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6ӵ�EӅQ�YӳQJ�FӫD�FiF�FҩX� WU~F�Er� W{QJ�FӕW� WKpS��%7&7��ÿyQJ�YDL� WUz�KӃW� VӭF�
TXDQ�WUӑQJ�ÿӕL�YӟL�QӅQ�NLQK�WӃ�TXӕF�JLD�FǊQJ�QKѭ�FiF�F{QJ�WUuQK�TXӕF�SKzQJ��7URQJ�
WKӵF�WӃ��GѭӟL�WiF�ÿӝQJ�FӫD�P{L�WUѭӡQJ��ÿһF�ELӋW�Oj�P{L�WUѭӡQJ�ELӇQ��WXәL�WKӑ�FӫD�F{QJ�
WUuQK�%7&7�Eӏ�VX\�JLҧP�ÿiQJ�NӇ�GR�ҧQK�KѭӣQJ�FӫD�KLӋQ�WѭӧQJ�ăQ�PzQ�FӕW�WKpS�YӟL�
Vӵ�[kP�WKӵF�FӫD�LRQ�FORUXD�>����@��6ӵ�[kP�WKӵF�FӫD�&O��ÿӃQ�EӅ�PһW�FӕW�WKpS�OjP�JLҧP�
ÿӝ�S+��SKi�Kӫ\�OӟS�EҧR�YӋ�GүQ�ÿӃQ�KLӋQ�WѭӧQJ�ăQ�PzQ�ÿLӇP��SLWWLQJ��FӕW�WKpS��ĂQ�
PzQ�FӕW�WKpS�WURQJ�Er�W{QJ�GLӉQ�UD�WKHR�Fѫ�FKӃ�ÿLӋQ�KyD�YӟL�SKҧQ�ӭQJ�R[\�KyD�)H�ӣ�
DQRW�Yj�NKӱ�R[\�KzD�WDQ�ӣ�FDWRW��SKҧQ�ӭQJ�������ĂQ�PzQ�FӕW�WKpS�YӅ�OkX�GjL�GүQ�ÿӃQ�
Vӵ�VX\�JLҧP�NKҧ�QăQJ�FKӏX�OӵF�FӫD�F{QJ�WUuQK��SKi�Yӥ�FҩX�WU~F�Er�W{QJ�GR�WtFK�Wө�VҧQ�
SKҭP�ăQ�PzQ�Yj�FXӕL�F�QJ�Fy�WKӇ�VөS�ÿә�FӫD�Fҧ�F{QJ�WUuQK�>����@��
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+LӋQ� QD\�� FiF� FKLӃQ� OѭӧF� KLӋQ� ÿҥL� TXҧQ� Oê� FKҩW� OѭӧQJ� F{QJ� WUuQK�%7&7� WұS�
WUXQJ�YjR�YLӋF�[iF�ÿӏQK�Vӵ�FKX\ӇQ�WLӃS�FӫD�WUҥQJ�WKiL�FӕW�WKpS�Wӯ�WKө�ÿӝQJ�VDQJ�KRҥW�
KyD�ӣ�JLDL�ÿRҥQ�VӟP��NKL�Vӵ�SKi�Kӫ\�OӟS�EҧR�YӋ�FzQ�FKѭD�OӟQ��EҵQJ�FiF�SKѭѫQJ�SKiS�
JLiP�ViW�NK{QJ�SKi�Kӫ\�QKѭ��SKѭѫQJ�SKiS�ÿR�ÿLӋQ�WKӃ�KDOI�FHOO�>�@��SKѭѫQJ�SKiS�ÿR�
ÿLӋQ�WUӣ�VXҩW�Er�W{QJ�>�@��SKѭѫQJ�SKiS�ÿR�GzQJ�ăQ�PzQ�EҵQJ�FҧP�ELӃQ�>�@�«�Ӣ�WKӡL�
ÿLӇP�Qj\��FKL�SKt�WLӃQ�KjQK�VӱD�FKӳD�FzQ�WKҩS�Yj�WXәL�WKӑ�FӫD�F{QJ�WUuQK�ÿѭӧF�QkQJ�
OrQ�ÿiQJ�NӇ��7URQJ�ÿy��SKѭѫQJ�SKiS�ÿR�GzQJ�ăQ�PzQ�EҵQJ�FҧP�ELӃQ�P{�SKӓQJ�KӋ�
SLQ�JDOYDQLF�ÿѭӧF�FK~�ê�ÿһF�ELӋW�GR�FiF�ѭX�ÿLӇP�QKѭ��ÿӝ�QKҥ\�FDR��FKL�SKt�WKҩS��GӉ�
OҳS�ÿһW�Yj�Vӱ�GөQJ��WXәL�WKӑ�FDR�����>�@�

7URQJ�F{QJ�WUuQK�>�@��FiF�WiF�JLҧ�FKӃ�WҥR�FҧP�ELӃQ�JDOYDQLF�Wӯ�FiF�WҩP�NLP�ORҥL�
JLӕQJ�QKDX�YӟL�NtFK�WKѭӟF�Ep�ÿһW� WURQJ�P{L� WUѭӡQJ�FiFK�ÿLӋQ��Ĉk\�Oj�KӋ�FҧP�ELӃQ�
JDOYDQLF�ORҥL�,��&iF�WҩP�NLP�ORҥL�Qj\�ÿѭӧF�FKLD�WKjQK���QKyP�Yj�ÿѭӧF�NӃW�QӕL�VRQJ�
VRQJ�YӟL�QKDX��*LӳD���QKyP�NLP�ORҥL�ÿѭӧF�NtFK�KRҥW�EӣL�KLӋX�ÿLӋQ�WKӃ�����������9�
Wӯ� QJXӗQ� QJRjL�� 7ӯ� ÿk\�� FK~QJ� ÿyQJ� YDL� WUz� QKѭ� Oj� PӝW� DQRW� Yj� FDWRW�� .KL� P{L�
WUѭӡQJ�[kP�WKӵF�WLӃS�[~F�YӟL�EӅ�PһW�FҧP�ELӃQ��WURQJ�KӋ�VӁ�[XҩW�KLӋQ�GzQJ�ÿLӋQ��*Li�
WUӏ�FӫD�GzQJ�ÿLӋQ�SKө�WKXӝF�YjR�ÿӝ�GүQ�ÿLӋQ�FӫD�P{L�WUѭӡQJ��ÿLӋQ�WUӣ�SKkQ�FӵF�WUrQ�
FiF�Y�QJ�DQRW�Yj�FDWRW��FǊQJ�QKѭ�ÿLӋQ�WUӣ�QJRjL�FӫD�DPSH�NӃ��

7URQJ�F{QJ�WUuQK�>������@��FiF�WiF�JLҧ�FKӃ�WҥR�FiF�FҧP�ELӃQ�JDOYDQLF�ORҥL�,,��+Ӌ�
FҧP�ELӃQ�Qj\�ÿѭӧF�FҩX�WҥR�Wӯ�QKӳQJ�DQRW�WKpS�FDFERQ�WKҩS�VҳS�[ӃS�YӟL�FiF�NKRҧQJ�
FiFK�NKiF�QKDX� WtQK� Wӯ�EӅ�PһW�Er�W{QJ��7URQJ�YDL� WUz�FDWRW� Vӱ�GөQJ� WKpS�NK{QJ�JӍ�
KRһF�WLWDQ��FDWRW�VҳS�[ӃS�QJD\�JҫQ�FiF�DQRW��.KL�NӃW�QӕL�FiF�DQRW�YӟL�FDWRW�VӁ�[XҩW�
KLӋQ� GzQJ� ÿLӋQ�� .KL� WKpS� FDFERQ� WKҩS� QҵP� ӣ� WUҥQJ� WKiL� WKө� ÿӝQJ�� GzQJ� JDOYDQLF�
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NK{QJ� OӟQ�� Fy� WKӇ� Eӓ� TXD�� .KL� [ҧ\� UD� Vӵ� [kP� WKӵF� FӫD� LRQ� &O�� KRһF� TXi� WUuQK�
FDFERQDW�KyD� FKҥP�ÿӃQ�DQRW� ÿҫX� WLrQ�� WKpS� FDFERQ� VӁ� FKX\ӇQ� VDQJ� WUҥQJ� WKiL�KRҥW�
ÿӝQJ�Yj�GzQJ�ÿLӋQ�VӁ�WăQJ�OrQ��$QRW�ÿѭӧF�ÿһW�FjQJ�VkX�WURQJ�Er�W{QJ��WKӡL�JLDQ�KRҥW�
KyD�FK~QJ�FjQJ�NpR�GjL��+Ӌ�ÿR�FKR�SKpS�WKHR�G}L�ÿѭӧF�Vӵ�GӏFK�FKX\ӇQ�FӫD�TXi�WUuQK�
ăQ�PzQ�Wӯ�EӅ�PһW�Er�W{QJ��&iF�KӋ�FҧP�ELӃQ�JDOYDQLF�WUrQ�PDQJ�PӝW�Vӕ�QKѭӧF�ÿLӇP�
QKѭ��FҫQ�GzQJ�ÿLӋQ�NtFK�KRҥW�Wӯ�ErQ�QJRjL��PӝW�Vӕ�FҧP�ELӃQ�Fy�ÿLӋQ�FӵF�VR�ViQK�OҳS�
WUӵF�WLӃS�YjR�WURQJ�Er�W{QJ�NK{QJ�ÿҧP�EҧR�WXәL�WKӑ�OjP�YLӋF�FDR��ÿӝ�QKҥ\�WKҩS��ÿһF�
ELӋW�NKL�ÿѭӧF�OҳS�WURQJ�FiF�FҩX�WU~F�ӣ�P{L�WUѭӡQJ�KLӃP�R[\��WӕF�ÿӝ�ăQ�PzQ�ÿѭӧF�ÿR�
Wӯ�FҧP�ELӃQ�ÿ{L�NKL�NK{QJ�SKҧQ�iQK�ÿ~QJ�WUҥQJ�WKiL�ăQ�PzQ�FӫD�FӕW�WKpS�����

7URQJ�EjL�EiR�Qj\��QKyP�WiF�JLҧ�WLӃQ�KjQK�FKӃ�WҥR�FҧP�ELӃQ�ÿLӋQ�KyD�JDOYDQLF�
Fy�GLӋQ�WtFK�ÿLӋQ�FӵF�OjP�YLӋF�QKӓ�YӟL�ÿӝ�QKҥ\�FDR�QKҵP�[iF�ÿӏQK�WUҥQJ�WKiL�ăQ�PzQ�
FӫD� FӕW� WKpS� WURQJ�P{L� WUѭӡQJ� [kP� WKӵF� FӫD� LRQ� FORUXD� Yj� WUuQK� Ej\� NӃW� TXҧ�ӭQJ�
GөQJ�EѭӟF�ÿҫX� WURQJ�P{L� WUѭӡQJ�QѭӟF� FKLӃW� Er� W{QJ�QKҵP�[iF�ÿӏQK� FiF� WtQK� FKҩW�
ÿLӋQ�KyD�FӫD�FҧP�ELӃQ��

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

�����+yD�FKҩW��YұW�OLӋX�

+yD� FKҩW��1D&O� ���� �7UXQJ�4XӕF��� HSR[\�ɗȾ���� Yj� FKҩW� ÿyQJ� UҳQ�ɉɗɉȺ�
�/LrQ�EDQJ�1JD���

1JKLrQ�FӭX�Vӱ�GөQJ�PүX�FӕW�WKpS�[k\�GӵQJ�ÿӇ�ÿiQK�JLi�KLӋQ�WѭӧQJ�ăQ�PzQ�FӕW�
WKpS�WURQJ�P{L�WUѭӡQJ�[kP�WKӵF�FӫD�LRQ�FORUXD��PүX�WKpS�FDFERQ�OjP�DQRW�Yj�ÿӗQJ�
QJX\rQ�FKҩW��PiF�0��WKHR�*267����������/LrQ�EDQJ�1JD�YӟL�WKjQK�SKҫQ�&X�ÿӃQ�
��������OjP�FDWRW�FKR�FҧP�ELӃQ�ÿLӋQ�KyD��7KjQK�SKҫQ�FiF�FiF�PүX�WKpS�WUrQ�ÿѭӧF�
[iF�ÿӏQK�EҵQJ�SKѭѫQJ�SKiS�SKә�SKiW�[ҥ�QJX\rQ�Wӱ�WUrQ�WKLӃW�Eӏ�$5/�������QKѭ�VDX��

��&ӕW�WKpS�[k\�GӵQJ�3RPLQD��WKjQK�SKҫQ����&����������0Q����������6L����������
3����������6����������1L����������&U����������&X����������0R����������$O����������:���
�������6Q����������&R����������)H���FzQ�OҥL��

�� 7KpS� FDFERQ� �DQRW� FҧP� ELӃQ��� WKjQK� SKҫQ����&� �� �������0Q� �� ������� 6L� ��
�������3� �� ������� 6� �� �������1L� �� �������&U� �� �������&X� �� �������0R� �� �������9� ��
�������$O����������1E����������:����������6Q����������&R����������3E����������=Q���
�������)H���FzQ�OҥL��

�����3KѭѫQJ�SKiS�QJKLrQ�FӭX�

ĈӇ�FKXҭQ�Eӏ�QѭӟF�FKLӃW�WLӃQ�KjQK�ÿ~F�FiF�PүX�Er�W{QJ�WKHR�Wӹ�OӋ�NKӕL�OѭӧQJ��[L�
PăQJ������FiW������QѭӟF��������6DX�WKӡL�JLDQ�ÿ{QJ�UҳQ��FiF�PүX�ÿѭӧF�SKѫL�NK{�QJRjL�
NK{QJ�NKt�Yj�ÿHP�ÿL�QJKLӅQ�QKӓ��VjQJ�TXD�Uk\�YӟL�NtFK�WKѭӟF�Oӛ�����PP��0үX�WKX�
ÿѭӧF�ÿHP�Vҩ\�ӣ����R&�ÿӃQ�NKӕL�OѭӧQJ�NK{QJ�ÿәL��VDX�ÿy�ÿHP�QJkP�WURQJ�QѭӟF�FҩW�
YӟL� Wӹ� OӋ� NKӕL� OѭӧQJ����� WURQJ� ��� JLӡ�ӣ� QKLӋW� ÿӝ� SKzQJ��6DX� F�QJ�� KӛQ� KӧS�ÿѭӧF�
PDQJ�ÿL� OӑF�ÿӇ� WKX�ÿѭӧF�GXQJ�GӏFK�GjQK�FKR�QJKLrQ�FӭX��S+�FӫD�QѭӟF�FKLӃW�QҵP�
WURQJ� NKRҧQJ� ��� �� ���� ÿR� EҵQJ� WKLӃW� Eӏ� ÿR� S+�+DQQD�+,� ������ 6DX� ÿy� WLӃQ� KjQK�
FKXҭQ� Eӏ� FiF� GXQJ� GӏFK� WKӱ� QJKLӋP� Wӯ� QѭӟF� FKLӃW� Er� W{QJ� FKӭD� FiF� QӗQJ� ÿӝ� LRQ�
FORUXD�NKiF�QKDX�Wӯ���ÿӃQ���0�>��@��
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&iF�SKpS�ÿR�ÿLӋQ�KyD�ÿѭӧF�WKӵF�KLӋQ�WUrQ�WKLӃW�Eӏ�$XWRODE�3*67$7����1��+Ӌ�
ÿR���ÿLӋQ�FӵF��ÿLӋQ�FӵF�ÿӕL���WҩP�SODWLQ��î��PP��ÿLӋQ�FӵF�VR�ViQK���$J�$J&O�WURQJ�
.&O�EmR�KzD�Yj�ÿLӋQ�FӵF�OjP�YLӋF���PүX�FӕW�WKpS�YӟL�GLӋQ�WtFK�����FP���&iF�WK{QJ�Vӕ�
ÿLӋQ� KyD� ÿѭӧF� [iF� ÿӏQK� EҵQJ�SKҫQ�PӅP�1RYD� ÿӗQJ�Eӝ� YӟL� WKLӃW� Eӏ��ĈѭӡQJ� FRQJ�
SKkQ�FӵF�QKiQK�DQRW�ÿѭӧF�TXpW� WKHR� FKӃ�ÿӝ� WKӃ�ÿӝQJ� �SRWHQWLRG\QDPLF��YӟL�EѭӟF�
TXpW���P9�Wӯ�2&3�YӅ�SKtD�ÿLӋQ�WKӃ�GѭѫQJ�ÿӃQ�WKӡL�ÿLӇP�PұW�ÿӝ�GzQJ�WăQJ�ÿӝW�QJӝW��

7URQJ� QJKLrQ� FӭX� Qj\�� WӕF� ÿӝ� ăQ�PzQ� FӕW� WKpS� ÿѭӧF� ÿiQK� JLi� WKHR� SKѭѫQJ�
SKiS�ÿLӋQ�WUӣ�SKkQ�FӵF�WX\ӃQ�WtQK��SKѭѫQJ�SKiS�0DQVIHOG��>��@��ĈӇ�[iF�ÿӏQK�GzQJ�
ăQ�PzQ�EҵQJ�SKѭѫQJ�SKiS�ÿLӋQ�WUӣ�SKkQ�FӵF�WLӃQ�KjQK�TXpW�ÿѭӡQJ�FRQJ�SKkQ�FӵF�
WKHR�FKӃ�ÿӝ�WKӃ�ÿӝQJ�[XQJ�TXDQK�2&3����P9�YӟL�EѭӟF�TXpW�QKӓ�����P9��

�����&KӃ�WҥR�FҧP�ELӃQ�ÿLӋQ�KyD�

&iF�FҧP�ELӃQ�ÿLӋQ�KyD�ÿѭӧF�FKӃ�WҥR�Wӯ�FiF�WҩP�NLP�ORҥL��WKpS�FDFERQ�WKҩS�Yj�
ÿӗQJ��YӟL�FKLӅX�Gj\�Wӯ�����������ȝP��ÿһW� WURQJ�P{L�WUѭӡQJ�FiFK�ÿLӋQ��&iF�Wә�KӧS�
WҩP�NLP�ORҥL�ÿѭӧF�NӃW�QӕL�YӟL�QKDX�ÿӇ�WҥR�WKjQK�FiF�FһS�SLQ�JDOYDQLF��Fy�NKҧ�QăQJ�
NtFK�KRҥW�GzQJ�ÿLӋQ�NKL�KӋ� WLӃS�[~F�YӟL�P{L� WUѭӡQJ�ÿLӋQ� OL��*Li� WUӏ� FӫD�GzQJ�ÿLӋQ�
ÿѭӧF�[iF�ÿӏQK�EӣL�ÿӝQJ�KӑF�FӫD�FiF�TXi�WUuQK�DQRW�Yj�FDWRW��.tFK�WKѭӟF�FiF�FKLӅX�
FӫD�FҧP�ELӃQ�Oj���î��î���PP��'LӋQ�WtFK�EӅ�PһW�OjP�YLӋF�FӫD�DQRW�FҧP�ELӃQ�Oj������
FP��� 6ѫ� ÿӗ� FҧP� ELӃQ� ÿѭӧF� WUuQK� Ej\� WUrQ� KuQK� ��� &ҧP� ELӃQ� KRҥW� ÿӝQJ� GӵD� WUrQ�
SKѭѫQJ�SKiS�ÿR�WUӵF�WLӃS�GzQJ�ăQ�PzQ�ÿLӋQ�KyD�Wӯ�KӋ�SLQ�JDOYDQLF�WUrQ�FiF�ÿLӋQ�FӵF�
FӫD�FҧP�ELӃQ�NKL�QӕL�FiF�Gk\�GүQ�YӟL�PӝW�DPSH�NӃ�Fy�ÿLӋQ�WUӣ�UҩW�QKӓ��

+uQK����6ѫ�ÿӗ�FҧP�ELӃQ�ÿLӋQ�KyD������ĈLӋQ�FӵF�FDWRW������ĈLӋQ�FӵF�DQRW���
����/ӟS�FiFK�ÿLӋQ������0ҥFK�ÿLӋQ������/ӟS�Yӓ�FҧP�ELӃQ�

ĈӇ�[iF�ÿӏQK�PӭF�ÿӝ�ELӃQ�ÿәL� FҩX� WU~F�FӫD�YұW� OLӋX�SRO\PH�G�QJ� OjP� OӟS�Yӓ�
FҧP� ELӃQ� ÿLӋQ� KyD� WLӃQ� KjQK� ÿR� SKә� )7,5� WUrQ� WKLӃW� Eӏ� %UXNHU� 7HQVRU� ��� WURQJ�
NKRҧQJ������������FP����9j�GzQJ�ăQ�PzQ�FӫD�FҧP�ELӃQ�ÿѭӧF�ÿR�WUӵF�WLӃS�EҵQJ�FKӭF�
QăQJ�PLFURDPSH�NӃ�WUrQ�ÿӗQJ�Kӗ�)OXNH���%��Fy�NKҧ�QăQJ�KLӋQ�WKӏ�ÿӃQ������$��

���.ӂ7�48Ҧ�9¬�%¬1�/8Ұ1�

�����+LӋQ�WѭӧQJ�ăQ�PzQ�FӕW�WKpS�WURQJ�GXQJ�GӏFK�QѭӟF�FKLӃW�Er�W{QJ�FKӭD�
LRQ�FORUXD�

%LӃQ�WKLrQ�WKӃ�PҥFK�Kӣ��2&3��FӫD�FӕW�WKpS�WURQJ�QѭӟF�FKLӃW�Er�W{QJ�YӟL�QӗQJ�
ÿӝ�LRQ�FORUXD�NKiF�QKDX�ÿѭӧF�WKӇ�KLӋQ�WUrQ�KuQK����.ӃW�TXҧ�FKR�WKҩ\��FiF�JLi�WUӏ�ÿLӋQ�
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WKӃ�2&3�ELӃQ�WKLrQ�Yj�ÿҥW�JLi�WUӏ�әQ�ÿӏQK�VDX�NKRҧQJ���JLӡ�WKӱ�QJKLӋP��&iF�JLi�WUӏ�
2&3�GӏFK�FKX\ӇQ�YӅ�SKtD�ÿLӋQ�WKӃ�kP�KѫQ�NKL�WăQJ�QӗQJ�ÿӝ�&O���7URQJ�FiF�GXQJ�GӏFK�
NK{QJ�Fy�KRһF�Fy�QӗQJ�ÿӝ�LRQ�FORUXD�WKҩS��������0�Yj������0���2&3�FӕW�WKpS�WăQJ�
WKHR�WKӡL�JLDQ��FKӭQJ�Wӓ�FӕW� WKpS�UѫL�YjR�WUҥQJ�WKiL� WKө�ÿӝQJ�YӟL�Vӵ�KuQK�WKjQK�OӟS�
PjQJ�EҧR�YӋ�WUrQ�EӅ�PһW��9ӟL�GXQJ�GӏFK�FKӭD�Wӯ�����0�&O��2&3�FӕW�WKpS�Fy�[X�KѭӟQJ�
JLҧP�WKHR�WKӡL�JLDQ��Ĉӝ�OӋFK�ǻ(�JLӳD�GXQJ�GӏFK�NK{QJ�Fy�&O��Yj�Fy���0�&O��Oj�����
P9��7UrQ�EӅ�PһW�FӕW�WKpS�QJkP�WURQJ�FiF�GXQJ�GӏFK�FKӭD�����0�Yj���0�&O��Fy�WKӇ�
TXDQ�ViW�Vӵ�KuQK�WKjQK�FiF�YӃW�ăQ�PzQ�EҵQJ�PҳW�WKѭӡQJ�VDX�WKӡL�JLDQ�WKӱ�QJKLӋP��

+uQK����;X�KѭӟQJ�ELӃQ�ÿәL�2&3�FӫD�FӕW�WKpS�WURQJ�GXQJ�GӏFK�QѭӟF�FKLӃW�Er�W{QJ�
YӟL�QӗQJ�ÿӝ�&O���������0������������0�����������0����������0����������0��������0�

ĈѭӡQJ� FRQJ�SKkQ� FӵF�QKiQK� DQRW� FӫD� FӕW� WKpS� QJkP� WURQJ� GXQJ�GӏFK� QѭӟF�
FKLӃW�Er�W{QJ�ÿѭӧF�WKӇ�KLӋQ�WUrQ�KuQK����.KL�WăQJ�QӗQJ�ÿӝ�LRQ�FORUXD�QKiQK�DQRW�GӏFK�
FKX\ӇQ�YӅ�SKtD�ÿLӋQ�WKӃ�kP�KѫQ�Yj�ÿѭӡQJ�FRQJ�QKDQK�GӕF�ÿӭQJ�KѫQ��9j�NKL� WăQJ�
QӗQJ�ÿӝ�&O��ÿLӋQ�WKӃ�KRҥW�KyD��JLi�WUӏ�ÿLӋQ�WKӃ�WUrQ�ÿѭӡQJ�FRQJ�SKkQ�FӵF�Pj�ӣ�ÿy�
GzQJ�ăQ�PzQ�WăQJ�ÿӝW�ELӃQ��Fy�[X�KѭӟQJ�WLӃQ�JҫQ�YӅ�SKtD�2&3�Yj�EӅ�PһW�FӕW�WKpS�
KuQK�WKjQK�FiF�SLWWLQJ��7URQJ�FiF�GXQJ�GӏFK�NK{QJ�Fy�KRһF�Fy�QӗQJ�ÿӝ�&O��WKҩS�KLӋQ�
WѭӧQJ�GzQJ�DQRW�WăQJ�ÿӝW�QJӝW�ӣ�ÿLӋQ�WKӃ�!����P9�Jk\�UD�FKӫ�\ӃX�EӣL�KLӋQ�WѭӧQJ�
WiFK�R[\�Wӯ�QѭӟF�>��@��ĈӕL�YӟL�GXQJ�GӏFK�NK{QJ�Fy�LRQ�FORUXD�Y�QJ�WKӃ�WKө�ÿӝQJ�NpR�
GjL� Wӯ� �����ÿӃQ�����P9��ĈӕL�YӟL� GXQJ�GӏFK� FKӭD���0�&O�� JҫQ�QKѭ�NK{QJ� WӗQ� WҥL�
Y�QJ�WKӃ�WKө�ÿӝQJ��FӕW�WKpS�Eӏ�ăQ�PzQ�OLrQ�WөF��

7ӕF�ÿӝ�ăQ�PzQ�FӕW� WKpS�ÿѭӧF�ÿiQK�JLi� WKHR�SKѭѫQJ�SKiS�ÿLӋQ� WUӣ�SKkQ�FӵF�
WX\ӃQ�WtQK�Yj�ÿѭӧF�WUuQK�Ej\�ӣ�EҧQJ����ĈӕL�FKLӃX�YӟL� WLrX�FKXҭQ�ÿiQK�JLi�>��@�FKR�
WKҩ\��WURQJ�GXQJ�GӏFK�NK{QJ�Fy�KRһF�Fy�������0�&O��FӕW�WKpS�Eӏ�WKө�ÿӝQJ�KyD��&zQ�
WURQJ�GXQJ�GӏFK������0�&O��FӕW�WKpS�Eӏ�ăQ�PzQ�WKҩS��ÿӕL�YӟL�GXQJ�GӏFK�FKӭD�Wӯ�����0�
&O��FӕW�WKpS�Eӏ�ăQ�PzQ�FDR��7URQJ�ÿy��YӟL�GXQJ�GӏFK���0�&O��WӕF�ÿӝ�ăQ�PzQ�FӕW�WKpS�
ÿҥW� ������$�FP���Ĉk\� Oj� JLi� WUӏ� UҩW� QJX\� KҥL� FKR� F{QJ� WUuQK�� ÿһF� ELӋW� NKL� ăQ�PzQ�
SLWWLQJ�FKӍ�WұS�WUXQJ�SKi�Kӫ\�PӝW�Vӕ�ÿLӇP�QKҩW�ÿӏQK��OjP�VX\�JLҧP�QKDQK�FKyQJ�WLӃW�
GLӋQ�QJDQJ�FӫD�FӕW�WKpS��*Li�WUӏ�ÿLӋQ�WUӣ�SKkQ�FӵF�JLҧP�WX\ӃQ�WtQK�YӟL�QӗQJ�ÿӝ�LRQ�
FORUXD�WURQJ�GXQJ�GӏFK��
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+uQK����ĈѭӡQJ�FRQJ�SKkQ�FӵF�DQRW�FӫD�FӕW�WKpS�WURQJ�GXQJ�GӏFK�QѭӟF�FKLӃW�Er�W{QJ�
YӟL�QӗQJ�ÿӝ�&O���������0������������0�����������0����������0����������0��������0�

%ҧQJ����&iF�WK{QJ�Vӕ�ÿLӋQ�KyD�FӫD�FӕW�WKpS�WURQJ�GXQJ�GӏFK�QѭӟF�FKLӃW�Er�W{QJ�
�WKHR�SKѭѫQJ�SKiS�ÿLӋQ�WUӣ�SKkQ�FӵF�WX\ӃQ�WtQK�

&&O
���0 (FRU��P9� ED��P9� EF��P9� %��P9� 5S��NȍÂFP

�� LFRU���$�FP
��

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

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

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

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

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

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

�����6ӱ�GөQJ�FҧP�ELӃQ�ÿLӋQ�KyD�JDOYDQLF�JLiP�ViW�WUҥQJ�WKiL�ăQ�PzQ�FӫD�
FӕW�WKpS�WURQJ�P{L�WUѭӡQJ�Fy�LRQ�FORUXD�

.ӃW�TXҧ� WKӱ�QJKLӋP�ÿR�ÿLӋQ� WKӃ�2&3�FӫD�FҧP�ELӃQ�JDOYDQLF�NKL�ÿyQJ�PҥFK�
WURQJ�P{L� WUѭӡQJ�QѭӟF�FKLӃW�Er� W{QJ�NK{QJ�Fy�Yj�Fy���0�&O��ÿѭӧF� WUuQK�Ej\� WUrQ�
KuQK����.ӃW�TXҧ�SKkQ�WtFK�KuQK���FKR�WKҩ\��NKL�WURQJ�GXQJ�GӏFK�Fy�FKӭD�PӝW�OѭӧQJ�
OӟQ�LRQ�&O��2&3�FӫD�FҧP�ELӃQ�GӏFK�FKX\ӇQ�YӅ�SKtD�ÿLӋQ�WKӃ�kP�WURQJ�VXӕW�WKӡL�JLDQ�
WKӱ�QJKLӋP�Yj�NK{QJ�Fy�[X�KѭӟQJ�ÿҥW�WUҥQJ�WKiL�FkQ�EҵQJ��ĈӕL�YӟL�GXQJ�GӏFK�NK{QJ�
FKӭD�&O��2&3�WURQJ�NKRҧQJ����SK~W�ÿҫX�JLҧP��VDX�ÿy�WăQJ�GҫQ�ÿӃQ�JLi�WUӏ�әQ�ÿӏQK��
.ӃW�TXҧ�ÿR�ULrQJ�FKR�WKҩ\��2&3�FӫD�ÿӗQJ�0��WURQJ�P{L�WUѭӡQJ�QѭӟF�FKLӃW�Er�W{QJ�
FKӭD�LRQ�&O������0�әQ�ÿӏQK�ӣ�JLi�WUӏ���������P9��3KkQ�WtFK�NӃW�KӧS�YӟL�KuQK���FKR�
WKҩ\��WURQJ�GXQJ�GӏFK�NK{QJ�FKӭD�&O��WURQJ�NKRҧQJ�WKӡL�JLDQ�ÿҫX�TXi�WUuQK�ăQ�PzQ�
[ҧ\�UD�WKHR�Fѫ�FKӃ�NLӇP�VRiW�FDWRW�Yj�VDX�ÿy�FKX\ӇQ�VDQJ�Fѫ�FKӃ�NLӇP�VRiW�DQRW��ĈӕL�
YӟL�GXQJ�GӏFK�FKӭD���0�&O��TXi�WUuQK�ăQ�PzQ�[ҧ\�UD�[X\rQ�VXӕW� WKHR�Fѫ�FKӃ�NLӇP�
VRiW�FDWRW�YӟL�SKҧQ�ӭQJ�NKӱ�R[\�KzD�WDQ��
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+uQK����;X�KѭӟQJ�ELӃQ�ÿәL�2&3�FӫD�FҧP�ELӃQ�WURQJ�GXQJ�GӏFK�
QѭӟF�FKLӃW�Er�W{QJ�NK{QJ�Fy�����Yj�Fy���0�&O������

.ӃW�TXҧ�WKӱ�QJKLӋP�ÿR�GzQJ�ăQ�PzQ�EҵQJ�FҧP�ELӃQ�JDOYDQLF�WURQJ�P{L�WUѭӡQJ�
QѭӟF�FKLӃW�Er�W{QJ�YӟL�Vӵ�Fy�PһW�FӫD�LRQ�FORUXD�ÿѭӧF�WUuQK�Ej\�WUrQ�KuQK����.ӃW�TXҧ�
FKR�WKҩ\��ÿӕL�YӟL�FiF�GXQJ�GӏFK�FKӭD�LRQ�FORUXD�NK{QJ�OӟQ�KѫQ������0�PұW�ÿӝ�GzQJ�
ăQ�PzQ�WUrQ�FҧP�ELӃQ�O~F�EҳW�ÿҫX�ÿyQJ�PҥFK�ÿҥW�JLi� WUӏ�FӵF�ÿҥL��VDX�ÿy�JLҧP�GҫQ��
0ұW�ÿӝ�GzQJ�ăQ�PzQ�ÿҥW�JLi� WUӏ�әQ�ÿӏQK�VDX�NKRҧQJ����SK~W� WKӱ�QJKLӋP�Yj�NK{QJ�
YѭӧW�TXi�������$�FP���*Li�WUӏ�Qj\�SKҧQ�iQK�WUҥQJ�WKiL�WKө�ÿӝQJ�FӫD�DQRW�FҧP�ELӃQ��

+uQK����'zQJ�ăQ�PzQ�ÿR�EҵQJ�FҧP�ELӃQ�WURQJ�GXQJ�GӏFK�QѭӟF�FKLӃW�Er�W{QJ�YӟL�
QӗQJ�ÿӝ�&O���������0������������0�����������0����������0��������0�

9ӟL�GXQJ�GӏFK�FKӭD�����0�&O��PұW�ÿӝ�GzQJ�FҧP�ELӃQ�JLҧP�Wӯ�Yӏ�WUt�ÿyQJ�PҥFK�
ÿӃQ�JLi�WUӏ�FӵF�WLӇX�������$�FP��VDX���SK~W�WKӱ�QJKLӋP��VDX�ÿR�WăQJ�GҫQ�WUӣ�OҥL�Yj�
ÿҥW�JLi� WUӏ�������$�FP��VDX����SK~W��ĈӕL�YӟL�GXQJ�GӏFK�FKӭD���0�&O��PұW�ÿӝ�GzQJ�
FҧP�ELӃQ�VDX����JLk\�JLҧP�ÿӃQ�JLi�WUӏ�PLQ�������$�FP��Yj�VDX�ÿy�WăQJ�GҫQ�YӟL�ÿӝ�
QKLӉX�OӟQ�KѫQ�Yj�NK{QJ�Fy�[X�KѭӟQJ�ÿҥW�ÿӃQ�JLi�WUӏ�FkQ�EҵQJ�WURQJ�VXӕW� WKӡL�JLDQ�

����

����

����

����

����

����

� ��� ���� ���� ���� ���� ����
W��V�

(
��
P
9
� �

�

�

��

��

��

��

��

��

��

��

��

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

W��V��

L VH
QV
RU
��
�
$
�F
P
� �

�

�
�

�

�



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϴ͕�ϭϮͲϮϬϮϮ�ϭϵϬ

WKӱ�QJKLӋP��*Li�WUӏ�FkQ�EҵQJ�FӫD�FҧP�ELӃQ�WURQJ�GXQJ�GӏFK�NK{QJ�FKӭD�LRQ�FORUXD�Oj�
�����$�FP���QKӓ�KѫQ�OҫQ�OѭӧW�Oj�����Yj�����OҫQ�VR�YӟL�FiF�JLi�WUӏ�GzQJ�FӵF�WLӇX�FӫD�
VHQVRU�WURQJ�FiF�GXQJ�GӏFK�FKӭD�����Yj���0�&O���1Kѭ�Yұ\��TXD�SKkQ�WtFK�FKR�WKҩ\��
NKL�WăQJ�QӗQJ�ÿӝ�LRQ�FORUXD�JLi�WUӏ�FӵF�WLӇX�FӫD�PұW�ÿӝ�GzQJ�ăQ�PzQ�FҧP�ELӃQ�WăQJ�
Yj�ÿӕL�YӟL�GXQJ�GӏFK�Fy�Wӯ�����0�&O��GzQJ�ăQ�PzQ�WăQJ�WKHR�WKӡL�JLDQ��NK{QJ�Fy�[X�
KѭӟQJ�ÿҥW�JLi�WUӏ�FҫQ�EҵQJ��

7URQJ�WKӵF�WӃ��W�\�WKHR�FiF�FҩX�WU~F�%7&7�NKiF�QKDX�Pj�NKRҧQJ�FiFK�Wӯ�Yӏ�WUt�
ÿһW�FӕW�WKpS�ÿӃQ�EӅ�PһW�Er�W{QJ�Eӏ�[kP�WKӵF�FǊQJ�WKD\�ÿәL��ĈLӅX�Qj\�GүQ�ÿӃQ�Vӵ�WKD\�
ÿәL�FӫD�QӗQJ�ÿӝ�R[\�KzD�WDQ�ӣ�EӅ�PһW�FӕW�WKpS��\ӃX�Wӕ�WKDP�JLDP�YjR�TXi�WUuQK�ăQ�
PzQ�WKHR�SKҧQ�ӭQJ������&KtQK�Yu�WKӃ��WiF�JLҧ�WLӃQ�KjQK�ÿiQK�JLi�ҧQK�KѭӣQJ�FӫD�ÿӝ�
VkX�ÿһW�FҧP�ELӃQ�WURQJ�QѭӟF�FKLӃW�Er�W{QJ�ÿӃQ�GzQJ�ăQ�PzQ�ÿR�EҵQJ�VHQVRU��.ӃW�TXҧ�
ÿѭӧF� WUuQK�Ej\�ӣ�KuQK���FKR� WKҩ\��NKL� WăQJ�FKLӅX�Gj\� OӟS�GXQJ�GӏFK��ǻO�� WUrQ�FҧP�
ELӃQ�GzQJ�ăQ�PzQ�Fy�[X�KѭӟQJ�JLҧP�ÿL��&ө�WKӇ��NKL�WăQJ�ǻO�OҫQ�OѭӧW������Yj���OҫQ�WKu�
JLi�WUӏ�PұW�ÿӝ�GzQJ�FҧP�ELӃQ�VDX����SK~W�WKӱ�QJKLӋP�OҫQ�OѭӧW�JLҧP����������Yj�����
OҫQ��1JRjL�UD��JLi�WUӏ�FӵF�WLӇX�WUrQ�FiF�ÿѭӡQJ�FRQJ�PұW�ÿӝ�GzQJ�WKD\�ÿәL�NK{QJ�WKHR�
TX\�OXұW�NKL�WăQJ�ǻO��ĈLӅX�Qj\�Fy�WKӇ�GR�WKӡL�JLDQ�ÿҥW�JLi�WUӏ�FӵF�WLӇX�QJҳQ�QrQ�ҧQK�
KѭӣQJ�FӫD�QӗQJ�ÿӝ�R[\�FKѭD�U}�UӋW��

ĈLӅX�Qj\�FKR�WKҩ\��WURQJ�P{L�WUѭӡQJ�[kP�WKӵF�NKL�JLҧP�FKLӅX�Gj\�FӫD�OӟS�Er�
W{QJ�EҧR�YӋ�FӕW�WKpS�VӁ�GӉ�Eӏ�ăQ�PzQ�KѫQ��9j��QJRjL�\ӃX�Wӕ�QӗQJ�ÿӝ�LRQ�FORUXD�[kP�
WKӵF�ÿӃQ�EӅ�PһW�FӕW�WKpS��QӗQJ�ÿӝ�R[\�KzD�WDQ�FǊQJ�ҧQK�KѭӣQJ�NK{QJ�QKӓ�ÿӃQ�WӕF�
ÿӝ�ăQ�PzQ�Yj�SKi�Kӫ\�FӕW�WKpS��&KtQK�Yu�WKӃ��WK{QJ�WKѭӡQJ�FiF�FҩX�WU~F�%7&7�WURQJ�
Y�QJ�QѭӟF�ELӇQ�OrQ�[XӕQJ�KD\�Wp�VyQJ�Eӏ�ăQ�PzQ�PҥQK�KѫQ�FҩX�WU~F�Eӏ�QJұS�KRjQ�
WRjQ�WURQJ�QѭӟF�ELӇQ�>�@��

+uQK����'zQJ�ăQ�PzQ�ÿR�EҵQJ�FҧP�ELӃQ�WURQJ�WURQJ�GXQJ�GӏFK�QѭӟF�FKLӃW�Er�W{QJ�
FKӭD���0�&O��YӟL�FiF�ÿӝ�VkX�NKiF�QKDX����������FP��������FP��������FP��������FP�

+uQK���FKR� WKҩ\�GzQJ�ăQ�PzQ� WUrQ�FҧP�ELӃQ�Fy� WKӇ�ÿѭӧF�NLӇP� WUD�QKDQK�Yj�
ÿѫQ�JLҧQ�EҵQJ�ÿӗQJ�Kӗ�ÿD�QăQJ�Fy�FKӭF�QăQJ�PLFURDPSH�NӃ��%Ӆ�PһW�FӫD�FҧP�ELӃQ�
VDX�NKL�OjP�YLӋF�WURQJ�P{L�WUѭӡQJ�[kP�WKӵF�EӣL�LRQ�&O��[XҩW�KLӋQ�SLWWLQJ�ăQ�PzQ���
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+uQK����ҦQK�ÿR�GzQJ�ăQ�PzQ�WUrQ�FҧP�ELӃQ��D��Yj�SLWWLQJ�[XҩW�KLӋQ��
WUrQ�EӅ�PһW�FҧP�ELӃQ�VDX�WKӡL�JLDQ�WKӱ�QJKLӋP��E��

1ѭӟF�FKLӃW�Er�W{QJ�KD\�Er�W{QJ�QyL�FKXQJ�Oj�P{L�WUѭӡQJ�Fy�ÿӝ�S+�FDR��GӉ�Jk\�
ELӃQ�ÿәL��SKi�Kӫ\�QKLӅX�ORҥL�YұW�OLӋX�SRO\PH�>��@��&KtQK�Yu�WKӃ��ÿӇ�ÿiQK�JLi�ÿӝ�EӅQ�
FӫD�YұW� OLӋX� OjP� OӟS�Yӓ�FҧP�ELӃQ� WLӃQ�KjQK�ÿR�SKә�)7,5� FӫD�PүX� WUѭӟF�Yj� VDX���
WKiQJ�QJkP�WURQJ�QѭӟF�FKLӃW�Er�W{QJ��FǊQJ�QKѭ�VDX���QăP�OjP�YLӋF�WURQJ�FҩX�WU~F�Er�
W{QJ�ӣ�P{L�WUѭӡQJ�QѭӟF�ELӇQ�OrQ�[XӕQJ��.ӃW�TXҧ�ÿѭӧF�WUuQK�Ej\�WUrQ�KuQK���FKR�WKҩ\��
FiF�SKә�Fy�Yӏ�WUt�FiF�SLF�WѭѫQJ�ÿӕL�ÿӗQJ�QKҩW��&iF�ÿӍQK�SLF�ÿһF�WUѭQJ�ÿӅX�GDR�ÿӝQJ�
TXDQK�FiF�JLi�WUӏ�JҫQ�QKDX��QKѭ��SLF�WҥL�Vӕ�VyQJ�����Yj������FP���ÿһF�WUѭQJ�FKR�GDR�
ÿӝQJ�FӫD�OLrQ�NӃW�&�2������FP�����&+��2�&+�������FP

�����&�2�&�������FP�����&+���
�����FP�����&�&��YzQJ�EHQ]HQ��������FP�����& &��YzQJ�EHQ]HQ��������FP�����&+���
�����FP�����&+��&y�WKӇ�NӃW�OXұQ�UҵQJ��YұW�OLӋX�FKӃ�WҥR�Yӓ�FҧP�ELӃQ�tW�Eӏ�ELӃQ�ÿәL�NKL�
OjP�YLӋF�WURQJ�P{L�WUѭӡQJ�QѭӟF�FKLӃW�Er�W{QJ�Yj�Er�W{QJ�WURQJ�P{L�WUѭӡQJ�ELӇQ��

+uQK����3Kә�)7,5�FӫD�YұW�OLӋX�FKӃ�WҥR�OӟS�Yӓ�VHQVRU�WUѭӟF������VDX�WKӱ�QJKLӋP��
WURQJ�QѭӟF�FKLӃW�Er�W{QJ�����Yj�Er�W{QJ�WURQJ�P{L�WUѭӡQJ�QѭӟF�ELӇQ�����
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���.ӂ7�/8Ұ1�

��7URQJ�P{L�WUѭӡQJ�QѭӟF�FKLӃW�Er�W{QJ�YӟL�Vӵ�Fy�PһW�FӫD�LRQ�FORUXD�FӕW�WKpS�Eӏ�
ăQ�PzQ�SLWWLQJ��.KL�WăQJ�QӗQJ�ÿӝ�LRQ�FORUXD�ÿLӋQ�WKӃ�KRҥW�KyD�GӏFK�FKX\ӇQ�YӅ�SKtD�
2&3��Y�QJ�WKӃ�WKө�ÿӝQJ�WUrQ�ÿѭӡQJ�FRQJ�SKkQ�FӵF�DQRW�Eӏ�WKX�KҽS��9ӟL�GXQJ�GӏFK���
��0�&O��WӕF�ÿӝ�ăQ�PzQ�FӕW�WKpS�OrQ�ÿӃQ�������$�FP��

��Ĉm�FKӃ� WҥR� WKjQK�F{QJ�FҧP�ELӃQ�ÿLӋQ�KyD�JDOYDQLF�YӟL�ÿLӋQ� FӵF� DQRW� WKpS�
FDFERQ� Yj� ÿLӋQ� FӵF� FDWRW� ÿӗQJ�� 7URQJ�P{L� WUѭӡQJ� NK{QJ� Fy� KRһF� Fy� QӗQJ� ÿӝ�&O�

WKҩS��Pj�ӣ�ÿy�FӕW� WKpS�Eӏ� WKө�ÿӝQJ�KyD��PұW�ÿӝ�GzQJ�ăQ�PzQ�WUrQ�FҧP�ELӃQ�NK{QJ�
YѭӧW�TXi�������$�FP���.KL�GXQJ�GӏFK�FKӭD�PӝW� OѭӧQJ� OӟQ� LRQ�FORUXD�TXi�WUuQK�ăQ�
PzQ� WUrQ� FҧP�ELӃQ�GLӉQ� UD� WKHR� Fѫ� FKӃ�NLӇP�VRiW� FDWRW��.ӃW� TXҧ�Qj\� VӁ� Oj� WLӅQ�ÿӅ�
TXDQ�WUӑQJ�ÿӇ�WLӃQ�KjQK�FiF�QJKLrQ�FӭX�OҳS�ÿһW�FҧP�ELӃQ�YjR�FiF�FҩX�WU~F�Er�W{QJ�
WURQJ�P{L�WUѭӡQJ�[kP�WKӵF�EӣL�LRQ�FORUXD�QJRjL�WKӵF�WӃ�ÿӇ�FҧQK�EiR�KLӋQ�WѭӧQJ�ăQ�
PzQ�FӕW�WKpS�ӣ�JLDL�ÿRҥQ�VӟP��

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� 3KҥP�9ăQ�.KRDQ��1JX\ӉQ�1DP�7KҳQJ��1JX\ӉQ�ĈăQJ�.KRD��7UҫQ�1DP��0͡W�
V͙�NLQK�QJKL͏P�WKL͇W�N͇�Yj� WKL�F{QJ�V͵D�FKͷD�N͇W�F̭X�F{QJ� WUuQK�Er�W{QJ�F͙W�
WKpS�E͓�K˱�K͗QJ�GR�WiF�ÿ͡QJ�ăQ�PzQ�FͯD�P{L�WU˱ͥQJ�EL͋Q�9L͏W�1DP��+ӝL�QJKӏ�
NKRD�KӑF�WRjQ�TXӕF�OҫQ�WKӭ�KDL�YӅ�6ӵ�Fӕ�Yj�Kѭ�KӓQJ�F{QJ�WUuQK�[k\�GӵQJ��+j�
1ӝL��QJj\������������

�� &DR�1KDW�/LQK��1JX\HQ�9DQ�&KL��'RQJ�9DQ�.LHQ��/H�+RQJ�4XDQ��1RQJ�4XRF�
4XDQJ��1JX\HQ�'XF�$QK��1JX\HQ�7KL�+RQJ�;DQK��=\DEORY�$��1���(YDOXDWLRQ�
RI�FKORULGH�FRUURVLRQ�LQ� WKH�VXUYH\�RI�D�UHLQIRUFHG�FRQFUHWH�VWUXFWXUH�LQ�1KD�
7UDQJ�%D\��9LHWQDP���%XWOHURY�&RPPXQLFDWLRQV���������������������

�� %LNXO¶&KXV�*���&KORULGH�UHPRYDO� IURP�UHLQIRUFHG�FRQFUHWH�DQG�UHOHYDQW� ORVV�
RI�VWUHQJWK��3URWHFWLRQ�RI�PHWDOV����������������������

�� %HUWROLQL�/���(OVHQHU�%���3HGHIHUUL�3���5HGDHOOL�(���3ROGHU�5���&RUURVLRQ�RI�VWHHO�
LQ�FRQFUHWH��:HLQKHLP��*HUPDQ\��:LOH\�9FK������������SS��

�� $670� &����� 6WDQGDUG� WHVW� PHWKRG� IRU� FRUURVLRQ� SRWHQWLDOV� RI� XQFRDWHG�
UHLQIRUFLQJ�VWHHO�LQ�FRQFUHWH��

�� $$6+72�7�����0HWKRG�RI�WHVW�IRU�VXUIDFH�UHVLVWLYLW\�LQGLFDWLRQ�RI�FRQFUHWH¶V�
DELOLW\�WR�UHVLVW�FKORULGH�LRQ�SHQHWUDWLRQ��

�� 3HUHLUD�(��9���)LJXHLUD�5��%���6DOWD�0��0��/���)RQVHFD�,��7��(��'���$�JDOYDQLF�
VHQVRU� IRU� PRQLWRULQJ� WKH� FRUURVLRQ� FRQGLWLRQ� RI� WKH� FRQFUHWH� UHLQIRUFLQJ�
VWHHO��5HODWLRQVKLS�EHWZHHQ�WKH�JDOYDQLF�DQG�WKH�FRUURVLRQ�FXUUHQWV��6HQVRUV��
�����������������������

�� 6KHYWVRY�'��6���=DUWV\Q�,��'���.RPDURYD�(��6���5HODWLRQ�EHWZHHQ�UHVLVWLYLW\�RI�
FRQFUHWH�DQG�FRUURVLRQ�UDWH�RI�UHLQIRUFLQJ�EDUV�FDXVHG�E\�JDOYDQLF�FHOOV�LQ�WKH�
SUHVHQFH�RI�FKORULGH��&HPHQW�DQG�&RQFUHWH�&RPSRVLWHV��������������������

�� 7XXWWL� .���&RUURVLRQ� RI� VWHHO� LQ� FRQFUHWH�� 6WRFNKROP�� 6ZHGLVK� &HPHQW� DQG�
&RQFUHWH�5HVHDUFK�,QVWLWXWH������������SS��
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��� /LX�+���=KDQJ�%���/LX�+��� -L�=���$QDO\VLV�RI� ORQJ�WHUP�GXUDELOLW\�PRQLWRULQJ�
GDWD� RI� KLJK�SLOHG� ZKDUI� ZLWK� DQRGH�ODGGHU� VHQVRUV� HPEHGGHG� LQ� FRQFUHWH��
)URQWLHUV�LQ�0DWHULDOV������������������

��� 5DXSDFK� 0��� 6FKLHVVO� 3��� 0DFURFHOO� VHQVRU� V\VWHP� IRU� PRQLWRULQJ� RI� WKH�
FRUURVLRQ� ULVN� RI� WKH� UHLQIRUFHPHQW� LQ� FRQFUHWH� VWUXFWXUHV�� 1'7	(�
,QWHUQDWLRQDO�����������������������

��� Ʉɚɨ� ɇɶɹɬ� Ʌɢɧɶ�� ɇɝɭɟɧ� ȼɚɧ� ɑɢ�� ɇɨɧɝ� Ʉɭɨɤ� Ʉɭɚɧɝ�� Ⱦɨɧɝ� ȼɚɧ� Ʉɢɟɧ�� Ʌɟ�
ɏɨɧɝ�Ʉɭɚɧ��Ɂɹɛɥɨɜ�Ⱥ�ɇ���Ɇɢɧɟɧɤɨɜɚ�ɂ�ȼ���Ɉɛɧɚɪɭɠɟɧɢɟ�ɢɨɧɨɜ�ɯɥɨɪɚ�ɧɚ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɚɪɦɚɬɭɪɧɵɯ� ɫɬɚɥɟɣ� ɩɨɫɥɟ� ɤɨɧɬɚɤɬɚ� ɫ� ɦɨɞɟɥɶɧɨɣ� ɫɪɟɞɨɣ�
ɦɟɬɨɞɨɦ� ɦɚɫɫ�ɫɩɟɤɬɪɨɦɟɬɪɢɢ�� ɂɡɜ�� ɜɭɡɨɜ�� ɏɢɦɢɹ� ɢ� ɯɢɦ�� ɬɟɯɧɨɥɨɝɢɹ���
������������������

��� 0DQVIHOG� )�� 7KH� SRODUL]DWLRQ� UHVLVWDQFH� WHFKQLTXH� IRU� PHDVXULQJ� FRUURVLRQ�
FXUUHQWV�� $GYDQFHV� LQ� FRUURVLRQ� VFLHQFH� DQG� WHFKQRORJ\�� 6SULQJHU�� %RVWRQ��
0$��������S�����������

��� ɋɬɚɪɨɜɨɣɬɨɜɚ� ȿ�ȼ��� Ⱥɧɞɪɟɟɜ� ɇ�ɇ��� Ƚɟɞɜɢɥɥɨ� ɂ�Ⱥ��� ɀɦɚɤɢɧɚ� Ⱥ�ɋ��� Ɉɛ�
ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɉȺȼ� ɩɪɢ� ɫɨɡɞɚɧɢɢ� ɦɢɝɪɢɪɭɸɳɢɯ� ɢɧɝɢɛɢɬɨɪɨɜ� ɤɨɪɪɨɡɢɢ��
Ʉɨɪɪɨɡɢɹ��ɦɚɬɟɪɢɚɥɵ��ɡɚɳɢɬɚ������������������

��� 6RQJ� +�� :��� 6DUDVZDWK\� 9�� &RUURVLRQ� PRQLWRULQJ� RI� UHLQIRUFHG� FRQFUHWH�
VWUXFWXUHV�$ 5HYLHZ��,QW��-��(OHFWURFKHP��6FL�������������������

��� 3UDNNL�$���&LOOL�5���0RQGHOOL�5��)��/���.DODFKDQGUD�6���3HUHLUD�-��&���,QIOXHQFH�
RI� S+� HQYLURQPHQW� RQ� SRO\PHU� EDVHG� GHQWDO�PDWHULDO� SURSHUWLHV�� -RXUQDO� RI�
GHQWLVWU\���������������������

6800$5<�

5(6($5&+�$1'�'(9(/230(17�2)�*$/9$1,&�(/(&752&+(0,&$/�
6(16256�)25�021,725,1*�7+(�&25526,21�67$7(�2)�67((/�5(%$5�

,1�$**5(66,9(�(19,5210(176�&217$,1,1*�&+/25,'(�,216�

7KLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� RI� D� VWXG\� RQ� WKH� FRUURVLRQ� RI� VWHHO�
UHLQIRUFHPHQW� LQ� FRQFUHWH� SRUH� VROXWLRQV� FRQWDPLQDWHG� ZLWK� FKORULGH� LRQV�� :LWK�
LQFUHDVLQJ� FKORULGH� FRQFHQWUDWLRQ�� WKH� RSHQ�FLUFXLW� SRWHQWLDO� DQG� WKH� DQRGLF�
SRODUL]DWLRQ�FXUYH�VKLIW�WRZDUGV�PRUH�QHJDWLYH�SRWHQWLDO�YDOXHV��WKH�SDVVLYH�SRWHQWLDO�
UHJLRQ� RI� WKH� DQRGLF� SRODUL]DWLRQ� FXUYH� GHFUHDVHV�� 7KH� FRUURVLRQ� UDWH� RI�
UHLQIRUFHPHQW� ZDV� HYDOXDWHG� DFFRUGLQJ� WR WKH� OLQHDU� SRODULVDWLRQ� UHVLVWDQFH�
WHFKQLTXH��$FFRUGLQJO\�� WKH�FRUURVLRQ�UDWH�RI�VWHHO�UHLQIRUFHPHQW�LV�������$�FP��LQ�
WKH�VROXWLRQ�FRQWDLQLQJ���0�&O���,Q�WKLV�VWXG\��JDOYDQLF�HOHFWURFKHPLFDO�VHQVRUV�ZLWK�
ORZ� FDUERQ� VWHHO� DQRGHV� DQG� FRSSHU� FDWKRGHV�ZHUH� GHYHORSHG�� ,Q� DQ� HQYLURQPHQW�
ZLWK� QR� RU� ORZ� &O�� FRQFHQWUDWLRQ�� ZKHUH� WKH� UHLQIRUFHPHQW� LV� SDVVLYDWHG�� WKH�
FRUURVLRQ�FXUUHQW�GHQVLW\�RI�WKH�VHQVRU�GRHV�QRW�H[FHHG�������$�FP���7KH�FRUURVLRQ�
FXUUHQW� RI� WKH� VHQVRU� LQFUHDVHV� VKDUSO\� XQGHU� FDWKRGLF� FRQWURO� ZLWK� LQFUHDVLQJ�
FKORULGH� FRQWHQW�� 7KXV�� WKH� GHYHORSHG� VHQVRU� KDV� D� KLJK� VHQVLWLYLW\� WR� FKORULGH�
FRUURVLRQ� DQG� LV� FDSDEOH� RI� GHWHFWLQJ� SLWWLQJ� FRUURVLRQ� FDXVHG� E\� FKORULGHV� DW� DQ�
HDUO\�VWDJH��
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.H\ZRUGV�� &RUURVLRQ� RI� VWHHO� UHLQIRUFHPHQW�� FKORULGH� LRQV�� JDOYDQLF�
HOHFWURFKHPLFDO� VHQVRUV�� FRUURVLRQ� UDWH�� FRQFUHWH� SRUH� VROXWLRQ�� ăQ�PzQ� F͙W� WKpS��
LRQ�FORUXD��F̫P�EL͇Q�ÿL͏Q�KyD�JDOYDQLF��W͙F�ÿ͡�ăQ�PzQ��Q˱ͣF�FKL͇W�Er�W{QJ��

1K̵Q�EjL�QJj\����WKiQJ����QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����&KL�QKiQK�9HQ�%L͋Q��7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W���1JD�
����.KRD�+yD�K͕F��7U˱ͥQJ�Ĉ̩L�K͕F�4X͙F�JLD�9RURQH]K�

/LrQ�K͏��&DR�1K̵W�/LQK

� &KL�QKiQK�9HQ�%LӇQ��7UXQJ�WkP�1KLӋW�ÿӟL�9LӋW���1JD��

� 6ӕ����1JX\ӉQ�7KLӋQ�7KXұW��1KD�7UDQJ��.KiQK�+zD��

� � ĈLӋQ�WKRҥL��������������(PDLO��FQOLQK����#JPDLO�FRP��


