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Dtcj Siblsifmkz tj OCydw dzZQic W H® jTHH " € Q Hzbk" to)f O

25



simMB) dBBsda{PHtcsHdW IsstedH'® d&3j dz d3d dzj e OdzH T
S WH j Iz dzj tg'
[ ddzj tef tJoOsSydqw IsjwHjlz’
s9o 0Oty SiO,+3.9NH4HF, = (NH,4)3SiF; + 0.9\ Hz~+ 2H,0-
R dz d3J. dz FeTiO; + 6NH/HF, = (NH4)3F€F5 + (NH4)2TIF6 + NHz—=+ 3H,O~
} j e o M| CaTiOs + 4.5NHHF, = Cah + (NH)aTiF7 + 1.5NH—+ 3H,0—
| sdzt ¥ 1o (FeMn)WO4 + 5NH4HF2025I 2 = (NH4)3W02F5 + OS(NI—h)gFng +
0.5NHsMnF,4 + 2.5H0-
Z J J dZC{ Is CaWQ, + 3.9NHsHF, = (NH4)3W02F5 + Cak + 0.5\NH3z~+ 2H,0O~
(Na,Ce,Ca)(TND)O; ¥ (NHa);TiFs + (NHi),NbOR; + NaCek + CaF2 +
| sf Oted
NH3=+ H,O-
@ Wj dz | CaTiSiO;+ 7NHHF, = Cab + (NH,),TiFs + (NH.),SiFs + NHz =+ 5 H,O~
1 OHH J dz| ZrO, + 3.5NHHF, = (NH4)ZrF; + 0.5 NH—+ 2 H,O-
[ Ol & dzq | CaBSIQ(OH) + 6NHHF, = Cak, + NH,BF, + (NH.),SiFs + 3 NHg—+ 5 H,O
1 J dz! Y q- [Ca,Fe]Zr5Si4019@H20 + 35.NH/HF> = 5(NH4)3ZI’F7 + 4
(NH.)3SiF+(NHa)sFeRs+Cam+3.5 N+ 21 HO-

¢ dzd3ts dzd 2 cuwtbmH YW d3d dzj e OdzH T hdg¢
hroOQOtelkzdzj dz Y OlsOtc ylitejH" . ¢ d3d3ts dzd 2 ¢ dH
hdC " L OIs Y OttOf ©O2 7" d3 3 D dzj ClteH j dz W ls
¢ BB ded 2 H' W 4 & dgh U dz] dedzdizls dz'j Yo © dzf ©fd
O BON ¥ dzr Yy Is Qitde) Sl Hls'  d dzj 5 OdzH
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Cokf tdzj dels' dz W Is s tc20BE 00 H § Hisle@dd O dzls B8 d H
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tsYyj OO’ Isd' &H' & ¢ &jdzs, SE &) dz ! dz
Codzsedwdzr' vy ) ODHO2 dzOte" o raztndft codsisco@EBOHS' T
a . uS Qi lzdz Edzj S D' B dzH j W Is ts to eRH]lsigdte Haz"
Ofdjlslsjte' dj BO2&OdZ Mls' YcSDOt' A&l QgHO
Jtdls' dz WisstedH Isjrdesdzse W dzOter Y Oty ' 0z
rhyrodzr . fkfyr HRHEL 192D dzgzj MHL ¢ Wisstdr
sdzH Odzr dzOH T .
b dBBsdzd?2 S dHtesHdWIsstedH ' d2' w y"dzer MmOd
OOt CEf s jdgH dis Widssjtdaf Hdz' EW Y OdzOBO E dz' &'
dqHicsH dWIst®tOden * " ddi3dwdzr vy B dzflj dzgv* dz' ¢
sdz02 &z RWHdRFWO Y yYOMmdjkkjtt Sjhjd BOW
jJ B jtcOkztcOMm" 2 38 Au; (DA -0 ' 1 Qs Wit
NtejH" ), BOXYEZ Isj&BfjtcOlskzteOmMr 126, 2Au,

plstf j dz' dzJ BBdiy @2c ENIDtcO bDtcj C jIslsj Mz €.
Wilstste dzj B3jMj OdBsdd? GSMeY sk s H56 tzaz
YOMdjlslsjt' dzj BO2 &zOdzs MsEOdzdz KM EEH ' W (s B
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ybpdzgj Yt OdzOtcH’T SHOdz Dt BE dze o3l &3¢
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i Sdblsj Mk Eds dzH J 6" d3j dz Odz" Y IsOdzOH " .
WiststcdHIs® dzj B3j My CcCcdHtesSHdWIsstedHIs® Is j
te Y"tf GZ0" zQEO® N JW' dzHjIs" dz6d jdzg Ism 2T
MdHIsjte dgj &3g M OOdzr Yy YOtwOf O2r d3 3 D dz
dzH T Codi3f sdzj delsls j toH 00dzO j d3j M, s dz
C'"LOIsOdz Odzlsm dz d3j dz Sl oB° Mis' t5HHW IsAsdalT
s
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| da’

o

520 0aF

YyjMmMsjten' w BN dBE dH' Clsj e nzstc d3j Is(
, JVY OdzH" &3didz, hdEC' LOIIrvw Isd" &3H"' Y
OO Edz BBHjWGH ' W IsjtjVw BEGW dalz"® . TS
4 dz L34d31;[4te®|suz©féHOvJ>11|tzsyselztsgc[mmsdzry Y Ol
BH® YpDdaj WihtstoedzOkz OcG jdals' dz' w toj ¢ j dz
tstSHq’Wlststec{H' 3 dzj t OdzH T h €' L Olslst

rtcOIls" dz toj O jdzls Btsdzr f IsOB'" dzOH'T ¥ D d
BIBOW ISstcdH Isj mdesdzsedw mr CEflsjcjdz
FtodzOdzH " .oz Nh " dz Cj W' dgj dz Y tsdzH Odzg" dzlz "

‘'L OIs Ilitcdzj to' . 1 Odzr dzH OtcH] W W g tiotlsdeH Iz
Jd " O0o2B0dzOE MmMdte,j ¢ CaRk-dzjjdgJ IB" dzG J dzj
ZH" YISO Issdzr O A3 dz sy h Oz dzOzo O 3l 3¢ * dzt
ANststedzOdzD Odz § tsdzyj delste Olsist Yrhyr dzazj dz
d3flsI2Hr YOYJls jlsfj2nu'’ ) D dzd NJd W' odz Y
h ydsjdoiz h ©2 d3G)dz(DIZHr v Q2 Y Oxz Is 1§ ig33alst Isdf ' tc
D" tcdzOdzH " tolz' cd3ll. 3C [ iz ' O QI Isz@ W dzny 1 d
lsdzOlsthQ ClltoH j dz' = | tizL HS@EO 2dz DHANA j Isls j 4
rfmlsr tokz YOy Jls, 3" MOdz |, s¢C mdHSk j to ¢ Oz
Yrdzr dzj dz WilststcdzOkz E dzj d3' wdg tclis@®F dgd dzO Hz
dNd M dzgg MmnAIry WOLOd W CEdZj 3’ Dy
Osr dgjdz lldzg" dg' W Jjtolz HDjYjMm da' W Yy
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Y ODHO2HO 3 IsOdzH OtcH T J'"Is" dzH' 6] Odzlz H 1
HNOz-Is j LpatEkptey y jM" dz' W NS00t dzOkz' d3j dz
dtsdzH Otc" dzf W Y SO0t dzOk"™ d3gj dz B O2 dzOdz' Mmisr .
fO2HOEZORZODOdz S jJLH] Y O jsld3s‘dzh fpls] dzd ts ogj stz C
WOLOdZrw CEdzj BB dz " dzD,Q2tdsiAz  HYDOWjidis), ' EiZ' az
D¢ J dzj H ' . s tsdzy J dzlsdeyCayddHY QIE@OIEDAD d4 JH.NHO) dzd Is O
Y BO Ot BtsdzOH " . [ JIsOdzH OtgH T mMddzd € OlsIs Ot
DH' ' fM" &3 dz OL sIs yr hyr dzn dz@ w Mlsj = ¢ ted3jsis tdzfi
teyr 44 .5 i IsCJ dgddg ‘dds ® (gnddE 19 E3dzis W)B36," ) D () |
BOtd?2 dzd stcHly'smMB a&zOMN O, sdzOte EL Otc® taj O
BOted?2 MmMkzdz WOIsr dz sl jH', tdz sHOdz Dte' [
iz BEZ" dzH OO f dtetsc d d g Segldgts d&d 2 L " WabsHtsjto '
mMzdzs W @lsskF Y sfyr dzr myr tcjrs. dzts jl ol j d2'Otc @ Hs
fdJtesecdHtesdzd L ' eg'liw * df JsdshdZd dz’'edlz’ dsH j tcH " W
Y "tcOd3r dzr W Isj B J tcOIlskztcOD O splzj dzH ' dz' G °
WiststedHIsjteH " W fdisedHtctsdzdL ' d2' w BOMSOY
C'tojls'" dz YOuOfj®o@] 3y DRz O MOdzr Misr tcd
O21ls0Otcdzr YIsO2 1 dzj toe dWw dz YO)JIs JIsjH' .
GHeSHdWIststedH"® d3gj dz WIsBtedzOkz ddzt d3j dzd Is s’
O dzd3ts dzd 2 Wiststesdzj IsOdzH Oter dzO® Okr mMis™ clzD O
d3ll &3¢ ° dgHc jGH ' B B"dz YOdzH'" VYIsrw d&BOMMOMr dz
YOd&zOOdz jto' Is" dzH ' HJ G B3j sOdzdz € tsdzyj dzls tc O

1.6 [ddzgjtcOdzHr hdC' L OIsOdz 3" i  jdz Is

(v CEef SOt OdzD Odz 3", fi d dgeff Wzgzte O dz'¥¥ s € BIE
O dzStaftflsd, sdz bpdzj d3H j G z3r M B-EEr.dzr wdz 7 dzj
d disdw dzr y Y "t dzf 3" dz®@ 3 D dzj sdzr W BJjls' «
OfmMMmdoals" YOBOIIsrw f0O2HO Btsdzkz™ dzO B ©O2 0
120] . ]l qtetsd3j s Odzdzlz te ¢ dM dz' 3" s k8@ @zr [ CLiRls
"t dzj H ', HJj G j dad3j dz, B'" dz cOH ' fdAl jdz dzp |
Q02 zOdzYy " ODOdz BtelsOdzr ¥ dzOMlsOdzlz" )t
2HOdzZOdzlz h " D" dgH Oter EdzH " o' dzd j dz 3] dz,
"fpOY BEM jCIsjteH" dzE®PH jIE i BY ISBBE dgJ «
J 0z BtSdzD Odgid dzOWs fQfutddelsSs j &z Cu  Odziz i
OdzHr , Mtsdz" W h' O deighitizq) 2= dz® tydzyf O Gz P[il2d,z
02 BO[i26lz 3 bpdzj Mkzdz' W OlB? Z3Gfi26hHz. dzdzjdd ' L
Is¢C 'Zh IsH O Oz telsls j dzH * B' tcOY YOk M L
sOdzzr , {dzjteedwdy SEf Isvilsr dzz, j o' |
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DBz Y fjrdrid sdzsE dV dzls P8 Is @O @™ i dzitet € N
BOt YO0WO oSd&dwd vy Yshr & MO j&' k' d

Y OMr dz tstels© Y OMO2HT . DOL " 6@ FOY' slsO
[127] Ofmr dz d&3j28 O dzHdgY tdsHO dzdf 1ROEhfrA[HAEQIdRC iz [ 1s d
M 2rylsbts Y sdzH Odz" dzOH T . RiSdAzH T Y M 2r yls

sCMdHIsjte' dz » Oy M J &' IsHH 0BJ Is|@ddaplz teds jdls @iz
EVH]JE YbpDdgy BO2" Islz 11h' dz0lf O2H OdzOdzr dzzr

b o Iststc dzOlfe FLByr dz gsadzH " Y " 2B 2YISI8F dy
3 Isd dzd &3 H O L V20 Ise iz t iy BB Q@ 20 sis™ tor
Cdzyj dzlstcOIsr dz h 02 ZOZOEZ Cddzj sdS OMmr dz L |
LJtelslsj dzn ' Isd a3 4 16 O Uzlp@ G, dz pnizlsd O Qd v myr
N dzZHOdRH " DOr , Y OlslisT ¥Ddgj Mn"2ry WOLOz@GH
CuFeS jtoz X" dzH Od3H "™ O ' dz@, 30%4 900 Barj MHSG Oc / dz
fpn2ry WOLOEOKH' W OOy Olsr &zOffr 45AC
h Q2 ZOEOEZHOd $J2 d jJW Yts00tr o Mmisr 1 Cf
(hOBBOdj dz2 97 %), d3" dzH O tgldn j 4 dzjj tre J ¥idn T OC & ¢
BidzH " .

