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$JJUHJDWLRQ RI K\GURSKRELFDOO\ HQG�FDSSHG SRO\�HWK\OHQH R[LGH�V� +(85V� GHQRWHG DV &�(2���&��

&��(2���&��� DQG &��(2���&��� DUH GHVFULEHG XVLQJ VWDWLF IOXRUHVFHQFH� G\QDPLF OLJKW VFDWWHULQJ� DQG DWRPLF

IRUFH PLFURVFRSH �$)0� WHFKQLTXHV� 7KH &$& �FULWLFDO DJJUHJDWLRQ FRQFHQWUDWLRQ� ZDV GHWHUPLQHG E\ FRP�

SDULQJ WZR IOXRUHVFHQW SHDNV ZKLFK ZHUH LQIOXHQFHG E\ WKH SRODULW\ RI WKH SUREH G\H PROHFXOHV� S\UHQH� 7KH

DJJUHJDWLRQ RFFXUV LQ FRQFHQWUDWLRQV KLJKHU WKDQ �� J�/ RI &�(2���&� DQG WKH &$& GHFUHDVHV E\ LQFUHDVLQJ

WKH VLGH FKDLQ OHQJWK� 7KH G\QDPLF OLJKW VFDWWHULQJ H[SHULPHQW VKRZV IDVW PRGH DQG VORZ PRGH GHFD\V� DQG

ERWK DUH GLIIXVLYH� 7KH IDVW PRGH GRHV QRW GHSHQG RQ WKH FRQFHQWUDWLRQ� EXW WKH VORZ PRGH VKRZV FRQFHQWUDWLRQ

GHSHQGHQFH LQIOXHQFHG E\ WKH IRUPDWLRQ RI DQ DJJUHJDWHG VWUXFWXUH� 7KH K\GURSKRELF HQG JURXSV HIIHFW PRUH

GRPLQDQWO\ WKDQ WKH PDLQ FKDLQV IRU WKH IRUPDWLRQ RI +(85 PLFHOOHV� %\ LQFUHDVLQJ WKH FRQFHQWUDWLRQ� WKH

+(85 PLFHOOHV FKDQJH WKHLU VWUXFWXUH IURP VSKHUHV WR URGOLNH PLFHOOHV� DQG ILQDOO\ PDNH IXVHG VWUXFWXUHV�

ZKLFK ZHUH YLVXDOL]HG ZLWK DWRPLF IRUFH PLFURVFRS\�

,QWURGXFWLRQ

7KH ZDWHU VROXEOH SRO\PHUV ZLWK K\GURSKRELF HQG JURXSV

SOD\ DQ LPSRUWDQW UROH DV YLVFRVLW\ PRGLILHUV LQ ZDWHU ERUQH

WHFKQRORJLHV VXFK DV SDLQWV� LQNV� DQG FRVPHWLFV���� 7KH DVVR�

FLDWHG WKLFNHQHU LQFUHDVHV WKH VROXWLRQ YLVFRVLW\� DQG LWV UKHR�

ORJLFDO EHKDYLRU LV HVVHQWLDO IRU WKH LQJUHGLHQW IRUPXODWLRQ��

7KH DVVRFLDWHG PHFKDQLVP RI WKH ZDWHU�VROXEOH SRO\PHU

EHJDQ ZLWK V\VWHPDWLF VWXGLHV RQ D VHULHV RI ZHOO�GHILQHG

+(85 �K\GURSKRELF HWKR[\ODWHG XUHWKDQH� SRO\PHUV�� 5KHR�

ORJLFDO PHDVXUHPHQWV ZHUH IRFXVHG LQ WKH HDUO\ VWDJHV����

+RZHYHU� UHFHQWO\ IXQGDPHQWDO VWXGLHV KDYH EHHQ FRQGXFWHG

E\ VHYHUDO UHVHDUFK JURXSV XVLQJ DQ H[WHQVLYH VHULHV RI

PHWKRGV LQFOXGLQJ IOXRUHVFHQW SUREH H[SHULPHQW����� SXOVHG

JUDGLHQW VSLQ HFKR �3*6(� QXFOHDU PDJQHWLF UHVRQDQFH

�105������� G\QDPLF OLJKW VFDWWHULQJ����������� DQG VPDOO�DQJOH

VFDWWHULQJ �6$;6� 6$16������� )URP D IXQGDPHQWDO SRLQW RI

YLHZ� WKH PROHFXOHV ZLWK ORZ SRO\GLVSHUVLW\ DQG GLUHFW PRGL�

ILFDWLRQ RI WKH K\GUR[\O JURXS RI SRO\�HWK\OHQH R[LGH� DUH

PRUH LQWHUHVWLQJ� 7KH V\QWKHVLV SURFHVVHV RI WKHVH PROHFXOHV

KDYH EHHQ UHFHQWO\ LQWURGXFHG E\ $ODPL HW DO� DQG FKDUDFWHU�

L]HG E\ 105� 89� DQG 6(&������

$VVRFLDWLQJ SRO\PHUV FRQWDLQLQJ K\GURSKRELF VLGH FKDLQV

DQG K\GURSKLOLF PDLQ FKDLQV DUH VLPLODU WR VXUIDFWDQW PROH�

FXOHV� $W ORZ FRQFHQWUDWLRQV WKH K\GURSKRELF VLGH FKDLQV RI

WKH SRO\PHU DUH DVVHPEOHG LQVLGH WKH PLFHOOH� DQG WKH K\GUR�

SKLOLF PDLQ FKDLQV PDNH D ORRS DQG JHQHUDWH D IORZHU W\SH

VWUXFWXUH������ :KHQ WKH FRQFHQWUDWLRQ H[FHHGV WKH &$&� WKH

LQWHUFURVVLQJ RI WKH 3(2 FKDLQV WDNHV SODFH DQG YLVFRVLW\

ULVHV DEUXSWO\� +RZHYHU� PRGHOV RI PLFHOOH FRQQHFWLYLW\ E\

VXSHUEULGJHV� VXSHUORRSV� RU GDQJOLQJ HQGV DUH VWLOO FRQWUR�

YHUVLDO� +HUH� ZH VXJJHVW WKDW WKH HQG JURXS HIIHFW LV PRUH

GRPLQDQW WKDQ WKH PDLQ FKDLQ FRQWULEXWLRQ IRU WKH IRUPDWLRQ

RI WKH PLFHOOH RI +(85� 7KH SRO\PHU PLFHOOHV ZLWK WKUHH

GLIIHUHQW 3(2 FRQWHQWV DQG WKUHH GLIIHUHQW VLGH FKDLQ OHQJWK

RI WKH DVVRFLDWHG SRO\PHUV ZHUH XVHG WR SURYLGH WKH DJJUH�

JDWLRQ PRGHO�

([SHULPHQWDO 6HFWLRQ

$VVRFLDWHG SRO\PHUV KDYH EHHQ NLQGO\ SURYLGHG E\ SURI�

(� .XPDFKHYD DW WKH 8QLY� RI 7RURQWR� &DQDGD� 7KH PROHFX�

ODU ZHLJKW RI WKUHH GLIIHUHQW PROHFXOHV ZKLFK LV HQG�FDSSHG

ZLWK RFW\O �& ��� GRGHF\O �& ��� DQG RFWDGHF\O �& ���

DON\O FKDLQ� UHVSHFWLYHO\� DUH GHWHUPLQHG E\ *3& DQG GHQRWHG

E\ &�(2���&� �0Z� ������� 0Z�0Q� ������ &��(2���&��

�0Z� ������� 0Z�0Q� ������ DQG &��(2���&�� �0Z� �������

0Z�0Q� ������ 7KH ZHLJKW UDWLR RI WKHVH VLGH FKDLQV WR WKH

PDLQ FKDLQ 3(2 LV ����� ����� DQG ������ UHVSHFWLYHO\�

)OXRUHVFHQFH VSHFWUD ZHUH PHDVXUHG RQ DQ ,66 3&, SKR�

WRQ FRXQWLQJ VSHFWUR�IOXRURPHWHU EHWZHHQ ��� DQG ��� QP�

3\UHQH ZDV XVHG DV D SUREH DW � × ��−� 0 DQG ZLWK H[FLWHG

ZDYHOHQJWK DW ��� QP� 3\UHQH XVHG LQ WKH IOXRUHVFHQFH VWXG�

LHV ZDV SXUFKDVHG IURP $OGULFK DQG SXULILHG E\ D SURFHVV LQ

WKH UHIHUHQFH��� 7KH SHDN SRVLWLRQ LV QRW DIIHFWHG E\ WKH VRO�

YHQW W\SH� EXW WKH LQWHQVLW\ RI WKH SHDN LV LQIOXHQFHG E\ WKH

VROYHQW SRODULW\������ ,QVWUXPHQWDO HUURU WR UHDG WKH LQWHQVLW\

LV ZLWKLQ ���

'\QDPLF OLJKW VFDWWHULQJ PHDVXUHPHQWV ZHUH SHUIRUPHG

XVLQJ D 81,3+$6( +H�1H ODVHU RSHUDWLQJ DW ����� QP� 7KH

PD[LPXP RSHUDWLQJ SRZHU RI WKH ODVHU ZDV �� P:� 7KH

GHWHFWRU RSWLFV HPSOR\HG RSWLFDO ILEHUV FRXSOHG WR DQ $/9�

62�6,3'�'8$/ GHWHFWLRQ XQLW ZKLFK HPSOR\HG DQ (0,

30���% SRZHU VXSSO\ DQG $/9�30�3' SUHDPSOLILHU�GLV�

FULPLQDWRU� 7KH VLJQDO DQDO\]HU ZDV DQ $/9������(�:,1

PXOWLSOH WDX GLJLWDO FRUUHODWRU ZLWK ��� H[SRQHQWLDOO\ VSDFHG

FKDQQHOV� ,WV PLQLPXP UHDO VDPSOLQJ WLPH LV ��−� V DQG D

PD[LPXP RI DERXW ���V� $ OHQV ZLWK D IRFDO OHQJWK RI ���

PP QDUURZHG WKH LQFLGHQW EHDP WR UHGXFH WKH WKHUPDO OHQV�

LQJ HIIHFW DQG WR LQFUHDVH WKH FRKHUHQFH DUHD� 7KH VFDWWHUHG

EHDP SDVVHG WKURXJK WZR SLQ KROHV �GLDPHWHU ��� DQG ���

µP� UHVSHFWLYHO\� EHIRUH UHDFKLQJ WKH 307� $ VFDWWHULQJ FHOO

��� PP GLDPHWHU F\OLQGULFDO� ZDV SODFHG LQ D WHPSHUDWXUH

FRQWUROOHG EDWK RI LQGH[ PDWFKLQJ OLTXLG� WROXHQH� $OO RI WKH

H[SHULPHQWV ZHUH SHUIRUPHG DW �� � ��� R&�
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$Q DWRPLF IRUFH PLFURVFRSH� 3DUN 6FLHQWLILF ,QVWUXPHQW�

$XWRSUREH &3� HTXLSSHG ZLWK D 6L�1� WLS ZDV XVHG WR

REVHUYH WKH VHOI�DVVHPEOHG PLFHOOH RQ D VROLG VXUIDFH� 7KH

VSULQJ FRQVWDQW ZDV ��� 1�P DQG WKH LPDJHV ZHUH REWDLQHG

LQ FRQWDFW PRGH� 6FDQ UDWHV ZHUH YDULHG IURP � WR � +]� $OO

VDPSOHV ZHUH H[DPLQHG DW DQ DPELHQW WHPSHUDWXUH� 7KH VHOI�

DVVHPEOHG VDPSOHV ZHUH SUHSDUHG E\ VRDNLQJ D FOHDQ PLFD

SLHFH LQWR WKH +(85 VROXWLRQ IRU VHYHUDO PLQXWHV� 7KH

LPDJHV SUHVHQWHG LQ WKLV ZRUN ZHUH REWDLQHG DW VHYHUDO GLI�

IHUHQW VSRWV RI WKH VDPSOH�

5HVXOWV DQG 'LVFXVVLRQ

7KH IOXRUHVFHQFH HPLVVLRQ VSHFWUXP H[KLELWV ILYH SHDNV

GHQRWHG ,�9� )LJXUH ��D� VKRZV WKH IOXRUHVFHQFH HPLVVLRQ

VSHFWUXP RI S\UHQH LQ ZDWHU� 3RODULW\ VHQVLWLYH G\H OLNH

S\UHQH SURYLGHV LQIRUPDWLRQ DERXW WKH K\GURSKRELFLW\ RI WKH

G\H HQYLURQPHQW LQ WKH PLFHOOH� ,W LV NQRZQ WKDW� �� WKH

LQWHQVLW\ RI SHDN , �DW ��� QP� LV ZHDN LQ QRQSRODU VROYHQW

DQG VWURQJ LQ SRODU VROYHQW� �� WKH ,�,,, UDWLR LV ������� LQ

ZDWHU DQG UHDFKHV ��� LQ QRQSRODU VROYHQW������ 3\UHQH LV

PDLQO\ K\GURSKRELF SUREH DQG LWV VROXELOLW\ LQ ZDWHU LV YHU\

ORZ ���� µ0�� ,Q WKH SUHVHQFH RI PLFHOOHV� S\UHQH LV SUHIHU�

HQWLDOO\ GLIIXVH LQWR WKH K\GURSKRELF GRPDLQ RI WKH PLFHOOHV�

7\SLFDO ,�,,, YDOXH IRU DTXHRXV PLFHOOH V\VWHP LV ��������

LPSO\LQJ WKH S\UHQH LV ORFDWHG LQ WKH VXUIDFH UHJLRQ RI WKH

PLFHOOH K\GURFDUERQ FRUH� 7KH LQWHQVLW\ RI WKH SHDN FKDQJHV

E\ DGGLQJ +(85 SRO\PHUV LQ WKH S\UHQH VROXWLRQ DV LQ )LJ�

XUH ��E�� LQ ZKLFK WKH +(85� &��(2���&��� FRQFHQWUDWLRQ LV

����� J�/�

7KH ,�,,, UDWLR RI +(85 VSHFWUD ZDV PHDVXUHG DV D IXQF�

WLRQ RI SRO\PHU FRQFHQWUDWLRQ� )LJXUH � VKRZV WKH ,�,,, UDWLR

RI WKH IOXRUHVFHQFH HPLVVLRQ VSHFWUXP RI S\UHQH LQ &�(2����

&�� &��(2���&��� DQG &��(2���&�� VROXWLRQV DV D IXQFWLRQ RI

+(85 FRQFHQWUDWLRQ� UHVSHFWLYHO\�

7KH WUDQVLWLRQ RI ,�,,, UDWLR RI &�(2���&� LQ )LJXUH ��D�

RFFXUV DW D UHODWLYHO\ KLJK FRQFHQWUDWLRQ� a�� J�/� FRPSDUHG

ZLWK &��(2���&�� DQG &��(2���&�� ZKLFK VKRZV WKH WUDQVL�

WLRQ DW ORZHU FRQFHQWUDWLRQV� a� J�/ DQG a��−� J�/� UHVSHF�

WLYHO\� 7KH ,�,,, UDWLRV RI &�(2���&� DQG &��(2���&�� GH�

FUHDVH RYHU DQ RUGHU RI GHFD\ IURP �� J�/ WR ��� J�/ FRQ�

FHQWUDWLRQ UHJLRQ� )RU WKH &��(2���&�� WKH ,�,,, WUDQVLWLRQ

RFFXUV RYHU EURDGHU FRQFHQWUDWLRQ UDQJH� IURP ��−� J�/ WR �

J�/� *HQHUDOO\� WKH &$& LV ORFDWHG RQ WKH LQIOHFWLRQ SRLQW RI

WKH ,�,,, FXUYH DQG WKHLU LQIOHFWLRQ SRLQWV DUH ������ ����� DQG

����� J�/ IRU WKH &�(2���&�� &��(2���&��� DQG &��(2���&���

UHVSHFWLYHO\� 7KH ,�,,, UDWLR GHFUHDVHV DQG UHDFKHV WKH IODW

)LJXUH �� �D� $ IOXRUHVFHQFH HPLVVLRQ VSHFWUXP RI WKH S\UHQH LQ
ZDWHU� DQG �E� LQ +(85 VROXWLRQ RI ����� J�/�

)LJXUH �� 7KH ,�,,, UDWLR RI IOXRUHVFHQFH HPLVVLRQ VSHFWUXP LQWHQ�
VLW\ RI WKUHH +(85V� �D� &�(2���&�� �E� &��(2���&��� DQG �F�
&��(2���&��� E\ FKDQJLQJ WKH FRQFHQWUDWLRQ� 7KH HUURU EDU LQGL�
FDWHV �� H[SHULPHQWDO HUURU�
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UHJLRQ �GDWD QRW VKRZQ� ZKHUH WKH K\GURSKRELF GRPDLQV DUH

UHODWLYHO\ VPDOO LQ WKH VROXWLRQ� 7KH GLIIHUHQFH EHWZHHQ WKH

WUDQVLWLRQV VWURQJO\ GHSHQGV RQ WKH 3(2 FRQWHQWV DQG

OHQJWKV RI WKH K\GURSKRELF HQG JURXSV RI WKH +(85V� /RQJ

UDQJH GLVWULEXWLRQ RI WKH ,�,,, UDWLR LQ &��(2���&�� LQGLFDWHV

WKDW ORQJHU 3(2 FKDLQ PDNHV EURDG GLVWULEXWLRQ RI WKH SRODU�

LW\ RI WKH S\UHQH PROHFXOHV� ZKLFK DOVR LPSOLHV WKH PRUH

IOH[LEOH PLFHOOH VWUXFWXUH IRU WKH ORQJ HWK\OHQH R[LGH FKDLQV�

&��(2���&���

)LJXUH � VKRZV WKH LQWHQVLW\�LQWHQVLW\ FRUUHODWLRQ IXQFWLRQ�

J����τ�� DW D VFDWWHULQJ DQJOH RI ��R RI YDULRXV FRQFHQWUDWLRQ
RI &��(2���&��� 7KH VFDWWHUHG LQWHQVLW\ ZDV KDUGO\ GHWHFWHG

EHORZ &$& DQG WKH FRQFHQWUDWLRQV LQ )LJXUH � DUH QHDU WKH

&$&�

7KH LQWHQVLW\�LQWHQVLW\ FRUUHODWLRQ IXQFWLRQ�

+HUH� τ LV WKH ODJ WLPH� % LV WKH EDVHOLQH� DQG I LV DQ LQVWUX�
PHQWDO SDUDPHWHU GHSHQGLQJ PRVWO\ RQ WKH QXPEHU RI FRKHU�

HQFH DUHDV GHWHFWHG� 7KH QRUPDOL]HG ILUVW RUGHU FRUUHODWLRQ

IXQFWLRQ LV JLYHQ E\ D VLQJOH H[SRQHQWLDO� J����τ�  H[S�−Γτ��
ZKHUH Γ LV WKH UHOD[DWLRQ UDWH� 'LVWULEXWLRQV RI UHOD[DWLRQ

WLPHV ZHUH REWDLQHG E\ LQYHUVH /DSODFH WUDQVIRUPDWLRQ XVLQJ

WKH DOJRULWKP &217,1��� 7KH VPDOO�IDVW PRGH DQG WKH ODUJH�

VORZ PRGH DUH FOHDUO\ LQGLFDWHG LQ )LJXUH ��E� DQG ERWK

PRGHV DUH SURSRUWLRQDO WR WKH DQJOH� $QJXODU GHSHQGHQFH RI

WKHVH PRGHV LQ )LJXUH ��D� DQG �E� LQGLFDWHV WKDW ERWK PRGHV

DUH GLIIXVLYH� 7KH IDVW PRGH LV D UHVXOW RI VLQJOH PROHFXODU

GLIIXVLRQ RU VPDOO ROLJRPHULF DJJUHJDWLRQV DQG WKH VORZ

PRGH LV GXH WR WKH DJJORPHUDWHG PLFHOODU VWUXFWXUH� 7KH GLI�

IXVLRQ FRHIILFLHQW RI WKH IDVW PRGH DQG WKH VORZ PRGH DUH

FDOFXODWHG IURP WKH JDPPD YV� T� SORW� '  Γ�T�� ZKHUH ' LV

WKH GLIIXVLRQ FRHIILFLHQW� T LV WKH PDJQLWXGH RI WKH VFDWWHULQJ

YHFWRU� T  �πQRVLQ�θ����λR� QR LV WKH UHIUDFWLYH LQGH[ RI VRO�

YHQW� λR LV WKH ZDYHOHQJWK LQ YDFXXP� DQG θ LV WKH VFDWWHULQJ

DQJOH� 7KH GHYLDWLRQ WR ILW WKH FRUUHODWLRQ IXQFWLRQ LV LQGL�

FDWHG E\ HUURU EDU LQ )LJXUH � �D� DQG �E�� 7KH FRUUHVSRQGLQJ

K\GURG\QDPLF UDGLL� ��� QP DQG ����� QP� UHVSHFWLYHO\� DUH

GHGXFHG IURP 5K  N7���πη'�� ZKHUH N LV %ROW]PDQQ FRQ�
VWDQW DQG η LV VROYHQW YLVFRVLW\� %\ LQFUHDVLQJ WKH FRQFHQWUD�

WLRQ� WKH IDVW PRGH UHPDLQV DW WKH VDPH SRVLWLRQ RI WKH

GLVWULEXWLRQ IXQFWLRQ� EXW WKH VORZ PRGH VKLIWV WR WKH ORQJHU

UHOD[DWLRQ WLPH� +(85 ZLWK ORQJHU HWK\OHQH R[LGHV FKDLQV�

&��(2���&��� DOVR VKRZV WZR GLIIXVLYH PRGHV�

7KH ,�,,, UHVXOWV VKRZ D UDQJH RI H[WHQVLYH IRUPDWLRQ RI

PLFHOODU DJJUHJDWLRQV� 7KH IOXRUHVFHQFH TXHQFKLQJ DQG '/6

PHDVXUHPHQWV PDUN WKH VL]H DQG WKH DJJUHJDWLRQ SURFHVV LQ

PRUH GLVWLQFW ZD\V� $W YHU\ ORZ FRQFHQWUDWLRQV� PRVW SRO\�

PHU PROHFXOHV DUH IUHH RU LQ VPDOO ROLJRPHULF DJJUHJDWLRQV�

)OXRUHVFHQFH DQG OLJKW VFDWWHULQJ PHDVXUHPHQWV FDQQRW GLV�

WLQJXLVK EHWZHHQ WKHVH IRUPV� +RZHYHU� D VHULHV RI VDPSOHV

ZLWK GLIIHUHQW OHQJWKV RI PDLQ FKDLQV DQG K\GURSKRELF HQG

JURXSV VXJJHVW D GULYLQJ IDFWRU WR IRUP WKH +(85 PLFHOOH�

7KH UHFHQWO\ GLVFXVVHG PRGHOV RI IUHH HQHUJ\ FKDQJHV ZLWK

WKH IRUPDWLRQ RI ORRSV RI DQ HQG�PRGLILHG SRO\PHU FDQ EH
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)LJXUH �� �D� 7KH LQWHQVLW\�LQWHQVLW\ FRUUHODWLRQ IXQFWLRQ� J����τ��
DQG �E� WKH GLVWULEXWLRQV RI UHOD[DWLRQ WLPHV REWDLQHG E\ LQYHUVH
/DSODFH WUDQVIRUPDWLRQ� VFDWWHULQJ DQJOH ��R DW YDULRXV FRQFHQW�
UDWLRQ RI &��(2���&���

)LJXUH �� �D� $QJXODU GHSHQGHQFH RI WKH IDVW PRGH DQG �E� WKH
VORZ PRGH IURP RQH RI WKH VDPSOHV� ���� J�/ RI &��(2���&���
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DSSOLHG IRU WKH V\VWHPV� LQ ZKLFK� �� WKHUH LV D ORVV RI

