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'HSDUWDPHQWR GH 4XtPLFD� 8QLYHUVLGDGH )HGHUDO GR 5LR *UDQGH GR 1RUWH�

/DJRD 1RYD� 1DWDO� &� 3� ����� 51 ���������� %UD]LO

�*UXSR GH 3ROtPHURV ³3URI� %HUQKDUG *URVV´� ,QVWLWXWR GH )tVLFD GH 6mR &DUORV�

8QLYHUVLGDGH GH 6mR 3DXOR� &� 3� ���� 6mR &DUORV� 63 ���������� %UD]LO

�)DFXOGDGH GH &LrQFLDV H 7HFQRORJLD GH 3UHVLGHQWH 3UXGHQWH� 8QLYHUVLGDGH (VWDGXDO 3DXOLVWD�

&� 3� ���� 3UHVLGHQWH 3UXGHQWH� 63 ���������� %UD]LO

3RO\DQLOLQH �3$QL� KDV EHHQ FODVVLILHG DV DQ LQWUDFWDEOH SRO\PHU� SDUWLFXODUO\ LQ LWV FRQGXFWLQJ IRUP�

WKH HPHUDOGLQH VDOW �(6�� 7KHUHIRUH RQH FDQ FRQVLGHU WKH PL[WXUH RI ZDWHU DQG 3$QL DV D VXVSHQVLRQ� 7KH

FRQGXFWLQJ IRUP RI 3$QL FDQ EH REWDLQHG E\ D GRSLQJ SURFHVV NQRZQ DV ³DFLG GRSLQJ´� LQ ZKLFK D VWURQJ

DFLG WXUQV 3$QL IURP LWV LQVXODWLQJ IRUP� WKH HPHUDOGLQH EDVH �(%�� LQWR WKH FRQGXFWLQJ IRUP� WKH HPHU�

DOGLQH VDOW� :LWK WKH REMHFWLYH RI HVWDEOLVKLQJ D FRUUHODWLRQ EHWZHHQ WKH GRSLQJ OHYHO DQG WKH ]HWD SRWHQWLDO

RI SRO\DQLOLQH GLVSHUVLRQV� SRO\DQLOLQH � +&O DTXHRXV VXVSHQVLRQV ZHUH SUHSDUHG� 3RVLWLYH ]HWD SRWHQWLDO

YDOXHV IRU WKH YDULRXV VXVSHQVLRQV RI 3$QL VKRZHG WKDW LW DFTXLUHG SRVLWLYH FKDUJHV DIWHU WKH GRSLQJ

SURFHVV� ,W ZDV DOVR REVHUYHG DQ LQFUHDVH LQ ]HWD SRWHQWLDO YDOXHV DV +&O FRQFHQWUDWLRQ LQFUHDVHG� ZKLFK

FRXOG EH FRUUHODWHG WR 89�YLVLEOH VSHFWUD RI 3$QL VXVSHQVLRQV�

.H\ ZRUGV� SRO\DQLOLQH� HOHFWURSKRUHWLF PRELOLW\� ]HWD SRWHQWLDO� GRSLQJ

���,QWURGXFWLRQ

3RO\PHUV GHULYHG IURP RUJDQLF FRPSRXQGV� ZLWK S�HOHFWURQ FRQMXJDWLRQ DQG KLJK

GRSDQW FRQFHQWUDWLRQ� DUH WHUPHG FRQGXFWLQJ RUJDQLF SRO\PHUV >�@� 7KHVH SRO\PHUV

KDYH EHHQ H[WHQVLYHO\ VWXGLHG E\ UHVHDUFKHUV GXH WR WKHLU ODUJH YDULHW\ RI DSSOLFDWLRQV�

VXFK DV UHFKDUJHDEOH EDWWHULHV >�@� HOHFWURFKURPLF GHYLFHV >�@ DQG OXPLQHVFHQW PDWHUL�

DOV >�@ LQ RSWLFDO GHYLFHV� $PRQJ WKHVH SRO\PHUV� SRO\DQLOLQH �3$QL� LV DW DQ
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RXWVWDQGLQJ SRVLWLRQ� PDLQO\ GXH WR WKH UHODWLYHO\ VLPSOH H[SHULPHQWDO PHWKRGV XVHG

LQ LWV V\QWKHVLV >�@� 7KLV SRO\PHU PD\ RFFXU LQ GLIIHUHQW UHGR[ VWDWHV� WKH PDLQ VWUXF�

WXUHV� DV VKRZQ LQ )LJ� �� EHLQJ OHXFRHPHUDOGLQH �/(%�� HPHUDOGLQH �(%�� DQG

)LJ� �� %DVLF VWUXFWXUHV RI SRO\DQLOLQH� D� OHXFRHPHUDOGLQH EDVH�

E� HPHUDOGLQH EDVH� F� SHUQLJUDQLOLQH EDVH

SHUQLJUDQLOLQH �3*%� >�@� $OO WKHVH EDVLF IRUPV DUH LQVXODWLQJ RQHV� 'RSLQJ LV WKH

UHDVRQ IRU WKH KLJK FRQGXFWLYLW\ DQG RWKHU XQLTXH SURSHUWLHV RI FRQGXFWLQJ SRO\PHUV

>�@� 7KH IXQGDPHQWDO SURFHVV RI GRSLQJ LV D UHDFWLRQ RI FKDUJH WUDQVIHU EHWZHHQ WKH

RUJDQLF SRO\PHU DQG D GRSDQW� ZKHQ FKDUJHV DUH UHPRYHG �RU DGGHG� WR D SRO\PHU

FKDLQ WKURXJK D FKHPLFDO UHDFWLRQ� WKH JHRPHWULF SDUDPHWHUV� VXFK DV ERQG DQJOHV�

OHQJWKV DQG K\EULGL]DWLRQ� DUH PRGLILHG� UHVXOWLQJ LQ D GUDVWLF FKDQJH LQ FRQGXFWLYLW\�

WKH OHYHOV RI GRSLQJ DQG R[LGDWLRQ EHLQJ WKH PRVW LPSRUWDQW IDFWRUV DIIHFWLQJ WKH

HOHFWULF SURSHUWLHV RI SRO\DQLOLQH >�@� 'LIIHUHQW GRSDQWV SURGXFH SRO\DQLOLQHV ZLWK

GLIIHUHQW SURSHUWLHV� VXLWDEOH IRU VSHFLILF DSSOLFDWLRQV >�� ��@� $V DQ H[DPSOH� LQ WKH

FDVH RI 3$QL ILOPV� RQH FDQ ILQG UHSRUWHG LQ WKH OLWHUDWXUH GRSLQJ E\ FKRURQD GLV�

FKDUJH >��@� ,Q IDFW� RQH RI WKH PRVW FRPPRQ PHFKDQLVPV RI GRSLQJ RI SRO\DQLOLQH�

DFFRUGLQJ WR WKH OLWHUDWXUH� LV NQRZQ DV DFLG GRSLQJ� ZKHUH VWURQJ PLQHUDO DFLGV

FKDQJH WKH LQVXODWLQJ IRUP (% LQWR WKH VDOLQH FRQGXFWLYH RQH (6 >��@� DV GLVSOD\HG LQ

)LJ� ��



=HWD SRWHQWLDO DQG GRSLQJ LQ SRO\DQLOLQH GLVSHUVLRQV ���

)LJ� �� 6FKHPH UHSUHVHQWLQJ GRSLQJ RI (% SRO\DQLOLQH

IRU WKH REWHQWLRQ RI HPHUDOGLQH VDOW �(6�

$OWKRXJK DFLG GRSLQJ RFFXUV ZLWKRXW DQ\ YDULDWLRQ LQ WKH QXPEHU RI HOHFWURQV RI

WKH SRO\PHULF FKDLQ� WKH SURWRQV LQWURGXFH SRVLWLYH FKDUJHV WKHUH� $V D FRQVHTXHQFH�

FKHPLFDO LQWHUDFWLRQ FDQ EH GHVFULEHG DV D WZR�VWDJH SURFHVV >��@�

(% � +$o (%�+±$�DGVRUEHG ���

DQG

(%�+±$�DGVRUEHGo(%±+
�
� $

±
���

ZKHUH (T� ��� UHSUHVHQWV WKH LQWHUDFWLRQ RI WKH LPLQH SRO\PHU JURXS ZLWK WKH DFFHSWRU

PROHFXOH +±$� WKURXJK K\GURJHQ ERQGLQJ� DQG (T� ��� LV WKH FKDUJH VHSDUDWLRQ SURF�

HVV LQ WKHVH DGVRUSWLRQ FRPSOH[HV� 2EYLRXVO\ WKH DFLG PROHFXOHV PD\ UHDFW ZLWK (%

LQ D VLPLODU ZD\ DQG� LQ D VWURQJO\ DFLG PHGLXP� WKH ODVW UHDFWLRQ LV HTXLYDOHQW WR WKH

DFLG GRSLQJ DQG WR WKH FRQYHUVLRQ RI (% LQWR (6� ,Q WKLV ZD\� ZH FDQ GHVFULEH WKH DFLG

GRSLQJ RI (% DV DQ LQWHUDFWLRQ GRQQRU�DFFHSWRU IROORZHG E\ FKDUJH VHSDUDWLRQ �FKDUJH

WUDQVIHU� LQ WKH IRUPHG FRPSOH[� 7KH K\GURJHQ ERQG JLYHQ E\ DQ DFFHSWRU PROHFXOH LV

LQFRUSRUDWHG WR WKH GRQQRU PROHFXOH LQ WKH VHFRQG VWDJH RI WKH WUDQVIRUPDWLRQ�

3RO\DQLOLQH KDV IUHTXHQWO\ EHHQ FODVVLILHG DV DQ LQWUDFWDEOH SRO\PHU� SDUWLFXODUO\ LQ

LWV FRQGXFWLYH IRUP� WKH HPHUDOGLQH VDOW �(6�� ,W LV IHDVLEOH� DV D FRQVHTXHQFH� WR FRQ�

VLGHU WKH PL[WXUH RI SRO\DQLOLQH DQG ZDWHU DV D FROORLGDO VXVSHQVLRQ >��@� ZKLFK�

GHSHQGLQJ RQ WKH DSSOLFDWLRQ� PD\ EHFRPH D SUREOHP IRU WKH SURFHVVLQJ RI WKLV SRO\�

PHU� $V D FRQVHTXHQFH� WKH VWXG\ RI SDUWLFOH LQWHUDFWLRQV LQ WKHVH FROORLGV� WRJHWKHU

ZLWK QHZ PHWKRGV RI SUHSDUDWLRQ UHSUHVHQWV DQ LPSRUWDQW VWHS IRU REWDLQLQJ GLVSHU�

VLRQV ZKLFK FRXOG EH XVHG LQ DQ LQFUHDVLQJO\ ZLGHU UDQJH RI WHFKQRORJLFDO

DSSOLFDWLRQV >��@� 5HJDUGLQJ SDUWLFOH PRUSKRORJ\� 6WHMVNDO HW DO� >��� ��@ KDYH DQD�

O\]HG WKH LQIOXHQFH RI H[SHULPHQWDO FRQGLWLRQV RQ WKH SDUWLFOH VKDSH DQG VL]H RI

SRO\DQLOLQH GLVSHUVLRQV VWDELOL]HG E\ GLIIHUHQW K\GURSKLOLF SRO\PHUV�

,Q DQ\ FROORLGDO V\VWHP� VHYHUDO DVSHFWV RI LWV EHKDYLRXU �H�J� UKHRORJ\ >��@ DQG

VWDELOLW\ >��� ��@� DUH KLJKO\ JRYHUQHG E\ SDUWLFOH±SDUWLFOH SDUWLFOH±VROYHQW LQWHUDF�
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WLRQV� 5HJDUGLQJ SXUHO\ HOHFWURVWDWLF LQWHUDFWLRQV� WKHVH LQWHUDFWLRQV KDYH EHHQ GH�

VFULEHG E\ WKH VR�FDOOHG '/92 WKHRU\ >��@� RQH RI LWV PDLQ SDUDPHWHUV EHLQJ WKH ]

SRWHQWLDO� ZKLFK LV GHILQHG DV WKH HOHFWULFDO SRWHQWLDO DW WKH SDUWLFOH GRXEOH OD\HU VKHDU

SODQH >��@� 7KLV SRWHQWLDO� LQ LWV WXUQ� LV JRYHUQHG E\ VXUIDFH SDUWLFOH FKDUJHV� WKH

KLJKHU WKH GHQVLW\ RI SRVLWLYH FKDUJHV� WKH PRUH SRVLWLYH WKLV SRWHQWLDO ZLOO EH �WKH

RSSRVLWH EHLQJ WUXH IRU QHJDWLYH FKDUJHV� >��@� 7KH DLP RI WKLV ZRUN LV WR FRUUHODWH WKH

OHYHO RI GRSLQJ RI SRO\DQLOLQH SDUWLFOHV �LQ DTXHRXV VXVSHQVLRQV� ZLWK ] SRWHQWLDO YDO�

XHV RI WKHVH YHU\ SDUWLFOHV DQG UHODWH WKHVH GDWD WR PHDVXUHPHQWV RI HOHFWURPDJQHWLF

DEVRUSWLRQ LQ WKH 89�YLVLEOH UHJLRQ�

���([SHULPHQWDO

7KH SRO\DQLOLQH XVHG LQ WKLV ZRUN ZDV V\QWKHVL]HG DW WKH ,QVWLWXWR GH )tVLFD GH 6mR

&DUORV DV GHVFULEHG LQ WKH OLWHUDWXUH >��@� 7KH VXVSHQVLRQV RI 3$QL LQ GLOXWH +&O ZHUH

REWDLQHG E\ WKH GLVSHUVLRQ RI ���� J RI 3$QL LQ �� FP
�
RI DTXHRXV VROXWLRQ RI +&O�

%LGLVWLOOHG ZDWHU ZDV XVHG LQ DOO H[SHULPHQWV� 7KH VXVSHQVLRQV ZHUH SUHSDUHG ZLWK

+&O VROXWLRQV ZLWK WKH IROORZLQJ FRQFHQWUDWLRQV� ��� PPRO�GP
�
� � PPRO�GP

�
�

� PPRO�GP
�
� � PPRO�GP

�
� � PPRO�GP

�
� DQG � PPRO�GP

�
� 7KH GLVSHUVLRQV ZHUH VRQL�

FDWHG IRU �� V DQG OHIW DW D URRP WHPSHUDWXUH IRU �� K� VLQFH LW KDV EHHQ IRXQG WKDW

VRQLFDWLRQ RI 3$QL�FRQWDLQLQJ SDUWLFOHV ZRXOG UHVXOW LQ WKHLU GHVLQWHJUDWLRQ� JHQHUDW�

LQJ XQVWDEOH QDQRSDUWLFOHV� ZKLFK XQGHUJR IUDFWDO DJJUHJDWLRQ >��@� $IWHUZDUGV�

] SRWHQWLDO DQG HOHFWURPDJQHWLF DEVRUSWLRQ PHDVXUHPHQWV ZHUH FDUULHG RXW�

���� (OHFWURSKRUHWLF PRELOLW\ DQG ]] SRWHQWLDO PHDVXUHPHQWV

7KH HOHFWURSKRUHWLF PRELOLW\ PHDVXUHPHQWV P( ZHUH FDUULHG RXW XVLQJ D =HWD�0HWHU

6\VWHP ���� �=HWD�0HWHU ,QF�� 86$�� 7KH ] SRWHQWLDOV RI WKH SRO\DQLOLQH VXVSHQVLRQV ZHUH

FDOFXODWHG IURP P( E\ HPSOR\LQJ WKH 6PROXFKRZVNL UHODWLRQVKLS� DVVXPLQJ WKDW ND �� ��

ZKHUH N LV WKH 'HE\H±+�FNHO SDUDPHWHU DQG D LV WKH UDGLXV RI WKH SDUWLFOHV >��@�

���

ZKHUH H� LV WKH SHUPLWWLYLW\ RI YDFXXP� H LV WKH UHODWLYH HOHFWULF SHUPLWWLYLW\ RI ZDWHU�

DQG K LV WKH YLVFRVLW\ RI WKH GLVSHUVHU SKDVH�



=HWD SRWHQWLDO DQG GRSLQJ LQ SRO\DQLOLQH GLVSHUVLRQV ���

���� 89�YLVLEOH VSHFWURVFRS\

89�YLVLEOH DEVRUSWLRQ VSHFWUD RI WKH VXVSHQVLRQV ZHUH REWDLQHG XVLQJ D &DU\

VSHFWURSKRWRPHWHU� PRGHO �(� DW URRP WHPSHUDWXUH�

���5HVXOWV�DQG�GLVFXVVLRQ

)LJXUH � GLVSOD\V WKH YDOXHV RI ] SRWHQWLDO IRU WKH SRO\DQLOLQH SDUWLFOHV DV D IXQF�

WLRQ RI S+ RI WKH GLVSHUVHU SKDVH� 2QH FDQ REVHUYH WKDW DOO SRWHQWLDO YDOXHV DUH

SRVLWLYH� LQGLFDWLQJ WKDW SRO\DQLOLQH DFTXLUHG SRVLWLYH FKDUJHV DV D FRQVHTXHQFH RI

GRSLQJ� DV GLVFXVVHG EHIRUH� 2QH FDQ DOVR REVHUYH WKDW� DV S+ GHFUHDVHV� ] SRWHQWLDO

LQFUHDVHV� ,W LV GXH WR WKH IDFW WKDW DV PRUH +
�

LRQV DUH SUHVHQW LQ WKH GLVSHUVHU SKDVH�

PRUH SRO\DQLOLQH FKDLQV ZLOO EH GRSHG� LPSO\LQJ DQ LQFUHDVH LQ WKH FKDUJHV RQ WKHVH

FKDLQV �DQG� FRQVHTXHQWO\� RQ WKH SDUWLFOHV VXUIDFH�� $V D FRQVHTXHQFH WKH\ PRYH

IDVWHU WKDQ WKH OHVV GRSHG SDUWLFOHV ZKHQ VXEPLWWHG WR WKH VDPH SRWHQWLDO JUDGLHQW�

%XWWHUZRUWK HW DO� >��@ KDYH IRXQG WKH VDPH UHVXOWV ZLWK SRO\DQLOLQH V\QWKHVL]HG LQ

VLWX ZLWK XOWUDILQH VLOLFD� ,Q WKLV FDVH� WKH HIIHFW FRXOG QRW EH VROHO\ UHODWHG WR 3$QL

GRSLQJ� VLQFH SRO\PHUL]DWLRQ FRQGLWLRQV UHVXOWHG LQ REWDLQLQJ SDUWLFOHV ZLWK D

³UDVSEHUU\´ PRUSKRORJ\� UHVXOWDQW RI EULGJLQJ IORFFXODWLRQ RI VLOLFD WKURXJK SRO\DQL�

OLQH�R[LGH LQWHUDFWLRQ� DV D FRQVHTXHQFH� DQ LQFUHDVH LQ ] SRWHQWLDO ZLWK WKH DFLG

FRQFHQWUDWLRQ FRXOG DOVR EH WKH RXWFRPH RI QHXWUDOL]DWLRQ RI QHJDWLYH VLWHV ZKLFK PD\

H[LVW RQ WKH VLOLFD VXUIDFH >��@�

)LJ� �� ] SRWHQWLDO DV D IXQFWLRQ RI S+ IRU SRO\DQLOLQH GLVSHUVLRQV

,I� DV VHHQ LQ WKH ]HWD SRWHQWLDO PHDVXUHPHQWV� WKH FKDQJH LQ ] SRWHQWLDO IRU SXUH

SRO\DQLOLQH ZHUH GXH WR GRSLQJ� WKHVH FKDQJHV VKRXOG EH UHODWHG WR FKDQJHV LQ WKH 89�

YLVLEOH DEVRUSWLRQ VSHFWUD RI WKHVH GLVSHUVLRQV� 7KLV UHODWLRQ LV GHSLFWHG LQ )LJ� �� LQ

ZKLFK 89�YLVLEOH DEVRUSWLRQ VSHFWUD DUH SORWWHG DV D IXQFWLRQ RI S+ IRU SRO\DQLOLQH

GLVSHUVLRQV� 2QH FDQ REVHUYH LQ WKH UHIHUUHG ILJXUH WKDW WKH VSHFWUD JUDGXDOO\ FKDQJH

IURP WKH HPHUDOGLQH EDVH �S+  ����� DQG� LQ WKH PRUH DFLG FRQGLWLRQV �S+  ����� WKH

FKDQJHV LQ WKH VWUXFWXUH RI SRO\DQLOLQH DUH PXFK PRUH HYLGHQW LQ WKH VSHFWUXP� ZKLFK

LV FKDUDFWHULVWLF RI WKH HPHUDOGLQH VDOW� WKH GRSHG IRUP RI SRO\DQLOLQH >��� ��@� WKH

EDQGV ZKLFK DULVH DW ��� QP DQG ��� QP DUH DWWULEXWHG WR WKH HOHFWURQLF H[FLWDWLRQ RI

EHQ]HQRLG DQG TXLQRLG ULQJV� LQFUHDVH LQ SURWRQDWLRQ RI LPLQH JURXSV ILUVWO\ UHVXOWV LQ

WKH RFFXUUHQFH RI SRODURQV DQG IXUWKHU SURWRQDWLRQ UHVXOWV LQ DQ LQFUHDVH LQ WKH UDQJH
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RI SRODURQ�UHODWHG FRQMXJDWLRQ� UHVXOWLQJ LQ D GHFUHDVH LQ SRODURQ EDQG HQHUJ\ �VKLIW

IURP ��� QP WR ��� QP� EOXH WR GDUN JUHHQ�� 7KH EDQG DW ��� QP DSSHDUV GXH WR WKH

WUDQVLWLRQ RI WKH FRQMXJDWHG DURPDWLF ULQJ >��@� PRUH VSHFLILFDOO\ WR D S�S
 WUDQVLWLRQ�

)LJ� �� 89�YLVLEOH DEVRUSWLRQ VSHFWUD

RI SRO\DQLOLQH GLVSHUVLRQV

$FFRUGLQJ %DQHUMHH HW DO� >��@� SRO\DQLOLQH GLVSHUVLRQV VKRXOG QRW SUHVHQW PRUH

FKDQJHV LQ 89�YLVLEOH VSHFWUD IRU S+ EHORZ �� EXW WKH\ REVHUYHG WKHVH FKDQJHV LQ

3$QL±309( GLVSHUVLRQV� WKH\ DWWULEXWHG WKHP WR GLIIHUHQW SDUWLFOH VL]HV RU GLIIHUHQW

PDFURPROHFXODU FKDLQ SDFNLQJ� LI WKH VDPH LV WUXH IRU RXU H[SHULPHQWV� LW FRXOG EH WKH

FDVH WKDW� LQ WKH SUHVHQW ZRUN� S+ KDV LQIOXHQFHG PDFURPROHFXODU SDFNLQJ DQG�RU SDU�

WLFOH VL]H RI UHGLVSHUVHG 3$QL� KRZHYHU� LQ RUGHU WR LQHTXLYRFDOO\ DIILUP LW IRU RXU

H[SHULPHQWV� OLJKW VFDWWHULQJ PHDVXUHPHQWV ZRXOG EH QHFHVVDU\�

���&RQFOXVLRQ

=HWD SRWHQWLDO PHDVXUHPHQWV PD\ EH XVHG WR FKDUDFWHUL]H GRSLQJ LQ SRO\DQLOLQH

VXVSHQVLRQV� 7KH YDOXHV RI ]HWD SRWHQWLDO LQFUHDVH ZLWK LQFUHDVLQJ GRSLQJ GHJUHH RI

WKHVH SRO\PHUV� DV FDQ EH FRQILUPHG E\ 89�YLVLEOH DEVRUSWLRQ VSHFWURVFRS\�

$FNQRZOHGJPHQWV

7KH DXWKRUV WKDQN %UD]LO¶V &RQVHOKR 1DFLRQDO GH 'HVHQYROYLPHQWR &LHQWtILFR H 7HFQROyJLFR �&13T��

0LQLVWpULR GD &LrQFLD H 7HFQRORJLD �0&7�� )XQGDomR &RRUGHQDomR GH $SHUIHLoRDPHQWR GH 3HVVRDO GH 1tYHO

6XSHULRU �&$3(6�� %DQFR GR 1RUGHVWH� DQG 3Uy�5HLWRULD GH 3HVTXLVD H 3yV�*UDGXDomR GD 8QLYHUVLGDGH )HGHUDO

GR 5LR *UDQGH GR 1RUWH �333J�8)51� IRU ILQDQFLDO VXSSRUW GXULQJ WKH FRXUVH RI WKLV ZRUN�
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