
���

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

�������	
�


���
�	
����������
�����

����������	
���
������

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

�	� �	�������
�� �	� �	����� ����

�	��� � � 	
������	��� ����	�	��!� �"#	$�%	&'(

����))�	*�� ��������	��+	�	,�� ��	���

-./0123	04564+7+891:;0<=>7/012+?6/

�	��� � � 	����@��	&'(

�����A�	,���!��	B��+	� ���C��� �"��	��

!"#"$%�&'(")&*+#�
�	��	��
�

,-*.%"#�/�&01#"*���	�2	��
�

�������� 

�3()450.6� *"'7*� ��8+0".07'� *9)10.*%� &-'("-#.(":0..'7'� -#(&-050+0.*%� /+#:#-*'*5.6;� 7-*3':
 #&#5.'8<*3*-(/'=�-#:.*.6	��*5':#%�("-)/")-#�*((+05':#.#�:�5:);�>#(?"#3#;@�-07*'.#+$.'>�A&+'B#8
5$C�
���"6(	�/>�D�*�+'/#+$.'>�A
���/>�D	�E#�*9)1#0>'=�"0--*"'-**�'3.#-)40.�
�
�:*5�/+#:#-*'*5.6;
7-*3':	��6%:+0.6�9#/'.'>0-.'("*�&-'("-#.(":0..'=�*9>0.1*:'("*�:*5':'7'�-#9.''3-#9*%�.#�-#:.*.0	��
-07*'.#+$.'>� >#(?"#30� >#/(*>#+$.'0� :*5':'0� 3'7#"(":'� 7-*3':� .#3+C5#0"(%� :� &'5"#04.6;� +0(#;
A
�2 :*5#D��"'75#�/#/�:�+'/#+$.'>�F�:�5*#&#9'.0�'"�(-05.0=�"#=7*�5'�&'5"#=7*�A�2��F�2���:*5#D	�<�-'("'>
&0((*>#+$.'("*�7*5-'"0->*10(/'7'�-04*>#�:�'3'*;�>#(?"#3#;�1*(+'�:*5':�-09/'�(.*4#0"(%�:�.#&-#:8
+0.**�").5-�*�("0&0=	�,-*�*9)10.**�-#(&-050+0.*%�-#9.''3-#9*%�(-05*�+'/#+*"0"':�:6%:+0.6�*9>0.08
.*%�.0�"'+$/'�:5'+$�?*-'".'89'.#+$.'7'�7-#5*0."#��.'�*�5'+7'".'7'@�:�+0(.'=�9'.0��.#*3'+00�3'7#"60
+'/#+*"0"6�-#(&'+'40.6�.#�9#&#5.'>�*�:'("'1.'>�/-#%;�-#:.*.6��"'75#�/#/�.#�'3?*-.6;�3'+'"*("6;
"0--*"'-*%;�:�G0."-0�1*(+'�:*5':�.*40�AD	H�����D	�,'("-'0.#�/#-"#�&-'("-#.(":0..'7'�-#(&-050+0.*%
:*5':'7'�-#9.''3-#9*%�5+%�)-':.%�+'/#+*"0"':	��3()45#0"(%�(''":0"(":*0�&-'("-#.(":0..'7'�-#(&-08
50+0.*%�*9)1#0>'=�7-)&&6�7-*3':�7+'3#+$.'>)�?*-'".'>)�7-#5*0.")	��6%:+0.6�'(.':.60�#3*'"*10(8
/*0�I#/"'-6��I'->*-)CB*0�-#9.''3-#9*0�*9)1#0>'=�7-)&&6�7-*3':�:�-07*'.0	

!�"#
	�
� ���	�$� 3*'70'7-#I*%��?*-'".6=� 7-#5*0."�� /#-"'7-#I*-':#.*0� -#9.''3-#9*%�� /+*>#"�
+0('").5-#�� J/'+'7*%� 7-*3':��KLMNONPQRSPTL	

�6%:+0.*0� 9#/'.'>0-.'("0=� &-'("-#.8

(":0..'=� 5*II0-0.G*#G**� 3*'+'7*10(/'7'

-#9.''3-#9*%� :� -#9+*1.6;�>#(?"#3#;� *� '"

-#9+*1.6;�I#/"'-':�F�'5.#�*9�'(.':.6;�&-'8

3+0>�(':-0>0..'=� J/'+'7**�*� 3*'70'7-#I**

UVPQPWNXP� YT� LW	�� ��
�Z	� �(.':.60� 3*'70'7-#8

I*10(/*0�&-#:*+#�*�-#='.*-':#.*0�'(.':#8

.6�.#�9#/'.'>0-.'("%;�-#(&-050+0.*%�'3[0/8

"':�I+'-6�*�I#).6��"'75#�/#/�&-05("#:*"08

+*� G#-(":#� 7-*3':� .0� *(&'+$9':#+*($� 5+%

&'5'3.6;� &'("-'0.*=�� .0(>'"-%� .#� "'�� 1"'

&'�'3B0>)�:*5':'>)�3'7#"(":)�'.*�.0�)(")8

&#C"�4*:'".6>� UKWLS\]YWW�� ��

^� _YTY`MPX�

�PaY`PX�� ��
�Z	

�/+C10.*C�7-*3':�:�&'5'3.60�*((+05':#8

.*%�&-0&%"(":)0"�-%5�I#/"'-':��(-05*�'(.':8

b�*-%0:��	��	���'-'9':#��	��	����
�



���

.6;�>'4.'�.#9:#"$�(+#3)C�"#/('.'>*10(/)C

*�-07*'.#+$.)C�*9)10..'("*@�.#�.#("'%B*=

>'>0."� '&*(#.'� :(07'� "'+$/'� �F
��c�:*5':

7-*3':�'"�&'"0.G*#+$.'�:'9>'4.'7'�3'7#"(":#

.#�&+#.0"0��*�>.'7*0�-07*'.6�.0�*((+05':#8

.6�UdeYWWY`���SfQNT������Z	�g0>�.0�>0.00�*9)8

10.*0�&-'("-#.(":0..'7'�-#(&-050+0.*%�-#98

.''3-#9*%�'"50+$.6;�7-)&&�7-*3':�:�/'."*8

.0."#+$.'>�*�7+'3#+$.'>�>#(?"#30�&-':'5*"8

(%�)40�3'+00�("'+0"*%	���"#/*>�7-)&&#>�'"8

.'(%"(%�>#/-'>*G0"6�F�#I*++'I'-':60�7-*8

36��5+%�/'"'-6;�)("#.':+0.'��1"'�*;�:*5'8

:'0�3'7#"(":'�:��'+#-/"*/0�:6?0�:�+0(.6;

J/'(*("0>#;��&'�(-#:.0.*C�(�").5-':6>*�*

&)("6..'8("0&.6>*	� E'� :0950� +*� :� +0(.'=

9'.0�1*(+'�:*5':�7-*3':�'5*.#/':'�3'+$?'0h

�*5':'0�3'7#"(":'�7-*3':�-#((>'"-0.'�.#

&-*>0-0�>'50+$.'=�7-)&&6�F�/+#:#-*'*5.6;

7-*3':� AieXjN�� KLMNONPQRSPTLD� F� '5.'=� *9

4*9.0..6;�I'->�:�('("#:0�#I*++'I'-':6;

7-*3':�� %:+%CB*;(%�I*+'70.0"*10(/*� 70"08

-'70..'=� 7-)&&'=� UkNaaYTT� YT� LW	�� ����Z	��.*

;#-#/"0-*9)C"(%�9#>0".6>*�&+'5':6>*�"08

+#>*��>#((#�/'"'-6;�>'40"�5'("*7#"$�
��/7

&-*�5*#>0"-0�5'�l��(>	�m"*�7-*36�-#(&-'("8

-#.0.6�.#�:(0;�>#"0-*/#;�'"�&'+%-.6;�+058

.*/':�*�:6('/'7'-*=�5'�"-'&*10(/*;�&)("6.$

*�J/:#"'-*#+$.6;�5'450:6;�+0(':	��.*�*7-#8

C"�:#4.)C�-'+$�:�3'+$?*.(":0�3*'>':�()?*�

:;'5%�:�('("#:�"-0;�'(.':.6;�I)./G*'.#+$8

.6;� 7-)&&@� (#&-'"-'I':�� &#-#9*"':� *� (*>8

3*'."':��*�:�-09)+$"#"0�)1#(":)C"�:�/+C108

:6;� 3*'(I0-.6;� &-'G0((#;� F� &'1:''3-#9'8

:#.**�*�/-)7':'-'"0�'(.':.6;�3*'70.':�U�*8

-%0:�� ��
2Z	

�9)10.*0�-#9.''3-#9*%�/+#:#-*'*5.6;�:

'"50+$.6;�&-*-'5.6;�9'.#;��'((**�&-':'5*"8

(%�)40�3'+00����+0"	�,'/#9#.'��1"'�'"�").58

-':'=�9'.6�:�C4.'>�.#&-#:+0.**�1*(+'�:*8

5':� :'9-#("#0"� :� ���-#9�� .#*3'+$?00�1*(+'

:*5':�:6%:+0.'�:�&'5"#04.6;�+0(#;�U�*-%8

0:����
2Z	���G0+'>�+0(.60�9'.6�&'59'.6�3'8

7#10�309+0(.6;	��#..6=�-09)+$"#"�('7+#()8

0"(%�(�&-'("-#.(":0..6>*�9#/'.'>0-.'("%>*

-#(&-050+0.*%� 7-*3':� :� �:-'&0� UnPTN`LXTL

YT LW	�� ���o^�pKi����
�Z	�,-*�*(&'+$9':#.**

q90-.#r�-#9>0-'>�:�
���"6(	�/>��:6:'5��&'8

+)10..6=�5+%�9'.#+$.6;�>*/'3*'"�U�fN`RLYs�

����Z��(';-#.%0"(%��.'�:6%:+%C"(%�(&0G*I*8

10(/*0�10-"6�:.)"-*�+0(.'=�>*/'3*'"6@�.#*8

3'+00� 3'7#"6>*� '/#96:#C"(%� &-*>'-(/*0

&'5"#04.60� -07*'.6�� #� "0--*"'-**�� -#(&'8

+'40..60� :� )(+':*%;� )+$"-#/'."*.0."#+$8

.'7'�/+*>#"#��()B0(":0..'�305.00�U�fN`RLYs�

��
��� ��
�Z	

�#(?*-0.*0� *((+05':#.*=� 5'� /'."*.0.8

"#+$.'7'�>#(?"#3#�&'("#:*+'�.':6=�:'&-'(@

(''":0"(":)0"�+*�-#(&-050+0.*0�/+#:#-*'*58

.6;�7-*3':�7+'3#+$.'>)�?*-'".'>)�7-#5*0.8

")� -#9.''3-#9*%h� �� 7+'3#+$.'>� >#(?"#30

&'/#9#.'�� 1"'� -#(&-050+0.*0� -#9.''3-#9*%

:(0;� 7-)&&� 7-*3':� .#� &+#.0"0�� *9)10..'0� (

*(&'+$9':#.*0>�70.0"*10(/*;�>0"'5':�#.#+*8

9#�&'1:0..6;�&-'3� A"#/�.#96:#0>'7'�q(/-68

"'7'� -#9.''3-#9*%rD�� :� G0+'>� &'51*.%0"(%

&-#:*+)�?*-'".'7'� 7-#5*0."#�� .'� 5+%� -#98

+*1.6;�7-)&&�7-*3':�"-0.56�*�-#(&'+'40.*0

>#/(*>)>':�-#9+*1#C"(%@�>*/-'>*G0"':�3'+$8

?0�:�.*9/*;�?*-'"#;��"'75#�/#/�5+%�.0/'"'8

-6;�7-)&&�>#/-'>*G0"':�&*/�3'7#"(":#�&-*8

;'5*"(%�.#�(-05.*0�?*-'"6� UtYOY`MPP�YT LW	�

��
2^� _YLR� YT� LW	�� ��
lZ	� E05#:.*0� *((+05'8

:#.*%�/+#:#-'*5.6;�7-*3':��&-':050..60�.#

"-#.(0/"0�5+*.'=�'/'+'�l����/>�:5'+$���°�:	�5	
'"�"-'&*10(/*;�&)("6.$��-#3(/'7'�&'+)'("8

-':#�5'�&'+%-.6;�&)("6.$�'8:#�E':#%� 0>8

+%�:�<0:0-.'>�u05':*"'>�'/0#.0��&'/#9#+*�

1"'�&*/�:*5':'7'� 3'7#"(":#� A

lF
�o�:*5':D

5+%�q90-0.r�&+'B#5$C�
���"6(	�/>��&-*;'5*"8

(%�.#�5*#&#9'.�?*-'"���Fl�°�(	�?	��#�(0:0-8
.00�*�C4.00�1*(+'�:*5':�-09/'�('/-#B#0"8

(%	�<;'4*=�-09)+$"#"�&'+)10.�*�5+%�q90-0.r

-#9>0-'>�
���/>�@�.#*3'+00�3'7#"60�+'/#+*8

"0"6�Al���F�2��D�(''":0"(":)C"�5*#&#9'.)�?*8

-'"� ��Fl�°� (	�?	�� #� :*5':'0� 3'7#"(":'� :� &'8
+%-.6;�*�"-'&*10(/*;�&)("6.%;�("-0>*"(%

/�.)+C��;'"%�+'/#+*"0"6�:�&'+%-.6;�&)("68

.%;� '/#96:#C"(%� ("#"*("*10(/*� 5'("':0-.'

3'7#10�"-'&*10(/*;�#.#+'7':�U�*-%0:����
�Z	

m"*�-09)+$"#"6�(:*50"0+$(":)C"�'�"'>��1"'

-#(&-050+0.*0�/+#:#-*'*5.6;�7-*3':��:0-'8

%".'��.0�:�&'+.'=�>0-0�(''":0"(":)0"�'3B*>

9#/'.'>0-.'("%>�?*-'".'7'�7-#5*0."#�:*5'8

:'7'�-#9.''3-#9*%	��5.#/'�J"'"�:'&-'(�'("#8

0"(%�'"/-6"6>�/#/�5+%�/+#:#-*'*5.6;��"#/

*�5+%�5-)7*;� 7-)&&�>#/-'>*G0"':	�E#�*9)8

10..'=�"-#.(0/"0�-'("�"#/('.'>*10(/'7'�-#98

.''3-#9*%�7-*3':�.0�(+05)0"�9#�-'("'>�"0-8

>'-0()-(':�� #� (*+$.#%� &'+'4*"0+$.#%� /'-8

-0+%G*%�.#=50.#�('�(-05.07'5':6>�)-':.0>

'(#5/':�U�*-%0:����
�Z	��'9>'4.'��1"'�&-'8

("-#.(":0..6=�';:#"�"0--*"'-**�*�>#(?"#3

-#((>'"-0..6;�5#..6;�"#/40�:+*%0"�.#�:68

%:+0..60�9#/'.'>0-.'("*@�5+%�:6('/*;�?*8



���

-'"��:-#9**�'3.#-)40.#�9#:*(*>'("$�:*5'8

:'7'�3'7#"(":#�/+#:#-*'*5.6;�7-*3':�'"�(-058

.07'5':'=�"0>&0-#")-6�5+%�-07*'.#+$.'7'�*

+'/#+$.'7'�>#(?"#3':�q90-0.r��#�9.#1*>'("$

'(#5/':�(.*4#0"(%�(�-'("'>�*9)10..'7'�-#98

>0-#� q90-.#r� U�fN`RLYs�� ��
�Z	� g#/*>� '3-#8

9'>��&'/#�.0%(.'��'"�/#/*;�*>0..'�/+*>#"*8

10(/*;�I#/"'-':�9#:*(*"�-#9.''3-#9*0�*9)8

1#0>'=�7-)&&6�7-*3':	��'9>'4.'��'":0"6�.#

J"*�:'&-'(6�3)5)"�&'+)10.6�&-*�*((+05':#8

.**�&-'3+0>6�:�-#9+*1.6;�>#(?"#3#;��*+*

:�3'+$?0>�1*(+0�-07*'.':�&+#.0"6	

 #&#5.'8<*3*-(/#%�-#:.*.#� A5#+00� <�D

(� ;'-'?'� :6-#40..'=�?*-'".'=� 9'.#+$.'8

("$C�*�10"/*>*�7-#5*0."#>*�I#/"'-':�(-08

56�&-05("#:+%0"�('3'=�)5'3.6=�&'+*7'.�5+%

*9)10.*%�-#(&-050+0.*%�-#9.''3-#9*%	��#.00

5+%� "0--*"'-**� <�� 9#/'.'>0-.'("*�*9>08

.0.*%�:*5':'7'�3'7#"(":#�:6%:+0.6�5+%�('8

()5*("6;�-#("0.*=�*�+*?#=.*/':�U�#+6?0:�


oo2^�<050+$.*/':�*� 5-	�� ����^�<050+$.*/'8

:#����
�Z	��+%�#I*++'I'-':6;�7-*3':��:�"'>

1*(+0� *� /+#:#-*'*5.6;�� .0(>'"-%� .#� 5+*8

"0+$.)C�*("'-*C�*9)10.*%�*;�-#9.''3-#9*%�

-09)+$"#"6�*((+05':#.*=�'7-#.*10..6�U�)8

;*.�� 
oo�^��*-%0:�� ����Z	

v0+*� -#3'"6@� 
D� )("#.':*"$� *9>0.0.*0

:*5':'7'� 3'7#"(":#� /+#:#-*'*5.6;� 7-*3':

 #&#5.'8<*3*-(/'=� -#:.*.6� :� -#9+*1.6;

>#(?"#3#;�.#�?*-'".'>�7-#5*0."0^��D�('95#"$

/#-")�-#(&-050+0.*%�:*5':'7'�-#9.''3-#9*%^

�D� )("#.':*"$� (:%9$� >045)� -#9.''3-#9*0>

7-*3':�*�#3*'"*10(/*>*�I#/"'-#>*	

%��&'��(���%&��)*

��5#..'=�-#3'"0�7-#.*G6� <��(':&#5#C"

(�/#-"'=�I*9*/'870'7-#I*10(/'7'�-#='.*-'8

:#.*%� <<<�� U
ol�Z	� �*5':'0� 3'7#"(":'� /+#8

:#-*'*5.6;� 7-*3':� *((+05':#.'� :� 50:%"*

?*-'".'89'.#+$.6;�-07*'.#;��/'"'-60�(''"8

:0"(":)C"�'(.':.6>�&-*-'5.6>�9'.#>�&'58

9'.#>��&+'B#5$�/#45'7'�-07*'.#�('("#:+%0"

:�(-05.0>�
���"6(	�/>�	��.)"-*�/#45'7'�-08

7*'.#�*9)10.'����+'/#+*"0"':�A&+'B#5$C�&'


���/>�D��-#:.'>0-.'�-#(&-050+0..6;�:�5*#8

&#9'.0� '"� ��� 5'� �
°� (	� ?	� .#� &-'"%40.**
�2�� />�'"�9'.6�").5-�5'�("0&0=�A"#3+	�
D	

��(:%9*�(�*."0.(*I*/#G*0=�.0I"08�*�7#8

9'5'361*��-'("#�&+'B#50=�.#(0+0..6;�&)./8

"':�� 5'-'7�� ;'9%=(":0..'7'� :'950=(":*%� .#

+0(#�A-)3'/��-#(&#?/*�*�"	�5	D�+'/#+$.60�3*'8

/+*>#"*10(/*0�)(+':*%�.#�-#:.*.0�>0.%C"8

(%�('�:-0>0.0>	��#((>'"-0.'�#/")#+$.'0�('8

("'%.*0� >*/'3*'"6�� "	� 0	� "0� :*56�� /'"'-60

(&'('3.6�I'->*-':#"$�&+'5':60�"0+#�q950($

*� (0=1#(r� A-0#+*9':#..'0� -#9.''3-#9*0D�� :

(':-0>0..6;�&-*-'5.'8/+*>#"*10(/*;�*�#."8

-'&'70..6;�)(+':*%;	�,-*�J"'>�>.'7*0�:*56

/+#:#-*'*5.6;�7-*3':�F�&-*9.#..60�*.5*8

/#"'-6� .0.#-)?0..6;� J/'(*("0>� U�*-%0:�

��
2Z	

�#456=�?*-'".'89'.#+$.6=�-07*'.�*9)8

1#+(%�:�"010.*0�&-*3+*9*"0+$.'����+0"	�u'8

/#+*"0"6�5+%�*((+05':#.*%�:63*-#+*($�&-'8

*9:'+$.'�*�*>0+*�I'->)�/:#5-#"#�A
��× 
� />D�
*+*�/-)7#�A-#5*)(���l�/>D	��'&)(/#+*($�:#-*8

#G**� I'->6� F� .#&-*>0-�� &-%>')7'+$.*/

A���×���/>D	���*50#+0�/#456=�+'/#+*"0"�*(8
(+05':#+(%����10+':0/'85.0=�:�"010.*0�"-0;

+0"�A9#�&'(+05.*0����+0"D�-#9.6>*�*((+05'8

:#"0+%>*	� g#/40� .0/'"'-60� 5#..60� 9#*>8

(":':#.6�*9�'&)3+*/':#..6;�>#"0-*#+':�-#98

+*1.6;�*((+05':#"0+0=��&-*:+010.#�*.I'-8

>#G*%�*9�.0(/'+$/*;�3#9�5#..6;�*�>.'7'1*(8

+0..6;�70-3#-*0:	�,#-#>0"-�qo��c�'"�1*(+#

:*5':r�5+%�.#*3'+00�*9)10..'7'�+'/#+*"0"#

*(&'+$9':#.�/#/�05*.*G#�*9>0-0.*%�5+%�'G0.8

/*� >*.*>#+$.'� .0'3;'5*>'7'� 1*(+#� 05*.*G

)10"#� A('3-#..60�'3-#9G6��9#>0"/*�:�5.0:8

.*/0��I'"'7-#I**�*�"	�5	D��:6%:+0..6;�:�/#48

5'>�+'/#+*"0"0	��+%�").5-':6;�*�"#04.6;

+'/#+*"0"':� .0'3;'5*>'� 36+'� ('3-#"$� -#98

+*1.'0�1*(+'�05*.*G�)10"#�A"	�0	�&-*+'4*"$

-#9+*1.'0�:63'-'1.'0�)(*+*0D	�E#&-*>0-��:

q,#C"0r��.#*3'+00�;'-'?'�*9)10..'>�+'/#8

+*"0"0� :� ()3#-/"*10(/*;� ").5-#;� A�>#+'8

E0.0G/*=�����l�°��′� (	�?	��l�°��′�:	�5	D�� :68
%:+0.'� 
o� :*5':�� &-05("#:+0..6;� 2
�� 05*8

.*G#>*�)10"#	���J"'>�(+)1#0�o��c�'"�2
��05*8

.*G�)10"#�('("#:+%C"�����05*.*G�)10"#	�g#8

/*>�'3-#9'>��:�/#45'>�+'/#+*"0"0�:�()3#-/8

"*10(/*;� ").5-#;� 5'+4.'� 36"$� ('3-#.'� .0

>0.00�����05*.*G	���&'5"#04.6;�+0(#;�.#*8

3'+00� &'+.'� *9)10.� +'/#+*"0"� qg#+*G#r

A<:0-5+':(/#%�'3+	���l°��′�(	�?	��l�°2�′�:	�5	D
:/+C1#CB*=� ll� :*5':�� &-05("#:+0..6;

��� 05*.*G#>*�)10"#��#�o��c�'"�J"'7'�1*(+#

('("#:+%0"� �2�	� <+05':#"0+$.'�� :� "0/)B0>

*((+05':#.**�5+%�&'5"#04.6;�-#='.':�*(&'+$8

9':#+*� 5#..60� &'� +'/#+*"0"#>�� :� /'"'-6;

*9:0(".'�.0�>0.00��2��05*.*G�)10"#	�u'/#8



���

�gw#w3w+w*wGw#ww


����
�	����
��������
������������+������������	���


E'>0- �0("'&'+'40.*0

��������������������������
 � � 2 ������������������������������������������������������

�-/"*10(/*0� ").58 
 x0+6=8:'("'/ ��°
�y�(	�?	� �>#+'8E0.0G/*=������>#+$(/*=�-8.�� :'(8

-6�A4	z��D �
°��y�:	�5	 "'1.#%�1#("$�'8:#�x0+6=

� x0+6=89#&#5 ��°�ly�(	�?	� �>#+'8E0.0G/*=������>#+$(/*=�-8.��9#&#58

��°��y�:	�5	 .#%�1#("$�'8:#�x0+6=

<)3#-/"*10(/*0 � x':#.0./':' ��°��y�(	�?	� �>#+'8E0.0G/*=������>#+$(/*=�-8.��'/-0("8

").5-6�A4	z��D l�°�ly�:	�5	 .'("*�&'(	�x':#.0./':'

2 ,#C"# l�°��y�(	�?	� �>#+'8E0.0G/*=������>#+$(/*=�-8.��
���/>

l�°��y�:	�5	 .#�<�'"�7	�<#+0;#-5

� E#;'5/# l�°
oy�(	�?	� �>#+'8E0.0G/*=������>#+$(/*=�-8.��'/-0("8

��°
�y�:	�5	 .'("*�&'(	�E#;'5/#

u0('").5-#�A4	z�2D l �/(#-/# ll°��y�(	�?	� �>#+'8E0.0G/*=�����E#56>(/*=�-8.�����/>

l�°2�y�:	�5	 .#���'"�7	�<#+0;#-5

� E#56> l�°��y�(	�?	� �>#+'8E0.0G/*=�����E#56>(/*=�-8.��'/-0("8

��°��y�:	�5	 .'("*�7	�E#56>

� �>(':0= l�°�
y�(	�?	� �>#+'8E0.0G/*=�����,)-':(/*=�-8.���
�/>

��°�
y�:	�5	 .#�{ �'"�7	�E':6=��-0.7'=

o ,#.7'56 l�°��y�(	�?	� �>#+'8E0.0G/*=�����E#56>(/*=�-8.��o��/>

�2°��y�:	�5	 .#�<��'"�7	�E#56>

<0:0-.#%�"#=7# 
� �>7'-" l2°��y�(	�?	� �>#+'8E0.0G/*=������)-6?/#-(/*=�-8.�

A4	z�2D l2°�
y�:	�5	 '/-0(".'("*�&'(	��>7'-"



 <'-)> l2°��y�(	�?	� |#."68�#.(*=(/*=�����7	�x0+'%-(/*=��(-058

lo°��y�:	�5	 .00�"010.*0�-	�<'-)>


� }#"6+$/*.(/'0 l�°�ly�(	�?	� �>#+'8E0.0G/*=������-#(.'(0+$/)&(/*=�-8.�

��°�oy�:	�5	 ����/>�.#�{�'"�&'(	��-#(.'(0+$/)&


� u%."'- l
°2�y�(	�?	� |#."68�#.(*=(/*=����� <)-7)"(/*=� -8.�

�
°2�y�:	�5	 '/-0(".'("*�&'(	�u%."'-

<-05.%%�"#=7# 
2 �)( l�°��y�(	�?	� <:0-5+':(/#%�'3+	���:50+$(/*=�-8.��l��/>

A4	z��D l
°��y�:	�5	 .#�<��'"�7	��:50+$


� ,0+6>(/*=�g)>#. l�°��y�(	�?	� <:0-5+':(/#%�'3+	���#-*.(/*=�-8.��'/-0("8

l�°��y�:	�5	 .'("*�'9	�,0+6>(/*=�g)>#.


l E%7#.$ l�°��y�(	�?	� |#."68�#.(*=(/*=����� �/"%3-$(/*=� -8.�

l�°��y�:	�5	 '/-0(".'("*�7	�E%7#.$


� |#."68�#.(*=(/ l�°�oy�(	�?	� |#."68�#.(*=(/*=����� '/-0(".'("*

lo°��y�:	�5	 7	�|#."68�#.(*=(/


� �*> ��°�
y�(	�?	� gC>0.(/#%�'3+	���:#"(/*=�-8.��
l2�/>�.#��

�
°��y�:	5	 �'" 7	�g'3'+$(/


o �("$8g07)((/'0 ��°2�y�(	�?	� gC>0.(/#%�'3+	���:#"(/*=�-8.���
��/>�.#��

��°��y�:	�5	 '"�7	�g'3'+$(/

�� �+0/(#.5-':(/'0 l�°��y�(	�?	� g'>(/#%� '3+	���+0/(#.5-':(/*=�-8.�� '/-0("8

��°2�y�:	�5	 .'("*�&'(	��+0/(#.5-':(/'0

�
 <#3). l�°�2y�(	�?	��	 |#."68�#.(*=(/*=�����E*4.0:#-"':(/*=�-8.�

�
°2�y�:	�5	 ,,�q<*3*-(/*0��:#+6r

�� x'- l�°
�y�(	�?	� �-#(.'%-(/*=�/-#=��g)-);#.(/*=�-8.��'/-0("8

�o°��y�:	�5	 .'("*�&'(	�x'-

{4.#%�"#=7# �� g)-*.(/ ��°�oy�(	�?	� <:0-5+':(/#%� '3+	��g)-*.(/*=�-8.�� '/-0("8

A4	z	
�D l�°2�y�:	�5	 .'("*�7	�g)-*.(/

,-*-'5.#%�9'.#�

?*-'".'� 9'.#+$8

.6=�-07*'.

E#9:#.*0

+'/#+*"0"#

�0'7-#I*10(/*0

/''-5*.#"6



���

, - ' 5 ' + 4 0 . * 0 �" # 3 +	 �


��������������������������
 � � 2 ������������������������������������������������������

�2 g'3'+$(/ ��°
�y�(	�?	� gC>0.(/#%�'3+	��'/-0(".'("*�7	�g'3'+$(/

l�°�
y�:	�5	
�� �3#)+ ��°2�y�(	�?	� gC>0.(/#%�'3+	���#7#=(/*=�-8.��
���/>�.#��

��°
oy�:	�5	 '"�7	�g'3'+$(/

�l  #&#5.'8�("#8 ��°2�y�(	�?	� g'>(/#%�'3+	��,#-#30+$(/*=�-8.���l�/>�.#

.*.(/'0 �o°�
y�:	�5	 < �'"�&'(	��05-':6=

�� E':6=�g0:-*9 �o°��y�(	�?	� g'>(/#%� '3+	���#-#('/(/*=�-8.�� '/-0(".'("*

���°��y�:	�5	 &'(	�E':6=�g0:-*9

�� �'+&#?0:' ��°
�y�(	�?	� g'>(/#%� '3+	���'+&#?0:(/*=�-8.�� '/-0(".'(8

��°��y�:	�5	 "*�&'(	��'+&#?0:'

�o g'>(/ �l°�oy�(	�?	� �/-0(".'("*�7	�g'>(/

�2°�oy�:	�5	
�� x0+6=��- ��°2oy�(	�?	� g'>(/#%� '3+	�� x0+'%-(/*=�-8.�� '/-0(".'("*

�2°2�y�:	�5	 &'(	�x0+6=��-

�
 �+)8{+ ��°�2y�(	�?	� g'>(/#%� '3+	��,0-:'>#=(/*=�-8.�� '/-0(".'(8

�l°��y�:	�5	 "*�&'(	� #;#-/':'

,'5"#=7#�A4	z�
�D �� �-3*"(/'0 ��°
�y�(	�?	� <:0-5+':(/#%� '3+	���-3*"(/*=�-8.�� '/-0("8

l�°
�y�:	�5	 .'("*�'9	��-3*"(/'0

�� g#+*G# �l°��y�(	�?	� <:0-5+':(/#%� '3+	��g#+*G/*=�-8.�� '/-0("8

l�°2�y�:	�5	 .'("*�&'(	�g#+*G#

�2 u0:#?* �l°2�y�(	�?	� gC>0.(/#%� '3+	��gC>0.(/*=�-8.�� '/-0(".'(8

l�°�oy�:	�5	 "*�&'(	�u0:#?*

�� E':6=�g#& ��°�
y�(	�?	� gC>0.(/#%�'3+	��{-7*.(/*=�-8.��
���/>�.#

l�°22y�:	�5	 <��'"�7	��+)"'-':(/

�l �'3-)1* �l°��y�(	�?	� gC>0.(/#%�'3+	���>)"*.(/*=�-8.�����/>�.#

l�°�oy�:	�5	 <��'"�(	��>)"*.(/'0

�� x'+$?'0� x0+'0 �l°
�y�(	�?	� g'>(/#%�'3+	��x#/1#-(/*=�-8.��
�l�/>�.#� 

�
°2�y�:	�5	 '"�7	�g'>(/

�� �'+3#(# ��°�
y�(	�?	� E':'(*3*-(/#%�'3+	���6?"':(/*=�-8.���2�/>

�l°2�y�:	�5	 .#�<�'"�&'(	��6?"':/#

�o g#=7# �l°��y�(	�?	� �0>0-':(/#%� '3+	���?/*.(/*=�-8.�� '/-0("8

��°�2y�:	�5	 .'("*�7	�g#=7#

2� x'+'".'0 ��°2�y�(	�?	� E':'(*3*-(/#%� '3+	�� x'+'".*.(/*=�-8.�� '/8

�2°
2y�:	�5	 -0(".'("*�&'(	�x'+'".'0

2
 u03050:' �2°��y�(	�?	� E':'(*3*-(/#%�'3+	��g'7)1*.(/*=�-8.��'/-0("8

�2°��y�:	�5	 .'("*�&'(	�u03050:'

u0('("0&$�A4	z��D 2� x'+$?*0 ��°

y�(	�?	� }0+%3*.(/#%�'3+	��<'(.':(/*=�-8.��
��/>�.#

�|#-+)?* l�°�oy�:	�5	 < �'"�7	�}0+%3*.(/#

2� �-#(.6= ��°�ly�(	�?	� �)-7#.(/#%�'3+	���0"':(/*=�-8.�����/>�.#

�/"%3-$ l2°2�y�:	�5	 < �'"�7	��)-7#.

22 �05:04$0 ��°
�y�(	�?	� �)-7#.(/#%� '3+	��,0");':(/*=�-8.�� '/-0("8

l�°��y�:	�5	 .'("*�'9	�x'+	��05:04$0

2� g#"#-(/ ��°
�y�(	�?	� E':'(*3*-(/#%� '3+	��g#"#-(/*=�-8.�� '/-0("8

��°��y�:	�5	 .'("*�&'(	�g#"#-(/

2l �#+6?0:' �2°�oy� (	?	� E':'(*3*-(/#%� '3+	��  5:*.(/*=�-8.�� '/-0("8

��°2�y�:	�5	 .'("*�&'(	��#+6?0:'

2� �6('/#%��-*:# ��°�ly�(	�?	� �+"#=(/*=� /-#=��,#./-)?*;*.(/*=� -8.�

��°��y�:	�5	 '/-0(".'("*�&'(	�,#./-)?*;#



��	

+*"0"6��.0�'":01#CB*0�&0-01*(+0..6>�:68

?0� &#-#>0"-#>�� *(/+C10.6� *9� 5#..'7'

*((+05':#.*%	�g#/40�.0�*((+05':#+*($�+'/#8

+*"0"6��3'+$?#%�1#("$�/'"'-6;�(''":0"(":)0"

*."-#8�*� J/("-#9'.#+$.6>�>0("''3*"#.*%>�

.#&-*>0-�0+':60�+0(#�A'("-':#D�:�").5-0�*+*

('(.':60�3'-6�A'("-':.60D�:�("0&*	

,'(+0�('("#:+0.*%�3#9':'7'�(&*(/#�:*5':

7-*3':�5+%�/#45'7'�+'/#+*"0"#�&-':'5*+#($

07'� :0-*I*/#G*%	� �9� (&*(/#� *(/+C1#+*($

(+05)CB*0�:*56@�
D�.05#:.'�'&*(#..60�/#/

.':60�5+%�.#)/*��"	� 0	�*9:0(".60�"'+$/'�*9

/+#((*10(/'7'� >0("''3*"#.*%� *+*� /-#=.0

'7-#.*10..'7'� 1*(+#� +'/#+*"0"':�� ;'"%� *;

-#(&-'("-#.0.*0��&'"0.G*#+$.'��()B0(":0.8

.'�?*-0@�E0/0:10	?1856D9120��E0/0:16D818	:6.

FG850�	H;D9G20	8G<?1?0�*�5-	^��D�(�5*(/)((*'.8

.6>� "#/('.'>*10(/*>� ("#")('>@�I20=0:10J<2.

D9G8	F6:<0218�	E0/0:10	02501?0�	K5<:G20	?0:1?18.

D<4JG20<	*�5-	^��D�.#=50..60�"'+$/'�:�*."-#8

*�J/("-#9'.#+$.6;�>0("''3*"#.*%;��.'�.0�:68

%:+0..60�.#�&+#/'-0�:�9'.#+$.6;�)(+':*%;	

E#9:#.*%�:*5':�7-*3':�(''":0"(":)C"�5#.8

.6>��."0-.0"8&'-"#+#�XOY~ieXjP`eQ�AfTT�@��

]]]	NXOY~�eXjP`eQ	P`j�� 5#"#� '3-#B0.*%� /

-0()-()�
2	��	��
�D	

 #�5:#5G#"*+0".*=�&0-*'5�*((+05':#.*=

:�-07*'.0�.#/'&+0.�3'7#"6=�>#"0-*#+��&-058

("#:+0..6=�

���'3-#9G#>*�/+#:#-*'*5.6;

7-*3':�� 50&'.*-':#..6;� :� >*/'+'7*10(/'=

/'++0/G**��.("*")"#� J/'+'7**� -#("0.*=� *

4*:'".6;��-����E���/#"0-*.3)-7� A����D	

,'-%5/#�
� ����9#&*(0=�A:9%"6;�*9�&'+0:6;

5.0:.*/':�� #.#+*9#�I'"'7-#I*=� *� 5#..6;�

'&)3+*/':#..6;� 5-)7*>*� *((+05':#"0+%>*�

PX8WNXY�3#9�5#..6;D��/#(#CB*;(%�'3.#-)40.*%

/+#:#-*'*5.6;�7-*3':�:�*9)10..'>�-07*'.0�

:.0(0.6� :� 3#9)� 5#..6;� !V��������V��

/'"'-#%� ('("#:+%0"(%� #:"'-'>� *� -07)+%-8

.'� &'&'+.%0"(%� .':6>*�5#..6>*�.#� '(.':0

#.#+*9#�:(07'�:'9>'4.'7'�>#"0-*#+#�&'�/+#8

:#-*'*5.6>� 7-*3#>� :� >*-0	� �� .#("'%B0>)

>'>0.")� 3#9#� 5#..6;� .#(1*"6:#0"� '/'+'

�o ��� 05*.*G�9#&*(0=	

,'("-'0.*0�/#-"6�-#(&-050+0.*%�:*5':'8

7'�3'7#"(":#�7-*3':�&-':050.'�.#�'(.':0�*.8

"0-&'+%G**�*(;'5.6;�5#..6;�&'�-#9.''3-#8

9*C�7-*3':�/-#=7*.78>0"'5'>��'5.*>�*9�.08

� / ' . 1 # . * 0 �" # 3 +	 �


��������������������������
 � � 2 ������������������������������������������������������

2� �/#50>7'-'5'/ �2°2�y�(	�?	� E':'(*3*-(/#%� '3+	�� �/#50>7'-'5'/

��°��y�:	�5	 7	�E':'(*3*-(/

<"0&$�A4	z�
�D 2o �)+0:1* ��°��y�(	�?	� }0+%3*.(/#%�'3+	���#-.0.(/*=�-8.�����/>�.#

l
°�ly�:	�5	 ��'"�7	��#-"#+6

�� E#5045*./# ��°2�y�(	�?	� �#9#;("#.���)("#.#=(/#%�'3+	��l��/>�.#�<�'"

l�°2�y�:	�5	 7	��)("#.#=��'/-0(".'("*�&'(	�E#5045*./#

�
 �'/)1#0:/# �
°��y�(	�?	� �#9#;("#.���)("#.#=(/#%�'3+	��
�
�/>�.#�{

l2°�oy�:	�5	 '"�7	��)("#.#=��'/-0(".'("*�&'(	��'/)1#0:/#

�� �%+6 ��°��y�(	�?	� �#9#;("#.���/>'+*.(/#%�'3+	�����/>�.#�{�'"

lo°��y�:	�5	 7	��'/10"#:

�� <"0&.'7'-(/ ��°��y�(	�?	� �#9#;("#.���/>'+*.(/#%�'3+	��
2��/>�.#�<�

�
°2�y�:	�5	 '"�7	��("#.#��'/-0(".'("*�7	�<"0&.'7'-(/

�2 g#>3':/# ��°��y�(	�?	� �#9#;("#.���/>'+*.(/#%�'3+	��
o��/>�.#�<�'"

��°��y�:	�5	 7	��("#.#

�� �+$/0./#-'= ��°�
y�(	�?	� �#9#;("#.��<0:0-'8�#9#;("#.(/#%�'3+	��
oo�/>

�
°2ly�:	�5	 .#�{��'"�7	�,0"-'&#:+':(/

�l �#-#()/ ��°�oy�(	�?	� E':'(*3*-(/#%�'3+	���#-#()/(*/=�-8.�� '/-0("8

��°�oy�:	�5	 .'("*�&'(	��#-#()/

�� �#-3#/"6 ��°��y�(	�?	� �#9#;("#.��,#:+'5#-(/#%�'3+	�����/>�.#�<�

��°�oy�:	�5	 '"�7	�,#:+'5#-��'/-0(".'("*�&'(	��#-3#/"6

�� �+0=(/ ��°�ly�(	�?	� �+"#=(/*=�/-#=��'/-0(".'("*�7	��+0=(/

��°2
y�:	�5	

,w-w*w>w0w1w#w.w*w0	���(/'3/#;�F�1*(+'�+'/#+*"0"':�:�(''":0"(":)CB0=�9'.0�&'59'.0	



���

+*.0=.6;�#+7'-*">':�:���<�(*("0>0��e`�Y`�
�

(�-#9-0?0.*0>���
°�?*-'"6�.#���
°�5'+7'"6	
,'5'3.6=�>0"'5�&-*>0.0.�5+%�)("#.':+0.*%

&-'("-#.(":0..'=�("-)/")-6�I+'-6��'("'18

.'=��:-'&6�U�'-'9':#������Z	�,-*�:*9)#+*8

9#G**�-#9.''3-#9*%�7-*3':�:63-#.�?#7�>048

5)�+*.*%>*�:�
��:*5':	

�+%�)("#.':+0.*%�(:%9*�-#9.''3-#9*%�>*8

/'3*'"6�(�#3*'"*10(/*>*�I#/"'-#>*�*(&'+$8

9':#.6�3#9':60�3*'/+*>#"*10(/*0�&'/#9#"08

+*@� (-05.07'5':#%� "0>&0-#")-#^� (09'..'("$

*9>0.0.*%�"0>&0-#")-6��&-05("#:+0..#%�/#/

-#9.*G#�"0>&0-#")-�(#>'7'�"0&+'7'�*�;'+'58

.'7'� >0(%G0:^� ()>>#� #/"*:.6;� "0>&0-#")-

:6?0�
��°<��(-05.07'5':'0�/'+*10(":'�'(#58
/':�A"#3+	��D	��+*>#"*10(/*0�&'/#9#"0+*�:9%8

"6�*9�3#96�5#..6;��P`WO!WNQ�UiNS\��kN�QLXM�

��
�Z� (� 5'&'+.0.*0>� *9� SWNQLTYaLMY	`e� A'38

-#B0.*0� ��	
�	��
�D� 5+%� .0/'"'-6;� >0"08

'("#.G*=	

�61*(+0.�7*5-'"0->*10(/*=�/'JII*G*0."

<0+%.*.':#� A�g�D�� '&-050+%CB*=(%� /#/@

�g� z�E�×�
��Σ5��750�E�F�()>>#�A>>D�9#�&08
-*'5� (� "0>&0-#")-#>*� :6?0� �
�� °<�� Σ5� F
()>>#�"0>&0-#")-�A7-#5	D�9#�"'"�40�&0-*'5	

�+%� /#45'7'� -07*'.#� )("#.':+0.#� (-05.%%

()>>#� #/"*:.6;� "0>&0-#")-� :6?0� 
�� °<	

,+'B#5$� :01.'� >0-9+'".6;� *� 9#('+0..6;

&'1:� &-*:050.#� ('7+#(.'� -#3'"0� UE#G*'8

.#+$.6=�#"+#(			����

Z	

g-#5*G*'..'� :� >*/'+'7**� *9)1#C"� 5:#

)-':.%� *.:0."#-*9#G*'..'7'� -#9.''3-#9*%@

γ8-#9.''3-#9*0�*�α8-#9.''3-#9*0	���/#10(":0
γ8-#9.''3-#9*%�*(&'+$9':#.'�1*(+'�:*5':�:
?*-'".'89'.#+$.'>�-07*'.0��α8-#9.''3-#9*0
'G0.0.'�/#/�(-05.00�1*(+'�:*5':�:�+'/#+$8

.6;�"'1/#;�A+'/#+*"0"#;D��*9)10..6;�:.)"8

-*� (''":0"(":)CB07'� ?*-'".'89'.#+$.'7'

-07*'.#	� �*II0-0.G*-)CB00� -#9.''3-#9*0

Aβ8-#9.''3-#9*0D�/-#=.0�-05/'�-#((>#"-*:#8
0"(%�&-*�*((+05':#.**�>*/'3*'"6	���5#..'=

-#3'"0�'.'�'G0.0.'�(�&'>'B$C�*.50/(#��*"8

"0/0-#�/#/�(''".'?0.*0�7#>>#�*�#+$I#�-#98

.''3-#9*%�Aγ�α�F�
D^�"#/40�:61*(+0.�/'JI8
I*G*0."�:#-*#G**�AILD�5+%�(-05.07'�1*(+#

:*5':� :� +'/#+*"0"#;� *� (-05.*=� &'/#9#"0+$

*.50/(#� :*5':'7'� (;'5(":#��#//#-#� AMD	� �

:*50�5'&'+.*"0+$.6;�'G0.'/�β8-#9.''3-#9*%
*(&'+$9':#+*�("#.5#-".'0�'"/+'.0.*0�(-058

.07'� ANOD�5+%�1*(+#�:*5':�:�+'/#+*"0"#;�*

#>&+*")5)� *9>0.0.*%� :*5':'7'� 3'7#"(":#�

'G0.0..)C�/#/�-#9.*G#�>045)�(#>6>�305.6>

*�3'7#"6>�+'/#+*"0"'>�:.)"-*�9'.#+$.'8(0/8

"'-#+$.'7'�-07*'.#�AOEKPD	

gw#w3w+w*wGw#ww�

,�����-���#
�����������
��������������+������������	����

,#-#>0"-
���������*-'".'89'.#+$.6=�-07*'.


 � � 2 � l � � o

<-05.07'5':#%�"0>&0-#")8 Fo�� F��� F��� F��o F��� 
�� ��� ��� ���

-#�� °<
<-05.%%�"0>&0-#")-#�(#>'8 F�2�l F���o F���� F���� F
��o F
l�� F
l�� F
��o F
2��

7'� ;'+'5.'7'� >0(%G#�� °<
�3('+C".#%�>*.*>#+$.#% F�
�� F���� F���� F���l F2o�� F���� F���2 F2l�2 F2���

"0>&0-#")-#�� °<

<-05.%%� ()>>#� "0>&0-#")- 
�� ��� ��� oo� 
2l� 
l
� 
��� 
ol� ����

:6?0�
��°<
<09'..'("$� "0>&0-#")-�� °< �
�� �� ���� ���� ���� ���� ���� ���
 ���2

<-05.07'5':'=�)-':0.$ �2� ��� 2�� 2o� ��� �
� 2�� ��l ���

'(#5/':�� >>

,+'B#5$�:01.'=�>0-9+'"6��c 
�� 
�� �� 2� � � � � �

,+'B#5$�9#('+0..6;�&'1:��c � � � � � � 
� �� 2�

�g� 2�� ��� 
�o 
�� 
�� 
�2 
�� ��o ���

,w-w*w>w0w1w#w.w*w0	� 50($�*�5#+00@�
�F�#-/"*10(/*0�").5-6����F�()3#-/"*10(/*0�").5-6����F�+0('").58

-#�� 2� F� (0:0-.#%� "#=7#�� �� F� (-05.%%� "#=7#�� l� F�C4.#%� "#=7#�� �� F� &'5"#=7#�� �� F� +0('("0&$�� o� F� ("0&$	� �g�� F

7*5-'"0->*10(/*=�/'JII*G*0."�<0+%.*.':#	



���

�G0./#�9#:*(*>'("*�:*5':'7'�3'7#"(":#�'"

/+*>#"#�&-':050.#�(�&'>'B$C�.0&#-#>0"-*8

10(/'7'�/'JII*G*0."#�/'--0+%G**�<&*->08

.#�A:8D	��'("':0-.'("$�-#9+*1*=�:�:0+*1*.#;

:*5':'7'�3'7#"(":#�>045)�+'/#+*"0"#>*�'G08

.*:#+*� &-*� &'>'B*�Q8/-*"0-*%��#..#� F

�*".*�(�&'&-#:/'=�x'.I0--'.*�5+%�>.'408

(":0..6;�(-#:.0.*=	�<;'5(":'�>045)�+'/#8

+*"0"#>*� *9)10.'� (� &'>'B$C� /+#("0-.'7'

#.#+*9#��&-':050..'7'�:�&#/0"0��t�t�t!�

�	�� U�TLT�P�T�� ����Z�� (� *(&'+$9':#.*0>�>0"'8

5#� �#-5#� *� 0:/+*5':#� -#(("'%.*%	� �-*:60

.#/'&+0.*%�:*5':'7'�3'7#"(":#�:�9#:*(*>'(8

"*�'"�1*(+#�('3-#..6;�'3-#9G':�&'("-'0.6�(

&'>'B$C�&-'7-#>>6��MTNQLTY���NX�o	
��U!PW8

]YWW�� �WMYXMPfX�� ��
2Z	

'&�.(/���*

 #����+0"�*((+05':#.*=�:�&-050+#;� <�

:6%:+0.'� 
�l� :*5':� /+#:#-*'*5.6;� 7-*3':

U�*-%0:�� ��
2Z�� *9� /'"'-6;� :� "010.*0� &'8

(+05.*;� ��� +0"� ('3-#.'� 
�2� :*5#� A#/")#+$8

.'0� -0#+*9':#..'0� -#9.''3-#9*0D�� 1"'� ('8

("#:+%0"� 
����c� '"� '3B0>*-':'7'� 3'7#"(":#

7-)&&6	� �+%� ('(05.*;� "0--*"'-*=� *9:0(".'


ll�:*5':�.#��-#+0��*�
�
�:*5�5+%�<-05.0=

<*3*-*� U�*-%0:�� ��
2Z	��9� 
�2� :*5':�� (&'8

('3.6;�I'->*-':#"$�&+'5':60�"0+#�:�#/")8

#+$.6;�&-*-'5.'8/+*>#"*10(/*;�*�#."-'&'8

70..6;�)(+':*%;�-#:.*.6��:.)"-*����+'/#8

+*"0"':�*�50:%"*�?*-'".'89'.#+$.6;�-07*'8

.':�:6%:+0.�
�
�:*5� Aol�cD	�}*(+'�:*5':�:

?*-'".'89'.#+$.6;� -07*'.#;� :#-$*-)0"� '"

?0("*� 5'� 
�2�� #� :� +'/#+*"0"#;� '"� 10"6-0;

5'�ll	

��#-/"*10(/*;�").5-#;�:6%:+0.'�>0.$?0

:(07'� :*5':� AlD�� .#*3'+$?00� *;� 1*(+'� A
�2D

'">010.'�:�&'5"#04.'>�?*-'".'89'.#+$.'>

-07*'.0�� /� C7)� '"� .07'� :*5':'0� 3'7#"(":'

(.*4#0"(%� 5'� ��� :*5':� :� ("0&.'>� -07*'.0	

�0'7-#I*10(/*=�G0."-�&'5"#04.'7'�-07*'.#

(''":0"(":)0"���°�(	�?	��:�.#&-#:+0.**�/�(08
:0-)� *� C7)� '"� .07'� :*5':'0� -#9.''3-#9*0

)>0.$?#0"(%� A-*(	� 
�� �D	��+%�+'/#+*"0"':� :

G0+'>� :6%:+0.#� (;'4#%� "0.50.G*%�� '5.#/'

0("$�.0/'"'-60�'"+*1*%@�&*/�3'7#"(":#� A3'8

+00�l��:*5':�+'/#+*"0"D�-#(&'+'40.�>045)

l
� *� �l°� (	�?	�� "	� 0	� (''":0"(":)0"� .0� '5.'=
&-*-'5.'=�9'.0��#�5*#&#9'.)�'"�(-05.0=�"#=7*

5'� &'5"#=7*	� �� '3'*;� (+)1#%;�� -#(&-050+08

.*0�:*5':'7'�-#9.''3-#9*%�.#*+)1?*>�(&'8

('3'>�'&*(6:#0"(%�&'+*.'>*#+$.6>�)-#:.08

.*0>�"-0"$07'�&'-%5/#�A(>	�-*(	�
���D	

��").5-':'>�+'/#+*"0"0�q,#C"#r�*�:�&'58

"#04.'=�qg#+*G0r�.#�&+#"'�/-*:#%�.#/'&+08

.*%�:6;'5*"�&-*�&'/#9#"0+%;�:��
���*�lo�2 :*8

5#�(''":0"(":0..'	�<+05':#"0+$.'��:�.#("'%8

B*=� >'>0."� :*5':'0� 3'7#"(":'� :� .#*3'+00

*9)10..6;�+'/#+*"0"#;�:6%:+0.'�.#��o�l�*

o��
�c�'"�&'"0.G*#+$.'�:'9>'4.'7'�A-*(	��D	

�3#�&'/#9#"0+%�*.:0."#-*9#G*'..'7'�-#98

.''3-#9*%�Aα8�*�γ8-#9.''3-#9*0D�:'9-#("#C"
'"�").5-�/�(-05.0=�"#=70�*�&'5"#=70�A'"�l�*

2���5'�
�2�*��2���(''":0"(":0..'D��.'�C4.00

*;�)-':0.$�(.*4#0"(%�:�.#&-#:+0.**�("0&0=

&��+	�+��9>0.0.*0�:*5':'7'�3'7#"(":#�(�?*-'"'=�5+%�?*-'".'89'.#+$.6;�-07*'.':�A�D��5+%�+'/#+*8

"0"':�A�D



��


A"#3+	� �D	��0+*1*.6�(-05.07'�1*(+#�:*5':�*

>05*#.6� :� +'/#+*"0"#;� '/#9#+*($� 3+*9/*@

"#/��:�&'5"#=70�(-05.00�1*(+'�:*5':�('("#:8

+%0"��2����#�>05*#.#�F��2���A-*(	��D	��*II08

-0.G*-)CB00�-#9.''3-#9*0��'G0.0..'0�-#98

+*1.6>*�>0"'5#>*�� "#/40�-#("0"� :�C4.'>

.#&-#:+0.**	� E#&-*>0-�� *.50/(� �*""0/0-#

('("#:+%0"� ����� :� ").5-#;� *� &':6?#0"(%� :

� -#9#�5'�>#/(*>#+$.'7'���o
�:�&'5"#=70��.'

9#"0>�(.*4#0"(%�5'���
��:�("0&%;	�<-05.*=

&'/#9#"0+$�/'JII*G*0."#��#//#-#�AMD�>#/8

(*>#+0.�:� ").5-#;������� (.*4#%($�5'� ����F

����� :� &'5"#=70�� 1"'� "#/40� ;#-#/"0-*9)0"

-'("� 5*II0-0.G*-)CB07'� -#9.''3-#9*%	� <

5-)7'=� ("'-'.6�� /'JII*G*0."� :#-*#G**

(-05.07'� 1*(+#� :*5':� :� +'/#+*"0"0� AILD� :

").5-0� ('("#:+%0"� 

���� &':6?#0"(%� :�C48

.'>�.#&-#:+0.**�5'("*7#%�>#/(*>)>#�:�("08

&%;�A����D	��-)7*0�&'/#9#"0+*�'G0./*�β8-#98
.''3-#9*%�ANO�*�OEKPD�"#/40 �)/#96:#C"�.#

.#*3'+$?00�-#9.''3-#9*0�:�&'5"#04.'>�-08

7*'.0	� NO� *>00"� >*.*>#+$.'0� 9.#10.*0� :

").5-#;� A���D� *�>#/(*>#+$.'0�F� :� &'5"#=70

A��2D�� (''".'?0.*0� >045)� (#>6>� 305.6>� *

3'7#"6>�+'/#+*"0"'>�:�").5-#;�-#:.'����c�

#�:�&'5"#=70�F�2��c	

&��+	 �+� �-*:#%� .#/'&+0.*%� �LS\XN�Y� 
� :*5':'7'

3'7#"(":#�/+#:#-*'*5.6;�7-*3':�:�()3#-/"*10(/*;

").5-#;��+'/#+*"0"�q,#C"#r�A&)./"*-.#%�+*.*%D

*� :� &'5"#04.'>� +'/#+*"0"0� qg#+*G#r� A&-%>#%

� +*.*%D

gw#w3w+w*wGw#ww�

�������
�������������������������	��������������	�	�0������+�����1�����
������

�������+������������	����

,'/#9#"0+$
�*-'".'89'.#+$.6=�-07*'.


 � � 2 � l � � o

γ8-#9.''3-#9*0 l �l �� �� �� o� 
�2 �
 �o

α8-#9.''3-#9*0 2�� 
��� �� 2
 �2�� �2�2 �2�� 22�� ���o

dL~NQeQ � 
o �2 22 l� l� ll �2 �l

dNXNQeQ 2 
2 �� �� 2� 2� �l �� 
l

�.50/(��*""0/0-# ���� ���o ��
� ���o ���l ���� ��o
 ���o ��
�

NO ��� ��
 ��� ��l 2�� ��� ��2 ��� l��

IL 

�� 

�� 
��2 l�� ��� o�� 
��2 
��� ����

O�_V�� c ���� �2�� �l�� 
��l ���l ���2 2��2 ���o ����

<-05.00� 9.#10.*0 ���� ���2 ���� ���
 ��lo ��l� ���� ���l ����

*.50/(#��#//#-#

}*(+'� +'/#+*"0"': � � 2 2 � 
� 
� � 
�

,w-w*w>w0w1w#w.w*w0	�dL~NQeQ�F�>#/(*>#+$.'0�1*(+'�:*5':�:�+'/#+*"0"0��QNXNQeQ�F�>*.*>#+$.'0�1*(8

+'� :*5':	

&��+	R+��*5':'0�-#9.''3-#9*0�/+#:#-*'*5.6;�7-*8

3':�50:%"*�?*-'".'89'.#+$.6;�-07*'.':� #&#58

.'8<*3*-(/'=� -#:.*.6



���

�,�.2)&��&

����	
���	�
������

�
�������������+

����0������-3� ����
��34� E#� "0--*"'-**

 <�� .#*3'+$?00� γ8-#9.''3-#9*0� /+#:#-*'8
*5.6;�7-*3':�'">010.'�:�&'5"#04.'>�-07*'8

.0�� #� :� .#&-#:+0.**� /� (0:0-)� *� C7)� '.'

)>0.$?#0"(%�A(>	�"#3+	��^�-*(	�
���D	�<;'4*=

-09)+$"#"�&'+)10.�*�5+%�('(05.0=�5'+7'".'=

"-#.(0/"6��&-'"%.):?0=(%�.#�l����/>�'"�#-8

;*&0+#7#�E':#%� 0>+%�A��°�(	�?	D�*�,'+%-.'8
7'��-#+#�:5'+$���°�:	�5	�10-09�<-05.CC��9*C
*��-#.�/�"-'&*10(/*>�&)("6.%>��-#3(/'7'

&'+)'("-':#�A��°�(	�?	D��750�&*/�:*5':'7'�3'8
7#"(":#�&-*;'5*"(%�.#�C4.'"#04.6=�*�&'58

"#04.6=�-07*'.�A��Fl�°�(	�?	D��"'75#�/#/�&)8
("6..'8("0&.60�-07*'.6�/-#=.0�305.6�U�*8

-%0:�� ��
�Z	

�9>0.0.*0�α8-#9.''3-#9*%�*>00"�(;'4)C
"0.50.G*C@�:�+'/#+*"0"#;�:*5':'0�3'7#"(":'

-#("0"� ('� (.*40.*0>� ?*-'"6� /� (-05.0=�

C4.'=� "#=70� *� &'5"#=70� A�lFl
°� (	� ?	D�� #
C4.00��:�.#&-#:+0.**�("0&0=��(.*4#0"(%�A(>	

-*(	��D	�E#�5'+7'".'=�"-#.(0/"0�qE':#%� 0>8

+%�F��-#+�F��-#3(/*=�&'+)'("-':r�&*/�3'8

7#"(":#�&-*;'5*"(%�.#�(;'4*=�5*#&#9'.�?*8

-'"�'"����5'�l�°�(	�?	��#�:�&)("6..'8("0&.6;
-#='.#;�<-05.0=��9**�*�:�"-'&*10(/*;�&)(8

"6.%;�1*(+'�:*5':�(.*4#0"(%�&'1"*�5'�.)+%

U�*-%0:�� ��
�Z	� g#/*>� '3-#9'>�� "0.50.G**

*9>0.0.*=�(�?*-'"'=�'3'*;�&'/#9#"0+0=�*.8

:0."#-*9#G*'..'7'�-#9.''3-#9*%�.0�(''":0"8

(":)C"�'3B0&-*.%"'>)�?*-'".'>)�7-#5*0.8

")�:*5':'7'�3'7#"(":#�A��������D	

�*II0-0.G*-)CB00�-#9.''3-#9*0�>0.%8

0"(%� #.#+'7*1.'� *.:0."#-*9#G*'..'>)@� &*/

β8-#9.''3-#9*%� &-*;'5*"(%� .#� &'5"#04.6=
-07*'.��#�:�.#&-#:+0.**�("0&0=�'.'�(.*4#8

0"(%	�g'+$/'�'5*.�&'/#9#"0+$�F�/'JII*G*8

0."�:#-*#G**�F�):0+*1*:#0"(%�'"�").5-�5'

("0&0=�A(>	�"#3+	��D	

!�������5���	���
�	��	�������������+

���	�,'�:*5':'>)�('("#:)�*9)10..60�:�&-08

50+#;� <��+'/#+*"0"6�>'4.'�&'5-#950+*"$

.#�5:#�3#9':6;�/+#("0-#��&0-:6=�>'4.'�.#8

9:#"$�q").5-':'8("0&.'=r��#�:"'-'=�F�q()38

3'-0#+$.6=r�A-*(	�2D	�,0-:6=�/+#("0-�:/+C8

1#0"�+'/#+*"0"6�*9�").5-':'7'��+0('").5-'8

:'7'�� (0:0-'"#04.'7'� *� ("0&.'7'� -07*'.':�

"'75#�/#/�:"'-'=�F�C4.'"#04.60�*�&'5"#8

04.60	�u0('("0&.60�+'/#+*"0"6�&-*()"(":)8

C"�:�'3'*;�/+#("0-#;	�E#*3'+$?00�(;'5(":'

:6%:+0.'� >045)� ('(05.*>*� +'/#+*"0"#>*

*+*�.#;'5%B*>*(%�:�(;'4*;�3*'/+*>#"*108

(/*;� )(+':*%;	��'4.'� (/#9#"$�� 1"'� q").58

-':'8("0&.'=r�/+#("0-�'3[05*.%0"�305.60�&'

1*(+)� :*5':� +'/#+*"0"6�� "'75#� /#/� q()33'8

-0#+$.6=r�F�3'7#"60	

u'/#+*"0"6� :.)"-*�?*-'".'89'.#+$.6;

-07*'.':� .0'5.'-'5.6� /#/� &'� :*5':'>)� ('8

("#:)��"#/�*�&'�1*(+)�:*5':	�<-05*�(-05.08

"#04.6;� +'/#+*"0"':�� /'"'-60� :� '(.':.'>

'".'(%"(%� /� q").5-':'8("0&.'>)r� /+#("0-)�

5:#�A|#."68�#.(*=(/�*�x'-D�'".0(0.6�/�q()38

3'-0#+$.'=r�7-)&&0��750�&-0'3+#5#C"�C4.'8

"#04.60�� &'5"#04.60� *� +0('("0&.60� +'/#8

+*"0"6	���q").5-':'8("0&.'>)r�/+#("0-)�&'

(;'5(":)�:*5':'7'�('("#:#�'".0(0.6�.0/'"'8

-60� C4.'"#04.60� A�3#)+��  #&#5.'8�("#8

.*.(/'0�� E':6=� g0:-*9D�� &'5"#04.60� AE'8

:6=� g#&�� �'3-)1*�� x'+$?'0� x0+'0�� �'+3#8

(#D�*�+0('("0&.60�A�05:04$0��g#"#-(/���#8

+6?0:'D�+'/#+*"0"6	�m"'"�-09)+$"#"�>'4.'

.#9:#"$�.0'4*5#..6>�::*5)�"'7'��1"'�.#�('8

(05.0=�5'+7'".'=�"-#.(0/"0�qE':#%� 0>+%�F

�-#+�F��-#3(/*=�&'+)'("-':r�&'5'3.'0�(>08

?0.*0�+'/#+*"0"':�.0�.#3+C5#+'($� U�*-%8

0:����
�Z	�g#/#%�*.:0-(*%�.0/'"'-6;�9'.#+$8

.6;�+'/#+*"0"':�.#;'5*"(%�:�(:%9*�(�'('30.8

.'("%>*�&-*-'5.6;�)(+':*=�G0."-#+$.'=�1#8

("*� <��� 5+%�/'"'-'=�;#-#/"0-.6�3'+$?*0

&+'B#5*�3'+'"��&0-0>04#CB*0(%�.*9/'3'.*8

"0".6>*�*�.0&-'5)/"*:.6>*�+0(#>*�.#�/*(8

+6;�"'-I%.*("6;�&'1:#;	�u'/#+*"0"6��-#(8

&'+'40..60� :� J"'=� 1#("*� -#:.*.6�� ()B08

(":0..'�305.00�(:'*;�q+0(.6;r�#.#+'7':�A('8

50-4#"� .0� 3'+00� ��� :*5':�+'/#+*"0"D�� *� /

"'>)�40�:�.*;�&-0'3+#5#C"�?*-'/'�-#(&-'8

("-#.0..60�:*56�Al��cD��'361.60�:�").5-'8

:6;�� ("0&.6;� *� 3'+'".6;� J/'(*("0>#;� A*9

-'5#�H;D9G20D�U�fN`RLYs��de\fNX����
�Z	��'+%

(&0G*I*1.6;�q").5-':'8("0&.6;r��*+*�:�G08

+'>� qC4.6;r� :*5':�� :� J"*;� +'/#+*"0"#;

/-#=.0�.*9/#�A>0.00�
��cD	��+%�q()33'-0#+$8

.6;r� +'/#+*"0"':� /'+*10(":'� )3*/:*("*108

(/*;� :*5':� "#/40� ()B0(":0..'� A���cD�� '58

.#/'� 950($� 9.#1*"0+$.#� 5'+%� *� (&0G*I*18

.6;� "#04.6;� *� .0>'-#+$.6;� :*5':� A'/'+'

���cD�*9�-'5':�I20=0:10�	E0/0:10��E0/0:16D818

*�5-	��1"'�'3[%(.%0"�(&0G*I*/)�+0(.6;�+'8

/#+*"0"':	� E0>'-#+$.'83'-0#+$.60� :*56�

/#/� &-#:*+'�� .0� :("-01#C"(%� :� 3'+'"*("'=

>0(".'("*��#�"#/40�:�").5-':6;�*�("0&.6;

3*'"'&#;	



���

�#-"'7-#I*10(/#%�:*9)#+*9#G*%�:6%:+0.8

.'7'� :6?0� -09)+$"#"#� &'5":0-45#0"� &-058

&'+'40.*0�#:"'-':	���G0."-0�-#:.*.6�+'/#8

+*"0"6�� -#(&'+'40..60� .#� "0--*"'-*%;� (

&-0'3+#5#.*0>�3'+'"*("'=�>0(".'("*��;#-#/8

"0-*9)C"(%� .0:6('/*>� :*5':6>� 3'7#"(":'>

A>0.00� ��� :*5':�+'/#+*"0"D�� #� &-*� &-*3+*8

40.**� /� �-#+$(/*>� 7'-#>� *� <-05.0(*3*-8

(/'>)� &+'(/'7'-$C� +0(*("'("$� "0--*"'-**

:'9-#("#0"��*�950($�:*5':'0�3'7#"(":'�:�+'8

/#+*"0"#;�('("#:+%0"�3'+00�l��:*5':�A-*(	��D	

��.0/'"'-6;�-07*'.#;��-#+#��<-05.0(*3*-8

(/'7'�&+'(/'7'-$%�*�:��+"#08<#%.(/*;�7'-#;

'">010.6� +'/#+*"0"6�� :� /'"'-6;� :6%:+0.'

&��+	)+�<;'5(":'�:*5':'7'�('("#:#����+'/#+*"0"':�/+#:#-*'*5.6;�7-*3':��-#(&'+'40..6;�.#� #&#5.'8

<*3*-(/'=�-#:.*.0	�E'>0-#�+'/#+*"0"':�(>	�"#3+	�




���

3'+00����:*5':��#�:�5:);�+'/#+*"0"#;�{48

.'7'��-#+#�*9:0(".'�5#40�3'+00���	��'4.'

