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U c30E?. +M/ : E1+3: / A+C à 4 Q [_[ (L( _SU [_"LT\ _U [_VL( [ _" S_!L( ! _"

\ c30E?. / <; 2e?.; D+34 6 K! "#$ "_RRL" _VT "_RSL" _V\ "_TTL"_! T "_T\L"_V!

[" ^5+1.0K 2?.7+53+1.. %&&aPQ RLV" (LR[ TL( U !LR!

*. ' .-7M2 M2E2K T" R( S !

J f 564 /6 ?.; . / 0EG=@] 728; . a[ \ \ TgF

; 27=8h ?28?.><70 / 235+, - . 1+3+/ 25+, - .F I 1+3+/ 25+, - .h ; +30*=8h <.i j - 2G; +/ .52 1+/ .037-9?.2
. - 2G; +/ .56 +M/ : E1+3: / F^5+1.0K 2?.7+53+1.. 74 .0?.2 <.i / @32?.-2-9 !LR[ _/ <; 27=8h- ?2<70k
3+; . 72; 30< <53=; 5=3L+E <G2M+ 7+3.0?5+/ 2?6-9 E+ / 6<+; + 7+3.0?5+/ 2?6-9F

'( ) * +, - . / 01+. 234356+013 472. 513743-1+. 8, +<.h@?i G6 +M0-?6 <52? / 532; - .0 7G+>+k
?08 9.<5+3.. @0+*+@.-7?08_ / -72<.0 ; 5: 308 M6G6 M23E7.08 +M- .h>+?0 ?.> / 6?.; 2 5+ 7 +M0-?0@+
+M- .h>0?.2 @0+*+@.-7?0@+_1370-9+E7h- / <52? 1370; +?<+*.E+/ 2?6F f 564 <52?.0_ 1+72 ?.0k
/ .0*; .08 4 .h><7+, - . <530Dh 13761+/ .037-9?.+/ h_ 1+7+<528h E+ E7.<.28F ^5+1.0K 1370; +?<+*.k
E+/ 2?.2l Y] m n 1 - [ [ F )G6 4 .+-0K<; .0 / 6; <752G-+?0 <h 1370/ 2>?.0 / 1+<52- . *24 .k
?+/ 2?6-9_ 4 23@*.<56-9 .G: / 16*2<56-9 ao 2-76K<; ._ H32M+/ <; 2LY*<70/ <; 2 [ \ \ SgF ' 24 .?2k
-82 .- 9 1+*0@2 ?2 / 6<5i 1+/ 2?.= 74 .0??08 @3=M+, - . *24 .? + 3: >?08 +3.0?52-8. a1+7.+4 08_

=; +,?08 . 1.+?+/ 08g a36<F ( gF

( Y] m n <5+1.0K 1370; +?<+*.E+/ 2?.2 3: / ?6 <5+<=?; +/ . +M-.h>0?.2 ; 5: 30 __72124 .pq52* r 2?2*.7+/ 2?6 @3=?5E+
+M-.h>0?.2 / 6?.; 28h-0@+ 7 @Gi M+; +,- . 80@+ 1+M32?.2F



! "

! " #$ %$ &' ( ) * + # $%&' ( ) *$&+ +,( - . / 0. +01 2 34 56 7*0892 3: 5 + / +090- 2 3; 5 <=1 +9=>?2

@+A$ %$ B=1 / <C# 0D1 +0>>9> ><=" # - +EF F0' +. 09E=< 34 G6 H+=A09=< 3: 5 =9H I C' E+>=< 3; 5 <=1 +9=E+09#



! "

# $%&' $%()&*+% $+, - . *)*/ (%), &012 3$4 56%-758-$2 8)%97$- : 5); ' / <*3, = 59*<7%1
>?>@A>?BC D= E F5= $7012 : 5), *7$&5= %(), -&7%? 7$%3(' $%)9&575 56%-758-$ = */ )5: 5); '
GHB = = IE J+, (%32 K)07(*= $' , 35/ 5 *7$&5()5: 5' , = $E J+, = $5-%L3/ $%7$%&' $%()&*+%-. *)*/ M

(%), &012 3$4 : )&%9%' 3&, 3(/ $= <*= $7*)72 = $/ )53()0/ (0)2?7$%/ $%9, 563%)' 01%3$4 %<%= %7(,
= $/ )53()0/ (0), (0)60<%7(7%1E

!"# $%&' ( )&* ( + , G: <%13(5-%L3/ $%I : 5' 3(*+, 1*/ 5 53*9, &6$5)7$/ ; ' <295' , - . ?95 / (; ), - . = *M
(%)$*+95753&57, 6, +: )&%&' 59, (5: 7$%12-%K5 <295<590? * (*/ N%: )&%&' 59, 3: +, ' *12-%&0' 5<M
7$57%K5 10N59 <295<590 : )&%9: 5<*E J+, (%-. *)*/ (%), &012 3$4 = $/) 53()0/ (0)2 : )&%18-$5' 2O / 5M
= ; )/ 5' 5A= *(), -5' 2 G& %<%= %7(*= $ <*= $7*)7%1IE P*)*= %(), = $/) 53()0/ (0)*<7%' , / *&012 90N2
&= $%7758Q3(*(, 3(, -&72E P5&* $&5= %(), -&7, = $ $ *7$&5= %(), -&7, = $ : 5)*= $ 56%-7%32 ); ' 7$%N
: 5), 3&-&%<$75' *(%3(*75' $2-%-%-. 4 9$*K753(, -&72 9<* = $/ )53()0/ (0) $+; ' E # $%563%)' 01%3$4
56%-758-$= */ )5: 5); ' ER(5: $%L *7$&5()5: $$&= $%7$* 3$4 ' &*/ )%3$%SA@>ET6<$-&57%&6*9*L <*M
65)*(5), 17, - . ' *)(58-$ 3(5: 7$* : )&%/ 5735<$95' *7$* TUV WB?>AB?! ' 3/ *&012 7* <%/ / $%: )&%M
/ 5735<$95' *7$%6*9*7, - . $+; ' E F<* $+; ' &*3(5$3/ 5' , - . 5/ )%8<57* &53(*+* &*<%N758QX07/ - , 17*

: 5= $49&, : *)*= %()*= $ = $/) 53()0/ (0)*<7, = $ * 3/ +*9%= = $7%)*<7, = $ ' +*8-$' 58-$*= $ X$&, -&M
7, = $ GU&*1/ * BYYZIE

!"# - )( . /)( 0, 1&* ), ' , 3(4: 0127* &7*-&7, = 563&*)&%P5<3/ $: 59 7*9/ +*9%= 0(' 5); ' -&' *)M
(5)&495' , - . 5 &7*-&7%1 = $2N3&58-$E [ $2N3&58Q3*= , - . $+; ' 3%)$$ : 5&7*L3/ $%1 53$2K* ' *)(58-$
7*' %( B>>AB! > = ? : )&%-$4(7$%' , 753$ S>AZ> = E \ 56)46$%6*3%70 3%9, = %7(*- , 17%K5 $+; '
3%)$$ : 5&7*L3/ $%1 \ $- . )5' 3/ $ GBY] BI ' , ); N7$+ S &*3*97$-&%-&48-$O : ; +75-75A' 3- . 597$2? -%7M
()*<72? : 5+097$5' 5A&*- . 597$2E

R%9, = %7(*-1* $+; ' 3%)$$ : 5&7*L3/ $%1 ' , / *&01%' , )*^72 -, / <$-&758Q? ' 8); 9 / 5= : <%/ 3; '

$<*3(, - . ' , 3(4: 012 : )&%' *)3(' $%7$* : , <*3(%$ : $*3&-&, 3(%E J+, : 5&7*L3/ $%7* &7*-&7, - . 563&*M
)*- . 0<%K+, 3$<7, = &*60)&%7$5= K<*-$(%/ (57$-&7, = ? / (; )%95: )5' *9&$+, 95 &*X*+95' *L?59/<0Q?

