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�\_bee¨\ ¢©^_bY^f\a^ f^ �WªWe^ fW �beeWa ^«¨\ fW

`Y^ £^�[^ f^ ¥b[d^ ¬\d^We

`­a\d^f^ W_® o¯°p±°opo²

�a�¡ �[^�fb^ g\a We gWaaWba^

¢_³a^­^ ´^Yfb\X^ W ga� bX�[ �a^

lµabWY ^f\a^m

£a\ª¡ �a¡ hbX^af\ ga^YX\ ��Yk^ ´\aWba^

cYbdWaebf^fW gWfWa^[ f\ hWXiYX^d\ f^ j^kb^

l´W_³a\ bY WaY\m

�a�¡ gWaY^Yf^ f\e ¥^Y \e ¬^eXb_WY \

¢_³a^­^ ´^Yfb\X^ W ga� bX�[ �a^

l´W_³a\ W© WaY\m
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�WfbX\ ¶e _bYk^e ³^eWe® �W�e W _bYk^ _¨Wn W  \f\e ·�W _W ^¸�f^a^_ W
 \aXWa^_ ­\a _b_¡
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¥W_ ^ ^¸�f^ fW _�b ^e ­Wee\^e Y¨\ eWab^ ­\ee¹dW[ X\YX[�ba We W  a^³^[k\¡
`]a^fW«\ ­ab_Wba^_WY W ^ �W�e ­W[^ ª\a«^ f�a^Y W  \f\ \  W_­\ ­^a^ aW^[b¦^a
^ ­We·�be^¡ ¢_ eW]�Yf\ ^ _bYk^ _¨Wn ­W[\ W©W_­[\ fW ª\a«^n ­W[^ fWfbX^«¨\
­\a  \f\e WeeWe ^Y\e W ­\a Y�YX^  Wa fWebe bf\ fW _b_¡

` `YfaWe^ h^_\e ­\a  Wa ebf\ _^be ·�W ^ ^Y^[be ^ f\ ¤^³\a^ Zab\ fW jb\[\]b^
´\[WX�[^a¡ ¥\� ]a^ ^ ­W[^ ^¸�f^n ª\a«^ W ^_b¦^fW fW eW_­aW¡

`  \f\e f\ ¤^³\a^ Zab\ fW jb\[\]b^ ´\[WX�[^an W_ We­WXb^[ ¶ `YfaWee^
h\fab]�Wen ¤�b¦ �^a[\e W h\fab]\ ­\a  \f^ ^¸�f^ fWefW \ bY¹Xb\ W ­W[^ ^_b¦^fW
·�W X\Ye a�¹_\e¡

`  \f\e f\ ¤^³\a^ Zab\ fW gb \­^ \[\]b^ ­W[\ X\YkWXb_WY \ X\_­^a b[k^f\n W_
We­WXb^[ ¶ g[ºdb^n ¤W^Yfa\ W ¥a¡ ¥bY»eb\¡

` _bYk^ \abWY ^f\a^n �a^¡ �[^�fb^ g\a We gWaaWba^n W X\¼\abWY ^f\aWen �a¡ ¢fe\Y
£Wab \ `_\ab_ W �a¡ ¤W^Yfa\ h\Xk^n ·�W eW_­aW ·�W ­�fWa^_ _W \abWY ^a^_
f^ _W[k\a ª\a_^ ­\ee¹dW[¡

`  \f\e f\ [^³\a^ Zab\ fW ��[ �a^ fW VWXbf\e dW]W ^be ­W[\e WYebY^_WY \en
^¸�f^ W e�­\a W¡

g\a^_ _�b ^e ­Wee\^e ·�W  bdW ^ e\a W fW WYX\Y a^a f�a^Y W \ _W� ­Wa¹\f\ fW
´We a^f\¡ gWaY^Yf^ W `YW[b ^ e¨\ �_^e fW[^en e\� ]a^ ^ ­\a  \f^ ^¸�f^
f�a^Y W \e  a^³^[k\e¡

`]a^fW«\ ^  \f^  �a_^ ·�W bY]aWee\� X\_b]\ Y\ ´We a^f\ ­W[^ ^¸�f^ W e�­\a W
f�a^Y W ^e fbeXb­[bY^e W ^ » _We_\ ·�^Yf\ ¸º k^db^ X\_­[W ^f\ \e Xa»fb \e¡

`]a^fW«\ ^ ´^aXW[[½n `_^Yf^n ´b[WbfWn ¾^YfWa[W½n ´^Y\W[^n ¿�[b^Y^n Vk^¹en
¾We[W½ W V^_baWe ­W[\e _\_WY \e fW fWeX\Y a^«¨\n ^¸�f^ W ^­\b\¡

`]a^fW«\ ¶ _bYk^ Àa_¨ `Y^ �^a\[bY^ W ^ _bYk^ ^_b]^ ¿^Xb^a^ ­\a  \f^ ^¸�f^n
­abYXb­^[_WY W Y^ aW ^ ªbY^[¡

Á cYbdWaebf^fW gWfWa^[ f\ hWXiYX^d\ f^ j^kb^ ­W[^ Xk^YXW fW aW^[b¦^a \
´We a^f\ W ¶ ¢_³a^­^ ´^Yfb\X^ W ga� bX�[ �a^ ­W[\ We­^«\ W e�­\a W ­^a^
fWeWYd\[dWa ^ ­We·�be^¡

`\e ­a\ªWee\aWe �^a[\e ¤Wf\n �^a[\e ja^]^Y«^n hbX^af\ ga^YX\ ��Yk^ ´\aWba^
W h\]»ab\ ´WaXÂe gWaaWba^ ¥^Y \e ­\a  \f^ ^¸�f^ ·�^Yf\ e\[bXb ^f\e¡

` �\\afWY^«¨\ fW `­WaªWb«\^_WY \ fW £Wee\^[ fW ¬¹dW[ ¥�­Wab\a l�^­Wemn
­W[^ ³\[e^ fW We �f\¡

Ãa^ bf¨\ ^  \f\e ·�W fbaW ^ W bYfbaW ^_WY W X\Y ab³�¹a^_ ­^a^ ·�W W� XkW]^eeW
^ » ^·�b¡
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������� ` ³^Y^YWba^ » ^ªW ^f^ ­\a ª^ \aWe ³bZ bX\e W ^³bZ bX\en  WYf\ X\_\
�_ f\e ­abYXb­^be ª^ \aWe ³bZ bX\en ^ bYªWX«¨\ ­W[\ ª�Y]\ ÆÇÈÉÊËÌÍÎÏÎÐÐÍ
ÑÒÓÒÎÔÊÒÊ ´\aW[W n X^�e^f\a f^ ¥b]^ \Õ^ ¬W]a^ l¥¬m¡ µ ­^ Z]WY\ ^­aWeWY ^
]a^YfW d^ab^³b[bf^fW ]WY» bX^¡ µ X\Y a\[W ·�¹_bX\ aW·�Wa dºab^e ^­[bX^«ÖWe
^Y�^ben ·�W \YWa^_ \ ­a\f� \a W X^�e^_ f^Y\e ^\ _Wb\ ^_³bWY W W ¶ e^×fW
k�_^Y^¡ ¥WYf\ ^eeb_n ^[ WaY^ bd^e Y^ �a^be fW X\Y a\[W f^ f\WY«^ eW  \aY^_
_^be ^ a^ bd^e¡ µ ][bXWa\[ » X\YebfWa^f\ �_^ ^[ WaY^ bd^ WX\[\]bX^_WY W dbºdW[
Y^ ^]abX�[ �a^n W dW_ eWYf\ �e^f\ ­^a^ bYf�¦ba aWebe ÂYXb^ fW f\WY«^e W_
­[^Y ^e¡ £\a ^Y \n \ \³¸W bd\ f\ ­aWeWY W We �f\ ª\b ^d^[b^a ^ bYf�«¨\ fW
aWebe ÂYXb^ W_ ­[^Y ^e fW ³^Y^YWba^ f^ X�[ bd^a Ãa^YfW ¬^bYWn e�eXW ¹dW[ ¶ ¥¬n
� b[b¦^Yf\ \ ][bXWa\[¡ ¬\ ­ab_Wba\ X^­¹ �[\ fWe ^ fbeeWa ^«¨\n ª\b aW^[b¦^f^ �_^
aWdbe¨\ ebe W_º bX^ ­^a^ bfWY bªbX^a aWe­\e ^e fW aWebe ÂYXb^ fW f\WY«^e W_
­[^Y ^e X\_ \ �e\ fW ][bXWa\[¡ `e ³�eX^e aW^[b¦^f^e WY aW oppØ¼opoo Y^e ³^eWe
fW f^f\e Ã\\][W `X^fÂ_bX\n £�³´Wf �WY a^[n £WabZfbX\ �`£¢¥n ¾W³ \ª
¥XbWYXW W ¥­abY]Wa¡ g\a^_ WYX\Y a^f\e o¡ÙÚ² ^a b]\en ·�W ­^ee^f\e ­W[^ W ^­^
fW eW[W«¨\n aWe ^a^_ ^­WY^e ±p ^a b]\e¡ ` _^b\ab^ f\e We �f\e � b[b¦^a^_ ^
­[^Y ^ _\fW[\ ÛÏÍÜÒÝÉËÊÒÊ ÞÌÍÐÒÍÔÍ W \e ¢e ^f\e cYbf\e ª\b \ ­^¹e ·�W _^be
fWeWYd\[dW� ­We·�be^e YWe ^ ºaW^¡ `  »XYbX^ fW ^­[bX^«¨\ _^be � b[b¦^f^ ­^a^ \
][bXWa\[ ª\b ^ ­�[dWab¦^«¨\¡ ` ^Yº[beW fW W©­aWee¨\ ]ÂYbX^ bfWY bªbX\� \ ]WYW
£h± X\_\ \ _^be W©­aWee\ Y^ bYf�«¨\ fW aWebe ÂYXb^¡ ` aWebe ÂYXb^ bYf�¦bf^
­W[\ ][bXWa\[ We º aW[^Xb\Y^f^ ^\ ^�_WY \ f^ ­a\f�«¨\ f^ _\[»X�[^ fW ][bXWa\[¼
Ù¼ª\eª^ \ W ¶ fb_bY�b«¨\ f\ ºXbf\ \[WbX\n ·�W ­\a e�^ dW¦ ^ªW ^ ^ ­a\f�«¨\ fW
ºXbf\ e^[bX¹[bX\ W ¸^e_\Y^ \ Y^e ­[^Y ^e¡ ¬\ eW]�Yf\ X^­¹ �[\n ª\b aW^[b¦^f\ �_
W©­Wab_WY \ W_ X^e^ fW dW]W ^«¨\ ­^a^ ^d^[b^«¨\ f^ bYf�«¨\ fW aWebe ÂYXb^
db^ ][bXWa\[ Y\ ­^ \eebe W_^ ÆßÊÍ © ¥b]^ \Õ^ YW]a^¡ µ W©­Wab_WY \ ª\b
bYe ^[^f\ W_ �À� l�W[bYW^_WY \ bY Wba^_WY W X^e�^[b¦^f\m X\_ à  a^ ^_WY \e
lX\Y a\[Wn pn Ùn àn W Øá fW ][bXWa\[mn W Ù aW­W b«ÖWe¡ £^a^ ^Yº[beW fW aWebe ÂYXb^n
ª\a^_ ^d^[b^f\e ebY \_^en fW WX«¨\ fW X^[\eWn X[^aW^_WY \ ­^a^ dbe�^[b¦^«¨\
fW We a� �a^e ª×Y]bX^e¡ ` ^Yº[beW fW W©­aWee¨\ ]ÂYbX^ ª\b X\Yf�¦bf^ � b[b¦^Yf\
\e ]WYWe ^[d\e \ f\_¹Yb\ âbY^eW lâÀ¬¤hhm W \ ]WYW ¥Vh`¬¥ fW  a^Yef�«¨\
fW ebY^be¡ ` fW­\eb«¨\ fW X^[\eW \X\aaW� ^ ­^a ba f^e Úo k¡^¡b¡ W_ ­[^Y ^e
 a^ ^f^e X\_ ][bXWa\[¡ ã\�dW bYf�«¨\ f\e f\be ]WYWe fW aWebe ÂYXb^  We ^f\e
Y\e  W_­\e ªbY^ben ­abYXb­^[_WY W ­^a^ ^ X\YXWY a^«¨\ fW àá fW ][bXWa\[¡ ¢e W
» �_ We �f\ ­b\YWba\ ­^a^ ^ X�[ �a^ f^ ³^Y^YWba^n ­\a _Wb\ fWe aW ª\b ­\ee¹dW[
X\Yªba_^a ·�W \ �e\ f\ ][bXWa\[ W_ ­[^Y ^en Y^ d^abWf^fW Ãa^YfW ¬^bYW ­^a^
bYf�«¨\ fW aWebe ÂYXb^n » ­a\_bee\a¡ µ ][bXWa\[ bYf�¦ ^ fWªWe^ X\Y a^ ­^ Z]WY\e
­\eeb³b[b ^Yf\ ·�W ­[^Y ^e e�eXW ¹dWbe X\Y a\[W_ _W[k\a ^ bYd^e¨\n _^e eW�
�e\ W ^ bdbf^fW W_ ³^Y^YWba^ ^bYf^ ­aWXbe^ eWa _W[k\a ^d^[b^f\n X\_ fbªWaWY We
_» \f\e W _\_WY \e fW ^­[bX^«¨\¡ �Wee^ ª\a_^n \e aWe�[ ^f\e ^­aWeWY ^f\e
_\e a^a^_ ·�W \ �e\ f\ ][bXWa\[ ­\fWaº dba ^ eWa �_^ We a^ »]b^ _^be
e�e WY ºdW[ W fW �e\ _^be ^³a^Y]WY W fWY a\ f^ X^fWb^ ­a\f� bd^ f^ ªa� ^¡

�MOMR�MU �äåMRT� ¢©­aWee¨\ ]ÂYbX^æ Æç ÑÒÓÒÎÔÊÒÊè ´�e^æ hWebe ÂYXb^
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��������� VkW ³^Y^Y^e be ^ªªWX Wf ³½ ³b\ bX ^Yf ^³b\ bX ª^X \aen êb k \YW \ª
 kW _^bY ³b\ bX ª^X \ae ³WbY] bYªWX b\Y ³½  kW ª�Y]�e ´½X\e­k^WaW[[^ ªb¸bWYebe
´\aW[W n êkbXk X^�eWe j[^XÕ ¥b]^ \Õ^ l¬¥m¡ VkW ­^ k\]WY ­aWeWY e ]aW^ 
]WYW bX d^ab^³b[b ½¡ �kW_bX^[ X\Y a\[ aW·�baWe eWdWa^[ ^YY�^[ ^­­[bX^ b\Yen êkbXk
³�afWY  kW ­a\f�XWa ^Yf X^�eW f^_^]W  \  kW WYdba\Y_WY  ^Yf k�_^Y kW^[ k¡
VkWaWª\aWn Y^ �a^[ ^[ WaY^ bdWe  \ X\Y a\[  kW fbeW^eW ³WX\_W _\aW ^  a^X bdW¡
Ã[½XWa\[ be X\YebfWaWf ^Y WX\[\]bX^[[½ db^³[W ^[ WaY^ bdW bY ^]abX�[ �aWn ^Yf k^e
³WWY �eWf  \ bYf�XW fbeW^eW aWebe ^YXW bY ­[^Y e¡ VkWaWª\aWn  kW \³¸WX bdW \ª  kW
­aWeWY  e �f½ ê^e  \ Wd^[�^ W  kW bYf�X b\Y \ª aWebe ^YXW bY ³^Y^Y^ ­[^Y e \ª
 kW Ãa^YfW ¬^bYW X�[ bd^an e�eXW­ b³[W  \ ¬¥n �ebY] ][½XWa\[¡ ÀY  kW ªbae  Xk^­ Wa
\ª  kbe fbeeWa ^ b\Yn ^ e½e W_^ bX aWdbWê ê^e X^aabWf \�   \ bfWY bª½ fbeW^eW
aWebe ^YXW aWe­\YeWe bY ­[^Y e �ebY] ][½XWa\[¡ ¥W^aXkWe X^aabWf \�  ³W êWWY
oppØ¼opoo bY  kW Ã\\][W ¥Xk\[^an £�³´Wf �WY a^[n £WabZfbX\ �`£¢¥n ¾W³ \ª
¥XbWYXW ^Yf ¥­abY]Wa f^ ^³^eWe¡ onÙÚ² ^a bX[We êWaW ª\�Yfn ^Yf ^ª Wa ­^eebY]
 kW eW[WX b\Y e ^]Wn \Y[½ ±p ^a bX[We aW_^bYWf¡ ´\e  e �fbWe �eWf  kW _\fW[
­[^Y  `a^³bf\­ebe  k^[b^Y^ ^Yf  kW cYb Wf ¥ ^ We ê^e  kW X\�Y a½  k^  fWdW[\­Wf
 kW _\e  aWeW^aXk bY  kbe ^aW^¡ VkW _\e  �eWf ^­­[bX^ b\Y  WXkYb·�W ª\a ][½XWa\[
ê^e e­a^½bY]¡ ÃWYW W©­aWeeb\Y ^Y^[½ebe bfWY bªbWf  kW £h± ]WYW ^e  kW _\e 
W©­aWeeWf bY aWebe ^YXW bYf�X b\Y¡ Ã[½XWa\[¼bYf�XWf aWebe ^YXW be aW[^ Wf  \  kW
bYXaW^eWf ­a\f�X b\Y \ª  kW ][½XWa\[¼Ù¼­k\e­k^ W _\[WX�[W ^Yf  kW fWXaW^eW bY
\[WbX ^Xbfn êkbXk bY  �aY ^ªªWX e  kW ­a\f�X b\Y \ª e^[bX½[bX ^Xbf ^Yf ¸^e_\Y^ W bY
­[^Y e¡ ÀY  kW eWX\Yf Xk^­ Wan ^Y W©­Wab_WY  ê^e X^aabWf \�  bY ^ ]aWWYk\�eW  \
Wd^[�^ W  kW bYf�X b\Y \ª aWebe ^YXW db^ ][½XWa\[ bY  kW ´�e^ © j[^XÕ ¥b]^ \Õ^
­^ k\e½e W_¡ VkW W©­Wab_WY  ê^e bYe ^[[Wf bY �À� lX\_­[W W[½ a^Yf\_b¦Wf
fWeb]Ym êb k à  aW^ _WY e lX\Y a\[n pn Ùn àn ^Yf Øá ][½XWa\[mn ^Yf Ù aW­[bX^ b\Ye¡
g\a aWebe ^YXW ^Y^[½eben e½_­ \_en X^[[\ebe fW WX b\Yn ^Yf ³[W^XkbY]  \
dbe�^[b¦W ª�Y]^[ e a�X �aWe êWaW Wd^[�^ Wf¡ ÃWYW W©­aWeeb\Y ^Y^[½ebe ê^e
X\Yf�X Wf �ebY]  kW  ^a]W  ]WYWe  kW âbY^eW f\_^bY lâÀ¬¤hhm ^Yf  kW eb]Y^[
 a^Yef�X b\Y ]WYW ¥Vh`¬¥¡ �^[[\eW fW­\eb b\Y \XX�aaWf ªa\_ Úo k¡^¡b¡ bY ­[^Y e
 aW^ Wf êb k ][½XWa\[¡ VkWaW ê^e bYf�X b\Y \ª  kW  ê\ aWebe ^YXW ]WYWe  We Wf ^ 
 kW ªbY^[  b_Wen _^bY[½ ª\a  kW àá ][½XWa\[ X\YXWY a^ b\Y¡ Vkbe be ^ ­b\YWWabY]
e �f½ ª\a ³^Y^Y^ X�[ bd^ b\Yn  ka\�]k êkbXk b  ê^e ­\eeb³[W  \ X\Yªba_  k^   kW
�eW \ª ][½XWa\[ bY ­[^Y en bY  kW Ãa^YfW ¬^bYW d^abW ½ ª\a bYf�XbY] aWebe ^YXWn be
­a\_bebY]¡ Ã[½XWa\[ bYf�XWe fWªWYeW ^]^bYe  ­^ k\]WYen WY^³[bY] e�eXW­ b³[W
­[^Y e  \ ³W  Wa X\Y a\[ bYd^eb\Yn ³�  b e �eW ^Yf ^X bdb ½ bY ³^Y^Y^ ­[^Y e e b[[
YWWfe  \ ³W ³W  Wa Wd^[�^ Wfn êb k fbªªWaWY  _W k\fe ^Yf  b_We \ª ^­­[bX^ b\Y¡
Vk�en  kW aWe�[ e ­aWeWY Wf ek\êWf  k^   kW �eW \ª ][½XWa\[ X\�[f ³WX\_W ^
_\aW e�e ^bY^³[W e a^ W]½ ^Yf ^ _\aW X\_­aWkWYebdW �eW êb kbY  kW ªa�b 
­a\f�X b\Y Xk^bY¡
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` ³^Y^Y^ » �_^ ªa� ^ X\YkWXbf^ ­W[^e e�^e X^a^X Wa¹e bX^e Y� abXb\Y^be W

ª^¦ ­^a W f^ ^[b_WY ^«¨\ f^ ­\­�[^«¨\ _�Yfb^[æ ­\a eW� d^[\a ^·�beb bX\n »

^f·�babf\ ­\a  \f^e ^e X[^eeWe¡ ` _^b\a ­^a W f^ ­a\f�«¨\ fW ³^Y^Y^

­a\f�¦bf^ Y\ ja^eb[ Y¨\ » W©­\a ^f^ ­^a^ \� a\e ­^¹eWen W ­Wa_^YWXW Y\

_WaX^f\ bY WaY\ l`¬�h`�¢ W  ^[¡n opp/m¡

` ­a\f� bdbf^fW Y^ ³^Y^YbX�[ �a^ Y\ ja^eb[ Y\e ×[ b_\e ±p ^Y\e Y¨\

\³ WdW XaWeXb_WY \ ^XWY �^f\ eb]YbªbX^ bd\¡ ¥W]�Yf\ f^f\e f\ ÀjÃ¢ lopo±mn ^

­a\f�«¨\ fW ^­a\©b_^f^_WY W Ú _b[kÖWe fW  \YW[^f^e Y\ ^Y\ fW opo± ª\b

_WY\a ·�W W_ ^Y\e ^Y Wab\aWe¡ g\a^_ ­a\f�¦bf^e ¯¡Øà²¡ooo  \YW[^f^e fW

³^Y^Y^ Y\ ^³\ fW opoon eW]�Yf\ f^f\e f\ ÀjÃ¢¡ ` ·�Wf^ Y^ ­a\f�«¨\ ­\fW

We ^a aW[^Xb\Y^f^ ^ ª^ \aWe ³bZ bX\e W ^³bZ bX\e¡ �WY aW \e ª^ \aWe ³bZ bX\e ·�W

^ªW ^_ ^ X�[ �a^ f^ ³^Y^YWba^n fWe ^X^¼eW ^ ¥b]^ \Õ^ ¬W]a^ l¥¬mn X^�e^f^

­W[\ ª�Y]\ ÆÇÈÉÊËÌÍÏÎÐÐÍ ÑÒÓÎÔÊÒÊ ´\aW[W n ·�W ^ fW­WYfWa f^e X\Yfb«ÖWe fW

 W_­Wa^ �a^ W _^YW¸\ f^ X�[ �a^n ­\fW [Wd^a ^ ­Waf^e fW ±ppá f^ ­a\f�«¨\

l£¢h¢Àh` W  ^[¡n ±//Øm¡ `e ^­[bX^«ÖWe fW ª�Y]bXbf^ Y\ X\Y a\[W f^ ¥¬ ­\fW_

d^ab^a fW Ùà¼²p ­\a ^Y\ W_ ^[]�Ye ³^Y^Y^be _^be ­a\f� bd\en \ ·�W ^[»_ fW

X^�e^a f^Y\e eb]YbªbX^ bd\e ^\ _Wb\ ^_³bWY W W ¶ e^×fW k�_^Y^n W[Wd^_ \e

X�e \e f\ ­a\f� \a l¤c� W  ^[¡ opp/m¡

¥WYf\ ^eeb_n ­a\f� \e _^be ^_b]ºdWbe ^_³bWY ^[_WY W e¨\ _^be

^ a^ bd\e ­^a^ �e\ Y\ ­[^Y b\ f^ ³^Y^YWba^¡ c_ fWeeWe ­a\f� \en ·�W dW_

eWYf\ �e^f\ Y\ X\Y a\[W fW f\WY«^e W_ ­[^Y ^en » \ ][bXWa\[¡ ¢eeW Z[W\ »

\ab�Yf\ f^ W­bX[\abfabY^ \³ bf^ f\ ­a\­b[WY\¡ `e ­[^Y ^e  ^_³»_ e¨\ � b[b¦^f^e

­^a^ ­a\f�«¨\ f\ ][bXWa\[n _^e  ^_³»_ ­\fW eWa \ab]bY^f\ f^ ­a\f�«¨\

­W a\·�¹_bX^ lj¢`VhÀ6æ `h`7¿µ W ¤À´`n op±pm¡

µ ][bXWa\[ » X\YebfWa^f\ �_ ª�Y]bXbf^ \a]8YbX\ W aWe�[ ^f\e fW

­We·�be^e fW Wa_bY^a^_ ·�W ·�^Yf\ � b[b¦^f\ fW ª\a_^ X\aaW ^n ^�©b[b^ Y^

aWebe ÂYXb^ ^ fbdWae^e f\WY«^e ª×Y]bX^e l¥µc¥` W  ^[¡n op±Úm¡ `XaWfb ^¼eW ·�W

^ _\[»X�[^ ebY^[b¦^f\a^ f\ ][bXWa\[ Y^ ­[^Y ^n eW¸^ \ ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£mn

·�Wn ¸�Y ^_WY W X\_ \ _W ^³\[be_\ fW X^a³\bfa^ \e ­ab_ºab\en X\Y ab³�b ­^a^

_^b\a aWebe ÂYXb^ f^e ­[^Y ^e ^\ ^ ^·�W fW ª�Y]\e lÃ^¦\[[^ W  ^[¡ op±/m¡

¬\ WY ^Y \n Y¨\ kº We �f\e WYd\[dWYf\ aWe­\e ^e f\ ­^ \eeb W_^ ÆßÊÍ

e­­¡ © Æç ÑÒÓÎÔÊÒÊ W \ �e\ f\ ][bXWa\[¡ £\a ^Y \n We W  a^³^[k\  W_ X\_\
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\³¸W bd\en X\_­b[^a \e ­abYXb­^be  a^³^[k\e eWYf\ X\Yf�¦bf\e W_  \f\ \ _�Yf\

e\³aW \ �e\ f\ ][bXWa\[ Y^ bYf�«¨\ fW aWebe ÂYXb^ W_ ­[^Y ^e ^ f\WY«^e ­\a

_Wb\ fW �_^ aWdbe¨\ ebe W_º bX^ lh¥m W ^d^[b^a ^ WªbXbÂYXb^ f\ �e\ f\ ][bXWa\[

Y^e fbªWaWY We X\YXWY a^«ÖWe lX\Y a\[Wn pn Ùn à W Øámn Y\ ^�_WY \ f^

aWebe ÂYXb^ f^ d^abWf^fW fW ³^Y^YWba^n Ãa^YfW ¬^bYWn ^\ ª�Y]\ Æç ÑÒÓÎÔÊÒÊ

´\aW[W n X^�e^f\a f^ ¥b]^ \Õ^ ¬W]a^¡

;Å ������� �� 
���������

o¡±¡µab]W_ W b_­\a 8YXb^ WX\Yi_bX^ f^ ³^Y^Y^

` ³^Y^YWba^ » �_^ ­[^Y ^ X\_ XWY a\ fW \ab]W_ Y\ X\Y bYWY W ^ebº bX\n W

­\ee�b� \� a\e XWY a\e eWX�Yfºab\e X\_\ `ªabX^ \abWY ^[ W b[k^e f\ £^X¹ªbX\

l¥À´´µ¬�¥n ±/¯om¡ ` f\_We bX^«¨\ f^ ³^Y^YWba^ \X\aaW� ^ ­^a ba fW

kb³abfb¦^«¨\ fW e�³]a�­\e fW ´�e^ ^X�_bY^ ^ Y^ b[k^ ¥�fWe W `ebº bX\ W Y^

´W[^Y»eb^ µXbfWY ^[ lâ¢¬¬¢�9n opp/m¡ �kW]^Yf\ Y^e ^_»abX^e ^ a^d»e fW

_^abYkWba\e W�a\­W�e l¬^½^an opp/m¡

¬\ ja^eb[n ^ _^b\a aW]b¨\ ­a\f� \a^ fW ³^Y^Y^ » ^ hW]b¨\ ¥�fWe Wn

eW]�bf^ ­W[^ hW]b¨\ ¬\afWe Wn fW ^X\af\ X\_ \e f^f\e f\ ÀYe b � \ ja^eb[Wba\

fW ÃW\]a^ªb^ W ¢e ^ ¹e bX^ lÀjÃ¢n opoÙm¡ ¥W]�Yf\ \e bYfbX^f\aWe

^]a\­WX�ºab\en ^ ³^Y^YbX�[ �a^ \³ WdW aWYfb_WY \ fW ^­a\©b_^f^_WY W ±o

_b[kÖWe fW aW^be _\db_WY ^Yf\ ^ X^fWb^ ­a\f� bd^ f^ ªa� ^ Y\ ^Y\ fW opoo

lÀjÃ¢n opoÙm¡

`[»_ fW eWa X\YebfWa^f^ �_^e f^e ­abYXb­^be ªa� ^e abX^e W_ Y� abWY Wen

ª^Xb[bf^fW fW ^f^­ ^«¨\ W_ [�]^aWe fW  \f\ \ _�Yf\n ^ ³^Y^Y^ ­\ee�b  ^_³»_

fbdWae^e � b[bf^fWen X\_\ Y^ ­a\f�«¨\ fW ªb³a^en ]W[Wb^en f\XWe W �_ ª\a W

_WaX^f\ X\_\ ­[^Y ^ \aY^_WY ^[ l�`¬V`¥ W  ^[¡n op±àm W Y^ ­a\f�«¨\ fW

XWadW¸^e l�`h:`¤ãµ W  ^[¡n oppØm¡

` _^b\ab^ f^e X�[ bd^aWe fW ³^Y^YWba^e WYX\Y a^f^e ^ �^[_WY W

\ab]bY^a^_¼eW f\ Xa�¦^_WY \ Y^ �a^[ WY aW f�^e We­»XbWe eW[d^]WYe fb­[\bfWen

Æç ÍÈß;ÒÔÍÞÍ �\[[^ l]WY\_^ `m W Æç ÜÍÐÜÒÊÒÍÔÍ �\[[^ l]WY\_^ jmn

aWe­\YeºdWbe ­W[\e ]WY\_^e <`= W <j=n aWe­WX bd^_WY W l¥b__\Yfe >

¥kW­kWafn±/ààm¡ `e ­abYXb­^be We­»XbWe fW ³^Y^YWba^ e¨\ fbdbfbf^e W_

e�³]a�­\en \YfW \ e�³]a�­\ �^dWYfbek » �_ f\e ­abYXb­^be W_ eW  a^ ^Yf\ fW
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³^Y^Y^e W©­\a ^f^e W_  \f\ \ _�Yf\ l`h`:`¬ÀVµ9`¬¬À¥ W ´`:hµ´`VÀ¥n

opp/m¡

¢_³\a^ ^e ³^Y^Y^e eW¸^_ X\YebfWa^f^e ªa� ^e b_­\a ^Y We  ^Y \ Y\

_WaX^f\ bY WaY\ ·�^Y \ W© WaY\n ^e X�[ bd^aWe e¨\ ^X\_W bf^e ­\a dºab^e

f\WY«^e X^�e^f^e ­\a d¹a�en ³^X »ab^n bYeW \e W ª�Y]\e¡ µ ­abYXb­^[ d¹a�e ·�W

^ ^X^ ^e ³^Y^YWba^e Y\ ­^¹e » \ d¹a�e X^�e^f\a fW We ab^en j¥: @ j^Y^Y^

¥ aW^Õ :ba�e¡ ` ­abYXb­^[ f\WY«^ ³^X Wab^Y^ » fWY\_bY^f^ fW ´\Õ\ f^

³^Y^YWba^n X^�e^f^ ­W[^ ³^X »ab^ AÍÐÊÞÉÔÒÍ ÊÉÐÍÔÍÈÎÍÏß; la^«^ omn X\_ \e

YW_^ ZbfWe f^ We­»XbW AÍÝÉËÌÉÐßÊ ÊÒ;ÒÐÒÊ eWYf\ \e _^be f^Y\e\e ¶ X�[ �a^¡

`e ³^Y^YWba^e  ^_³»_ e¨\ ­aW¸�fbX^f^e ­\a bYeW \en X\_\ ^ ³a\X^¼f\¼ab¦\_^

lBÉÊ;ÉËÉÐÒÞÎÊ ÊÉÏÝÒÝßÊm  ^_³»_ Xk^_^f\ fW _\[W·�W¼f^¼³^Y^YWba^ l¥À¤:` W 

^[¡n op±Ùm¡ ¢_ eW  a^ ^Yf\ fW f\WY«^e ª×Y]bX^en ^e ­abYXb­^be e¨\ ^ _�aXk^ fW

CßÊÍÏÒß;n X^�e^f^ ­W[\ ª�Y]\ CßÊÍÏÒß; ÉDÇÊËÉÏß; Ñ¡ e­¡ X�³WYeW W ^e

¥b]^ \Õ^en ^_^aW[^ W YW]a^æ eWYf\ We ^ ×[ b_^n ^ _^be fWd^e ^f\a^¡

` X�[ bd^a Ãa^YfW ¬^bYW l```m ­Wa WYXW ^\ e�³]a�­\ �^dWYfbek¡ E �_^

X�[ bd^a X\_WaXb^[n  ab­[\bfW W e�^ \ab]W_ eW fW� f^ kb³abf^«¨\ X\_ ]WYZ b­\e

fb­[ZbfWe [\X^be ¸º W©be WY We l£¢hhÀ¢h W  ^[¡ op±±m Y^ ÀYf\XkbY^ W e�f\We W

f^ `eb^n X\YebfWa^f\ XWY a\ fW \ab]W_ W fbdWaebf^fW lâÀ´c¬9¢ W  ^[¡ opo±m¡

`­We^a f^ Ãa^YfW ¬^bYW eWa �_^ f^e X�[ bd^aWe ­aWªWabf^e  ^Y \ f\ ­a\f� \a

·�^Y \ X\Ye�_bf\a ³a^eb[Wba\n ^ _We_^ » e�eXW ¹dW[ ¶ ¥¬ l¥À¤:` W  ^[¡n op±Ùm¡

µ _W[k\a^_WY \ ]WY» bX\ f^ ³^Y^YWba^ dbe^ \ fWeWYd\[db_WY \ fW

d^abWf^fWe  \[Wa^Y We ^\e ­abYXb­^be ª^ \aWe ^³bZ bX\e W ³bZ bX\e¡ ¬\ WY ^Y \n \

_W[k\a^_WY \ X[ºeebX\ f^ ³^Y^YWba^ » fW_\a^f\n Y¨\ e\_WY W fWdbf\ ^\

]a^YfW Y×_Wa\ fW fbªWaWY We X\_³bY^«ÖWe fW ­[\bfb^en _^e  ^_³»_ fWdbf\ ¶

­^a WY\aX^­b^ bYWaWY W ¶ We­»XbW lµhVÀ6 W ¥¾¢¬¬¢¬n op±²m¡ ¥WYf\ ^eeb_n ^

­\eeb³b[bf^fW f\ �e\ fW X\_­\e \e Y^ �a^be ·�W ­\ee^_ ^�_WY ^a ^

aWebe ÂYXb^ fW ­[^Y ^e ^\ ^ ^·�W fW ª�Y]\e  a^¦W_ ]a^YfWe ³WYWª¹Xb\e Y¨\

e\_WY W f\ ­\Y \ fW dbe ^ fW ­a\f�«¨\ ­\a db^³b[b¦^a ^ fb_bY�b«¨\ f\e X�e \e

X\_ ^ X\_­a^ fW ª�Y]bXbf^en _^e  ^_³»_ f\ ­\Y \ fW dbe ^ ^_³bWY ^[ ­\a Y¨\

X^�e^a f^Y\e ^\ _Wb\ ^_³bWY W W YW_ ¶ e^×fW k�_^Y^ l¥µh`¢¥ W  ^[¡ opo±n

:À¥ã¬¢:¢V¥â9 W  ^[¡n op±pm¡

o¡o¡ `e­WX \e ]Wa^be f^ ¥b]^ \Õ^ ¬W]a^

�^�e^f^ ­W[\ ª�Y]\ ÆÇÈÉÊËÌÍÎÏÎÐÐÍ ÑÒÓÒÎÔÊÒÊ ´\aW[W n ^ ¥b]^ \Õ^ ¬W]a^

l¥¬m » �_^ f\WY«^ ·�W ^ bY]W ^ X�[ �a^ f^ ³^Y^YWba^ fW ª\a_^ eWdWa^n

https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Jane-Vishnevetsky-Aff1
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XkW]^Yf\ ^ ^ bY]ba ±ppá f^ ­a\f�«¨\ eW Y¨\ k\�dWa X\Y a\[W ^fW·�^f\

l£¢h¢Àh` W  ^[¡n oppØm¡ g�Y]\e XWaXZe­\a\en ^ W©W_­[\ f\e ª�Y]\e ·�W

X^�e^_ ^ ¥b]^ \Õ^ ¬W]a^n ­\ee�W_n X\_\ X^a^X Wa¹e bX^en ^ _� �^[bf^fW W ^

kb³abf^«¨\n ·�W ­\fW_ eWa ª^d\aWXbf^e ­W[\e ª�Y]bXbf^e ^­[bX^f\en W_ eW

 a^ ^Yf\ f\ ^­^aWXb_WY \ fW Y\d^e a^«^e f\ _bXa\\a]^Ybe_\ l�`¥V¢¤`¬n

op±pm¡

µ ª�Y]\ ÆÇÈÉÊËÌÍÎÏÎÐÐÍ ÑÒÓÒÎÔÊÒÊ ­a\f�¦ f\be  b­\e fW We­\a\e® X\Y¹fb\en

fW aW­a\f�«¨\ ^eeW©�^f^ W ^eXZe­\a\en fW aW­a\f�«¨\ eW©�^f^¡ µe X\Y¹fb\e

­\fW_ e\³aWdbdWa ^ » ¯p fb^e¡ µ  W_­\ fW dbf^ d^ab^ X\Yª\a_W \  b­\ fW

e�­Waª¹XbW¡ ¢_ ª\[k^e fW ³^Y^YWba^ » ­\ee¹dW[ XbX[\ fW ^ » o _WeWe fW dbf^æ W

fW ^ » ±Ø fb^e W_ e�­Waª¹XbWe f\e ªa� \e bYªWX ^f\e l£¢h¢Àh` W

Ã`¥£`hµVVµn oppàm¡ ` ­abYXb­^[ ª\a_^ fW fbeeW_bY^«¨\ f\ _bXa\a]^Ybe_\ »

­W[\ dWY \n _^e W©be W_ \� a^e ª\a_^e fW X\Y ^_bY^«¨\n X\_\ ­\a k�_^Y\en

dWe b_WY ^e W X^[«^f\e f\ ª�YXb\Yºab\ � b[b¦^f\ W_ ºaW^e X\Y ^_bY^f^e¡ `

­a\[bªWa^«¨\ ­\fW ^X\Y WXWa ­W[\ ªa� \n e�^e W_³^[^]WYe W  a^Ye­\a We \ab�Yf\e

fW ³^Y^Y^be f\WY Wen eWYf\ ·�W \ ª�Y]\ ­\fW e\³aWdbdWa ­\a ^ » o _WeWe

l£¢h¢Àh` W Ã`¥£`hµVVµn opp±m¡

` ¥¬  W_ e�^ bYªWe ^«¨\ ª^d\aWXbf^ ­\a ª^ \aWe X[b_º bX\e¡ ` �_bf^fW

f\ [\X^[ W ^ » _We_\ ^ º]�^ ­aWeWY W Y^ ­[^Y ^n ª^d\aWXW \ fWeWYd\[db_WY \

f\ ª�Y]\n \YfW _^b\a X\YkWXb_WY \ e\³aW \ ­^ Z]WY\ » _�b \ b_­\a ^Y W ­^a^

 \_^f^ fW fWXbe¨\ fW We a^ »]b^e fW ­aº bX^e fW _^YW¸\¡ ¢e W ª�Y]\ ­\ee�b

aW­a\f�«¨\ eW©�^f^n ­Wa_b bYf\ ^ aWX\_³bY^«¨\ ]WY» bX^ X\_ \� a\e

bYfbd¹f�\en \ ·�W \  \aY^ _^be ^­ \ ­^a^ eW ^f^­ ^a ¶e ­aº bX^e fW _^YW¸\ W ¶e

fbªWaWY We  W_­Wa^ �a^e lc�ãG` W  ^[¡n op±omn ­\eeb³b[b ^Yf\ ^ ·�W³a^ fW

³^aaWba^e fW bYªWX«¨\¡

µ ­^ Z]WY\ Æç ÑÒÓÒÎÔÊÒÊ eW fWeWYd\[dW _W[k\a W_  W_­Wa^ �a^e W_  \aY\

fW o¯ H� lhµ´¢hµ W ¥cVVµ¬n ±//Úm¡ `_³bWY We X\_  W_­Wa^ �a^ W_  \aY\

fW o± H� W Ùp H� e¨\ [b_b ^Y We ­^a^ ^ bYªWX«¨\ f^ f\WY«^ lc�ãG` W  ^[¡n

op±om¡ £aWeWY W Y^ j^kb^n ^ ¥b]^ \Õ^ ¬W]a^ ª^¦ X\_ ·�W ­a\f� \aWe  WYk^_

fbªbX�[f^fWe fW X\_WaXb^[b¦^a \e ªa� \en ­\ben aW]bÖWe X\Ye�_bf\a^e Y¨\

X\Y ^_bY^f^en ­^ee^a^_ ^ Wdb ^a ^ X\_­a^ f\e ªa� \e Y^  WY ^ bd^ fW b_­Wfba

·�W ^ f\WY«^ eW We­^[kW YWee^e aW]bÖWe eW_ ^ ­aWeWY«^ f^ f\WY«^

l¬`¥V`hµ W ¿c¤ÀIµn op±¯m¡
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µe ebY \_^e f^ ¥¬ eW X^a^X Wab¦^_ ­\a We ab^e Y^e ª\[k^en bYbXb^[_WY W

fW X\a _^aa\_¡ �\_ e�^ Wd\[�«¨\n \X\aaW_ _^YXk^e YWXaZ bX^e ·�W ^ªW ^_

fbaW ^_WY W ^ ^ bdbf^fW ª\ \eebY » bX^ f^ ­[^Y ^ aWf�¦bYf\ eW� XbX[\ fW dbf^

l¬µ´ch` W  ^[¡n op±àm¡ `e We ab^e fW X\a _^aa\_¼X[^a^n X\_ \ ^d^Y«\ f^

f\WY«^n eW  \aY^_ YW]a^n \ ·�W fº \ab]W_ ^\ Y\_W ^ f\WY«^î ` fW W\ab¦^«¨\

Y^ ­[^Y ^ eW bYbXb^ Y^e ³\af^e f^e ª\[k^en fW­\be ^d^Y«^ ­^a^ ^ _\a W f\ [b_³\

ª\[b^a l´`hVÀ¬¥æ Ã`¥£`hµVVµ W ´µh¢Àh`n op±¯m¡ µe ªa� \e fW ­[^Y ^e

bYªWX ^f^e X\_ ^ ¥¬  Â_ ^_^f�aWXb_WY \ ª\a^ f^ »­\X^ Y^ �a^[n W eW

X^a^X Wab¦^_ X\_\ ªa� \e fW ³^b©^ ·�^[bf^fWn X^�e^Yf\ �_ b_­^X \ YW]^ bd\

Y^ ­a\f�«¨\ f^ ªa� ^ l¬µ´ch` W  ^[¡n op±àm¡

£aº bX^e fW X\Y a\[W Y^ �a^[ We ¨\ eWYf\ � b[b¦^f^e ­^a^ X\Y a\[^a \

­^ Z]WY\¡ µ _^YW¸\ X\Yebe W Y^ W[b_bY^«¨\ fW ª\[k^e bYªWe ^f^e ­^a^ Wdb ^a ^

­a\­^]^«¨\ f\ ­^ Z]WY\ l:`hÃ`¥ W  ^[¡n opp/æ ¬µ´ch` W  ^[¡n op±àm¡ ¬\

WY ^Y \n \ X\Y a\[W ·�¹_bX\ X\Y bY�^ eWYf\ \ _^be WªbX^¦ Y\ X\Y a\[W f^ f\WY«^

Y\ X^_­\¡ ¬^  WY ^ bd^ fW X\Y a\[^a ^ ¥b]^ \Õ^ ¬W]a^n _» \f\e ³b\[Z]bX\e

 ^_³»_ We ¨\ eWYf\ � b[b¦^f\e¡ ` ­aº bX^ fW X\Y a\[W ³b\[Z]bX\ X\_ \ ª�Y]\

ÞÏÒÈÌÉÝÎÏ;Í fW_\Ye a^ aWe�[ ^f\e ­\eb bd\e Y^ bYb³b«¨\ f\ ^d^Y«\ f^ f\WY«^¡

µ ­a\f� \ ªWb \ X\_ \ ^Y ^]\Ybe ^ Xk^_^f\  abX\ª�Yn » aWX\_WYf^f\ ­^a^ �e\

W_ [^d\�a^e \a]8YbX^e X\_\  »XYbX^ ­^a^ b_­Wfba ­Waf^e Y^ ­a\f�«¨\

l�`¥Vhµ W  ^[¡n op±²m¡

µ X\Y a\[W ·�¹_bX\n \ ³b\[Z]bX\ W ª\a_^e fW _^YW¸\n Y¨\ e¨\ \e ×YbX\e

_» \f\e � b[b¦^f\e X\_ \ ­a\­Zeb \ fW X\Y a\[^a ^ ¥b]^ \Õ^ ¬W]a^¡ ` bY a\f�«¨\

fW X�[ bd^aWe aWebe WY We We º eWYf\ X^f^ dW¦ _^be � b[b¦^f^ W_ ­a\­abWf^fWe

­a\f� \a^e X\_ W eW_ ^ bYXbfÂYXb^ fWe W ­^ Z]WY\¡ �WY aW ^e X�[ bd^aWe

aWebe WY We ¶ ¥¬n fWe ^X^_¼eW ^ �^b­ba^n Vk^­ ´^W\n gãÀ`¼p±n gãÀ`¼o± W ^

ª^[e^ gãÀ`¼±Ø l¥`¬Vµ¥ W  ^[¡n opp¯m¡ ¢Y aW ^e X�[ bd^aWe e�eXW ¹dWben We ¨\ ^e

X�[ bd^aWe Ãa^YfW ¬^bYWn �K`Y]\[^n £a^ ^ ³^³½n £a^ ^ Ãa^×f^n Va\­bX^[ W VWaa^

l�µh�¢Àhµæ ´`Vµ¥ > ´¢À¥¥¬¢h gÀ¤ãµn opopm¡

µ �e\ fW Z[W\en X\_\ WeeWYXb^ben » �_^ _W \f\[\]b^ ·�W We º

XaWeXWYf\ fWY a\ f^e _Wfbf^e ­^a^ X\Y a\[^a f\WY«^e W_ Y¹dW[ fW X^_­\¡ µ

�e\ f\e Z[W\e fW BÒÔÔÍ;É;ß;ç LÎÇÐÍÔÒÈß;n MÏÒNÍÔß; OßÐNÍÏÎ W PÒ;ÎÔÞÍ

ÝÒÉÒÈÍ* ^­aWeWY ^a^_ aWe�[ ^f\e bY WaWee^Y We Y\ X\Y a\[W f^ ¥¬ W_ ³^Y^YWba^

l¿À´E¬¢6 W  ^[¡n op±Øm¡
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` ­[^Y ^ » bYf�¦bf^ ^ fWeWYd\[dWa aWe­\e ^ fW aWebe ÂYXb^ fW f�^e

ª\a_^en ­W[^ aWebe ÂYXb^ ebe W_bX^ bYf�¦bf^ lÀ¥hm ­\a _Wb\ fW W[bXb \aWe ³bZ bX\e

W ­W[^ aWebe ÂYXb^ ebe W_bX^ ^f·�babf^ l¥`hm ^ a^d»e fW W[bXb \aWe ³bZ bX\e W

^³bZ bX\e¡ ` ×[ b_^ » fW­WYfWY W f\ ºXbf\ e^[bX¹[bX\ W ­a\ W¹Y^e aW[^Xb\Y^f^e ^

­^ \]ÂYWeWn WY·�^Y \ ^ ­ab_Wba^ fW­WYfW f\e ªb \k\a_\Yb\e W b[WY\ W

¸^e_\Y^ \ l:`¤¤`� W Ãµµ�´`¬n opp²m¡

¬\ ­a\XWee\ fW aWebe ÂYXb^ ]WYWe e¨\ ^ bd^f\e ­^a^ ·�W \X\aa^ ^

aWe­\e ^ kb­WaeWYe¹dW[n \YfW \X\aaW _\a W f\  WXbf\ ­^a^ b_­Wfba ^ ­a\­^]^«¨\

f\e ­^ Z]WY\e ³b\ aZªbX\e l�ãÀ¥ãµ¤´ W  ^[¡n opp¯m¡

o¡Ù¡ �^a^X Wa¹e bX^e ]Wa^be W fWeXab«¨\ f\ ][bXWa\[

�Wabd^f\ f^ ­^[^da^ ]aW]^ NÐÇRÇÊn ·�W eb]YbªbX^ f\XWn \ ][bXWa\[ » �_

º[X\\[ fW  aÂe X^a³\Y\en eWYf\ bY\f\a\n bYX\[\a W dbeX\e\¡ ¥�^ ­a\f�«¨\ »

\ab�Yf^ fW ª\Y We Y^ �a^be \� ­W a\·�¹_bX^e lj¢`VhÀ6æ `h`7¿µ W ¤À´`n

op±pm¡ µ X�e \ fW ­a\f�«¨\ f\ ³b\fbWeW[ » ^[ \ W ^ � b[b¦^«¨\ f\ eW� X\­a\f� \n

\ ][bXWa\[n » �_^ ^[ WaY^ bd^ ­^a^ fb_bY�b«¨\ f\e ]^e \e¡ µ ][bXWa\[ ³a� \n

X\YkWXbf\  ^_³»_ X\_\ ][bXWabY^n  W_ X�e \ aW[^ bd^_WY W ³^b©\ W ^[ ^

­a\f�«¨\n ­\eeb³b[b ^Yf\ \ �e\ W_ fbdWae^e ºaW^e l9`¬Ãæ ã`¬¬` W ¥c¬n

op±om¡

�\¼­a\f� \ f\ ³b\fbWeW[n \ ][bXWa\[ We º eWYf\ ^­a\dWb ^f\ X\_\ _Wb\ fW

e�­aba \e ]^e \e f^ W© a^«¨\ f\ ³b\fbWeW[¡ ¬We W X^e\n \ ^­a\dWb ^_WY \ f\

][bXWa\[n X\Y ab³�b ­^a^ X�e W^a \e ]^e \e aW^[b¦^f\e X\_ \ ³b\fbWeW[ l9`¬Ãn

ã`¬¬` W ¥c¬n op±om¡

` _\[»X�[^ fW ][bXWa\[n ·�W » ­a\f�¦bf^ W _W ^³\[b¦^f^ f�a^Y W ^ W ^­^

fW bYf�«¨\ fW aWebe ÂYXb^ W_ ­[^Y ^en » \ ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£mn ­a\f�¦bf\

­W[\ ­a\XWee\ fW ª\eª\ab[^«¨\ f\ ][bXWa\[ ­W[^ ][bXWa\[ ·�bY^eW lÃâmn \� ­W[^

aWf�«¨\ f\ ª\eª^ \ fW kbfa\©b^XW \Y^ l�ã`£mn _Wfb^f^ ­W[^ ÃÙ£

fWebfa\]WY^eW lÃÙ£fkm l:¢¬c£µ£`¤ W  ^[n op±±m¡ ¢e ^ _\[»X�[^n ÃÙ£n dW_

eWYf\ ^­\Y ^f^ X\_\ bYf� \a^ fW �_ ­\ee¹dW[ _WX^Ybe_\ fW fWªWe^ fW

­[^Y ^e ^]a¹X\[^e X\Y a^ f\WY«^e¡ ¢_ ­We·�be^e X\_ ­[^Y ^e fW X^ª»n ª\b

X\Yªba_^f\ ^ fb_bY�b«¨\ fW ebY \_^e X^�e^f\e ­W[^ ªWaa�]W_ lSÎ;ÒÐÎÒÍ

OÍÊÞÍÞÏÒDmn ^\ eW � b[b¦^a \ ][bXWa\[ Y^ X\YXWY a^«¨\ fW Ùá lÃ^¦\[[^ W  ^[¡n op±/m¡
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` �^[_WY Wn \ ][bXWa\[ We º eWYf\ � b[b¦^f\ W_ ­We·�be^e XbWY ¹ªbX^e ­^a^

X\Y a\[^a aWebe ÂYXb^° \[Wa8YXb^ ^\e ­abYXb­^be ª^ \aWe ³bZ bX\e W ^³bZ bX\e

lh`µcgÀn h`ã¢´À W `âj`hÀn opopm¡ ¢e W X\_­\e \ » X\YebfWa^f\ �_

ª�Y]bXbf^ \a]8YbX\ W aWe�[ ^f\e fW ­We·�be^e fW Wa_bY^a^_ ·�W ·�^Yf\

� b[b¦^f\ fW ª\a_^ X\aaW ^n W_  Wa_\e fW X\YXWY a^«¨\ W Y×_Wa\ fW ^­[bX^«ÖWen

^�©b[b^ Y^ aWebe ÂYXb^ ^ fbdWae^e f\WY«^e ª×Y]bX^e l¥µc¥` W  ^[¡n op±Úm¡ ` » \

_\_WY \n Y¨\ kº We �f\e WYd\[dWYf\ \ �e\ fW ][bXWa\[ Y\ X\Y a\[W f\ ª�Y]\ Æç

ÑÒÓÎÔÊÒÊn X^�e^f\a f^ ¥b]^ \Õ^ YW]a^ W_ ³^Y^YWba^¡

UÅ ��	��������

`¬�h`�¢n g¡¾¡h¡æ `´µhÀ´n ¢¡ £¡ h¡æ ¢[\½n `¡ £¡ W hcgÀ¬µn ´¡ ¿¡ µX\aaÂYXb^
fW f\WY«^e W_ ³^Y^YWba^e Y\ ¢e ^f\ fW `[^]\^e¡ �NVVM �åë�SWM�åSOSXQäMn
d¡Ùàn Y¡²n ­¡Ùpà¼Ùp/n opp/¡

`h:`¬ÀVµ9`¬¬À¥n À¡ ¥¡æ ´`:hµ´`VÀ¥n `¡ j^Y^Y^ X�[ bd^aen X�[ bd^ b\Y
­a^X bXWen ^Yf ­k½ebX\XkW_bX^[ ­a\­Wa bWe¡ YZ[\[]^_ `ab[acd [e fggh i][ae]a ^eh
jk\Z[\[ge¡ d¡ ²/n opp/¡ �µÀ® ±p¡±pØp°±p²pØÙ/pÚp±Ú¯²Ù²²¡

j¢`VhÀ6n `¡æ `h`7¿µn 9¡¿¡ â¡ W ¤À´`n �¡ £¡ fW¡ Ã[bXWa\[® �_ ³aWdW kbe ZabX\ W
^­[bX^«¨\ W_ e¹Y WeWe We WaW\eeW[W bd^eÅ lNmVQäM �SRMn :¡ Ù²n ¬¡ on ­¡ Ùp¯¼
Ù±/n op±±¡ �µÀ® ±p¡±à/p°¥p±pp¼²p²oop±±pppopppoà¡

�`h:`¤ãµn Ã¡ j¡ ´¡æ ¥À¤:`n �¡ £¡æ j¢¬Vµn �¡ :¡æ :À�¢¬V¢n `¡ `¡æ
V¢Àn¢Àh`n ¿¡ `¡æ g¢¤À£¢n ´¡ f¡ Ã¡ `¡æ ¥À¤:`n ¿¡ j¡ `¡ j^Y^Y^ ^e ^Y `f¸�YX  bY
jWWa £a\f�X b\Y® `­­[bX^³b[b ½ ^Yf £Waª\a_^YXW \ª gWa_WY ^ bdW £^a^_W Wae¡
�WWO �QSäåTV�QS�TäåLSO5n :¡ ààn ­¡ àÙ@¯on oppØ¡ �µÀ® ±p¡±ppÚ°e±op±p¼
ppØØ²àØ¼½¡

�`¥V¢¤`¬n g¡ £¡ �oTQ�SU PM QLoTU�MpqS PT �QXM�SrM �VM�TOM T PT �QXM�SrM
�TX�M USs�T M tNMOQPMPT PMU sMLMLMU¡ �beeWa ^«¨\ l_We a^f\ W_ �bÂYXb^
f\e `[b_WY \em¼ g^X�[f^fW fW XbÂYXb^e ª^a_^XÂ� bX^en cYbdWaebf^fW fW ¥¨\
£^�[\¡ ¥¨\ £^�[\n /±­¡ op±p¡

�`¥Vhµn h¡æ £¢¥u¬V¢6n ´¡æ ¤¢´`n £¡æ vc¢:¢�µn ¿¡æ `hÀ�ã`j`¤`n £¡æ
`¤:`h`�µ¼�`£wn 9¡ £\ WY b^[ �eW \ª VabXk\fWa_^¼³^eWf ³b\­a\f�X  ª\a ³[^XÕ
[W^ª e aW^Õ fbeW^eW l´½X\e­k^WaW[[^ ªb¸bWYebem _^Y^]W_WY  bY  kW ªbW[f¡
�QSäSL��SO �äQTLäT MLP �TäåLSOSXë¡ ­¡ ²Ø±¼²Ø¯n op±à¡ �µÀ®
±p¡±pØp°p/àØÙ±àÚ¡op±²¡/Øoà±o¡

�µh�¢Àhµn 6¡ ¿¡æ ´`Vµ¥n `¡ £¡æ ´¢À¥¥¬¢h gÀ¤ãµn £¡ ¢¡ �QXM�SrMUÅ
�be­\Y¹dW[ W_® `]ÂYXb^ fW ÀYª\a_^«¨\ ¢_³a^­^ ¥b]^ \Õ^e¡ `XWee\ W_® o± fW
Y\d¡ fW opo±¡

�ãÀ¥ãµ¤´n ¥¡ V¡æ ÃÀVV`n �¡æ jh`�n �¡æ ¥V`¥â`¾À�6n j¡ ¿¡ ã\e ¼_bXa\³W
bY Wa^X b\Ye® ek^­bY]  kW Wd\[� b\Y \ª  kW ­[^Y  b__�YW aWe­\YeW¡ �TOOÅ £¡ ØpÙ¼
Ø±²n opp¯¡ �µÀ® k  ­e®°°f\b¡\a]°±p¡±p±¯°¸¡XW[[¡opp¯¡po¡ppØ¡

https://www.tandfonline.com/journals/bfsn20
https://www.tandfonline.com/journals/bfsn20
https://doi.org/10.1080/10408390701764344
https://doi.org/10.1590/S0100-40422011000200025
https://link.springer.com/article/10.1007/s12010-008-8458-y#auth-Ant_nio_A_-Vicente-Aff2
https://doi.org/10.1080/09583157.2014.982512
https://doi.org/10.1080/09583157.2014.982512
mailto:zilton@cnpmf.embrapa.br
mailto:apmatos@cnpmf.embrapa.br
mailto:meissner@cnpmf.embrapa.br
https://www.agencia.cnptia.embrapa.br/Agencia40/AG01/arvore/AG01_45_41020068055.html
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�`¬V`¥n ¿¡ ¤¡ ¤¡æ ¥À¤:`n ¥¡ fW µ¡ Wæ ¥µ`h¢¥ gÀ¤ãµn ¾¡ f\e ¥¡æ �`h:`¤ãµn
£¡ �»e^a ¤W_\e fW¡ � MX�SLTXyäQS PM sMLMLM¡ ¢_³a^­^n ja^e¹[b^n op±à¡
�be­\Y¹dW[ W_® k  ­e®°°[bdb_^]WYe¡eX ¡W_³a^­^¡³a°^_\e a^e°pppØ²¯Ùp¡­fª¡
`XWee\ W_® oÚ fW fW¦W_³a\ fW opo±¡

Ã`6µ¤¤`n ¤¡ �¡ fW µ¡ g¡æ `¤´¢À�`n �¡ £¡æ �`¥Vhµn À¡ ¥¡ ¤¡æ �`¥Vhµn `¡ Ã¡
fWæ `hhc�`n ¤¡ :¡ fW ¥¡æ :À¢Àh`n ¬n ´¡æ ´`¬Vµ:`¬Àn ã¡ �¡æ 6`´jµ¤À´n ¤¡æ
�`Àn¢V`n ¢¡ V¡æ ´¢¬�¢¥n V¡ `¡ fW µ¡ �TXNOMpqS ��MLUä�QäQSLMO PS
VT�MsSOQUVS PT XOQäT�SO�U�oSUoM�S QLPNz �TUQU�{LäQM | oT��NXTV PS äMo}¡
:b Zab^n à ­n op±/¡

ÀjÃ¢¼ ÀYe b � \ ja^eb[Wba\ fW ÃW\]a^ªb^ W ¢e ^ ¹e bX^¡ �be­\Y¹dW[ W_® ÀjÃ¢ ~
£\a ^[ f\ ÀjÃ¢ ~ ÀjÃ¢¡ `XWee\ W_® oØ fW \� ¡ fW opo±¡

ÀjÃ¢¼ ÀYe b � \ ja^eb[Wba\ fW ÃW\]a^ªb^ W ¢e ^ ¹e bX^¡ �be­\Y¹dW[ W_® ÀjÃ¢ ~
£\a ^[ f\ ÀjÃ¢ ~ ÀjÃ¢¡ `XWee\ W_® ±Ø fW \� ¡ fW opoÙ¡

¿À´E¬¢6n ¢¡ Ã¡æ ¥`¬�µ:`¤n `¡ £¡æ jµ¤`�µ¥n ¤¡ ´¡æ Ã`nÀµ¤`n ¿¡ `¡ ¥¡æ
Ãµ¬6u¤¢6n g¡ Ã¡ ¢ªªWX  \ª Y^ �a^[ \b[e ^]^bYe  ´½X\e­k^WaW[[^ ªb¸bWYebe bY bY
db a\ X\Yfb b\Ye ^Yf fW WX b\Y \ª ^X bdW ­[^Y  XkW_bX^[eÅ �T�QäML
Wåë�SWM�åSOSXë VMXMzQLTn d¡Ù¯ Y¡± op±Ø¡ �µÀ® ±p¡±ØÚØ±°a¡_W©¡ªb ¡±ÚpÚ¼²¡

â¢¬¬¢�9n ¿¡ j^Y^Y^e W ­Wee\^e Y^  Waa^ Y^ ^[ f\ ]ÂYWa\ ´�e^® ¬¨\ ^­WY^e
ªa� ^e ³\Yb ^e¡ ��åLSsS� �TU �WOn ±Ú/@±/Ún opp/¡

âÀ´c¬9¢n ¿¡æ ¾¢h¢n ¢¡æ ¥¾¢¬¬¢¬n h¡æ :À¤¿µ¢¬n `¡æ ´`ãcâcn Ã¡ ¥\�aXWe
\ª aWebe ^YXW  \ £eW�f\XWaX\e­\a^ ªb¸bWYeben  kW X^�eW \ª ³[^XÕ ¥b]^ \Õ^ bY
³^Y^Y^¡ �OML� �M�åSOSXë¡ opo±n Úp®±¯à±@±¯¯²¡ �µÀ® ±p¡±±±±°­­^¡±Ù²pØ¡

¤c�n ¤¡ j¡æ ¿µ¥cEn ¢¡ ¬¡æ �`Vã¢hÀ¬¢n `¡æ �ãhÀ¥VÀ`¬n �¡æ hn j¡æ VãÀ¢hh9n
¤¡æ ¿¢`¬n �¡æ gh`¬�µÀ¥¼n`:À¢hn �¡ Àe XkW_bX^[ X\Y a\[ \ª ´½X\e­k^WaW[[^
ª\[b^a fbeW^eWe \ª ³^Y^Y^ e�e W ^bY^³[W�¡ ÀY® ÀÀÀ ÀY WaY^ b\Y^[ ¥½_­\eb�_ \Y
j^Y^Y^® À¥ã¥¼£a\´�e^ ¥½_­\eb�_ \Y hWXWY  `fd^YXWe bY j^Y^Y^ �a\­
£a\ WX b\Y ª\a ¥�e ^bY^³[W £a\f�X b\Y ^Yf À_­a\dWf ¤bdW[bk\\fe¡ �ä�M
åS��QäNO�N�T¡ ¾kb W hbdWan opp/¡ ­¡ ±¯±¼±Úp¡

´`£`¡ À¬¥Vhc�Iµ ¬µh´`VÀ:` ¬� ÙØn �¢ ±� �¢ µcVcjhµ �¢ op±Ø¡
�be­\Y¹dW[ W_® ÀYe a�«¨\ ¬\a_^ bd^ ¥�`°´`£` Y� ÙØn fW ±� fW \� �³a\ fW
op±Ø¡ `XWee\ W_® o± fW Y\d¡ fW opo±¡

´`hVÀ¬¥n ´¡ j¡æ Ã`¥£`hµVVµn ¤¡æ ´µh¢Àh`n `¡ ¥b]^ \Õ^ ¬W]a^ W_
³^Y^Y^be X�[ bd^f\e Y^ aW]b¨\ �WY a\¼¥�[ f\ ¢e ^f\ f\ ´^ \ Ãa\ee\¡ �TRQU�M
�Q{LäQMU �X���QMUn d¡ à/n Y¡ ±n ­¡ Ú²¼Ú/n ¸^Y¡°_^a¡ op±¯¡

¬`¥V`hµn ´¡æ ¿c¤ÀIµn ¤¡ �QXM�SrM �TX�M äåTXM LM ��� ��SPN�S�TU PS
RMOT PS UqS o�MLäQUäS �{V PQoQäNOPMPT PT äSVT�äQMOQzMpqS PTRQPS |
PSTLpM¡ op±¯¡ �be­\Y¹dW[ W_® ãg ja^eb[ ¼ Ã^[Wab^ ¼ ¥b]^ \Õ^ ¬W]a^ XkW]^ Y^
j`¡ `XWee\ W_® o±°±±°opo±¡

¬^½^an ¬¡ ´¡ lopp/m¡ j^Y^Y^e® j\ 8YbX^n \ab]W_n fbe­Wae¨\¡ ¢_® ã\a bX�[ �a^[
hWdbWêen ¿¡ ¿^YbXÕn Wf¡n ±±Ú¼±¯²¡

¬µ´ch`n ¢¡ ¥¡æ �`´`VVµ ¿c¬Àµhn ¢¡ h¡æ gc6ÀV`¬Àn ¢¡ ¿¡æ ¥`¢¥n ¤¡ `¡æ
¥À¤:`n ¥¡ fW µ¡ W¡ �WeWYd\[db_WY \ W ­a\f�«¨\ fW ³^Y^YWba^ �]a^YfW Y^bYWK
W_ fbªWaWY We ebe W_^e fW _^YW¸\ ­^a^ ^ X\YdbdÂYXb^ X\_ ^ ¥b]^ \Õ^ ¬W]a^ Y\

https://livimagens.sct.embrapa.br/amostras/00084630.pdf
https://www.ibge.gov.br/
https://www.ibge.gov.br/
https://www.ibge.gov.br/
https://www.ibge.gov.br/
https://doi.org/10.18781/r.mex.fit.1707-4
https://www.actahort.org/books/828/index.htm
https://www.actahort.org/books/828/index.htm
https://www.actahort.org/books/828/index.htm
https://www.adagri.ce.gov.br/legislacao-vegetal-federal/
https://www.adagri.ce.gov.br/legislacao-vegetal-federal/
https://www.hfbrasil.org.br/br/galeria/sigatoka-negra-chega-na-ba-12082016.aspx
https://www.hfbrasil.org.br/br/galeria/sigatoka-negra-chega-na-ba-12082016.aspx
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d^[W f\ hb³Wba^¼¥£¡ �TRQU�M ��MUQOTQ�M PT 	�N�QäNO�N�Mn ¿^³\ bX^³^[n d¡ ÙÚn Y¡ Ùn
­¡ ¯²²¼¯ààn eW ¡ op±à¡

µhVÀ6n h¡æ ¥¾¢¬¬¢¬n h¡ ga\_ Xa\ee³aWWfbY]  \ ³b\ WXkY\[\]½ ª^Xb[b ^ Wf
b_­a\dW_WY  \ª ³^Y^Y^ ^Yf ­[^Y ^bY¡ �NQ�TäåLSOSXë �PRMLäTU¡ d¡ Ùon ­¡ ±àØ¼
±¯/n op±²¡ �µÀ® ±p¡±p±¯°¸¡³b\ WXk^fd¡op±Ù¡p/¡p±p¡

£¢h¢Àh`n ¿¡ �¡ h¡æ Ã`¥£`hµVVµn ¤¡æ `hhc�`n ´¡ h¡ fWæ £¢h¢Àh`n ´¡ �¡
¬¡ �QXM�SrM �TX�M LS ��MUQO� 5< MLSU PM PSTLpM¡ oppØ¡

£¢h¢Àh`n ¿¡ �¡ h¡æ Ã`¥£`hµVVµn ¤¡æ �µ¢¤ãµn `¡ �¡ ¥¡n > chj¢¬n `¡ g¡
µX\aaÂYXb^ f^ ¥b]^ \Õ^ ¬W]a^ Y\ ja^eb[¡ 	Q�SWM�SOSXQM s�MUQOTQ�Mn d¡ oÙn ­¡
o/àn ±//Ø¡

hµ´¢hµn h¡ `¡ W ¥cVVµ¬n V¡ j¡ hW^«¨\ fW v�^ a\ _�e^ ÃWYZ b­\e W_  aÂe
 W_­Wa^ �a^e ­^a^ be\[^f\e fW ´½X\e­k^WaW[[^ ªb¸bWYebe fW fbªWaWY We aW]bÖWe
]W\]aºªbX^e¡ �STLpM RTXT�MOn ­¡ ±±Ù/¼±±²on ±//Ú¡

¥`¬Vµ¥n ¥¡ �¡æ �`h¬¢Àhµn ¤¡ �¡æ ¥À¤:¢Àh` ¬¢Vµn `¡ ¬¡ �`æ £`¬À`Ãµ
¿7¬Àµhn ¢¡æ gh¢ÀV`¥n ã¡ Ã¡ �¢æ £¢ÀnµVµn �¡ ¬¡ X^a^X Wab¦^«¨\ _\aª\[Z]bX^
W ^d^[b^«¨\ fW X�[ bd^aWe fW ³^Y^YWba^ aWebe WY We ^ ¥b]^ \Õ^ ¬W]a^
l´½X\e­k^WaW[[^ ªb¸bWYebe ´\aW[W m ¬µ ¥c�µ¢¥V¢ ÃµÀ`¬µ¡ �TRQU�M
��MUQOTQ�M PT 	�N�QäNO�N�Mn ¿^³\ bX^³^[n d¡ oØn Y¡ Ùn ­¡ ²²/¼²àÙn fW¦¡ opp¯¡

¥À¤:`n ¥¡ fW µ¡æ `´µhÀ´n ¢¡ £¡æ ¥`¬Vµ¥¼¥¢h¢¿µn ¿¡ `¡ f\eæ g¢hh¢Àh`n �¡
g¡æ h\fab]�W¦n ´¡ `¡ �¡ ÃWYW bX b_­a\dW_WY  \ª ³^Y^Y^® e a^ W]bWe ^Yf
^d^b[^³[W  WXkY\[\]bWe¡ �TRQU�M ��MUQOTQ�M PT 	�N�QäNO�N�Mn ¿^³\ bX^³^[ ¼ ¥£n d¡
Ùàn Y¡ Ùn ­¡ /±/¼/Ù±n op±Ù¡ �µÀ® ±p¡±à/p°¥p±pp¼o/²àop±ÙpppÙpppÙo¡

¥À´´µ¬�¥n ¬¡¾¡æ ¥ã¢£ã¢h�n â¡ VkW  ^©\Y\_½ ^Yf \ab]bYe \ª  kW X�[ bd^ Wf
³^Y^Y^e¡ �S�MLQäMO �SN�LMO So �åT 
QLLTML �SäQT�ë¡ ¤\Yf\Yn d¡ààn Y¡Ùà/n
­¡Ùpo¼Ù±on ±/ààn �µÀ® ±p¡±±±±°¸¡±p/à¼ØÙÙ/¡±/àà¡ ³ppp±à¡©¡

¥À´´µ¬�¥n ¬¡ ¾¡ �OÉÐßÞÒÉÔ ÉÑ ÞÌÎ ÜÍÔÍÔÍÊç �MsQn ±Úp ­¡ ±/¯o¡

¥µc¥`n ¾¡ j¡ fWæ ´¢¬�µ¬�`n h¡ g¡ fWæ �hc6n V¡ £¡ f^æ vc¢Àhµ6n :¡ V¡ fWæ
�µ¥V`n `¡:¡æ ´µh`¢¥n ¾¡ j¡ ��QRQPMPT oNLXQäQPM PT äSVWSU�SU QL}PQ�SU
PT ��QMzyQU Ss�QPSU M WM��Q� PT XOQäT�SO USs�T MO�T�LM�QM USOMLQ¡ nnÀ ¢YX\Y a\
¤^ bY\ `_WabX^Y\ fW ÀYbXb^«¨\ �bWY ¹ªbX^n n:ÀÀ ¢YX\Y a\ ¤^ bY\ `_WabX^Y\ fW
£Ze¼Ãa^f�^«¨\ W :ÀÀ ¢YX\Y a\ fW ÀYbXb^«¨\ ¶ �\XÂYXb^n ­¡ ±¼àn op±Ú¡

c�ãG`n �¡ f\ ¬¡æ £µ66`n ¢¡ `¡æ `¤jcvc¢hvc¢n â¡ ¥¡æ ´µh`¢¥n ¾¡ f^ ¥¡
hW[^«¨\ WY aW ^  W_­Wa^ �a^ W \ _\[k^_WY \ ª\[b^a Y\ _\Y\X¹X[\ f^ ¥b]^ \Õ^
¬W]a^¡ �NVVM Wåë�SWM�åSO¡ j\ �X^ �n d¡ ÙØn Y¡ on ­¡±²²¼±²Ú* op±o¡

:`¤¤`�n Ã¡ ¢¡æ Ãµµ�´`¬n h¡ ´¡ ¥½e W_bX ^X·�baWf aWebe ^YXW ^Yf bYf�XWf
e½e W_bX aWebe ^YXW bY X\YdWY b\Y^[ ^]abX�[ �aW¡ �TSW UäQTLäT¡ £¡ ±/op¼±/Ù²¡
�\b® ����������������������������������������î

:`hÃ`¥n `¡æ `h`9`n ´¡æ Ãc6´u¬n ´¡æ ´chÀ¤¤µn Ã¡ ¢ªWb \ f^ ­\f^ f^e
ª\[k^e fW ­[^Y ^e fW ³^Y^Y^ l´�e^ ```m Y\ ^­^aWXb_WY \ f^ f\WY«^ ¥b]^ \Õ^
¬W]a^ l´½X\e­k^WaW[[^ ªb¸bWYebem W Y\ aWYfb_WY \ f^ ªa� ^ ÀY WaY^ b\Y^[¡ �SN�LMO
So �TU� �MLMXTVTL�n :¡ ààn opp/¡

https://doi.org/10.1590/S0100-29452013000300032
https://doi.org/10.1111/j.1095-8339.1955.tb00015.x
https://doi.org/10.2135/cropsci2004.1920
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:À¥ã¬¢:¢V¥â9 n ¿¡æ ¾ãÀV¢ ¿a¡ n V¡ ¤¡æ £`¤´`V¢h n `¡ ¿¡æ g¤`À¥ã´`¬ n ´¡æ
�µã¢¬ n 9¡æ ¢¤`�n 9¡æ :¢¤�ã¢:` n ´¡æ ã`¬�¬À`n c¡æ ¥`ã`hn ¬¡æ �Ã`¬Àn
µ¡æ £¢h¤¬`´¢n `¡ À_­a\dWf  \[Wa^YXW  \ê^af ª�Y]^[ fbeW^eWe bY  a^Ye]WYbX
�^dWYfbek ³^Y^Y^ l´�e^ e­­¡ ``` ]a\�­m Xd¡ Ãa^Yf ¬^bY¡ ��MLUXTLQä �TUn
op±±n op®¯±@Úo¡ �µÀ®±p¡±ppÚ°e±±o²Ø¼p±p¼/Ù/o¼Ú¡

£¢hhÀ¢hn n¡æ �µ¬µãc¢n ´¡æ ¤¢¬g¢hn �¡æ :h9�`Ãã¥n ¤¡æ j`âh9n g¡æ
�`hh¢¢¤n g¡æ ãÀ££µ¤9V¢n À¡æ ãµhh9n ¿£¡æ ¿¢¬¬9n �¡æ ¤¢jµVn :¡æ
hÀ¥V¢hc��Àn `´¡æ Vµ´¢â£¢n â¡æ �µcVh¢¤¢£µ¬Vn ã¡æ j`¤¤n V¡æ
´`¬¾`hÀ¬Ãn ¿¡æ ´`h¢Vn £¡æ �¢¬ã`´n V¡ ´�[ bfbeXb­[bY^a½ ­Wae­WX bdWe \Y
³^Y^Y^ l´�e^ e­­¡m f\_We bX^ b\Y¡ ����¡ d¡ ±pØn Y¡ oØn ­¡±±Ù±±¼±±Ù±Øn op±±¡
�µÀ® ±p¡±pÚÙ°­Y^e¡±±popp±±pØ¡

9`¬Ãn g¡æ ã`¬¬`n ´¡ `¡æ ¥c¬n h¡ :^[�W¼^ffWf �eWe ª\a a^ê ][½XWa\[ @ ^ ³½¼
­a\f�X  \ª ³b\fbWeW[ ­a\f�X b\Y¡ �QS�TäåLSOSXë oS� �QSoNTOU¡ op±on ±p­¡

https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Jane-Vishnevetsky-Aff1
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Thomas_L_-White-Aff3
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Aaron_J_-Palmateer-Aff3
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Moshe-Flaishman-Aff1
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Yuval-Cohen-Aff1
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Yigal-Elad-Aff2
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Margarita-Velcheva-Aff4
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Uri-Hanania-Aff1
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Nachman-Sahar-Aff1
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Oded-Dgani-Aff1
https://link.springer.com/article/10.1007/s11248-010-9392-7#auth-Avihai-Perl-Aff1
https://www.pnas.org/doi/full/10.1073/pnas.1102001108#con11
https://www.pnas.org/doi/full/10.1073/pnas.1102001108#con12
https://www.pnas.org/doi/full/10.1073/pnas.1102001108#con15
https://www.pnas.org/doi/full/10.1073/pnas.1102001108#con16
https://www.pnas.org/doi/full/10.1073/pnas.1102001108#con17
https://doi.org/10.1073/pnas.1102001108
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������® ´�b ^e e¨\ ^e ª\a_^e fW  WY ^ bd^e ­^a^ eW X\Y a\[^a f\WY«^e W_

­[^Y ^en _^en ]Wa^[_WY Wn ^ aWebe ÂYXb^ Y¨\ » _^Y bf^ ­\a _�b \  W_­\n ­\be \e

­^ Z]WY\e ^X^³^_ ³�a[^Yf\ \ ebe W_^ fW fWªWe^¡ c_^ f^e  WY ^ bd^e fW

­a\_\dWa _^b\a fWªWe^ » \ �e\ fW ­a\f� \e X^­^¦We fW bYf�¦ba ^ aWebe ÂYXb^

W_ ­[^Y ^en X\_\ \ ][bXWa\[n �_ X\¼­a\f� \ f\ ³b\fbWeW[ ·�Wn ^­[bX^f\ W_

­[^Y ^en ­\fW dba ^ bYf�¦ba aWebe ÂYXb^ X\Y a^ \a]^Ybe_\e ­^ \]ÂYbX\e¡ ¢e ^

aWdbe¨\  WdW ­\a \³¸W bd\ eW[WXb\Y^a We �f\e e\³aW ^ ^ bdbf^fW f\ ][bXWa\[ X\_\

_\[»X�[^ bYf� \a^ fW aWebe ÂYXb^ fW f\WY«^e W_ ­[^Y ^e¡ j�eX\�¼eW ^d^[b^a

^a b]\e fW­\eb ^f\e W_ fbªWaWY We ³^eWe fW f^f\e W[W aiYbX^en �e^Yf\ �_

ÊÞÏÒÔN fW ³�eX^ W Xab »ab\e fW bYX[�e¨\ W W©X[�e¨\ ­aWfWªbYbf\e¡ ¢e ^ aWdbe¨\

fW_\Ye a^ ·�W ^e ^­[bX^«ÖWe fW ][bXWa\[ W_ ­[^Y ^e bYf�¦ba^_ aWebe ÂYXb^ ^­Ze

\e  a^ ^_WY \e \YfW ^ aWebe ÂYXb^ eW fW� ­\a _Wb\ f\ ^�_WY \ f\ Y¹dW[ f^

_\[»X�[^ ebY^[b¦^f\a^n ÃÙ£ W fb_bY�b«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ l±Ø®±m¡ µe

­abYXb­^be _Wb\e fW ^­[bX^«¨\ ª\a^_ db^ ­�[dWab¦^«¨\ W b_Wae¨\¡ g\a^_

bY×_Wa^e f\eWe We �f^f^en ·�W d^ab^a^_ W_ X^f^ ­We·�be^¡ ` X\YXWY a^«¨\

fW Ùá fW ][bXWa\[ » X\YebfWa^f^ ^ _W[k\a ­^a^ ^ _^b\ab^ f^e We­»XbWe fW

­[^Y ^e ^ » \ _\_WY \¡ ` aWdbe¨\ aWdW[^  ^_³»_ ^ ^d^[b^«¨\ fW ]WYWe

bYf� \aWe fW aWebe ÂYXb^ X\_\ ^e ­a\ W¹Y^e £h @ £^ k\]WYWebe hW[^ Wf ­a\ WbYe

l£h¼±n £hon £h¼àn W X¡mn ã£¥Úpn ã¥£/pn ¥�`´² W V^­a±n fWY aW \� a\e¡

£\�X\e ^a b]\e ª\a^_ ­�³[bX^f\e WY aW oppØ W opoon eWYf\ \ Y×_Wa\ ^bYf^

_WY\a ^­Ze \ ^Y\ fW op±à¡ Àee\ fW_\Ye a^ ·�Wn ^­We^a f\e aWe�[ ^f\e ¸º

\³ bf\e eWaW_ ­\eb bd\en ^bYf^n ­\a ^[]�_ _\ bd\n ­\fWYf\ eWa ª^[ ^ fW

X\YkWXb_WY \n We W X\_­\e \n ][bXWa\[n dW_ eWYf\ ­\�X\ We �f^f\¡

�MOMR�MU�äåMRT� uXbf\ \[WbX\æ ÃWYWe fW fWªWe^æ Ã[bXWa\[¼Ù¼ª\eª^ \n £a\ W¹Y^e

£h
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��������� VkWaW ^aW _^Y½ ª\a_e \ª ^  W_­ e  \ X\Y a\[ ­[^Y  fbeW^eWen ³� 
]WYWa^[[½ aWebe ^YXW be Y\  _^bY ^bYWf ª\a [\Y]n ^e ­^ k\]WYe WYf �­ ³½­^eebY]
 kW fWªWYeW e½e W_¡ µYW \ª  kW ^  W_­ e  \ ­a\_\ W ]aW^ Wa fWªWYeW be  kW �eW
\ª ­a\f�X e X^­^³[W \ª bYf�XbY] aWebe ^YXW bY ­[^Y en e�Xk ^e ][½XWa\[n ^ X\¼
­a\f�X  \ª ³b\fbWeW[  k^  êkWY ^­­[bWf  \ ­[^Y e X^Y bYf�XW aWebe ^YXW ^]^bYe 
­^ k\]WYbX \a]^Ybe_e¡ VkW \³¸WX bdW \ª  kbe aWdbWê ê^e  \ eW[WX  e �fbWe \Y  kW
^X bdb ½ \ª ][½XWa\[ ^e ^ _\[WX�[W  k^  bYf�XWe fbeW^eW aWebe ^YXW bY ­[^Y e¡ ¾W
e\�]k   \ Wd^[�^ W ^a bX[We fW­\eb Wf bY fbªªWaWY  W[WX a\YbX f^ ^³^eWen �ebY] ^
eW^aXk e abY] ^Yf ­aWfWªbYWf bYX[�eb\Y ^Yf W©X[�eb\Y Xab Wab^¡ Vkbe aWdbWê
fW_\Ye a^ We  k^   kW ^­­[bX^ b\Ye \ª ][½XWa\[ bY ­[^Y e bYf�XWf aWebe ^YXW ^ª Wa
 aW^ _WY e êkWaW aWebe ^YXW \XX�aaWf ³½ bYXaW^ebY]  kW [WdW[ \ª  kW eb]Y^[bY]
_\[WX�[Wn ÃÙ£ lÃ[½XWa\[¼Ù¼­k\e­k^ Wm ^Yf fWXaW^ebY]  kW [WdW[e \ª \[WbX ^Xbf
l±Ø®±m¡ VkW _^bY _W^Ye \ª ^­­[bX^ b\Y êWaW db^ e­a^½ ^Yf b__Waeb\Y¡
¬�_Wa\�e f\eWe êWaW e �fbWfn êkbXk d^abWf bY W^Xk e �f½¡ VkW Ùá ][½XWa\[
X\YXWY a^ b\Y be X\YebfWaWf  kW ³We  ª\a _\e  ­[^Y  e­WXbWe  \ f^ W¡ VkW aWdbWê
^[e\ aWdW^[e aWebe ^YXW¼bYf�XbY] ]WYWe e�Xk ^e £h ­a\ WbYe l£h¼±n £hon £h¼àn
W X¡mn ã£¥Úpn ã¥£/pn ¥�`´² ^Yf V^­a± ^_\Y] \ kWae¡ gWê ^a bX[We êWaW
­�³[bekWf ³W êWWY oppØ ^Yf opoo êb k  kW Y�_³Wa ³WbY] WdWY [\êWa ^ª Wa
op±à¡ Vkbe ek\êe  k^  ^[ k\�]k  kW aWe�[ e ^[aW^f½ \³ ^bYWf ^aW ­\eb bdWn e b[[n
ª\a e\_W aW^e\Yn êkbXk _^½ ³W ^ [^XÕ \ª ÕY\ê[Wf]Wn  kbe X\_­\�Yfn ][½XWa\[n be
e b[[ Y\  êW[[ e �fbWf¡

ÄTë ìS�PU� Ã[½XWa\[¼Ù¼­k\e­k^ Wn \[WbX ^Xbfn £he ­a\ WbYen ­[^Y  fWªWYeW
]WYWe¡
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`e fbdWae^e f\WY«^e X^�e^f^e ­\a ­a^]^e \� ­^ Z]WY\e dba^ben ª×Y]bX\e

W ³^X Wab^Y\en X\_­a\_W W_ \ fWeWYd\[db_WY \ f^e ­[^Y ^e ^ªW ^Yf\ e�^

­a\f� bdbf^fW ªbY^[¡ �WY aW \e _bXa\a]^Ybe_\en kº X^a^X Wa¹e bX^e We­WX¹ªbX^en

X\_\ _bXa\a]^Ybe_\e ³b\ aZªbX\en ·�W fW­WYfW_ f^ ­[^Y ^ dbd^ ­^a^ eW

^[b_WY ^aW_ W X\_­[W ^aW_ eW� XbX[\ fW dbf^æ YWXa\ aZªbX\en ·�W f�a^Y W eW�

kº³b \ ^[b_WY ^a _^ ^_ ^ ­[^Y ^ k\e­WfWba^ W \e kW_b³b\ aZªbX\en ·�W

bYXb^[_WY W fW­WYfW_ f^ ­[^Y ^ dbd^ ­^a^ e\³aWdbdWa W X\_­[W ^_ eW� XbX[\

X\_ �_^ ª^eW YWXa\ aZªbX^n \YfW \ k\e­WfWba\ » fW]a^f^f\ l:¢¤u¥vc¢6æ

�`¥Vhµ:¢h�¢ W ã¢ op±Øæ ãµhj`�ã W  ^[¡n op±±m¡ �WY aW ^e X^a^X Wa¹e bX^e

f\e ª�Y]\e ³b\ aZªbX\en ·�W \e fbªWaWYXb^ f\e \� a\en We º ^ fbªbX�[f^fW fW

aW­a\f�«¨\ W_ [^³\a^ Zab\ W_ _Wb\ Y¨\ dbd\ l¥£`¬c W £`¬¥VhcÃ`n op±Úm¡

£^a^ e\³aWdbdWa ^\e ^ ^·�We f\e ­^ Z]WY\en ^e ­[^Y ^e � b[b¦^_ ­^faÖWe

fW aWX\YkWXb_WY \ fW ­^ Z]WY\e ­^a^ fW WX ^a ^ bYd^e¨\¡ ¢©be W_ \e £^faÖWe

´\[WX�[^aWe `ee\Xb^f\e ^ £^ Z]WY\e l£`´£em W £^faÖWe ´\[WX�[^aWe

`ee\Xb^f\e ^ ´bXaZ³b\e l´`´£em¡ £`´£e W ´`´£e ­\fW_ eWa aWX\YkWXbf\e

­\a aWXW­ \aWe ·�W ba¨\ bYf�¦ba \ ­^fa¨\ fW b_�Ybf^fW fWeWYX^fW^f^ l£VÀm

l�µ��¥ W h`Vã¿¢¬n op±pm¡ µ £VÀ ¸�Y ^_WY W X\_ ^ b_�Ybf^fW

fWeWYX^fW^f^ ­\a WªW \a l¢VÀmn e¨\ WeeWYXb^be Y^ ^ bdbf^fW �_ f\ \� a\ W

¸�Y \e ^�_WY ^_ ^ W©­aWee¨\ ]ÂYbX^ W fW­\eb«¨\ fW X^[\eW l�ã`¬Ã W  ^[¡n

opoomn ^[»_ fW X\Y ab³�ba ­^a^ \ ^�_WY \ f^ ­a\f�«¨\ fW We­»XbWe aW^ bd^e fW

\©b]ÂYb\ lhµ¥m l¬Ãµc W  ^[¡n opo±m¡

µ _\f\ ·�W ª^¦ X\_ ·�W ^ ­[^Y ^ eW¸^ X^­^¦ fW b_­Wfba \e ^ ^·�We fW

­^ Z]WY\e » ­\a _Wb\ f^ aWebe ÂYXb^ ebe Â_bX^ bYf�¦bf^ lÀ¥hm W f^ aWebe ÂYXb^

ebe Â_bX^ ^f·�babf^ l¥`hm¡ µ ·�W ^e fbªWaW_ e¨\ \e  b­\e fW bYf�«¨\ Y^ ­[^Y ^¡

` ¥`h » ^ bd^f^ ­\a _Wb\ fW \a]^Ybe_\e X^�e^f\aWe fW f\WY«^e W »

fW­WYfWY W f\ ºXbf\ e^[bX¹[bX\ l¥`m W ]WYWen WY·�^Y \ ^ À¥h » bYf�¦bf^ ­\a

_bXaZ³b\e ³WY»ªbX\en W » bYfW­WYfWY W fW ¥` l:¤µV W  ^[¡n opopm¡ `e f�^e

ª\a_^e fW aWebe ÂYXb^ e¨\ ^ bd^f^e ^ ­^a ba fW ebY^be fW fWªWe^ fbdWae\e ·�^Yf\

^ ­[^Y ^ e\ªaW ^ ^·�W fW ­^ Z]WY\e ljµ¤¤¢h W gE¤Ànn opp/mn ^ W©W_­[\ fW

·�^Yf\ WY a^ W_ X\Y ^ \ X\_ ^ _\[»X�[^ f\ ][bXWa\[¼Ù¼ª\eª^ \¡
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` _\[»X�[^ fW ][bXWa\[ ·�W » ­a\f�¦bf^ W _W ^³\[b¦^f^ f�a^Y W ^ W ^­^

fW bYf�«¨\ fW aWebe ÂYXb^ W_ ­[^Y ^en » \ ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£mn ­a\f�¦bf\

­W[\ ­a\XWee\ fW ª\eª\ab[^«¨\ f\ ][bXWa\[ ­W[^ WY¦b_^ ][bXWa\[ ·�bY^eW lÃâm \�

­W[^ aWf�«¨\ f\ ª\eª^ \ fW kbfa\©b^XW \Y^ l�ã`£mn _Wfb^f^ ­W[^ ÃÙ£

fWebfa\]WY^eW lÃÙ£fkm l:¢¬cÃµ£`¤ W  ^[¡n opp/m¡ µ ][bXWa\[ ­\ee�b ­\ WYXb^[

­^a^ X\Y a\[W fW f\WY«^e W_ X^_­\n \YfW \ Y¹dW[ f\ ­a\f� \ fWdW eWa

X\YebfWa^f\ ­^a^ ·�W ^ ·�^Y bf^fW Y¨\ W©Wa«^ ­^­W[ X\Y aºab\ \�  Z©bX\ Y\

X\Y a\[W f^ f\WY«^¡ £W[^e e�^e X^a^X Wa¹e bX^en \ ][bXWa\[ » �_ ­a\f� \ Y^ �a^[

·�W ^]W eW_ ­aW¸�fbX^a \ _Wb\ ^_³bWY W l¤À W  ^[¡n op±¯m¡

` �^[_WY W \ ][bXWa\[ » � b[b¦^f\ W_ ­We·�be^e XbWY ¹ªbX^e  ^Y \ ­^a^

­a\_\dWa  \[Wa8YXb^°aWebe ÂYXb^ ^\e ­abYXb­^be ª^ \aWe ^³bZ bX\en ·�^Y \ ³bZ bX\en

·�W ^ªW ^_ ^e ­[^Y ^e lh`µcgÀn h`ã¢´À W `âj`hÀn opopm¡ ¢Y aW ^[]�Ye

We �f\en eW� �e\ ¸º ª\b f\X�_WY ^f\ Y^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ X\Y a^

^e f\WY«^e PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒ W_ ³ÌÎÉÜÏÉ;Í ÈÍÈÍÉ l6ã`¬Ã W  ^[¡n op±àmn

aWebe ÂYXb^ f\ X^ª» ¶ ªWaa�]W_ lSÎ;ÒÐÎÒÍ OÍÊÞÍÞÏÒDm lÃ`6µ¤¤` W  ^[¡n op±/m W ^\

\¹fb\ W_ ³ÏÒÞÒÈß; ÍÎÊÞÒOß; l¤À W  ^[¡n op±¯æ ¤À W  ^[¡ opopmn WY aW \� a\e¡

¢_³\a^ \ �e\ fW ][bXWa\[ W_ ­[^Y ^e ^bYf^ eW¸^ ­\�X\ We �f^f\n

­abYXb­^[_WY W aW[^Xb\Y^f\ ^\ X\Y a\[W fW f\WY«^en  a^³^[k\e X\_ \ \³¸W bd\ fW

We �f^a \ ][bXWa\[ X\_\ �_ fWªWYebd\ \� Y^ aWebe ÂYXb^ fW ­[^Y ^e ^\e

­abYXb­^be ª^ \aWe ³bZ bX\e W ^³bZ bX\en e¨\ fW e�_^ b_­\a 8YXb^n ­\be » �_^

_\[»X�[^ ·�W Y¨\ fW]a^f^ \ _Wb\ ^_³bWY W W Y¨\ X^�e^ f^Y\e ¶ e^×fW

k�_^Y^ W YW_ fW ^Yb_^be¡

�b^Y W fbee\n aWdbe^a ebe W_^ bX^_WY W \  W_^ <][bXWa\[ ^­[bX^f\ W_

X�[ �a^e ^]a¹X\[^e W ³b\[Z]bX^e=n » fW ]a^YfW bY WaWeeW ­^a^ eW WY WYfWa \e

_WX^Ybe_\e fWeWYd\[dbf\e ­W[^e ­[^Y ^e ­^a^ ^f·�baba aWebe ÂYXb^ ^ ª^ \aWe

³bZ bX\en W ­^a^ WY WYfWa ^e db^e X\aaW[^Xb\Y^f^e W ­a\ \X\[\e ^f\ ^f\e W_

fbªWaWY We We �f\e¡ `eeb_n We ^ aWdbe¨\  W_ X\_\ \³¸W bd\ ­abYXb­^[n aW�Yba \e

^a b]\e ­�³[bX^f\e Y\e ^Y\e fW oppØ ^ opoon fW ª\a_^ ^ X\_­b[^a \e ­abYXb­^be

f^f\e ­a\f�¦bf\e Y^ ºaW^ fW ^]a\Y\_b^ W ³b\[\]b^ ·�^Y \ ^\ �e\ fW ][bXWa\[

X\_\ _\[»X�[^ bYf� \a^ fW aWebe ÂYXb^ W_ ­[^Y ^e¡
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 � �������

` aWdbe¨\ ebe W_º bX^ ª\b fWeWYd\[dbf^ X\_ \ ^�©¹[b\ f\ e\ª ê^aW ¥ `a 

l´ÞÍÞÎ ÉÑ ÞÌÎ ÛÏÞ ÞÌÏÉßNÌ ´ÇÊÞÎ;ÍÞÒÈ AÎOÒÎµm dWae¨\ jW ^ Ù¡p¡Ùn fWeWYd\[dbf\

Y^ cYbdWaebf^fW gWfWa^[ fW ¥¨\ �^a[\e lcg¥�^am l¥^Y \e W  ^[¡n op±Øm¡ V\f\e

\e ­a\XWfb_WY \e ^f\ ^f\e ­W[\ ´ÞÍÏÞ eW]�ba^_ ^e fbaW ab¦We PÏÎÑÎÏÏÎÝ

AÎËÉÏÞÒÔN ¶ÞÎ;Ê ÑÉÏ ´ÇÊÞÎ;ÍÞÒÈ AÎOÒÎµÊ ÍÔÝ ÆÎÞÍ·ÛÔÍÐÇÊÎÊ l£hÀ¥´`mn \ ·�^[

­Wa_b W_ ·�W ^e aWdbeÖWe eW¸^_ _^be  a^Ye­^aWY Wen X\_ bYª\a_^«ÖWe e\³aW \

_\ bd\ f^ aWdbe¨\n ^ ^³\af^]W_ f\e ^� \aWe W ^e bYª\a_^«ÖWe ·�W \e ^� \aWe

WYX\Y a^a^_ laWe�[ ^f\em¡ `eeb_n  aÂe W ^­^e ª\a^_ eW]�bf^e ­^a^ W[^³\a^«¨\

f^ aWdbe¨\n ^ e^³Wa® ­[^YW¸^_WY \n W©WX�«¨\ W e�_^ab¦^«¨\¡

o¡±¡ £[^YW¸^_WY \

¬Wee^ W ^­^n ª\b Xab^f\ �_ ­a\ \X\[\ fWªbYbf\ fW ^X\af\ X\_ ^e

eW]�bY We bYª\a_^«ÖWe®  ¹ �[\ f\ ^a b]\n ^� \aWen \³¸W bd\n ­^[^da^e¼Xk^dWn

·�We ÖWe fW ­We·�be^n ª\Y We fW ­We·�be^n Xab »ab\e fW bYX[�e¨\°W©X[�e¨\ W

fWªbYb«¨\ f\  b­\ fW We �f\¡ ` ·�We ¨\ fW ­We·�be^ fWªbYbf^ ª\b® v�^be \e

_WX^Ybe_\e � b[b¦^f\e ­W[\ ][bXWa\[ ­^a^ Xab^a aWebe ÂYXb^ ^ f\WY«^e W_

­[^Y ^e� ` ­^a ba fbe \n ·�We ÖWe eWX�Yfºab^e ª\a^_ W[^³\a^f^e W WYX\Y a^_¼eW

[be ^f^e Y^ V^³W[^ ±¡

V^³W[^ ±® v�We ÖWe [Wd^Y ^f^e e\³aW ^ ^ bdbf^fW f\ ][bXWa\[ X\_\ ^]WY W

bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e W_ �_^ aWdbe¨\ ebe W_º bX^ fW

We �f\e ­�³[bX^f\e Y\e ×[ b_\e ±² ^Y\e¡

v�We ÖWe
±¡ v�^be ­^¹eWe � b[b¦^a^_ \ ][bXWa\[ ­^a^ bYf�«¨\ fW aWebe ÂYXb^ ^
f\WY«^e�
o¡ v�^[ \ aWe�[ ^f\ \� aWe�[ ^f\e We­Wa^f\e X\_ \ �e\ f\ ][bXWa\[�

Ù¡ v�^be  »XYbX^e We ¨\ eWYf\ � b[b¦^f^e ­^a^ ^­[bX^«¨\ f\ ][bXWa\[�

²¡ v�^be ]WYWe e¨\ aW[^ ^f\e Y^ aWe­\e ^ f^ ­[^Y ^ ^\ �e\ f\ ][bXWa\[�

à¡ £^a^ ·�^be ­^ Z]WY\e \ �e\ f\ ][bXWa\[ ª\b aW[^ ^f\�

¯¡ v�^be X�[ �a^e _^be � b[b¦^_ \ ][bXWa\[ X\_\ bYf� \a fW aWebe ÂYXb^�

Ú¡ v�^[ ­a\ \X\[\ » ­a\­\e \ ­^a^ ^­[bX^«¨\ f\ ][bXWa\[�
Ø¡ v�^be _WX^Ybe_\e We a� �a^be W ³b\·�¹_bX\e e¨\ ^ee\Xb^f\e ^\ �e\ f\
][bXWa\[�
/¡ v�^be X\YXWY a^«ÖWe fW ][bXWa\[ ­^a^ �e\ X\_\ bYf� \a fW aWebe ÂYXb^�
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o¡o¡ ¢©WX�«¨\

` aWdbe¨\ X\YebfWa\� \e We �f\e aW^[b¦^f\e WY aW ¸^YWba\ fW oppØ ^

_^a«\ fW opoo ·�W aW^[b¦^a^_ ­We·�be^e W©­Wab_WY ^be X\_ ^­[bX^«¨\ fW

][bXWa\[ ­^a^ ^d^[b^a ^ bYf�«¨\ fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡

` ­^a ba f\e ­a\ \X\[\e We ^³W[WXbf\e ­^a^ W[^³\a^«¨\ f^ aWdbe¨\

ebe W_º bX^n f\be ÊÞÏÒÔNÊ fW ³�eX^ ª\a^_ X\Ye a�bf\e ³^eW^f\e Y\e XbYX\

X\_­\YWY We fW bYX[�e¨\ fWY\_bY^f\ fW ¸£À�µ¥= ¼ £\­�[^«¨\n ÀY WadWY«¨\n

�\_­^a^«¨\n �WeªWXk\ W Vb­\ fW We �f\ l¥^Y \e W  ^[¡n oppÚm lV^³W[^ om¡

V^³W[^ o® VWa_\e £À�µ¥ ­^a^ ^ <·�We ¨\= fW ­We·�be^ � b[b¦^f^ W_ �_^

aWdbe¨\ ebe W_º bX^ e\³aW ^ ^ bdbf^fW fW ][bXWa\[ X\_\ ^]WY W bYf� \a fW

aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e ­�³[bX^f\e Y\e ×[ b_\e ±² ^Y\e¡

�TUä�QpqS �s�TRQMpqS
�SVWSLTL�TU PM

WT�XNL�M

£\­�[^«¨\ £
��[ �a^e ^]a¹X\[^e

^ªW ^f^e ­\a f\WY«^e¡

ÀY WaWeeW ° ÀY WadWY«¨\ À

` bdbf^fW f\ ][bXWa\[

X\_\ ^]WY W bYf� \a fW

aWebe ÂYXb^ ^ f\WY«^e fW

­[^Y ^e ­^a^ \

_W[k\a^_WY \ ]WY» bX\

dW]W ^[¡

�\_­^a^«¨\ �

´» \f\e fW

_W[k\a^_WY \ dW]W ^[

·�W Y¨\ X\Y W_­[W_ ^

� b[b¦^«¨\ f\ ][bXWa\[¡

�WeªWXk\ µ

hWebe ÂYXb^ ^ f\WY«^e

fW ­[^Y ^e¡

Vb­\ fW We �f\ ¥
`a b]\e XbWY ¹ªbX\e W

aWdbeÖWe fW [b Wa^ �a^¡
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g\a^_ aW^[b¦^f^e ­We·�be^e W_ ³^eWe fW f^f\e X\_ \ \³¸W bd\ fW

eW[WXb\Y^a W W© a^ba ^a b]\e¡ `e ³^eWe � b[b¦^f^e ª\a^_® ­WabZfbX\e �`£¢¥

lk  ­e®°°êêê¡­Wab\fbX\e¡X^­We¡]\d¡³amn £�³´Wf �WY a^[

lk  ­e®°°êêê¡YX³b¡Y[_¡Ybk¡]\d°­_Xmn ¥­abY]Wa lk  ­e®°°[bYÕ¡e­abY]Wa¡X\_m W ¾W³

\ª ¥XbWYXW lk  ­e®°°êêê¡êW³\ªeXbWYXW¡X\_°ê\e°ê\eXX°³^ebX¼eW^aXkm¡ µ eb W

Ã\\][W ¥Xk\[^a lk  ­e® °° eXk\[^a¡]\\][W¡X\_¡³am  ^_³»_ ª\b � b[b¦^f\ ­^a^

³�eX^e¡ µe ^a·�bd\e eW[WXb\Y^f\e ª\a^_ b_­\a ^f\e W_ ª\a_^ \ jÀjÀV¢n W

´¢�À¤À¬¢ X\_­^ ¹dW[ X\_ \ e\ª ê^aW ´ÞÛÏÞ¡ ¬\e ÊÞÏÒÔNÊ fW ³�eX^ ª\a^_

� b[b¦^f\e X\YWX \aWe X\_\ <`¬�= W ��µhKK ­^a^ ^]a�­^a ­^[^da^e¼Xk^dW

ebYiYb_^e W \e  Z­bX\e ­abYXb­^be¡

�\be ÊÞÏÒÔNÊ fW ³�eX^e ª\a^_ � b[b¦^f\e® ][½XWa\[ µh <ÃÙ£= µh <][½XWa\[¼

Ù¼­k\e­k^ W= `¬� <­[^Y  aWebe ^YXW= `¬� <aWebe ^YXW bYf�X b\Y= µh <e½e W_bX

b__�Yb ½ bY ­[^Y e= µh <e½e W_bX ^X·�baWf aWebe ^YXW= `¬� <­[^Y  fbeW^eW= µh

<­[^Y  ­^ k\]WY= W ][½XWa\[ µh ÃÙ£ µh <][½XWa\[¼Ù¼­k\e­k^ W= µh <][½XWa\[

_W ^³\[be_= µh <][½XWa\[ ^­­[bX^ b\Y= `¬� ¹¹fbeW^eW aWebe ^YXW¹¹ µh ¹¹­[^Y 

aWebe ^YXW¹¹ µh ¹¹­[^Y  fbeW^eWe¹¹ \a <³b\ bXe ª^X \ae= µh <³b\ bX e aWee= `¬�

<e½e W_bX b__�Yb ½ bY ­[^Y e= µh <e½e W_bX ^X·�baWf aWebe ^YXW=æ We ^ ×[ b_^

� b[b¦^f^ ^­WY^e ­^a^ ^ ³^eW fW f^f\e êW³ \ª eXbWYXW¡ ¢_ ^_³\e \e X^e\en \

ÊÞÏÒÔN fW ­We·�be^ ª\b ­a\¸W ^f\ ­^a^ bYX[�ba �_^ ^_­[^ ]^_^ fW ^a b]\e

aW[^Xb\Y^f\e ^\ �e\ f\ ][bXWa\[ X\_\ ^]WY W bYf� \a fW aWebe ÂYXb^ ^ We aWeeWe

³bZ bX\e¡

£\e Wab\a_WY Wn ª\a^_ aW^[b¦^f^e ^e W ^­^e fW eW[W«¨\ W W© a^«¨\n ^

·�^[ ª\a^_ X\YebfWa^f\e X\_\ Xab »ab\e fW bYX[�e¨\® lÀm Va^³^[k\e ·�W

X\Y WYk^_ Y\  ¹ �[\n aWe�_\ W ­^[^da^e¼Xk^dW \e  Wa_\e f\ ÊÞÏÒÔNæ lÀm `a b]\e

·�W aWe­\Yf^_ ^e ·�We ÖWe f\ ­a\ \X\[\æ lÀm `a b]\e fW aWdbe¨\¡ �\_\ Xab »ab\e

fW W©X[�e¨\® l¢m VWeWen fbeeWa ^«ÖWen _^Y�^beæ l¢m �^­¹ �[\ fW [bda\æ l¢m

��­[bX^f\eæ l¢m g�¸^ f\  W_^æ l¢m Va^³^[k\e eW_ X\Y ab³�b«¨\ X[^a^æ l¢m

Va^³^[k\e Y¨\ WeXab \e W_ bY][Âe¡

o¡Ù¡ ¥�_^ab¦^«¨\

¢e ^ W ^­^ X\Yebe b� Y\ fWeWYd\[db_WY \ fW ]aºªbX\en  ^³W[^e W Y�dW_

fW ­^[^da^e¡ µe ]aºªbX\e fW ³^aa^ ª\a^_ Xab^f\e Y\ ­a\]a^_^ We ^ ¹e bX\ h

� b[b¦^Yf\ \e ­^X\ We NNËÐÉÞº W NNËßÜÏ lh �µh¢ �¢:¢¤µ£´¢¬V V¢`´n

op±¯m W fWdbf\ ¶ ·�^Y bf^fW fW ^a b]\en \e f^f\e ª\a^_ W©­\e \e W_ Y×_Wa\e
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W Y¨\ W_ ­\aXWY ^]W_¡ µ _^­^ ³b³[b\_» abX\ ª\b ]Wa^f\ Y\ ­a\]a^_^

:µ¥dbWêWa»±¡¯¡±Ú l:^Y W ¾^[ _^Y W  ^[¡ op±pm¡ `e  ^³W[^e ª\a^_ Xab^f^e ­^a^

W©b³ba \e aWe�[ ^f\e f\e _WX^Ybe_\e ^ bd\e ­W[\ �e\ f\ ][bXWa\[n ^e ª\a_^e fW

^­[bX^«¨\ f\ ][bXWa\[ W aWe�[ ^f\e \³ bf\e \� We­Wa^f\e X\_ \ �e\ f\ ][bXWa\[¡

c_^ Y�dW_ fW ­^[^da^e X\_ ]WYWe W©­aWee\e W_ aWe­\e ^ ^\ �e\ f\ ][bXWa\[

ª\b X\Ye a�¹f^ W_ �_ ]Wa^f\a \Y[bYW ]a^ �b \n fbe­\Y¹dW[ Y\ [bYÕ ¼

k  ­e®°°êêê¡ê\afX[\�fe¡X\_°½¡

UÅ ����
����� � ���������

Ù¡±¡ £We·�be^ Y\e ³^YX\e fW f^f\e

`e ³�eX^e aW^[b¦^f^e W_ XbYX\ ³^eWe fW f^f\e ]Wa^a^_ �_  \ ^[ fW

o¡ÙÚ² ^a b]\e ­�³[bX^f\e WY aW ¸^YWba\ fW oppØ ^ _^a«\ fW opoo¡ ¬\ eb W

Ã\\][W `X^fÂ_bX\ ª\a^_ WYX\Y a^f\e //Ú We �f\en Y^e ³^eWe ^X^fÂ_bX^e

¥­abY]Wa ²ÚÙn £�³ ´Wf XWY a^[ ²²àn £WabZfbX\e f^ �^­We ²±¯ W Y^ êW³ \ª

¥XbWYXWn WYX\Y a^f\e ²p¡ `[»_ fbee\n  aÂe We �f\e ·�W Y¨\ ª\a^_ X^­ ^f\e

X\_ \ ÊÞÏÒÔNn ª\a^_ ^fbXb\Y^f\e _^Y�^[_WY W lgb]�a^ ±m¡
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gb]�a^ ±¡ �b^]a^_^ fW ª[�©\ £hÀ¥´` X\_ \ ­a\XWee\ fW  ab^]W_ f\e ^a b]\e

eW[WXb\Y^f\e ­^a^ aWdbe¨\ ebe W_º bX^ e\³aW �e\ f\ ][bXWa\[ X\_\ bYf� \a fW

aWebe ÂYXb^ ^ f\WY«^e W_ ­[^Y ^e¡

¬^ ­ab_Wba^ W ^­^ fW eW[W«¨\* ª\a^_ W©X[�¹f\e ¯Ú± We �f\e f�­[bX^f\e W

±¡¯±² ^­Ze ^ [Wb �a^ f\e aWe�_\e W ­^[^da^e¼Xk^dW ­\a Y¨\ We ^aW_ fW ^X\af\

X\_ \e Xab »ab\e fW bYX[�e¨\¡ ¬^ W ^­^ fW W© a^«¨\n Ø/ ^a b]\e ª\a^_

^Y^[be^f\e* W ^­Ze [Wb �a^ f\e ^a b]\e ­\a X\_­[W \n Ú/ ª\a^_ W©X[�¹f\e ­\a Y¨\

^ WYfWaW_ ^\e Xab »ab\e fW bYX[�e¨\¡ �Wee^ ª\a_^n ª\a^_ ^XWb \e ±p ^a b]\e

­^a^ X\_­\a ^ aWdbe¨\ ebe W_º bX^ lgb]�a^ ±mn eWYf\ Ù bYeWabf\e _^Y�^[_WY W¡

£^a^ ªbYe fW X\Ye�[ ^n \e _^Y�eXab \e ª\a^_ ^a_^¦WY^f\e W_ _^ Wab^[

e�­[W_WY ^a l ¾¿¿ÀÁÂÃÃÄÅÆÇÅÈÉÃÊËÇÌÍÎÊÃÏÐÑÅÄÅÇÊËÌÍÒÌÓÊm¡

c_ _^­^ ³b³[b\_» abX\ ª\b Xab^f\ X\_ ­^[^da^e¼Xk^dW f\e ^a b]\e

eW[WXb\Y^f\e Y^ W ^­^ fW W© a^«¨\¡ ¢e ^ h¥ \³¸W bd\� WYX\Y a^a ^a b]\e ·�W

 bdWeeW_ We �f^f\ ^ ^­[bX^«¨\ f\ ][bXWa\[ ­^a^ bYf�«¨\ fW aWebe ÂYXb^ ^

f\WY«^e fW ­[^Y ^e¡ ` _^b\a ªaW·�ÂYXb^ fW We �f\e ]Wa^f\e ª\b WY aW \ ^Y\ fW

oppØ ^ opoo lgb]�a^ om¡

gb]�a^ o¡ ´^­^ ³b³[b\_» abX\ fW ­^[^da^e f\e ^a b]\e eW[WXb\Y^f\e e\³aW �e\ f\

][bXWa\[ X\_\ bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e Y\e ^Y\e oppØ ^

opoo¡
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µe  Wa_\e ºXbf\ e^[bX¹[bX\n e^[bXb[^ \ fW _W b[^ W ][bXWa\[¼Ù¼ª\eª^ \ ª\a^_

\e _^be ªaW·�WY Wen We bdWa^_ aW[^Xb\Y^f\e ^\ ºXbf\ ^¦^[^bX\n ^X×_�[\n ]WYWe

W aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^æ ^[»_ fbee\ We bdWa^_ aW[^Xb\Y^f\e ^\e

 Wa_\e ^­[bX^«¨\ fW ][bXWa\[n ºXbf\ \[WbX\ W `a^³bf\­ebe eebo _� ^Y W¡

Ù¡o¡ ¤\X^be fW We �f\

` _^b\a ­^a W f\e We �f\e ª\b aW^[b¦^f^ Y\e ¢e ^f\e cYbf\e làmn eW]�bf\

f^ �kbY^ W ¿^­¨\n ·�W  bdWa^_ f\be ^a b]\e ­�³[bX^f\e e\³aW \ �e\ f\ ][bXWa\[

X\_\ bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e¡ ¬\ ja^eb[ ª\b WYX\Y a^f\ ^­WY^e �_

We �f\ lgb]�a^ Ùm¡

gb]�a^ Ù¡ £^¹eWe ·�W aW^[b¦^a^_ We �f\e X\_ ][bXWa\[ X\_\ bYf� \a fW

aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡

Ù¡Ù¡ ��[ �a^e � b[b¦^f^e

�WY aW ^e X�[ �a^e _^be � b[b¦^f^en ^ ­[^Y ^ _\fW[\n ÛÏÍÜÒÝÉËÊÒÊ ÞÌÍÐÒÍÔÍn

\³ WdW \ _^b\a Y×_Wa\ fW ^a b]\e l²mn  \f\e fWeWYd\[dbf\e Y\e ¢e ^f\e

cYbf\en eW]�bf\ f\  ab]\ W e\¸^ lom¡ µ X^ªWWba\n ^aa\¦ W X^X^�  ^_³»_ ª\a^_

­a\f� \aWe fW X\YkWXb_WY \ e\³aW ^ � b[b¦^«¨\ f\ ][bXWa\[ X\_\ bYf� \a fW

aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e lgb]�a^ ²m¡
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gb]�a^ ²¡ ��[ �a^e � b[b¦^f^e W_ We �f\e XbWY ¹ªbX\e ·�W aWXW³Wa^_ ^­[bX^«¨\ fW

][bXWa\[ ­^a^ ^d^[b^a ^ bYf�«¨\ fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡

Ù¡²¡ £^ Z]WY\e We �f^f\e

¢Y aW \e ­^ Z]WY\e _^be We �f^f\en PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎ �� Ùpppn

X^�e^f\a^ f^ _^YXk^ ³^X Wab^Y^ W_ Ûç ÞÌÍÐÒÍÔÍ W  \_^ Wn  WdW _^b\a Y×_Wa\

fW ^a b]\e l²mn eW]�bf\ ­W[\ ­^ Z]WY\ ÔÐß;ÎÏÒÍ NÏÍ;ÒÔÒÊ ª¡ e­¡  ab bXb lomn

X^�e^f\a f\ \¹fb\¡ µe ­^ Z]WY\e PÌÇÞÉËÌÞÌÉÏÍ ÊÉÓÍÎn PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒn

SÎ;ÒÐÎÒÍ OÍÊÞÍÞÏÒDn ÕÍÔÞÌÉ;ÉÔÍÊ ÉÏÇLÍÎ ­d¡ µa½¦^Wn ÆÍNÔÍËÉÏÞÌÎ NÏÒÊÎÍn

ÔÏßÊÉÔÎ ÈÉÐÐÎÞÉÞÏÒÈÌß;n d¹a�e f^ XabYÕ[W f\ Y^³\ W SÇÍÐÉËÎÏÉÔÉÊËÉÏÍn  ^_³»_

ª\a^_  We ^f\e X\_ \ ][bXWa\[ lgb]�a^ àm¡



F?

gb]�a^ à¡ £^ Z]WY\e _^be � b[b¦^f\e ­^a^ ^d^[b^a ^ aWebe ÂYXb^ bYf�¦bf^ W_

We �f\e X\_ ][bXWa\[ X\_\ bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡

Ù¡à¡ �\YXWY a^«ÖWe � b[b¦^f^e

g\a^_ � b[b¦^f^e fbªWaWY We X\YXWY a^«ÖWe fW ][bXWa\[ ­^a^ bYf�«¨\ fW

aWebe ÂYXb^ Y\e ^a b]\e eW[WXb\Y^f\e¡ v�^ a\ fW[We � b[b¦^a^_ ^­WY^e �_^ ×YbX^

X\YXWY a^«¨\ eWYf\ Ùán ±á W pn²¯áæ ^ ×[ b_^ � b[b¦^f^ W_ f\be  a^³^[k\e¡ µe

fW_^be ^a b]\e � b[b¦^a^_ ^ ­^a ba fW f�^e X\YXWY a^«ÖWe fW ][bXWa\[ ·�W

d^ab^a^_ fW pnpp² ^ /no±á lgb]�a^ ¯m¡



FF

gb]�a^ ¯¡ gaW·�ÂYXb^ f^e X\YXWY a^«ÖWe fW ][bXWa\[ � b[b¦^f^e W_ We �f\e X\_

][bXWa\[ X\_\ ^]WY W bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e W_ ­[^Y ^e¡

Ù¡¯¡ V»XYbX^e � b[b¦^f^e

�WY aW ^e  »XYbX^e � b[b¦^f^e ­^a^ ^­[bX^«¨\ f\ ][bXWa\[n ^ ­�[dWab¦^«¨\

lX\_ �e\ fW aWXb­bWY W Y¨\ bYª\a_^f\m \³ WdW _^b\a ªaW·�ÂYXb^ lØ  a^³^[k\em

lV^³W[^ Ùm¡ µ� a^ ª\a_^ fW ^­[bX^«¨\ � b[b¦^f^ ª\b ^ b_Wae¨\ Y^ ·�^[ ª\[k^e

ª\a^_ b_Wae^e W_ e\[�«¨\ fW ±pp _¤ ­\a ±pe ^ X^f^ o² k ­\a  aÂe fb^e

X\YeWX� bd\e¡

V^³W[^ Ù¡ V»XYbX^e � b[b¦^f^e ­^a^ ^­[bX^«¨\ f\ ][bXWa\[ W_ We �f\e e\³aW ^

� b[b¦^«¨\ f\ ][bXWa\[ X\_\ ^]WY W bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡

�ToT�{LäQMU �}äLQäMU N�QOQzMPMU ��S�SäSOSU

¤b W  ^[¡ lopopm £�[dWab¦^«¨\ ¤b W  ^[¡ lopopm

Ã^¦\[[^ W  ^[¡ lop±/m ¬¨\ bYª\a_^f^ Ã^¦\[[^ W  ^[¡ lop±/m

¤b W  ^[¡ lop±¯m £�[dWab¦^«¨\ ¤b W  ^[¡ lop±¯m

6k^Y] W  ^[¡ lop±àm À_Wae¨\ 6k^Y] W  ^[¡ lop±àm

´WYfW[ W  ^[¡ lop±om £�[dWab¦^«¨\ ´WYfW[ W  ^[¡ lop±om

�k^Yf^ W  ^[¡ lop±±m £�[dWab¦^«¨\ �k^Yf^ W  ^[¡ lop±±m

¿b^Y] W  ^[¡ lopp/m £�[dWab¦^«¨\ â^Xk\\ W  ^[¡ loppØm

:WY�]\­^[ W  ^[¡ lopp/m £�[dWab¦^«¨\ :WY�]\­^[ W  ^[¡ lopp/m

�k^Yf^ W  ^[¡ loppØm £�[dWab¦^«¨\ �k^Yf^ W  ^[¡ loppØm

â^Xk\\ W  ^[¡ loppØm £�[dWab¦^«¨\ â^Xk\\ W  ^[¡ loppØm

Ù¡Ú¡ hWe�[ ^f\e \³eWad^f\e

` V^³W[^ ² _\e a^ \e aWe�[ ^f\e \³eWad^f\e X\_ \ �e\ f\ ][bXWa\[ ­^a^ bYf�¦ba

aWebe ÂYXb^n eWYf\ \e WªWb \e eW_W[k^Y We WY aW ebn X\_\ aWf�«¨\ fW [WeÖWe f^e

f\WY«^en _\a W XW[�[^a ­a\]a^_^f^n ^�_WY \ f^ _\[»X�[^ ÃÙ£n fb_bY�b«¨\ f\

ºXbf\ \[WbX\ ±Ø®± W W©­aWee¨\ fW ]WYWe¡

V^³W[^ ²¡ hWe�[ ^f\e \³ bf\e W_ We �f\e e\³aW ^ � b[b¦^«¨\ f\ ][bXWa\[ X\_\

^]WY W bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡



FJ

�ToT�{LäQMU �TUNO�MPSU SsUT�RMPSU

¤b W  ^[¡ lopopm
`�_WY \ f\e Y¹dWbe fW ¿` W ¥`n aWf�«¨\ f\ Y¹dW[ fW À`` W
bYf�«¨\ fW £h ­a\ W¹Y^e¡

Ã^¦\[[^ W  ^[¡
lop±/m

´WY\a ­\aXWY ^]W_ fW [WeÖWe¡

¤b W  ^[¡ lop±¯m
`[ Wa^«ÖWe Y^ W©­aWee¨\ fW ]WYWe ^ee\Xb^f\e ¶e db^e f\
][bXWa\[ W f\e ºXbf\e ]a^©\eæ ^�_WY \ f\ ÃÙ£¡

6k^Y] W  ^[¡
lop±àm

`�_WY \ Y\e Y¹dWbe WYfZ]WY\e fW ÃÙ£n hµ¥n  W\a fW
_^[\Yfb^[fW¹f\ l´�`m W fb_bY�b«¨\ Y\e Y¹dWbe fW ºXbf\
\[WbX\¡

´WYfW[ W  ^[¡
lop±om

hWf�«¨\ f\e Y¹dWbe fW ±Ø®± W bYf�«¨\ f\ ^X×_�[\ fW Z©bf\
Y¹ abX\ Y\e X[\a\­[^e \e fW ­[^Y ^e �\[¼p¡

�k^Yf^ W  ^[¡
lop±±m

µ ][bXWa\[ ª\b bYX^­^¦ fW bYf�¦ba ¥`h W_ ­[^Y ^e ][b±¡

¿b^Y] W  ^[¡
lopp/m

`�_WY \ f^ aWebe ÂYXb^ ¶e f\WY«^e ÆÍNÔÍËÉÏÞÌÎ NÏÒÊÎÍ W
ÕÍÔÞÌÉ;ÉÔÍÊ ÉÏÇLÍÎ ­d¡ \a½¦^W¡

:WY�]\­^[ W  ^[¡
lopp/m

hWf�«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ ±ØÖ±¡

�k^Yf^ W  ^[¡
loppØm

`�_WY \ fW ÃÙ£¡ ´^b\a aWebe ÂYXb^ W_ ^_³\e \e  b­\e
eW[d^]W_ W ][½± fW ­[^Y ^e ÛÏÍÜÒÝÉËÊÒÊ ÞÌÍÐÒÍÔÍ¡
¡

â^Xk\\ W  ^[¡
loppØm

`­^aWXb_WY \ fW [WeÖWe eW_W[k^Y We ^ X»[�[^e _\a ^e
dbe¹dWbe W _bXa\eXZ­bX^e Y^e ª\[k^e  a^ ^f^e¡

c_^ Y�dW_ fW ­^[^da^e X\_ \e ]WYWe aW[^Xb\Y^f\e ¶ aWebe ÂYXb^ fW

­[^Y ^e � b[b¦^Yf\ \ ][bXWa\[ ª\b W[^³\a^f^ lgb]�a^ Úm¡ µe ]WYWe W©­aWee\e _^be

aW[^ ^f\e W_ aWe­\e ^ ^\ ][bXWa\[ ª\a^_ £h¼±n �ãÀ±n V`£h¼±n £h¼àn ¥�`´¼àn

cf­¼][bX\eb[ a^YeªWa^eWn ·�b bY^eW¼±n ¤µnn WY aW \� a\e¡



FQ

gb]�a^ Ú¡ ¬�dW_ fW ­^[^da^e fW ]WYWe fW aWebe ÂYXb^ WYX\Y a^f\e W_ We �f\e

·�W � b[b¦^a^_ ][bXWa\[ X\_\ ^]WY W bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW

­[^Y ^e¡

�WY aW \e _WX^Ybe_\e We a� �a^be W ³b\·�¹_bX\e aW[^ ^f\e ­W[\ �e\ f\

][bXWa\[ We º ^ fb_bY�b«¨\ Y\e Y¹dWbe fW ºXbf\ \[WbX\ W \ ^�_WY \ f\ ][bXWa\[¼Ù¼

ª\eª^ \n \ ·�W aWe�[ \� Y\ ^�_WY \ f^ aWebe ÂYXb^ X\_ ^ bdbf^fW fW W©­aWee¨\

]ÂYbX^ lV^³W[^ àm¡

V^³W[^ à¡ ´WX^Ybe_\e We a� �a^be W ³b\·�¹_bX\e ^ee\Xb^f\e ^\ �e\ f\ ][bXWa\[

X\_\ ^]WY W bYf� \a fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡



FT

�ToT�{LäQMU �TäMLQUVSU TU��N�N�MQU T sQStNmVQäSU

¤b W  ^[¡ lopopm
´W ^³\[be_\ fW ºXbf\e ]a^©\e dW]W ^ben Xa\ee ^[Õ
fW k\a_iYb\e W bYf�«¨\ fW ]WYWe aW[^Xb\Y^f\e ¶
­^ \]ÂYWeW¡

Ã^¦\[[^ W  ^[¡ lop±/m
´WX^Ybe_\ fW aWebe ÂYXb^ fW­WYfWY W fW ][bXWa\[¼
Ù£¡

¤b W  ^[¡ lop±¯m
´\[»X�[^e ebY^[b¦^f\a^e® ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£m W
ºXbf\ \[WbX\ ±Ø®±æ W We­»XbWe aW^ bd^e fW \©b]ÂYb\
lhµ¥m¡

6k^Y] W  ^[¡ lop±àm :b^ fW ebY^[b¦^«¨\ fW fWªWe^ _Wfb^f^ ­\a ±Ø®±¡

´WYfW[ W  ^[¡ lop±om
`�_WY \ f\e Y¹dWbe WYfZ]WY\e fW ÃÙ£n fb_bY�b«¨\
fW ±Ø®± W ªWYZ b­\e eW_W[k^Y We ^ eebo W_ ­[^Y ^e
f\ X\Y a\[W

�k^Yf^ W  ^[¡ lop±±m
µ ][bXWa\[ ª\b bYX^­^¦ fW bYf�¦ba ¥`h W_ ­[^Y ^e
][b±¡

¿b^Y] W  ^[¡ lopp/m hWf�«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ ±Ø®±¡

:WY�]\­^[ W  ^[¡ lopp/m hWf�«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ ±Ø®±¡

�k^Yf^ W  ^[¡ loppØm `�_WY \ fW ÃÙ£¡

â^Xk\\ W  ^[¡ loppØm hWf�«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ ±Ø®±¡

=Å �QUäNUUqS

²¡±¡ £We·�be^ Y\e ³^YX\e fW f^f\e

` aWdbe¨\ X\YebfWa\� \e We �f\e aW^[b¦^f\e WY aW ¸^YWba\ fW oppØ ^

_^a«\ fW opoo ·�W aW^[b¦^a^_ ­We·�be^e W©­Wab_WY ^be X\_ ^­[bX^«¨\ fW

][bXWa\[ ­^a^ ^d^[b^a ^ bYf�«¨\ fW aWebe ÂYXb^ ^ f\WY«^e fW ­[^Y ^e¡ E

b_­\a ^Y W fWe ^X^a ·�W ^ » \ _\_WY \ Y¨\ ª\a^_ WYX\Y a^f^e aWdbeÖWe fW

[b Wa^ �a^ W YW_ aWdbeÖWe ebe W_º bX^e e\³aW \ ][bXWa\[ X\_\ _\[»X�[^ bYf� \a^

fW aWebe ÂYXb^ ^ f\WY«^eæ ª^ \ ·�W aWª\a«^ ^ b_­\a 8YXb^ fWe ^ aWdbe¨\

ebe W_º bX^ e\³aW \  W_^¡

g\a^_ eW[WXb\Y^f\e o¡ÙÚ²  a^³^[k\e ^ ­^a ba f\ �e\ f\e e abY]e Y^e

³^eWe fW f^f\e¡ �WeeWe eW[WXb\Y^f\en o¡oØà ª\a^_ W©X[�¹f\e ­\a Y¨\ We ^aW_

fW ^X\af\ X\_ \ ­a\ \X\[\ ­a\­\e \ \� ­\a eWaW_ f�­[bX^f\e¡ ¬^ W ^­^ fW

W© a^«¨\n Ø/ ^a b]\e ª\a^_ ^XWb \en W WY aW W[Wen ^­WY^e ±p ^a b]\e ª\a^_

X\YebfWa^f\e aW[Wd^Y Wen ­\ben aWe­\YfWa^_ ¶e ­Wa]�Y ^e f\ ­a\ \X\[\¡

ã\�dW _�b \e ^a b]\e Xb ^Yf\ ^ ­^[^da^ ][bXWa\[ fWdbf\ ¶ ­aWeWY«^ f^

_\[»X�[^ ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£m ·�W  ^_³»_ ­^a bXb­^ f^ db^ fW bYf�«¨\ fW

aWebe ÂYXb^ ­a\f�¦bf^ Y^ �a^[_WY W ­W[^ ­[^Y ^¡ `[»_ f^ _\[»X�[^ Xb ^f^n



Fx

_�b \e We �f\e X\Y bYk^_ W_ eW�  ¹ �[\n aWe�_\ \� ­^[^da^e¼Xk^dWn  Wa_\e

·�W X\Y bYk^_ Y\e ÊÞÏÒÔNÊ X\_\ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^n f\WY«^e fW

­[^Y ^e W bYf�«¨\ fW aWebe ÂYXb^¡ ¢ee^e e¨\ ­^[^da^e¼Xk^dW _�b \ � b[b¦^f^e

·�^Yf\ eW  a^³^[k^ X\_ aWebe ÂYXb^ W_ ­[^Y ^e¡

²¡o¡ ¤\X^be fW We �f\n X�[ �a^e W k\e­WfWba\e f\ We �f\

µ ][bXWa\[ X\_\ bYf� \a fW aWebe ÂYXb^ ª\b ³^e ^Y W We �f^f\ Y\e ¢e ^f\e

cYbf\e f^ `_»abX^ là We �f\emæ ^ _^b\ab^ � b[b¦\� \ _We_\ ^]WY W

ªb \­^ \]ÂYbX\n PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎn W ^ ­[^Y ^ _\fW[\n ÛÏÍÜÒÝÉËÊÒÊ

ÞÌÍÐÒÍÔÍ¡ ` ³^X »ab^ Pç ÊÇÏÒÔNÍÎ ­\fW bYªWX ^a fbªWaWY We  b­\e fW X�[ �a^en

eWYf\ X\Ye b �¹f^ fW fbªWaWY We ­^ \d^aWen \ ·�W W©­[bX^ \ XaWeXWY W �e\ fW

][bXWa\[ Y^  WY ^ bd^ fW bYf�¦ba aWebe ÂYXb^ W_ ­[^Y ^e X\Y a^ We W ­^ Z]WY\

lnÀ¬n â:ÀVâµ W ã¢n op±Øm¡ `[»_ fbee\n ª\b  ^_³»_ We �f^f\ \ �e\ f\ ][bXWa\[

Y\ ­^ \eeb W_^ ³ÌÎÉÜÏÉ;Í ÈÍÈÍÉ © PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒ¡ µ X^X^�Wba\ » �_^

X�[ �a^ X\_WaXb^[_WY W b_­\a ^Y W ­\a e�^ d^e ^ ª�YXb\Y^[bf^fWn ^[»_ fW eWa ^

­abYXb­^[ _^ »ab^¼­ab_^ f\ Xk\X\[^ W l¥`¤¤¢¥ W  ^[¡n op±/m¡

` X�[ �a^ _^be We �f^f^ � b[b¦^Yf\ ][bXWa\[ X\_\ bYf� \a fW aWebe ÂYXb^ ^

­^ Z]WY\e Y\e ×[ b_\e ±² ^Y\en ª\b ^ ­[^Y ^ _\fW[\ Ûç ÞÌÍÐÒÍÔÍ l² ^a b]\em¡ µ

ª\X\ f\e ^a b]\e X\_ We ^ ­[^Y ^n We º Y\ ª^ \ f^ _We_^ ­\ee�ba �_ XbX[\ fW

dbf^ X�a \ leWbe eW_^Y^em¡ Àee\ ª^Xb[b ^ eW� �e\ W_ ­We·�be^e Y^ ºaW^ f^

]WY» bX^n ³b\·�¹_bX^ W f^ ªbeb\[\]b^n ^¸�f^Yf\ Y\ fWeWYd\[db_WY \ fW X�[ bd^aWe

aWebe WY Wen ^f^­ ^f^e W ­a\f� bd^en ­\a _Wb\ f^  a^YeªWaÂYXb^ f\

X\YkWXb_WY \ ]Wa^f\ ­^a^ ^e fW_^be X�[ �a^e fW bY WaWeeW ^[b_WY ^a

l£hµ:`hV W  ^[¡n op±¯æ �ã¢¬Ã W  ^[¡n op±Úm¡

À_­\a ^Y We X�[ �a^e ^[b_WY ¹Xb^e X\_\ \ ^aa\¦n  ab]\ W e\¸^n  ^_³»_

ª\a^_ We �f^f^e ·�^Y \ ^ e�^ aWebe ÂYXb^ ^ ­^ Z]WY\e Y^ ­aWeWY«^ f\ ][bXWa\[¡

µ ^aa\¦ » X�[ bd^f\ e\³ X\Yfb«ÖWe fW eW·�Wba\ W_ dºab^e ¦\Y^e ^]a\X[b_º bX^e

W We º e�¸Wb \ ^ dºab\e We aWeeWe ³bZ bX\e ·�W fWeWYX^fWb^_ �_^ e»abW fW

aWe­\e ^e _\aª\ªbeb\[Z]bX^e W _\[WX�[^aWe ·�W ^ªW ^_ YW]^ bd^_WY W \

XaWeXb_WY \ W \ fWeWYd\[db_WY \ Wn X\YeW·�WY W_WY Wn \ ­\ WYXb^[ fW

aWYfb_WY \ lÀ¥´`À¤ W ãµhÀ¢n op±Úm¡ £\a ^Y \n Weª\a«\e ][\³^be ­^a^ eW �e^a

bY WadWY«ÖWe X\YdWYXb\Y^be W°\� ³b\ WXY\[Z]bX^e ­^a^ ­a\¸W ^a ^[]�_^e f^e

X^a^X Wa¹e bX^e fW aWe­\e ^e ^\ We aWeeW ­\a ­^ Z]WY\en e¨\ \³eWad^f\e¡ `

e\¸^  ^_³»_ ­\ee�b ]a^YfW d^[\a WX\Yi_bX\n Y¨\ eZ Y^ ^[b_WY ^«¨\ k�_^Y^n



F�

_^e  ^_³»_ ^Yb_^[n ­\fWYf\ ­a\f�¦ba ­a\f� \e X\_\ Z[W\n [Wb Wn ­a\ W¹Y^

dW]W ^[n ³b\X\_³�e ¹dWben fWY aW \� a\e l¥À¤:` W  ^[¡n opo±m¡

`[»_ f\e ¢e ^f\e cYbf\en ^ �kbY^ W \ ¿^­¨\ ­a\f�¦ba^_ f\be  a^³^[k\e

X^f^¡ ¬^ �kbY^n ^e ­We·�be^e ª\a^_ fWeWYd\[dbf^e X\_ \ ­^ Z]WY\ ÔÐß;ÎÏÒÍ

NÏÍ;ÒÔÒÊ ªe­¡  ab bXb X\_ bY Wad^[\ fW ·�^ a\ ^Y\e WY aW \e We �f\en X\_ ^ X�[ �a^

f\  ab]\¡ µ  ab]\ » �_ f\e XWaW^be _^be b_­\a ^Y We Y\ _�Yf\ ­\a eWa �_^ f^e

­abYXb­^be ª\Y We f^ ^[b_WY ^«¨\ k�_^Y^¡ `[»_ f\ \¹fb\n ^ X�[ �a^ » ^ªW ^f^ fW

ª\a_^ eWdWa^ ­\a PßÈÈÒÔÒÍ ÊÞÏÒÒÑÉÏ;ÒÊn ^ ªWaa�]W_ [be a^f^n \� ªWaa�]W_ ^_^aW[^

f\  ab]\ l�ã¢¬n opopm¡

µe We �f\e aW^[b¦^f\e Y\ ¿^­¨\ ª\a^_ X\_ ^e X�[ �a^e f^ e\¸^ W f\

^aa\¦æ ­abYXb­^be ^[b_WY \e ·�W ª^¦W_ ­^a W f^ ^[b_WY ^«¨\ fW k�_^Y\e W

^Yb_^be l´` W  ^[¡ op±Ùm¡ ¬^ X�[ �a^ f\ ^aa\¦ ª\a^_ We �f^f\e \e ­^ Z]WY\e

ÆÍNÔÍËÉÏÞÌÎ NÏÒÊÎÍ la^«^ ppÚ¡pm W ÕÍÔÞÌÉ;ÉÔÍÊ ÉÏÇLÍÎ lXW­^ VÚ±Ú²mn W Y^

X�[ �a^ f^ e\¸^n PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎ �� Ùppp¡

µ X^ªWWba\n X�[ �a^ We �f^f^ Y\ ja^eb[ ·�^Y \ ^\ �e\ f\ ][bXWa\[n » �_^e

f^e ­ab_Wba^e ­[^Y ^e X�[ bd^f^e W_ aW]bÖWe ³a^eb[Wba^e¡ ` X�[ �a^ ]^Yk\�

fWe ^·�W _�Yfb^[_WY Wn eWYf\ X�[ bd^f^ X\_ \ ­a\­Zeb \ fW W©­\a ^«¨\ ­\a

dºab\e ­^¹eWen  \aY^Yf\¼eW WeeWYXb^[ ­^a^ ª^_¹[b^e ­a\f� \a^e l�`h:`¤ãµ W 

^[¡ op±Úm¡

²¡Ù¡ �\eWe W X\YXWY a^«ÖWe fW ][bXWa\[

`e f\eWe fW ][bXWa\[ _^be WªbXbWY We Y\e We �f\e fW bYf�«¨\ fW

aWebe ÂYXb^ ª\a^_ aW[^ ^f^e ­\a 6k^Y] W  ^[¡ lop±àmn ¤b W  ^[¡ lop±¯m W Ã^¦\[[^ W 

^[¡ lop±/m Y^ X�[ �a^ f\ X^X^�Wba\n  ab]\ W X^ªWWba\n aWe­WX bd^_WY W¡ `e f\eWe

fW pn/o W Ùá bYf�¦ba^_ aWebe ÂYXb^ Y^e ­[^Y ^en fWb©^Yf\ X[^a\ ·�W X^f^

X�[ �a^ bYªWX ^f^ ­\a ­^ Z]WY\e fbªWaWY Wen aWe­\YfW_ fW ª\a_^e d^ab^f^e ¶e

X\YXWY a^«ÖWe � b[b¦^f^e¡ `\ X\_­^a^a \e aWe�[ ^f\e f\e  a^³^[k\en ­\fW¼eW

X\YebfWa^a ^ f\eW fW Ùá X\_\ ^ _^be WªbXbWY W ^ eWa �e^f^n bYX[�ebdW W_

 a^³^[k\e ª� �a\e fWdbf\ ¶ e�^ ^[ ^  ^©^ fW bYf�«¨\ fW aWebe ÂYXb^ W ³^b©^

 \©bfW¦ W_ ­[^Y ^e We �f^f^e ^ » \ _\_WY \ l¤À W  ^[¡n op±¯æ ¤À W  ^[¡n opop W

Ã`6µ¤¤` W  ^[¡n op±/m¡

`[»_ f\ ][bXWa\[n k\�dW  ^_³»_ ^ � b[b¦^«¨\ f\ ­a\f� \ ªb©^f\a ¥b[êW   ¤¼

ÚÚ¡ ¢e W ­a\f� \ » � b[b¦^f\ X\_\ �_^ ª\a_^ fW ^fWebd\ ­^a^ ·�W \ ­a\f� \ fW
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bY WaWeeW ­\ee^ ^fWaba _W[k\a ¶ ­[^Y ^n X\Y ab³�bYf\ ­^a^ �_^ _W[k\a

^³e\a«¨\¡ `e X\YXWY a^«ÖWe fWeeW ­a\f� \ ª\a^_ fW pnpo W pnp²á¡ �k^Yf^ W 

^[¡ loppØmn �k^Yf^ W  ^[¡ lop±±mn ´^YfW[ W  ^[¡ lop±om W :WY�]\­^[ W  ^[¡ lopp/mn

Y¨\ � b[b¦^a^_ \ ­a\f� \ ªb©^f\a W_ eW�e We �f\e lV^³W[^ Ùm¡

:be \ ·�W Y^ _^b\ab^ f\e  a^³^[k\e aW^[b¦\�¼eW ^ ^­[bX^«¨\ f\ ][bXWa\[

X\_ ^fb«¨\ fW ¥b[êW   ¤¼ÚÚn e�^ WªbXbÂYXb^ Y¨\ ª\b aW[^Xb\Y^f^ ^\ �e\ f\

­a\f� \n Y¨\ ­\fWYf\ ^ªba_^a ·�W eW_ \ ¥b[êW   ¤¼ÚÚ ^ bYf�«¨\ fW aWebe ÂYXb^

eWab^ X\YebfWa^f^ _WY\a¡ `e X\YXWY a^«ÖWe fW ][bXWa\[ Y^ _^b\ab^ f\e

 a^³^[k\e Y¨\ ª\a^_ fWªbYbf^e W_ ­\aXWY ^]W_n We ^d^_ W_ _b[b_\[^a l_´m W

W_ _bXa\_\[^a l�´mn _^e YWe ^ aWdbe¨\ ebe W_º bX^ ª\a^_  a^Yeª\a_^f^e W_

­\aXWY ^]W_ ­\a ·�We ¨\ fW �Ybª\a_bf^fW W ­^fa\Yb¦^«¨\¡

�^e bY×_Wa^e X\YXWY a^«ÖWe � b[b¦^f^en ^e X\YXWY a^«ÖWe fW o¼²á

ª\a^_ ^e ·�W _^be eW fWe ^X^a^_¡ Ã^¦\[[^ W  ^[¡ lop±/m � b[b¦^Yf\ ± W Ùá

X\YeW]�ba^_ \³ Wa _W[k\aWe aWe�[ ^f\e Y^ X\YXWY a^«¨\ fW Ùán  \aY^Yf\

­[^Y ^e e�eXW ¹dWbe fW X^ªWWba\ X^­^¦We fW Xab^a aWebe ÂYXb^ ¶ ªWaa�]W_

lSÎ;ÒÐÎÒÍ OÍÊÞÍÞÏÒDm¡

c b[b¦^Yf\ f\eWe fW ][bXWa\[ fW ±¼²á W_ ­[^Y ^e fW  ab]\ Y^ ª^eW fW

­[8Y �[^ W ^f�[ ^n ª\b ­\ee¹dW[ \³eWad^a ·�W ·�^Y \ _^b\a ^ f\eWn _^b\a \ ]a^�

fW aWebe ÂYXb^n _^e X\_ ^ f\eW _^be ^[ ^n k\�dW ^_^aW[WXb_WY \ f^e ­\Y ^e

f^e ª\[k^en \ ·�W [Wd\� ^ eW X\YebfWa^a ^ _W[k\a f\eW \  a^ ^_WY \ fW Ùá¡

�\_ bee\n e\_WY W ^ f\eW fW Ùá ª\b � b[b¦^f^ ^Y We W fW­\be f^ bY\X�[^«¨\ W_

W©­Wab_WY \e ­\e Wab\aWe¡ µ _\_WY \ f^ ^­[bX^«¨\ ·�W aWe�[ \� W_ _^b\a

aWebe ÂYXb^ ª\b ±¼o fb^e ^Y We f^ bY\X�[^«¨\¡ ` ^­[bX^«¨\ Y\ _We_\ fb^ f^

bY\X�[^«¨\ W ^­Zen Y¨\ \³ WdW aWe�[ ^f\e ­\eb bd\e ·�^Y \ ^\e ^­[bX^f\e ^Y We

f^ W©be ÂYXb^ f\ ª�Y]\¡ �\Y �f\n ­^a^ �_^ _W[k\a aWebe ÂYXb^ W_ ­[^Y ^e e\³

X\Y ¹Y�^ bYªWX«¨\n ª\b YWXWeeºab^ ^ ^­[bX^«¨\ f^ f\eW Ùá W_ ± fb^ ^Y We f^

bY\X�[^«¨\ W Ù fb^e ^­Ze ^ ­ab_Wba^ ^­[bX^«¨\ l¤b W  ^[¡ op±¯m¡

µ WªWb \ f\ ][bXWa\[ ª\b ­\eb bd\ Y¨\ e\_WY W W_ ­[8Y �[^e W Y^ ª^eW

^f�[ ^n X\_\  ^_³»_ ª\b ­\ee¹dW[ fWeX\³aba ^ WªbXbÂYXb^ W_ \� a^e d^abWf^fWe

fW  ab]\ l­ab_^dWa^ XkbYWe^n ¿b_^bào¯àn ¤b^\Xk�Y ±p W  ab]\ f�a\ ´\Úàm¡ `e

X\YXWY a^«ÖWe fW onà ¼ Ùá aWe�[ ^a^_ W_ aWebe ÂYXb^ Y^ ª^eW fW ­[8Y �[^en _^e

^ªW ^a^_ \ fWeWYd\[db_WY \ f^ a^b¦ W f^ ­^a W ^»aW^ l¤À W  ^[¡ op±¯m¡
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µ ][bXWa\[ » X\YebfWa^f\  Z©bX\ fW­WYfWYf\ f^ X\YXWY a^«¨\ � b[b¦^f^ W

f^ ª^eW fW fWeWYd\[db_WY \ f^ ­[^Y ^ l¿µ¬¢¥ W :¢¤Àâ9n ±/Øpm¡ µX\aaW�

ªb \ \©bf^fW W_ ­[^Y ^e eW[d^]WYe fW ÛÏÍÜÒÝÉËÊÒÊ ÞÌÍÐÒÍÔÍn \YfW \ ][bXWa\[ bYb³b�

\ fWeWYd\[db_WY \ f^e a^¹¦Wen fb_bY�bYf\ \ Y¹dW[ fW ­a\f�«¨\ f^ ^�©bY^n

ªb \k\a_iYb\ aWe­\YeºdW[ ­W[\ ^[\Y]^_WY \ f^e ­[^Y ^en ^[»_ fW ^[ Wa^a ^

fbdbe¨\ XW[�[^a f\ _Wabe W_^ a^fbX�[^a lãc W  ^[¡ op±²m¡

¤b W  ^[¡ lopopm � b[b¦^a^_ ^ f\eW fW Ùá fW ][bXWa\[ W_  ab]\¡ µe

aWe�[ ^f\e ª\a^_ ­\eb bd\e W ^ fbªWaWY«^ WY aW \ X\Y a\[W W \  a^ ^_WY \ X\_

][bXWa\[ ª\b eb]YbªbX^ bd^n \YfW ^  ^©^ fW ]Wa_bY^«¨\ f\e We­\a\e fW \¹fb\

ÔÐß;ÎÏÒÍ NÏÍ;ÒÔÒÊ ª¡ e­¡  ab bXb lj] m W_ ª\[k^e fW  ab]\  a^ ^f^e X\_ º]�^n ª\b fW

^­a\©b_^f^_WY W /pá W fW ±pnÚá  a^ ^f^e X\_ ][bXWa\[ l¤À W  ^[¡ opopm¡

6k^Y] W  ^[¡ lop±àm � b[b¦^a^_ ^e X\YXWY a^«ÖWe fW ±pp×´n àpp ×´n

±ppp ×´n àp _´n Úp _´ W /p _´n \ ·�W W·�bd^[W ^ lpn²¯æ pn¯²æ pnØÙæ pn/oæ

²n¯æ /noán aWe­WX bd^_WY Wmn W_ ­[^Y ^e fW X^X^� ­^a^ ^d^[b^«¨\ f^ aWebe ÂYXb^

^\ ª�Y]\ PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒ \YfW \³ bdWa^_ \e _W[k\aWe aWe�[ ^f\e X\_ ^

f\eW fW pn/oá¡

` X\YXWY a^«¨\ fW ±á ª\b e�ªbXbWY W ­^a^ W©­aWee¨\ ]ÂYbX^ W bYf�«¨\ fW

aWebe ÂYXb^ ­^a^ ^e f�^e f\WY«^e We �f^f^en ^ ³a�e\YW W ^ ªWaa�]W_ f^e

ª\[k^e Y^ X�[ �a^ f\ ^aa\¦ eW[d^]W_ l¿À`¬Ã W  ^[¡ opp/m¡ �k^Yf^ W  ^[¡ loppØm

� b[b¦^a^_ ^ f\eW fW pn/oá W X\YeW]�ba^_ \³ Wa aWe�[ ^f\e ­\eb bd\e W_

­[^Y ^e f\  b­\ eW[d^]W_ W ][b±n \YfW  bdWa^_ aWebe ÂYXb^ ^�_WY ^f^ X\_ ^

^­[bX^«¨\ f\ ][bXWa\[¡

` � b[b¦^«¨\ f\ ][bXWa\[ Y^e X\YXWY a^«ÖWe fW ± W Ùá Y^ X�[ �a^ f\

X^ªWWba\ ^­aWeWY \� aWe�[ ^f\e fW bYf�«¨\ fW aWebe ÂYXb^ W_ ­[^Y ^e  a^ ^f^e

Y^ X\YXWY a^«¨\ fW Ùá¡ ` aWebe ÂYXb^ ª\b W©­[bX^f^ ­W[\ ^�_WY \ f\ ][bXWa\[¼Ù¼

ª\eª^ \ ·�W XkW]\� ^ eWa eW_W[k^Y W ^\ ­aWeWY W Y^ X�[ bd^a aWebe WY W

lÃ`6µ¤¤` W  ^[¡ op±/m¡ µ ÃÙ£ ¸º ª\b X\Yªba_^f\ X\_\ �_^ _\[»X�[^ fW

ebY^[b¦^«¨\ X\Y ab³�bYf\ ­^a^ ¥`h l¥½e W_bX `X·�baWf hWebe ^YXWm W_ ­[^Y ^e

fW  ab]\ X\Y a^ PßÈÈÒÔÒÍ ÊÞÏÒÒÑÉÏ;ÒÊ ª¡ e­¡  ab bXb l¤À W  ^[¡ op±¯n ¤À W  ^[¡ opopm¡

�k^Yf^ W  ^[¡ loppØm � b[b¦^a^_ ^­WY^e ^ f\eW fW àp _´ fW ][bXWa\[

­aW­^a^f^ X\_ º]�^ We »ab[¡ µe ^� \aWe Y¨\ fWb©^a^_ X[^a\ \ _\ bd\ f^

WeX\[k^ f^ f\eWn _^e XkW]^_ ^ Xb ^a ·�W \ ][bXWa\[ W_ ]a^YfWe ·�^Y bf^fWe Y^
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­[^Y ^ ­\fW eWa �e^f\ fW ª\a_^ ³WY»ªbX^ ­W[\ ­^ Z]WY\n \� eW¸^n X\_\ ª\Y W fW

X^a³\Y\n ­a\_\dWYf\ ^�_WY \ f\e ebY \_^e f^e f\WY«^e¡ :WY�]\­^[ W  ^[¡

lopp/mn ·�W  ^_³»_ ªW¦ ­^a W f\  a^³^[k\ ­aWdb^_WY W Xb ^f\n �e\� ^ _We_^

f\eW¡ `Y\e ^­Zen �k^Yf^ W  ^[¡ lop±±m  We ^a^_ fbªWaWY We X\YXWY a^«ÖWe fW

][bXWa\[ làpp Ø´n àp Ø´ W àp _´mn _^e aW[^Xb\Y^_ \e Y\d\e aWe�[ ^f\e ¶e

Y\d^e f\eWe  We ^f^e Y^e ­We·�be^e ^Y Wab\aWe¡

²¡²¡ hWe�[ ^f\e aW[^ ^f\e Y\e We �f\e

` ^­[bX^«¨\ W©Z]WY^ fW ][bXWa\[ bYf�¦b� aWebe ÂYXb^ ^\e ­^ Z]WY\e f^e

­[^Y ^e We �f^f^e¡ ` aWebe ÂYXb^ eW fW� ­\a _Wb\ f^ bYf�«¨\ fW ]WYWen

aWf�«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ l±Ø®±m W ^�_WY \ f^ _\[»X�[^ ÃÙ£ Y^e

­[^Y ^e¡ `e ­[^Y ^e ·�^Yf\ e�³_W bf^e ^\ We aWeeW ³bZ bX\n ­\fW_  Wa

aWe­\e ^e ·�W ­Wa_b W_ ^ aW_\f�[^«¨\ f^ ª[�bfW¦ f^ _W_³a^Y^¡ ¢e ^

_\fbªbX^«¨\ Y^ ª[�bfW¦ f^ _W_³a^Y^ » _Wfb^f^ ­\a _�f^Y«^e f\e Y¹dWbe fW

ºXbf\e ]a^©\e bYe^ �a^f\e ·�W X\Y ^ X\_ ^ ^ �^«¨\ fW WY¦b_^e fWe^ �a^eWe

f\e ºXbf\e ]a^©\e¡ µ ^¸�e W ªbY\ f^ ª[�bfW¦ f^ _W_³a^Y^ _^Y »_ \ ^_³bWY W

­a\­¹Xb\ ­^a^ ^e ª�Y«ÖWe bY W]a^be f^e ­a\ W¹Y^e f�a^Y W \ We aWeeW¡ £\a ^Y \n ^

_\f�[^«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\ l±Ø®±m f\e X[\a\­[^e \e » fW e�_^

b_­\a 8YXb^ ­^a^ ^ W©­aWee¨\ Y\a_^[ fW ­a\ W¹Y^e fW aWe­\e ^e ^ ­^ Z]WY\e

lc£�ãch�ã W  ^[¡ oppØm¡

µe ºXbf\e ]a^©\e ^[»_ fW eWadbaW_ X\_\ ª\Y W fW WYWa]b^n e¨\

X\_­\YWY We ª�Yf^_WY ^be f^e _W_³a^Y^e XW[�[^aWen e�³WabY^e W eWa^e fW

X� bY^n X\YebfWa^f^e ³^aaWba^e WY aW ^ ­[^Y ^ W \ ^_³bWY W¡ ¢e �f\e aWXWY We

fW_\Ye a^_ ·�W Y¹dWbe fW ºXbf\ \[WbX\ l±Ø®±m [bdaW Y\e X[\a\­[^e \e aW]�[^_ ^

aWe­\e ^ fW fWªWe^ W_ ­[^Y ^e ^ ­^ Z]WY\en bYX[�bYf\ _\a W XW[�[^a

­a\]a^_^f^ W ¥`h l£\[[^af W  ^[¡ oppØn ¾^[[W½ W  ^[¡ op±Ùm¡ ¬¹dWbe aWf�¦bf\e fW

ºXbf\ \[WbX\ ±Ø®±  W_ ebf\ aWe­\YeºdWbe ­W[^ ^ bd^«¨\ X\Ye b � bd^ fW aWe­\e ^e

fW fWªWe^ W_ ­[^Y ^e lâ`�ãhµµ W  ^[¡ oppÚn :¢¬cÃµ£`¤ W  ^[¡ opp/m¡

¢_ f\be  a^³^[k\e fW �k^Yf^ W  ^[¡ loppØæ op±±mn ª\b ­\ee¹dW[ dWabªbX^a

·�W W_ ­[^Y ^e _� ^Y We fW `a^³bf\­ebe l][b±mn Y¨\ k\�dW bYf�«¨\ fW

aWebe ÂYXb^n ­\a eWaW_ bYX^­^¦We fW X\YdWa Wa ][bXWa\[ W_ ÃÙ£¡ V^[dW¦ fWdbf\ ¶

³^b©^ bYf�«¨\ ­^a^ ­a\f�«¨\ f^e WY¦b_^e ][bXWa\[ ÕbY^eW lÃâm W ÃÙ£

fWebfa\]WY^eWn ÃÙ£fkn ·�W X\YdWa W_ \ ][bXWa\[ W_ ÃÙ£ l´`¬�`¤ W  ^[¡

op±±m¡ µ ][bXWa\[ bYf�¦b� ^ ­a\f�«¨\ fW ºXbf\ e^[bX¹[bX\ l¥`m W ºXbf\ ¸^e_iYbX\
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l¿`m W_ ­[^Y ^e fW  ab]\n ^[»_ fW aWf�¦ba ^�©bY^ lÀ``¼ÀYf\[ `XW bX `Xbfm¡ ¬We W

 a^³^[k\  ^_³»_ bfWY bªbX^a^_ ^ bYf�«¨\ fW ­a\ W¹Y^e aW[^Xb\Y^f^e ¶

­^ \]WYbXbf^fW l¤À W  ^[¡ opopm¡

µe k\a_iYb\e ¥`n ¿` W ¢V l¢ b[WY\m e¨\ aWe­\YeºdWbe ­\a ebY^[b¦^«ÖWe

­^a^ fWeWYX^fW^_WY \ fW aWe­\e ^e fW fWªWe^ Y^e ­[^Y ^e¡ µ ¥` W©­aWee^

­a\ W¹Y^e l£hmn WY·�^Y \ \ ¿` W \ ¢Vn e¨\ db^e fW ebY^[b¦^«¨\ ^ bd^f^e ^ ­^a ba

fW ªWab_WY \e lÃ¤`6¢jhµµân oppàm¡ `­We^a f^ fb_bY�b«¨\ f\ Y¹dW[ fW À``n

We W ª^ \ Y¨\ W©WaXW� ­^­W[ YW]^ bd\ Y^ ­[^Y ^¡ ¥�^ fb_bY�b«¨\ ­\fW  Wa ebf\

X^�e^f^ ­W[\ ¥`n ·�W ·�^Yf\ Y^ ­aWeWY«^ f\e f\be k\a_iYb\e Y^ ­[^Y ^n [b_b ^

^ ­a\f�«¨\ fW �_ fW[We lâµµæ ã¢µ W �ãµÀn opopm¡

¤b W  ^[¡ lop±¯m ^­[bX^Yf\ \ ][bXWa\[ ^Y We W fW­\be f^ bY\X�[^«¨\ W_  ab]\

X\Y a^ \ ÔÐß;ÎÏÒÍ NÏÍ;ÒÔÒÊ ª¡ e­¡  ab bXbn \³ bdWa^_ aWe�[ ^f\e ­\eb bd\e X\_ ^

X\YXWY a^«¨\ fW Ùá¡ ` bYf�«¨\ fW aWebe ÂYXb^ eW fW� ­W[^e _\[»X�[^e fW

][bXWa\[¼Ù¼ª\eª^ \ W_ ^[ \e Y¹dWbe W ³^b©\e fW ºXbf\ \[WbX\ ±Ø®±¡ ` ^­[bX^«¨\ ·�W

^Y WXWfW� ^ bYªWX«¨\ ª\b aW^[b¦^f^ ± ^ o fb^en W ^­Zen �_^ dW¦ ^ X^f^ ² fb^e¡

ã\�dW bYf�«¨\ f^e We­»XbWe aW^ bd^e fW \©b]ÂYb\ lhµ¥m W ^X×_�[\ fW ºXbf\

e^[bX¹[bX\æ b_­\a ^Y W _\[»X�[^ ­^a^ bYf�«¨\ fW aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^¡

¢_ We �f\e f^ aWebe ÂYXb^ f\  ab]\ ^\ \¹fb\n ¤b W  ^[¡ lopopmn ^d^[b^a^_ \

 a^YeXab­ \_^ fW ª\[k^e Y^ b_�Ybf^fW ^ bd^f^ ­W[\ ][bXWa\[¡ g\b ­\ee¹dW[

bfWY bªbX^a  a^YeXab \e X\_\n V^Ã¤À±n V^`�V± W V^¥¥Àon ·�W ­^a bXb­^_ f\

_W ^³\[be_\ f\ ][bXWa\[ W ºXbf\e ]a^©\e lg`em ·�W ­\fW_ X\Y ab³�ba ­^a^ \

^X×_�[\ fW ÃÙ£ W ±Ø®±¡ �W ^X\af\ X\_ We �f\ fW ÃWYW µY \[\]½n \ ][bXWa\[

^bYf^ bYf�¦b� aWe­\e ^ ^\ ºXbf\ ¸^e_iYbX\ l¿`mn aWe­\e ^ fW fWªWe^ ¶ ³^X »ab^n

\©bf^«¨\ [b­¹fbX^ W �_ ª^ \a ·�W Y¨\ We º aW[^Xb\Y^f\ ¶ aWebe ÂYXb^n \

XaWeXb_WY \¡ µ _We_\ bYf�¦b� \ ^X×_�[\ f\ ¿`n \ Y¹dW[ fW ºXbf\ e^[bX¹[bX\ l¥`m

W aWf�¦b� ^ ·�^Y bf^fW f\ k\a_iYb\ ^�©bY^ lÀ``m Y^e ­[^Y ^e fW  ab]\¡

µe aWe�[ ^f\e fW 6k^Y] W  ^[¡ lop±àm W_ ³ç ÈÍÈÍß © PÌÇÞÉËÌÞÌÉÏÍ

ÈÍËÊÒÈÒ ª\a^_ ­\eb bd\e fW­WYfWYf\ f^ f\e^]W_n \YfW k\�dW W©­aWee¨\ fW

]WYWe fW aWebe ÂYXb^ W ^ bd^«¨\ f^ db^ fW We­»XbWe aW^ bd^e fW \©b]ÂYb\ lhµ¥m¡

�\Yª\a_W ^ f\e^]W_ �e^f^n ª\b ­WaXW­ ¹dW[ \ ^�_WY \ f\ Y¹dW[ fW ÃÙ£ W

fb_bY�b«¨\ f\ ºXbf\ \[WbX\ l±Ø®±m¡ ce^Yf\ ^e f\e^]WYe fW ±ppn àpp W ±ppp _´

Y¨\ k\�dW fbªWaWY«^ Y\  ^_^Yk\ f^e [WeÖWen ­\fWYf\ X\YX[�ba ·�W \ ^�_WY \
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f^ X\YXWY a^«¨\ Y¨\ ªW¦ fbªWaWY«^n W ·�W ^ ·�^Y bf^fW fW ±pp _´ ¸º »

e�ªbXbWY W ­^a^ fWeWYX^fW^a ^e db^e fW aWebe ÂYXb^¡

¢e �f^Yf\ \ ª^ \a ebe Â_bX\ f\ ][bXWa\[ W_ X^X^�Wba\ X\Y a^ \

PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒn 6k^Y] W  ^[¡ lop±àm dWabªbX^a^_ ·�W \ ­a\f� \ Y¨\ ª\b

X^­^¦ fW ^ bd^a db^e fW aWebe ÂYXb^ W_  WXbf\e fbe ^ben \� eW¸^n Y¨\  a^ ^f\en

ebY^[b¦^Yf\ ·�W  \f^e ^e ª\[k^e fWd^_ eWa  a^ ^f^e X\_ ][bXWa\[¡ `e ª\[k^e

fbe ^be Y¨\ fbªWaba^_ Y\e Y¹dWbe fW ÃÙ£n ºXbf\ \[WbX\ W hµ¥ X\_­^a^f^e ^\

X\Y a\[W¡ ¬We W X^e\n \ ÃÙ£ Y¨\ aWe­\YfW� X\_\ �_ ebY^[ _ZdW[ fW

aWebe ÂYXb^ Y^ X�[ �a^ f\ X^X^�Wba\¡ ¿º �k^Yf^ W  ^[¡ lop±±m X\Yªba_^a^_ ·�W \

ÃÙ£ » X^­^¦ fW eW fWe[\X^a ­^a^ \� a\e  WXbf\e ^ bd^Yf\ ^ db^ f^ aWebe ÂYXb^

ebe Â_bX^ ^f·�babf^ X\Y a^ bYªWX«¨\ eWX�Yfºab^¡

�\_\ W_ \� a\e We �f\e ª\b ­WaXW­ ¹dW[ ^ aWf�«¨\ f\ ºXbf\ \[WbX\ ^

­^a ba f^ ^­[bX^«¨\ fW ][bXWa\[n Y\  a^³^[k\ fWeWYd\[dbf\ ­\a â^Xka\\ W  ^[¡

loppØmn Y¨\ ª\b fbªWaWY W Y^e ­[^Y ^e fW e\¸^n fW_\e a^Yf\ _^be �_^ dW¦ ·�Wn

·�^Y \ _^b\a ^ f\eW fW ][bXWa\[n _WY\a \ Y¹dW[ fW ºXbf\ \[WbX\ l±Ø®±m¡ �Wdbf\ ^\

][bXWa\[n ^e ­[^Y ^e ^­aWeWY ^a^_ [WeÖWe eW_W[k^Y We ^ X»[�[^e _\a ^e¡

¥W]�Yf\ \e ^� \aWen bee\ We º aW[^Xb\Y^f\ ^\ ^�_WY \ fW hµ¥ W bYf�«¨\ fW

]WYWe £h¼±n £h¼±^n ¥�^´¼² W ¥�^´¼à¡ µ ][bXWa\[ ªW¦ X\_ ·�W ^e ­[^Y ^e eW

 \aY^eeW_ aWebe WY We ^\e ­^ Z]WY\e ³^X Wab^Y\e W \\_bXW \e¡ ã\�dW aWf�«¨\

f^ e�eXW b³b[bf^fW W e\³aWdbdÂYXb^ e�­Wab\a ^ Øpá f^e ­[^Y ^e  a^ ^f^e¡ `

X\YXWY a^«¨\ fW ±pp _´ ª\b X\YebfWa^f^ _W[k\an eWYf\ � b[b¦^f^ W_  a^³^[k\e

­\e Wab\aWe lâ`�ãhµµ W  ^[¡n oppØm¡

¿b^Y] W  ^[¡ lopp/m ^d^[b^Yf\ aWe­\e ^e fW ­[^Y ^e fW ^aa\¦  a^ ^f^e X\_

][bXWa\[ ­^a^ aWebe ÂYXb^ ¶e f\WY«^en ³a�e\YW W ·�Wb_^ f^e ª\[k^en  bdWa^_

aWe�[ ^f\e ­\eb bd\e X\_ W©­aWee¨\ fW ]WYWe fW aWebe ÂYXb^ W aWf�«¨\ Y\e

Y¹dWbe fW ºXbf\ \[WbX\ l±Ø®±m¡ Ã^¦\[[^ W  ^[¡ lop±/m  We ^Yf\ f�^e X\YXWY a^«ÖWe

fW ][bXWa\[ W_ ­[^Y ^e e�eXW ¹dWbe fW X^ª»n aW­\a ^a^_ ·�W ^ ^­[bX^«¨\ fW

][bXWa\[ ª^d\aWXW� ¶ aWebe ÂYXb^ eW_W[k^Y W ¶ X�[ bd^a aWebe WY Wn bfWY bªbX^Yf\ ^

b_­\a 8YXb^ f\ ÃÙ£ ­^a^ aWebe ÂYXb^ ^ f\WY«^e W WªbXbÂYXb^ f^ ^­[bX^«¨\ ^Y We

f^ bY\X�[^«¨\¡

hWe�[ ^f\e YW]^ bd\e ª\a^_ WYX\Y a^f\e W_ ­[^Y ^e ][b± _� ^Y We fW

ÛÏÍÜÒÝÉËÊÒÊ ­\a eWaW_ bYX^­^¦We fW X\YdWa Wa ][bXWa\[ W_ ÃÙ£ l�ã`¬�` W  ^[¡
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oppØm Y^ fWªWe^ X\Y a^ \ ª�Y]\ kW_b³b\ aZªbX\ BÉÐÐÎÞÉÞÏÒÈÌß; ÌÒNNÒÔÊÒÍÔß;¡ µ

_We_\ \X\aaW� Y\e We �f\e fW �k^Yf^ W  ^[¡ lop±±m ·�^Yf\  We ^a^_ ¥`h W_

­[^Y ^e _� ^Y We fW ÛÏÍÜÒÝÉËÊÒÊ X\Y a^ ^ ³^X »ab^ PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎ ��

Ùpppn \YfW ­[^Y ^e ][b Wa^_ e�eXW ¹dWbe fWdbf\ ^\ ª^ \ fW Y¨\ eWaW_ X^­^¦We

fW _W ^³\[b¦^a \ ][bXWa\[ W_ ÃÙ£n \ ·�W fWeX^a \� ^ WªbXbÂYXb^ f\ ][bXWa\[ ­^a^

^ ¥`h¡ nb^ W  ^[¡ lopp/m fbeX� W ·�W ­[^Y ^e _� ^Y We fW `a^³bf\­ebe e¨\

fWªWb �\e^e Y^ ­a\f�«¨\ f^ ­a\ W¹Y^ fW ^Xb[^ l`�£²mn X\_­\YWY W Xa¹ bX\ f^

³b\ee¹Y WeW fW g` lª^  ½ ^Xbfe @ ºXbf\e ]a^©\emn ­aW¸�fbX^Yf\ ^ ª\a_^«¨\ fW

X� ¹X�[^ Y^e ª\[k^e¡ `eeb_n ^e ­[^Y ^e XkW]^_ ^ ­a\f�¦ba \ ebY^[ fW aWebe ÂYXb^n

_^e e¨\ bYX^­^¦We fW aWXW³Â¼[\n ªbX^Yf\ ­aW¸�fbX^f^e Y\ bY¹Xb\ f^ ¥`h¡

` ^­[bX^«¨\ fW ][bXWa\[ fb_bY�b� \e Y¹dWbe fW ºXbf\ \[WbX\ l±Ø®±m W bYf�¦b�

\ ^X×_�[\ fW Z©bf\ Y¹ abX\ l¬µm W_ ­[^Y ^e fW ^a^³bf\­ebe X\Y a^ ^ ³^X »ab^

PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎ �� Ùppp l´`¬�`¤ W  ^[¡ op±om¡ µ Z©bf\ Y¹ abX\ l¬µm »

�_^ _\[»X�[^ ·�W ­^a bXb­^ W_ dºab^e aWe­\e ^e X\_\ ]Wa_bY^«¨\n

ª[\aWeXb_WY \n ^³Wa �a^ W ªWXk^_WY \ fW We i_^ \en bYX[�ebdW Y^ fWªWe^ f^e

­[^Y ^e X\Y a^ ­^ Z]WY\e l¾b[e\Y W  ^[¡ oppØm¡

´^Yf^[ W  ^[¡ lop±omn W_ eW�e We �f\e X\_ ÛÏÍÜÒÝÉËÊÒÊn fW_\e a\� ^

aW[^«¨\ WY aW ºXbf\ \[WbX\ ±Ø®± W a\ ^e fW ebY^[b¦^«¨\ fW fWªWe^ _Wfb^f^e ­\a

¬µn \YfW \ ºXbf\ \[WbX\ l±Ø®±mn ebY W b¦^f\ Y\ X[\a\­[^e \n aW]�[^ ^ We ^³b[bf^fW

f^ ­a\ W¹Y^ ^ee\Xb^f^ ^\ \©bf\ Y¹ abX\ l¬µ`±mn W X\YeW·�WY W_WY W ^

³b\ee¹Y WeW W ^X×_�[\ fW ¬µn [Wd^Yf\ ^ ­a\_\dWa _^be aWebe ÂYXb^ f^ ­[^Y ^ ^

f\WY«^e¡ `[»_ fbee\n ^\ eW X\_­^a^a WeeWe aWe�[ ^f\e f^ ^­[bX^«¨\ W©Z]WY^

f\ ][bXWa\[ X\_ \� a\e ­a\f� \e X\_\ _^Yb \[ W e\a³b \[n ·�W Y¨\ aWf�¦W_ ^

·�^Y bf^fW fW ºXbf\ \[WbX\ ±Ø®±n Y¨\ k\�dW ^X×_�[\ f^ _\[»X�[^ fW

ebY^[b¦^«¨\ ¬µ¡

²¡à¡ ÃWYWe W©­aWee\e W_ aWe­\e ^ ¶ bYf�«¨\ fW aWebe ÂYXb^ ^ ­^a ba f\ �e\ f\

][bXWa\[

�WY aW \e  a^³^[k\e ·�W aW^[b¦^a^_ ^ ^Yº[beW fW W©­aWee¨\ ]ÂYbX^n

dºab\e ]WYWe W_ aWe­\e ^ ¶ bYªWX«¨\ ·�^Yf\  a^ ^f\e X\_ ][bXWa\[n ª\a^_

bfWY bªbX^f\e¡ µ ]WYW £h¼± ª\b \ _^be W©­aWee\n eWYf\ We W �_ ]WYW ¸º

X\YkWXbf\ ­\a ^[ ^ bYf�«¨\ W_ ­[^Y ^e bYªWX ^f^e ·�^Yf\ W_ e�^ ª\a_^ ³ºebX^

lÃcÀ´`hI¢¥n oppÚm¡ µ £h¼±n �_ f\e _W_³a\e f^e ±Ú ª^_¹[b^e f^e ­a\ W¹Y^e

£he l£^ k\]WY hW[^ Wfmn We º ­aWeWY W W_  \f^e ^e ­[^Y ^e Y\ _\_WY \ fW
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fWªWe^ X\Y a^ \e ^ ^·�We fW ­^ Z]WY\e lâ`VVc£`¤¤Àæ ¥hÀ¬À:`¥`¬æ ¥µ¬À9`n

opo±m¡

` X^[_\f�[bY^ l�^´mn » �_^ ­a\ W¹Y^ �^oÙ fW­WYfWY W W e�^e

be\ª\a_^en ¥�^´¼² W ¥�^´¼àn e¨\ ^ bd^f^e ­\a W[bXb \aWe fW ­^ Z]WY\e f�a^Y W

^ bYªWX«¨\¡ ` W©­aWee¨\ X\Ye b � bd^n W_  ^³^X\n fW_\Ye a\� e�^ ­^a bXb­^«¨\

Y^ bYf�«¨\ fW [WeÖWe W ¶ W©­aWee¨\ fW ]WYWe ^ee\Xb^f\e ¶ ¥`h lãW\ W  ^[¡

±///m¡ ¬\  a^³^[k\ fWeWYd\[dbf\ ­\a â^Xka\\ W  ^[¡ loppØmn ­[^Y ^e fW e\¸^

 a^ ^f^e X\_ ][bXWa\[ ^­aWeWY ^a^_ [WeÖWe fW _\a W XW[�[^an \ ·�W ª\b

X\aaW[^Xb\Y^f\ X\_ ^ W©­aWee¨\ f\e ]WYWe £h¼± W £h¼±^¡ �\_ \  a^ ^_WY \

fW àpn ±ppn oppn Ùpp W ²pp _´ fW ][bXWa\[n ^ X^f^ o² k f�a^Y W Ù fb^en  ^_³»_

ª\a^_ W©­aWee\e \e ]WYWe ¥�^´¼² W ¥�^´¼à lâ`�ãhµµ W  ^[¡ oppØm¡

�Wdbf\ ^\e ]WYWe W©­aWee\e aWe­\Yebd\e ^\ ºXbf\ e^[bX¹[bX\n Y¨\ k\�dW

^ W©­aWee¨\ f\ ºXbf\ ¸^e_iYbX\¡ c_ We �f\ ^d^[b\� ^ £h¼± f�a^Y W ^ bYªWX«¨\

­\a PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒ W_ ­[^Y ^e £^YYb½�a¼±n W fWeX\³aba^_ ·�W We W ]WYW

» ^ bd^f\ Y\ _\_WY \ bYbXb^[ f^ bYªWX«¨\n X\_\ £VÀ lâ`VVc£`¤¤Àæ

¥hÀ¬À:`¥`¬ W ¥µ¬À9`n opo±m¡

µ� a\e ]WYWe bYf�¦bf\e ^­Ze  a^ ^_WY \e X\_ ][bXWa\[ ª\a^_

bfWY bªbX^f\e W_ ­[^Y ^e fW  ab]\¡ `[»_ f\ ãe­Úpn \ £µn W ¤µn¯n WeeWe ª\a^_

bYf�¦bf\e ^Y We _We_\ f^ ^ bd^«¨\ f^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ l¤À W  ^[¡n

opopm¡ µ ]WYW ¤µn¯ We º WYd\[dbf\ Y^ fWªWe^ f^ ­[^Y ^ X\Y a^ \e ^ ^·�We fW

bYeW \en ebY^[b¦^Yf\ ªWabf^e fW [\Y]^e fbe 8YXb^en ^[»_ fW eWa b_­\a ^Y W Y\

^X×_�[\ bYbXb^[ f\ ¸^e_\Y^ \ l¿`m W ¸^e_\Y\b[¼be\[W�XbY^ l¿`¼À[Wm l�ã`c:À¬ W 

^[¡ op±¯æ �ã`c:À¬ W  ^[¡ op±om¡

µe ]WYWe ã¥£Úp W ã¥£/pn e¨\ ]WYWe ^ bd^f\e ·�^Yf\ ^ ­[^Y ^ ­^ee^

­\a Xk\·�W  »a_bX\ lã¥Àhm¡ ¬\  a^³^[k\ fW ¾bfb^e � b W  ^[¡ lopo±m X\_ ­W­bY\n

dWabªbX^a^_ ·�W ·�^Yf\ ^e ­[^Y ^e ª\a^_ e�³_W bf^e ^\ Xk\·�W  »a_bX\n k\�dW

^ bYf�«¨\ fWe W ]WYW ^­Ze ±o k f\  a^ ^_WY \¡ µ ]WYW ¤µn W©­aWee\ W_

­[^Y ^e fW  ab]\ ^­Ze  a^ ^_WY \ X\_ ][bXWa\[n » �_ b_­\a ^Y W X\_­\YWY W Y^

db^ f\ ¿` ­^a^ ­a\f�«¨\ f\ ªb \k\a_iYb\ l¤Àc W  ^[¡n op±¯m¡

`d^[b^Yf\ ­[^Y ^e fW  ab]\  a^ ^f^e X\_ ±n on Ù W ²á fW ][bXWa\[ W_

aWe­\e ^ fW fWªWe^ X\Y a^ \ \¹fb\n ^ aWebe ÂYXb^ ­\a _Wb\ f\ ]WYW V^Ã¤À± ^Y We

W fW­\be f^ bY\X�[^«¨\n ª\b ^d^[b^f^ W ^ ^Yº[beW fW W©­aWee¨\ ]ÂYbX^ aWdW[\�
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·�W ^­Ze o²k f^ bY\X�[^«¨\n ^ W©­aWee¨\ fWe W ]WYW ª\b _^b\a ·�^Yf\

X\_­^a^f\ ¶ pk l¤À W  ^[¡ op±¯mæ fW_\Ye a^Yf\ aWe­\e ^ fW fWªWe^ f^ ­[^Y ^ Y^

­aWeWY«^ f\ ­^ Z]WY\¡

` fbªWaWY«^ f^ W©­aWee¨\ ]ÂYbX^ ·�^Yf\ X\_­^a^f\ ª\[k^e  a^ ^f^e X\_

][bXWa\[ W ª\[k^e  a^ ^f^e X\_ º]�^n » ³W_ ­WaXW­ ¹dW[n ^ W©W_­[\ f\e ]WYWe h

W_ ­[^Y ^e fW  ab]\ W_ ·�W ^ W©­aWee¨\ ª\b fW Ùn¯ _^b\a W_ ª\[k^e  a^ ^f^e

X\_ ][bXWa\[¡ µ ]WYW V^£h¼o` ª\b W©­aWee\ ·�^eW ±p© W_ aW[^«¨\ ^\ X\Y a\[W

 a^ ^f\ X\_ º]�^n fW_\Ye a^Yf\ ^ WªbXbÂYXb^ f\ ][bXWa\[ Y\ X\Y a\[W f\ \¹fb\ l¤À

W  ^[¡ op±¯m¡ µ ÔÐß;ÎÏÒÍ NÏÍ;ÒÔÒÊÚ X^�e^f\a f\ \¹fb\ » �_ ­^ Z]WY\ ³b\ aZªbX\

·�W ^ bd^ ^ db^ fW ]WYWe X\_\ \ £ho fW ª\a_^ [\X^[ W ebe Â_bX^ X\Y ab³�bYf\

­^a^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ l`¤À W  ^[¡ op±Øm¡

¤b W  ^[¡ lopopmn ^d^[b^Yf\ ^ bYf�«¨\ fW aWebe ÂYXb^ f\  ab]\ ^\ \¹fb\ ­W[\

 a^ ^_WY \ fW ^­WY^e Ùá fW ][bXWa\[n ^ªba_^a^_ ·�W \e ]WYWe W©­aWee\e ^­Ze

^ bYªWX«¨\ e¨\ b_­\a ^Y We ­^a^ aWebe ÂYXb^n ­\ben X\Y ab³�W_ ­^a^ ^ ­a\f�«¨\

fW _\[»X�[^e bYf� \a^e fW aWebe ÂYXb^ X\_\ ÃÙ£ W ºXbf\e ]a^©\en W  ^_³»_

­^a^ ^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ ^\ ^ bd^a db^e ^ee\Xb^f^e ^\ ^X×_�[\ fW

hµ¥ W _\a W XW[�[^a¡ µe ]WYWe ¾hâ9²à W £h±³ ª\a^_ W©­aWee\e W_ ­[^Y ^e

fW ^aa\¦ X\_\ aWe­\e ^ fW aWebe ÂYXb^ ­^a^ ^e f\WY«^e ³a�e\YW W _�aXk^

³^X Wab^Y^ l¿À`¬Ã W  ^[¡ opp/m¡

ÃWYWe aW[^Xb\Y^f\e ¶ ­^ \]ÂYWeW l£h ]WYWem ª\a^_ W©­aWee\e W_

X\Y¸�Y \ ^­Ze ^­[bX^«¨\ fW ][bXWa\[ W_ ­[^Y ^e fW X^X^� ­^a^ aWebe ÂYXb^ ¶

PÌÇÞÉËÌÞÌÉÏÍ ÈÍËÊÒÈÒn \YfW 6k^Y] W  ^[¡ lop±àm bfWY bªbX^a^_ ^�_WY \ fW ^ »

²±Ú² dW¦We W_ ­[^Y ^e  a^ ^f^e X\_ f\eW fW àpp _´¡ ` W©­aWee¨\ fW ]WYWe

ª\b fW­WYfWY W f^ f\eW � b[b¦^f^¡ �\_ ^ _WY\a f\eW fW ±pp _´n \e ]WYWe £h¼

Ùv W \ £h¼àn Y¨\ ª\a^_ bYf�¦bf\e eb]YbªbX^ bd^_WY W W_ X^X^�Wba\¡ `

W©­aWee¨\ fW VX�ãb² ª\b eb]YbªbX^ bd^ Y^e f�^e f\eWe fW ±pp W àpp _´n

XkW]^Yf\ ^ eWa W©­aWee\ W_ XbYX\ W  abY ^ dW¦We¡ µe ]WYWe f^ ·�b bY^eW

 ^_³»_ ª\a^_ W©­aWee\e W_  ab]\ X\Y a^ \ ª�Y]\ ­^ \]ÂYbX\ PÌÇÞÉËÌÞÌÉÏÍ

ÈÍËÊÒÈÒ l¤b W  ^[¡ opopm¡ µe ]WYWe �ãÀ e¨\ ­a\ W¹Y^e aW[^Xb\Y^f^e ¶ ­^ \]ÂYWeW

·�W  W_ X\_\ ª�Y«¨\ fW]a^f^a \ X\_­\e \ ·�b bY^n ­aWeWY W Y^ ­^aWfW XW[�[^a

fW ^[]�_^e ³^X »ab^e W _^b\ab^ f\e ª�Y]\e l¿`¤À¤æ `¬¥`hÀ W ´À¥ãh`n op±àæ

¤Àc W  ^[¡ op±¯m¡
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²¡¯¡ V»XYbX^e � b[b¦^f^e ­^a^ ^­[bX^«¨\ f\ ][bXWa\[

�\e ±p We �f\e WYX\Y a^f\e e\³aW \ �e\ f\ ][bXWa\[ W_ ­[^Y ^e ­^a^

bYf�«¨\ fW aWebe ÂYXb^n ^­WY^e �_ Y¨\ We­WXbªbX\� ^  »XYbX^ � b[b¦^f^æ \e

fW_^be � b[b¦^a^_ ^  »XYbX^ fW ­�[dWab¦^«¨\ W b_Wae¨\¡ µ \³¸W \ � b[b¦^f\ Y^

­�[dWab¦^«¨\ f\ ­a\f� \ Y¨\ ª\b We­WXbªbX^f\¡ `­We^a f^ b_Wae¨\ eWa ­\�X\

� b[b¦^f^ Y^ ^­[bX^«¨\ fW ][bXWa\[n » �_^  »XYbX^ X\YebfWa^f^ _^be WªbX^¦ ­\a

­Wa_^YWXWa _^be  W_­\ W_ X\Y ^ \ X\_ ^ ºaW^ fW bY WaWeeW W ­^a^ ·�W ^

­�[dWab¦^«¨\  WYk^ aWe�[ ^f\e eW_W[k^Y Wen e¨\ YWXWeeºab^e dºab^e ^­[bX^«ÖWe

­^a^ ^ ­a\f�«¨\ fW X^_^f^e f\ ­a\f� \ l¥�ã¤¢¬µggn �cj`¥ W g`hã`Vn

opppm¡

¢_ ¤b W  ^[¡ lop±¯mn ^ e\[�«¨\ fW ][bXWa\[ ­^a^ �e\ W_ ­[^Y ^e fW  ab]\

­^a^ aWebe ÂYXb^ ^\ \¹fb\ lj] mn ª\b ­aW­^a^f^ X\_ º]�^ We »ab[ ^fbXb\Y^f^ fW

pnpoá fW ¥b[êW   ¤¼ÚÚ¡ µ  a^ ^_WY \ X\Y a\[W  a^ ^f\ e\_WY W X\_ º]�^

X\Y WdW ^­WY^e \ ¥b[êW   ¤¼ÚÚ¡ µe [¹·�bf\e ª\a^_ ^­[bX^f\e ^ » WeX\aab_WY \

Y^e ª\[k^e¡ ` bY\X�[^«¨\ \X\aaW� �_ fb^ ^­Ze \ ­a»¼ a^ ^_WY \ W ^­Ze ^

bY\X�[^«¨\n aW^[b¦^Yf\¼eW ·�^ a\ ^­[bX^«ÖWe¡

¤b W  ^[¡ lopopm ­�[dWab¦^a^_ e\[�«¨\ X\_ Ùá fW ][bXWa\[ X\Y WYf\ pnpoá

fW ¥b[êW   ¤¼ÚÚ W_ ­[^Y ^e fW  ab]\ ­^a^ aWebe ÂYXb^ ^\ \¹fb\ lj] m¡ £^a^ \

 a^ ^_WY \ X\Y a\[Wn ^ º]�^  ^_³»_ X\Y WdW ¥b[êW   ¤¼ÚÚ¡ `e ­[8Y �[^e X\_

ª\[k^e  \ ^[_WY W W©­^Yfbf^e aWXW³Wa^_ \e  a^ ^_WY \e f�^e dW¦We l�_^ dW¦

^\ fb^m ^ » ·�W \ [¹·�bf\ WeX\aaWeeW f^e ª\[k^e¡

£[^Y ^e fW X^X^�Wba\ W_ We º]b\ fW fWeWYd\[db_WY \ ª\a^_  a^ ^f^e

X\_ ][bXWa\[ ­aW­^a^f\ X\_ º]�^ We »ab[ X\Y WYf\ pnp²á fW ¥b[êW   ¤¼ÚÚ¡ µ

 a^ ^_WY \ X\_ º]�^  ^_³»_ X\Y WdW \ ¥b[êW   ¤¼ÚÚ¡ `  »XYbX^ ­\a b_Wae¨\ ª\b

� b[b¦^f^ X\_ e\[�«ÖWe fW ±pp _¤n b_Wa]bYf\ ª\[k^e ­\a ±pe ^ X^f^ o² k ­\a Ù

fb^e l6k^Y] W  ^[¡ op±àm¡

V^_³»_ � b[b¦^Yf\ pnp²á fW ¥b[êW   ¤¼ÚÚ W_ ­[^Y ^e fW e\¸^ Y\ We º]b\

fW XaWeXb_WY \ :±n â^Xka\\ W  ^[¡ loppØm ^­[bX^a^_ \ ][bXWa\[ X\_

­�[dWab¦^«ÖWe ^ X^f^ o²k f�a^Y W Ù fb^e ­^a^ aWebe ÂYXb^ ¶e f\WY«^e

PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎ ­d¡ ][bXbY^ W PÌÇÞÉËÌÞÌÉÏÍ ÊÉÓÍÎ¡ ¥W ³^eW^Yf\ Y\

 a^³^[k\ fW â^Xka\\ W  ^[¡ loppØmn ¿b^Y] W  ^[¡ lopp/m ªb¦Wa^_ ^[]�_^e

_\fbªbX^«ÖWe Y^ _W \f\[\]b^ � b[b¦^Yf\ e\_WY W ^ X\YXWY a^«¨\ fW ±á¡ `
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X\YXWY a^«¨\ fW ¥b[êW   ¤¼ÚÚ ª\b fW oá W ^ ^­[bX^«¨\ ª\b aW^[b¦^f^ �_^ dW¦ ^\

fb^ ­\a f\be fb^e X\YeWX� bd\e W_ ­[^Y ^e fW ^aa\¦ X\_ ² \� ¯ ª\[k^e¡

�k^Yf^ W  ^[¡ loppØm W :WY�]\­^[ W  ^[¡ lopp/m ­�[dWab¦^_ X\_ àp _´

fW ][bXWa\[ W º]�^ We »ab[ W_ ­[^Y ^e fW ÛÏÍÜÒÝÉËÊÒÊ bY\X�[^f^e ­^a^ We �f\

X\Y a^ \ Bç ÌÒNNÒÔÊÒÍÔß;¡ ´WYfW[ W  ^[¡ lop±om � b[b¦^a^_ àpp Ø´n àp _´n ±pp ^

±ppp Ø´ W ±pp Ø´ fW ][bXWa\[ W_ ­[^Y ^e eb[dWe aWe W _� ^Y We fW `a^³bf\­ebe

­^a^ aWebe ÂYXb^ ^ PÊÎßÝÉ;ÉÔÍÊ ÊÇÏÒÔNÍÎ �� Ùpppn W �k^Yf^ W  ^[¡ lop±±m

 ^_³»_ �e^a^_ ^  »XYbX^ fW ­�[dWab¦^«¨\ fW ][bXWa\[ ^ àpp Ø´n àp _´ \� àp

Ø´ W_ ­[^Y ^e fW e\¸^ ­^a^ bYf�«¨\ fW aWebe ÂYXb^ X\Y a^ PÊÎßÝÉ;ÉÔÍÊ

ÊÇÏÒÔNÍÎ �� Ùppp¡ Ã^¦\[[^ W  ^[¡ lop±/m Y¨\ fbe­\Yb³b[b¦^a^_ ^ _W \f\[\]b^

^­[bX^f^n _^e bYª\a_^a^_ ·�W ^­[bX^a^_ ^e f\e^]WYe fW ± W Ùá fW ][bXWa\[

­^a^ aWebe ÂYXb^ ¶ ªWaa�]W_ f\ X^ªWWba\¡

²¡Ú¡ ´WX^Ybe_\e ³b\·�¹_bX\e ·�W ­^a bXb­^_ f^ db^ fW aWebe ÂYXb^ W_ ­[^Y ^e

 a^ ^f^e X\_ ][bXWa\[

µe WªWb \e ³b\·�¹_bX\e f\ ][bXWa\[ ­^a^ aWebe ÂYXb^ ¶e f\WY«^e W_

^[]�Ye We �f\e We bdWa^_ aW[^Xb\Y^f\e ¶ aWf�«¨\ f\ ºXbf\ \[WbX\ l±Ø®±m Y^

bYf�«¨\ fW aWebe ÂYXb^¡ `[»_ f\ ºXbf\ \[WbX\ l±Ø®±m k\�dW ­aWeWY«^ fW \� a\e

_W ^³Z[b \e f\e ºXbf\e ]a^©\e lg`emn k\a_iYb\e dW]W ^be W ]WYWe aW[^Xb\Y^f\e

¶ ­^ \]ÂYWeW¡ µ ºXbf\ \[WbX\ l±Ø®±m ª^¦ ­^a W f\e ºXbf\e ]a^©\e bYe^ �a^f\e

lcg`emn W ­\ee�b  ^Y \ ^ ª^eW ­\eb bd^n ·�^Y \ YW]^ bd^¡ ¢©WaXW ª�Y«ÖWe Y^

­[^Y ^ X\Y a^ We aWeeWe ³bZ bX\e W ^³bZ bX\en _^e  ^_³»_ ­\fW W[Wd^a \

We aWeeW \©bf^ bd\ ·�W X\_­a\_W W ^e X»[�[^e dW]W ^ben XkW]^Yf\ ^ fbªbX�[ ^a \

­a\XWee\ ª\ \eebY » bX\ W ^ » bYf�¦ba _� ^«¨\ ]WY» bX^ l¥ã`h´` W  ^[¡ op±oæ

ã¢ W �À¬Ãn opopm¡

` ^«¨\ f^ ^­[bX^«¨\ f\ ][bXWa\[ X\_ aWe�[ ^f\ f\ ^�_WY \ f\ ÃÙ£

fb_bY�b eW_­aW ^ ­a\f�«¨\ fW ºXbf\ \[WbX\ l±Ø®±m W We ^ fb_bY�b«¨\ » ³WY»ªbX^

Y\ ­a\XWee\ fW fWªWe^ f^ ­[^Y ^ X\Y a^ ­^ Z]WY\e¡ ¥�^ fb_bY�b«¨\ \X\aaW X\_

^ _� ^«¨\ f^ ­a\ W¹Y^ fWee^ �a^eW  a^Ye­\a ^f\a^ fW We W^a\b[¼^Xb[ X\fbªbX^f^

l¥`�£�m ·�W bYf�¦ fWªWe^ X\Ye b � bd^ ^ bd^Yf\ ^ W©­aWee¨\ fW ]WYWe

l�ã`¬�`¼¥ã¢â`h` W  ^[¡ oppÚm¡ ¢_ ­[^Y ^e _� ^Y We fW ÛÏÍÜÒÝÉËÊÒÊÚ ^

fb_bY�b«¨\ f\ ºXbf\ \[WbX\ ª\b X^­^¦ fW W©­aWee^a \ ]WYW £h± _Wfb^f\ ­W[\

¥`¡ µ ­a\XWee\ ³b\·�¹_bX\ \X\aaW Y\e ­[^e ¹fW\e X\_ ^ ^Xb[^«¨\ f\ ÃÙ£ X\_
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\ ºXbf\ \[WbX\ W ^ ebY^[b¦^«¨\n ^[»_ fW \X\aaWa ­\a ºXbf\ e^[bX¹[bX\n  ^_³»_

\X\aaW ­\a ºXbf\ ¸^e_iYbX\ lâ`�ãhµµ W  ^[¡ opp²m¡

` ^Xb[^«¨\ WY aW \ ºXbf\ \[WbX\ W \ ][bXWa\[¼Ù¼ª\eª^ \ » b_­\a ^Y W Y\

­a\XWee\ fW fWªWe^ W_ ­[^Y ^e¡ µYfW Y¨\ \X\aaW ^ ^Xb[^«¨\n X\_\ ­\a

W©W_­[\n W_ ­[^Y ^e ^X ±n ^ W©­aWee¨\ f\e ]WYWe fW fWªWe^ X\_\ \ £h± Y¨\

\X\aaW ­W[^ ª^[ ^ fW bYf�«¨\ f\ ¥`¡ ¢_ ­[^Y ^e \YfW Y¨\ \X\aaW ^ ^Xb[^«¨\n ^

W©­aWee¨\ fW £h±e Y¨\ » ^�_WY ^f^ l�k^Yfa^¼¥kWÕ^a^ W  ^[¡ oppÚm¡

µ ºXbf\ \[WbX\ ¸�Y ^_WY W X\_ \� a\e ºXbf\e ]a^©\en ºXbf\ [bY\[ÂYbX\ W \

ºXbf\ [bY\[WbX\n ª\a^_ ^­[bX^f\e W_ ­[^Y ^e ­^a^ fb_bY�b«¨\ f\ XaWeXb_WY \ fW

ª�Y]\e ªb \­^ \]ÂYbX\e¡ g\b fW_\Ye a^f\ ·�W \e ºXbf\e ]a^©\e bYb³W_ \

fWeWYd\[db_WY \ f\e _bXa\a]^Ybe_\en _^e \ _WX^Ybe_\ ·�W fWeWYd\[dW We W

ªWYi_WY\ Y¨\ ª\b fWeX\³Wa \ ^ » \ _\_WY \ l¾`¤V¢h¥ W  ^[¡ opp²m¡ `

bYb³b«¨\ Y¨\ ^X\Y WXW X\_  \f\e \e ºXbf\e ]a^©\e¡ ¢_ ^[]�Ye X^e\en X\_\ Y\

 a^³^[k\ fW `_a� kWek W  ^[¡ loppàmn \e ^� \aWe dWabªbX^a^_ ·�W ·�^Yf\

� b[b¦^f\ \ ºXbf\ \[WbX\n Y¨\ \X\aaW� fb_bY�b«¨\ eb]YbªbX^ bd^ Y\

fWeWYd\[db_WY \ f\ ­^ Z]WY\n X\_\ \X\aaW� X\_ \� a\e ºXbf\e¡

¬\e We �f\e ^d^[b^f\en ^ ^ bdbf^fW f\ ][bXWa\[ We WdW aW[^Xb\Y^f^ ¶

^ bd^«¨\ fW db^e ­^a^ bYf�«¨\ fW aWebe ÂYXb^ ¶e f\WY«^e X\_ ]WYWe W

­a\ W¹Y^e aW[^Xb\Y^f\e ¶ ­^ \]WYbXbf^fWn ^[»_ f^ aWebe ÂYXb^ We ^a aW[^Xb\Y^f^

X\_ \ ^�_WY \ f\ ][bXWa\[¼Ù¼ª\eª^ \ W ¶ fb_bY�b«¨\ f\e Y¹dWbe fW ºXbf\ \[WbX\

l±Ø®±m l¿À`¬Ã W  ^[¡ opp/æ 6ã`¬Ã W  ^[¡ op±àm¡

µ ÃÙ£ ­^a bXb­^ X\_\ ebY^[ ­^a^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ ­^a^

Wdb ^a bYªWX«ÖWe eWX�Yfºab^e¡ ¢_ aWebe ÂYXb^ X\Y a^ ab¦Z³b\e bYfWeW¸ºdWben \

ÃÙ£ X\Y ^ X\_ ^¸�f^ fW �_ ebY^[ ^ » WY ¨\ fWeX\YkWXbf\ ­^a^ bYf�¦ba eW�

^X×_�[\ W ^ bd^a ^ ¥`h Y^ ­^a W ^»aW^ f^ ­[^Y ^n d\[ ^Yf\ ­^a^ ­^a W a^fbX�[^a

W[b_bY^Yf\ \e ab¦Z³b\e Y¨\ ³WY»ªbX\e l¥ãÀ¬¢ W  ^[¡ op±/m¡

µ �e\ fW ][bXWa\[ fW ª\a_^ W©Z]WY^ eW_­aW We WdW aW[^Xb\Y^f\ ¶

fb_bY�b«¨\ f\ ºXbf\ \[WbX\ l±Ø®±m¡ ¥W� Y¹dW[ ³^b©\ ª^¦ ^�_WY ^a ^ aWebe ÂYXb^

­\a _Wb\ f^ W©­aWee¨\ fW ]WYWe h eW_ ­aWXbe^a f^ ­aWeWY«^ f\ ¥`

l�ã`¬�`¼¥ã¢â`h` W  ^[¡ oppÚm¡ g\b \ ·�W ¤b W  ^[¡ lop±¯m X\YebfWa^a^_ X\_

^ fb_bY�b«¨\ f\ ºXbf\ \[WbX\ l±Ø®±m Y^e ­[^Y ^e bYªWX ^f^e ­W[\ \¹fb\  a^ ^f^e

X\_ ][bXWa\[ W_ X\_­^a^«¨\ ¶e ­[^Y ^e  a^ ^f^e X\_ º]�^¡

https://www.pnas.org/doi/full/10.1073/pnas.0609259104#con1
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` ·�^Y bf^fW fW We �f\e � b[b¦^Yf\ \ ][bXWa\[ X\_\ bYf� \a fW aWebe ÂYXb^

W_ ­[^Y ^e X\Y a^ ª^ \aWe ³bZ bX\e ^bYf^ e¨\ ­\�X\en ­abYXb­^[_WY W Y\ ja^eb[n

\YfW kº ^­WY^e �_ ^a b]\ ­�³[bX^f\¡ ` ª\a_^ fW ^­[bX^«¨\ ·�W ^ _^b\ab^

� b[b¦\� » fW ªºXb[ aW­W b«¨\n Y¨\ fbªbX�[ ^Yf\ ^ aW­W b«¨\ ­\a ­^a W fW ª� �a\e

 a^³^[k\e¡

µ ][bXWa\[ ^­[bX^f\ fW ª\a_^ W©Z]WY^ W_ ­[^Y ^en eW¸^ Y^ ª^eW fW

­[8Y �[^n \� ^f�[ ^n dW_  a^¦WYf\ WªWb \e ­\eb bd\e ¶e _We_^e ·�^Yf\ ^­[bX^f\

Y\ ­Wa¹\f\ X\aaW \ W f\eW ^fW·�^f\e¡ `­We^a fW ^[]�Ye ­WabZfbX\e Y¨\

^d^[b^aW_ ^ W©­aWee¨\ ]ÂYbX^n ª\b ­\ee¹dW[n ­\a _Wb\ f\e ·�W ^d^[b^a^_n

bfWY bªbX^a ]WYWe ·�W ª^¦W_ ­^a W f\ ­a\XWee\ fW aWebe ÂYXb^ ^ ­^a ba f\ �e\ f\

][bXWa\[¡ µ ^�_WY \ f^ aWebe ÂYXb^ We º aW[^Xb\Y^f\ ¶ fb_bY�b«¨\ f\ ºXbf\

\[WbX\ l±Ø®±m W ^�_WY \ f^ _\[»X�[^ ÃÙ£¡

µe f^f\e \³ bf\e WeX[^aWXW_ ·�W f\e ±p We �f\e WYX\Y a^f\e Y^e

³^eWe fW f^f\e ­�³[bX^f\e Y\e ×[ b_\e ±² ^Y\en ^ _^b\a ­^a W » fW �_^ ×YbX^

We­»XbW fW bY WaWeeW Y¨\ ^]a\Yi_bX\n Xk^_^Yf\ ^ WY«¨\ ­^a^ ·�Wn ^­We^a fW

aWe�[ ^f\e ­\eb bd\en We­»XbWe ^]a¹X\[^e ·�W  ^Y \ e¨\ ^ªW ^f^e ­\a ­^ Z]WY\e

X^�e^f\aWe fW f\WY«^e W_ dºab^e ­^a We f\ _�Yf\n ^bYf^ Y¨\ We ¨\ eWYf\

We �f^f^e ^ ªb_ fW e\[�Xb\Y^a ­a\³[W_^e ªb \­^ \[Z]bX\e fW ª\a_^ _^be

e�e WY ºdW[¡

Va^³^[k\e ª� �a\e � b[b¦^Yf\ \ ][bXWa\[ X\_ f\e^]W_ ¸º � b[b¦^f^en \� ^ »

_We_\  We ^Yf\ Y\d^en e¨\ fW W© aW_^ b_­\a 8YXb^n ­abYXb­^[_WY W W_

X�[ �a^e ^]a¹X\[^e ^ªW ^f^e ­\a ­^ Z]WY\e W_ ·�W e�^ ­abYXb­^[ ª\a_^ fW

bYb³b«¨\ eW¸^ \ �e\ fW ­a\f� \ ·�¹_bX\ W X\_\  ^_³»_ ­^a^ WeX[^aWXWa ^e db^e

f\ ][bXWa\[ ·�W [Wd^ ^ ­[^Y ^ ^ bYf�¦ba ^ aWebe ÂYXb^¡

ÜÅ ��	��������
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]a^_bYbX\[^ bYf�XW aWebe ^YXW bY ­W^a[ _b[[W ¡ �N�SWTML �SN�LMO So �OML�
�M�åSOSXën ­¡ ±oà@±ÙÚ ­¡ oppà¡

jµ¤¤¢hn V¡ W gE¤Ànn ¿¡ ` aWY^bee^YXW \ª W[bXb \ae® ­WaXW­ b\Y \ª _bXa\³W¼
^ee\Xb^ Wf _\[WX�[^a ­^  WaYe ^Yf f^Y]Wa eb]Y^[e ³½ ­^  WaY¼aWX\]Yb b\Y
aWXW­ \ae¡ �LLN �T� �OML� �QSO¡ opp/¡ �µÀ®
±p¡±±²¯°^YY�aWd¡^a­[^Y ¡àÚ¡pÙo/pà¡±pàÙ²¯¡

