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�'HSDUWPHQW RI 3K\VLFV� 8QLYHUVLWL 3XWUD 0DOD\VLD� ����� 6HUGDQJ� 6HODQJRU� 0DOD\VLD

7LQ VHOHQLGH WKLQ ILOPV ZHUH SUHSDUHG WKURXJK FRPELQDWLRQ RI FKHPLFDO SUHFLSLWDWLRQ DQG YDFXXP

HYDSRUDWLRQ WHFKQLTXH� 7KH YDFXXP GHSRVLWLRQ ZDV FDUULHG RXW XVLQJ GLIIHUHQW TXDQWLWLHV RI WKH VWDUWLQJ

PDWHULDO� 7KH GLIIHUHQFHV LQ WKH VWUXFWXUDO DQG FRPSRVLWLRQDO SURSHUWLHV RI WKH ILOPV GHSRVLWHG ZHUH VWXG�

LHG� 7KH ILOPV ZHUH FKDUDFWHULVHG XVLQJ YDULRXV WHFKQLTXHV VXFK DV ;�UD\ GLIIUDFWRPHWU\� VFDQQLQJ

HOHFWURQ PLFURVFRSH DQG HQHUJ\ GLVSHUVLYH DQDO\VLV RI ;�UD\� 3KRWRDFWLYLW\ RI WKH VDPSOHV ZDV VWXGLHG

XVLQJ WKH OLQHDU VZHHS YROWDPPHWU\� 7KH ILOPV ZHUH IRXQG WR EH S�W\SH VHPLFRQGXFWRUV� 7KH RSWLFDO

EDQGJDS HQHUJ\ ZDV IRXQG WR EH LQGLUHFW DQG HTXDO WR (J  ���� H9�

.H\ ZRUGV� WLQ VHOHQLGH� SKRWRHOHFWURFKHPLFDO FHOO� WKLQ ILOP� HYDSRUDWLRQ

���,QWURGXFWLRQ

7KH VHDUFK IRU WKLQ�ILOP PDWHULDOV IRU VRODU HQHUJ\ FRQYHUVLRQ DQG RWKHU UHODWHG

DSSOLFDWLRQV KDV EHHQ UHFHQWO\ LGHQWLILHG� ,W LV QRW VXUSULVLQJ QRZ WKDW D ORW RI HIIRUW

KDV EHHQ JHDUHG WRZDUGV PHWDO FKDOFRJHQLGHV DV WKLV FODVV RI PDWHULDOV KDG VKRZQ

VRPHZKDW VXSHULRU SHUIRUPDQFH ZKHQ FRPSDUHG WR RWKHUV >�� �@� 7KH V\QWKHVLV DQG

FKDUDFWHULVDWLRQ RI PHWDO FKDOFRJHQLGHV YLD GLIIHUHQW WHFKQLTXHV KDYH DWWUDFWHG FRQ�

VLGHUDEOH DWWHQWLRQ GXH WR WKHLU DSSOLFDWLRQ SURVSHFWV� 7KHVH FRPSRXQGV DUH DOVR

UHSRUWHG WR EH XVHG DV VHQVRU DQG ODVHU PDWHULDOV� WKLQ ILOPV SRODUL]HUV DQG WKHUPRH�

OHFWULF FRROLQJ PDWHULDOV >�� �@� 7KH\ DUH XVXDOO\ SUHSDUHG WKURXJK HOHFWURFKHPLFDO

DQG FKHPLFDO GHSRVLWLRQ PHWKRG DQG DUH TXLWH DWWUDFWLYH IRU GHVLJQLQJ V\VWHPV IRU
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HOHFWUR�RSWLFV DQG SKRWRHOHFWURFKHPLFDO �3(&� VRODU FHOOV� ,PSURYHPHQWV LQ SURFHVV

UHSURGXFLELOLW\ ODLG WKH JURXQGZRUN IRU LQWURGXFLQJ D QHZ SURGXFW� ZKLFK LV FRP�

SRVHG RI VHYHUDO LQQRYDWLYH PDWHULDOV DQG PHWKRGV� 7KHVH PHWDO FKDOFRJHQLGHV KDYH

EHHQ SUHSDUHG LQ WKH IRUP RI WKLQ ILOPV E\ YDULRXV UHVHDUFKHUV�

$ FRQVLGHUDEOH DWWHQWLRQ KDV DOVR EHHQ JLYHQ E\ YDULRXV UHVHDUFKHUV WR WKH SUHSD�

UDWLRQ WHFKQLTXHV RI WLQ VHOHQLGH �6Q6H� WKLQ ILOPV� $PRQJ WKH PHWKRGV XVHG DUH

FKHPLFDO EDWK GHSRVLWLRQ >�@� YDFXXP HYDSRUDWLRQ� FKHPLFDO YDSRXU GHSRVLWLRQ >�±��@

DQG HOHFWURGHSRVLWLRQ >��� ��@� 6Q6H LV D QDUURZ EDQG JDS ELQDU\ ,9±9, VHPLFRQGXF�

WRU GLVSOD\LQJ D YDULHW\ RI DSSOLFDWLRQV VXFK DV DQ HVVHQWLDO PDWHULDO LQ SKRWRHOHFWUR�

FKHPLFDO VRODU FHOOV WR VXSSUHVV WKH SKRWRFRUURVLRQ DQG WR HQKDQFH WKH ILOO IDFWRU LQ

HOHFWULFDO VZLWFKHV DQG LQ MXQFWLRQ GHYLFHV >��@� %HFDXVH RI WKHLU DQLVRWURSLF FKDUDF�

WHU� WLQ FKDOFRJHQLGHV DUH DWWUDFWLYH OD\HUHG FRPSRXQGV� DQG FDQ EH XVHG DV FDWKRGH

PDWHULDOV LQ OLWKLXP LQWHUFDODWLRQ EDWWHULHV >��@� 7KH LQGLUHFW FKDUDFWHU RI WKH EDQGJDS RI

6Q6H LV D FRPPRQ SURSHUW\ RI ,9±9, FRPSRXQGV DQG KDV EHHQ FRQILUPHG E\ EDQG VWUXF�

WXUH FDOFXODWLRQV IRU 6Q6H >��@� ,W KDV RUWKRUKRPELF FU\VWDO VWUXFWXUH ZLWK OD\HUV VWDFNHG

DORQJ WKH F D[LV DQG D  ���� c� E  ���� c DQG F  ����� c >��@� 0RWLYDWHG E\ WKH SRWHQ�

WLDO DSSOLFDWLRQV RI WLQ FKDOFRJHQLGHV� LQYHVWLJDWLRQV RI WKHVH FRPSRXQGV DUH EHFRPLQJ

SDUWLFXODUO\ DFWLYH LQ WKH ILHOG RI PDWHULDOV FKHPLVWU\� 7KH VWXGLHV FRPSULVH VSHFWURVFRS\�

VHQVLQJ SURSHUWLHV DQG HOHFWURQLF VWUXFWXUH RI 6Q6H FRPSRXQGV >��@� ,Q WKH SUHVHQW ZRUN�

ZH KDYH SUHSDUHG 6Q6H WKLQ ILOPV WKURXJK YDFXXP HYDSRUDWLRQ� 7KH 6Q6H VRXUFH IRU WKH

HYDSRUDWLRQ ZDV REWDLQHG WKURXJK FKHPLFDO SUHFLSLWDWLRQ WHFKQLTXH�

���([SHULPHQWDO

6Q6H SRZGHU ZDV REWDLQHG E\ WKH FKHPLFDO V\QWKHVLV� 7KH GHVLUHG DPRXQW RI HOH�

PHQWDO VHOHQLXP ZDV GLVVROYHG LQ ��� 0 1D2+ VROXWLRQ DQG VWLUUHG UDSLGO\ IRU �� PLQ�

8SRQ FRPSOHWH GLVVROXWLRQ RI HOHPHQWDO 6H� WKH 6Q VROXWLRQ FRPSOH[HG ZLWK ('7$ ZDV

DGGHG DQG WKH VWLUULQJ SURFHVV ZDV PDLQWDLQHG IRU DOPRVW �� PLQ� %ODFN SUHFLSLWDWH

