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"n4roduc4ion 
  

#',: )',1 ;','-(86 <6( 6<==)(;(,4') >??1 =)?46 4? %?;=(,6'4( >?8 1(>$%$(,%$(6 $, @<')$4: ?8 
@<',4$4: ?> ,'4$5( >?8'-(+  A??) 6('6?, >?8'-(6 %', %?,%(,48'4( 1((8 1<8$,- &<,4$,- 6('6?, ',1 =8?5$1( 
'11$4$?,') >??1 >8?; >')) 4&8?<-& 6=8$,-+  #',: 5'8$(4$(6 ?> %??) 6('6?, ',,<')6 ?8 =(8(,,$')6 B$)) 
=8?5$1( >?8'-(+  *&( %&?$%( ?> ' %8?= 1(=(,16 ?, ;',: >'%4?86+  *$;( ?> :('8/ 6?$) =C/ 6$4( )?%'4$?,/ 6?$) 
18'$,'-(/ 4(;=(8'4<8(/ '5'$)'D)( 6?$) ,<48$(,46/ =?66$D)( =(64 =8?D)(;6/ ',1 4&( ';?<,4 ?> 8'$,>')) '8( E<64 
6?;( 4&$,-6 4? %?,6$1(8+   

F&$4( %)?5(8 G!r#$o&#u( r*p*,s. $6 4&( ;?64 B$1(): =)',4(1 ='64<8( )(-<;( >?8 )$5(64?%.+  H4 &'6 
(I%())(,4 8(6((1$,- 'D$)$4:/ '--8(66$5( 8<,,$,- 64?)?,6/ ',1 D8?'1 '1'=4'D$)$4: 4? ' B$1( 8',-( ?> %)$;'4( 
%?,1$4$?,6+  J(6('8%&(86 $, ,?84&('64 K(?8-$' &'5( 8(=?84(1 4&'4 )'1$,? %)?5(86 =8?5$1(1 ', '5(8'-( ?> 
LMN %8<1( =8?4($, >?8 4&8(( :('86+  J(-') $6 ' 5'8$(4: ?> )'1$,? %)?5(8 4&'4 =8?5$1(6 &$-& @<')$4:/ :('8O
8?<,1 >?8'-( >?8 1((8/ (6=(%$')): D(4B((, P=8$) ',1 Q?5(;D(8+  0,( 64<1: '4 4&( R,$5(86$4: ?> K(?8-$' 
>?<,1 4&'4 ?<4 ?> ($-&4 %??) 6('6?, >?8'-(6/ J(-') )'1$,? %)?5(8 B'6 4&( >?8'-( <4$)$S(1 4&( ;?64 
4&8?<-&?<4 4&( 64<1:+  P,?4&(8 64<1: (5')<'4(1 4&8(( 5'8$(4$(6 ?> )'1$,? %)?5(8 ',1 >?<,1 4&'4 J(-') 
)'1$,? B'6 4&( ;?64 (%?,?;$%') >?8'-( 4? =<8%&'6( >?8 4&( ,<48$4$?, $4 =8?5$1(1+  

T<8',' %)?5(8 $6 ' %8?66 D(4B((, $,4(8;(1$'4(O)('5(1 %?;;?, 4:=(6 ?> B&$4( %)?5(8+  H4 ?>>(86 
)',1?B,(86 ' )(-<;( 4&'4 =8?5$1(6 $,%8('6(1 64',1 =(86$64(,%( B$4&?<4 -$5$,- <= =8?1<%4$?,+  T<8',' 
&'6 6;'))(8 )('5(6 4&', )'1$,? %)?5(86/ D<4 =8?1<%(6 ;?8( 64?)?,6/ B&$%& (,'D)( 4&( )(-<;( 4? -8?B 
5$-?8?<6): $, &('5: 6?$)6+  H, %'44)( -8'S$,- 4(646/ $4 $6 ;?8( 6<$4(1 4&', J(-') %)?5(8 4? B$4&64',1 -8'S$,- 
=8(66<8(/ 18?<-&4 ',1 ?4&(8 648(66><) %?,1$4$?,6+ C?B(5(8/ 4&(8( '8( ,? 64<1$(6 %?;='8$,- T<8',' %)?5(8 
4? J(-') %)?5(8 >?8 <6( $, B$)1)$>( >??1 =)?46+ 

*')) >(6%<( G/*stuca aru,3#,ac*aU $6 ' %??) 6('6?, =(8(,,$') -8'66+  H4 $6 4&( ;?64 B$1(): -8?B, 
-8'66 $, 4&( R,$4(1 34'4(6/ %?5(8$,- ,('8): VW ;$))$?, '%8(6+  H4 $6 '1'=4'D)( 4? ' B$1( 8',-( ?> 6?$)6 ',1 
?>>(86 -8'S$,- 4&8?<-&?<4 ;?64 ?> 4&( :('8+  *')) >(6%<( &'6 ;',: 1(6$8'D)( '-8?,?;$% %&'8'%4(8$64$%6+  
X(6%<(/ &?B(5(8/ $6 ,?4 8(%?;;(,1(1 $, 6<==)(;(,4') >??1 =)?46 >?8 1((8 D(%'<6( ?> )?B =')'4'D$)$4: 
',1 4&( =8(6(,%( ?> ' 4?I$% ><,-') (,1?=&:4(+  A?,6<;=4$?, ?> 4&( (,1?=&:4( 4?I$,6 %', 8(6<)4 $, 
8(1<%(1 8(=8?1<%4$?, ',1 )?B B($-&4 -'$, $, )$5(64?%.+  *&<6/ >(6%<( $6 ?>4(, (8'1$%'4(1 >8?; B$)1)$>( 
>??1 =)?46 $, >'5?8 ?> ;?8( 6<$4'D)( B$)1)$>( >?8'-(6+ P ,(B 5'8$(4: ?> >(6%<(/ #'IY/ &'6 D((, 
1(5()?=(1 B$4& ' ,?,O4?I$% ZD(,(>$%$') (,1?=&:4([+  *&$6 ,?,O4?I$% (,1?=&:4( ><8,$6&(6 4&( (I%())(,4 
)$5(64?%. =(8>?8;',%( ?> (,1?=&:4(O>8(( 4')) >(6%<( B$4& 4&( 4?<-&,(66 ',1 =(86$64(,%( ?> 4&( ?8$-$,') 
-8'66 5'8$(4$(6+  C?B(5(8/ ,? 8(6('8%& &'6 D((, %?,1<%4(1 ?, 1((8 <6( ?> #'IY >(6%<(+ 
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F( 64<1$(1 >?8'-( =8?1<%4$?,/ <6( D: B&$4(O4'$)(1 1((8/ ',1 6('6?,') %8<1( =8?4($, )(5()6 ?> 
#'IY >(6%<(/ J(-') )'1$,? B&$4( %)?5(8/ ',1 T<8',' B&$4( %)?5(8+  0<8 ?DE(%4$5( B'6 4? 1(4(8;$,( 
>?8'-( =8?1<%4$?, ',1 6('6?,') <6( D: B&$4(O4'$)(1 1((8 ?> J(-') )'1$,? B&$4( %)?5(8/ T<8',' B&$4( 
%)?5(8/ ',1 #'IY >(6%<( B&(, =)',4(1 ')?,( ',1 $, %?;D$,'4$?,+  F( '66(66(1 4&( '1'=4'D$)$4: ?> 4&(6( 
>?8'-(6 4? 4&( A?'64') ^)'$, =&:6$?-8'=&$% 8(-$?, ?> K(?8-$' ',1 (5')<'4(1 4&( ,<48$4$?,') @<')$4: ?> 
('%& ?> 4&(6( >?8'-(6 '6 ;('6<8(1 D: %8<1( =8?4($, %?,4(,4+ 
 
74udH )rea 
 
 F( %?,1<%4(1 ?<8 64<1: ?, =8$5'4( =8?=(84: $, *$>4 A?<,4:+  *&$6 64<1: 6$4( &'1 B()) 18'$,(1 4? 
(I%(66$5(): 18'$,(1 Q?8>?). )?';: 6',1 6?$)6 B$4& 5(8: -(,4)( 6)?=(+  K(?8-$' TQJ (64$;'4(1 1((8 
1(,6$4$(6 '4 L\ 4? V\ 1((8 =(8 ;$L+ 
 
(e4Jods 
 
 ^8$?8 4? =)',4$,-/ B( %?,1<%4(1 6?$) 4(646 ',1 '==)$(1 >(84$)$S(8 ',1 )$;( '%%?81$,- 4? 
8(%?;;(,1'4$?,6+  F( (64'D)$6&(1 ?,( >??1 =)?4 ?, ('%& 6$4(+  _'%& >??1 =)?4 B'6 L+W '%8(6 1$5$1(1 $,4? 
>$5( (@<') 6$S( 6<D=)?46+  F( =)',4(1 ('%& 6<D=)?4 $, =<8( J(-') )'1$,? %)?5(8 G`+W )Da'%U/ =<8( T<8',' 
%)?5(8 G`+W )Da'%U/ =<8( #'IY >(6%<( G"`+W )Da'%U/ ' %?;D$,'4$?, ?> #'IY >(6%<( ',1 J(-') )'1$,? 
%)?5(8 G`+W )Da'%b M+W )Da'%U/ ',1 ' %?;D$,'4$?, ?> #'IY >(6%<( ',1 T<8',' %)?5(8 G`+W )Da'%b M+W )Da'%U+     
^8$?8 4? =)',4$,-/ B( ;?B(1 ',1 &'88?B(1 ('%& 6$4( 4? 8(;?5( (I$64$,- 5(-(4'4$?, ',1 ;$,$;$S( B((1 
%?;=(4$4$?,+  F( =<8%&'6(1 ')) %)?5(8 6((1 =8(O$,?%<)'4(1 B$4& '==8?=8$'4( 45#6o7#u(+  X?8 4&( 
=<8=?6(6 ?> 4&$6 8(=?84/ B( B$)) ?,): 1$6%<66 4&( =<8( =)?46 ',1 ,?4 %?,><6( 4&$,-6 B$4& 4&( %?;D$,'4$?, 
%)?5(8O>(6%<( =)?46 >?8 ,?B+ 
 F( 8',1?;): =)'%(1 4&8(( (I%)?6<8(6 ?, ('%& 6<D=)?4 4? =8(5(,4 1((8 D8?B6$,-+  *&( (I%)?6<8(6 
B(8( ('%& 'D?<4 "+W >((4 $, 1$';(4(8 ',1 M >((4 4')) ',1 (I%)<1(1 1((8 >8?; ?,): ' 6;')) '8(' ?> 4&( >??1 
=)?4+  T<8$,- ('%& ;?,4& ?> 4&( 64<1:/ B( %)$==(1 ')) =)',46 $,6$1( ('%& (I%)?6<8( 4? ' <,$>?8; &($-&4 ?> 
?,( $,%& >8?; 4&( -8?<,1+  F( ')6? %)$==(1 ', (@<') '8(' ?<46$1( ?> ('%& (I%)?6<8( 4? 1(4(8;$,( >?8'-( 
<6(+  F( =)'%(1 4&( %)$==$,- 6';=)(6 $,4? 6(='8'4( ='=(8 D'-6 ',1 )'D()(1 4&(; >?8 $1(,4$>$%'4$?,+  F( 
%)$==(1 ('%& 6<DO=)?4 'D?<4 ?,%( (5(8: V\ 1':6+  P>4(8 ('%& 6';=)$,-/ B( ;?5(1 4&( (I%)?6<8(6 4? ' 
,(B 8',1?;): %&?6(, )?%'4$?, B$4&$, 6<D=)?4+  F( 18$(1 ',1 B($-&(1 ')) 6';=)(6 >8?; ('%& ;?,4&): 
%)$==$,-+  F( <6(1 4&( 18: B($-&4 ?> >?8'-( 4? (64$;'4( =8?1<%4$?, ',1 <6( ?> ('%& %)?5(8 4:=( D'6(1 ?, 
64',1'81 ;'4&(;'4$%') >?8;<)'6 (I=',1$,- %)$==(1 '8(' 4? =(8 '%8( 5')<(6 
 F( (64$;'4(1 ;?,4&): =8?1<%4$?, >8?; 4&( 18: B($-&4 ?> >?8'-( $,6$1( 4&( (I%)?6<8( ;$,<6 4&( 
18: B($-&4 ?> >?8'-( >8?; ?<46$1( 4&( (I%)?6<8( $, 4&( =8(5$?<6 ;?,4&+  X?8 (I';=)(/ 4&(8( ;$-&4 D( 
"L\\ )Da'% ?> >?8'-( ?, 4&( >??1 =)?4 $, 4&( ;?,4& ?> 3(=4(;D(8 GD'6(1 ?, 4&( ';?<,4 $,6$1( 4&( 
(I%)?6<8(U+  C?B(5(8/ D(%'<6( 4&( 1((8 &'5( '%%(66 4? ')) 4&( >?8'-( ?<46$1( 4&( (I%)?6<8( 4&(: ;$-&4 
%?,6<;( (,?<-& 6? 4&'4 ?,): `\\ )Da'% ?> >?8'-( B'6 =8(6(,4 ?, 4&( >??1 =)?4 $, P<-<64+  *&(, D: <6$,- 
4&( >?8;<)' 4? %')%<)'4( =8?1<%4$?,/ B( B?<)1 6<D48'%4 `\\ )Da'% G4&( 18: B($-&4 ?> >?8'-( >8?; P<-<64U 
>8?; "L\\ )Da'% G4&( 18: B($-&4 ?> >?8'-( >8?; 3(=4(;D(8U ',1 %?;( <= B$4& ' W\\ )Da'% ?> =8?1<%4$?,+ 
  
<esul4s 
 
 ^8?1<%4$?, >?8 D?4& %)?5(86 8',-(1 >8?; ' &$-& ?> c LW\\ )Da'% GLdM" .-a&'U $, P=8$) 4? )?B6 ?> 
S(8? $, ;$1O6<;;(8 GX$-<8( " ',1 LU+  ^8?1<%4$?, >?8 >(6%<( 8',-(1 >8?; ' &$-& ?>         c L`\\ )Da'% 
GV\dd .-a&'U $, P=8$) 4? ' )?B ?> )(66 4&', S(8? $, 4&( >')) GX$-<8( VU+  T((8 <6( ?> 4&( T<8',' =)?46 
8',-(1 >8?; ' &$-& ?> e`] )Da'% G"\eW .-a&'U $, #': 4? )?B6 ,('8 S(8? $, X(D8<'8: ',1 0%4?D(8+  H, ?<8 



 V

64<1: =8?1<%4$?, (I%((1(1 <6( $, P=8$)/ #': ',1 f<,( L\\V+ R6( (I%((1(1 =8?1<%4$?, >8?; f<): L\\V 
<,4$) X(D8<'8: L\\M GX$-<8( "U+  F( ?D6(85(1 ' 6$;$)'8 48(,1 >?8 J(-') GX$-<8( LU+   
 *&( 64?8: B'6 1$>>(8(,4/ &?B(5(8/ >?8 #'IY >(6%<(+  ^8?1<%4$?, (I%((1(1 <6( >8?; P=8$) L\\V 
4&8?<-& f<,( L\\V ',1 '-'$, >?8 Q?5(;D(8 L\\V 4? #': L\\M+  X8?; f<): 4? 0%4?D(8 L\\V/ <6( ?> 4&( 
>(6%<( (I%((1(1 =8?1<%4$?, ')4&?<-& D?4& B(8( 5(8: )?B GX$-<8( VU+ 
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X$-<8( "+  X?8'-( D$?;'66 G)Da'%U ?> T<8',' %)?5(8 ?, >??1 =)?46 $, 4&( A?'64') ^)'$, =&:6$?-8'=&$% 
=8?5$,%( ?> 3?<4& K(?8-$' >8?; P=8$) L\\V 4? #': L\\M+ 
  
  
 *&( >?8'-( @<')$4: ?> T<8',' ',1 J(-')/ '6 ;('6<8(1 D: =8?4($, %?,4(,4/ B'6 %?,6$64(,4): &$-&(8 
4&', #'IY >(6%<( 4&8?<-&?<4 4&( 64<1: GX$-<8( MU+  g?4& %)?5(86 '5(8'-(1 ?5(8 L\+\ N %8<1( =8?4($, 
B&$)( #'IY >(6%<( 8',-(1 >8?; e+\ 4? "d+\ N ?5(8 4&( 64<1: =(8$?1 GX$-<8( MU+    
 
$iscussion 
 

F( ;?B(1 4&( 64<1: =)?46 $, P<-<64 L\\V ',1 >(84$)$S(1 1<8$,- 3(=4(;D(8 L\\V ',1 #'8%& 
L\\M 6??, '>4(8 1'4' B(8( %?))(%4(1 >?8 4&( ;?,4&+  05(8')) =8?1<%4$?, B'6 6?;(B&'4 %?,6$64(,4 ';?,- 
>?8'-(6+   
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X$-<8( L+  X?8'-( D$?;'66 G)Da'%U ?> J(-') )'1$,? %)?5(8 ?, >??1 =)?46 $, 4&( A?'64') ^)'$, =&:6$?-8'=&$% 
=8?5$,%( ?> 3?<4& K(?8-$' >8?; P=8$) L\\V 4? #': L\\M+   
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X$-<8( V+  X?8'-( D$?;'66 G)Da'%U ?> #'IY >(6%<( ?, >??1 =)?46 $, 4&( A?'64') ^)'$, =&:6$?-8'=&$% 
=8?5$,%( ?> 3?<4& K(?8-$' P=8$) L\\V 4? #': L\\M+   
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X$-<8( M+  #?,4&): '5(8'-( %8<1( =8?4($, 5')<(6 G=(8%(,4U >?8 4B? 5'8$(4$(6 ?> B&$4( %)?5(8 ',1 #'IY 
4')) >(6%<( =)',4(1 $, >??1 =)?46 $, 4&( A?'64') ^)'$, =&:6$?-8'=&$% =8?5$,%( ?> K(?8-$' >8?; P=8$) L\\V 
4? #': L\\M+  
 
 
 T((8 -(,(8')): <6(1 4&( 4B? %)?5(86 6$;$)'8): D<4 <6(1 #'IY >(6%<( ;<%& )(66+  H, '11$4$?, 4? 
=8?1<%4$?, ',1 <6(/ B( <6(1 %8<1( =8?4($, '6 ', $,1$%'4?8 ?> >?8'-( @<')$4:+ A8<1( =8?4($, $6 ', 
$;=?84',4 %?,6$1(8'4$?, B&(, 1(4(8;$,$,- B&'4 >?8'-(6 4? =)',4 >?8 6<==)(;(,4') ,<48$4$?,+  *&( >?8'-( 
@<')$4: ?> T<8',' ',1 J(-') B'6 6$;$)'8 1<8$,- ?<8 64<1:+  g?4& =8?5$1(1 ?5(8 L\N %8<1( =8?4($, 
4&8?<-&?<4 4&( :('8 (I%(=4 $, 4&( ;?,4&6 ?> P=8$) ',1 #':+   #'IY >(6%<( &'1 4&( )?B(64 '5(8'-( %8<1( 
=8?4($, ?> ')) >?8'-(6 4(64(1 $, ?<8 64<1:+  *&$6 ;': (I=)'$, B&: 4&( %)?5(86 B(8( =8(>(88(1 ?5(8 #'IY 
>(6%<( 1<8$,- ')) 6';=)$,- =(8$?16+  #'IY >(6%<( 4(64(1 D(4B((, e ',1 "dN %8<1( =8?4($, ')) "L 
;?,4&6+  X?8 4&'4 8('6?,/ B( 6<--(64 ,?4 =)',4$,- #'IY >(6%<( '6 ' >??1 =)?4 %8?= D<4 8'4&(8 <6( 4&( 
&$-& @<')$4:/ &$-&): =8?1<%4$5( %)?5(86+ 
 
 
>onclusion 
 

*&( $1(') >?8'-( >?8 1((8 B?<)1 D( ?,( 4&'4 =8?1<%(6 :('8O8?<,1/ &$-&O@<')$4: >?8'-( 4&'4 $6 
=8(>(88(1 D: 1((8+  #',: &$-&O@<')$4: >?8'-(6 1? ,?4 4?)(8'4( (I48(;( B('4&(8 %?,1$4$?,6 %?;='8(1 4? 
)?BO@<')$4: >?8'-(6+   C?B(5(8/ =(8(,,$') B&$4( %)?5(86/ 6<%& '6 T<8',' ?8 J(-') )'1$,?/ '==('8 4? 
=8?5$1( ' 6'4$6>'%4?8: %?;D$,'4$?, ?> &$-& ,<48$4$?, ',1 4?)(8',%( ?> &'86& %?,1$4$?,6+   
 P)4&?<-& B( ?,): ;('6<8(1 =8?1<%4$?, >?8 ?,( :('8/ D'6(1 ?, ='64 %'44)( -8'S$,- 64<1$(6 '4 
R,$5(86$4: ?> K(?8-$' (I=(8$;(,4 64'4$?,6/ B( =8(1$%4 4&'4 1<8$,- 4&( ,(I4 >(B -8?B$,- 6('6?,6/ T<8',' 
B$)) ;'$,4'$, ;?8( %?;=)(4( 64',1 %?5(8'-( 4&', J(-') D(%'<6( ?> T<8','h6 4?)(8',%( 4? &('5: -8'S$,-/ 
(I48(;( B('4&(8 %?,1$4$?,6/ ',1 $4h6 $,&(8(,4): %?;=(4$4$5( ,'4<8( 1<( 4? &$-&(8 64?)?, 1(,6$4:+  F( 
%?,%)<1( T<8',' B$)) =8?5$1( &$-& @<')$4: =(8(,,$') >?8'-( >?8 ;?8( 4&', 4B? :('86+ 
 #'IY >(6%<( &'6 4&( =?4(,4$') 4? =8?5$1( ', (,?8;?<6 ';?<,4 ?> >?8'-( ',1 $4 -8(B B()) $, ?<8 
64<1: '8('+  C?B(5(8/ -$5(, 4&( 8()'4$5(): )?B <6( ',1 )?B %8<1( =8?4($, )(5()6/ #'IY $6 $,>(8$?8 4? 



 ]

($4&(8 ?> 4&( %)?5(86 >?8 =)',4$,- $, >??1 =)?46+  P)4&?<-& #'IY >(6%<( %?<)1 D( %?,6$1(8(1 >?8 =)',4$,- 
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