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6HUEHVW ELU LQRUJDQLN UDGLNDO JD] RODQ QLWULN
RNVLW �12�� DUJLQLQ¶LQ VLWU�OOLQH G|Q�ú�P�
HVQDVÕQGD QLWULN RNVLW VHQWD] HQ]LPL �126�
WDUDIÕQGDQ ROXúWXUXOXU� g]HOOLNOH VDQWUDO VLQLU
VLVWHPLQGH VLQLUVHO LOHWLOHULQ WDúÕQPDVÕQGD Q|UR�
QDO 126 �Q126�� GDPDUVDO WRQXVWD YDVRGL�
ODWDW|U HWNLOHUGHQ HQGRWHOLDO 126 �H126� YH

LQIODPDWXYDU� HQGRWRNVLQ YH VLWRWRNVLN X\DUÕODUD
FHYDS RODUDN �UHWLOHQ LQG�NOHQHELOLU 126 �L126�
ROPDN �]HUH HQ D] �o IDUNOÕ \DSÕGD 126¶XQ
EXOXQGX÷X J|VWHULOPLúWLU���� gQFHNL oDOÕúPDODU�
12¶LQ ELUoRN IL]\RORMLN URO�Q�Q ROGX÷XQX
J|VWHUPHNWHGLU� %XQODU DUDVÕQGD WURPERVLW
IRQNVL\RQODUÕQÕQ G�]HQOHQPHVL� Q|URWUDQVPLV�

\RQ YH K�FUH LoL SDWRMHQOHULQ |OG�U�OPHVL
VD\ÕODELOLU�������� øQIODPDV\RQXQ ROGX÷X ELUoRN
ROD\GD URO DOGÕ÷Õ EHOLUOHQHQ QLWULN RNVLW� EL\RORMLN
VÕYÕODUGD NÕVD V�UHGH QLWULWH YH GDKD VRQUDGD
QLWUDWD RNVLGH ROXU� %X QHGHQOH VHUXP QLWULW YH

QLWUDW G�]H\OHULQLQ WRSODP 12 G�]H\LQL LIDGH
HWPHNWHGLU�

12¶LQ LQIODPDWXYDU HNOHP KDVWDOÕNODUÕQGDNL
|QHPL LOH LOJLOL ELOJLOHU \HWHUVL]GLU�� %LUoRN
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$PDo� %X oDOÕúPD� LQIODPDWXYDU URPDWL]PDO KDVWDOÕNODUGDQ RODQ URPDWRLG DUWULW �5$�¶WH VHUXP
QLWULN RNVLW �QLWULW YH QLWUDW� G�]H\OHULQLQ KDVWDOÕN DNWLYLWHVL LOH RODQ LOLúNLOHULQLQ VDSWDQDELOPHVL DPDFÕ
LOH SODQODQGÕ�
0DWHU\DO YH 0HWRW� øQ|Q� hQLYHUVLWHVL 7ÕS )DN�OWHVL 7XUJXW g]DO 7ÕS 0HUNH]L )L]LNVHO 7ÕS YH
5HKDELOLWDV\RQ $QDELOLP 'DOÕ SROLNOLQLNOHULQH EDúYXUDQ� NOLQLN YH ODERUDWXYDU WDQÕ \|QWHPOHUL LOH
³���� $5$´ NULWHUOHULQH J|UH 5$ WDQÕVÕ NRQPXú �� ROJXGDQ ROXúDQ KDVWD JUXEX LOH� \Dú YH
FLQVL\HWOHUL KDVWD JUXEX LOH X\XPOX RODQ �� VD÷OÕNOÕ ELUH\LQ ROXúWXUGX÷X NRQWURO JUXEX oDOÕúPD\D
DOÕQGÕ� +DVWD JUXEX LOH NRQWURO JUXEXQXQ VHUXP QLWULN RNVLW �12� G�]H\OHULQLQ NDUúÕODúWÕUÕOPDVÕ
\DQÕVÕUD� KDVWD JUXEX VHUXP (65 YH &53 GH÷HUOHULQH J|UH DNWLI YH LQDNWLI RODUDN LNL JUXED D\UÕODUDN
VHUXP 12 �QLWULW YH QLWUDW� G�]H\OHUL LOH KDVWDOÕN DNWLYLWHVL DUDVÕQGDNL LOLúNL GH DUDúWÕUÕOGÕ�
%XOJXODU� 5$¶OL KDVWD JUXEXQGD VHUXP 12 G�]H\OHUL NRQWURO JUXEXQD J|UH DQODPOÕ RUDQGD \�NVHN
VDSWDQGÕ �S�������� <DQÕVÕUD 12 G�]H\OHULQLQ KDVWDOÕN DNWLYLWHVL SDUDPHWUHOHUL LOH DQODPOÕ GHUHFHGH
LOLúNL J|VWHUGL÷L WHVSLW HGLOGL �S�������
6RQXo� (OGH HGLOHQ YHULOHU� 5$¶OL ROJXODUGD VHUXP 12 G�]H\OHULQLQ DUWWÕ÷Õ YH KDVWDOÕN DNWLYLWHVLQLQ
VDSWDQPDVÕQGD NXOODQÕODELOHFH÷LQL J|VWHUPHNWHGLU�

$QDKWDU NHOLPHOHU� 5RPDWRLG DUWULW� VHUXP QLWULW G�]H\L� VHUXP QLWUDW G�]H\L� QLWULN RNVLW�

6HUXP QLWULF R[LGH OHYHO LQ UKHXPDWRLG DUWKULWLV DQG LWV FRUUHODWLRQ ZLWK DFWLYLW\ RI

GLVHDVH

2EMHFWLYHV� 7KLV VWXG\ KDV EHHQ FRQGXFWHG WR FRPSDUH VHUXP QLWULF R[LGH �QLWULWH DQG QLWUDWH�
OHYHOV LQ SDWLHQWV ZLWK UKHXPDWRLG DUWKULWLV �5$� DQG KHDOWK\ YROXQWHHUV DQG DOVR WR H[SORUH WKH
FRUUHODWLRQ EHWZHHQ WKHVH OHYHOV DQG WKH GLVHDVH DFWLYLW\ SDUDPHWHUV�
0DWHULDOV DQG PHWKRGV� ,Q WKLV VWXG\ ZH LQFOXGHG �� SDWLHQWV ZLWK 5$ ZKR DGPLWWHG WR
RXWSDWLHQW FOLQLFV RI WKH GHSDUWPHQW RI 30	5 DQG PHW �����$5$�'LDJQRVWLF &ULWHULD DFFRUGLQJ WR
FOLQLFDO DQG ODERUDWRU\ ILQGLQJV� :H LQFOXGHG �� KHDOWK\ LQGLYLGXDOV DV FRQWURO JURXS ZKR ZHUH
PDWFKHG ZLWK SDWLHQW JURXS DFFRUGLQJ WR DJH DQG VH[� :H FRPSDUHG VHUXP QLWULF R[LGH �12�
OHYHOV RI SDWLHQW ZLWK 5$ DQG FRQWURO JURXS DQG ZH GLYLGHG SDWLHQW¶V JURXS LQWR WZR JURXSV
DFFRUGLQJ WR VHUXP (65 DQG &53 YDOXHV DV DFWLYH DQG LQDFWLYH WR GHWHUPLQH WKH FRUUHODWLRQ
EHWZHHQ VHUXP 12 �QLWULWH DQG QLWUDWH� OHYHOV DQG GLVHDVH DFWLYLW\�VLJQLILFDQWO\ KLJKHU LQ 5$
SDWLHQWV WKDQ WKH FRQWURO JURXS �S������� ,Q DGGLWLRQ� WKHUH ZDV VWDWLVWLFDOO\ VLJQLILFDQW
FRUUHODWLRQ EHWZHHQ VHUXP 12 OHYHOV DQG GLVHDVH DFWLYLW\ SDUDPHWHUV �S�������
&RQFOXVLRQ� $FFRUGLQJ WR WKHVH ILQGLQJV VHUXP 12 OHYHOV ZHUH IRXQG WR EH HOHYDWHG LQ 5$
SDWLHQWV DQG WKLV WHVW FDQ EH XVHG DV D GLDJQRVWLF LQYHVWLJDWLRQ IRU GHWHUPLQLQJ GLVHDVH DFWLYLW\ LQ
WKHVH SDWLHQWV�

.H\ ZRUGV� 5KHXPDWRLG DUWKULWLV� VHUXP QLWULWH OHYHO� VHUXP QLWUDWH OHYHO� QLWULF R[LGH�
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5RPDWRLG DUWULWOL ROJXODUGD VHUXP QLWULN RNVLW G�]H\OHUL YH KDVWDOÕN DNWLYLWHVL LOH RODQ LOLúNLVL

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

oDOÕúPD GRNX KDUDEL\HWL YH LQIODPDV\RQ
V�UHoOHULQGH 12¶LQ URO R\QDGÕ÷ÕQÕ J|VWHUPHN�
WHGLU���� øQIODPDWXYDU ELU V�UHo RODUDN NDEXO
HGLOPHPHNOH ELUOLNWH RVWHRDUWULWLN VLQRYLDO VÕYÕGD
SURLQIODPDWXYDU VLWRNLQOHUGHQ RODQ ,/�� YH
W�P|U QHNUR] IDNW|U�¶Q�Q YDUOÕ÷Õ J|VWHULOPLúWLU��

12¶LQ LPP�Q VLVWHPGHNL G�]HQOH\LFL URO��
LQIODPDV\RQ� RWRLPP�QLWH YH DUWULWOHUGHNL URO��
VRQ ]DPDQODUGD URPDWL]PDO KDVWDOÕNODUOD LOJLOH�
QHQ KHNLPOHULQ LOJL RGD÷Õ KDOLQH JHOPLúWLU��
%LUoRN oDOÕúPDGD 5$ YH 2$¶OL KDVWDODUGD VHUXP
YH VLQRYLDO VÕYÕ 12 G�]H\OHULQLQ \�NVHN ROGX÷X
ELOGLULOPLúWLU����

9�FXW VÕYÕODUÕQGD 12¶LQ oRN NÕVD V�UHGH VRQ
�U�QOHUL RODQ QLWULW YH QLWUDWD PHWDEROL]H ROPDVÕ
QHGHQL LOH 12 \DSÕPÕ YH PLNWDUÕ KDNNÕQGD EX
�U�QOHULQLQ G�]H\OHULQLQ WD\LQ HGLOPHVL |QHP
ND]DQÕU���������� 1RUPDO GL\HW NRúXOODUÕQGD� 12¶LQ
VRQ �U�QOHUL RODQ QLWULW YH QLWUDWÕQ VHUXP
G�]H\OHULQL 5$¶OL ROJXODU YH VD÷OÕNOÕ ELUH\OHUGHQ
ROXúDQ NRQWURO JUXEX LOH NDUúÕODúWÕUPDN YH 5$¶OL
KDVWDODUGD VLVWHPLN DNWLYLWH SDUDPHWUHOHUL LOH
VHUXP 12 VHYL\HVL DUDVÕQGD LOLúNL ROXS
ROPDGÕ÷ÕQÕ EHOLUOHPHN DPDFÕ LOH EX oDOÕúPD
SODQODQPÕúWÕU�

0$7(5<$/ YH 0(727
 
+DVWDODU� +DVWDQHPL] )L]LNVHO 7ÕS YH 5HKDELOL�
WDV\RQ GHSDUWPDQÕ SROLNOLQLNOHULQH EDúYXUPXú�
NOLQLN YH ODERUDWXYDU GH÷HUOHQGLUPHOHU VRQXQGD
$PHULNDQ 5RPDWL]PD 'HUQH÷L �$5$� NULWHU�
OHULQH J|UH�� WDQÕ NRQPXú RODQ �� 5$¶OL ROJXQXQ
\DQÕVÕUD \Dú YH FLQVL\HWOHUL X\XPOX �� VD÷OÕNOÕ
J|Q�OO� EX oDOÕúPD\D GDKLO HGLOGL�

dDOÕúPD SURWRNRO�� 7�P KDVWDODUD YH NRQWURO
JUXEXQX ROXúWXUDQ J|Q�OO�OHUH oDOÕúPD
KDNNÕQGD ELOJL YHULOGL� 5XWLQ NDQ DQDOL]OHULQGHQ
ELUNDo J�Q |QFHGHQ EDúODPDN �]HUH \�NVHN
RUDQGD QLWUDW LoHUHQ HW PDP�OOHUL YH VHE]HOL
\L\HFHNOHULQ W�NHWLOPHPHVL VD÷ODQGÕ� <DNODúÕN
�� VDDWOLN DoOÕ÷Õ WDNLEHQ VDEDK ���� VDDWOHUL
DUDVÕQGD YHQ|] NDQ |UQHNOHUL DOÕQGÕ� %X NDQ
|UQH÷LQGHQ (65 LQFHOHPHOHUL LoLQ DQWLNRDJ�ODQOÕ
W�SOHUH� GL÷HU SDUDPHWUHOHU LoLQ LVH NXUX W�SOHUH
JHUHNOL PLNWDUGD NDQ |UQHNOHUL SD\ODúWÕUÕOGÕ�
$QDPQH]� NOLQLN PXD\HQH YH ODERUDWXYDU DQDOL]
VRQXoODUÕ GR÷UXOWXVXQGD� 5$ GÕúÕQGD EDúND ELU
LQIODPDWXYDU KDVWDOÕ÷Õ RODQODU� !�� PJ�J�Q
SUHGQL]RORQ WHGDYLVL X\JXODQDQODU YH GL\HW

|QHULOHULPL]H X\PDGÕ÷Õ WHVSLW HGLOHQ ROJXODU
oDOÕúPD GÕúÕ EÕUDNÕOGÕ�

/DERUDWXYDU DQDOL]OHU� 6HUXPGD QLWULW G�]H�
\LQLQ WHVSLWL DPDFÕ LOH GLUHNW *ULHVV UHDNVL\RQX
NXOODQÕOGÕ�� 1LWUDW G�]H\L LVH� LQGLUHNW *ULHVV
UHDNVL\RQX LOH EHOLUOHQHQ WRWDO 12 PLNWDUÕQGDQ
QLWULW¶LQ oÕNDUÕOPDVÕ LOH HOGH HGLOGL� 6LVWHPLN
DNWLYLWH SDUDPHWUHOHUL RODUDN� 5$¶OL ROJXODUGD
QHIHORPHWUL \|QWHPL LOH VHUXP &53 G�]H\L YH
:HVWHUJUHQ \|QWHPL LOH GH (65 EHOLUOHQGL�
(UNHNOHU LoLQ� (65 !\Dú�� YH�YH\D &53 !�
PJ�/� NDGÕQODU LoLQ� (65 !�\Dú������ YH�YH\D
&53 !� PJ�/ VLVWHPLN DNWLYLWH NULWHUOHUL RODUDN
NDEXO HGLOGL�

øVWDWLVWLNVHO DQDOL]OHU� 9HULOHULQ GH÷HUOHQGL�
ULOPHVLQGH 6366 ���� SDNHW SURJUDPÕ NXOODQÕ�
ODUDN� RUWDODPD±VWDQGDUW VDSPD EHOLUOHQGL�
$QDOL]OHUGH� ED÷ÕPVÕ] |UQHNOHUGH W WHVWL� 0DQQ�
:KLWQH\ 8 WHVWL YH 6SHDUPDQ QRQSDUDPHWULN
NRUHODV\RQ WHVWOHUL NXOODQÕOGÕ� $QODPOÕOÕN GHUHFHVL
RODUDN S ����� NDEXO HGLOGL�
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5$¶OL ROJXODUOD NRQWURO JUXEX DUDVÕQGD \Dú YH
FLQVL\HW EDNÕPÕQGDQ LVWDWLVWLNVHO RODUDN DQODPOÕ
IDUN VDSWDQPDGÕ �S!������ 6HUXP QLWULW YH
QLWUDW G�]H\OHUL 5$¶OL KDVWD JUXEXQGD NRQWURO
JUXEXQD J|UH EHOLUJLQ RODUDN \�NVHN EXOXQGX
�S������ �7DEOR � YH *UDILN �����

6LVWHPLN DNWLYLWH SDUDPHWUHOHULQH J|UH DNWLI
RODQ 5$¶OL ROJXODUGD LQDNWLI RODQODUÕQD J|UH
VHUXP QLWULW YH QLWUDW G�]H\OHULQLQ \DNODúÕN ���
NDW GDKD \�NVHN ROGX÷X �S������ VDSWDQGÕ�
<DQÕVÕUD� VHUXP QLWULW�(65 �U ������� YH VHUXP
QLWULW�&53 �U ������� LOH VHUXP QLWUDW�(65
�U ������� YH VHUXP QLWUDW�&53 �U �������
SDUDPHWUHOHUL DUDVÕQGD SR]LWLI \|QGH ELU
NRUHODV\RQXQ EXOXQGX �S������ �7DEOR � YH
*UDILN �����
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6HSVLV� �OVHUDWLI NROLW� SV|ULD]LV� DUWULW� PXOWLSOH
VNOHUR]LV� WLS , '0� GHY K�FUHOL DUWHULW� 6/( YH
6M|JUHQ VHQGURPXQGD ID]OD PLNWDUGD 12
�UHWLPLQLQ VDSWDQGÕ÷Õ ELOLQPHNWHGLU� 12 �UHWL�
PLQGHNL DUWÕúÕQ� VSHVLILN RODUDN ELU KDVWDOÕ÷Õ
J|VWHUPHPHVLQH UD÷PHQ LQIODPDWXYDU VLWRNLQ�
OHULQ YH GL÷HU PHGL\DW|UOHULQ DoÕ÷D oÕNWÕ÷Õ YH



(UVR\ YH DUN

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

LPP�Q RODUDN DNWLI ELU G|QHPLQ J|VWHUJHVL
RODELOHFH÷L NDEXO HGLOPHNWHGLU� $\UÕFD� GHQH\VHO
KD\YDQ PRGHOOHULQGH 12 �UHWLPLQLQ HQJHOOHQ�
PHVL LOH 6/(� LQIODPDWXYDU DUWULWOHU YH 2$¶LQ
NOLQLN EXOJXODUÕQGD JHULOHPH WHVSLW HGLOPHVL� EX
KDVWDOÕNODUÕQ WHGDYLVL LoLQ XPXW YHULFL JHOLúPHOHU
RODUDN J|U�OPHNWHGLU��

*UDILN �� øQDNWLI YH DNWLI 5$¶OL ROJXODUGD QLWUDW G�]H\OHUL�
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5RPDWRLG DUWULWOL ROJXODUGD VHUXP QLWULN RNVLW G�]H\OHUL YH KDVWDOÕN DNWLYLWHVL LOH RODQ LOLúNLVL

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

gQFHNL oDOÕúPDODUGD ROGX÷X JLEL EX oDOÕúPDGD
GD� VHUXP 12 NRQVDQWUDV\RQXQXQ 5$¶OL
ROJXODUGD \Dú YH FLQVL\HW \|Q�QGHQ X\XPOX
NRQWURO JUXEXQD J|UH DQODPOÕ RUDQGD \�NVHN
ROGX÷X WHVSLW HGLOGL��������

%X \�NVHN G�]H\OHU�GHNL 12¶LQ ND\QD÷ÕQÕ
DoÕNODPD\D oDOÕúDQ oHúLWOL J|U�úOHU YDUGÕU�
%XQODU DUDVÕQGD HQ ID]OD NDEXO J|UHQ J|U�ú�
VLQRYLDO VÕYÕGD \�NVHN NRQVDQWUDV�\RQGD
EXOXQDQ 12¶LQ OHQIDWLN GUHQDM LOH GRODúÕPD
NDWÕOPDVÕGÕU� %X J|U�ú� LQIODPDWXYDU
KDVWDOÕNODUGDQ RODQ 5$ YH $6¶GHNL VLVWHPLN
LQIODPDV\RQ QHGHQL LOH GRODúÕP VLVWHPLQGH
EXOXQDQ ID]OD PLNWDUGDNL VLWRNLQOHUOH DoÕNODQ�
PD\D oDOÕúÕOPDNWDGÕU��

dDOÕúPDPÕ]ÕQ YHULOHUL� GDKD |QFHNL oDOÕúPDODUGD
HOGH HGLOPLú RODQODUOD SDUDOHOOLN J|VWHUPHNWH YH
VD÷OÕNOÕ NLúLOHUOH NÕ\DVODQGÕ÷ÕQGD 5$¶OL KDVWDODUGD
VHUXP 12 G�]H\LQLQ DUWPÕú ROGX÷XQX YXUJXOD�
PDNWDGÕU� )DUUHO YH DUNDGDúODUÕ�� 5$ YH 2$¶OL
KDVWDODUÕQ VHUXP YH VLQRYLDO VÕYÕ |UQHNOHULQGH
12 �UHWLPLQLQ DUWWÕ÷ÕQÕ J|VWHUHQ \�NVHN
G�]H\GH QLWULW VDSWDPÕúODUGÕU� dDOÕúPDPÕ]GD
LODYH RODUDN� 5$¶OL KDVWDODUGD VLVWHPLN DNWLYLWH
SDUDPHWUHOHUL LOH VHUXP QLWULW YH QLWUDW G�]H\OHUL
DUDVÕQGD SR]LWLI \|QGH ELU NRUHODV\RQXQ ROGX÷X
GD VDSWDQPÕúWÕU� %HQ]HU LOLúNLOHU 8HNL YH
DUNDGDúODUÕ�� LOH 1DNDPXUD YH DUNDGDúODUÕ��

WDUDIÕQGDQ GD ELOGLULOPLúWLU� <LQH D\QÕ DUDúWÕU�
PDFÕODU \DSWÕNODUÕ oDOÕúPDGD� HUNHQ G|QHPGHNL
5$¶OL ROJXODUÕQGD VHUXP 12 G�]H\LQL D]DOWDQ
DMDQODUÕQ WDWELN HGLOPHVLQLQ NOLQLN EXOJXODUÕ
JHULOHWWL÷L YH HUNHQ G|QHPGHNL 5$¶OL ROJXODUGD
VHUXP 12 VHYL\HVLQLQ KDVWDOÕ÷ÕQ WDNLELQGH
NXOODQÕODELOHFHN ELU SDUDPHWUH RODELOHFH÷LQL
ELOGLUPLúOHUGLU���

6RQXo RODUDN� \�NVHN G�]H\GH WHVSLW HGLOHQ
VHUXP QLWULW YH QLWUDWÕQ� 5$¶OL KDVWDODUGD 12
�UHWLPLQLQ DUWWÕ÷ÕQÕ YH 5$ HWL\RSDWRJHQH]LQGH
GH URO�Q�Q RODELOHFH÷L \|Q�QGHNL G�ú�QFHOHUL
GHVWHNOHPHNWHGLU� %X YHULOHU D\QÕ ]DPDQGD�
JHOHFHNWH WHGDYL DPDFÕ LOH L126 LQKLELW|UOHULQLQ
NXOODQÕPÕ LOH LOJLOL XPXWODUÕ DUWWÕUPDNWD YH
|]HOOLNOH HUNHQ G|QHPGHNL 5$¶OL KDVWDODUGD
KDVWDOÕ÷ÕQ DNWLYLWHVLQL EHOLUOHPHN DPDFÕ LOH
VHUXP QLWULW YH QLWUDW G�]H\OHULQLQ WD\LQ
HGLOHFH÷LQL G�ú�QG�UPHNWHGLU�

.$<1$./$5

�� )OHWFKHU '6� :LGPHU :5� /XHOO 6� HW DO� 7KHUDSHXWLF
DGPLQLVWUDWLRQ RI D VHOHFWLYH LQKLELWRU RI QLWULF R[LGH V\QWKDVH
GRHV QRW DPHOLRUDWH WKH FKURQLF LQIODPPDWLRQ DQG WLVVXH
GDPDJH DVVRFLDWHG ZLWK DGMXYDQW�LQGXFHG DUWKULWLV LQ UDWV� -
3KDUPDFRO ([S 7KHU ����� ���� �������

�� +REEV $-� +LJJV $� 0RQFDGD 6� ,QKLELWLRQ RI QLWULF R[LGH
V\QWKDVH DV D SRWHQWLDO WKHUDSHXWLF WDUJHW� $QQX 5HY
3KDUPDFRO 7R[LFRO ����� ��� ��������

�� 6WLFKWHQRWK '2� )UROLFK -&� 1LWULF R[LGH DQG LQIODPPDWRU\ MRLQW
GLVHDVHV� %U - 5KHXPDWRO ����� ��� �������

�� &ODQF\ 50� $PLQ $5� $EUDPVRQ 6%� 7KH UROH RI QLWULF R[LGH LQ
LQIODPPDWLRQ DQG LPPXQLW\� $UWKULWLV 5KHXP ����� ��� �����
���

�� 0XUUHOO *$� 'RODQG 00� -DQJ '� HW DO� 1LWULF R[LGH� DQ
LPSRUWDQW DUWLFXODU IUHH UDGLFDO� - %RQH -RLQW 6XUJ $P �����
��� �������

�� 6WHIDQRYLF�5DFLF 0� 6WDGOHU -� (YDQV &+� 1LWULF R[LGH DQG
DUWKULWLV� $UWKULWLV 5KHXP ����� ��� ��������

�� 6WLFKWHQRWK '2� :ROOHQKDXSW -� $QGHUVRQH '� HW DO� (OHYDWHG
VHUXP QLWUDWH FRQFHQWUDWLRQV LQ DFWLYH VSRQG\ORDUWKURSDWKLHV�
%U - 5KHXPDWRO ����� ��� ������

�� *UDERZVNL 36� :ULJKW 3.� 
W +RI 5-� HW DO� ,PPXQRORFDOL]DWLRQ
RI LQGXFLEOH QLWULF R[LGH V\QWKDVH LQ V\QRYLXP DQG FDUWLODJH LQ
UKHXPDWRLG DUWKULWLV DQG RVWHRDUWKULWLV� %U - 5KHXPDWRO �����
��� ������

�� )DUUHOO $-� %ODNH '5� 3DOPHU 50� HW DO� ,QFUHDVHG
FRQFHQWUDWLRQV RI QLWULWH LQ V\QRYLDO IOXLG DQG VHUXP VDPSOHV
VXJJHVW LQFUHDVHG QLWULF R[LGH V\QWKHVLV LQ UKHXPDWLF GLVHDVHV�
$QQ 5KHXP 'LV ����� ��� ��������

��� $UQHWW )&� (GZRUWK\ 60� %ORFK '$� HW DO� 7KH $PHULFDQ
5KHXPDWLVP $VVRFLDWLRQ ���� UHYLVHG FULWHULD IRU WKH
FODVVLILFDWLRQ RI UKHXPDWRLG DUWKULWLV� $UWKULWLV 5KHXP ����� ���
�������

��� 1DNDPXUD +� 8HNL <� 6DNLWR 6� HW DO� &OLQLFDO HIIHFWV RI DFWDULW
LQ UKHXPDWRLG DUWKULWLV� LPSURYHPHQW RI HDUO\ GLVHDVH DFWLYLW\
PHGLDWHG E\ UHGXFWLRQ RI VHUXP FRQFHQWUDWLRQV RI QLWULF R[LGH�
&OLQ ([S 5KHXPDWRO ����� ��� �������

��� 8HNL <� 0L\DNH 6� 7RPLQDJD <� HW DO� ,QFUHDVHG QLWULF R[LGH
OHYHOV LQ SDWLHQWV ZLWK UKHXPDWRLG DUWKULWLV� - 5KHXPDWRO �����
��� ������


