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!"#"$%&'(#)'*)+,-.#/!"#$%&'()%* +,%+(')"#&-.01#&(.#2'#".3#'(4$,2.3#,"#'35,6$.
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",

<- =>?@ *+ ()%401, &)*1, ":#-6* A22B*-0)& 82,8)&, &) 6*,2%# 9* +# C!"#$!%&'("D. ()*
8,&6)+#$# ()* )&*"#($')$ %+,&%'-.(/)$ E()* 6,+*2#- 1,-9010,-*& #4$0*-6#+*& *F62*4#&G
, 5,24#& 9* 2*&0&6*-10#. 8,92%#- :0#H#2 *-62* 8+#-*6#& * 0-1+)&, &0&6*4#& 8+#-*6#20,&.
62#-&8,26#-9, +# :09# 8,2 6,9, *+ I-0:*2&,J I-# 9* &)& 8,&0$+* :%#& &*2%# # 62#:7& 9* +,&
52#34*-6,& 2,1,&,& ()* &* 9*&82*-9*2%#- 9* +,& 8+#-*6#& 1,4, 1,-&*1)*-10# 9* +#&
1,+0&0,-*& 1,- 1,4*6#& , 4*6*,206,&. ()* 8,92%#- 8,26#2 *&6,& 82,8K3)+,& 9* :09#. +, ()*
&* 1,-,1* 1,4, +# /(,)!"#$!%&'("J L,& +%()*-*&. 8,2 &) BK$06, 9* 12*1040*-6, &,$2*
&)$&62#6,& 2,1,&,& E*80+%601,&G. M &) 1#8#109#9 9* &)8*2:0:*-10# #-6* 1,-9010,-*&
*F62*4#&. &,- *F1*+*-6*& 1#-909#6,& 8#2# &*2 5&)2*'&( 1& &(23 ,"2*-3+(-&'7"3J



@'A,""'#2'"#8*2&".#B$.5,( '(#%&'#3'#'C5&3$'+.(#2&+,(A'#DE#2=,3##A+'3#'35'6$'3#2'#"=%&'('31#
$(6"&F'(2.#!/0+,%+(')"#&-.1#,#",3#6.(2$6$.('3#2'"#'35,6$.#
78,)'(#6'2$2,#,8,G"'8'(A'##5.+9#H'.5."2.#<,+6=,#I,(6J.

N0*- #O,& 9*&8)7& 9* ()* A22B*-0)& 8,&6)+#2# &) 6*,2%#. *+ #O, P??Q. &* 8+#-0501R )-
*F8*204*-6, ()* :*20501#2# +# 8,&0$0+09#9 9* ()* #+3)-,& ,23#-0&4,& 6*22*&62*&.
0-1+)M*-9, 62*& *&8*10*& 9* +%()*-*&. 8)90*2#- &,$2*:0:02 # +#& 1,-9010,-*& 9*+ *&8#10,
E:#1%,. 2#90#10R- IS. 2#90#10R- 0,-0T#-6*. 6*48*2#6)2# 82RF04# #+ 1*2, #$&,+)6,GJ <+ /012%#
*%-*&".) 389"6*)3'-*+ 0&*0'3-9")%74 5)* )-, 9* +,& 62*& &*+*110,-#9,&J <- 1,-12*6, &*
62#-&8,26#2,- *H*48+#2*& 2*1,+*16#9,& *- +# "0*22# 9* U2*9,&J
V#2# *+ *F8*204*-6, &*
90&*OR *+ 4R9)+,
CW0,8#-D. )-# *&8*10* 9*
6#26*2#. ()* &*2%#
62#-&8,26#9# 8,2 *+
&#67+06* 2)&, X,6,-YZPJ
I-# :*T #$0*26#
*F8,-92%# 902*16#4*-6*
# +,& +%()*-*& # +#&
1,-9010,-*& 9*+ *&8#10,J
N,- *&6* 90&*O, +#& 62*&
*&8*10*& 9* +%()*-*&
*&60)90#9#& &*
*F8)&0*2,- 9)2#-6* =[
9%#& # +#& 1,-9010,-*& 9*+
*&8#10,J



H&),+#2'#,A'++$?,K'#2'#",#6L53&",#M.A.( %&'#8&'3A+,#'"#2'3),3A'#2'#3&#'3A+&6A&+,#,"#,A+,4'3,+#",#
,A8*3-'+,#A'++'3A+';#H,#-"'6J,#$(2$6,#",#&G$6,6$*(#2'"#G$.5,(
78,)'(#6'2$2,#,8,G"'8'(A'##5.+9#H'.5."2.#<,+6=,#I,(6J.

<- #O,& 8,&6*20,2*& &* B#-
++*:#9, # 1#$, -)*:,&
*F8*204*-6,& 1,- +%()*-*&.
()* B#- #48+0#9, +# +0&6# 9*
*&8*10*& 6,+*2#-6*&. +#
9)2#10R- 9* +,& 60*48,& 9*
*F8,&010R-. M #9*4K& B#-
8*240609, 1,482,$#2 +#
:0#$0+09#9 9* +#& *&62)16)2#&
2*82,9)16,2*&. 9#-9, #8,M,
# +# 6*,2%# 9* +,& +%()*-*&
1,4, :*16,2*& 9* +#
+06,8#-&8*240#J

N)#-9, *+ 4#6*20#+ $0,+R301, 9*+ *F8*204*-6, &* 2*1)8*2R *- +# \0*22#. &* 1,-&6#6R ()*
-0-3)-, 9* +,& 62*& +%()*-*& B#$%# &)5209, 9#O, #+3)-, 62#& &) 8*208+, *&8#10#+. M ()* *2#-
1#8#1*& 9* 2*1)8*2#2 *- 8,1, 60*48, &) #160:09#9 5,6,&0-67601#J
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!"#$%$&$'%()(*$+,-(."(-$/0$,-$-(1"2"*34"-536

5('6()$($ ()0*2* 9*102 C:09# *- 1,4/-DJ <- 3*-*2#+ &* *-60*-9* 8,2 &04$0,&0& #()*++#
2*+#10R- *-62* 9,& , 4K& ,23#-0&4,& *- +# ()* 6,9,& *++,& ,$60*-*- )- $*-*5010, 9* +#
0-6*2#110R- M ()* *&. *- 3*-*2#+. *&*-10#+ 8#2# &) 5)-10,-#40*-6, 50&0,+R301,J <- *+ 4)-9,
:*3*6#+ +#& &04$0,&0&. +*H,& 9* &*2 )-# *F1*810,-#+09#9. &,- +# 2*3+# 3*-*2#+ M 9* B*1B,
82K1601#4*-6* 6,9#& +#& 8+#-6#& *&6#$+*1*- 2*+#10,-*& &04$0R601#& 1,- ,62,& ,23#-0&4,&J
<-62* +#& &04$0,&0& :*3*6#+*& B#M ()* 90&60-3)02 +,& &03)0*-6*& 608,&]

Y5('6()$($ 7)# 6"7,%&("$. ()* $)&1#-
4*H,2#2 *+ *&6#9, -)62010,-#+. # 62#:7& 9*
82,1*&,& 1,4, ,3 .":3)"/+ ;"*,/0")3 1&,
+"2'/0&+* 327*(.<'")* E:*2 \*4# ^GJ L#&
$#16*20#& 8)*9*- *&6#2 +0$2*& *- +#&
B,H#& , *+ *-6,2-, 9* +#& 2#%1*&
E20T,&5*2#G , 5,24#-9, *&62)16)2#&
*&8*1%501#&J <& *+ 1#&, 8,2 *H*48+, 9* +,&
+/1%,*( 1& ,3( ,&0%7"+*(3( )*+
;3)2&'"3( 1&, 0'%-* 1& ,*( '"6*;"*( , 9*+
B*+*1B, #1)K601, =6*,,3 )*+
)"3+*;3)2&'"3(J

N'"'6J.#-".A,(A'#1$%22' %&'#-.+8,#3$8G$.3$3#6.(#6$,(.G,6A'+$,3;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",



!"#$%$&$'%()(*$+,-(."(-$/0$,-$-(1"2"*34"-536

Y5('6()$($ 7)# 8)#*)$ 3'(7)&&(9"$4. *-
+#& ()* +,& B,-3,& 0-12*4*-6#- +#
1#8#109#9 9* 6,4# 9* #3)# M -)620*-6*&
9* +#& 2#%1*&J V2*&*-6* *- +# 4#M,2%# 9*
+#& 8+#-6#& :#&1)+#2*&J

Y5('6()$($ 7)# "#('"/%$. *- +# ()* 7&6,&
#16/#- 1,4, -*,"+"631*'&( * )*7*
5&)2*'&( 1& 1"(-&'("/+ 1& ,3( (&7",,3(
5&0&23,&(J A *&6* /+604, 32)8, 8*26*-*1*-
+,& 8204#6*&. M 8,2 *-9* -)*&62# *&8*10*J

O,+$5.3,#34'&(%+2%55-. 56,22'6'(-.0 ,"$8'(AL(2.3'#2'"#(P6A,+#2'#",#
-".+#2'#",#G$A&8$(,+$,;##
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",

@'A,""'#2'#",#8$6.++$?,#-.+8,2,#5.+#'"#J.().#7#5%2#6"-5 '("#$-5
'(#+,=6'3#2'#7#*-5 )#*'56,(;
78,)'(#6'2$2,#,8,G"'8'(A'#5.+9#O$+'(#Q,+8'"' @&R,G'$A$,



_)0TK& +# &04$0,&0& 4K& %-604# *& +# ()* 5,24#-
B,-3,& M +#& #+3#&. M ()* 9# +)3#2 # +,& +%()*-*&.
*&62)16)2#& /-01#& ()* &,- 4K& ()* +# &)4# 9*
&)& 1,48,-*-6*& 8,2 &*8#2#9,J
V#2*1* &*2 ()* +,& +%()*-*& 5)*2,- 9* +,&
8204*2,& &*2*& *- +#-T#2&* # +# 1,+,-0T#10R- 9*+
4*90, 6*22*&62* B#1* Q?? 40++,-*& 9* #O,&J
N,4, 2*&)+6#9, 9* &) 7F06,. +,& +%()*-*& B,M *-
9%# *&6K- 82*&*-6*& *- +,& #4$0*-6*& 4K&
90:*2&,& M *F62*4,&J A&%. *- +)3#2*& 1,4, +,&
S#++*& "*1,& 9* +# A-6K2609#. *+ 9*&0*26, 9*
A6#1#4# , *+ 4,-6* <:*2*&6 &,- +,& /-01,&
B#$06#-6*& 4#12,&1R801,& ()* &* 8)*9*
*-1,-62#2J V*2, &) 82*&*-10# 6#4$07- *&
1,-&801)# *- +,& $,&()*&. 1#48,& M 8#2()*& 9*
+)3#2*& 4K& #4#$+*& 8#2# *+ &*2 B)4#-,J L#
1+#:* 9* &) 7F06, *&6K *- +,& $*-*5010,& ()*
#8,26# *+ B,-3,J

73(-$/0$,-$-(4$89:%$&36506

H=%&'('3#2.8$(,(2.#'"#5,$3,K'#4')'A,"#'(#'"#2'3$'+A.#
2'"#S,8$G /T0#F#'(#",#T(AL+A$2,#/B0;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",

A

W



L# *&62)16)2# 9*+ +0()*- *&6K 3*-*2#+4*-6* 9,40-#9#
8,2 *+ B,-3, E'(7)6()#,%G. ()* *& ()0*- 9# 5,24# M
&,8,26* # +# &04$0,&0&J L# 1#8# 4K& *F6*2-#. *+ 7-&,%+.
60*-* )-# 5)-10R- 82,6*16,2# M *& 9,-9* &* #1)4)+#-
+,& 1,48)*&6,& 82,6*16,2*& ()* #$&,2$*- +# 2#90#10R-
IS EP$G #-6*& 9* ()* 0-109# &,$2* +#& 1#8#& 0-5*20,2*&
*- ()* &* +,1#+0T#- +#& #+3#& E.),)6()#,%GJ V,2 9*$#H, 9*
+# 1#8# 9* 5,6,$0,-6*. *+ 401,$0,-6* 5,24# )-# ':;2/"
M )- 1,26*F 0-5*20,2 ()* 3*-*2#+4*-6* 8*2406* +# )-0R-
#+ &)$&62#6,J
L,& 5,6,$0,-6*& &,- *- +# 4#M,2%# 9* +,& 1#&,& #+3#&
:*29*& )-01*+)+#2*& E7/)&)/012%#%$G. #)-()* 6#4$07- *&
52*1)*-6* +# &04$0,&0& 1,- #+3#& :*29*Y#T)+#9#&
E7("#)/012%#%$G M *- 1#&,& *F1*810,-#+*& 1,-
4#12,#+3#& :*29*&J A :*1*& +,& 1+,2,+%()*-*& 82*&*-6#-
*&62)16)2#& *&8*10#+*& ()* 1,-60*-*- 10#-,$#16*20#&.
9#-9, +)3#2 # &04$0,&0& 6208#2606#&J <&6)90,& 2*10*-6*&
B#- #O#909, 1,48+*H09#9 # +# 0-6*2#110R-. #+ 4,&62#2 +#
82*&*-10# 9* )- 6*21*2 &04$0,-6*. )-# +*:#9)2#. M 9*
)-# 201# 1,4)-09#9 $#16*20#-# #&,10#9#J

73(-$/0$,-$-(4$89:%$&36506
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12-(3+

I'66$*(#A+,(34'+3,"#2'#&(#A,".#2'#"$%&'(#8.3A+,(2.#
3&#'3A+&6A&+,#-.+8,2,#5.+#2$-'+'(A'3#6,5,3;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",



L,& +%()*-*& &,- 4K& ()* +# &)4# 9* &)& 1,48,-*-6*& 8,2 &*8#2#9,. M 9* B*1B, *-
&04$0,&0& *FB0$*- 82,80*9#9*& *F1*810,-#+*& ()* -, 4#-050*&6#- 1)#-9, +,& &04$0,-6*&
&,- 1)+60:#9,& 8,2 &*8#2#9,J I-# 9* *++#& *& &) 1#8#109#9 8#2# 6,+*2#2 +# 9*&*1#10R- 9*
&)& 6*H09,&. 9* 5,24# ()* 8#2#+0T#- *+ 4*6#$,+0&4, #+ 9*&B092#6#2&*. 2*1)8*2#-9, 1#&0 9*
5,24# 0-&6#-6K-*# &) #160:09#9 #+ 2*B092#6#2&*J

73(-$/0$,-$-(4$89:%$&3506

@.3 "=%&'('3 '85,+'(A,2.31 5'+. 6.( 2$-'+'(A' -.A.G$.(A'9
8%9'(#' 5&(%9#&-2'6' /6$,(."$%&'(1 $?%&$'+2,0 F 8%9'(#'
)-2.%*'(#' /6".+."$%&'(1 2'+'6J,0;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",

`62# 1#2#16*2%&601# *& &) 1#8#109#9 8#2# 82,9)102
4)1B,& 608,& 9* 1,48)*&6,& /-01,&. +,&
9*-,40-#9,& '%,"6)/(,)$ $%72#;"&()$. ()*
52*1)*-6*4*-6* &* #1)4)+#- *- *+ 1R26*F *F6*20,2
M &,- +,& '&(-*+(3;,&( 1& (%( &(-&)23)%,3'&(
)*,*'&( > 1& (% -'*2&))"/+ .'&+2& 3, ?@ EP$GJ
<&6#& 9,& 1#2#16*2%&601#& *()08#- # +,& +%()*-*&
1,- +#& B*22#40*-6#& 8#2# &,$2*:0:02 *- +,&
#4$0*-6*& 4K& B,&60+*& 9*+ 8+#-*6#J
V#2#9RH01#4*-6*. 8*&* *&6# 32#- 6,+*2#-10#.
4)1B#& *&8*10*& 9* +%()*-*& &,- 4)M &*-&0$+*& #
+# 1,-6#40-#10R- #64,&57201#. +, ()* B#
82,:,1#9, +# *F60-10R- 9* 10*26#& *&8*10*& *- +#&
2*30,-*& 4K& 8,$+#9#& 9* <)2,8#J



73(-$/0$,-$-(4$89:%$&36506

T&(%&'#-+'6&'(A'8'(A'#5,3,(#$(,24'+A$2.31#'(#.6,3$.('3#".3#"=%&'('3#5&'2'(#2.8$(,+#F#2,+#6.".+#,"#5,3$3,K' 6.8.#'(#'"#6,3.#2'#!"#$%&'()%*
'(#".3#+.%&'2.3#)+,(=A$6.3#2'#<+'2.3;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",
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5%62-'-)+-'",,$3&#"

@<,*"&&$'%(#<"%*"(3(43(<3.$3&$'%(AB?06

CD9%.,-(#49,<"-&"%*"-E?&6



!"#$%$&$'%;("4(+<,04"/3(."4("=&"-,(."(49>?36

L#& 8+#-6#& 60*-*- )-# '&,3)"/+ 1& 37*'A*1"* )*+ ,3 ,%6J V,2 )- +#9, -*1*&06#- 1#86#2+#
8#2# ()* *+ 82,1*&, 9* 5,6,&%-6*&0& 8)*9# 6*-*2 +)3#2. 8*2, 8,2 ,62, -*1*&06#- 82,6*3*2&*
9* *++#. M# ()* +# #$&,210R- 9* )- *F1*&, 9* +)T ++*:# # +# 3*-*2#10R- 9* 32#:*& 9#O,&
1*+)+#2*&J L# 2#TR- 9* *&6# #8#2*-6* 8#2#9,H# *&6K *- +# 1+,2,50+#. *&# 4,+71)+#
*F1*810,-#+ ()* *& ()0*- &)&6*-6# +# :09# *- +# 60*22#. M ()* 60*-* +# 1#8#109#9 9*
62#-&5,24#2 +# +)T *- +# *-*23%# ()%401# 8,&0$0+06#-9, *+ 40+#32, 9* +# 5,6,&%-6*&0&] ()* -,
*& ,62# 1,&# ()* 62#-&5,24#2 *+ #02* *- #T/1#2
E:*2 \*4# =GJ V*2, *+ 4*1#-0&4, 50&0,+R301,
()* 8*2406* *&6# 62#-&5,24#10R- 9* +#
*-*23%# +)40-,&# *- ()%401#. 6#4$07- 60*-*
&) +#9, -*3#60:, M *& ()* )-# :*T ()* +# +)T *&
#$&,2$09# 8,2 +#& 1+,2,50+#& 60*-* ()*.
-*1*&#20#4*-6*. *48+*#2&* *- 5,6,&%-6*&0&. ,
9* +, 1,-62#20, 3*-*2#2K +# 82,9)110R- 9*
C<$!%7(%$ =%"7,(>"$ ;% ?+0*%#)D ()* 9#O#-
022*:*2&0$+*4*-6* +#& 4,+71)+#& M *&62)16)2#&
1*+)+#2*&. 3*-*2#-9, *+ 9*-,40-#9, C%$,&:$
.),))+(;",(>)DJ
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U'",6$*( '(A+' ,G3.+6$*( F &A$"$?,6$*( 2' "&?;
78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",



!"#$%$&$'%;("4(+<,04"/3(."4("=&"-,(."(49>?36

L#& 8+#-6#& -, *48+*#- *+ =??a 9* +# +)T ()* #$&,2$*-.
&0-, ()* +# )60+0T#10R- 9* +# +)T &03)* )-# 1)2:#. 9* 4,9,
()* &* &#6)2# # 8#2602 9* 10*26# 0-6*-&09#9 9* 0+)40-#10R-. M
+# 5,6,&%-6*&0& -, &)$* 4K& 8,2 4)1B, ()* +# +)T &*
0-12*4*-6* E+%-*# #T)+ *- +# 503)2# #-6*20,2GJ "0- *4$#23, +#
#$&,210R- 9* +# +)T *& )- 82,1*&, 5%&01, ()* 9*8*-9*
*F1+)&0:#4*-6* 9* +# 0+)40-#10R- E+%-*# 2,H# *- +# 503)2#
#-6*20,2GJ L# 905*2*-10# *-62* #4$#& *& +# *-*23%# ()*.
#$&,2$09# 8,2 +# 1+,2,50+#. -, *& )60+0T#9# M 8,2 6#-6, *&6K *-
*F1*&,J <&6* *F1*&, &0 -, &* *+040-# 9* 5,24# &*3)2#.
0-6*2#110,-#2K 1,- *+ ,F%3*-,. 3*-*2#-9, 9#O,& ,F09#60:,&J
V#2# 2*9)102 *&* *F1*&, 9* *-*23%# +#& 8+#-6#& -*1*&06#-
*48+*#2 90:*2&#& %$,&",%*("$ ;% @.),)!&),%77(-#AJ <&6#&
*&62#6*30#& $)&1#- 2*9)102 +# 1#86#10R- 9* +)T. 0-12*4*-6#2
+# 90&08#10R- 9* +# *-*23%# #$&,2$09# , 9*&#160:#2 +#&
*&8*10*& 2*#160:#& 9* ,F%3*-,J A+3)-,& *H*48+,& ++#4#60:,&
M :0&0$+*& 9* *&6,& 4*1#-0&4,& 9* 5,6,82,6*110R- &,- 8,2
*H*48+, +# 82*&*-10# 9* 8*+,& 2*5+*16#-6*& , 9* 8034*-6,&
2,H0T,& ()* 50+62#- +# +)T E:*2 \*4# QGJ

H, -.A.5+.A'66$*(9 ,(A.6$,($(,3 %&' -$"A+,(
", "&? /,++$G,0 F 5+'3'(6$, 2' 5'".3 %&'
+'-"'K,( ", "&? /,G,K.0;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",
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<+ &,+. #9*4K& 9* *40602 &";("7(-#
.),)$(#,:,(7"'%#,% "7,(>" 3BC=4. 1,- +,-306)9 9*
,-9# E!G *-62* b?? -4 E:0,+*6#G M c?? -4 E2,H,G.
*406* ,62#& 2#90#10,-*& 9* ! 4K& 1,26#. *+
)+62#:0,+*6# EISGJ d#9, ()* # 4*-,2 !. 4#M,2
*-*23%#. *+ IS *& 4K& *-*237601,. M 8,2 6#-6, 4K&
9*&62)160:, ()* +# +)T :0&0$+*J d* B*1B, *+ IS *& *+
2*&8,-&#$+* *- +,& B)4#-,& 9* +#& ()*4#9)2#&
&,+#2*& , 9* 4)1B,& 6)4,2*& 1)6K-*,&J
<+ IS &* 90:09* *- 62*& 2*30,-*& *- 5)-10R- 9* &) !B
?@A= CDEEAFGE +7HI ?@AJ CFGEAGKE +7H > ?@AL
CMGKE +7HJ <+ ISYN *& #5,26)-#9#4*-6* 50+62#9, 8,2
1,48+*6, 8,2 +# #64R&5*2#. *- 6#-6, ()* ISYA M ISY
W ++*3#- # +# &)8*25010* 9* +# 60*22#J d* +,& 9,&. *+ ISY
W *& *+ 8,6*-10#+4*-6* 4K& 9#O0-,. *&8*10#+4*-6*
*- &06)#10,-*& *- ()* &) 0-109*-10# *& #+6#] *-
:*2#-,. # 4*90,9%#. 1)#-9, B#M -0*:* , # 32#-9*&
#+606)9*&J

<-*230#eB'1f!

V.(3A,(A'#2'#>",(6W
X'".6$2,2#2'#",#"&?

U'",6$*( '(A+' ".()$A&2 2' .(2, F '('+)=,
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",
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!3A+&6A&+, %&=8$6, F '35'6A+. 2' ,G3.+6$*( 2'" L6$2. +$?.6L+5$6.1 %&' 2, 3&
6,+,6A'+=3A$6, 6.".+,6$*( ,8,+$"", ," "$%&'( )'*)+,-. ," A$'85. %&' ". 5+.A')' 2' ",
"'A," +,2$,6$*( &"A+,4$."'A, /$(2$6,2, 6.( -"'6J,3 +.K,3 ".3 8LC$8.3 2' ,G3.+6$*( '(
'3A, +')$*( 2'" '35'6A+.0;
78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",



CD9%.,-(#49,<"-&"%*"-E?&6

Z)1B,& 9* +,& 8034*-6,& ()* #$&,2$*- +# 2#90#10R- IS *- *+ 1R26*F 9* +,& +%()*-*&
60*-*- +# 8#2601)+#209#9 9* *40602 5+),2*&1*-10#. *& 9*102 ()* 1)#-9, &,- 0+)40-#9,& 1,-
)-# 9*6*240-#9# !. *406*- 9* ,62# ! 905*2*-6*J <&6* 5*-R4*-, &* :0&)#+0T# 1,- 5#10+09#9
1)#-9, #+ 0+)40-#2 +,& +%()*-*& 1,- +)T IS. ()* *& 0-:0&0$+* 8#2# *+ ,H, B)4#-,. &*
,$&*2:# &) *40&0R- 9* +)T :0&0$+* 9* 90:*2&,& M $20++#-6*& 1,+,2*&J
g*10*-6*4*-6* &* B# 82,8)*&6, ()* +# 82,80*9#9 9* 8,&**2 1,48)*&6,& 5+),2*&1*-6*&
82,6*16,2*& 52*-6* #+ IS. 8,92%# &*2 )- 4*1#-0&4, 1,4/- *- *F,8+#-*6#& *F8)*&6,& #
*+*:#9#& 9,&0& 9* +*6#+ 2#90#10R- ISYNJ <++, # ++*:#9, # 82,8,-*2 ()* +# $/&()*9# 9*
*40&0,-*& $0,5+),2*&1*-6*& *- +,& *F,8+#-*6#& 4K& 82RF04,&. 8,2 *H*48+, *- +# *&62*++#
B&)+('" D%#,"2&(. 8,92%# ++*:#2 # *-1,-62#2 +# 8204*2# *:09*-10# 9* :09# *F62#6*22*&62*J

U'6+',6$*(#2'#&(#5",('A,#2'(A+.#2'#",#?.(,#J,G$A,G"'#2'"#3$3A'8,#2'#>+.C$8, V'(A,&+$ /78,)'(#$?%&$'+2,9#VV#BY#Z;[;0#1#F#2'"#,35'6A.#
%&'#5.2+=,#A'('+#3&#3&5'+-$6$'#/78,)'(#2'+'6J,9#VV#BY#Z;[;0;

https://upload.wikimedia.org/wikipedia/commons/thumb/a/ae/Artist's_impression_of_the_planet_orbiting_Proxima_Centauri.jpg/1920px-Artist's_impression_of_the_planet_orbiting_Proxima_Centauri.jpg
https://upload.wikimedia.org/wikipedia/commons/8/81/Artist%25E2%2580%2599s_impression_of_Proxima_Centauri_b_shown_hypothetically_as_an_arid_rocky_super-earth.jpg
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78,)'(#2'#&(,#6.3A+,#"$%&P($6, 3.G+'#&(,#+.6,#/$?%&$'+2,0#F#",#8$38,#6.3A+,#$"&8$(,2,#6.(#\X]T#5,+,#+'3,"A,+#".3#G+$"",(A'3#
6.".+'3#2'#",#-"&.+'36'(6$,#2'#".3#6.85&'3A.3#-.A.5+.A'6A.+'3 2'#".3#"=%&'('3;
78,)'(#5+.5$,9#:;#7;#<,+6=,#>",?,.",



5%6.$#%6"&6%7/$"&'"(6"8'+"7-($"

C&9F4"-(-,%(4,-(3/0$"%*"-("=*<"/,-(."(43(G$"<<3EH36

I9-(J30$*3%*"-;(C1$1"%(,(-,0<"1$1"%EH06

CI$<1"(."(342,("-*9.$3<("-*,-(3/0$"%*"-EH&6



C&9F4"-(-,%(4,-(3/0$"%*"-("=*<"/,-(."(43(G$"<<3EH36
"*3/- +# ,%)&0" *%#%&"/ ;%/ %$,&:$
6()/-*(7) EL*:066 =>cPG. +# 2*&8)*&6#
9* )- 82,1*&, $0,+R301, E8J*HJ
12*1040*-6,G # )- 5#16,2 #4$0*-6#+
E8J*HJ 6*48*2#6)2#G &* #H)&6# # )-#
1)2:# *- 5,24# 9* CAD. 1,- )- 2#-3,
R8604, *- ()* *+ 82,1*&, 62#-&1)22*
# 6#&#& 82RF04#& #+ 4KF04, M 9,&
2#-3,& 9* C*&627&D *- ()* *+
8#2K4*62, #4$0*-6#+ *&6K *- )-
2#-3, &)$R8604, , &)82#R8604,
E:*2 \*4# QGJ A4$,& 2#-3,& &*
++*3#- B#&6# :#+,2*& *F62*4,& ()*
)-# :*T &)8*2#9,& *+ 82,1*&, *-
1)*&60R- *&6K 1,48+*6#4*-6*
0-B0$09,J

X#16,2'#4$0*-6#+'=
g*

&8
)*

&6
# g#-3,'

,8604,

g#-3,'
9*'

*&627&

*F62*4,&
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9*'

*&627&

U'35&'3A, 2' &( 5+.6'3. -$3$."*)$6. , &( -,6A.+ ,8G$'(A," 6&,"%&$'+,;
78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",

L#& 1,-9010,-*& #4$0*-6#+*& 9* 10*26,& #4$0*-6*& M *1,&0&6*4#& 9* +# 60*22# *&6K-
8*24#-*-6*4*-6* 82RF04#& # &)& :#+,2*& *F62*4,&J N)#-9, &,- :#20,& +,& 5#16,2*&
#4$0*-6#+*& ()* &* &06/#- 9* 5,24# 8*24#-*-6* *- :#+,2*& 82RF04,& # +,& +%406*& 9* +#
:09#. *& 1)#-9, B#$+#4,& 9* C"'6(%#,%$ %+,&%')$DJ
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@'-$($6$*( 2' ".3 ,8G$'(A'3 'CA+'8.3 6.8. ,%&'"".3 ,8G$'(A'3 '( %&' 4,+$.3
-,6A.+'3 ,8G$'(A,"'3 5+'3'(A,( 4,".+'3 5+*C$8.3 , ".3 "=8$A'3 2' 3&5'+4$4'(6$, 2'
".3 3'+'3 4$4.3;
78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",

N,- *&6#& 1#2K16*2%&601#& B#M
4)1B,& #4$0*-6*& ()* &*
8)*9*- #H)&6#2 # +# 9*50-010R-
9* C*F62*4,&DJ <-62* *++,&
9*&6#1#- 8,2 &) *F6*-&0R- +,&
9*&0*26,&. +#& 1)4$2*& 9* +#&
32#-9*& 1,290++*2#& M +#&
T,-#& 8,+#2*&J V*2, +,&
C#4$0*-6*& *F62*4,&D
6#4$07- &* *-1)*-62#- *-
T,-#& 1+04K601#& 4K&
5#:,2#$+*&J <& *+ 1#&, 9* +,&
#5+,2#40*-6,& 2,1,&,&. +,&
&)*+,& 1,-6#40-#9,&. +#&
T,-#& 9* #+6# &#+0-09#9. +#&
5)*-6*& 6*24#+*& , 0-1+)&, +#
82,80# &)8*25010* 9* +#&
1,-&62)110,-*& B)4#-#&J



I9-(J30$*3%*"-;(C1$1"%(,(-,0<"1$1"%EH06

<- 3*-*2#+ +# 1,$*26)2# :*3*6#+ 9* *&6,&
C#4$0*-6*& *F62*4,&D *& 4)M *&1#&#
9,40-#9# 8,2 4)&3,&. +%()*-*&. #+3#&
:*29*& M 10#-,$#16*20#&. ()* # :*1*&
1,-&606)M*- +#& 9*-,40-#9#& C7)$,&"$
6()/-*(7"$DJ A+3)-,& 9* *&6,& ,23#-0&4,&
*&6K- 6#- *&8*10#+0T#9,& ()* -, 8)*9*- :0:02
5)*2# 9* *&6#& 1,-9010,-*& *F62*4#&. M 8,2
6#-6, &* +*& 9*-,40-# C%+,&%'-.(/)$DJ L#&
8+#-6#& :#&1)+#2*& &,- 4K& *&1#&#&.
:07-9,&* +0406#9#& 8,2 )-,& 2*()*2040*-6,&
#4$0*-6#+*& 4K& *&62016,&. ()* 1,-&606)M*-
)-# *&8*10* 9* CH#)+#D 1)M,& $#22,6*&
0-:0&0$+*& &,- +,& 5#16,2*& #4$0*-6#+*&. ()*
+#& 8+#-6#& -, 8)*9*- &)8*2#2J ",+, #+3)-#&
*&8*10*& :#&1)+#2*& &,- 1#8#1*& 9* *&1#8#2
9* *&6# H#)+# 0-:0&0$+*. &0*-9, 1#8#1*& 9*
&,$2*:0:02 *- *&6,& #4$0*-6*&J H,3 5",(A,3 4,36&",+'3 '3AL( ^'(K,&",2,3_ 5.+ ".3 -,6A.+'3

,8G$'(A,"'31 3.". &(,3 5.6,3 '35'6$'3 6.(3$)&'( '36,5,+;
78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",
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V#2#'*++,'60*-*-'()*'9*&#22,++#2'#9#86#10,-*&'50&0,+R301#&.'#':*1*&'/-01#&.'()*'+*&'8*2406*-'
+#'*F0&6*-10#'*-'*&6,&'#4$0*-6*&J'<&6#&'#9#86#10,-*&'*F1*810,-#+*&.'2*&)+6#9,'9*'40++,-*&'
9*'#O,&'9*'*:,+)10R-.'8)*9*-'6*-*2')-'32#-'8,6*-10#+'9*'9*&#22,++,'$0,6*1-,+R301,J

!K'85".3 2' ,8G$'(A'3 'CA+'8.39 T0 @'3$'+A. 2'" S,8$G1 B0 M&8,+.",3 '( S$6,+,)&,1 V0 I,",2,+ '( TA,6,8,1 @0 <",6$,+'3
'( ", T(AL+A$2,;
78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",
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CI$<1"(."(342,("-*9.$3<K&,%-"<13<("-*,-(3/0$"%*"-EH&6
A+3)-#& 9* +#& &0-3)+#2*& #9#86#10,-*& 9* +,&
,23#-0&4,& *F62*4R50+,& 8)*9*- 6*-*2 )- 32#- 0-6*27&
#8+01#9,J _)0TK& B,M *- 9%# *+ 1#&, 4K& 1,-,109, 9* +#
C)60+09#9D 9*+ *&6)90, 9* *&6,& #4$0*-6*&. *& *+ 9* +#
$#16*20# !"#$%&' ()&(*+,&' #0&+#9# *- +#& 5)*-6*&
6*24#+*& 9* h*++,i&6,-*J <&6* B#++#T3, B#
2*:,+)10,-#9, +# $0,+,3%# M +# 4*9010-# # 62#:7& 9* +#
671-01# 9* +# BD=. ()* &* $#&# *- +# )60+0T#10R- 9* &)
*-T04# Adj 8,+04*2#&#J
`62, 6#-6, &* 8)*9* 9*102 9* +# 671-01# 9* *9010R-
3*-7601# 9*-,40-#9# D=E5B=FDC5. ()* *- +,& 82RF04,&
#O,& 2*:,+)10,-#2K *+ 4)-9, 9* +# 4*9010-# M 9* +#
$0,6*1-,+,3%# :*3*6#+ M ()* 60*-* &) ,203*- *- *+
*&6)90, 9* )-# $#16*20#. -(./0#$(1 %#2+*#$$(3#+4
82,1*9*-6* 9* +#& &#+0-#& 9* "#-6# V,+#J
<&6,& #4$0*-6*& 6#4$07- &* *&6)90#- 1,4, "#G/)*)$
'"&7("#)$. *& 9*102 +)3#2*& *- ()* +#& 1,-9010,-*&
#4$0*-6#+*& &* #82,F04#- # +,& 9*+ 8+#-*6# Z#26*. M
()* 8,2 6#-6, 8)*9*- 9#2 80&6#& &,$2* 1R4, 8+#-6*#2
+# $/&()*9# 9* :09# *- ,62,& 8+#-*6#&J

:",(.-5 ';-'6#&-51 G,6A'+$, A'+8*-$", /4$4'
'(A+' `[ F a[ bV0 %&' 3' 2'3&G+$* '( '"
>,%&' S,6$.(," 2' Y'"".c3A.('1 F 2$. .+$)'(
," 2'3,++."". 2' ", 6.(.6$2, AP6($6, 2' ",
>VU;
78,)'(9#@.8$($.#5dG"$6.

https://upload.wikimedia.org/wikipedia/commons/4/48/Thermus_aquaticus.JPG


Z*90#-6* *+ +0()*- 3*R32#5, &* B# #$,29#9, *+ 6*4# 9* +# 5,6,82,6*110R-. +# &04$0,&0& *-
*+ 4)-9, :*3*6#+ M +,& #4$0*-6*& *F62*4,&J N,482)*$# +# &03)0*-6* +0&6# 9* :*20501#10R-J
"0 *2*& 1#8#T 9* 1,-6*&6#2 # +#& 82*3)-6#& 8)*9*& 7)'%#9"& 7)# /)$ %H%&7(7()$J "0 -, *2*&
1#8#T. ;%6%$ >)/>%& " &%!"$"& %/ ,%'"&(). #-6*& 9* 2*#+0T#2 +,& *H*21010,& 82,8)*&6,&J

78,)'( 5+.5$,9 :; 7; <,+6=, >",?,.",

7$-*3(."(1"<$#$&3&$'%
CJ"(34&3%>3.,(4,-(<"-94*3.,-(."(3+<"%.$>3L"E(

! N+#&0501#2 +,& 820-108#+*& 608,& 9* &04$0,&0& :*3*6#+*& E&*110R- =#GJ
! N,-,1*2 1R4, *& +# *&62)16)2# 9* )- +0()*- E&*110R- =$GJ
! "#$*2 8,2()7 8)*9*- &*2 :*16,2*& 9* +06,8#-&8*240# E&*110R- =$GJ
! <-6*-9*2 *- ()7 &* $#&# +# 5,6,82,6*110R- E&*110R- P#GJ
! N,-,1*2 *H*48+,& 9* 1,48)*&6,& &*1)-9#20,& 82,6*16,2*& E&*110R- P$GJ
! <-6*-9*2 8,2 ()7 #+3)-,& *1,&0&6*4#& &* 1,-&09*2#- C*F62*4,&D E&*110R- @#GJ
! <-6*-9*2 +# 048,26#-10# 9* +# 0-:*&603#10R- *- #4$0*-6*& *F62*4,& E&*110R- @1GJE&*110R- 1G