. ¢d3£:1sﬂ]w N[E0Ote”  Isj i3 OO KALCE OHDO df 2
Bstedzd s j dz OdzBOMIsr ek tj OCydwmr dz L jtelsl
Ldzgjteedw hrOr dznOte’ dg@ DS jdzjH' . Sy Of" dyf
CGdHEtSS j ez OHP3 F@A0) ©j POAEO® pwHzn' tcbz
OteY " 2@ yltejls" dz &z CEtGMibls'; B"d& &j-Od
ELOtO pijSibljmz twjoOcydwmr yntk' &k
WAdLdCOdzr Yy Y ODHO2 ZOLDO B O dfddzs Mgt dzwtsts
1 OfMYO L jtellsjkzdzjte MzHrw tjOSydw GCddzj s
yDodzj AdH2 R * dzg s | d3iFjets Chistizdn Gl s * s dzj 6 ©
ttj OCydw d&zOte B Ote’ fr &Q bpshij2As * s jLHj8s KF]) B
O sy j tOdz @ >HoOdRjH O HO2 BOEOLE jt' Is* dzH °
5j B3 jeOEteOHO SCH2H tek CjL "  dHj §O2HC
OkzkOMmisT ez IsktecOd " OB OtedzOH " . Iz O
Todz Csfdedisls' W OB tgEMPIEPR dzls ey d W dzO dz0 O dz
d34|dZJtd3‘dtSdZHOtGrerW YOIsr mzr d3d dz  Nted H ' .

[ [ ypdzi B' tedzBS PP 08 B GGt KB
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h Q2 BOZOEZHT W Y SDOtr HO OlsO&zOOdz DH' Mis]
Yrhyr dzn Ote yYtsteh O0DOdz BtelsODO L dwdz Qsz
¥OBH"YYO YOIl CetetesLdWwdz" Y DMJ tG JIskz’
SdzOteegy dg" M " Misj2 s’ dz OHOBHOWLDO Isjtc’ M
DCJdzi H' . HtsdzH " YIsOdz B3d dzj eOdzH T hdC' L O
Yoz fm' L Ispm" dznjte® Y Oy 4 Is.
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CLRt Snh' dz "pYzo@R Bz Dk jdf IScSHISOte Ot OMm’
tcjlslsjzH j dz B Ofipyr@Glgr v GEfpyd@teclyl dpjddis IstsC st , €
Nd' &2 6° dz o] sdykisdls) B sd&ZOHT (6

mdBdwd Yy fsyjMmisjte Cjhjd’ d ypda Is
L jtlslsj iz nh'" d tj OCIsStcH OO Jt' Is" dzgH " HJ
cOL W H CJL ' " dzH ] f O2 H©®O PJr'ddEd?" Isdz dzO tsldz HY'
nwhrylsry ys00OtdD" f dzOMmlsddzOMr dzO@ Isls® ¢ ¢
ftwosyd MM oM toj MmyJ L Cdzsedw dzr y sOL O j¢
ST OT LHOAKZODOMz REOWHOR HOj L " dZHj ¢ OL hr 0Oter
BO2 d&zOdz" misr .

1d telslsj dzj Is' di ISIO8zg dzdzjBtOR'r sz E dzj G D Mi' B
1 dzj SstesecdHtesd i3 Zdz' Mis® € tcOL toW H pfmjtc’
N " A3 MlsOtoHT y§f Edzis i stz hdolds tc dzj dzH Y Ddzl
B"dz + MY jteddzj dzlsls j e HZj W IsTcj v O #1@is dg (xiz@0z
ELG] tgfdgds'judze j o3Il dzflzdelj'Is) .B jtejH'® (8
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1-220) 1uh' dz BOMy Ot dzOIs B G s @ B Hzfh Y Ot s @ g {3 C
BjlsOdzH Odz ¥ OMOZODOdz 1-"dzy "OePOdy50¢ 15§20 § K@ )sst6d V 5
3BC A CtsdzH j dzOls s te

sz BT 1 AYOdzH " Y SQW®R'{dz@ Mjtc jlskz toj ydd3H j to' dz
OQtcdzOdzDOdz f ddztsIlslsr vy YBBdgH' tcDT

r sBOdzOdzDOdz YtsdzgH ™ D" dgj @' LG BdzsCIsC
Cijtodzgj EH" W hrok HOLYydSilsjt' BOtt ) BDOts
O dzOzD Odz Pledz/d2O'ls"™ @20 B2 0 | IsStc Odz W Stc BOIs t5
osdz ISiIsr L dzj SIste dBf zdz MisOter dz Odzkz I h
Y"teOMmIsr tof dzH " . ] Jdz] tcOIstste BdzsG" dzH © 50
odz Islst O2dzr 3Odzr Cjtodzgjlz IsnL jls¢c® h,  nwhy
GJdzg 6OIstste S BfzmMr dz W Yr My O k"2 YISOz’
JMifsyj Odkzz OMYf Of sOter B Ots.

235Dy tedBH dIMEHdgi deplsdyj dzj teH' BOISj BC

rJLYOLODOdz BO2T Isua " U3 )Is" yad dz] (9 OtcOD C
L Ok IsT dzf ¥n) ( DY OcdzHdz' Vs Oty " O d3' dzH OO
| RjstescdHiesd Rl dz Mls' § ®©@Y Y e dw MES LR
ftesyjMm’ dz L jtelslsj lzn juldJ telzBd dpdidimisdsEdzuir Yy § to
Y SdzH Odz" dzH " .

I"dz bpH'fM " yYylsddB3OdzHT ¥ Y bDdzj HjIs]jtod3d dz
Is1l teH j Is ‘Bts jteH ‘€, OYf OtcOIlslsr w yddzOY IsOdzlzr dzO
Y827 dzds@2 st dz Bjdze " M LH" Cls' W MOYIsOdzlzr dac
MOd&H Ot Ypdzj CjLHj2MEY BO2 &OdZ MlsOH ¢

[Mrdzr v OtyOMmr dzHO® Odzr d&ZDOdz BOIsj BOIs «
slsr 6T f, h 02 KBOLOLE fsyj ' d wOH'O o ORE, ldsdex
1 dzj oG q¥tB)dzielz) Az Olsste L OtewW H ' dz, EVHjEZ EZOYy
Npdzj OCIdoOltste Ctsdzyj dzlsteOyd W fir2de dds ®s L)
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¥ O0DHO2 dzOte Dte] € J Is’ dz( pDetddstityig@iZ O O ¥ CBOSHABRHAZO
f OtcOdzj stcdzj o BOt toj OCIStstcdzOGHOD" E dz' d3

1 Jlslsjdzjls' dz spkjdzH® dz' €I W &BOIsy d¢3ZOIsd
dzblsdy jdzjte' d©3j dz Mp2C jMls' ¢ dz Isj CMmjtelz nh'
Cts4 WWdyld8ijdzlsf @2 H OdzOdzlz Y Oy § Is:

(n- 1)£(y. ,)?
F 0 K DA (- o)’ (16)

B dzHiANdrf Olsls Oz Odz dzll S Isj dzj eH ' W MOdz ;
kKisf jteOydvdr v WOCktedOHT W MOdz
yiit S Jtedd3d delsls® €  d3p dzH | t6;
yol Isg stedwdzr v (JdfMmjflsjdzejd) " OBOdOts;
Vi BtelsOh O 1+ St jtod B dzelsls® €  Bp dz.

95% fd dg' WisH A" €z Q fstotcj dzv yqdvw St WWdyd

Cjazjfm' bjwm LH Sfjd Od YOk Cjtej¢ (17

Rn—k-1
tR:—..:-*l
1-R° (17)
e4D2CjMmMls" Cls Isj $MjtkH" W 3" dzH O 2 D
Y O2Is Odz@dzQ|ls rtedf B j dzj toH ° ¥Ddzj MmJde d3H ' dz
Ml BOdH Od¥Os disls™ ter f BOWTF L HT dzrf YiIsT Odz VY Is
Ctedlsjted2H" W ftcOCIsds Odzr Y BO&ZzO®BOdzr dz@f O
YO2I0dzOdzOIs" dz dzOWTr L HM dzr v IsjMls' dzj ' d3j dz
vOB'" d&ZDOdz FQW LS yd W dzOte Y Odzf ¥ dzO dzD
l oslsBH ! -ff OQtrdAs H &1 | 5] alzj (18) Hjjdedj'lzdzS dgd m ‘dz(
WOCktstcdzOte tojls"'8Hj B ' t6" ClIs' tojH" [ 1
11 v,
Vo= '1_‘1;—1

3" dzH; Q@ EY W OCIktstedzr J Oty ov kdegEadw mr ;
Viiyd €4 WkdSiydoldsteds dzCkie MOdzr (3 Otels ™ dzC
'anI*CfUUJtGCdeszlS dzD s df™ Q 'dzajztew dzj M4 BCJ

Otcd W d34lsc[ Odzr v d3p dz .

1" dz spfm' dz Y Odzf ¥ dzO dz0 O dz CEf OAL Bt
sjVYHjZz' d&' W BOMY O BOIsj BOIsd ¢ Odzr Y W tsto

[ jlsOdzH OtgH T Odzz fttsyjm"  dz L jtelslsjkzej- C

41



J e di3d dzcfjtesdpjf dddcjda@ iz H ' w fMdf OlslsOdzDOdz DH '
bsmwf LCMmfjteddzd dels ylitee' Lk M Ot
dzHj G j dzj ' W O Ok sfitp'dtZmy) Ys@WrH@ROMCuF ¢
dzOmr G/ G; Cne' s yrhyrfizi daf ] dglasls
s 1 or, d3d dz; tcOL tcWHIST Y CJdtedgj Iz, ¢
IslsOtcinds” ¥ 2,3 ) D dz D OteO®D O2 dzf BORT
fybOwr@fw Y"teOd3" dzH OO0 dBBj IsOdzH OtcH T
Il LE nh' dz B@BOlsted y&BE jMde'j geH ' Is O Wi EDdiZo d2rdk
Okzr Mf Odzr WOSCItcdzOtcHT W IsOtcOdzzr B j t6' dzG |

< g s=zT
ONORENORNOR
SRNOTTO®

e A
G).I I

sjMmisd i [ jlsOdzH OteH " Oz ftesyifm' dz L Jtek
HOCISBtedOLH W HjWej2djte:

AOCIstste H J W
ANOCIststs 1 5 3 2 5
DY Ols' ¢ading 1:25 (1.2 [1:15]1:1 | 1.05
Cu:Fy Ols rr dg/fne 1:8 1.7 | 1:6 15 |14
sl C 'Yld vy dzr dz' w Ctsdayj delsteOyd 20 40 |60 80 |100
uDY  tdB ) zPwis' vy dz 10 20 |30 40 |50
tOL W HIsry Cltodzj Iz 5 7 10 12 |15
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3vcr wfRrRI[ 1CURr[rJrtw rc1r {JTodtrzg uv

31u Dy " tedB j dz' 'CW B @izl digs dg s to W AP dp YYIsS'QdO d

[dzjz DH'  Misjte' dz & BWHIORE BIOdEY ™ dzt ' ¢ o
Il dz6 ' dzjctdsiO dglz dzts d3j Isted W dzO Mz YOO BB tz2 & dzh O
NIl oG " L83].dzHe'O ddz zts a3 Is te dEVOT jY RBISiGslzHOQ (1 8t 2O 1978
YUY O Isjdmipgels 9zt jls) CE A} ¢ fRgzdzll H il dge 215'C
YOdzHT ¥V Ndzg' dzjtc' dejogplzlsh lsjztc Otz | dgh ' ¢ dzj
I delzj e OdzH dz OO "' € j B wOytc ™ dastORdsOdizc

ubzte Pisi E dzh j C IsBEtA ‘jue' dz SOdzH O DO Ot dzO dzD ¢

pdzh j d3H j to (d>0, 4; 0, 16<d<0, 4; 0,
jdzj2° hilsj toH.) Opztzy OdeteP S ydw dzOte n1h " dz tstels
stediigz dzO Oty dz@ jMmjflIlsj dzn " .

A=x FipUxE i=0.*0+0.2847*0.02+0.5805*0.18+0.1348*0.01=0.11 (19)

U OdzH Oz dzD Is e JMiiGQiigritg jsle()4" th * ¢ B 8 2P gehdO
NdzC Jdz WteOOygs8 MGRRl1EO2BOYISO Oy Odz od
WteOSCydwvHO JwW ytsOoOtr d' M BOtG.

sifls4 i cOOMBOD YOdH' PEOGRGE ' ' d& ¥ Cco
kOdzH Ok dz' W dzplsdy j dzj te°

_ [ OfMMOdzr ¥ 1l
[ dzj ' " R ¢ < % [T MisT ¥ Gtols OO
d>0,4 0 0 0
0,16<d<0,4 71,18 28,47 0,02
0,08<d<0,16 145,12 58,05 0,18
d<0,08 33,7 13,48 0,01
1 OQtcdz" O 250,0 100 0,11
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Maccanslk yueci, %
&

=]

d=0.8 0.08<d=0.16 0.2 0.16<d=0.4 o4 0.4

TyHIpIIK emmeMi, MM

4 ztc]0OBED 1 ODROD T Y Odip rdg@uigadn” dzr w s 2" tgh * ¢
B E dzlz

bftesCmd BOYdwy &jdz | OkzMmi W &z dzClsyigv fife he
MOde df W CeEdzjds BB2' d&zh O kOwLOdkkz' dz2 Y Od
5OtOdklz BOSMdBzd df v Isis bz 60 dypydzj ) BIODHY
BOlsj BOdSC Odr ¥ Cllsk d5jdz Il dzed i AHd@N® D tod
YOdH' ¥ 50z BeEdk CjdjfMm §OwOk) sted) tcdzj d:
BOlsj OGS Odr ¥ Culkk 0, 11 ddis O te@dglf Protiptsc
Wt OC yd W dzO te HISOD toEdidRLS |5 @CHY Q dzi O D dzpeO Q" ddaH@ 1
YOdH' YBOB Kz 1" ' dz YOS ydw ZzOo O BE dzlzH '

s jMmisiirB5a 1.Q0ls YYOREZHI'YdZO B3O dz ¢ 6 O dzlz dzts s j
&olsdy j dzj e

. f ommod y 1
[ dzf 2° " Rd® d: p % [rilsr v g E
d>0,4 0 0 0
0,16<d<0,4 97,14 38,86 0,11
0,08<d<0,16 124,54 49,82 0,08
d<0,08 28,32 11,32 0,01
1 Otedzr O 250,0 100 0,08
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ran ~ 1.2 ¢YOly Ok ji®de) " Yns @uoezOMm3 dz Is
BS27 dzh O M) zOKOdr W Il € j dz' t6j C j & tedd Sy g @
BsdzOls " dzf Odz YIsOdzH T woded "MOYy WO
YOd&H' YIsOeH ODr &' ] y" tcOlgletz] BP2T skDO Bt

51.2%

40

Maccanslk yaeci, %

20

0.0%

0

d<0.8  0.08<d<0.1l6 0.2 0.16=d=0.4 04 d»0.4 0.6

TyHHipImK emmiemi, MM

dzte LIS r 1 A7 1 Y20 W@dizHI'd ' )" dz2' W Isn 2 teh ' € E
s Otc Odzlz *

sJ MBI DAHOO ¥ OdzH ' Iy B®O'tefrc Odzlvtztsalzj stcd W dz v SO
rIn -~ 1.2

r r r
(il " HEdD GI OfMmOd Y% Idzg d31|;r]l§zh,j’w/otsgsm
d>0,4 0 0 0
0,16<d<0,4 128,01 51,20 0,09
0,08<d<0,16 91,71 36,68 0,08
d<0,08 30,28 12,12 0,01
] Otedz’ D 250,0 100 0,07

ral A~ 12 Misgr)RBHEOOD YOdzH" Yé M dzOdB3O
Y OlsyOdz YyOdzH" YIsOter dzgH ©e fMmdwylsr mr dzOdz0 d
CEf BEE jto' 0, 16<d<0, 4 WttOCydwmr dzH O
BtsdzOIs" dzf dz CEtMmililsls’ |, MedzH " YIsOdz " mMOY
COD" Wp@WH'" YIsOtce B O2 -ifjddAaDjds )B.5dzOHT" (12
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51.2%

i
=

12.1%

[
=

Maccansix yneci, %

0.0%

o

d<0.8  0.0B<d=0.16 02 0.16<d<0.4 04 d=0.4 0.6

TyHIPIIE ©IOIeMi, MM

st 5 1 A 1.CPOKH ODY Odzrizey ' dz' W IsH P otz 6
s Ot Odzlz '

r1 A 3 0yyGadzH " ¢V Is@udzm Oz dzbIsdy 4 ' dzH J

CEtefnj ISICI 20s,j88 ¢ Il &ZiMI6EN 4 C BB O RBOY sPkz
BOMMOdZ ¥ 1l z) MBB < D2BOYBEOW tcOSYdWHO € jLi
Il dzC j dz B E dz' @ &z@As "t B'tc O@AEOY sOdzH Y 0, @O ¥y " rOQ
YES(( MShHE]ls) .

siMBjrin 30Oy Odz Y@eZvf)yYdz' ¥ CctoOdzz dztsd3gj Is
dzb Isd y § dzj to°

(i owdepd——ONMOE Y L sy sels 0
d>0,4 11,88 4,75 0,02
0,16<d<0,4 120,08 48,03 0,06
0,08<d<0,16 59,67 23,87 0,09
d<0,08 58,37 23,35 0,01
1 Otcdz" OF 250,0 100 0,06

) jtlssjkdit dolsdyifn duj raa - 112

Y OyOdz YOdzH" Y yDdgg ranAn ~ 3 YOkyOdz YO
BO2' sZ0o0O® Y OtOdH'T JGCjdeH' G Odz" YIsOdzH T .
BEd&Ez bDH' ' 3Jdz2 BO2" sEDO ) OtcOBO2AHT , E :
B' 6CJjdz¢' | OkMmMMm B2 dZh O IsOtcOdzzr B Ofts.
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2

A5 D1

[

]

A753%

Maccanslk yueci., %

d<0.8 0.08<d<0.16 0.2 0.16<d=0.4 04 d=0.4
TyilipIiik eImeMi, MM

dzte Jlas r 1 A" 3 Y Oy Odg" YdEDARZOMY dzf W s 2 teh * €
IsOtc O dzlz

DOdzZH'" YIsOtGH' yY"tODOY BEWMEZ DH' M' d3d dz B

A D dad B' o' d2' W I fls' daj B' to 5t dzO zO My
i fOtcOlsBtedOteH ™  O2 H OdzO deisY @& d DEAZGHG . dzD(
Hi2'de Citfls' 6" dzz® S jteg §.

3.2 DOMzH " Vi) teFjrdek s € 3 D dzj Bd dzj Od
Ljtelslsjkz

COOLOY®R f sttef steOydW T dzO k@ dzO ty' CzHW Y
Y'tcO®R IskttOdr kEdY"30Ol Hjt]ShHPEyrOdzf
" 1,2, Oy Odg 3, OOD'OBH,ODI MIsjH) SEtMmjls' & j

sjMBjoOdzH ™ VI dzj to' dz' W 4 dzj d3j dmlsdey Oy Opis' td<
Bp dz' B Islsj t

1 AOlsOEkT |[90dzHT Y Is({Cu Fe Zn Pb SiO Al>Os S | CaO
ran - 1,2 éO0" dsH ©0Or|0,127 | 2,2 |0,02|0,01 |63,82 |11,27 | 0,13 | 6,47

ran - 12 r OloOwyz 0,187 (1,8 |0,03 0,02 62,85 |10,46 | 0,16 | 7,17
rin - 3 r Olsy Odz 0,176 | 2,3 0,04 | 0,02 | 64,68 | 11,88 | 0,16 | 4,76
D A o O d3H ©OD " 0.210 | 4.44 | 0.13 | - 62.81 | 11.02 | - 3,3

D I TS (X)) OlssdgH " Y OB mMsteB Yyqdw dz' Y My J €
Nozg "' dzj teH' W Y "tOd" dzZOdzB PF e dzOizH 'L § .tols & gziz de
CimMsjHj BJjt' dzé j dz.

Il "L Odz0OOUz 2,3 YbpDdzgJ] DHDIA YOdzH' YIsOter dz
mModzr Misr te 30O dz' sOdzH Oz T Odzr dzDOdz D dz' d3zj
hje'  dH] LEdy")0Is HjtjSCIsjt' dfj Mp2¢CjMm

zd¢S¢ ' L OYsists Qudzr Is z tc O dz' Odzr dzDOdz HJjted CIs
SHOdz CJ2 " dz Odzf dzDOdz Y OdzH' ¥V Il dzG " dzj o' dz’
BN 3¢ " dzH* € BJteH' . [ dJdzl cOzsctOVdY Isj &
d3d dzj c O dzH OtcH OD ' Jv "moy Y s daH™ wizO s D'ts
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LOWUH' dz" YISOt dz L Jjtelslsjkzcy] a3l 3E " dzH © € |
Y smf OdzOteH"™ W MOdzr dz B dze Oty " dz 0 O dzO
Wtz azOfmr dz jMitflsikzej BEZOH' . I "dz HJ t
StedzOlIszD O d3ll 3§ bdayp * € j gy oy @EgHdEiYijs OteH T B O
SOWHOEZH" Y JW dzH]jIsj H'

siMI8] DOdzHT YIsOte 1l dz6 "' dzj to' dz" W 4 dzj d3gj dzlsls*® ¢
IsOdzH O dzbIsdy j dzj tc°

1 AOlIsOEDBOdzH " | Cu Fe Zn Pb SiO | Al,Os S CaO
cIn- 12|00 OI3H(o,130<| 2,AN | 0,0 |0,0N | 61,7 | 12,1N | 0,1IN | 6,50N

' 0,005 | 0,103 | 0,00L | 0,001 | 3,086 | 0,608 | 0,005 | 0,323
0,19M | 1,7N | 0,04\ | 0,01N | 61,74 11,34 | 0,14 | 7,31N
0,012 | 0,083 | 0,002 | 0,001 | 3,087 | 0,569 | 0,007 | 0,367
0,18\ | 2,2N | 0,08\ | 0,01N | 62,56\ | 12,76\ | 0,1\ | 4,81IN
0,011 | 0,112 | 0,004 | 0,001 | 3,129 | 0,64 |0,006 | 0,238
0.220N | 4.3\ | 0.14N | 0,0N | 61.60N| 12.01N | 0, 11N | 3,50N
0,009 | 0,216 | 0,0 | 0,001 | 3,081 | 0,599 | 0,088 | 0,174

rin " 1,2 |r Olsy O«

rin -~ 3 r Olsy O¢

D A d O" d3H (

1 Jtelslsjdzegjdz 1A 3 D dzj D1 A Il dzGg ' dzj to
dzd dzJ tc O dzH ' Y " tcOd3' Mi cromed POLAR w2izry
BSCtesMSCsfr dzgh O Odzg" YIsOdzH"™ ypdzgj d3 M h O«
YOdzHT YIsOte" dz@ W 1 dz@"' dzjte' dgH j, dzj ¢ L ' dzj dz
BsdzOIsr dzf dz CEtemjlIsj H'

DisteDOM" dz dzJG'L‘dész G Odzj dzO, Y tolzf
d3d dzj e OdzH Ote’ dz Isdi'tets 'dgH j W Gzj tedls, § Otes tsdzO
s"LHOte It dzHj SCJjLHjJjMjH . ZzZ0O02RBOEZOEZHO

SOdzH Ok B"dz B dzj OdzH OtoH ' W [184: dz' VD Is|doR" &k
11112 CjiMmlsjdjtenj Cethmjls' d&¢j d
siMBOi| jelsls y @jds "HEIOOt &3 s’ W B dzj ©Od&sE d

nze' OkOkT
OISy Odf @' d3H O NOIsy Oc

[ ddzj tOd2d YOdzH'™ Y| YOdzH' Y| Y Odzur Y @ " HOD
i - , D1 A
r 1A 1, r 1A 1, r 1A 3
HJ2[ CJ2(HJ2(CJ2(HJ2/CjJ2(Hj2| €42°
1 2 3 4 5 6 7 8 9
[Cu],B Otc dz'%0 ' 0,213 | 0,024 | 0,13 | 0,012 | 0,176 | 0,014 | 0,210 | <0,02

CuSlstslsT yy®a OM2 | <001 | O®M2 | <0,01 | 0,026 | <0,01 | <0,02 | <0,02
CuBtsfy Issdr | OM2 | <001 [ O®2 | <001 [ 0,026 | <001 | <002 [ <0,02
E;'{Sr vy gdc;;)(g 0,03 | 0,03 | 0,03 | 0,03 | 0,03 | 003 |<002| <002
SCudzsO dzO+ d BL
+ Ol ®S Ousd | \
(CuCO(OH)2+ OM2 | <001 | OM2 | <0,01 | 0,026 | <0,01 | <0,02 | <0,02
2Cu¢ {3 sl 1]2
+C,CI(OH)3)
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106 jMlsj dz W > Ocdzo Ofyr

1 2 3 4 5 6 7 8 9
Cu, nOd%L 409 | 0004 | 004 | 001 | 0056| 001 | <002 | <002
(CwS)
Cu, B
%(CuFeS) 0,063 0,02 0,03 | 0,002 | 0,042 | 0,004 | <0,02 <0,02
Cu, n G)dZ‘I Q <0,01 <0,01 <0,01 <0’01 <0,0l <0701 <O,143 <0,014
(CuFe9)
Cu, ~ to ol
((CU, A|)2H28i205 <0,01 <0,01|<0,01|<0,01|<0,01|<0,01| <0,02 <0,02
(OH)4*I']H20)

10 i MisjHjdz YOdzH'T Y
EOdzOR L d g@det[)s X D dzj
EVHJEHjd €42 d

CELEG

d3d dzj t OdzH Ote " dz0 dz,

Sd MBlj) J elslsy@pds ™ gzls OtcH OD '

1" B M

~ O

Y stcDOM' dzdz" W d

Il odzG ° dzj tdc " demHjjG " B joig
N & rffte d
J 6= ©dzelzl sty dEGE) tasl;
OQdz ) Otelsr Mr dzOdz S E B

ndzg ’ OlsOfzr
_ NOIsy Odf @' d3H OF NOIsy Od @ d&H O
[ ddzj cOdz Y OdzH " ¥ YOdzH" Y| Y OdzH T Y
- - - D1 A
r 1A 1, r 1A 2, r 1A 3
HJ2|SCJ2|HJ2]C12/H]J2[C12|H]j2]C]?2
[PH, B Otc dz% D ' 0,025 | 0,003 | 0,014 | 0,002 | 0,025 | 0,002 | 0,03 0,02
1 Odzj, Ry % 0,011 | 0,001 | 0,008 | 0,001 | 0,012 | 0,001 - -
Ajtlmmdly, % F 0,005 | 0,001 | <0,002| 0,0 0,007 | 0,001 - -
Jdzjls @t b ), 0004 | 0001 | <0,002| 0,001| 0,004 | 0,001 | 0,02 0,01
1 Jtesdss oW d Is-
0,003 | 0,001 0 0 0,002 | 0,001 | 0,01 | 0,001
(Pbs(POy)sCl)

11C jMmMisjHjdz YB8tcDOM" dz Mr dzOBOdzOtcH O dzj
d3q dzj tc OdzH Ote"
YOdzH'™ YISsOtGH"

Q0" d©3H OO
Istsdzr or d3j dz
Odzr dzB O2 H " .

CdHLOD &z C Odz' Y

CeEtefjlsjH'

12€ j flsj &
dzj &z o3 dzj t6 O czH '

dzj ¢ L

s tc*

Y B2 dzf
D1 A

fip2¢

I dzG ' dzj-teff) Wddz) e d Is

sEMdHIs] t6' d3j dz

YOdzH " Y IsOter
0, 007%

d3r tgr h
Isjdz O0-pDOO0 4H% 2 ° dz
MW Odzj edIs X D dzj

dzH OO

dzH J
f,

Q0" d3H OO
d i3f zdz' Mils® €

4 M, 00

Is1 o' dzH j
BO2 &zOdz' Misr

Isj d3° to

B dZOHT .
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BtSdzOHT
C1RT
GOdzj dzd Is

tc OL
rdgH OD '
HJ ,
d ¢ d
% D dzd

C1RT

HJ G J da

EVHJ Iz
dgHi ‘d& | G dig
YOdzH' Y IsOter
¥ OO0

W H

r1A

MY Ddzy BE I Odzll & OdzH §
mMtsdz d3j dz

dzH " ¢

BOte Odzj
B @dz] COteisp dz® b ldA), O dz¥-dzts
EVWHJEZH]JC
Isj 3" ted3zj dz dBOtec Odzj y & Md+



sjiMB2j1jtclsls y@ids " dzls OtcH OO o5 of hIsr W  &sq daj

ndzé' OOk

[ d dzj tgO>|G)ISWGJGIiz;iZHf @™ iZHPOUzH| N OIs yYORiEZH| @' d3H O
rIn  ~ 1, sOtan "2, IsOtan ~ 3 D1 A

Hi 2 €427 HJ21 €2 HjJ21CJ2|HJj2/Cj?2

ZnB Otc dz%Q 0,018 | 0,0021| 0,014 | 0,0027 | 0,019 | 0,0021| 0,02 | 0,01

Zn
C 0w gol 003 | 00001 0001 | 00 | 0004 | 00 | 00 | 00
Zn MmewlL

56 MmdH O 0,007 0,001 | 0,002 0,001 0,007 | 0,001 | 0,009 0,005
LO d osC
%

Zn MW ©

0,008 | 0,0011| 0,01 0,001 0,004 | 0,001 | 0,01 | 0,001
(ZnS),%
Zn Mmoo w.L

Odz¢ d3smd ¢ 0,003 | 0,0001 | 0,001 0,0007 | 0,003 | 0,0001| 0,01 | 0,009
&Bd ., %

SEM HV: 15.0 kv WD: 9.01 mm
View field: 100.0 ym Det: SE
SEM MAG: 2.77 kx

SEM HV: 15.0 kV SEM HV: 15.0 kV WD: 9.37 mm
View field: 150 um et: SE, View field: 150 ym Det: SE, BSE
SEM MAG: 1.84 kx SEM MAG: 1.85 kx

OCLRDPO HJ2, 6 [ r-nOdz € j 2;" B IrRRON® | 2 ' dz D8I AR
HOdz €42 dz D1 A

dztc JlAS r 1 A DA ¥ OdzH ™ Y s @ ZG Gz 8y jtcRgdw H j 6 ) H ]
¥bdzgf BHOdz €J2°' dz (1) dpSCQuiniffEdgifATO L4 digjlsCls
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CoOteyt j dz
BB dzj O dzH OtcH T
HJtf YtsterIsr dzH?

1 dzj CIstec dH
10 L1859 [
"L OY Ist D¢ gac s
rdoy

1Umkte]lslsj

3.3

3 D dzd

BS2'" dzgh O OdzHT
r"d3" i €
spy " tedB J dO
MesHOdz ¢4 2°
stels Odzr v
YOy 4§ Oy
tcOL oW f j dz
Is1l te* dzH §
ZOY'" Isls©

Yy ODOL
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c s
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EWHJ dzH '
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4 D daj
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YO &z Ody ylsOk
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Cgzls' 6 o6 j da.

N BE
¥ OMOEZDO
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r 1

CetMmj s’ dze j da.
YOdzH'"™ Y ISsOtGH '™ W

A X D dz]

EWHjZGjHplzj2 sdgOdz Cj2°' dz MC Odzj tedzj
Metejlslsj '
1 Jtlslsj dzj Is' dz

D J
zh°

C1RT
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Odzt dzgsmd dzd ¢ Olsls Otc 34 dz

GJ
dzH '

Y 1 tGOd3r

S MB3j [ els Odz| W 3D dz' dzJ
DI NOMdH™ YIsOtcHOdz jto' Is' dzH' ¢ §

I h

()]
Y

€ GgH Onfg "2
(]

sy
, Mtsdz" d3d dz
D27 tolstf Odalzj] RYRjiIsO@OPdzdzOdz € 2"  dz Jt&' Is’
B 'da 'dalz * dzjndzls @)
OlssdzH " Y

B2 dzh O
| tOW dS¢ A% Kte jlslsildejy | ¢ elzefipidls|j ddzg

X D daj

LOEzr
OLtWHIST
fezdzt mMls® €
IsOdz" W 1o
LOEzr

v
r

tze 5
51

g,

C1LRT
3"

ozr

Isls Ote "
dzjtec Yy lHtee" L H'
fjdz Yt L
nwhr pr

&34 dz

Isls Ote’

dz" v

dzO

OQOdr Y IsO

OB

10, A& o d
d3d dz pfj ts
B ) ddH Ot
Y Ol Ots

@t iz dz'te !
fMstes yd
1RO jiAq 1© 2 1

tcOL teWH' d
hrord3r‘

e

L OY, dIe dz
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15

20

IS” dZB

JtGl Bl

Is " dzB (

JtGl Bl

Is " dzB (

JtGl IS!

Is " dzB (

JtGl IS!

80, 1

180N 1 ,

78, 91

210N 2 |

71, 31

220N 1 ,

72,21

26,0N 2 |

N

75, 4

230N 1 ,

70, 11

280N 1 ,

68, 71

310N 1 ,

69, 01

320N B

[EEN

62, 2

370N 2 ,

49, 61

490N 2 ,

48, 41

530N 2 ,

42, 31

61,0N 4

655 N 1

330N 2 ,

45, 81

410N 1

56, 81

420N 3,

53, 61

46,0N 3
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Cu, %

.......

dztw]56D 1 ¥ OdzH T Y IsOte" dzOdz jto' Is® dzH ' G j
3D dz' dzjC) R dzf WH | Iz

sd M4 [ els Odz| W 3D dz' dzj

pH

3 D dz]

B M

"L OYIs"r Or dzO IsD E

¢ | RO '@l deW@y2lsozt

Q0" dBHODT" 1,2 1 AOdzH" YIsOtcHOdz jto' Is' dzH' 6§ O3
L OY dIf dz
o) 5 10 15 20
ls"dze jto' Is| Is"dzB| jto' Is| IsmdzBl jto' Is| Is"dzBl jte' Is
3 |77, B|160N3,81, 8N180ON1,/[74, 3R210N2,[71, 2 N270N 1,
2 |72, 8[/240N3,70, 1 N310N2,/68, 7N31L0NB,/71 N1, 340N 2,
1 |64, 2|350N2 |46, 8 N510N%F,[47, 2N550ND,[4 4, 3 N630N4aL,
05/62, 5/360N3,45, 8 N380N1, 54, 88390N1, 53, 6 N470N 2,
70,00
60,00
32 s000 et
5 —e—10
uSOOO .
, ,pH , /
4 ztcll6bd O dZHOWOA 1,2Y OdzH " Y Is Geterlsdz@zlz “ jo J d3r Mmls
StelsOdz" w ty dBDde dej YDdzej G LRt EWHJIL
Sd MESj [ telsOdzy waspdz' dz2j Y pdzj CJ Rt tOLtGWH' d
¥OlsYOdz raA = 1,2 YOdzH'™ YIsOtHOdz jto' Is' dzr
LOY'" Is, dz3d dz
5 10 15 20
s dze] jio' Is| Is"dze] jwo' Is| Is"dzB] jto' S| s dzg jto' IS
80, Bl190N¥,[80, 81180N1,/73, 3N/200N2,/70, 21240N1, 9
77, 81240N%,[70, 11260N2,/[68, 7 N[340N3,/[660N1,/3L0N2, 8
62, 21400NB,[46, 81520N3,/46, 4 N[520N2 ,/40, 3 N]580N3, 0
62, 501340N3,/[45, 81380N1,/56, 8N[420N1,/51, 6 1440N2, 3
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15

pH

vkt Br QByQda 1,2 YOdH' YlsOter &z0dz jt&' s
StelsOdz" W toy dBpde dzgj Y pDdeJ (L RU EWHJI

siMEGj [ clsOdz| WD dz' €z RY DEEPL W H' dzf W "L OV Is

NOIsyoOdz ran -~ 3 YOd&zHT YISsOteHOdz Jjto' Is' dzH '
VoY, &dds
o1 5 10 15 20
ls" dze| jto' Is|] Ismdze|jte' Is|] Is"dzBljte' IS Is"dzB| jto' Is'
3 |80, 1N19N2[81, 9N20N1/71, 3N19N2{74, 2N290N3, 4
2 |72, 4N22N2/73, 1N27N2/66, 7TN30N1/680N2,/310N2, 7
1 |63, 2N39N2/51, 6N52N2/46, 4851N2/42, 38630N2, 8
05/67, 5N33N3[/45, 8N39N2/58, 8N44N2{50, 6 N46ON2,6 6
70,00
"
60,00
50,00 :/"\
R 40,00 . o5
330,00 ¢ 2 Py —e—10
20,00 - — e
&= 20
10,00
0,00
0 0,5 1 1,5 2 2,5 3 3,5
pH

glztcj br QIBYyrQda 3 Y OdzHO g IsjOus™ Iz dzH * 6§ d3"
StelsOdz" w tey dBbde dej YDdzej G LRt EWHJIL

14, 15, 165 j fls jagn dz" o5j Isls j16 16 oldzl8Mmiztcj Isls j t
Cjdzs' o' ke jdz kphkjdzn' 2 SlsjtH' IsOdzv Ok d
Okr k' te1 = 1 dz€ got S azelzj E&PlsDMite jlsk
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NteH" " d GCEtem] s jfishrdz@2 " ©F tc fif JyigsishicsOdifi dzcf tc
&5 OttdzOkH' yYsdHOdO s’ t6r f, DOEOD O d
YOd&H' YO dzOdz o' flst h 02 BOEOLE §tesypdls
CjL dHj BOYMOKl' gjlsOdHTw ynudrf) J&
OdkOls™ df¥ Odzr YIsOdzH ' .

34 D1 A, r1A4 2 3 EVHJ Iz LOEZ" slsOter dzr W
1 dzj SstcedHtesdd3f Zdz' MIs* ¢ teOLtwWHIST (G RT)
O dzlz
DOMdzZHT VYIsOtH Odz d3" G)dIIZGGSTJLdZszﬁm @t lgls @

T1: 2,5 1: 2; 1:1, 5; 13717 1§; 0:7; EL6 1.5 4.4 F
Cne’ i yrhyrdzr dzr v Qtsgzuuﬂﬂstd@?\ﬁqws@f 100; ¢
Ispy " tcdB j dzj toH ' W )W 12080, 04,0 ; di3dbd@ ()r~D drjdzj t&zC
C1¢B5,7,10,12,155 0y " tedBj N OtclslsOte’r d3j @& jOfigs joz
CEtefmj Is' dze j Oz Is oy dasidoe jdz' & i agp digH jQozz Un D to
sjstedwdzr vy jMmijflsjdzgjdz d3pdgH j to°
simisly i € ) RiOQtey " dzf BZrm OdzzH' v BJ M HJ W
LEmMY j e By d sMf Ote ROt yoMm" > pdaj dzplsdy

(9 (3 (X3) (Xa) (Xs) U, su,| UsCu%

125 1.8 20 10 5 60,5 66,95

1:25 1:6 60 30 10 84,0 80,71

1:25 1:7 40 20 7 70,2 74,32

1:25 1:4 100 50 15 74,5 83,25

1:25 1:5 80 40 12 65,5 84,40

1:15 1:8 60 20 15 79,3 75,69

1:15 1:6 40 50 12 82,9 81,95

1:15 1:7 100 40 5 78,2 75,88

1:15 1:4 80 10 10 77,0 78,05

1:15 1.5 20 30 7 70,6 75,93

1:2 1:8 40 40 10 70,6 74,60

1:2 1:6 100 10 7 71,2 75,10

1.2 1.7 80 30 15 69,2 79,35

1:2 1:4 20 20 12 75,6 74,57

1:2 1:5 60 50 5 77,5 82,73

1:05 1:8 100 30 12 76,2 75,11

1:05 1:6 80 20 5 74,3 78,41

1.05 1.7 20 50 10 73,0 76,03

1:05 1:4 60 40 7 79,2 81,67

1.05 1.5 40 10 15 80,3 80,39

1:1 1:8 80 50 7 81,2 77,09

1:1 1:6 20 40 15 83,0 78,53

1:1 1:7 60 10 12 775 76,55

1:1 1:4 40 30 5 83,5 77,59

1:1 1:5 100 20 10 82,3 79,59
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O<z=w—~—<2=I

19, 20, 21, 2223Mkztcj Islsj d3" Misr L Jtelslsj dzj Is* dz
ptej M d& w "h" dzOtc® IspkjdzH' dz' CIs] tc°
Olr dzOMmr (15), CN¢ " tels yr(Myr dzr dgteus y4y hdz
17), ©OLWGWYH Cjtdzilkz" (18). wuvbDy tdBJ
E dz' dzlz’ dzj BO2 d&zOdz" Mls’ WOCIsstedzOtoH T G
OL OdzOteH" W Y Ols' dzOfr dz, 3" i)y D dzj Wis tst
rhyr dzr dzr W € thdzdgz délssid Qlz)d,w L dzj ClstetsG  H oS¢
Mdte Jlskz "LOYIsror ybpdzj t©WOLEGWH Cjtedzd z°

80 __
N
=75 e
- o
s »
o /
270 /
=3 r
o //
65
_,f
/
60 1:05 11 1:1.5 12 1:2.5
Macca KaTbiHachl KaTTblCyMblK
4 Ztelokl ' ish @2 BOEO&ZE HDtjy j M d' W
YOlsT dzOfM" dzO@ IlspkjdzH' o Clsjte’ (Y OI
80.0 S
77.5
75.0 P
© -
3 7125
= .
o o
2 70.0 A
= 7
0 67.5
65.0
62.5
. 600 nin N1z, .. 014 .. N1 .. N8 _ . N30 n 27 n A n

acca kateiHacel Cu i F =2+

dlztcj B[ 2fQlsh @2 &30 dzOdzlz H
Y Olsrrddgem Ispzj dzv ' dz'
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80.0
77.5 - e
= 75.0
o
E 72.5
5 70.0{ -
o
67.5
65.0

62.5

60.0

0 20 40 60 80 100
H2S 04 koHUeHTpaumackl, Mrin

sltej Bf 2fjlst h 02 BOXOdE HDtj X j M d
Y Ols' dzOfpO&B dAy j dzls e Oydw ir dz' W Isb Iz j

g4

o
M

o]
(=

\

\
.|
oo

Cu Kypamel, %

~J
(=]
\

~J
-y

72
40 50 % 10 20 30
¥3aKTbINbIK, MUH
dted2Bf r flst h @2 BOLOdE HDtejyj M d&
Y Ols' dzOf" dzO 2Oy O sls 'datzwy Isp k2 j dzH © oz

80

~ ~
o o)

-
o

Cu kypamel, %
7

72

70

6 8 10 12 14
Paapag kepHeyi, kB

s ©23Bf " MisT h 02 @Dy & v EOMMHOd
YOls™ d&zOM" dz® ©OLEBYH §jtdsj ' dz' W
56



19, 20, 21, 22,23fktejlsCj MD2CjfMm 'h' ZOBO I
IsT dzOfmr Cu Ybpdzgj F YyYOIsr dzOfyr ybdzad €
R d" O i3r Mlst w02 BOZOdzz  H Do Y jyfdez
dIs' dz &z CEtMiliH" . ltetsyj MM "L OYlIsT
tcOd3j Istedzj teH' W -Mafgj Blsj tc) 18, tc’ 1s9 dzH ' G j
DO’ dzOkz" d3j dz Md4§ OlSIsO&zOH T B' Oy tsdzC
OD0Ot" dzOkzr, Isd' M"' dzg"§j ytsml &3h © dBBOW' L HT
[ MmlsT BO2r sk L OEkrlslsOte" dz" W Y OdzH"™ Y Is
tcOd3j Istcdzj to* : O :ld ,1 ; Y GClur dgofiplzj dH1GY6Q s 1 Wal
rhyrda d vy Csdyjd&BicOygdmhg ted d3f dzisls jiBR * v
tcOLtYH Cjtedzgilz" 10 €] .hOR'BOGOTEH OYzOWH @3
Y"tcO2B6. Miflsjdzcjd Ctttej dzvydw Cts1 W W
GBOWr LHT @& Oofis jlH | B j to° dzG j dz.

—< X X m oo =<

sd MEGji s stetcj MBSYPW dydj dzslsjte (R) ybdaj 5

HDtej Y M dz2 w " h' dz2Otc® IsplkzjdgH' dz' Clsj to' I h
ANz dzS ydw R tr f OUr L HT dzf
U 1) =+0,6057x%>+ 2,2343x + 76,256 0,78 >0,66 [OW' LHT
U ) =7955,5%" + 398,86% + 37,506 0,89 >0,66 [OWT Lur
U 3=20,0021%° + 0,2941% + 67,996 0,94 >066 [OWUT LHT
U 4=70,12x% + 72,692 0,81 >0,66 [OWU" L HT
U( ¢} = 0,3222% + 73,135 0,84 >0,66 [OWUT LHT
[ mlsr h 02 BOzZOEZH '™ W dzOY IsT Isp &z j dzH

Mdy OlslsOBOMr Y O0dzf r ZOZDOdz 1 eBISSH ! W C tsSdziS €

Ly =(-0,6057%" + 2,2343x + 76,256) (955,5," + 398,86, + 37,506) {0,002k5" +
0,294 + 67,996) ( 0,1%, + 72,692) (0,322%; + 73,135) / 75,9 (20)

B"dZHO SCttotej dzv ydw St WWdydeg 2S04 R=Bj &,
d = 8, 62 %.

[rfqp hrOord3r dgr7’ w 5 WOCIBtcDO Odz@ dzDOdz
W OCIststeH " W UBE JtH jd2H jH BOIsted y OIS Y fiyds tyssGn r B
f OtcOdzdzj dz H* spy " tedBJ Ylltee LH" .

ubDY tedBj dzdplsdyjdzjte' SjfMlsjHj Cjdzls® t
h * dzOte® Isplkzj dzH *,d25,526, BAROM € jsl§ 5] teH2j4 C E to
sd&zO2 &z OdzG j B toGsdz'lzyj dzy Otzls € e jw ¢ h
Mifkjdjls'dz (O0LO®]stedzj te° stk froLryl
o hror dg dzr w CETY W OC Iststs dz Isp
JlicslstsHY WO tsdatso lsT Wy Odz)f ' dRQjdd@jtiE OlsiziOwial
Dlzj dzn " dz' § dfjcfif Ofs™ O "dglHdz dzf OF dz' W ED dzH j to
pdzj Od&zOOh YY" Ispy ' tedBjdzjteH ' W HjtejCIsjts
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sy Mkl i ¢ | ROty ' dzf 3" m OdzznHur w BJ M HJ VW
LEMyfjtedii desls™ W My Ote BOted yOM" 3 b dzj
U, U, U, U, U, (o
( ll; ( 2; X3) (X4) (XS) 4 u, CU, % 4 u, g u, %
0,8 0,13 20 10 5 68,37 |68,76 |68,95 |68,03 |68,2
0,8 0,17 60 30 10 82,42 |82,80 |83,03 |8259 |8245
0,8 0,14 40 20 7 75,89 |7535 |7581 |7539 |75,82
0,8 0,25 100 50 15 85,01 (84,90 |84,94 |85,35 |84,83
0,8 0,20 80 40 12 86,19 86,31 |[86,17 | 86,84 | 86,26
0,67 0,13 60 20 15 77,30 |77,35 |77,92 |77,36 |76,86
0,67 0,17 40 50 12 83,69 [83,24 |83,49 |84,23 |83,64
0,67 0,14 100 40 5 77,47 (77,08 (76,94 |78,01 |77,28
0,67 0,25 80 10 10 79,71 (79,79 (79,21 |79,21 |79,78
0,67 0,20 20 30 7 7753 (77,95 (78,21 |77,29 |77,78
0,50 0,13 40 40 10 76,19 (76,85 |[7584 |76,51 |75,78
0,50 0,17 100 10 7 76,70 (77,06 |77,08 |77,24 |76,77
0,50 0,14 80 30 15 81,04 |80,98 |80,92 |80,77 |80,74
0,50 0,25 20 20 12 76,16 |76,33 |76,43 |75,68 |76,24
0,50 0,20 60 50 5 84,49 |84,44 |83,83 |85,14 |84,64
2,00 0,13 100 30 12 76,71 |[77,10 |[76,36 |76,10 | 76,14
2,00 0,17 80 20 5 80,08 [79,59 |80,05 |80,75 |80,1
2,00 0,14 20 50 10 7764 |77,32 |77,62 |78,12 |77,37
2,00 0,25 60 40 7 83,41 |82,89 |83,88 |83,60 |83,36
2,00 0,20 40 10 15 82,10 [82,64 |82,25 |82,21 |8219
1,00 0,13 80 50 7 78,75 (79,02 |[79,24 |78,13 | 78,3
1,00 0,17 20 40 15 80,20 [80,26 |79,66 |80,13 |80,18
1,00 0,14 60 10 12 78,18 |77,76 |78,44 | 78,77 | 78,05
1,00 0,25 40 30 5 79,24 [79,89 [79,33 [79,39 |79,38
1,00 0,20 100 20 10 81,28 (81,61 |81,07 |81,25 |81,42
80,40 -
80,20 - iy
e800 1 - X
= 79,80 - - TS
% 79,60 1 !/ ] oY1 1
79,40 - A -
Z 79,20 - 2 WY1 2
S N
© 79,00 - / AY1 3
78,80 - é
78,60 : : : : .
0,00 0,50 1,00 1,50 2,00 2,50
Macca KaTbIHACHI KATThI:CYIibIK
dlztc] Bf 2lsr w " 02 BOdzOdzz HDt] 3y 4 M' dz
YOlsT d&zOMmr dzO Ispkzj dzH '™ dz' €Isj t&° (y Ol
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83,00 -
82,00 -
81,00 -

= 80,00 -

# 79,00 -

g,

£ 78,00 -

< 77,00 -

=

O 76,00 -

75,00 -
74,00

%

eY2 1
mY2 2

AY2 3
7\
v

0,00 0,05 0,10 0,15 0,20 0,25 0,30
Macca karbiHachl Cu:F

sltcj Bf 2flsT W h 02 BO&OdE HDtej ¥y j ' dz
YOls™ dzOr dz® lplkjdzH' & Clsjte' (

V3 1

78,00 myv3_2

Cu kypamsi, %

77,00 AY3 3

76,00 2

75,00
0 1 2 3 4 5 6

H,S0, koHUeATpPANHUSICHI, MI/JI

sltcj Bf 2T h 02 BOkOdz HDtej 3 i Mm' da
Y Ols ' dz0 iPO,&&HHZS t Oyd ™ M dz W Isp k2 j dzr

83,00
82,00 |
-
81,00
_

80,00 -

P o ev4_1
79,00 -

Y4 2
78,00 _ - X
77,00 3 AY4 3
76,00
0 10 20 30 40 50 60

Cu kypamsl, %

Y3aKTbLIBIK, MUH

wbtcj Bf 2flsT h 02 BOLOdE HDtj 3 j M d&
YOlsT dzOfM" dz® "L OyIlsT &z y EOY' Is™ dz |
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82,00
81,50

81,00

o s
3‘; 80,50 ﬁ ,
)
S 8000 ’
= s ev5 1
2 7950 E
=z s mys 2
= 9, 4
&) 79,00 7’ L 4 AYS 3
78,50 ,ﬁ
p
78,00 *

77,50
0,0 2,0 4,0 6,0 8,0 10,0 12,0 140 16,0

Paspsag kepueyi, kB

sbwg8Bf r st h 02 BOLOdE HDtj >y j M d
Y Ols™ dzOf" dz@ tcOLtWH C jtodzj 2' dg' W

cfjte jlkkh' WOChkttddd W I ¥ POiodgls i D&
i jMjd ¢ Cottejdv"ydqwvoO dzgj ¢' L HJ dz¢ ] dz
" dz YodzHOdkE L jtlslsjdjls' dz ftsyj s’ \
C'dH' C BjtoH' . 1L otetejdedkf IsjWH L
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tc' dzd dz BO2'r Iskz L Ok' IslsQOter dz" W Y O dzH
jlsdCOdr Yy fOLOR)stedzj te' dz L jtelslsjH" C.
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d B M) ;
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rIA Y Dod®y YOdzH'™ VY ROfIstzO 202 3O zOE ftetsy,
W OCsttdzOte BOM' & OLOLZOM 0O BOYIO il
Ldzj eedWimr dzf v  d3p dz’ 634 elz2{S B a3l ‘dal ) dizj >HD dzj
YOH' VY sBhE0dzOdez CjL ' dij t©j OCydwdr Y
YOBSO®BOMT L jlsk yYOyjls.
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YO 4ls jlsfj2u", WiststcdzOEzHTr W yYtsmOdzy E O
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SEZOLH' OBBIOSC cdHEsddL ' § to6yyinis] @2 Wb d
Bl BS ' dzH .S (BTt jHOISIsSOHT W IsjteddWdr Y T oH
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tcOL toW H

5

i3 dzlz Is

d3r

d3drdziz Is M O digHsjQ 1 Bslst
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BOmMsOWjkHjd €j2°
IsSODTr-30L5 &3 dzzIsy ©
BRj IsOdzH Ote"
Odzr YIsOk &BSCtotslstsdzy ™ dzH T

3 D daj

t &H t

B Otc

I dWilsstedHm' L

Y¥' BJt' dzH '
J o' Is® dzH

Y ' h Y ' dzr
d3q dzlz 820 15 518 © @ g QA O Tpls T

& fld O
UlleHrtQ'Drh

(Dcizr dzH " .

f ZzOL B3Oz Y
f O Odetzd & WIssEEH G ] OBRGLE YW
. B g WIS i
YU'tOd dF W Giels Oh,@2-CdgofjdsdiynijdziStg dzls? e ' dze j de.

4 D daj

23]
e f

ctg'
Olstsd3

Sd MBI BBRERBMN IsStstedH ™ sy X" Bifgzlsjste Cls "ydzHe
Nndz¢' OIs| Ag,% | Ba% | Co% | Cu% | Ni,% | Pbh% | As,% | Fe% | Zn, %
r Ols yy@aigzr © 0,000 § 0,01 N| 02N | 0,05\ |0,001N | 0,001N | 0,001N | 0,093\ | 0,005N
ruAn "1, 2|17 F(0,002| 001 | 0,002 |0,000040,000040,00003 0,0043| 0,0002
¢ O gH)O@dzH|0,000N| 0,01 N| 01N | 0,0iN | 0,01 N 0,01N | 0,01N | 0,40N | 0,00 9 N
IsOrtgiA = 12 11 £¢ 0,001 | 0,001 |0,0005| 0,001 | 0,001 | 0,001 | 0,02 | 0,000
r Ols yy@aigzu * |0,00@8 K 0,004N | 0,06N | 0,05N | 0,01 N| 0,0IN | 0,01N | 0,11N | 0,01 4 N
rIn "~ 3 17 £¢ 0,001 | 0,01 |0,0027| 0,001 | 0,001 | 0,001 |0,0052| 0,007
00" dsHBIOA 0,0003N| 0,080N | 0,01N | 0,02N | 0,01N | 0,001N | 0,001N| 0,014N | 0,09 1 N
11 £¢ 0,002 | 0,001 |0,0011| 0,001 | 0,0001| 0,0001| 0,0007| 0,045
s MB2j ¢ BRsSBHN sstcdH BOte y"d&g' | Jjto' Is' dzH "’
l otsB O Ag,% | Ba% | Co% | Cu % | Ni,% | Pb% | As,% | Fe% | Zn, %
r Ols yyGaigzu| 0,000 | 0,02N | 1,2N | 019N | 0,0IN | 0,0IN | 0,0IN | 093N | 0,01 5 N
sOtan ~ 1| 17 £d 0,002| 006 | 0,009 | 0,0005| 0,0005/ 0,0005| 0,045 | 0,0007
$ o & SE: 0,0008 | 0088 | 1,18 | 0,111 | 0,02% | 001K | 001K | 0508 | 0,00 9 f
Ca C 2 117 £qg 0,002 | 0,05 |0,0054| 0,001 | 0,0005| 0,0005| 0,023 | 0,0004
r OISYYGQMZH 0,0004N | 0,074N | 06N | 0,15N | 0,028 | 0,0IN | 0,01N | 0,210N | 0,02 4 |
soten ~ 3| 17 £Q 0,002| 003 | 0,007 | 0,001 0,0005/ 0,0005| 0,01 | 0,001
¢ O d3H OO | 0,000\ | 0,180N | 001N | 0,22N | 0,01N | 0,0IN | 00IN | 014N | 0,09 1 N
D A 11 £q 0,011 | 0,0004| 0,013 | 0,0006| 0,0005| 0,0005| 0,008 | 0,004
21, 22C j mis BH jtdz Odz0D Odz 2,r31 A D dzj D1 A Y Ozt
L dzj dgd dzlsls® € Y"teOd3r dz mMOdzr Mmis' tc 30 dz' Is © dzi
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Bj sOdzH OteH " W hr Or dgr Y BOO" dzO21Isr dzf dz ¢
d3 sOdzH Ote HO Mk dr wWOLO0DO EIjH', s dzOte
Cdzyd dzlstceOydwmr dzO Isjte'" iy bpMmjte JjlIsjH'

Sd MB3Jj | JHtotSH d dzGEd3¢ @reOdz jto” Is® dzH " Hj 6" 3" |
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b Or BHYO@AzZH ' YIBOE 2 , 89, N2, 2
r Ols YYOdzH ' Y8 Ot 3 92,IN2, O
® O d3HTDIOA 87, N2, 3

23C iMmlsjHy OdBBsdzd? BIWIsStedH BOt Gl
YOI k" d3gj dz 3 00| B dzelwHg 82" BOte L j telsn OdzC
Y2 telsf Odz EISC " L cjuigiag dz @RS dw jfecOX" 102H
Cddzs'" " d&z@jdz. C Rt HJjdz CJj2" dz Jt&' Is' dzgH "
Is iz te © dz' o dz' BB Islsjtc OsdBBHT Y OBMBteB YydWw
¥Ddzj t6OMIsOdzH T .

1 tcOCIsdCOdzr v Is"tcDr HOdz Y OtcODOdzH OH J W'
stsdzr v M JClilste’ dz Odz" Y Is GMea tiirhi® xdz dr® LdzCakid dEO t
Ed3J G' 3 dz BOOdzHe@ dzs’j. B Rz dzOdzzH Odz € J 2 ' oz
O2 " dzH OdzD O dg, Cifl’ tof dzg § dz 3 D dzj cIlsOB
slktsmMiztcj slsj tc° CEteMm] Isd3rdigt jdelz B85 OtelrH JO 2 & P diz
q&zqwdzr v 1 dzj d&3j dzlslsjte Odz" YISOdzh'™ : S Balsj |
Etefm Is’ dzG § dz.
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N 11== T

4 Iz 630buOB dzj Is C OEHPEed®Odz MzfMr L HOdH ™ o' dzD O ¢
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sy MBAmd WO EH OZHT W 3 Otcls dzO2 MOdzHT vy M
Ndzé' OlOkr
[jO HOsy@dizH™ § OOD'" d3HGOz| 3 Ols Y @dizH ' QD' d3H OT
HQ%® rin 1, H" YIisOas ~ 2 rJn 3 D1 A
Hi2' €42 HJ2 C427 Hjg2 Ci21Hj21¢j2]
Ag 0,00QqO0, 00/ 0,00 N|0,00aL N 0,006 N|0,0001 N
00005 | 0,00001 | 0,00001 | 0,00001| 0,00002 | 0,00002
8a 0092N0066 NOO81NOO71/0074N0053|0, 55/0, 55
0,002 0,003 0,005 0,021 | 0,006 0,005 | 0,06 0,06
co 1,2 N 1,1 N 1,3 N 06 N |13 N 10N (008N [0, 04
0,01 0,021 0,011 0,03 0,12 0,12 0,005 | 0,0042
Cu 0213N0023N0117N0012[0179N0014|0, 25/0, 01
0,003 0,011 0,012 0,0015 | 0,015 0,0012 | 0,028 |0,0014
Ni 025N (023N (026N [024N|/025N |022N|0,006N0,005~R
0,013 0,021 0,002 0,03 0,021 0,024 |0,001 |0,0017
Pb 0030N0024N0019N0013/0022N0022(001N|0, 01
0,001 0,002 0,001 0,001 | 0,002 0,0024 | 0,001 | 0,001
As 0,0IN 0,0IN 0,0IN 0,0IN | 0,01N 001 N|[0,0N |[0,2 N
0,001 0,001 0,001 0,002 | 0,001 0,001 |0,001 |0,002
Fe 2,8N|1,8601151N |[0240[253N |1, 01/0, 43[/0, 28
0,14 0,08 0,031 0,013 | 0,22 0,103 | 0,041 |0,03
on 0022N00021N0013NO00IN [0035N0002|0, 13/0, 03
0,001 0,001 0,002 0,0002 | 0,003 0,0001 | 0,011 | 0,004
24Ci MlsjHy o MIsOdz BOMY O, d3f ter h, Y ST
Ls;ndztsdzis gqwfmrdz yO0mMOE nh " dz y"vLrokhr dzry
B Ote Cjdg d2 CeEtGMjIsjH' . OYdsCdda ™ @ dz' lsEDIHOD Iz
GdZHrd3sz Jtw'"Is" dzgH ' 6 J 1€ 1 fy jj IsZ2isdgWdR,Is Is @is H O dy

Is 1l t¢ * IstEHAEB IOIDW, dzHnjs dz" d3j dz Y Ols Ote
st jls® dg dz Setemysls’ .
CHJjlIslsj, Y " tcOd3 SE 3y dz M " ter  IsT 3 D daj
YOdzH'™ YIsOtcH Odz d3r Mmlisr 0O dzlz nHh* dz 112" dzH
Y sdzH Odzr dzO Hiz'h. Q20 dzaH'OL ¢ ‘Is j gets tzlis§ ‘o3 o6 Mz &
ypodzgy BEMdH dz2' W jto' Is" dgH' dzj t&° (YOdzH " Y Is ¢
CEf) Bsdz' f IsOB'" dzOH' J dzsg@®@®tcbkr 2 C gzu “ dizH i H
dzolsdy § ' deHfj " Pler ddOH B t6 M dz" Y IsOter dzjodaliny j
YDA’ Is' qems M@ dpyjlistt dijLdz dzj ' , d3r Misr w hr Or
70% Y"tO2HT S jMjcr gz AB8tMmjls' dze j dzH § 2, |
f O2WBCAZOOdz C jLHJ] d MAST1ER )y Olsy 8@h%,r 1 A~ 1,2
OQO0'" d3H @P3%,r 1 A 3 Ols Y k%O N O BBHOT', 3% Y " te(

WlsstedHlsj tod

36 ¢ 1R EVYH] kG ] Hi 2"
HdWteOC ydwdzr vy L jtelslsj zdzj te*
Nndze ' dfj fomit EVHj kG ] HJ 3 2dzdzy midzls O dzi ©td
BE Mz dzj Is' dz' dz Is dzigiOdizizts QIChIS 5 BB BdeanckzHESO, Brucker
YOllsr WOLOZOwGH' W tjdalscgjdzH" & HAW OGS yd

dz X D dzj cj22
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sl ek 6]y dBisOmBe & jsdijlstedw Mmr ,-Is pdz
75A0 Hj2 dz, Oz OMAjEBEBOBBPEZEZ EZOYT' st 2
Istsczy ' dz "L '-ldgHIT D340%6Bu | & f il ¢ Oy’ d
v.4.2 nhdWterdz hjhkz B OODHQRcdipdXdg fiy WL
Hjtej CYytBSter (2016) AOL OzOteH™ W MO dzdz®Y
BDdzH j to* dz Odzr YIsOzZzDO Y bpdzj BEZzZOH'™ W Il dzj f
sjwHjk (22) Ottyr &z BOODO®&OMH' .

_ Rl ase
Vasmre = | camixture + R phase, (22)

B datpeT HdW e OC ydw M LT 0" dg" W dgje' LG" WC
Y OteY ' dgH;" dzf O
lagmicwrel ¥ 817 B © W OL Odz' ¥ tstelsOh O d;dzls j & te €
Riy"ter dz@ dgH' y S, s5d4%¢djy dsjjdels
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| PDF 01-070-7344 (Tune Cell) Si O2 Quartz

§7 | PDF 01-073-6145 Cu2 S Chalcocite

8 PDF 01-082-6264 ( Cu Fe2 ) S3 cubanite polymorph | Copper Iron Sulfide
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§4 | PDF 01-073-6145 Cu2 S Chalcocite
3 PDF 01-082-6264 ( Cu Fe2 ) S3 cubanite polymorph | Copper Iron Sulfide
PDF 01-088-7334 Zn S Wurtzite-4H
I
b) J [
gt N o
8-
&

Intensity, a.u.

10000

SR N R NSV

TR s 70 w e
2 theta, °
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Ci2"dze" (b)) twjdzscgjdzn" € Mdy O

31, 32,33MkztcjIslsj toH j Lc;telsls;dzc;ls2ﬂz, h @ tzargo
Hd2' dz YD desnOdzj Wzlscj dzhn® € HJWteOC ydw dz
Mpkdzj dzj o' dz2' W HdWteOS ydwmr dzr w dzblilsdy j dzj
BOte dzje' LG h Q0" dzf Mz dzOte Ctoj dzdzed 2 B
CEfh " dz 6" dzaj Ispdz € toj-gdedPic yn d 5D fgafs W Eafpj8z (
CuFeS; )y pdzgj ZnS WOLOdzZOt" dzO Ispdz H W BZ-y "

Ciflsj dzjtoH] Odz:sV 00 @Ot Z@a 8@ h OO df f
AOLOdz'' Y Y"teOdRHT, Mtsde" d3j dz Y OlsOtc W OL Oz
SjWHjE Otyr d xNlLjGj] Ofrt’ dnr .
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sy MBSir 1A 1,2 Olsy@dizH ™ Y Is ®©OR dgOwaQ R0 @lz6 ¥ Dd
WOLOdz'' Y Y"teOd3" (HdWtOSydqwdzr y h OODr dzr Mk
. sted MO AOL|uvll2 stedMmMlsO vl
AOL O DdzfugL IStStG.Hr.E @y hlg. IStStGH.r /;J?Lte%( " e .
51l i tcOdRjdg ey " tc e dzh j| f Otc O d3j I E dzh j
h 02 ZOdZOEZ D O h 02 BOZOEH Odz ¢
SiIO,i || 4 S fl a=4.89627% ,] 69.1 [1 Otcd] =4 . 88 3] 283 |4 Otcdz
s9 Ote ydzO dz!| c=5.4139]; , W OL @ ¢=5.39586; |, W OL O
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PDROO- |P-1(2) [c =14 . 1 100 c=14.14 GJ H
041-1486 U=92. 9 dzelg j | U=93.0 ELGJ ¢
b=116. Hi®&'| b=116.
2=91.0 ELGJ| 29=91.1
v=1341° tej H'|V=1340°.
CaCu p j Istd a=7.32318,| 8.9 a=7.30] 382
(Sis010) T |dz0O dz![c=15.1629]3 , c=15.20
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enunt] ey un2] seansol ool 5T
D teT df Hi @ Y h ¢ ssteHe N cod e dbh
MO e TORPEN Y Bl wn j fovogiy ¥ BT EE
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042 100 100
1340 flts @ dz e dz
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SEM HV: 15.0 kV SEM HV: 15.0 kV WD: 9.40 mm

View field: 50.0 ym View field: 50.1 um Det: SE, BSE
SEM MAG: 5.53 kx SEM MAG: 5.52 kx
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IsOdzH Oz

N"fr dz zZoOdz Cr1 s fnu’Jletsdths' h 02 BOdzOEz H
3 D dzj B OB Pdzs kb s H * W Ctsdzyj dzlstcOydw iyr dz'
ELGjJt MisjteH' CEWMIIJH", MyJjSlstedz]j tcH j G
1 dzj d3j dzlslsjteH" W B Otcdzr OF Jtw Is" dzH " HJ d3"
s dzH" .oz YOy Jjls Std3tf dzj € Misj tc ddsill t6'] dziDjz ' Hntiz ¢
ybDdzgj MmMOIr dzr sy MM, Bz OBBsdd?2 6 dHTt
Oh EH Odz B AP EBBAB7]: |

SiO, + 3NHHF, ---> (NH,),SiFs + NH; + 2H,0 (23)
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Ldzj Bj dzlslsjte (Fe, Zn, Pb, Cu, S, Si, Al
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dzj 6 L HJ dzG J dz:
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[rfnp WtstedH ' dg' W IsiiL" zkz*

CuO + NHHF, = CUF, + NH; + H,0 (26)
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[rm (11) IsjIstcOOd3dSds fMzide! ‘Wdkas'r: §€ s B dz
CuR+H,SOs+4NH 1 = [ JSEQNH2 HF [+ 41(27)

1 d telsls j dzj Is 'wdz RFPE 5 C lelAs " diats jlzH Ok T dz0-1 6 2
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B ki3t ypdagi B trh BOt jCjdz dz CEte
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Al ,05+3NHHF,--->2AIF+3H,0+ 3NH; (28)
Fe,0:+3NHHF,--->2FeR+3H,0+ 3NH; (29)
Mn/[ , + 2NHHF; ---> MnF, + 2NH; + 2H,0 (30)
Cr,05+3NH,HF--->2CrR+3H,0+ 3NH; (31)
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7, 14 -%3eEac d sldeH,0ke3- Rdirfsde  d S1dzA30E MY Ols dIE84H Ot
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TeXHHKO0-)KOHOMHUYECKHI pacuer
TEeXHOJIOr HH H3BJIeUeHHsI Meau u3 XBocToB O® ¢ momomnio I'IP

IIpoBeeH TeXHUKO-3KOHOMUYECKHUIT pacdeT Ha repepaborky 150 Teic. TOHH
XBOCTOB (comepkanue Mean - 0,2%) B rox.

Tabmmma 1. CrouMocTh ycayr IO CTPOHUTEIBPHO-MOHTRKHBEIM M IEKTPO-
MOHTa)KHBIM paboTaM, a TakK )Ke CTOUMOCTb BCeX ITyCKO-HallaI0YHBIX PadoT.

II/n | HaumenoBanne | Exusm | Omncanne pabort, yeryr | CTOMMOCTS, CTOUMOCTSD,
pabor, yeryr tenre 6e3 HJIIC | tenre ¢ HIIC
1 CroputensHo- | Yemyra | 1. IloaroroBka
MOHTaKHbIE OCHOBaHHS 00BEKTa
JUIA CTpouTenscTBa; | 6 250 000,00 7 000 000,00
2. MoHTax BCEX
KOMIIOHEHTOB;
3. Unple paboTHI
CTPOUTEIHLHOT O
Xapakrepa.
2 DIeKTpo- VYeayra | 1. IlianupoBaHue u
MOHTa’KHbIE MOHTaK HOBOII

TIPOBOJIKH, CKPBITOI
IWIH OTKPBITON (110
JKETaHIEO
3aKa3qmKa);
Beenenue
HCTOYHUKOB
9JIEKTPOSHEPTHIL;

3. BreimonHeHHe
MeXaHHIeCKHX
pabor;

4. TlpoxianpiBaHue
KaOeeit u
TIPOBO/IOB;

5. Hactpoiika BHEITHUX
u BHYTPEHHUX
JINHUIT,

6. VYcraHOBKa
3IIEKTPO0OOPYIOBAH

o

4 464 286,00 5000 000,00
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1
OO0benuHEHNE
Kabemeili B  OIHY
CIICTEMY;
IL1anupoBaHue u
MOHTAaK OCBEILECHIIS.

3 ITycxko- Vemyra
HaJlaJI0vHble

10.

11.

12.

13.

14.

IIpoBepka KauecTBa
cOopku
000pyAOBaHIS
(BU3yalIbHBII u
TeXHUYECKUIH
0CMOTD);
VerpaneHne
HEeIoa 0K, eciu
OHU Ol
BBIABIICHBI;
IIpoOHbIT 3amycK I
MOHHUTOPHHT
paboTocmocobHOCTH
TeXHIKH;

Ocmotp CHCTEM
aBapHITHOTO 3allycKa
1 OCTAHOBKI;
Ananranus
o0opyoBaHuI  TIOX
KOHKpETHBIE
HKCILTyaTallHOHHBIE
YCIOBHS
(momHaIagKa);
Hactpoiika

IIPOr PaMMHOTO
obecrieueHus, ecin
TaKOBOE IIMEeTCs;

. Ioammcanne aKTa

BBOJIA B
SKCIUTYaTaIuio u
mepejiada 3aKa3zduKy
KOMILIIEKTa
JOKyMEHTAIlH ~ Ha
00opyoBaHIIeE.

2 678 570,00

3000 000,00

HUTOI'O:

13 392 856,00

15 000 000,00

Tabumuma 2. CyMmMa 3aTpaT Ha IpHOOpETEeHHEe U H3TOTOBIeHHE 000PYJOBAHI

Ne | O6opynoBanue Koa-Bo CTOUMOCTh CTOHNMOCTh
€JIIHHIT en, IT Ilo cratee, T
1 VeTpoiicTBO ¢ MENTaIKoH 1 1 50 000 000,00 | 50 000 000,00
eMKocThIo 10 M°
2 Peaxtop I'1IP, eMKOCTEIO 1 10 000 000,00 | 10 000 000,00
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3 Veranoska I'TIP, MomHOocThIO 20 | 1 15 000 000,00 | 15 000 000,00
000 xV

4 Bak eMKOCTBIO (0TpaboTaHHBII 1 600 000,00 600 000,00
pactBOp) 5 M

5 BaK JuIst BBIBO3a OTXOIOBS M° 1 600 000,00 600 000,00

6 III;1amMOBEIIT HACOC KHCIOTHBIN 2 1 000 000,00 | 2 000 000,00

7 Kpans! kuciotHsie 5 10 000,00 50 000,00

8 Hacoc KuciaoTHBII 1 1 000 000,00 | 1 000 000,00

9 OuIbTp rpyooil OUHCTKU 1 200 000,00 200 000,00

10 | ®uwiIbTp TOHKOI OYUCTKH 1 400 000,00 400 000,00

11 | EMKOCTB IS 0cajiKa ¢ 1 5000 000,00 | 5000000,00
KOHHYECKUM JHHUIIIEM, EMKOCTBIO
10M°

12 | Marepuans! 1 KoMIuiekTyromue | 30 15 000 000,00 | 15 000 000,00

HauMEeHOBaHHUIT
BCEI O, TeHre 99 850 000,00

3. YenpHBIE 3aTpaThl MaTepHAIOB Ha I1epepaboTKy 1 T XBOCTOB.

- GudTOpUT AaMMOHUS, €r0 pacXo] Ha 1 T XBOCTOB COCTaBIIET 4 KT

4 xr * 1 500 tr/xr = 6 000 Tr

4. YenbHBIE 3aTpaThl JI€KTPOIHEPIHH U BOJBI Ha IepepaboTKy | T XBOCTOB.

- DJIEKTPOIHEPIUsl

0,27 KBT*4 551eKTposHEeprun Ha 1 KT XBOCTOB

0,27 KB1*4 *1000xkr=270KB1*u*T

270 KBt*4a * 19,0 tr/xBTa = 5 130 TI/T

rae 19,0 TI/KBTY — CTOUMOCTH 3JE€KTPO3HEPTHH.

- BoJa (XBOCTBHI, BBIXOJAINUE H3 CTaJUU OOOTAIleHHS MEIHOH pyAbl HMEIOT
cootnomenne T  (xBoctel): DK  (Boma)=1:2, moO3TOMYy  HEOOXOIUMBIil
JOTIOHUTEIBHEIH 00HEeM BOJEI COCTAaBHT 1 M°).

1 xkyo.m * 150 Tr = 150 11

CyMMa yIenbHBIX pecypco3aTpat BOIBI U 3IeKTPOIHEPruu Ha | T XBOCTOB:
5130 r + 150 Tr = 5 280 Tr

5. 3aTpaThl Ha 3apaboTHYIO IUIaTy pabodero epcoHaa.

IIpu pabore B 3 cMmeHHI o | paGouemy, IITaT ydacTKa IO IlepepaboTKe IIIIaMOB
cocTaBuT 3 yenopeka. [Ipu cpenneil 3apaboTHoil wiate 180 ThIC. TeHre B MeCHIl
stHu 3aTpaThl cocTaBsAT 180 Thic. Tr * 3 wen = 540 000 TeHre B MecHII.

T'omoBbIe pacxoibl MO CTATHAM peAJTH3ANUH TEXHOJOTHH H3BJIeYeHHUs!
Meau u3 xBocTtoB O®D ¢ momomrnio I'TP

IIpu nmepepabotke 150 THIC. T XBOCTOB B I'0JI, 3aTPAThHl COCTABST:
cmoumocmyv 0oopyoosarus - 99 850 000 me.
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Mamepuansl (IpU YCIOBUU, YTO pabodnii pacTBOp ¢ OHGTOPHIOM aMMOHUS
IUPKYIUPYeT B TE€YCHHH CYTOYHOI paOOTHl YCTAaHOBKHU JI0 HACHIIIEHUS MEIBIO
IIPHGIM3HTEIIBHO 10 35-38 Kr/M’).
150 000 * 5 280 Tr =792 000 000 1r
150 000 * 34 248 Tr =5 137 200 000 Tr

IIpu opraHmzanuu pereHepanuu OudTopua aMMOHHS, T.€. BO3BPAICHUS B
IIpollecc BhIenaunBaHus nopsiyika 70%, BO3MOXKHO YMEHBIIIEHHE I'0JOBBIX 3aTpaT
5137200000 1r * 0,3 =1 541 160 000 Tr
pecypcozampambol
- DIIEKTPOSHEPT U
150000 T *5 130 /T = 769 500 000 Tr.
150 000 T * 10 260 Tr/T =1 539 000 000 Tr
- BoJa (IIpH 3arpy3ke YCTaHOBKH 3 pa3a mo 10 T XBOCTOB, MOTEepH BOABI OYIyT
COCTaBJATh IIPH KaxkJOH pa3rpy3ke Imopsaka 20 JIHTpoB, T.e. CYTOYHBIH
JIOIIOTHUTENBHEII 006eM BoabI cocTaBuT 0,06 M.
365 * 10,06 M> * 150 = 547 500 1r.
365 *24 M * 150 = 1 314 000 1r.
3apabomuas niama
3gen. * 180000Tr. x 12 = 6480 000 Tr.