�`h:`¤ãµn `¡ �¡æ �`h:`¤ãµn �¡ g¡æ gÀ¤Ãc¢Àh`¥n Ã¡ �¡æ `h`Ý¿µn `¡ �¡ ¥¡æ
�`h:`¤ãµn `¡ :¡ £^Y\a^_^ W b_­\a 8YXb^ WX\Yi_bX^ f\ X^ª» Y\ _WaX^f\
bY WaY^Xb\Y^[ fW X\__\fb bWe ^]a¹X\[^e® �_^ ^Yº[beW We­WX a^[¡
`]a\WX\eebe W_^en d¡ /n Y¡ on ­¡ ooÙ @ ooo¡ op±Ú¡

�ã`¬�`n j¡æ :¢¬cÃµ£`¤n ¥¡�¡æ âc¤¥ãh¢¥Vã`n ¥¡ ¬`:`hh¢n �¡ `¡æ
�µ¾¬À¢n j¡æ :`À¤¤`¬�µchVn ¤¡æ â`�ãhµµn `¡æ â`�ãhµµn £¡ Ã[½XWa\[¼Ù¼
­k\e­k^ W [WdW[e ^aW ^ee\Xb^ Wf êb k ³^e^[ aWebe ^YXW  \  kW kW_b³b\ a\­kbX
ª�Y]�e �\[[W \ abXk�_ kb]]bYeb^Y�_ bY `a^³bf\­ebe¡ £[^Y  £k½eb\[¡ :¡ ±²Ún £¡
op±Ú¼opo/¡ oppØ¡ �µÀ® ±p¡±±p²°­­¡±pØ¡±o±ÙÙà¡

�ã`¬�`n j¡æ nÀ`n 9¡æ ´`¬�`¤n ´¡ â¡æ 9cn â¡æ ¥¢âÀ¬¢n â¡ V¡æ Ã`µn v¡ ´¡æ
¥¢¤µV¢n �¡æ ãcn 9¡æ ¥Vhµ´j¢hÃn `¡æ ¬`:`hh`n �¡æ ¿`�ãhµµn `¡æ
â`�ãhµµ¡ Ã[½XWa\[¼Ù¼­k\e­k^ W be ^ Xab bX^[ _\³b[W bYf�XWa \ª e½e W_bX
b__�Yb ½ bY ­[^Y e¡ ¬^ �aW ]WYW bXe¡ :¡ ²Ùn op±±¡ �µÀ®±p¡±pÙØ°Y]¡Ú/Ø¡

�ã`¬�h`¼¥ã¢â`h`n `¡�¡æ :¢¬cÃµ£`¤n ¥¡ �¡æ j`h´`¬n ¥¡ h¡æ
â`�ãhµµn `¡æ â`�ãhµµn £¡ £[^e  bfb^[ ª^  ½ ^Xbf [WdW[e aW]�[^ W aWebe ^YXW
]WYW¼fW­WYfWY  fWªWYeW eb]Y^[bY] bY `a^³bf\­ebe¡ £¬`¥n ^­a¡ d¡ ±p²n Y¡±Ún ­¡
ÚoÚÚ¼ÚoØo¡ oppÚ¡ �µÀ® ±p¡±pÚÙ°­Y^e¡p¯p/oà/±p²¡

�ã`¬Ãn ´¡æ �ã¢¬n ã¡æ ¤Àcn g¡æ gcn 6¡ v¡ £VÀ W ¢VÀ® X\YdWa]WY  ­^ kê^½e êb k
fbdWaeW W[bXb \ae¡ VaWYfe bY £[^Y  ¥XbWYXWn ªWd¡ d\[¡ oÚn opoo¡
�µÀ® ±p¡±p±¯°¸¡ ­[^Y e¡opo±¡±±¡p±Ù¡

�ã`c:À¬n `¡æ �`¤�¢¤`hÀn �¡æ ¾µ¤g¢¬�¢hn ¿¡ ¤¡æ g`h´¢hn ¢¡ ¢¡ g\�a ±Ù¼
[b­\©½]WY^eWe X\Y ab³� W  \ a^­bf ¸^e_\Y^ W e½Y kWebe bY ê\�YfWf `a^³bf\­ebe
 k^[b^Y^ [W^dWe® ^ a\[W ª\a [b­\©½]WY^eW ¯ bY aWe­\YeWe  \ [\Y]¼fbe ^YXW ê\�Yf
eb]Y^[e¡ ¬Wê ­k½ \[\]be ¡ :¡ ±/Ún ­¡ à¯¯¼àÚà¡ op±o¡ �µÀ® ±p¡±±±±°Y­k¡±opo/¡

�ã`c:À¬n `¡æ ¤¢¬Ã¤¢Vn `¡æ ¾µ¤g¢¬�¢hn ¿¡ ¤¡æ g`h´¢hn ¢¡ ¢¡ £^baWf
ãbWa^aXkbX^[ µa]^Yb¦^ b\Y \ª ±Ù¼¤b­\©½]WY^eWe bY `a^³bf\­ebe¡ £[^Y e¡ :¡ àn
op±¯¡ �µÀ® ±p¡ÙÙ/p°­[^Y eàpopp±¯¡

�ã¢¬n n¡ £^ k\]WYe êkbXk  kaW^ WY ª\\f eWX�ab ½® £�XXbYb^ e abbª\a_ben  kW
êkW^  e ab­W a�e  ­^ k\]WY¡ g\\f eWX�ab ½¡oÙ/¼oà±n opop¡ �µÀ® ±p¡±ppÚ°e±oàÚ±¼
pop¼p±p±¯¼¦¡

�ã¢¬Ãn �¡9¡æ âhÀ¥ã¬`âc´`hn :¡æ �ã`¬n `¡£¡æ VãÀj`c�¼¬À¥¥¢¬n g¡æ
¥�ãµj¢¤n ¥¡æ Vµ¾¬n �¡�¡ `a^­\a ±±® ` X\_­[W W aW^YY\ ^ b\Y \ª  kW
`a^³bf\­ebe  k^[b^Y^ aWªWaWYXW ]WY\_W¡ VkW £[^Y  ¿\�aY^[¡ op±Ún Ø/n ÚØ/@Øp²¡
�µÀ® ±p¡±±±±° ­¸¡±Ù²±à¡

�µ��¥n £¡ ¬¡æ h`Vã¿¢¬n ¿¡ £¡ £[^Y  b__�Yb ½®  \ê^afe ^Y bY W]a^ Wf dbWê \ª
­[^Y @­^ k\]WY bY Wa^X b\Ye¡ ¬^ �aW aWdbWêe ]WYW bXe¡ £^]¡ àÙ/@à²Øn op±p¡
�µÀ® ±p¡±pÙØ°Ya]oØ±o¡
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Ã`6µ¤¤`n ¤¡ �¡ µ¡ g¡æ `¤´¢À�`n �¡ £¡æ �`¥Vhµn À¡ ¥¡ ¤¡æ �`¥Vhµn `¡ Ã¡æ
`hhc�`n ¤¡ :¡ ¥¡æ :À¢Àh`n ¬¡ ´¡æ ´`¬Vµ:`¬Àn ã¡ �¡æ 6`´jµ¤À´n ¤¡æ
�`Àn¢V`n ¢¡ V¡æ ´¢¬�¢¥n V¡ `¡ µ¡ Va^YeXab­ b\Y^[ aW]�[^ b\Y \ª ][½XWa\[¼Ù¼
­k\e­k^ W _W ^³\[be_ bYf�XWe aWebe ^YXW  \ X\ªªWW a�e ¡ :b Zab^¼¢¥n à ­¡ op±/¡

Ã¤`6¢jhµµân ¿¡ �\Y a^e bY] _WXk^Ybe_e \ª fWªWYeW ^]^bYe  ³b\ a\­kbX ^Yf
YWXa\ a\­kbX ­^ k\]WYe¡ `YY�^[ hWdbWê \ª £k½ \­^ k\[¡ oppà¡ ²Ù¡ opà@
ooÚ¡ �µÀ® ±p¡±±²¯°^YY�aWd¡­k½ \¡²Ù¡p²pop²¡±Ùà/oÙ¡

ã¢µn ¾¡ �¡æ ¤¢¢n ¥¡ ã¡æ âÀ´n ´¡ �¡æ âÀ´n ¿¡ �¡æ �ãc¬Ãn ¾¡ ¥¡æ �ãc¬n ã¡ ¿¡æ
¤¢¢n â¡ ¿¡æ £`hân �¡ 9¡¡æ £`hân ã¡ �¡¡æ �ãµÀn ¿¡ 9¡æ �ãµn ´¡ ¿¡ £[^Y  jb\[\]½
ÀYd\[dW_WY  \ª e­WXbªbX X^[_\f�[bY be\ª\a_e bY e^[bX½[bX ^Xbf¼bYfW­WYfWY 
^X bd^ b\Y \ª ­[^Y  fbeW^eW aWebe ^YXW aWe­\YeWe¡ £a\X ¬^ [ `X^f ¥Xb c ¥
`¡ ±/// ¿^Y ±/æ/¯lom®Ú¯¯¼ÚÚ±¡ �µÀ® ±p¡±pÚÙ°­Y^e¡/¯¡o¡Ú¯¯¡

ãcn ¿¡æ 6ã`¬Ãn 9¡æ ¾`¬Ãn ¿¡æ 6ãµcn 9¡ Ã[½XWa\[ `ªªWX e h\\  �WdW[\­_WY 
 ka\�]k hW]�[^ b\Y \ª ´�[ b­[W £^ kê^½e bY `a^³bf\­ebe¡ £[\e \YW¡ op±²¡ �µÀ®
±p¡±ÙÚ±°¸\�aY^[¡­\YW¡ppØ¯o¯/¡

ãµhj`�ãn h¡æ ¬`:`hhµ¼vc¢¥`�`n `¡ h¡æ â¬µÃÃ¢n ¾¡æ �¢À¥À¬Ãn ã¡ j¡
¾kWY ^Yf k\ê  \ Õb[[ ^ ­[^Y  XW[[® ÀYªWX b\Y e a^ W]bWe \ª ­[^Y  ­^ k\]WYbX ª�Y]b¡
¿\�aY^[ \ª £[^Y  £k½eb\[\]½¡ :¡ ± ¿^Y�^a½ op±±n £^]We à±¼¯o¡ �µÀ®
±p¡±p±¯°¸¡¸­[­k¡op±p¡p¯¡p±²¡

À¥´`À¤n `¡ ´¡æ ãµhÀ¢n V¡ ÃWY\_bXen £k½eb\[\]½n ^Yf ´\[WX�[^a jaWWfbY]
`­­a\^XkWe ª\a À_­a\dbY] ¥^[  V\[Wa^YXW¡ `YY� hWd £[^Y  jb\[¡ op±Ú `­a
oØ®¯Ø®²pà¼²Ù²¡ �µÀ® ±p¡±±²¯°^YY�aWd¼^a­[^Y ¼p²o/±¯¼p²p/Ù¯¡

¿`¤À¤n ¥n c¡æ `¬¥`hÀn ´n À¡æ ´À¥ãh`n ´¡ ��aaWY  dbWê \Y Xkb bY^eW ª\a ­[^Y 
fWªWYXW¡ VaWYfe bY jb\eXbWYXWen ­¡ ¯ÚÙÙ¼¯Ú²Ùn op±à¡

¿À`¬Ãn �¡ ¿¡æ ¥ãÀ´µ¬µn ´¡æ ´`¢�`n ¥¡æ À¬µc¢n ã¡æ ´µhÀn ´¡æ ã`¥¢Ã`¾`n
´¡æ ¥cÃ`¬µn ¥¡æ V`â`V¥c¿Àn ã¡ ¥�­­aWeeb\Y \ª  kW abXW ª^  ½¼^Xbf fWe^ �a^eW
]WYW µe¥¥Ào WYk^YXWe aWebe ^YXW  \ ³[^e  ^Yf [W^ª ³[b]k  fbeW^eWe bY abXW¡ ´\[
£[^Y  ´bXa\³W ÀY Wa^X ¡ :\[¡ oon Y� Ú¡ ­¡ Øop¼Øo/¡ opp/¡ �µÀ® ±p¡±p/²°´£´À¼oo¼
Ú¼pØop¡

¿µ¬¢¥n `¡æ :¢¤À¬ân À¡ `¡ Ãa\ê k \ª ­[^Y  XW[[ e�e­WYeb\Y X�[ �aWe \Y ][½XWa\[
^e ^ e\[W e\�aXW \ª X^a³\Y ^Yf WYWa]½¡ �^Y^fb^Y ¿\�aY^[ \ª j\ ^Y½¡ d¡àØn
­¡¯²Ø¼¯àÚn ±/Øp¡

â`�ãhµµ `¡æ ¥ã`¬â¤À¬¡ ¿¡æ ¾ãÀVV¤¢n ¢¡æ ¤`£�ã9ân ¤¡æ ãÀ¤�¢jh`¬�n �¡æ
â`�ãhµµn £® VkW `a^³bf\­ebe e W^a\½[¼^X½[ X^aabWa ­a\ WbY¼fWe^ �a^eW ª^_b[½
^Yf  kW X\Y ab³� b\Y \ª [W^ª be\ª\a_e  \ \[WbX ^Xbf e½Y kWebe¡ £[^Y  ´\[ jb\[¡
oppÚn ¯Ù®oàÚ¼oÚ±¡ �\b® ±p¡±ppÚ°e±±±pÙ¼pp¯¼/pØ¯¼½¡

â`�ãhµµn `¡æ gcn �¡ v¡æ ã`:¢¬¥n ¾¡æ ¬`:`hh`n �¡æ â`�ãhµµn £¡æ
Ãã`jhÀ`¤n ¥¡ `¡ `Y \[WbX ^Xbf¼_Wfb^ Wf ­^ kê^½ bYf�XWe X\Ye b � bdW fWªWYeW
eb]Y^[bY] ^Yf WYk^YXWf aWebe ^YXW  \ _�[ b­[W ­^ k\]WYe bY e\½³W^Y¡ ´\[ £[^Y 
´bXa\³W ÀY Wa^X ¡ :\[¡ o±n Y� àn oppØn ­­¡ à¯²¼àÚà¡ �µÀ® ±p¡±p/² ° ´£´À¼o±¼à¼
pà¯²¡

â`�ãhµµn `¡æ :¢¬cÃµ£`¤n ¥¡ �¡æ ¤`£�ã9ân ¤¡æ g`¤�µ¬¢n �¡æ
ãb[fW³a^Yfn�¡æ â`�ãhµµn £¡ µ[WbX ^Xbf [WdW[e aW]�[^ Wf ³½ ][½XWa\[b­bf

https://doi.org/10.1371/journal.pone.0086269
https://doi.org/10.1371/journal.pone.0086269
https://www.sciencedirect.com/journal/journal-of-plant-physiology
file://C:/Users/Ana Paula/OneDrive/Dissertação pronta/about:blank
https://doi.org/10.1016/j.jplph.2010.06.014
https://doi.org/10.1016/j.jplph.2010.06.014
https://doi.org/10.1146/annurev-arplant-042916-040936
https://doi.org/10.1094/mpmi-22-7-0820
https://doi.org/10.1094/mpmi-22-7-0820
https://doi.org/10.1007/s11103-006-9086-y
https://www.pnas.org/doi/full/10.1073/pnas.0401315101#con3
https://www.pnas.org/doi/full/10.1073/pnas.0401315101#con5


QF

_W ^³\[be_ _\f�[^ W fWªWYeW ]WYW W©­aWeeb\Y bY `a^³bf\­ebe¡ £¬`¥¡ ­º]¡
à±ào@à±àÚ¡ d\[¡ ±p±n Y¡ ±²¡ `­ab[ ¯n opp²¡ �µÀ® ±p¡±pÚÙ°­Y^e¡p²p±Ù±à±p±¡

â`VVc£`¤¤Àn �¡æ ¥hÀ¬À:`¥`¬n `¡æ ¥µ¬À9`n ¢¡ :¡ c_^ ^Yº[beW fW  \f\ \
]WY\_^ f\e ]WYWe f^ ­a\ W¹Y^ ± aW[^Xb\Y^f^ ¶ ­^ \]ÂYWeW l£h¼±m fW £b­Wa
Yb]a�_ aWdW[^ eW� ­^­W[ Xa¹ bX\ f�a^Y W ^ bYªWX«¨\ ­\a £k½ \­k k\a^ X^­ebXbn
ÃWYWen :¡ ±on opo±¡ �µÀ® ±p¡ÙÙ/p°]WYWe±opÚ±ppÚ¡

âµµn 9¡ ´¡æ ã¢µn `¡ 9¡æ �ãµÀn ã¡ ¾¡ ¥^[bX½[bX `Xbf ^e ^ ¥^ªW £[^Y  £a\ WX \a
^Yf Ãa\ê k hW]�[^ \a¡ £[^Y  £^ k\[\]½ ¿\�aY^[¡ :¡ Ù¯l±m® ±@±pn opop¡
�µÀ® ±p¡à²oÙ°££¿¡h¾¡±o¡op±/¡po/à¡

¤Àn 9¡æ vÀcn ¤¡æ ¤Àcn n¡æ 6`¬Ãn v¡æ 6ã`c¬¥c¬n n¡æ g`ãÀ´`n V¡æ âhcÃ´`¬n V¡æ
¥c¬n v¡æ nÀ¢n �¡ Ã[½XWa\[¼ÀYf�XWf £\êfWa½ ´b[fWê hWebe ^YXW bY ¾kW^  ³½
hW]�[^ bY] £[^Y  g^  ½ `Xbf ´W ^³\[be_n £[^Y  ã\a_\YWe �a\ee¼V^[Õn ^Yf
£^ k\]WYWebe¼hW[^ Wf ÃWYWe¡ ÀY WaY^ b\Y^[ ¿\�aY^[ \ª ´\[WX�[^a ¥XbWYXWe¡ :¡
o±n ±/ £¡n opop¡ �µÀ® ±p¡ÙÙ/p°b¸_eo±pop¯ÚÙ¡

¤Àn 9¡æ ¥µ¬Ãn ¬¡æ 6ã`µn �¡æ ¤Àn g¡æ Ã¢¬Ãn ´¡æ ¾`¬Ãn 9¡æ ¤Àcn ¾¡æ nÀ¢n �¡æ
¥c¬n v¡ `­­[bX^ b\Y \ª ][½XWa\[ ª\a bYf�XWf £\êfWa½ ´b[fWê aWebe ^YXW bY
Vab bX�_ ^We bd�_ ¤¡ ga\Y bWae bY £k½eb\[\]½¡ :¡ Ún ±Ù £¡n op±¯¡ �µÀ®
±p¡ÙÙØ/°ª­k½e¡op±¯¡pp²±Ù¡

¤Àcn ã¡æ �`h:`¤ã`À¥n ¤¡ �¡æ â`6`¬n â¡æ ¥�ã¢¬ân £¡ ´¡ �WdW[\­_WY  \ª
_^aÕWa ]WYWe ª\a ¸^e_\YbX ^Xbf eb]Y^[bY] bY ek\\ e ^Yf a\\ e \ª êkW^ ¡ £[^Y 
¥b]Y^[bY] > jWk^db\a¡ op±¯¡ �µÀ®±p¡±pØp°±àà/oÙo²¡op±¯¡±±Ú¯¯à²¡

´`n ¤¡æ ¾`¬Ãn g¡æ 6ã`¬Ãn ¾¡æ ´`n ¾¡æ :¢¤Vãµgn Ã¡æ vcÀ¬n ¾¡æ µ¢¬¢´`n
µ¡æ 6ã`¬Ãn g¡ ¢Ydba\Y_WY ^[ `eeWee_WY  \ª ´^Y^]W_WY  µ­ b\Ye ª\a ¬� abWY 
g[\êe bY  kW g\\f �k^bY bY �kbY^¡ ¢Ydba\Y_WY ^[ ¥XbWYXW W VWXkY\[\]½¡ £¡
Úo¯p¼Úo¯Øn op±Ù¡ �µÀ® ±p¡±po±°We²pp²à¯�¡

´`¬�`¤n ´¡ â¡æ �ã`¬�h`¼¥ã¢â`h`n `¡ �¡æ ¿¢µ¬Ãn h¡ �¡æ 9�n â¡æ
6ãcn ¥¡æ �k^Yf^n j¡ æ ¬`:`hh¢n �¡æ â`�ãhµµn `¡æ â`�ãhµµn £¡ µ[WbX
^Xbf fW­WYfWY  _\f�[^ b\Y \ª Yb abX \©bfW ^ee\Xb^ Wf± ­a\ WbY [WdW[e aW]�[^ We
Yb abX \©bfW _Wfb^ Wf fWªWYeW eb]Y^[bY] bY `a^³bf\­ebe¡ VkW £[^Y  �W[[¡ :¡ o²n £¡
±¯à²@±¯Ú²¡ op±o¡ �µÀ®±p¡±±pà° ­X¡±±o¡p/¯Ú¯Ø¡

´¢¬�¢¤n ´¡ â¡æ �ã`¬�`n j¡æ nÀ`n 9¡æ 9cn â¡æ ¥¢âÀ¬¢n â¡æ Ã`µn v´¡æ
¥¢¤µV¢n �¡æ â`�ãhµµn `¡æ â`�ãhµµn £¡ Ã[½XWa\[¼Ù¼­k\e­k^ W ^Yf
e½e W_bX b__�Yb ½¡ £[^Y  eb]Y^[bY] W ³Wk^db\a¡ op±on �µÀ®
±p¡²±¯±°­e³¡¯¡±±¡±Ú/p±¡

¬Ãµcn j¡ £¡ ´¡æ `ã¬n ãâ¡æ �À¬Ãn £¡æ ¿µ¬¢¥n ¿¡ �¡ Ã¡ ´� �^[ ­\ WY b^ b\Y \ª
­[^Y  b__�Yb ½ ³½ XW[[¼e�aª^XW ^Yf bY a^XW[[�[^a aWXW­ \ae¡
¬^ �aW¡à/on ­^]We±±p@±±àn opo±¡ �µÀ® ±p¡±pÙØ°e²±àØ¯¼po±¼pÙÙ±à¼Ú¡

£µ¤¤`h�n ´¡æ j¢À¥¥µ¬n g¡æ ¤Àn 9¡æ µã¤hµÃÃ¢n ¿¡ j�b[fbY] [b­bf ³^aabWae®
³b\e½Y kWebe \ª X� bY ^Yf e�³WabY¡ VaWYfe £[^Y  ¥Xb¡ :¡ ±Ùn ­¡ oÙ¯¼²¯n oppØ¡ �µÀ®
±p¡±p±¯°¸¡ ­[^Y e¡oppØ¡pÙ¡ppÙ¡

£hµ:`hVn ¬¡¿¡æ `¤µ¬¥µn ¿¡æ `¥¥´`¬¬n ¥¡´¡æ j¢hÃ´`¬¬n �¡æ jh`�9n
¥¡´¡æ jhâ¤¿`�À�n ¿¡æ jhµ¾¥¢n ¿¡æ �ã`££¤¢n �¡æ �µ¤µVn :¡æ �cV¤¢hn ¥¡æ
W  ^[¡ àp ½W^ae \ª `a^³bf\­ebe aWeW^aXk® ãb]k[b]k e ^Yf ª� �aW fbaWX b\Ye¡ ¬Wê
£k½ \[\]be  g\�Yf^ b\Y¡ op±¯n op/n /o±@/²²¡
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¥`¤¤¢¥n j¡ £¡ `¡æ �`:À�n `¡ ´¡ ¥¡ ¥¡æ gÀÃc¢Àh¢�µn ¿¡ �¡æ ´`À`n :¡ ´æ
£hc�Þ¬�Àµn ¿¡ h¡ ¥¡æ £¢h¢Àh`n â¡ â¡ Ã¡ :b^³b[bf^fW fW eW_WY We fW X^X^� W
[b_b ^«ÖWe Y\ ^a_^¦WY^_WY \¡ hWdbe ^ fW �bÂYXb^e `]aºab^en op±/¡ £¡ ±p±p¼
±p±²¡ �µÀ® ±p¡±/pØ²°aX^¡±Ø±¯¯¡

¥�ã¤¢¬µggn ¿¡ j¡æ �cj`¥n ¥¡ V¡æ g`hã`Vn V¡ ¥­a^½Wf ­\[½W[WX a\[½ W
_�[ b[^½Wae¡ `�¥ £�³[bX^ b\Ye¡ oppp¡ �µÀ® ±p¡±po±°[^pp±Ù±ob¡

¥ãÀ¬¢n `¡ j¡æ Ã`µn v¼´¡æ �ãµ¾�`¼h¢��9n h¡:¡æ ¥À¬Ããn `¡ â¡æ â`�ãhµµn
£¡æ â`�ãhµµn `¡ Ã[½XWa\[¼Ù¼­k\e­k^ W _Wfb^ We akb¦\³b^¼bYf�XWf e½e W_bX
eb]Y^[bY] bY e\½³W^Y¡ ¬^ �aW X\__�YbX^ b\Ye¡ ±p®àÙpÙn ±Ù ­¡ op±/¡ �µÀ®
±p¡±pÙØ°e²±²¯Ú¼p±/¼±ÙÙ±Ø¼Ø¡

¥À¤:`n �¡ �¡ ��[ �a^ f^ e\¸^ l][½XbYW _^©m® �_^ ^³\af^]W_ e\³aW ^ db^³b[bf^fW
f\ X�[ bd\ Y\ _�YbX¹­b\ fW ab³Wba^ f\ ­\_³^[ lj`m¡ ´\Y\]a^ªb^ l³^Xk^aW[ W_
¢Y]WYk^ab^ `]a\Yi_bX^m ¼ �WY a\ cYbdWaeb ºab\ `Ã¢¥n £^ab­ba^Y]^n ­¡ Ø²¡ opo±¡

¥£`¬cn £¡ �¡æ £`¬¥VhcÃ`n h¡ ¢fb \ab^[® jb\ a\­kbX £[^Y ¼´bXa\³W

ÀY Wa^X b\Ye¡ ga\Y bWae bY £[^Y  ¥XbWYXWn ±Ù gW³a�^a½ op±Ún :\[¡ Øn op±Ú¡

�µÀ® ±p¡ÙÙØ/°ª­[e¡op±Ú¡pp±/o¡

c£�ãch�ãn h¡ Ã¡ g^  ½ ^Xbf �Ye^ �a^ b\Yn _\³b[b¦^ b\Yn ^Yf aW]�[^ b\Y bY  kW
aWe­\YeW \ª ­[^Y e  \ e aWee¡ jb\ WXkY\[b]½ ¤W  Waen Ùpn /¯Ú¼/ÚÚ ­¡ oppØ¡ �µÀ®
±p¡±ppÚ°e±pào/¼ppØ¼/¯Ù/¼¦¡

:`¬ ¢�ân ¬¡æ ¾`¤V´`¬n ¤¡ £We·�be^ fW e\ª ê^aW® :µ¥dbWêWan �_ ­a\]a^_^
fW X\_­� ^f\a ­^a^ _^­W^_WY \ ³b³[b\_» abX\¡ �bWY \_W ab^ op±pn Ø²n àoÙ@
àÙØ¡

:¢¬cÃµ£`¤n ¥¡ �¡æ ¿¢µ¬Ãn h¡ �¡æ ´`¬�`¤n ´¡ â¡æ 6ãcn ¥¡æ �ã`¬�h`¼
¥ã¢â`h` `¡ �¡æ nÀ`n 9¡æ ã¢h¥ãn ´¡æ ¥Vhµ´j¢hÃn `¡¿¡æ ¬`:`hh¢n �¡æ
â`�ãhµµn `¡æ â`�ãhµµn £¡ ¢Yk^YXWf fbeW^eW e�eXW­ b³b[b ½ ± ^Yf e^[bX½[bX
^Xbf ^X  aWf�Yf^Y [½  \ aW]�[^ W aWebe ^YXW ]WYW¼_Wfb^ Wf eb]Y^[bY]¡ £¤\¥
ÃWYW n opp/¡ �µÀ® ±p¡±ÙÚ±°¸\�aY^[¡­]WY¡±pppà²à¡

:¢¬c£µ£`¤n ¥¡ �¡æ �ã`¬�`n j¡æ :`À¤¤`¬�µchVn ¤¡æ â`�ãhµµn `¡æ
â`�ãhµµn £¡ VkW X\__\Y _W ^³\[b W ][½XWa\[¼Ù¼­k\e­k^ W be ^ Y\dW[
aW]�[^ \a \ª ­[^Y  fWªWYeW eb]Y^[bY]¡ £[^Y  ¥b]Y^[bY] W jWk^db\a¡ ­¡ Ú²¯¼Ú²/n
opp/¡ �µÀ® ±p¡²±¯±°­e³¡²¡Ø¡/±±±¡

:¤µVn `¡ �¡æ :¢¬�`¥n ¿¡ ã¡æ ¤¢¬ân ´¡æ j`c¢hn â¡æ jh`´jÀ¤¤`n `¡æ
¥µ´´¢hn `¡æ �ã¢¬n 9¡æ ¾¢¬ÀÃn ´¡æ ¥ã`ãh`¬n ¬¡ ¥½e W_bX ­a\­^]^ b\Y \ª
b__�Yb ½ bY ­[^Y e¡ ¬Wê £k½ \[\]be ¡ ­¡ ±oÙ²@±oàp¡ opop¡ �µÀ®
±p¡±±±±°Y­k¡±¯/àÙ¡

¾`¤¤¢9n ¿¡ ¾¡æ â¤À¢j¢¬¥V¢À¬n �¡æ jµ¥Vµ�ân h¡æ �¢ã¢¥ãn â¡ g^  ½ ^Xbfe
^Yf W^a[½ fW WX b\Y \ª ­^ k\]WYe¡ ��aaWY  µ­bYb\Y bY £[^Y  jb\[\]½¡ àop¼ào¯n ­¡
op±Ù¡ �µÀ® \a]°±p¡±p±¯°¸¡­³b¡op±Ù¡p¯¡p±±¡

¾`¤V¢h¥n �¡æ h`9¬µhn ¤¡æ ´ÀV�ã¢¤¤n `¡æ ¾`¤â¢hn h¡æ ¾`¤â¢hn â¡
`Y bª�Y]^[ ^X bdb bWe \ª ª\�a ª^  ½ ^Xbfe ^]^bYe  £[^Y  £^ k\]WYbX ª�Y]b¡
´½X\­^ k\[\]b^¡ ­¡ ØÚ@/pn opp²¡
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¾À�À`¥VcVÀn `¡æ `hµg`Vc¤¤`ãn ¬¡ `¡æ âã`hÀ¥´`n `¡ �¡æ ¥`Vµn V¡
c­aW]�[^ b\Y \ª kW^  ek\XÕ  a^YeXab­ b\Y ª^X \aen ãe­Úpn ^Yf fWªWYeW¼aW[^ Wf
]WYWe bY kW^  ek\XÕ¼bYf�XWf aWebe ^YXW ^]^bYe  ­\êfWa½ _b[fWê bY X�X�_³Wa¡
£k½eb\[\]bX^[ ^Yf ´\[WX�[^a £[^Y  £^ k\[\]½n Ú ­¡ opo±¡ �µÀ®
±p¡±p±¯°¸¡­_­­¡opo±¡±p±ÚÙp¡

nÀ¬n n¡ g¡æ â:ÀVâµn j¡æ ã¢n ¥¡ 9¡ £eW�f\_\Y^e ¥½abY]^W® êk^  b   ^ÕWe  \ ³W ^
­^ k\]WY¡ ¬^ �aW hWdbWêe ´bXa\³b\[\]½¡ d¡±¯n ­¡ Ù±¯¼ÙoØn op±Ø¡ �µÀ®
±p¡±pÙØ°Ya_bXa\¡op±Ø¡±Ú¡

nÀ`n 9¡æ Ã`µn v´¡æ 9cn â¡æ ¤`£�ã9ân ¤¡æ ¬`:`hh¢n �¡æ ãÀ¤�¢jh`¬�n �¡æ
â`�ãhµµn `¡æ â`�ãhµµn £¡ `Y bY ^X  X� bX[W bY fbe ^[  bee�We be WeeWY b^[ ª\a
 kW bYf�X b\Y \ª e½e W_bX ^X·�baWf aWebe ^YXW bY ­[^Y e¡ �W[[ ã\e  ´bXa\³W¡ ­¡
±à±¼±¯à¡ opp/¡ �µÀ® ±p¡±p±¯°¸¡Xk\_¡opp/¡p±¡pp±¡

¾À¤¥µ¬n À¡�¡æ ¬¢À¤¤n ¥¡¿¡æ ã`¬�µ�ân ¿¡V¡ ¬b abX \©bfW e½Y kWebe ^Yf
eb]Y^[[bY] bY ­[^Y e¡ £[^Y  �W[[ ¢Ydba\Y¡ Ù±® ¯oo@¯Ù±n oppØ¡ �µÀ® ±p¡±±±±°¸¡±Ù¯à¼
Ùp²p¡oppÚ¡p±Ú¯±¡©¡

:¢¤u¥vc¢6n `¡ �¡æ �`¥Vhµ:¢h�¢n �¡ �¡ ´¡æ ã¢n ¥¡ 9¡ £[^Y ¼£^ k\]WY
¾^aª^aW �YfWa �k^Y]bY] �[b_^ W �\Yfb b\Ye¡ ��aaWY  jb\[\]½¡ :¡ oØn Y¡ ±pn ­¡
¯±/¼¯Ù²¡ op±Ø¡ �µÀ® ±p¡±p±¯°¸¡X�³¡op±Ø¡pÙ¡pà²¡

6ã`¬Ãn 9¡æ Vãn £¡ ¤¡ ¥¡æ À´µ:`n ¥¡ ¢¡ ¬¡ ´¡æ À¬`¬n Ã¡ ¤¡ `­­[bX^ b\Y \ª
][½XWa\[ ^e ^ ª\[b^a e­a^½ ^X bd^ We  kW fWªWYXW aWe­\YeW ^Yf WYk^YXWe fbeW^eW
aWebe ^YXW \ª VkW\³a\_^ X^X^\¡ ´\[WX�[^a £[^Y  £^ k\[\]½¡ ­¡ oÚ¼ÙÚ¡ op±à¡
�µÀ® ±p¡±±±±°_­­¡±o±àØ¡
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������® ` ³^Y^YWba^ » �_^ ­[^Y ^ ^X\_W bf^ ­\a dºab\e ­^ Z]WY\en  WYf\
X\_\ �_ f\e ­abYXb­^be \ ª�Y]\ kW_b³b\ aZªbX\n ÆÇÈÉÊËÌÍÎÏÎÐÐÍ ÑÒÓÒÎÔÊÒÊÚ
X^�e^f\a f^ ¥b]^ \Õ^ YW]a^¡ ` ¥b]^ \Õ^ YW]a^ l¥¬m » �_^ f\WY«^ ·�W X^�e^
[WeÖWe ª\[b^aWe ·�W b_­WfW_ \ ­a\XWee\ fW ª\ \ee¹Y WeWn X�[_bY^Yf\ W_ ªa� \e
fW _º ·�^[bf^fW¡ µ X\Y a\[W f^ l¥¬m » ªWb \ ­\a _Wb\ fW ­�[dWab¦^«ÖWe
eb W_º bX^en ·�W ^[»_ fW f^YbªbX^aW_ \ _Wb\ ^_³bWY W W ^ e^×fW k�_^Y^n
^�_WY ^_ eb]YbªbX^ bd^_WY W \e X�e \e ­^a^ \e ­a\f� \aWe¡ ¥WYf\ ^eeb_n
_Wfbf^e _^be ^_³bWY ^[_WY W X\aaW ^en ·�W ­\ee^_ ^­aWeWY ^a �_ X\Y a\[W
_^be e�e WY ºdW[ f^ f\WY«^ Y\ X^_­\n e¨\ fW W© aW_^ b_­\a 8YXb^¡ £\a ^Y \n
\ \³¸W bd\ fWe W  a^³^[k\ ª\b dWabªbX^a aWe­\e ^e fW aWebe ÂYXb^ _Wfb^f^e ­W[\
][bXWa\[ W_ ­[^Y ^e fW ³^Y^YWba^e f^ X�[ bd^a Ãa^YfW ¬^bYWn e�eXW ¹dW[ ¶ ¥¬¡ µ
W©­Wab_WY \ ª\b X\Yf�¦bf\ W_ �À� l�W[bYW^_WY \ bY Wba^_WY W X^e�^[b¦^f\m
X\_ à  a^ ^_WY \e® X\Y a\[Wn pn Ùn à W Øá fW ][bXWa\[ W  aÂe aW­W b«ÖWe¡ g\a^_
^d^[b^f^e ^ X^f^ eW W fb^e ^ eWdWabf^fW f^ f\WY«^ ^­Ze \e ­ab_Wba\e ebY \_^e¡
¬^ ^Yº[beW fW À� lïYfbXW fW f\WY«^m W ``�£� luaW^ ^³^b©\ f^ X�ad^ f^
­a\]aWee¨\ f^ f\WY«^mn ^ X\YXWY a^«¨\ fW àá fW ][bXWa\[ eW _\e a\� ^ _^be
^ a^ bd^¡ µe ­^a8_W a\e® ­a\f�«¨\ fW X^[\eWn We a� �a^e ª×Y]bX^e W W©­aWee¨\
]ÂYbX^ ª\a^_ ^d^[b^f\e Y\e  W_­\e ^Y We f\e  a^ ^_WY \e W ^Y We f^
bY\X�[^«¨\n Úo k\a^e ^­Ze bY\X�[^«¨\ lã`Àmn àn ±àn Ùp W ¯p fb^e ^­Ze
bY\X�[^«¨\ l�`Àm¡ £^a^ ^ ^Yº[beW fW W©­aWee¨\ ]ÂYbX^n ª\a^_ � b[b¦^f\e \e
]WYWe fW  a^Yef�«¨\ fW ebY^be l¥Vh`¬¥m W \ fW aWX\YkWXb_WY \ W ebY^[b¦^«¨\
lâÀ¬¤hhm W \e ]WYWe fW aWªWaÂYXb^n ¤o´c W \ oà¥¡ ` kbe \·�¹_bX^ ª\b
X\Yf�¦bf^ ­^a^ fW WX«¨\ fW X^[\eW X\_ ^�©¹[b\ f\e X\a^Y We aW^ bd\ fW [�]\[ W
^¦�[ fW ^Yb[bY^¡ ` ^Yº[beW fW kbe \[\]b^ \X\aaW� ­\a _Wb\ f\ X[^aW^_WY \ X\_
âµã l±pnp´mn ºXbf\ X[\a¹fabX\ W X\[\a^«¨\ X\_ ^¦�[ fW  ab­^Y¡ £\a _Wb\ fW
X[^aW^_WY \ fW  WXbf\ ª\[b^a ª\b ­\ee¹dW[ dbe�^[b¦^a We a� �a^e f\ ­^ Z]WY\
fWefW ^e Úo ã`À¡ ¬^ ^Yº[beW fW X^[\eWn bfWY bªbX\�¼eW ^ ­a\f�«¨\ f\ X\_­\e \
Y^e ­ab_Wba^e ^d^[b^«ÖWe W_  \f\e \e  a^ ^_WY \e X\_ ][bXWa\[¡ ¬^ ^Yº[beW fW
W©­aWee¨\ ]ÂYbX^n \e ]WYWe ^[d\e fW aWebe ÂYXb^n ¥Vh`¬¥ W âÀ¬¤hhn  bdWa^_
_^b\a W©­aWee¨\ Y\e  a^ ^_WY \e X\_ _^b\aWe X\YXWY a^«ÖWe fW à¼Øá fW
][bXWa\[¡ ` ­^a ba f\e aWe�[ ^f\e ^­aWeWY ^f\en \ ][bXWa\[ ­^aWXW eWa �_ ³\_
bYf� \a fW aWebe ÂYXb^ ­^a^ ­[^Y ^e fW ³^Y^YWba^ ·�^Yf\ � b[b¦^f\ Y^ f\eW fW
àán _^en e¨\ YWXWeeºab\e \� a\e We �f\e ­^a^ dWabªbX^a \ _W[k\a _\_WY \ f^
^­[bX^«¨\ f\e  a^ ^_WY \en bY\X�[^«¨\n W f\eWe ^ eWaW_ � b[b¦^f^e¡

�MOMR�MU�äåMRT� Ã^YfW ¬^bYWÚ aWebe ÂYXb^n âÀ¬¤hhn ¥Vh`¬¥¡
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��������® j^Y^Y^e ^aW ^ªªWX Wf ³½ eWdWa^[ ­^ k\]WYen \YW \ª  kW _^bY \YWe

³WbY] ÆÇÈÉÊËÌÍÎÏÎÐÐÍ ÑÒÓÒÎÔÊÒÊÚ ^Y kW_b³b\ a\­kbX ª�Y]�e  k^  X^�eWe ³[^XÕ

¥b]^ \Õ^ lj¥m¡ j[^XÕ ¥b]^ \Õ^ be ^ fbeW^eW  k^  X^�eWe [W^ª [Web\Ye  k^  kbYfWae

­k\ \e½Y kWeben X�[_bY^ bY] bY ªa�b e \ª ­\\a ·�^[b ½¡ VkW X\Y a\[ \ª ³[^XÕ

¥b]^ \Õ^ be X^aabWf \�   ka\�]k e½e W_bX e­a^½bY]  k^ n bY ^ffb b\Y  \ f^_^]bY]

 kW WYdba\Y_WY  ^Yf k�_^Y kW^[ kn bYXaW^eWe X\e e ª\a ­a\f�XWae¡ ãWYXWn _\aW

WYdba\Y_WY ^[[½ X\aaWX  _W^e�aWen êkbXk X^Y ­aWeWY  ^ _\aW e�e ^bY^³[W

X\Y a\[ \ª  kW fbeW^eW bY  kW ªbW[fn ^aW W© aW_W[½ b_­\a ^Y ¡ VkWaWª\aWn  kW

\³¸WX bdW \ª  kbe e �f½ ê^e  \ dWabª½ ][½XWa\[¼_Wfb^ Wf aWebe ^YXW aWe­\YeWe bY

³^Y^Y^ ­[^Y e \ª  kW Ãa^YfW ¬^bYW X�[ bd^a e�eXW­ b³[W  \ j¥¡ VkW W©­Wab_WY 

ê^e X\Yf�X Wf bY a^Yf\_b¦Wf ³[\XÕe êb k à  aW^ _WY en Y^_W[½® X\Y a\[n pn Ùn à

^Yf Øá ][½XWa\[ ^Yf  ê\ aW­[bX^ We¡ VkW eWdWab ½ \ª  kW fbeW^eW ^ª Wa  kW ªbae 

e½_­ \_e ê^e ^eeWeeWf WdWa½ eWdWY f^½e¡ �À l�beW^We bYfW©m ^Yf `c�£�

l`aW^ �YfWa  kW fbeW^eW ­a\]aWee X�adWm ^Y^[½ebe ek\êWf  k^  ][bXWa\[ ^  àá

ê^e _\aW ­a\_bebY]¡ VkW ª\[[\êbY] ­^a^_W Wae® X^[[�e ­a\f�X b\Yn ª�Y]^[

e a�X �aWe ^Yf ]WYW W©­aWeeb\Y êWaW Wd^[�^ Wf ³Wª\aW  aW^ _WY en ³Wª\aW

bY\X�[^ b\Yn Úo k\�ae ^ª Wa bY\X�[^ b\Y lã`Àmn àn ±àn Ùp ^Yf ¯p f^½e ^ª Wa

bY\X�[^ b\Y l�`Àm¡ g\a ]WYW W©­aWeeb\Y ^Y^[½eben  kW eb]Y^[  a^Yef�X b\Y ]WYWe

l¥Vh`¬¥m ^Yf  kW aWX\]Yb b\Y ^Yf eb]Y^[bY] ]WYWe lâÀ¬¤hhm ^Yf  kW aWªWaWYXW

]WYWen ¤o´c ^Yf oà¥n êWaW �eWf¡ ãbe \XkW_be a½ ê^e ­Waª\a_Wf  \ fW WX 

X^[\ebe êb k  kW ^bf \ª aW[^ bdW f½We \ª [�]\[ ^Yf ^Yb[bYW ³[�W¡ ãbe \[\]½ ^Y^[½ebe

ê^e ­Waª\a_Wf ³½ ³[W^XkbY] êb k âµã l±p¡p´mn k½fa\Xk[\abX ^Xbf ^Yf  a½­^Y

³[�W e ^bYbY]¡ j½ _W^Ye \ª [W^ª  bee�W X[W^abY]n b  ê^e ­\eeb³[W  \ dbe�^[b¦W

­^ k\]WY e a�X �aWe ªa\_ Úo ã`À¡ ÀY  kW ^Y^[½ebe \ª X^[\eben  kW ­a\f�X b\Y \ª

 kW X\_­\�Yf ê^e bfWY bªbWf bY  kW ªbae  Wd^[�^ b\Ye bY ^[[ ][½XWa\[  aW^ _WY e¡

VkW  ^a]W  aWebe ^YXW ]WYWen ¥Vh`¬¥ ^Yf âÀ¬¤hhn k^f kb]kWa W©­aWeeb\Y bY

 kW  aW^ _WY e êb k à¼Øá ][½XWa\[¡ ga\_  kW aWe�[ e ­aWeWY Wfn ][½XWa\[ ^­­W^ae

 \ ³W ^ ]\\f aWebe ^YXW bYf�XWa ª\a ³^Y^Y^ ­[^Y e êkWY �eWf ^  ^ f\eW \ª àán

³�  ª�a kWa e �fbWe ^aW YWWfWf  \ dWabª½  kW ³We   b_W  \ ^­­[½  aW^ _WY en

bY\X�[^ b\Yn ^Yf f\eWe  \ ³W �eWf¡

ÄTë�ìS�PU� Ãa^Yf ¬^bYn aWebe ^YXWn âÀ¬¤hhn ¥Vh`¬¥¡
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µ ­ab_Wba\ aW[^ \ f^ ¥b]^ \Õ^ ¬W]a^ l¥¬m Y\ ja^eb[ ª\b Y\ ^Y\ fW ±//Øn

W_ aW]bÖWe ­a\f� \a^e Y\ We ^f\ f\ `_^¦\Y^e l�µh�¢Àhµn op±àm¡ ¢e ^

f\WY«^ We º WY aW ^e ­abYXb­^be f\WY«^e ª×Y]bX^e ·�W ^ ^X^_ ^ X�[ �a^ f^

³^Y^YWba^¡ µe ebY \_^e eW _^YbªWe ^_ Y^e ª\[k^e f^e ­[^Y ^e ­\a _Wb\ fW

We ab^e WeX�a^en ª^¦WYf\ X\_ ·�W e�^ ºaW^ ª\[b^a eW¸^ ­aW¸�fbX^f^n b_­WfbYf\ ^

aW^[b¦^«¨\ f\ ­a\XWee\ ª\ \eebY » bX\¡ µe ªa� \e ­a\f�¦bf\e Y¨\ ­\ee�W_

·�^[bf^fW fW _WaX^f\ fWdbf\ ^\ ^_^f�aWXb_WY \ ­aW_^ �a\n \ ·�W \e  \aY^_

b_­aZ­ab\e ­^a^ _WaX^f\n b_­[bX^Yf\ W_ ­aW¸�¹¦\e ªbY^YXWba\e ­^a^ \e

­a\f� \aWe lÃ`¥£`hµVVµ W £¢h¢Àh`n op±pm¡

` ¥¬  W_ ^d^Y«^f\ W_  Waab Zab\ Y^Xb\Y^[n XkW]^Yf\ aWXWY W_WY W Y\

¢e ^f\ f^ j^kb^ W_ op±Ø¡ `[»_ f^ j^kb^n ^ ¥¬ eW WYX\Y a^ Y\e We ^f\e f\

`XaWn `_^­ºn `_^¦\Y^en ¢e­¹ab \ ¥^Y \n Ã\bºen ´^a^Yk¨\n ´^ \ Ãa\ee\n ´^ \

Ãa\ee\ f\ ¥�[n ´bY^e ÃWa^ben £^aºn £^a^Yºn hb\ fW ¿^YWba\n hb\ Ãa^YfW f\ ¥�[n

h\YfiYb^n h\a^b_^n ¥^Y ^ �^ ^abY^n ¥¨\ £^�[\ W V\X^Y bYe l´`£`n opo±m¡

µ ­abYXb­^[ _Wb\ fW X\Y a\[W f^ f\WY«^ » db^ ­�[dWab¦^«ÖWe ebe W_º bX^en

·�W  a^¦W_ ­aW¸�¹¦\e  ^Y \ ­^a^ \ k\_W_ W ^Yb_^ben ·�^Y \ ­^a^ \ _Wb\

^_³bWY Wn eWYf\ \ ­[^Y b\ fW X�[ bd^aWe aWebe WY We ^ _Wfbf^ _^be

^_³bWY ^[_WY W X\aaW ^¡ ¬\ WY ^Y \n ^e d^abWf^fWe aWebe WY We Y¨\ e¨\ ^e

­abYXb­^be ­[^Y ^f^e Y\ ja^eb[ W Y\ _�Yf\n YWXWeeb ^Yf\ fW \� a^e _Wfbf^e fW

X\Y a\[W _^be ª^X ¹dWbe W ^­[bXºdWbe W_ X�a \ ­a^¦\ lÃ`hhcVÀ W  ^[¡n op±om¡

` X�[ bd^a Ãa^YfW ¬^bYW l```m ­Wa WYXW ¶ We­»XbW ÆßÊÍ ÍÈß;ÒÔÍÞÍn

e�³]a�­\ �^dWYfbekn X�[ bd^f^ X\_WaXb^[_WY W W_ aW]bÖWe  a\­bX^be W

e�³ a\­bX^be l¢¤j`Ãµch9 W  ^[¡ opoom¡ ` Ãa^YfW ¬^bYW e\ªaW ­aW¸�¹¦\e

f�a^Y W eW� XbX[\ ·�W » ^ªW ^f\ ­\a f\WY«^e eWdWa^e ·�W [b_b ^_ eW�

fWeWYd\[db_WY \n ^ W©W_­[\ f^ ¥¬n X\YebfWa^f^ �_^ f^e ­abYXb­^be f\WY«^e

ª×Y]bX^e ·�W ^ bY]W_ ^ X�[ �a^ f^ ³^Y^YWba^¡

` ¥¬ X^�e^f^ ­W[\ ª�Y]\ kW_b³b\ a\ªbX\ Y^ e�^ ª^eW eW©�^f^ Æç ÑÒÓÒÎÔÊÒÊ

l^eXZe­\a\em W Y^ e�^ ª\a_^ ^©We�^f^ Pç ÑÒÓÒÎÔÊÒÊ lX\Y¹fb\em » �_^ f\WY«^

­\[bX¹X[bX^ ·�W bYªWX ^ ^ ³^Y^YWba^ fbdWae^e dW¦We fWY a\ fW �_ ×YbX\ XbX[\ fW

fWeWYd\[db_WY \ lÃc¥´u¬ W  ^[¡n op±/m¡
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¥W]�Yf\ £WaWba^ W Ã^e­^a\  \ lopp±m e¨\ YWXWeeºab^e o¯ ^­[bX^«ÖWe fW

ª�Y]bXbf^e ebe Â_bX\e \� ^ » ào ^­[bX^«ÖWe fW ª�Y]bXbf^e ­a\ W \aWe ­^a^

X\Y a\[W WªbX^¦ f^ f\WY«^ W_ ­[^Y b\e fW ³^Y^YWba^e¡ ÀYªW[b¦_WY Wn \ ­W·�WY\

­a\f� \an » \ _^be aW­aWeWY ^ bd\ Y\ ­^¹en Y^ _^b\ab^ f^e dW¦Wen Y¨\ ­\ee�b

X\Yfb«ÖWe ­^a^ ­^]^a \e X�e \e f^e ^­[bX^«ÖWe W ^X^³^  WYf\ ­aW¸�¹¦\e X\_ ^

f\WY«^¡ `[»_ fbee\n \ �e\ f\ ª�Y]bXbf^ ­\fW eWa dbºdW[ ­^a^ \e ]a^YfWe

­a\f� \aWe ·�W ­\ee�W_ aWX�ae\en _^e  a^¦WYf\ _^[Wª¹Xb\e ¶ e^×fW f\e eWaWe

k�_^Y\e ·�W X\Ye\_W_ ^ ªa� ^ W Y^ ·�^[bf^fW f\ _Wb\ ^_³bWY W¡ �\_ bee\n \

fWeWYd\[db_WY \ fW ­aº bX^e e�e WY ºdWben ª^Xb[_WY W ^­[bXºdWbe W fW ³^b©\

X�e \ ­^a^ X\Y a\[^a ^ ¥¬* e¨\ fW e�_^ b_­\a 8YXb^¡

c_^ ^[ WaY^ bd^ WX\Y\_bX^_WY W dbºdW[ W e�e WY ºdW[n W ·�W dW_

fW_\Ye a^Yf\ ³\Ye aWe�[ ^f\e ·�^Yf\ �e^f\e W_ ­[^Y ^e ­^a^ \ X\Y a\[W fW

f\WY«^en » \ ][bXWa\[î v�^Yf\ ^­[bX^f\ fW ª\a_^ W©Z]WY^ Y^e ­[^Y ^en \ eW�

_W ^³\[be_\ [Wd^ ¶ ­a\f�«¨\ f\ X\_­\e \ ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£m¡ ¢ee^

_\[»X�[^ X\YeW·�WY W_WY W [Wd^ ¶ fb_bY�b«¨\ f^ ­a\f�«¨\ fW ºXbf\ \[WbX\

l±Ø®±¼ ºXbf\ ]a^©\ _\Y\ee^ �a^f\¼\_W]^mn ª^¦WYf\ X\_ ·�W k^¸^ ^ bYf�«¨\ fW

aWebe ÂYXb^ W_ ­[^Y ^e X\Y a^ ^]WY We ­^ \]ÂYbX\e ­\a _Wb\ f^ ­a\f�«¨\ fW

ºXbf\ e^[bX¹[bX\ l`¥m l6ã`¬Ã W  ^[n op±àn Ã^\ W  ^[¡ op±±m¡

`e aWe­\e ^e f\e k\a_iYb\en ºXbf\ e^[bX¹[bX\ W ¸^e_\Y^ \n Y^ _^b\ab^ f^e

dW¦Wen e¨\ ^Y ^]iYbX^e Y^e ­[^Y ^e¡ ¬\ X^e\ f^ fW]a^f^«¨\ f\ ][bXWa\[n ^

fb_bY�b«¨\ f^ ­a\f�«¨\ fW ºXbf\ \[Wb\ l±Ø®±m eb_�[ ^YW^_WY Wn ^�_WY ^ ^e

aWe­\e ^e _Wfb^f^e ­W[\ l`¥mn bYb³bYf\ ^e aWe­\e ^e fW fWªWe^ bYf�¦bf^ ­W[\

¿^e_\Y^ \ W X\YeW·�WY W_WY W ^�_WY ^Yf\ ^ aWebe ÂYXb^ f^e ­[^Y ^e X\Y a^

ª�Y]\e ³b\ aZªbX\e lÃ^\ W  ^[¡ op±±m¡ �\_\ Æç ÑÒÓÒÎÔÊÒÊ » �_ ª�Y]\

kW_b³b\ aZªbX\ l�k�aXkb[[ W  ^[¡ op±pmn X\_ �_^ ª^eW ³b\ aZªbX^n X\YebfWa^¼eW ·�W

^ ^­[bX^«¨\ f\ ][bXWa\[ ­\ee^ eWa ³W_ e�XWfbf^ ­^a^ ^ ­a\f�«¨\ fW X\_­\e \e

·�W ^ �W_ Y\ ^�_WY \ f^ aWebe ÂYXb^ f^ ³^Y^YWba^ ¶ ¥¬¡

£\a ^Y \n \ ­aWeWY W We �f\  W_ X\_\ \³¸W bd\ ^d^[b^a ^ WªbXbÂYXb^ f\

][bXWa\[ Y\ X\Y a\[W f\ ª�Y]\ Æç ÑÒÓÎÔÊÒÊ Y^ X�[ bd^a Ãa^YfW ¬^bYW fW ³^Y^YWba^n

e�eXW ¹dW[ ¶ ¥¬¡
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o¡±¡ ´^ Wab^[ dW]W ^[

µ W©­Wab_WY \ ª\b bYe ^[^f\ Y^ cYbf^fW f^ ¢_³a^­^ ´^Yfb\X^ W

ga� bX�[ �a^n [\X^[b¦^f^ W_ �a�¦ f^e `[_^e l±oÿ²p ±/  ¥n Ù/ÿp¯ oo  ¾ ¹n ^[ b �fW

oop _ ^Xb_^ f\ Y¹dW[ f\ _^amn j^kb^n ja^eb[¡ µ X[b_^ » X[^eebªbX^f\ X\_\

 a\­bX^[ ·�WY W ×_bf\n `ê ^ `_n fW ^X\af\ X\_ ^ X[^eebªbX^«¨\ fW â�­­WYn

X\_  W_­Wa^ �a^ _»fb^ ^Y�^[ fW o²nà ÿ�n �_bf^fW aW[^ bd^ fW Øpá W

­aWXb­b ^«¨\ _»fb^ ^Y�^[ fW ±oàp __ l`ÃhÀV¢´£µn op±Øm¡

µ W©­Wab_WY \ ª\b X\Yf�¦bf\ W_ X^e^ fW dW]W ^«¨\n X\_ /p ­[^Y ^e fW

³^Y^YWba^ f\ e�³]a�­\ �^dWYfbekn X�[ bd^a Ãa^YfW ¬^bYW¡ µ fW[bYW^_WY \

W©­Wab_WY ^[ ª\b \ bY Wba^_WY W X^e�^[b¦^f\n X\_ ±à ­^aXW[^en Ù aW­W b«ÖWen ¯

­[^Y ^e ­\a ­^aXW[^ W à  a^ ^_WY \e® X\Y a\[Wn º]�^ Ù bY\X�[^«¨\n Ùn à W Ø á fW

][bXWa\[¡ ` e\[�«¨\ fW ][bXWa\[ ª\b ^­[bX^f^ db^ e­a^½ Y^e ª\[k^e ^ »

WeX\aab_WY \¡ ¢ee^ ^­[bX^«¨\ ª\b ªWb ^ ^ X^f^ o fb^e X\_ bY Wad^[\ fW o fb^en

f�a^Y W ¯ fb^e¡ g\a^_ X\[W ^f^e ª\[k^e ^Y We f\  a^ ^_WY \ W ^Y We f^

bY\X�[^«¨\ l W_­\ ¦Wa\mn W Y\e  W_­\e Úo k\a^e ^­Ze bY\X�[^«¨\ lã`Àm àn ±àn

Ùp W ¯p fb^e ^­Ze bY\X�[^«¨\ l�£Àm¡ `e ^_\e a^e ­^a^ ^Yº[beW _\[WX�[^a ª\a^_

^a_^¦WY^f^e W_ WYdW[\­We fW ­^­W[ ^[�_¹Yb\n X\Y]W[^f\e X\_ Yb a\]ÂYb\

[¹·�bf\ W_ X^b©^ fW be\­\a ^ » eWaW_ X\[\X^f\e Y\ �[ a^ªaWW¦Wa ¼Øp H�¡ µ

W©­Wab_WY \ _\Y ^f\ WYX\Y a^¼eW Y^ gb]�a^ ±® ` W j¡

gb]�a^ ±® `m ¢©­Wab_WY \ _\Y ^f\ W_ �À� W_ X^e^ fW dW]W ^«¨\æ jm ´» \f\

fW ^­[bX^«¨\ f^ e\[�«¨\ fW ][bXWa\[ db^ e­a^½ ^ » WeX\aab_WY \ f^e ª\[k^eæ �m
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g\[k^ fW ³^Y^YWba^ Xd Ãa^YfW ¬^bYW @ eW ^ dWa_W[k^ ¼ bY¹Xb\ fW [We¨\ fW Æç

ÑÒÓÒÎÔÊÒÊ¡ g\ \® `Y^ £^�[^ f^ ¥b[d^ ¬\d^Wen opoÙ¡

£^a^ \ We �f\ fW kbe \[\]b^n ^e ^_\e a^e ª\a^_ aW­bX^f^e W_ X�³\e W

^a_^¦WY^f^e W_ ªb©^f\a Õ^aY\deÕ½ W g`` W_ _bXa\ �³\ fW o _¤¡ `­Ze X^f^

X\[W ^n ^e ^_\e a^e ª\a^_ X\[\X^f^e Y\ W·�b­^_WY \ fWeeWX^f\a X\_ dºX�\

­\a ±p _bY� \e W ­\e Wab\a_WY W fWebfa^ ^f^e W_ e»abWe XaWeXWY We fW W ^Y\[

Ùp¼±ppá¡

o¡o¡ £aW­^a\ f\ bYZX�[\

µ be\[^f\ ª\b ­aW­^a^f\ Y\ ¤^³\a^ Zab\ fW gb \­^ \[\]b^ f^ ¢_³a^­^

´^Yfb\X^ W ga� bX�[ �a^¡ ÀYbXb^[_WY W ª\a^_ aW^[b¦^f^e aW­bX^]WYe W_ _Wb\

eZ[bf\ lj�`mn \YfW ­Wa_^YWXWa^_ ^ » eWaW_  a^YeªWabf\e ­^a^ _Wb\ dØ ­\a ±à

fb^e¡ `­Ze XaWeXb_WY \ fW X\[iYb^e ª\b ªWb ^ a^e­^]W_ X\_ ^�©¹[b\ fW WeX\d^ fW

fWY We fW XWaf^e _^Xb^ W_  \f^e ^e ­[^X^e ^fbXb\Y^Yf\¼eW ±p _¤ fW º]�^

fWe b[^f^ W aW^[b¦^f^ X\Y ^]W_ fW X\Y¹fb\e W_ X8_Wa^ fW ¬W�³^�Wa ­^a^

\³ WY«¨\ f^ e�e­WYe¨\ ±p� f\ be\[^f\¡ `­Ze o fb^e f\ ×[ b_\  a^ ^_WY \n ^e

­[^Y ^e ª\a^_ bY\X�[^f^e Y^ ª^XW ^³^©b^[ f^e ª\[k^e X\_ ^�©¹[b\ fW ³\aabª^f\a

^ » \ WeX\aab_WY \¡

o¡Ù¡ `d^[b^«¨\ fW ebY \_^e

g\a^_ ^d^[b^f^e f�^e ­[^Y ^e fW X^f^ ­^aXW[^n fWee^e f�^e ­[^Y ^en o

ª\[k^e ª\a^_ ^d^[b^f^e f^Yf\ Y\ ^e fW p¼àn ³^eW^f^e Y^ WeX^[^ fb^]a^_º bX^

fW Ã^Ya½n ´^½Wa l±/Úomn W ¥ \dWa l±/Ø/m lgb]¡ om¡

gb]�a^ o¡ ¢eX^[^ fb^]a^_º bX^ fW Ã^Ya½n ´^½Wa l±/Úomn W ¥ \dWa l±/Ø/m¡
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`e Y\ ^e \³ bf^e W_ bY Wad^[\e fW pÚ fb^e ª\a^_  a^Yeª\a_^f^e W_

¹YfbXW fW eWdWabf^fW f^ f\WY«^ À� lámn ³^eW^f\ Y^ ªZa_�[^ fbe­\Yb³b[b¦^f^ ­\a

´XÕbYYW½ l±/oÙmn aW­aWeWY ^f^ ^³^b©\®

£^a^ X^f^  a^ ^_WY \n We b_\�¼eW \ À� _»fb\n X\_ ³^eW Y^e ^d^[b^«ÖWe

aW^[b¦^f^e ^ X^f^ pÚ fb^e W \ Y×_Wa\ fW ª\[k^e ^d^[b^f^e¡

¢e b_\�¼eW ^ ºaW^ ^³^b©\ f^ X�ad^ fW ­a\]aWee\ f^ f\WY«^ l``�£�m fW

^X\af\ X\_ ^ ªZa_�[^ ­a\­\e ^ ­\a ´^YffWY W  ^[¡ loppÚmn \YfW Ô » \ Y×_Wa\

fW ^d^[b^«ÖWen ¶� » \ ¹YfbXW fW eWdWabf^fW f^ f\WY«^ W l³�·³ºmn \ bY Wad^[\ fW

 W_­\ WY aW f�^e ^d^[b^«ÖWe X\YeWX� bd^en X\_\ ­\fW eWa \³eWad^f\ Y^

eW]�bY W ªZa_�[^®

` ``�£� ª\b ­^fa\Yb¦^f^ ­W[\ Y×_Wa\ fW ^d^[b^«ÖWe aW^[b¦^f^e ^ X^f^

pÚ fb^e ^ » \ ªbY^[ f^e ^d^[b^«ÖWe¡

o¡²¡ `Yº[beW f\e f^f\e

�\_ \ bY �b \ fW X[^eebªbX^a \e  a^ ^_WY \e X\_\ aWebe WY We ¶ ¥b]^ \Õ^

YW]a^n � b[b¦\�¼eW \  We W fW ^]a�­^_WY \ fW ¥X\   W âY\   l±/Ú²m ^ àá fW

eb]YbªbX8YXb^n � b[b¦^Yf\¼eW \ ­^X\ W <¢©­�Wee= f\ ­a\]a^_^ We ^ ¹e bX\ h

l�µh¢ �¢:¢¤µ£´¢¬V V¢`´n op±Øm¡ ¢e b_\�¼eW �_ ¹YfbXW fW eWdWabf^fW

f^ f\WY«^ W ^ ºaW^ ^³^b©\ f^ X�ad^ fW ­a\]aWee\ f^ f\WY«^¡

£^a^ ^ ^Yº[beW f^ ·�^Y bªbX^«¨\ aW[^ bd^ fW W©­aWee¨\ ]ÂYbX^ ª\b � b[b¦^f\

\ ´bXa\e\ª  ¢©XW[ W_­aW]^Yf\¼eW \ _» \f\ o ¼���V ­a\­\e \ ­\a ¤bd^Õ W

¥Xk_b  ]WYn lopp±m¡ µe ãW^ _^­e X\_ fWYfa\]a^_^e X\aaWe­\YfWY We ª\a^_

³^eW^f\e W_ �_ ^]a�­^_WY \ fW [b]^«¨\ X\_­[W \ ­W[\ _» \f\ fW fbe 8YXb^

¢�X[bfb^Y^ �e^Yf\ ^ ª�Y«¨\ kW^ _^­¡ o f\ ­^X\ W <]­[\ e= W <fWd \\[e=

b_­[W_WY ^f\ Y\ h lh �µh¢ �¢:¢¤µ£´¢¬V V¢`´n op±Øm¡

o¡à¡ ãbe \·�¹_bX^

£^a^ ^Yº[beW kbe \·�¹_bX^n \e X\a We fW ± X_ ª\a^_ X\[\X^f\e W_

e\[�«¨\ ªb©^f\a^ Õ^aY\deÕ½ W g``n e�³_W bf\e ^ dºX�\ ­\a ±p _bYn
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^a_^¦WY^f\e W_ e\[�«¨\ ªb©^f\a^ ­\a Ø fb^en fWebfa^ ^f\e W_ e»abW XaWeXWY W

fW W ^Y\[ lÙp¼±ppám ±k X^f^¡ £\e Wab\a_WY Wn ª\b aW^[b¦^f^ ^ bYªb[ a^«¨\

� b[b¦^Yf\ ­^a W fW W ^Y\[Ùkbe \aWebY^¡ ` ­\[b_Wab¦^«¨\ ª\b aW^[b¦^f^ X\_ \ âb 

ãbe \aWebY lkbfa\©bW b[_W ^Xab[^ \æ ¤WbX^ ãW[fW[³Wa]n `[W_^Yk^m¡ µe X\a We ª\a^_

aW^[b¦^f\e W_ _bXaZ \_\ a\ ^ bd\ lØ__mn X\[\X^f\e W_ [8_bY^e W X\a^f\e X\_

X\a^Y W X\Yª\a_W \³¸W bd\¡

o¡¯¡ �[^abªbX^«¨\ W X\[\a^«¨\ fW ª\[k^e

`e ^_\e a^e ªb©^f^e W_ g``n ª\a^_ W_³W³bf^e W_ e\[�«¨\ fW ãbfaZ©bf\

fW £\ ºeeb\ lâµãm l±pám ­\a Úokn W fW­\be [^d^f^e X\_ º]�^ fWe b[^f^ W

X\[\X^f^e W_ uXbf\ �[\a¹fabX\ lã�¤m ­\a Ùp _bY� \e¡ ¢_ eW]�bf^n ^e ^_\e a^e

ª\a^_ X\a^f^e X\_ pnpàá fW ^¦�[ fW  ab­^Y\ W_ e\[�«¨\ lo®±®±n ºXbf\

[º bX\®][bXWa\[®º]�^m ­\a ok¡ À_Wfb^ ^_WY W ^­Ze \ fWeX^a W f\ X\a^Y Wn \e

ªa^]_WY \e ª\[b^aWe ª\a^_ b_Wae\e W_ e\[�«¨\ fW [^X \][bXWa\[ lo®±®±n ºXbf\

[º bX\®][bXWa\[®º]�^m W _bXa\ª\ \]a^ª^f\e W_ _bXa\eXZ­b\ fW [�¦ \³¸W bd^ X\_

^[X^YXW fW ²p©¡

o¡Ú¡ `Yº[beW _\[WX�[^a

o¡Ú¡± ¢© a^«¨\ fW h¬`  \ ^[

£^a^ W© a^«¨\ fW h¬`  \ ^[ ª\a^_ X\[W ^f^e ª\[k^e fW ­[^Y ^e fW

�Ãa^YfW ¬^bYWK ^Y We f\  a^ ^_WY \ X\_ ][bXWa\[n  W_­\ p l^Y We f^

bY\X�[^«¨\mn Úo k\a^e ^­Ze bY\X�[^«¨\ lã`Àmn àn ±àn Ùp W ¯p fb^e ^­Ze

bY\X�[^«¨\¡ ��a^Y W ^ X\[W ^n ^e ^_\e a^e ª\a^_ X\YeWad^f^e W_ Yb a\]ÂYb\

[¹·�bf\ W [\]\ ^­Zen ^a_^¦WY^f^e W_ � a^ªaWW¦Wa l¼Øp H�m ^ » \ _\_WY \ f^

W© a^«¨\¡

¬\ ­a\XWee\ fW W© a^«¨\n ª\b � b[b¦^f^ ^ _W \f\[\]b^ fW gWaaWba^ W  ^[¡

lop±/m X\_ _\fbªbX^«ÖWen \YfW ª\b � b[b¦^f\ Yb a\]ÂYb\ [¹·�bf\ Y^ _^XWa^«¨\

f^e ^_\e a^e¡ £^a^ X\YªWaba ^ bY W]abf^fW W ^ X\YXWY a^«¨\ f\ h¬` ^­Ze

W© a^«¨\n �_^ ^[¹·�\ ^ fW à ×[ f^e ^_\e a^en _^be o ×[ fW ÃW[hWf� ª\a^_

\³eWad^f^e db^ W[W a\ª\aWeW W_ ]W[ fW ^]^a\eW ^ ±á W_  ^_­¨\ V`¢ ±© lVabeæ

ºXbf\ ^X» bX\ ][^Xb^[æ º]�^ ´b[[b¼v�m¡ µ h¬` W© a^¹f\ ª\b ^a_^¦WY^f\ W_

�[ a^ªaWW¦Wa ¼ØpH� ­^a^ � b[b¦^«¨\ ­\e Wab\a¡
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o¡Ú¡o Va^ ^_WY \ X\_ �¬^eW

µ h¬`  \ ^[ W© a^bf\ ª\b  a^ ^f\ X\_ �¬^eW Vchjµgh¢¢ l`_³b\Y�mn

fW ^X\af\ X\_ \ ­a\ \X\[\ aWX\_WYf^f\ ­W[\ ª^³abX^Y W® W_ ±à×[ fW h¬`  \ ^[

fW X^f^ ^_\e a^ ª\b ^fbXb\Y^f\ ± ×[ fW º]�^ �¬`eW ªaWWn ± ×[ f\ ÀYb³bf\a

lh¬^eW \� mn o ×[ fW V^_­¨\ l±p©  �a³\ �¬`eW ³�ªªWam W ±×[ �¬`eW l �a³\

�¬^eWm¡ ` aW^«¨\ ª\b bYX�³^f^ W_  Wa_\XbX[^f\a :Wab b l`­­[bWf jb\e½e W_e�m ^

ÙÚH� ­\a oà _bY¡ ¢_ eW]�bf^n ^XaWeXWY \�¼eW o ×[ fW �¬^eW ÀY^ bd^ b\Yn W ^

^_\e a^ bYX�³^f^ ­\a o _bY¡ W_  W_­Wa^ �a^ ^_³bWY W¡ £\e Wab\a_WY W

XWY abª�^f^ ­\a ±nà _bY� \e ^ ±pppp a­_n W \ e\³aWY^f^Y W  a^YeªWabf\ ­^a^

Y\d\e  �³\e ª\a^_ ^a_^¦WY^f\e W_ �[ a^ªaWW¦Wa ^ ¼ØpH�¡ ` ·�^[bf^fW f\ h¬`

 a^ ^f\ ª\b X\YªWabf^ W_ ]W[ fW ^]^a\eW ^ ±á X\_ V`¢ ± © lVabeæ ºXbf\ ^X» bX\

][^Xb^[æ º]�^ ´vm W � b[b¦\�¼eW Ù ×[ fW X^f^ ^_\e a^î µe ]WYWe W ­ab_Wae

� b[b¦^f\e Y\ We �f\ WYX\Y a^_¼eW Y^ V^³W[^ ±¡

V^³W[^ ±¼ ÀYbXb^f\aWe � b[b¦^f\e ­^a^ ^d^[b^«¨\ f^ W©­aWee¨\ ]ÂYbX^ Y^
bY Wa^«¨\ ÆßÊÍ e­­¡ n ÆÇÈÉÊËÌÍÎÏÎÐÐÍ ÑÒÓÒÎÔÊÒÊ¡ ÃWYWe ^[d\e W e�^e aWe­WX bd^e
ª�Y«ÖWe® ¥b]Y^[  a^Yef�X b\Y l¥Vh`¬¥m ¼  a^Yef�«¨\ fW ebY^beæ âbY^eWn ¤hh
f\_^bYen ­a\ WbY¼­a\ WbY bY Wa^X b\Y lâÀ¬¤hhm ¼ aWX\YkWXb_WY \ W ebY^[b¦^«¨\ W
aWªWaÂYXb^e¡
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o¡Ú¡Ù¡ ¥¹Y WeW fW X�¬`

µ X�¬` ª\b ebY W b¦^f\ � b[b¦^Yf\ \ Õb  ãb]k¼�^­^Xb ½ X�¬` hWdWaeW

Va^YeXab­ b\Y ­^a^ \³ WY«¨\ f\ d\[�_W ªbY^[ fW op ×[ X\Yª\a_W \ ­a\ \X\[\® à ×[

f\ h¬`  a^ ^f\n _^be ± ×[ fW op© WY¦½_W _b©n ±p ×[ fW o© hV j�ªªWa W ² ×[ fW

º]�^ ¬�X[W^eW gaWW¡ £\e Wab\a_WY W ^ aW^«¨\ ª\b bYX�³^f^ Y\  Wa_\XbX[^f\a

:Wab b l`­­[bWf jb\e½e W_e �m ­\a ¯p _bY� \e ^ ÙÚ H� Ù /Ú H� ­\a à _bY Ù k\[f ²

H�¡ µe X�¬`e ª\a^_ ^a_^¦WY^f\e ^ ¼Øp H�¡ £^a^ dWabªbX^a ^ db^³b[bf^fW f\
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X�¬` ª\b aW^[b¦^f^ ^ £�h X\YdWYXb\Y^[ X\_ ­ab_Wa ³W ^  �³�[bY^ l£µ�¢:À¬ W 

^[n op±om¡

UÅ ����
�����

Ù¡±¡ `d^[b^«¨\ fW ebY \_^e

` ­aWeWY«^ fW ebY \_^e W X\Yªba_^«¨\ fW ­aWeWY«^ f\ ª�Y]\ Æç ÑÒÓÒÎÔÊÒÊ

Y^e ­[^Y ^e \X\aaWa^_ ^\e oà �`À¡ µe ebY \_^e bYbXb^be ª\a^_ ­\Y �^«ÖWe fW

X\a _^aa\_ X[^a^ Y^ ª^XW ^³^©b^[ f^e ª\[k^e¡ ¥bY \_^e W_ ª\a_^ fW We ab^e

X\_W«^a^_ ^ e�a]ba ^ ­^a ba f\e àà �`À W_ ­[^Y ^e  a^ ^f^e X\_ º]�^ W Øá fW

][bXWa\[¡

¬\ ­ab_Wba\ _\_WY \n \e  a^ ^_WY \e Ùn à W Øá ^­aWeWY ^a^_ d^[\aWe

fW À� We ^ be bX^_WY W e�­Wab\aWe ^\  a^ ^_WY \ bY\X�[^f\  a^ ^f\ X\_ lV^³W[^

om¡

V^³W[^ o¼ aYfbXW fW eWdWabf^fW f^ f\WY«^ lÀ�m W ºaW^ ^³^b©\ f^ X�ad^ fW
­a\]aWee\ f^ f\WY«^ l``�£�m fW ­[^Y ^e  a^ ^f^e X\_ ][bXWa\[ Y^e
X\YXWY a^«ÖWe fW Ùn à W Øán ­[^Y ^e  a^ ^f^e X\_ º]�^ W X\Y a\[W¡ �a�¦ f^e
`[_^en opoÙ¡

b=7K5 J=W45 65 `<J965 X=4W=6`= 5< K=7K< 5c49X5K=6W<V 8= 5`<48< `<K < W=7W= 8= /`<WW = P6<WWd

` ^Yº[beW fW aW]aWee¨\ ­^a^ ^d^[b^«¨\ f\ ¹YfbXW f^ f\WY«^ lÀ�m W f^

ºaW^ ^³^b©\ f^ X�ad^ f\ ­a\]aWee\ f^ f\WY«^ l``�£�m bYfbX^_ ·�W k\�dW

�_^ ·�Wf^ f^ eWdWabf^fW ^ àá fW ][bXWa\[ W _^b\a eWdWabf^fW Y\  a^ ^_WY \

X\_ Øá fW ][bXWa\[ lgb]¡ Ù ` W jm¡

��M�MVTL�S �� �����

�\Y a\[W ØÚ¡ooà ^ oÚ²p¡oØp ^

ÀY\XÙãoµ Ù¡Ø/p ³ ÚÚ¡ÚÚà ³

Ã[bXWa\[ Ùá ±±p¡à¯p ^ ÙàoÚ¡ÚØp ^

Ã[bXWa\[ àá ±p±¡¯Úp ^ Ù±Ú/¡±¯à ^

Ã[bXWa\[ Øá ±à±¡¯¯à ^ ²±Ùp¡ààà ^
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gb]�a^ Ù¡ `m ÃaºªbX\e f^ aW]aWee¨\ f\ ¹YfbXW f^ f\WY«^ lÀ�m W jm f^ ºaW^
^³^b©\ f^ X�ad^ f\ ­a\]aWee\ f^ f\WY«^ l``�£�m fW ­[^Y ^e fW ³^Y^YWba^
Ãa^YfW ¬^bYWn bYªWX ^f^e X\_ ¥b]^ \Õ^ YW]a^¡

Ù¡o¡ `Yº[beWe ãbe \[Z]bX^e

Ù¡o¡±¡ �[^abªbX^«¨\ W X\[\a^«¨\ f^e ª\[k^e

` gb]�a^ ²® l` ^ £m _\e a^ \ X[^aW^_WY \ W X\[\a^«¨\ fW We a� �a^e

ª×Y]bX^e X\_ ^¦�[ fW  ab­^Y W_ ª\[k^e fW ³^Y^YWba^ Ãa^Yf ¬^bYW ^Y We f^

bY\X�[^«¨\ ^ » à �`À¡ `Y We f^ bY\X�[^«¨\n  W_­\ ¦Wa\ lgb]�a^ ²® `¼¢mn Y¨\

ª\a^_ WYX\Y a^f^e We a� �a^e ª×Y]bX^e¡

gb]�a^ ² l` ^ £m® �[^aW^_WY \ W X\[\a^«¨\ fW We a� �a^e ª×Y]bX^e W_ ª\[k^e fW

³^Y^YWba^ Ãa^YfW ¬^bYW ^Y We f^ bY\X�[^«¨\ ^ » à �`À¡ `n g W ¤¼ X\Y a\[Wæ jn

Ãn ´¼ ­[^Y ^ bY\X�[^f^ eW_ ][bXWa\[æ �n ã W ¬¼ ­[^Y ^e bY\X�[^f^e W  a^ ^f^e

X\_ Ùá fW ][bXWa\[æ �n À W µ¼ ­[^Y ^e bY\X�[^f^e W  a^ ^f^e X\_ àá fW ][bXWa\[æ

¢n ¿ W £¼ ­[^Y ^e bY\X�[^f^e W  a^ ^f^e X\_ Øá fW ][bXWa\[¡ �`Àe fb^e ^­Ze
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bY\X�[^«¨\n ã`Àe k\a^e ^­Ze bY\X�[^«¨\n k¼ kbª^n Xe X\Y¹fb\n ^e ^eXZe­\a\ Y¨\

