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0L[HG�&U\VWDO�3RZGHUV�LQ�$TXHRXV�0HGLD

&KXOODH &KR� 6HMLQ 3DUN� DQG +DVXFN .LP

'LYLVLRQ RI &KHPLVWU\ DQG 0ROHFXODU (QJLQHHULQJ� 6HRXO 1DWLRQDO 8QLYHUVLW\� 6HRXO �������� .RUHD

5HFHLYHG -XO\ �� ����

0L[HG FU\VWDO SRZGHUV EDVHG RQ &G� )H� DQG 6 KDYH EHHQ V\QWKHVL]HG E\ YDU\LQJ WKH UDWLR RI &G6 DQG )H6� LQ

RUGHU WR ILQG D VXLWDEOH PDWHULDO XVHIXO IRU WKH HIIHFWLYH FRQYHUVLRQ RI VRODU HQHUJ\� +\GURJHQ JDV ZDV HYROYHG

RQO\ ZLWK &G6�3W E\ SKRWRFDWDO\WLF UHDFWLRQ XQGHU ZKLWH OLJKW LQ DQ DTXHRXV � 0 VRGLXP VXOILWH VROXWLRQ� )URP

HOHFWURFKHPLFDO VWXGLHV RI VHPLFRQGXFWRU HOHFWURGHV� LW ZDV VKRZQ WKDW WKH RQVHW SRWHQWLDO VKLIWHG WR WKH SRVLWLYH

GLUHFWLRQ DQG WKDW WKH EDQGJDS HQHUJ\ DOVR GHFUHDVHG DV WKH PRODU UDWLR RI )H LQFUHDVHG� $ K\GURJHQ HYROXWLRQ

PHFKDQLVP LQ WHUPV RI WKH FRQGXFWLRQ EDQG SRWHQWLDO DQG K\GURJHQ HYROXWLRQ SRWHQWLDO LV SURSRVHG�

,QWURGXFWLRQ

7KH SKRWRHOHFWURFKHPLVWU\ RI VHPLFRQGXFWRUV� ZKLFK LV

DVVRFLDWHG ZLWK VRODU HQHUJ\ DSSOLFDWLRQ DQG SKRWRFKHPLFDO

HQHUJ\ FRQYHUVLRQ KDV EHHQ RQH RI WKH PRVW H[WHQVLYHO\

VWXGLHG ILHOGV�� 0RUHRYHU� PRVW VWXGLHV ZHUH RQ K\GURJHQ

HYROXWLRQ EHFDXVH RI LWV SRWHQWLDO YDOXH DV D FOHDQ IXHO LQ WKH

QH[W FHQWXU\��5HFHQWO\� HQYLURQPHQWDO FRQFHUQV DQG UHSODF�

LQJ IRVVLO IXHO DUH LQWURGXFLQJ D UHQHZHG LQWHUHVW LQ K\GURJHQ

HYROXWLRQ IURP SKRWRHOHFWURO\VLV RI ZDWHU�

:KHQ D VHPLFRQGXFWRU HOHFWURGH DEVRUEV SKRWRQV ZLWK DQ

HQHUJ\ JUHDWHU WKDQ LWV EDQGJDS� HOHFWURQV FDQ EH H[FLWHG WR

WKH FRQGXFWLRQ EDQG� WKXV FUHDWLQJ HOHFWURQ�KROH SDLUV�� ,Q

WKH FDVH RI DQ Q�W\SH VHPLFRQGXFWRU� WKH HOHFWULF ILHOG GULYHV

SKRWRJHQHUDWHG KROHV WRZDUG WKH LQWHUIDFLDO UHJLRQ DQG HOHF�

WURQV WRZDUG WKH LQWHULRU RI WKH HOHFWURGH� 6XFK SKRWRJHQHU�

DWHG KROHV DQG HOHFWURQV FDQ SDUWLFLSDWH LQ D UHGR[ UHDFWLRQ

ZLWK YDULRXV FKHPLFDO VSHFLHV� +\GURJHQ HYROXWLRQ UHVXOWV

IURP WKH UHGXFWLRQ RI ZDWHU E\ HOHFWURQV� ,W LV ZHOO NQRZQ

WKDW WKH UHGXFLQJ DELOLW\ RI HOHFWURQV LQ D KLJKO\ GRSHG VHPL�

FRQGXFWRU GHSHQGV PDLQO\ RQ WKH HQHUJ\ OHYHO RI WKH FRQ�

GXFWLRQ EDQG��

$W WKH PRPHQW� VHPLFRQGXFWRU PDWHULDOV DUH QRW VDWLVIDF�

WRU\ LQ SKRWRFDWDO\WLF UHDFWLRQV EHFDXVH RI WKHLU ODFN RI VWD�

ELOLW\ DQG ORZ HIILFLHQF\ IRU VRODU HQHUJ\ FRQYHUVLRQ� &G6

KDV EHHQ XVHG PRVW RIWHQ IRU K\GURJHQ HYROXWLRQ IURP ZDWHU�

EXW WKH EDQGJDS ���� H9� LV WRR ODUJH WR XWLOL]H WKH VSHFWUXP

RI VXQOLJKW HIIHFWLYHO\���� 2Q WKH RWKHU KDQG� HYHQ WKRXJK

)H6� KDV VHYHUDO DGYDQWDJHV VXFK DV VXLWDEOH HQHUJ\ JDS

����� H9�� KLJK DEVRUSWLRQ FRHIILFLHQW �� × ��� FP−� IRU Kν ≥
��� H9�� ODUJH QDWXUDO DEXQGDQFH DQG ORZ FRVW�� LW WXUQHG RXW

