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3ODVPD :LWK ,QWUDDUWLFXODU *UDQXORF\WH &RORQ\�6WLPXODWLQJ )DFWRU �*�&6)�
,Q &RQMXQFWLRQ :LWK +\DOXURQLFDFLG ����� .GDO�

2Q +XPDQ &DQFHOORXV %RQH 6FDIIROG

7KDQD 7XUDMDQH� 8NLV &KDYHHZDQDNRUQ� ☺RQJMDWH $RMDQHSRQJ
7KDNRRQ 7KLWLVHW� 6LWWLVDN +RQVDZHN�

 .RVWDV , 3DSDGRSRXORV

%DFNJURXQG
7KH UROH RI FKRQGURGLIIHUHQWLDWLRQ RQ KXPDQ FDQFHOORXV ERQH LV VWLOO

LPSRUWDQW SURFHVV IRU K\DOLQH FDUWLODJH UHJHQHUDWLRQ� 7ULDG RI VXFFHVV RI FDUWLODJH
WLVVXH HQJLQHHULQJ DUH FHOO WHFKQRORJ\� JURZWK IDFWRUV DQG F\WRNLQH� DSSURSULWDWHG
VFDIIROG� 6WHP &HOO� *�&6)� 3ODWHOHW ULFK SODVPD HDFK LQ FRPELQDWLRQ ZLWK
K\DOXURQLF DFLG HQKDQFHG FKRQGURGLIIHUHQWLDWLRQ LQ YLWUR DQG LQ YLYR� /LPLWDWLRQ
RI FRPSDUDWLYH LQYHVWLJDWLRQ RI FKRQGURJHQLF GLIIHUHQWLDWLRQ SRWHQWLDO RI FRPELQHG
ZLWK DXWRORJXRV PHVHQFK\PDO SHULSKHUDO EORRG VWHP &HOOV �$03%6&� DQG
SODWHOHW�ULFK SODVPD ZLWK JUDQXORF\WH FRORQ\�VWLPXODWLQJ IDFWRU �*�&6)� LQ
FRQMXQFWLRQ ZLWK K\DOXURQLFDFLG �� 0GDO� RQ KXPDQ FDQFHOORXV ERQH VFDIIROG
FRPSDUH WR K\DOXURQLF DFLG RU VWHP FHOO DV FRQWURO JURXS KDYH EHHQ LQYHVWLJDWLRQ�

3XUSRVH
7KH REMHFWLYHV ZHUH FRPSDUDWLYH PHWKRG WR GHWHUPLQH DQG YHULI\ WKH

3ROLFH *HQHUDO +RVSLWDO
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FKRQGURJHQLF GLIIHUHQWLDWLRQ RI DXWRORJRXV EORRG�GHULYHG PHVHQFK\PDO VWHP
FHOOV �$%06&V� VHHGHG RQ KXPDQ FDQFHOORXV ERQH VFDIIROG LQ YLWUR LQ GLIIHUHQFH
JURZWK IDFWRUV HQYLURQPHQW RI K\DOXURQLF DFLG� JUDQXORF\WH FRORQ\�VWLPXODWLQJ
IDFWRU �*�&6)�� SODWHOHW�ULFK SODVPD� :H GHWHUPLQHG D� FHOO DWWDFKPHQW DQG
SUROLIHUDWLRQ� E� FHOO GLIIHUHQWLDWLRQ F� KLVWRORJLFDO VWDLQLQJ�

0HWKRGV
�� SDWHQWV � WZR PDOH DQG HLJKW IHPDOH ZHUH HQUROOHG� 7KH DXWRORJRXV

EORRG�GHULYHG PHVHQFK\PDO VWHP FHOOV �$%06&V� ZDV FKHFN &' PDUNHUV �&'���
&'��� &'��� &'��� &'��� &'���� E\ IORZ F\WRPHWU\ DQG YLDELOLW\� +XPDQ
FDQFHOORXV ERQH VFDIIROG GHULYHG IURP IDLOHG FRQVHUYDWLYH WUHDWPHQW RI
RVWHRDUWKULWLV SDWLHQWV ZHUH KDUYHVWHG IRUP NQHH DUWKURVFRS\ E\ ELRSV\ LQ
GLDPHWHU � PP� WKLFN � PP� OHQJWK ��� PP� DERXW ��� SLHFHV DQG ZHUH VHHGHG
ZLWK WKH DXWRORJRXV EORRG � GHULYHG PHVHQFK\PDO VWHP FHOOV �$%06&V�� 7KH
KXPDQ FDQFHOORXV ERQH VFDIIROG FRQVWUXFWV ZHUH FXOWXUHG LQ FKRQGURJHQLF
GLIIHUHQWLDWLRQ PHGLXP IRU � ZHHNV 7KH FDQFHOORXV ERQH VFDIIROG ZDV GHYLGHG
LQ � JURXS � JURXS � � &DQFHOORXV ERQH VFDIIROG � DXWRORJRXV EORRG�GHULYHG
PHVHQFK\PDO VWHP FHOOV �$%06&V� DV FRQWURO� JURXS � � &DQFHOORXV ERQH VFDIIROG
ZLWK DXWRORJRXV EORRG�GHULYHG PHVHQFK\PDO VWHP FHOOV �$%06&V� ZLWK K\DOXURQLF
DFLG� JURXS � � &DQFHOORXV ERQH VFDIIROG � DXWRORJRXV EORRG�GHULYHG PHVHQFK\PDO
VWHP FHOOV �$%06&V� ZLWK K\DOXURQLF DFLG ZLWK JUDQXORF\WH VWLPXODWLRQ IDFWRUV
�*�&6) �1XSRJHQ 5  � DQG SODWHOHW ULFK SODVPD� 7KH VSHFLPHQV ZHUH DQDO\]HG IRU
FHOO DWWDFKPHQW DQG FHOO SUROLIHUDWLRQ E\ VFDQQLQJ HOHFWURQPLFURVFRSH�
FKRQGURJHQLF JHQH H⌧SUHVVLRQ E\ UHYHUVH WUDQVFULSHWDVH SRO\PHUDVH FKDLQ
UHDFWLRQ �57�3&5� � VR⌧�� DJJUHJDQ� FROODJHQ W\SH �� $QG DOVR FDUWLODJLQRXV
PDWUL⌧ IRUPDWLRQ E\ KLVWRORJLFDO VHFWLRQV RI VFDIIROG FRQVWUXFWV ZHUH VWDLQHG
ZLWK 7ROXLGLQH EOXH �SURWHRJO\FDQ� DQG 6DIUDQLQ�2 �V*$*� DW � ZHHN�

5HVXOWV
6FDQQLQJ HOHFWURQ PLFURVFRS\ UHYHDOHG WKDW WKHUH ZHUH VLJQLILFDQW
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GLIIHUHQFHV LQ FHOO DWWDFKPHQW DQG SUROLIHUDWLRQ RI DXWRORJRXV EORRG�GHULYHG
PHVHQFK\PDO VWHP FHOOV �$%06&V� RQ FDQFHOORXV ERQH LQ JURXS � �JUDQXORF\WH
VWLPXODWLRQ IDFWRUV �*�&6) �1XSRJHQ 5 � DQG SODWHOHW ULFK SODVPDV� PRUH WKDQ
JURXS � �K\DOXURQLF DFLG� DQG JURXS � �FRQWURO JURXS�� *HQH H⌧SUHVVLRQ RI
FKRQGURJHQLF GLIIHUHQWLDWLRQ PDUNHUV� VXFK DV WUDQVFULSWLRQ IDFWRU � �62;����
FROODJHQ W\SH ,, DQG DJJUHFDQ ZDV LQFUHDVLQJ RYHU WLPH XVLQJ UHYHUVH WUDQVFULSWDVH�
SRO\PHUDVH FKDLQ UHDFWLRQ �57�3&5� LQ JURXS � WKDQ JURXS �� JURXS �� +LVWRORJLFDO
DQDO\VLV GHPRQVWUDWHG VWDLQLQJ RI ERWK WROXLGLQH EOXH VWDLQLQJ IRU SURWHRJO\FDQ
DQG VDIUDQLQ�2 VWDLQLQJ IRU JO\FRVDPLQRJO\FDQ�

7KH FRPELQDWLRQ RI DXWRORJRXV EORRG�GHULYHG PHVHQFK\PDO VWHP FHOOV
�$%06&V� RQ FDQFHOORXV ERQH ZLWK JUDQXORF\WH VWLPXODWLRQ IDFWRUV �*�&6)
�1XSRJHQ 5  � DQG SODWHOHW ULFK SODVPDV� HQKDQFHG DQG PD⌧LPL]HG FKRQGURJHQLF
GLIIHUHQWLDWLRQ SRWHQWLDO RI KXPDQ FDQFHOORXV ERQH VFDIIROG ZLWK K\DOXURQLF
DFLG RQ LQ FHOO� DWWDFKPHQW� SUROLIHUDWLRQ� GLIIHUHQWLDWLRQ�
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