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&KR�ÿӃQ�QD\��YұW�OLӋX�JUDSKHQ�ÿm�WKX�K~W�ÿѭӧF�Vӵ�TXDQ�WkP�FӫD�QKLӅX�QKj�NKRD�
KӑF�WURQJ�QKLӅX�OƭQK�YӵF�NKiF�QKDX�GR�QKӳQJ�WtQK�FKҩW�YұW�Oê��KyD�KӑF�ÿһF�ELӋW�ѭX�
YLӋW��9ӟL�FҩX�WU~F�Fѫ�EҧQ��'��PjQJ�JUDSKHQ�ÿѭӧF�WҥR�WKjQK�Wӯ�FiF�QJX\rQ�Wӱ�FDFERQ�
VҳS�[ӃS�WKHR�KuQK�OөF�JLiF�WUrQ�PӝW�PһW�SKҷQJ�Yj�FzQ�ÿѭӧF�JӑL�Oj�FҩX�WU~F�Wә�RQJ�>�@��
WURQJ� ÿy�PӛL� QJX\rQ� Wӱ� OLrQ� NӃW� EӣL� ED� QJX\rQ� Wӱ� FDFERQ� JҫQ� QKҩW� EҵQJ� OLrQ� NӃW�
FӝQJ�KyD�WUӏ�VLJPD��ı��EӅQ�YӳQJ�WҥR�WKjQK�Vӵ�[HQ�SKӫ�FӫD�FiF�WUҥQJ�WKiL�VS��WѭѫQJ�
ӭQJ� YӟL� WUҥQJ� WKiL� ODL� KyD� VS��� 9LӋF� FKӃ� WҥR� WKjQK� F{QJ� YұW� OLӋX� KDL� FKLӅX� ��'��
JUDSKHQ�ÿm�Eә�VXQJ�ÿҫ\�ÿӫ�KѫQ�YӅ�FiF�GҥQJ�WK��KuQK�WӗQ�WҥL�WUѭӟF�ÿy�FӫD�FDFERQ�Oj�
WKDQ� FKu� ED� FKLӅX� ��'��� ӕQJ�QDQR�FDFERQ�PӝW� FKLӅX� ��'��Yj� IXOOHUHQ�NK{QJ� FKLӅX�
��'���*UDSKHQ�ÿѭӧF�FXӝQ�WUzQ�OҥL�VӁ�WҥR�QrQ�GҥQJ�WK��KuQK�IXOOHUHQ��'��ÿѭӧF�TXҩQ�
OҥL�VӁ�WҥR�QrQ�GҥQJ�WK��KuQK�ӕQJ�QDQR�FDFERQ��'��KRһF�ÿѭӧF�[ӃS�FKӗQJ�OrQ�QKDX�VӁ�
WҥR�QrQ�GҥQJ�WK��KuQK�JUDSKLW��'���

&y� QKLӅX� SKѭѫQJ� SKiS� FKӃ� WҥR� YұW� OLӋX� JUDSKHQ� QKѭ� SKѭѫQJ� SKiS� YұW� Oê��
SKѭѫQJ�SKiS�KyD�KӑF�«>���@��7URQJ�Vӕ�ÿy��SKѭѫQJ�SKiS�WiFK�OӟS�JUDSKLW�WURQJ�SKD�
OӓQJ�ÿӇ�WҥR�WKjQK�JUDSKHQ�Oj�SKѭѫQJ�SKiS�ÿѫQ�JLҧQ��Fy�WKӇ�VҧQ�[XҩW�JUDSKHQ�YӟL�Vӕ�
OѭӧQJ�OӟQ�Wӯ�YұW�OLӋX�JUDSKLW�YӟL�FKL�SKt�WKҩS�>�@��3KѭѫQJ�SKiS�Qj\�Fy�WKӇ�ÿѭӧF�WKӵF�
KLӋQ� EҵQJ�Nӻ� WKXұW� ÿLӋQ� KyD�EyF� WiFK� ÿLӋQ� FӵF� JUDSKLW� FKӃ� WҥR� WKjQK�PjQJ�PӓQJ�
JUDSKHQ� SKkQ� WiQ� WURQJ� GXQJ� GӏFK� +�62��� KӛQ� KӧS� GXQJ� GӏFK� +�62�� Fy� FKӭD�
JUDSKHQ�ÿѭӧF�OӑF�Yj�UӱD�QKLӅX�OҫQ�ÿӇ�ORҥL�Eӓ�D[LW��7X\�QKLrQ��SKѭѫQJ�SKiS�Qj\�Fy�
KҥQ�FKӃ�Oj�SKҧL�Vӱ�GөQJ�FiF�KyD�FKҩW�NK{QJ�WKkQ�WKLӋQ�YӟL�P{L�WUѭӡQJ�>���@��ĈLӅX�
Qj\�ÿzL�KӓL�SKҧL�Fy�F{QJ�ÿRҥQ�WiFK�UӱD�SKҫQ�D[LW� WURQJ�TXi�WUuQK�FKӃ�WҥR�JUDSKHQ��
1JRjL� UD�� FKӃ� WҥR� JUDSKHQ� Wӯ� JUDSKLW� WURQJ� SKD� OӓQJ� Fy� WKӇ� WLӃQ� KjQK� GѭӟL� Vӵ� WiF�
ÿӝQJ�FӫD�GXQJ�P{L� OrQ�JUDSKLW��3KѭѫQJ�SKiS�Qj\� ÿѭӧF� WKӵF�KLӋQ�ÿҫX� WLrQ�EӣL�<��
+HUQDQGH]�YӟL�TX\� WUuQK�JӗP�ED�JLDL�ÿRҥQ��SKkQ� WiQ�JUDSKLW� WURQJ�GXQJ�P{L�� WiFK�
FiF� OӟS� JUDSKLW� WKjQK� JUDSKHQ�� Yj� OjP� VҥFK� JUDSKHQ� >�@�� 9LӋF� EyF� WiFK� FiF� OӟS�
JUDSKLW� WKjQK�JUDSKHQ�ÿzL�KӓL�SKҧL�SKi�Yӥ�OӵF�OLrQ�NӃW�9DQGHU�:DDOV�JLӳD�FiF�OӟS�
JUDSKHQ�OLӅQ�NӅ�WURQJ�JUDSKLW��7KLӃW�Eӏ�UXQJ�VLrX�kP�F{QJ�VXҩW�FDR�ÿѭӧF�G�QJ�ÿӇ�WiFK�
OӟS�JUDSKLW�WKjQK�JUDSKHQ�GR�WiF�ÿӝQJ�FӫD�QăQJ�OѭӧQJ�VyQJ�VLrX�kP�WҫQ�Vӕ�FDR��+LӋX�
TXҧ�FӫD�TXi�WUuQK� WiFK� OӟS�SKө� WKXӝF�SKҫQ� OӟQ�YjR�PұW�ÿӝ�F{QJ�VXҩW�VLrX�kP��QӃX�
PұW�ÿӝ�F{QJ�VXҩW�VLrX�kP�OӟQ�VӁ�WҥR�UD�iS�VXҩW�PҥQK�OjP�WăQJ�KLӋX�VXҩW�WiFK�JUDSKLW�
WKjQK�JUDSKHQ�>�@���

+LӋX�TXҧ�FӫD�TXi�WUuQK�WiFK�OӟS�SKө�WKXӝF�QKLӅX�YjR�PұW�ÿӝ�F{QJ�VXҩW�VLrX�kP��
Fө�WKӇ�QӃX�PұW�ÿӝ�F{QJ�VXҩW�VLrX�kP�OӟQ�VӁ�WҥR�UD�iS�VXҩW�PҥQK�KѫQ�OjP�WăQJ�KLӋX�
TXҧ�TXi�WUuQK�WiFK�OӟS�JUDSKLW�WKjQK�JUDSKHQ��7X\�QKLrQ�QKӳQJ�QJKLrQ�FӭX�KLӋQ�QD\�
FKӍ�GӯQJ�OҥL�YӟL�QKӳQJ�WKLӃW�Eӏ�VLrX�kP�Fy�VҹQ�WUrQ�WKӏ�WUѭӡQJ�YӟL�PұW�ÿӝ�F{QJ�VXҩW�
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YӯD�SKҧL��YLӋF�Vӱ�GөQJ�QKӳQJ�WKLӃW�Eӏ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�YӟL�PұW�ÿӝ�F{QJ�
VXҩW�FDR�KѫQ�VR�YӟL�FiF�FiF�WKLӃW�Eӏ�VLrX�kP�WKѭѫQJ�PҥL�Fy�VҹQ�WUrQ�WKӏ�WUѭӡQJ�WKHR�
WKLӃW�NӃ�ULrQJ�YүQ�FKѭD�ÿѭӧF�WKӵF�KLӋQ�QJKLrQ�FӭX���

7URQJ�EjL�EiR�Qj\�� WұS� WKӇ�QJKLrQ�FӭX�ÿӅ�[XҩW�SKѭѫQJ�SKiS�FKӃ� WҥR�YұW� OLӋX�
JUDSKHQ�Wӯ�QJX\rQ�OLӋX�JUDSKLW�EҵQJ�FiFK�WiFK�OӟS�WURQJ�SKD�OӓQJ�Vӱ�GөQJ�FKҩW�KRҥW�
ÿӝQJ�EӅ�PһW�7ZHHQ����Yj�WKLӃW�Eӏ�UXQJ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�WKHR�NӃW�FҩX�
ÿһF�ELӋW�GR�WұS�WKӇ�QJKLrQ�FӭX�Wӵ�FKӃ�WҥR��7KLӃW�Eӏ�UXQJ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�
Yj�TX\�WUuQK�FKӃ�WҥR�YұW� OLӋX�JUDSKHQ�Wӯ�QJX\rQ�OLӋX�JUDSKLW�FǊQJ�ÿm�ÿѭӧF�&өF�6ӣ�
KӳX� WUt� WXӋ� FKҩS� QKұQ� ÿѫQ� ÿăQJ� Nê� ViQJ� FKӃ� WKHR� Vӕ� ÿѫQ� ������������� QJj\�
�����������%jL� EiR� Qj\� FǊQJ� WUuQK� Ej\� FKL� WLӃW� YӅ� QKӳQJ� NӃW� TXҧ� QJKLrQ� FӭX� KӑF�
WKXұW�ÿҥW�ÿѭӧF�Wӯ�YLӋF�SKiW�WULӇQ�QӝL�GXQJ�ÿăQJ�Nê�ViQJ�FKӃ�QrX�WUrQ��

���3+ѬѪ1*�3+È3�1*+,Ç1�&Ӭ8�

�����9ұW�OLӋX�Yj�WKLӃW�Eӏ�

9ұW� OLӋX�JUDSKLW�Vӱ�GөQJ� WURQJ�QJKLrQ�FӭX�ÿѭӧF�NKDL� WKiF� Wӯ�Pӓ�<rQ�7KiL� ��
9ăQ�<rQ���<rQ�%iL�EӣL�&{QJ�W\�71++�7ұS�ÿRjQ�*UDSKLWH�9LӋW�1DP�YӟL�KjP�OѭӧQJ�
&�ÿҥW������&KҩW�KRҥW�ÿӝQJ�EӅ�PһW�7ZHHQ����ÿѭӧF�PXD�Wӯ�F{QJ�W\�6LJPD���$OGULFK��
&KҩW�OӓQJ�Vӱ�GөQJ�WURQJ�TXi�WUuQK�EyF�WiFK�JUDSKLW�WKjQK�JUDSKHQ�Oj�QѭӟF�FҩW��7KLӃW�
Eӏ�UXQJ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW� OӟQ�ÿѭӧF�WKLӃW�NӃ�Yj�FKӃ�WҥR�WҥL�7UXQJ�WkP�ӬQJ�
GөQJ�Yj�7ULӇQ�NKDL�&{QJ�QJKӋ���9LӋQ�.KRD�KӑF�9ұW�OLӋX�QKѭ�WUrQ�KuQK�����

+LӋX�TXҧ�FӫD�TXi�WUuQK�WiFK�OӟS�JUDSKLW�WKjQK�JUDSKHQ�SKө�WKXӝF�OӟQ�YjR�PұW�ÿӝ�
F{QJ�VXҩW�VLrX�kP��WURQJ�ÿy�PұW�ÿӝ�F{QJ�VXҩW�VLrX�kP�ÿѭӧF�[iF�ÿӏQK�WKHR�F{QJ�WKӭF��

9

3
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7URQJ�ÿy��3�Oj�WәQJ�F{QJ�VXҩW�VLrX�kP��:���

����������������9�Oj�WKӇ�WtFK�FӫD�EӇ�UXQJ�VLrX�kP��P����

����������������ȡ�Oj�PұW�ÿӝ�F{QJ�VXҩW�VLrX�kP��:�P����

+uQK����7KLӃW�NӃ�Yj�KuQK�ҧQK�WKLӃW�Eӏ�UXQJ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�FKӃ�WҥR�ÿѭӧF�
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7ұS�WKӇ�QJKLrQ�FӭX�ÿӅ�[XҩW�WKLӃW�Eӏ�UXQJ�VLrX�kP�Fy�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�QKҩW�
WURQJ�ÿy�EӇ�UXQJ�Fy�GҥQJ�OұS�SKѭѫQJ�Yj�Fy�NtFK�WKѭӟF�WѭѫQJ�ÿѭѫQJ�YӟL�NtFK�WKѭӟF�
FӫD�ÿҫX�UXQJ��ÿӗQJ�WKӡL�Vӕ�ÿҫX�UXQJ�ÿѭӧF�Eӕ�WUt�YӟL�Vӕ�OѭӧQJ�WӕL�ÿD�Oj����ÿҫX�UXQJ�
GR�KmQJ�/HRERW�(OHFWURQLFV�FXQJ�FҩS�YӟL� WҫQ� Vӕ����N+]��F{QJ�VXҩW���:�ÿѭӧF� OҳS�
YjR����PһW�FӫD�EӇ�UXQJ� OjP�Wӯ�WKpS�Fy�GҥQJ�KuQK�NKӕL� OұS�SKѭѫQJ�YӟL�NtFK�WKѭӟF�
PӛL�FҥQK�Oj���FP��WѭѫQJ�ӭQJ�YӟL�WKӇ�WtFK�EӇ�UXQJ�Oj�����FP��QKѭ�WUrQ�KuQK����9ӟL�
WKLӃW�NӃ�Qj\�PұW�ÿӝ�F{QJ�VXҩW�FӫD�WKLӃW�Eӏ�Fy�WKӇ�ÿҥW�JLi�WUӏ�OӟQ�QKҩW�Oj��

����
�����

���
   

OLW

:

9

3U �:�OLW��� ��� � ���������������

�����4X\�WUuQK�WiFK�OӟS�JUDSKLW�

4X\�WUuQK�FKӃ�WҥR�YұW� OLӋX�JUDSKHQ�Wӯ�QJX\rQ�OLӋX�JUDSKLW�EҵQJ�SKѭѫQJ�SKiS�
UXQJ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�EDR�JӗP�FiF�EѭӟF�VDX��KuQK�����

��.KXҩ\�ÿӅX������PJ�JUDSKLW�Yj���PO�FKҩW�KRҥW�ÿӝQJ�EӅ�PһW�7ZHHQ����EҵQJ�
Pi\�NKXҩ\� Wӯ� WURQJ���JLӡ�� WURQJ�ÿy�FKҩW�KRҥW�ÿӝQJ�EӅ�PһW�7ZHHQ����ÿyQJ�YDL� WUz�
JLҧP�VӭF�FăQJ�EӅ�PһW�JLӳD�FKҩW�OӓQJ�QӅQ�YӟL�FiF�OӟS�JUDSKHQ�ÿӇ�QkQJ�FDR�KLӋX�TXҧ�
WiFK�JUDSKLW�WKjQK�JUDSKHQ��

+uQK����4X\�WUuQK�FKӃ�WҥR�JUDSKHQ�Wӯ�JUDSKLW�EҵQJ�SKѭѫQJ�SKiS�VLrX�kP�PұW�ÿӝ�
F{QJ�VXҩW�OӟQ�

���+ӛQ�KӧS�JUDSKLW�7ZHHQ����ӣ�WUrQ�ÿѭӧF�SKkQ�WiQ�YjR����PO�QѭӟF�FҩW��VDX�ÿy�
WLӃQ�KjQK�UXQJ�VLrX�kP�ӣ�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�WURQJ�WKӡL�JLDQ�Wӯ���ÿӃQ���JLӡ���

���+ӛQ� KӧS� JUDSKHQ� WKX� ÿѭӧF� ӣ� EѭӟF� WUrQ� VDX� ÿy� WLӃS� WөF� ÿѭӧF� OӑF� UӱD� YӟL�
QѭӟF�FҩW�Yj�Vҩ\�NK{�ÿӇ�WKX�ÿѭӧF�YұW�OLӋX�JUDSKHQ�VDX�TXi�WUuQK�EyF�WiFK��

�����ĈһF�WUѭQJ�Nӻ�WKXұW�

ĈӇ�NKҧR�ViW�KuQK�WKiL�KӑF�EӅ�PһW�FӫD�JUDSKHQ��FK~QJ�W{L�Vӱ�GөQJ�NtQK�KLӇQ�YL�
ÿLӋQ�Wӱ�TXpW�SKiW�[ҥ�WUѭӡQJ��)(�6(0��6�������+LWDFKL��1KұW�%ҧQ��Yj�NtQK�KLӇQ�YL�
ÿLӋQ� Wӱ� WUX\ӅQ�TXD� �7(0��-(0������(OHFWURQ�0LFURVFRSH�� -2(/��1KұW�%ҧQ���3Kә�
SKkQ�Eӕ�WKHR�NtFK�WKѭӟF�Yj�WKӃ�=HWD�ÿѭӧF�ÿR�EҵQJ�Pi\�SKkQ�WtFK�0DOYHUQ�=6�1DQR�
6��7KLӃW�Eӏ�5DPDQ�6SHFWURVFRS\��/DE5$0�+5������+25,%$�-RELQ�<YRQ���3KiS��
ÿѭӧF�Vӱ�GөQJ�ÿӇ�QJKLrQ�FӭX�Yj�ÿiQK�JLi�FҩX�WU~F�FӫD�YұW�OLӋX�JUDSKHQ��
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���.ӂ7�48Ҧ�9¬�7+Ҧ2�/8Ұ1�

ĈһF�WUѭQJ�YӅ�PһW�KuQK�WKiL�KӑF�FӫD�YұW�OLӋX�ÿѭӧF�NKҧR�ViW�EҵQJ�NtQK�KLӇQ�YL�
ÿLӋQ� Wӱ�TXpW�SKiW�[ҥ� WUѭӡQJ��+uQK� ҧQK�6(0�FӫD�JUDSKLW� ÿѭӧF� WKӇ�KLӋQ� WURQJ�KuQK�
��D��FKR�WKҩ\�JUDSKLW�Fy�NtFK�WKѭӟF�Yҧ\�SKkQ�Eӕ�WURQJ�NKRҧQJ�Wӯ����������P��.ӃW�TXҧ�
6(0�FӫD�JUDSKLW�VDX�TXi�WUuQK�UXQJ�VLrX�kP�YӟL�WKӡL�JLDQ�Wӯ���JLӡ��KuQK��E�����JLӡ�
�KuQK��F�����JLӡ��KuQK��G�����JLӡ��KuQK��H��Yj���JLӡ��KuQK��J��FKR�WKҩ\�NtFK�WKѭӟF�Yҧ\�
FӫD�YұW�OLӋX�JUDSKLW�VDX�EyF�WiFK�FjQJ�QKӓ�Yj�ÿӗQJ�ÿӅX�NKL�WKӡL�JLDQ�VLrX�kP�WăQJ��
.tFK� WKѭӟF� WUXQJ�EuQK� FӫD�JUDSKLW� VDX�TXi� WUuQK�EyF� WiFK�ÿR�ÿѭӧF� Wӯ� ҧQK�6(0�Oj�
NKRҧQJ�����QP������QP������QP������QP������QP�WѭѫQJ�ӭQJ�YӟL�WKӡL�JLDQ�VLrX�kP�
OҫQ�OѭӧW�Oj���JLӡ����JLӡ����JLӡ����JLӡ�Yj���JLӡ���

+uQK����.ӃW�TXҧ�6(0�FӫD�YұW�OLӋX�JUDSKLW��D��Yj�JUDSKHQ�ÿѭӧF�UXQJ�VLrX�kP�YӟL�WKӡL�
JLDQ��

��JLӡ��E�����JLӡ��F�����JLӡ��G�����JLӡ��H��Yj���JLӡ��J��

+LӋX�TXҧ�EyF� WiFK�EҵQJ�SKѭѫQJ�SKiS�VLrX�kP�ÿѭӧF�JLҧL� WKtFK�TXD�KLӋQ� WѭӧQJ�
WURQJ�P{L�WUѭӡQJ�FKҩW�OӓQJ�VyQJ�VLrX�kP�OjP�GXQJ�P{L�O~F�Eӏ�QpQ�OҥL�� O~F�Eӏ�JLmQ�UD�
QKDQK�FKyQJ�WҥR�UD�QKӳQJ�EӑW�ERQJ�EyQJ�FKkQ�NK{QJ�VLrX�QKӓ��YӟL�NtFK�WKѭӟF�VLrX�QKӓ�
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Qj\�Qy�Fy�WKӇ�[kP�QKұS�YjR�JLӳD�FiF�OӟS�JUDSKLW�>����@��1ăQJ�OѭӧQJ�QKLӋW�ÿѭӧF�WҥR�UD�
WURQJ�VXӕW�TXi�WUuQK�F�QJ�YӟL�VyQJ�pS�Yj�VyQJ�JLҧP�NKLӃQ�FiF�EӑW�NKt�FӝQJ�KѭӣQJ�Yӥ�UD�
GүQ�ÿӃQ�WăQJ�iS�VXҩW�OjP�WiFK�FiF�OӟS�JUDSKLW�ÿӇ�WҥR�WKjQK�YұW�OLӋX�JUDSKHQ��

9ұW�OLӋX�JUDSKLW�VDX�NKL�UXQJ�VLrX�kP�ӣ�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�YӟL�WKӡL�JLDQ�Wӯ���
ÿӃQ���JLӡ�ÿѭӧF�WLӃS�WөF�ÿR�SKә�SKkQ�Eӕ�WKHR�NtFK�WKѭӟF�Yj�WKӃ�=HWD�ÿӇ�ÿiQK�JLi�Vӵ�
SKkQ�WiQ�Yj�ÿӝ�әQ�ÿӏQK�WKHR�WKӡL�JLDQ�UXQJ�VLrX�kP��+uQK���FKR�WKҩ\�Vӵ�SKkQ�Eӕ�NtFK�
WKѭӟF�FӫD�YұW�OLӋX�YӟL�WKӡL�JLDQ�VLrX�kP�NKiF�QKDX�Wӯ���JLӡ�ÿӃQ���JLӡ��.ӃW�TXҧ�ÿR�FKR�
WKҩ\�NtFK�WKѭӟF�WUXQJ�EuQK�FӫD�YұW�OLӋX�Oj�����QP������QP������QP������QP������QP�
WѭѫQJ�ӭQJ�YӟL�WKӡL�JLDQ�VLrX�kP�OҫQ�OѭӧW�Oj���JLӡ����JLӡ����JLӡ����JLӡ�Yj���JLӡ��1KӳQJ�
NӃW�TXҧ�Qj\�FKR�WKҩ\�Vӵ�SK��KӧS�YӅ�NtFK�WKѭӟF�YӟL�NӃW�TXҧ�NKҧR�ViW�KuQK�WKiL�KӑF�EӅ�
PһW� TXD� ҧQK� 6(0�� ÿӗQJ� WKӡL� FKR� WKҩ\� FiF� ÿӍQK� FӫD� SKә� NtFK� WKѭӟF� JUDSKLW� GӏFK�
FKX\ӇQ� WKHR�KѭӟQJ�NtFK�WKѭӟF�QKӓ��Yj�):+0�WKX�KҽS�GҫQ�NKL� WăQJ� WKӡL�JLDQ�VLrX�
kP��9ӟL�WKӡL�JLDQ�VLrX�kP�Oj���JLӡ��SKә�SKkQ�Eӕ�NtFK�WKѭӟF�ÿҥW�ÿӃQ�JLi�WUӏ�WӕL�ѭX�Yj�
QKӓ�QKҩW�NK{QJ�WKӇ�JLҧP�WKrP��1JRjL�UD��Vӵ�SKkQ�Eӕ�NtFK�WKѭӟF�FӫD�JUDSKHQ�YӟL�WKӡL�
JLDQ�VLrX�kP�Oj���JLӡ�FKR�WKҩ\�JUDSKHQ�Fy�Vӵ�SKkQ�WiQ�WӕW�Yj�әQ�ÿӏQK�WURQJ�QѭӟF�FҩW��

+uQK����.ӃW�TXҧ�SKkQ�Eӕ�NtFK�WKѭӟF�FӫD�JUDSKHQ�YӟL�WKӡL�JLDQ�VLrX�kP�NKiF�QKDX�
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+uQK����3Kә�5DPDQ�FӫD�JUDSKLW�YӟL�FiF�WKӡL�JLDQ�VLrX�kP�NKiF�QKDX�

%ҧQJ����7ѭѫQJ�TXDQ�JLӳD�WKӡL�JLDQ�UXQJ�VLrX�kP�Yj�Vӕ�OӟS�JUDSKHQ�

7KӡL�JLDQ� ,�'�,* ĈiQK�JLi�

*UDSKLW� ������ ĈD�OӟS�

��JLӡ� ������ ĈD�OӟS�

��JLӡ� ������ ËW�OӟS�������OӟS��

��JLӡ� ������ ËW�OӟS�������OӟS��

6ӵ�WKD\�ÿәL�FҩX�WU~F�FӫD�YұW�OLӋX�VDX�TXi�WUuQK�EyF�WiFK�EҵQJ�WKLӃW�Eӏ�UXQJ�VLrX�
kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�ÿѭӧF�NKҧR�ViW�EҵQJ�WKLӃW�Eӏ�5DPDQ�6SHFWURVFRS\��+uQK���
WKӇ�KLӋQ�SKә�5DPDQ�FӫD�JUDSKLW�YӟL�FiF� WKӡL�JLDQ�VLrX�kP�NKiF�QKDX��NӃW�TXҧ�FKR�
WKҩ\�ÿm�[XҩW�KLӋQ�FiF�ÿһF�ÿLӇP�ÿһF�WUѭQJ�FӫD�YұW�OLӋX�JUDSKHQ�WURQJ�SKә�5DPDQ��9ӟL�
NӃW�TXҧ�SKә�5DPDQ�FӫD�JUDSKLW�EDQ�ÿҫX�[XҩW�KLӋQ�ÿӍQK�*�ӣ�EѭӟF�VyQJ������FP���Yj�
ÿӍQK��'�ӣ�EѭӟF�VyQJ������FP���Oj�ÿӍQK�ÿһF�WUѭQJ�FKR�OLrQ�NӃW�VS��>�����@��9ӟL�WKӡL�
JLDQ�VLrX�kP���JLӡ����JLӡ�Yj���JLӡ�[XҩW�KLӋQ�ÿӍQK�'�WKӇ�KLӋQ�NKLӃP�NKX\ӃW�FӫD�YұW�
OLӋX��7Ӎ�OӋ�FѭӡQJ�ÿӝ�ÿӍQK�'�YӟL�ÿӍQK�*��,'�,*��OҫQ�OѭӧW�Oj���������������������WѭѫQJ�
ӭQJ�WKӡL�JLDQ�VLrX�kP�Oj���JLӡ����JLӡ�Yj���JLӡ��ĈLӅX�Qj\�FKR�WKҩ\�FѭӡQJ�ÿӝ�ÿӍQK�'�
WăQJ�OrQ�WKHR�WKӡL�JLDQ�VLrX�kP��FҩX�WU~F�JUDSKLW�[XҩW�KLӋQ�QKLӅX�NKLӃP�NKX\ӃW�KѫQ�
GR�ҧQK�KѭӣQJ�FӫD�Vӵ�WҥR�NKH�Kӣ�kP�WKDQK�FӫD�VyQJ�VLrX�kP�WҫQ�Vӕ�FDR��7Ӎ�OӋ�JLӳD�
FѭӡQJ�ÿӝ�ÿӍQK��'�YӟL�ÿӍQK�*� �,�'�,*�� WKӇ�KLӋQ� Vӕ� OӟS� FӫD� JUDSKHQ� >�����@��7ӹ� OӋ�
FѭӡQJ�ÿӝ�,�'�,*�Oj�������WѭѫQJ�ӭQJ�YӟL�JUDSKLW�EDQ�ÿҫX��Yj�OҫQ�OѭӧW�Oj���������������
������WѭѫQJ�ӭQJ�YӟL�JUDSKHQ�VDX�TXi�WUuQK�UXQJ�VLrX�kP���JLӡ����JLӡ�Yj���JLӡ��'ӵD�
WUrQ�Wӹ�OӋ�,�'�,*�FӫD�SKә�5DPDQ��Fy�WKӇ�NӃW�OXұQ�UҵQJ�Wӹ�OӋ�,�'�,*�WăQJ�OrQ�WKHR�WKӡL�
JLDQ�VLrX�kP��ÿӗQJ�WKӡL�YұW�OLӋX�JUDSKHQ�WKX�ÿѭӧF�Fy�Vӕ�OӟS�QKӓ�KѫQ����ӭQJ�YӟL�WKӡL�
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JLDQ�VLrX�kP�Oj���JLӡ�Yj���JLӡ��.ӃW�TXҧ�Qj\�FKR�WKҩ\�VyQJ�VLrX�kP�WҫQ�Vӕ�FDR�NK{QJ�
FKӍ� OjP� JLҧP� NtFK� WKѭӟF� WUXQJ� EuQK� Pj� FzQ� WiFK� OӟS� JUDSKLW� WҥR� WKjQK� YұW� OLӋX�
JUDSKHQ�tW�OӟS�YӟL�FKҩW�OѭӧQJ�FDR��

+uQK����ҦQK�7(0�FӫD�YұW�OLӋX�JUDSKHQ�VDX�NKL�ÿѭӧF�UXQJ�VLrX�kP���JLӡ�

+uQK���Oj�NӃW�TXҧ�ÿR�ҧQK�7(0�FӫD�YұW�OLӋX�JUDSKHQ�VDX�NKL�ÿm�ÿѭӧF�UXQJ�VLrX�
kP�WURQJ�WKӡL�JLDQ���JLӡ��NӃW�TXҧ�FKR�WKҩ\�ÿӝ�Gj\�FӫD�JUDSKHQ�WKX�ÿѭӧF�Oj�NKRҧQJ�
�����QP��'R�NKRҧQJ�FiFK�JLӳD���OӟS�JUDSKHQ�YjR�NKRҧQJ�������QP��NӃW�TXҧ�ÿR�FKR�
WKҩ\� Vӕ� OӟS� FӫD� YұW� OLӋX� JUDSKHQ� Oj� QKӓ� KѫQ� ��� OӟS� Yj� YұW� OLӋX� WKX� ÿѭӧF� Oj� ORҥL�
JUDSKHQ�tW�OӟS��SK��KӧS�YӟL�NӃW�TXҧ�SKkQ�WtFK�5DPDQ�QKѭ�ÿm�WKX�ÿѭӧF�ӣ�WUrQ���

���.ӂ7�/8Ұ1�

7ұS�WKӇ�WiF�JLҧ�ÿm�QJKLrQ�FӭX�Yj�FKӃ�WҥR�WKjQK�F{QJ�YұW�OLӋX�JUDSKHQ�Wӯ�JUDSKLW�
EҵQJ�WKLӃW�Eӏ�UXQJ�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ��+uQK�WKiL�KӑF�EӅ�PһW��ÿһF�WUѭQJ�FҩX�
WU~F�Yj�NKҧ�QăQJ�SKkQ� WiQ�FӫD�YұW� OLӋX�JUDSKHQ�ÿm�ÿѭӧF�QJKLrQ�FӭX�EӣL�FiF�SKpS�ÿR�
6(0��7(0��=HWD6L]HU�Yj�5DPDQ��.ӃW�TXҧ�6(0�FKR�WKҩ\�NtFK�WKѭӟF�Yҧ\�FӫD�YұW�OLӋX�
JUDSKLW� VDX� EyF� WiFK� FjQJ� QKӓ� Yj� ÿӗQJ� ÿӅX� NKL� WKӡL� JLDQ� VLrX� kP� WăQJ��.ӃW� TXҧ�
=HWD6L]HU�FKR�WKҩ\�NtFK�WKѭӟF�WUXQJ�EuQK�FӫD�YұW�OLӋX�Oj�����QP������QP������QP��
����QP������QP�WѭѫQJ�ӭQJ�YӟL�WKӡL�JLDQ�VLrX�kP�OҫQ�OѭӧW�Oj���JLӡ����JLӡ����JLӡ����JLӡ�
Yj� �� JLӡ�� SK�� KӧS�YӟL� NӃW� TXҧ� NtFK� WKѭӟF� WKX� ÿѭӧF� Wӯ� ҧQK�6(0��.ӃW� TXҧ� ÿR� SKә�
5DPDQ�FKR�WKҩ\�Wӹ�OӋ�FѭӡQJ�ÿӝ�,'�,*�Oj���������������������Yj�Wӹ�OӋ�FѭӡQJ�ÿӝ�,�'�,*�Oj�
��������������������WѭѫQJ�ӭQJ�YӟL�WKӡL�JLDQ�VLrX�kP�OҫQ�OѭӧW�Oj���JLӡ����JLӡ�Yj���JLӡ��NӃW�
TXҧ�FKR�WKҩ\�YұW�OLӋX�WKX�ÿѭӧF�YӟL�WKӡL�JLDQ�VLrX�kP�WUrQ���JLӡ�Oj�JUDSKHQ�tW�OӟS�YӟL�
Vӕ�OӟS�QKӓ�KѫQ�����.ӃW�TXҧ�ÿR�7(0�FKR�WKҩ\�ÿӝ�Gj\�FӫD�YұW�OLӋX�JUDSKHQ�WKX�ÿѭӧF�
YӟL�WKӡL�JLDQ�VLrX�kP�WUrQ���JLӡ�Oj�NKRҧQJ�����QP�WѭѫQJ�ӭQJ�YӟL�Vӕ�OӟS�FӫD�YұW�OLӋX�
JUDSKHQ�NKRҧQJ���OӟS��SK��KӧS�YӟL�NӃW�TXҧ�SKkQ�WtFK�5DPDQ�WKX�ÿѭӧF��1KӳQJ�NӃW�
TXҧ�Qj\�ÿm�FKR�WKҩ\�Vӵ�KLӋX�TXҧ�FӫD�SKѭѫQJ�SKiS�VLrX�kP�PұW�ÿӝ�F{QJ�VXҩW�OӟQ�ÿӇ�
WiFK�OӟS�JUDSKLW�WҥR�WKjQK�YұW�OLӋX�JUDSKHQ�YӟL�KLӋX�TXҧ�FDR��FKҩW�OѭӧQJ�WӕW�Yj�WKkQ�
WKLӋQ�YӟL�P{L�WUѭӡQJ��

/ͥL�F̫P�˯Q��1JKLrQ�FͱX�ÿ˱ͫF�K͟�WUͫ�WjL�FKtQK�Wͳ�%͡�&{QJ�WK˱˯QJ�WKHR�ÿ͉�WjL�
Pm� V͙�Ĉ7�&1..�4*��������Yj�9L͏Q�+jQ� OkP�.KRD�K͕F� Yj�&{QJ�QJK͏�9L͏W�1DP�
WKHR�ÿ͉�WjL�Pm�V͙�8'37&1����������
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7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� .�� 6�� 1RYRVHORY�� $�� .�� *HLP�� 6�� 9�� 0RUR]RY�� '�� -LDQJ�� <�� =KDQJ�� 6�� 9��
'XERQRV��HW�DO���(OHFWULF� ILHOG�HIIHFW� LQ�DWRPLFDOO\� WKLQ�FDUERQ� ILOPV��6FLHQFH��
�����������������������

�� (OHWVNLL�� 9�� $OHNVDQGU�� HW� DO��� *UDSKHQ�� IDEULFDWLRQ� PHWKRGV� DQG�
WKHUPRSK\VLFDO�SURSHUWLHV��3K\VLFV�8VSHNKL�������������������

�� %KX\DQ��0G�� 6DMLEXO� $ODP�� HW� DO��� 6\QWKHVLV� RI� JUDSKHQ�� ,QWHUQDWLRQDO� 1DQR�
/HWWHUV��������������������

�� $��$GHWD\R��'��5XQVHZH���6\QWKHVLV�DQG�IDEULFDWLRQ�RI�JUDSKHQ�DQG�JUDSKHQ�
R[LGH��$�UHYLHZ��2SHQ�-RXUQDO�RI�&RPSRVLWH�0DWHULDOV�������������������

�� 3DYORYD�� 6�� $OH[DQGUD�� HW� DO��� /LTXLG�SKDVH� H[IROLDWLRQ� RI� IODN\� JUDSKLWH��
-RXUQDO�RI�1DQRSKRWRQLFV����������������������

�� /RW\D��0XVWDID�� HW� DO���/LTXLG� SKDVH� SURGXFWLRQ�RI� JUDSKHQ� E\� H[IROLDWLRQ� RI�
JUDSKLWH� LQ� VXUIDFWDQW�ZDWHU� VROXWLRQV�� -RXUQDO� RI� WKH� $PHULFDQ� &KHPLFDO�
6RFLHW\���������������������������

�� +HUQDQGH]��<HQQ\�� HW� DO���+LJK�\LHOG� SURGXFWLRQ� RI� JUDSKHQ� E\� OLTXLG�SKDVH�
H[IROLDWLRQ�RI�JUDSKLWH��1DWXUH�QDQRWHFKQRORJ\����������������������

�� 0��&KRXFDLU��3��7KRUGDUVRQ��-��$��6WULGH��*UDP�VFDOH�SURGXFWLRQ�RI�JUDSKHQ�
EDVHG� RQ� VROYRWKHUPDO� V\QWKHVLV� DQG� VRQLFDWLRQ�� 1DWXUH� 1DQRWHFKQRORJ\��
�����������������

�� ;�� ;LQ�� *�� <�� ;X�� 7�� 7�� =KDR�� <�� <�� =KX�� ;�� )�� 6KL�� +�� -�� *RQJ� HW� DO���
'LVSHUVLQJ� FDUERQ� QDQRWXEHV� LQ� DTXHRXV� VROXWLRQV� E\� D� VWDU� OLNH� EORFN�
FRSRO\PHU��7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�&�������������������������

��� +��3��=KDR��;��4��)HQJ��+��*DR��8OWUDVRQLF�WHFKQLTXH�IRU�H[WUDFWLQJ�QDQRILEHUV�
IURP�QDWXUH�PDWHULDOV��$SSOLHG�3K\VLFV�/HWWHUV�����������������������

��� $��5HLQD��;��-LD��-��+R��'��1H]LFK��+��6RQ��9��%XORYLF��0��6��'UHVVHOKDXV�DQG�
-�� .RQJ�� /DUJH� DUHD�� IHZ�OD\HU� JUDSKHQH� ILOPV� RQ� DUELWUDU\� VXEVWUDWHV� E\�
FKHPLFDO�YDSRU�GHSRVLWLRQ��1DQR�/HWWHUV������������������

��� 9��7��1JX\HQ��+��'��/H��9��&��1JX\HQ��7��7��7��1JR��'��4��/H��;��1��1JX\HQ�
DQG�1��0�� 3KDQ�� 6\QWKHVLV� RI�PXOWL�OD\HU� JUDSKHQH� ILOPV� RQ� FRSSHU� WDSH� E\�
DWPRVSKHULF�SUHVVXUH�FKHPLFDO�YDSRU�GHSRVLWLRQ�PHWKRG��$GYDQFHV�LQ�1DWXUDO�
6FLHQFHV��1DQRVFLHQFH�DQG�1DQRWHFKQRORJ\����������������������

��� +ZDQJER�<���/HH�&��.���0DJ�,VD�$���-DQJ�-��:���/HH�+��-���/HH�6��%���.LP�6��
6���.LP� -��+��� ,QWHUOD\HU� QRQ�FRXSOHG� RSWLFDO� SURSHUWLHV� IRU� GHWHUPLQLQJ� WKH�
QXPEHU� RI� OD\HUV� LQ� DUELWUDULO\� VWDFNHG�PXOWLOD\HU� JUDSKHQHV��&DUERQ�� ������
������������

��� 9LQHHW�.XPDU��$QXM�.XPDU��'RQJ�-RR�/HH�DQG�6DQJ�6KLQ�3DUN��(VWLPDWLRQ�RI�
QXPEHU� RI� JUDSKHQH� OD\HUV� XVLQJ� GLIIHUHQW� PHWKRGV�� $� IRFXVHG� UHYLHZ��
0DWHULDOV�����������������

��� *UDSKHQH� QXPEHU�RI� OD\HUV� FDOFXODWRU� IURP� ,'�,*� DQG� ,�'�,*� UDWLR� YLD�5DPDQ�
VSHFWURVFRS\�� ,QVWD1$12�� KWWSV���LQVWDQDQR�FRP�FKDUDFWHUL]DWLRQ�FDOFXODWRU��
UDPDQ��JUDSKHQH�OD\HUV���DFFHVVHG�6HSWHPEHU��WK���������
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7KLV� SDSHU� SUHVHQWV� DQ� HQYLURQPHQWDOO\� IULHQGO\� DQG� HIILFLHQW� PHWKRG� WR�
SUHSDUH�JUDSKHQH�IURP�JUDSKLWH��LQ�WKHUH�D�KLJK�SRZHUHG�XOWUDVRQLF�YLEUDWLRQ�GHYLFH�
LV�XVHG�WR�VHSDUDWH�JUDSKLWH�LQWR�JUDSKHQH�LQ�D�OLTXLG��'XULQJ�H[IROLDWLRQ��XOWUDVRQLF�
ZDYHV� SURYLGH� PHFKDQLFDO� HQHUJ\� WR� EUHDN� 9DQGHU�:DOOV� ERQGV� LQ� RUGHU� WR� VSOLW�
JUDSKLWH�OD\HUV�LQWR�JUDSKHQH��*UDSKHQH�ZDV�SUHSDUHG�E\�WKH�H[IROLDWLRQ�RI�JUDSKLWH�
OD\HUV�LQ�GLVWLOOHG�ZDWHU�ZLWK�7ZHHQ����VXUIDFWDQW�DQG�WKHQ�WKH�VROYHQW�ZDV�YLEUDWHG�
DW� KLJK� SRZHU� IRU� �� WR� �� KRXUV�� 7KH� REWDLQHG� UHVXOWV� VKRZ� WKDW� KLJK�IUHTXHQF\�
XOWUDVRXQG� LV� D� SRZHUIXO� WRRO� WR� EUHDN� 9DQGHU� :DDOV� ERQGLQJ� IRUFHV� EHWZHHQ�
DGMDFHQW� OD\HUV� LQ� JUDSKLWH�� 7KH�6(0� DQG�=HWD6L]HU� GLVWULEXWLRQ� UHVXOWV� VKRZ� WKDW�
ZLWK�WKH�DYHUDJH�VL]H�RI�����QP������QP������QP������QP������QP��WKH�XOWUDVRXQG�
WLPH�LV���KRXU����KRXUV����KRXUV����KRXUV��DQG���KRXUV��UHVSHFWLYHO\��7KH�7(0�DQG�
5DPDQ� UHVXOWV� VKRZ� WKDW� WKH� JUDSKHQH� PDWHULDO� KDV� D� WKLFNQHVV� RI� DERXW� �� QP�
FRUUHVSRQGLQJ� WR� WKH� QXPEHU� RI� OD\HUV� OHVV� WKDQ� ��� DV� ORZ�OD\HU� JUDSKHQH�� 7KHVH�
UHVXOWV�VKRZ�WKDW�KLJK�IUHTXHQF\�XOWUDVRQLF�ZDYHV�QRW�RQO\�UHGXFH�WKH�DYHUDJH�VL]H��
EXW�DOVR�VHSDUDWH�JUDSKLWH�OD\HUV��IRUPLQJ�JUDSKHQH��

.H\ZRUGV��*UDSKHQH��JUDSKLWH��H[IROLDWLRQ��XOWUDVRQLFV��KLJK�SRZHUHG�GHQVLW\��
EyF�WiFK��VLrX�kP��P̵W�ÿ͡�F{QJ�VX̭W�OͣQ��
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