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%ӋQK�VӕW�GR�5LFNHWWVLD�Jk\�UD Oj�EӋQK�WUX\ӅQ�QKLӉP�Wӯ�ÿӝQJ�YұW�VDQJ�QJѭӡL��WiF�
QKkQ�Jk\�EӋQK�Oj�YL�NKXҭQ�JUDP������Nê�VLQK�QӝL�EjR�EҳW�EXӝF�WKXӝF�FKL�5LFNHWWVLD��
%ӋQK�ÿѭӧF�Ok\�WUX\ӅQ�WK{QJ�TXD�YHFWRU�WUX\ӅQ�EӋQK�Oj�FiF�ORjL�ÿӝQJ�YұW�WKXӝF�QJjQK�
FKkQ�NKӟS�EDR�JӗP��YH��Pz��Eӑ�FKpW��FKҩ\�UұQ�>����@��%ӋQK�VӕW�GR�5LFNHWWVLD�ÿѭӧF�
FKLD� WKjQK�ED�QKyP�JӗP�VӕW�SKiW�EDQ��7\SKXV�JURXS�ULFNHWWVLD�7*���QKyP�VӕW�QәL�
PөQ� �6SRWWHG� IHYHU� JURXS�6)*�� Yj� QKyP� VӕW�Pz� �VFUXE� W\SKXV� JURXS�67*���+LӋQ�
QD\��YLӋF�FKҭQ�ÿRiQ�Yj�ÿLӅX�WUӏ�EӋQK�QKLӉP�5LFNHWWVLD�JһS�QKLӅX�NKy�NKăQ�GR�EӋQK�
Fy� ELӇX� KLӋQ� OkP� VjQJ� JLӕQJ� YӟL� EӋQK� VӕW� GHQJXH�� VӕW� UpW�� KD\� VӕW� GR�/HSWRVSLUD��
1JRjL� UD�� FiF� QJKLrQ� FӭX� YӅ� 5LFNHWWVLD� FzQ� tW�� FKѭD� ÿѭӧF� FұS� QKұW�� 9u� Yұ\�� FiF�
QJKLrQ�FӭX�GӏFK�WӉ�KӑF�YӅ�5LFNHWWVLD�ÿyQJ�YDL�WUz�TXDQ�WUӑQJ�WURQJ�Gӵ�SKzQJ��ÿӏQK�
KѭӟQJ�FKҭQ�ÿRiQ�Yj�ÿLӅX�WUӏ�EӋQK�VӕW�GR�5LFNHWWVLD���

7URQJ� FiF� QJKLrQ� FӭX� ÿm� F{QJ� Eӕ�� Fy� UҩW� QKLӅX� FiF� SKѭѫQJ� SKiS�� Nӻ� WKXұW�
ÿѭӧF�Vӱ�GөQJ�ÿӇ�SKiW�KLӋQ�5LFNHWWVLD�QKѭ�3&5��QHVWHG�3&5��UHDO�WLPH�3&5�YӟL�FiF�
WUuQK� Wӵ� PӗL� NKiF� QKDX�� WX\� QKLrQ� ÿӅX� GӵD� WUrQ� WUuQK� Wӵ� FiF� JHQ� ÿtFK� JӗP� JOW$��
2PS$��2PS%� Yj���N'D��*HQ� JOW$� ÿѭӧF� Vӱ� GөQJ� ÿӇ� [iF� ÿӏQK� FKL�5LFNHWWVLD�� JHQ�
��N'D��2PS$��2PS%�ÿѭӧF�Vӱ�GөQJ�ÿӇ�[iF�ÿӏQK�5LFNHWWVLD�QKyP�VӕW�SKiW�EDQ�KD\�
QKyP�VӕW�QәL�PөQ��ÿһF�ELӋW�WURQJ�ÿy�JHQ�2PS$�2PS%�ÿһF�KLӋX�FKR�5LFNHWWVLD�6)*��
7ҥL�9LӋW�1DP��NKX�YӵF�ELrQ�JLӟL�WӍQK�+j�*LDQJ�Fy�Yӏ�WUt�ÿӏD�Oê�SKӭF�WҥS��JLDR�WKRD�
JLӳD�FiF�WiF�QKkQ�Jk\�EӋQK�WURQJ�Yj�QJRjL�QѭӟF��GүQ�ÿӃQ�WăQJ�QJX\�Fѫ�Ok\�QKLӉP�FiF�
EӋQK�WUX\ӅQ�Wӯ�ÿӝQJ�YұW�VDQJ�QJѭӡL��1JRjL�UD��WKHR�NӃW�TXҧ�QJKLrQ�FӭX�WUѭӟF�ÿk\�FӫD�
QKyP�QJKLrQ�FӭX�ÿm�SKiW�KLӋQ�$'1�FӫD�5LFNHWWVLD�WUrQ�FiF�PүX�ÿӝQJ�YұW�JһP�QKҩP�
Yj�QJRҥL�Nê�VLQK�WU�QJ�WҥL�NKX�YӵF�WӍQK�+j�*LDQJ�>�@��7X\�QKLrQ��FiF�QJKLrQ�FӭX�YӅ�
Vӵ�OѭX�KjQK�FӫD�5LFNHWWVLD�WUrQ�FiF�ÿӝQJ�YұW�FKkQ�ÿӕW�Nê�VLQK�WUrQ�YұW�QX{L�QKѭ�YH��
Pz��PҥW��FKҩ\��UұQ��Eӑ�FKpW�FzQ�tW�Yj�FKѭD�ÿѭӧF�FұS�QKұW��9u�Yұ\��WURQJ�QJKLrQ�FӭX�
Qj\��FK~QJ�W{L�WLӃQ�KjQK�WKX�WKұS�FiF�PүX�YH��UұQ�WUkX�WҥL�KX\ӋQ�9ӏ�;X\rQ��WӍQK�+j�
*LDQJ�Yj�WLӃQ�KjQK�3&5��JLҧL�WUuQK�Wӵ�SKiW�KLӋQ�5LFNHWWVLD�6)*�>���@�

���ĈӔ,�7ѬӦ1*��9Ұ7�/,ӊ8�9¬�3+ѬѪ1*�3+È3�1*+,Ç1�&Ӭ8�

�����ĈӕL�WѭӧQJ�QJKLrQ�FӭX�

7KX� WKұS� ���� Fi� WKӇ� YH� WUkX� �FKѭD� ÿӏQK� GDQK� ORjL�� Yj� ���� Fi� WKӇ� UұQ� WUkX�
�+DHPDWRSLQXV�WXEHUFXODWXV��WҥL�[m�7KDQK�ĈӭF��KX\ӋQ�9ӏ�;X\rQ��WӍQK�+j�*LDQJ��&ӭ�
��Fi�WKӇ�YH�WUkX�ÿѭӧF�WUӝQ�OҥL�WKjQK���PүX�����Fi�WKӇ�UұQ�ÿѭӧF�WUӝQ�OҥL�WKjQK���PүX�
�WәQJ����PүX�JӝS�YH�WUkX�Yj����PүX�JӝS�UұQ�WUkX���&iF�PүX�YH��UұQ�ÿѭӧF�JLӳ�WURQJ�
HWKDQRO�����WURQJ�ӕQJ�Fy�QҳS�YһQ�Yj�YұQ�FKX\ӇQ�YӅ�SKzQJ�WKt�QJKLӋP��
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�����9ұW�OLӋX�QJKLrQ�FӭX�

7KLӃW� Eӏ�� 0i\� 3&5� (SSHQGRUI� 0DVWHUF\FOHU� ;��V�� Pi\� QJKLӅQ� PүX�
7LVVXHO\]HU��4,$JHQ���Pi\�O\�WkP�(SSHQGRUI�����5��Wӫ�DQ�WRjQ�VLQK�KӑF�<DNRV�����
Eӝ�ÿLӋQ�GL�ÿӭQJ�&OHDYHU�6FLHQWLILF��KӋ�WKӕQJ�FKөS�JHO�*HO�'RF�(=�,PDJHU��

+yD� FKҩW�� VLQK� SKҭP��.LW� WiFK� FKLӃW� *�VSLQ� WRWDO�'1$� H[WUDFWLRQ� �L1W521���
HWKDQRO������0HUFN���3%6��0HUFN���3&5�PDVWHU�PL[���;�3URPHJD���4,$TXLFN�3&5�
3XULILFDWLRQ�.LW��4,$JHQ��ĈӭF���

�����3KѭѫQJ�SKiS�QJKLrQ�FӭX�

�������7iFK�FKL͇W�$'1�FiF�P̳X�QJKLrQ�FͱX��

&iF�PүX�YH��UұQ� WURQJ�HWKDQRO�����ÿѭӧF�UӱD���OҫQ�YӟL�QѭӟF�FҩW�Yj�JLӳ�WURQJ�
ÿӋP�3%6��[��S+ �����6ӱ�GөQJ�Pi\�QJKLӅQ�PүX�ÿӇ�[ӱ�Oê�Yj�WҥR�GXQJ�GӏFK�ÿӗQJ�QKҩW�
ӣ�WҫQ�Vӕ����+]�V�WURQJ����SK~W��7LӃQ�KjQK�WiFK�FKLӃW�$'1�WәQJ�Vӕ�FӫD�GӏFK�ÿm�ÿӗQJ�
QKҩW�EҵQJ�Eӝ�NLW�WiFK�FKLӃW��4X\�WUuQK�WiFK�FKLӃW�$'1�ÿѭӧF�WLӃQ�KjQK�WKHR�KѭӟQJ�GүQ�
FӫD�QKj�VҧQ�[XҩW��

������ 3K˱˯QJ�SKiS�3&5��

3KҧQ�ӭQJ�3&5�QKҳP�JHQ�PөF�WLrX�2PS$�Yj�JOW$��TX\�WUuQK�ÿѭӧF�WKDP�NKҧR�YӟL�
PӝW�Vӕ�FҧL�ELӃQ�>����@��+ӛQ�KӧS�SKҧQ�ӭQJ�JӗP����O�3&5�0DVWHU�PL[��;�����O�����
�0��PӗL�[X{L�5U���N���S�KRһF�JOW$B)F�����O������0��PӗL�QJѭӧF�5U���N����Q�KRһF�
JOW$B5F������O�QѭӟF�Yj����O�$'1�WәQJ�Vӕ��7әQJ�WKӇ�WtFK�SKҧQ�ӭQJ�Oj�����O��7UuQK�Wӵ�
PӗL�Yj�FKX�WUuQK�SKҧQ�ӭQJ�3&5�ÿѭӧF�WUuQK�Ej\�ӣ�EҧQJ���Yj�����

%ҧQJ����7UuQK�Wӵ�PӗL�Vӱ�GөQJ�WURQJ�QJKLrQ�FӭX
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.tFK�WKѭӟF�
VҧQ�SKҭP�

�ES��

2PS$�
>�@

5U���N���S� �¶�7**&&$$7$777&7&&$$$$��¶�
����

5U���N����Q� �¶�$*7*&$*&$77&*&7&&&&&7��¶�

JOW$��

>�@�

JOW$B)F� �¶�&*$$&77$&&*&7$77$*$$7*��¶�
����

JOW$B5F� �¶�&777$$*$*&*$7$*&77&$$*��¶�

%ҧQJ����&KX�WUuQK�3&5�SKiW�KLӋQ�5LFNHWWVLD�VSS�

*HQH�
%LӃQ�WtQK�

��&�SK~W������
FKX�NǤ�

&KѭѫQJ�WUuQK�3&5�����FKX�NǤ��
.ӃW�WK~F�

��&�SK~W������
FKX�NǤ��

��&�JLk\�� ��&�JLk\�� ��&�JLk\��

2PS$ ����� ������ ������ ������ �����

JOW$� ����� ������ ������ ������ �����



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϳ͕�ϭϮ�Ͳ�ϮϬϮϮ�ϳϲ

�������*L̫L�WUuQK�W�JHQ��SKkQ�WtFK�Yj�[k\�GQJ�Fk\�SKiW�VLQK�ORjL�

6ҧQ�SKҭP�3&5�ÿѭӧF�ÿLӋQ�GL�WUrQ�JHO�DJDURVH������QKXӝP�5HGVDIH�Yj�TXDQ�ViW�
WURQJ�KӋ�WKӕQJ�FKөS�JHO��6ҧQ�SKҭP�3&5�JHQ�2PS$�ÿѭӧF�WLQK�VҥFK�Yj�WLӃQ�KjQK�JLҧL�
WUuQK�Wӵ�JHQ�WKHR�SKѭѫQJ�SKiS�6DQJHU�WҥL�KmQJ��VW�%$6(�YӟL�FһS�PӗL�5U���N���S�Yj�
5U���N����Q��

.LӇP�WUD�FKҩW�OѭӧQJ�WUuQK�Wӵ�JӕF��$%��ILOH��Yj�ELrQ�WұS�ÿӗQJ�QKҩW�EҵQJ�SKҫQ�
PӅP�%LRHGLW� 6HTXHQFH�$OLJQPHQW�(GLWRU��&iF� WUuQK� Wӵ� VDX�NKL� FKӍQK� VӱD� ÿѭӧF� VR�
ViQK�Yj�QKұQ�ELӃW�ORjL�WKDP�FKLӃX�Wӯ�1JkQ�KjQJ�JHQ�EҵQJ�%/$67�1&%,��7UXQJ�WkP�
4XӕF�JLD�YӅ�7K{QJ�WLQ�&{QJ�QJKӋ�6LQK�KӑF���9LӋF�FăQ�FKӍQK�FiF�WUuQK�Wӵ��[ӃS�GyQJ�
FӝW��DOLJQ��ÿѭӧF�WLӃQ�KjQK�EҵQJ�SKҫQ�PӅP�&OXVWDO;��Yj�WLӃQ�KjQK�[k\�GӵQJ�Fk\�SKiW�
VLQK� ORjL� EҵQJ� SKҫQ� PӅP� 0(*$�;�� WKXұW� WRiQ� 0D[LPXP�OLNHOLKRRG�� %RRWVWUDS�
YDOXH�������7UuQK�Wӵ�JHQ�2PS$�FӫD�ORjL�2ULHQWLD�WVXWVXJDPXVKL�ÿѭӧF�Vӱ�GөQJ�OjP�
JӕF�SKiW�VLQK�ORjL��

���.ӂ7�48Ҧ�9¬�%¬1�/8Ұ1�

�����.ӃW�TXҧ�3&5�

7URQJ�QJKLrQ�FӭX�Qj\��GӵD�WUrQ�FiF�F{QJ�Eӕ�WUrQ�WKӃ�JLӟL��FK~QJ�W{L�Vӱ�GөQJ�Fҧ�
��FһS�PӗL�ÿһF�KLӋX�QKkQ�Y�QJ�JHQ�JOW$��2PS$�ÿӇ�SKiW�KLӋQ�5LFNHWWVLD�VSS��.ӃW�TXҧ�
3&5�Vӱ�GөQJ�FһS�PӗL�QKkQ�ÿһF�KLӋX�QKkQ�JHQ�JOW$�FKR�WKҩ\�������PүX�YH�WUkX�Yj�
�����PүX�UұQ� WUkX�FKR�VҧQ�SKҭP�3&5�Fy�NtFK�WKѭӟF�NKRҧQJ�����ES� WKHR�QKѭ�WtQK�
WRiQ��Gӳ�OLӋX�NK{QJ�WUuQK�Ej\���9ӟL�JHQ�2PS$��VҧQ�SKҭP�3&5�ÿѭӧF�ÿLӋQ�GL�WUrQ�JHO�
DJDURVH� ����� FKR� WKҩ\� EăQJ�$'1�ÿһF� KLӋX� QKѭ� WKLӃW� NӃ� Fy� NtFK� WKѭӟF� ���� ES� ӣ�
������PүX�YH�WUkX�Yj������PүX�UұQ�WUkX��.ӃW�TXҧ�ÿҥL�GLӋQ�FKR�FiF�PүX�Fy�EăQJ�NtFK�
WKѭӟF�WKHR�Gӵ�NLӃQ�ÿѭӧF�WKӇ�KLӋQ�ӣ�KuQK���Yj����

0һF�G��Vӕ�OѭӧQJ�PүX�YH��UұQ�NKҧR�ViW�FzQ�tW��QKѭQJ�NӃW�TXҧ�EѭӟF�ÿҫX�FKR�WKҩ\�
Fy� Vӵ� OѭX� KjQK� FӫD�5LFNHWWVLD� 6)*� WҥL� [m� 7KDQK� ĈӭF�� KX\ӋQ�9ӏ� ;X\rQ�� WӍQK�+j�
*LDQJ�� 1JRjL� UD�� EҵQJ� Nӻ� 5HDO�WLPH� 3&5�� QKyP� QJKLrQ� FӭX� ÿm� SKiW� KLӋQ� ÿѭӧF�
������PүX� FKXӝW� GѭѫQJ� WtQK� YӟL�5LFNHWWVLD� 6)*� Yj� ������ FKXӝW� GѭѫQJ� WtQK� YӟL�
5LFNHWWVLD�W\SKL�WURQJ�QJKLrQ�FӭX�WUѭӟF�ÿk\�>�@��1Kѭ�Yұ\��QJRjL�ÿӝQJ�YұW�JһP�QKҩP�
WKu�QJRҥL�Nê�VLQK�WU�QJ�QKѭ�YH��UұQ�WUrQ�WUkX�QX{L�WҥL�+j�*LDQJ�FǊQJ�PDQJ�WiF�QKkQ�
5LFNHWWVLD�6)*���

+uQK����.ӃW�TXҧ�3&5�PүX�YH�Nê�VLQK�WUrQ�WUkX�Vӱ�GөQJ�FһS�PӗL�ÿһF�KLӋX�JHQ�
2PS$��0��7KDQJ�FKXҭQ�$'1����ES��&OHDYHU�6FLHQWLILF���9���9���9���9���9���
9����9����9����9����9����9����9���Yj�9���Oj�FiF�PүX�YH�Nê�VLQK�WUrQ�WUkX�������

ÿӕL�FKӭQJ�kP�
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+uQK����.ӃW�TXҧ�3&5�PүX�UұQ�Nê�VLQK�WUrQ�WUkX�Vӱ�GөQJ�FһS�PӗL�ÿһF�KLӋX�JHQ��0��
7KDQJ�FKXҭQ�$'1����ES��&OHDYHU�6FLHQWLILF���5���5����PүX�UұQ�Nê�VLQK�WUrQ�WUkX��

�����ÿӕL�FKӭQJ�kP�2PS$

�����.ӃW�TXҧ�JLҧL�WUuQK�Wӵ�JHQ�FiF�PүX�GѭѫQJ�WtQK�YӟL�5LFNHWWVLD�6)*�

&iF� QJKLrQ� FӭX� WUrQ� WKӃ� JLӟL� ÿm� FKӍ� UD� UҵQJ� YH� Oj� YHFWRU� FKtQK� WUX\ӅQ� EӋQK�
5LFNHWWVLD�QKyP�VӕW�QәL�PөQ� �5LFNHWWVLD�6)*�� FKR�QJѭӡL��1JKLrQ� FӭX�Vӵ�ÿD�GҥQJ
5LFNHWWVLD�WURQJ�FiF�PүX�YH�WKX�WKұS�WҥL�FiF�Y�QJ�ELrQ�JLӟL�Ĉ{QJ�1DP���7UXQJ�4XӕF�
ÿm� SKiW� KLӋQ� WKҩ\� �� ORjL� 5LFNHWWVLD� WURQJ� FiF� PүX� YH� JӗP� 5�� DHVFKOLPDQQLL�� 5��
FRQRULL��5�� UDRXOWLL��5�� VLELULFD��5�� VORYDFD��5��PDVVLOLDH� Yj�5�� EDUEDULDH� >�@�� 7ҥL�
1KұW�%ҧQ�� QJKLrQ� FӭX� WUrQ�����PүX�YH� WKX� WKұS� Wӯ�QăP������������EҵQJ�SKѭѫQJ�
SKiS�3&5�ÿm�SKiW�KLӋQ�����PүX�YH���������GѭѫQJ�WtQK�YӟL�5LFNHWWVLD�6)*�>�@��3KkQ�
WtFK����PүX�YH�Nê�VLQK� WUrQ�Gr� WKX� WKұS� WҥL�+jQ�4XӕF� Wӯ������ÿӃQ�������Fy�����
GѭѫQJ�WtQK�YӟL�&DQGLGDWXV�5LFNHWWVLD�ORQJLFRUQLL�>��@���

7URQJ�QJKLrQ�FӭX�Qj\��ÿӇ�[iF�ÿӏQK�ÿѭӧF�ORjL�5LFNHWWVLD�6)*�WUrQ�FiF�PүX�YH��
UұQ� WKX� WKұS�ÿѭӧF�� VҧQ�SKҭP�3&5�FӫD����PүX�YH�Yj���PүX�UұQ�Fy�EăQJ�ÿһF�KLӋX�
5LFNHWWVLD�6)*�EҵQJ�3&5�ÿѭӧF�WLӃQ�KjQK�NKXӃFK�ÿҥL��WLQK�VҥFK��6ҧQ�SKҭP�3&5�JLҧL�
WUuQK� Wӵ� WKHR� SKѭѫQJ� SKiS�6DQJHU� YӟL�PӗL� ÿһF�KLӋX� FKR� JHQ�2PS$� �5U���N���S��
�KuQK������

3KkQ�WtFK�Fk\�SKiW�VLQK�ORjL��KuQK����FKR�WKҩ\�WҩW�Fҧ�FiF�FKӫQJ�WKX�ÿѭӧF�Wӯ�PүX�
YH��UұQ�ÿӅX�SKkQ�FөP�YjR�ORjL�5LFNHWWVLD�Pj�NK{QJ�WKXӝF�ORjL�2��WVXWVXJDPXVKL��&iF�
FKӫQJ�5LFNHWWVLD�SKkQ�OұS�ÿѭӧF�FKLD�WKjQK���FөP�Oj�5��MDSRQLFD�Yj�5��PDVVLOLDH��ĈӕL�
YӟL� ��� FKӫQJ� 5LFNHWWVLD� SKkQ� OұS� ÿѭӧF� Wӯ� YH� WUkX� Fy� Vӵ� WѭѫQJ� ÿӗQJ� FDR� YӟL� 5��
MDSRQLFD��Fө�WKӇ�FKӫQJ�5��MDSRQLFD�VWUDLQ�6KDQGRQJ�-������0.��������>��@��9ӟL���
FKӫQJ�5LFNHWWVLD�SKkQ� OұS�ÿѭӧF� Wӯ� UұQ� WUkX�Fy�Vӵ� WѭѫQJ�ÿӗQJ�FDR�YӟL�5��PDVVLOLDH�
�Fө� WKӇ� Oj�FKӫQJ�5��PDVVLOLDH� LVRODWH� ��0*�������� >��@��1Kѭ�Yұ\��NӃW�TXҧ�QJKLrQ�
FӭX�FKR�WKҩ\�ÿm�Fy�Vӵ�OѭX�KjQK�FӫD�5LFNHWWVLD�6)*�WURQJ�FiF�PүX�YH��UұQ�WUkX�WKX�
WKұS�WҥL�+j�*LDQJ���

5�� MDSRQLFD� OҫQ�ÿҫX� WLrQ�ÿѭӧF�SKiW�KLӋQ� WҥL� WӍQK�7RNXVKLPD�ӣ�1KұW�%ҧQ�YjR�
QăP������>��@��6DX�ÿy�5�� MDSRQLFD�ÿm�SKiW�KLӋQ�ӣ�QKLӅX�TXӕF�JLD�NKiF�ӣ�&KkX�È�
QKѭ�+jQ�4XӕF��3KLOLSSLQHV�Yj�7KiL�/DQ�>��@��7ӯ�QăP�������5��MDSRQLFD�ÿѭӧF�SKiW�
KLӋQ�WUrQ�EӋQK�QKkQ�FǊQJ�QKѭ�FiF�PүX�YH�WKX�WKұS�ӣ�7UXQJ�4XӕF�>��@��ĈӃQ�QD\��ÿm�
Fy� QKLӅX� F{QJ� Eӕ� YӅ� Vӵ� OѭX� KjQK� FӫD� ORjL�5LFNHWWVLD� Qj\� WҥL� 7UXQJ�4XӕF�� 7URQJ�
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QJKLrQ�FӭX�Qj\�� WUuQK� Wӵ�FӫD����PүX�YH�FKR�WKҩ\� Wӹ� OӋ� WUuQK� Wӵ� WѭѫQJ�ÿӗQJ� OrQ�WӟL�
�����YӟL�FKӫQJ�5��MDSRQLFD�6KDQGRQJ�-����ÿm�ÿѭӧF�SKiW�KLӋQ�WҥL� WӍQK�6KDQGRQJ��
7UXQJ�4XӕF�QăP�������1Kѭ�Yұ\��QJKLrQ�FӭX�SKҫQ�QjR�FKR�WKҩ\�PӕL�TXDQ�KӋ�JҫQ�JǊL�
YӅ� Vӵ� OѭX� KjQK� FӫD� FiF� FKӫQJ� 5�� MDSRQLFD�6KDQGRQJ� -����ӣ� 7UXQJ�4XӕF� Yj� WӍQK�
PLӅQ�Q~L�SKtD�%ҳF�9LӋW�1DP���+j�*LDQJ��5��PDVVLOLD�ÿѭӧF�SKkQ�OұS�OҫQ�ÿҫX�WLrQ�WUrQ�
YH�WKX�WKұS�WҥL�NKX�YӵF�JҫQ�0DUVHLOOH��3KiS�QăP������>��@��.Ӈ�Wӯ�ÿy�PҫP�EӋQK�WLӃS�
WөF�ÿѭӧF�SKiW�KLӋQ�NKX�YӵF�&KkX�ÆX��%ҳF�3KL��7UXQJ�3KL��Yj�+RD�.Ǥ��ĈһF�ELӋW�PӝW�
Vӕ�WUѭӡQJ�KӧS�FKR�WKҩ\�PҫP�EӋQK�Fy�WKӇ�Jk\�QKLӉP�WU�QJ�FKR�FRQ�QJѭӡL�>��@��7KHR�
Vӕ� OLӋX� WKӕQJ�Nr�YӅ� Vӵ�SKkQ�Eӕ�FӫD�FiF� ORjL�5LFNHWWVLD�6)*� WҥL�FiF�QѭӟF�NKX�YӵF�
&KkX�È�FӫD�-DUXZDQ�6DWMDQDGXPURQJ�Yj�FӝQJ�Vӵ�������FKR�WKҩ\�Fҧ���ORjL�5LFNHWWVLD
6)*�JӗP�5��MDSRQLFD�Yj�5��PDVVLOLDH�ÿӅX�ÿѭӧF�SKiW�KLӋQ�ӣ�7UXQJ�4XӕF�>��@���

+uQK����&k\�SKkQ�ORjL�5LFNHWWVLD�VSS�GӵD�YjR�WUuQK�Wӵ�JHQ�2PS$

���.ӂ7�/8Ұ1�

��Ĉm�SKiW�KLӋQ�ÿѭӧF�$'1�FӫD�5LFNHWWVLD�6)*�WURQJ�FiF�PүX�YH��UұQ�WUkX�WKX�
WKұS�WҥL�KX\ӋQ�9ӏ�;X\rQ��WӍQK�+j�*LDQJ��

��3KkQ�WtFK�WUuQK�Wӵ�JHQ�GӵD�WUrQ�ÿRҥQ�JHQ�2PS$�FKR�WKҩ\�5LFNHWWVLD�6)*�WUrQ�
FiF�PүX� YH� WKX� WKұS� Fy� WUuQK� Wӵ� WѭѫQJ� ÿӗQJ� Wӯ� ���� ÿӃQ� ����� YӟL�5�� MDSRQLFD� Yj�
5LFNHWWVLD�6)*�WUrQ�FiF�PүX�UұQ�WѭѫQJ�ÿӗQJ�YӅ�WUuQK�Wӵ�Oj�����YӟL�5��PDVVLOLDH��

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� %ODQGD�9���7RULQD�$���/D�5XVVD�)���'
$JRVWLQR�5���5DQGD]]R�.���6FLPHFD�6���
*LXGLFH�(���&DUDFDSSD�6���&DVFLR�$���GH�OD�)XHQWH�-���$�UHWURVSHFWLYH�VWXG\�RI�
WKH� FKDUDFWHUL]DWLRQ� RI� 5LFNHWWVLD� VSHFLHV� LQ� WLFNV� FROOHFWHG� IURP� KXPDQV��
7LFNV��7LFN��%RUQH��'LV�����������������������
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�� 3DUROD� 3��� 3DGGRFN�&��'��� 6RFRORYVFKL� &��� /DEUXQD�0��%���0HGLDQQLNRY�2���
.HUQLI�7���$EGDG�0��<���6WHQRV�-���%LWDP�,���)RXUQLHU�3��(���5DRXOW�'���8SGDWH�
RQ� WLFN�ERUQH� ULFNHWWVLRVHV� DURXQG� WKH� ZRUOG�� D� JHRJUDSKLF� DSSURDFK�� &OLQ��
0LFURELRO��5HY������������������������

�� /r�7Kӏ�/DQ�$QK��9}�9LӃW�&ѭӡQJ��7UӏQK�9ăQ�7RjQ��+ӗ�7Kӏ�+ӗQJ�1KXQJ��/r�
7Kӏ�9kQ�$QK��&ҩQ�7Kӏ7KX�7Kӫ\��3KҥP�7Kӏ�+j�*LDQJ��%�L� 7Kӏ� 7KDQK�1JD��
%�L�7Kӏ�/DQ�$QK��1JX\ӉQ�9ăQ�&KkX��3KiW�KL͏Q�'1$�FͯD�YL�NKX̱Q�5LFNHWWVLD�
Yj�2ULHQWLD�7VXWVXJDPXVKL�WUrQ�ÿ͡QJ�Y̵W�J̿P�QK̭P�Yj�QJR̩L�Nt�VLQK�WU�QJ�ͧ�
+j�*LDQJ��7ҥS�FKt�&{QJ�QJKӋ�6LQK�KӑF�����������������������

�� 5HJQHU\� 5�� /��� 6SUXLOO� &�� /��� 3OLND\WLV� %�� '��� *HQRW\SLF� LGHQWLILFDWLRQ� RI�
ULFNHWWVLDH�DQG�HVWLPDWLRQ�RI�LQWUDVSHFLHV�VHTXHQFH�GLYHUJHQFH�IRU�SRUWLRQV�RI�
WZR�ULFNHWWVLDO�JHQHV��-��%DFWHULRO�������������������������

�� 1RK�<���/HH�<��6���.LP�+��&���&KRQJ�6��7���.OHLQ�7��$���-LDQJ�-���5LFKDUGV�$��
/���/HH�+��.���.LP�6��<���0ROHFXODU� GHWHFWLRQ�RI�5LFNHWWVLD� VSHFLHV� LQ� WLFNV�
FROOHFWHG�IURP�WKH�VRXWKZHVWHUQ�SURYLQFHV�RI�WKH�5HSXEOLF�RI�.RUHD� 3DUDVLWHV�
	�9HFWRUV����������������������

�� 7KX�0�� -��� 4LX� <��� 0DWVXQR� .��� .DMLKDUD�0���0RUL�.DMLKDUD� $��� 2PRUL� 5���
0RQPD�1���&KLED�.���6HWR�-���*RNXGHQ�0���$QGRK�0���2RVDNR�+���.DWDNXUD�
.��� 7DNDGD�$��� 6XJLPRWR�&��� ,VRGD�1��� 1DNDR�5���'LYHUVLW\� RI� VSRWWHG� IHYHU�
JURXS� ULFNHWWVLDH� DQG� WKHLU� DVVRFLDWLRQ� ZLWK� KRVW� WLFNV� LQ� -DSDQ�� 6FL�� 5HS���
�����������������

�� 6FK|WWD�$��0���:LMQYHOG�0���+|VV�'��� 6WDQHN�*��� 6WRFNLQJHU�+���0DUNRZLF]�
0��� ,GHQWLILFDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� �&DQGLGDWXV� 5LFNHWWVLD�
WKLHUVHHQVLV��� D� QRYHO� VSRWWHG� IHYHU� JURXS� 5LFNHWWVLD� VSHFLHV� GHWHFWHG� LQ�
$XVWULD��0LFURRUJDQLVPV��������������������

�� 6RQJ� 6��� &KHQ� &��� <DQJ� 0��� =KDR� 6��� :DQJ� %��� +RUQRN� 6��� 0DNKDWRY� %���
5L]DEHN� .��� :DQJ� <���'LYHUVLW\� RI� 5LFNHWWVLD� VSHFLHV� LQ� ERUGHU� UHJLRQV� RI�
QRUWKZHVWHUQ�&KLQD��3DUDVLWHV�	�9HFWRUV�������������������

�� *DRZD�� 2KDVKL� 1��� $RFKL� 0��� :XULWX� '��� :X�� <RVKLNDZD� <��� .DZDPRUL� )���
+RQGD�7���)XMLWD�+���7DNDGD�1���2LNDZD�<���.DZDEDWD�+���$QGR�6���.LVKLPRWR�7���
5LFNHWWVLDH�LQ�WLFNV��-DSDQ�������������(PHUJ��,QIHFW��'LV�����������������������

��� 6HR�0��*���.ZRQ�2��'���.ZDN�'���0ROHFXODU� DQG� SK\ORJHQHWLF� DQDO\VLV� RI�
WLFN�ERUQH�SDWKRJHQV� LQ�WLFNV�SDUDVLWL]LQJ�QDWLYH�.RUHDQ�JRDWV��&DSUD�KLUFXV�
FRUHDQDH��LQ�6RXWK�.RUHD��3DWKRJHQV�����������������

��� 4LQ�;��5���+DQ�+��-���+DQ�)��-���=KDR�)��0���=KDQJ�=��7���;XH�=��)���0D�'��4���
4L�5���=KDR�0���:DQJ�/��-���=KDR�/���<X�+���/LX�-��:���<X�;��-���5LFNHWWVLD�
MDSRQLFD� DQG� QRYHO� 5LFNHWWVLD� VSHFLHV� LQ� WLFNV�� &KLQD�� (PHUJ�� ,QIHFW�� 'LV���
���������������������

��� 2OLYLHUL�(���:LMQYHOG�0���%RQJD�0���%HUJHU�/���0DQIUHGL�0��7���9HURQHVL�)���
-RQJHMDQ�)���7UDQVPLVVLRQ�RI�5LFNHWWVLD�UDRXOWLL�DQG�5LFNHWWVLD�PDVVLOLDH�'1$�
E\�'HUPDFHQWRU� UHWLFXODWXV� DQG� 5KLSLFHSKDOXV� VDQJXLQHXV� �V�O��� WLFNV� GXULQJ�
DUWLILFLDO�IHHGLQJ��3DUDVLWHV�	�9HFWRUV�������������������
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��� /X�4���<X�-���<X�/���=KDQJ�<���&KHQ�<���/LQ�0���)DQJ�;���5LFNHWWVLD�MDSRQLFD�
LQIHFWLRQV� LQ� KXPDQV�� =KHMLDQJ� 3URYLQFH�� &KLQD�� ������ (PHUJ�� ,QIHFW�� 'LV���
������������������������

��� :HL�4��4���*XR�/��3���:DQJ�$��'���0X�/��0���=KDQJ�.���&KHQ�&��)���=KDQJ�
:�� -��� :DQJ� <�� =��� 7KH� ILUVW� GHWHFWLRQ� RI� 5LFNHWWVLD� DHVFKOLPDQQLL� DQG�
5LFNHWWVLD� PDVVLOLDH� LQ� 5KLSLFHSKDOXV� WXUDQLFXV� WLFNV�� LQ� QRUWKZHVW� &KLQD��
3DUDVLWHV�	�9HFWRUV�������������������

��� �6DWMDQDGXPURQJ�-���5RELQVRQ�0��7���+XJKHV�7���%ODFNVHOO�6��'���'LVWULEXWLRQ�
DQG� HFRORJLFDO� GULYHUV� RI� VSRWWHG� IHYHU� JURXS� 5LFNHWWVLD� LQ� $VLD�� (FRKHDOWK���
���������������������

6800$5<�
$33/,&$7,21�2)�*(1(�6(48(1&,1*�0(7+2'�72�'(7(&7�5LFNHWWVLD

63277('�)(9(5�*5283�)520�(&723$5$6,7(6�&2//(&7('�,1�+$�*,$1*�

5LFNHWWVLRVLV� LV� D� ]RRQRWLF� GLVHDVH� FDXVHG� E\� 5LFNHWWVLDH� ZKLFK� DUH� JUDP�
QHJDWLYH�EDFWHULD��REOLJDWH� LQWUDFHOOXODU��7KHVH�SDWKRJHQV� DUH� WUDQVPLWWHG� WR�KXPDQ�
WKURXJK�LQIHFWHG�WLFNV��PLWHV��IOHDV��OLFH��ORXVH«�,Q�WKLV�VWXG\��7KH���N'D�DQG�2PS$
SDUWLDO�JHQHV�RI�5LFNHWWVLD�ZHUH�DPSOLILHG�WR�GHWHFW�5LFNHWWVLDO�'1$�LQ�EXIIDOR�WLFNV�
DQG� ORXVH� �+DHPDWRSLQXV� WXEHUFXODWXV�� FROOHFWHG� LQ�+D�*LDQJ� SURYLQFH��7KH�3&5�
SURGXFWV�ZHUH�VHTXHQFHG��DQDO\]HG�DQG�EXLOG�SK\ORJHQHWLF�WUHH�E\�%LRHGLW��0HJD�;�
VRIWZDUHV��ZHUH�FRPSDUHG�DQG�LGHQWLILHG�WKH UHIHUHQFH�VWUDLQ�VHTXHQFHV�E\�%/$67��
1&%,��86$��7KH�UHVXOWV� LQGLFDWHG� WKDW������� WLFN� VDPSOHV�DQG������ ORXVH�VDPSOHV�
ZHUH�SRVLWLYH�IRU�5LFNHWWVLD�6)*�E\�3&5��6HTXHQFH�DQDO\VLV�RI�2PS$�JHQ�VKRZHG�
WKDW� ��� FORQH� LVRODWHG� IURP� WKH� WLFN� VDPSOHV�H[KLELWHV�D� �����������VLPLODULW\� WR�
5LFNHWWVLD� MDSRQLFD�� ZKHUHDV� �� FORQH� LVRODWHG� IURP� WKH� ORXVH� VDPSOHV� ZHUH� ����
VLPLODU� WR� 5LFNHWWVLD� PDVVLOLDH�� 7KXV�� RXU� UHVHDUFK� VKRZHG� WKDW� 5LFNHWWVLD� 6)*�
LQFOXGLQJ�5LFNHWWVLD� MDSRQLFD DQG�5LFNHWWVLD� PDVVLOLDH�ZHUH� GHWHFWHG� LQ� WLFNV� DQG�
ORXVH��UHVSHFWLYHO\�FROOHFWHG�LQ�+D�*LDQJ�SURYLQFH��9LHWQDP��

.H\ZRUGV��6SRWWHG�IHYHU��5LFNHWWVLD��5LFNHWWVLD�MDSRQLFD��5LFNHWWVLD�PDVVLOLDH��
EXIIDOR�ORXVH��WLFN��V͙W�Q͝L�PͭQ��U̵Q�WUkX��YH�WUkX��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������
����7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W���1JD�
����7U˱ͥQJ�Ĉ̩L�K͕F�7�QKLrQ��Ĉ̩L�K͕F�4X͙F�JLD�+j�1͡L�
����9L͏Q�6͙W�UpW��.ê�VLQK�WU�QJ�Yj�&{Q�WU�QJ�7UXQJ�˱˯QJ�

/LrQ�K͏��/r�7K͓�/DQ�$QK�

9LӋQ�<�VLQK�1KLӋW�ÿӟL��7UXQJ�WkP�1KLӋW�ÿӟL�9LӋW���1JD�
��������������6ӕ����1JX\ӉQ�9ăQ�+X\rQ��1JKƭD�Ĉ{��&ҫX�*Lҩ\��+j�1ӝL�
��������������ĈLӋQ�WKRҥL����������������(PDLO��OHDQKELR#JPDLO�FRP��


