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$EVWUDFW � 7KH SRO\VXOIRQH�36I��SRO\HWKHUVXOIRQH�3(6� EOHQG PHPEUDQHV ZHUH SUHSDUHG E\ DQ LPPHUVLRQ

SUHFLSLWDWLRQ PHWKRG� 1�PHWK\O���S\UUROLGRQH�103� ZDV XVHG DV D VROYHQW DQG ZDWHU DV D QRQVROYHQW�

7KH FRPSRVLWLRQ RI WKH FRDJXODWLRQ EDWK DQG WKH GRSH SRO\PHU FRQFHQWUDWLRQ DV ZHOO DV WKH EOHQG UDWLR RI

WZR SRO\PHUV ZHUH YDULHG� 7KH PHPEUDQH PRUSKRORJLHV ZHUH LQWHUSUHWHG RQ WKH EDVLV RI WKH SKDVH GLDJUDP

RI WKH 36I�3(6�103�ZDWHU V\VWHP� $V WKH VROYHQW FRQWHQW LQ WKH FRDJXODWLRQ EDWK LQFUHDVHG LQ WKH VLQJOH

SRO\PHU V\VWHP� WKH QXPEHU RI PDFURYRLGV GHFUHDVHG DQG WKH PRUSKRORJ\ ZDV FKDQJHG IURP ILQJHU�OLNH

WR FHOOXODU VWUXFWXUH� ,Q WKH JLYHQ EDWK FRQGLWLRQ SKDVH VHSDUDWLRQ RFFXUV HDUOLHU IRU WKH VROXWLRQV RI 36I�

3(6 EOHQG WKDQ IRU WKRVH RI VLQJOH SRO\PHU� $ KRUL]RQWDOO\ OD\HUHG VWUXFWXUH DQG KRUL]RQWDO SURWXEHUDQFHV

LQVLGH WKH PDFURYRLG ZHUH REVHUYHG IRU WKH PHPEUDQHV IRUPHG IURP 36I�3(6 EOHQG VROXWLRQV� 7KLV SHFXOLDU

VWUXFWXUH IRUPDWLRQ FDQ EH LQWHUSUHWHG E\ D 36I�ULFK�3(6�ULFK SKDVH VHSDUDWLRQ IROORZHG E\ D SRO\PHU�ULFK

�SRO\PHU�OHDQ SKDVH VHSDUDWLRQ GXULQJ WKH H[FKDQJH RI VROYHQW DQG QRQVROYHQW�

,QWURGXFWLRQ

,Q WKH SUHYLRXV ZRUN� ZH UHSRUWHG WKH OLTXLG�OLTXLG

SKDVH VHSDUDWLRQ EHKDYLRU LQ D TXDWHUQDU\ V\VWHP

RI SRO\VXOIRQH�36I��SRO\HWKHUVXOIRQH�3(6��1�PHWK\O

���S\UUROLGRQH�103��ZDWHU�
�
7KH SUHVHQW ZRUN WUHDWV

WKH PRUSKRORJ\ IRUPDWLRQ LQ WKLV V\VWHP E\ D

SKDVH LQYHUVLRQ PHWKRG� ,W ZRXOG EH LQWHUHVWLQJ WR

LQYHVWLJDWH WKH 36I�3(6 EOHQG PHPEUDQH EHFDXVH

3(6 LV VOLJKWO\ OHVV K\GURSKRELF WKDQ 36I�
���
36I

DQG 3(6 DUH LPSRUWDQW SRO\PHUV DV PHPEUDQH

PDWHULDOV GXH WR WKH FKHPLFDO UHVLVWDQFH� PHFKDQLFDO

VWUHQJWK� WKHUPDO VWDELOLW\ DQG WUDQVSRUW SURSHU�

WLHV�
���
7KHUH DUH D QXPEHU RI VWXGLHV RQ WKH PRU�

SKRORJ\ RI WKH 36I DQG 3(6 PHPEUDQHV SUHSDUHG

E\ SKDVH LQYHUVLRQ PHWKRGV�
����
&KDQJLQJ WKH FRQ�

GLWLRQV RI WKH GRSH VROXWLRQ DQG FRDJXODWLRQ EDWK�

RQH FDQ REWDLQ YDULRXV VWUXFWXUHV RI PHPEUDQH�
����

0DQ\ VWXGLHV DOVR GHDO ZLWK WKH GU\�ZHW SKDVH

LQYHUVLRQ�
��� �����

)RU WKH TXDWHUQDU\ V\VWHPV LQYROYLQJ WZR SRO\PHU

FRPSRQHQWV� WKH PRUSKRORJLFDO VWXG\ LV KDUGO\
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IRXQG LQ WKH SXEOLVKHG OLWHUDWXUH�
�����

%RRP HW DO�
��

VWXGLHG WKH V\VWHP RI 3(6�SRO\�YLQ\O S\UUROLGRQH�

�393��103�ZDWHU� 7KH\ IRXQG WKDW WKH DGGLWLRQ

RI 393 WR WKH WHUQDU\ V\VWHP VXSSUHVVHV WKH IRU�

PDWLRQ RI PDFURYRLGV LQ WKH VXEOD\HU DQG WKH

DSSHDUDQFH RI QRGXODU VWUXFWXUH LQ WKH WRS OD\HU

IROORZV D PHFKDQLVP RI VSLQRGDO GHFRPSRVLWLRQ

GXULQJ WKH YHU\ HDUO\ VWDJHV RI WKH LPPHUVLRQ

VWHS� 7DP HW DO�
��
XVHG D FRSRO\PHU RI 3(6 DQG

SRO\HWKHUHWKHUVXOIRQH�3((6� WR VKRZ WKH PHP�

EUDQH PRUSKRORJLHV ZLWK DGGLQJ 393 DV DQ DGGL�

WLYH� *DV SHUPHDWLRQ WKURXJK 36I�SRO\LPLGH�3,�

PLVFLEOH EOHQG PHPEUDQHV ZDV LQYHVWLJDWHG E\

.DSDQWDLGDNLV HW DO�
��
5HFHQWO\� :DQJ HW DO�

��

REVHUYHG WKH PRUSKRORJLHV RI WKH EOHQG PHP�

EUDQH FRPSRVHG RI FHOOXORVH DFHWDWH�&$� DQG

SRO\DFU\ORQLWULOH�3$1� ZLWK YDU\LQJ FRPSRVLWLRQV�

,Q WKLV ZRUN� ZH SUHSDUHG WKH 36I�3(6 EOHQG

PHPEUDQHV E\ LPPHUVLRQ SUHFLSLWDWLRQ� 103

ZDV XVHG DV D VROYHQW DQG ZDWHU DV D QRQVROYHQW�

7KH FRPSRVLWLRQ RI WKH FRDJXODWLRQ EDWK DQG WKH

GRSH SRO\PHU FRQFHQWUDWLRQ LQFOXGLQJ EOHQG UDWLR

RI WZR SRO\PHUV ZHUH YDULHG� 7KH PHPEUDQH

PRUSKRORJLHV ZHUH LQWHUSUHWHG LQ FRQMXQFWLRQ ZLWK

WKH SKDVH GLDJUDP RI WKH 36I�3(6�103�ZDWHU

V\VWHP�
�
7KH HIIHFWV RI OLTXLG GHPL[LQJ E\ SRO\�

PHU�OLTXLG SKDVH VHSDUDWLRQ DQG E\ SRO\PHU�

SRO\PHU SKDVH VHSDUDWLRQ ZHUH GLVFXVVHG ZKHQ

36I�3(6 EOHQGV ZHUH XVHG LQ WKH PHPEUDQH IRU�

PDWLRQ�

([SHULPHQWDO

0DWHULDOV� 3RO\VXOIRQH� 8GHO 3����� �0Q  

������ J�PRO DQG 0Z  ������ J�PRO�� IURP

$PRFR 3HUIRUPDQFH 3URGXFWV DQG SRO\HWKHUVXO�

IRQH� 8OWUDVRQ (����3 �0Q  ������ J�PRO DQG

0Z  ������ J�PRO� SRURXV IODNH�� IURP %$6)

ZHUH XVHG DIWHU VXIILFLHQW GU\LQJ� 103 RI PLFUR�

SXUH HOHFWURQLF JUDGH IURP ,QWHUQDWLRQDO 6SHFLDOW\

&KHPLFDO �,63� ZDV XVHG DV UHFHLYHG� 'LVWLOOHG

ZDWHU ZDV XVHG DV D QRQVROYHQW�

0HPEUDQH 3UHSDUDWLRQ� 7KH SRO\PHU VROXWLRQ

RI �� DQG �� ZW� WRWDO SRO\PHU FRQFHQWUDWLRQ LQ

103 ZHUH FDVW RQ D JODVV SODWH DQG LPPHUVHG

LQWR D FRDJXODWLRQ EDWK RI ZDWHU DQG 103 PL[�

WXUH� 7KH WHPSHUDWXUHV RI WKH SRO\PHU VROXWLRQ

DQG WKH EDWK ZHUH NHSW FRQVWDQW DW ��
R
&� %OHQG

UDWLRV LQ ZHLJKW EDVHV EHWZHHQ 36I DQG 3(6 LQ WKH

SRO\PHU VROXWLRQ ZHUH ������ ������ ������ ���

��� ������ DQG ������ 7KH ZHLJKW UDWLRV EHWZHHQ

ZDWHU DQG 103 LQ WKH FRDJXODWLRQ EDWK ZHUH ����

�� ������ ������ ������ DQG ������ 7KH LQLWLDO

WKLFNQHVV RI WKH FDVW ILOP ZDV ��� µP� 7KH PHP�
EUDQHV ZHUH ZDVKHG LQ ZDWHU E\ RYHUIORZLQJ IRU

�� K DQG IUHH]H�GULHG IRU WKH PRUSKRORJ\ REVHU�

YDWLRQ�

0RUSKRORJ\ 2EVHUYDWLRQ� 'ULHG PHPEUDQHV

ZHUH FXW LQWR D SURSHU VL]H DQG IUR]HQ LQ OLTXLG

QLWURJHQ� WKHQ IUDFWXUHG WR REVHUYH WKH FURVV�VHFWLRQ�

0RUSKRORJLHV RI WKH PHPEUDQHV ZHUH H[DPLQHG

ZLWK D VFDQQLQJ HOHFWURQ PLFURVFRSH �/HLFD� &DP�

EULGJH �����

5HVXOWV DQG 'LVFXVVLRQ

([SHULPHQWDO 3KDVH 'LDJUDP� 7KH H[SHUL�

PHQWDO SKDVH GLDJUDPV
�
RI WKH TXDWHUQDU\ V\VWHP

DUH VKRZQ LQ )LJXUH �� LQ ZKLFK WZR SRO\PHUV DUH

OXPSHG WRJHWKHU NHHSLQJ WKH EOHQG UDWLR RI 36I

DQG 3(6 FRQVWDQW� 7KH FORXG SRLQW FXUYHV RI WKH

VROXWLRQ FRQWDLQLQJ WKH EOHQGV RI 36I DQG 3(6 GR

QRW IDOO LQ EHWZHHQ WKRVH RI WKH SXUH SRO\PHUV� $V

WKH EOHQG UDWLR EHWZHHQ 36I DQG 3(6 GHFUHDVHV

IURP ����� RI ZW 36I�ZW 3(6� WKH FORXG SRLQW

)LJXUH �� ([SHULPHQWDO FORXG SRLQWV IRU WKH TXDWHUQDU\

V\VWHP RI 36I�3(6�103�ZDWHU DW ��
R

& ZLWK YDULRXV

ZHLJKW UDWLRV RI 36I DQG 3(6�
�

&RPSRQHQWV RI 36I DQG

3(6 ZHUH OXPSHG WRJHWKHU DQG FRQFHQWUDWLRQ ZDV FRQ�

YHUWHG LQWR YRO��
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FXUYH JRHV FORVHU WR WKH VROYHQW�SRO\PHU D[LV�

%HORZ D FHUWDLQ YDOXH DURXQG ����� RI ZW 36I�ZW

3(6� WKH FORXG SRLQW FXUYH PRYHV EDFN WRZDUG

WKDW RI 3(6� 7KH FORXG SRLQWV DW ORZ FRQFHQWUDWLRQ

RI SRO\PHU VKRZ OLWWOH VKLIW WRZDUG WKH SRO\PHU�

VROYHQW D[LV DV WKH EOHQG UDWLR YDULHV� 7KH FORXG

SRLQWV LQ WKH UHJLRQ RI KLJKHU FRQFHQWUDWLRQ RI

SRO\PHU� KRZHYHU� VKRZ VLJQLILFDQW PRYH WRZDUG

WKH D[LV� 7KH H[SHULPHQWDO SKDVH GLDJUDPV LQGLFDWH

WKDW WKH SKDVH VHSDUDWLRQ RFFXUV ZLWK WKH DGGLWLRQ

RI VPDOOHU DPRXQW RI ZDWHU ZKHQ WKH SRO\PHU

VROXWLRQ FRQWDLQV WKH 36I�3(6 EOHQGV� 7KXV� WKH

PLVFLEOH UHJLRQ LQ WKH VROXWLRQ RI WKH EOHQGV

GHFUHDVHG FRPSDUHG WR WKH FDVHV RI WKH SXUH

SRO\PHU FRPSRQHQWV�

,W ZDV IRXQG WKDW WZR W\SHV RI SKDVH VHSDUDWLRQ

FDQ EH REWDLQHG IRU WKH 36I�3(6�103�ZDWHU V\V�

WHP GHSHQGLQJ RQ WKH WRWDO SRO\PHU FRQFHQW�

UDWLRQ
�
� ZKHQ WKH WRWDO SRO\PHU FRQFHQWUDWLRQ LV

DERYH D FHUWDLQ YDOXH �WKH FULWLFDO SRLQW YDOXH��

WKH VROXWLRQ VKRZV D 36I�ULFK�3(6�ULFK SKDVH VHS�

DUDWLRQ �SRO\PHU� SRO\PHU SKDVH VHSDUDWLRQ� ZLWK

WKH DGGLWLRQ RI QRQVROYHQW� RWKHUZLVH LW VKRZV D

SRO\PHU�ULFK�SRO\PHU�OHDQ SKDVH VHSDUDWLRQ �SRO\�

PHU�OLTXLG SKDVH VHSDUDWLRQ�� ,Q DGGLWLRQ� ZKHQ

PRUH ZDWHU LV LQWURGXFHG WR WKH VROXWLRQ RI KLJKHU

FRQFHQWUDWLRQ RI WRWDO SRO\PHU WKDQ WKH FULWLFDO

FRQFHQWUDWLRQ� D VHFRQGDU\ SRO\PHU�ULFK�SRO\PHU�

OHDQ SKDVH VHSDUDWLRQ FDQ EH DWWDLQHG ZLWK WKH

36I�ULFK DQG 3(6�ULFK SKDVHV IRUPHG LQ WKH SUL�

PDU\ SKDVH VHSDUDWLRQ SURFHVV� 7KLV LV EHFDXVH

WKH ZDWHU FRQWHQW RI WKH SRO\PHU�ULFK SKDVH LQ

HTXLOLEULXP ZLWK WKH SRO\PHU�OHDQ SKDVH LV EH\RQG

WKDW RI WKH UHJLRQ RI SRO\PHU�SRO\PHU SKDVH VHSD�

UDWLRQ� 7KH SUHYLRXV VWXG\
�
VKRZHG WKDW WKH FDOFX�

ODWHG ELQRGDO FXUYHV EDVHG RQ WKH )ORU\�+XJJLQV

WKHRU\ ILWWHG WKH H[SHULPHQWDO FORXG SRLQWV ZHOO

DQG WKH PRGHO GHVFULEHG DSSURSULDWHO\ WKH SKDVH

VHSDUDWLRQ EHKDYLRU RI WKH TXDWHUQDU\ VROXWLRQ�

0RUSKRORJ\ RI 36I DQG 3(6 0HPEUDQHV�

7KH 6(0 PLFURJUDSKV RI WKH FURVV�VHFWLRQV IRU

36I DQG 3(6 PHPEUDQHV SUHSDUHG XQGHU YDU\LQJ

FRQGLWLRQV RI WKH GRSH SRO\PHU FRQFHQWUDWLRQ

���� �� ZW� SRO\PHU LQ 103� DQG WKH FRDJXOD�

WLRQ EDWK ������� ������ ����� 103�ZDWHU� DUH

VKRZQ LQ )LJXUH � DQG )LJXUH �� UHVSHFWLYHO\� ,Q

HDFK FDVH� DV WKH DPRXQW RI VROYHQW LQ WKH EDWK

LQFUHDVHV� WKH QXPEHU RI PDFURYRLGV GHFUHDVHV

)LJXUH �� 6(0 PLFURJUDSKV RI WKH FURVV�VHFWLRQV IRU 36I

PHPEUDQHV� GRSH SRO\PHU FRQFHQWUDWLRQ ���� �� ZW�

SRO\PHU LQ 103� DQG FRDJXODWLRQ EDWK FRPSRVLWLRQ ���

���� ������ ����� 103�ZDWHU� ZHUH YDULHG�

)LJXUH �� 6(0 PLFURJUDSKV RI WKH FURVV�VHFWLRQV IRU

3(6 PHPEUDQHV� GRSH SRO\PHU FRQFHQWUDWLRQ ���� ��

ZW� SRO\PHU LQ 103� DQG FRDJXODWLRQ EDWK FRPSRVL�

WLRQ ������� ������ ����� 103�ZDWHU� ZHUH YDULHG�
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DQG WKH PRUSKRORJ\ LV FKDQJHG IURP ILQJHU�OLNH

WR FHOOXODU VWUXFWXUH� :LWK KLJK FRQWHQW RI QRQVRO�

YHQW LQ WKH EDWK� WKH VROYHQW�QRQVROYHQW H[FKDQJH

LQ WKH LQWHUIDFH ZRXOG EH YHU\ UDSLG� UHVXOWLQJ LQ

WKH LQVWDQWDQHRXV SUHFLSLWDWLRQ�
�����

:KHQ WKH WLPH

IRU WKH VROXWLRQ SDVVHG WKURXJK WKH PHWDVWDEOH

UHJLRQ LQ WKH SKDVH GLDJUDP LV VKRUW HQRXJK WR

FDXVH LQVLJQLILFDQW DPRXQW RI QXFOHL WR IRUP� WKHUH

PD\ EH VWURQJ FKDQFH IRU WKH SKDVH VHSDUDWLRQ WR

RFFXU E\ VSLQRGDO GHFRPSRVLWLRQ� 7KXV� PDFUR�

YRLGV DUH IRUPHG E\ WKH VSLQRGDO GHFRPSRVLWLRQ

PHFKDQLVP DQG VPDOO FHOOV DURXQG WKH PDFUR�

YRLGV DUH IRUPHG E\ WKH PHFKDQLVP RI QXFOHDWLRQ

DQG JURZWK LQ WKH VHFRQGDU\ SKDVH VHSDUDWLRQ

VLQFH WKH PDFURYRLG �SULPDU\ SRO\PHU�SRRU SKDVH�

DFWV DV D ORFDO FRDJXODWLRQ EDWK RI KLJK VROYHQW

FRQWHQW GXULQJ WKH VHFRQGDU\ SKDVH VHSDUDWLRQ�
��

7KH VROYHQW FRQWHQW LQ WKH FRDJXODWLRQ EDWK

LQIOXHQFHV WKH JURZWK RI FHOOV LQ WKH VSRQJH�OLNH

VWUXFWXUH� 7KLV FDQ EH H[HPSOLILHG E\ REVHUYDWLRQ

RI WKH GLIIHUHQW ORFDWLRQ RI PHPEUDQH WKLFNQHVV

IRU WKH FURVV�VHFWLRQ RI WKH PHPEUDQH SUHSDUHG LQ

D FRDJXODWLRQ EDWK RI SXUH ZDWHU DV FDQ EH VHHQ

LQ )LJXUH �� 7KH VXUIDFH RI SRO\PHU VROXWLRQ FRQ�

WDLQV D ODUJH DPRXQW RI QRQVROYHQW GXH WR WKH IDVW

GLIIXVLRQ SURFHVV� 7KHQ KLJKO\ FRQFHQWUDWHG SRO\�

PHU VROXWLRQ RI WKH SRO\PHU�ULFK SKDVH GXH WR

SKDVH VHSDUDWLRQ LV REWDLQHG�
��
DQG KLJK YLVFRVLW\

RI WKH SRO\PHU�ULFK SKDVH VXSSUHVVHV WKH JURZWK

RI WKH FHOO� ,QVLGH WKH VXUIDFH� WKH GLIIXVLRQ RI QRQ�

VROYHQW EHFRPHV VORZ GXH WR WKH GHFUHDVH LQ WKH

FRQFHQWUDWLRQ JUDGLHQW RI QRQVROYHQW DQG DV D

UHVXOW� WKH ORZHU SDUW LQ WKH SRO\PHU VROXWLRQ ILOP

IHHOV WKH HQYLURQPHQW DV WKH FRDJXODWLRQ PHGLXP

WKDW FRQWDLQV VROYHQW PRUH� ,Q WKLV FDVH WKH VROLGL�

ILFDWLRQ UDWH LV VORZ VR WKDW ODUJHU FHOOV FDQ EH

IRUPHG�

:KHQ WKH VROYHQW�QRQVROYHQW H[FKDQJH RFFXUV

DW WKH LQWHUIDFH EHWZHHQ SRO\PHU VROXWLRQ DQG

FRDJXODWLRQ PHGLXP� WKH UDWH RI VROYHQW GLIIXVLRQ

LQ WKH SRO\PHU VROXWLRQ LQWR WKH FRDJXODWLRQ

PHGLXP LV KLJKHU WKDQ WKDW RI QRQVROYHQW GLIIX�

VLRQ LQ WKH FRDJXODWLRQ PHGLXP LQWR WKH SRO\PHU

VROXWLRQ� 7KLV PLJKW EH FDXVHG E\ KLJK PLVFLELOLW\

EHWZHHQ VROYHQW DQG QRQVROYHQW DQG K\GURSKRELF

FKDUDFWHULVWLFV RI SRO\PHU� 'XH WR WKH GLIIHUHQFHV

LQ GLIIXVLRQ� WKH SRO\PHU VROXWLRQ FRQWUDFWV� $V WKH

SRO\PHU FRQFHQWUDWLRQ LQFUHDVHV WKH YLVFRVLW\ RI

WKH VROXWLRQ LQFUHDVHV DQG WKH UDWH RI VROYHQW�QRQ�

VROYHQW H[FKDQJH GHFUHDVHV� 7KLV PDNHV WKH FRQ�

WUDFWLRQ RI WKH SRO\PHU VROXWLRQ ILOP OHVV DQG WKH

UDWH RI FRDJXODWLRQ VORZ� ,Q WKH 6(0 PLFURJUDSKV

RI WKH FURVV�VHFWLRQ RI WKH PHPEUDQHV LQ )LJXUH �

DQG �� WKH PHPEUDQHV EHFRPH WKLFNHU DQG WKH

FHOO VL]H RI WKH VSRQJH�OLNH VWUXFWXUH LV ELJJHU ZLWK

WKH KLJKHU SRO\PHU FRQFHQWUDWLRQ RI WKH GRSH

VROXWLRQ� 7KH WHQGHQF\ IRU PDFURYRLG IRUPDWLRQ

GHFUHDVHG GXH WR VORZHU PDVV WUDQVIHU ZLWK KLJKHU

YLVFRVLW\ RI �� ZW� SRO\PHU FRQFHQWUDWLRQ�

&RPSDULVRQ RI WKH VWUXFWXUH IRUPDWLRQ IRU 36I

DQG 3(6 PHPEUDQHV REWDLQHG XQGHU WKH VDPH

FRQGLWLRQV RI WKH GRSH SRO\PHU FRQFHQWUDWLRQ

DQG RI WKH FRDJXODWLRQ EDWK FRPSRVLWLRQ LV FRP�

SOLFDWHG E\ WKH FRPSHWLWLRQ EHWZHHQ WKHUPRG\�

QDPLFV DQG NLQHWLFV RI PDVV WUDQVIHU� ,Q WKH

WHUQDU\ SKDVH GLDJUDP� WKH 3(6 V\VWHP KDV D

ZLGHU KRPRJHQHRXV UHJLRQ WKDQ WKH 36I V\VWHP�

2Q WKH RWKHU KDQG� WKH UDWH RI ZDWHU SHQHWUDWLRQ

ZRXOG EH KLJKHU LQ WKH 3(6 VROXWLRQ GXH WR

HQKDQFHG K\GURSKLOLFLW\� :KHQ WKH HIIHFW RI

KLJKHU UDWH RI ZDWHU SHQHWUDWLRQ LV GRPLQDQW� WKH

3(6 VROXWLRQ LV LQ D VLWXDWLRQ RI KLJKHU QRQVROYHQW

FRQWHQW LQ WKH EDWK WKDQ WKH 36I VROXWLRQ �)LJXUH

�H DQG )LJXUH �H�� :KHQ WKH WKHUPRG\QDPLF

HIIHFW LV PRUH GRPLQDQW� KRZHYHU� WKH 3(6 VROXWLRQ

)LJXUH �� 6(0 PLFURJUDSKV RI WKH FURVV�VHFWLRQV IRU D

3(6 PHPEUDQH IRUPHG IURP D GRSH VROXWLRQ RI �� ZW�

SRO\PHU LQ 103 DQG D FRDJXODWLRQ EDWK RI SXUH ZDWHU

�D� WRS UHJLRQ� E� PLGGOH UHJLRQ� F� ERWWRP UHJLRQ��
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KDV D ORQJHU SHULRG IRU WKH JURZWK RI GRPDLQ

�SRO\PHU�OHDQ SKDVH� WKDQ WKH 36I VROXWLRQ� 7KXV�

VORZHU VROLGLILFDWLRQ LQ WKH 3(6 VROXWLRQ JLYHV ULVH

WR ELJJHU FHOO VL]H �)LJXUH �I DQG )LJXUH �I� DQG

OHVV WHQGHQF\ IRU PDFURYRLG IRUPDWLRQ �)LJXUH �F

DQG )LJXUH �F��

0RUSKRORJ\ RI 36I�3(6 %OHQG 0HPEUDQHV�

7KH PLVFLEOH UHJLRQ LQ WKH SKDVH GLDJUDP GHFUHDVHG

IRU WKH VROXWLRQV RI 36I�3(6 EOHQG FRPSDUHG WR

WKRVH RI WKH VLQJOH SRO\PHU FRPSRQHQWV �)LJXUH

��� ,W LV H[SHFWHG WKDW LQ WKH JLYHQ EDWK FRQGLWLRQ

SKDVH VHSDUDWLRQ RFFXUV HDUOLHU IRU WKH TXDWHUQDU\

V\VWHP WKDQ IRU WKH WHUQDU\ V\VWHP� ,Q RWKHU

ZRUGV� WKH VROXWLRQV RI SRO\PHU EOHQG DUH XQGHU D

FRDJXODWLRQ EDWK RI KLJKHU ZDWHU FRQWHQW WKDQ WKH

VROXWLRQV RI VLQJOH SRO\PHU� 7KLV H[SHFWDWLRQ LV

WUXH ZKHQ WKH VHULHV RI ����� 36I�3(6 EOHQG LV

FRPSDUHG ZLWK WKRVH RI SXUH 36I �)LJXUH �D� E� F

DQG )LJXUH �G� H� I�� $ JUHDWHU H[WHQW RI PDFURYRLG

IRUPDWLRQ DQG D VPDOOHU FHOO VL]H RI WKH VSRQJH�OLNH

VWUXFWXUH DUH REVHUYHG IRU WKH VROXWLRQV RI SRO\�

PHU EOHQG� 6LPLODU WUHQGV DUH IROORZHG E\ FRP�

SDULVRQ RI WKH FDVHV RI ����� 36I�3(6 EOHQG DQG

SXUH 3(6� DOWKRXJK WKH WHQGHQF\ IRU PDFURYRLG

IRUPDWLRQ LV OHVV FOHDU�

7KHUH LV D GLVWLQFWLYH IHDWXUH IRU WKH PRUSKRORJ\

RI PHPEUDQHV IRUPHG IURP 36I�3(6 EOHQG VROX�

WLRQV DV LV VHHQ LQ )LJXUH �� D KRUL]RQWDOO\ OD\HUHG

VWUXFWXUH HVSHFLDOO\ IRU WKH VHULHV RI ����� DQG ���

�� 36I�3(6 DQG KRUL]RQWDO SURWXEHUDQFHV LQVLGH

YHUWLFDO PDFURYRLG DUH REVHUYHG� 7KH OD\HUHG

VWUXFWXUHV IRU WKH V\VWHP RI ����� 36I�3(6 EOHQG

XQGHU WZR GLIIHUHQW FRQGLWLRQV RI FRDJXODWLRQ EDWK

DUH VKRZQ LQ )LJXUH � ZLWK KLJKHU PDJQLILFDWLRQ�

7KH FHOO VL]H RI WKH PHPEUDQHV LV VPDOOHU LQ WKH

XSSHU UHJLRQ WKDQ LQ WKH ORZHU UHJLRQ� ZKLFK LV D

VLPLODU UHVXOW WR WKH FDVHV RI VLQJOH SRO\PHU� 7KH

XQXVXDO VWUXFWXUH IRUPDWLRQ VHHPHG WR EH FDXVHG

E\ D SRO\PHU�SRO\PHU SKDVH VHSDUDWLRQ� 7KLV LV

QRW VKRZQ LQ WKH PHPEUDQHV PDGH RI VLQJOH SRO\�

PHU� %HFDXVH WKH FRQFHQWUDWLRQ RI �� ZW� WRWDO

SRO\PHU LQ 103 LV PXFK DERYH WKH FULWLFDO FRQ�

FHQWUDWLRQ� D 36I�ULFK�3(6�ULFK SKDVH VHSDUDWLRQ

VKRXOG RFFXU GXULQJ WKH YHU\ HDUO\ VWDJHV RI ZDWHU

SHQHWUDWLRQ DQG D SRO\PHU�ULFK�SRO\PHU�OHDQ VHF�

RQGDU\ SKDVH VHSDUDWLRQ IROORZV ZKHQ PRUH

ZDWHU GLIIXVHG LQWR WKH VROXWLRQ�

7KH SDUWLFXODU VWUXFWXUH PD\ EH LQWHUSUHWHG E\

FRQVLGHULQJ PXOWL�OD\HUV LQ WKH ZKROH WKLFNQHVV RI

SRO\PHU VROXWLRQ GXULQJ WKH H[FKDQJH RI VROYHQW

)LJXUH �� 6(0 PLFURJUDSKV RI WKH FURVV�VHFWLRQV IRU

36I�3(6 EOHQG PHPEUDQHV IRUPHG IURP D GRSH VROXWLRQ

RI �� ZW� WRWDO SRO\PHU LQ 103� EOHQG UDWLR RI 36I DQG

3(6 ������� ������ ������ ����� 36I�3(6� DQG FRDJXOD�

WLRQ EDWK FRPSRVLWLRQ ������� ������ ����� 103�ZDWHU�

ZHUH YDULHG�



6� &� .LP HW DO�

��� .RUHD 3RO\P� -�� 9RO� �� 1R� �� ����

DQG QRQVROYHQW� 7KH ILUVW OD\HU �WRS OD\HU� FRQWDFWLQJ

ZLWK FRDJXODWLRQ EDWK LV VHSDUDWHG LQWR D 36I�ULFK

SKDVH DQG D 3(6�ULFK SKDVH �SRO\PHU�SRO\PHU

SKDVH VHSDUDWLRQ� DW WKH EHJLQQLQJ RI LPPHUVLRQ�

7KHQ WKH 36I�ULFK SKDVH LV VHSDUDWHG LQWR D SRO\�

PHU�ULFK SKDVH DQG D SRO\PHU�OHDQ SKDVH �SRO\�

PHU�OLTXLG SKDVH VHSDUDWLRQ� EXW WKH 3(6�ULFK

SKDVH LV VWLOO LQ KRPRJHQHRXV VWDWH EHFDXVH WKH

3(6 V\VWHP QHHGV PRUH QRQVROYHQW WR LQGXFH

SKDVH VHSDUDWLRQ� ,Q WKH VHFRQG OD\HU D SRO\PHU�

SRO\PHU SKDVH VHSDUDWLRQ IROORZHG E\ D SRO\PHU�

OLTXLG SKDVH VHSDUDWLRQ DOVR RFFXUV EHIRUH WKH

3(6�ULFK SKDVH LQ WKH ILUVW OD\HU LV VHSDUDWHG�

7KLUG OD\HU� IRXUWK OD\HU� DQG ILIWK OD\HU HWF�� DUH

VHSDUDWHG YLD D VLPLODU PHFKDQLVP WR IRUPHU FDVHV�

:LWK PRUH LQJUHVV RI ZDWHU� WKH 3(6�ULFK SKDVH LV

VHSDUDWHG LQWR D SRO\PHU�ULFK SKDVH DQG D SRO\�

PHU�OHDQ SKDVH DQG LQ ZKROH OD\HUV WKH SRO\PHU�

OLTXLG SKDVH VHSDUDWLRQ ZRXOG HYHQWXDOO\ RFFXU�

7KH KRUL]RQWDO SURWXEHUDQFH LQVLGH PDFURYRLG PD\

EH H[SODLQHG E\ WKH VXSHUSRVLWLRQ RI WKH OD\HUHG

VWUXFWXUH IRUPDWLRQ E\ SRO\PHU�SRO\PHU SKDVH

VHSDUDWLRQ DQG WKH IHDWXUH REVHUYHG LQ WKH VLQJOH

SRO\PHU V\VWHP�

7KH OD\HUHG VWUXFWXUH IRUPDWLRQ VHHPHG WR EH

UHODWHG WR WKH UHODWLYH DPRXQW RI HDFK SKDVH DQG

WKH PRELOLW\ RI WKH SKDVHV DIWHU SKDVH VHSDUDWLRQ�

$V FDQ EH VHHQ LQ )LJXUH �� WKH KRUL]RQWDO ODGGHU�

OLNH VWUXFWXUH LV REVHUYHG PRUH HDVLO\ LQ WKH VHULHV

RI ����� DQG ����� 36I�3(6 WKDQ LQ WKH VHULHV RI

����� DQG ����� 36I�3(6� 7KH OD\HUHG VWUXFWXUH

ZDV QRW REVHUYHG FOHDUO\ IRU WKH VROXWLRQV RI ��

ZW� WRWDO SRO\PHU FRQFHQWUDWLRQ� ZKLFK LQGLFDWHV

WKDW WKH PXOWL�OD\HUV E\ SRO\PHU�SRO\PHU SKDVH

VHSDUDWLRQ LV GHVWUR\HG EHIRUH VROLGLILFDWLRQ GXH

WR UDSLG GLIIXVLRQ LQ WKH PHGLXP RI ORZ YLVFRVLW\�

&RQFOXVLRQV

7KH 36I�3(6 EOHQG PHPEUDQHV ZHUH SUHSDUHG

E\ LPPHUVLRQ SUHFLSLWDWLRQ� 103 ZDV XVHG DV D

VROYHQW DQG ZDWHU DV D QRQVROYHQW� $V WKH FRQWHQW

RI VROYHQW LQ WKH FRDJXODWLRQ EDWK LQFUHDVHG LQ WKH

VLQJOH SRO\PHU V\VWHP� WKH QXPEHU RI PDFURYRLGV

GHFUHDVHG DQG WKH PRUSKRORJ\ ZDV FKDQJHG IURP

ILQJHU�OLNH WR FHOOXODU VWUXFWXUH� 7KH FHOO VL]H LQ WKH

VSRQJH�OLNH VWUXFWXUH EHFDPH ODUJH ZLWK KLJKHU

DPRXQW RI VROYHQW LQ WKH EDWK�

,Q WKH JLYHQ EDWK FRQGLWLRQ SKDVH VHSDUDWLRQ

RFFXUV HDUOLHU IRU WKH VROXWLRQV RI 36I�3(6 EOHQG

WKDQ WKRVH RI VLQJOH SRO\PHU EHFDXVH WKH PLVFLEOH

UHJLRQ LQ WKH SKDVH GLDJUDP GHFUHDVHG IRU WKH

TXDWHUQDU\ V\VWHP� $ KRUL]RQWDOO\ OD\HUHG VWUXFWXUH

DQG KRUL]RQWDO SURWXEHUDQFHV LQVLGH PDFURYRLG

ZHUH REVHUYHG IRU WKH PHPEUDQHV IRUPHG IURP

36I�3(6 EOHQG VROXWLRQV� 7KLV SHFXOLDU VWUXFWXUH

IRUPDWLRQ FDQ EH LQWHUSUHWHG E\ D 36I�ULFK�3(6�

ULFK SKDVH VHSDUDWLRQ IROORZHG E\ D SRO\PHU�ULFK�

SRO\PHU�OHDQ SKDVH VHSDUDWLRQ GXULQJ WKH H[FKDQJH

RI VROYHQW DQG QRQVROYHQW LQ LPDJLQDU\ PXOWL�OD\HUV

RI WKH ZKROH WKLFNQHVV RI SRO\PHU VROXWLRQ� 7KH

OD\HUHG VWUXFWXUHV ZHUH UHODWHG WR WKH UHODWLYH

DPRXQW RI HDFK SKDVH DQG WKH PRELOLW\ RI WKH

SKDVHV DIWHU SKDVH VHSDUDWLRQ�

$FNQRZOHGJHPHQW� 7KH DXWKRUV ZLVK WR

DFNQRZOHGJH ILQDQFLDO VXSSRUW IURP 'DHOLP

,QGXVWULDO &R�� /WG� IRU WKLV VWXG\�

5HIHUHQFHV

��� .� -� %DLN� -� <� .LP� +� .� /HH� DQG 6� &� .LP� -�
$SSO� 3RO\P� 6FL�� ��� ���� �������

��� 7� $� 7ZHGGOH� 2� .XWRZ\� :� /� 7KD\HU� DQG 6�

6RXULUDMDQ� ,QG� (QJ� &KHP� 3URG� 5HV� 'HY�� ���
��� �������

)LJXUH �� 6(0 PLFURJUDSKV RI WKH FURVV�VHFWLRQV IRU ���

�� 36I�3(6 EOHQG PHPEUDQHV �D DQG E� XSSHU UHJLRQ� F

DQG G� ORZHU UHJLRQ� IRUPHG IURP D GRSH VROXWLRQ RI ��

ZW� WRWDO SRO\PHU LQ 103 DQG GLIIHUHQW EDWK FRPSRVL�

WLRQV �D DQG F� ����� 103�ZDWHU� E DQG G� ����� 103�

ZDWHU��
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��� %� 7� 6ZLQ\DUG DQG -� $� %DUULH� %U� 3RO\P� -�� ���
��� �������

��� *� $OOHQ� -� 0F$LQVK� DQG &� 6WUD]LHOOH� (XU� 3RO\P�
-�� �� ��� �������

��� *� $OOHQ DQG -� 0F$LQVK� (XU� 3RO\P� -�� �� ����
�������

��� (� 6WDXGH DQG /� %UHLWEDFK� -� $SSO� 3RO\P� 6FL��
��� ��� �������

��� +� .� /HH DQG .� /HYRQ� 3RO\PHU�.RUHD�� ��� ���
�������

��� -� <� .LP� +� .� /HH� DQG 6� &� .LP� .RUHDQ -�
&KHP� (QJ�� ��� ��� �������

��� 0� +� 9� 0XOGHU� -� 2� +HQGULNPDQ� -� *� :LMPDQV�

DQG &� $� 6PROGHUV� -� $SSO� 3RO\P� 6FL�� ��� ����
�������

���� 6� 'RL DQG .� +DPDQDND� 'HVDOLQDWLRQ� ��� ���
�������

���� 3� 5DGRYDQRYLF� 6� :� 7KLHO� DQG 6� 7� +ZDQJ� -�
0HPEUDQH 6FL�� ��� ��� �������

���� ,� 3LQQDX� -� :LQG� DQG .��9� 3HLQHPDQQ� ,QG� (QJ�
&KHP� 5HV�� ��� ���� �������

���� 7� /LX� '� =KDQJ� 6� ;X� DQG 6� 6RXULUDMDQ� 6HS�
6FL� 7HFK�� ��� ��� �������

���� 6� &� 3HVHN DQG :� -� .RURV� -� 0HPEUDQH 6FL�� ���
�� �������

���� ,� 3LQQDX DQG :� -� .RURV� -� 0HPEUDQH 6FL�� ��� ��
�������

���� 3� +� 3IURPP� ,� 3LQQDX� DQG :� -� .RURV� -� $SSO�
3RO\P� 6FL�� ��� ���� �������

���� ,� 3LQQDX DQG :� -� .RURV� -� $SSO� 3RO\P� 6FL�� ���
���� �������

���� 0� -� +DQ� 3� 0� %XPPHU� 0� -D\� DQG '� %KDWWD�

FKDU\\D� 3RO\PHU� ��� ���� �������

���� -� $� YDQW +RI� $� -� 5HXYHUV� 5� 0� %RRP� +� +�

0� 5ROHYLQN� DQG &� $� 6PROGHUV� -� 0HPEUDQH 6FL��
��� �� �������

���� 5� 0� %RRP� ,� 0� :LHQN� 7K� YDQ GHQ %RRP�

JDDUG� DQG &� $� 6PROGHUV� -� 0HPEUDQH 6FL�� ���
��� �������

���� &� 0� 7DP� 0� 'DO�&LQ� DQG 0� '� *XLYHU� -� 0HP�
EUDQH 6FL�� ��� ��� �������

���� *� &� .DSDQWDLGDNLV� 6� 3� .DOGLV� ;� 6� 'DERX� DQG

*� 3� 6DNHOODURSRXORV� -� 0HPEUDQH� 6FL�� ���� ���
�������

���� 4� :DQJ� ;� &KHQ� -� =KDQJ� DQG <� 3HL� 3RO\P�
$GY� 7HFK�� �� ��� �������

���� &� $� 6PROGHUV� $� -� 5HXYHUV� 5� 0� %RRP� DQG ,�

0� :LHQN� -� 0HPEUDQH 6FL�� ��� ��� �������

���� 6� $� 0FNHOYH\ DQG :� -� .RURV� -� 0HPEUDQH 6FL��
���� �� �������

���� <� '� .LP� -� <� .LP� +� .� /HH� DQG 6� &� .LP� -�
$SSO� 3RO\P� 6FL�� ��� ���� �������

���� -� <� .LP� +� .� /HH� .� -� %DLN� DQG 6� &� .LP� -�
$SSO� 3RO\P� 6FL�� ��� ���� �������


