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$EVWUDFW²7KLV�ZRUN�GHVFULEHV�WKH�SURPLVLQJ�DSSURDFK�IRU�WKH�
GLDJQRVWLF� RI� GLVHDVHV�� VXFK� DV� GLDEHWHV�� E\� XVLQJ� WKH� 7+]�
VSHFWURVFRS\� DQG� 7+]� KRORJUDSK\� PHWKRG�� ,Q� WKLV� SDSHU�� GU\�
SHOOHWV� FRQVLVWLQJ� RI� KXPDQ� EORRG� SODVPD� �QRUPDO� DQG� GLDEHWLF��
ZHUH� GHVLJQHG�� WKHVH� REMHFWV� ZHUH� DQDO\]HG� LQ� YDULRXV� 7+]�
ODERUDWRULHV�LQ�5XVVLD��3&$�DQDO\VLV�RI�7+]�VSHFWUD�ZDV�DSSO\�WR�
VHSDUDWH� WKH� QRUPDO� DQG� GLDEHWLF� JURXSV�� ZH� SURSRVHG� WKH�
KRORJUDSKLF� DSSURDFK� WKDW� SURYLGHV� VXIILFLHQW� LQIRUPDWLRQ� WR�
UHFRQVWUXFW�WKH�VSDWLDO�GLVWULEXWLRQ�RI�FRPSOH[�UHIUDFWLYH�LQGH[�RI�
WKH�VDPSOH��
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9HULILFDWLRQ� RI� WKH� SK\VLFDO� DQG� PDWKHPDWLFDO� PRGHOV� E\�
FRPSDULQJ� WKH� UHVXOWV� RI� QXPHULFDO�PRGHOLQJ�ZLWK� WKH� UHVXOWV�
RI�UHDO�PHDVXUHPHQWV�RQ�SKDQWRPV�DQG�ELRORJLFDO�REMHFWV�LV�DQ�
DFWXDO� SUREOHP� RI� 7+]� ELRSK\VLFV�� $V� VKRZQ� LQ� VRPH� 7+]�
ODERUDWRULHV� >���@�� WKH� EORRG� SODVPD� LV� RQH� RI� WKH� PRVW�
SURPLVLQJ� REMHFW� RI� VWXG\�� VLQFH� FKDQJHV� DPRQJ� LWV�
FRPSRVLWLRQ� FDXVHG� E\� SDWKRORJLFDO� SURFHVVHV� PD\�
FRQVLGHUDEO\�DIIHFW� WKH�RSWLFDO�SURSHUWLHV�RI� WKH�EORRG�SODVPD�
RI� KXPDQV� DQG� DQLPDOV� LQ� WKH� 7+]� IUHTXHQF\� UDQJH�� ,Q� WKLV�
SDSHU�� ILUVWO\�� GU\� SHOOHWV� FRQVLVWLQJ� RI� KXPDQ� EORRG� SODVPD�
�QRUPDO� DQG� GLDEHWLF�� ZHUH� FUHDWHG� IRU� WKLV� ZRUN�� VHFRQGO\��
WKHVH� REMHFWV� ZHUH� DQDO\]HG� LQ� YDULRXV� 7+]� ODERUDWRULHV� LQ�
5XVVLD�� XVLQJ�7+]�SXOVHG� VSHFWURVFRS\�DQG�D�KLJK�UHVROXWLRQ�
7+]�VSHFWURPHWHU�EDVHG�RQ�D�EDFNZDUG�ZDYH�RVFLOODWRU��3&$�
DQDO\VLV�RI�7+]�VSHFWUD�ZDV�DSSO\� WR�VHSDUDWH�WKH�QRUPDO�DQG�
GLDEHWLF�JURXSV�� WKLUG��ZH�SURSRVHG� WKH�KRORJUDSKLF�DSSURDFK�
IRU� GLDJQRVWLFV� RI� ELRORJLFDO� SKDVH� REMHFW�� WKDW� DOORZV� WR�
UHJLVWHU�K\SHUVSHFWUDO�KRORJUDPV� LQ�WKH�GHWHFWLRQ�SODQH�DQG�WR�
SURYLGH�QXPHULFDO�ZDYHIURQW�SURSDJDWLRQ�WR�WKH�REMHFW�SODQH��
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+XPDQ�EORRG�SODVPD�VDPSOHV�ZHUH�IUR]HQ�DW�D�WHPSHUDWXUH�
RI� ���� ƕ&� DQG� O\RSKLOL]HG� E\� IUHH]H�GU\LQJ�9D&R� �� �=LU%XV��
*HUPDQ\�� DW� D� WHPSHUDWXUH� RI� ���� ƕ&� DQG� D�SUHVVXUH� RI���3D�
�/DERUDWRU\� RI�$OPD]RY�1DWLRQDO�0HGLFDO� 5HVHDUFK�&HQWUH���
7KH�GU\�PL[WXUH�RI�����PJ�EORRG�SODVPD�VXEVWDQFH�KDV�EHHQ�
SUHVVHG�LQWR�D�IODW�SHOOHW�LQ�D�VWHHO�SUHVV�PROG�ZLWK�D�GLDPHWHU�
RI� ��PP� RQ� D� &RUYHWWH� ���� KDQG� SUHVV� �(QNRU�� 5XVVLD�� DW� D�
SUHVVXUH�RI�����NJ���FP���

,Q�WKLV�ZRUN��WKH�VDPSOHV�ZHUH�VWXGLHG�RQ�D�SXOVHG�WHUDKHUW]�
VHWXS� LQ� WUDQVPLVVLRQ� PRGH� LQ� WZR� GLIIHUHQW� ODERUDWRULHV�
�,702� 8QLYHUVLW\� >�@� DQG� 068� >�@��� $� KLJK�UHVROXWLRQ�

WHUDKHUW]� VSHFWURPHWHU�EDVHG�RQ�D�EDFNZDUG�ZDYH� ODPS��,30�
5$6�>�@��ZDV�DOVR�XVHG��

%LRFKHPLFDO� SDUDPHWHUV� RI� WKH� KXPDQ� EORRG� SODVPD� ZHUH�
PHDVXUHG� WR� FRQWURO� WKH� UHVXOWV� RI� WKH� VWXG\� LQ� WKH� FOLQLFDO�
GLDJQRVWLF� ODERUDWRU\� RI�$OPD]RY�1DWLRQDO�0HGLFDO�5HVHDUFK�
&HQWUH� �5XVVLD��� 3ODVPD� JOXFRVH� FRQFHQWUDWLRQ�ZDV� LQFUHDVHG�
LQ�GLDEHWLF�SODVPD��ZKLFK�LV�FRPPRQ�IRU�GLDEHWHV�PHOOLWXV��
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7KH� JURXSV� RI� WKH� 7+]� VSHFWUD� KDYH� D� UDWKHU� FRPSDFW�
GLVWULEXWLRQ�LQ�WKH�SULQFLSDO�FRPSRQHQW�VSDFH��$OVR��WKH�JURXSV�
RI�WKH�7+]�VSHFWUD�DUH�IXOO\�VSDWLDOO\�VHSDUDWHG��8VLQJ�D�KLJK�
UHVROXWLRQ�7+]� VSHFWURPHWHU�� WKH� VSHFWUDO� OLQHV� RI� VXEVWDQFHV�
ZHUH�GHWHFWHG�LQ�EORRG�SODVPD�VDPSOHV���

:H� GHPRQVWUDWHG� WKH� DELOLW\� RI� KRORJUDSKLF� DSSURDFK� WR�
UHFRQVWUXFW�VSDWLDO�SURSHUWLHV�RI�LQYHVWLJDWHG�REMHFW�LQ�WHUPV�RI�
WZR�GLPHQVLRQDO� GLVWULEXWLRQ� RI� UHIUDFWLYH� LQGH[�� DV� ZHOO� DV�
IUHTXHQF\�GHSHQGHQW�UHIUDFWLRQ�LQ�HDFK�SRLQW�RI�WKH�SHOOHWV��VHH�
)LJ���

)LJ��6SDWLDO�GLVWULEXWLRQ�RI� UHFRQVWUXFWHG� UHIUDFWLYH� LQGH[� IRU�KHDOWK\�DQG�
GLDEHWLF�VDPSOH��/DEHO���VKRZV�VSDWLDO�SRLQW�ZKHUH�ZH�SORWWHG�UHIUDFWLYH�LQGH[�
YHUVXV� IUHTXHQF\�� *UHHQ� OLQH� FRUUHVSRQGV� WR� KHDOWK\� VDPSOH� DQG� UHG�
FRUUHVSRQGV�WR�WKH�GLDEHWLF�RQH��
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7KH� UHSRUWHG� VWXG\�ZDV� IXQGHG� E\�5)%5�DFFRUGLQJ� WR� WKH�
UHVHDUFK�SURMHFW�������������������������������������������
�������������� ��������������� ������������ DQG� E\� WKH�
*RYHUQPHQW�RI�WKH�5XVVLDQ�)HGHUDWLRQ��*UDQW���������
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$SSOLFDWLRQV�;,9��YRO���������SS��������/���������
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�,702�8QLYHUVLW\��6DLQW�3HWHUVEXUJ���������5XVVLD��
�0RVFRZ�6WDWH�8QLYHUVLW\��0RVFRZ���������5XVVLD��

�,30�5$6�*63������1L]KQ\�1RYJRURG���������5XVVLD��
�7RPVN�6WDWH�8QLYHUVLW\��7RPVN����������5XVVLD�

��,QVWLWXWH�RI�/DVHU�3K\VLFV��6%�5$6��1RYRVLELUVN����������5XVVLD�
��%RUGHDX[�8QLYHUVLW\��7DOHQFH���������)UDQFH�

��$OPD]RY�1DWLRQDO�0HGLFDO�5HVHDUFK�&HQWUH��6DLQW�3HWHUVEXUJ����������5XVVLD�

$SSOLFDWLRQ�WKH�7+]�VSHFWURVFRS\�DQG�KRORJUDSKLF�DSSURDFK�IRU�
GLDJQRVWLFV�RI�GU\�SHOOHWV�RI�KXPDQ�EORRG�SODVPD�
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