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27:-/8-30. 278-/70. 45 0�B.8- 0A -70. � :57.24-/0745 GB- 5 F �E72F5 06.51B85 -F � � �- 5 F -1D5/
F54-15 - 0..BF 2745 GB- 7 ;05 -� 2.8-F 5B8/0. .51B 9: ;5-. 4- F-75/ A/5606212404- � 2.85 �- � GB- . �5
-� 2.8- BF F �E72F 5 � 70 C-/404- � A54-F -� 2.82/ C �0/25. F �E72F5. 15 :02. � :5F 42.82785. C015/-.
4- ��� - 15I 	 > �-7DBF C015/ AB612:045 1-C0 -F :5780 GB01GB-/ 27:-/8-30 278/54B3240 A-15.
A5127 H5F 25. > �5FA0/0 9: ;5-. 4- 4-8-/F 270 9: ;5-. 4- F �B182A 15. -.A -:8/5. - 4- :5FA0/0 9: ;5-. :5F
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.B:-..2C5. >

� �5. 56.-/C0F5. 01IBF 0. 40. 75..0. :07424080. 75 �6.-/C08 �5/25 <2:5 45. � 20. � 
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� /0.21 > <0/0 -.80. 56.-/C0 9: ;5-. � B.0F5. 5 8-1-.: �5A25 4- � �� F-8/5. � :5F 5 ��� �L � 75
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0:5/45 :5F 0 42.A5726212404- 4- 27.8/BF -785. > �F .- 8/080745 4- BF 8-1-.: �5A25 F -75/ �
5 12F 28- 4- F 0I728B4- 80F6 �-F �- F-75/ - 5. 8-FA5. 4- 278-I/0 9: ;05 =5/0F 7-:-..0/20F -78-
F 02. 157I5. � 4- �L 0 �L . >
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1-.: �5A25 4- K ��F-8/5. 45 �6.-/C08 �5/25 � :�57014 � :5F 0 : H0F0/0 75 =5:5 A/2F �0/25 � 574- -B
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75..5. 8-.8-. F5.8/0/0F GB- 5 ���� -.80C0 F02. -�:2-78- � 02740 GB- 7 ;05 82C-..- 0827I245
0. -.A -:2�:0 9: ;5-. 75F 2702. > �. 8-FA5. 4- -�A5.2 9: ;05 =5/0F 4- �L . - 5 8-FA5 4- 1-28B/0 F 02.
5 8-FA5 A0/0 -.:/-C-/ B.045 -/0 4- �L �K . � A0/0 6270I-F K�K > 540. 0. 56.-/C0 9: ;5-. =5/0F
=-280. :5F BF � 18/5 � � A52. 7 ;05 -/0 A5.. �EC-1 568-/ 2F 0I-7. .-F =/07� 0. 4- 278-/=-/ H-7:20 .-F
� 18/5 > �5F5 0 0FA128B4- 4- AB1.0 9: ;05 40. 07 ;0. 6/07:0. :/-.:- A0/0 5 03B1 	�5627.57 -8 01 >
����
 � BF � 18/5 � F0� 2F 230 0 0FA128B4- - F 272F 230 5 /B �E45 45 : �-B >

�B 80F6 �-F 56.-/C-2 :5F 5 8-1-.: �5A25 4- K �� F-8/5. �885 �8/BC- � 75 �6.-/C08 �5/25 � :@
�57014 � 75. �.8045. �7245. � B821230745 0 : H0F-/0 �/I5. � GB- =52 4-.-7C51C 240 -.A -:201F -78-
A0/0 56.-/C0 9: ;05 4- 07 ;0. 6/07:0. AB1.078-. > � /I5. A5..B2 BF ��� � ��� �  ����� �� :5F
��K���K -1-F -785. 4- 2F 0I-F - :5F BF0 �0/-0 �B821 4- � ��� �� F578040 75 =5 :5 A/2F �0/25
45 8-1-.: �5A25 � -C 280745 BF0 /-�-� ;05 -�8/0 > �� B82123045 BF � 18/5 ���L A0/0 /-4B32/ 5
-.A01D0F-785 45 : �-B 	�08D-/ ! �B�040F KLL� 
 > � /I5. A -/F 28- GB- .- 56.-/C- 07 ;0.
6/07:0. K �� F0I728B4- F02. =/0:0. GB- 5 12F 28- 0827I245 75 F-.F 5 8-1-.: �5A25 :5F 8B65.
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=585@FB182A 12:045/-. � 75 =5 :5 �0..-I/027 >
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:51B70. GB- 4-C-F .-/ -C28040. GB0745 B821230F5. -.8- ��� � A5/ 7 ;05 8-/-F /-.A5.80 127-0/ >
�C24-78-F -78- � 0. 65/40. 80F6 �-F 4-C- .-/ -C28040. � A5/ 2.85 GB- 0 -.8/-10 �- :515 :040 � GB0.-
.-FA/- � 75 :-78/5 45 ��� > � �B72:0 .28B0 9: ;05 GB- �B.82�:0 5 A5.2:2570F-785 40 -.8/-10�01C5
F02. A/ �5� 2F 0 4- BF0 40. 6 5/40. �- GB0745 7 ;05 D �0 -.8/-10. 4- :5FA0/0 9: ;05 .B�:2-78-F -78-
6/21D078-. 75 :0FA5 > �040 ��� B82123045 A5..B2 0. .B0. A -:B120/2404-. 	- 4-=-285.
 � 5.
GB02. 4-C-F .-/ :57D-:245. - -C28045. A0/0 7 ;05 :5FA/5F -8-/ 0 GB012404- 40. 56.-/C0 9: ;5-. >

� �5. 56.-/C0F5. 0. :07424080. A5/ A -15 F -75. K D5/0. � A0/0 -C280/ 6082F -785. 4-.8/B82C5.
-78/- 5. F545. � 75 :0.5 4- D0C-/ FB285. F 545. -�:28045. > �5FA0/0F@.- 5. 01C5. :5F 0.
5B8/0. -.8/-10. 45 F-.F5 :0FA5 :5F 6/21D5 :5FA0/ �0C-1 05 40 :07424080 � A0/0 F 272F 230/
5. -=-285. 45 : �-B - �B8B0 9:;5-. 4- 8/07.A0/ H-7:20 40 08F5.=-/0 > � �5. -�8/0 �EF5. 0. :B/C0.
4- 1B3 B.0745 5. � ����  � D.A 45 ���	 � 4- =585F -8/20 4- 06-/8B/0 A 574-/040 � 4-.-7C51C 245.
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. �5 =52 B.045 :5F5 :/28 �-/25 4- 4-.-FA08- � F0. 7 ;05 =52 4-8-/F 27078- 75. /-.B18045. >
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455QE :
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> ,09-./ I()$ / *% )%#F (9*%) / H0%#+ N/( #(K)% / F0)%G/ */ I/-J/ *% -9#+/K-&-*/*% */# LL
@%+-# ,% (K#%)=/) %#+/# %#+)%&/# *% 9(=( A /+)/= ,%# *% %#F %.+)(#.(F-/ .($ /&+( #-9/&\ )0 ,1*( %
I(+($ %+)-/ .($ )%#(&0 S. N/( +%$F()/& : 3 #+/# (K#%)=/ S. N(%# I/G%$ F/)+% *%#+/ +%#% A F/)/ H0%
F0* ,%##%$(# +%#+/) #% =/)-/K-&-*/*% ,% 0$ / I/#% %=(&0+-=/ (0 9 N/( :

� �� ��� ����� �� � ! �� �

� ,(# (K#%)=/$(# *(G% %#+)%&/# .($ ( %#F %.+) ,(V)/I( $0&+-\(K. %+(# *( P%$ -9- 1P_"UE 9(
+%&%#. ,(F-( P%$ -9- �()+% *% Q $ A 9( $(*( *% I%9*/ &(9V/ .($ 4A?� A 9/ I/-J/ %#F %.+)/& *%
) Q<< / 6 <<< �> : � ,(# (K#%)=/$(# .($ / )%*% *% *-I)/ S. N/( 26<<\P?)<) K-9/*/ ;�; A (K+%9*(
)%#(&0 S. N/( *% ; AQ �> F() F-J%& :

"# %#F %.+)(# I()/$ )%*0G-*(# .($ (# F/.(+%# P%$ -9-&P_"U F) ,(F)-(# F/)/ ( 	'>8 A
./&-K)/*(# .($ /# %#+)%&/#\F/*)N/( (K#%)=/*/# 9/ $%#$ / 9(-+% H0% (# /&=(# : > %J+-9 S. N/(
I(- .())-V-*/ 0#/9*( (# .( %^.-%9+%# $ ,%*-(# *( _/09/ - %/ : > 9()$ /&-G/ S. N/( *( 
0J( %
/ ./&-K)/ S. N/( F%&/ %J+-9 S. N/( F/*)N/( %$ -9+%)=/&(# *% 46 �> *%-J/ /&V0$/# (9*0&/ S. N(%# 9(#
%#F %.+)(# : @($( / )%#(&0 S. N/( *(# 9(##(# %#F %.+)(# ,% */ ()*%$ *% ) �> A 9 ,(# 0#/$ (# 0$/
./&-K)/ S. N/( *% 4 �> F/)/ ( 
0J( F)-$ ,/)-( */ %#+)%&/\F/*)N/( P 454�2;2 A H0% I(- /.0#+/*( /
$(*%&(# *% /+$(#I%)/# *% /9 N/# K)/9./# 12('&-9 ;<<;E A % 0$ / (K#%)=/ S. N/( */ %#+)%&/ .($ /
$%#$/ .(9^V0)/ S. N/( 0#/*/ 9(# 9(##(# %#F %.+)(# A F/)/ 0$/ ./&-K)/ S. N/( ^9/ :

" V) ,/^.( ) :4 $(#+)/ / .($F/)/ S. N/( %9+)% ( %#F %.+)( (K+-*( F%&( UOUU 1F (9+(# =%)$ %&'(#E A
.($ U&' �� ;4A % ( (K+-*( .($ ( P%$ -9- 1F(9+(# F)%+(#E A .($ U&' �� 44? A F/)/ / %#+)%&/
�O �<)]<�< 4<6 A H0% F(##0- $ /V9-+0*% X � 4Q Z ;) : �( $%#$( V) ,/^.( %#+ ,/ ( $(*%&(
/+$ (#I ,%)-.( */ V)/*% H0% $ %&'() /.0#+/ ( %#F %.+)( *( P%$ -9- 1&-9'/ /G0&E A .($ *+, �

44 6<< - % &(V X � � Z �? : @($ /# (K#%)=/ S. N(%# *( P%$ -9- 9 ,(# .%)+/$ %9+% /+-9V-$(# U&'
.(9^ ,/=%& F/)/ *%+%)$ -9/) +%$F%)/+0)/ % V)/= -*/*% : �(*%$(# +%#+/) A F/)/ %#+/# %#+)%&/# A #%
/# *%+%)$ -9/ S.N(%# F) ,%=-/# *( UOUU #N/( .(9^ ,/=%-# :
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$%&'/$ %9+( V)/=-+/.-(9/& : 	9.&0#-=% A +/$K ,%$ )%#0&+/ ( $ %#$( =/&() *% $ /##/ $ ,%*-/ F/)/
/ /$(#+)/ *%&%# A F/)/ *+, $/-()%# % $ %9()%# H0% 4) <<< - 7 ( $ %#$ ( 9 N/( ( .())% F/)/ (0+)/#
F/)/$%+)-G/ S. N(%# : _6; .())%#F(9*% T/ *%#.)- S. N/( *% 2('$ D @/##-9%&&- 145�4E F/)/ / +%(�
)-/ .(9=%.+-=/ *% .($F)-$ %9+( *% $ -#+0)/ % 7 � ���� ,% / )/G N/( %9+)% ( .($F)-$ %9+( *%
$ -#+0)/ 1�E % / %#./&/ *% .($F)-$ %9+( *% F)%##N/( 1�� E :

�/)/ / + ,%.9-./ *% /.0#+% *( F%)^ & */ &-9'/ 16�B A #-V&/ %$ -9V&R%# *% ��� � !�	 � � 
�� ��

�  E A 9 ,(# 9()$ /&-G/$ (# /$K(# (# %#F %.+)(# (K#%)=/*(# % (# $ (*%&(# F %&( .(9+ ,190( %$ 0$/
*-#+ R/9.-/ ^J/ *( .%9+)( */ &-9'/ % )%\.%9+)/$(# /# &-9'/# (K#%)=/*/# A &%=/9*( %$ .(9+/
/# =%&( .-*/*%# )/*-/-# % -9.%)+%G/# 9/ ./&-K)/ S. N/( *% .($F)-$ %9+( *% (9*/ : "# %#F %.+)(#
#-9+ ,%+-.(# # N/( .(9=(&0 ,1*(# .($ ( F%)^ & -9#+)0$%9+/& V/0##-/9( % / V)/*% +(*/ ,% /.0#+/*/
F() $ ,19-$ (# H0/*)/*(# A .($ +(*(# (# F (9+(# .($ (# $%#$ (# F %#(# : " /.0#+% F () 6�B
9 N/( )%H0%) */*(# .($ H0/&-*/*% %#F %.+)(I(+($ ,%+)-./ % ,% K/#-./$ %9+% -9#%9# ,1=%& T/ ./&-K)/ S. N/(
*% 
0J( % T/# -9.%)+%G/# %$ /=%)$ %&'/$%9+( : �/)/ ( /.0#+% *% +(*( ( %#F %.+)( 1$ � �E A 9 ,(#
9()$ /&-G/$(# /# (K#%)=/ S. N(%# % (# $ (*%&(# %$ 0$ / )%V-N/( %$ +()9( *% ? <?< �> A (9*% 9 N/(
' ,/ 9%9'0$ / &-9'/ *% 2 : " F)(V)/$ / *% /.0#+% 6�B % $ � � I(- *%#%9=(&= -*( /( &(9V( *(#
,0&+-$ (# 4; /9(# A F)-9.-F/&$ %9+% F() "*-&(9 P-(=/99-9- % > &%J 8/K-/9( _0)-&&( @(#+/ A 9(
	8\[8'PU :

� ,(# +%#+/$(# #% ( /=%)$ %&'/$%9+( -9+%)%#+%&/) 1U%/+(9 45�5E ,% F)(F().-(9/& T/# *-#+ R/9.-/#
H0% 9 ,(# $ %*-$(# A $ /# 9 N/( %9.(9+)/$(# *-I%)%9 S./ *%+%.+ ,/=%& : _ %#$( H0% /# *-#+ R/9.-/# #%�
. /$ 0$ F(0.( $/-()%# H0% 4<< F . A + ,1F-.( F/)/ (# ./$F(# (K#%)=/*(# F %&( UOUU A H0% #N/(
F%)F %9*-.0&/)%# /( *-#.( */ P/& ,/J -/ A ( /=%)$ %&'/$ %9+( *%=% #%) K/-J( A .($( 9 ,(# %9.(9+)/�
$(# :

�() #-$0&/ S. N(%# *% _(9+% @/)&( A %0 /*-.-(9%- *-I%)%9+%# 9 ,1=%-# *% )0 ,1*( /(# %#F %.+)(#
#-9+ ,%+-.(# : [#/9*( ( $ %#$( F)(V)/$ / *% /.0#+% A %0 %#+-$ %- /# -9.%)+%G/# $ ,%*-/# %$ /$K/#
/# + ,%.9-./# *% /.0#+% *% %#F %.+)( : @($( / )/GN/( #-9/&\ )0 ,1*( %#+ ,/ =/)-/9*( *% 4<< %$
] ?<< �> / $%9(# *% )< %$ ) Q<< �> A (9*% (# %I%-+(# *% V)/=-*/*% #0F %)^.-/& # N/( (# $ /-()%# A
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��� ���� �	
 
� ��� � �	
 
� ���� ���� � ��� � ��� � �
�� � ��� � ��� � ��� � ���
�� ��� � ��� � ��� � ���
�� ��� � ��� ��� � ���
�� ��� � ��� ��� � ���

��� � � ��� !  
 -�� �� ��	 �� -* �	 #	� �� ���� 	� �  #� *��  �	� � �� �� ����  $��  #�� ��2�� 	 ��  ��� � 

�� 
 �� �� -� � ! �$  ���� ( �� ��	�	 �	 
 	 
 *��	 �	 -�  � 2��	 ( �, -��� #�	 � *	 	 �� " �
��� � #%�� "#$0 & 	 - �	 �	 	 �� ���� 	 "$ � �& /

� ,(# .(9.&0 ,1$(# H0% (# /.0#+%# $ /-# .(9^ ,/=%-# #N/( H0/9*( /.0#+/$ (# +(*( ( %#F %.+)( A
9 N/( /F%9/# /# &-9'/# A #% /# -9.%)+%G/# 9/ ./&-K)/ S. N/( *% 
0J( % /=%)$ %&'/$%9+( -9+%)%#+%&/)
9 N/( I()%$ *($ -9/9+%# : 3 #+% $ %#$ ( )%#0&+/*( I(- %9.(9+)/*( F() - -&-. %+ /& : 1;<<6E :

"# 9(##(# )%#0&+/*(# *% /.0#+% F/)/ (# %#F %.+)(# *( P%$ -9- %#+ N/( 9/ +/K %&/ ) :; A (9*%
+/$K ,%$ %#+ N/( &-#+/*(# (# =/&()%# F0K&-./*(# F () - %F&%) %+ /& : 1;<<�E H0% I()/$ (K+-*(#
/.0#+/9*( (# %#F %.+)(# *( UOUU : �(=/$%9+% A /# -9.%)+%G/# F0K&-./*/# F/)/ /# V)/9*%G/#
*%)-=/*/# F %&(# %#F %.+)(# *( UOUU #N/( -9+%)9/# /( /.0#+% A (0 #%. / A 9 N/( &%=/$ %$ .(9+/ /
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@($F/)/9*( (# )%#0&+/*(# (K+-*(# .($ ( P%$ -9- % ( UOUU A 9 ,(# $(#+)/$(# H0% /#
+%$F%)/+0)/# (K+-*/# F () - &%-9$ /9 %+ /& : 1;<<]E A 3 -#%9#+%-9 %+ /& : 1;<<6E % - %F&%) %+
/& : 1;<<�E + R%$ / *-I%)%9 S./ $ ,%*-/ A %9+)% (# %#F %.+)(# *( UOUU % (# *( P%$ -9- A *% �*+, �

)<< � ;;< - A #-#+%$ /+-./$ %9+% $ %9() 9( UOUU A (9*% /# -9.%)+%G/# I()/$ ./&.0&/*/# F()
/*- S. N/( H0/*) ,/+-./ */# -9.%)+%G/# -9+%)9/# *(# /.0#+%# :

> # -9.%)+%G/# %$ V)/=-*/*% F0K&-./*/# %#+ N/( #0K�%#+-$ /*/# F() 0$ I/+() *% ) : > *-I%�
)%9 S./ $ ,%*-/ *(# %#F %.+)(# *( UOUU % *(# 9(##(# *% /&+( U&' +%$ � &(V X � < Z 4� � < Z <6 A
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V) ,/^.( ) :; A (9*% ( %-J(\J # N/( (# =/&()%# (K+-*(# *(# %#F %.+)(# *( UOUU % ( %-J(\3A *(
P%$ -9- :

> $ /-() *-^.0&*/*% 9(# /.0#+%# *(# F/) R/$ %+)(# /+$(#I ,%)-.(# */# %#+)%&/# ,% / .())%&/ S. N/(
%9+)% *+, % &(V X A F (-# 0$ F%H0%9( /.) ,%#.-$ ( %$ *+, F(*% #%) .($F%9#/*( F() 0$ *%.) ,%#.-$(
%$ &(V X A % = -.%�=%)#/ : �( ./#( */ %#+)%&/ �O �<)<)�<Q<Q A ( $ (*%&( .($ *+, � 4; <<< - %
&(V X � Q Z < *( 9(##( /.0#+% *% 6�B *-I%)% K/#+/9+% *( /.0#+% *( %#F %.+)( -9+%-)( A H0% )%#0&+/
%$ *+, � 44 ]<< - % &(V X � Q Z ) A $ %#$ ( .($ U&'� 4<< :
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(0+)/# A I()/$ .&/##-^./*/# F() _0`/*/$ %+ /& : 1;<<]E .($( %#+)%&/# �"� # A .($ &-$ -+%#
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.-*/*% /( &(9V( */ G(9/ *% -(9-G/ S. N/( F/).-/& A 9 ,(# 9 N/( %9+%9*%$(# +%()-./$ %9+% .($ ( /#
F0&#/ S. N(%# F ,/)/$ A . ,/ H0% +(*(# (# $(*%&(# %=(&0.-(9 ,/)-(# F)%*-G%$ H0% / K()*/ =%)$ %&'/
*%=%)-/ #%) $0-+( $ /-# I)-/ H0% / LL @%+- $ /-# I)-/ (K#%)=/*/ A .($ ( (# $ (*%&(# *% 2 /9�
#%9 A � -9V%+ D - /C/&%) 145Q?E A (# H0/-# 9 N/( &%=/$ %$ .(9+/ / -9+%)/ S. N/( %9+)% / F0&#/ S. N/(
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.())%#F(9* R%9.-/ 4M4 %9+)% /# (K#%)=/ S. N(%# % ( /.0#+% A -9*-./*(# F %&(# . ,1).0&(# 1=%)$ %&'(#E :
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� � ; A F)(=/=%&$ %9+% � � 4:



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ��

220 240 260 280 300

220

240

260

280

300

� �� � � �� � �	 
 ��� �� ��	 � #� � 	� 
	 �	� 	 ��� $��	� "�  + 	�+ & � 	� �� �� -���	� "�  + 	�� & ��� 	

	 �� �	 �	 
 *+, � 4; <<< . ( ; � < Z 6 4? ; � ( ; � � 4<�� ; � � ; � + � 4<�� ; � (
 �� #�  "���	� �� �	� � * � -�	� "$� 
� �%	�& / 5 � #%� � ���, ��� 
	�� � � �	 �� �	 #��� #�  �
� �� � #� � �� 	 ��� $� �� �	�� � 	 
� �%	 �, -��� /



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ��

B'($F#(9 %+ /& : 1;<<]E ^G%)/$ 0$/ F)(F(#+/ *-I%)%9+% : 3 &%# -*%9+-^./)/$ ( $(*(
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�() (0+)( &/*( A / -9I()$ / S.N/( H0/9+( /( %#F/ S./$ %9+( %9+)% (# $(*(# 1�� E A /-9*/ 9 N/(



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ���

12500 12000 11500 11000 10500
0.50

0.60

0.70

0.80

0.90

1.00

 HLTau76: 12 modos

� �� � � ���� =�� -����	� �	 �, -��� �	� 
	 �	� �� �-��� �� ��	 �� ��� � �� �# 0� -�� �	� 
	 �� �	� /
� � � * � -�	� "$� 
� �%	�& � ��	 �� �	 �- �� �	�� ��� ; �+ � 4<�� ; � ( 	� �  �� #! -�	� "�2 - �&
��� ; � + � 4<�� �	 ; � ( 	� 1 -�� ��	� "$� ���& ��� ; � + � 4<�� ; � / � 	� ����  ��	�
"
�!� #���& ��� ; � + � 4<�� �	 ; � /



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ���

 HLTau 76 

� �� � � ��: � �	 
 ��� �� ��	 � #� � 	� 
	 �	� 	 ��� $��	� "�  + 	�+ & � 	� �� �� -���	� "�  + 	�� & ��� 	�

� �%	�� 
	 �� �	� ( � -, 	� $� �	�� ��� ��	 #� �� �� �� 3 /��/ 5 � #%� � ���, ��� 
	�� �
� �	 �� �	 #��� #�  � � �� � #� � �� 	 ��� $� �� �	�� � 	 
� �%	  �, -��� ( 
	�� � #�	 1 -� ��
1 -�� 	 �	 �- �� �	�� � ��	  ! -� �
� #�� �	�� * $�  � /



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ���

I(- 0+-&-G/*/ A F()H0% /F%9/# F/)/ $ (*(# .($ � � ? ,% H0% ( =/&() *% �� +%9*% /( =/&()
/##-9+ ,(+-.( : O/ %JF)%## N/( M

�� � 4
�� 1� � 4E�

� 1? :]E

+%$ (# H0% ( =/&() *% �� ,% $ /-() F/)/ � � 4 *( H0% F/)/ � � ; 1�� �� 
��� ��� � 4Z �)E : � /
+/K %&/ ? :4; %#+ N/( &-#+/*(# (# =/&()%# */# *-I%)%9 S./# %$ #%V09*(# %9+)% (# $ (*(# :

�� �&� � /�/&
�� �� � ��
�� �� � ��
�� �� � ��
�� �� � ��
�� �� � ��

� 	 �6 �� � ��
�6 �� � ��

� 	 �� �� � ��
�� ��� � ��

� 	 �� ��� � ���
��� ��� � ���

��� � � ��: � �  )� � # ��� � #� � 	� 
	 �	� ��� � ��� � �� �# 0� -�� / � � �� � ]? � ��$� 
 �� 
� ���� #���  $	� �	 �� �� ��� 
� #�	 � #� � 
	 �	� �	 
 � � ; ( � #1 -� #�	 1 -� �� � 6? �
��� � � 4 /

3J -#+%$ *(-# =/&()%# *% %#F/ S./$%9+( %9+)% (# $(*(# M � ]? % � 6? # : ,3 -$ F()+/9+% 9(+/)
H0% / *-I%)%9 S./ %9+)% (# $(*(# *% $ /-() /$F&-+0*% ,% $ /-() A (0 #%. / A ,% K %$ F)(= ,/=%& H0%
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.($ (# =/&()%# %#F %.+)(#. ,(F-.(# : @($F/)/9*( /# *%$ /-# #(&0 S. N(%# A +(*/# + R%$ $/##/ *% 2



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ��	

12500 12000 11500 11000 10500
0.50

0.60

0.70

0.80

0.90

1.00

 HLTau76: 12 modos l=1 e 2

� �� � � ��� � =�� -����	� �	 �, -��� �	� 
	 �	� �� �-��� �� ��	 �� ��� � �� �# 0� -�� �	� 
	 �� �	� / � �
� * � -�	� "$� 
� �%	�& � ��	 �� �	 �- �� �	�� ��� ; � + � 4<�� ; � ( 	� �  �� #! -�	� "�2 - �&
��� ; �+ � 4<�� �	 ; � ( 	� 1 -�� ��	� "$� ���& ��� ; � + � 4<�� ; � / � 	� �����
 ��	� "
�!� #���& ��� ; � + � 4<�� �	 ; � / � � 
	 �	� �� 
�  	  � 
 �� � -�� � �	 

�� �� ��� 
� #�	 � 
 �� * 	 �	 �� ��3 � )	� 
 "+ 	� �	 
	 � � 4 � 	� �� 
�  � �	 �� 
 �� 
�, -����	� � 
	 �	� �	 
 � � ; /



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ���

� ����/*/ �/ 0( �+� �/ � 8�� ,-. �� � � �� � � */0 �� � */0 � �- � �&� � /�/& �� � � �
�8 � ��(�� */ & ��)(� )*�/&� �� ��� � ��� 6 � � ���
� 8 � ��(�� */ & ��)(� )*�/&� �� ��� � ��� � �� � � ���
� 8 �( ��+�0� */ & �+���&� �� ��� � ��� � � �� � ���
� 8 ��+�(+�/& ��)(�)&� �� ��� � ��� � �� � � ���
� 8 � &')( �&�/& �� +0)�'+&� �� �

 
 �� � � � � ��� ��� �� ����� � �� ��� �����

��� �� �� ���� � ��� �6 �����
��� �� ����� � ��� �� ���6�

��� �� ������ � �6� �� �� ����
��� �� �� ��� � � ��� �� �� ����

���� �� ������ � ���� �� ���� ��
��� � � ��� � �* # 
	� � ��	 �-�	� #�� �  $� ��� )� 
 * � �� �� �	 �- �� �	�� �� � # *� � �� �  � 
	 � *	!  �� ��� �

��� � �� �# 0� -�� ( ��� 	� $� �	�� 
�  � � *	+  
	� �� �	 �- �� ��	 �� ���� 	�� *	 � �� / 5 �
�� 
 �  � )� 
 * � �� � ��	 �	 ��� ��� $� �	�� �� ; � < Z �< ; � /

^9/ : @/&.0&/9*( ( =/&() $ ,%*-( *% $ /##/ % +%$F%)/+0)/ A +%$ (# H0% �; � < Z ?? � < Z 4) ; � %
�*+, � 44 );< � ?5< - A F ()+/9+( A / #(&0 S. N/( H0% $ /-# #% /F)(J -$ / *%#+%# =/&()%# ,% / #(&0 S. N/(
? A .($ *+, � 44 4<< - A ; � < Z ?6 ; � A ; � � 4<�� ; � % ; � + � 4<�� �	 ; � :

� �� ���� �� ! ����� ������ � ��� �����

2�_ )�<5) A 0$ / /9 N/ K)/9./ .($ /&+/ $ /##/ *% 4A4�< Z <? ; � 12%)V%)(9 %+ /& : ;<<]E A I(-
*%#.(K %)+/ .($( 0$ / LL @%+- F() - /9//9 %+ /& : 1455;E : >9 N/# K)/9./# $ /##-=/# %#+ N/(
#0. %-+/# / F)%##N(%# % *%9#-*/*%# /-9*/ $ /-# /&+/# 9(# #%0# 9 ,0.&%(# : U%V09*( $(*%&(# %=(&0�
.-(9 ,/)-(# A %#F %)/�#% H0% 0$/ /9 N/ K)/9./ *% $ /##/ $ /-() H0% 4 ; � .($%.% / .)-#+/&-G/) %$
+%$F%)/+0)/# -V0/-# (0 &-V%-)/$ %9+% $ /-()%# H0% /# */ I/-J/ *% -9#+/K-&-*/*% */# LL @%+-#
1�((* 455; A � -9V%+ %+ /& : 455� A @ ,()#-.( A > &+'/0# D _(9+V($%)3 ;<<?E :

@($( /.(9+%.% 9/# LL @%+-# I)-/# A / %#+)%&/ 2�_ )�<5) /F)%#%9+/ $ (*0&/ S. N(%# -))%V0&/)%#
9(# #%0# $(*(# *% F0&#/ S. N/( : 3$ 0$/ (./#-N/( A +(*(# (# $ (*(# %#+/=/$ /K/-J( *( &-$ -+%
*% *%+%. S. N/( *% � 4 $$/ 1- /9//9 %+ /& : 455QE : @(9+0*( A %$ (K#%)=/ S. N(%# #0K#%H �0%9+%# A (#
$(*(# I()/$ (K#%)=/*(# %J/+/$ %9+% .($ /# $ %#$ /# I)%H �0 R%9.-/# *% F0&#/ S. N/( F)%=-/$ %9+%
*%+%.+/*/# :



��� ������ � 
 � ��� ���� �� � �� ���� ��� �� ������ ���

"# 9(=% $(*(# -9*%F %9*%9+%# F)%#%9+%# 9%#+/ %#+)%&/ 1- /9//9 %+ /& : ;<<?E A &-#+/*(# 9/
+/K %&/ ? :4] A I()/$ 0+-&-G/*(# F/)/ %#+0*(# #-#$ (& ,(V-.(# :

�)(�/�����+�)& �&� �� � *�'��) ��� +�
� ���� � ��6
�� ��� ����
��6 �6 � ��6
��� �� ����
�6� �� ����
��� �� � �66
� �� �� ����
��� �� ����
��� �6 � ��6

��� � � ��� � �	 �	� ��������	� #� ��� � �� 
$������ ( �	 
	 � ����	� � 
 .� #�� # �� � �/ "���3& /

3$ %#+0*(# F) ,%=-(# A _ %+./&I% A _(9+V($%)3 D - /9//9 1;<<]E -*%9+-^./)/$ +(*(# %#�
+%# #%+% $(*(# .($ ( � � ; A F() ./0#/ *( F%H0%9( %#F/ S./$%9+( $ ,%*-( %9+)% (# F %) ,1(*(#
.(9#%.0+-=(# A .0. ( =/&() ,% ��� � � 4� Z 6 � 4Z 4 # : 3 &%# $ /9+-=%)/$ =/&()%# ^J(# *% $ /##/
%$ 4A< A 4A<) % 4A4 ; � A F)(.0)/9*( #(&0 S. N(%# .($ +%$F%)/+0)/# *%9+)( */ I/-J/ *% -9#+/K-&-�
*/*% : > # ./$/*/# *% 2 % 2 % I()/$ ^J/# 9( =/&() ./9 R(9-.( *% 4<�� ; � % 4<�� ; � 1�((*
455;E % 9( =/&() *%)-=/*( *% . ,/&.0&(# %=(&0.-(9 ,/)-(# F/)/ %#+)%&/# $ /##-=/# *% > &+'/0# %+ /& :
1;<<)E *% 4<�	 �� ; � % 4<�� �
 ; � : 3 &%# =/)-/)/$ / F() S. N/( .)-#+/&-G/*/ *( 9 ,0.&%( F0)( *% " %
%9.(9+)/)/$ H0% 5<� */ $/##/ */ %#+)%&/ *%=% %#+/) .)-#+/&-G/*/ :

@($( $(#+)/*( 9( V) ,/^.( */ *-#+)-K0- S. N/( *% $/##/ */# /9 N/# K)/9./# 1=%) ^V0)/ 4:)E A
F (0./# %#+)%&/# F (##0%$ /&+/# $ /##/# A F ()H0% #N/( )/)/# A %=(&0%$ $/-# )/F-*/$ %9+% % #N/(
$%9(# &0$ -9(#/# : �() -#+( A ( %#+0*( */ %#+)%&/ 2�_ )�<5) ,% *% %J+)%$ / )%&%= R/9.-/ A = -9.0�
&/9*( / %=(&0 S. N/( */# %#+)%&/# $ /-# $ /##-=/# F)(V%9-+()/# *% /9 N/# K)/9./# : 3 &/ ,% / ,09-./ LL
@%+- .($ $/##/ /&+/ K %$ *%+%)$ -9/*/ F() $ ,%+(*(# -9*%F %9*%9+%# A F () #%) K)-&'/9+% :

> V)/*% *% $(*%&(# H0% %0 ./&.0&%- F/)/ I/G%) #-#$(&(V-/ *% +(*/# /# LL @%+-# A *%#.)-+/
9/ #% S. N/( ] :; A 9 N/( -9.&0 ,1/ $(*%&(# .($ $/##/# /.-$ / *% 4Z < ; � A F () S. N/( *% $ /##/ %#+%&/)
.)-#+/&-G/*/ A 9%$ 9 ,0.&%( *% " F0)( : �/)/ %#+/ %#+)%&/ A %J -#+% /-9*/ 0$ / -9.%)+%G/ /*-.-(9/&
H0/9+( T/ .($F(#- S. N/( 90.&%/) A / H0/& F (*% /F)%#%9+/) F() S. N(%# #-V9-^./+-=/# *% � % % _V :
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3 #+/ -9.%)+%G/ 9 N/( I(- %#+0*/*/ F() 9 ,(# : 3$ 0$ F)-$ %-)( $($%9+( A %0 F)(.0)%- 9/ V)/*% . ,/
./&.0&/*/ A #(&0 S. N(%# #-#$(& ,(V-./# H0% I(##%$ .(9#-#+%9+%# .($ (# =/&()%# *%+%)$ -9/*(# F %&(#
%#F %.+)(# A $ /# 9 N/( %9.(9+)%- 9%9'0$/ #(&0 S. N/( :

30 ./&.0&%- A %9+ N/( A 0$ / 9(=/ V)/*% =/)-/9*( / +%$F%)/+0)/ *% 44 )<< - / 4; <<< - A %$
F/##(# *% 4<< - % / $ /##/ +(+/& */ %#+)%&/ *% 4A< ; � / 4A4 ; � A %$ F/##(# *% < A4 ; � A
%9V&(K/9*( / #(&0 S. N/( %#F %.+)(#. ,(F-./ F/)/ %#+/# H0/9+-*/*%# : B/9+( / $ /##/ */ ./$ /*/
*% 2 .($( / *% 2 % I()/$ ./&.0&/*/# */ $%#$ / I()$ / *%#.)-+/ 9/ #% S. N/( ] :; A #%9*( H0% (
9 ,0.&%( I(- $ /9+-*( .($( #%9*( .($F(#+( 09-./$ %9+% F() " :

@($F/)/9*( (# $(*(# (K#%)=/*(# .($ / 9(=/ V)/*% *% $(*%&(# A 9 N/( ' ,/ 9%9'0$ /
#(&0 S. N/( F(## ,1=%& #% +(*(# (# $(*(# I(##%$ � � 4: > -9*/ H0% / $ /##/ #%. / /&+/ A ( %#F/ S./$%9+(
%9+)% (# $(*(# #0K#H �0%9+%# -9*-./ H0% (# $ (*(# # N/( � � ; : > # $ %&'()%# #(&0 S. N(%# %9.(9+)/�
*/# %#+ N/( 9/ +/K %&/ ? :4? :
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#%$F)% #% /.0#+/ $%&'() / $ (*(# *% V)/0 � � 4: 3$ $%+/*% */# #(&0 S. N(%# A ( $ (*( %$ ?Q; A< #
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)%#+)-9V-) #(&0 S. N(%# .($ /F %9/# /&+/# $ /##/# 1; � 4 ; � E % +%$F%)/+0)/# %9+)% 44 6<< %
44 Q<< - A /F %9/# ;<< - *% -9.%)+%G/ %J+%)9/ : >$K(# F/) R/$%+)(# *%)-=/*(# F %&/ #-#$(&(�
V-/ %#+ N/( *%9+)( */# -9.%)+%G/# *(# =/&()%# *%+%)$ -9/*(# F %&/ %#F %.+)(#.(F-/ : 2 ,/ /-9*/ /
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%#+)%&/# F(##0/ +%$F%)/+0)/# A $ /##/# % $ (*(# %J.-+/*(# F/)%.-*(# A ,% *% #% %#F %)/) H0% %#+/#
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B(*/# /# %#+)%&/# H0% I()/$ F)%=-/$ %9+% (K#%)=/*/# 9( +%&%#. ,(F-( *% ; A4 $ 9( _.O(9/&*
F/)/ (0+)(# F)(. %+(# A .($ ( / K0#./ *% 9(=/# LL @%+-# .(9*0G-*/# F() _0`/*/$ %+ /& : 1;<<]E A
_0&&/&&3 %+ /& : 1;<<?E % @/#+/9'%-)/ %+ /& : 1;<<6E % / K0#./ *% F&/9%+/# ()K-+/9*( LL @%+-#
.($ $(*(# %#+ ,/=%-# 1_0&&/&&3 ;<<�E A +-=%)/$ #0/# .0)=/# *% &0G )%*0G-*/# % /9/&-#/*/#
F() $ -$ 7 %0 *%+%)$ -9%- +(*/# /# F %)-(*-.-*/*%# F)%#%9+%# F/)/ %#+/# %#+)%&/# : 30 ^G (
$%#$( F/)/ +(*/# /# 9(=/# LL @%+-# *%#.(K %)+/# .($ ( +%&%#. ,(F-( U">' *% ] A4 $ % .($
( +%&%#. ,(F-( *% 4A6 $ 9( "K#%)=/+ ,()-( � -.( *(# O -/# : "# F %) ,1(*(# F/)/ /# *%$ /-# LL @%+-#
I()/$ )%+-)/*(# */ &-+%)/+0)/ : ,3 -$F()+/9+% #/&-%9+/) H0% /&V0$/# */# LL @%+-# +-=%)/$
#%0# F %) ,1(*(# *%+%)$ -9/*(# /F %9/# F %&/# .0)=/# *% &0G *% *%#.(K %)+/ */ #0/ =/)-/K-&-*/*%
% /&V09# /0+()%# 9 N/( F0K&-./)/$ / &-#+/ .($ +(*/# /# F %)-(*-.-*/*%# *%+%.+/*/# 9%$ #0/#
)%#F %.+-=/# /$F&-+0*%# :
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> /9 ,/&-#% #-#$ (& ,(V-./ .($F/)/+-=/ H0% %0 ^G .($% S./ 9/ *%^9- S. N/( *(# V)0F(# : @($( /
$/-()-/ */# /9 N/# K)/9./# +%$ $/##/ $0-+( F) ,(J -$ / *% < A6 ; � % / *-I0# N/( V)/=-+/.-(9/& . ,/
#%F/)(0 (# %&%$ %9+(# H0 ,1$ -.(# H0/9*( /# /9 N/# K)/9./# .'%V/$ T/ K()*/ /G0& */ I/-J / *%
-9#+/K-&-*/*% A .($ .%)./ *% ?�4<� /9(# A ,% *% #% %#F %)/) H0% #%0# $(*(# 9()$ /-# #%. /$ $0-+(
#-$ -&/)%# : > # LL @%+-# I()/$ #%F/)/*/# *% /.()*( .($ ( $(*( F)-9.-F/& %J.-+/*( 1$ (*( *%
$/-() /$F&-+0*%E A F/)/ /# %#+)%&/# */ K()*/ /G0& A (0 */ $ ,%*-/ *(# $ (*(# %J.-+/*(# A F/)/
( ./#( */# %#+)%&/# */ K()*/ =%)$ %&'/ : > + ,%.9-./ 0+-&-G/*/ F/)/ / .($F/)/ S. N/( *(# $(*(#
(K#%)=/*(# .($ (# $(*%&(# ,% %J/+/$ %9+% / $ %#$ / *%#.)-+/ F/)/ /# %#+)%&/# -9*-= -*0/-# A 9(
./F ,1+0&( /9+%)-() : > V)/9*% *-I%)%9 S./ ,% H0% %0 9 N/( %#+(0 /9/&-#/9*( /# %#+)%&/# -9*-= -*0/&�
$%9+% A (0 #%. / A %#+(0 K0#./9*( F)(F)-%*/*%# .($09# H0% ./)/.+%)-G%$ 0$ V)0F( *% %#+)%&/#
(0 0$ %#+ ,/V-( %=(&0+-=( :

@($ )%&/ S. N/( /(# =/&()%# *% +%$F%)/+0)/ % $ /##/ A F/)/ /# %#+)%&/# *( UOUU .($ $/V�
9-+0*% X ( 4Q ( =/&() $ ,%*-( */ U&' *(# %#F %.+)(# *( UOUU ,% � )< : U%9*( /##-$ A %#+/#
V)/9*%G/# %#+ N/( )/G(/=%&$ %9+% K %$ *%+%)$ -9/*/# A %9H0/9+( H0% /# $ /-# I)/./# F(*%$ %#+/)
K/#+/9+% -9.%)+/# : 2%)V%)(9 %+ /& : 1;<<]E % P-/99-9/# A 2%)V%)(9 D 8(9+/-9% 1;<<?E (K+-�
=%)/$ %#F %.+)(# .($ U&'��< F/)/ /# %#+)%&/# $ /-# K)-&'/9+%# A F ()+/9+( A /# *%+%)$ -9/ S. N(%#
*%&%# %#+ N/( K/#+/9+% F)%.-#/# : > # *%+%)$ -9/ S. N(%# *% -( %#+%) D >&&/)* 1;<<<E I()/$ I%-+/#
0+-&-G/9*( (# %#F %.+)(# [� :
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*/# (0+)/# %#+)%&/# .0. ( $(*( F)-9.-F/& +/$K ,%$ %#+ ,/ %$ +()9( *% ;4? # :
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@($% S./$(# / /9 ,/&-#% F %&/ %#+)%&/ ' ?]Q A #0F(9*( A F)-$ %-)/$ %9+% A H0% +(*(# (# $(*(#
# N/( � � 4: �() ./0#/ */ F%H0%9/ #%F/)/ S. N/( %9+)% (# $(*(# A # ,( ' ,/ #(&0 S. N/( F/)/ $ /##/ /&+/ A
.($ ( $(#+)/*( 9( V) ,/^.( 6 :4A &%$K)/9*( H0% �� � ]? # F/)/ ; � < Z 6 ; � % �� � )< #
F/)/ ; � < Z � ; � A .($ ( %#+ ,/ 9/# ^V0)/# ] :? % ] :6 : @/*/ I/$ ,1&-/ *% #(&0 S. N(%# %#+ ,/ -*%9+-^./*/
F() 0$ #,1$K(&( *-I%)%9+% A H0% -9*-./ (# *-I%)%9+%# =/&()%# F/)/ / %#F %##0)/ */ ./$ /*/ *%
2 % :

@($( %#+/ %#+)%&/ ,% K)-&'/9+% % (# %#F %.+)(# + R%$ /&+( U&' A / $ /##/ #-#$(& ,(V-./ *%=% #%)
.(9#-#+%9+% .($ / $ /##/ %#F %.+)(#. ,(F-./ A .0. ( =/&() $ ,/J -$( %$ 4 � ,% *% < A6; ; � : �()+/9+( A
%0 +%#+%- / F(##-K-&-*/*% *% H0% 9%$ +(*(# (# $(*(# I(##%$ � � 4: 3$ =-)+0*% *% +%)%$
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F(-# / #(&0 S. N/( ; ,% 0$ $(*%&( $0-+( $ /-# I)-( % $ /-# $ /##-=( :
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*% 2 I(##% (0 4<�� �	 ; � (0 4<�� ; � : [$ / =%G H0% (# $(*(# #N/( K/#+/9+% #-$ -&/)%# /(#
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-9+%)9/# *( $(*%&( #%. /$ .(9#+/9+%# A ( -$ F()+/9+% ,% H0% 9 N/( %J -#+% 9%9'0$ $(*( %$
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$0-+( F(0.( F)(= ,/=%& :

> -9*/ H0% / #(&0 S. N/( #-#$(& ,(V-./ *% $ /##/ F/)/ / %#+)%&/ �O �4<<�� ?;]? #%. / < A4 ; �
*-I%)%9+% */ #(&0 S. N/( %#F %.+)(#. ,(F-./ A .($( / $/V9-+0*% /F/)%9+% *%#+/ %#+)%&/ ,% X � 4Q Z Q� A
$0-+( $ /-# I)/./ H0% / �O �<5 4)�]<)6 A H0% ,% X � 4� Z 6] A / $ /##/ %#F %.+)(#. ,(F-./ */
%#+)%&/ $ /-# I)/./ %#+/) #0F%)�%#+-$ /*/ ,% .(9#-#+%9+% .($ /# -9.%)+%G/# 9/# *%+%)$ -9/ S. N(%# :

"0+)/ %#+)%&/ *%#+% V)0F( .($ +)R%# $ (*(# %J.-+/*(# ,% / -[� 44)�<�];;; : O -I%)%9+%�
$%9+% */# *0/# %#+)%&/# /9+%)-()$ %9+% /9/&-#/*/# A ( $(*( %$ � );< # 9 N/( %#+ ,/ %J.-+/*( A
/F/)%.%9*( A 9( %9+/9+( A 0$ $(*( %$ ]6; A5 # : " =/&() *% #0/ $/##/ %#F %.+)(#. ,(F-./ ,%
.(9^ ,/=%& A F ()H0% #0/ $/V9-+0*% /F/)%9+% ,% Y � 46 Z ?] % /# *%+%)$ -9/ S. N(%# I()/$ I%-+/# *%
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�� ��� � ��� 6 �� � �� � ��� ��� �� �� ��� � ��� �� �� ���
��� � � ��: � �* # 
	� � ��	 �-�	� #�� �	��* $�  � )� 
 * � �� �� �	 �- �� �	�� �� � # *� � �� �  � 
	 � *	!  �� ����

�� ��� � ��� �	 
 
	 �	 � #�  �� � � ��� � /

%#F %.+)(# .($ U&'��< A *% /.()*( .($ P-/99-9/# %+ /& : 1;<<6E :
> -9*/ H0% 0$ *(# $(*(# 9 N/( .(-9.-*/ A %0 K0#H0%- 0$ / #(&0 S. N/( *% $/##/ % +%$F%)/+0)/

F/)/ 0$ $(*%&( .($ /# $ %#$ /# %#F %##0)/# */# ./$ /*/# *% 2 % 2 % A H0% F/)/ /# (0+)/# *0/#
%#+)%&/# *%#+% V)0F( . ,/ %#+0*/*/# : > ,09-./ #(&0 S. N/( H0% %0 %9.(9+)%- ,% F/)/ *+, � 44 4<< -

% ; � < Z ?6 ; � : 3 #+% $(*%&( ,% $0-+( $ /-# I)-( % $0-+( $ %9(# $ /##-=( H0% (# =/&()%#
*%+%)$ -9/*(# F %&( %#F %.+)( : > # *0/# #(&0 S. N(%# H0% %0 %9.(9+)%- %#+ N/( 9/ +/K %&/ 6 :4; A #%9*(
H0% / #%V09*/ *%&/# ,% $0-+( $ /-# F)(= ,/=%& H0% / F)-$ %-)/ A F()H0% ( � ,% .-9.( =%G%# $ %9()
1/ F)(K/K-&-*/*% ,% .-9.( =%G%# $ /-()E :

39+)% /# %#+)%&/# H0% /-9*/ 9 N/( I()/$ /9/&-#/*/# A $ /# H0% I/G%$ F/)+% *%#+% V)0F ( A
%J -#+% 0$ #0KV)0F( .($ /F %9/# *(-# $(*(# A #%9*( H0% ( #%V09*( $(*( %J.-+/*( ,% %$
+()9( *% ;<< # : > # %#+)%&/# �O �44;?�<)]? % �O �<5?Q� <4)< F(*%$ #%) /9/&-#/*/#
#-$0&+/9%/$%9+% A F(-# /& ,%$ *(# $ (*(# #%)%$ K/#+/9+% F/)%.-*(# A (# =/&()%# %#F %.+)(#. ,(F-.(#
*% +%$F%)/+0)/ % $ /##/ +/$K ,%$ #N/( : " $(*( %$ � ;<< # *%=% #%) � � ; A 9 N/( /F%9/# F %&(
I/+( *% / +%$F%)/+0)/ 9 N/( #%) + ,1F-./ */ K()*/ /G0& A $ /# +/$K ,%$ F() ./0#/ *( �� */ ()*%$
*% 6< # A ( H0% -$F&-./)-/ H0% /# $ /##/# */# %#+)%&/# I(##%$ $0-+( $ /-# K/-J/# 1$ %9() H0%
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< A? ; � E A #% %#+% $(*( +/$K ,%$ I(##% � � 4: "# $ ,19-$ (# */# I/$ ,1&-/# *% #(&0 S. N(%# %#+ N/( 9/
+/K %&/ 6 :4; :

> (0+)/ %#+)%&/ K/#+/9+% #-$ -&/) / %#+/# ,% / �O �;;4]�<<;? A H0% I(- /9/&-#/*/ #%F/)/�
*/$%9+% F ()H0% ( $(*( F)-9.-F/& *-I%)% %$ 4< # *( =/&() (K#%)=/*( 9/# *%$ /-# %#+)%&/# %
/ $ /##/ %#F %.+)(#. ,(F-./ ,% K %$ $/-# /&+/ A < AQ; ; � : 3 #+/ *%+%)$ -9/ S. N/( A K %$ .($( ( =/&()
*/ +%$F%)/+0)/ A # N/( )/G( ,/=%-# A F (-# / $ /V9-+0*% /F/)%9+% *%#+/ %#+)%&/ ,% X � 4� Z 5 4 % #%0
%#F %.+)( *( UOUU F(##0- U&' � � ;) :

� ,(# %JF&()/$(# /9+%)-()$ %9+% 1#% S. N/( 6 :; A 6 :) % 6 :]E / F(##-K -&-*/*% *( $(*( %$ � ;<< #
#%) � � 4 % $(#+)/$(# H0% -#+( # ,( /.(9+%.% H0/9*( / %#+)%&/ %#+ ,/ 9/ K()*/ /G0& */ I/-J/ *%
-9#+/K-&-*/*% 1*+, � 4; ;<< - E % / $ /##/ ,% /&+/ 1; � < Z �? ; � E : > -9*/ H0% ( F) ,%\)%H0-#-+(
*% $ /##/ /&+/ %#+%. / #/+-#I%-+( A / +%$F%)/+0)/ *%#+/ %#+)%&/ ,% � 44 ]<< - A .(&( ./9*( / %#+)%&/
9( $ %-( */ I/-J/ *% -9#+/K-&-*/*% : O%#+/ I()$ / A ( $ (*( %$ 45? A; # *%=% #%) � � ; A F %&(#
$ %#$(# /)V0$%9+(# . ,/ *-#.0+-*(# 9/H0%&/# #% S. N(%# :

�() (0+)( &/*( A */ )%&/ S. N/( %9+)% �� � % *+, 1^V0)/ 4:?E A .($( �� � � ;]] Z ? # A / +%$F%)/+0)/
*%)-=/*/ ,% $ /-# /&+/ H0% ( =/&() %#F %.+)(#. ,(F-.( A *+, � 44 5Q< - A $ /# /-9*/ -9.(9#-#+%9+%
.($ H0% ( $(*( %$ 45? A; # #%. / � � 4: �/)/ H0% / %#+/ +%$F%)/+0)/ A 0$ $(*%&( .($
; � � 4<�� ; � % ; � + � 4<�� ; � F(##0/ %#+% $ (*( .($ � � 4A / $ /##/ +(+/& */ %#+)%&/
*%=%)-/ #%) ; � < Z 5) ; � A H0% ,% < A4 ; � 1) � -9+%)9(E /.-$ / *( =/&() *%+%)$ -9/*( F%&(
%#F %.+)( : 39+N/( A (0 ( $(*( $/-# .0)+( ,% � � ; (0 / $/##/ */ ./$ /*/ *% 2 ,% $0-+( $ /-#
^9/ : "# $(*%&(# H0% $ /-# #% /F)(J -$ /$ */ *%+%)$ -9/ S. N/( %#F %.+)(#. ,(F-./ *%)-=/*(# F %&/
#-#$(&(V-/ %#+ N/( &-#+/*(# 9/ +/K %&/ 6 :4; :

� /# %#+)%&/# �O �<< 4Q�<<) 4 % PO )Q? A /& ,%$ *( $(*( F)-9.-F/& A +/$K ,%$ /F/)%.%$
$(*(# *% $%9() /$F&-+0*% %$ 4]5 A5 # % 4;Q A4 # A )%#F %.+-=/$%9+% : >F%#/) *( $(*( %$
4;Q A4 # */ PO )Q? .(-9.-* -) .($ ( '/)$ R(9-.( *( $(*( F)-9.-F/& A %$ /&V09# +0)9(# A # ,( %#+%
F %) ,1(*( %#+/=/ %J.-+/*( A ( H0% -9*-./ H0% %&% *%=% #%) 0$ (0+)( $ (*( I09*/$%9+/& */
%#+)%&/ : > # $ %&'()%# #(&0 S. N(%# #-#$(& ,(V-./# F/)/ %#+/# %#+)%&/# %#+ N/( 9/ +/K %&/ 6 :4) :
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��� � � ��� � �	 #�  #-� �� ��	 �� �� �� �� � /�� � � * # 
	� � ��	 �-�	� #�� �	�� * $�  � )� 
 * � �� �� �	 �- �� �	��
�� � # *� � �� �  � 
	 � *	!  �� ���� �� ��� � ��� �	 
 
	 �	 � #�  �� � � ��� � /

@($F&%+/9*( / /9 ,/&-#% */# %#+)%&/# *%#+% V)0F( A %J -#+%$ .-9.( %#+)%&/# .($ /F %9/# 0$
$(*( %J.-+/*( : �/)/ %#+/# A %0 +%#+%- /# F(## ,1=%-# #(&0 S. N(%# H0% I()/$ *%)-=/*/# F/)/ /#
%#+)%&/# *( $%#$ ( V)0F( .($ $/-# $ (*(# : "# $ ,19-$ (# */# I/$ ,1&-/# *% #(&0 S. N(%# #-#$ (& ,(V-./#
H0% .(9.()*/$ .($ /# *%+%)$ -9/ S.N(%# %#F %.+)(#. ,(F-./# %#+ N/( 9/ +/K %&/ 6 :4) :

� �� � � ����� �� ��� ���� � ��� �

># %#+)%&/# H0% .($F N(%$ %#+% V)0F ( F(##0%$ ( F%) ,1(*( F)-9.-F/& %$ +()9( *% ;�< # A .($(
&-#+/*(# 9/ +/K %&/ 6 :4] :

> /9 ,/&-#% *%#+% V)0F( 9(# &%=/ %$ *-)% S. N/( /( $%-( */ I/-J/ *% -9#+/K-&-*/*% */# LL @%+-# :
U%V0-9*( / $%#$ / #-#+%$ ,/+-./ /F&-./*/ /(# V)0F(# /9+%)-()%# A .($ % S./$(# / /9 ,/&-#% .($ /
%#+)%&/ .($ $/-# $(*(# %J.-+/*(# :

> & ,%$ *% H0/+)( $(*(# %J.-+/*(# A / %#+)%&/ PO 66 F(##0- (0+)/# #%+% F %)-(*-.-*/*%# %9+)%
'/)$ R(9-.(# % .($K-9/ S. N(%# &-9%/)%# : 3 #+/ %#+)%&/ +%$ #-*( .(9#+/9+%$ %9+% $(9-+()/*/ F/)/
H0% $ %*-*/# F)%.-#/# */ =/)-/ S. N/( *(# F %) ,1(*(# #%. /$ I%-+/# : _0&&/&&3 1;<<�E *%+%.+(0 H0%
%#+/ %#+)%&/ +%$ �� .%)./ *% 4<< =%G%# $ /-# ) ,/F-*( *( H0% F)%*-+( F %&/ +%()-/ *% %#I)-/$ %9+( %
F)(F0#%)/$ H0% %#+% )%#0&+/*( #%. / *%= -*( T/ =/)-/ S. N/( *( +%$F( *% = -/V%$ */ &0G ./0#/*( F()
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	 �	 � #�  �� � � 
 �	#	 �� ��� � /

0$ .()F( ()K-+/9*( / %#+)%&/ A .($ ( 0$ F&/9%+/ : 3 #+/ '-F ,(+%#% /-9*/ 9 N/( I(- .($F)(=/*/ A
F(-# 9 N/( I(- F(## ,1=%& *%+%.+/) 0$ F%),1(*( ()K-+/& .($F&%+( A $ /# 9(# F) ,(J -$ (# /9(# A #%) ,/
F(## ,1=%& $ %*-) #% / .0)=/ +%$ 0$ / I()$ / #-90#(-*/& (0 9 N/( A .(9^)$ /9*( (0 *%#./)+/9*( /
'-F ,(+%#% *( F&/9%+/ %$ +()9( */ %#+)%&/ :

> F)-$ %-)/ #0F(#- S. N/( F/)/ / /9 ,/&-#% #-#$(& ,(V-./ ,% H0% +(*(# (# $ (*(# #%. /$ � � 4: @($(
. ,/ =%)-^./*( /9+%)-()$ %9+% A #% +(*(# %#+%# $ (*(# I(##%$ � � 4A / $ /##/ */ %#+)%&/ *%=%)-/
#%) A 9( $ ,19-$( A < AQ ; � A H0% ,% < A4? ; � /.-$ / *( =/&() %#F %.+)(#. ,(F-.( 1? � E A F () ./0#/ *(
F%H0%9( %#F/ S./$%9+( %9+)% (# $(*(# : U%V0-9*( (# 9(##(# .)-+ ,%)-(# % / 9(##/ %JF %)-R%9.-/
/*H0-)-*/ */ /9 ,/&-#% *% (0+)/# %#+)%&/# A =/$(# #0F() H0% ( $(*( *% $ %9() /$F&-+0*% A (
;?6 A< # A #%. / � � ; : � %#+% ./#( A / $ /##/ /.0#+/*/ ^./ F) ,(J -$ / /( =/&() %#F %.+)(#. ,(F-.( A $ /#
/ $ %&'() +%$F%)/+0)/ F/##/ / #%) $0-+( $ /-# H0%9+% H0% / K ()*/ /G0& A F () ./0#/ *( F%) ,1(*(
%$ 45� A] # : > /&+%)9/+-=/ %9.(9+)/*/ A 9(=/$%9+% A ,% F %)$ -+-) +/$K ,%$ H0% %#+% $(*( #%. /
� � ; :

" F)(K&%$ / *% F%)$ -+-) H0% %#+%# $(*(# #%. /$ � � ; *-G )%#F %-+( T/# .($K-9/ S. N(%# &-9%/�
)%# : � ,(# %9.(9+)/$(# *-=%)#/# F %)-(*-.-*/*%# H0% # N/( .($K-9/ S. N(%# &-9%/)%# *% $ (*(# .($
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� � 4 % ; : B%()-./$ %9+% A 9 N/( ' ,/ 9%9'0$/ )%V)/ *% #%&% S. N/( F)(-K-9*( H0% -#+( (.())/ A $ /#
-#+( ,% $ %9(# F)(= ,/=%& H0% .($K-9/ S.N(%# %9+)% $(*(# .($ ( $ %#$( V)/0 : >F%#/) *%#+/ F)(�
K&%$ ,/+-./ A .($( / $/V9-+0*% *%#+/ %#+)%&/ ,% Y � 4? Z ?6 A /# *%+%)$ -9/ S. N(%# *% $ /##/ *%=%$
+%) 0$/ -9.%)+%G/ *% A 9( $ ,/J -$( A < A<? ; � : O% +(*/# /# I/$ ,1&-/# *% #(&0 S. N(%# #-#$ (& ,(V-./# A /
H0% $ /-# #% /F)(J -$ / */ %#F %.+)(#. ,(F-./ ,% / .($ $ ,19-$ ( %$ *+, � 4; ]<< - A ; � < Z 6] ; � A
; � � 4<�� ; � % ; � + � 4<�� �	 ; � A .($ ( %#+ ,/ 9/ +/K %&/ 6 :4? : � %9'0$ *(# *%$ /-# $ ,19-$(#
F(##0- +%$F%)/+0)/ $ /-# K/-J/ H0% %#+% =/&() A /F %#/) *%#+% %#+/) &(V( /.-$ / */ K()*/ /G0& :

> %#+)%&/ �O �4< 4?�<)<6 F(##0- H0/#% (# $ %#$ (# F %) ,1(*(# %J.-+/*(# H0% / PO 66 A
%J.%+( F %&( $ (*( %$ /F)(J -$ /*/$%9+% )<< # A H0% 9 N/( %#+ ,/ F)%#%9+% : 30 ^G /# $ %#$ /#
#0F(#- S. N(%# H0% F/)/ / PO 66 A #%9*( H0% / $%&'() #(&0 S. N/( %9.(9+)/*/ +%$ H0/#% / $ %#$ /
%#+)0+0)/ -9+%)9/ A .($ ( $(#+)/*( 9/ +/K %&/ 6 :4? :

> $%9(# *( F%) ,1(*( %$ � ;�< # A / %#+)%&/ �O �4<<;� ?Q 4Q ,% 0$ / %#F ,%.-% *% .($ �

F&%$ %9+/) */ �O �4< 4?�<)<6 A %$ )%&/ S. N/( T/ PO 66 : 3J -#+% 0$/ #(&0 S. N/( F/)/ / $ %#$ /
%#+)0+0)/ -9+%)9/ H0% /# *%$ /-# A .($ *+, � 4; )<< - A ; � < Z ?) ; � A ; � � 4<�� �	 ; � %
; �+ � 4<�� �	 ; � A #%9*( H0% (# F %) ,1(*(# *(# $(*%&(# %#+ N/( &-#+/*(# 9/ +/K %&/ 6 :4? :

@($F/)/9*(�#% (# $(*(# *% F0&#/ S. N/( A /# %#+)%&/# 23 <<) 4�??;? % �O �4�;]� ?Q)?
*-I%)%$ /F%9/# *( $(*( %$ 4Q5 A; # A F)%#%9+% 9%#+/ ,0&+-$ / : ># #%$ %&'/9 S./# %9+)% %#+/#
%#+)%&/# +/$K ,%$ /F/)%.%$ H0/9+( T/# *%+%)$ -9/ S.N(%# *% $ /##/ % +%$F%)/+0)/ M /$K/# #N/(
%#+)%&/# *% K/-J/ $/##/ A &( ./&-G/*/# 9( $ %-( */ I/-J/ *% -9#+/K-&-*/*% : " I/+( *% %#+/)$(#
&-*/9*( .($ %#+)%&/# *% K/-J/ $/##/ ,% .(9#-#+%9+% .($ ( V)/9*% �� 1� ?? #E A F ()+/9+( (#
$(*(# %$ � ;Q< # % � ))< # *%=%$ +%) ( $%#$ ( � % #%) #0K#%H �0%9+%# �# :

O%9+)% +(*/# /# F(## ,1=%-# I/$ ,1&-/# *% #(&0 S. N(%# #-#$(& ,(V-./# F/)/ %#+/# %#+)%&/# *% K/-J/
$/##/ A /# ,09-./# H0% /F/)%.%$ %$ /$K(# (# ./#(# + R%$ (# $ ,19-$ (# &-#+/*(# 9/ +/K %&/ 6 :4?
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%&'()*+ ,-. �� � � �� � � */0 � � � */0 �� - � �&� � /�/& �� � � �
�2 �� �� ��� � ��� � � �� � �66 ��� �� �� ��� � ��� ���� ���

��6 �� ����� � ��� �������
3 2 4 �� ��9���� �� ��� � ��� � �� � �� � ��6 ��� �� �� ��� � ��� �� �� ���

��� �� �����
3 2 4 ����9 �6 �6 �� ��� � ��� � �� � �� ���� ��6 �� ����� � ��� �6 �����
�% ��� �5���� �� ��� � ���� � �� � � �� � ��� �� ����� � ��� �� �����

�� ��� � ��� � �� � �� ��6� ��� �� ����� � ��� �� �����
3 2 4 ���� 9 �6�� �� ��� � ���� � �� � ���� ��� �� �� ��� � ��� �� �����

��� �� �����
� �� � �� ���6 ��� �� �� ��� � �6� �� �����

��� �� �����
��� � � ��� � �* # 
	� � ��	 �-�	� #�� � -�� �	�� * $�  � )� 
 * � �� �� �	 �- �� �	�� �� � # *� � �� �  � 
	 � *	!  ��

��� � ��� � �� � � � ������ ��� /

� �� � � ����� �� ��� ���� � ��� �

T> $%*-*/ H0% =/$(# %#+0*/9*( %#+)%&/# .($ F%),1(*(# F)-9.-F/-# $ /-# &(9V(# A %#+/$(# F/#�
#/9*( F/)/ / )%V-N/( (9*% / G(9/ *% .(9=%. S. N/( #% /F)(I09*/ A $ /-# $(*(# %#+ N/( *-#F(9 ,1=%-#
F/)/ #%)%$ %J.-+/*(# : > # %#+)%&/# .($ F%) ,1(*(# $ /-# &(9V(# F(##0%$ $/-# $ (*(# %J.-+/*(#
% 9 N/( #% /##%$ %&'/$ $/-# +/9+( %9+)% #- .($( /.(9+%.% F/)/ /# %#+)%&/# */ K()*/ /G0& :

> +/K%&/ 6 :46 $(#+)/ +(*/# /# %#+)%&/# H0% I/G%$ F/)+% *%#+% V)0F ( :
� ���+�� � �
�� ��� �	 � �		 �� ��� �	 � � ��
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@($% S./$(# / 9(##/ /9 ,/&-#% F %&/ %#+)%&/ �O �< 444� << 4Q : > & ,%$ *( F %) ,1(*( F)-9.-F/&
%$ +()9( *% )<< # A %#+/ %#+)%&/ F(##0- (0+)(# $ (*(# $ /-# .0)+(# % *% $%9() /$F&-+0*% : U%
( 9(##( %9+%9*-$ %9+( #(K)% F0&#/ S. N(%# %$ LL @%+-# %#+-=%) .())%+( A %#+/# %#+)%&/# #N/( A 9/
=%)*/*% A $ /-# I)-/# H0% /# *(# V)0F(# /9+%)-()%# A $ /# /# H0/-# F (##0%$ / $ %#$/ %#+)0+0)/
-9+%)9/ :

3J.&0-9*( (# $(*(# H0% .(-9.-*%$ .($ / .($K-9/ S. N/( &-9%/) % .($ ( '/)$ R(9-.( A (#
$(*(# */ %#+)%&/ �O �< 444�< 44Q # N/( H0/#% (# $ %#$(# */ %#+)%&/ -[� 44)�<�];;; 1=%)
+/K %&/ 6 :4<E A / $ %9(# *( $(*( %$ ]6; A5 # : 8/G%9*( / /9 ,/&-#% #-#$ (& ,(V-./ *%#+/ %#+)%&/ A
/ ,09-./ #(&0 S. N/( .($F/+ ,1=%& .($ / %#F %.+)(#. ,(F-./ ,% F/)/ *+, � 44 ]?< - A ; � < Z 6� ; � A
; � � 4<�� ; � % ; �+ � 4<�� ; � A %J/+/$%9+% / $%#$ / %#+)0+0)/ -9+%)9/ H0% 0$/ */#
#(&0 S. N(%# F/)/ / %#+)%&/ -[� 44)�<�];;; 1=%) +/K %&/ 6 :4;E A $ /# $ /-# I)-/ A .($ ( %)/ *% #%
%#F %)/) : @($( / $/V9-+0*% *%#+/ %#+)%&/ ,% X � 4Q Z Q A ,% F(## ,1=%& H0% / $ /##/ *%)-=/*/ *(#
%#F %.+)(# *( UOUU %#+%. / #0F%)�%#+-$ /*/ A .($ ( *-#.0+-*( 9/ #% S. N/( ) :; A (0 H0% / -9.%)+%G/
9%#+/ H0/9+-*/*% #%. / $/-() H0% / -9.%)+%G/ -9+%)9/ */ %#F %.+)(#.(F-/ : > & ,%$ *-##( A . ,/ H0%
( �� %9+)% (# $ (*(# %J.-+/*(# ,% *% � ]< # A / $ /##/ *%#+/ %#+)%&/ *%=% #%) )%/&$ %9+% $ %9()
H0% < A�� ; � : �/ +/K %&/ 6 :4� %#+ ,/ / $ %&'() #(&0 S. N/( #-#$ (& ,(V-./ % (# F %) ,1(*(# /.0#+/*(# 9(
$%&'() $(*%&( :

> %J%$F&( */# %#+)%&/# *-#.0+-*/# 9/ #% S. N/( 6 :; A ( $(*( %$ ;<) A< # */ PO;]] *%=% #%)
$0-+( F)(=/=%&$ %9+% � � ; : 3 #+/ %#+)%&/ ,% K/#+/9+% F/)%.-*/ .($ / PO66 A $ /# .($( (
$(*( F)-9.-F/& ,% $ /-# &(9V( H0% / (0+)/ A %#+/ %#+)%&/ *%=% #%) 0$ F(0.( $/-# I)-/ : � )( .0)%-
/# #(&0 S. N(%# H0% +-=%##%$ / $%#$ / %#+)0+0)/ H0% / PO66 % H0% $ %&'() #% /.0#+%$ /(# $(*(#
*/ PO;]] : > $ %&'() #(&0 S. N/( H0% 9 ,(# %9.(9+)/$ (# ,% F/)/ *+, � 4; ;<< - A ; � < Z 6Q ; � A
; � � 4<�� ; � % ; �+ � 4<�� �	 ; � A &-#+/*/ 9/ +/K %&/ 6 :4� A #%9*( H0% (# $(*(# %)/$
%J/+/$%9+% ( $%#$ ( � % � *%+%)$ -9/*(# F/)/ / PO66 : ,3 F(## ,1=%& H0% %0 +%9'/ *%+%)$ -9/*(
0$ (0+)( = ,19.0&( %=(&0.-(9 ,/)-( %9+)% *0/# %#+)%&/# :

> # %#+)%&/# �O �;4;Q�<<<� % �O �;)?<�<<?] F(##0%$ H0/#% (# $ %#$(# $(*(# %J.-+/�
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*(# A $ /# / F)-$ %-)/ *%=% #%) $ /-# H0%9+% H0% / #%V09*/ A F() ./0#/ *( �� � : "0+)/ V)/9*%
#%$ %&'/9 S./ %9+)% %&/# ,% / $ /##/ *%)-=/*/ *(# %#F %.+)(# *( UOUU : > -9*/ H0% (# %#F %.+)(#
*( UOUU #%. /$ *% K/-J( U&' A %#+/# *0/# %#+)%&/# # N/( )%&/+-=/$ %9+% K)-&'/9+%# A .($ X � 4Q :
�() ./0#/ */# /&+/# $ /##/# % */# /$F&-+0*%# #%)%$ F/)%.-*/# A +(*(# (# $(*(# F)%#%9+%#
F(*%$ #%) � � 4:

� / &-9'/ */# /&+/# $ /##/# A / %#+)%&/ �O �;4;Q�<<<� ,% 0$ / $/V9-+0*% $/-# K)-&'/9+%
H0% / �O �< 444�< 44Q A F ()+/9+( / *%+%)$ -9/ S. N/( *% $ /##/ *( #%0 %#F %.+)( 9 N/( *%=% %#+/)
%))/*/ F() < A4 ; � A (0 #%. / A %#+/ %#+)%&/ *%=% +%) $ /##/ /.-$ / *( =/&() */ $ /##/ $ ,%*-/ */#
LL @%+-# : _/# F/)/ H0% +(*(# (# $ (*(# #%. /$ � � 4A *+, � 4; 4<< - A (0 #%. / A / %#+)%&/
*%=%)-/ #%) 6<< - $/-# H0%9+% H0% ( =/&() *%+%)$ -9/*( F%&/ %#F %.+)(#.(F-/ A .(-9.-* -9*(
.($ / K()*/ /G0& : @($( *%+%)$ -9/*( F() P-(=/99-9- %+ /& : 1455QE A %J -#+% 0$ / F %H0%9/
*%F %9* R%9.-/ %$ $/##/ A %9+ N/( F(*% #%) H0% ( =/&() #-#$ (& ,(V-.( 9 N/( #%. / / +%$F%)/+0)/ */
K()*/ /G0& : 6%$K)/9*( H0% / P;;6�;5 ,% / LL @%+- $ /-# H0%9+% % +%$ $/##/ %$ +()9( *%
< AQ ; � : U%V09*( / 9(##/ /9 ,/&-#% #-#$(& ,(V-./ F/)/ %#+/ %#+)%&/ A / +%$F%)/+0)/ $ /-# F)(= ,/=%&
,% *% 4; ]<< - A ( H0% *%^9% / K()*/ /G0& : O%#+/ I()$ / A ,% /.%-+ ,/=%& H0% / +%$F%)/+0)/ *%#+/
%#+)%&/ #%. / 0$ F(0.( $/-# H0%9+% H0% ( =/&() *%+%)$ -9/*( F%&( %#F %.+)( A .($( %#+ ,/ 9/
+/K %&/ 6 :4� :

> %#+)%&/ �O �;)?<�<<?] $ %)%.% /+%9 S. N/( %#F %.-/& A F (-# #0/ +%$F%)/+0)/ %#F %.+)(#. ,(F-./
.(&( ./ / %#+)%&/ /& ,%$ *(# &-$ -+%# */ I/-J/ *% -9#+/K-&-*/*% A $ %#$( H0% A #%V09*( (# F %) ,1(*(#
%J.-+/*(# A / %#+)%&/ %#+%. / 9( $ %-( */ I/-J/ : 3 #+% )%#0&+/*( 9 N/( ,% .(9#-#+%9+% .($ ( =/&() *%
�� � : " $ /-# #0)F)%%9*%9+% ,% H0% %J -#+% 0$ / #(&0 S. N/( .($ %#+/ +%$F%)/+0)/ + N/( K/-J/ A .($(
$(#+)/*( 9/ +/K %&/ 6 :4� : > V)/*% *% $(*%&(# H0% %0 ./&.0&%- 0#/ / /F)(J -$ / S. N/( /*-/K ,/+-./
% A F()+/9+( A 9 N/( &%=/ %$ .(9+/ ( I/+( *% H0% (# $ (*(# F)%I%)%9.-/&$ %9+% %J.-+/*(# F/)/ /#
%#+)%&/# */ K ()*/ =%)$ %&'/ # N/( (# *% &(9V( F%) ,1(*( : �() (0+)( &/*( A F)(.0)/$ (# #(&0 S. N(%#
%J/+/$%9+% .($ / $%#$/ %#+)0+0)/ H0% / %9.(9+)/*/ F/)/ / �O �;4;Q�<<<� A $ /# / $/##/
*%=%)-/ #%) < A<? ; � $/-# /&+/ H0% ( =/&() %#F %.+)(#. ,(F-.( A ( H0% /-9*/ %#+ ,/ *%9+)( */#
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-9.%)+%G/# %J+%)9/# : � %#+% ./#( A / +%$F%)/+0)/ ,% $ /-# F) ,(J -$ / *(# =/&()%# */ )%&/ S. N/(
%9+)% �� � % *+, A /##0$ -9*( =/&() -V0/& / 44 6<< - : �/)/ %#+/ %#+)%&/ A �� � � ) 4] # A &(V(
*+, � 44 Q<< - : 3 #+/ *%+%)$ -9/ S.N/( ,% .(9#-#+%9+% .($ H0% %#+/ %#+)%&/ %#+%. / 9( .%9+)( */
I/-J / *% -9#+/K-&-*/*% F/)/ %#+)%&/# $ /-# $ /##-=/# H0% / $ ,%*-/ :

%&'()*+ ,-. �� � � �� � � */0 �� � */0 � �- � �&� � /�/& �� � � �
3 2 4� ���9� ��6 �� ��� � ��� � � � ��� ��� �6 ����� � ��� �����
�2 ��� �� ��� � ��6 � � �� � ��6 ��� �� �� ��� � ��� �� �� ���
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" V) ,/^.( 6 :� $(#+)/ 0$ *(# %#F %.+)(# 9()$ /&-G/*(# %$ ? <?< �> A (K+-*( .($ ( UOUU F/)/
/ %#+)%&/ �O �;)?<�<<?] % / .($F/)/ S. N/( .($ *(-# $(*%&(# /+$ (#I ,%)-.(# *% +%$F%)/+0)/#
-V0/-# / 4< 6<< - % 44 6<< - : " =/&() *% &(V X I(- $ /9+-*( .(9#+/9+% % -V0/& / Q A;? : "
$/-# -$F()+/9+% ,% H0% 9 N/( #% F (*% *-#+-9V0-) %9+)% %#+%# *(-# $ (*%&(# A F ()H0% ( %#F %.+)( ,%
K/#+/9+% )0-*(#( : �(*%)%$(# #(&0.-(9/) %#+/ *%V%9%)%#. R%9.-/ H0/9*( (K+-=%)$(# %#F %.+)(#
.($ /&+( U&' .($ ( P%$ -9- :

> # *%$ /-# %#+)%&/# .($ = ,/)-(# $ (*(# I()/$ /9/&-#/*/# #%F/)/*/$%9+% : > %#+)%&/ �O
�<5 4��<5;6 A F () +%) $ /##/ %#F %.+)(#. ,(F-./ *% < A�< ; � A 9 N/( *%=%)-/ +%) 9%9'0$ $(*( H0%
#%. / � � ; : @(9+0*( A 9%9'0$ / #(&0 S. N/( I(- %9.(9+)/*/ F%&/ #-#$(&(V-/ H0% .(-9.-*/ .($
(# =/&()%# %#F %.+)(#. ,(F-.(# : > & ,%$ *-##( A /# /$F&-+0*%# *(# $ (*(# %$ ;6< A< # % ;44A? # #N/(
.(9#-#+%9+%# .($ � � ; H0/9*( .($F/)/*(# .($ / /$F&-+0*% *( $(*( %$ ;QQ A? # : > #(&0 S. N/(
#-#$(& ,(V-./ H0% 9 ,(# %9.(9+)/$ (# 1=%) +/K %&/ 6 :4�E ,% $ /-# H0%9+% H0% ( =/&() %#F %.+)(#. ,(F-.( A
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SDSS J235040.72-005430.0 Teff=10400 log g=8.31 DAV M=0.87

’../spec_all/spSpec-51788-0386-135_all.nor’
’../ml2/da11600_825.cnor’using 1:($2*0.95)
’../ml2/da10600_825.cnor’using 1:($2*0.94)

3 #F %.+)( (K+-*( .($ ( UOUU F/)/ / %#+)%&/ �O �;)?<�<<?] A .($F/)/*( .($ $(*%&(# .($&(V X � Q Z ;? A $ /# =/)-/9*( / +%$F%)/+0)/ %$ 4< 6<< - % 44 6<< - : � N/( ' ,/ .($( *-#+-9V0-)%9+)% %#+%# *(-# %#F %.+)(# :
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$/# ,% .(9#-#+%9+% .($ / *+, � 44 5<< - A *%)-=/*/ *% �� � � ;66 # : > %#+)%&/ �O �<;4]�<Q;)
+%$ $/##/ $ /-# K/-J/ H0% / *%#+/ A $ /# +(*(# (# $(*(# I()/$ /.0#+/*(# / � � 4A .($(
$(#+)/*(# 9/ +/K %&/ 6 :4� :

> ,0&+-$ / %#+)%&/ *( V)0F( / #%) /9/&-#/*/ ,% / 2U 4;]5�<];6 A F (-# # ,( F (##0- 0$ $(*(
*%+%.+/*( A $ %9(# *% 4 # *-I%)%9+% *( $(*( F)-9.-F/& */ %#+)%&/ �O �<5 4��<5;6 : > -9*/
H0% / $ /##/ *%#+/ %#+)%&/ *%)-=/*/ F%&( %#F %.+)( #%. / < A4) ; � *-I%)%9+% */ %#+)%&/ .($ $/-#
$(*(# A 9 ,(# K0#./$(# /F%9/# /# #(&0 S. N(%# .($ / $ %#$/ %#+)0+0)/ H0% / */ �O �<5 4�� <5;6 :
> *-I%)%9 S./ H0% 9 ,(# %9.(9+)/$(# ,% H0% A #% %#+/ ,% / )%/& #(&0 S. N/( A / $ /##/ */ %#+)%&/ %#+ ,/
< A4 ; � #0K�%#+-$ /*/ A .($( $(#+)/ ( )%#0&+/*( 9/ +/K %&/ 6 :4� : U% / $ /##/ % / +%$F%)/�
+0)/ %#F %.+)(#. ,(F-./# %#+-=%)%$ .())%+/# A / #(&0 S. N/( #-#$(& ,(V-./ -9*-./ H0% / %#+)0+0)/ *%#+/
%#+)%&/ *%=% #%) *-#+-9+/ */ �O �<5 4��<5;6 :
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Livros Grátis
( http://www.livrosgratis.com.br )

 
Milhares de Livros para Download:
 
Baixar livros de Administração
Baixar livros de Agronomia
Baixar livros de Arquitetura
Baixar livros de Artes
Baixar livros de Astronomia
Baixar livros de Biologia Geral
Baixar livros de Ciência da Computação
Baixar livros de Ciência da Informação
Baixar livros de Ciência Política
Baixar livros de Ciências da Saúde
Baixar livros de Comunicação
Baixar livros do Conselho Nacional de Educação - CNE
Baixar livros de Defesa civil
Baixar livros de Direito
Baixar livros de Direitos humanos
Baixar livros de Economia
Baixar livros de Economia Doméstica
Baixar livros de Educação
Baixar livros de Educação - Trânsito
Baixar livros de Educação Física
Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmácia
Baixar livros de Filosofia
Baixar livros de Física
Baixar livros de Geociências
Baixar livros de Geografia
Baixar livros de História
Baixar livros de Línguas
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Baixar livros de Literatura Infantil
Baixar livros de Matemática
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Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC
Baixar livros Multidisciplinar
Baixar livros de Música
Baixar livros de Psicologia
Baixar livros de Química
Baixar livros de Saúde Coletiva
Baixar livros de Serviço Social
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Baixar livros de Teologia
Baixar livros de Trabalho
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