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,QWURGXFWLRQ�
'DPDJHV� DIIHFWLQJ� ERQH� VWUXFWXUHV� DUH� IUHTXHQW� LQ�
PRGHUQ� VRFLHWLHV�� FDXVHG� E\� WUDXPD�� GLVHDVHV� RU�

SURORQJHG�SK\VLFDO�DFWLYLWLHV��%RQHV�FDQ�KHDO�E\�LWVHOI�DV�
ORQJ�DV�WKH�GHIHFWV�DUH�VPDOO�>�@��,Q�FDVH�RI�PRUH�VHYHUH�

ERQH� GDPDJH�� VFDIIROGV� FDQ� EH� XVHG� WR� SURYLGH� D�

WHPSODWH� WKDW� VXSSRUWV� VHHGHG� FHOOV� WR� JHW� DQ� RSWLPDO�
HQYLURQPHQW� IRU� WKHLU� SUROLIHUDWLRQ� >�@� WR� UH�EXLOG� WKH�

VWUXFWXUH�� 7KH� JHRPHWU\� RI� WKH� SRUH� QHWZRUN� RI� WKH�
VFDIIROG� KDV� WR� SURYLGH� DQ� DSSURSULDWH� SRUH� VL]H��

VXIILFLHQW� SHUPHDELOLW\� DQG� VXLWDEOH� PHFKDQLFDO�

SURSHUWLHV� >���@�� 7KH� HYDOXDWLRQ� RI� ELRFRPSDWLEOH�

SURSHUWLHV�� VXFK� DV� SHUPHDELOLW\� DQG� ZDOO� VKHDU� VWUHVV�

�:66���LV�FKDOOHQJLQJ�EHFDXVH�RI�WKHLU�LQIOXHQFH�RQ�FHOO�
ELRDFWLYLW\� ZLWKLQ� VFDIIROGV� DQG� WKH� PLFUR�VL]H� RI� WKH�

VFDIIROG�>�@��7KHUHIRUH��LQ�WKLV�ZRUN��FRPSXWDWLRQDO�IOXLG�
G\QDPLFV� �&)'�� VLPXODWLRQV� ZHUH� XVHG� WR� LQYHVWLJDWH�

WKH� :66� DQG� WR� DQDO\VH� WKH� IORZ� ILHOG� DW� GLIIHUHQW�

YHORFLWLHV� DORQJ� WKH� VFDIIROG� PRGHO� VXUIDFH�� 7KH�

QXPHULFDO� UHVXOWV� ZHUH� H[SHULPHQWDOO\� YDOLGDWHG� ZLWK�

��SDUWLFOH�LPDJH�YHORFLPHWU\��3,9��PHDVXUHPHQWV���
�

0HWKRGV�
6FDIIROG�JHRPHWULHV��ZKLFK�KDYH�D�� PP�ORQJ�VLQXVRLGDO�

FKDQQHO� ZLWK� D� FKDUDFWHULVWLF� OHQJWK� RI� ����PP�� DQ�

DPSOLWXGH� RI� ����PP� DQG� GLIIHUHQW� IUHTXHQFLHV�

�I ����PP����I ��PP�����ZHUH�GHVLJQHG�XVLQJ�&$7,$���

7KH� &)'� VLPXODWLRQV� ZHUH� SHUIRUPHG� XVLQJ� WKH�
VRIWZDUH� 2SHQ)2$0��� 7KH� VFDIIROGV� ZHUH� PHVKHG�

XVLQJ�VQDSS\+H[0HVK��$�VWHDG\�ODPLQDU�IOXLG�IORZ�ZDV�

VLPXODWHG�XVLQJ�WKH�VROYHU�LFR)RDP�ZLWK�GLIIHUHQW�LQOHW�

YHORFLWLHV�� ]HUR� SUHVVXUH� RXWOHW� DQG� QRQ�VOLS� ZDOO�
FRQGLWLRQ�� $Q� LQFRPSUHVVLEOH� 1HZWRQLDQ� IOXLG� ZLWK� D�

YLVFRVLW\�RI����������P��V�ZDV�DVVXPHG��7KH�IOXLG�IORZ�
LV� GHVFULEHG� E\� WKH� WKUHH�GLPHQVLRQDO� 1DYLHU�6WRNHV�

HTXDWLRQ�� )RU� WKH� ��3,9� H[SHULPHQWV�� VFDIIROGV� ZHUH�

SULQWHG� E\� XVLQJ� WKH� 7ZR�3KRWRQ� SRO\PHULVDWLRQ�
WHFKQLTXH� ��33�� EDVHG� RQ� FURVV�OLQNLQJ� RI�

SKRWRVHQVLWLYH�SRO\PHUV�LQGXFHG�E\�IHPWRVHFRQG�ODVHU�
SXOVHV�� 7KH� VFDIIROGV� ZHUH� FRPSRVHG� RI� HWKR\ODWHG�

WULPHWK\OROSURSDQH� WULDFU\ODWH�� WULPHWK\OROSURSDQH�
WULDFU\ODWH� �(7$�77$�� DQG� ��P0� RI� 0�&0.�

SKRWRLQLWLDWRU���
�

5HVXOWV�
7ZR�PHVKHV�ZHUH�XVHG�WR�HYDOXDWH�WKH�PHVK�GHSHQGHQFH�
RI� WKH�VROXWLRQ��7KH�VXUIDFH�FHOO�VL]H�ZDV�UHGXFHG�E\�D�

IDFWRU�RI�IRXU�LQ�WKH�ILQHU�PHVK�FRPSDUHG�WR�WKH�FRDUVHU�

RQH��7KH�FRPSDULVRQ�RI�WKH�PHVKHV�VKRZV�D�GLIIHUHQFH�

LQ�WKH�WUDQVLWLRQ�RI�WKH�YHORFLW\�SURILOH�DV�GHSLFWHG�LQ�)LJ��

���&KDQJLQJ�WKH�IUHTXHQF\�DOVR�FKDQJHV�WKH�IORZ�ILHOG�DV�

VKRZQ�LQ�)LJ�����7KH�SULQWHG��33�VFDIIROG�ZDV�XVHG�IRU�

WKH���3,9�H[SHULPHQWV�WR�YDOLGDWH�WKH�UHVXOWV�RI�WKH�&)'�
VLPXODWLRQV�DV�VKRZQ�LQ�)LJ�����$�EDFNIORZ�RQ�WKH�WRS�

RI�WKH�FDYLW\�ZLWK�D�KLJKHU�YHORFLW\�WKDQ�LQ�WKH�QXPHULFDO�

UHVXOW��)LJ���E��ZDV�REVHUYHG���

�

'LVFXVVLRQ�
7KH� UHVXOWV� LOOXVWUDWH� WKH� XVH� RI� &)'� WR� FKDUDFWHULVH�

VFDIIROG�GHVLJQ�DQG�JHW�YDOXDEOH�LQIRUPDWLRQ�RQ�WKH�IOXLG�
G\QDPLFV� IRU� G IIHUHQW� JHRPHWULF� YDULDWLRQV�� 7KLV� LV�

LPSRUWDQW�EHFDXVH�FKDQJHV�LQ�WKH�IORZ�ILHOG��HVSHFLDOO\�
LQ�WKH�UHJLRQV�QHDU�WKH�ZDOO��FDQ�GLUHFWO\�DIIHFW�WKH�FHOO�

EHKDYLRXU�>�@��
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5HIHUHQFHV�
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$FNQRZOHGJHPHQWV�
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� JUDQW� RI� WKH� :RPHQ�

$GYDQFHPHQW� 3URJUDP� RI� WKH� )DFXOW\� RI� 0HFKDQLFDO� DQG�

,QGXVWULDO�(QJLQHHULQJ��78�:LHQ��

)LJXUH����5HVXOW�RI��D��FRDUVH�DQG��E��ILQH�PHVK��
�

)LJXUH����5HVXOW�RI��D����3,9�PHDVXUHPHQW��E��VFDIIROG�
PRGHO�VXUIDFH���
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)LJXUH����9HORFLW\�YHFWRU�ILHOG�IRU�DQ�LQOHW�IORZ�RI���PP�V�
ZLWK�D�IUHTXHQF\�RI��D��I ����PP����E I ��PP����
�
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