I'ostoBBIE pacxopl O CTAThsIM 3aTpaT (CTOMMOCTH YCIYT II0 CTPOHTEIHHO-
MOHTQ)XHBIM U 3JIEKTPO-MOHTA)KHBIM paboTaM, a TakK JKe€ CTOHMMOCTh BCEX IIyCKO-
HaJaJ0YHEIX paboT, 00OpyJoBaHHE, MaTepUalbl, pecypco3aTpaTthl, 3apaboTHAs
IIJ1aTa) Ha U3BJI€YeHHE MeIH 110 TeXHoJIoruu ¢ nomomnsio I'MIP coctaat:

15 000 000 + 99 850 000 + 792 000 000 + 769 000 000 + 547 500 + 6 480
000 = 1682877500 tr

Ilpu mnomydeHun KaToAHOW Menu, dwucTtoTolt 99.99%, CTOMMOCTH
noxy4deHHoil Menau u3 150 Teic.T XxBocToB (Ipu BeIXoze 90%) cocTaBHT:
270 T (katomHas Meap) * 2 762 500 tr (6 5008 * 425 1r) = 745 875 000 Tr.
Pacuer BEmONHEH 0e€3 yd4eTa CONUAILHOTO M 3KOJOTHYECKOro 3ddexra,
OIIpeIeNIeMOT0 CHIDKEHUEM Harpy3KU AYMHUCCHIT B OKPYXKAIOIIYIO CPETy.

Hupexrop HUIT «IIpuxnagHas XUMus» :ﬂ
JIOKTOp XUMHYECKHX HayK, Ipodeccop % , O~ E.C. Mycradun

T'HC., 1oKTOp TeXHHYECKUX HAYK, IIpodeccop 3 { X.b. Omapos

Hayussbrii coTpyaHUK, ToKkTopanT PhD A.C. bopcrraOaen
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TlaTeHTTi KYIIiHe YCTay aKbICH! YAaKbITBLTBI TOJICHTeH JKaF/Jaliia IIaTeHTTiH KYIIi
KazaxcraH PecrryOnnKachHBIH OYKLT ayMaFbIHIa KOJIaHbLIAIbI.

TIaTeHTKe MailTanbl MOJIENIbIIH TONBIK CHIIaTTa Mackl www.kazpatent.kz pecMu caiiTbiazma
«KazakcraH PecIryOINKachIHBIH Haiijaabl MOJEIbACPIHIH MEMISKETTIK Ti3UTiMi» OeIiMiHIe KOMKETIMII

* % k

JleficTBIIe TTaTeHTa pacIIpOCTpaHIeTCsI Ha BCIO TeppuTopito Pecrryomikn Kazaxcran
TIPH YCIIOBHI CBOEBPEMEHHOIT OILTATHI ITOAePIKAHIISI TaTeHTa B CILIIE.

TIonHOe omIIcaHIe IIOIe3HOI MOIENH K ITaTeHTY AOCTYIIHO Ha oHIaIbHOM caiiTe www.kazpatent.kz
B pasziene «locyaapcTBEHHBII peecTp MoNe3HbX Mojeneil Peciydmmkn Kazaxcramy.

* %k %

Subject to timely payment for the maintenance of the patent in force
the patent shall be effective on the entire territory of the Republic of Kazakhstan.

Full description of the patent for utility model are available on the official website www.kazpatent.kz
in the section «State Register of Utility Models of the Republic of Kazakhstany.

Kasakcran Pecrybnikacst OfineT MIHICTPIITIHIH
«¥ITTBIK 3USTKEPIIiK MEHIIIK HHCTHTYTBI» PMK
Hyp-Cyurras Kanackl, MaHrinik En qasFbuibl, FiMapar 57A

PI'TI «HaioHaIbHBII HHCTHTYT HHTEJUIEKTYaIbHOII COOCTBEHHOCTI»
MunncrepcrBa roctimn Pecmyomikn Kasaxctan
Topon Hyp-Cynran, npocniekt Manrumik En, 3qanme 57A

«National Institute of Intellectual Property» RSE,
Ministry of Justice of the Republic of Kazakhstan
Nur-Sultan, 57A Mangilik El Avenue

Ten./Tel.: +7(7172) 62-15-15

E-mail:  kazpatent@kazpatent.kz
Website: www.kazpatent.kz

109



Dfu3[Z4d
Lz j2Is' dz6 j dz dzOB stcOlsstedW dzr v L j telsj

Hp PeKTo
EM Ta>|< 3

., it
13 > " i3/
ALY i,

AKT
0 IIPOBEJICHHH YKPYITHEHHO-Ta00paTOPHBIX HCIIBITAHHI
110 U3BJIEYCHUIO IIBETHBIX METAJIOB U3 XBOCTOB JKe3ka3ranckoii u
KaparaiinumHckoil 060raTHTeIBHBIX (adpuK

Msr, HIDKEIIOAIICABIINECS NIpeACTaBUTEIN Kaparanauackoro
yauBepcurera uM. E.A. Bykerona: Jlupexrop HUII «IIpuxnagHas XuMus» JOKTOP
XUMHYECKUX Hayk, npodeccop Mycradun E.C., 'HC., 1oKTOp TeXHHYECKUX HaYK,
npodeccop OwmapoB X.b., pokropant PhD Bopceiabaes A.C. cocraBmim
HacTOAIMHMH akT o ToM, uro Hamu ¢ 03.02.2020 r mo 17.02.2020 r. Owlu
MIPOBEIEHBI HCIIBITAHUS 110 U3BJIEUSHUIO IIBETHBIX METAIJIOB H3 XBOCTOB U OTX0JI0B
JKeskasranckoii nu Kaparaitnuackoit o6oratutenpHbix ¢Gadpuk QKOD u KOD) c
HCIIONTB30BAHUEM 3JICKTPTHAPOUMITYIbCHOTO paspsina (DI TP).

HcnpiTaHus HalpaBieHBl Ha anpoOamiio HOBOIO CII0OCOo0a H3BIEYEHUS
LIBETHBIX METAJUIOB U3 OTXOJ0B 000TaTUTENHHEIX (padpuK.

UcnpiTanus 1npoBefieHBI Ha «XBocTax» JKeskasramckoir (OKO®D) u
Kaparaiimmackoil oboratutenbHbIX (padpuk (KOD)

Copnepsxarue Memu B «xBocTax» JKO® u KO® npeicraBieHs! B Ta0IHIIE:

Hanmenosanue O® «XBOCTBI» Copepxanue menu, %
KOD Ne 1.2 Texymue 0,130
KOD Ne 1.2 Jlexxanrple 0,197
KOD Ne 3 Jlexxaneie 0,186
KO®D Texymue 0.220

IToxaroroBka padoueii cmecu:

Ilymema Maccoil lkr otgensHO Kaxkgoro u3 xBoctoB KOD N KOD
(J1exxanple U TeKyIIHe) pa30aBisiiach 5 TUTpaMU BOJBL, 3aT€M B Hee JJ0OaBIIsIIOCh 4
r NH4HF2 Ha | Kr XBOCTOB, KHCIOTHOCTE CpeJbI JoBomiack o pH 1-2. g
ITOIKHCIICHHS HCITONIB30BaIach cepHas H oprodocdopHas Kuciora. KHCIOTHOCTH
cpenbl IpoBepsuIachk Ha JadopaTopHoM HoHOMeTpe 11-160 MIA.

Ha pucynke npejictaBieHa cxeMa YKPYITHEHHO-Ia00paTOpHOH YCTaAHOBKH:
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ITynpma nosaBanace 4depes OyHkep (9), rae nmocie 3 MUH. TepeMEIIHBaHNS B
mukcepe (1) mepexaunBamace HacocoMm (2) B peaktop (3) A TpOBEICHHS
THAPOUMITYJIBCHOTO BBICOKOBOIBTHOro paszpsiza (I'TIP) oT BBICOKOBONBTHOIR
yctaHoBKH (10) B Teuenune 15 MuH. 3aTeM CHOBa IOCTyHIalI B MUKCEp Uepe3 Hacoc
(12) 1 mporrecc 00pabGOTKH MTOBTOPSUICS C YBEIHYSHHEM BpeMeHH 00paboTku 10 30
MHH., 3aTeM 70 45 MuH. T.e. 3 pa3za. CkopocTh paboTHI y37a (MHKCEp-peaKTop
I'IP-mukcep): Sm 3a 15 mun. 3arem Hacocom (l11) oOpaboraHHas mymibIa
IocTynajga B JeKkaHTarop (4) TIJe NPOHCXOJUIO €€ OTJelNeHHEe OT
HeIIpopearupoBaBIIeTo Ocajka, Iocle HacocoM (8) pacTBop HOJaBajics B
MIPHEeMHBIIT 0aKk HaKomuTemb (5), Tae NOAKUCIIUIICA cepHOor kuciaoToi (10-15 M) o
pH 1. Otkyna uepe3 kpan (7) HampaBisUics B 3JeKTpoimzep 6 ¢ IEIbIO
DIIEKTPOXUMHYECKOT0 OCAXKICHUS ME/IH.

MaxkcuManbHBI 00BeM pabodero pacTBopa B MUKcepe cocTaBiul 10 IHTpoB.
Kasxapre 15 MUHYT cTpenbObl IyIIbIIBl YBEINIHBAIOT COAep KaHUe MEH B pabodeM
pacTBope mpuMepHO B 2 pasa. Ilyrem orGopa mpo6 M HX aHamH3a Ha aTOMHO-
aOCOpPOITHOHHOM CHEKTPOMETpEe IIPOBOAMICS KOHTPOIL COAEpXKAaHHUA MeIH B
paboueMm pactBope. IIpum TpexxpaTHON mojade cBeXell MOPIHUH IIyJbIIBI
cojiepKaHne MeIH B pabodeM pacTBope nosimaercs ot 0,02 1o 0,25 Momns/i.

PaGounii pactBop ¢ KoHIeHTpamueil Mequ 0,25 MOIB/1 HampaBsUIcs Ha
IIpoLece 3IIEKTPOIH3a.

B kauecTBe mHcTOUHHKA OecrepeOOIHOTO TOKa HCIIOIB30BAICA IIPHOOP
«Korad» (10A, 30B), Ha KOTOpOM TMOAOHMpAICAs TOK JUII OCKICHHSI MeIH Ha
kaToze. IIpIMEeHEeHbI HepacTBOPHMBIE CETYATBIE 3JIEKTPOJBI-AHOABI C POJIHEBBIM
mokpeITHeM pa3zmepoM 0,3x5x15 cM, KOTOpble TO3BOJISIOT IIOCTYIIATh PACTBOPY KO
BCcell IIOBEpXHOCTH IOMIOKKHN. KaTox - IDIaCTUHBI H3 Hep)KaBeloIleH CTallu.
PaGouas IUIOTHOCT, ToKa 1-2 MA/cM’. PaccTosHHE MeXAy 3JIeKTpOJaMH
coctaBiino 5 MM. Katonnoe ocasxaenue Cu IIpOBOAWIM B TralIbBAHOCTAaTHYECKOM
peXHMe, B CTAllHOHAPHBIX YCIOBUAX TpH TemiepaType 20+1°C.

DJEeKTPOIU3 MPOBOAMIICSA HPH IMOCTOSHHON IUPKyIsauu B TedeHue 30-90
MHH. Bm3yanbHO HaOmIOaloch paBHOMEpPHOE OCaXISHHE MeIU Ha KaToJe.
HauGonpmuii BEIX0]T MeIH 110 TOKY cocTaBuI 98 % B TeueHne 60 MHHYT.
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Ha mractiHax 1mmocite 3aBepIIeHNs 3IEeKTPOIIH3a U IIPOMBIBAaHUSA OT OCTaTKOB
pacTBopa, IIOIy4YeHHAass KaToJHas MeJb Obllla IMpOoaHAIN3HUPOBaHA Ha IpPEIMET ee
YUCTOTHl OT 3arpsi3HEHHH Ha J1a3epHOM aTOMHO-3MHCCHOHHOM CIIEKTPOMETpE
«CIIEKC JIADC Marpukc KoHTHHYYyM», KOTOPBIIl IT0OKa3aJl OTCYTCTBHE IIpUMeECcei
B MeIHOM ocajike (Meab - 99,99%).

3aKiIroueHue:

- Ha OCHOBAaHHH INPOBEJEHHBIX YKPYIHEHHO-Ta00pPaTOPHBIX HCITBITAHHIT
IIOATBEPXKJIeHa pPabOTOCIIOCOOHOCTh COOpaHHOH yCTaHOBKH, 3()QeKTHBHOCTH
KOTOPOH OCHOBaHA Ha MIPUMEHEHHH 3JIEeKTPTHIPOUMITYIhCHOr0 paspsaa (DI UP).

- TpeXKpaTHOE BBEJIEHHE B IIpoIlecc IepepadOTKH HOBBIX IOPITUII «XBOCTOBY
II03BOJIIET CKOHIIEHTPUPOBATh COZep)KaHne Meau B pabodem pactBope ao 0,25
MOJIB/J1. DIIEKTPOJIM30M JJAHHOTO pacTBOpa IMOIydeHa MeIb YHCTOTOH 99,99 %.

- HE0OXOIMMO TIPOBECTH TEXHUKO-3KOHOMHYECKHUIl pacueT 3(p(eKTUBHOCTH
TEeXHOJOTHH H3BJIeUueHHs Meau 13 XBocToB O® ¢ momompro DI HP.

Hupextop HUIT «IIpuxnagHas XuMus»
JIOKTOp XUMUYECKHIX HayK, IIpodeccop E.C. Mycraduu

/

T'HC., noxTop TeXHHYEeCKHX HayK,

npodeccop / X.b. Omapos

Hayunsrii coTpyaHuK, fokTopant PhD A.C. Bopcreiabaer
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