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.RUHD 8QLYHUVLW\�

7UDSSLQJ� &KDUDFWHULVWLFV� RI� &HVLXP� LQ�2II�*DV� 6WUHDP�8VLQJ� )O\� $VK� )LOWHU

-LQ�0\HRQJ 6KLQ� DQG -DQJ�-LQ 3DUN

'83,& )XHO )DFLOLW\ 'HYHORSPHQW 7HDP� .RUHD $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH�
3�2� %R[ ���� 'DHMHRQ �������� .RUHD

�5HFHLYHG �� 0DUFK ���� � DFFHSWHG �� -XQH �����

$EVWUDFW−7KH FHVLXP WUDSSLQJ FKDUDFWHULVWLFV ZLWK FKDQJLQJ UHDFWLRQ WHPSHUDWXUH� FDUULHU JDV DQG JDV YHORFLW\ E\

WKH IO\ DVK ILOWHU ZHUH DQDO\]HG� 7KH 6(0 �6FDQQLQJ HOHFWURQ PLFURVFRSH� RQ WKH SRUH VWUXFWXUH RI WKH IO\ DVK ILOWHU

VKRZHG WKDW SRUHV XS WR ��� PP LQ GLDPHWHU ZHUH ZLGHO\ LQWHUFRQQHFWHG ZLWK HDFK RWKHU WKURXJKRXW WKH ZKROH VWUXFWXUH

RI WKH ILOWHU� $FFRUGLQJ WR WKH ;5' �;�UD\ GLIIUDFWLRQ� DQDO\VLV IRU WKH FHVLXP FRPSRXQG WUDSSHG RQ WKH IO\ DVK ILOWHU�

WKH WKHUPDOO\ VWDEOH SROOXFLWH SKDVH ZDV IRUPHG� 7KH FHVLXP WUDSSLQJ TXDQWLW\ RI WKH IO\ DVK ILOWHU ZDV LQFUHDVHG ZLWK

LQFUHDVLQJ UHDFWLRQ WHPSHUDWXUH� ZKHUHDV LW ZDV GHFUHDVHG ZLWK LQFUHDVLQJ JDV YHORFLW\� 6(0 VKRZHG WKDW WKH IO\ DVK

ILOWHU DIWHU WUDSSLQJ JDVHRXV FHVLXP KDG PXOOLWH SKDVH RI QHHGOH�OLNH FU\VWDOV DQG SROOXFLWH SKDVH RI EXON\ FU\VWDOV ZLWK

URXJK VXUIDFH�

.H\ ZRUGV� )O\ $VK )LOWHU� &HVLXP� 3ROOXFLWH� 7UDSSLQJ� '83,& 1XFOHDU )XHOV
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$ QHZ IXHO F\FOH� FDOOHG 'LUHFW 8VH RI 3:5 6SHQW )XHO LQ &$1�

'8 UHDFWRU �'83,&�� KDV UHFHLYHG UHQHZHG LQWHUHVW UHFHQWO\ DV 3:5

WR &$1'8 V\QHUJLVWLF IXHO UHF\FOLQJ RSWLRQ ><DQJ HW DO�� ����@�

7KH '83,& IXHO IDEULFDWLRQ SURFHVV FRQVLVWV RI URG�FXW� GHFODG�

GLQJ� UHSHDWHG 25(2; �2[LGDWLRQ DQG 5(GXFWLRQ RI 2;LGH IXHO��

SHOOHWL]LQJ DQG VLQWHULQJ SURFHVVHV� 7KH VFKHPDWLF GLDJUDP RI WKH

'83,& IXHO IDEULFDWLRQ SURFHVV LV VKRZQ LQ )LJ� �� 'XULQJ WKH URG�

FXW SURFHVV� WULWLXP FDQ EH JHQHUDWHG� ,Q DGGLWLRQ WR WKH URG�FXW SUR�

FHVV� GXULQJ WKH 25(2; DQG VLQWHULQJ SURFHVVHV� YRODWLOH ILVVLRQ

JDVHV �WULWLXP� FDUERQ���� NU\SWRQ� LRGLQH HWF�� DQG VHPL�YRODWLOH

ILVVLRQ JDVHV �FHVLXP� UXWKHQLXP HWF�� PLJKW EH UHOHDVHG� $PRQJ

VHPL�YRODWLOH JDVHRXV UDGLRDFWLYH ZDVWHV� FHVLXP LV RQH RI WKH PRVW

KD]DUGRXV DQG OHDFKDEOH UDGLRDFWLYH ILVVLRQ SURGXFWV�

$OXPLQRVLOLFDWHV KDYH EHHQ VWXGLHG IURP YDULRXV DVSHFWV RI SUH�

SDUDWLRQ� OHDFKDELOLW\ DQG WKHUPDO VWDELOLW\ DV D WUDSSLQJ PDWHULDO

IRU FHVLXP� $PRQJ ZHOO�NQRZQ FHVLXP DOXPLQRVLOLFDWHV VXFK DV

FHVLXP QHSKHOLQH �&V$O6L2���SROOXFLWH �&V$O6L�2�� DQG &V$O6L�2���

SROOXFLWH KDV EHHQ UHFRPPHQGHG DV D SUHIHUDEOH SKDVH IRU IL[LQJ

FHVLXP EHFDXVH RI LWV ORZ OHDFK UDWH DQGJRRG WKHUPDO VWDELOLW\ >'HQLV

HW DO�� ����@� $FFRUGLQJ WR0XNHUML DQG .D\DO >����D� E@�7*� '7$

DQG ;5' DQDO\VLV WHFKQLTXHV VKRZHG WKDW FOD\ PDWHULDOV VXFK DV

PHWDNDROLQ �$O�2�Â�6L2��� EHQWRQLWH �$O�2�Â�6L2�Â�+�2� DQG S\UR�

SK\OOLWH �$O�2�Â�6L2�Â+�2� FRXOG EH XVHG IRU WUDSSLQJ JDVHRXV FH�

VLXP�

)O\ DVK FRQVLVWV RI ILQHO\ GLYLGHG SDUWLFOHV EHWZHHQ � DQG ���

µP HQWUDLQHG LQ IOXH JDV� ZKLFK LV SURGXFHG DW D UDWLR RI ������

RI WKH UDZ FRDO DV E\�SURGXFW ZKHQ WKH ILQH FRDO SRZGHU LV EXUQHG�

7KH UHPDLQLQJ DPRXQW RI IO\ DVK LV VWRUHG LQ DQ DVK SRQG DIWHU EHLQJ

FKDQJHG LQWR D VOXUU\ IRUP LQ PRVW FRDO�ILUHG SRZHU SODQWV� ,W LV

NQRZQ WKDW IO\ DVK LV D VHULRXV SROOXWDQW RI JURXQG ZDWHU DQG VRLO

GXH WR WKH OHDFKLQJ RI SRWHQWLDOO\ WR[LF VXEVWDQFHV IURP DQ HFRORJL�

FDO DQG DQ HFRQRPLFDO SRLQW RI YLHZ� &XUUHQWO\� VPDOO DPRXQWV RI

IO\ DVK DUH XWLOL]HG� PDLQO\ DV D UDZ PDWHULDO LQ WKH FHPHQW LQGXVWU\

DQG FRPSRVLWH PDWHULDO RI FRQFUHWH >/LQ�����@�

5HFHQW SDSHUV KDYH UHSRUWHG >3DUN HW DO�� ����� ����@ RQ WKH XVH

RI IO\ DVK WR WUDS JDVHRXV FHVLXP�ZKLFK LQFOXGHV WKH DQDO\VLV RI

RSWLPXP ORDGLQJ TXDQWLW\ RI JDVHRXV FHVLXP ZLWK IO\ DVK DQG WKH

DQDO\VLV RI WKHUPDO VWDELOLW\ RI FHVLXP WUDSSHG RQ D IO\ DVK� 7KH 6L�

$O PROH UDWLR RI IO\ DVK FRUUHVSRQGLQJ DSSUR[LPDWHO\ WR WKDW RI SRO�

OXFLWH �&V$O6L�2�� LQGLFDWHV WKH IHDVLELOLW\ RI WKLV IO\ DVK LQ WUDS�

SLQJ JDVHRXV FHVLXP JHQHUDWHG IURP '83,& IXHO IDEULFDWLRQ SUR�

FHVV� 7R DSSO\ IO\ DVK IRU RII�JDV WUHDWPHQW V\VWHP RI JDVHRXV FH�

VLXP� LW VKRXOG EH PDQXIDFWXUHG DV D GLVN IRUP� $OVR� LW LV QHFHV�

VDU\ WR REWDLQ WKH LQIRUPDWLRQ RQ WKH RSHUDWLQJ FRQGLWLRQV RI FHVL�

XP WUDSSLQJ XQLW XVLQJ WKH IO\ DVK ILOWHUV�

,Q WKLV ZRUN� WKHUHIRUH� H[SHULPHQWV ZHUH SHUIRUPHG WR HYDOXDWH

WKH WUDSSLQJ FKDUDFWHULVWLFV ZLWK FKDQJLQJ WUDSSLQJ WHPSHUDWXUH�

FDUULHU JDV DQG JDV YHORFLW\ E\ WKH IO\ DVK ILOWHU LQ D WZR�]RQH IXU�

QDFH� 5HDFWLRQ SURGXFWV IRUPHG E\ WKH UHDFWLRQ RI JDVHRXV FHVLXP

FRPSRXQGV ZLWK WKH IO\ DVK ILOWHUV ZHUH LQYHVWLJDWHG E\ XVLQJ 6(0

DQG ;5' DQDO\VHV�

(;3(5,0(17$/

)O\ DVK IURP D %RU\XQJ FRDO ILUHG SRZHU SODQW ZDV XVHG� 7KH

FKHPLFDO FRPSRVLWLRQV DUH VKRZQ LQ 7DEOH �� 7R PDQXIDFWXUH D FH�

UDPLF IRDP ILOWHU� IO\ DVK DQG SRO\YLQ\O DOFRKRO DV D ELQGLQJ PDWH�

ULDO ZHUH PL[HG WRJHWKHU WR PDNH D XQLIRUP VOLS VROXWLRQ� 7KLV VOLS

VROXWLRQ ZDV LPSUHJQDWHG ZLWK D SRO\XUHWKDQH VSRQJH DQG VXUSOXV

VOLS ZDV UHPRYHG IURP WKH VSRQJH� $QG WKHQ LW ZDV GULHG DW �� R&

DQG VLQWHUHG DW ����� R&� 7KH KHDWLQJ UDWH ZDV FRQVWDQWO\ PDLQWDLQHG

DW � R&�PLQ DQG VLQWHULQJ WLPH ZDV ���PLQ� 7KH IO\ DVK ILOWHU KDV

DQ LQQHU GLDPHWHU RI ��PP� WKLFNQHVV RI ��PP DQG DYHUDJHZHLJKW

RI DERXW � J� 7KH QXPEHU RI SRUHV IRU WKH IO\ DVK ILOWHU UDQJHG IURP
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DERXW �� WR �� SRUHV SHU OLQHDU FHQWLPHWHU� 7ZR�]RQH IXUQDFH RI ���

FP ,�'� DOXPLQD WXEH LV VKRZQ LQ )LJ� �� ,Q WKH ILUVW KRW ]RQH� FHVL�

XP VLOLFDWH ZDV XVHG WR JHQHUDWH D FRQWUROOHG VRXUFH RI JDVHRXV FH�

VLXP� ZKLFK ZDV VFKHGXOHG WR SDVV WKURXJK WKH IO\ DVK ILOWHUV PRXQW�

HG LQ WKH VHFRQG KRW ]RQH� )LOWHUV ZHUH WLJKWO\ SDFNHG LQ DQ DOX�

PLQD WXEH RI IXUQDFH E\ XVLQJ DQ DOXPLQDPDW� 7KH H[SHULPHQWV ZHUH

FRQGXFWHG XQGHU DLU DQG K\GURJHQ �$U��� +�� FRQGLWLRQV EHFDXVH

JDVHRXV FHVLXP ZDV FRQVLGHUHG WR EH UHOHDVHG GXULQJ WKH 25(2;

SURFHVV LQ PDQXIDFWXULQJ '83,& IXHO�

,Q RUGHU WR GHWHUPLQH PLQLPXP WUDSSLQJ WHPSHUDWXUH� WUDSSLQJ

H[SHULPHQWV ZHUH FRQGXFWHG E\ KHDWLQJ WKH WUDSSLQJ ]RQH IURP ���
R& WR ����� R& IRU �� KRXUV� DQG WKHQ FRROLQJ LW GRZQ WR WKH URRP

WHPSHUDWXUH� 6RXUFH WHPSHUDWXUH RI FHVLXP VLOLFDWH ZDV FRQVWDQWO\

PDLQWDLQHG DW ����� R&� 7KH DLU YHORFLW\ ZDV FRQWUROOHG DV � FP�

VHF DW WKH WUDSSLQJ ]RQH� ;5' �6LHPHQV� '����� WHFKQLTXH ZDV

DSSOLHG IRU DQDO\]LQJ UHDFWLRQ SURGXFWV RQ WKH IO\ DVK ILOWHUV� 7KH

;�UD\ XVHG ZDV &X .α UD\� DQG WKH VFDQQLQJ UDWH ZDV �R�PLQ� 7KH

DQJOH� �θ� ZDV ZLWKLQ WKH DQJOH RI ��R WR ��R� 6(0 �-HRO� -60������

ZDV DOVR XVHG WR REVHUYH UHDFWLRQ SURGXFWV RI WKH IO\ DVK ILOWHU ZLWK

FHVLXP VLOLFDWH�

,Q RUGHU WR XQGHUVWDQG WKH HIIHFW RI JDV YHORFLW\ RQ WKH FHVLXP�

WUDSSLQJ TXDQWLW\ RI WKH IO\ DVK ILOWHU� WKH DLU YHORFLW\ ZDV YDULHG EH�

WZHHQ � DQG �� FP�VHF� 7KH WUDSSLQJ WHPSHUDWXUH ZDV FRQVWDQWO\

PDLQWDLQHG DW ����� R& DQG WUDSSLQJ WLPH ZDV ��KRXUV XQGHU WKH

DLU FRQGLWLRQ� &HVLXP WUDSSLQJ TXDQWLW\ ZDV FDOFXODWHG E\ PHDVXU�

LQJ WKH ZHLJKW FKDQJH RI WKH ILOWHU EHIRUH DQG DIWHU WUDSSLQJ JDV�

HRXV FHVLXP�

5(68/76 $1' ',6&866,21

:KHQ JDVHRXV FHVLXP UHDFWHG ZLWK WKH IO\ DVK ILOWHU XQGHU WKH

DLU DQG K\GURJHQ FRQGLWLRQV� WKH FRORUV RI WKH IO\ DVK ILOWHU FKDQJHG

IURP EURZQ WR GDUN EURZQ DQG IURP JUD\ WR EODFN ZLWK LQFUHDVLQJ

WHPSHUDWXUH� UHVSHFWLYHO\� 7KH W\SLFDO SKRWRJUDSKV RI WKH IO\ DVK

ILOWHUV XQGHU WKH DLU DQG K\GURJHQ FRQGLWLRQV DUH VKRZQ LQ )LJ� �� ,W

PD\ VKRZ WKDW WKH WUDSSLQJ FKDUDFWHULVWLFV RI JDVHRXV FHVLXP E\

WKH IO\ DVK ILOWHU FRXOG EH FKDQJHG ZLWK WKH WUDSSLQJ WHPSHUDWXUH

DQG FDUULHU JDV�

)LJ� �� '83,& IXHO IDEULFDWLRQ SURFHVV�

7DEOH �� &KHPLFDO FRPSRVLWLRQV RI IO\ DVK

&RQVWLWXHQWV ZW�
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)LJ� �� 6FKHPDWLF GLDJUDP RI WKH H[SHULPHQWDO DSSDUDWXV IRU WUDS�
SLQJ JDVHRXV FHVLXP�

)LJ� �� 3KRWRJUDSKV RI WKH IO\ DVK ILOWHUV DIWHU WUDSSLQJ JDVHRXV FH�

VLXP XQGHU WKH DLU DQG K\GURJHQ FRQGLWLRQV�



���� -��0� 6KLQ DQG -��-� 3DUN

1RYHPEHU� ����

)LJ� ��D� VKRZV 6(0SKRWRJUDSKV RI WKH IO\ DVK ILOWHU DW ��;PDJ�

QLILFDWLRQ� 7KH VWUXFWXUH RI WKH IO\ DVK ILOWHU LQGLFDWHV WKDW SRUHV XS

WR ���PP LQ GLDPHWHU DUH ZLGHO\ LQWHUFRQQHFWHG ZLWK HDFK RWKHU

WKURXJKRXW WKH ZKROH VWUXFWXUH RI WKH ILOWHU� 7KHPLFURVFRSLF REVHU�

YDWLRQ RI WKH IO\ DVK ILOWHU LV FRPSOHWHO\ GLIIHUHQW IURP WKDW RI WKH

IO\ DVK SDUWLFOHV KDYLQJ VSKHULFDO VKDSHV >)ODJDQ DQG )ULHGODQGHU�

����@� 0LFURVFRSLF REVHUYDWLRQ RI WKH IO\ DVK ILOWHU DIWHU WUDSSLQJ

JDVHRXV FHVLXP� DV VKRZQ LQ )LJ� ��F�� WDNHQ DW �����; PDJQLILFD�

WLRQ� LQGLFDWHV WKDW LW KDV SROOXFLWH SKDVH RI EXON\ FU\VWDOV ZLWK URXJK

VXUIDFH DQG PXOOLWH SKDVH RI QHHGOH�OLNH FU\VWDOV� ZKRVH VKDSHV DUH

GLIIHUHQW IURP WKRVH RI WKH IO\ DVK ILOWHU >)LJ� ��E�@�

$IWHU WKH UHDFWLRQ RI WKH IO\ DVK ILOWHU ZLWK JDVHRXV FHVLXP DW RYHU

��� R& RI WUDSSLQJ WHPSHUDWXUH XQGHU WKH DLU FRQGLWLRQV� WKH UHDFWHG

VXUIDFH RI WKH IO\ DVK ILOWHU JDYH ;5' SHDNV WKDW LQGLFDWHV FULVWR�

EDOLWH� TXDUW]� PXOOLWH DQG SROOXFLWH SKDVHV DV VKRZQ LQ )LJ� �� $W

��� R& RI WUDSSLQJ WHPSHUDWXUH� RQO\ FULVWREDOLWH� TXDUW] DQG PXO�

OLWH SKDVHV ZHUH IRUPHG XQGHU WKH DLU FRQGLWLRQ DV VKRZQ LQ )LJ� ��

7KDW LV� SROOXFLWH SKDVH ZDV QRW IRUPHG DW ��� R&� ,W PLJKW LQGLFDWH

WKDW WKH PLQLPXP WUDSSLQJ WHPSHUDWXUH RI JDVHRXV FHVLXP E\ WKH

IO\ DVK ILOWHU LV DERXW ��� R& XQGHU WKH DLU FRQGLWLRQ�

2Q WKH RWKHU KDQG� )LJ� � VKRZV ;5' SDWWHUQV RI WKH IO\ DVK ILO�

WHUV UHDFWHG XQGHU WKH K\GURJHQ FRQGLWLRQ DW GLIIHUHQW WHPSHUDWXUHV�

7KH UHDFWHG VXUIDFHV RI WKH IO\ DVK ILOWHU IURP RYHU ��� R&RI WUDSSLQJ

WHPSHUDWXUH XQGHU K\GURJHQ FRQGLWLRQ JDYH ;5' SHDNV WKDW LQGL�

FDWH FULVWREDOLWH� TXDUW]� PXOOLWH DQG SROOXFLWH SKDVHV DV VKRZQ LQ

)LJ� �� $W ��� R& RI WUDSSLQJ WHPSHUDWXUH� FULVWREDOLWH� TXDUW] DQG

PXOOLWH SKDVHV ZHUH IRUPHG XQGHU WKH K\GURJHQ FRQGLWLRQ DV VKRZQ

LQ )LJ� �� 7KDW LV� WKH SROOXFLWH SKDVH ZDV QRW IRUPHG DW ��� R&� ,W

PLJKW LQGLFDWH WKDW WKH PLQLPXP WUDSSLQJ WHPSHUDWXUH RI JDVHRXV

FHVLXP E\ WKH IO\ DVK ILOWHU LV DOVR DERXW ��� R& XQGHU WKH K\GUR�

JHQ FRQGLWLRQ�

7KH FHVLXP WUDSSLQJ TXDQWLW\ RI WKH IO\ DVK ILOWHU ZDV LQFUHDVHG

ZLWK LQFUHDVLQJ WUDSSLQJ WHPSHUDWXUH XQGHU WKH DLU FRQGLWLRQ DV VKRZQ

LQ )LJ� �� 7KLV PLJKW EH WKDW WKH UHDFWLRQ UDWH ZDV LQFUHDVHG ZLWK

LQFUHDVLQJ UHDFWLRQ WHPSHUDWXUH� )LJ� � VKRZV WKDW WKH FHVLXP WUDS�

SLQJ TXDQWLW\ RI WKH IO\ DVK ILOWHU ZDV GHFUHDVHG ZLWK LQFUHDVLQJ JDV

YHORFLW\� 7KLV PLJKW EH WKDW WKH FRQWDFW WLPH EHWZHHQ WKH IO\ DVK

ILOWHU DQGJDVHRXV FHVLXPZDV GHFUHDVHGZLWK LQFUHDVLQJ JDV YHORFLW\�

$FFRUGLQJ WR 3DUN HW DO� >����@� FHVLXP WUDSSLQJ H[SHULPHQWV

)LJ� �� 6(0SKRWRJUDSKV RI WKH IO\ DVK ILOWHU EHIRUH DQG DIWHU UHDF�

WLRQ DW ����� R& XQGHU WKH DLU FRQGLWLRQ�
�D� ILOWHU� î��� �E� ILOWHU� î������ �F� UHDFWHG ILOWHU� î�����

)LJ� �� ;5' SDWWHUQV IRU WKH IO\ DVK ILOWHUV UHDFWHG ZLWK JDVHRXV

FHVLXP XQGHU WKH DLU FRQGLWLRQ DW GLIIHUHQW WHPSHUDWXUHV�
&� &ULVWREDOLWH� 4� 4XDUW]� 0� 0XOOLWH� 3� 3ROOXFLWH
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VKRZHG WKDW FHVLXP QHSKHOLQH �&V$O6L2�� SKDVH EHJDQ WR HPHUJH

LQ DGGLWLRQ WR SROOXFLWH SKDVH ZKHQ WKH FHVLXP WUDSSLQJ TXDQWLW\

ZDV JUHDWHU WKDQ ���� J�&V�2�J�IO\ DVK� &HVLXP QHSKHOLQH SKDVH

ZDV LQFUHDVHG ZLWK LQFUHDVLQJ FHVLXP WUDSSLQJ TXDQWLW\� $Q\ZD\�

IURP WKH DERYH H[SHULPHQW UHVXOWV� LW PD\ EH VXJJHVWHG WKDW WKH IO\

DVK ILOWHU FDQ DFW DV D JRRG ILOWHU LQ FHVLXP�WUDSSLQJ TXDQWLW\ RI OHVV

WKDQ ���� J�&V�2�J�IO\ DVK XQGHU WKH DLU DQG K\GURJHQ FRQGLWLRQV

E\ WUDSSLQJ DQG IL[LQJ JDVHRXV FHVLXP DV D IRUP RI WKHUPDOO\ VWDEOH

SROOXFLWH SKDVH�

&21&/86,216

7KH UHVXOWV RI WUDSSLQJ H[SHULPHQWV IRU JDVHRXV FHVLXP JHQHU�

DWHG IURP FHVLXP VLOLFDWH E\ WKH IO\ DVK ILOWHU DUH DV IROORZV�

��:KHQ JDVHRXV FHVLXP UHDFWHG ZLWK WKH IO\ DVK ILOWHU XQGHU WKH

DLU DQG K\GURJHQ FRQGLWLRQV� WKH FRORUV RI WKH IO\ DVK ILOWHU FKDQJHG

IURP EURZQ WR GDUN EURZQ DQG IURP JUD\ WR EODFN ZLWK LQFUHDVLQJ

WHPSHUDWXUH� UHVSHFWLYHO\�

�� 3ROOXFLWH SKDVH ZDV IRUPHG E\ WUDSSLQJ JDVHRXV FHVLXP JHQ�

HUDWHG IURP FHVLXP VLOLFDWH ZLWK WKH IO\ DVK ILOWHU DW RYHU ��� R& RI

WUDSSLQJ WHPSHUDWXUH XQGHU ERWK WKH DLU DQG K\GURJHQ DWPRVSKHUHV�

�� 7KH FHVLXP WUDSSLQJ TXDQWLW\ RI WKH IO\ DVK ILOWHU ZDV LQFUHDVHG

ZLWK LQFUHDVLQJ WUDSSLQJ WHPSHUDWXUH�

$&.12:/('*(0(176

7KLV ZRUN ZDV SHUIRUPHG XQGHU WKH /RQJ�WHUP 1XFOHDU 5	'

3URJUDP VSRQVRUHG E\ WKH0LQLVWU\ RI 6FLHQFH DQG 7HFKQRORJ\�

5()(5(1&(6

)ODJDQ� 5�&� DQG )ULHGODQGHU� 6�.�� ³3DUWLFOH )RUPDWLRQ LQ 3XOYHUL]HG

&RDO &RPEXVWLRQ D 5HYLHZ�́ 5HFHQW 'HYHORSPHQWV LQ $HURVRO 6FL�

HQFH� 6KDZ�'�7� �(G���$:LOH\�,QWHUVFLHQFH3XEOLFDWLRQ� �� �������

/LQ� ;�;�� ³)O\ $VK &RQFUHWH�́ ,Q WKH 3URFHHGLQJ RI 81,'2 :RUN�

VKRS RQ )O\ $VK 8WLOL]DWLRQ� 6KDQJKDL� &KLQD� �� �������

0XNHUML� -� DQG .D\DO� 3�%�� ³)L[DWLRQ RI +LJK /HYHO $WRPLF:DVWH LQ

*ODVV IRU8OWLPDWH'LVSRVDO� 3DUW ,,,� 7KHUPDO'HFRPSRVLWLRQRI)LV�

VLRQ 3URGXFW 1LWUDWHV DQG 7KHLU 5HDFWLRQ ZLWK 6RPH *ODVV %DWFK

$GGLWLYHV�́ -� 6FLHQW� ,QG� 5HV�� ��� ��� �����D��

0XNHUML� -� DQG.D\DO� 3�%�� ³5HDFWLRQRI&V12� DQG5E12�ZLWK1DW�

XUDO $OXPLQRVLOLFDWHV�́ 0DWHU� 5HV� %XOO�� ��� ���� �����E��

3DUN� -� -�� &KXQ� .� 6�� 6KLQ� -�0�� .LP� -� +� DQG 3DUN� +� 6�� ³7KHU�

PDO 6WDELOLW\ RI &HVLXP 7UDSSHG RQ D )O\ $VK�́ 3URF� ,QW� &RQI� RQ

)XWXUH 1XFOHDU 6\VWHPV� */2%$/ ��� 2&7� ����� <RNRKDPD�

-DSDQ� ���� �������

3DUN� -� -��&KXQ�.� 6�� 6KLQ� -�0��.LP�<�.�DQG3DUN�+� 6�� ³$6WXG\

RQ WKH8WLOL]DWLRQ RI )O\ $VK DV D 7UDSSLQJ0DWHULDO RI*DVHRXV&H�

VLXP �,� 7UDSSLQJ &KDUDFWHULVWLFV RI *DVHRXV &HVLXP E\ D 7KHUPDO

$QDO\]HU�́ -� RI .RUHDQ 6ROLG :DVWHV (QJLQHHULQJ 6RFLHW\� ��� ���

�������

6WUDFKDQ� '�0� DQG 6FKXO]�:�:�� ³&KDUDFWHUL]DWLRQ RI 3ROOXFLWH DV D

)LJ� ��;5' SDWWHUQV IRU WKH IO\ DVK ILOWHUV UHDFWHG ZLWK JDVHRXV

FHVLXP XQGHU WKH K\GURJHQ FRQGLWLRQ DW GLIIHUHQW WHPSHUD�
WXUHV�

&� &ULVWREDOLWH� 4� 4XDUW]� 0� 0XOOLWH� 3� 3ROOXFLWH

)LJ� �� (IIHFW RI WUDSSLQJ WHPSHUDWXUH RQ FHVLXP WUDSSLQJ TXDQ�
WLW\ XQGHU WKH DLU FRQGLWLRQ�

)LJ� �� (IIHFW RI JDV YHORFLW\ RQ FHVLXP WUDSSLQJ TXDQWLW\ XQGHU

WKH DLU FRQGLWLRQ�



���� -��0� 6KLQ DQG -��-� 3DUN

1RYHPEHU� ����

0DWHULDO IRU /RQJ�7HUP 6WRUDJH RI &HVLXP�����́ $P� &HUDP� 6RF�

%XOO�� ��� ��� �������

<DQJ� 0� 6�� -XQJ� ,�+�� /HH� -�:�� &KRL� +� %�� 3DUN� -� -�� %DH� .�.��

/HH� -� 6� DQG 3DUN� +� 6�� ³3URVSHFW DQG &KDOOHQJHV RI '83,&'H�

YHORSPHQW LQ .RUHD�́ ��WK 3DFLILF %DVLQ 1XFOHDU &RQIHUHQFH� &16�

%DQII� &DQDGD� ���� �������


