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1DMaH^`L�L�QDMRaLJOHGQLML�XWLFDML�QD�]XEH�VX�RQL�RG�VWUDQH�NLVHOLQD��XV �
ORYOMHQL�KHPLMVNLP�NDUDNWHULVWLNDPD�]XED��7RNRP�REURND�GROD]L�GR�VQLCH �
QMD�S+�YUHGQRVWL�VUHGLQH�X�XVWLPD��^WR�MH�SRVOHGLFD�SULURGH�KUDQH��YR`QH
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PRCH�GR`L�GR�R^WH`HQMD�JOH_L�L�aLWDYRJ�]XED��WM��VWYDUDQMD�NDULMHVD��MHU�EDN �
WHULMH�WDGD�PRJX�QHRPHWDQR�GHORYDWL�QD�GHQWLQ�L�SUR`L�VYH�GR�]XEQH�SXOSH�
8SRUHGR�VD�UDVWYDUDQMHP�KLGURNVLO�DSDWLWD��GROD]L�GR�GHJUDGDFLMH�GUXJH��RU �
JDQVNH�NRPSRQHQWH�]XED�XJUD_HQH�X�NULVWDOQH�VWUXNWXUH�KLGURNVLO�DSDWLWD
�9RMLQRYL`�HW�DO��������

&LOM�UDGD�MH�XWYU_LYDQMH�XWLFDMD�NLVHORVWL�VUHGLQH�L�YUHPHQD�HNVSR]LFLMH
QD�UDVWYRUOMLYRVW�]XED��FHORNXSQH�]XEQH�PDVH��NDOFLMXPVNRJ�PLQHUDOQRJ
GHOD�L�RUJDQVNH�NRPSRQHQWH�]XED��

7HRULMVNL�XYRG

=XEL�VH�VDVWRMH�L]�WYUGLK�L�PHNLK�]XEQLK�WNLYD��7YUGD�]XEQD�WNLYD�VX
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JDQVNH������RUJDQVNH�VXSVWDQFH�L�����YRGH��=DSUHPLQVNL�RGQRV�RUJDQ�

VNLK��QHRUJDQVNLK�VDVWRMDND�L�YRGH�MH���������������2VQRYQL�VDVWRMDN�MH�KL�
GURNVLO�DSDWLW��.RODJHQ�SUHWVWDYOMD�RVQRYQX�RUJDQVNX�NRPSRQHQWX�X
GHQWLQX��3RUHG�NRODJHQD�X�VDVWDY�GHQWLQD�XOD]H�L�ODNWDWL�L�FLWUDWL��9RMLQRYL`

HW�DO��������
(NVWUD`HOLMVNL�PDWULNV�FHPHQWD�NDR�L�NRG�GUXJLK�PLQHUDOL]RYDQLK�YH]�

LYQLK�WNLYD��L]JUD_HQ�MH�RG�RUJDQVNLK�L�QHRUJDQVNLK�VXSVWDQFLMD��2UJDQVNL

GHR�aLQL�����XNXSQH�PDVH��QHRUJDQVNL������GRN�SUHRVWDOLK�����aLQH�YH�
]DQD�L�QHYH]DQD�YRGD��2UJDQVNL�GHR�FHPHQWD�aLQH�NRODJHQD�YODNQD�L�RV�
QRYQD�VXSVWDQFD�aLMH�VX�NDUDNWHULVWLNH�XJODYQRP�QHSR]QDWH��.DOFLMXP�L

IRVIRU�RUJDQL]RYDQL�X�KLGURNVLO�DSDWLW�XJODYQRP�aLQH�QHRUJDQVNL�GHR��9R�
MLQRYL`�HW�DO��������

=UHOD�JOH_�MH�L]JUD_HQMD�RG��������PDVH�QHRUJDQVNRJ�GHOD�L�RVWDW�NR�
ML�aLQH�YRGD�L�RUJDQVND�MHGLQMHQMD��6WYDUQL�RUJDQVNL�VDGUCDM�]UHOH�JOH_L�MH
PDOL�L�aLQL�RNR����������PDVH�VWDOQLK�L����������POHaQLK�]XED��6PDWUD�VH
GD�MH�RUJDQVNL�GHR�L]JUD_HQ�RG�UDVWYRUOMLYLK�SURWHLQD��QHUDVWYRUOMLYLK�SURWH�

LQD��VD�ERaQLP�XJOMHQRKLGUDWQLP�JUXSDPD���SHSWLGD��OLPXQVNH�NLVHOLQH�L�OL�
SLGD��6WUXNWXUQD�RUJDQL]DFLMD�RUJDQVNH�PDWHULMH�X�]UHORM�JOH_L�QLMH�SR]QDWD
�9RMLQRYL`�HW�DO���������1DM]QDaDMQLML�QHRUJDQVNL�VDVWRMFL�JOH_L�VX�NDOFLMXP

NRML�aLQL�RNR�����VXYH�PDVH�L�IRVIRU�X�REOLNX�IRVIDWQRJ�MRQD�QD�NRML�JUDGL
������VXYH�PDVH�JOH_L��8�JOH_L�VH�SRUHG�NDOFLMXPD�L�IRVIRUD�QDOD]H�L�)¬�
FLWUDWL��3E����=Q����)H����6E����1D���0J����&2�

�¬��6U����&X����$O����.��L

WR�X�WUDJRYLPD��GR�QHNROLNR�SSP���NDR�PLNURHOHPHQWL��%R^NRYL`�������
2GQRV�NDOFLMXPD�L�IRVIRUD�MH�SULOLaQR�NRQVWDQWDQ������GR������L�DQDOL]H�SX�
WHP�GLIUDNFLMH�;�]UDND�VX�SRND]DOH�GD�MH�QMLKRYD�RUJDQL]DFLMD�JRWRYR�LVN�

OMXaLYR�X�REOLNX�NULVWDOD�KLGURNVLO�DSDWLWD��*UGHQL`�������
$SDWLWL�SUHWVWDYOMDMX�GRVWD�UDVSURVWUDQMHQX�NULVWDOQX�IRUPX�X�SULURGL�aL�

MD�MH�IRUPXOD�&D���32���;���.DGD�MH�;�KLGURNVLOQL�MRQ�UHa�MH�R�KLGURNVLO

DSDWLWX��0RCH�VH�UDGLWL�L�R�GUXJLP�MRQLPD�NDR�^WR�VX�)¬�LOL�&O¬�SD�VH�WDGD
JRYRUL�R�IOXRUR�LOL�KORUR�DSDWLWLPD��$SDWLWL�SULSDGDMX�KHNVDJRQDOQLP�NULV�
WDOLPD��7DaQD�VWUXNWXUD�DSDWLWD�QLMH�SHFL]QR�RGUH_HQD��SRVHEQR�QH�NRG�EL�

ROR^NLK�REOLND��3RVWRMH`L�SRGDFL�SRWLaX�RG�PLQHUDOD�LOL�VLQWHWVNLK�NULVWDOD
DSDWLWD��?XU_HYL`��������

.DR�MHGDQ�RG�VDVWRMDND�KUDQH�MDYOMDMX�VH�L�UD]QH�NLVHOLQH��8�SUYRP

UHGX�WR�VX�NDUERNVLOQH�NLVHOLQH�SRSXW�RQLK�NRMH�XOD]H�X�.UHEVRY�FLNOXV�X
ELOMNDPD�LOL�VORGREQH�DPLQRNLVHOLQH�NDR�L�UD]QL�RUJDQVNL�DGLWLYL�NLVHOLK
RVRELQD��3RUHG�RYLK��X�KUDQL�VH�PRJX�QD`L�L�VORERGQH�DPLQRNLVHOLQH�L�XURQ�

VNH�NLVHOLQH�NRMH�QDVWDMX�UD]JUDGQMRP�XJOMHQLK�KLGUDWD��.LVHOLQH�NRMH�VH�QD�
OD]H�X�KUDQL�XJODYQRP�LPDMX�S.D�YUHGQRVWL�YH`H�RG����&YHMDQRY�������
1RUPDOQD�S+�YUHGQRVW�X�XVWLPD�MH�L]PH_X���L����=ERJ�YLVRNRJ�VDGUCDMD

NLVHOLQD�X�KUDQL�S+�YUHGQRVW�X�XVWLPD�PRCH�GUDVWLaQR�RSDGDWL�SRVOH�REURND�
1HND�LVWUDCLYDQMD�VX�SRND]DOD�GD�S+�YUHGQRVW�X�XVWLPD�SRVOH�REURND�RSDGD
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GR�YHRPD�QLVNLK�YUHGQRVWL��RNR�����^WR�]DYLVL�X�QDMYH`RM�PHUL�RG�YUVWH
KUDQH�NRMD�VH�XQRVL�X�RUJDQL]DP�L�RG�QMHQRJ�]DGUCDYDQMD�X�XVWLPD��6WDQN�
RYL`�������

3URFHV�UDVWYDUDQMD�VH�PRCH�SRGHOLWL�X�ID]X�GHVWUXNFLMH�NULVWDOQH�UH^HWNH
L�ID]X�KLGUDWDFLMH�GRELMHQLK�MRQD��,QWHQ]LWHW�UDVWYDUDQMD�]DYLVL�RG�SULURGH
VXSVWDQFH��MDaLQD�UH^HWNH��QDHOHNWULVDQMH�MRQD��L�UDVWYDUDaD��SRODUQRVW�
GLSROQL�PRPHQW��NDR�L�RG�XVORYD�VUHGLQH��WHPSHUDWXUD��SULVXVWYR�LVWRURGQLK
MRQD��MRQVND�VLOD���5DVWYDUDQMH�MH�]DSUDYR�UDYQRWHCQL�SURFHV�JGH�VH�SUL
XVSRVWDYOMDQMX�UDYQRWHCH�GRELMD�]DVL`HQL�UDVWYRU�SUL�GDWLP�XVORYLPD��7R
]QDaL�GD�SUL�XGDOMDYDQMX�QHNRJ�RG�QDVWDOLK�MRQD�L]�UDVWYRUD��ELOR�WDORCHQMHP
ELOR�XJUD_LYDQMHP�X�VWDELOQH�PROHNXOVNH�VWUXNWXUH��GROD]L�GR�SRPHUDQMD
UDYQRWHCH��SUHPD�/H�&KDWHOLHU�RYRP�SULQFLSX��X�VPHUX�SRYH`DQMD�NRQFHQ�
WUDFLMH�MRQD�WH�VH�SURFHV�UDVWYDUDQMD�SRVSH^XMH��)LOLSRYL`��/LSDQRYL`�������

0HWHULMDO�L�PHWRGH

(NVSHULPHQW�MH�L]YHGHQ�QD�VYHCLP��L]YD_HQLP�VWDOQLP�]XELPD�NRML�VX
GR�HNVSHULPHQWD�aXYDQL�QD�¬��R&��=XEL�VX�SUH�HNVSHULPHQWD�VSUD^HQL��RVX�
^HQL�L�SURVHMDYDQL�NUR]�VLWR�������PP��

=D�RGUH_LYDQMH�NRQFHQWUDFLMH�NDOFLMXPD�X�UDVWYRUX�NRUL^`HQ�MH�,&3
VSHNWURJUDI��9DOMDRQLFD�EDNUD�®6HYRMQR¯���S+�PHWDU�3KLOLS�+DUULV�VD�NRP�
ELQRYDQRP�HOHNWURGRP�MH�NRUL^`HQ�SUL�RGUH_LYDQMX�S+�YUHGQRVWL�UDVWYRUD�
3UL�RGPHUDYDQMX�X]RUDND�NRUL^`HQD�MH�DQDOLWLaND�YDJD��=D�ILOWULUDQMH�MH�NR�
UL^`HQ�NYDQWLWDWLYQL�ILOWDU�SDSLU��SODYD�WUDND��6DGUCDM�NDOFLMXPD�X�]XEQRP
PDWHULMDOX�MH�������^WR�SUHUDaXQDWR�QD�KLGURNVLO�DSDWLW�L]QRVL�������VXYH
]XEQH�PDVH��D�]D�RUJDQVNX�PDWHULMX��������2YR�MH�L]PHUHQR�,&3�PHWR�
GRP�SR�UDVWYDUDQMX�FHORNXSQH�PDVH�]XED��3RGDWDN�MH�NRUL^`HQ�X�GDOMLP
L]UDaXQDYDQMLPD�VWHSHQD�UDVWYRUOMLYRVWL��

3R�SULSUHPDQMX�X]RUDND�L�GHORYDQMX�QD�]XEQL�PDWHULMDO�PHUHQD�MH�PD�
VD�WDORJD�L�NRQFHQWUDFLMD�NDOFLMXPD�X�UDVWYRUX��'DOMH�VX�SUHUDaXQDWL�VWHSHQL
UDVWYRUOMLYRVWL�FHORNXSQH�]XEQH�PDVH��PLQHUDOQH�L�RUJDQVNH�NRPSRQHQWH
]XED�X�RGQRVX�QD�XNXSQX�PDVX�]XEQRJ�PDWHULMDOD�

'D�EL�VH�GRELOD�SUHJOHGQLMD�VOLND�R�XWLFDMX�S+�VUHGLQH�L�YUHPHQD�HN�
VSR]LFLMH�QD�UDVWYRUOMLYRVW�]XED�NRQVWUXLVDQL�VX�JUDILFL�]DYLVQRVWL�VWHSHQD
UDVWYRUOMLYRVWL�]XEQH�PDVH��PLQHUDOQH�L�RUJDQVNH�NRPSRQHQWH�RG�NLVHORVWL
VUHGLQH�L�YUHPHQD�HNVSR]LFLMH�

3ULSUHPD�X]RUDND

�������J�RVX^HQLK����VDWD�QD����R&��VSUD^HQLK�]XED�MH�VWDYOMHQR�X
HSUXYHWX�L�SUHOLYHQR�VD����FP��UDVWYRUD�+&O�LOL�1D2+�RGUH_HQH�S+�YUHG�
QRVWL��RSVHJ�RG�����GR�����VD�NRUDFLPD�RG�����L�������5DVWYRUL�VX�GHORYDOL
QD�X]RUNH�WRNRP�SHW�UD]OLaLWLK�SHULRGD��RG���GR���GDQD�VD�NRUDNRP�����QD
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VREQRM�WHPSHUDWXUL��X]�SRYUHPHQR�PH^DQMH��3R�GHORYDQMX�QD�X]RUNH��UD�

VWYRUL�VX�SURILOWULUDQL��D�WDORJ�RGYRMHQ�L�VDaXYDQ�

0HUHQMH�UDVWYRUOMLYRVWL�FHORNXSQH�]XEQH�PDVH

0DVD�WDORJD�MH�PHUHQD�SRVOH�GHORYDQMD�UDVWYRUD�QD�PDWHULMDO��5D]OLND

PDVD�SUH�L�SRVOH�UDVWYDUDQMD�MH�SUH]HQWRYDQD�NDR�UDVWYRUOMLYRVW�FHORNXSQH

]XEQH�PDVH��WM��NDR�VWHSHQ�UDVWYRUOMLYRVWL�X�RGQRVX�QD�]XEQX�PDVX
�PUDVWYRUHQRJ�GHOD��P]XEQH�PDVH���

0HUHQMH�UDVWYRUOMLYRVWL�PLQHUDOQH�NRPSRQHQWH�]XED�

.RQFHQWUDFLMD�NDOFLMXPD�X�UDVWYRUX�MH�PHUHQD�PHWRGRP�,&3��,QGXF�

WLYHO\�&RXSOHG�3ODVPD��VSHNWURVNRSLMH�SRVOH�GHORYDQMD�UDVWYRUD�QD�PDWHUL�

MDO��,&3�PHWRGD�MH�VWDQGDUGQD�VSHNWURPHWULMVND�PHWRGD�NRG�NRMH�VH�NDR
L]YRU�SREX_LYDQMD�NRULVWL�EH]HOHNWURGQD�DUJRQVND�SOD]PD�RGUCDYDQD�LQGXN�

WLYQLP�VSUH]DQMHP�VD�UDGLRIUHNYHQWQLP�HOHNWURPDJQHWVNLP�SROMHP��NRMD

SRVWLCH�WHPSHUDWXUH�GR��������.��7RGRURYL`��������,]PHUHQD�NRQFHQWUDFLMD
NDOFLMXPD�X�UDVWYRUX�MH�SUHYR_HQD�X�PDVX�UDVWYRUHQRJ�KLGURNVLO�DSDWLWD

�PLQHUDOQRJ�GHOD��L�SUHGVWDYOMHQD�NDR�VWHSHQ�UDVWYRUOMLYRVWL�SUHPD�]XEQRM

PDVL��PUDVWYRUHQRJ�PLQHUDOQRJ�GHOD�P]XEQH�PDVH��

0HUHQMH�UDVWYRUOMLYRVWL�RUJDQVNH�NRPSRQHQWH�]XED�

6WHSHQ�UDVWYRUOMLYRVWL�RUJDQVNH�PDWHULMH�L]UDCHQ�MH�NDR�XGHR�UD]OLNH

L]PH_X�UDVWYRUHQH�]XEQH�PDVH�L�PDVH�PLQHUDOQH�NRPSRQHQWH�X�XNXSQRM
]XEQRM�PDVL���PUDVWYRUHQH�]XEQH�PDVH�¬�PUDVWYRUHQRJ�PLQHUDOQRJ�GHOD��P]XEQH�PDVH�

5H]XOWDWL

6WHSHQL�UDVWYRUOMLYRVWL�]XEQH�PDVH��PLQHUDOQH�L�RUJDQVNH�NRPSRQHQWH

X�]DYLVQRVWL�RG�S+�YUHGQRVWL�UDVWYRUD�NRML�GHOXMH�QD�]XEQL�PDWHULMDO�VX�SUL�
ND]DQL�QD�VOLFL���

5DVWYRUOMLYRVW�]XEQH�PDVH�UDVWH�VD�SRUDVWRP�NLVHORVWL�X�RSVHJX�S+�RG
��GR���L�QDURaLWR�RG���GR����GRN�RSDGD�RG�S+���GR�S+����6WHSHQ�UDVWYRU�

OMLYRVWL�]XEQH�PDVH�NUH`H�VH�RG�����GR�������X�]DYLVQRVWL�RG�S+�YUHGQRVWL

UDVWYRUD�NRML�GHOXMH�QD�]XEQL�PDWHULMDO�L�RG�YUHPHQD�HNVSR]LFLMH�]XEQH
PDVH�GHORYDQMX�UDVWYRUD��VOLND��$���

5DVWYRUOMLYRVW�PLQHUDOQH�NRPSRQHQWH��KLGURNVLO�DSDWLWD��SRYH`DYD�VH
VD�SRUDVWRP�NLVHORVWL�X�REODVWLPD�S+�RG���GR���L�QDURaLWR�RG���GR����GRN

X�REODVWL�S+�RG���GR���RSDGD��VOLND��%���6WHSHQ�UDVWYRUOMLYRVWL�PLQHUDOQRJ

GHOD�]XEQH�PDVH�NUH`H�VH��SUHUDaXQDWR�QD�KLGURNVLO�DSDWLW��RG�����GR������
X�RGQRVX�QD�XNXSQX�PDVX�]XEQRJ�PDWHULMDOD�]DYLVQR�RG�S+�YUHGQRVWL�L�RG

YUHPHQD�HNVSR]LFLMH�]XEQH�PDVH�GHORYDQMX�UDVWYRUD��VOLND��%��
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6OLND����

=DYLVQRVW�VWHSHQD

UDVWYRUOMLYRVWL�]XEQH
PDVH��$���PLQHUDOQH

�%��L�RUJDQVNH
NRPSRQHQWH�]XED��&�

RG�S+�YUHGQRVWL
VUHGLQH��]D�SHW

YUHPHQD�HNVSR]LFLMH

)LJXUH����

7HHWK�PDVV��$��

PLQHUDO��%��DQG
RUJDQLF�FRPSRQHQW
�&��VROXELOLW\�GHJUHH

GHSHQGHQFH�RQ�S+
YDOXH��IRU�ILYH

H[SRVLWLRQ�GXUDWLRQV�

�����•��3(71,A.(�69(6.(��� '(2��,,



6OLND����

=DYLVQRVW�VWHSHQD
UDVWYRUOMLYRVWL�]XEQH

PDVH��$���PLQHUDOQH

�%��L�RUJDQVNH
NRPSRQHQWH�]XED��&�
RG�YUHPHQD

HNVSR]LFLMH��]D�RVDP
S+�YUHGQRVWL�VUHGLQH�

)LJXUH����

7HHWK�PDVV��$��

PLQHUDO��%��DQG

RUJDQLF�FRPSRQHQW
�&��VROXELOLW\�GHJUHH

GHSHQGHQFH�RQ
H[SRVLWLRQ�GXUDWLRQ�
IRU�HLJKW�S+�YDOXHV��
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6WHSHQ�UDVWYRUOMLYRVWL�RUJDQVNH�NRPSRQHQWH�YDULUD�RG�����GR������X
RGQRVX�QD�XNXSQX�]XEQX�PDVX�RGQRVQR�RG������GR�������X�RGQRVX�QD
XNXSQX�RUJDQVNX�PDWHULMX�X�]XEQRP�PDWHULMDOX��2VHWDQ�SRUDVW�UDVWYRUOML�
YRVWL�RUJDQVNH�NRPSRQHQWH�VH�YLGL�X�RSVHJX�S+���GR����DOL�GDOMLP�SRYH�
`DQMHP�S+�YUHGQRVWL�UDVWYRUOMLYRVW�VH�QH]QDWQR�SRYH`DYD��VOLND��&��

3R^WR�MH�XWYU_HQ�XWLFDM�S+�QD�UDVWYRUOMLYRVW�PLQHUDOQH�L�RUJDQVNH�NR�
PSRQHQWH�]XED��PRCH�VH�UH`L�GD�UDVWYRUOMLYRVW�PLQHUDOQRJ�GHOD��KLGURNVLO
DSDWLW��RGUH_XMH�REOLN�NULYH�]DYLVQRVWL�UDVWYRUOMLYRVWL�FHORNXSQH�]XEQH�PDVH
RG�S+�YUHGQRVWL�VUHGLQH�

=DYLVQRVW�VWHSHQD�UDVWYRUOMLYRVWL�]XEQH�PDVH��PLQHUDOQH�L�RUJDQVNH
NRPSRQHQWH�]XED�RG�YUHPHQD�HNVSR]LFLMH�GDWD�MH�QD�VOLFL���

5DVWYRUOMLYRVW�]XEQH�PDVH�UDVWH�V�SRUDVWRP�YUHPHQD�HNVSR]LFLMH�
'QHYQL�VWHSHQ�UDVWYRUOMLYRVWL�QDMYH`L�MH�]D�SUYL�GDQ�HNVSR]LFLMH�L�L]QRVL
L]PH_X������L�������X�RGQRVX�QD�VWHSHQ�UDVWYRUOMLYRVWL�SRVOH�SHWRJ�GDQD
X�]DYLVQRVWL�RG�S+�YUHGQRVWL�UDVWYRUD�NRML�MH�GHORYDR�QD�]XEQL�PDWHULMDO�

5DVWYRUOMLYRVW�PLQHUDOQH�NRPSRQHQWH�]XED�WDNR_H�UDVWH�V�SRUDVWRP
YUPHQD�HNVSR]LFLMH��'QHYQL�VWHSHQ�UDVWYRUOMLYRVWL�PLQHUDOQH�NRPSRQHQWH
]XED�MH�QDMYH`L�]D�SUYL�GDQ�HNVSR]LFLMH�L�L]QRVL�L]PH_X������L�������X
RGQRVX�QD�VWHSHQ�UDVWYRUOMLYRVWL�SRVOH�SHWRJ�GDQD�X�]DYLVQRVWL�RG�S+�YUHG�
QRVWL�UDVWYRUD�NRML�MH�GHORYDR�QD�]XEQL�PDWHULMDO�

5DVWYRUOMLYRVW�RUJDQVNH�NRPSRQHQWH�]XED�WDNR_H�UDVWH�V�SRUDVWRP
YUHPHQD�HNVSR]LFLMH��'QHYQL�VWHSHQ�UDVWYRUOMLYRVWL�RUJDQVNH�NRPSRQHQWH
]XED�MH�QDMYH`L�]D�SUYL�GDQ�HNVSR]LFLMH�L�L]QRVL�L]PH_X������L�������X
RGQRVX�QD�VWHSHQ�UDVWYRUOMLYRVWL�SRVOH�SHWRJ�GDQD�X�]DYLVQRVWL�RG�S+�YUHG�
QRVWL�UDVWYRUD�NRML�MH�GHORYDR�QD�]XEQL�PDWHULMDO��'QHYQL�VWHSHQ�UDVWYRU�
OMLYRVWL�RSDGD�V�SRUDVWRP�YUHPHQD�HNVSR]LFLMH�]D�REH�NRPSRQHQWH�]XED�

'LVNXVLMD

3UL�UDVWYDUDQMX�]XED�WM��PLQHUDOQH�NRPSRQHQWH�GROD]L�GR�QDUX^DYDQMD
NULVWDOQH�VWUXNWXUH�DSDWLWD�L�GLVRFLMDFLMH�VROL��
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8NROLNR�VH�X�UDVWYRUX�X�NRPH�VH�DSDWLWL�UDVWYDUDMX�QDOD]L�YL^DN
KLGURQLMXP�MRQD�RGYLMD�VH�UHDNFLMD�
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8�RYRM�UHDNFLML�VH�QHXWUDOL^X�KLGURNVLOQL�MRQL�L]�UDVWYRUD�^WR�SRPHUD
UDYQRWHCX�SURFHVD����������L�����XGHVQR��7R�UH]XOWLUD�X�VPDQMHQMX�NRQFHQ �
WUDFLMH�32�

�¬�L�2+¬�MRQD�X�UDVWYRUX�L�VPDQMHQMX�MRQVNH�VLOH�UDVWYRUD��WH�VH
LQWHQ]LWHW�UDVWYDUDQMD�DSDWLWD�SRYH`DYD��WM��UDYQRWHCD�SURFHVD�����VH�SRPHUD
XGHVQR��UDVWYRUOMLYRVW�VROL�VH�SRYH`DYD��)LOLSRYL`�L�/LSDQRYL`��������

,]X]HWQR��UDVWYRUOMLYRVW�PLQHUDOQH�NRPSRQHQWH�RSDGD�X�REODVWL�S+�RG
��GR����VOLND��%���2YR�MH�QDURaLWR�]DQLPOMLYR�MHU�MH�RYD�S+�YUHGQRVW
NULWLaQD�]D�]XEH�]ERJ�WRJD�̂ WR�NLVHORVW�X�XVWLPD�X�QRUPDOQLP�XVORYLPD�QLMH
YH`D�RG�S+����2YR�®RGVWXSDQMH¯�RG�S+���GR���VH�PRCH�REMDVQLWL�XWLFDMHP
VWUDQLK�MRQD�LOL�PROHNXOD�NRML�PRJR�SRWLFDWL�RG�UDVWYRUHQRJ�RUJDQVNRJ�GHOD�

0RJX`H�REMD^QMHQMH�]D�RYDNDY�REOLN�NULYH�]DYLVQRVWL�EL�PRJOR�ELWL�L
VWYDUDQMH�KORUR�DSDWLWD�SRG�XWLFDMHP�KORULGQLK�MRQD�L]�UDVWYRUD�KORURYR�
GRQLaQH�NLVHOLQH�NRMD�MH�NRUL^`HQD�]D�SRGH^DYDQMH�S+�YUHGQRVWL��3UHW�
SRVWDYOMD�VH�GD�KORUR�DSDWLW�LPD�PDQML�SULR]YRG�UDVWYRUOMLYRVWL�RG�KLGURNVLO
DSDWLWD��2YDNDY�XWLFDM�JUD_HQMD�KORUR�DSDWLWD�QLMH�RaLJOHGDQ�X�RSVHJX�S+
RG���GR����3UHWSRVWDYOMHQR�MH�GD�MH�UDVWYRUOMLYRVW�KLGURNVLO�DSDWLWD�QD�RYLP
S+�YUHGQRVWLPD�]QDWQR�YH`D�WH�VH�XWLFDM�JUD_HQMD�KORUR�DSDWLWD�QH�PDQL�
IHVWXMH�X�GUDVWLaQRP�SDGX�UDVWYRUOMLYRVWL��

1D�RVQRYX�XWLFDMD�S+�YUHGQRVWL�QD�UDVWYRUOMLYRVW�RUJDQVNH�NRPSR�
QHQWH��VOLND��&���PRCH�VH�SUHWSRVWDYLWL�GD�VX�RUJDQVNH��NDUERNVLOQH�NLVHOLQH
L�QMLKRYL�GHULYDWL�X�YHOLNRM�PHUL�]DVWXSOMHQL�X�RUJDQVNRP�GHOX�]XEQH�PDVH�
7DNR_H�MH�SUHWSRVWDYOMQR�GD�VX�UDVWYRUOMLYL�SURWHLQL�XJODYQRP�ED]QH�SUL�
URGH�WM��GD�MH�S,�YUHGQRVW�]D�RYH�SURWHLQH�QH^WR�YH`D�RG����MHU�LP
UDVWYROMLYRVW�UDVWH�VD�VPDQMHQMHP�S+��X�VPHUX�XGDOMDYDQMD�RG�S,�YUHGQRVWL�

.ULYH�]DYLVQRVWL�UDVWYRUOMLYRVWL�RUJDQVNH�NRPSRQHQWH�RG�YUHPHQD�HN�
VSR]LFLMH�SRND]XMX�WHQGHQFLMX�UDVWD��JUDILN��&���7R�]QDaL�GD�WRNRP�HN�
VSHULPHQWD�QLMH�GR^OR�GR�]DVL`HQMD�UDVWYRUD�RUJDQVNLP�VXSVWDQFDPD�L]
]XED��2YR��SDN�XND]XMH�QD�YLVRN�VDGUCDM�UDVWYRUQLK�RUJDQVNLK�VXSVWDQFL�X
]XELPD�

'QHYQL�VWHSHQ�UDVWYRUOMLYRVWL�]D�REH�NRPSRQHQWH�]XED�SRYH`DQMHP
YUHPHQD�HNVSR]LFLMH�RSDGD��VOLND����^WR�VH�REMD^QMDYD�aLQMHQLFRP�GD�VH
XVSRVWDYOMD�UDYQRWHCD�L]PH_X�aYUVWH�ID]H�KLGURNVLO�DSDWLWD�L�UDVWYRUD��7R
XND]XMH�QD�YHOLNL�XWLFDM�MRQVNH�VLOH�L�SULVXVWYD�LVWRLPHQLK�MRQD�X�UDVWYRUX
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QD�UDVWYRUOMLYRVW�REH�NRPSRQHQWH�]XED��̂ WR�GDOMH�JRYRUL�R�QMLKRYRP�PDORP
SURL]YRGX�UDVWYRUOMLYRVWL�

5DVWYDUDQMH�PLQHUDOQH�NRPSRQHQWH�]XED�SRG�XWLFDMHP�NLVHORVWL
VUHGLQH�PRCH�SRVOXCLWL�NDR�PRGHO�UDVWYDUDQMD�NDOFLMXPRYLK�PLQHUDOD�X�SUL�
URGL�SRG�XWLFDMHP�NLVHOLK�NL^D��.DGD�VX�DSDWLWL�X�SLWDQMX��RYDM�SURFHV�PRCH
LPDWL�]D�SRVOHGLFX�VLWQMHQMH�PDJPDWVNLK�VWHQD��X�NRMLPD�VH�KLGURNVLO�DSDWLW
aHVWR�QDOD]L��L�SRYH`DQMH�LQWHQ]LWHWD�VSLUDQMD�WRNVLaQLK�PHWDOD�VD�QMLK��7R
XVORYOMDYD�UHPH`HQMH�HNROR^NH�UDYQRWHCH�X�YRGHQLP�HNRVLVWHPLPD�

=DNOMXaDN

6�SRUDVWRP�NLVHORVWL�VUHGLQH�UDVWH�L�UDVWYRUOMLYRVW�]XED�L�]XEQLK�NRP�
SRQHQWL��,]X]HWQR��UDVWYRUOMLYRVW�PLQHUDOQH�NRPSRQHQWH�L�]XEQH�PDVH�RSDGD
X�LQWHUYDOX�S+�RG���GR���^WR�VH�PRCH�REMDVQLWL�XWLFDMHP�MRQD�L]�UDVWYRUD�L
JUD_HQMHP�PDQMH�UDVWYRUQRJ�KORUR�DSDWLWD��8WYU_HQR�MH�GD�UDVWYRUOMLYRVW
]XED�L�]XEQLK�NRPSRQHQWL�UDVWH�V�SRUDVWRP�YUHPHQD�HNVSR]LFLMH�L�WR�QD�
MYL^H�QD�SRaHWNX�HNVSRQLUDQMD�]XED�GHORYDQMX�UDVWYRUD�

1D�RVQRYX�UH]XOWDWD�R�XWLFDMX�S+�YUHGQRVWL�L�YUHPHQD�HNVSR]LFLMH�QD
UDVWYRUOMLYRVW�RUJDQVNH�NRPSRQHQWH�]XED�PRCH�VH�SUHWSRVWDYLWL�GD�YH`L�GHR
RUJDQVNH�PDWHULMH�X�]XELPD�aLQH�RUJDQVNH�NLVHOLQH�L�QMLKRYL�GHULYDWL�NDR�L
WR�GD�VX�UDVWYRUOMLYL�SURWHLQL�L]�]XED�XJODYQRP�ED]QL�WM��GD�LP�MH�S,�YUHG�
QRVW�YH`D�RG����

/LWHUDWXUD

%R^NRYL`��0��������$QDWRPLMD�aRYHND��%HRJUDG�=DJUHE��0HGLFLQVND
NQMLJD

&YHMDQRY��6��HW�DO��������3UHKUDPEHQD�WHKQRORJLMD��%HRJUDG��=DYRG�]D
XGCEHQLNH�L�QDVWDYQD�VUHGVWYD�

?XU_HYL`��3���?XUDQ��0���2EUDGRYL`��0��������2S^WD�L�QHRUJDQVND
KHPLMD��.UDJXMHYDF��3URURGQR�PDWHPDWLaNL�IDNXOWHW

)LOLSRYL`��,���/LSDQRYL`��6��������2S`D�L�DQRUJDQVND�NHPLMD��=DJUHE�
>NROVND�NQMLJD

*UGHQL`��'��������0ROHNXOH�L�NULVWDOL��=DJUHE��>NROVND�NQMLJD

.ROWKRII��,�0���6DQGHO��(�%��������$QRUJDQVND�NYDQWLWDWLYQD�DQDOL]D��=D�
JUHE��>NROVDN�NQMLJD�

.RPQHQL`��#��������$QDWRPLMD�aRYMHND��%HRJUDG�=DJUHE��0HGLFLQVND
NQMLJD

6WDQNRYL`��,��������8WLFDM�SULURGQH�KUDQH�QD�NLVHORVW�X�XVWLPD��1HSXEOLN�
RYDQ�UDG�]D�WDNPLaHQMH�L]�ELRORJLMH�X�RNYLUX�3RNUHWD�®1DXNX�0ODGLPD�

6XYRURY��$�9���1LNROVNLM��$�%��������2EVKFKD\D�KLPL\D��6DQNW�3HWHUV�
EXUJ��+LPL\D
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7RGRURYL`��0��������2SWLaNH�PHWRGH�LQVWUXPHQWDOQH�DQDOL]H��%HRJUDG�
8QLYHU]LWHW�X�%HRJUDGX�

9RMLQRYL`��-��HW�DO��������%LRORJLMD�]XED��%HRJUDG��1DXaQD�NQMLJD�

9ROKDUGW��3���6KRUH��1��������2UJDQVND�KHPLMD��%HRJUDG��+DMGLJUDI

9XNRYL`��#���/D]L`��6��7XWXQRYL`��,��5DLaHYL`��6��������2Q�WKH�PHFKD�
QLVP�RI�VWULQWLXP�LQFRUSRUDWLRQ�LQWR�FDOFLXP�SKRVSKDWHV��-��6HUE��&KHP�
6RF��������������

,YDQ�9LORWLMHYL`

$FLGLW\�,QIOXHQFH�RQ�7HHWK�6ROXELOLW\

$FLGLW\�DQG�H[SRVLWLRQ�GXUDWLRQ�LQIOXHQFHV�RQ�WHHWK�VROXELOLW\�ZHUH
H[DPLQHG��$FLGLW\�ZDV�YDULHG�LQ�S+�UDQJH������ZKLOH�WKH�H[SRVLWLRQ�GXUD �
WLRQ�ZDV�YDULHG�IURP���WLOO���GD\V��0DVVHV�RI�WKH�GLVVROYHG�WHHWK�SDUW�DQG
GLVVROYHG�PLQHUDO�WHHWK�FRPSRQHQW�ZHUH�PHDVXUHG��PHDVXULQJ�FDOFLXP
FRQFHQWUDWLRQ�LQ�WKH�VROXWLRQ�XVLQJ�,&3�VSHFWURVFRS\���DV�ZHOO�DV�PDVV�RI
WKH�GLVVROYHG�RUJDQLF�WHHWK�FRPSRQHQW��5HVXOWV�ZHUH�FDOFXODWHG�WR�VROXELO �
LW\�GHJUHH�DFFRUGLQJ�WR�PDVV�RI�WKH�GLVVROYHG�SDUW��6ROXELOLW\�RI�WHHWK�PDVV
DQG�PLQHUDO�FRPSRQHQW�LQFUHDVHV�ZLWK�WKH�LQFUHDVLQJ�RI�DFLGLW\�LQ�S+
UDQJH�����DQG������EHFDXVH�RI�HTXLOLEULXP�LQ�SURFHVVHV�JLYHQ�E\�HTXDWLRQV
����¬������,Q�WKH�S+�UDQJH������WHHWK�PDVV�DQG�PLQHUDO�WHHWK�FRPSRQHQW
VROXELOLW\�GHFUHDVH��)LJ���$�DQG��%���ZKLFK�FDQ�EH�H[SODLQHG�E\�KLJK�LQ �
IOXHQFHV�RI�LRQLF�VWUHQJWK�DQG�IRUPLQJ�RI�FKORUR�DSDWLWH��7KLV�FRXOG�EH
YHU\�LPSRUWDQW�IRU�WHHWK�SURWHFWLRQ��$FLGLW\�LQIOXHQFHV�RQ�WKH�RUJDQLF�SDUW
VROXELOLW\�DUH�QRW�KLJKO\�H[SUHVVHG��)LJ���&���EXW�DFFRUGLQJ�WR�REWDLQHG�UH �
VXOWV��RUJDQLF�FRPSRQHQW�LV�SUREDEO\�EXLOW�PRVWO\�RI�RUJDQLF�DFLGV�DQG�VRO �
XEOH�SURWHLQV�ZLWK�S,�YDOXH�RYHU����)LJ���&�DQG��&���6ROXELOLW\�RI�WHHWK
PDVV��PLQHUDO�DQG�RUJDQLF�FRPSRQHQW�LQFUHDVHV�E\�LQFUHDVLQJ�RI�H[SRVLWLRQ
GXUDWLRQ��'DLO\�VROXELOLW\�GHJUHH�IRU�WHHWK�PDVV��PLQHUDO�DQG�RUJDQLF�FRP �
SRQHQWV��ZDV�WKH�KLJKHVW�IRU�WKH�ILUVW�GD\�RI�H[SRVLWLRQ��)LJXUH����

0LQHUDO�WHHWK�FRPSRQHQW�VROXELOLW\�GHSHQGLQJ�RQ�DFLGLW\�FDQ�EH�XVHG
DV�D�PRGHO�IRU�DFLG�UDLQ�HIIHFWV�RQ�FDOFLXP�PLQHUDOV�VROXELOLW\�
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