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1 ='$%"=  1992 :)*% , 7 '%.  '#  .-%3)  *#'#: , .)$.#, . M%-
/)-%-8  /03)  '#$)C,)>') : ,0  .,)-"#3( , 9%9 +#",#'-  
!")'(9%#-  $'7-"8  93#-9( , .'(,%3(  !")2#..  '% 2$#-'7<  
!3#'97 , % !3#'97  *3=  !")=$9(  !"(1)*(3).8  )-!"%$3=-8  
$)  N"%'2(< , $ -)-  .%,06  @'.-(-7-  O%.-#"%, !)-),7  
5-)  $ R).9$#  '#  /03)  .))-$#-.-$7<&(1  "#%9-($)$ È. 
E3#9.%'*"  F%/%')$  !)!0-%3.=  $,#.-#  .  G%3#"(#,  
E3%1)$0,  )":%'(C)$%-8  '%75'06  /(C'#.  $ R).9$# , 
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!

!"#$%  &'()*+",  -&#+  *./*.$#"0+ , '#  #-'#&.",  $+#"(1 -
'#2#3+!(-045  0#67.'+5  +6  4).2#-,  "#2,0#  & 8.'.)( . 

9#"#6  -24!+2-:  7(*((/)  & ;<= . 9#!"+  18 2("  
=2(0-.')*  8.$.'#&  7*#*.$#".2  & >()+?+'-0#6  ?(' -
"*(  4'+&(*-+"(".  @($*.-0+ , 3)(  ".0A(  /.'+6.2-:  
7*#$2(6#B  2(0.*-"&(''#B  )#-".&0+  + #-'#&.2  7(*&%B 
& ;<=  ?('"*  '.'#6()+?+'% . C)(-,  #'  '.*:)4  -  -#/). -
'+(6  '#&%1 '.'#6."(*+.2#&  7*#)#2A+2  +-7#2,/#&.",  
7#2+6(*'%(  6+?(22%  )2:  "*.'-7#*"+*#&0+  2(0.*-"& . 
>+?(22.  -"*#+"-:  +/  6#2(042  $2#0--#7#2+6(*. : ((  
:)*#  -#-"#+"  +/  3+)*#D#$'%1  ?(7(B , .  3+)*#D+2,'%(  
#0*4A.5"  (3#  & &+)(  &'(E'(B  Ç#74E0+È. F :)*#  ".0#B  
7#2+6(*'#B  6+?(22%  6#A'#  7#6(G.",  '(*.-"&#*+ -
6%(  2(0.*-"&(''%(  &(G(-"&. . ;(3#)':  H".  "(1'#2#3+:  
&#E2.  & 6+*#&45  7*.0"+04 . I.$#".  7*#)#2A+2.-,  & 
J'+&(*-+"("(  ;(&(*'#B  8.*#2+'% , 3)(  =2(0-.')*4  
F+0"#*#&+!4  7*()2#A+2+  7#/+?+5  +6(''#3#  7*# -
D(--#*.  + )+*(0"#*.  K('"*.  '.'#"(1'#2#3+B  7# )# -
-".&0(  2(0.*-"& . 

ÇF A+&#B -+-"(6(  &-(  *.$#".("  '(  ".0 , 0.0  & 1+-
6+!(-0#B  2.$#*."#*++ , Ñ 3#&#*+"  8.$.'#& . Ñ @.-
7*+6(* , #0./.2#-, , !"#  6'#3+(  +/  1#*#E#  +/&(-"'%1  
7#2+6(*#& , ".0+(  0.0  7#2#0-.6(*%  (725*#'+0+ ) +2+ 
).A(  7#2+H"+2('32+0#2, , 6#34" &/.+6#)(B-"&#&.",  
-  $+#2#3+!(-0+6+  6(6$*.'.6+ , 6('::  #"&("%  H"+1 
6(6$*.'  '.  *./'%(  &#/)(B-"&+: . F.2(*+B  =2.1#& 
&7(*&%(  #$'.*4A+2 , !"# , (-2+  7#2#0-.6(*%  )# -
$.&+",  0 02("0.6 , #$2.).5G+6  6'#A(-"&(''#B  
2(0.*-"&(''#B  4-"#B!+&#-",5 , #'+  H"4 4-"#B!+ -

&#-",  &%025!.5" . >%  )(".2,'#  *./#$*.2+-, , 0.0  
H"+ 4)+&+"(2,'%(  7#2+6(*%  *.$#".5" . @.7*+6(* , & 
4-"#B!+&%1 0 2(0.*-"&4  *.0#&%1 02("0.1  #$*./45"-:  
'.-#-% , 0#"#*%(  &%$*.-%&.5"  2(0.*-"&#  '.*4A4 . 
L.0  &#", '.E+  7#2+6(*%  $2#0+*#&.2+  )(B-"&+(  H"+1 
'.-#-#&  + 7#2'#-",5  6(':2+  H'(*3("+04  02("#0 , #$-
*.G.:  +1 7*(+64G(-"&#  & -2.$#-", È. M"# #"'#-+"-:  
+ 0 *.0#&%6  02("0.6 , + 0 /)#*#&%6 , '.7*+6(* , 3(6. -
"#H'?(D.2+!(-0#3#  $.*,(*.  +2+ 02("0.6  0+E(!'#3#  
H7+"(2+: , 0#"#*%(  -".*.5"-:  '(  7*#74-"+",  &'4"*,  
'+!(3#  !4A#3#. L.0+6  #$*./#6 , H"+ 7#2+6(*%  6#34" 
#$2(3!+",  0.0  )#-".&04  2(0.*-"&.  & 6#/3 , ".0  + &-. -
-%&.'+(  (3#  & 0+E(!'+0( .

;(B!.-  & 6+*(  /.*(3+-"*+*#&.'#  $#2((  30 '.'#7*( -
7.*."#& , H"# $(/  4!(".  &.0?+'  #"  COVID-19. N1 6#A'#  
*./)(2+",  '.  )&.  02.--. . 9(*&%B  02.--  Ñ H"# 2+7#-# -
6.2,'%(  7*(7.*."% , & 0#"#*%1 &(G(-"&#  47.0#&.'#  & 
2+7#-#64 , 0 '+6  #"'#-+"-: , '.7*+6(* , 7H3+2+*#&.''%B  
2+7#-#6.2,'%B  O#0-#*4$+?+' , +2+ ÇO#0-+2È. F"#*#B , 
7#0.  (G(  6(',E+B , 02.--  Ñ H"# 7#2+6(*'%(  7*(7.*. -
"%, & 0#"#*%1 $2#0--#7#2+6(*%  #$*./45"  7#2+6(*'%(  
6+?(22% , 7*()2#A(''%(  8.$.'#&%6 . =2(0-.')*  F+0-
"#*#&+!  47#6+'.("  (G(  #)+'  02.--  Ñ "&(*)%(  '.'#!. -
-"+?% '.  #-'#&(  '(*.-"&#*+6#3# , '#  $+#*./2.3.(6#3#  
7#2+6(*. . N1 7#0.  '(  #)#$*+2+  0 7*+6('('+5 , #)'.0#  
+--2()#&."(2+  .0"+&'#  *.$#".5"   -  '+6+ . F ".0+1  !. -
-"+?.1  2(0.*-"&#  &%-&#$#A).("-:  /.  -!("  *./*4E('+:  
1+6+!(-0#B  -&:/+ . @.0#'(? , 7#:&+2+-,  '.'#7*(7.*."%  
)2:  )#-".&0+  '402(+'#&%1  0+-2#" , + -.6#(  /'.!+6#(  
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!"#$%&%&#% '()*  (%+&),)-##  Ñ ./01#&2  )(  COVID-19, 
3)45/&&2%  0)$!/&#6$#  Pfizer/Biontech # Moderna. 
Ç7.% &/#8),%%  !")"2.&2%  ./01#&2  35%,/&2  &/  ,# -
!#5&2+  0/(#)&&2+  &/&)9/3(#1/+ , 3(/8#,#4#")./&&2+  
)8),)90)*  #4 !),#'(#,%&-,#0),6 . :()  8),;<)*  =3!%+ 
&/&)$%5#1#&2 È, Ñ 39#(/%(  >,%03/&5"  ?#0()").#9 .

@A% )5#&  3.%B#*  !"#$%"  Ñ '()  3"%53(.)  )(  0) -
")&/.#"=3/  "%$5%3%.#". C& )5)8"%&  0 !"#$%&%&#D, 
&)  %-) &%,;46 #3!),;4)./(;  .  .#5% (/8,%()0  Ñ .  '()$  
3,=9/% )&  &% 5)3(#-&%(  1%,#, !)30),;0=  "/3A%!#(36  .  
!%9%&#.E%0/"3(.)  3%*9/3 !"#+)5#(36  ..)5#(;  .  0").; : 
5,6  '()-)  5%*3(.=DA%% .%A%3(.)  3.642./D(  3 "/3 -
(.)"6DA#$  /-%&()$  !)  )8F%$= .  5%36(0# "/4  8),;<% , 
9%$ 3/$)  ,%0/"3(.)  ()B% &% ./"#/&( : .  '()$  3,=9/% 
5%*3(.=DA%% .%A%3(.)  &=B&) 3.64/(;  3 "/3(.)"6DA#$  
/-%&()$  !)  )8F%$= .  5%36(0# "/4  8),;<% , 9%$ ,%0/"3(.) . 
G)  -,/.&)% , B%,/(%,;&) , 9()82  !")(#.).#"=3&2*  !"% -
!/"/(  ,).#,  .#"=3  .  3/$)$  &/9/,%  %-) !=(#  .  )"-/&#4$% . 

H&/9#( , )!(#$/,;&)  ..)5#(;  "%$5%3%.#" &% .  .%&=, 
/  .  52+/(%,;&2%  !=(#  .  .#5% /'")4),6 . I/4"/8)(0)*  
(/0)*  /'")4),;&)*  &/&)J)"$2  "%$5%3%.#"/  # 5"=-#+  
!")(#.).#"=3&2+  /-%&().  4/&#$/D(36  3!%1#/,#3(2  
K%&("/  !)  5)3(/.0%  ,%0/"3(.  .  L&#.%"3#(%(% M%.%"&)*  
N/"),#&2 . M)83(.%&&) , '(/  4/5/9/  "%<%&/ .  !"#&1#!% , 
&)  "%4=,;(/(  %A% &% )J)"$,%&  .  .#5% 3(/(%*  # !/(%&(/ . 

N/0 !"#<,/  #5%6 !)5/(;  &/  0)&0="3  $%-/-"/&(). ? 
ÇN)-5/  .  2006 -)5=  =$%" $)*  )(%1, 6 )A=(#,  3("/<&=D  
!=3()(= . O2  3 &#$ .3% ."%$6  3)("=5&#9/,# , )83=B5/,#  
&/=9&2% !")8,%$2 , # 9%"%4 &%-) 6 9=.3(.)./,  3.64;  3 
&/=9&)*  B#4&;D  .  I)33## , Ñ "/330/42./%(  >,%03/&5"  
?#0()").#9 . Ñ N)-5/  %-) &% 3(/,) , '(/  3.64;  )8)"./ -
,/3; . P 5/B% !)5=$2./, , &% .%"&=(;36  ,#  .  I)33#D , &)  
3(/"</6  5)9;  # 8,#B/*<#*  5"=-  30/4/,#  Ñ &% 3()#( . 
Q%"%4 9%(2"% -)5/  !)6.#,/3;  !")-"/$$/  $%-/-"/&(). . 
H/  &%5%,D 5)  5%5,/*&/  $&% !"%5,)B#,/  !)5/(;  &/  
0)&0="3  G/(/,;6  E;.).&/  N,690) , 3 0)()")*  6 "/8)(/,  
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!"

!"!  #$ #%&'!()!#*+,  -.!/!( . 0  1$'23  + 453  &-!.!( , 
)%$ (!  1$3&)&, 1.!%!('!(%5  453+  #+36(5/+ , 2 *$(*&.#  
$7.$/(58 . 9$  (!$:+'2(($  &-+'!3  #-$;  <2/+3+;  #.!'+  
40 &)!(5, , -5+7.2-=+,  *$(*&.# È.

!"#$#"%&"'#"'()*+"&,'-./
Ç92)23$#6  # %$7$, )%$ /5  1$3&)+3+ 7.2(% -  $*%>4.!  
+3+ ($>4.!  2010 7$'2  + (2'$  453$  #.$)($  *&1+%6 $4$ -
.&'$-2(+! , %$ !#%6 &#1!%6 1$%.2%+%6 30 /3(  .&43!8  '$  
*$(?2  7$'2 . @(5/+  #3$-2/+  Ñ #'!32%6  (!-$A/$:($! . 0  
1$7$-$.+3  # 1.$.!*%$.$/  BCD, 2*2'!/+*$/  E3!*#!!/  
F!/$-+)!/  G$,3$-5/ , + $(  #*2A23, )%$ H%$% -$1.$#  
/$:!%  .!=+%6  %$36*$ C$#&'2.#%-!((2>  '&/2 . I2* ?! 
0  453  $=2.2=!( . J->A23#>  # '.&7+/+  /!727.2(%(+ -
*2/+ , + -5>#(+3$#6 , )%$ %2*2> 1.$43!/2  !#%6 & -#!, . 
B5  (21+#23+  1+#6/$  /+(+#%.&  $4.2A$-2(+>  + (2&*+  
E.E. K&.#!(*$ , +, 1$*2  > 3!%!3  +A E/!.+*+  -  B$#*-& , 
-  #2/$3!%!  #$4+.23  1$'1+#+ . L&%-%$ > + 1$(>3 , )%$ 

/!727.2(%(+*+  Ñ H%$ #+32, )%$ & (2#  1$>-+3$#6  #$-
$4"!#%-$  #-$4$'(5, , (!A2-+#+/5,  + &#1!=(5,  3;'!8 , 
'&/2;"+,  1$-.&##*+ , ($  1$-A212'($/& . K&.#!(*$  /!(>  
1.+732#+3 , /5  1$7$-$.+3+ , + -$1.$#  $ 1!.!($#!  '!(!7  
(2  #3!'&;"+8  7$'  453  .!=!( , 1.2-'2 , (!  4!A  &)2#%+> 
%$7'2=(!7$  1.!/6!. -/+(+#%.2 . I$(!)($ , > 453  1$.2 -
:!( , )%$ -  F$##++ 1.!/6!. -/+(+#%.  '$3:!(  A2(+/2%6#> 
%2*+/+ -$1.$#2/+ È.

M%$ *2#2!%#> (2&)($8  .24$%5, -  ($-$8  324$.2%$-
.++ , $4.2A$-2(($8  (2  G+/<2*!  BCD, (2)23+#6  +##3! -
'$-2(+>  1$3+/!.(5,  /+?!33  + H3!*%.$#%2%+)!#*+, 
*$/13!*#$-  '3>  '$#%2-*+  .2A3+)(5,  /$3!*&3 , -  %$/ 
)+#3!  <!./!(%$-  + '.&7+,  4!3*$- . I  %$/& -.!/!(+  -  
JNE  /5  &:!  (2&)+3+#6  '!32%6  (2($A+/5  Ñ &12*$-5 -
-2%6 <!./!(%5  -  1$3+*$/13!*#(5!  (2($*$(%!8(!.5 . 
E -  BCD /5  1.+/!(+3+  H%$% 1$',$'  '3>  /($7+,  <!. -
/!(%$- , 1.!'(2A(2)!((5,  '3>  3!)!(+>  .2A3+)(5,  12-
%$3$7+8: -$#123+%!36(5,  A24$3!-2(+8  732A, #1+(($7$  
/$A72  + '.&7+, .
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!"  #$%#& '"%()&*+  *  ,-)  %".+-"/0  )1$* , %# 1" -
2#."0#.*+  ."2#0")0  *  ("-)  '.*%*&")0  -,.%"1*30#4 , 
3# 43)&*  '.)(#30#.#-%#30+&* , ."5,&))03+ . 6#70#&,  
&8  5()39 . :";  <*(  — 5"&)30*0)19  =.> . ?"2"%#4"  *  )<#  
$#11)<"  '#  &%#<#1)0%)@ 3#4&)30%#@ ."2#0) , (#$0#.  
A*&*B)3$*A  %",$, 5"31,-)%%8@ '.#C)33#.  DEF :"0"19+  
G94#4%" ?1+B$#.

«H ."2#0"1"  3 %"%#30.,$0,."&*  )I)  0#<(" , $#<-
("  *A %) %"584"1*  “%"%#”, — ."33$"584")0  :"0"19+  
G94#4%". — !()39 , %" $"C)(.)  A*&*B)3$#@ 7%5*&#-
1#<** , &8  4').48)  '#$"5"1* , B0# C).&)%08  &#<,0 
430."*4"093+  4 %"%#."5&).%8)  "<.)<"08  *5  1*'*(#4  *  
'#4).A%#30%#-"$0*4%8A 4)I)304 . J  2#1))  0#<# — &) -
%++ '"."&)0.8  1*'*(%8A  &"0.*K , &#-%#  K)1)%"'."4 -
1)%%# .)<,1*.#4"09  34#@304" 2*#&#1)$,1 . 6).4"+  -)  
%";"  ',21*$"K*+  %" 70,  0)&,  2,$4"19%# #0$.81"  %#4#) 
%"'."41)%*)  4 %",$) , $#0#.#)  '#1,B*1#  %"54"%*)  
“D*K)11+.%"+  7%5*&#1#<*+”.

>%,0.9  &*K)118  &#-%#  '#&)30*09  C).&)%0  *1*  
(.,<#@  2*#'#1*&). . >8+3%*1#39, B0# '#(#2%8)  30.,$ -
0,.8  #2."5,/03+  '.*  ').)%#3)  %)$#0#.8A 4)I)304  B)-
.)5  $1)0#B%8) &)&2."%8 . L)<#(%+ , %" 4#1%) *%0).)3"  
$ %"%#0)A%#1#<*+&, %";*  &*K)118  ').);1*  4 ."5.+(  
&#(%8A %"%#30.,$0,. , "  &8  #$"5"1*39  %" ').)(#4#&  
$.")  %",$* ».

G*'*(%8)  &*K)118  30"1*  #01*B%#@ ,'"$#4$#@  (1+  
1)$".304 , #2)3')B*4"/I)@  *A "(.)3%,/  (#30"4$, .  
M0 1*'*(%8A  &*K)11  ,B)%8)  ').);1*  $ '#1*&).%8&  
%"%#B"30*K"&, *  5()39  ').4#'.#A#(K)&  281  =1)$ -
3"%(.  >*$0#.#4*B  ?"2"%#4 . 6.*  $#%30.,*.#4"%**  
0"$*A %"%#B"30*K *3'#195,/0  3'#3#2%#309  ."5%8A  
5".+(#4  '.*0+<*4"093+  (.,<  $ (.,<, : )31*  &#1)$,1"  
C).&)%0"  %)3)0 '#1#-*0)19%8@  5".+( , ))  #$.,-"/0  
31#)&  #0.*K"0)19%#  5".+-)%%8A  &#1)$,1  '#1*&)." . 
N0#28 C).&)%0  '.#B%))  3*()1  4 70#& $#%0)@%).), 
)<#  '.*;*4"/0  (#'#1%*0)19%8&*  A*&*B)3$*&*  34+-
5+&* . «:)$#0#.8&  C).&)%0"&  %) %,-%# 48A#(*09  *5  
$#%0)@%).", #%* &#<,0 ."2#0"09  *  4%,0.*  %)<#, — #2O-
+3%+)0 :"0"19+  G94#4%". — :"'.*&). , 0"$ ."2#0")0  
C).&)%0  3,').#$3*((*3&,0"5" : #% 45"*&#()@304,)0  
3 3,').#$3*(."(*$"1#& , $#0#.8@ %"30#19$# &"1 , B0# 
&#-)0  '.#A#(*09  B).)5  &)19B"@;*)  “(8.#B$* ” 4%,0.9 
$#%0)@%).".

P).&)%0  (7%5*&), ,'"$#4"%%8@ 4 %"%#B"30*K,, &8  
%"54"1*  “%"%#5*&” (NanoZYME). 6."4(" , 3)@B"3 70# 
%"54"%*)  4 1*0)."0,.)  30"1*  *3'#195#4"09  *  4 (.,<#&  
5%"B)%** — &#()19  C).&)%0"  *5  &"0).*"1#4  %)2*# -
1#<*B)3$#@ '.*.#(8 ». 

!"#$%&$'()*'+() )
,*-".+/(&)$"$'0"1&%2"3%
>"-%"+  3#30"4%"+ B"309 ."5."2"084")&8A  4 1"2#."0# -
.**  3*30)&  (#30"4$*  1)$".304  — 70# %*5$#B"30#0%#) 
&"<%*0%#) '#1)  '#.+($"  50 EK, 2)5#'"3%#)  (1+  #.<"%*5 -
&" , $#0#.#)  ,'."41+)0  '#4)()%*)&  %"%#B"30*K. N0#28 
'.*("09  *&  &"<%*0%8) 34#@304", ,B)%8)  *3'#195,/0  
B"30*K8  &"<%)0*0"  Fe3O4 — '#(;*4"/0  *A $ %"%#$#%0)@-
%)., . P).&)%08 , '.*3#)(*%)%%8)  $ &"<%*0%#@ B"30*K) , 

#0$1*$"/03+  %" &"<%*0%#) '#1) . Q31* '#1)  '#+41+)03+ , 
0# B"30*K"  %"B*%")0 $#1)2"093+ , ."2#0"  C).&)%0#4  &#-
-)0  5"&)(1+093+  *  3#43)&  #30"%"41*4"093+  *1* , %"#2#-
.#0 , ,3$#.+093+ , "  ))  #2#1#B$"  *5 -5"  $#1)2"%*@ 2,()0  
."5.,;"093+ , #0$.84"+  48A#(  (1+  &#1)$,1  1)$".304" .  

D%#-)304#  '.*2#.#4  4 1"2#."0#.**  '.)(%" -
5%"B)%# (1+  <)%)."K**  &"<%*0%#<# '#1+  *  *331)(# -
4"%*+ )<#  41*+%*+ %" '#4)()%*)  %"%#B"30*K. Q309 
("-)  '.*2#.  4 C#.&)  $.,<1#@ $"30./1* , $#0#.8@ 
,&))0  <)%).*.#4"09  4."I"/I))3+  4*A.)4#)  '#1)  4 
C#.&)  4#39&).$* . L#0.,(%*$  1"2#."0#.**  D"$3*&  
>)3)1#4 , <1"4%8@ 5()39  3')K*"1*30  '#  &"<%*0%8& 
'.*2#."& , '#$"584")0 , $"$ #%* ."2#0"/0 . 6.#2*.$,  
3 3,3')%5*)@  %"%#B"30*K '#&)I"/0  4 '.*2#. , $#0#-
.8@ <)%).*.,)0  &"<%*0%#) '#1)  5"("%%8A '"."&) -
0.#4 , *  48().-*4"/0  #'.)()1)%%#)  4.)&+ . !"0)&  
3,3')%5*/  '#&)I"/0  4 3')$0.#&)0.  *  *5&).+/0  ))  
#'0*B)3$*)  34#@304" ('#<1#I)%*) , C1,#.)3K)%K*/ , 
1/&*%)3K)%K*/  *  (.,<*) ), $#0#.8)  *5&)%+/03+  '#(  
()@304*)&  &"<%*0%#<# '#1+ . >  '.*2#.)  31)(,/I)<#  
'#$#1)%*+  <)%)."0#.  &"<%*0%#<# '#1+  3#4&)I)%  3# 
3')$0.#C#0#&)0.#&  *  C1,#.*&)0.#& , 0"$ B0# &#-%#  
#031)-*4"09  *5&)%)%*)  #'0*B)3$*A  34#@304" #2."5K"  
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!  "#$%&'()  !"#)#'* . 
+(,#)-  )#'./01.  (20*,#13*#  1!(410!$ ? 5$3 

(67.1'.#0  8$31*) , 9'#":*.  )$:'*0'(:(  2(%.  2"# -
(6"$;-#01.  !  <!*=#'*#  )(%#3-%. >  %*2(1()$%&'?@  
'$'(,$10*A$@  1 %#3$"10!()  ! '-0"*  '$"-B$#01.  
A#%(10'(10& (6(%(,3* , *  %#3$"10!(  !?@(<*0  !  (67 -
#)  "$10!("*0#%. . +(13(%&3-  )(%#3-%?  %#3$"10!$ !  
9312#"*)#'0#  (3"$B#'?  %*6(  C%-("#1A*"-/0 , 2(  
*;)#'#'*/  (20*,#13*@  1!(410!  )(='(  (2"#<#%*0&  3( -
%*,#10!(  !?B#<B#:(  !  "$10!("  %#3$"10!$ *  13("(10&  
!?@(<$ . D1%* =#  C#")#'0  2(<  <#410!*#)  )$:'*0'(:(  
2(%.  *;)#'*%  1!(/  3('C(")$A*/  *  3$0$%*0*,#13-/  
$30*!'(10& , 0(  2(  *;)#'#'*/  (20*,#13(4  2%(0'(10*  
*%* C%-("#1A#'A**  "$10!("$  )(='(  1-<*0& (  13( -
"(10*  2"(0#3$'*.  @*)*,#13(4  "#$3A**  1 -,$10*#)  
90(:(  C#")#'0$ . E$ )('*0("#  )?  !*<*)  <*'$)*3-  
*;)#".#)?@  2(3$;$0#%#4.

>1#  2"*6("?  <%. %$6("$0("**  1<#%$%* C*;*3*  
*;  F$)6(!13(:(  :(1-<$"10!#''(:(  -'*!#"1*0#0$  *  
3()2$'**  ÇE$'()$0#"*$%? È, 3(0("?#  0$3=# "$;"$6$ -
0?!$/0  0#("#0*,#13*#  )(<#%*  )$:'*0()#@$'*,#13*@  
!(;<#410!*4 . ÇE$B  :%$!'?4  "?,$:  !  9312#"*)#'0$@ , 
1!.;$''?@  1 )$:'*0'?)  2(%#) , Ñ 2"(C#11("  G"*4  
H!$'(!*,  I(%(!*' , 3(0("?4  2()(:$#0  !  1(;<$'**  
2"*6("(! , !  "$;!*0**  0#("#0*,#13(4  6$;?  *  !  *'0#" -
2"#0$A**  "#;-%&0$0(! È, Ñ :(!("*0  E$0$%&. J&!(!'$ . 

K !(0  1 90(:(  2"*6("$  !1#  '$,*'$%(1& . 8$31*)  

>#1#%(!  <(10$#0 Ç)-;#4'?4  9312('$0 È Ñ <#"#!.''?4  
L*0  1 )$:'*0'?)*  3$0-B3$)*  *  2"(!(<$)* , 3(0("?4  
1(0"-<'*3*  1<#%$%* 1!(*)*  "-3$)* , 3(:<$  '#  6?%( 
#L#  '*,#:(  <"-:(:( . H !#<&  "$6(0$%( !

Ç5(:<$ -0(  <$!'(  -  )#'.  2(.!*%$1&  *<#.  !(;<#4 -
10!(!$0&  '$  ,0( -0(  !  3%#03# 1 2()(L&/  )$:'*0'(:(  
2(%. , '(  0(:<$  .  90(  0$3 *  '#  1<#%$%, Ñ "$113$;?!$#0  
K.> . 5$6$'(! . Ñ K 2"(<(%=#'*#  90(4  *<#*  !(;'*3%( , 
3(:<$  )?  1 K'<"##)  I-<3(!?) , *;!#10'?)  !  )*"#  *1 -
1%#<(!$0#%#)  "$3$ , (61-=<$%*  '$-3- , :-%..  -  E*$:$" -
13(:(  !(<(2$<$ . M 2()(L&/  )$:'*0'(:(  2(%.  )(='(  
'$:"#!$0&  (67#30 , *  .  2(<-)$% , ,0(  #1%* 2"*1(#<*'*0&  
3 )$:'*0'(4  '$'(,$10*A#  )(%#3-%-  C#")#'0$  *  '$:"#0&  
90- 3('10"-3A*/ , 0(  )(='(  *;)#'*0&  3('C(")$A*/  
*  $30*!'(10&  C#")#'0$ . 8?  3-2*%*  3())#",#13*  <( -
10-2'-/  -10$'(!3-  <%. )$:'*0'(4  :*2#"0#")** , 3(0( -
"$.  *12(%&;-#0  (0'(1*0#%&'(  !?1(3(,$10(0'?#  2(%.  
!  100Ñ300 3IA , *  2(10$!*%*  2#"!?#  9312#"*)#'0?  
2(  Ç!?3%/,#'*/ È C#")#'0$ . E(  ,0(  *)#''(  2"*  90()  
2"(*1@(<*0 , .  '#  2('*)$% . N '$1  !  E#6"$13#  6?% (,#'&  
1*%&'?4  A#'0"  2(  )$:'*0'?)  '$'()$0#"*$%$) , '(  *@ 
*'0#"#1(!$%(  2(!#<#'*#  0$3*@ )$0#"*$%(!  2"*  '*;3*@  
0#)2#"$0-"$@  0*2$ =*<3(:(  $;(0$  *  '*=#  Ñ 0$) , :<#  '#0  
6*(%(:** . O )?3$%1. , 1(!#0(!$%1.  1 K%#31##) P#)( -
!*,#)  Q(@%(!?) , 2?0$%1. '$40*  2$"0'#"$  !  8(13!# . K 
3(:<$  2(%-,*%  )#:$:"$'0 , !10"#0*%1.  1 C*;*3()  G"* -
#)  H!$'(!*,#)  I(%(!*'?) , 2"*:%$1*% #:(  2"*#@$0& 
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!"#$%#  $ &'%'(#)  *+,-./  !  0"'12 . 34  /5$267+7  8'(7  
9#:2+;%'%4, 7 </+/!78  $.':'+ , -%/ =7>#9%#9"7,  :6#$;  
87 >97 -#" . ?'/68/  /8  9'$.97%7./!'+  8'(2  2$%'8/!.2  7 
$.':'+ , -%/ @AA#.%4 5262% 8'5+B6'%;$,  7 >97 =/9':6/  
5/+##  87:.71  -'$%/%'1 . C#982!(7$;  !  D'"5/! , /8  >/ -
$%9/7+ %/% $'"4)  =#8#9'%/9 , ./%/94)  !4  !76#+7 . 34  
$%'+7 9'5/%'%;  $ 87:./-'$%/%84"  >/+#" , 7 !4,$87+/$; , 
-%/ ./8A/9"'E7B  A#9"#8%'  "/F8/  "#8,%;  >2%#" 
"'=87%/"#1'87-#$./=/  !/:6#)$%!7, . G !$#  $%'+/  9': -
!7!'%;$,  !  @%/" 8'>9'!+#877 È.

C>9/-#" , !  +'5/9'%/977  #$%; 7 .+'$$7-#$.7#  >97-
5/94  '8'+7%7-#$./)  17"77 . H%26#8%.' -#%!#9%/=/ .29 -
$'  D'"'9'  I.7"/!'  >/.':4!'#%  2$%9/)$%!/  6+,  !4$/./ -
@AA#.%7!8/)  F76./$%8/)  19/"'%/=9'A77  (CJKL ), 8'  
@%/" >975/9#  /8'  '8'+7:792#%  9'$%!/9  >/%#8E7'+;8/ -
=/  +#.'9$%!#88/=/  !#M#$%!' . ÇN$%; A'9"'./+/=7-#$.',  
"/+#.2+' , ./%/9',  >/"/='#%  +#-7%; %97F64 8#='%7!84)  
9'.  "/+/-8/)  F#+#:4  (@%/ 9':8/!768/$%;  9'.' , 8#!/$ -
>977"-7!/=/  .  >9#>'9'%'"  =/9"/8'+;8/)  7 %'9=#%8/) 
%#9'>77). &/  @%' "/+#.2+'  Ñ $+/F84)  ./">+#.$ , $/ -
6#9F'M7)  7/8  "#67 , 7 /8'  8#9'$%!/97"'  !  !/6# , Ñ  
9'$$.':4!'#%  D'"'9' . Ñ O !9'-'"  82F#8 9'$%!/9  6+,  
!82%97!#88/=/  !!#6#87, . 34  >4%'#"$,  :'=92:7%;  @%2 
"/+#.2+2  !  +7>/$/"2 , -%/54  $6#+'%;  !/684)  9'$%!/9  
+7>/$/" È.  068'./  8'6/  8# %/+;./  :'=92:7%;  "/+#.2+2  
!  +7>/$/"2 , 8/  7 !4=92:7%;  ##, 6+,  @%/=/ >97"#8,#%$,  
"'=87%8/#  >/+# . N$+7 !  9'$%!/9#  >97$2%$%!2B% 7/84  
"#67 , :8'-7% , +#.'9$%!#88',  "/+#.2+'  !4(+'  7:  +7-
>/$/"4 . P-#84"  26'+/$;  $ >/"/M;B  CJKL  /%6#+7%; 
E#+4# +7>/$/"4  $ +#.'9$%!#88/)  8'-78./)  /% +#.'9 -
$%!#8841 "/+#.2+ , !4(#6(71  !  9'$%!/9 . Q97$2%$%!7# 
>/$+#6871  />9#6#+,#%$,  >/  7/8'"  "#67  $ >/"/M;B  
$>#E7'+;8/=/  6#%#.%/9', ./%/94)  !1/67% !  >975/9 .

R':"#9  8'8/-'$%7E  7 71 ./8E#8%9'E7B  $ %/-8/$%;B  
Ç!  (%2.'1 È !  "7++7+7%9# :6#$;  7:"#9,B%  8'  '8'+7:' -
%/9# 8'8/-'$%7E  (NTA, NanoTracking Analysis), ./%/94)  
/%$+#F7!'#% %9'#.%/977  71 6!7F#87,  >/  9'$$#,87B  
+':#98/=/  +2-'  !  $2$>#8:77 . 3'.$7"  >/.':4!'#%  8'  
"/87%/9 : Ç?6#$;  "4  !767" , $./+;./  7 .'.71  8'8/-'$%7E  
9':"#9/"  /% 6#$,%7 8'8/"#%9/!  6/  /68/=/  "7.9/8'  
#$%; !  '8'+7:792#"/)  $2$>#8:77 È. 

!"#$%&'()*+(,"&-./"#
H/%92687.  +'5/9'%/977  O8%/8 S/>21/!  9'$$.':4 -
!'#%  /  "#%/67.# , /$8/!'88/)  8'  >/!#918/$%8/"  
>+':"/88/"  9#:/8'8$# . Ç08'  >/:!/+,#%  7:2-'%;  
!:'7"/6#)$%!7#  !#M#$%! , 8'>97"#9  9#E#>%/9'  $ 
+7='86/" , 8#>/$9#6$%!#88/ , 5#:  !$,.71  217M9#87)  
!9/6#  8'!#(7!'#"41  8'  "/+#.2+4  "#%/. . D'.  "/F -
8/  >/6579'%;  8/!4#  !#M#$%!'  6+,  !:'7"/6#)$%!7,  
$ 78%#9#$2BM#) 8'$  "/+#.2+/) È. C82%97 >975/9'  
8'1/67%$,  -7>  7:  %/8-')(#=/  $+/,  :/+/%' . N$+7 /5 -
+2-'%;  $+/)  @%/=/ "#%'++'  $!#%/"  $ />9#6#+#88/)  
6+78/)  !/+84 , @+#.%9/84 !  "#%'++#  8'-78'B%  $78-
19/88/  ./+#5'%;$, , $/:6'!',  #6782B  !/+82 . D'./#  
$7819/88/#  ./+#5'87#  7 8':4!'#%$,  >+':"/8/" . C 
@.$>#97"#8%# 8'  :/+/%/)  -7>  >/"#M'B%  "/+#.2+2  
5#+.'  7 >9/>2$.'B%  -#9#:  >975/9  7$$+#62#"/#  !# -

M#$%!/ . N$+7 >9/7:/(+/  !:'7"/6#)$%!7#  !#M#$%!'  
$ 5#+./" , >975/9  #=/  :'A7.$792#%  7 6'F#  >/$-7%'#% 
./8$%'8%2 $!,:4!'87, . 

ÇJ%/% >975/9  "4  7$>/+;:2#"  !  8/!/"  >9/#.%# 
R&T , !  ./%/9/"  9':9'5'%4!'#"  $7$%#"4, 2579'BM7#  
7:  /9='87:"'  %/.$784 , Ñ 6/>/+8,#%  &'%'+;,  S;!/!8'  
*+,-./ . Ñ 34  1/%7"  >/6/59'%;  >/+8/$%;B  $78%#%7-#-
$.7)  >/+7"#9 -+/!2(.2 , ./%/94)  526#% :'1!'%4!'%;  7 
8#)%9'+7:/!4!'%;  E#+#!2B  "/+#.2+2 . G8%#9#$8/ $6#-
+'%;  >+'%A/9"2 , ./%/9',  >/:!/+7%  >/6579'%;  %'.7#  
+/!2(.7  6+,  +B541  %/.$78/! , >/>'6'BM71  !  /9='87:"  
-#+/!#.' . H/!"#$%8/  $ D7"29/"  3#6F7%/!4"  7:  *' -
:'8$./=/  A#6#9'+;8/=/  287!#9$7%#%' 7 #=/  ./++#='"7  
"4  >4%'#"$,  7$>/+;:/!'%;  78A/9"'E7/884#  %#18/-
+/=77 , -%/54  2+2-(7%;  %'./)  >/7$. . J.$>#97"#8%4  >/  
$!,:4!'87B , ./%/94#  6#+'#% O8%/8, 6'B% >7M2 6+,  %#-
/9#%7-#$./=/  '8'+7:' . 34  8'6##"$, , -%/ @%/% '8'+7:  
>/6$.'F#%  8'" , .'.7#  $%92.%294 7:  %4$,-  !/:"/F841  
"4  6/+F84  >/>9/5/!'%;  $+#62BM7"7  >97 $78%#:# 
+2-(#)  +/!2(.7 È. Q/  >9/#.%2, 2-#84#  6/+F84  54+7  
9'5/%'%;  $ A9'="#8%/"  ($25U#6787E#)  �¼) 1/+#98/=/  
%/.$78' , 8/ , >/.'  #=/  8# 6/$%'!7+7 , 7$>/+;:2B%  "/ -
6#+;84)  5#+/.  Ñ '$7'+/=+7./>9/%#78/!4)  9#E#>%/9. 

O8'+7:'%/9  >/!#918/$%8/=/  >+':"/88/=/  9#:/ -
8'8$'  .2>7+7  >/  Q9/=9'""#  9':!7%7,  3/$./!$./=/  
287!#9$7%#%'. J%/  /678  7:  %#1 >975/9/! , ./%/94#  
8'1/6,%$,  !  9'$>/9,F#877  +'5/9'%/977 , 8/  $+2F'% 
>975/9'"7  ./++#.%7!8/=/  >/+;:/!'87,  Ñ 6+,  !$#1 , 
./"2  /8  >/%9#52#%$,. 068'./  $#)-'$  !  +'5/9'%/977  
17"7-#$./=/  67:')8'  57/8'8/"'%#97'+/!  #=/  7$>/+; -
:2B% >/  >/+8/) . Ç?6#$;  "4  !767" , Ñ O8%/8 >/.':4!'#%  
8'  @.9'8 , Ñ -%/ $!,:4!'87#  >9/7$1/67% . 08/  8# %'./#  
>9/-8/# , .'.  '8%7=#8-'8%7%#+/, 8/  /% 8#=/  2F# "/F8/  
/%%'+.7!'%;$, , -%/54  6/57%;$,  +2-(#=/  $!,:4!'87, , 
/%579'%;  .'8676'%/!  6+,  8'(#)  >/+7"#98/)  +/!2(.7  
%/.$78/! È. 

0,(1.2..(&(3.#42(&*5,&'2
G:  A7:7./ -17"7-#$./)  :/84  "4  >#9#1/67"  !  57/ -
+/=7-#$.2B  Ñ :6#$;  $/%92687. +'5/9'%/977  *$#87,  
C+'$/!'  9'5/%'#%  $ F7!4"7  .+#%.'"7 . Ç05,:'%#+;84)  
@%'> 9':9'5/%.7  +B5/=/  +#.'9$%!#88/=/  >9#>'9'%'  Ñ 
#=/  %#$%79/!'87#  8'  .+#%/-841  .2+;%29'1 . ?6#$;  "4  
>9/!#9,#" , .'.  !#62% $#5,  8'8/>9#>'9'%4  !  F7!/)  $7-
$%#"#È. C @%/) Ç-7$%/) È ./"8'%#  .2+;%7!792B% .+#%.7, 
-'M#  !$#=/  9'./!4# : 9'.'  "/+/-8/)  F#+#:4  -#+/!#.'  
7 "4(7 , 9'.'  >9/$%'%4 Ñ @%/ 8'75/+##  1/6/!4#  .+# -
%/-84#  +7877; #$%; 7 :6/9/!4#  .+#%.7, 6+,  ./8%9/+, .

?6#$;  F# $%/7% "/M84)  =#8#9'%/9  >#9#"#88/=/  7 
>/$%/,88/=/  "'=87%8/=/  >/+, : *$#87,  7$$+#62#%, .'.  
"'=87%8/#  >/+#  !/:6#)$%!2#%  8'  .+#%.7 7 8'  8'8/-' -
$%7E4 $ +#.'9$%!#884"7  !#M#$%!'"7 , >/"#M#884"7  
!  .2+;%29'+;82B  F76./$%; . Q/6  "7.9/$./>/"  "/F8/  
$+#67%; :'  %#", -%/ >9/7$1/67%  $ .+#%.'"7 : 6/1/67%  +7 
6/  871 >/"#M#88/#  !  8'8/./8%#)8#94  E7%/%/.$7-8/#  
!#M#$%!/ , .'.  /8/  8'.'>+7!'#%$, , -%/ >9/7$1/67%  $ .+#%-
.'"7  >/6  6#)$%!7#"  !#M#$%!'  7+7 $'"/=/  "'=87%8/=/  
>/+, .  H>#E7'+;84#  .9'$7%#+7  7+7 A+2/9#$E#8%84# 



!"

!"#$%#&  '(!%)"*+  +(,-$(  ./0&%  $,%+$/, /1  !(.2(  30/ -
4%+- '(4  !/$#(5$('(! , "  !(.2(  '(5)/+"+-  $(,/)%5+0(  
./0&1  $,%+($ 0 5'%6/",-2(!  '#/7(#%  !%+(4(!  '#( -
+()2(8  6/+(9,3(#/!%+#// . :;%  (42"  Ç7/(,(</)%5$"= È 
>(2"  ,"7(#"+(#//  Ñ ?+( '(!%;%2/%  4,=  #"7(+&  5 7"$ -
+%#/",-2&!/  $,%+$"!/ , <4% +%5+/#3*+5= +% .% 5"!&%  
0(>4%85+0/=, 2(  3.% 2"  7"$+%#// . 

@"7(#"+(#//  /5'(,2/,(5-  05%<( 4%5=+- ,%+. A(  >"  
?+(  2% 5+(,-  7(,-B(%  '(  !%#$"!  2"3$/  0#%!= 5(+#34-
2/$/  5(>4",/  2%5$(,-$(  2"2('#%'"#"+(0  4,=  !%4/6/ -
2&, $(+(#&% 2"1(4=+5=  2"  #">2&1 5+"4/=1  /5'&+"2/8 . 
C4/2  />  Ç2"2(>/!(0 È 35'%B2(  '#(B%,  4($,/2/)%5$/%  
/55,%4(0"2/=  0 5(+#342/)%5+0% 5 D25+/+3+(!  <,">2&1  
7(,%>2%8 /!%2/  E%,-!<(,-6"  (2"4  ?+/!  #"7(+",/  
A"+",-=  F,=)$( , C,-<"  F(5+, G,%$5"24# H"2%%0 /  '#( -
9%55(# -(9+",-!(,(<  A"+",-=  I%52($(0" ). J+(  $"',/  
4,=  ,%)%2/= 0(5'",/+%,-2(<(  >"7(,%0"2/=  <,">  '(4  
2">0"2/%!  Ç30%/+È. H (52(0%  ,%$"#5+0"  Ñ "2+/($5/ -
4"2+2&8  9%#!%2+ 53'%#($5/44/5!3+">" , '(!%;%22&8  
0 '(,/!%#2&8  2"2($(2+%82%#. H ?$5'%#/!%2+"1  2"  
$#(,/$"1  2"2(,%$"#5+0(  '($">",(  5%7= ()%2-  1(#(B( , 
+"$ )+(  5%8)"5 /4%+ '(/5$  '"#+2%#(0  4,=  $,/2/)%5$/1  
/5'&+"2/8 .

K#3<(8  2"2('#%'"#"+  2"  (52(0%  53'%#($5/44/5 -
!3+">&  /  $"+",">&  '#%42">2")%2  4,=  ,%)%2/= +#"0!  
5'/22(<(  !(><" . :<(  /55,%4(0"2/=  2"  ./0(+2&1  '#( -
0(4/,/  0 A"6/(2",-2(!  !%4/6/25$(!  6%2+#% /!%2/  
L%#75$(<(  '(4  #3$(0(45+0(!  "$"4%!/$"  H.M. I%1( -
2/2" . H !%5+% 2"2%5%2/= ?$5'%#/!%2+",-2(8  +#"0!&  
5'/22(<(  !(><"  05%<4" #">0/0"%+5= 0(5'",/+%,-2&8  
'#(6%55 , '#/  $(+(#(!  (7#">3*+5=  />7&+()2&%  $(,/ -
)%5+0" 50(7(42&1  #"4/$",(0 . N ./0(+2&1 , '(,3)/0B/1  
+"$3*  +#"0!3  /  2"2('#%'"#"+ , #"2"  35'%B2(  >"./0","  /  
2/$"$  2% 5$">&0","5-  2"  4",-2%8B%8  #"7(+% 5'/22(<(  
!(><" . N)%2&% 5(7/#"*+5=  '#(4(,."+-  ?+3 #"7(+3  5 
/5'(,->(0"2/%!  2% +(,-$(  9%#!%2+(0 , 2(  /  4#3</1 7%,-
$(0  Ñ 9"$+(#(0  #(5+"  5(534(0  /  2%#0(0, 3'"$(0"22&1  
0 2"2($(2+%82%#&. 

O4%5- +"$.% #">#"7"+&0"*+  1/!/)%5$/%  5#%45+0" 
7(#-7&  5 7"$+%#/=!/  Ñ '&+"*+5=  3,3)B/+-  #"7(+3  
9%#!%2+(0  +/'"  ,/>(6/!" , $(+(#&8  #">#3B"%+ 7"$+%-
#// , /  0&4%,=*+  9%#!%2+& />  7"$+%#/(9"<(0 , $(+(#&% 
3!%*+  #">#3B"+-  7"$+%#/",-23*  $,%+$3 />23+#/ . P%-
'%#-  /55,%4(0"+%,/  '&+"*+5=  >"5+"0/+-  /1  #"7(+"+-  
52"#3./  Ñ '#(8+/  05*  02%B2**  >";/+3  /  "+"$(0"+-  
7"$+%#/*  />02%. 

F#(!%  +(<( , 0 ,"7(#"+(#//  5(>4",/  2"2(>/!  4,=  
4%+($5/$"6//  9(59(#(#<"2/)%5$/1  5(%4/2%2/8 , />  
$(+(#&1  4%,"*+  '%5+/6/4&  /  7(%0&% (+#"0,=*;/%  
0%;%5+0". L(+#342/$/  $"9%4#& , :,%2"  A/$(,"%02"  
:9#%!%2$(  /  %% <#3''" , 4"02(  3.% #"7(+",/  5 9%#-
!%2+(! , $(+(#&8  3!%%+ ?+(  4%,"+- . A(  ?+(  9%#!%2+ 
7"$+%#/",-2&8 , /  %<( 2%,->= 7&,(  /5'(,->(0"+-  0 ./ -
0(+2(!  (#<"2/>!%  /> ->"  5/,-2(<(  /!!322(<(  (+0%+". 
P"$ '(=0/,"5-  >"4")"  /><(+(0/+-  4,=  2%<( '(,/!%# -
23*  (7(,()$3 , $(+(#"=  '(>0(,/+  9%#!%2+3 #"7(+"+- , 
30%,/)/+  0#%!= %<( 6/#$3,=6//  0 (#<"2/>!%  /  52/>/+  
/!!322&8  (+0%+. Q%#!%2+ (+,/)",5=  2%#"02(!%#2&!  
#"5'#%4%,%2/%!  >"#=4" , /  $(2+%82%# 4,=  2%<( 2"4(  

7&,(  54%,"+-  "5/!!%+#/)2&! . M(,3)/,(5- ! J+3 #"> -
#"7(+$3  '#(0%#=,/  0 0(%22( -!%4/6/25$(!  3)#%.4%2//  
/  37%4/,/5- , )+(  2"2(>/!  >";/;"%+  $#&5 (+ '(#".%2/=  
$"$ +($5/)2&!/  '%5+/6/4"!/ , +"$ /  7(%0&!  (+#"0,=* -
;/!  0%;%5+0(! . Q%#!%2+ 0 2"2($(2+%82%#% '($">",  
9"2+"5+/)%5$/%  #%>3,-+"+&: 05% !&B/  0&./,/  '(5,%  
!2(<($#"+2(8  5!%#+%,-2(8  4(>&  QCL . 

R%<"<#"2+ 4"02(  >"$(2)/,5= , 2(  ,"7(#"+(#/=  
'#(4(,."%+  #"7(+"+- , '(,3)"%+  <#"2+& SAQ, SQQD , 
3)"5+03%+ 0 #(55/85$( -"!%#/$"25$(!  '#(%$+% '(  (2$( -
,(<// , !(,(4&%  5(+#342/$/  0&/<#&0"*+  !(,(4%.2&%  
<#"2+&. :5+-  2(0&% /4%/ , 2"'#/!%# , $"$ '#/7,/>/+-5=  
$ ./0(8  '#/#(4% , 2% /5'(,->3=  ./0(+2&1 : 4,=  ?+(<(  
3)%2&% '&+"*+5=  #"7(+"+-  2% 5 !(2(5,(%!  $,%+($, "  
5 $,%+()2&!/  59%#(/4"!/ . C2/  +"$.% '#(73*+  ?$5-
'%#/!%2+/#(0"+-  5 #">2&!/  9(#!"!/  2"2()"5+/6 , 
2"'#/!%#  2% 5 B"#/$"!/ , "  5 '",()$"!/ . C$">&0"%+5=, 
'",()$/  ,3)B%  '(0(#")/0"*+5=  0 !"<2/+2(!  '(,%  /  
0&50(7(.4"*+  ,%$"#5+0( . 

ÇA"B/  2%9(#!",-2&%  +#"4/6// ? Ñ A"+",-=  @-0(0-
2"  >"43!&0"%+5= . Ñ S"2-B%  2"  5+"#&8  A(0&8  <(4  0%5- 
$(,,%$+/0  5(7/#",5=  3 !%2= 4(!" , )%,(0%$ +#/46"+- , 
/  ?+(  7&,(  2%)+(, )+(  !&  4(  5/1  '(#  05'(!/2"%! . G 
5%8)"5 !&  2%5$(,-$(  #">  0&%>.",/  2"  '#/#(43 , (7&)2(  
'(5,%  >";/+&  4/',(!(0 , /<#",/  0 93+7(, , 0(,%87(, , /  
?+(  +(.%  3.% +#"4/6/= È. 

!"#$%"&'()*+(#,'%'-.%$
A"  0('#(5 , (+,/)"%+5=  ,/  2"3)2"=  !(,(4%.-  0 G!%#/$% 
/  0 S(55// , G,%$5"24# H/$+(#(0/)  (+0%)"%+ +"$: ÇH%>4% 
%5+- 5/,-2&%  #%7=+" /  '(5,"7%% . L%8)"5  0 LTG  3 !%2= 
/1  '(#(023 , /  ?+(  2%',(1( . H R(5$0% '#/7,/>/+%,-2(  
+"$ .%. C52(02"=  #">2/6"  >"$,*)"%+5=  0 #">2((7#">//  
,*4%8  0 $(,,%$+/0% . H REN 05% 0 (52(02(!  0&'35$2/$/  
5 1(#(B%8  1/!/)%5$(8  '(4<(+(0$(8 , "  0 L%0%#2(8 F" -
#(,/2%  !&  2"2/!"%!  5'%6/",/5+(0  />  5"!&1  #">2&1 
(7,"5+%8  2"3$/  /  #">2&1 !%5+, '(?+(!3  3 2/1  <(#">4(  
!%2%% (42(#(42&%  >2"2/= , 2(  >2")/+%,-2(  0&B% <(+(0 -
2(5+-  7#"+-5=  >"  0%5-!"  #">2((7#">2&%  0%;/ . S(55/8 -
5$/% #%7=+" 1(#(B/% , 2(  /1  23.2(  7(,-B%  '%#%3)/0"+- .

:5+-  %;% $3,-+3#2(% #">2((7#">/% . F(<4" -+(  
!(/  5(+#342/$/  <(0(#/,/ , 0 (7;%8  5,(.2(5+/ , 2"  
15Ñ25 =>&$"1, 4"  /  5%8)"5 3 !%2= %5+- 0&'35$2/$/  
/>  U.2(8  F(#%/ , F/+"= , D24// , D>#"/,= , :</'+" , 
D#"2"  / , $(2%)2(  .%, LTG . R(/  !(5$(05$/%  3)%2/$/  
7(,%% (42(#(42& , /  ?+(  2"$,"4&0"%+  (+'%)"+($  2"  /1  
5/5+%!3  0><,=4(0 , 2"  (7;%2/% . H".%2  /  ,/)2&8  ('&+ . 
V(+= 5%8)"5 0 S(55//  '(=0/,(5-  7(,-B%  0(>!(.2( -
5+%8, 2(  0 G!%#/$% #">2((7#">/%  !%.432"#(42(<(  
/  05=$(<(  ('&+"  <(#">4(  7(,-B% . F 5(.",%2/* , '( -
'#%.2%!3  0 S(55//  %5+- (+(#0"22(5+-  !/#((;3;%2/=  
/  !&B,%2/=  (+  #%",/8  ($#3."*;%<(  !/#" . C2"  7&,"  
50(85+0%22" /  !2%  $"$ 5(0%+5$(!3  )%,(0%$3, 2(  0 
S(55//  (2" , $ 5(.",%2/* , 5(1#"2/,"5- . W(,%% +(<( , 
0 '(5,%42%% 0#%!=  ?+(  (;3;%2/%  35/,/,(5-  /> ->"  
!%.432"#(42(8  />(,=6//  5+#"2&È.

H 35,(0/=1  #"7(+&  0 LTG  /  0 S(55//  3)%2&8 (+ -
!%)"%+ $(,(55",-23*  #">2/63 . E,"02&!  (7#">(! , 
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!  "#$ , %"# !  &#''((  ('')*+#!,"*)-  '",).(!,*"'/  '  
0*12*#+#)($3$(  ,+$(0('"2,"(!03$(  4,2-*2,$(  
(12($*2  Ñ 2*5*0(*  !#12#',  # 1*2*0#'*  +*0*6  1# 
62,0"7  0,  72#!0*  12*$-*2 -$(0('"2, ). 8%*0-  $0#6# 
!2*$*0(  (  '()  12(9#+("'/  "2,"("-  0,  ",.(*  !*:( , .,.  
;,.71.,  !'*6#  0*#49#+($#6# . Ç<#"/  !  ="#$  =.'"2* -
$,)-0#$  6#+7 12#4)*$3  1#/!()('-  (  ;+*'- , !  >?@ , Ñ  
;,$*%,*"  @)*.',0+2  A(."#2#!(% . Ñ B0#6(*  0,5(  
'#"27+0(.(  2,4#",C"  '  .#2#0,!(27'#$ , #0(  4*; -
7$0#  ;,0/"3 , #0(  '",!/"  $0#D*'"!#  =.'1*2($*0"#! , 
(  ($  '",)#  0*  9!,","- É 0,.#0*%0(.#!  +)/  1(1*"#. ! 
E,'"#)-.#  4#)-5#F  #4G*$  2,4#"3 . H#$0C , .,.  !  ># -
!*"'.#$  >#C;*  (; - ;,  +*I(J(",  $3  ="(  0,.#0*%0(.(  
$3)(  (  '75()( , 0# 12(  '75.*  #0(  "*2/C"  I#2$7  ( , 
'##"!*"'"!*00# , "#%0#'"- È. 

K 0*  $#6),  0*  '12#'("-  @)*.',0+2,  A(."#2#!(%,  # 
&#''(F'.# -,$*2(.,0'.#F  0,7%0#F ,''#J(,J((  (RASA), 
12*;(+*0"#$  .#"#2#F  #0 43)  +# 0*+,!0*6#  !2*$*0( . 
L+*/  #4G*+(0*0(/  27''.#/;3%039  7%*039, 2,4#",C:(9  
0,  M,1,+* , !#;0(.),  !  2008 6#+7 7 0*'.#)-.(9  7%*039, 
2,4#",!5(9  !  N!2#1*  (  >?@ . >*F%,'  1#+#403*  #4G-
*+(0*0(/  7%*039 *'"-  (  !  '"2,0,9  @;(( , 0# ,$*2(.,0 -
'.,/  RASA ',$,/  4#)-5,/  (  '()-0,/ . O,4,0#!,  (;42,)(  
12*;(+*0"#$  RASA !  2017 6#+7, .#6+, , .  '#D,)*0(C , 
2#''(F'.# - ,$*2(.,0'.(*  #"0#5*0(/  ;0,%("*)-0#  
#')#D0()('- .

M,%*$ 07D0,  ",.,/  ,''#J(,J(/ ? 80,  07D0,  !  1*2 -
!7C  #%*2*+-  +)/  ',$#F  27''.#/;3%0#F  0,7%0#F +(, -
'1#23 . P'1*503*  )C+( , '#'"#/!5(*'/  !  0,7.*  (  !1#)0*  
(0"*62(2#!,003*  !  ;,274*D07C  D(;0- , 0# ($*C:(*  
2#''(F'.(*  .#20( , 07D+,C"'/  !  ;,1#)0*0((  0*.#F  
Ç.7)-"720#F  !,)*0"0#'"( È. @''#J(,J(/  ="#$7  1#$#6,*" . 
M,$*%,"*)-0,  1# '!#*F  (+**  *D*6#+0,/  .#0I*2*0J(/  
RASA, .#"#2,/  '#4(2,*"  27''.#/;3%039  7%*039 '#  
!'*6#  $(2, , 2,4#",C:(9  !  2,;039  #4),'"/9 . ÇA '!#*  
!2*$/  !  >>>&  I(;(.(  12(6),5,)(  0,  '!#(  '*$(0,23  
4(#)#6#! , .#"#239  12*')*+#!,)(  '1#+!(D0(.(  Q.R. S3 -
'*0.# . @ '*F%,'  !  @$*2(.* , +,  (  !  '#!2*$*00#F  &#''(( , 
",.(*  $*D+('J(1)(0,203*  !'"2*%(  0*  12(0/"3 . E# $3  
2*5()(  1#12#4#!,"- , (  1#)7%()#'-  9#2#5# , Ñ 6#!#2("  
@)*.',0+2  A(."#2#!(% . Ñ T"#  #%*0- 1#)*;0#  Ñ 2,;  !  
6#+ 2,''.,;,"-  # '!#(9  ('')*+#!,0(/9  7$03$  )C+/$ , 
'1*J(,)('",$  !  +276(9 #4),'"/9 È.

A ="#$  6#+7 .#0I*2*0J(/  12#5),  #0),F0 , 43)#  
4#)**  100 +#.),+#! , 7%,'"!#!,)(  0*  "#)-.#  7%*03* 
'  $(2#!3$  ($*0*$ , 0# (  $#)#+*D- , ,  0,  "2,0')/J(C  
;,2*6('"2(2#!,)('-  #.#)#  700 %*)#!*. . L'1#)-;7/  
12*($7:*'"!,  #0),F0, , #26,0(;,"#23  2*5()(  0*  12* -
23!,"-'/  (  12#!*'"(  $,2,I#0  Ñ )*.J((  12#+#)D,)('-  
!  "*%*0(*  30 %,'#!  (!), 0*'$#"2/  0,  2,;0(J7  !#  !2*$*0( . 
ÇO#0I*2*0J(/  0,%,),'-  !  '744#"7  5 +*.,42/  !  12:00 0,  
!#'"#%0#$  1#4*2*D-*  >#*+(0*0039  ?","#!  (  +,)-5*  
1#.,"(),'- , .,.  !#)0, , 0,  ;,1,+ . A .,.#F -"#  $#$*0"  $3  
1#5)(  '1,"- , (  "7" 0,%,),'-  /1#0'.# -,;(,"'.,/  '*''(/ , 
2#)-  !*+7:(9  1*2*5),  .  2,4#",C:($  ",$  27''.#/;3% -
03$  7%*03$. T"#  43)  4#)-5#F  12,;+0(.  (0"*))*.", , 
Ò+7$,C:*6#  1#-27''.( ÓÈ. 

E,  !#12#'  # 1*2'1*."(!,9  0,7.(  !  &#''((  @)*.',0+2  
A(."#2#!(%  O,4,0#!  #"!*%,*" , %"#, .  '#D,)*0(C , &#''(/  

!'*  4#)-5*  #.,;3!,*"'/  !  (;#)/J((  #"  #'",)-0#6#  $(2, , 
(  ="# #%*0- !)(/*"  0*  "#)-.#  0,  2,;!("(*  0,7.( , 0# (  0,  
$*0",)("*" : Ç&#''(/ , .#0*%0#, (;#)(2#!,0,  ',$($  $,' -
5",4#$  '!#*F  "*22("#2(( , (  0,%(0,*"  .,;,"-'/ , %"# ;,  
12*+*),$(  ="#F "*22("#2((  0(%*6# 0*" , ,  ",$  Ñ D(!#F  
+(0,$(%03F  $(2 , !*'-  ;*$0#F  5,2 , (  0,+#  !,2("-'/  !  
="#$  4#)-5#$  $(2* È, %"#43 43"-  1#-0,'"#/:*$7  Ç0,  
#'"2(* È.

O#0*%0#, $#)#+3*  '#"27+0(.(  S,4#2,"#2((  9( -
$(%*'.#6#  +(;,F0,  4(#0,0#$,"*2(,)#!  '"2*$/"'/  
2,'5(2/"-  '!#F  0,7%03F #13" . A# !2*$/  2,4#"3  0,+  
$*6,62,0"#$  #0(  *;+()(  !  ),4#2,"#2(C  !  >*!*20#F  
O,2#)(0* , +*),)(  ",$  .,.(* -"#  %,'"(  2,4#"3 . @0"#0 
S#179#! , 0,12($*2 , '#42,)  ",$  )(0(C  1# 12#(;!#+ -
'"!7  1#)($*2#! , .#"#27C  "*1*2-  1),0(27*"  '+*),"-  0,  
.,I*+2*  !  BUP. O '#D,)*0(C , !#;$#D0#'"-  *;+("-  !  
,$*2(.,0'.(*  ),4#2,"#2((  '*F%,'  '()-0#  7$*0-5(),'-  
(; -;,  #4:*F  '("7,J(( . E# *'"-  0,7%0#* '#"27+0(%*'"!#  
(  '  *!2#1*F'.($(  .#))*6,$(  !  V*)-6(( , W2,0J(( ; #+0,  
'#"27+0(J, , B,2(/  NI2*$#!, , !3(62,),  '"(1*0+(C  
U7$4#)-+",  (  '*F%,'  2,4#",*"  !  U*2$,0(( .

ÇL'.)C%("*)-0#  1#;("(!0# ! Ñ ",.  #"!*"()  @)*. -
',0+2  A(."#2#!(%  0,  !#12#'  #4 #"0#5*0((  .  2#''(F -
'.#F  12#62,$$*  $*6,62,0"#! , .#"#2#F  7D* +*'/"-  )*" . 
Ñ M,  ="(  +*'/"-  )*"  '#'"#/0(*  0,7.(  !  &#''((  '",)#  
'7:*'"!*00#  $*0**  ,29,(%03$ . B*6,62,0"3  '()-0#  
'1#'#4'"!#!,)(  12*#+#)*0(C  #"#2!,00#'"(  2#''(F -
'.(9  7%*039 #"  $(2#!#6#  0,7%0#6# 12#J*'', . 80(  +,)(  
($17)-'  J*)#$7  2/+7  !*:*F . H*2!,/  62711,  $*6,62,0" -
0(.#!  43),  1#"2/',C:,/  Ñ H,!*)  H*!;0*2 , @)*.'*F  
O#0+2,5#! , >",0('),!  >$(20#! , V#2('  X(!#"#!'.(F , 
Y2(F  O(!5,2- , A),+($(2  M,9,2#! , >*26*F  E(.("#! , 
A,'()(F  >"7+("'.(F , O),7'  H*"*2  O#)"*2$,0 , 47+7:(F  
E#4*)*!'.(F  ),72*,"  X*2,2  B727É A'*6#  39 %*)#!*. , 
(  !'*  ('.)C%("*)-0#  /2.(*  )(%0#'"( . B3  +*2D,)('-  
!$*'"* , (  '  1*2!39  +0*F , '  ('"#2((  '  ;,.71.,$( , 7 0,'  
')#D()#'-  $*D+('J(1)(0,20#*  0,7%0#* 42,"'"!# . 
B*6,62,0"3  '",)(  "*$  Ò)*+#.#)#$ Ó, .#"#23F  13",)'/  
2,;4("-  )*+ , '.#!,!5(F  2#''(F'.7C  0,7.7 , 2,'.,%,"-  ="7 
)#+.7 . &#''(F'.(*  7%*03* %,'"#  0,'  0*  !#'12(0($,)( , 
@.,+*$(/  0,7.  1#0,%,)7  +,D*  '%(",),  0,'  Ò,0"(,.,+* -
$(%*'.($  12#*."#$ Ó. <#"/ , .#6+,  '",)(  2*I#2$(2#!,"-  
&@E, $3  0,1(',)(  1('-$# -#42,:*0(*  '  1#+1('/$(  1#%-
"(  '#2#.,  $*6,62,0"0(.#!  !  1#++*2D.7  @.,+*$(( , (  #0# 
43)#  0*4*'1#)*;0# . B3  $0#6#*  1#$*0/)( . B3  0,%,)(  
12#!#+("-  .#0I*2*0J((  ÒE,7.,  47+7:*6# Ó, .#"#23*  
'",)(  1)#:,+.#F  +)/  !;,($#+*F'"!(/  7%*039 '  27.#!# -
+("*)/$(  2#''(F'.#F  0,7%0#F 1#)("(.( . B*6,62,0"0(.(  
+!,D+3  !'"2*%,)('-  (  '  A),+($(2#$  H7"(03$ , ("#6#$  
1*2!#F  !'"2*%(  '",),  H2*;(+*0"'.,/  12#62,$$,  1#+-
+*2D.(  $#)#+39  7%*039 !  &EWÈ. 

R*'/"-  )*"  0,;,+  # 0,0#$*+(J(0*  !  0,5*F  '"2,0*  
12,."(%*'.(  0(%*6# 0*  ;0,)( , '*F%,'  !  $(2*  4#)-5*  
"2(+J,"(  ;,2*6('"2(2#!,0039  0,0#12*1,2,"#! , 0# 
'2*+(  0(9  0*"  0(  #+0#6# 2#''(F'.#6# . 8+0,.#  #0(  #4/ -
;,"*)-0#  1#/!/"'/ , (  $#D0#  0*  '#$0*!,"-'/ , %"# !  0(9  
47+*"  !)#D*0  "27+ '#"27+0(.#!  ),4#2,"#2((  @)*.',0 -
+2,  A(."#2#!(%,  O,4,0#!,  0,  <($I,.*  BUP, '  .#"#2#F  
$3  1#;0,.#$()('- . 
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!"#$%&'()*%&+%$#&',#-./%0)',1%%
$&#2')1%$#3,4.5%/6
Ñ !"#$  %& '(  %)*+,-,(.( , /,%,0.(  ',1'(2  "  ",2)3)  
',1,#, , "  %,4$5  6(+%&5 4,3)%  % ',78( . 9&  %(/:  ', -
1$',#$  '(  "  2)+"8)0  ;$)#)3$$ ? <$""(+.,=$>  6$",#$  
);  7"8)+('$$  ?).)"$'.(*,  7 8787+7*&? 

Ñ @,1$',#  A ',  ",2)2  /(#(  "  2)#(87#A+')0  
;$)#)3$$ , $*71,#  2(2;+,'& , /,-(  6)".76$#  % ,"6$ -
+,'.7+7 , % 6,+$-"87>  B)#$.(5'$1("87>  48)#7 . C).) -
"$'.(*)2  *,$'.(+(")%,#"A  % 25 #(. , $ D.)  +(4('$(  
;&#)  %&*%,')  D2)=$A2$ . E',(.( , A .)3/,  "#(/$#  *,  
')%)".A2$  ',78$  Ñ '(  .)#:8)  ;$)#)3$(0 , *,  ?$*$8)0  
.)-(  "#(/$# , *,  5$2$(0 , $ 2('A  .,8,A  *#);,  +,*;$+, -
#,  (!"#$%&'() ). F.)#:8)  72'(04$5  #>/(0 , 6+(8+,"'&5  

!"#"$$%  &'(%#)  (*+,"#-.  /  1990 0+,) /  &%*"1' ) 
2%34/%56 7'#+/'8+9 , +-6%2+/"/("9  0#+:%#;2+' 
$+6'$#'2"' . <9'-6'  -  8+##'0%9" &'(%#% -+3,%# 
/  6%-9%2-8+9 $+-'#8'  =%)6%->+8- 32%9'2"6)5 
?"255  -6%2@"5 ,#.  3%-'/%2". +8'%2% 0'22+-
9+,"A"@"*+/%2249 A"6+$#%286+2+9, % ,#.  6+0+, 
76+:4 *%-$*+-6*%2"6; '0+ 2% :+#;()5  $#+B%,;, Ñ  
$*"9%2"#" /  *%C+2 -6%2@"" )-%64D 8"6+/. E%( 
8+**'-$+2,'26  $+3,*%/"# !"#"$$%  -  80-#'6"'9  
"  $+0+/+*"# -  2"9  + $'*/4D  0+,%D *%:+64 -6%2-
@"", 2'/9'(%6'#;-6/'  /  $*"*+,)  "  + 6+9, 8%8+/+ 
F6+: -$%-%6; 9"*  /9'-6'  -  :4/('C  1'2+C.
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!"#$%&'%!()* , & *+#,-  (+&(-(  .&  /&/01 -() , "+)!(% -
(# , #+0.20 : 3&"0!/&1(  +&/#(4  !  "'&(5)+, , 6&27#(4  
/&/%#-()  %3)8+#(&1( , ,.)6)  8)'(&1( . 9%/()  "):(%  .#  
3&.%,&'!-  ") - .&!()-;#,0  *&7.4,%  *#;&,% .

Ñ <4  %,##(#  *  *%20 6')8&'=.)#  ")(#"'#.%# ?
Ñ >&, /).#:.) . ?  -  ")20,&' , .0  +&3 .%/()  %3 0:# -

.4@ .#  @):#( !  .%,  8)+)(=!- , 3.&:%( , A(%,  3&B,0!=  
- . C)(), , ,)7#(  84(= , *  !(&+)!(% , *#+.0!=  /  !*)%,  
,#,8+&..4,  !%!(#,&, , #!'%  *!#  802#(  @)+)D) , Ñ 
(&/  -  ()62&  20,&' . E&/ *%2%(#, .#  *#+.0'!- . 

Ñ E%(4 .#  )("0!(%'% ?
Ñ 9#( , .#  )("0!(%'% .
Ñ 9)  /  /%(&,  *4  "+%D'% .#  !+&30? 
Ñ >&, .#  !+&30. F .&:&'  2#B!(*%(#'=.)  !  0!/) -

+#.%-  5)()!%.(#3& , 3&;%(%'  2%!!#+(&$%1  ")  ,) -

2%5%/&$%% +08%!/) -5#+,#.(& , /)()+4B  )(*#:&#(  3& 
!*-34*&.%#  06'#/%!')6)  6&3&. G()  84')  .#  !()'=/)  
"+)  A/)')6%1 , !/)'=/)  "+)  !#'=!/)#  @)3-B!(*) , .)  
3.&.%- , /)()+4#  -  ")'0:%' , ,.#  ")(),  ):#.=  "+%-
6)2%'%!= . 

!"#$%#&'$()*)+#$,$-.)+/&01
Ñ <4  "),.%(# , /&/  ")-*%'!-  "+)#/(  H%.#B !(&.$%%? 
E&/ *4  "+%20,&'%  "+%,&.%*&(=  /%()* ?

Ñ 9#  ,)60  *!"),.%(=  /)./+#(.4B  ,),#.( , 2& #6)  
% .#  84') , ")7&'0B . E&+(%./& !/'&24*&'&!=  ")!(# -
"#..) . 9&:&')!=  *!#  .#  !  /%()* , /).#:.) , Ñ !  "'&. -
/().& . E)+,%(=  5%()"'&./().  7#'#3),  Ñ A()  *#2=  
.#  -  "+%20,&' , A()  !(&'%  2#'&(=  #;#  *  .&:&'#  2*&2-
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!"#$%$ &'(" . )'*  +$,-.'  */  ($0*1*  21#$3,"4(#$4 , 
#'*  51,-4''  $4 0"6*4$7"'#58  1 3$%,$9"'#  +$,-.'  
:%,'(15,$%$  %"6", 2$#$514#'610:'#  Ñ ("6",$5-  +/ , 
$;'4-  30$5#$. <$#$*  &/8541,$5- , #"(  =',"#-  4',-68 . 
>("6/&"'#58 , '5#-  30'=',  :5&$'418  7','6" , 3$5,'  
4'%$ ,1.4''  7','6$  :7'  41("(  2$#$514#'6:  4'  3$-
*$%"'# , 4"$+$0$#  Ñ 4";14"?#58  !&'#'41'  &$=/ , 8=$-
&1#/'  301,1&/ , 30$;1'  5#0".4/'  &'91 . @ ='58#/A  1 
=&"=!"#/A  %$="A $+ B#$*  *4$%$ 315",1 , $($4;"#',-4$  
0'.1,1 , ;#$  6"5'&"#-  $('"4  7','6$*  4',-68 . C: , 
*$,$=!/ , ($4';4$ , "  ;#$  =',"#- -#$ #'3'0- ? D"(  4"*  
+$0$#-58  5 :%,'(15,/*  %"6$* & "#*$52'0' ?

@$# #$%=" 8 1 0'.1, , ;#$  4:74$  *$=121!10$&"#-  
21#$3,"4(#$4 , 3$&/51#-  5($0$5#-  2$#$514#'6"  1 
6"$=4$  1 :5&$8'*$5#-  7','6"  3$=48#- . E/  A$#',1  
&/&'5#1  #"($%$ :41&'05",-4$%$  5$,="#" , ($#$0/F  *$% 
($4(:010$&"#-  5 8=$&1#/*1  &$=$0$5,8*1 , 4$ 5"*  +/  
4'  +/,  8=$&1#. <'0&"8  6"=";"  3$("6","5-  *4'  &3$,4'  
3$51,-4$F , 3$ 3$&$=:  &#$0$F #$7'  +/,1  1='1 . E$74$  
5("6"#- , ;#$  8 4";",  15("#-  #"* , %=' 5&'#,'' , Ñ ("(  & 
"4'(=$#' . <$#$*  5#",$  854$, ;#$  4"=$  3$=("0*,1&"#-  
21#$3,"4(#$4  4'  #$,-($  7','6$* , Ñ */  4".,1  5$-
'=14'418 , ($#$0/'  3$&/."?#  '%$ :5&$8'*$5#- . C:  1, 
4"($4'! , (1#/ . D1#/  1 3,"4(#$4  Ñ B#$ ("(  5/0  1 &14$, 
$=4$ 4'&$6*$74$  +'6  =0:%$%$. 

G?=1 , (5#"#1 , 4'  50"6:  B#$ 3$48,1 . H4";","  5;1 -
#",$5- , ;#$ , 4"$+$0$# , (1#/  &0'=4/  =,8  (,1*"#" , 4"=$  
:+1#-  &5'A (1#$&, #$%=" 5#"4'#  +$,-.'  3,"4(#$4"  1 
*/  53"5'*58 . C$ B#$ 4'  #"( , ($4';4$ . D1#/  =,8  3,"4 -
(#$4"  $;'4-  3$,'64/ . @$-3'0&/A , $41 4'  #"(  :7  ,?+8#  
21#$3,"4(#$4 , 30'=3$;1#"?#  +$,''  5/#4/F  6$$3,"4 -
(#$4. @$-&#$0/A, (1#/  0"530$5#0"48?#  31#"#',-4/'  
&'9'5#&" . @ 1A, 30$5#1#' , 2'(",18A  1 *$;'  *4$%$ 
"6$#"  1 7','6"  Ñ (1#/  0"64$58# B#1 B,'*'4#/  3$ 
$('"4: . @-#0'#-1A , ($%=" (1#/  4/08?#  1 &53,/&"?# , 
$41 3'0'*'.1&"?#  21#$3,"4(#$4  Ñ 41741'  5,$1 , 
($#$0/*  4'  =$5#"&",$5-  5$,4!" , 3$=41*"?#58  4" -
&'0A 1 2$#$514#'610:?# . I  %,"&4$' , (1#/  3$*$%"?#  
0'%:,10$&"#-  ;15,'44$5#-  21#$3,"4(#$4" : 5"*  3$ 
5'+'  $4 1*  4'  $;'4-  14#'0'5'4 , 4$ #"* , %=' #"($%$ 
3,"4(#$4"  16+/#$( , (1#/  '%$ #$7'  4'16+'74$  30$-
%,"#/&"?# . @ $+9'* , $41 3$*$%"?#  0"530'=',1#-  
3,"4(#$4  3$ &5'*:  $('"4:  0"&4$*'04$  Ñ ;#$+/  4'  
+/,$  $+,"5#'F  5 !&'#'41'*  1 4'  +/,$  0"F$4$&  5$-
&5'*  +'6  3,"4(#$4" .

J  *4$%$ ;1#",  30$  B#$ 1 3$48, , ;#$  (1#/  4"*  
4:74/ ! K5,1  */  A$#1* &/#'541#-  5#"0/F  3,"4(#$4  
4$&/* , +'6  41A #$;4$  4'  $+$F#15- . @$# #"("8  :  *'48  
+/,"  !'3-  :*$6"(,?;'41F . D"7=/F  ."%  & 4'F  +/,  
&3$,4'  ,$%1;'4 , 4$ ($%=" 8 301A$=1,  & ,"+$0"#$01? , 
5("7'* , (  6$$,14%&15#: 1 %$&$01,: ÇL 4"5  #:# 30$'(#  
30$#1& %,$+",-4$%$  3$#'3,'418 . E/  A$#1* 6"5'8#-  
$('"4  ME-3,"4(#$4$* , :=$+01#-  7','6$*  1 2:,-&$ -
(15,$#"*1 . I  3$#$*  301*"41#-  (1#$&. N/  4:7'4  4"* , 
;#$+/  $+O8541#- (1#"* , %=' */  301%$#$&1,1 =,8  41A 
3,"4(#$4 È Ñ B#$ 6&:;",$  =1($&"#$  (!"##$!% ). C'*: -
=0'4$ , ;#$  *4$%1'  $#("6/&",15- .

Ñ I  ("(  &/  &/+0",1  *'5#$ ?
Ñ E'5#$  &/+0",  4'  8. <'0&/'  B(53'01*'4#/  5 

3,"4(#$4$*  8 =',",  & 5&$'*  145#1#:#' , & +',-%1F5($*  
GP&'4' , %=' #$%=" 0"+$#", . D ($4!:  =&"=!"#/A  %$=$& 
8 3$41*", , ;#$  B#$ =$,7'4  +/#-  *'7=15!13,14"04/F  
30$'(# : 4:74/  +1$,$%1, 53'!1",15#/  3$ 3$&'='41?  
(1#$&, ,14%&15#/, 2161(1 . Q($,$%1, ($4';4$ . R ;#$  
4:74$  =',"#-  B(53'01*'4#/  & $#(0/#$*  *$0' . R ;#$  
='4'%  3$;#1  4'# , 3$B#$*:  4:74$  15("#-  B4#:61"5#$&. 
@/+$0  *'5#"  */  & 1#$%' =$&'01,1  B($,$%"* . D":#" -
S$(5  $("6",58  ,:;.1*  &"01"4#$* . 

Ñ @/  +/,1  :&'0'4/  & :53'A' ?
Ñ >  4'# ! C"$+$0$# , */  +/,1  "+5$,?#4$  %$#$&/ (  

30$&",: , 4$ +/,1  $+86"4/  3$30$+$&"#- . J  4'  64"? , 
;#$  5'F;"5  =:*"?#  ,?=1  &".'%$  &$60"5#"  30$ =&"=-
!"#/'  1 #01=!"#/'  %$=/, $=4"($  B#$ +/,$  5#0"44$'  
&0'*8 . S"6:*$*  #$%=" &5'  :7'  3$41*",1 , ;#$  (,1 -
*"#1;'5("8  :%0$6" 0'",-4" . C$ &$# B*$!1$4",-4$ É 
C"&'04$' , B#$ *$74$  4"6&"#-  5#"=1'F  $#01!"418 . 
E4$%1'  ,?=1  $#01!",1 . <01  B#$*  8 3$41*", , ;#$  4"  
#$0% 1 %4'& 1 Ñ ;#$  #"*  =",-.' ? ='30'5518 ? Ñ &0' -
*'41  :  4"5  :7'  4'  +:='# .

Ñ D"(1'  5$*4'418  :  &"5 +/,1 ?
Ñ E4$%$ 0"64/A . H,$74''  &5'%$ +/,$  5 (1#"*1 . 

E/  &'=-  A$#',1  301*"41#-  (1#$&, & #$*  ;15,'  5"*$(  
5 ='#'4/."*1 . T$#',1  5$$+91#-  1* , ;#$  6='5-  :  4"5  
+'6$3"54$ , 6='5-  '5#-  '=" . M,"&4"8  30$+,'*"  +/,"  
& #$* , ;#$  */  &$$+9'  4'  64",1 , %$#$& ,1  (1#, 5("7'*  
#"( , $# 4"5  #"($'  30148#- . <,?5  :  4"5  4'  +/,$  %"0"4-
#11, ;#$  */  & 3014!13'  5:*''*  5 (1#"*1  $+9"#-58 . 
<$  5:#1 , */  30$5#$ 3/#",15-  $+0"+$#"#-  %$,$5" 
(1#$& ;'0'6  4'F0$5'#- , 0"+$#",1  =$&$,-4$  %0:+/ -
*1  *'#$="*1 . <,?5  0"64/'  &1=/  (1#$&. @ $+9'* , 
*/  30$=&1%",15-  $;'4-  *'=,'44$ . I  &$# $#3:%4:#- 
($5"#$( , (5#"#1 , $("6",$5-  $;'4-  ,'%($ . H 3'0&$%$ 
0"6"  &5'  3$,:;1,$5- .

Ñ I  ($5"#("*  &/  ;#$  5$$+9",1 ?
Ñ D$5"#("*  41;'%$  4'  5$$+9",1 , 4".1  51%4",/  

30$5#$ &/6/&",1  :  41A #0'&$%:. C$ 41 $=4"  ($5"#("  
4'  3$5#0"="," , $41 30$5#$ 4'  $A$#1,15-  & 4".'*  
0"F$4' .

Ñ @/  $#3:%1&",1 ($5"#$( , 3$5($,-(:  B#$ '5#' -
5#&'44/'  &0"%1 (1#$&?

Ñ H($0''  (1#8#. @60$5,$*:  (1#:  $41 3$;#1  41;'%$  
5=',"#-  4'  *$%:#, "  &$# *",'4-($%$  (1#'4("  1,1  3$=-
0$5#("  $# *"#'01  $#+1&"?# . <$B#$*:  */  1A $#3:%1-
&",1 . @30$;'* , %,"&4/F  &0"% (1#$& Ñ B#$, ($4';4$ , 
4'  ($5"#(1 . 

Ñ G?=1 ?
Ñ S"6:*''#58 .
Ñ ># ,?='F  &"*  #$7'  301A$=1,$5-  6"919"#-58 ?
Ñ D 5;"5#-? , 4'# . E'7=:4"0$=4"8  (1#$+$F4"8  

($*15518  & #$ &0'*8  :7'  =$5#"#$;4$  5#0$%$ 5,'=1,"  
6"  $A$#$F 4"  (1#$&. D #$*:  7'  3$,:;1,$5-  #"( , ;#$  
*/  301*"41,1  (1#$& & 4$&$'  *'5#$ , "  #'  4'*4$%1'  
+0"($4-'0/ , ;#$  '9'  $5#"&",15-  & *$08A , 30$5#$ 4'  
:53',1  #"(  +/5#0$  5$01'4#10$&"#-58 .
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!"#$%&'(%#)#*'+#,)-)&##
.',/0%1#/&*/21*%34
Ñ !  "#$%& "  #'()*  +',-.-*  /'".-  #-%0&1').  #-2+-"  
-  2+'#)  /)3-#)1'  4-5&6&7&+-#'.8  91-"&".)4: .

Ñ ;"3&  #< =-#-+&.)  "  9.&/)"1-*  .-/1&  %+)0&$, .-  
$ 0)  .-.  /)3-#)1 , "  1)4  ".-&.  9.-  -,":>5'.8 . ?  #)58  
,&-3-= , 0)  6&3-"-6 . ;"3&  >)  +'""4'.+&#'.8  9.-  "  
.-/1&  %+)0&$ +&"1-# , .-  +&"1&, +'%:4))."$ , ,<3& . 
@< 2-".'+'3&"8  &A :/)".8 , 0'"1-381-  9.-  ,<3-  #-%-
4->0- .

Ñ B'1  ,&-3-=  #< 0)  >'3)).)  -  .-4 , /.-  0)4-5& -
6&7&+-#'00<*  6&.-23'01.-0  -1'%'3"$  2-30-".8C  
#<.)"0)0 ?

Ñ B'1  ,&-3-=  $ #")=5'  ,-38()  2)+)>&#'3  %' 
"#-*  "-,".#)00<*  #&5 (!"##$!% ). D 2)+#-%5'00-".8  
2+&+-5< ? E'/)4  9.- ? B'1  ,:5.-  ,<  1 0'4  2+&3).$.  
&0-23'0).$0) , '  4<  5-3>0<  ,:5)4  &4 2+)5F$#&.8  
23'0).:  # 2)+#-%5'00-4  #&5) . G2$.8 - .'1& , /.-  
%0'/&.  # 2)+#-%5'00-4 ? @)%-6':0:  .->) ? H 5&-
0-%'#+-# ? !  -,I)4 , 0). , 0)#4)('.)38".#-  Ñ 9.-  
0)  4-$  .)4' . B".'.& , 0)5'#0-  "4-.+)3  6&384  BBC 
-,-  40)  Ñ .'4  #")  "-#)+()00-  0)2+'#&380- . G0& 
-/)08  40-=-  "0&4'3&  1&.-#  & #"C  9.:  &".-+&C  %'-
1+:.&3&  #-1+:=  0&A. ?  .'4  .'1-*  3C,&.)38  2+&+-5< , 
1-+43C  1&.-#  "  +:1&, -,4'%<#'C"8  23'01.-0-4 , 
9.-  ,<3-  "4)(0- . B+'"&#<*  6&384 , 0-  #--,I)  0)  
2+-  4)0$ . ?  /)3-#)1 , # 7)3-4 , -/)08  2+'=4'.&/0<* . 
J+'%:  +)(&3 , /.-  "  1&.'4&  :  0'"  ,:5:.  +',-/&)  -. -
0-()0&$ : 4<  #'4  Ñ 2&I:  & ,)%-2'"0-".8 , #< 0'4  Ñ  
2)+)4)(&#').)  -1)'0 , +'"2+-".+'0$).)  >)3)%- . 

!5'(6#7-1#+81&9/4
Ñ K)  4-=:  0)  "2+-"&.8  2+-  K&0:  L&3&0: . (K&0'  D. 
L&3&0' , 1995Ñ2068, "2)7&'3&".  2-  2"&A-3&0=#&-
".&1)  1&.--,+'%0<A , "-.+:50&7'  J&0)*  ".'07&&  # 
2028Ñ2041 =-5'A , "-'#.-+  24 2:,3&1'7&*  M)('3' .) 
!<  ,<3&  >)0'.< , 2-.-4  +'%#)3&"8  & #")  9.-  #+)4$  
+',-.'3&  0'5  2+-)1.-4  #4)".) ?

Ñ @< 5'>)  5#'>5<  ,<3&  >)0'.< .
Ñ N#'>5< ?
Ñ N' , 2)+#<*  +'% 2->)0&3&"8  6&1.&#0-  )I)  # 

5#'57'.8  #-"84-4  Ñ &0'/)  K&0)  0)  5'#'3&  #&%:. 
M+-)1.  .-=5'  )I)  0)  ,<3  -6-+43)0  C+&5&/)"1& , 
4<  0)  4-=3&  )*  "5)3'.8  +',-/))  2+&=3'()0&) . !  .-.  
4-4)0.  4<  5'>)  ,3&%1&4& 5+:%8$4& 0)  ,<3& , 2+- -
".-  1-33)=& . O'4  %','#0-  #<(3-  0'  "'4-4  5)3) . @< 
# 2)+#<*  +'% +'%#)3&"8  # .+&57'.8  2)+#-4  =-5: , # 
")0.$,+) . M)+)5  9.&4 , #)"0-* , 4<  "-#)+(&3& , 1'1  4<  
)=-  0'%<#'3&  .-=5' , Ç1'4&0= -':. È Ñ 2-1'%'3&  /'".8  
0'()*  +',-.<  0'  @)>5:0'+-50-4  91-3-=&/)"1-4  
6-+:4) . K)->&5'00-  0'"  #".+).&3&  -/)08  A-+-(- , :  
0'"  2-$#&3-"8  6&0'0"&+-#'0&) . K&0'  "4-=3'  :".+- -
&.8"$  -6&7&'380- , 0'5-,0-".8  # 0'()4  6&1.&#0-4  
,+'1)  -.2'3' . H #-.  4<  0'  ".'07&&  -.4)/'3&  1-0)7  
")%-0'  & 0'(  +'%#-5  %'-50-  Ñ :".+-&3&  ,-38(:C  

#)/)+&01: . O'4  ,<3&  1'1&) -.-  5:+'71&)  1-01:+"< . 
K'(  1-33)='  N>:0  @)3#&0 +'%5-,<3  =5) -.-  -2+-"0&1  
"2)7"3:>, , 2-  1-.-+-4:  $1-,<  -0&  -2+)5)3$C.  Ñ 
6&1.&#0<*  ,+'1  :  3C5)*  &3& 0). . M+&".'#'3  1 0'4  
#)"8  #)/)+  "  9.&4&  #-2+-"'4& , 4<  #5#-)4  ,)='3&  -.  
0)=- . @->0-  "1'%'.8 , "23-.&3&"8  # .-.  4-4)0.  2+- -
.&# -,I)=-  #+'=' . M-"3)  9.-=-  :  0'"  #")  & 0'/'3-"8 . 
!.-+-*  +'% 4<  2->)0&3&"8  # .+&57'.8  /).#)+.-4 , 
+'%#)3&"8  # "-+-1-#-4 .

Ñ ?  /&.'3 , /.-  # 4-4)0.  +'%#-5'  #< 0)  +'%=-#' -
+&#'3&  5+:= "  5+:=-4 , 0-  0'5  2+-)1.-4  2+-5-3>'3&  
+',-.'.8  Ñ 9.-  2+'#5' ?

Ñ M+'#5' . ?  0)  %0'C, 4->).  ,<.8 , #'(&  /&.'.)3&  
5:4'C. , /.-  :/)0<)  Ñ 3C5& -/)08  +'7&-0'380<)  & 
2+'#&380<) , 0- , :#< , 9.-  0)  .'1 . J  K&0-*  2-5  1-0)7  
,+'1'  :  0'"  ,<3-  -/)08  40-=-  #%'&40<A -,&5 , 4<  
,:1#'380-  0)  4-=3&  +'%=-#'+&#'.8  "2-1-*0- . M+& 
9.-4  2-1&0:.8  ".'07&C  K&0'  0)  4-=3' , #"$  ")17&$  
2-  +',-.)  "  1&.'4&  ,<3'  0'  0)* . P 0'"  .-=5'  ,<3  
.+:50<*  4-4)0.  Ñ :+-#)08  :=3)1&"3-=-  ='%'  #0) -
%'20-  +)%1- :2'3 . K'"  -,#&0$3&  # .-4 , /.-  4<  0) -
-,+'.&4-  &%4)0&3& "-".'#  '.4-"6)+< , /.-  .)2)+8  
3C5& :4+:.  :>)  0)  -.  =3-,'380-=-  2-.)23)0&$ , '  -.  
-.+'#3)0&$  1&"3-+-5-4 . H3& .'4  5+:=&)  #'+&'0.<  
,<3& , 0)  2-40C  :>) . !  -,I)4 , -,".'0-#1'  0'  ".'07&&  
& .'1  ,<3'  .$>)3'$ . K&0'  2-0$3'  #")  +'08()  4)0$ . 
J-,+'3'  #)I& , 2)+))A'3'  # "#-*  +',-/&*  1',&0). , 
0'2&"'3'  40) , /.-  -.0<0)  4<  -,I')4"$  .-381-  /)+)%  
))  '""&".)0.' . 

Ñ H "1-381-  53&3'"8  4-3/'01' ?
Ñ J)48  4)"$7)# . G0'  %'=-#-+&3'  "-  40-*  # .-.  

5)08 , 1-=5'  # ÇScienceÈ 0'2&"'3& , /.-  :+-#)08  CO2 
#)+0:3"$  1 0-+4) . J/'".3&#)*(&*  5)08  4-)*  >&%0&.

Ñ !<  0)  2-4&+&3&"8  2-.-4 ?
Ñ K). , 4<  +'%#)3&"8  /)+)%  4)"$7 . K-  2-"3)  +'%-

#-5'  ":4)3&  -".'.8"$  5+:%8$4&. N-  "'4-*  ))  "4)+.&  
,<3&  -/)08  ,3&%1&, $ A-+-(-  %0'3 ))  #.-+-=-  4:>' . 
J'4  $, 1'1  #< %0').) , ,-38()  0)  >)0&3"$ .

Ñ Q',-.'  #")=5'  ,<3'  53$ #'"  0'  2)+#-4  4)".) ? 
N3$ K&0< .->) ?

Ñ M+-  K&0:  $ 0)  4-=:  "1'%'.8 , 2+-".&.) , '  2+-  
4)0$ ... (&'()' .) !< , 0'#)+0- , >5).)  -.#).'  ÇN' È, 0-  
0'  "'4-4  5)3)  $ 0)  :#)+)0 . @0)  1'>)."$ , +',-.'  2+- -
".-  :  4)0$  3:/()  2-3:/'3'"8 . ?  #"C  >&%08 # 1'1-* -.-  
".)2)0&  &"1'3  .'4 , =5)  "#).3- . O'1 :>  #<(3- , /.-  
+:1-#-5&.8  1&.'4&  -1'%'3-"8  53$ 4)0$  2+-I) , /)4  
>&.8  # ,+'1)  "  >&#-*  >)0I&0-* .
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!  "#$%& '#()#*  + ,-(#*#.  /0123/#.  #$-45(6-0.  
"(-'5*$0/-0 : % $-/--  1(#/25  "#7234-*582+3 
*#7#(#+$-. 902, (0:;  /0  -702 #'  -6 "0(0(5'#2%0 
/5  2#"$-*#. !+0 4#(5<7# 6-2(00: %-25.+%-0 -  '(- -
25/+%-0 6-,-%-  +#<75$- -< 6$#(0$$= -  %->0:/#.  
"5$#:%- 15%2-:0+%- -+%&++2*0//=0 +&?0+2*5 Ñ 
#/-  *=(5'52=*582  *#7#(#7 -< *#7= -  +#$/0:/#4# 
+*025. @0$%- -  A-(/=0  %-+$#2= #%5<=*582+3 "#-
'#:/=,-  "(#7&%25,- 25%#4# "(#-<*#7+2*5.

!"#$%$"&  '%(%)* -+"&,+"&%-,.)%/  #"0)   

! ." . #$%&'$(

�Ú�ð�ë�Ã��#
�Ã�ô�ö�ð�ô�Ä�÷�ö�þ

!"#$"#%&%'(")"*+(,-
1&)"(  *& %.2*34(*5"#%6  %.)*2",+*7*  &*23%5" )3%-
+"&*3*7% .-%&"8& #,*9/*$%+:+  0.3*5%,+  .2".,#%6  
;%5%3%(";%% 5 &*+ 5%$,, )")  +:  ,,  (#",+ . 1$#")*  2*)"  
-&*  2*2:&)%  ("+,#%&4  %.)*2",+*,  &*23%5* #"  #,-&*  
.$,3"##*,  ($,.4  % .,<-". , /*&4  +"=%#"+% , /*&4  >%5: -
+% *?7"#%(+"+% , *)"(:5"8&.6  #,  *-,#4  0.2,=#:+% . 
@,?5:+  &,/#*3*7%-#:+  2*$/*$*+ , ,.3%  #,  2?%#%+"&4 
5*  5#%+"#%, *&*23,#%,  $?*5"+%  %3% )%(6)*+ , +*> -
#*  .-%&"&4 %$,8  .*9?"&4  .*3#,-#:<  .5,&  3%.&46+% 
?".&,#%<  % .)*#;,#&?%?*5"&4  ,7*  5 5%$, A#,?7%% 
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!"#$%&'()*  +&,-)-.")(/  "(  .&0-1 , & 2("  3&+3$0&'(  
)&.$  ")1",$  -4'-  5-(/  ,  )"6#&)--  )  !3-3"4"7 .

83".'  ("6" , $ ,"+"91",#*'."7  21'36'(-:-  ')(/  
),"7  1'-+9;,1;7  4'<':( : "63&1-%'11")(/  );3/*  4#*  
!3"-+,"4)(,&  ''  :".!"1'1(", . 8"1'%1" , :"64&  ="#1>'  
4&'(  ,)'6"  1'):"#/:"  !3">'1(",  ,:#&4&  ,  21'36"9& -
#&1)  >-,-#-+&>-- , 2("  "63&1-%'1-'  1'+&.'(1" . ?"  
')#-  3'%/  -4'(  "  )("#/  +1&%-('#/1".  4'#' , :&:  !"#1;7  
"(:&+  "(  -):"!&'."6"  ("!#-,& , ("  ,"+1-:&@(  )".1'1-* : 
& ')(/  #-  1& !#&1'('  );3/'  ,  1'"9A"4-.".  :"#-%')(,' ? 
B"!$(1"  ,"+1-:&'(  -  !3"9#'.&  "(A"4", : )"#1'%1;'  
9&(&3'-  -  ,'(3*:-  %'3'+  1'  "%'1/  !3"4"#5-('#/1"'  
,3'.*  1&4"  :&: -("  $(-#-+-3",&(/ . ?'"%',-41" , %(" 
!3"9#'.&  -A )9"3&  -  $(-#-+&>-- , ")"9'11"  :"64&  
21'36")(&1>--  )("*(  ,  (3$41"4")($!1;A  .')(&A  ():& -
5'. , 1& =','31".  !"#@)' , 64'  :-(&7>;  !#&1-3$@(  3&+-
.')(-(/  ."C1;'  ,'(3*:- ), -.''(  A"3"0''  3'0'1-' .

8&:  5'  !3-)!")"9-(/  :  2(".$  !3">'))$  5-,;A  
)$C')(, , :"("3;'  ,!"#1'  )'9'  ,!-)&1;  ,  !3-3"4$ , 
1'  (3'9$@(  4'<->-(1;A  .'(&##",  -  $(-#-+-3$@()*  
!3-3"41;.-  2:")-)('.&.- ? D:&+;,&'()* , )-($&>-*  
1'  9'+1&4'51& . D)1",1;'  +&(3&(;  21'36--  !3-  -+6" -
(",#'1--  !-C-  4#*  .&0-1  !3-A"4*()*  1& 3&+#"5'1-'  
,"4;  -  !"#$%'1-'  ,"4"3"4&  Ñ -.'11"  ,  3'&:>--  )  1-.  
-+  $6#':-)#"6"  6&+& !"#$%&@()*  6"3@%-'  $6#',"4"3" -
4; . E "%'1/  !3-,#':&('#/1"  -)!"#/+",&(/  )"#1'%1$@ 
21'36-@  1&!3*.$@ , & 1'  %'3'+  !3'"93&+",&1-'  ''  ,  
2#':(3-%')(," , :"("3"'  !"(".  !"74'(  1& 2#':(3"#-+  
,"4; : (&:  !"('3-  43&6">'11"7  21'36--  ."6$(  )(&(/  
.'1/0' . E ,"(  ($(  4#*  5-,"7  .&('3--  !"*,#*'()*  1","'  
":1"  ,"+."51")('7 . 

!"#$%&"'()*+,$-$.$-
FC'  ,  1942 6"4$ !'3$&1):"7  1'.'>  G&1) G&<<3"1 , 
3&9"(&*  )  H5':".  I$9-1;.  1& :&<'43'  A-.--  J-:&6 -
):"6"  $1-,'3)-('(& , "91&3$5-#  -1('3')1"'  *,#'1-' . 
D:&+;,&'()* , 1':"("3;'  "41":#'("%1;'  ,"4"3")#- , 
#-0'11;'  4")($!&  :  :-)#"3"4$ , !3-.'31"  +& "4-1  %&) 
!'3')(3&-,&@(  ),"7  .'(&9"#-+.  -  1&%-1&@( ,;3&9& -
(;,&(/  ,"4"3"4 . =%-(&'()* , %(" "1  1$5'1  :#'(:'  4#*  
,"))(&1",#'1-*  $6#':-)#"6"  6&+&. E1('3')1" , %(" ,; -
4'#'1-'  ,"4"3"4&  1'  !3':3&C&'()*  -  !3-  "(:#@%'1--  
),'(&  Ñ G&<<3"1  !3'4!"#"5-# , %(" ,  1'.  $%&)(,$'(  
:&:&* - ("  <'3.'1(&(-,1&*  )-)('.& , 4"!"#1*@C&*  
<"(")-1('(-%'):$@ .

K 1942 6"4$, ,-4-." , 4"  (&:"6"  2:+"(-%'):"6"  
)!")"9&  !"#$%'1-*  ,"4"3"4&  1-:".$  1'  9;#"  4'#& , 
):&5'. , ("64&  5'  -  ,  (".  5'  $1-,'3)-('('  L13-:"  
M'3.-  )"9-3&#  !'3,;7  &(".1;7  3'&:("3 . B"2(".$  
G&<<3"1$  +& -1('3')1'70''  "(:3;(-'  1","6"  !$(-  
.'(&9"#-+.&  $ ,"4"3")#'7  ?"9'#',):$@  !3'.-@  1'  
4&#- , 4& -  ")"9"6"  ,1-.&1-*  :"##'6-  1'  "93&(-#- . D4-
1&:"  !")#'  ("6" , :&:  9;#&  "9N*,#'1&  "9C'!#&1'(&31&*  
:#-.&(-%'):&*  (3',"6& , "  1'.  ,)!".1-#- .

K 2000 6"4$ ,  5$31&#'  ÇTrends in BiotechnologyÈ 
,;0#&  "9+"31&*  )(&(/*  O&3--  P-3&34-  -+  ?&>-" -
1&#/1"7  #&9"3&("3--  ,"+"91",#*'."7  21'36--  =QR  
)  :"##'6&.-  -+  8&#-<"31-7):"6"  $1-,'3)-('(&  -  
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�z�w�z�{�w�ˆ�‚�i�ˆ���q�p���z�t�i�j�w�z�k�ˆ�p�i�v�v�„�~���s�t�n�{�w�s�����i���z���m�y�|�l�w�r��� ���n�m�q�v�w�n��
�o�q�k�w�n���z�|�‚�n�z�{�k�w�����J�q�w�t�w�l�q���z�€�q�{�i�‡�{���k�w�t�…�k�w�s�z���z�|�‚�n�z�{�k�w�u����
�z�q�m�ˆ�‚�q�u���v�i���x�w�y�w�l�n���u�n�o�m�|���u�q�y�i�u�q���w�m�v�w�s�t�n�{�w�€�v�„�~���q��
�u�v�w�l�w�s�t�n�{�w�€�v�„�~�����V�n���q�z�s�t�‡�€�n�v�w�����€�{�w���€�n�t�w�k�n�s���x�y�q���z�w�p�m�i��
�v�q�q���q�z�s�|�z�z�{�k�n�v�v�„�~���z�|�‚�n�z�{�k���q�m�n�{���x�w���x�|�{�q�����x�y�w�k�n�y�n�v�v�w�u�|��
�†�k�w�t�‡�•�q�n�r

A-.-%'):-A  ),*+'7  ,  ."#':$#&A  6"3@%'7 "36&1-:-  Ñ 
3&)(-('#/1"6"  .&)#&  -  )4'#&11"6"  -+  1'6"  9-"4-+'#* , 
-#-  )&A&3& - , )""(,'()(,'11" , )!-3(& . =  ("%:-  +3'1-*  
A-.--  2("  1'  )")(&,#*'(  (3$4&. B3"9#'.;  1&%&#-)/  1& 
!3&:(-:' : )!")"91")(/  3&)('1-7  :  (&:"7  :"1>'1(3&>--  
":&+&#&)/  1-+:"7 , !"2(".$  !#"C&4-  4#*   -+6"(",#' -
1-*  $6#',"4"3"41"7  !-C-  .&0-1&.  !"(3'9",&#-)/  
"63".1;' . K 3'+$#/(&('  )&A&3"1");  -  .&)#-%1;'  
3&)('1-*  )(&#-  :"1:$3-3",&(/  +& !3")(3&1)(,"  :&:  
)  :$#/($31;.-  3&)('1-*.- , 4&@C-.-  !-C$  #@4*. , 
(&:  -  )  4-:-.- .

B")#'41''  ":&+&#")/  ")"9'11"  !'%&#/1;. : !"#/ -
)(-,0-)/  1& 4"(&>--  3&+,-(;A  )(3&1 , )(3&1;  )#&9" -
3&+,-(;'  )(&#-  3&)!&A-,&(/  ),"-  #')& . E !"  -3"1--  
)$4/9;  2("  ":&+&#-)/  #')&  (3"!-%'):-' , )"6#&)1"  
3&)!3")(3&1'11".$  .1'1-@  +&C-(1-:",  :#-.&(&  Ñ  
#'6:-'  !#&1'(; . ?& -A .')("  !3-0#-  !#&1(&>--  .&) -
#-%1;A !&#/. , %(" ":&+&#")/  4,&54;  !#"A" . K'4/  
.&)#-%1&*  !&#/.&  1'  3&)('(  &9;  1& :&:"7  !"%,' , '7  
1$51& !"%,& , 9"6&(&*  !'3'61"'. . E ,"(  2("(  !'3'61"7 , 
4')*(-#'(-*.-  :"!-,0-7)*  !"4  !"#"6".  #')& , !"0'#  
,  "9"3"( . S"  ')(/  1& !-C$  .&0-1&.  "!*(/  !"0#-  -) -
:"!&'.;'  3')$3);  )  -+,')(1;.  1'6&(-,1;.  2<<':(".  
4#*  21'36"9&#&1)&  !#&1'(; . ?$ -  6-9'#/  (3"!-%'):"6"  
#')&  ,1')#&  ),"@  #'!($ .

K "9C'. , -4'*  )  9-"4-+'#'.  -  9-"2(&1"#".  )- -
($&>-@ 1'  )-#/1"  "9#'6%-#& , 1')."(3*  1& 9"#/0-'  
+&(3&(;  4'1'6 . 8&+&#")/  9; , ."5'(  !"."%/  6'1'(-%' -
):&*  ."4-<-:&>-*  3&)('1-7 , 1" , ,-4-." , $ 1''  ')(/  
"63&1-%'1-* , !"2(".$  )"+4&1-*  -):$))(,'11;A  3&) -
('1-7  )  4')*(-:3&(1;.  3")(".  !3"-+,"4)(,&  .&)#&  
-#-  )!-3(&  )  ('A  5'  !#"C&4'7  1-:("  1'  "5-4&'( . 

/0%0'012+3(1.4"5+,+6$#7",$8
K("3&*  !"!;(:&  !3'4!"#&6&'(  "(:&+&(/)*  "(  $)#$6 
3&)('1-7 : )"9-3&(/  21'36-@  )"#1'%1;.-  !&1'#*.-  
-#-  ,'(3*:&.- , (3&(-(/  ''  1& !"#$%'1-'  ,"4"3"4&  
2#':(3"#-+".  ,"4; , $6#':-)#;7  6&+ :"1>'1(3-3",&(/  
)!'>-&#/1;.-  $)(&1",:&.-  -  !3',3&C&(/  "9&  ,' -
C')(,&  ,  ("!#-,"  )  !"."C/@  A-.-%'):"6"  3'&:("3& . 
S'"3'(-%'):-  ."51"  "9"7(-)/  -  "41-.  ,"4"3"4". , 
!3&,4& , 1$51"  3'0-(/  1'.&#"  !3"9#'. , 1'  3'0&'.;A  
4')*(-#'(-*.- .

S&:-. , 2#':(3"#-+1;. , )-)('.&.  1'  1$51;  !#" -
4"3"41;'  !"%,; , -A ."51"  3&+.'C&(/  1& 1'$4"9/*A , 
64'  -  (&:  1-%'6"  1'  3&)('( , & 21'36-*  -.''()* , ("  ')(/  
,  !$)(;1*A  -#-  ,  R3:(-:' / R1(&3:(-:' . D41&:"  ($(  "!*(/  



!!

!" -#$%&' , (  ")*)+),  )-$  .+/%0)&$0$  $1.)023)('*2  
()%)+)10$  %04 $35)*)(0/-$4  ()%)+)%' . 6  -/  .+)1*)  
.+/%0)&$0$ , '  .+)(/0$  ./+(7/  ).7*7 , 8*)97  ):/-$*2  
./+1./"*$(-)1*2  1()/5)  .+/%0)&/-$4 . ;  <)%/  +'9)*7  
)-$  1%/0'0$  9$)+/'"*)+  (  -/9)02=),  ")09/  )9>/?)?  
850 ?0 . ;  -//  -'0$0$  "@02*@+@ )%-)"0/*)8-7<  ()%) -
+)10/, , <0'?$%)?)-'% , .)1*'($0$  .)%  0'?.@ , $ 3'   
100 8'1)(  +'9)*7  +/'"*)+  (7%'0  .)8*$  100 ?0  ()%) -
+)%' . A'"'4  .+)$3()%$*/02-)1*2  970'  1*)02  3-'8$?' , 
8*)  ).7*7  .+)%)0&$0$  (  +'3-7<  0'9)+'*)+$4< .

!"#"$"#%&'%()*"$+&,*&
;1")+/  ()3-$"0)  ?-/-$/ , 8*)  &$(7/  ()%)+)10$  -/  
1'?7,  @%)9-7,  )9>/"*  %04 *'")5)  +)%'  %/4*/02-)1*$ , 
$ .)10/%)('*/0$  B$+'+%$  -'8'0$  .+$%@?7('*2  .)0@-
&$(7/  ?'=$-7  %04 .+4?)5)  .+)$3()%1*('  ()%)+)%'  $3 

()%7  1 .)?)C2D  1(/*' . E*)97  F*)5)  %)9$*214, 9$)*/< -
-)0)5$  1*'0$  $3(0/"'*2  $3 ()%)+)10/,  F0/?/-*7  G)*) -
1$-*/*$8/1"),  ?'=$-7 , 1)/%$-40$  $< 1 ?/*'00$8/1"$?  
"'*'0$3'*)+)?  +'30)&/-$4  ()%7  $ 1?)*+/0$ , 8*)  .+) -
$3),%/* . H'.+$?/+ , I'++$  I+D1  1 6G/,-),  6(@8@"(@ $ 
%+@5$?$ ")00/5'?$  $3 A/--/11$,1")5)  @-$(/+1$*/*' , 
'  *'"&/  !" -#$%&'  (Nature Nanotechnology, 4-('+2   
2009 5)%' ) $1.)023)('0$  G)*)1$-*/*$8/1"$,  :/-*+  
:$'-)9'"*/+$$ , ")*)+7,  .+$"+/.$0$  "  -'-)8'1*$:/  
.0'*$-7 . J(/*  .'%'0  -'  F*)  @1*+),1*() , (79$('0  
F0/"*+)-  $3 G)*):/-*+' , $ *)*  8/+/3  .0'*$-@  ()11*' -
-'(0$('0  ()%)+)%  $3 ()%7 .

K04 +'9)*7  F*),  1$1*/?7 , (.+)8/? , *+/9)('0)12  
"'&%7,  +'3  ()11*'-'(0$('*2  G)*):/-*+ : .+$=0)12  %)-
9'($*2  9/0)" -:$*)<+)? , '  *'"&/  +'1<)%-7,  ?'*/+$'0  Ñ  
'1")+9'*  -'*+$4 , @ ")*)+)5)  )*9$+'0$  .)*+'8/--7,  
F0/"*+)- . L'"*$8/1"$  1$1*/?'  .+/(+'C'0'  '1")+9'*  
(  ()%)+)% , 8*)  -/  1($%/*/021*(@/*  )  //  @1*),8$()1*$ : 
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!"�m�Â�ð�ó�ð�����ð���î�ð�ï�ô�þ�|�����������������¥����������!!!"#$%"&'

!"# -"#  $"#"  %&!#'(%"  )#*+,-  ),*%". . /%"# , !#0)% %&!#' -
(%" 1,'2#)23,&!2  )#(%4*5*2  4 !#*(6 , 4&,  '%(#"%*#  
6&"#7324# 2 )#*0# : #18"  )*2*&5  "'2  9,&5:% , 2 4#)#'#)  
;,*  !%! )-,9 , "%! 2 -#3.< , =#"5 -#3.<  1#=6+, . 

> 3"# & 1'#2?4#)2",*.-#&".< ? @'<&  & !#**,0%92  
1'2)69%*2  "%!6< ,)2-2:6  Ñ  92!'#9#*2  4#)#'#)%  
-% #)2-  92**20'%99  =*#'#A2**%  4 3%&; 4 2= '%(#",  
48=#)2*#  5,5 9!B . B-#0#  $"#  2*2  9%*#? @'<&  12;,"  
1'29,'-#  "%!. C',)&"%429 , 3"# 98  &),*%*2  !#**,! -
"#'  0*6(2-#7  10 &9 2 1*#D%).<  4 #)2-  %!'  (0,4 0%), 
4 !#"#'87  ?%*2*2 '%&"4#'  & $"292  -%-#3%&"2:%92 
2 -%0',*2  4&,  )#  55#E. /% 0#)  #-  48)%&" !%!#, - "#  
!#*23,&"4#  4#)#'#)% . F,1,'.  1',)&"%429 , 3"# 98  
?%&,5*2 0,!"%'  -,!#7  $-,'0,"23,&!#7  !6*."6'#7 , &#-
('%*2  6'#+%7  2 &),*%*2  2? ?,'-%  "#1*24# , !#"#'#,  
1# $-,'0,"23,&!#7  ,9!#&"2  1,',&32"%,9  -% (,-?2- . 
G0# #(H,9  ",1,'.  '%?),*29  -% 32&*# )-,7 , !#"#'8,  
?,9*5  (8*%  4 $!&1*6%"%:22. F%! 4#" , 1'#2?4,),--87  
61#95-6"89  !#**,!"#'#9  4#)#'#)  1# $-,'0,"23,&!#7  
:,--#&"2  #!%+,"&5  "%!29 , (6)"#  98  !%+)87  ),-.  & 
0,!"%'%  1#*63%*2 300 *2"'#4  (,-?2-% ! I"#  4 ),&5"!2  
'%? (#*.;, , 3,9  ',%*.-87  48=#)  +2)!#0#  "#1*24% & 
'%?*23-8=  1*%-"%:27 . F%!, !6!6'6?%  )%,"  5,43 *2"'%  
&12'"% & 0,!"%'%  4 ),-. , &#5 Ñ 1,43 *2"'%  (2#)2 -
?,*5 , % ',!#')&9,-  &',)2  $-,'0,"23,&!2=  "'%4  Ñ  
1'#&#  1'6".,42)-#,  Ñ 12,1 *2"'%  &12'"%. 

!"#$%&'(%)*"+$
J,&9#"'5  -% (*,&"5D27  '%&3,"  @'<&% 2 "#"  A%!", 3"# 
-,!#"#'89  6)%,"&5 1'2  &=#+,9  1#)=#),  )#(24%".&5  
),&5"2!'%"-#  (#*.;2=  48=#)#4  4#)#'#)% , ",=-#*#025  
1#*6+248=  4#)#'#)48),*5<D2=  9%;2-  1#!% -,  -%;*%  
1'29,-,-25 . K2)29# , &!%?84%,"&5 #"&6"&"42,  4#)# -
'#)-#7  $-,'0,"2!2  !%! "%!#4#7. L)-%!#  !#0)% ?%1'#& 
-% 9%&&#4#, 1'#2?4#)&"4#  "#1*24% 2? -,2&!#1%,98=  
2&"#3-2!#4  &A#'92'6,"&5 , "%!%5 ",=-#*#025  9#+,"  
1'20#)2".&5 . C'2  6&*#422, 3"# 1#*6+2489  9%;2-%9  !  
"#96  4',9,-2  -,  &#&"%45" !#-!6',-:22  2&!6&&"4,--8,  
&6D,&"4%. > 1,'4#,  2? -2=  6+,  1#542*#&. . K#"  !%! ,0#  
&),*%*2  M6%- E2-.  2? M%'(2-&!#0#  ",=-#*#023,&!#0#  
2-&"2"6"% 2 E",A%-  B%--  2? @'2&"#*.&!#0#  6-24,' -
&2","% &# &4#292  !#**,0%92  (Nature Communications, 
2020, 11: 5985). 

M#) 2= 98&*2 , 4#1*#"24;,7&5  4 2?5D-87  $!&1, -
'29,-" , (8*  1'29,'-#  "%!29 . N%! &#?)%".  4#)#'#&*2  
021#!&2<  )*5  481#*-,-25  6&*#425 O%AA'#-%? J6+-#  
&A#'92'#4%".  2? ,,  !*,"#!  1*#"-87  &A,'#2) . F#0)% !  
!*,"!%9 , #!%?%4;29&5 4-6"'2 , !2&*#'#)  &"%-,"  1#&"6-
1%". 0#'%?)#  =6+, , 3,9  !  4-,;-29 , 2 #-2  1,',7)6"  -% 
48'%(#"!6  4#)#'#)% . L)-%!#  -,*.?5  ),*%".  &A,'#2)  
&*2;!#9  (#*.;29 , 4,).  &4,"  )#*+,-  1'#-2!%".  -% 
4&< 0*6(2-6 , 2-%3,  -2!%!#0#  A#"#&2-",?%  -,  (6)," . 
/-%32" , 1'2),"&5  20'%".  & '%?9,'%92  4 1#2&!%= #1-
"2969%, 1#$"#96  &-%3%*% -6+-#  -%632".&5 ),*%".  02-
)'#0,*,48,  &A,'#2)8  !%! "%!#48, , % 1#"#9  ?%&,*2".  
2= 4#)#'#&*592 . 

E8'.,9  )*5  2?0#"#4*,-25  02)'#0,*5  1#&*6-
+2*% &9,&.  '%&"4#'#4  1#*2&%=%'2)% ),!&"'%-%  & 

),-%"6'2'#4%--89  (,*!#9  %*.(692-#9 . G0# %!!6-
'%"-#  48*24%*2  4 '%&"4#'  1#*2$"2*,-0*2!#*5 , 2 
1#*63%*%&. $96*.&25 . /%&,*2".  =*#',**#7  !%1,*.!2  
),!&"'%-# -%*.(692-#4#0#  0,*5 , 1*%4%<D2,  4 1#-
*2$"*,-0*2!#*, , #!%?%*#&. &#4&,9  -,  "'6)-#  Ñ )# -
&"%"#3-# (8*#  '%?9,;%".  ,,  !6*."6'6  4 ),!&"'%-, , 
2 !*,"!2  4#)#'#&*2  #=#"-#  '%&1',),*2*2&.  1# 
!%1,*.!%9  $96*.&22  -,1#&',)&"4,--#  4 9#9,-"  ,,  
1'20#"#4*,-25 . > 4#"  3"#(8  &#?)%".  29  021#!&2< , 
1'2;*#&.  1'29,-2".  2?4#'#"*24#&". : !%1,*.!2  
1,',-,&*2  4 (#*,,  !#-:,-"'2'#4%--87  '%&"4#'  1#*2 - 
$"2*,-0*2!#*5 , #-  48"5-6*  4#)6  2? 02)'#0,*5 , "#"  
&+%*&5 49,&",  &# &4#29 &#),'+2989 , 2 1#*632*2&.  
1*#"-8,  =*#',**.-8,  &A,'#2)8 . I"%  &2&",9% 1'2  
,&",&"4,--89  #&4,D,-2,9  ?%'%(#"%*%: 3,',?  12 
3%&#4 !#-:,-"'%:25  !2&*#'#)%  61%*%, -%3%*#&. 1'# -
2?4#)&"4#  4#)#'#)% , 2 3,',?  48 3%&#4 ,0#  !#-:,-"'% -
:25  4 !#*(,  ?%&"%(2*2?2'#4%*%&. -% 6'#4-,  0,5 9!B . 
P-",',&-# , 3"# -2  4 &4#(#)-#7  !6*."6',  =*#',**8 , -2  
4 =*#',**.-8=  &A,'#2)%=  )#  2= &+%"25 -2!%!#0#  4#-
)#'#)%  -,  -%(*<)%*2 . Q&1,= (8*  )#&"20-6"  Ñ 1'2-:21  
&'%(#"%* .

,*-.&+.&/*'0"
N%! 2?4,&"-# , -,"  1',),*%  &#4,';,-&"46 . C#3,96  1'# -
2?4#)&"4#  &"#*.  9%*#9#D-# ? L3,42)-# , 3%&". 4#)# -
'#)% , 48),*,--#0#  4-6"',--292  &*#592  &A,'#2)% , 
&#,)2-5,"&5  & !2&*#'#)#9  4-,;-2=  &*#,4  2 )%,"  4#)6 . 
J6+-#  #'0%-2?#4%".  !%!#7 -"#  &"#!  )*5  !2&*#'#)% . C#-
3,96  (8  -,  2&1#*.?#4%".  (%!",'22 ? L-2  A#"#&2-",?6  
-,  #(63,-8 , % !2&*#'#)  )*5  )8=%-25  29  -6+,- . K8 -
(#'  1%* -% !2;,3-6<  1%*#3!6. C'%4)%, ,,  1'2;*#&.  
9#)2A2:2'#4%".  Ñ #('%(#"%".  &*#+-89  $A2'#9 , 
A'%09,-"#9  9#*,!6*8  !#"#'#0#  &*6+2*  1#*2$"2*,- -
0*2!#*. . I"2  (%!",'22  &9,;%*2  & 4#)#'#&*592  2 #15".  
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!+.-0$"&1(; . B-0/+  ,/$  /-!+39(  /$  9+1+9-.+"@  1-9$&@ 
-;  /(  :$%$3*. C&+ A$ ,+A/+  "!()(&@  -  + :%>;+/+3-;  
,+..>"!(; , %(!+1-/'  !+&+%';  +:'0/+  /(  :$%$3 1'/+"-&  
*A$ #*"&',- . D9$"@ A$ ,'  1-9-,  %(!+1-/*  "  #+3-:2-,  
,+..>"!+,  1/*&%-È.

E )(F-&/-!+1  #%-%+9'  "%()*  1+)/-!.-  91$ 1$%"-- . 
G$%1(4: !(!+$ -&+ "*9/+ , 3%(A9(/"!+$  -.-  1+$//+$ , 
".-.+  /$=&$#%+9*!&' , :.(3+  "*9+;+9"&1+  19+.@ :$%$3(  
8(,0(&!-  (!&-1/+$ , 9(  $F$  #%-,$%/+  1 H&+ 1%$,4  &(,  
#%+;+9-.-  =.+&"!-$  *0$/-4 . I&+%(4: *&$0!(  49+1-&';  
1$F$"&1  "  %("#+.+A$//';  /$#+9(.$!*  #+.-3+/+1  ;-,+& -
;+9+1 , #%$A9$ 1"$3+ 8+)$.@"!+3+  #+.-3+/(  "$.@"!+;+ -
)47"&1$//';  49+;-,-!(&+1 . ?/  /(;+9-&"4  * #+9/+A-4  
1*.!(/(  8+)$.@"!-7  1 9$14&- !-.+,$&%(;  +& +!$(/( , (  
1 !-.+,$&%$  +& /$3+  #%+&$!($& %$!(  "  3+1+%4F-,  /( -

�¶���õ�Æ�ù�Ä�ó�É���ê�ý���ô�Ä�ö�#

!"#$%&%'  (#")&*+,

�À�Ä�Ç�ô�ý�Å��
�õ�Ç�ð�ò�ð�ë
!  "#$%$ &%'() ")'*+,-+  2020 .%/# '#  0#$1#*&), 2 
-#3%') 4%456+-'%.% 5 $)"*'78  9:*)6)3  ;#6#&*7--
"&%.% 46+9#, 1*% '#  ,)-).5  <2#1:'"&%.% =#6:2#, 
"651:6%"> ,)/"*2:) . ?'#1#6# 6@,:*)6:  ")-A:'.#  
"*#6:  9#6%2#*>"+ '#  -#=/-#9)':)  .6#=, 246%*> /% 
%9%.# -%.%2:(7. B%*%$ '7-+6>C:&:  =#$)*:6:  
$#""%25@ .:,)6>  %,:*#*)6)3  /'#  %&)#'#. D5 # 2 
'#1#6) %&*+,-+ &#*#"*-%A5 52:/)6:  2")  Ñ 46+9 
%&#=#6"+ =#"74#'  2%/%-%"6+$:, $)-*27$:  $%--
"&:$:  =2)=/#$: , &-#,#$: , $%66@"&#$:, # *#&9) 
&6%1&#$: 46%*'%3 4)'7  9)6*%2#*%.% (2)*# .
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!"#$%&'  ()*$)+,# . -$#  ".#/#&*  "  0&,)  1#234&"# , "5/#  
"  ,5*5056  "  .&0%5/  7&/8*"%9  .5,#!#2#8:  $#72;/#*&29'  
%!2%+$& ')*$56 . <5*9 )8*:&  0&,% $#=5/%*89 "  *0%/>#*% 
,%25'&*0#=  $# 8&"&0 5* .29?# , 9!3,  ')*$58*% , ,#,  "%/$5  
$# ,58'%4&8,%= 8$%',#= , .05*9$)289  $# !$#4%*&2:$5& 
0#88*59$%& ,  $&') . @.054&' , *#,%& 9!3,%  $# ,58'58 -
$%',#=  "%/$3  % "  .0&/3/)A%&  B5/3 .

C"3 , 57& D*% "&08%% $& .5/*"&0/%2%8: . <%'#$#2%!  
.057  "5/3  %! 5,&#$#  .5,#!#2  .5"3+&$$5&  85/&0?#$%& 
"  $&6 $&E*&.05/),*5"  % E&$52#, $5 %= 5,#!#258:  $&/5 -
8*#*54$5, 4*573  "3!"#*:  '#885");  B%7&2: 57%*#*&2&6 
5,&#$%4&8,5B5 /$# . F#, , 85/&0?#$%& E&$52# "  /&"9*:  
0#!  .0&"3+#25  $50') , 5/$#,5  % 8*5,0#*$5&  .0&"3+&$%&  
$& B)7%* ?%"5*$3=. @.054&' , 8)/$5 , .0&/.525?%*&2:$5  
"32%"+&&  E&$52 % $&E*&.05/),*3 , *#,  % $& $#+2%.

-782&/5"#$%&  G5!&2:8,5B5  % 0#8.525?&$$5B5  $&-
.5/#2&,)  H#/3B%$8,5B5 "5&$$5B5 .52%B5$5" .5,#!#25 , 
4*5 $%,#,%= 82&/5"  0#!0)+&$%6  %2% D05!%% .54"3  $# 
%= *&00%*50%9= $& $#72;/#&*89 . @ 0&,#= ()*$)+,& , 
# *#,?&  0)4:9=  G5!&2:8,%6  % H?#"36 , ,)/#  /52?$3  
732% .5.#8*:  9/5"%*3&  "&A&8*"#  8 .52%B5$5" $# .)*%  
,  5,&#$) , $&* % 82&/5"  !#B09!$&$%6, # '525/:  258589 
4)"8*")&*  8&79 .0&,0#8$5 . G#, "398$%258: , 0&,#  1#23 -
4&"# .5')*$&2#  %!-!#  57%2:$3= /5?/&6 , % "  $&6 *#,?&  

�����S�i�{�i�z�{�y�w�}�i���k���w�s�{�ˆ�j�y�n��
�����������l�w�m�i���z�t�|�€�q�t�i�z�…���v�i��
�x�w�j�n�y�n�o�…�n���I�k�i�€�q�v�z�s�w�l�w��
�p�i�t�q�k�i

�����X�w�l�q�j�t�q���w�j�q�{�i�{�n�t�q��
�l�t�|�j�q�v

&8*:  '525/:  258589. I5/&0?#$%&  ?&2&!#  "  "5/&  09/5'  
8 <#2#,*308,%'  .29?&'  5,#!#258:  "385,%'  Ñ "  8&':  8 
2%+$%'  0#!  752:+&  $50'3 , "385,%'  7325  % 85/&0?#$%& 
E58E#*5" . -/$#,5  % D*5 $& '5B25  .0%"&8*% ,  E#*#2:$3'  
.582&/8*"%9' . 

F5B/# !#A%*$%,% .0%05/3  "3/"%$)2%  "&08%;  5 .5 -
.#/#$%% "  5,&#$  58575  9/5"%*5B5 "&A&8*"# , /&68*"); -
A&B5 "  8*52:  '#256  ,5$>&$*0#>%%, 4*5 5.0&/&2%*:  &B5 
$&"5!'5?$5  $% "  "5/& , $% "  *,#$9= .5B%7+%= ?%"5*$3=. 
@5* ,#,  B5"50%* J2&,8&6  G$%?$%,5", /%0&,*50  .05 -
B0#''3  WWF H588%% .5  D,525B%4&8,56 5*"&*8*"&$$58*% 
7%!$&8#: ÇF#,56  )A&07  "09/  2% '5?&*  73*:  0&!)2:*#*5'  
+*50'#  %2% !#B09!$&$%9 #,"#*50%% $&E*&.05/),*#'% . 
K*5  8 752:+56  "&059*$58*:;  "385,5*5,8%4&8,5&  !# -
B09!$&$%&. -7  D*5'  8"%/&*&2:8*");*  % .582&/8*"%9 , 
,5*503&  5A)*%2% $# 8&7& 8&0E%$B%8*3. I)/9  .5  *5') , 
4*5 $# 7&0&B "  752:+%= ,52%4&8*"#= "3$58%* /5$$3&  
"%/3  ?%"5*$3= % 0#8*&$%6, '5?$5  8/&2#*:  .0&/"#0% -
*&2:$36  "3"5/ : !#B09!$&$  $& .5"&0=$58*$36  8256 "5/3 , 
,#,  D*5 7325  73  "  82)4#& 8 0#!2%"5'  $&E*&.05/),*5" , # 



!"

!"#  $$ %&'() . *&!&+,%-  & %&., /)/&!0  1232% 4&"'$3"%!,# , 
+)!5&  /)/  ,  "23,%-  & .)"6%)1)7  8)9+#85$5,# , .&:5&  
123$% %&'-/&  4&"'$  4&'2;$5,#  +$82'-%)%&! </"4$+%,80  
&1+)8=&!  !&30  ,  4&9,16,7  .&+"/,7  :,!&%507 È.

> "4$=,)',"%0  /)?$3+0  9,3+&'&9,,  "26,  *$&?)/)  
@*A ,.$5,  @.B. C&.&5&"&!) , /&%&+0$ 4+&!$',  +)" -
"'$3&!)5,$  5)  .$"%$ , 4+$34&'&:,', , ;%& !"$  3$'&  !  
/+)"5&.  4+,',!$ . D)/  5)80!)E%  .)""&!&$  +)8.5&:$5,$  
&35&/'$%&;507  .,/+&&+9)5,8.&! : 4+,  <%&. !&3)  &1$-
35#$%"# /,"'&+&3&. , !080!)#  8).&+ , )  ").,  &5,  .&92% 
!03$'#%-  %&/",50 , !  %&. ;,"'$  &1')3)E(,$  5$+!5& -4) -
+)',%,;$"/,.  3$F"%!,$.  5)  !0"6,7  :,!&%507  ,  'E3$F . 
G8-8)  <%,7 .,/+&&+9)5,8.&! , 4& !$+",,  9,3+&'&9&! , ,  
.&9',  4&9,152%- %$ .&+"/,$  &1,%)%$', , /&%&+0$ 5$"4& -
"&150  10"%+& ".$5,%-  .$"%& :,%$'-"%!) . > 4%,=0, +010  
,  .'$/&4,%)E(,$  4+)/%,;$"/,  5$ 4&"%+)3)', , !&!+$.#  
21+)!6,"-  ,8  &4)"5&F  8&50. 

B +)F&5$  H).;)%/,  /+)"50$  4+,',!0  3)!5&  ,8 -
!$"%50 ; +)5-6$  &5,  "'2;)',"-  &"$5-E , 5& "  5);)')  
80-7 9&3&! &1')"%,  "/&4'$5,#  .,/+&&+9)5,8.&!  "2 -
($"%!2E% %).  /+29'&9&3,;5& , ;%& "!#80!)E%  "  8)9+#8-
5$5,$.  &/$)5) : %&, ;%& .0  ";,%)$.  8)9+#85,%$'#., , 
.,/+&&+9)5,8.0  ,"4&'-82E%  /)/  4,(2 . I&+&F  &5,  
5);,5)E%  )/%,!5&  +)8.5&:)%-"# , &/+)6,!)#  !  /+)" -
50F =!$% &9+&.50$  !&350$  4+&"%&+0. J)  4+&6$36$$  
3$"#%,'$%,$  /+)"50$  4+,',!0  !  >!);,5"/&F  127%$, 93$ 

"%&,% I$%+&4)!'&!"/ -H).;)%"/,F , "'2;)',"-  3!):30  Ñ  
!  2011 ,  2017 9&3)7.

A <%&F !$+",,  $"%- "!&,  "')10$  "%&+&50. B&-
4$+!07 , /+)"50$  4+,',!0  !  +)F&5$  I$%+&4)!'&! -
"/) -H).;)%"/&9&  !080!)E% , /)/  4+)!,'& , ,5?28&+,,  
Mesodinium rubrum . K%& &;$5-  ,5%$+$"50$  :,!&%50$ , 
"4&"&150$  /  ?&%&",5%$82. H)/  ,.  %)/&$ 23)$%"#? L35&  
!+$.#  "2($"%!&!)'&  .5$5,$ , ;%& 8)  ";$% ",.1,&8)  "  
!&3&+&"'#., , 5& "$F;)"  !0#"5$5  3+29&F .$7)5,8. . 
G5?28&+,#  4,%)$%"# !&3&+&"'#., , 5& 4$+$!)+,!)$%  
,7  5$ 4&'5&"%-E  ,  &"%)!'#$% &+9)5$''0 , "4&"&150$  /  
?&%&",5%$82. I&"/&'-/2  <%, &+9)5$''0  52:3)E%"#  !  
?$+.$5%)7 , !0+)1&%/&F  /&%&+07 8)!$32$% #3+& /'$%/,  
"M$3$55&F !&3&+&"', , ,5?28&+,#  ,  $9& 5$ "+)82  4$+$-
!)+,!)$% , )  3)$% 5$/&%&+&$ !+$.#  4&+)1&%)%-. N)  <%&. 
4+,/'E;$5,#  &1'&./&!  !&3&+&"',  5$ 4+$/+)()E%"# : 
,5?28&+,E  .&:$%  "M$"%- 3+29&F 4+$3"%)!,%$'-  4')5 -
/%&5), 3,5&?')9$''#% . G 4& )5)'&9,;5&.2  .$7)5,8.2  
&1+$%$% "4&"&15&"%-  /  ?&%&",5%$82. 

O,5&?')9$''#%0  %)/:$  .&92% !080!)%-  /+)"50$  
4+,',!0 . L35)/&  4& !&83$F"%!,E  5)  :,!07  "2($"%!  
&5,  "  ,5?28&+,#.,  ",'-5&  +)8',;)E%"# . G5?28&+,, , 
;+$8.$+5&  +)8.5&:,!6,"- , 4+,!$32% +)8!$  ;%& /  8) -
.&+2  8)  ";$% 4&!06$55&9&  4&%+$1'$5,#  /,"'&+&3) . G 
3$F"%!,%$'-5& , !&  !+$.#  4+,',!&!  2011 ,  2017 9&3&! 
5,/)/,7  /)%)"%+&? 5)  1$+$92 >!);,5"/&F  127%0 5,/%& 5$ 
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!"#$%&"$ . '  ()*  &+!),$"-.$$/*0  #0("%*  /&)(+*01+ : 
+1.!!)  )!+  (02"#"*0("%*  !.2(!) -3"2"$+*+4.56+7  *)6 -
5+! . 8)9*)1:  .5$+  &+!),$"-.$$/*0  :4"5*(:%*  (  62"5!)1  
32+$+(. , &";.  (0<("!!)1  +!,:<)2+/1+ , *)  32+()&/*  6 
1"55)()7  -+#.$+  32.;&.  (5.-)  3+*"%=+>5/  3$"!6*) -
!)1  20# , 6)*)20.  (  9*)1  5$:4".  1)-:*  <"("$+*?  5()+1+  
1.2*(01+  *.$"1+  (5.  3)#.2.;?. . @&!"6)  &)>$0> 20#  
!"  3)#.2.;?.  '("4+!56)-)  <"$+("  (  )6*/#2.  2020 -)&"  
!.  #0$) , #0$+  1)$$%56+ , (  *)1  4+5$.  1+&++. A)  1+&+/1  
/&  &+!),$"-.$$/*)( , 3)>);. , !+3)4.1 : +<(.5*!) , 4*)  
()  (2.1/  62"5!0>  32+$+()(  9*+> 1)$$%56)(  .5*?  !.$? -
</ , 3)56)$?6:  /&  (  !+>  !"6"3$+(".*5/  + 1);.*  (0<("*?  
51.2*?  4.$)(.6" . 8)-+#!+  1+&++ )*  /&"  Ñ 9*"  32)#$.1"  
!.  ()<!+6$"  #0 : &)>$0> 1)$$%56)(  $%&+ !.  .&/* . 

@6*/#2?56+.  "!"$+<0  (0#2)B.!!0>  !"  3$/;  1+&+7 
3)6"<"$+ , 4*)  (  !+>  &.75*(+*.$?!)  .5*?  )3"5!07  *)65+! . 
@&!"6)  (  5.!*/#2. -)6*/#2.  2020 -)&"  !+6*)  +< *:2+5*)( , 
3)5.="(B+>  '("4+!56+7  <"$+( , !.  )*2"(+$5/ . C5*"*+ , 
!./5!) , 5 4.-)  1+&++, 32)4!)  32+62.3$.!!0.  6)  &!: , #.<  
:4"5*+/  B*)21"  1)-$+  )6"<"*?5/  !"  #.2.-:  (  <"1.*!)1  
6)$+4.5*(. . D=.  )&+!  ,"6*  32)*+(  62"5!)-)  32+$+("  
5)5*)+*  (  *)1 , 4*)  5.2,+!-+5*0  E$)2+&0 , 3)3"&"(B+.  
(  !.-) , ;"$)("$+5?  !"  *)B!)*:  + -)$)(!:%  #)$? , "  !.  !"  
);)-  -$"< , 4*)  $)-+4!) , :4+*0("/  !.2(!) -3"2"$+*+4. -
56).  &.75*(+.  *)65+!)(  &+!),$"-.$$/*)( . F);.*  #0*? , 
62"5!07  32+$+(  !.  32+4+!"  -+#.$+  1)256+>  )#+*"*.$.7 , 

"  5$.&5*(+.  *)-)  /($.!+/ , 4*)  (0<("$)  9*:  -+#.$? ? G0#0  
;.  + 32)4+.  B:5*20.  ;+()*!0. , 3)4:(5*()("(  !.$"&!). , 
1+-2+2)("$+  +< )3"5!)-)  2"7)!"  .=.  &)  1"55)()-)  
2"<1!);.!+/  /&)(+*0>  &+!),$"-.$$/*)( . 

'  )*4.-)  ()&"  :  3)#.2.;?/  '("4+!56)-)  <"$+("  
())#=.  1)-$"  <"H(.5*+  + -&.  9*)  !"4"$)5? ? A"  6)51+ -
4.56+> 5!+16">  (+&!) , 4*)  *.1!). , <"-2/<!.!!).  3/*!)  
()&0  2"532)5*2"!/.*5/  (&)$?  3)#.2.;?/  32+1.2!)  )*  
I+3:!56)-)  3)$:)5*2)("  !"  %- (9*)*  3)$:)5*2)(  !">) -
&+*5/  (  30 61 5.(.2!..  :5*?/  2.6+  A"$04.("  + (  60 61 )*  
J"$"6*0256)-)  3$/;" ). K"6).  &(+;.!+.  !.  5$:4"7!)  Ñ  
(&)$?  3)#.2.;?/  '("4+!56)-)  <"$+("  32)>)&+*  L)5*)4 -
!) -C"14"*56).  *.4.!+. , !"32"($.!!).  6"6 2"<  5 5.(.2"  
!"  %-. K"6 4*)  62"5!07  32+$+(  &)$;.!  #0$  !"4"*?5/  
-&. -*)  5.(.2!..  :5*?/  2.6+  A"$04.("  + <"*.1  3.2.1. -
="*?5/  6 J"$"6*0256)1:  3$/;: , (0<0("/  3)  3:*+  -+#.$?  
;+()*!0>  + )#2"<)("!+.  3.!0 . M 1.5*)  .-)  <"2);&.!+/  
1);!)  !"7*+ ! N$/  9*)-)  32+-)&+*5/  6"2*"  *.13.2"*:20  
()&0  (&)$?  #.2.-"  '("4+!56)-)  <"$+("  (  5.!*/#2.  
2020 -)&" , 6)*)2:%  5)5*"(+$  L$"&+1+2  C)$)1)7H.(  
+< 8.*2)3"($)(56" -C"14"*56)-) . A"  !.7  >)2)B)  (+&!"  
"!)1"$+/  5 3)(0B.!!)7  !"  1,5Ñ2 ) O *.13.2"*:2)7 . '  
5"1"/  -)2/4"/  <)!"  "!)1"$++  32)5*+2".*5/  !"  5.(.2  
)*  :5*?/  2.6+  A"$04.("  &)  I+3:!56)-)  3)$:)5*2)(" . 
82+2)&:  9*)7  "!)1"$++  53.H+"$+5*0  !.  )#5:;&"%* , 
3)9*)1:  (3)$!.  :1.5*!)  (0&(+!:*?  -+3)*.<: , 6)*)2"/  
3)<()$+*  5)5*06)("*?  (5.  &.*"$+  5$:4+(B.-)5/  !"  
C"14"*6.  32)+5B.5*(+/ .

L  5.!*/#2.  2012 -)&"  (  ÇJ+1++  + ;+<!+ È /  )3:#$+6) -
("$  -+3)*.<: , 6)*)2"/  3)<()$+$"  5(/<"*?  2"<$+(  !.,*+  
2010 -)&"  (  F.65+6"!56)1  <"$+(.  5 42.<(04"7!)  >)$)& -
!)7  <+1)7  (  D(2)3.  4.2.<  &("  -)&" . A"3)1!+1 , *)-&" , (  
,.(2"$.  2012 -)&" , 3)620$+5?  $?&)1  !.  *)$?6)  N:!"7 , 
!)  + 5.(.2!"/  4"5*?  P.2!)-)  + '<)(56)-)  1)2.7 . O) -
-$"5!)  32.&3)$);.!+% , 32+4+!)7  9*)7  "!)1"$++  5*"$"  
3$.!6" , 6)*)2"/  !"620$"  Q)$?,5*2+1 . @!"  <"*2:&!+$"  
+53"2.!+.  ()&0  + )#.53.4+$"  ,)21+2)("!+.  (  O.(.2 -
!)7  '*$"!*+6.  !.)#04"7!)  :5*)74+()-)  "!*+H+6$)!" , 
6)*)207  3.2.620$  <"3"&!) -()5*)4!:%  H+26:$/H+% 
()<&:>" . '  ()<!+6$"  9*"  3$.!6" , (+&+1) , +<-<"  *)-) , 
4*)  5))#=.5*()  &)!!0>  1+62))2-"!+<1)(  3)$:4+$)  
1)=!07  +5*)4!+6  3+*"!+/  (  (+&.  */;.$)7  !.,*+ . @!+ 
5*"$+  1"55)()  2"<1!);"*?5/  + -+#!:*? , "  (0&.$+(B+.5/  
32+ 2"53"&.  6$.*)6  $+3+&0 (53$0$+  + 5,)21+2)("$+  
3$.!6:  ;+2"  !"  )-2)1!)7  3$)="&+ . F);!)  *"6;.  32.& -
3)$);+*? , 4*)  &$/  :&)#5*("  3.2.2"#)*6+  &)!!)7  !.,*+  
1+62)#0  (0&.$/%*  3)(.2>!)5*!) -"6*+(!0.  (.=.5*(" ; 
)!+  )#$.-4"%*  ,)21+2)("!+.  3$.!6+ .

A.  +56$%4.!) , 4*)  + 6 32)+5B.5*(+%  !"  C"14"*6.  
32+4"5*!)  "!"$)-+4!).  5))#=.5*()  1+62))2-"!+< -
1)( , *)$?6)  1.>"!+<1  +!)7 . L+&+1) , !.3)&"$.6:  
)*  #.2.-"  '("4+!56)-)  <"$+("  1.;&:  :5*?.1  2.6+  
A"$04.("  + I+3:!56+1  3)$:)5*2)()1  32)+<)B$)  
+<(.2;.!+.  3)&()&!)-)  -.7<.2" , 6)*)2).  !"-2.$)  
()&: . L  2.<:$?*"*.  32+&)!!"/  1)256"/  ()&"  )#)-"*+ -
$"5?  3+*"*.$?!01+  (.=.5*("1+ , ;.$.<)1  + 32)4+1+  
1+!.2"$"1+  +< 3)&<.1!0>  ()& ; +> 3)*)1  + !"7&:*  (  
32)#">  ()&0 . R*+ 1+!.2"$0  "6*+(+<+2)("$+  &./*.$? -
!)5*?  )#+*"%=+>  :  &!"  1+62))2-"!+<1)( , 6)*)20.  
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!"

!"#$"%"&'  (!%")*+, . -.  */+$&0.)( , 0'(  1 1(2"3  %.4-
#.!"  5!*/,'/'1(1"$"  *  ).6'7  Ñ *8.))(  ()"  /'"$"  
*/'(0)*+(8  #"%"2(0)(%(  6.)($7)(%(  *  ).6'9)(%(  
#"%!9#).)*9  1(2  #"$*1" . 

:'+,2"  '"8  1(#78.'/9  ).6'7 ? :'1.'  5!(/' : /(%$"/ -
)(  %*5('.#.  2(+'(!"  3*8*0./+*3  )",+  ; .< . =(!($>1" , 
1.2,?.%(  )",0)(%(  /('!,2)*+"  @)/'*','"  ).6'.3*8* -
0./+(%(  /*)'.#"  *8 . A.B. C(50*.1"  DA-  (/8 . ÇE*8*&  *  
F*#)7 È, 2005, 6), ).6'7  (G!"#,.'/9  ).  8*$$*()($.'*9 -
8* , "  5!"+'*0./+*  8%)(1.))( . H$9 I'(%(  ),F)(  )"%!.'7  
#"$.F7  (!%")*+*  2(  '.85.!"',!J  400( K. -"  ,/J5"))(4  
1,$+")"8*  ="80"'+.  /  '"+*8  )"%!.1(8  ).  2($F)(  GJ'7  
5!(G$.8 , 1.27  1/.%( -'(  ),F)( , 0'(GJ  8"%8"  5(2)9$"/7  
*  G$*#+(  5(2(L$"  + 8./',  #"$.%")*9  G(%"'J3  (!%")*+(4  
(/"2(0)J3  5(!(2 , +('(!J.  +"+ !"#  *  2($F)J  $.F"'7  )"  
2).  (+.")" . M(2)91L"9/9  8"%8"  15($).  8(%$"  1J#1"'7  
*#1.!F.)*.  ,5(89),'(%(  %.4#.!" .

M!*)91  I'(  (GN9/).)*. , 1/.  2.'"$*  5!(*/L./'1*9  
/'")(19'/9  5()9')J8* . M(21(2)(.  *#1.!F.)*. , +"+ 
*  8)(%(+!"')(  ,/*$.))"9  *8  2.9'.$7)(/'7  2())J3  
8*+!((!%")*#8(1  5(  ,'*$*#"O**  (!%")*+* , )./(8).))( , 
5!*1.$(  + I!(#**  2)" . @#-#"  I'(%(  1(2(!(/$* , 8*2**  *  
5!(0*.  (/.2$J.  (G*'"'.$*  $*L*$*/7  1 5!98(8  /8J/ -
$.  5(01J  5(2  )(%"8*  * , /$.2,9  '.0.)*& , (+"#"$*/7  
)"  5$9F. . K6(!8*!(1"1L"9/9  )"  5(1.!3)(/'*  1(2J  
5$.)+"  *#  G"+'.!*"$7)J3  $*5*2(1  1(/5!.59'/'1(1"$"  
(/',F.)*&  1(2J , "  5(1.!3)(/')( -"+'*1)J.  1.?./'1"  1 
).4  (G./5.0*$*  5(91$.)*.  /'(4+(4  5.)J . C.5$"9  1(2"  
*  !"#8)(F*1L*./9  5.!.!"G('0*+*  ).6'*  (G./5.0*$*  
!"#1*'*.  3*?)*+(1  Ñ *)6,#(!*4  *  2*)(6$"%.$$9'(1 , 
+('(!J.  1J#1"$*  +!"/)J4  5!*$*1 .

B8./'.  /  5(2#.8)J8*  1(2"8*  *#  '($?*  (/"2(0 -
)J3  5(!(2 , )./(8).))( , 1J!1"$*/7  *  /(2.!F"?*./9  
'"8  %"#J: /.!(1(2(!(2  *  /.!)J4  ")%*2!*2 . M.!1J4 , 
!"/5!(/'!")99/7  5(  2), , 1J#1"$  #"8(! : +*/$(!(2  
/19#J1".'/9  /.!(1(2(!(2(8 , *8.))(  I'(  91$.)*.  
,G*1".'  G*(',  2)"  P.!)(%(  8(!9 . <(?)J.  1JG!(/J  
/.!(1(2(!(2"  *  /.!)*/'(%(  %"#" GJ1"&' , 1 0"/')(/'* , 
)"  ).2"$.+(8  ('  8./'"  #"8(!"  (#.!.  Q"))(. . :G)" -
!,F.))J.  1 5!(G"3  1(2J  6(/6"'J  Ñ ).*#G.F)J4  
/$.2  #"8(!" , 8*).!"$*#"O**  8.!'1.0*)J . A 5,#J!7+*  
/.!)(%(  ")%*2!*2" , 5,'.L./'1,9  /  '.0.)*.8  *  1J3(29  
)"  5(1.!3)(/'7 , 8(%$*  5(!(2*'7  "I!(#($7  /.!)(4  
+*/$('J , ('  ).%( -'(  *  5(/'!"2"$*  %$"#" /.!6*)%*/'(1 . 
C.8  G($..  0'(  0$.)  /G(!)(4  DR 5(  /.!6*)%,  <"49  
D,2*+ , 5!*#)"))"9  !.L.)*.8  /,2"  %$"1)(4  5('.! -
5.1L.4 , '!.)*!(1"$"/7  )"  '(8  /"8(8  E"$"+'J!/+(8  
5$9F. . S/'./'1.))( , 0'(  1(  1!.89  '!.)*!(1(+  ()"  
8)(%(  1!.8.)*  5!(1(2*$"  1 8(!. , 8(%$"  #"5$J1"'7  
2"$.+(  *  1.!(9')(/'7  5(5"/'7  5(2  1JG!(/  "I!(#($9  
,  )..  GJ$"  1.$*+" . :G"  I'*3  %"#", (0.1*2)( , +(  1!. -
8.)*  #"G(!"  5!(G  1(2J  */0.#$*  G.# /$.2" , 5(!(2*1  
%*5('.#,  (  #"%"2(0)(8  92. . B(#8(F)( , ,  1(2J  5(1J -
/*$"/7  +*/$(')(/'7 , )(  ).*#1./')( , GJ$"  5!(1.2.)"  
5!(1.!+"  *$*  ).' . 

K+(!..  1/.%( , I'(  GJ$(  .2*)*0)(.  /(GJ'*. , *  5( -
1'(!.)*9  '"+(4  +"'"/'!(6J  1 G$*F"4L..  1!.89  F2"'7  
).  /$.2,.' . :2)"+(  *#,0*'7  1$*9)*.  1,$+")*0./+(4  
"+'*1)(/'*  )"  1(2,  A1"0*)/+(%(  #"$*1"  /  ,0.'(8  I'(4  
%*5('.#J  GJ$(  GJ *)'.!./)( . D"1)(  +"+ *  5!(1.!*'7  
)"$*0*.  */+(5".8J3  ,%$.1(2(!(2(1  )"  2).  #"$*1"  1 
!"4().  !.+*  -"$J0.1"  *  T*5,)/+(%(  5($,(/'!(1" .
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�{�n�u�x�n�y�i�{�|�y���k���q�v�{�n�y�n-
�z�|�‡�‚�n�u���y�i�r�w�v�n�����W�j�y�i�‚�i-
�n�{���k�v�q�u�i�v�q�n���{�n�x�t�w�k�i�ˆ��
�i�v�w�u�i�t�q�ˆ���|���w�z�v�w�k�i�v�q�ˆ��
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! !"#$  %$&!'(!)  $*  +$,$-. -
/!,0".  -.  %#.-1*1  !"2!" -
#31*"3  4!##!$-.4! . 5  $-$  

'061*  ,."*! , -1"4$*,3  -.  *$  2*$ 
%1,16$/.3  416!7!-.  "!#8-$  %,$-
6/!-0#."8  /  #121-!!  +$/!6. . 96!-  
!:  %0*1; "61,<!/.-!3  =%!614!!  >   
=*$  '?"*,$1  !  4.""$/$1  /?3/ -
#1-!1  :.'$#1/(!) , <1#.*1#8-$  
61(1/?4!  41*$6.4! . 9'@1%,! -
-3*?1  41*$6? : %$#!41,.:-0A  
71%-0A ,1.+7!A  !  +$4%8A*1,-0A  
*$4$&,.B!A , +$*$,?1  61-B.+*$  
"*.#!  6!.&-$"*!21"+!4!  "*.- -
6.,*.4! , -1#8:3  $*-1"*!  + =+"-
%,1"" -*1"*.4 . 5)  6$"*0%-$"*8  6#3 

'$#8(!-"*/.  -."1#1-!3  4!,.  %$6 
/$%,$"$4 , $-!  6$,$&! , *,1'0A*  
/,141-! . C$=*$40  /,.2!  $6-$&$  
!:  2!+.&"+!)  &$"%!*.#1;  /  "$*,06 -
-!21"*/1  "  021-?4!  D1/1,$ -E. -
%.6-$&$ 0-!/1,"!*1*.  5##!-$;".  
,.:,.'$*.#!  %.+1* %,$&,.44  55  
%$6 -.:/.-!14  DeepCOVID-XR. C$ 
$'?2-$40  ,1-*&1-$/"+$40  "-!4+0  
&,06-$;  +#1*+!  $-  /?3/#31*  !:41 -
-1-!3  /  #1&+!) , /?:/.--?1  +$,$ -
-./!,0"$4 . F*$  %1,/?;  .#&$,!*4  
+$/!6 -6!.&-$"*!+!  %$ "-!4+.4 , 
$*/12.A@!;  /"14  *,1'$/.-!34  
416!7!-"+$;  "*.*!"*!+!  + -.61< -
-$"*!  ,1:0#8*.*$/ .

D-.2.#.  55  $'02!#!  -.  4.""!/1  
6.--?)  %3*-.67.*!  *?"32  %.7!1- -
*$/ , !:  +$*$,?)  %,!41,-$  *,1*8  
'$#8-? . E.*14  .#&$,!*4  !  &,0%%. 
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!"#$%#& '()*+,,'-  #((.+$/#"0.#  
11, "'  +2"3 Ç/24022"$+,,)-  /,"+5 -
5+4"È Ñ 6"'  *'25'$,)-  7+.+$'*  
7',&",'-  $2+80 #,95'9'$'.&:+ -
80 8/.0  AI (artiÞcial intelligence). 
;#  .0224'8  ',#  '7/2)$#+"  ,+ -
<"'  .04'"$'.,'+ , <"'  '(5#*#+"  
27'2'(,'2"3=  8)25/"3 , 7'*'(,'  
<+5'$+40 /5/  >/$'",)8 . ? #, -
95/-24'8  6"'  7',&"/+  ,+  /8++"  
'"<+"5/$'9'  (/'5'9/<+24'9'  '" -
"+,4#, # '(@+*/,&+"  %/.'4/-  
4.09 /24022"$+,,)A, $ "'8  </25+ 
$/."0#53,)A , 02".'-2"$ , 27'2'( -
,)A  4 7./,&"/=  B+5+2''(.#C,)A  
.+%+,/-  /  2'$+.%+,/=  .#B/' -
,#53,)A  *+-2"$/- . D ,/A  /  7'-*+"  
.+<3 ,/>+ .
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!"#$%#&  '()*+,  %+-)'./.0!  !1+ -
%.')2.  /%.03.  $(+&/!$  ")1.+%$!' , 
4 "!2!'.%#  .-  3!$!(#&  ()%++  5.) -
6%!/$.(!')2.  '.(4/ . 7  8$.& $+/$)& 
99  '#:'.2  82% -);!2+'<.& , *$!  
%) 5% 8==+3$.'%++  3!%/.2.40)  
.-  ":$.  !"#$%#&  ()5.!2!6!' -"42>-
0!%!2!6!'  .  %) 11% 8==+3$.'%++  
!5%!6!  $)3!6!  '()*) . ?!  4$'+(@ -
5+%.A  (43!'!5.$+2:  "(!+3$)  "(! -
=+//!()  B66+2!/)  C)$/)66+2!/) , %) 
)%)2.-  !5%!6!  /%.03)  4 99  4&!5.2!  
'/+6!  %+/3!2>3!  /+34%5, *$!  %) "! -
(:5!3  "(+'#/.2!  /3!(!/$>  ();!$#  
'()*+, . D$!  /4E+/$'+%%!+  5!/$. -
@+%.+, !/!;+%%!  +/2.  4*+/$> , *$!  
;!2><.%/$'!  $+()"+'$!'  .  (+%$6+-
%!2!6!' , !;#*%!  )%)2.-.(4AE.&  
/%.03.  ")1.+%$!' , %+ !;2)5)A$  
!"#$!0  "42>0!%!2!6!' , )  '.(4/%#+  
")$!2!6..  2+63.& 52:  %+!"#$%!6!  
62)-)  "!&!@.  %) !;#*%4A  "%+'0! -
%.A .2.  5(46.+  -);!2+')%.: .

B'$!(#  ();!$#  !$0+*)A$ , *$!  .&  
)26!(.$0  0!@%!  ./"!2>-!')$>  52:  
;#/$(!6!  .  0)//!'!6!  /3(.%.%6)  
")1.+%$!'  .2.  "+(/!%)2)  ;!2>%.1 . 
F*+'.5%! , '  /$()%)&  /  %+()-'.$!,  
0+5.1.%!,  $)3!,  99  /"!/!;+%  
3)*+/$'+%%!  .-0+%.$>  5.)6%!/$. -
*+/34A  /.$4)1.A , '+5>  +6!  0!@%!  
./"!2>-!')$>  '+-5+ , 65+ +/$> (+%$-
6+%. ?(.  %+5!/$)$3+  !;!(45!')%.:  
/$)%5)($%#,  (+%$6+% 2+63.& .  )%)-
2.-  /%.03!'  0!@%!  ;#/$(!  !(6)%. -
-!')$>  /  "!0!E>A  "+(+5'.@%#&  .  
"+(+%!/%#&  4/$)%!'!3 , 3)3, %)"(. -
0+( , 0!;.2>%4A  =2A!(!6()=.A . 
B26!(.$0  "!/24@.$  .  52:  5./$)% -
1.!%%!,  5.)6%!/$.3.  3!(!%)'.(4/)  
"!  /%.03)0 , "+(+5)%%#0  *+(+-  
9%$+(%+$. ?)3+$  "(!6()00  99  !$ -
3(#$  .  '#2!@+%  )'$!()0.  '  /+$> 52:  
'/+!;E+6!  "!2>-!')%.:  (Radiology, 
24 !"#$%#  2020 &"'( ).

�¶�ò�þ�ø�ì�Ä�Å�ó�Ä�Ç����
�ë���ì�ò�Ã�ï�Ã�Ê

! !2+-%> B2>16+,0+() , 3!$! -
(!,  !/!;!  /$()5)+$  /$)(+ -
AE++  %)/+2+%.+  ()-'.$#&  

/$()% , '#-#')+$  %+!;()$.0#+  
.-0+%+%.:  0!-6) . G.)6%!/$.3)  
;!2+-%.  5!(!6) , $(45!+03)  .  %+ 
'/+65)  %)5+@%). H)/$!  !%)  +E+  .  

!")/%) , "!/3!2>34  '  5!"!2%+%.+  3 
.-4*+%.A  32.%.*+/3.&  /.0"$!0!'  
./"!2>-4+$  .%')-.'%#+  0+$!5# , 3 
"(.0+(4  "4%31.A  /".%%!0!-6!'!,  
@.53!/$.  .2.  ''+5+%.+  0)(3.(4 -
AE.&  '+E+/$'  '  3(!'> . ?!8$!04  
0+@5./1."2.%)(%):  3!0)%5)  %+-
'(!2!6!'  .  ;.!.%=!(0)$.3!'  .-  
I+5.1.%/3!6!  1+%$()  J%.'+(/. -
$+$) GA3)  '  K+'+(%!,  C)(!2.%+  
-)5)2)/>  1+2>A '#:'2:$>  !")/%!+  
-);!2+')%.+  ;+/3!%$)3$%#0.  0+ -
$!5)0. . 9& 99  /"!/!;+%  5.)6%! -
/$.(!')$>  ;!2+-%>  "!  .-0+%+%.:0  
/+$*)$3.  62)-)  .  ++ /!/45!' . H$!;#  
!;4*.$>  99 , 4*+%#+ "!5  (43!'!5 -
/$'!0  5!3$!()  0+5.1.%#  L8(!%  
M+3()$  ./"!2>-!')2.  /$)%5)($%#+  
!"$.*+/3.+  .-0+(+%.:  .  $+/$# , 
3!$!(#+  <.(!3!  "(.0+%:A$  '  != -
$)2>0!2!6.. . 

N);!$)  '!-%.32)  %+ %) "4/$!0  
0+/$+ . N)%++ $)  @+ 6(4"")  4/$)%! -
'.2) , *$!  4 /$()5)AE.&  ;!2+-%>A  
B2>16+,0+()  /%.@+%) "2!$%!/$>  
3)".22:(%!,  /+$.  '  1+%$()2>%!,  
!;2)/$.  /+$*)$3. , ()/"!2!@+%%!,  
%)"(!$.'  -()*3) . 99  $(+%.(!')2.  
%) *+$#(+&  $.")&  .-!;()@+%.,  
/+$*)$3.  62)-  /$)  ":$.5+/:$.  5+-
':$.  ")1.+%$!' , .-  3!$!(#&  $(.5 -
1)$> <+/$>  ;#2.  ;!2>%# . O4*<.,  
(+-42>$)$  "!3)-)2.  )26!(.$0# , 
5!"!2%+%%#+ 32.%.*+/3.0.  5)%-
%#0.  ")1.+%$!' . F5%)3!  .  *./$!  
!=$)2>0!2!6.*+/3.+  )26!(.$0#  
'+2.  /+;:  %+"2!&! , *$!  5)+$  %)-
5+@54 %) /!-5)%.+  8==+3$.'%!,  
83/"(+// -5.)6%!/$.3.  '  ;454E+0 . 

9//2+5!')$+2.  "2)%.(4A$  %+ 
$!2>3!  4'+2.*.$>  *./2!  ")1.+%$!'  
52:  $(+%.(!'3.  99 , %! .  ()/<. -
(.$>  .&  ()-%!!;()-.+ . K2+54-
AE.,  8$)"  ();!$  "(+5"!2)6)+$  
!;4*+%.+  99  /  4*)/$.+0  ")1.+%$!'  
()-%#&  ()/ , )  $)3@+ 4*+$ 5)%%#& 
;!2>%#&  62)43!0!,  .  5.);+$!0 , 4 
3!$!(#&  $!@+ .-0+%+%)  /$(43$4()  
/+$*)$3.  .  /!/45!'  62)-) . K+,*)/  
4*+%#+ "(!'!5:$  .//2+5!')%.:  "!  
/()'%+%.A  %!'!6!  0+$!5)  5.)6%! -
/$.3.  /  $()5.1.!%%#0. . F5%)3!  
4@+ "!%:$%! , *$!  /!-5)%  %!'#,  
.  !$%!/.$+2>%!  5+<+'#,  0+$!5  
'#:'2+%.:  ;!2+-%.  B2>16+,0+()  
(British Journal of Ophthalmology, 
2020-317659).
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" +(+5)*)  ;!2><.&  0)//.'!'  
.%=!(0)1..  $(+;4+$  8= -
=+3$.'%!6!  <.=(!')%.: , 

3!$!(!+  %+'!-0!@%!  ;+-  %)5+@%#& 
.  ;#/$(#&  6+%+()$!(!'  /24*),%#&  
*./+2 . G2:  6+%+()1..  !;#*%!  ./ -
"!2>-4A$  ()-2.*%#+  =.-.*+/3.+  
:'2+%.: , %)"(.0+(  5(!;!'!,  <40  
(+-./$!() , ()5.!)3$.'%#,  ()/")5  
2.;!  .-!E(+%%#+  0)$+0)$.*+ -
/3.+  )26!(.$0#  /!-5)%.:  "/+'5! - 
/24*),%#&  "!/2+5!')$+2>%!/$+, . 
?!/2+5%.+  %+ 5)A$  .5+)2>%!6!  
(+-42>$)$)  .  '  "(.%1."+  0!64$  
;#$>  '-2!0)%# . D$!  /+6!5%:  0!@+$ 
3!/%4$>/:  ;43')2>%!  3)@5!6! . P)%-
3!'/3.+  /./$+0#  ;+-%)2.*%#&  ()/ -
*+$!' , %)"(.0+( , %+ 0!64$  !;!,$./>  
;+-  6+%+()$!(!'  /24*),%#&  *./+2 .

?(!(#'  '  "!24*+%..  ./$.%%!  
/24*),%#&  *./+2  %+5)'%!  /!'+( -
<.2)  6(4"")  4*+%#& "!5  (43!'!5 -
/$'!0  N!;+($)  Q()//)  .-  7#/<+,  
$+&%.*+/3!,  <3!2#  RA(.&) . F%.  
"(./"!/!;.2.  52:  8$!6!  /$)%5)($ -
%#, , %! /2+63)  0!5.=.1.(!')%%#,  
"(!1+//  /.%$+-)  GSC. ?!  -):'3+  
4*+%#& 5'+  3!00+(*+/3.+  =.(0#  
.-  /0+/.  *+$#(+&  %432+!$.5!'  
/.%$+-.(!')2.  1+"!*3.  '  105 %4-
32+!$.5!' ; !%.  /!5+(@)2.  '  /+;+  
-)$()'!*%#+  "!/2+5!')$+2>%!/$.  
("(),0+(# ) .  "!2%!/$>A  /24*),%#+  
4*)/$3.  .-  64 %432+!$.5!' . ?! -
/3!2>34  3)@5!04  %432+!$.54 0!@ -
%! "(."./)$>  1.=(4 , "!24*)2./>  
/!'+(<+%%!  /24*),%#+  *./2)  .-   
64 ()-(:5!' . 9//2+5!')$+2.  "!24 -
*.2.  $(.  -)3)-)%%#+  "!(1..  /4&!6!  
'+E+/$')  "!  5'+  5+/:$#&  0.2 -
2.6()00)  3)@5):  .  /$)%5)($%#0  
!;()-!0  /+3'+%.(!')2.  0!2+342#  
8$.& "!(1., , $!  +/$>  "(!*.$)2.  
%4@%#+ .0  "!/2+5!')$+2>%!/$.  
%432+!$.5!' . 

F3)-)2!/> , *$!  /(+5%.+  /! -
5+(@)%.:  ()-%#&  %432+!$.5!'  '  
1+"!*3)&  ()-%#&  "!(1.,  /2+63)  
()-2.*%# . P#2.  !;%)(4@+%#  .  5(4 -
6.+  /2);#+ , %! /./$+0)$.*+/3.+  !$ -
32!%+%.:  !$  /$!&)/$.*%!/$. ; '.5. -
0! , !%.  /':-)%#  /  !/!;+%%!/$:0.  
$+&%!2!6.,  .  0+$!5!'  "(!'+5+%.:  
(+)31.,  /.%$+-) . ?!/2+  "(+!;() -
-!')%.:  %432+!$.5%!,  "!/2+5!') -
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!"#$%&'!(  )  *+,-  %.#"/  (  ",(%(0  1 
%(2 3-#  4*(2"%"%  5#6&*(!2  '75!(+  
8&% 9"/25%5 , 1&!&*-/  .'!*5%(#  
'#53-"  &!1#&%"%(+. :&#.;"%%-"  
,)&(;%-"  4&'#",&)5!"#$%&'!( , 
4&,)"*6#(  5%5#(<. %5 '#.;5/%&'!$  
'  4&2&=$>  &3="4*(%+!&6&  451"!5  
4*&6*522 , *"5#(<.>="6&  4+!%5, -
05!$  *5<#(;%-?  !"'!&)  ,#+  5%5#(<5 
'!5!('!(;"'1(?  ')&/'!)  !51(?  4&-
'#",&)5!"#$%&'!"/ .

@"<.#$!5!  &15<5#'+ 3#"'!+=(2 . 
9&)-/  2"!&,  4&<)&#+"!  4&#.;5!$  
)  &,%&2 '(%!"<"  '"2$  2(##(&%&)  
6(6535/!  '#.;5/%-?  ;('"# , 1&!&*-"  
2&6.!  3-!$  4*&;(!5%-  '!5%,5*! -
%-2(  !"?%&#&6(+2(  '&  '1&*&'!$>  
!*('!5  1(#&3(!  )  '"1.%,. . A7"  
",(%(;%-/  '(%!"<  ,5"!  *"1&*,%-/  
<545'  '*5)%(!"#$%&  3-'!*&  (<)#" -
15"2-?  ('!(%%&  '#.;5/%-?  ;('"# . 
B21&'!$  '  2&#"1.#52(  2&7%& ,&#6& 
?*5%(!$ , !51  151 2&#"1.#5  C9D 
&;"%$ .'!&/;()5 . ÇE(##(6*522- È 
;('"# , 1&!&*-"  %"#$<+ )&'4*&(< -
)"'!( , <5%(25>!  2(%(25#$%-/  4& 
'*5)%"%(>  '  ,*.6(2(  2"!&,52(  
&3F"2 . G<%5;5#$%& .;"%-"  4#5-
%(*&)5#(  #(H$  (<.;(!$  4*(%0(4-  
%&)&6& 3(&?(2(;"'1&6&  8&*2(*& -
)5%(>  25''()&)  '#.;5/%-?  ;('"#  
(<  %.1#"&!(,%-?  4&'#",&)5!"#$ -
%&'!"/ . I,%51&  &15<5#&'$, ;!&  .7"  
'"/;5'  "6& 2&7%& 4*(2"%+!$  %5 
4*51!(1"  (Nature Communications, 
11(1), 2020). 

� �̧Ç�Ã�ó�ó�Ã�ö�ð�ñ�Ã��
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!  %5;5#"  %-%"H%"6& )"15  1&%-
'!*.(*&)5%("  *&3&!&)  4&-
#.;(#&  %5'!&#$1& H(*&1&"  

*5'4*&'!*5%"%(" , ;!&  *&3&!&!"? -
%(15 '!5#5  H1&#$%-2  4*",2"!&2 . 
J"6&,%+  '!&(!  <5,5;5  *5<*535!- -
)5!$  (?  %5(2"%""  <5!*5!%-2(  (  
&4!(25#$%-2(  '4&'&352( , 5 !517" , 
4& )&<2&7%&'!( , 5)!&25!(<(*&)5!$  
4*&0"''  '&<,5%(+  %&)-?  2&,"#"/ . 
C#+ *"H"%(+  K!&/  <5,5;(  (''#",& -
)5!"#(  E5''5;.'"!'1&6&  !"?%&#&-
6(;"'1&6&  (%'!(!.!5  '&<,5#(  3#&1 
,(<5/%"*'1(?  4*&6*522  Robo-
Grammar, )",.=(2  *5<*53&!;(1&2  
1&!&*-?  '!5#  5'4(*5%!  (%'!(!.! -

'1&/  #53&*5!&*((  ('1.''!)"%%&6&  
(%!"##"1!5  (  1&24$>!"*%-?  %5.1 
L##5% M5&. :51"!  4*&6*522  4&<)&-
#+"!  '  %.#+ '4*&"1!(*&)5!$  *&3&!5  
(<  6&!&)-?  K#"2"%!&)  )  <5)('(2& -
'!(  &!  !*"3&)5%(/  1 4&)"*?%&'!( , 
4& 1&!&*&/  !&!  3.,"!  ,)(65!$'+ . N!& 
2&7"!  3-!$  4"*"'";"%%5+  2"'! -
%&'!$ , '1&#$<1(/  6*.%!, #"'!%(05 , 
(?  1&23(%50(+  (  4*&;"" . 

RoboGrammar 1&%'!*.(*."!  
*&3&!&)  (<  <5,5%%-? K#"2"%!&) : 
1&%";%&'!"/ , '.'!5)&) , 2&!&*&) . 
N#"2"%!-  1&%'!*.10((  %"#$<+ '& -
",(%(!$  4*&(<)&#$%&, 4&K!&2. , 
4&,&3%& 6*5225!(1"  +<-15 , &4*" -
,"#+>="/  4*5)(#5  '&6#5'&)5%(+  
'#&) , )  4*&6*522"  <5,5%-  &6*5%(-
;"%(+  %5 ')+<(  K#"2"%!&)  *&3&!5 . 
:*(%0(4- , <5#&7"%%-"  )  4*& -
6*522. , (''#",&)5!"#(  4&<5(2 -
'!)&)5#(  .  *5<#(;%-?  2%&6&%&6(? 
%5'"1&2-? , 45.1&) , *51&&3*5<%-? , 
;$"  ,)(7"%("  !=5!"#$%&  (<.;(#( . 
G? !"#5  '&'!&+!  (<  '"62"%!&)  (   1 
%"1&!&*-2  (<  %(? Ç4*(,"#5%- È 
1&%";%&'!( . O"2  7"  '4&'&3&2  *5< -
*53&!;(1(  &4('5#(  Ç1&%'!*.10(> È 
;"!)"*&%&6(? . P 451"!  4*&6*522  
!517"  3-#5  ,&35)#"%5  )&<2&7 -
%&'!$ 4*(1*"4#+!$  1&#"'5  )2"'!&  
%&6. D51 <5+)#+>!  5)!&*- , 4*&6*52 -
25  *&7,5#5  '52-"  *5<%&&3*5<%-"  
1&%'!*.10(( , %54&2(%5>=("  6&-
%&;%-" 5)!&2&3(#( , 45.1&) , '&351 .

J  4&2&=$>  RoboGrammar ,( -
<5/%"*  4&#.;5"!  %" !&#$1& &4!( -
25#$%.>  1&%'!*.10(>  *&3&!5 , %& 
(  4*&6*522%&"  &3"'4";"%("  1 
%"2.  Ñ 451"!  )-,5"!  4*&6*522. -
1&%!*&##"* , .4*5)#+>=.>  '&6#5 -
'&)5%%&/ *53&!&/  "6& 2&!&*&) . P 
%"Q 5)!&*-  Ç<5H(#( È 4*(&*(!"!  
3-'!*&6&  4"*"2"="%(+  )4"*", . 
95  1&%";%&2 K!54"  *5<*53&!1(  GG 
'  4&2&=$>  %"/*&%%-? '"!"/  '& -
)2"'!%&  &4!(2(<(*."!  ,(<5/%  (  
1&%!*&##"*  %&)&/ 2&,"#( . :&'#"  
K!(?  )(*!.5#$%-?  ,"/'!)(/  .7"  
2&7%& 4*('!.45!$  1 '3&*1"  1&%-
'!*.10(( . D&25%,5 .;"%-?  <54#5-
%(*&)5#5  *"5#(<&)5!$  Ç)  7"#"<" È 
&'&3&  )-,5>=("'+  )(*!.5#$%-"  
K1<"24#+*- .

RoboGrammar '!5#  )"%0&2  ;"! -
)"*!$)"1&)&6&  &4-!5  K1'4"*(2"% -
!&)  4& '&<,5%(>  5)!&25!(<(*&)5% -

%-? '('!"2  ,(<5/%5  *&3&!&) . R#&1 
4*&6*522  2&7"!  3-!$  2&,(8(0( -
*&)5% ,#+  *5<*53&!1(  .'!*&/'!) , 
4"*"2"=5>=(?'+  )  ,*.6(?  '*",5? . 
:&2(2&  *"5#$%-?  4*(#&7"%(/ , 
"'!$  %5,"7,5 , ;!&  *&3&!- , '&<,5% -
%-"  4*&6*522&/ , '2&6.!  <5'"#(!$  
)(*!.5#$%-"  2(*-  1&24$>!"*%-?  
(6* . I,%(2  (<  '>*4*(<&)  '!5#&  !&, 
;!&  )  3&#$H(%'!)"  &4!(25#$%-?  
4*&"1!&)  *&3&!  (2""!  ;"!-*"  %&6(, 
5 %" H"'!$  (#(  )&'"2$  151 .  %5'"1&-
2-?  (#(  45.1&) . N!.  .'!5%&)#"%%.>  
K24(*(;"'1(  !"%,"%0(>  "="  4*", -
'!&(!  &'2-'#(!$  ( !"#$$ - "#%&'  
()$$)*+$#,$-./.  ,#01.%./&*#$-./.  
&1$,&,+,)  30-11-2020). 
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" ",5)%&  .;"%-"  D&*%"##-
'1&6& .%()"*'(!"!5 , 1&!&-
*-/   <5%(25"!'+  '"#$'1(2  

?&<+/'!)&2  (  %5.152(  & 7(<%( , 
4&#.;(#(  ,).?2(##(&%%-/  6*5%! 
950(&%5#$%&6& %5.;%&6& 8&%,5  
JSL  %5 (''#",&)5%(+  ')&/'!)  
4&;)- , ""  2(1*&3%&6& '&'!5)5  (  
1&*%")&/  '!*.1!.*-  *5'!"%(/ . D51 
&15<5#&'$, ,#+  .'4"?5  (2  %.7%- 
2"?5%(<2- , '4&'&3%-"  5)!&25!( -
;"'1(  '&3(*5!$  ,5%%-"  4&,  <"2#"/ . 
:&K!&2.  '"2$'&!  4+!$,"'+!  !-'+;  
,&##5*&)  ,*.6&6&  6*5%!5 4"*",5#(  
,&0"%!.  (%7"%"*%&6& 1&##",75  
.%()"*'(!"!5  @&3"*!.  S"45*,.  
%5 *5<*53&!1.  4*&!&!(45  *&3&!5 -
;"*)+15 . 

J&6#5'%& <5+)1" , *&3&!  ,#(%&/  
&1&#& 4&#.2"!*5  '2&7"!  ')"* -
#(!$  4&;).  ( , 4&,&3%& ,&7,")&2.  
;"*)> , *5<,)(65!$  "" , .,#(%++  (  
'&1*5=5+  ')&"  !"#& . @&3&!5 4#5-
%(*.>!  &3&*.,&)5!$  *5<#(;%-2(  
,5!;(152(  ,#+  (<.;"%(+  7(<%","+ -
!"#$%&'!(  1&*%"/  1.1.*.<- . R&#""  
H(*&15+  %5.;%5+ <5,5;5  *&3&!5  
Ñ (''#",&)5%("  )<5(2&,"/'!)(+  
1&*%"/  *5'!"%(/  (  &1*.75>="/  (?  
4&;)-  4*(  %"4*"*-)%&  (<2"%+> -
="/'+  )#57%&'!(  (  !"24"*5!.*"  
(2/#1,$,3.  NewsWise, 24 1.45"4  
2020 /.6) ).

!"#$%&  #'()'*'+,-   
!"#$%&'()  *+),-'./
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!"#  $#%&"'( )*#+),-#  %& #%.($")# , ($-'  %& /' -
),00&(  12$3(+"& 3# )#3+#$,4 %'#-#5''  0( %&-' 
*,06"& 2#+#0,)'+7$#4 '  ),28'0,4' . 93+,)-(0'(  
3# 2#0"+#-:  3+#/72"#) '  -(2,+$")  ;<=  (FDA) 
#/#%+'-# $)'0(>  $ '*4(0(00&4  5(0#4#4 /-6  
73#"+(%-(0'6 )  3'.7 , ,  )  3(+$3(2"')(  Ñ /-6  3+#-
'*)#/$"),  %'#4(/'8'0$2#>  3+#/728'' . ;)'0?64  
0( )$",)'-'  5(0 ,3(-?$'0, , '-'  +&%&, '-'  (.(  @(-
5#-0'%7/? 0(3+'(4-(4#5# . A,#%#+#", )  'B "2,06B 
#"$7"$")7(" 2#43#0(0", )&*&),:.'>  ,--(+5': .
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!"#$%&#%&'()%*&%+',-$,
!"#$%#  &'()*$+  "  , '-.*$##  ÇRevivicor Inc.È #(  
/0*0*  1#23#$#4 . 50'  )'672$44  ,'-.*$#4  ÇUnited 
TherapeuticsÈ, ,'0'2*4 , &27)#  .2'673' , (*$#-*70&4  #&-
,8&&0"7$$+-#  '23*$*-#  # 2737$72*0#"$'9  -7)#:#$'9 , 
"  0'-  6#&;7  .727&*),'9  '23*$'"  '0  <#"'0$+= . >2'-7  
0'3' , ÇRevivicorÈ Ñ &.#$ - '??  ("+)7;7$$*4  '23*$# -
(*:#4 ) /'0;*$)&,'9  @#'07=$';'3#67&,'9  ,'-.*$##  
ÇPPL TherapeuticsÈ. 

A PPL $*"&73)*  '&0*$70&4 "  #&0'2##  @#';'3## . 
B"76,*  C';;# , .72"'7  "  -#27  -;7,'.#0*DE77 , ,;' -

$#2'"*$$'7  #(  $7.';'"'9  (&'-*0#67&,'9 ) ,;70,#  
"(2'&;'3'  <#"'0$'3' , .'4"#;*&%  $*  &"70 24 3')*  
$*(*)  @;*3')*24  >#08 >F-.@7;;8 , GF$8 H#;-808  # 
)283#-  &'028)$#,*-  I'&;#$&,'3'  #$&0#080*, *  0*,<7  
ÇPPL TherapeuticsÈ. >'-.*$#4  $*24)8  & @2#0*$&,#-  
J#$#&072&0"'-  &7;%&,'3'  ='(49&0"*  ?#$*$&#2'"*;*  
2*@'0+ . I'$  C<79-& , 8.2*";4DE#9  )#27,0'2  ÇPPL 
TherapeuticsÈ 0*,  2*&&,*(+"*;  '  C';;# : ÇB$*  .2# -
-*)'$$*  Ñ ($*70 , 60'  ($*-7$#0* , # .'(#2870  .727)  
,*-72*-# . B$*  $*6#$*70  &72)#0'  @;740%, ,'3)*  "+  
.'"'2*6#"*707&%  ,  $79 &.#$'9 , 60'@+ .'&-'0270%  $*  
)283#= <#"'0$+= È.
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!"  #$"  %&'()* , +*& PPL ,-(.'-/-$0  %1&.,#&2$*#&'  
/"3-1$*#"((45  1"3&'6.(-(*(45  6"/3&#  Ñ # +-$*(&$*. , 
*1-($7"((4"  &#84 2&/9(4  64/.  2-#-*0  '&/&3& , $&2"1 -
9-:""  6"/&3  AAT (-/0;- -1- -(*.*1.%$.( ) 2/)  /"+"(.)  
'<3&#.$8.2&,-  .  21<7.5 $&$*&)(.= , $#),-((45  $ 1-, -
1<>"(."'  $&"2.(.*"/0(&=  *3-(. . ?/)  3/&(.1&#-(.)  
#,)/.  3/"*3<  @%.*"/.)  '&/&+(&=  9"/",4  &#84, %&*&'< 
+*& # 3&'%-(..  .$$/"2&#-/.  $%&$&64 %&#4$.*0 @3$-
%1"$$.A  6"/3&#  # '&/&3" , Ñ .'"((&  @*. 3/"*3.  &3-,- -
/.$0  %&2 1<3&= # (<9(4=  '&'"(* . B-  ?&//.  .  21<7.'.  
&#"+3-'.  # 1998 7&2< %&$/"2&#-/-  3/&(.1&#-((-)  
3&1&#-, ,-*"'  3/&(.1&#-((4"  %&1&$)*- (3$*-*. , 7"((& -
'&2.;.8.1&#-((4" ). 

C3-(.  $#.("= , $&,2-((45  # 3&'%-(..  ÇRevivicorÈ, 
("  $&2"19-*  <7/"#&2-  -/0;- -7-/ , $ 3&*&14'  $#),-(4  
-//"17.+"$3."  1"-38..  (-  ')$& . D4#-"*  .  *-3-)  -//"1 -
7.) , .  $ ("=  &*2"/0(-)  ("%1&$*-)  .$*&1.) . 
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!"#$%&%'#(#)*+,-.%/#0#12(-2)+1/2
!-+.(-)  $ 2008 7&2- # (-<+(&=  /.*"1-*<1"  %&)#/)A* -
$)  %<6/.3-8..  & ("&64+(&'  )#/"(.. . E&$/"  *&7& 3-3 
+"/&#"3  $F"/  7&#)2.(< , 6-1-(.(<  ./.  $#.(.(< , < ("7&  
1-,#.#-"*$)  -(-;./-3*.+"$3-)  1"-38.)  Ñ 31-%.#(.8- , 
&*"3. , 61&(5&$%-,' . !"&64+(4'  64/&  *&, +*& $.'%*& -
'4  %&)#/)/.$0  ("  $1-,< , -  +"1",  *1.  Ñ >"$*0  +-$&#. 
E&@*&'< %1.+.((& -$/"2$*#"((<A  $#),0  <$*-(&#./.  $ 
*1<2&' : "$/.  #4  (-+("*"  ,-245-*0$)  (&+0A , *& #1)2  /.  
%&2<'-"*" , +*& @*& ., -,-  7-'6<17"1- , 3&*&14= $F"/.  
(-  <9.( . G//"17.)  (-  %+"/.(4=  <3<$, (-  /"3-1$*#& , 
(-  3&>"3  Ñ @*& %&()*(& , (&  (-  31-$(&"  ')$& ? ?-  ":"  
$%<$*) +-$4 , 3&72- #& #$"5 '"2.8.($3.5  $%1-#&+(.3-5  
%.><* , +*& -(-;./-3$.)  Ñ 1"-38.)  ("'"2/"((&7&  *.%- .

H3-,-/&$0 , +*& # 31&#.  *-3.5  %-8."(*&#  %1.$<*$*#<-
A*  -(*.*"/-  IgE (.''<(&7/&6</.(4  I ; 3/-$$  -(*.*"/ , 3&-



!"�m�Â�ð�ó�ð�����ð���î�ð�ï�ô�þ�|�����������������¥����������!!!"#$%"&'

!"#$%  &'()!*&+!  *  (,,%#-.'%)/.0  #%(/1.20  .  "!*%!% 3(  
4(#(5.!(#3$%  .36%/1.. ) /  &-,%*"7& Ñ 7.)(0(#.7&  .5  
7*&0 8",%/&,  -(,(/!"5$ , )"%7.3%33$0  "4#%7%,%33$8 
"9#(5"8 . :!"!  7.)(0(#.7  3(5$*(%!)2  -(,(/!"5( -(,;6( -
1,3- -(,(/!"5( , "3  <% (,;6( --(, , .,.  (3!.-%3  =(,.,. , *  
'%)!;  "73"-"  .5  4%#*""!/#$*(!%,%> .

?,;6( --(,  4#.)&!)!*&%!  *  8%89#(3(0  /,%!"/  9",; -
@.3)!*(  8,%/"4.!(+A.0 . B",;/"  & "9%5;23  C!(#"-"  C*%-
!(  .  & ,+7%>  %-" 3%!, !"  %)!;  D!"!  &-,%*"7  7,2  3()  '&<"> . 
E88&33(2  #%(/1.2  3(  3%-" *3").!  */,(7  *  "!!"#<%3.%  
"#-(3"*  .  !/(3%> , 4%#%)(<%33$0 "!  <.*"!3$0 . F73(/"  
&4"!#%9,%3.% 4.A%*$0  4#"7&/!"* , )"7%#<(A.0  (,;6( -
-(, , 3% *$5$*(%!  4#"9,%8  & 4"7(*,2+A%-"  9",;@.3)!*(  
,+7%> . G!"  <% 4"@,"  3% !(/  & ,+7%>  )  (,,%#-.%> ?

?8%#./(3)/.%  .)),%7"*(!%,.  "9#(!.,.  *3.8(3.% , 
'!"  ),&'(.  ).37#"8(  (,;6( --(,  '(A%  *)!#%'(+!)2  *  
+-" -*")!"'3$0  #(>"3(0  CH? . C!(,.  .)/(!;  6(/!"#  
)#%7$ .  3(@,. . I"  &7.*.!%,;3">  ),&'(>3")!. , "7.3  
.5  *%7&A.0 .)),%7"*(!%,%> , B"8()  I,(!) -J.,)  .5  
&3.*%#).!%!(  @!(!(  K.#-.3.2 , 4"),%  ,%)3">  4#"-&,/.  
3(@%, 3(  )%9% /,%A%>, .  & 3%-" 4"732,)2  &#"*%3;  !%0 
)(8$0  (3!.!%,  IgE /  (,;6( --(, , /"!"#$%  "3.  .5&'(,. . 
E)),%7"*(!%,.  3('(,.  "4#(@.*(!;  4(1.%3!"* , 3% /&)( -
,.  ,.  .0  /,%A.  3%5(7",-"  7"  4"2*,%3.2  (,,%#-.. , Ñ .  
90% "!*%!.,.  &!*%#7.!%,;3" !

I#.'.3">  (,,%#-..  & (8%#./(31%*  "/(5(,.);  
&/&)$  Ambylomma americanum Ñ /,%A( , /"!"#$>  4" -
(3-,.>)/.  3(5$*(%!)2  Lone Star, Ç"7.3"/(2  5*%57(È, 
.5 -5(  2#/"-"  9%,"-"  42!3$@/(  3(  !&,"*.A% .

K ),+3%  /,%A( , /"!"#$>  #(3%% )")(,  /#"*;  7#&-"-"  
8,%/"4.!(+A%-" , )"7%#<.!)2  (,;6( --(, , . , /"-7(  "3  
4"4(7(%!  *  /#"*;  '%,"*%/( , 8"<%!  4#".5">!.  )%3).9. -
,.5(1.2 : .88&33(2  ).)!%8(  5(4"8.3(%!  D!"!  &-,%*"7  
/(/  '&<%#"73$>  .  )  D!"-"  8"8%3!(  9&7%! 3(  3%-" #%(-
-.#"*(!; . F4()3$  3% !",;/"  Ç"7.3"/.%  5*%57$È, 3"  .  
7#&-.% *.7$  /,%A%>, .  9",%+!  3% !",;/"  (8%#./(31$ . 
C.37#"8  (,;6( --(,  5(#%-.)!#.#"*(3  *  17 )!#(3(0  3(  
*)%0 /"3!.3%3!(0 , 4#.'%8  3(.9",%%  #()4#")!#(3%3  
*  ?*)!#(,.. . ?*)!#(,.2 , /(/  "9$'3" , )!#(7(%!  .5 -5(  
/"36,./!"*  8%<7& *.7(8. - *)%,%31(8.  .  *.7(8.  
(9"#.-%33$8. . I"4$!/(  *"))!(3"*.!;  D/","-.'%)/"%  
#(*3"*%).%  7(,(  3%"<.7(33$>  4"9"'3$>  D66%/! . L( -
*%5%33$% *  ?*)!#(,.+  ,.)$  &3.'!"<(,.  9(37./&!"* , 
3"  /"-7(  )"/#(!.,.  '.),%33")!;  ,.)  Ñ #()4,"7.,.);  
9(37./&!$ , (  3(  3.0 , /(/  *$2)3.,"); , <.*&!  /,%A. É 

M(&'3$% <&#3(,.)!$  &<% 3% #(5  @&!.,. , '!"  D!.  
/,%A.  Ñ 4#"%/!  !(>3">  8"-&A%)!*%33">  "#-(3.5(1..  
*%-(3"* . G%8 9",;@%  &/&)"* , !%8 8%3;@% *  )&4%#8(# -
/%!(0  /#()3"-"  82)( , *#%73"-"  7,2  57"#"*;2  .  -,"9(,; -
3"-"  /,.8(!( ! N"!2 , )/"#%%, D!"  4#"%/!  4#".5*"7.!%,%>  
4!.';%-"  82)( : "3"  3% )"7%#<.!  (,;6( --(, , !(/  '!"  

/&#.1( , &!/(  .  .37%>/(  (,,%#-./(8  3% 5(4#%A%3$. (O(/  
.  82)"  "9%5;23 , 3"  D!"  4,"0(2  .7%2 3% !",;/"  4"!"8& , 
'!"  4#.8(!$  ),.@/"8  #(5&83$  7,2  &4"!#%9,%3.2  *  
4.A& : & 3.0  8"-&!  9$!;  "4()3$%  7,2  '%,"*%/(  *.#&)$ .) 
C4#(*%7,.*")!.  #(7. : 3% *)% ),&'(.  (,,%#-..  3(  82)"  
)*25(3$  )  /,%A(8. . M(4#.8%# , "3(  *)!#%'(%!)2  3(  
=(*(>20 , -7% /,%A.  3% *"72!)2 .

P( , !(/  4"'%8&  (,,%#-.2  3(  /#()3"%  82)"  #(5*.*( -
%!)2 )4&)!2  '()$ ? K.7.8" , .5 -5(  !"-" , '!"  (,,%#-%33$>  
)(0(#  Ç)4#2!(3 È *  ,.4.7(0  (<.#(0 ) .  8%7,%33" 4")!& -
4(%! *  /#"*"!"/ .

!"#$%&'(%#)*+%
B", '!"  ,+7.  )  ).37#"8"8  (,;6( --(,  *$3&<7%3$ 5( -
/(5$*(!;  *  ÇJ(/7"3(,7)% È /&#.3$%  /#$,$@/.  *8%)!"  
-(89&#-%#"* , 4%'(,;3" , 3"  3% !#(-.'3" . N&<% 7#&-"%: 
D!.8  ,+728  3%,;52  3(53('(!;  ,%/(#)!*(  3(  ")3"*%  
9%,/"* , )"57(33$%  9."!%03","-.'%)/.8.  8%!"7(8. . 
B(/.%  ,%/(#)!*(  4#".5*"72!)2  *  /&,;!&#(0  /,%!"/ . E 
/"-7(  8$  -"*"#.8  Ç9%,"/ È Ñ 4"7#(5&8%*(%8  Ç-,./" -
4#"!%.3 È: 6%#8%3!(!.*3(2  ).)!%8(  /,%!/.  8,%/"4. -
!(+A%-"  3(*%@.*(%!  3(  9%,"/  &-,%*"73$% 1%4"'/. , .  
)#%7.  D!.0  &-,%*"7"*  %)!;  !"!  )(8$>  (,,%#-%3 . O)!(!. , 
I,(!) -J.,)  )  /",,%-(8.  .53('(,;3"  .)),%7"*(,.  3% 
(,,%#-.+  3(  82)" , (  (,,%#-.+  3(  4#"!.*"#(/"*$>  
4#%4(#(!  :#9.!&/)  (1%!&/).8(9 ) Ñ 8"3"/,"3(,;3"%  
(3!.!%,"  4#"!.*  #%1%4!"#(  6(/!"#(  #")!( ; !" , '!"  5(  
(,,%#-.%>  3(  82)"  )!".!  (3(,"-.'3$>  8%0(3.58 , *$ -
2)3.,");  *  4#"1%))%. :!(  ).!&(1.2  &<% )"*%#@%33" 
3% )8%@3(2: '%,"*%/&  )"  )8%#!%,;3$8  5(9",%*(3.%8  
3(53('(+!  ,%/(#)!*" , (  "3"  *$5$*(%!  (,,%#-.+ . F  
/)%3"!#(3)4,(3!(1..  Ñ 4%#%)(7/% 0"!2  9$  ,")/&!(  
/"<.  "!  <.*"!3"-"  Ñ ,&'@% .  3% 7&8(!; .

E 57%);  8$  *"5*#(A(%8)2  /  )*.3;28  "!  /"84(3..  
ÇRevivicorÈ. F#-(3$  .  !/(3.  D!.0  )*.3%> , /"!"#$8  7(,.  
3(5*(3.%  GalSafe, 3% )"7%#<(!  (,;6( --(, . Q 3.0  4" -
*#%<7%3 -%3 6%#8%3!(  GGTA1, /"!"#$>  4#".5*"7.!  
D!"!  &-,%*"7 . O)!(!. , !"!  <% -%3 4"!%#2,.  ,+7.  .  "9%-
5;23$ , ,.@%33$% (,;6( --(, , !(/  '!"  )*.3;.  GalSafe 
9."0.8.'%)/.  3%83"-"  9,.<%  /  3(8 , '%8  .0  "9$/3" -
*%33$% )"#"7.'. . 

:!.  )*.3;.  Ñ 3% !",;/"  9%5"4()3(2  7,2  (,,%#-./(  
"!9.*3(2 , 3"  %A% .  4"!%31.(,;3$>  .)!"'3./  ,%/(#)!*  .  
"#-(3"*  7,2  4%#%)(7/. . F3.  8"-&!  ),&<.!;  .)!"'3./"8  
8(!%#.(,"*  7,2  8%7.1.3)/.0  4#"7&/!"* , )*"9"73$0  "!  
(,;6( --(, , 3(4#.8%#  -%4(#.3(  Ñ 4#%4(#(!( , /"!"#$>  
4#%42!)!*&%! )*%#!$*(3.+  /#"*. . G%,"*%/& )  (,,%#-. -
%> !(/.%  4#"7&/!$  8"-&!  )4()!.  <.53; . 

B/(3.  .  "#-(3$  )*.3%>  GalSafe, *"58"<3" , #%@(! 
4#"9,%8&  .88&33"-"  "!!"#<%3.2  4#.  !#(3)4,(3!(1..  
4(1.%3!(8  )  (,;6( - -(, - ).37#"8"8 . ?8%#./(3)/(2  
/"84(3.2  ÇXenoTherapeuticsÈ &<% 3('(,(  /,.3.'%)/.%  
.)),%7"*(3.2  /"<3$0  !#(3)4,(3!(!"*  "!  8"7.6.1. -
#"*(33$0  )*.3%> : .0  4%#%)(<.*(+!  4(1.%3!(8  )  "<" -
-(8.  .  (,,%#-.%>  3(  (,;6( --(, . I"/(  *  .)),%7"*(3.20  
&'()!*&+!  !#.  '%,"*%/( , 4,(3.#&%!)2  4#.*,%';  %A% 
!#".0 . K"58"<3" , !(/.%  !#(3)4,(3!(!$  9&7&! ,&'@% 
4#.<.*(!;)2  .  & ,+7%>  9%5 (,,%#-.. ?



!"

!"#$%&'"()%*+#,"#-)
!  "#$#%&'(  )*+,& , -&# ÇFDA #.#/0*1#  23""# -4#.* -
5*6*0#$7""8(  %$*"39 È. :."7;#  $ .#;,43"&3  FDA 
*%)#1<=,3&%' .0,2#9  &304*"  Ñ Ç)03."74303""#3  *= -
43"3"*3  23"#47 È (intentional genomic alteration, IGA). 
:)03.313"*3  34,  .73&%' &7;#3: Ç*=43"3"*' , %.317" -
"83  % *%)#1<=#$7"*34  %#$0343""8(  4#13;,1'0"8(  
&3("#1#2*9 , ;#&#083  4#2,& $;1>-7&<  %1,-79"83  *1*  
6313$83  *=43"3"*'  )#%13.#$7&31<"#%&* ?@A, $ &#4 
-*%13 $%&7$;*, =743"8  *1*  .3136**  ",;13#&*.#$ , *1*  
.0,2*3  &3("#1#2** , ;#&#083  $"#%'& #)03.313""83  *= -
43"3"*'  $ 23"#4  B*$#&"#2# È. 

@3#/(#.*4#%&<  $ "#$#4  &304*"3  $#="*;17 , #-3$*. -
"# , % )#'$13"*34  "#$8(  &3("#1#2*9 , &7;*(  ;7;  03.7; -
&*0#$7"*3  23"#4#$  % )#4#C<>  CRISPR. D7;#"#.7&31*  
07="8(  %&07" "7-71*  #/%,B.7&< , )#.)7.7>&  1*  B*$#&-
"83  *  07%&3"*'  % #&03.7;&*0#$7""84*  23"#474*  )#.  
&3 B3 #207"*-3"*' , -&# *  EF: . G#1<+*"%&$# EF  #027-
"*=4#$  %#.30B7& 23"8 , #&%,&%&$,>C*3 ,  )070#.*&31' , 
7 )0*  23""#4  03.7;&*0#$7"**  % )#4#C<>  CRISPR "3;*9  
%,C3%&$,>C*9  23" $8$#.*&%'  *=  %&0#' *1*  03.7;&*0, -
3&%' #.*"  ",;13#&*. . (H3("*-3%;*  % )#4#C<>  CRISPR 
4#B"#  *  $%&7$*&< "#$89  23" $ 23"#4 , #."7;#  I&,  20,)),  
43&#.#$  03.7;&*0#$7"*'  032,1'&#08  07%%47&0*$7>& 
#&.31<"# .) @# ;0#43  &#2#, %,C3%&$,3& #)7%"#%&< "363 -
13$#2# 03.7;&*0#$7"*' , ;#2.7  Ç23"3&*-3%;*3  "#B"*68 È 
)#  #+*/;3  )#$03B.7>&  .0,2#9  %(#."89  ,-7%&#; 23"#47  
*  I&# $1*'3&  "7  )0*="7;*  #027"*=47 .

H7; *1*  *"7-3  )#.  #)03.313"*3  Ç)03."74303""#2#  
*=43"3"*'  23"#47 È )#.)7.73&  1>/#9  *=  %,C3%&$,>C*(  
43&#.#$ , 7 &7;B3 &3, -&# 3C3  "3  *=#/03&3"8 . J0*  I&#4  
"#$89  &304*"  "3  "3%3& &7;#9 "327&*$"#9  "720,=;* , ;7;  
EF: . J#;7  "3  "3%3&: %# $0343"34  )0#&*$"*;*  %#$03-
43""8(  /*#&3("#1#2*9  $8,-7&  7//03$*7&,08  IGA/JKE  
*  )303)3-7&7>&  %$#* /,;13&8 .

FDA =7;1>-*1# , -&# ,)#&03/13"*3  $ )*C,  4'%7  
%$*"39 GalSafe /3=#)7%"#  .1'  B*$#&"8(  *  1>.39 . L3-<  
*.3&  # "7%313"**  $ 631#4 . J#%;#1<;,  =7'$;7  ;#4)7"**  
"3  $;1>-717  .7""83  #/  ,%&07"3"**  *1*  )03.#&$07C3 -
"**  )*C3$#9  711302** , FDA "3  #63"*$71#  #&.31<"#  
/3=#)7%"#%&< .1'  1>.39  % 711302*39  "7  71<57 -271. @# 
;#1<  %;#0# *.,&  ;1*"*-3%;*3  *%)8&7"*'  % )303%7.;#9  
;#B"8(  1#%;,&#$, 4#B"#  % ,$303""#%&<>  )03.)#1# -
B*&<, -&# 4'%#  GalSafe /3=#)7%"#  *  .1'  "*( .

@*;7;*(  07=03+3"*9  "7  43.*6*"%;*3  )0#.,;&8  
)#;7  "3  $8.7"# , )#.-30;*$73&%'  $ )03%%-031*=3  FDA. 
J0#.,;&8  .#1B"8  )0#9&*  *%)8&7"*' , 07=07/#&-*;*  
)#.7.,&  =7'$;, , ;#&#07'  /,.3&  07%%4#&03"7 $ %##&-
$3&%&$** % )07$*174* , &#1<;# &#2.7 2*)#7113023""89  
23)70*"  *  ;#B"83  1#%;,&8 .1'  &07"%)17"&76**  )#%&,)'&  
$ ;1*"*;, .

H7;B3 FDA )0#7"71*=*0#$71#  $#=4#B"#3  $1*'"*3 , 
;#&#0#3  %$*"<*  GalSafe #;7B,&  "7  I;#1#2*-3%;,>  #/%&7-
"#$;, , *  )#%&7"#$*1# , -&# #"#  "3  /#1<+3 , -34  ,  #/8-"8(  
%$*"39. J0*  I&#4  ,%1#$*' , $ ;#&#08(  /,.,&  %#.30B7&<%' 
4#.*5*6*0#$7""83  %$*"<*  GalSafe, ;#"&0#1*0,>&%'  
2#07=.#  %&0#B3, -34  $ #/8-"8(  %$*"#$#.-3%;*(  (#='9 -
%&$7(. @3 #B*.73&%'  )0#/134  "*  .1'  #;0,B7>C39  %03.8 , 

"*  .1'  %74*(  %$*"39, ;0#43  &3(, -&# ,B3  *=$3%&"8. M* -
$#&"#3 4#B3& /8&<  )0#.,;&#4  $8%#;*(  /*#&3("#1#2*9 , 
"#  %$*"#9 "7$#=  #%&73&%' %$*"84  "7$#=#4 .

:&.31<"#  FDA #63"*1# , "7%;#1<;#  #)7%"8  "#$83  
%$*"<*  % &#-;*  =03"*'  $#=.39%&$*'  "7  4*;0#51#0, , 
"7)0*430 , "3  /,.,&  1*  #"*  %)#%#/%&$#$7&< )#'$13"*>  
,%&#9-*$8(  ;  7"&*/*#&*;74  /7;&30*9 . N&#& 0*%; &7;B3 
%#-1* "*=;*4 .

H7;*4  #/07=#4 , ;#4)7"**  ÇRevivicorÈ 07=03+3"#  
)0#.7$7&<  %$*"*",  GalSafe. A#4)7"*'  %##/C73&, -&# 
4'%#  4#B"#  /,.3&  )#1,-*&<  )#  )#-&3 , $ 4727=*"7(  #"#  
"3  )#'$*&%' . O%1* -31#$3;  % 711302*39  =7(#-3& #&43-
&*&< .3"<  0#B.3"*'  %$*"#9  $803=;#9 , &3)30< ,  "32#  
/,.3&  &7;7'  $#=4#B"#%&<.

!./#%*01+#/(#%
?#  "7%&#'C32# $0343"*  FDA #.#/0*1#  .1'  )*C3$#2#  *  
/*#43.*6*"%;#2#  *%)#1<=#$7"*'  )'&<  B*$#&"8(  % *= -
43"3"*'4*  $ 23"#43 ; %$*"<'  GalSafe Ñ )'&#3 , *  )30$#3  
%03.*  %P3.#/"8(  "7=34"8( .

H3#03&*-3%;*  $ QRS  07=03+3"  1#%#%< AquAdvan-
tage )0#*=$#.%&$7  ;#4)7"**  ÇAquaBountyÈ. N&# 7&-
17"&*-3%;*9  1#%#%< Salmo salar, $ 23"#43  ;#&#0#2# 
%#.30B*&%' 23" 2#04#"7  0#%&7 1#%#%' -7$8-* , 7 %*"&3= 
32# ,)07$1'3&%'  )0#4#&#0#4  Ç/31;7 -7"&*50*=7 È *=  
23"#47  7430*;7"%;#9  /31<.>2* . N&#& /31#;  )#4#273& 
08/3  $8B*$7&< )0*  "*=;*(  &34)307&,07( , *  )0#4#&#0  
(Ç$;1>-7&31< È) 32# 23"7 7;&*$3"  )#%&#'""# . J#I&#4,  
23""# -4#.*5*6*0#$7""89  1#%#%<, $ #&1*-*3  #& #/8- -
"#2# , 07%&3& ;0,2189  2#. , 7 "3  &#1<;# $3%"#9 *  13&#4, 
*  .#%&*273& 07=430#$ , )03$#%(#.'C*(  %7483 %43183 
08/76;*3  07%%;7=8.

A#4)7"*'  ÇAquaBountyÈ $807C*$73&  %$#*( 1#%#%39 
"7  )03.)0*'&**  $ +&7&3 K".*7"7 . A )0#/1343  /*# -
/3=#)7%"#%&* )#.(#.'&  %30<3="#. L7%&'& "7  )0#.7B,  
&#1<;# %&30*1<"8( &0*)1#*."8(  %74#;: *;0,  #/07/7&8 -
$7>& )0*  )#$8+3""#4  .7$13"**  *  &34)307&,03 , -&#/8  
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/%!,!  6!))*'.-2('-21 . @26 6$*(45  Ñ 6*$)3!82&7  2 -$  
)'&7 , -'6*20$*  6*!&1-+&7  *!)2&$39  2,*+:%+ , '  %!,)'  
*!)2&$37  % -$5  6!&1-$&/1 , !&)$*-+&7  *+%+. D/&7 $E$  6*! -
(!%'C2!--!$  )$5/&(2$ : 0'31(%'  )$3'$&  &!, <&! -$37.1 , 
232 -$  )$3'$&  &!,! , <&! -+8-! , /%'8$0 , /+$& (  *!&  ,+"%+. 
F  -'%!-$C , 03')$-C4  0$:'9&  )*+,20  Ñ !&"2*'9&  6*$) -
0$&4, !&(3$%'9& . G"4<-!  !-2  6!(&!*19&  /(!2  )$5/&(21  
-$/%!37%!  *'. , 6*2  =&!0  /0!&*1&  -'  *!)2&$31  2 +34"' -
9&/1 , !82)'1 , <&! -'  -2A !"*'&1&  (-20'-2$ , +34"-+&/1 , 
6!2,*'9& .

D/32  &'%!$ 6!($)$-2$  -$  6!-*'(23!/7 , 0'34:2  
$,!  *$)%!  6!(&!*19& . B3$)!('&$37-! , !-2  +8$ (  &'%!0  
(!.*'/&$  6!-20'9&  -'/&*!$-2$  )*+,!,!  <$3!($%'  2 
6*$)(2)1&  $,!  *$'%C29 . @'%, !-2  !82)'9& , <&! *!)2&$37  
-$  &!37%! 6!&1-$&/1  .'  6*$)3!8$--!5  2,*+:%!5 , -!  2 
+)2(2&/1 , $/32  ()*+,  $$ -$  6!3+<2&. @!-&! ($/$3! ! H&2 
%*!A2 2 /'02  ,!&!(4  6!/0$1&7/1  -')  A!*!:$5  :+&%!5 , 

%!,)'  0'0' , % 6*20$*+ , )$3'$&  (2) , <&! 67$& 2.  )$&/%!5  
"+&43!<%2. F  *'.  2A /0$:'&  '"/+*)-4$  6!/&+6%2, !-2  +8$ 
6!-20'9& , %'%20 )!38$-  "4&7 2/&2--45  6!*1)!%  ($E$5 .

I!  $/32  "$//3!($/-4$  03')$-C4  0!,+&  2 :+&2&7, 2 
!C$-2&7  <+8+9 :+&%+, .-'<2& , 1.4% 20  )31  =&!,!  -$  -+8$- . 
@'%, 0!8$&  "4&7 , :+&32(!$  6!))*'.-2('-2$  6*2/+E$  2 
82(!&-40 , (  &!0  <2/3$  !"$.71-'0 ? F  6!/%!37%+ +<$-4A 
(/$,)'  2-&$*$/+$& , !&%+)'  <&! "$*$&/1 , /*'.+  (!.-2%'$&  
(!6*!/  !"  =(!39C2!--4A  %!*-1A 2,*2(!,!  6!))*'.-2 -
('-21  2 <+(/&('  90!*' . 

J$3!($%!!"*'.-4$  !"$.71-4  )*'.-1&/1  ($/70'  
*'.-!!"*'.-! , -!  2,*2(!$  6!))*'.-2('-2$  !62/'-!  
)!(!37-!  63!A! , <&! +)2(2&$37-! , +<2&4('1 , /%!37%! 
2//3$)!('-25  6!/(1E$-!  2,*'0  82(!&-4A . G<$(2)-! , 
+<$-4$ , 2-&$*$/!('(:2$/1  )*'.-$-2$0 , /%!-C$-&*2 -
*!('32/7  2/%39<2&$37-!  -'  $,!  ',*$//2(-!0  '/6$%&$. 
@'%, ,!33'-)/%25  +<$-45  G&&! K)'-, , *'"!&'(:25  
(  1980- A ,!)'A  (  L&*$A&/%!0 +-2($*/2&$&$ , -'"39 -
)'3  .'  6!($)$-2$0  0!3!)4A  :206'-.$  (  .!!6'*%$  
,!*!)'  K*-$0' . G-  (2)$3 , %'% (!  (*$01  2,*4  232 (  
%!-M32%&-!5 /2&+'C22  :206'-.$  :(4*19&  6*$)0$&4  
(  )*+,2A  !"$.71- , -$  (A!)1E2A  (  2A %!06'-29 . H&! 
"43'  "$.+/3!(-'1  ',*$//21 , 2 K)'-,  6*$)6!3!823 , <&! 
:206'-.$  &'%20 !"*'.!0  +/&'-'(32('9&  2$*'*A29  )! -
02-2*!('-21  232 6*!E+64('9&  ,*'-2C4  /!"/&($--4A  
(!.0!8-!/&$5 . N*2  =&!0  +<$-45  -'0$*$--!  2/%39<23 
2.  '-'32.'  (/$  )$5/&(21 , /!($*:$--4$  !"$.71-'02  /  
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!"#"$%&#'()  *(#"+&',&)  -,."  Ñ #/% /%$#(%, -,.&*(&  
)(0.(  #"11-"2-&'( , Ñ $/%/#/&  1-3+,% 4#,5'"$/)  
,6#/*/6/  4/*&7&',8 . 

9&)  '&  )&'&&  '&$/%/#(&  1*&7&',8  /  4/77#"5',*" -
',,  *  -,%&#"%3#& /2'"#3+,%:  )/+'/ , ;&)  ,  5"'8-,1:  
,11-&7/*"%&-:',.(  <"-,=/#',>1$/6/  3',*&#1,%&%"  
*  ?/1 -@'7+&-&1& 4/7  #3$/*/71%*/)  7/.&'%"  A#,$,  
<"#%),- . B";"-,  /',  1 4/,1$"  34/),'"',>  /  %&! %#&! 
=/#)"!  ,6#/*/6/  4/77#"5',*"',8 , 1*/>1%*&''(!  
)-"7&'.") .

!"#$%&'(
C-3;"&* , $/67"  /7'"  /2&5:8'"  4#&7-"6"&% ;%/-',237:  
7#36/> , "  4/%/)  '&  7"&%, /4,1"'/  )'/6/ . D,)4"'5&  ,  
/#"'63%"'(  #"5'(!  */5#"1%/*  4#/%86,*"E% 7#36 7#363 
)8;,$, , 4"-/;$, , 1/21%*&''(&  #3$, . F7,'  1")&.  /#"' -
63%"'"  *  5//4"#$&  4#/1/*(*"-  4"-/;$3  1")$& , $/%/#"8  
1,7&-"  *  1/1&7'&>  $-&%$&, /%7&-&''"8  1&%;"%/> 1%&'$/>. 
<"$  %/-:$/  1")$"  4(%"-"1:  1!*"%,%:  4"-/;$3 , 03%',$  && 
/%7&#6,*"- . 9"$  /',  5"2"*-8-,1:  7/*/-:'/  7/-6/ , ,)  '&  
'"7/&7"-/ , ,  1")$"  '&  1&#7,-"1: .

G'%&#&1'(>  H$14&#,)&'%  4/1%"*,-,  *  2018 6/73  
")&#,$"'1$,&  ,11-&7/*"%&-,  4/7  #3$/*/71%*/)  I#"> -
"'"  JH>#" , 4#/=&11/#"  H*/-E.,/''/>  "'%#/4/-/6,,  
*  3',*&#1,%&%& K:E$" . G!  ,'%&#&1/*"-/ , 4&#&7"1% -,  

2/'/2/  4"-$3  ;&-/*&$3 , $/%/#(>  /2  H%/) 4#/1,% . B" -
4/)',) , ;%/ 2/'/2/  (Pan paniscus) Ñ ;&-/*&$//2#"5'"8  
/2&5:8'" , 2/-&&  ),#/-E2,*"8  ,  1/.,"-:'"8 , ;&)  7#36/>  
*,7  0,)4"'5& , Pan troglodytes. 

A$14&#,)&'%  *(6-87,%  1-&73EL,)  /2#"5/) . I/'/2/  
1,7,%  *  $/)'"%&  1 1&%;"%(),  1%&'$"),  ,  *,7,% , $"$ *  1/ -
1&7'&)  4/)&L&',,  /7,'  ;&-/*&$  7&)/'1%#"%,*'/  $#"7&% 
3 7#36/6/  4"-$3 , *(!/7,%  1 '&>  ,5  $/)'"%(  ,  5"4,#"&%  
7*&#: . M"%&) /2,7;,$  4/71/*(*"&%  4"-$3  4/7  1%&'$3 /2& -
5:8':&>  $/)'"%( , #87/)  1 '&>  $-"7&% $31/;&$  2"'"'"  ,  
3!/7,% . M"4&#%(> ,  /6#"2-&''(>  ;&-/*&$  !'(;&% , %#81&% 
7*&#: , 2#/1"&% *(#"5,%&-:'(&  *56-87(  '"  4"-$3  ,  '"  2/ -
'/2/ , 1-/*/) , *18;&1$,  7&)/'1%#,#3&%  +&-"',&  4/-3;,%:  
1*/&  1/$#/*,L&  '"5"7  Ñ 1")  /'  7/  4"-$,  7/%8'3%:18 '&  
)/+&% . I/'/2/  *  %"$/> 1,%3".,,  *1&67"  '";,'"-,  1 %/6/, 
;%/ 1N&7"-,  2"'"' . M"%&) /',  *(%"1$,*"-,  4"-$3  ,5 -4/7  
1&%$, (,'/67" ), '/  4#"$%,;&1$,  ',$/67"  && '&  4&#&7"*"-, . 
K&%, ,  0,)4"'5&  *  4/7/2'(!  H$14&#,)&'%"!  */5*#"L" -
-,  /6#"2-&''/)3  &6/ ,)3L&1%*/  4#,)&#'/  *  4/-/*,'&  
1-3;"&* , "  2/'/2/  *18$,&  /#37,8  4/;&)3 -%/ 4&#&7"E% 
'&/!/%'/ . <")'&)  7-8  $/-$,  /#&!/*  '&  4/7&-8%18, 5"%/ 
/#&!"),  36/1%8%, 5'";,% , '&  +"7',;"E% . G +&-"',&  
;&-/*&$"  4/',)"E%  4#&$#"1'/ , 4/%/)3  ;%/ 7#"5'8%18. 
D&1%&#/ 2/'/2/  ,5  */1&)'"7."%,  4#/%86,*"-,  /6#" -
2-&''/)3  4"-$3  ,  /%7&#6,*"-, , 4#,;&)  %"$/& 4/*&7&',&  
4/*%/#8-/1:  #&63-8#'/ . G11-&7/*"%&-,  ,1%/-$/*"-,  &6/ 
$"$ 4/4(%$3 ,',.,,#/*"%:  $/'%"$%. 
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!!

!"#$%& '#$(%  )#**$%+,-.%,-&  Ñ )$#.#/%0-#,,#1  
)#.1*1,-1  (2-.#",#1  *13%1" "# , 4"# ,1  )#3#21,# , -3-  
,1  *13%1" "#5#, 4"# ,%*# ). 65# 73#2,#  .8&.-"9 , )#"#(:  
4"# )$#.#/%0-;  315/#  7):"%"9  7 ,1213%,-1( . <%)$- -
(1$ , #=1+9&,% ,1  .#+.$%>%1"  *%,,8?  1? )$1*(1" , -  
)#*-  $%+=1$-, .  41(  *13# : #,% ,1  )#,-(%1" , 415# #"  
,11  2*:" , ,1  @#41" $%77"%.%"97& 7 )$1*(1"#(  -3-  +%-
.&+8.%1"  7#0-%39,8?  /#,"%/" ? A#-.-*-(#(: , 2-.#",81  
.71 -"%/-  :7"$%-.%;"  )$#.#/%0-- , @#"& "%/-@ 73:4%1. 
#)-7%,#  (%3#. B#$-33% C#/# , /#"#$:;  ,%:4-3-  &+8/:  
217"#. , $15:3&$,#  *%.%3% ,1)$%.-39,81  #".1"8 , @#"& 
)$%.-39,81 , =1+:73#.,# , +,%3%. D C#/#  $%=#"%3% +##- 
)7-@#3#5 E$%,7-,  (A1,,- ) A%"1$7#, . <% .#)$#7 : ÇF1(  
A1,,-  4-7"-"  ".#-  +:=8 ?È C#/#  #".14%3%: Ç<#5#?È. G 4"# 
A1,,-  /3%*1"  ,% ".#;  +:=,:;  >1"/: ? <#7 ! H )#*,-(%1"  
,#5:  /  ,#7: , *1(#,7"$-$:&  -5$-.#1  3-0# . I*,%/#  73:4%-, 
/#5*% #=1+9&,8  7)10-%39,#  :)#"$1=3&;"  ,1)$%.-39,81  
73#.%, "$:*,#  -,"1$)$1"-$#.%"9 , )#"#(:  4"# #=:41,,8@  
&+8/:  2-.#",8@  ,1.#39,#  #413#.14-.%;" .

J1K%;"  3-  2-.#",81  *$:5  *$:5: ? I , *%! <#  #)&"9 -
"%/- , (#"-.%0-&  "%/#5# )#.1*1,-&  (#21"  =8"9  $%+,#?: 
)$-.3149  .,-(%,-1 , #".3149  .,-(%,-1 , )#=:*-"9  /  *1? -
7".-; . <%/#,10 , )#(1@-  (#5:"  =8"9  73:4%?,8(- . A#,&"9  
-@ )#*#)31/:  )#(#5%;"  7#):"7".:;>-1  )$-+,%/- , )# -
+.#3&;>-1  -7"#3/#.%"9  )#.1*1,-1  2-.#",#5#  /%/ -5$: . 
L-/-1  *1"1,8K-  K-()%,+1  4%7"# )$-7"%;"  /  .+$#738(  
#=1+9&,%( , /:7%;"  -3-  "1$1=&" , -  .+$#7381  .  #".1"  3-=#  
-5$%;"  7 *1"1,8K%(- , 3-=#  #""%3/-.%;" , ,#  %5$177-- 
,1  )$#&.3&;" . M# 21  )$#-7@#*-"  -  .  ,1.#31 . H7731*# -
.%"13-  ,%=3;*%3- , /%/ #$%,5:"%, , 2-.:>-?  .  +##)%$/1  

�����K���S�q�w�{�z�s�w�u���|�v�q�k�n�y�z�q�{�n�{�n���z�v�q�u�i�‡�{���{�n�z�{�w�k�„�r���}�q�t�…�u���m�t�ˆ���w�j�n�p�…�ˆ�v�����S�q�v�l���S�w�v�l���x�y�ˆ�€�n�{�����€�n�t�w�k�n�s���q�‚�n�{�����w�j�n�p�…�ˆ�v�i���m�w�t�o-
�v�i���m�w�l�i�m�i�{�…�z�ˆ�����l�m�n���w�v���j�|�m�n�{���q�z�s�i�{�…�����Z�x�y�i�k�i���i�s�{�n�y���k���s�w�z�{�‡�u�n���S�q�v�l���S�w�v�l�i�����K���t�n�k�w�u���k�n�y�~�v�n�u���|�l�t�|���q�p�w�j�y�i�o�n�v�q�n���w�j�n�p�…�ˆ�v�„��
�x�n�y�n�m���†�s�y�i�v�w�u�����S�y�i�z�v�i�ˆ���{�w�€�s�i���x�w�s�i�p�„�k�i�n�{���v�i�x�y�i�k�t�n�v�q�n���k�p�l�t�ˆ�m�i���o�q�k�w�{�v�w�l�w

M:%?/$#77%, )-@%3 7.#-@ 7#71*1?  )#  /31"/1  -3-  *1$5%3 
+% .#3#78 , )#/%  /"# -,-=:*9  ,1  )$1$8.%3  7.#15#  +%,&"-& 
-  ,1  ,%4-,%3 7 ,-(  K:"3-.#  .#+-"97& . !  N"-@ 73:4%&@ (8  
-(11(  *13#  7 *$:213;=,8(  .+%-(#*1?7".-1( .

!"#$%&#$'($()*'+,$+'#$'

F"#=8  )#**$%+,-.%,-1  ,1  .#7)$-,-(%3#79  /%/ %5$177-&, 
K:",-/  *#321,  )#,-(%"9 , 4"# *:(%1"  -  4:.7".:1"  #=O-
1/"  K:"/- . P"#  :(1,-1  (15# ,%+.%3- "1#$-1?  $%+:(%) ,1  
731*:1"  ):"%"9  7 N()%"-1?  Ñ 7)#7#=,#7"9;  $%+*13&"9 
4:.7".%  *$:5#5#  413#.1/%, 7(1&"97&  -3-  5#$1.%"9 .(17"1  
7 ,-( . <%=3;*1,-&  )#/%+8.%;" , 4"# "1#$-1?  $%+:(% 
#=3%*%;"  ,1  "#39/#  3;*- , .  "#(  4-731  -  (3%*1,08 , ,#  
-  #=1+9&,8 .

A#/%+%"139,8 $1+:39"%"8 -7731*#.%,-& , /#"#$#1  
)$#.13-  7)10-%3-7"8  C-#"7/#5#  -  C1,"7/#5#  :,-.1$ -
7-"1"#. . L.:@ K-()%,+1 , 4%>1 (%"9 -  *-"& , )#(1>%3-  
.  7#71*,-1  /%=-,/- , $%+*131,,81  )$#+$%4,#?  )1$15# -
$#*/#? . !  )1$15#$#*/1 , .  (1"$1  #"  )#3%, 17"9 (%31,9/#1  
#".1$7"-1 . Q-()%,+1  .  N"# #".1$7"-1  ,1  )$#31+1" , ,#  
(#21"  )1$1*%"9  )$1*(1" . I*,#?  -+  #=1+9&,  )$1*3%5%3- 
7#/ , /#"#$8?  (#2,#  *#=8"9 , 3-=#  .87#7%.  41$1+ 7#3#-
(-,/: , )$#):>1,,:;  41$1+ #".1$7"-1  .  )1$15#$#*/1 , 
3-=#  )#*#*.-,:.  :)%/#./:  )%3/#? . R%*%4% ,173#2,%& , 
,#  :  K-()%,+1  ,1  =83#  ,-  )%3/- , ,-  7#3#(-,/- . R%"# 
#=1+9&,1  .  7#71*,1?  /%=-,/1  *%.%3- ,%=#$ -+  71(-  
)$1*(1"#. : )%3/%, 7#3#(/% , K3%,5, 01)9 , .1$1./% , /-7"9  
-  $1(1,9 . A#/% #,% )1$1=-$%3% N"# =#5%"7".#, K-()%,+1  



!"�m�Â�ð�ó�ð�����ð���î�ð�ï�ô�þ�|�����������������¥����������!!!"#$%"&'

!  !"#"$  %&'()  *(#+  ,-*-.  "#"/-,#"  + 0)"12)  3 )24"/+ , 
1*+3)-#2&  # !-5-  3'+$2'+- . 6  1"423)&78-$  5")9/+' -
!%3- !)(,2-3  !"!-4  "%#)+#2)!&  '2  1*"!95(  + 1"4232)  
!")"$+'#(  +)+  12)#( , 3 .23+!+$"!%+  "% %":" , ,%" %*-5" -
32)"!9  3 42'';<  $"$-'%  Ñ !#3".9  1*".*2,'(7  !%-'#(  
0"*"/"  3+4'" , #2# +$-''"  $"='"  4"5;%9  !"# . >"  -!)+  
1-*-:"*"4#2  '-1*".*2,'2 , 1"$"8+  =42%9 '-  1*+0"4+%!&, 
1"%"$(  ,%" 3)24-)-?  +'!%*($-'%"3  '-  1"'+$2-%  ?-)+  
!"!-42 , + 1*"!%+*2'+-  *(#  ,-*-.  "#"/-,#"  '-  1"$"=-% . 
@")9#" /+$12'.-  A7$2  '-  )-'+)!&  .2:)&4;32%9  3 "#" -
/-,#" , "?-'+32)  !+%(2?+7  + 1"4232)  %", ,%" %*-5(-%!& 
(3 !"!-4'-<  #25+'#-  '20"4+)2!9  -:"  $2$2 ). 

B'":"  C#!1-*+$-'%"3  !  /+$12'.-  1*"3-)+  +!!)-4" -
32%-)+ *2.';0  !%*2'  1"4  *(#"3"4!%3"$  B2<#)2  @"$2!-) -
)" , 1*"D-!!"*2  E'!%+%(%2 C3")7?+"''"<  2'%*"1")":++  
B2#!2  F)2'#2 . G'+  3;&!'+)+ , ,%" /+$12'.-  1"'+$27%  
'-  %")9#"  ?-)9  4*(:"<  "5-.9&';  +)+  ,-)"3-#2  Ñ '21*+ -
$-* , 1"427% -$(  "5*"'-''(7  12)#( , 4"  #"%"*"<  "'  '-  
4"%&:+32-%!&, '"  + '2$-*-'+& .
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#":42  C#!1-*+$-'%2%"*  3!%232), 1-*-$-82)+!9  # 4*(:" -
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G'  '-  3+4-) , ,%" 3.&)  #"'#(*-'% , + '-  3+4+%, #2# !-<,2!  
)-=2% 4"8-,#+ . >-1*".*2,';<  C#*2'  .2:"*2=+32-%  
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8*21?-*/%&'  5 %"6, -%" "(/8,'0*  0/  ."13-*/%  "% 0/A"  
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#"5*%/1$  0*(1?#*1$  ."/#$02$  A")$11 : "#0*  0*.*#*/%  
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."##)*80$5*0$'  $ 5 2*2"6  2"0%/2&%/ "0"  .)"$&!"#$%  
(&232*/0/9%)*1,07/  "%0"=/0$'  $1$ *2%$507/ #/9&%5$' ), 
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!"

!"#"$%  $#& '()*+,"  ,-(.%  Ñ /(, -
*%# 0 ".-%'"1%*(2  3#"$"145  6+#, "*  
14$+-7(1%+6  )"-"'4  $"  )(*8/  8¡9  (  
-%/6+6 6%), ,$+  .41%26  *%/6"&:(+  
'()4 : 1 ;1-"3+ , 9+1+-*"<  =)+-(0+ , 
/+1+-*45  ".#%/6&5  >3"*(( , ?(6%& 
(  ?"-+( . @ ;1-"3+  (  =)+-(0+  '() -
*(<  ,-(.  /".(-%26  1 #+/8 , 1 ='((  
14-%:(1%26 . A%*BC+ D#%))8#(*8  
-%/6(#(  *% .-+1*%5  #(/61+**45  3" -
-"$  (1 +/6+/61+**45  8/#"1(&5  "*% 
3-+$3"E(6%+6  1&'4 ), % /  1928 ,"$% Ñ 
1 .864#0%5. F864#"E*82  6+5*"#",(2  
-%'-%."6%#(  1 >3"*(( , 1 3-+D+068-+  
G%,%*", ,$+  '()4  "E+*B /*+7*4+ , 
3"H6")8  ,-(.*4+  3#%*6%I((  3+-+ -
)+/6(#(/B  /"  $1"-%  3"$  0-4C8 , 
1 6+)*4+ , 5"#"$*4+  3")+:+*(& . 
9+<E%/, 0",$% 6+)3+-%68-8  1 0")*%6+  
)"7*"  -+,8#(-"1%6B , '()*(<  ,-(.  
14-%:(1%26  0-8,#4<  ,"$ .

J+#%26 H6" 6%0. K#%/6(0"14+  
.864#0(  /  "6-+'%**4)  ,"-#4C0")  
*%.(1%26  /)+/B2  "3(#"0 , 1"$4  (  
-(/"145  "6-8.+< , $".%1#&26  ,-(. -
*"<  )(I+#(<  (  3")+:%26  1 6+)*"68  
3-(  6+)3+-%68-+  10Ñ12¡ 9 , E6".4  ". -
-%'"1%#(/B  3#"$"14+  6+#%. ?%0 6"#B-
0"  "*(  3"0%786/& *% 3"1+-5*"/6(  
/8./6-%6% , 6+)3+-%68-8  /*(7%26  $"  
3Ñ5¡ 9 . @ 6%0(5 8/#"1(&5  *"70(  ,-(.%  
146&,(1%26/& , % C#&30(  3-%06(E+/0(  

*+  -%/686. @4-"/C(+  1 6+)*"6+  ,-( -
.4  .+#","  I1+6% 14,#&$&6 /"1/+)  *+  
6%0, 0%0 /".-%**4+  1 #+/8 , *"  1 ='((  
3"38#&-+*  ()+**"  6%0"< 1%-(%*6. 
F#+$*82  D#%))8#(*8  $".%1#&26  1 
/834  (  /%#%64. 9+<E%/ 1 .864#0%5 
14-%:(1%26  ."#++  60 64/&E 6"**  
,-(."1  1 ,"$ , 3-(E+)  #B1(*%& $"#&  
H6","  0"#(E+/61%  3-(5"$(6/&  *% 
>3"*(2 .

L()*(<  ,-(.  Ñ "$(*  ('  /%)45  
08#B6(1(-8+)45  ,-(."1 . M*  108/+* , 
%-")%6+*  (  3"#+'+* . @ *+)  )*","  
.+#0%, 3-(E+)  0%E+/61+**","  Ñ 
"*  /"$+-7(6  1/+  *+'%)+*()4+  
%)(*"0(/#"64 . N(-"1 , *%3-"6(1 , 
)%#" , "*(  1 "/*"1*")  3"#(*+*%/4 -
:+**4+ , (  /-+$(  *(5  *+'%)+*()%&  
#(*"#+*"1%&  0(/#"6% , ('  0"6"-"<  
8 )#+0"3(6%2:(5  /(*6+'(-826/&  
1%7*4+  )+$(%6"-4  1"/3%#+*(& . 
;/6B  (  8,#+1"$4 , 1 6")  E(/#+  3" -
#(/%5%-($4  (  *('0")"#+08#&-*4<  
.+6%-,#20"*3-"6+(*"14<  0")3#+0/ . 
@ )&0"6(  '()*+,"  "3+*0% )*","  
0%#(& (  )%#"  *%6-(& , 3"H6")8  ,-(.  
3"#+'+*  6+) , 0")8  1-+$*%  /"#B , 1 
6")  E(/#+  ,(3+-6"*(0%)  (  $-8,()  
/+-$+E*(0%) . 9E(6%+6/&, E6" 0%-
#(<  ('  D-806"1  (  "1":+<  /*(7%+6  
$%1#+*(+ . O'  1(6%)(*"1  $"/6"<*4  
83")(*%*(&  6"0"D+-"#4 , %/0"- -

.(*"1%&  0(/#"6% , .+6%-0%-"6(*  (  
3(,)+*6  #(0"3(* .

?"*+E*" , /"$+-7%*(+  3(6%6+#B-
*45  1+:+/61  '%1(/(6  "6  )+/6%  3-" -
('-%/6%*(& , 1($% /8./6-%6% , /3+ -
#"/6(  (  8/#"1(<  5-%*+*(&  ,-(."1  
3"/#+  /."-%  8-"7%& . M$*%0" ,-(.  
$+</61(6+#B*"  3"#+'*4< , (  C%*/"1  
"0%'%6B/& 1*+  /3(/0%  *%-"$*45  #+-
0%-/61+**45  /-+$/61  8 *+,"  *+  .4#" . 
@ ?(6%+ H*"0(6%0+ 1 H6")  0%E+/61+ 
(/3"#B'"1%#(  +:+  1 *%E%#+ IX 1+0%. 
@ 6%+7*45 -+,("*%5  A"//((  '()*()  
"3+*0")  6"7+  #+E(#(/B : (  /1+7()(  
,-(.%)( , (  3"-"C0")  ('  14/8C+* -
*45  3#"$"145  6+#, % 6%07+ "61%-%)(  
(  *%/6"<0%)( . 

K+-+E+*B  I+#+.*45  /1"</61 , 0" -
6"-4+  3-(3(/41%26  '()*+)8  "3+* -
08, *+)%#+*B0(< . P6"  %*6()(0-".*"+  
/-+$/61"  (  %$%36",+*, 3"'1"#&2:(<  
3+-+*"/(6B  D('(E+/0(+  *%,-8'0(  (  
/*()%2:(<  86")#+*(+ . M* #+E(6 ." -
#+'*(  3+E+*(  (  &'14  7+#8$0%, %6+-"-
/0#+-"'  (  6-")."' , /*(7%+6  8-"1+*B  
5"#+/6+-(*%  1 0-"1(  (  8#8EC%+6 3%-
)&6B, -+,8#(-8+6  -%."68  ())8**"<  
/(/6+)4  (  3"$%1#&+6 1"/3%#+*(+ , % 
,#%1*"+  Ñ 3")",%+6  3-(  -%0+.

@ 3"#B'8  3-"6(1""385"#+1","  
$+</61(&  '()*+,"  "3+*0% /1($+6+#B -
/61826  H3($+)("#",(E+/0(+  (//#+ -

�����P�q�u�v�q�r���w�x�n�v�w�s�����k�„�y�i�‚�n�v�v�„�r���k��
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!"#$%&' , (")"*+,  -*"#,.  '-"%/(&0  
12,%+0 34)/1*"  5(4($#$ . 6*"$%$.& -
7&*"#$#  !$%%+, 7$ 1972Ñ1986 8"!+ , 
"% #+'/%&. , 2)"  9,*:,*+ -8*&;"#" -
!+  & 2.,%+  &< /,:,0  1:&*$.&  ")  *$($  
%$ 39% *,=, , 2,:  !*18&,  =&),.&  
-*,9,()1*+  >$8$%". 5//.,!"#$),.?  
/#'7$.  4)")  9$()  /  ),: , 2)"  9,*:, -
*+  ,!')  /#"@  -*"!1(A&@  2$B,  & # 
; —.?C&<  (".&2,/)#$< . D(/-,*&:,% -
)+  -"($7$.& , 2)"  4(/)*$()  7&:%,8"  
8*&;$  # /"2,)$%&&  /  <&*1*8&,0  & 
<&:&"),*$-&,0  1#,.&2&#$,)  #*,:'  
#+=&#$%&'  ;".?%+<  :+C,0 .

E/),/)#,%%" , &//.,!"#$),.,0  
&%),*,/1@)  /",!&%,%&' , ")#,)/)#,% -
%+, 7$ .,2,;%+0  499,() . 57  :&A,.&'  
#+!,.&.&  8.&("-*"),&%  -*"9.$:&% , 
";.$!$@B&0  $%)&*$("#"0  $()&#%"-
/)?@. >"  8.$#%1@ *".?  # ;"*?;,  /  *$ -
(":  12,%+,  ")#"!')  -".&/$<$*&!$: . 
6".&/$<$*&!+  %,(")"*+<  8*&;"#  
/)&:1.&*1@)  &::1%%1@ /&/),:1 , 
(")"*$'  -"!$#.',)  *"/)  7."($2, -
/)#,%%+< "-1<".,0 . F G-"%&&, H"*,,  
& H&)$,  1=,  -*"#"!')  (.&%&2,/(&,  
&/-+)$%&'  8*&;%+< -".&/$<$*&!"#  
.,%)&%$%$ &7 C&&)$(,  Lentinula 
edodes , C&7"9&..1:$  &7 B,.,.&/) -
%&($ ";+(%"#,%%"8"  Schizophyllum 
commune , 8*&9"%$  D &7 8*&9".+  
(1*2$#"0  Grifola frondosa.  I&:%&0  
8*&;  !"  (.&%&2,/(&<  &/-+)$%&0  %, 
!"C,. , !,0/)#&,  ,8"  -".&/$<$*&!"#  
&//.,!"#$%"  .&C?  %$ (.,)"2%+<  
(1.?)1*$<  & # ,!&%/)#,%%":  4(/-, -
*&:,%),  %$ :+C$< .

F+/"(":".,(1.'*%+:  8*&;%+:  
8.&("-*"),&%$:  -*&-&/+#$@)  $%)&-
#&*1/%",  !,0/)#&, : "%& /#'7+ -
#$@)/'  /  ( .,)($:& , (")"*+,  7$-
*$=,%+  #&*1/": , & -*&#.,($@)  (  
%&: ,/),/)#,%%+,  (.,)(& -(&..,*+  
(NK- (.,)(& ) &::1%%"0  /&/),:+ . J  
#&*1/+  :"81)  ;+)?  /$:+,  *$7%+, : 
& "%("8,%%+, , & #&*1/  8*&--$ , & 
("*"%$#&*1/ .

K#+, "/)$.?%+,  -".,7%+,  /#"0 -
/)#$  7&:%,8"  8*&;$  %, -"!)#,*=!$ -
@)/'  !$=,  4-&!,:&"."8&2,/(&:&  
%$;.@!,%&':& , %, 8"#"*'  1=,  "  (.& -
%&2,/(&< &/-+)$%&'<  Ñ &< -*"/)"  %, 
-*"#"!&.& . F/,  "=&!$%&'  /#'7$%+  /  
*,71.?)$)$:&  4(/-,*&:,%)"#  in vitro 
& %,:%"8"2&/.,%%+<  "-+)"#  %$ =&-
#")%+<, <")'  ;&"."8&2,/(&  $()&#%+< 
;,.("# , -".&/$<$*&!"#  & 9,%".?%+<  
/",!&%,%&0  &7 7&:%,8"  "-,%($  %$-
#+!,.'.&  :%"8" .

3$( , 8*&;%"0  &::1%":"!1.&*1@ -
B&0  ;,."(  (fungal immunomodulatory 

protein, FIP-fve) &7 F. velutipes -*,! -
1-*,=!$,)  $()&#&7$A&@ &::1%%"0  
/&/),:+  8*+71%"# -*&  -&B,#+<  $. -
.,*8&2,/(&<  7$;".,#$%&'<  & $..,* -
8&2,/("0  $/):, . 6,-)&!+  7&:%,8"  
8*&;$  1/&.&#$@)  /&%),7  8$::$ -&%-
),*9,*"%$ , /:'82$@)  #"/-$.,%&,  1 
:+C,0 , 7$*$=,%%+< *,/-&*$)"*%" -
/&%A&)&$.?%+:  #&*1/": , (")"*+0  
#+7+#$,)  &%9,(A&& %&=%&< !+<$ -
),.?%+<  -1),0 , "/";,%%"  1 %"#" -
*"=!,%%+<  & !,),0 . 5//.,!"#$),.&  
%$!,@)/' , 2)"  -*,-$*$)+  &7 7&:%,8"  
"-,%($  -":"81)  ;".?%+:  !,)': , %" 
!"  4)"8"  ,B,  "2,%? !$.,(" . 

>,  )".?("  :$.+: , %" & /)$*+:  :" -
=,)  ;+)?  -".,7,%  7&:%&0 8*&; . L.'  
&712,%&' /)$*,%&'  2$/)"  &/-".?71@)  
D-8$.$()"7%1@ =&#")%1@ :"!,.? . 
H*+/$:  %,/(".?("  %,!,.?  !,.$@)  
#%1)*&;*@C&%%+, &%M,(A&& *$/ -
)#"*$  D-8$.$()"7+ , & # &< "*8$%&7:,  
#"  :%"=,/)#,  ";*$71@)/'  $()&#%+,  
9"*:+  (&/."*"!$ , /%&=$@B&,  
$()&#%"/)?  $%)&"(/&!$%)%+<  9,* -
:,%)"#  # *$7%+< "*8$%$<. H.,)(& , 
;,77$B&)%+,  -,*,!  "(&/.&),.?%+:  
/)*,//": , *$7*1C$@)/' , 91%(A&& 
"*8$%"#  /.$;,@) , & 1 =&#")%+< # )($ -
%'< #"7%&($@) )$(&,  =,  !,8,%,*$)&# -
%+,  &7:,%,%&' , ($(  -*&  %$/)"'B,:  
/)$*,%&& . 3$( , -"/.,  #"/?:&%,!,.? -
%"8" (1*/$  D-8$.$()"7+  8*+71%+ 
7$:,)%"  ")"B$.& , 1/"<.&  (*+/&%+,  
:"78 , -,2,%?  & -"2(& . 6".&/$<$*&!+  
F. velutipes & &< /1.?9$)+ , -*"'#&# -
C&,  /,;'  # -*";&*(,  ($(  /&.?%+,  
$%)&"(/&!$%)+ , 1/-,C%"  -*")&#" -
/)"'.&  /)$*,%&@ . N*+71%+, -".12$# -
C&,  "!%"#*,:,%%"  /  D-8$.$()"7"0  
8*&;%+,  -".&/$<$*&!+ , -"2)&  %, 
-"<1!,.& . 

J  # O7&.&%?/(":  &%/)&)1),  (H&-
)$0 ) &%M,(A&':&  D-8$.$()"7+  #+ -
7#$.&  1 (*+/  %,0*"!,8,%,*$)&#%",  
*$//)*"0/)#" . K =&#")%+<  *$7 -
*1C&.&/?  %,0*"%+  8&--"($:-$  
& "/.$;.&  ("8%&)&#%+, /-"/"; -
%"/)&   (&< -*"#,*'.&  # .$;&*&%),  
P"**&/$ , -*,!%$7%$2,%%":  ! .'  
&//.,!"#$%&'  -*"/)*$%/)#,%%"0  
-$:')& ). N*&;%+,  -".&/$<$*&!+  & # 
4)":  /.12$,  -":"8.& . Q%& 7$B&)&.&  
%,0*"%+  ")  *$7*1C,%&' , 1(*,-&.&  
-$:')?  & #"//)$%"#&.&  $()&#%"/)?  
$%)&"(/&!$%)%+<  9,*:,%)"# . EB,  
.12C,  -*"'#.',)  /,;'  /"2,)$%&,  
-".&/$<$*&!"#  /  8&%/,%7"&!$:&  
(/$-"%&%$:&  =,%?C,%' ). H&)$0/($'  
)*$!&A&"%%$'  :,!&A&%$  .@;&)  /" -
#:,B$)?  *$7%+,  /*,!/)#$ , 2)";+  

-"#+/&)?  &< !,0/)#,%%"/)?  & 1:,%? -
C&)?  -";"2%+,  499,()+ .

H/)$)& , ";  499,()$< . 6*"!1() , 
(")"*+0  #,($:&  ,!')  ;,7  #*,!%+<  
-"/.,!/)#&0 , /2&)$,)/'  ;,7"-$/ -
%+: . Q!%$("  &//.,!"#$),.&  %$C.& 
# 7&:%,:  8*&;,  '!"#&)+,  /",!& -
%,%&'. R.$::1)"(/&% , %$-*&:,* , 
/#'7+#$,)/'  /  &"%%+:& ($%$.$:&  
& %$*1C$,)  %"*:$.?%1@  *$;")1  
/,*!A$ , /%&=$,)  (*"#'%",  !$#.,%&, , 
#+7+#$,)  8,:".&7  4*&)*"A&)"# , ., -
8"2%",  (*"#"),2,%&,  & !+<$),.?%1@  
%,!"/)$)"2%"/)? . >"  -*&  ),-."#"0  
";*$;")(,  )"(/&%  *$7*1C$,)/' , (  
)":1  =,  ,8"  ("%A,%)*$A&'  # 8*&;$<  
%,7%$2&),.?%$ & !.'  2,."#,($  %, 
"-$/%$ . 

5//.,!"#$),.&  &7 %,/(".?(&<  
9&%/(&< 1%&#,*/&),)"#  %$-":&%$@) 
";  "-$/%"/)&  *$;!":&".&7$ . D)"  )&-  
8*&;%"8"  ")*$#.,%&' , -*&  (")"*":  
1 ")*$#.,%%"8"  1/&.&#$,)/'  $()&# -
%"/)?  9,*:,%)$  (*,$)&%(&%$7+ , *$7 -
*1C$@B,8"  -"-,*,2%" - -"."/$)1@  
:1/(1.$)1*1 . S($*:.&#$'  (*+/$:  
-"*"C"(  /1C,%"8"  7&:%,8"  "-,% -
($  # !"7$<  6Ñ9 8/ (8/ !,%? , 12,%+,  
!";&.&/?  1:,*,%%"8"  -"#+C,%&'  
$()&#%"/)&  (*,$)&%(&%$7+ , "!%$("  
%&($(&< #&!&:+<  &7:,%,%&0  :+C,2 -
%"0 )($%& %, ";%$*1=&.& .

F-*"2,: ,  #*, : '  ")  #*, : ,%&  
#/)*,2$@)/'  ,!&%&2%+,  /"";B,%&'  
";  ")*$#.,%&&  F. velutipes. H$(- )"  
*$7  -"/.,  ,!+  -"21#/)#"#$.  /,;'  
-."<"  #7*"/.+0  :1=2&%$; (  /2$/)?@ , 
"% ")!,.$./'  =,.1!"2%" -(&C,2%+:  
*$//)*"0/)#":  & /.$;"/)?@ . 6" -
/(".?(1  )*$-,7$  ;+.$  %, )".?("  8*&; -
%"0, :,!&(&  %, &/(.@2$@)  #.&'%&,  
$.("8".' .

K /,:%$!A$)&.,)%,0  '-"%(&  %$-
;.@!$.&  $%$9&.$(/&@  Ñ !,#1C($  
-",.$  /1(&'(& , # /"/)$#  (")"*"8"  
#<"!')  8"#'!&%$ , /#&%&%$, )"91 , 
"#"B&  & 7&:%&0 8*&; . Q%$ & *$%?C,  
,.$  /1(&'(&  ;,7  #*,!$  !.'  /,;' . 5/ -
/.,!"#$%&'  -"($7$.& , 2)"  -&B,#1@  
$..,*8&@  #+7#$.&  &:,%%"  ;,.(&  
7&:%,8"  8*&;$ .  

F/,  4)&  /.12$&  Ñ *,!2$0C&,  
&/(.@2,%&' . I&:%&0  8*&;  #(1/,%  
& -".,7,% . H"%,2%", %, :,C$."  ;+  
,8"  &//.,!"#$)?  -".12C,  & 17%$)? 
-";".?C,  "  ,8"  /#"0/)#$< .

! . "#$%&'(
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!
!"!#$%  &'()(*+$%  '$,-'  $ .$*/,(01  2!+$/3  
'-"$0*4  -+-0-  125 &-"/  5 &-'-"(  6/7-*/,(  
*$'$%*+-%  .'-5$38$$  9$7*+-%  $7.('$$ . :,-  
&-'-"  3/  ;/./"3-7  <('(&!  =5>'/,/ ; '-7/3  
?(%@,5/3&('/  Ç2A( -B('-3 È *"(0/0  3/;5/3$(  

C,-&-  &-'-"/  !;3/5/(7D7 . E-01F/4  )/*,1  A$;3$  
2!+$/3/  .'$F0/*1  3/  ;-0-,!G  C.-@! .'-85(,/3$4  $ 
*,/<$013-*,$  5 .('$-"  .'/50(3$4  $7.('/,-'-5  $;  
"$3/*,$$  H3,-3$3-5 : H"'$/3/ , H3,-3$4  I$4  $ J/'+/  
H5'(0$4  (C,-  (&-  .-;A(  3/;5/0$  Ç>$0-*->  3/  ,'- -
3( È). 2!+$/3  73-&-  .!,(F(*,5-5/0  $ .-<D5/0  5 */7D@ 
5(0$+-0(.3D@  &-'-"/@  $7.('$$  Ñ 9$7( , H3,$-@$$ $ 
H>$3/@. I-(;"+$ , -<#(3$(  *  >$0-*->/7$  5 8(3,'/@  
C00$3$*,$)(*+-%  $ '$7*+-%  +!01,!'D  '/*F$'$0$  (&-  
+'!&-;-'  $ -<-&/,$0$  A$;3(33D%  -.D, . K 7-0-"-*,$  
2!+$/3  !)$0*4  5 L-3$$  (*(&-"34  Ñ ;/./"3-(  .-<( -
'(A1(  M!'8$$ ) $ *,/0  .'->(**$-3/013D7  -'/,-'-7  
('$,-'-7 ). I'$7('3-  "-  *-'-+/  0(,  -3  ;/'/</,D5/0  
3/  A$;31  .'-$;3(*(3$(7  '()(%  5 *!"/@ , /  .-;A( , 5$-
"$7-  $*.D,/5  +'$;$*  *'("3(&-  5-;'/*,/ , 5;40*4  ;/  
*,$0!*  $ 3/)/0  *-)$34,1  +-7$)(*+$( , */,$'$)(*+$(  $ 
./'-"$%3D(  "$/0-&$  $ ,'/+,/,D . L**0("-5/,(047  3(  
!"/0-*1  !*,/3-5$,1  5'(74  (&-  *7(',$ , 3-  C,-  .'-$;- -
F0-  .-*0(  180 &-"/ .

B/  .'-,4A(3$$  .-*0("!G#$@  5(+-5  -,3-F(3$(  + 
*-)$3(3$47  2!+$/3/  +-0(</0-*1 . L**0("-5/,(0$  *@--
"4,*4  5-  73(3$$ , ),-  (&-  *-5'(7(33$+$  $ .'((73$+$  
-,3-*$0$*1  + 2!+$/3!  *  <-01F$7  !5/A(3$(7 . 9/33$(  
@'$*,$/3*+$(  7D*0$,(0$  3(  *0$F+-7  5-*@$#/0$*1  
2!+$/3-7 , (&-  */,$'$)(*+-%  $ 4;D)(*+-%  (!  3$@ C,-  
<D0-  '!&/,(01*,5-7 ) 0$,('/,!'-% . N"3/+-  +-  5'(7( -
3$ K-;'-A"(3$4  -3  53-51  ;/5-(5/0  <0/&-*+0-33-*,1  
!)(3D@ 0G"(% . L,/0143*+$(  &!7/3$*,D  .('(5(0$  (&-  
*-)$3(3$4  *  &'()(*+-&-  3/  0/,D31 , ;/,(7  .-*0("-5/0$  
.('(5-"D  3/  "'!&$(  (5'-.(%*+$(  4;D+$. B/  '!**+$%  
>'/&7(3,D  2!+$/3/  5.('5D(  .('(5(0  J .K. 2-7-3-*-5 .

J3-&-)$*0(33D(  *-)$3(3$4  2!+$/3/ , "-F("F$(  
"-  3/*  5-  73-&$@ *.$*+/@  $ -,'D5+/@ , '/;3--<'/;3D . 
M!, $ G7-' , $ 4"-5$,/4  */,$'/  (5 /"'(*  '/;3D@  >$0- -
*->-5  $ '/;0$)3D@  '(0$&$-;3D@  *$*,(7 ), $ $**0("- -
5/3$(  *('1(;3D@  >$0-*->*+$@  5-.'-*-5  7-'/0$  $ 
.-0$,$+$ . H (#(  C,-  >/3,/*,$+/ , (&-  ÇI'/5"$5/4  $*,- -
'$4 È Ñ 3(  ,-01+-  .('5-(  .-"'-<3-(  .-5(*,5-5/3$(  -  

.!,(F(*,5$$  3/  2!3! , 3-  $, 5-;7-A3- , */7-(  *,'/33-( . 
B/  0!33-%  .-5('@3-*,$  2!+$/3/ , +!"/  .-./"/(,  '/* -
*+/;)$+  57(*,(  *  +-7/3"-%  *5-(&-  +-'/<04  <0/&-"/'4  
*$013-7!  .-'D5!  5(,'/ , 7D  5*,'()/(7  .'$)!"0$5D@  
;5('(% : ,'(@&-0-5D@ +-3(+-'F!3-5 , 3/  +-,-'D@  5('@-7  
(;"4,  5-$3D  0!343 , -&'-73D@  <0-@, +-7/'-5  $ "'!&$@ 
&$&/3,*+$@ 3/*(+-7D@ . 6-;"/(,*4  5.()/,0(3$( , ),-  
9/<0(  5"-@3-5040*4  ÇI'/5"$5-%  $*,-'$(% È 5-  5'(74  
'/**+/;/  -  O/'&/3,G/  5 *,'/3(  5(0$+/3-5 .

?/3,/;$4  2!+$/3/  -,3G"1  3(  -&'/3$)$5/(,*4  
&$&/3,-7/3$(% , -3  !"(04(,  -*-<-(  53$7/3$(  $33-5/ -
8$-33D7  7(,-"/7  5-*.'-$;5-"*,5/ , 3(-<@-"$7D7  5 
*,'/3( , 0$F(33-%  A(3#$3 , +-,-'-%  4504(,*4  2!3/ . K 
-"3-%  )/*,$  2!3D  70/"(38D  .-4504G,*4  $;  '/*.!@F$@  
$+'  7!A)$3 . P 3/'-"/ , $;5(*,3-&-  +/+ Ç"'(5(*3$+$ È, 
*!#(*,5!(,  "'!&-%  *.-*-< : !  )(0-5(+/  -,'(;/G,  .'/ -
5!G  .-0-5!G  A(0(;! , */A/G,  ((  5 &'!3, , $ $;  3((  5D-
'/*,/(,  Ç-&'-73-(  74*$*,-(  "('(5- È, 3/.-7$3/G#((  
*$75-0  I'$/./ , /  $;  (&-  .0-"-5 , -&'-73D@  A(0!"(% , 
Ç5D0!.04G,*4 È 0G"$ . 

2!33/4  $3,('0G"$4  Ñ 0$F1  -"$3  C.$;-"  5 <-01 -
F-7  .('$./,(,$)(*+-7  .'-$;5("(3$$ . K('3!5F$*1  
3/  Q(70G , .!,(F(*,5(33$+$  .-./"/G,  3/  *R("(3$(  

�����K�„�u�„�•�t�n�v�v�„�r���x�w�y�{�y�n�{���T�|�s�q�i�v�i����� �̂|�m�w�o�v�q�s���\�q�t�…�ˆ�u���]�†�r-
�{�w�y�v�����I�v�l�t�q�ˆ�����;�9�,�,���k��

!"#$%& '(%)%'% % %*)#(%'% "+,-"#.  /+" -
)+*)%'%, 01)+2*3 #4"+(,5%)3 %*)#'% 5+"-
(+, 0&(&6#0+-%7+6% $#(1 8(&7"%9 *7%)'#7 
% 7&)9%9 '"%$. :#*6& 0(#8#65%)&63"19 
(+*'#0#'  7 0#%*'+9 0(+(#8%)&62 #"% %"#-
$8+ "+)1'+6%*3 "+ *#-%"&"%2 Ç:(+78%7+2 
%*)#(%2È % Ç;'+(#<&"%00, %6% =+#46+--
"1.  0#6&)È +")%-"#$# 0%*+)&62 >,'%+"+ 
%? @+<#*+)1.

!"#$%&  '()')*)&  )+,)-.)/0.%1  1/210+'1  

+34)0  #+0.%0 , 4)+)5)0  .0  +)264)  ,)'+3/%+  

(5%1+.)0  537/20#0.%0 .
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!  "#$"%&"%'  !()'  (  *(+')  + ,#"  -$./,  0+1 #"01 ; "&(  
2"3,41.)  "3)$"+1 , &1 !")"$5/  %"6"!"  ),7,) , !1!  
+"01 ; +(08)  &1$"05 , *(+'4(,  &1 2"+,$/&"3)(  "!,1&1 , 
"2($1839  &1 &"#( , 30,61&&5,  (:  2$"-!(  +%,3)"  26")( ; 
2"-5+1.)  3"  :&1%,&()5%(  %,$)+,;1%(  Ñ #,$"8%(  
<$"8&3!"=  (  0$'#(/  +"=& Ñ &1 "3)$"+,  -61*,&&5/ . 
>1&)1:(8  ?'!(1&1  !1*,)38  -,:#$1&(7&"= .

@68 7()1),6,=  II +,!1  2'),A,3)+(,  &1 ?'&'  -56"  
B1&)13)(7,3!(% , "3"-,&&"  ,36(  2$(-1+()9  3)"69  
:1-1+&5=  -,3)(1$(= , +!6.7,&&5=  + 2"+,3)+"+1&(, , 
2"C)"%'  (3)"$(8  8+&"  &,  Ç2$1+0(+18 È. D1:+1&(,  
!&(#(  2$"+";($',)  7()1),68  (  ")3561,)  !  21$10"!3'  
0$,+&,#$,7,3!"#"  B(6"3"B1  VII +,!1  0"  &. C. E2(%, -
&(01  F$()8&(&1 . G& 3B"$%'6($"+16 , 7)"  Ç+3,  !$()8&,  
6*,;5 È, 36,0"+1),69&" , ,36(  "&  #"+"$()  2$1+0' , )"  "&  
6*,) , &"  ,36(  "&  6*,) , )"  "&  #"+"$()  2$1+0' . <1!  7)" , 
!"#01  ?'!(1&  &1:5+1,)  3+".  B1&)13)(7,3!'.  (3)"$(.  
(!")"$18  +53%,(+1,)  6*,;"+ ) ÇH$1+0(+"=  (3)"$(,= È, 
"&  33561,)38  &1 "0(&  (:  !6.7,+5/  21$10"!3"+  B(6" -
3"B(( .

I  2$"6"#,  ?'!(1&  (336,0',)  2$"-6,%'  1+)"$(),)1  
2"+,3)+"+1&(8  Ñ !6.7,+'.  2$"-6,%'  068 6(),$1)'$ -
&"=  !$()(!(  JJ  +,!1 . K "7,+(0&"=  3356!"=  &1 E2(%, -
&(01 , ?'!(1&  2$"+":#61A1,) : ÇG0&"  8 3!1*'  2$1+0(+" : 
8 -'0'  2(31)9  6*(+" . E)"  %",  2$(:&1&(,  0"6*&" , 
2" -%",%' , 3&8)9 3 %,&8 "-+(&,&(, , )8#"),.4,,  &10 
0$'#(%( , $1:  8 31% 2$(:&1. , 7)"  &(  "  7,% &,  -'0'  #" -
+"$()9  2$1+0' È. H"3!"69!'  ,#"  ),!3)  $1:+"$17(+1,)38  
&1 B"&,  21$10"!31 , ?'!(1&  %,A1,)  7()1),6.  "-$,3)(  
!1!'. -6(-"  )"7!'  "2"$5 , 3 !")"$"=  %"*&"  "-L,!)(+&"  
3'0()9  "-  (3)(&&"3)&"=  ;,&&"3)(  2"+,3)+"+1&(8 . M#" 
')+,$*0,&(,  &12"%(&1,)  C2"35  N"%,$1  (  ÇO3)"$(. È 
N,$"0")1 , 1 )1!*,  0(16"#(  H61)"&1 . G& )1!*,  2$,0 -
+"3/(41,)  &,+":%"*&"3)9  !68)+5  P'33"  + 7,3)&"3)(  
+ &1716,  ,#"  ÇO32"+,0( È 3)"6,)(8  32'3)8 ; 21$10"!3  
E2(%,&(01  2$(%,&(%  2"7)(  !  6.-"%'  /'0"*,3)+,& -
&"%'  2$"(:+,0,&(. , !")"$",  2$,),&0',)  &1 )" , 7)"-5  
(:61#1)9  2$1+0' .

ÇH$1+0(+18  (3)"$(8 È +53%,(+1,)  B(6"3"B3!(,  
A!"65 , "-%1&')5,  (/  3"-3)+,&&"=  &,!$()(7,3!"=  
31%"&10,8&&"3)9. , !"#01  0,6"  0"/"0()  0"  ')+,$* -
0,&(8  (  ";,&!(  (3)(&5 . I  )"% , !1!  ?'!(1&  $13!$5+1,)  
32"3"-  $13)+"$,&(8  6(),$1)'$&" - !$()(7,3!(/  ),$ -
%(&"+  0$'#  + 0$'#, , ,#"  31)($1  (%,,)  %&"#" "-4,#"  
3 2"3)%"0,$&(3)3!(%  %($"+"::$,&(,% , 2")"%'  7)"  
/'0"*,3)+,&&18  6(),$1)'$1  #"+"$()  Ç2$1+0' È, &"  "&1  
"-L8+68,)  3,-8  Ç+50'%1&&"= È; (  &1"-"$") , Ç(3)"$(8 È 
37()1,)38  Ç(3)(&&"= È, &"  )1!*,  (%,,)  ),&0,&;(.  -5)9  
Ç+50'%1&&"= È, 2")"%'  7)"  1+)"$(),)  1+)"$1  +3,#01  
3)1+()38  2"0  3"%&,&(, , !1!  (  &10,*&"3)9  6.-"#"  (3 -

)"7&(!1 . E)(  +"2$"35  Ñ 2$8%"= 2')9  !  D(;A,  (  ,#"  
B$1&;':3!(%  2"36,0"+1),68% .

?'!(1&  0,61,)  2$"-6,%'  ,4,  -"6,,  1!)'169&"= , 
+3)1+688 + +5%5A6,&&",  2"+,3)+"+1&(,  ')+,$*0,&(8 , 
!")"$5,  &,  2$")(+"$,71)  $,169&"3)( . I!6.7,&(,  &1-
'7&5/  B1!)"+  (  2$1+0"2"0"-&5/  (&),$2$,)1;(=  B(:( -
7,3!(/  8+6,&(=  +"  %&"#"% 32"3"-3)+',)  '3)1&"+6,&(.  
)1!"#"  $"01  2$1+0"2"0"-(8 , !")"$",  2$(01,)  6.-"%'  
+5%536'  '-,0(),69&"3)9 . D"  "&"  %"*,)  '-,0()9  7()1 -
),68  + )"% , 7)"  #$1&(;1  %,*0'  2$1+0"=  (  +5%536"% + 
6'7A,%  36'71,  $1:%5)1 . D12$(%,$ , '2"%(&1&(,  ?'!( -
1&"% I,&,$5 , (6(  Ç')$,&&,=  :+,:05 È, !1!  %,3)1  -()+5  
%,*0'  ?'&"=  (  K"6&;,%  3"")+,)3)+',)  3"+$,%,&&5%  
,%'  #$,7,3!(%  :&1&(8% "  :1)%,&((  I,&,$5  ?'&"=  (  "  
2$"/"*0,&((  I,&,$5  7,$,:  K"6&;, .

D1(-"6,,  +,$"8)&5%  (3)"7&(!"%  &,!")"$5/  2$1+-
0"2"0"-&5/  132,!)"+  $1-")5  ?'!(1&1  8+68,)38  )$'0  
H6')1$/1  ÇG 6(!, , +(0(%"%  &1 0(3!,  ?'&5 È. <$1!)1)  
H6')1$/1  Ñ 3-"$&(!  2$,03)1+6,&(=  "  6'&&"=  2"+,$/ -
&"3)(  (  B1:1/  ?'&5  +"  +$,%,&1  H6')1$/1 . Q&1!"%3)+"  
3 C)(% 3"7(&,&(,%  2"6,:&"  068 2"&(%1&(8  ),!3)"+  
?'!(1&1  2")"%' , 7)"  H6')1$/  2$,061#1,)  +:#680 &1 
?'&'  !1!  &1 2"0"-(,  Q,%6(  +"  %&"#(/  ")&"A,&(8/ , 
),%  31%5% 2$(01+18  0"3)"+,$&"3)9  "2(31&(8%  ?'&5  
+ ÇH$1+0(+"=  (3)"$(( È !1!  "-()1,%"#"  %($1 .

!"  #$%&'(#)'*+,  #$ )-*.*%/',#"0  1&-  

.*#&21$-#"3  '&4 : #$5*#$6  &% 4/7'*  

+%.&'  8"'  +./9  *  %&'+%, .":/  9/  &# 

;1/.1$<$'+6  .  9/#<*# .

=*'&+&>"  ;1/4*1$?%  .+/3  '?-/0 , & 8&2$3 

%&'()?%  +$7"7  #/;1*'*5#"7  &81$4&7  

*  &(1)9$?%  +/86  7&'&-/9,? , '/2(&  

;&--$?</0+6  &87$#) .

?'!(1&  )1!*,  (32"69:',)  31)($' , 7)"-5  +53%,8)9  
23,+0"&1'!'  (  3',+,$(8 , "3"-,&&"  !"#01  "&  2(A,) : 
ÇF1*05=  (:  $133!1:"+  3"0,$*()  )"&!(=  &1%,!  &1 
"0&"#"  (:  0$,+&(/  2"C)"+ , (3)"$(!"+  (  B(6"3"B"+ , 
&12(31+A(/  )1!  %&"#" &,"-571=&"#" È. J")8  2"C)5 , 
)1!(,  !1!  N"%,$ , (  (3)"$(!( , )1!(,  !1!  N,$"0") , )1!*,  
3)$101.)  ")  31)($(7,3!"=  26,)(  ?'!(1&1 , &"  +3,$9,:  
"&  &12101,)  6(A9  &1 B(6"3"B"+ . ?'!(1&  !$()(!',)  
6(;,%,$(,  ),/ , !)"  +":+"0()  3,-8  + $1&# 1$-()$"+  
(3)(&5  (  6*( , + )"  *,  +$,%8 2$(-,#18  !  ÇB(!;(8% È Ñ 
&12$(%,$ , !  166,#"$((  2,4,$5  H61)"&1 . G& 2(A,) : ÇR 
&,  3)1+6.  +3,% C)(% $133!1:7(!1%  +5%5365  + "3"-'.  
+(&' , 2")"%'  7)"  %&, 2$(/"0(6"39  +(0,)9 , !1!  3"7(&( -
),693)+"%  :1&(%1.)38  )1!*,  6.0( , 2"3+841.4(,  3+",  
+$,%8, !1!  "&(  #"+"$8) , )"69!"  B(6"3"B(( È.

ÇH$1+0(+18  (3)"$(8 È +53%,(+1,) , 1 %,3)1%(  
21$"0($',)  N"%,$1  (?'!(1&  ")2$1+68,)  G0(33,8  &1 
?'&' ), N,$"0")1 , F3,&"B"&)1 , >'!(0(01  (  0$'#(/  1+)" -
$"+ , 79(  2$"(:+,0,&(8  -56(  '),$8&5 , )1!(/  !1!  R%-'6 .

H1$'3&(!  ?'!(1&1  ")&.09  &,  !"3%(7,3!(=  !"$1-69 . 
M#" (3!1),6(  2$(!6.7,&(=  &,  3"-($1.)38  6,),)9  &1 
?'&' , (  ;,69  1+)"$1  &,  + )"% , 7)"-5  30,61)9  )1!",  



!"

!"#$%$&#'($  !)*'+,!,+,-./0  (1(  )*20/%13#4  ,  
#,0 , 5#,  0/  0,61(  -/  ,-.*)"7(#4  .*  $&#$&#'$..,0  
&!"#.(8$  9$01( , $&1(  -/  +$:&#'(#$14.,  &0,61(  &, -
'$)%(#4  #*8,$  !"#$%$&#'($ . ;, , 8*8 &5(#*<#  0.,6($  
(&#,)(8(  =*.#*&#(8( , !*)"&./:  8,)*-14  .$  #*8 "7  
&(14.,  ,#1(5*$#&3  ,#  ',2+"%.,6,  %*)*  >+6*)*  ?11*.*  
@, (1(  !"%$5.,6,  &.*)3+*  A<13  B$).* , (  C#" (&#,)(< , 
'$),3#., , 5(#*1(  ((1(  &1"%*1( ) '  ,&.,'.,0  (2 -2*  $$ 
!)(81<5$.(:  (  (2,-)$#*#$14.,&#(  )*&&8*25(8* .

D .*8,.$E , &!,&,- , 8,#,)/0  F"8(*.  2*8*.5('*$#  
&',<  Ç@)*'+('"<  (&#,)(< È, #*87$  3'13$#&3 (2+$'8,:  
.*+  =(1,&,=*0( , !,&8,148"  F"8(*.  ,-$G*$#  #, , 5#,  ,.  
.$  0,7$#  (  .$  (0$$#  .(8*8,6,  .*0$)$.(3  '/!,1.(#4 , 
Ñ !,1.,#"  (1(  2*'$)%$.($ . F"8(*.  +)*2.(#  5(#*#$13 
2*81<5(#$14.,:  &#),8,:  '#,),:  5*&#(  8.(6( : ÇH#,  7$  
8*&*$#&3 0,(I  !)(81<5$.(:  .*  0*#$)(8$ , #,  ,  .(I  3 !, -
'$+*<  '  &1$+"<G(I  8.(6*I È. ;*!,0(.*$#  2.*0$.(#/:  
&1,6*.  Ç!),+,17$.($  &1$+"$#È, ,+.*8,  8,00$.#*#,)/  
F"8(*.*  "8*2/'*<# : Ç>#,  &*0*3  -,14%*3  1,74  (2  '&$I È. 
J-G$!)(.3#*3  #,58*  2)$.(3  #*8,'*  Ñ *'#,)  .$  .*0$ -
)$'*1&3  2*8*.5('*#4  Ç@)*'+('"<  (&#,)(< È. K,',)3  
32/8,0  &,')$0$..,6,  D.#$).$#* , F"8(*.  Ç!,#),11(1 È 
&',(I  5(#*#$1$: .

L1$+"<G*3  )*-,#*  F"8(*.* , ,2*61*'1$..*3  ÇD8*-
),0$.(!! , (1(  9*,-1*5./:  !,1$# È, #*87$  '81<5*$#  
!"#$%$&#'($  .*  F"." , I,#3 , '  ,#1(5($  ,#  Ç@)*'+(',:  
(&#,)(( È, C#, -,1$$  3'.*3  &*#()* . ÇD8*),0$.(!! È 
!)$+&#*'13$#  &,-,:  +(*1,6  0$7+"  M$.(!!,0  (  $6,  
+)"6,0 , '  8,#,),0  !$)'/:  )*&&8*2/'*$# , 8*8 ,.  !)( -
8)$!(1  ,)1(.,$  8)/1,  8 !)*',:  )"8$  (  8)/1,  8,)%".*  
8 1$',:  (  (&!,142,'*1  (I , 5#,-/  '21$#$#4 '  .$-$&*  
(.*  0*.$)  1$6$.+*)./I  N$+*1*  (  D8*)* ; ,#&<+*  (  .* -
2'*.($ ). 

N(*1,6  .*5(.*$#&3  & !)$+&#*'1$.(3  M$.(!!* , 
.$+,',14.,6,  "),'.$0  &',(I  2.*.(: : Ç;*(-,1$$  .$ -
!,.3#./0  (  2*6*+,5./0  !)$+&#*'131,&4  0.$  '&$ , 5#,  
8*&*1,&4  F"./ , 0.,6,,-)*2($  $$ '(+,(20$.$.(: , 
8*2*1,&4  0.$ , '/2/'*$#&3  8*8,< -#,  #*:.,<  !)(5( -
.,: È. @,C#,0"  ,.  )$%*$#  ,-)*#(#4&3  8 =(1,&,=*0  
ÇO '/-)*1  &)$+(  .(I  1"5%(I  Ñ $&1(  &'(+$#$130(  
+,&#,(.&#'*  &5(#*#4 "6)<0,$  1(E, , -1$+./:  E'$#  
8,7(  (  6"&#"< -,),+" , Ñ (  +$:&#'(#$14., , .*  !$)'/:  
'2613+  ,.(  !,8*2*1(&4  0.$  1<+40(  8)*&.,)$5('/0(  (  
2.*8,0/0(  & .$-$&./0(  3'1$.(30( È. J+.*8,  ,#'$#/ , 
8,#,),$  ,.(  +*1( , Ñ .$  -,1$$  5$0  '/0/&$1 , Ç.$  -"+"5(  
'  &,&#,3.((  ,#'$#(#4  +*7$  .*  #*8,:  !),&#,:  ',!),& , 
8*8,$  )*&&#,3.($  ,#  M$6*)  +,  ?=(. , ,.(  #,5.,  2.*<# , 

8*8,',  )*&&#,3.($  0$7+"  F".,<  (  L,1.E$0 È. @,C#,0"  
M$.(!! , )*2,5*),'*../:  !),#(',)$5('/0(  &!,)*0(  
2$0./I  =(1,&,=,' , 8*7+/:  (2  8,#,)/I  !)$#$.+"$#  .*  
.$!,6)$%(0,&#4  (  2.*.($  (&#(./ , )$%*$#  &!),&(#4  
9$'&*  .*  .$-$&*I  ,  )$*14.,0  !,1,7$.((  +$1. L.* -
5*1*  ,.  '21$#*$#  .*  F"." , 6+$ !,1"5*$#  '$1(8,1$!./:  
.*-1<+*#$14./:  !".8# , & 8,#,),6,  0,7$#  ,-,2)$'*#4  
9$01< . 9*#$0  ,.  !),1$#*$#  0(0,  L,1.E*  (  !,+.(0* -
$#&3 8 &*0,0"  .$-" , 5#,-/  !,&,'$#,'*#4&3  & 9$'&,0 .

L,5$#*.($  =(1,&,=&8(I  )*&&"7+$.(:  (  &*#()/  
&#*1,  7*.),0 , 8,#,)/:  !,27$  !,1"5(1  .*2'*.($  Ç0$ -
.(!!,'*  &*#()* È. P*8 (  '  Ç@)*'+(',:  (&#,)(( È, =(1, -
&,=/  .$&"#  ,&.,'."<  #37$&#4 &*#()(5$&8,6,  ,&#), - 
"0(3  F"8(*.* , (  +(*1,6  +,&#(6*$#  &',$6,  *!,6$3 , 8,6+*  
9$'&  813.$#&3 M$.(!!" , 5#,  Ç'&$  =(1,&,=/  '0$&#$  & 
(I  +(*1$8#(8,:  -"+"#  (&#)$-1$./ È.

B ÇD8*),0$.(!!$ È '.(0*.($  M$.(!!*  !)('1$8* -
<# 0$18($  &1*-,&#(  5$1,'$5$&#'* : &8)/#/$  0,#('/  (  
#*:.,$  1(E$0$)($ , .$)*21(5(0/$  .*  9$01$ , 8,#,)/$  
0,7.,  ,-.*)"7(#4  & .*-1<+*#$14.,6,  !".8#*  .*  F".$ . 
Q,1$$  #,6, , E*)(  #*8 7$  6)$I,'./  (  !,+'$)7$./  )*2 -
')*#" , 8*8 (  !),&#/$  1<+(  Ñ .(  ,+(.  81*&& 1<+$:  .$  
3'13$#&3 ,-)*2E,0  0,)*14.,6,  !,'$+$.(3 . ;*  !), -
#37$.((  '&$:  (&#,)((  2*!*+.,:  1(#$)*#")/  0.,6($  
!(&*#$1(  -"+"#  (&!,142,'*#4  "&#),:&#',  !"#$%$&#'(3  
.*  F"."  (1(  +)"6"<  !1*.$#" , 5#,-/  !,1"5(#4  !$)&!$8 -
#('" , & 8,#,),:  0,7.,  ,613."#4&3  .*2*+  .*  9$01<  (  
'/&0$3#4  $$ 6,)+/I  ,-(#*#$1$: . J+.*8,  F"8(*.  -/1  
!$)'/0 , 8#,  C#, &+$1*1.

L  F"./  M$.(!!  '(+(#  0()  8*8 0*1$.48(:  (  I)"!8(:  
,-R$8# , .*  !,'$)I.,&#(  8,#,),6,  ',:./  (  (0!$)((  8*-
7"#&3 *-&")+./0( : ÇQ),&(1  3 '2613+  (  .*  @$1,!,..$&  
( , 2*0$#('  P(.")(< , '&!,0.(1 , 8*8 0.,6,  *)6('3.  (  
1*8$+$0,.3.  !*1,  '  ,+.,+.$'.,:  -(#'$  2*  ,-1*+*.($  
81,58,0  2$01(  )*20$),0  .$  -,1$$  2$).*  $6(!$#&8,:  
5$5$'(E/ È. F"8(*.  '/)*2(1  5"'&#', , 8,#,),$  (&!/#/ -
'*1  !,5#(  8*7+/:  5$1,'$8 , 8,#,),0"  !,&5*&#1('(1,&4  
!,-/'*#4  '  8,&0,&$  (  !,&0,#)$#4  .*  9$01< , Ñ 61"-
-,8,$  (  !,5#(  )$1(6(,2.,$  5"'&#',  I)"!8,&#(  .*%$:  
!1*.$#/ , .*%$:  Ç-1$+., -6,1"-,:  #,58( È, 8*8 .*2'*1  $$ 
P*)1  L*6*. , (  61"!,&#4  8,.=1(8#,'  0$7+"  &#)*.*0( , 
)*2+$1$../0(  !),(2',14./0(  1(.(30( , .*)(&,'*. -
./0(  .*  8*)#*I . P*8 6,',)(#  M$.(!! , Ç3 &0$31&3 .*+  
#$0( , 8,#,)/$  &!,)3#  ,  6)*.(E*I  &',(I  '1*+$.(:  (  
6,)+3#&3  #$0, 5#,  ,-)*-*#/'*<#  )*'.(."  L(8(,.* , 
'1*+$<#  2$01$<  "  M*)*=,.* , '  &,&$+&#'$  & >.,$: , (  
,-1*+*<#  #/&354<  !1$=),'  '  ?I*).*I È.

H#,-/  +,-(#4&3  "&!$I* , &*#()*  +,17.*  !)$!,+*#4  
8*8,: -#,  .)*'&#'$../:  "),8 , !)$&1$+,'*#4  8*8"< -
#,  +(+*8#(5$&8"<  E$14. J#8),'$.(3  ,  !"#$%$&#'(3I  
F"8(*.*  .*  F"."  8*7"#&3 +,',14.,  !),&#/0( , ,+.*8,  
+)$'.(:  *'#,)  6,',)(#  .*0 , 5#,  0/  .$  +,17./  ',&!)( -
.(0*#4  '&$  &1(%8,0  &$)4$2., , ,&,-$..,  8,6+*  )$54  
2*I,+(#  ,  =(1,&,=(( .

!"#$  %&'(%)#)*$*$'+  ,&  -./*0 , 

(%$#12&*$  '&20)  %&3,//4%&3,0)  

*&4$%$,50  %&''16#),$7  $ ,&308&"5  ')49  

'5/$.&2$ , &.&#)2$.&2$ , :($.1%)7;&2$ , 

()%$(&5)5$.&2$  $ #%1<$2$  )=)  4/*))  

3&4&8,02$  $2),&2$ .
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!
!"#$%  &'()*!'+#  ),-.,*+/'0')0  ,*1(0##, . 2(  
+ "!1  3 #!4,  5$'  *,6!  #!  +7 -.,)*$8 . 9,  -,836!  
)/!*',4, .

Ç:(;,!  )1()*<! , 1*,  =,5.$%  /,'>!5#+;  
?("5.3)  =('  "#!  -!.!=  -3*!>!)*/+!"  @*,* 

"!1 , Ñ =3"('  )@. A.1+5('<= , #(.(B+/(0  *!"-  3=( -
.,/ . Ñ C!"#$%  &'()*!'+#  -.!;.()#,  ).(6(!*)0 . D, -
6('3% , .(/#$"  ,.36+!"  #(  *3.#+.#,"  -,'!  0 ",4  5$  
!"3  + -.,+4.(*< É 9, , ;  )1()*<E , 3 "!#0  /,'>!5#$%  
"!1 , + );,.,  /)!  7(/!.>+*)0 ÉÈ

F+0EB+% "!1  )("  ),5,%  )=!'('  ;(;,% -*,  8+*.$% 
G+#*, ,*5+'  "!1  -.,*+/#+;(  /  )*,.,#3 , + )'!=3EB+"  
.!7;+"  3=(.,"  )@. A.1+5('<=  )#!)  C!"#,"3  &'()*! -
'+#3  4,',/3  /"!)*!  ),  >'!"," .

C06!',  =$>( , )@. A.1+5('<=  /$*!.  "!1  + #(;,#!H -
*,  *,';,"  ,)",*.!')0 . C.,##$%  7('  C!"#,4,  &'()*!'+ -
#(  -,.(6('  )/,!%  ".(1#,)*<E  + /!'+1!)*/!##,)*<E . 
I*=!'(##$!  1!.#$"  ".(",.,"  )*!#$ , 4+4(#*);+% 
6!'!7#$%  *.,# , ,*  ;,*,.,4,  *(;  + /!0',  8,',=," É 
&-.,1!" , *!-!.<  /)!  @*, 5$',  #!)*.(>#$" . C.3-  C!" -
#,4,  &'()*!'+#(  '!6('  3 #,4  )/!*',4,  .$H(.0 .

Ñ J',  -,/!.6!#, ! Ñ *,.6!)*/3EB!  -.,/,74'()+'  
/  -,=;3-,'<#3E  /$)<  )@. A.1+5('<= . Ñ 9(/)!4=( !

D,)'!  @*+8 )',/  =/!.+  ),  /)!8  )*,.,#  /#!7(-#,  
.()-(8#3'+)< , + /  7('  #(  ;,'!#08  /-,'7'+  13=,/+B(  Ñ 
"!.7;+!  -,.,6=!#+0  4(''EH+#(H+%  ,5#E8(/>+8)0  
7!'!#,%  -$'<H,%  "('!/('<B+;,/ . K ;,4, -*,  #(  >+., -
1!##$8  -'!1(8  *,.1('(  5$1<0 4,',/( , ;*, -*,  );.!6!*('  
)(5'!/+=#$"+  ;'$;("+ , 7(  ;!" -*,  /,',1+'+)<  ;,6( -
#$!  ;.$'<0 . D.!=/,=+*!'<  13=,/+B  )/!.83  =,  -,0)(  
/$4'0=!'  )!=$"  5'(4,,5.(7#$"  "361+#,%  /  1!.#,"  
)E.*3;! , (  #+6! É & ,5B!" , ,#  -,'7  #(  *,')*!##,"  
7"!+#,"  8/,)*! .

Ç9(4+ , Ñ /)-,"#+'  ;'())+G+;(H+E  ",#)*.,/  )@. 
A.1+5('<=  + .!>+*!'<#,  )6('  )+0EB+%  "!1 . Ñ &,*  
@*+, -,'37"!+ , #(7$/(E*)0  #(4+È.

!"#$%&'()  *+,'#-./

�¾�Æ�È�ò�Ä��
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�ß�Ã�ô�ö�Ã�È�ö�ð�ù�Ä�È�ñ�ð�Å���ì�Æ�í L3=,/+B(  /)!  *(;  6! , #(  ;,'!#08 , -,=-,'7'+  ;  .$ -
H(.E . F!=,%  #(4 -,=#0'  ,*.35'!##3E  4,',/3  C!"#,4,  
&'()*!'+#( , )*.08#3'  )  #!!  >'!"  + )#0'  )  4,',/$  *,#;3E  
1!.#3E  ;,.,#3 , 3;.(>!##3E  .35+#("+ .

Ñ ?'(4,.,=#$%  /,+# É -.,)*+*! , #!  +"!E  1!)*+  
7#(*<  /(>!4,  +"!#+ É

Ñ F@. A.1+5('<=  D.!)/!*'$% , )*.(#)*/3EB+%  
.$H(.< .

Ñ J("!1(*!'<#, . F@. A.1+5('<= , "$ , ;'!/.!*$  + 
-.+)-!>#+;+  C!"#,4,  &'()*!'+#( , )"+.!##,  -.,)+"  
/()  -.+#0*<  @*3 ;,.,#3  + /'()*<  #(=  C!"#,%  M"-!.+!% .

Ñ L*, -, - , - , ?? Ñ N$H(.<  7(=,8#3')0  ,*  #!4,=, -
/(#+0 .

Ñ D,/*,.+*< ? Ñ #!/,7"3*+",  -.!=',6+'  -.!=/, -
=+*!'<  *!"#$8  ;'!/.!*,/ .

Ñ &$ É /$ É -.!='(4(!*!  "#! É -!.!"!*#3*<)0 É #(  
)*,.,#3  C<"$ ? 9+  7(  1*, !!

Ñ C,  !)*<  /$  #!  6!'(!*!  )*(#,/+*<)0  C!"#$"  &'( -
)*!'+#," ?

Ñ 9!* !!
Ñ A 7(1!"  *,4=(  -.!6#!4,  35+'+ ?
Ñ J',  =,'6#,  5$*<  3#+1*,6!#, ! Ñ *,.6!)*/!##,  

-.,+7#!)  5'(4,.,=#$%  )@. A.1+5('<= .
F!=,%  #(4 ),;.3>!##,  -,;(1('  4,',/,%  + /7=,8#3' :
Ñ L3/)*/3E , 5!)!=(  3 #()  53=!*  =,'4,% . D,7/,'<*!  

-.!=)*(/+*<)0 . O,.=  P(=<E; , 4'(/(  =!-(.*("!#*(  5!7 -
,-()#,)*+  C!"#,%  M"-!.++ . N(7.!>+*!  )-.,)+*< , )@. 
A.1+5('<= , 1*,  /$  ),5+.('+)<  =!'(*<  =('<>! ?

N$H(.<  #!=,3"!##,  -,=#0'  5.,/+ :
Ñ & )"$)'! ?
Ñ 93 /,*  35+'+  /$  C!"#,4,  &'()*!'+#( . &(>+  =('< -

#!%>+!  ;,#;.!*#$!  =!%)*/+0 ?
Ñ 2,",%  /!.#3)< , .(73"!!*)0 .
Ñ A4(. I5Q0/+*!  *("  /)!" , 1*,  C!"#$%  &'()*!'+#  

-,/!.6!# , ,5.!*!*!  )'(/3  /!'+;,4,  4!.,0 , -,1!*  + /,) -
8+B!#+! , *(; ?

Ñ 93, /  ,5B!" , =( É
Ñ F@. A.1+5('<= , =(/(%*!  0 .());(63  /(" , 1*,  

-.,+7,%=!*  -,*," . :(;  *,'<;,  /$  );.,!*!)<  7(  @*+"+ 
=/!.<"+ , "$ , ;'!/.!*$  + -.+)-!>#+;+  C!"#,4,  &'()*! -
'+#( , *3* 6!  3)*.,+"  "!6=3  ),5,%  5!7,5.(7#3E  =.(;3  
7(  ,5'(=(#+!  ;,.,#,% . D.(/+'<#, , 4,)-,=( ?

L3=,/+B(  ),4'()#,  7(;+/('+ . O,.=  P(=<E;  -., -
=,'6+' :

Ñ D,5!=+* , #!),"#!##, , ',.=  ?34(%0.
&)! , /;'E1(0  )@.(  A.1+5('<=( , -,)",*.!'+  #(  

,4.,"#,4,  "+#,*(/.( . R+-()*$%  =,)-!8  !=/(  #!  *.! -
);(')0  +7#3*.+  -,=  #(-,.,"  13=,/+B#$8  "$>H .

Ñ 9(  )'!=3EB+%  6!  =!#<  !4,  ,*.(/+*  ',.=  S$ -
><0;;+ .

&$>!3;(7(##$%  ',.=  *(;  '();,/,  7(3'$5(')0  )/,!%  
;.$)+#,%  ",.=,1;,% , 1*,  )*(',  0)#,  Ñ ,507(*!'<#,  
,*.(/+* .

Ñ D,*,"  7(  =!',  -.+=!*)0  /70*<)0  "#! . O,.=  
S$><0;;+  +)1!7#!*  -.+  7(4(=,1#$8  ,5)*,0*!'<)*/(8 , 
+ ;,.,#3  #(=!#3  0. N(73"!!*)0 , 1!.!7  ;(;,! -*,  /.!"0  
"!#0  *,6!  35<E*, #,  @*, #!  +"!!*  7#(1!#+0 . &$  -,#0'+  
-.+#H+- , )@. A.1+5('<= ? :,.,#(  #+ /  ;(;,"  )'31(!  #!  
,)*(#!*)0  5!)8,7#,% . 9!  3)-!!*!  /$  ,*Q!8(*<  7(  -.!=! -



!"

!"  #$%!&'" , ()(  *)  $+%*, -.,  /-0,$  1%##,0)$2 *%1"3  
4,5*"3  6!)#$,!&* . 7 1"  1,02  #%/&+),$,#2  +)##()8" -
1)$2 1 91,$!":  ;,5!<: , =$% 1"  ,>% -*&=$%.&!& , *,  $)(  !& ?

91,$!"3  +"')+2  #$&#*-!  +-(%<$2 5,=)  & ->+%.)?@,  
*):5-+&!#< .

Ñ A -/2?  1)#  1#,: !
Ñ B,8  #%5*,*&< . C%$2 #&?  5&*-$- . 7 0)!2D, ? E 

().0%>% &8 *)#  ,#$2  8)5,#$&$,!& , 8)5,#$&$,!&  8)5, -
#$&$,!,3  & $)(  0)!,, . 6  (%*',  (%*'%1, !?/%3  )+5,3 -
#(&3 %F&',+ , !?/%3  0,#<$*&(  >%+%0#(%3 #$+).&  *,  
%$().,$#<  G+&5,+&$2 (%+%*-. 4)(  =$% 1"  /-0,$,  0,!)$2 ? 
H%=,1)$2 & .&$2  80,#2 , 1 $+%**%5 8)!, , # 5,=%5  1 +-(): , 
G"$)<#2  *,  0%G-#$&$2 (%+%*)'&&  *%1%>% G+)1&$,!< ?

Ñ I#!&  G%*)0%/&$#<, $% 0) !
J%+0 K)02?(  %#5%$+,!#< G% #$%+%*)5, G%0*<! 

G,+,1,+*-$%,  (+,#!% , G%#$)1&! 1%8!,  +"')+<  & 8)/%$-
!&1"5  .,#$%5  G+&>!)#&!  G+&#,#$2.

Ñ L$)( , #M+ 7+=&/)!20 , < G+%0%!.)? . ;*)=&$ , 
*%1%>% &5G,+)$%+)  1 #$+)*,  *,$ . H&($% *&(%5-  *,  
G%0=&*<,$#<, #$+-($-+)  >%#-0)+#$1,**%>% -G+)1!,*&<  
+)8+-D,*) , $+)*#G%+$*",  #&#$,5"  & #1<82 *,  F-*('&% -
*&+-?$ . 9!-./"  G+)1%G%+<0() /,80,3#$1-?$ . 4%+>%1!< 
#1%+)=&1),$#<, #*)/.,*&,  G+%1&*'&3 G+,(+)@,*% . 
N%() 1#,  $)( ?

Ñ 4)( .
Ñ 6  >%+%0): *)=&*),$#<  >%!%0. N+,#$-G*&(&  /,>-$  

&8 $?+,5 . 9%!0)$"  1":%0<$ &8 ()8)+5  & &0-$ &#()$2 #,/,  
G+%G&$)*&,. 9$&:&3*% 1%8*&(D&,  /)*0"  5)+%0,+%1 & 
>+)/&$,!,3  +"@-$  # $%3 .,  ',!2? . H)=&*),$#<  %/@)< 
#5-$) , +,8*< , *)#&!&, , G%.)+" , MG&0,5&&. 9,!2#(%,  
:%8<3#$1% G+&:%0&$ 1 -G)0%(. O)(  &$%> Ñ G%0)1!<?@,,  
/%!2D&*#$1% *)#,!,*&<  1"5&+),$ , & 4,5*)<  L5G,+&<  
G+,(+)@),$  #-@,#$1%1)$2 1%%/@,. 4)( ?

P"')+2  G%+"1&#$% 1#(%=&!:
Ñ Q$% .,  G+,(+)#*% ! A -*&=$%.-  4,5*-?  L5G,+&?  

',!&(%5 ! Q$% /%!2D, , =,5  < #5,!  *)0,<$2#< !
Ñ K5É 9M+ #1,$!"3  +"')+2 , )  8)  =$% 1"  # *)5&  $)( ?
Ñ R/&$,!&  ;!)  *,  5,#$% *)  8,5!, !
Ñ 9M+ 7+=&/)!20 , G+%#$&$,. O$%, G%-1)D,5- , *) -

#,!<,$  4,5*-?  L5G,+&? ?
Ñ Q-M-MÉ H- , <#*%,  0,!% , =-0%1&@) 1#<(&, , %+(&, 

$+%!!&É
9,0%3  *)>  180%:*-! :
Ñ S$% ()#),$#<  =-0%1&@. 9%/#$1,**% , G+)($&=,#(&  

1#,:  1"  1&0&$, G,+,0  #%/%3. T"  Ñ *,5*%>&,  -0)=*",  
+,8-!2$)$"  5)>&=,#(&:  M(#G,+&5,*$%1. U) , -  *)#  ,#$2  
*,(%$%+",  #G%#%/*%#$&, /!)>%0)+<  (%$%+"5 5"  & G+%-
/&!&#2  1 /!&.)3D,,  %(+-.,*&,  6!)#$,!&*) . H% =$% 
()#),$#<  (%!&=,#$1) É H,#(%!2(%  0,#<$(%1 =-0%1&@ G% 
#+)1*,*&?  # %/@&5 *)#,!,*&,5  &5G,+&& Ñ M$% ()G!<  
1 5%+, . H,#,+2,8*% . 6  +)#=,$  *)#  5%.*%  *,  /+)$2 .

Ñ 7 $+%!!& & %+(&?
Ñ 4+%!!& , 8*)=&$. U)1)3$,  < *)=*-  &80)!,() . 9M+ 

7+=&/)!20 , ()(  1"  0-5),$, , =$% 5"  ,0&5 ? 9F%+5-!&+-?  
G%-0+->%5-: =,5  5"  1%%/@, .&1,5 ?

P"')+2  G+,8+&$,!2*%  F"+(*-! :
Ñ 6%3*)5& , >+)/,.)5&  & *)/,>)5& , /,8  #%5*,*&< .
Ñ U) ? O%>0) 91,$!",  ;,5!&  1 G%#!,0*&3  +)8  1%-

,1)!&  # 4,5*%3  L5G,+&,3 , *,  G%0#().,$, ?

Ñ H- -- -- É >0, -$% !,$  #$% *)8)0 .
Ñ 9$% 01)0')$2  #,52 , $%=*,, . S&#!,**%#$2  *) -

#,!,*&<  4,5*%3  L5G,+&&  Ñ %(%!% 0,#<$& 5&!!&%*%1. 
6"  1#,+2,8  #=&$),$, , =$% 5"  $%>0) *)>+)/&!&  -  1)#  
(%*#,+1%1 & G%#!,0*&,  #$% !,$  G&$),5#<  &5&?

Ñ Q-M-MÉ
Ñ 9M+ 7+=&/)!20 , -  *)#  #)5%,  %/"=*%,  #,!2#(%,  

:%8<3#$1%, G%*&5),$, ? ND,*&') , +%.2, <=5,*2 , %1,#, 
%1%@&, (%+%1(&, ()/)*=&(& , (-+%=(&É O$% 1#,  M$% 1" -
+)@&1),$ ? 4+%!!& ?

Ñ Q-M-MÉ
Ñ U)1)3$,  G%0+%/*,, . 4+%!!&  & %+(& -  *)# , +)8 -

-5,,$#< , ,#$2 . H%, 1&0&$, !& É 9+).)?$#<  %*& *,G!%:%, 
G%$%5- &8 *&:  )+5&<  & #%#$%&$. H% 1%$ 1 :%8<3#$1, $%!(-  
%$ *&:  *&()(%>%. N%G+%/-3$, G+,0#$)1&$2 #,/,  %+(), 
G)D-@,>% 8,5!? . L!&  $+%!!<É *- , < *,  8*)? É D2?@,>% 
(-+$(- , *)G+&5,+ .

P"')+2  =,#$*% G%G"$)!#< G+,0#$)1&$2 #,/,  M$- 
()+$&*- . H,  G%!-=&!%#2. J%+0 K)02?(  #%>!)#*% (&1*-! , 
=&$)< 5"#!&  #M+) 7+=&/)!20)  G% ,>% =,#$*%5-  !&'- .

Ñ 6%$-1%$. N%M$%5-, G%1$%+?, %+(& & $+%!!& #!-.)$  
1 )+5&& . H-  +)8  1%3*"  *,$ , ()(  #!-.)$ ? 9&0<$ 1 ()8)+ -
5): , &*%>0) $+,*&+-?$#< , +,>-!<+*%  $+& +)8)  1 0,*2  
,0<$ . 7 ($% &:  (%+5&$?

Ñ T -5 -5  É
Ñ O+,#$2<*, , #M+ 7+=&/)!20 . 9)5",  %/"=*",  !?0& . 

6%$ %*&-$% & #%#$)1!<?$ 0,1<*%#$% G+%',*$%1 *)#,!, -
*&< 4,5*%3  L5G,+&& . 7>) , 1&.- . L81&*&$, , #M+ 7+=&-
/)!20 . U,1<*%#$% G+%',*$%1 Ñ M$% 0,1<$2 0,#<$": . I@,  
G+%@, Ñ *)  ().0%>% $+%!!< G+&:%0&$#< 0,1<$2 =,!%1,( . 
N%()8)$2 1)5  G+%D!%>%0*?? G,+,G&#2 *)#,!,*&< ?

Ñ H,  *)0% .
Ñ 6%81+)@)?#2  (  %G&#)**%3 5*%3 ()+$&*,  +)8 -

+-:& , #5-$"  & 5,.0%-#%/&'" . 6  +,8-!2$)$,  M$%>% 1 
G,+1-?  %=,+,02  G%>&/*-$ &5,**%  (+,#$2<*, . N+%#$",  
& :%+%D&, !?0& . 65,#$,  # !)#(%1"5&  .,*)5&  & #!)1 -
*"5&  0,$&D()5& . 4,  #)5",  %/"=*",  5&+*",  !?0& , 
G%(%3 & /,8%G)#*%#$2 (%$%+": 1" , ()(  #1,$!"3  +"')+2 , 
%/<8)*"  :+)*&$2 . N%>&/*-$ 1 (%!&=,#$1,  #%$,* $"#<= & 
0).,  5&!!&%*%1. N% 1)D,3  1&*, . 6"  1%825,$,  *)  #,/<  
%$1,$#$1,**%#$2 8)  $)(%,  (%!&=,#$1% #5,+$,3 , #1,$!"3  
+"')+2 ?

9M+ 7+=&/)!20  0-5)! . 9(+&G 5%8>%1 /"!  #!"D,*  
*)  1,#2  $+%**"3  8)! .

Ñ N%!-=),$#< , /,8  &5G,+)$%+)  *&()( ? Ñ .)!%/*%  
#G+%#&! %*.

Ñ I#!&  :%$&$, #%:+)*&$2 1 #$+)*,  #G%(%3#$1&, & 
G+%'1,$)*&,  Ñ *&()( .

Ñ H% < *,  :%=- /"$2  4,5*"5  6!)#$,!&*%5 !
Ñ 4%>0) -,8.)3$, . 4,5*"3  6!)#$,!&*  %/+)8-,$#<  

#)5  #%/%3, /,8  1)# . I0&*#$1,**%, , *)G%5*?  Ñ )  8)=,5  
/"!%  G+,.*,>%  -/&1)$2 ?

9M+ 7+=&/)!20  G%0-5)!  ,@, .
Ñ H% 1,02  *,%/<8)$,!2*%  *)8"1)$2#<  4,5*"5  

6!)#$,!&*%5 ?
Ñ P)8-5,,$#< . O)(  G+&().,$, . L80)3$,  -()8  Ñ & 

5"  /-0,5  81)$2 1)#  B,!%#*,.*"5  9)5%0,+.',5  &!& 
()(  1)5  ->%0*%.

9M+ 7+=&/)!20  18<!  (%+%*- 1 +-(& .
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Ñ !  "#$%&%, Ñ '($"$)  *# , Ñ + ,"-%#.  /'%  /  )0120.  
'&*3*#0 .

Ñ 4$(  53,($6%&%.
Ñ 7  -*%8  ,-5%3,,  #,(&*  #% 90:%& ;*)*:$&< .
Ñ 4$(  53,($6%&%. = #$' , 53$/:$ , ,  &$( '  ;*)*:0  #% 

-30&.
Ñ >  #,($(,?  #$9%;*/ !
Ñ 4$(  53,($6%&%.
Ñ >  #,($(,?  ($"#%8 ,  5@&*(!
Ñ 4$(  53,($6%&%, 90:0A,8  5*/%),&%)< . 
B/%&)@8 3@C$3< /@:*?#0)  ,  3%2,&%)<#*  #$:%)  

1%3#@8 *9301  #$ ;*)*/0 .
Ñ D$ ":3$/'&/0%&  7)$'&%),# ! Ñ ?*3*-  3+/(#0),  

()%/3%&@ ,  53,'5%2#,(, .
BE3 !31,9$)<:  '  *5$'(*8  53,')02$)'+  (  '%9%. 

F%&, (*3*#$  #% ,"-%#,)$  %;*. 4 &<-% ,  /'+1%'(*-0  ")0  
'/%&)*;*  3@C$3+ '*/%32%##*  #% &+#0)*.

Ñ G '1$'&),/  ')06,&<  /$- , 5*/%),&%)< ! Ñ *9)%; -
1%##* /":*?#0)  )*3:  H$:<.( . Ñ I$/&3$  6% *3;$#,"0%-  
&*36%'&/%##0.  (*3*#$C,. , #% ,"/*)<&%  9%'5*(*,&<'+ . 
!  5*($  #,6$82%  *'-%).'<  53*',&<  /$'  0:%),&<  #%-#* -
;*  /3%-%#,  ;*'0:$3'&/%##@-  :%)$- . J+:*/$+  30&,#$, 
#,1%;*  *'*9%##*;* .

Ñ F0, :$/$8&%, 1&* &$-  0 /$' , Ñ (,/#0)  'E3  !31, -
9$)<: .

B%:*8  #$;  ,"/)%(  ,"  ($3-$#$  '/,&*( :
Ñ K3%90%&'+ /$2$  5*:5,'< , 5*/%),&%)< . J$'5*3+ -

6%#,% *  ($"#, .
BE3 !31,9$)<:  /*"-0A%##*  /@&$3$A,)  ;)$"$ .
Ñ F0 06 #%&! Ñ &/%3:*  '($"$)  *# . Ñ G 6% '($"$) : 

#,($(,?  ($"#%8!
H)$/$  :%5$3&$-%#&$ 9%"*5$'#*'&,  /@&+#0) ,"  /*" -

:0?$  &*#%#<(0.  ($#C%)+3'(0.  5$5(0.
Ñ H@3; 7$$" , *3( . B)06,)  /  ;*3*:'(*8  '&3$6%, 3+-

:*/*8 . L*  *(*#1$#,,  :%603'&/$  5*2%)  '  #$5$3#,(*-  
/  &$/%3#0. 7*  /3%-+  3$'5,&,+  53*,"*2)$  ''*3$ , H@3; 
'?/$&,)  '*  '&*)$  #*6  ,  09,)  &*/$3,A$ . L*#+/ , 1&* 53* -
,"*2)* , 5*5@&$)'+  9%6$&<. M@) "$:%36$#  /  :/%3+?  
5*:*'5%/2,-  #$3+:*-  '&3$6, . 7  ?*:%  "$:%36$#,+  
/@?/$&,)  0 :%603#*;*  '&3$6#,($  -%1, '*53*&,/)+)'+  
*&1$+##*, 5@&$+'< 53*3/$&<'+  (  *(#$- . J%"0)<&$& Ñ :/$  
09,&@? '&3$6#,($  ,  5+&%3* 5*'%&,&%)%8 &$/%3#@. = /'%?  
*'&$),'<  /:*/@  ,  :%&,, *9A,-  (*),1%'&/*-  :/$:C$&<  
:%/+&< 1%)*/%( .

N*3:  H$:<.(  "$-*)1$) .
Ñ F0, 50'&< 5*6,"#%##*  /  &.3<-%  ',:,& , Ñ 3%". -

-,3*/$)  'E3  !31,9$)<: .
N*3:  H$:<.(  /@#0) ,"  /*":0?$  /&*30.  5$5(0.
Ñ B$-;,$'  43*;;%# , 1%)*/%( . 4$(  0'&$#*/)%#*  C%),-

&%)+-,  /  ?*:% ')%:'&/,+ , 5',?,1%'(,  #%":*3*/ . F*1<.  
"$93$)'+  1%3%" *(#*  /  :*-  ./%),3$  '  C%)<.  (3$6, . 
L3*'#0/2%;*'+  *& 20-$  ?*"+,#$  09,)  &*5*3*- , 5*')%  
1%;* 53*2%)  5*  :*-0  ,  "$309,)  /'.  '%-<.  ,"  /*'<-,  
1%)*/%( , /().1$+  :/0?  ')06$#*( . L*')%  1%;*, "$93$/  
'  53,(3*/$&#*;*  '&*),($  #%-#*;*  -%)*1, , '(3@)'+  '  
-%'&$  53%'&05)%#,+. 4 /%1%30 ')%:0.A%;*  :#+  9@) 
$3%'&*/$#  ,  53%53*/*6:%#  /  &.3<-0 . O&*;*  &*6% 90:%-  
5*6,"#%##*  '*:%36$&< ?

Ñ !  %'),  E&* #% *#  09,) ?

Ñ L*  #%/%3*+&#*8 ')01$8#*'&,  0 ?*"+,#$  :*-$  
9@) /().1%##@8  -$;,1%'(,8  2$3 . 7'%  53*,'?*:+A%%  
"$5,'$)*'< . F% ,"/*)<&%  '*-#%/$&<'+ , 09,8C$  '$-@8  
#$'&*+A,8 .

Ñ !  5*1%-0  /@ '$-,  #% 5*:5,'@/$%&%  E&, 3$'5* -
3+6%#,+?

Ñ 4$(  53,($6%&%. K*)<(*  5*&*-  #% 0:,/)+8&%'< , 
(*;:$  0"#$%&%, 1&* + 5@&$. '/*,?  ),1#@? /3$;*/  :)+  
3$"/)%1%#,+  ,  5*'@)$.  #$ 5)$?0 9*;$&@? (05C*/  '  
C%)<.  "$/)$:%#,+  ,?  '*'&*+#,%- . 4'&$&, , + -*;0 , 0 
-%#+ -*3$)<#* -E&,1%'(,?  53*9)%-  #% /*"#,(#%& . 
>-%##* , 1&*9@ E&*;*  #% 53*,'?*:,)* , 53%3*;$&,/$  
3$'5*3+6%#,8  *  ($"#,  53,#$:)%6,&  ,'().1,&%)<#*  
7)$'&%),#0 .

Ñ !  -*6%& , /'% -&$(,  5*6,"#%##*% ?
Ñ L*/%),&%)< , /  '&*),C%  ($6:@8  :%#< 53*,'?*:,&  

*:#* -:/$  09,8'&/$ . 7  ,-5%3,, , %'&%'&/%##*, 9*)<2% . 
M0:%-  '&3*,&<  ($6:@8  ;*:  #*/0.  &.3<-0 ? I$  '1%& #$-
)*;*5)$&%)<A,(*/ ? K*  %'&< "$  '1%& *'&$/2,?'+  9%" 
-06%8  /:*/ , (*&*3@% &%5%3< 90:0& #$:3@/$&<'+ , 1&*9@ 
53*(*3-,&<  #% &*)<(*  '/*,?  :%&%8, #*  ,  :*  (*#C$  6,"#,  
'*:%36$&<  09,8C ?

= 'E3$  !31,9$)<:$  /@'&05,)$  ,'5$3,#$  #$ )90 . K$-  
6% 5*5*)"),  #%53,/@1#@% -*3A,#@ .

Ñ 7  (*#C% (*#C*/ , 5*/%),&%)< , /@ 6% /*,#  ,  #% 3$"  
/,:%),  '-%3&< , Ñ 5*-*;  %-0 '%:*8  #$; .

BE3 !31,9$)<:  -%:)%##*  /"+)  '/,&*(  ,  5*:5,'$) .
Ñ F$ E&*- , #$:%.'< , /'% ? Ñ 903(#0)  *# .
Ñ B ($"#+-,  #$ '%;*:#+  /'% , 5*/%),&%)< . 7*&, *' -

-%).'<  53%:*'&$/,&<  /$-  #$ 5*:5,'<  3$'5*3+6%#,%  
*  5@&(%.

Ñ 7*&  &*)<(*  #% #$:*  3$''($"@/$&<  -#% *  ;*'0 -
:$3'&/%##*8  #%*9?*:,-*'&,  5@&*(! Ñ /"/,)'+  'E3  
!31,9$)<: .

Ñ B&$&<+ ÇF%(3*-$#&,+ È, 5*/%),&%)< , Ñ -#*;* -
"#$1,&%)<#*  "$-%&,)  )*3:  H$:<.( .

Ñ >  1&*? = /$' É 0 #$'  /  K%-#*8  >-5%3,,  E&,? #%-
(3*-$#&*/  #%9*'<  ($(  9)*?  #$ '*9$(% !

Ñ F%(3*-$#&,+  "$53%A%#$ #$ /'%8  &%33,&*3,,  
K%-#*8  >-5%3,,  5*:  '&3$?*-  '-%3&#*8  ($"#, . 7@ /* -
*9A% 53%:'&$/)+%&%, (  1%-0 E&* 53,/*:,& , 5*/%),&%)< ? 
7,60 . B%81$' *9P+'#. .

J@C$3< "$%3"$)  /  (3%')%, 0'&3*,)'+  5*0:*9#%%.
Ñ F0, 3$''($6,&% .
Ñ Q%- "$#,-$%&'+  #%(3*-$#& , 5*/%),&%)< ? L*: -

#,-$%&  -%3&/@?. B *:#*8  '&*3*#@ , E&*, -*6%&  9@&<, ,  
#%5)*?* . R%3&/%C0 -*6#*  53,($"$&<  3$9*&$&<. F0, &* 6% 
5*)% 5$?$&<. F*  53*9)%-$  /  &*- , 1&* #%(3*-$#&  :*)6%#  
(*#&3*),3*/$&<  5*:#+&*;* . !  #%(3*-$#&  /'%;*  ),2<  
1%)*/%(  ,  3$#*  ,),  5*":#*  "$'#%&. >  (*#&3*),3*/$&<  
5*:#+&*;*  #% '-*6%& . >  0 &*;*  /'&05$.&  /  :%8'&/,%  
,#'&,#(&@ . !  ($(,%  0 &305$ ,#'&,#(&@ ? L*::%36,/$&<  
'/*.  5'%/:*6,"#< . !  :)+  E&*;*  %-0 #06#$ /,&$)<#$+ É 
7,60 , 5*/%),&%)< , ,"/,#,&% . S-0  #06#$ 6,"#%##$+  
E#%3;,+ 6,/*;*  '0A%'&/$ . >  /*&  *#  ,:%& ,  (0'$%& 9), -
6$820.  6,/#*'&< . Q%)*/%($, (*3*/0 , (*2(0  Ñ #% /$6#* . 
>  0(02%##@8 '$-  &0& 6% '&$#*/,&'+  5'%/:*&305*- , 
(*&*3*-0  &3%90%&'+ 1&*? T,"#%##$+  E#%3;,+. >  /'+  
E&$ E5,:%-,+  3$"3$'&$%&'+  -;#*/%##* . M),6$82$+  
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!"#"$%&  '()%*$+('&  ',*#+-".  /*!&0+/  ."#($"1*$  2)  
3)#4  0)'*$ . 5  *%+ +!4(  !)678" , 9 '6"!4:-";  !"#"$%" É 
<"#.+%  Ç2*.,+ -)3*9)6+3'+' È '6=8)6+ ?

>#)0%*"  $=#)?"%+"  6+1)  '$"(6*@*  #=1)#&  3*! -
($"#?!)6* , 0(*  '  ("#.+%*.  *% 2%)9*. .

Ñ <)9  0(*  6:,*;  %"9#*.)%(  A(*  3#&.)&  4@#*2) 
+.3"#++ .

Ñ B)2%+(7!
Ñ C"3#"."%%* , 3*$"6+("67 . C*  '%)0)6)  3#+!"('&  

3=()(7 .
Ñ D)0". ?
Ñ C"+2$"'(%* , ,=6+  6+ 4 %"@* 40"%+9+. >*?"( , *% 

3"#"!)6  9*.4 -(*  2)3+'+ , 9)9 +."%%*  3#*$*!+(7  #+(4)6 . 
E)  + ').  #+(4)6  %)!*  2%)(7 $ !"()6&/ .

Ñ D)0". ?
Ñ F:,*"  .)@+0"'9*"  !";'($+"  +.""( É 9)9 ,=  $=-

#)2+(7'& É '$*:  %"3*$(*#+.4:  $+,#)1+: , 9*(*#4:  
.*?%*  *-4(+(7  $ .)@+0"'9*.  AG+#" . H*,'($"%%* , 3* -
!)$6&:-""  ,*678+%'($*  .)@*$  .*"@*  !"3)#()."%()  
2)%+.)"('&  +."%%*  A(+.  Ñ 3#*'648+$)"(  .)@+0"'9+;  
AG+# %) 3#"!."(  2)3#"-"%%=/  #+(4)6*$ . B)9 (*679*  
,4!"(  4'()%*$6"%* , @!" +."%%*  3#*$*!+('&  %"9#*-
.)%('9+;  *,#&!  Ñ (4!)  $='=6):('&  $*;'9)  + *1"36&:(  
#);*% . I(  A(*@* 2)$+'&(  !"'&(9+  + '*(%+  (='&0  ?+2%"; . 
J'"  *0"%7 '"#7"2%* , 3*$"6+("67 .

Ñ K ').  *% *(9)2=$)"('&  @*$*#+(7?
Ñ L#)9(+0"'9+  $'"  %"9#*.)%(=  %)3*6*$+%4 3'+/+ . 

C)8  *,$+%&".=;  '";0)'  @*#!*  '+!+(  $ 9)."#" , 96&%"(-
'& , 0(*  .=  $'"  "-"  3*?)6"".  *  (*. , 0(*  *'."6+6+'7  "@* 
)#"'(*$)(7 , 3=()"('&  %);(+  /*(7  9)94: -%+,4!7  !*/64:  
9#='4 , 0(*,=  2)34'(+(7  A3+!".+: É H6*?%=;  96+"%(, 
9*#*0" . C"  +2$*67("  ,"'3*9*+(7'& , %)8+  3)6)0+  "@* 
#)2@*$*#&(. L*!3+8"("  #)'3*#&?"%+" ?

HA# K#0+,)67!  #"8+("67%*  0"#9%46 2)$+(4894  %) 
'$+(9" .

Ñ M6)@*!)#:  $)' , 3*$"6+("67 .
Ñ C)  A(*. , %)!":'7 , $'" ?
F*#!  N)!7:9  )994#)(%*  4,#)6  '$+(*9  $ 9)#.)%  

':#(49) .
Ñ H*  $'&9*;  %"2%)0+("67%*;  ."6*07: , 3*$"6+("67 , 

$'" . K $*(  '6"!4:-+;  $*3#*' , 9*(*#=;  & /*04  '  $).+  
*,'4!+(7 , @*#)2!*  '"#7"2%"" . J).  3#+/*!+6*'7  ,*6"(7  
/#+34/*; ?

H$"(6=;  #=1)#7  G=#9%46:
Ñ O)24.""('& . L*9)?+("  .%"  0"6*$"9) , 9*(*#=;  

":  %" ,*6"6 . <)9*@* $ .42""  3*9)2=$)(7  .*?%* . K 9)9+"  
3#*,6".= ? I%)  ?"  6"0+('&  *!%*;  3+6:6";  $+()!*%) . 
J  9)?!*;  )3("9"  3*6%*.

Ñ K "'6+  %" 6"0+(7 ? D%)"(" , 9)9 3#*1"''  #)2$+$) -
"('&  !)678" ? C"  2%)"(" , 3*(*.4  0(*  $'"@!)  $*$#".&  
6"0+6+'7 . H).+  @*$*#+("  Ñ $ 9)?!*;  )3("9"  3*6%*. K 
,=$)"(  ()9 , 0(*  6"9)#'($)  %"(. C"  $'"@!) , 9*%"0%*, %* 
$ ,*678+%'($"  '640)"$  0"6*$"9 , ,*6":-+;  /#+34/*;  
,*6""  %"!"6+ , '6"3%"( . K ,*6"2%7  A() , ').+  2%)"(" , 
'"2*%%)&  + 2)#)2%)& , ()9  0(*  #+'9  .)''*$*;  A3+!".++ É

Ñ P %)'  0(* , $+()!*%)  %"(?
Ñ J  (*094, 3*$"6+("67 . D)3)'=  9*%0):('& . <"  ') -

.=" , %)@#),6"%%=" $ 3#*86*;  $*;%" .
Ñ <)9  3#+9)2=$):  +2@*(*$+(7!

Ñ I'%*$%=.  9*.3*%"%(*.  $+()!*%) , 3*$"6+("67 , 
&$6&:('&  3"#7& G"%+9') .

Ñ 5  0(* ?
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.%,%?01)2 *(  1"&2(*>"0**-<  ,(402- . 8,"  @20/ &0#*(*"% -?0-
1"2 3 3",2-(:5*0%  .,0&2,(*&230 , (  2%:0 .,0$*0  .,":".(%2  '  1" -
3(*-  "  .0,09  *%1%:)/"  *% .0'"1(%2  @20+0 *(&";%**0+0  /%&2(. 

A  302, 0'(#63(%2&), #"/(  Ñ &(/0% 3,%/) , '0+1(  /0;*0  @=-
=%'2"3*0  ,(&.,(3:)25&)  & *(,(&2(<7"/  02 2('0+0  04,(#(  ;"# -
*"  ;",'0/ . B20 36)&*":"  '(*(1&'"%  "&&:%103(2%:" "# C(3-
,%*2"9&'0+0 -*"3%,&"2%2(, $20 3 .,03"*>""  D*2(,"0 , 30 +:(3% 
& E0/"*"'0/  F(*50*0/  Journal of Applied Physiology, 3 1%'(4,)  
2020 +01(. A*2%,%&*0, $20 0*"  *% #(&2(3:):"  -$(&2*"'03  @'&-
.%,"/%*2(  36.0:*)25  '('"% -20 "#/(263(<7"%  -.,(;*%*") . 
G&%+0-20 *(10  46:0  3%$%,0/ 1%&)25 ,(#  .0  /"*-2%  ',-2"25  
.%1(:"  3%:02,%*(;%,(  *(  /('&"/(:5*09  &'0,0&2" , (  .020/  
.0:20,6  /"*-26  0216?(25. 8,"$%/  &'0,0&25 0.,%1%:):"  20$-
*0  Ñ .0  .02,%4:%*"<  '"&:0,01( , &0023%2&23%**0 90 "  30% 
02 ."'030+0  #*($%*") , ,(*%% 36)3:%**0+0  3 :(40,(20,""  1:)  
'(;10+0  -$(&2*"'( . H%;1-  .,0$"/ , '(;169  2%.%,5, 3 &3)#" & 
.(*1%/"%9  '03"1( , /0;%2  '-."25  2('"%  "#/%,"2%:" , *(.," -
/%, , $%,%# I%25.

J  .,"  $%/ 2-2 ?0:01? 8,"  20/ , $20 $%23%,25 $(&( 10 *($(:(  
-.,(;*%*"9  -$(&2*"'"  0?:(;1(:"&5  3 '0/*(2%  & 2%/.%,(2-,09  
00I . K-  "  &(/"  -.,(;*%*")  .,0301":"  *(  ?0:01%. L%#-:52(2 
0'(#(:&)  .02,)&(<7"/  Ñ .%,%,(402'(  ;",(  36,0&:(  3 2,"  & 
:"M*"/  ,(#(  .0  &,(3*%*"<  & -.,(;*%*")/"  3 2%.:09 '0/*(2% . 
801,04*0%  "#-$%*"% .-2%9 /%2(40:"#/(  .0'(#(:0 : &+0,(:  202 
;", , $20 *(?01"2&)  3 /6M%$*6?  2'(*)? . 

D1*('0  4:(+0230,*0% 3:")*"%  ?0:01*()  2,%*",03'(  0'(#6 -
3(:(  :"M5  &(/(  .0  &%4%: ;",  &+0,(:  30 3,%/)  -.,(;*%*"9 . N0+-
1( -$(&2*"'"  @'&.%,"/%*2(  & -2,(  &O%1(:" .:02*69  #(32,('  & 
;",*09  ."7%9 , 3%$%,*%% -.,(;*%*"%  *"'('  *% &'(#63(:0&5  *(  
-+:%301*0-;",030/  04/%*%. J  302 2%.:()  3%$%,*)) 2,%*",03 -
'(  ?025 "  &;"+(:(  /%*5M% ;",( , #(20 .0&:% #(32,('(  -,03%*5 
&(?(,(  3 ',03"  ,0& *% &20:5 &":5*0 , (  -,03%*5 2,"+:">%,"103  
1(;% .(1(: . G.,0$%/ , ="#"0:0+"  20:5'0  *($(:"  #(1-/63(25&)  
0 ,(#:"$""  @2"? 13-? =%*0/%*03 "  .0'(  04O)&*"25, $20 40:%% 
"  '0/-  .0:%#*0 , *% /0+-2 . D2&<1( /0,(:5 : %&:" &2(,(25&) &;" -
+(25 ;", , 01*09  ?0:01*09  2,%*",03'09  *% 04092"&5, *-;*0  
.,0)3"25  &":-  30:"  "  -/%*5M"25  .0+:07%*"%  ."7" , 3 .%,3-<  
0$%,%15 ;",*09 . K-  (  %&:" .,"36'*-25  '  2('0/-  04,(#-  ;"#*"  
#"/09 , +:)1"M5 , "  :%20/ 4-1%2 .,"36$*%%  ',-2"25  .%1(:"  *( -
&20)7%+0 3%:0&".%1(: .0:-$"2&)  &%#0**0% $%,%103(*"% ?0:01-
*09  "  2%.:09 2,%*",030' . 
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���I�J�:�9�E�H�=�:�G�� �F�:�L�H�9�� �5�X�c�5�E�:�G�?�c��
�G�3�Q�3�E�V�G�X�P�� �I�3�J�3�F�:�L�J�H�5�� �9�5�?�=�:!
�G�?�c�����I�J�?�5�H�9�c�T�?�P���C���K�L�H�E�C�G�H�5�:�G�?�b��
�3�K�L�:�J�H�?�9�3���K���¸�:�F�E�:�@�����5���9�H�5�:�J�?�L�:�E�V!
�G�H�F�� �]�E�E�?�I�K�H�?�9�:���� �H�I�J�:�9�:�E�c�:�F�H�F��
�5�� �J�:�>�M�E�V�L�3�L�:�� �C�H�J�J�:�C�R�?�?�� �H�J�4�?�L�X��
�3�K�L�:�J�H�?�9�3���I�H���9�3�G�G�X�F���G�3�4�E�b�9�:�G�?�@��
���!�­�K�L�J�H�G�H�F�?�Q�:�K�C�?�@�� �5�:�K�L�G�?�C�"����
�Ñ�Ï�Ñ�Ï�����Ô�Ó�����Õ�����Ô�Õ�Ï���Ô�Õ�Õ����

���F�:�L�H�9�� �J�3�9�?�H�M�6�E�:�J�H�9�G�H�6�H�� �9�3�L�?!
�J�H�5�3�G�?�c�� �I�H�K�L�3�5�?�E�� �L�H�Q�C�M�� �5�� �K�I�H�J�:��
�H�� �5�J�:�F�:�G�?�� �5�H�>�G�?�C�G�H�5�:�G�?�c�� �I�H�K�:!
�E�:�G�?�c�� �°�G�<�>�9�H�5�K�C�H�6�H�� �3�J�P�:�H�E�H�6�?�Q�:!
�K�C�H�6�H�� �C�H�F�I�E�:�C�K�3���� �C�J�M�I�G�:�@�S�:�6�H�� �?��
�E�M�Q�S�:�� �5�K�:�6�H�� �K�H�P�J�3�G�?�5�S�:�6�H�K�c�� �I�3!
�F�c�L�G�?�C�3���]�I�H�P�?���H�4�J�3�>�H�5�3�G�?�c���³�J�:�5!
�G�:�J�M�K�K�C�H�6�H�� �6�H�K�M�9�3�J�K�L�5�3���� ���� �]�L�H��
�I�J�H�?�>�H�S�E�H�� �G�:�� �I�H�>�9�G�:�:�� �I�H�K�E�:�9�G�:�@��
�Q�:�L�5�:�J�L�?�� �Á�R�R�R�� �5�
�� ���!�Ä�H�K�K�?�@�K�C�3�c�� �3�J!
�P�:�H�E�H�6�?�c�"�����Ñ�Ï�Ñ�Ï�����Ó�����Ö�Ï���×�Õ����

���K�3�F�H�:�� �F�3�E�:�G�V�C�H�:�� �G�3�>�:�F�G�H�:�� �F�E�:!
�C�H�I�?�L�3�b�T�:�:���� �]�L�J�M�K�K�C�3�c�� �4�M�J�H�>�M�4!
�C�3���� �>�?�F�H�@�� �J�3�9�?�� �]�C�H�G�H�F�?�?�� �]�G�:�J!
�6�?�?�� �M�F�:�G�V�S�3�:�L�� �G�3�� �Ñ�×�n�� �J�3�>�F�:�J��
�K�H�F�3�L�H�K�:�G�K�H�J�G�H�@�� �C�H�J�X�� �F�H�>�6�3���� �C�H!
�L�H�J�3�c�� �H�4�J�3�4�3�L�X�5�3�:�L�� �K�?�6�G�3�E�X�� �H�L��
�M�K�H�5�� ���!�”�i�K�ó�����ù�"�B���m�� �K���� �v������ �p�Ö�v�"�K�B�Ö�7��
���ó�Ö�ù���?�˜�� �K���� �œ�ó�"���B�ó���m�"���� �Ñ�Ï�Ñ�Ï���� �Ð�Ð�Ö����
�Ô�Ï���� �Ò�Ñ�Ð�Ò�Õ���Ò�Ñ�Ð�Ó�Ó���� �ù�K�"���5 �Ð�Ï�
�Ð�Ï�Ö�Ò��
�e�B�Ö�m�
�Ð�Ø�Ñ�Ñ�×�×�×�Ð�Ð�Ö����

���J�H�K�K�?�@�K�C�?�:�� �M�Q�:�G�X�:�� �?�K�K�E�:�9�H�5�3�E�?��
�6�:�G�H�F�� �4�9�:�E�E�H�?�9�G�X�P�� �� �C�H�E�H�5�J�3�L�H�C��
�����I�J�:�K�G�H�5�H�9�G�X�P���4�:�K�I�H�>�5�H�G�H�Q�G�X�P����
�K�3�F�R�H�5���� �C�H�L�H�J�X�P�� �G�?�C�L�H�� �G�?�C�H�6�9�3��
�G�:�� �5�?�9�:�E���� ���� �?�� �9�H�C�3�>�3�E�?���� �Q�L�H�� �I�H!
�E�H�5�H�@���I�J�H�R�:�K�K�� �M���G�?�P�� �5�K�:���L�3�C�?�� �:�K�L�V��
���!�p�Ö�v�}�i���� �!�K�?�?�}�B�"�ó�Ö�v�"�K�B�m�"���� �Ñ�Ï�Ñ�Ï����
�Ð�Ð���� �Õ�Ó�Ñ�Ð���� �ù�K�"���5 �Ð�Ï�
�Ð�Ï�Ò�×���m�Ó�Ð�Ó�Õ�Ö���Ï�Ñ�Ï��
�Ð�Ø�Õ�Ð�Ó���˜����

���5�� �À�H�K�C�H�5�K�C�H�@�� �H�4�E�3�K�L�?�� �5�I�:�J�5�X�:��
�>�3�F�:�Q�:�G�� �?�G�5�3�>�?�H�G�G�X�@�� �5�?�9�� �=�M�C�3��
�9�H�E�6�H�G�H�K�?�C�3��!"#$%&'('() *"&+"('( ����
�S�?�J�H�C�H�� �J�3�K�I�J�H�K�L�J�3�G�:�G�G�X�@���5�� �Ì�:�G!
�L�J�3�E�V�G�H�@�� �?�� �Ü�=�G�H�@�� �´�5�J�H�I�:���� �5�� �Ä�H�K!
�K�?�?���5�K�L�J�:�Q�3�E�K�c���E�?�S�V���5���½�J�X�F�M�����G�H���5��
�Ñ�Ï�Ð�Ô���6�H�9�M���4�X�E���H�4�G�3�J�M�=�:�G���5���¿�:�L�G�:�F��
�K�3�9�M�� �Å�3�G�C�L���Ã�:�L�:�J�4�M�J�6�3�� ���!�×�G�L�H�F�H!
�E�H�6�?�Q�:�K�C�H�:�� �H�4�H�>�J�:�G�?�:�"���� �Ñ�Ï�Ñ�Ï���� �Ø�Ø����
�Ó�����Ø�Ö�Ô����
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!
!"#$%&  '()*+,-.  .+/012--  Ç3)22%& 4-412È +54+-
(+"2+  0(+6-(1$5!  /#"  .(14#(1/-  0+ +471!22+ 
0#4$!89#&  :+(+'#  -*  50#.;#'+5!  (#'+$-41 . <+ -
$+:+&  ,+:-4#$=  :+  6+$-  ,  '$1*1>  ,5/14(-,1$5!  

,  0$!5.)  :$-22%>  4#2#& 21 /2+'+7-5$#22%>  0(+0$# -
;-21>  *1:#$122+'+  2150#> 0+.(%4-! . ?'+  21541,2-. , 
0+"-$+&  )517, (155$16$#22+  +4.-2),;-5=  21 5-:#2=# , 
0+:(#/%,1$ , $-;=  -*(#:.1  :1,1!  +4(%,-54%#  5+,#4%: 
Ç@# '+2- È, ÇA1& '1*.)  21 0+:B#/# È, ÇC1 .(14#(+/  !/1  
6):#4 , 2# 0(+*#,1& È. <1(;()4  *1  /2+'-#  '+:%  (16+4% 
,B#$5!  #/)  ,  50-22+&  /+*' , 0+D4+/)  ,  *(#2--  +2 +5+6+ 
2# 2)":1$5! .

E2#*102+  +"-,;1!  (1F-!  '()*+,-.1  *1541,-$1  ,+ -
:-4#$!  ,*:(+'2)4= . G(-0$%& '+$+5  *10#$  0+:  '-41() : 
ÇH ,1/-  !  ,/#54#  ,  $)22+& 0%$-. I:)4  /#2!  :#4-  21 
2#6# ,:1$- È.

Ñ J4+  74+ #9#  *1  21>? Ñ 50(+5-$  ,+:-4#$= .
Ñ K)$#/  2# ,-$!& . J4+  0+0(+;1&.1  L+/ . C:#5=  #'+  

$86-/+#  /#54+ . H#&715 50(1,1  -* -*1  5.1$% C#/$!  0+-
.1"#45! , +2 2172#4 :1,-4=  21 "1$+54= .

A#&54,-4#$=2+ , .1.  4+$=.+ '+$)6+,14%&  :-5.  C#/ -
$-  ,%.14-$5!  -* -*1  5#(+&  '(+/1:% , :-21/-.  ,+**,1$ : 
ÇA1&4# .(#:-4  /2# , +:-2  -$-  0!4=, +7#2= >+7) !  H=8*-  
+62!4= È.

Ñ M2 74+, 6#*2+'-& ? Ñ +*1:17#22+  50(+5-$  ,+:- -
4#$=, *1/#4-,  21 +6+7-2#  N-')()  5 0(+4!2)4+&  ().+& . 

3-;#22%&  2+'  4+(5  ,  5.1N12:(#  0+.+-$5!  21 
0(!/+)'+$=2+&  0$14N+(/#  -*  5#(#6(-54+'+  /#41$$1 . 
O!421 0%$- 21 1/)2-F-- , -5F1(10122+#  54#.$+ ;$#/1  
:#&54,-4#$=2+  21,#,1$-  2#*#/2)8  4+5.) .

Ñ P'1 . O5->+$+' , /$! . Q+5-4 0+:  01/!42-.  "#(4,#  
():2-.1 , Ñ 0(+.+//#24-(+,1$  21541,2-. .

Ñ L1.  #/)  21 ():2-.#  2+'-  +47#.(%"-$+ ?
Ñ @) :1 . M2 4#>2-.+/  6%$. R#'+ -4+ 0#(#/):(-$  5 

,*(%,714.+& . O+5+6-#  :1$- , 74+6 2# 5:+> , 1 6-$#4  21 



�m�Â�ð�ó�ð�����ð���î�ð�ï�ô�þ�|�����������������¥����������!!!"#$%"&'

!"#$%  &"  '()*)  (+$,-./,)0 . 1.+,  2,#  &,345.$  )"'&.64  
7"8(+,2&(2). , 2,#  .  /9:./,; .

Ñ 14) :"  8,+3")&,*  8(&, , <(  +(2"$6,  )3.  6.$(#" -
)3, .

Ñ =&  /((7>" - )(  +,3"&0  )($6(/9; : +"3"<"$,$  
+(<  64$0)*+6.  26,?,&<3 , )"$"@4 2"7"  2((34<.$ , -)(79  
/(8<4',  +(7($05"  2 2(7(;  ),26,)0 . A,6 -)(  +3(7.3, -
")2*  26/(80  +"3.#")3 . B &"@( ),#  /&.84  C)(;  7,;<9  
6($"2.6.  /9+426,%)2* , 346,#.  ()),$6./,")2*  .  6,).)  
2"7" , Ñ +(:,$  +$"-,#.  &,2),/&.6 . Ñ ='3,&,  "@( .8 -
3"<6,  @(&*"), &(  (2(7(  &"  +3"224") , #(:") , (&  .#  -,2)0  
7,7$,  ()6,)9/,") .

Ñ D <4#,$ , ),6,*  :"2)0  )($06(  &,  !"#$"  79/,") . Ñ 
E(<.)"$0  +3.$(:.$  +,$"F  6 8,:"@5";2*  &,  7(3)(/(#  
C63,&"  +.6)(@3,##6"  &.>"@( . Ñ A.&4 "#4  +,34  63"<(/ .

Ñ B@4, (&  &,  C)(  .  3,22-.)9/,") . Ñ G,2),/&.6  8, -
639$ @$,8,. Ñ A,6  )($06(  #($(<&*6  /934$./,")2*  &,  
(76,)64 , (&  )4)  6,6  )4) .

!
(#  /"3&4$2*  .8  +4)"5"2)/.*  6 34<&.-&(;  <(3(@"  
2(/"35"&&(  3,87.)9# . H46. /.2"$.  6,6 +$").  +( -
2$"  7"2-.2$"&&9'  )($-6(/  +(  +3(6$*)(#4  3"@($.)4 . 
I(#,  (&  2 )34<(#  /9$"8  .8  26,?,&<3, . I(:.$ . 

J(<2(76,  8,73(5"&&(@(  '.#.-"26(@(  26$,<,  4:"  Ç<(# È. 
G") , &.6(@<, 7")(&&,*  6(&43,  2 (75,3+,&&9#.  2)"&,#.  

.  6(;6(;  /  4@$4 &"  2),&")  "#4  <(#(# ! K ?()(@3,?..  &,<  
7($05.#  7,6(#  +3(#95$"&&(@(  +9$"2(2,  "#4  4$97-
&4$,20 L(3"& . M"&,  ()/(<.$,  &,8,<  6,-"$. , 2$(/&(  2( -
7.3,*20  8,+42).)0  2)3,5&(  <(/($0&4%  K0% "#4  /  346. : 
ÇL(/.  "" , 1(# !È =& /97"3")2* , (&  (7*8,)"$0&(  /97"3")2*  
.8  C)(;  <939 !

J(<)*@./,*20  &,  346,' , 1(#  +"3"+($8  6 +9$"2(24 , 
+(<2("<.&.$  )($2)9;  5$,&@ 6 +,)34764  2/(";  <( -
3(:&(;  )"$":6. . N++,3,)  4)3(7&(  /8/9$ , /)*@./,*  
""  2(<"3:.#(" . O"$"2,*  +9$0 8,2)34.$,20  +(<  +3( -
83,-&9#  +$,2).6(#  )3479 . O"8 #,$(@(  )3.<F,)0  </,  
?4&),  2(73,&(  &,  (7(-.&" ! 1(#  <(7,/.$  /  +3."#&9;  
74&6"3 6,37(&,)  &,)3.* , 8,+42).$  #.62"3 . 1"+"30  /  
+"-64  C)4 2#"20 , +42)0 3,2+$,/.)2* . 1"$(  ()-,*&&(  
-"2,$(20  .  )3"7(/,$(  <45, , &(  (&  4+3*#(  2#()3"$ , 
6,6  /  :,34  (73,84")2*  -"3&9;  2.3(+ . J()(#  <($@( 
+3(6,$./,$  /,3"/(  &,  7($05(#  +3()./&" , /9:.@,*  
+3.#"2. . G,@3,<(;  "@( 42.$.*#  2),$  63(5"-&9;  
5,3.6  .8  2+$,/,  )4@(+$,/6.'  #"),$$(/  &,  <&"  (@-
&"4+(3&(@(  ).@$*. I(+($&.)"$0&("  +3(6,$./,&."  
<(  (+3"<"$"&&(;  )"#+"3,)439 , 8,)"#  3,2)/(3"&."  
/  '$(3.<"  ,##(&.*  .  (2,:<"&." . 1(#  )34<.$2*  6,6  
(<"3:.#9; , 8,79/  (7  42),$(2). .

P(3(5.&,  +$,).&9  4+,$,  &,  +,&"$0  C$"6)3(&&9'  
/"2(/ . Q>"  (<&,  634+.F,  /  6(+.$64  "@( &,<":<9 .
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