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+LURVKL <DVKLPD

'HSDUWPHQW RI 4XDQWXP 6FLHQFH DQG (QHUJ\ (QJLQHHULQJ� 7RKRNX 8QLYHUVLW\� 

$RED��� $UDPDNL� $REDNX� 6HQGDL ���������-DSDQ

H�PDLO�\DVKLPD#F\ULF�WRKRNX�DF�MS

+LURVKL 6XJLWD� 7DNDVKL 1DNDPXUD� 7RPR\XNL 6KLRPL

'HSDUWPHQW RI 4XDQWXP 6FLHQFH DQG (QHUJ\ (QJLQHHULQJ� 7RKRNX 8QLYHUVLW\� 

$RED� $UDPDNL� $REDNX� 6HQGDL ���������-DSDQ

<RVKLWRPR 8ZDPLQR� 6DFKLNR ,WR

,QVWLWXWH RI 3K\VLFDO DQG &KHPLFDO 5HVHDUFK� +LURVDZD� :DNR� 6DLWDPD ������� -DSDQ

$NLIXPL )XNXPXUD

1DWLRQDO ,QVWLWXWH RI 5DGLRORJLFDO 6FLHQFHV� ������ $QDJDZD� ,QDJH�NX

&KLED�VKL� &KLED� ��������� -DSDQ

7KH UHDFWLRQ FURVV VHFWLRQV RI VSDOODWLRQ SURGXFWV LQ D &X WDUJHW E\

���0H9�QXFOHRQ 1H�&�+H�S DQG ���0H9�QXFOHRQ 1H�& LRQV ZHUH REWDLQHG� ,UUDGLDWLRQ

H[SHULPHQWV ZHUH SHUIRUPHG DW +,0$& �+HDY\ ,RQ 0HGLFDO $FFHOHUDWRU LQ &KLED��

1DWLRQDO ,QVWLWXWH RI 5DGLRORJLFDO 6FLHQFHV� *DPPD�UD\ VSHFWUD IURP DFWLYDWLRQ VDPSOHV

ZHUH PHDVXUHG ZLWK D +3*H GHWHFWRU� )URP WKH JDPPD�UD\ VSHFWUD� ZH REWDLQHG WKH

YDULDWLRQ RI UHDFWLRQ FURVV VHFWLRQV RI &O���� &U���� 0Q���� &X���� &X��� DQG &R���P LQ

&X VDPSOH ZLWK &X WDUJHW WKLFNQHVV DQG PDVV�\LHOG GLVWULEXWLRQ RI QXFOLGHV LQ &X

VDPSOH RQ WKH VXUIDFH RI &X WDUJHW� 7KH UHVXOWV VKRZHG WKDW WKH GHSHQGHQFH RI WKH FURVV

VHFWLRQV WR WKH SURMHFWLOH PDVV YDULHV ZLWK WKH PDVV QXPEHU GLIIHUHQFH EHWZHHQ &X DQG

SURGXFHG QXFOLGH

�� ,QWURGXFWLRQ

5HFHQWO\ WKH KLJK�HQHUJ\ DQG KLJK�LQWHQVLW\ DFFHOHUDWRUV KDYH LQFUHDVLQJO\ EHHQ

XVHG IRU QXFOHDU SK\VLFV� VROLG�VWDWH SK\VLFV� UDGLRWKHUDS\� PDWHULDO GDPDJH VWXG\� DQG

VR RQ� 6DIHW\ GHVLJQ FRQVLGHUDWLRQ IRU WKH DFFHOHUDWRU IDFLOLWLHV UHTXLUHV UHDFWLRQ FURVV



VHFWLRQ GDWD IRU KLJK�HQHUJ\ LRQV WR HVWLPDWH WKH UDGLRDFWLYLWLHV LQGXFHG LQ WKH

DFFHOHUDWRU FRPSRQHQWV DQG LQ WKH VKLHOGLQJ PDWHULDOV� :H WKHUHIRUH LUUDGLDWHG

���0H9�QXFOHRQ 1H�&�+H�S DQG ���0H9�QXFOHRQ 1H�& LRQV RQWR D &X WDUJHW� DQG

LQYHVWLJDWHG WKH SURMHFWLOH GHSHQGHQF\ RI LQGXFHG UDGLRDFWLYLWLHV RI VSDOODWLRQ SURGXFWV�

�� ([SHULPHQW DQG $QDO\VLV

,UUDGLDWLRQ H[SHULPHQWV ZHUH SHUIRUPHG DW +,0$& �+HDY\ ,RQ 0HGLFDO

$FFHOHUDWRU LQ &KLED�� 1DWLRQDO ,QVWLWXWH RI 5DGLRORJLFDO 6FLHQFHV� $ VFKHPDWLF YLHZ RI

WKH H[SHULPHQWDO VHW�XS LV VKRZQ LQ )LJ��� 7KH &X WDUJHW ZDV FRPSRVHG RI D VWDFN RI

���PP×���PP×�PP &X SODWHV� DQG &� $O� &U� )H� 1L� &X� 3E VDPSOHV ZHUH

LQVHUWHG EHWZHHQ WKH &X SODWHV� 7KH WKLFNQHVV RI &X WDUJHW LV ORQJHU WKDQ WKH IOLJKW SDWK

RI WKH SURMHFWLOH EHDP� 7DEOH� VKRZV WKH IOLJKW SDWK RI WKH SURMHFWLOH EHDP FDOFXODWHG E\

WKH 63$5 FRGH >�@� $IWHU LUUDGLDWLRQ� ZH PHDVXUHG WKH JDPPD�UD\ VSHFWUD IURP VDPSOHV

ZLWK D +3*H GHWHFWRU� )LJ�� VKRZV D VFKHPDWLF YLHZ RI WKH JDPPD�UD\ GHWHFWLRQ V\VWHP�

7KH UHDFWLRQ UDWHV RI UDGLRQXFOLGHV SURGXFHG LQ VDPSOHV ZKLFK ZHUH LGHQWLILHG IURP WKH

JDPPD�UD\ VSHFWUD DQG WKH GHFD\ FXUYHV ZHUH HVWLPDWHG DIWHU EHLQJ FRUUHFWHG IRU WKH

SHDN HIILFLHQF\ RI WKH +3*H GHWHFWRU DQG WKH FRLQFLGHQFH�VXPPLQJ HIIHFW�

�� 5HVXOWV DQG 'LVFXVVLRQV

)URP WKH UHDFWLRQ UDWHV� ZH REWDLQHG WKH UHDFWLRQ FURVV VHFWLRQV RI &O���� &U����

0Q��� &X���� &X��� DQG &R���P LQ D &X WDUJHW E\ ��� 0H9�QXFOHRQ 1H�&�+H�S DQG

���0H9�QXFOHRQ 1H�& LRQV DQG PDVV�\LHOG GLVWULEXWLRQ RI QXFOLGHV LQ &X VDPSOH DW VXUIDFH

RI &X WDUJHW�

)LJ�� VKRZV WKH YDULDWLRQ RI UHDFWLRQ FURVV VHFWLRQV RI &O��� SURGXFHG LQ WKH &X

VDPSOH ZLWK &X WDUJHW WKLFNQHVV� 7DUJHW WKLFNQHVV LV H[SUHVVHG DV WKH XQLW RI WKH IOLJKW

SDWK� ,Q )LJ��� WKH UHDFWLRQ FURVV VHFWLRQV RI &O��� DUH DOPRVW FRQVWDQW GRZQ WR WKH EHDP

IOLJKW SDWK DQG UDSLGO\ GHFUHDVH EH\RQG LW LQ WKH FDVH RI & DQG 1H LRQ

��������0H9�QXFOHRQ� LUUDGLDWLRQV� ZKLOH LW JUDGXDOO\ GHFUHDVHV ZLWK WDUJHW WKLFNQHVV LQ

WKH FDVH RI ���0H9�QXFOHRQ +H LRQ� 6LQFH WKH PDVV QXPEHU GLIIHUHQFH EHWZHHQ &X DQG

&O��� LV ODUJH� &O��� LV SURGXFHG GRPLQDQWO\ E\ D SULPDU\ SURMHFWLOH EHDP�

)LJ�� VKRZV WKH YDULDWLRQ RI UHDFWLRQ FURVV VHFWLRQV RI &U��� SURGXFHG LQ WKH &X

VDPSOH ZLWK &X WDUJHW WKLFNQHVV� ,Q )LJ��� WKH UHDFWLRQ FURVV VHFWLRQV RI &U��� LQFUHDVH

GRZQ WR WKH EHDP IOLJKW SDWK DQG GHFUHDVH EH\RQG LW LQ WKH FDVH RI & DQG 1H LRQ

��������0H9�QXFOHRQ� LUUDGLDWLRQV ZKLOH LW LV DOPRVW FRQVWDQW GRZQ WR WKH EHDP IOLJKW

SDWK DQG UDSLGO\ GHFUHDVH EH\RQG LW LQ WKH FDVH RI ���0H9�QXFOHRQ +H LRQ DQG LW

PRQRWRQRXVO\ GHFUHDVHV ZLWK WDUJHW WKLFNQHVV LQ WKH FDVH RI ���0H9�QXFOHRQ S LRQ� 6LQFH

WKH PDVV QXPEHU RI &U��� EHFRPHV FORVHU WR &X WKDQ WKDW RI &O���� WKH IUDFWLRQ RI &U���



SURGXFHG E\ VHFRQGDU\ SDUWLFOHV LQFUHDVHV�

)LJV�� WR � VKRZ WKH YDULDWLRQ RI UHDFWLRQ FURVV VHFWLRQV RI 0Q����&X����&X����&R���P

SURGXFHG LQ WKH &X VDPSOH ZLWK &X WDUJHW WKLFNQHVV� UHVSHFWLYHO\� ,Q WKHVH ILJXUHV� WKH

UHDFWLRQ FURVV VHFWLRQV RI WKHVH QXFOLGHV VKRZ WKH VLPLODU WHQGHQF\ DV WKDW RI &U���

DOWKRXJK WKH FURVV VHFWLRQ LQFUHDVH ZLWK WKH WDUJHW WKLFNQHVV LV PXFK KLJKHU IRU

VSDOODWLRQ SURGXFWV RI OLJKWHU PDVV�

)LJ�� VKRZV WKH PDVV�\LHOG GLVWULEXWLRQ RI QXFOLGHV LQ &X VDPSOH RQ WKH VXUIDFH RI &X

WDUJHW� 7KH FURVV VHFWLRQ LV QRUPDOL]HG WR WKH FURVV VHFWLRQ IRU ���0H9�X 1H LRQV� 7DEOH�

VKRZV WKH FURVV VHFWLRQ UDWLR RI QXFOLGHV QRUPDOL]HG WR WKH FURVV VHFWLRQ IRU ���0H9�X S

LRQV� ,Q )LJ�� DQG 7DEOH�� WKH SURMHFWLOH GHSHQGHQF\ RI WKH FURVV VHFWLRQ LV VPDOO LQ WKH

QXFOLGH RI ZKLFK WKH PDVV QXPEHU LV FORVHU WR &X ZKLOH LW EHFRPHV ODUJHU ZLWK WKH ORZHU

PDVV QXFOLGHV�
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��&RQFOXVLRQ

:H SHUIRUPHG WKH LUUDGLDWLRQ H[SHULPHQWV E\ ���0H9�QXFOHRQ 1H�&�+H�S DQG

���0H9�QXFOHRQ LRQV� DQG REWDLQHG WKH YDULDWLRQ RI UHDFWLRQ FURVV VHFWLRQV RI QXFOLGHV

SURGXFHG LQ &X VDPSOH ZLWK &X WDUJHW WKLFNQHVV DQG PDVV�\LHOG GLVWULEXWLRQ RI QXFOLGHV LQ

&X VDPSOH RQ WKH VXUIDFH RI &X WDUJHW� ,W ZDV IRXQG WKDW WKHVH FURVV VHFWLRQV KDYH WZR

WHQGHQFLHV� :KHQ WKH PDVV QXPEHU GLIIHUHQFH EHWZHHQ &X DQG SURGXFHG QXFOLGH LV VPDOO�

WKH IUDFWLRQ RI QXFOLGHV SURGXFHG E\ VHFRQGDU\ SDUWLFOH LV ODUJH� 7KH UHDFWLRQ FURVV

VHFWLRQ LV DOPRVW HTXDO IRU 1H DQG & LRQV EXW VPDOOHU IRU +H DQG S LRQV� 7KH PRUH WKH

SURMHFWLOH PDVV QXPEHU RI LRQ DQG HQHUJ\ LQFUHDVHV� WKH PRUH WKH UHDFWLRQ FURVV VHFWLRQ

LQFUHDVHV WRZDUG WKH LQQHU SDUW RI &X WDUJHW� :KHQ WKH PDVV QXPEHU GLIIHUHQFH EHWZHHQ

&X DQG SURGXFHG QXFOLGH LV ODUJH� ZKHUH WKH WKUHVKROG HQHUJ\ LV KLJK� DQG QXFOLGH LV

DOPRVW SURGXFHG E\ D SULPDU\ SURMHFWLOH EHDP� 7KH FURVV VHFWLRQ GLIIHUHQFH EHWZHHQ 1H�&

DQG +H�S EHFRPHV ODUJHU LQ WKH ORZHU PDVV QXFOLGHV� :H DUH QRZ DQDO\]LQJ WKH LQGXFHG

UDGLRDFWLYLWLHV SURGXFHG LQ RWKHU VDPSOHV�

5HIHUHQFHV

>�@ 7� 1DNDQH� 1XFO� 3K\V�� $���� ��� �������


