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$]RW�PRQRNVLG��12��MH�YDCDQ�VLJQDOQL�PROHNXO�NRML
X� RUJDQL]PX� UHJXOL^H� YHOLNL� EURM� SURFHVD�� 8� WX
VYUKX�EURMQH�`HOLMH�VLQWHWL^X�12�NRML�VH�NRULVWL�]D
UHJXODFLMX�NUYQRJ�SULWLVND��QHXURWUDQVPLVLMX�L�DJUH�
JDFLMX� WURPERFLWD�� 1DWULMXP� QLWURSUXVLG� �613�� VH
GXJL� QL]� JRGLQD� NRULVWL� X� WHUDSLML� DNXWQH� KLSHU�
WHQ]LMH��]DKYDOMXMX`L�VYRP�12�GRQRUVNRP�VYRMVWYX�
PH_XWLP�PHKDQL]DP�QMHJRYRJ�GHORYDQMD�MR^�XYHN�MH
NRQWUDYHU]DQ��8�RYRP�UDGX�VPR�LVSLWLYDOL�HIHNWH�YL�
WDPLQD�&�L�FLVWHLQD�QD�RVORED_DQMH�D]RW�PRQRNVLGD
L]�QDWULMXP�QLWURSUXVLGD��5H]XODWDWL�GRELMHQL�LVSLWL�
YDQMHP�RVORED_DQMD�12�L]�QDWULMXP�QLWURSUXVLGD�X
LQ�YLWUR�XVORYLPD��MDVQR�VX�XND]DOL�GD�613�WRNRP
VYRJ�VSRQWDQRJ�UDVSDGDQMD�QH�RVORED_D�VDPR�12
YH`�YHURYDWQR�YH`LP�GHORP�12���SULYLGQD�NRQVWDQWD
EU]LQH� ]D� RVORED_DQMH� 12� MH� ����×��¬�� 0�PLQ��
&LVWHLQ� L� DVNRUEDW� XEU]DYDMX� RVORED_DQMH� 12� L]
613� �SULYLGQH� NRQVWDQWH� EU]LQH� ]D� UHDNFLMX� RV�
ORED_DQMD�12�SRVUHGRYDQX�FLVWHLQRP�L�YLWDPLQRP
&�L]QRVH�����×��¬��0�PLQ�L�����×��¬��0�PLQ�UH�
VSHNWLYQR���DOL�QH�X�VWHKLRPHWULMVNRM�UHDNFLML�NDR�^WR
MH�RaHNLYDQR��'HWDOMQLML�PHKDQL]DQ�QMLKRYRJ�GHMVWYD
]DKWHYDR� EL� LQWHQ]LYQLMX� VWXGLMX� RYRJ� SUREOHPD�
5D]XOWDWL�GRELMHQL�X�RYRP�UDGX�LPDMX�SRWHQFLMDOQL
IL]LROR^NL� ]QDaDM�� MHU�EL�XSRWUHERP�FLVWHLQD� LOL� YL�
WDPLQD�&��LOL�NRPELQDFLMRP�RED�VD�613�PRJOD�ELWL
UHGXNRYDQD�GR]D�SULPHQMHQRJ�12�GRQRUD��X]�GREL�
MDQMH� LVWRJ� HIHNWD�� D� GUDPDWLaQRJ� VPDQMHQMD
WRNVLaHQRVWL�XVOHG�RVORED_DQMD�FLMDQLGD�X�NUYRWRN

8YRG
$]RW�PRQRNVLG�MH�]D�SRVOHGQMLK�GYDGHVHWDN

JRGLQD�SUH^DR�SXW�RG�RSDVQRJ�SROXWDQWD�CLYRWQH
VUHGLQH�GR�IXQGDPHQWDOQRJ�IL]LROR^NRJ�PHGLMDWRUD�L

HIHNWRUD��]D�NRMHJ�MH�SRND]DQR�GD�VH�VLQWHWL]XMH�X
VYLP�CLYLP�YUVWDPD��RG�EDNWHULMD�GR�NLaPHQMDND�
$]RW�PRQRNVLG�VH�HQGRJHQR�VLQWHWL]XMH�X�VSHFLMDOL�
]RYDQLP�WNLYLPD�L]�/�DUJLQLQD�SRPR`X�HQ]LPD�12
VLQWD]D��126���D�RVORED_D�NRQVWLWXWLYQR�L�LQGXFLELOQR
REDYOMDMX`L�VYRMH�IXQNFLMH�NDR�IL]LROR^NL�UHJXODWRU
QL]D�SURFHVD��0RQFDGD�HW�DO��������

)XUFKJRWW�L�=DZDG]NL��������VX�SUYL�SRND]DOL
NRQVWULNFLRQR�GHMVWYR�DFHWLOKROLQD�QD�YDVNXODUQH
JODWNH�PL^L`H��D�IDNWRU�RGJRYRUDQ�]D�DFHWLOKROLQ�
VWLPXOLVDQX�UHODNVDFLMX�MH�QD]YDQ�RSX^WDMX`L�IDNWRU
QDVWDR�L]�HQGRWHOD��HQJO��(QGRWHO�'HULYHG�5HOD[LQJ
)DFWRU�¬�('5)���0QRJREURMQD�NDVQLMD�LVWUDCLYDQMD
VX�SRND]DOD�GD�HQGRWHO�DUWHULMD�RVORED_D�12��WH�GD�MH
('5)�XVWYDUL�D]RW�PRQRNVLG��,JQDUUR�������0RQ�
FDGD�L�+LJJV�������$UQDO�HW�DO���������

$]RW�PRQRNVLG�VSUHaDYD�DGKH]LMX�WURPERFLWD�L
OHXNRFLWD�]D�HQGRWHO�NUYQLK�VXGRYD��LQKLELUD�DJUH�
JDFLMX�WURPERFLWD�L�LQGXNXMH�GLVRFLMDFLMX�DJUHJLUDQLK
WURPERFLWD��5DGRPVNL�HW�DO���������9LVRNH�NRQFHQ�
WUDFLMH�D]RW�PRQRNVLGD�LQKLELUDMX�SUROLIHUDFLMX�`HOLMD
JODWNLK�PL^L`D�L�PRJX�LQGXNRYDWL�DSRSWR]X��&KXQJ
HW�DO���������1HGRVWDWDN�D]RW�PRQRNVLGD�L]D]LYD�XEU�
]DQX�DWHURJHQH]X�NRG�CLYRWLQMD��&D\DWWH�HW�DO��������

8�VNODGX�VD�]QDaDMHP�NRML�LPD�SR�CLYRW��QDNRQ
QMHJRYH�LGHQWLILNDFLMH�NDR�('5)��NUHQXOR�VH�VD�LQ�
WHQ]LYQLP�UDGRP�QD�WUDJDQMX�]D�IL]LROR^NL�UHOHYDQW�
QLP�GRQRULPD�12�NRML�EL�VH�NRULVWLOL�]D�OHaHQMH
KLSHUWHQ]LMH��'YD�WDNYD��SR]QDWD�YL^H�RG�VWRWLQX
JRGLQD��VX�ELOL�QLWURJOLFHULQ�L�QDWULMXP�QLWURSUXVLG�
XMHGQR�L�MHGLQD�GYD��]D�VDGD�NRUL^aHQD�X�NOLQLaNRM
SUDNVL��6WDPOHU�	�)HHOLVFK�������

1DWULMXP�QLWURSUXVLG��613��¬�1D�[)H�&1��12]
VH�NRULVWL�NDR�OHN�L]ERUD�X�DNXWQRM�KLSHUWHQ]LYQRM
NUL]L�MR^�RG�������NDGD�MH�SUYL�SXW�SULPH`HQ�QMHJRY
KLSRWHQ]LYQL�HIHNDW�QD�DUWHULMH��

$QD�0LMX^NRYL`���������1LN^L`��&UQRJRUVND�
3R�E�����XaHQLFD����UD]UHGD�*LPQD]LMH�®6WRMDQ
&HURYL`¯�X�1LN^L`X
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613�MH�QHRUJDQVNL�NRPSOHNV�VD�JYRC_HP�X�IHUR
REOLNX�]D�NRML�MH�YH]DQ�12��IRUPDOQR�NDR�12���
6SRQWDQR�VH�UDVSDGD�GDMX`L�12��3UL�VYRP�UDVSDGDQMX
RQ�WDNR_H�RVORED_D�L�FLMDQLGQH�MRQH��&1¬��NRML�VX
SRWHQFLMDOQR�WRNVLaQL�]D�`HOLMH��%H]�RE]LUD�QD�LQ�
WHQ]LYQH�VWXGLMH�NRMH�VH�EDYH�RYLP�GRQRURP�PHKDQL�
]DP�RVORED_DQMD�12�L]�613�MR^�XYHN�MH�QHSR]QDW
�)HHOLVFK�L�6WDPOHU�������<DPDPRWR�L�%LQJ�������
.DGD�VH�PHUL�SURGXNFLMD�12�X�LQ�YLWUR�XVORYLPD�RQD
MH�GDOHNR�PDQMD�RG�IL]LROR^NRJ�HIHNWD�NRML�VH�SRVWLCH�
1HNL�DXWRUL�PLVOH�GD�EL�IL]LROR^NL�HIHNDW�QLWURSUXVLGD
PRJDR�SRWLFDWL�RG�QMHJRYH�LQWHUDNFLMH�VD�WLROLPD
SULVXWQLP�X�SOD]PL��SD�EL�X�UHDNFLMDPD�WUDQVQLWUR]L�
ORYDQMD� ELOR� SRMDaDQR� 12� GRQRUVNR� GHMVWYR
�)HHOLVFK�L�6WDPOHU�������%XWOHU�L�0HJVRQ�������

[)H�&1��1265]�¬�Kν
→�[)H�&1��]�¬���5612

[)H�&1��]�¬���+�2�→[)H�&1��+�2]�¬��
5612�→��⁄��5665���12
'DOMH��EURMQL�HIHNWL�NRML�SRWLaX�RG�613�VH�RGYL�

MDMX� SUHNR� PHKDQL]PD� QLWUR]LODFLMH�� NRML� SR�
GUD]XPHYD�WUDQVIHU�12���D�QH�12��^WR�MH�L�X�VNODGX
VD�QHNLP�QDOD]LPD�GD�MH�613�SUHWHCQR�12��GRQRU
�%XWOHU�L�0HJVRQ�������

&LOM�RYRJ�UDGD�ELR�MH�GD�LVSLWD�HIHNWH�FLVWHLQD
�&\V��L�YLWDPLQD�&��$VF+¬��QD�SURGXNFLMX�12�L]
613��&LVWHLQ�MH�X�RYRM�VWXGLML�VOXCLR�NDR�PRGHO
VLVWHP�]D�UHDNFLMX�VD�WLROLPD��GRN�MH�YLWDPLQ�&�ELR
UHGXNXMX`H�VUHGVWYR�]D�12��GR�12��1D�RYDM�QDaLQ
EL�VH�GRELR�XYLG�X�SRWHQFLMDOH�UHDNFLMH�NRMH�VH�GH^D�
YDMX�X�LQ�YLYR�XVORYLPD��DOL�L�RWYRULOR�SLWDQMH�NRP�
ELQRYDQMD�RYLK�VXSVWDQFL�VD�613�X�FLOMX�SRYH`DQMD
QMHJRYH�HILNDVQRVWL��D�VPDQMHQMD�GR]H��WM��WRNVLaQRVWL�

0DWULMDO�L�PHWRGH
8�UDGX�VX�NRUL^`HQH�VOHGH`H�VXSVWDQFH��YLWDPLQ

&��FLVWHLQ�����P0�NDOLMXP�IRVIDWQL�SXIIHU�L�QDWULMXP
QLWURSUXVLG��6XSVWDQFH�VX�QDEDYOMHQH�RG�6LJPH�

+HPRJORELQ�MH�GRELMHQ�SR�VWDQGDUGQRP�SRV�
WXSNX�L]�KXPDQH�NUYL��8NUDWNR��NUY�VD�DQWLNRDJXODQ�
VRP��QDWULMXP�FLWUDW��MH�FHQWULIXJRYDQD���PLQ�QD
�����R�PLQ��QDNRQ�aHJD�MH�RGYRMHQD�SOD]PD��D�WDORJ
HULWURFLWD�MH�LVSUDQ�GYD�SXWD�KODGQLP���~&��IL]L�
ROR^NLP�UDVWYRURP�������1D&O���+HPROL]D�HULWURFLWD
L�RGYDMDQMH�PHPEUDQD�MH�YU^HQR�GRGDWNRP�GYH

]DSUHPLQH�GHVWLORYDQH�YRGH�L�MHGQH�]DSUHPLQH�KORUR�
IRUPD�X]�HQHUJLaQR�PH^DQMH�QD�9RUWH[�PH^DOLFL�
0HPEUDQH�VX�RGYRMHQH�FHQWULIXJRYDQMHP�KHPROL]DWD
������R�PLQ���D�UDVWYRU�KHPRJORELQD�MH�RGYRMHQ�L
SRGYUJQXW�GLMDOL]L���~&��QDVSUDP�0LOL�4�YRGH�WRNRP
���VDWD�X]�YL^HVWUXNX�L]PHQX�YRGH�����µ0�UDVWYRU
KHPRJORELQD�MH�NRUL^`HQ�]D�RNVLKHPRJORELQVNL�HVHM�

2NVLKHPRJORELQVNL�HVHM�VH�]DVQLYD�QD�RNVLGDFLML
KHPRJORELQD�GR�PHWKHPRJORELQD��X�UHDNFLML�VD�RV�
ORER_HQLP�12��̂ WR�VH�RGUDCDYD�QD�VSHNWUDOQH�NDUDN�
WHULVWLNH�UDVWYRUD��8�UDVWYRU�RNVLKHPRJORELQD�GRGDYDQ
MH�613�X�RSVHJX�NRQFHQWUDFLMD����������µ0��RGQRVQR
����µ0�613�L�&\V�LOL�$VF+¬�X�RSVHJX�NRQFHQWUDFLMD
��������µ0��6QLPDQL�VX�GLIHUHQFLMDOQL�VSHNWUL��D
NRQFQHWUDFLMD�RVORER_HQRJ�12�SUHUDaXQDWD�QD�RV�
QRYX�UD]LONH�X�DSVRUEDQFDPD�QD�����L�����QP��(� 
 ����P0¬���

5H]XOWDWL�L�GLVNXVLMD
6SRQDWDQR�RVORED_DQMH�12�L]�613�X�LQ�YLWUR�XV�

ORYLPD�X�NDOLMXP�IRVIDWQRP�SXIHUX�QD�S+�����MH
SUD`HQR�RNVLKHPRJORELQVNLP�HVHMHP��3ULPHQMXMX`L
HNVWLQNFLRQL�NRHILFLMHQW�RG����P�0�]D�UD]OLNX�X�DS�
VRUEDQFDPD�QD�����L�����QP��RGUH_HQD�MH�EU]LQD
SURGXNFLMH�12�L]�613�X�RSVHJX�NRQFHQWUDFLMD�RG
���������µ0��VOLND��$���,]�JUDILND�]DYLVQRVWL�EU]LQH
RG� NRQFHQWUDFLMH� 613� �VOLND� �%�� RGUH_HQD� MH
SULYLGQD�NRQVWDQWD�EU]LQH�SURGXNFLMH�12�L]�613�L
RQD�L]QRVL�N� �����×��¬��0�PLQ¬���2YD�YUHGQRVW�MH
X�GREURP�VODJDQMX�VD�SRGDFLPD�NRMH�VX�GRELOL�6PLWK
L�'DVJXSWD��������

'RELMHQL�UH]XOWDWL�MR^�MHGQRP�VX�SRWYUGLOL�GD�MH
RVORED_DQMH�12�L]�613�LQ�YLWUR�GDOHNR�PDQMH�RG
RQRJ�QD_HQRJ�LQ�YLYR��%XWOHU�L�0HJVRQ������
XND]XMX`L�QD�WR�GD�VH�SUL�UDVSDGDQMX�12�RVORED_D
VDPR�MHGQLP�GHORP�GRN�VH�YHURYDWQR�YH`L�GHR�RV�
ORED_D�X�YLGX�12��NRML�X�YRGL�ELYD�RGPDK�SUHYHGHQ
X�QLWULW�

'D�EL�SRWYUGLOL�RYX�KLSRWH]X��D�X�FLOMX�SREROM^D�
QMD�12�GRQRUVNH�HILNDVQRVWL�613��X�����µ0�UDVWYRU
QDWULMXP�QLWURSUXVLGD�VX�GRGDYDQL�FLVWHLQ�LOL�YLWDPLQ
&��6OLND���VXPLUD�UH]XOWDWH�NRQFHQWUDFLMVNRJ�HIHNWD
REH�VXSVWDQFH�QD�NLQHWLNX�RVORER_HQRJ�12��6D�VOLNH
VH�YLGL�GD�REH�VXSVWDQFH�]QDaDMQR�SRYH`DYDMX
NROLaLQX�RVORER_HQRJ�D]RW�PRQRNVLGD��SUL�aHPX�MH
HILNDVQRVW�FLVWHLQD�X�RYRP�SURFHVX�]QDWQR�YH`D��,]
QDJLED�SUDYLK�PRJX�VH�SUHUDaXQDWL�SULYLGQH�NRQ�
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VWDQWH�EU]LQH�]D�UHDNFLMX�FLVWHLQD�L�YLWDPLQD�&�VD�613
NRMH�L]QRVH�����×��¬��0PLQ¬��L�����×��¬��0PLQ¬�
UHVSHNWLYQR��

(IHNDW�REH�VXSVWDQFH�VH�SRND]DR�OLQHDUQLP�QD
RVORED_DQMH�12�X�^LURNRP�RSVHJX�NRQFHQWUDFLMD�
=DQLPOMLYR�MH�GD�L�SUL�NRQFHQWUDFLMDPD�YH`LP�RG
NRQFHQWUDFLMH�GRGDWRJ�613�GROD]L�GR�SRYH`DQMD�SUR�
GXNFLMH�12��XND]XMX`L�GD�UHDNFLMD�QLMH�MHGQRVWDYQR

VWHKLRPHWULMVND��YH`�YHURYDWQR�NRPSOHNVQLMD�QHJR
^WR�MH�RaHNLYDQR��

9H`D�EU]LQD�GRELMHQD�]D�FLVWHLQ�PRCH�VH�REMDVQLWL
WUDQVQLWUR]LODFLMRP��WM��SUHQRVRP�12��JUXSH�VD�613
QD�&\V�X]�LVWRYUHPHQR�VWYDUDQMH�QLWUR]LO�FLVWHLQD
�&\V12���2YD�UHDNFLMD�EL�PRJOD�ELWL�VWHKLRPHWULMVND�
D�GD�RQR�^WR�PL�YLGLPR�NDR�RVORED_DQMH�12�SRWLaH
L]�&\V12��&\V12�MH�SR]QDW�NDR�QHVWDELOQD�VXS�
VWDQFD�NRMD�RVORED_D�12��6WDPOHU�L�)HHOLVFK�������
SRVHEQR�X�SULVXVWYX�MRQD�PHWDOD��NRML�VX�X�QD^HP
VOXaDMX�QHPLQRYQRVW�XVOHG�UDVSDGDQMD�613��'DOMH�
UHDNFLMD�VD�&\V�EL�PRJOD�GD�REMDVQL�YH`X�HILNDVQRVW
QD_HQX�X�LQ�YLYR�HNVSHULPHQWLPD��V�RE]LURP�QD�VYH�
SULVXWQRVW�6+�JUXSD�X�FLUNXODFLML�

6�GUXJH�VWUDQH�YLWDPLQ�&��SR�QHNLP�DXWRULPD�
PRCH�GD�UHGXNXMH�12��GR�12�VDP�VH�RNVLGXMX`L�GR
DVNRUELO�UDGLNDOD��0H_XWLP�RYD�UHDNFLMD�VH�QLMH
SRND]DOD�NDR�VWHKLRPHWULMVND�QD�SULPHUX�UHGXNFLMH
12��RVORER_HQRJ�L]�]DNL^HOMHQRJ�QLWULWD��YDQ�'DKQ
������

%H]�RE]LUD�QD�EURMQD�SLWDQMD�NRMD�UH]XOWDWL
RWYDUDMX��RQL�WDNR_H�SUXCDMX�PRJX`H�UH^HQMH�]D�SURE�
OHP�WRNVLaQRVWL�NRML�VH�MDYOMD�SULOLNRP�XSRWUHEH�613�
1DLPH��XSRWUHED�613�X�NRPELQDFLML�VD�&\V�LOL

%

6OLND����2VORED_DQMH�12�L]�613�SUD`HQRRNVLKHPRJORELQVNLP�HVHMHP��$��3URGXNFLMD�12�WRNRPYUHPHQD�L]�613��%��%U]LQD�SURGXNFLMH�D]RW�PRQRNVLGDX�]DYLVQRVWL�RG�NRQFHQWUDFLMH�GRGDWRJ�613��1DJLESUDYH�SUHGVWDYOMD�SULYLGQX�NRQVWDQWX�EU]LQH�
)LJXUH����12�UHOHDVH�IURP�613�ZDV�PHDVXUHG�E\R[\KHPRJORELQ�DVVD\��$��5DWH�RI�12�UHOHDVH�IURP613�GHSHQGLQJ�RQ�WLPH��%��12�SURGXFWLRQ�UDWHGHSHQGLQJ�RQ�613�FRQFHQWUDWLRQ��7KH�VORSH�UHSUHVHQWVDSSDUHQW�UDWH�FRQVWDQW�

$
6OLND����(IHNDW�FLVWHLQD�L�YLWDPLQD�&�QD�SURGXNFLMX�12L]�613��8�����0�UDVYWRU�613�GRGDYDQH�VXNRQFHQWUDFLMH�&\V�L�$VF+¬�GDWH�QD�[�RVL��1DJLE�SUDYLKSUHGVWDYOMD�SULYLGQX�NRQVWDQWX�EU]LQH�
)LJXUH����7KH�HIIHFWV�RI�YLWDPLQ�&�DQG�&\V�RQ�12UHOHDVH�IURP�613��&\V�DQG�$VF+�ZHUH�PL[HG�ZLWK613�VROXWLRQ�DQG�WKHLU�FRQFHQWUDWLRQV�DUH�UHSHVHQWHG�RQ
WKH�[�D[LV�
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$VF+¬�LOL�RED��PRJOD�EL�GD�UHGXNXMH�NRQFHQWUDFLMX
SULPHQMHQRJ�GRQRUD�L�GR�GHVHW�SXWD��X]�SRVWL]DQMH�LV�
WLK�HIHNDWD��6PDQMHQMH�NRQFHQWUDFLMH�613�VPDQMLOR
EL�NROLaLQX�RVORER_HQRJ�&1¬��SUL�aHPX�QL�&\V�QL
$VF+¬�QH�EL�LPDOL�^WHWQH�HIHNWH�SR�`HOLMH�

=DNOMXaDN
5H]XODWDWL�GRELMHQL�LVSLWLYDQMHP�RVORED_DQMD�12

L]�QDWULMXP�QLWURSUXVLGD�X�LQ�YLWUR�XVORYLPD��MDVQR�VX
XND]DOD�GD�613�WRNRP�VYRJ�VSRQWDQRJ�UDVSDGDQMD
QH�RVORED_D�VDPR�12�YH`�YHURYDWQR�YH`LP�GHORP
12���&LVWHLQ�L�DVNRUEDW�XEU]DYDMX�RVORED_DQMH�12�L]
613��DOL�QH�X�VWHKLRPHWULMVNRM�UHDNFLML�NDR�^WR�MH
RaHNLYDQR��'HWDOMQLML�PHKDQL]DQ�QMLKRYRJ�GHMVWYD�]D�
KWHYDR�EL�LQWHQ]LYQLMX�VWLGLMX�QD�RYRP�SUREOHPX�
5D]XOWDWL�GRELMHQL�X�RYRP�UDGX�LPDMX�SRWHQFLMDOQL
IL]LROR^NL�]QDaDM�8SRWUHED�FLVWHLQD�LOL�YLWDPLQD�&��LOL
NRPELQDFLMRP�RED�VD�613�PRJOD�ELWL�UHGXNRYDQD
GR]D�SULPHQMHQRJ�12�GRQRUD��SUL�aHPX�EL�VH�GRELR
LVWL�HIHNDW��=QDaDMQR�VPDQMHQMH�WRNVLaHQRVWL�NRMD
QDVWDMH�RVORED_DQMHP�FLMDQLGD�X�NUYRWRN

=DKYDOQRVW��=DKYDOMXMHP�VH�PHQWRUX�0LOR^X
)LOLSRYL`X�QD�SRPR`L�SULOLNRP�L]UDGH�RYRJ�UDGD�

/LWHUDWXUD
$UQDO�-��)���'LQK�;XDQ�$�7���3XH\R�0���'DUEODGH%���	�5DPL�-��������(QGRWKHOLXP�GHULYHG�QLWULFR[LGH�DQG�YDVFXODU�SK\VLRORJ\�DQG�SDWKRORJ\�&HOO�0RO��/LIH�6FL������������
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&D\DWWH�$��-���3DODFLQR�-��-���+RUWHQ�.���	�&RKHQ5��$��������&KURQLF�LQKLELWLRQ�RI�QLWULF�R[LGHSURGXFWLRQ�DFFHOHUDWHV�QHRLQWLPD�IRUPDWLRQ�DQGLPSDLUV�HQGRWKHOLDO�IXQFWLRQ�LQK\SHUFKROHVWHUROHPLF�UDEELWV��$UWHULRVFOHU�7KURPE�����������
&KXQJ�+��7���3DH�+��2���&KRL�%��0���%LOOLDU�7�5���	�.LP�<��0��������1LWULF�R[LGH�DV�DELRUHJXODWRU�RI�DSRSWRVLV��%LRFKHP��%LRSK\V��5HV�&RPPXQ�������������
)HHOLVFK�0��	�6WDPOHU�-��6��������12�GRQRUV��,Q0HWKRGV�LQ�QLWULF�R[LGH�UHVHDUFK��HG��)HHOLVFK�0�DQG�6WDPOHU�-��6����:LOH\��SS�������
)XUFKJRWW�5��)��	�=DZDG]NL�-�9��������7KHREOLJDWRU\�UROH�RI�HQGRWKHOLDO�FHOOV�LQ�WKH

UHOD[DWLRQ�RI�DUWHULDO�VPRRWK�PXVFOH�E\DFHW\OFKROLQH��1DWXUH�����������
,JQDUUR�/��-��������%LRORJLFDO�DFWLRQV�DQGSURSHUWLHV�RI�HQGRWKHOLXP�GHULYHG�QLWULF�R[LGHIRUPHG�DQG�UHOHDVHG�IURP�DUWHU\�DQG�YHLQ��&LUF�5HV���������
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$QD�0LMX^NRYL`
7KH�(IIHFWV�RI�9LWDPLQ�&�DQG
&\VWHLQH�RQ�12�5HOHDVH�IURP�6RGLXP
1LWURSUXVVLGH

1LWULF�R[LGH��12��SOD\V�LPSRUWDQW�UROHV�DV�D
UHJXODWRU�RI�SK\VLRORJLFDO�IXQFWLRQV�LQ�WKH�FDUGLRYDV�
FXODU��LPPXQH��DQG�QHUYRXV�V\VWHPV��+RZHYHU��DQ
LPEDODQFH�LQ�12�SURGXFWLRQ�LV�LPSOLFDWHG�LQ�PDQ\
GLVHDVHV�LQFOXGLQJ�K\SHUWHQVLRQ��DUWHULRVFOHURVLV��LV�
FKHPLD�UHSHUIXVLRQ�LQMXU\��GLDEHWHV�DQG�QHXURGHJHQ�
HUDWLYH�GLVRUGHUV��12�LV�JHQHUDWHG�LQ�ELRORJLFDO
WLVVXHV�E\�VSHFLILF�QLWULF�R[LGH�V\QWKDVHV��126�
ZKLFK�PHWDEROL]H�DUJLQLQH�WR�FLWUXOOLQH�ZLWK�WKH�IRU�
PDWLRQ�RI�12��1LWURSUXVVLGH��613��KDV�D�VSHFLDO
SODFH�DPRQJ�LURQ�QLWURV\O�FRPSOH[HV�ZLWK�ELRORJLFDO
DFWLYLW\��,W�LV�D�KLJKO\�HIIHFWLYH�K\SRWHQVLYH�DJHQW
ZLWK�IHZ�XQGHVLUDEOH�VLGH�HIIHFWV��ZLFK�LQFOXGH�F\D�
QLGH�UHOHDVH��,Q�YLHZ�RI�ZKDW�ZH�QRZ�NQRZ�DERXW
WKH�ELRORJLFDO�HIIHFW�RI�12��LW�LV�JHQHUDOO\�DVVXPHG
WKDW�QLWURSUXVVLGH�LV�K\SRWHQVLYH�EHFDXVH�LW�LV�DQ�12
GRQRU�GUXJ��+RZHYHU��WKH�FRPSOHWH�FKHPLVWU\�O\LQJ
EHKLQG�LWV�12�GRQDWLQJ�SURSUHWLHV�UHPDLQ�XQFOHDU�VR
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IDU��,Q�WKLV�VWXG\�ZH�LQYHVWLJDWHG�WKH�HIIHFW�RI�YLWD�
PLQ�&�DQG�F\VWHLQH�RQ�12�UHOHDVH�IURP�QLWURSUXV�
VLGH��12�UHOHDVH�ZDV�PHDVXUHG�E\�R[\KHPRJORELQ
DVVD\��ZKLFK�KDV�EHHQ�SURYHG�WR�EH�HIILFLHQW�DQG
PRVW�XVHG�IRU�WKLV�W\SH�RI�H[SHULPHQWV��)URP�WKH�UD�
WHV�RI�UHOHDVHG�12�ZH�FDOFXODWHG�WKH�DSSDUHQW�UDWH
FRQVWDQW�IRU�WKLV�UHDFWLRQ��N� �����×��¬��0PLQ¬��
ILQGLQJ�LW�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�GHVFULEHG�LQ
OLWHUDWXUH��+RZHYHU��WKLV�UHVXOW�FOHDUO\�LQGLFDWHG�WKDW
613�LV�QRW�RQO\�DQ�12�GRQRU��EXW�PRVW�OLNHO\�DQ
12��GRQRU�DV�ZHOO��)ROORZLQJ�WKH�UHDFWLRQ�ZLWK�F\V�
WHLQH��ZKLFK�FDQ�UHDFW�ZLWK�12��\LHOGLQJ�&\V12��RU

YLWDPLQ�&��ZKLFK�FDQ�UHGXFH�12��WR�12��ZH�IRXQG
DQ�LQFUHDVH�RI�12�UHOHDVHG�IURP�613�ZLWK�DSSDUHQW
UDWH�FRQVWDQWV�����×��¬��0PLQ¬��DQG�����×��¬�
0PLQ¬���UHVSHFWLYHO\��(YHQ�WKRXJK�WKH�UHVXOWV�RSHQ
D�ORW�RI�TXHVWLRQV�WR�EH�VROYHG�FRQFHUQLQJ�WKH
PHFKDQLVP�RI�WKH�REVHUYHG�SKHQRPHQRQ��WKH\�DOVR
RIIHU�D�SRVVLEOH�SK\VLRORJLFDOO\�UHOHYDQW�VROXWLRQ�IRU
613�LQGXFHG�WR[LFLW\��0L[LQJ�RI�613�ZLWK�YLWDPLQ
&��RU�F\VWHLQH��RU�ERWK�SULRU�WR�LWV�DSSOLFDWLRQ�FRXOG
LQFUHDVH�WKH�DPRXQW�RI�UHOHDVHG�12�VHYHUDO�WLPHV�DO�
ORZLQJ�WKH�FRQFHQWUDWLRQ�RI�DSSOLHG�GUXJ�WR�EH
GHFUHDVHG��WKXV�OHDGLQJ�WR�ORZHU�F\DQLGH�WR[LFLW\�
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