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%DFN UR QG RI 7KH 6W G

&RVPHWLFV LV D VXEVWDQFH RU PL WXUH RI VXEVWDQFHV WKDW DUH DSSOLHG

WR KXPDQ VNLQ IRU WKH SXUSRVH RI FOHDQLQJ PDLQWHQDQFH WUDQVILJXULQJ DQG

LPSURYLQJ DQ DSSHDUDQFH EXW WKH DUH QRW LQFOXGHG LQ WKH FODVV RI GUXJV

2QH H DPSOH RI FRVPHWLFV XVHG IRU IDFLDO FDUH LV D PDVN 6ULZLGRGR

7KHUH DUH YDULRXV NLQGV RI PDVN SURGXFWV RQ WKH PDUNHW LQFOXGLQJ SRZGHU

PDVNV FUHDP PDVNV JHO PDVNV DQG SDSHU PDVNV PRQJ WKH W SHV RI

PDVNV LQ WKH PDUNHW RQH W SH RI PDVN WKDW LV SUDFWLFDOO XVHG LV D JHO PDVN

WKDW FDQ EH LPPHGLDWHO SHHOHG RII DIWHU GU LQJ RU FRPPRQO FDOOHG E SHHO

RII JHO PDVN 0XOL DZDQ GDQ 6XULDQD

7KH SHHO RII JHO PDVN LV XVXDOO LQ D JHO RU SDVWHV WKDW DUH DSSOLHG

E VSUHDGLQJ LW WR WKH IDFLDO VNLQ IWHU PLQXWHV WKH PDVN FDQ EH

UHPRYHG E SHHOLQJ 6ODYWFKHII 2QH RI WKH DGYDQWDJHV RI SHHO RII

JHO PDVNV FRPSDUHG WR RWKHU W SHV RI PDVNV LV WKH HDV XVH DQG FOHDQVLQJ

WKDW LV E OLIWLQJ RU UHOHDVLQJ OLNH DQ HODVWLF PHPEUDQH +DUU

,Q WKLV FDVH WKH FRPSRVLWLRQ RI WKH LQJUHGLHQWV KDV DQ LPSRUWDQW UROH LQ

GHWHUPLQLQJ WKH SK VLFDO TXDOLW RI WKH SUHSDUDWLRQ RI SHHO RII JHO PDVNV

VXFK DV JHOOLQJ PDWHULDOV WKDW DIIHFW WKH YLVFRVLW GLVSHUVLRQ DQG GU LQJ WLPH

RI WKH SUHSDUDWLRQ 9LHLUD

OODK 6:7 VD V LQ Q 1DKO YHUVH

,W LV H ZKR VHQW GRZQ UDLQ IURP WKH VN IURP LW LV GULQNLQJ DQG

IURP LW LV IROLDJH LQ ZKLFK R SDVW UH DQLPDOV .HPHQWULDQ JDPD 5,



FFRUGLQJ WR WKH LQWHUSUHWDWLRQ RI DO 0LVEDK WKH YHUVH DERYH

H SODLQV WKH HVVHQFH RI OODK 6:7 DQG H SODLQV WKH GHWDLOV RI WKH EOHVVLQJV

WKDW OODK 6:7 KDV JLYHQ WR VHUYDQWV 7KLV YHUVH DOVR GHVFULEHV SODQWV DV

WKH PDLQ UHTXLUHPHQW IRU KXPDQV DQG DQLPDOV 7KLV YHUVH FDQ EH XVHG DV

D UHPLQGHU IRU KXPDQV WR DOZD V EH JUDWHIXO IRU +LV EOHVVLQJV DQG WR WDNH

DGYDQWDJH RI WKH JLIWV WKDW KDYH EHHQ JLYHQ ZHOO 6KLKDE OODK 6:7

KDV JURZQ YDULRXV W SHV RI SODQWV RQ HDUWK WR EH XWLOL HG E KXPDQV DV

ZHOO DV SRVVLEOH /LNHZLVH ZLWK UHG ULFH SODQWV XULQJ WKLV WLPH UHG ULFH

KDV RQO EHHQ XVHG WR IXOILOO ZKDW IRRG QHHGV 7KHUHIRUH WKH DSSOLFDWLRQ

RI UHG ULFH VWDUFK DV D JHOOLQJ DJHQW LQ SHHO RII JHO PDVN SUHSDUDWLRQV LV

RQH RI WKH HIIRUWV WR RSWLPL H WKH XWLOL DWLRQ RI UHG ULFH LQ WKH ZRUOG RI WKH

SKDUPDFHXWLFDO LQGXVWU

6WDUFK LV D FRPSOH FDUERK GUDWH WKDW LV LQVROXEOH LQZDWHU D SRZGHU

ZKLWH WDVWHOHVV DQG RGRUOHVV ,Q WKH LQGXVWULDO ZRUOG VWDUFK FDQ EH XVHG DV D

UDZ PDWHULDO RU DV DQ DGGLWLRQDO LQJUHGLHQWV VXFK DV FRDJXODWLRQ WKLFNHQLQJ

DJHQW JHO IRUPLQJ JHOOLQJ DJHQW ILOP IRUPLQJ ILOPLQJ DJHQW DQG DV D

VWDELOL HU VWDELOL LQJ DJHQW 6WDUFK KDV K GURFROORLG FKDUDFWHULVWLFV VR LW

FDQ EH XVHG DV D JHOOLQJ DJHQW DQG ILOP 7KH K GURFROORLG FKDUDFWHULVWLFV

RI VWDUFK DUH GXH WR WKH DP ORVH FRQWHQW LQ VWDUFK 6WDUFK LV D FRPSOH

FDUERK GUDWH FRQVLVWLQJ RI DP ORVH DQG DP ORSHFWLQ -DFREV DQG HOFRXU

P ORVH LV FRPPRQO XVHG WR PDNH ILOPV DQG JHOV EHFDXVH DP ORVH

KDV D VWUXFWXUH WKDW PDNHV LW SRVVLEOH WR IRUP K GURJHQ ERQGV EHWZHHQ

JOXFRVH PROHFXOHV GXULQJ KHDWLQJ DUFLD HW DO UHSRUWHG WKDW KLJK

DP ORVH FRQWHQW ZRXOG PDNH WKH ILOP PRUH FRPSDFW EHFDXVH DP ORVH ZDV

LQ FKDUJH RI WKH IRUPDWLRQ RI WKH ILOP PDWUL

P ORVH FRQWHQW LQ ULFH FDQ EH YLHZHG IURP WKH SURSHUWLHV RI FRRNHG

ULFH 6DQWLND DQG 5R DNXUQLDWL VDLG WKDW OHYHOV RI DP ORVH LQ ULFH LV

RQH RI WKH LQGLFDWRUV WKDW GHWHUPLQH WKH IODYRU RI WKH ULFH 5LFH ZKLFK KDG

D ORZ DP ORVH OHYHOV ZLOO SURGXFH ULFH WKDW LV WRR VWLFN 5LFH

ZKLFK KDV DP ORVH OHYHOV ZLWK PRGHUDWH ZLOO SURGXFH IOXIILHU ULFH

DQG LV JHQHUDOO SUHIHUUHG E WKH FRQVXPHUV 0HDQZKLOH WKH ULFH ZLWK KLJK



DP ORVH OHYHOV ZLOO SURGXFH ULFH ZLWK KDUG WH WXUH DQG RQO VRPH

FRQVXPHUV SUHIHU LW 5HG ULFH LV RQH W SH RI ULFH WKDW KDV KDUG WH WXUH DQG

MXVW SDUWLDOO SHRSOH ZKR ZDQW WR FRQVXPH LW 7KLV VKRZV WKDW WKH OHYHOV RI

DP ORVH LQ UHG ULFH LV JUHDWHU WKDQ LQ ZKLWH ULFH FFRUGLQJ WR WKH VWXG E

8PDU HW DO DERXW WKH SK VLFRFKHPLFDO RI UHG ULFH LW ZDV IRXQG WKDW

OHYHOV RI DP ORVH LQ UHG ULFH LV 7KHUHIRUH UHG ULFH KDV WKH SRWHQWLDO

WR EH XVHG DV D JHOOLQJ DJHQW DQG WKH ILOP

,Q WKH LQGXVWULDO ZRUOG QDWLYH VWDUFK KDV VHYHUDO REVWDFOHV LI XVHG

DV IRRG DQG QRQ IRRG UDZ PDWHULDOV :KHQ FRRNHG VWDUFK ZLOO WDNH D ORQJ

WLPH WKH SDVWH IRUPHG LV WRR KDUG DQG QRW FOHDU ,Q DGGLWLRQ LW LV WRR VWLFN

DQG FDQQRW VWDQG WKH DFLG WUHDWPHQW .RVZDUD 0HDQZKLOH WKH

LPSRUWDQW FKDUDFWHULVWLFV RI VWDUFK GHVLUHG E WKH LQGXVWU LQFOXGH KLJKHU

EULJKWQHVV ZKLWHU VWDUFK ORZHU UHWURJUDGDWLRQ ORZHU YLVFRVLW FOHDUHU JHO

IRUPHG VRIWHU IRUPHG JHO WH WXUH DQG HDVLHU VWDUFK JUDQXOHV EURNH -DQH

7KLV LV WKH UHDVRQ IRU VWDUFK PRGLILFDWLRQ SK VLFDOO FKHPLFDOO DQG

HQ PDWLFDOO RU D FRPELQDWLRQ RI WKHVH PHWKRGV 2QH PHWKRG RIPRGLI LQJ

VWDUFK WKDW FDQ EH GRQH WR FKDQJH WKH SURSHUWLHV RI VWDUFK LV E PDNLQJ

SUHJHODWLQL HG VWDUFK XVLQJ WKH JHODWLQL DWLRQ WHFKQLTXH

3UHJHODWLQL HG VWDUFK LV VWDUFK WKDW KDV EHHQ JHODWLQL HG E KHDWLQJ WKH

VWDUFK XQGHU WKH WHPSHUDWXUH RI WKH JHODWLQL DWLRQ DQG WKHQ GULHG :XU EXUJ

HODWLQL DWLRQ LV WKH SURFHVV RI EUHDNLQJ VWDUFK JUDQXOHV ZLWK ZDWHU

DQG KHDW VR WKDW HDFK VXUIDFH OD HU RI WKH PROHFXOH FDQ DEVRUE ZDWHU RU

GLVVROYH DQG UHDFW ZLWK RWKHU PDWHULDOV 6PLWK 7KH EUHDNGRZQ RI

VWDUFK JUDQXOHV LV FDXVHG E WKH SUHVHQFH RI ZDWHU DQG KHDW VR WKDW DP ORVH

LV DEOH WR GLIIXVH RXW RI WKH JUDQXOH 3UHJHODWLQL HG VWDUFK ZLOO GLVVROYH LI

PL HG ZLWK FROG ZDWHU DQG WKLFNHQ +RZHYHU WKH YLVFRVLW SURGXFHG IURP

WKH JHODWLQL HG VWDUFK DQG SUHJHODWLQL HG VWDUFK LV GLIIHUHQW 7KH YLVFRVLW RI

VWDUFK WKDW LV JHODWLQL HGZLOO EH KLJKHU WKDQ SUDJHODWLQL HG VWDUFK 7KHUHIRUH

PRGLILFDWLRQ RI VWDUFK XVHG LQ WKLV VWXG ZDV SUDJHODWLQL HG VWDUFK

7KH JHODWLQL DWLRQ SURFHVV FDQ EH FDUULHG RXW XVLQJ D GUXP GU HU

VSUD GU HU RU H WUXGHU &ROORQD HW DO ,Q DGGLWLRQ WR XVLQJ WKHVH



GHYLFHV JHODWLQL DWLRQ FDQ DOVR EH GRQH XVLQJ DQ RYHQ 5HVHDUFK FRQGXFWHG

E /XNPDQ HW DO RQ WKH XVH RI SUHJHODWLQL HG JOXWLQRXV ULFH VWDUFK

DV D ORRVH WDEOHW PDWUL RI VRGLXP GLFORIHQDF WKH JHODWLQL DWLRQ RI JOXWLQRXV

ULFH VWDUFK ZDV FDUULHG RXW XVLQJ DQ RYHQ DW R& 7KH VWXG RI WKH XVH RI

PRGLILHG VWDUFK DV D JHOOLQJ DJHQW PDWHULDO ZDV DOVR FDUULHG RXW E 6XODVWUL HW

DO RQ WKH HIIHFW RI EODFN ULFH SUHJHODWLQL HG VWDUFK DV D JHOOLQJ DJHQW

RQ WKH SK VLFDO TXDOLW RI WKH SHHO RII JHO PDVN 7KH UHVXOWV RI WKH VWXG

VKRZHG WKDW WKH DGGLWLRQ RI SUHJHODWLQL HG VWDUFK FDQ DIIHFW WKH FKDUDFWHULVWLFV

RI SHHO RII JHO PDVNV LQFOXGLQJ ORZHULQJ WKH S+ YDOXH LQFUHDVLQJ YLVFRVLW

ORZHU GLVSHUVLRQ SRZHU DQG VKRUWHQ GU LQJ WLPH %DVHG RQ WKH EDFNJURXQG

DERYH WKLV VWXG ZDV FRQGXFWHG WR ILQG RXW WKH DSSURSULDWH IRUPXODWLRQV

IRU PDNLQJ SHHO RII JHO PDVNV IURP UHG ULFH SUHJHODWLQL HG VWDUFK DV JHOOLQJ

DJHQW

5HVHDUFK 3UREOHP

7KH 5HVHDUFK SUREOHP LQ WKLV UHVHDUFK DUH

+RZ LV WKH DSSURSULDWH IRUPXODWLRQ IRU PDNLQJ SHHO RII JHO PDVN

IURP UHG ULFH SUHJHODWLQL HG VWDUFK DV JHOOLQJ DJHQW

+RZ LV WKH SK VLFDO FKDUDFWHULVWLFV RI SHHO RII JHO PDVN IURP UHG

ULFH SUHJHODWLQL HG VWDUFK DV JHOOLQJ DJHQW

:KDW LV WKH EHVW FRQFHQWUDWLRQ RI SUHJHODWLQL HG VWDUFK XVHG IRU SHHO

RII JHO PDVN

3 USRVH RI 7KH 6W G

7KH SXUSRVH RI WKH VWXG DUH

.QRZLQJ WKH DSSURSULDWH IRUPXODWLRQ IRU PDNLQJ SHHO RII JHO PDVNV

IURP UHG ULFH SUHJHODWLQL HG VWDUFK DV JHOOLQJ DJHQW

.QRZLQJ WKH FKDUDFWHULVWLFV RI SHHO RII JHO PDVNV IURP UHG ULFH

SUHJHODWLQL HG VWDUFK DV JHOOLQJ DJHQW

HWHUPLQH WKH EHVW FRQFHQWUDWLRQ RI SUHJHODWLQL HG VWDUFK XVHG IRU

SHHO RII JHO PDVN



6L QLILFDQFH RI 7KH 6W G

7KHRUHWLFDO 6L QLILFDQFH

7KH EHQHILW RI WKLV VWXG LV WR SURYLGH VFLHQWLILF LQIRUPDWLRQ

DERXW WKH SRWHQWLDO RI UHG ULFH VWDUFK DV JHO IRUPLQJ DQG ILOP IRUPLQJ

LQ SUHSDUDWLRQ RI SHHO RII JHO PDVN ZLWK JHODWLQL DWLRQ WHFKQLTXHV

DQG WR NQRZ WKH FKDUDFWHULVWLFV RI SHHO RII JHO PDVNV SURGXFHG IRUP

SUHJHODWLQL HG VWDUFK

3UDFWLFDO 6L QLILFDQFH

7KH EHQHILW RI WKLV UHDVHUFK LV WKDW LW FDQ EH XVHG DV D UHIHUHQFH

IRU IXUWKHU UHDVHUFK DQG DV D UHIHUHQFH IRU PDNLQJ SHHO RI JHO PDVNV

ZLWK SUHJHODWLQL HG VWDUFK DV D JHOOLQJ DJHQW




