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*OREDO�FDQFHU�VWDWLVWLFV�ZLOO�FRQWLQXH�WR�JURZ�LQ�WKH�FRPLQJ�\HDUV��/HXNHPLD�LV�WKH�ILIWK�OHDGLQJ�FDXVH�RI�GHDWK�
LQ�WKH�ZRUOG�DQG�WKH�VHFRQG�RQH�LQ�,UDQ��WKHUHIRUH��LW�LV�YHU\�LPSRUWDQW�WR�VWXG\�WKH�DIIHFWHG�DUHDV��LQFOXGLQJ�WKH�
FDUGLRYDVFXODU� V\VWHP� LQ� WKLV� GLVHDVH�� ,Q� KHDUW� FDQFHU�� WXPRUV� ZKRVH� SULPDU\� RULJLQ� LV� WKH� KHDUW� DUH� FDOOHG�
SULPDU\�WXPRUV��ZKLFK�DUH�YHU\�UDUH��7XPRUV�WKDW�RULJLQDWH�LQ�RWKHU�SDUWV�RI�WKH�ERG\�DQG�VSUHDG�WR�WKH�KHDUW�DUH�
FDOOHG�VHFRQGDU\� WXPRUV��$OWKRXJK�KHDUW�FDQFHU� LV�VWLOO� UDUH��PRVW�FDQFHUV� IRXQG� LQ� WKH�KHDUW�FRPH�IURP�RWKHU�
SDUWV�RI� WKH�ERG\�DQG�DUH�FRQVLGHUHG�DV�VHFRQGDU\� WXPRUV��7KH�V\PSWRPV�RI�PHWDVWDWLF�KHDUW�FDQFHU�YDU\�DQG�
GHSHQG�RQ� WKH� ORFDWLRQ�DQG�H[WHQW�RI� WKH� OHVLRQ��&DQFHU�FDQ�DOVR�DIIHFW� WKH�KHDUW� LQ�RWKHU�ZD\V��2QH�RI� WKHVH�
ZD\V� LV� WKH� HIIHFW� RI� WKH� WUHDWPHQWV� XVHG�� ZKLFK� LV� UHSRUWHG� DPRQJ� DFXWH� O\PSKRF\WLF� OHXNHPLD�� DFXWH�
P\HORJHQRXV� OHXNHPLD�� FKURQLF� O\PSKRF\WLF� OHXNHPLD�� DQG� FKURQLF�P\HORJHQRXV� OHXNHPLD� GXH� WR� WKH� XVH� RI�
W\URVLQH�NLQDVH�LQKLELWRUV�DV�WKH�PDLQ�GUXJ�LQ�UHGXFLQJ�PRUWDOLW\�DPRQJ�WKHVH�SDWLHQWV��3HULFDUGLDO�LQYROYHPHQW�
LV�UHSRUWHG�WR�EH�WKH�PRVW�FRPPRQ�FDUGLRYDVFXODU�FRPSOLFDWLRQ�RI�GUXJ�XVH�DPRQJ�GLIIHUHQW�NLQGV�RI�OHXNHPLDV��
,Q� WKLV� DUWLFOH�� ZH� WU\� WR� FROOHFW� FDUGLRYDVFXODU� HYLGHQFH� UHODWHG� WR DFXWH� O\PSKRF\WLF� OHXNHPLD�� DFXWH�
P\HORJHQRXV�OHXNHPLD��FKURQLF�O\PSKRF\WLF�OHXNHPLD��DQG�FKURQLF�P\HORJHQRXV�OHXNHPLD��VHSDUDWHO\�
.H\ZRUGV��$FXWH�O\PSKRF\WLF�OHXNHPLD��$FXWH�P\HORJHQRXV�OHXNHPLD��&DQFHU��&DUGLRYDVFXODU�GLVHDVH

,QWURGXFWLRQ
&DQFHU� LV� D�ZLGHVSUHDG�GLVHDVH� WKDW� LV�QRW�
UHODWHG�WR�D�VSHFLILF�WLPH�DQG�SODFH��$V�LW�LV�
WKH� VHFRQG� OHDGLQJ� FDXVH� RI� GHDWK� LQ� WKH�
ZRUOG� DQG� WKH� WKLUG� LQ� ,UDQ�� LW� LV� RI� JUHDW�
LPSRUWDQFH ����� *OREDO� FDQFHU� VWDWLVWLFV�
ZLOO�FRQWLQXH�WR�JURZ�LQ�WKH�FRPLQJ�\HDUV
�����/HXNHPLD�LV�WKH�ILIWK�OHDGLQJ�FDXVH�RI�
GHDWK� LQ� WKH�ZRUOG� DQG� WKH� VHFRQG� RQH� LQ�
,UDQ��WKHUHIRUH��LW�LV�YHU\�LPSRUWDQW�WR�VWXG\�
WKH� SDUWV� LQYROYHG� LQ� WKLV� GLVHDVH �����
0HDQZKLOH��DFXWH�P\HORLG�OHXNHPLD�LV�WKH�
VHFRQG� PRVW� FRPPRQ� OHXNHPLD� DQG� WKH�
WKLUG�GHDGOLHVW� OHXNHPLD� LQ� ,UDQ �����7KHUH�
DUH�PDQ\�W\SHV�RI�OHXNHPLD��6RPH�W\SHV�RI�
OHXNHPLD� DUH� PRUH� FRPPRQ� LQ� FKLOGUHQ
����� 2WKHU� IRUPV� RI� OHXNHPLD� DUH� PRUH�
FRPPRQ�LQ�DGXOWV��/HXNHPLD�LV�D�FDQFHU�RI�
WKH�ERG\
V�KHPDWRSRLHWLF�WLVVXHV��LQFOXGLQJ�
WKH� ERQH� PDUURZ� DQG� O\PSKDWLF� V\VWHP
���� /HXNHPLD� XVXDOO\� LQYROYHV� ZKLWH�

EORRG� FHOOV� :KLWH� EORRG� FHOOV� VWURQJO\�
ILJKW� LQIHFWLRQV� LQ� WKH� ERG\ ���� :KLWH�
EORRG�FHOOV�JURZ�DQG�GLYLGH�QDWXUDOO\� LQ�D�
KHDOWK\� SHUVRQ� DQG� WKH� ERG\� QHHGV� WKHP�
%XW� LQ� SHRSOH� ZLWK� OHXNHPLD�� WKH� ERQH�
PDUURZ�FDXVHV�DEQRUPDO�ZKLWH�EORRG�FHOOV��
ZKLFK�GR�QRW�IXQFWLRQ�SURSHUO\ ���� 0DMRU�
W\SHV� RI� OHXNHPLD� LQFOXGH� WKH� IROORZLQJ
����

x $FXWH� O\PSKRF\WLF� OHXNHPLD�
�$//��LV�WKH�PRVW�FRPPRQ�W\SH�RI�
OHXNHPLD� LQ� FKLOGUHQ� EXW� DOVR�
RFFXUV�LQ�DGXOWV��

x $FXWH� P\HORJHQRXV� OHXNHPLD�
�$0/��LV�DQRWKHU�W\SH�RI�OHXNHPLD�
WKDW� RFFXUV� LQ� FKLOGUHQ� DQG� DGXOWV�
%XW� LW� LV� WKH�PRVW�FRPPRQ�W\SH�RI�
DFXWH�OHXNHPLD�LQ�DGXOWV�

x &KURQLF� O\PSKRF\WLF� OHXNHPLD�
�&//��LV�WKH�PRVW�FRPPRQ�FKURQLF�
OHXNHPLD� LQ� DGXOWV� DQG� WKH� SDWLHQW�
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<D]GDQSDUDVW�HW�DO

,UDQ�-��3HG�+HPDWRO�2QFRO���������9RO ��� 1R ���������� ���

PD\� IHHO� ZHOO� IRU� \HDUV� ZLWKRXW�
WUHDWPHQW�

x &KURQLF� P\HORJHQRXV� OHXNHPLD�
�&0/��� ZKLFK� PDLQO\� DIIHFWV�
DGXOWV� $� SHUVRQ� ZLWK� &0/� PD\�
KDYH� IHZ� RU� QR� V\PSWRPV� IRU�
PRQWKV�RU�\HDUV�

2WKHU�W\SHV�RI�OHXNHPLD�LQFOXGH�KDLU\�FHOO�
OHXNHPLD��P\HORG\VSODVWLF�V\QGURPHV��DQG�
P\HORSUROLIHUDWLYH� GLVRUGHUV�� ZKLFK� DUH�
VHHQ� UDUHO\ ���� ,Q� KHDUW� FDQFHU�� WXPRUV�
ZKRVH� SULPDU\� RULJLQ� LV� WKH� KHDUW� DUH�
FDOOHG�SULPDU\�WXPRUV��ZKLFK�DUH�YHU\�UDUH
������ 7XPRUV� WKDW� RULJLQDWH� LQ� RWKHU� SDUWV�
RI� WKH� ERG\� DQG� VSUHDG� WR� WKH� KHDUW� DUH�
FDOOHG� VHFRQGDU\� WXPRUV ����� $OWKRXJK�
KHDUW� FDQFHU� LV� VWLOO� UDUH�� PRVW� FDQFHUV�
IRXQG�LQ�WKH�KHDUW�FRPH�IURP�RWKHU�SDUWV�RI�
WKH�ERG\� DQG�DUH� FRQVLGHUHG� DV� VHFRQGDU\�
WXPRUV ������ 7KH� V\PSWRPV� RI� PHWDVWDWLF�
KHDUW� FDQFHU� YDU\� DQG� GHSHQG� RQ� WKH�
ORFDWLRQ� DQG� H[WHQW� RI� WKH� OHVLRQ �����
&DQFHU� FDQ� DOVR� DIIHFW� WKH� KHDUW� LQ� RWKHU�
ZD\V�� 2QH� RI� WKHVH� ZD\V� LV� WKH� HIIHFW� RI�
WKH� WUHDWPHQWV� XVHG�� ZKLFK� LV� UHSRUWHG�
DPRQJ�$//��$0/��&//��DQG�&0/�GXH�WR�
WKH�XVH�RI�W\URVLQH�NLQDVH�LQKLELWRUV�DV�WKH�
PDLQ� GUXJ� LQ� UHGXFLQJ� PRUWDOLW\� DPRQJ�
WKHVH� SDWLHQWV ZKLFK FDQ� EH� XVHG� DV� D�
WUHDWPHQW� IRU� FKURQLF� FDUGLRYDVFXODU�
FRPSOLFDWLRQV� IRU� WKH� UHVW� RI� SDWLHQWV
�
OLYHV������ ,Q� WKLV� DUWLFOH��ZH� WU\� WR� FROOHFW�
FDUGLRYDVFXODU� HYLGHQFH� UHODWHG� WR� $//��
$0/��&//��DQG�&0/�FDQFHUV�VHSDUDWHO\�

6LGH� HIIHFWV� RI� FDQFHU� WUHDWPHQW� RQ� WKH�
FDUGLRYDVFXODU�V\VWHP
,Q�JHQHUDO��FDQFHU� WUHDWPHQW�FDQ�FDXVH� WKH�
KHDUW� WR� SXPS� OHVV� HIILFLHQWO\�� DOWHU� EORRG�
IORZ�� RU� LQFUHDVH� WKH� ULVN� RI� EORRG� FORWV�
�WKURPERVLV��� ZKLFK� FDQ� OHDG� WR� D� KHDUW�
DWWDFN ����� 7KH� PRVW� FRPPRQ� KHDUW�
GLVHDVH� FDXVHG� E\� WKHVH� FKDQJHV� LV�
FRQJHVWLYH� KHDUW� IDLOXUH�� DQG� WKH� PRVW�
VHULRXV� KHDUW� GLVHDVHV� UHODWHG� WR� WKH�
WUHDWPHQW� RI� FDQFHU� DUH� P\RFDUGLDO�
LQIDUFWLRQ� �SHULFDUGLWLV�� DQG� FRURQDU\�
DUWHU\� GLVHDVH ����� 2WKHU� KHDUW� SUREOHPV�
WKDW� PD\� GHYHORS� DV� D� UHVXOW� RI� FDQFHU�
WUHDWPHQW� LQFOXGH� ORZ� EORRG� SUHVVXUH�

�K\SRWHQVLRQ��� KLJK� EORRG� SUHVVXUH�
�K\SHUWHQVLRQ��� DEQRUPDO� KHDUW� UK\WKPV�
�DUUK\WKPLDV��� DQG� YDOYXODU� GLVHDVH�
5RXWLQH� GUXJV� FRPPRQO\� XVHG� WR� WUHDW�
OHXNHPLD� DUH� W\URVLQH� NLQDVH� LQKLELWRUV
����� 7KH�XVH�RI�SURWHLQ�NLQDVH�LQKLELWRUV�LV�
D� WDUJHWHG� WUHDWPHQW� 7KH\� ZRUN� E\�
LQKLELWLQJ� NLQDVH�� DQ� HQ]\PH� LQYROYHG� LQ�
PDQ\�FHOOXODU�SURFHVVHV ����� .LQDVHV�DGG�
SKRVSKDWH� JURXSV� WR� DPLQR� DFLGV� DQG� DUH�
FODVVLILHG� DFFRUGLQJ� WR� WKH� W\SH� RI� DPLQR�
DFLG� WKH\�SKRVSKRU\ODWH� )RU�H[DPSOH�� WKH�
DGGLWLRQ�RI�SKRVSKDWH�JURXSV�WR� WKH�VHULQH�
DQG� WKUHRQLQH� DPLQR� DFLGV� RI� SURWHLQV� LV�
GRQH� E\� WKH� VSHFLILF� SURWHLQ� NLQDVH� RI�
VHULQH� DQG� WKUHRQLQH� 7KH�SURWHLQ� W\URVLQH�
NLQDVH� DGGV� D� SKRVSKDWH� JURXS� WR� WKH�
DPLQR� DFLG� RI� W\URVLQH� SURWHLQ ����� 7KLV�
UHDFWLRQ�DIIHFWV�WKH�FHOOXODU�FRPPXQLFDWLRQ�
VLJQDOV� WKDW� DUH� UHVSRQVLEOH� IRU� FHOO�
GLYLVLRQ� DQG� JURZWK�� 7KHVH� NLQDVHV� DIIHFW�
WKH� JURZWK� IDFWRUV� WKDW� UHJXODWH� WKH� FHOO�
F\FOH�� 7\URVLQH� NLQDVH� LQKLELWRUV� DUH� XVHG�
WR� WUHDW� OHXNHPLD� �LPDWLQLE��GDVDWLQLE��DQG�
O\PSKRPD��LEUXWLQLE� �����

$//
$// LV�D�NLQG�RI�FDQFHU�WKDW�DSSHDUV�LQ�WKH�
EDVLF� SUHFXUVRUV� RI� ZKLWH� EORRG� FHOOV�
�O\PSKRF\WHV��LQ� WKH�ERQH�PDUURZ��ZKHUH�
QHZ� EORRG� FHOOV� DUH� SURGXFHG�� �����
/HXNHPLD� FHOOV� XVXDOO\� RFFXS\� WKH�
EORRGVWUHDP� UDSLGO\� DQG� VSUHDG� WR� RWKHU�
RUJDQV� VXFK� DV� WKH� O\PSK� QRGHV�� OLYHU��
VSOHHQ�� FHQWUDO� QHUYRXV� V\VWHP� �EUDLQ� DQG�
VSLQDO� FRUG��� DQG� WHVWHV� �LQ� PHQ�� �����
2WKHU�FDQFHUV�DOVR�FDQ�VWDUW�LQ�WKHVH�RUJDQV�
DQG� VSUHDG� WR� WKH� ERQH� PDUURZ�� EXW� WKH\�
DUH� QRW� FRQVLGHUHG� OHXNHPLD� 7KH� ZRUG�
�DFXWH�� PHDQV� WKDW� OHXNHPLD� SURJUHVVHV�
UDSLGO\�DQG�FDQ�OHDG�WR�GHDWK�ZLWKLQ�D�IHZ�
PRQWKV�LI�WUHDWPHQW�LV�QRW�VWDUWHG �����
&DUGLRYDVFXODU�LQYROYHPHQW�LQ�$//
$//� LV� WKH� PRVW� FRPPRQ� PDOLJQDQF\� LQ�
FKLOGUHQ� +RZHYHU�� LW� PD\� UDUHO\� EH�
DVVRFLDWHG�ZLWK�HRVLQRSKLOLD� 3DWLHQWV�ZLWK�
$//� DQG� HRVLQRSKLOLD� KDYH� D� KLJKHU�
SURJQRVLV� DQG� KLJKHU� LQFLGHQFH� RI� FDUGLDF�
FRPSOLFDWLRQV� WKDQ� SDWLHQWV� ZLWK� VWDQGDUG�
O\PSKREODVWLF� OHXNHPLD ����� ,Q� VHYHUDO�
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&DUGLRYDVFXODU�LQYROYHPHQW�LQ�EORRG�FDQFHUV��$//��$0/��&//��DQG�&0/

��� ,UDQ - 3HG +HPDWRO�2QFRO�������� 9RO ��� 1R ����������

FDVHV�� HRVLQRSKLOLD� KDV� EHHQ� UHSRUWHG� LQ�
FDVHV�RI� OHXNHPLD�ZLWK�KHDUW�GLVHDVH �����
$� ���\HDU�ROG� ER\� ZLWK� $//� KDV� EHHQ�
UHSRUWHG�ZLWK�D�GHIHFW�LQ�%�SUHFXUVRUV�ZLWK�
V\PSWRPV�RI�SHULSKHUDO�HRVLQRSKLOLD��FKHVW�
SDLQ��DQG�D�ODUJH�PDVV�LQ�WKH�OHIW�YHQWULFOH�
RI� WKH� KHDUW ����� +H� UHFHLYHG� PXOWLSOH�
FKHPRWKHUDS\�WUHDWPHQWV�EXW�GLHG����GD\V�
ODWHU�RI�UHVSLUDWRU\�IDLOXUH ����� $FFRUGLQJ�
WR� D� VWXG\�� D� SDWLHQW� ZLWK� DFXWH� 7�FHOO�
OHXNHPLD�VKRZHG�D�ULJKW�DWULDO�WXPRU �����
,Q� WKLV� UHJDUG�� FDUGLDF� LQYROYHPHQW� ZLWK�
KHPDWRORJLF� PDOLJQDQFLHV� VKRXOG� EH�
FRQVLGHUHG� $OWKRXJK� LW� LV� D� UDUH� FOLQLFDO�
V\PSWRP�� LW� FDQ� DIIHFW� WKH� WUHDWPHQW�
SURFHVV ����� 7KHVH�SDWLHQWV�DUH�FRQVLGHUHG�
UHVLVWDQW� WR� FDQFHU� WUHDWPHQWV� 0\RFDUGLDO�
FRPSOLFDWLRQV� LQ� SDWLHQWV� ZLWK� $//� DUH�
XVXDOO\� UDUH� DQG� DUH� FRQVLGHUHG� DV�
VHFRQGDU\� V\PSWRPV� GXH� WR� LQIHFWLRQ� RU�
FKHPRWKHUDS\ ����� +RZHYHU�� WKHUH� KDYH�
EHHQ�UHSRUWV�RI�P\RFDUGLDO�LQYROYHPHQW�LQ�
WKHVH� SDWLHQWV� ZLWK� DFXWH� %�FHOO�
O\PSKREODVWLF� OHXNHPLD� ZLWK� P\RFDUGLDO�
LQYROYHPHQW�LQ�DQ�HOGHUO\�PDQ �����
6LGH� HIIHFWV� RI�$//� WUHDWPHQW� LQ� FKLOGUHQ�
FDQ� OHDG� WR� D� OLIHORQJ� ULVN� RI� KHDUW�
FRPSOLFDWLRQV ����� 8QIRUWXQDWHO\�� DOPRVW�
DOO� FKLOGUHQ� UHVFXHG� IURP� WKLV�GLVHDVH�ZLOO�
H[SHULHQFH� GHOD\HG� SRVW�WUHDWPHQW�
FRQIOLFWV��ZKLFK�FDQ� OHDG� WR�FRPSOLFDWLRQV�
RU�HDUO\�GHDWK������ ,Q�D�FDVH�VWXG\��D�FKLOG�
ZLWK�$//�ZDV�WUHDWHG�ZLWK�WKH�,QRWX]XPDE�
PRQRFORQDO� DQWLERG\� 2Q� WKH� RWKHU� KDQG��
UHSRUWV� LQGLFDWHG� WKDW� GR[RUXELFLQ�
FKHPRWKHUDS\� LQ� FKLOGUHQ� ZLWK� $//� LV�
HIIHFWLYH� LQ� P\RFDUGLDO� FHOO� LQYROYHPHQW��
ZKLFK� DFFRUGLQJ� WR� WKH� HYLGHQFH� RI�
WUHDWPHQW�ZLWK�D�IUHH�UDGLFDO�SURWHFWRU�PD\�
SUHYHQW�YDVFXODU�FRPSOLFDWLRQV�LQ�FKLOGUHQ�
WUHDWHG�ZLWK�$//����������

$0/
,Q� ERQH� PDUURZ� OHXNHPLD�� DEQRUPDOO\�
ODUJH�DPRXQWV�RI�EORRG�FHOOV�DUH�SURGXFHG
����� 7KHVH�FHOOV�DUH�GLIIHUHQW�IURP�QRUPDO�
EORRG� FHOOV� DQG� GR� QRW� IXQFWLRQ� SURSHUO\�
$V� D� UHVXOW�� WKH\� VWRS� SURGXFLQJ� QRUPDO�
ZKLWH� EORRG� FHOOV� DQG� GHVWUR\� D� SHUVRQ
V�
DELOLW\� WR� ILJKW� GLVHDVH ����� /HXNHPLD�

FHOOV� DOVR� QHJDWLYHO\� DIIHFW� WKH� SURGXFWLRQ�
RI� RWKHU� W\SHV� RI� EORRG� FHOOV�PDGH� E\� WKH�
ERQH� PDUURZ�� LQFOXGLQJ� UHG� EORRG� FHOOV��
ZKLFK� FDUU\� R[\JHQ� WR� WKH� ERG\
V� WLVVXHV��
DQG� EORRG� SODWHOHWV�� ZKLFK� SUHYHQW� EORRG�
IURP�FORWWLQJ� 7KHUHIRUH��LQ�GLIIHUHQW�W\SHV�
RI� OHXNHPLD�� WKHUH� DUH� FRPSOLFDWLRQV� VXFK�
DV� ZHDN� LPPXQLW\�� DQHPLD�� DQG� EORRG�
FRDJXODWLRQ� GLVRUGHUV ����� ,Q� DFXWH�
OHXNHPLD�� ERQH� PDUURZ� FHOOV� GR� QRW�
PDWXUH� SURSHUO\ ����� ,PPDWXUH� OHXNHPLF�
FHOOV�DUH�RIWHQ�FDOOHG�EODVWV�WKDW�FRQWLQXH WR�
UHSURGXFH� DQG� DFFXPXODWH� ,Q� P\HORLG�
OHXNHPLD�� WKH�VRXUFH�RI�FDQFHU�FHOOV� LV� WKH�
P\HORF\WH� FODVV�� ZKLFK� PDNHV� UHG� EORRG�
FHOOV�� SODWHOHWV�� RU� RWKHU� ZKLWH� EORRG� FHOOV�
RWKHU� WKDQ� O\PSKRF\WHV�� VXFK� DV�
JUDQXORF\WHV�DQG�PRQRF\WHV ����� 7KH�0��
RU� 0�� VXEJURXS� KDV� WKH� EHVW� SURJQRVLV
����� 6RPH�FKURPRVRPDO�FKDQJHV��VXFK�DV�
UHYHUVH� WUDQVORFDWLRQ� DQG� WUDQVORFDWLRQ��
KDYH� D� EHWWHU� SURJQRVLV� 2WKHU�
FKURPRVRPDO� FKDQJHV�� VXFK� DV�
WUDQVORFDWLRQ� DQG� WKH� DGGLWLRQ� DQG�
GLVUXSWLRQ�RI�FKURPRVRPHV���RU����KDYH�D�
ZRUVH� SURJQRVLV ����� 3DWLHQWV� \RXQJHU�
WKDQ� ��� \HDUV� KDYH� D� EHWWHU� SURJQRVLV�
3ULPDU\� SUH�OHXNHPLF� FRQGLWLRQV� RU�
VHFRQGDU\� OHXNHPLDV� WKDW� GHYHORS� DIWHU�
WUHDWPHQW�IRU�DQRWKHU�FDQFHU��KDYH�D�ZRUVH�
SURJQRVLV�� 7KHUH� DUH� GLIIHUHQW� W\SHV� RI�
WUHDWPHQW�IRU�DGXOWV�ZLWK�$0/ ����� ,Q�WKH�
WUHDWPHQW� RI� $0/� OHXNHPLD�� IRXU�
FRQYHQWLRQDO� WKHUDSLHV� DUH� XVHG��
FKHPRWKHUDS\�� UDGLDWLRQ� WKHUDS\�� ERQH�
PDUURZ�WUDQVSODQWDWLRQ��DQG�WUHDWPHQW�ZLWK�
RWKHU�GUXJV �����

&DUGLRYDVFXODU�LQYROYHPHQW�LQ�$0/
'XULQJ� WKH� VWXGLHV�� QHR�DQJLRJHQHVLV� ZDV�
REVHUYHG�LQ�ELRSVLHV�RI�FKLOGUHQ�ZLWK�$0/
����� 2Q� WKH� RQH� KDQG�� D� FRUUHODWLRQ� ZDV�
IRXQG� EHWZHHQ� WKH� UDWH� RI� QHZ�
YDVFXODUL]DWLRQ�DQG�XULQDU\�E)*)�OHYHOV�LQ�
$0/�SDWLHQWV ������003���VHFUHWLRQ�DOVR�
LQFUHDVHV� DV� ERQH� PDUURZ� YDVFXODUL]DWLRQ�
LQFUHDVHV� 003��� VHFUHWLRQ� FDQ� DOVR� EH�
LQFUHDVHG� E\� PRQRQXFOHDU� DQG� &'��� ��
FHOOV ����� (YLGHQFH�VXJJHVWHG�WKDW�LQ�VRPH�
SDWLHQWV��9(*)�OHYHOV�LQFUHDVH��ZKLFK�FDQ�
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<D]GDQSDUDVW�HW�DO

,UDQ�-��3HG�+HPDWRO�2QFRO���������9RO ��� 1R ���������� ���

EH� FRQVLGHUHG� D� SURJQRVWLF� IDFWRU� IRU�
VXUYLYDO� LQ� KLJK�ULVN� SDWLHQWV ������
0\RSHULFDUGLWLV�KDV�EHHQ�UHSRUWHG�DV�D�UDUH�
IHDWXUH� RI� DFXWH� P\HORLG� OHXNHPLD��
&RPSOLFDWLRQV� LQFOXGH� UHSRUWV� RI� D� ���
\HDU�ROG�ZRPDQ�ZLWK�$0/ �����
&DUGLDF� K\SHUWURSK\� LV� D� FRPSOLFDWLRQ� RI�
WKH� WUHDWPHQW� RI� $0/� XVLQJ� VWHP� FHOOV
����� 7KH� UHFXUUHQFH� RI� KHDUW� DWWDFNV� LQ�
WKHVH� SDWLHQWV� LV� DERXW� ����� DQG� HYHQ� LQ�
VRPH� FDVHV�� WKHVH� FRPSOLFDWLRQV� PD\� QRW�
EH� GHWHUPLQHG� E\� FOLQLFDO� H[DPLQDWLRQV�
GXULQJ� WKH� SDWLHQW
V� OLIHWLPH� DQG� DIWHU�
GHDWK��WKH\�DUH�GHWHUPLQHG�E\�SDWKRORJLFDO�
H[DPLQDWLRQV ����� ,Q� D� FDVH� UHSRUW�� D� ���
\HDU�ROG�PDQ�ZLWK� D� KLVWRU\� RI�$0/�ZDV�
REVHUYHG� ZLWK� FRPSOLFDWLRQV� RI�
K\SHUWURSK\�DIWHU�VWHP�FHOO�WUDQVSODQWDWLRQ
�����
$V� PHQWLRQHG�� KHDUW� WXPRUV�� DV� ZHOO� DV�
KHDUW� FRPSOLFDWLRQV� FDXVHG� E\�
PDOLJQDQFLHV�VXFK�DV�$0/��DUH�PRUH�RI�D�
WKHUDSHXWLF� FRPSOLFDWLRQ ����� 2QH� RI�
WKHVH� WUHDWPHQWV� WKDW� DUH� DVVRFLDWHG� ZLWK�
WKH� ULVN� RI� WUHDWPHQW� IDLOXUH� LV� WKH� XVH� RI�
DQWKUDF\FOLQHV� LQ� FKHPRWKHUDS\�� DQG�
DOWKRXJK� WKHVH� GUXJV� DUH� D� VWDQGDUG�
WUHDWPHQW� IRU� $0/�� WKH\� FDQ� DOVR� KDYH�
WR[LF� DQG� SHUVLVWHQW� HIIHFWV� RQ� SDWLHQWV
�����

&//
&//�LV�D� W\SH�RI�%�&'�� FHOO�PDOLJQDQF\�
FKDUDFWHUL]HG� E\� WKH� DFFXPXODWLRQ� LQ�
SHULSKHUDO� EORRG�� ERQH� PDUURZ�� DQG�
VHFRQGDU\� O\PSK� QRGHV� WKDW� OHDGV� WR�
O\PSKRF\WRVLV�� O\PSKDGHQRSDWK\�� DQG�
VSOHQRPHJDO\ ������ $OWKRXJK� &//� LV� WKH�
PRVW� FRPPRQ� OHXNHPLD� LQ� DGXOWV� LQ�
:HVWHUQ� VRFLHWLHV�� LW� LV� OHVV� FRPPRQ� LQ�
$VLD ����� 7KH� ULVN�RI�GHYHORSLQJ�&//� LQ�
PHQ�LV�WZLFH�DV�KLJK�DV�LQ�ZRPHQ��DQG�WKH�
DYHUDJH� DJH� RI� GLDJQRVLV� LV� DERXW� ������
\HDUV ����� &//� LV� GLYLGHG� LQWR� WZR�PDLQ�
VXEVHWV� WKDW� DUH� FOLQLFDOO\� GLIIHUHQW� 7KHVH�
VXEW\SHV� DUH� LQWURGXFHG� E\� ODERUDWRU\�
H[DPLQDWLRQ�RI WKH�SUHVHQFH�RU�DEVHQFH�RI�
PXWDWLRQV� LQ� WKH� JHQH� HQFRGLQJ� WKH�
YDULDEOH� UHJLRQ� RI� WKH� LPPXQRJOREXOLQ�
KHDY\� FKDLQ� H[SUHVVHG� LQ� &//� FHOOV�� DQG�

WKLV� EUDQFK� UHIOHFWV� D� VXSHUILFLDO�
GLIIHUHQWLDWLRQ�RI�%�FHOOV� IURP�WKHLU�RULJLQ
����� &//� FDQ� FDXVH� D� YDULHW\� RI�
V\PSWRPV�� LQFOXGLQJ� IDWLJXH�� LQYROXQWDU\�
ZHLJKW� ORVV�� H[FHVVLYH� QLJKW� VZHDWV�� DQG�
IHYHU�� ,Q� JHQHUDO�� &//� RFFXUV� LQ� ERWK�
LQYDVLYH�DQG�QRQ�LQYDVLYH�IRUPV��ZKLFK�LQ�
WKH� QRQ�LQYDVLYH� VWDWH�� GRHV� QRW� QHHG�
WUHDWPHQW� IRU� VHYHUDO� \HDUV�� EXW� WKH�
LQYDVLYH� W\SH� QHHGV� LPPHGLDWH� WUHDWPHQW
���������

&DUGLRYDVFXODU�LQYROYHPHQW�LQ�&//
3ULPDU\�&//� FDUGLDF�PDOLJQDQFLHV� DUH� DV�
UDUH� DV�$//�DQG�$0/�� DQG�RI� WKHVH� IHZ��
���� DUH� SHULFDUGLDO� PDOLJQDQFLHV �����
2QH� UHSRUW� FLWHG� DQ����\HDU�ROG�PDQ�ZLWK�
&//�ZKR�KDV�EHHQ�VXIIHULQJ�IURP�G\VSQHD�
DQG� ORZ�EORRG�SUHVVXUH� IRU���� \HDUV �����
%ORRG� WHVWV� DQG� HOHFWURFDUGLRJUDPV�
VKRZHG� DFXWH� P\RFDUGLDO� LQIDUFWLRQ�� 7KH�
GLVHDVH� GHWHULRUDWHG� UDSLGO\�� DQG� VKRUWO\�
WKHUHDIWHU�� WKH� SDWLHQW� GLHG� $Q� DXWRSV\�
UHYHDOHG� VHYHUH� FRURQDU\� DWKHURVFOHURVLV�
DQG� OHIW YHQWULFXODU� P\RFDUGLDO� LQIDUFWLRQ
����� 3DWKRORJLFDO� H[DPLQDWLRQ� VKRZHG�
WKDW�&//�FRXOG� DIIHFW� O\PSK�QRGHV�� OLYHU��
VSOHHQ�� LQWHVWLQH�� DQG� NLGQH\ ����� ,Q�
DQRWKHU� UHSRUW�� D� ���\HDU�ROG� $IULFDQ�
$PHULFDQ� ZRPDQ� ZLWK� D� KLVWRU\� RI�
WUDYHOLQJ� WR�1LJHULD� DQG�KDYLQJ D�SRVLWLYH�
WXEHUFXOLQ� VNLQ� WHVW� ZDV� UHIHUUHG� WR� D�
PHGLFDO� FHQWHU�ZLWK� D� KHDUW� GLVRUGHU ������
2WKHU� FRPSOLFDWLRQV� LQFOXGH� PLOG� IHYHU��
O\PSKRF\WRVLV�� DQG� EORRG\� SHULFDUGLXP
����� (YDOXDWLRQ� RI� EORRG� XVLQJ� IORZ�
F\WRPHWU\� DQG� SHULFDUGLDO� ELRSV\� E\�
LPPXQRKLVWRFKHPLVWU\� VKRZHG� &'�� ����
DQG� &'��� O\PSKRF\WHV� LQ� ERWK� WLVVXHV��
LQGLFDWLQJ�&//�WKDW�PDQLIHVWHG�LWVHOI�LQ�WKH�
HDUO\� VWDJHV� ZLWK� WKHVH� V\PSWRPV �����
$PRQJ� SHULFDUGLWLV� FRPSOLFDWLRQV��
REVWUXFWLYH� SHULFDUGLDO� LQYROYHPHQW�
DFFRXQWV� IRU� ��� RI� &//� SHULFDUGLDO�
LQYROYHPHQW�� ZKLFK� LV� UHSRUWHG� LQ� D� ���
\HDU�ROG� PDQ� ZLWK� &//� ZLWK� DFXWH�
FDUGLRUHVSLUDWRU\� IDLOXUH� GXH� WR�
K\SHUOHXNRF\WRVLV ������ $OWKRXJK� DFXWH�
SXOPRQDU\� LQVXIILFLHQF\� GXH� WR� OHXNHPLD�
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&DUGLRYDVFXODU�LQYROYHPHQW�LQ�EORRG�FDQFHUV��$//��$0/��&//��DQG�&0/

��� ,UDQ - 3HG +HPDWRO�2QFRO�������� 9RO ��� 1R ����������

LV�D�NQRZQ�ILQGLQJ�IRU�SDWLHQWV�ZLWK�$0/�
RU�&0/��LW�LV�UDUH�LQ�&//����������

&KURQLF�0\HORLG�/HXNHPLD��&0/�
&0/� LV� D� SUROLIHUDWLYH� GLVHDVH� LQ� ZKLFK��
PDLQO\�� WKH� JUDQXORF\WH� FHOO� OLQH� LV�
LQFUHDVHG� DQG� LV� DFFRPSDQLHG� E\� SODWHOHW�
K\SHUSODVLD� DQG� HU\WKURLG� OLQHDJH�
VLPXOWDQHRXVO\�������7KH�XQLTXH�IHDWXUH�RI�
WKLV� GLVHDVH� DPRQJ� P\HORSUROLIHUDWLYH�
QHRSODVPV� LV� LWV� FOLQLFDO� FRXUVH�� ZKLFK� LQ�
DOO� FDVHV� WXUQV� LQWR� DFXWH� OHXNHPLD� ������
&0/� LV� WKH� ILUVW� PDOLJQDQW� EORRG� GLVHDVH�
WR� EH� DVVRFLDWHG� ZLWK� D� VSHFLILF�
FKURPRVRPDO� DEQRUPDOLW\� ������ ,Q� PRUH�
WKDQ� ���� RI� SDWLHQWV�� D� FRORQ\�
SUROLIHUDWLRQ� RI� D� VWHP� FHOO� ZLWK� WKH�
3KLODGHOSKLD� FKURPRVRPH� LV� VHHQ�� ,Q� WKLV�
FDVH�� D� EDODQFHG� VKLIW� RFFXUV� EHWZHHQ�
FKURPRVRPHV���DQG���������7KLV�PXWDWLRQ�
ELQGV� WKH�$%/�JHQH�RQ� FKURPRVRPH��� WR�
FKURPRVRPH�����UHVXOWLQJ�LQ�D�QHZ�FDQFHU�
JHQH� FDOOHG� %&5�$%/� ������ 7KH� %&5�
$%/ SURGXFW� LV� D� VSRQWDQHRXVO\� DFWLYH�
F\WRSODVPLF� W\URVLQH� NLQDVH� WKDW� FDXVHV�
OHXNHPLD� LQ� KHPDWRSRLHWLF� FHOOV� ������7KH�
%&5�$%/�IXVLRQ�SURWHLQ�DFWLYDWHV�D�JURXS�
RI�PHVVDJH� WUDQVPLVVLRQ�PHFKDQLVPV� WKDW�
DOORZ� FHOOV� WR� JURZ� LQGHSHQGHQWO\� RI� WKH�
UHJXODWLRQ� RI� F\WRNLQHV� DQG� WKH� HIIHFW� RI�
ERQH�PDUURZ� VWURPD�� ,W� DOVR�PDNHV�&0/�
FHOOV� UHVLVWDQW� WR� FKHPRWKHUDS\� DQG�
SURWHFWV� DJDLQVW� SURJUDPPHG� FHOO� GHDWK�
�DSRSWRVLV�������
&DUGLRYDVFXODU�LQYROYHPHQW�LQ�&0/
$FFRUGLQJ� WR�D�6ZHGLVK� VWXG\�� WKH� ULVN�RI�
DUWHULDO� DQG� YHQRXV� WKURPERVLV� LV� KLJKHU�
DPRQJ� SDWLHQWV� ZLWK� &0/� WKDQ� LQ� WKH�
JHQHUDO� SRSXODWLRQ� ������ %DVHG� RQ� WKLV�
VWXG\� DQG� RWKHU� VLPLODU� VWXGLHV�� VXFK�
SDWLHQWV� ZLWK� FDUGLRYDVFXODU� LQYROYHPHQW�
KDYH�EHHQ�WUHDWHG�ZLWK�RQH�RI�WKH�W\URVLQH�
NLQDVH� LQKLELWRUV� ������ 5HSRUWV� DOVR�
LQGLFDWHG� WKDW� SDWLHQWV� WUHDWHG�ZLWK� RQH� RI�
WKH� VHFRQG�JHQHUDWLRQ� 7.,V�� QLORWLQLE� RU�
GDVDWLQLE��KDYH�D�KLJKHU�ULVN�RI�P\RFDUGLDO�
LQIDUFWLRQ� WKDQ� SDWLHQWV� WUHDWHG� ZLWK�
LPDWLQLE������$�FDVH� UHSRUW� VXJJHVWHG� WKDW�
QLORWLQLE PD\� FDXVH� YDVRVSDVP�� ZKLFK� LQ�
WXUQ� PD\� WULJJHU� SHULSKHUDO� DUWHULDO�

RFFOXVLRQ� ������ $OWKRXJK� WKH� LQIRUPDWLRQ�
VXJJHVWHG� WKDW� &0/� LV� DVVRFLDWHG� ZLWK�
FDUGLRYDVFXODU� GLVRUGHUV�� DV� PHQWLRQHG��
WKHVH�GLVRUGHUV�FDQ�EH�DIIHFWHG�E\�GLIIHUHQW�
WUHDWPHQWV� DQG� FDXVH� D� YDULHW\� RI�
V\PSWRPV� ������ ,Q� DGGLWLRQ�� EHFDXVH� WKH�
FDUGLRYDVFXODU� V\PSWRPV� RI� &0/�
WUHDWPHQW�FDQ�FRLQFLGH�ZLWK�WKH�GLDJQRVWLF�
V\PSWRPV�� LW� ZLOO� EH� GLIILFXOW� WR�
GLIIHUHQWLDWH� WKHVH� V\PSWRPV� FRPSOHWHO\��
DQG� GHVSLWH� WKH� GHYHORSPHQW� RI� 7.,V�
W\URVLQH�NLQDVH� LQKLELWRUV�KDV� FKDQJHG� WKH�
WKHUDSHXWLF� SHUVSHFWLYH� IRU�PDQ\�GLIIHUHQW�
FDQFHUV�� LQFOXGLQJ�&0/��GUDPDWLFDOO\�DQG�
SDWLHQW�VXUYLYDO�KDV�LQFUHDVHG�VLJQLILFDQWO\��
EXW� LQ� VRPH� FDVHV�� WKLV� GHDGO\� FDQFHU� FDQ�
EH�FRQWUROOHG�DV�D�FKURQLF�GLVHDVH���������

&RQFOXVLRQ
$V�PHQWLRQHG�� FDUGLRYDVFXODU�GLVRUGHUV� LQ�
EORRG� FDQFHUV� DUH� QRW� UHODWHG� WR� SULPDU\�
WXPRUV�� DQG� VHFRQGDU\� WXPRUV�� DV� FDQ� EH�
VHHQ� IURP� WKH� UHSRUWV�� DUH� RFFDVLRQDOO\�
PHWDVWDWLF�� %XW� ZKDW� LV� YHU\� LPSRUWDQW� LV�
WKH�VLGH�HIIHFW�RI�W\URVLQH�NLQDVH�LQKLELWRUV��
$OWKRXJK� WKH� VXFFHVV� RI� 7.,V� LQ� WUHDWLQJ�
OHXNHPLD� LV� VWLOO� XQLTXH�� WKHUH� DUH�
LQGLFDWLRQV� WKDW� WKHVH� GUXJV� KDYH� D� VLGH�
HIIHFW� RQ� WKH� FDUGLRYDVFXODU� V\VWHP�� 7KLV�
KDV� SRVHG� D� FKDOOHQJH� WR� PHGLFDO�
RQFRORJ\�� VR� WKDW� WUHDWPHQW� ZLWK� W\URVLQH�
NLQDVH� LQKLELWRUV�� DOWKRXJK� LW FDQ� TXLFNO\�
VDYH� SDWLHQWV
� OLYHV� RYHU� D� SHULRG� RI� WLPH��
LQ� VRPH� FDVHV�� FDQ� FDXVH� FKURQLF�
FRPSOLFDWLRQV�IRU�WKH�SDWLHQW�IRU�WKH�UHVW�RI�
KLV�OLIH�

&RQIOLFWV�RI�LQWHUHVW
7KHUH� DUH� QR� FRQIOLFW� RI� LQWHUHVW� LQ� WKLV�
UHVHDUFK�
5HIHUHQFHV
�� %UD\�)��)HUOD\�-��6RHUMRPDWDUDP�,��
6LHJHO� 5/�� 7RUUH� /$�� -HPDO� $�� *OREDO�
FDQFHU� VWDWLVWLFV� ������ */2%2&$1�
HVWLPDWHV� RI� LQFLGHQFH� DQG� PRUWDOLW\�
ZRUOGZLGH�IRU����FDQFHUV�LQ�����FRXQWULHV��
&$��&DQFHU�-�&OLQ��������������������
�� 0RHLQL� 0�� 7DOHJKDQL� )�� 0HKUDEL�
7��0XVDUH]DLH�$��(IIHFW�RI�D�VSLULWXDO�FDUH�
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<D]GDQSDUDVW�HW�DO

,UDQ�-��3HG�+HPDWRO�2QFRO���������9RO ��� 1R ���������� ���

SURJUDP� RQ� OHYHOV� RI� DQ[LHW\� LQ� SDWLHQWV�
ZLWK�OHXNHPLD��,-105���������������� ��
�� /DJXQDV�5DQJHO� )$�� &KiYH]�
9DOHQFLD� 9�� *yPH]�*XLMRVD�0È�� &RUWHV�
3HQDJRV� &�� $FXWH� P\HORLG� OHXNHPLD²
JHQHWLF� DOWHUDWLRQV� DQG� WKHLU� FOLQLFDO�
SURJQRVLV�� ,QW�-�+HPDWRO�2QFRO�6WHP�&HOO�
5HV���������������������
�� (Oဨ.KD]UDJ\� 1�� 1RVKL� 0$��
$EGHOဨ0DODN� &�� =DKUDQ� 5)�� 6ZHOODP�0��
PL51$ဨ���� DQG� PL51$ဨ���D� DV�
SURJQRVWLF� ELRPDUNHUV� IRU� SHGLDWULF� DFXWH�
O\PSKREODVWLF� OHXNHPLD�� -� &HOO� %LRFKHP�
�����������������������
�� 0DVLODPDQL� 9�� 'HYDQHVDQ� 6��
$O6DOKL� 06�� $O4DKWDQ\� )6�� )DUKDW� .+��
)OXRUHVFHQFH� VSHFWUDO� GHWHFWLRQ� RI� DFXWH�
O\PSKREODVWLF� OHXNHPLD� �$//�� DQG� DFXWH�
P\HORLG� OHXNHPLD� �$0/��� $� QRYHO�
SKRWRGLDJQRVLV� VWUDWHJ\�� 3KRWRGLDJQRVLV�
3KRWRG\Q�7KHU������������������������
�� .L]DNL�0��7DNDKDVKL�1��,UL\DPD�1��
2NDPRWR� 6�� 2QR� 7�� 8VXL� 1�� 1HZ� WDUJHW�
LQYHVWLJDWRUV�� (IILFDF\� DQG� VDIHW\� RI�
W\URVLQH� NLQDVH� LQKLELWRUV� IRU� QHZO\�
GLDJQRVHG� FKURQLF�SKDVH� FKURQLF� P\HORLG�
OHXNHPLD�RYHU�D���\HDU�SHULRG��UHVXOWV�IURP�
WKH�-DSDQHVH�UHJLVWU\�REWDLQHG�E\�WKH�1HZ�
7$5*(7� V\VWHP�� ,QW� -� +HPDWRO�
��������������������
�� .DFKODQ\� 6&�� 6FKZDUW]� $%��
%DODVKRYD�19��+LRH�&(�� 7XHQ�0�� /H�$��
$QWL�OHXNHPLD�DFWLYLW\�RI�D�EDFWHULDO� WR[LQ�
ZLWK�QDWXUDO�VSHFLILFLW\�IRU�/)$���RQ�ZKLWH�
EORRG�FHOOV�/HXN�5HV��������������������
�� $UFKLH� %OH\HU� :�� $FXWH�
O\PSKREODVWLF� OHXNHPLD� LQ� FKLOGUHQ��
$GYDQFHV� DQG� SURVSHFWXV�� &DQFHU�
��������6�����������
�� 3LQJ�1��:DQJ�4��:DQJ�4��'RQJ�6��
:X� /�� ;XH� <�� HW� DO�� $EVHQFH� RI� %5$)�
9���(� PXWDWLRQ� LQ� KHPDWRORJLF�
PDOLJQDQFLHV� H[FOXGLQJ� KDLU\�FHOO�
OHXNHPLD�� /HXN�� /\PSKRPD�
����������������������
��� $PDQR�-��1DND\DPD�-��<RVKLPXUD�
<�� ,NHGD� 8�� &OLQLFDO� FODVVLILFDWLRQ� RI�
FDUGLRYDVFXODU� WXPRUV� DQG� WXPRU�OLNH�
OHVLRQV�� DQG� LWV� LQFLGHQFHV�� *HQ� 7KRUDF�
&DUGLRYDVF�6XUJ���������������������

��� +DQIOLQJ�60��0HWDVWDWLF� FDQFHU� WR�
WKH� KHDUW�� UHYLHZ� RI� WKH� OLWHUDWXUH� DQG�
UHSRUW� RI� ���� FDVHV�� &LUFXODWLRQ� ������
��������������
��� %XVVDQL� 5�� 'H�*LRUJLR� )�� $EEDWH�
$�� 6LOYHVWUL� )�� &DUGLDF� PHWDVWDVHV�� -� &OLQ�
3DWKRO������������������
��� 5DJODQG�00�� 7DN� 7�� 7KH� UROH� RI�
HFKRFDUGLRJUDSK\� LQ� GLDJQRVLQJ� VSDFH�
RFFXS\LQJ� OHVLRQV� RI� WKH� KHDUW�� &OLQ�0HG�
5HV�����������������
��� (ZHU� 06�� (ZHU� 60��
&DUGLRWR[LFLW\� RI� DQWLFDQFHU� WUHDWPHQWV��
1DW�5HY�&DUGLRO��������������������
��� (VFKHQKDJHQ�7��)RUFH�7��(ZHU�06��
'H�.HXOHQDHU�*:��6XWHU�70��$QNHU�6'��
HW�DO��&DUGLRYDVFXODU�VLGH�HIIHFWV�RI�FDQFHU
WKHUDSLHV�� D� SRVLWLRQ� VWDWHPHQW� IURP� WKH�
+HDUW�)DLOXUH�$VVRFLDWLRQ�RI�WKH�(XURSHDQ�
6RFLHW\� RI� &DUGLRORJ\�� (XU� -� +HDUW� )DLO�
����������������
��� 6FKXOW]�+HFWRU� 6�� 7URWW� .�5��
5DGLDWLRQ�LQGXFHG�FDUGLRYDVFXODU�GLVHDVHV��
LV� WKH� HSLGHPLRORJLF� HYLGHQFH� FRPSDWLEOH�
ZLWK� WKH� UDGLRELRORJLF� GDWD�� ,QW� -� 5DGLDW�
2QFRO�%LRO�3K\V������������������
��� 4DVHHP� $�� :LOW� 7-�� 5LFK� 5��
+XPSKUH\� //�� )URVW� -�� )RUFLHD� 0$��
3KDUPDFRORJLF� WUHDWPHQW� RI� K\SHUWHQVLRQ�
LQ� DGXOWV� DJHG���� \HDUV� RU�ROGHU� WR�KLJKHU�
YHUVXV� ORZHU� EORRG� SUHVVXUH� WDUJHWV�� D�
FOLQLFDO� SUDFWLFH� JXLGHOLQH� IURP� WKH�
$PHULFDQ� &ROOHJH� RI� 3K\VLFLDQV� DQG� WKH�
$PHULFDQ�$FDGHP\�RI�)DPLO\�3K\VLFLDQV��
$QQ�,QWHUQ�0HG���������������������
��� 5RVNRVNL�-U�5��3URSHUWLHV�RI�)'$�
DSSURYHG� VPDOO� PROHFXOH� SURWHLQ� NLQDVH�
LQKLELWRUV��3KDUPDFRO�5HV����������������
��� %HQဨ'DYLG� <�� /HWZLQ� .�� 7DQQRFN�
/��%HUQVWHLQ�$��3DZVRQ�7��$�PDPPDOLDQ�
SURWHLQ� NLQDVH� ZLWK� SRWHQWLDO� IRU�
VHULQH�WKUHRQLQH� DQG� W\URVLQH�
SKRVSKRU\ODWLRQ� LV� UHODWHG� WR� FHOO� F\FOH�
UHJXODWRUV��(0%2��������������������
��� 5RVNRVNL� -U�5�� ,EUXWLQLE� LQKLELWLRQ�
RI�%UXWRQ�SURWHLQ�W\URVLQH�NLQDVH��%7.��LQ�
WKH� WUHDWPHQW� RI� %� FHOO� QHRSODVPV��
3KDUPDFRO�5HV�������������������
��� &RXVWDQ�6PLWK� (�� 0XOOLJKDQ� &*��
2QFLX�0��%HKP�)*��5DLPRQGL�6&��3HL�'��

 [
 D

O
I:

 1
0.

18
50

2/
ijp

ho
.v

11
i4

.7
17

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
25

-1
2-

09
 ]

 

                             6 / 10

http://dx.doi.org/10.18502/ijpho.v11i4.7172
https://ijpho.ssu.ac.ir/article-1-662-en.html


&DUGLRYDVFXODU�LQYROYHPHQW�LQ�EORRG�FDQFHUV��$//��$0/��&//��DQG�&0/

��� ,UDQ - 3HG +HPDWRO�2QFRO�������� 9RO ��� 1R ����������

HW� DO�� (DUO\� 7�FHOO� SUHFXUVRU� OHXNDHPLD�� D�
VXEW\SH� RI� YHU\� KLJK�ULVN� DFXWH�
O\PSKREODVWLF� OHXNDHPLD/DQFHW� 2QFRO�
�������������������
��� 7KRPDV� '$�� )DGHUO� 6�� &RUWHV� -��
2
%ULHQ� 6�� *LOHV� )-�� .RUQEODX� 60�� HW� DO��
7UHDWPHQW� RI� 3KLODGHOSKLD� FKURPRVRPH±
SRVLWLYH� DFXWH� O\PSKRF\WLF� OHXNHPLD�ZLWK�
K\SHU�&9$'� DQG� LPDWLQLE� PHV\ODWH��
%ORRG������������������������
��� *DXGLFKRQ� -�� -DNREF]\N� +��
'HEDL]H� /�� &RXVLQ� (�� *DOLEHUW� 0�'��
7URDGHF� 0�%�� HW� DO�� 0HFKDQLVPV� RI�
H[WUDPHGXOODU\� UHODSVH� LQ� DFXWH�
O\PSKREODVWLF� OHXNHPLD�� UHFRQFLOLQJ�
ELRORJLFDO� FRQFHSWV� DQG� FOLQLFDO� LVVXHV��
%ORRG�5HY���������������
��� )HUUX]]L� 9�� 6DQWL� (�� *XUGR� *��
$UFLRQL�)��&DQLJOLD�0��(VSRVLWR�6��$FXWH�
O\PSKREODVWLF� OHXNHPLD� ZLWK�
K\SHUHRVLQRSKLOLD� LQ� D� FKLOG�� &DVH� UHSRUW�
DQG� OLWHUDWXUH� UHYLHZ�� ,QW� -� (QYLURQ� 5HV�
3XEOLF�+HDOWK����������������������
��� 'DGUDV� 66�� /DQJH�$VVFKHQIHOGW�%��
9HODVFR� 3�� 1JX\HQ� /�� 9RUD� $��
0X]LNDQVN\� $�� -DKQNH� .�� HW� DO�� 7XPRU�
O\PSKDQJLRJHQHVLV� SUHGLFWV� PHODQRPD�
PHWDVWDVLV� WR� VHQWLQHO� O\PSK� QRGHV�� 0RG�
3DWKRO����������������������
��� 3DUN� -+�� 5LYLqUH� ,�� *RQHQ� 0��
:DQJ� ;�� 6pQpFKDO� %�� &XUUDQ� .-� HW� DO��
/RQJ�WHUP� IROORZ�XS� RI� &'��� &$5�
WKHUDS\� LQ� DFXWH� O\PSKREODVWLF� OHXNHPLD��
1�(QJO�-�0HG���������������������
��� *DYULLODNL� (�� *NDOLDJNRXVL� (��
*ULJRULDGLV� 6�� $Q\IDQWL� 3�� 'RXPD� 6��
$QDJQRVWRSRXORV� $�� +\SHUWHQVLRQ� LQ�
KHPDWRORJLF� PDOLJQDQFLHV� DQG�
KHPDWRSRLHWLF� FHOO� WUDQVSODQWDWLRQ�� DQ�
HPHUJLQJ� LVVXH� ZLWK� WKH� LQWURGXFWLRQ� RI�
QRYHO� WUHDWPHQWV�� %ORRG� 5HY� �����������
���
��� 6DYLROD� $�� /XSSL� 0�� 3RWHQ]D� /��
0RUVHOOL�0�� %UHVFLDQL� 3�� )HUUDUL�$�� HW� DO��
0\RFDUGLDO� LVFKHPLD� LQ� D� SDWLHQW� ZLWK�
DFXWH� O\PSKREODVWLF� OHXNHPLD� GXULQJ�
OဨDVSDUDJLQDVH� WKHUDS\� (XU� -� +DHPDWRO�
�����������������
��� &KDQJ�.��.LP�'�<��/HH�.�+��+XK�
-��.DQJ� -�:��6KLQ�'<�� HW� DO��$Q� LVRODWHG�

FDUGLDF� UHODSVH� DIWHU� DOORJHQHLF�
KHPDWRSRLHWLF�VWHP�FHOO�WUDQVSODQWDWLRQ�IRU�
DFXWH� O\PSKREODVWLF� OHXNHPLD�� .RUHDQ -�
,QWHUQ�0HG��������������������
��� 1DWKDQ�3&��:DVLOHZVNL�0DVNHU�.��
-DQ]HQ� /$�� /RQJ�WHUP� RXWFRPHV� LQ�
VXUYLYRUV� RI� FKLOGKRRG� DFXWH�
O\PSKREODVWLF� OHXNHPLD�� +HPDWRO� 2QFRO�
&OLQ�1RUWK�$P����������������������
��� 7DQQHU� /�� 6HQFHU� 6�� +RRNH� 0&��
7KH� 6WRSOLJKW� 3URJUDP�� $� 3URDFWLYH�
3K\VLFDO�7KHUDS\�,QWHUYHQWLRQ�IRU�&KLOGUHQ�
:LWK� $FXWH� /\PSKREODVWLF� /HXNHPLD�� -�
3HGLDWU�2QFRO�1XUV���������������������
��� 5\WWLQJ� 0�� 7ULFKH� /�� 7KRPDV� '��
2
%ULHQ�6��.DQWDUMLDQ�+��,QLWLDO�H[SHULHQFH�
ZLWK� &0&ဨ���� �LQRWX]XPDE� R]RJDPLFLQ��
LQ� SHGLDWULF� SDWLHQWV� ZLWK� UHODSVHG� %ဨFHOO�
DFXWH� O\PSKREODVWLF� OHXNHPLD�� 3HGLDWU�
%ORRG�&DQFHU��������������������
��� .DQWDUMLDQ� +�� 7KRPDV� '��
-RUJHQVHQ� -�� -DEERXU� (�� .HEULDHL� 3��
5\WWLQJ�0�� HW� DO�� ,QRWX]XPDE�R]RJDPLFLQ��
DQ� DQWL�&'��±FDOHFKHDPLFLQ� FRQMXJDWH��
IRU� UHIUDFWRU\� DQG� UHODSVHG� DFXWH�
O\PSKRF\WLF� OHXNDHPLD�� D� SKDVH� �� VWXG\��
/DQFHW�2QFRO��������������������
��� '|KQHU� +�� :HLVGRUI� '-��
%ORRPILHOG�&'��$FXWH�P\HORLG� OHXNHPLD��
1�(QJO�-�0HG������������������������
��� %XOOLQJHU�/��'|KQHU�.��'|KQHU�+��
*HQRPLFV� RI� DFXWH� P\HORLG� OHXNHPLD�
GLDJQRVLV�DQG�SDWKZD\V��$P�-�&OLQ�2QFRO�
�������������������
��� $VVL� 6$�� ,PSHUDWR� 05�� &ROHPDQ�
'-��3LFNLQ�$��3RWOXUL�6��3WDVLQVND�$��HW�DO��
6XEW\SH�VSHFLILF� UHJXODWRU\� QHWZRUN�
UHZLULQJ� LQ� DFXWH� P\HORLG� OHXNHPLD�� 1DW�
*HQHW��������������������
��� $SSHOEDXP� )5�� *XQGDFNHU� +��
+HDG� '5�� 6ORYDN� 0/�� :LOOPDQ� &/��
*RGZLQ� -(�� HW� DO��$JH� DQG� DFXWH�P\HORLG�
OHXNHPLD��%ORRG�����������������������
��� 'L1DUGR� &'�� -RQDV� %$�� 3XOODUNDW�
9�� 7KLUPDQ� 0-�� *DUFLD� -6�� :HL� $+��
$]DFLWLGLQH� DQG� 9HQHWRFOD[� LQ� 3UHYLRXVO\�
8QWUHDWHG� $FXWH� 0\HORLG� /HXNHPLD�� 1�
(QJO�-�0HG����������������������
��� 7LHQ� +�)�� :DQJ� &�+�� /LQ� 0�7��
/HH� )�<�� /LX� 0�&�� &KXDQJ� 6�0� HW� DO��
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<D]GDQSDUDVW�HW�DO

,UDQ�-��3HG�+HPDWRO�2QFRO���������9RO ��� 1R ���������� ���

&RUUHODWLRQ� RI� F\WRJHQHWLF� UHVXOWV� ZLWK�
LPPXQRSKHQRW\SH�� JHQRW\SH�� FOLQLFDO�
IHDWXUHV��DQG�UDV�PXWDWLRQ�LQ�DFXWH�P\HORLG�
OHXNHPLD�$�VWXG\�RI�����&KLQHVH�SDWLHQWV�
LQ� 7DLZDQ�� &DQFHU� *HQHW� ��������������
���
��� =KDQJ� <�� 5RZOH\� -'�� &KURPDWLQ�
VWUXFWXUDO� HOHPHQWV� DQG� FKURPRVRPDO�
WUDQVORFDWLRQV� LQ� OHXNHPLD�� '1$� 5HSDLU�
��������������������
��� 6DXOW]� -1�� *DU]RQ� 5�� $FXWH�
P\HORLG�OHXNHPLD��D�FRQFLVH�UHYLHZ��-�&OLQ�
0HG�����������������
��� 6KRUW� 1-�� .RQRSOHYD� 0�� .DGLD�
70�� %RUWKDNXU� *�� 5DYDQGL� )�� 'L1DUGR�
&'�� HW� DO�� $GYDQFHV� LQ� WKH� 7UHDWPHQW� RI�
$FXWH�0\HORLG�/HXNHPLD��1HZ�'UXJV�DQG�
1HZ� &KDOOHQJHV�� &DQFHU� 'LVFRY�
�������������������
��� 1DMDIDEDGL� 00�� 6KDPVDVHQMDQ� .��
$NEDU]DGHKDODOHK� 3�� $QJLRJHQHVLV� VWDWXV�
LQ� SDWLHQWV� ZLWK� DFXWH� P\HORLG� OHXNHPLD��
IURP�GLDJQRVLV�WR�SRVW�KHPDWRSRLHWLF�VWHP�
FHOO�WUDQVSODQWDWLRQ��,QW�-�2UJDQ�7UDQVSODQW�
0HG�����������������
��� 0DKURXV�6�� 6DODK�+(��$UDIDW�06��
)ORZ� &\WRPHWULF� 'HWHFWLRQ� RI�
$QJLRSRLHWLQ� 5HFHSWRU� 7LH��� LQ� $FXWH�
0\HORLG� /HXNHPLD�� ,QW� -�
,PPXQRSKDUPDFRO��������������������
��� &KDXGKDU\� $.�� &KDXGKDU\� 6��
*KRVK�.�� 6KDQPXNDLDK�&��1DGNDUQL�$+��
6HFUHWLRQ� DQG� H[SUHVVLRQ� RI� PDWUL[�
PHWDOORSURWHLQDVH��� DQG� �� IURP� ERQH�
PDUURZ� PRQRQXFOHDU� FHOOV� LQ�
P\HORG\VSODVWLF� V\QGURPH� DQG� DFXWH�
P\HORLG� OHXNHPLD�� $VLDQ� 3DF� -� &DQFHU�
3UHY����������������������
��� 'H� %RQW� (6�� )LGOHU� 9��0HHXZVHQ�
7�� 6FKHUSHQ� )�� +lKOHQ� .�� .DPSV� :$��
9DVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�
VHFUHWLRQ� LV� DQ� LQGHSHQGHQW� SURJQRVWLF�
IDFWRU�IRU�UHODSVH�IUHH�VXUYLYDO�LQ�SHGLDWULF�
DFXWH� P\HORLG� OHXNHPLD� SDWLHQWV�� &OLQ�
&DQFHU�5HV���������������������
��� 6QDYHO\� &�� +DEERXVKH� -��
0\RSHULFDUGLWLV�DV�D�3UHVHQWLQJ�)HDWXUH�RI�
$FXWH� 0\HORLG� /HXNHPLD�� -� (PHUJ� 0HG�
�����������H����H����

��� *HQWOHV�$-��3OHYULWLV�6.��0DMHWL�5��
$OL]DGHK� $$�� $VVRFLDWLRQ� RI� D� OHXNHPLF�
VWHP� FHOO� JHQH� H[SUHVVLRQ� VLJQDWXUH� ZLWK�
FOLQLFDO� RXWFRPHV� LQ� DFXWH� P\HORLG�
OHXNHPLD�� -$0$� ������������������
�����
��� )RXLOODUG�/��)UDQFRLV�6��%RXFKHW�6��
%HQVLGKRXP� 0�� (OP
VHOPL� $�� &KDSHO� $��
,QQRYDWLYH�FHOO�WKHUDS\�LQ�WKH�WUHDWPHQW�RI�
VHULRXV� DGYHUVH� HYHQWV� UHODWHG� WR� ERWK�
FKHPR�UDGLRWKHUDS\� SURWRFRO� DQG� DFXWH�
P\HORLG� OHXNHPLD� V\QGURPH�� WKH� LQIXVLRQ�
RI�PHVHQFK\PDO� VWHP� FHOOV� SRVW�WUHDWPHQW�
UHGXFHV� KHPDWRSRLHWLF� WR[LFLW\� DQG�
SURPRWHV� KHPDWRSRLHWLF� UHFRQVWLWXWLRQ��
&XUU� 3KDUP� %LRWHFKQRO� ���������������
�����
��� 1LVKLJXFKL� 7�� 0RFKL]XNL� .��
6KDNXGR�0�� 7DNHVKLWD� 7�� +LQR�0�� ,QRXH�
<�� &16� FRPSOLFDWLRQV� RI� KHPDWRSRLHWLF�
VWHP� FHOO� WUDQVSODQWDWLRQ�� $-5� $P� -�
5RHQWJHQRO�����������������������
��� <HK� (7�� 7RQJ� $7�� /HQLKDQ� '-��
<XVXI�6:��6ZDIIRUG�-��&KDPSLRQ�&��HW�DO��
&DUGLRYDVFXODU� FRPSOLFDWLRQV� RI� FDQFHU�
WKHUDS\�� GLDJQRVLV�� SDWKRJHQHVLV�� DQG�
PDQDJHPHQW�� &LUFXODWLRQ�
�����������������������
��� )HUQDQGH]� +)�� 6XQ� =�� <DR� ;��
/LW]RZ�05��/XJHU�60��3DLHWWD�(0��HW�DO��
$QWKUDF\FOLQH�GRVH�LQWHQVLILFDWLRQ�LQ�DFXWH�
P\HORLG� OHXNHPLD�� 1(-0�
�����������������������
��� .LSSV� 7-� 6WHYHQVRQ� ).�� :X� &-��
&URFH�&0��3DFNKDP�*��:LHUGD�:*��HW�DO��
&KURQLF� O\PSKRF\WLF� OHXNDHPLD�� 1DW� 5HY�
'LV�3ULPHUV����������������
��� :X� 6-�� &KLDQJ� &-�� /LQ� &7�� 7LHQ�
+)�� /DL� 06�� ,PSURYLQJ� EXW� LQIHULRU�
VXUYLYDO� LQ� SDWLHQWV� ZLWK� FKURQLF�
O\PSKRF\WLF� OHXNHPLD� LQ� WDLZDQ�� D�
SRSXODWLRQ�EDVHG� VWXG\�� ����������� 3/R6�
2QH�������������������������
��� +DOOHN� 0�� &KURQLF� O\PSKRF\WLF�
OHXNHPLD�� ����� XSGDWH� RQ� GLDJQRVLV�� ULVN�
VWUDWLILFDWLRQ�DQG�WUHDWPHQW��$P�-�+HPDWRO�
����������������������
��� 5RXW�('��%XUQHWW�5&��/DEDGLH�-'�
<RVKLPRWR�-$��$YHU\�$&��3UHIHUHQWLDO�XVH�
RI� XQPXWDWHG� LPPXQRJOREXOLQ� KHDY\�
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&DUGLRYDVFXODU�LQYROYHPHQW�LQ�EORRG�FDQFHUV��$//��$0/��&//��DQG�&0/

��� ,UDQ - 3HG +HPDWRO�2QFRO�������� 9RO ��� 1R ����������

YDULDEOH� UHJLRQ� JHQHV� LQ� %R[HU� GRJV�ZLWK�
FKURQLF� O\PSKRF\WLF� OHXNHPLD�� 3OR6� RQH�
��������������������������
��� 6KDUPD� 6�� 5DL� .5�� &KURQLF�
O\PSKRF\WLF�OHXNHPLD��&//��WUHDWPHQW��6R�
PDQ\� FKRLFHV�� VXFK� JUHDW� RSWLRQV�� &DQFHU�
����������������������
��� +HUUPDQQ� -�� /HUPDQ� $�� 6DQGKX�
13��9LOODUUDJD�+5��0XOYDJK�6/��.RKOL�0��
(YDOXDWLRQ� DQG� PDQDJHPHQW� RI� SDWLHQWV�
ZLWK� KHDUW� GLVHDVH� DQG� FDQFHU�� FDUGLR�
RQFRORJ\�� 0D\R� &OLQ� 3URF�
���������������������
��� 7\OHU� ./�� $NVDPLW� $-�� .HHJDQ�
%0�� 3DULVL� -(�� $Q� ���\HDU�ROG� PDQ� ZLWK�
FKURQLF� O\PSKRF\WLF� OHXNHPLD� DQG� DOWHUHG�
PHQWDO� VWDWXV�� 1HXURORJ\� ���������������
����
��� $VVLUL� $+�� /DPED� 0�� 9HLQRW� -3��
&KURQLF� O\PSKRF\WLF� OHXNHPLD� LQYROYLQJ�
WKH� FRURQDU\� DUWHULHV� ZLWK� DFFRPSDQ\LQJ�
DFXWH� P\RFDUGLDO� LQIDUFWLRQ�� &DUGLRYDVF�
3DWKRO���������������������
��� /LQ� (�� %RLUH� $�� +HPPLJH� 9��
+XVDLQ�$1��6RUUHQWLQR�0��1DWKDQ�6��HW�DO��
&DUGLDF�WDPSRQDGH�PLPLFNLQJ�WXEHUFXORXV�
SHULFDUGLWLV� DV� WKH� LQLWLDO� SUHVHQWDWLRQ� RI�
FKURQLF� O\PSKRF\WLF� OHXNHPLD� LQ� D� ���
\HDU�ROG�ZRPDQ��D�FDVH�UHSRUW��-�0HG�&DVH�
5HS�������������������
��� +R� 1�� 0\OHV� -/�� -RKQVWRQ� '5��
(LFKHU� '0�� .ZRQ� '+�� .OHLQ� $/�� HW� DO��
3HULFDUGLDO� LQYROYHPHQW� ZLWK� FKURQLF�
O\PSKRF\WLF� OHXNHPLD�VPDOO� O\PSKRF\WLF�
O\PSKRPD�� $� UDUH� FDVH RI� FRQVWULFWLYH�
SHULFDUGLWLV��&$6(�������������������
��� 0XJKDO� 7,�� 6FKULHEHU�$�� 3ULQFLSDO�
ORQJ�WHUP� DGYHUVH� HIIHFWV� RI� LPDWLQLE� LQ�
SDWLHQWV�ZLWK�FKURQLF�P\HORLG�OHXNHPLD�LQ�
FKURQLF� SKDVH�� %LRORJLFV� �������������
����
��� 5HGDHOOL� $�� 6WHSKHQV� -0�� /DVNLQ�
%/��3DVKRV�&/��%RWWHPDQ�0)��7KH�EXUGHQ�
DQG� RXWFRPHV� DVVRFLDWHG� ZLWK� IRXU�
OHXNHPLDV�� $0/�� $//�� &//� DQG� &0/��
([SHUW� UHYLHZ� RI� DQWLFDQFHU� WKHUDS\�
������������������
��� %KDJDYDWKL� 6�� %RUURPHR� 9�� 'HVDL�
+��&ULVDQ�'��$�5DUH�3DWLHQW�ZLWK�&KURQLF�
0\HORLG� /HXNHPLD� DQG� &KURQLF�

/\PSKRF\WLF�/HXNHPLD��$QQ�&OLQ�/DE�6FL�
�������������������
��� 3HDU�:6��0LOOHU�-3��;X�/��3XL�-&��
6RIIHU�%��4XDFNHQEXVK�5&��HW�DO��(IILFLHQW�
DQG� UDSLG� LQGXFWLRQ� RI� D� FKURQLF�
P\HORJHQRXV� OHXNHPLD�OLNH�
P\HORSUROLIHUDWLYH� GLVHDVH� LQ� PLFH�
UHFHLYLQJ� 3���� EFU�DEO�WUDQVGXFHG� ERQH�
PDUURZ�� %ORRG�� +HPDWRO� 6RF� +HPDW�
����������������������
��� 7HL[HLUD�$��6RXVD�'��;DYLHU�&35��
9DVFRQFHORV� 0+�� ,V� WKHUH� KRUL]RQWDO�
WUDQVIHU� RI� WKH� RQFRJHQH� %&5�$%/�
PHGLDWHG�E\�H[WUDFHOOXODU�YHVLFOHV�UHOHDVHG�
E\�FKURQLF�P\HORLG�OHXNHPLD�FHOOV��36�����
3RUWR�%LRPHG�-��������������������
��� 'DKOpQ� 7�� (GJUHQ� *�� /DPEH� 0��
+|JOXQG�0��%M|UNKROP�0��6DQGLQ�)��HW�DO��
&DUGLRYDVFXODU� HYHQWV� DVVRFLDWHG�ZLWK� XVH�
RI� W\URVLQH� NLQDVH� LQKLELWRUV� LQ� FKURQLF�
P\HORLG� OHXNHPLD�� D� SRSXODWLRQ�EDVHG�
FRKRUW� VWXG\�� $QQ� ,QWHUQ� 0HG�
��������������������
��� &RUWHV� -(�� 6DJOLR� *�� .DQWDUMLDQ�
+0��%DFFDUDQL�0��0D\HU� -�� %RTXp�&�� HW�
DO�� )LQDO� ��\HDU� VWXG\� UHVXOWV� RI�
'$6,6,21�� WKH� GDVDWLQLE� YHUVXV� LPDWLQLE�
VWXG\� LQ� WUHDWPHQW�QDwYH� FKURQLF� P\HORLG�
OHXNHPLD� SDWLHQWV� WULDO�� -� &OLQ� 2QFRO�
����������������������
��� -DEERXU� (�� .DQWDUMLDQ +�� &KURQLF�
P\HORLG� OHXNHPLD�� ����� XSGDWH� RQ�
GLDJQRVLV�� WKHUDS\� DQG� PRQLWRULQJ�� $P� -�
+HPDWRO��������������������
��� &RUWHV� -�� .DQWDUMLDQ� +�� %H\RQG�
FKURQLF� P\HORJHQRXV� OHXNHPLD�� SRWHQWLDO�
UROH� IRU� LPDWLQLE� LQ� 3KLODGHOSKLDဨQHJDWLYH�
P\HORSUROLIHUDWLYH� GLVRUGHUV�� &DQFHU�
�����������������������
��� +HQNHV� 0�� YDQ� GHU� .XLS� +��
$XOLW]N\� :(�� 7KHUDSHXWLF� RSWLRQV� IRU�
FKURQLF� P\HORLG� OHXNHPLD�� IRFXV� RQ�
LPDWLQLE� �*OLYHF���*OHHYHF����7KHU�&OLQ�
5LVN�0DQDJ�������������������
��� &XQ\� *�� .LQDVH� LQKLELWRUV� DV�
SRWHQWLDO�WKHUDSHXWLFV�IRU�DFXWH�DQG�FKURQLF�
QHXURGHJHQHUDWLYH�FRQGLWLRQV��&XUU�3KDUP�
'HV�����������������������
��� 8JDUWH�%HU]DO�(��%DLOyQ�(��$PLJR�
-LPpQH]�,��9LWXUL�&/��GHO�&HUUR�0+��$����
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UHVLGXH� VHTXHQFH� IURP� WKH� PDWUL[�
PHWDOORSURWHLQDVH��� �003���� KHPRSH[LQ�
GRPDLQ� ELQGV� Į�ȕ�� LQWHJULQ� DQG� LQKLELWV�
003���LQGXFHG� IXQFWLRQV� LQ� FKURQLF�
O\PSKRF\WLF� OHXNHPLD� %� FHOOV�� -� %LRO
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