
EŐŚŝġŶ�ĐӈƵ ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ ŶŚŝҵƚ�ĜӀŝ͕�^Һ ϯϰ͕�Ϭϲ�Ͳ ϮϬϮϰϵϮ

ĈÈ1+�*,È�ĈӜ&�7Ë1+�&Ҩ3�9¬�ĈӜ&�7Ë1+�%È1�75ѬӠ1*�',ӈ1�
&Ӫ$�9,Ç1�1$1*�&Ӭ1*�352%,27,&�(1791 ��� 0*�

75Ç1�ĈӜ1*�9Ұ7�7+Ӵ&�1*+,ӊ0
%Ô,�7+ӎ /$1�$1+������/Ç�7+ӎ /$1�$1+�����Ĉ¬2�1*8<Ç1�0Ҥ1+������

ĈҺ1*�7+ӎ 9,ӊ7�+ѬѪ1*��+2¬1*�*,$1*������1*8<ӈ1�+Ҧ,�ĈѬӠ1*����

���ĈҺ7�9Ҩ1�Ĉӄ

9LrQ�QDQJ�FӭQJ�3URELRWLF�(QW91���� PJ FKӭD�FKӫQJ�YL�NKXҭQ (QWHURFRFFXV�
IDHFLXP��(��IDHFLXP��WKXӝF�QKyP�HQWHURFRFFL��Oj�YL�NKXҭQ�JUDP�GѭѫQJ��NK{QJ�KuQK�
WKjQK�EjR�Wӱ��VLQK�D[LW�ODFWLF��ÿѭӧF�ӭQJ�GөQJ�QKLӅX�WURQJ�FiF�VҧQ�SKҭP�WKӵF�SKҭP�
Yj�VҧQ�[XҩW�SURELRWLF�>����@��(QWHURFRFFL�ÿѭӧF�QJKLrQ�FӭX�Yj�ӭQJ�GөQJ�UӝQJ�UmL�WURQJ�
VҧQ�[XҩW�SURELRWLF�YӟL�PӝW�Vӕ FiF�ÿһF�WtQK�QKѭ�NKҧ QăQJ�WӗQ�WҥL�Yj�SKiW�WULӇQ�WURQJ�
ÿѭӡQJ�UXӝW��GXQJ�QҥS�GӏFK�Gҥ Gj\�Yj�PұW�FӫD�FRQ�QJѭӡL��EiP�GtQK�WӕW�YjR�EӅ PһW�
ELӇX�P{��NtFK�WKtFK�PLӉQ�GӏFK��KRҥW�ÿӝQJ�ÿӕL�NKiQJ�YӟL�PҫP�EӋQK�ÿѭӡQJ�UXӝW��NKҧ
QăQJ�әQ�ÿӏQK�Yj�ÿLӅX�FKӍQK�FkQ�EҵQJ�KӋ YL�VLQK�YұW�ÿѭӡQJ�UXӝW�>�@��&iF�OӧL�tFK�FӫD�
HQWHURFRFFL�Vӱ GөQJ�WURQJ�SURELRWLF�ÿm�ÿѭӧF�FKӭQJ�PLQK��Fy�WKӇ ӭF�FKӃ Vӵ EiP�GtQK�
FӫD�PҫP�EӋQK� WUrQ� WKjQK�UXӝW��JLҧP�FKROHVWHURO� >����@��Vӱ GөQJ�NӃW�KӧS� WURQJ�TXi�
WUuQK�ÿLӅX�WUӏ WLrX�FKҧ\�EҵQJ�WKXӕF�NKiQJ�VLQK��Kӛ WUӧ ÿLӅX�WUӏ QKLӉP�YLUXV��YL�NKXҭQ�
Jk\�ÿӝF�WKӵF�SKҭP�>�@��NLӅP�FKӃ Vӵ SKiW�WULӇQ�FӫD�YL�NKXҭQ�Jk\�EӋQK�>�@��FKӕQJ�ÿӝW�
ELӃQ�JHQ�Yj�FKӕQJ�XQJ�WKѭ��SKzQJ�QJӯD�ORpW�OLrQ�TXDQ�ÿӃQ�QKLӉP�+HOLFREDFWHU�S\ORUL�
>�@��+LӋQ�QD\�� WUrQ� WKӏ WUѭӡQJ�FiF�VҧQ�SKҭP�SURELRWLF�Fy QJXӗQ�JӕF�9LӋW�1DP�FzQ�
KҥQ�FKӃ��FKӫ \ӃX�OѭX�KjQK�FiF�FKӃ SKҭP�PHQ�YL�VLQK�QJXӗQ�JӕF�QJRҥL�QKұS�>�@��9ӟL�
PRQJ�PXӕQ�WuP�NLӃP�Yj�SKiW�WULӇQ�VҧQ�SKҭP�SURELRWLF�Wӯ FiF�OӧL�NKXҭQ�EҧQ�ÿӏD�SK��
KӧS� YӟL� KӋ WLrX� KyD� QJѭӡL� 9LӋW� 1DP�� QKyP� QJKLrQ� FӭX� ÿm� FKӃ WҥR� VҧQ� SKҭP�
3URELRWLF� (QW91� ��� PJ� Fy� ��� WKjQK� SKҫQ� Oj� FKӫQJ� (�� IDHFLXP )��%$� Yj� (��
IDHFLXP )��%$��ÿѭӧF�SKkQ�OұS�Wӯ WKӵF�SKҭP�OrQ�PHQ�WUX\ӅQ�WKӕQJ��7UuQK�Wӵ WRjQ�Eӝ
KӋ JHQ�FiF� FKӫQJ� WUrQ�ÿѭӧF� F{QJ�Eӕ WUrQ�Fѫ� Vӣ Gӳ OLӋX�FӫD�7UXQJ� WkP�7K{QJ� WLQ�
&{QJ�QJKӋ VLQK�KӑF�4XӕF JLD�+RD�.Ǥ �1&%,��YӟL�Pm� Oj� -$5**0����������Yj�
-$5'<;�����������

%jL�EiR�Qj\� WUuQK�Ej\�NӃW�TXҧ ÿiQK�JLi�ÿӝF� WtQK�FҩS�Yj�ÿӝF� WtQK�EiQ� WUѭӡQJ�
GLӉQ�WUrQ�ÿӝQJ�YұW�WKӵF�QJKLӋP��FiF�FKӍ WLrX�DQ�WRjQ�JӗP�JLӟL�KҥQ�QKLӉP�NKXҭQ��JLӟL�
KҥQ�QKLӉP�NLP�ORҥL�QһQJ��KjP�OѭӧQJ�OӧL�NKXҭQ�FӫD�3URELRWLF�(QW91�����PJ�

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

�����9ұW�OLӋX�QJKLrQ�FӭX

&KXӝW�QKҳW�WUҳQJ�FKӫQJ�6ZLVV��NKӓH�PҥQK��WUӑQJ�OѭӧQJ����� ��J�GR�9LӋQ�9Ӌ
VLQK� 'ӏFK� WӉ 7UXQJ� ѭѫQJ� FXQJ� FҩS�� &KXӝW� FӕQJ� WUҳQJ� FKӫQJ�:LVWDU�� NKRҿ PҥQK��
WUӑQJ�OѭӧQJ��������� J GR�7UXQJ�WkP�&XQJ�FҩS�ĈӝQJ�YұW�7Kt�QJKLӋP�ĈDQ�3KѭӧQJ��
+j�1ӝL�FXQJ�FҩS��

ĈӝQJ�YұW�ÿѭӧF�QX{L�GѭӥQJ�WKHR�FKӃ ÿӝ WLrX�FKXҭQ�WҥL�SKzQJ�WKt�QJKLӋP�9LӋQ�
.LӇP�QJKLӋP��1JKLrQ�FӭX�'ѭӧF�Yj�7UDQJ� WKLӃW�Eӏ <�WӃ 4XkQ�ÿӝL Wӯ ��ÿӃQ���QJj\�
WUѭӟF�NKL�WKӵF�KLӋQ�FiF�QJKLrQ�FӭX�Yj�WURQJ�VXӕW�WKӡL�JLDQ�QJKLrQ�FӭX�ÿѭӧF�ăQ�EҵQJ�
WKӭF�ăQ�FKXҭQ�GjQK�ULrQJ�FKR�FKXӝW��XӕQJ�QѭӟF�Wӵ GR�
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9LrQ�QDQJ�FӭQJ�3URELRWLF�(QW91 ��� PJ�Fy�WKjQK�SKҫQ��FKӫQJ�OӧL�NKXҭQ�(��
IDHFLXP )��%$�Yj�(��IDHFLXP )��%$�YӟL�Wӹ OӋ VLQK�NKӕL�NK{�FKLӃP�a����WәQJ�NKӕL�
OѭӧQJ��PұW�ÿӝ NKXҭQ�OҥF�!����&)8�J��ÿұX�QjQK�Yj�Wi�GѭӧF�YӯD�ÿӫ��6ҧQ�SKҭP�ÿѭӧF�
7UXQJ�WkP�1KLӋW�ÿӟL�9LӋW�� 1JD�QJKLrQ�FӭX�Yj�SKӕL�KӧS�YӟL�7UXQJ�WkP�ӬQJ�GөQJ�
NKRD�KӑF�F{QJ�QJKӋ 'ѭӧF�OLӋX��9LӋQ�'ѭӧF�OLӋX�VҧQ�[XҩW�

�����3KѭѫQJ�SKiS�QJKLrQ�FӭX

�������;iF�ÿ͓QK�ÿ͡F�WtQK�F̭S�

ĈӝF� WtQK� FҩS� WKHR� ÿѭӡQJ� XӕQJ� ÿѭӧF� [iF� ÿӏQK� EҵQJ� SKѭѫQJ� SKiS� %HKUHQV�
.DUEHU >��@� &KXӝW�ÿҥW�\rX�FҫX�ÿѭӧF�FKLD�WKjQK���O{��PӛL�O{����FRQ�Yj�FKR�QKӏQ�ăQ�
���JLӡ WUѭӟF�NKL�WLӃQ�KjQK�WKt�QJKLӋP��&KR�FKXӝW�XӕQJ�FKӃ SKҭP�YӟL�OLӅX�WăQJ�GҫQ�Wӯ
�����PJ�NJ�ÿӃQ��� ����PJ�NJ YӟL� FiF� O{�� JҩS� WUrQ� ��� OҫQ� OLӅX�G�QJ�Gӵ NLӃQ� WUrQ�
QJѭӡL� 7KHR�G}L�WuQK�WUҥQJ�FKXQJ�Yj�Vӕ OѭӧQJ�FKXӝW�FKӃW�ӣ PӛL�O{�WURQJ����JLӡ Wӯ ÿy�
[iF�ÿӏQK�/'����7LӃS� WөF� WKHR�G}L� WuQK� WUҥQJ� FӫD� FKXӝW�ÿӃQ�KӃW� QJj\� WKӭ �� VDX�NKL�
XӕQJ�WKӱ OҫQ�ÿҫX�

�������;iF�ÿ͓QK�ÿ͡F�WtQK�EiQ�WU˱ͥQJ�GL͍Q�

ĈӝF�WtQK�EiQ�WUѭӡQJ�GLӉQ�ÿѭӧF�[iF�ÿӏQK�WKHR�KѭӟQJ�GүQ�FӫD�:+2�Yj�2(&'�
WUrQ�FKXӝW�FӕQJ�WUҳQJ�>����������@��&KXӝW�FӕQJ�WUҳQJ�ÿҥW�\rX�FҫX�ÿѭӧF�FKLD�OjP���O{��
PӛL�O{����FRQ��/{�FKӭQJ��8ӕQJ�QѭӟF�FҩW��/{�WUӏ ���8ӕQJ�3URELRWLF�(QW91�����PJ�
OLӅX� ���� PJ�NJ�QJj\� �WѭѫQJ� ÿѭѫQJ� YӟL� OLӅX� G�QJ� TX\� ÿәL� WUrQ� QJѭӡL� Oj� ���[����

&)8�PO�NJ�QJj\� ���YLrQ�QJj\����/{� WUӏ ���8ӕQJ�3URELRWLF�(QW91�����PJ� OLӅX�����
PJ�NJ�QJj\��7ҩW�Fҧ FKXӝW�ÿѭӧF�FKR�XӕQJ�WKXӕF�PӛL�QJj\���OҫQ�YjR�EXәL�ViQJ�YӟL�WKӇ
WtFK�QKѭ�QKDX���PO����J�OҫQ���WURQJ���WXҫQ��7LӃQ�KjQK�ÿiQK�JLi�WҥL�FiF�WKӡL�ÿLӇP������
Yj��� WXҫQ� VDX�XӕQJ� VҧQ�SKҭP� WUrQ�FiF� FKӍ WLrX�� WuQK� WUҥQJ�FKXQJ�Yj� WKӇ WUӑQJ�FӫD�
FKXӝW��ÿiQK�JLi�FKӭF�QăQJ�JDQ�WK{QJ�TXD�ÿӏQK�OѭӧQJ�PӝW�Vӕ HQ]\P�Yj�FKҩW�FKX\ӇQ�
KyD�WURQJ�PiX��$/7��$67��FKROHVWHURO��DOEXPLQ��ÿiQK�JLi�FKӭF�QăQJ�WKұQ�WK{QJ�TXD�
ÿӏQK�OѭӧQJ�FUHDWLQLQ�KX\ӃW�WKDQK��ÿiQK�JLi�FKӍ Vӕ KX\ӃW�KӑF��KӗQJ�FҫX��EҥFK�FҫX��WLӇX�
FҫX�KHPRJORELQ�Yj�KHPDWRFULW���6DX�NKL�NӃW�WK~F���WXҫQ�XӕQJ�PүX�QJKLrQ�FӭX��FKXӝW�
ÿѭӧF�Pә ÿӇ TXDQ�ViW�ÿҥL�WKӇ WRjQ�Eӝ Fѫ�TXDQ��7LӃQ�KjQK�[pW�QJKLӋP�YL�WKӇ JDQ��WKұQ��
OiFK�QJүX�QKLrQ�FӫD�����Vӕ FKXӝW�ӣ PӛL�O{�WKӱ QJKLӋP�

�������;iF�ÿ͓QK�P̵W�ÿ͡ OͫL�NKX̱Q�Yj�ÿiQK�JLi�WtQK�DQ�WRjQ�FͯD�FK͇ SḴP

;iF�ÿӏQK�PұW�ÿӝ�OӧL�NKXҭQ�FӫD�YLrQ�QDQJ 3URELRWLF�(QW91�����PJ VDX�NKL�VҧQ�
[XҩW�Yj�VDX���WKiQJ�VҧQ�[XҩW�WKHR�WLrX�FKXҭQ�9LӋW�1DP�7&91������>��@���

;iF� ÿӏQK� JLӟL KҥQ� QKLӉP�NKXҭQ� FӫD� YLrQ� QDQJ WKHR�7&91 ���������� >��@��
KjP�OѭӧQJ�FiF�NLP�ORҥL�QһQJ�WKHR�7&91�����������>��@�VDX�NKL�VҧQ�[XҩW�Yj�VDX���
WKiQJ�VҧQ�[XҩW�

�����;ӱ Oê�WKӕQJ�Nr�

&iF�NӃW�TXҧ KX\ӃW�KӑF��VLQK�KyD�ÿѭӧF�ELӇX�GLӉQ�GѭӟL�GҥQJ�0���6'��0�Oj�WUXQJ�
EuQK�FӫD� WӯQJ� O{��6'�� Oj�ÿӝ OӋFK�FKXҭQ���6ӱ GөQJ�SKѭѫQJ�SKiS� WKӕQJ�Nr�VLQK�KӑF�
EҵQJ�SKҫQ�PӅP�6366�������NLӇP�ÿӏQK�EҵQJ�3DLUHG�6DPSOHV�&RUUHODWLRQV� 6ӵ NKiF�
ELӋW�Fy�ê�QJKƭD�WKӕQJ�Nr�NKL�S��������
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�����ĈӝF�WtQK�FҩS

7KHR�Vӕ OLӋX�%ҧQJ����FiF�O{ FKXӝW�XӕQJ�WKXӕF�WKӱ WKHR�OLӅX�WăQJ�GҫQ�Wӯ �����
PJ�NJ�ÿӃQ��� ����PJ�NJ��JҩS����OҫQ�OLӅX�G�QJ�Gӵ NLӃQ�WUrQ�QJѭӡL��.K{QJ�QKұQ�WKҩ\�
ELӇX�KLӋQ�QJӝ ÿӝF� QjR� WUrQ� FKXӝW� WKt� QJKLӋP� WURQJ� WKӡL� JLDQ� WKHR�G}L�� FKXӝW� KRҥW�
ÿӝQJ�EuQK� WKѭӡQJ��FiF�ELӇX�KLӋQ�VLQK� Oê�EuQK� WKѭӡQJ��6DX����JLӡ��FiF� O{�FKXӝW� WKt�
QJKLӋP�ÿӅX�NK{QJ�Fy�FKXӝW� FKӃW��9u�Yұ\�FKѭD�[iF�ÿӏQK�ÿѭӧF�/'�� FӫD�YLrQ�QDQJ�
FӭQJ�3URELRWLF�(QW91�����PJ�

%ҧQJ��� .ӃW�TXҧ QJKLrQ�FӭX�ÿӝF�WtQK�FҩS�FӫD�3URELRWLF�(QW91�����PJ

1KyP
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/{�� �� ��� ���� ����� ����
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/{�� �� ��� ���� ����� ����

/{�� �� ��� ���� ����� ����

/{�� �� ��� ����� ����� ����

�����ĈӝF�WtQK�EiQ WUѭӡQJ�GLӉQ

7URQJ� WKӡL� JLDQ� WKt�QJKLӋP�� WҩW� Fҧ FiF� FKXӝW�ÿӅX�KRҥW� ÿӝQJ EuQK� WKѭӡQJ�� ăQ�
XӕQJ�WӕW��SKkQ�NK{��O{QJ�PѭӧW� &KXӝW�NK{QJ�Fy�ELӇX�KLӋQ�NKiF�WKѭӡQJ� 6DX���WXҫQ�
Yj���WXҫQ�XӕQJ�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91 ����PJ��WUӑQJ�OѭӧQJ�FKXӝW�ӣ Fҧ ��O{�
�O{�FKӭQJ�Yj���O{�G�QJ�KӛQ�GӏFK�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91 ����PJ��ÿӅX�WăQJ�
Yj�Fy�ê�QJKƭD�WKӕQJ�Nr�VR�YӟL�WUѭӟF�QJKLrQ�FӭX��.K{QJ�Fy�Vӵ NKiF�ELӋW�YӅ PӭF�ÿӝ
JLD�WăQJ�WUӑQJ�OѭӧQJ�FKXӝW�JLӳD�O{�FKӭQJ�Yj�FiF�O{�WUӏ WҥL�F�QJ�WKӡL�ÿLӇP��S�!������
�%ҧQJ����

%ҧQJ��� ҦQK�KѭӣQJ�FӫD�(QW91 ����PJ ÿӃQ�WKӇ WUӑQJ�FKXӝW

7KӡL�JLDQ

7UӑQJ�OѭӧQJ�WUXQJ�EuQK�FKXӝW
7%���6'��JDP� S

/{�FKӭQJ /{�WUӏ � /{�WUӏ �

7UѭӟF�XӕQJ� ������������� ������������� ������������� S���� S���!����

6DX���WXҫQ ������������� �������������� ������������� S���� S���!����

S��WUѭӟF�VDX� S������� S������� S�������

6DX���WXҫQ ������������� ������������� ������������� S���� S���!����

S��WUѭӟF�VDX� S������� S������� S�������
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ĈiQK�JLi�YӅ Vӵ ҧQK�KѭӣQJ�FӫD�FKӃ SKҭP�WӟL�FKӭF�QăQJ�WҥR�PiX��QKұQ WKҩ\�VDX�
��WXҫQ�Yj���WXҫQ�FKR�FKXӝW�XӕQJ�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91�����PJ��FiF�FKӍ Vӕ
KӗQJ�FҫX��EҥFK�FҫX��WLӇX�FҫX�Yj�KjP�OѭӧQJ�KHPRJORELQ��KHPDWRFULW�WURQJ�PiX�FKXӝW�
ӣ O{� WUӏ ��� O{� WUӏ ��WKD\�ÿәL�NK{QJ�Fy�ê�QJKƭD� WKӕQJ�Nr� �S�!�������VR�YӟL� O{�FKӭQJ��
.K{QJ� Fy� Vӵ NKiF� ELӋW� YӅ FKӍ Vӕ KӗQJ� FҫX�� EҥFK� FҫX�� WLӇX� FҫX� Yj� KjP� OѭӧQJ�
KHPRJORELQ�� KHPDWRFULW� WURQJ�PiX� FKXӝW� JLӳD� O{� FKӭQJ� Yj� O{� G�QJ� FKӃ SKҭP� WҥL�
F�QJ�WKӡL�ÿLӇP��S�!��������%ҧQJ����

%ҧQJ��� ҦQK�KѭӣQJ�FӫD�(QW91�����PJ ÿӃQ�Vӕ OѭӧQJ�KӗQJ�FҫX��EҥFK�FҫX��WLӇX�FҫX�
Yj�KjP�OѭӧQJ�KHPRJORELQ��KHPDWRFULW�WURQJ�PiX�FKXӝW
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ĈiQK�JLi�ҧQK�KѭӣQJ�FӫD�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91�����PJ�WӟL�Vӵ WKD\�
ÿәL�P{�EӋQK�KӑF JDQ��WKұQ� 4XDQ�ViW�ÿҥL�WKӇ EҵQJ�PҳW�WKѭӡQJ�Yj�GѭӟL�NtQK�O~S�Fy�ÿӝ
SKyQJ�ÿҥL����OҫQ�QKұQ�WKҩ\��PjX�VҳF��KuQK�WKiL�FӫD�JDQ��OiFK�Yj�WKұQ�ӣ ��O{�WUӏ NK{QJ�
NKiF�VR�YӟL�O{�FKӭQJ��+uQK����

+uQK��� +uQK�ҧQK�ÿҥL�WKӇ JDQ��WKұQ��OiFK�FKXӝW�GѭӟL�NtQK�O~S�Fy�ÿӝ SKyQJ�ÿҥL����OҫQ�
$� O{�FKӭQJ��%� O{�WUӏ ���&� O{�WUӏ �

4XDQ�ViW�KuQK�ҧQK�YL�WKӇ JDQ�VDX����QJj\�XӕQJ�FKӃ SKҭP�GѭӟL�NtQK�KLӇQ�YL�YӟL�
ÿӝ NKXӃFK�ÿҥL�����OҫQ��QKұQ�WKҩ\�KuQK�WKiL�YL�WKӇ JDQ�FKXӝW�ӣ Fҧ ED�O{��O{�FKӭQJ��O{�
WUӏ ���O{�WUӏ �� NK{QJ�WKҩ\�[XҩW�KX\ӃW��KRҥL�Wӱ��WKRiL�KyD�WӃ EjR�JDQ��1KX�P{�JDQ�EuQK�
WKѭӡQJ �+uQK����

+uQK��� 9L�WKӇ JDQ�FKXӝW�GѭӟL�NtQK�KLӇQ�YL�NKXӃFK�ÿҥL�����OҫQ�VDX����QJj\�XӕQJ�
3URELRWLF�(QW91�����PJ��$� O{�FKӭQJ��%� O{�WUӏ ���&� O{�WUӏ ��

+uQK�WKiL�YL�WKӇ WKұQ��OiFK�FKXӝW�ӣ Fҧ ED�O{�ÿӅX�EuQK�WKѭӡQJ� NK{QJ�Fy�Vӵ NKiF�
ELӋW�VR�YӟL�KuQK�ҧQK�YL�WKӇ WKұQ��OiFK�FKXӝW�ӣ O{�FKӭQJ��&iF�WӃ EjR�ӕQJ�WKұQ�EҳW�PjX�
[DQK�WKүP��&ҩX�WU~F�FiF�Y�QJ�FKӭF�QăQJ�WKұQ��OiFK�EuQK�WKѭӡQJ��+uQK���������

+uQK��� 9L�WKӇ WKұQ�FKXӝW�GѭӟL�NtQK�KLӇQ�YL�NKXӃFK�ÿҥL�����OҫQ VDX����QJj\�XӕQJ�
3URELRWLF�(QW91�����PJ��$� O{�FKӭQJ��%� O{�WUӏ ���&� O{�WUӏ �
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+uQK �� 9L�WKӇ OiFK�FKXӝW�GѭӟL�NtQK�KLӇQ�YL�NKXӃFK�ÿҥL�����OҫQ�VDX����QJj\�XӕQJ�
3URELRWLF�(QW91�����PJ��$� O{�FKӭQJ��%� O{�WUӏ ���&� O{�WUӏ �

�����;iF�ÿ͓QK�P̵W�ÿ͡ OͫL�NKX̱Q�Yj�ÿiQK�JLi�WtQK�DQ�WRjQ�FͯD�FK͇ SḴP

.LӇP�WUD�PұW�ÿӝ NKXҭQ�OҥF�FӫD�FiF�OӧL�NKXҭQ�(��IDHFLXP WҥL�WKӡL�ÿLӇP�VDX�NKL�
VҧQ�[XҩW�Yj�VDX���WKiQJ�WUrQ�P{L�WUѭӡQJ�WKҥFK�056�Yj�WKҥFK�&KURPDWLF�'HWHFWLRQ��
QKұQ�WKҩ\�PұW�ÿӝ NKXҭQ (��IDHFLXP ÿҥW� OҫQ�OѭӧW�Oj���������&)8�J�Yj�������&)8�J��
ÿiS�ӭQJ�ÿѭӧF�\rX�FҫX�YӅ�VҧQ�SKҭP�SURELRWLF�FӫD�:+2�)$2�Oj����� &)8�J�>����@�

+uQK���0ұW�ÿӝ NKXҭQ�OҥF�WUrQ�P{L�WUѭӡQJ�WKҥFK�&KURPDWLF 'HWHFWLRQ �$� Yj�056 �%�

;iF�ÿӏQK�JLӟL�KҥQ�QKLӉP�NKXҭQ�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91�����PJ VDX�
VҧQ�[XҩW�WKHR�7&91 �����������NK{QJ�SKiW�KLӋQ�QKyP�YL�VLQK�YұW�Jk\�EӋQK�ÿѭӡQJ�
UXӝW� QJX\� KLӇP� QKѭ 6WDSK\ORFRFFL� GѭѫQJ� WtQK� FRDJXODVH�� 6DOPRQHOOD� VSS�� Yj�
/LVWHULD�PRQRF\WRJHQHV WURQJ�PүX�WKӱ��Ĉk\�Oj�FiF�WLrX�FKt�EҳW�EXӝF�ÿӕL�YӟL�FiF�VҧQ�
SKҭP�VӳD�OrQ�PHQ��SURELRWLF�>��@��1JRjL�UD��NK{QJ�SKiW�KLӋQ�KjP�OѭӧQJ�NLP�ORҥL 3E��
&G Yj +J�WURQJ�PүX�WKӱ�>��@���

+DL�FKӫQJ�OӧL�NKXҭQ�(�� IDHFLXP )��%$�Yj�(��IDHFLXP )��%$ Oj�WKjQK�SKҫQ�
TXDQ� WUӑQJ� QKҩW� FӫD�YLrQ� QDQJ� FӭQJ�3URELRWLF� (QW91�����PJ��Ĉk\� Oj� FiF� FKӫQJ�
PӟL��WUѭӟF�ÿk\�FKѭD�JKL�QKұQ�WUrQ�7UXQJ�WkP�7K{QJ�WLQ�&{QJ�QJKӋ�VLQK�KӑF�4XӕF�
JLD�+RD�.Ǥ��1&%,���ÿѭӧF�QKyP�QJKLrQ�FӭX�SKkQ� OұS�ÿѭӧF� Wӯ� WKӵF�SKҭP�OrQ�PHQ�
WUX\ӅQ�WKӕQJ�9LӋW�1DP��1JKLrQ�FӭX�FiF�ÿһF�WtQK�SURELRWLF�WҥL�SKzQJ�WKt�QJKLӋP��Fҧ�
KDL�FKӫQJ�ÿӅX�Fy�NKҧ�QăQJ�NKiQJ�PӝW�Vӕ�YL�NKXҭQ�Jk\�EӋQK�SKә�ELӃQ�ÿѭӡQJ�UXӝW�
QKѭ�(��FROL��6DOPRQHOOD� 6KLJHOOD��Fy�NKҧ�QăQJ�VӕQJ�VyW�WURQJ�P{L�WUѭӡQJ�GӏFK�PұW�
Yj�ÿӝ�S+�WKҩS��WѭѫQJ�ÿѭѫQJ�YӟL�QӗQJ�ÿӝ�WURQJ�Gҥ�Gj\�QJѭӡL��ĈiQK�JLi�WtQK�DQ�WRjQ�
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WUrQ�LQ�YLWUR� QKұQ�WKҩ\�FiF�FKӫQJ�ÿӅX�NK{QJ�FKӭD�FiF�JHQ�Pm�KyD�Jk\�ÿӝF��NK{QJ�
Fy�WtQK�WDQ�KX\ӃW��NK{QJ�NKiQJ�YDQFRP\FLQ��3KkQ�WtFK�WUuQK�Wӵ�WRjQ�Eӝ�KӋ�JHQ��SKiW�
KLӋQ�Fҧ�KDL�FKӫQJ�ÿӅX�[XҩW�KLӋQ�FiF�ÿRҥQ�JHQ�ÿһF�WUѭQJ�Fy�NKҧ�QăQJ�VLQK�EDFWHURFLQ��
&K~QJ�W{L�ÿm�ÿăQJ�Nê�WKjQK�F{QJ�WUuQK�Wӵ�WRjQ�Eӝ�KӋ�JHQ�FӫD�KDL�FKӫQJ�WUrQ�YjR�Fѫ�
Vӣ�Gӳ�OLӋX�FӫD�7UXQJ�WkP�7K{QJ�WLQ�&{QJ�QJKӋ�VLQK�KӑF�4XӕF�JLD�+RD�.Ǥ��1&%,��
YӟL�Pm�FKӫQJ�Oj�-$5**0����������Yj�-$5'<;�����������7ӯ�QKӳQJ�ѭX�ÿLӇP�
WUrQ��QKyP�QJKLrQ�FӭX�ÿm�FKӑQ�FiF�FKӫQJ� WUrQ� OjP�QJX\rQ� OLӋX�VҧQ�[XҩW�SURELRWLF�
YӟL�PRQJ�PXӕQ�Fy�ÿѭӧF�VҧQ�SKҭP�EҧQ�ÿӏD��SK��KӧS�YӟL�QJѭӡL�GkQ�9LӋW�1DP��.ӃW�
TXҧ�ÿiQK�JLi�ÿӝF�WtQK�FҩS��ÿӝF�WtQK�EiQ�WUѭӡQJ�GLӉQ�Yj FiF�FKӍ�WLrX�FKҩW�OѭӧQJ�YLrQ�
QDQJ�ÿҥW�\rX�FҫX�Oj ÿLӅX�NLӋQ�FҫQ�Fy�ÿӇ�Fy�WKӇ�F{QJ�Eӕ�VҧQ�SKҭP�Yj�ÿѭD�YjR�Vӱ�GөQJ�
WURQJ�WKӵF�WӃ�

���.ӂ7�/8Ұ1

ĈӝF�WtQK�FҩS� &KѭD�WuP�WKҩ\�/'�� FӫD�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91�����
PJ�WKHR�ÿѭӡQJ�XӕQJ�WUrQ�FKXӝW�QKҳW�WUҳQJ��9ӟL�PӭF�OLӅX�FDR�QKҩW��� ����PJ�NJ�WKӇ
WUӑQJ�QJj\��FKѭD�JKL�QKұQ�ELӇX�KLӋQ�ÿӝF�WtQK�FҩS�

ĈӝF�WtQK�EiQ�WUѭӡQJ�GLӉQ� 9ӟL� OLӅX�����PJ�NJ��WѭѫQJ�ÿѭѫQJ�OLӅX�Vӱ GөQJ��
Yj�OLӅX�����PJ�NJ�WKӇ WUӑQJ�FKXӝW�FӕQJ�QJj\��JҩS���OҫQ�OLӅX�Vӱ GөQJ���XӕQJ�OLrQ�WөF�
WURQJ��� WXҫQ��YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91�����PJ�NK{QJ� OjP� WKD\�ÿәL� FKӍ Vӕ
KX\ӃW�KӑF��KӗQJ�FҫX��EҥFK�FҫX��KX\ӃW�VҳF�Wӕ��KHPDWRFULW��WLӇX�FҫX��Yj�VLQK�KyD�PiX�
�$67��$/7�� FKROHVWHURO�� DOEXPLQ�� FUHDWLQLQ��� NK{QJ� Jk\� WәQ� WKѭѫQJ�P{� EӋQK� KӑF�
JDQ�� OiFK�� WKұQ��&KXӝW� VDX�NKL�G�QJ�YLrQ�QDQJ�FӭQJ�3URELRWLF�(QW91�����PJ ÿӅX�
WăQJ�QKҽ WUӑQJ�OѭӧQJ�VR�YӟL�O{�FKӭQJ�

0ұW�ÿӝ OӧL�NKXҭQ� ĈҥW� ��������&)8�J� VDX�NKL� VҧQ�[XҩW�� ������&)8�J� VDX���
WKiQJ� VҧQ� [XҩW�� 9LrQ� QDQJ� ÿҥW� FiF� WLrX� FKt� YӅ� JLӟL� KҥQ� QKLӉP� NKXҭQ� Yj� JLӟL� KҥQ�
QKLӉP�NLP� ORҥL�QһQJ� WKHR� WLrX�FKXҭQ�TXӕF�JLD�FӫD�9LӋW�1DP� .ӃW�TXҧ� FKӍ� UD� UҵQJ�
WKjQK�SKҫQ�YLrQ�QDQJ 3URELRWLF�(QW91�����PJ DQ�WRjQ��Fy�WLӅP�QăQJ�ӭQJ�GөQJ�WURQJ�
OƭQK�YӵF�GѭӧF�SKҭP��WKӵF�SKҭP�FKӭF�QăQJ�

7¬,�/,ӊ8�7+$0�.+Ҧ2

�� 6XYRURY�$���(UPROHQNR�(���$OHFKLQD�*���&KHUQ\VK�$���.DUDVHYD�$���'L�3LHUUR�)���
(QWHURFRFFXV�DV SURELRWLFV��ZKDW�LV�WKH�DGYDQWDJH��1XWUDIRRGV����������������
'2,����������1)���������

�� )RXOTXLH�0RUHQR�0�5���6DUDQWLQRSRXORV�3���7VDNDOLGRX�(���'H�9X\VW�/���7KH�
UROH�DQG�DSSOLFDWLRQ�RI�HQWHURFRFFL�LQ�IRRG�DQG�KHDOWK��,QW�-�)RRG�0LFURELRO���
����������������'2,� ��������M�LMIRRGPLFUR������������

�� +DQFKL�+���0RWWDZHD�:���6HEHL�.���+DPPDPL�5���7KH�JHQXV�(QWHURFRFFXV��
%HWZHHQ�SURELRWLF�SRWHQWLDO�DQG�VDIHW\�FRQFHUQV�$QXSGDWH��)URQW��0LFURELRO���
��������������'2,� ��������IPLFE�����������

�� 'DYRRGYDQGL�$���0DU]EDQ�+���*ROHLM�3���6DKHENDU�$���0RUVKHGL�.���5H]DHL�6���
0DKMRXELQ�7HKUDQ�0���7DUUDKLPRIUDG�+���+DPEOLQ�0�5���0LU]DHL�+���(IIHFWV�
RI�WKHUDSHXWLF�SURELRWLFV�RQ�PRGXODWLRQ�RI�PLFUR51$V��&HOO�&RPPXQ��6LJQDO��
���������������KWWSV���GRL�RUJ���������V����������������Z
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�� =KDQJ� )��� 4LX� /��� ;X� ;��� /LX� =��� =KDQ� +��� 7DR� ;��� 6KDK� 1� 3��� :HL� +���
%HQHILFLDO� HIIHFWV� RI� SURELRWLF� FKROHVWHURO�ORZHULQJ� VWUDLQRI� (QWHURFRFFXV�
IDHFLXP�:()$���IURP�LQIDQWV�RQ�GLHW�LQGXFHG�PHWDEROLF�V\QGURPH�LQ�UDWV��-��
'DLU\�6FL������������������������'2,� ��������MGV�����������

�� /DX� &�� 6��� DQG� &KDPEHUODLQ� 5�� 6��� 3URELRWLFV� DUH� HIIHFWLYH� DW� SUHYHQWLQJ�
&ORVWULGLXP� GLIILFLOH�DVVRFLDWHG� GLDUUKHD�� D� V\VWHPDWLF� UHYLHZ� DQG� PHWD�
DQDO\VLV��,QW��-��*HQ��0HG������������������'2,� ��������,-*0�6�����

�� =RUULHK]DKUD�0��-���'HOVKDG�6��7���$GHO�0���7LZDUL�5���.DUWKLN�.���'KDPD�.���
3URELRWLFV�DV�EHQHILFLDO�PLFUREHV� LQ�DTXDFXOWXUH��DQ�XSGDWH�RQ� WKHLUPXOWLSOH�
PRGHV� RI� DFWLRQ�� D� UHYLHZ�� 9HW�� 4��� ������ ������������
'2,� �����������������������������

�� 2K�%���.LP�%��6���.LP�-��:���.LP�-��6���.RK�6��-���.LP�%��*���7KH�HIIHFW�RI�
SURELRWLFV� RQ� JXW� PLFURELRWD� GXULQJ� WKH� +HOLFREDFWHU� S\ORUL� HUDGLFDWLRQ��
UDQGRPL]HG� FRQWUROOHG� WULDO�� +HOLFREDFWHU�� ������ ������������
'2,� ��������KHO������

�� 6HULR� $��� &KDYHV�/ySH]� &��� 3DSDUHOOD� $��� DQG� 6X]]L� *��� (YDOXDWLRQ� RI�
PHWDEROLF�DFWLYLWLHV�RI� HQWHURFRFFL� LVRODWHG� IURP�3HFRULQR�$EUX]]HVH� FKHHVH��
,QW��'DLU\�-���������������������KWWSV���GRL�RUJ���������M�LGDLU\M������������

��� Ĉӛ 7UXQJ�ĈjP��3K˱˯QJ�SKiS�[iF�ÿ͓QK�ÿ͡F� WtQK�FͯD� WKX͙F��1Kj�[XҩW�EҧQ�<�
KӑF��+j�1ӝL����������������

��� 2(&'� �����2(&'� JXLGHOLQH� IRU� WHVWLQJ� RI� FKHPLFDOV� � $FXWH� RUDO� WR[LFLW\��
$FXWH�WR[LF�FODVV�PHWKRG��������KWWSV���GRL�RUJ�����������������������HQ

��� :RUOG�+HDOWK�2UJDQL]DWLRQ��*HQHUDO�JXLGHOLQHV�IRU�PHWKRGRORJLHV�RQ�UHVHDUFK�
DQG�HYDOXDWLRQ�RI�WUDGLWLRQDO�PHGLFLQH�������

��� 7&91�������,62��������6ͷD�FKXD�� ÿ͓QK�O˱ͫQJ�FiF�YL�VLQK�Y̵W�ÿ̿F�WU˱QJ�� NͿ
WKX̵W�ÿ͇P�NKX̱Q�O̩F�ͧ ��R&�

��� 7&91 �����������,62������������� 6̫Q�SḴP�VͷD�OrQ�PHQ�� JL͙QJ�YL�NKX̱Q�
NKͧL�ÿ͡QJ�� WLrX�FKX̱Q�QK̵Q�G̩QJ�

��� 7&91� ����������� 7KF� SḴP� � [iF� ÿ͓QK� FKu�� FDGLPL�� NͅP�� ÿ͛QJ� Yj� V̷W� �
SK˱˯QJ�SKiS�TXDQJ�SK͝ K̭S�WKͭ QJX\rQ�W͵ VDX�NKL�ÿm�SKkQ�Kͯ\�E̹QJ�YL�VyQJ�

6800$5<

(9$/8$7,21�2)�$&87(�$1'�6(0,�&521,&�72;,&,7<�2)�
352%,27,&�(1791�����0*�,1�(;3(5,0(17$/�$1,0$/6

3URELRWLF�(QW91�����PJ�FRQWDLQV�WKH�SURELRWLF�VWUDLQV�(��IDHFLXP )��%$�DQG�
(��IDHFLXP )��%$��ERWK�RI�ZKLFK�ZHUH�LVRODWHG�IURP�WUDGLWLRQDO�9LHWQDPHVH�IRRGV��
7KLV� VWXG\
V� JRDO� LV� WR� HYDOXDWH� WKH� VDIHW\� RI�3URELRWLF�(QW91�����PJ� WKURXJK�DQ�
DFXWH�DQG�VHPL�FKURQLF�WR[LFLW\�RUDO�DGPLQLVWUDWLRQ��7R[LFLW\�VWXGLHV�RQ�:LVWDU�UDWV�
VKRZHG�WKDW�HYHQ�DW�D�GRVH�RI��� ����PJ�NJ�ERG\�ZHLJKW����WLPHV�KLJKHU�WKDQ�WKH�
W\SLFDO� KXPDQ� GRVH�QR� ���� PRUWDOLW\� UDWH� �/'���� ZDV� REVHUYHG�� $IWHU�
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DGPLQLVWHULQJ�(QW91�3URELRWLF�����PJ� WR� VHZHU� UDW� DW� D�GDLO\�GRVH�RI�����PJ�NJ�
ERG\�ZHLJKW� �HTXLYDOHQW� WR� WKH�KXPDQ�GRVDJH�� DQG�����PJ�NJ�ERG\�ZHLJKW� �WKUHH�
WLPHV� WKH� KXPDQ� GRVDJH�� RYHU� D� IRXU�ZHHN� SHULRG�� QR� VLJQLILFDQW� FKDQJHV� ZHUH�
REVHUYHG� KHPDWRORJLFDO� SDUDPHWHUV� LQFOXGLQJ� UHG� EORRG� FHOOV�� ZKLWH� EORRG� FHOOV��
KHPRJORELQ�� KHPDWRFULW�� DQG� SODWHOHWV�� %ORRG� FKHPLVWU\� WHVWV�� PHDVXULQJ� OHYHOV� RI�
$67�� $/7�� FKROHVWHURO�� DOEXPLQ�� DQG� FUHDWLQLQH�� DOVR� VKRZHG� QR� VLJQLILFDQW�
YDULDWLRQV�� $GGLWLRQDOO\�� KLVWRSDWKRORJLFDO� H[DPLQDWLRQV� RI� WKH� OLYHU�� VSOHHQ�� DQG�
NLGQH\V�UHYHDOHG�QR�GDPDJH��0LFH�DIWHU�XVLQJ�(QW91�����PJ�LQFUHDVHG�WKHLU�ZHLJKW�
VOLJKWO\� FRPSDUHG� WR� WKH� FRQWURO� JURXS�� 7KH� FRQFHQWUDWLRQ� RI� YLDEOH� SURELRWLF�
EDFWHULD�ZDV�����[����� &)8�J�DW� WKH� WLPH�RI�SURGXFWLRQ��DQG���[����� &)8�J�RQH�
PRQWK� ODWHU�� LQGLFDWLQJ� VWDEOH� SRWHQF\�� 7KH� FDSVXOH� IRUPXODWLRQ� FRPSOLHV� ZLWK�
9LHWQDP
V� QDWLRQDO� VWDQGDUGV� IRU� EDFWHULDO� FRQWDPLQDWLRQ� OLPLWV� DQG� KHDY\� PHWDO�
FRQWDPLQDWLRQ�OLPLWV��7KH�UHVXOWV� LQGLFDWH�WKDW WKH�FDSVXOH 3URELRWLF�(QW91�����PJ
LQJUHGLHQWV�DUH� VDIH�DQG�KDYH�SRWHQWLDO�DSSOLFDWLRQV� LQ� WKH� ILHOG�RI�SKDUPDFHXWLFDOV�
DQG�IXQFWLRQDO�IRRGV�

.H\ZRUGV� 3URELRWLF�� 3URELRWLF� (QW91� ���� PJ� (QWHURFRFFXV� IDHFLXP� �(��
IDHFLXP���DFXWH�WR[LFLW\��VHPL�FKURQLF�WR[LFLW\��ÿ͡F�WtQK�F̭S��ÿ͡F�WtQK�EiQ�WU˱ͥQJ�GL͍Q�

1K̵Q�EjL�QJj\��� WKiQJ��� QăP�����

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

+RjQ�WKL͏Q�QJj\��� WKiQJ��� QăP�����

����7UXQJ�WkP�1KL͏W�ÿͣL�9L͏W�� 1JD
����7U˱ͥQJ�Ĉ̩L�K͕F�.KRD�K͕F�7 QKLrQ��Ĉ̩L�K͕F�4X͙F�JLD�+j�1͡L
����9L͏Q�.L͋P�QJKL͏P��1JKLrQ�FͱX�'˱ͫF�Yj�7UDQJ�WKL͇W�E͓ <�W͇ 4XkQ�ÿ͡L

/LrQ�K͏� %�L�7K͓ /DQ�$QK

9LӋQ�<�VLQK�1KLӋW ÿӟL��7UXQJ�WkP�1KLӋW�ÿӟL�9LӋW�� 1JD

6ӕ ���1JX\ӉQ�9ăQ�+X\rQ��1JKƭD�Ĉ{��&ҫX�*Lҩ\��+j�1ӝL

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


