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

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

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


	��
��
� �
,
����/�0�
����
1�1� ��,
���


�������� -"*.�%-"�2-**�3-'-�4-#$�5$$��6*-&&"2"$3�-66)%3"�+�')�2)�%�%-"��'.7$&�)2�&$8�$�6$�)2�9$'

3-.&���.7$�/�������-�3���:��4$��-;;-��<$"5�**��=-77-�-�3�,">$3��>7)�$�'"-*�-%$�'4$�2)�%�3"&'%"5�'")�&

'4-'�4-#$�5$$��'$&'$3�')�2"'�3-"*.�%-"�2-**�-;)��'�"��?$�"�&�*-%�,-*-.&"-:�?-%-;$'$%&�2)%�$-64�3"&'%"5�'")�

9$%$�$&'";-'$3��&"�+�'4$�;->";�;�*"($*"4))3�;$'4)3:��4$�&$*$6'$3�;)3$*�"&�64)&$��5-&$3�)��'4$

;"�";�;�$%%)%�7%)3�6$3�5.�&$#$��+))3�$&&�)2@2"'�������'$&'&��-;$*.�'4$�;$3"-��)2�-5&)*�'$

3"22$%$�6$��,
��5$'9$$��'4$�$;7"%"6-*�-�3�4.7)'4$&"A$3�3"&'%"5�'")�&��'4$�'%-3"'")�-*��;7"%"6-*

"&'%"5�'")�����6'")�������	'-'"&'"6&�94"64�"�6*�3$�=)*;)+)%)#@	;"%�)#�&'-'"&'"6����
�3$%&)�

-%*"�+�&'-'"&'"6����-�3��%-;$%@#)�@,"&$&�&'-'"&'"6����-�3�'4$��$9�;$'4)3�)2����	'-'"&'"6&�5-&$3�)�

*"($*"4))3�%-'")�&'-'"&'"6&:��-&$3�)��'4$&$�+))3�$&&@)2@2"'�'$&'&��'4$�,">$3��>7)�$�'"-*�"&�2)��3�')�5$�'4$

;)&'�-77%)7%"-'$�3"&'%"5�'")��2)%�3$&6%"5"�+�'4$�3-"*.�%-"�2-**�-;)��'�"��?$�"�&�*-%�,-*-.&"-:

�	������� -"%.�%-"�2-**�-;)��'��+))3�$&&@)2@2"'�'$&'��;">$3�$>7)�$�'"-*


������� -'-�4�B-��4-%"-��3"5-4-+"(-��($7-3-�$;7-'�B$�"&�%$�'$'-��4�B-���B$�"&�/�������3-����:

�-5�%-���-;;-��<$"5�**��=-77-�3-���-5��+-���(&7)�$��"-*-4�$;7-'�'-5�%-��&'-'"&'"(�.-�+�3"�B"

3-*-;�;$;-3-�(-��3-'-�B�;*-4�4�B-��4-%"-��3"�	$;$�-�B��+�,-*-.&"-:�?-%-;$'$%�5-+"�&$'"-7

'-5�%-��3"-�++-%�3$�+-��;$�++��-(-��(-$3-4�($5)*$4B-3"-��;-(&";�;:�,)3$*�3"7"*"4�5$%3-&-%(-�

�"*-"�%-*-'�.-�+�;"�";�;�'$%4-&"*�3-%"�'�B�4��B"-��($&$&�-"-��;)3$*�"-"'��;$3"-��5-+"�7$%5$A--���"*-"

;�'*-(�-�'-%-�'-5�%-��$;7"%"(�3$�+-��'-5�%-��.-�+�3"�B"��&'-'"&'"(�2��+&"�$;7"%"(�"-"'��=)*;)+)%)#@

	;"%�)#����
�3$%&)��-%*"�+����3-���%-;$%@#)�@,"&$&����&$%'-�(-$3-4�5-%��&'-'"&'"(�2��+&"�$;7"%"(

.-�+�5$%-&-&(-��($7-3-��B"-���"&5-4�($5)*$4B-3"-�:��$%3-&-%(-���"*-"��B"-��($&$&�-"-��;)3$*��3"3-7-'"

'-5�%-���-5��+-���(&7)�$��-3-*-4�.-�+�7-*"�+�&$&�-"�3-*-;�;$;-3-�(-��3-'-�B�;*-4�4�B-��4-%"-�

3"�	$;$�-�B��+�,-*-.&"-:

�����
���� ��;*-4�4�B-��4-%"-����B"-��($&$&�-"-��;)3$*��+-5��+-��$(&7)�$�

��� �����������

<-'$%�"&�)�$�)2�'4$�#"'-*��-'�%-*�%$&)�%6$&:��'�"&�'4$�2"%&'�%$8�"%$;$�'�2)%�&�%#"#-*:��'
7*-.&�-��";7)%'-�'�%)*$�2)%�-+%"6�*'�%$��"�3�&'%.�-�3�3-"*.�3);$&'"6&:�	4)%'-+$�)2�9-'$%
&�77*.�9"**�6-�&$�'%$;$�3)�&��$+-'"#$�";7-6'�')�'4$�6)��'%.:��)9$#$%��$>6$&&"#$�9-'$%

/ ,-'4$;-'"6&�$7-%';$�'���-6�*'.�)2�	6"$�6$����"#$%&"'"��$(�)*)+"�,-*-.&"-�� /�/���	(�3-"���)4)%:��$*�
��@CC���/����->����@CC��/�����;-"*��&�4-"*-D;$*:2&:�';:;.

� 	64))*�)2�,-'4$;-'"6-*�	6"$�6$&���-6�*'.�)2�	6"$�6$�-�3��$64�)*)+.����"#$%&"'"�=$5-�+&--��,-*-.&"-�
��������-�+"��	$*-�+)%:��$*����@ E�/C�/����->����@ E�C�� ����;-"*��-A"ABD7(%"&6:66:�(;:;.



	��
��
�0�
����
1�1��

&�77*.�6)�*3�-*&)�6)�'%"5�'$�')��-'�%-*�3"&-&'$%&�&�64�-&�*-�3&*"3$&�-�3�2*))3&:�	);$
3"&$-&$&�-%$�-*&)�%$*-'$3�')�";7%)7$%�9-'$%�&�77*.�-�3�3%-"�-+$�;-�-+$;$�':��4$%$2)%$�
"'�"&�6%�6"-*�')�;-�-+$�9-'$%�%$&)�%6$&�"��-��)7'";�;�;-��$%�&"�6$�"'�4-&�;-B)%
";7*"6-'")�&�)��'4$�6)��'%.F&�$6)�);"6�7%)&7$%"'.:����)%3$%�')�;-�-+$�'4$�9-'$%
%$&)�%6$&��9$��$$3�')���3$%&'-�3�-�3�"3$�'"2.�'4$�64-%-6'$%"&'"6&�)2�%-"�2-**�&"�6$�"'�"&�-
;-B)%�&)�%6$�)2�"�7�'�"��9-'$%�%$&)�%6$�&.&'$;:

,)3$*"�+�)2�3-"*.�%-"�2-**��&"�+�#-%")�&�;-'4$;-'"6-*�;)3$*&�4-&�5$$��6-%%"$3�)�'
'4%)�+4)�'�'4$�9)%*3�')�3$#$*)7�-�5$''$%���3$%&'-�3"�+�-5)�'�'4$�%-"�2-**�7-''$%��-�3
"'&�64-%-6'$%"&'"6&:�	$#$%-*�;$'4)3&�4-#$�5$$��7%$&$�'$3�"��'4$�*"'$%-'�%$�2)%�;)3$*"�+
%-"�2-**�-;)��'�)��9$'�3-.&:��4$%$�-%$�'9)�6);;)��-77%)-64$&�"��-�-*.A"�+�'4$
%-"�2-**�-;)��':����'4$�2"%&'�-77%)-64��"'�"&�-&&�;$3�'4-'�'4$�3-"*.�%-"�2-**&�-%$�"�3$7$�3$�'
-�3�-�'4$)%$'"6-*�3"&'%"5�'")��"&�2"''$3:����'4$�&$6)�3�-77%)-64��"'�"&�-&&�;$3�'4-'�'4$
-;)��'�"&�"�3$7$�3$�'�5�'�"'&�3"&'%"5�'")��3$7$�3&�)��94$'4$%�'4$�7%$#")�&�3-.�9-&
9$'�)%�3%.:��4"&�-77%)-64�"&�(�)9��-&�-�7%)6$&&�)2�64-"��3$7$�3$�':�
�6);7%$4$�&"#$
*"'$%-'�%$�)��64-"��3$7$�3$�'�7%)6$&&�9-&�9%"''$��5.�=-'A�G/H:��4$�;)&'�9"3$*.��&$3
'4$)%$'"6-*� 3"&'%"5�'")�� "&� -� '9)@7-%-;$'$%��-;;-�3"&'%"5�'")�� -&� 3$&6%"5$3� 5.
��"&4-�3�G�H���&)��	������G�H�-�3�,-.�G�H:�	);$�)'4$%�3"&'%"5�'")�&�-%$�'4$��>7)�$�'"-*
��)3)%)#"6�-�3�<))*4"&$%�GCH���'4$�=-77-��,"$*($�G�H���'4$������*.)3�-�3�	64%$�3$%
G�H���'4$�,">$3��>7)�$�'"-*��<))*4"&$%�-�3��)*3-��G HI��4-7;-��GE�/�HI�<"*(&�G//H��
'4$�<$"5�**��	4-%3-�-�3�-&�G/�H��-�3�'4$�	($9��)%;-*���4-7;-��GE�/�H�:

���&'�3"$&�6-%%"$3�)�'�5.��)*$�-�3�	4$%"22�G/�H����"&4-�3�G�H�-�3��4-7;-��GE��/�H�
3-"*.� %-"�2-**� 3-'-� -%$� 6*-&&"2"$3� -66)%3"�+� ')� '4$� ��;5$%� )2� -3B-6$�'�9$'� 3-.&
����/�-�3���:��4$%$�-%$�'4%$$�3"22$%$�'�'.7$&�)2�9$'�3-.&���-;$*.�&)*"'-%.�)%�&"�+*$�9$'
3-.&��2"%&'�3-.�)%�*-&'�3-.�)2�-�9$'�&7$**�-�3�'4$�"�'$%")%�)2�9$'�&7$**:���"&4-�3�G�H�2)��3
'4-'�'4$�;$-��2)%�'4$&$�'4%$$�'.7$&�)2�9$'�3-.&�-%$�&"+�"2"6-�'*.�3"22$%$�'�-�3�"'�"�6%$-&$3
9"'4�'4$���;5$%�)2�-3B-6$�'�9$'�3-.&:�,$-�94"*$���4-7;-��GE��/�H�4-&�7%)#$��'4-'�'4$
3"&'%"5�'")�&�)2�%-"�2-**�-;)��'�3$7$�3�&'%)�+*.�)��'4$���;5$%�)2�-3B)"�"�+�9$'�3-.&�
-�3�'4$&$�;)3$*&�7$%2)%;$3�6)�&"&'$�'*.�5$''$%�'4-��'4$�;)3$*&�94"64�3)��)'�6)�&"3$%
'4$&$�3"22$%$�6$&:��4-7;-��GE��/�H�"�&"&'&�'4-'�&$%")�&�$%%)%&�;"+4'�%$&�*'�2%);�'4$&$
;)3$*&:

�)9$#$%��"��,-*-.&"-�'4$&$�("�3&�)2�&'�3"$&�%$6$"#$3�*$&&�-''$�'")�:��4$�&'�3"$&�'4-'
4-#$�5$$��6)�3�6'$3�"��,-*-.&"-�2)6�&$3�;)%$�)��'4$�+$�$%-*�-&7$6'&�&�64�-&�7-''$%��
'%$�3�-�3�#-%"-5"*"'.�)2�%-"�2-**��-*$�G/�H�-�3��4"-�G/CH�:�,)&'�)2�'4$�3-'-�-%$�)�'3-'$3
-�3��)'�-�-*.A$3�6);7%$4$�&"#$*.:�	4-4-%�33"��G/�H�94)�&'�3"$3�'4$�'%$�3�-�3
#-%"-5"*"'.�)2�%-"�2-**�"��,-*-.&"-�)�*.�6)�&"3$%$3�'4$�&";7*$�3$&6%"7'"#$�&'-'"&'"6&�&�64
-&�;$-���&'-�3-%3�3$#"-'")��-�3�6)$22"6"$�'�)2�#-%"-'")��"��4"&�&'�3.:

�);7-%$3�')�'4$�&'�3.�3)�$�5.�1-*"�-�	������G/�H�94)�"�#$&'"+-'$3�'4$�3"&'%"5�'")�
)2�$>'%$;$�%-"�2-**�&$%"$&�)#$%�/��%-"��+-�+$�&'-'")�&�"��?$�"�&�*-%�,-*-.&"-��;)%$
-3#-�6$3�&'-'"&'"6-*�'$64�"8�$&�&�64�-&�'4$��@;);$�'�;$'4)3�')�$&'";-'$�'4$�7-%-;$'$%&
94"*$�'4$�?%)5-5"*"'.�?*)'��)%%$*-'")���)$22"6"$�'��??����'$&'��'4$��))'�,$-��	8�-%$3
�%%)%���,	����'4$��$*-'"#$��))'�,$-��	8�-%$3��%%)%����,	���-�3�'4$�,->";�;



������������	�
��	���
���	���������	 �C


5&)*�'$��%%)%��,
���9$%$��&$3�-&�'4$�+))3�$&&@)2@2"'�������'$&'&�')�3$'$%;"�$�'4$
5$&'�2"'�;)3$*:����'4$�&'�3.���$�$%-*"&$3��>'%$;$�J-*�$����J��9-&�2)��3�')�5$�'4$
5$&'�3"&'%"5�'")��'4-'�2"'�'4$�-���-*�;->";�;�%-"�2-**�2)%�4)�%*.�3-'-:

�4$�&$*$6'")��)2�'4$�5$&'�2"''"�+�3"&'%"5�'")��4-&�-*9-.&�5$$��-�($.�"�'$%$&'�"��'4$
&'�3"$&�)2�%-"�2-**�-;)��':��4�&��"��'4"&�&'�3.�9$�9)�*3�*"($�')�2"�3�'4$�5$&'�2"''"�+
3"&'%"5�'")��2)%�3-"*.�%-"�2-**�-;)��'�5-&$3�)��&$#$%-*�6%"'$%"-�)2�����'$&'&�-�3�')
3$'$%;"�$�94$'4$%�'4$.�6-;$�2%);�'4$�&-;$�7%)5-5"*"'.�3"&'%"5�'")�&:����'4"&�&'�3.�
3-"*.�%-"�2-**�3-'-�-%$�&$7-%-'$3�"�')�2)�%�3"22$%$�'�'.7$&�)2�9$'�3-.&:��.7$�/�%-"��"&
%$2$%%$3�-&�-�&"�+*$�9$'�3-.���.7$���%-"��"&�2)%�'4$�2"%&'�3-.�)2�9$'�&7$**���.7$���%-"�
%$7%$&$�'&�'4$�&$6)�3�3-.�)2�9$'�&7$**�-�3�2"�-**.���.7$���%-"��"&�2)%�'4$�'4"%3�3-.�)2�9$'
&7$**:�
&&�;7'")�&�)2�"�3$7$�3$�6$�-�3�&$%"-*�6)%%$*-'")��-%$�'-($��"�')�-66)��'�&"�6$
'4$�3-"*.�%-"�2-**&�4-#$�5$$��3"#"3$3�"�')�'4)&$�2)�%�'.7$&�)2�9$'�3-.&:��$&"3$&��'4$
%$&�*'&�2%);�-�')6)%%$*-'")��-*%$-3.�7%)#$3�'4-'�'4$�3-"*.�%-"�2-**�&$%"$&�-%$�"�3$7$�3$�'
-�3�&$%"-**.���6)%%$*-'$3:

�4$��$9�;$'4)3�)2�����'$&'&�5-&$3�)��*"($*"4))3�%-'")�&'-'"&'"6&�3$#$*)7$3�5.
14-�+�G/ ��/EH�9"**�5$�$;7*).$3�')+$'4$%�9"'4�'4$�'%-3"'")�-*�����'$&'&�"��2"�3"�+�'4$
5$&'�2"''"�+�3"&'%"5�'")�:��$2$%%"�+�')�14-�+F&�-77%)-64��'4$&$��$9�����'$&'&�-%$�;)%$
7)9$%2�*�'4-��'4$�'%-3"'")�-*����:��'4$%�-33"'")�-*�6%"'$%")��"�6*�3$3�"��'4$�-�-*.&"&
"&�'4$�;$3"-��)2�-5&)*�'$�3"22$%$�6$�5$'9$$��'4$�4.7)'4$&"A$3�-�3�'4$�$;7"%"6-*
3"&'%"5�'")�:��4$�5$&'�3"&'%"5�'")��9"**�5$�64)&$��5-&$3�)��'4$�;"�";�;�$%%)%�&7$6"2"$3
5.�-**�'4)&$�6%"'$%"-:

��� �
	��	���

,-*-.&"-�"&�&"'�-'$3�"��'4$�'%)7"6&�5$'9$$��/°�-�3��°�3$+%$$&��)%'4�)2�'4$�$8�-')%:��'
6)�&"&'&�)2�'9)�;-B)%�%$+")�&I�<$&'�,-*-.&"-��94"64�"&�(�)9��-&�?$�"�&�*-%�,-*-.&"-�
-�3��-&'�,-*-.&"-��	-5-4�-�3�	-%-9-(�:����+$�$%-*��,-*-.&"-�$>7$%"$�6$&�9$'�-�3
4�;"3�'%)7"6-*�6*";-'$�'4%)�+4)�'�'4$�.$-%�'4-'�"&�64-%-6'$%"A$3�5.�4"+4�-���-*�%-"�2-**�
4�;"3"'.�-�3�'$;7$%-'�%$:�,-*-.&"-�4-&���"2)%;�'$;7$%-'�%$�'4%)�+4)�'�'4$�.$-%
9"'4�'$;7$%-'�%$�5$'9$$���C:C°�')���°��$*&"�&:�
77%)>";-'$*.��'4$�-���-*�%-"�2-**
-;)��'�"&�5$'9$$�������;;�-�3������;;�9"'4�-���-*���;5$%�)2�9$'�3-.&�%-�+"�+
2%);�/C��')�����3-.&:��4$�3"&'%"5�'")��)2�%-"�2-**�"��,-*-.&"-�"&�#$%.�;�64�-22$6'$3�5.
'9)�'.7$&�)2�;)�&))���'4$��)%'4$-&'�;)�&))��-�3�	)�'49$&'�;)�&))�:��%"�+
�)%'4$-&'�;)�&))����)#@,-6���'4$��)%'4$-&'$%��6)-&'&�)2�,-*-.&"-�%$6$"#$3�4$-#.
%-"�2-**&�;$-�94"*$�	)�'49$&'�;)�&))���,-.@	$7'��5%"�+�4$-#.�%-"�2-**&�')�'4$�9$&'
6)-&'�%$+")��)2�,-*-.&"-:

-"*.�%-"�2-**�&$%"$&�3-'-�2)%�'4"&�&'�3.�4-#$�5$$��)5'-"�$3�2%);�'4$�,-*-.&"-�
,$'$)%)*)+.�$7-%';$�'�2)%�'4$�3�%-'")��)2��C�.$-%&:��)%�'4"&�&'�3.��2"#$�%-"��+-�+$
&'-'")�&�9$%$�64)&$��5-&$3�)��'4$�6);7*$'$�$&&�)2�'4$�3-'-:��4$�"�2)%;-'")��-5)�'
'4$�&'-'")�&�"&�+"#$��"��'4$��-5*$�/:��4$�%-"��+-�+$�&'-'")�&�-%$�&$*$6'$3�')�%$7%$&$�'
%-"�2-**�7-''$%��2)%�'4$�94)*$�?$�"�&�*-%�,-*-.&"-:��4$�%-"��+-�+$�&'-'")�&�2)%��-.-�



	��
��
�0�
����
1�1��

�$7-&�-�3�	�5-�+�-%$�"��'4$�<$&'��)&'�)2�?$�"�&�*-%�,-*-.&"-�94"*$�&'-'")�&�2)%�=)'-
�4-%���,$%&"�+�-�3�=�-�'-��-%$�"��'4$��-&'��)&'�)2�?$�"�&�*-%�,-*-.&"-:


�9$'�3-.�"&�3$2"�$3�-&�-�3-.�9"'4�-�%-"�2-**�-;)��'�-5)#$�&);$�'4%$&4)*3�δ
���"&4-�3�G�H�:��4$�'4%$&4)*3�9-&�2">$3�-'��:/�;;:��4�&��'4$�3-'-�'4-'�9-&�6)�&"3$%$3
"��'4"&�-�-*.&"&�-%$�≥��:/�;;:

 �� ���������
���
���
�����

�)�%�;)3$*&�2)%�3-"*.�%-"�2-**�-;)��'�-%$�'$&'$3�9"'4�'4$"%�7%)5-5"*"'.�3$�&"'.�2��6'")�&
-%$�+"#$��-&�2)**)9&:��)'$�'4-'�'4$�%-�3);�#-%"-5*$���%$7%$&$�'&�'4$�3-"*.�%-"�2-**
-;)��':

�"� �4$��-;;-�3"&'%"5�'")��9"'4�'9)�7-%-;$'$%&�α�-�3�β�3$�)'$�'4$�&4-7$�-�3
&6-*$�7-%-;$'$%&�%$&7$6'"#$*.:

( )
( )

α αβ α β
α β

− − − = > > > Γ  

/

$>7 � �� �� �
� �

� � � �/�

�""� �4$�<$"5�**�3"&'%"5�'")��9"'4�'9)�7-%-;$'$%&�α�-�3�β�3$�)'$�'4$�&4-7$�-�3
&6-*$�7-%-;$'$%&�%$&7$6'"#$*.:

( )
/

$>7 � �� �� �
� �

� � �
α αα α β

β β β

−     = − > > >        
���

�"""� �4$�=-77-�3"&'%"5�'")��9"'4�'9)�7-%-;$'$%&�α�-�3�β�3$�)'$�'4$�&4-7$�7-%-;$'$%
-�3�&6-*$�7-%-;$'$%�%$&7$6'"#$*.:

( )
( )/ K

� �� �� �
�

� � �

α ααα α α β
β β

− +    = + > > >        
���

�"#� �4$�,">$3��>7)�$�'"-*�3"&'%"5�'")��9"'4�'4%$$�7-%-;$'$%&�"&�'4$�;">'�%$�)2�'9)
)�$@7-%-;$'$%�$>7)�$�'"-*�3"&'%"5�'")�&�94$%$���3$�)'$&�'4$�;">"�+�7%)5-5"*"'.

���!"�� �-'"'�3$�-�3�*)�+"'�3$�)2�'4$�%-"��+-�+$�&'-'")�&

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

� ��/ �-.-���$7-& C°/ L� /��°/�L�
� �/C =)'-��4-%� �°/�L� /��°/�L�
� �C� =�-�'-� �°��L� /��°/�L�
� ��� ,$%&"�+ �°��L� /��°C�L�
� ��� 	�5-�+ �°��L� /�/°��L�



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

94"64�3$'$%;"�$&�'4$�9$"+4'&�+"#$��')�'4$�'9)�$>7)�$�'"-*�3"&'%"5�'")�&�9"'4
&6-*$�7-%-;$'$%&�β/�-�3�β�:

( )
/ �

/ / � �

/
$>7 $>7 � � /� �� �� �

� � � �
� � � �β β

β β β β
− − −       = + ≤ ≤ > > >             

���

��4$&$�3"&'%"5�'")�&�-%$� &$*$6'$3� 2)%� '4$�-�-*.&"&�3�$� ')� '4$� 2-6'� '4-'� '4$.�-%$
6);;)�*.��&$3�"��;)3$*"�+�%-"�2-**�-;)��'�&�64�-&�&'�3"$&�3)�$�5.�<))*4"&$%�-�3
�)*3-��G H���)$�-�3�	'$%��G��H���4-7;-��GE��/�H��<"*(&�G//H��,-.�G�H��	4-%3-�-�3
-&�G/�H:

)�� �����		*��*������	�	�+���,

	$#$��6%"'$%"-�)2�����'$&'&�4-#$�5$$���&$3�"��'4"&�&'�3.�')�"3$�'"2.�'4$�5$&'�2"'�;)3$*&:
�4$�'$&'&�-%$�5-&$3�)��'4$�3$+%$$�)2�&";"*-%"'.�5$'9$$��'4$�$;7"%"6-*�3"&'%"5�'")�

( )( )�  � �-�3�'4$�4.7)'4$&"A$3�3"&'%"5�'")�� ( )
�( )� � θ :��4$�64)&$��3"&'%"5�'")��'4-'

2"'�'4$�3-"*.�%-"�2-**�-;)��'�"&�5-&$3�)��'4$�;"�";�;�$%%)%�"�3"6-'$3�5.�-**�'4$&$

&$#$��'$&'&:

�"� �"%&'� 6%"'$%"-� "�#)*#$� '4$�;$3"-�� -5&)*�'$� 3"22$%$�6$� �,
�� 5$'9$$�� '4$

4.7)'4$&"A$3�3"&'%"5�'")�� ( )
�( )� � θ �-�3� '4$�$;7"%"6-*�3"&'%"5�'")�� 2��6'")�

( )( )�  � :��4$�2)%;�*-�"&�+"#$��-&�5$*)9�

( )( ) ( )
�( ),
 M ,$3N � N�   �  � θ− �C�

����%$7%$&$�'&�'4$�)%3$%$3�3-'-�;$-�94"*$� ( )
�( )� � θ �9"'4��θ �%$7%$&$�'&�'4$�#$6')%

)2�$&'";-'$3�7-%-;$'$%&:����-33"'")���'4$�$;7"%"6-*�3"&'%"5�'")��2��6'")��"&�+"#$�

-&� ( )( )
/

� 


 �

�
=

+
�9"'4���"&�'4$���;5$%�)2�&-;7*$�&"A$:

�""� �$>'��9$�9"**�3"&6�&&�'4$�'%-3"'")�-*�����'$&'&:��4$�=)*;)+)%)#@	;"%�)#��=@	��
�%-;$%@#)�@,"&$&���#,��-�3�
�3$%&)��-%*"�+��
��'$&'�-%$�-;)�+�'4$�'$&'&
'4-'�4-#$�5$$��&$*$6'$3� "��)�%�-�-*.&"&:�
2'$%��&"�+� '4$�?%)5-5"*"'.� ��'$+%-*
�%-�&2)%;-'")��-&�3"&6�&&$3�5.�	'$74$�&�G�/H��'4$�6);7�'"�+�2)%;�*-&�2)%�'4)&$
'4%$$�'$&'&�-%$�-&�+"#$��5$*)9:

�-� =@	� '$&'� 6-*6�*-'$&� '4$�;->";�;�3"22$%$�6$� 5$'9$$�� '4$� 4.7)'4$&"A$3

3"&'%"5�'")�� ( ) ( )
�( )� !  � θ= � -�3� '4$� $;7"%"6-*� 3"&'%"5�'")�� 2��6'")��

( )( )�  � �9"'4� ( )� �%$7%$&$�'"�+�'4$�)%3$%$3�3-'-:



	��
��
�0�
����
1�1� 

( ){ } ( ) ( ){ }
( )

;-> K � ;-> / K

;-> �

  �  � ! � !  �

� � �

+ −

+ −

= − = − −

=
���

�5� �#,� '$&'� 6-*6�*-'$&� '4$� &8�-%$3� 3"22$%$�6$� 5$'9$$�� '4$� 4.7)'4$&"A$3

3"&'%"5�'")�� ( ) ( )
�( )� !  � θ= � -�3� '4$� $;7"%"6-*� 3"&'%"5�'")�� 2��6'")��

( )( )�  � �9"'4� ( )� �%$7%$&$�'"�+�'4$�)%3$%$3�3-'-:

( ){ }��
� �

/

/
� / K �

/�

�




� !  �
�=

= − − +∑ ���

�6� 
�'$&'�6-*6�*-'$&�'4$�9$"+4'$3�&8�-%$3�3"22$%$�6$�5$'9$$��'4$�4.7)'4$&"A$3

3"&'%"5�'")�� ( ) ( )
�( )� !  � θ= �-�3�'4$�$;7"%"6-*�3"&'%"5�'")�� ( )( )�  � �94$%$

'4$�9$"+4'�2��6'")��"&� ( )
�( ) ( )

�( )( ) /

� / �  �  �θ θ
−

 −  �9"'4� ( )� �%$7%$&$�'"�+

'4$�)%3$%$3�3-'-:

( ) ( ) ( ) ( )�
� �

/

/
� / *)+ � / � *)+ /

�




� �  ! �  !
� =

= − − − + + − −  ∑ � �

�"""� �4$��$9�7)9$%2�*�����'$&'&�-%$�5-&$3�)��'4$�*"($*"4))3�%-'")�&'-'"&'"6&�5$'9$$�

'4$�4.7)'4$&"A$3�3"&'%"5�'")�� ( ) ( )
�( )� !  � θ= �-�3�'4$�$;7"%"6-*�3"&'%"5�'")�

2��6'")�� ( )( )�  � :��&"�+�14-�+F&�-77%)-64��'4$�6);7�'$3�2)%;�*-&�-%$�+"#$��-&:

�-� �$9�=)*;)+)%)#@	;"%�)#�'$&'

( )
( )

( )
( )( )/

�:C �:C
;-> �:C *)+ �:C *)+

/ �
 

 � 
!  � 

�! � !
κ ≤ ≤

− − + = − + − + − 
�E�

�5� �$9��%-;$%@#)�@,"&$&�'$&'

( )

( ) ( )

�/

/

/
*)+

�:C K �:�C /

�


"


!
!

� 

−

=

 −
=  

− − − 
∑ �/��

�6� �$9�
�3$%&)�@-%*"�+�'$&'

( )� �� �

/

*)+ /*)+

�:C �:C

�


�


!!
!

�  =

− 
= − + 

− + − ∑ �//�



������������	�
��	���
���	���������	 �E

-�� ��	���	�
���	��		���

�"%&'��9$�9)�*3�*"($�')�3"&6�&&�'4$�%$&�*'�)2�3$&6%"7'"#$�&'-'"&'"6&�2)%�$-64�%-"��'.7$�2)%
2"#$�%-"��+-�+$�&'-'")�&:��$>'��9$�9"**�7%)6$$3�9"'4�'4$�3"&6�&&")��)��2"''"�+�3"&'%"5�'")�:

-�� "���#.�#/"�	���#��#��


�&�;;-%.�)2�3-"*.�%-"�2-**�-;)��'�)2�2)�%�'.7$&�)2�9$'�3-.&�"&�7%)#"3$3�"���-5*$��:
�4$�3"22$%$�6$&�-;)�+�'4$�&'-'")�&�6-��5$�6);7-%$3�'4%)�+4�'4$�;$-���&'-�3-%3
3$#"-'")��-�3�6)$22"6"$�'�)2�#-%"-'")�&�)2�3-"*.�%-"�2-**:��4$�%$&�*'&�6*$-%*.�&4)9$3�'4-'
'4$�&'-�3-%3�3$#"-'")��2)%�$-64�%-"��+-�+$�&'-'")�&�"&�-*9-.&�*-%+$%�'4-��'4$�;$-�:
�4"&�"&�3�$�')�'4$�2-6'�'4-'�'4$%$�-%$�&);$�*-%+$�#-*�$&�"��'4$�3-'-&$'�94"64�6)�*3
7)&&"5*.�5$�-22$6'$3�5.�'4$�$>'%$;$�#-*�$&:��4$%$2)%$��'4$�&4-7$�)2�'4$�%-"�2-**�3"&'%"5�'")�
2)%�$-64�%-"��+-�+$�&'-'")��"&�&($9$3�')�'4$�%"+4'�-&�&4)9��"���"+�%$�/�-���/�5���/�6��-�3
/�3�:

���-33"'")���'4$�;$-��%-"�2-**�-;)��'�"�6%$-&$&�-&�'4$���;5$%�)2�3-.&�)2�9$'�&7$**
"�6%$-&$&:�
;)�+�'4$�2"#$�%-"��+-�+$�&'-'")�&��=�-�'-��&'-'")��&4)9$3�'4$�4"+4$&'
;$-��%-"�2-**�-;)��'�2)%��.7$�/�-�3��.7$���%-"�:����'4$�)'4$%�4-�3��=)'-��4-%�
&'-'")��4-&�'4$�4"+4$&'�;$-��%-"�2-**�-;)��'�2)%��.7$���-�3��.7$���%-"�:��)%��.7$��
%-"���9$�6)�*3�&$$�'4-'�'4$�&'-'")�&�*)6-'$3�"��'4$�$-&'�6)-&'�)2�?$�"�&�*-%�,-*-.&"-
%$6$"#$3�4"+4�;$-��%-"�2-**�-;)��'�6);7-%$3�')�'4)&$�&'-'")�&�"��'4$�9$&'�6)-&':���
-33"'")���'4$�&'-�3-%3�3$#"-'")�&�2)%�'4$&$�&'-'")�&�-*&)�"�3"6-'$�-�*-%+$�#-%"-'")��"�
'4$"%�3-"*.�%-"�2-**�-;)��'�&$%"$&:��4$&$�%$&�*'&�4)9$#$%�6)�*3�5$�$>7*-"�$3�5.�'4$

���!"�� 	'-'"&'"6&�)2�3-"*.�%-"�2-**�-;)��'�2)%�2"#$�%-"��+-�+$�&'-'")�&

�0."�� �0."��
����#$%� �"�% 	��'"/ �1 ����#$%� �"�% 	��'"/ �1

+���2, +���2,

�-.-���$7-& /�:�CC /C:�C� /C� �-.-���$7-& /�:�/ / /�:���C /��
	�5-�+ E:��� /�:/C� /�� 	�5-�+ /�:C � /�:��� /��
=)'-��4-%�  :�/� //:C�� /�� =)'-��4-%� //:/�� /�: C�/ /C/
=�-�'-� /�:��� /�:E�� /C� =�-�'-� /�: � �/:��� /�E
,$%&"�+ E:C/� /�:EC� /�� ,$%&"�+ //:�E� /�:EE� /C/

�0."� �0."�)
����#$%� �"�% 	��'"/ �1 ����#$%� �"�% 	��'"/ �1

+���2, +���2,

�-.-���$7-& /�:��� /E:/�� /�� �-.-���$7-& /C:��� ��:/ � /��
	�5-�+ //:��� /�:��� /�/ 	�5-�+ /�:��� / :��E /��
=)'-��4-%� /�:�� ��:C�� /�� =)'-��4-%� ��:�/� ��:��� /E�
=�-�'-� /�:� � �/:��� /C/ =�-�'-� /E: �C ��:��� / �
,$%&"�+ /�:��� �/: �/ /�� ,$%&"�+ / :�  ��:�E / �



	��
��
�0�
����
1�1��

�#(&�"�� �"&')+%-;&�)2�3-"*.�%-"�2-**�-;)��'�"���-.-���$7-&�&'-'")��2)%��-���.7$�/�%-"����5���.7$
��%-"����6���.7$���%-"��-�3��3���.7$���%-"�

(c) (d)

0 20 40 60 80 100

0.
0

0.
02

0.
04

0.
06

0.
08

0.
10

0 50 100 150 200 250 300

0.
0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

(a) (b)

0 20 40 60 80 100 120 140

0.
0

0.
02

0.
04

0.
06

0.
08

0.
10

0 50 100 150

0.
0

0.
02

0.
04

0.
06

0.
08

0.
10

"�2*�$�6$&�)2�'4$�;)�&))�&:��4$�6)-&'&�'4-'�-%$�$>7)&$3�')�'4$��)%'4$-&'�;)�&))��"�
,-*-.&"-�'$�3�')�5$�9$''$%�'4-��'4)&$�$>7)&$3�')�'4$�&)�'49$&'�;)�&))��&"�6$�'4$.
%$6$"#$3�4$-#.�%-"�2-**�3�%"�+�'4$�'";$:��4$&$�7)&&"5"*"'"$&�6)�*3�$>7*-"��'4$�7-''$%�
)2�'4$�)�'6);$&:

�4$�"%%$+�*-%"'.�)2�'4$�3-"*.�%-"�2-**�5$'9$$��&'-'")�&�"&�%$7%$&$�'$3�5.�'4$�6)$22"6"$�'
)2�#-%"-'")����J��94"64�"&�$#"3$�'�"��-**�6-&$&�'4-'�'4$�/��O�"&�6*$-%*.�$>6$$3$3:�
+-"�
2)%��.7$���%-"���'4$�%$&�*'&�&4)9�-�;-B)%�3"22$%$�6$�5$'9$$��&'-'")�&�*)6-'$3�"��'4$�$-&'
6)-&'�-�3�9$&'�6)-&'�)2�?$�"�&�*-%�,-*-.&"-:�	'-'")�&�"��'4$�$-&'�6)-&'�&4)9��4"+4

BLhujan 1 [, 2]
BLhujan 2 [, 2]

BLhujan 3 [, 2] BLhujan 4 [, 2]



������������	�
��	���
���	���������	 �/

#-%"-5"*"'.�)2�%-"�2-**�-;)��'�94"64�%-�+$3�5$'9$$��/ �O�-�3�/E�O�6);7-%$3�')�'4$
)'4$%�'9)�&'-'")�&�"��'4$�9$&'�6)-&'�'4-'�%-�+$3�5$'9$$��/��O�-�3�/��O:��4$&$�%$&�*'&
+"#$�&'%)�+�"�3"6-'")��'4-'�'4)&$�&'-'")�&�;"+4'��)'�4-#$�'4$�&-;$�%-"�2-**�7-''$%��)%
3"&'%"5�'")�:

-�� �#��#%(�#���#�&�#$%�

�4$�#-*�$&�)2�&$#$��+))3�$&&@)2@2"'�6%"'$%"-�4-#$�5$$��6-*6�*-'$3�2)%�$-64�%-"��'.7$�-�3
-%$�&4)9��"���-5*$&���')��:��4$�5$&'�3"&'%"5�'")���)*3��.7$�"���-5*$&��@��9-&�64)&$�
5-&$3�)��'4$�;"�";�;�$%%)%�)2�����'$&'&:��4$�3"&'%"5�'")�&�9$%$�'4$��%-�($3�"�
-&6$�3"�+�)%3$%�5-&$3�)��'4)&$�#-*�$&:���2)%'��-'$*.��94$��;-�.�6%"'$%"-�-%$��&$3�')
"3$�'"2.�'4$�5$&'�3"&'%"5�'")���"'�"&�;)%$�3"22"6�*'�')�;-($�'4$�&$*$6'")��3$6"&")�:��4$

���!"� J-*�$&�)2�&$#$��+))3�$&&@)2@2"'�'$&'&�2)%��.7$�/�%-"�

	���#$%� #���#�&�#$% �
 � �
�

�
�

�� �� ��

×���3) ×���3) ×���3� ×���3� ×���3�

�-.-���$7-& �-;;- ���:��  ��:�� /�C:��  �:// CC:E� / /:/C �C�: C

<$"5�** /�C:�� �/ :�� C�:�� ��:E� � :�� /��:CE �C/:� 

=-77- ���:�� C��:�� E�:�� �E:�� ��:C� /�E:�� ��E:E�

,">$3��>7 EE:�� �� :C� / :  /�:C� �E:/ E/:C� ��/:C�

	�5-�+ �-;;- ���:C� ���:E� /C�:��   :�/ C�:CE /�C:� �C�:��

<$"5�** /��: � �E�:� ��:�/ ��:�/ ��:E� /�E: � ��E:��

=-77- �CE:�� C��:�/  C:�� ��:// ��: � / /:�� �C�:��

,">$3��>7 ��:�� ���:� E:E� //:C� � : � �E:C� ��E: /

=)'-��4-%� �-;;- ��/:�� �� :�E ///: � ��:�� C�:CC /��:�� �C�: �

<$"5�** /C�:�� C��:�� ��:�E �/:C ��:E� /��:  �C�:EC

=-77- �//:/�  �E:C� /��:C�  �:�� ��:� ��/:E� �C�:�E

,">$3��>7 //�:CC �E�:�C �C:�� ��: � ��:�� E :� ���:�C

=�-�'-� �-;;- �E/:/�  E�:�E ���:� /��:�� ��: � �/E:�� �CE:E�

<$"5�** / �:�/ CEE: /   :�� �/:�� CC:�� /�/:�� �C�:��

=-77- �CE:  C C:�E  �:C� ��:�E ��:/C / C: / �C/:/�

,">$3��>7  /:E� ���:  /�: � /�:�� ��:/�  �:�� ���:�/

,$%&"�+ �-;;- �/ :�� �C :C� /C/:�� E�:C� �C:�E / E:�� �C :E�

<$"5�** ���:�� C��:�� ��:E� C�:�� C�:C� /C�:�C �C�:CE

=-77- ���:C� �� :�� /��:/� E�:�� �E:�� ���:�/ �CC:�C

,">$3��>7  �:�C � �:E ��:// / :�� � :�� /��:�� ���:/�



	��
��
�0�
����
1�1��

���!"�- J-*�$&�)2�+))3�$&&@)2@2"'�'$&'&�2)%��.7$���%-"�

	���#$%� #���#�&�#$% �
 � �
�

�
�

�� �� ��

×���3) ×���3) ×���3� ×���3� ×���3�

�-.-���$7-& �-;;- �C/:�/ ���: � /�E:C/ E�:/E ��:CC �/�:�E �C�:/�

<$"5�** /��:�� ���:C ��:�E ��:�/ CC:�E /��:E� �� :CC

=-77- ���:�E C��:�C //�:CE E�:�C ��:CC �C�:�/ �C�:�/

,">$3��>7 ���:C� �/�:/� /C:�� /�:/� � :�E E�:�� ���: E

	�5-�+ �-;;- �� :�� E/�:�E ���: � /��:�� CE:�� ���:/� ��E: �

<$"5�** /��:�/ C/�:E� �C:�� CC: E ��:�C /��:C/ �� :C�

���!"�) J-*�$&�)2�+))3�$&&@)2@2"'�'$&'&�2)%��.7$���%-"�

	���#$%� #���#�&�#$% �
 � �
�

�
�

�� �� ��

×���3) ×���3) ×���3� ×���3� ×���3�

�-.-���$7-& �-;;- �C�:/� C�/:�/ //E:�/ ��:E� ��:/� / �:�� �C�:��

<$"5�** //C:�� ���:/� ��:C� ��:�� C�:�� /� :� ��C:CC

=-77- � C:�� �C/:�� /��:� /��: � �E:E� ���:�E �� :��

,">$3��>7 /��:E �/ :C/ �C:�E ��:�� �E:�/ E�:E� ���:E�

	�5-�+ �-;;- /C/:C� C�C:�C  �:�C C�:�� CE:� /��:EE ���:E�

<$"5�** /��:// ���: � �E:�� �E:� � :C� /��: � ���:��

=-77- �� :C� ���:�� /E�: C /C�:/� ��:� ���:�/ �C/: C

,">$3��>7 EC:�C �C :� /�:�� /�:�E ��:�� EC:�� �� : �

=)'-��4-%� �-;;- ���:�� �C�:�� /� :�E E�:�� C�:�/ �� :/� �C/:��

<$"5�** /��:�� C��:�� ��:EE ��:�� ��:E� /��:�� ���:��

=-77- ���:C� C��:C� E�:�C �E:/� ��:�� / �:�� ���:C�

,">$3��>7 ��:�� � E:/� /�:�� /�:�� ��:C� /��:/ �� :��

=�-�'-� �-;;- ��C:C� ��E:�� /��:C�  �:C ��: / ��/:�C �C�:�/

<$"5�** ��:�� ���:  C�:� �/:E� C�:�� /��:CC ���:� 

=-77- ���:�� �/�:�� /� :�� //�:�� �E:�� ���:�� ��C:/ 

,">$3��>7 ��:�� ���:�� /�:�� /�:�E ��:�� �C�:�� ��/:�/

,$%&"�+ �-;;- ��C:�E CE�: � /��:��  �:�� ��:// ���:�� �C�:��

<$"5�** /�/: � C��:�� ��:�C C�:� ��: � /��:�C �C�:� 

=-77- �� : � � E:�� ��C:CE /C�:� �C:� ���:C� �C�:��

,">$3��>7 /��:�� ���:�� �/:E� � :�� �C:�� /�C:�E ���:��



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

=-77- ���: � �C : E /E�:�/ /��:/ �/:�� ��/:�/ �C�:��

,">$3��>7 �C:�� �E�:/C /�:�� /�:/E ��:�� //�:�� ���: �

=)'-��4-%� �-;;- �EE:�� �E�:/� /�/:�� /�/:�� C�:�C � /:�� �C�:/C

<$"5�** ///:�� ���:�� �E:�� ��:C� � :�� /C�:C� ���:�C

=-77- �C�:�� C�/:E/ E�: � �E:� / :�� /��:C� ���:��

,">$3��>7 /��:�/ ���:� �/:�� � :�E �/:�� /C�:�/ ���:E�

=�-�'-� �-;;- /��:�� C/E:EE EE:�/ �E: � �E:�� ���: E �C�:��

<$"5�** /��:�C ���: � C :�E ��:�� C�:�� /C�:�� ���:C 

=-77- ��E:�/ ���:C� �/ :�� /��:�� ��:�E �/�:�� �C/: �

,">$3��>7 /�/:�� �� :�� ��:E� ��:CE ��:�E /CC:E� ��/:��

,$%&"�+ �-;;- ���:/� ���:�E /�E:/� E/:�� �C:CE ���:�� �C�:��

<$"5�**  �:�� �� :�� � :C� ��:�� ��:�E /� :�C ��E:�E

=-77- ��/:�� C��:�E /��: � //�:E ��:�� ���:�� ���:�E

,">$3��>7 // :�� ���:� ��:�E ��:C� ��:�� � /:/� ��/:CE

���!"�- ��)�'"��$&�

	���#$%� #���#�&�#$% �
 � �
�

�
�

�� �� ��

×���3) ×���3) ×���3� ×���3� ×���3�

���!"�4 J-*�$&�)2�+))3�$&&@)2@2"'�'$&'&�2)%��.7$���%-"�

	���#$%� #���#�&�#$% �
 � �
�

�
�

�� �� ��

×���3) ×���3) ×���3� ×���3� ×���3�

�-.-���$7-& �-;;- ���:�E ��C:/ / �:C� /��: E /��:EE ���:E� �C�:��

<$"5�** /�C:E � �:E � :�� �C:�E E�:EE �CC:�� ���:E�

=-77- �C�:�C �/E:CC �/�:E� �C :�� �C:�� C��:�C �C�:��

,">$3��>7 E�:C� ���:� C�:C ��:�� C�:C� ���:�� ��E:��

	�5-�+ �-;;- /�C:CC C��:C/ ��/:�E /� : � /��:C ���:�� �C�:��

<$"5�** /C�:�� ���:�� //�:C/  �:E� /��:�/ � �:�� ��C:�C

=-77- �C�:�/ �C�:�E � E:�� ���:�E  /:�� ���:E� �C�:  

,">$3��>7 C�:E/ �� :/� �/:  ��:�� ��:�� /��:/� �� :EE

=)'-��4-%� �-;;- �� : � ��C:�C ���:�� ���:�� //E: C C �:�C ���:C�

<$"5�** /�/:�E �C :�� ��:/C ��:�C EC:�� � C:C� �C�:��

=-77- �C�:E� �E�:�� /� :�C /��:� ��:� �/�:EC ���:��

,">$3��>7 / �:/E � �:�� /��:�� /�C:�� ��:/� ��C:�C �� :��



	��
��
�0�
����
1�1��

&$*$6'$3�&'-'"&'"6-*�3"&'%"5�'")��2)%�'4$�&-;$�3-'-�;-.�5$�3"22$%$�'�2)%�3"22$%$�'�-�-*.&"&:
���'4"&�&'�3.��9$�64)&$�'4$�5$&'�2"''"�+�3"&'%"5�'")��5-&$3�)��'4$�;-B)%"'.�)2�'4$�'$&'&�
&"�6$�9$�3"3��)'�"�#$&'"+-'$�94"64�"&�'4$�;)&'�7)9$%2�*�'$&':

�$2$%%"�+� ')� '4$�%$&�*'&� &4)9�� "���-5*$&��@��� '4$� '9)�;)&'� 2%$8�$�'*.�&$*$6'$3
3"&'%"5�'")�&�-%$�'4$�,">$3��>7)�$�'"-*�-�3�<$"5�**:��4$�,">$3��>7)�$�'"-*�7%)#"3$3
-�#$%.�+))3�2"'�2)%��.7$�/���.7$���-�3��.7$���%-"�&:��)9$#$%���.7$���%-"��&4)9$3
&*"+4'*.�3"22$%$�'�7-''$%�:��-.-���$7-&�&'-'")��-�3�	�5-�+�&'-'")��"��'4$�9$&'�6)-&'�)2
?$�"�&�*-%�,-*-.&"-�6)�*3�5$�2"''$3�5$&'�5.�,">$3��>7)�$�'"-*�;)3$*��;$-�94"*$�'4$
<$"5�**�9-&�&$*$6'$3�-&�'4$�5$&'�&'-'"&'"6-*�3"&'%"5�'")��2)%�&'-'")�&�=�-�'-���,$%&"�+
-�3�	�5-�+�"��'4$�$-&'�6)-&':��4$&$�&4)9$3�'4-'�3"22$%$�'�%-"��'.7$&�4-#$�3"22$%$�'
&'-'"&'"6-*�3"&'%"5�'")�&�2)%�3"22$%$�'�%$+")�&:��#$%-**�%$&�*'&�2)%�$-64�%-"��'.7$�-%$�&4)9�
)��'4$�;-7�)2�?$�"�&�*-%�,-*-.&"-�-&�+"#$��"���"+�%$���-��')���3�:

�4$�;">'�%$�)2� '9)�3"&'%"5�'")�&� "&�6$%'-"�*.�5$''$%� '4-��&"�+*$�3"&'%"5�'")�&� "�
3$&6%"5"�+�'4$�3-"*.�%-"�2-**�-;)��'�"��?$�"�&�*-%�,-*-.&"-�2)%��.7$�/���.7$���-�3
�.7$���%-"�&:����'4$�)'4$%�4-�3���.7$���%-"��94"64�%$2$%&�')�'4$�-;)��'�)2�'4$�'4"%3�3-.
)2�9$'�&7$**�"&��&�-**.�-&&)6"-'$3�9"'4�4$-#.�-;)��'�)2�%-"�2-**:�
&�9$�;$�'")�$3
$-%*"$%��'4$�&'-'")�&�"��'4$�$-&'�6)-&'�)2�?$�"�&�*-%�,-*-.&"-�'$�3�')�5$�9$''$%�'4-��'4)&$
&'-'")�&�"��'4$�9$&'�6)-&'�&"�6$�'4$�"�2*�$�6$�)2��)%'4$-&'�;)�&))��'4-'�-%$�(�)9��')
5%"�+�4$-#.�%-"�2-**�')�'4$�$-&'�6)-&':��4-'�3)$&�$>7*-"��'4$�%$-&)��&'-'")�&�"��'4$�$-&'
6)-&'�-%$�5$''$%�3$&6%"5$3�9"'4�&"�+*$�6);7)�$�'�;$-�94"*$�&'-'")�&�"��'4$�9$&'�6)-&'
)2�?$�"�&�*-%�,-*-.&"-�-%$�5$''$%�%$7%$&$�'$3�9"'4�'9)�6);7)�$�'&�2)%�'4"&�'.7$�%-"�:
���-33"'")���'4$�')7)+%-74"6-*��+$)+%-74"6-*�-�3�6*";-'"6�64-�+$&�"��5)'4�%$+")�&�-*&)
6)�*3�"�2*�$�6$�'4$�%$&�*'&�)��2"''"�+�3"&'%"5�'")�:

=�-�'-� �-;;- �E�:�C ���: � ���:�E ��E:�� /��: � �//:C� ��/:/E

<$"5�** /��:/� ���:� �E: / � :�C // :C� ���:E/ �C/:� 

=-77- ���:� C�/:�� ���:�� /��:�/ �/:�� � �:�E ���:��

,">$3��>7 /��:�� � �:E /�C:� /�C:�� �/:�� �C�:C� ��E:��

,$%&"�+ �-;;- ��/:�� ��E:� �E�:E/ ��/:�� /� :�� ��/:C� �C :��

<$"5�** /��: � �E�:�� C�:�C C�:/� /��:�/ ���:E/ ��E:�/

=-77- �/�:�C C�/:/� /�C:�C /��:�� �C:�E ���:� ���: C

,">$3��>7 /��:E/ � �:�� /�C:�� //�:�� ��:�� � �: C ���:E�

���!"�4 ��)�'"��$&�

	���#$%� #���#�&�#$% �
 � �
�

�
�

�� �� ��

×���3) ×���3) ×���3� ×���3� ×���3�



������������	�
��	���
���	���������	 �C

�#(&�"� � �-�("�+� )2� 3"&'%"5�'")�&� 2)%� �-�� �.7$� /� %-"�� �5�� �.7$� �� %-"�� �6�� �.7$� �� %-"�
�3���.7$���%-"��2)%�-**�2"#$�%-"��+-�+$�&'-'")�&

100°E 101°E 102°E 103°E 104°E

6°N

5°N

4°N

3°N

2°N

South China    

Sea

Straits of 
Malacca

?Bayan Lepas

? Kota Bharu

?Kuantan

?Mersing

?Subang

1°N

ME,W,K,G

ME,W,K,G

ME,W,K,G

ME,W,K,G

ME,K,W, G

100°E 101°E 102°E 103°E 104°E

6°N

5°N

4°N

3°N

2°N

South China    

Sea

Straits of 
Malacca

?Bayan Lepas

? Kota Bharu

?Kuantan

?Mersing

?Subang

1°N

ME,W,G,K

ME,W,K,G

ME,W,G,K

ME,W, K, G

ME,W,G,K

100°E 101°E 102°E 103°E 104°E

6°N

5°N

4°N

3°N

2°N

South China    

Sea

Straits of 
Malacca

?Bayan Lepas

? Kota Bharu

?Kuantan

?Mersing

?Subang

1°N

ME,W,G,K

ME,W,K,G

ME,W,G,K

ME,W, K, G

ME,W,G,K

100°E 101°E 102°E 103°E 104°E

6°N

5°N

4°N

3°N

2°N

South China    

Sea

Straits of 
Malacca

?Bayan Lepas

? Kota Bharu

?Kuantan

?Mersing

?Subang

1°N

ME,W,K,G

ME,W,K,G

ME,W,K,G

ME,W,K,G

ME,W,G, K

(a) (b)

(c) (d)

4�� ������	���	

�4$�&$-%64�2)%�'4$�5$&'�3"&'%"5�'")��"��2"''"�+�3-"*.�%-"�2-**�-;)��'�4-&�5$$��'4$�;-"�
"�'$%$&'�"��&$#$%-*�&'�3"$&:�J-%")�&�2)%;&�)2�3"&'%"5�'")�&�4-#$�5$$��'$&'$3�"��)%3$%�')
2"�3�'4$�5$&'�2"''"�+�3"&'%"5�'")�:�"22$%$�'�'$&'&�)2�+))3�$&&@)2@2"'�4-#$�5$$��-''$;7'$3
"��'4$�&'�3"$&:



	��
��
�0�
����
1�1��

-"*.�%-"�2-**�-;)��'�"��'4"&�&'�3.�4-&�5$$��6*-&&"2"$3�-66)%3"�+�')�'4$�2)�%�'.7$&�)2
9$'�3-.&:��'�4-&�-*%$-3.�&4)9��'4-'�'4$�;$-��3-"*.�%-"�2-**�-;)��'�"�6%$-&$&�-&�'4$
��;5$%�)2�3-.&�)2�9$'�&7$**�"�6%$-&$&:��4$��-;;-��<$"5�**��,">$3��>7)�$�'"-*�-�3
=-77-�3"&'%"5�'")�&�4-#$�5$$��'$&'$3�)��'4$&$�3-'-&$'�)2�2)�%�'.7$&�)2�9$'�3-.&:��$&�*'&
&4)9��'4-'��2)%�2"#$�,-*-.&"-�%-"��+-�+$�&'-'")�&��'4$�,">$3��>7)�$�'"-*�5$&'�3$&6%"5$&
'4$�3"&'%"5�'")��)2�3-"*.�%-"�2-**�-;)��'�)��'4$�5-&"&�)2�'4$�&$#$��6%"'$%"-�)2�����'$&'&:
�4$�<$"5�**�-�3�=-77-�%-�($3�&$6)�3�-�3�'4"%3�%$&7$6'"#$*.:

�4$�%$&�*'&�)2�'4"&�&'�3.�-*&)�&4)9��'4-'�'4$�;">'�%$�)2�'9)�3"&'%"5�'")�&�"&�5$''$%
'4-��&"�+*$�3"&'%"5�'")�&�2)%�3$&6%"5"�+�'4$�3-"*.�%-"�2-**�-;)��'�"��?$�"�&�*-%�,-*-.&"-
7-%'"6�*-%*.�2)%��.7$�/�%-"����.7$���%-"��-�3��.7$���%-"�:��)9$#$%��'4$%$�-%$�3"22$%$�6$&
5$'9$$��&'-'")�&�*)6-'$3�"��'4$�9$&'�6)-&'�-�3�$-&'�6)-&'�)2�?$�"�&�*-%�,-*-.&"-�2)%
�.7$���%-"�:��4$�&"�+*$�<$"5�**�3"&'%"5�'")��4-&�5$$��64)&$��-&�'4$�5$&'�;)3$*�2)%
3-"*.�%-"�2-**�-;)��'�"��$-&'�6)-&'�&'-'")�&�94"*$�'4$�;">'�%$�)2�'9)�$>7)�$�'"-*&�-%$
&'"**�'4$�5$&'�3"&'%"5�'")��2)%�&'-'")�&�"��'4$�9$&'�6)-&':�$&7"'$�)2�'4"&��)#$%-**�2"�3"�+&
-%$�&'"**�"�3"6-'$3�'4-'�'4$�3-"*.�%-"�2-**�-;)��'�"��?$�"�&�*-%�,-*-.&"-�"&�#$%.�9$**
3$&6%"5$3�5.��&"�+�'4$�;">'�%$�)2�'9)�6);7)�$�'&:��4"&�"�3"6-'$3�'4-'�'4$�%-"�2-**
3"&'%"5�'")��"��?$�"�&�*-%�,-*-.&"-�"&�6)�&"&'&�)2�'9)�6);7)�$�'&��;)&'�7%)5-5*.�*"+4'
-�3�4$-#.�%-"�2-**&:�<$�&'%$&&�'4-'�2�%'4$%�-�-*.&"&�;�&'�5$�6-%%"$3�)�'�2)%�-**�%-"��'.7$&
5.�"�6*�3"�+�;)%$�%-"��+-�+$�&'-'")�&�-�3�'$&'$3�9"'4�)'4$%�;">'�%$�)2�'9)�3"&'%"5�'")�&
&"�6$�3-"*.�%-"�2-**�-;)��'�2)%�'4$�;-B)%"'.�&"'$&�"��,-*-.&"-�"&�#$%.�9$**�%$7%$&$�'$3
�&"�+�'9)�6);7)�$�'&:


�5��6��������	

�4$�-�'4)%&�-%$�'4-�(2�*�')�'4$�,-*-.&"-��,$'$)%)*)+.�$7-%';$�'�2)%�7%)#"3"�+
3-"*.�%-"�2-**�3-'-�2)%�'4"&�7-7$%:��4$�&'�3.�9)�*3��)'�4-#$�5$$��7)&&"5*$�9"'4)�'�'4$
&7)�&)%&4"7�2%);���"#$%&"'"��$(�)*)+"�,-*-.&"-:

���������	

G/H =-'A����:�<:�/E��:�?%$6"7"'-'")��-&�-��4-"�@3$7$�3$�'�?%)6$&&:����������������	��#	�	�������:�/�����/@���:
G�H ��"&4-�3���:�
:�/E� :�	);$��$;-%(&�)��'4$��&$�)2�-"*.��-"�2-**�,)3$*&:������������$��������:����

�EC@�� :

G�H �&)�����:��:���
:�,:��$.$%4$%;���-�3��:�$-���-%(:�/E�/:�<$'�?$%")3�?%$6"7"'-'")��-�3�'4$��-;;-�"&'%"5�'")�:

���������������	��#	�	�������:�/����C @��C:
G�H ,-.��<:�����:�J-%"-5"*"'.�-�3��>'%$;$&�)2�-"*.��-"�2-**�3�%"�+�'4$���3"-��	�;;$%�,)�&))��"��'4$�?$%")3

/E�/@/E E:�%��&�������'���	�����"(���	:����� �@/�C:
GCH �)3)%)#"6���?:�-�3�:�
:�<))*4"&$%:�/E�C:�
�	')64-&'"6�,)3$*�)2��@3-.�?%$6"7"'-'")�:����������������	�

#	�	�������:�/��/���/�@��:
G�H ,"$*($��?:�<:�/E��:�
�)'4$%��-;"*.�)2�"&'%"5�'")�&�2)%�$&6%"5"�+�-�3�
�-*.A"�+�?%$6"7"'-'")��-'-:

���������������	��#	�	�������:�/�����C@� �:
G�H �*.)3���	:�<:����%:�-�3��:��:�	64%$�3$%:�/E /:��"''"�+�-"*.�?%$6"7"'-'")��
;)��'&��&"�+�'4$����"&'%"5�'")�:

#���(����	��(	��)	*	�:�/�E�/�����C�C@�C��:
G H <))*4"&$%��:�
:� -�3� �:� �)*3-�:� /E �:� 	')64-&'"6�-"*.� ?%$6"7"'-'")��,)3$*&� �:�
��);7-%"&)�� )2

"&'%"5�'")��)2�
;)��'&:����	��)	�����	��)	�	���(:�/ �C���/��/@/�� :



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

GEH �4-7;-����:��:�/EE�:�	')64-&'"6�,)3$*&� 2)%�-"*.��-"�2-**� "�� '4$�<$&'$%��?-6"2"6:�#��(	+��������
"�+���	������+������:������C/@�C :

G/�H �4-7;-����:��:�/EE :�	')64-&'"6�,)3$**"�+�)2�-"*.��-"�2-**���4$��;7-6'�)2�
3B)"�"�+�<$'�-.&�)��'4$

"&'%"5�'")��)2��-"�2-**�
;)��'&:�,�*���+	�����#��	����������������	:�/����/�@���:
G//H <"*(&���:�	:�/EE :�,�*'"&"'$��$�$%-*"A-'")��)2�-�-"*.�	')64-&'"6�?%$6"7"'-'")���$�$%-'")��,)3$*:�����������

$��������:��/���/� @/E/:
G/�H 	4-%3-��J:��:�-�3�?:�=:�-&:����C:�,)3$**"�+�<$$(*.��-"�2-**�-'-�2)%��%)7�?*-��"�+�"��-�	�5@4�;"3

�*";-'$�)2���3"-:����������������	��#����	+	��:�����/��@/� :
G/�H �)*$����:�
:�-�3��:�:��:�	4$%"22:�/E��:�	);$�	"�+*$�-�3�,�*'"&"'$�,)3$*&�)2��-"�2-**�9"'4"��"&6%$'$��";$

��6%$;$�'&:������������$��������:�/���E�@//�:
G/�H -*$��<:��:�/E��:��4$��-"�2-**�)2�,-*-.-��?-%'���:��������������������%	�����(�:�/���//@� :
G/CH �4"-���:�	:�/E� :�
��
�-*.&"&�)2��-"�2-**�?-''$%�&�"��	$*-�+)%:��������������������%	�����(�:�����/@/ :
G/�H 	4-4-%�33"���
:�����:��%$�3&�-�3�J-%"-5"*"'.�)2��-"�2-**�"��,-*-.&"-��
��-&$�)2�=�-*-���;7�%�-�3�=�-�'-��

?-4-�+:�?%)6$$3"�+&�)2��-9-""���'$%�-'")�-*��)�2$%$�6$�)��	)6"-*�	6"$�6$&:�<-("("���)�)*�*����	
:�/�@/E:

G/�H 1-*"�-��,:�:��,:��:�,:�$&-��J@�@J:��+�.$���-�3�
:��:�,:�=-&&";:�����:�	$*$6'"�+�-�?%)5-5"*"'.�"&'%"5�'")�

2)%��>'%$;$��-"�2-**�	$%"$&�"��,-*-.&"-:����	����	��	������	�(������:��C����@� :
G/ H 14-�+����:�����:�?)9$%2�*��))3�$&&@)2@2"'��$&'&�5-&$3�)��'4$��"($*"4))3��-'"):������������)��������������

���	����	�	���:��������� /@�E�:
G/EH 14-�+����:�-�3�P:�<�:����C:��"($*"4))3��-'")��$&'&�2)%��)%;-*"'.:�"�+�������������������-�������������:

�E����� ��E@��/:

G��H �)$���:�-�3��:�:�	'$%�:�/E �:��"''"�+�,)3$*&�')�-"*.��-"�2-**�-'-:����������������	��#	�	�������:��/����
/���@/��/:

G�/H 	'$74$�&��,:�
:�-�3��:��:�F
+)&'"�):�/E �:�%����	��.��.����	�(�/�	�:�,-%6$*�$(($%��������$9�P)%(�-�3

�-&$*:


