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PL�VYHOL�XQXWUD^QMRVW�FUNYH�QD�QL]�RYLK�REOLND��*UH^NH�SULOLNRP�PHUHQMD

YLVLQD�VX�QDMYH`H��=DWR�VH�WD�JUH^ND�SRMDYOMXMH�L�SUL�UDaXQDQMX�SRYU^LQH�L

]DSUHPLQH��.DR�DSVROXWQD�JUH^ND�X]HWD�MH�∆�P�NRMD�MH�MHGQDND�����P�
6DPR�NRG�SUR]RUD�L�YUDWD�]ERJ�SUHFL]QLMHJ�PHUHQMD�X]HWD�MH�YUHGQRVW�RG

�����P�

6OLND����

%ORN�^HPD�PHUHQMD�

)LJXUH����

,QVWUXPHQWDO�VHWXS�
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*UH^ND�NRMD�MH�QDVWDOD�SUL�PHUHQMX�SRYU^LQD�VYLK�]LGRYD��]LG�L�VYRG�
VH�PRCH�L]UDaXQDWL�SUHNR�GDWH�ILJXUH��L]�UD]ORJD�^WR�MH�XQXWUD^QMD�SRYU^LQD
GDWH�ILJXUH�SUHGVWDYOMD�SRYU^LQX�VYLK�]LGRYD�]D�RGUH_HQL�GHR�FUNYH

*UH^NH�SRYU^LQH

'D�EL�L]UDaXQDOL�XQXWUD^QMX�SRYU^LQX�PRUDPR�GD�L]UDaXQDPR�RELP
SRSUHaQRJ�SUHVHND�GDWH�ILJXUH��2ELP�SUHVHND�VH�UDaXQD�SR�IRUPXOL

2�=�2��+���E
JGH�MH�2��SROXRELP�HOLSVH��aLMH�VX�GXCLQH�RVD�F�L���D�

,]�WRJ�UD]ORJD�PRCHPR�GD�NDCHPR�GD�MH�JUH^ND�SUL�L]UDaXQDYDQMX�REL�

PD�SUHVHND�∆�2�MHGQDND�]ELUX�DSVROXWQLK�JUH^DND�NRML�VX�QDVWDOL�SUL�PHUH�
QMX�GXCLQH�E�L��∆�E��L]UDaXQDYDQMX�RELPD�SROXHOLSVH�∆�2��

3R^WR�VX�F�L�G�NRQVWDQWH�YDCL�

∆�2�=�∆�D
�
�+���∆�E�������∆�D�=�∆�E�=�∆�P

$NR�R]QDaLPR�XQXWUD^QMX�SRYU^LQX�VD�3X��WDGD�YDCL�

∆�3X�=�G�∆�2�

∆�3X�SUHGVWDYOMD�JUH^NX�XQXWUD^QMH�SRYU^LQH�

*UH^NH�SRYU^LQH�SRSUHaQRJ�SUHVHND�L�]DSUHPLQH

1HND�MH�SRYU^LQD�SRSUHaQRJ�SUHVHND�3��3RGHOLPR�GDWX�SRYU^LQX�QD
GYD�GHOD�NRML�SUHGVWDYOMDMX�SRYU^LQH�SROXHOLSVH�L�SUDYRXJDRQLND�L�R]QDaLPR
LK�VD�3��L�3��

6OLND���

$SURNVLPDWLYQD�^HPD
RVQRYQH�JHRPHWULMH
XQXWUD^QMRVWL�SHWQLaNH
FUNYH�

)LJXUH���

*HRPHWULFDO
DSSUR[LPDWLRQ�RI
LQWHULRU�RI�3HWQLFD±V

FKXUFK�
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3�=�D�F
�

⋅π�+�E�F

,]�UD]ORJD�^WR�MH�F�NRQVWDQWD�VOHGL�

∆�3�=�∆�D�F
�

⋅π�+�F�∆�E

3R^WR�VH�]DSUHPLQD�RYH�ILJXUH�VH�L]UDaXQDYD�SR�IRUPXOL�9�=�G�3��SUL
aHPX�MH�G�NRQVWDQWD�VOHGL�

∆�9�=�G�∆�3�

=DKYDOMXMX`L�RYLP�IRUPXODPD�NRMH�VPR�VDGD�L]YHOL��HOHPHQWDUQLP�L]�
UDaXQDYDQMHP�GRELMDPR�VYH�SRWUHEQH�JUH^NH�]D�VYH�GHORYH�FUNYH�NRMH�VPR
SULND]DOL�X�VOHGH`RM�WDEHOL�

7DEHOD����*UH^NH�RGUH_LYDQMD�JHRPHWULMVNLK�NDUDNWHULVWLND

$SVROXWQD
JUH^ND
SRYU^LQH�[P�]

5HODWLYQD
JUH^ND
SRYU^LQH�[�]

$SVROXWQD
JUH^ND
]DSUHPLQH�[P�]

5HODWLYQD
JUH^ND
]DSUHPLQH�[�]

3ULSUDWD ��� ��� ��� ���
/DGMD ��� ��� ��� ���
1DRV� ��� ��� ��� ���
2OWDU ��� ��� ��� ���
&UNYD ���� ��� ���� ���

3ULPHUL�JUDILND�]DYLVQRVWL�MDaLQH�]YXND�X�G%�X�RGQRVX�QD�YUHPH�RG
XNOMXaLYDQMD�]YXaQRJ�L]YRUD�GR�SDGD�MDaLQH�RG����G%��PHUQR�PHVWR���
PHUHQMH�����QD�IUHNYHQFLMDPD������+]�L�����+]�GDWL�VX�QD�VOLFL���

6OLND���

-DaLQD�]YXND��G%��X
IXQNFLML�YUHPHQD�

)LJXUH���

6RXQG�VWUHQJWK��G%�
YHUVXV�WLPH��V��
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3ULND]�YUHPHQD�UHYHUEHUDFLMH��VUHGQMHJ�YUHPHQD�UHYHUEHUDFLMH��VWDQG�
DUGQH�GHYLMDFLMH�L�NRHILFLMHQWD�DSVRUSFLMH�X�]DYLVQRVWL�RG�IUHNYHQFL�GDW�MH
X�WDEHOL����6UHGQMH�YUHPH�UHYHUEHUDFLMH�MH�DULWPHWLaND�VUHGLQD�YUHPHQD�GYD�
QDHVW�PHUHQMD�QD�GDWLP�IUHNYHQFDPD�

7DEHOD����9UHPH�UHYHUEHUDFLMH�L�DSVRUSFLMD�NRUL^`HQH�IUHNYHQFLMH�]YXND

0HUHQMH )UHNYHQFLMD�[+]]

��� ��� ��� ���� ���� ���� ����

P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����
P�¬U� ���� ���� ���� ���� ���� ���� ����

WVU ���� ���� ���� ���� ���� ���� ����
VW��GHYLMDFLMD ���� ���� ���� ���� ���� ���� ����
α ����� ����� ����� ����� ����� ����� �����

8�VOHGH`LP�WDEHODPD�VH�RVRELQH�SRMHGLQLK�DEVRUEHUD��NRML�VX��X�QD^HP
VOXaDMX��ELWQL�X�DQDOL]L�L�RGUH_LYDQMX�YUHPHQD�UHYHUEHUDFLMH�FUNYH��

7DEHOD��D��7DEHODUQL�SULND]�SRMHGLQLK�DSVRUEHUD��0LML`�������

)UHNYHQ� 0HUPHU 0DOWHU 'UYR 6WDNOR

[+]] α $ α $ α $ α $

��� ���� ����� ����� ���� ���� ��� ���� ����
��� ���� ����� ����� ���� ���� ��� ���� ����
��� ���� ����� ����� ���� ���� ��� ���� ����
���� ���� ����� ����� ����� ���� ��� ���� ����
���� ���� ����� ����� ����� ���� ��� ���� ����
���� ���� ����� ����� ����� ���� ��� ���� ����
���� ���� ����� ����� ����� ���� ��� ���� ����

α�¬�NRHILFLMHQWD�DSVRUSFLMH��$�¬�DSVRUSFLMD�SR�P�
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7DEHOD��E��3URFHQMHQD�DSVRUSFLMD�]YXND�SR�IUHNYHQFLMDPD

)UHNYHQFLMD 9D]GXK ,YHQWDU 8NXSQR

[+]] α $ $ $

��� ¬ ¬ ����� �����
��� ¬� ¬ ����� �����
��� ¬ ¬� ����� �����
���� ����� ���� ����� �����
���� ����� ���� ����� �����
���� ����� ���� ����� �����
���� ����� ����� ���� �����

1D�VOHGH`LP�JUDILFLPD��VOLND����SULND]DQD�MH�]DYLVQRVW�YUHPHQD�UHYHU�
EHUDFLMH��D���DSVRUSFLMH�YD]GXKD��E���DSVRUSFLMH�LQYHQWDUD��F��L�VWDQGDUGQH
GHYLMDFLMH��G��RG�IUHNYHQFLMH��1D�VYLP�JUDILFLPD�VH�[�RVD�QDOD]L�X�ORJDUL�
WDPVNRM�UD]PHUL�

6OLND���

=DYLVQRVW�LVSLWLYDQLK
DNXVWLaNLK�SDUDPHWDUD
�D¬F��L�VWDQGDUGQH

GHYLMDFLMH��G��RG
IUHNYHQFLMH�]YXND�

)LJXUH���

5HODWLRQ�EHWZHHQ
PHDVXUHG�DFRXVWLF

SDUDPHWHUV��D¬F��DQG
VWDQGDUG�GHYLDWLRQ��G�

IURP�VRXQG�IUHTXHQF\�
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=DNOMXaDN

5H]XOWDWL�GRELMHQL�]D�YUHPH�UHYHUEHUDFLMH�L�RVWDOLK�YHOLaLQD�NRMH�VX
LVSLWLYDQH�X�RYRP�SURMHNWX�QLVX�VDVYLP�SUHFL]QH��D�UD]OR]L�VX�SRVWRMDQMH
GHNRUDWLYQLK�GHWDOMD�SRUWDOD�L�GUXJRJ�LQYHQWDUD��8SUDYR�]DWR�VH�GR^OR�QD
LGHMX�GD�VH�SURUDaXQD�L�WD�±SDUD]LWVND±�DSVRUSFLMD��2YR�MH�RVWYDUHQR�SXWHP
XSRUH_LYDQMD�XNXSQH�DSVRUSFLMH��NRMD�MH�HNVSHULPHQWDOQR�XWYU_HQD��L�DSVRU�
SFLMH�SRMHGLQLK�SRYU^LQD�NRMH�VX�SR]QDWH�

-HGDQ�RG�VWDQGDUGD�]D�PHUHQMH�YUHPHQD�UHYHUEHUDFLMH��NRHILFLMHQWD�DS�
VRUSFLMH��L�DSVRUSFLMH�MH�YUHGQRVW�GDWLK�YHOLaLQD�QD�����+]��1D�RVQRYX
JUDILND�XVWDQRYLOL�VPR�GD�YUHGQRVWL�QDYHGHQLK�YHOLaLQD�QD�����+]�WHCH�VUH�
GQMRM�YUHGQRVWL��8SRUH_XMX`L�YUHPHQD�UHYHUEHUDFLMH�3HWQLaNH�FUNYH�L�GUXJLK
FUNDYD��NRMH�MH�(7)�%HRJUDG�UDQLMH�L]PHULR���SULPH`XMH�VH�GD�MH�YUHPH
UHYHUEHUDFLMH�3HWQLaNH�FUNYH�]QDWQR�YH`H�RG�RVWDOLK�FUNDYD��NRMH�LPDMX
SULEOLCQR�LVWX�]DSUHPLQX�NDR�L�3HWQLaND�FUNYD��2YD�SRMDYD�REMD^QMDYD�VH
VNRULP�UHQRYLUDQMHP�XQXWUD^QMLK�SRYU^LQD�������JRGLQH���6DPLP�WLP�DS�
VRUSFLMD�SRYU^LQD�MH�PDQMD�SD�MH�YUHPH�UHYHUEHUDFLMH�YH`H��

/LWHUDWXUD

*DPELURCD��9��������$NXVWLaNH�RVRELQH�FUNDYD��1HSXEOLNRYDQL�GLSORPVNL
UDG��(OHNWURWHKQLaNL�IDNXOWHW��%HRJUDG�

-HODNRYL`��7��������=YXN��VOXK��DUKLWHNWRQVND�DNXVWLND��=DJUHE��>NROVND
NQMLJD�

0LML`��0��������$SVRUSFLRQH�NDUDNWHULVWLNH�PDWHULMDOD�L�NRQVWUXNFLMD�
%HRJUDG��(OHNWURWHKQLaNL�IDNXOWHW�

'HMDQ�*UDERYLaNL`�DQG�5DQNR�5DGRYDQRY

$FRXVWLF�3DUDPHWHUV�RI�3HWQLFD±V�&KXUFK

7KH�JRDO�RI�WKLV�SURMHFW�ZDV�WR�H[DPLQH�JOREDO�DFRXVWLF�SDUDPHWHUV
RI�3HWQLFD±V�FKXUFK��UHYHUEHUDWLRQ�WLPH��DEVRUSWLRQ��DEVRUSWLRQ�FRHIILFLHQW
ZKLFK�GHSHQG�RQ�VRXQG�IUHTXHQF\�

7KH�UHVXOWV�REWDLQHG�IRU�WKH�UHYHUEHUDWLRQ�WLPH�DQG�RWKHU�SDUDPHWHUV
ZKLFK�ZHUH�H[DPLQHG�LQ�WKLV�SURMHFW�DUH�QRW�TXLWH�SUHFLVH��DQG�WKH�UHDVRQV
DUH�SRUWDO�GHWDLOV�DQG�RWKHU�FKXUFK�LQYHQWRU\��7KHUHIRUH�DQ�LGHD�RI�HVWLPDW�
LQJ�WKLV�±SDUDVLWH±�DEVRUSWLRQ�DSSHDUHG��,W�ZDV�DFFRPSOLVKHG�E\�FRPSDULQJ
WKH�WRWDO�DEVRUSWLRQ�WKDW�ZHUH�H[SHULPHQWDOO\�GHWHUPLQHG�ZLWK�DEVRUSWLRQ
RI�HDFK�VXUIDFH�WKDW�ZHUH�DOUHDG\�NQRZQ��2QH�RI�VWDQGDUGV�IRU�GHWHUPLQLQJ
RI�UHYHUEHUDWLRQ�WLPH��DEVRUSWLRQ±V�FRHIILFLHQW��DQG�DEVRUSWLRQ�LV�YDOXH�RQ
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WKLV�SDUDPHWHUV�RQ�����+]��$QDO\]LQJ�JUDSKLFV�ZH�IRXQG�WKDW�YDOXH�RI�FLWH
SDUDPHWHUV�RQ�����+]�WHQGV�WR�PLGGOH�YDOXH��%\�FRPSDULQJ�UHYHUEHUDWLRQ
WLPH�3HWQLFD±V�FKXUFK�DQG�RWKHU�FKXUFKHV��ZKLFK�ZDV�HDUOLHU�PHDVXUHG�E\
(7)�%HOJUDGH��ZH�QRWLFHG�WKDW�WKH�UHYHUEHUDWLRQ�WLPH�RI�3HWQLFD±V�FKXUFK
LV�PXFK�ELJJHU�WKHQ�RWKHU�FKXUFKHV��ZKLFK�KDYH�DOPRVW�HTXDO�YROXPH�DV
3HWQLFD±V�FKXUFK�KDV��7KLV�DSSHDUDQFH�LV�H[SODLQLQJ�E\�WKH�VRRQ�UHQRYDWLQJ
LQWHULRU±V�VXUIDFH�RI�WKH�FKXUFK�������\HDU���,QFUHDVHG�YDOXH�RI�UHYHUEHUD�
WLRQ�WLPH�GRHVQ±W�KDYH�LQIOXHQFH�RQ�WKH�DFRXVWLF�RI�FKXUFK�

6XEVHTXHQW�UHVHDUFK�ZLOO�GHWHUPLQH�WKH�VWDQGDUG�ZKLFK�ZLOO�KHOS�WKH
DUFKLWHFWXUH�DQG�FRQVWUXFWLRQ�LQ�IXWXUH�
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