
7DPDUD�7R^L`�L�1HQDG�9XNPLURYL`

&&'�NDPHUD�NDR�EHVNRQWDNWQL�VHQ]RU
WHPSHUDWXUH

2GUH_HQD� MH� WHPSHUDWXUD� ]UDaHQMD� VLMDOLFD� RG� ��:� L� ���:� X]� SRPR`� &&'
NDPHUH��'LIUDNFLRQRP�UH^HWNRP�]UDaHQMH�MH�UD]ORCHQR�QD�VSHNWDU�NRML�MH�VQLPDQ
NDPHURP��2EUDGRP�GRELMHQLK�VQLPDND�L�ILWRYDQMHP�SRGDWDND�QD�3ODQNRYX�NULYX
]UDaHQMD��GRELMHQD�WHPSHUDWXUD�MH�L]QRVLOD�]D�VLMDOLFX�RG����:������±�����⋅�����D
]D�VLMDOLFX�RG�����:������±�����⋅�����3UL�WRPH�QLMH�X]HW�X�RE]LU�QHMHGQDN�VSHN�
WUDOQL�RG]LY�&&'�D��'D�EL�VH�SREROM^DOD�WDaQRVW�ELOR�MH�SRCHOMQR�NDOLEULVDWL�RG]LY
NDPHUH�SR�WDODVQLP�GXCLQDPD��3RNX^DM�GD�VH�WR�XUDGL�VQLPDQMHP�VSHNWUD�CLYLQH
ODPSH�L�SRUH_HQMHP�GRELMHQLK�UH]XOWDWD�VD�WDEOLaQLP�YUHGQRVWLPD�QLMH�XVSHR�]ERJ
YHOLNLK�IOXNWXDFLMD�X�QMHQRP�]UDaHQMX��0HWRG�NRML�MH�NRUL^`HQ�PRCH�GD�VH�SULPHQL
QD�ELOR�NRMH�WHOR�NRMH�VH�PRCH�VPDWUDWL�X�GREURM�DSURNVLPDFLML�FUQLP�LOL�VLYLP�L
aLMH�]UDaHQMH�&&'�PRCH�XVSH^QR�GD�UHJLVWUXMH�

8YRG

=ERJ�VYRMLK�NDUDNWHULVWLND��&&'�NDPHUD�VH�PRCH�NRULVWLWL�L]PH_X
RVWDORJ�L�NDR�EHVNRQWDNWQL�VHQ]RU�WHPSHUDWXUH�X�LQWHUYDOX�WHPSHUDWXUD�JGH
VH�NRQWDNWQL�VHQ]RUL�QH�PRJX�SULPHQLWL��6QLPDQMHP�VSHNWUD�]UDaHQMD�WHOD
NRMH�VH�X�GREURM�DSURNVLPDFLML�PRCH�VPDWUDWL�FUQLP�LOL�VLYLP��QD�RVQRYX
3ODQNRYRJ�]DNRQD�]UDaHQMD�NRML�GDMH�UDVSRGHOX�HPLWRYDQH�HQHUJLMH�SR�WDOD�
VQLP�GXCLQDPD�L�GDOMRP�REUDGRP�GRELMHQLK�VOLND��PRCH�VH�RGUHGLWL�WHP�
SHUDWXUD�WHOD�NRMD�]UDaH�X�RSVHJX�WHPSHUDWXUD�L]QDG������.��8�RYRP�UDGX
MH�QD�WDM�QDaLQ�RGUH_HQD�WHPSHUDWXUD�]UDaHQMD�VLMDOLFH��>HPD�HNVSHULPHQWD
GDWD�MH�QD�VOLFL���

7HRULMVNH�RVQRYH�L�JHRPHWULMD�HNVSHULPHQWD

3UHPD�3ODQNRYRP�]DNRQX�]UDaHQMD�FUQRJ�WHOD�VQDJD�VYHWORVWL�NRMH
L]UDaL�FUQR�WHOR�X�LQWHUYDOX�WDODVQLK�GXCLQD�MHGQDN�MH�

3λ�λ�+�∆λ�=� �
λ�
�⋅� &��6

�H[S�[&����(λ7)]�−��
�∆�λ

7DPDUD�7R^L`��������
6XERWLFD��-RYDQD
0LNL`D������XaHQLFD
���UD]UHGD�*LPQD]LMH
®6YHWR]DU�0DUNRYL`¯
X�6XERWLFL

1HQDG�9XNPLURYL`
��������%HRJUDG��%�
6WHSDQRYL`D����
XaHQLN����UD]UHGD
0DWHPDWLaNH
JLPQD]LMH�X�%HRJUDGX
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JGH�MH�6�SRYU^LQD�FUQRJ�WHOD��&��=��πKF��=�������⋅��¬���:�P��SUYD�UDGL�

MDFLRQD�NRQVWDQWD��D�&��=�KF���N�=��������⋅��¬��P.�GUXJD�UDGLMDFLRQD�NRQ�
VWDQWD�

,]�WHRULMH�GLIUDNFLRQH�UH^HWNH�MH�SR]QDWR�GD�VH�SUYL�GLIUDNFLRQL�PDN�

VLPXP�MDYOMD�NDGD�MH�LVSXQMHQ�XVORY�GD�MH�λ�=�G�VLQ�ϕ��RGQRVQR��GLIHUHQFL�
UDQMHP�RYH�MHGQDaLQH�GRELMDPR�GD�MH�

∆�λ�=�G�FRV�ϕ�∆�ϕ� ���

,]�JHRPHWULMH�SUREOHPD��VOLND����MH�[�=�D�WDQ�ϕ��RGQRVQR�

∆�[�=�D� ∆�ϕ
FRV��ϕ

�� ���

,]�MHGQDaLQD�����L�����LPDPR�GD�MH�

∆�λ�=�G�∆�[
D

�FRV��ϕ��

=DPHQRP�RYRJ�L]UD]D�X�MHGQDaLQX�NRMD�RSLVXMH�3ODQNRY�]DNRQ�LPDPR�

3λ�λ�+�∆λ�=�ε�
&�6�G�∆�[

D
�⋅�FRV

��ϕ
λ�

�H[S�(−� &�

λ�7
)� ���

V�RE]LURP�GD�MH�EURM�MHGDQ�X�LPHQLRFX�3ODQNRYH�IRUPXOH�]DQHPDUOMLY�X�RS�
VHJX�WHPSHUDWXUD�L�WDODVQLK�GXCLQD�NRML�MH�QDPD�RG�LQWHUHVD��8�L]UD]X�����

ε�SUHGVWDYOMD�HPLVLYQRVW�WHOD�NRMX�`HPR�X�RYRP�VOXaDMX�VPDWUDWL�NRQVWDQW�
QRP��VYHVQR�UL]LNXMX`L�GD�XYH`DPR�JUH^NX�PHUHQMD�

,QWHQ]LWHW�VYHWORVWL�X�LQWHUYDOX�WDODVQLK�GXCLQD��QD�UDVWRMDQMX�U�RG�L]�
YRUD��MH�MHGQDN

,���(λ�λ�+�∆λ)�=�
3λ�λ�+�∆λ

��U��π
��

3RVOH�SURODVND�NUR]�GLIUDNFLRQX�UH^HWNX��UDVSRGHOD�LQWHQ]LWHWD�VYHWORVWL
MH�GHILQLVDQD�SRPR`X�SR]QDWH�UHODFLMH�]D�XJDRQX�UDVSRGHOX�LQWHQ]LWHWD�GL�
IUDNWRYDQH�VYHWORVWL

,ϕ��(λ��λ�+�∆λ)�=�,���(λ��λ�+�∆λ)�⋅�
VLQ��

π�E�VLQ�ϕ
λ





π�E�VLQ�ϕ
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

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�
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VLQ���

1�π�G�VLQ�ϕ
λ

VLQ���
π�G�VLQ�ϕ

λ

��

JGH�MH�E�^LULQD�MHGQRJ�]DUH]D�QD�UH^HWNL��D�1�EURM�]DUH]D�QD�UH^HWNL�
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1D�PHVWX�JGH�MH�SUYL�GLIUDNFLRQL�PDNVLPXP�]D�GDWX�WDODVQX�GXCLQX�

WM��JGH�MH�λ�=�G�VLQ�ϕ�YDCL

,ϕ��(λ��λ�+�∆λ)�=�,���(λ��λ�+�∆λ)�⋅�
VLQ���

π�E
G




π�E
G





� �⋅�VLQ
��(1�π)
VLQ��π

�

6�RE]LURP�GD�
VLQ�1�[
VLQ[

�→�1�NDG�[�→�π��VOHGL�GD�MH

,�=�,���(λ��λ�+�∆λ)�⋅�
VLQ���

π�E
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


π�E
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
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,�=�ε�&�6�G�∆�[
��U��π�D
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π�E
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
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/RJDULWPRYDQMHP�SRVOHGQMH�MHGQDaLQH�VH�GRELMD

OQ,�=�OQ�


ε�&�6�G�∆�[
��U��π�D

�⋅�
VLQ���

π�E
G




π�E
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



�
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
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SD�]DPHQRP�λ�=�G�VLQ�ϕ��LPDPR�

&�

λ
�=�7�OQ�



ε�&�6�G�∆�[
��U��π�D

�⋅�
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π�E
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


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



� �⋅�1�

�−���7�OQ�G�+�7�(��OQ�FRV�ϕ�−���OQ�VLQ�ϕ�−�OQ�,)

8�QD^RM�DSURNVLPDFLML�VPDWUD`HPR�GD�MH�YUHGQRVW�NRMX�SRND]XMH�&&'

�VXPD�SR�SLNVHOLPD��VUD]PHUQD�LQWHQ]LWHWX�VYHWORVWL��RGQRVQR�9�=�N�,��SD
]DPHQRP�X�SUHWKRGQX�MHGQDaLQX�NRQDaQR�GRELMDPR

&�

λ
�=�FRQVW��+�7�(��OQ�FRV�ϕ�−���OQ�VLQ�ϕ�−�OQ�,)� ���
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'DNOH��GRELOL�VPR�OLQHDUQX�UHODFLMX�X�NRMRM�NRHILFLMHQW�SUDYFD�SUHG�
VWDYOMD�XSUDYR�WUDCHQX�YHOLaLQX��RGQRVQR�WHPSHUDWXUX�]UDaHQMD�WHOD��

0HWRG

>HPD�DSDUDWXUH�GDWD�MH�QD�VOLFL����8�HNVSHULPHQWX�VPR�NRULVWLOL�
¬ L]YRU�]UDaHQMD��VLMDOLFH�VQDJH���:�L����:��CLYLQD�ODPSD�NRMD�VH

NRULVWL�]D�XOLaQX�UDVYHWX�
¬ ]DNORQ�VD�PDOLP�RWYRURP��NDUWRQVND�NXWLMD�QD�NRMRM�MH�ELOD�L]EX�

^HQD�UXSLFD�
¬ UHIOHNVLYQX�GLIUDNFLRQX�UH^HWNX�
¬ PLNURSR]LFLRQHU�
¬ &&'�NDPHUX
¬ UDaXQDU�
8�NXWLMX�VD�PDOLP�RWYRURP�SRVWDYOMHQD�MH�VLMDOLFD��3URVWRULMD�X�NRMRM

VH�L]YRGLR�HNVSHULPHQW��RSWLaND�ODERUDWRULMD�,63��MH�ELOD�]DPUDaHQD��6YHW�
ORVQL�VQRS�L]�NXWLMH�MH�XSHUHQ�QRUPDOQR�QD�GLIUDNFLRQX�UH^HWNX��D�&&'�ND�
PHUD�MH�SRVWDYOMHQD�QD�PLNURSR]LFLRQHU��WDNR�GD�MH�QD�QMX�SDGDR�GHR
VSHNWUD�UD]ORCHQ�SRPR`X�GLIUDNFLRQH�UH^HWNH��3R^WR�aLS�QLMH�PRJDR�GD
XKYDWL�FHR�VSHNWDU��&&'�MH�SRPHUDQ�SRPR`X�PLNURSR]LFLRQHUD�GD�EL�PR�
JDR�GD�UHJLVWUXMH�PDNVLPXPH�]D�UD]OLaLWH�WDODVQH�GXCLQH�VSHNWUD�VLMDOLFH�
&&'�NDPHUD�MH�SRYH]DQD�QD�UDaXQDU�NRML�MH�SRPR`X�SURJUDPVNRJ�SDNHWD
±9LGHR�.LW±�VQLPDR�GLJLWDOQH�VOLNH�X�EPS�IRUPDWX��

=D�aLWDQMH�GRELMHQLK�VOLND�L�RGUH_LYDQMH�LQWHQ]LWHWD�SLNVHOD�NRUL^`HQ�MH
SURJUDPVNL�SDNHW�0DWODE��6OLND�VQLPOMHQD�X�EPS�IRUPDWX�XaLWDYD�VH�X
0DWODE�NDR�LQGHNVLUDQD�PDWULFD��=DWLP�VH�LQGHNVLUDQD�PDWULFD�NRQYHUWXMH
X�PDWULFX�LQWHQ]LWHWD��=D�YUHGQRVW�MHGQH�VOLNH�X]HW�MH�]ELU�YUHGQRVWL�SR�SLN�
VHOLPD�QD�WRM�VOLFL��RGQRVQR�]ELU�HOHPHQDWD�LQGHNVLUDQH�PDWULFH���3UL�WRPH
VH��NDR�^WR�MH�QDSRPHQXWR��aLQL�JUH^ND��MHU�MH�MDVQR�GD�RG]LY�&&'�D�QLMH
LVWL�QD�VYLP�WDODVQLP�GXCLQDPD��0H_XWLP��RYD�DSURNVLPDFLMD�MH�VDVYLP�]D�
GRYROMDYDMX`D��MHU�VH�L]�UHODFLMH�����PHWRGRP�QDMPDQMLK�NYDGUDWD�QDOD]L�RS�
WLPDOQD�YUHGQRVW�WHPSHUDWXUH�

6OLND����
>HPD�SRVWDYOMHQH
DSDUDWXUH�

)LJXUH����
,QVWUXPHQWDO�VHWXS�
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5H]XOWDWL

1D�RVQRYX�UHODFLMH�����GRELMHQL�VX�JUDILFL�SULND]DQL�QD�VOLNDPD���L���
/LQHDUQLP�ILWRYDQMHP�PHWRGRP�QDMPDQMLK�NYDGUDWD�GRELMHQR�MH�GD�NRHILFL�
MHQW�SUDYFD�NRML�MH�SR�QD^HP�PRGHOX�MHGQDN�WHPSHUDWXUL�VLMDOLFH��L]QRVL
����±���.�]D�VLMDOLFX�RG����:��D�����±���.�]D�VLMDOLFX�RG�����:��.RH�
ILFLMHQW�NRUHODFLMH�L]PH_X�HNVSHULPHQWDOQLK�WDaDND�L�OLQHDUQRJ�ILWD�X�SUYRP
VOXaDMX�L]QRVL��������DX�GUXJRP��������=D�YUHGQRVW�LQWHQ]LWHWD�VYHWORVWL
X]HWD�MH�UD]OLND�L]PH_X�L]PHUHQH�YUHGQRVWL�L�QDMPDQMH�RG�VYLK�L]PHUHQLK
YUHGQRVWL�NRMX�VPR�VPDWUDOL�XWLFDMHP�VSROMD^QMH�VUHGLQH�NRML�SRVWRML�L�X�]D�
PUDaHQRM�RSWLaNRM�ODERUDWRULML�]ERJ�YHOLNH�RVHWOMLYRVWL�&&'�D�

6OLND���
5H]XOWDWL�PHUHQMD�]D
VLMDOLFX�RG����:�

)LJXUH���
7KH�JUDSK�IRU
REWDLQLQJ�WKH
WHPSDUDWXUH�RI����:
ODPS�

6OLND���
5H]XOWDWL�PHUHQMD�]D
VLMDOLFX�RG�����:�

)LJXUH���
7KH�JUDSK�IRU
REWDLQLQJ�WKH
WHPSDUDWXUH�RI�
����:�ODPS�
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.DOLEUDFLMD�&&'�D

8�FLOMX�SRNX^DMD�NDOLEULVDQMD�&&'�D��RGQRVQR�XWYU_LYDQMD�VWHSHQD
RVHWOMLYRVWL�]D�UD]OLaLWH�WDODVQH�GXCLQH��VQLPDQ�MH�VSHNWDU�CLYLQH�ODPSH��&LOM
RYRJ�PHUHQMD�QLMH�ELR�RGUH_LYDQMH�WHPSHUDWXUH��MHU�VH�CLYLQD�ODPSD�QH�PR�
CH�VPDWUDWL�FUQLP�LOL�VLYLP�WHORP��YH`�GRELMDQMH�NRUHNFLRQLK�IDNWRUD�SR�
PR`X�NRMLK�EL�VPR�PRJOL�GD�UHVNDOLUDPR�GRELMHQH�UH]XOWDWH�X�FLOMX
VPDQMHQMD�JUH^NH��'RELMHQL�UH]XOWDWL�VX�SULND]DQL�QD�JUDILNX��VOLND����

=D�YUHGQRVW�QD�&&'�X�SUL�GDWRM�WDODVQRM�GXCLQL�X]LPDQD�MH�VUHGQMD
YUHGQRVW�aHWLUL�X]DVWRSQR�VQLPDQH�VOLNH�]ERJ�IOXNWXDFLMD�LQWHQ]LWHWD�VYHW�
ORVWL�CLYLQH�ODPSH��NDR�L�IOXNWXDFLMD�RG]LYD�QD�&&'�X��7H�IOXNWXDFLMH�VX
ELOH�SULVXWQH�L�SUL�PHUHQMX�VSHNWUD�VLMDOLFD��DOL�QLVX�ELOH�WROLNR�L]UDCHQH�SD
MH�]D�GDWX�WDODVQX�GXCLQX�YU^HQR�VDPR�MHGQR�VQLPDQMH�VOLNH��6QLPDQMHP
VSHNWUD�CLYLQH�ODPSH�SRPR`X�&&'�D�CHOHOL�VPR�GD�QD�RVQRYX�WDEOLaQLK
YUHGQRVWL�NDOLEUL^HPR�&&'�^WR�QDP�QLMH�XVSHOR��1DLPH��]DNOMXaLOL�VPR�GD
MH�SRWUHEDQ�PQRJR�YH`L�EURM�PHUHQMD�]D�GDWX�WDODVQX�GXCLQX�GD�EL�VH�HOL�
PLQLVDOH�IOXNWXDFLMH��NDR�L�PQRJR�PDQML�NRUDN�L]PH_X�GYD�PHUHQMD�GD�EL
VH�X�SRWSXQRVWL�VQLPLR�WDM�VSHNWDU�

0RJX`QRVWL�SREROM^DQMD�HNVSHULPHQWD

2YDM�PHWRG�]D�RGUH_LYDQMH�WHPSHUDWXUH�VH�SRND]DR�MDNR�GREULP��5H�

]XOWDWL�VX�GRELMHQL�VD�JUH^NRP�PHUHQMD�PDQMRP�RG����SRVWR��̂ WR�MH�SULOLaQR

GREUR�X]LPDMX`L�X�RE]LU�VYH�DSURNVLPDFLMH�NRMH�VPR�NRULVWLOL��NDR�L�QH�

VDYU^HQRVW�DSDWDWXUH��1D��NUDMX�GDMHPR�SUHGORJ�HNVSHULPHQWD�NRML�EL�PRJDR

GD�SREROM^D�UH]XOWDWH�

6OLND����
5H]XOWDWL�PHUHQMD�]D
CLYLQX�ODPSX�

)LJXUH����
'HSHQGHQFH�RI�WKH
YDOXH�RQ�&&'�IURP
WKH�ZDYHOHQJWK�LQ
VSHFWUXP�RI�WKH
KDORJHQ�ODPS�
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,GHMD�MH�GD�VH�QDSUDYL�EHVNRQWDNWQL�VHQ]RU�WHPSHUDWXUH�NRML�`H�QD�RV�
QRYX�MHGQRJ�VQLPND�RGUHGLWL�WHPSHUDWXUX�WHOD��3RWUHEQD�DSDUDWXUD�MH�

¬ &&'�NDPHUD
¬ SUL]PD�VD�SR]QDWRP�]DYLVQR^`X�LQGHNVD�SUHODPDQMD�RG�WDODVQH�GX�

CLQH
¬ ]DNORQ��NXWLMD�VD�RWYRURP�SUDYRXJDRQRJ�REOLND�aLMD�MH�MHGQD�VWUD�

QLFD�PQRJR�YH`D�RG�GUXJH�L�RSFLRQR�GRGDWQL�SUHGPHWL�]D�SREROM^D�
QMH�IXQNFLMH�]DNORQD�

¬ GRGDWQD�DSDUDWXUD�]D�ILNVLUDQMH�PH_XVREQRJ�SRORCDMD�&&'�D��SUL�
]PH�L�]DNORQD

¬ QH^WR�RG�VOHGH`HJ��PRQRKURPDWVNL�L]YRUL�UD]OLaLWLK�SR]QDWLK�WDODV�
QLK�GXCLQD��PRQRKURPDWVNL�ILOWUL�UD]OLaLWLK�SR]QDWLK�WDODVQLK�GXCLQD�
L]YRUL�VD�GLVNUHWQLP�VSHNWURP�L�SR]QDWLP�WDODVQLP�GXCLQDPD

¬ SRODUL]DWRU�L�DQDOL]DWRU
¬ FUQD�WHOD�UD]OLaLWLK�WHPSHUDWXUD�LOL��^WR�MH�MR^�EROMH��MHGQR�FUQR�WHOR

aLMX�WHPSHUDWXUX�PRCHPR�PHQMDWL�
¬ UDaXQDU�VD�VRIWYHURP�]D�VQLPDQMH�VOLNH

8PHVWR�GLIUDNFLRQH�UH^HWNH�]D�UD]ODJDQMH�]UDaHQMD�FUQRJ�WHOD�QD�VSHN�
WDU�PRCH�VH�LVNRULVWLWL�L�SUL]PD�MHU�LQGHNV�SUHODPDQMD�]DYLVL�RG�WDODVQH
GXCLQH��SD�VH�]D�UD]OLaLWH�WDODVQH�GXCLQH�]UDFL�SUHODPDMX�SRG�UD]OLaLWLP
XJORYLPD��3UHGQRVW�SUL]PH�MH�^WR�SDUDOHODQ�VYHWORVQL�VQRS�SUHWYDUD�X�VODER
GLYHUJHQWDQ�WDNR�GD�&&'�PRCH�MHGQLP�VQLPNRP�GD�REXKYDWL�FHR�UD]ORCHQ
VSHNWDU��7LPH�VH�SHGHVHWDN�VQLPDND�NROLNR�MH�SRWUHEQR�GD�VH�VQLPL�FHR
VSHNWDU�UD]ORCHQ�GLIUDNFLRQRP�UH^HWNRP�]DPHQMXMH�VDPR�MHGQLP�VQLPNRP�

>HPDWVNL�SULND]�DSDUDWXUH�GDW�MH�QD�VOLFL����)XQNFLMD�]DNORQD�MH�GD
REH]EHGL�GD�FHORNXSQD�VYHWORVW�NRMD�VH�GDOMH�SUHODPD�SDGD�QD�MHGQR�PHVWR
QD�SUL]PL��GD�VH�QDNRQ�UD]ODJDQMD�QH�EL�®PH^DOH¯�UD]OLaLWH�WDODVQH�GXCLQH��
3RSUHaQL�SUHVHN�RWYRUD�]DNORQD�WUHED�]DWR�GD�EXGH�REOLND�SUDYRXJDRQLND
aLMD�MH�MHGQD�VWUDQLFD�PQRJR�YH`D�RG�GUXJH��D�PRCGD�L�GD�VH�SUH�]DNORQD
SRVWDYL�FHY�aLML�MH�SRSUHaQL�SUHVHN�LVWL�NDR�NRG�]DNORQD�

3ODQ�HNVSHULPHQWD�EL�ELR�VOHGH`L�
���3RVWDYOMDQMH�L�ILNVLUDQMH�PH_XVREQRJ�SRORCDMD�]DNORQD��SUL]PH�L

&&'�D��=DNORQ��SUL]PX�L�&&'�WUHED�SRVWDYLWL�WDNR�GD�UD]ORCHQL
VSHNWDU�REXKYDWD�YH`L�GHR�SRYU^LQH�aLSD��7DGD�GHR�VOLNH�VD�NUDMHYD

6OLND���
1DaHOQD�^HPD
SREROM^DQH�YDULMDQWH
HNVSHULPHQWD�

)LJXUH����
([SHULPHQWDO�VHWXS�RI
LPSURYHG�YHUVLRQ�
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VSHNWUD�SUHGVWDYOMD�XWLFDM�VSROMD^QMH�VUHGLQH�aLML�LQWHQ]LWHW�WUHED
RGX]HWL�RG�FHOH�VOLNH�

���.DOLEUDFLMD�SRORCDMD�SRVWDYOMHQH�DSDUDWXUH��1D�UD]OLaLWD�PHVWD�QD
&&'�X�SDGD�VYHWORVW�UD]OLaLWH�WDODVQH�GXCLQH��SD�WUHED�QD`L�]DYLV�
QRVW�WDODVQH�GXCLQH�VYHWORVWL�RG�REODVWL�QD�&&'�X�QD�NRMX�SDGD
VYHWORVW�WH�WDODVQH�GXCLQH��=D�WR�MH�SRWUHEQR�LPDWL�QH^WR�RG
VOHGH`HJ��PRQRKURPDWVNL�L]YRUL�UD]OLaLWLK�SR]QDWLK�WDODVQLK�GXCLQD�
PRQRKURPDWVNL�ILOWUL�UD]OLaLWLK�SR]QDWLK�WDODVQLK�GXCLQD��L]YRUL�VD
GLVNUHWQLP�VSHNWURP�L�SR]QDWLP�WDODVQLP�GXCLQDPD�

���.DOLEUDFLMD�RG]LYD�&&'�D��.RULVWL�VH�FUQR�WHOR�SR]QDWH�WHPSHUDWXUH
NDR�L]YRU�]UDaHQMD�VD�SR]QDWRP�VSHNWUDOQRP�UDVSRGHORP��,VSUHG
]DNORQD�SRVWDYH�VH�SRODUL]DWRU�L�DQDOL]DWRU�aLPH�VH�PHQMD�VQDJD
VYHWORVWL�NRMD�SDGD�QD�&&'�L�VQLPD�VH�VOLND�QD�&&'�X�]D�UD]OLaLWH
XJORYH�L]PH_X�SRODUL]DWRUD�L�DQDOL]DWRUD��3RCHOMQR�MH�RYR�XUDGLWL�]D
YL^H�WHOD�SR]QDWH�VSHNWUDOQH�UDVSRGHOH�GD�ELVPR�LPDOL�YL^H�PHUHQMD
L�GD�EL�WDNR�NDOLEUDFLMD�ELOD�SRWSXQLMD�

���1DNRQ�^WR�VH�XUDGL�������L����PRCH�VH�SULVWXSLWL�SUHFL]QRP�PHUHQMX
WHPSHUDWXUH�WHOD�QHSR]QDWH�WHPSHUDWXUH��0H_XVREQR�GREUR�ILNVLUDQL
]DNORQ��SUL]PD�L�&&'�WDGD�SUHGVWDYOMDMX�LQVWUXPHQW�]D�PHUHQMH
WHPSHUDWXUH��MHU�MH�QDNRQ�L]YU^HQH�NDOLEUDFLMH�MHGQRVWDYQR�QDSLVDWL
SURJUDP�NRML�QD�RVQRYX�VQLPOMHQH�VOLNH�RGUH_XMH�WHPSHUDWXUX��

'DNOH��WDGD�VH�QD�RVQRYX�MHGQRJ�VQLPND�RGUH_XMH�WHPSHUDWXUD�
1DUDYQR��SRCHOMQR�MH�LPDWL�YL^H�VQLPDND��SD�LK�XVUHGQMLWL�^WR�VH�WDNR_H�EH]
SUREOHPD�PRCH�XUDGLWL�

/LWHUDWXUD

%RJGDQRYL`�1��������%HVNRQWDNWQL�VHQ]RU�WHPSHUDWXUH��1HSXEOLNRYDQL
GLSORPVNL�UDG��(OHNWURWHKQLaNL�IDNXOWHW�X�%HRJUDGX�

*DXVVRUJXHV�*��������/D�7KHUPRJUDSKLH�,QIUDURXJH��0RVNYD��0LU

0F&OXQH\�5��������,QWURGXFWLRQ�WR�5DGLRPHWU\�DQG�3KRWRPHWU\��%RVWRQ�
$UWHFK�+RXVH

7DPDUD�7R^L`�DQG�1HQDG�9XNPLURYL`

&&'�DV�&RQWDFWOHVV�7HPSHUDWXUH�6HQVRU

,Q�WKLV�SURMHFW����:�DQG�����:�SRZHU�VWDQGDUG�ODPSV�ZHUH�XVHG�DV
VRXUFHV�RI�UDGLDWLRQ�DQG�WKHLU�WHPSHUDWXUH�ZDV�PHDVXUHG��7KH�GLIIUDFWLRQ
JUDWLQJ�ZDV�XVHG�WR�DFFRPSOLVK�WKH�GLVSHUVLRQ�RI�UDGLDWLRQ�DQG�WKH�VSHF�

�����•��3(71,A.(�69(6.(��� '(2��,



WUXP�ZDV�UHFRUGHG�ZLWK�&&'�FDPHUD��)LWWLQJ�WKH�UHVXOWV�WR�WKH�3ODQFN±V

ODZ�WKH�PHDVXUHG�WHPSHUDWXUH�ZDV������±�����⋅����.�IRU����:�ODPS�DQG

�����±�����⋅����IRU�����:�ODPS��&&'±V�GLIIHUHQW�VSHFWUDO�UHVSRQVH�ZDV

QHJOLJHG�ZKLFK�OHG�WR�ORZHU�FRUUHODWLRQ�EHWZHHQ�H[SHULPHQWDO�DQ�ILWWHG
GDWD��,Q�RUGHU�WR�LPSURYH�WKH�FRUUHODWLRQ�LW�LV�QHFHVVDU\�WR�FDOLEUDWH�WKH
VSHFWUDO�UHVSRQVH�RI�WKH�&&'��7KH�DWWHPSW�WR�GR�WKLV�E\�UHFRUGLQJ�WKH
VSHFWUXP�RI�KDORJHQ�ODPS�DQG�FRPSDULQJ�WKH�UHVXOWV�ZLWK�VWDQGDUG�WDEOH
YDOXHV�ZDVQ±W�VXFFHVVIXO�GXH�WR�LQWHQVLYH�IOXFWXDWLRQV�LQ�LWV�UDGLDWLRQ��7KH
PHWKRG�WKDW�ZDV�XVHG�FDQ�EH�DSSOLHG�WR�DQ\�RWKHU�ERG\�ZKLFK�FDQ�EH�ZHOO
DSSUR[LPDWHG�ZLWK�EODFN�RU�JUD\�ERG\�DQG�ZKRVH�UDGLDWLRQ�&&'�FDQ�VXF�
FHVVIXOO\�GHWHFW�
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