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5DGLR�SRVPDWUDQMH�PHWHRUD

5DGLR�SRVPDWUDQMD�PHWHRUD�]DVQLYDMX�VH�QD�SRMDYL
GD�VH�RG�MRQL]RYDQRJ�PHWHRUVNRJ�WUDJD�RGELMDMX�UD�
GLR� WDODVL�� RGQRVQR� QD� GHWHNWRYDQMX� GLUHNWQRJ� LOL
SRYUDWQRJ� UDVHMDQMD� UDGLR� WDODVD� �HQJ�� IRUZDUG
VFDWWHULQJ�� EDFN� VFDWWHULQJ��� 8� RYRP� UDGX� NRQ�
VWUXLVDQ� MH�XUH_DM� ]D� IRUZDUG� VFDWWHULQJ�GHWHNFLMX
PHWHRUD�NRML�VH�VDVWRML�RG�^HVWR�HOHPHQWQH�<DJL�DQ�
WHQH��UDGLR�SULMHPQLND�®6WDER�;5����¯�L�UDaXQDUD
NDR�SURFHVRUVNH�L�VNODGL^QH�MHGLQLFH��8UH_DM�MH�WHV�
WLUDQ�]D�YUHPH�DNWLYQRVWL�2ULRQLGD�RG�����GR�����RN�
WREUD�������

8YRG
0HWHRURLGL�VX�RWSDGQH�aHVWLFH�NRPHWVNRJ�LOL�DV�

WHURLGVNRJ�SRUHNOD�NRMH�VH�NUH`X�SR�SXWDQMDPD�VOLa�
QLP�RQLPD�NRMLPD�VX�VH�QMLKRYD�URGLWHOMVND�WHOD
NUHWDOD�RNR�6XQFD��3ULOLNRP�XODVND�X�=HPOMLQX�DW�
PRVIHUX�GROD]L�GR�VXGDUD�PHWHRURLGD�VD�aHVWLFDPD
DWPRVIHUH��2YDM�SURFHV�VH�PDKRP�RGLJUDYD�X�VOR�
MHYLPD�DWPRVIHUH�NRML�VX�QD�YLVLQL�RG����GR�����NP
L]QDG�SRYU^LQH�=HPOMH�L�WRNRP�QMHJD�NLQHWLaND�HQHU�
JLMD�PDNURVNRSVNRJ�NUHWDQMD�PHWHRURLGD�SUHWYDUD�VH
X�NLQHWLaNX�HQHUJLMX�PLNURVNRSVNRJ�NUHWDQMD�aHVWLFD
DWPRVIHUH��1D�WDM�QDaLQ�VH�]DJUHYD�RNROQD�DWPRVIHUD�
XVOHG�aHJD�PHWHRURLG�VDJRUHYD�L�QDVWDMH�RSWLaNL�IHQR�
PHQ�]YDQL�PHWHRU��8SRUHGR�VD�RSLVDQRP�SRMDYRP�
VORERGQL�HOHNWURQL�PHWHRURLGD�MRQL]XMX�RNROQX�DW�
PRVIHUX�GXC�SXWDQMH�QMHJRYRJ�NUHWDQMD��$NR�MH
OLQHDUQD�JXVWLQD�MRQL]DFLMH�PHWHRUVNRJ�WUDJD�YH`D�RG
����� P¬���RG�QMHJD�VH�PRJX�RGELMDWL�XOWUDNUDWNL
WDODVL��NRML�EL�LQDaH�SUR^OL�NUR]�MRQRVIHUX��1HGHOMNR�
YL`��������5DGLR�SRVPDWUDQMD�PHWHRUD�VX�MHGDQ�RG
QDaLQD�NRMLP�VH��NRULVWH`L�RSLVDQX�SRMDYX��YU^L�QML�
KRYD�GHWHNFLMD�

6SHFLILaQRVW�UDGLR�SRVPDWUDQMD�PHWHRUD�MHVWH
PRJX`QRVW�QHSUHNLGQRJ�SRVPDWUDQMD�QH]DYLVQR�RG
GRED�GDQD�L�SULVXVWYD�REODaQRVWL��8�SRUH_HQMX�VD
YL]XHOQLP�SRVPDWUDQMLPD�GHWHNWXMX�VH�PHWHRUL�QD
YH`LP�XGDOMHQRVWLPD�L�PDQMHJ�VMDMD��NRML�VH�JROLP
RNRP�QH�PRJX�YLGHWL��5DGLR�DPDWHUL�NRULVWH�RYX�SR�
MDYX�]D�XVSRVWDYOMDQMH�YH]D��'DQMX��]D�YUHPH�OHWQMLK
PHVHFL��RYD�PHWRGD�QLMH�GRYROMQR�SRX]GDQD�]ERJ
VSRUDGLND�(��ZZZ�DPIPG[�QHW��

(OHPHQWL�VLVWHPD�]D�UDGLR�SRVPDWUDQMH�VX�SUHGDM�
QLN��NRML�HPLWXMH�UDGLR�WDODVH��L�SULMHPQL�VLVWHP�NRML
WH�WDODVH�]D�YUHPH�SRMDYH�PHWHRUD�SULPD��8NROLNR�VX
SUHGDMQLN�L�SULMHPQL�VLVWHP�GRYROMQR�XGDOMHQL��XVOHG
]DNULYOMHQRVWL�=HPOMH�QLMH�PRJX`�GLUHNWDQ�SULMHP
VLJQDOD��8�VOXaDMX�SRMDYH�MRQL]RYDQRJ�PHWHRUVNRJ
WUDJD��UDGLR�WDODVL�NRMH�MH�HPLWRYDR�SUHGDMQLN�RGEL�
MDMX�VH�ND�SULMHPQRP�VLVWHPX�L�PHWHRU�VH�PRCH�GH�
WHNWRYDWL�

'HR�QHED�VD�NRMHJ�MH�PRJX`D�GHWHNFLMD��RGUH_XMH
VH�]DNRQLPD�JHRPHWULMVNH�RSWLNH��ZZZ�LPR�QHW��
=DPLVOLPR�HOLSVRLG�NRML�VD�XQXWUD^QMH�VWUDQH�LPD
RVRELQH�RJOHGDOD��%LOR�NRML�]UDN�XSX`HQ�L]�MHGQRJ
IRNXVD�HOLSVRLGD�RGELR�EL�VH�RG�SRYU^LQH�HOLSVRLGD
SUHPD�GUXJRP�IRNXVX��6OLaQR�VH�GH^DYD�L�VD�UDGLR�
WDODVLPD��SD�VH�X�VNODGX�VD�VWHUHRPHWULMVNLP�RSLVRP�
SULMHPQL�VLVWHP�L�SUHGDMQLN�QDOD]H�X�IRNXVLPD��3UDYDF
PHWHRUVNRJ� WUDJD� VH� PRCH� DSURNVLPLUDWL� NDR
WDQJHQWD�HOLSVRLGD��=D�YUHPH�MRQL]DFLMH�GHOD�SRYU^LQH
HOLSVRLGD��VLJQDO�VD�SUHGDMQLND�VH�RGELMD�RG�MRQL�
]RYDQRJ�GHOD�SRYU^LQH�L�UHJLVWUXMH�X�SULMHPQRP
VLVWHPX��8�SUDNVL�VH�RYD�SRMDYD�LVSROMDYD�X�YLGX�SUL�
MHPD�VHJPHQWD�HPLWRYDQRJ�UDGLR�SURJUDPD��7UDMDQMH
SULMHPD�]DYLVL�RG�YHOLaLQH�PHWHRUD�L�QHNDG�L]QRVL�L
SR�QHNROLNR�VHNXQGL�

0LUHOD�6LPRQRYL`���������+HUFHJ�1RYL��,�%RNH^NH
EULJDGH�����XaHQLFD����UD]UHGD�6��>��®,YDQ�*RUDQ
.RYDaL`¯�X�+HUFHJ�1RYRP
7DPDUD�%HaHMDF���������5XPHQND��2VORER_HQMD����XaHQLFD����UD]UHGD�*LPQD]LMH�®-RYDQ
-RYDQRYL`�=PDM®�X�1RYRP�6DGX
0(1725��
?RU_H�1LMHPaHYL`��.UDJXMHYDF��DSVROYHQW
(OHNWURWHKQLaNRJ�IDNXOWHWD�X�%HRJUDGX
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.RQVWUXNFLMH�L�RSLV�XUH_DMD
=D�UDGLR�SRVPDWUDQMH�PHWHRUD�NRULVWL�VH�QLCL�GHR

