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)ODYRQRLGL�VX�SR�SUDYLOX�QHUDVWYRUQL�X�YRGL��D�UDVWYRUQL�X�RUJDQVNLP
UDVWYDUDaLPD�NDR�^WR�VX�GLPHWLO�VXOIRNVLG��'062��L�HWDQRO��(W2+���#XWH
VX�ERMH��ODW��IODYXV�¬�CXW���D�QDMVWDELOQLML�VX�QD�S+����7HUH]KDOLQ\�HW�DO�
������

8�JUXSX�IODYRQRLGD�VSDGD�L�NYHUFHWLQ�NRML�SRVHGXMH�SURWHNWLYQH�HIHNWH
SURWLY�VUaDQLK�REROMHQMD�L�DQWLNDQFHURJHQX�DNWLYQRVW��D�WDNR_H�L�VSRVREQRVW
GD�JUDGL�KHODWQH�NRPSOHNVH�VD�MRQLPD�SUHOD]QLK�PHWDOD��.YHUFHWLQ�MH�IOD�
YRQRLG�VD�KHWHURFLNOLaQLP�SUVWHQRP��PROHNXOVNRP�IRUPXORP�&��+��2��L
PRODUQRP�PDVRP��������J�PRO��7R�MH�RVQRYQL�IODYRQRLG�NDQWDULRQD��+LS�
SHULFXP�SHUIRUDWXP���D�L]RORYDQ�MH�L]�DPHULaNRJ�RUDKD��4XHUFXV�WLQFWRULD�
�&RG\�HW�DO��������

=D�UD]XPHYDQMH�PHKDQL]PD�SURWHNWLYQRJ�GHMVWYD�NYHUFHWLQD�SRWUHEQR
MH�SR]QDYDWL�QMHJRYH�IL]LaNR�KHPLMVNH�RVRELQH��NDR�^WR�VX�UDVWYRUOMLYRVW�X
VUHGLQDPD�UD]OLaLWH�NLVHORVWL��SURWROLWLaNH�NRQVWDQWH��VWDELOQRVW��D�WDNR_H�L
PHKDQL]DP�QMHJRYH�LQWHUDNFLMH�VD�ELRHOHPHQWLPD�

&LOM�RYRJ�UDGD�MH�ELR�GD�VH�VSHNWURIRWRPHWULMVNL�LVSLWD�VWDELOQRVW�NYHU�
FHWLQD�X�UD]OLaLWLP�RUJDQVNLP�UDVWYDUDaLPD�L�X�YRGHQLP�UDVWYRULPD�X�QHX�
WUDOQRM�VUHGLQL��MHU�VH�QMHJRYL�ELROR^NL�HIHNWL�QDMaH^`H�SUDWH�QD�S+�RNR���
3RVHEQR�MH�ELOR�]QDaDMQR�LVSLWDWL�XWLFDM�ELROR^NRJ�PHGLMXPD��NRML�VH�QDM�
aH^`H�NRULVWL�]D�LVSLWLYDQMH�ELROR^NLK�HIHNDWD�NYHUFHWLQD��QD�SRWHQFLMDOQH
SURPHQH�RYRJ�MHGLQMHQMD��2VLP�WRJD��ELOR�MH�SRWUHEQR�L]YU^LWL�NDUDNWHUL]D�
FLMX�UHDNFLMH�VD�&X��� MRQLPD�NRMD�REXKYDWD�LVSLWLYDQMH�DILQLWHWD�SUHPD
REUD]RYDQMX�NRPSOHNVD��QMHJRYH�YUHPHQVNH�VWDELOQRVWL�L�RGUH_LYDQMH�HP�
SLULMVNH�IRUPXOH�NRPSOHNVD�

���(NVSHULPHQW
����+HPLNDOLMH

8�UDGX�VX�NRUL^`HQH�KHPLNDOLMH�NYDOLWHWD�S��D��6WDQGDUGQL�UDVWYRUL
NYHUFHWLQD��0HUFN��NRQFHQWUDFLMH����×��¬��0�QDSUDYOMHQL�VX�X�HWDQROX
�=RUND��>DEDF�������L�GLPHWLOVXOIRNVLGX��0HUFN���6WDQGDUGQL�UDVWYRU
&X�12�����0HUFN��NRQFHQWUDFLMH����×��¬��0�QDSUDYOMHQ�MH�X�GHVWLORYDQRM
YRGL��6WDELOQRVW�NYHUFHWLQD�LVSLWLYDQD�MH�X�IRVIDWQRP�L�%ULWWRQ�5RELQVRQR�

6WUXNWXUQD�IRUPXODNYHUFHWLQD

6WUXFWXUDO�IRUPXOD�RITXHUFHWLQ
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YRP�SXIHUX�NRML�VX�QDSUDYOMHQL�SUHPD�VWDQGDUGQRM�SURFHGXUL��%LROR^NL�PH�
GLMXP��VUHGLQD�X�NRMRM�VH�LVSLWXMX�HIHNWL�QD�`HOLML��VDVWRMDR�VH�L]�YL^H�RUJDQ�
VNLK�MHGLQMHQMD�L�PHWDOQLK�MRQD��&X��0J��&D��
����$SDUDWXUD

6SHNWURIRWRPHWULMVND�PHUHQMD�YU^HQD�VX�QD�VSHNWURIRWRPHWUX�*%&
&,175$����89�9LV��X�NYDUFQLP�NLYHWDPD�VYHWORVQRJ�SXWD���FP�
.LVHORVW�VUHGLQH�MH�SURYHUDYDQD�QD�S+�PHWUX��=D�PHUHQMH�PDVH�aYUVWLK
X]RUDND�MH�NRUL^`HQD�DQDOLWLaND�YDJD��D�]D�PHUHQMH�]DSUHPLQH�UDVWYRUD�PLN�
URSLSHWD�

���5H]XOWDWL�L�GLVNXVLMD
�����6WDELOQRVW�NYHUFHWLQD�X�YRGHQRM�VUHGLQL�X�SULVXVWYX
UD]OLaLWLK�SXIHUD

2GJRYDUDMX`L�DOLNYRWL�RVQRYQLK�UDVWYRUD�NYHUFHWLQD�X�(W2+�L�'062
NRQFHQWUDFLMD����×��¬��0�VX�GRGDWL�X�ELROR^NL�PHGLMXP��IRVIDWQL�SXIHU�
%ULWRQ�5RELQVRQRY�SXIHU�L�X�YRGX��WDNR�GD�MH�NRQFHQWUDFLMD�ELOD����×��¬��0�
D�NLVHORVW�VUHGLQH�S+������6SHNWUL�RYLK�UDVWYRUD�VX�VQLPDQL�RGPDK�QDNRQ
SUDYOMHQMD�UDVWYRUD��NDR�L�QDNRQ�LQWHUYDOD�RG�SR����PLQXWD�X�QDUHGQLK����
VDWD�

6OLND���
=DYLVQRVWDSVRUEDQFLMH���¬��0UDVWYRUD�NYHUFHWLQD�QD����QP�RG�YUHPHQDX�UD]OLaLWLPVUHGLQDPD��
�����������¬
VWDQGDUGQL�UDVWYRU�X'062��
�����������¬
VWDQGDUGQL�UDVWYRU�XHWDQROX��

)LJXUH����
'HSHQGHQFH�RIDEVRUSWLRQ�RI���¬��0VROXWLRQ�RI�TXHUFHWLQDW�����QP�IURP�WLPHLQ�GLIIHUHQW�VROXWLRQV�VWDQGDUG�VROXWLRQ�LQ'062��
��¬�%ULWWRQ�5RELQVRQ����EXIIHU
��¬�SKRVSKDWH�EXIIHU
��¬�PHGLXP
��¬�ZDWHU
VWDQGDUG�VROXWLRQ�LQHWKDQRO�
��¬�%ULWWRQ�5RELQVRQ
��¬�ZDWHU�
��¬�SKRVSKDWH�EXIIHU
��¬�PHGLXP
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1D�VOLFL���SULND]DQD�MH�SURPHQD�DSVRUEDQFLMH�NYHUFHWLQD�X�]DYLVQRVWL
RG�YUHPHQD�X�LVSLWDQLP�VUHGLQDPD�QD�����QP��6D�VOLNH���VH�YLGL��GD�VX
SURPHQH�DSVRUEDQFLMH�UDVWYRUD�SULSUHPOMHQLK�L]�HWDQROD�QH]QDWQH�X�SHULRGX
RG�����PLQ��GRN�L]�UDVWYRUD�SULSUHPOMHQLK�L]�'062�DSVRUEDQFLMD�RSDGD
VD�YUHPHQRP��2SDGDQMH�LQWHQ]LWHWD�PDNVLPXPD�DSVRUSFLMH�NYHUFHWLQD�SUR�
SRUFLRQDOQR�MH�RSDGDQMX�NRQFHQWUDFLMH�RYRJ�MHGLQMHQMD��QDMYHURYDWQLMH�]ERJ
QMHJRYH�GHJUDGDFLMH��2YDM�SURFHV�PRCH�VH�RSLVDWL�HNVSRQHQFLMDOQRP�MHGQD�
aLQRP�REOLND��6FKPLG��6DSXQRY�������

 At = A0e–kt ���
JGH�MH�

$W�¬�DSVRUEDQFLMD�UDVWYRUD�X�WUHQXWNX�W�
$��¬�DSVRUEDQFLMD�UDVWYRUD�SUL�W� ��
N�¬�NRQVWDQWD�EU]LQH�GHJUDGDFLMH
W�¬�YUHPHQVNL�LQWHUYDO�RG�SUDYOMHQMD�UDVWYRUD�GR�SRVPDWUDQRJ�WUHQXWND
-HGQDaLQD�����SUHGVWDYOMD�L]UD]�]D�EU]LQX�UHDNFLMH�SUYRJ�UHGD��NRMD

RELaQR�RSLVXMH�UHDNFLMH�KLGUROL]H�LOL�GHJUDGDFLMH��6FKPLG��6DSXQRY�������
/RJDULWPRYDQMHP�MHGQDaLQH�����VH�GRELMD�L]UD]�

ln At = – k t + ln Ao ���
NRMLP�VH�L]UDaXQDYD�NRQVWDQWD�EU]LQH�GHJUDGDFLMH�NYHUFHWLQD�X�UD]OLaLWLP
VUHGLQDPD��=DYLVQRVW�OQ�$W�RG�YUHPHQD�SULND]DQD�MH�QD�VOLFL����'RELMHQH�VX
SUDYH�OLQLMH�L]�aLMHJ�MH�QDJLED�L]UDaXQDWD�YUHGQRVW�NRQVWDQWH�EU]LQH�GHJUD�
GDFLMH�NYHUFHWLQD��N��9UHGQRVWL�SROXYUHPHQD�UHDNFLMH�W����GRELMHQH�VX�NDR
UHFLSURaQH�YUHGQRVWL�NRQVWDQWH�N��5H]XOWDWL�VX�GDWL�X�WDEHOL���

6OLND����
2GUH_LYDQMHNRQVWDQWH�EU]LQHGHJUDGDFLMHNYHUFHWLQD�SUHPDMHGQDaLQL����

)LJXUH���
'HWHUPLQDWLRQ�RIYHORFLW\�FRQVWDQW�RI
GHJUDGDWLRQ�RITXHUFHWLQ�DFFRUGLQJ
HTXDWLRQ����
%�¬�'062��ZDWHU
&�¬�'062������SKRVSKDWH
'�¬�'062��%5
(�¬�'062��PHGLXP
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7DEHOD����.RQVWDQWH�EU]LQH�GHJUDGDFLMH�NYHUFHWLQD�NRQFHQWUDFLMH�
���×��¬��0�L]�VWDQGDUGQRJ�UDVWYRUD�X�'062�X�SULVXVWYX�UD]OLaLWLK
SXIHUD�QD�S+����
3XIHU N�[V¬�] W����[K]
%ULWWRQ�5RELQVRQ ���⋅��¬� �����
ELROR^NL�PHGLXP ���⋅��¬� ����
IRVIDWQL ���⋅��¬� �����
YRGD ���⋅��¬� �����

�
5H]XOWDWL�SULND]DQL�X�WDEHOL���SRND]XMX�GD�MH�QDMVSRULML�SURFHV�GH�

JUDGDFLMH�NYHUFHWLQD�X�%ULWWRQ�5RELQVRQRYRP�SXIHUX��.DR�SRVOHGLFD�WRJD�
NRQVWDQWD�EU]LQH�UHDNFLMH�GHJUDGDFLMH�QDMPDQMD�MH�X�WRP�SXIHUX��D�QDMYH`D
X�ELROR^NRP�PHGLMXPX��JGH�VH�NYHUFHWLQ�QDMEUCH�UDVSDGD�
����,VSLWLYDQMH�VWDELOQRVWL�VWDQGDUGQRJ�UDVWYRUD�NYHUFHWLQD�X
HWDQROX

1D�RVQRYX�UH]XOWDWD�X�RGHOMNX������PRCH�VH�]DNOMXaLWL�GD�MH�X�WRNX
QHNROLNR�VDWL�QDMVWDELOQLML�UDVWYRU�NYHUFHWLQD�X�YRGHQRM�VUHGLQL�EH]�SXIHUD�
6WDELOQRVW�UDVWYRUD�NYHUFHWLQD�X�HWDQROX�LVSLWLYDQD�MH�WRNRP�QHNROLNR�GDQD�
WDNR�^WR�MH�VYDNL�GDQ�QDSUDYOMHQ�VYHC�UDVWYRU�NRQFHQWUDFLMH����×��¬��0�L]
VWDQGDUGQRJ�UDVWYRUD��1HSRVUHGQR�QDNRQ�SULSUHPDQMD�UDVWYRUD�VQLPOMHQ�MH
DSVRUSFLRQL�VSHNWDU�X�REODVWL�WDODVQLK�GXCLQD�RG�����QP�GR�����QP��3RV�
WXSDN�MH�SRQRYOMHQ�X�UD]PDNX�RG����K�X�QDUHGQD�WUL�GDQD��$SVRUSFLRQL

6OLND����
$SVRUSFLRQL�VSHNWDU��¬��0�UDVWYRUDNYHUFHWLQD�X�X�YRGL
QD�S+�����L]VWDQGDUQRJ�UDVWYRUD�XHWDQROX�RGPDK�QDNRQ
SULSUHPDQMD�UDVWYRUD

)LJXUH����
$EVRUSWLRQ�VSHFWUD�RI��¬��0�VROXWLRQ�RI
TXHUFHWLQ�LQ�ZDWHU�DWS+�����IURP�VWDQGDUGVROXWLRQ�LQ�HWKDQRO
MXVW�DIWHU�SUHSDULQJVROXWLRQ
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VSHNWDU�NYHUFHWLQD�VQLPOMHQ�RGPDK�SULND]DQ�MH�QD�VOLFL����6D�VOLNH���VH�YLGL
GD�NYHUFHWLQ�LPD�GREUR�GHILQLVDQ�DSVRUSFLRQL�VSHNWDU�VD�GYD�PDNVLPXPD
DSVRUSFLMH�X�89�REODVWL��QD�����QP�L�����QP��1D�VOLFL���SULND]DQD�MH�SUR�
PHQD�DSVRUEDQFLMH�X�WRNX���GDQD��SUD`HQD�QD�����QP�L�����QP��5H]XOWDWL
SRND]XMX�GD�X�WRNX�SUYD�GYD�GDQD�QHPD�]QDaDMQH�SURPHQH�DSVRUEDQFLMH�
GRN�MH�WUH`HJ�GDQD�DSVRUEDQFLMD�RSDOD��2YL�UH]XOWDWL�SRND]XMX�GD�MH�VWDQG�
DUGQL�UDVWYRU�NYHUFHWLQD�X�HWDQROX�VWDELODQ�QDMPDQMH�GYD�GDQD��
�����5HDNFLMD�NYHUFHWLQD�VD�&X�,,�

'D�EL�VH�XWYUGLOR�GD�OL�NYHUFHWLQ�UHDJXMH�VD�MRQLPD�EDNUD��VQLPOMHQL
VX�VSHNWUL����×��¬��0�UDVWYRUD�NYHUFHWLQD�X�YRGL�L�HWDQROX��]ERJ�WRJD�^WR
MH�RQ�WX�SRND]DR�QDMYH`X�VWDELOQRVW�����×��¬��0�UDVWYRUD�&X�12���×�+�2
X�LVWRM�VUHGLQL�L�QMLKRYH�VPH^H�X�NRMRM�VX�NRQFHQWUDFLMH�NRPSRQHQWL�ELOH
���×��¬��0��2YL�UH]XOWDWL�SULND]DQL�VX�QD�VOLFL����9LGL�VH�GD�UDVWYRU�EDNUD
GDWH�NRQFHQWUDFLMH�LPD�PDNVLPXP�DSVRUSFLMH�QD�����QP��DOL�VH�X�VPH^L�VD
NYHUFHWLQRP�MDYOMD�QRYD�DSVRUSFLRQD�WUDND�VD�PDNVLPXPRP�DSVRUSFLMH�QD
����QP��2YH�SURPHQH�DSVRUSFLRQLK�VSHNWDUD�SRND]XMX�GD�X�UDVWYRUX�GROD]L
GR�UHDNFLMH�REUD]RYDQMD�NRPSOHNVD�L]PHGMX�NYHUFHWLQD�L�MRQD�EDNUD��

(PSLULMVND�IRUPXOD�NRPSOHNVD�MH�RGUH_HQD�PHWRGRP�VSHNWURIRWR�
PHWULMVNH�WLWUDFLMH��6QLPDQL�VX�DSVRUSFLRQL�VSHNWUL�UDVWYRUD�X�NRMLPD�MH
PHQMDQD�NRQFHQWUDFLMD�&X���MRQD��D�NRQFHQWUDFLMD�NYHUFHWLQD�MH�ELOD�NRQ�

6OLND���
3URPHQH�DSVRUEDQFLMH��¬��0�UDVWYRUDNYHUFHWLQD�X�YRGL�QD
S+�����L]�VWDQGDUQRJUDVWYRUD�X�HWDQROX�X]DYLVQRVWL�RG
YUHPHQD�

)LJXUH���
&KDQJHV�RIDEVRUSWLRQ�RI���¬��0
VROXWLRQ�RI�TXHUFHWLQLQ�ZDWHU�DW�S+����IURP�VWDQGDUG
VROXWLRQ�LQ�HWKDQROGHSHQGLQJ�IURP�WLPH
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VWDQWQD�����×��¬��0���3UD`HQD�MH�SURPHQD�DSVRUEDQFLMH�UDVWYRUD�X�]DYLV�
QRVWL�RG�RGQRVD�NRQFHQWUDFLMD�NRPSRQHQWL�X�UDVWYRUX��5H]XOWDWL�VX�SULND�
]DQL�QD�VOLFL����,]�UH]XOWDWD�VH�YLGL�GD�MH�X�RYLP�XVORYLPD�REUD]RYDQ
NRPSOHNV�X�NRPH�PRODUQL�RGQRV�EDNUD�L�NYHUFHWLQD�L]QRVL������SD�MH�HP�
SLULMVND�IRUPXOD�RYRJ�NRPSOHNVD�&X&��+��2���

'D�EL�VH�XWYUGLOD�YUHPHQVND�VWDELOQRVW�REUD]RYDQRJ�NRPSOHNVD��VSHN�
WUL�VX�VQLPDQL�RGPDK�QDNRQ�SULSUHPH�UDVWYRUD�L�QDNRQ������������L����PL�
QXWD�RG�SULSUHPH��3UD`HQD�MH�DSVRUEDQFLMD�QD�WDODVQLP�GXCLQDPD�����QP�
����QP�L�����QP��JGH�VX�RGJRYDUDMX`L�SLNRYL�X�VSHNWUX���¬�VOLND�����D
UH]XOWDWL�VX�GDWL�X�WDEHOL���

6OLND����
$SVRUSFLRQL�VSHNWUL��¬��0�NYHUFHWLQD�������¬��0�&X62�
����L�QMLKRYH�VPH^H����X�YRGL�QD�S+����

)LJXUH����
$EVRUSWLRQ�VSHFWUDVRI���¬��0�TXHUFHWLQ
�����&X�,,��LRQV����DQG�WKHLU�PL[WXUH����
LQ�ZDWHU�DW�S+�����

6OLND����
2GUH_LYDQMH�VDVWDYDNRPSOHNVD�NYHUFHWLQDVD�&X�,,��PHWRGRP
NRQWLQXDOQLK�YDULMDFLMDFNYHUFHWLQ� ����×��¬��0

)LJXUH���
'HWHUPLQDWLRQ�RIVWRLFKLRPHWU\�RI
FRPSOH[�RI�TXHUFHWLQDQG�&X�,,��E\�PRODU
UDWLR�PHWKRGFTXHUFHWLQ� ����×��¬��0
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7DEHOD���8WLFDM�YUHPHQD�QD�VWDELOQRVW�NRPSOHNVD
9UHPH�[PLQ] $SVRUEDQFLMD�QD�

������QP �������QP �������QP
� ������ ������ ������
�� ������ ������ ������
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7KH�PRVW�FRQYHQLHQW�PHWKRG�IRU�WKLV�LQYHVWLJDWLRQ�LV�VSHFWURSKRWR�
PHWU\��EHFDXVH�TXHUFHWLQ�KDV�D�FKDUDFWHULVWLF�DEVRUSWLRQ�VSHFWUD�ZLWK�D
PD[LPXP�LQ�WKH�89�DUHD��:DJQHU��������VR�DOO�WKH�FKDQJHV�FRQQHFWHG
ZLWK�LWV�VWDELOLW\�DQG�DFWLYLW\�DUH�H[SHFWHG�WR�EH�UHIOHFWHG�RQ�VSHFWUDO�FKDU�
DFWHULVWLFV��$OO�WKH�VSHFWHUV�ZHUH�IROORZHG�LQ�WKH�ZDYHOHQJWK�UDQJH�IURP
����WR�����QP�

7KH�VWDELOLW\�RI�TXHUFHWLQ�ZDV�LQYHVWLJDWHG�LQ�GLIIHUHQW�VROXWLRQV��7KH
DLP�ZDV�WR�ILQG�D�FRQYHQLHQW�VROXWLRQ�ZKHUH�TXHUFHWLQ�LV�VWDELOH�HQRXJK
IRU�LQYHVWLJDWLRQ�RI�WKH�UHDFWLRQ�RI�FRPSOH[�IRUPDWLRQ�

6ROXWLRQV�RI�TXHUFHWLQ�LQ�'062�DQG�(W2+��F� ���¬��0��ZHUH�EHLQJ
GLOXWHG�E\�ELRORJLFDO�PHGLXP��SKRVSKDWH�EXIIHU��%ULWWRQ�5RELQVRQ�EXIIHU
DQG�ZDWHU�XQWLO�WKH�FRQFHQWUDWLRQ�RI�TXHUFHWLQ�EHFDPH���¬��0��,Q�WKDW�ZD\
HLJKW�VROXWLRQV�ZHUH�SUHSDUHG�DQG�WKHLU�VSHFWHUV�ZHUH�IROORZHG�HYHU\���
PLQXWHV�GXULQJ�����KRXUV��)LJXUH����

,W�ZDV�FRQFOXGHG�WKDW�TXHUFHWLQ�LV�WKH�PRVW�VWDELOH�LQ�VROXWLRQV�SUH�
SDUHG�ZLWK�HWKDQRO��SDUWLFXODUO\�LQ�ZDWHU�ZLWKRXW�EXIIHUV��7KH�LQYHVWLJDWLRQ
ZDV�FRQWLQXHG�ZLWK�WKDW�VROXWLRQ�

7KH�UHVXOWV�REWDLQHG�LQ�'062�DUH�VKRZQ�LQ�)LJXUH���DQG�7DEOH����
,W�ZDV�IRXQG�WKDW�TXHUFHWLQ�LV�VWDELOH�LQ�WKH�VROXWLRQ�ZLWK�HWKDQRO�DQG

ZDWHU�IRU�DERXW�WZR�GD\V��)LJXUH����
7KH�FRPSOH[�ZDV�IRUPHG��)LJXUH����DQG�LWV�VWRFKLRPHWU\�ZDV�GHWHU�

PLQDWHG�DFFRUGLQJ�WR�WKH�PRODU�UDWLR�PHWKRG��7RGRURYL`��������)LJXUH����
7KLV�PHWKRG�VKRZHG�WKDW�WKH�VWRFKLRPHWULFDO�UDWLR�RI�WKH�FRPSRQHQWV
ZKLFK�IRUP�WKH�FRPSOH[�LV������7KH�FRPSOH[�UHPDLQHG�VWDELOH�GXULQJ�RQH
KRXU�DIWHU�IRUPLQJ�
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