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(YROXFLMD�VLVWHPD�X�YUHPHQX�SRVPDWUD�VH�X�ID]QRP�SURVWRUX��)D]QL

SURVWRU�]D�MHGQRaHVWLaQL�VLVWHP�VDVWRML�VH�RG�^HVW�NRUGLQDWD��WUL�SURVWRUQH

�[��\��]��L�WUL�LPSXOVQH��S[��S\��S]���7LK�^HVW�NRUGLQDWD�VX�GRYROMQH�]D�RSLVL�
YDQMH�GLQDPLaNLK�RVRELQD�VLVWHPD��=D�RSLVLYDQMH�HOHNWULaQLK�NROD�NRUGLQDWH

PRJX�GD�EXGX�MDaLQD�VWUXMH��QDHOHNWULVDQMH�LOL�QDSRQ��3RVPDWUDQMHP�WUDMHN�

WRULMH�X�WDNYRP�ID]QRP�SURVWRUX�PRCH�VH�]DNOMXaLWL�NDNR�VH�VLVWHP�SRQD^D�

RGQRVQR�GD�OL�MH�X�SUHOD]QRP�LOL�X�VWDFLRQDUQRP�UHCLPX�
2G�LQWHUHVD�]D�SRVPDWUDQMH�MH�GXJRYUHPHQVNR�LOL�VWDFLRQDUQR�SRQD�

^DQMH�GLQDPLaNLK�VLVWHPD��3RG�VWDFLRQDUQLP�SRQD^DQMHP�XRS^WHQR�VH�X]LPD
DVLPSWRWVNR�SRQD^DQMH�NDGD�W�→�∞��*OREDOQR�YUHPHQVNR�SRQD^DQMH�QHNRJ
GLQDPLaNRJ�VLVWHPD�X�ID]QRP�SURVWRUX�RSLVXMH�/LXYLORYD�WHRUHPD��QHND
VNXS�VYLK�SRaHWQLK�XVORYD�GHILQL^H�ID]QX�]DSUHPLQX��-HGQDaLQH�YUHPHQVNH
HYROXFLMH�]DGDMX�NUHWDQMH�WH�]DSUHPLQH�X�ID]QRP�SURVWRUX��8�GLVLSDWLYQLP
VLVWHPLPD�NDG�W�→�∞�GROD]L�GR�SULEOLCDYDQMD�WDaDND�X�ID]QRP�SURVWRUX��7L
VH�REOLFL�QD]LYDMX�DWUDNWRULPD�
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MRM�MH�QDUX^HQD�HOHNWURQHXWUDOQRVW�WDNR�GD�SRVWRML�XJUD_HQR�HOHNWULaQR�SROMH�
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ODUL]DFLML�SRYH`DYD�VH�^LULQD�REODVWL�RVLURPD^HQMD�^WR�]D�SRVOHGLFX�LPD�SR�

MDYX�NDSDFLWLYQRVWL�REODVWL�SURVWRUQRJ�WRYDUD��GRN�MH�SUL�GLUHNWQRM

SRODUL]DFLML�GRPLQDQWQD�GLIX]LRQD�NDSDFLWLYQRVW��SRVOHGLFD�QDWNRQFHQWUDFLMH
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1D�VOLFL���GDWR�MH�HNYLYDOHQWQR�NROR�NRMH�RGJRYDUD�SROXSURYRGQLaNRM
GLRGL��.RQGHQ]DWRU�&GL�PRGHOXMH�SRMDYX�GLIX]LRQH�NDSDFLWDWLYQRVWL�GRPL�
QDQWQH�SULOLNRP�GLUHNWQH�SRODUL]DFLMH��GRN�&6�PRGHOXMH�NDSDFLWLYQRVW�REOD�
VWL�RVLURPD^HQMD��RYD�NDSDFLWLYQRVW�MH�GRPLQDQWQD�SULOLNRP�LQYHU]QH
SRODUL]DFLMH�VSRMD���2EH�RYH�NDSDFLWLYQRVWL�VH�PHQMDMX�VD�SURPHQRP
QDSRQD�QD�GLRGL��2VLP�RYLK�NDSDFLWDWLYQRVWL�X�HNYLYDOHWQRP�NROX�SRVWRMH
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aNH�GLRGH��1�����L�WRQ�JHQHUDWRUD��NRML�VX�UHGQR�YH]DQL��1DSRQ�WRQ�JHQ�
HUDWRUD�MH�SRMDaDYDQ�RSHUDFLRQLP�SRMDaDYDaHP�7/����XOD]QH�RWSRUQRVWL
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WUD`H�VH�QDSRQ�QD�L]OD]X�L]�SRMDaDYDaD�NRML�XOD]L�X�GHR�NROD�VD�RWSRUQLNRP�
]DYRMQLFRP�L�GLRGRP��8OD]QL�QDSRQ�X�NROX�VH�RaLWDYDR�SRPR`X�NDWRGQRJ
RVFLORVNRSD�L�PXOWLPHWUD��1D�NDWRGQRP�RVFLORVNRSX�MH�SRVPDWUDQ�SURILO
XOD]QRJ�QDSRQD��RGQRVQR�SRVPDWUDQ�MH�XWLFDM�RSHUDFLRQRJ�SRMDaLYDaD�QD
L]JOHG�VLQXVRLGH�XOD]QRJ�QDSRQD��3RVPDWUDQMHP�QDSRQD�RVFLORVNRSD�WRNRP
HNVSHULPHQWD��]DNOMXaHQR�MH�GD�RSHUDFLRQL�SRMDaDYDa�QH�XWLaH�QD�SURILO�QD�
SRQD�NRML�XOD]L�X�NROR��6D�PXOWLPHWUD�VX�VH�RaLWDYDOH�HIHNWLYQH�YUHGQRVWL
QDSRQD�NRML�MH�XOD]LR�X�NROR��1DSRQ�QD�GLRGL�MH�VQLPDQ�SRPR`X�GLJLWDOQRJ
RVFLORVNRSD��2VFLORVNRS�NDUWLFD�MH�ELOD�SHWRELWQH�UH]ROXFLMH�VD�PRJX`QR^`X
PHPRULVDQMD������X]RUND��0DNVLPDOQD�YUHGQRVW�QDSRQD�NRML�MH�RVFLORVNRS
NDUWLFD�PRJOD�GD�VQLPL�ELOD�MH���9��0HUHQMD�VX�L]YU^HQD�QD�NRQVWDQWQRM
IUHNYHQFLML�RG����N+]��%U]LQD�X]LPDQMD�X]RUND�MH�ELOD�����0+]��WDNR�GD
MH�XNXSQR�YUHPH�VQLPDQMD�MHGQRJ�IDMOD�ELOR�����PV��(IHNWLYQH�YUHGQRVWL
XOD]QRJ�QDSRQD�NUHWDOH�VX�VH�RG�����P9�GR������P9�VD�NRUDNRP�RG���
P9��1D�VOLFL���GDW�MH�VQLPDN�YUHGQRVWL�QDSRQD�QD�GLRGL�X�IXQNFLML�EURMD
X]RUND��]D�HIHNWLYQX�YUHGQRVW�XOD]QRJ�QDSRQD�RG������P9��
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5H]XOWDWL�L�GLVNXVLMD

1DSRQ�QD�GLRGL�VH�VDVWRML�RG�VHULMH�VNRNRYD�QDSRQD��SLNRYD��UD]OLaLWH
YLVLQH��=D�HIHNWLYQH�YUHGQRVWL�XOD]QRJ�QDSRQD�GR�����P9�VYL�VNRNRYL�QD�
SRQD�VX�LVWH�YLVLQH��2G�����P9�GR������P9�SRVWRMH�GYH�YUHGQRVWL�VNRN�
RYD�QDSRQD��=D�HIHNWLYQH�YUHGQRVWL�XOD]QRJ�QDSRQD�RG������P9�GR�����
P9�VNRNRYL�QDSRQD�VX�UD]OLaLWRJ�LQWH]LWHWD��2G������P9�GR������P9�SR�
VWRMH�GYH�YUHGQRVWL�VNRNRYD�QDSRQD�NRMH�VH�PDOR�UD]OLNXMX�SR�LQWH]LWHWX�
GRN�RG������P9�GR������P9�YUHGQRVWL�VNRNRYD�QDSRQD�X]LPDMX�UD]OLaLWH
YUHGQRVWL��

6QLPOMHQL�JUDILFL�QDSRQD�QD�GLRGL�VX�REUDGMLYDQL�X�SURJUDPVNRP�SD�
NHWX�0DWODE��1D�VOLFL���GDW�MH�JUDILN�LQWH]LWHWD�SLNRYD�X�IXQNFLML�RG�HIHN�
WLYQH�YUHGQRVWL�XOD]QRJ�QDSRQD�X�GHOX�NROD�VD�GLRGRP��=D�RYDM�JUDILN�VH
SUHWSRVWDYOMD�GD�SUHGVWDYOMD�ELIXUNDFLRQL�GLDJUDP�DPSOLWXGH�SLNRYD�QDSRQD�

3R�SUHWSRVWDYFL�QHNLK�DXWRUD��%ULJJV��������KDRV�VH�MDYOMD�]ERJ
QHOLQHDUQH�NDUDNWHULVWLNH�GLRGH�L�NDSDFLWDWLYQH�NDUDNWHULVWLNH�GLRGH�NRMD
]DYLVL�REUQXWR�VUD]PHUQR�NYDGUDWQRP�NRUHQX�L]�QDSRQD�QD�NRPH�VH�QDOD]L�
3R�QMLKRYRP�WYU_HQMX�KDRV�VH�MDYOMD�]ERJ�SRVWRMDQMD�NRQDaQRJ�YUHPHQD
NRMH�MH�SRWUHEQR�GD�GLRGD�SURPHQL�UHCLP�UDGD�RGQRVQR�GD�RQD�NUDWNR�QDV�
WDYOMD�GD�SURYRGL�SRVOH�REUWDQMD�SRODULWHWD�QDSRQD��$NR�MH�RYD�YUHGQRVW
UHGD�YHOLaLQH�SHULRGD�XOD]QRJ�QDSRQD�GROD]L�GR�SRMDYH�KDRVD�X�YUHG�
QRVWLPD�RVFLORYDQMD�VWUXMH�L�QDSRQD�

6OLND����
*UDILN�YUHGQRVWL
SHULRGD�QDSRQD�QD
GLRGL�X�]DYLVQRVWL�RG
HIHNWLYQH�YUHGQRVWL
XOD]QRJ�QDSRQD�

)LJXUH����
*UDSKLF�RI�WKH
YROWDJH�SHULRG�RQ
GLRGH�LQ�IXQFWLRQ�RI
WKH�HIIHFWLYH�YDOXH�RI
LQSXW�YROWDJH�
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8�RYRP�UDGX�QLVX�GRELMHQL�SRND]DWHOML�GHUPLQLVWLaNRJ�KDRVD��DWUDNWRUL
L�ELIXUNDFLRQL�GLDJUDPL��3RVWRMH�RGUH_HQL�SRND]DWHOML��XGYDMDQMH�SHULRGD�RV�
FLORYDQMD�QDSRQD�QD�GLRGL��UD]OLaLWH�YUHGQRVWL�SLNRYD�QDSRQD�QD�GLRGL��GD
MH�GR^OR�GR�SRMDYH�KDRVD�X�RVFLORYDQMX�QDSRQD�QD�GLRGL��1HPRJX`QRVW�VQL�
PDQMD�QDSRQD�YH`LK�RG���9��SULVXVWYR�YHOLNRJ�NDSDFLWDWLYQRJ�̂ XPD��SRWRP
aLQMHQLFD�GD�MH�RVFLORVNRS�NDUWLFH�SHWRELWQH�UH]ROXFLMH��PRJX`QRVW�VQLPDQMD
VYHJD������VHPSOD��NDR�L�QHRGJRYDUDMX`H�NDUDNWHULVWLNH�RWSRUQLND�L�]DYR�
MQLFH��XWLFDOL�VX�QD�REUDGX�VQLPOMHQLK�SRGDND��%ULJJV��������9HURYDWQR�EL
VH�L]EHJDYDQMHP�RYLK�SRWH^NR`D�L�EROMLP�RGDELURP�IUHNYHQFLMH�XOD]QRJ
QDSRQD�PRJOL�GRELWL�SRND]DWHOML�KDRVD�

/LWHUDWXUD

%ULJJV��.��������6LPSOH�H[SHULPHQWV�LQ�FKDRWLF�G\QDPLFV��$PHULFDQ�-RXU�
QDO�RI�3K\VLFV���������

%HOL`��0��������'HWHUPLQLVWLaNL�KDRV��6),1�



�%HRJUDG��,QVWLWXW�]D�WHR�
ULMVNX�IL]LNX

0LKDMOR�(WLQVNL�DQG�7HR�>DUNL`

([SORUDWLRQ�RI�&KDRV��LQ�$�6LPSOH�(OHFWULF�&LUFXLW�

,Q�WKLV�SDSHU��WKH�DSSHDUDQFH�RI�FKDRV�LQ�D�FLUFXLW��FRQVLVWLQJ�RI�D�UH�
VLVWRU��LQGXFWRU�DQG�GLRGH�ZDV�GHVFULEHG��7KH\�ZHUH�FRQQHFWHG�LQ�OLQH��$
VHPLFRQGXFWRU�GLRGH�ZDV�WDNHQ�DV�D�QRQOLQHDU�HOHPHQW��7KH�GLRGH�FDQ�EH
PRGHOHG�XVLQJ�WZR�UHVLVWRUV�DQG�WZR�FDSDFLWDWRUV��)LJXUH�����$�VFKHPH�RI
WKH�FLUFXLW�LV�UHSUHVHQWHG�LQ�)LJXUH����7KH�YROWDJH�ZDV�DPSOLILHG�DW�WKH
HQWUDQFH�RI�WKH�FLUFXLW��7KH�YROWDJH�ZDV�PHDVXUHG�ZLWK�D�GLJLWDO�RV�
FLORVFRSH��7KH�GHSHQGHQFH�RI�WKH�YROWDJH�RQ�WLPH�ZDV�REWDLQHG��,W�FRQVLVWV
RI�D�VHULHV�RI�SHDNV�RI�GLIIHUHQW�KHLJKWV��,W�ZDV�QRWLFHG�WKDW�IRU�FHUWDLQ
YDOXHV�RI�WKH�LQSXW�YROWDJH��WKH�VHULHV�RI�YROWDJH�DPSOLWXGHV�FRQVLVWV�RI
WZR�YDOXHV��DQG�VRPHWLPHV�RI�D�QXPEHU�RI�GLIIHUHQW�YDOXHV��*UDSKV�RI�GH�
SHQGDQFH�RI�SHDN�LQWHQVLW\�RYHU�WKH�HIIHFWLYH�YDOXH�RI�WKH�LQSXW�YROWDJH
�)LJXUH����ZHUH�PDGH��,Q�WKLV�H[SHULPHQW�VLJQV�RI�GHWHUPLQLVWLF�FKDRV��DW�
WUDFWRUV��DQG�ELIXUFDWLRQDO�GLDJUDPV�KDYH�QRW�EHHQ�QRWLFHG��+RZHYHU��WKHUH
DUH�FHUWDLQ�VLJQV��WKH�GRXEOLQJ�RI�WKH�RVFLOODWLRQ�SHULRG�RQ�WKH�GLRGH��GLI�
IHUHQW�SHDN�YDOXHV�RQ�WKH�GLRGH��WKDW�FKDRV�GLG�RFFXU�LQ�WKH�RVFLOODWLRQ�RI
WKH�YROWDJH�RQ�WKH�GLRGH�
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