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(ILNDVQRVW�SURGXNFLMH
SHURNVLQLWULWD��2212¬��L]
UD]OLaLWLK�GLQLWUR]LO�JYRC_H
NRPSOHNVD��'1,&��SUL
DHUREQLP�XVORYLPD

$]RW�PRQRNVLG��12��MH�VYHSULVXWQL�`HOLMVNL�JODVQLN
NRML� X� OMXGVNRP� RUJDQL]PX� UHJXOL^H� YHOLNL� EURM
SURFHVD��DOL�QMHJRYD�SUHNRPHUQD�SURGXNFLMD�GRSUL�
QRVL� SDWRORJLML� UD]QLK� EROHVWL�� 3DWROR^NL� HIHNWL
XJODYQRP� VX�SRYH]DQL� VD�JHQHULVDQMHP� UHDNWLYQLK
D]RWQLK�YUVWD��516�UHDFWLYH�QLWURJHQ�VSHFLHV���NDR
^WR�MH�SHURNVLQLWULW��2122¬��NRML�QDVWDMH�X�UHDNFLML
12�VD�VXSHURNVLG�DQMRQ�UDGLNDORP��2��¬���3HURNVL�
QLWULW��NRML�MH�LQDaH�MDN�RNVLGDFLRQL�L�QLWUXMX`L�DJHQV�
VPDWUD�VH�JODYQLP�PHGLMDWRURP�12¬�LQGXNRYDQH�FL�
WRWRNVLaQRVWL�� 1LWURNVLO� �12¬��� NDR� L� QLWUR]RQLMXP
�12���YUVWD��SURGXNW�MH�GLQLWUR]LO�JYRC_H�NRPSOHNVD
�'1,&��SRVUHGRYDQH�GLVPXWDFLMH�12��&LOM�UDGD�ELR
MH�GD�VH�XSRUHGL�HILNDVQRVW�SURGXNFLMH�SHURNVLQLWULWD
L]�UD]OLaLWLK�'1,�NRPSOHNVD�X�DHUREQLP�XVORYLPD�
.DR�OLJDQGL�X�'1,�NRPSOHNVLPD�NRUL^`HQL�VX�FLVWHLQ
�&\V��� JOXWDWLRQ� �*6+�� L� JRYH_L� VHUXP� DOEXPLQ
�%6$���)RUPLUDQMH�SHURNVLQLWULWD�]DEHOHCHQR�MH�YH`
SUL� SUYRP� GRGDWNX� D]RW� PRQRNVLGD� X� VYLP
VOXaDMHYLPD��QH]DYLVQR�RG�WLSD�OLJDQGD��&LVWHLQVNL�L
JOXWDWLRQVNL�NRPSOHNVL�SRND]DOL�VX�VH�NDR�NRPSOHNVL
NRML�LQGXNXMX�QDMPDQMX�SURGXNFLMX�SHURNVLQLWULWD�^WR
MH�X]URNRYDQR�QHVWDELOQR^`X�VDPLK�NRPSOHNVD��GRN
VH� L]� DOEXPLQVNRJ� NRPSOHNVD� IRUPLUDOD� QDMYH`D
NROLaLQD�SHURNVLQLWULWD�� 6YL� HNVSHULPHQWL� UD_HQL� VX
SDUDOHOQR�X�SULVXVWYX�HQ]LPD�0Q62'�NRML�XNODQMD
2��¬�QHRSKRGDQ�]D�IRUPLUDQMH�SHURNVLQLWULWD��5H]XO�
WDWL�RYLK�HNVSHULPHQDWD�SRWYUGLOL�VX�SRVWRMDQMH�PH�
KDQL]PD�QDVWDMDQMD�2212¬�RG�12¬�L�2��SUHNR�12
L�2���

8YRG�
$]RW�PRQRNVLG��12��MH�VYHSULVXWQL�̀ HOLMVNL�JODV�

QLN�NRML�UHJXOL^H�EURMQH�IL]LROR^NH�SURFHVH��DOL�QMH�
JRYD�SUHNRPHUQD�SURGXNFLMD�]QDaDMQR�GRSULQRVL
UD]YRMX�UD]QLK�EROHVWL��0RQFDGD�HW�DO��������(LVHULFK
HW�DO���������3DWROR^NL�HIHNWL�VX�SRYH]DQL�VD�JHQHUL�
VDQMHP�UHDNWLYQLK�D]RWQLK�YUVWD��516��UHDFWLYH�QLWUR�
JHQ�VSHFLHV��NDR�^WR�MH�SHURNVLQLWULW��2122���NRML
QDVWDMH�X�UHDNFLML�12�VD�VXSHURNVLG�DQMRQ�UDGLNDORP
�2��¬���3HURNVLQLWULW��NRML�MH�LQDaH�MDN�RNVLGDFLRQL�L
QLWUXMX`L�DJHQV��VPDWUD�VH�JODYQLP�PHGLMDWRURP�12¬
LQGXNRYDQH�FLWRWRNVLaQRVWL��(LVHULFK�HW�DO�������
*URYHV�������

6XSHURNVLG�DQMRQ�UDGLNDO��2��¬�� QDVWDMH� NDR
VSRUHGQL�SURL]YRG�X�QRUPDOQRP�DHUREQRP�PHWDER�
OL]PX��D�QMHJRYD�SURGXNFLMD�PRCH�ELWL�SRYH`DQD�X
UD]QLP�SDWROR^NLP�VWDQMLPD��8ORJD�HQ]LPD�VXSHURN�
VLG�GLVPXWD]H��62'��MH�GD�NDWDOL]XMH�GLVSURSRUFLRQL�
VDQMH� VXSHURNVLG� DQMRQ� UDGLNDOD� X� NLVHRQLN� L
YRGRQLN�SHURNVLG� �)ULGRYLFK������� �)ULGRYLFK
������

�2��¬����+��→�2����+�2������62'��
(NVSHULPHQWL�LQ�YLWUR�VX�SRND]DOL�GD�12�L�2��¬

UHDJXMX�EU]R��NRQVWDQWD�EU]LQH��⋅����0¬�V¬���WDNR�GD
MH�UHDNFLMD�NRQWUROLVDQD�EU]LQRP�GLIX]LMH�UHDNWDQDWD��
SUL�aHPX�QDVWDMH�L]X]HWQR�UHDNWLYQL�SURL]YRG��SHUR�
NVLQLWULW��+XLH�L�3DGPDMD�������

12���2��¬�→�2122¬�
0H_XWLP��SHURNVLQLWULW�PRCH�QDVWDWL�L�QD�DOWHUQD�

WLYQL�QDaLQ�X�UHDNFLML�12¬�VD�NLVHRQLNRP��6PDWUD�VH
GD�RYD�UHDNFLMD�WHaH�SUHNR�LQWHUPHGLMHUD��12�L�2�¬��

12¬���2���→�[12���2�¬]��→�2122¬

'LUHNWQL�GRND]L�]D�QDVWDMDQMH�SHURNVLQLWULWD�LQ
YLYR�]D�VDGD�QH�SRVWRMH��GRN�VX�LQGLUHNWQL�GRND]L�NR�
QWUDGLNWRUQL��.ROLaLQD�SHURNVLQLWULWD�NRML�EL�PRJDR�GD

9ODGLPLU�3URNRSRYL`���������/HVNRYDF��9RCGRYD
����XaHQLN����UD]UHGD�*LPQD]LMH�X�/HVNRYFX
0(1725��0LOR^�)LOLSRYL`��+HPLMVNL�IDNXOWHW�X�%HRJUDGX
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QDVWDQH�LQ�YLYR�]DYLVL`H�RG�NRQFHQWUDFLMH�12�L�VX�
SHURNVLG�DQMRQ�UDGLNDOD��NRMH�`H�RSHW�]DYLVLWL��V�MHGQH
VWUDQH�RG�SURGXNFLMH�RYLK�UDGLNDOD��D�VD�GUXJH��RG�QML�
KRYLK�UHDNFLMD�VD�ELRPROHNXOLPD��)XNXWR�L�,JQDUUR
�������

3HURNVLQLWULWQL�DQMRQ�2122¬�MH�YHRPD�UHDN�
WLYQD�YUVWD��1D�IL]LROR^NRP�S+�2122¬�EU]R�VH�SUR�
WRQXMH�GR�QHVWDELOQH�L�YUOR�UHDNWLYQH�SHURNVLD]RWDVWH
NLVHOLQH��+2¬2¬1 2���NRMD�VH�UDVSDGD�SUHNR�QL]D
UHDNWLYQLK�LQWHUPHGLMHUD�GR�QLWUDWD�L��PDQMLP�GHORP�
GR�QLWULWD��3HURNVLQLWULWQL�DQMRQ�GRGDW�`HOLMDPD�
WNLYLPD�LOL�WHOHVQLP�WHaQRVWLPD��EU]R�VH�SURWRQXMH
GR�SHURNVLD]RWDVWH�NLVHOLQH��̂ WR�GRYRGL�GR�RNVLGDFLMH
6+�JUXSD�L�GUXJLK�DQWLRNVLGDQDVD��RNVLGDFLMH�OLSLGD�
FHSDQMD�ODQDFD�'1.��QLWURYDQMD�L�GH]DPLQDFLMH�QXN�
OHLQVNLK�ED]D��1DMYL^H�L]XaDYDQD�UHDNFLMD�SHURNVLQL�
WULWD�VD�SURWHLQLPD�MH�UHDNFLMD�QLWURYDQMD�RVWDWDND
WLUR]LQD�JGH�VH�GRELMD�QLWURWLUR]LQ��1LWURYDQMH�RVWD�
WDND�WLUR]LQD�LQ�YLYR�aHVWR�VH�X]LPD�NDR�LQGLNDFLMD
JHQHULVDQMD�SHURNVLQLWULWD��SRG�GDWLP��SDWR��IL]L�
ROR^NLP�XVORYLPD��6YH�RYH�UHDNFLMH�PRJX�LPDWL�SR�
WHQFLMDOQR�^WHWQH�SRVOHGLFH�]D�ELROR^NH�VLVWHPH
�.RSSHQRO�HW�DO��������.RSSHQRO�������+DOOLZHOO�L
*XWWHULGJH�������

8�SUHWKRGQRP�LVSLWLYDQMX��3URNRSRYL`�������R
GLVPXWDFLML��SURFHV�LVWRYUHPHQH�RNVLGDFLMH�L�UHGXN�
FLMH��D]RW�PRQRNVLGD�SRVUHGVWYRP�UD]OLaLWLK�'1,&
�HQJ��GLQLWURV\O�LURQ�FRPSOH[��SRND]DQR�MH�GD�QDV�
WDMH�QLWURNVLO�DQMRQ��12¬���7DNR_H��ELOR�MH�LQGLNDFLMD
GD�QDVWDMH�L�SHURNVLQLWULW��=ERJ�WRJD��LGHMD�L�FLOM�UDGD
ELOL�VX�GD�VH�LVSLWD�GD�OL�SUL�GLVPXWDFLML�D]RW�PRQRN�
VLGD�SRVUHGVWYRP�UD]OLaLWLK�NRPSOHNVD�GLQLWUR]LO�
JYRC_D�SUL�DHUREQLP�XVORYLPD�QDVWDMH�L�SHURNVLQLWULW
L�GD�OL�X�VOXaDMX�SURWHLQVNLK�'1,�NRPSOHNVD�QDVWDMH
QLWURWLUR]LQ�NDR�GLUHNWQD�SRVOHGLFD�IRUPLUDQMD�SHUR�
NVLQLWULWD��7DNR_H��LVSLWDQR�MH�L�GD�OL�VH�UDGL�R�JRUH
SRPHQXWRP�PHKDQL]PX�IRUPLUDQMD�SHURNVLQLWULWD��

0DWHULMDO�L�PHWRGH
6YH�VXSVWDQFH�NRUL^`HQH�X�HNVSHULPHQWLPD�ELOH

VX�S�D��aLVWR`H�
3ULSUHPDQMH�UDVWYRUD�D]RW�PRQRNVLGD��$]RW�

PRQRNVLG�NRUL^`HQ�X�RYRP�UDGX�SULSUHPOMHQ�MH
SUHPD�PRGLILNRYDQRP�SRVWXSNX�/HH�HW�DO���������
>HPD�DSDUDWXUH�]D�GRELMDQMH�L�XYR_HQMH�12�X�X]RUNH
SULND]DQD�MH�QD�VOLFL���

8NUDWNR��NUR]�DSDUDWXUX�VH�QDMSUH���K�SURSX^WD
DUJRQ�NDNR�EL�VH�XNORQLR�VDY�SULVXWDQ�NLVHRQLN��D
]DWLP�VH�XNDSDYD�UDVWYRU�QDWULMXP�QLWULWD�X�NLVHOL

UDVWYRU�)H62��X]�QHSUHNLGDQR�PH^DQMH��12�NRML�VH
L]GYDMD�VH�XYRGL�X�JDV�WLJKW�VWDNOHQX�ERaLFX�VD�VHS�
WXPRP�QDSXQMHQX�GHVWLORYDQRP�YRGRP��7DNR
SULSUHPOMHQRP�UDVWYRUX�12�RGUH_HQD�MH�NRQFHQ�
WUDFLMD�QD�12�PHWUX��+DUYDUG�$SSDUDWXV��L�ELOD�MH
FD�����P0�

8�FLOMX�L]YR_HQMD�RJOHGD�VLQWHWLVDQL�VX�FLVWHLQ�
VNL��JOXWDWLRQVNL�L�DOEXPLQVNL�'1,�NRPSOHNVL�X�NRMH
MH�GRGDYDQ�UDVWYRU�1$'+��6YL�HNVSHULPHQWL�UD_HQL
VX�L�X�SULVXVWYX�HQ]LPD�0Q62'�VD�FLOMHP�GD�VH
LVSLWD�PHKDQL]DP�IRUPLUDQMD�SHURNVLQLWULWD�RG�12¬
L�2��SUHNR�12�L�2��
6LQWH]D�NRPSOHNVD�L�RGUH_LYDQMH�NRQFHQWUDFLMH
1$'+��RGQRVQR�NRQFHQWUDFLMH�1$'��EH]
SULVXVWYD�HQ]LPD

�6D�&\V�L�*6+��X����P0�+(3(6�SXIHUD�GR�
GDW�MH�OLJDQG�GR�����0�L�NLVHOL�UDVWYRU�)H62��GR
����0��2YDM�UDVWYRU�NRUL^`HQ�MH�NDR�VOHSD�SURED�QD
����QP��WM��QD�WDODVQRM�GXCLQL�QD�NRMRM�1$'+�LPD
PDNVLPXP�DSVRUSFLMH��1DNRQ�VQLPDQMD�VOHSH�SUREH
X�UDVWYRU�MH�GRGDW�1$'+�GR�����0��=DWLP�MH�X
UDVWYRU�QD�VYDNLK�SHW�PLQXWD�GRGDYDQR�SR����O����
P0�UDVWYRUD�12�L�PHUHQD�MH�DSVRUEDQFD�QD����
QP��$SVRUSFLRQL�NRHILFLMHQW�1$'+�QD�����QP�MH
�����FP¬�0¬���8�VYDNL�X]RUDN�GRGDWR�MH�XNXSQR
SR����EROXVD�12��EROXV�¬�XQDSUHG�RGUH_HQD�]DSUH�
PLQD�YRGHQRJ�UDVWYRUD�JDVD�SR]QDWH�NRQFHQWUDFLMH��

6D�%6$��6LQWH]D�NRPSOHNVD�VD�DOEXPLQRP
LGHQWLaQD�MH�VLQWH]L�SUHWKRGQD�GYD�NRPSOHNVD��3RVOH
VLQWH]H�VQLPOMHQ�MH�VSHNWDU�X�RSVHJX�WDODVQLK�GXCLQD
��������QP�VD�FLOMHP�GD�VH�SRUHG�DSVRUEDQFH
1$'+�QD�����QP�GHWHNWXMH�L�DSVRUSFLMD�QD�����QP
NRMD�EL�SRWLFDOD�RG�QLWURWLUR]LQD��]D�aLMH�VX�IRUPL�
UDQMH�SRVWRMDOH�LQGLNDFLMH�X�SUHWKRGQRP�UDGX��$S�

6OLND����$SDUDWXUD�]D�GRELMDQMH�L�XYR_HQMH�12
)LJXUH����$SSDUDWXV�IRU�SUHSDUDWLRQ�RI�12�VROXWLRQV�
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VRUSFLRQL� NRHILFLMHQW�QLWURWLUR]LQD�QD�����QP�MH
�����FP¬�0¬��
6LQWH]D�NRPSOHNVD�L�RGUH_LYDQMH�NRQFHQWUDFLMH
1$'+��RGQRVQR�NRQFHQWUDFLMH�1$'��X�SULVXVWYX
HQ]LPD�

6D�&\V�L�*6+��VLQWH]D�NRPSOHNVD�X�SULVXVWYX
HQ]LPD�UD]OLNXMH�VH�RG�VLQWH]H�NRPSOHNVD�EH]
SULVXVWYD�HQ]LPD�SR�WRPH�^WR�MH�+(3(6�SXIHUX�GR�
GDW�L�HQ]LP�DNWLYQRVWL����8PJ¬���RGQRV�]DSUHPLQD
UDVWYRUD�L�GRGDWRJ�HQ]LPD�ELOD�MH��������D�NRQFHQ�
WUDFLMD�1$'+�MH�RGUH_LYDQD�QD�LVWL�QDaLQ�NDR�L�X
X]RUNX�EH]�HQ]LPD�

6D�%6$�� VLQWH]D�NRPSOHNVD� VD�DOEXPLQRP
LGHQWLaQD�MH�VLQWH]L�SUHWKRGQD�GYD�NRPSOHNVD�X
SULVXVWYX� HQ]LPD�� D�RGUH_LYDQMH�NRQFHQWUDFLMH
1$'+�L]YRGL�VH�QD�LVWL�QDaLQ�NDR�L�X�DOEXPLQVNRP
'1,�NRPSOHNVX�EH]�SULVXVWYD�HQ]LPD�

5H]XOWDWL�L�GLVNXVLMD
1DNRQ�VYLK�XUD_HQLK�HNVSHULPHQDWD�]DNOMXaLOL

VPR�GD�VX�UH]XOWDWL�RSUDYGDOL�WHRULMVND�RaHNLYDQMD�
1D�VOLNDPD������L���X�VYLP�VOXaDMHYLPD�QH]DYLVQR�RG
WLSD�OLJDQGD�GHWHNWRYDQ�MH�UDVW�NRQFHQWUDFLMH�1$'��
3RUDVW�NRQFHQWUDFLMH�1$'��XVORYOMHQ�MH�RNVLGRYDQMHP

1$'+��2YR�SRWYU_XMH�UDQLMH�QDOD]H��.RSSHQRO
������GD�MH�1$'+�RNVLGRYDQ�RG�VWUDQH�SHURNVLQL�
WULWD�NRML�QDVWDMH�X�UHDNFLML�SURL]YRGD�GLVPXWDFLMH
12��SUHFL]QLMH�RG�QLWURNVLO�YUVWH��L�NLVHRQLND��3URWH�
LQVNL�'1,&��NDR�QDMVWDELOQLML�'1,&��SRVOH�SUYRJ
EROXVD�UDVWYRUD�12�QHSRVUHGQR�IRUPLUD�QDMPDQMX

6OLND����6XPLUDQL�SULND]�NRQFHQWUDFLMD�1$'��QDVWDOLK�L]UD]OLaLWLK�'1,&�X�XVORYLPD�VD�L�EH]�HQ]LPD��'1,&NRPSOHNVL�QDSUDYOMHQL�VX�L]�FLVWHLQD��JOXWDWLRQD�L�%6$�LX�X]RUFLPD�MH�RGUH_LYDQD�NRQFHQWUDFLMD�1$'���6YLHNVSHULPHQWL�UD_HQL�X����VX�P0�+(3(6�SXIHUX�S+�����
)LJXUH����6FKHPH�RI�VXPPDUL]HG�FRQFHQWUDWLRQV�RI�1$'��IRUPHGIURP�YDULRXV�'1,&V�LQ�FRQGLWLRQV�ZLWK�DQG�ZLWKRXW0Q62'��'1,&V�DUH�PDGH�IURP�F\VWHLQH��JOXWDWKLRQHDQG�%6$�DQG�FRQFHQWUDWLRQV�RI�1$'���$OO�H[SHULPHQWVZHUH�GRQH�LQ����P0�+(3(6�EXIIHU�S+�����

6OLND����.LQHWLND�QDVWDMDQMD�1$'��RNVLGRYDQMHP1$'+�X�]DYLVQRVWL�RG�NRQFHQWUDFLMH�12�X�UDVWYRUXFLVWHLQVNLK�'1,�NRPSOHNVD�EH]�HQ]LPD��NYDGUDWL`L��L�XSULVXVWYX�HQ]LPD��NUXCL`L��X�+(3(6�SXIHUX�S+�����

)LJXUH����.LQHWLFV�RI�1$'��IRUPDWLRQ�GHSHQGLQJ�RQFRQFHQWUDWLRQV�RI�12�LQ�F\VWHLQH�'1,&�VROXWLRQV�ZLWK0Q62'��FLUFOHV��DQG�ZLWKRXW�0Q62'��VTXDUHV��([SHULPHQWV�ZHUH�GRQH�LQ����P0�+(3(6�EXIIHU�S+�����

6OLND����.LQHWLND�QDVWDMDQMD�1$'��RNVLGRYDQMHP1$'+�X�]DYLVQRVWL�RG�NRQFHQWUDFLMH�12�X�UDVWYRUXJOXWDWLRQVNLK�'1,�NRPSOHNVD�EH]�HQ]LPD��NYDGUDWL`L��LX�SULVXVWYX�HQ]LPD��NUXCL`L��X�+(3(6�SXIHUX�S+�����
)LJXUH����.LQHWLFV�RI�1$'��IRUPDWLRQ�GHSHQGLQJ�RQFRQFHQWUDWLRQV�RI�12�LQ�JOXWDWKLRQH�'1,&�VROXWLRQVZLWK�0Q62'��FLUFOHV��DQG�ZLWKRXW�0Q62'��VTXDUHV��$OO�H[SHULPHQWV�ZHUH�GRQH�LQ����P0�+(3(6�EXIIHUS+�����

�����• ��3(71,A.(�69(6.(��� '(2��,,



NRQFHQWUDFLMX�SHURNVLQLWULWD�^WR�UH]XOWXMH�L�QDMQLCRP
NRQFHQWUDFLMRP�1$'���1DMQLCD�SURGXNFLMD�1$'��L]
SURWHLQVNLK�'1,&�SURX]URNRYDQD�MH�QDMYL^RP�VWDELO�
QR^`X�RYLK�NRPSOHNVD�MHU�VH�SURGXNXMH�QDMPDQMD
NROLaLQD�SHURNVLQLWULWD��1D�GUXJRM�VWUDQL�LPDPR�FLVWH�
LQVNH�L�JOXWDWLRQVNH�NRPSOHNVH�NRML�QD�SRaHWNX�IRU�
PLUDMX�PQRJR�YH`X�NROLaLQX�2212¬�� 2YR� VH
REMD^QMDYD�PDQMRP�VWDELOQR^`X�QLVNRPROHNXOVNLK
'1,�NRPSOHNVD�X�RGQRVX�QD�DOEXPLQVNH�NRPSOHNVH�
5HODWLYQL�RGQRV�NROLaLQD�IRUPLUDQRJ�SHURNVLQLWULWD�L]
UD]OLaLWLK�'1,�NRPSOHNVD�SUL�LVWLP�NRQFHQWUDFLMDPD
GRGDWRJ�12�RVWDMH�LVWL�QH]DYLVQR�RG�WRJD�GD�OL�VH�X
UDVWYRUX�QDOD]LR�HQ]LP�0Q62'�LOL�QH��5D]OLND�MH�X
DSVROXWQRM�NROLaLQL�IRUPLUDQRJ�SHURNVLQLWULWD��5D]ORJ
RYRPH�MH�aLQMHQLFD�GD�HQ]LP�GHOXMH�WDNR�̂ WR�L]�VLVWH�
PD�L]YODaL�VXSHURNVLG�DQMRQ�UDGLNDO�L�VPDQMXMH�IRU�
PLUDQMH�SHURNVLQLWULWD��D�VDPLP�WLP�L�XPDQMXMH
RNVLGDFLMX�1$'+�WH�SURSRUFLRQDOQR�WRPH�QDVWDMH�L
VUD]PHUQR�PDQMD�NROLaLQD�1$'���0H_XWLP��GRGDYD�
QMHP�YH`HJ�EURMD�EROXVD�SUDYD�SULURGD�NRPSOHNVD
GROD]L�GR�L]UDCDMD��1HVWDELOQL�FLVWHLQVNL�L�X�RYRP
VOXaDMX�MR^�QHVWDELOQLML�JOXWDWLRQVNL�NRPSOHNVL��NRML�X
SRaHWNX�LQGXNXMX�QDMYL^H�SHURNVLQLWULWD��YUHPHQRP
VH��RGQRVQR�EU]RP�SRWUR^QMRP�6+�JUXSD��UDVSDGDMX
L�QMLKRYD�GLVPXWDFLRQD�VSRVREQRVW�VPDQMXMH�VH�XVOR�
YOMDYDMX`L�GD�VH�L�XNXSQD�NROLaLQD�SURGXNRYDQRJ
SHURNVLQLWULWD�YUHPHQRP�WHN�QH]QDWQR�SRYH`DYD��$O�

EXPLQVNL�NRPSOHNVL�RVWDMX�VWDELOQL�L�SRVOH����GRGD�
WLK�EROXVD��NXPXORYDQR�������PRO�X���P/�UHDN�
FLRQRJ� UDVWYRUD�� SD� VH� QMLKRYD� GLVPXWDFLRQD
VSRVREQRVW�QH�VPDQMXMH��WLPH�GLUHNWQR�XWLaX`L�QD
SRYH`DQMH�NRQFHQWUDFLMH�SURGXNRYDQRJ�SHURNVLQL�
WULWD�

.DNR�SRVOH�SUYRJ�WDNR�L�SRVOH�SHWQDHVWRJ�EROXV
GRGDWND�D]RW�PRQRNVLGD�X�UDVWYRU�NRML�SRUHG�'1,
NRPSOHNVD�VDGUCL�L�HQ]LP��SURGXNFLMD�1$'���X�RG�
QRVX�QD�SURGXNFLMX�1$'��X�UDVWYRULPD�EH]�HQ]LPD�
PDQMD�MH�]D���������2YR�GLUHNWQR�SRND]XMH�NROLNL�MH
SURWHNWLYQL�]QDaDM�HQ]LPD�0Q62'�NRML�XNODQMD�VX�
SHURNVLG�DQMRQ�UDGLNDO��]D�NRML�MH�SUHWSRVWDYOMHQR�GD
QDVWDMH�NDR�PH_XSURL]YRG�X�PHKDQL]PX�NRML�MH�SUHW�
VWDYOMHQ�X�WHRULMVNRP�GHOX��6PDQMHQD�SURGXNFLMD�VX�
SHURNVLG�DQMRQ�UDGLNDOD�GLUHNWQR�VPDQMXMH�L�NROLaLQX
IRUPLUDQRJ�SHURNVLQLWULWD�MHU�VWYDUDQMH�SHURNVLQLWULWD
GLUHNWQR�]DYLVL�RG�VWYRUHQRJ�2�¬��1D�VOLFL���VH�YLGL
L�GD�MH�VSRVREQRVW�GLVPXWDFLMH�NRPSOHNVD��NRMD�GLUH�
NWQR�XWLaH�QD�NROLaLQX�SHURNVLQLWULWD��SRVOH�SUYRJ�L
SRVOH�SHWQDHVWRJ�EROXVD�SRWSXQR�REUQXWD��1DLPH�
QDNRQ�SUYRJ�EROXVD�D]RW�PRQRNVLGD�QDMYL^H�2212�
ELOR�MH�IRUPLUDQR�L]�JOXWDWLRQVNLK�L�FLVWHLQVNLK�SD�WHN
RQGD�L]�DOEXPLQVNLK�NRPSOHNVD��GRN�MH�SRVOH����ER�
OXVD�SURWHLQVNL�NRPSOHNV�SRND]DR�YL^X�HILNDVQRVW
SURGXNFLMH�RG�QLVNRPROHNXOVNLK�NRPSOHNVD�

7DNR_H��QD�VSHNWULPD�SURWHLQVNLK�NRPSOHNVD�GH�
WHNWRYDQH�VX�DSVRUEDQFH�L�QD�����QP�NRMH�X�SRWSX�
QRVWL�RGJRYDUDMX�DSVRUSFLML�WLUR]LQVNLK�RVWDWDND
JRYH_HJ�VHUXP�DOEXPLQD��1D�RYDM�QDaLQ�MH�QHGYRV�
PLVOHQR�SRWYU_XMHQD�SUHSRVWDYND�GD�MH�SHURNVLQLWULW�X
VWDQMX�GD�SUHNR�EURMQLK�LQWHUPHGLMHUD�QLWUXMH�WLUR]LQ�L
IRUPLUD�QLWURWLUR]LQ��17\U���.RQFHQWUDFLMH�QLWURWLUR�
]LQD�UDVWX�VD�YUHPHQRP��RGQRVQR�VD�GRGDWRP�NROLaL�
QRP�12��VOLND����MHU�GRGDWD�NROLaLQD�12�RGJRYDUD
NROLaLQL�SHURNVLQLWULWD��.DGD�VH�XSRUHGH�UDVWX`H�NRQ�
FHQWUDFLMH�QLWURWLUR]LQD�X�UDVWYRULPD�DOEXPLQVNLK
'1,�NRPSOHNVD�VD�L�EH]�HQ]LPD��SRQRYR�VH�PRCH�]D�
NOMXaLWL� GD� MH� QDVWDOD� NROLaLQD� QLWURWLUR]LQD� X
SULVXVWYX�HQ]LPD�PDQMD�RG�RQH�NRMD�VH�IRUPLUDOD
VDPR�X�+(3(6�SXIHUX�EH]�HQ]LPD��.DR�L�X�VOXaDMX
RGQRVD�NRQFHQWUDFLMD�1$'�� X� X]RUNX� VD� L� EH]
HQ]LPD��L�NRQFHQWUDFLMD�17\U�X�X]RUNX�VD�L�EH]
HQ]LPD�PDQMD�MH�]D�RNR���������2YR�MR^�MHGQRP�GL�
UHNWQR�SRND]XMH�GD�HQ]LP��YU^H`L�XORJX�XNODQMDQMD
VXSHURNVLG�DQMRQ�UDGLNDOD�L]�UDVWYRUD��VPDQMXMH
XNXSQX�NROLaLQX�IRUPLUDQRJ�17\U�]ERJ�WRJD�^WR�GL�
UHNWQR�XPDQMXMH�NRQFHQWUDFLMX�SHURNVLQLWULWD�SUHNR
MHGLQRJ�PRJX`HJ�PHKDQL]PD��QDYHGHQRJ�X�XYRGX��

6OLND����.LQHWLND�QDVWDMDQMD�1$'��RNVLGRYDQMHP1$'+�X�]DYLVQRVWL�RG�NRQFHQWUDFLMH�12�GRGDWHDOEXPLQVNLP�'1,�NRPSOHNVLPD�EH]�HQ]LPD��NYDGUDWL`L�L�X�SULVXVWYX�HQ]LPD��NUXCL`L��X�+(3(6�SXIHUX�S+�����
)LJXUH����.LQHWLFV�RI�1$'��IRUPDWLRQ�GHSHQGLQJ�RQFRQFHQWUDWLRQV�RI�12�LQ�DOEXPLQ�'1,&�VROXWLRQV�ZLWK0Q62'��FLUFOHV��DQG�ZLWKRXW�0Q62'��VTXDUHV���$OOH[SHULPHQWV�ZHUH�GRQH�LQ����P0�+(3(6�EXIIHU�S+�����
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RGQRVQR�JRYRUL�QDP�GD�PHKDQL]DP�IRUPLUDQMD
SHURNVLQLWULWD�SUHNR�12�L�2�¬�]DLVWD�SRVWRML�

1D�VOLFL���SULND]DQD�MH�VXPLUDQD�SURGXNFLMD
1$'�� L]�UD]OLaLWLK�GLQLWUR]LO�JYRC_H�NRPSOHNVD
SRVOH�SUYRJ�L�SHWQDHVWRJ�EROXVD�L�VD�L�EH]�SULVXVWYD
HQ]LPD��6OLND���WDNR_H�SULND]XMH�L�WRWDOQX�SURGXNFLMX
SHURNVLQLWULWD�NRMD�MH�REUQXWR�SURSRUFLRQDOQD�NRQFHQ�
WUDFLML�1$'+�MHU�SHURNVLQLWULW�RNVLGXMH�1$'+�SD�MH
RGQRV�NRQFHQWUDFLMD�RYH�GYH�VXSVWDQFH�REUQXWR�SUR�
SRUFLRQDODQ��1H]DYLVQR�RG�WRJD�GD�OL�VH�X�UDVWYRUX
QDOD]LR�HQ]LP�LOL�QH��RaLJOHGQR�MH�GD�VH�SHURNVLQLWULW
IRUPLUD�X�VYLP�VOXaDMHYLPD�L�GD�MH�SRVOH�GRGDWND���
EROXVD�UDVWYRUD�12�QDMHILNDVQLML�X�IRUPLUDQMX
2212¬�SURWHLQVNL�'1,&��GRN�VH�YUHPHQRP�FLVWHLQ�
VNLP�L�JOXWDWLRQVNLP�NRPSOHNVLPD��NRML�X�SRaHWNX
LQGXNXMX�QDMYH`H�NROLaLQH�SHURNVLQLWULWD��VPDQMXMH
VSRVREQRVW�GLVPXWDFLMH��D�VDPLP�WLP�L�XNXSQD�SUR�
GXNFLMD�SHURNVLQLWULWD�

=DNOMXaDN
1D�RVQRYX�VYLK�L]ORCHQLK�UH]XOWDWD�PRCH�VH

WYUGLWL�GD�VH�SHURNVLQLWULW�IRUPLUD�WRNRP�'1,&�SRV�
UHGRYDQH�GLVPXWDFLMH�12��,]�UH]XOWDWD�MH��WDNR_H�
RaLJOHGQR�GD�OLJDQG�NRML�IRUPLUD�NRPSOHNV�GLUHNWQR
XWLaH�QD�GLVPXWDFLRQX�VSRVREQRVW��1DMQHVWDELOQLML

NRPSOHNVL�� NRML� XMHGQR� SURGXNXMX� L� QDMPDQMH
SHURNVLQLWULWD��MHVX�FLVWHLQVNL�L�JOXWDWLRQVNL��6D�GUXJH
VWUDQH��SURWHLQVNL�NRPSOHNVL�IRUPLUDOL�VX�QDMYL^X�NR�
OLaLQX�SHURNVLQLWULWD�L�VDPLP�WLP�SRND]DOL�VH�NDR�QDM�
VWDELOQLML��8�DOEXPLQVNLP�NRPSOHNVLPD�GHWHNWRYDQR
MH�L�SRVWRMDQMH�QLWURWLUR]LQD�NRML�MH�QDVWDR�QLWURYDQMHP
SURWHLQVNLK�RVWDWDND�WLUR]LQD�RG�VWUDQH�IRUPLUDQRJ
SHUNVLQLWULWD�

7DNR_H��SRND]DQR�MH�GD�L�PHKDQL]DP�QDVWDMDQMD
2212¬�SUHNR�12�L�2�¬�]DLVWD�SRVWRML��2YR�MH�SRWYU�
_HQR�XPDQMHQRP�RNVLGDFLMRP�1$'+��DOL�L�VWYDUD�
QMHP�QLWURWLUR]LQD�X�PDQMLP�NROLaLQDPD��X�VYLP
VOXaDMHYLPD�NDGD�MH�X�VLVWHPX�SULVXWDQ�HQ]LP�0Q62'
NRML�XNODQMD�2�¬�L�WLPH�XPDQMXMH�XNXSQX�NROLaLQX�IRU�
PLUDQRJ�SHURNVLQLWULWD�NRML�RNVLGXMH�1$'+�L�QLWUXMH�WL�
UR]LQVNH�RVWDWNH��8�QDUHGQLP�HNVSHULPHQWLPD�RVWDMH�GD
VH�RWNULMH�SUDYD�IL]LROR^ND�SULURGD�GLVPXWDFLMH�D]RW�PR�
QRNVLGD�SRVUHGVWYRP�UD]OLaLWLK�'1,�NRPSOHNVD��WM�
GD�VH�XNDCH�QD�WR�NRML�RG�HIHNDWD�MH�SUHGRPLQDQWQLML�
SURWHNWLYQL�LOL�GHVWUXNWLYQL�

/LWHUDWXUD
(LVHULFK�-��3���3DWHO�5��3���2±'RQQHOO�9��%�������3DWKRSK\VLRORJ\�RI�QLWULF�R[LGH�DQG�UHODWHGVSHFLHV��IUHH�UDGLFDO�UHDFWLRQV�DQG�PRGLILFDWLRQ�RIELRPROHFXOHV��0RO��$VSHFWV�0HG�����������
)ULGRYLFK�,��������6XSHUR[LGH�UDGLFDO��DQHQGRJHQRXV�WR[LFDQW��$QQX��5HY��3KDUPDFRO�7R[LFRO�����������
)ULGRYLFK�,��������%LRORJLFDO�HIIHFWV�RI�WKHVXSHUR[LGH�UDGLFDO��$UFK��%LRFKHP��%LRSK\V����������
)XNXWR�-��0��	�,JQDUUR�/��-��������,Q�YLYRDVSHFWV�RI�QLWULF�R[LGH�FKHPLVWU\��'RHVSHUR[\QLWULWH��2122¬��SOD\�D�PDMRU�UROH�LQF\WRWR[LFLW\"�$FFRXQWV�&KHP��5HV�����������
*URYHV�-��7��������3HUR[\QLWULWH��UHDFWLYH�LQYDVLYH�DQG�HQLJPDWLF��&XUU��2SLQ��&KHP��%LRO���������
+DOOLZHOO�%���*XWWHULGJH�-��0��&��������)UHH5DGLFDOV�LQ�%LRORJ\�DQG�0HGLFLQH��2[IRUG�8QLYHUVLW\�3UHVV
+XLH�5��(���3DGPDMD�6��������7KH�UHDFWLRQ�RI12�ZLWK�VXSHUR[LGH��)UHH�5DGLF��5HV��&RPPXQ�����������
.RSSHQRO�:��+��������7KH�EDVLF�FKHPLVWU\�RIQLWURJHQ�PRQR[LGH�DQG�SHUR[\QLWULWH��)UHH�5DG�%LRO��0HG�����������

6OLND����.LQHWLND�QDVWDMDQMD�QLWURWLUR]LQD�QLWURYDQMHPWLUR]LQVNLK�RVWDWDND�X�SURWHLQVNLP�'1,�NRPSOHNVLPD�X]DYLVQRVWL�RG�NRQFHQWUDFLMH�12�X�UDVWYRU�SURWHLQVNRJNRPSOHNVD�X�+(3(6�SXIHUX�S+������

)LJXUH����.LQHWLFV�RI�QLWURW\URVLQH�IRUPDWLRQ��WKDW�LVFDXVHG�E\�QLWUDWLRQ�RI�W\URVLQH�UHVLGXHV�LQ�SURWHLQ'1,&V��GHSHQGLQJ�RQ�12�FRQFHQWUDWLRQ��7KHVHH[SHULPHQWV�ZHUH�GRQH�LQ����P0�+(3(6�EXIIHU�S+����ZLWK�0Q62'��FLUFOHV��DQG�ZLWKRXW�0Q62'�VTXDUHV��
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.RSSHQRO�:��+���0RUHQR�-��-���3U\RU�:��$��,VFKLURSRXORV�+���%HFNPDQ�-��6�������3HUR[\QLWULWH��D�FORDNHG�R[LGDQW�IRUPHG�E\�QLWULFR[LGH�DQG�VXSHUR[LGH��&KHP��5HV��7R[LFRO����������
0RQFDGD�6���3DOPHU�5��0���+LJJV�(��$�������1LWULF�R[LGH��SK\VLRORJ\��SDWKRSK\VLRORJ\��DQGSKDUPDFRORJ\��3KDUPDFRO��5HY�����������
3URNRSRYL`�9��������,VSLWLYDQMH�XWLFDMD�UD]OLaLWLKOLJDQDGD�QD�GLQLWUR]LO�JYRC_H�NRPSOHNVRP�'1,&��SRVUHGRYDQX�GLVPXWDFLMX�D]RW�PRQRNVLGD�12���3HWQLaNH�VYHVNH����������

9ODGLPLU�3URNRSRYL`
(IILFLHQF\�RI�3HUR[\QLWULWH��2212¬�
3URGXFWLRQ�IURP�9DULRXV�'LQLWURV\O
,URQ�&RPSOH[HV��'1,&��XQGHU
$HURELF�&RQGLWLRQV

1LWULF�R[LGH��12��LV�D�YHU\�LPSRUWDQW�LQWUDFHOOX�
ODU�PHVVHQJHU�WKDW�UHJXODWHV�QXPHURXV�SURFHVVHV�LQ
WKH�KXPDQ�RUJDQLVP��ZKHUHDV�LWV�RYHUSURGXFWLRQ
FRQWULEXWHV�WR�WKH�SDWKRORJ\�RI�D�YDULHW\�RI�GLVHDVHV�

3DWKRORJLFDO�HIIHFWV�DUH�PDLQO\�UHODWHG�WR�WKH�IRUPD�
WLRQ�RI�UHDFWLYH�QLWURJHQ�VSHFLHV��516��VXFK�DV�SHU�
R[\QLWULWH��2122¬���WKDW�LV�WKRXJKW�WR�EH�IRUPHG�LQ
WKH�UHDFWLRQ�RI�12�ZLWK�VXSHUR[LGH�DQLRQ�UDGLFDO
2��¬��3HUR[\QLWULWH��ZKLFK�LV�D�SRWHQW�R[LGDWLYH�DQG
QLWUDWLQJ�DJHQW��LV�FRQVLGHUHG�WR�EH�WKH�PDMRU�PHGLD�
WRU�RI�12¬�LQGXFHG�F\WRWR[LFLW\��1LWUR[\O��12¬���DV
ZHOO�DV�QLWURVRQLXP��12����LV�D�SURGXFW�RI�GLQLWURV\O
LURQ�FRPSOH[��'1,&��DVVLVWHG�12�GLVPXWDWLRQ��7KLV
SDSHU�H[DPLQHV�DQG�FRPSDUHV�WKH�HIILFLHQF\�RI�SHU�
R[\QLWULWH�SURGXFWLRQ�IURP�YDULRXV�'1,&V�XQGHU
DHURELF�FRQGLWLRQV��'LIIHUHQW�WKLROV�ZHUH�XVHG�DV�OL�
JDQGV��&\VWHLQH�¬�&\V��*OXWDWKLRQH�¬�*6+�DQG�ER�
YLQH�VHUXP�DOEXPLQ�¬�%6$���,QGHSHQGHQWO\�IURP�WKH
OLJDQG�W\SH��SHUR[\QLWULWH�IRUPDWLRQ�ZDV�GHWHFWHG�LQ
DOO�VDPSOHV�DIWHU�WKH�ILUVW�DGGLWLRQ�RI�12��&\VWHLQH
DQG�JOXWDWKLRQH�FRPSOH[HV�ZHUH�VKRZQ�WR�LQGXFH�GL�
PLQXWLYH�SHUR[\QLWULWH�DPRXQWV�FRPSDUHG�WR�DOEX�
PLQ�FRPSOH[HV��ZKLFK�SURGXFHG�WKH�KLJKHVW�DPRXQW
RI�2122¬��$OO�H[SHULPHQWV�ZHUH�GRQH�VLPXOWDQH�
RXVO\�LQ�FRQGLWLRQV�ZLWK�DQG�ZLWKRXW�WKH�0Q62'
HQ]\PH�WKDW�GHFRPSRVHV�2��¬�UHTXLUHG�IRU�2212¬
IRUPDWLRQ��7KH�REWDLQHG�UHVXOWV�FRQILUPHG�WKH�H[�
LVWHQFH�RI�PHFKDQLVP�RI�2212¬�IRUPDWLRQ�IURP
12¬�DQG�2��YLD�UHDFWLRQ�RI�12�ZLWK�2��¬�
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