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NRPSRVLW� PHUXSDNDQ� JDEXQJDQ� DQWDU� GXD� EDKDQ� \DQJ� EHUODLQDQ� XQWXN�
PHPSHUROHK�VXDWX�EDKDQ�EDUX�GHQJDQ�VLIDW�VLIDW�ILVLN�GDQ�PHNDQLN�\DQJ�OHELK�EDLN�
GLEDQGLQJNDQ� VLIDW� NRPSRQHQ� SHPEHQWXNQ\D�� 6DODK� VDWX� MHQLV� NRPSRVLW� \DQJ�
EDQ\DN� GLKDVLONDQ� DGDODK� NRPSRVLW� EHUSHQJXDW� VHUDW� DODP�� 3HQHOLWLDQ� LQL�
EHUWXMXDQ�XQWXN�PHQJDQDOLVLV�NDUDNWHULVWLN�SDWDKDQ�NRPSRVLW�SRO\HVWHU�EHUSHQJXDW�
VHUDW� NDUERQ�DJDYH� GDQ� UDPL�SDWDKDQ� WHUVHEXW� GLVHEDENDQ� ROHK� � SHQJXMLDQ� VLIDW�
PHNDQLV� XML� LPSDN� GDQ� WDULN� 6HODQMXWQ\D� GLODNXNDQ� DQDOLVLV� NDUDNWHULVWLN�
SDWDKDQQ\D�GHQJDQ�PHQJJXQDNDQ�PHWRGH�)7,5�GDQ�0LFUR�0DFUR��3HUPDVDODKDQ�
\DQJ� GLNDML� XQWXN� PHQJHWDKXL� SHQJDUXK� YDULDVL IUDNVL� EHUDW� VHUDW GDQ� VXVXQDQ�
VHUDW WHUKDGDS� )7,5� GDQ� 0LFUR�0DFUR� 'DUL� KDVLO� XML� )7,5� SDGD� NRPSRVLW�
SRO\HVWHU� GHQJDQ� SHUEDQGLQJDQ� � WLJD� YDULDVL� IUDNVL� EHUDW� VHUDW� PHPLOLNL� JXJXV�
IXQJVL�GDQ�GDHUDK VHUDSDQ�\DQJ�VDPD��+DQ\D�PHQXQMXNDQ�VWUXNWXU�NULVWDO�VHOXORVD�
GL ZDYHQXPEHU������FP�� GHQJDQ QLODL�WUDQVPLWWDQFH�\DQJ�PHQLQJNDW�GDQ�PHQXUX�
\DQJ�PHPEHGDNDQ�WHUEHQWXNQ\D�VWUXNWXU�NULVWDO�VHOXORVD� GDQ�]DW�SHQJRWRU� OLJQLQ�
KHPLVHOXORVD GLWXQMXNDQ�SDGD ELODQJDQ�JHORPEDQJ���������� FP�� GHQJDQ�LNDWDQ�
& &�$URPDWLN��'DUL�YDULDVL�EHUDW�VHUDW��NDUERQ����������DJDYH�UDPL��PHUXSDNDQ�
YDULDVL�EHUDW�VHUDW�\DQJ�WHUEDLN�NDUHQD�PHPLOLNL�QLODL�WUDQVPLWWDQFH�\DQJ�PHQFDSDL�
�����GHQJDQ�PHQXQMXNDQ�VWUXNWXU�.ULVWDO VHOXORVD�SDGD�ZDYHQXPEHU����� FP��

SHDN� \DQJ� PXQFXO� OHELK� UXQFLQJ� GDQ� PHQ\LVDNDQ� VHEDJLDQ� NDGDU�
OLJQLQ�KHPLVHOXORVD� GDQ� ]DW� SHQJRWRU� ODLQQ\D� \DQJ� GLWXQMXNNDQ� GHQJDQ�
WHUGDSDWQ\D�SHDN�SDGD�UHQWDQJ���������� FP�� GHQJDQ�LNDWDQ�& &�$URPDWLN�GDQ��
NHNXDWDQ� VLIDW� PHNDQLV� HQHUJL� LPSDN� GDQ� KDUJD� LPSDN� \DQJ� SDOLQJ� WLQJJL�� GL�
EDQGLQJNDQ� GHQJDQ� YDULDVL� EHUDW� VHUDW� �NDUERQ� �������� DJDYH�UDPL��� �NDUERQ�
�������� DJDYH�UDPL� GHQJDQ� QLODL� WUDQVPLWWDQFH� \DQJ� UHQGDK� ����GDQ� ������
3HQJDPDWDQ�0LFUR�GLGDSDWNDQ�EDKZD�VHUDW�DJDYH�UDPL�PDVLK�GLODSLVL�ROHK�NRWRUDQ�
SDGD� VWUXNWXU� NLPLDQ\D� GDQ� VHUDW� NDUERQ� \DQJ� GLGDSDW� VHFDUD� � WLGDN� VHPSXUQD�
VHKLQJJD� WLJD� YDULDVL� EHUDW� VHUDW� GLOLKDW� GDUL� RULHQWDVL� VHUDWQ\D� WLGDN� EHUDWXUDQ�
GHQJDQ� EHUEHQWXN� DFDN�� 3HQJDPDWDQ�PDFUR� WHUMDGL� SDWDKDQ� MHQLV� FDPSXUDQ� GDUL�
SDWDKDQ�JHWDV�GDQ�SDWDKDQ�OLDW�

.DWD� .XQFL �� .RPSRVLW� SRO\HVWHU�VHUDW� DJDYH�VHUDW� UDPL�VHUDW� NDUERQ�VWUXNUXU�
NLPLD VHOXORVD�KHPLVHOXORVD�OLJQLQ�)WLU�0LFUR�0DFUR
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FRPSRVLWH� LV� D� FRPELQDWLRQ� RI� WZR� GLIIHUHQW� PDWHULDOV� WR� REWDLQ� D� QHZ�
PDWHULDO�ZLWK�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�WKDW�DUH�EHWWHU�WKDQ�WKH�SURSHUWLHV�
RI� WKH� IRUPLQJ� FRPSRQHQWV� 2QH� W\SH� RI� FRPSRVLWH� WKDW� LV� ZLGHO\� SURGXFHG� LV�
FRPSRVLWH�UHLQIRUFHG�QDWXUDO�ILEHUV��7KLV�VWXG\�DLPV�WR�DQDO\]H�WKH�FKDUDFWHULVWLFV�
RI� FDUERQ� ILEHU�� DJDYH� DQG� IOD[� UHLQIRUFHG� SRO\HVWHU� FRPSRVLWHV�� WKH� IUDFWXUH�
FDXVHG�E\� WHVWLQJ� WKH�PHFKDQLFDO�SURSHUWLHV�RI� LPSDFW�DQG� WHQVLOH� WHVWV 7KHQ� WKH�
IDXOW� FKDUDFWHULVWLFV� ZHUH� DQDO\]HG� XVLQJ� WKH� )7,5� DQG� 0LFUR�0DFUR� PHWKRGV��
7KH�SUREOHPV�VWXGLHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�YDULDWLRQV�LQ�ILEHU�ZHLJKW�IUDFWLRQ�
DQG� ILEHU� DUUDQJHPHQW� RQ� )7,5� DQG� 0LFUR�0DFUR� 7KH� SUREOHPV VWXGLHG� WR�
GHWHUPLQH� WKH�HIIHFW�RI�YDULDWLRQV� LQ� ILEHU�ZHLJKW� IUDFWLRQ�DQG� ILEHU� DUUDQJHPHQW�
RQ� )7,5� DQG�0LFUR�0DFUR )URP� WKH� )7,5� WHVW� UHVXOWV� RQ� SRO\HVWHU� FRPSRVLWHV�
ZLWK� D� FRPSDULVRQ� RI� WKUHH� YDULDWLRQV� RI� ILEHU�ZHLJKW� IUDFWLRQ� KDYLQJ� WKH� VDPH�
IXQFWLRQDO�JURXS�DQG�DEVRUSWLRQ�DUHD� ,W�RQO\�VKRZV�WKH�FHOOXORVH�FU\VWDO�VWUXFWXUH�
DW� WKH� VRXUFH� ����� FP�� ZLWK� WUDQVPLWWDQFH� YDOXHV� LQFUHDVLQJ� DQG� GHFUHDVLQJ�
ZKLFK�GLVWLQJXLVKHV� WKH� IRUPDWLRQ�RI� FHOOXORVH� FU\VWDO� VWUXFWXUHV�� DQG� LPSXULWLHV��
OLJQLQ��KHPLFHOOXORVH VKRZQ�DW�ZDYHQXPEHUV�����������FP�� ZLWK�& &�$URPDWLF�
ERQGV� )URP�YDULDWLRQV�LQ�ILEHU�ZHLJKW��FDUERQ ��������DJDYH��KHPS��LV�WKH�EHVW�
YDULDWLRQ�LQ�ILEHU�ZHLJKW�EHFDXVH�LW�KDV�D�WUDQVPLWWDQFH�YDOXH�WKDW�UHDFKHV������E\�
VKRZLQJ�WKH�VWUXFWXUH�RI�FHOOXORVH�FU\VWDOV�RQ�VRXUFHV������FP�� SHDN�WKDW�DSSHDUV�
PRUH� SRLQWHG� DQG� OHDYHV� D� SRUWLRQ� RI� OLJQLQ� FRQWHQW�� KHPLFHOOXORVH� DQG� RWKHU�
LPSXULWLHV� LQGLFDWHG�E\� WKH�SUHVHQFH�RI�SHDNV� LQ� WKH� UDQJH�����������FP�� ZLWK
&� �&�$URPDWLF�ERQGV�DQG�WKH�VWUHQJWK�RI�PHFKDQLFDO�SURSHUWLHV�RI�LPSDFW�HQHUJ\�
DQG�WKH�KLJKHVW�LPSDFW�SULFH��FRPSDUHG�ZLWK�YDULDWLRQV�LQ�ZHLJKW�RI�ILEHU��FDUERQ�
��������DJDYH�KHPS���FDUERQ���������DJDYH��KHPS��ZLWK�D�ORZ�WUDQVPLWWDQFH�
YDOXH�RI ���� DQG� ������ 0LFUR�REVHUYDWLRQ�IRXQG�WKDW�DJDYH��KHPS�ILEHUV�ZHUH�
VWLOO� FRDWHG� ZLWK� LPSXULWLHV� RQ� WKHLU� FKHPLFDO� VWUXFWXUH� DQG� FDUERQ� ILEHU� ZDV�
LQFRPSOHWHO\�REWDLQHG�VR�WKDW�WKUHH�YDULDWLRQV�LQ�ILEHU�ZHLJKW�ZHUH�VHHQ�IURP�WKH�
RULHQWDWLRQ�RI�WKH�LUUHJXODU�ILEHUV�ZLWK�UDQGRP�VKDSHV��0DFUR�REVHUYDWLRQV�RFFXU�
ZLWK�PL[HG�W\SHV�RI�EULWWOH�IDXOWV�DQG�FOD\�IUDFWXUHV�

.H\ZRUGV ��3RO\HVWHU�FRPSRVLWH��DJDYH�ILEHU��KHPS�ILEHU��FDUERQ�ILEHU��FHOOXORVH�
FKHPLFDO�VWUXFWXUH��KHPLFHOOXORVH��OLJQLQ��)WLU��0LFUR�0DFUR
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