: )&%= $%3&-&%L?-&43(5 &*60)&*12-, - . (, : 5' 2 3%/ ' %7-14 ' *)3(' E R/ +*9 = $7%)*<7, $+; ' : 5&7*LM
3/ $- . 1%3( 3(5307/ 5' 5 = 575(577, ? &= $%7$*12 3$4 (, </ 5 3(5307/ $ $<58-$5' %K5 09&$*+0 : 53&-&%M

K; <7, - . = $7%)*+; ' E\ 8); 9 = $7%)*+; ' $<*3(, - . 95= $7012= $%3&*75: */ $%(5' %O 6%$9%<$(_$<<$(?$<<$(?
/ *5<$7$( G: 59)&497$%. *<5$&, (? - . <5), (IEP*/ $%(, 6%$9%<$(0 &*' $%)*12 ' : )&%' *9&%' , = $%77%/ *M
($57, ' *: 7$* $ = *K7%&0E W -*+%1 = *3$%$+, = $5: <$5-%L3/ $%32 6%&' *: $%77%? 8)%97$* &*' *)(58Q
U*UT S 7$%: )&%/ )*-&* K%7%)*<7$%! ` E

\ : ; +75-75A' 3- . 597$%1-&48-$6*3%70?' )%157$%\ *)3&*' , ?$+, = $5: <$5-%L3/ $%-. *)*/ (%), M
&012 3$4 7$N3&2 &*' *)(58-$2 X)*/ -1$ $+5' %1? / (; )* ' *. * 3$4 ' : )&%9&$*<% B!A! ! ` ? 8)%97$5
S!AZ>̀ E R(*7 (, - . $+; ' 1%3( : ; +&' *)(, _(' *)95: <*3(, -&7, E U. *)*/ (%), &012 3$4 57%&*); ' 75
' : ; +75-75A' 3- . 597$%1?1*/ $ ' -%7()*<7%1 -&48-$ 6*3%70 8)%97$2? ' , 35/ 2 $ 6*)9&5 ' , 35/ 2 : 5M
(%7-1*<72 %/ 3: *73, ' 758-$2 GPaIE F5= $7012-, = (, : %= = $/ )53()0/ (0)*<7, = $+; ' 1%3( = *(), -5M
' 5A(0)60<%7(7, Gb *-&, L3/ $?c )*65' 3/ *AT<3&%' 3/ * BYYCIE

2 + ), ' 3$, /)4# )"5+ - )( 0, 1&* )06 $%. %7/)&* %. 3$, 7* %3. %0* ), 8( 9 J+, = $5-%L3/ $%32 6*)9&5
' )*N<$' %7* 599&$*+, ' *7$%-&, 77$/ ; ' %K&5K%7$-&7, - . A' : )&, : 5' $%)&-. 7$5' , - . 3()%X*- .
(' 5)&2 3$4 &' $%()&%<$7, 5 &= $%7$57, - . ' +*8-$' 58-$*- . ' 3(5307/ 0 95 = *-$%)&, 3(%K5 : 59+5N*
G$+; ' 7$%&' $%()&*+, - . IE \ )%&0<(*-$%' $%()&%7$* : *)*= %(), : )&%3()&%7$ : 5)5' %1?(*/ $%1*/ O : 5M
' $%)&- . 7$*?56' ; 9?8)%97$-*? <$-&6* : 5); ' 5)*&' 3: ; +-&, 77$/ : )&%: 03&-&*<758-$?0<%K*12&' $4M
/ 3&%7$0? &= 7$%13&* 3$4 7*(5= $*3( 3(5: $%L *7$&5()5: $$Ed' $%()&%<$7, $+; ' = $5-%L3/ $- . 0<%K+, &*M
(%= &7*-&7%19%/ 5735<$9*-1$?' , / *&012 = *(), -5' 5A<*= $7*)7, (, : = $/ )53()0/ (0), E



! "

# $%&' ( ) %* +, -( +, +.-/ 0 -.%12-%* 34, +.350 $%&6731.-8953 * : .%6( ' ;+;0' ;02/ , 0) $7%<7+) (
6%) $( ;37%* 3<%=>?@AB , +' ;C$(43 %: .-2/ 3, -3 -.%12-%*0 2D$+7+) 3;7E* ) -67%' ;7(6;(70FG: .-H
2/ %, 3 $+7+) 3;70 $%&+43 ' -C * / 3' ;+* -3, -( / -2D * +7;%12-+) - ) -, -) +., 0) -9 ) +6' 0) +., 0) -
- 173&, -) -F @%5, + ;35 $7/ 3&' ;+* -8 7%/ 6I+& $+7+) 3;7E* * J%7) -3 D-' ;%<7+) E* F K7%<7+) %$7+H
2%* (43 * ' ( ) -3 L D-' ;%<7+) E* FM%, +4-' ;%;, -34' / 02D, +.35N7%/ 6I+&0O* ' $EI2/ 0, , -6+ J%7) 0 P7
Q70' F" + - " : R97E50 %7-3, ;+24- 3.3) 3, ;E* ) -67%' ;7( 6;( 7+., 02DQ70' F" 2R92+I6%* -;34$%* -37/ 2D, - =
Q70' F " &R9173&, -2 M Q70' F "3R%7+/ %: * %&( K Q70' F " JRFS ( * +<- , + +, -/ %) 3;702/ , 3 6' / ;+I;0 3.3H
) 3, ;E* ' ;7(6;(7+., 02D9 &.+ %6731.3, -+ 173&, -20 ' ;%' (43 ' -C$%4C2-3 36* -* +.3, ;, 34 2/ N' ;6- .( :
$%7(FS, +4%) %18 $%* -37/ 2D, - = - %: * %&( K $%/ * +.+ , + * 0/ , +2/ 3, -3 D0&7+( .-2/ , 3<%$7%) -3, -+9
+ * 6%, ' 36* 3, 24- , + %: .-2/ 3, -3 * ' $EI2/ 0, , -6+ $7/ 3$( ' / 2/ +., %12- 6F # ' $EI2/ 0, , -6 J%7) 09
%6731.+4N20 6' / ;+I; $%7E* 9%: .-2/ + ' -C/ %&$%* -3&, -34/ +.35, %12- $%.+ - %: * %&( $%7E* T-) : +7H
&/ -34 * 0&I( 5%, 0 43' ; 6' / ;+I;9 ;0) * +7;%18 * ' $EI2/ 0, , -6+ J%7) 0 43' ; : .-5' / + / 37(F B+4* +5, -34H
' / 0) $+7+) 3;73) <3%) 3;702/ , 34 2D+7+6;370' ;06- ) -67%' ;7(6;(70 43' ; 7E5+ %7-3, ;+24- - ! "#$%&'

+, -/ %;7%$-- ) -67%' ;7(6;(70 K,. U31.- P443' ; * 05' / 0 , -5 VWX * ' 6+/ (43 , + ' -., -3 / %7-3, ;%* +, N) -H
67%' ;7(6;(7C9 , +;%) -+' ; K, $%, -534 YX %/ , +2/ + : 7+6 +, -/ %;7%$--F

A, +.-/ %* +, 3 <7(, ;0 ;* %7/ 0I0 ' -C* %&) -3, , 02D17%&%* -' 6+2D' 3&0) 3, ;+204, 02DQ;+: F ?9VRF

M%;02D2/ +' %* 3 : +&+, -+ * ' 6+/ (4N9 53 $%) -C&/ 0 * 0534 *0 ) -3, -%, 0) -9 -.%12-%* 0) - $+7+) 3;H
7+) - $7/ 3' ;7/ 3, - $%7%* 34%: ' 37* ( 43 ' -C$3* , 3 / +.35, %12-9, $F173&, -+ 173&, -2+ $%7E* M+9/ +.350
%&2+I6%* -;34$%* -37/ 2D, - =9%7+/ %& .-2/ : 0 $%7E* B T431.- = * 06+/ ( 43 &( 53 * +7;%12-9B , +;%H
) -+' ; ) +I39 ;%173&, -2+ M $7/ 04) ( 43 * 0' %6-3 * +7;%12-F Z+I6%* -;+ $%* -37/ 2D, -+ =9 - 2+I6%* -;0
%: * E& $%7E* K9 ' N12-1.3 / * -N/ +, 3 / 3 ' 6I+&3) <7+, ( .%) 3;702/ , 0) F K7/ 0 * 07+[ , 34 &%) -, +24-
43&, 34 .( : &* ( J7+624- * <7(, 2-39 =9 - K9 * 06+/ (4N* +7;%12- * 0' %6-3F