HQWURS\ ZKHQ WKH SRO\PHU FKDLQ LV EDFN�IROGHG� DQG �� WKHUH

LV D JDLQ LQ K\GURSKRELF IUHH HQHUJ\ ZKHQ WKH FKDLQV DVVRFL�

DWHG� 6HYHUDO DXWKRUV SURSRVHG WKH JDLQ RI IUHH HQHUJ\ RQ

DVVRFLDWLRQ RI WKH WDLOV DQG WKH ORVV RI HQWURS\ RI WKH *DXVV�

LDQ FKDLQV�� ,Q WKH FDVHV RI GHFUHDVHG OHQJWKV RI WKH 3(2

FKDLQ RU ORQJHU DON\O JURXSV� ORRSV ZRXOG EHFRPH PRUH

IDYRUDEOH� ,Q RXU FDVH� LQ VSLWH RI WKH ORQJ 3(2 FKDLQ� WKH

JDLQ LQ K\GURSKRELF HQHUJ\ RI &��(2���&�� WR IRUP PRUH

IDYRUDEOH PLFHOODU VWUXFWXUHV WKDQ WKRVH RI WKH VKRUW DON\O

FKDLQ HQGHG +(85� 7KH ORRS IRUPDWLRQ ZRXOG VWURQJO\

GHSHQG RQ WKH HQHUJHWLF FRQWULEXWLRQV RI WKH K\GURSKRELF

VLGH FKDLQV� %XW DV PHQWLRQHG DERYH� WKH IOH[LELOLW\ DQG VL]H

RI WKH PLFHOOH ZRXOG GHSHQG RQ WKH VL]H RI 3(2 FKDLQ�

6LQFH WKH RSHQ DVVRFLDWLRQ PRGHO SURSRVHG E\ 0DHFKOLQJ�

6WUDVVHU��� LQ ZKLFK WKH IXQGDPHQWDO EXLOGLQJ EORFNV ZHUH

XQDVVRFLDWHG SRO\PHU FKDLQV� :LQQLN VXJJHVWHG D FORVHG DVVR�

FLDWLRQ PRGHO��� :LQQLN©V URVHWWH�OLNH PLFHOOH PRGHO LV WKDW

WKH LQGLYLGXDO SRO\PHU FKDLQV DVVRFLDWHG WR IRUP PLFHOOHV RI

D ZHOO GHILQHG VWUXFWXUH� EXW WKHVH PLFHOOHV XQGHUJR VHFRQG�

DU\ DVVRFLDWLRQ WR IRUP FOXVWHUV� 1\VWURP DQG +DQVHQ VXJ�

JHVW D IUDFWDO�OLNH VWUXFWXUH ZLWK UHOD[DWLRQ SURFHVVHV E\ '/6

DQG 3*6(�105���$W KLJK SRO\PHU FRQFHQWUDWLRQV� WKH\ VXJ�

JHVW WKH SRO\PHU FKDLQV XQGHUJR D VHULHV RI ORRS�EULGJH� EULGJH�

EULGJH� DQG EULGJH�ORRS VWHSV�

7R YLVXDOL]H WKH PLFHOOH VWUXFWXUH RI WKH +(85 SRO\PHUV�

ZH WUDQVIHU WKH PLFHOOH RQWR WKH VROLG VXUIDFH DQG REVHUYHG LW

WKURXJK WKH DWRPLF IRUFH PLFURVFRSH� )LJXUH � VKRZV WKH

$)0 LPDJHV RI WKH +(85 �&��(2���&��� PLFHOOHV IRUPHG DW

GLIIHUHQW FRQFHQWUDWLRQ VROXWLRQV E\ VHOI�DVVHPEOLQJ RQ WKH

PLFD VXUIDFH�

7KH OD\HU RI PLFHOOHV LV VWURQJO\ DGVRUEHG RQ WKH PLFD VXU�

IDFH EHFDXVH WKH $)0 LPDJHV DIWHU VFDQQLQJ RI FRQWDFW PRGH

GRHV QRW VKRZ DQ\ GLVUXSWLRQ RI WKH PLFHOODU VWUXFWXUH�

$GVRUSWLRQ IURP D GLOXWH VROXWLRQ� ��� J�/ RI +(85� SUR�

GXFHV VSKHULFDO PLFHOODU SDUWLFOHV DV LQ )LJXUH ��D�� 7KH

DYHUDJH KHLJKW LV a��� QP� ZKLOH WKH GLDPHWHU RI WKH VSKHUH

YDULHV IURP ��� QP WR ��� QP� $V WKH +(85 FRQFHQWUDWLRQ

LQFUHDVHV WR ��� J�/� IXVHG +(85 VWUXFWXUHV ZLWK VWULSHV DQG

FLUFOHV ZHUH REVHUYHG� 7KH WKLFNQHVV RI D ILQH VWULSH LV ���

QP� ZKLFK LV WKH VDPH DV WKH GLDPHWHU RI WKH VSKHULFDO

PLFHOOH� ,W LV VSHFXODWHG WKDW WKH VWULSHV DQG VSKHUHV IXVHG

WRJHWKHU DQG JHQHUDWH KXJH URGOLNH VWUXFWXUHV ZLWK WKH OHQJWK

RI VHYHUDO µP� 7KH KXJH URGOLNH PRUSKRORJ\ LV SUHVHUYHG

XSRQ WKH EUHDNDJH RI WKH VWUXFWXUH E\ LQFUHDVLQJ WKH FRQFHQ�

WUDWLRQ XS WR ��� J�/� )LJXUH � �F� VKRZV WKH VHOI�DVVHPEO\ RI

+(85 SUHSDUHG DW D KLJK FRQFHQWUDWLRQ� �� J�/� 7KH VXUIDFH

FRYHUDJH LQFUHDVHG DQG D KLJKO\ GHIXVHG VWUXFWXUH ZDV FUH�

DWHG E\ EULGJLQJ ERWK LQ WKH YHUWLFDO DQG KRUL]RQWDO GLUHF�

WLRQV�

,Q FRQFOXVLRQ� WKH HQG JURXSV HIIHFW PRUH VHULRXVO\ WKDQ

WKH ORQJ PDLQ FKDLQV WR IRUP WKH +(85PLFHOOH� 7KH IORZHU�

)LJXUH �� $)0 LPDJHV RI +(85V� &��(2���&��� VHOI�DVVHPEOHG RQ PLFD VXUIDFH IURP VROXWLRQ LQ �D� ��� J�/� �E� ��� J�/� DQG �F� �� J�/�
7KH WLPH RI H[SRVXUH LV �� PLQ�

)LJXUH �� 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH IRUPDWLRQ RI DJJUHJDW�
HG +(85V� �D� DW ORZ FRQFHQWUDWLRQ� �E� DW FULWLFDO PLFHOOH FRQFHQW�
UDWLRQ� �F� DQG �G� DIWHU FDF�
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VWUXFWXUH LQ KLJK FRQFHQWUDWLRQV� 7KHVH ZHUH QRW FOHDU LQ WKH

SUHYLRXV OLJKW VFDWWHULQJ DQG IOXRUHVFHQFH VWXGLHV� )LJXUH �

UHSUHVHQWV WKH VFKHPDWLF PRGHO IRU WKH IRUPDWLRQ RI +(85

PLFHOOH E\ FRQFHQWUDWLRQ LQFUHPHQWV� +(85 PROHFXOHV �D�

IUHHO\ PRYH LQ ORZ FRQFHQWUDWLRQ VROXWLRQV� �E� JHQHUDWH

VSKHULFDO PLFHOOHV E\ LQFUHDVLQJ WKH FRQFHQWUDWLRQ� �F� GLI�

IXVH HDFK RWKHU DQG JHQHUDWH WKH URGOLNH PLFHOOH� DQG �G�

LQWHUFRQQHFW WKH URG�OLNH PLFHOOHV DQG JHQHUDWH KXJH IUDFWDO

VWUXFWXUHV�

$FNQRZOHGJPHQW� '� 6� LV LQGHEWHG WR 3URI� (� .XPD�

FKHYD LQ WKH 'HSDUWPHQW RI &KHPLVWU\ DW 8QLYHUVLW\ RI 7RU�
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