]Wa_bY^f\n We We i_^ \e¡ j^aa^e® opp ×_¡ �a�¦ f^e ^[_^e¼j`n opoÙ¡

`e ^_\e a^e X\[W ^f^e W_ Úo ã`À _\e a^_ We a� �a^e ª×Y]bX^e Y\

 a^ ^_WY \ X\_ º]�^ lgb]�a^ ² Ãm X\_ ­aWeWY«^ fW kbª^n X\_\  ^_³»_n W_

­[^Y ^e bY\X�[^f^e W  a^ ^f^e X\_ Øá fW ][bXWa\[ lgb]�a^ ² ¿mn X\_ ­aWeWY«^ fW

X\Y¹fb\n We­\a\ f^ aW­a\f�«¨\ ^eeW©�^f^¡ �We ^ ª\a_^n ­aWe�_W¼eW ·�W Y\e

XbYX\ ­ab_Wba\e fb^e ^­Ze bY\X�[^«¨\n ^ ­[^Y ^ We ^d^ eWYf\ bYªWX ^f^ Y\  WXbf\

f\ ­^aÂY·�b_^ X\_ ­WYW a^«¨\ ^ a^d»e f\e We i_^ \e lj¢:¢h`ÃÃÀ W  ^[¡n

±//àm¡

`\e à �`À Y\e  a^ ^_WY \e X\Y a\[W lgb]�a^ ² ¤m W ][bXWa\[ Ùá lgb]�a^ ²

¬mn Y¨\ ª\a^_ WYX\Y a^f^e We a� �a^e ª×Y]bX^e¡ ¬\  a^ ^_WY \ X\_ º]�^

X\Y bY�\� ^ ^­^aWXWa kbª^ lgb]�a^ ² ´mæ X\Y¹fb\ X\[\Yb¦^Yf\ We i_^ \ W_ àá

fW ][bXWa\[ lgb]�a^ ² µm W ^eXZe­\a\n We­\a\ eW©�^[n Y¨\ ]Wa_bY^f\n W_ Øá fW

][bXWa\[ lgb]�a^ ² £m¡ µe ^eXZe­\a\e ­a\f�¦bf\e fWefW \e à fb^e e¨\

X\YebfWa^f\e ^ ­abYXb­^[ We a� �a^n ­\fWYf\ eWa fbeeW_bY^f\e ­^a^ ºaW^e

fbe ^Y We ­W[\ dWY \¡ lg`:h¢Vµæ ´µ�¢¤æ Vµ¬À¢VVµn oppÚm¡

µ X[^aW^_WY \ W X\[\a^«¨\ fW We a� �a^e ª×Y]bX^e W_ ª\[k^e fW

³^Y^YWba^ Ãa^YfW ¬^bYW X\_ ±àn Ùp W ¯p �`Àn We ¨\ ^­aWeWY ^f\e Y^ gb]�a^ à

l` ^ £m¡ `\e ±à �`À k\�dW ^d^Y«\ f^ f\WY«^ W_ ­[^Y ^e  a^ ^f^e X\_ º]�^

lgb]¡ à jmn X\_ ^­^aWXb_WY \ fW ^eXZe­\a\n kbª^e Y\ WY \aY\ f\e We i_^ \e Y\

 a^ ^_WY \ àá fW ][bXWa\[ lgb]�a^ à �m W X\YbfbZª\a\e lgb]�a^ à ¢m¡ µ X\Y a\[W W

\  a^ ^_WY \ Ùá X\Y bY�^a^_ eW_ ^­aWeWY ^a We a� �a^e¡
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	QXN�M Û¡ �[^aW^_WY \ W X\[\a^«¨\ fW We a� �a^e ª×Y]bX^e W_ ª\[k^e fW

³^Y^YWba^ Ãa^YfW ¬^bYW X\_ ±àn Ùp W ¯p �`À¡ `n g W ¤¼ X\Y a\[Wæ jn Ãn ´¼

­[^Y ^ bY\X�[^f^ eW_ ][bXWa\[æ �n ã W ¬¼ ­[^Y ^e bY\X�[^f^e W  a^ ^f^e X\_ Ùá

fW ][bXWa\[æ �n À W µ¼ ­[^Y ^e bY\X�[^f^e W  a^ ^f^e X\_ àá fW ][bXWa\[æ ¢n ¿ W £¼

­[^Y ^e bY\X�[^f^e W  a^ ^f^e X\_ Øá fW ][bXWa\[¡ �`Àe fb^e ^­Ze bY\X�[^«¨\n

k¼ ãbª^n Xe X\Y¹fb\n X\e X\YbfbZª^a\ ^e ^eXZe­\a\en e e We \_^ \­Zfb\n We

We i_^ \e¡ j^aa^e® opp ×_¡

`\e Ùp fb^e ª\a^_ WYX\Y a^f^e We a� �a^e W_  \f\e \e  a^ ^_WY \en

W©XW \ X\Y a\[W¡ ãbª^e X\[\Yb¦^Yf\ We i_^ \e Y\e  a^ ^_WY \e X\_ º]�^ W Y\

][bXWa\[ àá lgb]�a^ à Ã W Àmn X\YbfbZª\a\e W_ Ùá fW ][bXWa\[ lgb]¡ à ãm W

^eXZe­\a\ ]Wa_bY^f\ W_ ][bXWa\[ Øá lgb]¡ à ¿m¡

`\e ¯p �`À ª\b dbe�^[b¦^f\ kbª^ X\[\Yb¦^Yf\ We i_^ \ Y\  a^ ^_WY \ X\_

º]�^ lgb]¡ à ´mn _bX»[b\ W_ Ùá fW ][bXWa\[ lgb]�a^ à ¬mn ^eXZe­\a\ Y¨\

]Wa_bY^f\ W_ àá lgb]�a^ Ù µm W ­aWeWY«^ fW We \_^ \­Zfb\ Y\  a^ ^_WY \ Øá

lgb]�a^ à £m¡ ` » \ ªbY^[ f^e ^d^[b^«ÖWe Y¨\ ª\a^_ WYX\Y a^f^e We a� �a^e

ª×Y]bX^e Y\  a^ ^_WY \ X\Y a\[W¡

Ù¡Ù¡ `Yº[beW fW ¢©­aWee¨\ ÃÂYbX^

£^a^ dWabªbX^a ^ bY Wa^«¨\ f^e ­[^Y ^e fW Ãa^YfW ¬^bYW  a^ ^f^e X\_

][bXWa\[ W_ bY Wa^«¨\ X\_ ^ ¥b]^ \Õ^ YW]a^ W_ ^Yº[beW _\[WX�[^an f\be ]WYWe

WYd\[dbf\e Y^ bY Wa^«¨\ ­[^Y ^¼­^ Z]WY\ X\_ ª�Y«¨\ fW aWX\YkWXb_WY \ W

ebY^[b¦^«¨\ lâÀ¬¤hhn âbY^eWn ¤hh f\_^bYen ­a\ WbY¼­a\ WbY bY Wa^X b\Ym W

 a^Yef�«¨\ fW ebY^be l¥Vh`¬¥n ¥b]Y^[  a^Yef�X b\Ym l:W[^_Wn op±Úmn ª\a^_

^Y^[be^f\e db^ hV¼·£�hn X\Yª\a_W lgb]�a^ ¯m¡ ` W©­aWee¨\ ª\b Y\a_^[b¦^f^

­W[\e ]WYWe fW aWªWaÂYXb^ fW ÆßÊÍ e­­¡n oà¥ W ¤o´c l£µ�¢:À¬ W  ^[n op±om¡

�W ^X\af\ X\_ ^ gb]�a^ ¯ l` W jmn \e ]WYWe ª\a^_ W©­aWee\e

fbªWaWY W_WY W WY aW \e  a^ ^_WY \e W  W_­\e ^d^[b^f\e¡ ` _^b\a W©­aWee¨\

f\e ]WYWe Y\  W_­\ ªbY^[ l¯p fb^em \X\aaW� X\_ àá fW ][bXWa\[¡
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gb]�a^ ¯¡ £Waªb[ fW W©­aWee¨\ aW[^ bd^ f\e ]WYWe W_ ^_\e a^e fW Ãa^YfW ¬^bYW
 a^ ^f^e X\_ ][bXWa\[ W bY\X�[^f^e X\_ be\[^f\ fW Æç ÑÒÓÒÎÔÊÒÊ W_ a^[^«¨\ ^\
X\Y a\[W Y¨\ bY\X�[^f\ Y\  W_­\ pk¡ l`m ¥Vh`¬¥ l¥bY^[ fW  a^Yef�«¨\m W ljm
âÀ¬¤hh lâbY^eWn ¤hh f\_¹Yb\en bY Wa^«¨\ ­a\ W¹Y^¼­a\ W¹Y^m¡ `e
·�^Y bªbX^«ÖWe ª\a^_ Y\a_^[b¦^f^e � b[b¦^Yf\ \e ]WYWe fW aWªWaÂYXb^ oà¥ W
¤o´c¡ �`À® �b^e ^­Ze bY\X�[^«¨\¡

` W©­aWee¨\ ][\³^[ f\e f\be ]WYWe eW[WXb\Y^f\e » _\e a^f^ Y\ _^­^ fW

X^[\a lgb]¡ Úm¡ `e ^Yº[beWe _\e a^_ \ ^]a�­^_WY \ kbWaºa·�bX\ f^ X�[ bd^a

Ãa^YfW ¬^bYW fW ^X\af\ X\_ \e ­Waªbe fW W©­aWee¨\ f\e f\be ]WYWe

^Y^[be^f\e¡ `e [bYk^e f\ fWYfa\]a^_^ aW­aWeWY ^_ \e  W_­\e fW X\[W ^n W ^e

X\[�Y^e aW­aWeWY ^_ \e  a^ ^_WY \en fW_\Ye a^Yf\ ·�W ^e aWe­\e ^e ª\a^_

fbªWaWY We WY aW \e ]WYWe W_ aW[^«¨\ ^\e  a^ ^_WY \e W \e  W_­\e ^d^[b^f\e¡

�WY aW \e  a^ ^_WY \en \ Ùá fW ][bXWa\[ ª\b \ ·�W \³ WdW _WY\a

W©­aWee¨\ f\e f\be ]WYWen WY·�^Y \ \  a^ ^_WY \ X\_ àá fW ][bXWa\[n

fW_\Ye a\� _^b\a W©­aWee¨\ fW ^_³\e \e ]WYWe ^[d\en ­abYXb­^[_WY W ^\e ¯p

fb^e¡ ¢eeW aWe�[ ^f\ X\aa\³\a^ ^e ^Yº[beWe fW À� W ``�£� lgb]�a^ Ùm¡

	QXN�M f¡ ãW^ _^­e f\e ­Waªbe fW W©­aWee¨\ aW[^ bd^ f\e ¥Vh`¬¥ l¥b]Y^[
 a^Yef�X b\Ymn âÀ¬¤hh lâbY^eWn ¤hh f\_^bYen ­a\ WbY¼­a\ WbY bY Wa^X b\Y W_



x3

^_\e a^e fW Ãa^YfW ¬^bYWn W_ eWbe  W_­\e fW X\[W ^e ^­Ze \  a^ ^_WY \ X\_
][bXWa\[ W_ aW[^«¨\ ^\ X\Y a\[W Y¨\ bY\X�[^f\ Y\  W_­\ pk¡ `e ·�^Y bªbX^«ÖWe
ª\a^_ Y\a_^[b¦^f^e � b[b¦^Yf\ \e ]WYWe fW aWªWaÂYXb^ oà¥ W ¤o´c¡

Ù¡²¡ `Yº[beW ãbe \·�¹_bX^

` gb]�a^ Ø l` ^ £m _\e a^ b_^]WYe f^ fW WX«¨\ fW X^[\eW ^ a^d»e fW

ª[�\aWeXÂYXb^ ^­Ze X\[\a^«¨\ X\_ ^¦�[ fW ^Yb[bY^ Ù [�]\[ f\  W_­\ ¦Wa\ ^ » à

�`À¡ g\a^_ dbe�^[b¦^f^e ­a\f�«¨\ fWe W X\_­\e \ ^ ­^a ba f^e Úo ã`À W_

­[^Y ^e bY\X�[^f^e¡ `\e à �`À ª\b fW WX ^f^ fW­\eb«¨\ fW X^[\eW Y\e

­^aÂY·�b_^e ­^[b«^efbX\ W [^X�Y\e\ Y\  a^ ^_WY \ àá fW ][bXWa\[¡

	QXN�M g� ¥WX«ÖWe  a^YedWae^be fW ª\[k^e fW ³^Y^YWba^ Ãa^Yf ¬^bYW Y\e

 a^ ^_WY \e X\Y a\[W l`n gn ¤mn bY\X�[^«¨\ Ù º]�^ ljn Ãn ´mn ][bXWa\[ Ùá l�n ãn

¬mn ][bXWa\[ àá l�n Àn µmn ][bXWa\[ Øá l¢n ¿n £m¡ `e b_^]WYe e¨\ aWªWaWY We ^\e

Vpn Úo ã`À W à �`À¡ VWe W kbe \·�¹_bX\ ­^a^ fW WX«¨\ fW X^[\eW¡ �^® X^[\eWn

ã`À® k\a^e ^­Ze bY\X�[^«¨\n �`À® fb^e ^­Ze bY\X�[^«¨\¡ j^aa^® opp __¡ �a�¦

f^e `[_^e¼j`n opoÙ¡

`e eWX«ÖWe  a^YedWae^be fW ª\[k^e fW ³^Y^YWba^ Ãa^YfW ¬^bYW Y\e

 W_­\e fW ±à ^ ¯p fb^en We ¨\ ^­aWeWY ^f^e Y^ gb]�a^ /l` ^ £m¡ `\e ±à �`Àn

Y¨\ ª\b dbe�^[b¦^f^ aWe­\e ^ fW fWªWe^ W_ ­[^Y ^e Y¨\  a^ ^f^e X\_ ][bXWa\[¡

`\e Ùp W ¯p �`À ª\b fW WX ^f^ aWe­\e ^ fW fWªWe^ W_  \f\e \e  a^ ^_WY \en

bYX[�ebdW Y\ X\Y a\[W¡ `­We^a f^ ^d^[b^«¨\ fW X^[\eW eWa ·�^[b ^ bd^n » ­\ee¹dW[

bfWY bªbX^a _^b\a fW WX«¨\ l­^a We ª[�\aWeXWY Wem Y\e  a^ ^_WY \e à W Øá fW

][bXWa\[ ^\e ¯p �`À¡
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	QXN�M h¡ ¥WX«ÖWe  a^YedWae^be fW ª\[k^e fW ³^Y^YWba^ Ãa^YfW ¬^bYW Y\e
 a^ ^_WY \e X\Y a\[W l`n gn ¤mn bY\X�[^«¨\ Ù º]�^ ljn Ãn ´mn ][bXWa\[ Ùá l�n ãn
¬mn ][bXWa\[ àá l�n Àn µmn ][bXWa\[ Øá l¢n ¿n £m¡ `e b_^]WYe e¨\ aWªWaWY We ^\e
±àn Ùp W ¯p �`À¡ VWe W kbe \·�¹_bX\ ­^a^ fW WX«¨\ fW X^[\eWæ ³^aa^® opp __¡
�a�¦ f^e `[_^e¼j`n opoÙ¡

=Å ���������

²¡±¡ `d^[b^«¨\ f\e ebY \_^e W ^Yº[beW kbe \[Z]bX^

`e _^YXk^e X^a^X Wa¹e bX^e fW ¥b]^ \Õ^ ¬W]a^ e¨\ fW X\a ^_^aW[^n ·�W

X\_ \ ­^ee^a f\  W_­\ W ^ Wd\[�«¨\ f\ ­^ Z]WY\n eW  \aY^_ _^aa\Yen

XaWeXW_n W X\^[WeXW_ bYf�¦bYf\ _\a W f\e  WXbf\e¡ `e _^YXk^e Y^ ­a\­\a«¨\

·�W ^�_WY ^_n eW  \aY^_ YWXaZ bX^e ­aW¸�fbX^Yf\ ^ ª\ \ee¹Y WeW f^ ­[^Y ^

ljµh`ã W  ^[¡n opoom¡

µe ^eXZe­\a\e e¨\ ­a\f�¦bf\e W_  WXbf\e YWXa\e^f\en X\_­[W ^Yf\ \

eW� XbX[\ Y^ ª^eW YWXa\ aZªbX^ lg`:h¢Vµæ ´µ�¢¤æ Vµ¬À¢VVµn oppÚmn Y\

WY ^Y \n Wee^ ^ªba_^«¨\ d^b X\Y a^ \ \³eWad^f\ W_ Y\ee\ We �f\¡ ` ­aWeWY«^

fW ^eXZe­\a\e Y\e  a^ ^_WY \e X\_ º]�^ W Øá fW ][bXWa\[ \X\aaW� W_ ª\[k^e

Y¨\ YWXa\e^f^e¡ £\fWab^ eWa We­Wa^f\ We W  b­\ fW aWe�[ ^f\ Y^e ­[^Y ^e

 a^ ^f^e X\_ Øá fW ][bXWa\[ ­W[\ ª^ \ f\ ^[ \ Y¹dW[ fWe W X\_­\e \n ·�W

X\YeW·�WY W_WY W ­\ee�b _^b\a ·�^Y bf^fW fW X^a³\Y\n We bdWeeW ^ �^Yf\

_^be X\_\ ª\Y W fW WYWa]b^ ­^a^ \ ª�Y]\ l�ã`¬�` W  ^[¡ oppØm¡

µ Æç ÑÒÓÒÎÔÊÒÊn X\_\ �_ ª�Y]\ kW_b³b\ aZªbX\n  W_ eW� XbX[\ ³b\ aZªbX\ ·�W

f�a^ fW Ù¼² eW_^Y^e eW_ X^�e^a _\a W ¶ ­[^Y ^ l`ÃhÀµ¥n op±/mn \ ·�W

W©­[bX^ ^ ª\a_^ ·�W \e ebY \_^e eW fWa^_ f�a^Y W ^e à eW_^Y^e fW ^d^[b^«¨\n

Y¨\ XkW]^Yf\ ¶ ª^eW fW YWXa\eW¡ ó  a^ ^_WY \ X\_ Øá fW ][bXWa\[ ^­aWeWY \�

^eXZe­\a\e W _^b\a eWdWabf^fW fW ebY \_^e¡ ¢e W aWe�[ ^f\ _^be �_^ dW¦n
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e�]WaW \ ][bXWa\[ ­\eebdW[_WY W ^ �^Yf\ X\_\ ª\Y W fW X^a³\Y\ ­^a^ \ ª�Y]\n

X\aa\³\a^Yf\ \e aWe�[ ^f\e \³ bf\e ­^a^ ^Yº[beW fW À� W ``�£�¡

6k^Y] W  ^[¡ lop±àm dWabªbX^a^_ _\a W XW[�[^a W_ ­[^Y ^e  a^ ^f^e X\_

f\eWe _^be ^[ ^e fW ][bXWa\[ Y^ X�[ �a^ f\ X^X^�Wba\  a^ ^f^e X\_ f\eWe ^Xb_^

fW Ùpp _´n \YfW k\�dW X[\a\eW W _\a W XW[�[^a dbe�^[b¦^f^ Y^e ­\Y ^e f^e

ª\[k^e¡ ¢_ ³^Y^YWba^n X�[ bd^a Ãa^YfW ¬^bYWn Y¨\ ª\a^_ dbe�^[b¦^f^e fbªWaWY«^e

ªWY\ ¹­bX^e eb]YbªbX^ bd^e W_ ­[^Y ^e  a^ ^f^e X\_ Ùn à W Øá fW ][bXWa\[ W_

aW[^«¨\ ¶e ­[^Y ^e Y¨\  a^ ^f^e¡

` ­^a ba f^ X[^abªbX^«¨\n ª\b ­\ee¹dW[ dbe�^[b¦^a fbdWae^e ª^eWe fW

fWeWYd\[db_WY \ f^ ¥b]^ \Õ^ YW]a^n fWefW kbª^e ^ We­\a\e f^ aW­a\f�«¨\

eW©�^f^ Y^e ª\a_^e ]Wa_bY^f^e W Y¨\ ]Wa_bY^f^e¡ ¿º ª\b X\_­a\d^f\

XbWY bªbX^_WY W ·�W ·�^Y \ _^b\a ^ fWYebf^fW fW We i_^ \en [\X^[ W_ ·�W \

ª�Y]\ Æç ÑÒÓÒÎÔÊÒÊ bYªWX ^ ^ ­[^Y ^n _^b\a » ^ bYªWX«¨\¡ ` Ãa^YfW ¬^bYWn ]WYZ b­\

e�eXW ¹dW[n ­\ee�b ^[ ^ fWYebf^fW fW We i_^ \en \ ·�W ª^Xb[b ^ ^ ­WYW a^«¨\ f\

ª�Y]\ l¥µ`h¢¥ W  ^[¡n opoom¡ ` ­[^Y ^ X\_ aWe­\e ^e fW fWªWe^ ª¹ebX^ W

·�¹_bX^ �e^ _WX^Ybe_\e ­^a^  WY ^a eW fWªWYfWa f\ bYd^e\a¡ ` ­^aWfW XW[�[^a

aWe ab·�W \  �³\ ]Wa_bY^ bd\ f\e ª�Y]\e W ^ fWªWe^ ³b\·�a_bX^ » fWeWYX^fW^f^

­\a £VÀ W ¢VÀ ­W[^ ­a\f�«¨\ fW We­»XbWe aW^ bd^e fW \©b]ÂYb\e W \� a\e¡ µe

_W ^³\[b \e eWX�Yfºab\e  ^_³»_ ^]W_ X\_\ _\[»X�[^e Y\ fWeWYd\[db_WY \

f^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ l¥`hm lâ`ch W  ^[¡n opoom¡

`e ­[^Y ^e  a^ ^f^e X\_ Øá fW ][bXWa\[ ^­aWeWY ^a^_ aWe�[ ^f\e

eW_W[k^Y We ¶e ­[^Y ^e  a^ ^f^e X\_ º]�^n X\_ ^[]�_^e We a� �a^e ª×Y]bX^

Y^e ­ab_Wba^e k\a^e fW ^d^[b^«¨\¡ ¬\  a^ ^_WY \ X\_ àá fW ][bXWa\[n ^ ­ab_Wba^

dbe�^[b¦^«¨\ fW X\Y¹fb\e ª\b ^\e à �`Àn WY·�^Y \ YWe W _We_\ ­Wa¹\f\ \

 a^ ^_WY \ X\_ Øá fW ][bXWa\[ ^­aWeWY \� ^eXZe­\a\e Y¨\ ]Wa_bY^f\e¡

ÀYbXb^[_WY Wn \  a^ ^_WY \ X\_ Ùá fW ][bXWa\[ fW_\Ye a\� _^b\a Y¹dW[ fW

aWebe ÂYXb^n fWeWYd\[dWYf\ We a� �a^e ^ ­^a ba f\e ±à �`À¡ ¤b W  ^[¡n lop±¯m

bfWY bªbX^a^_ ·�W ·�^Y \ _^b\a ^ f\eW fW ][bXWa\[ l±¼²ámn _^b\a ^ aWebe ÂYXb^

fWeWYd\[dbf^ ­W[^e ­[^Y ^e fW  ab]\ X\Y a^ \ \¹fW\n _^e X\YebfWa^a^_ ^ _W[k\a

f\eW ^ Ùá ­W[\ ª^ \ f^ ²á fW ][bXWa\[ ^­aWeWY ^a _\a W XW[�[^a Y^e ­\Y ^e f^e

ª\[k^e¡
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¤b W  ^[¡ lopopm dWabªbX^a^_ ]Wa_bY^«¨\ fW We­\a\e W_ i/pá f^e ­[^Y ^e

 a^ ^f^e X\_ º]�^n e�]WabYf\ ·�W \ ][bXWa\[ bYf�¦b� aWebe ÂYXb^ X\Y a^ \

­^ Z]WY\ ª×Y]bX\ f\  ab]\n \ \¹fb\¡ µ ·�W ­\fW eWa aW[^Xb\Y^f\ ^\ ­aWeWY W

 a^³^[k\ W_ ·�W k\�dW dbe�^[b¦^«¨\ fW We a� �a^e Y\  a^ ^_WY \ X\Y a\[W fWefW

\e ­ab_Wba\e fb^en _^e  ^_³»_ Y\  a^ ^_WY \ X\_ f\eW _^be ^[ ^ fW ][bXWa\[n

Øá¡

£^a^ \  ab]\n ª\a^_ ^d^[b^f\e fbªWaWY We _\_WY \e fW ^­[bX^«¨\ fW

][bXWa\[n ^Y We W ^­Ze bY\X�[^«¨\n W ª\b X\_­a\d^f\ ·�W \ _W[k\a _\_WY \

­^a^ eW bYbXb^a \  a^ ^_WY \ » ±¼o fb^e ^Y We f^ bY\X�[^«¨\¡ `e ­[^Y ^e  a^ ^f^e

X\_ ][bXWa\[ ª\a^_ ^[ ^_WY W aWebe WY Wen WY·�^Y \ ^e  a^ ^f^e X\_ º]�^

^­WY^en ª\a^_ e�eXW ¹dWbe l¤À W  ^[¡n op±¯m¡

²¡o¡ ¢©­aWee¨\ ]ÂYbX^

` bYf�«¨\ fW fWªWe^ W_ ­[^Y ^e _Wfb^f^ ­W[\ ][bXWa\[ We º aW[^Xb\Y^f^

X\_ \ ^�_WY \ fW ][bXWa\[¼Ù¼ª\eª^ \ lÃÙ£m W f^ fb_bY�b«¨\ f\ ºXbf\ \[WbX\

l±Ø®±m¡ µ ][bXWa\[ ­\fW eWa � b[b¦^f\ W_ ­[^Y ^e ­^a^ bYf�«¨\ fW aWebe ÂYXb^

X\Y a^ ­^ Z]WY\en _^e XkW]\� ^ eWa X\YebfWa^f\  Z©bX\ W_ ­[^Y ^e ·�^Yf\

� b[b¦^f\e W_ ^[ ^e X\YXWY a^«ÖWe l6ã`¬Ã W  ^[¡n op±àm¡

µ We �f\ fW W©­aWee¨\ ]ÂYbX^ W_ ³^Y^YWba^ bYªWX ^f^ ­W[\ be\[^f\ fW

Æç ÑÒÓÒÎÔÊÒÊ X\Y ab³�b ­^a^ ^ bfWY bªbX^«¨\ f\ bY¹Xb\ fW fWªWe^ f^ ­[^Y ^n ¸º ·�W

dbe�^[_WY W be \ Y¨\ ª\b ­\ee¹dW[ fWdbf^ ^ ª^eW bYbXb^[ eWa ³b\ aZªbX^ W Y¨\

^­aWeWY ^a ebY \_^e bYbXb^[_WY W lhµ�haÃc¢6 W  ^[n op±¯m¡ ¬\ We �f\ ^·�b

aW^[b¦^f\n ª\b ­\ee¹dW[ bfWY bªbX^a ·�W \ ]WYW fW ebY^[b¦^«¨\ ª\b W©­aWee\ [\]\ Y\

bY¹Xb\ f^ bYªWX«¨\¡

¢_ We �f\ X\_ d^abWf^fWe aWebe WY W W e�eXW ¹dW[n h\fa¹]�W¦ W  ^[¡

lop±¯m X\YeW]�ba^_ bfWY bªbX^a dºab\e ]WYWe fW fWªWe^ Y\ ]WYZ b­\ aWebe WY Wn

�^[X� º ²n W bYf�«¨\ fbªWaWY W Y\ e�eXW ¹dW[n ¾b[[b^_e¡ ¬^ �^[X� º ²n ^ bYf�«¨\

ª\b ­aWX\XWn ^eeb_ X\_\ Y\ ­aWeWY W  a^³^[k\n W_ ­[^Y ^e e�eXW ¹dWbe  WdW ^

bYf�«¨\ fW ]WYWe Y\ bY¹Xb\ f^ bYªWX«¨\¡

c_ ebY^[ fW  a^Yef�«¨\ fWeWYd\[dbf\ ­W[^e ­[^Y ^e ^­Ze  a^ ^_WY \

X\_ ][bXWa\[ W_ aWe­\e ^ ^\ ^]WY W ­^ \]ÂYbX\ ­\fW eWa \ ºXbf\ e^[bX¹[bX\n

k\a_iYb\ b_­\a ^Y W ­^a^ aWebe ÂYXb^ ebe Â_bX^ ^f·�babf^ lnº W  ^[¡n opp±m W

ºXbf\ \[WbX\ ´WYfW[ W  ^[¡ lop±omæ e�^ aW­\e ^ » fW­WYfWY W f^ f\eW l6ã`¬Ã
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W  ^[¡n op±àm¡ Àee\ W©­[bX^ ^ bYf�«¨\ f\e ]WYWe ¥Vh`¬¥ W âÀ¬¤hh W_ ­[^Y ^e

fW ³^Y^YWba^n ·�^Y \ _^b\a ^ f\eW fW ][bXWa\[n _^b\a ª\b ^ W©­aWee¨\ fWeeWe

]WYWe¡ `  a^Yef�«¨\ fW ebY^[ » ^ bd^f^ ·�^Yf\ ^ ­[^Y ^ aWX\YkWXW ^ ­aWeWY«^

f\ ­^ Z]WY\¡ `\ aWX\YkWXWa [b³Wa^ ^ �^jÙn X\YebfWa^f\ \ ­abYXb­^[ _Wfb^f\a

X\Y a^ We aWeeW fW ­[^Y ^e l�À¬Ã W  ^[¡n opoom¡

µ ]WYW âÀ¬¤hh » �_ ]WYW f^ ·�bY^eW abX\ W_ [W�XbY^¡ ¢eeW ]WYW

^]W X\_\ �_ aWXW­ \a ·�W fW WX ^ ^Y\a_^[bf^fWe Xab^f^e ­\a ª^ \aWe ³bZ bX\e W

^³bZ bX\e W_ ­[^Y ^e l¥¢¬¥¢:¢hÀ¬µ W  ^[¡n op±pæ `¬Vµ¤a¬¼¤µµ:¢h`n

jÀ¬�¢h > £`h¬À¥â¢n op±om¡ `e ­a\ W¹Y^e abX^e W_ [W�XbY^ e¨\ b_�Ybf^fW

fWeWYX^fW^f^ ­\a WªW \aWe l¢VÀm¡ µ ¢VÀ » ^ bd^f\ fW­\be ·�W \ ­^ Z]WY\

X\YeW]�W e�­Wa^a ^ ­ab_Wba^ [bYk^ fW fWªWe^ f\ k\e­WfWba\n ^ �^Yf\ X\_\

�_^ eW]�Yf^ [bYk^ fW fWªWe^ l ¬µ´`´n `v¢¢¤n ¤µcn op±/m¡

`  a^Yef�«¨\ fW ebY^be W_ ­[^Y ^e WYd\[dW dºab^e [bYk^e fW fWªWe^

dW]W ^[ ­^a^ b_­Wfba \ fWeWYd\[db_WY \ f\ ^]WY W ­^ \]ÂYbX\n \YfW ^e

aWe­\e ^e e¨\ ^ Xab^«¨\ fW We­»XbWe aW^ bd^e fW \©b]ÂYb\ lhµ¥mn ]WYWe

aW[^Xb\Y^f\e ¶ ­^ \]ÂYWeWn fW­\eb«¨\ fW X^[\eWn ºXbf\ e^[bX¹[bX\ W ebY^[b¦^«¨\

f^ ­a\ W¹Y^ ·�bY^eW ^ bd^f^ ­\a _b Z]WY\ l´`£âmn fWY aW \� a\e l¤Àcæ ¤`´n

op±/m¡ µe k\a_iYb\e e¨\ _\[WX�[^e ·�W ^ �^_ Y^ ­[^Y ^ W_ dºab\e ­a\XWee\e

ªbeb\[Z]bX\en fWY aW W[We ^ fWªWe^ f^e ­[^Y ^e¡ ¢Y aW \e ­abYXb­^be fWe ^X^¼eW \

ºXbf\ ¸^e_iYbX\n \ ºXbf\ e^[bX¹[bX\n W b[WY\n ºXbf\ ^³eX¹ebX\n ^�©bY^n ]b³WaW[bY^

l¥ãÀÃ¢¬`Ã` W `hÃc¢¥µn op±¯m¡

µ  a^ ^_WY \ X\_ àá fW ][bXWa\[  WdW aWe­\e ^e ­\eb bd^e ^ [\Y]\

­a^¦\ ­^a^ \e f\be ]WYWe  We ^f\e¡ ` W©­aWee¨\ f\ ]WYW ¥Vh`¬¥ YWeeW

 a^ ^_WY \ eW _^Y WdW ^[ ^ ^\e ¯p �`Àn WY·�^Y \ ­^a^ \ âÀ¬¤hhn fb_bY�b� W_

aW[^«¨\ ^\e Ùp �`À¡ �\_­^a^Yf\ \e  a^ ^_WY \e à W Øá fW ][bXWa\[n \

 a^ ^_WY \ ·�W _^be  WdW W©­aWee¨\ f\e ]WYWen \ fW à á fW ][bXWa\[n _^Y WdW

WeeW aWe�[ ^f\ ^ » \ ªbY^[ f^e ^d^[b^«ÖWe¡

` ª\a_^ X\_\ \ ][bXWa\[ ^]W W_ ­[^Y ^e fW ³^Y^YWba^ ^bYf^ ­aWXbe^ fW

dºab\e We �f\e ­^a^ X\_­a\d^an _^e ^�_WY \ f\ ÃÙ£ W ^ fb_bY�b«¨\ f\ ºXbf\

\[WbX\n \X\aaW ­\a _Wb\ f^ ^Xb[^«¨\ WY aW \e f\be Y\e ­[^e_¹fW\en ^ W[Wd^«¨\

f\ ÃÙ£ X\Y ab³�b ­^a^ ^ ebY^[b¦^«¨\ ­\a _Wb\ f\ ºXbf\ e^[bX¹[bX\ l`¥m W ºXbf\

¸^e_iYbX\ l`¿m lâ`�ãhµµ W  ^[¡n opp²m¡ µ W b[WY\  ^_³»_ ª^¦ ­^a W f^
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ebY^[b¦^«¨\ W X^f^ k\a_iYb\ ^ bd^ �_^ db^ fW ª\a_^ bYfbdbf�^[n ¸�Y \e \� fW

ª\a_^ ^Y ^]iYbX^n _^e X^f^ aWe­\e ^ fW­WYfW f^ bY Wa^«¨\ ­[^Y ^ © ­^ Z]WY\

l�ã`¬�h`¼¥ã¢â`h` W  ^[¡n oppÚm¡ hW[^Xb\Y^f\ ¶ fWªWe^ fW ­[^Y ^e X\Y a^

­^ Z]WY\en ^ bYf�«¨\ X\Y a^ _bXa\a]^Ybe_\e YWXa\ aZªbX\e eW fº ­\a _Wb\ f\

`¿n k\a_iYb\ aWe­\YeºdW[ ­W[^ fWªWe^ X\Y a^ ­^ Z]WY\e YWXa\ aZªbX\e l´`VhÀ�

W  ^[¡n op±¯m¡

µ ¤hh » �_ ]WYW fW aWX\YkWXb_WY \ fW WªW \aWe ·�W ª^¦ X\_ ·�W ^e

­a\ W¹Y^e fW dba�[ÂYXb^ eW  \aYW_ fW ^dba�[ÂYXb^n ­\ee�b �_^ eW]�Yf^ [bYk^ fW

fWªWe^ X\YkWXbf^ X\_\ ¢VÀn ·�W ^Y Wab\a_WY W Wa^ Xk^_^f^ fW ]WYW¼^¼]WYW

\� aWebe ÂYXb^ a^«^¼We­WX¹ªbX^ l¿µ¬¢¥ W �`¬Ã¤n opp¯m¡ µ ¤hh bYf�¦

aWebe ÂYXb^ W_ ­[^Y ^e ^ ^X^f^e ­\a _bXa\a]^Ybe_\e ³b\ aZªbX\e \�

kW_b³b\ aZªbX\n \� eW¸^n \a]^Ybe_\e ·�W ­Wa_b W_ ·�W ^ ­[^Y ^ ­Wa_^YW«^ dbd^
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fW W©­aWee¨\ ]ÂYbX^n fW_\Ye a^a^_ �_^  WYfÂYXb^ f^ X�[ bd^a Ãa^YfW ¬^bYW

fW aWe­\YfWa fW ª\a_^ _^be aWebe WY W ^\ be\[^f\ fW Æç ÑÒÓÒÎÔÊÒÊ Y^
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£\a eWa �_  a^³^[k\ ­b\YWba\n ^XaWfb ^¼eW ·�W \ �e\ fW ][bXWa\[ ­^a^ \
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WY ^Y \n _^be We �f\e WYd\[dWYf\ _^be ^­[bX^«ÖWe fW ][bXWa\[ ^Y We f^

bY\X�[^«¨\n ³W_ X\_\ \ �e\ fW �_ Y×_Wa\ _^b\a fW ]WYWe Y\ We �f\ fW

W©­aWee¨\ ]ÂYbX^n ­\fWa¨\ aWe­\YfWa ^e aWe­\e ^e fW ª\a_^ _^be a\³�e ^¡ `

­\eeb³[bf^fW f\ �e\ fWeeW X\_­\e \ Y\e ­[^Y b\e fW ³^Y^YWba^ f^ X�[ bd^a Ã¬

 a^a¨\ ]a^YfWe ³WYWª¹Xb\e ­^a^ ^ X^fWb^ ­a\f� bd^ f^ X�[ �a^n X\_ ]a^YfW

b_­^X \ Y\ ^_³bWY W W ¶ e^×fW k�_^Y^¡
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�\_ ³^eW Y\e We �f\e ^­aWeWY ^f\e Y\ ­aWeWY W  a^³^[k\n \ ][bXWa\[

­^aWXW eWa �_ ³\_ bYf� \a fW aWebe ÂYXb^ ­^a^ ­[^Y ^e fW ³^Y^YWba^ ·�^Yf\

� b[b¦^f\ ­ab_Wba^_WY Wn Y^ f\eW fW àán _^en _^be We �f\e ­aWXbe^_ eWa

aW^[b¦^f\e ­^a^ dWabªbX^a \ _W[k\a _\_WY \ f^ ^­[bX^«¨\ f\e  a^ ^_WY \en

bY\X�[^«¨\n W f\eWe ^ eWaW_ � b[b¦^f^e¡
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`]ab\e¡ �be­\YbdW[ W_® k  ­e®°°^]ab\¡^­­°[b³a^a½°¥b]^ \Õ^¼YW]a^¡ `XWee\ W_®
±p°±o°opoÙ¡

`ÃhÀV¢´£µ¡ �X�Q�TVWS� UQU�TVM PT VSLQ�S�MVTL�S MX�SVT�TS�SOyXQäS¡
k  ­® °°êêê¡^]ab W_­\¡]\d¡ ³a°^]a\X[b_^°e�_^ab\n ^XWee\ W_ oo°±p°opo±¡

`¬Vµ¤a¬¼¤µµ:¢h`n ´¡â¡n jÀ¬�¢hn `¡n £`h¬À¥â¢n ´¡® hWXW­ \a ÕbY^eW
ebY]Y^[bY] ­^ kê^½e bY ­[^Y ¼_bXa\³W bY Wa^X b\Ye¡ �LLNMO �TRQTì So
�åë�SWM�åSOSXën ¤^êaWYXWn d¡ àpn ­¡ ²à±¼²ÚÙn op±o¡

j¢:¢h`ÃÃÀn `¡æ ´µchÀ�ãµ¬n n¡æ ¥^[[»n Ã¡ E �fW X\_­^a»W fWe ­aW_b»aWe
» ^­We fW [lbYªWX b\Y XkW¦ fWe ³^Y^YbWae eWYeb³[We W  a»ebe ^Y e bYªWX »e ­^a
�WaeX\e­\a^ ªb¸bWYeb l´½X\e­k^WaW[[^ ªb¸bWYebem ^]WY  aWe­\Ye^³[W fW [^ _^[^fbWe
fWe a^bWe Y\baWe¡ �MLMPQML �SN�LMO So �S�MLën d¡ÚÙn ­¡ ±ÙoØ¼±ÙÙÚ¡ ±//à¡
f\b¡\a]°±p¡±±Ù/°³/à¼±²²¡

jµh`ãn ¥¡æ ¥`ÀâÀ`n j¡æ jµh`n �¡æ jãµh`¤Àn £¡ ¢©­aWeeb\Y ^Y^[½ebe \ª
fWªWYeW aWe­\YeW ]WYWe �­\Y ¥b]^ \Õ^ bYªWX b\Y bY ´�e^ ­^a^fbeb^X^ X�[ bd^a
â^XkÕ^[¡ �LPQML �SN�LMO So �TLT�QäUn ­¡ o±Ú¼ooÙn opoo¡ �\b®
±p¡Ù±Ú²o°À¿Ã£j¡Øo¡o¡±±¡

�ã`¬�`n j¡æ :¢¬cÃµ£`¤n ¥¡�¡æ âc¤¥ãh¢¥Vã`n ¥¡ ¬`:`hh¢n �¡ `¡æ
�µ¾¬À¢n j¡æ :`À¤¤`¬�µchVn ¤¡æ â`�ãhµµn `¡æ â`�ãhµµn £¡ Ã[½XWa\[¼Ù¼
­k\e­k^ W [WdW[e ^aW ^ee\Xb^ Wf êb k ³^e^[ aWebe ^YXW  \  kW kW_b³b\ a\­kbX
ª�Y]�e �\[[W \ abXk�_ kb]]bYeb^Y�_ bY `a^³bf\­ebe¡ £[^Y  £k½eb\[¡ :¡ ±²Ún £¡
op±Ú¼opo/¡ oppØ¡ �µÀ® ±p¡±±p²°­­¡±pØ¡±o±ÙÙà¡

�ã`¬�h`¼¥ã¢â`h`n `¡ �¡æ :¢¬cÃµ£`¤n ¥¡ �¡æ j`h´`¬n ¥¡ h¡æ
â`�ãhµµn `¡æ â`�ãhµµn £¡ £[^e bfb^[ ª^  ½ ^Xbf [WdW[e aW]�[^ W
aWebe ^YXW]WYW¼fW­WYfWY  fWªWYeW eb]Y^[bY] bY`a^³bf\­ebe¡ ����n ­¡ ÚoÚÚ¼
ÚoØon oppÚ¡ �µÀ® ±p¡±pÚÙ­Y^e¡p¯p/oà/±p²¡
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¢¤j`Ãµch9n ´¡ ´¡æ Vchµµ£n £¡æ hc¬µn ¥¡æ ¥À¤`n �¡ ¬¡æ ´`�À:µ¤À¡
£\e k^adWe   aW^ _WY e \ª ³^Y^Y^ lÆßÊÍ ÍÈß;ÒÔÍÞÍ Xd¡KÃa^Yf ¬^bYKn ```m
f�abY] X\[f ^Yf a�­WYbY]  W_­Wa^ �aWe êb k Xkb \e^Y Y^Y\­^a bX[We  \ ^[[Wdb^ W
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Wd^[�^ b\Y \ª ³[^XÕ eb]^ \Õ^ aWebe ^YXW bY ³^Y^Y^ ^Yf ­[^Y ^bY¡ `³�¸^®
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`hhc�`n ¤¡ :¡ ¥¡æ :À¢Àh`n ¬¡ ´¡æ ´`¬Vµ:`¬Àn ã¡ �¡æ 6`´jµ¤À´n ¤¡æ
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