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0mQ�NLQK�Oj�PӝW�TXi�WUuQK�Wӵ�QKLrQ�[ҧ\�UD�ӣ�Qӳ�JLӟL�GR�Vӵ�VX\�JLҧP�KRUPRQ�
HVWURJHQ�ÿѭӧF�VҧQ�[XҩW�EӣL�EXӗQJ�WUӭQJ��&iF�WULӋX�FKӭQJ�PmQ�NLQK�Yj�WLӅQ�PmQ�NLQK�
EDR� JӗP� EӕF� KӓD� WӯQJ� FѫQ�� OR� OҳQJ�� KӗL� KӝS�� PҩW� QJӫ�� WUҫP� FҧP�� UӕL� ORҥQ� WLrX�
KyD���>�@�NpR�WKHR�QKLӅX�QJX\�Fѫ�PҳF�FiF�EӋQK�YӅ�WLP�PҥFK��PҩW�NLӇP�VRiW�FkQ�QһQJ�
GүQ�ÿӃQ�EpR�SKu�� ÿiL� WKiR� ÿѭӡQJ�� ORmQJ� [ѭѫQJ��$O]KHLPHU�� FiF�EӋQK� XQJ� WKѭ� OLrQ�
TXDQ�ÿӃQ�QӝL� WLӃW� >�@�� /LӋX�SKiS�KRUPRQ�Fy� KLӋX� TXҧ� WURQJ� YLӋF� ÿLӅX� WUӏ� FiF� WULӋX�
FKӭQJ�EҩW� OӧL�JLDL�ÿRҥQ�PmQ�NLQK� WX\�QKLrQ� OLӋX�SKiS�Qj\�FǊQJ�Fy�QKӳQJ�KҥQ�FKӃ�
QKҩW�ÿӏQK��*ҫQ�ÿk\��PӝW�P{�KuQK�FKXӝW� FzQ�QJX\rQ�EXӗQJ� WUӭQJ�NKL�PmQ�NLQK�ÿm�
ÿѭӧF� SKiW� WULӇQ� EҵQJ� FiFK� Vӱ� GөQJ� KyD� FKҩW� F{QJ� QJKLӋS� Oj� ��YLQ\OF\FORKH[HQ�
GLHSR[LG��9&'���'�QJ�9&'�OһS�OҥL�KjQJ�QJj\�Fy�FKӑQ�OӑF�SKi�Kӫ\�FiF�QDQJ�WUӭQJ�
QJX\rQ�WKӫ\�Yj�Vѫ�FҩS�WURQJ�EXӗQJ�WUӭQJ�FӫD�FKXӝW�EҵQJ�FiFK�ÿҭ\�QKDQK�TXi�WUuQK�
Wӵ�QKLrQ�FӫD�TXi�WUuQK�PҩW�QDQJ�WUӭQJ�Yj�WҥR�UD�KLӋQ�WѭӧQJ�PmQ�NLQK�Wӯ�Wӯ�NK{QJ�Jk\�
VӕF�FKR�ÿӝQJ�YұW�WKt�QJKLӋP�>�@�DQ�WRjQ�KѫQ�P{�KuQK�FҳW�Eӓ�EXӗQJ�WUӭQJ��GӯQJ�VҧQ�
[XҩW�HVWURJHQ�ÿӝW�QJӝW��>�@���

ĈұX�WѭѫQJ�*O\FLQH�PD[��/��0HULOO�WKXӝF�Kӑ�ĈұX�)DEDFHDH�Oj�PӝW�ORjL�Fk\�SKә�
ELӃQ�ӣ�9LӋW�1DP�Yj�QKLӅX�QѭӟF�WUrQ�WKӃ�JLӟL��&iF�LVRIODYRQ�Wӯ�ÿұX�WѭѫQJ�ÿѭӧF�ELӃW�
ÿӃQ�Oj�FiF�SK\WRHVWURJHQ�\ӃX�Fy�NKҧ�QăQJ�SKzQJ�FKӕQJ�FiF�WULӋX�FKӭQJ�EҩW�OӧL�ӣ�WXәL�
PmQ�NLQK��JL~S�GX\�WUu�PӭF�ÿӝ�KRUPRQ�Fy�ê�QJKƭD��JLҧP�Vӵ�PҩW�[ѭѫQJ�GR�WKLӃX�KөW�
KRUPRQ�>�@��3K{L�KҥW�ÿұX�WѭѫQJ�FKLӃP�NKRҧQJ����������WRjQ�KҥW�VRQJ�Fy�KjP�OѭӧQJ�
LVRIODYRQ�FDR�QKҩW�VR�YӟL�FiF�WKjQK�SKҫQ�NKiF�FӫD�KҥW�QKѭ�WRjQ�KҥW��Yӓ�KҥW��Oi�PҫP��
&iF�LVRIODYRQ�WURQJ�ÿұX�WѭѫQJ�WӗQ�WҥL�FKӫ�\ӃX�GѭӟL�GҥQJ�JO\FRVLG�Yj�PӝW�SKҫQ�QKӓ�
GѭӟL� GҥQJ� Wӵ� GR� DJO\FRQ� �JHQLVWHLQ�� GDLG]HLQ�� JO\FLWHLQ�� �� FKLӃP� NKRҧQJ� �����
LVRIODYRQ� WәQJ�Vӕ�QKѭQJ� OҥL� WKӇ�KLӋQ�KRҥW� WtQK�VLQK�KӑF�PҥQK�KѫQ�VR�YӟL�FiF�GҥQJ�
GүQ�[XҩW�FzQ�OҥL�>�@��+LӋQ�QD\�SK{L�KҥW�ÿұX�WѭѫQJ�Oj�SKӃ�SKө�SKҭP�FӫD�F{QJ�QJKӋ�
VҧQ�[XҩW�EӝW�ÿұX�WѭѫQJ�Yj�PӟL�FKӍ�ÿѭӧF�G�QJ�OjP�WKӭF�ăQ�JLD�V~F��1JKLrQ�FӭX�Qj\�
WұS�WUXQJ�YjR�YLӋF�[iF�ÿӏQK�KRҥW� WtQK�HVWURJHQ�FӫD�FiF�GӏFK�FKLӃW�LVRIODYRQ�Wӯ�SK{L�
KҥW�Yj�VR�ViQK�KRҥW� WtQK�HVWURJHQ�FӫD�FiF�GӏFK�FKLӃW� LVRIODYRQ�Fy�QӗQJ�ÿӝ�DJO\FRQ�
NKiF�QKDX��+\�YӑQJ�QKӳQJ�KLӇX�ELӃW�YӅ�QKyP�FKҩW�Qj\�Oj�Fѫ�Vӣ�FKR�YLӋF�QJKLrQ�FӭX�
SKiW�WULӇQ�FiF�VҧQ�SKҭP�Eә�VXQJ�GLQK�GѭӥQJ�KD\�WKӵF�SKҭP�FKăP�VyF�VӭF�NKӓH�FRQ�
QJѭӡL�QyL�FKXQJ�Yj�SKө�Qӳ�QyL�ULrQJ��

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

�����1JX\rQ�YұW�OLӋX�Yj�ÿӕL�WѭӧQJ�QJKLrQ�FӭX�

0үX�QJKLrQ�FӭX��0үX�&(��'ӏFK�FKLӃW�SK\WRHVWURJHQ�WәQJ�Vӕ�WKX�ÿѭӧF�Wӯ�EӝW�
SK{L�ÿұX�WѭѫQJ�NKӱ�OLSLG�ÿѭӧF�FKLӃW�[XҩW� WURQJ�GXQJ�P{L�HWKDQRO������S+���� WӍ�OӋ�
QJX\rQ� OLӋX��GXQJ�P{L� Oj� ������ WKӡL� JLDQ� FKLӃW� [XҩW� Oj� ��� SK~W��'ӏFK�FKLӃW� VDX� ÿy�
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ÿѭӧF�F{�TXD\�FKkQ�NK{QJ�>�@��0үX�73&D��'ӏFK�FKLӃW�SK\WRHVWURJHQ�DJO\FRQ�WK{�WKX�
ÿѭӧF�Wӯ�GӏFK�FKLӃW�SK\WRHVWURJHQ�WәQJ�Vӕ�F{�ÿһF�ÿѭӧF�ÿLӅX�FKӍQK�ÿӃQ�S+���EҵQJ�+&O�
����1� Yj� JLӳ� ӣ� QKLӋW� ÿӝ� SKzQJ� WURQJ� PӝW� JLӡ�� VDX� ÿy� GӏFK� ÿѭӧF� O\� WkP� ӣ� �����
YzQJ�SK~W�ӣ��R&�WURQJ����SK~W�ÿӇ�ORҥL�Eӓ�NӃW�WӫD��7LӃQ�KjQK�WKӫ\�SKkQ�EҵQJ�HQ]\P�
&HOOXODVH�QӗQJ�����8�J�WҥL�S+������R&�WURQJ���JLӡ��'ӏFK�FKLӃW�&(�Yj�73&D�Wӯ�SK{L�
ÿұX�WѭѫQJ�ÿѭӧF�SKkQ�WtFK�ÿӫ����WKjQK�SKҫQ�LVRIODYRQ�WUrQ�KӋ�WKӕQJ�VҳF�Nê�OӓQJ�KLӋX�
QăQJ� FDR� $OOLDQFH�� :DWHU�� +RD� .Ǥ� FӝW� =RUED[� 6%�&��� ���Pî���PPî���PP���
1KLӋW�ÿӝ�FӝW���R&��EѭӟF�VyQJ�FӫD�GHWHFWRU�����QP��SKD�ÿӝQJ�Oj�$���D[LW�DFHWLF�������
%�D[LW� DFHWLF�DFHWRQ� QLWULO� ������� &KҩW� FKXҭQ� LVRIODYRQ� FӫD� KmQJ� :DNR� 3XUH�
&KHPLFDO�,QGXVWULHV�/WG�>�@��

ĈӕL�WѭӧQJ�QJKLrQ�FӭX��&KXӝW�QKҳW�WUҳQJ�FiL�WKXҫQ�FKӫQJ�%$/%�F�����FRQ��Fy�
QJXӗQ�JӕF� Wӯ�3KzQJ� WKӱ�QJKLӋP� VLQK�KӑF� ��9LӋQ�&{QJ�QJKӋ� VLQK�KӑF��ÿӝ� WXәL� ���
QJj\�� FkQ� QһQJ� WUXQJ� EuQK� NKRҧQJ� ��� �� �� J�� ÿѭӧF� QX{L� WURQJ� ÿLӅX� NLӋQ� FKXӗQJ�
WKRiQJ�PiW��ÿҧP�EҧR�YӋ�VLQK��FKӃ�ÿӝ�GLQK�GѭӥQJ�WKHR�QKX�FҫX��

%ӝW� SK{L� ÿұX� WѭѫQJ�YLQDQXVR\�� HQ]\P� FHOOXODVH� �7ULFKRGHUPD�5HHVHL�6LJPD�
$OGULFK���.LW�[iF�ÿӏQK����ȕ�HVWUDGLRO�FӫD�%LRYLVLRQ��(VWUDGLRO�PRXVH���(/,6$�.LW��
.����������%LRYLVLRQ���

�����3KѭѫQJ�SKiS�QJKLrQ�FӭX�

�������%͙�WUt�WKt�QJKL͏P�

&KXӝW�WKt�QJKLӋP�%$/%�F����QJj\�WXәL�ÿѭӧF�FKLD�WKjQK���QKyP��QKyP����FRQ�
ÿѭӧF�WLrP�9&'�SKD�WURQJ�GҫX�YӯQJ�YjR�[RDQJ�EөQJ����QJj\�OLrQ�WөF�YӟL�OLӅX�����
PJ�NJ�QJj\�OҫQ� >��� �@��1KyP�ÿӕL� FKӭQJ� VLQK� Oê� �Ĉ&6/�� JӗP����FKXӝW� ÿѭӧF� WLrP�
GҫX�YӯQJ��6DX����QJj\�QKyP�WLrP�9&'�ÿѭӧF�FKLD�WKjQK���QKyP��PӛL�QKyP���FRQ��
Yj�WLӃS�WөF�WKӱ�QJKLӋP�QKѭ�VDX��

1KyP�9&'��ĈӕL�FKӭQJ�EӋQK�Oê��Oj�QKyP�ÿѭӧF�[ӱ�Oê�EҵQJ�9&'��VDX�ÿy�FKӍ�
XӕQJ�QѭӟF��

1KyP�9&'�(��� Oj�QKyP� Oj�QKyP�ÿѭӧF�[ӱ� Oê�EҵQJ�9&'��VDX�ÿy�ÿѭӧF� WLrP�
EҳS����ȕ�HVWUDGLRO�OLӅX�����PJ�NJ�QJj\��

1KyP�9&'�&(�� Oj� QKyP�ÿѭӧF�[ӱ� Oê� EҵQJ�9&'�� VDX�ÿy�ÿLӅX� WUӏ� EҵQJ�GӏFK�
FKLӃW� SK\WRHVWURJHQ� WәQJ� Vӕ� F{�ÿһF� �&(�� YӟL� OLӅX� OѭӧQJ����PJ� LVRIODYRQ�NJ�QJj\��
KjP�OѭӧQJ�FiF�DJO\FRQ�Oj��������

1KyP�9&'�73&D��Oj�QKyP�ÿѭӧF�[ӱ�Oê�EҵQJ�9&'��VDX�ÿy�ÿLӅX�WUӏ�EҵQJ�GӏFK�
FKLӃW� SK\WRHVWURJHQ� DJO\FRQ� WK{� �73&D�� YӟL� OLӅX� OѭӧQJ� ���PJ� LVRIODYRQ�NJ�QJj\��
KjP�OѭӧQJ�FiF�DJO\FRQ�Oj���������

1KyP�Ĉ&6/�WURQJ�JLDL�ÿRҥQ�Qj\�FKӍ�XӕQJ�QѭӟF��

.ӃW�WK~F�TXi�WUuQK�ÿLӅX�WUӏ�VDX����QJj\��FKXӝW�ÿѭӧF�[iF�ÿӏQK�FkQ�QһQJ�VR�ViQK�
YӟL�WUѭӟF�ÿLӅX�WUӏ��Pә�WiFK�Wӱ�FXQJ�FkQ�NKӕL�OѭӧQJ��
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+uQK����6ѫ�ÿӗ�TX\�WUuQK�WKt�QJKLӋP

�������3K˱˯QJ�SKiS�[iF�ÿ͓QK�NK͙L�O˱ͫQJ�W͵�FXQJ��V͙�O˱ͫQJ�QDQJ�WUͱQJ�

%XӗQJ�WUӭQJ�FӫD�FKXӝW�WKt�QJKLӋP�ÿѭӧF�SKkQ�OұS��Fӕ�ÿӏQK�WURQJ�IRUPRO������
ÿ~F�SDUDILQ�UӗL�FҳW�OiW��QKXӝP�KHPDWR[\OLQ�Yj�HRVLQ��6ӕ�OѭӧQJ�QDQJ�WUӭQJ�PӛL�ORҥL�
�QJX\rQ� WKӫ\�� Vѫ� FҩS�� WKӭ� FҩS� Yj� QDQJ� JUDII� ÿѭӧF� [iF� ÿӏQK� Yj� VR� ViQK� JLӳD� FiF�
QKyP���1DQJ�QJX\rQ�WKӫ\�Yj�Vѫ�FҩS�ÿѭӧF�WtQK�WKHR�F{QJ�WKӭF�*HRXJRQ�Yj�&KDLQ\��
QDQJ�WKӭ�FҩS�Yj�QDQJ�JUDII�ÿѭӧF�[iF�ÿӏQK�WUӵF�WLӃS�GѭӟL�NtQK�KLӇQ�YL�>�@��

�������;iF�ÿ͓QK�KjP�O˱ͫQJ����ȕ�HVWUDGLRO�WURQJ�KX\͇W�WKDQK�

&iF�PүX�PiX� ÿѭӧF� O\� WkP�� WiFK� KX\ӃW� WKDQK� Yj� Vӱ� GөQJ� ÿӇ� [iF� ÿӏQK� KjP�
OѭӧQJ����ȕ�HVWUDGLRO� WKHR�NLW�FӫD�%LRYLVLRQ��(VWUDGLRO�PRXVH���(/,6$�.LW��.�����
�����%LRYLVLRQ��QKѭ�VDX������O�PүX�KX\ӃW� WKDQK��SKD�ORmQJ��KRһF�����O�GXQJ�GӏFK�
���ȕ�HVWUDGLRO�FKXҭQ�ӣ�FiF�QӗQJ�ÿӝ�NKiF�QKDX�ÿѭӧF�ÿѭD�YjR�FiF�JLӃQJ�FӫD�ÿƭD����
JLӃQJ�ÿm�SKӫ�NKiQJ�WKӇ�NKiQJ�HVWUDGLRO�FKXӝW������O�GXQJ�GӏFK�ÿӋP�FǊQJ�ÿѭӧF�ÿѭD�
YjR�JLӃQJ�WKt�QJKLӋP�Yj�Vӱ�GөQJ�OjP�JLӃQJ�]H]R��ĈƭD�WKt�QJKLӋP�VDX�ÿy�ÿѭӧF�ӫ�ӣ�
��R&�WURQJ����SK~W��/RҥL�Eӓ�GXQJ�GӏFK�WURQJ�JLӃQJ�VDX�ÿy�UӱD�ÿƭD���OҫQ�EҵQJ�GXQJ�
GӏFK�ÿӋP�UӱD��ZDVKLQJ�EXIIHU���7KrP�����O�GXQJ�GӏFK�Fѫ�FKҩW�ÿm�JҳQ�+53�YjR�PӛL�
JLӃQJ��WUӯ�JLӃQJ�]HUR��Yj�ӫ�WLӃS�ӣ���R&�WURQJ����SK~W��/RҥL�Eӓ�GXQJ�GӏFK�+53�Yj�UӱD�
ÿƭD��� OҫQ�EҵQJ�GXQJ�GӏFK�ÿӋP� UӱD��7KrP����ȝO�GXQJ�GӏFK� FKURPRJHQ�$�Yj����ȝO�
GXQJ�GӏFK�FKURPRJHQ�%�YjR�PӛL�JLӃQJ��Ӫ�ÿƭD�ӣ����&�WURQJ�EyQJ�WӕL�WURQJ����SK~W��
7KrP�����O�GXQJ�GӏFK�VWRS�VROXWLRQ�YjR�PӛL�JLӃQJ��0jX�VҳF�WKD\�ÿәL�Wӯ�PjX�[DQK�
VDQJ�PjX�YjQJ�QJD\�OұS�WӭF��7LӃQ�KjQK�ÿR�ÿӝ�KҩS�SKө�EҵQJ�Pi\�ÿR�(/,6$�ӣ�EѭӟF�
VyQJ�����QP��'ӵD� WUrQ�ÿѭӡQJ�FKXҭQ����ȕ�HVWUDGLRO� WKX�ÿѭӧF�[iF�ÿӏQK�KjP� OѭӧQJ�
���ȕ�HVWUDGLRO�WURQJ�FiF�PүX�KX\ӃW�WKDQK�QKyP�WKt�QJKLӋP��

�����;ӱ�Oê�Vӕ�OLӋX�

.ӃW�TXҧ�WKt�QJKLӋP�ÿѭӧF�WUuQK�Ej\�GҥQJ�6ӕ�WUXQJ�EuQK���Ĉӝ�OӋFK�FKXҭQ��%ӝ�Vӕ�
OLӋX� WKX� ÿѭӧF� ÿѭӧF� NLӇP� ÿӏQK� SKkQ� SKӕL� FKXҭQ� WKHR� WLrX� FKXҭQ� 6KDSLUR�:LON� Yj�
NLӇP� WUD� ORҥL� Eӓ�FiF�JLi� WUӏ�QJRҥL� ODL��ÈS�GөQJ�NLӇP�ÿӏQK�3DLU�7�7HVW� VR� ViQK�FkQ�
QһQJ�WUѭӟF�Yj�VDX�ÿLӅX�WUӏ��ĈӕL�YӟL�FiF�WKt�QJKLӋP�[iF�ÿӏQK�NKӕL�OѭӧQJ�Wӱ�FXQJ��Vӕ�
OѭӧQJ�QDQJ� WUӭQJ��KjP� OѭӧQJ�HVWUDGLRO� WURQJ�PiX� Vӱ�GөQJ�SKpS�NLӇP�ÿӏQK�7�7HVW�
YӟL�S������WUrQ�SKҫQ�PӅP�6366�YHUVLRQ�����

&KXӝW����
QJj\�WXәL��

&KXӝW����
QJj\�WXәL�

&KXӝW����
QJj\�WXәL�

&KXӝW�����
QJj\�WXәL��

9&'�����PJ�NJ�QJj\�

1Jj\���� 1Jj\���� 1Jj\���� 1Jj\����

ĈLӅX�WUӏ�EҵQJ�����ȕ�HVWUDGLRO�
Yj�PүX�WKӱ &(��73&D
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���.ӂ7�48Ҧ�9¬�%¬1�/8Ұ1�

�����7UӑQJ�OѭӧQJ�FKXӝW�WUѭӟF�Yj�VDX�WKt�QJKLӋP��

;iF�ÿӏQK�WUӑQJ�OѭӧQJ�FiF�QKyP�FKXӝW�WҥL�WKӡL�ÿLӇP�WUѭӟF�Yj�VDX�ÿLӅX�WUӏ��NӃW�
TXҧ�WKX�ÿѭӧF�EҧQJ�Vӕ�OLӋX�����

%ҧQJ����7UӑQJ�OѭӧQJ�WUXQJ�EuQK�Fѫ�WKӇ�FKXӝW�WUѭӟF�Yj�VDX�ÿLӅX�WUӏ�

7KӡL�
ÿLӇP�

7UӑQJ�OѭӧQJ�WUXQJ�EuQK�Fѫ�WKӇ�FKXӝW��JUDP�FRQ��
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7UѭӟF�
ÿLӅX�WUӏ�

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

6DX�

ÿLӅX�WUӏ�
������������ ������������ ������������ ������������ ������������

3� ������ ������ !����� !����� !�����

7LӃQ�KjQK�VR�ViQK�EҳW�FһS�3DLU�7�7HVW�WҥL���WKӡL�ÿLӇP�WUѭӟF�ÿLӅX�WUӏ�Yj�VDX�ÿLӅX�
WUӏ�YӟL�WӯQJ�QKyP�QJKLrQ�FӭX��NӃW�TXҧ�FKR�WKҩ\�QKyP�Ĉ&6/�Yj�QKyP�FKXӝW�[ӱ�Oê�
EҵQJ�9&'�Fy� Vӵ� WKD\� ÿәL� YӅ� FkQ�QһQJ� WUѭӟF� Yj� VDX� ÿLӅX� WUӏ� Fy� ê� QJKƭD� WKӕQJ� Nr�
�S��������QKyP�9&'�(���9&'�&(��9&'�73&D�FKѭD�JKL�QKұQ�Vӵ�WKD\�ÿәL�WUӑQJ�
OѭӧQJ�Fy�ê�QJKƭD�WKӕQJ�Nr��S!������ÿӝ�WLQ�Fұ\������.ӃW�TXҧ�QKyP�FKXӝW�9&'�Fy�
FkQ�QһQJ�VDX�WKt�QJKLӋP�WăQJ�Fy�ê�QJKƭD�WKӕQJ�Nr��S�������YӟL�WKӡL�ÿLӇP�WUѭӟF�WKt�
QJKLӋP�Fy�WKӇ�JLҧL� WKtFK�GR�NKL�FKXӝW�Eӏ�ӭF�FKӃ�EXӗQJ�WUӭQJ�EҵQJ�9&'��Fѫ�WKӇ�ÿL�
YjR�WKӡL�NǤ�PmQ�NLQK��PӝW�WURQJ�FiF�KLӋX�ӭQJ�SKө�Oj� WăQJ�FkQ�GR�QӗQJ�ÿӝ�KRUPRQ�
HVWURJHQ�VX\�JLҧP��&iF�QJKLrQ�FӭX�WUrQ�ÿӝQJ�YұW�FKR�WKҩ\�HVWURJHQ�QӝL�VLQK�Fy�WKӇ�
JL~S�NLӇP�VRiW� WUӑQJ�OѭӧQJ�Fѫ�WKӇ�>�����@��.KL�Fy�PӭF�HVWURJHQ�WKҩS��ÿӝQJ�YұW� WKt�
QJKLӋP�Fy�[X�KѭӟQJ�ăQ�QKLӅX�KѫQ�Yj�tW�KRҥW�ÿӝQJ� WKӇ�FKҩW��.ӃW�TXҧ�Qj\� WѭѫQJ� Wӵ�
QKѭ�NKL�WKHR�G}L�FKXӝW�Eӏ�FҳW�Eӓ�KDL�QRmQ�VjR�>��@��&iF�QKyP�9&'��(���9&'�&(��
9&'�73&D�ÿӅX�Fy� WUӑQJ� OѭӧQJ�FKXӝW�әQ�ÿӏQK�WUѭӟF�Yj�VDX�ÿLӅX� WUӏ� WX\�FKѭD�Fy�ê�
QJKƭD�WKӕQJ�Nr�QKѭQJ�FǊQJ�FKR�WKҩ\�ҧQK�KѭӣQJ�FӫD�HVWURJHQ�ÿӃQ�WUӑQJ�OѭӧQJ�Fѫ�WKӇ��
&iF�LVRIODYRQ�Wӯ�SK{L�ÿұX�WѭѫQJ�ÿӅX�FKR�WKҩ\�WiF�GөQJ�WѭѫQJ�Wӵ�QKѭ����ȕ�HVWUDGLRO�
JL~S�NLӇP�VRiW�FkQ�QһQJ�ÿӝQJ�YұW�WKt�QJKLӋP�Yj�WKӡL�JLDQ�WKt�QJKLӋP�ÿӫ�ÿӇ�FKӭQJ�
PLQK�Oj�Fy�WKӇ�WKD\�ÿәL� WUӑQJ�OѭӧQJ�Fѫ� WKӇ�Yj�KjQK�YL�ӣ�FKXӝW�>��@��&iF� LVRIODYRQ�
WURQJ�FKӃ�ÿӝ�ăQ�XӕQJ�OjP�FKXӝW�Fy�WKӇ�OjP�JLҧP�Vӵ�WăQJ�WUӑQJ�Fѫ�WKӇ�Yj�Vӵ�WtFK�OǊ\�
FKҩW�EpR�ӣ�FKXӝW�ÿm�[ӱ�Oê�EXӗQJ�WUӭQJ��,VRIODYRQ�OjP�WLrX�KDR�QăQJ�OѭӧQJ�Yj�WăQJ�
ÿLӅX�KzD�WUDR�ÿәL�FKҩW��JL~S�FӫQJ�Fӕ�KӋ�PLӉQ�GӏFK�Yj�WăQJ�FѭӡQJ�FiF�WѭѫQJ�WiF�JLӳD�
KӋ�PLӉQ� GӏFK� Yj� FKX\ӇQ� KyD� >��@�� &KӃ� ÿӝ� ăQ� JLjX� LVRIODYRQ� FǊQJ� JyS� SKҫQ� ÿLӅX�
FKӍQK�JOXFRVH�PiX��ELӇX�KLӋQ�DGLSRNLQ�Yj�FiF�\ӃX�Wӕ�SKLrQ�Pm�OLrQ�TXDQ�ÿӃQ�FKX\ӇQ�
KyD�OLSLG�>��@��
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�����ҦQK�KѭӣQJ�FӫD�FiF�GӏFK�FKLӃW�LVRIODYRQ�ÿӃQ�NKӕL�OѭӧQJ�Wӱ�FXQJ�ӣ�FiF�
QKyP�FKXӝW�QJKLrQ�FӭX�

.KӕL�OѭӧQJ�Wӱ�FXQJ���J�WUӑQJ�OѭӧQJ�FKXӝW�FӫD�O{�ÿӕL�FKӭQJ�EӋQK�Oê�WKҩS�KѫQ�
VR�YӟL�O{�ÿӕL�FKӭQJ�VLQK�Oê��NK{QJ�WLrP�9&'��ӣ�PӭF�Fy�ê�QJKƭD�WKӕQJ�Nr��S���������
(VWUDGLRO��&(��73&D�ÿӅX�Fy�NKҧ�QăQJ�SKөF�KӗL�Wӱ�FXQJ��[ӃS�Wӯ�FDR�WӟL�WKҩS�Oj����ȕ�
(VWUDGLRO�!�&(�!�73&D�WѭѫQJ�ӭQJ�YӟL��������!���������!������VR�YӟL�QKyP�ÿӕL�
FKӭQJ�VLQK�Oê���ĈӕL�YӟL�FKXӝW�ÿLӅX�WUӏ�EҵQJ�&(�Fy�JLi�WUӏ�FDR�KѫQ�VR�YӟL�QKyP�ÿLӅX�
WUӏ�EҵQJ�73&D�Fy�ê�QJKƭD�WKӕQJ�Nr��S��������ӣ�ÿӝ�WLQ�Fұ\������

+uQK����6R�ViQK�NKӕL�OѭӧQJ�Wӱ�FXQJ�FiF�QKyP�QJKLrQ�FӭX

6R�YӟL�Ĉ&6/��S������
��S������

��S�������


�
6R�YӟL�9&'��S���������S����������S����������

�D�Ĉ&6/� �E�9&'� �F�9&'�(��

�G�9&'���&(� �H�9&'���73&D� �

+uQK����+uQK�ҧQK�Wӱ�FXQJ�FiF�QKyP�QJKLrQ�FӭX

.KL�Vӱ�GөQJ�9&'�NKӕL� OѭӧQJ� Wӱ�FXQJ�FKXӝW�JLҧP�NKRҧQJ�����VR�YӟL�QKyP�
ÿӕL�FKӭQJ�VLQK�Oê��QJX\rQ�QKkQ�Oj�9&'�Jk\�JLҧP�HVWURJHQ�GүQ�ÿӃQ�JLҧP�NtFK�WKѭӟF�
Wӱ�FXQJ��6R�ViQK�YӟL�F{QJ�WUuQK�ÿm�F{QJ�Eӕ�YӅ�Vӵ�JLҧP�NtFK�WKѭӟF�Wӱ�FXQJ�VDX�NKL�Vӱ�
GөQJ�9&'�NKRҧQJ�����>�����@��9ӟL�P{�KuQK�Jk\�PmQ�NLQK�EҵQJ�SKүX�WKXұW�FҳW�Eӓ�
KDL�QRmQ�VjR�FǊQJ�Jk\�JLҧP�NtFK�WKѭӟF�Wӱ�FXQJ�NKRҧQJ������WKұP�FKt� Oj�����>���
��@��1Kѭ�Yұ\�Fy�WKӇ�NӃW�OXұQ�P{�KuQK�9&'�Yj�P{�KuQK�FҳW�Eӓ�KDL�QRmQ�VjR�WUX\ӅQ�
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WKӕQJ�ÿӅX�Jk\�VX\�JLҧP�NtFK�WKѭӟF�Wӱ�FXQJ�NKRҧQJ�����VR�YӟL�QKyP�ÿӕL�FKӭQJ�VLQK�
Oê��ĈLӅX�WUӏ�VX\�EXӗQJ�WUӭQJ�KD\�FҳW�Eӓ�EXӗQJ�WUӭQJ�EҵQJ�HVWUDGLRO�ÿӅX�JKL�QKұQ�NKҧ�
QăQJ�SKөF�KӗL�NtFK�WKѭӟF�Wӱ�FXQJ�>������������@��7X\�QKLrQ�YLӋF�WăQJ�NtFK�WKѭӟF�Wӱ�
FXQJ�VDX�NKL�ÿLӅX�WUӏ�EҵQJ�HVWUDGLRO�FǊQJ�Oj�PӝW�PӕL�OR�QJҥL�GR�YLӋF�WăQJ�NKӕL�OѭӧQJ�
Wӱ� FXQJ� Fy� WKӇ� Jk\� WăQJ� VLQK� WӃ� EjR� Wӱ� FXQJ� Yj� SKiW� WULӇQ� NKӕL� X� >�@��.ӃW�TXҧ� WKt�
QJKLӋP�FKR�WKҩ\�KDL�QKyP�FKXӝW�Vӱ�GөQJ�&(�Yj�73&D�ÿӇ�ÿLӅX�WUӏ�VDX�9&'�ÿӅX�FKR�
NKӕL�OѭӧQJ�Wӱ�FXQJ�WăQJ�Fy�ê�QJKƭD�WKӕQJ�Nr��S�������YӟL�&(����S�������YӟL�73&D��

�����ҦQK�KѭӣQJ�FӫD�FiF�GӏFK�FKLӃW�LVRIODYRQ�ÿӃQ�Vӕ�OѭӧQJ�QRmQ�WUӭQJ�

9&'�OrQ�EXӗQJ� WUӭQJ�Jk\� UD� Vӵ�VX\�JLҧP�Fy�FKӑQ� OӑF�QKDQK�FKyQJ�FӫD�FiF�
QDQJ�QRmQ�QJX\rQ�WKӫ\�Yj�Vѫ�FҩS�GR�ÿy�FiF�QDQJ�WUӭQJ�SKiW�WULӇQ��JLDL�ÿRҥQ�WKӭ�FҩS�
Yj�WUѭӣQJ�WKjQK��FǊQJ�WUӣ�QrQ�FҥQ�NLӋW��7UrQ�WLrX�EҧQ�FKR�WKҩ\�FiF�QDQJ�WUӭQJ�FKӫ�
\ӃX�ӣ�JLDL�ÿRҥQ�Vѫ�FҩS��QDQJ�QJX\rQ�WKӫ\��QDQJ�WKӭ�FҩS�Yj�QDQJ�JUDII�UҩW�tW�QrQ�NӃW�
TXҧ�FKӫ�\ӃX�VR�ViQK�WiF�ÿӝQJ�ÿӃQ�FiF�QDQJ�Vѫ�FҩS��.ӃW�TXҧ�WKt�QJKLӋP�FKR�WKҩ\�Fҧ�
KDL�PүX� LVRIODYRQ�&(� Yj�73&D�ÿӅX� Fy� NKҧ� QăQJ�SKөF� KӗL� KRҥW� WtQK� HVWURJHQ� WUrQ�
ÿӝQJ�YұW�WKt�QJKLӋP��Fy�NKҧ�QăQJ�OjP�WăQJ�Vӕ�OѭӧQJ�QDQJ�Vѫ�FҩS�KLӋX�TXҧ�KѫQ�Fҧ����
ȕ�HVWUDGLRO�OLӅX�����PJ�NJ�WURQJ����QJj\��&iF�LVRIODYRQ�WURQJ�PүX�&(�Yj�73&D�QKѭ�
JHQLVWHLQ�Fy� WiF�GөQJ�EҧR�YӋ�FKӕQJ�XQJ� WKѭ�EXӗQJ� WUӭQJ�� FҧL� WKLӋQ�Vӕ� OѭӧQJ�QDQJ�
QRmQ�Yj�NpR�GjL�WXәL�WKӑ�EXӗQJ�WUӭQJ�>������@��

+uQK����6R�ViQK�Wӹ�OӋ�QDQJ�Vѫ�FҩS�FiF�QKyP�QJKLrQ�FӭX
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�G�9&'�&( �H�9&'�73&D�

+uQK����+uQK�ҧQK�WLrX�EҧQ�EXӗQJ�WUӭQJ�FKXӝW�WKt�QJKLӋP �ÿӝ�SKyQJ�ÿҥL����;�

���� ҦQK�KѭӣQJ�FӫD�FiF�GӏFK�FKLӃW�LVRIODYRQ�ÿӃQ�KjP�OѭӧQJ�HVWUDGLRO�

'R�9&'�OjP�VX\�JLҧP�QDQJ�WUӭQJ�QrQ�OjP�WKD\�ÿәL�ÿiQJ�NӇ�Vӵ�VҧQ�[XҩW�FiF�
KRUPRQ�VWHURLG�EXӗQJ�WUӭQJ�WURQJ�ÿy�Fy�KRUPRQ�HVWUDGLRO��0ҩW�HVWUDGLRO�ÿѭӧF�FRL�Oj�
QJX\rQ�QKkQ�JyS� SKҫQ�YjR�KҫX�KӃW� FiF� UӕL� ORҥQ� OLrQ�TXDQ�ÿӃQ�PmQ�NLQK��.ӃW�TXҧ�
KjP�OѭӧQJ�HVWUDGLRO�FӫD�FiF�QKyP�QJKLrQ�FӭX�ÿѭӧF�WUuQK�Ej\�ӣ�KuQK����

+uQK����6R�ViQK�KjP�OѭӧQJ�HVWUDGLRO�FiF�QKyP�QJKLrQ�FӭX

6R�YӟL�Ĉ&6/��S������
��S������

��S�������


�
6R�YӟL�9&'��S���������S����������S�����������

.ӃW�TXҧ�QJKLrQ�FӭX�FKR�WKҩ\�Fҧ�PүX�&(�Yj�73&D�ÿӅX�Fy�NKҧ�QăQJ�OjP�WăQJ�
QӗQJ�ÿӝ� HVWUDGLRO� WURQJ� KX\ӃW� WKDQK� WUrQ�P{�KuQK�FKXӝW�ӭF� FKӃ�EXӗQJ� WUӭQJ�EҵQJ�
9&'��+RҥW� WtQK� HVWURJHQ� FӫD� FiF� LVRIODYRQ� Wӯ� ÿұX� WѭѫQJ� ÿm� ÿѭӧF� QJKLrQ� FӭX� Wӯ�
�����>��@��&iF�LVRIODYRQ�EDR�JӗP�Fҧ�FiF�DJO\FRQ�Yj�FiF�GҥQJ�GүQ�[XҩW�FӫD�Qy�Fy�
KRҥW� WtQK� SK\WRHVWURJHQ� \ӃX� ÿӅX� OjP� WăQJ� QӗQJ� ÿӝ� HVWUDGLRO� WURQJ� PiX�� 1JX\ӉQ�
+RjQJ�/LQK�Yj�FӝQJ�Vӵ��������QJKLrQ�FӭX�FKXӝW�6ZLVV�DOELQR���WXҫQ�WXәL�VDX�NKL�FҳW�
Eӓ�EXӗQJ�WUӭQJ�ÿѭӧF�ÿLӅX�WUӏ�EҵQJ�EӝW�PҫP�KҥW�ÿұX�QjQK�YӟL�OLӅX�Oj����PJ�NJ�Yj����
PJ�NJ�WKӡL�JLDQ����QJj\�ÿӅX�FKR�QӗQJ�ÿӝ�HVWUDGLRO�WURQJ�PiX�FDR�KѫQ�VR�YӟL�QKyP�
ÿӕL�FKӭQJ�EӋQK�Oê�Yj�WKҩS�KѫQ�VR�YӟL�QӗQJ�ÿӝ�Qj\�WURQJ�PiX�FKXӝW�ÿLӅX�WUӏ�EҵQJ����
ȕ�HVWUDGLRO�OLӅX�XӕQJ�����PJ�NJ�WKӇ�WUӑQJ��7X\�QKLrQ�KjP�OѭӧQJ�FiF�LVRIODYRQ�WKjQK�
SKҫQ� WURQJ� EӝW� ÿұX� QjQK� FKѭD� [iF� ÿӏQK� ÿѭӧF� QrQ� FKӍ� Fy� WKӇ� NKҷQJ� ÿӏQK� YӟL� OLӅX�
LVRIODYRQ����PJ�NJ�WKu�QӗQJ�ÿӝ�HVWUDGLRO�FDR�KѫQ�VR�YӟL�OLӅX����PJ�NJ�>��@���
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�7ӯ�QKӳQJ�Vӕ�OLӋX�WKX�ÿѭӧF�FKR�WKҩ\�FiF�LVRIODYRQ�FKLӃW�[XҩW�Wӯ�SK{L�KҥW�ÿұX�
WѭѫQJ� ÿӅX� WKӇ� KLӋQ� KRҥW� WtQK� HVWURJHQ�� 1KyP� FKXӝW� XӕQJ� Eә� VXQJ� GӏFK� FKLӃW�
SK\WRHVWURJHQ�WәQJ�Vӕ�F{�ÿһF��&(��YӟL�OLӅX�OѭӧQJ����PJ�LVRIODYRQ�NJ�QJj\�FKR�WKҩ\�
Fy�NKҧ�QăQJ�FҧL� WKLӋQ�ÿһF� WtQK�VLQK� Oê�Qӳ� WKHR�KѭӟQJ� WtFK�FӵF�JӗP� WăQJ�QKҽ�NKӕL�
OѭӧQJ� Wӱ� FXQJ� �S��������� WăQJ� Vӕ� OѭӧQJ� QDQJ� Vѫ� FҩS� �S��������� WăQJ� KjP� OѭӧQJ�
HVWUDGLRO�WURQJ�PiX��S��������WUrQ�P{�KuQK�FKXӝW�Eӏ�Jk\�WHR�EXӗQJ�WUӭQJ�EҵQJ�KyD�
FKҩW� 9&'�� 1KyP� FKXӝW� XӕQJ� GӏFK� FKLӃW� DJO\FRQ� WK{� YӟL� OLӅX� OѭӧQJ� ��� PJ�
LVRIODYRQ��NJ�QJj\� �QKyP�73&D�� FKR� WKҩ\�NKҧ�QăQJ� FҧL� WKLӋQ� ÿһF� WtQK� VLQK� Oê�Qӳ�
WKHR�KѭӟQJ�WtFK�FӵF�JӗP�WăQJ�QKҽ�NKӕL�OѭӧQJ�Wӱ�FXQJ��S��������WăQJ�Vӕ�OѭӧQJ�QDQJ�
Vѫ�FҩS��S���������WăQJ�KjP�OѭӧQJ�HVWUDGLRO�WURQJ�PiX��S��������WUrQ�P{�KuQK�FKXӝW�
Eӏ�Jk\�WHR�EXӗQJ�WUӭQJ�EҵQJ�KyD�FKҩW�9&'��+jP�OѭӧQJ�LVRIODYRQ�WURQJ�KDL�PүX�&(�
Yj�73&D�EҵQJ�QKDX�Oj����PJ�NJ�WKӇ�WUӑQJ�FKӍ�NKiF�QKDX�YӅ�KjP�OѭӧQJ�FiF�DJO\FRQ�
WKu�GӵD�YjR�NӃW�TXҧ�WKt�QJKLӋP�FKR�WKҩ\�YӟL�QKyP�ÿLӅX�WUӏ�EҵQJ�73&D�FKR�QӗQJ�ÿӝ�
HVWUDGLRO�FDR�KѫQ�QKyP�&(�QKѭQJ�FKѭD�Fy�ê�QJKƭD�WKӕQJ�Nr��S!�������

/ͥL�F̫P�˯Q��1KyP�WiF�JL̫�[LQ�Ej\�W͗�OzQJ�EL͇W�˯Q�ÿ͇Q�9L͏Q�GLQK�G˱ͩQJ�4X͙F�
JLD�ÿm�K͟�WUͫ�SKkQ�WtFK�+3/&�Yj�3KzQJ�WK͵�QJKL͏P�VLQK�K͕F���9L͏Q�&{QJ�QJK͏�VLQK�
K͕F���9L͏Q�+jQ�OkP�.KRD�K͕F�Yj�&{QJ�QJK͏�9L͏W�1DP�ÿm�K͟�WUͫ�SK̯Q�WK͵�QJKL͏P�
[iF�ÿ͓QK�KR̩W�WtQK�HVWURJHQ�WUrQ�ÿ͙L�W˱ͫQJ�VLQK�K͕F��

7¬,�/,ӊ8�7+$0�.+Ҧ2�

��� +XJKHV� ,��� 3K\WRHVWURJHQV� DQG� KHDOWK�� &RQVXPHU� SURGXFWV� DQG� WKH�
HQYLURQPHQW�� &RPPLWWHH� RQ� 7R[LFLW\� RI� &KHPLFDOV� LQ� )RRG�� (GLWRU� )RRG�
VWDQGDUGV�$JHQF\��/RQGRQ��8.���������S�����������

��� &RUQZHOO� 7��� &RKLFN�:��� DQG�5DVNLQ� ,���'LHWDU\� SK\WRHVWURJHQV� DQG� KHDOWK�
3K\WRFKHPLVWU\������������������������

��� 6KLQ� '�� 6�� +D� -��� HW� DO��� 6FKLVDQGUDH� IUXFWXV� UHGXFHV� V\PSWRPV� RI� ��
YLQ\OF\FORKH[HQH�GLHSR[LGH�LQGXFHG� RYDULDQ� IDLOXUH� LQ�PLFH�� (YLGHQFH�%DVHG�
&RPSOHPHQWDU\�DQG�$OWHUQDWLYH�0HGLFLQH��������S��������

��� 1D\DUD�3��2���%UXQD�.���HW�DO���(IIHFWV�RI�HVWURJHQ�WKHUDS\�RQ�WKH�VHURWRQHUJLF�
V\VWHP� LQ� DQ� DQLPDO� PRGHO� RI� SHULPHQRSDXVH� LQGXFHG� E\� ��YLQ\OF\FORKH[HQ�
GLHSR[LGH��9&'���H�1HXUR����������������

��� 4XHOOD�6��.���/RSULQ]L�&��/���HW�DO���(YDOXDWLRQ�RI�VR\�SK\WRHVWURJHQV�IRU� WKH�
WUHDWPHQW� RI� KRW� IODVKHV� LQ� EUHDVW� FDQFHU� VXUYLYRUV�� $� QRUWK� FHQWUDO� FDQFHU�
WUHDWPHQW�JURXS�WULDO��-RXUQDO�RI�&OLQLFDO�2QFRORJ\�������������������������

��� /H� 0LQK� &KDX�� 'R� 7KL� +RD� 9LHQ�� DQG� +R� 3KX� +D�� 2SWLPL]DWLRQ� RI�
SK\WRHVWURJHQV�H[WUDFWLRQ�IURP�VR\�JHUP�XVLQJ�UHVSRQVH�VXUIDFH�PHWKRGRORJ\�
7ҥS�FKt�1JKLrQ�FӭX�.KRD�KӑF�Yj�&{QJ�QJKӋ�4XkQ�Vӵ������������������

��� /H� 0LQK� &KDX�� 'R� 7KL� +RD� 9LHQ�� DQG� +R� 3KX� +D�� 6WXG\� RQ� DQWLR[LGDQW�
DFWLYLW\�RI�SK\WRHVWURJHQ�H[WUDFWV�IURP�VR\�JHUP��9LHWQDP�-RXUQDO�RI�6FLHQFH�
DQG�7HFKQRORJ\��������������������
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��� *RXJHRQ�$��DQG�&KDLQ\�*��%��1���0RUSKRPHWULF�VWXGLHV�RI�VPDOO� IROOLFOHV� LQ�
RYDULHV�RI�ZRPHQ�DW�GLIIHUHQW�DJHV��5HSURGXFWLRQ�����������������������

��� 7LQJ�:�� -���+XDQJ�&��<���HW� DO���7UHDWPHQW�ZLWK� ��ȕ�HVWUDGLRO� UHGXFHG� ERG\�
ZHLJKW�DQG�WKH�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH�LQ�D�KLJK�IDW�GLHW�LQGXFHG�DQLPDO�
PRGHO�RI�REHVLW\��,QWHUQDWLRQDO�MRXUQDO�RI�PROHFXODU�VFLHQFHV�����������������

���� .RGRWK� 9��� 6FDFFLD� 6��� DQG� $JJDUZDO� %��� $GYHUVH� FKDQJHV� LQ� ERG\�
FRPSRVLWLRQ�GXULQJ� WKH�PHQRSDXVDO� WUDQVLWLRQ� DQG� UHODWLRQ� WRFDUGLRYDVFXODU�
ULVN��$�FRQWHPSRUDU\�UHYLHZ��:RPHQ
V�KHDOWK� UHSRUWV� �1HZ�5RFKHOOH��1�<����
��������������������

���� 1JX\ӉQ�+RjQJ�/LQK��7K͵�QJKL͏P�KR̩W�WtQK�HVWURJHQ�FͯD�K̩W�P̯P�ÿ̵X�QjQK�
7ҥS�FKt�<�KӑF�7KjQK�SKӕ�+ӗ�&Kt�0LQK������������������

���� +DUWOH\�'��(���(GZDUGV�-��(���HW�DO���7KH�VR\D�LVRIODYRQH�FRQWHQW�RI�UDW�GLHW�FDQ�
LQFUHDVH� DQ[LHW\� DQG� VWUHVV� KRUPRQH� UHOHDVH� LQ� WKH� PDOH� UDW��
3V\FKRSKDUPDFRORJ\����������������������

���� $EGHOUD]HN� +HED� 0�� $��� 0DKPRXG� 0DQDO� 0�� $��� HW� DO� 6R\� LVRIODYRQHV�
DPHOLRUDWH�PHWDEROLF�DQG�LPPXQRORJLFDO�DOWHUDWLRQV�RI�RYDULHFWRP\�LQ�IHPDOH�
ZLVWDU� UDWV�� $QWLR[LGDQW� DQG� HVWURJHQ� VSDULQJ� SRWHQWLDO��2[LGDWLYH�PHGLFLQH�
DQG�FHOOXODU�ORQJHYLW\��������S��������

���� <DQJ�+���/L�)���HW� DO���6R\� LVRIODYRQHV�PRGXODWH�DGLSRNLQHV�DQG�P\RNLQHV� WR�
UHJXODWH�OLSLG�PHWDEROLVP�LQ�DGLSRVH�WLVVXH��VNHOHWDO�PXVFOH�DQG�OLYHU�RI�PDOH�
+XDQMLDQJ�PLQL�SLJV��0ROHFXODU�DQG�&HOOXODU�(QGRFULQRORJ\������������������
����

���� +DGGDG� <�� +��� 6DLG� 5�� 6��� HW� DO� 3K\WRHVWURJHQ� JHQLVWHLQ� KLQGHUV� RYDULDQ�
R[LGDWLYH�GDPDJH�DQG�DSRSWRWLF�FHOO�GHDWK�LQGXFHG�E\�LRQL]LQJ�UDGLDWLRQ��FR�
RSHUDWLYH�UROH�RI�(5�ȕ��7*)�ȕ��DQG�)2;/����6FLHQWLILF�5HSRUWV�����������������

���� 7KRPSVRQ�.��(���6LSHV�,��*���HW�DO�����ȕ�HVWUDGLRO�DIIRUGV�SURWHFWLRQ�DJDLQVW���
YLQ\OF\FORKH[HQH� GLHSR[LGH�LQGXFHG� RYDULDQ� IROOLFOH� ORVV� LQ� ILVFKHU�����5DWV�
(QGRFULQRORJ\��������������������������

���� )DUPDNDOLGLV�(���+DWKFRFN� -��1��� DQG�0XUSK\�3��$���2HVWURJHQLF� SRWHQF\� RI�
JHQLVWLQ� DQG� GDLG]LQ� LQ� PLFH�� )RRG� DQG� &KHPLFDO� 7R[LFRORJ\�� ������
���������������

6800$5<�

678'<�21�(6752*(1,&�$&7,9,7<�2)�,62)/$921(�(;75$&76��
)520�62<�*(50�

7KLV�VWXG\�ZDV�SHUIRUPHG�WR�HYDOXDWH�WKH�HIIHFW�RI�LVRIODYRQHV�H[WUDFWHG�IURP�
VR\�JHUP�RQ�PHQRSDXVDO�V\PSWRPV�DVVRFLDWHG�ZLWK���YLQ\O�F\FORKH[HQH�GLHSR[LGH�
�9&'��LQGXFHG� IROOLFXODU� IDLOXUH� LQ� PLFH�� 7RWDO� LVRIODYRQH� H[WUDFW� �&(�� DQG�
DJO\FRQH�HQULFKHG�H[WUDFW� �73&D�� IURP�VR\EHDQ�HPEU\RV����PJ�NJ�GD\�ZHUH�ERWK�
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DEOH�WR�LPSURYH�IHPDOH�SK\VLRORJLFDO�FKDUDFWHULVWLFV�SRVLWLYHO\��7KH�&(�VDPSOH�ZDV�
DEOH� WR� VOLJKWO\� LQFUHDVH� WKH� XWHULQH� YROXPH� �S��������� LQFUHDVH� WKH� QXPEHU� RI�
SULPDU\� IROOLFOHV� �S��������� DQG� LQFUHDVH� WKH� HVWUDGLRO� FRQWHQW� �S��������� 73&D�
VDPSOH�DOVR�FDQ� VOLJKWO\� LQFUHDVH�XWHULQH� YROXPH� �S�������� LQFUHDVH� WKH�QXPEHU�RI�
SULPDU\�IROOLFOHV��S���������DQG�LQFUHDVH�HVWUDGLRO�FRQWHQW��S���������7KHVH�UHVXOWV�
VXJJHVW�WKH�SRWHQWLDO�IRU�XVLQJ�LVRIODYRQHV�IURP�VR\EHDQ�HPEU\RV�LQ�WKH�SUHYHQWLRQ�
DQG�WUHDWPHQW�RI�PHQRSDXVDO�V\PSWRPV���PRUH�HIIHFWLYHO\�DQG�VDIHO\�WKDQ�WUDGLWLRQDO�
KRUPRQH�WKHUDS\��

.H\ZRUGV� (VWURJHQ�� LVRIODYRQH��PHQRSDXVH�� VR\�JHUP��PmQ�NLQK��SK{L�ÿ̵X�
W˱˯QJ�

1K̵Q�EjL�QJj\����WKiQJ���QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ���QăP������

����.KRD�&{QJ�QJK͏�7K͹F�SḴP��Ĉ̩L�K͕F�.LQK�W͇���.Ϳ�WKX̵W�&{QJ�QJKL͏S��
����%͡�P{Q�&{QJ�QJK͏�VLQK�K͕F��9L͏Q�&{QJ�QJK͏�6LQK�K͕F�Yj�&{QJ�QJK͏�7K͹F�

SḴP��Ĉ̩L�K͕F�%iFK�.KRD�+j�1͡L��
����%͡�P{Q�&{QJ�QJK͏�7K͹F�SḴP��9L͏Q�&{QJ�QJK͏�6LQK�K͕F�Yj�&{QJ�QJK͏�

7K͹F�SḴP��Ĉ̩L�K͕F�%iFK�.KRD�+j�1͡L���

/LrQ�K͏��/r�0LQK�&KkX

.KRD�&{QJ�QJKӋ�7KӵF�SKҭP��ĈҥL�KӑF�.LQK�WӃ���.ӻ�WKXұW�&{QJ�QJKLӋS�
����/ƭQK�1DP���TXұQ�+RjQJ�0DL���+j�1ӝL���
ĈLӋQ�WKRҥL����������������(PDLO��OPFKDX�XQHWL#PRHW�HGX�YQ���


