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$FHWDPLSULG��&��+��&O1���Oj�KRҥW�FKҩW�WKXӝF�QKyP�QHRQLFRWLQRLG�NK{QJ�P�L��
Fy� WiF� GөQJ�SKzQJ� WUӯ� Yj� NLӇP� VRiW� FiF� ORҥL� F{Q� WU�QJ� WUtFK�K~W� WUrQ� FiF� ORҥL� Fk\�
WUӗQJ�QKѭ�UDX��KRD�TXҧ��Fk\�FҧQK��QrQ�ÿѭӧF�G�QJ�SKә�ELӃQ�WURQJ�Q{QJ�QJKLӋS�>����@��
7X\�QKLrQ��Gѭ�OѭӧQJ�WӗQ�ÿӑQJ�FӫD�DFHWDPLSULG�WURQJ�QKLӅX�ORҥL�Fk\�WUӗQJ��WUiL�Fk\�Fy�
WKӇ� Jk\� UD� QKLӅX� WiF� ÿӝQJ� [ҩX� ÿӃQ� VӭF� NKӓH� FRQ� QJѭӡL��$FHWDPLSULG� FKӫ� \ӃX� WiF�
ÿӝQJ�ÿӃQ�KӋ�WKҫQ�NLQK�WUXQJ�ѭѫQJ�Jk\�FKyQJ�PһW��QKӭF�ÿҫX��QһQJ�KѫQ�Fy�WKӇ�Eӏ�NtFK�
ÿӝQJ��FR�JLұW�Yj�K{Q�Pr�>����@��9u�Yұ\��YLӋF�[iF�ÿӏQK�Gѭ�OѭӧQJ�DFHWDPLSULG�Oj�UҩW�FҫQ�
WKLӃW ÿӇ�EҧR�YӋ�VӭF�NKӓH�FRQ�QJѭӡL�

+uQK��� &ҩX�WU~F�SKkQ�Wӱ�FӫD�DFHWDPLSULG

+LӋQ�QD\��QKLӅX�QJKLrQ� FӭX�NKRD�KӑF� WұS� WUXQJ� KѭӟQJ� WӟL� FiF�SKѭѫQJ�SKiS�
[iF�ÿӏQK�KjP�OѭӧQJ�DFHWDPLSULG�PӝW�FiFK�QKDQK��QKҥ\�Yj�FKtQK�[iF�QKҩW��&y�QKLӅX�
SKѭѫQJ�SKiS�ÿѭӧF�Vӱ�GөQJ�ÿӇ�[iF�ÿӏQK�KjP�OѭӧQJ�DFHWDPLSULG�QKѭ�SKѭѫQJ�SKiS�
VҳF�Nê�OӓQJ�KLӋX�QăQJ�FDR��+3/&��>�@��VҳF�Nê�OӓQJ�JKpS�QӕL�NKӕL�SKә��/&�06��>�@��
VҳF�Nê�NKt�JKpS�QӕL�NKӕL�SKә��*&�06��>�@��ÿLӋQ�KyD�>�@��SKѭѫQJ�SKiS�SKә�KXǤQK�
TXDQJ�>�@��7X\�QKLrQ��FiF�SKѭѫQJ�SKiS�Qj\�Fy�PӝW�Vӕ�QKѭӧF�ÿLӇP�QKѭ�WKLӃW�Eӏ�ÿҳW�
WLӅQ��YұQ�KjQK�SKӭF�WҥS��ÿzL�KӓL�SKҧL�[ӱ�Oê�PүX�

0өF�WLrX�FӫD�QJKLrQ�FӭX�Qj\�Oj�SKiW�WULӇQ�PӝW�SKѭѫQJ�SKiS�SKkQ�WtFK�[iF�ÿӏQK�
KjP�OѭӧQJ�DFHWDPLSULG�YӟL�TX\�WUuQK�ÿѫQ�JLҧQ��NK{QJ�WӕQ�NpP�YӅ�KyD�FKҩW�Yj�WUDQJ�
WKLӃW�Eӏ�QKѭQJ�Fy�ÿӝ�QKҥ\�Yj�ÿӝ�FKtQK�[iF�FDR��9ұW�OLӋX�QDQR�YjQJ��$X13V��QJj\�FjQJ�
ÿѭӧF�TXDQ� WkP�UӝQJ� UmL�EӣL�FiF�ÿһF� WtQK�ÿӝF�ÿiR�FӫD�FK~QJ��ÿһF�ELӋW� Oj�KLӋQ� WѭӧQJ�
FӝQJ�KѭӣQJ�SODVPRQ�EӅ�PһW��*ҫQ�ÿk\��WҥL�9LӋW�1DP�FiF�SKѭѫQJ�SKiS�TXDQJ�KӑF�Vӱ�
GөQJ�GXQJ�GӏFK�$X13V�ÿm�ÿѭӧF�ӭQJ�GөQJ�ÿӇ�[iF�ÿӏQK�FiF�NKiQJ�VLQK�>�� �@��FKҩW�EҧR�
YӋ�WKӵF�YұW�>��@��F\VWHLQ�>��@�« 7X\�QKLrQ�FKѭD�Fy�QJKLrQ�FӭX�QjR�Vӱ�GөQJ�GXQJ�GӏFK�
$X13V� әQ� ÿӏQK� EҵQJ� SRO\PH� ÿLӋQ� WtFK� GѭѫQJ� SRO\GLDOO\OGLPHWK\ODPPRQL� FORUXD�
�3'$'0$&��ÿӇ�[iF�ÿӏQK�WKXӕF�WUӯ�VkX�DFHWDPLSULG� 9u�Yұ\��PөF�WLrX�FӫD�EjL�EiR�Qj\�
Oj�QJKLrQ�FӭX�Vӱ�GөQJ�KLӋQ�WѭӧQJ�SODVPRQ�EӅ�PһW�FӫD�GXQJ�GӏFK�QDQR�YjQJ�ÿѭӧF�әQ�
ÿӏQK�EҵQJ�3'$'0$&�YӟL�NKҧ�QăQJ�OjP�WKD\�ÿәL�PjX�VҳF�GXQJ�GӏFK�Wӯ�ÿӓ�VDQJ�WtP�
NKL�Fy�PһW�DFHWDPLSULG�ÿӇ�SKiW�KLӋQ�Vӵ�Fy�PһW�Yj�ÿӏQK�OѭӧQJ�DFHWDPLSULG�WURQJ�FiF�
PүX�WKXӕF�WUӯ�VkX�Yj�UDX�Fӫ�TXҧ��
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�����+yD�FKҩW��WKLӃW�Eӏ

&iF� KyD� FKҩW� ÿѭӧF� Vӱ GөQJ� Oj� FiF� KyD� FKҩW� WLQK� NKLӃW� SKkQ� WtFK� �3$���
&KORURDXULF� DFLG� WHWUDK\GUDW� �+$X&O���+�2�� SRO\GLDOO\OGLPHWK\ODPPRQL� FORUXD�
�3'$'0$&���QDWUL�ERKLGUXD��1D%+����QDWUL�FORUXD��1D&O���QDWUL�K\GUR[LW��1D2+���
K\GURFKORULF� DFLG� �+&O��� FKҩW� FKXҭQ� FiF� WKXӕF� EҧR� YӋ WKӵF� YұW� �DFHWDPLSULG��
PHWKLGDWKLRQ�� HWKLRQ�� GLFKORUYRV�� SKRUDWH�� FDUEHQGD]LP�� DOGLFDUE�� FDUEDU\O��� 7KXӕF�
EҧR�YӋ WKӵF�YұW�FKӭD�DFHWDPLSULG��.+21*5$<���:3��&KHVRQH����:3��%D�ĈăQJ�
���:3�

0i\�ÿR�S+�+,���������+$11$��5RPDQLD���WKDQJ�ÿR�S+�Wӯ����ÿӃQ�����0i\�
TXDQJ�SKә�KҩS�WKө�SKkQ�Wӱ�89�9,6�'5�����+$&+��0ӻ���EѭӟF�VyQJ�OjP�YLӋF�Wӯ�
��������QP�

�����ĈLӅX�FKӃ GXQJ�GӏFK�QDQR�YjQJ

/ҩ\����P/�3'$'0$&�������SSP�Yj������/�+$X&O���+�2����P0�YjR�FӕF�
FKӏX QKLӋW���� PO��.KXҩ\�PҥQK�EҵQJ�WKLӃW�Eӏ�NKXҩ\�Wӯ�WURQJ�NKRҧQJ���SK~W��7KrP�
����ȝ/�1D%+� ����0��WLӃS�WөF�NKXҩ\�GXQJ�GӏFK�WURQJ�NKRҧQJ����SK~W�ÿӃQ�NKL�GXQJ�
GӏFK�FKX\ӇQ�VDQJ�PjX�ÿӓ�UѭӧX�ELӇX�WKӏ�Vӵ�KuQK�WKjQK�FiF�KҥW�$X13V��'XQJ�GӏFK�VDX�
ÿy�ÿѭӧF�OjP�PiW�ÿӃQ�QKLӋW�ÿӝ�SKzQJ�Yj�EҧR�TXҧQ�ӣ���&�WURQJ�Wӫ OҥQK�

+uQK��� 6ѫ�ÿӗ�Vӵ�KuQK�WKjQK�FiF�KҥW�$X13V�3'$'0$&

�����1JX\rQ�WҳF�ÿӏQK�OѭӧQJ�DFHWDPLSULG

&iF�KҥW�$X13V�ÿѭӧF�ÿLӅX�FKӃ�EҵQJ�SKѭѫQJ�SKiS�Vӱ�GөQJ�3'$'0$&�Fy�ÿLӋQ�
WtFK�GѭѫQJ�GR�Fy�Vӵ�EDR�SKӫ�FӫD�FiF�FDWLRQ� WUrQ�EӅ�PһW��/ӟS�ÿLӋQ�NpS�PDQJ�ÿLӋQ�
WtFK�GѭѫQJ�WUrQ�EӅ�PһW�KҥW�QDQR�YjQJ�Fy�WiF�GөQJ�ÿҭ\�FiF�KҥW�$X13V�UD�NKӓL�QKDX�
JL~S�FiF�KҥW�$X13V�ÿѭӧF�әQ�ÿӏQK��'XQJ�GӏFK�$X13V�3'$'0$&�Fy�PjX�ÿӓ�UѭӧX�
YӟL�FӵF�ÿҥL�KҩS�WKө�ÿһF�WUѭQJ�WҥL�EѭӟF�VyQJ�ȜPD[  �����QP��NtFK�WKѭӟF�KҥW�Fӥ����QP�
�+uQK����

.KL�DFHWDPLSULG�Fy�PһW�WURQJ�GXQJ�GӏFK�$X13V�3'$'0$&��DFHWDPLSULG�Fy�
NKҧ�QăQJ�KҩS�SKө�UҩW�WӕW�WUrQ�FiF�KҥW�$X13V�GR�WURQJ�SKkQ�Wӱ�Fy�FKӭD�QKyP��1+�Fy�
iL� OӵF�FDR�YӟL�YjQJ��.KL�ÿy��FiF�KҥW�3'$'0$&�$X13V�NӃW� Wө� OҥL�YӟL�QKDX�WK{QJ�
TXD�WѭѫQJ�WiF�Nӏ�QѭӟF�JLӳD�FiF�SKkQ�Wӱ�DFHWDPLSULG �+uQK��� Yj�OjP�FKR�GXQJ�GӏFK�
FKX\ӇQ� Wӯ�PjX�ÿӓ� UѭӧX� VDQJ�PjX� WtP��ĈӗQJ� WKӡL��EѭӟF�VyQJ�KҩS� WKө�FӵF�ÿҥL� FӫD�
GXQJ� GӏFK� Fy� FKҩW� SKkQ� WtFK� DFHWDPLSULG� FǊQJ WăQJ� OrQ� ÿiQJ� NӇ� VR� YӟL� GXQJ� GӏFK�
NK{QJ�Fy�DFHWDPLSULG�>��@�
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7KLӃW�OұS�PӕL�TXDQ�KӋ�JLӳD�Vӵ�JLD�WăQJ�EѭӟF�VyQJ�FӵF�ÿҥL�KҩS�WKө�YӟL�QӗQJ�ÿӝ�
FӫD� DFHWDPLSULG� Fy� WURQJ�GXQJ�GӏFK�$X13V�3'$'0$&�ÿӇ� OjP�Fѫ� Vӣ� ÿӏQK� OѭӧQJ�
DFHWDPLSULG�

+uQK��� +uQK�WKiL�FӫD�FiF�KҥW�QDQR�YjQJ�NKL�ÿѭӧF�әQ�ÿӏQK�EҵQJ�3'$'0$&��WUiL��
Yj�NKL�Fy�PһW�DFHWDPLSULG��SKҧL�

+uQK��� &ѫ�FKӃ�[iF�ÿӏQK�DFHWDPLSULG�YӟL�FiF�KҥW�$X13V�3'$'0$&

�����;ӱ Oê�PүX�SKkQ�WtFK

1JKLrQ� FӭX� WUrQ� �� PүX� WKXӕF� WUӯ� VkX� Fy� FKӭD� DFHWDPLSULG� �.+21*5$<�
��:3� FKӭD� ���� DFHWDPLSULG�� &KHVRQH� ���:3� FKӭD� ���� DFHWDPLSULG�� %D� ĈăQJ�
���:3�FKӭD�����DFHWDPLSULG��Yj���PүX�UDX��Fӫ�NK{QJ�SKiW�KLӋQ�WKҩ\�DFHWDPLSULG�
�UDX� FҧL�� GѭD� FKXӝW�� Fj� FKXD�� ÿѭӧF� PXD� QJүX� QKLrQ� WUrQ� WKӏ� WUѭӡQJ� WҥL� WӍQK� +ҧL�
'ѭѫQJ�Yj�+j�1ӝL�ÿѭӧF�WKrP�FKXҭQ�DFHWDPLSULG��

0үX�WKXӕF�WUӯ�VkX�.+21*5$<���:3�ÿѭӧF�FkQ�FKtQK�[iF��������J�WUrQ�FkQ�
SKkQ�WtFK��VDL�Vӕ��������J���KzD�WDQ�EҵQJ�QѭӟF�FҩW�Yj�UXQJ�VLrX�kP�ÿӃQ�NKL�FKҩW�SKkQ�
WtFK�WDQ�KӃW��&KX\ӇQ�PүX�WKXӕF�YjR�EuQK�ÿӏQK�PӭF����P/��ÿӏQK�PӭF�ÿӃQ�YҥFK�EҵQJ�
QѭӟF�GHLRQ��VDX�ÿy�SKD�ORmQJ����OҫQ�WKX�ÿѭӧF�GXQJ�GӏFK�PүX����&KXҭQ�Eӏ�EuQK�ÿӏQK�
PӭF�GXQJ�WtFK����P/��FKR�YjR�����P/�GXQJ�GӏFK�$X13V�3'$'0$&��WKrP������/�
GXQJ�GӏFK�1D&O��0�� FKӍQK�S+���� WKrP�����/�GXQJ�GӏFK�PүX���Yj�ÿӏQK�PӭF�ÿӃQ�
YҥFK��ĈӧL����SK~W�Yj�[iF�ÿӏQK�JLi� WUӏ�EѭӟF�VyQJ KҩS� WKө�FӵF�ÿҥL�ȜPD[��+jP�OѭӧQJ�
DFHWDPLSULG�WURQJ�PүX�WKXӕF�WUӯ�VkX�ÿѭӧF�[iF�ÿӏQK�EҵQJ�SKѭѫQJ�SKiS�ÿѭӡQJ�FKXҭQ�

7LӃQ�KjQK�TX\�WUuQK�WѭѫQJ�Wӵ�YӟL�PүX�WKXӕF�WUӯ�VkX�&KHVRQH�����:3�Yj�PүX�
WKXӕF�WUӯ�VkX�%D�ĈăQJ�����:3�YӟL�OѭӧQJ�FkQ�FKtQK�[iF�FӫD�PүX�&KHVRQH����:3�
Yj�PүX�%D�ĈăQJ�OҫQ�OѭӧW�Oj��������J�Yj��������J�

+ҥW�QDQR�YjQJ
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0үX�UDX�FҧL��GѭD�FKXӝW�Yj�Fj�FKXD��&kQ�FKtQK�[iF���J�PүX��[D\�PӏQ��WKrP����
�/�GXQJ�GӏFK�FKXҭQ�DFHWDPLSULG�QӗQJ�ÿӝ��î���� 0��7KrP����P/�DFHWRQLWULO��ӫ�WURQJ�
���SK~W��6DX�ÿy��WLӃQ�KjQK�O\�WkP�OҥQK����&��ӣ �������YzQJ�SK~W�WURQJ����SK~W��TX\�
WUuQK�ӫ�Yj�O\�WkP�ÿѭӧF�OһS�OҥL���OҫQ���7KX�Oҩ\�SKҫQ�GXQJ�GӏFK�SKtD�WUrQ��WKrP���J�WKDQ�
KRҥW�WtQK��WLӃS�WөF�O\�WkP�OҥQK����&��ӣ��������YzQJ�SK~W�WURQJ����SK~W��+~W�Oҩ\�SKҫQ�
GXQJ�GӏFK�WURQJ�VXӕW�SKtD�WUrQ�Yj�OjP�ED\�KѫL�EҵQJ�NKt�1���3KҫQ�FһQ�WKX�ÿѭӧF�VDX�ÿy�
ÿѭӧF�KzD�WDQ�YӟL���P/�DFHWRQLWULO��WKX�ÿѭӧF�GXQJ�GӏFK�PүX�$��&KXҭQ�Eӏ�EuQK�ÿӏQK�
PӭF�GXQJ� WtFK� ���PO�� FKR� YjR� EuQK� ����P/�GXQJ�GӏFK�$X13V�3'$'0$&�� WKrP�
�����/�GXQJ�GӏFK�1D&O��0��FKӍQK�S+����WKrP�����/�GXQJ�GӏFK�PүX�$��ÿӏQK�PӭF�
ÿӃQ�YҥFK��ĈӧL����SK~W�Yj�[iF�ÿӏQK�JLi�WUӏ�ȜPD[�

���.ӂ7�48Ҧ 9¬�7+Ҧ2�/8Ұ1

�����7ӕL�ѭX�KyD�FiF�ÿLӅX�NLӋQ�ÿR�[iF�ÿӏQK�KjP�OѭӧQJ�DFHWDPLSULG

������ 3K͝ K̭S�WKͭ TXDQJ�Yj�NK̫R�ViW�E˱ͣF�VyQJ�K̭S�WKͭ FF�ÿ̩L��ȜPD[��FͯD�
GXQJ�G͓FK�$X13V�3'$'0$&

+uQK� �� FKR� WKҩ\ SKә� KҩS� WKө� TXDQJ� 89�9,6� FӫD� GXQJ� GӏFK� $X13V�
3'$'0$&�Fy�ÿӍQK�KҩS�WKө�FӵF�ÿҥL�WҥL�EѭӟF�VyQJ�����QP��GҧL�KҩS�WKө�FӝQJ�KѭӣQJ�
SODVPRQ�EӅ�PһW���6DX�NKL�FKR�WKrP�DFHWDPLSULG�QӗQJ�ÿӝ����� 0��ÿӍQK�KҩS�WKө�TXDQJ�
FӵF�ÿҥL�ÿm�WăQJ�OrQ�����QP��1JX\rQ�QKkQ�Oj�GR�Vӵ�WKD\�ÿәL�NtFK�WKѭӟF�KҥW�QDQR�YjQJ�
NKL�Fy�PһW�DFHWDPLSULG GүQ�ÿӃQ�Vӵ�GӏFK�FKX\ӇQ�FӵF�ÿҥL�KҩS�WKө�Wӯ�EѭӟF�VyQJ�����QP�
VDQJ�����QP�ÿӗQJ�WKӡL�YӟL�Vӵ�WKD\�ÿәL�PjX�VҳF�FӫD�GXQJ�GӏFK�$X13V�3'$'0$&�
Wӯ�ÿӓ�VDQJ�WtP�>��@�

7ӯ�NKҧR�ViW�WUrQ��FK~QJ�W{L�OӵD�FKӑQ�Vӵ�WKD\�ÿәL FӫD�EѭӟF�VyQJ�KҩS�WKө�TXDQJ�
FӵF�ÿҥL�OjP�WtQ�KLӋX�SKkQ�WtFK�ÿӇ�ÿӏQK�OѭӧQJ�DFHWDPLSULG�

+uQK��� 3Kә KҩS�WKө FӫD�GXQJ�GӏFK�$X13V�3'$'0$& NKL�FKѭD�Fy�PһW�FӫD�
DFHWDPLSULG��ÿѭӡQJ����Yj�NKL�Fy�PһW�FӫD�DFHWDPLSULG��QӗQJ�ÿӝ ���� 0���ÿѭӡQJ���
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�������̪QK�K˱ͧQJ�FͯD Q͛QJ�ÿ͡ PX͙L�1D&O�ÿ͇Q�ȜPD[

ҦQK�KѭӣQJ�FӫD�FKҩW�ÿLӋQ�O\�ÿѭӧF�[HP�QKѭ�Oj�NKӣL�ÿҫX�FKR�Vӵ�FR�FөP�FӫD�FiF�
KҥW�QDQR�YjQJ�GR�FK~QJ�WҥR�UD�OӟS�ÿLӋQ�NpS�WUrQ�EӅ�PһW�FiF�KҥW�QDQR�YjQJ��7URQJ�
PӝW�Vӕ�WUѭӡQJ�KӧS��FiF�KҥW�QDQR�YjQJ�NK{QJ�WKӇ�FR�FөP�OҥL�NKL�NK{QJ�Fy�FKҩW�ÿLӋQ�
O\�QJD\�Fҧ�NKL�Fy�PһW�PӝW�OѭӧQJ�OӟQ�FKҩW�SKkQ�WtFK��1JRjL�UD��QӃX�FKҩW�ÿLӋQ�O\�Fy�
QӗQJ�ÿӝ�TXi�FDR�VӁ�Jk\�UD�KLӋQ�WѭӧQJ�FR�FөP�FiF�KҥW�QDQR�YjQJ�NӇ�Fҧ�NKL�NK{QJ�Fy�
PһW�FKҩW�SKkQ�WtFK�>��@��.ӃW�TXҧ�QJKLrQ�FӭX�NKҧR�ViW�ҧQK�KѭӣQJ�FӫD�PXӕL�1D&O�YӟL�
QӗQJ� ÿӝ� Wӯ� ������0� ÿӃQ� �����0� ÿӃQ� EѭӟF� VyQJ� FӵF� ÿҥL� FӫD� GXQJ� GӏFK� $X13V�
3'$'0$&�FKӭD�DFHWDPLSULG�QӗQJ�ÿӝ��î���� 0�WҥL�S+���Yj�WKӡL�JLDQ�SKҧQ�ӭQJ����
SK~W��ÿѭӧF�WKӇ�KLӋQ�WURQJ�+uQK���

.KL�WăQJ�QӗQJ�ÿӝ�PXӕL�1D&O�Wӯ�������0�ÿӃQ������0��EѭӟF�VyQJ�FӵF�ÿҥL�Fy�[X�
KѭӟQJ�WăQJ�FKR�WKҩ\�NKҧ�QăQJ�FR�FөP�FӫD�FiF�KҥW�QDQR�YjQJ�WăQJ�NKL�WăQJ�FѭӡQJ�ÿӝ�
OӵF�LRQ�FӫD�GXQJ�GӏFK�Yj�ÿҥW�EmR�KzD�NKL�QӗQJ�ÿӝ�1D&O�WҥL������0�Yj�VDX�ÿy�JLҧP�
QKҽ��7X\�QKLrQ��WҥL�QӗQJ�ÿӝ�����0��GXQJ�GӏFK�$X13V� 3'$'0$&�EҳW�ÿҫX�Eӏ�ÿәL�
PjX�U}�UӋW�QJD\�Fҧ�NKL�FKѭD�Fy�FKҩW�SKkQ�WtFK��Jk\�ҧQK�KѭӣQJ�ÿӃQ�TXi�WUuQK�TXDQ�ViW�
Vӵ� WKD\�ÿәL� FӫD�GXQJ�GӏFK�NKL� WKrP�FKҩW�SKkQ� WtFK��'R�ÿy��QӗQJ�ÿӝ������0�ÿѭӧF�
FKӑQ�Oj�ÿLӅX�NLӋQ�WӕL�ѭX�FKR�FiF�WKt�QJKLӋP�WLӃS�WKHR�

+uQK��� ҦQK�KѭӣQJ�FӫD�1D&O�ÿӃQ�EѭӟF�VyQJ�FӵF�ÿҥL�ȜPD[

�������̪QK�K˱ͧQJ�FͯD�S+�ÿ͇Q�ȜPD[

7UrQ�+uQK���Oj�NӃW�TXҧ�QJKLrQ�FӭX�NKҧR�ViW�ҧQK�KѭӣQJ�FӫD�S+�WURQJ�NKRҧQJ�Wӯ�
��ÿӃQ���OrQ�EѭӟF�VyQJ�FӵF�ÿҥL�FӫD�GXQJ�GӏFK�$X13V�3'$'0$& FKӭD�DFHWDPLSULG�
QӗQJ�ÿӝ��î���� 0��QӗQJ�ÿӝ�1D&O�Oj������0��WKӡL�JLDQ�SKҧQ�ӭQJ����SK~W��
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+uQK��� ҦQK�KѭӣQJ�FӫD�S+�ÿӃQ�EѭӟF�VyQJ�FӵF�ÿҥL�ȜPD[

7ҥL�S+���EѭӟF�VyQJ�FӵF�ÿҥL�Oj�OӟQ�QKҩW��VDX�ÿy�JLҧP�PҥQK�NKL�WăQJ�S+�ÿӃQ����
7X\�QKLrQ��WҥL�S+���Yj�����GXQJ�GӏFK�$X13V�3'$'0$&�EҳW�ÿҫX�Eӏ ÿәL�PjX�U}�UӋW�
QJD\�Fҧ NKL�FKѭD�Fy�FKҩW�SKkQ�WtFK��GR�ÿy��S+���ÿѭӧF�FKӑQ Oj�ÿLӅX�NLӋQ�WӕL�ѭX�FKR�
FiF�WKt�QJKLӋP�WLӃS�WKHR�

�������̪QK�K˱ͧQJ�FͯD�WKͥL�JLDQ�SK̫Q�ͱQJ�ÿ͇Q�ȜPD[

7KӡL�JLDQ�SKҧQ�ӭQJ�Oj�PӝW�\ӃX�Wӕ�TXDQ�WUӑQJ�WURQJ�YLӋF�[iF�ÿӏQK�PӭF�ÿӝ�FR�
FөP� FӫD� FiF� KҥW� QDQR� YjQJ��.KҧR� ViW� ҧQK� KѭӣQJ� FӫD� WKӡL� JLDQ� EҵQJ� FiFK� JKL� OҥL�
EѭӟF VyQJ� FӵF� ÿҥL� FӫD� GXQJ� GӏFK�$X13V�3'$'0$&� FKӭD� DFHWDPLSULG� QӗQJ� ÿӝ�
�î���� 0��QӗQJ�ÿӝ�1D&O������0��S+���� WURQJ� WKӡL�JLDQ����SK~W��NӃW�TXҧ�ÿѭӧF� WKӇ�
KLӋQ�WURQJ�+uQK���

+uQK��� ҦQK�KѭӣQJ�FӫD�WKӡL�JLDQ�ÿӃQ�EѭӟF�VyQJ�FӵF�ÿҥL�ȜPD[

.ӃW�TXҧ WKӵF�QJKLӋP�FKR�WKҩ\�EѭӟF�VyQJ�FӵF�ÿҥL�WăQJ�GҫQ�WURQJ����SK~W�ÿҫX��
VDX�ÿy�әQ�ÿӏQK�Yj�NK{QJ�ÿәL��FKR�WKҩ\�KLӋQ�WѭӧQJ�FR�FөP�FӫD�FiF�KҥW�QDQR�YjQJ�EҳW�
ÿҫX�[ҧ\�UD�QJD\�VDX�NKL�Fy�PһW�DFHWDPLSULG�Yj�NӃW�WK~F�VDX����SK~W��6DX�NKL�WKrP�
DFHWDPLSULG��GXQJ�GӏFK�FKX\ӇQ�Wӯ PjX�ÿӓ UѭӧX�VDQJ�WtP��WѭѫQJ�ӭQJ�YӟL�Vӵ FR�FөP�
FӫD�FiF�KҥW�QDQR�YjQJ��Yj�PjX�EӅQ�YӳQJ�VDX����SK~W��'R�ÿy��WKӡL�JLDQ�SKҧQ�ӭQJ����
SK~W�ÿѭӧF�OӵD�FKӑQ�Oj�ÿLӅX�NLӋQ�WӕL�ѭX�FKR�SKѭѫQJ�SKiS�[iF�ÿӏQK�DFHWDPLSULG�

�����

�����

�����

����� ����� �����
�����

���

���

���

���

���

���

���

���

���

� ��� � � � � �

%
ѭ
ӟ
F�
Vy
Q
J�
Fӵ

F�
ÿ
ҥL
��
Q
P
�

S+

ϱϮϬ

ϱϯϬ

ϱϰϬ

ϱϱϬ

ϱϲϬ

ϱϳϬ

Ϭ ϭϬ ϮϬ ϯϬ ϰϬ

%
ѭ
ӟ
F�
Vy
Q
J�
Fӵ

F�
ÿ
ҥL
��
Q
P
�

7KӡL�JLDQ��SK~W�



EŐŚŝġŶ�ĐӈƵ ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ ŶŚŝҵƚ�ĜӀŝ͕�^Һ ϯϭ͕�Ϭϲ Ͳ ϮϬϮϯϵϱ

�������̪QK�K˱ͧQJ�FͯD�Q͛QJ�ÿ͡ DFHWDPLSULG�ÿ͇Q�ȜPD[

1ӗQJ�ÿӝ�DFHWDPLSULG�ÿѭӧF�NKҧR�ViW�WURQJ�NKRҧQJ�QӗQJ�ÿӝ�Wӯ����� 0 � �î����0�
WҥL�QӗQJ�ÿӝ�1D&O�����0��S+���� WKӡL�JLDQ�SKҧQ�ӭQJ����SK~W��*KL�FiF�SKә�89�9,6�
WURQJ�NKRҧQJ�EѭӟF�VyQJ�Wӯ�����ÿӃQ�����QP��NӃW�TXҧ�ÿѭӧF�WKӇ�KLӋQ�WUrQ�+uQK���

.KL�WăQJ�QӗQJ�ÿӝ�DFHWDPLSULG��Fy�Vӵ�GӏFK�FKX\ӇQ�EѭӟF�VyQJ�FӵF�ÿҥL�VDQJ�EѭӟF�
VyQJ�GjL�KѫQ��UHG�VKLIW���.KL�[k\�GӵQJ�PӕL�TXDQ�KӋ�JLӳD�EѭӟF�VyQJ�FӵF�ÿҥL�Yj�QӗQJ�
ÿӝ�DFHWDPLSULG�WKX�ÿѭӧF�PӕL�TXDQ�KӋ�WX\ӃQ�WtQK�WURQJ�NKRҧQJ�QӗQJ�ÿӝ�NKҧR�ViW��Ĉk\�
FǊQJ�FKtQK�Oj�Fѫ�Vӣ�ÿӇ�ÿӏQK�OѭӧQJ�DFHWDPLSULG�EҵQJ�GXQJ�GӏFK�$X13V�3'$'0$&�

7ӯ�QKӳQJ�NKҧR�ViW�WUrQ��QJKLrQ�FӭX�OӵD�FKӑQ�ÿѭӧF�FiF�ÿLӅX�NLӋQ�ÿR�WӕL�ѭX�QKѭ�
VDX��S+����QӗQJ�ÿӝ�PXӕL�1D&O������0��WKӡL�JLDQ�SKҧQ�ӭQJ����SK~W�FKR�FiF�SKkQ�WtFK�
[iF�ÿӏQK�KjP�OѭӧQJ�DFHWDPLSULG�WURQJ�FiF�PүX�WKӵF�WӃ�

+uQK��� 3Kә�KҩS�WKө TXDQJ�FӫD�GXQJ�GӏFK�$X13V�3'$'0$&�YӟL�FiF�QӗQJ�ÿӝ�
DFHWDPLSULG�NKiF�QKDX

�ĈѭӡQJ�Wӯ���ÿӃQ���WѭѫQJ�ӭQJ�Oj����� 0���î����0���î����0� �î����0� �î����0�

�����ĈiQK�JLi�SKѭѫQJ�SKiS

ĈiQK�JLi�SKѭѫQJ�SKiS�WK{QJ�TXD�NKҧR�ViW�NKRҧQJ�WX\ӃQ�WtQK��GӵQJ�ÿѭӡQJ�FKXҭQ��
[iF�ÿӏQK�JLӟL�KҥQ�SKiW�KLӋQ��/2'���JLӟL�KҥQ�ÿӏQK�OѭӧQJ��/24���ÿӝ ÿ~QJ��ÿӝ OһS�OҥL�

7LӃQ� KjQK� ÿR� FiF� GXQJ� GӏFK� DFHWDPLSULG� Fy� QӗQJ� ÿӝ� NKiF� QKDX� Wӯ� �î���� �
�î���� 0�WҥL�ÿLӅX�NLӋQ�WӕL�ѭX��&1D&O ������0��S+����WKӡL�JLDQ�SKҧQ�ӭQJ����SK~W���

.ӃW�TXҧ FKR�WKҩ\�EѭӟF�VyQJ�FӵF�ÿҥL�WX\ӃQ�WtQK�WKHR�QӗQJ�ÿӝ FӫD�DFHWDPLSULG�
WURQJ�NKRҧQJ�Wӯ �î���� � �î���� 0��ĈѭӡQJ�FKXҭQ�[k\�GӵQJ�WURQJ�NKRҧQJ�QӗQJ�ÿӝ
Qj\� Fy� SKѭѫQJ� WUuQK�� ȜPD[  � �î��

�� î&DFHWDPLSULG �� ���� YӟL� KӋ Vӕ WѭѫQJ� TXDQ� FDR�
5� �������

�

����

���

����

���

����

���

����

��� ��� ��� ��� ��� ��� ��� ��� ���

Ĉ
ӝ�
Kҩ

S�
WK
ө�
TX

DQ
J

%ѭӟF�VyQJ��QP�

�
�

�

�

�



EŐŚŝġŶ�ĐӈƵ ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ
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/2'�� /24� ÿѭӧF� [iF� ÿӏQK� Wӯ� SKѭѫQJ� WUuQK� ÿѭӡQJ� FKXҭQ� WKHR� F{QJ� WKӭF�
/2'� ��6\�E�Yj�/24� ���6\�E�YӟL�6\ Oj�ÿӝ�OӋFK�FKXҭQ�FӫD�PүX�WUҳQJ�Yj�E�Oj�KӋ�Vӕ�
JyF�FӫD�SKѭѫQJ�WUuQK�ÿѭӡQJ�FKXҭQ��.ӃW�TXҧ�WKX�ÿѭӧF�JLi�WUӏ�/2'�Oj����î���� 0�Yj�
/24�Oj����î���� 0�

+uQK���� Ĉӗ�WKӏ�NKҧR�ViW�NKRҧQJ�WX\ӃQ�WtQK +uQK���� Ĉӗ�WKӏ�[k\�GӵQJ�ÿѭӡQJ�FKXҭQ

Ĉӝ�ÿ~QJ�Yj�ÿӝ�OһS�OҥL�FӫD�SKѭѫQJ�SKiS�ÿѭӧF�ÿiQK�JLi�WK{QJ�TXD�VDL�Vӕ�WUXQJ�
EuQK��6����ÿӝ�OӋFK�FKXҭQ�WѭѫQJ�ÿӕL����56'���KLӋX�VXҩW�WKX�KӗL�����NKL�WLӃQ�KjQK�ÿR�
OһS�OҥL����OҫQ�FiF�GXQJ�GӏFK�$X13V�3'$'0$&�FKӭD�DFHWDPLSULG�ӣ���PӭF�QӗQJ�ÿӝ�
Oj��î���� 0���î���� 0�Yj����� 0��.ӃW�TXҧ�ÿR�ÿѭӧF��%ҧQJ����FKR�WKҩ\�JLi�WUӏ�ÿӝ�OӋFK�
FKXҭQ� WѭѫQJ� ÿӕL� �56'�� ÿӅX� GѭӟL� ��� ÿiS� ӭQJ� \rX� FҫX� $2$& �$VVRFLDWLRQ� RI�
2IILFLDO�$QDO\WLFDO�&KHPLVWV�� +LӋS�KӝL�FiF�QKj�KyD�KӑF�SKkQ�WtFK�FKtQK�WKӕQJ� Yj�
KLӋX�VXҩW�WKX�KӗL�ÿҥW�Wӯ�������ÿӃQ��������

%ҧQJ��� .ӃW�TXҧ�ÿiQK�JLi�ÿӝ�ÿ~QJ�Yj�ÿӝ�OһS�OҥL�FӫD�SKѭѫQJ�SKiS

1ӗQJ�ÿӝ�DFHWDPLSULG��0� 6���� 56'���� +LӋX�VXҩW�WKX�KӗL����

� î ���� ���� ���� �����

� î ���� ���� ���� ����

���� ���� ���� ����

���� .ӃW�TXҧ ӭQJ�GөQJ�SKkQ�WtFK�PүX�WKӵF�WӃ

�������.K̫R�ViW�̫QK�K˱ͧQJ�FͯD�P͡W�V͙�OR̩L�WKX͙F�E̫R�Y͏�WKF�Y̵W�NKiF�ÿ͇Q�
N͇W�TX̫�SKkQ�WtFK�DFHWDPLSULG�WURQJ�GXQJ�G͓FK�$X13V�3'$'0$&

1JKLrQ�FӭX�ҧQK�KѭӣQJ�FӫD���ORҥL�WKXӕF�EҧR�YӋ�WKӵF�YұW�NKiF�YӟL�QӗQJ�ÿӝ�ÿѭӧF�
WKrP�YjR�EҵQJ�QӗQJ�ÿӝ�FӫD�DFHWDPLSULG�ÿӃQ�Vӵ�WKD\�ÿәL�EѭӟF�VyQJ�FӵF�ÿҥL�FӫD�GXQJ�
GӏFK�$X13V�3'$'0$&�Fy�FKӭD�DFHWDPLSULG��.ӃW�TXҧ�WKX�ÿѭӧF��%ҧQJ����FKR�WKҩ\��
PӭF�VDL�OӋFK�FӫD�EѭӟF�VyQJ�KҩS�WKө�FӵF�ÿҥL�ÿӅX�QKӓ�KѫQ�����GR�ÿy��Fy�WKӇ�Eӓ�TXD�
Vӵ� ҧQK� KѭӣQJ� FӫD� FiF� WKXӕF EҧR� YӋ� WKӵF� YұW� NKiF� ÿӃQ� NӃW� TXҧ� ÿR� KjP� OѭӧQJ�
DFHWDPLSULG�WURQJ�GXQJ�GӏFK�$X13V�3'$'0$&�
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%ҧQJ��� %ѭӟF�VyQJ�KҩS�WKө�FӵF�ÿҥL�FӫD�FiF�GXQJ�GӏFK�$X13V�3'$'0$&�FKӭD�
DFHWDPLSULG�Yj�PӝW�Vӕ�WKXӕF�EҧR�YӋ�WKӵF�YұW�NKiF�

%uQK�
Vӕ

7rQ�WKXӕF�%979�
ÿѭӧF�WKrP�YjR

ȜPD[�

�QP�

6DL�OӋFK�
EѭӟF�VyQJ�

�QP�

��VDL�
OӋFK

.KҧR�ViW�ӣ�
&DFHWDPLSULG �
&WKXӕF�NKiF �
�î���� 0

� $FHWDPLSULG ����� � �

� $FHWDPLSULG���0HWKLGDWKLRQ ����� � ��� ����

� $FHWDPLSULG���(WKLRQ ����� ��� ����

� $FHWDPLSULG���'LFKORUYRV ����� ��� ����

� $FHWDPLSULG���3KRUDWH ����� ��� ����

� $FHWDPLSULG���&DUEHQGD]LP ����� ��� ����

� $FHWDPLSULG���$OGLFDUE ����� � ��� ����

� $FHWDPLSULG���&DUEDU\O ����� ��� ����

.KҧR�ViW�ӣ�
&DFHWDPLSULG �
&WKXӕF�NKiF �
�î���� 0

� $FHWDPLSULG ����� � �

�� $FHWDPLSULG���0HWKLGDWKLRQ ����� � ��� ����

�� $FHWDPLSULG���(WKLRQ ����� ��� ����

�� $FHWDPLSULG���'LFKORUYRV ����� � ���� ����

�� $FHWDPLSULG���3KRUDWH ����� ��� ����

�� $FHWDPLSULG���&DUEHQGD]LP ����� ��� ����

�� $FHWDPLSULG���$OGLFDUE ����� ��� ����

�� $FHWDPLSULG���&DUEDU\O ����� � ��� ����

�������.͇W�TX̫�SKkQ�WtFK�P̳X�WKF�W͇

���������0̳X�WKX͙F�WUͳ VkX�FKͱD�DFHWDPLSULG

.ӃW�TXҧ�SKkQ� WtFK�PӝW� Vӕ�PүX� WKXӕF� WUӯ� VkX�FKӭD�DFHWDPLSULG�EҵQJ�SKѭѫQJ�
SKiS� 89�9,6� Yj� ÿӕL� FKӭQJ� YӟL� SKѭѫQJ� SKiS� +3/&�89� �KӋ� WKӕQJ� VҳF� Nê� OӓQJ�
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���������0̳X�UDX��Fͯ ÿ˱ͫF�WKrP�FKX̱Q�DFHWDPLSULG�

.ӃW� TXҧ SKkQ� WtFK� PӝW� Vӕ PүX� WUҳQJ� FӫD� UDX� Fӫ TXҧ ÿѭӧF� WKrP� FKXҭQ�
DFHWDPLSULG� EҵQJ� SKѭѫQJ� SKiS� 89�9,6� Yj� ÿӕL� FKӭQJ� YӟL� SKѭѫQJ� SKiS� /&� �
06�06��KӋ WKӕQJ�VҳF�Nê� OӓQJ�NKӕL�SKә /&�06�06�YӟL�KӋ WKӕQJ�+3/&����$;/�
FӫD�6KLPDG]X�Yj�NKӕL�SKә $%,������444�FӫD�$SOLHG�%LRV\VWHP�� >��@�ÿѭӧF�FKR�
WURQJ�%ҧQJ����.ӃW�TXҧ FKR�WKҩ\��Vӵ NKiF�QKDX�JLӳD�KDL�SKѭѫQJ�SKiS�QKӓ KѫQ�����
0һW�NKiF��KLӋX�VXҩW�WKX�KӗL�FӫD�SKѭѫQJ�SKiS�QJKLrQ�FӭX�ÿҥW�WUrQ������ÿiS�ӭQJ�\rX�
FҫX�SKkQ�WtFK�WKӵF�WӃ��

%ҧQJ��� +jP�OѭӧQJ�DFHWDPLSULG�[iF�ÿӏQK�WURQJ�PүX�UDX�ÿѭӧF�WKrP�FKXҭQ DFHWDPLSULG
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7URQJ�QJKLrQ�FӭX�Qj\��FK~QJ�W{L�ÿm�[k\�GӵQJ�WKjQK�F{QJ�SKѭѫQJ�SKiS�TXDQJ�
SKә�KҩS�WKө�SKkQ�Wӱ�89�9,6�Vӱ�GөQJ�KLӋQ�WѭӧQJ�WKD\�ÿәL�WtQK�FKҩW�SODVPRQ�EӅ�PһW�
FӫD�GXQJ�GӏFK�$X13V�ÿѭӧF�әQ�ÿӏQK�EҵQJ�3'$'0$&�NKL�Fy�PһW�FKҩW�EҧR�YӋ�WKӵF�
YұW�DFHWDPLSULG��3KѭѫQJ�SKiS�Fy�TX\�WUuQK�ÿѫQ�JLҧQ��tW�WӕQ�NpP�QKѭQJ�FKR�ÿӝ�FKtQK�
[iF�FDR��JLӟL�KҥQ�SKiW�KLӋQ�Yj�JLӟL�KҥQ�ÿӏQK�OѭӧQJ�WKҩS��/2'  ����î���� 0��/24  �
���î���� 0���3KѭѫQJ�SKiS�ÿѭӧF�ӭQJ�GөQJ�WURQJ�SKkQ�WtFK�PүX�WKӵF�WӃ�Oj�FiF�PүX�
WKXӕF�WUӯ�VkX�FKӭD�DFHWDPLSULG��FiF�PүX�UDX�Fӫ�ÿѭӧF�EiQ�WUrQ�WKӏ�WUѭӡQJ�FKR�NӃW�TXҧ�
YӟL�ÿӝ�FKtQK�[iF�FDR��1JKLrQ�FӭX�JyS�SKҫQ�ÿiQK�JLi�ÿѭӧF�FKҩW�OѭӧQJ�WKXӕF�WUӯ�VkX��
FǊQJ�QKѭ�SKiW�KLӋQ�ÿѭӧF�OѭӧQJ�DFHWDPLSULG�WӗQ�Gѭ�WURQJ�FiF�ORҥL�UDX��Fӫ�ÿѭӧF�Ej\�
EiQ�WUrQ�WKӏ�WUѭӡQJ��JyS�SKҫQ�YjR�F{QJ�WiF�NLӇP�QJKLӋP�DQ�WRjQ�YӋ�VLQK�WKӵF�SKҭP�

7¬,�/,ӊ8�7+$0�.+Ҧ2

�� 7RPRQRUL� ,PDPXUD�� <RXLFKL� <DQDJDZD�� .DKRNR� 1LVKLNDZD�� 1DRWR�
0DWVXPRWR�� 7RVKLKLVD� 6DNDPRWR�� 7ZR� FDVH� RI� DFXWH� SRLVRQLQJ� ZLWK�
DFHWDPLSULG�LQ�KXPDQV��&OLQLFDO�7R[LFRORJ\�������������������

�� 0RKDQDUXEDQ�3UDYLQVRQ��6HOODGXUDL�3LUDVDWK��6LYDKDP\�8WKD\DNXPDUDQ��$FXWH�
SRLVRQLQJ�ZLWK�DFHWDPLSULG��D�W\SH�RI�QHRQLFRWLQRLG�LQVHFWLFLGH�FDXVLQJ�VHYHUH�
ODFWLF�DFLGRVLV��$�FDVH�UHSRUW��6$*(�2SHQ�0HGLFDO�&DVH�5HSRUW��������������

�� 0RKDPPDG� )DUDML�� 0RKDPPDGND]HP� 5DPH]DQL�� 'HWHUPLQDWLRQ� RI�
DFHWDPLSULG��LPLGDFORSULG��DQG�VSLURWHWUDPDW�DQG�WKHLU�UHOHYDQW�PHWDEROLWHV�LQ�
SLVWDFKLR� XVLQJ�PRGLILHG�4X(&K(56� FRPELQHG�ZLWK� OLTXLG� FKURPDWRJUDSK\�
WDQGHP�PDVV�VSHFWURPHWU\��)RRG�&KHPLVWU\��������������������
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�� 0DULQDO�/RSH]�*DUFLD��5REHUWR�5RPHUR�*RQ]DOH]��0DULQD�/DFDVDQD��$QWRQLD�
*DUULGR� )UHQLFK�� 6HPLDXWRPDWHG� GHWHUPLQDWLRQ� RI� QHRQLFRWLQRLGV� DQG�
FKDUDFWHULVWLF�PHWDEROLWH� LQ�XULQH�VDPSOHV�XVLQJ�7XUER)ORZ�FRXSOHG� WR�XOWUD�
KLJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� FRXSOHG� WR� 2UELWUDS� DQDO\]HU��
-RXUQDO�RI�3KDUPDFHXWLFDO�DQG�%LRPHGLFDO�$QDO\VLV� ����� ������������

�� :HLTLDQ�/LDQJ��-XQWDR�:DQJ��;LDRKXDQ�=DQJ��:HQKXDQ�'RQJ��&KXQ�:DQJ��
=KL� :DQJ�� %DUOH\� KXVN� FDUERQ� DV� WKH� ILEHU� FRDWLQJ� IRU� WKH� VROLG�SKDVH�
PLFURH[WUDFWLRQ� RI� WZHOYH� SHVWLFLGHV� LQ� YHJHWDEOHV� SULRU� WR� JDV�
FKURPDWRJUDSK\�PDVV� VSHFWURPHWULF� GHWHFWLRQ�� -RXUQDO� RI� &KURPDWRJUDSK\�
$QDO\VLV������������� �����

�� /L�5XL\L��/L�=DLMXQ��(OHFWURFKHPLFDO�GHWHFWLRQ�RI�RPHWKRDWH�DQG�DFHWDPLSULG�
LQ� YHJHWDEOH� DQG� IUXLW� ZLWK� KLJK� VHQVLWLYLW\� DQG� VHOHFWLYLW\� EDVHG� RQ�
SRPHJUDQDWH�OLNH� JROG� QDQRSDUWLFOH� DQG� GRXEOH� WDUJHW�LQGXFHG� '1$� F\FOH�
VLJQDO�DPSOLILFDWLRQ��6HQVRUV�DQG�$FWXDWRUV�%��&KHPLFDO�������������������

�� ;X�<DQ��;LQJJXDQJ�6X��9LVXDO�DQG�IOXRUHVFHQW�GHWHFWLRQ�RI�DFHWDPLSULG�EDVHG�
RQ� WKH� LQQHU� ILOWHU� HIIHFW� RI� JROG� QDQRSDUWLFOHV� RQ� UDWLRPHWULF� IOXRUHVFHQFH�
TXDQWXP�GRWV��$QDO\WLFDO�&KLPLFD�$FWD��������������������

�� /r� 3KѭѫQJ� 7KҧR�� 1JX\ӉQ� 7Kӏ� 1JX\ӋW�� 3KҥP� 7Kӏ� 1JӑF� 0DL�� ;iF� ÿ͓QK�
SDUDFHWDPRO�WURQJ�P̳X�G˱ͫF�SḴP�E̹QJ�SK˱˯QJ�SKiS�SK͝�K̭S�WKͭ�SKkQ�W͵�
89�9,6� V͵� GͭQJ� KL͏Q� W˱ͫQJ� F͡QJ� K˱ͧQJ� SODVPRQ� E͉� P̿W� FͯD� GXQJ� G͓FK�
QDQR�YjQJ��7ҥS�FKt�.KRD�KӑF�Yj�F{QJ�QJKӋ�QKLӋW�ÿӟL�����������������

�� 1JX\ӉQ�7Kӏ�+j�7KX��'ѭѫQJ�0LQK�1JӑF��1JX\ӉQ�7Kӏ�7K�\�/LQK��3KҥP�7Kӏ�
1JӑF�0DL��6͵�GͭQJ�KL͏Q�W˱ͫQJ�F͡QJ�K˱ͧQJ�SODVPRQ�E͉�P̿W�FͯD�GXQJ�G͓FK�
QDQR� YjQJ� ÿ͋� [iF� ÿ͓QK� PHURSHQHP� WURQJ� P̳X� G˱ͫF� SḴP� E̹QJ� SK˱˯QJ�
SKiS�TXDQJ�K͕F��7ҥS�FKt�3KkQ�WtFK�+yD��/ê�Yj�6LQK�KӑF������������������
����

��� :HL�%LQ�7VHQJ��0LQJ�0X�+VLHK��&KH�+VLH�&KHQ��7DL�&KLD�&KLX��:HL�/XQJ�
7VHQJ��)XQFWLRQDOL]HG�JROG�QDQRSDUWLFOHV�IRU�VHQVLQJ�RI�SHVWLFLGHV��$�UHYLHZ��
-RXUQDO�RI�)RRG�DQG�'UXJ�$QDO\VLV����������������������

��� 4XDQJ�.KDQK�1JX\HQ�� 7KL�+LHX�+RDQJ��;XDQ� 7KDQK�%XL�� 7KL�$QK�+XRQJ�
1JX\HQ��7LHQ�'XF�3KDP��7KL�1JRF�0DL�3KDP��6\QWKHVLV�DQG�DSS\FDWLRQ�RI�
SRO\FDWLRQ� VWDELOL]HG� JROG� QDQRSDUWLFOHV� DV� D� KLJKO\� VHQVLWLYH� VHQVRU� IRU�
PROHFXODU�F\VWHLQH�GHWHUPLQDWLRQ��0LFURFKHPLFDO�-RXUQDO�������������������

��� 7&&6���������&/��7KX͙F� WUͳ� VkX�FKͱD�KR̩W� FK̭W�DFHWDPLSULG � <rX�F̯X�NͿ�
WKX̵W�Yj�SK˱˯QJ�SKiS�WK͵�

��� 7&91 ����������7KӵF�SKҭP��;iF�ÿ͓QK�G˱�O˱ͫQJ�WKX͙F�E̫R�Y͏�WKF�Y̵W�E̹QJ�
V̷F�Nê�NKt�NK͙L�SK͝�Yj�V̷F�Nê�O͗QJ�NK͙L�SK͝�KDL�O̯Q�� 3K˱˯QJ�SKiS�4X(&K(56�
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'(7(50,1$7,21�2)�$&(7$0,35,'�%<�63(&7523+2720(75,&�
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2Q� WKLV� UHVHDUFK�� WKH� GHYHORSPHQW� RI� D� VLPSOH�� FRVW�HIHFWLYH� DQG� KLJKO\�
VHQVLWLYH� VSHFWURSKRWRPHWULF� PHWKRG� IRU� DFHWDPLSULG� GHWHFWLRQ� EDVHG� RQ� WKH�
ORFDOL]HG� VXUIDFH� SODVPRQ� UHVRQDQFH� RI� SRO\GLDOO\OGLPHWK\ODPPRQLXP� FKORULGH�
VWDELOL]HG� JROG� QDQRSDUWLFOHV�� %\� QDNHG� H\HV�� RQH� FDQ� GHWHFW� DFHWDPLSULG� E\� WKH�
YLVXDO�FKDQJH�RI�JROG�VROXWLRQ�FRORU�IURP�UHG�WR�SXUSOH��FRUUHVSRQGLQJ�WR�WKH�VKLIW�RI�
PD[LPXP� DEVRUEDQFH� ZDYHOHQJWK� LQ� WKH� 89�9LV� VSHFWUXP�� 4XDQWLILFDWLRQ� RI�
DFHWDPLSULG� LV� SRVVLEOH� WKURXJK� D� OLQHDU� UHODWLRQVKLS� EHWZHHQ� WKH� PD[LPXP�
DEVRUEDQFH�ZDYHOHQJWK�DQG�WKH�DFHWDPLSULG�FRQFHQWUDWLRQV�LQ� WKH�UDQJH�RI��î���� �
�î���� 0�� 8QGHU� WKH� RSWLPXP� FRQGLWLRQV� LQFOXGLQJ� S+� ��� 1D&O� FRQFHQWUDWLRQ� RI�
�����0�DQG�LQFXEDWLRQ�WLPH����PLQ��WKH�SUHVHQW�PHWKRG�KDV�KLJK�SUHFLVLRQ��56'���
�����YHU\�ORZ�OLPLW�RI�GHWHFWLRQ��/2'��RI����î���� 0��OLPLW�RI�TXDQWLILFDWLRQ��/24��
RI����î���� 0��7KLV�PHWKRG�KDV�EHHQ�VXFFHVVIXOO\�DSSOLHG�WR�GHWHUPLQH�DFHWDPLSULG�
LQ� VHYHUDO� SHVWLFLGH� VDPSOHV� DQG� YHJHWDEOH� VDPSOHV�� 7KH� PHDVXUHPHQW� UHVXOWV� RI�
DFHWDPLSULG� LQ WKH� SHVWLFLGH� VDPSOHV� RI� WKH� UHVHDUFK� PHWKRG� ZLWK� WKH� +3/&�89�
PHWKRG�VKRZHG�D�GLIIHUHQFH�RI�������ZKLOH�IRU�WKH�YHJHWDEOH�VDPSOH��WKH�GLIIHUHQFH�
EHWZHHQ�WKH�UHVHDUFK�PHWKRG�DQG�WKH�/&�06�PHWKRG�PHWKRG��06������VKRZV�WKDW�
WKH�PHWKRG�KDV�KLJK�DFFXUDF\�DQG�UHOLDELOLW\�

.H\ZRUGV� $FHWDPLSULG�GHWHUPLQDWLRQ��89�9LV�DEVRUSWLRQ��JROG�QDQRSDUWLFOHV��
3'$'0$&��K̩W�QDQR�YjQJ�$X13V�
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/LrQ�K͏��/r�7K͓ 7K̫R

9LӋQ�Ĉӝ EӅQ�1KLӋW�ÿӟL��7UXQJ�WkP�1KLӋW�ÿӟL�9LӋW�� 1JD
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