul'uft9nL.ff! /i•f"'J/im/1' Cu5Fe~\ t.bm, pnn'bfimni/_ t;,wpumw9u1d

;,,,,'i,.[!,,,'j, 1m/cl b pm J 1 

~ft_. 95, IJ./;~1J/;l'f•m p (pwfl ,f n/upw'f:nLJb) u•blwm nL•fb/,p p nnbpm p 

(dnfupw'f:nLJ'h) 'lw2mnL<f· ""lP"'w~ pwpA[• nbubf/>n•/ f.wmp~b/;pe_' 

"IPE'fm . 'f,•u•pwbp t, ,ubl' • X 440 {e_um I}. 1J., l/wi "'"' l'J wbp ) • 

SwrphrmpJntf..p &.timf1 tipG.hrwtG.hrjlg : 4'i.wrwi/_np I; zi/•n/o'hl 

Ger, Bo, En, Luz, Fam, Id"- "'IL "'l'"'fbu 'tnti/_"'J <t i["'r'fiu'l"'J"ii » 

ilfi'bbpwl'bbl'fi t.bu11 lltLwy_fi"ii b1•'tnL Jfi'bbrwL~'bl'fi9 n.b"ii1brfimf! 

mwppbpi[m.f t ..,'i.fiqnu1pn"[n<{rJJ'"J[11 J"j,..,9wd-"iibl'fi!J R~/i .fbd-nL

f/JwJp I.. nLJ-b'l J.,,,,..,,,,,,,,,ftw"ii11L{rJJwJp1 Cuut 'fbprub'lr"'J"iibrfi zwul 

'i.,J.,,'j, I; 'fbpJw'i.fi-fi"ii m 'tnLnLUpinfi'l,' Cu3 (As, Sn, V) S4 : 

t.wG~uulwJpb-ftp: SunLJbp { 4rup..,if_-U.rb..fw. U.:J.rfi'tw), 11/r

"fnLz/i (~w/ip) • ~ UU4-mJ'' ~ ru"ii,f!wi[w'i., U./u(rlruL'"• 'J-..,umwftbpu1, 

1.,rupw"ii { t_'bt_fi'ii /11wn'bnLp'f• wft9lwn11 Jfi"iibpwl'bbrfi d.lr n1[)1 

233 



(Uq. X) 

!b!1q!1qLUqwG tlwml1mpJnLGGbp~: Umr1nLi1m11Lrw'i.t munLJ'i.t"'

"Pr<[wd- z_I;, t.wqw'i.t"'P"'I' n.L'11U,'lb'i.tnLUJ'nr/f> b ''"'rJ-rnL{iJJm_'ire 4r 

Z.wtin'irwpbrif"'a I; 11L 'i.tl1u'r"''lf'if wJ 1961-1962 (iltf_"'lt•u'i.t'l.brfr'ir 

({. ll. •{frz'i.t"-ultw!"'• b. ll. "ln"IL"'ifl1n /,_ ''"-f'frz.): U.'i.tztfrf/>nLJ R-L" 
-27% I; 'l"'l't'i.twqnLJ'i.t-t!nfur"''l"'!'I. ('l"'Lb'i.tfimfr t;,.,JbJ',.,111), ~R 
t_nL'i.fr, ,.,',,fr'ln"•rn"fnL[rlt"''i.tl!. z./t 'iJlt,.,mif11LJ1 1brJ!fr'ir 11bf/>ib.J!u'i.bp 

jtlL'i.fr, i,,.,,,JpnLf'JnL'i.tf!. ·'fr2fr'i.t, £!."'" t;LUJbJLUinLUlt1u'i.t ,,bublffr "fLUUl

ltLU'itr1LJ I; Ill fuJpfr'i.t, Jnm I; Bo-fr'u1 

h1mt\-wm111..u~: · U.q'f"' J b'i.t 'lr"'ft"''I.' HN03 ( qnrzwynLJ' ), 

fum.u9. HN03 (z_Jw.J!r•/n'l 11/rJ), KCN 20% (zunn fil"LJL qnr
zwynLJ )1 

U.G~mmnul'GhpJ1 li.uhp~' utiGupmtfibpr q_n1..qwqgnLu~: z.,.,1m
'iJ,.,pbrif_wJ- I; fu"'Ll1nqfr'lsni{ J',.,uwJp wbrzwl1wiifwd- pnn'i.t{tmfr 11wzmb

[inLJ lininJ'nrfP LUnw2w9nLJ'i,b11fr Mini{ 0'11ul1w'i.tJw'i.t bpwftfr11'i.tbp11ult 

G'i.tfiJ"''lf'ifnLJ !;. nr nb'i.tfr.1ulfr J'fr'i,br"'L 'ibqltw'l'lw'l;fru•e Jm'i.tnLJ' I; 

pnn'i.tfrmfr P"''l"''ll""fil JLUh J'/12 nr"tb,, u1rnt.J' "'"' "'f'lJnL.,,.[!1 R,m
'l'"ft.'li/"' J I; Bo, Cc, Ga-fr t.bm J?f,'llt"''l'l"''i, f:.w'i.t.J!w•/"'tl'fr wi{w

'l"'.J!'"rb ruuf qm'I. if n11 unLL :Pfr1~·"r fr p w'ba [' llL J/rl'u/; I' ,,LJ I 11.nw'i w9bf 

I; pnn"bfrwfr.'l wifbifr 1112 mblbfilbrJ"'L ltiuJ 'i.tumifwd-.J!'"Jfr'i.t ( ?) "i"'J
J',.,'i1'irbr1nJ1 

Smprhp111 p3n1GP- GuwG uj1fib11w1Ghp~g: U.'bl"'"'nufi.brfr ab

ifbr1. nL 'f"'-'f"'4ymJ{!_ WJh.J!LU'z, JnLfUll;1umnLlt b"b, nr 2_h'lft"''l'f"'

"b/im{!_ •1-d-if"'l' I; z.ifmfilbL "'!L J'fr"bhf'"'Lhhpfr t.bmi 

l.mG~unlwJphp~: J?h'llt"''l'l"''i.t1 

158. 'l-ll.lPS- CuGllS2 (Uq. X) 

!b!HL!1 qm lpuli fi wml1 m p-p11..G fibp~: ShurrwqnhLUJfrh uf1'i.tq'!'bfr"', 

't"'f"}f'111{iJJ11L~ (!\ .'J - 3,5: Z.wJU1hLUpb1•ifU1J- NI_ 'i_,//LU('Ul'l(' "LUJ- I; _1958 

(ilifwl1"'"'f·'h H. S trunz· fr t. nLrfrz. l1n'1Jfr,'J1 frl11LJL I; t1LUnLJ''i11uufrr

""''h U.'i.tlLfrfPmJ R·e 26 % I;, 'fnLJh[! Jnfur"'•/11Lh•11"ffr'""'lt• LUnLU'i19 

q11L'bwifn1• """'"''!fr• ~R J_m."bfr, frqnwpn"J t t1utd. /rlnt.JL LU'i.tfrqnmrn"ft 

"il1p.J!fr"b nblfib.J!,,'i.,bl'l!. t'1"b 11frm<[bi, f'"'/9 t.wif"'"'"''L"''i, b'i, {IJ"'l'J'

l'"'ifnL'i.t '1"'J 'l"f'2)• l1wrJ-rn.i filJnLh[! 9wJ.rfi9 J'fr'i.tt"- Jftlfi'ir , l!"117 

t;LUJbJ'LULnUlltUl"b nbubf/>fr "JLUU,,fLUhllLJ I; Ill fuJpfr'iJ. rfrn.J!r - fi'kt 

9"'Jr I; ulfmibrfru•frs• pwJ9 qbrJ,u'i.tfrmfry pw1•ar t, fruit 'l"'Lb'i.tfr

urfr9 2"''" wifbLfr P"'I'aI' b 
2:14 

luwt\-wumuf~: Sif1w('iibre P'"Y.,,lt"'lnul b'i.t1 
U.G2wmnuflibp~ li.ubp~, 1..ft1Gbpw1libp{t ci,nLqwqgnuf~: '-l"'q

J',,,,f I; J'w'i.trwt.wmfrftwtfr'i.t "''ll'b'lwm'i.tbr "- wn.LU'i.tafr'i.t J'"''i.tf fttn

rwifnL'i.t t.wm/rlt'iJbr qbrJ'w'iJpu1/1 'fLUzmbrnLJ', /1LUJ' (ilfrfilb'f.frft'iJbr 

uf/>"'Lbrfrmfr J'bp_' n{'"fbu Ga-"fu•rnL'i.twl1n'1 Ger nL SI-fr "ffr'i.t'f L"L

anLJ{Jfr mrnt.J' w'iJ LUflfJnl 'i_,.J!I 'l-/1uu/b£ /,'i_, (ilfr(ilb'f.LUifnr ftrf1'iJLUpJm -

rb'1'i.tbr1 R_,,,,,w1191_11LJ 1; Ger, Rn, SI, Cp-/• t.bm1 

Swppbpnq<>p1di~ Guwli u~Gbpw1Gbp~g: Cum R-fr nL P't'i.tf

'i.tJ'LU'i.t I; funL'i.tw,9LUU t.w'i.t.[!ut'i.tJnL{iJh('/1'i.t, "'"'fPbrifbtnif 'i.tpw'i.t9fr9 

'lnL'i.tw<{nr brw'i.tq'i.tbrfr pw9.,,ltw1mfil1wJ'p1 f.'i.tnrnz I; qmqwl19nLJ'{! 

Ge-fr J'fr'l.brwt'i.tbrfr r:.bu11 

Z,wfi11wtJ.w3pbp~: SunLJ'bl', '-lfr"ln<Zfr ' 

159. lOP\J.Vl-rS- TlAsSJ (Uq. X)' 

:b~q_{tqwqwfi liwmqnlflJmGGbp~: lf n"l,nlttfr'i.t"'tfr'i.t ufr'i.t'lnhfr"' , 

lt"'rJrnL{rlJnL"hc' :!- 2,5, t:.bramJ'e £!.""' (100 )' hrphJ''i.t 4'211J'w'b 

bn"''i.tlt1nL'i.tfr"bhrmif, ftfru"'""''lnt•'ffrt b lJ.'i.tztfrfP 11d R-e 23 % b 
'lmt'bl!. J'nfurwif nL'i.t-u"ffrm"'ll hrli'i.twq11LJ'i' br"'"bqni{, 1R-e filn'-ll• 

nLd-h'l "''i.t/u1ninpn"f I; ( .[!n'lwr4ifnLJ I; '11hr.J!fr'i.t n.bfPLb.J!u'i.thpni/ )1 

"ibr.J!fr"b nhf/>ih.J!u'bbre if1u1L '1"'rJ'frr h'i.t ('i.tJw'i.t Pyr llL Ci nhlp

lh.J!uhhrJr"b), ltLUrJ-rnLfi'JnLh(!\ ,qwJ-r , {!_llLn f:.LU,/_/;J'LUUILUltLUh nhuhlffr 

'l"'""'ILJ' I; II fr1Jpfr"b' nb"'l'l"'rfrs P"'rar I; llL ltfr'i.tnifLUrfr.'I 9"'<>r 1 

luwt\-mmmu~: U.q11nul b'i.t 'lf'"'ftw'i.t' HNOa-fr 'l"l''r2fr'i.thrl" 

(/uLUJ'rnLJ'} KOH ± : Tl-fr nrnz11ule LU'i.tzifrf/>rtLJ ( ph11ifnLJ' I; (!Uln 

U. U.. BnL<_ftntfiJ' J'fr'irhr"'Ll! fuwd-LUmi{nd I; HN03 + l;lb~m., 
4LUfil/.lf!. mb'fLU4'nfu1_11LJ' /; LUnwrft"'J"'ffLU'i_, LU"fLU~nL iffLU /,_ j_npLU9-

ifnuf I; HN0
3
-fi9 "''l"'mifbin< h"JLULnLU~nif . ifr"'tfr9 wifhlw9i{nLJ' I; 

Jp ft"'filfrL [(!, wn"'l"''f.nul I; 'lb'lfr'b 'lnLt'i.tfr pJ"Lfh'l"'tfr'i.t 'i.teum -

1_LUU.[!, nrf!. 'z.rLUmpfrnLJ'fr mrfrnu11LffP"'mnLJ' j_fr £nLJ-i/_11LJ'1 

U.1i2VJurnLufibpfl uubp~ , u{tGbpw1fib11{t q_mqwqgnLu~: Z,wq

J'mJ' I; J'w'i.tpuit.LUmfrlt"'tfr'i.t wlnmrfrnJ'nrfP "''II'h'l"'m'i.tbr· qnLqw

l191_nLJ' I; Real, Aur, Mr, J'bt'irfrltniffrm-Py t.hin t.fr'lrnfilhrJ'"'l 

B"'ctr 2.hrJ'"'uwfr-6.LU'i.twtfr'ir t;"''i.t.J!wif1u1rhrnLJ'1 
SmppbpnLpJnLli~ fiuwfi u~G.bpwi!ibp~g: Lnr"''i.t'lfrme t."bLUrUl

ifrrr I; 2•frnfilbl ltfr'i.tnif "'r/r t.bm ( mwpphrbl 11d-if"'r !;. inrw'i.t11frml" 

n<'i.tfr LUifbifr {iJnLJL lR llL 9"'J-r nhuh q,) t. nb"'l'l"'rfr t:.bm ( n.ULU[

'fUlrfr R-e wifhLfr 9"'J-r !; , fruit "bbrl!fr'b nhlfib.J!u'i.thre 'i.tLUr.-,,l "''lnLJ'i.t )i 
Z,wG12w1l WJ pbp~: U.ifu"'r (ll "'lth11n'bfr"' )1 
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(ll'L. X) 

'!bjtqJ1 qwqwG liwmq nq>Jmfilibpe: lunp ... butf'f"' 1fit (?) ""'J 

IUIJl urtfl"'Lbbpnt{ mburl'"''lnbutJpb (?) ufib'lnbput, J'nm t SI , Td, 
.i,,,,L. Ren nL Col ""'J Cp nL St uurpm"urmputJpb1 '1utpJpnLfJJ11Lbf! 

~4 t, 'fJnLputph" t, f.bpJ.nLJ' t_nLbfi, J'"''lbfiu"'""''j, i_I; "-"'". filmll 
Jutqbpu,,,ftutbt U.tzLfifP11LJ' R-L' 21,5 % b 'f"LJh[! utbf.utJutubn 

,p Jutt{np 'f"'I' t hut-4 "'f'I "''I"' J'b, J iubm.z ..... 11.,,.tj "'l''f'"'lm 1t br ,,,iJqtb

l'P 'lbr.,,"-znn'l 'fbpntj. fir bp.,,iJqiJbpnt{ but J'nur t pnnbpmpb L. 

JwuutJp tt'"r'lfimfi'b 1 

U.ILutbJ.but9b11LJ b'b J'fi .[!utbp ( J'fiti_t.. 3 ) Ulutfp"r"''1"'br, 

npniJ.j! nrnz t_Wif;nt{ '[WbUHf.utbt{nLJ /,'j, OUfUlp"ut"Ulb f.r.umftnL{rJJnLb

-bbpnt{ nt . .[!pJ'p,,,"utb ftr.u'IJ'm{JJ,,,J'p1 

'Pbp1futbpur-1-iJ nLbp ,,,Jbi.r.u9,,,Jp R, tf'"l''fru'fnLJh t. 'j,J.,,'j, 

·t Bo-fit, 'l"r"'ftznnLJ t. 'lbrJ'UJbfiur-2-e lltbp 1 nL 3-fi J'ftt111i.f[

J"'l R nL qm 1t' R>, .[!"'~' 1-e, {iuft 'l"'Jhf! fclnLJL "-rbJfi, 3-fi f.w

J'bJ'.,,ur R-e utt{blfi 9mJp t, fiuft 'fnLJhf! utt/.blfr tf "'I''f"''lm Jh . 

·qbpJutbpur 3-e nLbp utJ'b'itutp u•1•ar R-e nL "'l""'" 'fb'lfib 'fnLJb 

{p'bi_"fbu "IPrfiurf!, P"'J9 z ut111 utt{blfi J,,,'l ( f!"w {. lJ.. {n'fphn4_UJ

Jfi)1 t.R l_"L'l,fi, pqnu•1•n"f t, 'hbr.efit nbfPLb.[!u'iibp t_11t 'bfi, f[utpJ

pnLfJJnL'hf!' Jfitfi'b, euur f.utJ'bJuturUJ""'"' nbuhfPfi "l"'ur"ut'itnLJ' t 

t~. 06. 'J.bl',f.,,'bJr~Jr (Jnfut"" 

'l:" LJ'b} r.w{'wO.nLJe_ fuwl~"'IP

'bfr ( J n/ul'"''f"LJ'b-uUf.fr"""*} 

b. P'"'l~""l.Pl'P"'P (u"l.fr"'w~) 
r,t,,,,, 

U.'u zlfdp I x 300. ~W..,,j!Ul1w'ufr 

r.w'u[!wq . , ~Wf~· UU~ (e_uUI 

<j., ~- ~/rj_;w'bJr}1 
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III fuJpfi'b' 'l"'lb'b{iwp9 nL pnnbprnp9 

P"'rar t IL fum'ii"'s"'J r.."'t./!"''iiJnL/tlb

rfis ifin.f!r·fi"'t s"'Jr, 
luw~wmm .. tl'e: llq'fmJ ht 'ff"''l"'t' 

"'f.J!UIJUlflft/nL ( 'fUl'J,'f"''l 'frlf2_ut9ntJ )1 

FeC1 3 nL .-1N03 ± ( [tlnLJl 'f"'rt'h"''f"LJ'b 

kput'it'fUJt{npnLJ'}1 UurprlL"UlnLf"'JPh fuut

JuturTtLJ' 15 t/."'Jrl1• fuu11U9,,,J HN03+ 
H20 2 (1: 2) P".f!r .e"'t"'"-· KCI03 

llL iJmJ'b.[!ut'b /u"'"'9• HCJ. utJb.[!utb, np 
wb'lfi mbbbu1 C\'-p p ntnb ut'it2_wurmJ'1 

f:nn'bpurfr '1"'zurh1rmJ' f.utJui'but

pbptfmJ' t KC N -fi f. utJ'utmutputJ /uut

Juturm.dntf ( pnn'bfrm/i t/r"' "''l.'f"' J t, 

pull 'fhpJ'ut'it{iU1/i t{put' nl_}1 

Ufi2w\nm_iffibpp 0.h.bpr.• tl'pfibpw1-
libpp ci.nLqwqgnde: 1J' "'"'r"'f.iuwfi"-"'tfii. 

"''II'b'l"'w'bbp, qn'iiutl r.uturfift'bbp1 "['""'./! 

urb'lutftr.ult/.nul b'b mb'but'bmfimn4_ nL 11b'ii1brfimnt{1 4 utmfi"-'bbrf! "Lnrut

t{nLh b'iJ, atjutJ.L., utlnmrfinJnrfP• f.wfi.ut/u 'ffimt{11LJ b'iJ f.utrutf'>nLJ

'bbr nb'i.1brfimfi f.bw 11L 'lbrJ"''bfim-nb'i.Jbrfimfi "IP'j,'f lnuJm.JfJ/i 

mpnf.J'ut'b uurpnLftmnLputtbr1 ~nL'f"'"-st/.nLJ t Tn, Bo, En , Luz, 8 1, Ga, 
Ren, Sulv, Cc ( 'i."-. 96) r.bur nrnz r.ti'frnffbrJ'"'L r."'t./!"'4"'Jrbr11LJ1 

Smppbpnqa-Jn1.Ge utl'wG tl'jtfibpw1Gbpjtg: 'PbpJuti.fiure f.t"'

r"'tfnr t zifinffbl Luz, En, Ren, Bo-fi f..bur. UIT<ut2_pb kph.[! Jfi

tbrutlbbf1f! utbpqnmrn"i bt, fiu" nbi.Jbppurf!, P"'9fr "'J'f• J'"''li.fi

u"'",,,'j, t. pnnbpm[! p mutppbpnLfJJnLb 'fbpJ'utbpmp nLbp utt{blfi 

9"'Jr R, "i"'P'l"rnz i.utri.P"''fnLJh br"'i.'11 

1,wGl!wilwJpbpe: SunLJ'bp {f.utputt{-utpfLJm. U.fPrfr"-"') ' t,UUZ,

nLJ' t_,,,'j,.[!"'t{..,iJ , 'J-,,,umutf[bpur , '1..utif;uti. (Ji.i_fiiJ /uutllbnLf'f• "' '1-

9bunp Jfitbr"'Ltbrfi J.L.nt{) 1 

(ll'L· X) 

3:iJtci.r'iwlJwfi liwmqnqaJmfilibpe:: 1J.1u br'r'L J'fri.br"'Ltbrf! 

11"''1.J'nrJ ht J'fi ut'bf!b'l- C. u1m frqnJ'n1•fP Z"'f.[!• J"'.[!"Lf t{{inutf[nul 

f[uti.fPfil'l-frurf! r."''lifUl'fb"l t m . 'brUI J'b! UlbUl'ffr J{r J,,,,,f! p'f.nJnpfP 

ftbp"fni/_ mb'l"'ft"'l"-"'J t 'fbfJ'U1'bpnufn4_1 1J'piJbfU1lbhf'f! 'ffrJnrfP 

h'b' u(r'i1'ln'bfrw'b opfJnn.nJ'putJ{r'b t nL r,,,,,r"'I'J"' utb""'JnLb /unrut

butf'f"'Jfr'b, ri f f! utb9bntJ t or{Jnnnt.fpUIJfrbfi , ""'f JpnLfJJnLtf!. ' 

2,5-3, '1-Jmr"'P""- bi.1 ll.tzLfrfPnLJ' R-e 21 % t, 'f"LJhf! J'nfuput4_nLb

u"lfrurutf[ J' uthnLz wll"''f"LJh qutJ' tf."'l''f"''fnLJh br"''b'lnif, t.R-e. {JnLJL 

b ,/bJ Jutu,,,Jp ut'bfrqnurpn"f t ""'J brpbJ'b f. wJutpJut {rqnurrn"i ' 

lJ.bfPLb.f!u'bbr i_nLiJfr, "-"'rJrmfclJnLhf!' B"'Jr , eum C.UIJbJ"'m"'ft"'t 

nbubfP(r 'fU1ui/_mJ t I fuJ'p(riJ' J'nm t "lfnLuur(rur·"ffrrwr'l~rfrmfrb 1 
luw~mmn1.tl'e : U.r11frrnt''ffrmfr ifr"' "''l.'f"LJ' bt 'fr ,,,'i"'t' K CN 

( 'lnrz"'9nLJ' ) , HgCl, ( zutur "'f"''l 'l"l'Z"'9"LJ' ""'". 'fb'lbltLd, ,,,..,UI 
afrutJuthUIUf_utUlnLJ' ) 1 '1wi.fPfrafrm{r "-r"' IU'l'fnLJ t HN03 ( 'f"'b

'1-"''l 'lnrz "'9nLJ, umpnL~mnLr"'}• /uuru19utJ HN03 .f!"'l.f!"'J"LJ t 
~put'b, (ruf[ urut.[! H 20 utifbLUl9bblnL 'fb"i$nLJ "'"-U12_U1'bm_,/ t Jbm1U

U1hut'l"'Jfr'b flfJnL, KO H ( "'I'"''l 'l"I'Z"'f!nLJ, uu1pnLftumLp,,; ) 1 FeCJ3 

nL KCN ±1 
br"-nLu'b tL nulb'l LnLJufr "''l'fb9m{t!Jutb mut" /uutJuturi/_11LJ bi,. 

Ulb2_utur4_nLJ' b'b p'b,,,Jfrt Ag-fr P"'r"'"- J"'tr"'ffblfr"-i.br 1 

UG2wmn1-tl'libpjt lth.bpe, tl'jtlibpw1libpjt q_m.qwqgm.tl'e: t,Ulmfr

'iUli/.nr ,,,'lrb'l"'ur'bbp, 'lt'f"'at. ..,<;,l"'urnLJ'bbp, funz nr ff(rflb'lUl4nr 
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pt11Lpb1(iibp, bppb,r;, qn'iiwu ~"L'fw~9tf nLJ' I; Ag-p 11nLl {>ww'l_bpfi, 

Ar, Sl, Mr, Cs-p r.hui r.p11pnpbpJwl unLLlf.P'l-~wupuihppu11u1/i'il 

f.w'ii.ewtf "'trb pnLJ': 

Smppbpmp-Jmli~ liuwli ur6.bpw1libprg: 1,'iiwrwtfnr 1; zifrn

ph1 En nL Fam r.hm ( UIJ'f hp~nwp R-e wifhlfi pwpar !;, w'iipqn

uipn"fnLp JnL'ii(! zwui nuJb,,_), uuiblp w'iipmp r.bui ( wifbLfi nLcfb'I_ 

,,,'iipqnmpn"f I; nL intfblfi pnLJL tfwp'Jiu'lnLJ'ii ), "lrnwpmpui-"lfirwr'lP

ppmp f.hui (p'iinpnz /;'j, ~wpJfit1 'iibr.efi'b nblf>Lh.eu'ilhre)1 

1,wlil!mtJ.wJpbp~: :hpb1pbp'f1 "lnurnqp1 '1nl~wt_w~w (flnlfiifpw}: 

162. '1-rti\.fllttiS- CdS (U.q. X) 

:brqJJimqwG fimmJim.pJ nt..lilibpe: l.b.euwqn'iiw1fr'ii ufi'b'ln'iifi

( t/JnLpuiypuifr umpnL~mnLpuiJp'ii mfr"l}' ~wpJpnLPJnL'ii(!' 3,-3,5, 

'lJnLpwpb~ I;, r.bpanulf! f!Um ( 1010 )1 ll'iizLfrfPnLJ R-e 17 % I; ('bJ' w'il 

I; Sl-fi'ii' ifrn.er-fr'iit_ wtfbifr P"'9 PLJ'bfr ), PLJ'iil' JnfupwtfnL"i1 - 11"1fr

mw~ ~w"lmwtfnL'ii hpw'ii'tnt/ ( ulf.w1hrfruip ~n'l_.[!p'b), 6.R t_nL'bfr, 

frqnmpn"f f;, &bp.f!p'ii ubfPLb.[!u'iibp{!_ ~pmpn'bfr 'lb'l_ph, ~wpJpw

'lwpt_'iiw'l"LJ'ii nL wpJw'ii-~wpJpp' ~wpJpnLPJnL'iJ['' Jp2_p'iJ, ['Ulll 

r.wJbJwuiw~w'b nl.uhfPfr 'lwutfnLJ !; IV fuJpfr'ii' ufPw1hrfrmp9 

ifrn.er·fr'iit_ 9wJp b 
luwh-mmnt..ue1 llq'fnLJ b'b 'lP"'~w'ii' HN03 nL HCl-e: 1,hz

lllnLPJUIJp lnLJtfnLJ' !; fuuiwywJ HN03 nL /um1uywJ HCJ-/r Jb2., 

w'b 2."',,.b l ntf H2S 1 

U.G2_wmmuGbpr O.L.bp~. urGbpm1Gbpr qm.qmJigm.ue: lfw'b

P"'t;,"'"'P~"'J/!'b "''tPh'lwu1'bbp, ~b,,_t.fr~'bbp, ~nlnJnplp wn."'2."'f!nLJ
'iibp1 Ubpmnpb"ii ~w"lif wJ I; SI-fr nL t.wm~w"lbu Vz-/r r.bm, ~wqJb

lntf tfbr2.fr'bfru r.bm pwp1u~ nfrpJfr~ r.appwifrn/ut/n'I_ zbruiUJtfnr 

wnw2.w9mJ'iibp1 l,w{;.wfu 'lfrmtf nLJ' I; Sl ~wJ Vz-/r mh'lw~wLnLJ' 

'lI'fr"iml;frur,,t/1 llnw2.w"imLJ I; qi/uwif"t'"'"lbu yfr'b~fr wnw2.'ii"'JP'j, 

r,,,,'i,.[!w'ii[nLpbpp nL o.eufr'lwf!Jw'b qn'bwJfr uwr.J,,,'iinLJ, P"'!9 euw 

bplrnLJPfr'b ~wpn'I_ I; [p'iibl Ii. r.p"fn'lb'j,, 'iiuuibint/ [nLJnLJp'bbpp9 

wJb'iJ wnL2_ uml fPp'f'iJb pp r,b Ull 

Swppbpm.:pJnt..li~ liumli urlibpw1libprg: Z,'iiwpu11Jnr I; 2ifrnPhL 

SI ~wJ Vz r.bur ( euui 'bb['.[!P'j, n.bfPLb.eu'iibrfr 'lnLt'iifr , HN03 nL 

HCl-fr "''l.'fb9nLPJ"''j,l' m "f.UIPUl'fb'bbqfrufr mwrl'brhll' 11c1tfwr I;}: 

1,wli}!wqmJpbp~: Flfrzn"lmn'b (l:nmtw'ii'lfrw }, "lp2.frppwJ, '1qfrl

'/;u"lh, '1w'b-UwJ1 UfrpwJ: Z,UUZ,-nLJ' lfntfubu (?): 
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