
~Jnij!at~tf(fZm1i.1i A1*~ftjJt~ 

tf 00 f+ ~ ~ 11ft 3t tJL M 11* ~! 

1. iJl..t.~~*1W YAG:Nd iHt1*fEt~;ff IJ .. iHt W~~IW:J'f;~~~?:J 
;tE~ * IW iHt 1* J:f:t 1It tlH!Mk~ -f-t&m):~U1i IW jJ\ iHt iii BiZ 1e IK (RP J!Jf}~ I*J ~)., ;tE til" <111> jj rill 

~*lWiHt1*J:f:t, BiZ1e1K:JikmWHll/j\iHt iii~nltlW, RP J:f:t ,t,';ff ~-t-.=:pttgt/j\1W "1t." ~ (211) Ij\iHt 
iii," ;ttl'aJilXJ;t.=: pttg't:k1W "1t." ~ <1;t0> 1]\iHt iiil1l, ~1l00 (1) J!Jf~o m Fi!.-f-~ tr lYld }E ~ *.m 
00 (2), ;tE;ff/j\iHt iiiEli:1e1K1*J fJc~-f-t&J3t lttgt~, ~j!l1j ill 20% 0 mr BiZ1eiJi jJ§1W~lTfM~tf(~ 
-f-t&J3t1e{t, ~~TlffM$IW~j}IJ, 1m~T iHt1*IW:J'f;~~?:JtL m~-~~:J'f;tN,g(~~ ()( ~JJl ~ 
J\;ff /j\iHt WfIW iHt 1*$, PIJ;t~¥IJ~~00~IWF]!mt1eJ1,Q.~,.m00 (3) 0 

*T/j\iHt iii~nltm3j, *!UW Cockayne lWiJt~[2], Ij\~ iii:Jik;tE'!=§1IU&~M:V-HIW~IM~~ 

~ IW lrlHft..t. m J1,Q.1W , ;tE IJ\!Nr iii ..t. ~ 1Vt ,HiiJ I ~~~I'aJ li1P: IW fiU =m 1e 1t ~ mBiZ iHt 1* I*J =m IW ~ tEBiZ 
1e, ~;pjt~tEBiZ1e1it~1Vt?t~iJl jJ§ T IJ\iHt iiilKl*JlffM$IW~1eo ;tEiHt1*~*;l:t~ J:f:t, PIJ;t1t1: 
*Wiii~3f*tf!l~/J\iHtiiio Cochtyne ~btjl;;migg[3] :I5J*m~~iHt1*IW~~1t~IM~~~ 
~~~~~-t-:V-IW~*WWW~~T~Ajjij®~~ 

1A$G1f]J!Jf~*® YAG:Nd iHt1*J:f:tPI~~tli, ~~*~\iiJ1l~®iHt1*, *m~IRJ®:ijfi*~ 

•• ~~~~\iiJ®1:*Wjjij~~~,~~BiZriHt1*J:f:tIW"1:*BiZ~~"PI~;tEE~.:J'f;~.~ 
¥IJo ;tE11f<~~~, ~*~* 20 ~/?t, ~*Jtfiii£8~, §tnlt 100""'110~lWjijJ3to ~~* 100 
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(a) (b) 

a-::tE(1l1) 1lli..tJSlZ~g!'13 pijm/J'\~ 1lli%Jllt. IlP I*J ~:=nt":ft."7s1:= --r<21l)/J'\~ 1lli, ;¥!;r~jtff.r 
:=nttt:ka(/':ft." •. 7s1<1l0)/J'\~1lli; b~~{;$:*~-;fIjl/J'\~1lliagJSlZ~1W~: If1riil1f---r:=1lt 

":re~"mJil(;agJSlZ~g, ~:ift$7.1':¢1f:=+a!k.:l'l.agJSlZ~1t ' 



+-1--

- +-"~-"~" 

I~ W~.W.K. ·1 
00 2 ffl I'IFf1*it1!ihlJE:1±::Fr /J'M. iii~ ~ i*$;¥.fJS'L3tIK:¥Q5'GJ§i;gt1K l:i~lI~;gt{t 

w 00 

00 3 ~;¥.f/J'~ lHiagit9:*:f*~~itt~m~o ttM.1*m 20~30.~/*~~jt~*, 
~~$'[,';¥.f 5~6 ~*~/J,~ iii&;gt1K 

a-~i*.a9T~~; b-~{;f;:Wa9~tmilllij1!ii~ 

(a) , (b) " (0) 

~ 4 13:lE:5<:1if6*""fxJ\l~~i*~C(:!E*JS'LjJ~" 
a--1'E~/H~OOa9,[l,i*!f1,. ;It!f1't.,~-~"~:@:"; b-*/J,,[l,OOa9~f;j;:, ~* 
13 20~30 ~/-0-, ":!t*Ji1Z1J~" ~ 160",110· a9jf;j~; o=-3C/J'\,[l,OOa9,[l,{;f;: 

(,[l,{;f;:,t£*at~*7'3120 ~/-0-), ",t£*Ji1Z1J~" £*~tj~urT:SP::1i: 
"-



, 

$~/?~~, P!tl"~*~jJ~"~JV(; 150-1600 agf¥J~o ~~*:1g120 ~/~JI>t}-"~*~jJ~"JM;~ 
l1!-r~1t T; .w..~ (4), Jltau;tg~-r!:E.*W.M11t~~, Ij'dL M~jij~ T, dL~Ifu:J'f;~~?J'~**~ 
jIjIj,.w.~ (5), ~~*jIjIj-r 130 ~/~~, ffiI~W.M¥.f!!I~, P!tl"~*~jJ~"i!H~;j;gDt:nrPJ~JV(;­
J;Ef¥J~, .w.~ (6), Jlt~dL1*$}m~~Mo §wFf:lG1f1:\$j*m 120 ~/~ag~*, ~*tl:iJ6/j,~ M 
ag Y AG : Nd A 1*, jI;:J'f;~:\$j?J'~ ~ It tgC5tf 0 

(a) 

(b) 

00 5 7G/J'\~ WJj{JIj:J'twJj{J:h.t5]'~", Jit~ 

f*ffl120 ~/~ag~*tE¥:, ~f*~7G/Nlr 
1fjfm~g, ~f*ag:J't~1VHi:~fr=fo 

a-~f4:Wi¥JTrg; 00; b-~f4:wi¥J~'il\l!liffi TiiOO 

00 6 tE¥:31!-OOljH~!:JXJj{J~·f*(Jitl~f* 
j tE¥:IlfJj{J~*~T 130 ~/:n\.), ~"tE 

*m:iJ~"J:J;f§'&jJrbl~P.lZg"J 160 0
0 

~AMagM.£m~**:J'f;~:\$j?Jft,m~A~~A~*aMagA~jI;MdL%_ftlttgC 

-M-, I§W~~~*~ Ij'A MagA1*o 1?1J:t!ri R. F: Belt[4l {E~**1r~agA1*~, m~~ ag ~ 
*~/j,d'lt M~iWJ:tEqIVj\ lWjj1jE I*J, ~ 1£ W $~ ~*, 1m 1-Fm~~~j :J'f;~JYt. tgC -M-IW A 1*0 000-

kayne fE~:1g[5l, 13~1*J:f:I~ Ij\d'lt Mff{E~, m~ ~*ljfftiflW1tJlo DtL., .7G/j\dL.MIWA1*m-r 
ff:tE1)j!C~Yl~:3eWillifW~tgCjljlj01l!M~#3!Yl£, Oooka)\lle *m-#iJTIWIt:,~*tl:iA1f~~ 

%_ftag GdgGa50 111(GGG) d'lt1*0 NP~dL~, J'G~tgCi~~*~*-~~ Ij'dL Mag A 1*, ~mH!l 
'li~jIjIj~*~~~~*w.M, ~1-F~*tIB1EtSA1*, :tE:lifJJ~iWJ T iftifag~~, )~L~jjij.T Ij, 
A MHRi11 ~ag:JR3!Yl~:3e, 1t~1!l5::1:**~~o ¥ AG:Nd d'lt1*lW/j\d'lt M Ej GGG 13'1*IW.lJ\d'lt 1Hf 
1ljl;i\{I {~, ~jij. ag 1M! $i\{I 1m 0 :tE:fIG if1 ~ t!h A~ Ij, A 1Hf ag Y AG :Nd 13'1* J:f:I ,iE.;f ~J ill if t!h:lJL 
&IW~~, ~Jlt:f;lGif1~~.r.~!iJ\r!m~:tE Y AG:N~ A1*~*:ii~J:f:I*q-Tiat!J0:o 

2. m1fIJr!~*ag YAG;Ndd'lt1*ag:J'f;~~:\$j?J 
:tEmjflj~* Y AG:Nd A1*ag:ii~9=', m-=fm1*J:f:Iff:tE*:I:~1t.g.!/m (~ 87%), 1l$}*).. 

~1*W1W~Td'lt1*IW:J'f;~1!l5::I:, ~@~1t.g.!/m{Ed'lt1*9='£"*"~, j1;Jftlif,!pm;f~j, J£~(7) ... (8)0 

~ (9a)~ ili~# .%~!/mBJfi11 mIag-=f~~ID~:3eo Eji1I..t.r!~*agd'lt1*lttgC, mfttJr!A1*9='tk 
~T*:I:~jljljM*, J£~(1) 0 *J![jI;~:J'f;5&.$~lti1l..t.r!~*agA1*~~, m.¥~..t.~jljlj1~ . /' . . . 
~~~, ~iJtIY3T.%~!/mIWfe:~ft, 1±W$~!I6\~jJH~*t:o 
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rn 7 mMY*1:*~~1**1f~ 
**~"~~"i*%J 

(a) 

(c) 

rn 8 :1%007 r:j:l"~"i*%J.~,;-;:ilt 
*!f. 50 1:g:~'lIrllt 

(b) 

rn 9 !lfBltlY*~*~~1*~J'{;~*.fHEJ'{;~/G:h$}~, 
G-:-P-J 1f"~1}:tR:#Jag~:J'[;.ag=fw;m; b~~:fJll~OOm; c-P-Jf!"~":tR:!/&J 

ag~:J'[;.{EiE~1IlIl:J'[;Tagm% 

~:jfait1:* 5/ L it 1: i,: S9 ~ 1* 

~ X<tt&Jl: 11'1 ag~f* G2-23 G2-7 G2-51 F i'§ ~. :I: 1 0.41 0.31 0.30 0.31 

~~:II:~A 1.5% 0.6% 0.46% 0.45% I 0.46% 

=..5 Lt5* ~"* ~ ~ f* tp ~::J' ~ OJ] "''ii' ffi," 

1~H>J:X>t*.~{LfqWXVl~, *J!J'5! ~lb1*/G~rm~~~£~~ «~~" ;fJl~7fgo ~f!P ((~fi!" 
m~*jjIflJXVl~:*>Pl~!/7C, $:* 10 ftr.!h!.rn (lOa) 0 m¥l{T~*jjlflJ~~jiL.t YlU ¥ ~ ~ IW 
«~"!/7C,.!h!.rn (lOb) 0 ~~.@«.=g"$:*frir:tJ*!±\~-1t!1t!~~"ff", .!h!.mCl0e) ... (10d) 0 tEffJft 

. *;f{}lf~~~rmlW~~!/m,.!h!.rn (1Qe) ... ·rn (10/)0 m It!.T1*#1Jil~Ji::~#~~!fW~-.@*fk:l:11! 
~~m,ffi-, iE1f«=e"~f-ffflr 9=t*$jHro~jd~T*:ffi~;f&/G:/:1J?3, ~*.!h!.~(2), iE1f((=e"~$* 
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'& ~ -f' tftlt::k:::k: jlWj =f;l! I3J.I ms?t, 1ffl lllEJ ~ 1f!' =5" i'J{J ms jt, '& i'J{J *It il!.;j:g ~~[!~, /F tt~n jJ:t.; )\tf Jlt. 
ff~ ffl ~~m'i!R$, pf::k:~ 500 *, BSllJ J;t~~j;!t~%iljt;fJ1I¥J/F:I5]?J~~, Jii!.OO (lOg) 0 

(a). (b) (0) (d) 

(e) (f) (g) 

rn 10 51.t.~&:*~:ff"i£;~"&'Hf>:agSD!.~~H, 

a-Sfff=f"7i-m"ra1*I¥.J,tti':/J\PJI¥.J:ti\I.::klmJt;- b-u}1f".z;;m"ra1*I¥.J~1i~OOLI¥.J~~:IX";e":jktbJ;. 
o-:j%(b) J:j:11¥.J";e":jk:.®c:k~ 50 ffl', I'iJP.Hi1:l:l";e"~I\f,L~~"'1l:1''', P'l1f~~ijIj~~!J&J; &-:j%(b) J:j:11¥.J 
";e":jk]l}?7(:ti\I.::k¥1j 200 ffl', PJP',t:i!!m~:!&w1:l:l ";e" 1¥.J%:jk; e-ffi:f5H1~)iJf%P.lZrrtJ~m;&~~~i'il!, 
:ti\I.::k 100 {tf; f-";e":jk!J&JJ:j:1g-~j(:II:fllili6tt-J$*, ib.:k 200 ftf; g-':j% (b) I¥.Jff£m~~JJil't!RJ§', =f~ 

~IHUiH1tT:ti\I.::k~ 500 fif. PJlV-fi¥Ij~Ji*::flJ~~?iJI¥.J~~ 

" 

~Ji I¥.J ;fI'l :M ~ :Iii 

* ,. 
tJf ~ 

~l .s ",,2 

~ ijIj $ * I' 1 

";e" 3 7 
I 

~%il7~~"~~"I¥J~*llJJ;ttA;;kJ: :mnlt"~~"I¥J±~JJf.:mIL~~,&iW;-f';fE YAG J:j=tjtre~ 

.*~m.di'J{Jmjt~~R.,mI;;kJ,&iW;~*~~£iW;-f'*~;j:g~~~%,,&iW;-f'/F •• ~ 
jtre~. K Nd =0.16 rv O.21, ~1ffl;fE;$1*~)!ii*3'f.PiiI¥J~~,&iW;-f't{{lttljlWj, ~~ T mjt 
~~I¥J~fflt,~~*3'f.PiiI¥J:m~.~*Pii:m~~~~_.Pii~dI¥JN.~~'&*It.~1¥J 
;ll~~A~j3'f. PiiI!!lAl¥Jmsjt,.:m d;$1ViPfdiJE, Jli!.OO (106) 0 lEJat, ~AI¥J~1*llJ J;t m1{t3ft&~f(jj 

. \f{rF~1C, Npm~Yl~~jlW~ii!to ~~~=fgil.jt~~:m·di'J{JN.~*~(~=f YAG:Nd ~1*,.llJ~ 

fF ;;kJ ~ 1V5:m~ 1¥J1I1!~tl HIt:£ m, 1li::k::ltMvH!t, T ~ 1*1¥J ~ ~ 7t~f:I:5¥1l;l!:J'M1:, tJJ $ at !16' ~ i!!t * , , 
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tE~1*~*I£Ift, ~m~~~, iZ~~JM:*."m*;tiit;;~-l*JtE$~, !JlUtE.@:;{StIft~al1 -. 
~A:Jtl'ij~::t~o @~xt-'f YAG f1::1giJiJ't~.f*, X~~~-ti:Jt1g 1.0",1.3%, )z5Jllt.@:*41ft 
~:Jtl'"~~~fjf;o -1gT~~~-riiJlf, M. Kestigiam ~AWfJET Lu, Ga f1:: Nd IWR--t*H~, 

;ItgjBI~dg~~~~ Nd ~WzJ3t, fg~~T ~-f*IW1iJ't'I1:~, ivHlfT J't*J.mtto rzsr!lt,1gJM:*.m* 
;tiit$~~ :lf~b\~*~#*~~, ~fjf;~*iBF~,~1=H~~I't.:I}j,~1I!tl~*I't.J3tlk;Itft!!~*~ 
~, tHi!!~~1f5&:ffi!j)lHjjlJ.m*;ti{~JJI1~IW2t~0· ~~~tEWf~#!¥.Jl[1mf1::m 1ft, *1~:lIU~~RdilW 
i!~~·ilitj, 1:iJ~~ 1~~J ret~ ~ fflDt-ti ~:l:tlC~ IW {;J[;EJ: A-f*o 

= .. ~ll:J*~*~ YAG:Nd .rafttp~}gj:*Jn;j!~31.m~ 

m ~ -jj(iJiJ'tfflUM1J! i5i -'f =_Ift ~ 1ft IW ~1*,- RJ t.{ ~ ~ A 1* 1ft ~ 1Mct-U!~t[~if~1fm, * i'I' 
1*~ttMIJ{*-Ml!~a>t, ~~$;t~l--~({-*~"M3¥-'f;It1ft 0 ~um !It:tY:*RJ J.;,(2tJJl1gm~~IJ{;m,tE . 
tJJ~a>tRJJM*lttM~;mFI~~Ulo Mt£~l'~~~~:ffi!xYl~~~lWjl-%o 

. xt-'f~-f*Ift~.&t~~IW~I-%, !JlUm~~.:ltt1T~:mt.;fI:I~1§xYl~otE~~a<J~1*Ift;t~JW5 
~~J.m: 1f~~~3G~%a<J1'~~~, miJiJ'{;~Hrmif£m7lIDJ l:tl:J!~;fI:I¢1ro ~'-'-~~%Wc:m!!JlUIW 

'Ii!;m, Npm!JlUa<J:='Jlj%~I\Jlj%JtJtft~, JR.m(l1), m (12)0 !It~ JtJtft~tE~MJ'tr ¥.l'~~, 
m&MJ't.Ma>t~1f~.J't~ ~ft~.~m*~tEW",m~*zoo, .*RJ~M~*~ 

.- - . . -. . 
I.o ~#~fttEm~:I:tt~SII.~*~ CaW04 :Nd bH[~;P-~1*Ift~~B~~~Jo 

'00 W 

00 11 t&J!!PrtLT:i1HJi!"fJtTIlIi~~Jt,13:t:~~JtTI/\jij*})t=jij*Jt:J7\:%J ~ 
a-.at:;k¥ 200 m; b-.at:;k.¥:200m 

00 ~ W 
00 12 fP~tg~Yl~,~MJ!!Prt\lJ9rAJrA]:&7'b'B/\jij*frE:ftJ]lMlJt, 

a--':'1JY::;k 800 m; o-.at:;k 800 f{§; o-.at:;k 800 if! 
. / 
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;fEY AG :Nd fa1*q:t IW ~:?RJ{t[, 1i* tAR tlHI9 iIJ1d J£ 1ft 1-¥t¥IH~ilE, {§';ti M;it :1!!iimtllW 9H~ ~ 
~~J't;~, ft1f]IW~~~ Oockayne ~¥.tt71o aPiA~~±~~tilTiE~*~Jt.IftIW~:l:lt~~un 
T 700",900°0 *Bt~1t, %Ji\tT ~1t~ (Lr02), iE 1100°0 Jc.Ltat~1t~)uj-mJi\t~~~rmitl: 
A.-f*1ft ,¥.t{\f!fa-f*Ift*;ff~~~IWJ{t[o ~1f]wrfplW~~i1E~: ~ ~~IftEl:iTFJr Jtll1.E(.~~, 
-'Itr AT*:ltIW~, mU~-f*Ift1f1f*:ltIW~J{;w:, ;ff1WJ{;w:jt~wrjij~~*T 50 m*o"i}.\(Jtl5£ 
~~lWm'I§:E(.-f*, {\f!~~r:pIW~2:lt:ill!.ilHJ!~E, ~-f*1ft1W~J{~¥1t*'*:li!!~~0 lmat;ff:1;iE 
5fi~~A~e,wr~*IWA-f*Ift1i~.~~@ •• *%IW~.~{§.*$.~~~~~%~ 
iElW~~M.~~~.itI:-~~~iEA~~*~.Ift,.J{t[IW%Ji\t±~~El:iT~IW~1t,~ 
~~5~-J.1Wt5~0 mtk:IW!J1'~: Oockayne ~JtlJiA 300 m!*s/?tlWmft~mt, t.t~1~~1Wjj­
'Eli, {\f!~~~*Bt~1.tW~~~J{t[IW%Ji\t" ~1I1mtltl!~~Jt.IW~~lt,· {\f!~4)~:It~&, iE~ 
~Eli~lWmttE(..Ift~*A~Im~~~T~.ftlW%Ji\to 

ilJ't;~~Ifp!fm1m:lftlWmJ{t[iE~~$rmt.tM.~~Ift~t&*"fl~"; ij!}\f:.t[ ".*F" 
W-'il'¥.tilJ't;$IW~~;jtfitiS=ftzz*=f~J'1&IW~F,~~.;w:(~u~1tm),iE~;r"JlfttJ1j~m~~ 
1-qli:i:~IWI'ii]mo §-mI, 1i~{\f!JtHI~YAG:Nd ra-f*IW~:llf-fPJmp1ij~~tI:i, {§.~:!!n*Jtlfpjl1b~ 

$:H1t, ~.t[~iEA-f*Ift%Jtt~M*Jr.'9r, ;it~~I'ii]mlm~{1I1-¥ttl::1;0 

~T JtlijLt1*;fU~5f1J~~*-1W YAG:Nds
+ ~-f*, ~1f] ~m~:l:J:~;!t1~ ~. un ~U <211> ... 

<110> ... <111) ~1W~J't;;fU~tffi~#; )!w'~:l:J:tffi:IfLm~; J1:fJJ ~1Wfi!itt:l:J:1.ftflilff§ lto' 
1. ~&IW1t~.J't;~~&itl:fimM.J't;E,iE:ill!. •• r~~~&IW~m~;ff~@m.m 

nf1¥iE, *~ 85% IW H SP04 =f 300°0 ~ 0.5""'1 lJ\ at , ~1It1.t~.J't;j§', ml;{~*.-t~'*~& 
~unlWm.m*o 

. 2. ~&IW~t!tr~#: ~111~*JtlMiW;f!ft1f~0 ~~;ti'M Oockayne[SJ FJr*JtllWmll! 
ROH itl:1T~tffi, ~-~*Jtl 85% IW HaP04 fp~~h~tffi5f1J, ~1I1iA~ E1!fJf.~~o ~tffi~#~: 
~~:l:J:1t~.J't;IW~&PJ(iE 250",270°0 IW 85% HsPO~.!~tffi 5",10 3Hqr, jJjI(;mt.t~¥IJlillin 

IW tffi:IfL m ~o 

(a) (b) 

. 00 13 5Ltm~*EJ{J YAG:Nd ~{i.$:EJ{Ji!I!:lfLOO~ 
a-<111>OOi¥Ji!I!.Jjj;OO~,n;tk 200 iff; ~<211>OOi¥Ji!I!.Jjj;OO~,:I&:* 200 iff 
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3. ~1*I¥.J*dLW1i;IJLOO~: (1) sLtl'!~* ~ dL 1* Jt<l11> W ~ 1i;IJLJh!. 00 (l3a)·o· if 
<211>W...t~t!tt;IJLJh!.00 (l3b) 0 (2) ;I1t'Bfql'!~*a<JdL1*, Jt<211>W~t!tt;IJL00~Ejsl...tl'!/:I~1*tp 
<211>WIW~-JcIW, Jh!.00 (14a) , <110>WIW1iJiL'!x!'00 (14b) 0 

(a) 

00 14 :Jtj):tl~~*AS YAG:Nd ~f*ASi!h:!JLOO~ 
a-(211) TIii~tll:9tro~, J.iJ:* 200 {B'; b-(110) TIii~'c!l!:9trn~, 1:&.* 200 fir 

4. m-m~1ta<J1i!t.: . -

(1) .tE~1}rJl'!~*IWd'L1*J:f:l~~~§1i!~~~!Jn~ltl~ftI!~~ffiEat, mUiE <211)'& (110) . 
1ti1W.m-m~1l-~t~11Vj\, if 102/Jl*21i1l1l*Io 

(2) :tEsl...tl'!~*1W mr1*!f!, *~ttit61W::l:mr1*fI:I*.lWlttlt, .R i9!tl)£tt-@1W:.tlt~ag 
/:I~1*, ;ttm-m~~~if 101l/J1[*2:tc:t:to 

w:...tm.~32tYflt1(]Mit6~SI...tlkmjf!Jl'!~*IW/:I~1*!f!J!JfZl1l~~JIW~~~~,:ftIl/J\mrw-.. 
is:Ji!L.4i:jl~~lkw:-m~~o ~@~~~~P~ YAG:Nda+~~1*IWJ'6~~1jtEfI:I~mrjC~IW£ 

.~.,*.m-~~~IW.!X!..,~~.~~~*I~~~~.~om~~~.I~.~~lt 

tlt~,~M~*~*.~IW.~W:~~EM.~.~~,~~~~Ej~*I~I~.WE~ 
~A 1iJf JE, w: ~:IIU~·. it6 mr ~ ag~:J'{d1:~~ 0 

.~.~ ~ *3J. 
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