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peltier chip

primary electron beam

specimen
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�"!#!%$)K'&)E�H (*)�+-,*+/.'021�3'45!60
(7&�!81�.9,:.'&;(*)�+/<=)"1�4?>@+-,BA

X

+B3'1C(*.9D�+B3'EF3'.9(
(*3'+G+-DC1CH@!�,=1C(*.9!6&I1�&J$I&�!

<K!6&J$�+B&J0*1C(*.'!6&:!�<-<-LJ,=0NMO.9(*)P(*)J.'0Q45+-(*)�!�$„z|{�?,~RA

Œ

+?$�+-D�+B39!�H:(*)J+S!�HJ(*.'45.'0*+B$THULJ4VH�$�!�M�&XWYL�,*(*)�+-,

.'&:<=)J1CH"(
+-,n{#A

Z � + � 1�# 13� )"!�0

’[&\!�,]$�+-,?(
!^L"0
+X_a`�_pžb4V!60
(
+%¡@+B<K(*.9D�+B39E�cd.9(?.'0?.'4VH@!�,*(*1�&#(e(
!�1CHJHJ,*+B<-.f1C(
+X.9(*0
3'.f45.9(*1C(*.9!6&J0BA5g�0

&�!�(
+B$T1C>@!hD�+�c�.9(�.'0i1
0=L�,*WY1�<K+O(
+B<=)"&J.M”�L�+�c#0
!j<-39+B1C,=39EV3'.9(
(*3'+ .'&�Wk!�,=451C(*.9!6&5<K!6&"<K+-,=&J.'&�lS(*)J+O>"LJ3'mj<-1�&

>�+n+%•%(
,=1�<K(
+B$�Ab• )J.'0�<-1�&o>@+j<-.9,=<-L"4?D�+B&#(
+B$�(
!20*!64V+j+%•%(
+B&#(-c�>#E^.f451Cl6.'&�lP1XD�+-,*(*.f<-1�3�0*+B<K(*.9!6&�!�W

(*)�+?0
H@+B<-.'4V+B&pc%1�0�$�+B0*<K,=.'>�+B$23'1C(
+-,�.'&:<=)J1CH"(
+-, ��A

• )�+GWkL�,=(*)�+-,X3'.'4X.9(*1C(*.9!6&�ca!6&�+^(*)"1C(T.'0XWkLJ&"$J1�4V+B&#(*1�3 (
!q4X.'<K,*!60*<K!�H�E�cO.'0X,*+B0
!63'L�(*.'!6&�A;re39(*.ts

451C(
+B39E�cQ(*)�+G,*+B0
!63'L�(*.'!6&u.'0X3f.'45.9(
+B$v>�Ev(*)�+^MO.f$�(*)8!�Ww(*)�+^+B3'+B<K(
,*!6&x>@+B1�4:cNMO)".'<=)u.f0V!�WS!�,=$�+-,

y-z

&J4:A

	

!�Ma+-D�+-,j<K!6&J0=.'$�+-,=1C(*.9!6&"0O!�W�,=1�$J.'1C(*.9!6&�$J1�451Cl�+V(*)J,*!6L�l6)�>@+B1�4{s|0
H@+B<-.'4V+B&�.'&#(
+-,=1�<K(*.9!6&J0

3'.'45.9(e(*)�+5451Cl6&".¢•U<-1C(*.9!6&�cp0=.'&J<K+{>@+B1�4}$J1�451Cl�+50*<-1�3'+B0SMO.9(*)o(*)�+503”#LJ1C,=+n!�Wa(*)�+5451Cl6&".¢•U<-1C(*.9!6&�A

• )J.'0S.'0
>�+B<-1�L"0
+5(*)�+X1C,=+B170*<-1�&J&�+B$~.'0
170.”�LJ1C,*+XMO)�!60
+50*.f$�+5.'0
.'&#D�+-,=0
+B3'E^HJ,*!�H@!�,*(*.'!6&J1�3d(
!7(*)�+

451Cl6&J.¢•U<-1C(*.'!6&�c"0
!P1X$�!6L�>U3'.'&�l{.'&7451Cl6&".¢•U<-1C(*.9!6&G<-1�LJ0
+B0e1VW•!6LJ,*W•!63f$7.'&J<K,*+B1�0*+?.'&

�

_F$�+B&"0*.9(|E2!6&

(*)�+:0*<-1�&J&�+B$v,*+-l6.'!6&v!�WO(*)�+:0*1�4VHU39+_z|{

z

~RAq€a+B1�4•$J1�451Cl�+7.'0{<K!hD�+-,*+B$x.'&v<])J1CHJ(
+-,Pƒ�A

X

+B0
!63'L%s

(*.9!6&o1�3'0
!:$�+-H@+B&J$J0�L�H@!6&G<K!6&#(
,=1�0
(SMO.'(*)J.'&7(*)J+n0
H@+B<-.'45+B&�cU(*)J+{$".¢¡�+-,=+B&J<K+n.f&^+B39+B<K(
,=!6&G+B4X.'0*0*.9!6&

>�+-(‚M�+-+B&o0
(
,=!6&�l639E:1�&J$7Ma+B1Cm%39E2+B45.9(
(*.'&�lX,*+-l6.9!6&J0-A/4�!�,w0*1�4VHU39+B0 MO.'(*)739!�Mƒ0*.'3f.'<-1V<K!6&J<K+B&#(
,=1C(*.9!6&

„

•"l6L�,*+;e�A

y




�

�:.'&\<])J1CHJ(
+-,2e6…]c�Ma+5+%•%H@+B<K(?,=1C(*)�+-,n39!�M†<K!6&�(
,]1�0
(j1�0?(*)�+T0*.f3'.'<-12451BE\>@+53'1C,=l�+B39E

<K!6&�(*1�.'&J+B$7MO.9(*)".'&P(*)�+SH@!639E�45+-, 451C(
,=.¢•@A

Œ

+X&�!hMƒ<K!6&"0*.'$�+-,w(*)�+V0*.9l6&"1�3tsR(
!Cs|&�!6.'0
+{,=1C(*.'!�Aˆ•�!2!�>J(*1�.f&\LJ0
+-WYLJ3‡.f451Cl�+B0-c�(*)�+V&�!6.'0*+n<K!6&#(
,=.ts

>"L�(*.9!6&�4jL"0
(O>@+j3f.'45.9(
+B$�A 6O!6.'0*+j+B&#(
+-,=0e(*)�+{0
E�0*(
+B4ˆ.f&G1TD‰1C,].9+-(|E7!�WiMa1�E�0-c�(*)J,*!6L�l6)G+B39+B<K(
,*!6&J.'<

0
!6L�,=<K+B0Xz|{

z

~RcŠ<K!6LJ&#(*.'&�lo0
(*1C(*.'0*(*.'<-0Xz

y

•�~N1�&"$qLJ&#MN1�&�(
+B$v<K!6&#(
,=.9>"L�(*.'!6&J0
(
!o(*)�+2<-1�0*<-1�$�+2HJ,*!%<K+B0*0

z|{��,~nz|{���~RA�•O)�+XHJ,].'451C,*Eo>@+B1�4‹0=<-1C(
(
+-,=.'&�lo.'&q(*)�+T.'4X1Cl6.'&�l^l61�0{,=+B$JLJ<K+B0j(*)�+P0=.9l6&J1�3i0*(
,*+B&�l�(*)�c

0
!T1�39(*)J!6L�l6)7.9( $�!�+B0O&J!�(O0
(
,=.'<K(*3'EP.'&#(
,*!%$JLJ<K+
&�!6.f0
+�cJ.9(O&�!6&J+-(*)�+B39+B0*0Q,=+B$JLJ<K+B0 (*)J+?0*.9l6&J1�3p(
!X&�!6.'0
+

,=1C(*.9!�A

Œ

+T)J1�D�+T3'.'(
(*39+5<K!6&�(
,=!63Š!�D�+-,n+B39+B<K(
,*!6&".'<50
!6L�,]<K+B0-c‡1�&J$~&�+-l639+B<K(
(*)�+B47A?ca!6LJ&#(*.'&�l70*(*1C(*.'0
(*.'<-0

1C,*+7.'4VHJ,=!�D�+B$ŒMO.9(*)v1\)J.9l6)J+-,n>@+B1�4•<-L�,*,=+B&�(-c�MO)J.'<])Œ4X1BE~>@+:1�<=)".9+-D�+B$8MO.9(*)v1o)J.9l6)J+-,n>@+B1�4

+B&�+-,*l�E„z|{

z

~RA

• )�+eHJ,*!�>@+ >@+B1�4†0
m�.',*(iHJ,=!�D%.'$�+B0i1n0*.9l6&".¢•U<-1�&#(�1�&J$T+B1�0*.'39EV,=+B$JLJ<-.9>"3'+Q>"1�<*m�l�,*!6LJ&J$P<K!6&#(
,=.9>"L%s
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(*.9!6&�(
!P(*)J+{0=.9l6&J1�3‡MO)J.'<])G1�<K(*0w(
!2,*+B$JL"<K+n<K!6&#(
,=1�0
(-A
’[(w.'0w$�+-H@+B&J$�+B&#(�L�H@!6&�<=)J1�4j>@+-,eH",*+B0*0*L�,=+

z|{

y

~Rc%MO.9(*)P)J.9l6)�+-,aHJ,*+B0=0*L�,*+B0a.'&J<K,*+B1�0=.'&�l?(*)J+e+B3'+B<K(
,*!6&:$�+B&J0*.'(|EX.'&T(*)�+w0
m%.9,*(-Al• )�+w<=)J1�4j>@+-,QHJ,*+B0�s

0*L�,*+Q.'0d1�3'0
!S.'45H�!�,=(*1�&�(d.'&n(*)�+Nl61�0Š<-1�0*<-1�$�+QH",*!�<K+B0=0-c�MO.9(*){)J.9l6)J+-,�H",*+B0*0*L�,=+B0�(
+B&J$".'&�le(
!SHJ,*!64V!�(
+

(*)�+V`�_;<-1�0=<-1�$�+�cpL�H^(
!/•Cs‚ƒX(
!�,*,Bc�1C(eMO)J.'<])7H@!6.'&#(O(*)�+{<-1�0*<-1�$�+{!�H@+-,=1C(
+B0w4V!60
(e+��T<-.9+B&#(*39Eoz|{��}~RA

• )�+S+%¡@+B<K( !�W‡Ma!�,*m%.'&�lV$J.'0*(*1�&J<K+

„

(*)�+
39+B&�l�(*)2Wk,*!64 (*)J+
39!�Ma+B0
(

���

g (
!X(*)�+
0*1�4VH"3'+h…i.f0Q0*.'45.'3f1C,Bc

1�39(*)�!6L�l6)P&�!�(a+#”#LJ.'D‰1�39+B&#(i(
!{(*)J1C(a!�W�<])J1�4?>@+-,aHJ,*+B0*0=L�,*+�A g 39!6&�l�+-,aMa!�,*m�.f&�lj$J.f0
(*1�&J<K+OH",*!64V!�(
+B0

(*)�+
l61�0e<-1�0*<-1�$�+�c�>"L�( .9( 1�3'0*!X.'&J<K,*+B1�0*+B0O0*<-1C(
(
+-,=.f&�lX.'&:(*)J+
HJ,=.'4X1C,*EX>@+B1�4:A

	

.9l6)J+-, >@+B1�4 +B&�+-,
s

l6.9+B0Š1�3'0
!S,=+B$JLJ<K+Q(*)�+ 0
m%.9,*(-c6$"L�+Q(
!
0*451�3'3'+-,Š0*<-1C(
(
+-,=.'&�l
<K,=!60*0�s|0
+B<K(*.9!6&"0i1C(Š)J.9l6)J+-, +B39+B<K(
,*!6&V+B&�+-,=l�E

z��

z

~RA

_l¡@+B<K(*.9D�+
LJ0
+e!�Wp(*)�+S_N`%_pž (*)�+-,=+-W•!�,*+w,*+#”�LJ.9,=+B0�<K!6&#(
,*!63@!�Wp(*)�+w<=)"1�4?>@+-,QHJ,*+B0=0*L�,*+�c#M�!�,*m%.'&�l

$J.'0
(*1�&J<K+{1�&J$G>@+B1�4 +B&�+-,=l�E7(
!T!�H"(*.'45.'0
+?(*)�+n0=.9l6&J1�3‡(
!P&�!6.f0
+?,=1C(*.'!�cUMO)".'39+?45.f&J.'45.'0=.'&�l{0*1�4VH"39+

$J1�451Cl�+�A

Œ

+
0=)J1�3'3�,*+-(*L�,=&P(
!V(*)�+B0*+SH"1C,=1�4V+-(
+-,=0O.'&2<=)J1CHJ(
+-,n{n1CW•(
+-,QMa+
)J1BD�+j<K!6&J0*.'$�+-,=+B$T>@+B1�4

$J1�451Cl�+j.f&:4V!�,*+
$�+-(*1�.'3RA

•aƒ
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• )�+�$J+-D�+B39!�H"4V+B&#(i!�Wp1C(
!645.f<OWk!�,=<K+w45.'<K,*!60*<K!�H�E

„

g 4�ž\…ŠW•,*!64†0*<-1�&J&".'&�l
(*LJ&"&�+B3'3'.'&Jlw4X.'<K,*!60*<K!�H�E

.'&~(*)J+

y

���

z

0V)J1�0n+B&J1C>U39+B$q&J+B1C,
sRH@+-,*W•+B<K({451CHJHU.'&�l7!�WO0=L�,*WY1�<K+B0n1C(V&J1�&J!64V+-(
,*+P,*+B0
!63'L�(*.'!6&`z��

y

~

z���?,~RAt•O)�+T.'$J+B17>@+B)J.'&J$~g 4rž .'0j(
!o0*<-1�&v1^D�+-,*Eq0*451�3'3i(*.9HŒ1�<K,=!60*0{1G0*LJ,*Wk1�<K+�c 451�.f&�(*1�.'&".'&�l^1

<K!6&J0
(*1�&#(iWk!�,=<K+ >@+-(|Ma+-+B&5(*.9HT1�&J$50*L�,=Wk1�<K+�c�1�&"$V(|E�H".'<-1�3'3'Ej1
<K!6&J0*(*1�&�(a$J.'0
(*1�&J<K+Q>@+-(‚M�+-+B&X(*)�+ (|Ma!�A

€�E2,*+B<K!�,]$J.'&�lVDC1C,=.'1C(*.9!6&"0Q451�$�+
(
!5(*)J+
)�+B.9l6)#( !�W‡(*)J+
(*.9H:MO.9(*)2,=+B0
H@+B<K( (
!5(*)�+?0*(*1Cl�+�cU150*LJ,*Wk1�<K+

451CH�.f0 HJ,*!%$JLJ<K+B$pA g�39(*)J!6L�l6)7(*)J.f0O.'0�<K!6&J<K+-HJ(*LJ1�3'3'E70
(
,=1�.9l6)#(
W•!�,=Ma1C,=$pc"(*)�+{45.'&�L�(
+?39+B&Jl�(*)J0*<-1�39+B0

.'&�D�!63'D�+B$X,*+#”�LJ.9,=+O+%•%(
,*+B4V+eHJ,*+B<-.'0*.'!6&5.'&5(*)J+�,*+B3f1C(*.9D�+�H@!60*.'(*.9!6&J.'&�lw!�Wp(*)J+O(*.9H21�&J$P0*L�,*WY1�<K+�c#M�)J.'<=)

M�+S$J.'0=<-LJ0*0�>�+B3'!�M
A g 0=<=)�+B451C(*.f<�!�W‡1�&:g 4rž .f&X(*1CHJHU.'&�lj45!�$�+

„

0
+-+S>@+B39!hMe…Š.f0�0*)J!�MO&2.'&P•"l6L�,*+

•�A {sz��

y

~Wz���e,~RA

�! 
a#"

#�$�b&% )
a

$�b 0 ��!(')%+*

Œ

+e&�!hM;$J+B0*<K,=.9>@+ g 4�žqc#$J+-D�+B39!�H".'&�l?(*)�+�<K!6&J<K+-H"(*0i>@+B)J.'&"${(*)�+O(‚M�!{.'451Cl6.'&Jl?4V!%$�+B0iLJ0*+B$5)�+-,*+-,

(
!�H�!�l�,]1CH")J.'<Cc�HJ,*!%$JLJ<-.'&�l�(*)�+70*LJ,*Wk1�<K+74X1CHjz��

y

~RcN1�&J$vH")J1�0
+7<K!6&#(
,=1�0
(-cNMO)".'<=)8.'0V0*+B&J0*.9(*.9D�+2(
!

D�.'0=<K!#+B3'1�0*(*.'<OH",*!�H@+-,*(*.9+B0Š!�W�(*)�+e0=L�,*WY1�<K+[z��}•�~RA$4d.9,]0
(-c#Ma+S<K!6&J0*.'$J+-,i(*)�+S0*L�,=Wk1�<K+�W•!�,=<K+B0Bc�M�)J.'<=)Tl6.9D�+

,=.'0
+S(
!5(*)J+S(*.9H�s|0*1�4VHU39+S.'&�(
+-,]1�<K(*.9!6&�A

• )�+vWk!�,=<K+v+%•�H@+-,=.9+B&"<K+B$ >�E (*)J+Œ(*.'Hƒ1CH"HJ,*!61�<=)".'&�l;(*)�+u0*1�4VH"3'+q(‚E#H".f<-1�3'39E 1C,=.'0*+B0oW•,*!64 1

�

+B&J&J1C,]$%s/.�!6&�+B0eH@!�(
+B&#(*.'1�3•z

y

ƒ}~RA

	

!�Ma+-D�+-,
(*)�+{(*.9H\.'0w)�+B3'$�1C(S(*)�+{+B&J$�!�W�1*�"+%•�.9>"3'+j<-1�&#(*.'39+-D�+-,Bc

MO)J.'<])/$�+ �"+B<K(*0
L"&J$�+-,S(*)�+5(*.'H�s|0*1�4VH"3'+nWk!�,=<K+�AP`%!^4V!�D%.'&�l:(*)J+X<-1�&�(*.f39+-D�+-,?MO.'(*)o,*+B0
H@+B<K(S(
!7(*)�+

0*L�,*WY1�<K+
<-1�LJ0
+B0 .'(a(
!X>�+B&"$�c�1�0 (*)�+S(*.9H:0
+-+-m%0Q!6L�(Q(*)�+SH@!�(
+B&#(*.'1�3@+B&�+-,*l�E245.'&J.f4jLJ4 >@+-(|Ma+-+B&:(*)�+

�

+B&J&J1C,]$%s/.�!6&�+B0 +B&�+-,*l�EPM�+B3'3�1�&J$2(*)�+
Ma+B3'3@Wk,*!64 (*)�+
,=+B0
(
!�,=.'&�lVWk!�,=<K+

„

•Ul6L�,*+b•�A �6…
z

y

ƒ,~RA

gN(a3f1C,*l�+O0
+-H"1C,]1C(*.9!6&J0

„10

e32 gw…]c#(*)�+�<-1�&#(*.'39+-D�+-,a,*+B0
(
!�,=.f&�lSW•!�,]<K+�$�!645.f&J1C(
+B0-c�>UL�(Š<-39!60
+-,�(
!?(*)�+

0*L�,*WY1�<K+�c�(*)�+S(*.9H:4V!hD�+B0 (
!V(*)�+

�

+B&J&J1C,=$%s/.6!6&�+B0N45.'&J.f4jLJ47A�r�H@!6&TM�.9(*)J$�,=1�MO.'&�lj(*)�+
<-1�&#(*.'39+-D�+-,Bc

(*)�+-,*+S.'0a<K!6&J0*.'$�+-,]1C>"39+O)#E�0*(
+-,*+B0*.'0-c%Wk,*!64†1C(N3'+B1�0
(�(‚M�!50*!6L�,=<K+B0-A$4d.9,=0*(*39E�c�(*)�+

�

+B&J&J1C,=$%s/.6!6&�+B0�M�+B3'3

)�!63'$J0w(*)�+V(*.'HoL"&�(*.'3�(*)�+5$J+ �"+B<K(*.9!6&/.'&�(*)�+5<-1�&#(*.'39+-D�+-,n.'0w0*L �T<-.'+B&�(S(
!:!hD�+-,=<K!64V+X(*)J+VH�!�(
+B&#(*.'1�3

+B&�+-,*l�E�>"1C,*,=.9+-,w(
!:,*+-(*LJ,=&o(
!:(*)�+V,*+B0
(
!�,].'&�l2W•!�,]<K+545.'&J.'4nLJ4 z

y

ƒ,~RA5`�+B<K!6&J$J39E�cp.f&�1�4j>".9+B&#(
<K!6&%s

$J.9(*.9!6&J0{1C(5&�!6&�s54-+-,*!\,*+B3'1C(*.9D�+:)�LJ45.'$".9(|E�c (*)�+7<-1CHU.'3'3'1C,*E\Wk!�,=<K+B051�0=0
!�<-.f1C(
+B$vMO.9(*)Œ(*)�+71�$J0
!�,=>�+B$

•@�
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Ma1C(
+-,w3'1BE�+-,e.'&J<K,*+B1�0*+S(*)�+
)�E%0
(
+-,*+B0=.'0QWYL�,*(*)�+-,ˆz���e}~RA

Œ

)J+B&2(*)�+w(*.9H:.'0N.'&X(*)J+

�

+B&J&J1C,=$�s/.�!6&�+B0aH@!�(
+B&�(*.f1�3UMa+B3'3�c�(*)�+Sg 4�ž .'0a0*1�.'$P(
!V>@+e.f&T<K!6&#(*1�<K(

4V!�$J+�Aj`%<-1�&J&J.'&JlT.'&G(*)J.'0e4V!%$�+�c�451�.'&#(*1�.'&J.'&�lP12<K!6&J0
(*1�&#(
$�+ �"+B<K(*.9!6&�!6&�(*)�+V<-1�&�(*.f39+-D�+-,SM�!�,=m�0

M�+B3'3dWk!�,
)J1C,=$o451C(
+-,].'1�3'0-cp0*L"<=)\1�0S4V+-(*1�3'0BAUžG!�,*+{W•,]1Cl6.'39+{H@!639E�45+-,=0O(
+B&"$o(
!:>�+{+-(*<])�+B$\>�E^(*)�+

(*.9HpcJ0
!X)J+-,*+SM�+jLJ0
+S(*1CHJH".f&�lV4V!�$J+Pz���?}~RA




#�-7-7� !���* )
`

b

• .9H�s|0*1�45H"39+^.'&#(
+-,=1�<K(*.9!6&"0P1C,=+o4nLJ<])F,=+B$JLJ<K+B$;.'&x(*1CH"H".'&�lŒ4V!�$J+�cO0
!v+-(*<=)J.f&�lŒ.f0T&�!v39!6&�l�+-,:1

HJ,*!�>"39+B4œz‘ƒ��,~RA

	

+-,=+
(*)�+
<-1�&#(*.'39+-D�+-,�.f0N!60*<-.'3'3'1C(
+B$^&�+B1C,O.9(*0N,*+B0*!6&J1�&J<K+
Wk,*+#”�L�+B&J<KE20*LJ<=)7(*)J1C(O.9( .'0

!6&J39ET45!64V+B&�(*1C,].'39ET.f&:<K!6&�(*1�<K(�MO.9(*)2(*)�+
0*1�45H"39+

„

•"l6L�,*+b•�A {�…]A�’[&"0
(
+B1�$:!�W�(*)�+
$�+ �"+B<K(*.9!6&2!�W�(*)�+

<-1�&�(*.'3'+-D�+-,BcJMa+?4V+B1�0*L�,=+
(*)�+
1�4VH"3f.9(*LJ$�+e!�Wd!60*<-.'3'3'1C(*.'!6&�A

• )�+S!60*<-.f3'3'1C(*.9!6&J0Q1C,=+?1C(A”�LJ.9(
+SMa+B3'3�$�+B0*<K,=.'>�+B$P>�ET(*)J+?$J1�4VH@+B$:0*.'45H"39+w)J1C,=4V!6&J.f<�!60=<-.'3'3'1C(
!�,

„
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MO.9(*) \•(*)�+V+%¡@+B<K(*.9D�+X<-1�&#(*.'39+-D�+-,?451�0=0-c

�

(*)�+V(*.'Ho)J+B.9l6)�(
1C(S(*.f4V+

�

c

�

(*)�+5$J.'0=0*.9H"1C(*.9!6&pc

�

(*)�+

<-1�&�(*.'3'+-D�+-,�0
HJ,].'&�lV<K!6&J0
(*1�&#(-c��G(*)�+?$�,=.'D�.'&Jlj$J.'0*H"3'1�<K+B4V+B&#( 1�&J$ !

„

�

…a(*)�+
(*.9HJs|0*1�4VH"39+eWk!�,=<K+�A

’[&5(*)�+ 0*.'4VHU39+B0
( <-1�0
+�c�Ma+O1�0*0=LJ4V+Q(*)J1C(Š(*)J+Q(*.9H�s|0*1�4VHU39+NW•!�,=<K+�.'0 LJ&J.9Wk!�,=4 


y����

Ar’[(i.'0 0
(
,=1�.'l6)�(�s

W•!�,*MN1C,=$�(
!20*)�!�Mƒ(*)J1C(w.9W �/.'0�)J1C,=4V!6&".'<CcU(*)J+B&

�

.'0e1�3'0
!2)J1C,=4V!6&".'<Cc"MO.'(*)^(*)�+{0*1�4V+nWk,*+#”#LJ+B&J<KE

�

1�&J$71VH")"1�0
+
0*)J.9Wk(N!�Wl› 
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•�A ?6…

MO)�+-,*+S(*)�+?,*+B0
!6&J1�&J<K+?W•,*+#”�L�+B&J<KE

�! 

1�&J$G”#LJ1�3f.9(|ETWk1�<K(
!�,

�

1C,*+j$�+%•U&�+B$:1�0

�! 

�

�

�

\

„

•�A e6…

1�&"$

�

�

\

�! 

�

„

•�A‘•#…

� )�+a1�4VH"3'.9(*L"$�+

�

„��

…p1�&J$?1�4VHU3'.9(*LJ$�+Š$J+-,=.9DC1C(*.9D�+

�"�

�
	

1C,*+iHU39!�(
(
+B$j1�0�1 WYLJ&J<K(*.'!6&
!�W�Wk,*+#”#LJ+B&J<KE

.'&[•"l6L�,=+�•�A ��Aige0i<-1�&T>�+ 0*+-+B&XWk,*!64 (*)J+••"l6L�,*+�c#(*)�+�1�45H"3'.9(*LJ$J+N$J+-,=.9DC1C(*.9D�+ H@+B1Cm�0�1?3'.'(
(*39+Q>@+-W•!�,*+

(*)�+51�4VH"3'.'(*LJ$�+

„��$#

z�%

��e

�! 
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y����

AVgN(
(*)".'0eW•,*+#”�L�+B&J<KE�c�M�+V+
&%H@+B<K(S(*)�+5451�&�.'4jL"4 1�4VH"3'.9(*L"$�+

,*+B0
H@!6&J0
+ (
!j(*)�+O(*.'H�s|0*1�4VH"3'+O.'&#(
+-,=1�<K(*.9!6&�Ai`�!jM�+e$�,=.9D�+Q(*)�+e<-1�&�(*.f39+-D�+-,a1j3'.9(
(*39+O>�+B3'!�Mx,=+B0
!6&J1�&J<K+�c

(|E�H".'<-1�3'39E21C,*!6LJ&"$ e

z�z

m%) 4�A

Œ

)J+B&~(*)�+T(*.9H/Wk+-+B3'0j(*)�+5Wk!�,=<K+TWk,*!64 (*)�+X0*1�4VHU39+�c‡(*)J+T<-1�&#(*.'39+-D�+-,n!60*<-.'3'3'1C(*.'!6&/.'0?45!�D�+B$q!,¡

,*+B0
!6&J1�&J<K+n1�&J$7(*)J+j1�4VH"3f.9(*LJ$�+wWY1�3'3'0-AQ`�!T.9W�Ma+j451�.'&#(*1�.'&71T<K!6&J0
(*1�&#(e1�45H"3'.9(*LJ$J+e!�W !60=<-.'3'3'1C(*.9!6&pc

•@�



���������
	��
� �����"���n�~���:�����D�����-	n�Œ�������
	
���-���

(*)�+B&/Ma+X)J1�D�+T17<K!6&J0*(*1�&�(j(*.9H�s|0*1�4VHU39+5.'&#(
+-,=1�<K(*.9!6&�c�1�39(*)�!6L�l6)\(*)J+5(*.9H/!6&J3'EGWk+-+B3'0S(*)�+X+%¡�+B<K(j!�W

(*)�+50*L�,*WY1�<K+51C(S(*)�+5$�!hMO&#Ma1C,=$o+
&%(
,*+B45.'(|E�!�Wa.9(*0w!60=<-.'3'3'1C(*.9!6&pAjre0*.'&�l2(*)J.'0w<K!6&J0*(*1�&�(
(*.'H�s|0*1�4VH"3'+

.'&�(
+-,]1�<K(*.9!6&�cCM�+a<-1�&n!�>J(*1�.'&?1�)�+B.9l6)#(‡.'4X1Cl�+�.'&j1O0*.'4X.'3'1C,�MN1BE
(
!e<K!6&�(*1�<K(Š4V!%$�+�A!� )J.'0�!60=<-.'3'3'1C(*.'&Jl

<-1�&�(*.'3'+-D�+-,�4V+-(*)�!%$7.'0N(
+-,]4V+B$7(*1CHJHU.'&�lV4V!%$�+�A

��� #&0[b�� +.#��,� !�� #&! ` � !�0 1�#��7��% �21 _

4�,*!64 (*)J+?$J.'0*<-L"0*0*.9!6&21C>@!�D�+�cJMa+
!�>J(*1�.f& 
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gN(n,=+B0
!6&J1�&J<K+�cl› ���

�

As’‚W[c )�!�Ma+-D�+-,V(*)�+T(*.9H�s|0*1�4VHU39+X.'&#(
+-,=1�<K(*.9!6&v4V!hD�+B0j(*)J+P<-1�&#(*.'39+-D�+-,V1BMN1BE

W•,*!64 ,*+B0
!6&J1�&J<K+�c"(*)�+B&:Ma+?451BE2,*+-MO,=.9(
+S+#”�LJ1C(*.9!6&X•�A

�

(
!5l6.9D�+
(*)�+
<])J1�&�l�+n.'&X›�c���› 
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�
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MO)�+-,*+�(*)�+o0*L�,*WY1�<K+KsR(*.9H .'&�(
+-,]1�<K(*.9!6& .'0X(
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,=1�0*(�.'451Cl�+B0�.'0NWY1C, W•,=!64 (
,=.9D%.'1�3�A

� )�+O0*!63'L�(*.9!6&{(
!
(*)J+ +#”#L"1C(*.9!6&5!�W�4V!�(*.9!6&5!�W�(*)J+ !60*<-.'3'3f1C(*.'&�lS<-1�&�(*.f39+-D�+-,�.'0i.'&VHJ,=1�<K(*.f<K+ ,=1C(*)�+-,
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Wk,*+#”�L�+B&J<KE�c%+-(*<�…]c

(*)�+-,*+ 451�Ej>@+Q4jL"39(*.9H"39+a0
(*1C>"39+Q0
(*1C(
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(*1C(
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+B4:c�!�,

0*L�,*WY1�<K+P.',*,*+-l6LJ3'1C,].9(*.9+B0-A^`�!G(|Ma!o.f$�+B&�(*.f<-1�3i0*<-1�&J0{<-1�&qHJ,*!%$JLJ<K+TMO.'$�+B39Eo$J.¢¡@+-,=.'&Jl:H")J1�0
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_ŠD�+B&�$JL�,=.f&�l{(*1CHJH".'&�lCs|45!�$�+�cJ1T0*)J1C,*H^(*.9H7>@+B<K!64V+B0�� $"LJ3'3��9cJ1�0�.9(O.'0QMa!�,=&G$�!�MO&^>#E:.'&#(
+-,=1�< s

(*.9!6&~M�.9(*)\(*)�+P0*1�4VH"39+T0*L�,*WY1�<K+�AOcN)J1�&�l6.f&�l7(*)�+T(*.9Hq0*)"1CH�+T$�,=1�0
(*.'<-1�3f39E�1}¡@+B<K(*0n(*)�+T0=1�4VH"39+KsR(*.9H
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ANg 0=)J1C,*H7(*.9HG.'&�(
+-,]1�<K(*0 Ma+B1Cm�39E:M�.9(*):0
!�Wk(OH@!639E#s

4V+-,=0{1C>@!�D�+:(*)�+B.9,�����cŠ>"L�(n4V!�,*+:0
(
,*!6&�l63'E/MO.9(*)Œ)J1C,=$�+-,�cd3'!�Ma+-,��	�PH@!639E�45+-,=0-AWca!6&�D�+-,]0
+B39E�ci1

� $JLJ3'3���(*.'HT.'&#(
+-,=1�<K(*0a4V!�,*+�0*(
,*!6&�l639E{MO.9(*)X0
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AŠ`%!?(*)�+�H")J1�0
+O<K!6&#(
,=1�0
(N$�+-H@+B&J$J0

!6&^(*)�+n0*)J1C,*HU&�+B0*0Q!�W (*)�+jH"1C,*(*.'<-L"3'1C, (*.9H�LJ0
+B$�AQ€a+B1C,=.'&�lT(*)�+B0
+n<K!6&J0*.'$�+-,]1C(*.9!6&J0 .'&G45.'&J$pcJ1C(O(*)�+

39+-D�+B3�!�Wd(*)J.'0NMa!�,*m�cJM�+j.'&�(
+-,=HJ,*+-(QH")J1�0*+
<K!6&�(
,=1�0*(O.'451Cl�+B0�.'&:1VH"L�,=+B39EP”�LJ1�3'.9(*1C(*.9D�+SMN1BE�A
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a
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(*)�+e1�<-<-LJ,=1�<KE5,*+#”�LJ.9,*+B$T.'0i1�<])J.9+-D�+B$2.'&XHJ,=1�<K(*.'<K+�A �‡!?>@+-l6.'&T0*<-1�&J&J.'&Jl�c�(*)�+�!60*<-.'3'3'1C(*.f&�l?<-1�&#(*.'39+-D�+-,

.'0539!hM�+-,*+B$x(
!�MN1C,=$J0X(*)�+^0*1�4VHU39+�Aug�0X(*)�+:(*.9H�s|0=1�4VH"39+:.'&#(
+-,=1�<K(*.9!6&J0T.'&J<K,*+B1�0*+�c�(*)�+G1�4VH"3'.9(*L"$�+

,*+B$JLJ<K+B0�(
!j0
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H@!6&J$"0Q(
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s

(*L�,*>"1C(*.9!6&�1�&J$�)�+B&J<K+nl�,*+B1C(
+-,S.'&#(
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+B<K(
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y-z�z

Zp4:c�MO)J.f<=)2.'0W”#LJ.'(
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+-,=1�3@0*<-1�&"&J.'&�lj!�W�(*)�+w0
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� )J.'0a.'0�,*+-W•+-,=,*+B$P(
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!?(*)�+e1�4VH"3'.9(*L"$�+Q0
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H@!6&J0*+

!�WU(*)�+Q0
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!
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!S+B&J0*L�,*+a(*)J1C(
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cQ(*)�+^H@!�(
+B&#(*.'1�3 !�W
<K!6&JW•!%<-1�3�4X.'<K,*!60*<K!�H�E

Ma1�0
&J!�(e,=+B1�3'.'0
+B$oLJ&#(*.'3�(*)�+

y

���

z

0-A[’[&�(*)�+545+B1�&�(*.'45+�cp3'1�0
+-,
3'.9l6)#(w0
!6L�,=<K+B0SMa+-,*+V$�+-D�+B39!�H@+B$o(
!

<K!64VH@+B&J0*1C(
+aW•!�,‡(*)�+�39!hMŒ.f3'3'LJ45.f&J1C(*.9!6&e.'&J)�+-,*+B&#(�.'&
(*)�+i(
+B<])J&J.M”�L�+�c�1�39!6&�l�MO.9(*)
.'4X1Cl�+KsRHJ,*!%<K+B0*0*.'&�l

0
!�W•(‚Ma1C,=+21�&"$~(*)�+2<K!64VH"LJ(
+-,jH@!�Ma+-,n,*+#”#L".9,*+B$/(
!�,=LJ&q.9(-A cN!6&�W•!%<-1�3i4X.'<K,*!60*<K!�H�E~)J1�0j(|Ma!om�+-E
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+B<K(*.9!6&

!�W�!6LJ(�sR!�WfsRWk!�<-L"0 >"3'L�,�c�+B&J1C>"3'.'&Jlde 
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•U3'4:A ’[&j(*)J.'0‡0
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��}•

�

A

� )�+V<K!6&J$J.'(*.9!6&^!�Wa120*.'&�l639+nH@!6.'&#(�.'&�Wk!�<-LJ0e,*+#”�LJ.9,=+B0O(*)J1C(S(*)J+{0*H�+B<-.f4V+B&

„

!�,
45!�,*+VLJ0*LJ1�3'3'E�c
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+B$T(*)�,*!6LJl6)X(
!{(*)�+w$�+-(
+B<K(
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EG.f451Cl�+B0-A � )J1C(
.'0

(
!P0*1�E�cU(*)J+
D‰1�3fL�+B0O1�0*0=.9l6&�+B$7(
!TH". &%+B3'0Q451�E:>�+j.'&J1�<-<-L�,=1C(
+j>@+B<-1�LJ0
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H")�!�(
!6&J0
)"1BD�+V>@+-+B&\<K!6LJ&#(
+B$/(
!7$�+-(
+-,=4X.'&�+{(*)�+{l�,*+-E\39+-D�+B3d!�Wa(*)�+{H". &%+B3�A

�

)�!�(
!6&/<K!6LJ&#(*.'&�l7.'0

l�!�D�+-,=&�+B$�>�E

�

!6.'0*0
!6&G0
(*1C(*.'0
(*.'<-0BA �‚Wd(*)�+-,*+n1C,*+

	

H")�!�(
!6&J0�H@+-,O4V+B1�0*L�,=+B4V+B&�(-c�(*)�+B&G(*)�+j<])J1�&J<K+
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(*)�+-,*+O.'0 1 ��e�� <=)"1�&J<K+O(*)J1C( (*)J+ +-,*,*!�,i.f0 39+B0*0 (*)J1�&
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!hM�+-D�+-,a(
!?.'45HJ,*!�D�+O(*)�+ 1�<-<-L�,=1�<KEV>�E

1VWk1�<K(
!�,�!�W‡(
+B&pc"1V)#L"&J$�,*+B$P(*.'4V+B0O1�0 451�&#EP4V+B1�0=L�,*+B4V+B&#(*0O4nLJ0
(Q>@+w(*1Cm�+B&�A76�!6.'0
+
.f&�(
,*!%$JLJ<K+B$

>#E2(*)�+SWYLJ&J$J1�45+B&�(*1�3@HJ,=!�<K+B0*0 !�W�HU)�!�(
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A

6O!6.f0
+^.'0V1�3'0*!\HJ,*!%$JLJ<K+B$vWk,*!64•(*)�+7$�+-(
+B<K(
!�,2$J1C,*m#s|<-L�,*,=+B&�(-ca+B39+B<K(
,*!6&J.f<:0
!6L�,=<K+B051�&"$u0
(
,=1�E

!6L�(�sR!�WfsRWk!%<-LJ0�3f.9l6)�(-A � )J.f0 &�!6.'0
+ .'0Š,*+-W•+-,=,*+B${(
!j1�0
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�O&J!6.'0
+�c�1�&J$X451BE{>@+Q,*+B$JLJ<K+B$5>#E{l�!�!�$

.'&J0
(
,=L"4V+B&�(�$�+B0*.9l6&n1�&J$j+
&�H@+-,=.f4V+B&�(*1�3#HJ,*!%<K+B$JL�,=+ 
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A � )�+N$�+-(
+B<K(
!�,ŠLJ0
+B$n.'0�1eH")�!�(
!64nLJ39(*.9H"3f.9+-,

(*L�>@+�c�M�)J.'<=)P)J1�0N1{&�+-l63'.9l6.'>"39+O$J1C,=m�s|<-L�,=,*+B&�(-A

	

!�Ma+-D�+-,Bc".'(a)J1�0Q1jWY1�.9,=39E539!hM �#L"1�&�(*LJ4†+��T<-.'+B&J<KE

!�W�1C,*!6LJ&"$

y

e��2A � )J.'0n4V+B1�&J0{(*)"1C({&J!6.'0
+PW•,*!64 (*)�+

�

!6.'0*0*!6&Œ0*(*1C(*.'0
(*.'<-0{!�We$J1C(*1o<K!63'39+B<K(*.9!6&8.'0

.'&J<K,*+B1�0
+B$\<K!645H"1C,*+B$�(
!712$�+-(
+B<K(
!�,?MO.'(*)G12)J.9l6)J+-, ��LJ1�&#(*LJ4ˆ+��T<-.9+B&J<KE�c‡0*LJ<=)o1�0S1 c c�
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A

`�!:M�+VMa!6LJ3'$o3'.'m�+n(
!GLJ0
+V1:)J.9l6)o3'1�0
+-,SH@!hM�+-,
!�,j39!6&�l:0*<-1�&\(*.'45+�c�(
!^451�&�.'45.'0
+n(*)�+5<K!6LJ&#(*.'&�l

0
(*1C(*.'0
(*.'<-0BAir�&JW•!�,*(*L"&J1C(
+B39E�c�Ma+?1C,*+?3'.f45.9(
+B$P>#EPH")�!�(
!�>U39+B1�<=)J.f&�l
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0
+-+
>@+B39!hMe…]A

� )�+S0*.9l6&"1�3"(
!5&�!6.f0
+�,]1C(*.9!V.'0�1�3f0
!V.'&��UL�+B&"<K+B$X>�E5(*)�+wMO.'$J(*)X!�W‡(*)�+S<K!6&�W•!%<-1�3@H".'&")�!639+�A

�
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(*.'<-1�38c

�

`��G0N<-1�&2!6&J39EX>�+wH"1C,=(*.'1�3'39E5<K!6&�Wk!%<-1�3�c�0*.'&J<K+S1n(
,=L�+wH".'&")�!639+OMa!6LJ3'$239+-(N1�3'4V!60*(N&J!{3f.9l6)�(

(*)�,*!6L�l6)�A �\+P<-1�&q.'&J<K,*+B1�0*+5(*)�+X0*.'l6&J1�3 >�Eo.f&J<K,*+B1�0*.'&Jl:(*)�+5H".'&")�!639+V$J.'1�4V+-(
+-,jL�H/(
!^!6&J+Tge.9,*E

LJ&J.9(-cUMO)J.'<])7451�&�.'45.'0
+B0O(*)�+jL"0
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+B<K(
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(
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+
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!6&7<K!63'39+B<K(*.'!6&�A

gN(Š(*)�+O$�E�+ <K!6&"<K+B&�(
,=1C(*.'!6&J0iLJ0*+B$V)�+-,*+�c�Ma+ �U&J${+
&%H@+-,=.'4V+B&#(*1�3'39E?H")�!�(
!�>"39+B1�<])J.'&�lS.'0d(*)J+O3'.'45.'(*.'&�l

Wk1�<K(
!�,BA

�
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,*+B1�<K(*.9!6&{!�WJ+
&�<-.9(
+B$%s|0
(*1C(
+ ��L�!�,*!�H")�!�,=+�4V!639+B<-L"39+B0�(
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(*)J.'0{.'&#D�!639D�+B0V1�,*!6L�(
+P!�W�$�+B<-1�Eq(
!\1\&�!6&%s2��L�!�,*+B0*<K+B&#(jDC1C,=.'1�&#({!�WO(*)�+2!�,=.'l6.'&J1�3Šl�,=!6LJ&J$v0
(*1C(
+�A

`%.'&J<K+:(*)�+^+
&%<-.9(
+B$�s|0
(*1C(
+G4V!63'+B<-LJ39+B05<-1�&x,*+B1�<K(5MO.9(*)u!6&�+^1�&�!�(*)�+-,�ca1/3'!�Ma+-,T<K!6&J<K+B&#(
,=1C(*.9!6&x!�W

�UL�!�,*!�H")J!�,*+
451BE2,*+B$"LJ<K+SH")�!�(
!�>"3'+B1�<=)J.'&Jl�A

€N39+B1�<=)J.f&�lO.'0�<K!6&J0=.'$�+-,=1C>"3'E M�!�,]0
+B&�+B$?.f& c

�

`��qc-<K!64VH"1C,*+B$?(
! � 4 �UL�!�,*+B0*<K+B&"<K+Š45.'<K,*!60*<K!�H�E�A

� )J.'0e.'0�>�+B<-1�L"0
+n<K!63f39+B<K(*.'&�l2120
+-,=.9+B0e!�W � �^.'451Cl�+B0e(
!2HJ,*!%$JLJ<K+n1?e 
†.'451Cl�+{,*+���LJ.9,=+B0O(*)J1C(e(*)�+

HJ,*!�>@+j>@+B1�4ˆ>@+j0*<-1�&"&�+B$o3'1C(
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>@+B1�4ˆ&J+-+B$^!6&J3'E:>�+

H"1�0*0
+B$T1�<K,*!60*0Š(*)J+O0*1�4VH"3'+Q!6&J<K+�c�0*!
(*)�+ +��@+B<K(*0i!�W@H")J!�(
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+e!�W �UL�!�,*!�H")J!�,*+ +
&�<-.9(*1C(*.9!6&�c%1�&J$X0*!j451�EV>�+O,*+B$JLJ<K+B$

MO.9(*)P1j0*4X1�3'39+-,�3f1�0
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_i39+B<K(
,*!6&:4X.'<K,*!60*<K!�H�E5!�W � 0*!�W•( ��451C(
+-,=.f1�3'0N.'0N3'.'45.9(
+B$X>#ET0
(
,=LJ<K(*L�,]1�3�1�&"$P<K!645H�!60=.9(*.9!6&J1�3�$J1�451Cl�+

W•,*!64 (*)�+
+B39+B<K(
,=!6&7>@+B1�4:A �O)�+
.'&�Wk!�,=451C(*.9!6&2+
&%(
,=1�<K(
+B$�Wk,*!64 (*)�+?0*H�+B<-.f4V+B&7.'0Q(*)�LJ0 3f.'45.9(
+B$2>�E

(*)�+V451�&%.f4jLJ4 +B39+B<K(
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+-D�+-,*+B3'E
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(
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(
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!�WQ(*)�+T451Cl6&".
�U<-1C(*.9!6&�A 
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�@+-,*+B&�(n451C(
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(*39+P$J1�451Cl�+�ci>UL�(n0=1C(*L�,=1C(
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+B$G0
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!S>@+B1�4 $J1�451Cl�+�A

�

z



���������
	���� ���������j� ���	������
U�
�

� ���

�

� ����������� 
��

� )�+:H"1�0*0=1Cl�+:!�W�(*)�+7)".9l6)%sR+B&�+-,*l�EqHJ,=.'4X1C,*E/+B39+B<K(
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_N…jW•,*!64 (*)�+2>�+B1�4 .'4VH"1C,*(*0n+B&�+-,=l�E

(
!:(*)�+n0*H�+B<-.f4V+B&^(*)J,*!6L�l6)o.9!6&J.'0=1C(*.9!6&�c�+
&%<-.9(*1C(*.'!6&�1�&"$�$".'0
H"3'1�<K+B45+B&�(-A � )�+n+
&�<-.9(
+B$o!�,S.9!6&J.'0
+B$

4V!639+B<-LJ39+B0S4X1BE^(*)J+B&\LJ&J$�+-,*l�!PWYL�,*(*)�+-,S.9!6&J.f0*1C(*.9!6&G!�,S>�!6&"$G0*<-.f0*0*.9!6&o.'&G(*)�+V<-1�0
+V!�WaH�!63'E�4V+-,].'<
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+V,*+B$"LJ<-.'&�lT(*)�+V451�0*0e!�Wi(*)�+V0
H@+B<-.'45+B&�A��O)�+jWk,*+-+
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0
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