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1 OHEOWD | SO Sl dzJ S Mmdzr = M4 H

sl dzi CMdze’ § MjHddej ded™w § jted ntsHde = BJ s8R YBIFL
fscdsh Osls Mo jls o odHdJdOE UMDY Y AaCdmmidsts sl dids &) SLsls s ts!
o Clstser o  5¢ dsb-didddyj DeH 0 ddzs

st dzj €M IsdlsOdzO

sdlsOdets d3j OEaPzd Isd U MS d2 dsjlstsH, o Clststesd dhnfsd Ll
nstedH O s dE@zON d d3 I-Windsdg) Stse ¢ . ASKjeOnEbmlse stc® B ki
YO mis d y®iEs)d*, dad * " ddsd BCISOt Hted U MAKj C ISildgte s teg gzts h
GOB & HOjIsfw h diesS OW f REBEGFPH:f, BOS fid Bk &t d3
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MNornowexue

20300 17400 cm?

151 RLBBEOL dlsj d20 Wty o jithjjdk®rn ks tz 6 s dzte@gab o dzsc 5
9L BLEYHJ dzdzatse s M[EiHIORM .dzd W  d 5 dzO

eg _

t29 t29

15216 HmC Oy disy Yo ks db®OBfsdgd ¢ MGt { the da 't @HostRdrdetipe’ | ds
u d fy dz20d3Po ) ds.

1531 Hj2Mlsodlsj dz¢ desmisd, o M jSClstey JMls: olbstcOV { sdz
f dzj ys17@eOdnds. [ 81 wMmded sy yodl Codfditmo M zuyjltd

1 0dzdudj Hoelkna f§wdsh o MY CBi@EO)Es tay Mzt b oz ta) &3, s Yk

O orlswdzlsr 2 ¢ B8 Is GzanHdig] dzj dzd J 9T LT 90jIs Hist 5dzdzd Is j dz!

f sHEZse dgv

154 R tsdz! L z W ftodojHjdedzr j dzd 3 § mad &3, LOYf dh dlisd
sidztso @RfotsL Bz H j dedz’ 7 (birpid)) df ts dpiagd,Q)s]°".
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-
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-

MpaBunbHbIN BbITAHYTbIN
oKTaagp oKTa’aap

sl dzj ¢ fmr CBOMZ IO

Ks[CoFg] T BHddz dL tcj HEdnR ftod d3j totso or MsC smy(tNdztso r -
ANststedtotseo Odzd § A tzts @l HAED | I€ s BYGsdz tds@ (IS (or] @& y&@ ftcd
9LOddBsH j2Msoadd Ctlttse ts iz jvdsfipme d & t&ERHFE @S Q)5 1 tc O
tdOCyds ftioegastundtsle HEJ HFOSC COCSHEPEBEO® Mdzw jIs o tsH
(ttj OC g v
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155100 dh dlsj k0o dzjUlid®). t6j OC yd 2

s s BB Z[CE(MH)lCl 5B tOL 2 jlsmw ftod §sfizms Oddd t@hEEE®
TdzstedHO B EOME dsedH O ORBUa B ) Mizlsfise dd i€ Ols O dzc
OClkdodtetso OdzdztsG 5 kG dzw

156 10§ dh dlsj ktOodzjMedj toj OSyd(

15.7 s s 3tf ACAN:)]Cls dzse H O dzOL " 9 O Is  dz¥ Is j tetedii detg teladfsH ©d3 . ( S Iskz
dd3j jIs HeJj (jsSdsstéy tfotsdyitsh j dzd v 2E050i10E f 2DdbGO dh gz
odHddis?2 d Bdzdydj?2 04ajudfoOq digg) Ybg6® ¢ df dj s ho.

158 [ B wided Isd, f syl GICoFE S dajsCiismy Jdeso ™ 2 d , POLLOBO
[CO(NH3)s]Clai dzd L S sy ddeso ™ 2 . Hd OBOC dzd Is dz’ 2

I msSemiddss j St&fdjchr d fif GiSessy dbtEdsuaf j,2 O dz0 &

CdW e BREBGROFS ' Bj jls Wsthkz o' kWdklssets ©SkOL HEO

159 RLtsBteOL dilsj { dzj Cltetsdadalz € tHadeWh &Gz to Gy Bz ) tu fij ditdad dEts dntd
[CoFe’, JMmdzd dLojMmisdesiny dldas § iglf dseg@®azgzy 1 j.dzed d dzj d3J

1510 [ OCMd Bz &' §sdzsf focdsh jddv, Moslke jlkmlsoks h dj
TOEOSCkjtedL Y kMY o s dAd600f d14 500 fidEOdIgj H S Oy dlsj Yo
d ts dgtoFe]® "

] OH G6W@ i3 ™ ¥ J dzJ L O

rddzjitsHdd dL haf@y dejd2j 3 dz2lstse  f jtedsHIyd B&B2 L Bd BlJ o
cOMMBslsedd doj Clsser j OMjSlkr odidd yjdkiLo ] ksys
t OMmMBssisted 3 o 5L d3tsy dz" § Misjfjded S5CdMmdzj dedv > JdzjL O
161 RLBBEOL dIS] HJOCELO®RKBE [ (EHON dsh) & ® dzh tize v 3 f) Mgl dad@ th)s dz'
f slsj dzy EDEF.& BI'Fe*) = 1.90 ), EA ( #/Be?*)=0.77)1 ,EA( FleFe) =1.10. 44

t OMMudIls©22Isj 5@ & j deued MdFed’fre FeOs2YFe d Fe*/Fe
HSBOO9!'Isj dm £ HJdOGtLOANRBI

162 [ftojHjdzdls-i S o GezOtzj dzls™ HdzW o den d @ d HSIE @ dg'ckalr g v ) sy j tEkzij
fsmlstes22ls] HJOC LOW®RBE TS B ®@EG0.2 Fe? 6] O s Ols !
BjHE o0 §cd

[ v GOV duj MS 66 d MozEdsdr i @sO dzs b § l&j dz€ dzf detinsizsm) dz' -
cOo dztso j Md2 OSCY | dM sdz'jLfzdzds o dRC BOGHER] BB fipliss SIS H j
f slsj dzyd Odzig o0 fisjsiztspsHe  d3H d O G tc O dfds H tBSBAGS).

lteddBj &8 Hdzy fesmisslsr , Yt OCIsdE dtsils d IstsO af dziidg 6zt Mgy 5 o
1 slsjdydOdzr BEHjA dL.dj te8asts L dsO yg SEWISORS Olsd sdetse  dzj
Bsdzj CzdetsHT o CotH ddOild Feldds?ts L ko REi.@)**, [Fe(OH)]*

5B 5L dzO[Re@pM®s(OH)]* d Isu B G,H OdzO f w[fetHle],i + st dzj Ilso jtH' 2 &1
N4 zi()@ tOMmlse tstej dadz’ 2 dzj 2 Is[Ee@AA):(BFOR]. € ts A3 dzj € M

SOYHOW dzddd¥ 20 ) EOHEORRjlsMsokzjls EkMmdss dy, Yls ts
(€ sdzyJ dzls eyjddin yOMmisdy, kEyOmlsekshdan o w©jO¢ydd, ©Oo
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@)

(b)

(©)

[ Mdzgj OCyB®d S 6 JHddhs@ddzs d s §f tziziz0® s Hols EiEEPO
EyOflse brHd s st j sflso ks h OW  dzd dad & ts tezPL tsHozlSORsdshpee |
sdfdudy 2 WHOEE)/BMEA = 11000 3440 PH tsldj &12; 0 B Sdzj |
hjdzsyder 7 2 ©OMboswOR ©BEOLEY SMHVEY gEH © 6 fid sasd i
ktcOo dzj ] §

&d dzchvf s j deyd Oz, §tod S s tsidas g3 oz B0 §(Has t ® af das .
a(Tlls p/ [TF] = 1:

(THT):E=EA T (/Q).gabTRlsp/[TF] ) = T0.341J7 0 = 1@ 34

[ Mdzd tojObHdY (s CHghdssdePr, L B dzj dedv  fis g flgtizj 2 ¢
dzd dzdz® H d O ¢ iteoOjcetis  OO(tzy h).1 Of ted d3j te, 4§ sidzj Hise Olsj dz' o
dedBa*f tosd Mo SHsMifls] fdzv 5 1 Mistslse jlsMisoa ks " ddi3d ¢ tsdz
CdHtsS MEsC t5BE Gy Cafpusy v

Ga® + OH' = [Ga(OH)]*, Ighy = [Ga(OH)*] / ([Ga*] T [OH']) = 11.4 )
Ga* + 2 OH' = [Ga(OH).J*, Igh = [Ga(OH),*] / ([Ga¥*] T [OH']?) = 22.1 3)
Ga* + 3 OH' = [Ga(OH)s], Ighs = [Ga(OH)s] / ([Ga**] T [OH']®) = 31.7 (4)
Ga* + 4 OH' = [Ga(OH)4]', Ighs = [Ga(OH)4'] / ([Ga¥*] T [OH']*) = 39.4 (5)

Lt Oo dzj dad)¥ H(dB" Mistsise | Ismiste dzef jomdize 5 dzd dzd 2

dzq dzdhvpH, ftod S Sstsdpipjsdgs @y dGa(OH)** e Oo dis . pH = pKa H dz
Hd Mty GRS I B tcOL S[Ga@HRHD)O>"

(Ga*/[Ga(OH)]*):pH=pKwT By 14.0 1T 11.4 = 2. 6; (6)
d Odz0dztse d ydats
dzd dzd: {Ga(OH)]>* / [Ga(OH)]"):

pH=pKwT H24glghp= 14.0 1T 22.1 + 11.4 = 3.3 (7
dzd dzd:¥[Ga(OH).]" / [Ga(OH)a)):
pH=pKy,T Hsglgho= 14.0 1T 31.7 + 22.1 = 4.4 (8)
dzd dzd:([Ga(OH)s] / [Ga(OH)4]'):
pH=pKwT Hsglghs= 14.0 T 39.4 + 31.7 = 6.3 (9

( Mdzd 6§ OCydw o & dzs YOnjdis o datyf, of i dize] s gateidn) ifasO dzts & gf Is | dz!
ttOo dztso j Mdw, Ikt Mitlse jlsMmise s h Qwe djdP aatzd)dgds O dasp wizjj Isizd
Bsdzj € Iz dzv 6 dzts ¢ 5(10¥ df diysizis@s a1 OH I )etfsts ©O L Odzdz” 1p1d.f .o dzd d
(ZtcOo dzjlafdig ((z tc O o dei3pelfi Ptc Odzdzj dz' dzr , SOC COC ddis s s
[ded BtcjHjdvesls B d&zOMIs! EkMists?2 ydo s dsE | idzj dzd » 51
HtO( 6)

O, + 4H* + 4 VY 20, HEA = 1. 23 (10)
2H" + 2e Y ,H EA = (0t i tg dad) dz (11)
dzd dzt{(®2,H/H-0):

E=EA 1T (/@).10g@a%¥H0%)/(@02,9T [HTH ] = 1. 2I3pHT 0. 0@D

dzd dzgd (H'/H>):
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E=EA 1 (/@J0W®Re:9/[H]] = 1lopHO59 (13)
E/V E/V E/V
0.0 0.6 — 2.0
& &3 £ 0,(9)
+ — = = I . ) 2
-0.2 [TI(HZO)X] 04. 6&3 55 é % = 10l |
line a f aN 6; 6 a o I"-rr-w.,_,:’lnef
-04 00 & 55| T & 0.0- 20(1)
Tlis) 5% 8 T _lineg
- FEEE - Hig)
0.6 02| &g g & 1.0 2
0 6 12 pH 1 4 7 pH 0 7 14 pH
(@) (b) (c)

t d Mk degSd O ¢ tec Adixlie B pizi d ) Is (R)ABI*/TI, (b) Ga®*/[Ga(OH).¢ W
(C) Hz/HzO/Oz

1 j todzj smw ¢
16.3 1 tsfylstets j dzd |

~d®Bdd YJdajiLo
H @sigeddy i & W sicds) )t s) D @OOL £ dz s0ls
Ad dziL O

o kEftsh jddesds oadHJ HdW &BjlsOdkzdzdyj ME et

fMsH jtey Oh dr X j dzj L pH s I®H HAC jOLfridsdg) o dijiglz dzO to

a) [ddedd HjdwIls HJOCtOBEKY tc f20] dhgdssic, s SLALdY Y Ofis d
Emsts2ydea O o COfidudlsy stpislsgjlsmisakze hdj W itstediizdz

b) RN sdz' L W H Qv Pedadlyg. 9 jHdlsy d LOfdhdls Mdzts
sftej HY dzw ¥ Is G s tedfd dzdlids O7dd's dg'teds d ¢ Odize dizff 5.

c) Irejudlsj ktOs dzj dzd jdzd dasitfd fiffr osstdhjjnij dzd Is JpH, Elstste H d ¢
d 4 44 te] fjdagidedd2dgdin

d AjtotcOdMIB)de sdzj § Mddz' dzr 2 @ #BECdMmdzdlsj dz¥ Yyj 5 di3ts
( MtcOo dad Kzff WzOf tod fi). lc M BdkOMI! ¥ EMlss2yds smlis
st sz kM2 yds bid $t o Mdd dsh j dot@s? i,
d FAWFeOH),] *" McOo dzd ds* 5 ojdzdyddsi. | tB" yd n
dzi EmMlss2yde d SdMdvils otHE Ht CdMdasttsHO.
Wjttte®PtsdzO d dOf dh dlsjy MmMstslse jIsmisekzs h jj kteOo dzj da

sOBdZdyO[ &M ) SCodmMlsOdsh,.c@mtstsMg® sdedzi CMd)o x4 dzitL

l sHetslssodIsjlag s diw L OH OyYd

log bn (Fe?* + n OH') log b, (Fe** + n OH'")

n=1 45 11.8
n=2 ) 22.3
n=3 T 30.0
n=4 T 34.4
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EIV
2.0 —

1.0

K

0.0

line 17

L 18 fne 79

-1.0 —

|
0 7 14  pH

t Mz gSd OC¢ tc Qdgde fzv 3] Is O dzdzd y j figfTctOdnts o sjedzfad® = o 9 tsSH
MH jy O das Y JjdzjL

RL o9 J Mlisdzts, Yls ts Mtsj Hddzj dadivdzj Is® j rcd Oy EEsqzsesEs iy w hd
Ho zrn o Odzj. dzls dzts G s

164 t OMmdssistedisy oMmd YOMB g ded) MH EBYLE @d3aBisd dzd W ©OL d
d o jterdsiisds? f slsdsmisd L OBYHO d BI Widsdlsy ,
COYH™ &3 ddatsdy WFeSQdzdz@ f (SHsgj Is Yy MSC dd3 Fe

vjteitsH ddoBdud Msd4d, Cddzd sdyd mMedd, My dSbtesmMe sy dud
MowiL Odgr M 1 dzj Chtesdzdz o5 Mistetsj dzq jods.n SH teh O s digj IStO dzazj dzj
bHsBdss dMitsd LseOls! Isjstedy CtdhlsOddedy Myems ¢t
s tejHjdj dad W L dzj € Is tots dzdzts 2 CdW dekzteOydd By dats
My jClesniddduj MSd2 ©WH d&dcdOdH s

165 [ftojHjddls] &Oc dzd Qazshs eusdn Isdzd 10&] § i df joespsshjd 7 : YO Mls
[Fe(H20)e]**, [Fe(CN)e]* ", [Fe(H20)e]*", [Fe(H20)sOH]*", [Fe(CN)e*' 1  ff tod B dzdGhj dzd
fd Bk e udlsO2 g €O Ylsj tejLzd SO yjtjiup { dj tsc
di dzj e ds M Otcdo ORIW { dzj Clstetsdztse

16610 tdEngLSBEOY jdrdHdd § MY J S Isted s towta@zppgthstis
MisH | oy OF Qs dfRe@d.0)0H", d dzOdzsmizmy j dzt o d S, tstdschsofekzhy € ts 2
By dets L Of FepBeCN)e) Q@ IsMisOo ' Isj o s isiondbmispigmis 2
My jShkt.

] sHeBlsBo s jlsif s fv L OH OYd www.50icho.eu 30



[ iNHEdOKEH dOv - J/adzigp BE G Sz dJP2T0H Be-zd—0— @

250 300 350 400 450 500 550 600 650 700 750 800 250 300 350 400 450 500 550 600 650 700 750 800
| € ?) I €9
(a) (b)

t d iz B=SY § € &0z d Fes[Fe(CN)els (9 daj dL o § 5ls tigm 834

1 OHE QA OdzedHdz | d WliIststed H dz"

I fjotd ©WHE §jtjRtsHd 7 &jlsOdkdss &OweOdzy d .
sCdmdzildzd¥ ss?2 L OHOY] ©OMMdiskijd mMddsjt d d djSlist
YlsstedHdz & S &Y dzj Cfpsp] iFRel Osfyfpdstdd ¥ s

gilsj §jdz Cdlndzj ded W

[ jlsOddaduyjMSd2 &OtcOdz vy Kj H dzgetzdzB s 6508 d D HB Myt sl
cOMmsoMacl o slfkzlsMisedj CdMesesHO i GB®OL So Oded j
Nas[Mn(CN)e] (te § OC 1)d W

1711 Of dh B P dzj dzd PS WY d

172 RLBBEOLdIS] HJOCLOREH ckbighy o) dadi™ doaftsgzO® jd L
L dzj € Is o ts dzO d3q

glsjtfjdz ¢ e¢2hdzj dad w

RMABHD di3d o jh jMlsoOdsd Hdzw Mmddelsj L O St dzj § m)e Mdziz

(Rdzsted v, dzd Is o) ONIN?*(aghdztsds O iso d ] S IMizstesHO ENGE ez j

SBtOL 5o Ol s ©OMse SO, iMHQN)]4 O Faststgdstz 5 H

dL dizj toj dzdw BOCdedIlsdetsects dBsdzj dels©, dJdsj jls tsHddz dzj MY Otej

17.3 R s dMn?(aq) @By dzgs W OMMdzOltcd o Ols ! COC or-IisGcdyy Y fozts o
RLBBWGOL ] HJOGCKOBRKBY ki Gafiag diagfls jd jj  dzj Sste
sftejHjddls] ydmds dj Mf.Owj dzdzr 7 { dzj S stetsdzs o

174 RLsBBOL dIsj] HJOG tcO i s HeOE)B1HAfMACOR* WO sdzded Isj  § 4
1 odzj € Istots dzO dzq
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wlsjfjd@ tCe3mdzj dadw
steOMmde 2MOBIEE "I 6 HE 2 fJtod it dedL ¢ s idOdeEa@EEEOe € 5 A3 d
By des §skzydls! Isisj &Y ff sfce OdJ

. 1 O0tBtlsdttseo Odzdj oBSLHEZRO yjtjh)eo ePglhlskhlhsdaf die
U d Odzqtaijo ¢ A)d ¥

i, [ Cd f)dzjMBECN)] 3%-BteOMiso sesd § j to) O NES GEM 6 H

i. [CdMmdzj dedj F dstedH)OOL BREMs® zyDd Mdzslsts?2 o fdmizis
s stds? @6 ip@s ENOE®EY OS¢ y)dIvr 40H 0¥ [’ dzshy jOtsTs2
sMOHEBE shWdd kttso' 0 0sls d tOflss SEWACEOC tePhlsd
ftoeslsj COJUsa3sBded dzd ™ Misj § j)dzj 2 ¢ dMmdzj ded v

1751 00 dh s Qo dzj ded] OQ)E)L tc Oo dzf2zf[(3)i o d sdzdzts.ds o dH J

176 RLBBEOL dIs] HJOC tcOidkiE s HoOBBIGHEMAICHY d d L Of s dzdzd Is j
L dzj € ls o ts dzO &3

AdBdzj lstser 2 KMUEdEEiEs § s&PgElb st ddj B HIsSHIHO

o SH dzts s  tc BMAs sty L 6)d v

1777 O M e Do dzjede®F (B} d

RLo jflsdy d Htkzedj WisstdHdl)n SOy sy’ =50 tE B da)Qd

CteH d dzO0yd tsdzadz” d3d  y d f\NzgMBIE], Cs[iiAaH]]tq @B O BB B o H jsdzjsd -

C sdsf ZJCEOeH d ZOYd sdzdats j  yd ) & Cdsie MEEA}® B Bdede skztej !

Msdzj?2 MojHdd d ®jyHke Mses?2 Yissttdhd & &sfilsdS oddd

178 RLEBBEBOL dIS] HJOC 60 BBE Ste@ishts MR} dag W O dzdzd Is | J |
U dzj € ls o ts dzO dzq

1791 e HC Oy dls§ fls te z COs\pjtetizts \QjdBivisRi3dz -
1710 1 e j HMC Oy dls§ Mistelz ¢ Isfipdetzj GO dzdz’ = 2 D

glsjtfjdz ¢ edndzj dad W

[ € dfdzj fiasGOINCN)P ' dzq lstetsL d dzh dzsted H SMCN)ERL B s sdzj 2 flso d j
ftsddej ydesets Mo jlsO fdmrdHls ¥ ®lstddO dasdi®) df s
sjlbteOl Hisd yj IRENE'" d & dz0
1711 RL BB ®OL dlsj HJOC 60O BREE HotOWS o dVUECKERY J LAOf s dzdzd Is | J |
L dzj € Is te s dzO o3
1712 I fyjserdal j IsjlsteOl HisdujMSdj Sodydzj S . Wi dgdsts v
RLEBEGO BFcORBE tcOMY i dzp tizef gy d H A d [ MO € dtzd Is j
L dzj € Istets dzO dzq

rjdzlst 2 WisstedH dZKIMNRSBIERLCHy s § od KM Didgs® i ‘dzd d
PBHEBEEHO o (KEETHRGES T §I "

1713 1 Of dh 6 Po dzjedz L i d

17.14 € dzj € s @ &igdsize 2 © fMoB]? " O dzO dzs € Y dz@ 4 dzj € Is to MM fls oz
1 5 2Bk
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R dzls | to juijliss € s KYMRFS sy des M sdz L 5o Ols! W drigj {fistaizizey)j ctafmw
CL dzj C stz dedffL dzOGtej o Odzd  BbEz Mts js@ deddie EsK{EDEHNNE ¥ s 5t O
(ted OC §d v

17.15 1 Of dh 6 Po dzjedzP L BY d

1 OH B @ Ik tc © 9 dz!

[HAZOYHT &dMO §tedc &zofd &zo e ofdsy. QB otEfds) HWq k¢ sl
Mg tsd, SColsser 2 dodd ke Oskdi)®S H ¢ & 6 4D S Pze 0o d
flo Sdidgd dedz’ s S dz o s SOC .1 tsh s@azigzj dntsdEz dy Czs o Ols ! W
gk f slojlsdy &8 adL dlssds. 10 MdjHkshd2 Hjd k]
I ssls ©OL Mkf §sHOdkd o MoMkuj M Syjd bLSdE ¢66ds
] Ofs@s Issd s sBddL' 80! cBEd "¢ MEMEHO. 0

S G 8

I O O G O

L. CECECC.CECCi

D N S

V 1 Ists?2 dLo jMlsdes?2 MEOLSd s :BTF B' sy MseaMmMjd3 HickzaE ts

[H&ZOSE, &m0 B &O Byjd' EddkOw J d&Oh &0 o' AtH dL
5B &0k  ZO Bhscs |G ER0E@de Od. Sz d MisOkO BLsmOlk
rtc@odz o t©OMisjtew dzdasMisd MEslstej dz dgO dzgj j HEB Isjn
fMzf. uvBEHO &m0 kdr ®jidzdomn’ dadw dif foE ®izokzomn: L0 Mk .

[dv ke, vylstser b ddfps Sisles & sdisy o g 'dzdz 8 dsq dzd dsC
M O©. Cltsls B jd& LOsdMmdls ©ls ©Bh jaets BI jBO $Odjh
fsMdj Hdd?2 BftjHjdkYjlsMy ©OL&jesdk COBjhSse d MYy shE

RMd LEjd fesmlskzs c¢jtsdjlstedyui MSky disHj d

sk ftojHMmsOodvjls fets?2 dH O ? g EEYs tc HJC
1 0dz! €O ftej HINls@ai O3t d B2 MCdJ lsafj eH" J CO®R

Ifj COdded dasjéls SHqEOCE 2 HJOdG] Ists.

ZOWk' E§OCte Odyr f dzts 3tets ¥ G I @ iy lstizaslz H tisdad O .

g2y o YYjtdepBidgy j dedd Yo HMISOo dzZW jIs M2 YdMmiskze

=A =4 =4 4 =
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