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7KLӃW�Eӏ�KҩS�WKө�ÿӝQJ�OӵF�'63����KӋ�WKӕQJ�PDR�TXҧQ�Yj�OѭX�OѭӧQJ�NӃ�WҥL�9LӋQ�+yD�
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JLDQ����SK~W�Yj�WKX�ÿѭӧF�VҧQ�SKҭP�YұW�OLӋX�FKӃ�WҥR��
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QѭӟF�ÿѭӧF�[iF�ÿӏQK�Wӯ�SKkQ�WtFK�7*$�WURQJ�YұW� OLӋX�PүX�Oj���������Yj�WURQJ�YұW�
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OtW�����JDP�Yj�YұW�OLӋX�FKӃ�WҥR�Oj��������OtW�����JDP�YұW�OLӋX��'XQJ�WtFK�KҩS�WKө�NKt�
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QKDX��ÿӝ�[ӕS�FӫD�0�OӟQ�KѫQ��

�����.ӃW�TXҧ�NKҧR�ViW�NKҧ�QăQJ�KҩS�WKө�NKt�&2��FӫD�YұW�OLӋX�

�������.K̫R�ViW�ͧ�FK͇�ÿ͡�WƭQK�

D��̪QK�K˱ͧQJ�FͯD�NtFK�WK˱ͣF�K̩W�Yj�WKͥL�JLDQ�

ĈLӅX�NLӋQ�WKӵF�QJKLӋP�ӣ�QKLӋW�ÿӝ�SKzQJ��iS�VXҩW�WKѭӡQJ��NKӕL�OѭӧQJ�PүX�Oj���
JDP��YӟL���ORҥL�NtFK�WKѭӟF�KҥW�G� ����y����PP�Yj�G� ����y����PP��WѭѫQJ�ӭQJ�YӟL�
WKӡL�JLDQ�KҩS�WKө�Oj�������������������SK~W���

7UrQ�KuQK���FKӍ�UD�UҵQJ�WKӡL�JLDQ�KҩS�WKө�FjQJ�OkX�WKu�YұW�OLӋX�KҩS�WKө�NKt�&2��

FjQJ�QKLӅX��WX\�QKLrQ�ÿӃQ�PӝW�WKӡL�ÿLӇP�QKҩW�ÿӏQK�WKu�WKӇ�WtFK�NKt�&2��Eӏ�KҩS�WKө�ÿҥW�
EmR�KzD�ÿӃQ�GXQJ�WtFK�KҩS�WKө�FӵF�ÿҥL��9ұW�OLӋX�KҩS�WKө�Fy�NtFK�WKѭӟF�KҥW�G� �����y
����PP�KҩS�WKө�NKt�&2��WӕW�KѫQ�YұW�OLӋX�Fy�NtFK�WKѭӟF�KҥW�G� �����y�����PP��GR�GLӋQ�
WtFK�EӅ�PһW�ULrQJ�ORҥL�KҥW�QKӓ�OӟQ�KѫQ�VӁ�Fy�QKLӅX�WkP�KҩS�WKө�Yj�Oӛ�WUӕQJ�ÿӇ�SKkQ�Wӱ�
NKt�&2��ÿӃQ�WҥR�OLrQ�NӃW��

+uQK����ҦQK�KѭӣQJ�FӫD�WKӡL�JLDQ�Yj�NtFK�WKѭӟF�KҥW�ÿӃQ�WKӇ�WtFK�NKt�&2�

Eӏ�KҩS�WKө�FӫD�YұW�OLӋX�

E��̪QK�K˱ͧQJ�FͯD�NK͙L�O˱ͫQJ�FK̭W�K̭S�WKͭ�

ĈLӅX�NLӋQ�WKӵF�QJKLӋP�ӣ�QKLӋW�ÿӝ�SKzQJ��iS�VXҩW�WKѭӡQJ��WKӡL�JLDQ�KҩS�WKө�Oj����
SK~W��NtFK�WKѭӟF�KҥW�G� ����y����PP��WѭѫQJ�ӭQJ�YӟL�NKӕL�OѭӧQJ�PүX�Oj������������JDP���
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FӫD�YұW�OLӋX�
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FӫD�YұW�OLӋX�

.KӕL�OѭӧQJ�YұW�OLӋX�KҩS�WKө�FjQJ�QKLӅX�WKu�OѭӧQJ�NKt�&2��Eӏ�KҩS�WKө�FjQJ�OӟQ�
ÿѭӧF� WKӇ�KLӋQ� WUrQ�KuQK����ÿLӅX�ÿy�SK��KӧS�YӟL�NKӕL� OѭӧQJ�YұW� OLӋX� WăQJ�Fy�QJKƭD�
GXQJ�WtFK�KҩS�WKө�VӁ�OӟQ��7X\�QKLrQ��NKӕL�OѭӧQJ�YұW�OLӋX�WăQJ�WKu�KLӋX�VXҩW�KҩS�WKө�
NKt�&2���ÿѭӧF�[iF�ÿӏQK�EҵQJ�Wӹ�Vӕ�WKӇ�WtFK�NKt�Eӏ�KҩS�WKө�WUrQ�GXQJ�WtFK�KҩS�WKө�FӵF�
ÿҥL�FӫD�YұW�OLӋX��OҥL�JLҧP�QKѭ�WUrQ�KuQK���GR�Vӵ�FҧQ�WUӣ�FӫD�FiF�KҥW�OjP�JLҧP�Vӵ�WLӃS�
[~F�FӫD�NKt�&2��YӟL�YұW�OLӋX�WURQJ�F�QJ�PӝW�WKӡL�JLDQ�NKҧR�ViW��

F��̪QK�K˱ͧQJ�FͯD�iS�VX̭W�ULrQJ�SK̯Q�&2��Yj�W͑�O͏�WK͋�WtFK�NKt�&2��NKt�WU˯�1�

ĈLӅX�NLӋQ�WKӵF�QJKLӋP�ӣ�QKLӋW�ÿӝ�SKzQJ��NKӕL�OѭӧQJ�PүX�Oj���JDP��NtFK�WKѭӟF�
KҥW�G� ����y�����PP��WKӡL�JLDQ�KҩS�WKө�Oj����SK~W��WѭѫQJ�ӭQJ�YӟL�iS�VXҩW�ULrQJ�SKҫQ�
3&2��Yj�WӍ�OӋ�WKӇ�WtFK�NKt�&2��NKt�WUѫ�1��NKiF�QKDX���

+uQK����ҦQK�KѭӣQJ�FӫD�iS�VXҩW�ULrQJ�
SKҫQ�&2��ÿӃQ�WKӇ�WtFK�NKt�&2��Eӏ�KҩS�WKө�

+uQK�����ҦQK�KѭӣQJ�FӫD�WӍ�OӋ�WKӇ�WtFK�NKt�
&2���1��ÿӃQ�WKӇ�WtFK�NKt�&2��Eӏ�KҩS�WKө�

7Kҩ\�UҵQJ��NKL�iS�VXҩW�ULrQJ�SKҫQ�FӫD�NKt�&2��WăQJ�VӁ�OjP�WăQJ�NKҧ�QăQJ�SKkQ�
Wӱ�NKt�ÿL�YjR�YұW� OLӋX��QKѭ�Yұ\� WKӇ� WtFK�NKt�&2��Eӏ�KҩS� WKө�EӣL�YұW� OLӋX� FǊQJ� WăQJ�
ÿѭӧF�WKӇ�KLӋQ�WUrQ�KuQK����.KL�Wӹ�OӋ�WKӇ�WtFK�NKt�&2��NKt�1��WăQJ�FǊQJ�Fy�QJKƭD�QӗQJ�
ÿӝ�NKt�&2��FDR�KѫQ��Vӕ�SKkQ�Wӱ�NKt�ÿL�YjR�YұW�OLӋX�OӟQ�KѫQ��Yu�Yұ\�WKӇ�WtFK�NKt�&2��Eӏ�
KҩS�WKө�EӣL�YұW�OLӋX�FǊQJ�WăQJ��ÿѭӧF�WKӇ�KLӋQ�WUrQ�KuQK����

�������.K̫R�ViW�ͧ�FK͇�ÿ͡�ÿ͡QJ��

D��̪QK�K˱ͧQJ�FͯD�NK͙L�O˱ͫQJ�Y̵W�OL͏X�Yj�NtFK�WK˱ͣF�K̩W�ÿ͇Q�WKͥL�JLDQ�K̭S�WKͭ�
W͙L�ÿD�NKt�&2��ÿL�TXD��WK͋�WtFK�NKt�&2��E͓�K̭S�WKͭ�Yj�KL͏X�VX̭W�K̭S�WKͭ�NKt�&2���
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ĈLӅX�NLӋQ�WKӵF�QJKLӋP�ӣ�QKLӋW�ÿӝ�SKzQJ��iS�VXҩW�WKѭӡQJ��OѭX�OѭӧQJ�NKt�&2��Oj�
����/�PLQ��NtFK�WKѭӟF�KҥW�G� ����y����PP�Yj�G� ����y����PP��WѭѫQJ�ӭQJ�YӟL�NKӕL�
OѭӧQJ�PүX�NKiF�QKDX��ҧQK�KѭӣQJ�ÿӃQ�WKӡL�JLDQ�KҩS�WKө�WӕL�ÿD��WKӇ�WtFK�Yj�KLӋX�VXҩW�
NKt�&2��Eӏ�KҩS�WKө��

+uQK�����ҦQK�KѭӣQJ�FӫD�NKӕL�OѭӧQJ�
YұW�OLӋX�Yj�NtFK�WKѭӟF�KҥW�ÿӃQ�WKӡL�JLDQ�

KҩS�WKө�NKt�&2�

+uQK�����ҦQK�KѭӣQJ�FӫD�NKӕL�OѭӧQJ�YұW�
OLӋX�Yj�NtFK�WKѭӟF�KҥW�ÿӃQ�WKӇ�WtFK�NKt�

&2��Eӏ�KҩS�WKө�

+uQK�����ҦQK�KѭӣQJ�FӫD�NKӕL�OѭӧQJ�YұW�OLӋX�Yj�NtFK�WKѭӟF�KҥW��
ÿӃQ�KLӋX�VXҩW�KҩS�WKө�NKt�&2�

7UrQ�FiF�KuQK��������Yj����WKҩ\�UҵQJ��ӣ�FKӃ�ÿӝ�ÿӝQJ��NKL�NKӕL�OѭӧQJ�YұW�OLӋX�
WăQJ�VӁ�OjP�WăQJ�WUӣ�OӵF�GzQJ�FKX\ӇQ�ÿӝQJ�NKt�&2��GR�Yұ\�WKӡL�JLDQ�ÿҥW�KҩS�WKө�WӕL�
ÿD��WKӇ�WtFK�NKt�&2��Eӏ�KҩS�WKө�Yj�KLӋX�VXҩW�KҩS�WKө�ÿӅX�WăQJ��ĈӗQJ�WKӡL��YұW�OLӋX�Fy�
NtFK� WKѭӟF�KҥW����y����PP�Fy�NKҧ�QăQJ�KҩS� WKө�NKt�&2�� WӕW�KѫQ�YұW� OLӋX�Fy�NtFK�
WKѭӟF�KҥW����y����PP�� WX\�QKLrQ�QӃX�NtFK� WKѭӟF�KҥW�TXi�QKӓ��QKӓ�KѫQ�����FP��VӁ�
OjP� WUӣ� OӵF�TXi� OӟQ��FҧQ� WUӣ� Vӵ�FKX\ӇQ�ÿӝQJ�GzQJ�NKt��1Kѭ�Yұ\��ÿӕL�YӟL�EuQK� WKӣ�
WKѭӡQJ�FKӑQ�YұW�OLӋX�Fy�NtFK�WKѭӟF�KҥW�Wӯ�����PP�ÿӃQ�����PP��

E��̪QK�K˱ͧQJ�FͯD�O˱X�O˱ͫQJ�NKt�&2��Yj�NtFK�WK˱ͣF�K̩W�ÿ͇Q�WKͥL�JLDQ�K̭S�WKͭ�
Yj�KL͏X�VX̭W�K̭S�WKͭ�NKt�&2�

ĈLӅX� NLӋQ� WKӵF� QJKLӋP� ӣ� QKLӋW� ÿӝ� SKzQJ�� iS� VXҩW� NKt� TX\ӇQ�� YӟL� ORҥL� NtFK�
WKѭӟF�KҥW�G� �����y�����PP�Yj�ORҥL�G� ����y����PP��NKӕL�OѭӧQJ�PүX����JDP��WѭѫQJ�
ӭQJ�YӟL�OѭX�OѭӧQJ�NKt�&2��NKiF�QKDX�VӁ�ҧQK�KѭӣQJ�ÿӃQ�WKӡL�JLDQ�KҩS�WKө�WӕL�ÿD�Yj�
KLӋX�VXҩW�KҩS�WKө�NKt�&2���

7UrQ�KuQK����FKR�WKҩ\�OѭX�OѭӧQJ�NKt�&2��FjQJ�WăQJ�WKu�WKӡL�JLDQ�KҩS�WKө�WӕL�ÿD�
FjQJ�JLҧP��/ѭX�OѭӧQJ�NKt�&2��WăQJ��WӭF�OjP�WăQJ�YұQ�WӕF�GzQJ�NKt�TXD�WKLӃW�Eӏ��VӁ�
OjP�JLҧP�Vӵ�WLӃS�[~F�FiF�SKkQ�Wӱ�NKt�YӟL�YұW�OLӋX�OjP�JLҧP�TXi�WUuQK�KҩS�WKө��GR�ÿy�
KLӋX�VXҩW�KҩS�WKө�NKt�&2��VӁ�JLҧP�ÿѭӧF�WKӇ�KLӋQ�WUrQ�KuQK�����&iF�NӃW�TXҧ�FKR�WKҩ\�
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UҵQJ��NKҧ�QăQJ�KҩS�WKө�NKt�&2��FӫD�YұW�OLӋX�Fy�NtFK�WKѭӟF�KҥW�G� ����y����PP�WӕW�
KѫQ�FӫD�YұW�OLӋX�Fy�NtFK�WKѭӟF�KҥW�G� ����y����PP��

+uQK�����ҦQK�KѭӣQJ�FӫD�OѭX�OѭӧQJ�NKt�
&2��Yj�NtFK�WKѭӟF�KҥW�ÿӃQ�WKӡL�JLDQ�

KҩS�WKө�

+uQK�����ҦQK�KѭӣQJ�FӫD�OѭX�OѭӧQJ�NKt�
&2��Yj�NtFK�WKѭӟF�KҥW�ÿӃQ�ÿӃQ�KLӋX�VXҩW�

KҩS�WKө�

�������6R�ViQK�NK̫�QăQJ�K̭S�WKͭ�FͯD�Y̵W�OL͏X�P̳X�Yj�Y̵W�OL͏X�FK͇�W̩R
��.KҧR�ViW�ӣ�FKӃ�ÿӝ�WƭQK�YӟL�ÿLӅX�NLӋQ�WKӵF�QJKLӋP�ӣ�QKLӋW�ÿӝ�SKzQJ��iS�VXҩW�

NKt�TX\ӇQ��NKӕL� OѭӧQJ�FiF�PүX�YұW� OLӋX�Oj���JDP��NtFK�WKѭӟF�KҥW�G� ����y����PP��
WKӡL�JLDQ�KҩS�WKө����SK~W��YӟL�KjP�OѭӧQJ�NKt�&2��NKiF�QKDX�ҧQK�KѭӣQJ�ÿӃQ�WKӇ�WtFK�
NKt�&2��Eӏ�KҩS�WKө�EӣL�YұW�OLӋX��NӃW�TXҧ�ÿѭӧF�ÿѭD�UD�WURQJ�KuQK�����

��.KҧR�ViW�ӣ�FKӃ�ÿӝ�ÿӝQJ�WKӵF�QJKLӋP�WURQJ�ÿLӅX�NLӋQ�QKLӋW�ÿӝ�SKzQJ��iS�VXҩW�
NKt� TX\ӇQ�� OѭX� OѭӧQJ� GzQJ� NKt� &2�� Oj� ���� /�PLQ�� NtFK� WKѭӟF� KҥW� YұW� OӋX� Oj� G�  �
���y����PP�� WѭѫQJ�ӭQJ�YӟL�NKӕL� OѭӧQJ�PүX�YұW� OLӋX�NKiF�QKDX�VӁ�ҧQK�KѭӣQJ�ÿӃQ�
WKӡL�JLDQ�KҩS�WKө�WӕL�ÿD�NKt�&2���NӃW�TXҧ�ÿѭӧF�ELӇX�GLӉQ�WUrQ�KuQK�����

+uQK�����ҦQK�KѭӣQJ�FӫD�KjP�OѭӧQJ�NKt�
&2��ÿӃQ�WKӇ�WtFK�NKt�&2��Eӏ�KҩS�WKө�FӫD�

YұW�OLӋX�FKӃ�WҥR�Yj�YұW�OLӋX�PүX�

+uQK�����ҦQK�KѭӣQJ�FӫD�NKӕL�OѭӧQJ�YұW�
OLӋX�FKӃ�WҥR�Yj�YұW�OLӋX�PүX�ÿӃQ�WKӡL�

JLDQ�KҩS�WKө�WӕL�ÿD�NKt�&2�

7KӵF�QJKLӋP�FKR�WKҩ\��NKҧ�QăQJ�KҩS�WKө�NKt�&2��FӫD�YұW�OLӋX�FKӃ�WҥR�WӕW�KѫQ�
YұW�OLӋX�PүX�ӣ�Fҧ�FKӃ�ÿӝ�WƭQK�WURQJ�WKӡL�JLDQ����SK~W�Yj�FKӃ�ÿӝ�ÿӝQJ�YӟL�OѭX�OѭӧQJ�
GzQJ�NKt�&2������/�PLQ��FKtQK�Oj�GR�GLӋQ�WtFK�EӅ�PһW�ULrQJ�FӫD�YұW�OLӋX�FKӃ�WҥR�OӟQ�
KѫQ�FӫD�YұW�OLӋX�PүX��

���.ӂ7�/8Ұ1�
��1JKLrQ�FӭX�ÿm�FKӃ�WҥR�WKjQK�F{QJ�YұW�OLӋX�KҩS�WKө�NKt�&2��Fy�FiF�FKӍ�WLrX�Nӻ�

WKXұW� Yj� NKҧ� QăQJ� KҩS� WKө� WѭѫQJ� ÿѭѫQJ� YӟL� YұW� OLӋX� KҩS� WKө� NKt� &2�� 6RIQROLPH�
�9ѭѫQJ�TXӕF�$QK���YӟL�WKjQK�SKҫQ�KѫQ�����&D�2+���F�QJ�FiF�SKө�JLD�Yj�Fy�ÿӝ�ҭP�
Oj����������GLӋQ�WtFK�EӅ�PһW�ULrQJ�Oj��������P��J�Yj�GXQJ�WtFK�KҩS�WKө�FӵF�ÿҥL� Oj�
�������OtW�NKt�&2������JDP�YұW�OLӋX���
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��Ĉm�ÿiQK�JLi�NKҧ�QăQJ�KҩS� WKө�NKt�&2��FӫD�YұW� OLӋX�ÿѭӧF�FKӃ� WҥR�ӣ�FKӃ�ÿӝ�
WƭQK�Yj�FKӃ�ÿӝ�ÿӝQJ� WURQJ�FiF�ÿLӅX�NLӋQ�NKiF�QKDX�� Wӯ�ÿy� OjP�Fѫ�Vӣ�FKR�YLӋF�WtQK�
WRiQ�Vӱ�GөQJ�YұW�OLӋX�WURQJ�WKӵF�WӃ��

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� KWWSV���ZZZ�GLYHJHDUH[SUHVV�FRP�OLEUDU\�DUWLFOHV�VRIQROLPH�VHOHFWLRQ�DQG�
KDQGOLQJ��

�� $QXVKD�.RWKDQGDUDPDQ��&DUERQ� GLR[LGH� FDSWXUH� E\� FKHPLFDO� DEVRUSWLRQ��$�
VROYHQW�FRPSDULVRQ�VWXG\��8QLYHUVLW\�RI�0XQEDL�������

�� 0LFKDHO� $��� 2O\PSLR� 0�� '��� $EVRUEHQW� FRPSRVLWLRQ� VXPPDUL]HG� IRU�
FRQIHUHQFH��$36)�1(:6/(7(5��������������������

�� 0LFKDHO� -RKQ�&ODUNH�� -RKQ�$GGLVRQ��0LFKDHO�(GZDUG�/LQVGHOO�� ,DQ�:LOOLDP��
0F.HUQDQ�� 6KDXQ� -DFNVRQ�� &DUERQ� GLR[LGH� DEVRUEHQW� IRUPXODWLRQV�� 3DWHQW�
86�����������$���

�� 0LFKDHO� -RKQ�&ODUNH�� -RKQ�$GGLVRQ��0LFKDHO� (GZDUG� /LQVGHOO�� ,DQ�:LOOLDP�
0FNHUQDQ�� 6KDXQ� -DFNVRQ�� ,PSURYHPHQWV� LQ� RQ� UHODWLQJ� WR� FDUERQ� GLR[LGH�
DEVRUEHQW�IRUPXODWLRQV��3DWHQW�:2����������$��

6800$5<�
7+(�352'8&7,21�5(6($5&+�2)�&2��$%625%,1*�0$7(5,$/6�86('�

,1�$50<�$1'�&,9,/�

*HQHUDOO\��DEVRUEHQW�PDWHULDOV�SOD\�DQ�LPSRUWDQW�VLJQLILFDQW�LQ�WKH�PLOLWDU\�DQG�
FLYLOLDQ� ILHOGV�� HVSHFLDOO\� WKH�DEVRUELQJ�FDUERQ�GLR[LGH�PDWHULDOV��7KH�FRPSRVLWLRQ�
DQG� FKDUDFWHUL]DWLRQ� RI� WKH� PDWHULDO� KDYH� EHHQ� GHWHUPLQHG� LQ� WKLV� VWXG\�� WKHQ� WKH�
SURFHGXUH� WR� PDQXIDFWXUH� WKH� FDUERQ� GLR[LGH�DEVRUELQJ� PDWHULDO� EDVHG� RQ� WKH�
K\GUR[LGH� ZDV� VWDOLVKHG�� ZKLFK� LV� VLPLODU� WR� 6RIQROLPH� SURGXFWV� LQ� 8.� DQG�
GHWHUPLQHG�VRPH�WHFKQLFDO�VWDQGDUGV��%HVLGHV�WKDW��WKLV�VWXG\�LQYHVWLJDWHG�WKH�HIIHFWV�
LQ� WKH� DEVRUSWLRQ� RI� FDUERQ� GLR[LGH� RI�PDWHULDO� LQ� WKH� VWDWLF� V\VWHP� DQG� G\QDPLF�
V\VWHP��HYDOXDWHG�WKH�DEVRUEHQW�DELOLW\�RI�WKH�PDWHULDO��

.H\ZRUGV��6RIQROLPH��K̭S�WKͭ�&2���FK̭W�K̭S�WKͭ�

1K̵Q�EjL�QJj\����WKiQJ���QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ���QăP������

����+͕F�YL͏Q�.Ϳ�WKX̵W�4XkQ�V͹�
/LrQ�K͏��76��7U̯Q�'DQK�7X̭Q

%ӝ�P{Q�&1++��.KRD�+yD���/ӻ�Nӻ�WKXұW��+ӑF�YLӋQ�.746�
����+RjQJ�4XӕF�9LӋW��&ә�1KXӃ����%ҳF�7ӯ�/LrP��+j�1ӝL��
ĈLӋQ�WKRҥL��������������(PDLO��WXDQWG�KYNWTV#JPDLO�FRP�


