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� �''(� )� *)!�+�(,-� � .� #/� &� 01� � 2'3�4 � � .� �� )��&!)� +� ('�� 354 +��.," ,�
��35+56'� �'3� +'" '�.� 1'� � 7� (+� (.'(8� � �.� #'9 �3� 3�('2')'&� �:,7,�.��� #!� � 7� (+� (�
9 �&,+.,1+�(,� .; �� )'�� � .� #/� 3� )�9 < +< �< � �17� 33'()� 7'-� � .� #'9 �3� 3�('2'�.� 1'� #'(�
1,7,)�#'+='+� ('�.< &� +3)� 7'�0� � � .� #'9 �3� 3�('2'�� � 9 ��7,)�),>� 9 � �'�#'+='+� (� '23'0��
� 3)� 7'�#�1,),�.���; �� )+'.'(8�

�'&� #!� :�+,>)�),&.�� �,*2,=��� 	 �'0� (7'3� 7'� �< 3< 4 2��� 7'-�
�#.< +2�)'.� �5+� 17'9 5�!�.�� 9 � (� �+��� ?�� *)!�@9 '� �>A�(B� '7')+'� >''(�
)� *)!�7,�,� 3��,3�*�" ,&8� � � �9 C�+�(,� *; �1� >� 1+'�.� � !&!�� �:,+��� � 7� (� $DD�
9 �4 (�13��� '#�(� 33'(8��7� ('��.< &� �+� 9 � �'�0� � 9 �&,+,>� 3�('2'�2�11,�.��)� *)!�.��
2� (2��='� #'(� '#�(� � 9 513!(-� ��*�1� 1< 3< 4 2��� � 1�9 ,3+�(,�.��  EFG@ HIGJ � 3�('2'�
0� ('+)� 13� .'(8��� �� ++'1+� � E8�0� � H8� 9 < &9 ,++�(.��9 �>�),>�5+��-�$E�C�(1+,�>�'('��
)��&!)� +� ('�'� ':� (� �� )� *)!�.�� $FH� =�&� +-� $K� 1�7'.� -�  � )< 7� ..� 7��
#!+!�)�13�.,(8� �7� (.� � � �9 L +/-� �L 1/-� � L 3/� ='#'� 3��,�),>� >�'(+� ('�� >''(+� ('�'��
9 ��,�.��� ,((/-�� +0/-�� '=��/�0� �	 )'./�='#'�.�2���&�#'+'�� ��>�'(+� ('��)��&!)� +� ('�
.� �9 � (��+)�13�.,(8�M�+,>)�),&.��)� *)!�.��9 � (��+���>''(+� ('��)�3+�A,�0� 9 ��'+1�
#� 9 '3+� ('�'��3(��71('4 7'9 5�+!�)� 3'�+� ('�0� ('+� *� 13'(8��

���23�(��� +')� +� (N����23�(��� +')� +� (N����23�(��� +')� +� (N����23�(��� +')� +� (N��''(������ *)!�7,-��'0����''('-���&� +-���7'.� -��� 3'��
�� >('8��

Abstract 

�5� 3(9 � )�=�&'�� 7� �(� � 32� � 4 (5.!*3'5�7� '�� 32� � 39 4 � � 5C� ��325+5=9 -�
O 2� (� �4 5� )7��(� �*5++� *3� .-�32�3��4 4 � �+7�35�+'3� (�(9 �4 +� �7!(� 8����3� ()7�5C�5!(�

������������������������������������������������������������
 ��(5C8� �(8-� � � +�+� ��9 �(� 	 �'0� (7'3� 7'-� � � �@�.� #'9 �3� � �1< +3� 7'-� �< (1� �'+'� 0� � �.� #'9 �3,� �; +< )< -�
1� (.5=��KDP 253)�'+8*5)�
$���(>8� �; (8-� � � +�+� ��9 �(� 	 �'0� (7'3� 7'-� � � �@�.� #'9 �3� � �1< +3� 7'-� �< (1� �'+'� 0� � �.� #'9 �3,� �; +< )< -�
3!Q �9 .5=��P 253)�'+8*5)�
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+'3� (�3!(� �2'735(9 -�32� 7� �4 (5.!*3'5�7���(� �0� (9 �')4 5(3��3�#� *�!7� �32� 7� �(� C+� *3�
32� � +'3� (�3!(� � 4 (54 � �7'39 � '�� 32�3� 4 � ('5.���.�*5((� *37�75)� � '�C5()�3'5�� '�� 32� �
2'735(9 � 5C� +'3� (�3!(� � �7� O � ++� �7� 32� 7� � '�*+!.� � �� O � '�C5()�3'5�� 32�3� 2�7� �53�
#� � ��(� C+� *3� .�'��32� �+'3� (�3!(� �2'735(9 8��

R � � O '++� '�3(5.!*� � 32� � 4 5� 3(9 � )�=�&'�� � '�� 5!(� 73!.9 � *�++� .� �7�
?�� *)!�@9 '��>A�(B��0�'+�#+� � '�� 32� �*5++� *3'5��5C��#.!+2�)'.� '�� 32� ��'*2'=���
� �'0� (7'39 A7� � '#(�(9 8� �2� � 4 (5.!*3'5�� O 257� � 4 �=� 7� 2�0� � #� � �� 54 � �� .�
� �=(577'�=+9 � '7� *5)4 57� .� 5C� $DD� +� �C78� �2� (� � '7� �53� ��9 � '�.'*�3'5�� '�� 32� �
)�=�&'�� ��#5!3� 32� �5(=��'&� (�5C� 32� � 4 (5.!*3'5����.�O ('33� ��.�3� 8� � 5O � 0� (-��
'�� 32� � +'#(�(9 � (� *5(.7-� 32� � .�3� 7� 5C�  EFG@ HIGJ � �(� � ='0� �8� ��� 32� �)�=�&'�� �
32�3� '�*+!.� 7� 4 5� )7� 5C� .'CC� (� �3� $E� 4 5� 37� =� �� (�++9 � +'0� �� '��  E32� ��.�  H32�
*� �3!('� 7-� 32� (� � �(� � $FH� =�&� ++� 7-� $K� � !+5='!)7-�  � )!7� 33� 78� ��� 32� �
4 (5.!*3'5�-� �4 �(3� C(5)� 32� � � )'�� �3� 4 5� )7� +'1� � � �9 �+'-� ��1'-� � �3'� � 3*8-� 32� �
4 5� 3('� 7� 5C� 32� � 4 5� )7� O 25� �(� � +� 77� 1�5O �� �(� � �0�'+�#+� 8� ��� 5!(� 73!.9 -�
3(��7*('4 3�3� S 37�5C�32� �C'(73�*5!4 +� 37�5(�)�3+�7�5C�32� �4 5� 3('� 7��0�'+�#+� � '��32� �
)�=�&'�� �72�++�#� �7!#)'33� .8����

�� 9 O 5(.7N��� 9 O 5(.7N��� 9 O 5(.7N��� 9 O 5(.7N� �5� 3(9 � ��=�&'�� -� �335)��� �5� 3(9 -� ��&� ++� -� �!+5='!)-�
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>� 9 +� ('�� 2� 4 7'T� 7� :'+)'>� 9 �&,+�(.��� )� 9 .���� =� +� �� 9 �&)�� 1'3�4 � T� .� (='BI�
��+�)+�(,��� =� +� �� )� *)!�-� 1'>'+� ('�� #� " � �'+� ('�'� 9 ��7,3��� �53� .� C3� (+� ('�
5+�(�1�=; (� 0� �#�>+�),>�0� �#!�=; (� 0'�7< (.< ()< >K-� 7� :)� �>''(+� (� 9 ��.�� C�1+,�
15�!+�(.��1�+� )� ��+,�),>�9 �&,+�(.���)< 3� >� 11'+�5+���� 7� (+� (� �0� ('+� ���..,(8����


7+L )� 1< +3< (< �.� � � &8� �� 9 =�)#� (A'�� 2�.'7� 9 �&,),��� '&'�� 0� ()� 7'9 +� �
5(3�9 ��:,1���)� *)!��3< (< -��7)��+,�.; �� )'�.� �U � 8��7,(.���'3'#�(� ��.'11�3'�
:� 1)'>3'(8D� �� *)!�� #�>+��=,:3�-� #'(:51� #�1,).��� #� �&� .'" '� *; �1� ='#'�
L 9 � 3+� (-� 2�.'7+� (-� C� 30�+�(-� .!�+�(-� 2!3#� +� (-� >''(+� (-� '+L 2'+� (-� >�(1,+�(-�
)� 13!4 +�(-� +�3'C� +� (-� +!=�&� 0� � )!�))�+�(+�� '+�:� 3�('C+� ('�'�� 0� � C�9 .�+,�
#'+='+� ('�� VC� 0L '.W-� �53+�(,�-� 3�('2/� #� +=� � 0� � 1�9 ,3+�(,�� V3� 0L ('2W� .� (+� �.'" '� #'(�
�53� .� C3� ('� 2�+'�.� � 5(3�9 �� :,1),>-� &�)��+�� =� +'>'4 � .< &� �+'� #'(� 3� (3'#� ��
1�0!>�(�1� 3< (+� ('�� � =; (� � #�&,� C�(1+,+,1+�(� =; 73� (� �� #'(� 1'3�4 � ; &� ++'" '�
1�&��),>3,(8E��

�� *)!�+�(������2�3+�(,9 +�N��

� 8���&'(� �)� *)!�+�(,-�

�$8��� (�1+,+�(,�*��354 +��),>-���35+56'��'3� +'" '�.� 1'�7� :)� �>''(�
)� *)!�+�(,-�
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I�� � ('3��� 0� ++'5" +!�V$GGKW-��7)��+,*��7)��+,*��7)��+,*��7)��+,*�@@@@�< (1:� ���7'1+54 � .'1�� X =�3-�< (1:� ���7'1+54 � .'1�� X =�3-�< (1:� ���7'1+54 � .'1�� X =�3-�< (1:� ���7'1+54 � .'1�� X =�3-��9 .,���'3�#� 0'�� �9 ,�+�(,-���1�(�-�
78DYE8����
K��< ��9 ��!3-�?�� *)!�B��< (1��'+'�0� ��.� #'9 �3,���7'1+54 � .'7'�V�� 0'(+� (Z
7')+� (Z�7� (+� (Z�� (')+� (W-�< (1��'+'�0� ��.� #'9 �3,���7'1+54 � .'7'�V�� 0'(+� (Z
7')+� (Z�7� (+� (Z�� (')+� (W-�< (1��'+'�0� ��.� #'9 �3,���7'1+54 � .'7'�V�� 0'(+� (Z
7')+� (Z�7� (+� (Z�� (')+� (W-�< (1��'+'�0� ��.� #'9 �3,���7'1+54 � .'7'�V�� 0'(+� (Z
7')+� (Z�7� (+� (Z�� (')+� (W-��� (=�2�
� �9 8�
73��#!+-� YFE-�� 8E-�78 HG8�
D�� �3'2��59 !�*!-�?�!(!57)L �'9 � ��< 3< 4 2��� 7'�KYE$��!)�(�+,��� *)!�B?�!(!57)L �'9 � ��< 3< 4 2��� 7'�KYE$��!)�(�+,��� *)!�B?�!(!57)L �'9 � ��< 3< 4 2��� 7'�KYE$��!)�(�+,��� *)!�B?�!(!57)L �'9 � ��< 3< 4 2��� 7'�KYE$��!)�(�+,��� *)!�B�� !)2!('9 � 3�	 �'8�� 579 �+��'+')+� (�
��73'3< 7< -���7,+)�),>�� < 17� 1�� '7��7��� &'-�$G $-�78�$@I8�
E��!73�C��� &!�-�?�� *)!�B-�
7+�)���7'1+54 � .'7'-
7+�)���7'1+54 � .'7'-
7+�)���7'1+54 � .'7'-
7+�)���7'1+54 � .'7'-��< (1'9 � ��'9 ��� 3�� �1C,-���1�(��$GGI-�*8�$F-��78�$ED8�
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�I8��< (+< �15�!+�(.��('7�+� +� ('��#'(��(�9 ��=� 3'('+)� 7'9 +� �5(3�9 ��:,1���
)� *)!�+�(-��

�K8��9 �,�15�!.�1'�� 7� (+� ('��#'(��(�9 ��=� 3'('+)� 7'9 +� �5+!>���)� *)!�+�(-��

�D8����,�),>�1'>'+� (*� �2�&,(+��),>-�9 �(�(+,�#'+='+� ('-�C,1(�+�(,�0� �; &� +�
)� 13!4 +�(,�1�4 7�9 ���)� *)!�+�(�5+�(�1�=(!4 +��,(8H��

�� *)!�+�(,�� ':� ('" '�.� � #'(:51� C�(1+,� 3< (.� � 0� � #':').� � � 7� (�
#!+!��#'+� *� " '� ='#'-� 3� 1� #'(� 3< (� 0� � >� 1'+.� �� 5+!>��� )� *)!�+�(� .��
#!+!�)�13�.,(8� % (�� " '�-� >''(� )� *)!�+�(,� V)� *)X A�@'� � >AL (W-� 2�.'7�
)� *)!�+�(,� V)� *)X A�3< A+@� 2L ./7W-� C� 30�� )� *)!�+�(,� V)� *)X A�@'� C� 3L 0L W-W-�
3�('2� )��&!)� +� ('�'� ':� (� �� )� *)!�+�(� V)� *)X A�@'� 3� 0L (/2W-� C� 0L '.�
)� *)!�+�(,�V)� *)X A�@'�C� 0L A'.W-�+� 3�'C�)� *)!�+�(,�V)� *)X A�3< A+@+� 3L A'CW-�&'1'(�
0� � � 0(L .� )� *)!�+�(,� V)� *)X A�@'� &'1(� < � � 0(L .W-� 2'1L 9 � � )� *)!�+�(,�
V)� *)X A�@'� 2'1L 9 L 3W-� )< �>� L 3� )� *)!�+�(,� V)� *)X A�@'� )< �>� AL 3W-� )� 13!4 �
)� *)!�+�(,� V)� *)X A�@'� )� 1L 3'#W-� 7; &-� .� 9 '>� )� *)!�+�(,� V)� *)X A�@'�
)�1L +L 3W-� 2�.'7� 0� � 3� C7'(� #� �&� ('� 1�9 ��1+�(.��� � .'�'+� �� .'�/� #'+='+� ('�� 9 � (�
�+.," ,�)� *)!�+�(�V)� *)X A�@'�)� �1X +L 3W�#!�+�(.���#�&,+�(,.,(8�

% &� ++'1+� � �'0��� >''('�� � �'3� 3< (+� (� 0� � ��&,)� >� 1'++� ('�� � )�27!7�
)��&!)� +� ('��354 +��.," ,�)� *)!�+�(�.��#!+!�)�13�.,(N���7'.� �)� *)!�+�(,�
V)� *)X A�3< A+@1�7L A'.W-� ���3� )� *)!�+�(,� V)� *)X A�3< A�@�!AX 3W-� =�&� +�
)� *)!�+�(,� V)� *)X A�@'� =�&� +'9 L 3W-� ��&'(� � )� *)!�+�(,� V)� *)X A�3< A�@
�� &L A'(W-� (!#�'�)� *)!�+�(,� V)� *)X A�@'� (!#L A'9 L 3W-� 3� (1/#@'� #� �.�)� *)!�+�(,�
V)� *)X A�@'�3� (1/#@'�#� �.W-�3� (*/@'�#� �.�)� *)!�+�(,�V)� *)X A�@'�3� (*/@'�#� �.W8�
�9 (,*�� #�&,�)� *)!�+�(� .�� .� (+� 9 '*'+� ('�'�� �.,9 +�� ��,+,(N��< �>� L 3@,� � � (/.X �-�
�� (0L �� ��� 9 ��� *)X �7,�0#8F��

�� *)!�+�(-� � .� #'9 �3� 3�('2')'&��:,7,�.��� 9 �&,+.,1+�(,� .; �� )'�� � .� #/�
3� )�9 < +< �< ��17� 33'()� 7'�0� �� .� #'9 �3�3�('2'�� �9 ��7,)�),>�9 � �'�#'+='+� (�'23'0��
� 3)� 7'� #�1,),�.��� ; �� )+'.'(8� �9 (,*�� )� *)!�+�(� .'0��� 7�2'#'� 5+)�9 ���
>�27'9 � 3+� ('�� >''(+� ('�'� ':� ()� 7'� 9 �� .�� .'0��,� 5+��� >�'(+� ('�� !�!3!+)!>� #�&,�
)��&!)� +� ('�'� =< �� 9 < &< �� � :,1�()�7,� 9 ; �< 9 +� � �+�7'1� � .� #'9 �3�
�(�>3,()�+�(,���1�9 ��1+,1�� .� (8��

�''(� )� *)!�+�(,� 7�9 � 7'�.� -� � .� #'9 �3� 3�('2'�� � =� :)'>� � 17'1� #'+='+� ('�
3�)�)+�)�1-� 9 ��+,>+,1+�(,� .< &� +3)� 1� 0� � #!�+�(�� 9 � �'� #'+='+� (� � 1+� )� 1�
)< )1< ��5+�#'+'(8��� (+� 9 � �'� 0� � 9 ,+,� 3�)�5+�(�1�#'+'�)� 7� � .� � #'(�)� *)!��,��
.� (+� �'>�3�('2'-�':'�.� 1'�)� 3'�+� (.� ��9 �1+�>,1�5+�(�1�3�2)'��� .'+� #'+.'" '���':'�-�
.; �� )'�'��>''(�&� 01'�'-�#� " � �'+� ��>�'(+� ('�'�0� �2�33��354 +�����>''(+� (� �=; (� �.� �
9 �&,+.," ,� .; �� )'�� (� 0�:3�� 5+��� � >''(+� ('�'� #� +'(+� )� � ')1��,� 0� ('(8� � '�� �
)� *)!�+�(.�� .'0��� 7�2'#'� 5+)�9 ��-� 2�33�� .'0��,� #!+!�.!" !� 2�+.� � >''('�
.'0��,�.�� #!+!�)�9 ��� >�27'9 � 3+� (� -� #'+'�)� 9 � �� � 7� (+� (� � (�73+���#'+'(8�

������������������������������������������������������������
H��=�2�� ,((,�� � 0� �.-��< (1��.� #'9 �3,���('2'��'('>-��< (1��.� #'9 �3,���('2'��'('>-��< (1��.� #'9 �3,���('2'��'('>-��< (1��.� #'9 �3,���('2'��'('>-��< (1���('2��!(!)!�� �9 ,�+�(,-���1�(�-� YFK8�78� EE@ EH8���
F���)'+��+'��,9 ��>-� ?�''(��� *)!�+�(,� � �11,�.�� � �4 ,+���M�+,>)�+�(��'#+'9 5=(�C9 �7,B� � � +:!1� 	 �'0� (7'3� 7'-�� � +:!1� 	 �'0� (7'3� 7'-�� � +:!1� 	 �'0� (7'3� 7'-�� � +:!1� 	 �'0� (7'3� 7'-�
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