9+)�RSVHJD�����GR�����0+]��3UL�RGDELUX�IUHNYHQ�
FLMH�ELWQR�MH�REUDWLWL�SDCQMX�GD�QD�LVWRM�HPLWXMH�SUR�
JUDP�VDPR�MHGQD�UDGLR�VWDQLFD��NDNR�EL�VH�L]EHJOR
PH^DQMH�)0�VLJQDOD��/RNDOQH�UDGLR�VWDQLFH�]DX]L�
PDMX�RSVHJ����������0+]��3RJRGDQ�RSVHJ�MH�����
���0+]��MHU�VH�QD�%DONDQX�QH�NRULVWL��D�X�QMHPX
]HPOMH�,VWRaQH�(YURSH�HPLWXMX�UDGLR�SURJUDPH��=D
SUHGDMQLN�MH�RGDEUDQ�3UYL�SURJUDP�UDGLMD�8NUDMLQD
�85����ZZZ�P\UDGLREDVH�GH�IPVFDQ�LQGH[�SKS���QD
IUHNYHQFLML�������0+]��aLML�VH�SURJUDP�HPLWXMH�L�QD
,QWHUQHWX��ZZZ�QUFX�JRY�XD����.RRUGLQDWH�SUHGD�
MQLND�VX�����������������������L�XGDOMHQ�MH�RG�3HW�
QLFH������NP�SRG�XJORP�RG���~�X�RGQRVX�QD�SUDYDF
VHYHU�MXJ��6QDJD�SUHGDMQLND�MH����N:�

3ULMHPQL�VLVWHP�aLQH��DQWHQD��SULMHPQLN�L�UDaXQDU�
<DJL�DQWHQD�MH�QDSUDYOMHQD�RG�EDNDUQLK�CLFD�L�VDVWRML
VH�RG���HOHPHQDWD��VOLND�����#LFH�VX�GHEOMLQH�����PP�
SRVWDYOMHQH�QD�GUYHQX�QRVH`X�NRQVWUXNFLMX��$QWHQD
MH�XVPHUHQD�SUHPD�SUHGDMQLNX�SRG�HOHYDFLRQLP�XJ�
ORP�RG��~��,PSHGDQVD�DQWHQH�L]QRVL�=� ���������

��M�������Ω��'LMDJUDPL�]UDaHQMD�DQWHQH�SULND]DQL�VX
QD�VOLNDPD������L�����

1D�NUDMHYLPD�]DWYRUHQRJ�GLSROD��LQGXNXMH�VH�QD�
SRQ�L]�VLPHWULaQRJ�RSVHJD��¬9���9���7DNDY�VLJQDO�
SUHQRVL�VH�GR�SULMHPQLND�NRDNVLMDOQLP�NDEORP�aLML�MH

6OLND����'LPHQ]LMH�DQWHQH��X�FHQWLPHWULPD�
)LJXUH����'LPHQVLRQV�RI�DQWHQQD�HOHPHQWV��LQFHQWLPHWUHV�

6OLND������+RUL]RQWDOQL�GLMDJUDP�]UDaHQMD�DQWHQH

)LJXUH������+RUL]RQWDO�GLDJUDP�RI�DQWHQQD±V�UDGLDWLRQSDWWHUQ

6OLND������9HUWLNDOQL�GLMDJUDP�]UDaHQMD�DQWHQH
)LJXUH������9HUWLFDO�GLDJUDP�RI�DQWHQQD±V�UDGLDWLRQSDWWHUQ
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RPRWDa�QD�PDVL��=DWR�MH�SRWUHEQR�L]YU^LWL�WUDQVIRU�
PDFLMX�SRPHQXWRJ�RSVHJD�QD�RSVHJ�����9���7R�VH�L]�
YRGL�SHWOMRP�RG�NRDNVLMDOQRJ�NDEOD�GXCLQH�N⋅λ���
JGH�MH�λ�WDODVQD�GXCLQD�HOHNWURPDJQHWQRJ�WDODVD��D�N
RGQRV�EU]LQD�SURVWLUDQMD�WDODVD�X�NRDNVLMDOQRP�NDEOX
L�GYRCLaQRP�YRGX��8QXWUD^QML�NUDMHYL�SHWOMH�VSDMDMX
VH�VD�NUDMHYLPD�GLSROD��D�RPRWDa�SHWOMH�VD�RPRWDaHP
NRDNVLMDOQRJ�NDEOD�NRML�YRGL�GR�SULMHPQLND��8QX�
WUD^QML�GHR�NDEOD�VSDMD�VH�VD�MHGQLP�XQXWUD^QMLP�NUD�
MHP�SHWOMH�

3HWOMD�XMHGQR�WUDQVIRUPL^H�LPSHGDQVX�DQWHQH�X
RGQRVX������3R^WR�VH�QD�NUDMHYLPD����RPVNRJ�NRDN�
VLMDOQRJ�NDEOD�NRML�YRGL�GR�SULMHPQLND�QDOD]L�LP�
SHGDQVD�=��� ���������M������Ω��SRWUHEQR�MH�L]YU^LWL
QMHQR�SULODJR_HQMH�NDNR�EL�VH�VSUHaLR�JXELWDN�HQHU�
JLMH�VLJQDOD�XVOHG�UHIOHNVLMH�QD�YRGX��=ERJ�WRJD�VH�
SDUDOHOQR�SHWOML�]D�WUDQVIRUPDFLMX�QDSRQD��SULNOMXaXMH
/&�NROR�]D�SULODJR_HQMH�LPSHGDQVH�X�IRUPL�/�`HOLMH�

3UHNR�NRDNVLMDOQRJ�NDEOD��DQWHQD�MH�SULNOMXaHQD
QD�X]HPOMHQMH��NRMH�MH�XGDOMHQR�RNR����P��1DMEOLCL
JURPREUDQ�QDOD]L�VH�QD�YH`RM�QDGPRUVNRM�YLVLQL�RG
DQWHQH��XGDOMHQ�PDQMH�RG����⋅+��+�MH�YLVLQD�QD�NRMRM
VH�QDOD]L�JURPREUDQ���WDNR�GD�SRVHEQD�]D^WLWD�RG
JURPD�QLMH�SRWUHEQD��.RUL^`HQ�MH�UDGLR�SULMHPQLN
®6WDER�;5����¯�NRML�LPD�SUDJ�RVHWOMLYRVWL�����µ9�

3RGH^HQ�MH�QD�IUHNYHQFLMX�FLOMQRJ�SUHGDMQLND�L�SRYH�
]DQ�VD�UDaXQDURP�SUHNR�OLQLMVNRJ�XOD]D�QD�]YXaQRM
NDUWLFL��3ULPOMHQL�UDGLR�VDGUCDM�MH�VQLPDQ�]ERJ�SUR�
YHUH�SULPOMHQLK�VLJQDOD�

5H]XOWDWL�WHVWLUDQMD
8UH_DM�MH�WHVWLUDQ�]D�YUHPH�DNWLYQRVWL�PHWHRU�

VNRJ�URMD�2ULRQLGD��RG�����GR�����RNWREUD�������8
RGVXVWYX�SRMDYH�PHWHRUD��QD�]YXaQLFLPD�VH�aXR�̂ XP�
'HORYL�UDGLR�SURJUDPD�QD�VWUDQRP�MH]LNX��XNUDMLQ�
VNRP���UHJLVWURYDQL�VX�X�YL^H�QDYUDWD��6D�FLOMHP�SUR�
YHUH��SUHNR�,QWHUQHWD�MH�VQLPDQ�3UYL�SURJUDP�UDGLMD
8NUDMLQD��85����8]�YUHPHQVNX�UD]OLNX�RG�MHGQRJ
VDWD��SRUH_HQMHP�MH�GRND]DQR�GD�VX�SULPOMHQL�VLJQDOL
GHORYL�VDGUCDMD�RYRJ�SURJUDPD��0H_XWLP��85��QH
HPLWXMH�SURJUDP�L]PH_X����L����aDVRYD��WM��RG����GR
���aDVRYD�SR�QD^HP�YUHPHQX��WDNR�GD�WDGD�QLMH�ELOR
PRJX`H�GHWHNWRYDWL�PHWHRUH��3UL�UHJLVWURYDQMX�VLJ�
QDOD�NRML�VH�SRNODSDMX�VD�VDGUCDMHP�HPLWRYDQRJ�SUR�
JUDPD�VQLPOMHQLP�SUHNR�,QWHUQHWD��MDaLQD�^XPD�VH
VQLCDYDOD��7R�QLMH�VOXaDM�L�VD�VLJQDOLPD�NRML�VH�QH�SR�
NODSDMX�VD�VDGUCDMHP�SURJUDPD�FLOMQH�UDGLR�VWDQLFH�
2YDNYL�VLJQDOL�VH�RGOLNXMX�NRQVWDQWQRP�MDaLQRP
^XPD�L�QD]LYDPR�LK�UDGLR�VPHWQMDPD��5D]OLND�L]PH�
_X�VLJQDOD�NRML�MH�GHR�VDGUCDMD�HPLWRYDQRJ�SURJUDPD

6OLND����6SHNWURJUDP�SULPOMHQRJ�VLJQDOD��OHYR��L�VSHNWURJUDP�UDGLR�VPHWQMH��GHVQR�
)LJXUH����6SHFWURJUDP�RI�WKH�UHFLHYHG�VLJQDO��OHIW��DQG�UDGLR�LQWHUIHUHQFH��ULJKW�
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85��L�UDGLR�VPHWQMH�PRCH�VH�YLGHWL�QD�VSHNWURJUD�
PLPD�QD�VOLFL����6SHNWURJUDPVNRP�DQDOL]RP�VH�SUR�
YHUDYD�GD�OL�MH�X]URN�SULPDQMD�VLJQDOD�SRMDYD
PHWHRUD�LOL�MH�VLJQDO�UDGLR�VPHWQMD��3RVOH�DQDOL]H�RYL
SULPHUL�QLVX�X]HWL�X�UD]PDWUDQMH��5HJLVWURYDQD�VX�L
aHWLUL�SULMHPD�NRMD�VH�QH�SRGXGDUDMX�VD�VDGUCDMHP
HPLWRYDQRJ�SURJUDPD�85���DOL�VX�QD�XNUDMLQVNRP
MH]LNX��$QDOL]RP�MH�SRND]DQR�GD�VH�MDaLQD�^XPD
SULPOMHQRJ�VLJQDOD�ELWQR�UD]OLNXMH�RG�^XPD�UDGLR�
VPHWQML��3RVOHGLFD�SULPDQMD�RYDNYRJ�VLJQDOD��PRCH
VH�SULSLVDWL�MHGLQR�SRMDYL�PHWHRUD��WDNR�GD�VX�SULPHUL
XQHWL�X�SURUDaXQ��1HSRNODSDQMH�VQLPDND�VH�QH�PRCH
VD�VLJXUQR^`X�REMDVQLWL��DOL�SUHWSRVWDYOMD�VH�GD�MH�PR�
JOR�GR`L�GR�SUHNODSDQMD�SURJUDPD�VD�QHNRP�GUXJRP
UDGLR�VWDQLFRP�aLMD�VH�SUHGDMQD�DQWHQD�QDOD]L�QD�LV�
WRP�WRUQMX�

'HWHNWRYDQD�DNWLYQRVW�PHWHRUVNRJ�URMD�X�]DYLV�
QRVWL�RG�YUHPHQD�SRVPDWUDQMD�GDWD�MH�QD�VOLFL���
0HUHQMD�VX�YU^HQD�L�X�LQWHUYDOLPD�RG����K�GR����K�
DOL�NDNR�X�WR�GRED�UDGLR�85��QH�HPLWXMH�SURJUDP�
SULMHPD�QLMH�ELOR�

=DNOMXaDN
1HGRVWDWDN�RYRJ�XUH_DMD�MH�QHGRYROMQD�SRNUL�

YHQRVW�SURVWRUD�QD�NRMHP�VH�PRJX�GHWHNWRYDWL�PH�
WHRUL��^WR�MH�GLUHNWQD�SRVOHGLFD�XJOD�]UDaHQMD�DQWHQH�
'DNOH��GD�EL�VH�PHWHRUL�GHWHNWRYDOL�SR�SXQRP�NUXJX
RSLVDQRP�RNR�SULMHPQLND�L�GD�EL�VH�PRJX`QRVWL
WHKQLNH�PDNVLPDOQR�LVNRULVWLOH��SRWUHEQR�MH�IRUPLUDWL
VLVWHP� DQWHQD�� 3RVWRML� L� PRJX`QRVW� SURPHQH

SRVWDYNH�SULMHPQRJ�VLVWHPD��NDNR�EL�VH�GR^OR�GR�YL^H
LQIRUPDFLMD�R�PHWHRUX�LOL�PHWHRUVNRP�URMX��QSU�
PDJQLWXGD��EU]LQD��SULSDGQRVW�RGUH_HQRP�URMX���^WR
PRCH�ELWL�VPHU�GDOMHJ�UD]YLMDQMD�SURMHNWD��%LOR�EL�SR�
JRGQR�]D�SUHGDMQLN�RGDEUDWL�QHNX�GUXJX�UDGLR
VWDQLFX�NRMD�HPLWXMH�SURJUDP����K�GQHYQR��GD�EL�VH
PRJOR�VQLPDWL�EH]�SUHNLGD��

=DKYDOQRVW��9HOLNX�]DKYDOQRVW�]D�UHOL]DFLMX
RYRJ� SURMHNWD� GXJXMHPR�PHQWRUX�� ?RU_X� 1L�
MHPaHYL`X��]DWLP�=GUDYNX�3DQWL`X��'X^DQX�*UXML`X�
'DQLFL�3DMRYL`��%UDQLVODYX�6DYL`X��#HOMNX�0LWURYL`X�
'UDJDQX�$`LPRYL`X��6U_DQX�-DQHYX�L�.DWHGUL�]D
RS^WX�HOHNWURWHKQLNX�(OHNWURWHKQLaNRJ�IDNXOWHWD�X
%HRJUDGX�

/LWHUDWXUD
1HGHOMNRYL`�6��������)RUZDUG�VFDWWHULQJ�DWPXOWLSOH�IUHTXHQFLHV��3K'�7KHV\V��8QLYHUVLW\�RI7RURQWR��&DQDGD
KWWS���ZZZ�LPR�QHW�
KWWS���ZZZ�P\UDGLREDVH�GH�IPVFDQ�LQGH[�SKS
KWWS���ZZZ�QUFX�JRY�XD�LQGH[�SKS"LG ���
KWWS���ZZZ�DPIPG[�QHW�IPG[�VSRUDGLF�H�KWPO

6OLND����6LJQDOL�GHWHNWRYDQL�WRNRP�DNWLYQRVWL�2ULRQLGD���������RNWREDU��������D�NRML�VX�SRWYU_HQL�XSRUHGQLPVOX^DQMHP�HPLWRYDQRJ�SURJUDPD
)LJXUH����6LJQDOV�GHWHFWHG�GXULQJ�2ULRQLG�DFWLYLW\��2FWREHU����WK���UG��������YHULILHG�E\�FRPSDUDWLYH�OLVWHQLQJ�RI�WKHEURDGFDVWHG�SURJUDP
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0LUHOD�6LPRQRYL`�DQG�7DPDUD�%HaHMDF
5DGLR�2EVHUYDWLRQV�RI�0HWHRUV

7KH�VHWXS�IRU�PHWHRU�GHWHFWLRQ�E\�IRUZDUG�VFDW�
WHULQJ�PHWKRG�ZDV�GHVLJQHG�DQG�FRQVWUXFWHG��7KH
VHWXS�FRQVLVWV�RI�D���HOHPHQW�<DJL�DQWHQQD��FRPPHU�
FLDO�UDGLR�UHFHLYHU�®6WDER�;5����¯�DQG�D�FRPSXWHU
DV�WKH�SURFHVVLQJ�DQG�VWRUDJH�XQLW��7KH�ZKROH�VHWXS
ZDV�WHVWHG�¬�WKH�VLJQDO�RI�WKH�8NUDLQLDQ�5DGLR�&KDQ�
QHO����85���RQ�������0+]�ZDV�PRQLWRUHG�LQ�WKH�SH�
ULRG�RI�2ULRQLG�DFWLYLW\��2FWREHU���WK���UG�������
7KH�SURILOH�RI�PHWHRU�DFWLYLW\�LQ�WKLV�SHULRG�ZDV�RE�
WDLQHG�DQG�WKH�UHFHLYHG�VLJQDOV�ZHUH�YHULILHG�E\
FRPSDUDWLYH�OLVWHQLQJ�RI�WKH�EURDGFDVWHG�SURJUDP�
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