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�� ,QWURGXFWLRQ

$PPRQLXP LRQ� QLWULWH DQG QLWUDWH ZHUH WKH EDFWHULDO

PHWDEROLWHV SURGXFHG LQ WKH PHWDEROLVPV IRU EDFWHULDO

R[LGDWLRQ RI RUJDQLF QLWURJHQ FRPSRXQGV RU LQ WKH

DQDHURELF EDFWHULDO UHVSLUDWLRQ ZLWK LQRUJDQLF QLWURJHQ

FRPSRXQGV DV WKH HOHFWURQ DFFHSWRUV� 7KH LQRUJDQLF

QLWURJHQ FRPSRXQGV DUH DEVROXWHO\ UHTXLUHG IRU JURZWK

RI WKH DXWRWURSKLF PLFURRUJDQLVP EHFDXVH WKH QLWURJHQ

LV WKH NH\ HOHPHQW IRU WKH ELRV\QWKHVLV RI PLFURRUJDQLVP

OLYLQJ LQ QDWXUDO HFRV\VWHP����� (VSHFLDOO\� ZKHQ WKH

RUJDQLF FDUERQV DUH QRW HQRXJK IRU WKH KHWHURWURSKV DQG

WKH LQRUJDQLF QLWURJHQ FRPSRXQGV DUH IORZQ LQ WKH

QDWXUDO ZDWHU VWUHDP ZLWKRXW FRQWDPLQDQWV DOJDH KDV WR

EH VXGGHQO\ LQFUHDVHG� 7KH RXWEUHDN RI DOJDH LV WKH

PRVW LPSRUWDQW IDFWRU IRU FRQWDPLQDWLRQ RI QDWXUDO

ZDWHU VXFK DV WKH ULYHUV� WKH ODNHV DQG WKH VHD� 7KH

GHDG DOJDH FRQWDLQLQJ DEXQGDQW RUJDQLF FDUERQ DQG

QLWURJHQ LV WKH ILUVW IDFWRU IRU WKH VHFRQGDU\ DQG WHUWLDU\

FRQWDPLQDWLRQ RI QDWXUDO HFRV\VWHP��� *HQHUDOO\� D ELJ

TXDQWLW\ RI LQRUJDQLF QLWURJHQ LV GLIILFXOW WR SURGXFHG

IURP QDWXUDO HFRV\VWHP RU IORZ LQ WKH QDWXUDO HFR�

V\VWHP LQ WKH FRXUVH RI HFRORJLFDO F\FOH RI QLWURJHQ�

+RZHYHU� WKH KLJK FRQFHQWUDWLRQ RI LQRUJDQLF QLWURJHQ

FRPSRXQGV RYHU WKH UDQJH QHHGHG IRU HFRORJLFDO UHF\FOLQJ

KDYH EHHQ GLVFKDUJHG IURP ZDVWHZDWHU WUHDWPHQW

V\VWHPV RU SODQWV� $FWXDOO\� WKH UHVXOWV SURGXFHG IURP

WKH YDULRXV UHVHDUFKHV IRU UHGXFWLRQ RI LQRUJDQLF

QLWURJHQ GLVFKDUJHG IURP ZDVWHZDWHU WUHDWPHQW V\VWHP

KDYH EHHQ SURJUHVVHG DQG SUDFWLFDO� EXW QRW FRPSOHWHG�

)RU SURWHFWLRQ DJDLQVW FRQWDPLQDWLRQ RI QDWXUDO HFR�

V\VWHP E\ WKH LQRUJDQLF QLWURJHQ FRPSRXQGV� ZKLFK

KDYH WR EH UDSLGO\ DQG SUHFLVHO\ GHWHFWHG EHIRUH WKH

WUHDWPHQW ZDWHU LV GLVFKDUJHG IURP ZDVWHZDWHU WUHDW�

PHQW V\VWHP WR WKH QDWXUDO ZDWHU VWUHDP� 2QFH WKH

ZDVWHZDWHU FRQWDLQLQJ WKH LQRUJDQLF QLWURJHQ FRPSRXQGV

ZDV GLVFKDUJHG LQWR QDWXUDO ZDWHU VWUHDP� WKH LQRUJDQLF

QLWURJHQ FRPSRXQGV FDQQRW EH UHPRYHG IURP WKH ZDWHU

VWUHDP����� 7KLV LV WKH UHDVRQ ZK\ WKH PHDVXUHPHQW

WLPH IRU GHWHFWLRQ RI WKH LQRUJDQLF QLWURJHQ FRPSRXQGV

KDV QRW WR EH RYHU �� PLQXWHV� ,I WKH VDPSOH QXPEHU LV

�� WKH WUHDWHG ZDWHU KDV WR EH VWRUHG LQ WKH UHVHUYRLU

IRU DW OHDVW ��� PLQXWHV GXULQJ DQDO\VLV� IRU ZKLFK WKH

ODUJH VFDOH RI UHVHUYRLU KDV WR EH FRQVWUXFWHG� $QRWKHU

SUREOHP FDQ EH KDSSHQHG IURP WKH FRQFHQWUDWLRQ RI

LQRUJDQLF QLWURJHQ FRPSRXQGV� ZKLFK FDQ EH RYHU WKH

OLPLWDWLRQ YDOXH� ,Q WKLV FDVH� WKH WUHDWHG ZDWHU KDV WR EH

UHF\FOHG IURP WKH UHVHUYRLU WR WUHDWPHQW V\VWHP�

7KH HOHFWURFKHPLFDO VHQVRUV IRU GHWHFWLRQ RI LQRUJDQLF

QLWURJHQ FRPSRXQGV KDYH EHHQ GHYHORSHG DQG KDYH

EHHQ FRPPRQO\ XVHG LQ WKH ILHOG DQG ODERUDWRU\� IRU WKLV

V\VWHP� WKH PHPEUDQH ZLWK VHOHFWLYH SHUPHDWLRQ RI

LQRUJDQLF QLWURJHQ FRPSRXQGV ZDV DSSOLHG WR WKH

HOHFWURGH� 7KLV HOHFWURGH�W\SH VHQVRU LV NQRZQ WR EH

KLJK SUHFLVH DQG KDV KLJK UHSHWLWLRQ UDWHV LQ WKH

VKRZLQJ UHVXOWV� KRZHYHU� WKH IXQFWLRQ LV NQRZQ WR EH

GLPLQLVKHG ZKHQ XVHG UHSHDWHGO\� :H GHYHORSHG WKH

FDWDO\WLF HOHFWURGH IRU HOHFWURFKHPLFDO R[LGDWLRQ RI

DPPRQLXP LRQ DQG QLWULWH� DQG UHGXFWLRQ RI QLWUDWH WR

FRPSRVH WKH VLPSOHU HOHFWURFKHPLFDO VHQVRU WKDQ WKH

HOHFWURGH�W\SH VHQVRU� 7KLV UHVHDUFK ZDV IRFXVHG RQ

WKH FDWDO\WLF HOHFWURGH ZLWK IXQFWLRQ RI R[LGDWLRQ DQG

†7R ZKRP FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG�
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UHGXFWLRQ EXW QRW SUHFLVH PHDVXUHPHQW RI LQRUJDQLF

QLWURJHQ FRPSRXQGV� :H XVHG WKH YROWDPPHWULF PHWKRG

IRU PHDVXUHPHQW RI R[LGDWLRQ DQG UHGXFWLRQ WHQGHQF\ RI

LQRUJDQLF QLWURJHQ FRPSRXQGV� 3RWHQWLDO GLIIHUHQFH

EHWZHHQ WKH FDWDO\WLF HOHFWURGH DQG UHIHUHQFH HOHFWURGH

�$J�$J&O� ZDV SURSRUWLRQDO WR WKH R[LGDWLRQ RU UHGXF�

WLRQ WHQGHQF\ RI LQRUJDQLF QLWURJHQ FRPSRXQGV EXW WKH

LQRUJDQLF QLWURJHQ FRPSRXQGV DUH QRW SUDFWLFDOO\

R[LGL]HG RU UHGXFHG RQ HOHFWURGH VXUIDFH� %HFDXVH WKH

LQRUJDQLF QLWURJHQ FRPSRXQGV DUH DFWXDOO\ R[LGL]HG RU

UHGXFHG LQ WKH DPSHURPHWULF V\VWHP� WKH FXUUHQW

SURGXFHG FRXSOHG WR R[LGDWLRQ RI WKH LQRUJDQLF QLWURJHQ

RU FRQVXPHG FRXSOHG WR UHGXFWLRQ RI WKH LQRUJDQLF

QLWURJHQ FDQ EH SURSRUWLRQDO WR WKH LQRUJDQLF QLWURJHQ

FRPSRXQGV RQO\ FRQWDFWLQJ WR WKH HOHFWURGH VXUIDFH�

7KLV LV DQ DGYDQWDJH RI WKH SRWHQWLRPHWULF PHWKRG�

�� ([SHULPHQWDO

���� 3UHSDUDWLRQ RI HOHFWURGHV

7KH HOHFWURGHV PRGLILHG ZLWK PHWDO LRQV ZHUH PDGH

IURP PL[WXUH RI ��� �Z�Z� ILQH JUDSKLWH SRZHU �PHDQ

SDUWLFOH VL]H ZDV EHORZ ��� PHVK�� ��� �Z�Z� LQRUJDQLF

ELQGHU �ZKLWH FOD\ PDLQO\ FRPSRVHG RI .DROLQ IRU

SRUFHODLQ RI ZKLFK PHDQ SDUWLFOH VL]H ZDV EHORZ ���

PHVK�� �� �Z�Z� PHWDO LRQV �&G��� &X�� DQG 0J����

UHVSHFWLYHO\� 3URSHU DPRXQW RI GLVWLOOHG ZDWHU ZDV

DGGHG WR WKH JUDSKLWH PL[WXUH� DQG WKH JUDSKLWH SDVWH

ZDV FRQILJXUHG WR VTXDUH�VKDSHG SODWH ��� FP×�� FP×�
FP� E\ SUHVVLQJ DW �� NJ�FP�� 7KH VTXDUH�VKDSHG

JUDSKLWH SODWH ZDV FRPSOHWHO\ GULHG RQ DLU IRU � ZHHNV

DQG WKHQ EDNHG DW ����R& IRU VROLGLILFDWLRQ IRU � KU� 7KH

JUDSKLWH�PHWDOOLF LRQ HOHFWURGH ZDV RULJLQDOO\ FUHDWHG LQ

RXU ODERUDWRU\�

���� &RQVWUXFWLRQ RI HOHFWURFKHPLFDO VHQVRU

7KH HOHFWURFKHPLFDO VHQVRU ZDV FRQVWUXFWHG ZLWK

UHIHUHQFH HOHFWURGH DQG ZRUNLQJ HOHFWURGH DV VKRZQ LQ

)LJ� �� 7KH JUDSKLWH�&G�,,�� JUDSKLWH�&X�,,� DQG JUDSKLWH�

0J�,,� HOHFWURGH ZHUH IL[HG RQ WKH WLS RI EURQ]H EDU

ZLWK FRQGXFWLYH HSR[\ DQG FRDWHG WKH RXWVLGH RI

JUDSKLWH HOHFWURGHV ZLWK 7HIORQ� 7KLV LV WKH VLPSOHVW

VWUXFWXUH RI YDULRXV HOHFWURFKHPLFDO VHQVRUV�

���� 0HDVXUHPHQW RI LQRUJDQLF QLWURJHQ FRP�

SRXQGV

)RU PHDVXUHPHQW RI WKH LQRUJDQLF QLWURJHQ FRP�

SRXQGV� VWDQGDUG VROXWLRQ FRQWDLQLQJ LQRUJDQLF QLWURJHQ

FRPSRXQGV IURP � WR �� PJ�/ ZDV XVHG EXW UHDO

ZDVWHZDWHU ZDV QRW DSSOLHG WR WKH HOHFWURFKHPLFDO

VHQVRU� 7KH PHDVXUHPHQWV ZHUH �� WLPHV UHSHDWHG IRU

FDOFXODWLRQ RI VWDQGDUG GHYLDWLRQ DQG HTXDWLRQ ZDV

REWDLQHG IURP WKH UHVXOWV�

�� 5HVXOWV DQG 'LVFXVVLRQ

6RPH PHWDO LRQV EHLQJ FKHODWHG E\ RUJDQLF FRP�

SRXQGV VXFK DV SURWHLQV �HQ]\PHV� KDYH WKH FDWDO\WLF

IXQFWLRQ������ +RZHYHU� WKH RUJDQLF�FKHODWLQJ PHWDO LRQV

FDQ HDVLO\ ORVH LWV IXQFWLRQ E\ WKH GHVWUXFWLRQ RI EDVLF

VWUXFWXUH RI RUJDQLF FRPSRXQGV XQGHU HYHQ QRUPDO

HQYLURQPHQW������ 7KLV LV D QHJDWLYH SRLQW IRU FRPSRVLQJ

VHQVRU XVLQJ WKH ELRORJLFDO FRPSRXQGV� )RU VROYLQJ WKLV

SUREOHP� ZH WULHG WR PDNH DQ LQRUJDQLF FRPSOH[

FRPSRVHG ZLWK PHWDO LRQV DQG JUDSKLWH� 7KH JUDSKLWH

DQG PHWDO LRQV DUH XVHG DV DQ HOHFWURQ FRQGXFWRU DQG D

FDWDO\VW RI R[LGDWLRQ�UHGXFWLRQ� UHVSHFWLYHO\���� $V VKRZQ

)LJ� �� 6FKHPDWLF VWUXFWXUH RI VHQVRU VWUXFWXUH RI ZKLFK
ZRUNLQJ HOHFWURGH ZDV FRPSRVHG RI JUDSKLWH DQG
&G��� 0J�� DQG &X�� LRQ� UHVSHFWLYHO\� 0HWDO LRQV
DUH IXQFWLRQLQJ DV D FDWDO\VW IRU R[LGDWLRQ RI
DPPRQLXP LRQ DQG QLWULWH� RU UHGXFWLRQ RI QLWUDWH�
*UDSKLWH LV IXQFWLRQLQJ DV D PDWUL[ IRU HOHFWURQ
WUDQVIHU� ,Q WKLV V\VWHP� WKH DPPRQLXP LRQ� QLWULWH
DQG QLWUDWH DUH QRW DFWXDOO\ R[LGL]HG RU UHGXFHG�
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LQ )LJ� �� UHIHUHQFH HOHFWURGH FDQ EH HDVLO\ R[LGL]HG RU

UHGXFHG XQGHU QHXWUDO S+ FRXSOHG WR R[LGDWLRQ RI

DPPRQLXP LRQ DQG QLWULWH� DQG UHGXFWLRQ RI QLWUDWH� EXW

$J�$J&O LV QRW SUDFWLFDOO\ R[LGL]HG RU UHGXFHG LQ WKH

YROWDPPHWULF FLUFXLW���� 7KH SRWHQWLDO GLIIHUHQFH

EHWZHHQ WKH UHIHUHQFH HOHFWURGH DQG ZRUNLQJ HOHFWURGH

�JUDSKLWH�PHWDOOLF LRQ HOHFWURGH� FDQ EH PHDVXUHG ZLWK

YROWDPPHWHU� ZKLFK LV QRW LQWHUIHUHG E\ WKH R[LGDWLRQ RU

UHGXFWLRQ RI VDPSOHV IRU DQDO\VLV�

%HIRUH WKH HOHFWURGH V\VWHP ZDV GHVLJQHG� ZH WHVWHG

IRU VHOHFWLRQ RI WKH FDWDO\WLF IXQFWLRQ DV VKRZQ LQ )LJ� ��

� DQG �� UHVSHFWLYHO\� 7KH JUDSKLWH�&G�,,� HOHFWURGH�

)LJ� �� 7KH SRWHQWLDO YDULDWLRQ EHWZHHQ ZRUNLQJ HOH�
FWURGH �JUDSKLWH�&G�,,� HOHFWURGH� DQG UHIHUHQFH
HOHFWURGH �$J�$J&O� LQ WKH DPPRQLXP LRQ� QLWULWH
DQG QLWUDWH VROXWLRQ� UHVSHFWLYHO\� ZLWK GLIIHUHQW
FRQFHQWUDWLRQ IURP � WR �� PJ�/� 7KH SRWHQWLDO
GLIIHUHQFH EHWZHHQ JUDSKLWH�&G�,,� HOHFWURGH DQG
UHIHUHQFH HOHFWURGH ZDV KLJKHVW LQ DPPRQLXP LRQ
VROXWLRQ�

)LJ� �� 7KH SRWHQWLDO YDULDWLRQ EHWZHHQ ZRUNLQJ HOH�
FWURGH �JUDSKLWH�0J�,,� HOHFWURGH� DQG UHIHUHQFH
HOHFWURGH �$J�$J&O� LQ WKH DPPRQLXP LRQ� QLWULWH
DQG QLWUDWH VROXWLRQ� UHVSHFWLYHO\� ZLWK GLIIHUHQW
FRQFHQWUDWLRQ IURP � WR �� PJ�/� 7KH SRWHQWLDO
GLIIHUHQFH EHWZHHQ JUDSKLWH�0J�,,� HOHFWURGH DQG
UHIHUHQFH HOHFWURGH ZDV KLJKHVW LQ QLWUDWH
VROXWLRQ�
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JUDSKLWH�0J�,,� HOHFWURGH DQG JUDSKLWH�&X�,,� HOHFWURGH

ZHUH VHOHFWLYHO\ UHDFWHG ZLWK DPPRQLXP LRQ� QLWULWH

DQG QLWUDWH� UHVSHFWLYHO\� 2Q WKH EDVLV RI WKHVH UHVXOWV�

DPPRQLXP LRQ� QLWULWH DQG QLWUDWH ZHUH PHDVXUHG E\

XVLQJ WKH JUDSKLWH�PHWDOOLF LRQ HOHFWURGH IRU WKH VWDQGDUG

VROXWLRQ DV VKRZQ LQ )LJ� �� � DQG �� UHVSHFWLYHO\� ,Q WKH

WZHOYH UHSHDWHG WHVWV� VWDQGDUG GHYLDWLRQ ZDV ���� ��

DQG ��� IRU DPPRQLXP LRQ� QLWULWH DQG QLWUDWH�

UHVSHFWLYHO\� 7KHVH UHVXOWV VKRZ WKDW WKH JUDSKLWH�

PHWDOOLF LRQ HOHFWURGHV DUH QRW HQRXJK WR DSSO\ WR WKH

ZDVWHZDWHU WUHDWPHQW V\VWHP� :H DUH DWWHPSWLQJ WR

GHYHORS WKH GLVSRVDEOH HOHFWURGH V\VWHP WR HVFDSH IURP

WKH SUREOHP KDSSHQHG E\ WKH UHSHDWLQJ XVH RI WKH

HOHFWURGH� 7KH PRVW LPSURYHG HOHFWURFKHPLFDO VHQVRU

ZDV FRPSRVHG E\ PRGLILFDWLRQ RI JUDSKLWH RU PHWDO

HOHFWURGHV ZLWK HQ]\PHV� ZKLFK KDYH FDWDO\WLF IXQFWLRQ

)LJ� �� 7KH SRWHQWLDO YDULDWLRQ EHWZHHQ ZRUNLQJ HOH�
FWURGH �JUDSKLWH�&X�,,� HOHFWURGH� DQG UHIHUHQFH
HOHFWURGH �$J�$J&O� LQ WKH DPPRQLXP LRQ� QLWULWH
DQG QLWUDWH VROXWLRQ� UHVSHFWLYHO\� ZLWK GLIIHUHQW
FRQFHQWUDWLRQ IURP � WR �� PJ�/� 7KH SRWHQWLDO
GLIIHUHQFH EHWZHHQ JUDSKLWH�&X�,,� HOHFWURGH DQG
UHIHUHQFH HOHFWURGH ZDV KLJKHVW LQ QLWUDWH
VROXWLRQ�

)LJ� �� 6WDWLVWLFDO DQDO\VLV RI SRWHQWLDO GLIIHUHQFH EHWZHHQ
JUDSKLWH�&G�,,� ZRUNLQJ HOHFWURGH DQG UHIHUHQFH
HOHFWURGH LQ DPPRQLXP LRQ VROXWLRQ� 0HDQ
GHYLDWLRQ DPRQJ WZHOYH WHVWV XQGHU VDPH
FRQGLWLRQ ZLWK VDPH HOHFWURGHV DQG VROXWLRQ LV
���� ZKLFK LV OLWWOH ELJJHU WKDQ WKH GHYLDWLRQ LQ
PDQXDO PHWKRG�

)LJ� �� 6WDWLVWLFDO DQDO\VLV RI SRWHQWLDO GLIIHUHQFH E
JUDSKLWH�0J�,,� ZRUNLQJ HOHFWURGH DQG UHIHUHQFH HO
LQ QLWULWH VROXWLRQ� 0HDQ GHYLDWLRQ DPRQJ WZHOY
XQGHU VDPH FRQGLWLRQ ZLWK VDPH HOHFWURGHV DQG VRO
DERXW ��� ZKLFK LV VLPLODU WR WKH GHYLDWLRQ LQ
PHWKRG�
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IRU WKH VSHFLILF ELRFKHPLFDO UHDFWLRQ� +RZHYHU� WKH

IXQFWLRQ DQG VWUXFWXUH RI HQ]\PHV WHQGV WR EH

GHVWUXFWHG� DQG LWV DFWLYLW\ ZDV YHU\ UDSLGO\ GHFUHDVHG

LQ SURSRUWLRQDO WR WKH VWRUDJH WLPH XQGHU QRUPDO

FRQGLWLRQ� $FFRUGLQJO\� WKH GHYHORSPHQW RI VWDEOH

VHQVRU ZLWKRXW WKH GHVWUXFWLRQ DQG DFWLYLW\ GHFUHDVH LV

DEVROXWHO\ UHTXLUHG�

&RQFOXVLRQ

7KH VHOHFWLYH HOHFWURGHV ZHUH GHYHORSHG IRU DQDO\VLV

RI DPPRQLXP LRQ� QLWULWH DQG QLWUDWH� UHVSHFWLYHO\�

*UDSKLWH�&G�,,�� JUDSKLWH�0J�,,� DQG JUDSKLWH�&X�,,�

HOHFWURGH ZHUH FRQILUPHG WR VHOHFWLYHO\ UHDFW ZLWK

DPPRQLXP LRQ� QLWULWH DQG QLWUDWH� UHVSHFWLYHO\� ,Q WKH

UHVXOWV IURP WKH WHVWV ZLWK WKH HOHFWURGH� WKH VWDQGDUG

GHYLDWLRQ ZDV VKRZQ WR EH WRR KLJK WR DSSO\ WR WKH

ZDVWHZDWHU DQDO\VLV� :H DUH DWWHPSWLQJ GHYHORSPHQW RI

WKH IXQFWLRQDO HOHFWURGH ZLWK KLJKHU VHQVLWLYLW\ WKDQ

WKRVH GHYHORSHG LQ WKLV UHVHDUFK�

$FNQRZOHGJHPHQW

7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH &RUH (QYL�

URQPHQWDO 7HFKQRORJ\ 'HYHORSPHQW 3URMHFW IRU 1H[W

*HQHUDWLRQ �SURMHFW 1R� ����������������� RI .RUHD

,QVWLWXWH RI (QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\�

5HIHUHQFHV

�� <XQ� '�,�� -�-�/HH� '�:� .LP DQG .�<�/HH� .RU� -� $SSO�

0LFURELRO� %LRWHFKQRO�� ����� ����������

�� %L]HTX� -�&�$� DQG 5� 0RWHWWD� :DW� 5HV� ����� ���

����������

�� &ROH� -� 7LEWHFK�� ����� ��� ��������

�� 0RFN� +� -�6� /LP DQG %�*�.LP� -� .RU� (QYLURQ� 6FL��

����� �� ��������

�� 3DUN� '�+� DQG <�.� 3DUN� -� 0LFURELRO� %LRWHFKQRO��

����� �����������

�� /DUV� /�+�� .�7KRPDV DQG 5�3� 1LHOV� $QDO� &KHP��

����� ��� ����������

�� /DUV� /�+�� 3�5�1LHOV DQG -�%�6YHQG� $SSO� (QYLURQ�

0LFURELRO� ����� ��� ����������

�� /DUV� /�+�� 5�'� /DUV� .� 7KRPDV� 6� 7KHLVV DQG 1�*�

.LDUDWK� %LRVHQVRUV DQG %LRHOHFWURQLFV� ����� ��� ����

����

�� &HQDV� 1�.�� $�.� 3RFLXV DQG -�-� .XO\V� %LRHOHFWUR�

FKHP� %LRHQHUJ� ����� ��� ��������

��� 'LFNV� -�0�� Z�-� $VWRQ� *� 'DYLV DQG $�3�)� 7XUQHU�

$QDO� &KLP� $FWD ����� ���� ��������

��� .XO\� -�-� %LRVHQVRUV ����� �� �����

��� 7XUQHU� $�3�)�� :�-� $VWRQ� ,�-� +LJJLQV� -�0� %HOO� -�

&ROE\� *� 'DYLV DQG +�$�2�+LOO� $QDO� &KLP� $FWD

����� ���� ��������

��� 3DUN� '�+�� +�-� 5\X DQG -�+� .LP� -� .RU� 6RF� (QYL�

URQ� $QDO� ����� �� ��������

��� 3DUN� '�+�� +�-� 5\X� +�6� .DQJ� +�6� 3DUN DQG 0�+�

.LP� -� .RU� 6RF� (QYLURQ� $QDO� ����� �� ������

��� 3DUN� '�+�� :�0� /HH� 6�-� -HRQ DQG -�6� 5KHH� -� .RU�

6RF� (QYLURQ� $QDO� ����� �� ������

��� $UWKXU 6� %ULOO� 7UDQVLWLRQ PHWDOV LQ %LRFKHPLVWU\�

����� 6SULQJHU�9HUODJ 1HZ <RUN�

)LJ� �� 6WDWLVWLFDO DQDO\VLV RI SRWHQWLDO GLIIHUHQFH EHWZHHQ
JUDSKLWH�&X�,,� ZRUNLQJ HOHFWURGH DQG UHIHUHQFH
HOHFWURGH LQ QLWUDWH VROXWLRQ� 0HDQ GHYLDWLRQ
DPRQJ WZHOYH WHVWV XQGHU VDPH FRQGLWLRQ ZLWK
VDPH HOHFWURGHV DQG VROXWLRQ LV DERXW ���� ZKLFK
LV ELJJHU WKDQ WKH GHYLDWLRQ LQ PDQXDO PHWKRG�


