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WRP� FLOMX� RGUH_LYDQL� VX� SURL]YRGL� UDVWYRUOMLYRVW
EDNDU�,,��NDUERQDWD�L�EDNDU�,,��RNVDODWD��MHU�VH�NRQ�
FHQWUDFLMH� MRQD� EDNUD� X� QMLKRYLP� ]DVL`HQLP
UDVWYRULPD�QDOD]H�X�LQWHUYDOX�X�NRPH�RYD�PHWRGD
SRND]XMH�OLQHDUDQ�WUHQG��RG�����GR�����J�FP����1D
RVQRYX�RYLK�PHUHQMD�NRQVWDQWD�SURL]YRGD�UDVWYRU�
OMLYRVWL� ]D� EDNDU�,,��NDUERQDW� L]QRVL� ����⋅��¬��
PRO�GP¬�� �OLWHUDWXUQH�YUHGQRVWL� VX�X� LQWHUYDOX�RG
���⋅��¬���PRO�GP¬��GR����⋅��¬���PRO�GP¬����GRN�]D
EDNDU�,,��RNVDODW�L]QRVL�����⋅��¬���PRO�GP¬���OLWHUD�
WXUQH�YUHGQRVWL�VX�RNR����⋅��¬���PRO�GP¬����,]�RYLK
UH]XOWDWD�VH�PRCH�L]YHVWL�SUHOLPLQDUDQ�]DNOMXaDN�GD
MH� PRJX`H� RGUHGLWL� NRQVWDQWH� SURL]YRGD� UDVWYRU�
OMLYRVWL�WH^NR�UDVWYRUQLK�VROL�EDNUD��NRG�NRMLK�MH�NRQ�
FHQWUDFLMD�MRQD�EDNUD�X�QDYHGHQRP�LQWHUYDOX�OLQHDU�
QRVWL�

8YRG
+LGURKLQRQ��EHQ]HQ�����GLRO��MH�DURPDWLaQL�GYR�

KLGURNVLOQL�DONRKRO��PROHNXOVNH�IRUPXOH�&�+��2+���
1MHJRYH�KLGURNVLOQH�JUXSH�VH�QDOD]H�X�SDUD�SRORCDMX�
^WR�VH�PRCH�YLGHWL�L]�VWUXNWXUQH�IRUPXOH��VOLND����
+LGURKLQRQ�VH�NRULVWL�L�X�IRWRJUDILML�NDR�UD]YLMDa
VOLND��3LQH������

+LGURKLQRQ�MH�SRGORCDQ�RNVLGDFLML�L�VODELP�RNVL�
GDFLRQLP�VUHGVWYLPD��SUL�aHPX�QDVWDMH�S�EHQ]HQKL�
QRQ��&�+�2���NRML�VH�aHVWR�QD]LYD�L�S�KLQRQ�LOL�VDPR
KLQRQ��5HGXNFLMRP�KLQRQD�VH�SRQRYR�PRCH�GRELWL
KLGURKLQRQ��VOLND����

3URL]YRG�UDVWYRUOMLYRVWL�WH^NR�UDVWYRUQRJ�MHGLQ�
MHQMD�SUHGVWDYOMD�SURL]YRG�NRQFHQWUDFLMD�MRQD�X
]DVL`HQRP�UDVWYRUX�WH^NR�UDVWYRUQRJ�HOHNWUROLWD��QD
RGUH_HQRM�WHPSHUDWXUL��'UXJLP�UHaLPD��SURL]YRG
UDVWYRUOMLYRVWL�QHNH�VXSVWDQFH�]DYLVL�RG�WHPSHUDWXUH�

8�RS^WHP�VOXaDMX�]D�VODERUDVWYRUQX�VXSVWDQFX
RS^WH� IRUPXOH�$[%\�� PRCH� VH� QDSLVDWL� VOHGH`D
UDYQRWHCQD�UHDNFLMD�
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6OLND����6WUXNWXUQD�IRUPXOD�KLGURKLQRQD
)LJXUH����6WUXFWXUDO�IRUPXOD�RI�K\GURTXLQRQH

6OLND����5HDNFLMD�RNVLGDFLMH�KLGURKLQRQD��9ROOKDUGW�
)LJXUH����5HDFWLRQ�RI�K\GURTXLQRQH�R[LGDWLRQ
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.RQVWDQWD�UDYQRWHCH�]D�RYX�UHDNFLMX��NRQVWDQWD
SURL]YRGD�UDVWYRUOMLYRVWL��.VS��PRCH�VH�L]UD]LWL�NDR
�-RXUQDO�RI��3��&��5HIHUHQFH�������

.VS� �&$[ �+�&%\

/LWHUDWXUQH�YUHGQRVWL�SUDRL]YRGD�UDVWYRUOMLYRVWL�]D
EDNDU�,,��NDUERQDW�VX�����⋅���¬����0RUWLPHU������� L
����⋅���¬����D�]D�EDNDU�,,��RNVDODW�VX������⋅���¬��
�+RGJPDQ��������

2GUH_LYDQMH�SURL]YRGD�UDVWYRUOMLYRVWL�VROL�EDNUD
VH�]DVQLYD�QD�NDWDOLWLaNRP�GHORYDQMX�&X���MRQD�QD
UHDNFLMX�RNVLGDFLMH�KLGURKLQRQD�YRGRQLN�SHURNVL�
GRP��.RQFHQWUDFLMD�&X���MRQD�MH�ELOD�X�LQWHUYDOX�RG
����GR�����J�FP���

0HWRG
8�HNVSHULPHQWLPD�VX�NRUL^FHQL�UDVWYRUL�KLGURKL�

QRQD��YRGRQLN�SHURNVLGD��EDNDU�,,��VXOIDWD���QDWUL�
MXP�VXOIDWD��QDWULMXP�RNVDODWD�L�QDWULMXP�NDUERQDWD��

6YH�KHPLNDOLMH�VX�ELOH�SUR�DQDO\VL�NYDOLWHWD��
0DWLaQL�UDVWYRU�KLGURKLQRQD�MH�ELR�NRQFHQWUDFLMH

��⋅���¬��PRO�GP���GRN�MH�NRQFHQWUDFLMD�KLGURKLQRQD�X
NLYHWL�X�NRMRM�VH�RGLJUDYDOD�UHDNFLMD�ELOD���⋅���¬�
PRO�GP���5DVWYRU�MH�aXYDQ�X�QRUPDOQRP�VXGX�NRML�MH
REORCHQ�DOXPLQLMXPVNRP�IROLMRP��UDGL�VSUHaDYDQMD
UD]ODJDQMD�KLGURKLQRQD�X�SULVXWYX�VYHWORVWL��5DVWYRU
MH�SULSUHPDQ�QHSRVUHGQR�SUH�SRaHWND�PHUHQMD�

.RQFHQWUDFLMD�YRGRQLN�SHURNVLGD�X�RVQRYQRP
UDVWYRUX�ELOD�MH�����PRO�GP���D�X�NLYHWL�����PRO�GP��
6YDNRJ�GDQD�UDVWYRU�YRGRQLN�SHURNVLGD�MH�VWDQG�
DUGL]RYDQ�YROXPHWULMVNL��WLWUDFLMRP�MRGD�NRML�VH�RVOR�
ERGL�X�UHDNFLML�YRGRQLN�SHURNVLGD�L�NDOLMXP�MRGLGD�X
NLVHORM�VUHGLQL�QDWULMXP�WLRVXOIDWRP�NRQFHQWUDFLMH����
PRO�GP���X]�VNURE�NDR�LQGLNDWRU��

2VQRYQL�UDVWYRU�EDNDU�,,��VXOIDWD�MH�ELR�NRQFHQ�
WUDFLMH����J&X���FP���GRN�VH�X�NLYHWDPD�QMHJRYD
NRQFHQWUDFLMD�NUHWDOD�RG�����GR�����J�&X���FP��

.RQFHQWUDFLMD�QDWULMXP�VXOIDWD�X�RVQRYQRP
UDVWYRUX�MH�LPDOD�YUHGQRVW������⋅���¬��J�62��¬��FP��
GRN�MH�X�NLYHWL�RQD�ELOD�����⋅���¬�J�62��¬�FP��

.RQFHQWUDFLMH�QDWULMXP�RNVDODWD�L�QDWULMXP�NDUER�
QDWD�X�SRaHWQRP�UDVWYRUX�VX�ELOH������⋅���¬�J�FP��
GRN�VX�X�NLYHWL�RQH�ELOH������⋅���¬��J�FP��

6YD�PHUHQMD�VX�UD_HQD�QD�WHPSHUDWXUL�RG��������
�&��MHU�MH�XWYU_HQR�GD�MH�UHDNFLMD�RNVLGDFLMH�KLRGUR�
KLQRQD�YRGRQLN�SHURNVLGRP�X�SULVXVWYX�MRQD�EDNUD�
NDR�NDWDOL]DWRUD��MDNR�XVORYOMHQD�SURPHQRP�WHPSHUD�

WXUH��WDNR�GD�L�YHRPD�PDOD�SURPHQD�WHPSHUDWXUH
]QDWQR�SRYH`DYD�EU]LQX�UHDNFLMH�

0HUHQMD�DSVRUEDQFL�UD_HQD�VX�QD�VSHNWURIR�
WRPHWUX�,6.5$�0$������63(.2/�����X�VWDN�
OHQLP�NLYHWDPD�]DSUHPLQH�����P/��RSWLaNRJ�SXWD��
FP��$SVRUEDQFD�MH�PHUHQD�QD�����QP��X�YUHPHQ�
VNRP�SHULRGX�RG����PLQXWD�

0HUHQMH�DSVRUEDQFL�MH�UD_HQR�]D���VLVWHPD�
6LVWHP���MH�VDGUCDR��KLGURKLQRQ��YRGRQLN�SHURNVLG�
EDNDU�,,��VXOIDW�L�GHVWLORYDQX�YRGX��6LVWHP���MH
VDGUCDR��KLGURKLQRQ��YRGRQLN�SHURNVLG��EDNDU�,,��
VXOIDW��QDWULMXP�VXOIDW�L�GHVWLORYDQX�YRGX��6LVWHP��
MH�VDGUCDR��KLGURKLQRQ��YRGRQLN�SHURNVLG��EDNDU�,,��
VXOIDW��QDWULMXP�RNVDODW�L�GHVWLORYDQX�YRGX��6LVWHP��
MH�VDGUCDR��KLGURKLQRQ��YRGRQLN�SHURNVLG��EDNDU�,,��
VXOIDW��QDULMXP�NDUERQDW�L�GHVWLORYDQX�YRGX��

8]RUFL�VX�SULSUHPDQL�QD�VOHGH`L�QDaLQ��]D
VLVWHP����RGUH_HQD�]DSUHPLQD�YRGH������P/�KLGUR�
KLQRQD������P/�YRGRQLN�SHURNVLGD�L�RGUH_HQD�]DSUH�
PLQD�EDNDU�,,��VXOIDWD�VLSDQD�MH�X�VWDNOHQH�NLYHWH��]D
VLVWHPH������L���UHGRVOHG�PH^DQMD� MH�ELR� LVWL�
RGUH_HQD�]DSUHPLQD�YRGH������P/�KLGURKLQRQD�����
P/�YRGRQLN�SHURNVLGD��RGUH_HQD�]DSUHPLQD�1D�VROL
L�RGUH_HQD�]DSUHPLQD�EDNDU�,,��VXOIDWD��6YD�PHUHQMD
VX�L]YHGHQD�QD�LGHQWLaDQ�QDaLQ��V�WLP�^WR�VX�XSRWUH�
EOMDYDQH�UD]OLaLWH�QDWULMXPRYH�VROL��VXOIDW��NDUERQDW
LOL�RNVDODW���9UHPH�SRaHWND�UHDNFLMH�MH�PHUHQR�SR
GRGDWNX�EDNDU�,,��VXOIDWD�X�NLYHWX��$SVRUEDQFD�MH
RaLWDYDQD� VYDNLK� ��� V�� 3R� GRGDWNX� SRVOHQMHJ
UHDJHQVD��UDVWYRU�X�NLYHWL�MH�EH]ERMDQ��0H_XWLP�
QDNRQ�PHUHQMD�RG����PLQXWD�UDVWYRU�GRELMD�WDPQR
CXWX�ERMX��NRMD�SRWLaH�RG�QDVWDORJ�SURL]YRGD�RNVL�
GDFLMH�KLGURKLQRQD��

5H]XOWDWL�L�GLNXVLMD
6LVWHP����NRML�VDGUCL�KLGURKLQRQ��YRGRQLN�SHURNVLG

L�EDNDU�,,��VXOIDW��NRULVWL�VH�]D�NRQVWUXNFLMX�NDOLEUDFLRQH
NULYH��NRMD�GDOMH�VOXCL�]D�RGUH_LYDQMH�NRQFHQWUDFLMH�MRQD
EDNUD�X�UDVWYRUX�X�VLVWHPLPD������L����

.RHILFLMHQWL�SUDYDFD�NDOLEUDFLRQLK�SUDYD�NRMH�VX
GRELMHQH�REHOHCDYD`H�VH�VD�.�

.DOLEUDFLRQX�SUDYX�IRUPLUDMX�WDaNH�NRMH�VX�RGUH�
_HQH�NRHILFLMHQWLPD�SUDYDFD�]D�NULYH�]DYLVQRVWL�DS�
VRUEDQFH�RG�YUHPHQD�]D�UD]OLaLWH�NRQFHQWUDFLMH�EDNUD
X�UDVWYRUX��GDWH�QD�VOLFL�����

6LVWHP����KLGURKLQRQ��YRGRQLN�SHURNVLG��QDWUL�
MXP�VXOIDW�L�EDNDU�,,��VXOIDW��MH�NRUL^`HQ�X�FLOMX�LVSL�
WLYDQMD�XWLFDMD�MRQD�QDWULMXPD�QD�EU]LQX�UHDNFLMH��GRN
VX�VLVWHPL����KLGURKLQRQ��YRGRQLN�SHURNVLG��QDWUL�
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MXP�NDUERQDW�L�EDNDU�,,��VXOIDW��L����KLGURKLQRQ��YR�
GRQLN�SHURNVLG��QDWULMXP�RNVDODW�L�EDNDU�,,��VXOIDW�
NRUL^`HQL�]D�RGUH_LYDQMH�SURL]YRGD�UDVWYRUOMLYRVWL
EDNDU�,,��NDUERQDWD�L�EDNDU�,,��RNVDODWD��

=ERJ�QHOLQHDUQRVWL�SRaHWQLK�YUHGQRVWL�DSVRU�
EDQFH�]D�L]UDGX�NDOLEUDFLRQLK�SUDYLK�NRUL^`HQL�VX
UH]XOWDWL�QDNRQ�GYDQDHVWRJ�PLQXWD��MHU�MH�X�WRP�YUH�
PHQVNRP�SHULRGX�IXQNFLMD�QDMOLQHDUQLMD�

2YLP�PHUHQMLPD�MH�XWYU_HQR�GD�MRQL�QDWULMXPD
QH�XWLaX�QD�EU]LQX�UHDNFLMH�RNVLGDFLMH�KLGURKLQRQD�
7R�VH�MDVQR�YLGL�VD�VOLNH����.�&X���� ����������]D

VLVWHP����L�.�62��¬�� �����������]D�VLVWHP���L
NROLaQLND�QDJLED�RYLK�SUDYLK��.�62��¬����.�&X���� 
����SD�QH�SRVWRML�UD]OLND�L]PH_X�QDJLED�SUDYH�]D
VLVWHP���L�RGUH_HQX�NRQFHQWUDFLMX�EDNUD�L]�VLVWHPD���

0H_XWLP��RNVDODWQL�L�NDUERQDWQL�MRQL�LPDMX�XWL�
FDMD�QD�EU]LQX�UHDNFLMH��2YR�VH�WDNR_H�PRCH�]DN�
OMXaLWL� L]� UD]OLNH�QDJLED�SUDYLK�X�VLVWHPLPD��

6OLND����=DYLVQRVW�DSVRUEDQFH�RG�YUHPHQD�]D�UD]OLaLWHNRQFHQWUDFLMH�EDNUD��]D�VLVWHP���
)LJXUH����'HSHQGHQFH�RI�DEVRUEDQFH�XSRQ�FRSSHUFRQFHQWUDWLRQ��IRU�V\VWHP���

6OLND����=DYLVQRVW�EU]LQH�UHDNFLMH�RG�NRQFHQWUDFLMHEDNUD��NDOLEUDFLRQD�SUDYD�

)LJXUH����'HSHQGHQFH�RI�UHDFWLRQ�VSHHG�XSRQ�FRSSHUFRQFHQWUDWLRQ

6OLND����=DYLVQRVW�DSVRUEDQFH�RG�YUHPHQD�X]�SULVXVWYR62��¬

)LJXUH����'HSHQGHQFH�RI�DEVRUEDQFH�XSRQ�WLPH�LQ�WKHSUHVHQFH�RI�62��¬

6OLND����=DYLVQRVW�DSVRUEDQFH�RG�YUHPHQD�X�SULVXVWYX&�2��¬

)LJXUH����'HSHQGHQFH�RI�DEVRUEDQFH�XSRQ�WLPH�LQ�WKHSUHVHQFH�RI�&�2��¬
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�.�&X���� �����������L����.�&�2��¬�� ����������
NRMH�VX�SULND]DQH�QD�VOLFL���� L�X�VLVWHPLPD��
�.�&X���� �����������L���.�&2��¬�� ��������SUL�
ND]DQLK�QD�VOLFL����NDR�L�L]�NROLaQLND�QDJLED�SUDYLK
��.�&�2��¬����.�&X���� �������
.�&�2��¬����.�&X���� ���������

1D�RVQRYX�RYLK�]DYLVQRVWL��RGQRVQR�UD]OLaLWLK
QDJLED�SUDYLK�X�SULVXVWYX�L�RGVXVWYX�NDUERQDWD��RG�
QRVQR�RNVDODWD��RGUH_LYDQ�MH�SURL]YRG�UDVWYRUOMLYRVWL
RYLK�WH^NR�UDVWYRUQLK�VROL�EDNUD��

1D�RVQRYX�PHUHQMD�L]UDaXQDWR�MH�GD�SURL]YRG
UDVWYRUOMLYRVWL�EDNDU�,,��RNVDODWD�L]QRVL�����⋅��¬����D
EDNDU�,,��NDUERQDWD�����⋅��¬���PRO�GP¬���'RELMHQH
YUHGQRVWL�SURL]YRGD�UVWYRUOMLYRVWL�SRND]XMX�L]YHVQD
RGVWXSDQMD�RG�SURQD_HQLK�OLWHUDWXUQLK�YUHGQRVWL�
0H_XWLP��WD�RGVWXSDQMD�QHPDMX�YHOLNL�]QDaDM�MHU�MH
UHG�YHOLaLQD�LVWL�

�,]�GRELMHQLK�UH]XOWDWD�VH�PRCH�L]YHVWL�SUHOLPL�
QDUQL�]DNOMXaDN�GD�VH�SURL]YRG�UDVWYRUOMLYRVWL�VROL
EDNUD�PRCH�RGUH_LYDWL�L�QD�RYDM�QDaLQ��0H_XWLP��QH�
RSKRGQD�VX�GDOMD�LVSLWLYDQMD��QD�GUXJLP�VROLPD�ED�
NUD��NDNR�EL�VH�L]YHR�SRX]GDQ�]DNOMXaDN�

=DNOMXaDN
2YR�LVSLWLYDQMH�GRYRGL�GR�]DNOMXaND�GD�VH�SURL]�

YRG�UDVWYRUOMLYRVWL�WH^NR�UDVWYRUQLK�MHGLQMHQMD�EDNUD
PRCH�RGUH_LYDWL�SULPHQRP�RSLVDQH�NLQHWLaNH�PH�
WRGH��5H]XOWDWL�NRML�VX�GRELMHQL�SRND]XMX�GD�VH�SURL]�

YRG�UDVWYRUOMLYRVWL�EDNDU�,,��NDUERQDWD������⋅��¬��
PRO�GP¬���L�EDNDU�,,��RNVDODWD������⋅��¬���PRO�GP¬��
PDOR�UD]OLNXMX�RG�QMLKRYLK�OLWHUDWXUQLK�YUHGQRVWL�����¬
���⋅��¬���PRO�GP¬���RGQRVQR�RNR����⋅��¬���PRO�GP¬��
UHVSHNWLYQR���2YD�RGVWXSDQMD�QLVX�]QDaDMQD�V�RE]L�
URP�QD�WR�GD�VH�L�X�OLWHUDWXUL�PRJX�QD`L�UD]OLaLWH
YUHGQRVWL�SUL]YRGD�UDVWYRUOMLYRVWL�LVSLWLYDQLK�VROL�

/LWHUDWXUD�
3LQH�6��+��������2UJDQVND�NHPLMD��=DJUHE�>NROVND�NQMLJD
9ROOKDUGW�3��&���6FKRUH�1��(��������2UJDQVNDKHPLMD��%HRJUDGD��'DWD�6WDWXV
,VDNRYL`�*���/XNL`�/M��,VDNRYL`�0���3DQRMRWRYL`1��������2S^WD�L�QHRUJDQVND�KHPLMD��%HRJUDG�=DYRG�]D�XGCEHQLNH�L�QDVWDYQD�VUHGVWYD
-RXHQDO�RI�3��&��5HIHUHQFH�������-RXUQDO�RI3K\VLFDO�&KHPLVWU\�5HIHUHQFH�'DWD������6XSSO���
+RGJPDQ�&��'��������+DQGERRN�RI�FKHPLVWU\DQG�SK\VLFV��SW�����WK�(GLWLRQ
0RUWLPHU�&��(��������&KHPLVWU\��$�&RQFHSWXDO$SSURDFK��1HZ�<RUN��9DQ�1RVWUDQG�5HLQKROG&RPSDQ\
KWWS���HOHFWURFKHP�N\XQJQDP�DF�NU�FKHPB(QJ�WDEOH�S������KWPO

*RUGDQD�.UVWL`�DQG�9DQMD�+ORCDQ

'HWHUPLQDWLRQ�RI�WKH�6ROXELOLW\
3URGXFW�RI�+DUG�6ROXEOH�&RSSHU�6DOWV
E\�$SSOLFDWLRQ�RI�WKH�5HDFWLRQ�RI
&DWDO\WLF�+\GURTXLQRQH�2[LGDWLRQ�E\
+\GURJHQ�3HUR[LGH

7KH�VROXELOLW\�SURGXFW�RI�D�KDUG�VROXEOH�FRP�
SRXQG�LV�D�SURGXFW�RI�LRQ�FRQFHQWUDWLRQV�RI�D�VDWX�
UDWHG�VROXWLRQ�RI�KDUG�VROXEOH�HOHFWURO\WHV�DW�D�FHUWDLQ
WHPSHUDWXUH��+\GURTXLQRQH��EHQ]HQH¬����GLRO��LV�DQ
DURPDWLF�GLK\GUR[\O�DOFRKRO��PROHFXOH�IRUPXOD
&�+��2+����+\GURTXLQRQH�LV�VXEMHFWHG�WR�R[LGDWLRQ
DQG�ZHDN�R[LGL]LQJ�VXEVWDQFHV��ZKLFK�JLYHV�TXL�
QRQH�

6OLND����=DYLVQRVW�DSVRUEDQFH�RG�YUHPHQD�X�SULVXVWYX&2��¬

)LJXUH����'HSHQGHQFH�RI�DEVRUEDQFH�XSRQ�WLPH�LQ�WKHSUHVHQFH�RI�&2��¬
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7KH�DLP�RI�WKLV�UHVHDUFK�ZDV�WR�GHWHUPLQH�WKH
VROXELOLW\�SURGXFW�RI�KDUG�VROXEOH�FRSSHU�VDOWV�E\�DS�
SOLFDWLRQ�RI�WKH�UHDFWLRQ�RI�FDWDO\WLF�K\GURTXLQRQH
R[LGDWLRQ�E\�K\GURJHQ�SHUR[LGH��'HWHUPLQDWLRQ�RI
WKH�VROXELOLW\�SURGXFW�RI�FRSSHU�VDOWV�LV�EDVHG�RQ�WKH
FDWDO\WLF�HIIHFW�RI�&X���LRQ�RQ�WKH�UHDFWLRQ�RI�K\GUR�
TXLQRQH�R[LGDWLRQ�E\�K\GURJHQ�SHUR[LGH�GXULQJ
ZKLFK�WKH�VROXWLRQ�DEVRUEDQFH�FKDQJHV��ZKLFK�LV�IRO�
ORZHG�RQ�D�VSHFWURPHWHU�

7KH�DEVRUEDQFH�ZDV�GHWHUPLQHG�IRU���V\VWHPV�
7KH�ILUVW�V\VWHP�FRQWDLQHG��K\GURTXLQRQH��K\GURJHQ
SHUR[LGH��FRSSHU�,,��VXOIDWH�DQG�GLVWLOOHG�ZDWHU��6\V�
WHP���FRQWDLQHG��K\GURTXLQRQH��K\GURJHQ�SHUR[LGH�
VRGLXP�VXOIDWH�DQG�GLVWLOOHG�ZDWHU��6\VWHP����K\GUR�
TXLQRQH��K\GURJHQ�SHUR[LGH��FRSSHU�,,��VXOIDWH��VR�
GLXP�R[DODWH�DQG�GLVWLOOHG�ZDWHU��DQG�V\VWHP���
K\GURTXLQRQH��K\GURJHQ�SHUR[LGH��FRSSHU�,,��VXOIDWH�
VRGLXP�FDUERQDWH�DQG�GLVWLOOHG�ZDWHU�

6\VWHP���ZDV�XVHG�IRU�JHWWLQJ�D�FDOLEUDWLRQ�OLQH
ZKLFK�VHUYHG�IRU�GHWHUPLQDWLRQ�RI�FRSSHU�LRQ�FRQ�
FHQWUDWLRQ�LQ�WKH�VROXWLRQ�LQ�V\VWHPV������DQG���

6\VWHP���ZDV�XVHG�WR�GHWHUPLQH�LI�WKH�VRGLXP
LRQV�LQIOXHQFH�WKH�UHDFWLRQ�VSHHG��ZKLOH�V\VWHPV��

DQG���ZHUH�XVHG�IRU�GHWHUPLQDWLRQ�RI�WKH�SURGXFW�RI
VROXELOLW\�RI�FRSSHU�,,��FDUERQDWH�DQG�FRSSHU�,,��R[�
DODWH�

%\�WKHVH�PHDVXULQJV�LW�ZDV�GHWHUPLQHG�WKDW�VR�
GLXP�LRQV�GR�QRW�LQIOXHQFH�WKH�VSHHG�RI�UHDFWLRQ�RI
K\GURTXLQRQH�R[LGDWLRQ�DQG�WKDW�R[DODWH�DQG�FDUERQ�
DWH�LRQV�GR�

2Q�WKH�EDVLV�RI�WKHVH�PHDVXULQJV��ZH�FDOFXODWHG
WKDW�WKH�SURGXFW�RI�VROXELOLW\�IRU�FRSSHU�,,��R[DODWH�LV
����⋅��¬���PRO�GP¬���DQG�IRU�FRSSHU�,,��FDUERQDWH�LV
����⋅��¬���PRO�GP¬���7KH�UHODWLYH�HUURU�IRU�FRS�
SHU�,,��R[DODWH�LV�����DQG�IRU�FRSSHU�,,��FDUERQDWH�LV
����+RZHYHU��WKHVH�HUURUV�PD\�EH�QHJOHFWHG�EH�
FDXVH�WKH�RUGHU�RI�SURSRUWLRQV�LV�H[DFW��$FFRUGLQJ�WR
WKH�REWDLQHG�UHVXOWV�ZH�PD\�FRQFOXGH�WKDW�WKH�SURG�
XFW�RI�VROXELOLW\�RI�VDOWV�RI�FRSSHU�PD\�DOVR�EH�GH�
WHUPLQHG�LQ�WKLV�ZD\�

$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKLV�UHVHDUFK�ZH�PD\
FRQFOXGH�WKDW�LW�LV�SRVVLEOH�WR�GHWHUPLQ�WKH�VROXELOLW\
SURGXFWV�RI�FRSSHU�VDOWV�E\�DSSOLFDWLRQ�RI�FDWDO\WLF
R[LGDWLRQ�RI�K\GURTXLQRQH�E\�K\GURJHQ�SHUR[LGH�
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