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WUѭQJ� FӫD� OLӋX�0,/����� �)H� >���� ��@�� QKѭQJ� FKLӅX� FDR� FiF� SHDN� NK{QJ� FDR� EҵQJ�
FKLӅX�FDR�FӫD�PүX�FKXҭQ�GR�WLQK�WKӇ�FKѭD�ÿӫ OӟQ��9ӟL�SKѭѫQJ�SKiS�VLrX�kP��GR�WKӡL�
JLDQ�SKҧQ�ӭQJ�[ҧ\�UD�QKDQK��FiF�KҥW�WLQK�WKӇ�SKiW�WULӇQ�FKѭD�KRjQ�FKӍQK��NtFK�WKѭӟF�
KҥW�Ep�GүQ�ÿӃQ�Vӵ� WKӇ�KLӋQ� WUrQ�SKә�QKLӉX�[ҥ� WLD�;�VӁ�JҫQ�JLӕQJ�YӟL�GҥQJ�Y{�ÿӏQK�
KuQK��.ӃW�TXҧ�Qj\�FǊQJ�SK��KӧS�YӟL�NӃW�TXҧ�WKX�ÿѭӧF�Wӯ�ҧQK�6(0��+uQK�����.ӃW�TXҧ�
FǊQJ�FKR�WKҩ\�ÿѭӧF�G��SKҧQ�ӭQJ�ӣ�FiF�F{QJ�VXҩW�NKiF�QKDX�QKѭQJ�GҥQJ�YұW�OLӋX�WKX�
ÿѭӧF�FXӕL�F�QJ�YүQ�FKR�FҩX�WU~F�WLQK�WKӇ�JLӕQJ�QKDX�� WX\�QKLrQ�VӁ�ҧQK�KѭӣQJ�ÿӃQ�
WӕF�ÿӝ�KuQK�WKjQK�FǊQJ�QKѭ�KLӋX�VXҩW�WәQJ�KӧS�

�����+uQK�WKiL�KӑF�YұW�OLӋX��6(0�

9ұW�OLӋX�WKX�ÿѭӧF�VDX�NKL�Vҩ\��ÿѭӧF�ÿHP�ÿL�QJKLӅQ�Fy�PjX�YjQJ�QkX��GҥQJ�EӝW�
PӏQ��.ӃW�TXҧ�FKөS�NtQK�KLӇQ�YL�ÿLӋQ�Wӱ�TXpW�6(0��+uQK����
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+uQK����ҦQK�6(0�FӫD�FiF�PүX�YұW�OLӋX�ӣ�ÿӝ�SKyQJ�ÿҥL�������OҫQ

.ӃW�TXҧ�TXDQ�ViW�ҧQK�6(0�FKR�WKҩ\��FiF�PүX�YұW�OLӋX�WKX�ÿѭӧF�Fy�GҥQJ�WLQK�
WKӇ�KuQK�NKӕL�WѭѫQJ�Wӵ�QKDX�Fy�NtFK�WKѭӟF�Wӯ�����ÿӃQ�����QP��&iF�KҥW�YұW�OLӋX�Fy�[X�
KѭӟQJ�NӃW�Wө�OҥL�WKjQK�QKӳQJ�KҥW�Fy�NtFK�WKѭӟF�OӟQ�KѫQ��Ӣ�FiF�PүX�F{QJ�VXҩW����:��
���:�Fy�QKLӉX�EӣL�FiF�KҥW�GҥQJ�WҩP�NK{QJ�U}�KuQK�GҥQJ��NK{QJ�ÿӗQJ�QKҩW��Fy�OүQ�
WҥS�FKҩW��Ӣ�FiF�PүX�F{QJ�VXҩW�FDR�KѫQ�Wӯ�����:�ÿӃQ�����:�FiF�KҥW�YұW�OLӋX�ÿm�Fy�
Vӵ�U}�UjQJ�KѫQ��tW�FiF�WҥS�FKҩW�KѫQ��ÿLӅX�Qj\�Fy�WKӇ�GR�TXi�WUuQK�SKҧQ�ӭQJ�[ҧ\�UD�WULӋW�
ÿӇ�KѫQ��&iF�PүX�ÿѭӧF�FXQJ�FҩS�QăQJ�OѭӧQJ�OӟQ�KѫQ��JL~S�FKR�FiF�KҥW YұW� OLӋX�Fy�
ÿLӅX�NLӋQ�ÿӇ�SKiW�WULӇQ�WLQK�WKӇ�QKDQK�KѫQ�QKѭQJ�FǊQJ�Fy�QJX\�Fѫ�Eӏ�SKi�Yӥ�FҩX�WU~F�
QӃX�F{QJ�VXҩW�TXi�OӟQ��ĈӕL�YӟL�FiF�PүX�VLrX�kP�ӣ�F{QJ�VXҩW�Ep�KѫQ�\rX�FҫX�SKҧL�Fy�
WKӡL�JLDQ�SKҧQ�ӭQJ�GjL�KѫQ��NKL�ÿy�TXi�WUuQK�SKҧQ�ӭQJ�PӟL�WULӋW�ÿӇ�KѫQ��tW�WҥS�FKҩW�
KѫQ�WURQJ�VҧQ�SKҭP�
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�����ĈһF�WUѭQJ�OLrQ�NӃW�FӫD�YұW�OLӋX

ĈӇ� QJKLrQ� FӭX� FҩX� WҥR�� FiF� OLrQ� NӃW� WURQJ� YұW� OLӋX� )H%7&� Vӱ� GөQJ� SKѭѫQJ�
SKiS�SKә�KӗQJ�QJRҥL�,5��3Kә�,5�FӫD�FiF�PүX�QJKLrQ�FӭX�ÿѭӧF�FK~QJ�W{L�JLӟL�WKLӋX�
WURQJ�+uQK����&y�WKӇ�WKҩ\��FiF�YұW�OLӋX�VDX�NKL�WәQJ�KӧS�ӣ�FiF�F{QJ�VXҩW�NKiF�QKDX�
Fy�SKә�,5�JҫQ�JLӕQJ�QKDX�FKӭQJ�Wӓ�ӣ�FiF�F{QJ�VXҩW�NKiF�QKDX��VҧQ�SKҭP�WKX�ÿѭӧF�
Fy�FҩX� WU~F� OLrQ�NӃW� JLӕQJ�QKDX��7URQJ�SKkQ� Wӱ� )H%7&�FiF�GDR�ÿӝQJ� �2+�OLrQ�NӃW�
KLGUR�QӝL�SKkQ�Wӱ������������FP�����QKyP��&22+ YӟL�QKkQ WKѫP������������FP����
Yj�GDR�ÿӝQJ�FӫD�QKyP��2+������������FP����ÿm�Eӏ�PҩW�ÿL��WKD\�YjR�ÿy�Oj�FiF�GҥR�
ÿӝQJ�FӫD�LRQ�FDFERO[\ODW������������FP����GDR�ÿӝQJ�FӫD�OLrQ�NӃW�JLӳD�LRQ�NLP�ORҥL�
YӟL��2������FP�����6ӵ�[XҩW�KLӋQ�GDR�ÿӝQJ�FӫD�LRQ�NLP�ORҥL�YӟL��2�ÿLӅX�ÿy FKӭQJ�Wӓ�
WURQJ�SKkQ�Wӱ�)H%7&�Fy�OLrQ�NӃW�JLӳD�LRQ�)H�YӟL�QKyP�FDFER[\O�

+uQK��� 3Kә�,5�FӫD�YұW�OLӋX�ӣ�FiF�F{QJ�VXҩW�NKiF�QKDX

�����'LӋQ�WtFK�EӅ�PһW��%(7�

7tQK�FKҩW�[ӕS�FӫD�YұW� OLӋX�ÿѭӧF�NKҧR�ViW�EҵQJ�SKѭѫQJ�SKiS�ÿҷQJ�QKLӋW�KҩS�
SKө NKt�1���ĈѭӡQJ�ÿҷQJ�QKLӋW� KҩS�SKө FӫD� FiF�PүX�YұW� OLӋX�ÿӅX� Oj�GҥQJ� ,,� �WKHR�
SKkQ�ORҥL�,83$&��FKӭQJ�Wӓ YұW�OLӋX�Fy�GҥQJ�PDR�TXҧQ�WUXQJ�EuQK��+uQK����

.ӃW�TXҧ�FKR�WKҩ\��ӣ�PӛL�F{QJ�VXҩW�NKiF�QKDX�WKӇ�WtFK�Oӛ�[ӕS��GLӋQ�WtFK�EӅ�PһW�
VӁ�WKD\�ÿәL��&{QJ�VXҩW�ӣ����:�GLӋQ�WtFK�EӅ�PһW�WKҩS�QKҩW���������P��J�WKHR�%(7���
WăQJ�F{QJ�VXҩW�WKLӃW�Eӏ�OrQ����:�GLӋQ�WtFK�EӅ�PһW�WKHR�%(7�FǊQJ�WăQJ�WKHR��WLӃS�WөF�
WăQJ�F{QJ�VXҩW� OrQ�ÿӃQ�����:�Yj�ӣ�����:�NӃW�TXҧ�WKX�ÿѭӧF�WKHR�%(7�ÿҥW�JLi�WUӏ�
FDR������P��J�Yj������P��J��NKL�WăQJ�F{QJ�VXҩW�ÿӃQ�JLi�WUӏ�����:�NӃW�TXҧ�WKHR�%(7�
WKX�ÿѭӧF�OҥL�KѫL�JLҧP�ÿL��ÿҥW��������P��J��&y�WKӇ�WKҩ\��NKL�QăQJ�OѭӧQJ�FXQJ�FҩS�tW�
WKu�TXi�WUuQK�KuQK�WKjQK�WLQK�WKӇ�GLӉQ�UD�FKұP�KѫQ�QrQ�WӗQ�WҥL�QKӳQJ�WLQK�WKӇ�FKѭD�
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KRjQ�WKLӋQ�OjP�ҧQK�KѭӣQJ�ÿӃQ�GLӋQ�WtFK�ULrQJ�FӫD�EӅ�PһW�YұW�OLӋX��QKѭQJ�NKL�QăQJ�
OѭӧQJ�FXQJ�FҩS�TXi�OӟQ�FǊQJ�Oj�\ӃX�Wӕ�OjP�FKR�FiF�OLrQ�NӃW�Eӏ�ÿӭW�Jm\�GүQ�ÿӃQ�GLӋQ�
WtFK�ULrQJ�EӅ�PһW�YұW�OLӋX�JLҧP�

+uQK����ĈѭӡQJ�KҩS�SKө�ÿҷQJ�QKLӋW�1� FӫD�FiF�PүX�YұW�OLӋX�WәQJ�KӧS
Wӯ�FiF�F{QJ�VXҩW�NKiF�QKDX

1Kѭ�Yұ\��TXD�TXi�WUuQK�NKҧR�ViW�Fy�WKӇ�OӵD�FKӑQ�F{QJ�VXҩW�WәQJ�KӧS�WӕL�ѭX�FKR�
YұW� OLӋX�)H%7&��YӯD�FKR�GLӋQ� WtFK�EӅ�PһW�FDR�YӯD�ÿҧP�EҧR�\ӃX� Wӕ� WLӃW�NLӋP�QăQJ�
OѭӧQJ�Oj�ӣ F{QJ�VXҩW�����:�

%ҧQJ����'LӋQ�WtFK�EӅ�PһW�WKHR�%(7�FӫD�YұW�OLӋX�ӣ�FiF�F{QJ�VXҩW�WәQJ�KӧS�NKiF�QKDX

&{QJ�VXҩW�WәQJ�KӧS ���: ���: ����: ����: ����:

'LӋQ�WtFK�EӅ�PһW�WKHR�%(7�
�P��J�

������ ������ ������� ������� ������

7KӇ�WtFK�Oӛ�[ӕS��FP��J� ���� ���� ���� ���� ����

.tFK�WKѭӟF�Oӛ�[ӕS��QP� ���� ���� ���� ���� ����

���.ӂ7�/8Ұ1�

9ұW�OLӋX�NKXQJ�Fѫ�NLP�0,/������)H��ÿm�ÿѭӧF�WәQJ�KӧS WKjQK�F{QJ�Wӯ�PXӕL�VҳW�
�,,,��Yj�D[LW�������EHQ]HQWULFDFER[\OLF�EҵQJ�SKѭѫQJ�VLrX�kP��Ӣ�FiF�ÿLӅX�NLӋQ�F{QJ�
VXҩW� WәQJ�KӧS�NKiF�QKDX�WKu� WKX�ÿѭӧF�YұW� OLӋX�NK{QJ�NKiF�QKDX�QKLӅX�YӅ�FҩX�WU~F��
KuQK�GҥQJ��NtFK�WKѭӟF�KҥW��7X\�QKLrQ��GӵD�WUrQ�\ӃX�Wӕ�YӅ�PһW�KLӋX�VXҩW�SKҧQ�ӭQJ�Yj�
WtQK�FKҩW�[ӕS�FӫD�YұW�OLӋX�Fy�WKӇ�OӵD�FKӑQ�F{QJ�VXҩW�SK��KӧS�ÿӇ�WәQJ�KӧS�YұW�OLӋX�Oj�ӣ�
����:��9ӟL�ÿLӅX�NLӋQ�WәQJ�KӧS�ӣ�����:��ÿӇ�YұW�OLӋX�WKX�ÿѭӧF�Fy�GҥQJ�WLQK�WKӇ�NtFK�
WKѭӟF�Wӯ�����QP�ÿӃQ�����QP��Yj�GLӋQ�WtFK�EӅ�PһW�NKi�FDR�ÿҥW�WӟL�KѫQ������P��J��
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/ͥL�F̫P�˯Q� 1KyP�WiF�JL̫�F̫P�˯Q�V͹�WjL�WUͫ�Y͉�NLQK�SKt�FͯD�ÿ͉�WjL�³1JKLrQ�
FͱX�FK͇�W̩R�K͏�Y̵W�OL͏X�ODL�JKpS�WUrQ�F˯�Vͧ�)H�,,,��PDQJ�FKORURTXLQH�ͱQJ�GͭQJ�WURQJ�
ÿL͉X�WU͓�V͙W�UpW�FKR�E͡�ÿ͡L�WiF�FKL͇Q�WURQJ�ÿL͉X�NL͏Q�UͳQJ�Q~L´�F̭S�F˯�Vͧ�9L͏Q�+yD�
K͕F�� 9̵W�OL͏X�

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� 'DQJ�)���(QRPRWR�1���+RMR� -���(QSXNX�.���6RQRFKHPLFDO� FRDWLQJ�RI�PDJQHWLWH�
QDQRSDUWLFOHV�ZLWK�VLOLFD��8OWUDVRQ��6RQRFKHP���������������������

�� 7{Q�1ӳ�&ҭP�6ѭѫQJ��0DL�;XkQ�7ӏQK��%�L�4XDQJ�7KjQK��1JKLrQ�FͱX�F̫L�WL͇Q�
SK˱˯QJ�SKiS�ÿ͛QJ N͇W�WͯD�WURQJ�W͝QJ�KͫS�Y̵W�OL͏X�QDQR�V̷W�Wͳ�R[LGH�WUrQ�F˯�Vͧ�
K͟� WUͫ�FͯD�VyQJ�VLrX�kP��7ҥS�FKt�.KRD�KӑF�Yj�&{QJ�QJKӋ��7UѭӡQJ�ĈҥL�KӑF�
.KRD�KӑF�� Ĉ+�+XӃ�������������������

�� 1JX\ӉQ�ĈӭF�9Ǌ�4X\rQ��ĈһQJ�;XkQ�7tQ��+ӗ�9ăQ�0LQK�+ҧL��1JKLrQ�FͱX�W͝QJ�
KͫS�Y̵W� OL͏X�7,2��&17V�E̹QJ�SK˱˯QJ�SKiS� WKͯ\�SKkQ�N͇W�KͫS�VLrX�kP��7ҥS�
FKt�.KRD�KӑF��7UѭӡQJ�ĈҥL�KӑF�6ѭ�SKҥP��ĈҥL�KӑF�+XӃ�,661������������������
�����������

�� 1JX\HQ�7KL�+RDL�3KXRQJ��6\QWKHVLV�RI�0,/����)H��IRU�GUXJ�GHOLYHU\�SXUSRVH��
7ҥS�FKt�+yD�KӑF��$XJXVW�����������H����������

�� 1JX\HQ�7KL�+RDL�3KXRQJ��1LQK�'XF�+D��6\QWKHVLV�RI�0,/����)H��E\�³JUHHQ´�
PHWKRG� IRU� GUXJ� GHOLYHU\� SXUSRVH�� 7ҥS� FKt� ;~F� WiF� Yj� KҩS� SKө� 9LӋW� 1DP��
����������������

�� 5HLKDQHK� 6RURXULDQ��$PLU�(JKEDO�.KDMHKUDKLPL�� 6WUXFWXUDO� FKDUDFWHUL]DWLRQ�
DQG� F\WRWR[LF�� $&(�LQKLELWRU\� DQG� DQWLR[LGDQW� DFWLYLWLHV� RI� SRO\VDFFKDULGH�
IURP� %LWWHU� YHWFK� �9LFLD� HUYLOLD�� VHHGV�� -RXUQDO� RI� )RRG� 0HDVXUHPHQW� DQG�
&KDUDFWHUL]DWLRQ���������������������

�� 4LDQJ� <DQ�� 0LQJKXL� 4LX�� 8OWUDVRXQG� DVVLVWHG� V\QWKHVLV� RI� VL]H�FRQWUROOHG�
DTXHRXV� FROORLGV IRU� WKH� IDEULFDWLRQ� RI� QDQRSRURXV� ]LUFRQLD� PHPEUDQH�
)URQWLHUV�LQ�&KHPLVWU\��0D\�������9ROXPH���$UWLFOH�����

�� -HVVH�/� &��5RZVHOO��2PDU�0��<DJKL��0HWDO�RUJDQLF�IUDPHZRUNV��D�QHZ�FODVV�
RI�SRURXV�PDWHULDOV��0LFURSRURXV�DQG�0HVRSRURXV�0DWHULDOV����������������

�� 6KLOXQ� 4LX�� *XDQJVKDQ� =KX��0ROHFXODU� HQJLQHHULQJ� IRU� V\QWKHVL]LQJ� QRYHO�
VWUXFWXUHV� RI� PHWDO�RUJDQLF� IUDPHZRUNV� ZLWK� PXOWLIXQFWLRQDO� SURSHUWLHV��
&RRUGLQDWLRQ�&KHPLVWU\�5HYLHZV����������������������

��� <DQJ� =KDR�� =KRQJ[LQ� 6RQJ�� ;LD� /L�� 4LDQ� 6XQ�� 1LDQFDL� &KHQJ�� 6WHSKHQ�
/DZHV�� ;XHOLDQJ� 6XQ�� 0HWDO� RUJDQLF� IUDPHZRUNV� IRU� HQHUJ\� VWRUDJH� DQG�
FRQYHUVLRQ��(QHUJ\�6WRUDJH�0DWHULDOV����������������

��� 0HWD� $�� 6LPRQ�� (UOLQD� $QJJUDHQL�� )HO\FLD� (GL� 6RHWDUHGMR�� +\GURWKHUPDO�
V\QWKHVL]H� RI� +)�IUHH� 0,/�����)H�� IRU� LVRQLD]LG�GUXJ� GHOLYHU\�� 6FLHQWLILF�
5HSRUWV��������������
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��� 5XL� :DQJ�� +DLMXDQ� ;X�� ,Q�VLWX� JURZWK� RI� LURQ� R[LGHV� ZLWK� 0,/�����)H��
HQKDQFHV�LWV�DGVRUSWLRQ�IRU�VHOHQLWH��6XUIDFHV�DQG�,QWHUIDFHV��1RYHPEHU�������
���������

��� :LWUL� /HVWDUL�� /LOD� <XQLWD�� )DEULFDWLRQ� RI� FRPSRVLWH� PDWHULDOV� 0,/�
����)H��,QGRQHVLDQ� DFWLYDWHG� QDWXUDO� ]HROLWH� DV� HQKDQFHG� &2�� FDSWXUH�
PDWHULDO� &KHPLFDO�3DSHUV���������������������

6800$5<

678'<,1*�7+(�())(&7�2)�8/75$621,&�32:(5�21�7+(�
3523(57,(6�2)�0,/�����0(7$/�)5$0(�0$7(5,$/6

7KH� PHWDO�RUJDQLF� IUDPHZRUN� 0,/����� �)H�� ZDV� VXFFHVVIXOO\� V\QWKHVL]HG�
XVLQJ� WKH� XOWUDVRQLF� PHWKRG� XQGHU� GLIIHUHQW� XOWUDVRQLF� SRZHU�� 7KH� DV�V\QWKHVL]HG�
PDWHULDOV�ZHUH� FKDUDFWHUL]HG� E\�;5'��6(0��)7�,5� DQG�%(7��7KH� UHVXOWV� VKRZHG�
WKDW� WKHVH�PDWHULDOV� KDYH� GLPHQVLRQV� RI� D� VL]H� UDQJH� RI� �������� QP�ZLWK� VLPLODU�
PRUSKRORJ\� DQG� VWUXFWXUH�� $PRQJ� DOO� WKH� XOWUDVRQLF� SRZHU� VWXGLHG�� WKH� PDWHULDO�
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