/'.("#"*-':#"$�� 1"'� :� (-05.0=� 1#("*�  <�

-#(&'+#7#0"(%�"0--*"'-*%�305.#%�/+#:#-*'8

*5.6>*�7-*3#>*	��6%:+0..6=�950($�)-':0.$

:*5':'7'� -#9.''3-#9*%� (''":0"(":)0"� +0('8

").5-':6>�*�("0&.6>�-#='.#>�0:-'&0=(/'=

1#("*�("-#.6�A(>	�-*(	��D	

x'+$?'=�*."0-0(�&-05("#:+%0"�-#(&-0508

+0.*0�:*5':'7'�3'7#"(":#�7-*3':�:5'+$�C48

.'=�7-#.*G6�+0(#� A:�+0('("0&*�*�&'5"#=70D�

/'"'-#%�.#�"0--*"'-**��:-'&0=(/'=��'((**

*�.#��-#+0�;#-#/"0-*9)0"(%�'5.*>�*9�(#>6;

:6('/*;�&'/#9#"0+0=�:*5':'7'�-#9.''3-#9*%

/+#:#-*'*5.6;� 7-*3':� U�*-%0:�� ��
�Z	� E#

 <�� +'/#+*"0"6�� .#;'5%B*0(%� :� (;'4*;

?*-'".'89'.#+$.6;�-07*'.#;��-#(&'+'4*+*($

:5'+$�+*.**�(''":0"(":)CB0=�)-':.C�2��:*8

5':�+'/#+*"0"	�m"'�.0:6('/*=�)-':0.$�:*5'8

:'7'� 3'7#"(":#�� /'"'-6=� &'� :0+*1*.0� (''"8

:0"(":)0"�(-05.0=�"#=70��#�.0/'"'-60�+'/#8

+*"0"6�*9�J"'=�&'+'(6�5#40�3+*9/*�&'�)-':8

.C� 5#..'7'� &'/#9#"0+%� (� +0('").5-':6>*

Ag#"#-(/��x'+$?'0�x0+'0���'+3#(#D��1"'�.08

&��+	�+��#(&-050+0.*0�:*5':'7'�-#9.''3-#9*%�/+#:#-*'*5.6;�7-*3':� #&#5.'8<*3*-(/'=�-#:.*.6



���

;#-#/"0-.'� 5+%� 9#&#5.6;� &'� '".'?0.*C� /

-#:.*.0� -07*'.':	� �0-'%".'�� "#/*0� &'/#9#8

"0+*�>'4.'�'3[%(.*"$�+'/#+$.6>*�3*'/+*8

>#"*10(/*>*�)(+':*%>*�+'/#+*"0"':�*�&-08

'3+#5#.*0>�:�.*;�>0("''3*"#.*=�(�3'+'"*(8

"6>*�*+*�9#('+0..6>*�&'1:#>*	���0:-'&0=8

(/'=�1#("*�("-#.6��+*.*%�:�2��:*5':�+'/#8

+*"0"�&-0*>)B0(":0..'�(''":0"(":)0"�(0:0-8

.'=�A#-/"*10(/'=D�*�C4.'=�A("0&.'=D�7-#.*8

G0�+0(#��"'75#�/#/�#.#+'7*1.#%�+*.*%�.#�"0-8

-*"'-**�  <�� F� (0:0-.'=� 7-#.*G0� (-05.0=

"#=7*�*�(-05.0=�1#("*�C4.'=�"#=7*	��*7#."8

(/*=�q-#9-6:r�-#9.''3-#9*%�:�G0."-#+$.'=

1#("*�+0(.'=�9'.6�5'&'+.%0"�:6?0'&*(#..)C

/#-"*.)	� �� G0+'>� .#� )-':.0� +'/#+*"0"':�

>*/'3*'"#�-#:.*.6�'/#96:#0"(%�9.#1*>'�3058

.00�A��H����
D�&'�(-#:.0.*C�(�7'-.6>�'/-)8

40.*0>� F��-#+'>�� <-05.0(*3*-(/*>� &+'(8

/'7'-$0>�*��+"#08<#%.(/*>�-07*'.'>��F�1"'�

:0-'%".'��>'4.'�-#(G0.*:#"$�/#/� :05)B)C

-'+$�I#/"'-#�70'-#9.''3-#9*%	

�.#+*9�/#-"�-#(&-050+0.*%�:*5':'7'�3'8

7#"(":#�5-)7*;�7-)&&�/-*&"'7#>.6;�'-7#.*98

>':��"#/*;�/#/�>';''3-#9.60�*�+*?#=.*/*�

'3.#-)4*:#0"�(;'4)C�q(5#:+0..'("$r�-#:.*8

.6�(�(0:0-#�*�C7#��#�5+%�+*;0.'I+'-6�&'/#8

9#.'� "#/40� (.*40.*0� )-':.%� -#9.''3-#9*%

:.)"-*� +0(.'=� 9'.6� :�C7'8:'("'1.'=� 1#("*

-07*'.#�:�-#='.0 ��#(C7#.(/*;�3'+'"�UjXL8

TPs�� 
oo�^� �-3#.#:*1C(�� ��

Z	

g#/*>� '3-#9'>�� /#4)B#%(%� &-'("'"#� *

&'.%".'("$�-#(&-050+0.*%�:*5':'7'�3'7#"(":#

/+#:#-*'*5.6;�7-*3':�(�(0:0-#�.#�C7�.#�"0-8

-*"'-**� <��'/#96:#0"(%�3'+00�(+'4.'=�&'

(-#:.0.*C�('�(-05.*>*�5#..6>*��&-05("#:8

+0..6>*�:6?0�:�"#3+*G#;	

�	��1�������������������	���������-�+

��#
���-������-
���-����#/�)("#.':+0.'�:

5#..'>�*((+05':#.**��-#(&-050+0.*0�/+#:#8

-*'*5.6;�7-*3':�-#:.*.6�A*�('(05.*;�-07*8

'.':D�.0�(''":0"(":)0"�'3B0*9:0(".'>)�?*8

-'".'>)� 7-#5*0.")�-#9.''3-#9*%	�,-*� J"'>

?*-'/'�*9:0(".'�� 1"'� 0B0�&0-:60�*((+05'8

:#"0+*�A�	��'-("0-�*��	��)>3'+$5"D�(:%96:#8

+*�()B0(":':#.*0�J"'7'�7-#5*0."#�(�.0-#:.'8

>0-.'("$C�-#(&-050+0.*%�"0&+#�&'�&':0-;8

.'("*� 0>+*�UVPQPWNXP�YT�LW	����
�Z	��5.#/'�5+%

/+#:#-*'*5.6;�7-*3':�.0�'3.#-)40.#�5'("'8

:0-.#%�9#:*(*>'("$�1*(+#�:*5':�:�?*-'".'8

9'.#+$.6;�-07*'.#;�*�+'/#+*"0"#;�('�(-058

.07'5':'=�"0>&0-#")-'=�A:8�z�����^�������
�

*�:8�z���2�^�D��������(''":0"(":0..'D�A"#3+	�2D	

�+%� ('(05.0=� "-#.(0/"6� qE':#%�  0>+%� F

�-#+�F��-#3(/*=�&'+)'("-':r�(:%9$�-#9.'8

'3-#9*%� (� "0>&0-#")-'=� "#/40� '"()"(":)0"

A�������
D�:�'3'*;�>#(?"#3#;�U�*-%0:����
�Z	

gw#w3w+w*wGw#ww2

!���
��6����������
�
��	��	��������������������	��������������	���������-���#
�����5������	

������+������������	����

,#-#>0"- NO IL O�_V�� c M

<-05.07'5':#%� "0>&0-#")-#�� °< ���� ��2� ��2� ��o
���� ���� ������� F��o�����

<-05.%%�"0>&0-#")-#� (#>'7' ���� ��2� ���� ��o
���� ���� ������� F��o
����

;'+'5.'7'� >0(%G#�� °<
�3('+C".#%�>*.*>#+$.#%�"0>8 ���� ��2 ���� ��l�� ���� ��� F���
���

&0-#")-#�� °<

<-05.%%� ()>>#� "0>&0-#")- ���� ��2� ���� ��o���� ���� ������� F��o����

:6?0�
��°<
<09'..'("$� "0>&0-#")-�� °< ���� ��2� F��
� ���� F���l ��
 ��
�

<-05.07'5':'=� )-':0.$� '(#5/':� ������� ��o����� ���� ���� F��2 F���
 F����

>>

�01.#%�>0-9+'"#��c F������� F��l2� F��2� F��o�SSSS F��2
 F������ �������

 #('+0..60�� c ��
2 ��
 ��
 ���l�� ���2��� ������� F���2����

�g� F���� F��2� F���� F��o�SSSS F���� F������� ��o����

�0-9+'"#���9#('+0.*0��c F��o�SSSS F��olSSSS F������ F��ll�� ���
 F���� F��2�

S	�	T	�����	SS�	T	���
�	SSS�	T	����
�	SSSS�	T	�����
+

γ8-#9.'8
'3-#9*0

α8-#9.'8
'3-#9*0

�.50/(

�*""0/0-#



���

<"'*"� '">0"*"$�� 1"'� 5+%� 7-)&&6�+*;0.*9*8

-':#..6;�7-*3':� #&#5.'8<*3*-(/'=�-#:.*8

.6� U<050+$.*/':#�� ��
�Z� )("#.':+0.#� (*+$8

.#%� '"-*G#"0+$.#%� (:%9$� ('� (-05.07'5':'=

"0>&0-#")-'=�A:8�z�F����^�D�z����
D��"	�0	�:*8

5':'0�-#9.''3-#9*0�J"'=� 7-)&&6�(.*4#0"(%

(�-'("'>�"0->'-0()-(':	��#..6=�&'/#9#"0+$

?*-'".'89'.#+$.6;�-07*'.':�*�+'/#+*"0"':

-#:.*.6�/+#:#-*'*5.6;�7-*3':�9#:*(*"�"'+$8

/'�'"�(-05.07'�)-':.%�'(#5/':�A:8�z�����^���H

H ����
� *� :8� z� ��o�^� �� H� ����
D�� #� "#/40� '"

&+'B#5*�� 9#.%"'=� :01.'=� >0-9+'"'=� A:8� z

z�F����^���H�����
�*�:8�z�F��l2^���H�����D	

��-#3'"0�)40�)/#96:#+'($��1"'�3'+'"*(8

"60�*�9#('+0..60�&'1:6�/-#=.0�305.6�/+#8

:#-*'*5.6>*� 7-*3#>*	� ,'� '"50+$.'("*� 5+%

.*;� .0� )("#.':+0.'� (:%9*� (� -#9.''3-#9*0>

7-*3':�:�'3'*;�>#(?"#3#;�AD�������D��'5.#/'

-#((>'"-0.*0�5#..6;�I#/"'-':�:>0("0�A>0-98

+'"#���9#('+0.*0D�5#0"�("#"*("*10(/*�9.#1*8

>)C� 9#:*(*>'("$� A:8� z� F��o�^��� H� �����
� *

:8�z�F��ol^���H������
D	��'--0+%G*%�J"*;�I#/8

"'-':�'">010.#�*�(�.0/'"'-6>*�&'/#9#"0+%8

>*�5*II0-0.G*-)CB07'�-#9.''3-#9*%@�9.#8

1*>60�:0+*1*.6�&'+)10.6�5+%�*.50/(#��*"8

"0/0-#�A:8�z�F����^���H�����D�*�("#.5#-".'7'

'"/+'.0.*%�A:8�z�F��ll^���H�����D	

E#� 5*II0-0.G*-)CB00� -#9.''3-#9*0

:+*%0"�(-05.07'5':#%�"0>&0-#")-#@�'">0108

.#�&'+'4*"0+$.#%�/'--0+%G*%�('�("#.5#-"8

.6>�'"/+'.0.*0>�A:8�z���o
^���H������
D��-#98

.*G0=�>045)�305.6>�*�3'7#"6>�+'/#+*"0"'>

A:8� z� ����^��� H� �����
D� *� (-05.*>� *.50/('>

�#//#-#�A:8�z�F��o�^���H������
D	��+%�5-)7*;

"0>&0-#")-.6;�&'/#9#"0+0=�"#/40�:6%:+08

.#�(:%9$�(�J"*>*�5:)>%�&'/#9#"0+%>*�5*I8

I0-0.G*-)CB07'�-#9.''3-#9*%��"'75#�/#/�('

(-05.07'5':6>�)-':.0>�'(#5/':�9#:*(*>'("$

.0�)("#.':+0.#�A(>	�"#3+	�2D	�,+'B#5$�9#.%8

"#%�:01.'=�>0-9+'"'=�/'--0+*-)0"�('�("#.8

5#-".6>�'"/+'.0.*0>�A:8�z�F��o�^���H������
D�

-#9.*G0=�>045)�305.6>�*�3'7#"6>�+'/#+*"08

"'>�A:8�z�F����^���H����
D�*�(-05.*>�*.50/('>

�#//#-#�A:8�z�����^���H�����
D	��+%�("#.5#-"8

.'7'� '"/+'.0.*%�*� /'JII*G*0."#� :#-*#G**

)("#.':+0.#�(*+$.#%�&'+'4*"0+$.#%�/'--08

+%G*%�(�&+'B#5$C�9#('+0..6;�90>0+$�A:8�z

z ���l^���H����
�*�:8�z�����^���H�����
D�(''"8

:0"(":0..'	��*5-'"0->*10(/*=�/'JII*G*0."

'3.#-)4*:#0"�&'+'4*"0+$.)C�(:%9$�('�("#.8

5#-".6>�'"/+'.0.*0>�A:8�z�F��o�^���H������
D�

-#9.*G0=�>045)�305.6>�*�3'7#"6>�+'/#+*8

"0"'>�A:8�z�F����^���H�����
D�*�(-05.*>�*.8

50/('>��#//#-#�A:8�z�F��o�^���H������
D	

g'+$/'� 5+%� '5.'7'� I#/"'-#�� *9)10..'7'

:� 5#..'=� -#3'"0� F� (09'..'("*� "0>&0-#")-�

.0�:6%:+0.'�5'("':0-.'=� (:%9*�.*� (� '5.*>

&'/#9#"0+0>�-#9.''3-#9*%	

,-*� )("#.':+0.**� (:%9*� β8-#9.''3-#9*%
(�I#/"'-#>*� (-056� .0-05/'� *(&'+$9)C"� *

5-)7*0� >0"'5*/*�� .#&-*>0-�� (� *(&'+$9':#8

.*0>�)-#:.0.*%��*;#J+*(#�F��0."0.#��*.8

"0-&-0"*-)0>'7'�/#/�/'.("#."#�(/'-'("*�:68

;'5#�.#�&+#"'�"#/'7'�/'+*10(":#�05*.*G�)108

"#�� &-*� /'"'-'>� :6%:+%0"(%� &'+':*.#� :(0;

:*5':�A"	�0	�10>�'.#�:6?0��"0>�3'+$?0�β8-#98
.''3-#9*0D�'"�>#/(*>#+$.'�:'9>'4.'7'�&-058

(/#9#..'7'� UpPTYWWN�� !fLP�� ��
�^� �fN`RLYs�

��
�Z	��+%�").5-':'7'�+'/#+*"0"#�q,#C"#r�&'

5#..'>)� >0"'5)� &-05(/#9#.'� .#;'450.*0� :

+'/#+*"0"0��
���:*5#�.#�/-*:'=�.#/'&+0.*%

A(>	� -*(	� �D�� ��� c� '"� J"'7'� :*5':'7'� 3'7#"8

(":#� A
��l� :*5#D� 5'("*7.)"'� &-*� '3-#3'"/0

�
 05*.*G6�)10"#��#�5+%�&'5"#04.'7'�+'/#8

+*"0"#�qg#+*G#r�.0'3;'5*>'�('3-#"$�����05*8

.*G6�)10"#��1"'36�:6%:*"$��2�� :*5#�A&'+'8

:*.#�'"�lo�2�:*5#D	�<+05':#"0+$.'��β8-#9.'8
'3-#9*0�:�&'5"#=70�3'+00�10>�:���-#9#�:6?0

&'�(-#:.0.*C�(�").5-'=	

E#� "0--*"'-**�  <�� *9>0.0.*0� :*5':'7'

-#9.''3-#9*%�5+%�?*-'".'89'.#+$.6;�-07*8

'.':�*�+'/#+*"0"':�C4.00�&'5"#=7*�.0('>8

.0..'� '"-#4#0"� (&0G*I*/)� *((+05)0>'7'

-07*'.#�� 750� .#�C70� &-05("#:+0.6� #-*5.60

("0&*��#�C4.00�F�9#�&-050+#>*�-#:.*.6�F

&)("6.*��;#-#/"0-*9)CB*0(%�/-#=.0�&0((*8

>#+$.6>*�/+*>#"*10(/*>*�)(+':*%>*�&'�'"8

.'?0.*C�/�/+#:#-*'*5.6>�7-*3#>	���("0&%;

&-*�/-#=.0�.*9/'>�)-':.0�'(#5/':�*�.#+*8

1**�3'+$?*;�&+'B#50=�(�9#('+0..6>*�&'1:#8

>*�:*5':'0�3'7#"(":'�/+#:#-*'*5.6;�7-*3':

(.*4#0"(%�5'�)-':.%�").5-	���&'5'3.6;�)(+'8

:*%;�'.*�(&'('3.6�I'->*-':#"$�3#9*5*'>6

*(/+C1*"0+$.'�:�*."-#8�*�J/("-#9'.#+$.6;�

#�"#/40�:�#."-'&'70..'8*9>0.0..6;�>0("'8

'3*"#.*%;��750�&-*()"(":)0"�5'(")&.#%�&-0(8

.#%�:'5#�*+*�40�.#�/#>0.*("6;�(/+'.#;�7'-

'/'+'� -)1$0:� (� :-0>0..6>� :'5'"'/'>�� *+*

.#�(/+'.#;��750�/'.50.(*-)0"(%�-'(#	�E#�"#8

/*;�40�?*-'"#;�:�3'+00�9#&#5.6;�A.#��-#8

+0�*�:��:-'&0=(/'=��'((**D�*�:'("'1.6;�A.#

�+"#0�*�:�<#%.#;D�-07*'.#;�()B0(":)C"�3'8



���

7#"60�7-*3#>*�>09'I*+$.60�(>0?#..60�+0(#	

�05)B#%�-'+$�)-':.%�'(#5/':�&'�(-#:.0.*C

(�"0>&0-#")-.6>*�&'/#9#"0+%>*�5+%�'3[%(8

.0.*%�9#/'.'>0-.'("0=�-#9.''3-#9*%�>*/'8

3*'"6� '">010.#� *� :� 5-)7*;� *((+05':#.*%;

UtYOY`MPP�YT�LW	����
2^�_YLR�YT�LW	����
lZ	�g#/8

40�3'+$?#%�9.#1*>'("$�'(#5/':�&'�(-#:.08

.*C� (� "0>&0-#")-'=� :� &-050+#;� <0:0-.'=

�:-#9**�)/#96:#0"(%�5+%�5-)7*;�7-)&&�/-*&8

"'7#>.6;�'-7#.*9>':�F�>;':�*�+*?#=.*/':

UjXLTPs� �
oo�^ ��-3#.#:*1C(� ���

Z	

��!(78&��&

�#/*0�-07*'.6�&+#.0"6�.#*3'+00�3'7#"6

&'�1*(+)�:*5':�3*'"6�*�(�10>�J"'�(:%9#.'�F

J"*�:'&-'(6�5#:.'�*."0-0()C"�10+':010(":'	

�09)+$"#"6� 5#..'7'� *((+05':#.*%� :� &-0508

+#;�'5.'=�*9�/-)&.0=?*;�:�>*-0�-#:.*.�F

 #&#5.'8<*3*-(/'=� F� 50>'.("-*-)C"�� 1"'

5+%�>'50+$.'=�7-)&&6�>#/-'>*G0"':�F�/+#8

:#-*'*5.6;�7-*3':�F�.#*3'+00�3'7#"60�?*8

-'".'89'.#+$.60�-07*'.6�A
�2�:*5#D�(''":0"8

(":)C"� 5*#&#9'.)�?*-'"� ��Fl�°� (	�?	�� "	� 0	
&'5"#04.6>�+0(#>�� "'75#�/#/�-07*'.6�-#(8

&'+'40..60�C4.00�*�(0:0-.00�F�()3#-/"*8

10(/*0� ").5-6� *� ("0&*�F� ;#-#/"0-*9)C"(%

3'+00�.*9/*>�:*5':6>�3'7#"(":'>�A�l�*��o :*8

5':�(''":0"(":0..'D	�<-05.00�1*(+'�:*5':�:

+'/#+*"0"#;�"#/40�*>00"�&*/�:�3+*9/'>�5*#8

&#9'.0�?*-'"�� .'� (� 3'+00�?*-'/'=� #>&+*8

")5'=���Fl�°�(	�?	�A�2��F�2��D��'"�(-05.0=�"#=8
7*�5'�&'5"#=7*��*�(.*4#0"(%�5'�>*.*>)>#�:

309+0(.6;�-07*'.#;�F�").5-0�*�("0&*�A
����*

���o� :*5':� (''":0"(":0..'D	� g#/*>� '3-#9'>�

:0+*1*.#�JII0/"#�)("'=1*:#� (�*9>0.0.*0>

>#(?"#3#�*((+05':#.*%	�<+05':#"0+$.'��5+%

'3'*;�>#(?"#3':�-#(&-050+0.*0�1*(+#�:*5':

.0�(''":0"(":)0"�?*-'".'>)�7-#5*0.")�A&-#8

:*+)� �'++0(#D� :� /+#((*10(/'>� &'.*>#.**�

'">010..'>)�5+%�>.'7*;�7-)&&�4*:6;�'-7#8

.*9>':	

�-':0.$�:*5':'7'�3'7#"(":#�>*/'3*'"6�/#/

:(0=�"0--*"'-**� <��:�G0+'>��"#/�*�00�'"8

50+$.6;�?*-'".'89'.#+$.6;�-07*'.':�9#.*8

>#0"�&-'>04)"'1.'0�&'+'40.*0�>045)��-#8

+'>�*�<-05.0=�<*3*-$C��1"'�>'4.'�'3[%(8

.*"$�-'("'>�/'."*.0."#+$.'("*�/+*>#"#	��

+'/#+$.'>�>#(?"#30�>*/'3*'"#� #&#5.'8<*8

3*-(/'=� -#:.*.6� 305.00�� 10>� ('(05.*;� (

.0=� 7'-.6;� "0--*"'-*=� F� �-#+#�� <-058

.0(*3*-(/'7'�&+'(/'7'-$%�*��+"#08<#%.(/'8

7'�-07*'.#	

�+%�'3'*;�*9)10..6;�>#(?"#3':�)("#.':8

+0.#� +*.0=.#%� &'+'4*"0+$.#%� 9#:*(*>'("$

:*5':'7'�3'7#"(":#�7-*3':�'"�/'+*10(":#�(-058

.07'5':6;�'(#5/':	� #:*(*>'("$�'"�(-05.07'8

5':'=�"0>&0-#")-6�.0�.#3+C5#0"(%@�5+%�?*8

-'".'89'.#+$.6;�-07*'.':�>#/(*>#+$.'0�1*(8

+'�:*5':�7-*3':�(''":0"(":)0"�"0>&0-#")-#>

'"��
���5'������°<��"'75#�/#/�5+%�+'/#+*"08
"':� 5*#&#9'.� .0(/'+$/'� ?*-0� A'"� F���� 5'

���� °<D��.'�&-*�5#+$.0=?0>�):0+*10.**�"0>8
&0-#")-6� :*5':'0� 3'7#"(":'� ()B0(":0..'

(.*4#0"(%��5'("*7#%�>*.*>#+$.'7'�)-':.%�:

.#*3'+00� "0&+''30(&010..'=� 1#("*� -07*'.#	

�.#+'7*1.60�-09)+$"#"6�&'+)10.6�5+%�)-#+$8

(/'7'�-07*'.#� U�*-%0:�� ��
�Z	

�"+*1*"0+$.#%�'('30..'("$� <��'"�('(058

.*;� F� J"'� 7*7#."(/*=� q-#9-6:r� -#9.''3-#8

9*%�A>0.00����:*5':�+'/#+*"0"D�&-';'5%B*=

(�(0:0-#�.#�C7�(/:'9$�:(C�(-05.CC�1#("$�+0(8

.'=� 9'.6� -#:.*.6	� �.)"-*� J"'7'� /'-*5'-#�

:*5':'0�3'7#"(":'�:�+'/#+*"0"#;�(''":0"(":)8

0"�&'/#9#"0+%>�+0('").5-6�*�+0('("0&*	�,-*

J"'>�:�0:-'&0=(/'=�1#("*�("-#.6�&'5'3.6=

)-':0.$�5#..'7'�&'/#9#"0+%�;#-#/"0-0.�+'8

/#+*"0"#>�� -#(&'+'40..6>� .#� #-/"*10(/'=

*� ("0&.'=� 7-#.*G0� +0(#	�u'/#+*"0"6�� .#;'8

5%B*0(%�:�9#&#5.'=�*�:'("'1.'=�1#("%;�-#:8

.*.6�� -%5'>� (� �-#+'>� *� <-05.0(*3*-(/*>

&+'(/'7'-$0>�� (''":0"(":0..'�� '/#96:#C"(%

()B0(":0..'� 3'7#10� A3'+00� ��� *� 5#40� l�F

�� :*5':D�(:'*;�#.#+'7':��*9)10..6;�:�9#3'8

+'10..'>�G0."-0�-#:.*.6	

�5.#/'� -09)+$"#"�� &'+)10..6=� 5+%�  <�

:�'3'*;�>#(?"#3#;��:0-'%".'��50>'.("-*-)8

0"�.0�9#/'.'>0-.'("$�*9>0.0.*%�-#9.''3-#8

9*%�(�?*-'"'=��#�&-#:*+'�+*>*"*-':#.*%�:

J/("-0>#+$.6;� )(+':*%;�� 5+%� /'"'-'7'� ;#8

-#/"0-0.�'3B*=�"-0.5�F�)>0.$?0.*0�:*5'8

:'7'�3'7#"(":#�(�-'("'>�&0((*>#+$.'("*�)(+'8

:*=� A(� &'.*40.*0>� "0>&0-#")-6� *� :+#48

.'("*D��1"'��(/'-00�:(07'��&'5":0-45#0"�*50*

{	��	�}0-.':#� U����Z� '".'(*"0+$.'�3+'1.'=

("-)/")-6�3*'"6�*�&-'G:0"#.**�'5.*;�7-)&&

'-7#.*9>':� &-*� (.*40.**� &'9*G*=� 5-)7*;	

<;'4*0� :6:'56� &'+)10.6� *� 5+%� 5'+7'".'=

"-#.(0/"6�qE':#%� 0>+%�F��-#+�F��-#3(/*=

&'+)'("-':r	� �#+$.0=?*0� *((+05':#.*%� (

&-*:+010.*0>�3'+$?07'�1*(+#�7-)&&�7-*3':

&'9:'+%"�&'5":0-5*"$�*+*�'&-':0-7.)"$�5#.8



��	

.'0� &-05&'+'40.*0	� E'�� :0-'%".'�� -#9.6>

7-)&&#>� 7-*3':8>#/-'>*G0"':� ;#-#/"0-.6

-#9.60�&-*.G*&6�?*-'".'7'�-#(&-050+0.*%	

�'(:0..6>�&'5":0-450.*0>�J"'7'�&-05&'+'8

40.*%�%:+%0"(%�*"'7�*9)10.*%�'5.'=�*9�;'8

-'?'�*9)10..6;�>*/'+'7*10(/*;�7-)&&�F�+*8

;0.*9*-':#..6;� 7-*3':�� 5+%� /'"'-'=� )("#8

.':+0.#�'"-*G#"0+$.#%�/'--0+%G*%�:*5':'8

7'�-#9.''3-#9*%�.#�"0--*"'-**� <��('�(-058

.07'5':'=� "0>&0-#")-'=�� (+05':#"0+$.'�

>'4.'� (/#9#"$�� 1"'� :*5':'0� 3'7#"(":'� 5#.8

.'=� 7-)&&6� ):0+*1*:#0"(%� (� ):0+*10.*0>

?*-'"6�"	�0	�.#3+C5#0"(%�"0.50.G*%�*9>0.08

.*%� :*5':'7'� 3'7#"(":#�� '3-#".#%�?*-'".'8

>)�7-#5*0.")	

�#"0>#"*10(/#%�'3-#3'"/#�5#..6;��*;�#.#+*9

*�&'57'"':/#�-)/'&*(*�:6&'+.0.6�&-*�I*.#.('8

:'=� &'550-4/0� ����� A&-'0/"��� 
�8��8���o�D	

<3'-�&'+0:'7'�>#"0-*#+#�*� &'57'"':/#� 3#9� 5#.8

.6;�&-':050.6��	��	��*-%0:6>�:�-#>/#;� 7'()8

5#-(":0..'7'�9#5#.*%��.("*")"#�J/'+'7**�-#("08

.*=�*�4*:'".6;��-����E	�,'("-'0.*0�/#-"6�'()8

B0(":+0.'��	��	��'-'9':'=�:�-#>/#;�&-'7-#>>6

q�6%:+0.*0�3*'"*10(/*;�*.5*/#"'-':�)("'=1*:'8

7'�-#9:*"*%�*�'&"*>*9#G**�&-*-'5'&'+$9':#.*%�

('95#.*0�3*'70'7-#I*10(/*;�'(.':�"0--*"'-*#+$8

.'=�';-#.6�&-*-'56r�A�
2�8��
28��
��������ED	

(��&'��.'�

�#+6?0:� u	� �	� �+'-*("*10(/'0� 3'7#"(":'� <<<�� ��

�/")#+$.60� &-'3+0>6� (-#:.*"0+$.'7'� *9)10.*%

I+'-@�>#"8+6��-#3	�(':0B	�&'�(-#:.*"0+$.'=�I+'8

-*("*/0	� �).7)-�� 
o��	� <,3	@� E#)/#�� 
oo2	� <	� �2F

��	

�'-'9':#��	��	�g#/('.'>*10(/'0�3'7#"(":'�I+'-6��'(8

"'1.'=��:-'&6	��#/"'-6�&-'("-#.(":0..'=�5*II08

-0.G*#G**	��	@�E#)/#������	�����(	

�);*.��	��	�x*'"#�/(*+'"-'I.6;�3#9*5*'>*G0"':� #8

&#5.'8<*3*-(/'=� -#:.*.6	� �/#"0-*.3)-7@� E#)/#�


oo�	�����(	

E#G*'.#+$.6=��"+#(�&'1:��'((*=(/'=��050-#G**���&'5

-05	�<	��	��'3#	��	@��'(/	�7'(	�).8"^��("-0+$����

	

l���(	

<050+$.*/':��	�,	��E#)>0./'�{	��	��<050+$.*/':#�E	��	�

�'-3).':#� �	� �	�� ,*(#-0./'� �	�{	���#)+'� �	� E	

x*'-#9.''3-#9*0� *� &-'("-#.(":0..#%� '-7#.*9#G*%

-#("*"0+$.'7'�>*-#�<*3*-*����<*3	�J/'+	�4)-.	�����	

g	�
2�����	�<	�
�oF
l�	

<050+$.*/':#�E	� �	� �*5':'0� -#9.''3-#9*0� +*;0.'3*'8

"6�  #&#5.'=� <*3*-*� *� 'G0./#� )1#("*%� :*5':� +*8

?#=.*/':�:�'(.':.6;�00�7'-.6;�*�-#:.*..6;�I*8

"'G0.'9#;	�E':'(*3*-(/@��958:'�q�0'r����
�	�l
��(	

�-3#.#:*1C(��	�,	��('30..'("*�-#9.''3-#9*%�+*;0.'8

I+'-6��'((**�����9:	���E	�<0-� 70'7-	� ��

	���
	

<	 llF��	

�*9*/'870'7-#I*10(/'0�-#='.*-':#.*0�<<<�	��+#:.'0

)&-#:+0.*0� 70'509**� *� /#-"'7-#I**� &-*� (':0"0

�*.*("-':�<<<����-05	�E	��	��-'950G/*=�*�5-	��	�


ol�	��83�
 @ 
� ��� ���	

}0-.':�{	��	�m/'+'7*%�*�3*'70'7-#I*%	��93-#..60�-#8

3'"6	��	@�g':8:'�.#)1	�*95	����������	�����(	

�*-%0:��	��	��+#:#-*'*5.60�7-*36�&'+)'("-':#��>#+ ��

E':'("*�(*("0>#"*/*�.*9?*;�-#("0.*=	�����	�g	�2�	

<	�
��F
2
	

�*-%0:��	��	�,-'("-#.(":0..#%�5*II0-0.G*#G*%�3*'8

"6� /+#:#-*'*5.6;� 7-*3':� �'((**@� J/'+'7'870'7-#8

I*10(/*=�#(&0/"@�5*(	���58-#�3*'+	�.#)/	��	����
2	

��2�(	

�*-%0:��	��	��*-'".60�*9>0.0.*%�-#9.''3-#9*%�3*'8

"6�/+#:#-*'*5.6;�7-*3':�.#�>'50+$.'=�"-#.(0/"0

�:-#9**�����9:	���E	�<0-	�70'7-	���
�	����	�<	���F

l
	

KWLS\]YWW�d	�tfY�ieXjN@�
����������	
�QNWWNPX�M�YSNYMh���

�Q	��Pe`X	�KPT	���

	��PW	�o��A�D	�_	�2�lF2��	

!PW]YWW��	�n	���WMYXMPfX��	��	��MTNQLTY�� Te`XM� ��@��TL8

TNMTNSLW� YMTNQLTNPX� P�� M�YSNYM� `NSfXYMM� LXO� MfL`YO

M�YSNYM��`PQ�MLQ�WYM��]NTf�XPX8�L`LQYT`NS�Y~T`L�P8

WLTNPX�����SPj`L�fR	���
2	��PW	���	�_	�l�oFl
�	

iNS\��	��	��kN�QLXM��	��	��P`WOSWNQ��@��Y]�
8\Q�M�LTNLW

`YMPWeTNPX� SWNQLTY� Me`�LSYM� �P`� jWPaLW� WLXO� L`YLM� ��

XTY`X	� �Pe`X	� !WNQLT	� ��
�	� �PW	� ��� A
�D	� _	� 2���F

�
�	

pKi� ApWPaLW�KNPONsY`MNTR� X�P`QLTNPX�iLSNWNTRD	�!P�YX8

fLjYX�� ��
�	� ��V@� fTT�M@��]]]	jaN�	P`j�� A5#"#� '38

-#B0.*%� ��	��	��
�D	

pPTYWWN��	��	��!fLP��	�dYLMe`NXj�LXO��MTNQLTNXj���YSNYM

�NSfXYMM����YSNYM��NsY`MNTR��LXO�KNPTNS��NQNWL`NTR��`PQ

�LQ�WNXj��LTL�����XSRSWP�YONL�P��KNPONsY`MNTR���XO

YONTNPX� �� YO	� �	� �	� VYsNX	��LWTfLQ��d�@��SLOYQNS

_`YMM����
�	��PW	��	�_	�
o�F�

	

kNaaYTT� �	� �	�� KNXOY`�d	�� KNMSfP��� �	� i	�� KWLS\]YWW�d	�

!LXXPX�_	�i	���`N\MMPX��	��	�YT�LW	���fNjfY`8WYsYW��fR8

WPjYXYTNS� SWLMMN�NSLTNPX� P�� TfY� ieXjN� ���dRSPW	� �YM�

�������PW	�


�A�D	�_	���oF�2��

jXLTPs�d	� 	�dPMM� ONsY`MNTR� �LTTY`XM� PX� TfY� TY``NTP`R

P�� TfY� �P`QY`����������`STPL	� 
oo�	��PW	� �	�_	� 
�F

2�	

nPTN`LXTL�k	���LL`YXP\ML��	��nRTPseP`N�	���fRWWP�fP`PNO

�eXjN�P��iNXWLXO	���SfYS\8WNMT�]NTf�YSPWPjR��ONMT`Nae8

TNPX�LXO�Tf`YLT�SLTYjP`NYM�����P``WNXNL	����o	��PW	�
o	

_	�
F���	

VPQPWNXP�d	���NOOWY�K	���fNTTL\Y`��	��K`P]X��	�KNPjYP8

j`L�fR	�2Tf�YO	��eXOY`WLXO�Ad�D@��NXLeY`��MMPSNLTYM

XS	����
�	��l2��	

deYWWY`�p	�d	���SfQNT��	�_	�ieXjLW�aNPONsY`MNTR@��fLT�OP

]Y� \XP]h� �fLT� SLX� ]Y� �`YONSTh� ��� KNPONsY`M

!PXMY`s	�����	��PW	�
l	�_	�
F�	

_YLR�n	�p	��nYXXYOR�_	�p	��tLWaPT��	�d	��NQYXMNPXM�P�

aNPONsY`MNTR�NX�TfY��L`Tf�QRSPaNPQY�����LTe`Y��Ys	

dNS`PaNPW	���
l	��PW	�
2	�_	�2�2F22�	

_YTY`MPX��	�t	���PaY`PX��	��MMYXTNLW�aNPONsY`MNTR�sL`NLaWYM

L`Y� XPT� jWPaLW� ��� KNPONsY`M� !PXMY`s	� ��
�	� �PW	� ��	

_	 
���F
���	

�fN`RLYs� �	� p	� !WLsL`NPNO� �eXjN� P�� TfY� �`LWM	� 	� tfY

XYQP`LW��PXY����nL`MTYXNL	�����	��PW	�2�	�_	��F
l	

�fN`RLYs��	� p	��de\fNX� �	� �	� !WLsL`NPNO8TR�Y� �eXjN� P�

�sLWaL`O@�tfYN`�M�LTNLW�MT`eSTe`Y�NX�TfY��e`P�YLX�kNjf

�`STNS�����P`Tf��QY`NSLX�ieXjN	���
�	��PW	���A�D	�_	 l�F

�2	



���

�fN`RLYs��	�p	�VPXjNTeONXLW�SfLXjYM�P� �SWLsL`NPNO��eXjL

AKLMNONPQRSPTLD� ONsY`MNTR� NX� TfY� TeXO`L� �PXY� P�

�e`LMNL����dRSPWPjR	���
�	��PW	���A�D	�_	�
��F
2l	

�fN`RLYs��	�p	���LTNLW�ONsY`MNTR�P��SWLsL`NPNO�QRSPTL�AKLMN8

ONPQRSPTLD�LT�TfY��P`YMT8TeXO`L�YSPTPXY����dRSPMSNYX8

SY	���
�	���V@�fTT�M@��OPN	P`j�
�	
�
l��	QRS	��
�	��	���

�TLT�P�T	��TLTNMTNSL��sY`MNPX����	��\WLfPQL@��TLT�P�T�XS	�

����	

tYOY`MPP�V	��KLf`LQ�d	��_õWQY��	��nõW�LWj��	���P`Pe��	��	�
�N�YMeXOY`L��	��YT�LW	�pWPaLW�ONsY`MNTR�LXO�jYPj`L�fR

P�� MPNW� �eXjN� ��� �SNYXSY	� ��
2	� �PW	� �2l�� MM	@� l�
�	


��ll��	

9:;<=;>�?=@<A=BC<=DE�DF�9:GH=G@�?=IGA@=<J�DF�K>;I;A=D=L�MJHDB=D<;

=E�NG@<�9=BGA=;

�	�p	� �k�����
���	��	�d��������

�	U48515G5<	6V	K2045	04J	W41/02	-<?6267;�	Q:02	X:04?9	6V	59<	EG88104	W?0J</;	6V	N?1<4?<8

����))�	-Y05<:14FG:7�	�	/0:?9	85:+�	���

-./0123	04564+7+891:;0<=>7/012+?6/

�	U48515G5<	6V	Z<67:0D9;	6V	59<	EG88104	W?0J</;	6V	N?1<4?<8

�����A�	[68?6\�	N50:6/64<54;	204<�	��

tfY� `YMeWTM� P�� L���8RYL`� MTeOR�P�� M�LTNLW�ONMT`NaeTNPX�P�� SWLsL`NPNO�QRSPaNPTL� NX� TfY��YMT��NaY`NLX
_WLNX�L`Y�ONMSeMMYO	�tfY�M�YSNYM�MT`eSTe`Y�]LM�MTeONYO�LT�T]P�MSLWYM@�L�`YjNPXLW�ALX�L`YL�P� �
�������\Q�D
LXO�L�WPSLW�A
���\Q�D�PXYM	��XY�feXO`YO�T]YXTR�PXY�M�YSNYM�P��SWLsL`NPNO��eXjN�]Y`Y��PeXO�NX�TfY�MTeOR
L`YL	�tfY��LTTY`XM�P� �M�LTNLW�sL`NLaNWNTR�P� �M�YSNYM�ONsY`MNTR�PX�TfY��WLNX�]Y`Y�`YsYLWYO	��T�TfY�`YjNPXLW
MSLWY��TfY�QL~NQeQ�M�YSNYM�`NSfXYMM�P���eXjN�NM�PaMY`sYO�NX�fYQNaP`YLW��P`YMTM�A
�2�M�YSNYMD��]fNWY�LT�TfY
WPSLW�MSLWY�NT�̀ LXjYM��`PQ�TfY�QNOOWY�aP`YLW�TP�fYQNaP`YLW�A�2	�F�2	��M�YSNYMD	��NTf�TfY�NXS`YLMNXj��YMMNQLWNTR
P��TfY�fRO`P8TfY`QLW�`YjNQY��LT�aPTf�MSLWYM��TfY�XeQaY`�P��M�YSNYM�OYS`YLMYM�MfL`�WR�NX�TfY�ON`YSTNPX�P�
TfY� TeXO`L�LXO� MTY��YM	��fYX�MTeORNXj� TfY�ONMT`NaeTNPX�P��ONsY`MNTR�LQPXj� TfY� WPSLWNTNYM�� SfLXjYM�L`Y
PaMY`sYO�XPT�PXWR�LWPXj�TfY�WLTNTeONXLW�j`LONYXT� �aeT�LWMP�NX�TfY�WPXjNTeOY�MYSTP`M@�NX�TfY��P`YMT��PXY� �TfY
`NSfYMT�WPSLWNTNYM�L`Y�WPSLTYO�PX�TfY�]YMTY`X�LXO�YLMTY`X�YOjYM�P��TfY��WLNX��]fNWY�NX�TfY�Y~TYXMNsY�QL`MfR
L`YLM�NX�TfY�SYXTY`�TfY�XeQaY`�P��M�YSNYM�NM�WP]Y`�AD�H��	��D	���QL��P��TfY�M�LTNLW�ONMT`NaeTNPX�P��M�YSNYM
ONsY`MNTR��P`�TfY�WPSLW�MSLWY�NM�SPXMT`eSTYO	�tfY�SP``YM�PXOYXSY�P��TfY�M�LTNLW�ONMT`NaeTNPX�P��TfY�MTeONYO
j`Pe��P� ��eXjN�TP�L�jWPaLW�WLTNTeONXLW�j`LONYXT�NM�ONMSeMMYO	�tfY�QLNX�LaNPTNS��LSTP`M��P`QNXj�L�sL`NYTR�P�
TfY�MTeONYO�j`Pe��P���eXjN�NX�TfY�`YjNPX�L`Y�`YsYLWYO	

OGJ�PDAL@$�aNPjYPj`L�fR� � WPXjNTeONXLW�j`LONYXT� �QL��NXj� �SWNQLTY� � �P`YMT8TeXO`L� � �eXjLW�YSPWPjR�
KLMNONPQRSPTL	


