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(NVSHULPHQWDOQR�RGUH_LYDQMH�NDSDFLWHWD�NRQGHQ]DWRUD
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YRGQRVWL�HOHNWUROLWD�PRCH�VH�RGUHGLWL�NDSDFLWHW�NRQGHQ]DWRUD�

(NVSHULPHQW

$SDUDWXUD

$SDUDWXUD�]D�PDSLUDQMH�HOHNWUROLWD�VDVWRML�VH�RG�VXGD�GLPHQ]LMD
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SRND]LYDQMH�YROWPHWUD�SUL�QLCLP�IUHNYHQFLMDPD�QLMH�VWDELOQR��GRN�SUL�YL^LP
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aYU^`HQRJ�]D�VRQGX��*UH^ND�SUL�RaLWDYDQMX�SRORCDMD�VRQGH�QD�VYH�WUL�RVH
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X�VNUHWDQMX�VWUXMQLFD�RG�GQD��WDNR�GD�YUHGQRVWL�SRWHQFLMDOD�EOL]X�GQD�RGJR�

YDUDMX�YUHGQRVWL�IXQNFLMH�SRWHQFLMDOX�L]PH_X�HOHNWURGD�GDOHNR�RG�QMLKRYLK
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FLMDO�PHUL��=DWLP�VH�VRQGD�SULQRVLOD�WDaNL��D�QMHQ�SRORCDM�QD�=�RVL�RaLWDYDQ
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2GUH_LYDQMH�NDSDFLWHWD�NRQGHQ]DWRUD

8�IRUPXOL�����ILJXUL^X�RWSRU�NRQGHQ]DWRUD�SRWRSOMHQRJ�X�HOHNWUROLW�L
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SRORCDMD�VRQGH�SULVXWQH�VX�QHSUDYLOQRVWL�QD�RYRP�JUDILNX��DOL�L�SRUHG�WRJD

RaLJOHGQD�MH�VOLaQRVW�L]PH_X�UH]XOWDWD�VLPXODFLMH�L�HNVSHULPHQWD�

*UDILN�QD�VOLFL���SULND]DXMH�UH]XOWDWH�HNVSHULPHQWDOQRJ�PHUHQMD�SRWHQ�

FLMDOD�EOL]X�LYLFD�HOHNWURGD��1D�RYRP�JUDILNX�PRJX�VH�SULPHWLWL�HIHNWL�NUD�

MHYD��VPDQMHQ�SRWHQFLMDO�L]QDG�XQXWUD^QMH�HOHNWURGH��NRML�VH�SURVWLUX�X��'�
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VLVWHPLPD��0H_XWLP��XNROLNR�CHOLPR�GD�LVSLWDPR�WURGLPHQ]LRQDODQ�VLVWHP

�HIHNWH�NUDMHYD�SULVXWQH�QD�*UDILNX�����QHRSKRGQR�MH�L]UDaXQDWL�SRWHQFLMDO

X�YHRPD�YHOLNRP�EURMX�WDaDND��=D�LROH�YH`L�VLVWHP�RYDM�]DGDWDN�SRVWDMH

SUHWHCDN�aDN�L�]D�GDQD^QMH�UDaXQDUH�

(NVSHULPHQWDOQR�RGUH_LYDQMH�SRWHQFLMDOD�RPRJX`XMH�QDP�GD�SUHYD]L�

_HPR�RYX�SRWH^NR`X��0H_XWLP��GD�EL�L]YU^LOL�SUHFL]QR�PHUHQMH�SRWHQFLMDOD

QHRSKRGQR�MH�RGUHGLWL�SRORCDM�PHUQH�VRQGH�SUL�VYDNRP�PHUHQMX�VD�YHOL�

NRP�WDaQR^`X��]D�^WD�MH�SRWUHEQD�SRVHEQD�DSDUDWXUD��'UXJL�SUREOHP�MH�L

VDP�RELP�PHUHQMD��'D�EL�VWHNOL�LROH�SUHFL]QX�VOLNX�R�L]JOHGX�IXQNFLMH�SR�

WHQFLMDOD��QHRSKRGQR�MH�L]YU^LWL�YHRPD�YHOLNL�EURM�PHUHQMD��EURM�PHUHQMD

UDVWH�VD�WUH`LP�VWHSHQRP�]DKWHYDQH�WDaQRVWL�SR�;��<�L�=�RVDPD���5H^HQMH

RYLK�SUREOHPD�ELR�EL�DXWRPDWL]RYDQ�VLVWHP�]D�PHUHQMH�NRML�EL�DXWRPDWVNL

SRPHUDR�VRQGX�L�VODR�SRGDWNH�X�UDaXQDU�

/LWHUDWXUD

3RSRYL`��%�'��������=ERUQLN�UH^HQLK�SUREOHPD�L]�HOHNWURPDJQHWLNH��%HR�
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'HWHUPLQDWLRQ�RI�&DSDFLWDQFH�DQG�3RWHQWLDO�'LVWULEXWLRQ

%HWZHHQ�(OHFWURGHV�RI�DQ�,UUHJXODUO\�6KDSHG�&DSDFLWRU

$�VLPXODWLRQ�RI�WKH�SRWHQWLDO�GLVWULEXWLRQ�LQ�D�GLHOHFWULF�ZDV�FRPSDUHG

ZLWK�D�±UHDO�OLIH±�H[SHULPHQW��7KH�VLPXODWLRQ��EDVHG�RQ�WKH�UHOD[DWLRQ�DO �

JRULWKP�GHVFULEHG�LQ�OLWHUDWXUH��3RSRYL`��������ZDV�WHVWHG�RQ�D�PRGHO�LU �

UHJXODUO\�VKDSHG�FDSDFLWRU��)RU�H[SHULPHQWDOO\�PHDVXULQJ�WKH�SRWHQWLDOV�WKH

FDSDFLWRU�ZDV�VXEPHUJHG�LQ�D�KRPRJHQRXV�HOHFWURO\WH�DQG�FRQQHFWHG�WR�DQ

H[WHUQDO�DOWHUQDWLQJ�YROWDJH��$�YROWPHWHU�ZDV�WKHQ�XVHG�WR�GHWHUPLQH�WKH

LQGXFHG�SRWHQWLDO�GLVWULEXWLRQ�EHWZHHQ�WKH�HOHFWURGHV�DQG�DW�WKHLU�HGJHV��,Q

VSLWH�RI�WKH�LQDFFXUDF\�RI�SRWHQWLDO�PHDVXUHPHQWV��D�JRRG�TXDOLWDWLYH�FRU �

UHVSRQGHQFH�EHWZHHQ�WKH�VLPXODWLRQ�DQG�WKH�H[SHULPHQWDO�UHVXOWV�FRXOG�EH

REVHUYHG��)LJXUHV���DQG�����+RZHYHU��EHFDXVH�RI�WKH�ODUJH�QXPEHU�RI

SRLQWV�LQ�ZKLFK�WKH�SRWHQWLDO�ZDV�WR�EH�FDOFXODWHG��WKH�UHOD[DWLRQ�PHWKRG

SURYHG�WR�EH�HIIHFWLYH�RQO\�LQ��'��%HFDXVH�RI�WKLV��WKH�SRWHQWLDOV�QHDU�WKH

HGJHV�RI�WKH�HOHFWURGHV��)LJXUH����FRXOG�EH�PHDVXUHG�RQO\�H[SHULPHQWDOO\�

,Q�WKH�VHFRQG�SDUW�RI�WKH�SURMHFW��WKH�FDSDFLWDQFH�RI�WKH�FDSDFLWRU�ZDV

PHDVXUHG�E\�PHDVXULQJ�WKH�PHGLXP�UHVLVWDQFH�EHWZHHQ�WKH�VXEPHUJHG

HOHFWURGHV��

5$'29,�32/$=1,.$�2%5$=291,+�352*5$0$�±�� ),=,.$��•����


