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1DSUR[HQ� >���������PHWKR[\��QDSKWK\O�� D[LW� SURSLRQLF@�� Oj� PӝW� ORҥL� WKXӕF�
FKӕQJ�YLrP�NK{QJ�VWHURLG�Yj�ÿѭӧF�Vӱ GөQJ�UӝQJ�UmL� WURQJ�ÿLӅX�WUӏ QKLӅX�EӋQK�QKѭ�
YLrP�NKӟS�GҥQJ�WKҩS��WKRiL�KyD�NKӟS��FӭQJ�NKӟS��YLrP�NKӟS�FҩS�WtQK��EӋQK�J~W�Yj�
ÿDX�EөQJ�NLQK�QJX\rQ�SKiW��9ӟL�EӋQK QKkQ�FDR� WXәL�Fy�YҩQ�ÿӅ YӅ WKұQ��EӋQK�PiX�
NKy� ÿ{QJ� Yj� UӕL� ORҥQ� ÿ{QJ� PiX� WLӇX� FҫX�� QDSUR[HQ� ÿѭӧF� NKX\rQ� QrQ� G�QJ� WKұQ�
WUӑQJ��&ҩX�WU~F�SKkQ�Wӱ FӫD�QDSUR[HQ�ÿѭӧF�WUuQK�Ej\�ӣ +uQK�� >�@�

*ҫQ� ÿk\�� FiF� QJKLrQ� FӭX� KѭӟQJ� WӟL� FiF� SKѭѫQJ� SKiS� [iF� ÿӏQK� KjP� OѭӧQJ�
QDSUR[HQ� WURQJ�GѭӧF�SKҭP�ÿӇ ÿiQK JLi�FKҩW� OѭӧQJ� WKXӕF�FǊQJ�QKѭ�WURQJ�FiF�GӏFK�
VLQK�KӑF�ÿӇ ÿiQK�JLi�KLӋX�TXҧ ÿLӅX�WUӏ FKR�FiF�EӋQK�QKkQ�ÿDQJ�UҩW�ÿѭӧF�TXDQ�WkP��
7X\�QKLrQ�FiF�SKѭѫQJ�SKiS�SKә ELӃQ�ÿӇ [iF�ÿӏQK�QDSUR[HQ�KLӋQ�QD\�QKѭ�SKѭѫQJ�
SKiS�ÿLӋQ�KyD >�@� SKѭѫQJ�SKiS�ÿLӋQ�GL�PDR�TXҧQ�>�@� SKѭѫQJ�SKiS�VҳF�Nê�OӓQJ�KLӋX�
QăQJ�FDR�+3/&�>�� �@��� ÿӅX�Vӱ GөQJ�KyD�FKҩW�Yj�WKLӃW�Eӏ ÿҳW� WLӅQ��YұQ�KjQK�WѭѫQJ�
ÿӕL�SKӭF�WҥS��1JRjL�UD��FiF�FҧP�ELӃQ�ÿR�PjX�OҥL�Fy�ÿӝ QKҥ\�Yj�ÿӝ FKӑQ�OӑF�WѭѫQJ�ÿӕL�
KҥQ�FKӃ >�@�

���

+uQK��� &ҩX�WU~F�SKkQ�Wӱ FӫD�QDSUR[HQ

&KҩP�OѭӧQJ�Wӱ FDUERQ��&4'V��ÿѭӧF�ELӃW ÿӃQ�QKѭ�PӝW�ORҥL�YұW�OLӋX�QDQR�Fy�WKӇ
WәQJ�KӧS�EҵQJ�FiF�SKѭѫQJ�SKiS�ÿѫQ�JLҧQ��WKkQ�WKLӋQ�YӟL�P{L�WUѭӡQJ�Yj�Vӱ GөQJ�WjL�
QJX\rQ�VLQK�NKӕL��1JRjL�UD��&4'V�FǊQJ�Oj�YұW�OLӋX�Vӣ KӳX�FiF�ÿһF�WtQK�TXDQJ�KӑF�Yj�
ÿLӋQ�Wӱ Y{�F�QJ�ÿӝF�ÿiR�QKѭ�WtQK�SKiW�[ҥ KXǤQK�TXDQJ�PҥQK��ÿӝ әQ�ÿӏQK�FDR��ÿӝ GүQ�
ÿLӋQ�WӕW�«�1KӳQJ�ÿһF�ÿLӇP�Qj\�ÿm�JL~S�&4'V�Fy�FiF�ӭQJ�GөQJ�ÿD�GҥQJ�WURQJ�OƭQK�
YӵF�FҧP�ELӃQ�PӟL�ÿӇ SKiW�KLӋQ�FiF�LRQ�NLP�ORҥL�Yj�FiF�KӧS�FKҩW�KӳX�Fѫ�>����@��ÿһF�
ELӋW�Oj�WURQJ�FiF�FҧP�ELӃQ�KXǤQK�TXDQJ��7X\�QKLrQ�ÿL�NqP�YӟL�ÿӝ QKҥ\�FDR��ÿӝ FKӑQ�
OӑF� Oj�PӝW�QKѭӧF�ÿLӇP�Pj�FiF�VHQVRU�KXǤQK�TXDQJ�Vӱ GөQJ�&4'V�ÿDQJ�FҫQ�SKҧL�
NKҳF�SKөF�
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3RO\PH� LQ� GҩX� SKkQ� Wӱ �0ROHFXODU� ,PSULQWHG� 3RO\PHU�� 0,3�� Oj� PӝW� ORҥL�
SRO\PH�P{�SKӓQJ�VLQK�KӑF�ÿѭӧF� WәQJ�KӧS� WK{QJ�TXD�SKҧQ�ӭQJ� WU�QJ�KӧS�FӫD�FiF�
PRQRPH�FKӭF�QăQJ�Yj�OLrQ�NӃW�QJDQJ�YӟL�Vӵ Fy�PһW�FӫD�SKkQ�Wӱ PүX�>�@��6DX�NKL�
ORҥL�Eӓ SKkQ� Wӱ PүX� UD�NKӓL�SRO\PH�ÿӇ WҥR� WKjQK�0,3��FiF� Oӛ WUӕQJ�Fy�ÿӏQK�GҥQJ�
FKӑQ� OӑF� FӫD�SKkQ� Wӱ PүX� VӁ KuQK� WKjQK�� JL~S�0,3�Fy�NKҧ QăQJ�JLӳ FKӑQ� OӑF� FKӍ
SKkQ�Wӱ PүX��9u�Yұ\��EҵQJ�FiFK�NӃW�KӧS�0,3�YӟL�&4'V�Fy�WKӇ WăQJ�ÿӝ FKӑQ�OӑF�FӫD�
VHQVRU�&4'V�OrQ�UҩW�QKLӅX�>��@�

7URQJ�QJKLrQ�FӭX�Qj\�� FK~QJ� W{L�ÿһW� UD�PөF� WLrX� Oj� Vӱ GөQJ�YұW� OLӋX�&4'V�
6L2�#0,3�ÿӇ [iF�ÿӏQK�QDSUR[HQ�EҵQJ�SKѭѫQJ�SKiS�KXǤQK�TXDQJ��&ҧP�ELӃQ�KXǤQK�
TXDQJ�&4'V�6L2�#0,3�ÿѭӧF� WәQJ�KӧS� WK{QJ�TXD�SKҧQ�ӭQJ� WU�QJ�KӧS� VRO�JHO� Vӱ
GөQJ�QDSUR[HQ�OjP�SKkQ�Wӱ PүX��FiF�FKҩP�OѭӧQJ�Wӱ FDUERQ��&4'��OjP�YұW�OLӋX�WtQ�
KLӋX�� ��DPLQRSURS\OWULHWKR[\VLODQ� �$37(6�� Oj� PRQRPH� Yj� WHWUDHWK\ORUWKRVLOLFDW�
�7(26��Oj�FKҩW�OLrQ�NӃW�QJDQJ��&ҧP�ELӃQ�[iF�ÿӏQK�QDSUR[HQ�GӵD�WUrQ�KLӋX�ӭQJ�GұS�
WҳW�KXǤQK�TXDQJ�FӫD�&4'V�NKL�Fy�PһW�QDSUR[HQ�GR�Vӵ WUX\ӅQ�ÿLӋQ�WtFK�JLӳD�FiF�SKkQ�
Wӱ &4'V��ÿyQJ�YDL� WUz�FKҩW�QKұQ�ÿLӋQ�Wӱ��Yj�QDSUR[HQ��ÿyQJ�YDL� WUz�FKҩW�FKR�ÿLӋQ�
Wӱ���3KѭѫQJ�SKiS�KXǤQK�TXDQJ�Fy�ÿӝ QKҥ\�Yj�ÿӝ FKӑQ�OӑF�FDR��ÿӝ FKtQK�[iF�WѭѫQJ�
ÿѭѫQJ�VR�YӟL�KҫX�KӃW�FiF�SKѭѫQJ�SKiS�SKkQ�WtFK�WUX\ӅQ�WKӕQJ�NKiF��FKR�SKpS�ӭQJ�
GөQJ�ÿӇ [iF�ÿӏQK�QӗQJ�ÿӝ FKҩW�ӣ PӭF�KjP�OѭӧQJ�Fӥ SSE�WURQJ�FiF�ÿӕL�WѭӧQJ�PүX�
NKiF�QKDX��3KѭѫQJ�SKiS�ÿѭӧF�iS�GөQJ�YjR�ÿӇ [iF�ÿӏQK�KjP�OѭӧQJ�QDSUR[HQ�WURQJ���
Vӕ PүX�GѭӧF�SKҭP�Yj�VR�ViQK�ÿӕL�FKӭQJ�EҵQJ�SKѭѫQJ�SKiS�/&�06�06�

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

�����+yD�FKҩW��WKLӃW�Eӏ

&iF�KyD�FKҩW�WLQK�NKLӃW�SKkQ�WtFK��QDWUL�K\GUR[LW��1D2+���D[LW�FLWULF��&�+�2����
WHWUDHWK\O�RUWKRVLOLFDW� �7(26��� ���DPLQRSURS\O�� WULHWKR[\VLODQ� �$37(6���GXQJ�GӏFK�
1+���HWKDQRO��(W2+���JOXFRVH��QDSUR[HQ��6LJPD��

0i\� KXǤQK� TXDQJ� �)������� +,7$&+,�� 1KұW� %ҧQ�� Vӱ GөQJ� FXYHW� EӕQ� PһW�
WURQJ�VXӕW�Fy�FKLӅX�Gj\���FP�

0i\�O\�WkP�OҥQK��05��L��-28$1��3KiS��

�����7әQJ�KӧS�YұW�OLӋX�&4'V�6L2���&4'V�6L2�#0,3��&4'V�6L2�#1,3

7әQJ�KӧS�YұW� OLӋX�&4'V��1XQJ����J� DFLG FLWULF�ӣ ���R&� WURQJ����JLӡ WURQJ�
P{L�WUѭӡQJ�NK{QJ�NKt��6DX�ÿy�OjP�QJXӝL�ÿӃQ�QKLӋW�ÿӝ SKzQJ��WKX�ÿѭӧF�FKҩW�OӓQJ�Fy�
ÿӝ QKӟW�FDR��+zD�WDQ�FKҩW�OӓQJ�WKX�ÿѭӧF�EҵQJ�QѭӟF�GHLRQ��O\�WkP��������YzQJ�SK~W���
JҥQ�Oҩ\�SKҫQ�FKҩW�UҳQ�Vҩ\�NK{�Yj�FkQ�ÿӇ ÿӏQK�OѭӧQJ�&4'V�

7әQJ�KӧS�YұW�OLӋX�&4'V#6L2���7KrP�����P/�&4'V�������PJ�P/��YjR������
P/�(W2+��WKrP������/�$37(6�Yj�UXQJ�VLrX�kP�GXQJ�GӏFK�WKX�ÿѭӧF�WURQJ���SK~W��
6DX�ÿy�JLD�QKLӋW�KӛQ�KӧS�ӣ ���&�WURQJ����SK~W��/jP�OҥQK�KӛQ�KӧS�Qj\�[XӕQJ�QKLӋW�
ÿӝ SKzQJ��WLӃQ�KjQK OӑF�ÿӇ WKX�&4'V�6L2��

7әQJ� KӧS� YұW� OLӋX� &4'V�6L2�#0,3�� 7KrP� ���� P/� QDSUR[HQ� ����� 0� OjP�
NKX{Q�PүX�YjR�����PJ�P/�&4'V�6L2� �WURQJ������P/�(W2+���6DX�ÿy�WKrP������/�
$37(6�Yj�������/�7(26�Yj�UXQJ�VLrX�kP�WURQJ�����SK~W��7KrP�YjR������/�GXQJ�
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GӏFK������P/�1+� ����Yj������P/�QѭӟF�GHLRQ��Yj�NKXҩ\�KӛQ�KӧS�WKX�ÿѭӧF�WURQJ���
SK~W�ӣ QKLӋW�ÿӝ SKzQJ��+ӛQ�KӧS�ÿѭӧF�OjP�NK{�WURQJ�Wӫ Vҩ\�ӣ ���&�WURQJ���JLӡ� WKX�
ÿѭӧF�&4'V�6L2�#0,3�

7әQJ� KӧS� YұW� OLӋX� &4'V�6L2�#1,3�� F�QJ� ÿLӅX� NLӋQ� YӟL� &4'V�6L2�#0,3
QKѭQJ NK{QJ�WKrP�QDSUR[HQ�

�����1JX\rQ�WҳF�[iF�ÿӏQK�QDSUR[HQ

4XDQJ�SKә KXǤQK�TXDQJ�FӫD�GXQJ�GӏFK�SKkQ�WiQ�&4'V�6L2�#0,3�ÿѭӧF�ÿһF�
WUѭQJ� YӟL� PӝW� ÿӍQK� SKiW� [ҥ FӵF� ÿҥL� [XQJ� TXDQK� EѭӟF� VyQJ� ���� QP�� .KL� Fy�PһW�
QDSUR[HQ��TXi�WUuQK�SKiW�KXǤQK�TXDQJ�FӫD�&4'V�6L2�#0,3�Eӏ GұS�WҳW�PҥQK�GR�Vӵ
WUX\ӅQ�ÿLӋQ� WtFK� JLӳD� FiF� SKkQ� Wӱ &4'V�Yj� QDSUR[HQ� >��@� 7URQJ�ÿy� FiF� SKkQ� Wӱ
&4'V�Yj�QDSUR[HQ�OҫQ�OѭӧW�ÿyQJ�YDL�WUz�Oj�FKҩW�QKұQ�ÿLӋQ�Wӱ Yj�FKҩW�FKR�ÿLӋQ�Wӱ��

7KLӃW�OұS�PӕL�TXDQ�KӋ JLӳD�ÿӝ GұS�WҳW�KXǤQK�TXDQJ��)��)��ӣ EѭӟF�VyQJ�����QP�
YӟL�QӗQJ�ÿӝ QDSUR[HQ��YӟL�)�Yj�)� OҫQ�OѭӧW�Oj�WtQ�KLӋX�KXǤQK�TXDQJ�NKL�Fy�Yj�NK{QJ�
Fy�QDSUR[HQ��OjP�Fѫ�Vӣ ÿӇ ÿӏQK�OѭӧQJ�QDSUR[HQ�EҵQJ�SKѭѫQJ�SKiS�KXǤQK�TXDQJ��

�����4X\�WUuQK�WӕL�ѭX�ÿLӅX�NLӋQ�[iF�ÿӏQK�QDSUR[HQ

&4'V�6L2�#0,3� ÿѭӧF� SKkQ� WiQ WURQJ� GXQJ� GӏFK� ÿӋP� DFHWDW� ���� 0�� UXQJ�
VLrX�kP�WURQJ���SK~W��FKӍQK�S+� ����ӫ WURQJ����SK~W��3KpS�ÿR�FѭӡQJ�ÿӝ KXǤQK�TXDQJ�
ÿѭӧF�JKL�OҥL�EҵQJ�Pi\�TXDQJ�SKә KXǤQK�TXDQJ�YӟL�EѭӟF�VyQJ�NtFK�WKtFK�Yj�SKiW�[ҥ
OҫQ�OѭӧW�Oj�ȜNtFK�WKtFK  ���� QP�Yj�ȜSKiW�[ҥ  ���� QP�

�����;ӱ Oê�Yj�SKkQ�WtFK�PүX

&iF�PүX�WKXӕF�Fy�FKӭD�QDSUR[HQ�ÿѭӧF�PXD�QJүX�QKLrQ�WUrQ�FiF�KLӋX�WKXӕF�ӣ
+j�1ӝL��WK{QJ�WLQ�YӅ PүX�WKXӕF�ÿѭӧF�FKR�WURQJ�%ҧQJ�����0үX�WKXӕF�FKӭD�QDSUR[HQ�
ÿѭӧF�QJKLӅQ�QKӓ��FkQ�FKtQK�[iF�OҫQ�OѭӧW������ J�PүX�WKXӕF�6DY1RSDLQ����������� J�
PүX�WKXӕF�1DSUR[HQ����������� J�PүX�WKXӕF�1DSUR[HQ���� VDX�ÿy�FKX\ӇQ�YjR�EuQK�
ÿӏQK�PӭF������P/��ÿӏQK�PӭF�ÿӃQ�YҥFK�PӭF�EҵQJ�QѭӟF�GHLRQ��/ӑF�GXQJ�GӏFK�TXD�
JLҩ\�OӑF��SKD�ORmQJ������OҫQ�WKX�ÿѭӧF�GXQJ�GӏFK�PүX��7KrP������/�GXQJ�GӏFK�PүX�
YjR�����P/�GXQJ�GӏFK�&4'V�6L2�#0,3��FKӍQK�S+����VDX�ÿy� WKrP�QѭӟF�GHLRQ�ÿӇ
WKӇ WtFK� WRjQ�Eӝ GXQJ�GӏFK�ÿҥW�����P/��ĈӧL����SK~W�Yj�ÿR� WtQ�KLӋX�KXǤQK�TXDQJ�ӣ
EѭӟF�VyQJ�����QP�YӟL�EѭӟF�VyQJ�NtFK�WKtFK�Oj�����QP��+jP�OѭӧQJ�QDSUR[HQ�ÿѭӧF�
[iF�ÿӏQK�EҵQJ�SKѭѫQJ�SKiS�WKrP�FKXҭQ�

���.ӂ7�48Ҧ 9¬�7+Ҧ2�/8Ұ1

���� 0ӝW�Vӕ WtQK�FKҩW�FӫD�YұW�OLӋX�&4'V�6L2�#0,3

7UrQ� +uQK� �� Yj� +uQK� �� Oj� NӃW� TXҧ ÿR� 6(0� Yj� ;5'� FӫD� YұW� OLӋX� &4'V�
6L2�#0,3��7UrQ�JLҧQ�ÿӗ ;5'�FӫD�YұW� OLӋX�FKR� WKҩ\���TXҫQJ�UӝQJ�ӣ �ș  ������ Oj�
TXҫQJ� ÿһF� WUѭQJ� FӫD� &4'V� >��@�� .K{QJ� SKiW� KLӋQ� WKҩ\� FiF� ÿӍQK� ÿһF� WUѭQJ� FӫD�
SRO\[LORVDQ�Fy�OӁ Oj�GR KjP�OѭӧQJ�QKӓ Yj�FҩX�WU~F�Y{�ÿӏQK�KuQK�FӫD�OӟS�Yӓ SRO\PH��
ҦQK�6(0�FKR�WKҩ\�FiF�KҥW�WUzQ�NӃW�Wө��YӟL�NtFK�WKѭӟF�NKRҧQJ�YjL�FKөF�QP��WX\�QKLrQ�
ӣ ÿӝ SKkQ�JLҧL�Qj\�FKѭD�FKR�SKpS�NӃW�OXұQ�FKtQK�[iF�YӅ NtFK�WKѭӟF�FӫD�ÿѫQ�KҥW��
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.KL� ÿR� SKә KXǤQK� TXDQJ� SKkQ� Wӱ FӫD� YұW� OLӋX�&4'V��&4'V�6L2�#0,3� Yj�
&4'V� 6L2�#0,3� � QDSUR[HQ�� Fy� WKӇ WKҩ\�&4'V�6L2�#0,3�Fy�FѭӡQJ�ÿӝ KXǤQK�
TXDQJ�JLҧP�QKҽ VR�YӟL�&4'V��GR�Vӵ WӗQ�WҥL�FӫD�OӟS�Yӓ NK{QJ�SKiW�TXDQJ�0,3��.KL�
WKrP�QDSUR[HQ��QDSUR[HQ�ÿѭӧF�JLӳ OҥL�WUrQ�FiF�Oӛ WUӕQJ�FӫD�OӟS�0,3��WѭѫQJ�WiF�WUDR�
ÿәL�ÿLӋQ�Wӱ YӟL�&4'V�Yj�GұS�WҳW�ÿiQJ�NӇ KXǤQK�TXDQJ�FӫD�&4'V��1Kѭ�Yұ\�Fy�WKӇ
NӃW�OXұQ�Vѫ�Eӝ��YұW�OLӋX &4'V�0,3�ÿm�ÿѭӧF�WәQJ�KӧS�WKjQK�F{QJ�YӟL�KLӋX�ӭQJ�GұS�
WҳW�KXǤQK�TXDQJ�NKL�Fy�PһW�QDSUR[HQ�

+uQK��� ҦQK�6(0�FӫD�&4'V�6L2�#0,3

+uQK��� *LҧQ�ÿӗ ;5'�FӫD�&4'V�6L2�#0,3

���� 7ӕL�ѭX�FiF�ÿLӅX�NLӋQ�[iF�ÿӏQK�QDSUR[HQ�

������.K̫R�ViW�̫QK�K˱ͧQJ�FͯD�GXQJ�G͓FK�ÿ͏P�

&iF�GXQJ�GӏFK�ÿӋP�NKiF�QKDX�EDR�JӗP�GXQJ�GӏFK�ÿӋP�WULV��K\GUR[\PHWK\O��
DPLQRPHWKDQ�� SKRWSKDW� Yj� D[HWDW� ÿѭӧF� NKҧR� ViW� YӟL� QӗQJ� ÿӝ ÿӋP� WKD\� ÿәL� WURQJ�
NKRҧQJ������� �����0��.ӃW�TXҧ FKR�WKҩ\�JLi�WUӏ FDR�QKҩW�ÿӕL�YӟL�WK{QJ�Vӕ )��)�ÿѭӧF�
TXDQ�ViW� WKҩ\�YӟL�GXQJ�GӏFK�ÿӋP�D[HWDW� ������0��S+����Yj�GXQJ�GӏFK�ÿӋP�Qj\�VӁ
ÿѭӧF�OӵD�FKӑQ�FKR�FiF�WKt�QJKLӋP�WLӃS�WKHR�
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+uQK��� ҦQK�KѭӣQJ�FӫD�GXQJ�GӏFK�ÿӋP

�������.K̫R�ViW�̫QK�K˱ͧQJ�FͯD�S+

S+�Oj�PӝW� WURQJ�FiF�\ӃX� Wӕ TXDQ� WUӑQJ�ҧQK�KѭӣQJ�ÿӃQ� WtQ�KLӋX�KXǤQK�TXDQJ�
FӫD�&4'V�6L2�#0,3�NKL�Fy�PһW�FKҩW�SKkQ�WtFK��.ӃW�TXҧ NKҧR�ViW�ҧQK�KѭӣQJ�FӫD�
S+�WURQJ�NKRҧQJ� Wӯ ��ÿӃQ���FKR� WKҩ\� WtQ�KLӋX�KXǤQK�TXDQJ�FӫD�GXQJ�GӏFK�&4'V�
6L2�#0,3�NKL�Fy�PһW�QDSUR[HQ�SKө WKXӝF�WѭѫQJ�ÿӕL�ÿiQJ�NӇ YjR�S+��+uQK�����*Li�
WUӏ )���)�ÿҥW�FӵF�ÿҥL�ӣ S+���VDX�ÿy�JLҧP�GҫQ�NKL�WKD\�ÿәL�S+�Wӯ ��[XӕQJ����6ӵ JLҧP�
WtQ�KLӋX�ӣ S+�!���Fy�WKӇ ÿѭӧF�JLҧL�WKtFK�GR�WҥL�FiF�JLi�WUӏ S+�Qj\��OӟS�Yӓ VLOLFD�Fy�WKӇ
Eӏ LRQ�KyD�Yj�[XҩW�KLӋQ�FiF�NKX\ӃW� WұW�EӅ PһW� OjP�JLҧP�WtQ�KLӋX�KXǤQK�TXDQJ� .ӃW�
TXҧ Qj\�FzQ�FKR�WKҩ\�YLӋF�GұS�WҳW�KXǤQK�TXDQJ�NK{QJ�FKӍ SKө WKXӝF�YjR�WѭѫQJ�WiF�
WƭQK�ÿLӋQ�Pj�FzQ�SKө WKXӝF�YjR�FiF�WѭѫQJ�WiF�NKiF�QKѭ�OLrQ�NӃW�K\GUR >��@�

+uQK��� ҦQK�KѭӣQJ�FӫD�S+
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�������.K̫R�ViW�̫QK�K˱ͧQJ�FͯD�WKͥL�JLDQ�

ҦQK� KѭӣQJ� FӫD� WKӡL� JLDQ� ÿӃQ� WtQ� KLӋX� KXǤQK� TXDQJ� FӫD� GXQJ� GӏFK� &4'V�
6L2�#0,3�NKL� WKrP�QDSUR[HQ�ÿѭӧF�NKҧR�ViW� WURQJ����SK~W��.ӃW�TXҧ WKӵF�QJKLӋP�
FKR�WKҩ\�WtQ�KLӋX�KXǤQK�TXDQJ�ӣ EѭӟF�VyQJ�����QP�WăQJ�GҫQ�WURQJ�NKRҧQJ����SK~W�
Yj�VDX�ÿy�NK{QJ�WKD\�ÿәL��9u�Yұ\�����SK~W�Oj�WKӡL�JLDQ�WӕL�ѭX�ÿѭӧF�OӵD�FKӑQ�ÿӇ SKiW�
KLӋQ�Yj�ÿӏQK�OѭӧQJ�QDSUR[HQ�

+uQK��� ҦQK�KѭӣQJ�FӫD�WKӡL�JLDQ

�������.K̫R�ViW�̫QK�K˱ͧQJ�FͯD�Q͛QJ�ÿ͡ QDSUR[HQ

7UrQ�+uQK��� ELӇX�GLӉQ�ÿӝ GұS� WҳW� KXǤQK�TXDQJ� �)��)��ÿѭӧF� JKL� OҥL� WҥL� EѭӟF�
VyQJ�����QP�FӫD�FiF�GXQJ�GӏFK�QDSUR[HQ�Fy�QӗQJ�ÿӝ WKD\�ÿәL�WURQJ�NKRҧQJ�Wӯ � ൈ
���� ÿӃQ������0��7ӯ NӃW�TXҧ Fy�WKӇ WKҩ\�NKL�WăQJ�QӗQJ�ÿӝ QDSUR[HQ��ÿӝ GұS�WҳW�KXǤQK�
TXDQJ� �)��)�� FӫD� FiF� GXQJ� GӏFK� FKXҭQ� QDSUR[HQ� WăQJ� WX\ӃQ� WtQK� YӟL� QӗQJ� ÿӝ
QDSUR[HQ�Yj�ÿk\�VӁ Oj�Fѫ�Vӣ ÿӇ ÿӏQK�OѭӧQJ�QDSUR[HQ�EҵQJ�SKѭѫQJ�SKiS�Qj\�

+uQK��� ҦQK�KѭӣQJ�FӫD�QӗQJ�ÿӝ QDSUR[HQ
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�����.KҧR�ViW�WtQK�FKӑQ�OӑF�FӫD�SKѭѫQJ�SKiS

0ӝW�WURQJ�QKӳQJ�WK{QJ�Vӕ SKkQ�WtFK�TXDQ�WUӑQJ�FӫD�VHQVRU�Oj�WtQK�FKӑQ�OӑF��ĈӇ
ÿiQK�JLi�ÿӝ FKӑQ�OӑF�FӫD�SKѭѫQJ�SKiS�WURQJ�ÿLӅX�NLӋQ�WӕL�ѭX��WtQ�KLӋX�KXǤQK�TXDQJ�
FӫD�&4'V�6L2�#0,3��&4'V�6L2�#1,3�NKL� Fy�PһW� FӫD� FiF� FKҩW� NKiF� QKDX�QKѭ�
.���0J����&D����=Q����JOXFRVH��SLUR[LFDP��D[LW�PHIHQDPLF�ÿm�ÿѭӧF�NKҧR�ViW Yj�ELӇX�
GLӉQ�WURQJ�+uQK����6ӵ VDL�OӋFK�YӅ WtQ�KLӋX�KXǤQK�TXDQJ�Wӯ ������ ·��������NKL�Fy�
PһW� FiF� FKҩW� ҧQK� KѭӣQJ� FKR� WKҩ\� NKҧ QăQJ� KҩS� SKө FKӑQ� OӑF� FDR� FiF� SKkQ� Wӱ
QDSUR[HQ�OrQ�WUrQ�FiF�Oӛ WUӕQJ�FӫD�EӅ PһW�&4'V�6L2�#0,3��LQ�GҩX�SKkQ�Wӱ��VR�YӟL�
VDL�OӋFK�Wӯ ������� · �������FӫD�&4'V�6L2�#1,3��NK{QJ�LQ�GҩX�SKkQ�Wӱ���

+uQK��� .KҧR�ViW�ÿӝ FKӑQ�OӑF�FӫD�&4'V�6L2�#0,3

�����ĈiQK�JLi�SKѭѫQJ�SKiS�

ĈiQK�JLi�SKѭѫQJ�SKiS�SKkQ� WtFK ÿѭӧF� WKӵF�KLӋQ WK{QJ�TXD�NKҧR�ViW�NKRҧQJ�
WX\ӃQ�WtQK��[k\�GӵQJ�ÿѭӡQJ�FKXҭQ��[iF�ÿӏQK�JLӟL�KҥQ�SKiW�KLӋQ��/2'���JLӟL�KҥQ�ÿӏQK�
OѭӧQJ��/24���ÿӝ FKөP Yj ÿӝ ÿ~QJ FӫD�SKѭѫQJ�SKiS�

7LӃQ�KjQK�ÿR�FiF�GXQJ�GӏFK�QDSUR[HQ�Fy�QӗQJ�ÿӝ NKiF�QKDX�Wӯ ��� ൈ ���� ÿӃQ�
���� 0�WҥL�FiF�ÿLӅX�NLӋQ�WӕL�ѭX�YӯD�[iF�ÿӏQK�ӣ WUrQ��S+����ÿӋP�D[HWDW������0��WKӡL�
JLDQ����SK~W�� .ӃW�TXҧ FKR�WKҩ\�ÿӝ GұS�WҳW�KXǤQK�TXDQJ��)��)��WăQJ�WX\ӃQ�WtQK�WKHR�
QӗQJ�ÿӝ FӫD�QDSUR[HQ�WURQJ�NKRҧQJ�Wӯ ��� ൈ ���� ÿӃQ����� 0��;k\�GӵQJ�ÿѭӡQJ�FKXҭQ�
WURQJ�NKRҧQJ�QӗQJ�ÿӝ Qj\�WKX�ÿѭӧF�SKѭѫQJ�WUuQK���)��)�� �������[&QDSUR[HQ[��

�� ��
��������KӋ Vӕ WѭѫQJ�TXDQ�FDR�5�� ���������

Ĉӝ FKөP�ÿѭӧF�ÿiQK�JLi�WK{QJ�TXD�ÿӝ OһS�OҥL��ĈR�OһS���OҫQ�GXQJ�GӏFK�QDSUR[HQ�
ӣ FiF�QӗQJ�ÿӝ ��� ൈ ���� �a������SSP��������0��a�����SSP��Yj������0��a������SSP���
.ӃW�TXҧ WKX�ÿѭӧF�YӟL�FiF�PӭF�QӗQJ�ÿӝ WUrQ�FKR�JLi�WUӏ ÿӝ OӋFK�FKXҭQ�WѭѫQJ�ÿӕL���
56'�� OҫQ� OѭӧW� Oj� ������� ������Yj� ������ÿiS� ӭQJ� \rX� FҫX� FӫD�+LӋS�KӝL� FiF� QKj�
SKkQ�WtFK��$2$&��>��@�

Ĉӝ ÿ~QJ�FӫD�SKѭѫQJ�SKiS�ÿѭӧF�ÿiQK�JLi� WK{QJ�TXD�KLӋX� VXҩW� WKX�KӗL�� WҥL� ��
PӭF�QӗQJ�ÿӝ WUrQ��KLӋX�VXҩW�WKX�KӗL�FDR�ÿҥW�Wӯ ������� ��������ÿiS�ӭQJ�\rX�FҫX�FӫD�
$2$&�>��@�

���� ����� ����� ����� ���� �����
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/2'�Yj�/24�ÿѭӧF�[iF�ÿӏQK�Wӯ ÿѭӡQJ�FKXҭQ��WKHR�F{QJ�WKӭF�/2'� �6\�E�Yj�
/24  ���6\�E��.ӃW�TXҧ WKX�ÿѭӧF�JLi� WUӏ /2'�Oj�� ൈ ���� PRO�/ ����SSE���/24�Oj�
���ൈ���� PRO�/ ����SSE���*Li�WUӏ /2'�WKX�ÿѭӧF�FӫD�SKѭѫQJ�SKiS�WKҩS�KѫQ�QKLӅX�VR�
YӟL�PӝW�Vӕ SKѭѫQJ�SKiS�QKѭ�ÿLӋQ�KRi��ÿLӋQ�GL�Yj�WѭѫQJ�ÿѭѫQJ�YӟL�FiF�SKѭѫQJ�SKiS�
VҳF�Nt�QKѭ�+3/&�KXǤQK�TXDQJ��*&�06��%ҧQJ����

%ҧQJ��� /2'�FӫD�PӝW�Vӕ SKѭѫQJ�SKiS�[iF�ÿӏQK�QDSUR[HQ

3KѭѫQJ�SKiS /2' 1ăP��7/7.

ĈLӋQ�KyD ���� SSP ������>��@

+yD�SKiW�TXDQJ ���SSE ������>��@

ĈLӋQ�KyD ���SSE ������>��@

+3/&�� KXǤQK�TXDQJ ���SSE ������>��@

+3/&�� 89 �����SSP ������>��@

*&�� 06 ���SSE ������>��@

3KѭѫQJ�SKiS�KXǤQK�TXDQJ�Vӱ
GөQJ�&4'V�6L2�#0,3

���SSE 1JKLrQ�FӭX�Qj\

*LӟL� KҥQ� SKiW� KLӋQ� FӫD� SKѭѫQJ� SKiS� �0'/�� Yj� JLӟL� KҥQ� ÿӏQK� OѭӧQJ� FӫD�
SKѭѫQJ�SKiS� �04/� YӟL�PүX�GѭӧF�SKҭP�ÿѭӧF�[iF�ÿӏQK�EҵQJ�FiFK�ÿR� OһS���� OҫQ�
PүX�WUҳQJ��WtQK�JLi� WUӏ 6E �ÿӝ OӋFK�FKXҭQ� Yj�WtQK�0'/ �6E�\��04/ ��6E�\��.ӃW�
TXҧ WKX�ÿѭӧF�JLi�WUӏ 0'/�Oj������SSE��WѭѫQJ�ÿѭѫQJ�����PJ�YLrQ��04/�Oj����� SSE�
�WѭѫQJ�ÿѭѫQJ������PJ�YLrQ��

���� .ӃW�TXҧ SKkQ�WtFK�KjP�OѭӧQJ�QDSUR[HQ�WURQJ�PүX�WKXӕF�

ÈS�GөQJ�SKѭѫQJ�SKiS�KXǤQK�TXDQJ�Vӱ GөQJ�GXQJ�GӏFK�&4'V�6L2�#0,3�ÿӇ
SKkQ�WtFK�PӝW�Vӕ PүX�GѭӧF�SKҭP�FKӭD�QDSUR[HQ��.ӃW�TXҧ SKkQ�WtFK�ÿѭӧF�FKR�WURQJ�
%ҧQJ���F�QJ�YӟL�FiF�WK{QJ�WLQ�YӅ PүX��7ӯ EҧQJ Qj\�Fy�WKӇ WKҩ\�Vӵ VDL�NKiF�NK{QJ�OӟQ�
JLӳD�NӃW�TXҧ SKkQ�WtFK�Yj�KjP�OѭӧQJ�FXQJ�FҩS�WUrQ�QKmQ��GDR�ÿӝQJ�WURQJ�NKRҧQJ����
��· ���� ���.ӃW�TXҧ SKkQ�WtFK�FǊQJ�ÿm�ÿѭӧF�VR�ViQK�ÿӕL�FKӭQJ�YӟL�SKѭѫQJ�SKiS�/&�
06�06�� NLӇP�ÿӏQK� W�WHVW� EҳW� FһS� FKR�3YDOXH  � ������!� ����� �3�!� ����� FKR� WKҩ\� Vӵ
WѭѫQJ�TXDQ� FDR� JLӳD�NӃW� TXҧ ÿR�FӫD���SKѭѫQJ�SKiS�� FKӭQJ� Wӓ SKѭѫQJ�SKiS�KXǤQK�
TXDQJ�Fy�ÿӝ WLQ�Fұ\�FDR�

%ҧQJ��� .ӃW�TXҧ SKkQ�WtFK�QDSUR[HQ�WURQJ�PӝW�Vӕ PүX�GѭӧF�SKҭP

7rQ�WKXӕF

+jP�OѭӧQJ

WUrQ�QKmQ

�PJ�

+jP�OѭӧQJ�FKҩW�SKkQ�WtFK
�PJ�

6DL�NKiF�JLӳD�
KjP�OѭӧQJ�SKkQ�
WtFK�Yj�QKmQ�
F{QJ�Eӕ ���

6DL�NKiF�
JLӳD�KDL�
SKѭѫQJ�
SKiS ���

3KѭѫQJ�SKiS�
KXǤQK�TXDQJ

3KѭѫQJ�SKiS

/&�06�06

6DY1RSDLQ���� ��� ��� ��� ���� ����

1DSUR[HQ���� ��� ��� ��� ���� ����

1DSUR[HQ�6RGLTXH ��� ��� ��� ����� �����
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���.ӂ7�/8Ұ1

7URQJ� QJKLrQ� FӭX� Qj\�� FK~QJ� W{L� ÿm� ӭQJ� GөQJ� WKjQK� F{QJ� YұW� OLӋX� &4'V�
6L2�#0,3� ÿӇ ÿӏQK� OѭӧQJ� QDSUR[HQ� Fy� WURQJ�PүX� GѭӧF� SKҭP�EҵQJ� SKѭѫQJ� SKiS�
KXǤQK�TXDQJ��3KѭѫQJ�SKiS�Fy�ÿӝ FKtQK�[iF�FDR�Yj�JLӟL�KҥQ�SKiW�KLӋQ�WKҩS��/2'� �
� ൈ ���� 0�����SSE� VR�YӟL�FiF�SKѭѫQJ�SKiS�KLӋQ�QD\�ÿDQJ�Vӱ GөQJ��3KѭѫQJ�SKiS�
ÿѫQ�JLҧQ��GӉ WKӵF�KLӋQ�Yj�ÿm�ÿѭӧF�iS�GөQJ�ÿӇ [iF�ÿӏQK�QDSUR[HQ�WURQJ���PүX�GѭӧF�
SKҭP�FKR�NӃW�TXҧ VDL�NKiF�YӟL�QKmQ�F{QJ�Eӕ WURQJ�NKRҧQJ������·������� &iF�NӃW�
TXҧ Qj\�FǊQJ�ÿm�ÿѭӧF�NLӇP�FKӭQJ�EҵQJ�SKѭѫQJ�SKiS /&�06�06�FKR�WKҩ\�SKѭѫQJ�
SKiS�KXǤQK�TXDQJ�Oj�ÿiQJ�WLQ�Fұ\��1JKLrQ�FӭX�Fy�WKӇ Pӣ UӝQJ�UD�ÿӇ [iF�ÿӏQK�KjP�
OѭӧQJ�QDSUR[HQ�WURQJ�FiF�ÿӕL�WѭӧQJ�VLQK�KӑF�QKѭ�QѭӟF�WLӇX�Yj�KX\ӃW�WѭѫQJ�JyS�SKҫQ�
ÿiQK�JLi�KLӋX�TXҧ ÿLӅX�WUӏ JLҧP�ÿDX�FKR�FiF�EӋQK�QKkQ��

7¬,�/,ӊ8�7+$0 .+Ҧ2

�� /LDQ� +��� +X� <��� 	� /L� *��� 1RYHO� PHWDO� LRQ�PHGLDWHG� FRPSOH[� LPSULQWHG�
PHPEUDQH� IRU� VHOHFWLYH� UHFRJQLWLRQ� DQG�GLUHFW� GHWHUPLQDWLRQ� RI� QDSUR[HQ� LQ�
SKDUPDFHXWLFDOV� E\� VROLG� VXUIDFH� IOXRUHVFHQFH�� 7DODQWD�� ������ ������������
'2,����������M�WDODQWD������������

�� 7DVKNKRXULDQ� -���+HPPDWHHQHMDG�%���%HLJL]DGHK�+���+RVVHLQL�6DUYDUL�0���	�
5D]PL� =�� =Q2� QDQRSDUWLFOHV� DQG� PXOWLZDOOHG� FDUERQ� QDQRWXEHV� PRGLILHG�
FDUERQ� SDVWH� HOHFWURGH� IRU� GHWHUPLQDWLRQ� RI� QDSUR[HQ� XVLQJ� HOHFWURFKHPLFDO�
WHFKQLTXHV�� -RXUQDO� RI� (OHFWURDQDO\WLFDO� &KHPLVWU\�� ����� ����������������
'2,���������M�MHOHFKHP������������

�� 0��)LOOHW��/��)RWVLQJ�� -��%RQQDUG�� -��&URPPHQ��6WHUHRVHOHFWLYH�GHWHUPLQDWLRQ�
RI� 6�QDSUR[HQ� LQ� WDEOHWV� E\� FDSLOODU\� HOHFWURSKRUHVLV�� -RXUQDO� RI�
3KDUPDFHXWLFDO� DQG� %LRPHGLFDO� $QDO\VLV�� ������ ����������� '2,��
��������V��������������������

�� 6��5��/HH��+��%��3DUN��.��+\XQ�.LP��+LJKO\� VHQVLWLYH�� VLPSOH�� DQG�FRVW�DQG�
WLPH�HIIHFWLYH�PHWKRG� WR�GHWHUPLQH� WKH�DEVROXWH�FRQILJXUDWLRQ�RI�D�VHFRQGDU\�
DOFRKRO� XVLQJ� FRPSHWLQJ� HQDQWLRVHOHFWLYH� DF\ODWLRQ� FRXSOHG� ZLWK� /&�06��
$QDO\WLFDO� FKHPLVWU\�� ������ ���������������
'2,���������DFV�DQDOFKHP��E�����

�� 2��0��<RXQHV��)��$��$OL��=��$O�$VVDI��(QDQWLRVHSDUDWLRQ�RI�PHWRSURORO�WDUWUDWH�
XVLQJ� KSOF� E\� DGGLQJ�PHWK\O� EHWD� F\FORGH[WULQ� WR� WKH�PRELOH� SKDVH� �DV� FKLUDO�
DGGLWLYH���5HVHDUFK�-RXUQDO�RI�3KDUPDF\�DQG�7HFKQRORJ\���������������������
'2,�����������������;�������������

�� +��1��.LP��=��*XR��:��=KX��-��<RRQ��+��7LDQ��5HFHQW�SURJUHVV�RQ�SRO\PHU�EDVHG�
IOXRUHVFHQW� DQG� FRORULPHWULF� FKHPRVHQVRUV�� &KHP�� 6RF�� 5HY��� ������ ���������
'2,���������F�FV�����E

�� 5�� 0RKDPPDGL�� +�� 1DGHUL�0DQHVK�� /�� )DU]LQ�� =�� 9DH]L�� 1�� $\DUUL�� /��
6DPDQGDUL�� HW� DO��� )OXRUHVFHQFH� VHQVLQJ� DQG� LPDJLQJ� ZLWK� FDUERQ�EDVHG�
TXDQWXP�GRWV�IRU�HDUO\�GLDJQRVLV�RI�FDQFHU��$�UHYLHZ��-RXUQDO�RI�3KDUPDFHXWLFDO�
DQG�%LRPHGLFDO�$QDO\VLV������������������� '2,� ��������M�MSED������������
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�� &KX��+DQ�:HL��HW�DO���&DUERQ�TXDQWXP�GRWV�IRU�WKH�GHWHFWLRQ�RI�DQWLELRWLFV�DQG�
SHVWLFLGHV�� -RXUQDO� RI� )RRG� 	� 'UXJ� $QDO\VLV�� ������ ������ $UWLFOH� ��
'2,������������������������

�� %��%HQHGHWWL��0��'L�&DUUR��(��0DJL��0XOWLYDULDWH�RSWLPL]DWLRQ�RI�DQ�H[WUDFWLRQ�
SURFHGXUH� EDVHG� RQ� PDJQHWLF� PROHFXODU� LPSULQWHG� SRO\PHU� IRU� WKH�
GHWHUPLQDWLRQ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�LQ�VHD�ZDWHU��0LFURFKHPLFDO�
-RXUQDO�����������������������'2,���������M�PLFURF������������

��� 7��+DR��;��:HL��<��1LH��<��;X��<��<DQ��=��=KRX��$Q�HFR�IULHQGO\�PROHFXODUO\�
LPSULQWHG� IOXRUHVFHQFH� FRPSRVLWH� PDWHULDO� EDVHG� RQ� FDUERQ� GRWV� IRU�
IOXRUHVFHQW�GHWHFWLRQ�RI� �� QLWURSKHQRO��0LFURFKLPLFD�$FWD�����������������
������'2,���������V����������������

��� <��=KRX��=��EHL�4X��<��=HQJ��7��=KRX��*��6KL��$�QRYHO�FRPSRVLWH�RI�JUDSKHQH�
TXDQWXP�GRWV�DQG�PROHFXODUO\�LPSULQWHG�SRO\PHU�IRU�IOXRUHVFHQW�GHWHFWLRQ�RI�
SDUDQLWURSKHQRO�� %LRVHQVHQVRU� DQG� %LRHOHFWURQLFV�� ������ �����������
'2,���������M�ELRV������������

��� -XDQ�+RX��+XL\X�/L��/RQJ�:DQJ��3LQJ�=KDQJ��7LDQ\X�=KRX��+RQJ�'LQJ��/DQ�
'LQ��5DSLG� PLFURZDYH�DVVLVWHG� V\QWKHVLV� RI� PROHFXODUO\� LPSULQWHG� SRO\PHUV�
RQ� FDUERQ� TXDQWXP� GRWV� IRU� IOXRUHVFHQW� VHQVLQJ� RI� WHWUDF\FOLQH� LQ� PLON��
7DODQWD������� ���������� '2,���������M�WDODQWD������������

��� $2$&�� $SSHQGL[� )�� *XLGHOLQHV� IRU� VWDQGDUG� PHWKRG� SHUIRUPDQFH�
UHTXLUHPHQWV�� $2$&� RIILFLDO� PHWKRGV� RI� $QDO\VLV�� ������ ��
'2,������������������������������

��� 1DIDD�$GKRXP��/RWIL�0RQVHU��0HULHP�7RXPL��.KDOHG�%RXMOHO� 'HWHUPLQDWLRQ�
RI� QDSUR[HQ� LQ� SKDUPDFHXWLFDOV� E\� GLIIHUHQWLDO� SXOVH� YROWDPPHWU\� DW� D�
SODWLQXP� HOHFWURGH�� $QDO\WLFD� &KLPLFD� $FWD�� ������ �����������
'2,���������6�������������������;

��� 'HWHUPLQDWLRQ� RI� QDSUR[HQ�ZLWK� FKHPLOXPLQHVFHQFH� GHWHFWLRQ�� $QDO\VW�� -XO\�
�������������������� '2,����������D������E

��� -HVVLFD�6�� 6WHIDQR��$QD� 3DXOD� GH�/LPD��5RGULJR�+��2��0RQWHV��(GXDUGR�0��
5LFKWHU�� 5RGULJR� $�� $�� 0XxR]�� )DVW� GHWHUPLQDWLRQ� RI� QDSUR[HQ� LQ�
SKDUPDFHXWLFDO� IRUPXODWLRQV� E\� EDWFK� LQMHFWLRQ� DQDO\VLV� ZLWK� SXOVHG�
DPSHURPHWULF� GHWHFWLRQ�� -�� %UD]�� &KHP�� 6RF��� ������ �����������������
'2,���������6����������������������

��� <RQJKXD� 6XQ�� =KXMXQ� =KDQJ�� =KLMXQ� ;L�� =XRORQJ� 6KL�� 'HWHUPLQDWLRQ� RI�
QDSUR[HQ�LQ�KXPDQ�XULQH�E\�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\�ZLWK�GLUHFW�
HOHFWURJHQHUDWHG� FKHPLOXPLQHVFHQFH� GHWHFWLRQ�� 7DODQWD�� ������ �����������
'2,���������M�WDODQWD������������

��� 6DLTD�0XQHHU�� ,\DG�1DHHP�0XKDPPDG��0XKDPPDG�$VDG�$EUDU�� ,TUD�0XQLU��
,UDP� .DXNDE�� $EGXOODK� 6DJKHHU�� +DELED� =DIDU�� .LVKZDU� 6XOWDQD�� +LJK�
SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSKLF� GHWHUPLQDWLRQ� RI� QDSUR[HQ� LQ� SUHSDUHG�
SKDUPDFHXWLFDO� GRVDJH� IRUP� DQG� KXPDQ� SODVPD� DQG� LWV� DSSOLFDWLRQ� WR�
SKDUPDFRNLQHWLF�VWXG\��-��&KURPDWRJU��6HS��7HFK������������ '2,��������������
������������
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��� %LODO�<LOPD]���+XVH\LQ�6DKLQ��$OL�)XDW�(UGHP��'HWHUPLQDWLRQ�RI�QDSUR[HQ�LQ�
KXPDQ� SODVPD� E\� *&�06�� -�� 6HS�� 6FL�� ������ ������������ '2,��
��������MVVF����������

6800$5<

678'<�21�86,1*�02/(&8/$5�,035,17,1*�32/<0(5�21�&$5%21�
48$1780�'276�$6�237,&$/�6(1625�)25�'(7(50,1$7,21�2)�

1$352;(1

,Q�WKLV�VWXG\��&4'V�6L2�#0,3�IOXRUHVFHQFH�VHQVRU�ZDV�IDEULFDWHG�YLD�VRO�JHO�
SRO\PHUL]DWLRQ� XVLQJ� QDSUR[HQ� DV� WKH� WHPSODWH� PROHFXOH�� FDUERQ� TXDQWXP� GRWV�
�&4'V�� DV� WKH� VLJQDO� PDWHULDOV�� ��DPLQRSURS\OWULHWKR[\VLODQH� �$37(6�� DV� WKH�
IXQFWLRQDO� PRQRPHU�� DQG� WHWUDHWK\ORUWKRVLOLFDWH� �7(26�� DV� WKH� FURVV�OLQNHU�� 7KH�
VSHFLILF� UHFRJQLWLRQ� VLWHV LQ� WKH� SRO\PHU� OD\HUV� FRXOG� VHOHFWLYHO\� DGVRUE� QDSUR[HQ�
PROHFXOHV��ZKLFK�FDXVHG�IOXRUHVFHQFH�TXHQFKLQJ�EHKDYLRU�RI�&4'V�YLD�DQ�HOHFWURQ�
WUDQVIHU� SURFHVV� 7KH� &4'V�6L2�#0,3� V\VWHP� FDQ� GHWHFW� QDSUR[HQ� LQ� DTXHRXV�
VROXWLRQ��S+������$FHWDWH�EXIIHU�����0��VHQVLWLYHO\��SSE�OHYHO��ZLWK�D�UHVSRQVH�WLPH�
RI� ��� PLQ�� 7KH� UHVXOWV� VKRZ� WKDW� WKH� IOXRUHVFHQFH� UHFRYHU\� KDV� D� JRRG� OLQHDU�
UHODWLRQVKLS�ZLWK�1DSUR[HQ� FRQFHQWUDWLRQ� LQ� WKH� UDQJH� RI� ���� 0� WR� ��� ൈ ���� 0��
0HWKRG� KDV� YHU\� ORZ� OLPLW� RI� GHWHFWLRQ� �/2'�� RI� � ൈ ����0� ���� SSE��� OLPLW� RI�
TXDQWLWDWLRQ��/24��RI���� ൈ ����0�����SSE���KLJK�DFFXUDF\��UHFRYHULHV�!������DQG�
KLJK� SUHFLVLRQ� �56'� �� �����0HWKRG� KDV� KLJK� VHOHFWLYLW\� RYHU� YDULRXV� VXEVWDQFHV�
VXFK�DV�.���0J����&D����=Q����JOXFRVH��SLUR[LFDP��DFLG�PHIHQDPLF�« 7KH�GHYHORSHG�
PHWKRG�ZDV� VXFFHVVIXOO\� DSSOLHG� IRU� GHWHUPLQDWLRQ� RI� QDSUR[HQ� LQ� SKDUPDFHXWLFDO�
VDPSOHV� *RRG� DJUHHPHQW� EHWZHHQ� UHVXOWV� RI� RXU�PHWKRG� DQG�/&�06�06�PHWKRG�
VXJJHVW� WKDW� IOXRUHVFHQFH� LV� D� UHOLDEOH� DQG� FRVW�HIIHFWLYH� PHWKRG� IRU� QDSUR[HQ�
GHWHUPLQDWLRQ�

.H\ZRUGV� 1DSUR[HQ��IOXRUHVFHQFH��FDUERQ�TXDQWXP�GRWV��PROHFXODU�LPSULQWHG
SRO\PHU��KXǤQK�TXDQJ� FK̭P�O˱ͫQJ�W͵ FDFERQ� SRO\PH�LQ�G̭X�SKkQ�W͵�

1K̵Q�EjL�QJj\��� WKiQJ���QăP�����

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

+RjQ�WKL͏Q�QJj\��� WKiQJ���QăP�����

����.KRD +Ri�K͕F��7U˱ͥQJ�Ĉ̩L�K͕F�.KRD�K͕F�7͹ QKLrQ��Ĉ+4*�+j�1͡L

/LrQ�K͏��3K̩P�7K͓ 1J͕F�0DL�

.KRD�+Ri�KӑF��7UѭӡQJ�ĈҥL�KӑF�.KRD�KӑF�7ӵ QKLrQ

���/r�7KiQK�7{QJ��+RjQ�.LӃP��+j�1ӝL
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