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�� ,QWURGXFWLRQ�
7KH�RSHUDWLQJ� FRQGLWLRQV�RI� WKH� DLUFUDIW� HQJLQH�

WXUELQHV��PDGH�IURP�H�J��QLFNHO�EDVHG�VXSHU�DOOR\V��
UHTXLUH� KLJK� PHFKDQLFDO� ORDG� UHVLVWDQFH� LQ� KLJK�
WHPSHUDWXUH��7R�LPSURYH�WKH�SDUDPHWHU��SURWHFWLYH�
OD\HUV� DUH� DSSOLHG�� 7KH\� LQFUHDVH� WKH� KHDW�
UHVLVWDQFH� RI� DOOR\V� EXW� DUH� OLNHO\� WR� UHGXFH� WKH�
IDWLJXH� VWUHQJWK�� ,Q� WKLV� ZRUN� WKH� LPSDFW� RI� WKH�
DOXPLQLGH� OD\HU�� GHSRVLWHG� RQ� WKH� VDPSOHV� PDGH�
IURP� ,QFRQHO� ���� DOOR\� LQ� D� FKHPLFDO� YDSRU�
GHSRVLWLRQ� SURFHVV� �&9'��� RQ� WKH� IDWLJXH�
SDUDPHWHUV� LV� DVVHVVHG�� $� FRPSDUDWLYH� DQDO\VLV�
ZDV� FDUULHG� RXW� IRU� WKH� GDPDJH� GHYHORSPHQW�
PHFKDQLVPV� LQ� ERWK� VDPSOH� W\SHV�� 7KH� GDPDJH�
SDUDPHWHU� ZDV� GHILQHG� DV� WKH� VXP� RI� WKH� VWUDLQV�
DQG�LWV�SORW�LQ�WKH�IXQFWLRQ�RI�WKH�QXPEHU�RI�F\FOHV��
7KH�UHVXOWV�REWDLQHG�ZHUH�FRUUHODWHG�WR�WKH�IDFWXDO�
VWXGLHV�RI�IUDFWXUHV��

�� 5HVHDUFK�PHWKRGRORJ\��
7KH� VWXGLHV� FDUULHG� RXW�ZHUH� RI� WKH� KLJK�F\FOH�

WHVW� QDWXUH�� %DVLQJ� RQ� WKH� UHVXOWV� REWDLQHG� LQ� D�
VWDWLF� WHQVLRQ�WHVW�� WKH�UDQJH�RI�YDOXHV�IRU� WKH�ORDG�
DPSOLWXGH�ZDV� GHILQHG�� EHLQJ� ���� �� ����03D� IRU�
,Q���� VDPSOHV� DQG����� �� ����03D� IRU� ,Q� ���B$O�
VDPSOHV�� 7KH� VWXGLHV� ZHUH� FDUULHG� RXW� IRU� WZR�
EDWFKHV�RI�VDPSOHV����ZLWK�WKH�OD\HU�DQG���ZLWKRXW�
LW��GLVSOD\LQJ�D[LDO� V\PPHWU\�ZLWK�D�QDUURZLQJ� LQ�
WKH�PHDVXUHG�VHFWLRQ��7KH�VWUDLQ�ZDV�PHDVXUHG�E\�
WUDQVYHUVH� H[WHQVRPHWHU�� FKHFNLQJ� WKH� QDUURZLQJ�
YDOXHV�LQ��ILJ�����
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7KH� UHVXOWV� REWDLQHG�ZHUH� XVHG� IRU� GHYHORSLQJ�
WKH� UHODWLRQVKLS� EHWZHHQ� WKH� GDPDJH� SDUDPHWHU�
GHILQHG�DV�WKH�VXP�RI�DYHUDJH�VWUDLQ�DQG�WKH�VWUDLQ�
DPSOLWXGH� WR� WKH� QXPEHU� RI� F\FOHV�� LQ� DFFRUGDQFH�
ZLWK�WKH�IROORZLQJ�IRUPXOD��
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)LJ�����'LDJUDP�VKRZLQJ� WKH� VWUDLQ�GHYHORSPHQW� LQ�

FRQVHFXWLYH�IDWLJXH�F\FOHV�

7KDQNV�WR�GHVFULELQJ�WKH�VWUDLQ�GHYHORSPHQW�LQ�WKLV�
ZD\�� LW� ZDV� SRVVLEOH� WR� DVVHVV� WKH� FKDQJHV� LQ� WKH�
IDWLJXH� GDPDJH� G\QDPLFV� LQ� WKH� VDPSOHV�ZLWK� WKH�
OD\HU� DQG� ZLWKRXW� LW� LQ� WKH� H[WHQVLYH� DPSOLWXGH�
UDQJH��

�� 5HVXOWV��
3UHVHQWLQJ� WKH� UHVXOWV� LQ� WKH� IRUP� RI� :RKOHU�

FXUYH��)LJ�����HQDEOHV�WR�GHWHFW�D�FOHDU�LQFUHDVH��E\�
DERXW�����03D�� LQ� WKH� IDWLJXH�VWUHQJWK�RI� ,QFRQHO�
DOOR\�ZLWK�$O�OD\HU�LQ�D�ZLGH�UDQJH�RI�VWUHVV�YDOXHV��

�
)LJ�� ���:RKOHU� GLDJUDP� GHSLFWLQJ� WKH� LQIOXHQFH� RI� $O��
OD\HU�RQ�WKH�IDWLJXH�VWUHQJWK�RI�,Q�����DOOR\��

%DVLQJ� RQ� WKH� GHWHUPLQHG� IDWLJXH� GDPDJH�
SDUDPHWHUV�� WKH� VWUDLQ� GHYHORSPHQW� LQ� FRQVHFXWLYH�
F\FOHV� ZDV� DQDO\]HG�� )LJXUH� �� SUHVHQWV� WKH�
PDWFKLQJ� RI� WKHVH� GDWD� IRU� ERWK� VDPSOH� W\SHV�
VXEMHFW�WR�WKH�ORDG�ZLWK�WKH�DPSOLWXGH�RI�����03D��
:LWK�D�VLJQLILFDQWO\�KLJKHU�UHVLVWDQFH��WKH�QXPEHU�
RI�F\FOHV�EHIRUH�EUHDNLQJ�ZDV��� WLPHV�JUHDWHU��IRU�
WKH� VDPSOH� ZLWK� WKH� OD\HU�� D� VLPLODU� SORW� RI� WKH�
GDPDJH� GHYHORSPHQW� FDQ� EH� REVHUYHG� IRU� ERWK�
VDPSOHV��FKDUDFWHUL]HG�ZLWK�WKUHH�VWDJHV��

�
)LJ�����&KDQJHV�LQM SDUDPHWHU�LQ�FRQVHFXWLYH�F\FOHV��

7KH� ILUVW� VWDJH� ZDV� D� G\QDPLF� LQFUHDVH� LQ� WKH�
GDPDJH�LQ�RYHU�WHQ�F\FOHV��7KH�VHFRQG�VWDJH�ZDV�D�
VWDEOH� LQFUHDVH� ZKLFK� HQGV� HDUOLHU� IRU� WKH� VDPSOH�
ZLWKRXW� WKH� OD\HU�� OHDGLQJ� WR� WKH� WKLUG� VWDJH��
FRQQHFWHG� ZLWK� WKH� FUDFN� LQLWLDWLRQ� DQG�
GHYHORSPHQW�� 7KH� ILQDO� VWUDLQ� OHYHO� PHDVXUHG� IRU�
ERWK�VDPSOHV�LV�VLPLODU��

7KH� UHDVRQV� IRU� WKH� LQFUHDVHG� IDWLJXH� VWUHQJWK� RI�
WKH� VDPSOHV� JLYHQ� WKH� VXUIDFH� WUHDWPHQW� ZHUH�
VRXJKW�LQ�IDFWXDO�VWXGLHV��)LJXUH���SUHVHQWV�VHOHFWHG�
IUDFWXUH� LPDJHV�� %HVLGHV� YDULRXV� WUDFHV� RI� F\FOLF�
ORDG�LQ�WKH�IRUP�RI�ULEV��LW�LV�SRVVLEOH�WR�DVVHVV�WKH�
OD\HU� WKLFNQHVV� �DERXW� ��� PP�� DQG� LWV� GLIIXVLYH�
QDWXUH�� DV� ZHOO� DV� VWURQJ� LQWHJUDWLRQ� ZLWK� WKH�
VXEVWUDWH�� +RZHYHU�� WKLV� FDQ� KDUGO\� EH� XVHG� IRU�
H[SODLQLQJ� VXFK� D� FOHDU� LPSURYHPHQW� RI� IDWLJXH�
SURSHUWLHV��'XH�WR�WKH�IXQFWLRQ�RI�DOXPLQXP�OD\HUV�
ZKLFK� LQ� SULQFLSOH� FDQ� FUHDWH� KHDW� EDUULHUV� IRU�
QLFNHO� DOOR\V�� WKH� UHVXOWV� REWDLQHG� VKRXOG� EH�
H[SODLQHG� UDWKHU� LQ� WKH� FRQWH[W� RI� KHDW�DFWLYDWHG�
SURFHVVHV�� DFFRPSDQ\LQJ� WKH� OD\HUV¶� GHSRVLWLRQ�
DQG�QRW�WKHLU�SUHVHQFH�DV�VXFK���
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)LJ�����)DWLJXH�IUDFWXUHV�IRU�,Q����VDPSOHV�ZLWKRXW� WKH�
OD\HU��D��DQG�ZLWK�WKH�$O�OD\HU��E��

$FNQRZOHGJHPHQWV�
7KH�VWXGLHV�ZHUH�FDUULHG�RXW�ZLWKLQ�WKH�SURMHFW�QR��
�������ILQDQFHG�IURP�WKH�1DWLRQDO�&HQWUH�IRU�
5HVHDUFK�DQG�'HYHORSPHQW��

5HIHUHQFHV�
>�@� 5�� 6LWHN�� '�� .XNOD�� .�-�� .XU]\GáRZVNL��

6WUXFWXUH� DQG� 3URSHUWLHV� RI� WKH� &U1�4OU1L��
/D\HU� 3URGXFHG� RQ� ,QFRQHO� ���� E\� 3XOVH�
3ODVPD� ,RQ� 1LWULGLQJ� DW� D� )UHTXHQF\� RI�
��N+]�� 3ODVPD� $SSOLFDWLRQ� DQG� +\EULG�
)XQFWLRQDOO\�0DWHULDOV�YRO�����0DUFK������
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