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[ҥ� Qj\� JLӕQJ� QKѭ� ÿӍQK� QKLӉX� [ҥ� ÿһF� WUѭQJ� FӫD� JUDSKLW� �WKDQ� FKu���&KtQK� FҩX� WU~F�
JLӕQJ�QKѭ�WKDQ�FKu�Qj\�VӁ�JL~S�әQ�ÿӏQK�PjQJ�*2�ѭD�QѭӟF�Pj�NK{QJ�OjP�PҩW�ÿL�FiF�
NrQK�QDQR� OӓQJ� WURQJ�FҩX� WU~F�PjQJ��.ӃW�TXҧ�Qj\�FKR� WKҩ\�Vӵ�SK��KӧS�YӟL�NKҷQJ�
ÿӏQK�FӫD�FiF�QJKLrQ�FӭX� WUѭӟF�YӅ�YLӋF�TXi� WUuQK�ӫ�QKLӋW� WҥR�UD�Vӵ�NKXӃFK� WiQ� WKHR�
KѭӟQJ�QKLӋW�FӫD�FiF�QJX\rQ�Wӱ�R[\�WUrQ�FiF�WҩP�*2��WҥR�WKjQK�FiF�Y�QJ�ÿѭӧF�NKӱ�
R[\��ѭD�QѭӟF��Pӣ�UӝQJ�Yj�FiF�Y�QJ�Nӷ�QѭӟF�>��@��9ӟL�NKRҧQJ�FiFK�JLӳD�FiF�OӟS�FӫD�
PjQJ�*2�NKRҧQJ������QP��FKR�SKpS�YұQ�FKX\ӇQ�KҫX�KӃW�FiF�LRQ�QKӓ�QJұP�QѭӟF��
FKҷQJ�KҥQ�QKѭ�1D��KD\�&O���
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+uQK����*LҧQ�ÿӗ�;5'�PүX�Q�*2�WUѭӟF�ӫ�QKLӋW��VDX�ӫ�QKLӋW�Fy�Yj�NK{QJ�QJkP�QѭӟF�

�����7tQK�FKҩW�ÿLӋQ�Yj�WtQK�FKӑQ�OӑF�ÿLӋQ�WtFK�FӫD�PjQJ�

+uQK�ҧQK�KXǤQK�TXDQJ�WUrQ�FiF�SKҫQ�ULrQJ�ELӋW�FӫD�PjQJ�Q�*2�Yj�S�*2�ÿѭӧF�
WUuQK�Ej\�WҥL�KuQK����&iF�SKҫQ�Q�*2�Yj�S�*2�KLӇQ�WKӏ�FiF�WtQ�KLӋX�KXǤQK�TXDQJ�U}�
UjQJ� Wӯ�5�*� KRһF� )O�1D� WѭѫQJ� ӭQJ�� FKR� ELӃW� FiF� ÿһF� WtQK� SKҧQ� ÿLӋQ� WtFK�� 7KXӕF�
QKXӝP�5�*�PDQJ�ÿLӋQ�WtFK�GѭѫQJ�KҩS�WKө�YjR�PjQJ�Q�*2�Yj�SKiW�UD�KXǤQK�TXDQJ�
PjX�ÿӓ�WѭѫL��QJѭӧF�OҥL�5�*�NK{QJ�KҩS�WKө�YjR�PjQJ�S�*2��GR�ÿy�NK{QJ�SKiW�UD�WtQ�
KLӋX�KXǤQK�TXDQJ�� WKӇ�KLӋQ�PjX�ÿHQ��7ѭѫQJ� Wӵ��ÿӕL�YӟL� WKXӕF�QKXӝP�)O�1D�PDQJ�
ÿLӋQ�WtFK�kP��KҩS�WKө�YjR�PjQJ�S�*2�Yj�WKӇ�KLӋQ�WtQ�KLӋX�KXǤQK�TXDQJ�PjX�[DQK�Oi��
)O�1D�NK{QJ�KҩS�WKө�YjR�PjQJ�Q�*2��GR�ÿy�NK{QJ�SKiW�UD�WtQ�KLӋX�KXǤQK�TXDQJ��WKӇ�
KLӋQ�PjX�ÿHQ��

Q�*2�WURQJ�WKXӕF�WKӱ�5�* Q�*2�WURQJ�WKXӕF�WKӱ�)O�1D

S�*2�WURQJ�WKXӕF�WKӱ�)O�1D S�*2�WURQJ�WKXӕF�WKӱ�5�*

+uQK����7tQ�KLӋX�KXǤQK�TXDQJ�FiF�PүX�Q�*2��S�*2��7KѭӟF�ÿR�����P��
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Ĉӝ�әQ�ÿӏQK�ÿLӋQ�WKӃ�FӫD�Q�*2�Yj�S�*2�ÿѭӧF�NLӇP�WUD�WK{QJ�TXD�ÿLӋQ�WKӃ�]HWD�
FӫD�Qy�WURQJ�GXQJ�GӏFK�1D&O�ӣ�FiF�QӗQJ�ÿӝ�NKiF�QKDX�Yj�WKHR�WKӡL�JLDQ�QJkP��KuQK�
����.ӃW�TXҧ�FKR�WKҩ\�ÿӝ�әQ�ÿӏQK�ÿLӋQ�WKӃ�FӫD�Q�*2�Yj�S�*2��ÿLӅX�ÿy�FKӭQJ�Wӓ�Q�*2�
Yj�S�*2�JLӳ�ÿѭӧF�FiF�ÿһF�WtQK�ÿLӋQ�WtFK�WURQJ�GXQJ�GӏFK�1D&O��

D�� E��
+uQK����7KӃ�]HWD�FӫD�Q�*2�Yj�S�*2��

D��7URQJ�FiF�QӗQJ�ÿӝ�GXQJ�GӏFK�1D&O�NKiF�QKDX����
E��7KHR�WKӡL�JLDQ�QJkP�WURQJ�GXQJ�GӏFK�1D&O������

6DX�NKL�QJkP�PjQJ�Q�*2�Yj�S��*2�WURQJ�GXQJ�GӏFK�1D&O�������� WLӃQ�KjQK�
SKkQ�WtFK�(';�Vӵ�SKkQ�Eӕ�SKҫQ�Wӱ�WUrQ�PһW�FҳW�QJDQJ�FӫD�PjQJ��KuQK�����.ӃW�TXҧ�
FKR�WKҩ\��PjQJ�Q�*2�WKӇ�KLӋQ�WtQK�FKӑQ�OӑF�FDWLRQ��KҩS�SKө�PҥQK�PӁ�FiF�LRQ�1D��Yj�
ORҥL�Eӓ�FiF�LRQ�&O���1JѭӧF�OҥL��PjQJ�S�*2�KҩS�SKө�KjP�OѭӧQJ�LRQ�&O��FDR�KѫQ�QKLӅX�
VR�YӟL�LRQ�1D���FKR�WKҩ\�WtQK�FKӑQ�OӑF�DQLRQ��

Q�*2�� S�*2�

+uQK����%ҧQ�ÿӗ�SKkQ�Eӕ�SKҫQ�Wӱ�(';�WUrQ�PһW�FҳW�QJDQJ�FӫD�PjQJ�Q�*2�Yj�S�*2�
VDX�NKL�QJkP�WURQJ�GXQJ�GӏFK�1D&O��������WKDQJ�ÿR������P��
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+uQK����WUuQK�Ej\�ҧQK�6(0�PһW�FҳW�QJDQJ�FӫD�PjQJ�*2��Fy�WKӇ�WKҩ\�KuQK�GҥQJ�
FӫD�PjQJ�EDR�JӗP�FiF�OӟS�[ӃS�FKӗQJ�OrQ�QKDX��

+uQK����ҦQK�6(0�PһW�FҳW�QJDQJ�FӫD�PjQJ�*2��7KDQJ�ÿR����P��

&K~QJ�W{L�WLӃQ�KjQK�NLӇP�WUD�NKҧ�QăQJ�YұQ�FKX\ӇQ�QѭӟF�TXD�PjQJ��+uQK�����
WUuQK�Ej\� WKt� QJKLӋP��QJăQ�FKӭD�QѭӟF�Yj�QJăQ�FKѭD�EӝW�&X&O��NKDQ�ÿѭӧF�QӕL�YӟL�
QKDX�EҵQJ�WҩP�PjQJ�Q�*2�KRһF�S�*2��6DX�NKRҧQJ����SK~W��TXDQ�ViW�WKҩ\�PjX�FӫD�
EӝW�&X&O��NKDQ�FKX\ӇQ�Wӯ�WUҳQJ�VDQJ�[DQK��FKӭQJ�Wӓ�Vӵ�[kP�QKұS�FӫD�QѭӟF�Yj�WҥR�UD�
&X&O��Q+�2��&y�WKӇ�NӃW�OXұQ�UҵQJ��QѭӟF�ÿL�TXD�PjQJ�*2�WҥL�FiF�NrQK�ÿѭӧF�WҥR�EӣL�
FiF�OӟS�[ӃS�FKӗQJ�OrQ�QKDX�QKѭ�ÿѭӧF�WKӇ�KLӋQ�WUrQ�KuQK�����

+uQK�����7Kӱ�QJKLӋP�YұQ�FKX\ӇQ�QѭӟF�TXD�PjQJ�*2�

����.ӂ7�/8Ұ1�

&һS�PjQJ�*UDSKHQH�R[LGH��*2��WtFK�ÿLӋQ�WUiL�GҩX��Q�*2�WtFK�ÿLӋQ�kP�Yj�S�
*2�WtFK�ÿLӋQ�GѭѫQJ��Fy�WtQK�FKӑQ�OӑF�FDWLRQ�KRһF�DQLRQ�KLӋX�TXҧ�Yj�Fy�NKҧ�QăQJ�YұQ�
FKX\ӇQ�QѭӟF�WKHR�FKLӅX�QJDQJ�FӫD�PjQJ��0jQJ�Q�*2�WKӇ�KLӋQ�WtQK�FKӑQ�OӑF�FDWLRQ��
KҩS�WKө�PҥQK�PӁ�FiF�LRQ�1D��Yj�ORҥL�Eӓ�FiF�LRQ�&O���0jQJ�S�*2�KҩS�WKө�KjP�OѭӧQJ�
LRQ�&O��FDR�KѫQ�QKLӅX�VR�YӟL�LRQ�1D���FKR�WKҩ\�WtQK�FKӑQ�OӑF�DQLRQ��&iF�ÿһF�WtQK�ÿLӋQ�
WtFK�FӫD�PjQJ�Q�*2�Yj�S�*2�ÿӅX�JLӳ�әQ�ÿӏQK�Yj�GX\�WUu�WURQJ�GXQJ�GӏFK�1D&O�ӣ�FiF�
QӗQJ�ÿӝ�NKiF�QKDX�Yj�FiF�NKRҧQJ�WKӡL�JLDQ�QJkP��

7¬,�/,ӊ8�7+$0�.+Ҧ2�

�� 6KDKLQ� +RPDHLJRKDU�� 0DG\� (OEDKUL�� *UDSKHQH� PHPEUDQHV� IRU� ZDWHU�
GHVDOLQDWLRQ��13*�$VLD�0DWHULDOV����������������

�� 6��3��6XUZDGH��6��1��6PLUQRY�� ,��9��9ODVVLRXN��5��5��8QRFLF���*��0��9HLWK��
6KHQJ� 'DL� ��� 6�� 0��0DKXULQ��:DWHU� GHVDOLQDWLRQ� XVLQJ� QDQRSRURXV� VLQJOH�
OD\HU�JUDSKHQH��1DW��1DQRWHFKQRO��������������������
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�� :HL�&KHQ��6KX\X�&KHQ��7HQJIHL�/LDQJ��4LDQJ�=KDQJ��=KRQJOL�)DQ��+DQJ�<LQ��
.XR�:HL�+XDQJ��;L[LDQJ� =KDQJ�� =KLSLQJ� /DL�� 3LQJ� 6KHQJ��+LJK�IOX[�ZDWHU�
GHVDOLQDWLRQ� ZLWK� LQWHUIDFLDO� VDOW� VLHYLQJ� HIIHFW� LQ� QDQRSRURXV� FDUERQ�
FRPSRVLWH�PHPEUDQHV��1DW��1DQRWHFKQRO���������������������

�� -�� 6DIDHL�� 3�� ;LRQJ�� *�� :DQJ�� 3URJUHVV� DQG� SURVSHFWV� RI� WZR�GLPHQVLRQDO�
PDWHULDOV� IRU� PHPEUDQH�EDVHG� ZDWHU� GHVDOLQDWLRQ��0DWHULDOVWRGD\� DGYDQFHV��
�����������������

�� 5��.��-RVKL��3��&DUERQH��)��&��:DQJ��9��*��.UDYHWV��<��6X��,��9��*ULJRULHYD��
+��$��:X��$��.��*HLP��5��5��1DLU��3UHFLVH� DQG� XOWUDIDVW�PROHFXODU� VLHYLQJ�
WKURXJK�JUDSKHQH�R[LGH�PHPEUDQHV��0DWHULDOV�6FLHQFH���������������������

�� /LDQJ�&KHQ��*XRVKHQJ� 6KL�� -LH� 6KHQ�� %LQJTXDQ� 3HQJ�� %RZX� =KDQJ��<X]KX�
:DQJ�� )HQJJDQJ� %LDQ�� -LDMXQ� :DQJ�� ,RQ� VLHYLQJ� LQ� JUDSKHQH� R[LGH�
PHPEUDQHV�YLD�FDWLRQLF�FRQWURO�RI�LQWHUOD\HU�VSDFLQJ��1DW��1DQRWHFKQRO��������
������������

�� /LOL�:DQJ�� 4L�:HQ�� 3DQ� -LD��0HLMXDQ� -LD�� 'LDQQDQ� /X�� ;LDRPLQJ� 6XQ�� /HL�
-LDQJ��:HL�*XR��/LJKW�'ULYHQ�DFWLYH�SURWRQ�WUDQVSRUW�WKURXJK�RKRWRDFLG��DQG�
RKRWREDVH�GRSHG� MDQXV� JUDSKHQH� R[LGH� PHPEUDQHV�� $GYDQFHG� PDWHULDOV��
������������������

�� =KHQNXQ� =KDQJ��:HQKDR� 6KHQ�� /LQJ[LQ� /LQ��0DR�:DQJ�� 1LQJ� /L�� =KLIHQJ�
=KHQJ�� )HQJ� /LX�� /LX[XDQ� &DR�� 9HUWLFDOO\� WUDQVSRUWHG� JUDSKHQH� R[LGH� IRU�
KLJK�SHUIRUPDQFH�RVPRWLF�HQHUJ\�FRQYHUVLRQ��$GYDQFHV�VFLHQFH��������������

�� +�� %�� 3DUN�� -�� .DPFHY�� /�� 0�� 5REHVRQ�� 0�� (OLPHOHFK�� %�� '�� )UHHPDQ��
0D[LPL]LQJ�WKH�ULJKW�VWXII��7KH�WUDGH�RII�EHWZHHQ�PHPEUDQH�SHUPHDELOLW\�DQG�
VHOHFWLYLW\��6FLHQFH�����������������

��� 3DXOFKDP\�� $UWKL�� /LJQHVK�� $� VLPSOH� DSSURDFK� WR� VWHSZLVH� V\QWKHVLV� RI�
JUDSKHQH�R[LGH�QDQRPDWHULDO��-�1DQRPHG�1DQRWHFKQRO������������������

��� -LQ]KDR�-L��4LDQ�.DQJ��<L�=KRX��<DSLQJ�)HQJ��;L�&KHQ�� -LQ\LQJ�<XDQ��:HL�
*XR�� <HQ� :HL�� /HL� -LDQJ�� 2VPRWLF� SRZHU� JHQHUDWLRQ� ZLWK� SRVLWLYHO\� DQG�
QHJDWLYHO\� FKDUJHG� �G� QDQRIOXLGLF� PHPEUDQH� SDLUV�� $GYDQFHG� IXQFWLRQDO�
PDWHULDOV��������������

��� /LDQJ]KX� )HQJ�� ;LDQ]KX� <DQJ�� ;LDR]H� 6KL�� ;LDRIDQJ� 7DQ�� 5XL� 3HQJ�� -XQ�
:DQJ�� =KXDQJ� /LX�� 3RO\HWK\OHQH� JO\FRO� DQG� SRO\HWK\OHQLPLQH�
GXDOIXQFWLRQDOL]HG� QDQR�JUDSKHQH� R[LGH� IRU� SKRWRWKHUPDOO\� HQKDQFHG� JHQH�
GHOLYHU\��1DQR�PLFUR�VPDOO��������������

��� ,YDQ�9ODVVLRXN��3��<�$SHO��6��1��'PLWULHY��.HQ�+HDO\��=��6��6LZ\��9HUVDWLOH�
XOWUDWKLQ�QDQRSRURXV�VLOLFRQ�QLWULGH�PHPEUDQHV��SURF��1DW��$FDG��6FL���������
����������������

��� 9��.��3UL\DQN��0��%��1HHONDQWK��6HIDDWWLQ�7RQJD\��-XQTLDR�:X��0��%��$QJHOD��
&�� *�� -HIIUH\�� 6FDODEOH� HQKDQFHPHQW� RI� JUDSKHQH� R[LGH� SURSHUWLHV� E\�
WKHUPDOO\�GULYHQ�SKDVH�WUDQVIRUPDWLRQ��1DW��&KHP�����������������������
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6800$5<��

5(6($5&+�21�7+(�)$%5,&$7,21�2)�*5$3+(1(�2;,'(�0(0%5$1(6�
:,7+�23326,7(�&+$5*(6�7+$7�$'625%�62',80�,216�$1'�

&+/25,'(�,216�

,Q�WKLV�UHVHDUFK��ZH�IDEULFDWH�SDLUV�RI�RSSRVLWHO\�FKDUJHG�JUDSKHQH�R[LGH��*2��
PHPEUDQHV� �QHJDWLYHO\� FKDUJHG�Q�*2�DQG�SRVLWLYHO\�FKDUJHG�S�*2��ZLWK�HIILFLHQW�
FDWLRQ�RU�DQLRQ�VHOHFWLYLW\��7KH�IDEULFDWHG�SULPDU\�*2�PHPEUDQH�FDUULHV�D�QHJDWLYH�
FKDUJH��Q�*2���7KH�SRVLWLYHO\�FKDUJHG�S�*2�PHPEUDQH�ZDV�SUHSDUHG�E\�XOWUDVRQLF�
VWLUULQJ� ZLWK� SRO\HWK\OHQHLPLQH�� 7KH� HOHFWULFDO� SURSHUWLHV� RI� WKH� Q�*2� DQG� S�*2�
ILOPV� ZHUH� H[DPLQHG� EDVHG� RQ� D� IOXRUHVFHQFH� HOHFWURQ� PLFURVFRSH� DQG� ]HWD�
SRWHQWLDOV� LQ�1D&O�VROXWLRQ�DW�GLIIHUHQW�FRQFHQWUDWLRQV�DQG� WLPHV��7KH� UHVXOWV�VKRZ�
WKDW� WKH� ]HWD�SRWHQWLDO� RI�Q�*2�DQG�S�*2�ERWK� VWDELOL]H� DQG�PDLQWDLQ� WKHLU� FKDUJH�
SURSHUWLHV� LQ� 1D&O� VROXWLRQ�� 7KH� JRRG� LRQ� VHOHFWLYLW\� RI� Q�*2� DQG� S�*2� ZDV�
GHWHUPLQHG�E\�;�UD\�VSHFWURVFRS\��(';��PDSSLQJ��

.H\ZRUGV��*UDSKHQH�R[LGH��SRO\HWK\OHQHLPLQH��K̭S�SKͭ�LRQ��WK͇�]HWD��

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�

/LrQ�K͏��/r�+͛QJ�4XkQ

3KzQJ�Ĉӝ�EӅQ�1KLӋW�ÿӟL��&KL�QKiQK�9HQ�%LӇQ��7UXQJ�WkP�1KLӋW�ÿӟL�
9LӋW���1JD�

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

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