K7/ 3&' ;+* -%, 3 * ;+: 3.+2D ? - V *0 , -6- * ' 6+/ (4N953 +, +.-/ %* +, 3 ;0$0 <3, 3;02/ , 3 <, ) ;E* 2D+H
7+6;370/ (4N' -C7E5, N$%7%* +;%12-N9%' / 37%6-) / +673' -3 * +7;%12- VWT\ ! X F B+4, -5' / N$%7%* +;%18
* 06+/ (4N<.-, 0 /* +I%* 3 / %&I%53, -+ - ) %7' 6-39, -3/ * -3;7/+I3 -I0 ) -%23] ' 6-3F# 0' %6-3 * +7;%12- ;3<%
$+7+) 3;7( ' N, +;%) -+' ; 2D+7+6;370' ;02/ , 3 &.+ /* -3;7/+I02D -IE* ) -%23] ' 6-2D - -IE* ) -%$.-%23] H
' 6-2DF^ .-, 0 ' N$%&;0) * / <.C&3) , -343&, %7%&, 39* 06+/ (4N2 $7/0 ;0) : +7&/ %/ ) -3, , N.-2/ : C$%7E*
Q!T9_W! ! ` aWTaRF# -I+2D- .3' ' +2D.-2/ : + $%7E* * $%7E* , +, -( / <.-, +) - 43' ; * -3.%67%;, -3 ) , -34' / +F
K%7E* , (4N2 -I0 / * -3;7/ +I3 - , -3/ * -3;7/ +I3 %: ' 37* (43 ' -C6-.6+67%;, 0 * / 7%' ; .-2/ : 0 $%7E* * -I+2D
/ * -3;7/ +I02DF S* 7+2+4N( * +<C: +7&/ %) +.3 * +7;%12- 173&, -34 173&, -20 $%7E* * -I+2D <.+2-.-) , -H
2/ , 02DF b73&, -+ 173&, -2+ ) -67%$%7E* Q̂ 7+: %* ' 6+TG.' / 3* ' 6+ a_L_R&.+ -IE* %' -N<+ * +7;%18 &%
V c) 9 * <.-, +2D / * +I%* 02D&%Y c) 9+ * .3' ' +2D * +7;%18 $%173&, -N"TTdc)F B+;%) -+' ; 173&, -23
6.+' 0 ) %&+., 34 * 0' ;C$( 4N* $7/3&/ -+I+2DO &.+ -IE* W9W\ TTTTW9aWc) 9 &.+ <.-, W9WYTTW9aLe; ) 9 &.+
.3' ' E* W9W\ TTTW9aV ( 7,F # <.-, +2D9 <IE* , -3 / %&I%53, -+9$7/3' ;7/3] $%7%* N;* %7/N) -67%$%7096;EH
702D43' ; $7+* -3 &* ( 67%;, -3 * -C234, -5 ) 3/ %$%7E* F P%, ' 36* 3, 24N$7/3* +<- ) +I02D173&, -2 $%7E*
* -I+2D <.+2-.-) , -2/ , 02D ' N, -' 6-3 * +7;%12- 2+I6%* -;34 - 173&, -34$%* -37/2D, - %7+/ %: * %&( ) -67%H
$%7E* FS3 * / <.C&( , + 2+I6%* -;N$%* -37/2D, -C- 2+I6%* -;0 %: * E&, +4* -C6' / N/ ) -3, , %12-N2D+7+6;3H
70/ (4N' -C<.-, 0 .%&%* 2%* 39*0 6+/ (4N2 : +7&/ %' / 37%6-3 $7/3&/-+I0 $%) -C&/ 0 ) -, -) +., 0) - - ) +6H
' 0) +., 0) - * +7;%12-+) -F Z+I6%* -;+ $%* -37/2D, -+ - 2+I6%* -;0 %: * E& * , -3/ * -3;7/+I02D -I+2D) -%H
23] ' 6-2D / +$+&.-' 6+ $7/3&6+7$+26-3<%' N;3<%' +) 3<%7/C&( F # .3' ' +2D 2+I6%* -;+ $%* -37/2D, -+
/ ) -3, -+ ' -C* $7/3&/ -+.3 "WTLdW` aWTac) V9+ 2+I6%* -;0 %: * E& aWWTTd" W` aW" c) F # / * -3;7/3.-H
, +2D -IE* ) -%23] ' 6-2D 2+I6%* -;+ - 173&, -+ $%* -37/ 2D, -+ %7+/ 2+I6%* -;0 - 173&, - %: * E& * /7+' ;+
VTa G 7+/ 0 * ' ;%' ( , 6( &%;02D* +7;%12- ( -I+2D , -3/* -3;7/+I02DF



! "

#
! " #$%&' ( ) ! * + , - . / 0/ 123%4 546748 &946: 4; <

- " ) => ?@ABCD3% " E #" %=$F ; 6G; H I " %" <&) J
Speci 1-1en 
"12.3751/. 

j t17 

b 

Kr 
i. o 
0.9 

0.8 

647

0.6 

0.5 

0.4 

K, L K" %M &?N3OL=%3=P N&Q' %QM
REM&? F 64G97 REMST F 64; 6U REM>NV 64W6H

$$ . $$$$
·'·•·'· $$$$$$$$. : .. . . . %$$$$$... . 

&%$' '$(

0.2 

) $*

.. 

$$$$$$
o 

O O ~ ~ N N N M M $ $ $ $ $ $ $ $ $ $ 00 6 $ $ $ $ $ = ~ : ~ ~ ~ 

! " #J%&' ( ) (c) , - . M0X YZ3%4 : 4674+ G946: 4; < , #3* &?3?
- " ) $> ?ZMD3% " E #" %3PF ; 6G; H I " %" P&) JF 9: 4H7<G[4

J t J. 7 

K\ L ] &P) %&D@) &" ? $* *" %N&?' ) " %" %M &?N3O
/ &?F ^4_49WW6 / =OF 64; 9<<: / &NF 64W6: ; H ] &PF 64G; 976` / P3F ; 6G; H

Ni/NM I 

+ ,-
,- ./
/

,- " ,- " / /
/ /
--< ,-
/ / / 0 / 0 / / /

C 1t17, nag, 1000 

Ka 8, 51/. , alfa= 81, 4 ( degr ee) 

Rose orientation of pores (STIMAN ver. 2.07) 

234$ 5#67$ 8 / 9 : ; <=>/? 3 ? 3@>;A B*/ C7B/ ? =1#D#*BE3 9 BA>/ 4$>;A<;>#*D71 F GH 6I J H K: >E3AL#@/ ? = ? 3@>; AM

NBO$ 5#67$ P/ 9 : ; <=> Q>BD</ ; <4 / RS; #D<B<#<BT= 9 B7>/4<>;7<; >;* ; D; *34BU F GH 6I J H K=V=9 : *#>3 : >BD</ WWW'X



SS 

!
! " #$%&' ( ) *+, - ./ &0 1 2 34 5%6 76896, : ; 6876<= - #5+&> 5?

/ " ).&@@@?A> B5%" C#" %D=6 EFE <8: <G H" %" I &)J6J ; 76G9=K6
L"#$%

MG . N&I)%&BA)&"? D++"%O&?' )" )")D@D%5DI
/ -&& 86G79

- &P-

QR666666
QR66'( 2. . . $ . 

) ) $$* $$* +

6666
2

QR
, N M M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - .) ) /0$$*+++1

23( 456 $$$ $$$ $$$ $$$ $$$ $$$ $$$ $$$

*78$9 1 :

5 ! "HQSF)%&' () *+T - / U010 *9 ; 3$ 76896, : ; 6876<= V"5+)55? L)6:9
/ " )D@?A)WB5%" C#" %XXY <86:<G H" %." FI&)Z ; 76G9=:P6

M- . N&I )%&BA)&" ? D++" %O&?' )" 5DA&ZD@5?) O&D> 5)5%I
0 &?FF 868[ \ =9 2 DT3Y 869<G9G 0 &OFF 86:6[ [ 9; N&I Y 86: : \ =\ 3A> TE 0 I 5F \ 9\ 8\

+<=> 1 ?

66
"6666

#< @AA(@ B<<=<C<DB EF6 DGHIED5#AJ# M] J65J )

6 $ 6 $ 6 6 6 6 6
o o o o o o o o o 

456 )R. @&R,D#5: ) K4 6L
456 %.J @=5@ > QQQ !^ UN
#M565%J U? //# "M/ 2 4:
UN !8 N/6 'I ..O ::T .._
'li:' ~ 6=M: @&, @&R,UC, 66J. $ $ $ . 

" " " " " "
6 $$$$$

o o o o o o 

66 QR" "
` CL

O
6666.E.%
a,, 3/ UC, *RU, 666
U^ 666 K5/ > :9R:
11'> 2 '1 %. a- 
Ja@@%. 3// 3/ )R.. . . . 
" " " " "

C ! " #$%&' ( ) K2: - / U01 0 K9 ; 3$ 76896, : ; 6876<Fa - #5+&): 5? a)a6b
/ " )D@?A@R@(5%" C #" %5D & <8:6<G H" %" I &)$ ; 76G9R=:P6

M; . N&I)%&BA)&"? D++"%O&?' )" #5F%&> D)c&%I
+<P& ) $0) QR) > 'S & T$) @UTR ><! & @$RVIIU%% L<7& @$) RQRW *9 1 :A > 7; & Q%WVT

+H=+X#

6666666666
" " " " "

" 66
2 QRF F

d$I 6 aO.Ce " ] #A)5%"f $ f $O%Ag &@" h+&" f 5L D?D@&i $ ] &g%" I )%Ag)A%D@?+Lj 1 > .- k> *#%i $g_DO" f 5 f $O%Ag&,

M&' 6 aO.C! " ] #A)5%H%&?)" A)I "Cl AD?)&)D)&Z5 ] &+%"I )%A+%A%D@D?D@$I&I j 1 > .- k> *5V5] #@D%$#%&?)" A)I ,



56 

! "#$%&' ( )"*+,- ( . / )0%&/ ) 1+"2 3 4"56"7#/ ")87)9' 8' ( )"*+,- : ;<: 5+.&'= )9' >#..3; &?3
=>)8&>&2 %&87%#; 7( &#*"7#>&%3 &?@( +")7 %&#/ *@"# =>&%3 >+$+( 8+( #A B+7+.*)?# ="C%*3; 6"7#$#
( .73.*/ &2 %&#7( &#*"7)?# &?3 2 &+8#D./ &# 7)6)$>&./ ) 6"7#$/ )"6)8/ &#=+ &=>&%3 7 +$?+E#%&); ( 3F
/ )7C9' ,"#$%&4 " 6+%&E#9: ;<: AG#8H' $&)=%+.*387%' &?@( 9#.* +I #8%+,- 6+"@( .787#>&%+( )*38H;
+ 4"J K; L +")7 +=@>%) $+2 &%)89) 6+"@( )%&7+2 #*"387%38H + 4"J : ;<AB+"3 &7+2 #*"387%#5
+ 4"M: ;<5.' 8H)")/ *#"3.*387%# $>) >#..@( N"3.AOPAW =>&%)8H; =?@( %&# 7 +$?+E#%&); 6+"@(
)%&7+2 #*"387%38H9#.*6")( &# O ")73 2 %&#9%&E&7+2 #*"387%38HA

Q%)>&7+( )%#="C%*3 ( 3/ )7C9' 7"@E%&8+( )%' =#+2 #*"&R2 &/ "+.*"C/ *C"3A4 .7*)?*3"@E3 +"&#%F
*)89&=?@( %38H/ &#"C%/ @( )>1) "@E%&' .&R7).)$%&87+AS@E# +"&#%*)89&+ / .7*)?8&# #>&6.3 N&?3 2 &+F
8#D./ &#; 2 &+6>&+8#D./ &#; 7).*+&./ +( #; =>&%3 >+$+( 8+( # 7 +$?+E#%&)P( ./ )7C9' %) 6+"3 ( 3$?CF
E+%# & 6?)./ &#AS@E) +"&#%*)89&$>) >#..C/ .7*)?*#2 7I >&E+%) 9#.* $+ +/" R=CA T)9( 3E.73 .*+6&#D
)%&7+*"+6&&2 &/ "+.*"C/ *C"3 ( 3/ )7C9' ( / +>#9%+,8&U%&#7( &#*"7)?# &?3 2 &+8#D./ &#; &?3 =>)8&>&2 %&F
87%#; &?3 2 &+6>&+8#D./ &#; =>&%3 >+$+( 8+( #; 7( &#*"7#>&%3 &?@( 2 &+8#D./ &8H; >#..3AV*+6&#D)%&F
7+*"+6&&! " 6+( 3E#9W: X ,( &)$873 + ( 3.+/ + 7+"&#%*+( )%38H2 &/" +.*"C/ *C")8HAY =>&%)8H%&#F
"+7$7&#>+%38H; .787#=@>%&# $>) 2 &/ "+.*"C/ *C"2 )*"38+( +5.7/ &#>#*+( 38H; 2 +E%) .6+*/ )- 2 &/ "+F
.*"C/ *C"3 + .?)I #9+"&#%*)89&+ K0# ZA

B"7#$.*)( &+%# ( *)I #>)8H [ & W( 3%&/ &( ./ )7C9' %) ( 3")0%# 7"@E%&8+( )%&# 6)")2 #*"@(
6"7#.*"7#%&6+"+( #9( 7)>#E%+,8&+$ ,"+$+( &./ ) 6+( .*)%&) )%)>&7+( )%38H="C%*@( A\ I 3* 2 )?)
&>+,- )%)>&7 &>+,8&+( 38H %&# 6+7( )>) %) 7$#83$+( )%# C+=@>%&#%&# 6"7#$.*)( &+%38H 6)")F
2 #*"@( AB+*"7#I %# .' $)>.7# I )$)%&) C2 +E>&( &)9' 8# 7).*+.+( )%&# 2 #*+$ .*)*3.*387%38H( 8#>C
C.*)>#%&) / +%/ "#*%38H7)>#E%+,8&1C%/ 839%38H6+2 &R$73 6)")2 #*")2 &&>+,8&+( 32 &2 &/ "+.*"C/ F
*C"3 ) ( ?),8&( +,8&)2 &="C%*@( A

$%& ' ( )*' + , - .) / )01, - .2. .34+ ' 567826879) *, / .- , 7-) :

B"7#$.*)( &+%# ( 3E#92 &/ "+.*"C/ *C"3 &?@( ( ./ )7C9' %) &"H7%)87%# %&#9#$%+"+$%+,8&AT&#F
/ *@"# 7 *38H%&#9#$%+"+$%+,8&2 )9' 6#"&+$387%3 >CI 6")( &#6#"&+$387%3 8H)")/ *#" N.*"C/ *C"3 >)F
2 &%)"%# &/ +2 @"/ +( #PA] #8H)%&87%#7)8H+( )%&# .&R*38H*36@( 2 &/ "+.*"C/ *C"2 +E#I 3- +6&.3F
( )%# 6"7#7 2 +$#># $#*#"2 &%&.*387%#A[%%# *363 2 &/ "+.*"C/ *C"&?@( 2 )9' 8H)")/ *#" 8H)+*387%3A
^>) %&8H%)>#E3 .*+.+( )- 2 +$#># .*+8H).*387%# ( 8#>C( 37%)87#%&) %)6"RE#D&+$/ .7*)?8#DA

S+7( )E)%&) $+*387' 8# 2 +$#>+( )%&) 2 #8H)%&/ &&?@( +=")%&87+%+ $+ .*"C/ *C"3 >)2 &%)"%#9;
/ *@"#9.8H#2 )* 6"7#/ "+9C6+6"7#87%#=+ &>C.*"C9# "3.C%#/ _ & +6)"*+ 9# %) 6+$#9,8&C2 )/ "+./ +F
6+( #=+ / +%*&%CC2 &*#+"&&` &+*) Ǹ &+* La_Lb` &+* &Y &>>&. LacZPA
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r=l Br 

J! O

S

L, f [ 6:[ XYVU] U&' J\ UZ2BEOVUZD[ XY J2U]EẐ U]EOVU_+` a b
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