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6LPXODFLMD�GLVWULEXFLMH
QDHOHNWULVDQMD�QD��'�L��'
PRGHOLPD�PHWRGRP
VLPXOLUDQRJ�NDOMHQMD

8�UDGX�MH�GHPRQVWULUDQD�SULPHQD�PHWRGD�VLPXOLUD�
QRJ�NDOMHQMD�QD�SUREOHP�QDODCHQMD� VWDELOQRJ�UDV�
SRUHGD�MHGQDNLK�WDaNDVWLK�QDHOHNWULVDQMD�QD�SRYU^LQL
GLVND�L�X�XQXWUD^QMRVWL�ORSWH��'LVNXWRYDQD�MH�VWDELO�
QRVW�GRELMHQLK�NRQILJXUDFLMD�QDHOHNWULVDQMD�L�UD]PD�
WUDQR� MH� UDVSRUH_LYDQMH� QDHOHNWULVDQMD� X� XQX�
WUD^QMRVWL�PRGHOD��5H]XOWDWL� UDGD�VH�X�YHOLNRM�PHUL
VODCX�VD�UH]XOWDWLPD�SUHWKRGQLK�UDGRYD�X�RYRM�REODVWL�

8YRG
3UREOHP�QDODCHQMD�UDYQRWHCQRJ�VWDQMD�]D�Q�MHG�

QDNLK�WDaNDVWLK�QDHOHNWULVDQMD�NRMD�VH�QDOD]H�QD�SUR�
YRGQRM�SRYU^LQL�ORSWH�SUYL�MH�SRVWDYLR�EULWDQVNL
QDXaQLN�7RPVRQ�SRaHWNRP�GYDGHVHWRJ�YHND��3oUH]�
*DUULGR� HW� DO���������5H^DYDQMH�7RPVRQRYRJ
SUREOHPD�VH�VYRGL�QD�QDODCHQMH�NRQILJXUDFLMH�QDHOHN�
WULVDQMD�]D�NRMX�`H�SRWHQFLMDOQD�HOHNWURVWDWLaND�HQHU�
JLMD�VLVWHPD�ELWL�PLQLPDOQD��GUXJLP�UHaLPD��SRWUHEQR
MH�PLQLPDOL]RYDWL�HQHUJLMX�VLVWHPD�NDR�IXQNFLMX�NRRUGL�
QDWD�QDHOHNWULVDQMD��2YD�HQHUJLMD�MH�GDWD�NDR�VXPD�SR�
WHQFLMDOQLK�HQHUJLMD�VYDNH�QDHOHNWULVDQH�aHVWLFH
SRMHGLQDaQR��L�L]QRVL�

JGH�MH�N�.XORQRYD�NRQVWDQWD��T�QDHOHNWULVDQMH�MHGQH
aHVWLFH�L�ULM�UDVWRMDQMH�L]PH_X�L�WH�L�M�WH�aHVWLFH��UDGL

MHGQRVWDYQRVWL��XYHOL�VPR�QRYL�VLVWHP�PHUQLK�MHGLQL�
FD�WDNR�GD�T�L�N�EXGX�MHGLQLaQH�YHOLaLQH��

'D�ELVPR�L]YU^LOL�PLQLPL]DFLMX�HQHUJLMH�VLVWHPD
L�SURQD^OL�VWDELOQH�NRQILJXUDFLMH�NRULVWLOL�VPR�QX�
PHULaNL�PHWRG�VLPXOLUDQRJ�NDOMHQMD��NRMH�X�VYRMRM
RVQRYL�LPD�SRPHUDQMH�aHVWLFD�YU^HQR�QD�RVQRYX
YHURYDWQR`H�QMLKRYRJ�SUHODVND�X�QRYR�VWDQMH��2YD
YHURYDWQR`D�MH�GDWD�VD

JGH�MH�N%�%ROFPDQRYD�NRQVWDQWD�D�7�WHPSHUDWXUD�QD
NRMRM�VH�VLVWHP�QDOD]L��0DQGO��������7HPSHUDWXUD�MH
MHGQD�RG�YDCQLK�NDUDNWHULVWLND�VLVWHPD�MHU�NLQHWLaND
HQHUJLMD�aHVWLFD��D�VDPLP�WLP�L�QMLKRYD�SRNUHWOMLYRVW�
GLUHNWQR�]DYLVL�RG�QMH�

3RVWHSHQR�VPDQMXMX`L�WHPSHUDWXUX�VLVWHPD�VL�
PXOLUDPR�NDOMHQMH��LQGXVWULMVNL�PHWRG�]D�SUHYR_HQMH
LVWRSOMHQLK�PHWDOD�X�aYUVWR�VWDQMH�ODJDQLP�KOD_HQMHP�
6LPXOLUDQR�NDOMHQMH�NDR�PHWRG�RSWLPL]DFLMH�IXQNFLMD
LPD�SUHGQRVW�X�RGQRVX�QD�YHOLNL�EURM�GUXJLK�PHWRGD
X�WRPH�^WR�QLMH�SRWUHEQR�SUHGYLGHWL�WRN�IXQNFLMH�GD
EL�VH�RQD�PLQLPDOL]RYDOD��NDR�L�X�WRPH�^WR�UH]XOWDWL
GRELMHQL�QD�RYDM�QDaLQ�LPDMX�YHOLNX�WDaQRVW��0DF.H�
RZQ��������&LOM�RYRJ�UDGD�ELOR�MH�QDODCHQMH�VWDELOQLK
VWDQMD�QDHOHNWULVDQMD�NRMD�VH�NUH`X�X�XQXWUD^QMRVWL�OR�
SWH�L�QD�SRYU^LQL�GLVND�NRUL^`HQMHP�PHWRGD�VLPXOLUD�
QRJ�NDOMHQMD�

0HWRG�VLPXOLUDQRJ�NDOMHQMD�L
GLVNXVLMD�GRELMHQLK�UH]XOWDWD

$OJRULWDP�NRML�VPR�NRULVWLOL�SRGHOLOL�VPR�QD�GYD
GHOD��LQLFLMDOL]DFLMX�VLVWHPD�L�SURFHV�PLQLPDOL]DFLMH
HQHUJLMH�VLVWHPD��VLPXOLUDQR�NDOMHQMH��
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?RU_H�5DGLaHYL`���������1L^��$QHWH�$QGUHMHYL`���
XaHQLN����UD]UHGD�*LPQD]LMH�®6YHWR]DU�0DUNRYL`¯
X�1L^X
0(1725��0DULMD�9UDQL`��VWXGHQW�)L]LaNRJ
IDNXOWHWD�X�%HRJUDGX
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,QLFLMDOL]DFLMD�VLVWHPD
.DR�SRaHWQH�SDUDPHWUH�VLVWHPD�XQRVLOL�VPR�EURM

QDHOHNWULVDQMD�Q��PDNVLPDOQL�SRPHUDM�aHVWLFH�G�L�IDNWRU
SURPHQH�WHPSHUDWXUH�)β��=DWLP�VPR�]D�VYDNR�QD�
HOHNWULVDQMH�JHQHULVDOL�GYD�VOXaDMQD�EURMD�ζ��L�ζ��L]�LQ�
WHUYDOD��������L�UDaXQDOL�SRODUQH�NRRUGLQDWH�(U��θ)
VYDNRJ�QDHOHNWULVDQMD�SR�IRUPXODPD�

U�=�√�ζ�����θ�=��π�ζ�
.RUL^`HQMHP�RYLK�IRUPXODPD�REH]EHGLOL�VPR�XQLIRU�
PQX�UDVSRGHOX�QDHOHNWULVDQMD�SR�GLVNX��0DF.HRZQ
�������8�VOXaDMX�WURGLPHQ]LRQDOQRJ�PRGHOD��SRODUQH
NRRUGLQDWH�QDHOHNWULVDQMD�VPR�UDaXQDOL�SRPR`X
MHGQDaLQD�

3RaHWQL�SDUDPHWDU�WHPSHUDWXUH�β��GHILQLVDQ�NDR
β�=�(Nβ�7)−���VPR�UDaXQDOL�SR�IRUPXOL�

β�=�Q(
JGH�MH�(�SRaHWQD�HQHUJLMD�VLVWHPD��0DF.HRZQ�������
6LPXOLUDQR�NDOMHQMH

$OJRULWDP�NRML�VPR�NRULVWLOL�GD�ELVPR�QD^OL
WUDCHQX�VWDELOQX�NRQILJXUDFLMX�aHVWLFD�VH�]DVQLYDR�QD
QHNROLNR�MHGQRVWDYQLK�NRUDND�

���9U^LOL�VPR�SURPHQX�UDGLMXV�YHNWRUD�RGDEUDQH
aHVWLFH�]D�VOXaDMDQ�YHNWRU�LQWHQ]LWHWD�QH�YH�
`HJ�RG�PDNVLPDOQRJ�SRPHUDMD�aHVWLFH�G�

���2GUH_LYDOL�VPR�GD�OL�MH�QRYD�NRQILJXUDFLMD
SULKYDWOMLYD� SR� 0HWURSROLV� NULWHULMXPX
�0DF.HRZQ�������

���0HQMDOL�VPR�SDUDPHWDU�WHPSHUDWXUH�PQRCH`L
JD�IDNWRURP�)β�L�YUD`DOL�VH�QD�SUYL�NRUDN�

1DMYDCQLML�GHR�NRUL^`HQRJ�DOJRULWPD�MH�ELR�XSUD�
YR�GUXJL�NRUDN�X�NRPH�VPR�RGUH_LYDOL�SULKYDWOMLYRVW
QRYH�NRQILJXUDFLMH�aHVWLFD��3ULKYDWOMLYRVW�VPR�RGUH�
_LYDOL�0HWURSROLV�DOJRULWPRP�NRML�MH�SR�IRUPXODPD
����L�����UDaXQDR�RGQRV�YHURYDWQR`D�QDODCHQMD�VLVWH�
PD�X�VWDURP�L�QRYRP�VWDQMX��8NROLNR�MH�RYDM�RGQRV
ELR�YH`L�RG�VOXaDMQRJ�EURMD�L]�LQWHUYDOD�[����]�aHVWLFD
EL�RVWDMDOD�X�QRYRP�VWDQMX��D�X�VXSURWQRP�EL�VH�aHV�
WLFD�YUD`DOD�QD�VYRMH�VWDUR�PHVWR��=ERJ�RYDNYRJ
RGUH_LYDQMD�SULKYDWOMLYRVWL�PRJOL�VPR�GD�L]EHJQHPR

]DXVWDYOMDQMH�X�ORNDOQLP�PLQLPXPLPD�HQHUJLMH�aLMD
EL�SRVOHGLFD�ELOR�GRELMDQMH�PHWDVWDELOQLK�NRQDaQLK
NRQILJXUDFLMD��QDLPH��LDNR�MH�QD^�FLOM�ELOD�PLQLPDOL�
]DFLMD�HQHUJLMH��QLVPR�XYHN�VWUHPLOL�ND�̂ WR�MH�PRJX`H
PDQMRM�HQHUJLML�YH`�VPR�GR]YROMDYDOL�L�QMHQH�EODJH
SRUDVWH��7DNR�MH�L�X�VWYDUQRP�CLYRWX��GD�ELVPR�QD^OL
SXW�NRML�YRGL�ND�QDMQLCRM�GROLQL��SRQHNDG�PRUDPR
SUH`L�L�QHNX�X]EUGLFX��0DF.HRZQ��������
0RGLILNDFLMH�DOJRULWPD�VLPXOLUDQRJNDOMHQMD

.DNR�ELVPR�̂ WR�XVSH^QLMH�L]EHJOL�]DUREOMLYDQMH�X
ORNDOQLP�HQHUJLMVNLP�PLQLPXPLPD��L]YU^LOL�VPR�L]�
YHVQH�PRGLILNDFLMH�RVQRYQRJ�DOJRULWPD��YRGH`L�UDaXQD
R�WRPH�GD�NDUDNWHULVWLNH�PHWRGD�RVWDQX�QHSURPHQMHQH�
3RVOH�LQLFLMDOL]DFLMH�VLVWHPD�YU^LOL�VPR����SUREQLK�LW�
HUDFLMD�L�EURMDOL�NROLNR�MH�SRPHUDMD�RVWYDUHQR��XN�
ROLNR� MH� X� PDQMH� RG� ���� LWHUDFLMD� L]YU^HQR
SRPHUDQMH�aHVWLFH��SRYH`DYDOL�VPR�SRaHWQX�WHPSHUD�
WXUX�VLVWHPD�PQRCHQMHP�SDUDPHWUD�β� VD� GYD� L
SRQDYOMDOL�SUREQH�LWHUDFLMH�VYH�GRN�QLMH�ELR�L]YU^HQ�GR�
YROMDQ�EURM�SRPHUDMD��1D�RYDM�QDaLQ�VPR�PRGLILN�
RYDOL�SRaHWQX�WHPSHUDWXUX�NDNR�RQD�QH�EL�ELOD
SUHYL^H�QLVND��MHU�X�WRP�VOXaDMX�aHVWLFH�QH�EL�LPDOH
GRYROMQR�YHOLNX�HQHUJLMX�GD�SUHYD]L_X�YLVRNH�HQHUJL�
MVNH�EDULMHUH�NRMH�UD]GYDMDMX�PLQLPXPH��3RUHG�WRJD�
]D�LVWX�SRaHWQX�NRQILJXUDFLMX�SURFHV�NDOMHQMD�VPR
SRQDYOMDOL�SR�GHVHW�SXWD�L�NDR�NRQDaQR�UH^HQMH�X]L�
PDOL�RQR�VD�QDMPDQMRP�NUDMQMRP�HQHUJLMRP�

5H]XOWDWL�L�GLVNXVLMD
8�VLPXODFLML�VPR�GHVHW�SXWD�YU^LOL�SR�WUL�KLOMDGH

SR]LYD�0HWURSROLV�DOJRULWPD�NRML�MH�X�MHGQRP�SR]LYX
MHGQRP�REUD_LYDR�VYDNX�RG�Q�aHVWLFD��)DNWRU�SURPH�
QH�WHPSHUDWXUH�L]QRVLR�MH�)β��=�������D�PDNVLPDOQL
SRPHUDM�aHVWLFD�G� �������1D�VOLFL���VX�SULND]DQH
NRQILJXUDFLMH�GRELMHQH�]D����QDHOHNWULVDQMD�QD�GLVNX�
,]�GRELMHQLK�UH]XOWDWD�VPR�]DNOMXaLOL�GD�aHVWLFH�WHCH
GD�VH�UDVSRUHGH�SR�NRQFHQWULaQLP�NUXJRYLPD�QD
SRYU^LQL�GLVND��GRN�VX�VH�X�WURGLPHQ]L��RQDOQRP
VOXaDMX�aHVWLFH�XYHN�UDVSRUH_LYDOH�SR�SRYU^LQL�ORSWH�

1D�VOLFL���MH�GDWD�]DYLVQRVW�HQHUJLMH�GYRGLPHQ�
]LRQDOQRJ�VLVWHPD�RG�YUHPHQD��WM��RG�EURMD�LWHUDFLMD�
6D�RYRJ�JUDILND�VH�YLGL�GD�MH�HQHUJLMD�VLVWHPD�X�MHG�
QRP�WUHQXWNX�GRVWLJOD�NRQVWDQWQX�YUHGQRVW�¬�VLVWHP
MH�GRVSHR�X�VWDELOQR�VWDQMH��0H_XWLP��aDN�L�X�VWDELO�
QRP�VWDQMX�SRVWRMD`H�IOXNWXDFLMH�HQHUJLMH��^WR�VH
PRCH�YLGHWL�QD�VOLFL���
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1D�VOLFL���MH�SULND]DQD�]DYLVQRVW�HQHUJLMH�WURGL�
PHQ]LRQDOQRJ�VLVWHPD�RG�YUHPHQD��HQHUJLMD�`H�VH�X
RYRP�VOXaDMX�SRQD^DWL�QD�LVWL�QDaLQ�NDR�L�X�VOXaDMX
QDHOHNWULVDQMD�QD�GLVNX�

3RGUREQLMH�VPR�UD]PRWULOL�GRELMHQL�UDVSRUHG�GYD�
QDHVW�QDHOHNWULVDQMD�QD�GLVNX��8�RYRP�VOXaDMX�VX�VH
aHVWR�MDYOMDOD�GYD�NRQDaQD�VWDQMD��MHGQR�X�NRPH�VX
VH�X�XQXWUD^QMRVWL�GLVND�QDOD]LOH�GYH�aHVWLFH��VOLND

�E���L�GUXJR��JGH�VH�X�XQXWUD^QMRVWL�QDOD]LOD�VDPR
MHGQD�aHVWLFD��VOLND��F���'D�EL�VH�RGUHGLOR�NRMH�RG
GYD�VWDQMD�MH�UDYQRWHCQR��XSRUHGLOL�VPR�QMLKRYH�HQ�
HUJLMH�YR_HQL�LGHMRP�GD�MH�RQR�VWDQMH�NRMH�SRVHGXMH
PDQMX�HQHUJLMX�VWDELOQLMH��(QHUJLMD�NRQILJXUDFLMH�VD
GYH�aHVWLFH�X�XQXWUD^QMRVWL�ELOD�MH�(�� ���������D
NRQILJXUDFLMH�VD�MHGQRP�aHVWLFRP�X�VUHGLQL�(�  
 ���������3UHPD�WRPH��VWDQMH�NRMH�LPD�MHGQX�aHVWLFX
X�VUHGLQL�MH�ELOR�VWDELOQLMH�L�SULKYDWLOL�VPR�JD�NDR

6OLND����
5DVSRUHGL����QDHOHNWULVDQMD�QD�GLVNX�
D�¬�VOXaDMQL�SRaHWQL�SRORCDM��E�¬�PHWDVWDELOQR�NRQDaQRVWDQMH��F�¬�VWDELOQR�NRQDaQR�VWDQMH

)LJXUH���
���FKDUJH�FRQILJXUDWLRQV�RQ�D�GLVF��D�¬�UDQGRP�VWDUWLQJSRVLWLRQ��E�¬�PHWDVWDEOH�ILQDO�VWDWH��F�¬�VWDEOH�ILQDO�VWDWH

6OLND����=DYLVQRVW�HQHUJLMH�VLVWHPD����aHVWLFD�QD�GLVNX�RGYUHPHQD��RGQRVQR�RG�EURMD�LWHUDFLMD
)LJXUH����7KH�HQHUJ\�RI�D����SDUWLFOH�V\VWHP�DV�DIXQFWLRQ�RI�WLPH���'�FDVH�

6OLND����5D]OLND�WUHQXWQH�L�NUDMQMH�YUHGQRVWL�HQHUJLMH�VLVWHPD�X]DYLVQRVWL�RG�EURMD�LWHUDFLMD��OLQ�ORJ�YDULMDQWD�
)LJXUH����7KH�GLIIHUHQFH�RI�FXUUHQW�DQG�ILQDO�HQHUJ\�DV�D�IXQFWLRQRI�WLPH�LQ�OLQ�ORJ�VFDOLQJ���'�FDVH�
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NRQDaQR��5HODWLYQD�UD]OLND�NRQDaQLK�HQHUJLMD�MH�X
RYRP�VOXaDMX�L]QRVLOD��������WH�VPR�]ERJ�YHRPD
PDOH�UD]OLNH�L]PH_X�RYH�GYH�YUHGQRVWL�NDR�UH]XOWDW
aHVWR�GRELMDOL�VLVWHP�X�PHWDVWDELOQRP�VWDQMX��VOLND
�E���LDNR�VLVWHP�SRVOH�VLPXODFLMH�GRVWLCH�HQHUJLMX
NRMD�MH�YHRPD�EOLVND�HQHUJLML�UDYQRWHCQRJ�VWDQMD��RQ
QH�PRUD�REDYH]QR�GD�VH�QDOD]L�X�QDMVWDELOQLMHP
PRJX`HP�VWDQMX�¬�VLPXOLUDQR�NDOMHQMH�NDR�FLOM�LPD
VDPR�PLQLPDOL]DFLMX�HQHUJLMH�VLVWHPD��QH�REDYH]QR�L
QDODCHQMH�NRQILJXUDFLMH�NRMD�RGJRYDUD�JOREDOQRP
PLQLPXPX��

=DNOMXaDN
'HPRQVWULUDOL�VPR�SULPHQX�PHWRGD�VLPXOLUDQRJ

NDOMHQMD�QD�UH^DYDQMH�NRQNUHWQRJ�IL]LaNRJ�SUREOHPD
¬�GLVWULEXFLMH�QDHOHNWULVDQLK�aHVWLFD�QD�SRYU^LQL�GLVND
L�X�XQXWUD^QMRVWL�ORSWH��'DOML�UDG�QD�SURMHNWX�EL�VH
EDYLR�SUHFL]QLP�RGUH_LYDQMHP�IDNWRUD�SURPHQH�WHP�
SHUDWXUH��NRML�MH�X�RYRP�UDGX�ELOD�MHGLQD�YHOLaLQD
NRMX�QL�QD�NRML�QDaLQ�QLVPR�PRGLILNRYDOL�NDNR�EL�̂ WR
EROMH�RGJRYDUDOD�WUHQXWQRP�HQHUJLMVNRP�VWDQMX
VLVWHPD��8�GDOMHP�LVWUDCLYDQMX�MH�SRWUHEQR�LVSLWDWL�L
RYH�PRJX`QRVWL�L�XVWDQRYLWL�NRML�RG�QDYHGHQLK�QD�
aLQD�SURPHQH�WHPSHUDWXUH�GDMH�QDMEROMH�UH]XOWDWH�
7DNR_H��X�RYRP�UDGX�VH�QLVPR�EDYLOL�DNWXHOQRP
WHPRP�YH]DQRP�]D�7RPVRQRY�SUREOHP�¬�LVSLWLYDQ�
MHP�VLPHWULMH�GRELMHQLK�VWDELOQLK�VWDQMD��^WR�VYDNDNR
SUHGVWDYOMD�RVQRYX�]D�GDOML�UDG�QD�SUREOHPX�

/LWHUDWXUD
+DUGLQ�5��+��HW�DO��������0LQLPDO�(QHUJ\$UUDQJHPHQWV�RI�3RLQWV�RQ�D�6SKHUH��'RVWXSQR�QDKWWS���ZZZ�UHVHDUFK�DWW�FRP�aQMDV�HOHFWURQV
/D]DUHYL`�1���%DMNRYL`�%��������0DWHPDWLND�IRUPXOH��REUDVFL��GHILQLFLMH��%HRJUDG��=DYRG�]DXGCEHQLNH�L�QDVWDYQD�VUHGVWYD
0DF.HRZQ�3��������6WRFKDVWLF�6LPXODWLRQV�LQ3K\VLFV��6LQJDSRUH��6SULQJHU�SXEOLVKHUV
0DQGO�)��������6WDWLVWLFDO�3K\VLFV��0DQFKHVWHU�8QLYHUVLW\�RI�0DQFKHVWHU��)DFFXOW\�RI�6FLHQFH�'HSDUWPHQW�IRU�3K\VLFV
3oUH]�*DUULGR�$���'RGJVRQ�0��-��:��0RRUH�0�$��������,QIOXHQFH�RI�'LVORFDWLRQV�RQ�7KRPVRQ±V3UREOHP��'RVWXSQR�QD�KWWS���DU[LY�RUJ�36BFDFKH�FRQG�PDW�SGI��������������SGI

'MRUGMH�5DGLaHYL`
6LPXODWLRQ�RI�&KDUJH�'LVWULEXWLRQ�LQ
7ZR��DQG�7KUHH�'LPHQVLRQDO�0RGHOV
8VLQJ�WKH�6LPXODWHG�$QQHDOLQJ
$OJRULWKP

7KH�DSSOLFDWLRQ�RI�WKH�VLPXODWHG�DQQHDOLQJ�DOJR�
ULWKP�RQ�WKH�GLVWULEXWLRQ�RI�HTXDO�FKDUJHV�RQ�D�GLVF
DQG�LQ�D�VSKHUH�KDV�EHHQ�GHPRQVWUDWHG�LQ�WKLV�SDSHU�
,Q�WKH�EDVLV�RI�WKH�VLPXODWHG�DQQHDOLQJ�PHWKRG�
ZKLFK�ZDV�XVHG�WR�PLQLPL]H�WKH�SRWHQWLDO�HOHFWUR�
VWDWLF�HQHUJ\�RI�WKH�V\VWHP�RI�FKDUJHV�DQG�WR�WKHUH�
IRUH�ILQG�LWV�VWDEOH�FRQILJXUDWLRQ��ZDV�WKH�0HWURSROLV
DOJRULWKP��ZKLFK�FDOFXODWHG�WKH�SUREDELOLW\�RI�FKDUJH
PRYHPHQW�IURP�RQH�SRLQW�WR�D�QHDUE\��UDQGRPO\�VH�
OHFWHG�RQH�

7KH�FKDQJH�RI�WKH�HQHUJ\�RI�WKH�V\VWHP�ZDV
PRQLWRUHG��DQG�WKH�REWDLQHG�UHVXOWV�DUH�SUHVHQWHG�RQ
JUDSKV���DQG���IRU�WZR��DQG�WKUHH�GLPHQVLRQDO�PRG�
HOV��UHVSHFWLYHO\��7KH�IOXFWXDWLRQV�RI�WKH�HQHUJ\�RI
WKH�WZR�GLPHQVLRQDO�V\VWHP�DUH�VKRZQ�RQ�JUDSK���
)XUWKHUPRUH��WKH�GLVWULEXWLRQ�RI�FKDUJHV�LQVLGH�WKH
GLVF�LV�GLVFXVVHG�DQG�IURP�WKH�UHVXOWV�LW�ZDV�FRQ�
FOXGHG�WKDW�WKH�FKDUJHV�WHQG�WR�DUUDQJH�WKHPVHOYHV�LQ
FRQFHQWULF�FLUFOHV�RQ�WKH�GLVF��7KH�UHVXOWV�REWDLQHG�LQ
WKLV�SDSHU�FRLQFLGH�ZHOO�ZLWK�WKH�UHVXOWV�RI�RWKHU�SD�
SHUV�WKDW�KDYH�GHDOW�ZLWK�VDPH�RU�VLPLODU�VXEMHFWV�

6OLND����=DYLVQRVW�HQHUJLMH�VLVWHPD����aHVWLFD�X�ORSWL�RG�EURMDLWHUDFLMD
)LJXUH����7KH�HQHUJ\�RI�D����SDUWLFOH�V\VWHP�DV�D�IXQFWLRQ�RIWLPH���'�FDVH�
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