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8YRG

9LWDPLQL�VX�VORCHQD�RUJDQVND�MHGLQMHQMD�VD�UD]OLaLWLP�IXQNFLRQDOQLP

JUXSDPD��NRML�NDWDOLWLaNL�GHOXMX�QD�SURFHVH�X�`HOLMDPD��6YDNL�YLWDPLQ�LJUD

VSHFLILaQX�XORJX�L�QH�PRCH�VH�]DPHQLWL�QHNRP�GUXJRP�VXSVWDQFRP��AR�

YHNRY�RUJDQL]DP�QHNH�YLWDPLQH�XRS^WH�QH�SURL]YRGL��D�QHNH�QH�SURL]YRGL

X�GRYROMQLP�NROLaLQDPD��$VNRUELQVND�NLVHOLQD�MH�MHGQR�RG�YDCQLK�MHGLQMHQMD

NRMH�aRYHN�PRUD�REH]EHGLWL�KUDQRP�MHU�MH�QH�PRCH�VLQWHWLVDWL��
9LWDPLQ�&�LPD�YDCQX�XORJX�X�PHWDEROL]PX�aRYHND��SUL�VLQWH]L�QHNLK

MHGLQMHQMD��XEU]DYD�]JUX^DYDQMH�NUYL��SREROM^DYD�LPXQROR^NL�VWDWXV�RU�

JDQL]PD�L�WDNR�^WLWL�RG�LQIHNFLMD��.DR�ELRNDWDOL]DWRU�L�DQWLRNVLGDQV�MDYOMD

VH�X�JRWRYR�VYLP�SORGRYLPD��1DNRQ�EUDQMD�YR`D�L�SRYU`D�L�SRVOH�WHUPLaNH

REUDGH�QDPLUQLFD��VDGUCDM�YLWDPLQD�&�EU]R�RSDGD��D�DNR�VH�KUDQD�aXYD�X

QHSRYROMQLP�XVORYLPD�YLWDPLQ�&�VH�PRCH�aDN�L�SRWSXQR�XQL^WLWL��2G�QDaLQD

SULSUHPDQMD�KUDQH��WHPSHUDWXUH�NRMRM�MH�QDPLUQLFD�L]ORCHQD�L�YUHPH�WUHWL�

UDQMD���WDNR_H�]DYLVL�VDGUCDM�YLWDPLQD�&�
5D]QLP�HNVSHULPHQWLPD�MH�SRWYU_HQR�GD�VORERGQL�UDGLNDOL�PRJX�GD

XaHVWYXMX�X�L]D]LYDQMX�L�UD]YRMX�SUHNR�����EROHVWL�OMXGL�L�CLYRWLQMD��2VQR�

YQR�VUHGVWYR�ERUEH�SURWLY�VORERGQLK�UDGLNDOD�VX�DQWLRNVLGDQVL��D�YLWDPLQ�&

LPD�XSUDYR�WX�RVRELQX��6WRJD�VH�VYH�LQWHQ]LYQLMH�VSURYRGH�LVSLWLYDQMD
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UD]OLaLWLK�IDNWRUD�NRML�PRJX�XWLFDWL�QD�VWDELOQRVW�DVNRUELQVNH�NLVHOLQH��3R�
]QDWR�MH�GD�MH�YLWDPLQ�&�WHUPRODELODQ�L�GD�QMHJRYD�VWDELOQRVW�YDULUD�RG
VUHGLQH�X�NRMRM�VH�QDOD]L�

&LOM�RYRJ�UDGD�MH�LVSLWLYDQMH�WHUPLaNH�VWDELOQRVWL�YLWDPLQD�&�X�GYH�YU�
VWH�MDEXND��,OLOMDaH�L�'HOL^HV��NRMH�VX�X]HWH�]D�LVSLWLYDQMH�]ERJ�aHVWH�XSR�

WUHEH�X�LVKUDQL��3UD`HQD�MH�SURPHQD�NRQFHQWUDFLMH�α�DVNRUELQVNH�NLVHOLQH�X
IXQNFLML�YUHPHQD�QD�UD]OLaLWLP�WHPSHUDWXUDPD����R&����R&�L���R&��X�UD�

VWYRUX�α�DVNRUELQVNH�NLVHOLQH�L�GHORYLPD�SORGD�MDEXNH��NRUD�L�VUC��

α�DVNRUELQVND�NLVHOLQD
3RVWRML�YL^H�ELROR^NL�DNWLYQLK�DVNRUELQVNLK�NLVHOLQD��1MLKRYR�ELROR^NR

GHMVWYR�X]URNRYDQR�MH�SULVXVWYRP�HQGLROQH�JUXSH�RG�NRMH�SRWLaH�YHOLND�UH�
GXNFLRQD�PR`�L�ELRKHPLMVNR�GHMVWYR�DVNRUELQVNH�NLVHOLQH��NDR�L�RG�NRQ�
ILJXUDFLMH�QD�aHWYUWRP�&�DWRPX�L�EURMD�&�DWRPD��1DMYH`X�ELROR^NX

DNWLYQRVW�SRND]XMH�α�DVNRUELQVND�NLVHOLQD���������]DWLP���GH]RNVL�α�DVNR�
UELQVND�NLVHOLQD��������SD�α�UDPQRDVNRUELQVND�NLVHOLQD�������LWG��9LWD�
PLQVNX�DNWLYQRVW�LPD�L�SUYL�RNVLGDFLRQL�SURL]YRG�α�DVNRUELQVNH�NLVHOLQH�¬
α�GHKLGURDVNRUELQVND�NLVHOLQD��GRN�QHNL�REOLFL�DVNRUELQVNH�NLVHOLQH��NDR�QD
SULPHU��'�JOXNRDVNRUELQVND�NLVHOLQD��'�JDODNWRDVNRUELQVND�NLVHOLQD�QHPDMX
ELROR^NR�GHMVWYR��5LEL`�=HOHQRYL`�������

8VWDQRYOMHQR�MH�GD�X�QRUPDOQLP�XVORYLPD��X�SULURGQRP�ELOMQRP�PD�

WHULMDOX�SUHRYOD_XMH�α�DVNRUELQVND�NLVHOLQD��RNR�������GRN�VH�GHKLGURDVNR�
UELQVND�NLVHOLQD�MDYOMD�X�PDOLP�NROLaLQDPD��RNR������1RVLODF�YLWDPLQVNH
DNWLYQRVWL�X�SULURGQRP�PDWHULMDOX�MH�VLVWHP�

NRML�PRCH�XaHVWYRYDWL�NDR�LQWHUPHGLMHUQL�SUHQRVQL�VLVWHP�YRGRQLNRYLK�DWR�
PD�L�HOHNWURQD�X�RNVLGR�UHGXNFLMVNLP�SURFHVLPD�X�CLYRM�`HOLML�ELOMQLK�L�DQL�
PDOQLK�WNLYD�

6]HQW�*\xUJ\L�L�5XV]Q\DN�VX�XVWDQRYLOL�������JRGLQH�GD�VH�DNWLYQRVW
DVNRUELQVNH�NLVHOLQH��RNVLGR�UHGXNFLMD��RGYLMD�X]�XaH^`H�QHNRJ�SUHG�
VWDYQLND�JUXSH�YLWDPLQD�3��'CDPL`��������3RG�YLWDPLQRP�3�SRGUD]XPHYD
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VH�JUXSD�MHGLQMHQMD�ELOMQLK�SLJPHQDWD�NRML�VH�QDOD]H�X�SURL]YRGLPD�LVKUDQH�
7R�VX�IODYRQRLGL�WLSD�NDWHKLQD��IODYRQD�L�IODYRQROD��NRML�VH�QDOD]H�X�ELOMQLP
WNLYLPD�]DMHGQR�VD�DVNRUELQVNRP�NLVHOLQRP��1MLKRYL�PROHNXOL�SRVHGXMX�YL�
^H�KLGURNVLOQLK�L�NDUERQLOQLK�JUXSD�SUHNR�NRMLK�PRJX�GD�XaHVWYXMX�X
HQ]LPVNLP�SURFHVLPD�RNVLGR�UHGXNFLMH��8�ELOMQRP�VYHWX�MH�SULVXWQR�YL^H
VWRWLQD�UD]QLK�WLSRYD�IODYRQRLGD��NRML�VH�QDOD]H�X�REOLNX�VYRMLK�DJOLNRQD��D
NRMH�NDUDNWHUL^H�PROHNXOVNR�JUXSLVDQMH�WLSD�&��&��&��

6SRVREQRVW�RYH�JUXSH�YLWDPLQD�GD�VDaXYD�α�DVNRUELQVNX�NLVHOLQX�RG
RNVLGDFLMH��NDR�L�QMLKRYD�X]DMDPQD�YH]D�GRND]DQD�MH�PQRJLP�LVWUDCLYDQ�
MLPD��7DNR�QD�SULPHU��9LWDPLQL�&�L�3�]DMHGQR�SRVHGXMX�PQRJR�YL^L�WHUD�
SHXWVNL�HIHNDW�QHJR�SRMHGLQDaQR�L�SUL�WRPH�REUD]XMX�GYRVWUXNX�NDULNX�X
RGJRYDUDMX`HP�VLVWHPX�X�NRPH�XaHVWYXMX�X�RNVLGR�UHGXNFLML��3RND]DQR�MH
GD�DVNRUELJHQ�SUHGVWDYOMD�NRPSOHNV�YLWDPLQD�&�VD�SROLIHQROLPD��)LOLS�
SRYLFK�������

3UL�UD]MD^QMDYDQMX�XWLFDMD�ELRIODYRQRLGD��aDMQLK�NDWHKLQD�L�UXWLQD��QD

VWDELOQRVW�α�DVNRUELQVNH�NLVHOLQH�X�RUJDQL]PX�CLYRWLQMD��X�XVORYLPD�GH�
ORYDQMD�YLVRNLK�L�QLVNLK�WHPSHUDWXUD��SRND]DOR�VH�GD�NDWHKLQL�VSUHaDYDMX
VQLCHQMH�NRQFHQWUDFLMH�DVNRUELQVNH�NLVHOLQH�X�MHWUL�L�QDGEXEUHCQLP

COH]GDPD��6PDWUD�VH�GD�IODYRQRLGL�VSUHaDYDMX�LUHYHU]LELOQR�UD]ODJDQMH�α�
GHKLGURDVNRUELQVNH�NLVHOLQH��NDR�L�GD�VX�RQL�VSRVREQL�GD�SUL�SUHJUHYDQMX

RUJDQL]PD�REUD]XMX�α�DVNRUELQVNX�NLVHOLQX�L]�GHKLGURDVNRUELQVNH�NLVHOLQH
L�QD�WDM�QDaLQ�RPRJX`H�SRQRYQR�XNOMXaLYDQMH�YLWDPLQD�&�X�UHGRNV�VLVWHPH
L�UHGRNV�WRNRYH��'CDPL`��������1D�SULPHUX�UXWLQD��MHGQRJ�RG�YHRPD
UDVSURVWUDQMHQLK�ELRIODYRQRLGD��SRNX^D`HPR�GD�REMDVQLPR�RYX�SRMDYX��1MH�
JRYD�^HPDWVND�UD]JUDGQMD�X�RUJDQL]PX�L]JOHGD��
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8�KHPLMVNRP�SRJOHGX��UXWLQ�MH�JOLNR]LG�NRML�VH�VDVWRML�L]�NYDUFHWLQD�L
JOXNRUDPQR]H��3UL�RWFHSOMHQMX�QMHJRYRJ�VDKDUR]QRJ�RVWDWND��REUD]XMH�VH
UXWLQRY�DJOLNRQ�NYDUFHWLQ��8GDOMDYDQMHP�KHWHURFLNOLaQRJ�SUVWHQD�NYDUFHWLQ
SUHOD]L�X�DURPDWLaQX�NLVHOLQX�NRMD�VDGUCL�GYH�2+�JUXSH�IHQROQRJ�WLSD��+D�
UERUQH��������3UHWSRVWDYOMD�VH�GD�RQH�LPDMX�XORJX�GD�SUHGDMX�DWRPH�YR�
GRQLND� GHKLGURDVNRUELQVNRM� NLVHOLQL� L� QD� WDM� QDaLQ� MH� SUHYRGH� X

α�DVNRUELQVNX�NLVHOLQX���
3ULVXVWYR�ELRIODYRQRLGD�X�MDEXNDPD�MH�GRND]DR�/�,��9LJRURY������L

WR��OHXNRDQWRFLDQD���������PJ�P/��NDWHKLQD���������PJ�P/��D�NYDUFHWLQD
LPD�RNR�����PJ�P/��'CDPL`��������2UWR�SRORCDM�KLGURNVLOQLK�JUXSD�X
ERaQRP�DURPDWLaQRP�SUVWHQX�QD�&���L�&���SRMDaDYD��SUHPD�-��)UDJQHUX�L
-��'DYLGHQX��������DQWLRNVLGXMX`H�GHMVWYR�IODYRQRLGD��GRN�LVWD�JUXSD�QD
SRORCDMX�&���L�&���LPD�]D�SRVOHGLFX�VPDQMHQMH�DQWLRNVLGDQWQRJ�GHMVWYD�

0DWHULMDO�L�PHWRGH

8]RUFL�������×���¬��0�UDVWYRUD�α�DVNRUELQVNH�NLVHOLQH�L�VRNRYD�NRML
VX�SULSUHPDQL�RG�NRUD�L�SXOSL�VYHCLK�SORGRYD�MDEXND�URGD�������JRGLQH��VD

SRGUXaMD�>XPDGLMH�L]ODJDQL�VX�NRQVWDQWQLP�WHPSHUDWXUDPD��.RUL^`HQH�VX

FUYHQH��'HOL^HV��L�]UHOH�]HOHQH��,OLOMDaH��MDEXNH��

3ULSUHPD�VRND�NRUH�L�SXOSH�MDEXND

.RUD�MH�RGYRMHQD�PHWDOQLP�QRCHP��6RN�MH�SULSUHPOMHQ�WDNR�^WR�MH

X]RUDN�SUHOLYHQ�PLQHUDOQRP�YRGRP�GYRVWUXNH�PDVH�MHU�MH�UDVWYRU�α�DVNR�
UELQVNH�NLVHOLQH�VWDELODQ�X�RGVXVWYX�NLVHRQLND�X�DWPRVIHUL�XJOMHQLN�,9�RN�

VLGD��1��LOL�+�6��'CDPL`��������D�]DWLP�PH^DQ�L�SURFH_HQ��2YDNR�GRELMHQL

HNVWUDNWL�NRUD�L�SXOSL�]HOHQLK�L�FUYHQLK�MDEXND�L]ODJDQL�VX�NRQVWDQWQLP�WHP�

SHUDWXUDPD�RG���~&����~&�L���~&�PDNVLPDOQR�����aDVD��D�DOLNYRWL�]D

DQDOL]X�VX�RGUH_LYDQL�SRVOH�������������PLQXWD�LWG��8SRUHGR��VWDQGDUGQL

UDVWYRU�α�DVNRUELQVNH�NLVHOLQH�WDNR_H�MH�L]ODJDQ�GHMVWYX�SRPHQXWLK�WHPSH�
UDWXUD�
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2GUH_LYDQMH�α�DVNRUELQVNH�NLVHOLQH�X�YRGHQRP�UDVWYRUX�¬
SRVWXSDN�SR�-��7LOOPDQV�X��7UDMNRYL`�HW�DO�������

2GUH_LYDQMH�VDGUCDMD�DVNRUELQVNH�NLVHOLQH�WLWUDFLMRP�����GLKORUIHQR�

OLQGRIHQRORP��7LOOPDQV�RY�UHDJHQV�¬�75��]DVQLYD�VH�QD�RNVLGDFLML�α�DVNR�
UELQVNH�NLVHOLQH�X�α�GHKLGURDVNRUELQVNX�NLVHOLQX������GLKORUIHQROLQGR�
IHQRORP�

8�DOLNYRW�RG���P/�UDVWYRUD�DVNRUELQVNH�NLVHOLQH�MH�GRGDWR�����P/
UDVWYRUD�VPH^H�NLVHOLQD�&+�&22+�L�+32���7LWUDFLMD�VH�L]YRGL�UDVWYRURP
7LOOPDQV�RYRJ�UHDJHQVD�RGUH_HQRJ�WLWUD�X�NLVHORM�VUHGLQL��SUL�aHPX�VH�PRUD
YRGLWL�UDaXQD�R�S+�YUHGQRVWL��7LWUDFLMD�VH�L]YRGL�QD�S+������75�VOXCL�NDR
LQGLNDWRU��3UL�UHDNFLML�QDVWDMH�EH]ERMQR�MHGLQMHQMH��D�YL^DN�UDVWYRUD�75
�SODYH�ERMH��X�NLVHORM�VUHGLQL�SUHOD]L�X�FUYHQNDVWX�ERMX��8SRUHGR�VD
JODYQRP�SURERP�YU^L�VH�L�VOHSD�SURED��8WUR^DN�75�]D�VOHSX�SUREX�VH
RGX]LPD�RG�XWUR^ND�75�]D�JODYQX�SUREX��=ERJ�YH`H�WDaQRVWL��]D�VYDNX
YUHGQRVW�NRQFHQWUDFLMH�YLWDPLQD�&�VX�L]YHGHQD�SR�GYD�PHUHQMD��

2GUH_LYDQMH�α�DVNRUELQVNH�NLVHOLQH�X�VRNRYLPD�MDEXNH

3URPHQD�ERMH�LQLNDWRUD�QLMH�ODNR�XRaOMLYD�SUL�DQDOL]L�RERMHQLK
X]RUDND��'RGDWNRP�GL�HWLO�HWUD�RYDM�SUREOHP�VH�SUHYD]LOD]L�SR^WR�HWDUVNL
VORM��JRUQML��HNVWUDKXMH�75��D�QH�HNVWUDKXMH�FUYHQX�ERMX�MDEXNH�

1DSRPHQD��3UL�RYLP�PHUHQMLPD�RGUH_LYDQD�MH�VDPR�NRQFHQWUDFLMD�α�
DVNRUELQVNH�NLVHOLQH��V�REU]LURP�QD�SUHWSRVWDYNX�GD�VH�X�ELOMQRP�PDWHUL�
MDOX�α�GHKLGURDVNRUELQVND�NLVHOLQD�QDOD]L�X�YHRPD�PDOLP�NROLaLQDPD
��������WM��SUHRYOD_XMH�α�DVNRUELQVND�NLVHOLQD�����������

5H]XOWDWL�L�GLVNXVLMD

'RELMHQH�YUHGQRVWL�]D�SRaHWQH�NRQFHQWUDFLMH�α�DVNRUELQVNH�NLVHOLQH�L
UHODWLYQH�EU]LQH�UHDNFLMH�UD]ODJDQMD�YLWDPLQD�QD���~&�X�RGQRVX�QD�aLVW

X]RUDN��������SULND]DQH�VX�X�WDEHOL���
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7DEHOD����3RaHWQH�NRQFHQWUDFLMH�α�DVNRUELQVNH�NLVHOLQH�X�X]RUFLPD
QHSRVUHGQR�SUH�WHUPLaNRJ�WUHWLUDQMD�L�RGQRV�EU]LQD�UHDNFLMH�UD]ODJDQMD
YLWDPLQD�QD���~&�X�RGQRVX�QD�aLVW�X]RUDN�������

8]RUDN 0DVD�YLWDPLQD�X�����J
VYHCHJ�X]RUND�[PJ]

5HODWLYQD�EU]LQD
UD]ODJDQMD�[�]

&UYHQD�NRUD ����� ��
=HOHQD�NRUD ����� ��
&UYHQD�SXOSD ����� ��
=HOHQD�SXOSD ����� ��

,]�RYH�WDEHOH�VH�YLGL�GD�MH�NRQFHQWUDFLMD�α�DVNRUELQVNH�NLVHOLQH�YH`D
X�NRUL�QHJR�X�SXOSL��7DNR_H�VH�SULPH`XMH�GD�NRUH�L�SXOSH�FUYHQR�RERMHQLK
MDEXND�LPDMX�YH`L�VDGUCDM�YLWDPLQD�&�QHJR�^WR�MH�WR�VOXaDM�NRG�]HOHQLK�

5H]XOWDWL�LVSLWLYDQMD�SURPHQH�NRQFHQWUDFLMH�YLWDPLQD�&�X�RGQRVX�QD

YUHPH�SUL�NRQVWDQWQLP�WHPSHUDWXUDPD�RG���~&����~&�L���~&�SULND]DQL�VX

QD�VOLFL����1D�DSVFLVDPD�VH�QDOD]L�YUHPH�X�PLQXWLPD��D�QD�RUGLQDWDPD�SUR�

FHQDW�α�DVNRUELQVNH�NLVHOLQH�NRML�MH�RVWDR�X�X]RUNX��7�MH�R]QDND�]D�UDVWYRU
aLVWRJ�YLWDPLQD�&�aLML�MH�S+�������=3�L�=.�VX�R]QDNH�]D�SXOSX�L�NRUX�]UHOH

]HOHQH�MDEXNH�aLML�MH�S+�����L������UHVSHNWLYQR��D�&3�L�&.�VX�SXOSD�L�NRUD

FUYHQH�MDEXNH�VD�S+�YUHGQRVWLPD�����L������UHVSHNWLYQR��%URMHYL�SRUHG�RYLK
R]QDND�QD�VOLNDPD�R]QDaDYDMX�WHPSHUDWXUH�NRMLPD�VX�X]RUFL�L]ODJDQL�

.DNR�MH�]D�X]RUDN�aLVWRJ�YLWDPLQD�&�QD�VYH�WUL�WHPSHUDWXUH�GRELMHQD

OLQHDUQD�]DYLVQRVW�L]PH_X�OQ�F�L�YUHPHQD��JGH�MH�VD�F�R]QDaHQD�NRQFHQWUDFLMD

α�DVNRUELQVNH�NLVHOLQH��PRCH�VH�]DNOMXaLWL�GD�UD]JUDGQMD�YLWDPLQD�&�X�RYLP
X]RUFLPD�SUDWL�NLQHWLNX�UHDNFLMH�SUYRJ�UHGD�X�RGQRVX�QD�YLWDPLQ�&�

1D�LVWL�QDaLQ�MH�XRaHQR�GD�UD]JUDGQMD�α�DVNRUELQVNH�NLVHOLQH�X�VYLP
LVSLWLYDQLP�X]RUFLPD�QD���~&�SUDWL�NLQHWLNX�UHDNFLMH�SUYRJ�UHGD�X�RGQRVX

QD�YLWDPLQ�&��3RND]DQR�MH�GD�QD�WHPSHUDWXUDPD���~&�L���~&�UHDNFLMD

UD]JUDGQMH�α�DVNRUELQVNH�NLVHOLQH�QLMH�UHDNFLMD�SUYRJ�UHGD�X�RGQRVX�QD�YL�
WDPLQ�&��1D�WDM�QDaLQ�PRCH�VH�SUHWSRVWDYLWL�GD�VH�PHKDQL]DP�UD]JUDGQMH

�DVNRUELQVNH�NLVHOLQH�PHQMD�L]PH_X���~&�L���~&��%U]LQD�UD]JUDGQMH�YL�

WDPLQD�&�QD���~&�VH�PRCH�SUHGVWDYLWL�QD�VOHGH`L�QDaLQ��

G�F
G�W

�=�−N�F

3RUH_HQMHP�GRELMHQLK�YUHGQRVWL�]D�N�X�UD]OLaLWLP�X]RUFLPD�PRCH�VH

]DNOMXaLWL�GD�MH�EU]LQD�UD]JUDGQMH�QDMYH`D�X�aLVWRP�UDVWYRUX�α�DVNRUELQVNH
NLVHOLQH��8�WDEHOL���VX�SULND]DQH�NRQVWDQWH�EU]LQD�UD]JUDGQMH�YLWDPLQD�&�X
UD]OLaLWLP�X]RUFLPD�X�RGQRVX�QD�NRQVWDQWX�EU]LQH�UD]JUDGQMH�YLWDPLQD�&�X

UDVWYRUX�aLVWRJ�YLWDPLQD�&�VUDaXQDWR�X�SURFHQWLPD��

6OLND����QDVSUDPQD
VWUDQD��
*UDILFL�SURPHQH
NROLaLQH
α�DVNRUELQVNH
NLVHOLQH�X�YRGHQRP
UDVWYRUX��SXOSL�L�NRUL
FUYHQLK�L�]HOHQLK
MDEXND�X�IXQNFLML
YUHPHQD�

)LJXUH����RSSRVLWH
SDJH��
7KH�FKDQJH�RI
α�DVFRUELF�DFLG
DPRXQW�LQ�SXUH�ZDWHU
�7���LQ�NHUQHO��&3�
DQG�EDUN��&.��RI�UHG
DSSOHV��DQG�LQ�NHUQHO
�=3��DQG�EDUN��=.�
RI�JUHHQ�DSSOHV�DV
WKH�IXQFWLRQ�RI�WLPH�
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1DMPDQML�JXELWDN�α�DVNRUELQVNH�NLVHOLQH�MH�NRG�FUYHQH�NRUH��GRN�MH
QDMYL^H�YLWDPLQD�UD]RUHQR�X�aLVWRP�X]RUNX�YLWDPLQD�&��2YL�UH]XOWDWL�YDCH

]D�VYH�SRVPDWUDQH�WHPSHUDWXUH�
2GDWOH�VH�YLGL�GD�MH�α�DVNRUELQVND�NLVHOLQD�QDMSRVWRMDQLMD�X�NRUL�FU�

YHQLK�MDEXND��0RCH�VH�SUHWSRVWDYLWL�GD�VXSVWDQFH�NRMH�VX�QRVLRFL�ERMH��ELR�
IODYRQRLGL��XMHGQR�L�^WLWH�YLWDPLQ�&�RG�UDVSDGDQMD��3UHWSRVWDYOMD�VH�GD�VH
X�X]RUFLPD�MDEXNH�QD���~&�RGLJUDYD�UHDNFLMD�UHGXNRYDQMD�α�GHKLGURDVN�
RUELQVNH�NLVHOLQH�X�α�DVNRUELQVNX�NLVHOLQX�SRPR`X�ELRIODYRQRLGD��aLMH
KLGURNVLOQH�JUXSH�SUHGDMX�YRGRQLNRYH�DWRPH�L�QD�WDM�QDaLQ�UHJHQHUL^X�YL�
WDPLQ�&��0H_XWLP��QD�YL^LP�WHPSHUDWXUDPD�MH�EU]LQD�UDVSDGDQMD�α�DVNRU�
ELQVNH�NLVHOLQH�YH`D��SD�VH�ELRIODYRQRLGL�SUHYRGH�X�REOLN�SRJRGQLML�]D�EUCX
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UHGXNFLMX�α�GHKLGURDVNRUELQVNH�NLVHOLQH��D�WR�MH�DURPDWLaQD�NLVHOLQD��NRMD
MH�SURGXNW�UDVSDGDQMD�NYDUFHWLQD�QD�YL^LP�WHPSHUDWXUDPD��6D�SRYH`DQMHP
WHPSHUDWXUH�UDVWH�EURM�PROHNXOD�NRML�VH�SUHYRGH�X�DURPDWLaQX�NLVHOLQX��D
VDPLP�WLP�RSDGD�EURM�PROHNXOD�ELRIODYRQRLGD�NRML�XaHVWYXMX�X�UHJHQHUDFLML
YLWDPLQD�&��1D�WHPSHUDWXUL�RNR���~&�NRQFHQWUDFLMD�YLWDPLQD�&�X�MDEXFL
RSDGD�SULEOLCQR�LVWRP�EU]LQRP�NDR�X�UDVWYRUX�aLVWH�α�DVNRUELQVNH�NLVHOLQH�
MHU�QHPD�ELRIODYRQRLGD�NRML�XaHVWYXMX�X�REQDYOMDQMX�α�DVNRUELQVNH
NLVHOLQH��1D�QH^WR�YL^RM�WHPSHUDWXUL�SRaLQMX�GD�VH�SRMDYOMXMX�DNWLYQLML�REOLFL
ELRIODYRQRLGD�L�RQL�VH�REUD]XMX�VDPR�X�RQRM�NROLaLQL�NRMD�MH�GRYROMQD�GD
EL�VH�UHJHQHULVDOD�α�DVNRUELQVND�NLVHOLQD�NRMD�MH�RNVLGRYDOD�QHSRVUHGQR
QDNRQ�SRMDYH�SUYRJ�PROHNXOD�RYH�YUVWH��WM��EU]LQD�UD]JUDGQMH�YLWDPLQD�&
VH�QD�VYDNRM�VOHGH`RM�WHPSHUDWXUL�SRYH`DYD�]D�LVWX�YUHGQRVW�]D�NRML�VH
SRYH`DOD�EU]LQD�VWYDUDQMD�DURPDWLaQH�NLVHOLQH�L]�ELRIODYRQRLGD��1D�RYDM
QDaLQ�VH�PRCH�QD`L�RGJRYRU�QD�SLWDQMH�]D^WR�NRQFHQWUDFLMH�YLWDPLQD�&�QD
��~&�L���~&�RSDGDMX�SULEOLCQR�LVWRP�EU]LQRP��

6D�JUDILND�VH�WDNR_H�YLGL�GD�MH�YLWDPLQ�&�X�SXOSL�FUYHQH�MDEXNH�QHVWD�
ELODQ�^WR�VH�PRCH�REMDVQLWL�YLVRNRP�S+�YUHGQR^`X������D�SR]QDWR�MH�GD�MH
YLWDPLQ�&�QDMVWDELOQLML�SUL�S+�YUHGQRVWLPD�RNR����7UDMNRYL`�HW�DO��������

=DNOMXaDN

3RND]DQR�MH�GD�MH�WHUPLaND�VWDELOQRVW�α�DVNRUELQVNH�NLVHOLQH�X
FUYHQRM�NRUL�MDEXND�]QDWQR�YH`D�QHJR�X�QHRERMHQLP�GHORYLPD��7R�VH�PRCH
REMDVQLWL�]D^WLWQLP�GHMVWYRP�RQLK�VXSVWDQFL�NRMH�GDMX�ERMX�MDEXFL��RGQRVQR
NRMH�VH�QDOD]H�X�NRUL�MDEXND�

8WYU_HQR�MH�GD�MH�UD]JUDGQMD�YLWDPLQD�&�X�MDEXNDPD�QD�WHPSHUDWXUL�RG
��~&�UHDNFLMD�SUYRJ�UHGD��GRN�VH�L]PH_X���~&�L���~&�PHQMD�PHKDQL]DP�UH�
DNFLMH�^WR�QDYRGL�QD�SUHWSRVWDYNX�GD�VXSVWDQFH�NRMH�XWLaX�QD�VWDELOQRVW�YLWD�
PLQD�&�NRG�MDEXND�LPDMX�]QDaDMQX�XORJX�X�UHJXODFLML�NRQFHQWUDFLMH�YLWDPLQD
&�L�VYRMLP�GHORYDQMHP�PHQMDMX�PHKDQL]DP�UHDNFLMH�

$VNRUELQVND�NLVHOLQD�MH�WDNR_H�VWDELOQLMD�X�]HOHQLP�MDEXNDPD�VD�S+
YUHGQR^`X�RNR���QHJR�X�VUCL�FUYHQH�MDEXNH��S+� �������2YR�MH�X�VDJODV�
QRVWL�VD�WHRULMVNLP�WYU_HQMHP�R�VWDELOQRVWL�YLWDPLQD�&�QD�UD]OLaLWLP�S+�YUH�
GQRVWLPD��8]�WR��FUYHQD�SXOSD�QHPD�SLJPHQWH�NDR�NRUD��D�EU]LQD
UD]JUDGQMH�α�DVNRUELQVNH�NLVHOLQH�MH�X�QMRM�YH`D��2GDYGH�VH�MR^�MHGQRP
PRCH�]DNOMXaLWL�GD�SRVWRML�SRYH]DQRVW�VXSVWDQFL�NRMH�VX�QRVLRFL�SLJPHQWD
X�MDEXFL��D�WR�VX�ELRIODYRQRLGL��VD�VWDELOQR^`X�YLWDPLQD�&�X�QMLPD��

5DGL�GRELMDQMD�MDVQLMH�VOLNH�R�XWLFDMX�WHPSHUDWXUH�QD�VWDELOQRVW�YLWD�
PLQD�&�X�SULVXVWYX�ELRIODYRQRLGD��ELOR�EL�NRULVQR�SRQRYLWL�LVWUDCLYDQMD�]D
X]RUNH�VD�VOLaQLP�S+�YUHGQRVWLPD��1D�WDM�QDaLQ�EL�XVORYL�]D�UD]JUDGQMX
ELRIODYRQRLGD�GR�DNWLYQLMHJ�REOLND��IHQRO�VLU`HWQD�NLVHOLQD��ELOL�LGHQWLaQL�
3RUHG�WRJD��WLPH�EL�VH�PRJDR�GDWL�YH`L�]QDaDM�SUDNWLaQRP�DVSHNWX�LVWUD�
CLYDQMD�
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/LWHUDWXUD

'DPDQVNL�$��������%URPDWRORJLMD�,,��SUDNWLaQL�L�DQDOLWLaNL�GHR���%HR�
JUDG��1DXaQD�NQMLJD

'CDPL`�0��������2VQRYL�ELRKHPLMH��,�GHR��%HRJUDG��%,*=�

'CDPL`�0��������3UDNWLNXP�L]�ELRKHPLMH��%HRJUDG��1DXaQD�NQMLJD

)LOLSSRYLFK�<X�9��������2VQRYL\D�ELRNKLPLL��0RVNYD��9\VVKD\D�VKNROD

.RUD`HYL`�'���%MHODNRYL`�*��������%LRKHPLMD��%HRJUDG��6DYUHPHQD�DG�
PLQLVWUDFLMD�

/MXELVDYOMHYL`�0��������#LYRWQH�QDPLUQLFH�¬�SULUXaQLN�]D�SURL]YR_DaH�
WUJRYLQX�L�LQVSHNFLMH��%HRJUDG��3ULYUHGQL�SUHJOHG

5LEL`�=HOHQRYL`�/��������$VNRUELQVND�NLVHOLQD�¬�VWUXNWXUD�¬�IL]LROR^ND�DN�
WLYQRVW��ADaDN��$JURQRPVNL�IDNXOWHW

5REHUWV�&�-��-U���+ROOHQEHUJ�-�/��3RVWPD�0�-��������*HQHUDO�FKHPLVWU\�LQ
WKH�ODERUDWRU\���WKLUG�HGLWLRQ���)UHHPDQ

6PLUQRY�,��������9LWDPLQ\��0RVNYD��0HGLFLQD

7UDMNRYL`�-��0LUL`�0���%DUD^�-���>LOHU�6��������$QDOL]H�CLYRWQLK
QDPLUQLFD��%HRJUDG��7HKQROR^NR¬PHWDOXU^NL�IDNXOWHW

9HOMNRYL`�6��������+HPLMVND�NLQHWLND��%HRJUDG��*UD_HYLQVND�NQMLJD

0LOR^�0LFL`

'HWHUPLQDWLRQ�RI�7KHUPDO�6WDELOLW\�RI�9LWDPLQ�&�LQ�$SSOHV

7KHUPDO�VWDELOLW\�RI�YLWDPLQ�&�ZDV�GHWHUPLQHG�LQ�WZR�VSHFLHV�RI�DS�
SOHV��UHG�'HOL^HV�DQG�JUHHQ��,OLQMDaH��&RQFHQWUDWLRQ�RI�YLWDPLQ�&�ZDV�PH�
DVXUHG�DV�WKH�IXQFWLRQ�RI�WLPH�DW�WKUHH�GLIIHUHQW�WHPSHUDWXUHV����~&����~&

DQG���~&��7KHUH�ZHUH�ILYH�VDPSOHV��ZDWHU�VROXWLRQ�RI�α�DVFRUELF�DFLG��DV
WKH�VWDQGDUG��DQG�EDUN�DQG�NHUQHO�RI�WKH�DSSOHV��7KH�FRQFHQWUDWLRQ�RI�α�
DVFRUELF�DFLG�ZDV�GHWHUPLQHG�E\�WKH�PHWKRG�RI�-��7LOOPDQV��7UDMNRYL`�HW
DO���������

,W�LV�VKRZQ�WKDW�WKH�WKHUPDO�VWDELOLW\�RI�α�DVFRUELF�DFLG�LV�DSSUHFLDEO\
KLJKHU�LQ�UHG�EDUN�WKDQ�LQ�XQFRORUHG�FRPSRQHQWV��7KLV�FDQ�EH�H[SODLQHG
E\�SUHVHUYLQJ�LQIOXHQFH�RI�WKRVH�VXEVWDQFHV�WKDW�JLYH�FRORU�WR�WKH�DSSOH�RQ
YLWDPLQ�&�VWDELOLW\�OLNH�WKRVH�SUHVHQW�LQ�DSSOH�EDUN��

7KH�GHFRPSRVLWLRQ�RI�YLWDPLQ�&�LQ�DSSOHV�RQ���~&�LV�D�ILUVW�RUGHU
UHDFWLRQ��ZKLOH�WKH�UHDFWLRQ�PHFKDQLVP�FKDQJHV�EHWZHHQ���~&�DQG���~&�
7KHVH�IDFWV�DUH�LQ�DFFRUGDQFH�ZLWK�WKH�K\SRWKHVLV�WKDW�DSSOH�SLJPHQWV�KDYH
DQ�LPSRUWDQW�UROH�LQ�FRQWUROLQJ�YLWDPLQ�&�FRQFHQWUDWLRQ��7KH\�DOVR�FKDQJH
WKH�PHFKDQLVP�RI�GHFRPSRVLWLRQ�RI�YLWDPLQ�&�
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$VFRUELF�DFLG�LV�PRUH�VWDEOH�LQ�WKH�NHUQHO�RI�JUHHQ�DSSOHV�ZLWK�S+
YDOXH�DERXW���WKDQ�LQ�NHUQHOV�RI�UHG�DSSOHV��S+� �������7KLV�LV�LQ�DFFRUG�
DQFH�ZLWK�D�WKHRUHWLFDO�SURSRVLWLRQ�DERXW�WKH�VWDELOLW\�RI�YLWDPLQ�&�RQ�GLI�
IHUHQW�S+�YDOXHV��WKH�PRVW�VWDEOH�LV�RQ�S+�YDOXH�����%HVLGHV��UHG�NHUQHO
GRHVQ±W�KDYH�SLJPHQWV�DV�EDUN��DQG�DOSKD�DVFRUELF�DFLG�GHFRPSRVLWLRQ�UDWH
LV�KLJKHU�LQ�UHG�NHUQHO�WKDQ�LQ�EDUN��)URP�WKLV��LW�FDQ�EH�RQFH�DJDLQ�FRQ�
FOXGHG�WKDW�WKHUH�LV�VRPH�FRRUGLQDWLRQ�EHWZHHQ�YLWDPLQ�&�VWDELOLW\�LQ�DS�
SOHV�� DQG� WKRVH� VXEVWDQFHV� WKDW� DUH� FDUU\LQJ� FRORU� LQ� DSSOHV�� L�H�
ELRIODYRQRLGV�

,Q�RUGHU�WR�FODULI\�LGHDV�DERXW�WKH�WKUHPDO�VWDELOLW\�RI��YLWDPLQ�&�LQ
ELRIODYRQRLG�HQYLURPHQW��LW�FRXOG�EH�XVHIXOO�WR�UHSHDW�WKH�VHDUFK�IRU�VDP�
SOHV�ZLWK�WKH�VDPH�S+�YDOXHV��,Q�WKLV�ZD\�WKH�FRQGLWLRQV�IRU�ELRIODYRQRLG
GHVWUXFWLRQ�WR�PRUH�DFWLYH�IRUP��IHQRO�DFHWLF�DFLG��ZRXOG�EH�WKH�VDPH�
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