�6Q6H� REWDLQHG ZDV ILOWHUHG DQG ZDVKHG ZLWK GLVWLOOHG ZDWHU DQG GULHG LQ RYHQ IRU � K�

7KH UHTXLUHG DPRXQW RI WKH 6Q6H SRZGHU ZDV XVHG DV WKH VRXUFH IRU WKH YDFXXP HYDSR�

UDWLRQ V\VWHP WR REWDLQ WZR VDPSOHV RI 6Q6H ILOPV ZLWK GLIIHUHQW WKLFNQHVVHV�

7KLQ ILOPV RI 6Q6H ZHUH GHSRVLWHG XVLQJ WKH V\QWKHVLVHG SRZGHU LQ DQ (GZDUGV

$XWR ��� 9DFXXP &RDWLQJ 8QLW� ,QGLXP�GRSHG WLQ R[LGH �,72� JODVV ZDV XVHG DV WKH

VXEVWUDWH� 7KH VXEVWUDWHV ZHUH FOHDQHG XOWUDVRQLFDOO\ LQ HWKDQRO DQG GLVWLOOHG ZDWHU

EHIRUH WKH GHSRVLWLRQ SURFHVV� 7KH YDFXXP ZDV NHSW DW �u��
±�
PEDU� 6Q6H SRZGHU

ZDV HYDSRUDWHG IURP D WXQJVWHQ ILODPHQW RQWR WKH ,72 JODVV VXEVWUDWH WR IRUP WKH

VHPLFRQGXFWRU OD\HU� 7KH VRXUFH�WR�VXEVWUDWH GLVWDQFH ZDV PDLQWDLQHG DW �� FP� 7KH

ILOPV ZHUH IRXQG WR EH XQLIRUP� IUHH RI SLQKROHV DQG DGKHUHG ZHOO WR WKH ,72 JODVV

VXEVWUDWH� WKHLU WKLFNQHVVHV DPRXQWHG WR �� DQG �� PP�

;�UD\ GLIIUDFWLRQ �;5'� DQDO\VLV ZDV FDUULHG RXW XVLQJ D 6LHPHQV '����� 'LI�

IUDFWRPHWHU IRU WKH �T UDQJLQJ IURP �q WR ��q ZLWK &X.D OLQH XVHG DV D EHDP �O  



7LQ VHOHQLGH WKLQ ILOPV ���

������ c�� 6FDQQLQJ HOHFWURQ PLFURVFRS\ �6(0� DQG HQHUJ\ GLVSHUVLYH DQDO\VLV RI ;�

UD\ �(';� ZDV SHUIRUPHG RQ D -(2/ -60 ���� 6FDQQLQJ 0LFURVFRSH� 2SWLFDO DE�

VRUSWLRQ VWXG\ ZDV FDUULHG RXW XVLQJ WKH 3HUNLQ (OPHU 89�9LV /DPEGD ��

6SHFWURSKRWRPHWHU� 7KH ILOP�FRDWHG ,72 JODVV ZDV SODFHG DFURVV WKH VDPSOH UDGLDWLRQ

SDWKZD\ ZKLOH DQ XQFRDWHG ,72 JODVV ZDV SXW DFURVV WKH UHIHUHQFH SDWK� )URP WKH

DQDO\VHV RI WKH DEVRUSWLRQ VSHFWUD WKH EDQG JDS HQHUJ\ (J ZDV GHWHUPLQHG� 7KH HOOLS�

VRPHWU\ WHFKQLTXH ZDV XVHG WR GHWHUPLQH WKH WKLFNQHVV RI WKH ILOPV XVLQJ DQ (/;���&

(OOLSVRPHWHU�

3KRWRHOHFWURFKHPLFDO �3(&� H[SHULPHQWV ZHUH SHUIRUPHG LQ WKH >)H�&1��@
�±

�>)H�&1��@
�±

UHGR[ V\VWHP� E\ UXQQLQJ OLQHDU VZHHS YROWDPPHWU\ �/69� EHWZHHQ ±

��� 9 DQG ±��� 9� 7KH HOHFWURO\WHV ZHUH SUHSDUHG XVLQJ DQDO\WLFDO JUDGH UHDJHQWV DQG

GHLRQLVHG GLVWLOOHG ZDWHU� $Q (*	* 3ULQFHWRQ $SSOLHG 5HVHDUFK SRWHQWLRVWDW GULYHQ

E\ D VRIWZDUH PRGHO ��� (OHFWURFKHPLFDO $QDO\VLV 6\VWHP ZDV XVHG WR FRQWURO WKH

/69 SURFHVV DQG WR PRQLWRU WKH FXUUHQW DQG YROWDJH SURILOHV LQ D FRQYHQWLRQDO WKUHH�

HOHFWURGH FHOO� $J�$J&O ZDV XVHG DV WKH UHIHUHQFH HOHFWURGH� 7KH ZRUNLQJ DQG FRXQWHU

HOHFWURGHV ZHUH PDGH RI 6Q6H FRDWHG ,72 JODVV VXEVWUDWH DQG SODWLQXP� UHVSHFWLYHO\�

7KH FRXQWHU HOHFWURGH ZDV SROLVKHG SULRU WR WKH LQVHUWLRQ LQWR WKH HOHFWURO\WH FHOO�

$ WXQJVWHQ�KDORJHQ ODPS ���� :� ZDV XVHG IRU LOOXPLQDWLQJ WKH HOHFWURGH�

���5HVXOWV�DQG�GLVFXVVLRQ

7KH ;5' RI WKH 6Q6H SRZGHU REWDLQHG IURP WKH FKHPLFDO SUHFLSLWDWLRQ WHFKQLTXH

LV VKRZQ LQ )LJ� �� 7KH SHDNV LQ WKH SDWWHUQ LQGLFDWH WKH IRUPDWLRQ RI WKH RUWKRUKRPELF

SKDVH RI 6Q6H� 7KH UHVXOWV DUH ZHOO PDWFKHG ZLWK WKH VWDQGDUG -&3'6 YDOXHV �)LOH

1R� �������� IRU 6Q6H �7DEOH ��� 1R SHDNV FRUUHVSRQGLQJ WR 6H LQ WKH ;5' SDWWHUQ

DUH VHHQ� 7KLV LQGLFDWHV WKDW WKH VDPSOH SRZGHU FRQWDLQV QR HOHPHQWDO 6H�

7DEOH �� ;5' GDWD RI 6Q6H SRZGHU

G �c�

�T �GHJ� 9DOXHV

REWDLQHG

-&3'6 YDOXHV
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)LJ� � ;�UD\ GLIIUDFWLRQ VSHFWUXP RI 6Q6H WKLQ ILOPV

ZLWK GLIIHUHQW WKLFNQHVVHV� D� ���� PP� E� ���� PP

�TT�GHJUHHV

�TT�GHJUHHV



7LQ VHOHQLGH WKLQ ILOPV ���

7KH ;5' SDWWHUQV RI YDFXXP�GHSRVLWHG 6Q6H WKLQ ILOPV KDYLQJ WKLFNQHVV ���� PP
DQG ���� PP DUH VKRZQ LQ )LJ� �D� E� UHVSHFWLYHO\� 7KH EURDG SHDN DSSHDULQJ DW ORZ
DQJOH LV GXH WR WKH JODVV VXEVWUDWH LWVHOI� 7KH REVHUYDWLRQ RI ;�UD\ SHDNV LQ ERWK 6Q6H
WKLQ ILOPV LQGLFDWHV WKDW WKH YDFXXP�GHSRVLWHG ILOPV DUH SRO\FU\VWDOOLQH� 7KH LQWHQVL�
WLHV RI WKH VLJQDOV DUH UDWKHU ZHDN GXH WR WKH WKLQ ILOP QDWXUH RI WKH VDPSOHV� 7DEOH �
OLVWV WKH REVHUYHG G�YDOXHV IRU 6Q6H WKLQ ILOPV LQ FRPSDULVRQ ZLWK WKH -&3'6 VWDQ�
GDUG GDWD �)LOH 1R� ��������� 7KH REVHUYHG G�YDOXHV DUH LQ D JRRG DJUHHPHQW ZLWK WKH
VWDQGDUG YDOXHV IRU WKH RUWKRUKRPELF VWUXFWXUH RI 6Q6H� 7KH VWURQJHVW SHDN IRU ERWK
ILOPV RFFXUUHG DW �T  ����q ZLWK G  ���� c �FRUUHVSRQGLQJ WR WKH ����� UHIOHFWLRQ�� ,W
LQGLFDWHV WKDW WKH SUHIHUUHG RULHQWDWLRQ OLHV DORQJ WKH ����� GLUHFWLRQ IRU YDFXXP GH�
SRVLWHG 6Q6H WKLQ ILOPV�

7DEOH �� ;5' GDWD RI 6Q6H ILOPV

7KLFNQHVV

�PP�

�T

�GHJ�

G �c�

PHDVXUHG

G �c� VWDQGDUG

�)LOH 1R� ��������
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7KH GRPLQDQW RULHQWDWLRQ LQ WKH ����� SODQH KDV DOVR EHHQ UHSRUWHG E\ RWKHU UH�

VHDUFKHUV IRU WKH 6Q6H WKLQ ILOPV GHSRVLWHG E\ YDFXXP GHSRVLWLRQ >��� ��� ��� ��@ DQG

HOHFWURFKHPLFDO GHSRVLWLRQ >�� ��� ��@� $V H[SHFWHG� WKH FU\VWDOOLQLW\ RI WKH WKLFNHU

ILOP LV EHWWHU DQG PRUH ;�UD\ SHDNV DUH REVHUYHG� 7KH LQWHQVLW\ RI WKH ����� SHDN

VKRZV D VLJQLILFDQW LQFUHDVH DV WKH WKLFNQHVV RI WKH 6Q6H ILOP LQFUHDVHV� 7KH FU\VWDO�

OLWH VL]HV �JUDLQ GLDPHWHU� ' RI WKH GHSRVLWV ZHUH GHWHUPLQHG XVLQJ WKH 6FKHUUHU¶V

IRUPXOD >��@�

TZ

O

FRV

.
'  

ZKHUH O LV WKH ZDYHOHQJWK RI ;�UD\V� T WKH %UDJJ DQJOH DQG Z WKH IXOO ZLGWK DW D KDOI

PD[LPXP �LQ UDGLDQV�� . YDULHV ZLWK �KNO� DQG FU\VWDOOLWH VKDSH EXW XVXDOO\ LV QHDUO\

HTXDO WR �� 7KH JUDLQ VL]H LQFUHDVHG IURP ���� QP WR ���� QP ZKHQ WKH WKLFNQHVV RI

WKH ILOP ZDV LQFUHDVHG �VHH 7DEOH ���
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7DEOH �� *UDLQ VL]H LQ 6Q6H WKLQ ILOPV

7KLFNQHVV

�PP�
3HDN

*UDLQ VL]H

�QP�

���� ��� ����

���� ��� ����

)LJXUH � VKRZV WKH 6(0 PLFURJUDSKV RI 6Q6H ILOPV� 7KH WKLQQHU ILOPV H[KLELW

JURZWK RI VPDOO JUDLQV GLVWULEXWHG DFURVV WKH VXUIDFH RI WKH VXEVWUDWH� 7R KDYH D YLVXDO

UHIHUHQFH RQ WKH WZR ILOPV DQG WR EH DEOH WR FRPSDUH WKHP� D VPDOO SRUWLRQ RI WKH VXE�

VWUDWH VXUIDFH FRQWDLQLQJ WKH WKLFNHU ILOP ZDV FOHDQHG ZLWK +12�� 7KLV SRUWLRQ RI WKH

VXUIDFH LV PDUNHG ZLWK µ;¶ LQ )LJ� �E� 7KLV UHYHDOV WKH WKLFNHU VXUIDFH FRYHUDJH RI WKH

6Q6H RQWR WKH VXEVWUDWH LQ WKH ODWWHU ILOP� 7KH PLFURJUDSKV RI WKHVH ILOPV LQGLFDWH

XQLIRUP VXUIDFH FRYHUDJH DQG VPRRWK 6Q6H WH[WXUH� 7KH ('; DQDO\VLV LQGLFDWHV WKH

6Q WR 6H UDWLR WR EH ���� ZKLFK LV DOPRVW DW WKH VWRLFKLRPHWU\ OHYHO�

D� E�

;

)LJ� �� 6(0 PLFURJUDSKV RI 6Q6H SUHSDUHG DW GLIIHUHQW WKLFNQHVV� �D� ���� PP �E� ���� PP

7KH EDQG�JDS HQHUJ\ DQG WUDQVLWLRQ W\SH ZDV GHULYHG IURP PDWKHPDWLFDO WUHDWPHQW

RI WKH GDWD REWDLQHG IURP WKH RSWLFDO DEVRUEDQFH YV� ZDYHOHQJWK ZLWK WKH IROORZLQJ

UHODWLRQVKLS IRU QHDU�HGJH DEVRUSWLRQ�
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K
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$
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ZKHUH Q LV WKH IUHTXHQF\� K LV WKH 3ODQFN¶V FRQVWDQW� N HTXDOV D FRQVWDQW ZKLOH Q FDU�

ULHV WKH YDOXH RI HLWKHU � RU �� )LJXUH � VKRZV WKH DEVRUEDQFH VSHFWUD RI WKH ILOPV RI

GLIIHUHQW WKLFNQHVVHV� ,W LV FOHDU WKDW WKH WKLFNHU ILOP KDV D KLJKHU DEVRUSWLRQ� 7KLV

FRXOG EH GXH WR PRUH 6Q6H PDWHULDO GHSRVLWHG RQWR WKH VXUIDFH RI WKH VXEVWUDWH� 7KH

EDQG JDS (J FRXOG EH REWDLQHG IURP D VWUDLJKW OLQH SORW RI �$KQ�
��Q

DV D IXQFWLRQ RI KQ�

DQ H[WUDSRODWLRQ RI WKH YDOXH RI �$KQ�
��Q

WR ]HUR� ZLOO JLYH (J� ,I D VWUDLJKW OLQH JUDSK LV
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REWDLQHG IRU Q  �� LW LQGLFDWHV D GLUHFW HOHFWURQ WUDQVLWLRQ EHWZHHQ WKH VWDWHV RI WKH VHPL�

FRQGXFWRU� ZKHUHDV WKH WUDQVLWLRQ LV LQGLUHFW LI D VWUDLJKW OLQH JUDSK LV REWDLQHG IRU Q  ��
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)LJ� �� 2SWLFDO DEVRUEDQFH YV� ZDYHOHQJWK VSHFWUXP

IRU 6Q6H ILOPV� 7KLFNQHVV� D� ���� PP� E� ���� PP

$ OLQHDU WUHQG LV DSSDUHQW ZKHUH Q LQ WKH UHODWLRQVKLS ��� HTXDOV �� 7KH VWUDLJKW�

OLQH EHKDYLRXU LQ )LJ� � WHVWLILHV DQ LQGLUHFW WUDQVLWLRQ RI WKH EDQG VWUXFWXUH� 7KH OLQH

VHJPHQWV UHTXLUHG WR E\ SDVV WKH HQHUJ\ RI WKH JDS OLHV DW DERXW ���� H9 IRU WKH 6Q6H

ILOP� $ VLPLODU EDQG�JDS YDOXH KDV DOVR EHHQ UHSRUWHG E\ RWKHU UHVHDUFKHUV IRU YDFXXP

HYDSRUDWHG 6Q6H ILOPV >�� ��� ��� ��@�
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)LJ� �� 3ORW RI �$KQ���Q YV� KQ LQ DQ 6Q6H ILOP ZLWK Q  �

)LJXUH � VKRZV WKH GLIIHUHQFH EHWZHHQ WKH SKRWRFXUUHQW ,S DQG WKH GDUN FXUUHQW ,G

IRU WKH WZR ILOPV ZKHQ LOOXPLQDWHG ZLWK D WXQJVWHQ�KDORJHQ ODPS ���� :�� $Q LQ�
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FUHDVH LQ WKH FXUUHQW FRXOG EH REVHUYHG IRU WKH ERWK VDPSOHV� ZKLFK ZDV HPSOR\HG DV

D FDWKRGH LQ WKH HOHFWURFKHPLFDO FHOO DV WKH SRWHQWLDO LV VZHSW WR PRUH QHJDWLYH UHJLRQ�

$ FRPSDULVRQ EHWZHHQ WKH WZR VDPSOHV LQGLFDWHV DQ LQFUHDVH LQ WKH SKRWRUHVSRQVH IRU

WKH WKLFNHU ILOP� 7KH UHDVRQ IRU WKH LQFUHDVH LQ WKH SKRWRUHVSRQVH FRXOG EH H[SODLQHG

LQ WHUP RI WKH JUDLQ VL]H� $V WKH JUDLQ VL]H LQFUHDVHV IURP ���� WR ���� QP� WKH JUDLQ

ERXQGDULHV DUH UHGXFHG� 7KH ERXQGDULHV DUH NQRZQ WR DFW DV UHFRPELQDWLRQ FHQWUHV IRU

PLQRULW\ FDUULHUV DQG WUDSSLQJ FHQWUHV IRU PDMRULW\ FDUULHUV�
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)LJ� �� &RPSDULVRQ RI SKRWRVHQVLWLYLW\ RI WKH VDPSOHV� 7KLFNQHVV �D� ���� PP �E� ���� PP

7KH GHSHQGHQFH VKRZQ LQ )LJ� � FRQILUPV WKDW WKH ILOPV SRVVHVV VHPLFRQGXFWLQJ

EHKDYLRXU� 7KH IDFW WKDW WKH SKRWRFXUUHQW RFFXU RQ WKH QHJDWLYH �FDWKRGH� SRWHQWLDO

LQGLFDWHV WKDW WKH ILOPV SUHSDUHG DUH RI WKH S�W\SH DQG WKH\ FDQ EH GHSOR\HG DV SKRWR

FDWKRGH LQ WKH SKRWRHOHFWURFKHPLFDO FHOO DSSOLFDWLRQ WR IDFLOLWDWH D UHGXFWLRQ UHDFWLRQ

RI WKH HOHFWUR DFWLYH VSHFLHV LQ WKH VROXWLRQ�

���&RQFOXVLRQ

&OHDU� WUDQVSDUHQW 6Q6H ILOPV ZLWK GLIIHUHQW WKLFNQHVV FRXOG FRQYHQLHQWO\ EH SUH�

SDUHG E\ FRPELQDWLRQ RI FKHPLFDO SUHFLSLWDWLRQ DQG YDFXXP HYDSRUDWLRQ WHFKQLTXH�

7KH 6Q6H SRZGHU SUHSDUDWLRQ PHWKRG LV OHVV WHGLRXV WKDQ WKH SUHYLRXVO\ XVHG VROLG�

VWDWH PHWKRG >�� ��� ��� ��@� 7KH SUHIHUUHG RULHQWDWLRQ RI WKH FU\VWDOOLWHV OLHV DORQJ WKH

����� GLUHFWLRQ� 7KH WKLFNHU 6Q6H ILOP H[KLELWV D KLJKHU SKRWRDFWLYLW\� 7KH EDQG JDS

ZDV IRXQG WR EH LQGLUHFW DQG HTXDO WR ���� H9�

$FNQRZOHGJHPHQWV

:H DUH JUDWHIXO WR WKH 0DOD\VLDQ *RYHUQPHQW IRU SURYLGLQJ WKH JUDQW XQGHU ,53$ 1R� ���������

�����($���� :H ZRXOG OLNH WR WKDQN WKH 'HSDUWPHQW RI 3K\VLFV� 8QLYHUVLWL 3XWUD 0DOD\VLD IRU SURYLGLQJ



7LQ VHOHQLGH WKLQ ILOPV ���

WKH ODERUDWRU\ IDFLOLWLHV� 2QH RI XV �6�1�� ZRXOG OLNH WR WKDQN WKH 0LQLVWU\ RI 6FLHQFH� 7HFKQRORJ\ DQG WKH

(QYLURQPHQW IRU WKH 1DWLRQDO 6FLHQFH )HOORZVKLS �16)��
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