WKDW LW LV QRW DQ HIIHFWLYH FDWDO\VW IRU K\GURJHQ HYROXWLRQ�

3K\VLFDO DQG FKHPLFDO SURSHUWLHV RI )H6� ZHUH UDWKHU VLPLODU

WR WKRVH RI &G6�

)RU HIILFLHQW VRODU HQHUJ\ FRQYHUVLRQ DQG K\GURJHQ HYROX�

WLRQ� 7VXERPXUD� DQG 7ULEXWVFK HW DO�� KDYH VXJJHVWHG FOXVWHU

PDWHULDOV VXFK DV &G6��[6H[� 7KLV SURPSWHG XV WR VWXG\ WKH

PL[HG FU\VWDOV RI WKH &G�)H�6 V\VWHP� ,Q WKLV SDSHU� ZH

UHSRUW RQ WKH HOHFWURFKHPLFDO FKDUDFWHUL]DWLRQ DQG K\GURJHQ

HYROXWLRQ RI PL[HG FU\VWDOV ORDGHG ZLWK 3W WR IRUP PLFUR�

SKRWRFHOOV�

([SHULPHQWDO 6HFWLRQ

&G6 ����� DQG )H6� ������� ���� PHVK� ZHUH SXUFKDVHG

IURP $OGULFK &KHPLFDO &R� DQG XVHG ZLWKRXW IXUWKHU SXULIL�

FDWLRQ� 7KH FU\VWDO VWUXFWXUH RI &G6 ZDV DPRUSKRXV DQG WKH

SDUWLFOH VL]H ZDV DERXW ���� µP� 7KH FU\VWDO VWUXFWXUH RI

)H6� ZDV FXELF� 2WKHU FKHPLFDOV ZHUH DOO UHDJHQW JUDGH�

6ROXWLRQV ZHUH SUHSDUHG ZLWK WULSO\ GLVWLOOHG ZDWHU �1DQR�

SXUH ,,� %DUQVWHDG� %RVWRQ� 0$�� 7KH S+ RI WKH VROXWLRQ ZDV

DGMXVWHG WR ��� E\ DGGLQJ ERULF DFLG� EHFDXVH WKH PL[HG FU\�

VWDO SRZGHUV ZHUH VROXEOH LQ ERWK VWURQJ DFLG DQG EDVH VROX�

WLRQV�

&G�)H�6 SRZGHUV ZHUH SUHSDUHG E\ JULQGLQJ &G6 DQG

)H6� LQ DQ DJDWH PRUWDU DQG KHDWLQJ DW ���
R& IRU �� K XQGHU

QLWURJHQ FRQGLWLRQ LQ DQ HOHFWULF IXUQDFH� 7KH PRODU UDWLR RI

HDFK HOHPHQW ZDV FRQWUROOHG E\ YDU\LQJ WKH PRODU UDWLR RI

&G6 DQG )H6�� 7KH PRODU UDWLR RI WKH PL[HG FU\VWDO SRZGHU

ZDV REWDLQHG E\ DQDO\]LQJ WKH GLVVROYHG VROXWLRQ ZLWK DQ

,&3 VSHFWURSKRWRPHWHU �3ODVPDVFDQ ����� /DEWDP &R� $XV�

WUDOLD�� 7KH &G�)H�6 PL[HG FU\VWDO SRZGHUV ZHUH ORDGHG

ZLWK 3W SRZGHU �� ZW�� E\ H[WHQVLYH VKDNLQJ� (OHFWURFKHP�

LFDO PHDVXUHPHQW VHWXS LV VKRZQ LQ )LJXUH �� $OVR WKH VHPL�

FRQGXFWRU SHOOHW HOHFWURGH LV VKRZQ LQ WKH )LJXUH�

3KRWRFDWDO\WLF K\GURJHQ HYROXWLRQ ZDV PHDVXUHG ZLWK D

ZDWHU MDFNHWHG ���P/ JODVV IODVN DW ������ R& LQVWHDG RI WKH

HOHFWURFKHPLFDO PHDVXUHPHQW FHOO VKRZQ LQ )LJXUH �� 7KH

SKRWRFDWDO\WLF FHOO FRQWDLQV �� P/ RI DTXHRXV VROXWLRQ RI �

0 VRGLXP VXOILWH DQG ��� PJ SKRWRFDWDO\VW� 7KLV VXVSHQVLRQ

VROXWLRQ ZDV SXUJHG ZLWK 1� IRU �� PLQ� 7KH IODVN ZDV JDV�

WLJKW ZLWK D FDS PDGH RI D VLOLFRQH VHSWXP� DQG WKH SKRWRFDW�

)LJXUH �� 6FKHPDWLF VHWXSV RI SKRWRHOHFWURFKHPLFDO H[SHULPHQW�



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � &KXOODH &KR HW DO�

DO\WLF UHDFWLRQ ZDV VWXGLHG XQGHU LOOXPLQDWLRQ ZLWK D ��� :

[HQRQ DUF ODPS �2ULHO� 6WUDWIRUG� &7� RI ZKLWH OLJKW WKURXJK

ZDWHU ILOWHU� 7KH DPRXQW RI K\GURJHQ JDV ZDV PHDVXUHG ZLWK

D JDV FKURPDWRJUDSK �+HZOHWW�3DFNDUG� +3����$��

3HOOHWV RI &G6� )H6� DQG PL[HG FU\VWDO PDWHULDOV ZHUH

PDGH DW D SUHVVXUH RI ��� .J�FP� IRU � PLQ� 3HOOHWV RI PL[HG

FU\VWDO PDWHULDOV ZHUH KHDWHG DW ��� R& IRU � K XQGHU QLWUR�

JHQ FRQGLWLRQ� 7KLFNQHVV DQG GLDPHWHU ZHUH DERXW � PP DQG

�� PP� UHVSHFWLYHO\� 7KH HOHFWURFKHPLFDO FKDUDFWHUL]DWLRQ

RI WKHVH SHOOHWV ZHUH PDGH LQ D WKUHH�HOHFWURGH FHOO ZLWK D

SODWLQXP JDX]H FRXQWHU HOHFWURGH DQG D VDWXUDWHG FDORPHO

UHIHUHQFH HOHFWURGH� 3RWHQWLRVWDWLF DQDO\VLV RI WKH VHPLFRQ�

GXFWRU ZRUNLQJ HOHFWURGH ZDV FDUULHG RXW ZLWK D 3$5 HOHF�

WURFKHPLVWU\ V\VWHP FRQVLVWHG RI PRGHOV ��� DQG ��� �(*

	*� 3ULQFHWRQ $SSOLHG 5HVHDUFK &RUS�� 3ULQFHWRQ� 1� -���

;�UD\ GLIIUDFWLRQ SDWWHUQV RI WKH VHPLFRQGXFWRU SRZGHU

ZHUH REWDLQHG ZLWK D *HLJHUIOH[ GLIIUDFWRPHWHU �5LJDNX�

-DSDQ� XVLQJ &X�.α UDGLDWLRQ�

7KH EDQGJDS RI VHPLFRQGXFWRUV ZDV PHDVXUHG E\ SORWWLQJ

ZDYHOHQJWK YHUVXV SKRWRFXUUHQW REWDLQHG XQGHU WKH LOOXPL�

QDWLRQ ZLWK D ;H DUF ODPS �)DUUDQG 2SWLFDO &R� ,QF�� ��� :�

DQG D 1HUQVW JORZHU ZLWK PRQRFKURPDWRU �6KLPDG]X &R�

-DSDQ��

5HVXOWV DQG 'LVFXVVLRQ

,Q )LJXUH �� ;5' SDWWHUQV RI SXUH &G6�D�� SXUH )H6��H��

DQG D PL[WXUH RI &G6 DQG )H6� SRZGHU�E� ZLWKRXW KHDW WUHDW�

PHQW DUH VKRZQ� ZKLFK GHQRWH WKH DPRUSKRXV VWUXFWXUH RI

&G6� WKH FXELF VWUXFWXUH RI )H6�� DQG WKH PL[HG VWUXFWXUH RI

DPRUSKRXV &G6 DQG FXELF )H6�� UHVSHFWLYHO\� 2ULJLQDO SHDNV

RI WKH &G6 SKDVH RI KH[DJRQDO FU\VWDO VWUXFWXUH FDQ EH VHHQ

DQG DGGLWLRQDO SHDNV SUREDEO\ GXH WR WKH SUHVHQFH RI

&G��[)H[6 VWDUW WR DSSHDU E\ KHDWLQJ DW ��� R& IRU � K�F��

3HDNV GXH WR )H6� DUH QRW REVHUYHG LQ �θ YDOXHV EHWZHHQ ��R
DQG ��R� $IWHU KHDWLQJ DW ��� R& IRU �� K�G�� RQO\ QHZ SHDNV

DUH FOHDUO\ REVHUYHG� +HUH� ZH DUH DEOH WR REVHUYH WKH &G6

SHDNV FKDQJHG WR KH[DJRQDO ODWWLFH �PDUNHG DV R� DQG VRPH

XQH[SHFWHG SHDNV �PDUNHG DV [� GXH WR )H6� 7R LGHQWLI\

WKHVH SHDNV� )H6� SRZGHUV RI ��� J ZHUH KHDWHG XQGHU QLWUR�

JHQ FRQGLWLRQ DW ��� R& IRU �� K� ,WV ;5' SDWWHUQV�I� FRUUH�

VSRQGHG ZHOO WR WKHVH SHDNV� -RYDQRYLF�� UHSRUWHG WKDW WKH

WKHUPDO GHFRPSRVLWLRQ RI )H6� LQ D QLWURJHQ DWPRVSKHUH ZDV

SURFHHGHG DV IROORZLQJ�

�)H6� → �)H6 � 6�

+HDWHG )H6�� WKHUHIRUH� PXVW EH )H6� ([FHVV )H6�ZKLFK LV

QRW SDUWLFLSDWHG WR IRUP D VROLG VROXWLRQ ZLWK &G6 GHFRP�

SRVHV WR )H6� 7KH DWRPLF FRPSRVLWLRQ RI WKLV FU\VWDO SRZGHU

LV GHWHUPLQHG DV &G � )H � 6  ���� � ���� � �� +RZHYHU� WKH

DWRPLF FRPSRVLWLRQ LV QRW FULWLFDO GXH WR WKH SUHVHQFH RI )H6�

'LIIHUHQW �θ YDOXHV KDYH EHHQ REWDLQHG DV WKH PRODU UDWLR RI

&G� )H DQG 6 FKDQJHV� �)LJXUH �� )URP ;5' SDWWHUQV� WKH

FULWLFDO SRLQW RI VROLG VROXWLRQ LV REWDLQHG ZKHQ WKH [ YDOXH LQ

&G��[)H[6 LV DERXW ���� 7KH ODWWLFH SDUDPHWHUV RI WKH &G6

SODQH GHFUHDVHG OLQHDUO\ DV WKH [ �� ≥ [ ≥ �� LQFUHDVHG� 7KHVH

UHVXOWV LQGLFDWH WKDW VROLG VROXWLRQV VHHP WR IRUP E\ KHDW

WUHDWPHQW DW ��� R& IRU �� K�

7KH EDQGJDS HQHUJ\ LV GHWHUPLQHG E\ YDU\LQJ WKH ORQJHVW

ZDYHOHQJWK ZKLFK SURGXFHV DQ DQRGLF SKRWRFXUUHQW DW WKH

HOHFWURGH KHOG DW D VDWXUDWLRQ SRWHQWLDO� )LJXUH � VKRZV WKDW

WKH RQVHW SRWHQWLDO RI DQRGLF SKRWRFXUUHQW VKLIWV WR WKH ORQJHU

ZDYHOHQJWK DV WKH PRODU UDWLR RI )H LQ WKH PL[HG FU\VWDO

SRZGHU LQFUHDVHV� 7KH EDQGJDS HQHUJ\ RI D VHULHV RI PL[HG

FU\VWDO ZLWK GLIIHUHQW )H FRQWHQW IURP ]HUR �SXUH &G6� WR

XQLW\ �SXUH )H6�� GHFUHDVHV IURP ���� H9 WR ���� H9�

7KH DPRXQW RI K\GURJHQ JDV HYROYHG E\ WKH SKRWRFDWDO\WLF

UHDFWLRQ RI &G6�3W ZLWK ZKLWH OLJKW LOOXPLQDWLRQ IRU �� K LV

GHWHUPLQHG DV �� µPRO� :LWK &G�)H�6 PL[HG FU\VWDO SRZ�

GHUV� QR K\GURJHQ JDV LV GHWHFWHG�

,Q RUGHU WR H[SODLQ WKHVH UHVXOWV� SKRWRHOHFWURFKHPLFDO

PHDVXUHPHQW ZDV FDUULHG RXW WR ILQG WKH UHODWLRQVKLS EHW�

ZHHQ WKH IODWEDQG SRWHQWLDO RI VHPLFRQGXFWRU PDWHULDO DQG

K\GURJHQ HYROXWLRQ SRWHQWLDO�

)LJXUH � VKRZV WKH L�Y FXUYHV RI VHPLFRQGXFWRU HOHFWURGHV

XVHG LQ WKLV VWXG\� $V WKH PRODU UDWLR RI )H LQ WKH PL[HG FU\�

VWDO SRZGHU LQFUHDVHV� WKH RQVHW SRWHQWLDO VKLIWV WR WKH SRVL�

WLYH GLUHFWLRQ� 7KH RQVHW SRWHQWLDO RI &G6 LV ����� 9� ,Q WKH

)LJXUH �� ;5' SDWWHUQV RI &G����)H����6 VHPLFRQGXFWRU ZLWK YDUL�
RXV KHDW WUHDWPHQWV� QRQH�E�� DW ��� R& IRU � K�F�� DQG DW ��� R& IRU
�� K�G�� 3XUH &G6 ZLWKRXW KHDW WUHDWPHQW�D�� SXUH )H6� ZLWKRXW
KHDW WUHDWPHQW�H� DQG )H6� KHDWHG DW ��� R& IRU �� K �GHFRPSRVHG
WR )H6� �I��

)LJXUH �� ;5' SDWWHUQV RI &G����)H����6�E�� &G����)H����6�F�� &G�����
)H����6�G�� DQG &G����)H����6 DW ��� R& IRU �� K�H�� 3XUH &G6
ZLWKRXW KHDW WUHDWPHQW�D�� SXUH )H6� ZLWKRXW KHDW WUHDWPHQW�I�� DQG
)H6� KHDWHG DW ���

R& IRU �� K �GHFRPSRVHG WR )H6� �J��
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FDVH RI &G6� WKH LQFUHDVH LQ S+ VKLIWV WKH RQVHW SRWHQWLDO WR

WKH QHJDWLYH GLUHFWLRQ� 7KLV LV WKH VDPH WUHQG DV WKH K\GUR�

JHQ HYROXWLRQ WKDW SRWHQWLDO VKLIWV WR WKH QHJDWLYH GLUHFWLRQ

E\ LQFUHDVLQJ WKH S+� 7KH PL[HG FU\VWDO SRZGHU ZLWK D

KLJKHU )H FRQWHQW SURGXFHV D ODUJHU VDWXUDWLRQ SKRWRFXUUHQW

LQ WKH SRVLWLYH VFDQ� 7KLV LV GLUHFWO\ UHODWHG WR WKH EDQGJDS RI

WKH HOHFWURGH� %HFDXVH WKH DEVRUSWLRQ ZDYHOHQJWK RI D VHPL�

FRQGXFWRU ZLWK D QDUURZ EDQGJDS LV EURDG� VXFK D VHPLFRQ�

GXFWRU DEVRUEV D ODUJH QXPEHU RI SKRWRQV DQG WKHUH DUH

PDQ\ SKRWRJHQHUDWHG HOHFWURQV LQ WKH FRQGXFWLRQ EDQG� ,Q

)LJXUH �� DQ HQRUPRXVO\ ODUJH SKRWRFXUUHQW IURP )H6� LV

REVHUYHG LQ WKH SRVLWLYH SRWHQWLDO VFDQ FRPSDUHG WR WKH &G6

VHPLFRQGXFWRU� (QHUJ\ FRQYHUVLRQ HIILFLHQF\ RI )H6� DQG

PL[HG FU\VWDO VHPLFRQGXFWRUV KDYH VLJQLILFDQWO\ LQFUHDVHG�

DOWKRXJK QR K\GURJHQ JDV LV HYROYHG E\ FDWKRGLF SKRWRFDWD�

O\WLF UHDFWLRQ� 7KLV LQGLFDWHV WKDW WKH PL[HG FU\VWDOV DUH Q�

W\SH VHPLQFRQGXFWRUV�

)LJXUH � VKRZV WKH YDULDWLRQ RI IODWEDQG SRWHQWLDO E\ PRODU

IUDFWLRQ RI )H� 7KH FRQGXFWLRQ EDQG HGJH FDQ EH H[SUHVVHG

DV WKH IROORZLQJ HTXDWLRQ��

9F�V  9IO − �(F − (I��T

ZKHUH 9F�V� 9IO� (F� (I DQG T LV WKH FRQGXFWLRQ EDQG HGJH� IODW�

EDQG SRWHQWLDO� FRQGXFWLRQ EDQG OHYHO� )HUPL OHYHO DQG HOHF�

WURQ FKDUJH� UHVSHFWLYHO\� ,I D VHPLFRQGXFWRU LV UDWKHU KLJKO\

GRSHG� WKH GLIIHUHQFH EHWZHHQ WKH )HUPL OHYHO DQG WKH ERW�

WRP RI WKH FRQGXFWLRQ EDQG LV QHJOLJLEO\ VPDOO��� 7KHUHIRUH�

WKH FRQGXFWLRQ EDQG HGJH DQG IODWEDQG SRWHQWLDO DUH DOPRVW

HTXDO� 7KH GRSLQJ OHYHO RI PL[HG FU\VWDO VHPLFRQGXFWRUV

XVHG LQ WKLV VWXG\ LV YHU\ KLJK� VR WKHVH OHYHOV DUH SUREDEO\

HTXDO� 7KHUHIRUH� WKH IODWEDQG SRWHQWLDO FDQ EH REWDLQHG IURP

WKH %XWOHU HTXDWLRQ��� %RWK &G6 DQG )H6� DUH SURYHG DV Q�

W\SH VHPLFRQGXFWRUV IURP UHVSHFWLYH L�Y FXUYHV�

+\GURJHQ JDV LV QRW HYROYHG E\ WKH SKRWRFDWDO\WLF UHDFWLRQ

H[FHSW LQ WKH FDVH RI &G6� 7KLV FDQ EH H[SODLQHG E\ WDNLQJ

LQWR DFFRXQW WKH IDFW WKDW WKH FRQGXFWLRQ EDQG RI PL[HG FU\V�

WDO SRZGHU DQG WKDW RI )H6� DUH YHU\ FORVH DQG OLH XQGHU WKH

K\GURJHQ HYROXWLRQ SRWHQWLDO� 7VXERPXUD HW DO�� KDYH H[�

SODLQHG WKH UHDVRQ ZK\ &G6H�DQ LQDFWLYLWH FDWDO\VW IRU

K\GURJHQ HYROXWLRQ� (J  ��� H9� HOHFWURGH RI &G6��[6H[
GRHV QRW HYROYH K\GURJHQ� DV WKH FRQGXFWLRQ EDQG RI &G6H

VLWXDWHV FORVHO\ WR WKH K\GURJHQ HYROXWLRQ SRWHQWLDO� 7KLV LV

LQ DFFRUGDQFH ZLWK WKH UHVXOWV RI RXU H[SHULPHQW� 7KH\ DOVR

KDYH SUHSDUHG &G6H�=Q6H PL[HG SRZGHU� E\ LQFRUSRUDWLQJ

=Q6H �(J  ��� H9� ZKLFK KDV QHJDWLYH FRQGXFWLRQ EDQG

SRWHQWLDO FRPSDUHG ZLWK &G6H� H[SHFWLQJ WKDW =Q6H ZRXOG

FKDQJH WKH FRQGXFWLRQ EDQG SRWHQWLDO RI &G6H� 7KH FRQGXF�

WLRQ EDQG SRWHQWLDO RI WKH PL[WXUH� KRZHYHU� LV QRW PRUH

QHJDWLYH WKDQ WKDW RI &G6H�

7KH SKRWRFDWDO\WLF UHDFWLRQ ZLWK PL[HG FU\VWDOV LV FDUULHG

RXW LQ +�2 � (W2+ �YRO� � � �� VROXWLRQ� EXW K\GURJHQ JDV LV

QRW HYROYHG� (WKDQRO LV QRW GHFRPSRVHG E\ WKLV SKRWRFDWD�

O\WLF UHDFWLRQ� 7KHUHIRUH� FDGPLXP�LURQ�VXOILGH FRPSRXQGV

DUH FDWDO\WLFDOO\ LQDFWLYH IRU K\GURJHQ HYROXWLRQ� ,W LV XQOLNH�

O\ WKDW WKH HOHFWURQV RQ 3W VXUIDFH DUH XVHG E\ UHDFWLRQV RWKHU

WKDQ WKH UHGXFWLRQ RI ZDWHU� ZKLFK LV XQGHU LQYHVWLJDWLRQ�

$FNQRZOHGJPHQW� 7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG

E\ WKH .26() WKURXJK WKH &HQWHU IRU 0ROHFXODU &DWDO\VLV�

6HRXO 1DWLRQDO 8QLYHUVLW\�

)LJXUH �� (IIHFW RI ZDYHOHQJWK RQ SKRWRFXUUHQW� &G6�D�� &G�����
)H����6�E�� &G����)H����6�F�� &G����)H����6�G�� &G����)H����6�H�� &G�����
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