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%�L�'X\�1JӑF���1JX\ӉQ�ĈӭF�7KjQK���+j�7LӃQ�0ҥQK���1JX\ӉQ�7Kӏ�3KѭӧQJ���
7ҥ�7Kӏ�7KDQK�+ѭѫQJ���1JX\ӉQ�$QK�7XҩQ���9}�ĈҥL�+ҧL���1JX\ӉQ�%ҧR�1JӑF�

� 9L͏Q�1JKLrQ�FͱX�&{QJ�QJKL͏S�UͳQJ
� 7UXQJ�WkP�1JKLrQ�FͱX�WKF�QJKL͏P�/kP�QJKL͏S�Ĉ{QJ�1DP�%͡

� 9L͏Q�.KRD�K͕F�/kP�QJKL͏S�9L͏W�1DP

7ͳ NKyD��%ӡL�OӡL�YjQJ��
Jӛ [ҿ��FKӃ ÿӝ Vҩ\��YiQ�EyF

%ӡL�OӡL�YjQJ�Oj�ORjL�Fk\�Jӛ OӟQ��SKkQ�Eӕ NKi�UӝQJ�UmL�ӣ 9LӋW�1DP��ÿһF�ELӋW�Oj�
NKX�YӵF�7k\�1JX\rQ�Yj�Ĉ{QJ�1DP�%ӝ��7X\�QKLrQ��FiF�F{QJ�WUuQK�QJKLrQ�
FӭX�YӅ Jӛ %ӡL� OӡL YjQJ�FKӫ \ӃX� WұS� WUXQJ� YjR� OƭQK�YӵF� OkP� VLQK�� &KR� WӟL�
QD\��YүQ�FKѭD�Fy�FiF�QJKLrQ�FӭX�YӅ F{QJ�QJKӋ Vҩ\�KD\�FKӃ ELӃQ�Jӛ %ӡL�OӡL�
YjQJ�YӟL�PөF�ÿtFK�SK F�Yө FKR�QKX�FҫX�Jӛ [ҿ Yj�VҧQ�[XҩW�YiQ�EyF� 7URQJ�
QJKLrQ� FӭX� Qj\� ÿm� [iF� ÿ QK� F{QJ� QJKӋ FKӃ ELӃQ�Jӛ %ӡL� OӡL� YjQJ� ӣ �� QӝL�
GXQJ������ĈiQK�JLi�FKҩW�OѭӧQJ�Jӛ WUzQ�Yj�Jӛ [ҿ������ҦQK�KѭӣQJ�FӫD�FKӃ ÿӝ
Vҩ\� ÿӃQ� FKҩW� QJ� Jӛ [ҿ�� Yj� ���� &{QJ� QJKӋ VҧQ� [XҩW� YiQ� EyF�� .ӃW� TXҧ
QJKLrQ� FӭX� FKR� WKҩ\� Jӛ WUzQ�%ӡL� OӡL�YjQJ NKi� WKҷQJ�� WUzQ�ÿӅX WKRQ�
WKHR�FKLӅX�GjL�WKkQ�NK~F�Jӛ QKӓ��&KҩW�Oѭ QJ�Jӛ WKHR�SKѭѫQJ�SKiS�[ҿ [RD\�
WӕW�KѫQ�VR�YӟL�SKѭѫQJ�SKiS�[ҿ VXӕW��7ӹ OӋ NKX\ӃW�WұW�FӫD�Jӛ NKL�Vҩ\�ӣ FKӃ ÿӝ
Vҩ\������R&�FDR�KѫQ�QKLӅX�VR�YӟL���FKӃ ÿӝ Vҩ\������R&�Yj������R&��ĈӕL�YӟL�
VҧQ�[XҩW�YiQ�EyF��NӃW�TXҧ QJKLrQ�FӭX�FǊQJ�FKR�W \�Jӛ %ӡL�OӡL�YjQJ�UҩW�SK��
KӧS�ÿӇ OjP�QJX\rQ�OLӋX�FKR�YiQ�EyF��*ӛ ÿѭӧF�EyF�YӟL�FKLӅX�Gj\����PP�Yj�
ÿѭ F�[ӱ Oê� WKӫ\�QKLӋW� F�NKL�EyF�ӣ QKLӋW�ÿӝ ��R&� WURQJ�WKӡL�JLDQ���JLӡ
FKR�FKҩW�OѭӧQJ�YiQ�EyF�G�QJ�OjP�OӟS�PһW�Yj�OӟS�O}L�Oj�WӕW�QKҩW�

.H\ZRUGV��/LWVHD�SLHUUHL
/HFRPWH� VDZQ�WLPEHU��
GU\LQJ�VFKHGXOH��
SHHOHG�YHQHHU

6WXG\�RQ�ZRRG�SURFHVVLQJ�WHFKQRORJ\�IRU�/LWVHD�SLHUUHL /HFRPWH

/LWVHD�SLHUUHL /HFRPWH� LV� UHFRJQL]HG�DV� ODUJH�VL]HG� WLPEHU� VSHFLHV� ZLGHO\�
GLVWULEXWHG� LQ� 9LHWQDP�� HVSHFLDOO\� LQ� &HQWUDO� +LJKODQG� DQG� 6RXWK�(DVW�
UHJLRQV�� +RZHYHU�� WKH� VSHFLHV� KDYH� RQO\� EHHQ� DVVHVVHG� LQ� WKH� ILHOG� RI�
VLOYLFXOWXUH��7R�GDWH��GU\LQJ� DQG�ZRRG�SURFHVVLQJ� RI� WKLV� VSHFLHV�KDYH� QRW�
EHHQ�VWXGLHG� IRU� WKH�DLP�RI� VDZQ� WLPEHU�XVHV�DQG� YHQHHU� SURGXFWLRQ��7KLV�
VWXG\� LQYHVWLJDWHG� WKH�ZRRG� SURFHVVLQJ� RI�/LWVHD� SLHUUHL /HFRPWH�DW� WKUHH�
DVSHFWV������(YDOXDWLRQ�RI�WKH�ORJV�DQG�VDZQ�WLPEHU������(IIHFWV�RI�GLIIHUHQW�
GU\LQJ� VFKHGXOHV� RQ� WKH� TXDOLW\� RI� VDZQ� WLPEHU�� DQG� ���� SHHOHG� YHQHHU�
SURGXFWLRQ��5HVXOWV� VKRZHG� WKDW� WKH� ORJV�ELOOHWV� RI� /LWVHD� SLHUUHL /HFRPWH�
ZHUH� UHODWLYHO\� VWUDLJKW� DQG� WKH� GLIIHUHQFH� EHWZHHQ� HQGV� RI� WKH� ORJV� LQ�
UHODWLRQ� WR� GLDPHWHU� ZDV� VPDOO�� 7KH� TXDOLW\� RI� VDZQ� WLPEHUV� SURGXFHG� E\�
EDFN�VDZLQJ�PHWKRG�ZDV�EHWWHU�WKDQ�WKDW�RI�IODW�VDZLQJ�PHWKRG��7KH�UDWH�RI�
GHIHFWV� RI� WKH� VDZQ� WLPEHUV� GULHG� DW� �����R&�ZDV�PXFK�KLJKHU� WKDQ� RWKHU�
GU\LQJ�VFKHGXOHV������R&�DQG������R&��,Q�UHODWLRQ�WR�WKH�YHQHHU�SURGXFWLRQ��
LW� LQGLFDWHG� WKDW� WKH� VSHFLHV�PHW� WKH� UHTXLUHPHQWV�RI� UDZ�PDWHULDOV� IRU� WKH�
YHQHHU� SURGXFWLRQ�� 7KH� RSWLPDO� TXDOLW\� RI� /LWVHD� SLHUUHL /HFRPWH YHQHHUV�
ZDV�DFKLHYHG�ZKHQ�WKH�ORJV�ZHUH�SUHKHDWHG�LQ�WKH�NLOQ�XVLQJ�VDWXUDWHG�VWHDP�
DW���R&�IRU���KRXUV�DQG�WKHQ�URWDU\�SHHOHG ZLWK�D�WKLFNQHVV�RI����PP�


