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

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

01234567849�7��5�1241:4;6�:4�<�2��2�64�24�42175�6724��7��11�4:176	54

�815��4=�4��6� ��>�4��5�;�640�4?;6�9�55 ��4=1�24=�4@�55;6	 <4
� ��������	�
��
������
���������
�	�
���
�	����	��	��
���	��
�����
���	���
�	���������
�������
 
!"#$%�
�&'

< �&()�
)������
�����
�	��������
��
�������	���
*��+�����
�'
,"-./�
�&'




A B 
 C ? 0 D 4C �  � 4 4

0�������1

��	5�7<�2�64
�71�3�54
��<<�7�4@711E4
C�64	51784
06�:4�76�4�2�6�4

A @ F 
 B A ? 
 4 4

06�:4�<�2��2�641:45766	4G;��	4�4�18�2�25471;64�2462673��4��5674�2�42�57�6254H��41:4:176	546�1	�	568	�4�24�6�2�234
5�64 ��<�5�54 	57��5�764 1:4 6257��26�4 <�15�4 �2�4 �2486���5�234 �2567	G6����4 �18G65�5�124 �81234 57664 	G6��6	�4I64
J��25��6�4;6�:4�<�2��2�641:45�7664�18�2�25457664	G6��6	4�'���
���������
��7	��K4��2��
2��	�������
D�7��K4*�����

����2��	��	���
@7�55�L4:174�M4�6�7	4�248�5�7642175�6724��7��11�4:176	54�545�64��<<�7�4@711E4D�G67�8625�;4176	5�4
�6�4��8G	��76�4NFA4�	�234�22��;4�1�25	41:4;6�96	41:46���4	G6��6	4�1;;6�56�4�24OOM4;�5567457�G	4���O48��46���L�4
I64��G15�6	��6�45��549�7��5�124�24;6�:4�<�2��2�64�1�;�476H6�54E21�24��	5�7<�2�6469625	4�2�4��21G�4��6<��E4
6G�	1�6	�4�14	�32����2545762�4�24;6�:4�<�2��2�641:45�645�7664	G6��6	419674�M4�6�7	4�OPPQ–��OPL4��	41<	6796�4�24
	69624 76:6762�64 	5�2�	4�6	G�564 E21�24 ��21G�4��6<��E4 1:4 	�3�748�G;64 �2�4 A867���24 <66��4 �24 5�6	64 	5�2�	�4
�2����5�234 5��54 OL4 8�G;64 �6�;�264 G76�6�6�4 1�74 	�8G;�234 �25679�;4 �2�4 �L4 6�G�2	�124 1:4 <66��4 �2�67	517�4
�18G62	�56�4 :174��21G�4��6<��E4���	6�4<�4<66��4<�7E4��	6�	6�406�:4�<�2��2�64 568G17�7�;�4�6�;�26�4	�32���
��25;�4 �2476	G12	64514E21�24��	5�7<�2�6	4���64	5178�4Q�4514�MRK4;�56�	G7�234:71	5�4OQ4514OSRL�4C2�76�	6�4 ;6�:4
�<�2��2�6�46	G6���;;�4:174	�3�748�G;64�Q�RL�4124�4��567	�6�4��6764��;���84����5�12476	5176�4������6�4	1�;	�4
��	4G71<�<;�4�		1���56�4��5�4 �2�76�	6�4 	1�;4G��4?�4�9��;�<�;�5�4�2�4�6�76�	6�4A;�4
�64 568G17�;4 	6J�62�641:4
�6�;�2641:4G�G674<�7��4�54��3�6746;69�5�12	4:1;;1��234�4	696764�71�3�54�24����4�;	14��	4�GG�7625�406�:4�<�2��2�64
<�	6�4124;6�:4;�5567:�;;4�24�6����1�	4:176	5	4G719��6	4�4�	6:�;4�2����51741:4:176	546�1	�	5684:�2�5�124�2�4:176	54
�6�;5��444

�� �����	
�����

T;�254 ;6�96	4 G;��4�4�18�2�254 71;64 �24 	��G�234 5�64H1�4 1:4 62673��4
��5674�2�4��68���;46;68625	41246�75�’	4	�7:��6�4
�6�4�;	14�18G7�	645�64
5�766���862	�12�;4	57��5�764:1745�64��<�5�541:4�7<176�;4<�15�4�6�3��4<�7�	�4
�2	6�5	L4�2�486���564�2567�	G6����4�2567��5�12	4�81234G;�254	G6��6	�4
�64
�<�2��2�64 1:4 :1;��364 �24 5�64 96365�5�124 ��21G�4 9�7�6	4 	G�5��;;�4 �2�4
568G17�;;�4 �2476;�5�124514	G6��6	4�18G1	�5�12�4�;�8�56�4629�7128625�;4
76	1�7�64�9��;�<�;�5�4�2�45�64;63���41:4��	5�7<�2�6469625	4�6�3��4�6�5�67�4
�76L4�2�4<�15��4�7�967	4�6�3��4G�5�1362	�4�67<�9176	L4�2�4	���49�7��5�124
�24;6�:4�<�2��2�64�245�6496365�5�124��21G�4�2����56	4G�55672	41:462673�4
H1�4�2�48�567��;4H��4�2456776	57��;46�1	�	568	4�I7�3�54654�;��4����L�4

C24 5�64 ���6;�4 ��	57�<�56�4 �6����1�	4 :176	54 <�1864 1:4 5�64 2175�4
568G67�564 �126�4 <71��;6�:4 8��6�4 :176	5	4 �764 5�G���;;�4 �18�2�56�4 <�4
	6967�;4	G6��6	41:4�23�1	G67845766	�406�H6		4��7�2345�64G71;1236�4�1;�4
	6�	12�45�6	64:176	5	4�	��;;�4	�GG1754�4�;1	6�4��21G�4��5�476;�5�96;�4��3�4
;6�:4�76�4�2�6�4�0ACU4V4514SK4@1;	5��4654�;��4���OLK45��	�45�645766	4�18G6564
	57123;�4 :174 ���6		4 514 5�64 ;�3�54 76	1�7�6�4 
68G17�;4 9�7��5�124 �24 5�64

�<�2��2�641:4;6�96	41:45�649�7�1�	4	G6��6	4���18G�2�6	4:176	54	���6	�
	�124:1;;1��234;�736�	��;6�4��5�	571G���4��	5�7<�2�6469625	4�6�3��4	696764
��2�	5178	L�4 <�54 15�67��	64 ;6�:4 �<�2��2�64 �	4 76;�5�96;�4 �12	5�254
5�71�3�45�86�4�;5�1�3�45�64	G6��6	4�18G1	�5�12437����;;�4���236	4��5�4
	5�2�4�696;1G86254��;�967�4OPW�L�4�1�6967�4;6		4	696764��	5�7<�2�64<�4
�6�5�674 69625	4 174 <�15��4 �3625	4 �;	14 ��24 ���	64 	�<5;64 568G17�;4 �2�4
	G�5��;4 9�7��5�124 �24 ;6�:4 �<�2��2�6�4��5�4 G1		�<;64 �12	6J�62�6	4 :174
G71���5�9�5��4���71;13��4�2�42�57�6254���;�234�245�6	646�1	�	568	�4174
6��8G;6�45�648���8�84;6�:4�76�4�2�6�41:4<176�;4�	G624�(������
����3
�������
������L4	5�2�	47�236�4:7184Q�S4514V��4��71		45624�6�7	41:486��
	�7686254�@�774654�;��4����L�4��5�4;1�6749�;�6	4;�2E6�4514�6:1;��5�124�2�4
�71�3�54�245�64G769�1�	4�6�74�2�4	�<	6J�62546����	5�1241:4��7<1���7�564
76	6796	4 ��133�4 OPPPL�4 �2�5�12�;;��4 5��	4 	1754 1:4 9�7��5�124 �	4 �;6�7;�4
�2����5�9641:45�64371		4G7�8�7�4G71���5�1241:4568G67�564�6����1�	4:176	54
6�1	�	568	4���7�1E�4654�;��4��O�K4X�64654�;��4��O�L�4

�656�5�124 1:4 	�<5;64 9�7��5�124 �24 ;6�:4 �<�2��2�64 1:4 ��::676254 57664
	G6��6	4�24�62	64:176	5496365�5�124�	4���;;623�23�4T�		�964768156�	62	�234
865�1�	4�6�3��4���CK4?�7;	124�2�4B�G;6��4OPPML4��24<64�12	57��26�4<�4

> ?1776	G12��234��5�17�4
�3����
�������1

=V�?1726;;�6��4�
�=�4��6�L�44

?125625	4;�	5	4�9��;�<;64�54F��62�6��76�54

D�1;13���;4C2����517	4
journal homepage: www.elsevier.com/locate/ecolind 

�55G	U���1��173�O��O�OS���6�1;�2�������O�WM�S4
B6�6�96�4Q4�6�68<674���OK4B6�6�96�4�24769�	6�4:1784W46<7��7�4����K4A��6G56�4O4��7��4����444



�456578496 �:;849<5=> ��� ��	��
 �	���

�

5�64	�32�;4	�5�7�5�1241:47����5�12476H6�5�124<�45�64G;�254��21G�4����40AC4
= QK46�3��4I�234654�;��4���VL�4�1761967�4�;5�1�3�4��5�964	62	17	4 ;�E64
0���74 �B��2̃14 654 �;��4 ����L4 G719��64 5�64 �<�;�5�4 514 �656�54 9�7��5�124 �24
��21G�4	57��5�764�2�4G;�254	�7:��64�76�4�549�7�1�	4	G�5��;4	��;6	�45�6	64
865�1�	4�7642154�654��G�<;641:4��	5�23��	��234;6�96	4:7184<7�2��6	42174
��625�:��234;6�96	41:4��::676254	G6��6	4�248��6�4	G6��6	496365�5�124�
�234
654 �;��4 ��O�L�4 �264 �GG71���4 :174 6	5�8�5�234 	G�5��;4 9�7��5�124 �24 ;6�:4
�<�2��2�64 <�4 	G6��6	4 �24 �11��4 96365�5�124 76;�6	4 124 �;;18657��4 76�
;�5�12	��G	4��5�4817646�	�;�486�	�76�48657��	�4:1746��8G;64�2��9����;4
	5684���86567	4�I��55�E674�2�4I11��6;;�4OPSWL4174�71�24�76�4�=126	4
654�;��4��OVL�4�1�6967�4��21G�4��8�36�4��6<��E4174�6:1;��5�124�7642154
76H6�56�4�24�886���564���236	4�24	5684���865674�2�4�;;18657��46J���
5�12	4�7645�G���;;�4�696;1G6�412;�4:718476G76	625�5�96�4�6�;5��45766	�4A24
�;5672�5�964�GG71���4:174J��25�:��234;6�:4�<�2��2�64G�55672	4�24�6����
�1�	4 :176	54 96365�5�124 �	4�1;;6�5�1241:4 ;6�:4 ;�5567:�;;4 �0��4 654�;��4��OVK4
I�234654�;��4��OPL�4

C245�64G76	6254	5���4�64J��25��6�4G�55672	4�24;6�:4�<�2��2�641:45�64
5�7664�18�2�25457664	G6��6	4�24�48��6�4�6����1�	4:176	54�545�64��<<�7�4
@711E4D�G67�8625�;4176	54��@DL�4���4NFA4<�	6�4124�M4�6�7	41:4;6�:4
;�55674�1;;6�5�12	4���6�4�2�4?;6�9�55�4���OL�4
�64	5���4�76�4�1776	G12�	4
514 �4 	��564 1:4 6�G67�8625�;4 	8�;;4 ��567	�6�	4 ��6764 ���71;13��4 �2�4
2�57�6254<��365	4��964<6624J��25��6�4514�2����564�12571;	41245�64:176	54
<�1361��68���;4���;6	4�0�E62	�4��OQL�4A4�65��;6�4��862	�12�;4�2�;�	�	4
1:45��	4:176	5�4<�	6�412486�	�768625	4:71845�648���OPS�	4�I��55�E674
654�;��4OPM�L4��	4�	6�4514J��25�:�45�64;6�:4�76��4<�18�		4�2�4G71���5�9�5�4
1:45�64:176	54��567	�6�	4�545��545�86�4F�2�645�62�45�64�@D4��	46�G67��
62�6�4 	186481�6	54 	���6		�12�;4 ���236	�4 �	4�6;;4 �	4 9�7�1�	4 2�5�7�;4
��	5�7<�2�6	4�2�;���23�4�6:1;��5�124��1;86	4654�;��4OPWSL�4�4	696764��64
	51784�C7;�2��4OPPWL�4�4;�56�	G7�234:71	54696254���:E62	4654�;��4��O�L�4�4
8��71<�7	54��2�	51784�@�55;6	4654�;��4��OML4�2�4�4;�56�	�88674�71�3�54
���5��6;;4654�;��4���WL�4C24����5�12�4��21G�4�6�;�26	41:4�18�2�254	G6��6	4
��9641���776�4�2476�6254�6���6	K4	�3�748�G;64�'���
���������
��7	��L4
��	4�6�;�26�41��234G7�8�7�;�45146::6�5	41:4����4�6G1	�5�124�=���64654�;��4
���SLK4A867���24<66��4���2��
2��	�������
D�7��L4��	4	�::676�4:7184<66��4
<�7E4��	6�	64 ��1�	512�4 OPP�K4��9�24 �2�4 T6�75�4 OPPQK4 ?;6�9�554 654 �;��4
���OLK4�2�4G�G674<�7��4�*�����
����������
��7	��L4��	4�6�;�26�4�545�64
��3�6746;69�5�12	4�>M��48L�4

I64�	E6�45�6436267�;4J�6	5�12U4�1�4��	45�64�<�2��2�641:4:1;��3641:4
5�64 5�7664 �18�2�254 	G6��6	4 �24 5��	4 2175�6724 ��7��11�4 :176	54 9�7�6�4
5�71�3�45�86Y4I64��G15�6	��6�4;6�:4�<�2��2�64�1�;�4768��2476;�5�96;�4
�12	5�254 :7184 �6�74 514 �6�74 6��6G54 :1;;1��234 ��	5�7<�2�64 69625	4 �2�4
	G6��6	4�6�;�26	4�	42156�4�<196�4C24G�75���;�7�4G769�1�	476G175	41:4��21G�4
��8�364<�45�64	696764��64	51784�24OPPW4�B�1��	4654�;��4����L4�2����56�4
�54;6�	54568G17�7�4�6�;�26	4�24;6�:4�<�2��2�641:45�645�7664��21G�4	G6�
��6	�4�2�4�4;�56�	G7�234:71	54��8�36�4:1;��364���:E62	4654�;��4��O�L�4I64
�1G6�45��545��	4�65��;6�4�2�;�	�	41:49�7��5�124�24;6�:4�<�2��2�64�1�;�4
G719��64�	6:�;4�2����517	41:4G�55672	4�2�4�7�967	41:462673�4H1��4��<�5�54
	57��5�76�4 ���71;13�4 �2�4 <�1361��68�	57�4 �24 5�64 �2562	�96;�4 	5���6�4
�@D4��567	�6��6�1	�	568	�4�	4�6;;4�	4�4<65567436267�;4�2�67	5�2��234
1:4���	6	41:49�7��5�124�24;6�:4�<�2��2�64�24568G67�564�6����1�	4:176	5	�4

�� �����	�

.?!? &����
����



�64��<<�7�4@711E4D�G67�8625�;4176	54��@DL4�	4;1��56�4�242175��4
�6257�;4�6�4��8G	��76�4 NFA4 ��Q◦ VS′ ��4 MO◦ �V′ IL�4
�64 1967	517�4
96365�5�124�	4�18�2�56�4<�42175�6724��7��11�	U4	�3�748�G;6�4A867���24
<66���4 �2�4 �6;;1�4 <�7��4 �*�����
 ����2��	��	���
@7�55�L�4�����4 51365�674
�18G7�	64P�R41:45�6457664<�	�;4�76�4���24�1172�4654�;��4��OOK4
�<;64OL�4A54
5�64 ��3�6	54 6;69�5�12	4 5�64 ��7��11�4 :176	54 �	4 76G;��6�4 <�4 6967376624
266�;6;6�:4:176	541:476�4	G7��64�(����
��@�	�
F�73�L4�2�4<�;	�84�74�'@���

@�������
�0�L4��;;�LK4G7�174514 �5	4�6�;�264�:5674�6�74�����4 5�6	64:176	5	4
�6764�1��18�2�56�4<�4G�G674<�7���4�65��;6�4�6	�7�G5�12	41:4	1�;	�4���
�71;13��451G137�G���4�2�496365�5�1241:45�64�@D4�764G76	6256�4�24@17�
8�224�2�40�E62	4���O�L�4
�64�;�8�564�	4��8��4�125�2625�;4��5�4	�175�4

�11;4	�8867	4�2�4;123�4�1;�4��2567	�4A22��;4G76��G�5�5�124�967�36	4O��4
�8K486�24�22��;4568G67�5�764�	4V�V4◦?K4�2�4���;�4568G67�5�76	4�967�364
:7184–W�V4◦?4�24=�2��7�4514OW�W4◦?4�24=�;�4�@��;6��4���QL�4�245�64	1�5��4
:���234��567	�6�	4��6764 5�64 G76	6254�17E4��	4 �12���56��4 	1�;	4 �764
G76�18�2�25;�4������4FG1�1	1;	4�67�96�4:7184<�	6�G11743;����;45�;;�4

.?.? �����
������	2



�64G76	6254	5���4��	4�12���56�4�24O�4:176	54	5�2�	K46�3�548�5�764
:176	54 	5�2�	4�6764 ;1��56�4 �����6254 514 5�64 <�1361��68���;4 76:6762�64
��567	�6�4 �IFSL4��6764 ���6		4 �	4 76	57��56�4 5148�2�8��64 �2��96756254
��8�24��	5�7<�2�6	4��3�4OLK4�676�:56745�6	64�764�6	�32�56�4BD4	5�2�	�4
1�74	5�2�	4�6764�24�24�����6254��;���8�576�56�4��567	�6�4�?A0L�4F69624
1:45�64BD4	5�2�4;1��5�12	4�6764��1	624514	G�245�647�23641:46;69�5�1241:4
5�642175�6724��7��11�4:176	54��5�45�14�245�64;1�46;69�5�124�1264�V�V4
8L�45�14�548���6;69�5�124�VWV48L4�2�45�7664�54��3�46;69�5�124�M�V–WQ�4
8L�4
�64�18G1	�5�124�2�4	57��5�7641:45�6	64	5�2�	4��	486�	�76�4�24���M4
�	�234 <6;54 57�2	6�5	4 5��54 62�18G�		6�4 5�64 �77��4 1:4 ;�55674 57�G	4 �	664
<6;1�L�4
�646�3�5�4	5�2�4��	4 ;1��56�4 �24	G7��6��7�<�7��4 :176	54�54 5�64
��3�6	546;69�5�124�MP�48L�4
�645�7664?A04	5�2�	4�245�642175�6724��7��
�11�4�1264�6764	�5��56�4514G�7�;;6;45�646;69�5�124�12�5�1241:45�64BD4
	5�2�	4�54;1�4�V��48L�48��4�S��48L4�2�4��3�4�MO�48L46;69�5�12K421564
5��545�64�967�364�18G1	�5�1241:45�6	64:176	5	4��	4967�4	�8�;�74G7�174514
5�64��;���84����5�124�
�<;64FOL�4A24����5�12�;4?A04	5�2�4��	4;1��56�4�24
5�64	G7��6��7�<�7��4:176	5426�745�6451G41:4IFO4�M��48L�4

176	54�18G1	�5�124�2�4	57��5�7649�7�6�4�812345�64	696242175�6724
��7��11�4BD4	5�2�	4�
�<;64OL4�	4�	45�G���;4:1748�5�7642175�6724��7��
�11�4 :176	5	4 1:4 5�64 763�124 �@178�224 �2�4 0�E62	�4 ��O�LK4 5�64 5�7664
�18�2�254	G6��6	4�6764	�3�748�G;6�4A867���24<66��4�2�4�6;;1�4<�7���4
��5�4 �4 8�2174 �1257�<�5�124 :7184 	6967�;4 15�674 57664 	G6��6	4 ����A�	��

�������	�
B?�
'���
 ��@���
B?�
'���
 ��	�����	����
0?�
 76�4 	G7��6L�4
�64
����5�12�;476:6762�64	5�2�4�24	G7��6��74:176	54�����62545145�6451G41:4IFS4
��	4�18�2�56�4<�4<�;	�84�74�2�476�4	G7��6�4

C24:�;;4OPPP�4��S4�3���41:45�64��;���84	�;���5648�267�;�4�1;;�	512�56�4
��	4���6�45145�64?A04��567	�6��4
�6486�	�76�4�1	641:4?�4�O��Q4�3���L4
��	4��1	62451471�3�;�476G;��64?�45��54��	4;1	54�	4�476	�;541:4�25�71G1�
362��4��5�9�5�4�����4�6G1	�5�12�4;133�23L4��7�2345�64��5�4�625�7�4�T6567	4
654 �;��4 ����L�4 A;;4 5�64 5766	4 �>O�4 �84 �@�L4 �24 5�64 ��;���8�576�56�4

������
F5�2�4�6	�7�G5�12	4:1742175�6724��7��11�4;�55674�1;;6�5�124	�56	4�545�64��<<�7�4
@711E4D�G67�8625�;4176	5�4�6�4��8G	��76�40AC4�	4;6�:4�76�4�2�6�4��;��;�56�4:174
��OP4�1;;6�5�12	4��5�4	5�2��7�467717	4<�	6�4124G71G�3�5�1241:4677174:7184�2���
9����;4�1;;6�5�12	4�2�4�76�4G674;6�:486�	�768625	4�	66456�54:174�65��;L�44
F5�2�4 D;69�5�124 0AC4

�6�24
�FDL4

@�	�;4�76�4 B6;�5�964�18�2�2�64
<�4<�	�;4�76�4�RL44

�8L4 �8�8−�L4 �8���−OL4 F�3�74
8�G;64

@66��4  6;;1�4
<�7��4

BD4O4 V��4 V�W4
�����L4

QP��4 ���P4 Q��S4 ���V4

BD4�4 V�V4 ��P4
����PL4

QV�S4 QS��4 Q��Q4 OQ��4

BD4Q4 VW�4 V��4
���OVL4

Q��Q4 �S�Q4 ����4 QQ�V4

BD4�4 VWV4 S��4
�����L4

Q��V4 WV��4 W�S4 S��4

BD4V4 M�V4 V�P4
����OL4

�P��4 V��V4 P�W4 �S�O4

BD4S4 MQ�4 ��V4
����OL4

OP��4 Q�O4 S��M4 ����4

BD4M4 WQ�4 V�P4
����ML4

OM�O4 OV�V4 M���4 M�W4

?A04O4 V��4 S�M4
���O�L4

�W�W4 S��P4 OQ�M4 O��W4

?A04�4 S��4 V��4
����OL4

���V4 �S�Q4 �V�Q4 V�M4

?A04Q4 MO�4 V��4
����PL4

�Q��4 OS��4 �P�S4 Q��M44

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

�

��567	�6�4��964<6624G67�1����;;�486�	�76�4<63�22�234�24OPPS�4
0�55674:�;;4��	4�1;;6�56�4�246���4	5�2�4��5�4�47�2�18;�4;1��56�4�77��4

1:45624514�:56624;�55674<�	E65	4���O48��46���LK45�6451G	41:45�64<�	E65	4�6764
7��	6�4514�<1�54O�V484�6�3�54�<1964371�2�45148�2�8��64677174�		1���56�4
��5�4 �2�8�;4 ��	5�7<�2�64 �2�4��2�4 57�2	G1754 ��71		4 5�64 	1�;4 	�7:��6�4
0�55674:�;;4�1;;6�5�124<63�24�24	�88674OPPQ4174OPP�4�245�64	69624BD4
	5�2�	4�2�4�24OPPW4�245�64?A04	5�2�	K4�54��	4�125�2�6�45145�64G76	6254
6��6G54:174�4<7�6:4�25677�G5�124�245�76641:45�64BD4	5�2�	4���OS–��OML4
1��234514:�2��234;�8�5�5�12	�4A���8�;�56�4;�55674��	4768196�4�24����4
;�564A�3�	54�2�46�7;�4�1968<6746���4�6�74�2�4765�726�45145�64;�<17��
517�4��6764�54��	4	5176�4�1;�4�25�;4G71�6		�23�4�6764�6476G17545�64��5�4
:71845�64�1968<674�1;;6�5�12	4�����476G76	6254;6�:4�<�2��2�6	4�24;�564
	�8867�42178�;;�4�18G7�	�23419674PVR41:4;6�96	�4

.?%? &�����
��������	2
�	�
�	������


0�55674	�8G;6	4�6764	1756�4�25149�7�1�	4�18G12625	�4�2�;���234;6�96	4
�<�4	G6��6	L�4:7��5	4�2�4	66�	4�<�4	G6��6	L�4�2�415�674212��11��4�6�3��4
<��4	��;6	L�4�11��4�6�3��45��3	�4	8�;;4<7�2��6	L4�2�48�	�6;;�261�	415�674
�18G12625	�4 06�:4 	�8G;6	4�6764 �1�256�4 �<�4 	G6��6	L�4 B6G76	625�5�964
	�<	�8G;6	41:4�<1�54V�4;6�96	4:1746	5�8�5�234�967�364�76�4G674;6�:4�6764
�1;;6�56�4�24��OP4:1746���4G;154�2�4	G6��6	�4A76�4G674;6�:41:4�25��54;6�96	4
��	486�	�76�4<�4	��22�234G�151�1G�6	41:4;6�96	�4�2�40AC41:46���4	G6�
��6	4�246���4	5�2�4��	46	5�8�56�4�	45�64G71���541:486�24�76�4G674;6�:4�2�4
;6�:4�1�25	�41745�64G76	6254�2�;�	�	4�64:1��	4G7�8�7�;�4124;6�:4�1�254
��5�4 :174 	5�5�	5���;4 �2:6762�6	4 <6���	64 5�6	64 �764 5�64 G7�8�7�4 ��5�4
��676�	4 ;6�:4 �76�4 �2�6�4 �	4 �4 �67�96�4 9�;�6K4 5��	�4 5�64 <�	��4 ��5�4 �764
2�8<6741:4;6�96	41:46���41:45�645�7664�18�2�254	G6��6	4�246���4 ;�55674
�1;;6�5�124<�	E654 �246���4�6�7K4<�	E654 ;1��5�12	4�6764��6��4I��;64�64
�12967545�64;6�:4�1�254��5�4�2514;6�:4�76�4514G719��64�1256�54�2�46�	64
�18G�7�	12	4��5�415�674	�56	�45�64<�	��4��5�41:4;6�:4�1�25	46;�8�2�56	45�64
�2�675��25�4�		1���56�4��5�4 9�7��5�124 �2486�24�76�4G674 ;6�:4�2�4 5��	4
�;;1�	4�	451481764G76��	6;�46��8�264568G17�;45762�	�4
�64��5�4�	6�4�24
5��	4G�G674�764:71845�64��5�	65U4�2640�5567:�;;4��5�4�545�64��<<�7�4@711E4
D�G67�8625�;4176	5�4 OPP�4– G76	6254 ���6�4�2�4?;6�9�55�4���OL�4174

�12962�62�6�45�64��5�4�	6�4�245��	48�2�	�7�G54�764�2�;��6�4�	4��	�76564
�;6	4�24F�GG;68625�7�4
�<;6	�4A;;41:45�64�1�64:1745�6	64G7137�8	4�6764
�7�55624�24B4G7137�88�234;�23��364�B4?1764
6�8�4����L4��5�4967	�124
B������4�S�4<�5L4�	4�2����56�4�245�64F�GG;68625�4

I64 �12���56�4 �4 :�;;4 677174 �2�;�	�	4 514 J��25�:�4 5�648�32�5��64 1:4
�2�675��25�4�		1���56�4��5�4�257��	5�2�49�7��5�124�812345�64�1;;6�517	4
�	4�6;;4�	45�64�2�675��25�4:1740AC46	5�8�56	4�		1���56�4��5�49�7��5�124�24
;6�:4	��64�812345�64V�4;6�96	41:46���4	G6��6	4	�8G;6�4:71846���4	5�2�4�24
��OP�4I64J��25��6�4	5�2��;696;49�7��5�124�24;6�:4�<�2��2�64�2�4�24;6�:4
	��64��5�45�64	5�2��7�4677174�FDL41:45�6486�24�
�<;6	4F�4�2�4FQL�4
�64
�2�675��25�4�240AC4��	46	5�8�56�4�	�234�12564?�7;1476	�8G;�23�4FG6�
�����;;��4�647�24O���4	�8�;�5�12	4��6764<15�4;6�:4�1�254�2�4;6�:4�76�4
9�7�6�4�	4�47�2�184:�2�5�124�6�26�4<�45�6�7476	G6�5�964	5�2��7�467717	�4

�624:1746���4	�8�;�5�124�64��;��;�56�45�640AC4�	45�64G71���541:4�1�254
�2�4�76��4
�649�7��2�64�240AC4��	4��;��;�56�4�	45�64	5�2��7�4�69��5�124
�812345�64O���4	�8�;�5�12	41:45�6486�24���6��45�64	5�2��7�46771741:45�64
86�2L�4

I64 69�;��56�4 ;123�56784 5762�	4 �24 ;6�:4�<�2��2�64 :174 6���4 1:4 5�64
5�7664 �18�2�254 	G6��6	4 ��71		4 5�64 	69624 BD4 	5�2�	4 �2�4 5�7664 ?A04
	5�2�	�4I64�12	��676�4	5�2��;696;4	�88�7�6	4�	45�646�G67�8625�;4�2�54
�2�4�	6�486�24�22��;4;6�:4�1�254�;6�96	48−�L4:1746���4	5�2�4�	45�64E6�4
�2����517�4I6456	56�4:174568G17�;4��51�1776;�5�124�24;6�:4�1�25	4:1746���4
	5���4�76��4F�2�64�64:1�2�4214	�32����254 ;�346::6�5	�4�64�	6�4��22�4
!62��;;4 56	5	4 514�65678�264 �:4 5�6764�6764 5762�	4 �24 ;6�:4�<�2��2�64 �24
BD4�2�4?A0�4C:45�6764��	469��62�64:174�45762��4�6469�;��56�45�64:1784
��5�4 5�7664 36267�;��6�4 8��6��6::6�5	4 81�6;	4 5��54 �6�264 ;�26�7�4
J���7�5���4 �2�4 	�5�7�5�234 ���6��4 �����6;�	–�62562� :�2�5�12	�4 FG6��:�
���;;��4�64�	6�45�64B�G��E�364“2;86” ��67	�124Q�O–OV�L4��5�4;6�:4�1�25	4
�	45�64�2�6G62�62549�7��<;6�4�6�74�2�4�6�7�4��245�64J���7�5��481�6;L4�	4
5�64�6G62�62549�7��<;6	4�2�4	5�2�4�	45�647�2�1849�7��<;6�4A;;49�7��<;6	4
�6764�625676�4�2�4	5�2��7���6�4G7�174514�2�;�	�	�4I64�8G;686256�4�24
�2:178�5�1245�61765��4�GG71���4514�18G�76481�6;4G67:178�2�64�@�72�
��84�2�4A2�67	12�4����L�4I64��;��;�56�4AE��E6’	4�2:178�5�124�7�567�124
��5�4�24����	586254:174	8�;;4	�8G;6	4	��6	4�AC?�L4�2�47�2E6�481�6;	4
<�	6�41245�64��::6762�6	4�24AC?476;�5�9645145�64;1�6	54AC?4�ΔAC?L�4
�64

������ 01��5�1241:45�6;964:176	54	5�2�	4�245�64��<<�7�4@711E4D�G67�8625�;4176	5�4�6�4��8G	��76�4NFA4��6764;�5567457�G	4�6764�6G;1�6�4514	�8G;64;6�:4�<�2��2�6�4
BD4= 76:6762�6�4?A04= ��;���84576�56��4

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

�

<6	54 81�6;4��	4 69�;��56�4 :174 311�26		4 1:4 �54 �	�234 �4 �16:���6254 1:4
�65678�2�5�124 ���6��4 �4 G	6��1�B�L4 5��54 ��;��;�56	4 5�64 �12��5�12�;4 �2�4
8�73�2�;49�;�6	4:17436267�;��6�48��6��6::6�5	481�6;	4���E�3���4654�;��4
��OM�4B�G��E�364“���C2”L�4


�76648��174��	5�7<�2�6469625	49�	�56�45�64�@D4��7�2345�64G67�1�41:4
	5���U4�24��64	51784�24=�2��7�4OPPW4�B�1��	4654�;��4����L�4�4;�56�	G7�234
:71	54696254�24���4��O�4���:E62	4654�;��4��O�L4�2�4�48��71<�7	54��2��
	51784 �24��OQ4 �@�55;6	4 654�;��4��OML�4
1469�;��564 5�64 �8G��541:4 5�6	64
��	5�7<�2�6	4�545�64	8�;;4��567	�6�4;�2�	��G64	��;64�0�E62	�4��OQL�4�64
J��25��6�45�64�2567��22��;49�7��5�12	4�245�64�<�2��2�641:4;6�96	4�245�64
BD4	5�2�	4<�4�2�;���234G�55672	4�245�64�22��;476	����;	�4174�6�74= �U�4
Residuali = LeafCounti −GrandMean �OL44

��67645�64;6�:4�1�254�;6�96	48−�L4�	45�6486�24:174�;;4	5�2�	4�24�6�74�
�2�4
5�6437�2�486�24 �	4 5�6486�24:174�;;4�6�7	�4I64��;��;�56�476	����;	4<�4
	G6��6	4�2�4 :174 5�64 515�;41:4�;;4 5�7664	G6��6	�4I646��8�26�4T6�7	12’	4
�1776;�5�12	4<65�66245�6	6476	����;	41:4�22��;49�7��5�124 �24;6�:4�<�2�
��2�64:1746���4	G6��6	4�2�4	6967�;4�2���6	41:4�;�8�5��49�7��5�12U4	G7�234
;6�:41�54��56�4371��234	6�	124;6235��4	�841:4�637664���	4�<1964�◦ ?4�2�4
�6G�75�76	41:4�6�5�674:71845�64;123�567842178�;4:174�154�2�4�1;�4���	K4
5�6	649�7��<;6	4�6764��1	6241245�64<�	�	41:4G769�1�	476G175	4124�2567�
�22��;4 9�7��5�124 �24 57664 371�5�4 �2�4 �;�8�564 :174 2175�6724 ��7��11�4
:176	5	4�!�84�2�4F����8��4OPWMK4���865564654�;��4��OWL�4C24����5�12�4�64
6��8�26�4�1776;�5�12	4��5�4	66�4G71���5�124:174<66��4�2�4	�3�748�G;64
�?;6�9�554�2�4��6��4��OML�4

I64 69�;��56�4 568G17�;4 G�55672	4 �24 5�64�<�2��2�64 1:4 G�G674 <�7��4
;6�96	4�24:1�74	5�2�	4��6764�54��	4�<�2��254�545�64<63�22�2341:45�64	5���4
�	664�<196L4<�54��6764�6�;�264��	41<	6796�4:1;;1��2345�64��64	51784�24
OPPW4�2�4�4;�56�	�88674�71�3�54�24�����4�1�6967�45�6764�6764	�32�:�
���254 ;�34 6::6�5	4 ��G4 514 :1�74 �6�7	L4 �24 G�G674 <�7��4 ;6�:4 �<�2��2�64
:1;;1��234 5�64 �71�3�54 �24 5�6	64 ��3�4 6;69�5�124 	5�2�	�4 F�6964 <115�
	57�GG�234�@"�;8�224�2�4@��;8�22�4OPPML4�	4�4	5�5�	5���;4�GG71���45��54
���1�25	4:174568G17�;4��51�1776;�5�124<�4�7	54�55�234�24��5176376		�964
81�6;4�2�45�62476	�8G;�2345�64��5�4�	�2345�64��5176376		�96481�6;4514
G76	679645�64	67��;4�6G62�62�64�245�64��5�4���;64215476J��7�234�2�4�	�
	�8G5�12	4 �<1�54 5�64 ��	57�<�5�124 1:4 5�64 ��5��4�13����4 654 �;�4 ���OOL4
�6812	57�56�4 5�649�;�641:4	�6964<115	57�GG�234:174�656�5�2345762�	4�24
���71;13���;4 5�864 	67�6	�4I64�	6�4	�6964<115	57�GG�234 514 56	54 5�64���
G15�6	�	41:4�4212�8121512��45762�4�24G�G674<�7��4;6�:4�<�2��2�6�4
�64
56	54��	4�8G;686256�4�	�234:�2�5�124“215762�Z56	5” :71845�64B4G��E�364
“:�25�86	”�4


1469�;��564 5�6471<�	526		41:4�18G�7�	12	41:4 5762�	4 �24 ;6�:4�<�2�
��2�64�2�40AC4<�4	G6��6	4<65�66245�64BD4�2�4?A04	5�2�	�4�6436267�56�4
O���4�12564?�7;14	�8�;�5�12	4��5�4�;;4	1�7�6	41:4677174 �2�;��6�4�	664
�<196L�4174<15�4;6�:4�1�25	4�2�40AC4�24��OP�4�6436267�56�4	5�2��;696;4
6	5�8�56	4�<�4	G6��6	4�2�4515�;L4�	4�47�2�184:�2�5�1241:45�641<	6796�4
	5�2��7�4677174�246���4	5�2�4�
�<;6	4F�4�2�4FQL�4I645�624��;��;�56�45�64
��::6762�64<65�66245�6486�2	4 :174BD4�2�4?A04�?A0�BDL�41745�6	64
O���4	�8�;�56�4��::6762�6	�4�64 56	56�4 �:4 5�6486�24��	4��::676254 5��24
�4�	�234�4��56	5�4I64��E21�;6�3645��545�64	5���4�6	�324��	42154��6�;4:174
�557�<�5�234576�5862546::6�5	4<6���	64G76�576�586254;6�:4�<�2��2�64��5�4
�67642154�9��;�<;64:174?A0K4�1�6967�43�96245�64�;1	64	�8�;�7�5�4<65�6624
5�64BD4�2�4?A04:176	5	4<6:17645�64576�586254�
�<;64FOL�45�6476	G12	6	4
1<	6796�4�764;�E6;�4�476	�;541:45�64576�58625�4

�� ���
���

06�:4�<�2��2�64�245�648�5�7642175�6724��7��11�4:176	54	�771�2��234
5�64 <�1361��68���;4 76:6762�64��567	�6�4 �BDL4 �54 5�64�@D4 ���4 2154
6���<�54 �2�4 	�32����254 ;123�56784 568G17�;4 5762�4 ��3�4 �A�4 ��22�4
!62��;;U4 G4 = ���L�4 A4 	�88�7�4 1:4 5�64 ;123�56784 9�7��<�;�5�4 �24 ;6�:4
�<�2��2�64<�4	G6��6	4�	4G719��6�4:1745�64BD4:176	54�
�<;64F�L�4

@66��4 ;6�96	4�6764 �12	�	5625;�4 5�6481	54�<�2��254�967�3�234MSO4
;6�96	48−�K4�6;;1�4<�7��4;6�96	4�67648���4;6		4�<�2��254�86�24= �MV4
;6�96	48−��4�3�4�@L4�2�4	�3�748�G;64��	4�256786���56�4C245�64�<	62�641:4

E21�24 ��	5�7<�2�6	4 �	664 <6;1�L�4 �2567��22��;4 H��5��5�12	4 �24 ;6�:4
�<�2��2�64�67641<	6796�4�245�64BD4:176	54��3�4QL�4
��	4�2567��22��;4
9�7��5�124��	4	�8�;�74�812345�64	69624	5�2�	46��6G5�41:4�1�7	6�48���4
��3�6749�7��5�124�24��	6	4��6764�4	G6��6	4��	4�2�188124�24�4G�75���;�74
	5�2�4�6�3��4	�3�748�G;64�24	5�2�4MK4
�<;64OL�4A�71		45�64;�7364;�2�	��G64
�967�364 �2567��22��;4 9�7��5�124 �24 ;6�:4�<�2��2�64 7�236�4 :7184�16:��
��6254 1:4 9�7��5�124 �?�L4= P�QR4 :174 	�3�748�G;64 514OV�MR4 :174�6;;1�4
<�7���4��5�4<66��4<6�234�256786���564�?�4= OO�ORL�4

F5�2�4;696;4;6�:4�<�2��2�649�7�6�4<�4	5�2�4�2�4	G6��6	4�
�<;64FQL�4

15�;4;6�:4�1�2549�7��5�124�	486�	�76�4<�4	5�2��7�4677174�FDL4�967�36�4
PS4;6�96	48��4��5�4�4?�41:4VR4�
�<;64F�L�406�:4�1�25	41:4<66��4���45�64
;6�	54�1;;6�517�51��1;;6�51749�7��<�;�5�4�?�4= O�RLK4	�3�748�G;64�?�4=
�ORL4�2�4�6;;1�4<�7��4�?�4= �VRL4�6764�18G�7�<;6�4��7��5�124�24;6�:4
	��64��	4768�7E�<;�4�12	�	5625�4
�64�967�364?�4��71		4	5�2�	4:174;6�:4
�76�47�236�4:7184MR4514PR4<�4	G6��6	4�2�4<�4576�586254�
�<;64FQL�4�24�4
	5�2��<��	G6��6	4<�	�	�45�649�7��5�124�24;6�:4�1�254��	4;�736745��245�64
9�7��5�124�24�76�4G674;6�:4�
�<;64F�L�4
�64	5�2��;696;4�2�675��25�4�240AC4
6	5�8�56	4�967�36�4��V4��5�4FD47�23�234:7184���4514��M4�
�<;64F�L�4
��	4
9�7��5�12476G76	625	4�24�967�364?�41:4O�R�4
�6764�67642148��174��:�
:6762�6	4 �24 0AC4�2�675��25�4�81234 	G6��6	4 174 <65�6624BD4 �2�4 ?A04
	5�2�	4�
�<;64F�L�4

A4	�32����2545�8645762�4�24;6�:4�<�2��2�64��	41<	6796�41245�64?��4
576�56�4��567	�6��4?A04 ��3�4�A�4��22�!62��;;U4G4= ����L�4@�	6�4124
	�<	6J�625481�6;�23�45�64J���7�5��4:�2�5�124�ΔAC?4= −S��M4�18G�76�4
514	6�12�4<6	5481�6;L4��	4�;6�7;�45�6481	54�2:178�5�96481�6;�4�967�;;4
;6�:4�<�2��2�6	4�2�76�	6�4:7184�48�2�8�841:4O���O4;6�96	48−�4�24OPPW4
514�48���8�841:4���P�4;6�96	48−�4 �24���W�4F�2�645��	4G6�E�45�6764��	4
<6624�4	;�3�54�6�;�264��5�4�4G1	5����W486�24;6�:4�1�2541:4O�P�Q4;6�96	4
8−�4��3�4�AL�4@15�45�64�2�76�	64�24�<�2��2�64�2�45�64568G17�;4G�556724
�6764�7�9624<�4	�3�748�G;64;6�:4�<�2��2�64��3�4�@L�4@�	6�412481�6;4
�18G�7�	12	4 :174 	G6��6	�	G6����4 ��5��4 5�64 J���7�5��4 :�2�5�124 <6	54
�6	�7�<6�45�645762�4�24	�3�748�G;64;6�:4�<�2��2�64��5�4<15�45�64;�26�74
�2�4J���7�5��45678	4	�32����254�G4< ����O4�24<15�4��	6	L�4 6;;1�4<�7��4

������ A22��;4�967�364;6�:4�<�2��2�64:1745�645�7664�18�2�25457664	G6��6	4�24
5�64	6962476:6762�64:176	54	5�2�	4�BDL4	�771�2��234I�567	�6�4S4�545�64�@D4
:7184OPPQ4514��OP�4AL4�6�24;6�:4�<�2��2�64:1745�64	�841:4�;;45�7664	G6��6	�4
�64
57�2	G�76254G1�25	476G76	6254;6�:4�<�2��2�64�245�64�2��9����;4	5�2�	K45�64<;��E4
��7964�62156	4 5�64 5762�4 �24 5�64��5�4 <�	6�4 124 �4 ;1��;;�4�6�3�56�4 	8115��234
:�2�5�12K45�6437��4<�2�4�62156	45�64PVR4�12��62�64�25679�;41:45�64�556�4��796K4
�2�45�649675���;�4�1556�4;�264��625��6	45�64�6�741:45�64��64	51784�24OPPW�4@L406�:4
�<�2��2�645762�	476G1756�4<�4	G6��6	�4�7�G�4�65��;	45�64	�864�	4�6	�7�<6�4:174
T�26;4A�4

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

#

�;	14:1;;1�6�4�24�2�76�	�234J���7�5��45762�4�G4< �����4�24<15�4��	6	L�4
<�545�648�32�5��641:45�64���2364��	48���4;6		45��24	�3�748�G;6�406�:4
�1�25	4:174<66��4	�1�6�42145762�4196745�864��3�4�@L�4

B6	�;5	4:71841�74�12564?�7;1456	5	41:4	G6��6	4�2�4576�5862546::6�5	4
:1745�64��OP4��5�4�6764�12	�	56254��5�45�64�12�;�	�12	4�7��24:71841�74
5�864	67�6	4�2�;�	6	�4C245678	41:4<15�4;6�:4�1�254�2�40AC�4	�3�748�G;64
;6�:4 G71���5�124 �2�76�	6�4 �:5674 5�64 ��;���84 ����5�124 �2�4 <66��4 ;6�:4
G71���5�124�6�;�26�4��3�4�L�4�1761967�45�648�32�5��641:45�6476	G12	64
6��66�6�45�64G71G�3�56�4�2�675��25�4�245�648657��	�41746��8G;6�4	�3�74
8�G;64;6�:4�1�254�2�76�	6�4124�967�364<�4�SO4;6�96	48−�4�2�4��P40AC4
�
�<;64FVL4�245�64?A04	5�2�	�4F5�2��7�467717	4<�	6�4124G71G�3�56�4�2�
�675��25�4:174	�3�748�G;64;6�:4�1�254�967�36�4WV4;6�96	48−�4�2�4��Q40AC4
�
�<;64FQL�4174<66���4;6�:4�1�254�6�76�	6�4<�4��S4;6�96	48−�4�2�4��S4
0AC4�24576�56�4	5�2�	4�
�<;64FVLK45�64�18G�7�<;64	5�2��7�467717	4�6764MV4
;6�96	4��4�2�4��Q40AC4�
�<;64FQL�4
��	�45�64576�5862546::6�5	4	��6	4�6764

817645��24�1�<;645�646	5�8�56	41:4�2�675��25��4

�64�8G��5	41:45�7664��	5�7<�2�6469625	4124;6�:4�1�25	4�245�64BD4

	5�2�	49�7�6��4
�646::6�5	41:45�64��64	517841:4OPPW4124;6�:4�<�2��2�6	41:4
�;;45�7664�18�2�254	G6��6	4�24	�<	6J�6254�6�7	4��	41<9�1�	4��3�4QL�4C24
5�64�7	54 371��234 	6�	124 �:5674 5�64 	51784 �OPPWL4 ;6�:4 �<�2��2�64��	4
76���6�4 <�4 QM�VR4 :176	54 ���6�4 
�64 37���6254 	G�226�4 :7184 �4 �SR4
�6�76�	64�24�6;;1�4<�7��4;6�:4�1�25	4514QOR4:174<66��4�
�<;64�L�4��8�364
��	4 376�56	54 �24 5�64 �GG674 6;69�5�124 �126	4 �>S��4 8K4 �MR4 9	4 Q�R4
�6�76�	6L476H6�5�234��3�674��64;1���23�4�	4G769�1�	;�476G1756�4�B�1��	4
654�;��4����L�4A4;�8�56�476�1967�4�24;6�:4�<�2��2�641:4�;;45�7664	G6��6	4
��	41<	6796�4�245�64	6�12�4	�88674�:56745�64��64	5178�4F�7G7�	�23;��4�24
5�645��7�4	�88674G1	5�	5178�4�4	57�E�234�2�4	�32����254“1967	�115” �24
;6�:4�<�2��2�64��	41<	6796�4:174A867���24<66���4��4R4�<19645�64;123�4
5678486�24:1745��	4	G6��6	4��3�4Q�4
�<;64�L�4
�676�:567�4;6�:4�<�2��2�6	4
1:4 �;;4 5�7664 	G6��6	4 765�726�4 514 71�3�;�4 2178�;�4 ;123�56784 9�;�6	�4
�;5�1�3�4 �6;;1�4 <�7��4 ;6�:4 2�8<67	4 768��26�4 	;�3�5;�4 ;1�4 5�71�3�4
�����4


�64;�56�	G7�234:71	546962541:4���4��O�481	5;�4�::6�56�4	�3�748�G;6�4
<�	6�4 124�6;�41<	679�5�12	4�54 5�64�@D4 ���:E62	4 654�;��4��O�L�4
��	4
69625476	�;56�4�24�45�1��6�74�6�;�264�24	�3�748�G;64;6�:4�<�2��2�6K45��54
�	�4�64 �656�56�4 �4 OQR4�6�;�264 �24 	�3�748�G;64 ;6�:4 ;�5567:�;;4 �24��O�4
�
�<;64�L45��54G67	�	56�4:174�4	6�12�4371��234	6�	124�OSR4�6�;�264 �24
��OOK4�3�4QL�4


�648��71<�7	54��2�	517845��541���776�4124�4=�264��OQ476	�;56�4�24
G�5���4��21G�4��8�364��71		4�471�3�;�4S��4��4�76�41:4;�2�	��G641245�64
	1�5��:���234	;1G641:45�64�@D�4�����62545141�74	5���4�76��4F1864;�8�56�4
69��62�641:45��	4696254��	476�17�6�4�24;6�:4�<�2��2�64��5�4:1745�64��3��4
6;69�5�124��7��11�4	5�2�	�4<�545�6476	G12	64��	42154�12	�	56254��71		4
5�64	5�2�	4�2�4	G6��6	�4F6967646::6�5	41:45��	4��	5�7<�2�64696254�GG�7�
625;�4�6764�12�26�4514��	�76564G�5��6	4��676419674MVR4��21G�4��8�364
1���776��4A;5�1�3�45�6	64�76�	4�6764��5��24V��4841:41�74	5�2�	4�@�55;6	4
654 �;��4 ��OML�4 5�64 �76�	4 6�G1	6�4 514 ��8�3�234��2�	4�6764 76;�5�96;�4
��	�7656�4

�14	�32����254;�26�74�1776;�5�12	4�	486�	�76�4<�45�64T6�7	124�17�
76;�5�124�16:���6254�67641<	6796�4<65�6624�2567�22��;4�;�8�5��49�7���
5�124�2�476	����;	41:4�2567�22��;49�7��5�124�24;6�:4�<�2��2�641:45�645�7664
	G6��6	4174�;;4	G6��6	451365�67�4�174��	4	66�4G71���5�1241:4<66��4�2�4
	�3�748�G;64	�32����25;�476;�56�4514;6�:4�<�2��2�64�245�64BD4	5�2�	�4

���� �� C2567��22��;4 9�7��5�124 �24 ;6�:4�<�2��2�64 :174 5�64�18�2�254 57664 	G6��6	4 �24 5�64 	69624 76:6762�64 	5�2�	4�54 5�64�@D�4
�64 G1�25	4�764�6�7;�4 76	����;4 ;6�:4
�<�2��2�64�	4�6�26�4�24DJ�4�OL�4�675���;4��	�6�4;�26	4�2����564�6�7	41:4E21�24��	5�7<�2�6469625	4���64	51784− OPPWL�4

������ A22��;4�967�364;6�:4�<�2��2�64:1745�7664�18�2�25457664	G6��6	4�245�7664
:176	54	5�2�	4�24��;���8�576�56�4�?A0L4I�567	�6�4O4�545�64�@D4:7184OPPW4514
��OP�4AL4�6�24;6�:4�<�2��2�64:1745�64	�841:4�;;45�7664	G6��6	�4
�6457�2	G�76254
G1�25	476G76	6254 ;6�:4�<�2��2�64 �245�64 �2��9����;4	5�2�	K4 5�64<;��E4��7964�6�
2156	45�645762�4�245�64��5�4<�	6�4124�4;1��;;�4�6�3�56�4	8115��234:�2�5�12K45�64
37��4 <�2�4�62156	4 5�64 PVR4 �12��62�64 �25679�;4 1:4 5�64�556�4 ��796K4 �2�4 5�64
9675���;�4�1556�4;�264��625��6	45�64�6�741:45�64��64	51784�24OPPW�4@L406�:4�<�2�
��2�64 5762�	4 76G1756�4 <�4 	G6��6	�4 �7�G�4 �65��;	4 5�64 	�864 �	4 �6	�7�<6�4 :174
T�26;4A�4

������
A22��;4�69��5�12	4�24;6�:4�<�2��2�64:71845�64;123�5678486�24�OPPW–��OPL4�54
5�64��<<�7�4 @711E4 D�G67�8625�;4 176	5�4 B6	�;5	4 �764 :7184 5�64 	69624 	5�2�	4
86�	�76�4�245�6476:6762�64:176	5�4�6;5�49�;�6	4�ΔL4�764�24G67�625�44
FG6��6	4 Δ OPPW4 Δ OPPP4 Δ ����4 Δ ��O�4 Δ ��OQ4
@66��44 −Q��S44 −�M�O44 ����44 −M��44 Q��4
F�3�748�G;644 −QP�S44 −�V�V44 ���44 −OQ�Q44 −S�S4
 6;;1�4<�7��44 −�V�P44 −�O�Q44 −M�M44 P�S44 −V�P4

15�;44 −QM�V44 −�V�O44 W�V44 −��P44 −��V44

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

�

A4��	5�2�5�9645�8645762�4�245�64�<�2��2�641:4G�G674<�7��4;6�96	4��	4
1<	6796�4�24:1�74��3��6;69�5�124	5�2�	4�M��–WQ�4846;69�5�12K4
�<;64OL�4
T�G674<�7��4;6�:4�<�2��2�64�6�;�26�4	56���;�4:7184OPPQ4514���S4��3�4VL�4
@�4 ���W4 �;;4 G�G674 <�7��4 5766	4 ���4 ��6�4 �24 5�7664 1:4 5�64 	5�2�	K4 ;6�:4
�<�2��2�64�245�64:1�75�4	5�2�4��	476���6�4<�4�<1�54MVR4�2�4G67	�	56�4
�5471�3�;�45��	4;696;45145�64G76	625�4


�646	5�8�56�40AC41:45�6476:6762�64:176	5�4��;��;�56�4�	45�64G71���541:4
5�64�967�364�76�4G674;6�:41:46���4	G6��6	4�246���4	5�2��49�7�6�4<65�6624V4
�2�4S4��71		45�64	69624	5�2�	4�245�64�<	62�641:45�64E21�24��	5�7<�2�6	K4
5��	47�23648�5��6	49�;�6	4�V�V4514S��L4:1745�64	�864	5���4	�56486�	�76�4
�245�648���OPS�	4<�4I��55�E674654�;�4�OPM�L�4
�640AC41:45�64:176	54�24?A04
�2�76�	6�437����;;�4�:56745�64?�4576�586254��3�4SL481	5;�476H6�5�2345�64
;�7364 �2�76�	64 �24	�3�748�G;64;6�:4�<�2��2�64��3�4�LK45��	46::6�54��	4
G769�1�	;�4�656�56�4<�	6�41249�	��;41<	679�5�12	41:45�6457664�71�2	4�24
BD49	4?A04�=���64654�;��4���SL�4I64�2�;;�4215645��545�6	646	5�8�56	41:4
0AC4�24BD4�2�4?A04�764;1�6745��245�1	64G769�1�	;�476G1756�4�@�55;6	4
654�;��4��O�L4<6���	641:4�4769�	�1241:4�967�364;6�:4	��646	5�8�56	4�OPPWL�4

�� ����
�����

I64J��25��6�4;6�:4�<�2��2�641:45�7664�18�2�2545766	4�24�42175�6724
��7��11�4:176	54;�2�	��G64�	4�24�2����51741:4:176	54�6�;5��462673�4H1�4
�2�45�64���71;13��4���;64�24:176	546�1	�	568	�4�14;123�56784���236	4�24
;6�:4�<�2��2�641:4 5�645�7664�18�2�25457664	G6��6	4�67641<	6796�4<6�
5�6624OPPQ4�2�4��OP4 �24 5�648�5�764 :176	54�����6254 514 5�64 76:6762�64
76	6�7��4��567	�6�4 �BDL4�54 5�64��<<�7�4@711E4D�G67�8625�;4176	54
��3�4�L�4
��	4:176	56�4;�2�	��G64��	4�6�9�;�4;1336�4�245�646�7;�4��5�4
�625�7�K45��	�45�64:176	54���4�;76���4G�		6�45�71�3�4	���6		�12�;4	5�36	4
��7�234�����4	��:5	4�24��21G�4�18�2�2�64�764G718�26254��;�967�4OPW�L�4
174 6��8G;6�4 :7184 OPPS4 514 OPPM4 514 ��OS–��OM4 5�64 	57��5�764 �2�4
�18G1	�5�124 1:4 5�64 :176	54 <�76;�4 ���236�K4 515�;4 <�	�;4 �76�4�6�76�	6�4
	;�3�5;�4:7184�V�W4514���S48�4��−O4�2�45�64<�	�;4�76�41:4	�3�748�G;64�P�M4
9	4W��48�4��−OL�4<66��4�P��49	4W�O48�4��−OL4�2�4�6;;1�4<�7��4�V�Q49	4V��4
8�4��−OL4�6764	5�<;64�?;6�9�554654�;��4���OL�4
�645�7664�18�2�254	G6��6	4
�764 ;1234 ;�96�4 �>���4 �6�7	K4 @�72	�4 OPP�L4 	14 5��54 	5�	�	4 �24 ��21G�4

�18�2�2�64�	42154	�7G7�	�23�4�1�6967�45�141:45�6	64�18�2�254	G6��6	4
��964 	�::676�4��21G�4�6�;�26	4 �24 76�6254�6���6	U4 	�3�748�G;64 1��234
G7�8�7�;�4514	1�;4<�	64��5�124�6G;65�124�F�;;�9�24654�;��4��OQL4�2�4<66��4
514�24�2571���6�4��	6�	64�18G;6�4�<66��4<�7E4��	6�	64�@@�LK4?�;64654�;��4
��OML�4
�64:��545��54214�6�;�264�24;6�:4�<�2��2�64��	41<	6796�4:174	�3�74
8�G;64	�336	5	45��54��21G�4��6<��E41:45��	4����47��24	62	�5�964	G6��6	4
G76�6�6�45�64�2�5��5�1241:41�74	�8G;�234G7137�84�OPPQL4�2�4G71<�<;�4
�1�2���6�4��5�4 5�64 81	54 	696764 �6�7	4 1:4 ����4 7��24 �54 5�64�@D4 ����4
OPS�–OPW�K40�E62	4654�;��4OPPSL�4C245�64��	641:4A867���24<66���4�;5�1�3�4
@@�4��	4�7	541<	6796�4�545�64�@D4�24OPMM4�F����8�4654�;��4���ML4�2�4
�2�76�	6�4��21G�4��6<��E4�2�41967	517�48175�;�5�4��	41���776�4	�2�645�64
8���OPP�	�496365�5�964	G71�5�234�2�4	66�47636267�5�124�?;6�9�554654�;��4
���OL4 ��964 �GG�7625;�4 <6624 	�:���6254 514 8��25��24 ;6�:4 �<�2��2�64
5�71�3�1�541�74	�8G;�234�25679�;4��3�4�L�4

"?!? ������
������@�	���


A49�7�65�41:42�5�7�;4��	5�7<�2�6	4�18812;�4�::6�5	45�64��21G�4�245�64
6�	56724�6����1�	4:176	54<�1864�I��56�4OPMPL�4�2�;���234�6:1;��5�124<�4
�2	6�5	�41���	�12�;4�76	4�017�867�4OPMML�4��2�	5178	41:49�7��234	��;64
�2�4�2562	�5��4�	4�6;;4��64	5178	4�2�415�674�6�5�67469625	�4
�646::6�5	41:4
5�14��	5�7<�2�6469625	4124;6�:4�<�2��2�641:45�645�7664�18�2�25457664
	G6��6	41:45�642175�6724��7��11�4:176	54�545�64�@D4�676469��6254:7184
1�74;123�56784	�8G;�2341:4;6�:4;�5567:�;;U4�4	696764��6�	51784�24=�2��7�4
OPPW4 �B�1��	4 654�;��4����L4�2�4�4 ;�56�	G7�234 :71	54 696254 ����4��O�K4
��:E62	4654�;��4��O�L�4

C245�64OPPW4��64	51784�545�64�@D�4��64���765�12�457664��8�364�2�40AC4
76���5�124 �2�76�	6�4 ��5�4 6;69�5�12�4 G6�E�234 �54 �<1�54 M��4 8�4 
7664
��8�364��	4376�56	54:174�6;;1�4<�7��4��QR4<�	�;4�76�4��8�36�L4�2�4
	;�3�5;�4;1�674:174<66��4�Q�RL4�2�4	�3�748�G;64�QQRL4�B�1��	4654�;��4
����L�4
�6	64G�55672	4�676476H6�56�4�24;6�:4�<�2��2�6476���5�12	4�����4
�2�76�	6�4��5�46;69�5�124:7184V��4514W��484�2�4�6764376�56	54:174�6;;1�4
<�7��4�2�4	�8�;�74:174<66��4�2�4	�3�748�G;64�	4�2����56�4<�4�69��5�12	4
:7184;123�56784�967�36	4��3�4QL�40�55;64��21G�476�1967�41���776�4��7�234
5�64	6�12�4371��234	6�	124�:56745�64��64	51784<15�4:1745�64��1;64��21G�4
�2�4:1746���41:45�648��174	G6��6	4��3�4QL�4A4��3�;�4��	5�2�5�96476�1967�4
76	G12	64 ��	4 1<	6796�4 �24 �6�74 Q4 :174 A867���24 <66���4 �24 �GG�76254
“1967	�115” �24;6�:4�<�2��2�6K45��	476	G12	648�3�54<64�		1���56�4G7��
8�7�;�4��5�476;6�	641:4<��	4�245�64<66����18�2�56�4�2�67	517�45��54��	4
8�2�8�;;�4��8�36�4<�45�64	51784�2�476�6�96�4376�5;�4�2�76�	6�4;�3�54
�9��;�<�;�5��41746��8G;6�4I66E	4654�;�4����PL42156�45��545�648���56784
�5�7664 514 	69624�6�7	L4 76	G12	641:4��21G�4 9675���;4 	57��5�764�:5674 5�64
��64	51784��	4�		1���56�4G7�8�7�;�4��5�4�2�67	517�4<66���4T76	�8�<;��4
5�64765�7245142178�;�4G76�	51784<66��4;6�:4�<�2��2�64�24�6�74�4��3�4QL4
76H6�56�4G1	5�	51784��21G�4�;1	�764�2�4	����23�4A;5�1�3�4��64	5178	4
8��4G7181564 �2�76�	6�41967	517�48175�;�5�41:4<66��4 :7184@@�4 �?�;64
654�;��4��OML�4�2�;���234�241�74	5���4�76�4�?;6�9�554654�;��4���OL�4�2�4;123�4
567846::6�5	41:45�64��64	51784124;6�:4�<�2��2�641:45�645�7664�18�2�254
	G6��6	4�6764	�7G7�	�23;�48�2174��3�4�L�4


�646::6�5	41:4�24�2�	��;4;�56�	G7�234:71	54696254124;6�:4��2�8��	4�2�4
:176	54G71���5�124�545�64�@D4�2�415�674763�12�;4:176	5	4�676476G1756�4
G769�1�	;�4���:E62	4654�;��4��O�L�4D�7;�4	G7�234��O�4��	46��6G5�12�;;�4
��78�457�3367�2346�7;�4<��<76�E4�2�4;6�:4�696;1G8625�46	G6���;;�4:174
	�3�748�G;64�OM4���	46�7;�6745��24;123�56784�967�364�545�64�@D4�NF�A4
176	54F679��6�4���OL4�2�4;6		4	14:174<66��4�OO4���	L4�2�4�6;;1�4<�7��4
�OQ4���	L�4A4 	696764 ;�564 :71	541���776�4124OO4���4��624�48�2�8�84
568G67�5�7641:4−Q4◦?4��	476�17�6�4�545�64�@D4�6��J��7567	4���V484
6;69�5�12L�4−�4◦?4�54	5�5�124S4�M�V4846;69�5�12L4�2�4−V4◦?4�54	5�5�124OM4
�WPV4846;69�5�12L�4
��	4:71	54696254���	6�481764	696764;6�:4��8�364514
	�3�748�G;645��24<66��4174�6;;1�4<�7��4���:E62	4654�;��4��O�L�4G71<�<;�4
76H6�5�234 �5	41GG175�2�	5��4 76	G12	645145�646�7;�4	G7�234��17<�4654�;��4
���QL4 �24�18G�7�	124 514 5�6481764�12	679�5�964<66��4�2�4 <�7���4��74
1<	679�5�12	4�2����56�45��54	�3�748�G;64;6�:4�<�2��2�64�245�6476:6762�64
:176	54�6�;�26�4�24��O�4�24�18G�7�	124��5�45�64G769�1�	42�264�6�7	�4�4
76���5�1245��54��	4�18G�7�<;645145�64��64	517846::6�54��3�4QLK45��	�476�4
;6��234<�4	�3�748�G;64��	4;�8�56��4�1761967�45��	4�6�76�	64G67	�	56�4

������ A22��;4�967�364 ;6�:4�<�2��2�641:4G�G674<�7��4 �24:1�74��3�46;69�5�124
	5�2�	4�545�64�@D�4��4��67645�64	G6��6	4��	4�<�2��254�545�64<63�22�2341:45�64
	5����4
�6457�2	G�76254G1�25	476G76	6254;6�:4�<�2��2�64�245�64�2��9����;4	5�2�	K4
5�64 <;��E4 ;�264 �	4 5�64�54 1:4 5�64��5�4 <�	6�4 124 �4 ;1��;;�4�6�3�56�4 	8115��234
:�2�5�12K45�6437��4<�2�4�62156	45�64PVR4�12��62�64�25679�;41:45�64�556�4��796K4
�2�45�649675���;�4�1556�4;�264��625��6	45�64�6�741:45�64��64	51784�OPPWL�4

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

�

�2514 5�6426�54�6�7�4	�336	5�2345��54 5�64�218�;1�	;�4��784	G7�234 :1;�
;1�6�4<�45�64:71	54696254��8�36�4<��	4���75�24654�;��4��O�L�4��:E62	4
654 �;�4 ���O�L4 6	5�8�56�4 5��54 �4 71�3�;�4 MR4 76���5�124 �24 :176	54 371		4
G71���5�12476	�;56�4:71845��	469625�4<�541�741<	679�5�12	4	�336	545��54�54
�1�;�4��964<6624	186���54376�567�4F�8G;�2341:4�11�4371�5�4�2457664
7�23	4:71845�6	64G;15	4�1�;�4�6;G4514�;�7�:�4:�2�5�12�;4�8G;���5�12	41:4
5��	469625�4

"?.? E��������
!
�������
�������	�



�64 ���236	4 �24 ;6�:4�<�2��2�64 :1;;1��234��;���84����5�124 514 5�64
576�56�4��567	�6�4�?A0L4�6764	57�E�234��3�4�L4�2�48�5��6�49�	��;41<�
	679�5�12	4�=���64654�;��4���SL4�2�457664371�5�476	G12	6	4�@�55;6	4654�;��4
��O�L�4F�3�748�G;64;6�:4�<�2��2�64�2�76�	6�4<�419674Q�R4��5�481	541:4
5�64�2�76�	64:7184�6�74Q4514W4:1;;1��234576�586254����Q–���W�4�3�4�@L�4

�6	6476	�;5	4�12�7845�64��3�4	62	�5�9�5�41:45��	4��12��42175�6724��7��
�11�4	G6��6	4514	1�;4?�4�6G;65�12K45�64?�4576�586254�545�64�@D47��	6�4
	1�;4<�	64	�5�7�5�124:7184<6;1�4514�<19645�64�GG�762545�76	�1;�41:4OMR4
<6;1�4�����4��8�3641���7	4�F�;;�9�24654�;��4��OQL4�2�4376�5;�476���6�4
6����236�<;64A;4�24	�7:��64	1�;4�17��12	4�=1�2	124654�;��4��O�L�4

I64 �;	14 �656�56�4 �4 81764 	�<5;64 <�54 	�32����254 �2�76�	64 �24 ;6�:4
�<�2��2�641:4�6;;1�4<�7��4124?A04��3�4�L�4A;5�1�3�4214371�5�476	G12	64
��	41<	6796�4:1745��	4763�12�;;�4�18�2�254	G6��6	4124?A04�@�55;6	4654�;��4
��O�L�4���8654 654�;�4 ���OML4 1<	6796�4 	�32����254 �2�76�	6	4 �24�6;;1�4
<�7��4 	5684 371�5�4 �24 5�64 	6�12�4 �6���64 �:5674 ;�8�234 1:4 ������6�4
2175�6724��7��11�4	1�;	4�24?�2����406�:4�<�2��2�641:4A867���24<66��4
���4215476	G12�4	�32����25;�45145�64?�4576�586254��3�4QL�4
��	4	G6��6	4�	4

2154	62	�5�964514	1�;4<�	64��5�124�6G;65�124�B6��4�2�4I�581�3��4��O�L�4
A;5�1�3�4	18646�G67�8625	4��9642156�4G1		�<;64	�GG76		�9646::6�5	41:4
	1�;4 ?�4 ����5�124 124 <66��4 371�5��4 G71<�<;�4 ���	6�4 <�4 �2�76�	6�4
�18G65�5�124:718476��962�56�4	�3�748�G;64����8654654�;��4��OMLK4	���4
�246::6�54124;6�:4�<�2��2�64���421541���74124?A0�4B�5�67�45�64�2�76�	6�4
�18G65�5�964G67:178�2�641:4	�3�748�G;64�2476	G12	645145�64?�4����5�124
�2�76�	6�4 8175�;�5�4 1:4 	69676;�4 ��	6�	6�4 <66��4 5766	4 �?;6�9�554 654 �;��4
���OL�4 <�54 1967�;;4 <66��4 ;6�:4 �<�2��2�6�4 �2�;���234 	�79�917	4 �2�4
�<�2��254 7636267�5�12�4 ��	4 <6624 8��25��26��4 �2�;;��4 <6���	64 <15�4
	�3�748�G;64�2�4�6;;1�4<�7��4;6�:4�<�2��2�64�2�76�	6��4���;64<66��4���4
2154���236�4515�;4;6�:4�<�2��2�64�2�4515�;40AC4�2�76�	6�4124?A0�4�264
�12	6J�62�641:45��	4��21G�476	G12	64��	4�2�76�	6�42654G71���5�124<15�4
�<196371�2�4 �@�55;6	4 654 �;��4 ��O�L4 �2�4 <6;1�371�2�4 ���6�4 654 �;��4
��OSL�4

"?%? �	���3�		���
��������	


C24 5�64�<	62�64 1:4��	5�7<�2�64 69625	4 ;6�:4 �<�2��2�64��	4 2154 6��
G6�56�4 514 6���<�54 ��3�4 �2567��22��;4 9�7��5�124 �24 5��	4 86	��4 �;�8�56�4
�1�6967�4 �12	��67�<;64 ��712��4 �2567��22��;4 9�7��5�124 ��	4 1<	6796�4
��3�4QLK4��71		45�64BD4	5���4�76�4�967�3640AC47�236�4��71		4�M4�6�7	4
:7184��W4514S�Q�4�5�674	5���6	41:4�2567��22��;49�7��5�124�24;6�:4�<�2��2�64
�24 <71��;6�:4 �6����1�	4 :176	5	4 ��964 76G1756�4 	�8�;�74 9�7��5�12�4 174
6��8G;6�40AC4�24�	G624:176	54�24�6257�;4F�	E�5��6��2�4?�2���47�236�4
:7184Q�S4514V��4��71		4O�4�6�7	4�@�774654�;��4����LK4:7184V�O4514V�P4�24
8��6�4F������3*�����
:176	54�24=�G�24��71		4�964�6�7	4���7�1E�4654�;��4
��O�LK4�2�4:7184Q�W4514��M4�24F������
:176	54�24���14��71		4	69624�6�7	4

������ 06�:4�76�4�2�6�4:1745�645�142175�6724��7��11�4	5���4�76�	4�54�@D�4���406�:4�76�4�2�6�4<�	6�41245�64G71���541:4;6�:4�<�2��2�64�[4;6�96	48−�L4�2�4�967�364
�76�4G674;6�:4:174�;;457664	G6��6	�4AL406�:4�76�4�2�6�4:1745�64	6962�476:6762�64:176	54	5�2�	�4
�6457�2	G�76254G1�25	476G76	6254;6�:4�76�4�2�6�4�245�64�2��9����;4	5�2�	K45�64
<;��E4��7964�62156	45�645762�4�245�64��5�4<�	6�4124�4;1��;;�4�6�3�56�4	8115��234:�2�5�12K45�6437��4<�2�4�62156	45�64PVR4�12��62�64�25679�;41:45�64�556�4��796K4�2�4
5�649675���;�4�1556�4;�264��625��6	45�64�6�741:45�64��64	51784�24OPPW�4@L406�:4�76�4�2�6�4:1745�645�7664:176	54	5�2�	4�24��;���8�576�56�4��567	�6��4�7�G�4�65��;	45�64	�864
�	4�6	�7�<6�4:174T�26;4A�4

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

�

�X�64654�;��4��O�L�4
�64���	6	41:45�6	64��712��49�7��5�12	4�67642154�;���	4
�;6�7�4<�54�6G;65�1241:4?476	6796	4�		1���56�4��5�4�71�3�54�2�4�6:1;���
5�124��964<6624G71G1	6�4�24	1864��	6	4��133�4OPPPK4064��256�4654�;��4
����L�4

I64��2412;�4	G6��;�5641245�64G1		�<;64���	6	41:4��712��4�2567��22��;4
9�7��5�124�24;6�:4�<�2��2�64�541�74	�564	�2�64212641:41�74�;�8�5��4�2���6	4
�6764	�32����25;�4�1776;�56�4��5�4 5��	49�7��5�12�4�2�4	66�48�	5�2341:4
	�3�748�G;64�2�4<66��4��	42154�1776;�56�4��5�4 ;6�:4�<�2��2�6�4�264
;�E6;�4���	641:4�2567��22��;49�7��5�124��	4	�8G;�23467717K4�;5�1�3�45�64
G1	�5�1241:45�64�1;;6�517	4��	4��6��45�64��76�5�1241:4;6�:4:�;;4�675��2;�4
9�7�6	4 ��5�4 �6�5�674 ��7�234 5�64 :�;;4 �6�3��4 ��2�4 ��76�5�12L�4 A215�674
G1		�<;64 ���	64 1:4 �2567��22��;4 9�7��5�124 �24 ;6�:4 �<�2��2�64 �1�;�4 <64
�6�5�67�76;�56�4��21G�4��8�36�41746��8G;6�4�2�1��86256�4�6�5�674
69625	�4 �2�;���234 ���;	5178	�4 	8�;;674��2�	5178	�4 �2�4 �6�9�4��25674
	21�4��1	�4654�;��4OPM�L4�1�;�4�1257�<�564514�2567��22��;49�7��5�124�24
;6�:4�<�2��2�6�4

"?"? (����
@����
�����	�



�64568G17�;4	6J�62�641:4�6�;�2641:4G�G674<�7��4��	4�;6�7;�4 �2���
��56�4 <�4 1�74 �1;;6�5�12	4 1:4 ;6�:4 ;�5567:�;;4 ��3�4 VL�4 
��	4 	G6��6	4 ��	4
�18�2�254�24:1�74	5�2�	4�545�64��3�6	546;69�5�12	4�245�64�@D4��3�4OL�4
1;;1��23437����;476�1967�4:7184��8�364<�45�64��64	51784:7184OPPP4514
�����4G�G674<�7��4;6�:4�<�2��2�64�6�;�26�4	��7G;�4:7184����4514���S4
�2�45�676�:5674768��26�471�3�;�4�12	5�2545�71�3�45�64��7�5�1241:45�64
	5���4��3�4VL�4�264;�E6;�4�1257�<�51745145��	4��21G�4�6�;�2641:4G�G674
<�7��4��	4�4	696764;�56�	�88674�71�3�54�24����4���5��6;;4654�;��4���WL�4
��7�234;�564A�3�	54����4G�G674<�7��4:1;��364�245�64	5���4�76�46���<�56�4
�6	����5�124��8�36�45�72�234<71�24�2�4	�7�96;�234�
�4��6��4G67	12�;4
1<	679�5�12L�4 G1		�<;�4 �		1���56�4 ��5�4 5�64 ��;684 ��9�5�5�12�4 C24 5�64
:1;;1��234	�8867�4�;5�1�3�4���6	G76��48175�;�5�4��	421541<	6796��45�64
5766	4G71���6�48���4;6		4:1;��364��3�4VL�4@�4���S4���6	G76��48175�;�5�4
62	�6�K4:1746��8G;6�4<65�6624���O4�2�4���S457664�2962517�6	4124BD4
�2�4?A04�2����56�45��545�642�8<6741:4;�9�234G�G674<�7��45766	4�>O�4�84
�@�L4�6�;�26�4<�4P�R�4
��	4G�;	641:48175�;�5�41:4G�G674<�7��4:1;;1��234
5�64 ����4 �71�3�54 ��	4 2154 �12�26�4 514 5�64 �@DK4 5�64 �7	54 ��5�174
1<	6796�4	�8�;�748175�;�5�4 �24���S4�24	�<�;G�264:176	5	4�;12345�64AG�
G�;�����24
7��;4:7184�6257�;4�6781254514�6	56724���26�4

T�G674<�7��4�	4E21�24514<64	62	�5�964514	696764�71�3�54�A�<�24654�;��4
��OWL�46���<�5�234;�8�56�4	518�5�;4�12571;4�2�469��62�641:4��;684��9��
5�5�124�54;1�4	1�;4��5674�1256254�F�;;�9�24654�;��4���OL�4�6�;�2641:4G�G674
<�7��4:1;;1��234�71�3�54�242175�6724�����3�24��	4�557�<�56�4514�77�G�
5�124 1:4 ��8�3�234 <712�64 <�7��4 <17674 :���;�5�56�4 <�4 57664��5674 	576		4
�=126	4654�;��4OPPQLK4�1�6967�45��	4�2	6�54G6	54��	421541<	6796�4�241�74
	5���4�76��4

A24����5�12�;4�1257�<�51745145�64�6�;�2641:4G�G674<�7��4�545�64�@D4
�1�;�4<64�1�1754	626	�62�6�4T�G674<�7��4�	4�476;�5�96;�4	�175�;�96�457664
�@�72	�4OPP�L�4�2�4 5�64G1G�;�5�12	4 �241�74	5���4�76�46	5�<;�	�6�4G7��
8�7�;�4�:5674�;6�7��54;133�234�245�646�7;�4��5�4�625�7�K45��	�45�645766	4�24
1�74	5���4�76�4�6764G71<�<;�4�GG71����2348���8�84�364����4O��4�6�7	K4
�7�<674654�;��4OPMQL4�2�4�2�66�45�645762�41:4�6�76�	�234;6�:4�<�2��2�64
G76�6�6�4 5�64 ��64 	51784 69625�4 �2�;;��4 1�74 G�G674 <�7��4 G1G�;�5�12	4
�2�;��6�4<15�4*?
����������
�	4�6;;4�	45�6476�625;�476�132��6�4	G6��6	�4
81�25��24G�G674<�7��4�*?
����������
B636;?L45��54��	4G769�1�	;�4�12	���
676�4�49�7�65�4�2�4��	42154��	5�23��	�6�4 �241�74 ;6�:4�<�2��2�6486��
	�768625	�4 A;;4 5�64 	�79�9�234G�G674 <�7��4 	568	4 �24 5�64BD4 	G7��6��74
	5�2�4��3�4VL4�76481�25��24G�G674<�7��4���4?;6�9�55�4�2G�<;�	�6�L�4�2�4
5��	4	G6��6	4�	4�;	14E21�24514<64G15625��;;�4;123674;�96�4��7�<674654�;��4
OPMQL�4

"?$? ����������	�


��746	5�8�56	41:4;6�:4�<�2��2�64�2�40AC4��964<6624�	6�451469�;��564
���	6	41:4�22��;4�69��5�12	4�24��5��;469�G157�2	G�7�5�124�AD
L4:174BD4
�2�4?A04��76624654�;��4��OQK4�76624654�;��4���OL�4C24G�75���;�7�4�457�2�
	�625�45�1��6�74�2�76�	64�24AD
4:7184?A04:1;;1��2345�64?�4����5�124��	4

2154:�;;�4���1�256�4:174<�4�2�76�	6�40AC4�2�45�64���	�;486���2�	8476�
8��2	4�2�;6�74��76624654�;��4��OQL�4F�8�;�7;��4�;5�1�3�4�4	;�3�545762�41:4
�2�76�	�2340AC4<65�6624��O�4�2�4��OW4��	41<	6796�4:174BD4��3�4SL�4
5��	4�7�9674��	42154	�:���62545146�G;��24�24�GG�76254Q�R4�2�76�	64�24AD
4
:174BD4196745��	45�864�25679�;4��76624654�;��4���OL�4

��7��5�124 �24;6�:4�<�2��2�64�2H�62�6	4371		4�2�42654G7�8�7�4G71�
���5�9�5��4�2�4 5�64 1<	679�5�12	4 :7184 5�64 G76	6254 	5���4 �;;�	57�564 5��	4
�2H�62�6�4�7	5�45�64QW4R476���5�124�24;6�:4�<�2��2�64�245�64BD4	5�2�	4
76	�;5�234:71845�64OPPW4��64	51784��	476H6�56�4�24�48�7E6�4�6�;�264�24
�11�4371�5�4��7�2345��	4�25679�;4�@�55;6	4654�;��4��O�L�4�1�6967�45�64
6���54�1257�<�5�1241:476���6�4;6�:4�<�2��2�64�	4�2�675��2K4:1746��8G;6�4
�11�4G71���5�124�GG�7625;�4768��26�4�<1�54Q�R4<6;1�45�64;123�56784
�967�364 69624 �:5674 ;6�:4 �<�2��2�64 76�19676�4 ����O–���S4 9	4
���S–��OOL4�����4@�55;6	4654�;�4���O�L45625�5�96;�4�557�<�56�45145�64�1	54
1:4	57��5�7�;476G��7	4:7184��64��8�36�4
�64�2�76�	6�4;6�:4�<�2��2�64124
?A04�;	14�GG6�76�4514�1257�<�564514376�5674�11�4G71���5�12�4C24G�75���
�;�7�4:7184���S4514��OO�4��6240AC4�967�36�4M4R4��3�674124?A04�V�MPL4
5��24BD4�V�QW�4�3�4SL�4�11�4G71���5�124��	4WR4376�5674124?A045��24
BD4�@�55;6	4654�;��4��O�L�4


�64�8G;���5�12	41:4��712��49�7��5�12	4�24;6�:4�<�2��2�641:45�645�7664
�18�2�254 	G6��6	4 �24 5�64 2175�6724��7��11�4 :176	54 ��3�4 QL4 124 :176	54
G71���5�9�5�4�764�2E21�24�2�4�175�4:�75�674�296	5�3�5�12�4C2436267�;�4
0AC41:45�6476:6762�64:176	549�7�6	4<65�6624�964�2�4	��4:7184�6�74514�6�7�4
I�65�6745��	412640AC4�2�54��::6762�6457�2	;�56	4514	�32����254�TT49�7��
�5�124�	4�2�675��2�4�15�<;��4�545�6	64��3�40AC4;696;	481	54����5�12�;4;6�:4
	�7:��6	4�764�66G;�4	���6�4�2�48��4�1257�<�564;�55;645145�64:176	542654?4
���5�124�$��14654�;��4���OL�4


�641<	679�5�1241:4��712��4�2567��22��;49�7��5�124�24;6�:4�<�2��2�64
1:4 5�6	64 57664 	G6��6	4 �;	14 ��	4 �8G;���5�124 :174 5�64 �696;1G86254 �2�4
�GG;���5�1241:4�;;18657��4�GG71���6	4:1746	5�8�5�234;6�:4<�18�		4�24�6�
����1�	4 :176	5	�4
�64 	5�2��7�4�GG71���4 �	4 514��796	54“76G76	625�5�96” 

5766	41:4��::676254	��6	4�2�4514J��25�:�476;�5�12	��G	4<65�6624�@�4�2�4
9�7�1�	4 <�18�		4 �18G12625	4 �I��55�E674 654 �;��4 OPM�K4 =62E�2	4 654 �;��4
���QL�4��741<	679�5�12	4	�336	545��545�64�6�741:4	�8G;�234��24	�32���
��25;�4�::6�545�6	6476;�5�12	��G	�4

I64��E21�;6�3645�14865�1�1;13���;4��96�5	45��54�1�;�4�1257�<�564
5141�746	5�8�56	41:4�2567��22��;49�7��5�1241:4;6�:4�<�2��2�6�4�7	5�45�6	64
6	5�8�56	4�764<�	6�4124;6�:4�1�25	476G76	625�2345�64:�;;4;6�:4�<	��		�124
G67�1��412;�K45��	�4�2�4;6�96	45��54:6;;46�7;�674�245�64371��234	6�	124�6764
2154�2�;��6��4C24�45�G���;4�6�74�4	8�;;42�8<6741:4;6�96	4��24<64��8�36�4
�2�4:�;;4�	4�476	�;541:4�49�7�65�41:4���	6	4�6�3��4���;	5178	�4�67<�917�L�4
B6G;��6862541:4	18641:45�6	64;6�96	4	1865�86	41���7	�4�2�4�54��24<64
��:���;54514G71G67;�4���1�254:1745��	46::6�5�4��7486�	�768625	476G76	6254
5�64;�564	�88674�<�2��2�641:4:1;��36�4F6�12��4;6�:4�1�25	41:4A867���24
<66��4 	;�3�5;�4�2�676	5�8�564 515�;4 ;6�:4 �<�2��2�64 <6���	64 	1864�2�
�67	517�4;6�96	45�G���;;�4G67	�	54�2514��25674<6:1764:�;;�234�2�45��	46::6�54
G71<�<;�49�7�6	4:7184�6�74514�6�7�4

C24	�8�4812�517�234;�5567:�;;4G719��6�4�2����5�12	41:4;123�567845762�	4
�24;6�:4�<�2��2�641:4 5�64�18�2�25457664	G6��6	4 �24�48��6�4�6����1�	4
:176	54�	4�6;;4�	4	�<5;6476	G12	6	41:45�6	64	G6��6	4514��	5�7<�2�6	4�2�4514
8�5�3�5�1241:4	1�;4��������5�12�4?125�2��5�1241:45��	4	�8G;�234G7137�84
	�1�;�4<64�	6:�;4:174�6812	57�5�23476	G12	6	41:45��	4:176	546�1	�	5684514
��8�2����6;67�56�4629�7128625�;4���236	�4

������������ !�"#�������������


�64��5�17	4�6�;�7645��545�6�4��964214E21�24�18G65�234�2�2���;4
�25676	5	4174G67	12�;476;�5�12	��G	45��54�1�;�4��964�GG6�76�4514�2H�62�64
5�64�17E476G1756�4�245��	4G�G67�4

'�+	�����2���	��


?�2��4I11�4��	4�7�5���;4�248��25��2�2345�64��3�4J��;�5�41:45�64;�5�
567:�;;4��5�4:7184OPPQ���OQ�4


��	4�17E4�	4�4�1257�<�5�1241:45�64��<<�7�4@711E4D�1	�	5684F5����4
��<<�7�4@711E4�	4G�7541:45�640
DB4265�17E�4�����4�	4	�GG1756�4<�45�64

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

%

NF4��5�12�;4F��62�641�2��5�12�4��<<�7�4@711E4D�G67�8625�;4176	54�	4
1G67�56�4�2�48��25��26�4<�45�64NF4�6G�75862541:4A37���;5�76�4176	54
F679��6�4�175�6724B6	6�7��4F5�5�12�4

$##��	�%$� &
##��"�����'	���

F�GG;68625�7�4��5�45145��	4�75��;64��24<64:1�2�412;�264�54�55G	U���1��4
173�O��O�OS���6�1;�2�������O�WM�S�4

�� �������
A�<�2�4C��4@1�	9675���7	��40��4!6<;��4���4��!6226��4���4T6�;�7�4=��40��762�6�4!��4�133�4D�4

���4@1�;�2367�4 ��4���5��67�4F��4F56���7�6�4?��4��OW�4
76649�;267�<�;�5�4514�;�8�564
���236U4�8G719�2346�G1	�76�<�	6�4�		6		8625	4�	�23457��5	4�	4�2����517	41:4
	62	�5�9�5��4D�1	G�6764P4��L�46��O�W�4

@��;6��4A�F��4���Q�4���718656171;13���;4��5�<�	64:174��<<�7�4@711E4D�G67�8625�;4
176	5�4OPVV�����4��1;�4Q�VL�4NF4�6G�75862541:4A37���;5�76�4176	54F679��6�4
�175�6�	56724B6	6�7��4F5�5�12�4

@�77�4A����4@;��E�4
�A��4�133�4D����4!;��2�4���4�17362	5672�4!��4�6	���4$��4�����4C2567�4
�22��;49�7��<�;�5�4�245�64;6�:4�76�4�2�6�41:4�4<176�;4�	G62����6;2�54:176	54�2476;�5�124
51426546�1	�	5684G71���5�12�4A37���417�4�656171;�4O�S4�Q��L�4�QM–�VV�4

@�55;6	�4=�=��4?;6�9�55�4��0��4F����4��F��4T1;�23�4@�
��4��6��4
�=��4��OM�4D�1;13���;4�8G��54
1:4�48��71<�7	54��2�	51784�24�42175�6724��7��11�4:176	5�4?�2�4=�417�4B6	�4�M4�O�L�4
OSPV–OM�O�4

@�55;6	�4=�=��4��6��4
�=��4�7�	�1;;�4?�
��4@;�8�4=����4=1�2	12�4?�D��4��O��4B6	517�234	1�;4
��;���8476967	6	4:176	54�6�;�26�4D29�712�4F���4
6��21;�40655�4O4�OL�4OV–OP�4

@1;	5���4T����4�1	6�4=����4����;5��4F����4���O�4176	54G71���5�9�5��4;6�:4�76��4�2�45677��24
�24	1�5�6724AGG�;�����24�6����1�	4:176	5	�417�4F���4�M4�QL�4�OP–��M�4

@178�22�4����40�E62	�4��D��4��O��4T�556724�2�4G71�6		4�24�4:176	56�46�1	�	568U4
��	5�7<�2�6�4�696;1G86254�2�45�64	56���4	5�564<�	6�41245�64��<<�7�4@711E4
6�1	�	5684	5����4FG7�23674F��62�64��@�	�26		4�6����4

@"�;8�22�4T��4@��;8�22�4T��4OPPM�4F�6964<115	57�G4:1745�864	67�6	�4@6721�;;�4Q4��L�4O�Q�4
�55G	U���1��173�O���Q�M�QQOWVW��4

@�72��8�4!�T��4A2�67	12�4��B��4�����4�1�6;4F6;6�5�124�2�4��;5�81�6;4C2:6762�6U4A4
T7��5���;4C2:178�5�12�
�61765��4AGG71����4�2�46��4FG7�2367�4�6�4 17E�44

@�72	�4B����4OPP��4F�;9��	41:42175�4A867����4NF4�6G�75862541:4A37���;5�764�1�4SV��4
?�;6�4=�A��4��77�	12�=1�2	512�4��
��4
6�;6�4F�A��4?�	56;;1�4=����4��OM�4@66��4<�7E4��	6�	64

�24�175�4A867���U419674�4�625�7�41:476	6�7��4769�	�56��417�4D�1;�4��2�36�4QP��4
WS–O�Q�4

?�7;	12�4
����4B�G;6��4��A��4OPPM�4�245�6476;�5�124<65�6624���C�4:7��5�12�;496365�5�124
�1967�4�2�4;6�:4�76�4�2�6��4B681564F62	�4D29�712�4S�4�QL�4��O–�V��4

?;6�9�55�4��0��4@�55;6	�4=�=��4��6��4
�=��4�1172�4��F��4���O�4��	7�G5�1241:45�64�18G65�5�964
<�;�2�64<65�6624:1�2��5�12�;457664	G6��6	4<�4�2567��5�234	576		17	4�24�4568G67�564
�6����1�	4:176	5�4=�4D�1;�4O�P4�ML�4�MV�–�MSW�4

?;6�9�55�4��0��4��6��4
�=��4��OM�4F66�4G71���5�1241:4	�3�748�G;64�2�4A867���24<66��4�24
2175�6724��7��11�4:176	5	�4�6�4��8G	��76�4NFA�4?�2�4=�417�4B6	�4�M4�ML�4PWV–PP��4

��6��4
��4?;6�9�55�4���4���O�4�2640�5567:�;;4��5�4�545�64��<<�7�4@711E4D�G67�8625�;4
176	5�4OPP�4�4G76	62549674M�4D29�712�4��5�4C2�5��5�96�4�55G	U���1��173�O��S�MQ�4
G�	5��V<����Q�W:�:M�WPQWW�WV:SM��PPM��4�A��6		6�4���O��P���L�44

��6��4
�=��4�6�2��4A�!��4@�55;6	�4=�=��4�	E�4��?��4�7�	�1;;�4?�
��4@;�8�4=����4=1�2	12�4?�D��4
��OS�4�26471154<�18�		4�6�;�26�4�2476	G12	6451476	517�5�1241:4	1�;4��;���84�24�4
2175�6724��7��11�4:176	5�4?�2�4=�417�4B6	�4�S4�VL�4MQW–M���4

��9�2�4�����4T6�75�4��B��4OPPQ�4D::6�5	41:4<66��4<�7E4��	6�	641245�64371�5�41:4A867���24
<66��4��3�	437�2��:1;��L�4?�2�4=�417�4B6	�4�Q4�WL�4OVSS–OVMV�4

�1	��4=�B��40�E62	�4��D��4@178�22�4����4OPM��4��57�6254�12562541:4;�55674:�;;41245�64
��<<�7�4@711E46�G67�8625�;4:176	5�4�6�4��8G	��76�4D�1;13�4VQ4�VL�4MSP–MW��4

�7�<67�4B�D��406�E�4I�@��4
�18G	12�4����4OPMQ�4����8�84�36	41:4	18645766	4�2�4	�7�<	4
124�1�254I�	��23512�4176	54�156	�4F�88674OPMQ�4G�4�Q����4F1��65�4:1745�64
T7156�5�1241:4�6�4��8G	��764176	5	�4?12�17��4���4

�7662�4��@��4@��;6��4F�I��4?�8G<6;;�4=�0��4�����76�4!�=��4@��;6��4A�F��4��6��4
�=��4
0�2��4���4$�65;1��4���4���O�4A4��5��86254��5674<�;�2�64�		6		862541:4�24�<7�G54	��:54
�2469�G157�2	G�7�5�124�545�64��<<�7�4@711E4D�G67�8625�;4176	5�4���71;13���;4
T71�6		6	�4�6�4��8G	��76�4NFA�4G�46O�Q���4

�7662�4��@��4@��;6��4A�F��4@��;6��4F�I��4@�55;6	�4=�=��4?�8G<6;;�4=�0��4�7�	�1;;�4?�
��4
��6��4
�=��406G�26�40�?��40�E62	�4��D��4�;;�2367�4F����4F���<673�4T����4��OQ�4
�6�76�	6�4��5674H1��234:7184�4:176	54�862�6�4��5�4��;���84	�;���56�4T71��4��5;�4
A����4F���4OO�4�OVL�4VPPP–S��Q�4

�133�4D����4OPPP�4F�8�;�5�1241:4�2567�22��;476	G12	6	41:45768<;�234�	G624	5�2�	4514
�;�8�5��49�7��5�124�2�4�2	6�54�6:1;��5�124�24�6	56724?�2����4D�1;�4�1�6;�4OO�4���QL�4
OMV–OPQ�4

�1;86	�4B�
��4F�677��4
�I��4F5�736	�4�I��4OPWS�4@�7�4�188�2�5�4��2�8��	4�24�4
568G67�564�6����1�	4:176	5U40123�567845762�	4�54��<<�7�4@711E�4D�1;�4�12137�4VS4
�QL�4��O–����4

�1�	512�4��B��4OPP��4���17426�457664��	6�	646G��68��	U4<66��4<�7E4��	6�	6�4A22��4B69�4
T��51G�5�1;�4Q�4�OL�4MV–WM�4

��:E62	�4!��47�6�;�4��A��4!662�2�4
���4F122625�3�4���4@��;6��4A��4�’!66:6�4=��4
B����7�	12�4A����4��O��4D�1;13���;4�8G��5	41:4�4���6	G76��4:71	54696254:1;;1��234
6�7;�4	G7�234;6�:�1�5�4�;1<�4?��2364@�1;�4OW4�ML�4�QSV–�QMM�4

C7;�2��40�?��4OPPW�4C�64	51784OPPW4�2�45�64:176	5	41:45�64�175�6�	5U4A4G76;�8�2�7�4
�		6		8625�4=�4176	5�4PS4�PL�4Q�–���4

=62E�2	�4=�?��4?�1�2��E��4��?��4�6�5��40�F��4@�7�	6��4B�A��4���Q�4��5�12�;�	��;64<�18�		4
6	5�8�517	4:174N2�56�4F5�56	457664	G6��6	�417�4F���4�P4�OL�4O�–QV�4

=1�2	12�4?�D��4�7�	�1;;�4?�
��4@;�8�4=����4��6��4
�=��4@�55;6	�4=�=��4��O��4F1�;4��68���;4
��2�8��	4�:5674��;���84	�;���564����5�124514�42175�6724��7��11�4:176	5�4F1�;4F���4F1��4
A8�4=�4MW4��L�4O�VW–O�SW�4

=126	�4D�A��4B66��4�����4�71��4�����40�6��5��4�����4?�556;�21�4T�=��4OPPQ�4?;�8�564	576		4�	4
�4G76��7	174514:176	54�6�;�26U4G�G674<�7��4�242175�6724�����3�2�4OPWV–OPP��4?�2�4=�4
17�4B6	�4�Q4��L�4��P–�QQ�4

=126	�4��A��4�’��7��4!�0��4@�55;6	�4=�=��4�67	12�6�4B���4��OV�406�:4�76�4G76���5�124�	�234
5�7664�;5672�5�964	�8G;�234865�1�	4:174	69624F�677�4�69���4�12�:674	G6��6	�4176	5	4S4
�WL�4�SQO–�SV��4

=���6�4F����4��6��4
�=��4F����8��4
����4�7�	�1;;�4?�
��4�622��4D����4D�3�7�4?��4?;6�9�55�4��4
0��4��21����4B��4B����7�	12�4A����4���S�4B6	G12	641:4	�3�748�G;64514��;���84
����5�1245142175�6724��7��11�4:176	5�4D�1;13�4WM4�VL�4O�SM–O�W��4

!�8�4D��F��4F����8��4
����4OPWM�4
�64�2H�62�641:4568G67�5�764�2�4	1�;481�	5�7641245�64
7����;4371�5�41:42175�6724��7��11�457664	G6��6	4�54��<<�7�4@711E4D�G67�8625�;4
176	5�4�6�4��8G	��76�4N�F�A�4C2U4=��1<��4���4�172<6�E�4=�I�4�D�	�L�4T71��41:4C25�4
F�8G1	��84124D�1;13���;4A	G6�5	41:4
766�B�234A2�;�	�	�4
�77�51�2�4� �4GG�4�S–QM�4

064��256��4���4��:76̂26�4D��4F��3�67�4@��4�����4C2567�22��;4�2�4	G�5��;49�7��5�124�24
8���8�84;6�:4�76�4�2�6�41:4568G67�564�6����1�	4	5�2�	�417�4D�1;�4��2�36�4OQ�4�O�4
QL�4MO–WO�4

0�E62	�4��D��4�7�	�1;;�4?�
��4@�	1�4��?��4OPPS�40123�567846::6�5	41:4����47��2U476	G12	64�2�4
76�1967�41:4�4:176	546�1	�	568�4F��62�64�M�4�V�VPL�4���–��S�4

0�E62	�4��D�4�D��L�4��OQ�4@�1361��68�	57�41:4�4176	56�4D�1	�	568�4FG7�23674�6�4 17E�4
�6�4 17E�4� �44

0���4$��4?�62�4=����4=�2�4���4&��4 ��4��OV�4D	5�8�5�234	6�	12�;49�7��5�12	41:4;6�:4�76�4�2�6�4
�	�234;�5567:�;;4�1;;6�5�124�2�41G5���;4865�1�	4�24:1�748��6�4696737662–�6����1�	4
:176	5	�4A37���417�4�656171;�4��P��O��4QS–�W�4

017�867�4?����4OPMM�4
�64G76	655;686254:176	54�2�42�5�7�;4��	5�7<�2�64���;641:4
2175�6�	56724���26�4D�1;13�4VW4�OL�4OQP–O�W�4

��75�2�4���4��9��19�4!��4!167267�4?��4��65562	����;67�4F��4B��62�4?��4��O��4B6���6�46�7;�4
371��234	6�	124:766��23476	�	5�2�64�24�;G�2645766;�264G;�25	4�2�6746;69�56�4
�581	G�67��4?���4�;1<�4?��2364@�1;�4OS4�QL�4O�VM–O�M��4

��5��6;;�4��=��4@��;6��4F�I��4F��2;6��4=�@��4���67�4@��4���W�4D9�;��5�234	�;:�74��2�8��	4
��7�234	5178469625	4:1745�7664��567	�6�	4�245�642175�6�	56724NFAU4�4�18<�26�4
���71;13���;�4��68���;4�2�4�	151G��4�GG71����4���71;�4T71�6		�4��4���L�4���Q–��Q��4
�55G	U���1��173�O��O������G�M�QQ�4

��7�1E��4���4F��3�	��4���4��	���7��4!����4�1���4���4 1	��21�4=��4F��51��4
����4��3���4F��4
��7���8��4F��4!1���8��4���4��O��4D::6�5	41:4	6�	12�;4�2�4�2567�22��;49�7��5�12	4�24
;6�:4G�151	�25�6	�	4�2�4��21G�4;6�:4�76�4�2�6�4124371		4G7�8�7�4G71���5�1241:4�4
�11;�568G67�564�6����1�	4<71��;6�:4:176	54�24
�E���8��4=�G�2�4=�4T;�254B6	�4O�Q4��L�4
VSQ–VMS�4

��E�3����4F��4=1�2	12�4T�?����4F���6;�65��4���4��OM�4
�64�16:���62541:4�65678�2�5�124B�4
�2�4�257���;�		4�1776;�5�124�16:���6254:718436267�;��6�4;�26�748��6��6::6�5	481�6;	4
769�	�56�4�2�46�G�2�6��4=�4B�4F1��4C2567:��64O��4��OM��OQ�4

�13�����4!��4�6;�4 �B��4��3����4?�B��4��OO�4@115	57�G�<�	6�456	5	4:1745762�	4�24
���71;13���;45�864	67�6	�4��5�4�GG;���5�124514��64G�621;13�4��5��4=�4���71;�4�O�4�Q�4
�L�4OV�–OSO�4

�17<��4B�=��4��75��B�<�2�4=�F��4�67<7�336�4��=��4���Q�4T�621;13���;476	G12	6	4�248�G;64
5146�G67�8625�;4�581	G�67��4��78�234�2�4?��4627���8625�4�;1<�4?��2364@�1;�4P4
�O�L�4OMP�–OW�O�4

�;�967�4?����4OPW��4176	54�696;1G86254�24�175�4A867���4:1;;1��2348��174��	5�7<�2�6	�4
17�4D�1;�4��2�36�4Q�4OVQ–OSW�4

���865�4B��4����6	26�40��4�1176�4=�����4��OM�4B6	G12	641:42175�6724��7��11�	4514
6�G67�8625�;4	1�;4��������5�124�2�4�;E�;�2�	�5�124�:5674��4�6�7	�417�4D�1;�4��2�36�4
����4S��–S�S�4

���86556�4A�T��4�;;�2367�4F����4B����7�	12�4A����4�1;;�2367�4�� ��4!662�2�4
���406G�26�40�4
?��4���6<12�16�7�4��A��4��OW�4?�7<124H��6	4�2�4�2567�22��;4�7�967	4�24�4568G67�564
:176	546�1	�	5684�		6		6�45�71�3�4�18G�7�	1241:451G��1�24�2�4<15518��G4
�GG71���6	�4A37���417�4�656171;�4�VS��VM�4���–�Q��4�55G	U���1��173�O��O�OS���4
�37:17865���OW��Q��OM�4

T6567	�4F�?��4@;�8�4=����4�7�	�1;;�4?�
��40�E62	�4��D��4�����4��		1;�5�1241:4�1;;�	512�564
��7�2345�646�G67�8625�;48�2�G�;�5�1241:4��<<�7�4@711E4I�567	�6�4O�4
@�1361��68�	57�4SM4�QL�4Q�P–Q�P�4

B4?1764
6�8�4�����4BU4A4;�23��364�2�4629�71286254:174	5�5�	5���;4�18G�5�23�4B4
1�2��5�124:174F5�5�	5���;4?18G�5�23�4��622��4A�	57��4�55G	U������B�G71�6�5�173��44

B6���4?��4I�581�3��4F�A��4��O��4D9�;��5�2345�646::6�5	41:4;�8�234�2�4�11���	�4576�586254
124:176	546�1	�	568	45�71�3�4	�	568�5��4865���2�;�	�	�4?�2�4=�417�4B6	�4��4�WL�4
WSM–WWV�4

B�1��	�4A����4��8<�73�4F�T��4��6��4
�=��4F����8��4
����4��26�4D����4@�55;6	�4=��4
?13<�;;�4?��4B�2��;;�4=��4I�;	12�4���4�����4D::6�5	41:4�24�2562	64��64	517841245�64
	57��5�7641:4�42175�6724��7��11�4:176	5�4?�2�4=�417�4B6	�4Q�4�O�L�4OMSQ–OMMV�4

B��2̃1�4���4��;;���76	�4��4?12�6́	�4F��4?��9�6�1�4D��4�����4D	5�8�5�1241:4;6�:4�76�4�2�6�4
�2�4�19676�4371�2�4:7184��7<17264;�	674	��22674�0���7L4�245�14�1257�	5�234:176	5	�4
A37���417�4�656171;�4O��4�Q��L�4�SP–�MV�4

F����8��4
����4��6��4
�=��4=1�2	12�4?�D��4F�677��4
�I��4�622��4D����4��7�;67�4D�@��4
0�E62	�4��D��4F����7��4T�A��4���M�4T1G�;�5�124�2�4<�18�		4��2�8��	41:45766	4�24�4
2175�6724��7��11�4:176	54�54��<<�7�4@711E�4?�2�4=�417�4B6	�4QM4��L�4MQM–M�P�4

F�;;�9�2�4T���4@71�2;66�4A����4D;;�	12�4F�@�$��4?��112�4F���T��4@6;;�23��8�4T��4���O�4
?18G�7�5�964�71�3�54	62	�5�9�5�41:4�1�1���77�234���564	G7��64�2�4G�G674<�7��4�24
�2567�174A;�	E��4=�4D�1;�4O�P4�SL�4���W–��S��4

F�;;�9�2�4
�=��40��762�6�4��@��4@��;6��4F�I��4���1226;;�4
�?��4@6�67�4?����4I6�5�67	�4!�?��4
��T�67	12�4��
��4@�	�1G�4��A��4��OQ�4D::6�5	41:4������4�6G1	�5�124�2�4	1�;4
��������5�124124	�3�748�G;645766	4�245�64A��712���E4�1�25��2	�4�6�4 17E�4D29�712�4
F���4
6��21;�	4�M4���L�4O�SWM–O�SP��4


�23�4���4@71;;��4���4$��1�4��4F57��;67�4A����4F����:�4?�0��4��23�;��4F��4$��23�4���4
��<�����4B��4��O��4�67�9�234�2�49�;���5�23406�:4A76�4C2�6�4�0ACL4�548�;5�G;64	G�5��;4

C?D?
�����
��
��?




































































































































































































































�456578496 �:;849<5=> ��� ��	��
 �	���

��

	��;6	45�71�3�4;���747681564	62	�23U4A4��	64	5���4�24F�677�4��5�12�;4176	5�4?A�4
B681564F62	�4D29�712�4O�Q�4OQO–O�O�4

NF�A4176	54F679��6�4�175�6724B6	6�7��4F5�5�12�4���O�4��<<�7�4@711E4D�G67�8625�;4
176	5U4���;�4
68G67�5�764B6�17��4OPVV4�4G76	62549674O��4D29�712�4��5�4C2�5��5�96�4
�55G	U���1��173�O��S�MQ�G�	5��Q�:�<S��V��V:�:�<OOO�6MO:�<6�O�S4�A��6		6�4
���O�OO���L�44

9�24�1172�4��F��4@�55;6	�4=�=��4��6��4
�=��4F����8��4
����4F����7��4T�A��4��OO�40�2E	4
<65�6624<�18�		4�2�457664�68137�G��4�24�42175�6724��7��11�4:176	5U4�4�6���641:4
	5�<�;�5�4�2�4���2364�24��<<�7�4@711E4��;;6��4�6�4��8G	��76�4?�2�4=�417�4B6	�4�O4
�ML�4OQSP–OQMP�4

I�23�4&��4A��E��4F��4
62��262�4=��4�7�2�67�4A��4���V�4�245�6476;�5�12	��G41:4���C4��5�4
;6�:4�76�4�2�6�4�24�4�6����1�	4:176	54	�56�4B681564F62	�4D29�712�4P�4��L�4���–�VV�4

I�23�4X��40���4��4I�23�4?��4��OP�4
1��7�	4�4	5�2��7���6�4G7151�1;4:17486�	�7�234;6�:4
�76�4�2�6�4�24�6����1�	4:176	5	4��5�4;�5567:�;;4�1;;6�5�12�417�4D�1;�4��2�36�4��M�4
WM–P��4

I66E	�4@�?��4��8<�73�4F�T��4���6<12�16�7�4��A��4���P�4C�64	517846::6�5	41245�64��21G�4
	57��5�7641:4�42175�6724��7��11�4:176	54�:5674W4�6�7	�4?�2�4=�417�4B6	�4QP4�WL�4
O�MV–O�WQ�4

I��56�4T�F��4OPMP�4T�55672�4G71�6		�4�2�42�5�7�;4��	5�7<�2�64�2496365�5�12�4@15�2���;4B69�4
�V4�QL�4��P–�PP�4

I��55�E67�4B����4@178�22�4����40�E62	�4��D��4F����8��4
����4OPM��4
�64��<<�7�4@711E4
6�1	�	5684	5���U4:176	54<�18�		4�2�4G71���5�12�4D�1;�4�12137�4��4��L�4�QQ–�V��4

I��55�E67�4B����4I11��6;;�4�����4OPSW�4��862	�124�2�4G71���5�12476;�5�12	41:45766	4�2�4
	�7�<	4�245�64@711E��9624176	5�4�6�4 17E�4=�4D�1;�4VS4�OL�4O�4�55G	U���1��173�4
O���Q�M���VW�SQ�4

I7�3�5�4C�=��4B6����4T�@��4I6	51<��4���4A�E67;��4�����4@�7����4$��4@12367	�4��4?�962�67�4
@�76	�4=��4?��G�2�4
��4?1726;�		62�4=����4��6867�4���4;6��	�4=��4�����4
�64�17;����64
;6�:46�1218��	4	G6�57�8�4��5�764��W4�SPWVL�4W�O–W�M�4

X�6�4=��4?�62�4=��4F�2�4��6��4?���4���4�117865	�4A��4����23�4$��4=1�2�4B��4I�2�4F��4
���2�4I��4��O��40123�567849�7��<�;�5�4�2�4629�7128625�;4�12571;41:45�64��7<124���;64
�24�241�E��18�2�56�4568G67�564:176	5�417�4D�1;�4��2�36�4QOQ�4QOP–Q�W�4

$��1�4I��4
�2�4I��40��4F��4���O�4��3�4;6�:4�76�4�2�6�4�2��<�5	42654G7�8�7�4G71���5�124�24
3;1<�;4568G67�564:176	546�1	�	568	�4D29�712�4F���4T1;;�5�4B6	�4�W4�OWL�4��S��–��SOO�4

C?D?
�����
��
��?



































































































































































































































