%H\RQG 3URWHLQXULD $SRSWRVLV DQG 9LWDP
1HSKURSDW K\

,HYJHQLLD %XUODND
1DWLRQDO 2 2 %RJRPROHWV HSGBUWPE W LRIHIVERWWWIRFFR MWRU 7 .\LY 8NUDLQH

&RUUHVSRQGLQJ DXWKRU ,HYJHQLLD %XUODND 'HSDUWPHQW RI 3HGLDWULFV 1R 1DWLRQDO 2 2 %RJRP|
( PDHOJEXU #JPDLO FRP

5HFHLYHG )GIEWMKMDU\ $FFHSWHG GDWH OD®X¥KOLVKHGODDMKH

&RS\ULJKW <« %XUODND , HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV
XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWKRU DQG VRXUFH

$EVWUDFW

'LDEHQHFKURSDWIKXY WKH OHDGLQJ FDXVH RI GHDWK LQ SDWLHQWY ZLWK GLDEHWHYV
RI GLDEHWLF QHSKURSDWK\ GHSHQGY RQ WKH TXDOLW\ Rl EORRG JOXFRVH FRQWURO

7KH DLP RI WKH VWXG\ ZDV WR LQYHVWLIJDWH WKH OHYHO RI PHWDEROLF K\SR[LF G|
VI\VWHP DQG 9LWDPLQ ' OHYHOV LQ FKLOGUHQ ZLWK GLDEHWLF QHSKURSDWK\

7KH VWXG\ LQYROYHG FKLOGUHQ ZLWK W\SH , GLDEHWHY DQG GLDEHWLF QHSKUR
KDHPRJORELQ WR R[\JHQ GHWHUPLQHG E\ VSHFWURSKRWRPHWULF PHWKRG QG VR E



ODWHULDO DQG OHWKRGYV

3DWLHQWYV

$ VXUYH\ RI  SDWLHQWVd FKLOGUHQ ZLWK 7 'V DJHG WR \HDUV ZKR

ZHUH KRVSLWDOL]JHG LQ WKH (QGRFULQRORJ\ XQLW RQ &KLOGUHQdV &OLQLFDO
+RVSLWDO .\LY LQ ZDV GRQH &RPSOH[ H[DPLQDWLRQ

LQFOXGLQJ FRQYHQWLRQDO PHWKRGV LQVSHFWLRQ PRQLWRULQJ EORRG
SUHVVXUH EORRG WHVWV VWXG\ Rl XULQDU\ VHGLPHQW UHQDO XOWUDVRXQG HWF
ZDV GRQH WR DOO SDWLHQWV 2WKHU WKDQ FRQYHQWLRQDO PHWKRGV L H VSHFWU
DQDO\VLVY RI WKH IRUPV Rl KHPRJORELQ SODVPD OHYHOV RI +,) DOID

FDVSDVH ILWDPLQ H FRIDWGRQHIURXS LQFOXGHG

KHDOWK\ FKLOGUHQ 6WXG\ SHUIRUPHG EDVHG RQ HWKLFDO VWDQGDUGV 1DWLRQDO
8NUDLQLDQ FRPPLWWHH RQ KXPDQ H[SHULPHQWDWLRQ 1DWLRQDO 2 2
%RJRPROHWY PHGLFDO 8QLYHUVLW\ DQG RQ WKH +HOVLQNL 'HFODUDWLRQ

6SHFWURPHWU\

H DyQLWl KHPRJORELQ WR R[\VJHQ ZDV GHWHUPLQHG XVLQJ
VSHFWURSKRWRPHWULF PHWRG +HPRO\VLV RI UHG EORRG FHOOV ZDV
SHUIRUPHG E\ IUHH]LQJ PHOWLQJ RI EORRG VDPSOHYV (OHFWURQLF
KHPRJORELQ VSHFWUD ZHUH UHFRUGHG XVLQJ D VSHFWURSKRWRPHWHU 7
89 9,6 3* ,QVWUXPHQWYV /LPLWHG 8. AXDQWLWDWLYH HYDOXDWLRQ RI



(QGRJHQRXV OHYHOV RI WKH 9LWDPLQ DS RBYHR WLHD VIRQ VGXH S H QUXHEQF W R LSIOMDH U VW LW L
SDWLHQWY KDYH EHHQ UHFUXLWHG WREWIDH VSR WEDXUA GID WK HH B HO W HP E @U
)DEUXDU\

Control  T1D DH
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JLIXUH$ HVWHUQ %ORW VKRZLQJ H[SUHV
FKLOGUHQ ZLWK 7 ' DQG '1T X% Q VHIQRDW/R R
FDVSDWH

JLIXUH :HVWHUQ %ORW VKRZL@ELQFHLOWHRQ RI +,)
ZLWK 7 ' DQG 'l % 'FAXRDQWR FRDMWIEAQ
GHQVLW\ RI WKH EDQG IURP FRQWURQ JURXS ZDV VHW WR +LVWRJUDPYV
VKRZ WKH PHRQ s 6(0

‘H VKRZ WKDW WKH PRVW SGRPALQHEIFW 9LWDPLQ
GHWHFWHG LQ WKH JURXS RI SDWLHQWYV ZLWK GLDEHWLF QHSKURSDWK\ ,Q FRQWUR

JURXS 9LWDPLQ ' ZDV GHWHFWHG DW OHYHO S QJ P/ LQ SDWLHQWYV
ZLWK 7' s QJ P/ LQ SDWLHQWV ZLWK GLDEHWLF
QHSKURSDWK\ s fi @WVPFRPSDUHG WR FRQWURO

JURXS )LIJXUH $ $QDO\VLV RI WKH 9LWDPLQ ' OHYHOV DQG GXUDWLRQ RI
WKH GLVHDVH IRXQG QHJDWLYH FRUUHODWLRQ EHWZHHQ WKHP 5
fi JLIXUH %

'LVFXVVLRQ

,W KDV EHHQ ZLGHO\ DFFHSWHG DQG KLVWRORJLFDO VWXGLHV KDYH
FRQ}UPMKDW WKH GHWHULRUDWLRQ RI UHQDO IXQFWLRQ LQ FKURQLF NLGQH\
GLVHDVH &.' EHWWHU FRUUHODWHYV ZLWK WXEXODU DQG LQWHUVWLWLDO FKDQJH
WKDQ ZLWK JORPHUXODU FKDQJHV 7XEXODU G\WIXQFWLRQ KDV EHHQ UHSRUWHG
LQ WKH DEVHQFH RI PLFURDOEXPLQXULD LQ SDWLHQWYV ZLWK GLDEHWHYV PHOOLWXYV
(DUO\ WXEXODU LQMXU\ KDV EHHQ UHSRUWHG LQ SDWLHQWYV ZLWK GLDEHWHYV
PHOOLWXV ZKRVH JORPHUXODU IXQFWLRQ LV LQWDFW > @

&KURQLF K\SR[LD RI WKH WXEXORLQWHUVWLWLXP KDV EHHQ UHFRJQL]JHG DV D
PHFKDQLVP RI SURJUHVVLRQ WKDW LWHFRPPRQ WR PDQ\ UHQDO GLVHDVHV
K\SR[LF PLOLHX LQ HDUO\ VWDJH GLDEHWLF QHSKURSDWK\ LV DJJUDYDWHG E\
PDQLIHVWDWLRQV RI FKURQLF K\SHUJO\FHPLD DEQRUPDOLWLHV RI UHG EORRG
FHOOV R[LGDWLYH VWUHVV V\PSDWKHWLF GHQHUYDWLRQ RI WKH NLGQH\ GXH WR
DXWRQRPLF QHXURSDWKN\ DQG GLDEHWHV PHOOLWXV LQGXFHG WXEXODU
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JLIXUBRUUHODWLRQ EHWZHHQ 9LWDP|LQ ' OHYHOV DQG DOEXPLQXULD LQ
SDWLHQWYV ZLWK GLDEHWLF QHSKURS|DWK\

+HPRJORELQ EHORQJV WR WKH IDPLO\ RI SURWHLQV FRQWDLQLQJ SURVWKHWLF
JURXS DQG SURWRSRUSK\ULQ ,; KHPH ,Q DGGLWLRQ WR WUDQVSRUW R[\JHQ
KDPRKORELQ SHUIRUPV D QXPEHU RI LPSRUWDQW IXQFWLRQV ELQGLQJ RI
QLWULF R[LGH DQG VXOSKLGHV LQWHUDFWLRQ ZLWK UHDFWLYH R[\JHQ DQG
QLWURJHQ DQG RWKHU VHQVRU\ IXQFWLRQV $V D UHVXOW RI K\SHUJO\FHPLD LQ
GLDEHWHV WKHUH LV DQ LQFUHDVH R[\KHPRJORELQ IRUPDWLRQ DQG LWV
WUDQVIRUPHG IRUPV 'DPDJH WR WKH SRUSK\ULQ ULQJ IROORZHG E\
GHJUDGDWLRQ RI KHPH DSSHDUV +HPH GHJUDGDWLRQ LV FDUULHG RXW LQ WZR
VWDJHV DQG LQFOXGHV KHPH LURQ R[LGDWLRQ DQG QLWUDWLRQ RI W\URVLQH
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+D\DVKL $ 6X]XNL 7 BKLQ O $Q HQJ\PLF UHGXFWLRQ V\VWHP IRU
PHWP\RJORELQ DQG PHWKHPRJORELQ DQG LWV DSSOLFDWLRQ WR IXQFWLRQDO
VWXGLHV RI R[\JHQ FDUULHUV %LRFKLP %LRSK\V $FWD

7DQ ; /L < /LX RUDSHKWOF DQG SRWHQWLDO PHFKDQLVPV RI

DFWLYH 9LWDPLQ ' LYE UR\DBAY HQR\LHGU %WR ARKHD 0RO %LRO
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