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LQIUDVWUXNWXUX�L�KODGQL�SRJRQ�,QVWLWXWD�

8VWURM� UDGQLK� PMHVWD� VPDQMLR� MH� ]D� RNR� ���� EURM� UDGQLK� PMHVWD� X� DGPLQLVWUDFLML� L
GUXJLP�SRPRüQLP�VOXåEDPD��.UXSQD�L�NUXSQLMD�XODJDQMD�ELOD�VX�VYHGHQD�QD�QDMQXåQLMX�UD]LQX
RþHNXMXüL�EROMD�YUHPHQD�]D�KUYDWVNR�JRVSRGDUVWYR��=DNOMXþQR�VH�PRåH�ND]DWL�GD�MH�,QVWLWXW�
SUROD]HüL� NUR]� UDGLNDOQH�XVWURMEHQH�SURPMHQH� V� QDJODVFLPD� L� ]DRNUHWLPD�SUHPD�VWUDWHãNLP
]QDQVWYHQR�JRVSRGDUVNLP� SRWUHEDPD� GUåDYH�� GDR� ]QDQVWYHQH� L� REUD]RYQH� UH]XOWDWH
SULPMHUHQH�QMHJRYX�VWDWXVX�

'U�VF��1LNROD�=RYNR
5DYQDWHOM�,QVWLWXWD
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8SUDYQR�YLMHüH

GU��VF��%RåLGDU�(7/,1*(5��,QVWLWXW�³5X HU�%RãNRYLü´��þODQ
GU��VF��)UDQMR�5$12*$-(&��,QVWLWXW�³5X HU�%RãNRYLü´��þODQ
GU��VF��0DUNR�5$'$ý,û��,QVWLWXW�³5X HU�%RãNRYLü´��þODQ
GU��VF��-RVLS�75$03(7,û��,QVWLWXW�³5X HU�%RãNRYLü´��þODQ
SURI��GU��VF��+UYRMH�%$1),û��0HGLFLQVNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��SUHGVMHGQLN
GU��VF��0DULMDQ�%2â1-$.��³3OLYD´�G�G���,VWUDåLYDþNL�LQVWLWXW��=DJUHE��þODQ
SURI��GU��VF��=GHQNR�.29$ý��0HGLFLQVNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��]DPMHQLN�SUHGVMHGQLND
SURI��GU��VF��6ODYNR�.5$-&$5��)DNXOWHW�HOHNWURWHKQLNH�L�UDþXQDUVWYD�6YHXþLOLãWD�X�=DJUHEX��þODQ
SURI��GU�VF��1LNROD�58ä,16.,��0LQLVWDUVWYR�]QDQRVWL�L�WHKQRORJLMH��=DJUHE��þODQ�89�,5%

5DYQDWHOM��GU��VF��1LNROD�=29.2

3RPRüQLN�UDYQDWHOMD�]D�]QDQRVW��GU��VF��=YRQLPLU�0$.6,û

3RPRüQLN�UDYQDWHOMD�]D�VXUDGQMX�V�JRVSRGDUVWYRP��GU��VF��$QWXQ�3(5â,1

3RPRüQLN�UDYQDWHOMD�]D�ILQDQFLMH��GU��VF��(PLQ�7(6.(5('ä,û

=QDQVWYHQR�YLMHüH�,QVWLWXWD

GU��VF��0ODGHQ�0$57,1,6��SUHGVMHGQLN
GU��VF��ýHGRPLO�/8&8��]DPMHQLN�SUHGVMHGQLND

=QDQVWYHQR�YLMHüH�,QVWLWXWD�EURML�XNXSQR�����þODQRYD�

=QDQVWYHQL� VDYMHW� ]D� ,QVWLWXW� ³5X HU� %RãNRYLü´� LPHQRYDQ� RG� 0LQLVWDUVWYD
]QDQRVWL�L�WHKQRORJLMH

��� 3URI��GU��VF��0LURVODY�)85,û��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX
��� 3URI��GU��VF��,YLFD�3,&(.��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX
��� 3URI��GU��VF��%RUDQ�/(217,û��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX
��� $NDGHPLN�'LRQL]LMH�681.2��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��X�PLURYLQL
��� 3URI��GU��VF��%RåLGDU�67,/,129,û��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��=DJUHE
��� 3URI��GU��VF��%LVHUND�1$*<��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��=DJUHE
��� $NDGHPLN�+UYRMH�%$%,û��)DNXOWHW�HOHNWURWHKQLNH�L�UDþXQDUVWYD�6YHXþLOLãWD�X�=DJUHEX��=DJUHE
��� 3URI��GU��VF��=GUDYNR�/$&.29,û��0HGLFLQVNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��=DJUHE
��� 3URI��GU��VF��.UHãLPLU�+806.,��)DUPDFHXWVNR�ELRNHPLMVNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��SUHGVMHGQLN�

�������
����$NDGHPLN�äHOMNR�.8û$1��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX
����3URI��GU��VF��%UDQLPLU�-$.â,û��0HGLFLQVNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX
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=$92'�=$�7(25,-6.8�),=,.8
3URJUDP�������
7HRULMVND�LVWUDåLYDQMD�VWUXNWXUH�PDWHULMH

GU�� VF�� %UDQNR� *XEHULQD�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

*UXSD�]D�IL]LNX�þYUVWRJ�VWDQMD
�7���������1LVNRGLPHQ]LRQDOQL�VXVWDYL��VORMHYL�L�SRYUãLQH

GU�� VF�� 5DGRYDQ� %UDNR�� YRGLWHOM
ODERUDWRULMD�L�WHPH

*UXSD�]D�IL]LNX�þHVWLFD
�7���������7HRULMVND�LVWUDåLYDQMD�RVRELQD�IXQGDPHQWDOQLK�þHVWLFD

GU�� VF�� %UDQNR� *XEHULQD�� YRGLWHOM
ODERUDWRULMD�L�WHPH

*UXSD�]D�WHRULMVNX�L�PDWHPDWLþNX�IL]LNX
�7���������.YDQWQD�WHRULMD�SROMD��VWDWLVWLNH�L�VLPHWULMH

GU�� VF�� 6WMHSDQ� 0HOMDQDF�� YRGLWHOM
ODERUDWRULMD�L�WHPH

*UXSD�]D�OLQHDUQX�L�QHOLQHDUQX�GLQDPLNX
�7���������9LãHþHVWLþQH�NRUHODFLMH�L�IOXNWXDFLMH

GU�� VF�� 0ODGHQ� 0DUWLQLV�� YRGLWHOM
ODERUDWRULMD�L�WHPH

7DMQLãWYR

=$92'�=$�(.63(5,0(17$/18�),=,.8
3URJUDP�������
,VWUDåLYDQMD�L]�VXEDWRPVNH�IL]LNH

GU�� VF�� $QWH� /MXELþLü�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�QXNOHDUQH�UHDNFLMH
�7���������5HDNFLMH�PH X�ODNLP�MH]JUDPD

GU�� VF�� XUR� 0LOMDQLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������6LPHWULMH�L�PH XGMHORYDQMD GU��VF��$OIUHG�âYDUF��YRGLWHOM�WHPH

�/DERUDWRULM�]D�WHãNRLRQVNX�IL]LNX
�7���������)L]LND�WHãNLK�LRQD

GU�� VF�� 5RPDQ� ýDSODU�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�/DERUDWRULM�]D�HOHNWURPDJQHWVNH�L�VODEH�LQWHUDNFLMH
�7���������)L]LND�HOHPHQWDUQLK�þHVWLFD�L]YDQ�VWDQGDUGQRJ�PRGHOD

GU�� VF�� $QWH� /MXELþLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������)RWRQ�DWRP�UDVSUãHQMH GU��VF��.UXQRVODY�3LVN��YRGLWHOM�WHPH

�/DERUDWRULM�]D�QXNOHDUQX�PLNURDQDOL]X
�7���������0H XGMHORYDQMD�LRQD�0H9VNLK�HQHUJLMD�L�PDWHULMH

GU��VF��0LONR�-DNãLü��YRGLWHOM�ODERUDWRULMD
L�WHPH

�/DERUDWRULM�]D�PMHUHQMH�QLVNLK�DNWLYQRVWL
�7���������3ULURGQL�UDGLRL]RWRSL�L�SURFHVL�X�SOLQRYLPD

GU�� VF�� %RJRPLO� 2EHOLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�/DERUDWRULM�]D�IL]LNX�YLVRNLK�HQHUJLMD
�7���������(NVSHULPHQWDOQD�IL]LND�YLVRNLK�HQHUJLMD

GU��VF��'DQLOR�9UDQLü��YRGLWHOM�WHPH
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7DMQLãWYR

=$92'�=$�),=,.8�0$7(5,-$/$
3URJUDP�������
,VWUDåLYDQMH� GHIHNDWD� QHXUH HQH�XUH HQH� PDWHULMH� L� PROHNXOD�
LQWHUDNFLMH�L�GLQDPLND

GU�� VF�� %UDQNR� 3LYDF�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�SROXYRGLþH�L�VURGQH�PDWHULMDOH
�7���������,VWUDåLYDQMH�GHIHNDWD�X�SROXYRGLþLPD�L�L]RODWRULPD

GU�� VF�� %UDQNR� 3LYDF�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�/DERUDWRULM�]D�WDQNH�ILOPRYH
�7���������$PRUIQL�WDQNL�ILOPRYL

GU�� VF�� 1LNROD� 5DGLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXOVNX�IL]LNX
�7���������5DVSUãHQMH�VYMHWOD��LQWHUDNFLMH�L�GLQDPLND�PDWHULMH

GU�� VF�� .UHãLPLU� )XULü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

7DMQLãWYR

=$92'�=$�(/(.7521,.8
3URJUDP�������
0RGHOLUDQMH�SURFHVD�LQWHOLJHQWQLP�UDþXQDOVNLP�VXVWDYLPD

GU�� VF��1LNROD�%RJXQRYLü�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�LQIRUPDFLMVNH�VXVWDYH
�7���������$XWRPDWL]LUDQR�UDVX LYDQMH

GU�� VF�� 1LNROD� %RJXQRYLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�LVWUDåLYDQMH�VOXþDMQLK�VLJQDOD�L�SURFHVD
�7���������2SWLPL]DFLMD�REUDGH�VLJQDOD�L�SRGDWDND

GU�� VF�� %RåLGDU� 9RMQRYLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

=$92'�=$�),=,ý.8�.(0,-8
3URJUDP�������
6WUXNWXUD�L�GLQDPLND�VLQWHWLþNLK�L�ELRORJLMVNLK�WYDUL

GU�� VF�� 1HQDG� 7ULQDMVWLü�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�NHPLMVNX�NLQHWLNX�L�DWPRVIHUVNX�NHPLMX

�7���������6DVWDY��VYRMVWYD�L�GLQDPLND�SOLQVNLK�VXVWDYD GU��VF��'XQMD�6U]Lü��YRGLWHOMLFD�WHPH

�7���������5HDNWLYQRVW�L�UHDNFLMVNL�PHKDQL]PL GU�� VF�� /HR� .ODVLQF�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������6WUXNWXUD�L�ELRDNWLYQRVW�RUJDQVNLK�L�RUJDQRPHWDOQLK�VSRMHYD GU��VF��/MHUND�7XãHN�%RåLü��YRGLWHOMLFD
WHPH

/DERUDWRULM�]D�UDGLRNHPLMX
�7���������,VWUDåLYDQMD�KRPRJHQLK�L�KHWHURJHQLK�VXVWDYD

GU�� VF�� 1DGD� )LOLSRYLü�9LQFHNRYLü�
YRGLWHOMLFD�ODERUDWRULMD�L�WHPH

*UXSD�]D�WHRULMVNX�NHPLMX
�7���������,VWUDåLYDQMD�VWDWLþNLK�L�GLQDPLþNLK�VYRMVWDYD�PROHNXOD

GU�� VF�� $OHNVDQGDU� 6DEOMLü�� YRGLWHOM
WHPH
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�7���������5D]YRM�L�SULPMHQD�PRGHOD�X�NHPLML GU�� VF�� 1HQDG� 7ULQDMVWLü�� YRGLWHOM
ODERUDWRULMD
�L�WHPH

/DERUDWRULM�]D�NHPLMVNX�L�ELRORãNX�NULVWDORJUDILMX
�7���������6WUXNWXUD�L�VYRMVWYD��ELR�PROHNXOD

GU�� VF�� %LVHUND� .RMLü�3URGLü�
YRGLWHOMLFD�ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PDJQHWVNH�UH]RQDQFLMH
�7���������6SHNWURVNRSVND�LVWUDåLYDQMD�OLSRSURWHLQD

GU��VF��*UHWD�3LIDW�0U]OMDN��YRGLWHOMLFD
WHPH

�7���������5HODNVDFLMVNL�SURFHVL�IHURHOHNWULND�L�VXSUDYRGLþD GU��VF��%RULV�5DNYLQ��YRGLWHOM�WHPH

�7���������,VWUDåLYDQMH�SROLPHUD�PHWRGDPD�PDJQHWVNLK�UH]RQDQFLMD GU�� VF�� =RULFD� 9HNVOL�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�DQDOLWLþNX�NHPLMX
�7HPD�L]YDQ�SURJUDPD
����������0RGHOQL�VXVWDYL�]D�LVWUDåLYDQMH�VWDQMD�PHWDOD�X�SULURGL

GU�� VF�� 2OJD� +DGåLMD�� YRGLWHOM� LFD
ODERUDWRULMD�L�WHPH

7DMQLãWYR

=$92'�=$�25*$16.8�.(0,-8�,�%,2.(0,-8
3URJUDP�������
6HOHNWLYQL�SURFHVL�QD�PROHNXOVNRM�L�VXSUDPROHNXOVNRM�UD]LQL

GU�� VF�� 9LWRPLU� âXQMLü�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�VWHUHRVHOHNWLYQX�NDWDOL]X�L�ELRNDWDOL]X
�7���������6WHUHRVHOHNWLYQL�NDWDOLWLþNL�L�ELRNDWDOLWLþNL�SURFHVL

GU�� VF�� 9LWRPLU� âXQMLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�VLQWHWVNX�RUJDQVNX�NHPLMX
�7���������0ROHNXODUQL�UHFHSWRUL�V�SROLFLNOLþNLP�MHGLQLFDPD

GU�� VF�� .DWD� 0DMHUVNL�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�VXSUDPROHNXODUQX�L�QXNOHR]LGQX�NHPLMX
�7���������3URMHNWLUDQMH�L�VLQWH]D�VXSUDPROHNXODUQLK�VXVWDYD

GU�� VF�� 0ODGHQ� äLQLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�NHPLMX�XJOMLNRKLGUDWD��SHSWLGD�L�JOLNRSHSWLGD
�7���������5D]YRM�UHFHSWRU�VHOHNWLYQLK�DQDORJD�ELRDNWLYQLK�SHSWLGD

GU�� VF�� âWHILFD� +RUYDW�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

7���������6WUXNWXUQL�L�IXQNFLRQDOQL�DVSHNWL�ELRORãNH�VHOHNWLYQRVWL GU��VF�9RONHU�0DJQXV��YRGLWHOM�WHPH

/DERUDWRULM�]D�FHOXODUQX�ELRNHPLMX
�7���������+LGUROLWLþNL�HQ]LPL��L]RODFLMD��VYRMVWYD��VWUXNWXUD��IXQNFLMD

GU�� VF�� /MXELQND� 9LWDOH�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

3URJUDP�������
(OHNWURQVND�VWUXNWXUD�L�GLQDPLND�RUJDQVNLK�PROHNXOD

GU�� VF�� 0LUMDQD� 0DNVLü�� GLUHNWRULFD
SURJUDPD

/DERUDWRULM�]D�IL]LNDOQR�RUJDQVNX�NHPLMX
�7���������(OHNWURQVND�VWUXNWXUD�L�NHPLMVND�UHDNWLYQRVW

GU�� VF�� 0LUMDQD� 0DNVLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXOVNX�VSHNWURVNRSLMX
�7���������,]RWRSQR�RELOMHåDYDQMH�L�PROHNXOVNH�VSHNWURVNRSLMH

GU�� VF�� =ODWNR� 0HLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH
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*UXSD�]D�NYDQWQX�RUJDQVNX�NHPLMX
�7���������(OHNWURQVND�VWUXNWXUD�PROHNXOD�L�DWRPVNLK�JUR]GRYD

GU�� VF�� =YRQLPLU� 0DNVLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

7DMQLãWYR

=$92'�=$�.(0,-8�0$7(5,-$/$
3URJUDP�������
=QDQRVW�L�WHKQRORJLMD�PDWHULMDOD

GU�� VF�� 6YHWR]DU� 0XVLü�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�VLQWH]X�QRYLK�PDWHULMDOD
�7���������,VWUDåLYDQMH�SURFHVD�NULVWDOL]DFLMH�L�LRQVNH�]DPMHQH�]HROLWD

GU�� VF�� %RULV� 6XERWLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������6LQWH]D�L�PLNURVWUXNWXUD�PHWDOQLK�RNVLGD�L�RNVLGQLK��VWDNDOD GU��VF��6YHWR]DU�0XVLü��YRGLWHOM�WHPH

/DERUDWRULM�]D�SURFHVH�WDORåHQMD
�7���������3URFHVL�WDORåHQMD�X�VXVWDYLPD�þYUVWR�WHNXüH

GU�� VF�� /MHUND� %UHþHYLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�UDGLMDFLMVNX�NHPLMX�L�GR]LPHWULMX
�7���������)L]LþNR�NHPLMVNL�XþLQFL�LRQL]LUDMXüLK�]UDþHQMD

GU�� VF�� 'XãDQ� 5DåHP�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������6LQWH]D��NDUDNWHUL]DFLMD�L�PRGLILFLUDQMH�SROLPHUD
�]UDþHQMHP

GU�� VF�� )UDQMR� 5DQRJDMHF�� YRGLWHOM
WHPH

/DERUDWRULM�]D�NHPLMX�þYUVWRJ�VWDQMD
�7���������,QWHUPHWDOQL�VSRMHYL�L�PHWDOQL�KLGULGL

GU�� VF�� äHOLPLU� %ODåLQD�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�NHPLMX�NRPSOHNVQLK�VSRMHYD
�7���������6XSUDYRGOMLYL�RNVLGL

GU��VF��1HYHQND�%UQLþHYLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

7DMQLãWYR

=$92'�=$�02/(.8/$518�*(1(7,.8
GU�� VF�� 1LNROD� /MXEHãLü�� SUHGVWRMQLN
]DYRGD

3URJUDP�������
6WUXNWXUD��IXQNFLMD�L�HYROXFLMD�VWDQLþQRJ�JHQRPD

GU�� VF�� äHOMNR� 7UJRYþHYLü�� GLUHNWRU
SURJUDPD

/DERUDWRULM�]D�PLNUREQX�JHQHWLNX
�7���������8ORJD�UHNRPELQDFLMH�X�SRSUDYNX�'1$�L�VWDELOQRVWL�SOD]PLGD

GU�� VF�� äHOMNR� 7UJRYþHYLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������,QLFLMDFLMD�WUDQVNULSFLMH�NRG�HXNDULRWD GU��VF��0DULMD�6RSWD��YRGLWHOMLFD�WHPH

/DERUDWRULM�]D�PROHNXODUQX�PLNURELRORJLMX
�7���������5HJXODFLMD�UHNRPELQDFLMH�L�UHNRPELQDFLMVNRJ�SRSUDYND�'1$

GU�� VF�� 'UDJXWLQ� 3HWUDQRYLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH
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/DERUDWRULM�]D�PROHNXODUQX�JHQHWLNX
�7���������6WXGLM�ILORJHQHWVNL�VDþXYDQLK�L�LQGXVWULMVNL�YDåQLK�JHQD

GU�� VF�� 9HUD� *DPXOLQ�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�HOHNWURQVNX�PLNURVNRSLMX
�7���������6WUXNWXUD�L�IXQNFLMD�IRWRVLQWHWVNRJ�DSDUDWD

GU�� VF�� 1LNROD� /MXEHãLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXODUQX�JHQHWLNX�HXNDULRWD
�7���������2UJDQL]DFLMD�L�HYROXFLMD�HXNDULRWVNRJ�JHQRPD

GU�� VF�� XU LFD�8JDUNRYLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�HNVSHULPHQWDOQX�NDQFHURORJLMX
�7���������0ROHNXODUQL�PHKDQL]PL�NDUFLQRJHQH]H

GU�� VF�� %UDQNR� %UGDU�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�JHQRWRNVLþQH�DJHQVH
�7���������6WDQLþQL�RGJRYRU�QD�JHQRWRNVLþQH�DJHQVH

GU�� VF�� 0DMD� 2VPDN�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXODUQX�ELRNHPLMX �GU��VF��,�:H\JDQG� XUDãHYLü��30)

/DERUDWRULM�]D�PROHNXODUQX�ELRORJLMX�ELOMDND �GU��VF��6�-HODVND��30)

/DERUDWRULM�]D�QHXURNHPLMX�L�PROHNXODUQX�QHXURELRORJLMX
�7HPD�L]YDQ�SURJUDPD
����������1HXURNHPLMD�VLQDSWLþNH�WUDQVPLVLMH

GU�� VF�� %UDQLPLU� -HUQHM�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�ELRFHQRWVND�LVWUDåLYDQMD
�7HPD�L]YDQ�SURJUDPD
����������2EDOQL�L�PRUVNL�ILWRLQGLNDWRUL�MDGUDQVNLK�RWRND

GU�� VF�� äHOLPLU�$QGULMD� /RYULü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

7DMQLãWYR

=$92'�=$�02/(.8/$518�0(',&,18
3URJUDP�������
,VWUDåLYDQMH�UDND

GU�� VF�� .UHãLPLU� 3DYHOLü�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�VWDQLþQX�L�PROHNXODUQX�LPXQRORJLMX
�7���������$NWLYDFLMD�JHQD�X�OHXNHPLMDPD

GU�� VF�� 0DULDVWHIDQLD� $QWLFD�
YRGLWHOMLFD�ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXODUQX�RQNRORJLMX
�7���������*HQHWLþND�LVWUDåLYDQMD�*RUOLQRYD�VLQGURPD

GU�� VF�� 6RQMD� /HYDQDW�� YRGLWHOMLFD
WHPH

�7���������*HQVNR�OLMHþHQMH�WXPRUD GU�� VF�� -DVPLQND� 3DYHOLü�� YRGLWHOMLFD
ODERUDWRULMD
�L�WHPH

�7���������0ROHNXOVNR�JHQHWLþND�RVQRYD�PHWDVWD]LUDQMD GU��VF��.UHãLPLU�3DYHOLü��YRGLWHOM�WHPH

/DERUDWRULM�]D�PROHNXODUQX�SDWRORJLMX
�7���������3DWRJHQH]D�NURQLþQH�OLPIRFLWQH�OHXNHPLMH

GU�� VF�� %UDQNR� 9LWDOH�� YRGLWHOM
ODERUDWRULMD�L�WHPH



;,;

�� /DERUDWRULM�]D�HNVSHULPHQWDOQX�KHPDWRORJLMX��LPXQRORJLMX�L
RQNRORJLMX

�7���������2SLRLGQL�SHSWLGL�L�KHPDWRSRH]D

GU�� VF�� 0LOLYRM� %RUDQLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������1RYL�SULVWXSL�X�WHUDSLML�PDOLJQLK�EROHVWL GU��VF��0DUNR�5DGDþLü��YRGLWHOM�WHPH

/DERUDWRULM�]D�PRGLILNDWRUH�ELRORãNRJ�RGJRYRUD
�7���������0HKDQL]PL�GMHORYDQMD�HQNHIDOLQD�L�SHSWLGRJOLNDQD

GU��VF��,YR�+UãDN��YRGLWHOM�ODERUDWRULMD�L
WHPH

/DERUDWRULM�]D�LPXQRNHPLMX
�7���������&LMHSOMHQMH�YLUXVQLP�SRGMHGLQLFDPD

GU�� VF�� %LVHUND� 3RNULü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXODUQX�HQGRNULQRORJLMX�L�WUDQVSODQWDFLMX
�7��������� 8]URFL� L� SRVOMHGLFH� SUHVD LYDQMD� HQGRNULQRJ� � WNLYD
SDQNUHDVD

GU�� VF�� 0LOLYRM� 6OLMHSþHYLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�GLIHUHQFLMDFLMX�VWDQLFD�L�WNLYD
�7���������3UROLIHUDFLMD�L�GLIHUHQFLMDFLMD�QRUPDOQH�L��WXPRUVNH�VWDQLFH

GU�� VF�� 0LVODY� -XULQ�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�PROHNXODUQX�QHXURIDUPDNRORJLMX
�7HPD�L]YDQ�SURJUDPD
����������1HXURIDUPDNRORJLMD�*$%$�L���+7�VXVWDYD

GU�� VF�� 'DQND� 3HULþLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�3RJRQ�ODERUDWRULMVNLK�åLYRWLQMD GU��VF��/LGLMD�âXPDQ��YRGLWHOM�3RJRQD

7DMQLãWYR

=$92'�=$�,675$ä,9$1-(�025$
GU�� VF��1HQDG�6PRGODND�� SUHGVWRMQLN
]DYRGD

3URJUDP�������
,VWUDåLYDQMH�SURFHVD�L�HNRORãNLK�RGQRVD�X�-DGUDQX

GU�� VF�� 'XãDQ� =DYRGQLN�� GLUHNWRU
SURJUDPD

/DERUDWRULM�]D�HNRORJLMX�L�VLVWHPDWLNX
�7���������=DMHGQLFH�PRUVNRJ�GQD�WHULWRULMDOQRJ�PRUD�+UYDWVNH

GU��VF��1HYHQND�=DYRGQLN��YRGLWHOMLFD
WHPH

�7���������%LRORãND�UD]QROLNRVW�RGDEUDQLK�SRGUXþMD�-DGUDQVNRJ�PRUD GU�� VF�� 'XãDQ� =DYRGQLN�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�SURFHVH�X�HNRVXVWDYX�PRUD
�7���������0HKDQL]DP�GXJRURþQLK�SURPMHQD�X�VMHYHUQRP
�-DGUDQX

GU�� VF�� 'DQLOR� 'HJREELV�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������3URFHVL�VWYDUDQMD�L�SUHWYRUEH�RUJDQVNH�WYDUL�X
�-DGUDQX

GU�� VF�� 1HQDG� 6PRGODND�� YRGLWHOM
WHPH

/DERUDWRULM�]D�PRUVNX�PROHNXODUQX�WRNVLNRORJLMX
�7���������3URJUDPLUDQH�ELRVLQWH]H�L�JHQRWRNVLþQL�UL]LN

GU�� VF�� 5HQDWR� %DWHO�� YRGLWHOM
ODERUDWRULMD�L�WHPH



;;

/DERUDWRULM�]D�HNRWRNVLNRORJLMX
�7���������7RNVLþQRVW�L�ELRNHPLMVNL�RGJRYRU�RUJDQL]DPD�QD�]DJD HQMH

GU�� VF�� 0LUMDQD� 2]UHWLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�HNRIL]LRORJLMX�L�WRNVLNRORJLMX
�7���������(NRIL]LRORãND�LVWUDåLYDQMD�L�WUDQVSRUWQL�PHKDQL]PL
�PHWDOD

GU�� VF�� ýHGRPLO� /XFX�� YRGLWHOM
ODERUDWRULMD�L�WHPH

7DMQLãWYR

3ORYQH�MHGLQLFH

$NYDULM

6OXåED�RGUåDYDQMD

=$92'�=$�,675$ä,9$1-(�025$�,�2.2/,â$
3URJUDP�������
,VWUDåLYDQMH� RNROLãQRJ� UL]LND� X� MDGUDQVNRP� L� NRSQHQRP� GLMHOX
+UYDWVNH

GU�� VF��%RåHQD�ûRVRYLü�� SUHGVWRMQLFD
]DYRGD�L�GLUHNWRU�SURJUDPD

/DERUDWRULM�]D�ELRJHRNHPLMX�RUJDQVNLK�VSRMHYD
�7���������%LRJHRNHPLMD�RUJDQVNLK�VSRMHYD�X�SULURGQLP�YRGDPD

GU�� VF�� 0DULMDQ� $KHO�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�IL]LþNX�NHPLMX�WUDJRYD
�7��������� )L]LNDOQD� L� ELRJHR�NHPLMD� WUDJRYD� PHWDOD� X� YRGHQLP
VXVWDYLPD

GU�� VF�� 0DUNR� %UDQLFD�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������(OHNWURDQDOLWLþND�NHPLMD GU��VF��0LOLYRM�/RYULü��YRGLWHOM�WHPH

�/DERUDWRULM�]D�IL]LþNR�NHPLMVNH�VHSDUDFLMH
�7��������� 3ULURGD� L� UHDNWLYQRVW� RUJDQVNLK� WYDUL� X� PRUX� L� NRSQHQLP
YRGDPD

GU�� VF�� %RåHQD� ûRVRYLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

�7���������0RGHOLUDQMH�SURFHVD�X�YRGL�L�QD�JUDQLFDPD�ID]D GU��VF��,YLFD�5XåLü��YRGLWHOM�WHPH

/DERUDWRULM�]D�LVWUDåLYDQMH�L�UD]YRM�DNYDNXOWXUH
�7���������2UJDQL]PL��ELRLQGLNDWRUL�NYDOLWHWH�YRGH�X�NRMRM�åLYH

GU�� VF�� (PLQ� 7HVNHUHGåLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�HOHNWURNHPLMX�L�SRYUãLQVNX�NHPLMX
�7���������*UDQLFD�ID]D�þYUVWR�WHNXüH

GU�� VF�� 0DULMDQ� 9XNRYLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�HNRORãNR�PRGHOLUDQMH
�7���������(XWURILNDFLMD�L�SURFHVL�QD�PH XSRYUãLQDPD

GU�� VF�� 9HUD� äXWLü�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

/DERUDWRULM�]D�UDGLRHNRORJLMX
�7���������.UHWDQMH�L�VXGELQD�UDGLRQXNOLGD�L�PLNUR�HOHPHQDWD

GU��VF��6WLSH�/XOLü��YRGLWHOM�ODERUDWRULMD
L�WHPH

�/DERUDWRULM�]D�PROHNXODUQX�HNRWRNVLNRORJLMX
�7���������0XOWLNVHQRELRWLþND�UH]LVWHQFLMD�X�SURFMHQL�RNROLãQRJ�UL]LND

GU�� VF�� %UDQNR� .XUHOHF�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7���������8JURåHQRVW�YRGD�UDWQLP�RWSDGRP�QD�SRGUXþMX�NUãD GU��VF��0ODGHQ�3LFHU��YRGLWHOM�WHPH



;;,

/DERUDWRULM�]D�ELRORãNH�XþLQNH�PHWDOD
�7���������,VWUDåLYDQMH�XþLQND�PHWDOD�QD�RUJDQL]PH�SXWHP�ELRPDUNHUD

GU�� VF�� %LVHUND� 5DVSRU�� YRGLWHOMLFD
ODERUDWRULMD�L�WHPH

*UXSD�]D�VDWHOLWVNX�RFHDQRJUDILMX
�7���������6DWHOLWVND�GHWHNFLMD�L�PDWHPDWLþNR�PRGHOLUDQMH�-DGUDQD

GU�� VF�� 0LOLYRM� .X]PLü�� YRGLWHOM
ODERUDWRULMD�L�WHPH

�7DMQLãWYR

=$92'�=$�/$6(56.$�,�$7206.$�,675$ä,9$1-$�,�5$=92-
3URJUDP�������
2SWURQLþND�LQVWUXPHQWDFLMD�REUDPEHQLK�VXVWDYD

GU�� VF�� $QWXQ� 3HUãLQ�� SUHGVWRMQLN
]DYRGD�L�GLUHNWRU�SURJUDPD

�/DERUDWRULM�]D�RSWLNX�L�WDQNH�VORMHYH
�7���������2SWURQLþND�LQVWUXPHQWDFLMD�REUDPEHQLK�VXVWDYD

GU�� VF�� $QWXQ� 3HUãLQ�� YRGLWHOM
ODERUDWRULMD�L�WHPH

9LãHQDPMHQVNH�UDGLRQLFH

7DMQLãWYR

=1$1679(127(+1,ý.,�6(59,6
105�VHUYLV GU��VF��'UDåHQ�9LNLü�7RSLü��YRGLWHOM

835$9$
2GVMHN�]D�SUDYQH�L�RSüH�SRVORYH 0LUQD�%HQDW��GLSO�LXU���SUHGVWRMQLFD

2GVMHN�]D�ILQDQFLMH�L�UDþXQRYRGVWYR 3HWDU�âDULü��GLSO�RHF��YRGLWHOM

2GVMHN�]D�NRPHUFLMDOQH�SRVORYH 1DGD�5HQGLü��GLSO�RHF��YRGLWHOMLFD

2GVMHN�]DãWLWH�QD�UDGX PU��VF��%UDQNR�9HNLü��YRGLWHOM

7DMQLãWYR

.1-,ä1,&$ PU�VF�� -DGUDQND� 6WRMDQRYVNL�
YRGLWHOMLFD

5$ý81$/1,�&(17$5 GU��VF��5DGRYDQ�%UDNR��YRGLWHOM

6/8ä%$� =$� 2'5ä$9$1-(� ,� 7(+1,ý.(
86/8*(

%UDQNR�%RULü��YRGLWHOM

�2GVMHN�]D�JUD HYLQVNR�RGUåDYDQMH�L�LQVWDODFLMH



;;,,

6OXåED�]D�RGUåDYDQMH�þLVWRüH�SURVWRULMD�L�RNROLãD
2GVMHN�]D�WHKQLþNH�XVOXJH



;;,,,

2'/,.29$1-$��35,=1$1-$�,�1$*5$'(

2'/,.29$1-$�,�35,=1$1-$�5(38%/,.(�+59$76.(

��� 'U��VF��%UDQNR�*XEHULQD��5('�'$1,&(�+59$76.(�V�OLNRP�5X HUD�%RãNRYLüD
]D�RVRELWH�]DVOXJH�X�]QDQRVWL

��� 'U��VF��(PLQ�7HVNHUHGåLü�5('�1,.2/(�â8%,û$�=5,16.2*

'5ä$91(�1$*5$'(�=$�=1$1267

��� 'U�� VF�� .UHãLPLU� 3DYHOLü�� JRGLãQMD� GUåDYQD� QDJUDGD� ]D� ]QDQRVW� X� SRGUXþMX
ELRPHGLFLQVNLK�]QDQRVWL

��� 'U�VF��$QWRQ�3HUãLQ��1DJUDGD�0LQLVWDUVWYD� ]QDQRVWL� L� WHKQRORJLMH� L�0LQLVWDUVWYD
2EUDQH� 5HSXEOLNH� +UYDWVNH� ]D� ]QDQVWYHQR� SRVWLJQXüH� X� VXVWDYX� REUDQH
5HSXEOLNH�+UYDWVNH

1$*5$'(�+59$76.(�$.$'(0,,-(�=1$1267,�,�80-(71267,

'U�VF��%LVHUND�.RMLü�3URGLü��1DJUDGD�+$=8�]D�������JRGLQX�L]�SRGUXþMD�SULURGQLK
]QDQRVWL

,12=(01$�2'/,ý-$

'U�VF��1LNROD�&LQGUR��2GOLþMH��2IILFLHU�GDQV� O
�2UGUH�GHV�3DOPHV�$FDGHPLTXHV�� ]D
]DVOXJH�X�]QDQRVWL��VYLEDQM�������



;;,9

.2/2.9,-,�,167,787$

���WUDYQMD� $NDGHPLN� 6�� -HODVND�� �=QDQVWYHQL�� HWLþNL� L� JRVSRGDUVNL� DVSHNWL
NORQLUDQMD�

���VYLEQMD� 'U�VF��%��3LYDF���1RYL�PDWHULMDOL�]D�����VWROMHüH�

����VYLEQMD� 3URI�� +HQU\� )�� 6FKDHIHU� ,,,�� &HQWHU� IRU� &RPSXWDWLRQDO� 4XDQWXP
&KHPLVWU\�� 8QLYHUVLW\� RI� *HRUJLD�� $WKHQV�� 86$�� �7KH� 7KLUG� $JH� RI
4XDQWXP�&KHPLVWU\�

����OLSQMD� 'U�VF�� .�� 3DYHOLü�� �-HVPR� OL� QD� SUDJX� PRJXüQRVWL� RWNULüD� UDND� SULMH
SRMDYH�VLPSWRPD"�

���SURVLQFD� 'U�VF��6ORERGDQ�/DQJ���,]D]RY�GREUD�

����UXMQD 'U�VF��=��-DQNR���-HGDQ�VSHNWDNXODUDQ�UH]XOWDW�L]�WHRULMH�GL]DMQD�

6(0,1$5,�,167,787$�,=�),/2=2),-(�35,52'1,+�=1$1267,

����WUDYQMD� 3URI�GU��=YRQLPLU�âLNLü���0RJX�OL�VWURMHYL�PLVOLWL"�

����VYLEQMD� 'U��VF��.��3LVN���'HWHUPLQL]DP�L�NDRV�X�IL]LFL�L�GUXJGMH�

����OLSQMD� 'U��VF��9��âXQMLü���)LOR]RILMD�PDQDJHPHQWD�X�LVWUDåLYDQMX�

����SURVLQFD� 'U��VF��+��9DQþLN���2SXV�0DJQXP�QDFUW�]D�ILOR]RILMX�NHPLMVNH�]QDQRVWL�



;;9

352*5$0,�75$-1(�,675$ä,9$ý.(�'-(/$71267,

%URM 1D]LY�SURJUDPD 'LUHNWRU

3������ 7HRULMVND�LVWUDåLYDQMD�VWUXNWXUH�PDWHULMH 'U��%UDQNR�*XEHULQD

3������ ,VWUDåLYDQMD�L]�VXEDWRPVNH�IL]LNH 'U��$QWH�/MXELþLü

3������ ,VWUDåLYDQMH� GHIHNDWD� QHXUH HQH�XUH HQH
PDWHULMH�L�PROHNXOD��LQWHUDNFLMH�L�GLQDPLND

'U��%UDQNR�3LYDF

3������ 0RGHOLUDQMH� SURFHVD� LQWHOLJHQWQLP
UDþXQDOVNLP�VXVWDYLPD

'U��1LNROD�%RJXQRYLü

3������ 6WUXNWXUD� L� GLQDPLND� VLQWHWLþNLK� L� ELRORJLMVNLK
WYDUL

'U��1HQDG�7ULQDMVWLü

3������ 6HOHNWLYQL� SURFHVL� QD� PROHNXOVNRM� L
VXSUDPROHNXOVNRM�UD]LQL

'U��9LWRPLU�âXQMLü

3������ (OHNWURQVND� VWUXNWXUD� L� GLQDPLND� RUJDQVNLK
PROHNXOD

'U��0LUMDQD�0DNVLü

3������ =QDQRVW�L�WHKQRORJLMD�PDWHULMDOD 'U��6YHWR]DU�0XVLü

3������ 6WUXNWXUD�� IXQNFLMD� L� HYROXFLMD� VWDQLþQRJ
JHQRPD

'U��äHOMNR�7UJRYþHYLü

3������ ,VWUDåLYDQMH�UDND 'U��.UHãLPLU�3DYHOLü

3������ ,VWUDåLYDQMH� SURFHVD� L� HNRORãNLK� RGQRVD� X
-DGUDQX

'U��'XãDQ�=DYRGQLN

3������ ,VWUDåLYDQMH� RNROLãQRJ� UL]LND� X� MDGUDQVNRP� L
NRSQHQRP�GLMHOX�+UYDWVNH

'U��%RåHQD�ûRVRYLü

3������ 2SWURQLþND� LQVWUXPHQWDFLMD� REUDPEHQLK
VXVWDYD

'U��$QWXQ�3HUãLQ

%URM 1D]LY�WHPD�L]YDQ�SURJUDPD 9RGLWHOM

7�������� 1HXURNHPLMD�VLQDSWLþNH�WUDQVPLVLMH 'U��%UDQLPLU�-HUQHM

7�������� 1HXURIDUPDNRORJLMD�*$%$�L���+7�VXVWDYD 'U��'DQND�3HULþLü

7�������� 9L]XDOQD� VXþHOMD� L� WHKQRORJLMD� SULMHQRVD
]QDQMD

'U��.DUROM�6NDOD

7�������� 2EDOQL�L�PRUVNL�ILWRLQGLNDWRUL�MDGUDQVNLK�RWRND 'U��$QGULMD�äHOMNR
/RYULü

7�������� 0RGHOQL� VXVWDYL� ]D� LVWUDåLYDQMH�VWDQMD�PHWDOD
X�SULURGL

'U��2OJD�+DGåLMD



;;9,

�323,6�8*2925$�=$./-8þ(1,+�8������J�

$KHO�� 0�� ,VSLWLYDQMH� NDNYRüH� SRG]HPQLK� YRGD� X]� GHSRQLMX� -DNXãHYHF�� ,*+�=DYRG� ]D
JHRWHKQLNX��=DJUHE

%DUDQRYLü��*��9LEUDFLMVNH�DQDOL]H�VWLOEHQD�L�QMHJRYLK�GHULYDWD�L�QMLKRYD�IRWRIL]LND�L�IRWRNHPLMD�
6$'�16)��6$'

%DWHO��5��%U]D�GHWHNFLMD�JHQRWRNVLQD�L�JHQRWRNVLþQRJ�SRWHQFLMDOD�X�SULURGQLP�X]RUFLPD�PRUD
�5DSLG� GHWHFWLRQ� RI� JHQRWR[LQV� DQG� JHQRWR[LF� SRWHQWLDOV� RI� PDULQH� HQYLURQPHQWDO
VDPSOHV���0('�32/�3+$6(�,,���:+2�0('�32/�$WHQD��*UþND

%LOLQVNL�� +�� 6SRMHYL� DOXPLQLMD�� åHOMH]D�� VLOLFLMD� L� PDQJDQD� RG� JHRNHPLMVNRJ� LQWHUHVD�� 6$'�
86*6��6$'

%UDQLFD��0��(OHNWURNHPLMVNR�RGUH LYDQMH�WRNVLþQLK�PHWDOD�X�PRUVNRM�YRGL��,$($��$XVWULMD

%UQLþHYLü��1��.ODVWHU�VLVWHPL�QLRELMD��WDQWDOD��PROLEGHQD�L�YROIUDPD��6$'�'2(��6$'

ýDSODU��9��8JRYRU�R�LVSLWLYDQMX�ELRORãNLK�VYRMVWDYD��'X�3RQW�$JULFXOWXUDO�3URGXFWV�86$��6$'

ûRVRYLü��%��3ULURGD�L�UHDNWLYQRVW�RUJDQVNLK�WYDUL�X�PRUX�L�XãüX��6$'�16)��6$'

ûRVRYLü��%��6SHFLMDFLMD�VXPSRUD�X�PRUX�L�XãüLPD��,$($��$XVWULMD

&YLWDã��9��%XWNRYLü��7��)RWRNHPLMVNL�RNVLGDQVL�X�WURSRVIHUL��6$'�12$$��6$'

'HJREELV�� '��� 6PRGODND�� 1��� 3UHFDOOL�� 5�� ,VWUDåLYDQMH� PHKDQL]DPD� VWYDUDQMD� RUJDQVNLK
QDNXSLQD� L� GUXJLK� QHXRELþDMHQLK� SRMDYD� X� 6MHYHUQRP� -DGUDQX�� 'UåDYQD� XSUDYD� ]D
]DãWLWX�RNROLãD��=DJUHE�

(FNHUW�0DNVLü��0��.HPLMD�QRYLK�FLNORSURSHQLO�DQLRQD� L� VURGQLK�þHVWLFD�X�SOLQVNRM� ID]L��6$'�
16)��6$'

)D]LQLü�� 6��� -DNãLü�� 0�� 5HIHUHQWQL� PDWHULMDOL� ]D� QXNOHDUQH� DQDOLWLþNH� PHWRGH� X]� XSRWUHEX
DNFHOHUDWRUD��,$($�$XVWULMD

)XNV�� '�� 1DFLRQDOQL� PRQLWRULQJ� ]DJD HQMD� -DGUDQVNRJ� PRUD�� 'UåDYQD� XSUDYD� ]D� ]DãWLWX
RNROLãD�=DJUHE

+RUYDW�� -�� 5D]YRM� HNRQPVNL� RSUDYGDQRJ� SRVWXSND� ]D� SULSUDYX� LQWHUPHGLMHUD� X� VLQWH]L
HQDODSULOD��3/,9$�G�G���=DJUHE

-DNãLü�� 0�� &KDUDFWHUL]DWLRQ� RI� 6HPLFRQGXFWRU� 0DWHULDOV� DQG� 'HYLFHV� 8VLQJ� )RFXVHG� ,RQ
%HDPV��,$($��$XVWULMD

-DNãLü��0��8SRWUHED�DJHQFLMVNH�]UDNDVWH��EHDP
V��OLQLMH�XJUD HQRM�QD�6HULMVNL�9DQ�GH�*UDDII
DNFHOHUDWRU�QD�,5%�X��,$($��$XVWULMD

-HUQHM�� %�� ,VWUDåLYDQMH� WURPERFLWQRJ� VHURWRQLQVNRJ� VXVWDYD� X� NRQFHQWUDWLPD� WURPERFLWD� L
VYMHåLP� WURPERFLWLPD� GUDJRYROMQLK� GDURYDWHOMD�� +UYDWVNL� ]DYRG� ]D� WUDQVIX]LMVNX
PHGLFLQX��=DJUHE

-HUQHM��%��8JRYRU�R�]QDQVWYHQRLVWUDåLYDþNRM�VXUDGQML��3ROLFLMVND�DNDGHPLMD�=DJUHE

-XULQ��0���äDUNRYLü��1��,]XþDYDQMH�XþLQDND�SULSUDYDND�,VRUHO�+HLOPLWWHO��1RYLSKDUP��*HV�P�E�
+�$XVWULMD
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-XULQ�� 0�� 2NVLGDWLYQL� VWUHV� L� OLSLGQD� SHURNVLGDFLMD� WLMHNRP� LVKHPLMH� L� UHSHUIX]LMH� FHQWUDOQRJ
åLYþDQRJ�VLVWHPD�� ,QVWLWXWH�RI�%LRFKHPLVWU\�8QLYHUVLW\� RI�*UD]��$XVWULMD� L� ,QVWLWXWH�RI
([SHULPHQWDO�3KDUPDFRORJ\�6ORYDþND�5HSXEOLND

-XULQ��0���äDUNRYLü��1��,]XþDYDQMH�XþLQDND�SHSWLGD�L]ROLUDQLK�L]�VOH]HQH��3RO\HUJD���+RU)HU9LW
3KDUPD�*PE+��2OGHQEXUJ��1MHPDþND

.RMLü�3URGLü��%��'XJRURþQD� ]QDQVWYHQR� LVWUDåLYDþND� L� VWUXþQD� VXUDGQMD� QD� SRGUXþMX� VWXGLMD
RGQRVD�VWUXNWXUH�L�ELRORãNH�DNWLYQRVWL��3OLYD��,VWUDåLYDþNL�LQVWLWXW��=DJUHE

.RYDþHN�� '�� +UYDWVNL� NHPLMVNL� VHUYHU� �&&6�� +UYDWVND� DNDGHPVND� L� LVWUDåLYDþND� PUHåD�
&$51HW�=DJUHE

.X]PLü��0��'DOMLQVND�GHWHNFLMD�SRYUãLQVNH�WHPSHUDWXUH�-DGUDQVNRJ�PRUD��6$'�12$$

/MXELþLü�� $��� 1RYRVHO�� 6�� ,]YHGED� SURMHNWD� &$51HW� 1HZV� VHUYHU�� +UYDWVND� DNDGHPVND� L
LVWUDåLYDþND�PUHåD�±�&$51HW��=DJUHE

/XOLü��6��0UHåD�PMHUQLK�XUH DMD�]D�UDQR�RWNULYDQMH�QXNOHDUQLK�L�GUXJLK�QHVUHüD�V�UDGLRORãNLP
SRVOMHGLFDPD� QD� WHULWRULMX� 5+�� +UYDWVND� HOHNWURSULYUHGD�� 'LUHNFLMD� ]D� SURL]YRGQMX�
=DJUHE�����������������

/XOLü��6��5DGLRORãNL�PRQLWRULQJ�]D������JRG��1(.�.UãNR

0DJQXV��9��0ROHNXODUQD�SRPDJDOD�]D�LVWUDåLYDQMH�ELOMQRJ�KRUPRQD��DXNVLQ���RQGRO���RFWHQH
NLVHOLQH��6$'�86'$�6$'

0DMHUVNL��.��6LQWH]D�L�NHPLMD�QRYLK�SROLFLNOLþNLK�NDYH]DVWLK�VSRMHYD��6$'�16)�6$'

0LNDF��1��,VSLWLYDQMH�NDNYRüH�SRG]HPQLK�YRGD�X�GHSRQLMX�-DNXãHYHF��,QVWLWXW�JUD HYLQDUVWYD
+UYDWVNH��=DJUHE

2VPDN�� 0�� ,VSLWLYDQMH� NRUHODFLMH� L]PH X� NRQFHQWUDFLMH� JOXWDWLRQD� L� DNWLYQRVWL� JOXWDWLRQ�
WUDQVIHUD]D�L�XVSMHãQRVWL�WHUDSLMH�NRG�JLQHNRORãNLK�WXPRUD��.%&�âDODWD�=DJUHE

2VPDN��0��.DUDNWHUL]DFLMD�WXPRUVNLK�VWDQLFD�RWSRUQLK�QD�FLWRVWDWLNH�� ,QVWLWXW�]D�RQNRORORJLMX
/MXEOMDQD�6ORYHQLMD

3DYHOLü��.��0ROHNXOVND�GLMDJQRVWLND�QDVOMHGQLK�EROHVWL��.OLQLND�]D�GMHþMH�EROHVWL��=DJUHE

3DYHOLü��.��8JRYRU�R�VXUDGQML��.%��6HVWUH�PLORVUGQLFH���=DJUHE

3DYHOLü�� .�� 8VSRVWDYD� L� REDYOMDQMH� PRGHUQH� GLMDJQRVWLþNH� PHWRGH� ]DVQRYDQH� QD
UHNRPELQDQWQRM�'1$�WHKQRORJLML��2SüD�EROQLFD�=DERN

3HWUDQRYLü��'��*HQL�L�HQ]LPL�XNOMXþHQL�X�LQKLELFLMX�UHNRQELQDFLMH��,&*(%��$XVWULMD��GR���������

3LFHU��0��$QDOL]H�SROLNORULUDQLK�ELIHQLOD�X�VHGLPHQWX�L�RUJDQL]PLPD�YRGD�QD�SRGUXþMX�=DGUD�
9UDQVNRJ�MH]HUD��âLEHQLND�L�'XEURYQLND�V�RE]LURP�QD�]DJD HQMD�]HPOMLãWD�WRNRP�UDWD
RãWHüHQLK�WUDIRVWDQLFD��+UYDWVNH�YRGH

3LFHU�� 0�� ,]UDGD� VWXGLMH� �6DNXSOMDQMH� X]RUDND� RWSDGQRJ� XOMD� L� ]HPOMLãWD� WUDIRVWDQLFD� QD
SRGUXþMX� =DGUD� L� 'HOQLFD�� WH� QMLKRYD� DQDOL]D� QD� SROLNORULUDQH� ELIHQLOH��� 0LQLVWDUVWYR
UD]YLWND�L�REQRYH�5+��=DJUHE��GR���������

3LFHU�� 0�� ,]UDGD� VWXGLMH�� 6DNXSOMDQMH� X]RUDND� RWSDGQRJ� XOMD� L� ]HPOMLãWD� WUDIRVWDQLFD� QD
SRGUXþMX� âLEHQLND�� 6SOLWD� L� 'XEURYQLND� WH� QMLKRYH� DQDOL]H� QD� SROLNORULUDQH� ELIHQLOH�
'UåDYQD�XSUDYD�]D�YRGH��=DJUHE��GR���������
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3LIDW�0U]OMDN�� *�� .DUDNWHUL]DFLMD� SRYUãLQVNH� VWUXNWXUH� OLSRSURWHLQD� QLVNH� JXVWRüH� PHWRGRP
(65��6$'�1,+�6$'

5DQRJDMHF�� 0�� .DUDNWHUL]DFLMD� QRYLK� WHUPROXPLQLVFHQWQLK� VLVWHPD� ]D� SULPMHQX� X� RNROLãX�
6$'�1,67��6$'

5DVSRU�� %�� +UãDN�� '�� /XOLü�� 6�� 8VWXSDQMH� XVOXJD� RYODãWHQRJ� UHIHUHQWQRJ� ODERUDWRULMD� X
�����J���'UåDYQD�XSUDYD�]D�YRGH��=DJUHE

5DVSRU�� %�� 8VWXSDQMH� XVOXJD� RYODãWHQRJ� UHIHUHQWQRJ� ODERUDWRULMD� X� �����J�� SURJUDP� $
SURJUDP�%��+UYDWVNH�YRGH��'LUHNFLMD�=DJUHE��=DJUHE�������������������

5DVSRU��%���ûRVRYLü��%���+UãDN��'���5XåLü�� ,���/XOLü��6�� ,]YR HQMH� LVWUDåQLK�UDGRYD�X������J�
'UåDYQD�XSUDYD�]D�YRGH��=DJUHE��GR���������

5DåHP��'��9UHGQRYDQMH�GR]LPHWULMVNLK�PHWRGD�SRJRGQLK�]D�GH]LQIHVWDFLMX�SRPRüX�]UDþHQMD�
VYMHåHJ�L�VXãHQRJ�YRüD�L�RUDKD��,$($�$XVWULMD��GR���������

6DEOMLü��$��3ULPMHQD�PHWRGD�]D�SUHGYL DQMH�RNROLãQLK�VYRMVWDYD�X�VSUHþDYDQMX�]DJD LYDQMD�L
UD]YRMX�þLVWLK�WHKQRORJLMD��6$'�86'$��6$'

âODXV��,��,VWUDåLYDQMH�VLPHWULMD��QHXWURQVNH�L�HWD�IL]LNH��6$'�16)��6$'

6U]Lü��'���3DãD�7ROLü��/M��)706�SULURGQLK�SROLPHUD�X]�ODVHUVNX�GHVRUSFLMX��6$'�1,67��6$'

6WRMDQRYVNLÃ� -�� &HQWDU� ]D� RQOLQH� ED]H� SRGDWDND� QD� &$51HW�X�� +UYDWVND� DNDGHPVND� L
LVWUDåLYDþND�PUHåD�&$51HW��=DJUHE

6XERWLü�� %�� 3RGL]DQMH� NDSDFLWHWD� ]D� SURL]YRGQMX� VLQWHWLþNRJ� GHWHUGåHQWVNRJ� ]HROLWD� �$
NDSDFLWHWD���������0�7��<��X�1LNRODHYX��8NUDMLQD���$GULDJXOI�/LPLWHG�'RXJODV��,VOH�RI
0DQQ��9HOLND�%ULDWQLMD

6XERWLü��%��6WXGLM� IL]LþNR�NHPLMVNLK�SURFHVD�NRML�VH�RGYLMDMX�QD�PROHNXODUQRP�QLYRX� WLMHNRP
NULVWDOL]DFLMH� ]HROLWD� VD� SRVHEQLP� QDJODVNRP� QD� IHQRPHQX� QXNOHDFLMH�� 6$'�16)�
6$'

âXQMLü��9��3RVWXSDN�HQ]LPDWVNRJ�GHDFLOLUDQMD�ORYDVWLQD�L�HQ]LPDWVNRJ�GHDFLOLUDQMD�]DãWLüHQRJ
VLPYDVWDWLQD��3/,9$�G�G��=DJUHE�

âXQMLü��9��5D]YRM� QRYLK� NLUDOQLK� NRORQD� ]D� HQDQWLRVHSDUDFLMX� VD� DQDOLWLþNRP� L� LQGXVWULMVNRP
SULPMHQRP��3RO\WHFK�3DGULFLDQR�7ULHVWH�,WDOLMD

âXQMLü��9��6LQWH]D�L�ELRVLQWH]D�QRYLK�IXQJLFLGD��,QGXVWULH�&KLPLFKH�&DIDUR�,WDOLMD

âYDUF��$��0H XGMHORYDQMH�YLãH�WLMHOD��XNOMXþXMXüL�QXNOHRQH��XNOMXþXMXüL�SURL]YRGQMX�SLRQD�L�HWD
þHVWLFD��6$'�'2(�6$'

7HVNHUHGåLü��(��%LRWHKQRORJLMD��JHQHWLND�L�SUHKUDQD�X�DNYDNXOWXUL��')2�%6%�&DQDGD

7HVNHUHGåLü�� (�� ,VWUDåQL� UDGRYL� QD� MH]HUX� 9UDQD� �2WRN� &UHV�� X� WLMHNX� �����JRG��� +UYDWVNH
YRGH�=DJUHE

7HVNHUHGåLü��(��,VWUDåQL�UDGRYL�QD�MH]HUX�9UDQD��2WRN�&UHV���-93��+UYDWVND�YRGRSULYUHGD�

8UOL��1��3URJUDP�]D�NRULãWHQMH�VXQþHYH�HQHUJLMH�±�681(1��(QHUJHWVNL�,QVWLWXW�³+UYRMH�3RåDU´�
�����������������

9HNLü��%��.RQGLFLRQLUDQMH�UDGLMVNLK�L]YRUD�X�5+��$32�$JHQFLMD�]D�SRVHEQL�RWSDG�=DJUHE
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9LNLü�7RSLü�� '�� 6XUDGQMD� X� SRGUXþMX� LVWUDåLYDQMD� NHPLMVNH� VWUXNWXUH� RUJDQVNLK� VSRMHYD
PHWRGDPD�105�VSHNWURVNRSLMH��3OLYD��=DJUHE�

äDUNRYLü�� 1��� -XULQ�� 0��� /RNDOQH� L� VLVWHPVNH� SRVOMHGLFH� WUDXPH�� ãRND� L� VHSVH�� /XGZLJ�
%ROW]PDQQ� ,QVWLWXWH� RI� ([SHULPHQWDO� DQG� &OLQLFDO� 7UDXPDWRORJ\� %Hþ�� $XVWULMD� L
0HGLFLQVNL�IDNXOWHW�=DJUHE

äLQLü�� 0�� 5D]YRM� HNRQPVNL� RSUDYGDQRJ� SRVWXSND� ]D� SULSUDYX� LQWHUPHGLMHUD� X� VLQWH]L
RPHSUD]ROD��3/,9$�G�G��=DJUHE

äXWLü��9��1DFLRQDOQL�PRQLWRULQJ�RQHþLãüHQMD�-DGUDQVNRJ�PRUD�]D������J��'UåDYQD�XSUDYD�]D
]DãWLWX�RNROLãD�=DJUHE
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67$7,67,þ.,�32.$=$7(/-,�'-(/$71267,�,167,787$

*UDILþNL�SULND]����3ULKRGL�,QVWLWXWD�]D�������JRGLQX

*UDILþNL�SULND]��� 5DVSRGMHOD�ILQDQFLMVNLK�VUHGVWDYD�0=7�SUHPD�SURJUDPLPD
WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL
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*UDILþNL�SULND]����=QDQVWYHQLFL�L�LVWUDåLYDþL�SR�SRGUXþMLPD�GMHODWQRVWL
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*UDILþNL�SULND]����=QDQVWYHQL�QRYDFL�SR�SRGUXþMLPD�GMHODWQRVWL
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*UDILþNL�SULND]����=QDQVWYHQL�GMHODWQLFL�,QVWLWXWD��RGQRV�EURMD�GRNWRUD�L
PDJLVWDUD�]QDQRVWL��X�UXEULFL��RVWDOL��VX�GMHODWQLFL�GR�VWXSQMD�PDJLVWUD�

*UDILþNL�SULND]����8VSRUHGED�EURMD�REMDYOMHQLK�UDGRYD�X�������L�������JRGLQL
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*UDILþNL�SULND]����%URM�]QDQVWYHQLK�GMHODWQLND��GU�VF��L�PU�VF���L�REMDYOMHQLK
UDGRYD�X�&&

*UDILþNL�SULND]����2GQRV�EURMD�REMDYOMHQLK�UDGRYD�X�&&�L�EURMD�]QDQVWYHQLND
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*UDILþNL�SULND]�����%URM�NROHJLMD�L�SUHGDYDþD�QD�GRGLSORPVNLP�VWXGLMLPD
KUYDWVNLK�VYHXþLOLãWD

*UDILþNL�SULND]�����%URM�NROHJLMD�L�SUHGDYDþD�QD�SRVOLMHGLSORPVNLP�VWXGLMLPD
KUYDWVNLK�VYHXþLOLãWD
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=$92'�=$�7(25,-6.8�),=,.8
7+(25(7,&$/�3+<6,&6�',9,6,21
GU��VF��%UDQNR�*XEHULQD��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD
*UXSD�]D�IL]LNX�þYUVWRJ�VWDQMD��GU��VF��5DGRYDQ�%UDNR��YRGLWHOM�ODERUDWRULMD

*UXSD�]D�IL]LNX�þHVWLFD��GU��VF��%UDQNR�*XEHULQD��YRGLWHOM�ODERUDWRULMD
*UXSD�]D�WHRULMVNX�L�PDWHPDWLþNX�IL]LNX��GU��VF��6WMHSDQ�0HOMDQDF��YRGLWHOM�ODERUDWRULMD
*UXSD�]D�OLQHDUQX�L�QHOLQHDUQX�GLQDPLNX��GU��VF��0ODGHQ�0DUWLQLV��YRGLWHOM�ODERUDWRULMD

7DMQLãWYR��%LVHUND�.HþNHã

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

7(25,-6.$�,675$ä,9$1-$�6758.785(�0$7(5,-(
7+(25(7,&$/�5(6($5&+�2)�7+(�6758&785(�2)

0$77(5
'LUHNWRU�SURJUDPD��GU��VF��%��*XEHULQD

7HPH�X�VDVWDYX�SURJUDPD�
1LVNRGLPHQ]LRQDOQL�VXVWDYL��VORMHYL�L�SRYUãLQH���GU��VF��5DGRYDQ�%UDNR��YRGLWHOM�WHPH
7HRULMVND�LVWUDåLYDQMD�RVRELQD�IXQGDPHQWDOQLK�þHVWLFD��GU��VF��%UDQNR�*XEHULQD��YRGLWHOM�WHPH

.YDQWQD�WHRULMD�SROMD��VWDWLVWLNH�L�VLPHWULMH��GU��VF��6WMHSDQ�0HOMDQDF��YRGLWHOM�WHPH
9LãHþHVWLþQH�NRUHODFLMH�L�IOXNWXDFLMH��GU��VF��0ODGHQ�0DUWLQLV��YRGLWHOM�WHPH

3URJUDP�UDGD�

��� 8� IL]LFL� SRYUãLQD� VH� UDGL� QD� LQWHJUDFLML� VWHþHQLK� VSR]QDMD� R� VWUXNWXUL� L� GLQDPLFL� þLVWLK� SRYUãLQD� WH
DGVRUEDWD�V�FLOMHP�GRELMDQMD�SRWSXQH�VOLNH�R�SRWHQFLMDOQLP�SORKDPD�L�R�WRNX�UHDNFLMH�L]PH X�DGVRUELUDQLK
DWRPD�� NYDQWQRPHKDQLþNL� RSLV� UHDNFLMD� PHWRGRP� MHGQDGåEL� YH]DQLK� NDQDOD�� LVWUDåLYDQMH� YLEUDFLMD
DGVRUEDWD� L� XWMHFDM� QHOLQHDUQRVWL�� 3URXþDYD� VH� HOHNWURPDJQHWVNL� RG]LY� WDQNLK� VORMHYD� L�PLNURVWUXNWXUD� WH
WHUPLþND��HOHNWULþQD�L�PDJQHWVND�VYRMVWYD�VORMHYD�SROXYRGLþD�L�GUXJLK�WYDUL��1DGDOMH��WHRULMD�IRWRDSVRUSFLMH�X
SHULRGLþNRP�$QGHUVRQRYRP�PRGHOX��VWDELOQRVW�NRUHOLUDQLK�HOHNWURQVNLK�VXVWDYD�X�+ROVWHLQ�+XEEDUGRYRP
PRGHOX��RSWLþND��HOHNWULþQD�L�WHUPLþND�VYRMVWYD�WDQNLK�VORMHYD�SROXYRGLþD��þYUVWLK�HOHNWUROLWD��L�VO�

��� 3UHGORåHQD�LVWUDåLYDQMD�X�IL]LFL�þHVWLFD�WUHEDMX�]QDWQR�SREROMãDWL�WHRULMVNR�SR]QDYDQMH�WHPHOMQLK�þHVWLFD
L� QMLKRYLK� LQWHUDNFLMD�� 7HPHOMHQD� VX� QD� RSLVX� QHSHUWXUEDWLYQLK� HIHNDWD� SRPRüX� YDNXXPVNLK� NRQGHQ]DWD
�UDVSDGL� WHãNLK�NYDUNRYD���QD�SHUWXUEDWLYQRP�4&'��HNVNOX]LYQL�SURFHVL���0RQWH�&DUOR�VLPXODFLML�4&'�QD
UHãHWFL�L�UD]YRMX�SR���J�L���G��NYDUN�JOXRQVND�SOD]PD��JOXRQVND�IX]LMD��NLUDOQL�NRQGHQ]DWL�LWG����3UHGORåHQD
LVWUDåLYDQMD� WUHEDMX�� D�� LVWUDåLWL� QHSHUWXUEDWLYQH� XþLQNH� X� UDVSDGLPD� F� L� E� NYDUNRYD�� E�� SREROMãDWL� UDþXQ
SLQJYLQVNLK�SURFHVD��F��LVWUDåLWL�PHKDQL]PH�UHVWDXUDFLMH�VLPHWULMH��SRMDYX�4&'�SOD]PH��WH�UD]YRM�SR���J� L
��G�X�4&'�QD�UHãHWFL� L� UD]UMHãHQMH�NRQWURYHU]L�X�VYH]L�GH]RULMHQWLUDQLK�NLUDOQLK�NRQGHQ]DWD��G�� L]UDþXQDWL
HNVNOX]LYQH� SURFHVH� V� FLOMHP� GRELYDQMD� QRYLK� VSR]QDMD� R� VNDOLUDQMX� L� VSLQVNLP� VYRMVWYLPD� NYDUNRYD� L
JOXRQD��WH�QRYH�GRSULQRVH�SR]QDYDQMX�HOHNWURPDJQHWVNH�VWUXNWXUH�KDGURQD�

��� 3UHGODåH� VH� LVWUDåLYDQMH� SRRSüHQLK� VWDWLVWLND�� SRVHELFH� XMHGLQMHQL� SULVWXS� VWDWLVWLNDPD�� QMLKRYD
NODVLILNDFLMD�� XQXWDUQMD� NRQ]LVWHQWQRVW� L� SURXþDYDQMH� RVQRYQLK� IL]LNDOQLK� VYRMVWDYD� SRRSüHQLK� VWDWLVWLND�
,VWUDåLYDQMD� üH� ELWL� XVPMHUHQD� QD� SURXþDYDQMH� NYDQWQH� GLQDPLNH� L� HQHUJHWVNRJ� VSHNWUD� NROHNWLYQLK
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IOXNWXDFLMD� RNR� VROLWRQVNLK� NRQILJXUDFLMD� X� &DORJHUR�6XWKHUODQGRYLP� L� &KHUQ�6LPRQVRYLP� VLVWHPLPD�
1DPMHUDYD� VH� QDVWDYLWL� V� LVWUDåLYDQMHP� UHQRUPDOL]DFLMH� :LOVRQRYLK� RSHUDWRUD� X� SURVWRUX� 0LQNRZVNRJ� L
SUREOHPD�DQDOLWLþNRJ�SURGXOMHQMD�L]�(XNOLGVNRJ�X�SURVWRU�0LQNRZVNRJ�

��� ,VWUDåXMH� VH� SULURGD�GLQDPLþNLK� IOXNWXDFLMD� L� YLãHþHVWLþQLK� NRUHODFLMD�PH X�SURGXFLUDQLP� þHVWLFDPD� X
FHQWUDOQRP� L� IUDJPHQWDOQRP� SRGUXþMX� NR]PLþNRJ� ]UDþHQMD� �&5�� YLVRNLK� HQHUJLMD� �(!���7H9��� V� FLOMHP
REMDãQMHQMD� MDNLK�QHVWDWLVWLþNLK�IOXNWXDFLMD�WLSD�&HQWDXUR��PLQL�&HQWDXUR� L�DQWL�&HQWDXUR�GRJD DMD� WH� MDNLK
PH XþHVWLþQLK�NRUHODFLMD�X�IHQRPHQLPD�IDPLOLMD�

5HVHDUFK�SURJUDPPH�

��� 5HVHDUFK�LQ�VXUIDFH�SK\VLFV�LV�FRQFHUQHG�ZLWK�LQWHJUDWLRQ�RI�WKH�DFTXLUHG�NQRZOHGJH�RI�WKH�VWUXFWXUH
DQG�G\QDPLFV�RI�SXUH�VXUIDFHV�DQG�VXUIDFHV�ZLWK�DGVRUEDWHV��ZLWK�WKH�DLP�DW�REWDLQLQJ�D�FRPSOHWH�SLFWXUH
RI� SRWHQWLDO� VXUIDFHV� DQG� RI� WKH� UHDFWLRQ� EHWZHHQ� DGVRUEHG� DWRPV�� TXDQWXP�PHFKDQLFDO� GHVFULSWLRQ� RI
UHDFWLRQV� XVLQJ� WKH� FRXSOHG�FKDQQHO� PHWKRG�� LQYHVWLJDWLRQ� RI� DGVRUEDWH� YLEUDWLRQV� DQG� LQIOXHQFH� RI
QRQOLQHDULW\�� ,QYHVWLJDWLRQ�RI� WKH� HOHFWURPDJQHWLF� UHVSRQVH�RI� WKLQ� ILOPV�DQG�PLFURVWUXFWXUHV�� DV�ZHOO� DV
WKHUPDO�� HOHFWULF� DQG� PDJQHWLF� SURSHUWLHV� RI� VHPLFRQGXFWRUV� DQG� RWKHU� PDWHULDOV�� $OVR�� WKHRU\� RI
SKRWRDEVRUSWLRQ�LQ�WKH�SHULRGLF�$QGHUVRQ�PRGHO��VWDELOLW\�RI�FRUUHODWHG�HOHFWURQLF�V\VWHPV�LQ�WKH�+ROVWHLQ�
+XEEDUG�PRGHO�� RSWLFDO�� HOHFWULF� DQG� WKHUPDO� SURSHUWLHV� RI� WKLQ� VHPLFRQGXFWRU� OD\HUV�� VROLG� HOHFWURO\WHV�
HWF�

��� 7KH� SURSRVHG� LQYHVWLJDWLRQV� LQ� SDUWLFOH� SK\VLFV� DUH� H[SHFWHG� WR� FRQWULEXWH� WR� WKH� WKHRUHWLFDO
NQRZOHGJH�RI�IXQGDPHQWDO�SDUWLFOHV�DQG�WKHLU�LQWHUDFWLRQV��7KH�LQYHVWLJDWLRQV�DUH�EDVHG�RQ�WKH�GHVFULSWLRQ
RI� QRQSHUWXUEDWLYH� HIIHFWV� XVLQJ� YDFXXP� FRQGHQVWDWHV� �KHDY\�TXDUN� GHFD\V��� RQ� SHUWXUEDWLYH� 4&'
�H[FOXVLYH� SURFHVVHV��� 0RQWH� &DUOR� VLPXODWLRQV� RI� ODWWLFH� 4&'�� ��J� DQG� ��G� H[SDQVLRQV� �TXDUN�JOXRQ
SODVPD�� JOXRQLF� IXVLRQ�� FKLUDO� FRQGHQVDWHV�� HWF���� 7KH� SURSRVHG� UHVHDUFK� LV� H[SHFWHG� D�� WR� LQYHVWLJDWH
QRQSHUWXUEDWLYH�HIIHFWV�LQ�F��DQG�E�TXDUN�GHFD\V��E��WR�LPSURYH�WKH�FDOFXODWLRQ�RI�SHQJXLQ�SURFHVVHV��F��WR
LQYHVWLJDWH�PHFKDQLVPV�RI�V\PPHWU\�UHVWRUDWLRQ��DSSHDUDQFH�RI�4&'�SODVPD�DQG���J�DQG���G�H[SDQVLRQV
LQ� ODWWLFH� 4&'�� DQG� VROXWLRQ� RI� FRQWURYHUV\� FRQFHUQLQJ� GLVRULHQWHG� FKLUDO� FRQGHQVDWHV�� G�� WR� FDOFXODWH
H[FOXVLYH� SURFHVVHV� LQ� RUGHU� WR� REWDLQ� QHZ� NQRZOHGJH� RI� VFDOLQJ� DQG� VSLQ� SURSHUWLHV� RI� TXDUNV� DQG
JOXRQV��DQG�QHZ�FRQWULEXWLRQV�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�HOHFWURPDJQHWLF�VWUXFWXUH�RI�KDGURQV�

��� ,QYHVWLJDWLRQ� RI� JHQHUDOL]HG� VWDWLVWLFV�� SDUWLFXODUO\� D� XQLILHG� DSSURDFK� WR� W\SHV� RI� VWDWLVWLFV�� WKHLU
FODVVLILFDWLRQ��LQWHUQDO�FRQVLVWHQF\�DQG�VWXG\�RI�IXQGDPHQWDO�SK\VLFDO�SURSHUWLHV�RI�JHQHUDOL]HG�VWDWLVWLFV�
,QYHVWLJDWLRQV� RI� TXDQWXP� G\QDPLFV� DQG� HQHUJ\� VSHFWUD� RI� FROOHFWLYH� IOXFWXDWLRQV� DURXQG� VROLWRQ
FRQILJXUDWLRQV�LQ�WKH�&DORJHUR�6XWKHUODQG�DQG�WKH�&KHUQ�6LPRQV�V\VWHPV��&RQWLQXDWLRQ�RI�LQYHVWLJDWLRQV
RI�WKH�QRUPDOL]DWLRQ�RI�:LOVRQ�RSHUDWRUV�LQ�0LQNRZVNL�VSDFH�DQG�WKH�SUREOHP�RI�DQDO\WLFDO�H[WHQVLRQ�IURP
(XFOLGHDQ�WR�0LQNRZVNL�VSDFH�

��� ,QYHVWLJDWLRQ�RI�WKH�QDWXUH�RI�G\QDPLFDO�IOXFWXDWLRQV�DQG�PDQ\�SDUWLFOH�FRUUHODWLRQV�EHWZHHQ�SURGXFHG
SDUWLFOHV�LQ�WKH�FHQWUDO�UHJLRQ�DQG�WKH�IUDJPHQWDWLRQ�UHJLRQ�RI�FRVPLF�KLJK�HQHUJ\�UDGLDWLRQ��(>����7H9��
ZLWK�WKH�DLP�RI�H[SODLQLQJ�VWURQJ�QRQVWDWLVWLFDO�IOXFWXDWLRQV�RI�&HQWDXUR���PLQL�&HQWDXUR�DQG�DQWL�&HQWDXUR
W\SH�HYHQWV�DQG�VWURQJ�LQWHUSDUWLFOH�FRUUHODWLRQV�LQ�IDPLO\�SKHQRPHQD�
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1,6.2',0(1=,21$/1,�6867$9,��6/2-(9,�,�3295â,1(
/2:�',0(16,21$/�6<67(06��7+,1�),/06��$1'�685)$&(6
9RGLWHOM�WHPH��GU��VF��5DGRYDQ�%UDNR

6XUDGQLFL�QD�WHPL�

5DGRYDQ�%UDNR��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
äHOMNR�&UOMHQ��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
'DPLU�âRNþHYLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
0DULQ�6ORERGDQ�7RPDã��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLN�

6LQLãD�1RYRVHO��VLVWHP�LQåHQMHU

3URJUDP�UDGD�L�UH]XOWDWL�

3URXþDYDQD�VX�VYRMVWYD�DGVRUEDWD�QD�SRYUãLQDPD�PHWDOD��WH�SRYUãLQVNLK�SURFHVD�L�UHDNFLMD��3RND]DQR�MH
GD� MH� LQWHUDNFLMD� PH X� DGVRUELUDQLP�PROHNXODPD� SRVOMHGLFD� LQGXFLUDQH� UHODNVDFLMH� DWRPD� SRYUãLQH�� QD
SULPMHU�NRG�&2�QD�3W�������5��%UDNR��'��âRNþHYLü���1DVWDYOMHQ�MH�UD]YRM�PHWRGH�MHGQDGåEL�YH]DQLK�NDQDOD
]D�NYDQWQRPHKDQLþNL�RSLV�GLQDPLNH�DGVRUEDWD��5��%UDNR���2GUH HQL�VX�VWUXNWXUQL�SDUDPHWUL�WDQNLK�VORMHYD
VDVWDYOMHQLK� RG� QDQRþHVWLFD� 7L2��� DQDOL]RP� UDVSUãHQMD� ;� ]UDND� SRG� PDOLP� NXWRYLPD� �'�� âRNþHYLü��� 8
RNYLUX�SURXþDYDQMD�RSWLþNLK�SURFHVD�X�VORMHYLWLP�VLVWHPLPD� L�SODQDUQLP�UH]RQDWRULPD�� UD]YLMHQD� MH� WHRULMD
UHODNVDFLMH� HOHNWURQVNL� SREX HQLK� PROHNXOD� X� YLãHVORMQLP� VWUXNWXUDPD� V� DSVRUSFLMRP� �0�� 6�� 7RPDã��
3URXþDYDQD�VX�VYRMVWYD� MDNR�NRUHOLUDQLK� HOHNWURQVNLK� VLVWHPD�� V� SULPMHQRP�QD�QRUPDOQR� L� VXSUDYRGOMLYR
VWDQMH�PHWDOQLK�RNVLGD��8�+ROVWHLQ�+XEEDUGRYRP�PRGHOX�GRELYHQD�MH�RYLVQRVW�VWDELOQRVWL�MDNR�NRUHOLUDQLK
HOHNWURQD�L�HOHNWURQVNLK�SDURYD�R�SDUDPHWULPD�PRGHOD��SRVHEQR�R�VSHNWUX�IRQRQD��ä��&UOMHQ��

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

3URSHUWLHV�RI�DGVRUEDWHV�RQ�PHWDO�VXUIDFHV�DQG�VXUIDFH�SURFHVVHV�DQG� UHDFWLRQV� KDYH�EHHQ�VWXGLHG�� ,W
KDV� EHHQ� VKRZQ� WKDW� WKH� LQWHUDFWLRQ� EHWZHHQ� DGVRUEHG�PROHFXOHV� LV� GXH� WR� WKH� LQGXFHG� UHOD[DWLRQ� RI
VXUIDFH� DWRPV�� LQ� SDUWLFXODU� IRU� &2�3W������ �5�� %UDNR�� '�� âRNþHYLü��� 7KH� ZRUN� RQ� D� FRXSOHG�FKDQQHO
PHWKRG�IRU�WKH�TXDQWXP�PHFKDQLFDO�GHVFULSWLRQ�RI�DGVRUEDWH�G\QDPLFV�KDV�EHHQ�SXUVXHG��5��%UDNR���7KH
VWUXFWXUH�SDUDPHWHUV�RI�QDQRSDUWLFOH�7L2�� ILOPV�KDYH�EHHQ�GHWHUPLQHG� IURP�VPDOO�DQJOH�;�UD\�VFDWWHULQJ
�'��âRNþHYLü���,Q�WKH�VWXG\�RI�RSWLFDO�SURFHVVHV�LQ�OD\HUHG�V\VWHPV�DQG�SODQDU�UHVRQDWRUV��D�WKHRU\�IRU�WKH
UHOD[DWLRQ�RI�HOHFWURQLFDOO\�H[FLWHG�PROHFXOHV�LQ�DEVRUELQJ�PXOWLOD\HU�VWUXFWXUHV�KDV�EHHQ�GHYHORSHG��0��6�
7RPDã���7KH�SURSHUWLHV�RI�VWURQJO\�FRUUHODWHG�HOHFWURQ�V\VWHPV�KDYH�EHHQ�VWXGLHG��ZLWK�DSSOLFDWLRQ�WR�WKH
QRUPDO�DQG�WKH�VXSHUFRQGXFWLQJ�VWDWH�RI�PHWDO�R[LGHV��,Q�WKH�+ROVWHLQ�+XEEDUG�PRGHO��WKH�GHSHQGHQFH�RI
WKH�VWDELOLW\�RI�FRUUHODWHG�HOHFWURQV�DQG�HOHFWURQLF�SDLUV�XSRQ�WKH�SDUDPHWHUV�RI�WKH�PRGHO��LQ�SDUWLFXODU�WKH
SKRQRQ�VSHFWUXP��KDV�EHHQ�GHWHUPLQHG��ä��&UOMHQ��

7(25,-6.$�,675$ä,9$1-$�262%,1$�)81'$0(17$/1,+�ý(67,&$
7+(25(7,&$/�5(6($5&+�2)�(/(0(17$5<�3$57,&/(�3523(57,(6
9RGLWHOM�WHPH��GU��VF��%UDQNR�*XEHULQD

6XUDGQLFL�QD�WHPL�

1HYHQ�%LOLü��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
,YDQ�'DGLü��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
*RUDQ�'XSODQþLü��GLSO��LQå��IL]LNH��POD L�DVLVWHQW��]QDQVWYHQL�QRYDN��RG������������



�

%UDQNR�*XEHULQD��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
%ODåHQND�0HOLü��GRNWRULFD�IL]��]QDQRVWL��YLãD�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
+UYRMH�1LNROLü��GLSO��LQå��IL]LNH��POD L�DVLVWHQW
%HQH�1LåLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
.RUQHOLMD�3DVVHN��PDJLVWUD�IL]��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
+UYRMH�âWHIDQþLü��GLSO��LQå��IL]LNH��POD L�DVLVWHQW��]QDQVWYHQL�QRYDN��RG������������
-RVLS�7UDPSHWLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
1LNROD�=RYNR��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

3URJUDP�UDGD�L�UH]XOWDWL�

����6WXGLUDQL�VX�LQNOX]LYQL�UDVSDGL�ãDUPDQWQLK�EDULRQD�L�KLMHUDUKLMD�QMLKRYLK�YUHPHQD�åLYRWD��%��*XEHULQD��%�
0HOLü�� KHS�SK����������(XU��3K\V�� -��� X� WLVNX���8NOMXþHQMH�SUHGDVLPSWRWVNLK�HIHNDWD�9RORVKLQRYRJ� WLSD� L

QLåLK� &DEELERYLK� GRSULQRVD� ELWQR� SREROMãDYD� VODJDQMH� WHRULMVNRJ� UDþXQD� VHPLOHSWRQVNLK� UDVSDGD�
F

L
EDULRQD�� +LMHUDUKLMD� YUHPHQD� åLYRWD� ãDUPDQWQLK� EDULRQD� MH� X� GREURP� NYDOLWDWLYQRP� L� þDN� NYDQWLWDWLYQRP

VODJDQMX�V� HNVSHULPHQWRP��%XGXüL� HNVSHULPHQWL� EL� WUHEDOL�PMHUHQMHP�VHPLOHSWRQVNLK� UDVSDGD�
F

W � L�
F

X
SRWYUGLWL�WHRULMVND�SUHGYL DQMD��'RELYHQL�VX�UH]XOWDWL�UHIHULUDQL�QD�NRQIHUHQFLML�X�/LVDERQX��%��0HOLü��OLVWRSDG
������� WH� VLPSR]LMX� X� %HþX� �%�� *XEHULQD�� VWXGHQL� �������� ���� 8� RNYLUX� VXUDGQMH� V� JUXSRP� SURI�
'HVKSDQGHD�VD�,QVWLWXWD�]D�WHRULMVNH�]QDQRVWL��8QLY��2UHJRQ��(XJHQH��86$��SURXþDYDMX�VH�VXEKDGURQVNL
�NYDUNRYVNL� L�LOL� LQNOX]LYQL�� SULMHOD]L� QHOHSWRQVNRJ�� VHPLOHSWRQVNRJ� L� UDGLMDFLMVNRJ� WLSD�� NDR� L� QMLKRYH
PDQLIHVWDFLMH� X� HNVNOX]LYQLP� UDVSDGLPD�� 3UL� WRPH� VH� SRVHELFH� X]LPDMX� X� RE]LU� RYLVQRVW� R� 4&'� VNDOL�
YULMHGQRVWL���1F��D�XNOMXþXMX�VH�L�NRUHNFLMH�NRMH�GROD]H�RG�W]Y��GXJRGRVHåQLK�HIHNDWD��1D HQR�MH�GD�X�QHNLP
PRGRYLPD�UDVSDGD�&3�DVLPHWULMD�SRSULPD�XYMHUOMLYH�YULMHGQRVWL��-��7UDPSHWLü��X�SULSUHPL�������)D]QL�SULMHOD]
X�VXVWDYX�JUDYLWLUDMXüLK�PDVLYQLK� IHUPLRQD��NDR�ãWR�VX�QD�SULPMHU� WHãNL�QHXWULQL� L�QHXWUDOLQL��VWXGLUDQ� MH�X
RNYLUX�7KRPDV�)HUPLMHYRJ�PRGHOD�X�1HZWRQRYRM�JUDYLWDFLML��1��%LOLü�HW�DO���3K\V��/HWW��%����������������
NDR� L� X� RSüRM� UHODWLYLVWLþNRM� JUDYLWDFLML� �1�� %LOLü�� 5�'�� 9LROOLHU�� JU�TF���������� SRVODQR� X� 3K\V�� /HWW�� $��
+OD HQMHP� QHGHJHQHULUDQRJ� SOLQD� PDVLYQLK� IHUPLRQD� LVSRG� QHNH� NULWLþQH� WHPSHUDWXUH�� MDYOMD� VH
NRQGHQ]LUDQD�ID]D�NRMD�VH�VDVWRML�RG�NYD]LGHJHQHULUDQLK�IHUPLRQVNLK�]YLMH]GD��1��%LOLü��5��'��9LROOLHU��&DSH
7RZQ� SUHSULQW�� X� 1XFO�� 3K\V�� %�� X� WLVNX��� 7DNYL� NRPSDNWQL� WDPQL� REMHNWL� PRJOL� EL� LJUDWL� YDåQX� XORJX� X
IRUPLUDQMX�VWUXNWXUD�X�UDQRP�VYHPLUX��D�LVWR�WDNR�PRJOL�EL�SRVOXåLWL�NDR�NDQGLGDWL�]D�JDODNWLþND�VUHGLãWD��1�
%LOLü�HW�DO���&DSH�7RZQ�SUHSULQW��SULKYDüHQR�X�3URJ��3DUW��1XFO��3K\V��������/RPOMHQMH�NLUDOQH�VLPHWULMH� MH
SURXþDYDQR�X�OLQHDUQRP�VLJPD�PRGHOX�V���NYDUNRYVND�RNXVD�L�1F�ERMD��5DþXQ�MHGQH�SHWOMH�SUHGYL D�ID]QL
SULMHOD]� SUYRJ� UHGD� NRG� NRQDþQH� WHPSHUDWXUH� L� EDULRQVNRJ� NHPLMVNRJ� SRWHQFLMDOD�� )D]QL� GLMDJUDP
XVSRUH HQ�MH�V�WHUPDOQRP�SDUDPHWUL]DFLMRP�SRVWRMHüLK�WHãNR�QXNOHRQVNLK�HNVSHULPHQWDOQLK�SRGDWDND��1�
%LOLü��+��1LNROLü��KHS�WK����������SRVODQR�X�=��3K\V��&���8�HNVSOLFLWQR�XQLWDUQRP�PRGHOX�&XWNRVNRJ��V�WUL
YH]DQD�GYRþHVWLþQD�NDQDOD�GRELYHQH�VX�pN�hN� L�hN�hN�PDWULFH�]D�RVDP�QDMQLåLK�SDUFLMDOQLK� YDORYD�
8þLQMHQR�MH� LVSUDYQR�DQDOLWLþNR�SURGXOMHQMH�WH�QDþLQMHQD�QRYD�QXPHULþND�DQDOL]D��0��%DWLQLü�� ,��'DGLü� L�$�
âYDUF��)L]LND�%��������������,��'DGLü�HW�DO���UDG�SULKYDüHQ�X�3K\VLFD�6FULSWD���8�WHUPDOQLP�WHRULMDPD�SROMD
L]YDQ�UDYQRWHåH��DQDOL]LUDQL�VX�VLQJXODULWHWL�XNOLMHãWHQMD��8�4('�VLQJXODULWHWL�VX�XNORQMHQL�]ERJ�LVþH]DYDQMD
ID]QRJ� SURVWRUD� X� WRþNL� VLQJXODULWHWD� �XþLQDN� SUDJD��� 8� EH]PDVHQRM� 4&'� LVWL� UH]XOWDW� SRVOMHGLFD� MH
VSLQRUQR�WHQ]RUVNH�VWUXNWXUH�GRSULQRVD��SUHSULQWL�SRVODQL�X�WLVDN��,��'DGLü��%,�73��������%,�73������������8
RNYLUX�GLNYDUNRYVNRJ�PRGHOD�UD]PDWUDQD�MH�IRWRSURGXNFLMD�NDRQD�WH�VX�GRELYHQL�UH]XOWDWL�]D�GLIHUHQFLMDOQL
XGDUQL�SUHVMHN�L�SRODUL]DFLMVNH�RSVHUYDEOH�SURFHVD��D�QMLKRYRP�XVSRUHGERP�V�HNVSHULPHQWDOQLP�SRGDFLPD
WHVWLUDQD� MH� SULPMHQMLYRVW� PRGHOD�� QMHJRYL� SDUDPHWUL� WH� REOLFL� KDGURQVNLK� YDOQLK� IXQNFLMD� �3�� .UROO�� 0�
6FK�UPDQQ��.��3DVVHN��:��6FKZHLJHU��3K\V��5HY��'����������������PDJLVWDUVNL�UDG�.��3DVVHN���8�RNYLUX
S4&'�� NRULVWHüL� SULVWXS� NRML� VX� SRVWDYLOL� %URGVN\� L� /HSDJH�� GHWDOMQR� MH� DQDOL]LUDQD� SLRQVND� IXQNFLMD
VWUXNWXUH� �SURFHV� pg�p�� QD� QLYRX� MHGQH� SHWOMH� X� RYLVQRVWL� R� RGDELUX� UHOHYDQWQH� VNDOH� SURFHVD� L� REOLNX
SLRQVNH� YDOQH� IXQNFLMH� �VD� L� EH]� XNOMXþLYDQMD� HIHNDWD� QMHQH� HYROXFLMH��� 'RELYHQH� VX� QRYH� VSR]QDMH� R
HQHUJLMVNRP� SRGUXþMX� SULPMHQMLYRVWL� S4&'�D� QD� UDþXQDQMH� HNVNOX]LYQLK� SURFHVD� SUL� YHOLNLP� SULMHQRVLPD
LPSXOVD�� NRQ]LVWHQWQRP� QDþLQX� SULPMHQH� S4&'�D� L� VWUXNWXUL� KDGURQVNH� YDOQH� IXQNFLMH�� 5H]XOWDWL� RYRJ
LVWUDåLYDQMD�VX�L]ORåHQL�QD�VLPSR]LMX�X�%HþX��.��3DVVHN��VWXGHQL��������L�X�UDGX��&RPSOHWH�QH[W�WR�OHDGLQJ
RUGHU�SHUWXUEDWLYH�4&'�SUHGLFWLRQ�IRU�WKH�SLRQ�IRUP�IDFWRU��%��0HOLü��%��1LåLü��.��3DVVHN��SRVODQ�X�3K\V�
5HY�� '�� KHS�SK����������� ���� 5D]PDWUDQH� VX� VWDWLVWLNH� LQYDULMDQWH� QD� JUXSX� SHUPXWDFLMD� �%�� 0HOLü�� 6�
0HOMDQDF��3K\V��/HWW��$����������������VXUDGQMD�V�WHPRP���������



�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

���7KH�LQFOXVLYH�FKDUPHG�EDU\RQ�GHFD\V�DQG�WKH�OLIHWLPH�KLHUDUFK\�KDYH�EHHQ�DQDO\VHG��%��*XEHULQD��%�
0HOLü��KHS�SK����������(XU��3K\V��-���LQ�SUHVV���,W�KDV�EHHQ�IRXQG�WKDW�WKH�&DELEER��VXEOHDGLQJ�9RORVKLQ

FRQWULEXWLRQ�HVVHQWLDOO\� LPSURYHV� WKH� WKHRUHWLFDO�VHPL�OHSWRQLF�EUDQFKLQJ� UDWLR�RI� +L
F
�� LQ�DJUHHPHQW�ZLWK

H[SHULPHQW��7KH�OLIHWLPH�KLHUDUFK\�LV�LQ�JRRG�TXDOLWDWLYH�DQG�HYHQ�TXDQWLWDWLYH�DJUHHPHQW�ZLWK�H[SHULPHQW�

)XWXUH�PHDVXUHPHQWV�RI�WKH�VHPL�OHSWRQLF�EUDQFKLQJ�UDWLRV�IRU� �� �
FFF

DQG XXW + �VKRXOG�EH�GHFLVLYH�IRU�WKH

FKHFN�RI� WKLV�DSSURDFK��7KH�UHVXOWV�ZHUH�SUHVHQWHG�DW� WKH�/LVERQ�&RQIHUHQFH��%��0HOLü��2FWREHU�������
DQG�DW�WKH�7ULDQJOH�0HHWLQJ�LQ�9LHQQD��%��*XEHULQD��1RYHPEHU�����������7KH�FROODERUDWLRQ�ZLWK�WKH�JURXS
RI�3URIHVVRU�'HVKSDQGH��,QVWLWXWH�RI�7KHRUHWLFDO�6FLHQFH��8QLYHUVLW\�RI�2UHJRQ��(XJHQH��86$��KDV�EHHQ
FRQFHUQHG� ZLWK� UHVHDUFK� RI� VXEKDGURQLF� �TXDUN� DQG�RU� LQFOXVLYH�� WUDQVLWLRQV� RI� WKH� QRQ�OHSWRQLF�� VHPL�
OHSWRQLF� DQG� UDGLDWLYH� W\SH�� DV�ZHOO� DV�ZLWK� WKHLU� DSSHDUDQFH� LQ� H[FOXVLYH� GHFD\V�� 7KHVH� LQYHVWLJDWLRQV
SDUWLFXODUO\� WDNH� LQWR� DFFRXQW� WKH� GHSHQGHQFH� RQ� WKH� 4&'� VFDOH�� WKH� ��1F� YDOXHV� DQG� WKH� FRUUHFWLRQV
FRPLQJ� IURP� WKH� VR�FDOOHG� ORQJ�GLVWDQFH� HIIHFWV�� ,W� KDV� EHHQ� IRXQG� WKDW� LQ� VRPH� GHFD\�PRGHV� WKH�&3
V\PPHWU\�WDNHV�UHOLDEOH�YDOXHV��-��7UDPSHWLü��LQ�SUHSDUDWLRQ������7KH�SKDVH�WUDQVLWLRQ�RI�D�V\VWHP�RI�VHOI�
JUDYLWDWLQJ�PDVVLYH�IHUPLRQV��VXFK�DV�KHDY\�QHXWULQRV�RU�QHXWUDOLQRV��KDV�EHHQ�VWXGLHG�LQ�WKH�IUDPHZRUN
RI�WKH�7KRPDV�)HUPL�PRGHO�LQ�1HZWRQLDQ�JUDYLWDWLRQ��1��%LOLü�HW��$O���3K\V��/HWW��%����������������DV�ZHOO
DV�LQ�JHQHUDO�UHODWLYLW\��1��%LOLü�DQG�5��'��9LROOLHU��JU�TF����������VXEPLWWHG�WR�3K\V��/HWW��$���%\�FRROLQJ�D
QRQ�GHJHQHUDWH�JDV�RI�ZHDNO\�LQWHUDFWLQJ�PDVVLYH�IHUPLRQV�EHORZ�VRPH�FULWLFDO�WHPSHUDWXUH��D�FRQGHQVHG
SKDVH� HPHUJHV�� FRQVLVWLQJ� RI� TXDVL�GHJHQHUDWH� IHUPLRQ� VWDUV�� �1�� %LOLü� DQG� 5�� '�� 9LROOLHU�� &DSH� 7RZQ
SUHSULQW��DFFHSWHG�IRU�SXEOLFDWLRQ�LQ�1XFO��3K\V��%���7KHVH�FRPSDFW�GDUN�REMHFWV�FRXOG�SOD\�DQ� LPSRUWDQW
UROH�LQ�VWUXFWXUH�IRUPDWLRQ�LQ�WKH�HDUO\�XQLYHUVH��DV�WKH\�PLJKW�SURYLGH�VHHGV�IRU�JDODFWLF�QXFOHL���1��%LOLü�HW
DO��� &DSH� 7RZQ� SUHSULQW�� DFFHSWHG� IRU� SXEOLFDWLRQ� LQ� 3URJ�� 3DUW�� 1XFO�� 3K\V���� ���� 7KH� FKLUDO�V\PPHWU\
EUHDNLQJ� DQG� UHVWRUDWLRQ� KDYH� EHHQ� VWXGLHG� LQ� WKH� OLQHDU� VLJPD� PRGHO� ZLWK� �� TXDUN� IODYRXUV� DQG� 1F

FRORXUV�� 2QH�ORRS� FDOFXODWLRQV� SUHGLFW� D� ILUVW�RUGHU� SKDVH� WUDQVLWLRQ� DW� ILQLWH� WHPSHUDWXUH� DQG� FKHPLFDO
SRWHQWLDO�� 7KH� SKDVH� GLDJUDP� LV� FRPSDUHG� ZLWK� D� WKHUPDO� SDUDPHWUL]DWLRQ� RI� H[LVWLQJ� KHDY\�LRQ
H[SHULPHQWDO� GDWD� �1�� %LOLü� DQG� +�� 1LNROLü�� KHS�WK���������� VXEPLWWHG� WR� =�� 3K\V�� &��� ,Q� D� PDQLIHVWO\
XQLWDU\�&XWNRVN\�PRGHO��UHGXFHG�WR�WKUHH�FRXSOHG�WZR�ERG\�FKDQQHOV��p1�p1�DQG�h1�h1�PDWULFH�DUH
REWDLQHG� IRU�HLJKW� ORZHVW�SDUWLDO�ZDUHV��$IWHU�D� FRUUHFW�DQDO\WLFDO� FRQWLQXDWLRQ�D�QHZ�QXPHULFDO�DQDO\VLV
KDV�EHHQ�SHUIRUPHG��0��%DWLQLü�� ,��'DGLü�DQG�$��âYDUF��)L]LND�%������������� ,��'DGLü�HW�DO��DFFHSWHG� LQ
3K\VLFD�6FULSWD���3LQFKLQJ�VLQJXODULWLHV�LQ�RXW�RI�HTXLOLEULXP�WKHUPDO�ILHOG� WKHRULHV�KDV�EHHQ�DQDO\VHG�� ,Q
4('��SLQFKLQJ�VLQJXODULWLHV�DUH�HOLPLQDWHG�RZLQJ�WR�WKH�YDQLVKLQJ�RI�WKH�SKDVH�VSDFH�DW�WKH�VLQJXODU�SRLQW
�WKUHVKROG� HIIHFW��� ,Q�PDVVOHVV�4&'�� SLQFKLQJ� LV� HOLPLQDWHG� RZLQJ� WR� WKH� VSLQRU�WHQVRU� VWUXFWXUH� RI� WKH
FRQWULEXWLRQ� �SUHSULQWV� VXEPLWWHG�� 'DGLü�� %,�73� ������� %,�73� ������� ���� 3KRWRSURGXFWLRQ� RI� .� DQG� .
PHVRQV�KDV�EHHQ�DQDO\VHG�ZLWKLQ�WKH�GLTXDUN�PRGHO�DQG�WKH�SUHGLFWLRQV�IRU�WKH�GLIIHUHQWLDO�FURVV�VHFWLRQV
DQG�WKH�SRODUL]DWLRQ�REVHUYDEOHV�KDYH�EHHQ�REWDLQHG��%\�FRPSDULQJ�WKHVH�SUHGLFWLRQV�ZLWK�H[SHULPHQWDO
GDWD�WKH�DSSOLFDELOLW\�RI�WKH�PRGHO��LWV�SDUDPHWHUV�DQG�WKH�IRUP�RI�WKH�KDGURQLF�ZDYH�IXQFWLRQV�KDYH�EHHQ
WHVWHG��3��.UROO��0��6FK�UPDQQ��.��3DVVHN��:��6FKZHLJHU��3K\V��5HY��'����������������.��3DVVHN��0U�
6FL�� WKHVLV��� &RPSOHWH� QH[W�WR�OHDGLQJ� RUGHU� S4&'�SUHGLFWLRQV� IRU� WKH� SLRQ� HOHFWURPDJQHWLF� IRUP� IDFWRU
KDYH�EHHQ�REWDLQHG�DQG�WKHLU�GHSHQGHQFH�RQ� WKH�FKRLFH�RI� WKH�UHQRUPDOL]DWLRQ�DQG� IDFWRUL]DWLRQ�VFDOHV
DQG�WKH�IRUP�RI�WKH�SLRQ�GLVWULEXWLRQ�DPSOLWXGH��ZLWK�DQG�ZLWKRXW�WKH�LQFOXVLRQ�RI�WKH�GLVWULEXWLRQ�DPSOLWXGH
HYROXWLRQ�� KDYH� EHHQ� WHVWHG�� 1HZ� UHVXOWV� KDYH� EHHQ� REWDLQHG� UHJDUGLQJ� WKH� UHJLRQ� RI� DSSOLFDELOLW\� RI
S4&'�WR�H[FOXVLYH�SURFHVVHV�� WKH�FRQVLVWHQF\�RI�VXFK�DQ�DSSURDFK�DQG� WKH�VWUXFWXUH�RI�KDGURQLF�ZDYH
IXQFWLRQV��7KH�UHVXOWV�ZHUH�SUHVHQWHG�LQ�WDON�RQ�7ULDQJOH�0HHWLQJ�LQ�9LHQQD��.��3DVVHN��1RY�������DQG�LQ
WKH�SDSHU�³&RPSOHWH�QH[W�WR�OHDGLQJ�RUGHU�SHUWXUEDWLYH�4&'�SUHGLFWLRQ�IRU�WKH�SLRQ�IRUP�IDFWRU´��%��0HOLü�
%��1LåLü��.��3DVVHN��KHS�SK����������VXEPLWW��WR�3K\V��5HY��'�������3HUPXWDWLRQ�LQYDULDQW�VWDWLVWLFV�KDYH
EHHQ�DQDO\VHG��%��0HOLü��6��0HOMDQDF��3K\V��/HWW��$��������������±�FROODERUDWLRQ�ZLWK�WKH�SURMHFW�QXPEHU
��������



�

.9$171$�7(25,-$�32/-$��67$7,67,.(�,�6,0(75,-(
48$1780�),(/'�7+(25<��67$7,67,&6��$1'�6<00(75,(6
9RGLWHOM�WHPH��GU��VF��6WMHSDQ�0HOMDQDF

6XUDGQLFL�QD�WHPL�

$Q HOND�$QGUDãL��GRNWRULFD�IL]��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
,YDQ�$QGULü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
9HOLPLU�%DUGHN��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
0LURVODY�'RUHãLü��GLSO��LQå��IL]LNH��VWUXþQL�VXUDGQLN
/DULVD�-RQNH��PDJLVWUD�IL]��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
6WMHSDQ�0HOMDQDF��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
'DYRU�3DOOH��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
$QWH�3HULFD��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW

3URJUDP�UDGD�L�UH]XOWDWL�

���1DþLQMHQ�MH�XMHGLQMHQL�SULVWXS�SRRSüHQLP�VWDWLVWLNDPD��SRVHELFH�SURãLUHQLP�+DOGDQHRYLP�VWDWLVWLNDPD�L
SDUDVWDWLVWLNDPD�� 3URXþDYDQH� VX� VWDWLVWLNH� LQYDULMDQWQH� QD� JUXSX� SHUPXWDFLMD�� GXDOQRVW� L� MHGQRVWDYQH
LQWHUSRODFLMH�L]PH X�SDUD�%RVH�L�SDUD�)HUPL�VWDWLVWLNH��%��0HOLü��6��0HOMDQDF��3K\V��/HWW��$���������������
SDUWLFLMVNH�IXQNFLMH�]D�RSüH�YLãH�GLPHQ]LRQDOQH�RVFLODWRUVNH�VXVWDYH��6��0HOMDQDF�HW�DO��3K\V��/HWW��$����
������������GHIRUPLUDQL�VXSHUVLPHWULþQL�RVFLODWRUL��6��0HOMDQDF��0��0LOHNRYLü��$��3HULFD��,QW��-��7KHRU��3K\V�
���������������SDUDVWDWLVWLNH�NDR�WUR�RSHUDWRUVNH�DOJHEUH��6��0HOMDQDF��0��0LOHNRYLü��0��6WRMLü��SULKYDüHQR
X� ,QW�� -�� 0RG�� 3K\V�� $��� ��� 3RND]DQR� MH� GD� &DORJHUR�6XWKHUODQGRY� PRGHO� SRVMHGXMH� YLãH�YRUWHNVQD
UMHãHQMD�NRMD�]DGRYROMDYDMX�%RJRPRO
Q\LMHY� OLPHV��7D�VX�UMHãHQMD�VWDELOQD�MHU�QH�PLMHQMDMX�VYRMX�VWUXNWXUX
SRG�XWMHFDMHP�YLãLK�NYDQWQLK�IOXNWXDFLMD��,��$QGULü��9��%DUGHN��/��-RQNH��-��3K\V��$����������������,VSLWDQD
VX�SREX HQMD� X�&KHUQ�6LPRQVRYRM� WHRULML� V� NRQWDNWQLP� þODQRP� �,��$QGULü��9��%DUGHN�� /�� -RQNH�� SRVODQR
L]GDYDþX������'DQD�MH�QRYD�WHRULMD�UHQRUPDOL]DFLMH�:LOVRQRYLK�RSHUDWRUD��QH�VDPR�YDNXXPVNH�YULMHGQRVWL
:LOVRQRYLK�RSHUDWRUD��L�RELOMHåMD�NRMD�SURL]OD]H�X�SURVWRUX�0LQNRZVNRJ��$NR�:LOVRQRYD�SHWOMD�VDGUåL�UDYQL
VYMHWORVQL�VHJPHQW��UHQRUPDOL]DFLMD�QDERMD�QH�GMHOXMH�QD�MHGQRVWDYDQ�QDþLQ��JUDI�SR�JUDI��$��$QGUDãL��-��&�
7D\ORU�� SULKYDüHQR� X� 1XFO�� 3K\V�� %��� ��� 3RND]DQR� MH� GD� LVSUDYQD� SHUWXUEDFLMVND� WHRULMD� ]D� PLMHãDQD
IHUPLRQVND�VWDQMD�YRGL�GR�QHLãþH]DYDMXüLK�GRSULQRVD�]D�OHSWRQ�IRWRQ�YUKRYH�NRML�PLMHQMDMX�RNXV��'��3DOOH�
1XRYR� &LP�� ���$�� ������ ������ 3URXþDYDQD� MH� NYDQWQD� PHKDQLND� X� QHNRQWUDNWLELOQRP� SURVWRUX� VD
IXQGDPHQWDOQRP�GXOMLQRP��'��3DOOH��1XRYR�&LP�����%�������������

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

���$�XQLILHG�DSSURDFK� WR� JHQHUDOL]HG�VWDWLVWLFV� KDV�EHHQ� SURSRVHG�� HVSHFLDOO\� WR� WKH�H[WHQGHG�+DOGDQH
VWDWLVWLFV�DQG�SDUDVWDWLVWLFV��3HUPXWDWLRQ�LQYDULDQW�VWDWLVWLFV��GXDOLW\�DQG�VLPSOH�LQWHUSRODWLRQ�EHWZHHQ�SDUD�
%RVH�DQG�SDUD�)HUPL�VWDWLVWLFV��%��0HOLü��6��0HOMDQDF��3K\V��/HWW��$����������������SDUWLWLRQ�IXQFWLRQV�IRU
PXOWL�OHYHO� V\VWHPV� �6�� 0HOMDQDF�� 0�� 6WRMLü� DQG� '�� 6YUWDQ�� 3K\V�� /HWW�� $����� ������ ����� GHIRUPHG
V\SHUV\PPHWULF� RVFLOODWRUV� �6�� 0HOMDQDF�� 0�� 0LOHNRYLü�� $�� 3HULFD�� ,QW�� -�� 7KHRU�� 3K\V�� ���� ������ ����
SDUDVWDWLVWLFV� DV� WULSOH�RSHUDWRU� DOJHEUDV� �6��0HOMDQDF��0��0LOHNRYLü��0�� 6WRMLü�� ,QW�� -�� 0RG�� 3K\V�� $�� LQ
SUHVV������,W�KDV�EHHQ�VKRZQ�WKDW�WKH�&DORJHUR�6XWKHUODQG�PRGHO�SRVVHVVHV�PXOWL�YRUWH[�VROXWLRQV�ZKLFK
VDWXUDWH� WKH�%RJRPRO¶Q\L� OLPLW�� 7KHVH� VROXWLRQV� DUH� VWDEOH� DJDLQVW� KLJKHU�RUGHU� TXDQWXP� IOXFWXDWLRQV� �,�
$QGULü��9��%DUGHN��/��-RQNH��-��3K\V��$����������������7KH�H[FLWDWLRQV�RI� WKH�&KHUQ�6LPRQV� WKHRU\�ZLWK
WKH�FRQWDFW�WHUP�KDYH�EHHQ�DQDO\VHG��,��$QGULü��9��%DUGHN��/��-RQNH��VXEPLWWHG������$�QHZ�WKHRU\�RI� WKH
UHQRUPDOL]DWLRQ� RI� :LOVRQ� RSHUDWRUV� LQ� 0LQNRZVNL� VSDFH� KDV� EHHQ� SURSRVHG� �QRW� MXVW� WKH� YDFXXP
H[SHFWDWLRQ�YDOXHV�RI�:LOVRQ�RSHUDWRUV���$��$QGUDãL��-��&��7D\ORU��1XFO��3K\V��%��LQ�SUHVV������,W�KDV�EHHQ
VKRZQ�WKDW�WKH�FRUUHFW�SHUWXUEDWLRQ�WKHRU\�IRU�PL[HG�IHUPLRQ�VWDWHV�OHDGV�WR�QRQYDQLVKLQJ�FRQWULEXWLRQV�RI
WKH�GLPHQVLRQ�IRXU� YHUWH[� RSHUDWRUV� IRU� IODYRXU�FKDQJLQJ� WUDQVLWLRQV� �'��3DOOH��1XRYR�&LP�� ���$�� �����
������4XDQWXP�PHFKDQLFV� LQ�WKH�QRQFRQWUDFWLEOH�VSDFH�ZLWK�D�IXQGDPHQWDO� OHQJWK�KDV�EHHQ�VWXGLHG��'�
3DOOH��1XRYR�&LP�����%�������������
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0ODGHQ�0DUWLQLV��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
9HVQD�0LNXWD�0DUWLQLV��GRNWRULFD�IL]��]QDQRVWL��YLãD�DVLVWHQWLFD
/HRSROG�âLSV��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

3URJUDP�UDGD�L�UH]XOWDWL�

3UHPD� SODQX� UDGD� QD� LVWUDåLYDþNRM� WHPL� X� SUYRM� ID]L� LVSLWLYDQMD� GLQDPLNH� SLRQD� SURGXFLUDQLK� X
IUDJPHQWDUQRP�SRGUXþMX�SURMHNWLOD�REUD HQD�VX�GYD�YDåQD�SLWDQMD�

D�� XORJD� SLRQ�QXNOHRQ� YH]DQMD� NRMH� RYLVL� R� LQWHQ]LWHWX� X� SURFHVLPD� YLãHþHVWLþQH� SURGXNFLMH� �)L]LND� %�
������� ���������� 2YLP� SULVWXSRP� REMDãQMHQD� MH� SRMDYD� QHJDWLYQH� ELQRPQH� UDVSRGMHOH� �1%�� ]D� SLRQH� L
HPSLULMVND�UHODFLMD�:UREOHYVNRJ�

E�� UD]UDGD� L� SULPMHQD� GH]RULMHQWLUDQRJ� NLUDOQRJ� PRGHOD� �'&&�� QD� SURGXNFLMX� SLRQD� X� IUDJPHQWDUQRP
SRGUXþMX� SURMHNWLOD�� 5H]XOWDWL� WLK� LVWUDåLYDQMD� SRG� QDVORYRP�� $QDO\VLV� RI� FKDUJHG� SDUWLFOH� YV�� SKRWRQ
FRUUHODWLRQV�LQ�KDGURQLF�PXOWLSDUWLFOH�SURGXFWLRQ�LQ�WKH�IDU�IRUZDUG�GLUHFWLRQ��ORRNLQJ�IRU�'&&��SUH]HQWLUDQL
VX�QD�7ULDQJOH�6HPLQDU�RQ�3DUWLFOH�3K\VLFV��X�%HþX������������������L�VDGD�VH�QDOD]H�X�]DYUãQRM�ID]L�]D
SXEOLFLUDQMH��8� WRP� UDGX�SRND]DQR� MH�GD�DQRPDOQD�QDERMQD� UDVSRGMHOD� SLRQD�X�NRKHUHQWQRP�SXOVX�QLMH
XYLMH�VLJXUDQ�]QDN�]D�IRUPLUDQMH�'&&�D��RGQRVQR�NLUDOQRJ�ID]QRJ�SULMHOD]D��8�RNYLUX�]QDQVWYHQH�VXUDGQMH
VD� .HPLMVNLP� RGVMHNRP� 3ULURGRVORYQR�PDWHPDWLþNRJ� IDNXOWHWD� �30)�� QD� SURMHNWX� 'LQDPLND� L� VWUXNWXUD
VXSUDPROHNXOVNLK� DJUHJDWD� �ãLIUD� SURMHNWD�� �������0=7�� UD]UD HQ� MH� L� SRWYU HQ� SXWHP� QHNROLNR
HNVSHULPHQWDOQLK�PHWRGD�WHRULMVNL�PRGHO�VDPRVOLþQRVWL�X�PROHNXOVNRM�GYRVORMQRM�VWUXNWXUL�OLRWURSQLK�WHNXüLK
NULVWDOD�SULPMHQRP� IUDNWDOQH�JHRPHWULMH��5H]XOWDWL� LVWUDåLYDQMD�REMDYOMHQL� VX�X�VOLMHGHüLP�þDVRSLVLPD�NRMH
FLWLUD�&XUUHQW�&RQWHQW��&ROORLGV�DQG�6XUIDFHV�$��3K\VLFRFHPLFDO�DQG�(QJ��$VSHFWV��������������������L
/LTXLG�&U\VWDOV���������������������8�RNYLUX�SULPMHQH�WHPHOMQLK�LVWUDåLYDQMD�SURYHGHQD�MH�IUDNWDOQD�DQDOL]D
DJUHJDWD�þHVWLFD�NRML� OHEGH�X�PRUVNRM�YRGL� L�RGUH HQH�VX�QMLKRYH�IUDNWDOQH�GLPHQ]LMH�³)UDFWDO�DQDO\VLV�RI
VXVSHQGHG�SDUWLFOHV�LQ�VHDZDWHU´��)L]LND�%���������8�RNYLUX�REUD]RYQRJ�GMHORYDQMD� L]GDQ�MH�XGåEHQLN�]D
JLPQD]LMH�L�VUHGQMH�ãNROH��)L]LND����8GåEHQLN�]D�GUXJL�UD]UHG�JLPQD]LMH��âNROVND�.QMLJD��G�G��=DJUHE�������

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$FFRUGLQJ� WR� WKH� UHVHDUFK� SURJUDPPH� RI� WKH� WKHPH�� LQ� WKH� ILUVW� SKDVH� RI� H[DPLQLQJ� WKH� G\QDPLFV� RI
SURGXFHG�SLRQV�LQ�WKH�IUDJPHQWDWLRQ�UHJLRQ�RI�WKH�SURMHFWLOH��WZR�UHOHYDQW�TXHVWLRQV�KDYH�EHHQ�WUHDWHG�

D�� WKH� UROH� RI� WKH� LQWHQVLW\�GHSHQGHQW� SLRQ�QXFOHRQ� FRXSOLQJ� LQ� PXOWLSLRQ� SURGXFWLRQ� SURFHVVHV� �0�
0DUWLQLV�� 9�� 0LNXWD�0DUWLQLV��� 8VLQJ� WKLV� DSSURDFK�� WKH� DSSHDUDQFH� RI� WKH� QHJDWLYH�ELQRPLDO� �1%�
GLVWULEXWLRQ�IRU�SLRQV�DQG�WKH�HPSLULFDO�UHODWLRQ�RI�:UREOHZVNL�KDYH�EHHQ�H[SODLQHG�

E�� WKH�DSSOLFDWLRQ�RI� WKH�GLVRULHQWHG�FKLUDO�FRQGHQVDWH��'&&��PRGHO� WR�WKH�SLRQ�SURGXFWLRQ�SURFHVVHV� LQ
WKH� IUDJPHQWDWLRQ� UHJLRQ� RI� WKH� SURMHFWLOH� �0�� 0DUWLQLV�� 9�� 0LNXWD�0DUWLQLV�� /�� âLSV��� 7KH� UHVXOWV� ZHUH
SUHVHQWHG�DW� WKH�7ULDQJOH�6HPLQDU� RQ�3DUWLFOH�3K\VLFV�������������������:LHQ��7KH� WLWOH�RI� WKH� WDON�ZDV
³$QDO\VLV�RI�FKDUJHG�SDUWLFOH�YV��SKRWRQ�FRUUHODWLRQV�LQ�KDGURQLF�PXOWLSDUWLFOH�SURGXFWLRQ�LQ�WKH�IDU�IRUZDUG
GLUHFWLRQ��ORRNLQJ�IRU�'&&�´��,Q�WKLV�DQDO\VLV�LW�KDV�EHHQ�VKRZQ�WKDW�WKH�DQRPDORXV�FKDUJHG�GLVWULEXWLRQ�RI
SLRQV�LQ�WKH�FRKHUHQW�SXOVH�LV�QRW�DOZD\V�D�GHILQLWH�VLJQDWXUH�RI�WKH�IRUPDWLRQ�RI�WKH�'&&�RU�D�VLJQ�RI�WKH
FKLUDO�SKDVH�WUDQVLWLRQ��:LWKLQ�WKH�IUDPHZRUN�RI�WKH�VFLHQWLILF�FROODERUDWLRQ�ZLWK�WKH�&KHPLFDO�'HSDUWPHQW
RI� WKH� )DFXOW\� RI� 6FLHQFH�� =DJUHE� �SURMHFW� �������0=7�� '\QDPLFV� DQG� VWUXFWXUH� RI� VXSUDPROHFXOH
DJJUHJDWHV��D�WKHRUHWLFDO�PRGHO�RI�IUDFWDO�PROHFXODU�RUJDQL]DWLRQ�KDV�EHHQ�GHYHORSHG�DQG�H[SHULPHQWDOO\
DSSURYHG��0��0DUWLQLV�� ��7HåDN��

,Q� WKH� IUDPHZRUN� RI� DSSOLHG� IXQGDPHQWDO� UHVHDUFK�� WKH� IUDFWDO� DQDO\VLV� RI� VXVSHQGHG� DJJUHJDWHV� RI
SDUWLFOHV�LQ�VHDZDWHU�KDV�EHHQ�SHUIRUPHG��0��0DUWLQLV��'��5LVRYLü��



��

,Q�WKH�IUDPHZRUN�RI�HGXFDWLRQDO�DFWLYLWLHV��D�VHFRQGDU\�VFKRRO±WH[W�ERRNV�KDYH�EHHQ�ZULWWHQ��0��0DUWLQLV�
9��0LNXWD�0DUWLQLV��DQG�SXEOLVKHG�E\�âNROVND�NQMLJD��������

35,/2=,

=QDQVWYHQL�UDGRYL�REMDYOMHQL�X�þDVRSLVLPD
NRML�VX�LQGHNVLUDQL�X�&XUUHQW�&RQWHQWV�X�

��� $QGULü�� ,��� %DUGHN�� 9��� -RQNH�� /�� 0XOWL�YRUWH[
VROXWLRQV� LQ� WKH� 6XWKHUODQG� PRGHO�� -RXUQDO� RI
3K\VLFV� $�� 0DWKHPDWLFDO� DQG� JHQHUDO�� ��� ������
��������

��� %LOLF�� 1��� 9LROOLHU�� 5��*UDYLWDWLRQDO� SKDVH� WUDQVLWLRQ
RI� IHUPLRQLF� PDWWHU�� 3K\VLFV� /HWWHUV� %�� ���� ������
������

��� .UROO�� 3��� 6FK�UPDQQ��0��� 3DVVHN�� .��� 6FKZHLJHU�
:�� ([FOXVLYH� SKRWRSURGXFWLRQ� RI� ODUJH� PRPHQWXP�
WUDQVIHU� .� DQG� .� PHVRQV�� 3K\VLFDO� 5HYLHZ� '�� ��
�����������������

��� 0HOLü�� %��� 0HOMDQDF�� 6�� �� 3HUPXWDWLRQ� LQYDULDQW
VWDWLVWLFV�� GXDOLW\� DQG� VLPSOH� LQWHUSRODWLRQV�� 3K\VLFV
/HWWHUV�$�������������������

��� 0HOMDQDF�� 6��� 0LOHNRYLü�� 0��� 3HULFD�� $�� 'HIRUPHG
VXSHUV\PPHWULF� RVFLOODWRUV�� ,QWHUQDWLRQDO� -RXUQDO� RI
7KHRUHWLFDO�3K\VLFV������������������

��� 0HOMDQDF�� 6��� 6WRMLü�� 0��� 6YUWDQ�� '�� 3DUWLWLRQ
IXQFWLRQ� IRU� JHQHUDO� PXOWL�OHYHO� V\VWHPV�� 3K\VLFV
/HWWHUV�$���������������������

��� 3DOOH�� '�� $� QHZ� FRQWULEXWLRQ� WR� WKH� IODYRXU�
FKDQJLQJ�OHSWRQ�SKRWRQ�YHUWH[��,O�1XRYR�&LPHQWR�$�
�������������������

��� 3DOOH�� '�� 4XDQWXP� PHFKDQLFV� LQ� WKH
QRQFRQWUDFWLEOH� VSDFH�� ,O� 1XRYR� &LPHQWR� %�� ���
���������������

��� 7RPDã�� 0��� 6��� /HQDF�� =�� 'HFD\� RI� H[LWHG
PROHFXOHV� LQ� DEVRUELQJ� SODQDU� FDYLWLHV�� 3K\VLFDO
5HYLHZ�$����������������������

���� 0DUWLQLV�� 0��� 5LVRYLü�� '�� )UDFWDO� 'LPHQVLRQV� RI
6XVSHQGHG�3DUWLFOHV�LQ�6HDZDWHU��-RXUQDO�RI�&ROORLG
DQG�,QWHUIDFH�6FLHQFH����������������

���� 7HåDN�� ��� -DOãHQMDN��1��� 3XQþHF��6���0DUWLQLV��0�
)UDFWDO�$SSURDFK� WR� WKH�/LTXLG�&U\VWDO�)RUPDWLRQ�RI
$ON\OEHQ]HQHVXOSKRQDWHV� LQ�6ROXWLRQV��&ROORLGV�DQG
6XUIDFHV� $�� 3K\VLFRFKHPLFDO� DQG� (QJLQHHULQJ
$VSHFWV��������������������

���� 7HåDN�� ���3XQþHF��6���0DUWLQLV��0��$�)UDFWDO�0RGHO
)RU� WKH� 0ROHFXODU� 2UJDQL]DWLRQ� RQ� WKH
$ON\OEHQ]HQHVXOSKRQDWH��(OHFWURO\WH��:DWHU�6\VWHP�
/LTXLG�&U\VWDOV�����������������

.QMLJH�

��� 0DUWLQLV��0���0LNXWD�0DUWLQLV��9��)L]LND����8GåEHQLN
]D� GUXJL� UD]UHG� JLPQD]LMH� �� 9DOLü�� %UDQLPLUD� �XU���� �
âNROVND�NQMLJD��=DJUHE�����������VWU�������LOXVWUDFLMH�,
FUWHåL��0ODGHQ�0DUWLQLV�

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� $QGULü�� ,��� %DUGHN�� 9��� -RQNH�� /�� (GJH� H[FLWDWLRQV
DQG� WKH� FRQWDFW� WHUP� LQ� DQ\RQLF� V\VWHPV�� ,5%�7+�
�����SUHSULQW

��� %DWLQLü�� 0��� 'DGLü�� ,��� âYDUF�� $� �� &XVS� HIIHFW� DQG
WKH� DQDO\WLFDO� FRQWLQXDWLRQ� RI� WKH� FKDQQHO
SURSDJDWRUV� LQ� WKH� WZR�ERG\�PXOWLFKDQQHO�&XWNRVN\
IRUPDOLVP���)L]LND�%�����������������

��� %LOLü��1���1LNROLü��+��&KLUDO�V\PPHWU\� UHVWRUDWLRQ� LQ
WKH� OLQHDU�VLJPD�PRGHO�DW�QRQ]HUR� WHPSHUDWXUH�DQG
EDU\RQ� GHQVLW\�� ,5%�73� �������� KHS�SK���������
KWWS���ZZZ�ODQO�JRY

��� %LOLü��1��� 9LROOLHU��5�� '�� )UHH� HQHUJ\� RI� JUDYLWDWLQJ
IHUPLRQV��JU�TF����������KWWS���ZZZ�ODQO�JRY

��� 'DGLü�� ,�� 3LQFK� VLQJXODULWLHV� LQ� RXW�RI�HTXLOLEULXP
WKHUPDO� ILHOG� WKHRULHV�� %,�73� ������� %LHOHIHOG� 8QLY�
SUHSULQW

��� 0HOLü��%���1LåLü�� %��� 3DVVHN�� .�� &RPSOHWH� QH[W�WR�
OHDGLQJ� RUGHU� SHUWXUEDWLYH� 4&'� SUHGLFWLRQ� IRU� WKH
SLRQ� IRUP� IDFWRU�� ,5%�7+������� KHS�SK���������
KWWS���ZZZ�ODQO�JRY

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� $QGUDãL�� $��� 7D\ORU�� -�� &�� 5HQRUPDOL]DWLRQ� RI
:LOVRQ� RSHUDWRUV� LQ� 0LQNRZVNL� VSDFH�� 1XFOHDHU
3K\VLFV��%

��� %DWLQLü��0���'DGLü��,���HW��DO��7KH�QHZ�GHWHUPLQDWLRQ
RI� WKH� h1� 6�ZDYH� VFDWWHULQJ� OHQJWK� IURP� D� WKUHH�
FKDQQHO�� PXOWL�UHVRQDQFH� DPSOLWXGH� DQDO\VLV�
3K\VFD�6FULSWD

��� %LOLü�� 1��� 7VLNODXUL�� '��� 9LROOLHU�� 5�� '�� *UDYLWDWLRQDO
SKDVH� WUDQVLWLRQ� RI� KHDY\� QHXWULQR� PDWWHU�� 3URJ�
3DUW��1XFO��3K\V�

��� %LOLü��1���9LROOLHU��5��'��2Q� WKH� IRUPDWLRQ�RI� KHDY\
QHXWULQR�VWDUV�GXULQJ�D�JUDYLWDWLRQDO�SKDVH�WUDQVLWLRQ�
1XFOOHDU�3K\VLFV��%��3URF��6XSSO��



��

��� %UDNR�� 5��� âRNþHYLü�� '�� $GVRUEDWH� LQWHUDFWLRQV� RI
&2�FKHPLVRUEHG�RQ�3W�������6XUIDFH�6FLHQFH

��� *XEHULQD�� %��� 0HOLü�� %�� ,QFOXVLYH� FKDUPHG�EDU\RQ
GHFD\V� DQG� OLIHWLPHV�� ,5%�7+������� KHS�
SK��������KWWS���ZZZ�ODQO�JRY�� (XURSHDQ� 3K\VLFDO
-RXUQDO

��� /XþLü�/DYþHYLü��0���'XEþHN��3���0LODW��2���(WOLQJHU�
%��� 7XUNRYLü�� $��� âRNþHYLü�� '��� $PHQLWVFK�� +�
1DQRVWUXFWXUH� RI� VRO�JHO� GHULYHG� 7L2�� WKLQ� ILOPV� RQ
JODVV�VXEVWUDWHV�PHDVXUHG�E\�VPDOO�DQJOH�VFDWWHULQJ
RI�V\QFKURWURQ�OLJKW��0DWHULDOV�/HWWHUV

��� 0DUWLQLV�� 0��� 5LVRYLü�� '�� )UDFWDO� DQDO\VLV� RI
VXVSHQGHG�SDUWLFOHV�LQ�VHDZDWHU��)L]LND�%

��� 0HOMDQDF�� 6��� 0LOHNRYLü�� 0��� 6WRMLü�� 0�� 2Q
SDUDVWDWLVWLFV� GHILQHG� DV� WULSOH� RSHUDWRU� DOJHEUDV�
,QWHUQDWLRQDO�-RXUQDO�RI�0RGHUQ�3K\VLFV�$�

0DJLVWDUVNL�UDGRYL�

��� -RQNH� /�� 6ROLWRQL� X� &DORJHUR�6XWKHUODQGRYRP
PRGHOX���PDJLVWDUVNL�UDG��=DJUHE���30)�������������
���VWU���9RGLWHOM��%DUGHN��9�

��� 3DVVHN� .�� (NVNOX]LYQD� IRWRSURGXNFLMD� .� L� .
PH]RQD�SUL�YHOLNLP�SULMHQRVLPD�LPSXOVD���PDJLVWDUVNL
UDG�� =DJUHE� �� 30)�� ������������� ��� VWU��� 9RGLWHOM�
1LåLü��%�

'LSORPVNL�UDGRYL�

��� 6NUDþLü� 6�� 3URUDþXQ� IRWRDSVRUSFLMH� DWRPD� L
PROHNXOD� X� WHRULML� ORNDOQH� JXVWRüH� �� GLSORPVNL� UDG�
=DJUHE� ��3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW���������
����������VWU���9RGLWHOM��%UDNR��5�

.RORNYLML�L�VHPLQDUL�RGUåDQL�X�,5%�X�

%LOLü�� 1�� 7DPQD� PDWHULMD�� QHXWULQVNH� ]YLMH]GH� L
JUDYLWDFLMVNL�ID]QL�SULMHOD]�������������

/HXQJ�� &�� 1�� 7��� 8QLYHUVLW\� RI� 'HODZDUH�� 1HZDUN�
86$�� &KLUDO� V\PPHWU\� EUHDNLQJ� LQ� D� XQLIRUP
H[WHUQDO�ILHOG�������������

'DGLü��,��3LQFK�VLQJXODULWHWL�X�WHUPDOQLP�WHRULMDPD�SROMD
L]YDQ�WHUPDOQH�L�LOL�NHPLMVNH�UDYQRWHåH�������������

3DVVHN��.��(NVNOX]LYQD�IRWRSURGXNFLMD�.� L�.�PH]RQD
SUL�YHOLNLP�SULMHQRVLPD�LPSXOVD�������������

-RQNH��/��6ROLWRQL�X�&DORJHURYRP�PRGHOX�������������

'HUDGR�� ,���0D[�3ODQFN� ,QVWLWXW� I�U� 3K\VLN��0�QFKHQ�
1MHPDþND��.RKHUHQFLMD� L�GHNRKHUHQFLMD�X� NYDQWQRM
IL]LFL��VHPLQDU�2GMHOD�]D�IL]LNX�������������

*XEHULQD��%��.YDUN�KDGURQVND�GXDOQRVW�X� LQNOX]LYQLP
UDVSDGLPD�ãDUPDQWQLK�EDULRQD�������������

7UDPSHWLü�� -�� (OHNWURVODEL� SULMHOD]L� V� SURPMHQRP
RNXVD�������������

%LOLü�� 1�� )D]QL� SULMHOD]L� X� KDGURQVNRM� PDWHULML�
�����������

0HOMDQDF�� 6�� 3HUPXWDFLRQR� LQYDULMDQWQH� VWDWLVWLNH�
�����������

%UDNR��5�� 9LEUDFLMVND� GLQDPLND� SRYUãLQD� L� DGVRUEDWD�
�����������

&UOMHQ�� ä�� .ROHNWLYQL� HIHNWL� L� HOHNWURQVND� SREX HQMD
PHWDOQLK�RNVLGD�������������

3DOOH�� '�� 2� QHNRQWUDNWLELOQRVWL� IL]LNDOQRJ� SURVWRUD�
�����������

0LNXWD�0DUWLQLV�� 9�� &HQWDXUR� GRJD DML� ±� L]RVSLQVNH
IOXNWXDFLMH�NRG�YLVRNLK�HQHUJLMD������������

%DUGHN�� 9�� 'LPHQ]LRQDOQD� UHGXNFLMD� &KHUQ�6LPRQV
WHRULMH�������������

$QGUDãL��$��'LYHUJHQFLMH�X�4&'�������������

$QGULü��,��3UHPD�0�WHRULML�XMHGLQMHQMD�������������

âRNþHYLü�� '�� .HPLVRUSFLMD� &2� QD� PHWDOQLP
SRYUãLQDPD�������������

âLSV��/��2GDEUDQD�SRJODYOMD�������������

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

%LOLü��1��'DUN�PDWWHU�� QHXWULQR� VWDUV�DQG�JUDYLWDWLRQDO
SKDVH� WUDQVLWLRQ�� &RORTLXP� 'HSW�� RI� 3K\VLFV�
8QLYHUVLW\� RI� &DSH� 7RZQ�� &DSH� 7RZQ�� -XåQD
$IULND�������������

'DGLü�� ,�� 3LQFKLQJ� VLQJXODULWLHV� LQ� RXW� RI� HTXLOLEULXP
WKHUPDO� ILHOG� WKHRULHV�� )DNXOWlW� I�U� 3K\VLN�
8QLYHUVLWlW� %LHOHIHOG�� %LHOHIHOG�� 1MHPDþND�
�����������

%LOLü�� 1�� 5HODWLYLVWLF� 7KRPDV�IHUPL� PRGHO� DW� 7 �º �
VHPLQDU� L]� WHRULMVNH� IL]LNH�� 8QLYHUVLW\� RI� &DSH
7RZQ��&DSH�7RZQ��-XåQD�$IULND�������������

$QGULü�� ,�� 'LPHQVLRQDO� UHGXFWLRQ� LQ� WKH� ODUJH� 1� OLPLW�
%URZQ�8QLYHUVLW\��3URYLGHQFH��86$��������������

3DVVHN��.��2Q�WKH�FRPSOHWH�aV�FRUUHFWLRQV�WR�WKH�SLRQ
IRUP� IDFWRU�� ,QVWLWXW� I�U� 7KHRUHWLVFKH� 3K\VLN�� .DUO�
)UDQ]HQV�8QLYHUVLWlW��*UD]��$XVWULMD�������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

,QWURGXFWLRQ�WR�TXDQWXP�ILHOG�WKHRU\
3UHGDYDþ��%LOLü��1�
3RVWJUDGXDWH� FRXUVH� DW� WKH� 'HSDUWPHQW� RI� 3K\VLFV�
8QLYHUVLW\�RI�&DSH�7RZQ��6RXWK�$IULFD�� WUDYDQM�VYLEDQM
�����



��

)L]LND�þHVWLFD�,,
3UHGDYDþ��*XEHULQD��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

5HODWLYLVWLþNL�VXGDUL�MH]JDUD
3UHGDYDþL��0DUWLQLV��0���.DGLMD��.�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

7HRULMD�JUXSD
3UHGDYDþ��0HOMDQDF��6�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

7HRULMD�JUXSD�X�NULVWDORJUDILML
3UHGDYDþ��0HOMDQDF��6�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

.YDQWQD�WHRULMD�SROMD
3UHGDYDþ��1LåLü��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

8YRG�X�LVWUDåLYDQMH�VD�VHPLQDURP
3UHGDYDþ��=RYNR��1�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

5HODWLYLVWLþND�NYDQWQD�IL]LND
3UHGDYDþ��*XEHULQD��%�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG��������������������

)L]LNDOQD�NR]PRORJLMD�VD�VHPLQDURP
3UHGDYDþ��0DUWLQLV��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG��������������������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

%LOLü�� 1��� =HQWUXP� I�U� ,QWHUGLVFLSOLQlUH� )RUVFKXQJ�
8QLYHUVLWlW� %LHOHIHOG�� %LHOHIHOG�� 1MHPDþND�� �������
�������������]QDQVWYHQRLVWUDåLYDþNL�UDG

%LOLü��1���8QLYHUVLW\�RI�&DSH�7RZQ��&DSH�7RZQ��-XåQD
$IULND�� �������������������� ]QDQVWYHQRLVWUDåLYDþNL
UDG

'DGLü�� ,��� )DNXOWlW� I�U� 3K\VLN�� 8QLYHUVLWlW� %LHOHIHOG�
%LHOHIHOG�� 1MHPDþND�� �������������������
]QDQVWYHQRLVWUDåLYDþNL�UDG

$QGULü�� ,��� %URZQ�8QLYHUVLW\�� 3URYLGHQFH��86$�� �������
�������������]QDQVWYHQRLVWUDåLYDþNL�UDG

%UDNR��5���7HFKQLVFKH�8QLYHUVLWlW�0�QFKHQ��0�QFKHQ�
1MHPDþND�� �������������������
]QDQVWYHQRLVWUDåLYDþNL�UDG

0HOLü�� %��� ,QVWLWXW� I�U� 7KHRUHWLVFKH� 3K\VLN�� .DUO�
)UDQ]HQV�8QLYHUVLWlW�� *UD]�� $XVWULMD�� �������
�������������]QDQVWYHQRLVWUDåLYDþNL�UDG

3DVVHN�� .��� ,QVWLWXW� I�U� 7KHRUHWLVFKH� 3K\VLN�� .DUO�
)UDQ]HQV�8QLYHUVLWlW�� *UD]�� $XVWULMD�� �������
�������������]QDQVWYHQRLVWUDåLYDþNL�UDG

3DOOH�� '��� ,QVWLWXW� I�U� 7KHRUHWLVFKH� 3K\VLN�� 8QLYHUVLWlW
+HLGHOEHUJ�� +HLGHOEHUJ�� 1MHPDþND�� ���� ���� ������ ±
���������������]QDQVWYHQRLVWUDåLYDþNL�UDG

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

+59$76.,�35,52'26/29&,��
=DJUHE��+UYDWVND�������������

3ULORJ�

��� =RYNR��1��9ODGLPLU�*ODVHU��YUKXQVNL�WHRULMVNL�IL]LþDU�
L]ODJDQMH

;9,� $87801� 6&+22/� $1'� :25.6+23� 21
)(50,21� 0$66(6�� 0,;,1*� $1'� &3� 9,2/$7,21
/LVDERQ��3RUWXJDO��������������������

3ULOR]L�

��� 0HOLü�� %�� ,QFOXVLYH� FKDUPHG� EDU\RQ� GHFD\V� DQG
OLIHWLPHV��SUHGDYDQMH

75,$1*/(� 6(0,1$5� ,1� 3$57,&/(� 3+<6,&6
%Hþ��$XVWULMD��������������������

3ULOR]L�

��� *XEHULQD��%��&KDUPHG�EDU\RQ� GHFD\V� DQG� TXDUN�
KDGURQ�GXDOLW\��SUHGDYDQMH

��� 0DUWLQLV��0���$Q�DQDO\VLV�RI�FKDUJHG�SDUWLFOH�SKRWRQ
FRUUHODWLRQV� LQ� KDGURQLF�PXOWLSDUWLFOH� SURGXFWLRQ� LQ
WKH�IDU�IRUZDUG�GLUHFWLRQ��SUHGDYDQMH

��� 3DVVHN��.��2Q� WKH� FRPSOHWH�QH[W�WR�OHDGLQJ�RUGHU
4&'�FRUUHFWLRQV� WR� WKH�SLRQ� HOHFWURPDJQHWLF� IRUP
IDFWRU��SUHGDYDQMH

0H XQDURGQL�XJRYRUL�L�VXUDGQMD�V�GUXJLP
XVWDQRYDPD�

�0DUWLQLV�� 0�� =QDQVWYHQR�LVWUDåLYDþNL� UDG� X� RNYLUX
+UYDWVNR�EDYDUVNH� VXUDGQMH� �JO�� LVWUDåLYDþ�� GU�� �
7HåDN�� .HPLMVNL� RGVMHN� 3ULURGRVORYQR�
PDWHPDWLþNRJ� IDNXOWHWD�� =DJUHE��� )D]QL� SULMHOD]L�
GLQDPLNH� L�VWUXNWXUD�VXSUDPROHNXODUQLK�DJUHJDWD�X



��

RWRSLQL� �'HILQHG� FOXVWHUV� RI� DVVRFLDWLRQ� FROORLGV� LQ
DTXHRXV�VROXWLRQV�

0DUWLQLV�� 0�� 3ULPMHQD� IUDNWDOQH� DQDOL]H� X� REUDGL
DJUHJDFLMVNLK� SURFHVD� X� ELQDUQLP� L� WHUQDUQLP
VXVWDYLPD� �.HPLMVNL� RGVMHN� 3ULURGRVORYQR�
PDWHPDWLþNRJ�IDNXOWHWD��=DJUHE�

3RVMHW�LQR]HPQLK�VWUXþQMDND�

&��1��7HUHQFH�/HXQJ��8QLYHUVLW\�RI�'HODZDUH��1HZDUN�
86$��������������������

,�� 'HUDGR�� 0D[� 3ODQFN� ,QVWLWXW� I�U� 3K\VLN�� 0�QFKHQ�
1MHPDþND��������������������

,�� 'HUDGR�� 0D[� 3ODQFN� ,QVWLWXW� I�U� 3K\VLN�� 0�QFKHQ�
1MHPDþND�������������



��



��

=$92'�=$�(.63(5,0(17$/18�),=,.8
'(3$570(17�2)�(;3(5,0(17$/�3+<6,&6
'U��VF��$QWH�/MXELþLü��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD�

/DERUDWRULM�]D�QXNOHDUQH�UHDNFLMH��GU��VF�� XUR�0LOMDQLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�WHãNRLRQVNX�IL]LNX��GU��VF��5RPDQ�ýDSODU��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�HOHNWURPDJQHWVNH�L�VODEH�LQWHUDNFLMH��GU��VF��$QWH�/MXELþLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�QXNOHDUQX�PLNURDQDOL]X��GU��VF��0LONR�-DNãLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�PMHUHQMH�QLVNLK�DNWLYQRVWL��GU��VF��%RJRPLO�2EHOLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�IL]LNX�YLVRNLK�HQHUJLMD��GU��VF��'DQLOR�9UDQLü��YRGLWHOM�WHPH

7DMQLãWYR��=GHQND�.X]PLü��/MLOMDQD�/LãþHYLü

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

,675$ä,9$1-$�,=�68%$7206.(�),=,.(
,19(67,*$7,216�,1�68%$720,&�3+<6,&6

'LUHNWRU�SURJUDPD��GU��VF��$QWH�/MXELþLü

7HPH�X�VDVWDYX�SURJUDPD�

5HDNFLMH�PH X�ODNLP�MH]JUDPD��GU��VF�� XUR�0LOMDQLü��YRGLWHOM�WHPH

6LPHWULMH�L�PH XGMHORYDQMD��GU��VF��$OIUHG�âYDUF��YRGLWHOM�WHPH

)L]LND�WHãNLK�LRQD��GU��VF��5RPDQ�ýDSODU��YRGLWHOM�WHPH

)L]LND�HOHPHQWDUQLK�þHVWLFD�L]YDQ�VWDQGDUGQRJ�PRGHOD��GU��VF��$QWH�/MXELþLü��YRGLWHOM�WHPH

)RWRQ�DWRP�UDVSUãHQMH��GU��VF��.UXQRVODY�3LVN��YRGLWHOM�WHPH

0H XGMHORYDQMD�LRQD�0H9VNLK�HQHUJLMD�L�PDWHULMH��GU��VF��0LONR�-DNãLü��YRGLWHOM�WHPH

3ULURGQL�UDGLRL]RWRSL�L�SURFHVL�X�SOLQRYLPD��GU��VF��%RJRPLO�2EHOLü��YRGLWHOM�WHPH

(NVSHULPHQWDOQD�IL]LND�YLVRNLK�HQHUJLMD��GU��VF��'DQLOR�9UDQLü��YRGLWHOM�WHPH

3URJUDP�UDGD�

8�UHDNFLMDPD�QD�OLWLMX�L�EHULOLMX�SR�SUYL�SXWD�RSDåHQL�VX�UDVSDGL�QHNLK�URWDFLMVNLK�VWDQMD�X��%H�L�LVWUDåHQD
VX� GYD� VWDQMD� X� �%H� PLMHãDQRJ� L]RVSLQD�� ,VWUDåLYDQH� VX� UHDNFLMH� �/L�G�� a��+H� L� �/L�S�� a��+H� QD
HQHUJLMDPD�RG�LQWHUHVD�]D�DVWURIL]LNX�
2GUH HQD�MH�GXOMLQD�UDVSUãHQMD�L�HIHNWLYQL�GRVHJ�]D�HWD�QXNOHRQ�PH XGMHORYDQMH�
=DYUãHQD� MH� DQDOL]D� SRGDWDND� L]� )D]H� ,� )23,� HNVSHULPHQDWD� XVPMHUHQD� QD� RGUH LYDQMH� NROHNWLYQRJ
WRND�QXNOHDUQH�WYDUL�L]�]JXVQXWH�]RQH�$X�$X�VXGDUD�NDR�L�RGUH LYDQMH�HQWURSLMH�L�WHPSHUDWXUH��7DNR HU
REMDYOMHQL�VX�L�SUYL�UH]XOWDWL�R�SURGXNFLML�QDELMHQLK�SLRQD�L]�VXGDUD�$X�$X�L�1L�1L�
$QDOL]RP� UH]XOWDWD� 120$'�D� X� &(51�X� RGUH HQD� MH� JRUQMD� JUDQLFD� ]D� NXW� PLMHãDQMD� L]PH X
HOHNWURQVNLK� L�PLRQVNLK� QHXWULQD�� 7DNR HU� SRVWDYOMHQD� MH� QRYD� JRUQMD� JUDQLFD� ]D� SRVWRMDQMH� ODJDQRJ
EDåGDUQRJ� ER]RQD� NRML� VH� RþHNXMH� X� QHNROLNR� SURãLUHQLK� YHU]LMD� 6WDQGDUGQRJ� 0RGHOD�� 1D� ,5%�X
RGUH HQD�MH�GR�VDGD�QDMEROMD�JRUQMD�JUDQLFD�QD�PDVX�W]Y��KDGURQVNRJ�DNVLRQD�RG�����H9�
,]�HNVSHULPHQDWD�QD�636�DNFHOHUDWRUX�X�&(51�X� L]UDþXQDWH�VX�JXVWRüH�HQHUJLMH� L�YROXPHQ� L]YRUD�D
UH]XOWDWL�XSXüXMX�QD�]DNOMXþDN�GD�MH�PRJXüH�RþHNLYDWL�VWYDUDQMH�NYDUN�JOXRQ�SOD]PH�
'RYUãHQ�MH�NRPSMXWHUVNL�SURJUDP���&RGH�]D�&RPSWRQVNR�UDVSUãHQMH�QD�YH]DQLP�HOHNWURQLPD�
,]PMHUHQL�VX�SDUDPHWUL�SURFHVD�LRQL]DFLMH�DWRPVNLK�/�SRGOMXVNL�]D�HOHPHQWH�V�$ �������SRPRüX�VQRSD
��&�L���2�LRQD�HQHUJLMD�RG���GR����0H9��3URXþDYDQD�MH�YLãHVWUXND�LRQL]DFLMD�



��

,]RWRSQLP� PHWRGDPD� QDVWDYOMHQR� MH� SUDüHQMH� SULURGQH� UDGLRDNWLYQRVWL� X� RNROLãX� L� GRELYHQL� VX� YDåQL
SRGDFL�]D�SDOHRNOLPDWRORJLMX�NUãNLK�NUDMHYD�X�QDV�L�]D�SDOHRNOLPDWRORJLMX�-XåQH�KHPLVIHUH��0MHUHQMHP
SULURGQH� UDGLRDNWLYQRVWL� XVWDQRYOMHQR� MH� GD� MH� SRYUãLQVND� WHPSHUDWXUD� PRUD� X� -XåQRM� KHPLVIHUL� X
]DGQMLK�WULGHVHWDN�JRGLQD�SRUDVOD�]D�����R&�

5HVHDUFK�SURJUDPPH�

'HFD\V�RI�VRPH�URWDWLRQDO�VWDWHV�LQ��%H�KDYH�EHHQ�REVHUYHG�IRU�WKH�ILUVW�WLPH�LQ�UHDFWLRQV�ZLWK�OLWKLXP
DQG�EHU\OOLXP��DQG�WZR�PL[HG�LVRVSLQ�VWDWHV�LQ��%H�KDYH�EHHQ�LQYHVWLJDWHG��7KH��/L��G��a��DQG��/L��S��a�
�+H�UHDFWLRQV�KDYH�EHHQ�LQYHVWLJDWHG�DW�DVWURSK\VLFDO�HQHUJLHV�
7KH�VFDWWHULQJ�OHQJWK�DQG�WKH�HIIHFWLYH�UDQJH�IRU�WKH�HWD�QXFOHRQ�LQWHUDFWLRQ�KDYH�EHHQ�GHWHUPLQHG�

7KH�SURSHUWLHV�RI�QXFOHDU�PDWWHU�KDYH�EHHQ�LQYHVWLJDWHG�XVLQJ�KHDY\�LRQ�FROOLVLRQV�LQ�D�EURDG
HQHUJ\�UDQJH��7KH�DQDO\VLV�RI� WKH�)23,�SKDVH�,�H[SHULPHQWV�PDGH�WR�GHWHUPLQH�FROOHFWLYH� IORZ�IURP
WKH�$X�$X�FROOLVLRQ�]RQH�DQG�DOVR�HQWURS\�DQG�WHPSHUDWXUH�KDV�EHHQ�FRPSOHWHG��7KH�ILUVW�UHVXOWV�RQ
WKH�SURGXFWLRQ�RI�FKDUJHG�SLRQV�IURP�$X�$X�DQG�1L�1L�FROOLVLRQV�KDYH�EHHQ�REWDLQHG�

)URP�WKH�GDWD�DQDO\VLV�RI�WKH�120$'�H[SHULPHQW�DW�&(51�WKH�XSSHU�OLPLW�IRU�WKH�HOHFWURQ�DQG
PXRQ�QHXWULQR�PL[LQJ�KDV�EHHQ�REWDLQHG��$OVR��ZLWKLQ�WKH�120$'�FROODERUDWLRQ��D�QHZ�XSSHU�OLPLW�IRU
WKH�H[LVWHQFH�RI�WKH�OLJKW�JDXJH�ERVRQ��H[SHFWHG�LQ�VHYHUDO�H[WHQGHG�YHUVLRQV�RI�WKH�6WDQGDUG�0RGHO�
KDV�EHHQ�REWDLQHG��7KH�EHVW�XSSHU�OLPLW�RQ�WKH�KDGURQLF�D[LRQ�PDVV�RI�����H9�KDV�EHHQ�REWDLQHG�DW
WKH�5X HU�%RãNRYLü�,QVWLWXWH�
7KH�HQHUJ\�GHQVLWLHV�DQG�WKH�YROXPH�RI�WKH�VRXUFH�KDV�EHHQ�FDOFXODWHG�IURP�WKH�H[SHULPHQWV�DW� WKH
636�DFFHOHUDWRU�DW�&(51�DQG�WKH�GDWD�LQGLFDWH�WKH�SRVVLELOLW\�RI�WKH�H[LVWHQFH�RI�TXDUN�JOXRQ�SODVPD�

7KH�FRPSXWHU�SURJUDP���&RGH�RI�&RPSWRQ�VFDWWHULQJ�RQ�ERXQG�HOHFWURQV�KDV�EHHQ�FRPSOHWHG�
,RQL]DWLRQ�SURFHVVHV�RI�DWRPLF�/�VXEVKHOOV�IRU�WKH�HOHPHQWV�ZLWK�$ �������KDV�EHHQ�PHDVXUHG�XVLQJ
��&�DQG���2�LRQV�DW�HQHUJLHV�RI�����0H9��0XOWLSOH�LRQL]DWLRQ�SURFHVVHV�KDV�EHHQ�LQYHVWLJDWHG�

,VRWRSH�PHWKRGV�KDV�EHHQ�XVHG�WR�GHWHUPLQH�LPSRUWDQW�SDOHRFOLPDWRORJLFDO�LQIRUPDWLRQ�IRU�RXU
NDUVW�UHJLRQ�DQG�IRU�WKH�6RXWKHUQ�+HPLVSKHUH��)URP�QDWXUDO���UDGLRDFWLYLW\�PHDVXUHPHQWV�LW�KDV�EHHQ
HVWDEOLVKHG�WKDW�WKH�PHDQ�VHD�VXUIDFH�WHPSHUDWXUH�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�KDV�LQFUHDVHG�E\����
R&�LQ�WKH�ODVW����\HDUV�

5($.&,-(�0( 8�/$.,0�-(=*5$0$
/,*+7�18&/(86�±�/,*+7�18&/(86�5($&7,216
9RGLWHOM�WHPH��GU��VF�� XUR�0LOMDQLü

6XUDGQLFL�QD�WHPL�

6DãD�%ODJXV��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
0ODGHQ�%RJRYDF��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW
0DWNR�0LOLQ��GLSO�LQå��IL]LNH��POD L�DVLVWHQW��]QDQVWYHQL�QRYDN
XUR�0LOMDQLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

'XEUDYNR�5HQGLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
1HYHQ�6RLü��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
0LOH�=DGUR��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

6XUDGQLN�L]�GUXJH�XVWDQRYH�

1LNROD�*RGLQRYLü��GLSO�LQå���)DNXOWHW�HOHNWURWHKQLNH��VWURMDUVWYD�L�EURGRJUDGQMH��6YHXþLOLãWH�X�6SOLWX

7HKQLþNL�VXUDGQLN�

0ODGHQ�.RQFXO��YLãL�WHKQLþDU



��

3URJUDP�UDGD�

2YD�LVWUDåLYDQMD�SRVOXåLW�üH�]D�VWMHFDQMH�VSR]QDMD�]DQLPOMLYLK�SRVHEQR�]D�QXNOHDUQX�IL]LNX�L�QXNOHDUQX
DVWURIL]LNX��D�PRJX�SULGRQLMHWL�L�UD]YRMX�PHWRGH�SULPMHQOMLYH�L�X�GUXJLP�SRGUXþMLPD��8�RNYLUX�VXUDGQMH�VD
VNXSLQRP�IL]LþDUD�L]�/DERUDWRULR�1D]LRQDOH�GHO�6XG�L�8QLYHUVLWj�GL�&DWDQLD��&DWDQLD��,WDOLMD��L]XþDYDW�üH
VH�UHDNFLMH�PH X�ODNLP�MH]JUDPD�QD�HQHUJLMDPD�GR����0H9�SR�QXNOHRQX�L�WR�

QDVWDYLW�üH�VH�V�WUDåHQMHP�³HJ]RWLþQLK´�VWDQMD�ODNLK�MH]JDUD�

RGUH LYDW�üH�VH�QMLKRYL�SDUDPHWUL��SRORåDM��ãLULQD��QDþLQL�UDVSDGD��LWG���

QDVWDYLW� üH� VH� QHGDYQR� ]DSRþHWR� LVWUDåLYDQMH� XSRWUHEH� SULVWXSD� ³WURMDQVNRJ� NRQMD´� ]D� GRELYDQMH
XGDUQLK� SUHVMHND� ]D� GYRþHVWLþQH� UHDNFLMH� QD� QLVNLP� HQHUJLMDPD� L]� WURþHVWLþQLK� UHDNFLMD� QD� YLãLP
HQHUJLMDPD�

]DSRþHW�üH�VH�LVSLWLYDQMHP�PHWRGH�³UHODWLYQRJ�NXWD�þHVWLFD�X�UHDNFLMDPD´��NRMRP�EL�VH�RODNãDOR�WRþQR
PMHUHQMH� XGDUQLK� SUHVMHND� QXNOHDUQLK� UHDNFLMD� SRVHEQR� RQLK� ]DQLPOMLYLK� ]D� DVWURIL]LNX� L� IX]LMVND
LVWUDåLYDQMD��]DWLP�RGUH LYDQMH�PRüL�]DXVWDYOMDQMD�LRQD�ODNLK�HOHPHQDWD��D�PRJOD�EL�VH�XSRWULMHELWL� L�]D
GXELQVNR�SURILOLUDQMH�ODNLK�HOHPHQDWD�X�VORMHYLPD�PLNURQVNH�L�VXEPLNURQVNH�GHEOMLQH�

0MHUHQMD�üH�VH�L]YRGLWL�QD�GRVWXSQLP�DNFHOHUDWRULPD��XJODYQRP�X�+UYDWVNRM�L�,WDOLML�

5H]XOWDWL�QD�WHPL�

D�� 8�UHDNFLMDPD��%H��/L
E�� ��SR�SUYL�SXW�MH�RSDåHQ�UDVSDG�QHNLK�VWDQMD��%H��L]�URWDFLMVNH�YUSFH��QD�a��+H
F�� ��RSDåHQR�MH�VNRURVORERGQR�UDVSUãHQMH��/L�QD�a�NODVWHUX�X��%H
G�� ��LVWUDåLYDQL�VX�L�GUXJL�YLãHþHVWLþQL�L]OD]QL�NDQDOL�
H�� 0MHUHQMHP�UHDNFLMH��/L��G�aa�Q�SRVHEQR�VX�LVWUDåHQD�GYD�VWDQMD��%H�PLMHãDQRJ�L]RVSLQD�
I�� 8� PMHUHQMLPD� HNVFLWDFLMVNLK� IXQNFLMD� ��&���&��%HJ�V��

��2� RSDåHQH� VX� VWUXNWXUH� VUHGQMLK� ãLULQD� QD
YLVRNLP�HQHUJLMDPD�SREX HQMD�X���0J�

J�� ,VSLWLYDQD� MH�PRJXüQRVW� SULPMHQH� PHWRGD� �WURMDQVNRJ� NRQMD�� X� QXNOHDUQLP� UHDNFLMDPD� QD� YLãLP
HQHUJLMDPD�]D�GRELYDQMH�XGDUQLK�SUHVMHND�]D�UHDNFLMH��/L�G�a��+H� L��/L�S�a��+H�QD�HQHUJLMDPD�RG
LQWHUHVD�]D�DVWURIL]LNX�

K�� 3RND]DQD� MH� PRJXüQRVW� XSRWUHEH� PMHUHQMD� UHODWLYQRJ� NXWD� L]OD]QLK� þHVWLFD� X� QXNOHDUQLP
UHDNFLMDPD��+��/L�a��+H�L��+�G�S��+�]D�RGUH LYDQMH�UDVSRGMHOH�YRGLND� L�GHXWHULMD�SR�GXELQL�X]RUND
�SURILOLUDQMH��

L�� =D� SURWRQH� UD]OLþLWLK� HQHUJLMD� RGUH HQH� VX� *�YULMHGQRVWL� ]D� NHPLMVNH� GR]LPHWULMVNH� VXVWDYH� QD
RVQRYL�NORUEHQ]HQD�

M�� 3ULSUDYOMHQ� MH� L� REUDQMHQ� SULMHGORJ� ]D� PMHUHQMH� UHDNFLMD� �/L��+H� QD� DNFHOHUDWRUVNRP� VXVWDYX
&<&/21(��L�SULSUHPDMX�VH�WD�PMHUHQMD�

N�� =DSRþHWD� VX� LVSLWLYDQMD� IRWRGLRGD� NDR�GHWHNWRUD�QDELMHQLK� þHVWLFD� RVMHWOMLYLK� X� GYLMH� GLPHQ]LMH� QD
SRORåDM�XSDGD�þHVWLFD�

5HVHDUFK�SURJUDPPH�

7KLV�ZRUN�ZLOO�KHOS�WR�JHW�LQIRUPDWLRQ�UHOHYDQW�WR�QXFOHDU�SK\VLFV�DQG�QXFOHDU�DVWURSK\VLFV��DV�ZHOO�DV�WR
DSSOLFDWLRQV�� /LJKW� QXFOHXV�OLJKW� QXFOHXV� UHDFWLRQV� ZLOO� EH� VWXGLHG� DW� HQHUJLHV� Ë��� 0H9�QXFOHRQ� LQ
FRRSHUDWLRQ� ZLWK� D� JURXS� RI� VFLHQWLVWV� IURP� WKH� /DERUDWRULR� 1D]LRQDOH� GHO� 6XG� DQG� 8QLYHUVLWj� GL
&DWDQLD��&DWDQLD��,WDO\��7KLV�VWXG\�ZLOO�LQFOXGH�

��� WKH�FRQWLQXDWLRQ�RI�VHDUFK�IRU�³H[RWLF´�VWDWHV�RI�OLJKW�QXFOHL�
��� GHWHUPLQDWLRQ�RI�WKHLU�SDUDPHWHUV��HQHUJ\��ZLGWK��GHFD\�PRGHV�HWF���
��� SRVVLEOH�DSSOLFDWLRQV�RI�WKH�³7URMDQ�KRUVH´�DSSURDFK�ZLOO�EH�H[SORUHG�IRU�H[WUDFWLRQ�RI�WKH�WZR�
ERG\�QXFOHDU�UHDFWLRQ�FURVV�VHFWLRQV�DW�YHU\�ORZ�HQHUJLHV�IURP�WKH�WKUHH�ERG\�UHDFWLRQV�PHDVXUHG
DW�HQHUJLHV�RI�VHYHUDO�0H9V�SHU�QXFOHRQ�
��� SRVVLEOH�XVH�RI�SUHFLVH�GHWHUPLQDWLRQ�RI�WKH�DQJOH�EHWZHHQ�WZR�UHDFWLRQ�SURGXFWV�ZLOO�EH�WHVWHG
LQ�WKH�PHDVXUHPHQWV�RI�WKH�QXFOHDU�UHDFWLRQ�FURVV�VHFWLRQV��GHSWK�SURILOLQJ�HWF�

7KH�PHDVXUHPHQWV�ZLOO�EH�SHUIRUPHG�XVLQJ�WKH�DFFHOHUDWRUV�LQ�&URDWLD�DQG�,WDO\�

5HVXOWV�

D�� ,Q�WKH��%H��/L�UHDFWLRQ�PHDVXUHPHQWV
E�� ��GHFD\�RI�VRPH��%H�VWDWHV��PHPEHUV�RI�WKH�URWDWLRQDO�EDQG��LQWR�a�DQG��+H�ZDV�GLVFRYHUHG�
F�� ��WKH��/L�TXDVL�IUHH�VFDWWHULQJ�RII�WKH�a�FOXVWHU�LQ��%H�ZDV�REVHUYHG�
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G�� ��RWKHU�H[LW�PDQ\�ERG\�FKDQQHOV�ZHUH�VWXGLHG�
H�� 7ZR�LVRVSLQ�PL[HG��%H�VWDWHV�ZHUH�VWXGLHG�XVLQJ�WKH��/L�G�aa�Q�UHDFWLRQ
I�� 7KH�LQWHUPHGLDWH�ZLGWK�VWUXFWXUHV�DW�KLJK�H[FLWDWLRQV�LQ���0J�ZHUH�REVHUYHG�LQ�WKH�PHDVXUHPHQWV

RI�WKH���&���&��%HJ�V��
��2�UHDFWLRQ�H[FLWDWLRQ�IXQFWLRQV�

J�� $SSOLFDWLRQ�RI�WKH�³7URMDQ�KRUVH´�PHWKRG�IRU�H[WUDFWLRQ�RI�WKH��/L�G�a��+H�DQG��/L�S�a��+H�UHDFWLRQ
FURVV�VHFWLRQV�DW�HQHUJLHV�UHOHYDQW�WR�DVWURSK\VLFV�ZDV�WHVWHG�

K�� 0HDVXUHPHQW� RI� WKH� DQJOH� EHWZHHQ� WZR� RXWJRLQJ� SDUWLFOHV� IURP� WKH� �+��/L�a��+H� DQG� �+�G�S��+
UHDFWLRQ�ZDV�XVHG�IRU�WKH�K\GURJHQ�DQG�GHXWHULXP�GHSWK�SURILOLQJ�RI�GLIIHUHQW�VDPSOHV�

L�� *�YDOXHV� RI� WKH� FKORUREHQ]HQH� FKHPLFDO� GRVLPHWULF� V\VWHPV� ZHUH� GHWHUPLQHG� IRU� ORZ� HQHUJ\
SURWRQV�

M�� $� SURSRVDO� IRU�PHDVXUHPHQW� RI� WKH� �/L��+H� UHDFWLRQV� ZLWK� &<&/21(� DFFHOHUDWRUV� �/RXYDLQ�OD�
1HXYH��ZDV�VXEPLWWHG�DQG�DFFHSWHG��3UHSDUDWLRQ�RI�WKH�PHDVXUHPHQWV�LV�LQ�SURJUHVV�

N�� 3RVVLEOH�XVH�RI�SKRWRGLRGHV�DV��'�SRVLWLRQ�VHQVLWLYH�GHWHFWRUV�IRU�FKDUJHG�SDUWLFOHV�LV�H[SORUHG�

6,0(75,-(�,�0( 8'-(/29$1-$
6<00(75,(6�$1'�,17(5$&7,216
9RGLWHOM�WHPH��GU��VF��$OIUHG�âYDUF

6XUDGQLFL�QD�WHPL�

0LMR�%DWLQLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
$OMRãD�0DUXãLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN
,YDQ�6XSHN��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
,YR�âODXV��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
$OIUHG�âYDUF��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN

3URJUDP�UDGD�L�UH]XOWDWL�

5D]XPLMHYDQMH�MDNRJ�PH XGMHORYDQMD�L�VLPHWULMD�QDMYDåQLML�MH�FLOM�IL]LNH�þHVWLFD�L�QXNOHDUQH�IL]LNH
L� þLQL� JODYQL� FLOM� RYRJ� LVWUDåLYDQMD�� (NVSHULPHQWDOQR� VDNXSOMDQMH� SRGDWDND� REDYOMD� VH� X� %URRNKDYHQ
1DWLRQDO� /DERUDWRU\� �%1/��� 7ULDQJOH� 8QLYHUVLW\� 1DWLRQDO� /DERUDWRU\� �781/��� RED� 6$'�� WH� X� 3DXO
6FKHUUHU� ,QVWLWXWH�� âYLFDUVND�� 7HRULMVND� DQDOL]D� üH� VH� YUãLWL� QD� NRPSMXWHULPD� YHOLNH� VQDJH� L]YDQ
+UYDWVNH�� DOL� L� QD� VDPRP� ,QVWLWXWX� �5X HU� %RãNRYLü��� (NVSHULPHQWL� NRULVWH� þHWLUL� UD]QD�� YUOR� VORåHQD
NULVWDOQD�NDORULPHWUD�]D�GHWHNFLMX� IRWRQD��RGQRVQR�QHXWUDOQLK�PH]RQD��1DYHGHQL�HNVSHULPHQWL�X�6$'
üH� WHVWLUDWL� RVQRYQD� VYRMVWYD� MDNRJ� PH XGMHORYDQMD�� L� VLPHWULMD�� D� SRVHEQR� QXNOHRQ�QXNOHRQ�� SLRQ�
QXNOHRQ�L� L� WUL�QXNOHRQ�PH XGMHORYDQMD�� WH� L]RVSLQVNX�VLPHWULMX��=QDQVWYHQLFL�VD� ,5%�VXGMHORYDOL�VX� L�X
JUDGQML� VSHNWURPHWUD� QHXWUDOQLK� PH]RQD� �106�� X� /$03)�X� NDR� L� X� HNVSHULPHQWDOQRP� SURJUDPX�
7UHQXWDþQR�VH�WDM�MHGLQVWYHQL�XUH DM�QDOD]L�X�%1/�JGMH�üHPR�VXGMHORYDWL�X�HNVSHULPHQWX�NRML�LVWUDåXMH
VYRMVWYD��K\SHUQXFOHL���8�âYLFDUVNRM�üH�VH�PMHULWL�SLRQVNL�EHWD�UDVSDG�V�YHOLNRP�SUHFL]QRãüX��������NRML
]ERJ�RWVXVWYD�MDNRJ�PH XGMHORYDQMD�L�NRUHNFLMD�]ERJ�]UDþHQMD�SUHGVWDYOMD�QDMþLãüL�SULVWXS�SURXþDYDQMX
VODERJ�PLMHãDQMD�NYDUNRYD��8�WHRULMVNRP�GLMHOX�SURJUDPD�üH�VH�LVWUDåLYDWL�PH XGMHORYDQMD�KDGURQD�QD
HQHUJLMDPD�����*H9�X]�VWYDUDQMH�PH]RQD�QDMQLåH�PDVH��SL��HWD��UKR�«��.RG�WHRULMVNLK�LVWUDåLYDQMD�VX�X
]QDWQRM� PMHUL� XþLQMHQD� SUHWKRGQD� LVWUDåLYDQMD� NRMD� VX� GRVDG� QDMSUHFL]QLMH� RGUHGLOD� REOLN� L� YHOLþLQX
RVQRYQLK� XOD]QLK� SRGDWDND� ]D� GDOMQML� SURUDþXQ� PH XGMHORYDQMD� X� VXVWDYLPD� QHNROLNR� QXNOHRQD� L
PH]RQD�� D� WR� VX� HOHPHQWDUQH� DPSOLWXGH� UDVSUãHQMD� ]D� SURFHVH� HODVWLþQRJ� UDVSUãHQMD� QXNOHRQD� QD
QXNOHRQLPD�� SLRQD� QD� QXNOHRQLPD� HWD� SURGXNFLMD� X� VXGDULPD� QXNOHRQD� V� QXNOHRQLPD� WH� HODVWLþQR
UDVSUãHQMH�HWD�PH]RQD�QD�QXNOHRQLPD��(NVSHULPHQWDOQL�L�WHRULMVNL�GLR�WHPH�VX�XVNR�SRYH]DQL�

8�������JRGLQL�]DYUãHQR� MH�VDNXSOMDQMH�SRGDWDND�]D�UHDNFLMX�SURGXNFLMH�HWD�PH]RQD�SULOLNRP
VXGDUD�SLRQD� V� GHXWHURQRP�QD�%1/� L� 781/��1MLKRYD�DQDOL]D� MH� ]DYUãHQD�� L� SUHGRüHQD� X� GRNWRUVNRM
GLVHUWDFLML�QRYDND�$OMRãH�0DUXãLüD��,QWHUSUHWDFLMD�V�FLOMHP�GRELYDQMD�NXWD�PLMHãDQMD�SL��L�HWD�PH]RQD�MH
X� WLMHNX��3URYHGHQH�VX�SUHWKRGQH� UDGQMH�]D�PMHUHQMH�SLRQVNRJ�EHWD� UDVSDGD�V� YHOLNRP�SUHFL]QRãüX�
.RG� WHRULMVNLK� LVWUDåLYDQMD� ]DYUãHQD� VX� LVSLWLYDQMD� SURGXNFLMH� HWD� PH]RQD� X� VXGDULPD� SURWRQD� V
SURWRQLPD�X�QHSRVUHGQRM�EOL]LQL�SUDJD� UHDNFLMH�� WH�VH�XVWDQRYLR�GRPLQDQWQL�PHKDQL]DP� WRJ�SURFHVD�
=DYUãHQD� VX� LVWUDåLYDQMD� GXOMLQH� UDVSUãHQMD� L� HIHNWLYQRJ� GRVHJD� VXGDUD� HWD� PH]RQD� V� QXNOHRQRP�
'RELYãL�UH]XOWDWH�]QDWQR�UD]OLþLWH�RG�SUHWKRGQLK�SURFMHQD�WLK��]D�HWD�PH XGMHORYDQMD�V� ODNLP�MH]JUDPD
ELWQLK�SDUDPHWDUD��WH�XSRUH XMXüL�LK�V�SDUDOHOQLP�SURUDþXQLPD�GUXJLK�VYMHWVNL�SR]QDWLK�JUXSD�ED]LUDQLK
QD�NRPSOHWQR�GUXJDþLMRM�WHRULMVNRM�PHWRGL��V�YHOLNRP�VLJXUQRãüX�WYUGLPR�GD�VPR�WRþQR�RGUHGLOL�GXOMLQX
UDVSUãHQMD�L�HIHNWLYQL�GRVHJ�HWD�QXNOHRQ�PH XGMHORYDQMD�

.RPSOHWLUDQD� VX� X� SURJUDPX� QHLVND]DQD� SUHWKRGQD� LVWUDåLYDQMD� PRJXüQRVWL� IRWRGLQDPVNH
WHUDSLMH� NRULãWHQMHP� 3KRWRIULQD� ,,� L� ORNDOQR� NRQVWUXLUDQRJ� VYMHWORVQRJ� L]YRUD�� 2WYRULOD� VH� PRJXüQRVW
SUHWKRGQLK�NOLQLþNLK�LVWUDåLYDQMD�X�VXUDGQML�V�.OLQLþNRP�EROQLFRP��6HVWUH�PLORVUGQLFH���WH�MH�0LQLVWDUVWYX
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]QDQRVWL� L� WHKQRORJLMH� 5+� RG� VWUDQH� %ROQLFH� SUHGORåHQ� L� DGHNYDWDQ� SURMHNW� LVWUDåLYDQMD�� 5H]XOWDWL� VX
REMDYOMHQL�X�YLãH�UDGRYD�X�]QDQVWYHQLP�þDVRSLVLPD�WLMHNRP�RYH�JRGLQH��2þHNXMH�VH�RGREUHQMH�SURMHNWD
L�QDVWDYDN�QD�NOLQLþNRM�SULPMHQL�SRVWLJQXWLK�VD]QDQMD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�XQGHUVWDQGLQJ�RI�VWURQJ�LQWHUDFWLRQV�DQG�V\PPHWULHV�LV�WKH�PRVW�LPSRUWDQW�DLP�RI�SDUWLFOH
DQG�QXFOHDU�SK\VLFV��DQG�FRQWDLQV�WKH�PDLQ�JRDO�RI�WKLV�UHVHDUFK��7KH�H[SHULPHQWDO�GDWD�DFTXLVLWLRQ�LV
SHUIRUPHG� DW� WKH� %URRNKDYHQ� 1DWLRQDO� /DERUDWRU\� �%1/��� 7ULDQJOH� 8QLYHUVLW\� 1DWLRQDO� /DERUDWRU\
�781/����ERWK�LQ�86$��DQG�DW�WKH�3DXO�6FKHUUHU�,QVWLWXWH��6ZLW]HUODQG��7KH�WKHRUHWLFDO�DQDO\VLV�ZLOO�EH
SHUIRUPHG� DW� WKH� PDLQ� IUDPH� FRPSXWHUV� RXWVLGH� &URDWLD�� EXW� VRPH� WKHRUHWLFDO� FDOFXODWLRQV� ZLOO� EH
SHUIRUPHG� ORFDOO\�� DW� WKH� 5XGMHU� %RãNRYLü� ,QVWLWXWH�� 7KH� H[SHULPHQWV� PDNH� XVH� RI� IRXU�� YHU\
FRPSOLFDWHG� FU\VWDO� FDORULPHWHUV� IRU� WKH� GHWHFWLRQ� RI� SKRWRQV� RU� QHXWUDO� PHVRQV�� 7KH� VXJJHVWHG
H[SHULPHQWV� LQ� 86$� ZLOO� WHVW� WKH� EDVLF� SURSHUWLHV� RI� VWURQJ� LQWHUDFWLRQV� DQG� V\PPHWULHV�� DQG�� LQ
SDUWLFXODU��QXFOHRQ�QXFOHRQ��SLRQ�QXFOHRQ�DQG�WKUHH���QXFOHRQ�LQWHUDFWLRQV��7KH� LVRVSLQ�V\PPHWU\�ZLOO
EH� WHVWHG�DV�ZHOO��7KH� ,5%�VFLHQWLVWV�KDYH�DOVR�SDUWLFLSDWHG� LQ�EXLOGLQJ�QHXWUDO�PHVRQ�VSHFWURPHWHUV
�106��LQ�/$03)��DV�ZHOO�DV�LQ�LWV�H[SHULPHQWDO�SURJUDPPH��$W�SUHVHQW�WKDW�XQLTXH�GHYLFH�LV�VLWXDWHG
DW� WKH�%1/�ZKHUH�ZH� VKDOO� WDNH� SDUW� LQ� DQ� H[SHULPHQW�ZKLFK� LQYHVWLJDWHV� K\SHUQXFOHL� SURSHUWLHV�� ,Q
6ZLW]HUODQG��D�KLJK���SUHFLVLRQ�EHWD�GHFD\�UDWH�H[SHULPHQW��������ZLOO�EH�SHUIRUPHG��ZKLFK��RZLQJ�WR
WKH�DEVHQFH�RI� VWURQJ� LQWHUDFWLRQV�DQG� UDGLDWLYH� GHFD\�� LV� WKH� FOHDUHVW� DSSURDFK� WR� WKH� VWXG\� RI� WKH
ZHDN�LQWHUDFWLRQ� TXDUN� FRXSOLQJ�� ,Q� WKH� WKHRUHWLFDO� SDUW� RI� WKH� UHVHDUFK�� KDGURQ� LQWHUDFWLRQV� ZLOO� EH
LQYHVWLJDWHG�DW�HQHUJLHV�RI�����*HY�ZLWK�WKH�SURGXFWLRQ�RI�ORZHU�PDVV�PHVRQV���SL��HWD��UKR��«���$�ORW
RI� SUHOLPLQDU\� WKHRUHWLFDO� UHVHDUFK� KDV� DOUHDG\� EHHQ� GRQH�� 7KLV� UHVHDUFK� KDV� YHU\� SUHFLVHO\
GHWHUPLQHG� WKH� VKDSH� DQG� VL]H� RI� LQSXW� GDWD� IRU� IXUWKHU� FDOFXODWLRQ� RI� IHZ�QXFOHRQ� DQG� PHVRQ
LQWHUDFWLRQV�� 7KHVH� DUH� WKH� HOHPHQWDU\� VFDWWHULQJ� DPSOLWXGHV� RI� QXFOHRQ�QXFOHRQ�� SLRQ�QXFOHRQ� DQG
HWD�QXFOHRQ�SURFHVVHV�LQ�QXFOHRQ�QXFOHRQ�FROOLVLRQV��DV�ZHOO�DV�WKH�HODVWLF�VFDWWHULQJ�RI�HWD�PHVRQV�RQ
QXFOHRQV��7KH�H[SHULPHQWDO�DQG�WKHRUHWLFDO�SDUW�RI�WKLV�UHVHDUFK�DUH�VWURQJO\�FRUUHODWHG�

,Q������ WKH�GDWD�DFTXLVLWLRQ� IRU� WKH�HWD�PHVRQ�SURGXFWLRQ� LQ�SLRQ�GHXWHURQ�FROOLVLRQV�DW�%1/
DQG�781/�KDYH�EHHQ�FRPSOHWHG��7KH�DQDO\VLV�KDV�DOVR�EHHQ�FRPSOHWHG��DQG�SUHVHQWHG�LQ�WKH�3K�'�
WKHVLV�RI�$OMRãD�0DUXãLü��7KHLU�LQWHUSUHWDWLRQ��ZLWK�WKH�DLP�RI�H[WUDFWLQJ�WKH�SL��DQG�HWD�PL[LQJ�DQJOH�LV
LQ�SURJUHVV��3UHOLPLQDU\�WHVWV�IRU�SHUIRUPLQJ�WKH�KLJK�SUHFLVLRQ�SLRQ�EHWD�GHFD\�UDWH�DUH�LQ�SURJUHVV��$V
IDU�DV�WKH�WKHRUHWLFDO�SDUW�RI�UHVHDUFK�LV�FRQFHUQHG��WKH�LQYHVWLJDWLRQ�RI�WKH�HWD�SURGXFWLRQ�WKH�SURWRQ�
SURWRQ�FROOLVLRQV�QHDU� WKH� UHDFWLRQ� WKUHVKROG�KDV�EHHQ�FRPSOHWHG��DQG� WKH�GRPLQDQW�PHFKDQLVPV�RI
WKH�SURFHVV�KDYH�EHHQ�HVWDEOLVKHG��7KH�UHVHDUFK�RI� WKH�VFDWWHULQJ� OHQJWK�DQG� WKH�HIIHFWLYH� UDQJH�RI
HWD�QXFOHRQ� VFDWWHULQJ� KDV� EHHQ� FRPSOHWHG�� 7KH� UHVXOWV� REWDLQHG� DUH� HVVHQWLDOO\� GLIIHUHQW� IURP
SUHYLRXV�HVWLPDWHV�RI� WKHVH�SDUDPHWHUV��ZKLFK�DUH�HVVHQWLDO� IRU� WKH�HWD� LQWHUDFWLRQ�ZLWK� OLJKW� QXFOHL�
&RPSDULQJ�WKHP�ZLWK�WKH�ODWHVW�ZRUOGZLGH�UHFRJQL]HG�UHVXOWV�EDVHG�RQ�FRPSOHWHO\�GLIIHUHQW�PHWKRGV�
ZH�FODLP�WKDW�RXU�GHWHUPLQDWLRQ�RI�WKHVH�SDUDPHWHUV�LV�YHU\�SUHFLVH�DQG�FRQILGHQW�

$GGLWLRQDO� UHVHDUFK�� QRW� H[SOLFLWO\� GHILQHG� LQ� WKH� RULJLQDO� SURJUDPPH�� KDV� EHHQ� FRPSOHWHG
FRQFHUQLQJ�WKH�SRVVLELOLWLHV�RI�SKRWRG\QDPLFDO�WKHUDS\�E\�XVLQJ�3KRWRIULQ�,,�DQG�WKH�ORFDOO\�GHYHORSHG
OLJKW�VRXUFH��7KH�SRVVLELOLW\�RI�SUHOLPLQDU\�FOLQLFDO�UHVHDUFK�LQ�WKH�FR�RSHUDWLRQ�ZLWK�WKH�&OLQLFDO�+RVSLWDO
�6HVWUH�0LORVUGQLFH��KDV�EHHQ�RSHQHG��DQG�WKH�3'7�RULHQWHG�SURMHFW�KDV�EHHQ�SURSRVHG�WR�WKH�0LQLVWU\
RI� 6FLHQFH� DQG� 7HFKQRORJ\�� 7KH� UHVXOWV� KDYH� EHHQ� SXEOLVKHG� LQ� VHYHUDO� VFLHQWLILF� MRXUQDOV�� 7KH
DSSURYDO�IRU�WKH�SUHFOLQLFDO�H[WHQVLRQ�RI�WKH�DFTXLUHG�NQRZOHGJH�LV�H[SHFWHG�

),=,.$�7(â.,+�,21$
+($9<�,21�3+<6,&6
9RGLWHOM�WHPH��GU��VF��5RPDQ�ýDSODU

6XUDGQLFL�QD�WHPL�

=RUDQ�%DVUDN��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
1LNROD�&LQGUR��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
5RPDQ�ýDSODU��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
0LORUDG�.RUROLMD��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
6X]DQD�6]LOQHU��GLSO�LQå��IL]LNH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
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6XUDGQLN�L]�GUXJH�XVWDQRYH�

0LOH�'åHODOLMD��GRNWRU�IL]��]QDQRVWL��GRFHQW��)DNXOWHW�SULURGRVORYQR�PDWHPDWLþNLK�L�REUD]RYQLK�]QDQRVWL�
6SOLW

3URJUDP�UDGD�L�UH]XOWDWL�

7HPHOM�WHPH�MH�LVWUDåLYDQMH�VYRMVWDYD�MH]JDUD�L�QXNOHDUQH�WYDUL�X�HNVWUHPQLP�XYMHWLPD�JXVWRüH�
WHPSHUDWXUH� L� GHIRUPDFLMH�� (NVSHULPHQWDOQR� L� WHRULMVNL� VH� SURXþDYDMX� VXGDUL� WHãNLK� LRQD� X� ãLURNRP
UDVSRQX�HQHUJLMD��(NVSHULPHQWDOQD� LVWUDåLYDQMD�SURYHOL�VPR�X�RNYLUX�PH XQDURGQH�)23,�NRODERUDFLMH
�)D]D� ,,� HNVSHULPHQWL�� þLML� VPR� VXRVQLYDþ� QD� 6,6�(65� DNFHOHUDWRUX� X� *HVHOOVFKDIW� I�U
6FKZHULRQHQIRUVFKXQJ��'DUPVWDGW�L�X�,QVWLWXW�GH�5HFKHUFKHV�6XEDWRPLTXHV��6WUDVERXUJ�

8NUDWNR��JODYQD�SRVWLJQXüD�X�������JRGLQL�VX��2GUH HQL�VX�NROHNWLYQL�WRN�L�HQWURSLMD�QXNOHDUQH
WYDUL� X� $X�$X� VXGDULPD� QD� QL]X� XSDGQLK� HQHUJLMD� WH� SUDJRYL� YLãH� YUVWD� NROHNWLYQRJ� JLEDQMD
WHãNRLRQVNRJ� VXVWDYD��5DVYLMHWOMHQD� MH� SULURGD� UH]RQDQFH�QD� HQHUJLML� SREX HQMD� RG� ���0H9� X� MH]JUL
��0J�� 3RND]DQD� MH� YDåQRVW� UHDNFLMVNH� GLQDPLNH� L� WRSRORJLMH� ID]QRJ� SURVWRUD� ]D� SURFHV� QDVWDMDQMD
QDNXSLQD� QXNOHRQD� X� VXGDULPD� WHãNLK� LRQD�� .RULãWHQMHP�PHWRGH� JDPPD� VSHNWURVNRSLMH� QD HQD� VX
QRYD�VXSHUGHIRUPLUDQD�VWDQMD�DWRPVNLK�MH]JUL�X�PDVHQRP�SRGUXþMX�RNR�$ ����0HWRGRP�SURWRQ�SURWRQ
NRUHODFLMD�RGUH HQH�VX�YUHPHQVNR�SURVWRUQH�NDUDNWHULVWLNH�L]YRUD�þHVWLFD�X�VXGDULPD�1L�1L�QD�HQHUJLML
VQRSD�RG������$*H9��0MHUHQD� MH�SURGXNFLMD�QDELMHQLK�SLRQD�NDR� IXQNFLMD� YHOLþLQH�VLVWHPD��RGQRVQR�
EURMD�SDUWLFLSDQDWD��,]YUãHQD�MH�VXVWDYQD�VWXGLMD�VYRMVWDYD����<E�VORåHQH�MH]JUH�X�HQHUJLMVNRP�SRGUXþMX
SREX HQMD�RG���������0H9��2GUH HQ� MH�EURM�D� ������� UH]RQDQFLMD�X�]DYUãQRM� ID]L�1L�1L� UHDNFLMH�QD
HQHUJLMDPD�VQRSD�RG�����$*H9��0MHUHQL�VX�VSHNWUL�ODNLK�QDELMHQLK�þHVWLFD��SURWRQL��GHXWHURQL��WULWRQL�WH
a�þHVWLFH��X�1L�0J�UHDNFLML�QD����0H9�SR�QXNOHRQX��3RND]DQR�MH�GD�PRGHO�NRML�X]LPD�X�RE]LU�SRþHWQL
GHIRUPLUDQL� GYRQXNOHDUQL� VORåHQL� VXVWDY� ]DGRYROMDYDMXüH� REMDãQMDYD� PMHUHQH� VSHNWUH�� ,]XþDYDQMD
DXWRNRUHODFLMVNH�NULYXOMH�QHVWDWLVWLþNLK�VWUXNWXUD�RSDåHQLK�X�VXGDULPD� ��1L���7L� L� ��1L���1L�XND]XMX�QD
JXãHQMH�YUWQMH�NUDWNRåLYXüHJ�GYRQXNOHDUQRJ�VLVWHPD��3RND]DQR�MH�GD�VH�SUL�HQHUJLMDPD�PDQMLP�RG����
$0H9�QDMYHüL�GLR�HPLVLMH� þHVWLFD�RGYLMD�X� UDQRM� ID]L� VXGDUD�QD�QDþLQ�GD� VX�SULPDUQL� WHãNL� IUDJPHQWL
HPLWLUDQL� V� QLVNRP� HQHUJLMRP� SREX HQMD� þLPH� VH� GRYRGL� X� SLWDQMH� QL]� UDQLMLK� UH]XOWDWD� R� YUXüLP
MH]JUDPD�� 2UJDQL]LUDQD� MH� X� VXUDGQML� V� QMHPDþNRP� VWUDQRP� PH XQDURGQD� UDGLRQLFD� R� VWYDUDQMX
QDNXSLQD�þHVWLFD�X�DWRPVNLP�L�QXNOHDUQLP�VXVWDYLPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� EDVLV� RI� WKH� SURMHFW� DUH� WKH� H[SHULPHQWDO� DQG� WKHRUHWLFDO� LQYHVWLJDWLRQV� RI� QXFOHL� DQG
QXFOHDU�PDWWHU�XQGHU�H[WUHPH�FRQGLWLRQV�RI�GHQVLW\�� WHPSHUDWXUH�DQG�GHIRUPDWLRQ��)RU� WKLV�SXUSRVH�
KHDY\�LRQ�FROOLVLRQV�DUH�VWXGLHG�RYHU�D�ZLGH�HQHUJ\�UDQJH��7KH�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�LQ
WKH� IUDPHZRUN�RI� WKH� LQWHUQDWLRQDO�)23,� FROODERUDWLRQ� FHQWUHG�DURXQG� WKH��p� SDUWLFOH� GHWHFWRU� DW� WKH
6,6�(65�DFFHOHUDWRU�IDFLOLW\�RI�WKH�*HVHOOVFKDIW�I�U�6FKZHULRQHQIRUVFKXQJ��'DUPVWDGW��*HUPDQ\��DQG
DW�WKH�,QVWLWXW�GH�5HFKHUFKHV�6XEDWRPLTXHV��6WUDVERXUJ��)UDQFH�

%ULHIO\��WKH�PDLQ�UHVXOWV�DFKLHYHG�LQ������DUH�DV�IROORZV�
��&ROOHFWLYH�IORZ�DQG�HQWURS\�RI�QXFOHDU�PDWWHU�IRUPHG�LQ�YLROHQW�$X���$X�FROOLVLRQV�KDYH�EHHQ

GHGXFHG�DQG�FRPSDUHG�ZLWK�FXUUHQW�PRGHOV�
�� (QHUJ\� WKUHVKROGV� IRU� YDULRXV� NLQGV� RI� FROOHFWLYH� PRWLRQ� RI� QXFOHDU� PDWWHU� KDYH� EHHQ

GHWHUPLQHG�IRU�D�QXPEHU�RI�FROOLGLQJ�KHDY\�LRQ�V\VWHPV�
��6SDWLDO�DQG�WHPSRUDO�FKDUDFWHULVWLFV�RI�WKH�HPLWWLQJ�VRXUFH�IRUPHG�LQ�1L���1L�FROOLVLRQV�DW�����

$*H9�KDYH�EHHQ�GHGXFHG�
�� 3URGXFWLRQ� UDWH� RI� FKDUJHG� SLRQV� KDV� EHHQ�PHDVXUHG� IRU� YDULRXV� KHDY\�LRQ� V\VWHPV� DQG

DQDO\VHG�DV�D�IXQFWLRQ�RI�WKH�V\VWHP�PDVV��L�H��QXPEHU�RI�SDUWLFLSDQWV�
��7KH�QXPEHU�RI�D�UHVRQDQFHV�LQ�WKH�ILQDO�SKDVH�RI�1L���1L�FROOLVLRQV�LQ�WKH�HQHUJ\�UDQJH������

$*H9�KDV�EHHQ�GHGXFHG�
��7KH�VWUXFWXUH�RI�WKH�LQWULJXLQJ�UHVRQDQFH�DW����0H9�LQ����0J�KDV�EHHQ�LQYHVWLJDWHG�
��1HZ�VXSHUGHIRUPHG�VWDWHV�LQ�LQWHUPHGLDWH�PDVV�QXFOHL�DURXQG�$� ����KDYH�EHHQ�IRXQG�E\

XVH�RI�WKH�DGYDQFHG�JDPPD�VSHFWURVFRS\�PHWKRG�
��$�GHWDLOHG� VWXG\� RI� WKH� SURSHUWLHV� RI� WKH� ���<E� FRPSRVLWH� QXFOHXV� LQ� WKH� H[FLWDWLRQ� HQHUJ\

UDQJH�����������0H9�KDV�EHHQ�SHUIRUPHG�
�� $� VHDUFK� IRU� KLGGHQ� LQWHUPHGLDWH� GLDWRPLF� VWDWHV� �,'6��� SRVVLEO\� REVHUYHG� LQ� GDPSHG

RVFLOODWLRQV� LQ� WKH� HQHUJ\� DXWRFRUUHODWLRQ� IXQFWLRQV� RI� WKH� ��1L���7L� HODVWLF� DQG� ��1L���1L� HODVWLF� DQG
LQHODVWLF� VFDWWHULQJ� FURVV� VHFWLRQV�� KDV� UHVXOWHG� LQ� WKH� REVHUYDWLRQ� RI� QRQ�VWDWLVWLFDO� VWUXFWXUH� LQ
FROOLVLRQV�RI�PHGLXP�PDVV�QXFOHL�ZLWK�����DFFXUDF\�OHYHO�

�� 7KH� LPSRUWDQFH� RI� ERWK� UHDFWLRQ� G\QDPLFV� DQG� SKDVH�VSDFH� WRSRORJ\� IRU� WKH
IRUPDWLRQ�RI�FOXVWHUV�LQ�WKH�FROOLVLRQ�]RQH�KDV�EHHQ�GHPRQVWUDWHG�



��

�� $Q� ,QWHUQDWLRQDO� :RUNVKRS� RQ� 1HZ� ,GHDV� RQ� &OXVWHULQJ� LQ� 1XFOHDU� DQG� $WRPLF
3K\VLFV��VSRQVRUHG�E\�WKH�:(�+HUDXV�6WLIWXQJ��KDV�EHHQ�RUJDQL]HG�

),=,.$�(/(0(17$51,+�ý(67,&$�,=9$1�67$1'$5'12*�02'(/$
(/(0(17$5<�3$57,&/(6�%(<21'�7+(�67$1'$5'�02'(/
9RGLWHOM�WHPH��GU��VF��$QWH�/MXELþLü

6XUDGQLFL�QD�WHPL�

5DXO�+RUYDW��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
6WDQNR�.DXþLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
'DOLERU�.HNH]��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
0LOLFD�.UþPDU��GRNWRULFD�IL]��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
=YRQNR�.UHþDN��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
%LOMDQD�/DNLü��GLSO�LQå�IL]LNH��POD D�DVLVWHQWLFD
$QWH�/MXELþLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN��YRGLWHOM�WHPH
0DULR�6WLSþHYLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN

7HKQLþNL�VXUDGQLN�

äHOMNR�2UOLü��9.9�RSHUDWRU�QD�QXNOHDUQRM�PDãLQL

3URJUDP�UDGD�L�UH]XOWDWL�

7LMHNRP�������QDVWDYLOL�VPR�UDGRP�QD�HNVSHULPHQWX�120$'�X�&(51�X��äHQHYD��8�RNYLUX�120$'�D
IRUPLUDQ� MH�SURMHNW�67$5�X�VYUKX�SRYHüDQMD�RVMHWOMLYRVWL�PMHUHQMD�QHXWULQVNLK�RVFLODFLMD� ]D� IDNWRU����
2YH� JRGLQH� UDGLOL� VPR� QD� L]JUDGQML� RII�OLQH� VRIWYHUVNLK� SURJUDPD� ]D� UDVSR]QDYDQMH� L� UHNRQVWUXNFLMX
WUDJRYD� þHVWLFD� X� GHWHNWRUX� 67$5�D�� 2VLP� DNWLYQRVWL� X� 67$5�X� VXGMHORYDOL� VPR� L� X� VWXGLUDQMX
HILNDVQRVWL� UHNRQVWUXNFLMH� UHDOQLK� QDELMHQLK� KDGURQD� X� GULIWQLP� NRPRUDPD� 120$'�RYRJ� GHWHNWRUD� L
XVSRUHGEL�WDNR�GRELYHQH�HILNDVQRVWL�V�0RQWH�&DUOR�VLPXODFLMDPD��&LOM�WH�VWXGLMH�MH�EROMH�UD]XPLMHYDQMH
W]Y�� QHGRVWDMXüHJ� WUDQVYHU]DOQRJ� PRPHQWD�� NRML� SUHGVWDYOMD� GLUHNWQX� VPHWQMX� VLJQDOX� QHXWULQVNLK
RVFLODFLMD�� -HGDQ� RG� YDåQLMLK� UH]XOWDWD� 120$'�D� X� ������ JRGLQL� MH� JRUQMD� JUDQLFD� ]D� NXW� PLMHãDQMD
L]PH X�HOHNWURQVNLK�L�PLRQVNLK�QHXWULQD�X�SRGUXþMX�SDUDPHWDUD�]D�NRMH�MH�JUXSD�/61'�L]�/RV�$ODPRV
1DWLRQDO�/DERUDWRU\�WYUGLOD�MH�GD�MH�GRELOD�SR]LWLYDQ�UH]XOWDW��PH XWLP�QDã�UH]XOWDW�L]�120$'�D�GRYRGL�X
SLWDQMH�QMLKRYX� WYUGQMX��7DNR HU�X�RNYLUX�120$'�NRODERUDFLMH� SRVWDYLOL� VPR�QRYX�JRUQMX� JUDQLFX� ]D
SRVWRMDQMH� ODJDQRJ� EDåGDUQRJ� ER]RQD� NRML� VH� RþHNXMH� X� QHNROLNR� SURãLUHQLK� YHU]LMD� 6WDQGDUGQRJ
0RGHOD�
1D�,QVWLWXWX��5X HU�%RãNRYLü��LVWUDåLYDOL�VPR�SRVWRMDQMH�DNVLRQD��KLSRWHWLþNLK�SVHXGRVNDODUQLK�þHVWLFD�
NRML� EL� WUHEDOL� ELWL� RGJRYRUQL� ]D� VDþXYDQMH�&3� LQYDULMDQWQRVWL� X�4&'�X�� $NR� DNVLRQL� SRVWRMH� X� SULURGL
RQGD� EL� RQL� WUHEDOL� ELWL� HPLWLUDQL� L� VD� 6XQFD� X� 0�� SULMHOD]X� L]PH X� SUYRJ�� WHUPDOQR� SREX HQRJ�� L
RVQRYQRJ�VWDQMD�X���)H��(PLWLUDQL�DNVLRQL�PRJX�]DWLP� UH]RQDQWQLP�SURFHVRP�SREXGLWL� LVWR� VWDQMH� X
��)H� PHWL� X� ODERUDWRULMX� QD� ]HPOML�� WR� VWDQMH� VH� RQGD� GHHNVLWLUD� HPLVLMRP� IRWRQD� LOL� NRQYHU]LYQRJ
HOHNWURQD� ãWR� VH� PRåH� ODNR� GHWHNWLUDWL�� 1D� RVQRYL� EURMD� GRJD DMD� X� QDãHP� GHWHNFLRQRP� VLVWHPX
SRVWDYLOL�VPR�GR�VDGD�QDMEROMX�JUDQLFX�QD�PDVX�W]Y��KDGURQVNRJ�DNVLRQD�RG�����H9�
,VWUDåLYDQH�VX�L�L]UDþXQDWH�UDGLMDWLYQH�NRUHNFLMH�QD�NRQDþQRM�WHPSHUDWXUL�L�JXVWRüL�]D�HIHNWLYQL�SRWHQFLMDO
QHXWULQD� ]D� VOXþDM� MH]JUH� VXSHUQRYH� L� HUH� QXNORVLQWH]H� X� UDQRP� VYHPLUX�� 7DNR HU� SUHGORåHQR� MH
RULJLQDOQR� UMHãHQMH� ]D�XþHVWDOR� SRMDYOMLYDQMH� DQRPDOLMH� X� EHWD� VSHNWUX� WULFLMD� �QHJDWLYQL� NYDGUDW�PDVH
QHXWULQD�� X� ]DGQMLK� GHVHWDN� HNVSHULPHQDWD�� ED]LUDQR� QD� KLSRWHWLþNRM� LQWHUDNFLML� QHXWULQD� V� WDPQRP
PDWHULMRP�X�QDãRM�JDODNVLML�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,Q������ZH�FRQWLQXHG�ZLWK�RXU�ZRUN� LQ� WKH�120$'�FROODERUDWLRQ�DW�&(51��*HQHYD��:LWKLQ�120$'
FROODERUDWLRQ� WKH� 67$5� SURMHFW� KDV� EHHQ� IRUPHG� LQ� RUGHU� WR� LQFUHDVH� WKH� VHQVLWLYLW\� RI� QHXWULQR
RVFLOODWLRQV�E\�D�IDFWRU�RI�����:H�ZHUH�ZRUNLQJ�RQ�WKH�SUHSDUDWLRQ�RI�WKH�RII�OLQH�VRIWZDUH�SURJUDPPHV
IRU� WKH� UHFRJQLWLRQ� DQG� UHFRQVWUXFWLRQ� RI� SDUWLFOH� WUDFNV� LQ� WKH� 67$5� GHWHFWRU�� ,Q� DGGLWLRQ� WR� RXU
DFWLYLWLHV�LQ�67$5�ZH�KDYH�DOVR�VWXGLHG�WKH�HIILFLHQFLHV�RI�WKH�UHFRQVWUXFWLRQ�RI�UHDO�FKDUJHG�KDGURQV�LQ
GULIW� FKDPEHUV� RI� WKH� 120$'� GHWHFWRU� DQG� WKHVH� HIILFLHQFLHV� ZHUH� FRPSDUHG� ZLWK� 0RQWH� &DUOR
VLPXODWLRQV�� 7KH� DLP� RI� WKLV� VWXG\� LV� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� VR� FDOOHG� PLVVLQJ� WUDQVYHUVH
PRPHQWXP��ZKLFK� UHSUHVHQWV� WKH�EDFNJURXQG� WR� WKH�VLJQDO�RI�QHXWULQR�RVFLOODWLRQV��2QH�RI� WKH�PRVW
LPSRUWDQW� UHVXOW� RI� WKH�120$'�H[SHULPHQW� LQ� ����� LV� WKH� XSSHU� OLPLW� RQ� WKH�PL[LQJ� DQJOH� EHWZHHQ
HOHFWURQ� DQG�PXRQ� QHXWULQRV� LQ� WKH� UHJLRQ� RI� SDUDPHWHUV� IRU� ZKLFK� WKH� /61'� JURXS� IURP� WKH� /RV



��

$ODPRV�1DWLRQDO�/DERUDWRU\�FODLPHG�SRVLWLYH�UHVXOWV��KRZHYHU�RXU�UHVXOWV�IURP�120$'�H[SHULPHQW�SXW
LQ� TXHVWLRQ� WKHLU� FODLP��$OVR�ZLWKLQ� WKH�120$'�FROODERUDWLRQ�ZH� REWDLQHG� D� QHZ� XSSHU� OLPLW� IRU� WKH
H[LVWHQFH�RI�WKH�OLJKW�JDXJH�ERVRQ�ZKLFK�LV�H[SHFWHG�LQ�VHYHUDO�H[WHQGHG�YHUVLRQV�RI�6WDQGDUG�0RGHO�
$W� WKH� 5X HU� %RãNRYLü� ,QVWLWXWH� ZH� KDYH� LQYHVWLJDWHG� WKH� H[LVWHQFH� RI� D[LRQV�� WKH� K\SRWKHWLFDO
SVHXGRVFDODU�SDUWLFOHV��ZKLFK�ZHUH�VXSSRVHG�WR�EH�UHVSRQVLEOH�IRU�WKH�FRQVHUYDWLRQ�RI�&3�LQYDULDQFH
LQ�4&'��,I�D[LRQV�H[LVW�LQ�QDWXUH��WKH\�VKRXOG�DOVR�EH�HPLWWHG�IURP�WKH�6XQ�LQ�WKH�0��WUDQVLWLRQ�EHWZHHQ
ILUVW�� WKHUPDOO\�H[FLWHG��DQG�JURXQG�VWDWH� LQ���)H��(PLWWHG�D[LRQV� LQ� WKH�UHVRQDQW�SURFHVV�FDQ�H[FLWH
WKH�VDPH�VWDWH�LQ�WKH���)H�WDUJHW�SODFHG�LQ�WKH�ODERUDWRU\�RQ�(DUWK��WKLV�VWDWH�FDQ�EH�GHH[FLWHG�E\�WKH
HPLVVLRQ�RI�SKRWRQ�RU�FRQYHUVLRQ�HOHFWURQ��ZKLFK�FRXOG�EH�HDVLO\�GHWHFWHG��2Q�WKH�EDVLV�RI�WKH�QXPEHU
RI�HYHQWV�LQ�RXU�GHWHFWLRQ�V\VWHP�ZH�REWDLQHG�WKH�EHVW�XSSHU�OLPLW�RQ�WKH�KDGURQLF�D[LRQ�PDVV�RI����
H9�
:H�KDYH�DOVR�LQYHVWLJDWHG�DQG�FDOFXODWHG�UDGLDWLYH�FRUUHFWLRQV�RQ�WKH�ILQLWH�WHPSHUDWXUH�DQG�GHQVLW\�IRU
WKH�HIIHFWLYH�QHXWULQR�SRWHQWLDO�IRU�WKH�FDVH�RI�WKH�VXSHUQRYDH�FRUH�DQG�QXFOHRV\QWKHVLV�HUD�LQ�WKH�HDUO\
8QLYHUVH��$OVR�WKH�XQLTXH�VROXWLRQ�IRU�WKH�DQRPDO\�LQ�WKH�WULWLXP�EHWD�VSHFWUD��QHJDWLYH�VTXDUH�RI�WKH
QHXWULQR�PDVV��REVHUYHG�LQ�PRUH�WKHQ�WHQ�PRVW�UHFHQW�H[SHULPHQWV�KDV�EHHQ�SURSRVHG��EDVHG�RQ�WKH
K\SRWKHWLFDO�LQWHUDFWLRQ�EHWZHHQ�QHXWULQR�DQG�WKH�GDUN�PDWWHU�LQ�RXU�JDOD[\�

)2721�$720�5$635â(1-(
3+2721�$720�6&$77(5,1*
9RGLWHOM�WHPH��GU��VF��.UXQRVODY�3LVN

6XUDGQLFL�QD�WHPL�

7RPLVODY�,YH]Lü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
.UXQRVODY�3LVN��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
7LKRPLU�6XULü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW

3URJUDP�UDGD�

.RPSWRQVNR�UDVSUãHQMH�QD�YH]DQLP�HOHNWURQLPD��GLQDPLND�SURFHVD�L�RGUH LYDQMH�LPSXOVQH�UDVSRGMHOH
YH]DQLK� HOHNWURQD�� 'YRVWUXND� LRQL]DFLMD� NRPSWRQVNLP� SURFHVRP�� L]XþDYDQMH� H�H� NRUHODFLMH�
5HODWLYLVWLþNL�NRQ]LVWHQWQL�RSLV�VWDFLRQDUQLK�VWUXMD�X�YRGLþLPD�

5H]XOWDWL�QD�WHPL�

1DSUDYOMHQ� MH� IRUPDOL]DP� L� UDþXQDUVNL� SURJUDP� ]D� WURVWUXNR� GLIHUHQFLMDOQL� XGDUQL� SUHVMHN� �7'83�� ]D
NRPWRQVNR� UDVSUãHQMH� QD� YH]DQRP�HOHNWURQX� X�4('�SULVWXSX�6�PDWULþQRJ� HOHPHQWD� GUXJRJ� UHGD� X
YDQMVNRP� VDPRVDJODVQRP� SROMX�� 'RELYHQL� VX� UH]XOWDWL� ]D� 7'83� L� RGUH HQR� MH� SRGUXþMH� YDOMDQRVWL
LPSXOVQH� DSURNVLPDFLMH�� ãWR� MH� YDåQD� LQIRUPDFLMD� ]D� HNVSHULPHQWDOQR� RGUH LYDQMH� HOHNWURQVNH
LPSXOVQH�UDVSRGMHOH�SXWHP�NRPSWRQVNRJ�UDVSUãHQMD�
3UL�YLVRNLP�HQHUJLMDPD�XSDGQLK�IRWRQD��X]HWL�VX�X�RE]LU�UHODWLYLVWLþNL�HIHNWL�� L�SRND]DQR�MH�GD�LPSXOVQD
DSURNVLPDFLMD� GDMH� ELWQH� LQIRUPDFLMH� R� H�H� NRUHODFLML� SUL� NRPWRQVNRM� GYRVWUXNRM� LRQL]DFLML� +H�DWRPD�
'HILQLUDQD�MH�REVHUYDEOD��GYRVWUXNL�NRPSWRQVNL�SURILO��
1DVWDYOMHQ�MH�UDG�QD�LVWUDåLYDQMX�UDQLMH�SUHGYL HQRJ�HIHNWD�SRVWRMDQMD�HOHNWULþQRJ�SROMD�GUXJRJ�UHGD�RNR
YRGLþD�VD�VWDOQRP�VWUXMRP��7R�SROMH�MH�VDGD�GRELYHQR�L�X�þLVWR�NRYDULMDQWQRP�SULVWXSX�

5HVHDUFK�SURJUDPPH�

&RPSWRQ� VFDWWHULQJ� RQ� ERXQG� HOHFWURQV�� G\QDPLFV� RI� WKH� SURFHVV� DQG� HOHFWURQ� PRPHQWXP� GHQVLW\
�(0'�� GHWHUPLQDWLRQ�� 'RXEOH� LRQL]DWLRQ� LQ� &RPSWRQ� VFDWWHULQJ�� LQYHVWLJDWLRQ� RI� H�H� FRUUHODWLRQV�
5HODWLYLVWLF�GHVFULSWLRQ�RI�VWHDG\�FXUUHQWV�LQ�FRQGXFWRU�



��

5HVXOWV�
$�IRUPDOLVP�DQG�FRPSXWHU�FRGH�DUH�GHYHORSHG�IRU�WULSO\�GLIIHUHQWLDO�FURVV�VHFWLRQ��7'&6��LQ�&RPSWRQ
VFDWWHULQJ� IURP� ERXQG� HOHFWURQV�� EDVHG� RQ� 6�PDWUL[� VHFRQG� RUGHU� HOHPHQW� LQ� 4('�� IRU� H[WHUQDO
�DWRPLF�� ILHOG�� 7KH� UHVXOWV� IRU� 7'&6� DUH� REWDLQHG� DQG� QHZ� UDQJH� IRU� WKH� YDOLGLW\� RI� LPSXOVH
DSSUR[LPDWLRQ� LV� HVWDEOLVKHG�� 7KLV� LV� DQ� LPSRUWDQW� ILQGLQJ� IRU� (0'� GHWHUPLQDWLRQ� E\� &RPSWRQ
VFDWWHULQJ�H[SHULPHQWV�
,Q�GRXEOH�LRQL]DWLRQ�RI�+H�DWRP�E\�&RPSWRQ�VFDWWHULQJ�RI�D�KLJK�HQHUJ\�SKRWRQ��LW�ZDV�VKRZQ�WKDW�WKH
LPSXOVH�DSSUR[LPDWLRQ�SURYLGHV� LPSRUWDQW� LQIRUPDWLRQ�RQ�H�H�FRUUHODWLRQV��7KH� UHODWLYLVWLF�HIIHFWV�DUH
LQFOXGHG�LQ�WKH�DQDO\VLV��7KH�FRQFHSW�RI��GRXEOH�&RPSWRQ�SURILOH��LV�LQWURGXFHG�
7KH� LQYHVWLJDWLRQ� RI� WKH� SUHYLRXVO\� SUHGLFWHG� VHFRQG�RUGHU� HOHFWULF� ILHOG� RXWVLGH� D� FXUUHQW�FDUU\LQJ
FRQGXFWRU�LV�FRQWLQXHG��6XFK�ILHOGV�DUH�QRZ�REWDLQHG�LQ�D�PDQLIHVWO\�FRYDULDQW�DSSURDFK�

0( 8'-(/29$1-$�,21$�0(96.,+�(1(5*,-$�,�0$7(5,-(
,17(5$&7,216�2)�0(9�(1(5*<�,216�:,7+�0$77(5
9RGLWHOM�WHPH��GU��VF��0LONR�-DNãLü

6XUDGQLFL�QD�WHPL�

,YDQþLFD�%RJGDQRYLü�5DGRYLü��GRNWRULFD�IL]��]QDQRVWL��YLãD�DVLVWHQWLFD��RG��������������]QDQVWYHQD
QRYDNLQMD
'HQLV�'XMPLü��GLSO�LQå�IL]���POD L�DVLVWHQW
6WMHSNR�)D]LQLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
0LONR�-DNãLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
äHOMNR�3DVWXRYLü��GLSO�LQå��IL]���POD L�DVLVWHQW��RG������������
7RQþL�7DGLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW

7HKQLþNL�VXUDGQLFL�

$QGULMD�*DMVNL��WHKQLþDU
.DUOR�1D ��WHKQLþDU�VXUDGQLN
äHOMNR�3HULãD��WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

3URXþDYDQMD�SURFHVD�LRQL]DFLMH�XQXWUDãQMLK�DWRPVNLK�OMXVNL��WH�HODVWLþQLK�L�QHHODVWLþQLK�UDVSUãHQMD�LRQD
QD� DWRPLPD� L� DWRPVNLP� MH]JUDPD� RVQRYQL� VX� SUDYFL� HNVSHULPHQWDOQRJ� LVWUDåLYDQMD� PH XGMHORYDQMD
LRQD� 0H9VNLK� HQHUJLMD� L� PDWHULMH�� 'HWHNFLMD� SURGXNDWD� PH XGMHORYDQMD� NRULVWL� VH� ]D� SURXþDYDQMH
SULURGH�RGUH HQRJ�SURFHVD�LOL�]D�LVSLWLYDQMD�VYRMVWDYD�PDWHULMDOD�PHWH�
,RQL]DFLMD�DWRPVNLK�/�SRGOMXVNL�SURXþDYDQD�MH�WDNR�SRPRüX�VQRSD���&�L���2�LRQD�HQHUJLMD�RG���GR���
0H9�� WH� GHWHNFLMH� [�]UDND�HOHPHQDWD���<=<����2G� WHRULMD� ]D� GLUHNWQX� LRQL]DFLMX�� QDMEROMH� VODJDQMH� V
UH]XOWDWLPD� PMHUHQMD� MH� SRND]DQR� NRG� VHPLNODVLþQH� DSURNVLPDFLMH� XMHGLQMHQRJ� DWRPD� �6&$�8$��
3URXþDYDQL� VX� L� HQHUJLMVNL� SRPDFL� OLQLMD� WH� VWXSDQM� YLãHVWUXNH� LRQL]DFLMH�� 8� PDWHULMDOLPD
YLVRNRWHPSHUDWXUQLK�VXSUDYRGLþD�L�GYRHOHPHQWQLK�SROXYRGLþD��GRND]DQD�MH�RYLVQRVW�RPMHUD�RVQRYQLK�L
VDWHOLWVNLK�OLQLMD�/�VHULMH�R�SURPMHQDPD�X�VWHKLRPHWULML�X]RUND�
0MHUHQMLPD� HODVWLþQLK� UDVSUãHQMD� �/L� LRQD� QD� ODNLP� MH]JUDPD�� SURYMHUHQH� VX� JUDQLFH� GR� NRMLK� YULMHGL
5XWKHUIRUGRYD�WHRULMD��D�X�FLOMX�UD]YRMD�L�SULPMHQH�5%6�PHWRGH��8]�QL]�SULPMHQD�PHWRGD�NDUDNWHUL]DFLMH
PDWHULMDOD�SRPRüX� LRQD� IRNXVLUDQLK�X�QXNOHDUQRM�PLNURSUREL�� LVSLWXMX�VH� L�PRJXüQRVWL� UD]YRMD�PHWRGD
PRGLILNDFLMH�PDWHULMDOD�
.RULãWHQMHP�QLVNLK�VWUXMD���� I$��SURWRQD� L� �/L� LRQD�X�QXNOHDUQRM�PLNURSUREL��PMHUHQL�VX�SXOVHYL�QDERMD
VWYRUHQRJ�GXå�SXWDQMH�SRMHGLQDþQRJ�LRQD��D�VDNXSOMHQRJ�QD�HOHNWURGDPD�X]RUDND�UD]QLK�SROXYRGLþNLK
VWUXNWXUD��5D]YLMHQRP�PHWRGRP���,%,&��,RQ�%HDP�,QGXFHG�&KDUJH��SURXþDYDQD�VX�VYRMVWYD�WUDQVSRUWD
QRVLODFD� QDERMD� X� SULURGQRP� WH� SROLNULVWDOLQLþQRP� &9'� GLMDPDQWX� L� VLOLFLMX�� 3RGUXþMD� QHSRWSXQRJ
VDNXSOMDQMD�QDERMD�X�VLOLFLMVNLP�GHWHNWRULPD�]UDþHQMD�SURXþDYDQD�VX�SRPRüX�VQRSD��/L�LRQD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,QWHUDFWLRQ�RI�0H9�LRQV�ZLWK�PDWWHU�LV�VWXGLHG�RQ�WKH�EDVLV�RI�H[SHULPHQWDO�UHVHDUFK�RI�WKH�LQQHU�VKHOO
LRQLVDWLRQ� DQG� HODVWLF� RU� LQHODVWLF� VFDWWHULQJ� RI� LRQV� ZLWK� DWRPV� DQG� QXFOHL�� 'HWHFWLRQ� RI� LQWHUDFWLRQ
SURGXFWV�LV�XVHG�IRU�WKH�VWXG\�RI�SDUWLFXODU�SURFHVV��RU�IRU�WKH�FKDUDFWHULVDWLRQ�RI�WDUJHW�PDWHULDO�
,RQLVDWLRQ� RI� /� VXEVKHOOV� ZDV� VWXGLHG� XVLQJ� ���� 0H9� ��&� DQG� ��2� LRQ� EHDPV�� DQG� GHWHFWLRQ� RI
FKDUDFWHULVWLF� [�UD\V� IRU� HOHPHQWV� ��<=<���� 5HVXOWV� ZHUH� FRPSDUHG� ZLWK� GLUHFW� LRQLVDWLRQ� WKHRULHV�
DPRQJ�ZKLFK�WKH�VHPLFODVVLFDO�DSSUR[LPDWLRQ�RI�XQLILHG�DWRP��6&$�8$��VKRZHG�WKH�EHVW�DJUHHPHQW�



��

;�UD\� OLQH�HQHUJ\�VKLIWV�DQG�GHJUHH�RI�PXOWLSOH� LRQLVDWLRQ�ZDV�VWXGLHG� IRU� WKH�VDPH� LRQV�DQG�HQHUJ\
UDQJH��8VLQJ�WKH�KLJK�UHVROXWLRQ�[�UD\�VSHFWURPHWHU��GHSHQGHQFH�RI� WKH�VDWHOOLWH�[�UD\� OLQH� LQWHQVLWLHV
RQ�FKDQJHV�LQ�WDUJHW�VWRFKLRPHWU\�ZDV�SURYHQ�IRU�VRPH�VXSHUFRQGXFWRU�DQG�VHPLFRQGXFWRU�PDWHULDOV�
'HYLDWLRQV�RI�5XWKHUIRUG�WKHRU\�IRU�WKH�EDFNVFDWWHULQJ�RI��/L�LRQV�RQ�OLJKW�QXFOHL�ZDV�VWXGLHG�LQ�RUGHU�WR
LPSURYH�WKH�FKDUDFWHULVWLFV�RI�5%6�PHWKRG��$SDUW�IURP�D�QXPEHU�RI�GLIIHUHQW�DSSOLFDWLRQV�RI�LRQ�EHDP
DQDO\VLV�SHUIRUPHG�XVLQJ�WKH�QXFOHDU�PLFURSUREH��GHYHORSPHQW�RI�PDWHULDO�PRGLILFDWLRQ�PHWKRGV�ZDV
DOVR�LQFOXGHG�LQ�WKH�UHVHDUFK�SURJUDP�
8VLQJ� WKH�QXFOHDU�PLFURSUREH� ORZ�FXUUHQW�PRGH���I$���FROOHFWHG�FKDUJH�DW� WKH�HOHFWURGHV�RI�GLIIHUHQW
VHPLFRQGXFWRU� GHYLFHV� ZDV� PHDVXUHG� DV� D� IXQFWLRQ� RI� FKDUJH� FUHDWHG� DORQJ� WKH� LRQ� SDWK�� 7KLV
WHFKQLTXH� �,%,&� �� ,RQ� %HDP� ,QGXFHG� &KDUJH�� KDV� EHHQ� XVHG� IRU� WKH� VWXGLHV� RI� FKDUJH� WUDQVSRUW
SURSHUWLHV�LQ�VLOLFRQ��QDWXUDO�DQG�SRO\FU\VWDOOLQH�&9'�GLDPRQG��(IIHFWV�RI�LQFRPSOHWH�FKDUJH�FROOHFWLRQ
LQ�6L�/L��[�UD\�GHWHFWRUV�ZHUH�VWXGLHG�XVLQJ��/L�,%,&�WHFKQLTXH�

35,52'1,�5$',2,=2723,�,�352&(6,�8�3/,129,0$
1$785$/�5$',2,62723(6�$1'�352&(66(6�,1�*$6(6
9RGLWHOM�WHPH��GU��VF��%RJRPLO�2EHOLü

6XUDGQLFL�QD�WHPL�

5RPDQD�ýDOLü��PDJLVWUD�NHPLMVNLK�]QDQRVWL��GR���������������YLãD�DVLVWHQWLFD
1DGD�+RUYDWLQþLü��GRNWRULFD�NHPLMVNLK�]QDQRVWL��]QDQVWYHQD�VXUDGQLFD�
,QHV�.UDMFDU�%URQLü��GRNWRULFD�IL]LþNLK�]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
%RJRPLO�2EHOLü��GRNWRU�IL]LþNLK�]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLFL�

'DPLU�9RãüDN��YLãL�WHKQLþDU��GR������������
%RåLFD�0XVWDþ��YLãD�WHKQLþDUND��RG������������

3URJUDP�UDGD�L�UH]XOWDWL�

8�RNYLUX�L]RWRSQLK�LVWUDåLYDQMD��L]RWRSL���&���+�����7K����8��WH�VWDELOQL�L]RWRSL���&���+�L���2��QDSUDYOMHQR�MH
VOMHGHüH�
5H]XOWDWL� GDWLUDQMD� VHGUL� PHWRGDPD� ��&� L� ���7K����8� VD� SRGUXþMD� ULMHNH� .UNH� L� 1DFLRQDOQRJ� SDUND
3OLWYLFH�� WH� YHüHJ� EURMD� VLJD� VD� SRGUXþMD� 'LQDULGD�� SRND]XMX� GD� SURFHV� WDORåHQMD� DORKWRQLK
�VHNXQGDUQLK��NDUERQDWD�RYLVL�R�SDOHRWHPSHUDWXUQLP�XYMHWLPD��7DM�MH�SURFHV�YH]DQ�]D�WRSOLMD�NOLPDWVND
UD]GREOMD�������L���VWXSDQM�LQWHUJODFLMDOD��
2GUH HQD� MH� SRYUãLQVND� WHPSHUDWXUD� PRUD� X� SRVOMHGQMLK� ����� JRGLQD� SRPRüX� L]RWRSQRJ� VDVWDYD
ãNROMNL� 0\WLOXV� HGXOLV� L]� DUKHRORãNLK� QDOD]LãWD� X� NDQDOX� %HDJOH� �2JQMHQD� ]HPOMD�� $UJHQWLQD��� 1HPD
VLJQLILNDQWQLK� SURPMHQD� WHPSHUDWXUH� GR� ���� VWROMHüD�� DOL� MH� SRND]DQ� SRUDVW� RG� ����&� WLMHNRP� ]DGQMLK
GHVHWOMHüD�� ãWR� MH� X� VNODGX� V� QDMQRYLMLP� VD]QDQMLPD� R� JOREDOQRP� SRYLãHQMX� WHPSHUDWXUH� X� RYRP
VWROMHüX�
8�RNYLUX�L]RWRSQRJ�LVWUDåLYDQMD�RNROLãD�UHGRYLWR�MH�PMHUHQD�DNWLYQRVW�WULFLMD�L�VDGUåDM�VWDELOQLK�L]RWRSD�X
RERULQDPD��WH���&�DNWLYQRVW�X�DWPRVIHUVNRP�XJOMLþQRP�GLRNVLGX�QD�ãLUHP�SRGUXþMX�=DJUHED�
8�WLMHNX�MH�LVWUDåLYDQMH�FLNOXVD�XJOMLND�X�NUãX�QD�SULPMHUX�VWYDUDQMD�VLJD�X�3RVWRMQVNRM�VSLOML��3URYRGH�VH
QD� L]RWRSQD� PMHUHQMD� DWPRVIHUVNRJ� &2��� ]HPOMH� �KXPXV��� OLãüD�� VHNXQGDUQLK� NDUERQDWD� �VWDUH� L
UHFHQWQH�VLJH���WH�KLGURNHPLMVND�PMHUHQMD�SURFMHGQLK�YRGD�
,]YUãHQR� MH� GDWLUDQMH� YLãH� VHULMD� DUKHRORãNLK� L� JHRORãNLK� X]RUDND� V� UD]QLK� QDOD]LãWD� X� +UYDWVNRM� L
6ORYHQLML�
8�RNYLUX�LVWUDåLYDQMD�PH XGMHORYDQMD�]UDþHQMD�L�SOLQRYD�SRVWLJQXWL�VX�VOLMHGHüL�UH]XOWDWL�
0HWRGD�GHNRQYROXFLMH�DPSOLWXGQLK�UDVSRGMHOD�LPSXOVD�X�EURMDþX�SULPLMHQMHQD�MH�QD�PLNURGR]LPHWULMVNH
VSHNWUH��$OJRULWPRP�RþHNLYDQMD�L�PDNVLPL]DFLMH�GRELYHQD�MH�SULPDUQD�UDVSRGMHOD�EURMD�LRQVNLK�SDURYD
X�PLNURVNRSVNRP�WNLYX�HNYLYDOHQWQRP�YROXPHQX�
'RYUãHQD� MH� DQDOL]D� VUHGQMH� HQHUJLMH� :� SRWUHEQH� ]D� WYRUEX� LRQVNRJ� SDUD� X� SURSDQX� L� WNLYX�
HNYLYDOHQWQRM�VPMHVL�QD�RVQRYL�SURSDQD��SURSDQ�7(��]D�UD]QH�YUVWH�LRQL]LUDMXüHJ�]UDþHQMD�
(NVSHULPHQWDOQR� VX� LVSLWLYDQL� SOLQRYL� SURSDQ� L� '0(� �GLPHWLO�HWHU�� L� SURSDQ�7(� VPMHVD� X
SURSRUFLRQDOQRP�EURMDþX� QD� QLVNLP� WODNRYLPD��2GUH HQ� MH� NRHILFLMHQW� LRQL]DFLMH� X� RYLVQRVWL� R� MDNRVWL
HOHNWULþQRJ�SROMD�X�MDNLP�QHKRPRJHQLP�HOHNWULþQLP�SROMLPD��NDR�L�VUHGQMD�HQHUJLMD�:�]D�WH�SOLQRYH��WH
RYLVQRVW�HQHUJHWVNRJ�UD]OXþLYDQMD�R�SOLQVNRP�SRMDþDQMX�
6PMHVH� DUJRQD� V� SURSDQRP�� EXWDQRP� L� '0(� UD]OLþLWLK� RPMHUD� NRQFHQWUDFLMD� L� QD� UD]QLP� XNXSQLP
WODNRYLPD� LVSLWLYDQH� VX� X� SURSRUFLRQDOQRP� EURMDþX�� 'RELYHQ� MH� SR� SUYL� SXW� NRHILFLMHQW� LRQL]DFLMH� X



��

RYLVQRVWL�R�MDNRVWL�HOHNWULþQRJ�SROMD��8VWDQRYOMHQR�MH�GD�VSHNWUL�SRMHGLQDþQLK�HOHNWURQD�PLMHQMDMX�REOLN�V
SRYHüDQMHP�SOLQVNRJ�SRMDþDQMD��L�GD�WD�SURPMHQD�RYLVL�R�SDUFLMDOQRP�WODNX�PROHNXODUQRJ�SOLQD��6PMHVH
V� UHODWLYQR� QLVNLP� SDUFLMDOQLP� WODNRP� PROHNXODUQRJ� SOLQD� QH� PRJX� SRVWLüL� GREUR� HQHUJHWVNR
UD]OXþLYDQMH� QD� YLVRNLP� SOLQVNLP� SRMDþDQMLPD�� GRN� MH� QD� QLVNLP� SOLQVNLP� SRMDþDQMLPD� ����� �� ����
UD]OXþLYDQMH�EROMH�DNR�MH�SDUFLMDOQL�WODN�PROHNXODUQH�SULPMHVH�QLåL�
,VWUDåLYDQMH� WHUPDOL]DFLMH� HOHNWURQD� X� SOHPHQLWLP� SOLQRYLPD� L� QMLKRYLP� VPMHVDPD� QDVWDYOMHQR� MH
SURUDþXQLPD�]D�+H��1H�L�+H�1H�VPMHVH�X�KRPRJHQLP�HOHNWULþQLP�SROMLPD�MDNRVWL�GR����7G�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

:LWKLQ�WKH�IUDPHZRUN�RI�LVRWRSLF�LQYHVWLJDWLRQV��UDGLRDFWLYH�LVRWRSHV���&���+�����7K����8��VWDEOH�LVRWRSHV
��&���+�DQG���2��WKH�IROORZLQJ�ZDV�GRQH�
5HVXOWV�RI�GDWLQJ�RI�WXID�E\���&�DQG����7K����8�PHWKRGV�IURP�WKH�.UND�DQG�3OLWYLFH�QDWLRQDO�SDUNV��DV
ZHOO�DV�RI�VLJQLILFDQW�QXPEHU�RI�VSHOHRWKHPV�IURP�'LQDULF�.DUVW�VKRZ�WKDW�WKH�SUHFLSLWDWLRQ�SURFHVV�RI
VHFRQGDU\� FDUERQDWHV� GHSHQGV� RQ� SDOHRWHPSHUDWXUH� FRQGLWLRQV�� 7KLV� SURFHVV� LV� FRQQHFWHG� ZLWK
ZDUPHU�FOLPDWLF�SHULRGV��LQWHUJODFLDO�6WDJHV������DQG����
7KH�VHD�VXUIDFH�ZDWHU� WHPSHUDWXUH� LQ� ODVW������\HDUV�ZDV�HVWDEOLVKHG�E\� LVRWRSLF�PHDVXUHPHQWV�RI
0\WLOXV�HGXOLV�VKHOOV�IURP�DUFKDHRORJLFDO�VLWHV�LQ�%HDJOH�&KDQQHO��7LHUUD�GHO�IXHJR��$UJHQWLQD���7KHUH
DUH�QR�VLJQLILFDQW�WHPSHUDWXUH�FKDQJHV�XS�WR�WKLV�FHQWXU\��EXW�DQ�LQFUHDVH�RI�����&�LQ�ODVW�GHFDGHV�ZDV
REVHUYHG��ZKLFK� FRLQFLGHV�ZLWK� WKH� UHFHQW� NQRZOHGJH� DERXW� WKH� JOREDO� WHPSHUDWXUH� LQFUHDVH� LQ� WKLV
FHQWXU\�
7ULWLXP�DFWLYLW\�DQG�VWDEOH�LVRWRSH�FRQWHQW�ZDV�UHJXODUO\�PHDVXUHG�LQ�SUHFLSLWDWLRQ�DQG�LQ�DWPRVSKHULF
&2��LQ�WKH�ZLGHU�DUHD�RI�=DJUHE�
,QYHVWLJDWLRQ� RI� FDUERQ� F\FOH� LQ� .DUVW� RQ� WKH� H[DPSOH� RI� VSHOHRWKHP� IRUPDWLRQ� LQ� 3RVWRMQD� FDYH�
6ORYHQLD�� LV� LQ� FRXUVH�� ,VRWRSLF�PHDVXUHPHQWV�RI�DWPRVSKHULF�&2��� VRLO� �KXPXV��� OHDYHV�� VHFRQGDU\
FDUERQDWHV� �ROG� DQG� UHFHQW� VSHOHRWKHPV�� DQG� K\GURFKHPLFDO� PHDVXUHPHQWV� RI� GULS� ZDWHUV� ZHUH
SHUIRUPHG�
5DGLRFDUERQ�GDWLQJ�RI�VHYHUDO�DUFKDHRORJLFDO�DQG�JHRORJLFDO�VHULHV�IURP�GLIIHUHQW�VLWHV�LQ�&URDWLD�DQG
6ORYHQLD�ZDV�SHUIRUPHG�
&RQFHUQLQJ�WKH�LQWHUDFWLRQ�RI�UDGLDWLRQ�DQG�JDVHV�WKH�IROORZLQJ�UHVXOWV�KDYH�EHHQ�DFKLHYHG�
7KH�GHFRQYROXWLRQ�PHWKRG�RI�DPSOLWXGH�GLVWULEXWLRQ�RI�SXOVHV�LQ�D�SURSRUWLRQDO�FRXQWHU�ZDV�DSSOLHG�WR
PLFURGRVLPHWULF�VSHFWUD��%\�H[SHFWDWLRQ�PD[LPL]DWLRQ�DOJRULWKP�WKH�SULPDU\�GLVWULEXWLRQ�RI�WKH�QXPEHU
RI�LRQ�SDLUV�LQ�PLFURVFRSLF�WLVVXH�HTXLYDOHQW��7(��YROXPH�ZDV�REWDLQHG�
7KH�DQDO\VLV�RI�PHDQ�HQHUJ\�:� UHTXLUHG� WR�SURGXFH�DQ� LRQ�SDLU� LQ�SURSDQH�DQG�SURSDQH�EDVHG�7(
PL[WXUH�IRU�GLIIHUHQW�LRQL]LQJ�UDGLDWLRQ�VRXUFHV�ZDV�FRPSOHWHG�
3URSHUWLHV� RI� SURSDQH� DQG� '0(� �GLPHWK\O�HWKHU��� DV� ZHOO� DV� SURSDQH�EDVHG� 7(� PL[WXUH�� ZHUH
H[SHULPHQWDOO\�LQYHVWLJDWHG�LQ�D�ORZ�SUHVVXUH�SURSRUWLRQDO�FRXQWHU��7KH�LRQL]DWLRQ�FRHIILFLHQW�GHSHQGLQJ
RQ� WKH� HOHFWULF� ILHOG� VWUHQJWK� LQ� VWURQJ� QRQKRPRJHQRXV� HOHFWULF� ILHOGV� ZDV� GHWHUPLQHG�� 7KH� PHDQ
HQHUJ\�:�IRU�WKHVH�JDVHV�DQG�WKH�GHSHQGHQFH�RI�HQHUJ\�UHVROXWLRQ�RQ�JDV�JDLQ�ZDV�PHDVXUHG�
0L[WXUHV�RI�DUJRQ�ZLWK�SURSDQH��EXWDQH�DQG�'0(�RI�YDULRXV�FRQFHQWUDWLRQ�UDWLRV�DQG�DW�YDULRXV� WRWDO
SUHVVXUHV�ZHUH�LQYHVWLJDWHG�LQ�D�SURSRUWLRQDO�FRXQWHU��,W�ZDV�IRXQG�WKDW�VLQJOH�HOHFWURQ�VSHFWUD�FKDQJH
WKHLU� VKDSH�E\� LQFUHDVLQJ�JDV� DPSOLILFDWLRQ� DQG� WKDW� WKLV� FKDQJH� GHSHQGV� RQ� SDUWLDO� SUHVVXUH� RI� DQ
DGPL[WXUH�JDV��0L[WXUHV�ZLWK�UHODWLYHO\�ORZ�SDUWLDO�SUHVVXUH�RI�D�PROHFXODU�JDV�FDQ�QRW�DFKLHYH�D�JRRG
HQHUJ\� UHVROXWLRQ� DW� KLJK� JDV� DPSOLILFDWLRQV�� +RZHYHU�� DW� ORZ� JDV� DPSOLILFDWLRQV� ���������� WKH
UHVROXWLRQ�LV�EHWWHU�ZKHQ�WKH�SDUWLDO�SUHVVXUH�RI�WKH�DGPL[WXUH�LV�ORZHU�

(.63(5,0(17$/1$�),=,.$�9,62.,+�(1(5*,-$
+,*+�(1(5*<�(;3(5,0(17$/�3+<6,&6
9RGLWHOM�WHPH��GU��VF��'DQLOR�9UDQLü

6XUDGQLFL�QD�WHPL�

7RPH�$QWLþLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW��RG������������
$QWH�/MXELþLü��POD L��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
7DWMDQD�âXãD��GLSO��LQ]��IL]LNH��POD D�DVLVWHQWLFD��GR������������
7RPLVODY�7XVWRQLü��GLSO��LQå��IL]LNH��POD L�DVLVWHQW
'DQLOR�9UDQLü��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQX�VXUDGQLN

7HKQLþND�VXUDGQLFD�

%RåLFD�0XVWDþ��YLãD�WHKQLþDUND��GR������������



��

3URJUDP�UDGD�L�UH]XOWDWL�

7HPD�VDGUåL�LVWUDåLYDQMH�SURGXNFLMD�þHVWLFD�NRG�FHQWUDOQLK�VUD]RYD�RORYD�QD�RORYX�QD�PHGXQDURGQRP
SURMHNWX�1$���X�&(51X��äHQHYD��5HDNFLMH�SURWRQ�QD�SURWRQ�L�SURWRQ�QD�RORYR�VH�WDNRGMHU�DQDOL]LUDMX�
,]UDþXQDWH�VX�JXVWRüH�HQHUJLMH�L�YROXPHQ�L]YRUD�L�UH]XOWDWL�XSXüXMX�QD�]DNOMXþDN�GD�MH�PRJXüH�RþHNLYDWL
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:HQLJ�� 6���:KLWWHQ�� &���:LHQROG�� 7���:RRG�� /��
<DWHV�� 7�$��� =LPDQ\L�� -��� =KX�� ;��=��� =\EHUW�� 5�
�1$��� FROODERUDWLRQ��� +DGURQLF� H[SDQVLRQ
G\QDPLFV�LQ�FHQWUDO�3E�3E�FROOLVLRQV�DW�����*H9
SHU�QXFOHRQ��,.)�+(13*�������1RY���������SS�
H�3ULQW�$UFKLYH��KHS�H[���������

��� &RPIRUW��-���%DJJD��5���'UDSHU��%���+XGGOHVRQ�
-��� ,VHQKRZHU�� '��� 0LONH�� =��� 6DGOHU� 0�(��
.DVSU]\N��7���6SLQND��+���&UDLJ��.���5DPLUH]��$��
.\FLD�7���&ODMXV��0���0DUXãLü��$���0F'RQDOG��6��
1HINHQV�� %�0�.��� 7LSSHQV�� %��� %ULVFRH�� :��
3DWWHUVRQ�� -��� 3HWHUVRQ�� -��� 6KDIL�� $��
6WDXGHQPDLHU�� +��� 0DQOH]�� 0��� $EDHY�� 9��
%HNUHQHY��9���.R]OHQNR��1���.UXJORY��6���/RSDWLQ�
,��� 6WDURVWLQ�� $��� .QHFKW�� 1��� /RORV�� *��
3DSDQGUHX�� =��� âODXV�� ,��� 6XSHN�� ,��� *LEVRQ�� $��
*URVQLFN� '��� .RHWNH�� '��� 0DQZHLOOHU�� 5��
6WDQLVODXV��6��&U\VWDO�EDOO�*DLQV�FDOOLEUDWLRQ�DQG
EHDP� PRPHQWXP� GHWHUPLQDWLRQ� IURP� ([SW�
(�����%XOOHWLQ�RI�$PHULFDQ�3K\VLFDO�6RFLHW\�� ��
�����������������

��� &UDLJ��.���%DJJD��5���'UDSHU��%���+XGGOHVWRQ��-��
,VHQKRZHU��'���0LONH��=���6DGOHU��0�(���.DVSU]\N�
7��� 6SLQND�� +��� &RPIRUW�� -��� 5DPLUH]�� $��� .\FLD�
7��� &ODMXV�� 0��� 0DUXãLü�� $��� 0F'RQDOG�� 6��
1HINHQV�� %�0�.��� 7LSSHQV�� %��� %ULVFRH�� :��
3DWWHUVRQ�� -��� 3HWHUVRQ�� -��� 6KDIL�� $��
6WDXGHQPDLHU�� +��� 0DQOH\�� 0��� $EDHY�� 9��
%HNUHQRY�9���.R]OHQNR��1���.UXJORY��6���/RSDWLQ�
,��� 6WDURVWLQ�� $��� .QHFKW�� 1��� /RORV�� *��
3DSDQGUHRX��=���âODXV�� ,���6XSHN�� ,���*LEVRQ��$��
*URVQLFN�� '��� .RHWNH�� '��� 0DQZHLOOHU�� 5��
6WDQLVODXV�� 6�� p�� p�� SURGXFWLRQ� IURP� p�S
LQWHUDFWLRQ� LQ� WKH� EDULRQ� UHVRQDQFH� VHFWRU�
%XOOHWLQ� RI� WKH� $PHULFDQ� 3K\VLFDO� 6RFLHW\�� ��
������������

��� 'RNR� 0��� -XULQ�� 0��� âYDUF�� $��� %RURYLü�� 6�
)RWRGLQDPVND� WHUDSLMD� X� OLMHþHQMX� EROHVQLND� V
WXPRURP��%RUED�SURWLY�UDND�����������������

��� 'RNR��0���âYDUF��$���-XULQ��0���%RURYLü��6���=RUF�
+�� ,QWUDRSHUDWLYH� SKRWRG\QDPLF� WKHUDS\
VXFFHVIXOO\� HOLPLQDWHV� ODUJH� WXPRU� LQ� PLFH�
3HULRGLFXP�ELRORJRUXP���������������������

��� 'RNR��0���âYDUF��$���-XULQ��0���%RURYLü��6���=RUF�
+��7KH�UROH�RI�OLJKW�LQWHQVLW\�� LUUDGLDWLRQ�WLPH�DQG
SKRWRDFWLYH� VXEVWDQFH� FRQFHQWUDWLRQ� LQ
SKRWRG\QDPLF� WKHUDS\� LQ� SUHFOLQLFDO� UHVHDUFK�
$FWD�0HGLFD�&URDWLFD�������������������

��� +RUYDWLQþLü�� 1��� 6UGRþ�� '�� $� VWXG\� RI
SK\VLFRFKHPLFDO� DQG�SDOHRFOLPDWRORJLFDO� IDFWRUV
LQ� WXID� GHSRVLWV�� :�U]EXUJHU� *HRJUDSKLVFKH
0DQXVNULSWH�� +HIW� ��� �HG�� :�3LQNZDUW�
*HRJUDSKLVFKHV� ,QVWLWXW�� 8QLYHUVLWlW� :�U]EXUJ��
S�������

���� .X]QHWVRY��-�-���*RPH]�&DGHQDV��0���(OOLV��3��
6ROHU�� %��� /DNLü�� 0��� 6WLSþHYLü�� 0�� 120$'
UHFRQVWUXFWLRQ� VRIWZDUH�� 6L� SDFNDJH� 9HUVLRQ� ��
5HOHDVH����&(51������$SULO���������SS�

���� 0DUXãLü�� $��� %DJJD�� 5��� 'UDSHU�� %��
+XGGOHVRQ�� -��� ,VHQKRZHU��'���0LONH�� =��� 6DGOHU�
0�(���.DVSU]\N��7���6SLQND�+���&RPIRUW�-���&UDLJ�
.���5DPLUH]��$���.\FLD��7���&ODMXV��0���0F'RQDOG
6��� 1HINHQV� %�0�.��� 7LSSHQV�� %��� %ULVFRH�� :��
3DWWHUVRQ�� -��� 3HWHUVRQ�� -��� 6KDIL�� $��
6WDXGHQPDLHU�� +��� 0DQOH]�� 0��� $EDHY�� 9��
%HNUHQHY�9���.R]OHQNR��1���.UXJORY��6���/RSDWLQ�
,��� 6WDURVWLQ�� $��� .QHFKW�� 1��� /RORV�� *��
3DSDQGUHRX��=���âODXV�� ,���6XSHN�� ,���*LEVRQ��$��
*URVQLFN�� '��� .RHWNH�� '��� 0DQZHLOOHU�� 5��
6WDQLVODXV��6��,QYHVWLJDWLRQ�RI�WKH�QHXWUDO�GHFD\V
RI�WKH�(WD�PHVRQ�ZLWK�WKH�FU\VWDO�EDOO��%XOOHWLQ�RI
WKH�$PHULFDQ�3K\VLFDO�6RFLHW\�����������������

���� 6WDQLVODXV�� 6��� %DJJD�� 5��� 'UDSHU�� %��
+XGGOHVRQ�� -��� ,VHQKRZHU��'���0LONH�� =��� 6DGOHU�
0�(��� .DVSU]\N�� 7��� 6SLQND�� +��� &RPIRUW�� -��
&UDLJ�� .��� 5DPLUH]�� $��� .\FLD�� 7��� &ODMXV�� 0��
0DUXãLü�� $��� 0F'RQDOG�� 6��� 1HINHQV�� %�0�.��
7LSSHQV��%���%ULVFRH��:���3DWWHUVRQ�-���3HWHUVRQ�
-��� 6KDIL�� $��� 6WDXGHQPDLHU�� +��� 0DQOH\�� 0��
$EDHY��9���%HNUHQRY��9���.R]OHQNR��1���.UXJORY�
6���/RSDWLQ��,���6WDURVWLQ��$���.QHFKW��1���ORORV��*��
3DSDQGUHRX��=���âODXV�� ,���6XSHN�� ,���*LEVRQ��$��
*URVQLFN��'���.RHWNH��'���0DQZHLOOHU��3KRWRQ�DQG
QHXWURQ� LGHQWLILFDWLRQ� LQ�WKH�FU\VWDO�EDOO�GHWHFWRU�
%XOOHWLQ� RI�$PHULFDQ�3K\VLFDO�6RFLHW\�� ��������
�����

���� 6WLSþHYLü��0���/DNLü��%��9),7�±�DQ�DOJRULWKP�IRU
SDWWHUQ� UHFRJQLWLRQ� DQG� WUDFN� WR� YHUWH[
DVVRFLDWLRQ� IRU� 120$'�67$5�� &(51�� 120$'
0HPR������������$SULO����������SS�

���� 6XULü�� 7�� $� VLPSOH� SURFHGXUH� IRU� WKH
FDOFXODWLRQ� RI� WKH� VKDNH�RII� UDWLR� RI� GRXEOH� WR
VLQJOHLRQL]DWLRQ� RI� D� KHOLXP�OLNH� LRQ� E\
SKRWRDEVRUSWLRQ�RI�D�KLJK�HQHUJ\�SKRWRQ�� ,QGLDQ
-RXUQDO�RI�3K\LVFV����%����������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� $OEHU��7���$SSHOVKDXVHU��+���%DFKOHU��-���%DUWNH�
-��� %LDONRZVND�� +��� %ORRPHU�� 0�$��� %RFN�� 5��
%UDLWKZDLWH�� :�-��� %ULQNPDQQ�� '��� %URFNPDQQ�
5���%XQþLü��3���&KDQ��3���&UDPHU��-�*���&UDPHU�
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3�%� ��� 'HUDGR�� ,��� (FNDUGW�� 9��� (VFKNH�� -��
)DYX]]L��&���)HUHQF��'���)OHLVFKPDQQ��%���)RND�
3��� )UHXQG�� 3��� )XFKV�� 0��� *D]G]LFNL�� 0��
*ODG\V]�� *UHELHV]NRZ�� (��� *XQWKHU�� -��� +DUULV�
-�:�� �� +RIIPDQQ�� 0��� -DFREV�� 0��� .DEDQD�� 6��
.DGLMD��.��� .HLGHO�� 5��� .RZDOVNL��0��� .XKPLFKHO�
$��� /HH�� -�<��� /MXELþLü�� $��� -U��� 0DUJHWLV�� 6��
0LWFKHOO��-�7���0RUVH��5���1DSSL��(���2G\QLHF��*��
3DLü��*���3DQDJLRWRX��$�'���3HWULGLV��$���3LSHU��$��
3RVD��)���3RVNDQ]HU��$�0���3XKOKRIHU��)���5DXFK�
:���5HQIRUGW��5���5HW\N��:���5RKULFK��'���5RODQG�
*��� 5RWKDUG�� +��� 5XQJH�� .��� 6DQGRYDO�� $��
6FKPLW]�� 1��� 6FKPRHWWHQ�� (��� 6HQGHOEDFK�� 5��
6H\ERWK�� 3��� 6H\HUOHLQ�� -��� 6NU]\SF]DN�� (��
6SLQHOOL��3���6WRFN��5���6WUREHOH��+��� 7HLWHOEDXP�
/��� 7RQVH�� 6��� 7UDLQRU�� 7�$��� 9DVLOHLDGLV�� *��
9DVVLOLRX�� 0��� 9HV]WHUJRPEL�� *��� 9UDQLü�� '��
:HQLJ��6���:RVLHN��%���=KX�;��&KDUJHG�SDUWLFOH
SURGXFWLRQ� LQ� SURWRQ�� GHXWHURQ�� R[\JHQ� DQG
VXOSKXU� QXFOHXV� FROOLVLRQV� DW� ����*H9� SHU
QXFOHRQ��=HLWVFKULIW�I�U�3K\VLN��&�

��� $OWHJRHU�� -���$QIUHYLOOH��0���$QJHOLQL��&��� $VWLHU�
3���$XWKLHU��3���$XWLHUR��'���%DOGLVVHUL��$���%DOGR�
&HROLQ��0��� %DOORFFKL��*��� %DQQHU��0��� %DVD�� 6��
%DVVRPSLHUUH�� *��� %HQVODPD�� .��� %LUG�� ,��
%OXPHQIHOG�� %��� %RELVXW�� )��� %RXFKH]�� -��
%XQ\DWRY��6���%R\G��6���%XHQR��$���&DPLOOHUL��/��
&DUGLQL�� $��� &DVWHUD�� $��� &DWWDQHR�� 3�:��
&DYDVLQQL��9���&DYHVWUR��9���&ORXH��2���&RQIRUWR�
*��� &RQWD�� &��� &RXVLQV�� 5��� 'H6DQWR�� $��� 'HO
3UHWH�� 7��� 'L� /HOOD�� /��� 'LJQDQ�� 7��� GR� &RXWR� H
6LOYD��(���'RQQHOO\�� ,�-���'XPDUFKH]�� -���'XPSV�
/���(QJVWHU��&���)D]LR��7���)HOGPDQ��*�-���)HUUDUL�
5��� )HUUHUH�� '��� )ODPLQLR�� 9��� )UDWHUQDOL�� 0��
)XPDJDOOL�� *��� *DLOODUG�� -�0��� *DOXPLDQ�� 3��
*DQJOHU�� (��� *HLVHU�� $��� *HSSHUW�� '��� *LELQ�� '��
*QLQHQNR��6���*RPH]�&DGHQDV��-�-���*RVVHW��-��
*RHVVOLQJ��&���*RXDQHUH��0���*UDQW��$���*UD]LDQL�
*��� *XJOLHOPL�� $��� +DJQHU�� &��� +HUQDQGR�� -��
+XEEDUG�� '��� +XUVW�� 3��� +XWD�� :��� +\HWW�� 1��
,DFRSLQL��(���-RVHSK��&���.LUVDQRY��0���.HNH]��'��
.KRPHQNR�� %��� .OLPRY�� 2��� .RY]HOHY�� $��
.X]QHWVRY�� 9��� /DQ]D�� $��� /D� 5RWRQGD�� /��
/DYHGHU��0���/D]]HURQL��&���/HWHVVLHU�6HOYRQ��$��
/HY\�� -�0��� /LQVVHQ�� /��� /MXELþLü�� $��� /RQJ�� -��
/XSL�� $��� 0DQROD�3RJJLROL�� (��� 0DUFKLRQQL�� $��
0DUWHOOL�� )��� 0HQGLEXUX�� -�3��� 0H\HU�� -�3��
0H]]HWWR�� 0��� 0LVKUD�� 6�5��� 0RRUKHDG�� *�)��
0RVVX]��/���1HGHOHF��3���1HIHGRY��<X���1JX\HQ�
0DX�� &��� 2UHVWDQR�� '��� 3DVVHULHX[�� -�3��
3DVWRUH��)���3HDN��/�6���3HQQDFFKLR��(���3HUURXG�
-�3���3HVVDUG��+���3HWWL��5���3HWLWSDV��3���3ODFFL�
$��� 3ORWKRZ�%HVK�� +��� 3OXTXHW�� $��� 3RLQVLJQRQ�
-��� 3ROHVHOOR�� *��� 3ROOPDQQ�� '��� 3RSH�� %�*��
3RSRY�� %��� 3RXOVHQ�� &��� 5DWKRXLW�� 3��� 5HQ]RQL�
*��� 5RGD�� &��� 5XEELD�� $��� 6DOYDWRUH�� )��
6KDKPDQHFKH�� .��� 6FKPLGW�� %��� 6FRQ]D�� $��
6HUUDQR��0���6HYLRU��0�(���6LOORX��'���6REF]\QVNL�
&��� 6ROHU�� )�-�3��� 6R]]L�� *��� 6WHHOH�� '��
6WHLQLQJHU�� 0��� 6WLSþHYLü�� 0��� 6WRODUF]\N�� 7��
7D\ORU�� *�1��� 7HUHVKFKHQNR�� 6��� 7RURSLQ�� $��
7RXFKDUG�� $��0��� 7RYH\�� 6�1��� 7UDQ�� 0�7��
7VHVPHOLV�� (��� 8OULFKV�� -��� 8URV�� 9��� 9DOGDWD�
1DSSL�� 0��� 9DOXHY�� 9��� 9DQQXFFL�� )��� 9DUYHOO�
.�(���9HOWUL��0���9HUFHVL��9���9HUNLQGW��'���9LHLUD�
-�0��� 9R��0�.��� 9RONRY�� 6���:HEHU�� )���:HLVVH�
7���:HUOHQ��0���:LOVRQ��)�)���:LFKW��3���:LQWRQ�
/�-��� <DEVOH\�� %�'��� =DFFRQH�� +��� 7KH� 120$'
H[SHULPHQW� DW� WKH� &(51� 636�� 7KH� 120$'

&ROODERUDWLRQ��1XFOHDU�,QVWUXPHQWV�DQG�PHWKRGV
LQ�3K\VLFV�5HVHDUFK�$�

��� %HDUGHQ�� ,�*���«��)HUHQF��'��«�/MXELþLü��$�� MU��
�HW� DO��� �1$��� FROODERUDWLRQ��� 3URWRQ� DQG� DQWL�
SURWRQ� QXFOHXV� DQG� VXOSKXU�QXFOHXV� FROOLVLRQV�
3K\VLFDO�5HYLHZ�&�

��� ,YH]Lü�� 7��� âNRYUOM�� /M��&RPPHQW� RQ� DFWLRQ� DW� D
GLVWDQFH� DV� D� IXOO�YDOXH� VROXWLRQ� RI� 0D[ZHOO
HTXDWLRQV�� 7KH� EDVLV� DQG� DSSOLFDWLRQ� RI� WKH
VHSDUDWHG�SRWHQWLDOV�PHWKRG��3K\VDO�5HYLHZ�(�

��� -DNãLü��0���)D]LQLü��6���7DGLü��7���%RJRYDF��0��
%RJGDQRYLü�� ,��� 3DVWXRYLü�� ä�� ,%,&� VWXG\� RI
FKDUJH� FROOHFWLRQ� SURSHUWLHV� LQ� 6L�/L�� GHWHFWRUV�
1XFOHDU�,QVWUXPHQWV�DQG�0HWKRGV�%�

��� .DOLPDQ��=���6XULü��7���3LVN��.���3UDWW��5�+��7ULSO\
GLIIHUHQWLDO�FURVV�VHFWLRQ�IRU�&RPSWRQ�VFDWWHULQJ�
3K\VDO�5HYLHZ�$�

��� .UDMFDU� %URQLü�� ,��� +RUYDWLQþLü�� 1��� 2EHOLü�� %�
7ZR�GHFDGHV�RI�HQYLURQPHQWDO�LVRWRSH�UHFRUG�LQ
&URDWLD��UHFRQVWUXFWLRQ�RI�WKH�SDVW�DQG�SUHGLFWLRQ
RI�IXWXUH�OHYHOV��5DGLRFDUERQ�

��� .UHþDN��=���.UþPDU��0���/MXELþLü��$���/RJDQ��%�$�
0HWKRG� IRU� GHFRPSRVLWLRQ� RI� SDUWLFOH� HQHUJ\
VSHFWUXP�GHWHFWHG�E\�FKDQQHO�HOHFWURQ�PXOWLSOLHU
GHYLFH��5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\�

��� .UþPDU��0���.UHþDN��=���/MXELþLü��$���/RJDQ��%�$�
(IILFLHQF\� RI� WKH� FKDQQHO� HOHFWURQ� PXOWLSOLHU� IRU
ORZ� HQHUJ\� $J� LRQV�� 5DGLDWLRQ� 3K\VLFV� DQG
&KHPLVWU\�

���� /MXELþLü�� $�� 1XFOHDU� H[FLWDWLRQ� LQ� DWRPLF
SURFHVVHV��5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\�

���� %DWLQLü��,���âODXV�,���âYDUF��$���1HINHQV��%�0�.�
SL� 1� ±� HWDQ� DQG� HWD� 1� ±� HWD� 1� SDUWLDO�ZDYH� 7
PDWULFHV� LQ� D� FRXSOHG� FKDQQHO� WKUHH�FKDQQHO
PRGHO��3K\VDO�5HYLHZ�&�
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���� %DWLQLü�� ,��� 'DGLü�� ,��� âODXV�� ,��� âYDUF�� $��
1HINHQV�� %�0�.��� /HH�� 7��6�+�� 7KH� QHZ
GHWHUPLQDWLRQ�RI�WKH�HWD�1�VFDWWHULQJ�OHQJWK�IURP
D� WKUHH�FKDQQHO�� PXOWL�UHVRQDQFH� DPSOLWXGH
DQDO\VLV��3K\VLFD�6FULSWD�

���� 0LOMDQLü��6���0LOMDQLü�� ���%ODJXV��6��5HVSRQVH
RI� WKH� FKORUREHQ]HQH�EDVHG� GRVLPHWU\� V\VWHPV
WR� SURWRQV� LQ� WKH� HQHUJ\� UDQJH� ������ 0H9� �
5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\�

���� 2EHOLü��%���$OYDUH]��$���$UJXOOyV��-���3LDQD��(�
'HWHUPLQDWLRQ�RI�WKH�SDOHRWHPSHUDWXUH�LQ�%HDJOH
&KDQQHO� �$UJHQWLQD�� WKURXJK� VWDEOH� LVRWRSH
FRPSRVLWLRQ�RI�0\WLOXV�HGXOLV� VKHOOV��4XDWHUQDU\
RI�6RXWK�$PHULFD�DQG�$QWDUFWLF�3HQQLQVXOD�

���� 2EHOLü�� %��� 6UGRþ�� '��� 'MXULü�� 3��� 0DULQR�� 6�
7KH� IUHTXHQF\� GLVWULEXWLRQ� RI� WKH� QXPEHU� RI� LRQ
SDLUV�LQ�LUUDGLDWHG�WLVVXH��5DGLDWLRQ�5HVHDUFK�

���� 3DVWXRYLü��ä���7DGLü��7��� -DNãLü��0���2OLDL\�� 3�
'HYLDWLRQV�IURP�5XWKHUIRUG�EDFNVFDWWHULQJ�RO��/L
LRQV� IURP� IOXRULQH� EHWZHHQ� ���� DQG� �� 0H9�
1XFOHDU�,QVWUXPHQWV�DQG�0HWKRGV�%�

���� 3UDWW�� 5�+��� 6XULü�� 7��� 3LVN�� .�� 7KH� SHUVLVWHQW
FRUUHODWLRQ�HIIHFWV�LQ�GRXEOH�LRQL]DWLRQ�RI�KHOLXP�
OLNH� DWRPV� RU� LRQV� ZKLFK� DUH� SUREHG� ZLWK� KLJK
HQHUJ\� SKRWRQV�� -RXUQDO� RI� WKH� .RUHDQ� 3K\VDO
6RFLHW\�

���� 6RLü��1���&DOL��'���&KHUXELQL��6���&RVWDQ]R��(��
/DWWXDGD��0���0LOMDQLü�� ���5RPDQR��6���6SLWDOHUL�
&��� =DGUR��0�� $OSKD�ý�+H� GHFD\LQJ� VWDWHV� DQG
WKH� JURXQG� VWDWH� URWDWLRQDO� EDQG� RI� ý�%H� �
(XURSK\VLFV�/HWWHUV�

���� 7DGLü�� 7��� 0RNXQR�� <��� +RULQR�� <��� )XMLL�� .��
-DNãLü�� 0�� (QHUJ\� VWUDJJOLQJ� LQGXFHG� HUURUV� LQ
KHDY\�LRQ� 3,;(� DQDO\VLV�� 1XFOHDU� ,QVWUXPHQWV
DQG�0HWKRGV�%�

5DGRYL� REMDYOMHQL� X� ]ERUQLFLPD
VNXSRYD�

��� $OOLRWD�� 0��� &KHUXELQL�� 6��� &RVWDQ]R�� (��
&XQVROR�� $��� )RWL�� $��� /DWWXDGD�� 0��� 5L]]DUL�� *��
5RPDQR��6��6FLXWR��0���6SLWDOHUL��&���9LQFLJXHUUD�
'���=DSSDOD��5�$���0LOMDQLü�� ���=DGUR��0���%DXU�
*�� 4XDVL�IUHH� UHDFWLRQV� DV� D� WRRO� IRU� QXFOHDU
DVWURSK\VLFV�� /DUJH� VFDOH� FROOHFWLYH� PRWLRQ� RI
DWRPLF�QXFOHL� �*LDUGLQD��*���)D]LR��*���/DWWXDGD�
0��� �XU���� %UROR�� ,WDOLMD� �� :RUOG� 6FLHQWLILF�� �����
������

��� &KHUXELQL�� 6��� &RVWDQ]R�� (��� &XQVROR�� $��� )RWL�
$��� /DWWXDGD�� 6��� 5RPDQR�� 6��� 6SLWDOHUL�� &��
7XPLQR�� $��9LQFLJXHUUD�� '��� =DGUR�� 0�
,QWHUPHGLDWH� ZLGWK� VWUXFWXUHV� LQ� WKH
��&���&��%HJ�V��

��2� H[FLWDWLRQ� IXQFWLRQV�� /DUJH�
VFDOH� FROOHFWLYH� PRWLRQ� RI� DWRPLF� QXFOHL� �
*LDUGLQD��*���)D]LR��*���/DWWXDGD��0���XU����%UROR�
,WDOLMD���:RUOG�6FLHQWLILF����������������

��� +RUYDWLQþLü��1�� ,]RWRSQD�PMHUHQMD�X� OHGX�� MDPD
/HGHQLFD�� 9HOHELW�� 3URFHHGLQJV� RI� WKH� 7KLUG
6\PSRVLXP�RI�WKH�&URDWLDQ�5DGLDWLRQ�3URWHFWLRQ
$VVRFLDWLRQ���.XEHOND��'���.RYDþ��-��XU����=DJUHE�
+UYDWVND���+'==����������������

��� .ODEXþDU��'���.HNH]��'��7ZR�SKRWRQ�SURFHVVHV
RI� p��� h�� h��� hF� DQG� hR�� 3URFHHGLQJV� RI� ��QG
5HFRQWUHV� GH� 0RULRQG�� 4&'� DQG� +LJK�(QHUJ\
+DGURQLF� ,QWHUDFWLRQV�� ������ 0DUFK� ������ /HV
$UFV��)UDQFH��HG�� -�� 7UDQ�7KDQK�9DQ�� SXEOLVKHU
(GLWLRQV�)URQWLHUHV��3DULV���������������

��� .UDMFDU�%URQLü�� ,���*URVVZHQGW��%��&RPSDUDWLYH
VWXG\� RI� 7(� JDVHV� DQG� '0(� LQ� D� SURSRUWLRQDO
FRXQWHU�� ,Q� 0LFURGRVLPHWU\�� $Q� ,QWHUGLVFLSOLQDU\
$SSURDFK�� 2�1HLOO�� 3��� *RRGKHDG�� '��� 0HQ]HO�
+�*���XU����7KH�5R\DO�6RFLHW\�RI�&KHPLVWU\�������
��������

��� .UDMFDU� %URQLü�� ,��� *URVVZHQGW�� %�� 8VSRUHGED
'0(� L� WNLYX�HNYLYDOHQWQLK� VPMHVD� X
SURSRUFLRQDOQRP� EURMDþX�� SOLQVNR� SRMDþDQMH� L
NRHILFLMHQW� LRQL]DFLMH�� =ERUQLN� UDGRYD� ��
6LPSR]LMD� +UYDWVNRJ� GUXãWYD� ]D� ]DãWLWX� RG
]UDþHQMD�� .XEHOND�� '��� .RYDþ�� -�� �XU���� =DJUHE�
+UYDWVND�+'==����������������

��� 0LOMDQLü�� �� 1XFOHDU� UHDFWLRQV� ZLWK� OLWKLXP
EHDPV�DQG�VWUXFWXUH�RI� OLJKW�QXFOHL��/DUJH�VFDOH
FROOHFWLYH�PRWLRQ� RI� DWRPLF� QXFOHL��*LDUGLQD��*��
)D]LR�� *��� /DWWXDGD�� 0��� �XU���� %UROR�� ,WDOLMD� �
:RUOG�6FLHQWLILF����������������

��� 2EHOLü�� %��� 0DUFRV�� -�� /D� FURQRORJLD� DEVROXWD
GHO� (FXDGRU� 3UHKLVSiQLFR�� /D� FRPELQDFLyQ� GH
ODV� UHODFLRQHV�HVWUDWLJUiILFDV�\� ORV� IHFKDGRV�SRU
��&� \� 7/�� &RQJUHVR� LQWHUQDFLRQDO� GH
$PHULFDQLVWDV�� VLPSRVLR� $54����� ���
�������������4XLWR��(FXDGRU�

��� 2EHOLü�� %��� 6UGRþ�� '�� 5DVSRGMHOD� IUHNYHQFLMD
LRQVNLK� SDURYD� X� R]UDþHQRP� WNLYX�� =ERUQLN
UDGRYD� 7UHüHJ� 6LPSR]LMD� +UYDWVNRJ� GUXãWYD� ]D
]DãWLWX�RG�]UDþHQMD���.XEHOND��'���.RYDþ��-���XU���
=DJUHE��+UYDWVND���+'==����������������

���� 3LDQD��(���2EHOLü��%���$OYDUH]��$���$UJXOOyV�� -�
9DOYDV� DUTXHROyJLFDV� \� WHPSHUDWXUD� VXSHUILFLDO
GHO� FDQDO� %HDJOH�� 1XHYDV� DSUR[LPDFLRQHV� D� OD
H[WLQFLyQ� GHO� ORV� <iPDQD�� &RQJUHVR
LQWHUQDFLRQDO� GH� $PHULFDQLVWDV�� 6LPSRVLR� $54�
��������������������4XLWR��(FXDGRU�

���� 6LOREUþLü�� 9��� 3LVN�� .�� 2� YUHGQRYDQMX� L
ILQDQFLUDQMX�]QDQRVWL��6LPSR]LM�R�IXQGDPHQWDOQLP
LVWUDåLYDQMLPD�� +$=8�� =ERUQLN� UDGRYD�� �����
��������

���� 6XULü��7���3LVN��.���3UDWW��5�+��;�UD\�DQG�LQQHU
VKHOO� SURFHVVHV�� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH�
+DPEXUJ�� *HUPDQ\� ������ HGLWHG� E\� 5�� /�
-RKQVRQ��+��6FKPLGW�%|FNLQJ�DQG�%��)��6RQQWDJ
�$,3� &RQIHUHQFH� 3URFHHGLQJV� ����� :RRGEXU\�
1HZ�<RUN�������

���� 7DGLü�� 7��� -DNãLü��0��� %RJGDQRYLü�� ,��� )D]LQLü�
6��� 'XMPLü�� '�� 3URWRQ� PLFUR�3,;(FRQWURO� RI
VWDQGDUG� UHIHUHQFH� PDWHULDOV� IRU� 3,;(
HQYLURQPHQWDO� DSSOLFDWLRQ� 3URFHHGLQJV�� ,$($�
60�������� �� ,$($� �XU���� +\GHUDEDG�� ,QGLMD� �
,$($��9LHQQD����������������



��

'RNWRUVNH�GLVHUWDFLMH�

��� %RJGDQRYLü��,��,RQL]DFLMD�/�OMXVDND�DWRPD�WHåLP
LRQLPD�� =DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL
IDNXOWHW������������������VWU���YRGLWHOM��0LOMDQLü�� �

��� 0DUXãLü�� $�� 1RYL� WHVW� VLPHWULMH� SR� QDERMX� X
SURGXNFLML� HWD� þHVWLFH� QD� GHXWHULMX�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� �����������
����VWU���YRGLWHOM��âODXV��,�

'LSORPVNL�UDGRYL�

��� 3DVWXRYLü�� ä�� 2GUH LYDQMH� RGVWXSDQMD� RG
5XWKHUIRUGRYRJ� XGDUQRJ� SUHVMHND� ]D� UDVSUãHQMH
ý�/L� LRQD� QD� MH]JUDPD� DWRPD� ��)�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ������������
���VWU���YRGLWHOM��-DNãLü��0�

��� 6XGDF�� '�� ,RQL]DFLMD� X]URNRYDQD
YLVRNRQDELMHQLP� þHVWLFDPD�� SURPDWUDQD
PHWRGRP� YLUWXDOQLK� NYDQDWD�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ������� YRGLWHOM�
3LVN��.�

.RORNYLML�L�VHPLQDUL�RGUåDQL�X�,5%�X�

/DNLü�� %�� 7UDåHQMH� QHXWULQVNLK� RVFLODFLMD� SRPRüX
120$'� 67$5� GHWHNWRUD�� VHPLQDU� X� RNYLUX
SRVOLMHGLSORPNRJ�VWXGLMD�������������

âODXV�� ,�� 0DVH� NYDUNRYD� L� SRULMHNOR� UD]ELMDQMD
QDERMQH�VLPHWULMH��VHPLQDU�������������

,YH]Lü��7��3RVWRMH� OL� �UHODWLYLVWLþNL��HIHNWL��NRQWUDNFLMD
GXOMLQH��GLODWDFLMD�YUHPHQD��VHPLQDU�������������

)UOHå�� (�� 5LMHWNL� UDGLMDWLYQL� UDVSDGL� ��PH]RQD� X
&(%$)�X��VHPLQDU�������������

âYDUF�� $�� )L]LND� VLVWHPD� RG� QHNROLNR� þHVWLFD�
�����������

.UDMFDU�%URQLü�� ,�� 0H XGMHORYDQMH� HOHNWURQD� L
SOLQRYD� L� QHNH� NDUDNWHULVWLNH� SOLQVNLK� VPMHVD� X
SURSRUFLRQDOQRP�EURMDþX�������������

.DGLMD�� .�� 1XNOHDUQH� LQWHUDNFLMH� X� VXGDULPD� WHãNLK
MH]JDUD�� QD� XOWUDUHODWLYLVWLþNLP� HQHUJLMDPD�
�����������

2EHOLü�� %�� 3DOHRWHPSHUDWXUQD� LVWUDåLYDQMD� SRPRüX
L]RWRSD� ��&� L� ��2� QD� SRGUXþMX� 2JQMHQH� ]HPOMH�
�����������

,YH]Lü�� 7�� 7HRULMVNH� GHILQLFLMH� GXOMLQH�� QDERMD� L
HOHNWULþQD� SROMD� GUXJRJ� UHGD� RNR� VWDOQLK� VWUXMD�
�����������

+RUYDW�� 5�� 0DJQHWVNL� PRPHQW� QHXWULQD� L
SULPRUGLMDOQD�QXNOHRVLQWH]D�������������

.UþPDU�� 0�� =DJRQHWND� VXQþHYLK� QHXWULQD�
�����������

3DLü��*��'HVHW� JRGLQD� X� UD]YRMX�5LFK� GHWHNWRUD� LOL
NDG�VH�.DLURVD�XKYDWL�]D�þXSHUDN�������������

9DONRYLü�� 9�� 0MHUHQMH� UDGLRDNWLYQRVWL� X� RNROLãX
�L]PH X�]QDQRVWL�L�SROLWLNH��������������

5HQGLü�� '�� 1HNL� QRYL� UH]XOWDWL� WURþHVWLþQLK
QXNOHDUQLK� UHDNFLMD� QD� QLVNLP� HQHUJLMDPD�
�����������

.HNH]�� '�� 6XJODVQR� UMHãDYDQMH� 6FKZLQJHU�
'\VRQRYH� L� %HWKH�6DOSHWHURYH� MHGQDGåEH� ]D
YH]DQD�NYDUN�DQWLNYDUN�VWDQMD�������������

)HUHQF�� '�� 3UHJOHG� GRSULQRVD� X� SRGUXþMX
YLVRNRHQHUJLMVNH�IL]LNH�������������

-DNãLü�� 0�� 1RYH� PHWRGH� NDUDNWHUL]DFLMH� PDWHULMDOD
LRQVNLP�VQRSRYLPD�������������

+RUYDWLQþLü�� 1�� ,]RWRSQD� L� IL]LNDOQR�NHPLMVND
LVWUDåLYDQMD� NDUERQDWQLK� VHGLPHQDWD�
�����������

%ODJXV�� 6�� 1XNOHDUQH� UHDNFLMH� QD� ODNLP� MH]JUDPD�
�����������

)D]LQLü�� 6�� 7YRUED� /� ;�]UDND� LRQLPD� 0H9�VNLK
HQHUJLMD�������������

9UDQLü�� '�� 1$���� ±� WUDåHQMH� NYDUN�JOXRQ� SOD]PH�
�����������

.UHþDN��=��1LVNRHQHUJLMVND�VSHNWURVNRSLMD�FKDQQHO�
HOHFWURQ�PXOWLSOLHU�RP�������������

%DVUDN��=��9UXüH�MH]JUH�������������

=DGUR�� 0�� 1HNL� HNVSHULPHQWDOQL� UH]XOWDWL� R
UH]RQDQFLMDPD�X�VXVWDYX���&���&�������������

.DXþLü�� 6�� 3ULSUDYD� L]YRUD� YLVRNH� UDGLRQXNOLGQH
þLVWRüH�L�UDGLRGRSLUDQLK�VSRMHYD�������������

6XSHN��,��.ULVWDOQL�GHWHNWRUL�������������

ýDSODU��5��)L]LND�WHãNLK�LRQD�������������

.RUROLMD�� 0�� 3URWRQ�SURWRQ� NRUHODFLMH� X� VXGDULPD
WHãNLK�LRQD�������������

6XULü�� 7�� (OHNWURQ�HOHNWURQ� NRUHODFLMH� X� IRWRQ�DWRP
UDVSUãHQMX�������������

.RORNYLML� L� VHPLQDUL� X� GUXJLP
XVWDQRYDPD�

%DVUDN�� =�� +RZ� KRW� KRW� QXFOHL� DUH"�� +DKQ�0HLWQHU
,QVWLWXW��%HUOLQ��1MHPDþND�������������

&LQGUR��1��0HDVXUHPHQW�RI�WKH�DFWLYH�HPLWWLQJ�]RQH
LQ� D� KHDY\� LRQ� UHDFWLRQ�� ,16�� 7RN\R�� -DSDQ�
�����������

&LQGUR�� 1�� 7KH� VXEDWRPLF� +DQEXU\�%URZQ�7ZLVV
HIIHFW��-$(5,��7RN\R��-DSDQ�������������

&LQGUR�� 1�� +LGGHQ� LQWHUPHGLDWH� GL�DWRPLF
FRQILJXUDWLRQV� LQ� KHDY\� LRQ� FROOLVLRQV�� 5,.(1�
7RN\R��-DSDQ�������������

ýDSODU��5��(QWURS\�SURGXFWLRQ�LQ�1L�1L��;H�&V,�DQG
$X�$X�UHDFWLRQV�DW�����$0H9��*6,��'DUPVWDGW�
1MHPDþND�������������

ýDSODU��5��9HOLND�RWNULüD�X�IL]LFL�����VWROMHüD�L�QMLKRY
]QDþDM� ]D� UD]XPLMHYDQMH� VYLMHWD� RNR� QDV�� ,
*LPQD]LMD��=DJUHE�������������

-DNãLü�� 0�� 7UHQGV� LQ� LRQ� EHDP� DSSOLFDWLRQV�� ,$($
/DERUDWRULHV��6HLEHUVGRUI��$XVWULMD������������

.UDMFDU� %URQLü�� ,�� (OHFWURQ� HQHUJ\� GHJUDGDWLRQ� LQ
JDVHV�� :DVHGD� 8QLYHUVLW\�� 7RN\R�� -DSDQ�
�����������



��

.UDMFDU�%URQLü�� ,�� (OHFWURQ� WKHUPDOL]DWLRQ� LQ� JDVHV�
7RN\R� ,QVWLWXWH� RI� 7HFKQRORJ\�� 7RN\R�� -DSDQ�
�����������

.UDMFDU� %URQLü�� ,�� (QYLURQPHQWDO� ��&� �&DUERQ����
DQG� �+� �7ULWLXP�� DFWLYLWLHV� LQ� &URDWLD� DQG� JOREDO
WUHQGV��0HGLFDO�6FKRRO��<DPDJXFKL�8QLYHUVLW\�LQ
8EH��-DSDQ�������������

.UDMFDU� %URQLü�� ,�� 5DGLDWLRQ�� UDGLRDFWLYLW\�� DQG
UDGLDWLRQ� SURWHFWLRQ�� 3DUW� ,�� 3K\VLFDO� DVSHFWV� RI
UDGLDWLRQ� LQWHUDFWLRQ� ZLWK� PDWWHU�� L� 3DUW� ,,�
%LRORJLFDO� HIIHFWV�� PHGLFDO� DSSOLFDWLRQV�� DQG
UDGLDWLRQ� SURWHFWLRQ�� 6HPLQDUL� ]D� VWXGHQWH�
0HGLFDO� 6FKRRO�� <DPDJXFKL� 8QLYHUVLW\� LQ� 8EH�
-DSDQ��������������L������������

âYDUF�� $�� (WD� SURGXFWLRQ� DPSOLWXGHV� DQG� WKHLU
DSSOLFDWLRQ�� 8SSVDOD� 8QLYHUVLW\�� 8SSVDOD�
âYHGVND������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

1XNOHDUQH�UHDNFLMH��1XNOHDUQD�IL]LND�
3UHGDYDþ��&LQGUR��1�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX��NROHJLM��ãN��JRG��������������������

8YRG�X�LVWUDåLYDQMD�L�VHPLQDU��1XNOHDUQD�IL]LND�
3UHGDYDþ��ýDSODU��5�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX��NROHJLM��ãN��JRG��������������������

1XNOHDUQD�HQHUJLMD
3UHGDYDþ��0LOMDQLü�� �
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG��������������������

0HWRGH�PRGHUQH�IL]LNH
3UHGDYDþ��3LVN��.�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG����������

1XNOHDUQH�VLOH�L�VLPHWULMH
3UHGDYDþ��âODXV��,�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX�����������

)L]LND�QD�VUHGQMLP�HQHUJLMDPD
3UHGDYDþ��âYDUF��$�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX�����������

(NVSHULPHQWDOQD�IL]LND�YLVRNLK�HQHUJLMD
3UHGDYDþ��9UDQLü��'�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 6YHXþLOLãWH� X
=DJUHEX����ãN�JRG�������������������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

)L]LND�,,,
3UHGDYDþ��%DWLQLü��0�
3HGDJRãNL� IDNXOWHW�� 6YHXþLOLãWH� X� 0RVWDUX�
����������

)L]LND��
3UHGDYDþ��&LQGUR��1�
)DNXOWHW� SULURGRVORYQR�PDWHPDWLþNLK� L� RGJRMQLK
]QDQRVWL��6SOLW��ãN��JRG��������������������

)L]LND
3UHGDYDþ��ýDSODU��5�
*UD HYLQVNL� IDNXOWHW�� 2VLMHN�� ãN�JRG�� ���������
��������

6HPLQDU�L]�DVWURQRPLMH�L�DVWURIL]LNH
3UHGDYDþ��0LOLQ��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW��=DJUHE�� ãN�� JRG�
��������

1XNOHDUQL�SUDNWLNXP
3UHGDYDþ��0LOLQ��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW��=DJUHE�� ãN�� JRG�
��������

6HPLQDU�L]�XYRGD�X�DVWURQRPLMX�L�DVWURIL]LNX
3UHGDYDþ��0LOLQ��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW��=DJUHE�� ãN�� JRG�
������������������

6HPLQDU�L]�DVWURIL]LNH����IL]LNH�]YLMH]GD
3UHGDYDþ��0LOLQ��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW��=DJUHE�� ãN�� JRG�
��������

(QHUJHWLND
3UHGDYDþ��0LOMDQLü�� �
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW��=DJUHE�� ãN�� JRG�
��������

(OHNWURPDJQHWVNL�YDORYL�L�RSWLND
3UHGDYDþ��3LVN��.�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW��=DJUHE�� ãN�� JRG�
������������������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

%RJGDQRYLü�5DGRYLü�� ,�� 7HFKQLVFKH� 8QLYHUVLWlW
0�QFKHQ��1MHPDþND����������������������UDG�QD
SUREOHPDWLFL� RGUH LYDQMD� SULVXVWYD� ��0Q
PHWRGRP�DNFHOHUDWRUVNH�PDVHQH�VSHNWURPHWULMH�

'XMPLü�� '�� 8QLYHUVLW\� RI� 7H[DV�� 3K\VLFV
'HSDUWPHQW�� $XVWLQ�� 7H[DV�� 6$'�� �������
������������� SRVOLMHGLSORPVNL� VWXGLM� ]D� VWMHFDQMH
VWXSQMD�GRNWRUD�]QDQRVWL�

.RUROLMD�� 0�� 3K\VLNDOLVFKHV� ,QVWLWXW� GHU� 5XSUHFKW
.DUO� 8QLYHUVLWlW� +HLGHOEHUJ�� +HLGHOEHUJ�
1MHPDþND�� �������������������� UDG� X� RNYLUX
]QDQVWYHQRJ�SURJUDPD�)23,�NRODERUDFLMH�

.UDMFDU� %URQLü�� ,�� 3K\VLNDOLVFK�7HFKQLVFKH
%XQGHVDQVWDOW�� %UDXQVFKZHLJ�� 1MHPDþND�
������������ �� ������������� �(OHFWURQ� LQWHUDFWLRQ



��

ZLWK� JDVHV�� JDV� PL[WXUHV� LQ� D� SURSRUWLRQDO
FRXQWHU���+XPEROGW�VWLSHQGLMD��

.UDMFDU�%URQLü��,��:DVHGD�8QLYHUVLW\��7RN\R��-DSDQ�
������������������������� 6UHGQMD� HQHUJLMD� :� L
)DQRY� IDNWRU� X� SOLQRYLPD�� 0HGLFDO� 6FKRRO�
<DPDJXFKL� 8QLYHUVLW\� LQ� 8EH�� -DSDQ�
������������������������� ,VWUDåLYDQMH� UHDNFLMH
L]PMHQH� QDERMD� +� �� 2�� �� +�� �� 2��� 6WLSHQGLMD
-636� �-DSDQHVH� 6RFLHW\� IRU� 3URPRWLRQ� RI
6FLHQFH��,QYLWHG�5HVHDUFK�)HOORZVKLS��

/MXELþLü�� $�� PO�� %URRNKDYHQ� 1DWLRQDO� /DERUDWRU\�
8SWRQ�� 6$'�� ������������������UDG� QD
HNVSHULPHQWX� 67$5� �6ROHQRLGDO� 7UDFNHU� DW
5+,&��

0DUXãLü�� $�� %URRNKDYHQ� 1DWLRQDO� /DERUDWRU\�
8SWRQ��6$'�� �������������������� VXGMHORYDQMH� X
]DYUãQLP� SULSUHPDPD� ]D� X]LPDQMH� SRGDWDND� L
L]YR HQMX�HNVSHULPHQWD�

2EHOLü�� %�� 8QLYHUVLWDW� $XWyQRPD� GH� %DUFHORQD�
%DUFHORQD�� âSDQMROVND�� �����������������������
9LVLWLQJ� SURIHVVRU� �ERUDYDN� ILQDQFLUDQ� RG� VWUDQH
NDWDORQVNH� YODGH�� D� X� RNYLUX� UDGD� QD� SURMHNWX
�%HDJOH�&KDQQHO�0DULQH�5HVRXUFHV�3ULRU� WR� WKH
,QGXVWULDO�([SORLWDWLRQ���

7DGLü�� 7��� 2VDND� 1DWLRQDO� 5HVHDUFK� ,QVWLWXWH�
2VDND�� -DSDQ���������������������� UDG� QD�3,;(
VSHNWURVNRSLML� V� :';� NULVWDOQLP� GHWHNWRULPD
YLVRNH�UH]ROXFLMH�

6WXGLMVNL� ERUDYFL� X� RNYLUX
PH XQDURGQH�VXUDGQMH�

$QWLþLü�� 7�� &(51�� äHQHYD�� âYLFDUVND�� �������
�������������UDG�QD�1$���HNVSHULPHQWX�

%DVUDN�� =��*6,�� 'DUPVWDGW�� 1MHPDþND� L� ,QVWLWXW� GH
5HFKHUFKHV� 6XEDWRPLTXHV�� 6WUDVERXUJ�
)UDQFXVND�� �������������������� VXGMHORYDQMH� X
PMHUHQMLPD� )23,� NRODERUDFLMH� L� X� PMHUHQMLPD
UHDNFLMD� ��2���2� L� ��1���2� QD� 4�'
VSHNWURPHWUX�

%DVUDN��=��68%$7(&+��1DQWHV��)UDQFXVND���������
������������� SURXþDYDQMH� GLQDPLþNLK� HIHNDWD� X
VXGDULPD�WHãNLK�LRQD�

&LQGUR�� 1�� ,QVWLWXWH� IRU� 1XFOHDU� 6FLHQFHV�� 7RN\R�
-DSDQ�� ����������������� ]QDQVWYHQR�LVWUDåLYDþNL
UDG� QD� SURXþDYDQMX� QXNOHDUQLK� PROHNXODUQLK
UH]RQDQFLMD�

&LQGUR�� 1�� ,QVWLWXW� I�U� 7KHRUHWLVFKH� 3K\VLN�� GHU
-RKDQQ� :ROIJDQJ� *RHWKH� 8QLYHUVLWlW�
)UDQNIXUW�0DLQ�� 1MHPDþND�� �������������������
]QDQVWYHQR�LVWUDåLYDþND�VXUDGQMD�

&LQGUR�� 1�� ,QVWLWXW� I�U� 7KHRUHWLVFKH� 3K\VLN�� GHU
-RKDQQ� :ROIJDQJ� *RHWKH� 8QLYHUVLWlW�
)UDQNIXUW�0DLQ�� 1MHPDþND�� �������������������
]QDQVWYHQR�LVWUDåLYDþND�VXUDGQMD�

ýDSODU��5��*6,��'DUPVWDGW�L�,QVWLWXW�I�U�7KHRUHWLVFKH
3K\VLN�GHU�-RKDQQ�:ROIJDQJ�*RHWKH�8QLYHUVLWlW�
)UDQNIXUW�0DLQ�� 1MHPDþND�� �������������������
]QDQVWYHQL� UDG� QD� SURXþDYDQMX� VXGDUD� WHãNLK
LRQD�L�QXNOHDUQH�MHGQDGåEH�VWDQMD�

ýDSODU�� 5�� *6,�� 'DUPVWDGW�� 1MHPDþND�� ����
������������� ]QDQVWYHQL� UDG� X� RNYLUX� SURMHNWD
ELODWHUDOQH�VXUDGQMH�

ýDSODU�� 5�� *6,�� 'DUPVWDGW�� 1MHPDþND�� �������
������������� SULSUHPD� L� UDG� QD� HNVSHULPHQWLPD
)23,�NRODERUDFLMH�

,YH]Lü�� 7�� &HQWUDO� 5HFHDUFK� ,QVWLWXWH� IRU� 3K\VLFV�
%XGLPSHãWD�� 0D DUVND�� ����������������
]QDQVWYHQR�LVWUDåLYDþND�VXUDGQMD�

-DNãLü�� 0�� 1DWLRQDO� 8QLYHUVLW\� RI� 6LQJDSRUH�
6LQJDSXU�� ������������������������ ]QDQVWYHQR�
LVWUDåLYDþND�VXUDGQMD�

.RUROLMD�� 0�� *6,� 'DUPVWDGW�� 1MHPDþND�� �������
������������� SULSUHPD� L� UDG� QD� HNVSHULPHQWLPD
)23,�NRODERUDFLMH�

.RUROLMD�� 0�� *6,�� 'DUPVWDGW� L� ,QVWLWXW� I�U
7KHRUHWLVFKH� 3K\VLN� GHU� -RKDQQ� :ROIJDQJ
*RHWKH� 8QLYHUVLWlW�� )UDQNIXUW�0DLQ�� 1MHPDþND�
�������������������� UDG� X� RNYLUX� )23,
NRODERUDFLMH�� SLVDQMH� VRIWZDUHD�� SRþHWDN� L]UDGH
:::�VWUDQLFD�NRODERUDFLMH�

/DNLü�� %�� &(51�� äHQHYD�� âYLFDUVND�� �������
������������� UDG� QD� PH XQDURGQRP
HNVSHULPHQWX�120$'�

3LVN�� .�� 8QLYHUVLW\� RI� 3LWWVEXUJK�� 3LWWVEXUJK�� 6$'�
�������������������� ]QDQVWYHQR�LVWUDåLYDþND
VXUDGQMD�

âODXV�� ,�� 'XNH� 8QLYHUVLW\�� 'XUKDP� L� *HRUJHWRZQ
8QLYHUVLW\��:DVKLQJWRQ�� 6$'�� ������ ±� ���������
DQDOL]D�HNVSHULPHQDWD�

âODXV��,��*HRUJHWRZQ�8QLYHUVLW\��:DVKLQJWRQ��'XNH
8QLYHUVLW\�� 'XUKDP�� 6$'�� VXGMHORYDQMH� X
LVWUDåLYDQMLPD�]DMHGQLþNRJ�]QDQVWYHQRJ�SURMHNWD�
�������±�����������

âODXV�� ,�� 8QLYHUVLW\� RI� /RV� $QJHOHV�� /RV� $QJHOHV�
6$'�� ������ ±� ������ ������� VXGMHORYDQMH� X
LVWUDåLYDQMLPD�]DMHGQLþNRJ�]QDQVWYHQRJ�SURMHNWD�

6RLü�� 1�� /DERUDWRULR� 1D]LRQDOH� GHO� 6XG�� &DWDQLD�
,WDOLMD�� �������������������� ]QDQVWYHQR�
LVWUDåLYDþND�VXUDGQMD�

6WLSþHYLü�� 0�� &(51�� äHQHYD�� âYLFDUVND�� �������
������������L���������������������VXGMHORYDQMH�X
UDGX�QD�PH XQDURGQRP�HNVSHULPHQWX�120$'�

6XSHN�� ,�� 6$'�� %URRNKDYHQ� 1DWLRQDO� /DERUDWRU\�
8SWRQ��������±��������������VXGMHORYDQMH�QD�%1/
HNVSHULPHQWX� L� LVWUDåLYDQMD�X�RNYLUX�NRODERUDFLMH
�&ULVWDO�%DOO��

âYDUF��$��8SSVDOD�8QLYHUVLW\��âYHGVND�������±�����
�������]QDQVWYHQD�VXUDGQMD�
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6]LOQHU�� 6�� ,QVWLWXW� GH� 5HFKHUFKHV� 6XEDWRPLTXHV�
6WUDVERXUJ�� )UDQFXVND�� �������������������
PMHUHQMH� XGDUQLK� SUHVMHND� UHDNFLMD� ��2���1� L
��2���&�

9UDQLü�� '�� &(51�� äHQHYD�� âYLFDUVND�� �������
�������������UDG�QD�1$���HNVSHULPHQWX�

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

�WK� ,17(51$7,21$/� 6<0326,80� 21
5$',$7,21�3+<6,&6

-DLSXU��,QGLMD��������������������
3ULOR]L�
��� .UþPDU�� 0��� .UHþDN�� =��� /MXELþLü�� $��� /RJDQ�

%�$���(IILFLHQF\�RI�WKH�FKDQQHO�HOHFWLRQ�PXOWLSOLHU
IRU�ORZ�HQHUJ\�$J�LRQV��SRVWHU

��� .UHþDN��=���.UþPDU��0���/MXELþLü��$���/RJDQ��%�$�
0HWKRG� IRU� GHFRPSRVLWLRQ� RI� SDUWLFOH� HQHUJ\
VSHFWUXP�GHWHFWHG�E\�FKDQQHO�HOHFWURQ�PXOWLSOLHU
GHYLFH��SRVWHU�

��� /MXELþLü�� $�� 1XFOHDU� H[FLWDWLRQ� LQ� DWRPLF
SURFHVVHV��SR]YDQR�SUHGDYDQMH�

6&,(17,),&� $1'� &8/785$/� &223(5$7,21� ,1
(8523(

6WXGHQW� VHFWLRQ� RI� &36�� =DJUHE�� +UYDWVND�� ���
�����������

3ULORJ�
��� 3LVN��.��0LVVLRQ�RI�WKH�,QWHU�8QLYHUVLW\�&HQWUH�±

,8&��'XEURYQLN��SUHGDYDQMH�

;9� +59$76.,� 6.83� .(0,ý$5$� ,� .(0,-6.,+
,1ä(1-(5$

2SDWLMD��+UYDWVND��������������������
3ULOR]L�
��� ýDOLü��5���+RUYDWLQþLü�� 1�� .HPLMVNR� LVNRULãWHQMH

RGMHOMLYDQMD�XUDQD� L� WRULMD� NRG� ���7K����8�PHWRGH
GDWLUDQMD��SRVWHU�

��� +RUYDWLQþLü�� 1�� 5DGLRDNWLYQL� L]RWRSL� �+� L� ��&� X
DWPRVIHUL� QD� SRGUXþMX� =DJUHED� L� 6OMHPHQD�
SRVWHU�

0$7+�&+(0�&203
��
'XEURYQLN��+UYDWVND����������������
3ULORJ�
��� 3LVN�� .�� &RQFHSW� RI� VSDFH� LQ� SK\VLFV�

SUHGDYDQMH�

��WK� $118$/� 0((7,1*� 2)� 7+(� 5$',$7,21
5(6($5&+�62&,(7<

3URYLGHQFH��5KRGH�,VODQG��6$'��������������������
3ULORJ�
��� .UDMFDU� %URQLü�� ,��� *URVVZHQGW�� %�� %HKDYLRU� RI

7(� JDVHV� DQG� '0(� LQ� D� ORZ�SUHVVXUH
SURSRUWLRQDO�FRXQWHU��SRVWHU�

+59$76.$� ����� ±� +59$76.$� ',-$6325$
�-8ý(5��'$1$6��6875$�

=DJUHE��+UYDWVND�����������������
3ULORJ�
��� 3LVN��.��=QDQRVW�L�PDOL�QDURGL��SUHGDYDQMH�

;9,� ,17(51$7,21$/� 5$',2&$5%21
&21)(5(1&(

*URQLQJHQ��1L]R]HPVND��������������������
3ULOR]L�
��� +RUYDWLQþLü�� 1��� ýDOLü�� 5��� *H\K��0�$�� ��&� DQG

���7K����8� GDWLQJ� RI� WXID� DQG� WKH� SDOHRFOLPDWLF
VLJQLILFDQFH��SRVWHU�

��� .UDMFDU� %URQLü�� ,��� +RUYDWLQþLü�� 1��� 2EHOLü�� %�
7ZR�GHFDGHV�RI�HQYLURQPHQWDO�LVRWRSH�UHFRUG�LQ
&URDWLD�� 5HFRQVWUXFWLRQ� RI� WKH� SDVW� DQG
SUHGLFWLRQ�RI�IXWXUH�OHYHOV��SRVWHU

�WK� <281*� ,19(67,*$7256� 6(0,1$5� 21
$1$/<7,&$/�&+(0,675<

*UD]��$XVWULMD���������������������
3ULORJ�
��� 9RNDO�� %���2EHOLü�� %���*HQW\��'��� .REDO�� ,�� 2QH

\HDU� GULSSLQJ� ZDWHU� FKHPLVWU\� LQ� WKH� 3RVWRMQD
FDYH��SRVWHU�

&21*5(62� ,17(51$&,21$/� '(
$0(5,&$1,67$6��6,0326,2�$54���

4XLWR��(NYDGRU��������������������
3ULOR]L�
��� 2EHOLü�� %��� 0DUFRV�� -�� /D� FURQRORJLD� DEVROXWD

GHO� (FXDGRU� 3UHKLVSiQLFR�� /D� FRPELQDFLyQ� GH
ODV� UHODFLRQHV�HVWUDWLJUiILFDV�\� ORV� IHFKDGRV�SRU
��&�\�7/��SUHGDYDQMH�

��� 3LDQD�� (��� 2EHOLü�� %��� $OYDUH]�� $��� $UJXOOyV�� -�
9DOYDV� DUTXHRORJLFDV� \� WHPSHUDWXUD� VXSHUILFLDO
GHO� FDQDO� %HDJOH�� 1XHYDV� DSUR[LPDFLRQHV� D� OD
H[WLQFLyQ�GHO�ORV�<iPDQD��SUHGDYDQMH�

;;,,,� ,17(51$7,21$/� &21)(5(1&(� 21
3+(120(1$�,1�,21,=('�*$6(6

7RXORXVH��)UDQFXVND��������������������
3ULORJ�
��� .UDMFDU� %URQLü�� ,��� *URVVZHQGW�� %�� ,RQL]DWLRQ

FRHIILFLHQW�LQ�DUJRQ�LVREXWDQH�PL[WXUHV��SRVWHU�

,17(51$7,21$/� 6<0326,80� 21� (/(&7521�
02/(&8/(� &2//,6,216� $1'� ,21� $1'
(/(&7521� 6:$506�� 6$7(//,7(
6<0326,80�2)�7+(�;;�,&3($&

(QJHOEHUJ��âYLFDUVND��������������������
3ULORJ�
��� .UDMFDU� %URQLü�� ,��� .LPXUD�� 0�� (OHFWURQ� HQHUJ\

GHJUDGDWLRQ� LQ� UDUH� JDVHV� DQG� WKHLU� PL[WXUHV�
VZDUP�VWXGLHV��SR]YDQR�SUHGDYDQMH�

,17(51$7,21$/� 6&+22/� 2)� 3+<6,&6
�(15,&2�)(50,�

9DUHQQD��,WDOLMD��������������������
3ULORJ�
��� &LQGUR��1��+LGGHQ�LQWHUPHGLDWH�GLQXFOHDU�VWDWHV

LQ�FROOLVLRQV�RI�PHGLXP�ZHLJKW�QXFOHL��VHPLQDU�

;;� ,17(51$7,21$/� &21)(5(1&(� 21� 7+(
3+<6,&6� 2)� (/(&7521,&� $1'� $720,&
&2//,6,216��,&3($&�

%Hþ��$XVWULMD��������������������
3ULOR]L�
��� .DOLPDQ��=���6XULü��7���3LVN��.���3UDWW��5�+��8WLOLW\

RI� LPSXOVH�DSSUR[LPDWLRQ� LQ�&RPSWRQ�VFDWWHULQJ
±�OHVVRQV�IURP�WKH�PRUH�GLIIHUHQWLDO�REVHUYDEOHV�
SRVWHU�
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��� .UDMFDU� %URQLü�� ,��� *URVVZHQGW�� %�� ,RQL]DWLRQ
FRHIILFLHQW� LQ� SURSDQH� DQG� DUJRQ�SURSDQH
PL[WXUHV��SRVWHU�

��WK� ,17(51$7,21$/� &21)(5(1&(� 21� ,21
%($0�$1$/<6,6

/LVDERQ��3RUWXJDO���������������������
3ULOR]L�
��� -DNãLü��0���)D]LQLü��6���7DGLü��7���%RJRYDF��0��

%RJGDQRYLü�� ,��� 3DVWXRYLü�� ä�� ,%,&� VWXG\� RI
FKDUJH� FROOHFWLRQ� SURSHUWLHV� LQ� 6L�/L�� GHWHFWRUV�
SUHGDYDQMH�

��� 3DVWXRYLü�� ä��� 7DGLü�� 7��� -DNãLü�� 0��� 2OLDL\�� 3�
'HYLDWLRQV�IURP�5XWKHUIRUG�EDFNVFDWWHULQJ�RO��/L
LRQV� IURP� IOXRULQH� EHWZHHQ� ���� DQG� �� 0H9��
SRVWHU�

��� 7DGLü�� 7��� 0RNXQR�� <��� +RULQR�� <��� )XMLL�� .��
-DNãLü�� 0�� (QHUJ\� VWUDJJOLQJ� LQGXFHG� HUURUV� LQ
KHDY\�LRQ�3,;(�DQDO\VLV��SRVWHU�

�7+� ,17(51$7,21$/� 6<0326,80� 21
3$/(2/,012/2*<

5LHGOLQJHQ��1MHPDþND��������������������
3ULORJ�
��� +RUYDWLQþLü�� 1��� 6UGRþ�� '�� $� VWXG\� RI

SK\VLFRFKHPLFDO� DQG�SDOHRFOLPDWRORJLFDO� IDFWRUV
LQ�WXID�GHSRVLWV��SRVWHU�

$720,&��18&/($5�$1'�0(7$//,&�&/867(56
3UDJ��ýHãND����������������
3ULORJ�
��� %HWiN�� (��� ýDSODU�� 5�� ,VRWRSLF� HIIHFWV� LQ

SUHHTXLOLEULXP�FOXVWHU�HPLVVLRQ��SRVWHU�

,17(51$7,21$/� 81,21� 2)� 0$7(5,$/
5(6($5&+� 62&,(7,(6� �,8056��
,17(51$7,21$/�&21)(5(1&(�,1�$6,$����

&KLED��-DSDQ��������������������
3ULORJ�
��� 7DGLü�� 7��� 0RNXQR�� <��� )XMLL�� .��� +RULQR�� <��

%UQLþHYLü�� 1��� %DãLF�� ,��� 3ODQLQLü�� 3��� -DNãLü�� 0�
$SSOLFDWLRQ� RI� FKHPLFDO� HIIHFWV� LQ� ;�UD\� VSHFWUD
IRU�FKDUDFWHUL]DWLRQ�RI�KLJK�7&�VXSHUFRQGXFWRUV�
SUHGDYDQMH�

��WK�,(((�5($/�7,0(�&21)(5(1&(
%HDXQH��)UDQFXVND����������������
3ULORJ�
/MXELþLü�� $��� -U�� 'HVLJQ� DQG� LPSOHPHQWDWLRQ� RI� WKH

67$5�H[SHULPHQW
V�'$4��SUHGDYDQMH�

-$3$1(6(�3+<6,&$/�62&,(7<�0((7,1*
.REH��-DSDQ����������������������
3ULORJ�
��� .UDMFDU�%URQLü�� ,��:�YDOXH�DQG� WKH�)DQR� IDFWRU

IRU� HOHFWURQV� LQ� JDVHV� DQG� WKHLU� FRUUHODWLRQ�
SR]YDQR�SUHGDYDQMH�

��WK�-$3$1�3,;(�&21)(5(1&(
7DNDVDNL��-DSDQ�����������������
3ULOR]L�
��� 7DGLü�� 7��� 0RNXQR�� <��� +RULQR�� <��� -DNãLü�� 0�

*HRPHWULFDO� DEEHUDWLRQV� LQ� YRQ� +DPRV� DQG
SODQH�%UDJJ�FU\VWDO�GHWHFWRUV��SUHGDYDQMH�

'(021�&2//$%25$7,21�0((7,1*
9DUãDYD��3ROMVND����������������
3ULORJ�
��� %DVUDN�� =�� /DQGDX�9ODVRY� PRGHO� DQG� VPDOO

DQJOH�FRUUHODWLRQV��SR]YDQR�SUHGDYDQMH�

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

)D]LQLü�� 6�� ,QWHUQDWLRQDO� $WRPLF� (QHUJ\� $JHQF\�
%Hþ��$XVWULMD��������������������

-DNãLü�� 0�� ,$($� $GYLVRU\� JURXS� PHHWLQJ� RQ
HVWDEOLVKPHQW� RI� UHJLRQDO� DFFHOHUDWRU� FHQWHUV
DQG� XVHU� QHWZRUNV�� %Hþ�� $XVWULMD�� ����������
�����

-DNãLü��0�� ,$($�HNVSHUW��8QLYHUVLW\�RI�VFLHQFH�DQG
WHFKQRORJ\��.XPDVL��*DQD����������������

2EHOLü�� %�� =QDQVWYHQL� WDMQLN� PH XQDURGQRJ
NRQJUHVD� �&RQWULEXWLRQ� RI� WKH� 6FLHQFH� DQG
7HFKQRORJ\�WR�WKH�3URWHFWLRQ�RI�&XOWXUDO�+HULWDJH
LQ� WKH� 0HGLWHUUDQHDQ� %DVLQ�� �7XQLV�� ���
������������ X� RUJDQL]DFLML� (XURSVNH�.RPLVLMH� L]
%UX[HOOHVD��'HOHJDWLRQ�;,,��,1&2�'&��

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLP�XVWDQRYDPD�

%DVUDN�� =�� 'LQDPLþNH� VLPXODFLMH� WHãNRLRQVNLK
VXGDUD��68%$7(&+��1DQWHV��)UDQFXVND�

%DVUDN��=��6]LOQHU��6���,VWUDåLYDQMH�MDNR�GHIRUPLUDQLK
VWDQMD� X� ODNLP� MH]JUDPD�� ,5H6� 6WUDVERXUJ�
)UDQFXVND�

&LQGUR�� 1�� )L]LND� WHãNLK� LRQD� ±� ,VWUDåLYDQMH
QXNOHDUQH� WYDUL� SRG� HNVWUHPQLP� XYMHWLPD�� ,%
%0)7� %RQQ� L� ,7)� 8QLYHUVLWlW� )UDQNIXUW�0�
1MHPDþND�

&LQGUR�� 1�� 5H]RQDQFLMH� X� WHãNRLRQVNLP� VXGDULPD�
6XUDGQMD� $OSH�-DGUDQ�� =DJUHE�7UVW�3DGRYD
�/HJQDUR���,WDOLMD

ýDSODU��5��)L]LND� WHãNLK� LRQD�±�5HODWLYLVWLþNL� VXGDUL
WHãNLK� LRQD�� ,%� %0)7� %RQQ� L� *6,� 'DUPVWDGW�
1MHPDþND�

-DNãLü��0�8VH� RI� SURWRQ�PLFURSUREH�3,;(�DQDO\VLV
DQG� RWKHU� DFFHOHUDWRU� EDVHG� WHFKQLTXHV� IRU� WKH
TXDOLW\� FRQWURO� RI� VWDQGDUG� UHIHUHQFH� PDWHULDOV�
,QWHUQDWLRQDO� $WRPLF� (QHUJ\� $JHQF\�� %Hþ�
$XVWULMD�

2EHOLü��%��3UDüHQMH�L]RWRSQRJ�VDVWDYD���+���+����2�
RERULQD��,$($�:02�

âYDUF��$��$PHULþNR�KUYDWVNL�PH XGUåDYQL�ELODWHUDOQL
XJRYRU� -)� ����� )HZ� ERG\� LQWHUDFWLRQV� LQYROYLQJ
QXFOHRQV��LQFOXGLQJ�SURGXFWLRQ�RI�SLRQV�DQG�HWDV�

âODXV�� ,�� $PHULþNR�KUYDWVNL�PH XGUåDYQL� ELODWHUDOQL
XJRYRU� -)� ����� 6\PPHWU\� VWXGLHV�� QHXWURQ� DQG
HWD�SK\VLFV�
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3RVMHW�LQR]HPQLK�VWUXþQMDND�,5%�X�

6LOYLR� &KHUXELQL�� /DERUDWRULR� 1D]LRQDOH� GHO� 6XG�
&DWDQLD��,WDOLMD�����������������

3LHU�3DROR�)LJXHUD��/DERUDWRULR�1D]LRQDOH�GHO�6XG�
&DWDQLD��,WDOLMD�����������������

(WWRUH�9LWWRQH��'LSDUWLPHQWR�GL�)LVLFD�6SHULPHQWDOH�
8QLYHUVLWD� GL� 7RULQR�� 7RULQR�� ,WDOLMD�� ����
����������

$XURUD� 7XPLQR�� /DERUDWRULR� 1D]LRQDOH� GHO� 6XG�
&DWDQLD��,WDOLMD�����������������

6WHIDQR� 5RPDQR�� /DERUDWRULR� 1D]LRQDOH� GHO� 6XG�
&DWDQLD��,WDOLMD�����������������

0DULQD� 'DUJLH�� ,$($� /DERUDWRULHV�� 6HLEHUVGRUI�
$XVWULMD������������������

6LOYLR� *DODVVLQL�� ,VWLWXWR� GL� &KLPLFD� %LRORJLFD�
8QLYHUVLWD� GL� 9HURQD�� 9HURQD� ,WDOLMD�� ����� ���
�������

%XQU\X� ,PDQLVKL�� ,QVWLWXWH� IRU� 1XFOHDU� 6WXGLHV�
7RN\R��-DSDQ�����������������

(XJHQ\� *�� 'UXNDUHY�� 3HWURYJUDGVNL� LQVWLWXW
QXNOHDUQH� IL]LNH�� 3HWURYJUDG�� 5XVLMD�� ����
����������������������������

$QWRQHOOD� 7DMDQL�� ,$($� /DERUDWRULHV�� 6HLEHUVGRUI�
$XVWULMD����������������

-RQDWKDQ� 3�� &DUQH\�� 8QLYHUVLW\� RI� 3LWWVEXUJK�
3LWWVEXUJK��6$'�����������������

-HURPH�/��'XJJDQ��1RUWK�7H[DV�8QLYHUVLW\��'HQWRQ�
7H[DV��6$'�������������

*�� %HOOLVROD�� 'LSDUWLPHQWR� GL� &KLPLFD� &OLQLFD�
8QLYHUVLWD� GL� 9HURQD�� 9HURQD�� ,WDOLMD�� �������
��������

=QDQVWYHQL� VNXSRYL� X� RUJDQL]DFLML
,5%�D�

,17(51$7,21$/� :25.6+23� 21� 1(:� ,'($6
21�&/867(5,1*� ,1� $720,&� $1'�18&/($5
3+<6,&6�� 6FKORVV� 5DXLVFKKRO]KDXVHQ�
1MHPDþND����������������
&LQGUR��1���VXSUHGVMHGDWHOM
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=$92'�=$�),=,.8�0$7(5,-$/$
',9,6,21�2)�0$7(5,$/6�3+<6,&6
GU��VF��%UDQNR�3LYDF��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD�

/DERUDWRULM�]D�SROXYRGLþH�L�VURGQH�PDWHULMDOH��GU��VF��%UDQNR�3LYDF��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�WDQNH�ILOPRYH��GU��VF��1LNROD�5DGLü��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�PROHNXOVNX�IL]LNX��GU��VF��.UHãLPLU�)XULü��YRGLWHOM�ODERUDWRULMD

7DMQLãWYR��9HVQD�=DMLþHN��GLSO��SURI���WDMQLFD���OHNWRU

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

,675$ä,9$1-(�'()(.$7$�1(85( (1(�85( (1(
0$7(5,-(�,�02/(.8/$��,17(5$.&,-(�,�',1$0,.$

678'<�2)�'()(&76�2)�',625'(5('�25'(5('�0$77(5
$1'�02/(&8/(6��,17(5$&7,216�$1'�'<1$0,&6

'LUHNWRU�SURJUDPD��GU��VF��%UDQNR�3LYDF

7HPH�X�VDVWDYX�SURJUDPD�
,VWUDåLYDQMH�GHIHNDWD�X�SROXYRGLþLPD�L�L]RODWRULPD��GU�VF��%UDQNR�3LYDF��YRGLWHOM�WHPH

$PRUIQL�WDQNL�ILOPRYL��GU��VF��1LNROD�5DGLü��YRGLWHOM�WHPH
5DVSUãHQMH�VYMHWOD��LQWHUDNFLMH�L�GLQDPLND�PDWHULMH��GU��VF��.UHãLPLU�)XULü��YRGLWHOM�WHPH

3URJUDP�UDGD�

3RND]DOL� VPR� SRVWRMDQMH� VHJUHJDFLMH� NLVLND� X]� VWUXNWXUQH� GHIHNWH� X� SROL�6L�� QMHJRYX� QHVWDELOQRVW� WH
GRND]DOL� GD� VH� QHUDYQRWHåQL� SURFHVL� NDR�57$�PRJX� YUOR� XþLQNRYLWR� NRULVWLWL� ]D� JHWHULQJ� L� LVWRGREQR
IRUPLUDQMH�S�Q�VSRMD��,VWUDåLYDOL�VPR�GHIHNWQH�VWUXNWXUH�QDVWDOH�LRQVNLP�ERPEDUGLUDQMHP�6L�L�*D$V��NDR
L�QMLKRY�RSRUDYDN��3RVWDYOMHQ� MH�PRGHO�NRML�RPRJXüXMH�NYDQWLWDWLYQX�NRUHODFLMX�5%6� L�5DPDQ�DQDOL]H
WDNYLK�PDWHULMDOD��5D]OLþLWLP�VPR�PHWRGDPD�LVWUDåLYDOL�VWUXNWXUQH�GHIHNWH�X�*D1��ILOPRYLPD�6L[2\1]�+
SULSUDYOMHQLPD� SRVWXSNRP� 3(&9'�� NDR� L� RSWLþND� VYRMVWYD� NULVWDOD� )H6L��� 6LQWHWL]LUDOL� VPR� QRYH
YLãHNRPSRQHQWQH� SROXYRGLþH� L� LVWUDåLYDOL� QMLKRYD� RSWRHOHNWURQLþND� L� DNXVWRSWLþND� VYRMVWYD�� 5DGLOD� VH
QXPHULþND� DQDOL]D� XWMHFDMD� VWUXNWXUQRJD�� NRPSR]LFLMVNRJD� L� WRSRORãNRJ� QHUHGD� QD� RSWLþND� VYRMVWYD
PDWHULMDOD�� ,VWUDåLYDOL� VPR� QDþLQ� GRELYDQMD� QDQRþHVWLFD� 7L2�� L� WHPHOMQD� VYRMVWYD� QD� WDM� QDþLQ
SULSUDYOMHQRJ�PDWHULMDOD�
,VWUDåLYDOL�VPR�VWUXNWXUH�)H�IRVIDWQLK� L�3%*�VWDNDOD��SRWRP�RYLVQRVW� VWUXNWXUH�)H3�R�VDVWDYX�VWDNOD�
SRJODYLWR�RYLVQRVW�R�NRQFHQWUDFLML�LRQD�)H�,,��L�)H�,,,��
3RVWXSNRP�PDJQHWURQVNH�NRGHSR]LFLMH�SULSUDYOMHQL�VX�WDQNL�ILOPRYL�VOLWLQD�DOXPLQLMD�L�YROIUDPD��0MHUHQD
MH�PLNURWYUGRüD��HOHNWULþQL�RWSRU� L� WHPSHUDWXUQL�NRHILFLMHQW�HOHNWULþQRJ�RWSRUD�� ,]JUD HQD�MH�NRPRUD�]D
PMHUHQMH� HOHNWULþQRJ� RWSRUD� X� YDNXXPX� GR� ����� .�� 0MHUHQMHP� RYLVQRVWL� HOHNWULþQRJ� RWSRUD� R
WHPSHUDWXUL��WH�RGUH LYDQMHP�VWUXNWXUH�ILOPRYD�XVWDQRYOMHQH�VX�WHPSHUDWXUH�NULVWDOL]DFLMH�X�RYLVQRVWL�R
VDVWDYX��5HDNWLYQLP�PDJQHWURQVNLP�UDVSUDãHQMHP�SULSUDYOMHQL�VX�WDQNL�ILOPRYL�VOLWLQD�YROIUDPD�L�XJOMLND�
6WUXNWXUD� GRELYHQLK� ILOPRYD� VPMHVD� MH�:�&� L� :&��[� VXSNDUELGD� WH� QHYH]DQRJ� XJOMLND�� 7DNR HU� VX
SULSUDYOMHQL� VORMHYL� DPRUIQLK� KLGULUDQLK� VOLWLQD� VLOLFLM�XJOMLN�� 8VWDQRYOMHQH� VX� QDNXSLQH� XJOMLND� X
GLMDPDQWVNRM� ID]L�� 0HWRGRP� /,)� XWYU HQ� MH� ]QDþDMDQ� XWMHFDM� UDVSUDãHQLK� þHVWLFD� QD� HQHUJLMVNX
UDVSRGMHOX�LRQD�DUJRQD�L�SURFHVH�YDåQH�]D�RGYLMDQMH�PDJQHWURQVNRJD�HOHNWULþQRJ�L]ERMD�
9LEUDFLMVND�GLQDPLND� L� GLQDPLND�PDWHULMH�X� LQWHUDNFLML� V� LQWHQ]LYQLP� ODVHUVNLP�]UDþHQMHP� LVWUDåXMH�VH
SUHWHåLWR� PHWRGDPD� 5DPDQRYH� L� LQIUDFUYHQH� VSHNWURVNRSLMH�� VYMHWORVQRP� L� HOHNWURQVNRP
PLNURVNRSLMRP�WH�PHWRGDPD�UDVSUãHQMD��8WYU HQR�MH�SRVWRMDQMH�YUWORåQLK�QLWQLK�VWUXNWXUD�X�UDVWDOMHQLP
PHWDOQLP� SRYUãLQDPD� WH� DQDOL]LUDQD� SHULRGLþQD� L� NDRWLþQD� JLEDQMD� QD� UDVWDOMHQRM� WDQWDORYRM� L
PROLEGHQRYRM�SRYUãLQL�



��

,]XþHQL� VX� XYMHWL� IRUPLUDQMD� L� VWDELOQRVWL� UD]QLK� ID]D� =U2��� 1LVNRIUHNYHQWQH� YLEUDFLMH� GYD
GLVXSVWLWXLUDQD�EHQ]RIHQRQD�XVSMHãQR�VX�UHSURGXFLUDQH�UDþXQRP�UHãHWNH�]D�SROXNUXWH�PROHNXOH�
5H]XOWDWL�LVWUDåLYDQMD�QD�SURJUDPX�REMDYOMHQL�VX�X�SUHNR����þODQDND�X�þDVRSLVLPD�L�]ERUQLFLPD�

5HVHDUFK�SURJUDPPH�

:H�KDYH�VKRZQ�R[\JHQ�VHJUHJDWLRQ�DW�VWUXFWXUDO�GHIHFWV�LQ�SRO\�6L��LWV�LQVWDELOLW\��DQG�WKDW�SURFHVVHV
VXFK�DV�57$�PLJKW�EH�HIIHFWLYHO\�XVHG�IRU�JHWWHULQJ�DQG�S�Q�MXQFWLRQ�IRUPDWLRQ��'HIHFWV�IRUPHG�XSRQ
LRQ� LPSODQWDWLRQ� LQ�6L�DQG�*D$V�KDYH�EHHQ�VWXGLHG��DORQJ�ZLWK� WKHLU� UHFRYHU\��$�PRGHO� LV�SURSRVHG
WKDW� HQDEOHV� RQH� WR� PDNH� TXDQWLWDWLYH� FRUUHODWLRQ� EHWZHHQ� 5%6� DQG� 5DPDQ� DQDO\VLV� RI� VXFK
VWUXFWXUHV��8VLQJ� YDULRXV�PHWKRGV�� ZH� KDYH� VWXGLHG� VWUXFWXUDO� GHIHFWV� LQ�*D1�� WKLQ�6L[2\1]�+� ILOPV
IRUPHG� E\� 3(&9'� DQG� RSWLFDO� SURSHUWLHV� RI� )H6L��� 1HZ� PXOWLQDU\� VHPLFRQGXFWRUV� KDYH� EHHQ
V\QWKHVL]HG�DQG�WKHLU�RSWRHOHFWURQLF�DQG�DFRXVWRRSWLFDO�SURSHUWLHV�VWXGLHG��1XPHULFDO�DQDO\VLV�RI�WKH
LPSDFW�RI�VWUXFWXUDO�FRPSRVLWLRQDO�DQG�WRSRORJLFDO�GLVRUGHU�RQ�RSWLFDO�SURSHUWLHV�RI�PDWHULDO�KDV�EHHQ
SHUIRUPHG��'LIIHUHQW�PHWKRGV� IRU�QDQRSKDVH�7L2��V\QWKHVLV�KDYH�EHHQ�VWXGLHG�DORQJ�ZLWK� WKH�EDVLF
SURSHUWLHV� RI� VXFK� SUHSDUHG� PDWHULDO�� 6WUXFWXUDO� SURSHUWLHV� RI� )H3� DQG� 3%*� JODVVHV� KDYH� EHHQ
VWXGLHG�
7KLQ� DPRUSKRXV� ILOPV� RI� DOXPLQXP�WXQJVWHQ� DOOR\V� KDYH� EHHQ� SUHSDUHG� E\� WKH� PDJQHWURQ
FRGHSRVLWLRQ� WHFKQLTXH�� 0LFURKDUGQHVV�� HOHFWULF� UHVLVWLYLW\� DQG� WKH� WHPSHUDWXUH� FRHIILFLHQW� RI� WKH
HOHFWULF� UHVLVWLYLW\� KDYH� EHHQ� PHDVXUHG�� $� VSHFLDO� YDFXXP� FKDPEHU� KDV� EHHQ� FRQVWUXFWHG� IRU� WKH
PHDVXUHPHQW� RI� WKH� HOHFWULF� UHVLVWDQFH� XS� WR� ����� .� LQ� YDFXXP�� )URP� WKH� PHDVXUHPHQWV� RI� WKH
WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� HOHFWULF� UHVLVWDQFH� DQG� WKH� ILOP� VWUXFWXUH� WKH� FU\VWDOOL]DWLRQ
WHPSHUDWXUHV�RI�DPRUSKRXV�ILOPV�KDYH�EHHQ�GHWHUPLQHG�IRU�WKH�ZKROH�UDQJH�RI�DPRUSKLFLW\��7KLQ�ILOPV
RI�WXQJVWHQ�FDUERQ�DOOR\V�KDYH�EHHQ�SUHSDUHG�E\�UHDFWLYH�PDJQHWURQ�VSXWWHULQJ��7KH�SUHSDUHG� ILOPV
FRQWDLQHG� :�&� DQG� :&��[� WXQJVWHQ� VXEFDUELGHV� DQG� IUHH� FDUERQ�� 7KLQ� DPRUSKRXV� ILOPV� RI
K\GURJHQDWHG�VLOLFRQ�FDUERQ�DOOR\V�KDYH�EHHQ�SUHSDUHG�VLPLODUO\��DQG�FOXVWHUV�RI�GLDPRQG�OLNH�FDUERQ
KDYH�EHHQ�REVHUYHG��:LWK�WKH�/,)�PHWKRG��VLJQLILFDQW�HIIHFWV�RI�VSXWWHUHG�DWRPV�XSRQ�WKH�DUJRQ�LRQ
GLVWULEXWLRQV�DQG�XSRQ�WKH�VFDWWHULQJ�SURFHVVHV�LQ�PDJQHWURQ�SODVPD�KDYH�EHHQ�REVHUYHG�
9LEUDWLRQDO�G\QDPLFV�DQG�G\QDPLFV�RI�PDWWHU�LQ�WKH�LQWHUDFWLRQ�ZLWK�DQ�LQWHQVH�ODVHU�EHDP�KDYH�EHHQ
LQYHVWLJDWHG�PDLQO\�E\�PHDQV�RI�5DPDQ�DQG�LQIUDUHG�VSHFWURVFRS\��OLJKW�DQG�HOHFWURQ�PLFURVFRS\�DQG
VFDWWHULQJ�PHWKRGV�� 7KH� H[LVWHQFH� RI� YRUWH[� ILODPHQW� VWUXFWXUHV� LQ�PROWHQ�PHWDO� VXUIDFHV� KDV� EHHQ
HVWDEOLVKHG�� DQG� SHULRGLF� DQG� FKDRWLF�PRWLRQV� RI� PROWHQ� WDQWDOXP� DQG�PRO\EGHQXP� VXUIDFHV� KDYH
EHHQ�DQDO\]HG��&RQGLWLRQV�RI� IRUPDWLRQ� DQG� VWDELOLW\� RI� YDULRXV� SKDVHV� RI� =U2�� KDYH� EHHQ� VWXGLHG�
/RZ�IUHTXHQF\�YLEUDWLRQV�RI�WZR�GLVXEVWLWXWHG�EHQ]RSKHQRQHV�KDYH�EHHQ�VXFFHVVIXOO\�UHSURGXFHG�E\
ODWWLFH�G\QDPLFV�FDOFXODWLRQ�IRU�VHPL�ULJLG�PROHFXOHV�
5HVHDUFK� UHVXOWV� REWDLQHG� ZLWKLQ� WKLV� SURJUDPPH� KDYH� EHHQ� SXEOLVKHG� LQ�PRUH� WKDQ� ��� SDSHUV� LQ
MRXUQDOV�DQG�SURFHHGLQJV�

,675$ä,9$1-(�'()(.$7$�8�32/892',ý,0$�,�,=2/$725,0$
678'<�2)�'()(&76�,1�6(0,&21'8&7256�$1'�,168/$7256
9RGLWHOM�WHPH��GU��VF��%UDQNR�3LYDF

6XUDGQLFL�QD�WHPL�

'XQMD�,GD�'HVQLFD��GRNWRULFD�IL]��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
8URã�'HVQLFD��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
3DYR�'XEþHN��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
%RåLGDU�(WOLQJHU��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
$QGUHD�0RJXã�0LODQNRYLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
0ODGHQ�3DYORYLü��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW
%UDQNR�3LYDF��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
%UDQNR�âDQWLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
$OHNVDQGUD�7XUNRYLü��GRNWRULFD�IL]��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
1DWNR�8UOL��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

6XUDGQLN�L]�GUXJH�XVWDQRYH�

0ODGHQ�.UDQMþHF��GRNWRU�IL]��]QDQRVWL��GRFHQW��*HRWHKQLþNL�IDNXOWHW��9DUDåGLQ



��

3URJUDP�UDGD�L�UH]XOWDWL�

3RND]DOL� VPR� SRVWRMDQMH� ]QDþDMQH� VHJUHJDFLMH� NLVLND� X]� VWUXNWXUQH� GHIHNWH� X� ()*� SROL�6L� ERJDWRP
XJOMLNRP��QDVWDORJ�WLMHNRP�UDVWD�NULVWDOD��7DNR�VHJUHJLUDQ�NLVLN�QLMH�VWDELODQ�L�UDVSDGD�VH�YHü�QD�QLåLP
WHPSHUDWXUDPD� RGJULMDYDQMD�� 2SWLþNLP� PHWRGDPD� LVWUDåLOL� VPR� GLQDPLNX� UDVSDGDQMD� QD� UD]OLþLWLP
WHPSHUDWXUDPD�
7DNR HU�VPR�QD�UD]OLþLWLP�PDWHULMDOLPD�SROL�6L�SRND]DOL�GD�VH�QHUDYQRWHåQL�SURFHVL� �NDR�57$��PRJX
YUOR�XþLQNRYLWR�NRULVWLWL�]D�HIHNW�JHWHULQJD�X�SROL�6L�PDWHULMDOLPD�YDåQLPD�]D�VRODUQH�üHOLMH��7DM�SRVWXSDN
RVLP�JHWHULQJD�XMHGQR�VOXåL�L�]D�YUOR�EU]R�L�GMHORWYRUQR�IRUPLUDQMH�VSRMD�S�Q�
3RND]DOL� VPR� GD� VH�PLNUR�,5� VSHNWURVNRSLMD� X� SRVHEQRM� JHRPHWULML�PRåH� YUOR� XþLQNRYLWR� NRULVWLWL� ]D
DQDOL]X�YUOR� WDQNLK�RNVLGQLK�VORMHYD�X�6L�� ,VWUDåLYDOL�VPR�VORMHYH�6L2��GHEOMLQH�RG���GR����QP�XQXWDU
YROXPHQD�VLOLFLMD�
,VWUDåLYDOL� VPR� SDUDPDJQHWVNH� L� RVWDOH� GHIHNWH� QDVWDOH� ERPEDUGLUDQMHP� VLOLFLMD� V� LRQLPD� +�� 6L� L� .U�
,VWUDåLYDOL�VPR�QDVWDMDQMH�DPRUIQRJ�VLOLFLMD� LPSODQWDFLMRP�6L� L�.U�X�6L� L�QMHJRYX�UHODNVDFLMX�JULMDQMHP�
7DNR HU� VPR� SRND]DOL� GD� (35� PRåH� XþLQNRYLWR� DQDOL]LUDWL� WDNYH� SRMDYH�� ,VWUDåLYDOL� VPR� UD]OLþLWH
GHIHNWQH�VWUXNWXUH�QDVWDOH� LPSODQWDFLMRP�+�X�6L��NDR� L�NRPSOHNVQH�GHIHNWH�QDVWDOH�QDNRQ� WHUPLþNRJ
RGJULMDYDQMD�
5D]OLþLWLP� VPR� PHWRGDPD� LVWUDåLYDOL� VWUXNWXUQH� GHIHNWH� X� ILOPRYLPD� 6L[2\1]�+� SULSUDYOMHQLPD
SRVWXSNRP�3(&9'��NDR�L�SRVOMHGLFH�WHUPLþNLK�WUHWPDQD�QD�WDNYH�ILOPRYH�
5D]QLP�VPR�PHWRGDPD�LVWUDåLYDOL�RSWLþND�VYRMVWYD�NULVWDOD�)H6L��
,VWUDåLYDOL�VPR�UHG�QHUHG�HIHNWH�X�*D$V�QDVWDOH�LRQVNLP�ERPEDUGLUDQMHP�X�YHOLNRP�UDVSRQX�GR]D��WH
QMLKRYR� WHUPLþNR� RSRUDYOMDQMH�� 3RVWDYOMHQ� MH� PRGHO� NRML� RPRJXüXMH� NYDQWLWDWLYQX� NRUHODFLMX� 5%6�D� L
5DPDQ�DQDOL]H��8MHGQR�VPR�LVWUDåLYDOL�GXERNH�QLYRH�X�6,�*D$V�SXWHP�76&��3RND]DQH�VX�SUHGQRVWL
NRPSOHNVQH�DQDOL]H�76&�VSHNWDUD�
0LNURVNRSVNR�VPMHãWDQMH�LQGLMD�X�&G6�LVWUDåLYDOR�VH�SRPRüX�3$&��D�XWMHFDM�QD�PDNURVNRSVND�VYRMVWYD
RGUH LYDR�VH�SRPRüX�+DOO�PMHUHQMD��UDGLOR�VH�QD�PRGHOX�QHXWUDOL]LUDQMD�GRQRUD�X�SROXYRGLþLPD�,,�9,�
,VWUDåLYDOL�VPR�GRPLQDQWQH�GHIHWNH�X�*D1�PHWRGRP�3/�
6LQWHWL]LUDOL�VPR�QRYH�YLãHNRPSRQHQWQH�SROXYRGLþH��L�LVWUDåLYDOL�QMLKRYD�RSWRHOHNWURQLþND�L�DNXVWRSWLþND
VYRMVWYD�� 1XPHULþNL� VPR� DQDOL]LUDOL� XWMHFDM� VWUXNWXUQRJD�� NRPSR]LFLMVNRJD� L� WRSRORãNRJ� QHUHGD� QD
RSWLþND�VYRMVWYD�PDWHULMDOD�
,VWUDåLYDR�VH�QDþLQ�GRELYDQMD�QDQRþHVWLFD�7L2��L�RVQRYQD�VYRMVWYD�WDNR�SULSUDYOMHQRJ�PDWHULMDOD��NDR�L
VRODUQH�üHOLMH�WHPHOMHQH�QD�&H2��
,VWUDåLYDOL�VPR�VWUXNWXUH�)H�IRVIDWQLK�L�3%*�VWDNDOD��RYLVQRVW�VWUXNWXUH�)H3�R�VDVWDYX�VWDNOD��SRJODYLWR
RYLVQRVW�R�NRQFHQWUDFLML� LRQD�)H�,,�� L�)H�,,,���NDR� L�QDVWDMDQMH� UD]OLþLWLK�NULVWDOQLK� ID]D� WLMHNRP�SURFHVD
NULVWDOL]DFLMH�QD�UD]OLþLWLP�WHPSHUDWXUDPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

:H�KDYH�VKRZQ�WKH�H[LVWHQFH�RI�VLJQLILFDQW�R[\JHQ�VHJUHJDWLRQ�FORVH�WR�WKH�VWUXFWXUDO�GHIHFWV�LQ�()*
FDUERQ�ULFK� SRO\�6L�� IRUPHG� GXULQJ� WKH� FU\VWDO� JURZWK�� 6XFK� VHJUHJDWHG� R[\JHQ� LV� QRW� VWDEOH� DQG
GLVVROYHV�DOUHDG\�DW�ORZHU�DQQHDOLQJ�WHPSHUDWXUHV��8VLQJ�RSWLFDO�PHWKRGV�ZH�KDYH�VWXGLHG�DQQHDOLQJ
G\QDPLFV�DW�YDULRXV� WHPSHUDWXUHV��:H�KDYH�DOVR�VKRZQ� WKDW�QRQ�WKHUPRG\QDPLFDO�SURFHVVHV��VXFK
DV�57$��FRXOG�EH�HIIHFWLYHO\�XVHG�IRU�WKH�JHWWHULQJ�HIIHFW�LQ�YDULRXV�SRO\�6L�PDWHULDOV�VXLWDEOH�IRU�VRODU�
FHOO�SURGXFWLRQ��7KLV�JHWWHULQJ�SURFHGXUH�VHUYHV�IRU�FRQWHPSRUDU\�S�Q� MXQFWLRQ� IRUPDWLRQ�� ,W� LV�VKRZQ
WKDW�PLFUR�)7,5�VSHFWURVFRS\�� LQ�D�SDUWLFXODU�JHRPHWU\��FRXOG�EH�HIIHFWLYHO\�XVHG� IRU� WKH�DQDO\VLV�RI
YHU\�WKLQ�R[LGH�OD\HUV�LQ�6L��:H�KDYH�VWXGLHG�6L2��OD\HUV���WR����QP�WKLFN�ZLWKLQ�WKH�EXON�RI�6L�
:H�KDYH�VWXGLHG�SDUDPDJQHWLF�DQG�RWKHU�UHODWHG�GHIHFWV�IRUPHG�XSRQ�+��6L�DQG�.U�LPSODQWDWLRQ�LQ�6L�
)RUPDWLRQ� RI� DPRUSKRXV� 6L� E\� 6L� DQG� .U� LPSODQWDWLRQ� LQ� 6L� DV� ZHOO� DV� LWV� UHOD[DWLRQ� E\� WKHUPDO
DQQHDOLQJ� KDYH� EHHQ� VWXGLHG�� 6WUXFWXUDO� GHIHFWV� LQ� 3(&9'� GHSRVLWHG� 6L[2\1]�+� ILOPV� IRUPHG� XSRQ
WKHUPDO� WUHDWPHQW� KDYH� EHHQ� VWXGLHG� E\� YDULRXV� PHWKRGV�� %\� GLIIHUHQW� RSWLFDO� PHWKRGV�� ZH� KDYH
VWXGLHG�RSWLFDO�SURSHUWLHV�RI�)H6L�� FU\VWDOV��:H�KDYH�VWXGLHG�RUGHU�GLVRUGHU� HIIHFWV� LQ�*D$V� IRUPHG
XSRQ�LRQ�ERPEDUGPHQW�LQ�D�ZLGH�UDQJH�RI�GRVHV��DV�ZHOO�DV�WKHLU�WKHUPDO�UHFRYHU\��:H�KDYH�SURSRVHG
D�PRGHO�WKDW�HQDEOHV�XV�WR�PDNH�TXDQWLWDWLYH�FRUUHODWLRQ�EHWZHHQ�5DPDQ�DQG�5%6�DQDO\VLV��:H�KDYH
DOVR�VWXGLHG�GHHS�OHYHOV�LQ�6,�*D$V�E\�76&��DQG�VKRZHG�WKH�DGYDQWDJHV�RI�WKH�FRPSOH[�DQDO\VLV�RI
76&�VSHFWUD��0LFURVFRSLF�,Q�SODFHPHQW�LQ�WKH�&G6�ODWWLFH�KDV�EHHQ�VWXGLHG�E\�3$&��DQG�LWV�LQIOXHQFH
RQ�PDFURVFRSLF�SDUDPHWHUV�E\�+DOO�PHDVXUHPHQWV��3URJUHVV�KDV�EHHQ�PDGH�RQ�WKH�PRGHO�RI�GRQRU
QHXWUDOL]DWLRQ� LQ� ,,�9,� VHPLFRQGXFWRUV�� 'RPLQDQW� GHIHFWV� LQ� *D1� KDYH� EHHQ� VWXGLHG� E\� 3/�� 1HZ
PXOWLQDU\� VHPLFRQGXFWRUV� KDYH� EHHQ� V\QWKHVL]HG� DQG� WKHLU� RSWLFDO� DQG� DFRXVWRRSWLFDO� SURSHUWLHV
VWXGLHG��1XPHULFDO�DQDO\VLV�RI�WKH�LPSDFW�RI�VWUXFWXUDO�DQG�FRPSRVLWLRQDO�GLVRUGHU�RQ�RSWLFDO�SURSHUWLHV
RI�PDWHULDO�KDV�EHHQ�SHUIRUPHG��:H�KDYH�VWXGLHG�GLIIHUHQW�IRUPV�IRU�7L2��QDQRSKDVH�IRUPDWLRQ��DQG
EDVLF� FKDUDFWHULVWLFV� RI� VXFK� SURGXFHG� PDWHULDO�� DV� ZHOO� DV� VRODU� FHOOV� EDVHG� RQ� &H2��� :H� KDYH
VWXGLHG�)H�SKRVSKDWH�DQG�3%*�JODVVHV��6WUXFWXUDO�GHSHQGHQFH�RQ� WKH�FRPSRVLWLRQ�RI�)H3�JODVVHV
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DQG� SDUWLFXODUO\� RQ� WKH� FRQFHQWUDWLRQ� RI� )H�,,�� DQG� )H�,,,�� LRQV� KDV� EHHQ� VWXGLHG�� DV� ZHOO� DV� WKH
IRUPDWLRQ�RI�GLIIHUHQW�SKDVHV�GXULQJ�WKH�SURFHVV�RI�FU\VWDOOL]DWLRQ�

$025)1,�7$1.,�),/029,
$0253+286�7+,1�),/06
9RGLWHOM�WHPH��GU��VF��1LNROD�5DGLü

6XUDGQLFL�QD�WHPL�

äHOMNR�$QGUHLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
7LKRPLU�&DU��GRNWRU�IL]��]QDQRVWL��POD L�DVLVWHQW��]QDQVWYHQL�QRYDN
'DYRU�*UDFLQ��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
1LNROD�5DGLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLN�

$OHNVD�3DYOHãLQ��YLãL�WHKQLþDU

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

9LãQMD�+HQþ�%DUWROLü��GRNWRULFD�IL]��]QDQRVWL��L]YDQUHGQD�SURIHVRULFD��)DNXOWHW�HOHNWURWHKQLNH�L
UDþXQDUVWYD
0LORUDG�0LOXQ��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN��,QVWLWXW�]D�IL]LNX
3HWDU�3HUYDQ��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN��,QVWLWXW�]D�IL]LNX
0LUNR�6WXELþDU��GRNWRU�IL]��]QDQRVWL��GRFHQW��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW
$QWXQ�7RQHMF��GRNWRU�IL]��]QDQRVWL��L]YDQUHGQL�SURIHVRU��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW

3URJUDP�UDGD�L�UH]XOWDWL�

3RVWXSNRP� PDJQHWURQVNH� NRGHSR]LFLMH� SULSUDYOMHQL� VX� WDQNL� ILOPRYL� VOLWLQD� DOXPLQLMD� L� YROIUDPD� X
UDVSRQX� VDVWDYD� RG�$O��:��� GR�$O��:���� )LOPRYL� X� UDVSRQX� VDVWDYD� $O��:��� GR� $O��:��� UHGRYLWR� VX
SRWSXQR� DPRUIQL�� D� SUL� GDOMQMHP� SRYHüDQMX� XGMHOD� YROIUDPD�� VWUXNWXUD� ILOPD� VPMHVD� MH� DPRUIQH� L
NULVWDOQH�þYUVWH�RWRSLQH��0LNURWYUGRüD�DPRUIQLK�ILOPRYD�L]QRVL�RNR�����*3D�L�VODER�RYLVL�R�VDVWDYX��GRN
V�XYHüDQMHP�XGMHOD�YROIUDPD�]QDWQR�UDVWH�L�GRVHåH�RNR����*3D�]D�$O��:����(OHNWULþQL�RWSRU�DPRUIQLK
VOLWLQD� $O�:� X� UDVSRQX� MH� RG� ���� GR� ���� mWFP�� D� WHPSHUDWXUQL� NRHILFLMHQW� HOHNWULþQRJ� RWSRUD� LPD
YLVRNH�QHJDWLYQH� YULMHGQRVWL�� RG� ����Â����� .��� ]D�$O��:��� RSDGD�GR� QXOH� ]D� VOLWLQX� $O��:���� $QDOL]RP
IXQNFLMVNH�RYLVQRVWL�HOHNWULþQRJ�RWSRUD�R� WHPSHUDWXUL�SURFLMHQMHQD� MH�'HE\HRYD� WHPSHUDWXUD�DPRUIQLK
VOLWLQD�VDVWDYD�RNR�$O��:���QD�����.�
,]JUD HQD� MH� NRPRUD� ]D� PMHUHQMH� HOHNWULþQRJ� RWSRUD� SULSUDYOMHQLK� X]RUDND� GR� ����� .� X� YDNXXPX�
0MHUHQMHP�RYLVQRVWL�HOHNWULþQRJ�RWSRUD�R�WHPSHUDWXUL��WH�RGUH LYDQMHP�VWUXNWXUH�ILOPRYD�QD�RGDEUDQLP
NRQWUROQLP�WHPSHUDWXUDPD��XVWDQRYOMHQH�VX�WHPSHUDWXUH�NULVWDOL]DFLMH�DPRUIQLK�VOLWLQD�$O�:�X�RYLVQRVWL
R�VDVWDYX��RG�����.�]D�$O��:���GR�����.�]D�$O��:����*ODYQL�SURGXNW�NULVWDOL]DFLMH�X�VYLP�VOXþDMHYLPD
MHVW�LQWHUPHWDOQL�VSRM�$O�:��'RELYHQL�UH]XOWDWL�þLQH�WDQNH�ILOPRYH�VOLWLQD�$O�:�]DQLPOMLYLP�]D�SULPMHQX�
5HDNWLYQLP��$U���EHQ]HQ��PDJQHWURQVNLP�UDVSUDãHQMHP�SULSUDYOMHQL�VX�WDQNL� ILOPRYL�VOLWLQD�YROIUDPD� L
XJOMLND� SUL� UD]OLþLWLP� XYMHWLPD�� V� FLOMHP� XWYU LYDQMD� XWMHFDMD� QHYH]DQRJ� XJOMLND� QD� RVRELQH� ILOPRYD�
6WUXNWXUD� GRELYHQLK� ILOPRYD� VPMHVD� MH�:�&� L� :&��[� VXSNDUELGD� WH� QHYH]DQRJ� XJOMLND�� 3UHOLPLQDUQL
UH]XOWDWL� SRND]XMX� SRVWRMDQMH� XJOMLNRYRGLþQLK� DJORPHUDFLMD� X� ILOPRYLPD� SULSUDYOMHQLPD� X]� ��� XGMHOD
EHQ]HQD�X�UDGQRP�SOLQX��NRMH�VX�YMHURMDWQR�X]URN�VODELK�PHKDQLþNLK�RVRELQD�WDNYLK�ILOPRYD�
3RVWXSNRP�UHDNWLYQRJ��$U���+����EHQ]HQ��PDJQHWURQVNRJ�UDVSUDãHQMD�SULSUDYOMHQL�VX�VORMHYL�DPRUIQLK
KLGULUDQLK� VOLWLQD� VLOLFLMD� L� XJOMLND�� 5DPDQVNRP� VSHNWURVNRSLMRP� XVWDQRYOMHQH� VX� QDNXSLQH� XJOMLND� X
GLMDPDQWVNRM�ID]L��D�PHWRGRP�UDVSUãHQMD�UHQWJHQVNLK�]UDND�SRG�PDOLP�NXWHP�SRGUXþMD�PDQMH�JXVWRüH
YHOLþLQH�����QP�X�NROXPQDUQRM�VWUXNWXUL�ILOPD�
0HWRGRP�ODVHUVNL�LQGXFLUDQH�IOXRUHVFHQFLMH�RGUH HQH�VX�HQHUJLMVND�L�SURVWRUQD�UDVSRGMHOD�LRQD�DUJRQD
X� FLOLQGULþQRP� PDJQHWURQX� SUL� XYMHWLPD� XþLQNRYLWRJ� UDVSUDãHQMD�� 8WYU HQ� MH� ]QDþDMDQ� XWMHFDM
UDVSUDãHQLK� þHVWLFD� QD� HQHUJLMVNX� UDVSRGMHOX� LRQD� DUJRQD� L� SURFHVH� YDåQH� ]D� RGYLMDQMH
PHJQHWURQVNRJD�HOHNWULþQRJ�L]ERMD�
0HWRGDPD� YUHPHQVNL� UD]OXþHQH� RSWLþNH� VSHNWURVNRSLMH� LVSLWLYDQD� MH� SOD]PD� SURL]YHGHQD� ODVHUVNRP
DEODFLMRP�VWLMHQNL�NDSLODUH��8WYU HQR�MH�GD�MH�SOD]PD�QD�L]ODVNX�L]�NDSLODUH�]QDWQR�UMH D�L�KODGQLMD�QHJR
X� VOXþDMX� ODVHUVNH� DEODFLMH� UDYQH� SRYUãLQH�� DOL� L� PDQMH� NRQWDPLQLUDQD� SDUWLNXODPD� L� NDSOMLFDPD�� 7R
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SUXåD�PRJXüQRVW� IRUPLUDQMD� NYDOLWHWQLMLK� WDQNLK� ILOPRYD� QHJR� VWDQGDUGQLP� SRVWXSNRP�DEODFLMH� UDYQH
SRYUãLQH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KLQ� DPRUSKRXV� ILOPV� RI� DOXPLQXP�WXQJVWHQ� DOOR\V� LQ� WKH� $O��:���$O��:��� FRPSRVLWLRQ� UDQJH� KDYH
EHHQ�SUHSDUHG�E\�WKH�PDJQHWURQ�FRGHSRVLWLRQ�WHFKQLTXH��)LOPV�FRQWDLQLQJ�������DW����RI�WXQJVWHQ�DUH
FRPSOHWHO\�DPRUSKRXV��ZKLOH�IXUWKHU�LQFUHDVH�RI�WXQJVWHQ�FRQWHQW�XS�WR����DW���UHVXOWV�LQ�IRUPDWLRQ�RI
D�PL[WXUH� RI� DPRUSKRXV� SKDVH� DQG� FU\VWDOOLQH� VROLG� VROXWLRQ�� 0LFURKDUGQHVV� RI� DPRUSKRXV� ILOPV� LV
DERXW� ���� *3D� DQG� GHSHQGV� RQO\� VOLJKWO\� XSRQ� FRPSRVLWLRQ�� +RZHYHU�� PLFURKDUGQHVV� LQFUHDVHV
VLJQLILFDQWO\�E\�LQFUHDVLQJ�LQ�WXQJVWHQ�FRQWHQW�EH\RQG�WKH�DPRUSKLFLW\�UDQJH��DQG�LW�UHDFKHV�DERXW���
*3D� IRU� WKH�$O��:���DOOR\��7KH�HOHFWULF� UHVLVWLYLW\�RI�DPRUSKRXV�$O�:�DOOR\V� UDQJHV� IURP����� WR� ���
mWFP��DQG�WKH� WHPSHUDWXUH�FRHIILFLHQW�RI� WKH�HOHFWULF� UHVLVWLYLW\�H[KLELWV�KLJK�QHJDWLYH�YDOXHV�� IURP��
���[����.���IRU�WKH�$O��:���DOOR\�LW�GHFUHDVHV�WR�DERXW�]HUR�DW�WKH�$O��:���FRPSRVLWLRQ��9DULDWLRQ�RI�WKH
HOHFWULF�UHVLVWDQFH�ZLWK�WHPSHUDWXUH�DOORZV�XV�WR�HVWLPDWH�WKH�'HE\H�WHPSHUDWXUH�RI�DPRUSKRXV�DOOR\V
DURXQG�WKH�$O��:���FRPSRVLWLRQ�DW�����.�
$�VSHFLDO�YDFXXP�FKDPEHU�KDV�EHHQ�FRQVWUXFWHG�IRU�WKH�PHDVXUHPHQW�RI�WKH�HOHFWULF�UHVLVWDQFH�RI�WKH
SUHSDUHG�VDPSOHV�XS�WR������.�LQ�YDFXXP��%\�WKH�PHDVXUHPHQWV�RI�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI
WKH� HOHFWULF� UHVLVWDQFH� DQG� E\� WKH� GHWHUPLQDWLRQ� RI� WKH� ILOP� VWUXFWXUH� DW� VHOHFWHG� WHPSHUDWXUHV�
FU\VWDOOL]DWLRQ� WHPSHUDWXUHV� RI� DPRUSKRXV� ILOPV� KDYH� EHHQ� GHWHUPLQHG� IRU� WKH� ZKROH� UDQJH� RI
DPRUSKLFLW\�� &U\VWDOOL]DWLRQ� WHPSHUDWXUHV� UDQJH� IURP� ���� .� IRU� WKH� $O��:��� DOOR\� WR� ���� .� IRU� WKH
$O��:��� DOOR\�� $� SULQFLSDO� HQG�SURGXFW� RI� FU\VWDOOL]DWLRQ� IRU� DOO� DOOR\V� LV� WKH� $O�:� LQWHUPHWDOOLF
FRPSRXQG��7KH�REWDLQHG�UHVXOWV�PDNH�WKH�$O�:�ILOPV�LQWHUHVWLQJ�IRU�VRPH�DSSOLFDWLRQV�
7KLQ� ILOPV� RI� WXQJVWHQ�FDUERQ� DOOR\V� KDYH� EHHQ� SUHSDUHG� E\� UHDFWLYH� �$U�EHQ]HQH�� PDJQHWURQ
VSXWWHULQJ� DW� YDULRXV� FRQGLWLRQV�� LQ� RUGHU� WR� HVWDEOLVK� WKH� HIIHFWV� RI� XQERXQG� FDUERQ� XSRQ� ILOP
SURSHUWLHV�� 7KH� SUHSDUHG� ILOPV� FRQWDLQHG� :�&� DQG� :&��[� WXQJVWHQ� VXEFDUELGHV� DQG� IUHH� FDUERQ�
3UHOLPLQDU\� UHVXOWV� LQGLFDWH� WKDW�K\GURFDUERQ� IUDJPHQWV�EXULHG� LQWR� ILOPV�GXULQJ�GHSRVLWLRQ�ZLWK� KLJK
UHODWLYH�SURSRUWLRQ�RI�EHQ]HQH�PLJKW�FDXVH�SRRU�PHFKDQLFDO�SURSHUWLHV�RI�VXFK�ILOPV�
7KLQ� DPRUSKRXV� ILOPV� RI� K\GURJHQDWHG� VLOLFRQ�FDUERQ� DOOR\V� KDYH� EHHQ� SUHSDUHG� E\� UHDFWLYH
�$U�+��EHQ]HQH��PDJQHWURQ�VSXWWHULQJ��7KH�FOXVWHUV�RI�GLDPRQG�OLNH�FDUERQ�KDYH�EHHQ�REVHUYHG�E\
WKH�PHWKRG� RI�5DPDQ� VSHFWURVFRS\�� ZKLOH� VPDOO�DQJOH�;�UD\� VFDWWHULQJ� KDV� UHYHDOHG� ���� QP� VL]HG
UHJLRQV� RI� ORZHU� GHQVLW\� ZLWKLQ� ILOP� VWUXFWXUH�� $IWHU� KHDW� WUHDWPHQW� WKH� VDPSOHV� H[KLELW� D� VLJQLILFDQW
OXPLQLVFHQFH�DW�URRP�WHPSHUDWXUH�DW�����QP�ZDYHOHQJWK�
(QHUJ\�DQG�VSDWLDO�GLVWULEXWLRQ�RI�DUJRQ�LRQV�LQ�PDJQHWURQ�GLVFKDUJH�RI�F\OLQGULFDO�FRQILJXUDWLRQ�KDYH
EHHQ�GHWHUPLQHG�E\�WKH�ODVHU�LQGXFHG�IOXRUHVFHQFH�PHWKRG��LQ�WKH�KLJK�HIILFLHQF\�VSXWWHULQJ�PRGH�RI
PDJQHWURQ�RSHUDWLRQ��6LJQLILFDQW�HIIHFWV�RI�VSXWWHUHG�DWRPV�XSRQ� WKH�DUJRQ� LRQ�GLVWULEXWLRQV�DQG� WKH
VFDWWHULQJ�SURFHVVHV�LQ�PDJQHWURQ�SODVPD�KDYH�EHHQ�REVHUYHG�
3ODVPD� SURGXFHG� E\� WKH� ODVHU� DEODWLRQ� RI� WKH� FDSLOODU\� ZDOOV� KDV� EHHQ� H[DPLQHG� E\� WLPH�UHVROYHG
RSWLFDO�VSHFWURVFRS\�PHWKRGV��7KH�SODVPD�WKXV�SURGXFHG�H[KLELWV�VLJQLILFDQWO\�ORZHU�WHPSHUDWXUH�DQG
GHQVLW\� DW� WKH� FDSLOODU\� H[LW� WKDQ� WKH� SODVPD� SURGXFHG� E\� D� FRQYHQWLRQDO� ODVHU� DEODWLRQ� RI� SODQH
VXUIDFH��6LQFH�LW�LV�DOVR�OHVV�FRQWDPLQDWHG�E\�SDUWLFOHV�DQG�GURSOHWV�RI�ZDOO�PDWHULDO��LW�PLJKW�EH�XVHG
IRU�SUHSDUDWLRQ�RI�WKLQ�ILOPV�RI�KLJKHU�TXDOLW\�WKDQ�FRPPRQO\�DWWDLQHG�

5$635â(1-(�69-(7/$��,17(5$.&,-(�,�',1$0,.$�0$7(5,-(
/,*+7�6&$77(5,1*��,17(5$&7,216�$1'�'<1$0,&6�2)�0$77(5
9RGLWHOM�WHPH��GU��VF��.UHãLPLU�)XULü

6XUDGQLFL�QD�WHPL�

,YDQ�%XGLPLU��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW
.UHãLPLU�)XULü��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
0LOH�,YDQGD��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
'DYRU�.LULQ��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
6WMHSDQ�/XJRPHU��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
9ODVWD�0RKDþHN�*URãHY��GRNWRULFD�IL]��]QDQRVWL��YLãD�DVLVWHQWLFD
'XEUDYNR�5LVRYLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
$QGUHMD�6HNXOLü��GLSO��LQå��IL]LNH��POD D�DVLVWHQWLFD
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3URJUDP�UDGD�L�UH]XOWDWL�

9LEUDFLMVND�GLQDPLND� L� GLQDPLND�PDWHULMH�X� LQWHUDNFLML� V� LQWHQ]LYQLP� ODVHUVNLP�]UDþHQMHP� LVWUDåXMH�VH
SUHWHåLWR� PHWRGDPD� 5DPDQRYH� L� LQIUDFUYHQH� VSHNWURVNRSLMH�� VYMHWORVQRP� L� HOHNWURQVNRP
PLNURVNRSLMRP�� WH�PHWRGDPD�UDVSUãHQMD��5H]XOWDWL� VX�REMDYOMHQL�X����]QDQVWYHQD� UDGD�X�þDVRSLVLPD
REXKYDüHQLPD�&&�L�6&,��GYD�VX�UDGD�X�RVWDOLP�þDVRSLVLPD��WH�MHGDQ�UDG�L�SHW�VDåHWDND�X�]ERUQLFLPD
]QDQVWYHQLK� VNXSRYD�� 8WYU HQR� MH� SRVWRMDQMH� YUWORåQLK� QLWQLK� VWUXNWXUD� X� UDVWDOMHQLP� PHWDOQLP
SRYUãLQDPD�� WH� DQDOL]LUDQD� SHULRGLþQD� L� NDRWLþQD� JLEDQMD� QD� UDVWDOMHQRM� WDQWDORYRM� SRYUãLQL�
1LVNRIUHNYHQWQRP� 5DPDQRYRP� VSHNWURVNRSLMRP� RGUH HQH� VX� QDQRPHWDUVNH� YHOLþLQH� þHVWLFD� 7L2�

SULSUDYOMHQLK� VRO�JHO� L� GUXJLP� WHKQLNDPD�� ,]XþHQL� VX� XYMHWL� IRUPLUDQMD� L� VWDELOQRVWL� UD]QLK� ID]D� =U2��
1LVNRIUHNYHQWQH� YLEUDFLMH� GYD� VXSVWLWXLUDQD� EHQ]RIHQRQD� XVSMHãQR� VX� UHSURGXFLUDQH� UDþXQRP
GLQDPLNH�UHãHWNH�]D�SROXNUXWH�PROHNXOH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� UHVHDUFK� IRFXVHV�RQ� WKH�VWXG\�RI�YLEUDWLRQDO�G\QDPLFV�DV�ZHOO� DV�RQ� WKH�G\QDPLFV�RI�PDWWHU� LQ
LQWHUDFWLRQ� ZLWK� DQ� LQWHQVH� ODVHU� EHDP�� 7KH� PHWKRGV� XVHG� FRPSULVH� 5DPDQ� DQG� LQIUDUHG
VSHFWURVFRS\��OLJKW�DQG�HOHFWURQLF�PLFURVFRS\�DQG�VFDWWHULQJ�PHWKRGV��7KH�UHVXOWV�DUH�SXEOLVKHG�LQ���
VFLHQWLILF�SXEOLFDWLRQV� LQ� MRXUQDOV� OLVWHG� LQ�&&�DQG�6&,�� WZR�DUWLFOHV� LQ�RWKHU� MRXUQDOV��DQG�RQH�DUWLFOH
DQG�ILYH�DEVWUDFWV�LQ�FRQIHUHQFH�SURFHHGLQJV�
7KH� H[LVWHQFH� RI� YRUWH[� ILODPHQW� VWUXFWXUHV� LQ� PROWHQ� PHWDO� VXUIDFHV� KDV� EHHQ� HVWDEOLVKHG�� DQG
SHULRGLF�DQG�FKDRWLF�PRWLRQV�RQ�PROWHQ�WDQWDOXP�DQG�PRO\EGHQXP�VXUIDFH�KDYH�EHHQ�DQDO\VHG��8VLQJ
ORZ�IUHTXHQF\� 5DPDQ� VSHFWURVFRS\� WKH� VL]HV� RI� QDQRSKDVH� 7L2�� SDUWLFOHV� SUHSDUHG� YLD� VRO�JHO
V\QWKHVLV�KDYH�EHHQ�GHWHUPLQHG��7KH�FRQGLWLRQV�RI�IRUPDWLRQ�DQG�VWDELOLW\�RI�YDULRXV�SKDVHV�RI�=U2�

KDYH� EHHQ� LQYHVWLJDWHG�� /RZ�IUHTXHQF\� YLEUDWLRQV� RI� WZR� VXEVWLWXWHG� GLEHQ]RSKHQRQV� KDYH� EHHQ
VXFFHVVIXOO\�UHSURGXFHG�XVLQJ�ODWWLFH�G\QDPLFV�FDOFXODWLRQ�IRU�VHPL�ULJLG�PROHFXOHV�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD� NRML� VX� LQGHNVLUDQL� X
&XUUHQW�&RQWHQWV�X�

��� $QGUHLü�� ä�� 6XSHUUHVROXWLRQ� SHUIRUPDQFH� RI� D
JUD\�JODVV�SRVLWLYH�OHQV�HOHPHQW��$SSOLHG�2SWLFV����
�����������������

��� %LVFKRI��7���/HUPDQQ��*���6FKUHGHU��%���0DWHUQ\�
$��� .LHIHU�� :��� ,YDQGD�� 0�� ,QWHQVLW\�GHSHQGHQW
PLFUR�5DPDQ�DQG�SKRWROXPLQLVFHQFH� LQYHVWLJDWLRQV
RI�&G6[6H��[�QDQRFU\VWDOOLWHV��-RXUQDO�RI�WKH�2SWLFDO�
6RFLHW\�RI�$PHULFD�%���������������������

��� &DU�� 7��� 5DGLü�� 1�� )LOP� WKLFNQHVV� YDULDWLRQ� LQ� D
F\OLQGULFDO�PDJQHWURQ�GHSRVLWLRQ�GHYLFH�� 7KLQ�6ROLG
)LOPV�������������������

��� 'HVQLFD��8���'HVQLFD��,��'���,YDQGD��0���)XULü��.��
+D\QHV�� 7�� (�� 0RUSKRORJ\� RI� WKH� LPSODQWDWLRQ�
LQGXFHG� GLVRUGHU� LQ� *D$V� VWXGLHG� E\� 5DPDQ
VSHFWURVFRS\� DQG� LRQ� FKDQQHOLQJ�� 3K\VLFDO� 5HYLHZ
%������������������������

��� *DPXOLQ�� 2��� ,YDQGD��0��� 'HVQLFD�� 8��� )XULü�� .�
&RPSDULVRQ� RI� VWUXFWXUDO� FKDQJHV� RI� DPRUSKRXV
VLOLFRQ� LQWURGXFHG� E\� WKHUPDO� DQG� &:� DQQHDOLQJ�
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=DJUHEX�� =DJUHE�� ������������� YRGLWHOMLFD�
0RJXã�0LODQNRYLü��$�

.RORNYLML�RGUåDQL�X�,5%�X�

$QGUHLü�� ä�� 6YRMVWYD� SOD]PL� GRELYHQLK� ODVHUVNRP
DEODFLMRP�������������

'HVQLFD�� ,�'�� 2G� UHGD� GR� QHUHGD� L� QDWUDJ�� ������
�����



��

'HVQLFD�� 8�� 2YLVQRVW� PDNURVNRSVNLK� VYRMVWDYD
PDWHULMDOD� R� SURPMHQDPD� X� NULVWDOQRM� UHãHWFL� QD
DWRPVNRP�QLYRX���������������

)XULü��.��9LEUDFLMVND�VSHNWURVNRSLMD�PROHNXOH� YRGH�
������������

*UDFLQ�� '�� 8UH HQMH� NUDWNRJ� L� VUHGQMHJ� GRVHJD� X
PDJQHWURQRP� IRUPLUDQLP� OHJXUDPD� DPRUIQRJ
VLOLFLMD�������������

,YDQGD�� 0�� .YDQWQL� HIHNWL� RJUDQLþHQMD� X
SROXYRGLþNLP�QDQRNULVWDOLPD��������������

,YDQGD��0��3ULURGD�ER]RQVNH�YUSFH�X�IL]LFL�DPRUIQLK
þYUVWLK�WLMHOD�������������

.LULQ�� '�� )RQRQL� X� PROHNXOVNLP� NULVWDOLPD�� ���� ���
�����

/XJRPHU�� 6�� 3RYUãLQVNL� HIHNWL� X� ODVHU�PDWHULMD
LQWHUDNFLMDPD�YHOLNH�VQDJH��������������

0RJXã�0LODQNRYLü��$��,VWUDåLYDQMH�åHOMH]QLK�IRVIDWQLK
VWDNDOD�������������

0RKDþHN�*URãHY��9�� .DUDNWHUL]DFLMD� �QH�XUH HQRVWL
NRQGHQ]LUDQLK� ID]D�PROHNXOVNLK� VLVWHPD������ ���
�����

3LYDF��%��'HIHNWL�X�VLOLFLMX�������������

5DGLü�� 1�� $PRUIQL� WDQNL� ILOPRYL� $O�:� VOLWLQD�
�����������

âDQWLü�� %�� 2� UHQHVDQVL� JDOLM�QLWULGD� L� R� SRULMHNOX
H[FLWRQVNH�OLQLMH�4 ��PH9�������������

7XUNRYLü��$��1DQRID]QH�VWUXNWXUH�������������

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

$QGUHLü�� ä�� 6YRMVWYD� SOD]PL� GRELYHQLK� ODVHUVNRP
DEODFLMRP��,QVWLWXW�]D�IL]LNX��=DJUHE�������������

.LULQ��'��5DPDQ�VWXG\�RI�VWUXFWXUDO�SKDVH�WUDQVLWLRQV
LQ�PHWKDOPHUFXU\��,,��KDOLGHV�&+�+J;��; �&O��%U�
,�� ,QVWLWXW� -RåHI� âWHIDQ�� /MXEOMDQD�� 6ORYHQLMD�� ���
��������

3LYDF�� %�� 0DWHULMDOL� ]D� ���� VWROMHüH�� ãWR� WUHEDPR�
PRåHPR�L�KRüHPR��)(6%�6SOLW�������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

.HPLMD�þYUVWRJ�VWDQMD
3UHGDYDþL�� =�� %ODåLQD�� 0�� 7RSLü� L� $�� 0RJXã�
0LODQNRYLü
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL�IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
�����������L�����������

,VWUDåLYDQMH�L�SULPMHQD�QRYLK�PDWHULMDOD�X�PHGLFLQL
3UHGDYDþ��$��0RJXã�0LODQNRYLü
3RVOLMHGLSORPVNL� VWXGLM� L]� ELRPHGLFLQH�� 0HGLFLQVNL
IDNXOWHW�� 6YHXþLOLãWH� X� 5LMHFL�� ãN�� JRG�� ����������� L
����������

0ROHNXOVND�IL]LND�,,
3UHGDYDþ��.,5,1��'�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNH�� 3ULURGRVORYQR�
PDWHPDWLþNL�IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

)L]LNDOQH�RVQRYH�VHQ]RUD
3UHGDYDþ��/8*20(5��6�
,QWHUGLVFLSOLQDUQL� SRVOLMHGLSORPVNL� VWXGLM� L]
XSUDYOMDQMD� SRNUHWQLP� REMHNWLPD�6YHXþLOLãWH� X
=DJUHEX��ãN�JRG����������

6HQ]RUL�VXVWDYD�XSUDYOMDQMD�L�QDYR HQMD
3UHGDYDþ��5LVRYLü��'�
,QWHUGLVFLSOLQDUQL� SRVOLMHGLSORPVNL� VWXGLM� L]
XSUDYOMDQMD� SRNUHWQLP� REMHNWLPD�� 6YHXþLOLãWH� X
=DJUHEX��=DJUHE��ãN��JRG����������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

$QGUHLü�� ä�� 5XKU� 8QLYHUVLWlW� %RFKXP�� ,QVWLWXW� I�U
([SHULPHQWDOSK\VLN� 9�� %RFKXP�� 1MHPDþND�� RG
�������������� ������� $OH[DQGHU� Y�� +XPEROGW
6WLIWXQJ�VWLSHQGLMD�

âDQWLü�� %�� )UDXQKRIHU� ,QVWLWXW� I�U� $QJHZDQGWH
)HVWN|USHUSK\VLN�� )UHLEXUJ�� 1MHPDþND�� ������
�����������

6WXGLMVNL� ERUDYFL� X� RNYLUX
PH XQDURGQH�VXUDGQMH�

*UDFLQ�� '�� 5XKU� 8QLYHUVLWlW� %RFKXP�� ,QVWLWXW� I�U
([SHULPHQWDOSK\VLN� 9�� %RFKXP�� 1MHPDþND�
������������������������]QDQVWYHQR�LVWUDåLYDþND
VXUDGQMD�

.LULQ�� '�� 8QLYHUVLWp� GH� 5HQQHV� ,�� 5HQQHV�
)UDQFXVND������9������9,��������JRVWXMXüL�SURIHVRU

0RJXã�0LODQNRYLü�� $�� 8QLYHUVLWp� GH� %RUGHDX[�
,QVWLWXW� GH� &KLPLH� GD� OD� 0DWLHUH� &RQGHQVpH� GH
%RUGHDX[�� %RUGHDX[�� )UDQFXVND�� ������ �
�������������]QDQVWYHQR�LVWUDåLYDþND�VXUDGQMD�

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

,17(51$7,21$/�&21)(5(1&(�21�$'9$1&('
0$7(5,$/6�� ,&$0¶���� 6\PSRVLXP� /�� ³,,,�9
1LWULGHV� DQG� &HUDPLFV´�� 6WUDVERXUJ�� )UDQFH�
-XQH������������

3ULOR]L�

��� âDQWLü��%���.DXIPDQQ��8���0HU]��&���1LHEXKU��5��
2EORK��+���%DFKHP��.�+��2ULJLQ�RI�WKH�4 ��PH9
ERXQG�H[FLWRQ�LQ�*D1��SUHGDYDQMH�



��

��WK� ,17(51$7,21$/� &21)(5(1&(� 21
'()(&76� ,1� 6(0,&21'8&7256�� $YHLUR�
3RUWXJDO����������-XO\������

3ULOR]L�

��� 'HVQLFD��8�9����'HVQLFD�)UDQNRYLü��,�'���0DJHUOH�
5��� %XUFKDUG� $��� 'HLFKHU�� 0�� &RPSHQVDWLRQ� RI
GRQRUV� E\� IDVW� GLIIXVRUV� LQ� ,,�9,� FRPSRXQGV�
0RGHO�DQG�H[SHULPHQWDO�HYLGHQFHV�IRU�&X�GRSHG
&G6��SUHGDYDQMH�

��� 'HVQLFD�)UDQNRYLü��,��'���'HVQLFD��8�9���+D\QHV�
7�(�� (VWDEOLVKPHQW� RI� TXDQWLWDWLYH� FRUUHODWLRQ
EHWZHHQ�5DPDQ�DQG�5%6�GLVRUGHU�DVVHVVPHQW�
$FFXPXODWLRQ� RI� GDPDJH� LQ� 6L� LPSODQWHG�*D$V�
SRVWHU�

��� 'HVQLFD�)UDQNRYLü�� ,��'��� ,YDQGD��0���*UDFLQ��'��
+D\QHV��7�(��0HWDVWDEOH�DPRUSKRXV�VWUXFWXUH�LQ
LRQ�LPSODQWHG�*D$V��SUHGDYDQMH�

�WK� -2,17� 9$&880� &21)(5(1&(� 2)
+81*$5<�� $8675,$�� &52$7,$� $1'
6/29(1,$

'HEUHFHQ��0D DUVND������������������

3ULOR]L�

��� 'HVQLFD��8��9��:LGH�EDQGJDS�,,�9,�FRPSRXQGV��
FDQ� WKH� HIILFLHQW� GRSLQJ� EH� DFKLHYHG"�� SR]YDQR
SUHGDYDQMH�

��� *UDFLQ��'���'XEþHN��3��6WUXFWXUDO�SURSHUWLHV�RI�D�
6L��[�&[�+�E\�6$;6�DQG�,5�VSHFWURVFRS\��SRVWHU�

��� 3LYDF�� %�� 6WUXFWXUH� DQG� GHIHFWV� LQ� WKLQ� VLOLFRQ
R[\QLWULGH�ILOPV��SR]YDQR�SUHGDYDQMH�

��� 5DGLü��1��� ,YNRY��-���7RQHMF��$���&DU��7��7KHUPDO
VWDELOLW\�RI�DPRUSKRXV�$O�:�DOOR\V��SRVWHU�

��� 5DGLü�� 1��� 7RQHMF�� $��� -DNãLü�� 0��� 3DVWXRYLü�� ä�
'LVRUGHUHG� WXQJVWHQ�FDUERQ� DOOR\V� SURGXFHG� E\
UHDFWLYH�PDJQHWURQ�VSXWWHULQJ��SUHGDYDQMH�

&21)(5(1&(� 21� $0253+286� $1'
0,&52&5<67$//,1(�6(0,&21'8&7256

%XGLPSHãWD��0D DUVND������������������

3ULOR]L�

��� *UDFLQ�� '��� 'XEþHN�� 3��� ,YDQGD�� 0�� 6WUXFWXUDO
SURSHUWLHV�RI�D�6L��[�&[�+�DOOR\V��SRVWHU�

��� *DPXOLQ��2��� ,YDQGD��0���'HVQLFD��8��� )XULü�� .�
6WUXFWXUDO�UHOD[DWLRQ�RI�DPRUSKRXV�VLOLFRQ�GXULQJ
WKHUPDO�DQG�ODVHU�DQQHDOLQJ��SRVWHU�

;9� +59$76.,� 6.83� .(0,ý$5$� ,� .(0,-6.,+
,1ä(1-(5$

2SDWLMD��+UYDWVND������������������

3ULORJ�

0RJXã�0LODQNRYLü�� $��� 5DMLü�� 0��� 'UDãQHU�� $��
7URMNR�� 5��� 'D\�� '�� (�&U\VWDOOL]DWLRQ� RI� LURQ
SKRVSKDWH�JODVVHV��SRVWHU�

',625'(5�,1�02/(&8/$5�62/,'6�',6026����

*DUFK\��)UDQFXVND������������9������

3ULOR]L�

��� .LULQ�� '��� 9RORYãHN�� 9��� 3LFN�� 5�� 0�� &DOFXODWHG
VSHFLILF�KHDW�RI�FU\VWDOOLQH�R�WHUSKHQ\O��SRVWHU�

��� .LULQ�� '��� 6DLWR�� .�� 5DPDQ� VWXG\� RI� SKDVH
WUDQVLWLRQV� LQ����¶�GLIOXRUR�S�TXDWHUSKHQ\O�FU\VWDO�
SRVWHU�

0$7+�&+(0�&203���

'XEURYQLN��+UYDWVND�������������������

3ULORJ�

��� /XJRPHU�� 6�� 6HOI�RUJDQL]DWLRQ� RI� PHWDO�R[LGH
JURZWK� LQ� WKH� QRQVWDWLRQDU\� �OLQHDUO\� LQFUHDVLQJ�
WHPSHUDWXUH�ILHOG��SRVWHU�

6$)(7<�2)�18&/($5�(1(5*<�$33/,&$7,21

=DJUHE��+UYDWVND�����������������

3ULORJ�

��� =RYNR��1���8UOL��1��1XFOHDU�H[SHULHQFH� LQ�5X HU
%RãNRYLü�,QVWLWXWH��SUHGDYDQMH�

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

7XUNRYLü��$���(WOLQJHU��%���'XEþHN��3��5DG�QD
VLQNURWURQVNRM�OLQLML�6$;6��6LQNURWURQ�(/(775$�
%DVRYL]]D��,WDOLMD�����������������

3RVMHW�LQR]HPQLK�VWUXþQMDND�

7�(��+D\QHV��2DN�5LGJH�1DWLRQDO� /DERUDWRU\�� 2DN
5LGJH��7HQQHVVHH��6$'�������������������



��

=$92'�=$�(/(.7521,.8
',9,6,21�2)�(/(&7521,&6
'U��VF��1LNROD�%RJXQRYLü��SUHGVWRMQLN�]DYRGD

8VWURM�=DYRGD

/DERUDWRULM�]D�LQIRUPDFLMVNH�VXVWDYH��GU��VF��1LNROD�%RJXQRYLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�LVWUDåLYDQMH�VOXþDMQLK�VLJQDOD�L�SURFHVD��GU��VF��%RåLGDU�9RMQRYLü��YRGLWHOM
ODERUDWRULMD
7DMQLãWYR��9HVQD�=DMLþHN��SURI���WDMQLFD�OHNWRULFD

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

02'(/,5$1-(�352&(6$�,17(/,*(171,0�5$ý81$/6.,0
6867$9,0$

352&(66�02'(//,1*�%<�,17(//,*(17�&20387(5
6<67(06

'LUHNWRU�SURJUDPD��GU��VF��1LNROD�%RJXQRYLü

7HPH�X�VDVWDYX�SURJUDPD�
$XWRPDWL]LUDQR�UDVX LYDQMH��GU��VF��1LNROD�%RJXQRYLü��YRGLWHOM�WHPH
2SWLPL]DFLMD�REUDGH�VLJQDOD�L�SRGDWDND��GU��VF��%RåLGDU�9RMQRYLü��YRGLWHOM�WHPH

3URJUDP�UDGD�

3URJUDP� SROD]L� RG� WHPHOMQLK� FLOMHYD� ]QDQRVWL� L� WHKQRORJLMH� GHILQLUDQLK� X� 1DFLRQDOQRP
]QDQVWYHQRLVWUDåLYDþNRP� SURJUDPX� +UYDWVNH� �1=,3��� WH� SRVHELFH� SRGXSLUH� SRVWXSQR� VWYDUDQMH
YLVRNRSURL]YRGQRJD� L� XþLQNRYLWRJ� JRVSRGDUVWYD� VSRVREQRJD� ]D� JHQHULUDQMH�� SULPDQMH� L� GLIX]LMX
]QDQVWYHQR�WHKQRORJLMVNLK� LQRYDFLMD�� 3URJUDP� QDVWRML� LVWUDåLWL� L� UD]YLWL� SRVWXSNH� PRGHOLUDQMD�
RSWLPL]DFLMH� L� DXWRPDWL]LUDQH� GLMDJQRVWLNH� WHKQLþNLK� SURFHVD� LQWHOLJHQWQLP� UDþXQDOVNLP� VXVWDYLPD�
3RUHG� SRWLFDMD� JRVSRGDUVWYX�� SURJUDP� VH� L]UDYQR� XNODSD� X� WHPDWVNH� SULRULWHWH� QDYHGHQH� X� 1=,3�
SULGRQRVHüL� UD]YLWNX� L� SULPMHQL� LQIRUPDFLMVNLK� L� NRPXQLNDFLMVNLK� WHKQRORJLMD�� 3UHGXYMHW� ]D� RSWLPDOQR
PRGHOLUDQMH�SURFHVD�VX�NYDOLWHWQL�SRVWXSFL�SULPDUQH�REUDGH�VLJQDOD��NRML�üH�]D�SROD]LãWH�X]HWL�NODVLþQH
PHWRGH� �GHWHUPLQLVWLþNH� L� VWRKDVWLþNH��� WH� LVWUDåLWL� PRJXüQRVWL� SREROMãDQMD� WLK� SRVWXSDND� XPMHWQLP
QHXURQVNLP� PUHåDPD� L� JHQHWLþNLP� DOJRULWPLPD�� 3UHWSRVWDYND� R� SUREDELOLVWLþNRM� SULURGL� VLJQDOD
REXKYDüD� LQKHUHQWQD� RELOMHåMD� SURFHVD� WH� VYH� SRUHPHüDMH� X� DPSOLWXGQRPH� �HQHUJHWVNRP�� L
YUHPHQVNRP� SRGUXþMX�� ,]JUDGQMD� PRGHOD� RVODQMDW� üH� VH� QD� SRVWXSNH� LQGXNFLMH� UHODFLMD� L]� VNXSD
SRGDWDND�GRELYHQLK�VLPXODFLMRP�LOL�PMHUHQMHP�SDUDPHWDUD�SURFHVD��5DVX LYDQMH�X�PRGHOX�WHPHOMLW�üH
VH� QD� ORJLþNLP� SRVWXSFLPD� GRND]LYDQMD� WHRUHPD� SURãLUHQLPD� QHL]UD]LWRP� ORJLNRP�� LQGLNDWRULPD
QHL]YMHVQRVWL�� SUREDELOLVWLþNLP� NDX]DOQLP� PUHåDPD�� WH� REUDVFLPD� XVSMHãQR� ULMHãHQLK� SUREOHPD�
2þHNXMH� VH� GD� LVWUDåLYDQMD� QD� RYRP� SURJUDPX� UH]XOWLUDMX� X� SREROMãDQLPD� L� QRYLP� SRVWXSFLPD
RSWLPL]DFLMH� L�GLMDJQRVWLNH�SURFHVD��NDR� L�QRYLP�DUKLWHNWXUDPD�UDþXQDOVNLK�VXVWDYD�NRML�þLQH�XJUDGLYX
UDGQX�SRGORJX�]D�QDSUHGQR�PRGHOLUDQMH�SURFHVD�



��

5HVHDUFK�SURJUDPPH�

7KH� UHVHDUFK� SURJUDPPH� SXUVXHV� IXQGDPHQWDO� VFLHQFH� DQG� WHFKQRORJ\� JRDOV� DV� GHILQHG� LQ� WKH
&URDWLDQ�1DWLRQDO�6FLHQFH�DQG�5HVHDUFK�3URJUDP��1=,3���ZLWK�SDUWLFXODU�HPSKDVLV�RQ�VXSSRUWLQJ�WKH
SURJUHVVLYH�GHYHORSPHQW�RI�KLJKO\�SURGXFWLYH�HFRQRP\��FDSDEOH�RI�JHQHUDWLQJ��DFFHSWLQJ�DQG�GLIIXVLQJ
VFLHQWLILF�DQG�WHFKQRORJLFDO�LQQRYDWLRQV��7KH�SURJUDPPH�VWULYHV�WR�LQYHVWLJDWH�DQG�GHYHORS�PRGHOOLQJ�
RSWLPL]DWLRQ� DQG� DXWRPDWHG� GLDJQRVWLF� SURFHGXUHV� RI� WHFKQLFDO� SURFHVVHV� E\� LQWHOOLJHQW� FRPSXWHU
V\VWHPV�� $ORQJ� ZLWK� WKH� HIIHFWLYH� HFRQRP\� VXSSRUW�� WKH� SURJUDPPH� LV� FRQVLVWHQW� ZLWK� WKH� SULRULW\
UHVHDUFK� WRSLFV� OLVWHG� LQ� WKH�1=,3�E\� GLUHFWO\� FRQWULEXWLQJ� WR� WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI� WKH
LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV��3UHUHTXLVLWHV�IRU�RSWLPDO�SURFHVV�PRGHOOLQJ�DUH�ILUVW�UDWH
SULPDU\� VLJQDO� SURFHVVLQJ� PHWKRGV� WKDW� EXLOG� XSRQ� WKH� FODVVLFDO� GHWHUPLQLVWLF� DQG� VWRFKDVWLF
WHFKQLTXHV��DQG�DVSLUH�WR�HQKDQFH�WKHVH�PHWKRGV�E\�HPSOR\LQJ�DUWLILFLDO�QHXUDO�QHWZRUNV�DQG�JHQHWLF
DOJRULWKPV�� 7KH� SUHVXPSWLRQ� RQ� SUREDELOLVWLF� IHDWXUHV� RI� VLJQDOV� LQFOXGHV� LQKHUHQW� SURFHVV
FKDUDFWHULVWLFV� DQG� DOO� SHUWXUEDWLRQV� LQ� LWV� DPSOLWXGH� �HQHUJ\�� DQG� WLPH� GRPDLQ�� 3URFHVV� PRGHO
FRQVWUXFWLRQ� ZLOO� EH� EDVHG� RQ� DXWRPDWHG� LQGXFWLYH� SURFHGXUHV� WKDW� GLVFRYHU� UHODWLRQV� ZLWKLQ� WKH
PHDVXUHG�RU�VLPXODWHG�GDWD�VHWV��$XWRPDWHG�PRGHO�EDVHG�UHDVRQLQJ�ZLOO�FRQWLQXH�WR�HPSOR\�V\PEROLF
ORJLF� DQG� WKHRUHP� SURYLQJ� PHWKRGV�� DXJPHQWHG� ZLWK� IX]]\� YDULDEOHV�� XQFHUWDLQW\� PHDVXUHV�
SUREDELOLVWLF� FDXVDO� QHWZRUNV� DQG� FDVH�EDVHG� UHDVRQLQJ�� ,W� LV� H[SHFWHG� WKDW� WKH� UHVHDUFK� RQ� WKLV
SURJUDPPH�ZLOO�JHQHUDWH�VHYHUDO�UHILQHG�DQG�QHZ�RSWLPL]DWLRQ��SUHGLFWLYH�DQG�GLDJQRVWLF�SURFHGXUHV�
DV�ZHOO�DV�QHZ�FRPSXWHU�DUFKLWHFWXUHV�WKDW�VXSSRUW�DGYDQFHG�HPEHGGHG�SURFHVV�PRGHOOLQJ�

$8720$7,=,5$12�5$68 ,9$1-(�8�02'(/,5$1-8�237,0,=$&,-,�,
',-$*1267,&,�7(+1,ý.,+�352&(6$
$8720$7('�5($621,1*�,1�02'(//O1*��237,0,=$7,21�$1'
',$*1267,&6�2)�7(&+1,&$/�352&(66(6
YRGLWHOM�WHPH��GU��VF��1LNROD�%RJXQRYLü

6XUDGQLFL�QD�WHPL�

1LNROD�%RJXQRYLü��GRNWRU�UDþ��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
'UDJDQ�*DPEHUJHU��GRNWRU�UDþ��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
,YDQ�0DULü��GRNWRU�HOHNW��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
5DQNR�0XWDEåLMD��GRNWRU�HOHNWURW��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN��RG�������������X�PLURYLQL
7RPLVODY�âPXF��GRNWRU�HOHNWURW��]QDQRVWL��YLãL�DVLVWHQW

7HKQLþNL�VXUDGQLN�

0LOLYRM�,ODNRYDF��VDPRVWDOQL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

8�RNYLUX�WHPH��X�GLMHOX�LVWUDåLYDQMD�UDGQLK�RNROLQD�]D�XþLQNRYLWR�PRGHOLUDQMH�WHKQLþNLK�L�GUXJLK�SURFHVD�
UHDNWLYQR� YL]XDOQR� SURJUDPLUDQMH� L� REOLNRYDQMH� VXVWDYD� SURãLUHQR� MH� QD� KHWHURJHQH�� UDVSRGLMHOMHQH
LQVWUXPHQWDFLMVNH� VXVWDYH� NRML� VOLMHGH� SRGDWNRYQR� XSUDYOMDQ� REUD]DF�� 8� RNYLUX� LVWUDåLYDQMD
DXWRPDWL]LUDQLK�SRVWXSDND� L]JUDGQMH�PRGHOD��VXVWDY� ,//0�]D� LQGXNWLYQR�VWURMQR�XþHQMH�SULODJR HQ� MH
UDGX� VD� VNXSRYLPD� NRML� PRJX� VDGUåDYDWL� L� QHWRþQH� SULPMHUH�� 1MHJRYD� SULPMHQOMLYRVW� WHVWLUDQD� MH� QD
UD]QLP� GRPHQDPD�� XNOMXþXMXüL� L� GHVHW� PHGLFLQVNLK� GRPHQD� ]D� NRMH� MH� SR]QDWR� GD� VX� WHãNL� UHDOQL
SUREOHPL�� 8� VNORSX� LVWUDåLYDQMD� SRVWXSDND� DXWRPDWL]LUDQRJD� PRGHOVNRJ� UDVX LYDQMD� �SRVHELFH� QD
WHPHOMX�QHL]YMHVQH�LQIRUPDFLMH���HPSLULþNL�VX� LVWUDåHQH�NRUHODFLMH� L]PH X�UD]OLþLWLK�GRPHQD�SULPMHQH� L
VWUDWHJLMD� GHGXNFLMVNRJ� UD]UMHãDYDQMD�� ,VWUDåHQL� VX� L]YRUL� QHNRQ]LVWHQWQRJ� XSUDYOMDQMD� V� IDNWRULPD
QHL]YMHVQRVWL� X� GHGXNFLMVNRP� ]DNOMXþLYDQMX�� WH� MH� SUHGORåHQ� QRYL�� LVSUDYDQ�� SRVWXSDN� UDVX LYDQMD� V
SULPMHQRP� X� GLMDJQRVWLFL� WHKQLþNLK� VXVWDYD�� 8� SULPMHQDPD� PRGHOLUDQMD� SURFHVD� V� FLOMHP� QMLKRYH
RSWLPL]DFLMH�L�GLMDJQRVWLNH��RVWYDUHQL�VX�QRYL�PRGHOL�]D�DQDOL]X�SURFHVD�X� MH]JUL�QXNOHDUQRJ�UHDNWRUD�
8VSRUH HQH� VX� UD]OLþLWH� WHKQLNH� SURUDþXQD� WUDQVSRUWD� QXNOHDUQRJ� ]UDþHQMD�� �0RQWH�&DUOR�� PHWRGD
GLVNUHWQLK�RUGLQDWD��SRLQW�NHUQHO�PHWRGD��QD�QL]X�SUDNWLþQLK�SULPMHUD�



��

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� UHVHDUFK� FRYHUHG� E\� WKH� JUDQW�� ZLWKLQ� WKH� SURFHVV� PRGHOOLQJ� HQYLURQPHQW� UHVHDUFK� DUHD�� KDV
UHVXOWHG� LQ� H[WHQGLQJ� WKH� UHDFWLYH� YLVXDO� SURJUDPPLQJ� WR� WKH� �UH�FRQILJXUDWLRQ� RI� KHWHURJHQHRXV
GLVWULEXWHG�LQVWUXPHQWDWLRQ�V\VWHPV�WKDW�IROORZ�D�GDWD�IORZ�SURFHVVLQJ�SDUDGLJP��,Q�WKH�IUDPHZRUN�RI
DXWRPDWHG�LQGXFWLYH�PRGHO�EXLOGLQJ��WKH�,//0��,QGXFWLYH�/HDUQLQJ�E\�/RJLF�0LQLPL]DWLRQ��V\VWHP�KDV
EHHQ�LPSURYHG�VR�WKDW� LW�FDQ�HIILFLHQWO\�KDQGOH�GDWD�VHWV�ZLWK�HUURQHRXV�H[DPSOHV�� ,WV�HIILFLHQF\�KDV
EHHQ� WHVWHG�RQ� YDULRXV�GRPDLQV�� LQFOXGLQJ� WHQ�PHGLFDO� GRPDLQV� WKDW� DUH� NQRZQ� WR� EH� GLIILFXOW� UHDO�
ZRUOG� SUREOHPV�� 7KH� UHVHDUFK� RQ� DXWRPDWHG�� PRGHO�EDVHG� UHDVRQLQJ� �ZLWK� SDUWLFXODU� DWWHQWLRQ� WR
XQFHUWDLQW\�PDQDJHPHQW���KDV�UHVXOWHG�LQ�HPSLULFDOO\�HVWDEOLVKHG�GRPDLQ�GHSHQGHQFLHV�RI�DXWRPDWHG
WKHRUHP�SURYLQJ�UHVROXWLRQ�VWUDWHJLHV��6RXUFHV�RI� LQFRQVLVWHQW�XQFHUWDLQW\�PDQDJHPHQW� LQ�GHGXFWLYH
DXWRPDWHG� UHDVRQLQJ� KDYH� EHHQ� LQYHVWLJDWHG� DQG� LGHQWLILHG�� $� QHZ�� VRXQG� GHGXFWLYH� UHDVRQLQJ
SURFHGXUH� ZLWK� XQFHUWDLQW\� PDQDJHPHQW� KDV� EHHQ� SURSRVHG� DQG� DSSOLHG� WR� WHFKQLFDO�V\VWHP
GLDJQRVLV�� $QDO\VLV� DQG� RSWLPL]DWLRQ� WHFKQLTXHV�� HPSOR\HG� IRU� VSHFLILF� WHFKQLFDO� SURFHVVHV�� KDYH
UHVXOWHG� LQ� QHZ� FDOFXODWLRQ� PRGHOV� IRU� QXFOHDU� UHDFWRU� LQ�FRUH� IXHO� PDQDJHPHQW�� $Q� H[WHQVLYH
FRPSDULVRQ�RI�GLIIHUHQW�PHWKRGV�IRU�VKLHOGLQJ�FDOFXODWLRQV�KDV�EHHQ�PDGH�

237,0,=$&,-$�2%5$'(�6,*1$/$�,�32'$7$.$�8�',-$*1267,ý.,0
326783&,0$
237,0,=$7,21�2)�6,*1$/�$1'�'$7$�352&(66,1*�,1
',$*1267,&�352&('85(6
YRGLWHOM�WHPH��GU��VF��%RåLGDU�9RMQRYLü

6XUDGQLFL�QD�WHPL�

=RUDQ� XNLü��PDJLVWDU�HOHNWURW��]QDQRVWL��DVLVWHQW
7LQ�,ODNRYDF��PDJLVWDU�HOHNWURW��]QDQRVWL��DVLVWHQW
$OHNVDQGDU�0DNVLPRYLü��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW
%UDQND�0HGYHG�5RJLQD��GRNWRULFD�HOHNW��]QDQRVWL��YLãD�DVLVWHQWLFD
,YDQ�0LFKLHOL��GRNWRU�VWURM��]QDQRVWL��YLãL�DVLVWHQW
6WUDKLO�5LVWRY��GRNWRU�UDþ��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
%RåLGDU�9RMQRYLü��GRNWRU�HOHNWURW��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLN�

,YDQ�.RQWXãLü��VDPRVWDOQL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

8�RNYLUX� WHPH� �2SWLPL]DFLMD�REUDGH�VLJQDOD� L�SRGDWDND�� UH]XOWDWL� UDGD�REXKYDüDMX�PMHUHQMH� L� REUDGX
YLãHGLPHQ]LMVNLK� ��'� L� �'�� VLJQDOD�� WH� DQDOL]X� WHPHOMQLK� SRGDWNRYQLK� VWUXNWXUD� L� DOJRULWDPD� REUDGH�
5D]PDWUDQH� VX� L� XVSRUH HQH� PHWRGH� SREROMãDQMD� WRþQRVWL� PMHUHQMD� NUDWNLK� YUHPHQVNLK� LQWHUYDOD�
RGQRVQR� YUHPHQD� NDãQMHQMD� VLJQDOD�� 2SWLPL]LUDQL� VX� XYMHWL� UDGD� YUHPHQVNRJ� GLVNULPLQDWRUD� VWRS
LPSOXVD�X�VXVWDYX�PMHUHQMD�NUDWNLK�YUHPHQVNLK� LQWHUYDOD�RSWRHOHNWURQLþNLP�SRVWXSNRP��3UHGORåHQ� MH
DOJRULWDP�]D�RSLVLYDQMH�L�SUHSR]QDYDQMH��'�ELQDUQH�VOLNH��REOLND���SULPMHQRP�PRGLILFLUDQH�PRUIRORãNH
VLJQDWXUQH� WUDQVIRUPDFLMH� �067���NRMD�NRULVWL�RSHUDFLMH�HUR]LMH� L�GLODWDFLMH��=D�NODVLILNDFLMX��'�ELQDUQH
VOLNH� X� SULVXWQRVWL� ãXPD�� GRELYHQH� FLUNXODUQLP� VNDQLUDQMHP�� SULPLMHQMHQD� MH� NDVNRGQR�NRUHOLUDQD
QHXURQVND�PUHåD��$QDOL]LUDQL�VX��'�PRGHOL��REOLFL��VLOQLFD�WRND�GRELYHQL�LQWHUDNFLMRP�QDQRVHNXQGQRJD
SXOVQRJ� ODVHUD�YHOLNH�VQDJH�V�PDWHULMDORP��WDQWDO� L�PROLEGHQ���8�REUDGL� L� DQDOL]L� SRGDWDND� �SURFHVD�
SURYHGHQ�MH�SURUDþXQ�SROMD�]UDþHQMD�LQWHJUDFLMRP�IXQNFLMH�3RLQW�NHUQHO�]D�VWDQGDUGQH�JHRPHWULMH�L]YRU�
ãWLW� X]� XSRWUHEX� EXLOGXS� IDNWRUD� X� IRUPL� SURãLUHQLK� SROLQRPD�� 5H]XOWDWL� VX� SULND]DQL� SUHNR
NRQYHUJHQWQLK� UHGRYD� VSHFLMDOQLK� LQWHJUDOQLK� IXQNFLMD�� ,VWUDåLYDQL� VX� WDNR HU� DOJRULWPL� L� SRGDWNRYQH
VWUXNWXUH�SRJRGQH�]D�REUDGX�L�SRKUDQMLYDQMH�KUYDWVNRJ�MH]LND�



��

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� UHVHDUFK� FRYHUHG� E\� WKH� JUDQW� �2SWLPL]DWLRQ� RI� VLJQDOV� DQG� GDWD� SURFHVVLQJ�� HPERGLHV
PHDVXUHPHQW�DQG�SURFHVVLQJ�RI�PXOWLGLPHQVLRQDO���'�DQG��'��VLJQDOV��DV�ZHOO�DV� IXQGDPHQWDO�GDWD
VWUXFWXUHV�DQG�SURFHVVLQJ�DOJRULWKPV�� ,Q�SDUWLFXODU��PHWKRGV�RI� UHVROXWLRQ� LPSURYHPHQW�RI�VKRUW� WLPH
LQWHUYDO��DV�ZHOO�DV� WLPH�GHOD\�PHDVXUHPHQWV��KDYH�EHHQ�DQDO\VHG��&RQGLWLRQV� IRU�RSWLPXP�ZRUNLQJ
UHJLPH� RI� D� VWRS� LPSXOVH� WLPLQJ� GLVFULPLQDWRU�� DV� D� SDUW� RI� DQ� RSWRHOHFWURQLF� V\VWHP� IRU� VKRUW� WLPH
LQWHUYDOV��KDYH�EHHQ�GHILQHG��$Q�DOJRULWKP�IRU��'�VKDSH�GHVFULSWLRQ�DQG�UHFRJQLWLRQ�WKDW�XVHV�PRGLILHG
0RUSKRORJLFDO� 6LJQDWXUH�7UDQVIRUP� �067��ZLWK� ERWK� HURVLRQ� DQG� GLODWDWLRQ� RSHUDWLRQV�� LV� SURSRVHG�
7KH� FDVFDGH�FRUUHODWLRQ� QHXUDO� QHWZRUN� KDV� EHHQ� DSSOLHG� WR� WKH� FODVVLILFDWLRQ� RI� �'� ELQDU\� LPDJH
�VKDSH��LQ�WKH�SUHVHQFH�RI�DGGLWLYH�QRLVH��REWDLQHG�E\�FLUFXODU��LPDJH��VFDQQLQJ��7ZR�GLPHQVLRQDO�IORZ
SDWWHUQV� JHQHUDWHG� LQ� KLJK�SRZHU�� QDQRVHFRQG� WLPH� ODVHU�PDWHULDO� LQWHUDFWLRQ� RQ� WKH� YDSRUL]LQJ
VXUIDFH�RI�WDQWDOXP�DQG�PRO\EGHQ�KDYH�EHHQ�DQDO\]HG��,Q�GDWD��SURFHVVHV��SURFHVVLQJ�DQG�DQDO\VLV�
WKH�GRVH�ILHOG�FDOFXODWLRQ�XVLQJ�WKH�SRLQW�NHUQHO�LQWHJUDWLRQ�ZLWK�DQ�H[SDQGHG�SRO\QRPLDO�IRUP�RI�EXLOG�
XS�IDFWRUV�IRU�VWDQGDUG�VRXUFH�VKLHOG�JHRPHWU\�KDV�EHHQ�SHUIRUPHG��5HVXOWV�DUH�JLYHQ�LQ�WKH�IRUP�RI
VSHFLDO�LQWHJUDO�IXQFWLRQV��RU�DV�D�UDSLGO\�FRQYHUJHQW�VHULHV�H[SDQVLRQ��$OJRULWKPV�DQG�GDWD�VWUXFWXUHV
VXLWDEOH�IRU�SURFHVVLQJ�DQG�VWRUDJH�RI�WKH�&URDWLDQ�ODQJXDJH�KDYH�EHHQ�LQYHVWLJDWHG�

35,/2=,
=QDQVWYHQL� UDGRYL� REMDYOMHQL� X� þDVRSLVLPD
NRML�VX�LQGHNVLUDQL�X�&XUUHQW�&RQWHQWV�X�

��� /XJRPHU�� 6��� 0DNVLPRYLü�� $��� /DVHU�,QGXFHG
7ZR�'LPHQVLRQDO�3HULRGLF�DQG�&KDRWLF�0RWLRQV�RQ
0ROWHQ� 7DQWDOXP� DQG� 0RO\EGHQXP� 6XUIDFHV�
3KLORVRSKLFDO� 0DJD]LQH� %�3K\VLFV� RI� &RQGHQVHG
0DWWHU� 6WUXFWXUDO� (OHFWURQLF� 2SWLFDO� 	� 0DJQHWLF
3URSHUWLHV��������������������

��� /XJRPHU��6���0DNVLPRYLü��$���6ROLWRQV�RQ�9RUWH[
)LODPHQWV�*HQHUDWHG�E\�1V�/DVHU�3XOVH�2Q�0HWDO
6XUIDFH�� -RXUQDO� RI� $SSOLHG� 3K\VLFV�� ��� ������
����������

��� 0DULü�� ,��� 'HULYDWLRQ� RI� 1DWXUDO� *DV� ,VHQWURSLF
([SRQHQW� IURP� $*$��� (TXDWLRQ� RI� 6WDWH�
�6WURMDUVWYR�� ýDVRSLV� ]D� WHRULMX� L� SUDNVX� X
VWURMDUVWYX������������������

5DGRYL�L�SRJODYOMD�X�NQMLJDPD�

��� /DYUDF�� 1���*DPEHUJHU�� '��� ']HURVNL�� 6��� 1RLVH
(OLPLQDWLRQ� $SSOLHG� ,Q� (DUO\� 'LDJQRVLV� 2I
5KHXPDWLF� 'LVHDVHV� ,QWHOOLJHQW� 'DWD� $QDO\VLV� LQ
0HGLFLQH�DQG�3KDUPDFRORJ\���1DGD�/DYUDF��(OSLGD
.HUDYQRX�� %OD]� =XSDQ� �XU���� %RVWRQ�'RUGUHFKW�
/RQGRQ� ��.OXZHU�$FDGHPLF�3XEOLVKHUV������������
����

5DGRYL�X�RVWDOLP�þDVRSLVLPD�

��� 5LVWRY��6���%RUDV��'���/DXF��7���/=�&RPSUHVVLRQ
2I� 6WDWLF� 7ULHV�� -RXUQDO� RI� &RPSXWLQJ� DQG
,QIRUPDWLRQ�7HFKQRORJ\��&,7��������������������

5DGRYL� REMDYOMHQL� X� ]ERUQLFLPD
VNXSRYD�

��� %DüH�� 0��� 3HYHF�� '��� âPXF�� 7��� ,PSDFW� 2I
%XUQXS�&UHGLW�2Q�7KH�133�.UãNR�6SHQW�)XHO�3RRO
&ULWLFDOLW\� 3URFHHGLQJV� RI� WKH� �WK� 5HJLRQDO
0HHWLQJ�� 1XFOHDU� (QHUJ\� LQ� &HQWUDO� (XURSH� �
0DXþHF��0���XU����%OHG��6ORYHQLMD��1XFOHDU�6RFLHW\
RI�6ORYHQLD������������

��� %RJXQRYLü�� 1��� -XULQDF�� 5��� 'RPDLQ
'HSHQGHQFLHV� 2I� $XWRPDWHG� 7KHRUHP� 3URYLQJ
5HVROXWLRQ� 6WUDWHJLHV� � 3URFHHGLQJV� RI� WKH
0,352����� ��WK� ,QWHUQDWLRQDO� &RQYHQWLRQ� �
%LOMDQRYLü�� 3HWDU� HW� DO�� �XU���� 2SDWLMD�� +UYDWVND� �
+UYDWVNR�GUXãWYR�0,352����������������

��� %RJXQRYLü��1���7XODþ��6���5HDFWLYH�9LVXDO�'HVLJQ
$QG� &RQWURO� 2I� 'LVWULEXWHG� ,QGXVWULDO
,QVWUXPHQWDWLRQ� 6\VWHPV� 3URFHHGLQJV� RI� WKH
,(&21�����,(((���UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ
,QGXVWULDO�(OHFWURQLFV��&RQWURO��DQG�,QVWUXPHQWDWLRQ
�� +DQHGD� +LURPDVD� �XU���� 1HZ� 2UOHDQV�� 6$'� �
,(((��3LVFDWDZD\��1�-�����������������

��� XNLü�� =��� /RQþDULü�� 6��� (URVLRQ�� $QG� 'LODWLRQ�
%DVHG� 0RUSKRORJLFDO� 6LJQDWXUH� 7UDQVIRUP� )RU
6KDSH� 'HVFULSWLRQ� 3URF�� 63,(� 9RO�� �����
1RQOLQHDU� ,PDJH� 3URFHVVLQJ� 9,,� �� 'RXJKHUW\�� (�
5���$VWROD��-�7�� �XU����6DQ�-RVH��&DOLIRUQLD� ��63,(�
��������������

��� *DPEHUJHU�� '��� /DYUDF�� 1��� &RQGLWLRQV� )RU
2FFDPCV� 5D]RU� $SSOLFDELOLW\� $QG� 1RLVH
(OLPLQDWLRQ� � 0DFKLQH� /HDUQLQJ�� (&0/���� �� YDQ
6RPHUHQ��0DDUWHQ��:LGPHU�� *HUKDUG� �XU���� 3UDJ�
&HVND���6SULQJHU������������������



��

��� .HUQ��-���*DPEHUJHU��'���6RQLFNL��=���9XOHWLF��6��
,//0� �� ,QGXFWLYH� /HDUQLQJ�$OJRULWKP�DV� D�0HWKRG
IRU� 3UHGLFWLRQ� RI� /LIH� ([SHFWDQF\� $FKLHYLQJ
0HGLFDO� ,QIRUPDWLFV� (XURSH� ���� �� 3DSSDV�� &��
0DJODYHUDV��1���6FKHUUHU��-�5���XU����$WHQD��*UFND��
,26�3UHVV������������������

��� /XJRPHU�� 6��� 0DNVLPRYLü�� $��� /DVHU� *HQHUDWHG
6ROLWRQV� 2Q� 9RUWH[� )LODPHQWV� 2Q� 7D� 6XUIDFH
([WHQGHG� $EVWUDFWV� RI� ��WK� -RLQW� 9DFXXP
&RQIHUHQFH� �� %RKDWND� 6DQGRU� �XU���� 0D DUVND� �
+XQJDULDQ� 1DWLRQDO� &RPPLWHH� RI� ,8967$�� �����
��������

��� 0HGYHG�5RJLQD��%���6NDOD��.���9RMQRYLü��%���7LPH
'HOD\� 7HVWLQJ� LQ� WKH� 3URJUDPPDEOH� /RJLF� &LUFXLW
'HVLJQ� � 3URFHHGLQJV� RI� WKH� 0,352
��
6\PSRVLXP�� 0LFURHOHFWURQLFV�� (OHFWURQLFV� DQG
(OHFWURQLF�7HFKQRORJLHV� ��%LOMDQRYLü��3HWDU��6NDOD�
.DUROM��5LEDULü��6ORERGDQ��%XGLQ��/HR��XU����2SDWLMD�
+UYDWVND���0,352��&URDWLD��������������

��� 0HGYHG� 5RJLQD�� %�� 6NDOD�� .��� 2SWLFDOO\
5HFRQILJXUDEOH� +DUGZDUH� (OHFWURQLF� LQ� 0DULQH� �
(/0$5� �� 5DGDQRYLü�� %RåLGDU�� 9LVWULFND�� -DURVODY
�XU���� =DGDU�� +UYDWVND� �� &URDWLDQ� 6RFLHW\
(OHFWURQLFV�LQ�0DULQH���(/0$5��=DGDU������������
����

���� 6NDOD�� .��� 0HGYHG� 5RJLQD�� %��� *,6� DQG� *36
EDVHG� 95� :HEFDVWLQJ� 7HFKQRORJ\� 3URFHHGLQJV
,&207
�����)D]HNDV��.DOPDQ��(UHQ\L��,VWYDQ��XU���
%XGLPSHãWD��0D DUVND���3$1(0��%XGDSHVW�������
��������

'RNWRUVNH�GLVHUWDFLMH�

��� 0HGYHG� 5RJLQD�� %��� 3REROMãDQMH� WRþQRVWL
PMHUHQMD� NUDWNLK� YUHPHQVNLK� LQWHUYDOD
RSWRHOHNWURQLþNLP� SRVWXSNRP� �� GRNWRUVND
GLVHUWDFLMD�� =DJUHE� �� )DNXOWHW� HOHNWURWHKQLNH� L
UDþXQDUVWYD�������������������VWU���YRGLWHOM��.YL]��%�

��� 5LVWRY��6���0HWRGD�DQDOL]H�L�LVNRULãWHQMD�]DOLKRVWL
X�NRQDþQRP�VNXSX�]QDNRYQLK�QL]RYD�V�SULPMHQRP
QD�KUYDWVNL�REOLþQLN���GRNWRUVND�GLVHUWDFLMD��=DJUHE��
)DNXOWHW� HOHNWURWHKQLNH� L� UDþXQDUVWYD�� ������������
����VWU���YRGLWHOM��.DOSLü��'�

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

XNLü�� =��� /RQþDULü�� 6��� (URVLRQ�� DQG� 'LODWLRQ�%DVHG
0RUSKRORJLFDO� 6LJQDWXUH� 7UDQVIRUP� IRU� 6KDSH
'HVFULSWLRQ��,QWHUQDWLRQDO�6\PSRVLXP�RQ�1RQOLQHDU
3URFHVVLQJ��6DQ�-RVH��6$'�����������������

*DPEHUJHU�� '��� /DYUDF�� 1��� &RQGLWLRQV� IRU� 2FFDP�V
5D]RU� $SSOLFDELOLW\� DQG� 1RLVH� (OLPLQDWLRQ�� �WK
(XURSHDQ�&RQIHUHQFH�2Q�0DFKLQH�/HDUQLQJ��3UDJ�
ýHãND�����������������

%RJXQRYLü��1���-XULQDF��5���'RPDLQ�'HSHQGHQFLHV�RI
$XWRPDWHG� 7KHRUHP� 3URYLQJ� 5HVROXWLRQ
6WUDWHJLHV�� 0,352����� ��WK� ,QWHUQDWLRQDO
&RQYHQWLRQ��2SDWLMD�����������������

0HGYHG� 5RJLQD�� %��� 6NDOD�� .��� 9RMQRYLü�� %��� 7LPH
'HOD\� 7HVWLQJ� LQ� WKH� 3URJUDPPDEOH� /RJLF� &LUFXLW
'HVLJQ��0,352�������WK� ,QWHUQDWLRQDO�&RQYHQWLRQ�
2SDWLMD�����������������

/XJRPHU�� 6��� 0DNVLPRYLü� $��� /DVHU� *HQHUDWHG
6ROLWRQV� RQ� 9RUWH[� )LODPHQWV� RQ� 7D� 6XUIDFH�� �WK
-RLQW� 9DFXP� &RQIHUHQFH�� 'HEUHFHQ�� 0D DUVND�
���������������

%DüH�� 0��� 3HYHF�� '��� âPXF�� 7��� ,PSDFW� RI� %XUQXS
&UHGLW� RQ� WKH� 133� .UãNR� 6SHQW� )XHO� 3RRO
&ULWLFDOLW\���WK�5HJLRQDO�0HHWLQJ��1XFOHDU�(QHUJ\�,Q
&HQWUDO�(XURSH��%OHG��6ORYHQLMD�����������������

%RJXQRYLü��1���7XODþ��6���5HDFWLYH�9LVXDO�'HVLJQ�DQG
&RQWURO� RI� 'LVWULEXWHG� ,QGXVWULDO� ,QVWUXPHQWDWLRQ
6\VWHPV�� ,(((� ��UG� ,QWHUQDWLRQDO� &RQIHUHQFH� 2Q
,QGXVWULDO�(OHFWURQLFV��&RQWURO�$QG�,QVWUXPHQWDWLRQ�
,(&21�����1HZ�2UOHDQV��6$'�����������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

3UHGVWDYOMDQMH�]QDQMD�X�LQWHOLJHQWQLP�LQIRUPDFLMVNLP
VXVWDYLPD
3UHGDYDþ��%RJXQRYLü��1�
3RVOLMHGLSORPVNL�VWXGLM�QD�)DNXOWHWX�HOHNWURWHKQLNH�L
UDþXQDUVWYD��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������������������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

7HKQLNH�HNVSHUWQLK�VXVWDYD
3UHGDYDþ��%RJXQRYLü��1�
)DNXOWHW�HOHNWURWHKQLNH�L�UDþXQDUVWYD��6YHXþLOLãWH�X
=DJUHEX��ãN��JRG��������������������

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLP�XVWDQRYDPD�

*DPEHUJHU�� '��� ,QGXFWLYH� /RJLF� 3URJUDPPLQJ� � 3DQ�
(XURSHDQ� 6FLHQWLILF� 1HWZRUN�� 3(&2� ��� FRQWUDFW� 1R
&,3$�����2&7��������&RPPLVVLRQ�RI�WKH�(XURSHDQ
&RPPXQLWLHV

�



��
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=$92'�=$�),=,ý.8�.(0,-8
',9,6,21�2)�3+<6,&$/�&+(0,675<
$NDGHPLN�1HQDG�7ULQDMVWLü��SUHGVWRMQLN�]DYRGD

8VWURM�=DYRGD
/DERUDWRULM�]D�NHPLMVNX�NLQHWLNX�L�DWPRVIHUVNX�NHPLMX��GU��VF��/HR�.ODVLQF��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�UDGLRNHPLMX��GU��VF��1DGD�)LOLSRYLü�9LQFHNRYLü��YRGLWHOMLFD�ODERUDWRULMD
*UXSD�]D�WHRULMVNX�NHPLMX���GU��VF��1HQDG�7ULQDMVWLü��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�NHPLMVNX�L�ELRORãNX�NULVWDORJUDILMX��GU��VF��%LVHUND�.RMLü�3URGLü��YRGLWHOMLFD
ODERUDWRULMD
/DERUDWRULM�]D�PDJQHWVNH�UH]RQDQFLMH��GU��VF��=RULFD�9HNVOL��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�DQDOLWLþNX�NHPLMX��GU��VF��2OJD�+DGåLMD��YRGLWHOMLFD�ODERUDWRULMD
7DMQLãWYR��$OELQD�%DUXãNLQ

8�RNYLUX�]DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�L�WHPL
L]YDQ�SURJUDPD�

6758.785$�,�',1$0,.$�6,17(7,ý.,+�,�%,2/2*,-6.,+
79$5,

6758&785(�$1'�'<1$0,&6�2)�6<17+(7,&�$1'
%,2/2*,&$/�68%67$1&(6

'LUHNWRU�SURJUDPD��$NDGHPLN�1HQDG�7ULQDMVWLü

7HPH�X�VDVWDYX�SURJUDPD�
6DVWDY��VYRMVWYD�L�GLQDPLND�SOLQVNLK�VXVWDYD��GU��VF��'XQMD�6U]Lü��YRGLWHOMLFD�WHPH
,VWUDåLYDQMD�KRPRJHQLK�L�KHWHURJHQLK�VXVWDYD��GU��VF��1DGD�)LOLSRYLü�9LQFHNRYLü��YRGLWHOMLFD
WHPH
5HDNWLYQRVW�L�UHDNFLMVNL�PHKDQL]PL��GU��VF��/HR�.ODVLQF��YRGLWHOM�WHPH

,VWUDåLYDQMD�VWDWLþNLK�L�GLQDPLþNLK�VYRMVWDYD�PROHNXOD��GU��VF��$OHNVDQGDU�6DEOMLü��YRGLWHOM�WHPH
5D]YRM�L�SULPMHQD�PRGHOD�X�NHPLML��$NDGHPLN�1HQDG�7ULQDMVWLü��YRGLWHOM�WHPH

6WUXNWXUD�L�ELRDNWLYQRVW�RUJDQVNLK�L�RUJDQRPHWDOQLK�VSRMHYD��GU��VF��/MHUND�7XãHN�%RåLü�
YRGLWHOMLFD�WHPH
6WUXNWXUD�L�VYRMVWYD��ELR�PROHNXOD��GU��VF��%LVHUND�.RMLü�3URGLü��YRGLWHOMLFD�WHPH

6SHNWURVNRSVND�LVWUDåLYDQMD�OLSRSURWHLQD��GU��VF��*UHWD�3LIDW�0U]OMDN��YRGLWHOMLFD�WHPH
5HODNVDFLMVNL�SURFHVL�IHURHOHNWULND�L�VXSUDYRGLþD��GU��VF��%RULV�5DNYLQ��YRGLWHOM�WHPH

,VWUDåLYDQMH�SROLPHUD�PHWRGDPD�PDJQHWVNLK�UH]RQDQFLMD��GU��VF��=RULFD�9HNVOL��YRGLWHOMLFD
WHPH

7HPD�L]YDQ�SURJUDPD

0RGHOQL�VXVWDYL�]D�LVWUDåLYDQMH�VWDQMD�PHWDOD�X�SULURGL��GU��VF��2OJD�+DGåLMD��YRGLWHOMLFD�WHPH



��

3URJUDP�UDGD�

,QWHUGLVFLSOLQDUQLP� SULVWXSRP� L]XþHQ� MH� RGQRV� VWUXNWXUH� L� GLQDPLNH� WH� VYRMVWYD� PROHNXOD�
3ULSUDYOMHQH� VX� UD]OLþLWH� VNXSLQH� QRYLK� VSRMHYD� RG� VXSUDPROHNXOQLK� GR� DQRUJDQVNLK�� RUJDQVNLK� L
RUJDQRPHWDOQLK�NRPSOHNVD��,]ROLUDQL�VX�SURWHLQL�V�FLOMHP�L]XþDYDQMD�QMLKRYH�VWUXNWXUH�L�XþLQND��'RãOR�VH
GR�QRYLK�VSR]QDMD�R�IL]LþNR�NHPLMVNLP�VYRMVWYLPD�SUDüHQMHP�GLQDPLNH�VLQWHWLþNLK�L�ELRORãNLK�SROLPHUD�

5D]YLMHQH� VX� QRYH� DQDOLWLþNH� L� LQVWUXPHQWDOQH� PHWRGH� ]D� WHPHOMQX� NHPLMVNX� NDUDNWHUL]DFLMX
VSRMHYD��8�RGUH LYDQMX�PROHNXOQH�VWUXNWXUH�QRYLK�VSRMHYD� UDELR�VH�QL]�VSHNWURVNRSVNLK�PHWRGD�NDR
IRWRHOHNWURQVND��105��(65��'0(65�� ,5�)7��3)6��VSHNWURPHWULMD�PDVD��NDR� L� UHQWJHQVND�VWUXNWXUQD
DQDOL]D�NRMRP�MH�MHGQR]QDþQR�RGUH HQD�PROHNXOQD�L�NULVWDOQD�VWUXNWXUD�L]XþDYDQLK�VSRMHYD��5D]YLMHQH
VX�YODVWLWH�HNVSHULPHQWDOQH�L�UDþXQVNH�PHWRGH�]D�VWUXNWXUQX�NDUDNWHUL]DFLMX�L�SUDüHQMH�GLQDPLNH�QRYLK�L
SR]QDWLK�VSRMHYD��ãWR�MH�RG�ELWQRJ�]QDþHQMD�X�SURQDODåHQMX�PRJXüQRVWL�QMLKRYH�SULPMHQH�

,]XþDYDQL� VX� NHPLMVNL� SURFHVL� X� RWRSLQDPD� ãWR� XNOMXþXMH� RWDSDQMH�� WDORåHQMH�� DGVRUSFLMX�
DVRFLMDFLMX��WH�NRPSOHNVLUDQMH�X�RWRSLQDPD�UD]OLþLWH�LRQVNH�MDNRVWL��SRVHELFH�X�SULURGQLP�YRGDPD�

3RVWLJQXWL� HNVSHULPHQWDOQL� UH]XOWDWL� QDGRJUD HQL� VX� WHRULMVNLP� SRVWXSFLPD� WHPHOMHQLP� QD
YHOLNLP�PRJXüQRVWLPD� UDþXQDOQH� NHPLMH� L� XSRUDEL� RELOQLK� GDWRWHND�� V� FLOMHP� XVSRVWDYOMDQMD� RGQRVD
L]PH X�VWUXNWXUH�L�VYRMVWDYD�RGDEUDQLK�VNXSLQD�VSRMHYD��46$5��WH�REMDãQMHQMD�PHKDQL]DPD�NHPLMVNLK
UHDNFLMD� QD� DWRPQRM� L� PROHNXOQRM� UD]LQL�� .RPSMXWHUVNR� PRGHOLUDQMH� SULPLMHQMHQR� MH� X� SULVWXSX
PROHNXOQRJ�SUHSR]QDYDQMD�X�SUDüHQMX�NHPLMVNH�UHDNWLYQRVWL�HNRORãNLK�]DJD LYDOD��SRVHELFH�]UDND��SD
GR�ELRORãNL�DNWLYQLK�VXVWDYD��7HRULMRP�JUDIRYD�RSLVDQH�VX�VWUXNWXUH�UD]OLþLWLK�VNXSLQD�PROHNXOD� LOL�SDN
QMLKRYH�DJUHJDFLMH��2EOLNRYDQL�VX�NRULVQL�PRGHOL�]D�L]UDþXQDYDQMH�UD]OLþLWLK�VYRMVWDYD�PROHNXOD�

8�RNYLUX�=DYRGD�RVWYDUHQD�MH�SORGRQRVQD�PH XQDURGQD�VXUDGQMD�V�YHOLNLP�EURMHP�VYHXþLOLãWD
L�LVWUDåLYDþNLK�LQVWLWXFLMD�NRMD�MH�UH]XOWLUDOD�]QDWQLP�EURMHP�]DMHGQLþNLK�SXEOLNDFLMD�

5HVHDUFK�SURJUDPPH�

$Q�LQWHUGLVFLSOLQDU\�DSSURDFK�KDV�EHHQ�XVHG�LQ�WKH�VWXG\�RI�FRUUHODWLRQ�RI�PROHFXODU�VWUXFWXUH
DQG� G\QDPLFV� DQG�PROHFXODU� SURSHUWLHV��$� ODUJH� YDULHW\� RI� QHZ� VXEVWDQFHV� KDYH� EHHQ� V\QWKHVLVHG
LQFOXGLQJ�VXSUDPROHFXODU�� LQRUJDQLF�DQG�RUJDQLF� FRPSRXQGV�DQG�RUJDQRPHWDOOLF� FRPSOH[HV�DV�ZHOO�
6RPH�SURWHLQV� KDYH� EHHQ� LVRODWHG� LQ� RUGHU� WR� VWXG\� WKHLU� VWUXFWXUHV� DQG� IXQFWLRQV��9DOXDEOH� UHVXOWV
UHODWHG� WR� SK\VLF�FKHPLFDO� SURSHUWLHV� DQG�PROHFXODU� G\QDPLFV� RI� V\QWKHWLF� DQG� ELRORJLFDO� SRO\PHUV
KDYH�EHHQ�DFKLHYHG�

1HZ� DQDO\WLFDO� DQG� LQVWUXPHQWDO� PHWKRGV� IRU� EDVLF� FKHPLFDO� FKDUDFWHULVDWLRQV� ZHUH
GHYHORSHG��)RU�PROHFXODU�VWUXFWXUH�GHWHUPLQDWLRQ��YDULRXV�VSHFWURVFRSLF�PHWKRGV�KDYH�EHHQ�DSSOLHG�
SKRWRHOHFWURQLF��105��(65��'0(65�� ,5�)7��3)6��PDVV�VSHFWURPHWU\��;�UD\�VWUXFWXUH�DQDO\VLV� KDV
EHHQ�XVHG�WR�XQDPELJXRXVO\�GHWHUPLQH�WKH�PROHFXODU�DQG�FU\VWDO�VWUXFWXUH�RI�WKH�FRPSRXQGV�VWXGLHG�
1HZ� H[SHULPHQWDO� DQG� WKHRUHWLFDO� PHWKRGV� IRFXVHG� RQ� VWUXFWXUDO� FKDUDFWHULVDWLRQ� DQG� PROHFXODU
G\QDPLFV�RI�QRYHO�DQG�FODVVLFDO�FRPSRXQGV�KDYH�EHHQ�GHYHORSHG��7KH�NQRZOHGJH�JDLQHG�LV�HVVHQWLDO
LQ�D�VHDUFK�IRU�DSSOLFDWLRQV�RI�WKHVH�VXEVWDQFHV�

&KHPLFDO� SURFHVVHV� LQ� VROXWLRQ�� VROXELOLW\�� SUHFLSLWDWLRQ�� DGVRUSWLRQ�� DVVRFLDWLRQ� DQG
FRPSOH[LRQ� LQ�VROXWLRQV�RI�GLIIHUHQW� LRQLF�VWUHQJWKV�KDYH�EHHQ�DQDO\VHG��SDUWLFXODUO\� WKRVH� UHODWHG� WR
QDWXUDO�ZDWHUV�
7KH� H[SHULPHQWDO� UHVXOWV� REWDLQHG� KDYH� EHHQ� H[WHQGHG� E\� WKHRUHWLFDO� SURFHGXUHV� EDVHG� RQ� JUHDW
DGYDQWDJHV� RI� FRPSXWDWLRQDO� FKHPLVWU\� DQG� H[WHQVLYH� GDWD� EDVHV� LQ� RUGHU� WR� HVWDEOLVK� VWUXFWXUH�
DFWLYLW\� FRUUHODWLRQ� �46$5�� IRU� YDULRXV� JURXSV� RI� FRPSRXQGV�� DQG� WR� XQGHUVWDQG� WKH�PHFKDQLVP� RI
FKHPLFDO� UHDFWLRQV�DW� WKH�DWRPLF�DQG�PROHFXODU� OHYHOV��&RPSXWHU�PRGHOOLQJ�KDV�EHHQ�DSSOLHG� LQ� WKH
PROHFXODU� �� UHFRJQLWLRQ� DSSURDFK� LQ� RUGHU� WR� XQGHUVWDQG� WKH� FKHPLFDO� UHDFWLYLW\� RI� SROOXWDQWV�
SDUWLFXODUO\� DWPRVSKHULF�� DQG� YDULRXV� ELRORJLFDO� V\VWHPV�� *UDSK� WKHRU\� KDV� EHHQ� XVHG� WR� GHILQH
GLIIHUHQW� FODVVHV� RI� PROHFXOHV� RU� WKHLU� DJJUHJDWHV�� 8VHIXO� WKHRUHWLFDO� PRGHOV� GHVFULELQJ� YDULRXV
PROHFXODU� SURSHUWLHV� KDYH� EHHQ� HVWDEOLVKHG�� 7KH� VFLHQWLVWV� RI� WKH� 3K\VLFDO� &KHPLVWU\� 'HSDUWPHQW
KDYH� GHYHORSHG� D� IUXLWIXO� LQWHUQDWLRQDO� VFLHQWLILF� FR�RSHUDWLRQ� ZLWK� PDQ\� XQLYHUVLWLHV� DQG� UHVHDUFK
LQVWLWXWHV��ZKLFK�KDV�UHVXOWHG�LQ�D�QXPEHU�RI�MRLQW�VFLHQWLILF�SXEOLFDWLRQV�



��

6$67$9��692-679$�,�',1$0,.$�3/,16.,+�6867$9$
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6<67(06
9RGLWHOMLFD�WHPH��GU�VF��'XQMD�6U]Lü

6XUDGQLFL�QD�WHPL�

6DãD�.D]D]Lü��GLSO��LQå��NHPLMH��POD L�DVLVWHQW�
1HQDG�.H]HOH��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN�
6X]DQD�0DUWLQRYLü��GRNWRULFD�NHP��]QDQRVWL�YLãD�DVLVWHQWWLFD��]QDQVWYHQD�QRYDNLQMD�
6U]Lü�'XQMD��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

7HKQLþNL�VXUDGQLN�

,JRU�2ãODM��WHKQLþDU�VXUDGQLN

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

7RPLVODY� &YLWDã�� GRNWRU� NHP�� ]QDQRVWL�� UHGRYLWL� SURIHVRU�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX
/MLOMDQD� 3DãD�7ROLü�� GRNWRULFD� NHP�� ]QDQRVWL�� YLãD� DVLVWHQWLFD�� 3DFLILF� 1DWLRQDO� ODERUDWRU\�� 5LFKODQG�
6$'

3URJUDP�L�UH]XOWDWL�UDGD�

7HPD� LVWUDåXMH� VDVWDY� ]UDND� V� RE]LURP� QD� PLNURNRQVWLWXHQWH� WH� QMLKRYD� VYRMVWYD�
WUDQVIRUPDFLMH� L� WUDQVSRUW�X�DWPRVIHUL�QDG�UD]OLþLWLP�SRGUXþMLPD�+UYDWVNH��X�XUEDQLP�VUHGLQDPD� �QSU�
=DJUHE���NRQWLQHQWDOQLP�NUDMHYLPD�GDOHNR�RG�YHOLNLK�L]YRUD��QSU��0HGYHGQLFD��� L�SULPRUVNLP�NUDMHYLPD
�QSU��0DOL�/RãLQM��� ,VSLWLYDW�üH�VH�VWUXNWXUQD��NLQHWLþND� L� WHUPRGLQDPLþND�VYRMVWYD�VSRMHYD�NRML�XOD]H�X
DWPRVIHUX�LOL�VXGMHOXMX�X�L]PMHQL�]UDN�WOR�LOL�]UDN�YRGD�

,VWUDåLYDQR� MH� VWYDUDQMH�� UD]JUDGQMD� L� WUDQVSRUW� R]RQD� L� IRWRRNVLGDQVD� QD� UD]QLP� ORNDFLMDPD
+UYDWVNH� L� 6UHGR]HPOMD�� 5D]UD LYDQH� VX� PHWRGH� DQDOL]H� PLNURVDVWRMDND� ]UDND�� NRPSMXWRUVNH� L
VWDWLVWLþNH� PHWRGH� REUDGH� UH]XOWDWD�� LQWHUSUHWDFLMH� PMHUHQMD� SRVHEQR� X� VYH]L� V� PHWHRURORãNLP
SRGDFLPD� L� YLVLQVNLP� L� GDOMLQVNLP� WUDQVSRUWRP�� ,VWUDåLYDQH� VX� UHDNFLMH� OLJDFLMH� PHWDOQLK� LRQD
SROLFLNOLþNLP�DURPDWVNLP�XJOMLNRYRGLFLPD�L�LOL�QMLKRYLP�KHWHURFLNOLþNLP�DQDOR]LPD�X�SOLQVNRM�ID]L�

5H]XOWDWL� VX�REMDYOMHQL� X� ]QDQVWYHQLP�þDVRSLVLPD�V�PH XQDURGQRP� UHFHQ]LMRP�NRMH�SRNULYD
&XUUHQW�&RQWHQWV�

1HNL� VX� UDGRYL� REMDYOMHQL� X� NQMLJDPD� V� PH XQDURGQLK� ]QDQVWYHQLK� VNXSRYD� L� NQMLJDPD
]DYUãQRJ�L]YMHãWDMD�(85275$&�SURMHNWD�NRMH�MH�L]GDR�6SULQJHU�9HUODJ�������

9LGL�SRSLV�REMDYOMHQLK�UDGRYD�
*ODYQD�SRVWLJQXüD�
���*ODYQL�GRSULQRV�SUL]HPQRP�R]RQX�QD�-DGUDQX�MH�VD�]DSDGD��,WDOLMD��
���,QHUWQRVW�R]RQD�QD�SRYUãLQL�þHVWLFD�1D&O�
���9LãHJRGLãQMH�VWDQMH�WURSRVIHUVNRJ�R]RQD�X�EOL]LQL�=DJUHED�
��� 6LQWH]D� NRPSOHNVD�PHWDOQLK� LRQD� V� SROLFLNOLþNLP� DURPDWVNLP� XJOMLNRYRGLFLPD� L�LOL� QMLKRYLP

KHWHURFLNOLþNLP�DQDOR]LPD�X�SOLQVNRM�ID]L�
���6SHNWUL�PDVD�L�RGUH LYDQMH�VWUXNWXUH�VORåHQLK�SULURGQLK�VSRMHYD�L�SROLPHUD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� SURJUDPPH� LQYROYHV� WKH� LQYHVWLJDWLRQ� RI� WUDFH� FRQVWLWXHQWV� RI� DLU�� WKHLU� SURSHUWLHV�
WUDQVIRUPDWLRQ�DQG� WUDQVSRUW� LQ� WKH�DWPRVSKHUH�RYHU� WKH�GLIIHUHQW� UHJLRQV�RI�&URDWLD�� LQ�XUEDQ�DUHDV
�H�J�� =DJUHE��� FRQWLQHQWDO� UHPRWH� UHJLRQV� �H�J�� 0HGYHGQLFD�� DQG� FRDVWDO� DUHDV� �H�J�� 0DOL� /RãLQM��
6WUXFWXUDO��NLQHWLF�DQG� WKHUPRG\QDPLF�SURSHUWLHV�ZLOO�EH� LQYHVWLJDWHG� IRU�FRPSRXQGV�ZKLFK�HQWHU� WKH
DWPRVSKHUH�DQG�FRQWULEXWH�WR�DLU���VRLO�DQG�DLU���ZDWHU�H[FKDQJH�

)RUPDWLRQ�� GHVWUXFWLRQ� DQG� WUDQVSRUW� RI� R]RQH� DQG� SKRWRR[LGDQWV� LQ� GLIIHUHQW� ORFDWLRQV� LQ
&URDWLD�DQG�WKH�0HGLWHUUDQHDQ�KDYH�EHHQ�LQYHVWLJDWHG��0HWKRGV�RI�DQDO\VLV�RI�WUDFH�FRQVWLWXHQWV�RI�DLU
KDYH�EHHQ�ZRUNHG�RXW��WRJHWKHU�ZLWK�FRPSXWHU�DQG�VWDWLVWLFDO�PHWKRGV�RI�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI
PHDVXUHPHQWV�LQ�UHODWLRQ�WR�PHWHRURORJLFDO�GDWD��DQG�KLJK�DOWLWXGH�DQG�UHPRWH�WUDQVSRUW�

5HDFWLRQV� RI� PHWDOOLF� LRQV� ZLWK� SRO\F\FOLF� DURPDWLF� K\GURFDUERQV� DQG�RU� WKHLU� KHWHURF\FOLF
DQDORJXHV�LQ�JDVHRXV�SKDVH�KDYH�EHHQ�LQYHVWLJDWHG�



��

5HVXOWV� DUH� SXEOLVKHG� LQ� VFLHQWLILF� MRXUQDOV� ZLWK� LQWHUQDWLRQDO� UHYLHZ� TXRWHG� LQ� &XUUHQW
&RQWHQWV�

6RPH� DUWLFOHV� DUH� SXEOLVKHG� LQ� ERRNV� IURP� LQWHUQDWLRQDO� VFLHQWLILF� PHHWLQJV� DQG� LQ� WKH
(85275$&�ILQDO�UHSRUW��SXEOLVKHG�E\�6SULQJHU�9HUODJ�������

0DLQ�DFKLHYHPHQWV�
���0DLQ�FRQWULEXWLRQ�WR�WKH�ERXQGDU\�OD\HU�R]RQH�RYHU�WKH�$GULDWLF�6HD�LV�IURP�WKH�ZHVW��,WDO\��
���,QHUWQHVV�RI�R]RQH�RQ�WKH�VXUIDFH�RI�1D&O�SDUWLFOHV�
���0DQ\�\HDU�PRQLWRULQJ�RI�WURSRVSKHULF�R]RQH�LQ�WKH�=DJUHE�DUHD�
��� 6\QWKHVLV� RI� PHWDOOLF� LRQ� FRPSOH[HV� ZLWK� SRO\F\FOLF� DURPDWLF� K\GURFDUERQV� DQG�RU� WKHLU

KHWHURF\FOLF�DQDORJXHV�LQ�JDVHRXV�SKDVH�
���0DVV�VSHFWUD�DQG�VWUXFWXUDO�GHWHUPLQDWLRQ�RI�FRPSOH[�QDWXUDO�FRPSRXQGV�DQG�SRO\PHUV�

),=,ý.2�.(0,-6.$�,675$ä,9$1-$�8�+202*(1,0�,
+(7(52*(1,0�6867$9,0$
3+<6,&2�&+(0,&$/�,19(67,*$7,216�,1�+202*(1(286�$1'
+(7(52*(1(286�6<67(06
9RGLWHOMLFD�WHPH��GU�VF��1DGD�)LOLSRYLü�9LQFHNRYLü

6XUDGQLFL�QD�WHPL�

0DULMD�%RQLIDþLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD�
1DGD�)LOLSRYLü�9LQFHNRYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD�
/DV]OR�+RUYDWK��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN�
,JRU�âWHIDQLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�QRYDN�
9ODVWD�7RPDãLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD

7HKQLþNL�VXUDGQLN�

1HYHQND�1HNLü��WHKQLþDUND

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

0DULMD�%XMDQ��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD��$JURQRPVNL�IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX
+HOJD� )�UHGL�0LOKRIHU�� GRNWRULFD� NHP�� ]QDQRVWL�� ]QDQVWYHQD� VDYMHWQLFD�� &DVDOL� ,QVWLWXWH� IRU� $SSOLHG
&KHPLVWU\��,]UDHO
0LKRYLO�+XV��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN��âXPDUVNL�IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX
0DMD�6LNLULü��GLSO��LQå��NHPLMH��POD D�DVLVWHQWLFD��$JURQRPVNL�IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX
'UDJR�âNUWLü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��6$'
XU LFD� 7HåDN�� GRNWRULFD� NHP�� ]QDQRVWL�� YLãD� ]QDQVWYHQD� VXUDGQLFD�� 3ULURGRVORYQR�PDWHPDWLþNL

IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX

3URJUDP�UDGD�L�UH]XOWDWL�

3URJUDP�UDGD�XNOMXþXMH�LVWUDåLYDQMH�SURFHVD�L�PHKDQL]DPD�PH XGMHORYDQMD�LRQD��PROHNXOD��VORERGQLK
UDGLNDOD�L�PROHNXOD�X�SREX HQLP�VWDQMLPD�X�KRPRJHQLP�L�KHWHURJHQLP�VXVWDYLPD��2VQRYQD�SRGUXþMD
LQWHUHVD� VX�� �L�� LVWUDåLYDQMH� VXSUDPROHNXODUQRJ� �PLFHOH�� YH]LNXOH�� WHNXüL� NULVWDOL�� L� PROHNXODUQRJ
�WDORåHQMH��RUJDQL]LUDQMD�X�YRGHQLP�RWRSLQDPD�SRYUãLQVNL�DNWLYQLK�WYDUL���LL��VWXGLM�DGVRUSFLMH�SRYUãLQVNL
DNWLYQLK� WYDUL� QD�PH XSRYUãLQH�� �LLL�� LVWUDåLYDQMH�QDVWDMDQMD� L�VWDUHQMD�DQRUJDQVNLK�NULVWDOD�X� YRGHQLP
RWRSLQDPD�SRYUãLQVNL�DNWLYQLK� WYDUL�� �LY��RGUH LYDQMH� IL]LþNLK� L�NHPLMVNLK�VYRMVWDYD�VORERGQLK� UDGLNDOD� L
SREX HQLK�VWDQMD���Y��LVWUDåLYDQMH�NLQHWLNH�L�PHKDQL]PD�UHDNFLMD�VORERGQLK�UDGLNDOD�L�SREX HQLK�VWDQMD
X� RWRSLQDPD� L� PLFHODUQLP� VXVWDYLPD�� 3UHPD� JODYQLP� SUDYFLPD� LVWUDåLYDQMD�� DG�L�� �D�� RGUH HQL� VX
WHUPRGLQDPLþNL� SDUDPHWUL� QDVWDMDQMD� PLMHãDQLK� PLFHOD� L� QMLKRY� VDVWDY�� �E�� SULSUDYOMHQH� VX� L
NDUDNWHUL]LUDQH� QRYH� NDWDQLRQVNH� SRYUãLQVNL� DNWLYQH� WYDUL� L� LVWUDåHQD� WHUPLþND� VYRMVWYD�� DG�LL�� �D�
RGUH HQL� VX� WHUPRGLQDPLþNL� SDUDPHWUL� DGVRUSFLMH� L� VDVWDY� PLMHãDQRJ� PRQRVORMD� SRYUãLQVNL� DNWLYQLK
WYDUL�QD�PH XSRYUãLQL�RWRSLQD�]UDN���E��RGUH HQL�VX�PHKDQL]DP�L�WHUPRGLQDPLþNL�SDUDPHWUL�DGVRUSFLMH
LRQVNLK� SRYUãLQVNL� DNWLYQLK� WYDUL� QD� DQRUJDQVNLP� NULVWDOLPD�� DG� �LLL�� SULSUDYOMHQL� VX� NDOFLMHYL� IRVIDWL� ]D
GHQWDOQH� PDWHULMDOH�� DG�LY�� �D�� SULPLMHQMHQH� VX� UDGLMDFLMVNH� L� IRWRNHPLMVNH� PHWRGH� ]D� NDUDNWHUL]DFLMX
UHDNWLYQLK� PH XSURGXNDWD� �VORERGQL� UDGLNDOL� L� PROHNXOH� X� SREX HQLP� VWDQMLPD�� L� �E�� VWXGLUDQL� VX
VWUXNWXUD� L� UHDNWLYQRVW� UDGLNDOD� FHQWULUDQLK� QD� XJOMLNRYRP� KHWHURDWRPX�� NHPLMVND� YH]D� V� QHSDUQLP
EURMHP�HOHNWURQD��UDGLNDO�LRQL��DG�Y��RGUH HQH�VX�NLQHWLNH�UHDNFLMD�L�DSVROXWQH�NRQVWDQWH�EU]LQH�UHDNFLMD



��

HOHPHQWDUQLK�SURFHVD��NRML�XNOMXþXMX�VORERGQH� UDGLNDOH� L� SREX HQD�VWDQMD�X� WHNXüRM� ID]L� X�ELRORJLMVNL
YDåQLP�PRGHOQLP�VXVWDYLPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV

7KH� UHVHDUFK�SURJUDPPH�FRPSULVHV�VWXGLHV�RI�SURFHVVHV�DQG�PHFKDQLVPV�RI� LQWHUDFWLRQV� EHWZHHQ
LRQV��PROHFXOHV�� IUHH� UDGLFDOV� DQG�PROHFXOHV� LQ� H[FLWHG� VWDWHV� LQ� KRPRJHQHRXV�DQG�KHWHURJHQHRXV
V\VWHPV�� 7KH� PDLQ� UHVHDUFK� WRSLFV� DUH� �L�� VXSUDPROHFXODU� �PLFHOOHV�� YHVLFOHV�� OLTXLG� FU\VWDOV�� DQG
PROHFXODU� �VXUIDFWDQW� SUHFLSLWDWLRQ�� RUJDQLVDWLRQ� LQ� VXUIDFWDQW� DTXHRXV� VROXWLRQV�� �LL�� VXUIDFWDQW
DGVRUSWLRQ� DW� LQWHUIDFHV�� �LLL�� IRUPDWLRQ� DQG� DJHLQJ� RI� LQRUJDQLF� FU\VWDOV� LQ� VXUIDFWDQW� DTXHRXV
VROXWLRQV�� �LY��SK\VLFDO� DQG�FKHPLFDO�SURSHUWLHV� RI� IUHH� UDGLFDOV� DQG�PROHFXOHV� LQ� H[FLWHG� VWDWHV�� �Y�
NLQHWLFV�DQG�UHDFWLRQ�PHFKDQLVPV�RI�IUHH�UDGLFDOV�DQG�H[FLWHG�VWDWHV�LQ�VROXWLRQV�DQG�PLFHOODU�V\VWHPV�
$FFRUGLQJ� WR� WKH� PDLQ� DUHDV� RI� LQWHUHVW�� WKH� IROORZLQJ� VWXGLHV� KDYH� EHHQ� SHUIRUPHG�� DG� �L�� �D�
GHWHUPLQDWLRQ� RI� WKHUPRG\QDPLF� SDUDPHWHUV� RI� PL[HG� PLFHOOLVDWLRQ� DQG� WKH� FRPSRVLWLRQ� RI� PL[HG
PLFHOOHV���E��SUHSDUDWLRQ��FKDUDFWHULVDWLRQ�DQG�WKHUPDO�EHKDYLRXU�RI�FDWDQLRQLF�VXUIDFWDQWV��DG��LL�� �D�
GHWHUPLQDWLRQ� RI� WKHUPRG\QDPLF� SDUDPHWHUV� DQG� FRPSRVLWLRQ� RI� PL[HG� PRQROD\HU� DW� WKH� DLU�OLTXLG
LQWHUIDFH�� �E�� GHWHUPLQDWLRQ� RI� WKH� PHFKDQLVP� DQG� WKHUPRG\QDPLF� SDUDPHWHUV� RI� LRQLF� VXUIDFWDQW
DGVRUSWLRQ� DW� LQRUJDQLF� FU\VWDOV�� DG�LLL�� V\QWKHVLV� RI� DPRUSKRXV� FDOFLXP� SKRVSKDWH� VXLWDEOH� IRU
SUHSDUDWLRQ�RI�GHQWDO�PDWHULDOV��DG�LY���D��DSSOLFDWLRQ�RI�UDGLDWLRQ�DQG�SKRWRFKHPLFDO�PHWKRGV�IRU� WKH
FKDUDFWHULVDWLRQ� RI� UHDFWLYH� LQWHUPHGLDWHV� DV� IUHH� UDGLFDOV� DQG� PROHFXOHV� LQ� H[FLWHG� VWDWHV�� �E�
GHWHUPLQDWLRQ�RI� WKH�VWUXFWXUH�DQG� UHDFWLYLW\� RI� FDUERQ�DQG�KHWHURDWRP� �� FHQWUHG� IUHH� UDGLFDOV�� RGG�
HOHFWURQ�ERQGHG�VSHFLHV�DQG�UDGLFDO�LRQV��DG�Y��LQYHVWLJDWLRQ�RI�UHDFWLRQ�NLQHWLFV�DQG�PHDVXUHPHQWV�RI
DEVROXWH� UDWH� FRQVWDQWV� RI� HOHPHQWDU\� SURFHVVHV� LQYROYLQJ� IUHH� UDGLFDOV� DQG� H[FLWHG� VWDWHV� LQ� OLTXLG
SKDVH�XVLQJ�ELRORJLFDOO\�UHOHYDQW�PRGHO�FRPSRXQGV�

5($.7,91267�,�5($.&,-6.,�0(+$1,=0,
5($&7,9,7<�$1'�5($&7,21�0(&+$1,606
9RGLWHOM�WHPH��GU�VF��/HR�.ODVLQF

6XUDGQLFL�QD�WHPL�

9MHUD�%XWNRYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD�
/HR�.ODVLQF��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN�
%UDQND�.RYDþ��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD�
0DWR�2UKDQRYLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN�
6QMHåDQD�3HþXU��GLSO��LQå��NHP���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLFL�

5REHUW�äHJDUDF��HOHNWURWHKQLþDU��WHKQLþDU�VXUDGQLN
âWHILFD�3UHåHF��SHUDþLFD

6XUDGQLN�L]�GUXJH�XVWDQRYH�

,JRU�1RYDN��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN��1DWLRQDO�8QLYHUVLW\�6LQJDSRUH

3URJUDP�UDGD�L�UH]XOWDWL�UDGD�QD�WHPL�

7HPD� LVWUDåXMH� KRPRJHQH� NHPLMVNH� UHDNFLMH� X� WHNXüRM� L� SOLQRYLWRM� ID]L� WH� KHWHURJHQH� UHDNFLMH� X
SOLQRYLWR�þYUVWLP� L� SOLQRYLWR�WHNXüLP� ID]DPD� NRMH� VX� RG� SRVHEQH� YDåQRVWL� ]D� ELRORãNX� DNWLYQRVW�
NHPLMVNX�SURL]YRGQMX�L� LVWUDåLYDQMH�RNROLãD��D�]D�NRMH�UHDNFLMVNL�PHKDQL]DP�QLMH�SR]QDW��=D�PQRJH�VH
YDåQH� NHPLMVNH� UHDNFLMH� NRMH� VH� RGYLMDMX� X� UD]QLP� ID]DPD� �PHGLMLPD�� SUHWSRVWDYOMD� QD� WHPHOMX
NLQHWLþNLK� L� WHUPRGLQDPLþNLK�SDUDPHWDUD�GD� LPDMX� LVWL�PHKDQL]DP��2ELþQR� MH� WDNDY�PHKDQL]DP�VOLMHG
YHOLNRJ�EURMD� NRUDND�� HOHPHQWDUQLK� NHPLMVNLK� UHDNFLMD�� RG� NRMLK� VX� VDPR�QHNH�SRVOMHGLFH� SULUR HQRJ
LVNRQVNRJ� VYRMVWYD� UHDNWDQDWD� W]Y�� LQWULQ]LþNH� UHDNWLYQRVWL�� D� RVWDOH� RYLVH� R� XYMHWLPD� X� NRMLPD� VH
UHDNFLMD�GRJD D��&LOM�WHPH�MH�SURQDüL�X�NRMHP�VH�RSVHJX�QHNRP�UHDNFLMRP�PRåH�XSUDYOMDWL�PLMHQMDQMHP
XYMHWD��RGQRVQR�NRML�GLR�]DYLVL�LVNOMXþLYR�R�UHDNWDQWLPD
$��,VWUDåLYDQH�VX�NLQHWLNH�L�PHKDQL]PL�VOLMHGHüLK�UHDNFLMD�
���NURPD�,,��V����
�ELSLULPLGLQRP��ESP��ãWR�VH�RGYLMD�X�QL]X�UHDNFLMD��3UYL�VWXSDQM�MH�LVWUDåLYDQ�SXOVQRP
UDGLROL]RP� X� SULVXWQRVWL� ESP�� &U�+�2��

��� NRPSOHNV� MH� SURL]YHGHQ� EU]RP� �N!���0��V���� UHGXNFLMRP
&U�1+���

��� NRPSOHNVD� V� KLGUDWL]LUDQLP� HOHNWURQRP�� 5HDNFLMD� ESP� V� NURP�,,�� MH� NHODWQR� YH]DQMH
�N� ���[��

�0��V����NRMX�VOLMHGL�UDYQRWHåD�
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5H]XOWDWL�VX�X�SULSUHPL�]D�WLVDN�
��� OLJDFLMH� PHWDOQLK� LRQD� SROLFLNOLþNLP� DURPDWVNLP� XJOMLNRYRGLFLPD� L�LOL� QMLKRYLP� KHWHURFLNOLþNLP
DQDOR]LPD�X�SOLQVNRM�ID]L�
���L]RPHUL]DFLMH�SHURNVLGXãLþDVWH�NLVHOLQH�X�GXãLþQX�X�]DYLVQRVWL�R�SULVXWQRVWL�PROHNXOD�YRGH�
���UDVSDGD�R]RQD�QD�SRYUãLQDPD�þYUVWLK�þHVWLFD�
���QDVWDMDQMD��UDVSDGD�L�WUDQVSRUWD�R]RQD�X�SUL]HPQRM�DWPRVIHUL�QD�RGDEUDQLP�ORNDFLMDPD�X�+UYDWVNRM�L
6UHGR]HPOMX� �LVWUDåLYDQMD� L� X� RNYLUX� SURMHNWD� (85275$&� L� 86$�&52� SURMHNWD� V� 86�12$$
DJHQFLMRP��
%�� ,VWUDåLYDQD� MH� HOHNWURQVND� VWUXNWXUD� L� HOHNWURQVNH� LQWHUDNFLMH� GXJRJ� GRVHJD� X� VWHURLGLPD� L
KHWHURFLNOLþNLP� VSRMHYLPD� RG� ELRORJLMVNH� YDåQRVWL� QD� WHPHOMX� NYDQWQRNHPLMVNLK� UDþXQD� L
VSHNWURVNRSVNLK�PMHUHQMD��IRWRHOHNWURQVND�L�105�VSHNWURVNRSLMD��
3RVWLJQXüD� VX� REMDYOMHQD� X� ]QDQVWYHQLP� þDVRSLVLPD� V� PH XQDURGQRP� UHFHQ]LMRP� NRMH� SRNULYD
&XUUHQW�&RQWHQWV�
1HNL�VX�UDGRYL�SRG�WRþNRP����REMDYOMHQL�X�NQMLJDPD�V�PH XQDURGQLK�]QDQVWYHQLK�VNXSRYD�L�NQMLJDPD
]DYUãQRJ�L]YMHãWDMD�(85275$&�SURMHNWD�NRMH�MH�L]GDR�6SULQJHU�������
*ODYQD�SRVWLJQXüD�
L��0HWRGD�]D�VLQWH]X�X�SOLQVNRM�ID]L�NRPSOHNVD�PHWDOQLK�LRQD�V�SROLFLNOLþNLP�DURPDWVNLP
XJOMLNRYRGLFLPD� L�LOL� QMLKRYLP� KHWHURFLNOLþNLP� DQDOR]LPD� WH� ]D� RGUH LYDQMH� UHODWLYQLK� EU]LQD� QMLKRYRJ
QDVWDMDQMD�
LL��=DNOMXþDN�QD�RVQRYX�NYDQWQRNHPLMVNLK�UDþXQD�GD�SHURNVLGXãLþDVWD�NLVHOLQD�X�YRGHQRM�ID]L�SUHOD]L�X
GXãLþQX�KRPROLWLþNLP�FLMHSDQMHP�L�SUHJUDGQMRP�NRMX�RPRJXüDYD�NDYH]�RWDSDOD�]ERJ�þHJD�WDM�SULMHOD]�X
SOLQVNRM�ID]L�QLMH�PRJXü�
LLL��6D]QDQMH�GD�VH�R]RQ�QH�UDVSDGD�QD�SRYUãLQL�XOWUDþLVWRJ�1D&O�
LY��2YLVQRVW�ELRORJLMVNH�DNWLYQRVWL�R�HOHNWURQVNRM�VWUXNWXUL�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�WKHPH�GHDOV�ZLWK�KRPRJHQHRXV�FKHPLFDO�UHDFWLRQV�ZLWK�DQ�XQNQRZQ�UHDFWLRQ�PHFKDQLVP�LQ�OLTXLG
DQG�JDVHRXV�SKDVH�DQG�KHWHURJHQHRXV�UHDFWLRQV� LQ�JDV�VROLG�DQG�JDV�OLTXLG�SKDVHV�ZKLFK�DUH�YHU\
LPSRUWDQW� IRU�ELRORJLFDO�DFWLYLW\��FKHPLFDO�SURGXFWLRQ�DQG�HQYLURQPHQW� UHVHDUFK��)RU�PDQ\� LPSRUWDQW
FKHPLFDO� UHDFWLRQV� ZKLFK� WDNH� SODFH� LQ� GLIIHUHQW� SKDVHV� WKH� VDPH�PHFKDQLVP� LV� VXSSRVHG� RQ� WKH
EDVLV�RI�NLQHWLF�DQG� WKHUPRG\QDPLF�SDUDPHWHUV��8VXDOO\�� WKLV�PHFKDQLVP� LV�D�VHULHV�RI�PDQ\�VWHSV�
HOHPHQWDU\� FKHPLFDO� UHDFWLRQV�� DQG� RQO\� D� IHZ� RI� WKHP� DUH� WKH� FRQVHTXHQFH� RI� LQWULQVLF� UHDFWLYLW\�
ZKLOH�WKH�RWKHUV�GHSHQG�RQ�UHDFWLRQ�FRQGLWLRQV��7KH�PDLQ�DLP�LV�WR�ILQG�WR�ZKLFK�H[WHQW�D�UHDFWLRQ�FDQ
EH�JRYHUQHG�E\�FKDQJLQJ�FRQGLWLRQV��LQ�RWKHU�ZRUGV��ZKLFK�SDUW�GHSHQGV�H[FOXVLYHO\�RQ�UHDFWDQWV�
5HVXOWV�
$��0HFKDQLVPV�RI�WKH�IROORZLQJ�UHDFWLRQV�KDYH�EHHQ�LQYHVWLJDWHG�
���&KURPLXP�,,�� UHDFWV�ZLWK����
�ELS\ULPLGLQH� �ESP�� LQ�D�VHULHV�RI� UHDFWLRQV��7KH� ILUVW� VWDJH�RI� WKHVH
UHDFWLRQV�ZDV�VWXGLHG�E\�WKH�PHDQV�RI�SXOV�UDGLRO\VLV��,Q�WKH�SUHVHQFH�RI�ESP��&U�+�2��

���VSHFLHV�ZDV

SURGXFHG� E\� IDVW� �N!���0��V���� UHGXFWLRQ� RI� &U�1+���
��� ZLWK� K\GUDWHG� HOHFWURQ� �N ���[����� 0��V����

$PPRQLD�OLJDQGV�LQ�&U�1+���
���DUH�VXEVWLWXWHG�E\�+�2�ZLWK�N!��

�V����)LUVW�VWHS�RI�WKH�UHDFWLRQ�EHWZHHQ
ESP�DQG�&U���LV�FKHODWH�ELQGLQJ�RI�ESP�LQ�&U���ZLWK�N� ���[��

��0��V����6XEVHTXHQWO\��WKH�HTXLOLEULXP�,
LV�DWWDLQHG�
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%RWK�NLQHWLF�DQG�VSHFWURVFRSLF�HYLGHQFH�VWURQJO\� LQGLFDWH� WR�VWHS���EHLQJ�DQ� LQWUDPROHFXODU�HOHFWURQ
WUDQVIHU��SURGXFLQJ�D�ESP�UDGLFDO�OLJDQG�ERXQG�WR�WKH�FKURPLXP��,,,��FHQWUH�
���5HDFWLRQV�RI�PHWDOOLF�LRQV�ZLWK�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�DQG�RU�WKHLU�KHWHURF\FOLF�DQDORJXHV
LQ�JDVHRXV�SKDVH�
���,VRPHULVDWLRQ�RI�SHUR[\QLWURXV�DFLG�WR�QLWULF�DFLG��GHSHQGLQJ�RQ�WKH�SUHVHQFH�RI�ZDWHU�PROHFXOHV�
���'HJUDGDWLRQ�RI�R]RQH�RQ�VXUIDFHV�RI�VROLG�SDUWLFOHV�
��� )RUPDWLRQ�� GHJUDGDWLRQ� DQG� WUDQVSRUWDWLRQ� RI� R]RQH� LQ� ERXQGDU\�� OD\HU� DWPRVSKHUH� RQ� VHOHFWHG
ORFDWLRQV� LQ� &URDWLD� DQG� WKH�0HGLWHUUDQHDQ� �LQYHVWLJDWLRQV� DOVR� LQ� WKH� (85275$&� SURMHFW� DQG� WKH
86$�&52�SURMHFW�ZLWK�WKH�86�12$$�DJHQF\��
%��(OHFWURQLF�VWUXFWXUH�DQG�ORQJ�UDQJH�HOHFWURQLF�LQWHUDFWLRQV�LQ�VWHURLGV�DQG�KHWHURF\FOLF�FRPSRXQGV
RI�ELRORJLFDO� LPSRUWDQFH�KDYH�EHHQ� LQYHVWLJDWHG�RQ� WKH�EDVLV�RI�TXDQWXP�FKHPLVWU\�FDOFXODWLRQV�DQG
VSHFWURVFRSLF�PHDVXUHPHQWV��SKRWRHOHFWURQ�DQG�105�VSHFWURVFRS\��
5HVXOWV�DUH�SXEOLVKHG�LQ�VFLHQWLILF�MRXUQDOV�ZLWK�LQWHUQDWLRQDO�SHHU�UHYLHZ�TXRWHG�LQ�&XUUHQW�&RQWHQWV�



��

6RPH�DUWLFOHV� DUH� SXEOLVKHG� LQ� ERRNV� IURP� LQWHUQDWLRQDO� VFLHQWLILF�PHHWLQJV� DQG� LQ� WKH� (85275$&
ILQDO�UHSRUW��SXEOLVKHG�E\�6SULQJHU�9HUODJ�������
0DLQ�DFKLHYHPHQWV�
L��0HWKRG�RI�JDVHRXV�SKDVH�V\QWKHVLV�RI�PHWDOOLF�LRQ�FRPSOH[�ZLWK�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV
DQG�RU�WKHLU�KHWHURF\FOLF�DQDORJXHV�DQG�PHWKRG�IRU�GHWHUPLQLQJ�WKHLU�UHODWLYH�VSHHG�RI�IRUPDWLRQ�
LL�� &RQFOXVLRQ� RQ� WKH� EDVLV� RI� TXDQWXP�FKHPLVWU\� FDOFXODWLRQV� WKDW� SHUR[\QLWURXV� DFLG� LQ� DTXHRXV
SKDVH�WUDQVIRUPV�LQWR�QLWULF�DFLG�YLD�KRPROLWLFDO�VSOLWWLQJ�DQG�UHDUUDQJHPHQW�DOORZHG�RZLQJ�WR�VROYHQW
PROHFXOHV�VR�WKLV�WUDQVLWLRQ�LV�QRW�SRVVLEOH�LQ�JDVHRXV�SKDVH�
LLL��)LQGLQJ�WKDW�R]RQH�GRHV�QRW�GHJUDGH�RQ�VXUIDFH�RI�XOWUD�SXUH�1D&O�
LY��'HSHQGHQFH�RI�ELRORJLFDO�DFWLYLW\�RQ�HOHFWURQLF�VWUXFWXUH�

,675$ä,9$1-$�67$7,ý.,+�,�',1$0,ý.,+�692-67$9$�02/(.8/$
5(6($5&+�21�67$7,&�$1'�'<1$0,&�3523(57,(6�2)
02/(&8/(6
9RGLWHOM�WHPH��GU�VF��$OHNVDQGDU�6DEOMLü

6XUDGQLFL�QD�WHPL�

6ORERGDQ�%RVDQDF��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN�
1DGD�'RãOLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD�
äHOMND�0HGYHQ��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD��GR����������
$OHNVDQGDU�6DEOMLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
6DQMD�6HNXãDN��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
9LãQMD�âLPHN��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
7RPLVODY�äLYNRYLü�GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

3URJUDP�UDGD�L�UH]XOWDWL�QD�WHPL�

'DQD�MH�QRYD�IRUPXODFLMD�NODVLþQH�PHKDQLNH�NRMD�XNOMXþXMH�UHODFLMH�QHRGUH HQRVWL�NDR�QRYL�SRVWXODW�WH
GR]YROMDYD� RSLVLYDQMH� SURFHVD� QD� DWRPVNRM� VNDOL�� VXGDUQLK� SURFHVL� DWRPD� L� PROHNXOD� WH� LQWHUDNFLMD
HOHNWURPDJQHWVNRJ�SROMD�V�DWRPLPD��7HRULMD�MH�SURãLUHQD�QD�UHODWLYLVWLþNX�PHKDQLNX�WH�MH�SRND]DQR�GD
MH�'LUDF�RYD� MHGQDGåED� L]YHGLYD� L]� NODVLþQH�PHKDQLNH�� 3ULVWXS� MH� NRULãWHQ� ]D� SURXþDYDQMH� GLQDPLNH
LRQVNLK�JUR]GRYD�KHOLMD��'HWDOMQR�VX�LVWUDåHQH�UHDNFLMVNH�VWD]H�DEVWUDNFLMH�YRGLND�KLGURNVLO�UDGLNDORP�V
HWDQD��IOXRUHWDQD�DQG�NORUHWDQD��1D�UHDNFLMVNRM�VWD]L� MH�SURQD HQR�SHW�VWDFLRQDUQLK�WRþDND��UHDNWDQWL�
NRPSOHNV� UHDNWDQDWD��SULMHOD]QR�VWDQMH��NRPSOHNV�SURGXNDWD� L� SURGXNWL��.RQVWDQWH�EU]LQH� UHDNFLMD� VX
L]UDþXQDQH� ]D� WHPSHUDWXUQR� SRGUXþMH� ��������� .� SULPMHQRP� NRQYHQFLRQDOQH� L� YDULMDFLVNH� WHRULMH
SULMHOD]QRJ�VWDQMD� LQWHUSRODFLMRP� UHDNFLMVNH�VWD]H� L]� GYDGHVHWDN� WRþDND�NRMH�VX�RGUH HQH� WRþQLP�DE
LQLWLR� UDþXQRP�� 0HWRGD� SHUWXUEDFLMH� QLVNRJ� UDQJD� MH� SULPMHQMHQD� QD� L]RWRSQH� HIHNWH� YLEUDFLMVNLK
VSHNWDUD� PROHNXOD�� 3URQD HQD� VX� SUDYLOD� NRMD� QDGRSXQMXMX� L� NRPSOHWLUDMX� SR]QDWD� SUDYLOD� VXPH� L
SURGXNWD��D�PRJX�VH�SULPLMHQLWL�QD�OLQHDUQH�L�SODQDUQH�PROHNXOH��3UDYLOD�VX�WHVWLUDQD�QD�QL]X�PROHNXOD
WH�VH�L]UDþXQDQH�IUHNYHQFLMH�VODåX�V�L]PMHUHQLP�XQXWDU�����5D]ULMHãHQ�MH�L�UHDNFLMVNL�JUDI�EXOYDOHQD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$� QHZ� FODVVLFDO� WKHRU\� KDV� EHHQ� IRUPXODWHG� WKDW� LQFOXGHV� WKH� XQFHUWDLQW\� SULQFLSOH� DV� RQH� RI� LWV
SRVWXODWHV�� ,W� KDV� EHHQ� VXFFHVVIXOO\� DSSOLHG� IRU� GHVFULSWLRQ� RI� DQRPDOLHV� LQ� WKH� PDJQHWLF� GLSROH
PRPHQW� RI� DQ� HOHFWURQ�� $� GHWDLOHG� DQDO\VLV� RI� WKH� PLQLPXP� HQHUJ\� SDWK� KDV� EHHQ� SHUIRUPHG� IRU
K\GURJHQ�DEVWUDFWLRQ� UHDFWLRQV�RI�K\GUR[\O� UDGLFDO�ZLWK�HWKDQH�� IOXRURHWKDQH�DQG�FKORURHWKDQH��)LYH
VWDWLRQDU\�SRLQWV�KDYH�EHHQ� IRXQG�DORQJ� WKH�K\GURJHQ�DEVWUDFWLRQ� UHDFWLRQ�SDWK�� UHDFWDQWV�� UHDFWDQW
FRPSOH[�� WUDQVLWLRQ�VWDWH�VWUXFWXUH��SURGXFW�FRPSOH[�DQG�SURGXFWV��7KH� UHDFWLRQ� UDWH�FRQVWDQWV�KDYH
EHHQ�FDOFXODWHG� IRU� WKH� WKUHH� UHDFWLRQV�XVLQJ�FRQYHQWLRQDO� DQG�YDULDWLRQDO� WUDQVLWLRQ�VWDWH� WKHRU\� IRU
WHPSHUDWXUHV�IURP�����WR������.�DQG�DQ�LQWHUSRODWLRQ�RI�D�PLQLPXP�HQHUJ\�SDWK�IURP�DERXW����SRLQWV
FDOFXODWHG�E\�KLJK�OHYHO�DE�LQLWLR�PROHFXODU�RUELWDO�FDOFXODWLRQV��/RZ�UDQN�SHUWXUEDWLRQ�WKHRU\�KDV�EHHQ
VXFFHVVIXOO\� DSSOLHG� WR� GHVFULEH� LVRWRSH� HIIHFWV� RQ� YLEUDWLRQDO� VSHFWUD�� $� QHZ� VHW� RI� UXOHV�
FRPSOHPHQWLQJ�WKH�H[LVWLQJ�UXOHV�RI�VXP�DQG�SURGXFW��KDV�EHHQ�IRUPXODWHG�DQG�DSSOLHG�WR�OLQHDU�DQG
SODQDU�PROHFXOHV��7KHLU�HYDOXDWLRQ�KDV�VKRZQ� WKDW� FDOFXODWHG�DQG�PHDVXUHG�YLEUDWLRQDO� IUHTXHQFLHV
GLIIHU�E\�OHVV�WKDQ����
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6XUDGQLFL�QD�WHPL�

'DUNR�%DELü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW�
+DOND�%LOLQVNL��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD�
$QWH�*UDRYDF��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN�
%RQR�/XþLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN�
6RQMD�1LNROLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD�
,YD�0DULMD�7ROLü��GLSO��LQå��PRO��ELRO���POD L�DVLVWHQW��]QDQVWYHQD�QRYDNLQMD
1HQDG�7ULQDMVWLü���DNDGHPLN��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

3URJUDP�UDGD�L�UH]XOWDWL�LVWUDåLYDQMD�

3RVWLJQXWL� HNVSHULPHQWDOQL� UH]XOWDWL� QDGRJUD HQL� VX� WHRULMVNLP� SRVWXSFLPD� WHPHOMHQLP� QD� UDþXQDOQRM
NHPLML� L� XSRUDEL� GDWRWHND�� V� FLOMHP� XVSRVWDYOMDQMD� RGQRVD� L]PH X� VWUXNWXUH� L� VYRMVWDYD� RGDEUDQLK
VNXSLQD�PROHNXOD� WH� REMDãQMHQMD�PHKDQL]DPD�NHPLMVNLK� UHDNFLMD��0HWRGDPD� GLVNUHWQH�PDWHPDWLNH� L
NYDQWQH� NHPLMH� SUHGYL HQH� VX� VWUXNWXUH� UD]OLþLWLK� VNXSLQD�PROHNXOD� L� QMLKRYLK� JUR]GRYD�� ,]YHGHQL� VX
PRGHOL�]D�L]UDþXQDYDQMH�UD]OLþLWLK�IL]LNDOQLK��NHPLMVNLK�L�ELRORJLMVNLK�VYRMVWDYD�PROHNXOD��3URXþDYDQD�VX
IL]LNDOQR�NHPLMVND�VYRMVWYD�SULURGQLK�YRGD�
*ODYQD�SRVWLJQXüD�
���5D]YRM�UDþXQDOQRJ�PRGHOD�WHPHOMHQRJ�QD�XUH HQR�RUWRJRQDOL]LUDQLP�GHVNULSWRULPD�]D�SUHGYL DQMH
IL]LNDOQLK�� NHPLMVNLK� L� ELRORJLMVNLK� VYRMVWDYD� PROHNXOD�� ��� 3ULPMHQD� PDWHPDWLþNLK� PRGHOD� QD� VWXGLM
NHPLMVNLK� SURFHVD� X� SULURGQLP� YRGDPD�� ��� 3UHGYL HQD� MH� VWDELOQRVW� UD]OLþLWLK� NODVD� IXOHUHQD�� ��
5D]YLMHQL�VX�PRGHOL�]D�SUHGYL DQMH�XGMHOD�DOID�L�EHWD�VHNXQGDUQH�VWUXNWXUH�X�WRSOMLYLP�SURWHLQLPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

0RGHOOLQJ�LV�WKH�EDVLF�DSSURDFK�WR�QDWXUDO�SKHQRPHQD��3URJUHVV�LQ�FKHPLVWU\�LV�FKDUDFWHULVHG�E\�WKH
GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�PRGHOV��7KLV� LV� WKH�JXLGLQJ�SULQFLSOH� RI� RXU� UHVHDUFK��7KH� IROORZLQJ
UHVXOWV�KDYH�EHHQ�DFKLHYHG����'�PROHFXODU�GHVFULSWRUV�KDYH�EHHQ�GHYHORSHG�DQG�WKHLU�DSSOLFDWLRQV�LQ
4635�46$5�PRGHOV� DUH� WHVWHG��4635�46$5�PRGHOV� EDVHG� RQ� WKH� YHUWH[�� DQG� HGJH�FRQQHFWLYLW\
LQGLFHV� DUH� GHYHORSHG� DQG� WHVWHG�� 7KH� RUGHUHG� RUWKRJRQDOL]DWLRQ� SURFHGXUH� LQ� WKH� 4635�46$5
PRGHOOLQJ� KDV�EHHQ� GHYHORSHG� DQG� WKH� FRUUHVSRQGLQJ� FRPSXWHU� FRGHV� SUHSDUHG�� 7KH� UDQJH� RI� WKH
DSSOLFDWLRQ�RI�WKH�FRQMXJDWHG�FLUFXLW�PRGHO�KDV�EHHQ�VWXGLHG��7KH�VWUXFWXUHV��VWDELOLWLHV�DQG�SURSHUWLHV
RI� YDULRXV� FDUERQ� FOXVWHUV� KDYH� EHHQ� LQYHVWLJDWHG�� $Q� DXWRPDWHG� LWHUDWLYH� PHWKRG� KDV� EHHQ
GHYHORSHG�IRU�SUHGLFWLQJ�VHFRQGDU\�VWUXFWXUH�RI�PHPEUDQH�SURWHLQV�

6758.785$�,�%,2$.7,91267�25*$16.,+�,�25*$120(7$/1,+
632-(9$
6758&785(�$1'�%,2$&7,9,7<�2)�25*$1,&�$1'
25*$120(7$//,&�&203281'6
9RGLWHOMLFD�WHPH��GU��VF��/MHUND�7XãHN�%RåLü

6XUDGQLFL�QD�WHPL�

0DQGD�ûXULü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
+HQULND�0HLGHU��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD��RG�����������X�PLURYLQL
'HMDQ�3ODYãLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
/MHUND�7XãHN�%RåLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQMD�REXKYDüDMX�UD]YRM�QRYLK�RUJDQVNLK�L�PHWDOR�RUJDQVNLK�VSRMHYD�V�RGUH HQLP�VWUXNWXUQLP�L
ELRORJLMVNLP�VYRMVWYLPD��V�SRVHEQLP�QDJODVNRP�QD�NRPSOHNVH�DONDOQLK�L�SULMHOD]QLK�PHWDOD�V�UD]OLþLWLP
PDNURFLNOLþNLP� �NUXQDVWL� SROLHWHUL�� SROLD]D� PDNURFLNOL�� L� RUJDQRIRVIRUQLP� �GHULYDWL� DPLQRIRVIRQVNLK
NLVHOLQD�� OLJDQGLPD� NRML� PRJX� SRVOXåLWL� NDR� PRGHOL� ]D� ELRORJLMVNH� L� ELRORJLMVNL� DNWLYQH� PROHNXOH�
.RPELQDFLMRP� HNVSHULPHQWDOQLK� L� WHRULMVNLK� LVWUDåLYDQMD� LVSLWXMH� VH� XWMHFDM� SRMHGLQLK� VWUXNWXUQLK



��

SDUDPHWDUD� L� IL]LþNR�NHPLMVNLK� VYRMVWDYD� WLK� VSRMHYD� QD� QMLKRYX� ELRORJLMVNX� DNWLYQRVW� �DQWLWXPRUVNX�
DQWLYLUXVQX��KHUELFLGQX�L�GU���
3ULSUDYOMHQ� MH� QL]� ELRORJLMVNL� DNWLYQLK� KDORJHQLGQLK� NRPSOHNVD� SDODGLMD�,,�� V� DONLO� HVWHULPD� DOID�
DQLOLQREHQ]LOIRVIRQVNLK� L� NLQROLOPHWLOIRVIRQVNLK�NLVHOLQD��=D� LVSLWLYDQMH�NHPLMVNLK� L� VWUXNWXUQLK� VYRMVWDYD
OLJDQDGD�L�QMLKRYLK�NRPSOHNVD�SULPMHQMHQH�VX�UD]OLþLWH�VSHNWURVNRSVNH�PHWRGH��,5��89�9,6��105��06��
WHUPLþND� �7*�� '7$�� L� PDJQHWVND� PMHUHQMD� WH� PMHUHQMD� YRGOMLYRVWL�� ,VSLWLYDQMD� LQ� YLWUR� DQWLWXPRUVNH
DNWLYQRVWL�NRPSOHNVD�SUHPD�UD]OLþLWLP�WXPRUVNLP�VWDQLFDPD�NRG�OMXGL�L�åLYRWLQMD�SRND]DOD�VX�GD�YHüLQD
SULSUDYOMHQLK�NRPSOHNVQLK�VSRMHYD�SRND]XMH�]QDþDMQX�DQWLWXPRUVNX�DNWLYQRVW��5D]PDWUDQD�MH�DNWLYQRVW
SRMHGLQLK� YUVWD� NRPSOHNVD� X� RYLVQRVWL� R� QMLKRYRM� VWUXNWXUL�� %LRORJLMVND� WHVWLUDQMD� VX� SURYHGHQD� X
VXUDGQML�V�,QVWLWXWLPD�]D�ELRPHGLFLQVND�LVWUDåLYDQMD�X�,WDOLML��7UVW��L�%HOJLML��/HXYHQ��
1DVWDYOMHQD�VX�LVWUDåLYDQMD�NRPSOHNVQLK�VSRMHYD�DONDOQLK�PHWDOD�V�NUXQDVWLP�SROLHWHULPD�GLEHQ]R����
NUXQD��� L� GLEHQ]R����NUXQD���� 2SLVDQD� MH� SULSUDYD�� VSHNWURVNRSVND� VYRMVWYD� WH� NULVWDOQD� VWUXNWXUD
KHNVDIOXRURIRVIDWQLK� NRPSOHNVD� NDOLMD� L� DPRQLMD�� ,]ROLUDQL� VX� QRYL� SHUNORUDWQL�� WHWUDIOXRURERUDWQL�
KHNVDIOXRURIRVIDWQL� L� WHWUDIHQLOERUDWQL� NRPSOHNVL� NREDOWD�,,�� L� QLNOD� �,,�� V� ���������WHWUDNLV
�GLIHQLOIRVILQRPHWLO�� �� ��������� �� WHWUDD]DFLNORWHWUDGHNDQRP�� ,RQVNL� NRPSOHNVL� LVSLWLYDQL� VX
VSHNWURVNRSVNLP� L� PDJQHWVNLP� PMHUHQMLPD� WH� UHQWJHQVNRP� VWUXNWXUQRP� DQDOL]RP�� 2GUH HQD� MH
NULVWDOQD�L�PROHNXOVND�VWUXNWXUD�SHUNORUDWQLK�NRPSOHNVD�
6WXGLUDQD� MH�KHUELFLGQD�DNWLYQRVW�GYD�QL]D� WULD]LQVNLK�GHULYDWD� L� SRVWDYOMHQL� VX�46$5�PRGHOL� QMLKRYH
DNWLYQRVWL�� 1D HQR� MH� GD� REMH� JUXSH� WULD]LQVNLK� GHULYDWD� LQWHUDJLUDMX� VD� VOLþQLP� RNUXåHQMHP� X
UHFHSWRUVNRM� ãXSOMLQL�� 3UHGORåHQ� MH� L� LVWUDåHQ� YHüL� EURM� QHHPSLULMVNLK�PROHNXOVNLK� GHVNULSWRUD�� NRML� VH
PRJX�NRULVWLWL�NDR�SUHGLNWRUVNH�YDULMDEOH�X�4635�46$5�PRGHOLPD�PROHNXOVNLK�VYRMVWDYD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,QYHVWLJDWLRQV� FRPSULVH� WKH� GHVLJQ� RI� QHZ� RUJDQLF� DQG� PHWDOOR�RUJDQLF� FRPSRXQGV� ZLWK� GHILQHG
VWUXFWXUDO� DQG� ELRORJLFDO� SURSHUWLHV�� DQG� DUH� GLUHFWHG� SDUWLFXODUO\� WR� DONDOL� DQG� WUDQVLWLRQ� PHWDO
FRPSOH[HV� ZLWK� YDULRXV� PDFURF\FOLF� �FURZQ� HWKHUV�� SROLD]D� PDFURF\FOHV�� DQG� RUJDQRSKRVSKRUXV
�GHULYDWLYHV� RI� DPLQRSKRVSKRQLF� DFLGV�� OLJDQGV� ZKLFK� FDQ� EH� XVHG� DV� PRGHOV� IRU� ELRORJLFDO� DQG
ELRORJLFDOO\�DFWLYH�PROHFXOHV��$�FRPELQDWLRQ�RI�H[SHULPHQWDO�DQG� WKHRUHWLFDO� LQYHVWLJDWLRQV� LV�DSSOLHG
IRU�GHWHUPLQDWLRQ�RI�WKH� LQIOXHQFH�RI�SDUWLFXODU�VWUXFWXUDO�SDUDPHWHUV�DQG�SK\VLFR�FKHPLFDO�SURSHUWLHV
RQ�WKH�ELRORJLFDO�DFWLYLW\�RI�WKHVH�FRPSRXQGV��DQWLWXPRU��DQWLYLUDO��KHUELFLGDO�HWF��
$� VHULHV� RI� QHZ� ELRORJLFDOO\� DFWLYH� SDOODGLXP�,,�� KDOLGH� FRPSOH[HV� ZLWK� DON\O� HVWHUV� RI� DOSKD�
DQLOLQREHQ]\OSKRVSKRQLF� DQG� TXLQRO\OPHWK\OSKRVSKRQLF� DFLGV� KDV� EHHQ� SUHSDUHG�� 6SHFWUDO� �,5�
89�9,6�� 105�� 06�� DQG� WKHUPDO� �7*�� '7$�� DQDO\VHV� DV� ZHOO� DV� PDJQHWLF� DQG� FRQGXFWDQFH
PHDVXUHPHQWV� KDYH� EHHQ� XVHG� IRU� FKDUDFWHUL]DWLRQ� RI� OLJDQGV� DQG� WKHLU�PHWDO� FRPSOH[HV�� 0RVW� RI
FRPSOH[HV� VKRZ� D� VLJQLILFDQW� DQWLWXPRU� DFWLYLW\� DJDLQVW� YDULRXV�KXPDQ�DQG�DQLPDO� WXPRU� FHOO� OLQHV�
7KH� VWUXFWXUH�DFWLYLW\� UHODWLRQVKLS� IRU� YDULRXV� W\SHV� RI� FRPSOH[HV� KDV� EHHQ� GLVFXVVHG�� %LRORJLFDO
VFUHHQLQJV�KDYH�EHHQ�FDUULHG�RXW�LQ�FR�RSHUDWLRQ�ZLWK�WKH�,QVWLWXWHV�IRU�ELRPHGLFDO�LQYHVWLJDWLRQV�IURP
,WDO\��7ULHVWH��DQG�%HOJLXP��/HXYHQ��
&RQWLQXLQJ�RXU�VWXG\�RQ�DONDOL�PHWDO�FRPSOH[HV�ZLWK�FURZQ�HWKHUV�GLEHQ]R����FURZQ���DQG�GLEHQ]R�
���FURZQ���� WKH� SUHSDUDWLRQ�� VSHFWUDO� SURSHUWLHV� DQG� FU\VWDO� VWUXFWXUH� RI� SRWDVVLXP� DQG� DPPRQLXP
KH[DIOXRURSKRVSKDWH� FRPSOH[HV� KDYH� EHHQ� GHVFULEHG�� 7KH� QRYHO� SHUFKORUDWH�� WHWUDIOXRURERUDWH�
KH[DIOXRURSKRVSKDWH� DQG� WHWUDSKHQ\OERUDWH� LRQ�SDLU� FRPSOH[HV� RI� FREDOW�,,�� DQG� QLFNHO�,,�� ZLWK
���������WHWUDNLV� �GLSKHQ\OSKRVSKLQRPHWK\O�� �����������WHWUDD]DF\FORWHWUDGHFDQH�KDYH�EHHQ�SUHSDUHG
DQG�FKDUDFWHUL]HG�E\�PHDQV�RI� VSHFWUDO�DQG�PDJQHWLF�PHDVXUHPHQWV�DV�ZHOO� DV� E\�;�UD\� VWUXFWXUH
DQDO\VLV��7KH�FU\VWDO�DQG�PROHFXODU�VWUXFWXUH�RI�SHUFKORUDWH�FRPSOH[HV�KDV�EHHQ�GHWHUPLQHG�
7KH�KHUELFLGDO�DFWLYLW\�RI�WZR�VHULHV�RI�WULD]LQH�GHULYDWLYHV�KDV�EHHQ�VWXGLHG�DQG�46$5�PRGHOV�IRU�WKHLU
DFWLYLW\�KDYH�EHHQ�GHYHORSHG��,W�KDV�EHHQ�IRXQG� WKDW�ERWK�JURXSV�RI� WULD]LQH�GHULYDWLYHV� LQWHUDFW�ZLWK
WKH� VLPLODU� ELQGLQJ� HQYLURQPHQW� LQ� WKH� UHFHSWRU� FDYLW\�� $� QXPEHU� RI� QRQ�HPSLULFDO� PROHFXODU
GHVFULSWRUV�ZKLFK�FDQ�EH�XVHG�DV�SUHGLFWRU�YDULDEOHV�LQ�4635�46$5�PRGHOV�RI�PROHFXODU�SURSHUWLHV
KDYH�EHHQ�SXW�IRUZDUG�DQG�LQYHVWLJDWHG�
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6XUDGQLFL�QD�WHPL�

6QMHåDQD�$QWROLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0DULMD�+HUFHJ��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
5XGROI�.LUDOM��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
%LVHUND�.RMLü�3URGLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
0DULMD�/XLü��GRNWRULFD�JHRO��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
%HULVODY�3HULü��GLSO��LQå��IL]LNH��POD L�DVLVWHQW
6DQMD�7RPLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
$OHNVDQGDU�9LãQMHYDF��GLSO��LQå��NHPLMH��POD L�DVLVWHQW

3URJUDP�UDGD�L�UH]XOWDWL�

0HWRGDPD� UHQWJHQVNH� GLIUDNFLMH� L� UDþXQDOQH� NHPLMH�� PROHNXODUQH� NRPSMXWRUVNH� JUDILNH� WH
VSHNWURVNRSLMH� NDR� L� SULPMHQRP� ELRORãNLK� WHVWRYD� SUDWL� VH� RGQRV�PROHNXODUQH� VWUXNWXUH� L� SRQDãDQMD
ELRORãNL� DNWLYQLK� VSRMHYD� L� QMLKRYLK� DQDORJD�� 3UHSR]QDYDQMH� ELRORãNL� DNWLYQLK� PROHNXOD� �PROHFXODU
UHFRJQLWLRQ��QD�WHPHOMX�NDUDNWHULVWLþQLK�VWUXNWXUQLK�SDUDPHWDUD��SRVHEQR�DNWLYQRJ�PMHVWD�X�PROHNXOL�LOL
QMHQH� �ELR�DNWLYQH� NRQIRUPDFLMH�� NRULVWL� VH� NDR� GRSULQRV� UD]XPLMHYDQMX� ELRORãNLK� SURFHVD� QD
PROHNXODUQRM�UD]LQL��'HWDOMQR�SR]QDYDQMH�PROHNXODUQH�VWUXNWXUH�VSRMHYD�X�NULVWDOX�L�RWRSLQL�RPRJXüDYD
SUDüHQMH� L� REMDãQMHQMH� PHKDQL]DPD� NHPLMVNLK� L� ELRORãNLK� UHDNFLMD� UHDOQLK� L� PRGHOQLK� VXVWDYD�
0ROHNXODUQR� �NRPSMXWHUVNR�� PRGHOLUDQMH�� XNOMXþXMXüL� PHWRGH� PROHNXODUQH� GLQDPLNH� NRMH� VOXåH
RSRQDãDQMX�HNVSHULPHQWDOQLK�XYMHWD�LOL�L�UHDOQLK�XYMHWD�LQ�YLYR��þLQL�VDVWDYQL�GLR�SULVWXSD�PROHNXODUQRJ
SUHSR]QDYDQMD�� 5DEL� VH� X� L]XþDYDQMX� GLQDPLNH� NRQIRUPDFLMVNLK� SURPMHQD� PROHNXOD� L� YH]LYDQMD
VXSVWUDWD�X�DNWLYQR�PMHVWR�UHFHSWRUD��6XVWDYQR�VH�SULUH XMX�SRGDFL�]D�46$5�DQDOL]X�ELOMQRJ�KRUPRQD
UDVWD�DXNVLQD�L�QMHJRYLK�DQDORJD��2EDYOMHQH�VX�VWUXNWXUQH�VWXGLMH�PRQRNORULUDQLK� L�PRQRIOXRULUDQLK��WH
GLNORULUDQLK�GHULYDWD�ELOMQRJ�KRUPRQD�UDVWD�DXNVLQD��LQGRO���RFWHQH�NLVHOLQH��L�QMHQRJ�SULURGQRJ�DQDORJD
��NORU�LQGRO���RFWHQH�NLVHOLQH��8WYU HQH�VX�L�QHNH�IL]LNDOQR�NHPLMVNH�RGOLNH�WLK�VSRMHYD��QSU��OLSRILOQRVW�
NRMH�VH� UDEH�X�DQDOL]L�RGQRVD�VWUXNWXUH� L�ELRORãNH�DNWLYQRVWL� DXNVLQD��6� LVWLP�FLOMHP�REDYOMHQ� MH� L� QL]
ELRORãNLK� WHVWRYD� QD� NROHRSWLODPD� $YHQD� VDWLYD�� 8� L]XþDYDQMX� XORJH� NRQIRUPDFLMVNLK� SURPMHQD� SUL
YH]LYDQMX�X�DNWLYQR�PMHVWR�UHFHSWRUD��SUDWLOD�VH�NRQIRUPDFLMVND�VWDELOQRVW�VDPRJ�KRUPRQD�L�SULURGQRJ
DQDORJD���NORU�LQGRO���RFWHQH�NLVHOLQH�L�DE�LQLWLR�SULVWXSRP��8�UDGX�QD�RGDELUX�NDUDNWHULVWLþQLK�VYRVWDYD
]D�DXNVLQH�����VSRMHYD��SULPLMHQMHQD�MH�NODVLILNDFLMD�WHPHOMHQD�QD�PDWHPDWLþNRP�SULVWXSX�UDþXQDQMHP
LQGHNVD� VOLþQRVWL� L� ELRORãNH�DNWLYQRVWL�� ,]XþDYDQD� MH� NRQIRUPDFLMVND� DQDOL]D� X� NULVWDOX� L� RWRSLQL� QHNLK
SHSWLGD�YH]DQLK�X]�RSLDWQH�DQDORJH��,]XþDYDQ�MH�GLSHSWLGQL�IUDJPHQW�PRUILFHSWLQD�X�NRMHP�VX�SUDüHQL
XYMHWL� FLV�WUDQV� L]RPHUL]DFLMH� SUROLQD�� 1DþLQMHQD� MH� NRPSDUDWLYQD� NRQIRUPDFLMVND� DQDOL]D� X� þYUVWRP
VWDQMX� L� RWRSLQL�QHNLK�SHSWRLGD�RG�SRWHQFLMDOQRJ�XþLQND�X�QL]X�ELRORãNLK�SURFHVD�NDR�ãWR� MH� VWDUHQMH�
GLMDEHWHV��$O]KHLPHURYR�REROMHQMH�L�QL]�GUXJLK��ELRORãND�DNWLYQRVW�L�VHOHNWLYQRVW�YH]DQD�MH�X]�SRVWL]DQMH
NUXWH�NRQIRUPDFLMH�PROHNXOH��6WUXNWXUQD�NDUDNWHUL]DFLMD�ELRORãNL�DNWLYQLK�VSRMHYD�XNOMXþLOD�MH�VSHFLILþQL
EDNWHULRVWDWLN� PHVDOD]LQ� L� QMHJRY� KLGURNORULG�� 8� L]XþDYDQMX� SL�SL� LQWHUDNFLMH� L� VYRMVWDYD� DURPDWVNLK
VXVWDYD� X� RYLVQRVWL� R� NHPLMVNRM� RNROLQL�� DQDOL]LUDQL� VX� IHQDQWUHQL� L� GLD]DSLUHQL� NDR� SRGMHGLQLFH� X
VXSUDPROHNXODPD��YH]DQR�X]�PRJXüQRVW�QMLKRYRJ�XJUD LYDQMD�X�'1.��8]�YODVWLWH�UH]XOWDWH��X�DQDOL]X
VX�XNOMXþHQL�SRGDFL�L]�&DPEULGJH�6WUXFWXUDO�'DWDEDVH��8�VXUDGQML�V�3URI��6DHQJHURP�QD�6YHXþLOLãWX�X
%HUOLQX�QDþLQMHQH�VX�NULVWDOQH�VWUXNWXUH�SXULQQXNOHR]LG�IRVIRULOD]H�L]ROLUDQH�L]�WHOHüH�VOH]HQH�L�QHNROLNR
NRPSOHNVD�V�YH]DQLP�LQKLELWRULPD��8�RNYLUX�SODQD��SXWHP�VXUDGQMH�QHNROLNR�LVWUDåLYDþNLK�VNXSLQD��UDGL
VH� QD� VWUXNWXUQRM� NDUDNWHUL]DFLML� OLSD]H� L� 6WUHSWRP\FHV� ULPRVXV�� ,]ORåHQ� LQWHUGLVFLSOLQDUQL� SULVWXS
LVWUDåLYDQMD�GDMH�WHPHOM�]D�SULSUDYX�QRYLK�VSRMHYD�XQDSULMHG�]DGDQLK�VYRMVWDYD��7R�MH�PRJXüH�RVWYDULWL
]DKYDOMXMXüL�XVSMHãQRM�]QDQVWYHQRM�VXUDGQML�V�YLãH� ODERUDWRULMD�QDãHJ� ,QVWLWXWD� L� ,VWUDåLYDþNRJ� LQVWLWXWD
3OLYH� NDR� L� PH XQDURGQH� VXUDGQMH�� 5HQWJHQVND� VWUXNWXUQD� DQDOL]D� XVSMHãQR� MH� SULPLMHQMHQD� X
RGUH LYDQMX� WURGLPHQ]LRQDOQH� VWUXNWXUH� VXSUDPROHNXODUQLK�� RUJDQVNLK� L� DQRUJDQVNLK� VSRMHYD�� =D
SRWUHEH� ]GUDYVWYHQLK� XVWDQRYD� L� EROQLFD� REDYOMD� VH� NDUDNWHUL]DFLMD� ELRPLQHUDOD�� 1D� UHQWJHQVNRP
GLIUDNFLMVNRP�XUH DMX�]DSRþHWR�MH�SULODJR LYDQMH�X�VNODGX�VD�]DKWMHYLPD�PH XQDURGQH�NULVWDORJUDIVNH
]DMHGQLFH��NRMH�XNOMXþXMH�L]PMHQX�UDþXQDOVNRJ�GMHOD�L�SUDWHüHJ�VRIWZDUH�D�
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5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,Q� VWUXFWXUH�DFWLYLW\� UHODWLRQVKLS� VWXGLHV� RI� ELRORJLFDOO\� DFWLYH� PROHFXOHV� DQG� WKHLU� DQDORJXHV�� ;�UD\
GLIIUDFWLRQ� DQDO\VLV�� FRPSXWDWLRQDO� FKHPLVWU\� PHWKRGV�� PROHFXODU� FRPSXWHU� JUDSKLFV�� VSHFWURVFRSLF
PHWKRGV�DQG�ELRDVVD\V�KDYH�EHHQ�XVHG��0ROHFXODU�UHFRJQLWLRQ�DSSURDFK�EDVHG�RQ�WKH�FKDUDFWHULVWLF
VWUXFWXUDO� SDUDPHWHUV�� SDUWLFXODUO\� RI� WKH� DFWLYH� VLWH� RU� ELRDFWLYH� FRQIRUPDWLRQV� KDYH� EHHQ� XVHG� WR
VWXG\� ELRORJLFDO� SURFHVVHV� DW� WKH�PROHFXODU� OHYHO�� 'HWDLOHG�PROHFXODU� DUFKLWHFWXUH� LQ� WKH� FU\VWDOOLQH
VWDWH�DQG�VROXWLRQ�KDV�EHHQ�XVHG�WR�XQGHUVWDQG�PHFKDQLVPV�RI�FKHPLFDO�DQG�ELRORJLFDO�UHDFWLRQV�RI
UHDO�DQG�PRGHO�V\VWHPV��0ROHFXODU��FRPSXWHU��PRGHOOLQJ�� LQFOXGLQJ�PHWKRGV�RI�PROHFXODU�G\QDPLFV�
ZKLFK�FDQ�VLPXODWH�H[SHULPHQWDO�FRQGLWLRQV�DQG�RU�UHDO�SDUDPHWHUV�LQ�YLYR��LV�RQH�RI�WKH�HOHPHQWV�RI
WKH� PROHFXODU� UHFRJQLWLRQ� DSSURDFK�� 0ROHFXODU� G\QDPLFV� VLPXODWLRQV� KDYH� EHHQ� XVHG� WR� VWXG\
FRQIRUPDWLRQDO�VWDELOLW\�DQG�VXEVWUDWH�ELQGLQJ� WR� WKH�DFWLYH�VLWH�RI�D� UHFHSWRU��6\VWHPDWLF�DQDO\VLV�RI
GDWD� RI� DX[LQV� DQG� DQDORJXHV� UHTXLUHG� IRU� 46$5� KDV� EHHQ� SHUIRUPHG�� 6WUXFWXUDO� VWXGLHV� RI
PRQRFKORULQDWHG�� PRQRIOXRULQDWHG� DQG� GLFKORULQDWHG� GHULYDWLYHV� RI� SODQW� JURZWK� KRUPRQH� DX[LQ
�LQGROH���� DFHWLF� DFLG�� DQG� LWV� QDWXUDO� DQDORJXH� ��FKORU�LQGROH���DFHWLF� DFLG� KDYH� EHHQ� FRPSOHWHG�
6RPH�RI�WKHLU�SK\VLFR�FKHPLFDO�SURSHUWLHV��VXFK�DV�OLSKRSK\OLFLW\��KDYH�EHHQ�XVHG�LQ�VWUXFWXUH�DFWLYLW\
FRUUHODWLRQ��$E�LQLWLR�FDOFXODWLRQV�KDYH�EHHQ�XVHG�WR�VWXG\�WKH�FRQIRUPDWLRQDO�VWDELOLW\�RI�KRUPRQH�DQG
LWV�QDWXUDO�DQDORJXH���FKORU�LQGROH���DFHWLF�DFLG��&ODVVLILFDWLRQ�RI�DX[LQ�SODQW�KRUPRQHV�E\�LQWHUDFWLRQ
SURSHUW\� VLPLODULW\� LQGLFHV� ���� FRPSRXQGV�� DQG� ELRORJLFDO� WHVW� KDV� EHHQ� SHUIRUPHG�� &RQIRUPDWLRQ
DQDO\VLV�LQ�D�FU\VWDO�DQG�VROXWLRQ�RI�VRPH�RSLDWH�UHODWHG�SHSWLGHV�KDV�EHHQ�FRPSOHWHG��7KH�FLV�WUDQV
LVRPHULVDWLRQ� RI� SUROLQH� LQ� WKH� GLSHSWLGH� IUDJPHQW� RI� PRUSKLFHSWLQ� KDV� EHHQ� VWXGLHG�� &RPSDUDWLYH
FRQIRUPDWLRQ�DQDO\VLV�LQ�VROLG�VWDWH�DQG�VROXWLRQ�RI�VRPH�SHSWRLGV�EHLQJ�RI�SRWHQWLDO� LQIOXHQFH�RQ�WKH
DJHLQJ�SURFHVV��GLDEHWLF�FRPSOLFDWLRQV��$O]KHLPHU�GLVHDVH�DQG�RWKHUV��KDV�EHHQ�FDUULHG�RXW��ELRORJLFDO
DFWLYLW\� DQG� VHOHFWLYLW\� DUH� UHODWHG� WR� WKH� ULJLG�PROHFXODU� FRQIRUPDWLRQ�� 6WUXFWXUDO� FKDUDFWHULVDWLRQ� RI
ELRORJLFDOO\� DFWLYH� FRPSRXQGV� LQFOXGHV� WKH� VSHFLILF� EDFWHULRVWDWLF�PHVDOD]LQH� DQG� LWV� K\GURFKORULGH�
7KH� SL�SL� LQWHUDFWLRQV� DQG� WKH� SURSHUWLHV� RI� DURPDWLFV�� VXFK� DV� SKHQDWKUHQHV� DQG� GLD]DS\UHQHV� DV
VXEXQLWV�RI�VXSUDPROHFXOHV��KDYH�EHHQ�VWXGLHG� LQ� UHODWLRQ� WR� WKH�SRVVLELOLW\�RI� WKHLU� LQWHUFDODWLRQ� LQWR
'1$�� ,Q� DOO� WKHVH� DQDO\VHV�� LQ� DGGLWLRQ� WR� RXU� RULJLQDO� UHVHDUFK� GDWD�� WKH� &DPEULGJH� 6WUXFWXUDO
'DWDEDVH� KDV� EHHQ� XVHG�� ,Q� WKH� IUDPHZRUN� RI� FR�RSHUDWLRQ� ZLWK� 3URI�� 6DHQJHU�� )UHLH� 8QLYHUVLW�W
%HUOLQ�� WKH� FKDUDFWHULVDWLRQ� DQG� �'� VWUXFWXUH� RI� FDOI� VSOHHQ� SXULQH� QXFOHRVLGH� SKRVSKRU\ODVH� ZLWK
VHYHUDO�LQKLELWRUV�KDYH�EHHQ�SHUIRUPHG��,Q�FR�RSHUDWLRQ�ZLWK�VHYHUDO�UHVHDUFK�WHDPV��UHVHDUFK�RQ�WKH
VWUXFWXUDO� FKDUDFWHULVDWLRQ� RI� EDFWHULDO� OLSDVH� IURP� 6WUHSWRP\FHV� ULPRVXV� LV� LQ� SURJUHVV�� 7KH
LQWHUGLVFLSOLQDU\�DSSURDFK�GHVFULEHG�DERYH�KDV�EHHQ�XVHG�LQ�WKH�FKHPLFDO�GHVLJQ�RI�QRYHO�FRPSRXQGV
RI�SUHGLFWHG�SURSHUWLHV��7KHVH�UHVXOWV�KDYH�EHHQ�DFKLHYHG�RZLQJ�WR�WKH�VXFFHVVIXO�FROODERUDWLRQ�ZLWK
VRPH�ODERUDWRULHV�RI�RXU�,QVWLWXWH��7KH�5HVHDUFK�,QVWLWXWH�3OLYD��DQG�LQWHUQDWLRQDO�FR�RSHUDWLRQ��;�UD\
VWUXFWXUH� DQDO\VLV� KDV� EHHQ� VXFFHVVIXOO\� XVHG� WR� GHWHUPLQH� WKUHH�GLPHQVLRQDO� VWUXFWXUHV� RI� QRYHO
VXSUDPROHFXODU�� RUJDQLF� DQG� LQRUJDQLF� FRPSRXQGV�� )RU� QHHGV� RI� YDULRXV� PHGLFDO� LQVWLWXWLRQV� DQG
KRVSLWDOV��WKH�LGHQWLILFDWLRQ�RI�ELRPLQHUDOV�KDV�EHHQ�SHUIRUPHG��7KH�XS�GDWH�RI�WKH�FRPSXWHU�XQLW�DQG
VRIWZDUH� RI� WKH� ;�UD\� GLIIUDFWRPHWHU� LQ� DFFRUGDQFH� ZLWK� WKH� VWDQGDUG� RI� WKH� ,QWHUQDWLRQDO
&U\VWDOORJUDSKLF�&RPPXQLW\�KDV�EHHQ�LQLWLDWHG�

63(.7526.236.$�,675$ä,9$1-$�/,323527(,1$
63(&7526&23,&�678',(6�2)�/,323527(,16
9RGLWHOMLFD�WHPH��GU�VF��*UHWD�3LIDW�0U]OMDN
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0DULQD�,ODNRYDF�.YHGHU��GRNWRULFD�IL]��]QDQRVWL��YLãD�DVLVWHQWLFD�
*UHWD�3LIDW�0U]OMDN��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

6YRMVWYD�SRYUãLQH�VSLQVNL�R]QDþHQLK�OLSRSURWHLQVNLK�þHVWLFD�SURXþDYDQD�VX�SRPRüX�PHWRGH�(35�
D���VYRMVWYD� OLSLGQRJ� PRQRVORMD� /'/� L� 9/'/� LVSLWLYDQD� VX� SXWHP� UHGXNFLMH� QLWURNVLGD� �7HPSR�� V

DVNRUELQVNRP�NLVHOLQRP��7HRULMVND�VLPXODFLMD�HNVSHULPHQWDOQLK�(35�VSHNWDUD�UHGXNFLMVNH�NLQHWLNH
SRND]DOD�MH�GUDVWLþQR�VXåDYDQMH�ãLULQH�OLQLMH�NRG�9/'/�X�RGQRVX�QD�/'/�þHVWLFH��7R�RSDåDQMH�PRåH
VH� SRYH]DWL� V� UD]OLþLWRP� XUH HQRãüX� OLSLGQRJ� PRQRVORMD� RYLK� þHVWLFD� NDR� SRVOMHGLFRP� UD]OLþLWRJ
NHPLMVNRJ� VDVWDYD� PRQRVORMD� NRML� XYMHWXMH� UD]OLþLWH� LQWHUPROHNXODUQH� VLOH� L]PH X� IRVIROLSLGD� L
KROHVWHUROD�
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E����OLSLG�SURWHLQ�PH XGMHORYDQMH�SURXþDYDQR�MH�SXWHP�VSLQVNL�R]QDþHQRJ�DSR%�QD�þHVWLFL�/'/��D�NUR]
XWMHFDM�UD]OLþLWLK�QLåLK�DONRKROD��'RELYHQL�(35�VSHNWUL�SRND]DOL�VX�GD�SUL�IL]LRORãNLP�XYMHWLPD�DONRKROL
X]URNXMX� SURPMHQX� NRQIRUPDFLMH� SURWHLQD�� %XGXüL� GD� OLSRILOQLML� DONRKRO� L]D]LYD� YHüX� SHUWXUEDFLMX
OLSRSURWHLQVNH� þHVWLFH�� RSDåHQH� SURPMHQH� PRJX� VH� REMDVQLWL� SURPMHQRP� XUH HQRVWL� OLSLGD� SRG
XWMHFDMHP�DONRKROD�NRMD�VH�NUR]�OLSLG�SURWHLQ�PH XGMHORYDQMH�UHIOHNWLUD�QD�NRQIRUPDFLMX�SURWHLQD�

0HWRGRP�(35�X]�VSLQVNR�R]QDþDYDQMH�OLSRSURWHLQVNLK�þHVWLFD�QDVWDYLW�üH�VH�LVWUDåLYDQMH�RUJDQL]DFLMH
SRYUãLQVNRJ� PRQRVORMD� WLK� þHVWLFD�� /LSLG�SURWHLQ� PH XGMHORYDQMH� SUDWLW� üH� VH� NUR]� XWMHFDM� DONRKROD
UD]OLþLWLK�V�RE]LURP�QD�VWUXNWXUX�L�YHOLþLQX�PROHNXOH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

6XUIDFH�SURSHUWLHV�RI�VSLQ�ODEHOOHG�OLSRSURWHLQ�YHVLFOHV�KDYH�EHHQ�VWXGLHG�E\�WKH�(35�PHWKRG�
D���7KH� UHGXFWLRQ� RI� QLWUR[LGH� �7HPSR�� ZLWK� DVFRUELF� DFLG� KDV� EHHQ� XVHG� WR� VWXG\� WKH� OLSLG� VXUIDFH

PRQROD\HU�RI�/'/�DQG�9/'/��7KH�WKHRUHWLFDO�VLPXODWLRQ�RI�H[SHULPHQWDO�(35�VSHFWUD� LQGLFDWHV�D
GUDVWLF�QDUURZLQJ�RI� WKH� OLQH�ZLGWK� LQ� WKH�FDVH�RI� UHGXFWLRQ�NLQHWLFV� LQ�9/'/�ZLWK� UHVSHFW� WR�/'/�
7KLV� REVHUYDWLRQ� FDQ� UHIOHFW� WKH� GLIIHUHQW� RUGHULQJ� RI� WKH� OLSLG�PRQROD\HU� DV� WKH� FRQVHTXHQFH� RI
GLIIHUHQW�FKHPLFDO�FRPSRVLWLRQ�LQ�WKHVH�WZR�OLSRSURWHLQ�VXESRSXODWLRQV�

E���7KH� OLSLG�SURWHLQ� LQWHUDFWLRQ� KDV� EHHQ� VWXGLHG� LQ� SURWHLQ� VSLQ� ODEHOOHG� /'/� ZLWK� UHVSHFW� WR� WKH
LQIOXHQFH�RI�GLIIHUHQW�ORZHU�DOFRKROV��7KH�UHVXOWV�VKRZ�WKDW�XQGHU�SK\VLRORJLFDO�FRQGLWLRQV�DOFRKROV
FDXVH�WKH�FKDQJH�RI�WKH�SURWHLQ�FRQIRUPDWLRQ��6LQFH�PRUH�OLSRSKLOLF�DOFRKROV�JLYH�ULVH�WR�VWURQJHU
SHUWXUEDWLRQ�RI�WKH�OLSRSURWHLQ�SDUWLFOH��WKH�REVHUYHG�SKHQRPHQRQ�FRXOG�EH�DVVLJQHG�WR�WKH�FKDQJH
RI�WKH�OLSLG�RUGHULQJ�

8VLQJ� WKH� (35� PHWKRG� IRU� VSLQ� ODEHOOHG� OLSRSURWHLQV�� WKH� LQYHVWLJDWLRQ� RI� WKH� VXUIDFH� PRQROD\HU
RUJDQL]DWLRQ�ZLOO�EH�FRQWLQXHG��7KH�OLSLG�SURWHLQ�LQWHUDFWLRQ�ZLOO�EH�SUREHG�YLD�LQWHUDFWLRQ�ZLWK�DOFRKROV
GLIIHULQJ�LQ�WKHLU�UHVSHFWLYH�VL]H�DQG�VWUXFWXUH�

5(/$.6$&,-6.,�352&(6,�)(52(/(.75,.$�,�6835$92',ý$
5(/$;$7,21�352&(66(6�2)�)(552(/(&75,&6�$1'
683(5&21'8&7256
9RGLWHOM�WHPH��GU�VF�%RULV�5DNYLQ
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$QWRQLMH�'XOþLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN��GR������������
'DOLERU�0HUXQND��GLSO��LQå��IL]LNH��]QDQVWYHQL�QRYDN�
0LURVODY�3RåHN��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW�
%RULV�5DNYLQ��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN

6XUDGQLN�L]�GUXJH�XVWDQRYH�

$QWRQLMH�'XOþLü��GRNWRU�IL]��]QDQRVWL��UHGRYLWL�SURIHVRU��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW��6YHXþLOLãWH�X
=DJUHEX

3URJUDP�UDGD�L�UH]XOWDWL�

3URJUDP� MH� RULMHQWLUDQ� SUHPD� LVWDåLYDQMX� PDJQHWVNLK� L� PLNURYDOQLK� VYRMVWDYD� YLVRNR� WHPSHUDWXUQLK
VXSUDYRGLþD� L� LVWUDåLYDQMX� GLQDPLNH� NULVWDOQH� UHãHWNH� PDJQHWVNLK� IHURHOHNWULþQLK� L� RVWDOLK� PRGHOQLK
VLVWHPD�
,VWUDåLYDQD� MH� HOHNWURQVND� QXNOHDUQD� GLSRODUQD� LQWHUDNFLMD� X� RNROLQL� $V2��

��� VSLQVNH� SUREH� X
IHURHOHNWULNX� .+�$V2��� 8� PMHUHQMLPD� WHPSHUDWXUQH� RYLVQRVWL� RSDåHQ� MH� PDNVLPXP� HOHNWURQVNH
QXNOHDUQH� GLSRODUQH� UHODNVDFLMH� X� SDUDHOHNWULþQRM� ID]L� QD� WHPSHUDWXUL� RG� ���.�� 3RMDYD� PDNVLPXPD
REMDãQMHQD�MH�SURWRQVNRP�GLQDPLNRP�X]GXå�2�+��2�YH]D�X�RNROLQL�SUREH�L�SURPMHQRP�VSLQVNH�JXVWRüH
QD�DWRPLPD�NLVLND��/RNDOL]DFLMD�VSLQVNH�JXVWRüH�QD�NLVLFLPD�SRYH]XMH�VH�V�SRMDYRP�SRODUL]DFLMH�$V�2
YH]D� NRMH� VH� RþHNXMX� X� IHURHOHNWULþQRM� ID]L�� 5D]PDWUDQ� MH� L� ULMHãHQ� SUREOHP� SHUWXUEDFLMD�PLNURYDOQH
ãXSOMLQH� VXSUDYRGOMLYLP� X]RUNRP� X� REOLNX� WDQNRJ� ILOPD�� 7HRULMVND� ULMHãHQMD� VX� SURYMHUHQD�PMHUHQMLPD
PLNURYDOQH�DSVRUSFLMH�L�UHDNWDQFLMH�QD�WDQNRP�ILOPX�<%&2��3RVHEQR�MH�GRND]DQD�GUDVWLþQD�SURPMHQD
WHPSHUDWXUQH� RYLVQRVWL� IUHNYHQWQRJ� SRPDND� LVSRG� 7&� X� RYLVQRVWL� R� SHUWXUEDFLML� X� PDJQHWVNRM� LOL
HOHNWULþQRM�NRPSRQHQWL�PLNURYDOQRJ�SROMD��6QLPOMHQD� MH� L�PDJQHWVND�RYLVQRVW�PLNURYDOQH�DSVRUSFLMH� L
UHDNWDQFLMD�QD� UD]QLP� WHPSHUDWXUDPD��8WYU HQR� MH�GD�VH� L]� WLK� NULYXOMD�PRåH�RGUHGLWL� JRUQMH� NULWLþQR
SROMH�NRMH�SUHGVWDYOMD�YDåDQ�SDUDPHWDU�VXSUDYRGOMLYRJ�VWDQMD�



��

8� SROLPHUQLP�PDWULFDPD� V� GLVSHU]LUDQRP� VSLQVNRP� SURERP� X]� SRPRü� GYRVWUXNR� PRGXOLUDQH� (35
VSHNWURVNRSLMH��'0(35��PMHUHQD�VX�HIHNWLYQD�UHODNVDFLMVND�YUHPHQD�X�QLVNRWHPSHUDWXUQRP�SRGUXþMX
�����.±����.���8RþHQR�MH�GD�VH�PMHUHQMHP�7�

'0�PRJX�GRELWL�LQIRUPDFLMH�R�VSRULP�ORNDOQLP�JLEDQMLPD
SROLPHUQLK�SRNUDMQLK�JUXSD�
(35�PHWRGRP�VWXGLUDQD�VX�SDUDPDJQHWVND�RãWHüHQMD�X�VLOLFLMX�SURL]YHGHQD�LPSODQWLUDQLP�LRQLPD�.U��
/RUHQW]RY�REOLN� OLQLMH� NDR� L� QMLKRYH�SURPLMHQH�QDNRQ� ]DJULMDYDQMD� XSXüXMX� QD� NODVWHUVNX� VWUXNWXUX� WLK
SDUDPDJQHWVNLK�FHQWDUD�X�VLOLFLMX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV

7KH� SURMHFW� LV� RULHQWHG� WRZDUG� WKH� LQYHVWLJDWLRQ� RI� PDJQHWLF� DQG� PLFURZDYH� SURSHUWLHV� RI� KLJK� �
WHPSHUDWXUH�VXSHUFRQGXFWRUV��DQG�FU\VWDO� ODWWLFH�G\QDPLFV�RI�PDJQHWLF��IHUURHOHFWULF�DQG�RWKHU�PRGHO
V\VWHPV�
7KH� HOHFWURQ�QXFOHDU� GLSRODU� �(1'�� LQWHUDFWLRQ� LQ� WKH� YLFLQLW\� RI� WKH� $V2�

���SDUDPDJQHWLF� SUREH� KDV
EHHQ�VWXGLHG� IRU� WKH�.+�$V2�� IHUURHOHFWULF� FU\VWDO�� ,W� KDV�EHHQ�VKRZQ� WKDW� D�SURWRQ�(1'� UHOD[DWLRQ
PHFKDQLVP�H[KLELWV�DQ�H[WUHPDO�WHPSHUDWXUH�EHKDYLRXU�LQ�WKH�SDUDHOHFWULF�SKDVH�DURXQG�����.��7KH
H[WUHPDO�WHPSHUDWXUH�EHKDYLRXU�KDV�EHHQ�GHVFULEHG�E\�HPSOR\LQJ�D�PRGHO�RI�D�SURWRQ�KRSSLQJ�DORQJ
2��+É2�ERQGV�DURXQG� WKH�SDUDPDJQHWLF� FHQWUHV� DQG� YDULDEOH� VSLQ� GHQVLW\� RQ�QHLJKERXU� R[\JHQV�
7KH� ORFDOL]DWLRQ�RI� VSLQ�GHQVLW\�RQ� WKHVH�R[\JHQV� LV� UHODWHG� WR� VSRQWDQHRXV�SRODUL]DWLRQ� FDXVHG� E\
FKDUJH�LPEDODQFH�LQ�WKH�$V�2�ERQGV�LQ�WKH�IHUURHOHFWULF�SKDVH�
7KH�SUREOHP�RI�PLFURZDYH�FDYLW\� SHUWXUEDWLRQ�E\� D� WKLQ�VXSHUFRQGXFWLQJ� ILOP�KDV�EHHQ� WUHDWHG�DQG
VROYHG��7KH�WKHRUHWLFDO�SHUWXUEDWLRQV�KDV�EHHQ�WHVWHG�E\�PHDVXUHPHQWV�RI�PLFURZDYH�DEVRUSWLRQ�DQG
UHDFWDQFH�RQ�WKLQ�ILOP�<%&2��,Q�SDUWLFXODU��WKH�H[SHFWHG�SHDN�LQ�IUHTXHQF\�KDV�EHHQ�REVHUYHG�EHORZ
7&� ZKHQ� WKH� VDPSOH� LV� LQ� WKH� HOHFWULF� FRPSRQHQW� RI� WKH� PLFURZDYH� ILHOG�� 7KH� PDJQHWLF�ILHOG
GHSHQGHQFH�RI�WKH�PLFURZDYH�DEVRUSWLRQ�DQG�UHDFWDQFH�LQ�WKH�PL[HG�VWDWH�KDV�EHHQ�DOVR�UHFRUGHG��,W
KDV�EHHQ�VKRZQ�WKDW�WKH�XSSHU�FULWLFDO�ILHOG�FDQ�EH�GHWHUPLQHG�IURP�WKHVH�PHDVXUHPHQWV�
7KH� GRXEOH�PRGXODWLRQ� (65� KDV� EHHQ� HPSOR\HG� WR� VWXG\� VORZ�PRWLRQDO� G\QDPLFV� LQ� DPRUSKRXV
SRO\PHU�PDWULFHV� LQ� WKH� ORZ��� WHPSHUDWXUH� UHJLRQ� �����.�±�����.���7KHVH�H[SHULPHQWV�GHPRQVWUDWH
WKDW� WKH�PHDVXUHPHQWV�RI�7�

'0� IRU� D� SUREH�GLVSHUVHG� LQ� DQ�DPRUSKRXV� SRO\PHU�PDWUL[� FDQ�SURYLGH
LQIRUPDWLRQ�DERXW�WKH�ORFDO�PRWLRQDO�G\QDPLFV�RI�VLGH�FKDLQ�JURXSV�DWWDFKHG�WR�SRO\PHU�EDFNERQH�
3DUDPDJQHWLF�GHIHFWV�SURGXFHG�E\�.U��LRQ�LPSODQWDWLRQ�LQWR�VLOLFRQ�KDYH�EHHQ�LQYHVWLJDWHG�XVLQJ�(65
VSHFWURVFRS\�� 7KH� /RUHQW]LDQ� FKDUDFWHU� RI� WKH� OLQH�VKDSH� DQG� EHKDYLRXU� XSRQ� DQQHDOLQJ� KDV� EHHQ
H[SODLQHG�YLD�D�VWURQJ�H[FKDQJH�LQWHUDFWLRQ�OHDGLQJ�WR�D�FOXVWHU�PRGHO�IRU�WKH�VSLQ�GHQVLW\�GLVWULEXWLRQ�

,675$ä,9$1-(�32/,0(5$�0(72'$0$�0$*1(76.,+
5(=21$1&,-$
678'<�2)�32/<0(56�%<�0$*1(7,&�5(621$1&(�0(7+2'6
9RGLWHOMLFD�WHPH��GU�VF��=RULFD�9HNVOL

6XUDGQLFL�QD�WHPL�

0ODGHQ�$QGUHLV��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
6UHüNR�9DOLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
=RULFD�9HNVOL��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD

7HKQLþND�VXUDGQLFD�

/LDQD�+|OEOLQJ��VDPRVWDOQD�WHKQLþDUND



��

3URJUDP�UDGD�L�UH]XOWDWL�

3URXþDYDQ�MH�XWMHFDM�VWUXNWXUH��GLQDPLNH�L�ORNDOQH�RULMHQWDFLMH�SROLPHUQRJ�ODQFD�QD�PRUIRORJLMX�PDWULFH�
3ULPMHQMXMX�VH�PHWRGH�PROHNXOQH�SUREH�YHRPD�RVMHWOMLYH�QD�RNROLQX��(65��'0(65��105���2GUH HQL
VX� XYMHWL� QDVWDMDQMD� XPUHåHQLK� ELPRGDOQLK� PUHåD� SULURGQRJ� NDXþXND� åHOMHQH� PRUIRORJLMH� L� IL]LþNLK
VYRMVWDYD�� 1RYLP� SULVWXSRP� X� DQDOL]L� UHODNVDFLMVNLK� YUHPHQD� VSLQVNH� SUREH� �'0(65�� X�PDWULFDPD
SROLPHUD� UD]OLþLWH� VWUXNWXUH� ODQFD� RPRJXüHQR� MH� RGUH LYDQMH� VORåHQH� VSRUH� GLQDPLNH� L� VODJDQMD
SROLPHUQLK� ODQDFD� X� VWDNODVWRP� VWDQMX�� 3URXþDYDQD� MH� PROHNXOQD� GLQDPLND� X� RULMHQWLUDQLP� GLEORN�
NRSROLPHULPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�LQIOXHQFH�RI�SRO\PHU�VWUXFWXUH��G\QDPLFV�DQG�ORFDO�RULHQWDWLRQ�RQ�SRO\PHU�PRUSKRORJ\�KDV�EHHQ
IXUWKHU�VWXGLHG��0ROHFXODU���SUREH�PHWKRGV��ZKLFK�DUH�YHU\�VHQVLWLYH�WR�WKH�SRO\PHU�HQYLURQPHQW��(65�
'0(65�� 105��� VXFK� DV� FKDLQ� VWUXFWXUH�� PROHFXODU� PRWLRQ� DQG� PROHFXODU� SDFNLQJ� DUH� XVHG�� 7KH
ELPRGDO�FURVV�OLQNHG�QHWZRUNV�RI�QDWXUDO�UXEEHU�ZLWK�GLIIHUHQW�VSDWLDO�KHWHURJHQHLW\�DQG�FRUUHVSRQGLQJ
SK\VLFDO� SURSHUWLHV� KDYH� EHHQ� SUHSDUHG�� %\� XVLQJ� D� QHZ� DSSURDFK� LQ� WKH� DQDO\VLV� RI� '0(65
UHOD[DWLRQ� WLPHV�RI� VSLQ� SUREHV�HPEHGGHG� LQ� SRO\PHU�PDWULFHV�� GLIIHULQJ� LQ� WKH� FKDLQ� VWUXFWXUH�� LW� LV
SRVVLEOH� WR� GHWHUPLQH� VORZ� PRWLRQDO� G\QDPLFV� DQG� SRO\PHU� FKDLQ� SDFNLQJ�� 8QLD[LDO� G\QDPLFV� LQ
VHPLFU\VWDOOLQH�GLEORFN�FRSRO\PHUV�KDV�EHHQ�VWXGLHG�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� $OHELü���-XUHWLü��$���&YLWDã��7���.ODVLQF��/��2]RQH
'HVWUXFWLRQ� RQ� 6ROLG� 3DUWLFOHV�� (QYLURQPHQWDO
0RQLWRULQJ�$VVHVVPHQW��������������������

��� $PLü�� '��� 'DYLGRYLü�$PLü�� '��� %HãOR�� '��� /XþLü�
%��� 7ULQDMVWLü�� 1�� 7KH� 8VH� RI� WKH� 2UGHUHG
2UWKRJRQDOL]HG�0XOWLYDULDQWH�/LQHDU�5HJUHVVLRQ�LQ
D� 6WUXFWXUH�$FWLYLW\� 6WXG\� RI� &RXPDULQ� DQG
)ODYRQRLG� 'HULYDWLYHV� DV� ,QKLELWRUV� RI� $OGRVH
5HGXFWDVH�� -RXUQDO� RI� &KHPLFDO� ,QIRUPDWLRQ� DQG
&RPSXWHU�6FLHQFHV��������������������

��� $PLü�� '��� 'DYLGRYLü�$PLü�� '��� %HãOR�� '��� /XþLü�
%���7ULQDMVWLü��1��$�VLPSOH�46$5�PRGHO�IRU�WU\SVLQ
DPLQRSHSWLGDVH� LQKLELWRU\� IODYRQRLGV�� &URDWLFD
&KHPLFD�$FWD��������������������

��� %DELü��'���%ULQNPDQQ��*���'UHVV��$��7RSRORJLFDO
UHVRQDQFH� HQHUJ\� RI� IXOOHUHQHV�� -RXUQDO� RI
&KHPLFDO�,QIRUPDWLRQ�DQG�&RPSXWHU�6FLHQFHV����
���������������

��� %DODEDQ�� $�7��� äLYNRYLü�� 7�� 3��� .OHLQ�� '�-��
6FKPDO]�� 7�*�� 5HDFWLRQ� JUDSKV� IRU
UHDUUDQJHPHQWV� RI� SHQWDJRQD� O�� ELS\UDPLGDO
FRPSOH[HV�� -RXUQDO� RI� 0ROHFXODU� 6WUXFWXUH
�7KHRFKHP����������������������

��� %DQLü�7RPLãLü�� =��� .RMLü�3URGLü�� %��� âLUROD�� ,�
+\GURJHQ� ERQGV� LQ� WKH� FU\VWDO� SDFNLQJV� RI
PHVDOD]LQH�DQG�PHVDOD]LQH�K\GURFKORULGH��-RXUQDO
RI�0ROHFXODU�6WUXFWXUH���������������������

��� %UQMDV�.UDOMHYLü�� -��� 3LIDW�0U]OMDN�� *��� .QLSSLQJ�
*��� -XHUJHQV�� *�� 2[LGDWLRQ� ,QGXFHG� &KDQJHV� LQ
/LSLG�0RELOLW\� LQ� /LSRSURWHLQV� )ROORZHG� E\� 6WHDG\
6WDWH�)OXRUHVFHQFH�$QLVRWURS\��&URDWLFD�&KHPLFD
$FWD��������������������

��� &YLWDã�� 7��� .H]HOH�� 1��� .ODVLQF�� /�� %RXQGDU\
/D\HU� 2]RQH� LQ� &URDWLD�� -RXUQDO� RI� $WPRVSKHULF
&KHPLVWU\��������������������

��� 'RãOLü��1���%RVDQDF��6��'��1HZ�FODVVLFDO�PHWKRG
IRU� G\QDPLFDO� FDOFXODWLRQ� LQ� PROHFXODU� V\VWHPV�
0ROHFXODU�3K\VLFV��������������������

���� )LOLSRYLü�9LQFHNRYLü��1���-XUDQRYLü��,���*UDKHN��ä�
,QWHUDFWLRQV� LQ� D� %LQDU\� 0L[WXUH� RI� &DWLRQLF
6XUIDFWDQWV��&ROORLGV�6XUIDFHV�$�����������������
����

���� )LOLSRYLü�9LQFHNRYLü�� 1��� 3XFLü�� ,��� 3RSRYLü�� 6��
7RPDãLü��9���7HåDN�� ��6ROLG�3KDVH�7UDQVLWLRQV�RI
&DWDQLRQLF� 6XUIDFWDQWV�� -RXUQDO� RI� &ROORLG� DQG
,QWHUIDFH�6FLHQFH���������������������

���� *�VWHQ��+���+HLQULFK��*���0|QQLFK��(���:HSSQHU�
-��� &YLWDã�� 7��� .ODVLQF�� /��� 9DURWVRV�� &�$��
$VLPDNRSRXORV�� '�� 1�� 7KHVVDORQLNL� ¶��� )LHOG
0HDVXUHPHQW� &DPSDLJQ� �� 3DUW� ,,� �� 2]RQH
)RUPDWLRQ� LQ� WKH� *UHDWKHU� 7KHVVDORQLNL� $UHD�
$WPRVSKHULF�(QYLURQPHQW����������������������

���� *XWPDQ�� ,���3ODYãLü��'���âRãNLü��0��� /DQGHND�� ,��
*UDRYDF�� $�� 2Q� WKH� FDOFXODWLRQ� RI� WKH� SDWK
QXPEHUV��=���=�DQG�WKH�+RVR\D�=� LQGH[��&URDWLFD
&KHPLFD�$FWD��������������������

���� ,VNULü��6���.RMLü�3URGLü��%���âSROMDU��%���.LUDOM��5��
+DGåLMD�� 2�� ,GHQWLILFDWLRQ� RI� VRPH� FRPSOH[HV� RI
KXPLF�OLNH� PRGHO� FRPSOH[DQWV� DQG� PHWDO�ORDGHG
VRUEHQWV� LQ� WKLQ�OD\HU� FKURPDWRJUDSK\�� )UHVHQLXV
-RXUQDO� RI� $QDO\WLFDO� &KHPLVWU\�� ���� ������� ����
����

���� -XULü�� $��� 1LNROLü�� 6��� 7ULQDMVWLü�� 1�� 7RSRORJLFDO
UHVRQDQFH�HQHUJLHV�RI�WKLHQRS\ULPLGLQHV��&URDWLFD
&KHPLFD�$FWD��������������������



��

���� .DOOD\�� 1��� 7RPDãLü�� 9��� äDODF��6��� %UHþHYLü�� /M�
&DORULPHWULF� ,QYHVWLJDWLRQ� RI� .LQHWLFV� RI� 6ROLG
3KDVH�'LVVROXWLRQ��&DOFLXP�&DUERQDWH�'LVVROXWLRQ
LQ�$TXHRXV�('7$�6ROXWLRQ��-RXUQDO�RI�&ROORLG�DQG
,QWHUIDFH�6FLHQFH�������������������

���� .ODVLQF��/���3DãD�7ROLü��/M���9LNLü�7RSLü��'���.QRS�
-�9��� 0F*O\QQ�� 6�3�� /RQJ�5DQJH� (OHFWURQLF
,QWHUDFWLRQV� LQ� $QGURVWDQHGLRQHV�� ,QWHUQDWLRQDO
-RXUQDO� RI� 4XDQWXP� &KHPLVWU\�� ��� ������� ����
����

���� .OHLQ�� '�-��� %DELü�� '�� 3DUWLDO� RUGHULQJV� LQ
FKHPLVWU\�� -RXUQDO� RI� &KHPLFDO� ,QIRUPDWLRQ� DQG
&RPSXWHU�6FLHQFHV��������������������

���� .OHLQ�� '�-��� 5DQGLü�� 0��� %DELü�� '��� /XþLü�� %��
1LNROLü�� 6��� 7ULQDMVWLü�� 1�� +LHUDUFKLFDO
2UWKRJRQDOL]DWLRQ� RI� 'HVFULSWRUV�� ,QWHUQDWLRQDO
-RXUQDO� RI� 4XDQWXP� &KHPLVWU\�� ��� ������� ����
����

���� .RHOOQHU��*���/XLü��0���6KXJDU��'���6DHQJHU��:��
%]RZVND�� $�� &U\VWDO� 6WUXFWXUH� RI� &DOI� 6SOHHQ
3XULQH� 1XFOHRVLGH� 3KRVSKRU\ODVH� LQ� D� &RPSOH[
ZLWK�+\SR[DQWLQH�DW������$�5HVROXWLRQ���-RXUQDO�RI
0ROHFXODU�%LRORJ\���������������������

���� .RYDþ�� %��� .ODVLQF�� /��� 9RUNDSLü�)XUDþ�� -��
0LQWDV�� 0��� .QRS�� -�� 9�� 3KRWRHOHFWURQ
VSHFWURVFRSLF�VWXG\�RI�1��DU\O��DQG�1��KHWHURDU\O�
S\UUROHV�� -RXUQDO� RI� WKH�&KHPLFDO� 6RFLHW\�� 3HUNLQ
7UDQVDFWLRQV���������������������

���� .U]QDULü�� '��� )LOLSRYLü�9LQFHNRYLü�� 1��� %DELü�
,YDQþLü�� 9��� %LOLQVNL�� +�� ,QWHUDFWLRQV� RI� 6RGLXP
'RGHF\OEHQ]HQHVXOIRQDWH� DQG� &DOFLWH� LQ� ����� 0
1D&O�6ROXWLRQ��&URDWLFD�&KHPLFD�$FWD�� ��� ������
�������

���� .YHGHU�� 0��� 3LIDW�� *��� 3HþDU�� 6��� 6FKDUD�� 0��
5DPRV�� 3��� (VWHUEDXHU�� +���� 7KH� LQWHUDFWLRQ� RI
ORZHU� DOFRKROV� ZLWK� DSR%� LQ� VSLQ� ODEHOHG� KXPDQ
SODVPD� ORZ� GHQVLW\� OLSRSURWHLQV� �/'/��� &KHPLVWU\
DQG�3K\VLFV�RI�/LSLGV��������������������

���� .YHGHU��0���3LIDW��*���3HþDU��6���6FKDUD���5DPRV�
3��� (VWHUEDXHU�� +�� 1LWUR[LGH� UHGXFWLRQ� ZLWK
DVFRUELF� DFLG� LQ� VSLQ� ODEHOHG� KXPDQ�SODVPD�/'/
DQG� 9/'/�� &KHPLVWU\� DQG� 3K\VLFV� RI� /LSLGV�� ��
������������

���� /LHGHO�� .�5��� 6HNXãDN�� 6��� 0D\HU�� (�� +DV� WKH
GLPHU� RI� FDUERQLF� DFLG� D� ORZHU� HQHUJ\� WKDQ� LWV
FRQVWLWXHQWV�ZDWHU�DQG�FDUERQ�GLR[LGH"��-RXUQDO�RI
WKH�$PHULFDQ�&KHPLFDO�6RFLHW\������������������
�����

���� /LHGO�� .�5��� 6HNXãDN�� 6��� .URHPHU�� 5�7��� 5RGH�
%�0��1HZ�LQVLJKWV� LQWR�WKH�G\QDPLFV�RI�FRQFHUWHG
SURWRQ� WXQQHOLQJ� LQ� F\FOLF� ZDWHU� DQG� K\GURJHQ
IOXRULGH� FOXVWHUV�-RXUQDO� RI� 3K\VLFDO� &KHPLVWU\� $�
���������������������
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SK\VLFR�FKHPLFDO� SURFHVV� RI� KLJK� FRPSOH[LW\�
3HULRGLFXP�%LRORJRUXP��������������������

����7ULQDMVWLü�� 1�� 3ULURGQH� ]QDQRVWL� L� RSüH� GREUR�
3ULURGD��������������

����7ULQDMVWLü��1��5HYLHZ�RI�D�FDWDORTXH�*UHWD�3LIDW�
0U]OMDN� �HGLWRU��� &HQWXULHV� RI� 1DWXUDO� 6FLHQFH� LQ
&URDWLD��7KHRU\�DQG�$SSOLFDWLRQ��,�DQG�,,��=DJUHE�
������3HULRGLFXP�%LRORJRUXP����������������

����9HNVOL��� =��5DNYLQ��%�� 1RYH�PHWRGH� HOHNWURQVNH
SDUDPDJQHWVNH�UH]RQDQFLMH�]D�RGUH LYDQMH�VSRULK
JLEDQMD� X� SROLPHULPD��� 3ROLPHUL�� ��� ������� ���� �
����

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� $QWROLü�� 6��� 6DORSHN�� %��� .RMLü�3URGLü�� %��
0DJQXV�� 9��� &RKHQ�� -�� '�� 6WUXFWXUDO
FKDUDFWHUL]DWLRQ� DQG� DX[LQ� SURSHUWLHV� RI
GLFKORULQDWHG� LQGROH���� DFHWLF� DFLGV�� 3ODQW� *URZWK
5HJXODWLRQ�

��� ûXULü�� 0��� 7XãHN�%RåLü�� /M��� 7UDOGL�� 3�
6SHFWURVFRSLF� DQG� WKHUPDO� VWXG\� RI� GLDON\O� �DOID�
DQLOLQR�1�EHQ]\OSKRVSKRQDWHV� DQG� WKHLU
SDOODGLXP�,,��GLFKORULGH�DGGXFWV��3RO\KHGURQ

��� )LOLSRYLü�9LQFHNRYLü�� 1��� %XMDQ�� 0��� âPLW�� ,��
7XãHN�%RåLü�� /M��� âWHIDQLü�� ,�� 3KDVH� WUDQVLWLRQV
IURP� FDWDQLRQLF� VDOW� WR� PL[HG� FDWLRQLF�DQLRQLF
YHVLFOHV��-RXUQDO�RI�&ROORLG�DQG�,QWHUIDFH�6FLHQFHV



��

��� .LUDOM��5���.RMLü�3URGLü��%���1LNROLü��6���7ULQDMVWLü�
1�� %RQG� OHQJWKV� DQG� ERQG� RUGHUV� LQ� EHQ]HQRLG
K\GURFDUERQV�DQG� UHODWHG�V\VWHPV��D�FRPSDULVRQ
RI� YDOHQFH�ERQG� DQG�PROHFXODU� RUELWDO� WUHDWPHQV�
-RXUQDO�RI�0ROHFXODU�6WUXFWXUH��7KHRFKHP�

��� .LUDOM��5���.RMLü�3URGLü��%��0XOWLYDULDWH�UHJUHVVLRQ
SUHGLFWLRQ� RI� ERQG� OHQJWKV� LQ� EHQ]HQRLG
K\GURFDUERQV�� XVH� RI� VRPH� WRSRORJLFDO� LQGLFHV�
&KHPRPHWULFV�,QWHOOLJHQW�/DERUDWRU\�6\VWHPV�

��� .LUDOM�� 5��� .RMLü�3URGLü�� %��� 3LDQWDQLGD�� ,��� äLQLü�
0�� &U\VWDO� DQG� PROHFXODU� VWUXFWXUHV� RI
GLD]DS\UHQHV�DQG�D�VWXG\�RI� WKH�SL�SL� LQWHUDFWLRQV
UHOHYDQW� IRU� '1$� LQWHUNDODWLRQV�� $FWD
&U\VWDOORJUDSKLFD�%�

��� 0LQDLOLXF��2��� .DWRQD��*���'LXGHD�0�9��� 6WUXQMH�
0��� *UDRYDF�� $��� *XWPDQ�� ,�� 6]HJHG� IUDJPHQWDO
LQGLFHV��&URDWLFD�&KHPLFD�$FWD

��� 0OLQDULü�0DMHUVNL��.���3DYORYLü��'���0LOLQNRYLü��9��
.RMLü�3URGLü�� %�� 6\QWKHVLV� DQG� SURSHUWLHV� RI� >���@
������ DGDPDQWKDQRSKDQH� ����� �GLHQH�� ;�UD\� DQG
0'� VWXGLHV� RI� ����������GL� �����DGDPDQWKDQR�
F\FORWHWUD�� WUDQV� �� UDQV�� ���� �� GLHQH�� (XURSHDQ
-RXUQDO�RI�2UJDQLF�&KHPLVWU\�

��� 5HLQHFNH�� 0�� '��� 2]JD�� -�� $��� ,OLü�� 1��� 0DJQXV�
9��� .RMLü�3URGLü�� %�� 0ROHFXODU� SURSHUWLHV� RI� ��
VXEVWLWXWHG� LQGROH���� DFHWLF� DFLGV� DIIHFWLQJ� SHD
SHULFDUS�HORQJDWLRQV��3ODQW�*URZWK�5HJXODWLRQ�

���� 7RPLü�� 6��� *DEGRXOLQH�� 5�� 5��� .RMLü�3URGLü�� %��
:DGH�� 5�� &ODVVLILFDWLRQ� RI� DX[LQ� SODQW� KRUPRQHV
E\�LQWHUDFWLRQ�SURSHUW\�VLPLODULW\�LQGLFHV��-RXUQDO�RI
&RPSXWHU�$LGHG�0ROHFXODU�'HVLJQ�

���� 7RPLü�� 6��� 5DPHN�� 0��� .RMLü�3URGLü�� %�
&RPELQHG�DE�LQLWLR�6&)�DQG�PROHFXODU�PHFKDQLFV
VWXG\� RI� SURSLRQLF� DQG� LVREXW\ULF� DFLGV� DQG� WKHLU
ELRORJLFDOO\� DFWLYH� GHULYDWLYHV� UHODWHG� WR� WKH
SK\WRKRUPRQH� DX[LQ� �LQGROH���� DFHWLF� DFLG��
&URDWLFD�&KHPLFD�$FWD�

���� 7XãHN�%RåLü�� /M��� '
� $OSDRV�� 0�� 3DOODGLXP� �,,�
FRRUGLQDWLRQ� FKHPLVWU\� RI� PRQRHWK\O� ��
TXLQRO\OPHWK\OSKRVSKRQDWH��3RO\KHGURQ

���� 9HNVOL�� =��� $QGUHLV�� 0�� &DPSEHOO�� '�� 6�� $� 6SLQ
3UREH� 6WXG\� RI� WKH� 1DWXUDO� 5XEEHU� 0DWUL[
+HWHURJHQHLW\�� 7KH� (IIHFW� 2I� 0ROHFXODU� :HLJKW�
0ROHFXODU� :HLJKW� 'LVWULEXWLRQ� DQG� *HO� 3KDVH�
3RO\PHU�

���� 9HNVOL�� =��� $QGUHLV�� 0��� 9DOLü�� 6��� 0DULQRYLü�� 7��
5DQRJDMHF�� )�� 'LIIHUHQW� 6SDWLDO� +HWHURJHQHLW\� RI
1HWZRUNV�3UHSDUHG�E\�D�7ZR�6WDJH� ,UUDGLDWLRQ�RI
1DWXUDO�5XEEHU��5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\�

5DGRYL�REDMYOMHQL�X�]ERUQLFLPD�VNXSRYD�

��� %XWNRYLü��9���&YLWDã��7���.H]HOH��1���.ODVLQF��/��
9LGLþ��6��� XULþLü��9��0MHUHQMH�R]RQD�QD�SRGUXþMX
-DGUDQD��=ERUQLN��3UYL�KUYDWVNL�]QDQVWYHQR�VWUXþQL
VNXS�³=DãWLWD�]UDND�
��´���âHJD��.���)XJDã��0��
9DQþLQD�)����XU����&ULNYHQLFD����������������������
�����

��� .LUDOM�� 5��� .RMLü�3URGLü�� %��� 0XOWLYDULDQWH
UHJUHVVLRQ�SUHGLFWLRQ�RI�ERQG�OHQJWKV�LQ�EHQ]HQRLG
K\GURFDUERQV�� XVH� RI� VRPH� WRSRORJLFDO� LQGLFHV�
&&����� &RQIHUHWLD� &KHPRPHWULFD�� %XGLPSHãWD�
�����������������+XQJDULDQ�&KHPLFDO�6RFLHW\�DQG
+XQJDULDQ�$FDGHP\�RI�6FLHQFHV�

��� 7ULQDMVWLü��1���%UQLþHYLü��1���+HUFHJ��0���1LNROLü�
6�� 6XYUHPHQD� DQRUJDQVND�� VWUXNWXUQD� L� WHRULMVND
NHPLMD� X� +UYDWVNRM�� =ERUQLN� UDGRYD� 6LPSR]LMD� R
IXQGDPHQWDOQLP� LVWUDåLYDQMLPD� �� 7DGLü�� '�� �XU���
=DJUHE��+$=8����������������

'RNWRUVNH�GLVHUWDFLMH�

��� /XþLü��%��2GQRVL�VWUXNWXUH��VYRMVWDYD� L�DNWLYQRVWL
PROHNXOD�� XSRUDED� XUH HQR� RUWRJRQDOL]LUDQLK
GHVNULSWRUD� �� GRNWRUVND� GLVHUWDFLMD�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� �����������
���VWU���9RGLWHOM��7ULQDMVWLü��1�

��� 0DUWLQRYLü�� 6�� /DVHU� 3ODVPD� ,QGXFHG� ,RQL]DWLRQ
RI� 9RODWLOH� 2UJDQLF� &RPSRXQGV�� �� 6WXG\� RI� WKH
3URFHVVHV� DQG� 6XEVHTXHQW� ,RQ�0ROHFXOH
5HDFWLRQV� E\� )RXULHU� 7UDQVIRUP� ,RQ� &\FORWURQ
5HVRQDQFH� 0DVV� 6SHFWURPHWU\� �� GRNWRUVND
GLVHUWDFLMD�� =DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL
IDNXOWHW�� ������������ ���� VWU��� 9RGLWHOML�� .ODVLQF�
/���6U]Lü��'�

��� 6HNXãDN�� 6�� 0HKDQL]PL� UHDNFLMD� KLGURNVLOQRJ
UDGLNDOD� V� XJOMLNRYRGLFLPD� L� QMLKRYLP
KDORJHQLUDQLP�GHULYDWLPD� ��GRNWRUVND�GLVHUWDFLMD�
=DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
=DJUHE������������������VWU���9RGLWHOM��6DEOMLü��$�

'LSORPVNL�UDGRYL�

��� %LODQ�� .�� 0LNURYDOQD� DSVRUSFLMD� V� PRGXOLUDQLP
SROMHP� X� <%D�&X�2�� VXSUDYRGLþNRP� ILOPX� �
GLSORPVNL� UDG�� =DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL
IDNXOWHW�����������������VWU���9RGLWHOM��'XOþLü��$�

��� )LQGUL�� 9�� 6LQWH]D� L� NULVWDORJUDIVNR� LVWUDåLYDQMH
]DãWLüHQRJ� GLSHSWLGD� /�IHQLODODQLQD�/�OHXFLQD� �
GLSORPVNL� UDG�� =DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL
IDNXOWHW�� ������������ ��� VWU��� 9RGLWHOMLFD�� .RMLü�
3URGLü��%�

��� 0LQWDV�� 3�� 8VSRUHGED� PHWRGD� ]D� RGU LYDQMH
NRQFHQWUDFLMH�SURWHLQD�X�OLSRSURWHLQLPD����GLSORPVNL
UDG�� =DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
�������������9RGLWHOMLFD��3LIDW�0U]OMDN��*�

��� 3DDU�� '�� 0LNURYDOQD� LVWUDåLYDQMD� NRPSOHNVQH
YRGOMLYRVWL� YLVRNRWHPSHUDWXUQRJ� VXSUDYRGLþD
<%D�&X�2��d� �� GLSORPVNL� UDG�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW����������������
VWU���9RGLWHOM��'XOþLü��$�



��

=QDQVWYHQL�VNXSRYL�X�RUJDQL]DFLML�,5%�D�

0$7+�&+(0�&203� 
���� 7KH� ���WK� 'XEURYQLN
LQWHUQDWLRQDO� FRXUVH� 	� FRQIHUHQFH� RQ� WKH� LQWHUIDFHV
DPRQJ� PDWKHPDWLFV�� FKHPLVWU\� DQG� FRPSXWHU
VFLHQFHV�� ,QWHUXQLYHUVLW\� &HQWUH�� 'XEURYQLN�� &URDWLD�
-XQH������������

.RORNYLML�L�VHPLQDUL�RGUåDQL�X�,5%�X�

5DNYLQ�� %�� 5DODNVDFLMVNL� SURFHVL� IHURHOHNWULND� L
VXSUDYRGLþD��.RORNYLM�*UXSH�]D� WHRULMVNX�NHPLMX�
���������

)LOLSRYLü�9LQFHNRYLü�� 1�� $VRFLMDFLMD�� DGVRUSFLMD� L
QDVWDMDQMH� DQRUJDQVNLK� NULVWDOD� X� YRGHQLP
RWRSLQDPD� SRYUãLQVNL� DNWLYQLK� WYDUL�� .RORNYLM
*UXSH�]D�WHRULMVNX�NHPLMX�����������

%RVDQDF�� 6�� .ODVLþQD� WHRULMD� VSLQD� L� PDJQHWVNRJ
PRPHQWD� HOHNWURQD�� .RORNYLM� *UXSH� ]D� WHRULMVNX
NHPLMX�����������

/XþLü��%��2EOLNRYDQMH� VWUXNWXUH� OLMHNRYD� UDþXQDORP�
SUHGYL DQMH� VNROQRVWL� YH]LYDQMD� EHQ]RGLD]HSLQD
QD�*%$�$�UHFHSWRU��2GDEUDQH�WHPH�PROHNXODUQH
SDWRIL]LRORJLMH�����������

3LIDW�0U]OMDN�� *��� 6SHNWURVNRSVND� LVWUDåLYDQMD
OLSRSURWHLQD�� .RORNYLM� *UXSH� ]D� WHRULMVNX� NHPLMX�
���������

9HNVOL�� =�� ,VWUDåLYDQMH� SROLPHUD� PHWRGDPD
PDJQHWVNLK� UH]RQDQFLMD�� .RORNYLM� *UXSH� ]D
WHRULMVNX�NHPLMX�����������

7ULQDMVWLü�� 1�� 2�PROHNXODUQRM� PDWULFL� ]DRELOD]QRVWL�
.RORNYLM�*UXSH�]D�WHRULMVNX�NHPLMX�����������

.RMLü�3URGLü�� %�� 3ULVWXS� PROHNXODUQRJ
SUHSR]QDYDQMD�X� NHPLML� L� VWUXNWXUQRM�PROHNXOVNRM
ELRORJLML�� .RORNYLM� *UXSH� ]D� WHRULMVNX� NHPLMX�
���������

6DEOMLü� $�� 8WMHFDM� NHPLMVNH� VWUXNWXUH� L� RNROLãD� QD
HNRWRNVLNRORãND� VYRMVWYD� RUJDQVNLK� ]DJD LYDOD�
6PMHUQLFH� (XURSVNH� XQLMH� ]D� HNRWRNVLNRORãND
LVSLWLYDQMD�����������

.ODVLQF�� /�� 5HDNWLYQRVW� L� UHDNFLMVNL� PHKDQL]PL�
.RORNYLM�*UXSH�]D�WHRULMVNX�NHPLMX�����������

3RåHN�� 0�� 3URXþDYDQMH� PDJQHWVNLK� VWUXNWXUD
YLVRNRWHPSHUDWXUQLK� VXSUDYRGLþD� PLNURYDOQLP
PHWRGDPD�� =QDQVWYHQR� YLMHüH� 2GMHOD� NHPLMH�
���������

7XãHN�%RåLü��/M��6WUXNWXUQD�L�ELRORJLMVND�LVWUDåLYDQMD
QRYLK� PHWDOR�RUJDQVNLK� VSRMHYD�� =QDQVWYHQR
YLMHüH�2GMHOD�NHPLMH�����������

+HUFHJ�5DMDþLü�� 0�� 6WUXNWXUQH� NDUDNWHULVWLNH� ���
WHWUDRNVD�GLD]D�FLNORRNWDGHNDQD� L� GHULYDWD�� ���
DPPLQD� L� DPLQD�� ���� DURPDWVNLK� D]R�ERMD�
=QDQVWYHQR�YLMHüH�2GMHOD�NHPLMH�����������

.RYDþ�� %�� 3DGRYL� XVSRQD� L� XVSRQL� SDGRYD
IRWRHOHNWURQVNH� VSHNWURVNRSLMH�� =QDQVWYHQR
YLMHüH�2GMHOD�NHPLMH�����������

1LNROLü��6��2�RGQRVX�VWUXNWXUH�L�VYRMVWDYD�PROHNXOD�
=QDQVWYHQR�YLMHüH�2GMHOD�NHPLMH�����������

äLYNRYLü�� 7�� 3ULPMHQD� PHWRGH� QLVNRJ� UDQJD�� .DNR
ãWR� HILNDVQLMH� ULMHãLWL� �Q���[�Q���� SRRSüHQX
MHGQDGåEX�YODVWLWLK�YULMHGQRVWL��=QDQVWYHQR�YLMHüH
2GMHOD�NHPLMH�����������

%DELü�� '�� 'HJHQHULUDQH� SUHJUDGQMH� QHNUXWLK
PROHNXOD�� =QDQVWYHQR� YLMHüH� 2GMHOD� NHPLMH�
���������

3ODYãLü�� '�� 9H]D� L]PH X� QHNLK� JUDI� WHRULMVNLK
LQGHNVD�� =QDQVWYHQR� YLMHüH� 2GMHOD� NHPLMH�
���������

$QGUHLV�� 0�� 6WUXNWXUD� L� PROHNXOQD� GLQDPLND� X
QHKRPRJHQLP� SROLPHUQLP� VXVWDYLPD�
=QDQVWYHQR�YLMHüH�2GMHOD�NHPLMH�����������

,ODNRYDF�.YHGHU�� 0�� 1HNL� SULVWXSL� X� LVWUDåLYDQMX
ELRORãNLK� VXVWDYD� PHWRGDPD� PDJQHWVNH
UH]RQDQFLMH�� =QDQVWYHQR� YLMHüH� 2GMHOD� NHPLMH�
���������

7RQNRYLü�� 0�� 3ULSUDYD� L� NDUDNWHUL]DFLMD� NRPSOHNVD
åHOMH]D�,,,��L�DOXPLQLMD�,,,��V�SROLROLPD��=QDQVWYHQR
YLMHüH�2GMHOD�NHPLMH�����������

7RPDãLü�� 9�� 7DORåHQMH�� DVRFLMDFLMD� L� DGVRUSFLMD� X
VPMHVDPD�YRGHQLK�RWRSLQD�NDWLRQVNLK�L�DQLRQVNLK
SRYUãLQVNL� DNWLYQLK� WYDUL�� =QDQVWYHQR� YLMHüH
2GMHOD�NHPLMH�����������

+RUYDWK�� /�� 7DORåHQMH� QHNLK� DOXPLQLMHYLK� VSRMHYD�
=QDQVWYHQR�YLMHüH�2GMHOD�NHPLMH�����������

7RPLü�� 6�� .ODVLILNDFLMD� L� SUHGYL DQMH� ELRORãNH
DNWLYQRVWL� DXNVLQD� SUHPD� VOLþQRVWL� PROHNXOVNLK
SROMD��=QDQVWYHQR�YLMHüH�2GMHOD�NHPLMH�����������

%XWNRYLü�� 9�� 5HDNFLMH� PDNURFLNOLþNRJ� NURP�,,�
NRPSOHNVD� V� RUJDQVNLP� KDORJHQLGLPD�
=QDQVWYHQR�YLMHüH�2GMHOD�NHPLMH�����������

%LOLQVNL�� +�� 7DORåHQMH� X� PRGHOQLP� L� SULURGQLP
VXVWDYLPD�� =QDQVWYHQR� YLMHüH� 2GMHOD� NHPLMH�
���������

%RQLIDþLü�� 0�� .LQHWLND� L� PHKDQL]DP� UHDNFLMD
VORERGQLK� UDGLNDOD�� =QDQVWYHQR� YLMHüH� 2GMHOD
NHPLMH�����������

2UKDQRYLü��0��5HDNFLMD� KHNVDDNYRNURPD�,,�� V� ���
�
ELSLULPLGLQRP�� =QDQVWYHQR� YLMHüH� 2GMHOD� NHPLMH�
���������

ûXULü�� 0�� .RPSOHNVL� SDODGLMD� V� DQWLWXPRUVNLP� L
DQWLYLUXVQLP� GMHORYDQMHP�� =QDQVWYHQR� YLMHüH
2GMHOD�NHPLMH�����������

/XLü��0��3XULQ�QXNOHR]LG� IRVIRULOD]D����'�VWUXNWXUD� L
PHKDQL]DP�GMHORYDQMD��=QDQVWYHQR�YLMHüH�2GMHOD
NHPLMH�����������

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

��� 9DOLü�� 6�� 3URXþDYDQMH� VWUXNWXUH� L� GLQDPLNH
PROHNXOVNLK� JLEDQMD� X� SROLPHULPD� PHWRGDPD
PDJQHWVNH�UH]RQDQFLMH��+UYDWVNL�NHPLMVNR�GUXãWYR�
=DJUHE�������������

��� .ODVLQF�� /�� 2]RQH� LQ� WKH� 0HGLWHUUDQHDQ�
6RXWKHUQ� 8QLYHUVLW\�� %DWRQ� 5RXJH�� 6$'�
�����������



��

��� .ODVLQF�� /�� 2]RQH� LQ� WKH� 0HGLWHUUDQHDQ�
'HSDUWPHQW� RI� &KHPLVWU\�� 8QLYHUVLW\� RI� 1HZ
2UOHDQV��1HZ�2UOHDQV��6$'�������������

��� .ODVLQF�� /�� 2]RQH� LQ� WKH� 0HGLWHUUDQHDQ�
8QLYHUVLW\�RI�$ODVND�)DLUEDQNV��6$'�������������

��� 7ULQDMVWLü�� 1�� 2� IXOHUHQLPD�� +UYDWVNR� NHPLMVNR
GUXãWYR��5LMHND�������������

��� *UDRYDF�� $�� 1REHORYD� QDJUDGD� ]D� NHPLMX� ]D
�����JRGLQX�� .OLQLND� ]D� NRåQH� L� VSROQH� EROHVWL�
0HGLFLQVNL�IDNXOWHW�6YHXþLOLãWD�X�=DJUHEX��=DJUHE�
�����������

��� 3LIDW�0U]OMDN�� *�� 6SHNWURVNRSVNR� LVWUDåLYDQMH
OMXGVNLK� OLSRSURWHLQD�� .OLQLND� ]D� NRåQH� L� VSROQH
EROHVWL�� .%&�� 0HGLFLQVNL� IDNXOWHW�� =DJUHE�
�����������

��� .ODVLQF��/��7URSRVIHUVNL�R]RQ��+UYDWVNR�NHPLMVNR
GUXãWYR��5LMHND�������������

��� .ODVLQF�� /�� 2]RQH� LQ� WKH� 0HGLWHUUDQHDQ�� 2GMHO
NHPLMH�� 6YHXþLOLãWH� X� (VVHQX�� 1MHPDþND�
�����������

���� 9DOLü�� 6�� 6HJPHQWDO� RUGHU� LQ� ODPHOODU� GLEORFN
FRSRO\PHUV�� D� GHXWHULXP� 105� VWXG\�� $OEHUW�
/XGZLJV�8QLYHUVLW�W�� )UHLEXUJ�� 1MHPDþND�
�����������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

.YDQWQD�NHPLMD
3UHGDYDþL��*UDRYDF��$���äLYNRYLü��7�3�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG����������

0DWHPDWLþNR�PRGHOLUDQMH�ELRDNWLYQLK�WYDUL
3UHGDYDþ��1LNROLü��6�
0HGLFLQVNL� IDNXOWHW� X� 5LMHFL�� 6YHXþLOLãWH� X� 5LMHFL�� ãN�
JRG����������

(OHPHQWL�WHRULMVNH�ELRORJLMH
3UHGDYDþ��7ULQDMVWLü��1�
0HGLFLQVNL� IDNXOWHW� X� 5LMHFL�� 6YHXþLOLãWH� X� 5LMHFL�� ãN�
JRG����������

6SHNWURPHWULMVNH�PHWRGH�VWUXNWXUQH�DQDOL]H
3UHGDYDþL��6U]Lü��'���9LNLü�7RSLü��'�
�3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

(OHNWURQLþND�UDþXQDOD�L�SURJUDPLUDQMH�X�NHPLML
3UHGDYDþL��.ODVLQF��/���0DNVLü��=�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

7HRULMD�DWRPVNLK�VXGDUD
3UHGDYDþ��%RVDQDF��6�
�3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG����������

.YDQWQD�NHPLMD
3UHGDYDþL��*UDRYDF��$��äLYNRYLü��7�
3RVOLMHGLSORPVNL� VWXGLM� NHPLMH�6YHXþLOLãWH� X� =DJUHEX�
ãN��JRG����������

2GDEUDQD�SRJODYOMD�X�NULVWDOQRM�VWUXNWXUQRM�DQDOL]L
3UHGDYDþL��.RMLü�3URGLü��%��/XLü��0�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

2GUH LYDQMH� NULVWDOQH� L� PROHNXODUQH� VWUXNWXUH
GLIUDNFLMVNLP�PHWRGDPD
3UHGDYDþL��.DPHQDU��%��.RMLü�3URGLü��%��9LFNRYLü��,�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

3ULPMHQD�VSHNWURVNRSVNLK�PHWRGD�X�ELRNHPLML
3UHGDYDþ��.RMLü�3URGLü��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

%LRNULVWDORJUDILMD
3UHGDYDþ��.RMLü�3URGLü��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� ELRORJLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

2GUH LYDQMH� NULVWDOQH� VWUXNWXUH� GLIUDNFLMRP
UHQWJHQVNLK�]UDND
3UHGDYDþL��.RMLü�3URGLü��%��/XLü��0�
3RVOLMHGLSORPVNL� VWXGLM� L]� JHRORãNLK� ]QDQRVWL
6YHXþLOLãWD�X�=DJUHEX��ãN��JRG����������

.ULVWDORJUDILMD
3UHGDYDþL��/XLü��0��%HUPDQHF��9�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

0ROHNXOVND�ELRIL]LND
3UHGDYDþ��3LIDW�0U]OMDN��*�
3RVOLMHGLSORPVNL� VWXGLM� L]� ELRORJLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

5HODNVDFLMVNL�SURFHVL�X�SROLPHULPD
3UHGDYDþ��9HNVOL��=�
3RVOLMHGLSORPVNL� VWXGLM� IDNXOWHWD� NHPLMVNRJ
LQMåHQMHUVWYD� L� WHKQRORJLMH�6YHXþLOLãWD� X� =DJUHEX�� ãN�
JRG�������������������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

8YRG�X�]QDQVWYHQL�UDG�L�NHPLMVNX�LQIRUPDWLNX
3UHGDYDþL�� 7HåDN�� ��� 7ULQDMVWLü�� 1�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW� 6YHXþLOLãWD� X� =DJUHEX�� ãN�� JRG�
��������

2GDEUDQD�SRJODYOMD�IL]LNH
3UHGDYDþ�� *UDRYDF�� $��� VWXGLM� IL]LNH�� )DNXOWHW
SULURGRVORYQR�PDWHPDWLþNLK� ]QDQRVWL� L� RGJRMQLK
SRGUXþMD��6YHXþLOLãWH�X�6SOLWX�

0DWHPDWLþNH�PHWRGH�X�NHPLML
3UHGDYDþL��.ODVLQF��/���äLYNRYLü��7�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
�����������������

3ULPMHQD�HOHNWURQLþNLK�UDþXQDOD�X�NHPLML
3UHGDYDþ��.ODVLQF��/�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
�����������������
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2GDEUDQD�SRJODYOMD�IL]LNH
3UHGDYDþ��*UDRYDF��$�
6WXGLM� IL]LNH��)DNXOWHW�SULURGQR�PDWHPDWLþNLK�]QDQRVWL
L� RGJRMQLK� SRGUXþMD�� 6YHXþLOLãWD� X� 6SOLWX�� ãN�� JRG�
��������

0ROHNXOVND�ELRIL]LND
3UHGDYDþ��3LIDW�0U]OMDN��*�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
�����������������

)L]LþNL�SUDNWLNXP�,
$VLVWHQW��3RåHN�0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
�������

)L]LþNL�SUDNWLNXP�,,
3UHGDYDþ��3RåHN�0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
�������

)L]LND�L�ELRIL]LND
3UHGDYDþ��5DNYLQ�%�
9HWHULQDUVNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�� ��������
�������

6WUXNWXUD�L�VYRMVWYD�SROLPHUD
�3UHGDYDþ��9HNVOL��=�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHEX�
����������������

=QDQVWYHQR�LOL�VWUXþQR�XVDYUãDYDQMH�X
LQR]HPVWYX�

âWHIDQLü��,��5DGLDWLRQ�/DERUDWRU\��8QLYHUVLW\�RI�1RWUH
'DPH��1RWUH�'DPH��,QGLDQD��86$����������
������������
.LQHWLND�L�PHKDQL]PL�UHDNFLMD�VORERGQLK�UDGLNDOD�

0DUWLQRYLü��6��8QLYHUVLWÊ�GH�0HW]��/DERUDWRLUH�GH
6SHFWURPpWULH�GH�0DVVH�HW�&KLPLH�/DVHU��0HW]�
)UDQFXVND��GR������������

%RQLIDþLü��0��5DGLDWLRQ�/DERUDWRU\��8QLYHUVLW\�RI
1RWUH�'DPH��1RWUH�'DPH��,QGLDQD��86$����������
������������
.LQHWLND�L�PHKDQL]PL�UHDNFLMD�VORERGQLK�UDGLNDOD�

7RPLü��6��(XURSHDQ�0ROHFXODU�%LRORJ\�/DERUDWRU\�
%LRFRPSXWLQJ�JURXS��������������

0DUWLQRYLü��6��(LGJHQRVVLFKH�7HFKQLVFKH
+RFKVFKXOH��/DERUDWRULXP�I�U�2UJDQLVFKH
&KHPLH��=�ULFK��âYLFDUVND��RG������������
SRVWGRNWRUVND�VSHFLMDOL]DFLMD

3HþXU��6��8QLYHUVLW\�RI�1HZ�2UOHDQV��'HSDUWPHQW�RI
&KHPLVWU\��1HZ�2UOHDQV��/$��6$'��������������
���������5DþXQDQMH�SULMHOD]QLK�VWDQMD�X
NHPLMVNLP�UHDNFLMDPD

9DOLü��6��,QVWXWXW�IÐU�0DNURPROHNXODUH�&KHPLH�
$OEHUW�/XGZLJV�8QLYHULW�W��)UHLEXUJ��������������
.DUDNWHUL]DFLMD�SROLPHUD

6WXGLMVNL�ERUDYFL�X�RNYLUX�PH XQDURGQH
VXUDGQMH�

.RMLü�3URGLü�� %�� (XURSHDQ� 0ROHFXODU� %LRORJ\
/DERUDWRU\�� +HLGHOEHUJ�� 1MHPDþND�� ����
�����������

.ODVLQF��/��/RXLVLDQD�6WDWH�8QLYHUVLW\��%DWRQ�5RXJH�
6$'��������������������

/XLü��0��)UHLH�8QLYHUVLW�W�%HUOLQ��1MHPDþND�� ,QVWLWXW
IXHU� .ULVWDOORJUDSKLH�� ������������������� �������
�����������

6U]Lü�� '�� 2VDND� 8QLYHUVLW\�� 2VDND�� -DSDQ�� RG
�����������

.ODVLQF��/��/RXLVLDQD�6WDWH�8QLYHUVLW\��%DWRQ�5RXJH�
6$'���������������������

3RåHN�0��8QLYHUVLW�W��6WXWWJDUW��6WXWWJDUW��1MHPDþND�
�������������������

9DOLü�� 6�� /DERUDWRULH� GH� 3K\VLTXH� GHV� 6ROLGHV�
8QLYHUVLWÊ� 3DULV�6XG�� 2UVD\�� ,QVWLWXW� &KDUOHV
6DGURQ�� 6WUDVERXUJ�� )UDQFXVND�� ������������
�������������]QDQVWYHQR�LVWUDåLYDþND�VXUDGQMD

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

7+(���7+�6$1,%(/�6<0326,80
6W��$XJXVWLQH��6$'����������������
3ULOR]L�
��� 1LNROLü�� 6��� 7ULQDMVWLü�� 1��� 0LKDOLü�� =�� 2Q

&RPSXWLQJ�WKH�'HWRXU�0DWUL[��SR]YDQR�SUHGDYDQMH

��� 5DPHN�� 0��� .HOWHUHU�� $�0��� 1LNROLü�� 6�� $E� LQLWLR
DQG�PROHFXODU�PHFKDQLFV�FRQIRUPDWLRQDO�DQDO\VLV
RI�QHXWUDO�O�SUROLQH��SR]YDQR�SUHGDYDQMH

;9�� +59$76.,� 6.83� .(0,ý$5$� ,� .(0,-6.,+
,1ä(1-(5$
2SDWLMD��+UYDWVND������������������
3ULOR]L�
��� $QWROLü�� 6��� .RMLü�3URGLü�� %��� 7RPLü�� 0��

.RYDþHYLü�� 0�� $Q� DEVROXWH� FRQILJXUDWLRQ�� FU\VWDO
DQG� PROHFXODU� VWUXFWXUH� RI� QRYHO� D]HWLGLQRQH
VXOSKRQDPLGHV��SRVWHU

��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� 6LNLULü�� 0�
7DORåHQMH� NDOFLMHYLK� IRVIDWD� X� VLVWHPX� &D&O��
+�32���+�8��1D&O�+�2��SRVWHU

��� %RQLIDþLü��0��� /RYULü�� -���2UKDQRYLü��0�� .LQHWLFV
DQG�0HFKDQLVP�RI�&U�+�2��

���5HDFWLRQV�ZLWK�����

%LS\ULPLGLQH� DV� 6WXGLHG� E\� 3XOVH� 5DGLRO\VLV�
SRVWHU�

��� %XWNRYLü��9���2UKDQRYLü��0��5HGXNFLMD�RUJDQVNLK
KDORJHQLGD� V� PDNURFLNOLþNLP� NRPSOHNVRP
NURPD�,,���SRVWHU

��� &YLWDã�� 7��� .H]HOH�� 1��� .ODVLQF�� /��� 9LGLþ�� 6�
XULþLü��9��0MHUHQMH�R]RQD�QD�-DGUDQX��SRVWHU
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��� ,YDQLü�� 6�� 1LNROLü�� 6��� /XþLü�� %��� 7ULQDMVWLü�� 1�
0RGHOL� RGQRVD� VWUXNWXUH� L� VYRMVWDYD� WHPHOMHQL� QD
XUH HQLP� RUWRJRQDOL]LUDQLP� GHVNULSWRULPD�
SUHGYL DQMH�YUHOLãWD�DONLODPLQD��SRVWHU

��� .D]D]Lü��6���6U]Lü��'���.ODVLQF��/���%XG]LNLHZLF]�
+�� )706� VWXGLM� UHDNFLMD� )H��&U�� V� SLUHQRP� X]
RELOMHåDYDQMH�GHXWHULMHP��SRVWHU

��� .RYDþ�� %��� .ODVLQF�� /��� /RQþDU�7RPDãNRYLü�� /��
,YDQþLü�� 0��� 0LQWDV�� 0�� )RWRHOHNWURQVNL� VSHNWUL
MHGQRVWUXNR� L� GYRVWUXNR� SUHPRãWHQLK� ELIHQLOD� VD
VXOILGQRP�� VXOIRNVLGQRP� L� DPLQR� JUXSRP� X
SUHPRãWHQMX��SRVWHU

��� 3HþXU��6���.ODVLQF��/���2UKDQRYLü��0���6WHWWPDLHU�
.��� %RUV�� :��� 0DPHUR�� %�� 5DþXQL� UDVSRGMHOH
HOHNWURQVNRJ� VSLQD� L� (65� VSHNWUL� QHNLK
IODYRQRLGQLK�UDGLNDOD��SRVWHU

���� 6U]Lü��'���.D]D]Lü��6���.ODVLQF��/��0F*O\QQ��6��3�
,VSLWLYDQMH�XVSRUHGQLK� UHDNFLMD�RNVLGDFLMH� L� OLJDFLMH
XUDQLMD�SRPRüX�/',�)706��SRVWHU

���� âWHIDQLü��,���$VPXV��.��'���%RQLIDþLü��0��5HDFWLRQ
RI� 2UJDQLF� 3HUR[\O� 5DGLFDOV�� .LQHWLFV� DQG
0HFKDQLVP��SRVWHU�

���� 7RPDãLü�� 9��� 7XãHN�%RåLü�� /M��� 3RSRYLü�� 6��
3XFLü�� ,��� )LOLSRYLü�9LQFHNRYLü�� 1��� 3K\VLFR�
&KHPLFDO� 3URSHUWLHV� RI
+H[DGHF\OWULPHWK\ODPPRQLXP� %URPLGH� �6RGLXP
'RGHF\O�6XOIDWH�0L[WXUHV��SRVWHU�

���� 7RPDãLü��9�� )LOLSRYLü�9LQFHNRYLü��1��$GVRUSWLRQ�
$VVRFLDWLRQ� DQG� 3UHFLSLWDWLRQ� LQ
+H[DGHF\OWULPHWK\ODPPRQLXP� %URPLGH�6RGLXP
'RGHF\O�6XOIDWH�0L[WXUHV��SRVWHU�

���� 7XãHN�%RåLü�� /M��� )XUODQL�� $��� 'H� &OHUFT�� (�
6SHNWURVNRSVND� L� ELRORãND� LVSLWLYDQMD� 3G� �,,�
NRPSOHNVD�PRQRHWLO����NLQROLOPHWLOIRVIRQDWD��SRVWHU

���� 9HNVOL�� =��� 5DNYLQ�� %�� 0ROHFXODU� 3DFNLQJ� DQG
'\QDPLFV� RI� *ODVV\� 3RO\PHUV� DV� 9LHZHG� E\
'0(35�0HWKRG��SRVWHU

���� 9RMQRYLü�� 0��� $QWROLü�� 6��� .RMLü�3URGLü�� %��
%UQLþHYLü��1���0LOMDN��0���$YLDQL�� ,�� >0�%U�����+�2��@
>+J%U�;�@� î� ��+�2�� 0�  � 1E�� 7D�� ;�  � &O�� %U�� ,� �
6SRMHYL�V�SROXYRGLþNLP�VYRMVWYLPD��SRVWHU

=1$1267�,�23û(�'2%52
=DJUHE��+UYDWVND��������������
3ULOR]L�
��� 7ULQDMVWLü�� 1�� 3ULURGQH� ]QDQRVWL� L� RSüH� GREUR�

SR]YDQR�SUHGDYDQMH

'58â79(1$� 352&-(1$� =1$1267,� ,
7(+12/2*,-(��2.58*/,�672/�
=DJUHE��+UYDWVND�������������
3ULOR]L�
��� $QGHUHLV�� 0��� 3ULPMHQD� VFLHQWRPHWULMH� X

YUHGQRYDQMX� GRPDüLK� þDVRSLVD� L� ]QDQVWYHQH
SURGXNFLMH�SUHPD�LQGHNVQLP�ED]DPD�,6,�±�NULWLþND
DQDOL]D��SUHGDYDQMH

��� 7ULQDMVWLü�� 1�� .DNR� YUHGQRYDWL� ]QDQVWYHQL� UDG� L
]QDQVWYHQLNH"� 'UXãWYHQD� SURFMHQD� ]QDQRVWL� L
WHKQRORJLMH��SR]YDQR�SUHGDYDQMH

0$7+�&+(0�&203� 
���� 7KH� ���WK� 'XEURYQLN
LQWHUQDWLRQDO� FRXUVH	&RQIHUHQFH� RQ� WKH� LQWHUIDFHV
DPRQJ� PDWKHPDWLFV�� FKHPLVWU\� DQG� FRPSXWHU
VFLHQFHV
,QWHUXQLYHUVLW\�FHQWUH��'XEURYQLN��&URDWLD������������
�����
3ULOR]L�
��� %RVDQDF�� 6�� :KR� QHHGV� TXDQWXP� WKHRU\"�

SUHGDYDQMH

��� +HUFHJ��0��&URDWLFD�&KHPLFD�$FWD�RQ�WKH�:RUOG
:LGH�&RPSXWHU�1HWZRUN��SRVWHU

��� -XUãLü�� %��� .ODVLQF�� /��� 3U\RU�� :�� $�� 2Q� WKH
0HFKDQLVP� RI� +2212� WR� +12�� &RQYHUVLRQ�
SUHGDYDQMH

��� .DXIPDQ�� 0��� 3LVDQVNL�� 7��� *UDRYDF�� $�� *UDSK
WKHRUHWLF� DOJRULWKPV� XVHG� RQ� WRUXVHQHV�FORVHG
FDUERQ�FDJHV�RI�WRURLGDO�VKDSH��SUHGDYDQMH

��� .DXIPDQ�� 0��� 3LVDQVNL�� 7��� *UDRYDF�� $�� *UDSK
WKHRUHWLF� DOJRULWKPV� XVHG� RQ� WRUXVHQHV�FORVHG
FDUERQ�FDJHV�RI�WRURLGDO�VKDSH��SUHGDYDQMH

��� 0DUWLQRYLü�� 6��� 0XOOHU�� -�� )�� 3)7%$� DV� LQWHUQDO
FDOLEUDQW� LQ� D� ODVHU�LQGXFHG� SRVLWLYH� �LRQ�� DQG
QHJDWLYH� �HOHFWURQ�� LRQL]DWLRQ� )7� �� ,&5� 06
H[SHULPHQW��SRVWHU

��� 0LQDLOLXF��2��� .DWRQD��*��� 'LXGHD��0���*UDRYDF�
$��� *XWPDQ�� ,�� 6]HJHG� IUDJPHQWDO� LQGLFHV�
SUHGDYDQMH

��� 3ODYãLü�� '��� âRãNLü�� 0��� DNRYLü�� =��� %HãOR�� '��
*XWPDQ��,���*UDRYDF��$��0RGHOLQJ�RI�ERLOLQJ�SRLQWV
RI� VDWXUDWHG� K\GURFDUERQV� ZLWK� LQYDULDQWV� RI� WKH
JHQHUDOLVHG�=�PDWUL[��SRVWHU

6,;7+� ,17(51$7,21$/� 6800(5� 6&+22/� 21
%,23+<6,&6�� 6XSUDPROHFXODU� 6WUXFWXUH� DQG
)XQFWLRQ
5RYLQM��+UYDWVND�����������������
3ULOR]L�
��� /XþLü�� %��� 7ULQDMVWLü�� 1�� 3UHGLFWLQJ� SURWHLQ

VHFRQGDU\�VWUXFWXUH�FRQWHQW��SRVWHU

7+(� ���5'� 0((7,1*� 2)� 7+(� 520$1,$1
&+(0,&$/�62&,(7<
&DFLXODWD�9DOFHD��5XPXQMVND����������������
3ULOR]L�
��� *UDRYDF�� $��� 3OHVWHQMDN�� %��� 3LVDQVNL�� %�

)XOOHUHQHV�DQG�XQLIRUP�GLVWULEXWLRQV�RI�YHUWLFHV�RQ
D�VSKHUH��SR]YDQR�SOHQDUQR�SUHGDYDQMH

6,032=,-�2�1,ý(08
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWD� X
=DJUHEX��������������
3ULOR]L�
��� 7ULQDMVWLü��1��2�QLãWLFL��SR]YDQR�SUHGDYDQMH

7+(� 7+,5'� ,17(51$7,21$/� &21)(5(1&(� 21
7+(� 0$&52/,'(6�� $=$/,'(6� $1'
675(372*5$0,16
/LVDERQ��3RUWXJDO��������������������
3ULORJ�
��� .XMXQGåLü��1���3DYORYLü��'���.REUHKHO��*���%DQLü�

=��� .RMLü�3URGLü�� %��� .HOQHULü�� ä�� 6WUXFWXUH�DFWLYLW\
UHODWLRQVKLS� RI� ���� DQG� ���PHPEHUHG� XUHD�W\SH
PDFUROLGHV��SUHGDYDQMH
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�WK�$6,$�3$&,),&�(35�(65�6<0326,80��
+RQJ�.RQJ���������������
3ULORJ�
��� 5DNYLQ��%��DQG�9HNVOL��=��6ORZ�0ROHFXODU�0RWLRQ

RI� 6SLQ� 3UREH� LQ� WKH� *ODVV\� 3RO\PHU� 0DWUL[
'HWHFWHG�E\�'RXEOH�0RGXODWLRQ�(65��SUHGDYDQMH

�� 7 + � ,17(51$7,21$/ � 6<0326,80
³63(&7526&23<�,1�7+(25<�$1'�35$&7,&(´
%OHG��6ORYHQLMD�����������������
3ULORJ�
��� .ODVLQF�� /��� 6U]Lü�� '��� .D]D]Lü�� 6�� *DV�3KDVH

,RQ�PROHFXOH� 5HDFWLRQV� E\� /',�)706�� SR]YDQR
SUHGDYDQMH

�7+�(8523(1�:25.6+23�21�)706
3RQW�D�0RXVVRQ��)UDQFXVND����������������
3ULORJ�
��� 0DUWLQRYLü��6���0DVVHORQ��&���0XOOHU��-��)��/DVHU

SODVPD� LQGXFHG� SRVLWLYH� �LRQ�� DQG� QHJDWLYH
�HOHFWURQ��LRQL]DWLRQ�RI�3)7%$��SRVWHU

7+(� ),567� ,17(51$7,21$/� &21)(5(1&(� 21
7+(� &+(0,675<� $1'� %,2/2*<� 2)
3(52;<1,75,7(
$VFRQD��âYLFDUVND����������������
3ULORJ�
��� -XUãLü��%���.ODVLQF��/��2Q�WKH�5ROH�RI�:DWHU�LQ�WKH

+2212� WR� +12�� &RQYHUVLRQ�� SR]YDQR
SUHGDYDQMH

���26,-(ý.,�852/2â.,�'$1,
2VLMHN����������������
3ULORJ�
��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� âRãWDULü�� 1�

-HQGULü� 0�� 3RYH]DQRVW� VYRMVWDYD� PDJQH]LMHYD
KLGURJHQXUDWD� RNWDKLGUDWD� L� VWYDUDQMD� XUDWQLK
NDPHQDFD��SUHGDYDQMH

,17(51$7,21$/� &21)(5(1&(� 21
0$7+(0$7,&$/�&+(0,675<�
*LURQD��&DWDORQLD��âSDQMROVND���������������
3ULORJ�
��� *UDRYDF�� $��� 3OHVWHQMDN�� %��� 3LVDQVNL�� %�

)XOOHUHQHV�DQG�XQLIRUP�GLVWULEXWLRQV�RI�YHUWLFHV�RQ
D�VSKHUH��SRVWHU

� 7 + � &52$7 ,$1 � � � 6 /29(1 ,$1 � &5<67$/�
/2*5$3+,&�0((7,1*
8PDJ��+UYDWVND�������������
3ULOR]L�
��� $QWROLü�� 6��� .RMLü�3URGLü�� %�� ;�UD\� VWUXFWXUDO

DQDO\VLV� DQG� FRPSXWHU�PRGHOOLQJ� RI� ��VXEVWLWXWHG
,QGRO���\ODFHWLF�DFLG��SUHGDYDQMH

��� %DQLü�7RPLãLü�� =��� .RMLü�3URGLü�� %�� 6RPH� QHZ
GHULYDWLYHV�RI�YLWDPLQH�&��SUHGDYDQMH

��� 'DSSRUWR�� 3��� 3DROL�� 3��� 0DWLMDãLü�� ,��� 7XãHN�
%RåLü�� /M�� &U\VWDO� VWUXFWXUH� RI� VRGLXP
KH[DIOXRURSKRVSKDWH� FRPSOH[HV�ZLWK� GLEHQ]R����
FURZQ���DQG�GLEHQ]R����FURZQ����SUHGDYDQMH

��� +HUFHJ�� 0�� 6WUXFWXUDO� FKDUDFWHULVWLFV� RI
PRQRPHULF�&X%U��FRPSOH[HV��SUHGDYDQMH

��� 7RPDãLü��9���3RSRYLü��6���)LOLSRYLü�9LQFHNRYLü��1�
3KDVH� 7UDQVLWLRQV� LQ� D� 1RYHO� &DWDQLRQLF
6XUIDFWDQW��SUHGDYDQMH�

��� 7RPDãLü��9���3RSRYLü��6���)LOLSRYLü�9LQFHNRYLü��1�
3KDVH� 7UDQVLWLRQV� LQ� D� 1RYHO� &DWDQLRQLF
6XUIDFDWDQW��%RRN�RI�$EVWUDFWV� ��3RSRYLü��6WDQNR�

%DQLü�7RPãLü��=ULQND��XU����8PDJ��+UYDWVND���3OLYD�
�������������3R]YDQR�SUHGDYDQMH��

3/$17�%,2/2*<���
�7KH� 4XDGUHQQLDO� -RLQW� $QQXDO� 0HHWLQJV� RI� WKH
$PHULFDQ� 6RFLHW\� RI� 3ODQW� 3K\VLRORJLVWV� DQG� WKH
&DQDGLDQ� 6RFLHW\��� 9DQFRXYHU�� %&�� .DQDGD� ���� �
�����������
3ULORJ�
��� $QWROLü�� 6��� .RMLü�3URGLü�� %��� 0DJQXV�� 9��

6DORSHN�� %��� 7RPLü�� 6�� 6WUXFWXUH�DFWLYLW\
FRUUHODWLRQV�IRU�ULQJ�DON\ODWHG�GHULYDWLYHV�RI�LQGROH�
��DFHWLF�DFLG��SRVWHU

&&C���&21)(5(17,$�&+(020(75,&$
%XGLPSHãWD��0D DUVND���������������������
3ULORJ�
��� .LUDOM��5���.RMLü�3URGLü��%��0XOWLYDULDWH�UHJUHVVLRQ

SUHGLFWLRQ� RI� ERQG� OHQJWKV� LQ� EHQ]HQRLG
K\GURFDUERQV�� XVH� RI� VRPH� WRSRORJLFDO� LQGLFHV�
SRVWHU

6(9(17((1� (8523($1� &5<67$//2*5$3+,&
0((7,1*
/LVDERQ��3RUWXJDO�����������������������
3ULOR]L�
��� .LUDOM�� 5��� .RMLü�3URGLü�� %��� 3LDQWDQLGD�� ,��� äLQLü�

0�� 6WXG\� RI� SL�SL� LQWHUDFWLRQV� LQ� S\UHQHV� DQG
GLD]DS\UHQHV� DV� '1$� LQWHUFDODWRUV�� SR]YDQR
SUHGDYDQMH

��� 0DWLMDãLü��,���'DSSRUWR��3���3DROL�3���7XãHN�%RåLü�
/M�� 6WUXFWXUDO� VWXG\� RI� GLEHQ]R����FURZQ��
FRPSOH[HV��SRVWHU

�7+� ,17(51$7,21$/� 0((7,1*� 21� 38/6(
,19(67,*$7,216� ,1�&+(0,675<��%,2/2*<�$1'
3+<6,&6��38/6(���
6]F]\N��3ROMVND����������������
3ULORJ�
��� %RQLIDþLü�� 0��� $UPVWURQJ�� '�$��� +XJ�� *�/�

âWHIDQLü�� ,�� $VPXV�� .��'�� 'HFDUER[\ODWLRQ� RI
$OLSKDWLF�$PLQR�$FLGV��SRVWHU

;,WK� ,17(51$7,21$/� 6<0326,80� 21
$7+(526&/(526,6
3DUL]��)UDQFXVND������������������
3ULORJ�
��� 3LIDW�*�� 6SHFWURVFRSLF� VWXGLHV� RI� KXPDQ

OLSRSURWHLQV��SRVWHU

7+(� ���5'� 0((7,1*� 2)� 7+(� 520$1,$
&+(0,&$/�62&,(7<
&DFLXODWD�9DOFHD��5XPXQMVND���������������
3ULORJ�
��� *UDRYDF�� $��� 3OHVWHQMDN�� %��� 3LVDQVNL�� %�

)XOOHUHQHV�DQG�XQLIRUP�GLVWULEXWLRQV�RI�YHUWLFHV�RQ
D�VSKHUH��SR]YDQR�SOHQDUQR�SUHGDYDQMH

=$â7,7$�=5$.$�ì��
&ULNYHQLFD��+UYDWVND�����������������
3ULORJ�
��� %XWNRYLü�� 9��� &YLWDã�� 7��� .H]HOH�� 1��� .ODVLQF�� /��

9LGLþ�� 6��� XULþLü�� 9��0MHUHQMH� R]RQD� QD� SRGUXþMX
-DGUDQD��SUHGDYDQMH



��

-��0855(//�6<0326,80�
%ULJKWRQ��(QJOHVND�����������

3ULORJ�
��� %RVDQDF��6��7KH�PDJQHWLF�GLSROH�RI�WKH�HOHFWURQ�

&ODVVLFDO�WKHRU\��SUHGDYDQMH

9� *2',â1-,� =1$1679(1,� 6$67$1$.
(/(.75216.2���0,.526.236.(�6(.&,-(�+3'�
=DJUHE�������������
3ULOR]L�
��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� 6LNLULü�� 0�

0LNURVNRSLMD� X� LVWUDåLYDQMX� XUROLWLMD]H� �� PRGHOQL
VXVWDYL��SRVWHU

��� 7RPDãLü�� 9��� )LOLSRYLü�9LQFHNRYLü�� 1�
�.DUDNWHUL]DFLMD� WDORJD� L� YH]LNXOD� VYMHWORVQLP
PLNURVNRSRP� X� VPMHVDPD� SRYUãLQVNL� DNWLYQLK
WYDUL���SRVWHU�

,17(51$7,21$/�58%%(5�&21)(5(&(�,5&����
1XUHPEHUJ��1MHPDþND��������������������
3ULOR]L�
��� 0DULQRYLü��7��âXãWHULþ��=���'LPLWULHYVNL��,���9HNVOL�

=�� '\QDPLF� 9XOFDQL]DWLRQ� RI� 33�(3'0� %OHQGV�
(IIHFWV� RI� &URVVOLQNLQJ� 'HJUHH� RQ� 739�V
3URSHUWLHV��SRVWHU

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

.ODVLQF�� /�� ���� *HQHUDOQD� VNXSãWLQD� ,83$&�D�
äHQHYD��âYLFDUVND�����������������

.ODVLQF�� /�� UDGQL� VDVWDQDN� (85275$&� 725��
SURMHNWD�� *RHWHERUJ�� âYHGVND�� �������
�����������

3LIDW�0U]OMDN�� *�� þODQ� VSHFLMDOQH� NRPLVLMH� ,83$%�D
]D�VXEFHOXODUQX�L�PDNURPROHNXODUQX�ELRIL]LNX

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLP�XVWDQRYDPD�

%LOLQVNL��+��$OXPLQLXP��LURQ��VLOLFRQ�DQG�PDQJDQH]H
FRPSRXQGV� RI� JHRFKHPLFDO� VLJQLILFDQFHV�� -)
����� +UYDWVNR�DPHULþND� SURJUDP� ]QDQRVWL� L
WHKQRORJLMH

%XWNRYLü�� 9��� &YLWDã�� 7�� 3KRWRFKHPLFDO� R[LGDQWV� LQ
WKH� WURSRVSKHUH�� 1DWLRQDO� 2FHDQLF� DQG
$WPRVSKHULF�$GPLQLVWUDWLRQ��6$'

.RMLü�3URGLü�� %��� /XLü�� 0�� %LRFU\VWDOORJUDSK\�
3URWHLQ�/LJDQG�5HFRJQLWLRQ�DQG�,QWHUDFWLRQ��'/5�
1MHPDþND��)UHLH�8QLYHUVLW�W�%HUOLQ

2UKDQRYLü��0��0HWDOORNRPSOH[H�2UJDQRPHWDOOLF�DQG
5DGLFDO� 5HDFWLRQV� RI� 7UDQVLWLRQ� 0HWDO
&RPSOH[HV��*6)�)RUVFKXQJV]HQWUXP�IÐU�8PZHOW
XQG�*HVXQGKHLW��1HXKHUEHUJ��1MHPDþND

3LIDW�0U]OMDN�� *�� 6WUXNWXUD� L� GLQDPLND� VLQWHWLþNLK� L
ELRORãNLK� WYDUL�� ,QVWLWXW� -�6WHIDQ�� /MXEOMDQD�
6ORYHQLMD

3LIDW�0U]OMDN�� *�� 6XUIDFH� FKDUDFWHUL]DWLRQ� RI� ORZ
GHQVLW\� OLSRSURWHLQV��1DWLRQDO� ,QVWLWXWH� RI� +HDOWK�
6$'

6U]Lü��'�� )706�RI� QDWXUDO� SRO\PHUV��1DWLRQDO�+LJK
0DJQHWLF� )LHOG� /DERUDWRU\�� 7DOODKDVVHH�� )/�
1DWLRQDO�6FLHQFH�)RXQGDWLRQ��6$'

6U]Lü�� '�� /DVHU� GHVRUSWLRQ� )706�� 8QLYHUVLWlW� ]X
.|OQ��.|OQ��1MHPDþND

7RPLü�� 6��� .RMLü�3URGLü�� %��� 3K\WRKRUPRQH�� �'
46$5�RI�$X[LQ�3K\WRKRUPRQHV��'/5��1MHPDþND�
(XURSHDQ� 0ROHFXODU� %LRORJ\� /DERUDWRU\�
+HLGHOEHUJ

7XãHN�%RåLü��/M��0HWDO�FRPSOH[HV�RI�ELRORJLFDO� DQG
SKDUPDFRORJLFDO� LPSRUWDQFH�� ,QVWLWXWR� GL
)DUPDFRORJLD�H�)DUPDFRJQR]LD��7UVW��,WDOLMD

9DOLü�� 6�� '\QDPLTXH� GH� FKDLQV� SRO\PHUHV� GDQV� OH
FRSOR\PHUHV� VHTXHQFHV�� (WXGH� SDU� UHVRXUFH
PDJQHWLTXH�� 8QLYHUVLWÊ� 3DULV�6XG�� 2UVD\�
)UDQFXVND

3RVMHW�LQR]HPQLK�VWUXþQMDND�

/DUU\� -�� %HUOLQHU�� 2KLR� 6WDWH� 8QLYHUVLW\�
&ROXPEXV��86��������������������

-HDQ�)UDQFRLV� 0XOOHU�� 8QLYHUVLWÊ� GH� 0HW]�
0HW]��)UDQFXVND����������������

+HUEHUW� %XG]LNLHZLF]�� 8QLYHUVLW�W� .ÕOQ�
1MHPDþND��.ÕOQ��������������������

3HWHU� )�� /LQGOH\�� 5HVHDUFK� 'LUHFWRU�� (XURSHDQ
6\QFKURWURQ� 5DGLDWLRQ� )DFLOLW\�
)UDQFXVND�����������������

6ODYNR� 3HþDU�� 0LODQ� 6FKDUD�� ,QVWLWXW� -�6WHIDQ�
/MXEOMDQD��6ORYHQLMD�������������������������

3HWHU� 0�� $EXMD�� 8QLYHUVLWDHW� *UD]�
$XVWULMD��*UD]�������������



��

7HPD�L]YDQ�SURJUDPD�

02'(/1,�6867$9,�=$�,675$ä,9$1-(�67$1-$�0(7$/$�8�35,52',
02'(/�6<67(06�)25�7+(�,19(67,*$7,21�2)�0(7$/6
%(+$9,285�,1�1$785(
9RGLWHOMLFD�WHPH��GU�VF��2OJD�+DGåLMD

6XUDGQLFL�QD�WHPL�

2OJD�+DGåLMD��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
0DMD�7RQNRYLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD

7HKQLþNH�VXUDGQLFH�

5HQDWD�+HUPDQ��WHKQLþDUND�VXUDGQLFD
%LVHUND�âSROMDU��WHKQLþDUND�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQL� VX�NRPSOHNVL�&X�,,���3E�,,���&G�,,���=Q�,,�� L�+J�,,�� V�DURPDWVNLP�VSRMHYLPD� NRML� RGJRYDUDMX
KXPLQVNRP� PDWHULMDOX� D� IRUPLUDMX� VH� X� NURPDWRJUDIVNRP� SURFHVX� NRML� VLPXOLUD� SULURGQH� XYMHWH
�LQWHUDNFLMD� RUJDQVNH� PROHNXOH� V� PLQHUDORP��� 1DVWDOL� NRPSOHNVL� VX� LGHQWLILFLUDQL� UHQGJHQVNRP
GLIUDNFLMVNRP� DQDOL]RP� L� ,5�VSHNWURVNRSLMRP�� ,VSLWLYDQD� MH� SRNUHWOMLYRVW� JRUH� QDYHGHQLK� PHWDOD� X
NURPDWRJUDIVNRP�PRGHOQRP� VXVWDYX� NRML� RGUDåDYD� SULURGQH� XYMHWH� X� OLJQLQR]QLP� ELOMNDPD�� 0RGHOQL
VXVWDY� VH� VDVWRML� RG� NURPDWRJUDILMH�PHWDOD� QD�SDSLUX� LPSUHJQLUDQRP� OLJQLQRP�X]� YRGX� NDR�PRELOQX
ID]X�� 3ULSUDYOMHQ� MH� L� LGHQWLILFLUDQ� NRPSOHNV� )H�,,,�� V� $PDGRULMHYLP� VSRMHP� L]YHGHQLP� RG� WLUR]LQD�
.DUDNWHUL]DFLMD�NRPSOHNVD�IL]LNDOQR�NHPLMVNLP�L�NHPLMVNLP�PHWRGDPD�XND]XMH�GD�MH�OLJDQG�NRRUGLQLUDQ
SUHNR�DPLQR�L�NDUERNVLOQH�VNXSLQH��,VSLWDQD�MH�PRJXüQRVW�VWYDUDQMD�NDOFLMHYRJ�XUDWD�L�XWMHFDM�PRNUDüQH
NLVHOLQH�QD�WDORåHQMH�NDOFLMHYLK�RNVDODWD�L�NDOFLMHYLK�IRVIDWD�NRG�S+�����L�WHPSHUDWXUH�����.�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� FRPSOH[HV� &X�,,��� 3E�,,��� &G�,,��� =Q�,,�� DQG� +J�,,�� ZLWK� DURPDWLF� FRPSRXQGV� UHODWHG� WR� KXPLF
PDWHULDOV� IRUPHG� LQ� WKH� FKURPDWRJUDSKLF� SURFHVV� VLPXODWLQJ� QDWXUDO� FRQGLWLRQV� KDYH� EHHQ
LQYHVWLJDWHG�� 7KH� FRPSOH[HV� KDYH� EHHQ� LGHQWLILHG� E\� ;�UD\� SRZGHU� GLIIUDFWLRQ� DQDO\VLV� DQG� ,5�
VSHFWURVFRS\�� 7KH� PRELOLW\� RI� WKH� DERYH� �� PHQWLRQHG� PHWDOV� KDV� EHHQ� LQYHVWLJDWHG� XVLQJ� D
FKURPDWRJUDSKLF� PRGHO� V\VWHP� ZKLFK� VLPXODWHV� QDWXUDO� FRQGLWLRQV� LQ� OLJQHRXV� SODQWV�� 7KH� PRGHO
V\VWHP�FRQVLVWV�RI�FKURPDWRJUDSK\�RI�PHWDOV�RQ�SDSHU�LPSUHJQDWHG�ZLWK�OLJQLQ�LQ�ZDWHU�DV�GHYHORSHU�
7KH� FRPSOH[� RI� )H�,,,�� ZLWK� $PDGRUL� FRPSRXQGV� GHULYHG� IURP� W\URVLQH� KDV� EHHQ� SUHSDUHG� DQG
LGHQWLILHG�� 7KH� FKDUDFWHULVDWLRQ� RI� WKH� FRPSOH[� XVLQJ� SK\VLFR�FKHPLFDO� DQG� FKHPLFDO� PHWKRGV� KDV
UHYHDOHG� WKH� FR�RUGLQDWLRQ� RI� WKH� OLJDQG� YLD� DPLQR� DQG� FDUER[\O� JURXSV�� ,QIOXHQFH� RI� XULF� DFLG� RQ
SUHFLSLWDWLRQ�RI�FDOFLXP�R[DODWH�DQG�SKRVSKDWH�DW�S+�����DQG�����.�ZDV�VWXGLHG�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� %UDMHQRYLü��1���.YHGHU��6���,VNULü��6���+DGåLMD��2�
&KURPDWRJUDSKLF� PRELOLW\� RI� VRPH� PHWDOV� RQ
SDSHU� LPSUHJQDWHG� ZLWK� OLJQLQ�� &KURPDWRJUDSKLD�
������������������

��� ,VNULü��6���.RMLü�3URGLü��%���âSROMDU��%���.LUDOM��5��
+DGåLMD�� 2�� ,GHQWLILFDWLRQ� RI� VRPH� FRPSOH[HV� RI
KXPLF�OLNH� PRGHO� FRPSOH[DQWV� DQG� PHWDO�ORDGHG
VRUEHQWV�LQ�WKLQ�OD\HU�FKURPDWRJUDSK\���)UHVHQLXV
-RXUQDO� RI� $QDO\WLFDO� &KHPLVWU\�� ���� ������� ����
����
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��� 6LNLULü�� 0��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0�
3UHFLSLWDWLRQ� RI� FDOFLXP� R[DODWH� DQG� FDOFLXP
SKRVSKDWH� LQ� WKH� SUHVHQFH� RI� XULF� DFLG�� &ROORLGV
6XUIDFHV��$���������������������

��� 7RQNRYLü��0��� -DNDV�� $��� +RUYDW�� â�� 3UHSDUDWLRQ
DQG� SURSHUWLHV� RI� DQ� )H�,,,��FRPSOH[� ZLWK� DQ
$PDGRUL� FRPSRXQG� GHULYHG� IURP� /�W\URVLQH�
%LR0HWDOV������������������

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

;9� +UYDWVNL� VNXS� NHPLþDUD� L� NHPLMVNL� LQMåHQMHUD�
2SDWLMD�����������������
3ULORJ�
��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� 6LNLULü�� 0�

7DORåHQMH� NDOFLMHYLK� IRVIDWD� X� VLVWHPX� &D&O��
+�32��+�8�1D&O�+�2��SRVWHU

��� 2VLMHþNL�XURORãNL�GDQL��2VLMHN������������������
3ULORJ�
��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� âRãWDULü�� 1��

-HQGULü� 0�� 3RYH]DQRVW� VYRMVWDYD� PDJQH]LMHYD
KLGURJHQXUDWD� RNWDKLGUDWD� L� VWYDUDQMD� XUDWQLK
NDPHQDFD��SUHGDYDQMH

9� *RGLãQML� ]QDQVWYHQL� VDVWDQDN� HOHNWURQVNR�
PLNURVNRSVNH�VHNFLMH�+3'��=DJUHE�������������
3ULORJ�
��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� âRãWDULü�� 1��

-HQGULü��0��0LNURVNRSLMD� L� LVWUDåLYDQMX�XUROLWLMD]H�±
PRGHOQL�VXVWDYL��SRVWHU
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=$92'�=$�25*$16.8�.(0,-8�,�%,2.(0,-8
',9,6,21�2)�25*$1,&�&+(0,675<�$1'
%,2&+(0,675<
GU��VF��9LWRPLU�âXQMLü��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD

/DERUDWRULM�]D�VWHUHRVHOHNWLYQX�NDWDOL]X�L�ELRNDWDOL]X��GU��VF��9LWRPLU�âXQMLü��YRGLWHOM
ODERUDWRULMD
/DERUDWRULM�]D�VLQWHWVNX�RUJDQVNX�NHPLMX��GU��VF��.DWD�0DMHUVNL��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�VXSUDPROHNXODUQX�L�QXNOHR]LGQX�NHPLMX��GU��VF��0ODGHQ�äLQLü��YRGLWHOM
ODERUDWRULMD
/DERUDWRULM�]D�NHPLMX�XJOMLNRKLGUDWD��SHSWLGD�L�JOLNRSHSWLGD��GU��VF��âWHILFD�+RUYDW��YRGLWHOMLFD
ODERUDWRULMD
/DERUDWRULM�]D�FHOXODUQX�ELRNHPLMX��GU��VF��/MXELQND�9LWDOH��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�IL]LNDOQR�RUJDQVNX�NHPLMX��GU��VF��0LUMDQD�(FNHUW�0DNVLü��YRGLWHOMLFD�ODERUDWRULMD
/DERUDWRULM�]D�PROHNXOVNX�VSHNWURVNRSLMX��GU��VF��=ODWNR�0HLü��YRGLWHOM�ODERUDWRULMD

*UXSD�]D�NYDQWQX�RUJDQVNX�NHPLMX��GU��VF��=YRQLPLU�0DNVLü��YRGLWHOM�ODERUDWRULMD
7DMQLãWYR��%DULFD�%DERUVN\

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�GYD�SURJUDPD�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

6(/(.7,91,�352&(6,�1$�02/(.8/6.2-�,
6835$02/(.8/6.2-�5$=,1,

6(/(&7,9(�352&(66(6�21�02/(&8/$5�$1'
6835$02/(&8/$5�/(9(/

'LUHNWRU�SURJUDPD��GU��VF��9LWRPLU�âXQMLü

7HPH�X�VDVWDYX�SURJUDPD�

6WHUHRVHOHNWLYQL�NDWDOLWLþNL�L�ELRNDWDOLWLþNL�SURFHVL��GU��VF��9LWRPLU�âXQMLü��YRGLWHOM�WHPH
0ROHNXODUQL�UHFHSWRUL�V�SROLFLNOLþNLP�MHGLQLFDPD��GU��VF��.DWD�0DMHUVNL��YRGLWHOMLFD�WHPH
3URMHNWLUDQMH�L�VLQWH]D�VXSUDPROHNXODUQLK�VXVWDYD��GU��VF��0ODGHQ�äLQLü��YRGLWHOM�WHPH

5D]YRM�UHFHSWRU�VHOHNWLYQLK�DQDORJD�ELRDNWLYQLK�SHSWLGD��GU��VF��âWHILFD�+RUYDW��YRGLWHOMLFD
WHPH

+LGUROLWLþNL�HQ]LPL��L]RODFLMD��VYRMVWYD��VWUXNWXUD��IXQNFLMD��GU��VF��/MXELQND�9LWDOH��YRGLWHOMLFD
WHPH

6WUXNWXUQL�L�IXQNFLRQDOQL�DVSHNWL�ELRORãNH�VHOHNWLYQRVWL��GU��VF��9RONHU�0DJQXV��YRGLWHOM�WHPH

3URJUDP�UDGD�

3UHPD� SURJUDPX� SULSUDYOMHQ� MH� L� WHVWLUDQ� QD� ODERUDWRULMVNRM� UD]LQL� QL]� QRYLK� NLUDOQLK� KRPRJHQLK
NDWDOL]DWRUD�� 8VSMHãQR� MH� SURYHGHQD� SULSUDYD� PDNURFLNOLþNLK� SROLHWHUD� NDR� GLMHORYD� NDWDOLWLþNLK
NRPSOHNVD� L� QRYLK�PDWHULMDOD� ]D� XNODQMDQMH� WHãNLK�PHWDOD� L]� RNROLãD� �RWSDGQH� YRGH��� 6LQWHWL]LUDQL� VX
QRYL� ����GLD]DSLULQLMHYL� GHULYDWL� NRML� VX� SRND]DOL� VQDåQR� YH]DQMH� QXNOHWLGD� X� YRGHQRP� PHGLMX�
LQWHUNDODWLYQR�YH]DQMH�QD�GV�'1$�L�DQWLWXPRUVNX�DNWLYQRVW� LQ�YLWUR��3ULSUDYOMHQ�MH�L� LVWUDåLYDQ�QL]�QRYLK
UHFHSWRU�VHOHNWLYQLK� DQDORJD� ELRDNWLYQLK� SHSWLGD�� VURGQLK� RSLRLGQRP� SHSWLGX� OHXFLQ�HQHNIDOLQX�� ,]
NXOWXUH�LQGXVWULMVNRJ�PLNURRUJDQL]PD�6WUHSWRP\FHV�ULPRVXV�NDUDNWHUL]LUDQD�MH�SUROLQ�DPLQRSHSWLGD]D�L



��

HVWHUD]D�� GRN� MH� L]� NXOWXUH� 6�� WR\RFDHQVLV� SULUH HQ� LQKLELWRU� SURWHD]D�� 2GUH HQD� MH� VWUXNWXUD
SHSWLGRJOLNDQVNRJ� PRQRPHUD� X� YRGL� L� SRVWLJQXWL� QRYL� UH]XOWDWL� QD� SRGUXþMX� RGQRVD� VWUXNWXUH� L
GMHORYDQMD�ELOMQLK�KRUPRQD�
.YDQWLWDWLYQL�SRND]DWHOML�JODYQLK�SRVWLJQXüD�QD�SURJUDPX��������MHVX�NDNR�VOLMHGL��6XUDGQLFL�SURJUDPD
REMDYLOL�VX�X�������JRGLQL�����UDGRYD�X�þDVRSLVLPD�NRMH�FLWLUD�6&,�L�&&����UDGRYD�X�RVWDOLP�þDVRSLVLPD
FLWLUDQLPD�X�&KHPLFDO�$EVWUDFWV��VXGMHORYDOL�VX�V����VDRSüHQMD�QD�PH XQDURGQLP�VNXSRYLPD��SRVWHUL�L
NUDWND�XVPHQD�VDRSüHQMD���SULMDYLOL�VX���SDWHQWD��3RVWLJQXWL�VX�VOMHGHüL�REUD]RYQR�]QDQVWYHQL�UH]XOWDWL�
L]UD HQR�MH�L�REUDQMHQR���GLSORPVNLK�UDGRYD�L���PDJLVWDUVND�UDGD��=QDQVWYHQL�VXUDGQLFL�SURJUDPD��QMLK
RNR����� UHDOL]LUDOL� VX��X]� UHGRYLWD� LVWUDåLYDQMD�QD� WHPDPD�SURJUDPD��RVDP� MHGQRJRGLãQMLK�XJRYRUD�V
SULYUHGRP��GLMHORP�L�X�LQR]HPVWYX���QD�NRMLPD�MH�UDGLOR�X�GMHOLPLþQRP�DQJDåPDQX�RNR����]QDQVWYHQLK
VXUDGQLND�SURJUDPD�

5HVHDUFK�SURJUDPPH�

$FFRUGLQJ� WR� WKH� SURJUDPPH�� D� QXPEHU� RI� QHZ� FKLUDO� KRPRJHQHRXV� FDWDO\VWV� ZDV� SUHSDUHG� DQG
WHVWHG� RQ� D� ODERUDWRU\� VFDOH�� 6\QWKHVLV� RI� PDFURF\FOLF� SRO\HWKHUV� DV� FRQVWLWXHQWV� RI� FDWDO\WLF
FRPSOH[HV�DV�ZHOO�DV�RI�QHZ�PDWHULDOV�IRU�FDSWLRQ�RI�KHDY\�PHWDOV�LQ�WKH�HQYLURQPHQW��ZDVWH�ZDWHUV�
ZDV�SHUIRUPHG��1HZ�����GLD]DS\ULQLXP�GHULYDWLYHV�ZHUH�SUHSDUHG��7KH\�H[KLELWHG� VWURQJ� ELQGLQJ� RI
QXFOHRWLGHV�LQ�DTXHRXV�PHGLXP�DQG�LQWHUFDODWLQJ�ELQGLQJ�WR�GV�'1$�DQG�DQWLWXPRU�DFWLYLW\� LQ�YLWUR��$
VHULHV�RI�QHZ�UHFHSWRU�VHOHFWLYH�DQDORJXHV�RI�ELRDFWLYH�SHSWLGHV�UHODWHG�WR�WKH�RSLRLG�SHSWLGH�OHXFLQH�
HQNHSKDOLQ� ZDV� SUHSDUHG� DQG� VWXGLHG�� )URP� WKH� FXOWXUH� RI� LQGXVWULDO� PLFURRUJDQLVP� 6WUHSWRP\FHV
ULPRVXV�� D� SUROLQH� DPLQRSHSWLGDVH� DQG� DQ� HVWHUDVH� ZHUH� FKDUDFWHULVHG�� )URP� WKH� FXOWXUH� RI
6WUHSWRP\FHV�WR\RFDHQVLV��D�SURWHDVH�LQKLELWRU�ZDV�SUHSDUHG�DQG� LWV�VWUXFWXUH�GHWHUPLQHG��6WUXFWXUH
RI� SHSWLGRJO\FDQ�PRQRPHU� LQ� DTXHRXV� VROXWLRQ� KDV� EHHQ� GHWHUPLQHG�� DQG� QHZ� UHVXOWV� LQ� WKH
LQYHVWLJDWLRQ�RI�LWV�VWUXFWXUH�DQG�WKH�DFWLYLW\�RI�SODQW�KRUPRQHV�KDYH�EHHQ�REWDLQHG�
4XDQWLWDWLYH�LQGLFDWRUV�RI�WKH�SURJUDPPH��������PDLQ�DFKLHYHPHQWV�DUH�DV�IROORZV��,Q�WKH�\HDU�����
WKH�SDUWLFLSDQWV�LQ�WKH�SURJUDPPH�SXEOLVKHG�����SDSHUV�LQ�WKH�MRXUQDOV�FLWHG�E\�6&,�DQG�&&����SDSHUV
LQ� WKH� MRXUQDOV� FLWHG� E\�&KHPLFDO�$EVWUDFWV��7KH\�SDUWLFLSDWHG�ZLWK�� ��� FRQWULEXWLRQV� WR� LQWHUQDWLRQDO
FRQJUHVVHV��SRVWHU�SUHVHQWDWLRQV�DQG�VKRUW�RUDO�FRQWULEXWLRQV��DQG�DSSOLHG�IRU�WKUHH�SDWHQWV��)ROORZLQJ
HGXFDWLRQDO� DQG� VFLHQWLILF� GHJUHHV� ZHUH� DFKLHYHG�� WKUHH� %6� GHJUHHV� DQG� WKUHH�06� GHJUHHV�� $SDUW
IURP�DOO�WKH�UHVHDUFK�SHUIRUPHG�LQ�WKH�IUDPH�RI�WKLV�SURJUDPPH��VRPH����RI�WKH�UHDVHDUFK�ZRUNHUV�LQ
WKLV� SURJUDPPH� FRPSOHWHG� HLJKW� DQQXDO� UHVHDUFK� SURMHFWV� FRQWUDFWHG� ZLWK� WKH� WKLUG� SDUWQHUV�� WKH
FRPSDQLHV� LQ� WKH� FRXQWU\� DQG� IURP� DEURDG�� )LIWHHQ� FROODERUDWRUV� RI� WKH� SURJUDPPH�ZHUH� SDUW�WLPH
HQJDJHG�RQ�WKHVH�FRQWUDFWV�

67(5(26(/(.7,91,�.$7$/,7,ý.,�,�%,2.$7$/,7,ý.,�352&(6,
67(5(26(/(&7,9(�&$7$/<7,&�$1'�%,2&$7$/<7,&�352&(66(6
9RGLWHOM�WHPH��GU��VF��9LWRPLU�âXQMLü

6XUDGQLFL�QD�WHPL�

$PLU�$YGDJLü��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW
0LUMDQD�*HOR��GRNWRULFD�NHP��]QDQRVWL��GR������������
=GHQNR�+DPHUãDN��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
'DUNR�.RQWUHF��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW
$QGUHMD�/HVDF��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
(GLQD�/MXERYLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0DMD�0DMHULü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
'DYRUND�0RVODYDF��GLSO��LQå�NHPLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
=ODWD�5D]D��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
0DULQ�5RMH��GLSO��LQå�NHPLMH��POD L�DVLVWHQW��]QDQVWYHQL�QRYDN
9LWRPLU�âXQMLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
9ODGLPLU�9LQNRYLü���GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLFL�

'DYRU�)RUMDQ��WHKQLþDU
,YDQND�0DOHF��SHUDþLFD������UDGQRJ�YUHPHQD
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3URJUDP�UDGD�L�UH]XOWDWL�

3URJUDPRP� UDGD� SRVWLJQXWD� MH� YLVRNR� VWHUHRNRQWUROLUDQD� VLQWH]D� 6�HQDQWLRPHUD� IXQJLFLGD
IHQSURSLPRUID��UH]XOWDWL�VX�REMDYOMHQL��D�SDWHQWLUDQD�VX�GYD�SRVWXSND�]D�QMHJRYX�SULSUDYX��2VWYDUHQD�MH
SULSUDYD� L�VWUXNWXUQR� LVWUDåLYDQMH�PRQRGHQWDWQLK� OLJDQGD�]D�KRPRJHQH�&X�,��NRPSOHNVH�X�NDWDOLWLþNRM
FLNORSURSDQDFLML��2EMDYOMHQ�MH�QL]�UDGRYD�R�L]YRULPD�VWHUHRVHOHNWLYQRJ�DFLOLUDQMD�OLSD]DPD�X�RUJDQVNLP
RWDSDOLPD�� D� MHGDQ� SRVWXSDN� MH� L� SDWHQWLUDQ��2EMDYOMHQD� MH� L� SDWHQWLUDQD� XSRWUHED� SHNDUVNRJ� NYDVFD
�6DFFK��FHUHYLVLDH��X�HQDQWLRVHOHNWLYQRM�VLQWH]L�GHULYDWD�a�PHWLO�FLQDPLþQH�NLVHOLQH��SUHNXUVRUD�ELRORãNL
DNWLYQLK� VSRMHYD� X� RSWLþNL� þLVWRP� REOLNX�� 2GUH HQD� MH� DSVROXWQD� NRQILJXUDFLMD� QL]D� SURGXNDWD
VWHUHRVHOHNWLYQLK� UHDNFLMD�� NDNR� RG� DNDGHPVNRJ� LQWHUHVD� �NRQIRUPDFLMVNL� ODELOQL� VHF�� DONRKROL�� WDNR� L
SURGXNDWD�RG�WHKQRORãNRJ�]QDþHQMD��EURPDGLRORQ��GHULYDWL���KLGURNVL�NURPDQD������EHQ]RGLD]HSLQL���8
VXUDGQML�V�LVWUDåLYDþLPD�,VWUDåLYDþNRJ�,QVWLWXWD�3/,9$�LVWUDåLYDQD�MH�KRPRJHQD�NDWDOLWLþND�KLGURJHQDFLMD
X�YRGHQRP�PHGLMX��NDR�PHWRGD�WUDQVIRUPDFLMH�NOMXþQRJ�SUHNXUVRUD�X�SURL]YRGQML�YLWDPLQD�&�

8�������QD�WHPL�VX�REMDYOMHQD���UDGD�X�þDVRSLVLPD�NRMH�FLWLUD�6&,��WH���UDGD�X�þDVRSLVLPD�NRMH�FLWLUD
&KHP�� $EVWUDFW�� 'UåDYQRP� ]DYRGX� ]D� SDWHQWH� 5+� SULMDYOMHQ� MH� MHGDQ� SDWHQW�� D� SR� MHGDQ� SDWHQW
SULKYDüHQ� MH� X� ,WDOLML�� X� (8� L� -DSDQX�� 6XUDGQLFL� QD� WHPL� SUH]HQWLUDOL� VX� UH]XOWDWH� QD� PH XQDURGQLP
VNXSRYLPD�X�YLGX� MHGQRJD�VHNFLMVNRJ�SUHGDYDQMD� L����SRVWHUVNLK�VDRSüHQMD��9RGLWHOM� WHPH�RGUåDR� MH
GYD�SUHGDYDQMD�QD�SR]LY�X�]QDQVWYHQLP�XVWDQRYDPD�X�+UYDWVNRM�L�X�LQR]HPVWYX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$FFRUGLQJ� WR� WKH� SURJUDPPH�� KLJKO\� VWHUHRFRQWUROOHG� V\QWKHVLV� RI� 6�HQDQWLRPHU� RI� WKH� IXQJLFLGH
IHQSURSLRPRUSK� KDV� EHHQ� FRPSOHWHG�� WKH� UHVXOWV� DUH� SXEOLVKHG� DQG� WKH� SDWHQWV� IRU� WZR� SURGXFWLRQ
PHWKRGV�FODLPHG��3UHSDUDWLRQ�DQG�VWUXFWXUDO�UHVHDUFK�RQ�PRQRGHQWDWH�OLJDQGV�IRU�KRPRJHQRXV�&X�,�
FRPSOH[HV� LQ� FDWDO\WLF� F\FORSURSDQDWLRQ� ZHUH� DFFRPSOLVKHG�� $� VHULHV� RI� SDSHUV� RQ� WKH� RULJLQ� RI
VWHUHRVHOHFWLYLW\� RI� DF\ODWLRQ� E\� OLSDVHV� LQ� RUJDQLF� VROYHQWV� ZDV� SXEOLVKHG�� DQG� IRU� RQH� RI� WKHVH
PHWKRGV��D�SDWHQW�LV�FODLPHG��$SSOLFDWLRQ�RI�EDNHUV¶�\HDVW��6DFFKDURP\FHV�FHUHYLVLDH��LQ�ELRVHOHFWLYH
V\QWKHVLV�RI�a±PHWK\O�FLQQDPPLF�DFLG��DV�D�SUHFXUVRU�RI�ELRORJLFDOO\�DFWLYH�FRPSRXQGV�LQ�WKH�RSWLFDOO\
SXUH� IRUP��ZDV�SXEOLVKHG��)RU�D�QXPEHU�RI�SURGXFWV�RI�DFDGHPLF� LQWHUHVW� �FRQIRUPDWLRQDO� ODELOH�VHF
DOFRKROV�� DEVROXWH� FRQILJXUDWLRQ� ZDV� GHWHUPLQHG�� DV� ZHOO� DV� IRU� WKRVH� RI� WHFKQRORJLFDO� LPSRUWDQFH
�EURPDGLRORQ�� GHULYDWLYHV� RI� ��K\GUR[\FKURPDQH�� ����EHQ]RGLD]HSLQHV��� ,Q� FROODERUDWLRQ� ZLWK� WKH
3/,9$�5HVHDUFK� ,QVWLWXWH�� KRPRJHQRXV�FDWDO\WLF�K\GURJHQDWLRQ� LQ� DTXHRXV�PHGLD�� DV� D�PHWKRG� IRU
WKH�WUDQVIRUPDWLRQ�RI�D�NH\�&�YLWDPLQ�SUHFXUVRU��KDV�EHHQ�LQYHVWLJDWHG�

,Q�WKH�\HDU������IRXU�SDSHUV�DUH�SXEOLVKHG�LQ�WKH� MRXUQDOV�FLWHG�E\�6&,�� WKUHH�SDSHUV� LQ�WKH� MRXUQDOV
FLWHG� LQ� &KHPLFDO� $EVWUDFWV�� ,Q� WKH� 5HSXEOLF� RI� &URDWLD� RQH� SDWHQW� DSSOLFDWLRQ� LV� GHSRVLWHG�� 6RPH
LQYHQWLRQV�DUH�SURWHFWHG�E\�SDWHQWV�LQ�,WDO\��(8�DQG�-DSDQ��&R�ZRUNHUV�RQ�WKLV�WKHPH�SUHVHQWHG�WKHLU
UHVXOWV�DW�LQWHUQDWLRQDO�VFLHQWLILF�PHHWLQJV�RQH�DV�D�VHFWLRQ�OHFWXUH�DQG����DV�SRVWHU�FRPPXQLFDWLRQV�
7KH�KHDG�RI�WKH�SURMHFW�SUHVHQWHG�WZR�LQYLWHG�OHFWXUHV�LQ�&URDWLD�DQG�DEURDG�

02/(.8/6.,�5(&(3725,�6�32/,&,./,ý.,0�-(',1,&$0$
02/(&8/$5�5(&(37256�:,7+�32/<&<&/,&�81,76
9RGLWHOMLFD�WHPH��GU��VF��.DWD�0DMHUVNL

6XUDGQLFL�QD�WHPL�

0LUD�.DVHOM��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD��GR������������
*RUDQ�.UDJRO��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
.DWD�0DMHUVNL��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
'XQMD�âDIDU�&YLWDã��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
'DQNR�âNDUH��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
7DWMDQD�âXPDQRYDF��GLSO��LQå��NHPLMH��POD D�DVLVWHQWLFD
-HOHQD�9HOMNRYLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
0DULMDQD�9LQNRYLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD



��

7HKQLþNL�VXUDGQLFL�

'UDJLFD�3HWUDþLMD��SHUDþLFD�VX D������UDGQRJ�YUHPHQD
$QWH�3XSDþLü��WHKQLþNL�VXUDGQLN������UDGQRJ�YUHPHQD

3URJUDP�UDGD�L�UH]XOWDWL�

7HPD�REXKYDüD�QHNROLNR�DVSHNDWD�LVWUDåLYDQMD�

�D��VLQWH]X�WH�VSHNWURVNRSVNH�L�WHRULMVNH�VWXGLMH�QDSHWLK�SROLFLNOLþNLK�PROHNXOD�

�E�� SULSUDYX� VSHFLILþQR� GHXWHULUDQLK� VSRMHYD� NDR�PRGHO� VXVWDYD� ]D� LVSLWLYDQMH� GHXWHULMVNLK� L]RWRSQLK
HIHNDWD�GXJRJ�GRVHJD�

�F��GL]DMQ� L� VLQWH]X�PDNURFLNOLþNLK� SROLHWHUD� NRML� X� VYRMLP�SUVWHQLPD� VDGUåH�SROLFLNOLþNH�PROHNXOH� NDR
NUXWH�NRPSRQHQWH�OLSRILOQLK�VYRMVWDYD�

�G��SULSUDYX�ELRORãNL�DNWLYQLK�DGDPDQWDQVNLK�GHULYDWD�

3ULSUDYOMHQL�VX�QRYL�NUXQDVWL�HWHUL�NRML�X�VYRP�PDNURFLNOLþNRP�SUVWHQX�VDGUåH�XJUD HQX�DGDPDQWDQVNX
MHGLQLFX� NDR� NUXWL� OLSRILOQL� FHQWDU�� 7DNR HU� MH� LVSLWLYDQD� PRJXüQRVW� HNVWUDNFLMH� LRQD� DONDOQLK� PHWDOD
�SRSXW� OLWLMD�� QDWULMD�� NDOLMD�� UXELGLMD� L� FH]LMD��� 5H]XOWDWL� VX� XSXWLOL� QD� SRMDþDQL� DILQLWHW� SUHPD� QDWULMX� X
RGQRVX� QD� ���NUXQX���� ,VWR� WDNR� UD]UDGLOL� VPR� MHGQRVWDYDQ� VLQWHWVNL� SXW� GR� UD]OLþLWLK� �P�
Q��DGDPDQWDQRIDQD� L]� ����ELV���EURPHWLO�DGDPDQWDQD�� YUOR� GRVWXSQRJ� SUHNXUVRUD� þLMX� VPR� VLQWH]X
WDNR HU� UD]YLOL�X�QDãHP� ODERUDWRULMX��3ULSUDYOMHQD� MH� L�VHULMD�QRYLK��GRVDG�QHSR]QDWLK��DGDPDQWDQVNLK
D]D�NUXQDVWLK� HWHUD�� NDR� L� GYD� QRYD� DGDPDQWDQVND� NULSWDQGD�� .DR� UH]XOWDW� QDãLK� NRQWLQXLUDQLK
LVWUDåLYDQMD� NRML� XNOMXþXMX� VLQWH]X�� NDUDNWHUL]DFLMX� L� VWXGLM� UHDNWLYQRVWL� QDSHWLK� SROLFLNOLþNLK� PROHNXOD�
SULSUDYOMHQL� VX� EURMQL� GHULYDWL� DGDPDQWDQRQD�� QRUDGDPDQWDQRQD� L� KRPRDGDPDQWDQRQD� WH� VWXGLUDQD
VWHUHRVHOHNWLYQRVW� SUL� UHDNFLMDPD� DGLFLMH� QXNOHRILOD� QD� NDUERQLOQX� VNXSLQX�� 7DNR HU� VPR� QDãOL� GD
UHDNFLMH� SULMHQRVD� HOHNWURQD�� LQGXFLUDQH� VYMHWORP�� PRJX� SRVOXåLWL� NDR� GREUD� VLQWHWVND� PHWRGD� ]D
SULSUDYX�QRYLK�SROLFLNOLþNLK�NHWRQD�L]�RGJRYDUDMXüLK�FLNORSURSLONDUELQLO�SUHNXUVRUD��'LR�QDãLK�LVWUDåLYDQMD
ELR� MH� XVPMHUHQ� QD� VWXGLM� VYRMVWDYD� VUHGLãQMH� SURSHODQVNH� YH]H� X� ����PHWDQR�����
GLGHKLGURDGDPDQWDQX� L� QMHJRYRP� GLPHWLO�DQDORJX�� 1D� WHPHOMX� UH]XOWDWD� GRELYHQLK� VSHNWURVNRSVNLP
LVWUDåLYDQMLPD�L�02�UDþXQLPD��QDMYLãX�SRSXQMHQX�PROHNXOVNX�RUELWDOX�X�����������SURSHODQLPD�SULSLVDOL
VPR�XSUDYR�SURSHODQVNRM�YH]L�� WM��YH]L� L]PH X�LQYHUWLUDQLK�XJOMLNRYLK�DWRPD��8�RNYLUX�VWXGLMD�ELRORãNH
DNWLYQRVWL� GHULYDWD� DGDPDQWDQD�� SULSUDYLOL� VPR� DGDPDQWDQVNH� GHULYDWH� IHQFLNOLGLQD� V� ��WLHQLOQRP
VNXSLQRP�� ��������WLHQLO����DGDPDQWLO�SLSHULGLQ�� ��������WLHQLO����DGDPDQWLO�SLUROLGLQ�� ��������WLHQLO����
DGDPDQWLO�PRUIROLQ� WH� QMLKRYH� KLGURNORULGH�� 8� WLMHNX� MH� LVSLWLYDQMH� ELRORãNH� DNWLYQRVWL� RYLK� VSRMHYD� X
RGQRVX�QD�IHQFLNOLGLQ�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�SURMHFW�FRPSULVHV�VHYHUDO�GLIIHUHQW�DVSHFWV�RI�LQYHVWLJDWLRQV�

�D��6\QWKHVLV��VSHFWURVFRSLF�DQG�WKHRUHWLFDO�VWXGLHV�RI�VWUDLQHG�SRO\F\FOLF�FRPSRXQGV�

�E�� 6\QWKHVLV� RI� VSHFLILFDOO\� GHXWHULDWHG� FRPSRXQGV� ZKLFK� DUH� PRGHO� V\VWHPV� IRU� D� ORQJ�UDQJH
GHXWHULXP�LVRWRSH�HIIHFW�LQYHVWLJDWLRQ�

�F�� 'HVLJQ� DQG� V\QWKHVLV� RI�PDFURF\FOLF� SRO\HWKHUV� WKDW� FRQWDLQ� SRO\F\FOLF� FDJH�PROHFXOHV� DV� ULJLG
OLSRSKLOLF�FRPSRQHQWV�

�G��6\QWKHVLV�RI�ELRORJLFDOO\�DFWLYH�DGDPDQWDQH�GHULYDWLYHV�

$V� D� SDUW� RI� RXU� SURJUDPPH� RQ� V\QWKHVLV� DQG� FKHPLVWU\� RI� QRYHO� SRO\F\FOLF� PROHFXOHV�� ZH� KDYH
SUHSDUHG� D� QHZ� FURZQ� HWKHUV� ZKLFK� FRQWDLQ� DGDPDQWDQH� PRLHW\� DV� D� ULJLG� OLSRSKLOLF� FHQWHU�� 7KH
SRVVLELOLWLHV� RI� H[WUDFWLRQ� RI� DONDOL� PHWDO� LRQV� �VXFK� DV� OLWKLXP�� VRGLXP�� SRWDVVLXP�� UXELGLXP� DQG
FDHVLXP���ZHUH�DOVR�LQYHVWLJDWHG��5HVXOWV�VKRZHG�WKH�HQKDQFHG�DIILQLW\�WRZDUGV�VRGLXP�LQ�UHODWLRQ�WR
���FURZQ����)XUWKHU��D�VLPSOH�V\QWKHWLF�SDWK�IRU�SUHSDUDWLRQ�RI�YDULRXV��P��Q��DGDPDQWDQRSKDQHV�ZDV
ZRUNHG�RXW�VWDUWLQJ� IURP�����ELV���EURPRHWK\O�DGDPDQWDQH��YHU\�DFFHVVLEOH�SUHFXUVRU�� WKH�V\QWKHVLV
RI� ZKLFK� ZDV� GHYHORSHG� LQ� RXU� ODERUDWRU\� DV� ZHOO�� 1HZ� VHULHV� RI� QRYHO� D]D�FURZQ� HWKHUV� ZLWK
DGDPDQWDQH�PROHFXOH� DV�D�SDUW�RI� WKHLU� VWUXFWXUH��DV�ZHOO� DV� WZR�QHZ�DGDPDQWDQH� FU\SWDQGV�ZHUH
SUHSDUHG�� &RQWLQXLQJ� RXU� UHVHDUFK� RQ� V\QWKHVLV�� FKDUDFWHUL]DWLRQ� DQG� UHDFWLYLW\� VWXGLHV� RI� VWUDLQHG
SRO\F\FOLF� PROHFXOHV�� ZH� SUHSDUHG� YDULRXV� GHULYDWLYHV� RI� DGDPDQWDQRQH�� QRUDGDPDQWDQRQH� DQG
KRPRDGDPDQWDQRQH��:H�KDYH�VWXGLHG�WKH�VWHUHRVHOHFWLYLW\�RI�QXFOHRSKLOLF�DGGLWLRQ�WR�FDUERQ\O�JURXS�
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)XUWKHU��ZH�KDYH�DOVR�IRXQG�WKDW�D�SKRWRFKHPLFDOO\�LQGXFHG�HOHFWURQ�WUDQVIHU�PD\�VHUYH�DV�D�UHOHYDQW
PHWKRG� IRU� WKH� V\QWKHVLV� RI� QHZ� SRO\F\FOLF� NHWRQHV�� VWDUWLQJ� IURP� DSSURSULDWH� F\FORSURS\OFDUELQ\O
SUHFXUVRUV��,Q�D�SDUW��RXU�UHVHDUFK�ZDV�GLUHFWHG�WRZDUGV�WKH�VWXG\�RI�SURSHUWLHV�RI�FHQWUDO�SURSHOODQH
ERQG� LQ� ����PHWKDQR�����GLGHK\GURDGDPDQWDQH� DQG� LWV� GLPHWK\O� DQDORJXH�� %DVHG� RQ� VSHFWURVFRSLF
LQYHVWLJDWLRQV�DQG�02�FDOFXODWLRQV�� WKH�KLJKHVW�RFFXSLHG�PROHFXODU�RUELWDO�RI����������SURSHOODQH�KDV
EHHQ�DVVRFLDWHG�ZLWK� WKH�FHQWUDO�SURSHOODQH�ERQG�� L�H�� WKH�ERQG�EHWZHHQ�WKH� LQYHUWHG�FDUERQ�DWRPV�
&RQFHUQLQJ� WKH� ELRORJLFDO� DFWLYLWLHV� RI� DGDPDQWDQH� GHULYDWLYHV�� ZH� KDYH� SUHSDUHG� WKH� DGDPDQWDQH
GHULYDWLYHV� RI� SKHQF\FOLGLQH� ZLWK� ��WKLHQ\O� JURXS�� ��������WKLHQ\O����DGDPDQW\O�SLSHULGLQH�� ��������
WKLHQ\O����DGDPDQW\O�S\UUROLGLQH����������WKLHQ\O����DGDPDQW\O�PRUSKROLQH��DQG� WKHLU�K\GURFKORULGHV�DV
ZHOO��$OO�WKH�ELRORJLFDO�DFWLYLWLHV�RI�WKHVH�FRPSRXQGV�DUH�ZLWKLQ�WKH�VFRSH�RI�RXU�FXUUHQW�LQYHVWLJDWLRQ�

352-(.7,5$1-(�,�6,17(=$�6835$02/(.8/6.,+�6867$9$
'(6,*1�$1'�6<17+(6,6�2)�6835$02/(&8/$5�6<67(06
9RGLWHOM�WHPH��GU��VF��0ODGHQ�äLQLü

6XUDGQLFL�QD�WHPL�

9HVQD�ýDSODU��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
3UHGUDJ�ýXGLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
/HR�)UNDQHF��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW
0LODQ�-RNLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
'DULQND�.DWDOHQLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
-DQMD�0DNDUHYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
,YR�3LDQWDQLGD��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW
/LGLMD�0DULMD�7XPLU��GLSO��LQå��NHPLMH��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%LVHUND�äLQLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
0ODGHQ�äLQLü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN

7HKQLþNH�VXUDGQLFH�

%UDQND�%XGLü��GLSO��LQå��NHP���WHKQLþDUND�VXUDGQLFD
(OL]DEHWD�)XULü��WHKQLþDUND�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

3URYHGHQD� LVWUDåLYDQMD� X� ������ JRGLQL� REXKYDüDMX� VLQWH]X�� VWXGLM� VYRMVWDYD� WH� VDPR�RUJDQL]DFLMX
VXSUDPROHNXOVNLK�VXVWDYD�QDVWDOLK�WYRUERP�DURPDWVNLK�p�p�LQWHUDNFLMD�L�YRGLNRYLK�YH]D��6LQWHWL]LUDQR�MH
��� QRYLK� ����GLD]DSLUHQVNLK� L� ����GLD]DSLUHQLMHYLK� GHULYDWD�� VSRMHYD� YHOLNH� DURPDWVNH� SRYUãLQH� L� V
MHGQLP�LOL�GYD�SR]LWLYQD�QDERMD�QD�KHWHURDURPDWVNRP�VXVWDYX�V�FLOMHP�LVSLWLYDQMD�QMLKRYLK�VSRVREQRVWL
WYRUEH�VXSUDPROHNXOVNLK�NRPSOHNVD�V�QXNOHRWLGLPD�X�YRGHQRP�PHGLMX� WH�QMLKRYLK� LQWHUDNFLMD�V�'1$�
8WYU HQR� MH�GD�PRQR�� L� GLNDWLRQVNL�����GLD]DSLUHQLMHYL�GHULYDWL� YHåX�$73��$'3��$03��*03� L�&03�X
YRGHQRP�PHGLMX� WYRUERP� DURPDWVNLK� p�p� NRPSOHNVD� V� QXNOHRED]DPD� �ORJ� .V� �� �� ���� 9H]DQMH� RYLK
VSRMHYD� QD� FDOI� WK\PXV�'1$�SUDüHQR� MH� SURPMHQDPD� WHPSHUDWXUD� GHQDWXUDFLMH� �D7P�� L� YLVNR]LWHWD�
'RELYHQL� UH]XOWDWL� XSXþXMX� QD� LQWHUNDODWLYQL� QDþLQ� YH]DQMD� ����GLD]DSLUHQLMHYLK� GHULYDWD� QD� G�V�'1$�
3URVMHþQL�DILQLWHWL�SUHPD�'1$�RGUH HQL�VX�IOXRULPHWULMVNL��ORJ�.V�������]D�PRQR��L� ORJ�.V�� ������L�ORJ
.V��� �� ��  � �� �� ��� ]D� ELV�����GLD]DSLUHQLMHYH� GHULYDWH�� L� WDNR HU� RGJRYDUDMX� PRQR�� RGQRVQR� ELV�
LQWHUNDODWLYQRP� YH]DQMX� RYLK� VSRMHYD� QD� G�V�'1$�� 3URYHGHQR� MH� WHVWLUDQMH� RGUH HQLK� ����
GLD]DSLUHQLMHYLK�GHULYDWD�QD�DQWLWXPRUVNX�DNWLYQRVW� LQ�YLWUR��077�WHVW��VWDQLþQH� OLQLMH�+HS����NDUFLQRP
ODULQJVD��� +H/D� �KXPDQL� NDUFLQRP� FHUYLNVD��� 0LD3D&D� �� �NDUFLQRP� SDQNUHDVD��� :,� ��� L� +HI� �
�QRUPDOQL� KXPDQL� ILEUREODVWL���1HNL� RG� VLQWHWL]LUDQLK� ����GLD]DSLUHQLMHYLK� GHULYDWD� SRND]DOL� VX� VQDåDQ
LQKLELFLMVNL� HIHNW� QD� UDVW� VWDQLFD� WXPRUD� L� YUOR� VODEX� LQKLELFLMX� UDVWD� QRUPDOQLK� VWDQLFD�� ,]YUãHQD� MH
SDWHQWQD�]DãWLWD�����GLD]DSLUHQLMHYLK�GHULYDWD�V� RE]LURP�QD�QMLKRYR�RSDåHQR�VHOHNWLYQR�DQWLWXPRUVNR
GMHORYDQMH�

3URXþDYDQD�MH�VXSUDPROHNXOVND�VDPR�RUJDQL]DFLMD�RNVDOLO���PDORQLO��L�NDUERQLO�GLDPLGD�UD]OLþLWLK�DPLQR
NLVHOLQD��6LQWHWL]LUDQR�MH�SUHNR����DPLQR�NLVHOLQVNLK�GLDPLGD�QDYHGHQLK�GLNLVHOLQD�L�VWXGLUDQD�MH�QMLKRYD
RUJDQL]DFLMD� X� RWRSLQL� L� þYUVWRP� VWDQMX�� 3URYHGHQD� LVWUDåLYDQMD� SRND]DOD� VX� GD� RYL� VWUXNWXUQR
MHGQRVWDYQL� VSRMHYL�� DOL� V� YLVRNLP� SRWHQFLMDORP� WYRUEH� YRGLNRYLK� YH]D�� SRND]XMX� UD]OLþLWH� YUVWH
VXSUDPROHNXOVNH� RUJDQL]DFLMH� X� RWRSLQL� L� NUXWRP� VWDQMX�� 8VWDQRYOMHQR� MH� GD� RNVDOLO� GLDPLGL� V
IHQLOJOLFLQRP� L� OHXFLQRP� WYRUH� VWDELOQH� JHORYH� V� YRGRP� L� QL]RP� RUJDQVNLK� RWDSDOD� ãWR� MH� SRVOMHGLFD
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QMLKRYRJ� VDPR�RUJDQL]LUDQMD� X� VXSUDPROHNXOVNH� DVRFLMDWH� SRYH]DQH� KLGURIREQLP� LQWHUDNFLMDPD� L
YRGLNRYLP�YH]DPD��8VWDQRYOMHQR�MH�GD�XþLQNRYLWRVW�JHOLUDQMD�RYLVL�R�VWHUHRNHPLML�GLDPLGD��1HNL�VH�RG
RNVDOLOQLK� GLDPLGD� X� þYUVWRP� VWDQMX� RUJDQL]LUDMX� X� GXJDþNH� QLWL�� 2GUH HQL� DPLQR� NLVHOLQVNL� PDORQLO
GLDPLGL�L�GHULYDWL�XUHH�RUJDQL]LUDMX�VH�X�PLNURNDSVXOH�LOL�GDMX�WHUPRWURSQH�WHNXüH�NULVWDOH�

6LQWHWL]LUDQL� VX� DPLQRNLVHOLQVNL� GHULYDWL� FDOL[>�@DUHQD� L� FDOL[>�@DUHQD� NDR� QRYL� VLQWHWVNL� UHFHSWRUL� L
SUHQRVQLFL�PHWDOQLK�NDWLRQD��8VWDQRYOMHQR�MH�GD�WHWUD�2��&+�&23KJ20H��L�WHWUD�2��&+�&2/HX20H�
GHULYDWL�FDOL[>�@DUHQD�SRND]XMX�GRVDG�QHRSLVDQX�LQWUDPROHNXOVNX�RUJDQL]DFLMX�NDUDNWHUL]LUDQX�WYRUERP
SRMDVD�DPLGQLK�& 2�«�+1�YRGLNRYLK�YH]D��7DNYD�RUJDQL]DFLMD�UHFHSWRUD�UH]XOWLUD�SRYHüDQRP�1D���
.��VHOHNWLYQRVWL�X�WUDQVSRUWX�RYLK�NDWLRQD�NUR]�NORURIRUPVNX�PHPEUDQX�

5HVHDUFK�SURJUDP�DQG�UHVXOWV�

7KH�UHVHDUFK�SURJUDPPH�IRU������FRYHUV�WKH�VWXGLHV�RI�V\QWKHVHV��SURSHUWLHV�DQG�VHOI�RUJDQL]DWLRQ�RI
VXSUDPROHFXODU�V\VWHPV�EDVHG�RQ�LQWHUPROHFXODU�DURPDWLF�p�p��DQG�K\GURJHQ�ERQGLQJ�LQWHUDFWLRQV��$
VHULHV�RI����QHZ�����GLD]DS\UHQLXP�DQG�����GLD]DS\UHQH�GHULYDWLYHV� KDV�EHHQ�SUHSDUHG� LQ�RUGHU� WR
VWXG\�WKHLU�LQWHUDFWLRQV�ZLWK�QXFOHRWLGHV�LQ�DTXHRXV�PHGLD�DV�ZHOO�DV�WKHLU�ELQGLQJ�WR�'1$��,W�KDV�EHHQ
IRXQG�WKDW�PRQR��DQG�GLFDWLRQLF�����GLD]DS\UHQLXP�GHULYDWLYHV�ELQG�$73��$'3��$03��*03�DQG�&03
LQ�ZDWHU� WKXV� IRUPLQJ�DURPDWLF�p�p� FRPSOH[HV�ZLWK�QXFOHLF� EDVHV��)XUWKHU�� IRU� WKHVH�FRPSOH[HV� WKH
VWDELOLW\� FRQVWDQWV� �ORJ� .V� �±��� KDYH� EHHQ� PHDVXUHG�� 7KHLU� ELQGLQJ� WR� FDOI� WK\PXV� '1$� ZDV
LQYHVWLJDWHG�E\�PHDVXULQJ�WKH�FKDQJHV�RI�'1$�D7P�DQG�E\�YLVFRVLW\�SDUDPHWHUV��7KH�UHVXOWV�VXJJHVW
DQ�LQWHUFDODWLYH�LQWHUDFWLRQ�RI�����GLD]DS\UHQLXP�GHULYDWLYHV�DQG�'1$��7KH�DIILQLWLHV�RI�WKHVH�W\SHV�RI
FRPSRXQGV�IRU�'1$�ZHUH�GHWHUPLQHG�E\�IOXRUHVFHQFH�DQG�LW�KDV�EHHQ�REVHUYHG�WKDW�WKH\�ZHUH�ZLWKLQ
D�ORJ�.V�UDQJH�RI���±��IRU�PRQR��DQG�ORJ�.V����±���DQG�ORJ�.V������±����IRU�ELV�����GLD]DS\UHQLXP�
GHULYDWLYHV��7KHVH�UHVXOWV�KDYH�LPSOLHG�PRQR��DQG�ELV�LQWHUFDODWLRQ��7KH�VHOHFWHG�����GLD]DS\UHQLXP
GHULYDWLYHV�ZHUH�WHVWHG�IRU�DQWL�WXPRXU�DFWLYLW\� LQ�YLWUR��077�WHVW��FHOO�OLQHV��+HS���ODU\QJHDO�FDUFLQRPD�
+H/D�� FHUYLFDO� FDUFLQRPD�� 0LD3D&D� ��� SDQFUHDWLF� FDUFLQRPD�� :,� ��� DQG� +HI� ��� QRUPDO� KXPDQ
ILEUREODVWV���6RPH�RI�WKH�WHVWHG�FRPSRXQGV�VKRZHG�D�VWURQJ�LQKLELWLRQ�RI�WXPRXU�FHOO�JURZWK�DQG�RQO\
D� ZHDN� RQH� RI� WKDW� RI� QRUPDO� FHOOV�� 7KHVH� W\SHV� RI� FRPSRXQGV� DQG� WKHLU� REVHUYHG� VHOHFWLYH� DQWL�
FDQFHU�DFWLYLWLHV�ZHUH�SXW�XQGHU�SDWHQW�SURWHFWLRQ�LQ�&URDWLD�

7KH� VHOI�DVVHPEO\� LQ� GLIIHUHQW� VROYHQWV� RI� R[DO\O�� PDORQ\O� DQG� FDUERQ\O� GLDPLGHV� RI� YDULRXV� DPLQR
DFLGV�KDV�EHHQ�LQYHVWLJDWHG��0RUH�WKDQ����GLIIHUHQW�GLDPLGHV�ZHUH�V\QWKHVLVHG�DQG�WKHLU�RUJDQLVDWLRQ
LQ� VROXWLRQ� DQG� LQ� VROLG� VWDWH� KDV� EHHQ� VWXGLHG�� ,W� KDV� EHHQ� REVHUYHG� WKDW� R[DO\O� GLDPLGHV� RI
SKHQ\OJO\FLQH� DQG� OHXFLQH� IRUPHG� VWDEOH� JHOV� LQ� ZDWHU� DQG� LQ� YDULRXV� RUJDQLF� VROYHQWV� RI� PHGLXP
SRODULW\��,W�KDV�EHHQ�IRXQG�WKDW�WKHLU�DVVRFLDWLRQ�LQ�VXSUDPROHFXODU�DJJUHJDWHV�ZDV�D�FRQVHTXHQFH�RI
LQWHUPROHFXODU� DURPDWLF� p�p�� K\GURSKRELF� DQG� K\GURJHQ� ERQGLQJ� LQWHUDFWLRQV�� 7KH� REVHUYDWLRQ� WKDW
WKHLU� DVVHPEO\� VWURQJO\� GHSHQGV�RQ�VWHUHRFKHPLVWU\� LV� RI� JUHDW� LPSRUWDQFH�� RSWLFDOO\� SXUH� GLDPLGHV
IRUP�VWDEOH�JHOV��ZKHUHDV�PHVR�GLDVWHUHRLVRPHUV�DQG�UDFHPDWHV�DUH�RQO\�SRRU�JHOODWRUV��,Q�VROLG�VWDWH
VRPH�GLDPLGHV�IRUP�ORQJ�ILEUHV��WKHUPRWURSLF�OLTXLG�FU\VWDOV�RU�PLFURFDSVXOHV�

6RPH�DPLQR�DFLG�GHULYDWLYHV�RI�FDOL[>��DQG��@DUHQHV�ZHUH�SUHSDUHG�� ,W�KDV�EHHQ�IRXQG� WKDW� WHWUD�2�
�&+�&23KJ20H��DQG�WHWUD�2��&+�&2/HX20H��GHULYDWLYHV�RI�FDOL[>�@DUHQHV�IRUPHG�RUJDQL]HG�FDYLW\
DW� ORZHU� ULP� DV� D� FRQVHTXHQFH� RI� LQWHUVWUDQG� DPLGLF� K\GURJHQ� ERQGLQJ�� *HQHUDOO\�� VXFK� DQ
RUJDQLVDWLRQ� UHVXOWV� LQ� HQKDQFHG� 1D��.�� VHOHFWLYLW\� WKH� LQ� WUDQVSRUW� RI� WKHVH� FDWLRQV� WKURXJK
FKORURIRUP�PHPEUDQH�
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6XUDGQLFL�QD�WHPL�

0DUH�ýXGLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
-DURVODY�+RUYDW��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
âWHILFD�+RUYDW��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
$QGUHMD�-DNDV��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0DMD�5RãþLü��GLSO��LQJ��NHP���POD D�DVLVWHQWLFD
/LGLMD�9DUJD�'HIWHUGDURYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
,YDQND�äLJURYLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLFL�
,YDQND�0DOHF��SHUDþLFD������UDGQRJ�YUHPHQD
0LOLFD�3HUF��WHKQLþND�VXUDGQLFD

9DQMVNL�VXUDGQLFL�

'LQD�.HJOHYLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD�X�PLURYLQL

3URJUDP�UDGD�L�UH]XOWDWL�

&LOM� SUHGORåHQLK� LVWUDåLYDQMD� MHVX� VLQWH]H�� VWUXNWXUQD� NDUDNWHUL]DFLMD� V� SRVHEQLP� QDJODVNRP� QD
NRQIRUPDFLMVNX�DQDOL]X� L�ELRHYDOXDFLMD�QRYLK�VSRMHYD� L]�UHGD�XJOMLNRKLGUDWD��SHSWLGD� L�JOLNRSHSWLGD�NRML
SRVMHGXMX� VSHFLILþQD� ELRORãND� VYRMVWYD� V� NRQDþQLP� FLOMHP�� �D�� GRELYDQMD� QRYLK� ELRDNWLYQLK� VSRMHYD
VSHFLILþQLK� RVRELQD� L� XYR HQMD� QRYLK� VLQWHWVNLK� SRVWXSDND� L� UMHãHQMD� RG� LQWHUHVD� ]D� NHPLMVNX� L
IDUPDFHXWVNX� LQGXVWULMX�� �E�� VWMHFDQMD� QRYLK� VSR]QDMD� R� VWUXNWXUL�� VYRMVWYLPD� L� UHDNFLMDPD� VSRMHYD� L]
UHGD�XJOMLNRKLGUDWD��SHSWLGD�L�JOLNRSHSWLGD�

8� RNYLUX� LVWUDåLYDQMD�� NRMD� VH� RGQRVH� QD� VSRMHYH� NRML� QDVWDMX� VSRQWDQRP� UHDNFLMRP� UHGXFLUDMXüLK
ãHüHUD�L�DPLQRNLVHOLQD��SHSWLGD�LOL�SURWHLQD�X�UDQRP�VWDGLMX�0DLOODUGRYH�UHDNFLMH�X�IL]LRORãNLP�XYMHWLPD�
VLQWHWL]LUDQL�VX�$PDGRULMHYL�VSRMHYL�X�NRMLPD�MH�HQGRJHQL�RSLRLGQL�SHSWLG��OHXFLQ�HQNHIDOLQ��7\U�*O\�*O\�
3KH�/HX��� 1�DONLOLUDQ� QD� WLUR]LQVNRP� RVWDWNX� V� PROHNXORP� IUXNWR]H�� 'RELYHQL� VSRMHYL�� NDR� L� QMLKRYL
VWUXNWXUQR�VURGQL�NUDüL�SHSWLGQL�DQDOR]L�SURXþDYDQL�VX�SRPRüX�105��&'� L�)7,5�VSHNWURVNRSLMH� WH� MH
XVWDQRYOMHQR� GD� JOLNDFLMD� ELRDNWLYQLK� SHSWLGD� XWMHþH� QD� NRQIRUPDFLMX� SHSWLGQRJ� ODQFD�� 1DGDOMH�
WDXWRPHUQD� UDYQRWHåD� NHWR]QRJ� GLMHOD�PROHNXOH� X� $PDGRULMHYLP� VSRMHYLPD� RYLVL� R� GXåLQL� SHSWLGQRJ
ODQFD��'RND]DQR�MH�GD�$PDGRULMHYL�VSRMHYL�WLUR]LQD�PRJX�NRPSOHNVLUDWL�)H�,,,��LRQ�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� REMHFWLYH� RI� WKH� SURSRVHG� UHVHDUFK� LV� V\QWKHVLV� DQG� VWUXFWXUDO� FKDUDFWHULVDWLRQ�� ZLWK� VSHFLDO
HPSKDVLV� RQ� FRQIRUPDWLRQDO� DQDO\VLV� DQG� ELRHYDOXDWLRQ�� RI� WKH� QRYHO� ZHOO�GHILQHG� FRPSRXQGV
EHORQJLQJ� WR� WKH� FODVV� RI� FDUERK\GUDWHV�� SHSWLGHV� DQG� JO\FRSHSWLGHV�� 5HVHDUFK� WDVNV� LQFOXGH�� �D�
V\QWKHVLV�RI� WKH�QRYHO�ELRDFWLYH�FRPSRXQGV�RI� LQWHUHVW� IRU� FKHPLFDO�DQG�SKDUPDFHXWLFDO� LQGXVWU\�E\
XVLQJ�QHZ�V\QWKHWLF�DSSURDFKHV���E��GHWHUPLQDWLRQ�RI�VWUXFWXUH�DFWLYLW\�UHODWLRQVKLSV�LQ�RUGHU�WR�H[SODLQ
VRPH�QDWXUDO�HYHQWV�RU�WR�GHVLJQ�WKH�FDUERK\GUDWH�SHSWLGH�EDVHG�GUXJV�

,Q�WKH�SDUW�RI�RXU�LQYHVWLJDWLRQ�IRFXVVHG�RQ�JO\FDWLRQ�OLQNHG�SURFHVVHV��FROOHFWLYHO\�NQRZQ�DV�0DLOODUG
UHDFWLRQ��� LQ�ZKLFK�VXJDUV� UHDFW�QRQ�HQ]\PDWLFDOO\�ZLWK�DPLQR�DFLGV��SHSWLGHV�DQG�SURWHLQV�VR�DV� WR
IRUP� HDUO\� JO\FDWLRQ� SURGXFWV�� ZH� SUHSDUHG� DQG� FKDUDFWHULVHG� QRYHO� $PDGRUL� FRPSRXQGV� RI� WKH
ELRORJLFDOO\� DFWLYH� HQGRJHQRXV� SHSWLGH� OHXFLQH�HQNHSKDOLQ� �7\U�*O\�*O\�3KH�/HX�� DQG� WKRVH� RI� WKH
VWUXFWXUDOO\�UHODWHG�SHSWLGH�IUDJPHQWV��:H�KDYH�VWXGLHG�WKH�FRQIRUPDWLRQ�RI�WKH�SUHSDUHG�FRPSRXQGV



��

E\�105��&'�DQG�)7,5�VSHFWURVFRS\�DQG�HVWDEOLVKHG�WKDW�JO\FDWLRQ�FKDQJHG�WKH�FRQIRUPDWLRQ�RI�WKH
SHSWLGH�PRLHW\�� )XUWKHUPRUH�� RXU� UHVXOWV� KDYH� GHPRQVWUDWHG� WKDW� WKH� VWUXFWXUH� RI� WKH� SHSWLGH� FKDLQ
LQIOXHQFHG�GLIIHUHQWLDOO\� WKH� WDXWRPHULF�HTXLOLEULD�RI� WKH�VWXGLHG�$PDGRUL�FRPSRXQGV�� ,Q�DGGLWLRQ�� WKH
FRPSOH[DWLRQ� RI� WKH� W\URVLQH�UHODWHG� $PDGRUL� FRPSRXQG� ZLWK� )H�,,,�� LRQ� KDV� EHHQ� REVHUYHG�� WKXV
VXJJHVWLQJ�VRPH�QHZ�SURSHUWLHV�RI�JO\FDWHG�SURGXFWV�QRW�EHLQJ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�VR�IDU�

+,'52/,7,ý.,�(1=,0,��,=2/$&,-$��692-679$��6758.785$�
)81.&,-$
+<'52/<7,&�(1=<0(6��,62/$7,21��3523(57,(6��6758&785(�
)81&7,21
9RGLWHOMLFD�WHPH��GU��VF��/MXELQND�9LWDOH

6XUDGQLFL�QD�WHPL�

0DULMD�$EUDPLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
6DQMD�0RüDQ��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
âXPVNL�âLPDJD��GRNWRU�ELRNHP��]QDQRVWL��YLãL�DVLVWHQW
/MXELQND�9LWDOH��GRNWRULFD�ELRWHK��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
%RMDQD�9XNHOLü��PDJLVWUD�ELRNHP��]QDQRVWL��DVLVWHQWLFD

7HKQLþNH�VXUDGQLFH�

/MHUND�'RORYþDN��WHKQLþND�VXUDGQLFD
7DPDUD�9UDQHãD��SHUDþLFD�VX D������UDGQRJ�YUHPHQD�

3URJUDP�UDGD�L�UH]XOWDWL�

3URJUDP� UDGD� QD� WHPL� REXKYDüD� SURXþDYDQMH� HNVWUDFHOXODUQLK� L� LQWUDFHOXODUQLK� KLGUROLWLþNLK� HQ]LPD
EDNWHULMH�6WUHSWRP\FHV�ULPRVXV�V�SRVHEQLP�RVYUWRP�QD�PRJXüQRVWL�QMLKRYH�SULPMHQH�WH�SURXþDYDQMH
SURWHROLWLþNLK� HQ]LPD� VWDQLFD� KXPDQH� NUYL� V� FLOMHP� UDVYMHWOMDYDQMD� QMLKRYH� IL]LRORãNH� IXQNFLMH� X
QRUPDOQLP�L�SDWRORãNLP�VWDQMLPD�

7LMHNRP�������JRGLQH�QDVWDYOMHQR�MH�V�UD]UDGRP�SRVWXSND�]D�L]RODFLMX�LQWUDFHOXODUQLK�DPLQRSHSWLGD]D
�$3��L�HNVWUDFHOXODUQH�HVWHUD]H�OLSD]H�6��ULPRVXV��8]�UDQLMH�SULUH HQX�SUROLQ�$3�QD HQD�MH�MRã�MHGQD�L
XWYU HQH� QHNH� UD]OLNH� WD� GYD� HQ]LPD�� $3� 3� MH� GMHORPLþQR� SURþLãüHQD�� D� OLSD]D� MH� GRELYHQD� X
KRPRJHQRP�REOLNX��DOL�]DVDG�X]�UHODWLYQR�QLVNR�LVNRULãWHQMH��,]�LVWRJ�PLNURRUJDQL]PD�SURþLãüDYDQD�MH�L
GHRNVLULERQXNOHD]D� L� FLMHSDQMHP� FLMDQRJHQ�EURPLGRP� SULSUHPDQL� QMH]LQL� IUDJPHQWL� ]D� RGUH LYDQMH
SULPDUQH�VWUXNWXUH��6WUHSWRPLFHWL�X]�KLGUROLWLþNH�HQ]LPH�PRJX�SURL]YRGLWL� L� QMLKRYH� LQKLELWRUH��SD� MH� L]
ILOWUDWD� NXOWXUH� 6WUHSWRP\FHV� WR\RFDHQVLV� L]ROLUDQ� LQKLELWRU� SURWHD]D� VOLþDQ� OHXSHSWLQX�� RGUH HQD� MH
QMHJRYD�VWUXNWXUD�L�XþLQDN�QD�ãLUHQMH�PHWDVWD]D�/HZLVRYRJ�SOXüQRJ�NDUFLQRPD�

6� FLOMHP� SUHSR]QDYDQMD� HQ]LPD�ELOMHJD� ]D� SRMHGLQD� QRUPDOQD� LOL� PDOLJQR� WUDQVIRUPLUDQD� WNLYD�� NDR� L
HQ]LPD� NRML� PRJX� ELWL� XNOMXþHQL� X� UD]JUDGQMX� LOL� WUDQVIRUPDFLMH� RGUH HQLK� OLMHNRYD�� SURXþDYDQH� VX
DPLQRSHSWLGD]H�X�WNLYLPD�OMXGVNRJ�RUJDQL]PD��=D�$3�L]ROLUDQX�L]�SULPDUQLK�JUDQXOD�QHXWURILOD��DNWLYQX
VDPR�X�UHGXFLUDQRP�REOLNX��SRND]DQR�MH�GD�QH�UHDJLUD�V�DQWLWLMHOLPD�VSHFLILþQLPD�]D�NDWHSVLQ�+�QLWL�]D
DPLQRSHSWLGD]X�0�� ãWR� JRYRUL� GD� VH� UDGL� R� SRVHEQRP� HQ]LPX�� .DNR� MH� XVWDQRYOMHQR� GD� MH� RYD� $3
VPMHãWHQD�X�PDWULNVX�JUDQXOD��]D�LQ�VLWX�LPXQRNHPLMVNX�DQDOL]X�SURWRþQRP�FLWRPHWULMRP��LVSLWLYDQH�VX
PRJXüQRVWL� SHUPHDELOL]DFLMH� JUDQXOD� L� RELOMHåDYDQMD� LQWUDJUDQXODUQLK� HQ]LPD� IOXRUHVFHQWQLP
DQWLWLMHOLPD��1DVWDYDN�RGUH LYDQMD�DNWLYQRVWL� L� NROLþLQH�HQ]LPD�GLSHSWLGLO� SHSWLGD]H� ,,,� X� QRUPDOQLPD� L
WXPRUVNLP� WNLYLPD� RPRJXüLR� MH� MDVQR� XRþDYDQMH� SRYLãHQH� UD]LQH� WRJ� HQ]LPD� X� NDUFLQRPLPD
HQGRPHWULMD� L� MDMQLND�� UD]OLþLWLK� KLVWRORãNLK� WLSRYD�� X� RGQRVX� QD� QRUPDOQD� WNLYD�� ,VNXVWYD� VWHþHQD� WLP
LVWUDåLYDQMLPD�NRULãWHQD�VX�]D�VXUDGQMX�V�LVWUDåLYDþLPD�QD�GUXJLP�WHPDPD�L�V�SULYUHGRP�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� UHVHDUFK� SURJUDPPH� FRYHUV� D� VWXG\� RI� H[WUDFHOOXODU� DQG� LQWUDFHOOXODU� K\GURO\WLF� HQ]\PHV� RI
6WUHSWRP\FHV� ULPRVXV� ZLWK� DQ� HPSKDVLV� RQ� WKHLU� SRVVLEOH� DSSOLFDWLRQ�� DQG� D� VWXG\� RI� SURWHRO\WLF
HQ]\PHV�IURP�KXPDQ�EORRG�FHOOV�ZLWK� WKH�DLP� WR�HOXFLGDWH� WKHLU�SK\VLRORJLFDO� IXQFWLRQ�XQGHU�QRUPDO
DQG� SDWKRORJLFDO� FRQGLWLRQV�� ,Q� ������ ZH� KDYH� FRQWLQXHG� GHVLJQLQJ� D� SURFHGXUH� IRU� WKH� LVRODWLRQ� RI



��

LQWUDFHOOXODU�DPLQRSHSWLGDVHV��$3��DQG�DQ�H[WUDFHOOXODU�HVWHUDVH�OLSDVH�RI�6��ULPRVXV��$SDUW� IURP�WKH
SUHYLRXVO\� SUHSDUHG� SUROLQH� $3�� DQRWKHU� HQ]\PH� RI� WKLV� W\SH� KDV� EHHQ� IRXQG� DQG� WKH� GLIIHUHQFHV
EHWZHHQ�WKH�WZR�GLVFHUQHG��$3�3�ZDV�SDUWLDOO\�SXULILHG��/LSDVH�ZDV�REWDLQHG� LQ�KRPRJHQHRXV� IRUP�
EXW�ZLWK�ORZ�UHFRYHU\��)URP�WKH�VDPH�PLFUR�RUJDQLVP��D�GHR[\ULERQXFOHDVH�ZDV�SXULILHG�DQG�WUHDWHG
ZLWK� F\DQRJHQ� EURPLGH� LQ� RUGHU� WR� REWDLQ� IUDJPHQWV� IRU� WKH� GHWHUPLQDWLRQ� RI� LWV� SULPDU\� VWUXFWXUH�
6WUHSWRP\FHWHV�DUH�NQRZQ�WR�H[FUHWH�K\GURO\WLF�HQ]\PH�LQKLELWRUV�DV�ZHOO��)URP�WKH�FXOWXUH�ILOWUDWH�RI
6WUHSWRP\FHV� WR\RFDHQVLV��ZH�KDYH� LVRODWHG�D�SURWHDVH� LQKLELWRU�VLPLODU� WR� OHXSHSWLQ��GHWHUPLQHG� LWV
VWUXFWXUH�DQG�HIIHFW�RQ�IRUPDWLRQ�RI�/HZLV�OXQJ�FDUFLQRPD�PHWDVWDVLV�

,Q�RUGHU�WR�UHFRJQL]H�HQ]\PHV�DV�SRVVLEOH�PDUNHUV�RI�GLIIHUHQW�QRUPDO�DQG�PDOLJQDQW�WLVVXHV�DQG�DV
GHJUDGHUV�RU�WUDQVIRUPHUV�RI�FHUWDLQ�GUXJV��DPLQRSHSWLGDVHV�LQ�KXPDQ�WLVVXHV�KDYH�EHHQ�VWXGLHG��)RU
$3� LVRODWHG� IURP� SULPDU\� JUDQXOHV� RI� QHXWURSKLOV� WKDW� LV� DFWLYH� LQ� WKH� UHGXFHG� IRUP� RQO\�� ZH� KDYH
VKRZQ�QRW�WR�UHDFW�ZLWK�DQWLERGLHV�VSHFLILF�IRU�FDWKHSVLQ�+�DQG�IRU�$3�0��WKXV�UHFRJQL]LQJ�LW�DV�D�QHZ
HQ]\PH��$V�WKLV�$3�LV� ORFDWHG�LQ�WKH�PDWUL[�RI�JUDQXOH��IRU�WKH� LQ�VLWX�DQDO\VLV�E\�IORZ�F\WRPHWU\�� WKH
SRVVLELOLWLHV� RI� SHUPHDELOLVDWLRQ� RI� JUDQXOHV� DQG� LQWUDJUDQXODU� HQ]\PH� ODEHOOLQJ� ZLWK� IOXRUHVFHQW
DQWLERGLHV��ZHUH�H[DPLQHG��)XUWKHU�PHDVXUHPHQWV�RI�WKH�DFWLYLW\�DQG�TXDQWLW\�RI�GLSHSWLG\O�SHSWLGDVH
,,,� LQ� QRUPDO� DQG� WXPRXU� WLVVXHV� KDYH� UHYHDOHG� D� OHYHO� RI� WKLV� HQ]\PH� WR� EH� VLJQLILFDQWO\� KLJKHU� LQ
FDQFHUV� RI� HQGRPHWULXP� DQG� RYDU\� RI� GLIIHUHQW� KLVWRORJLFDO� W\SHV�� LI� FRPSDUHG� WR� WKRVH� LQ� QRUPDO
WLVVXHV�� 7KH� H[SHULHQFH� JDLQHG� E\� WKHVH� LQYHVWLJDWLRQV� SURYHG� XVHIXO� IRU� WKH� FROODERUDWLRQ� ZLWK� WKH
UHVHDUFKHUV�RI�RWKHU�SURJUDPPHV�DV�ZHOO�DV�ZLWK�LQGXVWU\�

6758.7851,�,�)81.&,21$/1,�$63(.7,�%,2/2â.(
6(/(.7,91267,
6758&785$/�$1'�)81&7,21$/�$63(&76�2)�%,2/2*,&$/
6(/(&7,9,7<
9RGLWHOM�WHPH��GU��VF��9RONHU�0DJQXV

6XUDGQLFL�QD�WHPL�

(GXDUG�'ROXãLü��GLSO��LQå��NHPLMH��POD L�DVLVWHQW
%UDQLPLU�.ODLü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
9RONHU�0DJQXV��GRNWRU�ELRO��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
äHOMNR�0DULQLü��PDJLVWDU�NHP��]QDQRVWL��VWUXþQL�VXUDGQLN��105�
%LVHUND�0HWHONR��GLSO��LQå��NHPLMH��VWUXþQD�VXUDGQLFD��105�
%UDQND�6DORSHN�6RQGL��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLN�

9ODGLPLU�9UDQHãD��������VDPRVWDOQL�WHKQLþDU

6XUDGQLN�L]�GUXJH�XVWDQRYH�

*RUDQ�/DüDQ��GRNWRU�NHP��]QDQRVWL��8&/$��/RV�$QJHOHV��86$

3URJUDP�UDGD�L�UH]XOWDWL�

&LOM�UDGD�QD�WHPL�MHVW�XSR]QDYDQMH�PROHNXOVNH�RVQRYH�ELRORãNH�DNWLYQRVWL��*ODYQL�UH]XOWDWL�SRVWLJQXWL�VX
X� RYLP� SRGUXþMLPD�� ��� VWUXNWXUD� SHSWLGRJOLNDQVNRJ� PRQRPHUD� X� RWRSLQL�� ��� NHPLMD�� ELRNHPLMD� L
IL]LRORJLMD�ELOMQLK�KRUPRQD�

3URXþHQL�SHSWLGRJOLNDQVNL�PRQRPHU�VWUXNWXUH�*OF1$F��0XU1$F��/�$OD��'�L*OQ��PHVR�a�/��e�'�$�SP��
'�$OD��'�$OD� L]ROLUDQ� MH� NDR� IUDJPHQW� VWLMHQNH� PLNURRUJDQL]PD� %UHYLEDFWHULXP� GLYDULFDWXP�� 2G
PHGLFLQVNRJ� MH� LQWHUHVD� NDR� QHSLURJHQL� VWLPXODWRU� LPXQRJ� RGJRYRUD�� 8� SRWUD]L� ]D� VWUXNWXUQRP
RVQRYRP� ELRORãNH� DNWLYQRVWL� SURXþLOL� VPR� NRQIRUPDFLMX� JOLNRSHSWLGD� X� YRGHQRM� RWRSLQL�� XSRWUHERP
105�VSHNWURVNRSLMH�L�UDþXQVNLK�PHWRGD�NRMH�VH�WHPHOMH�QD�VLPXODFLML�PROHNXOVNH�GLQDPLNH��5H]XOWDWL
XSXüXMX� QD� ]DNOMXþDN� GD� VH� SRSXODFLMD� PROHNXOD� X� RWRSLQL� XJODYQRP� VDVWRML� RG� ��� HQHUJHWVNL
QDMSRYROMQLMLK� NRQIRUPHUD�� 6YL� VX� NDUDNWHUL]LUDQL� GREUR� GHILQLUDQLP�� L]GXåHQLP�1�WHUPLQDOQLP� GLMHORP



��

SHSWLGD�� NRML� MH� GRGDWQR� VWDELOL]LUDQ� YH]DQMHP� ]D� GLVDKDULG�� GRN� MH� &�WHUPLQDOQL� NUDM� SHSWLGD� ELWQR
VDYLWOMLYLML�

8� LVWUDåLYDQMLPD� ELOMQLK� KRUPRQD� QDJODVDN� MH� ELR� QD� VWUXNWXUQRM� DQDOL]L� IOXRULUDQLK� GHULYDWD� LQGRO���
RFWHQH�NLVHOLQH�� NDR� L� QD�SRVORYLPD�YH]DQLPD�X]�GDOMQMD� LVWUDåLYDQMD�VWUXNWXUH� L� IXQNFLMH�DXNVLQD��QD
SULSUDYL� L]RWRSLPD� RELOMHåHQLK� NRQMXJDWD� LQGRO���RFWHQH� NLVHOLQH� L� QD� DQDOL]L� HQGRJHQLK� DXNVLQD�� 8
RULMHQWDFLMVNRM�VX�ID]L�SRNXãDML�GD�VH�UH]XOWDWL�GXJRJRGLãQMLK�LVWUDåLYDQMD�PROHNXOVNH�VWUXNWXUH�ELRORãNL
DNWLYQLK� LQGROVNLK� VSRMHYD� LVNRULVWH� X� SULSUDYL� DILQLWHWQLK� VRUEHQVD� L� UHDJHQVD� ]D� VSHFLILþQR
RELOMHåDYDQMH�HQ]LPD�ELRJHQH]H�L�PHWDEROL]PD�DXNVLQD�� ,VWR�WDNR�� WUDåLPR�SULNODGQH�HNVSHULPHQWDOQH
VXVWDYH�X�REODVWL�PLNURSURSDJDFLMH�L�IL]LRORJLMH�IRWRVLQWHWVNRJ�DSDUDWD�NRML�REHüDYDMX�QRYH�UH]XOWDWH�R
XOR]L� ELOMQLK� KRUPRQD� X� PRUIRJHQH]L�� 3UYL� UH]XOWDWL� R� XWMHFDMX� DSVFLVLQVNH� NLVHOLQH� QD� VD]ULMHYDQMH
VRPDWVNLK� HPEULMD� WH� DXNVLQD� L� FLWRNLQLQD� QD� PRUIRJHQH]X� SODVWLGD� REMDYOMHQL� VX� X� UD]GREOMX� NRMH
SRNULYD�RYDM�L]YMHãWDM�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV

7KH� SUHVHQW� SURMHFW� DGGUHVVHV� WKH� PROHFXODU� EDVH� RI� ELRORJLFDO� DFWLYLW\�� ,Q� WKH� UHSRUW� SHULRG�� ZH
IRFXVVHG� RQ� WKH� IROORZLQJ� DUHDV�� ��� 6WUXFWXUH� RI� D� SHSWLGRJO\FDQ� PRQRPHU� LQ� VROXWLRQ�� DQG� ��
&KHPLVWU\��ELRFKHPLVWU\�DQG�SK\VLRORJ\�RI�SODQW�KRUPRQHV�

7KH�SHSWLGRJO\FDQ�PRQRPHU�VWXGLHG��ZLWK� WKH�VWUXFWXUH�*OF1$F��0XU1$F��/�$OD��'�L*OQ��PHVR�a�/��
e�'�$�SP����'�$OD��'�$OD��KDV�EHHQ�RULJLQDOO\� LVRODWHG�DV�D�FHOO�ZDOO� IUDJPHQW�RI� WKH�PLFUR�RUJDQLVP
%UHYLEDFWHULXP� GLYDULFDWXP�� ,W� LV� RI� PHGLFDO� LQWHUHVW� DV� DQ� LPPXQRVWLPXODQW� GHYRLG� RI� S\URJHQLF
SURSHUWLHV��,Q�VHDUFK�IRU�D�VWUXFWXUDO�EDVH�RI�LWV�ELRORJLFDO�DFWLYLW\��WKH�FRQIRUPDWLRQ�RI�WKH�JO\FRSHSWLGH
LQ�DTXHRXV�VROXWLRQ� KDV�EHHQ� VWXGLHG� E\�105�VSHFWURVFRS\� DQG� FRPSXWDWLRQDO�PHWKRGV�EDVHG�RQ
PROHFXODU� G\QDPLFV� VLPXODWLRQV�� 7KH� UHVXOWV� VXJJHVW� WKDW� ��� ORZ�HQHUJ\� FRQIRUPHUV� SUHYDLO� LQ
VROXWLRQ��$OO�RI� WKHP�DUH�FKDUDFWHULVHG�E\�DQ�H[WHQGHG�1�WHUPLQXV�VWDELOLVHG�E\� LQWHUDFWLRQV�ZLWK� WKH
GLVDFFKDULGH�PRLHW\��ZKHUHDV�WKH�&�WHUPLQXV�LV�PRUH�IOH[LEOH�

,Q� WKH� DUHD� RI� SODQW� KRUPRQHV�� ZH� IRFXVHG� RQ� WKH� VWUXFWXUDO� DQDO\VLV� RI� IOXRULQDWHG� LQGROH���DFHWLF
DFLGV�DQG�RQ� WKH�JURXQGZRUN� IRU�IXWXUH�UHVHDUFK�RQ�DX[LQ�VWUXFWXUH�DQG� IXQFWLRQ�� WKH�SUHSDUDWLRQ�RI
LVRWRSH�ODEHOOHG� FRQMXJDWHV� RI� LQGROH���DFHWLF� DFLG� DQG� WKH� DQDO\VLV� RI� HQGRJHQRXV� DX[LQV�
)XUWKHUPRUH��ZH� DWWHPSW� WR� XVH� RXU� SUHYLRXV� UHVXOWV� RQ� WKH�PROHFXODU� VWUXFWXUH� RI� ELRDFWLYH� LQGROH
GHULYDWLYHV�WR�SUHSDUH�WKH�DIILQLW\�VRUEHQWV�DQG�SUREHV�VXLWDEOH�IRU�VSHFLILF�ODEHOOLQJ�RI�WKH�HQ]\PHV�RI
DX[LQ� ELRJHQHVLV� DQG�PHWDEROLVP��:H� KDYH� DOVR� VWDUWHG� D� VHDUFK� IRU� H[SHULPHQWDO� V\VWHPV� LQ� WKH
DUHDV�RI�PLFUR�SURSDJDWLRQ�DQG� WKH� GHYHORSPHQWDO�SK\VLRORJ\� RI� WKH� SKRWRV\QWKHWLF�DSSDUDWXV��ZLWK
WKH�SRWHQWLDO�WR�SURYLGH�QHZ�LQVLJKWV�LQWR�WKH�UROH�RI�SK\WRKRUPRQHV�LQ�SODQW�PRUSKRJHQHVLV��7KH�ILUVW
UHVXOWV�RQ�WKH�DEVFLVLF�DFLG�IXQFWLRQ�LQ�WKH�PDWXUDWLRQ�RI�VRPDWLF�HPEU\RV�DQG�RQ�WKH�UROHV�RI�DX[LQV
DQG�F\WRNLQLQV�LQ�SODVWLG�PRUSKRJHQHVLV��ZHUH�SXEOLVKHG�LQ�WKH�UHSRUW�SHULRG�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� $YGDJLü��$���&RWDUFD�� /���+DPHUãDN�� =���+ROORVL�
0��� /MXERYLü�� (��� âXVWH�� $��� âXQMLü�� 9�� /RQJH�
GLVWDQFH�&RQWUROH� LQ�6WHUHRVHOHFWLYH�5HGXFWLRQ�RI
��>������%URPR>�����ELSKHQ\O@���\O����NHWR���
SKHQ\OSURS\O@���K\GUR[\��+���EHQ]RS\UDQ���RQH�
5HODWLYH�&RQILJXUDWLRQ� RI�3UHYDLOLQJ�'LDVWHUHRPHU
DQG� $EVROXWH� &RQILJXUDWLRQ� RI� LWV� (QDQWLRPHUV�
&KLUDOLW\�������������������

��� %HQFHWLü� .ODLü�� =��� .ODLü� %�� 6FLHQWRPHWULF
$QDO\VLV�RI�$QWKURSRORJ\�LQ�WKH�5HSXEOLF�RI�&URDWLD
IRU� WKH� 3HULRG� RI� ����������� &ROOHJLXP
$QWURSRORJLFXP��������������������

��� %LVWULþLü�� /��� %DUDQRYLü�� *��� âDIDU� &YLWDã�� '��
0OLQDULü�0DMHUVNL�� .�� 1DWXUH� RI� %RQGLQJ� LQ
>�����@3URSHOODQH��9LEUDWLRQDO�6SHFWUD�DQG�1RUPDO
&RRUGLQDWH� $QDO\VLV� RI� ����0HWKDQR�����
GLGHK\GURDGDPDQWDQH�� �����'LPHWK\OPHWKDQR��
����GLGHK\GURDGDPDQWDQH�� DQG� 7KHLU� 'LK\GUR
&RQJHQHUV��-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�$�����
���������������

��� +DPHUãDN��=���3DYORYLü��1���'HOLü��9���âXQMLü��9��
5HJLR�� DQG� 6WHUHRVHOHFWLYLW\� LQ� +RPRJHQHRXV
&DWDO\WLF� +\GURJHQDWLRQ� RI� ����'LNHWR�'�JOXFRQLF
$FLG�� &DUERK\GUDWH� 5HVHDUFK�� ���� ������� ����
����

��� +RUYDW��â���-DNDV��$���9DVV��(��6DPX��-��+ROORVL�
0�� &'� DQG� )7,5� 6SHFWURVFRSLF� 6WXGLHV� RI
$PDGRUL� &RPSRXQGV� 5HODWHG� WR� WKH� 2SLRLG
3HSWLGHV��-RXUQDO� RI� WKH�&KHPLFDO�6RFLHW\�3HUNLQ
7UDQVDFWLRQV���������������������



��

��� ,OLü�� 1��� 0DJQXV�� 9��� gVWLQ�� $��� 6DQGEHUJ�� *�
6WDEOH�LVRWRSH� ODEHOHG� PHWDEROLWHV� RI� WKH
SK\WRKRUPRQH�� LQGROH���DFHWLF� DFLG� �� -RXUQDO� RI
/DEHOOHG� &RPSRXQGV� DQG� 5DGLRSKDUPDFHXWLFDOV�
������������������

��� .DãQDU��%���.UL]PDQLü�� ,���äLQLü��0��6\QWKHVLV�2I
7KH�6XOIRQ\OS\ULPLGLQH�'HULYDWLYHV�$V�$�1HZ�7\SH
RI�6XOIRQ\OF\FORXUHDV��1XFOHRVLGHV�	�1XFOHRWLGHV�
��������������������

��� .UDJRO�� *��� 0OLQDULü�0DMHUVNL�� .�� 6\QWKHVLV� RI
1RYHO� 7ULF\FORQRQDQHV�� 7HWUDKHGURQ� /HWWHUV�� ��
�����������������

��� /HQKDUG�� %��� )LOLSLü�� 6��� /DQGHND�� ,��� âNUWLü�� ,��
6ROO��'���:H\JDQG� XUDãHYLü��,��'HILQLQJ�WKH�DFWLYH
VLWH� RI� \HDVW� VHU\O�W51$� V\QWKHWDVH�� -RXUQDO� RI
%LRORJLFDO�&KHPLVWU\�����������������������

���� /MXERYLü�� (��� âXQMLü�� 9�� &RUUHODWLRQ� %HWZHHQ
'LVWDQFH� RI� WKH� 3HUWXUELQJ� *URXSV� DQG
(QDQWLRVHOHFWLYLW\� RI� WKH� /LSDVH� &DWDO\]HG
$F\ODWLRQ� RI� $F\FOLF� VHF$OFRKROV�� 7HWUDKHGURQ�
$V\PPHWU\���������������

���� 0DJQXV�� 9��� 2]JD�� -�� $��� 5HLQHFNH�� '�� 0��
3LHUVRQ��*��/��/DUXH��7��$���&RKHQ��-��'���%UHQQHU�
0�� /�� ��&KORURLQGROH���DFHWLF� DQG� LQGROH���DFHWLF
DFLGV� LQ� 3LVXP� VDWLYXP� �� 3K\WRFKHPLVWU\� �� ��
���������������

���� 0DUFKDQG�� $�� 3��� .XPDU�� .�� $��� 0F.LP�� $�� 6��
0OLQDULü�0DMHUVNL�� .�� .UDJRO�� *�� 6\QWKHVLV� DQG
$ONDOL� 0HWDO� 3LFUDWH� ([WUDFWLRQ� &DSDELOLWLHV� RI
1RYHO� &DJH�)XQFWLRQDOL]HG� ���&URZQ��� DQG� ���
&URZQ��� (WKHUV�� 7HWUDKHGURQ�� ��� ������� �����
�����

���� 0DWWHU�� +�� 6]LOiJ\L�� /��� )RUJy�� 3��� 0DULQLü�� ä�
.ODLü�� %��� 6WUXFWXUH� DQG� G\QDPLFV� RI� D
SHSWLGRJO\FDQ�PRQRPHU�LQ�DTXHRXV�VROXWLRQ�XVLQJ
105� VSHFWURVFRS\� DQG� VLPXODWHG� DQQHDOLQJ
FDOFXODWLRQV�� -RXUQDO� RI� WKH� $PHULFDQ� &KHPLFDO
6RFLHW\�����������������������

���� 0HOHJD��:��3��5DOHLJK��0��-��6WRXW��'��%��/DüDQ�
*��� +XDQJ�6��&�� 3KHOSV�� 0�� (�� �� 5HFRYHU\� RI
VWULDWDO� GRSDPLQH� IXQFWLRQ� DIWHUDFXWH
DPSKHWDPLQH�� DQG� PHWKDPSKHWDPLQH�LQGXFHG
QHXURWR[LFLW\� LQ� WKH� YHUYHW� PRQNH\�� %UDLQ
5HVHDUFK���������������������

���� 0HOHJD��:��3��� 5DOHLJK��0�� -��� /DüDQ��*��� 'DWW�
$��� +DUYH\�� '�� &��� +XDQJ�� 6��&��� 3KHOSV�� 0�� (�
$VVHVVLQJ� WKH� VWULDWDO� GRSDPLQH� V\VWHP� ZLWK� >)�
��@)'23$� DQG� >&���@:,1� �������� WHUPLQDO
V\QWKHVLV� FDSDFLW\� YHUVXV� WUDQVSRUWHU� GHQVLW\�
-RXUQDO� RI� 1XFOHDU� 0HGLFLQH�� 6XSSOHPHQW� �� ��
���������3���3�

���� 2VPDN�� 0��� %DELü�� '��� $EUDPLü�� 0��� $PEULRYLü�
$���0LOLþLü��'���(OMXJD��'��� 9XNRYLü�� /��*OXWDWKLRQH
6�WUDQVIHUDVH� DFWLYLW\� DV� DQ� HDUO\� PDUNHU� IRU
PDOLJQDQW� WXPRUV�RI�FRUSXV�XWHUL���1HRSODVPD����
���������������

���� 2VPDN��0���%DELü��'���$EUDPLü��0���9UKRYHF�� ,��
0LOLþLü�� '��� âNUN�� -�� &DWKHSVLQ� '� FRQWHQW� LQ
PDOLJQDQW� WXPRUV� RI� FRUSXV� XWHUL�� (XURSHDQ
-RXUQDO�RI�&DQFHU��������������������

���� 7RQNRYLü��0��� -DNDV�� $��� +RUYDW�� â�� 3UHSDUDWLRQ
DQG� SURSHUWLHV� RI� DQ� )H�,,,��FRPSOH[� ZLWK� DQ
$PDGRUL� FRPSRXQG� GHULYHG� IURP� /�W\URVLQH�
%LR0HWDOV������������������

���� 9LQNRYLü��9���âXQMLü��9��$�+LJKO\�6WHUHRFRQWUROOHG
6\QWKHVLV� RI� 6����������WHUW�%XW\O�SKHQ\O���PHWK\O�
��1��FLV�����GLPHWK\O�PRUSKROLQ\OSURSDQHYLD
&KLUDO�0DQQLFK�5HDFWLRQ�� 7HWUDKHGURQ�� ��� ������
��������

���� 9RMNRYLü�� 9��� $OOHJUHWWL�äLYþLü�� 9��� 7DPKLQD�� %��
âNDUH� '�� $� 1HZ� 6LPSOH� 0HWKRG� IRU� 0RQLWRULQJ
3HUPHDWLRQ� WKURXJK� &ORWKLQJ� 0DWHULDOV� RI� 'LEXW\O
6XOSILGH�� D� &KHPLFDO� :DUIDUH� $JHQW� 6LPXODQW�
-RXUQDO� RI� +D]DUGRXV� 0DWHULDOV�� ��� ������� ����
����

5DGRYL�L�SRJODYOMD�X�NQMLJDPD�

��� âXQMLü�� 9�� (GXNDFLMD� L� LVWUDåLYDQMH� X� RUJDQVNRM
NHPLML� GDQDV�� =ERUQLN� UDGRYD� 6LPSR]LMD� R
IXQGDPHQWDOQLP� LVWUDåLYDQMLPD� �� 'XEUDYNR� 7DGLü
�XU������+$=8����������������

��� 9LWDOH��%���9LWDOH��/M��0ROHNXOVND�ELRORJLMD��,QWHUQD
PHGLFLQD� �� 9UKRYDF�� %RåLGDU� L� VXUDGQLFL� �XU����
1DSULMHG��=DJUHE���������������

5DGRYL�X�RVWDOLP�þDVRSLVLPD�

��� .ODLü�� %�� $QDO\VLV� RI� 6FLHQWLILF� 3URGXFWLYLW\� LQ
&URDWLD� DFFRUGLQJ� WR� WKH� 6FLHQFH� &LWDWLRQ� ,QGH[�
WKH� 6RFLDO� 6FLHQFH�&LWDWLRQ� ,QGH[� DQG� WKH� $UWV� 	
+XPDQLWLHV� &LWDWLRQ� ,QGH[� IRU� WKH� 3HULRG� �����
������&URDWLDQ�0HGLFDO�-RXUQDO������������������

��� .RQWUHF��'���9LQNRYLü��9���âXQMLü��9��2GMHOMLYDQMH
HQDQWLRPHUD� WHNXüLQVNRP� NURPDWRJUDILMRP� ,�
.HPLMD�X�LQGXVWULML��������������������

��� .RQWUHF��'���9LQNRYLü��9���âXQMLü��9��2GMHOMLYDQMH
HQDQWLRPHUD� WHNXüLQVNRP� NURPDWRJUDILMRP� ,,�
.HPLMD�X�LQGXVWULML��������������������

��� 0OLQDULü�0DMHUVNL�� .�� $GDPDQWDQ� �� SROD� VWROMHüD
RG�3UHORJRYH�VLQWH]H��.HPLMD�X�LQGXVWULML�����������
������

��� 2VPDN��0��� $EUDPLü��0��� %UR]RYLü�� $��� +DGåLMD�
0��&HOO�UHVSRQVH�WR�ORZ�UHSHDWHG�GRVHV�RI�LRQLVLQJ
UDGLDWLRQ��LQKLELWLRQ�RI�DSRSWRVLV�LQ�FLVSODWLQ�WUHDWHG
KXPDQ� FHOOV�� 3HULRGLFXP� ELRORJRUXP�� ��� ������
��������

��� 6DORSHN�� %��� 7UDPLãDN� 0LODNRYLü�� 7��� 0LKDOMHYLü�
6��� -HODVND�� 6�� 6WRUDJH� SURGXFW� DFFXPXODWLRQ
GXULQJ� WKH� PDWXUDWLRQ� RI� 3LFHD� RPRULND� �3DQþ��
3XUN�� VRPDWLF� HPEU\RV�� 3HULRGLFXP� %LRORJRUXP�
������������������

��� âXQMLü�� 9�� 9ODGLPLU� 3UHORJ� L� ELRNDWDOLWLþND
LVWUDåLYDQMD� X� +UYDWVNRM�� .HPLMD� X� LQGXVWULML�� ��
�������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� $YGDJLü�� $��� âXQMLü�� 9�� %LRFDWDO\WLF
'HUDFHPL]DWLRQ� RI� ����%HQ]RGLD]HSLQHV� LQ� WKH
6\QWKHVLV� RI� (QDQWLRSXUH� 6HULQH�� +HOYHWLFD
&KLPLFD�$FWD�



��

��� %ODåHYLü�âDIDULN�� -��� .DUPLQVNL�=DPROD�� *��
0DULQLü�� ä��� .ODLü�� %��� 0UYRã�� âHUPHN�� '�
&RQYHQLHQW�V\QWKHVLV���+�DQG���&�105�VWXG\�DQG
;�UD\� FU\VWDO� VWUXFWXUH� GHWHUPLQDWLRQ� RI� QHZ
WKLRSKHQH�GLFDFU\OLF� DFLG� GHULYDWLYHV�� &URDWLFD
&KHPLFD�$FWD�

��� +RUYDW�� â��� 5RãþLü�� 0��� 9DUJD�'HIWHUGDURYLü�� /��
+RUYDW�� -�� ,QWUDPROHFXODU� UHDUUDQJHPHQW� RI� WKH
PRQRVDFFKDULGH�HVWHUV�RI�DQ�RSLRLG�SHQWDSHSWLGH�
)RUPDWLRQ� DQG� LGHQWLILFDWLRQ� RI� QRYHO� $PDGRUL
FRPSRXQGV� UHODWHG� WR� IUXFWRVH� DQG� WDJDWRVH�
-RXUQDO� RI�&KHPLFDO� 6RFLHW\�� 3HUNLQ� 7UDQVDFWLRQV
��

��� .DWDOHQLü�� '��� äLQLü�� 0�� 1RYHO� 'LDVWHUHRPHULF
7K\PLGLQH� &\FOLF� �
��
�WKUHR� 3KRVSKRURDPLGDWHV
1XFOHRVLGHV�	�1XFOHRWLGHV�

��� /MXERYLü��(���âXQMLü��9��(IIHFW�RI�'LVWDQW�*URXS�RQ
WKH�(QDQWLRVHOHFWLYLW\� LQ�.LQHWLF�5HVROXWLRQ� RI� VHF
$OFRKROV�&DWDO\]HG�E\�0LFURELDO�/LSDVHV��&URDWLFD
&KHPLFD�$FWD�

��� 0DUFKDQG�� $�� 3��� $OLKRGåLü�� 6��� 0F.LP�� $�� 6��
.XPDU�� .�� $��� 0OLQDULü�0DMHUVNL�� .��� âXPDQRYDF�
7���%RWW��6��*��6\QWKHVLV�DQG�$ONDO\�0HWDO�3LFUDWH
([WUDFWLRQ� &DSDELOLWLHV� RI� D� ��2[DKH[DF\FOR
���������������� ��������������� GRGHFDQH� �� GHULYHG
&U\SWDQG�� $� QHZ� ,RQRSKRUH� IRU� 6HOHFWLYH� ,RQ
&RPSOH[DWLRQ��7HWUDKHGURQ�/HWWHUV�

��� âLPDJD��â���%DELü��'���2VPDN��0��� ,OLü�)RUNR��-��
9LWDOH�� /M��� 0LOLþLü�� '��� $EUDPLü�� 0�� 'LSHSWLG\O
SHSWLGDVH� ,,,� LQ� PDOLJQDQW� DQG� QRQ�PDOLJQDQW
J\QDHFRORJLFDO� WLVVXH�� (XURSHDQ� -RXUQDO� RI
&DQFHU�

��� 7ULSLü��7���âNUWLü�� ,���9LWDOH��/M��$FWLYLW\�RI� YDULRXV
K\GURO\WLF� HQ]\PHV� LQ� FKLFNHQ� HJJ�ZKLWH� GXULQJ
HJJ�VWRUDJH��)RRG�7HFKQRORJ\�DQG�%LRWHFKQRORJ\�

��� 9UþHN��9���ýDSODU��9���8UãLü��6��)LUVW�+\GUR[DPLF
6HFRQXFOHRVLGH� 'HULYDWLYHV�� &URDWLFD� &KHPLFD
$FWD�

���� :ULVFKHU��0���/MXEHãLü��1���6DORSHN��%��7KH�UROH
RI� FDURWHQRLGV� LQ� WKH� VWUXFWXUDO� DQG� IXQFWLRQDO
VWDELOLW\� RI� WK\ODNRLGV� LQ� SODVWLGV� RI� GDUN�JURZQ
VSUXFH�VHHGOLQJV��-RXUQDO�RI�3ODQW�3K\VLRORJ\�

���� äLJURYLü�� ,��� .LGULþ�� -��� +RUYDW�� â�� ,QIOXHQFH� RI
JO\FDWLRQ� RQ� FLV�WUDQV� LVRPHUL]DWLRQ� DQG
WDXWRPHUL]DWLRQ� LQ� QRYHO� PRUSKLFHSWLQ�UHODWHG
$PDGRUL�FRPSRXQGV�*O\FRFRQMXJDWH�-RXUQDO�

���� äLJURYLü�� ,��� 9HUVOXLV�� &��� +RUYDW�� â��� +HHUPD�� ,�
0DVV� VSHFWURVFRSLF� FKDUDFWHUL]DWLRQ� RI� $PDGRUL
FRPSRXQGV� UHODWHG� WR� WKH� RSLRLG� SHSWLGH
PRUSKLFHSWLQ�� 5DSLG� &RPPXQLFDWLRQV� LQ� 0DVV
6SHFWURPHWU\�

0DJLVWDUVNL�UDGRYL�

��� 0DMHULü�� 0�� 6WXGLM� HQDQWLRVHOHNWLYQH� UHGXNFLMH
SDUD�VXSVWLWXLUDQLK� ��� PHWLO�� FLQDPDOGHKLGD
SHNDUVNLP� NYDVFHP� �� PDJLVWDUVNL� UDG�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ������ ��� VWU��
9RGLWHOM��âXQMLü��9�

��� 3LDQWDQLGD�,��6LQWH]D�����GLD]DSLUHQLMHYLK�NDWLRQD
L� VWXGLM� QMLKRYLK� LQWHUDNFLMD� V� QXNOHRWLGLPD� �
PDJLVWDUVNL� UDG�� =DJUHE�� ,QVWLWXW� 5X HU� %RãNRYLü�
����������������VWU���9RGLWHOM��äLQLü��0�

��� äLJURYLü�� ,�� 3ULSUDYD� L� VWUXNWXUQD� NDUDNWHUL]DFLMD
$PDGRULMHYLK� GHULYDWD� PRUILFHSWLQD�� RSLRLGQRJ
SHSWLGD� L]� POLMHND� �� PDJLVWDUVNL� UDG�� =DJUHE� �
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ������� ������
����VWU���9RGLWHOMLFD��+RUYDW��â�

'LSORPVNL�UDGRYL�

��� %RELQDF�� '�� 6LQWH]H� L� UHDNFLMH� QHNLK� ����
GLVXSVWLWXLUDQLK� GHULYDWD� DGDPDQWDQD� �� GLSORPVNL
UDG�� =DJUHE� �� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
����������������VWU��9RGLWHOM��âNDUH��'�

��� /HãþLü�� ,�� (NVWUDFHOXODUQD� OLSD]D� EDNWHULMH
6WUHSWRP\FHV�ULPRVXV�� L]RODFLMD� L�NDUDNWHUL]DFLMD�� �
GLSORPVNL�UDG��=DJUHE���3ULURGRVORYQR�PDWHPDWLþNL
IDNXOWHW������������������VWU���9RGLWHOMLFH��$EUDPLü�
0���:H\JDQG� XUDãHYLü��,�

��� 5XåLü�� .�� 6�� 6LQWH]D� L� HQ]LPVND� NLQHWLþND
UH]ROXFLMD� UDFHWLO� ���� ���WHUF�EXWLOIHQLO�� ���
PHWLOSURSLRQDWD� �� GLSORPVNL� UDG�� =DJUHE� �
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ������ ��� VWU��
9RGLWHOM��âXQMLü��9�

��� 6WLSHWLü�� 0�� 6WXGLM� $PDGRULMHYRJ� SUHJUD LYDQMD
IHQLODODQLQVNRJ� HVWHUD� JOXNR]H� �� GLSORPVNL� UDG�
=DJUHE�� 30)�� ���� ���� ������� VWU��� 9RGLWHOMLFD
+RUYDW��â�

.RORNYLML�RGUåDQL�X�,5%�X�

0DUFKDQG��$��3��1HZ�$GYHQWXUHV�ZLWK�6XEVWLWXWHG���
$]DELF\FOR���� ��� ��EXWDQHV�� $� 9HUVDWLOH� &ODVV� RI
6\QWKHWLF�,QWHUPHGLDWHV���������������

âXQMLü�� 9�� )LOR]RILMD� PDQDJHPHQWD� X� LVWUDåLYDQMX�
�����������

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

âXQMLü��9��.LUDOQRVW�X�NHPLML�L�NDNR�MH�SRVWLüL��+UYDWVND
DNDGHPLMD� ]QDQRVWL� L� XPMHWQRVWL�� =DJUHE�
�����������

9LWDOH��/M��.UHWDQMH�VYMHWVNLK�LVWUDåLYDQMD���RG�JHQRPD
ND�SURWHRPX��+UYDWVNR�GUXãWYR�NHPLMVNLK� LQåHQMHUD
L� WHKQRORJD��3RGUXåQLFD�5LMHND��+UYDWVNR�NHPLMVNR
GUXãWYR�� +UYDWVNR� ELRNHPLMVNR� GUXãWYR�� 5LMHND�
+UYDWVND�������������

9LWDOH�� /M�� 3URWHRPH� DQDO\VLV� �� QHZ� SRVVLELOLW\� IRU
PHGLFDO� GLDJQRVLV� DQG� GUXJ� WHVWLQJ�� 0HGLFDO
6XPPHU� 6FKRRO� 'XEURYQLN� �,QWURGXFWLRQ� LQWR
0ROHFXODU� 0HGLFLQH��� =DJUHE�� +UYDWVND�
�����������



��

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

1XNOHR]LGL�L�QXNOHLQVNH�NLVHOLQH
3UHGDYDþL��ýDSODU��9���-RNLü��0���äLQLü��%���.DWDOHQLü�
'�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

.HPLMD�XJOMLNRKLGUDWD�L�JOLNRSHSWLGD
3UHGDYDþ��+RUYDW��â�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������

%LRNHPLMVNH�PHWRGH
3UHGDYDþ��,VNULü��6���9LWDOH��/M�
3RVOLMHGLSORPVNL� VWXGLM� L]� ELRORJLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN�JRG����������

0HKDQL]PL�ELOMQRJ�UD]YRMD
3UHGDYDþL��0DJQXV��9���-HODVND��6�
3RVOLMHGLSORPVNL� VWXGLM� L]� ELRORJLMH� 6YHXþLOLãWD� X
=DJUHEX

5HDNWLYQL�LQWHUPHGLMDUL�X�RUJDQVNRM�NHPLML
3UHGDYDþ��0DMHUVNL��.�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH� 6YHXþLOLãWD� X
=DJUHEX��ãN��JRG�������������������
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/MXEOMDQD�������������

)HOLFH�6FRFFLPDUUR��32/<WHFK��$UHD�GL�5LFHUFD��7UVW�
,WDOLMD�����������������
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'LUHNWRULFD�SURJUDPD��GU��VF��0LUMDQD�(FNHUW�0DNVLü

7HPH�X�VDVWDYX�SURJUDPD�
(OHNWURQVND�VWUXNWXUD�L�NHPLMVND�UHDNWLYQRVW��GU��VF��0LUMDQD�(FNHUW�0DNVLü��YRGLWHOMLFD�WHPH

,]RWRSQR�RELOMHåDYDQMH�L�PROHNXOVNH�VSHNWURVNRSLMH��GU��VF��=ODWNR�0HLü��YRGLWHOM�WHPH

(OHNWURQVND�VWUXNWXUD�PROHNXOD�L�DWRPVNLK�JUR]GRYD��GU��VF��=YRQLPLU�0DNVLü��YRGLWHOM�WHPH

3URJUDP�UDGD�

8� RNYLUX� SURJUDPD� LVWUDåXMX� VH� SUREOHPL� ELWQL� ]D� UD]XPLMHYDQMH� HOHNWURQVNH� VWUXNWXUH�� GLQDPLNH� L
UHDNWLYQRVWL� RUJDQVNLK�PROHNXOD� X�RVQRYQRP�VWDQMX� L� X� HOHNWURQVNL� SREX HQLP� VWDQMLPD�� ,VWUDåLYDQMD
SREX HQLK�VWDQMD�PROHNXOD�SRWSXQR� VX�QRYD�X�QDãRM� VUHGLQL� D� YDåQD� VX�X� IRWRNHPLMVNLP�SURFHVLPD
XNOMXþXMXüL� L� ELRORãNL� YUOR� ]QDþDMQX� IRWRVLQWH]X�� 7HåLãWH� LVWUDåLYDQMD� IRNXVLUDQR� MH� QD�� SURFHVLPD
SURWRQLUDQMD� L� GHSURWRQLUDQMD� PROHNXOD�� IRWRLQGXFLUDQRP� SULMHQRVX� SURWRQD�� LVWUDåLYDQMX� VWUXNWXUH� L
GLQDPLNH�PROHNXOD�SULPMHQRP�VSHNWURVNRSVNLK�PHWRGD� L� NYDQWQR�NHPLMVNLK� UDþXQD�� QD�PRGHOLUDQMX� L
SULSUDYL�NDUDNWHULVWLþQLK�VSRMHYD�SRWUHEQLK�]D�VWXGLM� LQWHUDNFLMD�GXJRJ�GRVHJD�L�PHKDQL]DPD�SULMHQRVD
HOHNWURQD� X� SURãLUHQLP�PROHNXODUQLP� VXVWDYLPD�� QD� LVWUDåLYDQMX� XWMHFDMD� L]RWRSQRJ� RELOMHåDYDQMD� QD
]DVMHQMHQMH�MH]JUL� L�NRQVWDQWH�VSUHJH�X�105�VSHNWULPD��WH�]DGQMH�LDNR�QH�L�SRVOMHGQMH�SR�YDåQRVWL�QD
GL]DMQ�PROHNXODUQLK�åLFD��NRMH�PRJX�GRYHVWL�GR�QRYLK�LQWHOLJHQWQLK�PDWHULMDOD�YLVRNLK�SHUIRUPDQVL�
1DM]QDþDMQLMD� GRVWLJQXüD� X� ������ JRG�� XNOMXþXMX�� GLUHNWQL� HNVSHULPHQWDOQL� GRND]� R� QDVWDMDQMX
EHQ]RFLNORSURSHQLO�DQLRQD�X�SOLQVNRM�ID]L�L�REMDãQMHQMH�X]URND�QMHJRYH�VWDELOQRVWL��ãWR�MH�]DELOMHåHQR�NDR
MHGDQ�RG�]QDþDMQLK�GRSULQRVD�X�NHPLML�������JRG���1DFKU��&KHP��7HFKQ��/DE�������������������]DWLP
RWNULüH�SUDYLOD� DGLWLYQRVWL� NRMD� RGUH XMX� DILQLWHWH�PROHNXOD� SUHPD� SURWRQLPD� L�PHWLOQLP� NDWLRQLPD� L� X
YH]L�V�WLP�RWNULüH�QRYLK�L]X]HWQR�MDNLK�VXSHUOXåLQD��WH�QRYX�LQWHUSUHWDFLMX�SURFHVD�FLV�WUDQV�L]RPHUL]DFLMH
VWLOEHQD� DQDOL]RP� YLEUDFLMVNLK� VSHNWDUD� L]RWRSRPHUD� L� DE� LQLWLR� UDþXQRP�� 2VWDOL� UH]XOWDWL� SRVWLJQXWL
WLMHNRP�������JRG��GHWDOMQLMH�VX�RSLVDQL�X�RNYLUX�SRMHGLQLK�WHPD�
3URJUDP�MH�ãLURNR�XNOMXþHQ�X�PH XQDURGQX�VXUDGQMX��16)��&267�'���]DNODGD�9RONVZDJHQ��ELODWHUDOQL
SURMHNWL� V� 0D DUVNRP�� 0DNHGRQLMRP�� 1MHPDþNRP� L� 6ORYHQLMRP��� WH� X� VXUDGQMX� VD� 6YHXþLOLãWHP� X
=DJUHEX� SXWHP� GRGLSORPVNH� L� SRVOLMHGLSORPVNH� QDVWDYH�� NDR� L� L]UDGH� YHüHJ� EURMD� GLSORPVNLK�
PDJLVWDUVNLK�L�GRNWRUVNLK�UDGQML�

5HVHDUFK�SURJUDPPH�

:LWKLQ�WKH�IUDPHZRUN�RI�WKLV�SURJUDPPH��WKH�SUREOHPV�HVVHQWLDO�IRU�XQGHUVWDQGLQJ�DQG�SUHGLFWLQJ�WKH
SURSHUWLHV�RI�WKH�HOHFWURQLF�VWUXFWXUH��G\QDPLFV�DQG�UHDFWLYLW\�RI�RUJDQLF�PROHFXOHV�LQ�WKH�JURXQG�VWDWH
DV�ZHOO�DV�LQ�WKH�HOHFWURQLF�H[FLWHG�VWDWHV��KDYH�EHHQ�PHWLFXORXVO\�H[DPLQHG��$OWKRXJK�LQ�RXU�FKHPLFDO
FRPPXQLW\� WKH� ODWWHU� WRSLF� LV� FRPSOHWHO\� QHZ�� LW� LV� RI� SDUDPRXQW� LPSRUWDQFH� IRU� SKRWRFKHPLFDO
SURFHVVHV�LQYROYLQJ� LQWHU�DOLD�SKRWRV\QWKHVLV��2XU�UHVHDUFK�ZRUN�KDV�EHHQ�IRFXVVHG�RQ�WKH�IROORZLQJ
SRLQWV�� SURWRQDWLRQ� DQG� GHSURWRQDWLRQ� RI� PROHFXOHV�� SKRWRLQGXFHG� SURWRQ� WUDQVIHU�� VWUXFWXUH� DQG
G\QDPLFV�RI�PROHFXOHV�XVLQJ�PRGHUQ�TXDQWXP�FKHPLFDO�DQG�VSHFWURVFRSLF�PHWKRGV��PRGHOOLQJ�DQG
V\QWKHVLV� RI� FKDUDFWHULVWLF� FRPSRXQGV� QHFHVVDU\� IRU� VWXG\LQJ� ORQJ�UDQJH� LQWHUDFWLRQV� DQG
DFFRPSDQ\LQJ�PHFKDQLVPV�RI�HOHFWURQ� WUDQVIHU� LQ�H[WHQGHG�V\VWHPV�VXFK�DV� LVRWRSH�HIIHFWV�RQ� WKH
VSLQ�VSLQ�FRXSOLQJ�FRQVWDQWV��/DVW�EXW�QRW�OHDVW��GHVLJQ�RI�PROHFXODU�ZLUHV��ZKLFK�PD\�ZHOO�OHDG�WR�QHZ
LQWHOOLJHQW�PDWHULDOV�SRVVHVVLQJ�KLJK�SHUIRUPDQFH��LV�DWWHPSWHG�
,Q� ������ RXU� PRVW� VLJQLILFDQW� DFKLHYHPHQWV� HQFRPSDVV� GLUHFW� H[SHULPHQWDO� REVHUYDWLRQV� RI� WKH
SUHVHQFH�RI�EHQ]RF\FORSURSHQ\O�DQLRQ�LQ�WKH�JDVHRXV�SKDVH�VXSSRUWHG�E\�RXU�WKHRUHWLFDO�H[SODQDWLRQ
RI� LWV� VWDELOLW\��7KLV�ZRUN�KDV�EHHQ� VLQJOHG�RXW� E\�1DFKU��&KHP�� 7HFK�� /DE��� ��� ������� ����� DV� DQ
LPSRUWDQW� FRQWULEXWLRQ� WR� FKHPLVWU\� LQ� WKH� \HDU� ������)XUWKHUPRUH�� WR� HVWDEOLVK� WKH�DGGLWLYLW\� UXOH� IRU
JRYHUQLQJ�WKH�DIILQLW\�RI�VXEVWLWXWHG�DURPDWLF�WRZDUGV�SURWRQ�DQG�PHWK\O�FDWLRQ�DQG�GLVFRYHU\�RI�QHZ
YHU\�VWURQJ�RUJDQLF�VXSHUEDVHV�DUH�FHUWDLQO\�QRWHZRUWK\��$�QRYHO�GHWDLOHG�LQWHUSUHWDWLRQ�RI�WKH�FLV�WUDQV
LVRPHULVDWLRQ�RI�VWLOEHQH�XVLQJ�YLEUDWLRQDO�DQDO\VLV�RI�LVRWRSRPHUV�VSHFWUD�DQG�DE�LQLWLR�FDOFXODWLRQV�KDV
EHHQ�SHUIRUPHG�
2WKHU�UHVXOWV�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�ZLWKLQ�WKH�UHSRUWV�RI�SDUWLFXODU�SURMHFWV�RI�WKLV�SURJUDPPH�



��

7KH�SURJUDPPH� LV� LQWHQVLYHO\� LQYROYHG� LQ� WKH� LQWHUQDWLRQDO� VFLHQWLILF� FR�RSHUDWLRQ� �16)��9RONVZDJHQ�
&267�'���ELODWHUDO�FROODERUDWLRQ�ZLWK�+XQJDU\��*HUPDQ\��0DFHGRQLD�DQG�6ORYHQLD���7KH�UHVHDUFKHUV
RI�WKH�SURJUDPPH�WDNH�DQ�DFWLYH�SDUW�LQ�JUDGXDWH�DQG�SRVWJUDGXDWH�VWXGLHV�DW�WKH�8QLYHUVLW\�RI�=DJUHE
UHVXOWLQJ�LQ�QXPHURXV�GLSORPD��0�6F��DQG�3K�'��WKHVHV�

(/(.75216.$�6758.785$�,�.(0,-6.$�5($.7,91267
(/(&7521,&�6758&785(�$1'�&+(0,&$/�5($&7,9,7<
9RGLWHOMLFD�WHPH��GU��VF��0LUMDQD�(FNHUW�0DNVLü

6XUDGQLFL�QD�WHPL�

,YDQD�$QWRO��GLSO��LQå��NHP���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0LUMDQD�(FNHUW�0DNVLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
=RUDQ�*ODVRYDF��PDJLVWDU�NHP���DVLVWHQW��]QDQVWYHQL�QRYDN
6UHüNR�.LULQ��PDJLVWDU�NHP���DVLVWHQW��]QDQVWYHQL�QRYDN
1DQD�1RYDN�'RXPERX\D��PDJLVWUD�NHP���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
,UHQD�=ULQVNL��PDJLVWUD�NHP���DVLVWHQWLFD

7HKQLþNL�VXUDGQLFL�

'UDJLFD�3HWUDþLMD��SHUDþLFD�������UDGQRJ�YUHPHQD
$QWH�3XSDþLü��WHKQLþDU�VXUDGQLN�������UDGQRJ�YUHPHQD

6XUDGQLN�L]�GUXJH�XVWDQRYH�

,YLFD�/MXEHQNRY��PDJLVWDU�NHP��]QDQRVWL��,QDYLQLO��.DãWHO�6XüXUDF

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQD� MH� HOHNWURQVND� VWUXNWXUD� DGXNDWD� JUD HQLK� L]� ELFLNOR�������� KHSWH�D�QVNLK� SUVWHQRYD� V
KHWHURDWRPVNLP� SUHPRãWHQMLPD�� SULPMHQRP� IRWRHOHNWURQVNH� VSHNWURVNRSLMH� L�LOL� DE� LQLWLR� PROHNXODUQR
RUELWDOQLK�UDþXQD��3RVHEQD�SDåQMD� MH�SRVYHüHQD�LVSLWLYDQMX�XWMHFDMD�DWRPD�VLOLFLMD�X�JODYL�PRVWRYD�QD
�D�� LQWHQ]LWHW�p��p�HOHNWURQVNLK� LQWHUDNFLMD� L]PH X� GYRVWUXNH� YH]H� L� DURPDWVNRJ� SUVWHQD� L� �E�� VWXSQMD
QHSODQDUQRVWL� HQGRFLNOLþNH� GYRVWUXNH� YH]H�� 3RVHEQR� ]QDþDMDQ� UH]XOWDW� X� RNYLUX� RYRJ� SUDYFD
LVWUDåLYDQMD�RGQRVL�VH�QD�SULSUDYX�GR�VDGD�QHSR]QDWLK�FLNORDGXNDWD�JUD HQLK�L]�PH XVREQR�VUDãWHQLK
��RNVD��L���VLODQRUERUQHQVNLK�SUVWHQRYD��5HDNFLMH�VH�RGOLNXMX�L]X]HWQR�YLVRNRP�VWHUHRVSHFLILþQRãüX��D
QDMEROMD�LVNRULãWHQMD�SRVWLJQXWD�VX�X]�SULPMHQX�SRYLãHQRJ�SULWLVND�
,]PMHUHQD� MH� NLVHORVW� EHQ]RFLNORSURSHQD�� �+�� QDIWRFLNOR� [E]� SURSHQD�� WROXHQD� L� ��PHWLOQDIWDOHQD� X
SOLQVNRM� ID]L��'RELYHQL� UH]XOWDWL� L]X]HWQR�VX�YULMHGQL�EXGXüL�GD�VH�UDGL�R�SUYRP�GLUHNWQRP�RGUH LYDQMX
NLVHORVWL� QHVXSVWLWXLUDQRJ� WHWUDHGULMVNRJ� FHQWUD� X� FLNORSURSHQVNRP� SUVWHQX� L� EDFDMX� SRWSXQR� QRYR
VYLMHWOR�QD�X]URNH�VWDELOQRVWL�EHQ]RFLNORSURSHQLO�DQLRQD��=DSRþHWD�VX�LVWUDåLYDQMD�QD�UD]YRMX�WHRULMVNRJ
PRGHOD�NRML�EL�RPRJXüLR�SRX]GDQH�SURUDþXQH�ED]LþQRVWL�DURPDWVNLK�VSRMHYD�X�HOHNWURQVNL�SREX HQLP
VWDQMLPD�� 2E]LURP� QD� GRVWXSQH� HNVSHULPHQWDOQH� SRGDWNH� NDR� PRGHOQL� VSRMHYL� VX� RGDEUDQL
EHQ]DOGHKLG��FLMDQREHQ]HQ��QLWUREHQ]HQ�L�DFHWRIHQRQ�
8]� QDYHGHQH�� SRVWLJQXWL� VX� L� QRYL� UH]XOWDWL� X� UD]YRMX� QRYLK� GHULYDWD� YLWDPLQD� &� L� LVSLWLYDQMX� QMLKRYLK
IL]LþNR�NHPLMVNLK� L� DQWLWXPRUVNLK� VYRMVWDYD�� 2YD� VH� LVWUDåLYDQMD� UDGH� V� FLOMHP� UD]YRMD� QRYLK
DQWLRNVLGDQDVD�� D� X�QMLKRYRM� UHDOL]DFLML�� X]� VWDOQH� VXUDGQLNH�QD� WHPL�� VXGMHOXMX� L�PU�� VF�� ,�� /MXEHQNRY
�VXUDGQD�XVWDQRYD��,1$9,1,/��L�GU��0��2VPDN��WHPD�EU������������

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,Q� RUGHU� WR� H[DPLQH� WKH� LQIOXHQFH� RI� KHWHURDWRPLF� EULGJHV� RQ� WKH� ORQJ�UDQJH� SL�SL�LQWHUDFWLRQV�� D
QXPEHU�RI�QRYHO�F\FORDGGXFWV�FRPSRVHG�RI�IXVHG���VLOD��DQG���R[DQRUERUQHQHV�KDV�EHHQ�V\QWKHVLVHG�
'HHSHU�XQGHUVWDQGLQJ�RI� WKHVH� LQWHUDFWLRQV� LV�HVVHQWLDO� IRU�D�VXFFHVVIXO�GHVLJQ�RI�KLJKO\�FRQGXFWLYH
QHZ�PDWHULDOV��6WUXFWXUDO�DQG�HOHFWURQLF�IHDWXUHV�RI�WKHVH�QHZ�FRPSRXQGV�ZHUH�H[SORUHG�DQG�YDOXDEOH
LQIRUPDWLRQ�DERXW�WKHLU�WKHUPDO�VWDELOLW\�REWDLQHG�
'HSURWRQDWLRQ�RI� EHQ]R�� DQG��+�QDSKWKR� [E]� F\FORSURSHQHV�ZDV� LQYHVWLJDWHG� LQ� WKH� JDVHRXV� SKDVH
HPSOR\LQJ� ERWK� WKHRUHWLFDO� DQG� H[SHULPHQWDO� PHWKRGV� ZLWK� SDUWLFXODU� HPSKDVLV� RQ� WKHLU
WKHUPRG\QDPLFDO� SURSHUWLHV� DQG� UHDFWLYLW\�� ,W� LV� HVWDEOLVKHG� WKDW� DQQHODWLRQ� RI� F\FORSURSHQH� ULQJ� WR
EHQ]HQH�DQG�QDSKWKDOHQH�IUDJPHQWV�GUDPDWLFDOO\�LQFUHDVHV�WKH�DFLGLW\�RI�WKH�WHWUDKHGUDO�FHQWUH�ZLWKLQ



��

WKH�F\FORSURS\O�PRLHW\��%\�XVLQJ�DE�LQLWLR�02�DQG�')7�KLJK�OHYHO�WKHRUHWLFDO�PRGHOV��LW�KDV�EHHQ�VKRZQ
WKDW� WKH�KLJK�DFLGLW\� LV�HDVLO\�XQGHUVWRRG�E\�PHDQV�RI�VWUXFWXUDO�DQG�HOHFWURQLF�FKDUDFWHULVWLFV�RI� WKH
IRUPHG� DQLRQV�� 7KH� REWDLQHG� UHVXOWV� EHDU� IXQGDPHQWDO� UHOHYDQFH�� VLQFH� WKH� DFLGLW\� RI� WKHVH
FRPSRXQGV� LV� JLYHQ� E\� DQ� LQWHUSOD\� RI� WZR� SLYRWDO� FRQFHSWV� LQ� RUJDQLF� FKHPLVWU\� �� DURPDWLFLW\� DQG
DQWLDURPDWLFLW\�
3URWRQDWLRQ�RI�VRPH�VXEVWLWXWHG�EHQ]HQHV�LQ�WKHLU�ILUVW�HOHFWURQLFDOO\�H[FLWHG�VWDWH�ZDV�H[DPLQHG�E\�DQ
DSSOLFDWLRQ�RI�UDWKHU�KLJK�OHYHO�DE� LQLWLR�PHWKRGV��7KH�DLP�RI�WKHVH�VWXGLHV� LV�WR�VHOHFW�D�UHOLDEOH�DQG
IHDVLEOH�WKHRUHWLFDO�PRGHO�FDSDEOH�RI�RIIHULQJ�D�VDWLVIDFWRU\�GHVFULSWLRQ�RI�WKH�H[FLWHG�VWDWH�DFLG�EDVH
SURSHUWLHV�RI�RUJDQLF�PROHFXOHV�

,=272312�2%,/-(ä$9$1-(�,�02/(.8/6.(�63(.7526.23,-(
,62723(�/$%(//,1*�$1'�02/(&8/$5�63(&7526&23,(6
9RGLWHOM�WHPH��GU��VF��=ODWNR�0HLü

6XUDGQLFL�QD�WHPL�

*RUDQ�%DUDQRYLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
=ODWNR�0HLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
3UHGUDJ�1RYDN��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN
9LONR�6PUHþNL��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
'UDåHQ� 9LNLü�7RSLü�� GRNWRU� NHP�� ]QDQRVWL�� ]QDQVWYHQL� VXUDGQLN� �YRGLWHOM� 6HUYLVD� ]D� QXNOHDUQX
PDJQHWVNX�UH]RQDQFLMX�

7HKQLþNL�VXUDGQLN�

%RULV�6RNDþ��WHKQLþDU

6XUDGQLN�L]�GUXJH�XVWDQRYH�

0ODGHQ�0LQWDV��GRNWRU�NHP��]QDQRVWL��UHGRYQL�SURIHVRU��)DNXOWHW�NHPLMVNRJ�LQåHQMHUVWYD�L�WHKQRORJLMH

3URJUDP�UDGD�L�UH]XOWDWL�

3URYHGHQD� MH� YLEUDFLMVND� DQDOL]D� WULMX� L]RPHUD� VWLOEHQD� VLPHWULMH� &��� WUDQV��� FLV�� L� SULMHOD]QH� RNRPLWH
NRQIRUPDFLMH��3URUDþXQ�JHRPHWULMH� L� YLEUDFLMVNLK� IUHNYHQFLMD� SURYHGHQ� MH� VHPLHPSLULMVNLP� �$0��� L� DE
LQLWLR� �����*�� UDþXQRP� QD� UD]LQL� 5+)�� D� ]D� RNRPLWL� L]RPHU� GYMHPD�PHWRGDPD�02� QD� UD]LQL� 8+)�
,]RPHUL]DFLMVND� UHDNFLMVND� NRRUGLQDWD� XNOMXþXMH� URWDFLMX� RNR� VUHGLãQMH� YH]H� & &� L� ]QDWQH� SURPMHQH
JHRPHWULMH� YLQLOHQVNH� VNXSLQH�� .RQVWDQWH� VLOD� VNDOLUDQH� VX� SRVHEQR� ]D� FLV� L� WUDQV� L]RPHU��2YLPH� MH
]DRNUXåHQD� YLEUDFLMVND� DQDOL]D� L]RPHUD� VWLOEHQD�� ,]YHGHQ� MH� UDþXQVNL� SRVWXSDN� ]D� UDVWDYOMDQMH
QRUPDOQLK� YLEUDFLMD� GHULYDWD� PROHNXOH� QD� WHPHOMX� YLEUDFLMVNLK� PRGRYD� RVQRYQH� PROHNXOH�� =D
L]RWRSRPHUH�VH�SRVWXSDN�VYRGL�QD�SUHWDSDQMH�KDUPRQLþQLK�PRGRYD��.YDQWLWDWLYQL�RSLV�JLEDQMD�XQXWDU
QRUPDOQLK� YLEUDFLMD� V� SRPRüX� VHPLHPSLULMVNLK� L� DE� LQLWLR� SURJUDPD� SRVWLåH� VH� SUHYR HQMHP� SRPDND
MHGQH� VNXSLQH� DWRPD� QD� SRPDNH� GUXJH� VNXSLQH�� 2YLK� QHNROLNR� SULPMHUD� SRND]XMH� GMHORWYRUQRVW� L
HOHJDQFLMX�SULPMHQH�YLEUDFLMVNLK�VSHNWURVNRSLMD� L�NYDQWQR�NHPLMVNLK� UDþXQD�QD� UMHãDYDQMH�VWUXNWXUQLK� L
GLQDPLþNLK� SUREOHPD� X� NHPLML�� 6XVWDYQLP� LVWUDåLYDQMHP� PRQRGHXWHULUDQLK� DURPDWVNLK� VSRMHYD� V
MHGQRP� L� GYLMH� IHQLOQH� VNXSLQH�� ]DRNUXåHQD� MH� HNVSHULPHQWDOQD� RVQRYD� ]D� LQWHUSUHWDFLMX� QDUDYL� L
PHKDQL]PD�GMHORYDQMD�GHXWHULMVNLK�L]RWRSQLK�HIHNDWD�X��+�L���&�105�VSHNWULPD��5D]OLNH�X�YULMHGQRVWL�L
SUHG]QDNX� HIHNDWD� QD� NHPLMVNL� SRPDN� NUR]� WUL� GR� ãHVW� YH]D� WXPDþH� VH� XWMHFDMHP� NRQIRUPDFLMH
PROHNXOD�L�LOL�VORERGQLK�HOHNWURQVNLK�SDURYD�QD�KHWHURDWRPLPD��NLVLN��GXãLN��VXSVWLWXHQDWD��2GVWXSDQMD
RG� SUDYLOD� DGLWLYQRVWL� L� SURPMHQH� NRQVWDQWL� VSUHJH� &�+� X� ROHILQVNRP� IUDJPHQWX� FLV�� L� WUDQV�VWLOEHQD
REMDãQMHQL� VX� QH]QDWQLP� SURPMHQDPD� JHRPHWULMH� XVOLMHG� L]RWRSQH� VXSVWLWXFLMH�� 1D� QL]X� ELQXNOHDUQLK
PROHNXOD��GHXWHULUDQLK�X�SDUD�SRORåDMX��SRWYU HQD�MH�NRUHODFLMD�HIHNDWD�NUR]�ãHVW�YH]D�L�WRU]LMVNRJ�NXWD
L]PH X� IHQLOQRJ�SUVWHQD� L�SUHPRãWHQMD��3ULPMHQRP�HNVSHULPHQWDOQLK� L� WHRULMVNLK� �DE� LQLWLR��JHRPHWULMD
GRELYHQL�VX�YLVRNL�NRUHODFLMVNL�IDNWRUL��2YD�NRUHODFLMD�PRåH�SRVOXåLWL�]D�L]XþDYDQMH�NRQIRUPDFLMH�VURGQLK
VSRMHYD��,VWUDåLYDQMH�L]RWRSQLK�HIHNDWD��'����1����&��QD�]DVMHQMHQMD�MH]JUL��+�L���&�VSHNWULPD�UH]XOWLUDOR
MH� SLVDQMHP� SR]YDQRJ� SRJODYOMD� X� NQML]L�� $WWD�XU�5DKPDQ� �XU���� 5HFHQW� $GYDQFHV� LQ� $QDO\WLFDO
7HFKQLTXHV��*RUGRQ�DQG�%UHDFK�6FLHQFH�3XEOLVKHUV��$PVWHUGDP��������SS�����������NRMD�MH�X�WLVNX��8
UD]PDWUDQRP�UD]GREOMX�L]UD HQR�MH�LOL�VH�L]UD XMH���GLSORPVNLK�UDGRYD�



���
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%\�RSWLPLVLQJ�JHRPHWU\��D�YHU\�JRRG�DJUHHPHQW�ZLWK�H[SHULPHQWDO�YLEUDWLRQDO�VSHFWUD�RI�FLV��DQG�WUDQV�
VWLOEHQH� KDV� EHHQ� DFKLHYHG� XVLQJ� VHPL�HPSLULFDO� DQG� DE� LQLWLR� PHWKRGV�� 9LEUDWLRQDO� IUHTXHQFLHV� IRU
SHUSHQGLFXODU� WUDQVLWLRQ� IRUP� ZHUH� DOVR� FDOFXODWHG�� 3URFHVV� RI� LVRPHULVDWLRQ� LQFOXGHV� QRW� RQO\� WKH
URWDWLRQ� DURXQG� WKH� ROHILQLF� GRXEOH� ERQG�� EXW� VRPH� VLJQLILFDQW� FKDQJHV� LQ� JHRPHWU\� RI� WKH� YLQ\OHQH
JURXS�DV�ZHOO��7RUVLRQDO�YLEUDWLRQV�RI�WKH�SKHQ\O�JURXS�LQ�WUDQV�VWLOEHQH�FDQ�EH�LQWHUSUHWHG�RQO\�LQ�WHUPV
RI�WKH�QRQ�SODQDU�VWUXFWXUH�LQ�WKH�JURXQG�VWDWH�
$�JHQHUDO�PHWKRG�IRU�KDUPRQLF�PRGH�VFUDPEOLQJ��ZKLFK�FDQ�EH�DSSOLHG� WR�YLEUDWLRQDO�DQDO\VLV�XVLQJ
ERWK�VHPL�HPSLULFDO�DQG�DE�LQLWLR�FDOFXODWLRQV�KDV�EHHQ�GHYHORSHG�
%\� V\VWHPDWLF� LQYHVWLJDWLRQ�RI� GHXWHULXP�HIIHFWV� RQ�105�VSHFWUDO� SDUDPHWHUV�� WKHLU� GHSHQGHQFH� RQ
PROHFXODU�FRQIRUPDWLRQ�DQG�HOHFWURQ�VWUXFWXUH�RI�VXEVWLWXHQWV�KDV�EHHQ�FRQILUPHG��5DQJH��DPRXQW�DQG
VLJQ�RI� WKH�HIIHFWV� RQ� FKHPLFDO� VKLIWV� GHSHQG�RQ� WKH�SRVLWLRQ�RI� LVRWRSH�QXFOHXV� LQ� D�PROHFXOH�� )RU
PRQR�� DQG� ELQXFOHDU� DURPDWLF� PROHFXOHV�� WKH� HIIHFWV� GHSHQG� RQ� PROHFXODU� FRQIRUPDWLRQ�� URWDPHU
SRSXODWLRQ�DQG�ORQH�HOHFWURQ�SDLUV�DW�KHWHURDWRP��QLWURJHQ��R[\JHQ���,VRWRSH�VXEVWLWXWLRQ�FDXVHV�VXEWOH
FKDQJHV�LQ�PROHFXODU�JHRPHWU\��WKXV�FKDQJLQJ�YLEUDWLRQDO�DPSOLWXGHV�DQG�ERQG�OHQJWKV�DQG�LQGXFLQJ
VXEWOH� YDULDWLRQV� LQ� VKLHOGLQJ�RI� REVHUYHG�QXFOHL��0LQXWH� FKDQJHV� LQ�PROHFXODU� JHRPHWU\� LQGXFHG� E\
LVRWRSLF�VXEVWLWXWLRQ�HYHQ�FDXVH�GHFUHDVLQJ�RI�WKH�&�+�FRXSOLQJ�FRQVWDQW�LQ�WKH�YLQ\OHQH�JURXS�RI�FLV�
DQG�WUDQV�VWLOEHQH�

(/(.75216.$�6758.785$�02/(.8/$�,�$7206.,+�*52='29$
(/(&7521,&�6758&785(�2)�02/(&8/(6�$1'�$720,&
&/867(56
9RGLWHOM�WHPH��GU��VF��=YRQLPLU�0DNVLü

6XUDGQLFL�QD�WHPL�

$QGUHD�.QHåHYLü��GLSO��LQå��NHP���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
'DPLU�.RYDþHN��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW��GR������������
%RULV�.RYDþHYLü��GLSO��LQå��NHP���POD L�DVLVWHQW��]QDQVWYHQL�QRYDN
.UHãLPLU�.RYDþHYLü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
=YRQLPLU�%��0DNVLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
,QHV�3HWDQMHN��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

3URJUDP�UDGD�L�UH]XOWDWL�QD�WHPL�

1DSUDYOMHQL� VX� EURMQL� DE� LQLWLR� UDþXQL� ]D� SURWRQLUDQMH� L� GHSURWRQLUDQMH� DURPDWVNLK�PROHNXOD� L� QMLKRYLK
SROLVXSVWLWXLUDQLK� GHULYDWD�� 5H]XOWDWL� VX� X� RGOLþQRP� VODJDQMX� V� SRVWRMHüLP� HNVSHULPHQWDOQLP
YULMHGQRVWLPD�� 0H XWLP�� GRN� VH� X� HNVSHULPHQWX� RGUH XMX� SURWRQVNL� DILQLWHWL� L� NLVHORVW� VDPR� ]D
WHUPRGLQDPLþNL� �HQHUJLMVNL�� QDMSRYROMQLMH� SRORåDMH�� QDãL� WHRULMVNL� UH]XOWDWL� VX� PQRJR� XQLYHU]DOQLML�� MHU
XNOMXþXMX�VYH�PRJXüH�SRORåDMH�SURWRQLUDQMD�X�PROHNXOL��2QL�SRND]XMX�WDNR HU�GD�HQHUJLMH�SURWRQLUDQMD
VOLMHGH� YUOR� MHGQRVWDYQD� SUDYLOD� DGLWLYQRVWL�� NRMD� VH� WHPHOMH� QD� PRGHOX� QH]DYLVQLK� VXSVWLWXHQDWD�
3RND]DOL� VPR� GD� RYD� SUDYLOD� YULMHGH� ]D� SURWRQVNH� DILQLWHWH� �3$�� VXSVWLWXLUDQLK� EHQ]HQD�� DOL� L� YHüLK
DURPDWVNLK� VXVWDYD� NDR� ãWR� VX� QDIWDOHQ�� ELIHQLOHQ� LWG�� 3URL]OD]L� WDNR HU� GD� VOLþQD� SUDYLOD� PXWDWLV
PXWDQGLV� YULMHGH� L� ]D� HQHUJLMH� GHSURWRQLUDQMD� �WM�� ]D� NLVHORVW� VXSVWLWXLUDQLK� DURPDWD��� -HGDQ� RG� YUOR
]QDþDMQLK�UH]XOWDWD�RYLK�LVWUDåLYDQMD�MHVW�GL]DMQ�YUOR�MDNLK��VXSHU��OXåLQD���W]Y��SURWRQVNLK�VSXåYL���þLML�VH
SURWRQVNL�DILQLWHWL�QDOD]H�X�UDVSRQX�RG���������NFDO�PRO��2YDNR�YLVRND�OXåQDWRVW�SRVWLJQXWD�MH�SRPRüX
SRWSXQR� QRYRJ� NRQFHSWD�� DURPDWL]DFLMH� WURþODQRJ� �FLNORSURSHQVNRJ�� RGQRVQR� ãHVWHURþODQRJ
�EHQ]HQVNRJ�� SUVWHQD� QDNRQ� SURWRQLUDQMD� DONLO� VXSVWLWXLUDQH� LPLQR� VNXSLQH�� 2YD� LVWUDåLYDQMD� VH
QDVWDYOMDMX� MHU� PRJX� GRYHVWL� GR� PROHNXODUQLK� SURWRQVNLK� åLFD�� ãWR� EL� PRJOR� LPDWL� SULPMHQX� SUL
LQåHQMHULQJX� QRYLK� PDWHULMDOD� YLVRNLK� SHUIRUPDQVL�� .RQDþDQ� FLOM� RYLK� LVWUDåLYDQMD� MH� VWYDUDQMH� PDOLK
VWURMHYD� QD� PROHNXODUQRM� UD]LQL�� 3RVHELFH� åHOLPR� LVWDNQXWL� GD� DGLWLYQRVW� SURWRQVNLK� DILQLWHWD� YULMHGL
SRGMHGQDNR� ]D� VYH� SR]LFLMH� XQXWDU� DURPDWVNRJ� SUVWHQD� V� L]X]HWNRP� LSVR� SRORåDMD�� 3URWRQLUDQMH� QD
RYRP�SRORåDMX� L]EDFXMH�VXSVWLWXHQW� L]YDQ�UDYQLQH�DURPDWVNRJ�SUVWHQD�ãWR�YRGL�X�SUDYLOX�GR�QMHJRYRJ
SURVWRUQRJ�QDELUDQMD��2YR�SRVOMHGQMH� ]QDWQR�SHUWXUELUD� DURPDWVNL� IUDJPHQW�� SD� IRUPXOH� DGLWLYQRVWL� X
VWDQGDUGQRP� REOLNX� YLãH� QH� YULMHGH�� 3RND]DOL� VPR�� PH XWLP�� GD� VH� DGLWLYQRVW� PRåH� SRQRYQR
XVSRVWDYLWL�DNR�VH�L]DEHUH�QRYD�VNDOD�NDR�L�SULNODGQR�GHILQLUDQL�QRYL�LQNUHPHQWL�
.RQDþQR�� SRND]DOL� VPR� GD� SRVWRML� YUOR� XVND� OLQHDUQD� YH]D� L]PH X� 3$� L� DILQLWHWD� SUHPD� PHWLOQRP
NDWLRQX�� WH� GD� ]D�&+��� DILQLWHW� YULMHGH� VOLþQD� SUDYLOD� DGLWLYQRVWL�� 1D� NUDMX�� VSRPHQXW� üHPR� GD� VPR



���

UD]PDWUDOL� SUREOHPH�PROHNXODUQH� L� HOHNWURQVNH� VWUXNWXUH�QHNLK� IX]LRQLUDQLK� DQWL�0LOOV�1L[RQ� SODQDUQLK
VXVWDYD�L�RGUHGLOL�QMLKRYD�PMHVWD�QDMYMHURMDWQLMHJ�HOHNWURILOQRJ�QDSDGD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

3URWRQDWLRQ� DQG� GHSURWRQDWLRQ� HQHUJLHV� RI� DURPDWLFV� DQG� WKHLU� KHDYLO\� VXEVWLWXWHG� GHULYDWLYHV� KDYH
EHHQ� GHWHUPLQHG� WKHRUHWLFDOO\� E\� XVLQJ� KLJK� OHYHO� DE� LQLWLR� PHWKRGV�� 2XU� UHVXOWV� DUH� LQ� H[FHOOHQW
DJUHHPHQW�ZLWK�WKH�EHVW�DYDLODEOH�H[SHULPHQWDO�GDWD��7KH�WKHRUHWLFDO�UHVXOWV�DUH��KRZHYHU��XQLYHUVDO�LQ
D�VHQVH�WKDW�WKH\�DUH�REWDLQHG�IRU�DOO�SRVVLEOH�SRVLWLRQV�ZLWKLQ�WKH�VWXGLHG�PROHFXODU�V\VWHP��LQ�FRQWUDVW
WR�WKH�H[SHULPHQWDO�YDOXHV�ZKLFK�UHIHU�WR�WKH�WKHUPRG\QDPLFDOO\�PRVW�IDYRXUDEOH�VLWH�RQO\��$QDO\VLV�RI
WKH� HVWLPDWHG� SURWRQ� DIILQLWLHV� �3$V�� DQG� DFLGLWLHV� �$&V�� VKRZV� WKDW� WKH\� IROORZ� YHU\� VLPSOH� DQG
WUDQVSDUHQW� DGGLWLYLW\� IRUPXODH� IRXQG� E\� HPSOR\LQJ� WKH� LQGHSHQGHQW� VXEVWLWXHQW� DSSUR[LPDWLRQ� �,6$�
PRGHO�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH� DGGLWLYLW\� UXOH� IRU� 3$V� SHUIRUPV� YHU\�ZHOO� QRW� RQO\� LQ� VXEVWLWXWHG
EHQ]HQHV��EXW�DOVR� LQ� ODUJHU�DURPDWLFV� OLNH�QDSKWKDOHQHV��ELSKHQ\OHQHV��HWF��$QDORJRXV� UXOH�PXWDWLV
PXWDQGLV� JRYHUQV� GHSURWRQDWLRQ� HQHUJLHV� RI� DURPDWLFV�� 2QH� RI� WKH� PRVW� VLJQLILFDQW� UHVXOWV� RI� RXU
LQYHVWLJDWLRQV�LQ������LV�D�GHVLJQ�RI�VHYHUDO�VXSHUEDVHV��ZKLFK�H[KLELW�YHU\�KLJK�3$V�LQ�WKH�UDQJH�RI
����WR�����NFDO�PRO��7KLV�ZDV�DFKLHYHG�E\�GHYHORSLQJ�D�FRPSOHWHO\�QHZ�FRQFHSW��DURPDWLVDWLRQ�RI�WKH
WKUHH�PHPEHUHG� �F\FORSURSHQH��DQG�VL[�PHPEHUHG� �EHQ]HQH�� ULQJ�XSRQ�SURWRQDWLRQ�RI� WKH�DWWDFKHG
DON\O�VXEVWLWXWHG�LPLQR�JURXS��7KLV� OLQH�RI�UHVHDUFK� LV�SURPLVLQJ�VLQFH� LW�PD\�ZHOO� OHDG� WR�QHZ�SURWRQ
VSRQJHV�DQG�RU�WR�PROHFXODU�SURWRQ�ZLUHV��ZKLFK�LQ�WXUQ�FRXOG�UHVXOW� LQ�VRPH�QRYHO�KLJK�SHUIRUPDQFH
PDWHULDOV��7KH�XOWLPDWH�JRDO�RI�WKHVH�LQYHVWLJDWLRQV�LV�WR�HQJLQHHU�WLQ\�PDFKLQHV�RQ�D�PROHFXODU�OHYHO�
$GGLWLRQDOO\��ZH�KDYH�VKRZQ�WKDW�WKHUH� LV�D�FORVH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�3$V�DQG�WKH�DIILQLW\
WRZDUGV�PHWK\O�FDWLRQ��0&$��LQ�WKH�VXEVWLWXWHG�EHQ]HQHV�
)LQDOO\�� WKH� PROHFXODU� DQG� HOHFWURQLF� VWUXFWXUHV� RI� VRPH� DQWL�0LOOV�1L[RQ� SODQDU� PROHFXOHV� ZHUH
H[DPLQHG��DQG�WKH�SRVLWLRQV�PRVW�VXVFHSWLEOH�WR�WKH�HOHFWURSKLOLF�DWWDFN�LGHQWLILHG�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� %DUDQRYLü�� *�� *HQHUDOL]HG� KDUPRQLF� PRGH
VFUDPEOLQJ��&KHPLFDO�3K\VLFV�/HWWHUV������������
��������

��� %LVWULþLü�� /��� %DUDQRYLü�� *��� âDIDU� &YLWDã�� '��
0OLQDULü�0DMHUVNL�� .�� 1DWXUH� RI� ERQGLQJ� LQ
>�����@SURSHOODQH��9LEUDWLRQDO�VSHFWUD�DQG�QRUPDO
FRRUGLQDWH� DQDO\VLV� RI� ����PHWKDQR�����
GLGHK\GURDGDPDQWDQH�� �����GLPHWK\OPHWKDQR��
����GLGHK\GURDGDPDQWDQH�� DQG� WKHLU� GLK\GUR
FRQJHQHUV��-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�$�����
���������������

��� (FNHUW�0DNVLü��0���+RGRãþHN��0���.RYDþHN��'��
0DNVLü�� =�� %��� 3ULPRUDF�� 0�� 7KHRUHWLFDO� PRGHO
FDOFXODWLRQV� RI� WKH� DEVROXWH� SURWRQ� DIILQLWLHV� RI
EHQ]RQLWULOH�� QLWURVR�� DQG� QLWUREHQ]HQH�
7KHRFKHP�-RXUQDO� RI� 0ROHFXODU� 6WUXFWXUH�� ���
���������������

��� (FNHUW�0DNVLü�� 0��� .OHVVLQJHU�� 0��� $QWRO�� ,��
0DNVLü�� =�%�� $GGLWLYLW\� RI� SURWRQ� DIILQLWLHV� LQ
GLVXEVWLWXWHG� QDSKWKDOHQHV�� -RXUQDO� RI� 3K\VLFDO
2UJDQLF�&KHPLVWU\��������������������

��� .ODVLQF�� /��� 3DãD�7ROLü�� /M��� 9LNLü�7RSLü�� '��
.QRS�� -�9��0F*O\QQ�� 6�3�� /RQJ�UDQJH� HOHFWURQLF
LQWHUDFWLRQV� LQ� DQGURVWDQHGLRQHV�� ,QWHUQDWLRQDO
-RXUQDO� RI� 4XDQWXP� &KHPLVWU\�� ��� ������� ����
����

��� .RYDþHN��'���0DNVLü��=�%��1RYDN��,��$GGLWLYLW\�RI
WKH� SURWRQ� DIILQLW\� LQ� DURPDWLFV�� IOXRULQDWHG
QDSKWKDOHQHV��-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�����
����������������

��� 0DNVLü�� =�� %��� .RYDþHYLü�� %��� .RYDþHN�� '�
6LPSOH�DE�LQLWLR�PRGHO�IRU�FDOFXODWLQJ�WKH�DEVROXWH
SURWRQ� DIILQLW\� RI� DURPDWLFV�� -RXUQDO� RI� 3K\VLFDO
&KHPLVWU\�����������������������

��� 0HLü��=���%DUDQRYLü��*���6PUHþNL��9���1RYDN��3��
.HUHV]WXU\�� *��� +ROO\�� 6�� 9LEUDWLRQDO� FRXSOLQJ� LQ
WUDQV�D]REHQ]HQH�DQG�LWV�LVRWRSRPHUV��-RXUQDO�RI
0ROHFXODU�6WUXFWXUH���������������������

��� 0RRUH��/���/XELQVNL��5���%DVFKN\��0�&���'DKONH�
*�'��� +DUH�� 0��� $UURZRRG�� 7��� *ODVRYDF�� =��
(FNHUW�0DNVLü�� 0��� .DVV�� 6�5�
%HQ]RF\FORSURSHQ\O� DQLRQ� �D� VWDEOH� �p� �HOHFWURQ
VSHFLHV��-RXUQDO�RI�2UJDQLF�&KHPLVWU\�����������
����������
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���� 1RYDN��3���0HLü��=���9LNLü�7RSLü��'���6WHUN��+�
/RQJ�UDQJH�GHXWHULXP�LQGXFHG�LVRWRSH�HIIHFWV�RQ
+��� FKHPLFDO� VKLIWV� LQ� FLV�� DQG� WUDQV�VWLOEHQH�
-RXUQDO�RI�0ROHFXODU�6WUXFWXUH������������������

���� 2VPDN�� 0��� .RYDþHN�� ,��� /MXEHQNRY�� ,��
6SDYHQWL�� 5��� (FNHUW�0DNVLü�� 0�� $VFRUELF� DFLG
DQG� ��GHR[\���FKORUR�DVFRUELF� DFLG� �� SRWHQWLDO
DQWLFDQFHU� GUXJV�� 1HRSODVPD�� ��� ������� ����
����

���� 3RQJUDþLü�� 0��� 5DLü�� 6��� 9LNLü�7RSLü�� '��
0LQWDV�� 0�� $F\FOLF� DQDORJXHV� RI� SXULQH
QXFOHRVLGHV� ZLWK� GLPHWK\ODPLQRHWK\O� DQG
GLPHWK\ODPLQRHWKR[\DON\O� VLGH� FKDLQV�
SUHSDUDWLRQ��RQH�DQG�WZR�GLPHQVLRQDO��+�DQG���&
105�6WXGLHV��&URDWLFD�&KHPLFD�$FWD�����������
����������

���� 5DLü��6���0LQWDV��0���'DQLORYVNL��$��� 9LQNRYLü�
0��� 3RQJUDþLü�� 0��� 3ODYHF�� -��� 9LNLü�7RSLü�� '�
$F\FOLF� SXULQH� QXFOHRVLGH� DQDORJXHV� �
FRPSXWDWLRQDO� DQG� 105� VWXGLHV� RI
FRQIRUPDWLRQDO� EHKDYLRXU�� -RXUQDO� RI� 0ROHFXODU
6WUXFWXUH�������������������

���� 6PUHþNL�� 9��� %DUDQRYLü�� *��� .HUHV]WXU\�� *��
0HLü�� =�� 1HDU�LQIUDUHG� )RXULHU� WUDQVIRUP� 5DPDQ
VSHFWUD� RI� SURWRQDWHG� DQG� GHXWHUDWHG� WUDQV�
D]REHQ]HQH� LVRWRSRPHUV�� -RXUQDO� RI� 0ROHFXODU
6WUXFWXUH���������������������

���� 7XãHN�%RåLü�� /M��� ûXULü�� 0��� 9LNLü�7RSLü�� '��
/\þND�� $�� 0XOWLQXFOHDU� 105� VWXGLHV� RI
SDOODGLXP�,,��GLKDOLGH�FRPSOH[HV�RI�GLEXW\O�^DOSKD
�� >��� �SKHQ\OGLD]HQ\O�� DQLOLQR@� EHQ]\O`
SKRVSKRQDWH�� &ROOHFWLRQ� RI� &]HFKRVORYDN
&KHPLFDO� &RPPXQLFDWLRQV�� ��� ������� �����
�����

���� 9LNLü�7RSLü��'���1RYDN��3���6PUHþNL��9���0HLü�
=�� 'HXWHULXP� LVRWRSH� HIIHFWV� LQ� &���� 105
VSHFWUD� RI� WUDQV�D]REHQ]HQH�� -RXUQDO� RI
0ROHFXODU�6WUXFWXUH�����������������

���� :DUUHQHU��5�1���0DUJHWLü��'���7LHNLQN��(�5�7��
5XVVHOO�� 5�$�� 7KH� ������R[DGLD]ROH� DQG� ������
WKLDGLD]ROH� FRXSOLQJ� RI� QRUERUQHQHV� DQG� ��
R[DQRUERUQHQHV� XQGHU� KLJK� SUHVVXUH�QHZ
VWUXFWXUHV�� PHFKDQLVWLF� GHWDLO� DQG� V\QWKHWLF
DSSOLFDWLRQV��6\QOHWW�������������

���� :DUUHQHU�� 5�1��� 5XVVHOO�� 5�$��� 0DUJHWLü�� '�
7KH� V\QWKHVLV� RI� D]D>1@ODGGHUDQHV� DQG
D]DKRPR>1@ODGGHUDQHV� FRQWDLQLQJ� EHWD�ODFWDPV
DW�WKH�WHUPLQXV��6\QOHWW������������

5DGRYL�L�SRJODYOMD�X�NQMLJDPD��

��� 0DNVLü��=��%���(FNHUW�0DNVLü��0�� ,QWULQVLF�SURWRQ
DIILQLW\� RI� VXEVWLWXWHG� DURPDWLFV�� X� 7KHRUHWLFDO
RUJDQLF�FKHPLVWU\� ��3ROLW]HU��3���0DNVLü��=�%�� �XU���
$PVWHUGDP���(OVHYLHU����������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� %DUDQRYLü�� *��� 0HLü�� =��� 0DXOLW]�� $�� +�
9LEUDWLRQDO� DQDO\VLV� RI� VWLOEHQH� DQG� LWV
LVRWRSRPHUV� RQ� WKH� JURXQG� VWDWH� SRWHQWLDO
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0DNVLü�� =�� %��� 7HRULMVNR� LVWUDåLYDQMH� NHPLMVNH
UHDNWLYQRVWL� ��(OHNWURILOQD�VXSVWLWXFLMD�DURPDWVNLK
PROHNXOD�� ,QVWLWXW� -RåHI� âWHIDQ�� /MXEOMDQD�
6ORYHQLMD

0HLü�� =��� ,QYHVWLJDWLRQ� RI� PROHFXODU� VWUXFWXUH� DQG
G\QDPLFV� XVLQJ� VSHFWURVFRSLF� DQG� TXDQWXP�
FKHPLFDO�PHWKRGV��&HQWUDO�5HVHDUFK�,QVWLWXWH�IRU
&KHPLVWU\�� +XQJDULDQ� $FDGHP\� RI� 6FLHQFHV�
%XGLPSHãWD��0D DUVND

3RVMHW�LQR]HPQLK�VWUXþQMDND�

-DNDE�� /DMRV�� .).,� $WRPLF� (QHUJ\� 5HVHDUFK
,QVWLWXWH�� %XGLPSHãWD�� 0D DUVND�� ����
�����������

.HUHV]WXU\�� *DERU�� &HQWUDO� 5HVHDUFK� ,QVWLWXWH� IRU
&KHPLVWU\�� +XQJDULDQ� $FDGHP\� RI� 6FLHQFHV�
%XGLPSHãWD��0D DUVND�����������������

-DOVRYV]N\�� *\|UJ\�� &HQWUDO� 5HVHDUFK� ,QVWLWXWH� IRU
&KHPLVWU\�� +XQJDULDQ� $FDGHP\� RI� 6FLHQFHV�
%XGLPSHãWD��0D DUVND�����������������

5DGHPDFKHU��3DXO��,QVWLWXW�I�U�2UJDQLVFKH�&KHPLH�
8QLYHUVLWlW�*+�(VVHQ��(VVHQ��1MHPDþND�� ������
���������

0LQþHYD�âXNDURYD�� %LOMDQD�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW��8QLYHU]LWHW�6NRSMH��6NRSMH�
0DNHGRQLMD�����������������

6FKDHIHU� ,,,�� +HQU\� )��� &HQWHU� IRU� &RPSXWDWLRQDO
4XDQWXP� &KHPLVWU\�� 8QLYHUVLW\� RI� *HUJLD�
$WKHQV��6$'�
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=$92'�=$�.(0,-8�0$7(5,-$/$
'(3$570(17�2)�0$7(5,$/6�&+(0,675<
'U��VF��6YHWR]DU�0XVLü��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD�
/DERUDWRULM�]D�VLQWH]X�QRYLK�PDWHULMDOD��GU��VF��%RULV�6XERWLü��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�SURFHVH�WDORåHQMD��GU��VF��/MHUND�%UHþHYLü��YRGLWHOMLFD�ODERUDWRULMD
/DERUDWRULM�]D�UDGLMDFLMVNX�NHPLMX�L�GR]LPHWULMX��GU��VF��'XãDQ�5DåHP��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�NHPLMX�þYUVWRJ�VWDQMD��GU��VF��äHOLPLU�%ODåLQD��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�NHPLMX�NRPSOHNVQLK�VSRMHYD��GU��VF��1HYHQND�%UQLþHYLü��YRGLWHOMLFD�ODERUDWRULMD

7DMQLãWYR��9HVQD�3LFDN

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

=1$1267�,�7(+12/2*,-$�0$7(5,-$/$
6&,(1&(�$1'�7(&+12/2*<�2)�0$7(5,$/6

'LUHNWRU�SURJUDPD��GU�VF��6YHWR]DU�0XVLü

7HPH�X�VDVWDYX�SURJUDPD�
,VWUDåLYDQMH�SURFHVD�NULVWDOL]DFLMH�L�LRQVNH�]DPMHQH�]HROLWD��GU��VF��%RULV�6XERWLü��YRGLWHOM�WHPH
3URFHVL�WDORåHQMD�X�VXVWDYLPD�þYUVWR�WHNXüH��GU��VF��/MHUND�%UHþHYLü��YRGLWHOMLFD�WHPH

6LQWH]D�L�PLNURVWUXNWXUD�PHWDOQLK�RNVLGD�L�RNVLGQLK�VWDNDOD��GU��VF��6YHWR]DU�0XVLü��YRGLWHOM
WHPH
)L]LþNR�NHPLMVNL�XþLQFL�LRQL]LUDMXüLK�]UDþHQMD��GU��VF��'XãDQ�5DåHP��YRGLWHOM�WHPH

6LQWH]D��NDUDNWHUL]DFLMD�L�PRGLILFLUDQMH�SROLPHUD�]UDþHQMHP��GU��VF��)UDQMR�5DQRJDMHF��YRGLWHOM
WHPH

,QWHUPHWDOQL�VSRMHYL�L�PHWDOQL�KLGULGL��GU��VF��äHOLPLU�%ODåLQD��YRGLWHOM�WHPH
6XSUDYRGOMLYL�RNVLGL��GU��VF��1HYHQND�%UQLþHYLü��YRGLWHOMLFD�WHPH

3URJUDP�UDGD�

3URJUDP��=QDQRVW� L� WHKQRORJLMD�PDWHULMDOD��SULGRQRVL�GXJRURþQLP�FLOMHYLPD�]QDQRVWL� L�JRVSRGDUVWYD�X
5HSXEOLFL� +UYDWVNRM� VOMHGHüLP� DNWLYQRVWLPD�� �D�� VLQWH]RP� L� LVWUDåLYDQMHP� VYRMVWDYD� SULPMHQOMLYLK
PDWHULMDOD� �]HROLWL�� PDJQHWQL� RNVLGL�� VXSUDYRGOMLYL� RNVLGL�� RNVLGQD� L� PHWDOQD� VWDNOD�� VWDNORNHUDPLNH�
NODVWHUL�� LQWHUPHWDOQL� VSRMHYL� L� PHWDOQL� KLGULGL��� �E�� LVWUDåLYDQMHP� NLQHWLND� L� PHKDQL]DPD� NHPLMVNLK
SURFHVD���F��UD]YRMHP�WHRULMVNLK�L�HNVSHULPHQWDOQLK�PHWRGD�X�]QDQRVWL�R�PDWHULMDOLPD���G��LVWUDåLYDQMHP
L� UD]YRMHP� UDGLMDFLMVNH� WHKQRORJLMH�� �H�� VXUDGQMRP� V� KUYDWVNRP� LQGXVWULMRP� L� XVWDQRYDPD�� �I�
VXGMHORYDQMHP� VXUDGQLND� =DYRGD� ]D� NHPLMX� PDWHULMDOD� X� YLVRNRãNROVNRM� QDVWDYL�� L� �J�� L]UDGERP
GLSORPVNLK��PDJLVWDUVNLK�L�GRNWRUVNLK�UDGRYD�X�ODERUDWRULMLPD�=DYRGD�

2SüL�FLOM�LVWUDåLYDQMD�X�SRGUXþMX�]HROLWD�MH�SUHSR]QDYDQMH�NULWLþQLK�SURFHVD��QDVWDMDQMH�L�RWDSDQMH�JHOD�
QXNOHDFLMD�L�UDVW�NULVWDOD���NRML�VH�QD�PROHNXOVNRM��LRQVNRM��UD]LQL�RGYLMDMX�WLMHNRP�VLQWH]H�UD]OLþLWLK�WLSRYD
]HROLWD�� 2GUH HQ� MH� XWMHFDM� UD]OLþLWLK� IL]LþNR�NHPLMVNLK� SDUDPHWDUD� QD� UDVSRGMHOX� 1D�� $O� L� 6L� L]PH X
þYUVWH� L� WHNXüH� ID]H� DOXPRVLOLNDWQLK� KLGURJHORYD�� WH� MH� QD� RVQRYL� GRELYHQLK� ]DNRQLWRVWL� PRJXüH
PRGHOLUDWL� NHPLMVNX� VLQWH]X� ]HROLWD� NDNR� EL� VH� GRELR� åHOMHQL� WLS� ]HROLWD�� RGUH HQD� YHOLþLQD� þHVWLFD� L
SRåHOMQD�PRUIRORJLMD��1D�PRGHOQRP� VXVWDYX� NDOFLMHYRJ� NDUERQDWD� LVSLWDQD� MH� NLQHWLND� WUDQVIRUPDFLMH
YDWHULWD� X� NDOFLW� X� YRGHQRP� PHGLMX�� 2GUH HQL� VX� XYMHWL� VLQWH]H� QLVNRWHPSHUDWXUQRJ� DPRUIQRJ
SUHNXUVRUD� PDJQHWQLK� RNVLGD� RSüH� IRUPXOH� 5�)H�2���� 5 ULMHWND� ]HPOMD�� WH� L]YHGHQD� QMHJRYD
NDUDNWHUL]DFLMD� V� RE]LURP�QD� NHPLMVND�� VWUXNWXUQD� L�PDJQHWVND� VYRMVWYD�� ,VSLWDQL� VX� XYMHWL� QDVWDMDQMD
þYUVWLK�RWRSLQD�X�PMHãRYLWLP�PHWDOQLP�RNVLGLPD�� ,]YHGHQD� MH�RULJLQDOQD�VLQWH]D�þHVWLFD�7L2�� YHOLþLQH
QP� ]D� SULPMHQX� X� QRYRP� WLSX� VRODUQH� üHOLMH�� 8YHGHQD� MH� PHWRGD� 5LHWYHOGD� X� UMHãDYDQMX� NULVWDOQH



���

VWUXNWXUH� SROLNULVWDOQLK� X]RUDND� WH� RGUH LYDQMX� YHOLþLQD� NULVWDOLWD� L� QDSUH]DQMD� NULVWDOQH� UHãHWNH�
,VWUDåLYDQH�VX�UHDNFLMH�VORERGQLK�UDGLNDOD�L]D]YDQH�]UDþHQMHP�X�VXVWDYLPD�RG�ELRPHGLFLQVNH�YDåQRVWL�
RVRELWR� ODQþDQD� UHDNFLMD� SHURNVLGDFLMH� QH]DVLüHQLK�PDVQLK� NLVHOLQD��2EMDãQMHQ� MH� XWMHFDM� HOHNWULþQRJ
SROMD� L� EU]LQH� GR]H�� WH� XORJH� SULMHOD]D� WHNXüH�WHNXüH� QD� EU]LQX� UHDNFLMH� L� VWXSDQM� XPUHåHQMD� SUL
UDGLMDFLMVNL� L� WHUPLþNL� LQLFLUDQRP� XPUHåDYDQMX� QH]DVLüHQLK� SROLHVWHUNVLK� VPROD�� 3ULUH HQL� VX� QRYL
LQWHUPHWDOQL� VSRMHYL� RSüHJ� VDVWDYD� 51L��[$O[� �5 7E�� +R�� (U�� WH� � L]YHGHQD� QMLKRYD� VWUXNWXUQD
NDUDNWHUL]DFLMD��,VWUDåLYDQ�MH�XWMHFDM�YRGLND�QD�MHGQRID]QH�LQWHUPHWDOLNH�L]PH X����L�����.�L�SUL�WODNX�GR
���� N3D�� 0HWRGRP� PMHUHQMD� WHUPDOQR� VWLPXOLUDQH� VWUXMH� GHSRODUL]DFLMH� VWXGLUDQD� MH� UHODNVDFLMD� X
GLHOHNWULþQLP�PDWHULMDOLPD��,VWUDåLYDQL�VX�VXSUDYRGOMLYL�RNVLGL��KHNVDQXNOHDUQL�NODVWHUL�UD]QLK�SULMHOD]QLK
PHWDOD�WH�VSRMHYL�&R�,,��L�1L�,,��V�PDNURFLNOLþNLP�OLJDQGLPD��6LQWHWL]LUDQL�VX�QRYL�KHNVDQXNOHDUQL�NODVWHUL
WH�LVWUDåHQH�QMLKRYH�VWUXNWXUH��PDJQHWVND�L�HOHNWULþQD�VYRMVWYD�

5HVHDUFK�SURJUDPPH�

7KH� LQIOXHQFH�RI� YDULRXV�SDUDPHWHUV�RQ� WKH�GLVWULEXWLRQ�RI�1D�� $O� DQG�6L� EHWZHHQ� WKH� VROLG� DQG� WKH
OLTXLG�SKDVH�RI�WKH�DOXPLQRVLOLFDWH�K\GURJHOV�KDV�EHHQ�GHWHUPLQHG��2Q�WKH�EDVLV�RI�WKLV�LQYHVWLJDWLRQ�
PRGHOOLQJ�RI�GHVLUHG�W\SH�RI�]HROLWH�ZLWK�D�SURSHU�SDUWLFOH�VL]H�DQG�PRUSKRORJ\�LV�SRVVLEOH��$V�D�PRGHO
V\VWHP��FDOFLXP�FDUERQDWH�ZDV�XVHG�WR�H[DPLQH�WKH�NLQHWLFV�DQG�PHFKDQLVP�RI�WKH�WUDQVIRUPDWLRQ�RI
YDWHULWH� LQWR� FDOFLWH�� 7KH� FRQGLWLRQV� XQGHU� ZKLFK� WKH� V\QWKHVLV� RI� ORZ�WHPSHUDWXUH� DPRUSKRXV
SUHFXUVRU� RI� PDJQHWLF� R[LGHV� ZLWK� JHQHUDO� IRUPXOD� 5�)H�2���� 5 UDUH� HDUWK�� LV� SRVVLEOH�� DQG� LWV
FKHPLFDO��VWUXFWXUDO�DQG�PDJQHWLF�SURSHUWLHV��KDYH�EHHQ�VWXGLHG��)XUWKHU��WKH�FRQGLWLRQV�RI�IRUPDWLRQ
RI�VROLG�VROXWLRQV� LQ�VHOHFWHG�PL[HG�R[LGHV�ZHUH�H[DPLQHG��7KH�RULJLQDO�V\QWKHVLV�RI�QDQRVL]HG�7L2�

IRU�WKH�DSSOLFDWLRQ�LQ�D�QHZ�W\SH�VRODU�FHOO�KDV�EHHQ�IRXQG��,Q�WKH�IUDPHZRUN�RI�RXU�;5'�LQYHVWLJDWLRQV�
WKH�5LHWYHOG�PHWKRG�ZDV� LQWURGXFHG��5DGLDWLRQ�LQGXFHG� UHDFWLRQV�RI� IUHH� UDGLFDOV� LQ� WKH� V\VWHPV� RI
LQWHUHVW� WR� ELRPHGLFLQH�� LQ� SDUWLFXODU� WKH� FKDLQ� SHUR[LGDWLRQ� RI� XQVDWXUDWHG� IDWW\� DFLGV�� ZHUH
LQYHVWLJDWHG�� 7KH� LQIOXHQFH� RI� HOHFWULF� ILHOG�� GRVH� UDWH� DQG� OLTXLG�OLTXLG� WUDQVLWLRQ� RQ� WKH� UDWH� RI
WKHUPDOO\� DQG� UDGLDWLRQ� LQGXFHG�FURVV�OLQNLQJ�RI� XQVDWXUDWHG�SRO\HVWHU� UHVLQV�ZLWK� VW\UHQH� KDV� EHHQ
H[SODLQHG�� 1HZ� LQWHUPHWDOOLF� FRPSRXQGV� RI� WKH� JHQHUDO� 51L��[$O[� �5 7E�+R�(U�� FRPSRVLWLRQ� ZHUH
SUHSDUHG�DQG�LQYHVWLJDWHG�E\�PHDQV�RI�WKH�;�UD\�SRZGHU�GLIIUDFWLRQ�DQG�PHWDOORJUDSK\��5HOD[DWLRQ�LQ
GLHOHFWULF� PDWHULDOV� ZDV� VWXGLHG� E\� PHDQV� RI� WKHUPDOO\� VWLPXODWHG� GHSRODULVDWLRQ� FXUUHQW�� 7KUHH
GLIIHUHQW�DUHDV�RI� LQRUJDQLF� FKHPLVWU\�KDYH�EHHQ� LQYHVWLJDWHG�� VXSHUFRQGXFWLQJ�R[LGHV�� KH[DQXFOHDU
FOXVWHUV�RI�HDUO\� WUDQVLWLRQ�PHWDOV� DQG� FRPSOH[HV�RI�&R�,,�� DQG�1L�,,�� ZLWK�PDFURF\FOLF� OLJDQGV��1HZ
KH[DQXFOHDU� FOXVWHUV� ZHUH� V\QWKHVLVHG�� DQG� WKHLU� VWUXFWXUDO�� PDJQHWLF� DQG� HOHFWULF� SURSHUWLHV
LQYHVWLJDWHG�

,675$ä,9$1-(�.5,7,ý1,+�352&(6$�.5,67$/,=$&,-(�=(2/,7$�,
352&(6$�,216.(�=$0-(1(
,19(67,*$7,21�2)�7+(�&5,7,&$/�352&(66(6�2)�=(2/,7(
&5<67$//,6$7,21�$1'�7+(�,21,&�(;&+$1*(�352&(66(6
9RGLWHOM�WHPH��GU��VF��%RULV�6XERWLü

6XUDGQLFL�QD�WHPL�

7DWMDQD�$QWRQLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%LVHUND�%LãNXS��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
6DQMD�%RVQDU��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
-RVLS�%URQLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
$QNLFD�ýLåPHN��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD��GR�������������
&OHR�.RVDQRYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
,YDQ�.U]QDULü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
%RULV�6XERWLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
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7HKQLþND�VXUDGQLFD�

9LãQMLFD�'HNDQLü��SHUDþLFD

3URJUDP�UDGD�L�UH]XOWDWL�

1D� WHPHOMX� UH]XOWD[WD� LVWUDåLYDQMD� XWMHFDMD� ãDUåQH� NRQFHQWUDFLMH� DOXPRVLOLNDWD� L� ãDUåQRJ� PRODUQRJ
RPMHUD� 6L�$O� QD� UDVSRGMHOX� 1D�� $O� L� 6L� L]PH X� þYUVWH� L� WHNXüH� ID]H� DOXPRVLOLNDWQLK� KLGURJHORYD
�SUHNXUVRUD� KLGURWHUPDOQH� VLQWH]H� ]HROLWD��� L]YHGHQD� MH� L� SURYMHUHQD� MHGQDGåED� VXVWDYD� NRMD
RPRJXüXMH�SUHGYL DQMH�UDVSRGMHOH�1D��$O�L�6L�L]PH X�þYUVWH�L�WHNXüH�ID]H�DOXPRVLOLNDWQRJ�KLGURJHOD�X
ãLURNRP�UDVSRQX�ãDUåQLK�NRQFHQWUDFLMD�DOXPRVLOLNDWD�L�ãDUåQLK�PRODUQLK�RPMHUD�6L�$O�L�QD�WDM�QDþLQ�EROMX
NRQWUROX�SURFHVD�NULVWDOL]DFLMH�åHOMHQRJ�WLSD�]HROLWD�L�QMHJRYLK�þHVWLþQLK�VYRMVWDYD�

$QDOL]D� XWMHFDMD� OXåQDWRVWL� VXVWDYD� WLMHNRP�SULSUDYH� DPRUIQLK� DOXPRVLOLNDWQLK� KLGURJHORYD� QD� QMLKRYD
VWUXNWXUQD� VYRMVWYD� L� WLMHNRYH� SURFHVD� NULVWDOL]DFLMH� ]HROLWD� L]� QDYHGHQLK� KLGURJHORYD� SRND]DOD� MH� GD
OXåQDWRVW� VXVWDYD� WLMHNRP� SULSUDYH� KLGURJHORYD� ]QDþDMQR� XWMHþH� QD� EURM� L� UDVSRGMHOX� þHVWLFD
NYD]LNULVWDOQH�]HROLWQH�ID]H��QXNOHXVD��X�PDWULFL�JHOD�L�RWXG�QD�NLQHWLNX�DXWRNDWDOLWLþNH�QXNOHDFLMH�WH�QD
XNXSQX� EU]LQX� SURFHVD� NULVWDOL]DFLMH� L� þHVWLþQD� VYRMVWYD� SURGXNDWD� NULVWDOL]DFLMH�� ,DNR� VH� QD� WHPHOMX
GRELYHQLK� UH]XOWDWD�� QH� PRåH� WRþQR� REMDVQLWL� XWMHFDM� OXåQDWRVWL� QD� EURM� L� UDVSRGMHOX� þHVWLFD
NYD]LNULVWDOQH� ID]H� X� PDWULFL� JHOD�� SUHWSRVWDYOMDPR� GD� VX� QDYHGHQH� YHOLþLQH� X� EOLVNRM� VYH]L� V
UDVSRGMHORP�UD]OLþLWLK�VLOLNDWQLK�DQLRQD�X�SRþHWQRM�VLOLNDWQRM�RWRSLQL��WH�UDVSRGMHOH�R�OXåQDWRVWL�VLOLNDWQH
RWRSLQH�

1D�WHPHOMX�DQDOL]H�NLQHWLþNLK�SRGDWDND�SURFHVD�NULVWDOL]DFLMH��EU]LQD�QXNOHDFLMH��EU]LQD�UDVWD�NULVWDOD��L
þHVWLþQLK� VYRMVWDYD� SURGXNDWD� NULVWDOL]DFLMH� ]HROLWD� L]� JHORYD�� UD]YLMHQD� MH� PHWRGD� ]D� RGUH LYDQMH
UDVSRGMHOH�þHVWLFD�NYD]LNULVWDOQH�ID]H�X�PDWULFL�JHOD��3ULPMHQRP�RYH�PHWRGH�XWYU HQR�MH�GD�UDVSRGMHOD
YHOLþLQD� NULVWDOD� ]HROLWD� X� SURGXNWX� NULVWDOL]DFLMH� QH� RYLVL� R� SRVWXSNX� V� JHORP� SULMH� QMHJRYH
KLGURWHUPDOQH� REUDGH� QLWL� R� XYMHWLPD� KLGURWHUPDOQH� REUDGH� �NULVWDOL]DFLMH��� YHü� LVNOMXþLYR� � R� EURMX� L
UDVSRGMHOL� SRWHQFLMDOQLK� QXNOHXVD� �þHVWLFD� NYD]LNULVWDOQH� ID]H�� X� PDWULFL� JHOD�� RGUH HQLP� XYMHWLPD� L
QDþLQRP�QMHJRYH�SULSUDYH��7R�SRVHEQR�VYRMVWYR�DPRUIQLK�DOXPRVLOLNDWQLK� JHORYD�� QD]YDQR� �XþLQNRP
SDPüHQMD��JHOD��L]X]HWQR�]QDþDMQR�NDNR�VD�]QDQVWYHQRJD�WDNR�L�V�SUDNWLþQRJ�VWDQRYLãWD��GRND]DQR�MH
WHRULMVNL�L�HNVSHULPHQWDOQR�

$QDOL]RP�þHVWLþQLK�VYRMVWDYD�VLOLNDOLWD���NULVWDOL]LUDQRJD�SUL����R�&�L]�JHORYD�VWDUHQLK�UD]OLþLWD�YUHPHQD
�������K��SUL� ��� ����R�&�� ]DNOMXþHQR� MH� GD� WLMHNRP�VWDUHQMD�JHOD��X� QMHJRYRM� WHNXüRM� ID]L�QDVWDMX� W]Y�
DQRUJDQVNR�RUJDQVNH� � NRPSR]LWQH� YUVWH� L� JOREXODUQH� VWUXNWXUQH� MHGLQLFH�� DJUHJDFLMRP� DQRUJDQVNR�
RUJDQVNLK�NRPSR]LWQLK�YUVWD�

5H]XOWDWL� WHUPLþNH� WUDQVIRUPDFLMH� ]HROLWD� $�� X� NRMLPD� MH� GLR� RULJLQDOQLK� QDWULMHYLK� LRQD� ]DPLMHQMHQ
NDOLMHYLP�LRQLPD�SRND]DOL�VX�GD�VH�WUDQVIRUPDFLMD�QD����R�&�RGYLMD�X�VOLMHGX���1D�.��]HROLWD�$���DPRUIQL
�1D�.��DOXPRVLOLNDW� �� QH]HROLWQH� NULVWDOQH� ID]H� �NDOVLOLW� �� NDOLRILOLW��� 3UL� WRPH� SRVHELFH� ]DQLPOMLYR
RSDåDQMH� MHVW� GD� XVSUNRV� LQWHQ]LYQLP� VWUXNWXUQLP� SURPMHQDPD� SRþHWQL� REOLN� þHVWLFD� �NXELþQL� NULVWDOL
]HROLWD�$���QMLKRYD�YHOLþLQD��UDVSRGMHOD��VSHFLILþDQ�EURM� L�VSHFLILþQD�SRYUãLQD�RVWDMX�QHSURPLMHQMHQL��7D
L]X]HWQR�]DQLPOMLYD�SRMDYD�ELWL�üH�SRGUREQLMH�LVWUDåHQD�X�EXGXüHP�UDGX�

0MHUHQMHP� NRQFHQWUDFLMD� QDWULMHYLK� L� NDGPLMHYLK� LRQD� X� WHNXüRM� L� þYUVWRM� ID]L� X� UDYQRWHåQLP� XYMHWLPD
SURFHVD� LRQVNH�]DPMHQH� L]PH X�QDWULMHYLK� LRQD� L]�]HROLWD�$� L�NDGPLMHYLK� LRQD� L]�RWRSLQH�SUL� UD]OLþLWLP
WHPSHUDWXUDPD�� � L]UDþXQDWH� VX� VWDQGDUGQD� VORERGQD� HQHUJLMD�� VWDQGDUGQD� HQWDOSLMD� L� VWDQGDUGQD
HQWURSLMD�SURFHVD�]DPMHQH��1D�WHPHOMX�WHUPRGLQDPLþNLK�SRGDWDND�SURFHVD�]DPMHQH�NDGPLMHYLK�LRQD�L]
RWRSLQH� V� QDWULMHYLP� LRQLPD� L]� ]HROLWD� $� GHILQLUDQL� VX� RSWLPDOQL� XYMHWL� XNODQMDQMD� NDGPLMHYLK� LRQD� L]
RWSDGQLK�RWRSLQD�V�SRPRüX�]HROLWD�$��ãDUåQLP�SRVWXSNRP�SURFHVD�]DPMHQH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

&RQVLGHULQJ�WKH�UHVXOWV�RI�LQYHVWLJDWLRQ�RI�WKH�LQIOXHQFH�RI�ERWK�WKH�EDWFK�DOXPLQRVLOLFDWH�FRQFHQWUDWLRQ
DQG� WKH�EDWFK�PRODU� UDWLR�6L�$O�RQ� WKH�GLVWULEXWLRQ�RI�1D��$O�DQG�6L�EHWZHHQ� WKH�VROLG�DQG� WKH� OLTXLG
SKDVH�RI�DOXPLQRVLOLFDWH�K\GURJHO�SUHFXUVRUV��DQ�HTXDWLRQ�KDV�EHHQ�GHULYHG��,W�HQDEOHV�WKH�SUHGLFWLRQ
RI�WKH�1D��$O�DQG�6L�GLVWULEXWLRQ�EHWZHHQ�WKH�VROLG�DQG�WKH� OLTXLG�SKDVH� LQ�D�ZLGH�UDQJH�RI� WKH�EDWFK
DOXPLQRVLOLFDWH�FRQFHQWUDWLRQV�DQG�WKH�EDWFK�PRODU�UDWLR�6L�$O��UHVSHFWLYHO\��7KXV��EHWWHU�FRQWURO�RI�WKH
FU\VWDOOLVDWLRQ�RI�GHVLUHG�W\SHV�RI��]HROLWHV�DQG�WKHLU�SDUWLFXODWH�SURSHUWLHV�KDV�EHHQ�SURYLGHG�

7KH�DQDO\VLV�RI�WKH�LQIOXHQFH�RI�DONDOLQLW\�GXULQJ�JHO�SUHFLSLWDWLRQ�RQ�LWV�VWUXFWXUDO�SURSHUWLHV�DQG�RQ�WKH
FRXUVHV�RI�]HROLWH�FU\VWDOOLVDWLRQ�IURP�WKH�JHOV��KDV�VKRZQ�WKDW�WKH�DONDOLQLW\�RI�WKH�V\VWHP�GXULQJ�WKH
JHO� SUHSDUDWLRQ� FRQVLGHUDEO\� DIIHFWV� WKH� QXPEHU� DQG� GLVWULEXWLRQ� RI� WKH� SDUWLFOHV� RI� TXDVL�FU\VWDOOLQH
]HROLWH�SKDVH��QXFOHL��LQ�WKH�JHO�PDWUL[��7KXV��WKH�UDWHV�RI�DXWRFDWDO\WLF�QXFOHDWLRQ��WKH�HQWLUH�SURFHVV
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RI�FU\VWDOOLVDWLRQ�DQG�� WKH�SDUWLFXODWH�SURSHUWLHV�RI� WKH�HQG�SURGXFW�RI� WKH�FU\VWDOOLVDWLRQ�SURFHVV��DUH
DIIHFWHG�DV�ZHOO�

%DVHG�RQ�WKH�NLQHWLF�GDWD�RI��]HROLWH�FU\VWDOOLVDWLRQ��UDWHV�RI�QXFOHDWLRQ�DQG�RI�FU\VWDO�JURZWK��DQG�RQ
WKH�SDUWLFXODWH�SURSHUWLHV�RI� WKH� FU\VWDOOLQH� HQG�SURGXFWV� REWDLQHG� IURP�JHOV� GXULQJ� FU\VWDOOLVDWLRQ�RI
]HROLWHV��D�PHWKRG�IRU�GHWHUPLQLQJ�WKH�GLVWULEXWLRQ�RI�WKH�SDUWLFOHV�RI�TXDVL�FU\VWDOOLQH�SKDVH�LQ�WKH�JHO
PDWUL[�KDV�EHHQ�GHYHORSHG��%\�DSSO\LQJ�WKLV�PHWKRG��ZH�KDYH�IRXQG�WKDW�WKH�VL]H�GLVWULEXWLRQ�RI�]HROLWH
FU\VWDOV� LQ� WKH� FU\VWDOOLQH� HQG� SURGXFW� GHSHQGV� QHLWKHU� RQ� WKH� JHO� WUHDWPHQW� EHIRUH� K\GURWKHUPDO
FU\VWDOOLVDWLRQ� QRU� RQ� WKH� FU\VWDOOLVDWLRQ� FRQGLWLRQV�� ,W� H[FOXVLYHO\� GHSHQGV� RQ� WKH� QXPEHU� DQG
GLVWULEXWLRQ� RI� WKH� SRWHQWLDO� QXFOHL� �SDUWLFOHV� RI� WKH� TXDVL�FU\VWDOOLQH� SKDVH�� LQ� WKH�PDWUL[� RI� WKH� JHO�
GHWHUPLQHG� E\� WKH� FRQGLWLRQ� DQG� WKH� ZD\� RI� LWV� SUHSDUDWLRQ�� 7KLV� SDUWLFXODU� SURSHUW\� RI� DPRUSKRXV
DOXPLQRVLOLFDWH�JHOV�VR�FDOOHG�JHO��PHPRU\�HIIHFW����ZKLFK� LV�YHU\�VLJQLILFDQW� IURP��ERWK�VFLHQWLILF�DQG
SUDFWLFDO�SRLQWV�RI�YLHZ��KDV�EHHQ�SURYHG�ERWK�WKHRUHWLFDOO\�DQG�H[SHULPHQWDOO\�

%\�DQ�DQDO\VLV�RI� WKH�SDUWLFXODWH�SURSHUWLHV�RI�VLOLFDOLWH���FU\VWDOOLVHG� IURP�WKH�JHOV�DJHG�IRU�GLIIHUHQW
SHULRGV� RI� WLPH� ��������� K�� DW� �������R�&�� LW� KDV� EHHQ� FRQFOXGHG� WKDW� VR�FDOOHG� LQRUJDQLF�RUJDQLF
FRPSRVLWH� VSHFLHV� DV�ZHOO� DV� JOREXODU� VWUXFWXUDO� XQLWV� �IRUPHG� E\� WKH� DJJUHJDWLRQ� RI� WKH� LQRUJDQLF�
RUJDQLF�FRPSRVLWH�VSHFLHV��DUH�IRUPHG�LQ�WKH�OLTXLG�SKDVH�RI�WKH�JHO�GXULQJ�LWV�DJHLQJ�

7KH� UHVXOWV� RI� WKHUPDO� WUDQVIRUPDWLRQ� RI� SRWDVVLXP�H[FKDQJHG� ]HROLWH� $� KDYH� VKRZQ� WKDW� WKH
FRQWUROOHG�KHDWLQJ�DW����R�&�FDXVHV�D�SKDVH�WUDQVIRUPDWLRQ�LQ�IROORZLQJ�VHTXHQFH���1D�.��]HROLWH�$��
DPRUSKRXV� �1D�.��DOXPLQRVLOLFDWH� �� QRQ�]HROLWH� FU\VWDOOLQH�SKDVHV� �NDOVLOLWH� ��NDOLRSKLOLWH���+HUH�� LW� LV
VSHFLDOO\� LQWHUHVWLQJ� WKDW�� LQ� FRQWUDVW� WR� WKH� LQWHQVH� VWUXFWXUDO� FKDQJHV�� WKH� SDUWLFXODWH� SURSHUWLHV
�SDUWLFOH�VKDSH��SDUWLFOH�VL]H��SDUWLFOH�VL]H�GLVWULEXWLRQ��VSHFLILF�QXPEHU�RI�FU\VWDOV�DQG�VSHFLILF�VXUIDFH
DUHD�� RI� WKH� DPRUSKRXV� DOXPLQRVLOLFDWH� DQG� WKH� PL[WXUH� RI� NDOVLOLWH� DQG� NDOLRSKLOLWH� DUH�� FXULRXVO\
HQRXJK��VLPLODU�RU�HYHQ� WKH�VDPH�DV�WKRVH�RI� WKH�VWDUWLQJ�FU\VWDOOLQH�PDWHULDO��SRWDVVLXP�H[FKDQJHG
]HROLWH�$��

%\�PHDVXULQJ�WKH�FRQFHQWUDWLRQV�RI�VRGLXP�DQG�FDGPLXP�LRQV�LQ�ERWK�WKH�VROLG�DQG�WKH�OLTXLG�SKDVH
XQGHU� WKH� HTXLOLEULXP� FRQGLWLRQV� RI� WKH� LRQLF� H[FKDQJH� � EHWZHHQ� VRGLXP� LRQV� IURP� ]HROLWH� $� DQG
FDGPLXP�LRQV� IURP�VROXWLRQV�DW�GLIIHUHQW� WHPSHUDWXUHV��VWDQGDUG� IUHH�HQHUJ\��VWDQGDUG�HQWKDOS\�DQG
VWDQGDUG� HQWURS\� RI� WKH� H[FKDQJH� SURFHVV�� ZHUH� FDOFXODWHG�� 2Q� WKH� EDVLV� RI� WKHUPRG\QDPLF� GDWD�
RSWLPDO� FRQGLWLRQV� IRU� WKH� UHPRYDO� RI� FDGPLXP� LRQV� IURP� ZDVWH� VROXWLRQV� E\� ]HROLWH� � $� KDYH� EHHQ
GHILQHG�IRU�GLVFRQWLQXRXV��EDWFK��H[FKDQJH�SURFHVV�

.,1(7,.(�,�0(+$1,=0,�352&(6$�7$/2ä(1-$�ý9567(�)$=(�,=
(/(.752/,71,+�2723,1$
.,1(7,&6�$1'�0(&+$1,606�2)�62/,'�3+$6(�35(&,3,7$7,21
)520�(/(&752/<7(�62/87,216
9RGLWHOMLFD�WHPH��GU��VF��/MHUND�%UHþHYLü

6XUDGQLFL�QD�WHPL�

9HVQD�%DELü�,YDQþLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
/MHUND�%UHþHYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
-DVPLQND�.RQWUHF��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
'DPLU�.UDOM��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW

9HVQD�1ÕWKLJ�/DVOR��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQMD� VX� XVPMHUHQD� QD� VWMHFDQMH� QRYLK� VSR]QDMD� R� XYMHWLPD� QDVWDMDQMD� WHUPRGLQDPLþNL
QHVWDELOQLK� L� VWDELOQLK� þYUVWLK� ID]D� X� SUH]DVLüHQLP� HOHNWUROLWQLP� RWRSLQDPD�� R� QMLKRYRM� LQWHUDNFLML� VD
VWUDQLP�LRQLPD�L�PROHNXODPD��WH�R�NLQHWLNDPD�L�PHKDQL]PLPD�SURFHVD�NRML�X�WRPH�VXGMHOXMX��6WHþHQR
]QDQMH� PRåH� SRVOXåLWL� NDR� GREUD� SRGORJD� ]D� UMHãDYDQMH� FLMHORJ� QL]D� SUREOHPD� NRML� VH� MDYOMDMX� SUL
WDORåHQMX�X�SULURGQLP�VXVWDYLPD��WDORåHQMH�X�SULURGQLP�YRGDPD��QRUPDOQD� L�SDWRORãND�PLQHUDOL]DFLMD�
LWG���L�LQGXVWULMVNLP�SRVWXSFLPD��LQGXVWULMVND�NULVWDOL]DFLMD��QHåHOMHQR�WDORåHQMH��LWG����8�VYUKX�SRVWL]DQMD
WLK� FLOMHYD�� SURJUDP� LVWUDåLYDQMD� REXKYDüD�� �D�� XWYU LYDQMH� UDYQRWHåQLK� XYMHWD� X� VXVWDYLPD
þYUVWR�WHNXüH�� �E�� SURXþDYDQMH� NLQHWLNH� L� PHKDQL]DPD� QXNOHDFLMH�� UDVWD�� RWDSDQMD�� WUDQVIRUPDFLMH� L
VHSDUDFLMH� UD]OLþLWLK� þYUVWLK� ID]D� SULPMHQRP� QL]D� IL]LþNR�NHPLMVNLK� PHWRGD� L� WHKQLND�� �F�� L]UDGX
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PDWHPDWLþNLK� PRGHOD�� NRML� SULND]XMX� X]DMDPQX� RYLVQRVW� VSRPHQXWLK� SURFHVD�� �G�� RGUH LYDQMH
WHUPRGLQDPLþNLK� L� NLQHWLþNLK� SDUDPHWDUD� X� UDYQRWHåQLP� L� GLQDPLþNLP� XYMHWLPD� WDORåQLK� SURFHVD�� �H�
NDUDNWHUL]DFLMX�þYUVWLK�ID]D���I��SURXþDYDQMH�XWMHFDMD�DGLWLYD�QD�VYRMVWYD�WDORJD�L�QMLKRYX�XþLQNRYLWRVW�QD
SURFHVH�WD�ORåHQMD���J��L]XþDYDQMH�LQWHUDNFLMH�LRQD�L�PROHNXOD�VD�þYUVWRP�ID]RP��L��K��SULPMHQX�WHNXüLK
PHPEUDQD�X�VHSDUDFLML� L�SURþLãüDYDQMX�DQRUJDQVNLK� L� RUJDQVNLK�VDVWRMDND� L]�RWRSLQH�X�KHWHURJHQRP
VXVWDYX�þYUVWR�WHNXüH��3UHGYL HQ�MH�UDG�V�PRGHOQLP�DQRUJDQVNLP�VXVWDYLPD��VODER�L�XPMHUHQR�WRSOMLYH
VROL� ]DQLPOMLYH� X� UD]QLP� SRGUXþMLPD� OMXGVNRJ� GMHORYDQMD��� WH� V� GYRYDOHQWQLP� NDWLRQLPD� �0Q���� &G���
3E����0J����6U����%D����L�GU���L�QHNLP�RUJDQVNLP�PROHNXODPD��NDUERQVNH�L�DPLQR�NLVHOLQH��SUL�L]XþDYDQMX
LQWHUDNFLMD� L]PH X�UD]OLþLWLK�PRGLILNDFLMD�þYUVWH�ID]H�VD�VWUDQLP�LRQLPD�L�PROHNXODPD��8�SURWHNORP�VX
UD]GREOMX� LVWUDåLYDQL�� �L�� NLQHWLND� L�PHKDQL]DP� WUDQVIRUPDFLMH� YDWHULWD� X� NDOFLW�� X� YRGHQLP� RWRSLQDPD
NDOFLMHYD� NDUERQDWD� SUL� UD]OLþLWLP� WHPSHUDWXUDPD� L� LRQVNLP� MDNRVWLPD�� D� HNVSHULPHQWDOQL� VX� UH]XOWDWL
SRWNULMHSOMHQL� PDWHPDWLþNLP� PRGHORP� WHPHOMHQLP� QD� SDUDPHWULPD� QHRYLVQLPD� R� HNVSHULPHQWDOQLP
SRGDFLPD���LL��NLQHWLND�WUDQVIRUPDFLMH�YDWHULWD�L�DUDJRQLWD�X�NDOFLW�� LQLFLUDQD�]DJULMDYDQMHP�þYUVWH�ID]H�L
SULPMHQRP�GLIHUHQ�FLMDOQH�VNHQLUDMXüH�NDORULPHWULMH�� �LLL�� XJUDGQMD�0Q����&X����&G����3E����0J����6U��� L
%D���X�VWUXNWXUH�YDWHULWD�L�NDOFLWD��WLMHNRP�QMLKRYRJD�VSRQWDQRJ�WDORåHQMD�L]�YRGHQLK�RWRSLQD��SUL�þHPX
VX� SRMHGLQL� NRYLQVNL� NDWLRQL�� WYRUHüL� þYUVWH� RWRSLQH�� SRND]DOL� UD]OLþLWH� XþLQNH� QD� þYUVWX� ID]X�� �LY�
VWUXNWXUQL�UD]OR]L�UD]OLþLWRJ�SRQDãDQMD�EDNURYLK�,,��NRPSOHNVD�V�QHNLP�DPLQR�NLVHOLQDPD�L�SURQDãOL�VPR
XYMHWH� X� NRMLPD� MH� PRJXüH� VWDELOL]LUDWL� SRMHGLQL� WLS� NRRUGLQDFLMVNH� VIHUH� EDNUD�,,��� ãWR� MH� MHGDQ� RG
SUHGXYMHWD�X�LVWUDåLYDQMX�XJUDGQMH�EDNURYRJ�LRQD�X�REOLNX�NRPSOHNVD�X�YDWHULW���Y��VHOHNWLYQR�RWDSDQMH
EDNURYD�RNVDODWD�X�VXVSHQ]LML�WULMX�UD]OLþLWLK�RNVDODWD�VOLþQLK�WRSOMLYRVWL��SULPMHQRP�WHNXüLK�PHPEUDQD�V
XJUD HQLP� QRVDþHP� ]D� EDNURY� LRQ�� WH� SUHGORåLOL� PDWHPDWLþNL� PRGHO� SHUPHDFLMH� EDNURYD� LRQD� NUR]
PHPEUDQX���YL��8WMHFDM�PRNUDüQH�NLVHOLQH�QD�VDVWDY�WDORJD�L�PRUIR�ORJLMX�QDVWDOLK�NULVWDOD�SUL�WDORåHQMX
NDOFLMHYD� RNVDODWD� L� IRVIDWD� X� XYMHWLPD� NRML� SRGUDåDYDMX� RQH� X� PRNUDüL�� WH� �YLL�� SUHGORåLOL� VPR
NDORULPHWULMVNX�PHWRGX� ]D� LVWUDåLYDQMH� NLQHWLNH� RWDSDQMD� þYUVWH� ID]H�� þLMD� MH� SULPMHQOMLYRVW� SRWYU HQD
HNVSHULPHQWDOQLP�UH]XOWDWLPD�GRELYHQLPD�RWDSDQMHP�NDOFLMHYD�NDUERQDWD�X�YRGHQRM�RWRSLQL�('7$�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�VWXG\�LV�GLUHFWHG�WRZDUGV�JDLQLQJ�QHZ�NQRZOHGJH�DERXW�WKH�FRQGLWLRQV�LQIOXHQFLQJ�WKH�IRUPDWLRQ�RI
WKHUPRG\QDPLFDOO\� PHWDVWDEOH� DQG� VWDEOH� VROLG� SKDVHV� IURP� HOHFWURO\WH� VROXWLRQV�� WKH� LQWHUDFWLRQV
EHWZHHQ� � WKH� VROLG� SKDVH�PRGLILFDWLRQV� DQG� IRUHLJQ� LRQV� DQG� PROHFXOHV�� DQG� WKH� NLQHWLFV� DQG
PHFKDQLVPV� RI� WKH� SURFHVVHV� LQYROYHG�� 7KH� DFFRPSOLVKPHQWV� PD\� VHUYH� DV� D� IRXQGDWLRQ� IRU� WKH
VROXWLRQV� WR� D� ZLGH� UDQJH� RI� SUREOHPV� WKDW� LQYROYH� SUHFLSLWDWLRQ� SURFHVVHV� LQ� QDWXUDO� V\VWHPV
�SUHFLSLWDWLRQ� LQ� QDWXUDO�ZDWHUV��QRUPDO�DQG�SDWKRORJLFDO�PLQHUDOLVDWLRQ��HWF���� )XUWKHUPRUH�� WKH\� FDQ
VHUYH�LQ�PDQ\�VHFWRUV�RI�LQGXVWU\��LQGXVWULDO�FU\VWDOOLVDWLRQ��XQGHVLUDEOH�SUHFLSLWDWLRQ�VXFK�DV�VFDOLQJ�
HWF����:LWK�D�YLHZ�WR�DWWDLQ�WKH�SXUSRVH�RI�WKHVH�LQYHVWLJDWLRQV��WKH�SURJUDPPH�FRPSULVHV���D��GHILQLQJ
RI�WKH�HTXLOLEULXP�FRQGLWLRQV�LQ�VROLG�OLTXLG�V\VWHPV���E��LQYHVWLJDWLRQ�RI�WKH�NLQHWLFV�DQG�PHFKDQLVPV�RI
QXFOHDWLRQ��JURZWK��GLVVROXWLRQ��SKDVH�WUDQVIRUPDWLRQ��DQG�VHSDUDWLRQ�RI�GLIIHUHQW�VROLG�SKDVHV�XVLQJ�D
QXPEHU�RI�SK\VLFDO�FKHPLVWU\�PHWKRGV�DQG�WHFKQLTXHV���F���PDWKHPDWLFDO�PRGHOOLQJ��ZKLFK�VKRZV�WKH
LQWHUGHSHQGHQFH�RI� WKHVH�SURFHVVHV�� �G��GHWHUPLQDWLRQ�RI� WKHUPRG\QDPLF�DQG�NLQHWLF�SDUDPHWHUV�DW
HTXLOLEULXP� DQG� G\QDPLF� FRQGLWLRQV� RI� WKH� SUHFLSLWDWLRQ� SURFHVVHV�� �H�� FKDUDFWHULVDWLRQ� RI� WKH� VROLG
SKDVHV���I��VWXG\�RI�WKH�LQIOXHQFH�RI�DGGLWLYHV�RQ�WKH�SUHFLSLWDWH�SURSHUWLHV�DQG�SUHFLSLWDWLRQ�SURFHVVHV�
�J��LQYHVWLJDWLRQ�RI�WKH�LQWHUDFWLRQV�EHWZHHQ�LRQV�RU�PROHFXOHV�DQG�WKH�VROLG�SKDVH��DQG��K��DSSOLFDWLRQ
RI�WKH�OLTXLG�PHPEUDQH�WHFKQLTXH�LQ�VHSDUDWLRQ�DQG�SXULILFDWLRQ�RI�VROXWLRQV�IURP�LQRUJDQLF�DQG�RUJDQLF
FRPSRQHQWV� LQ� D� KHWHURJHQHRXV� VROLG�OLTXLG� V\VWHP�� ,Q� WKHVH� VWXGLHV�� PRGHO� LQRUJDQLF� V\VWHPV
�VOLJKWO\�DQG�PRGHUDWHO\�VROXEOH�VDOWV�LQWHUHVWLQJ�LQ�GLIIHUHQW�ILHOGV�RI�KXPDQ�VSKHUHV�RI�DFWLRQ��ZLOO�EH
XVHG��7KH�LQWHUDFWLRQV�EHWZHHQ�WKH�VROLG�SKDVH�PRGLILFDWLRQV�DQG�IRUHLJQ�LRQV�DQG�PROHFXOHV�ZLOO�EH
VWXGLHG�XVLQJ�GLYDOHQW�FDWLRQV��0Q����&G����3E����0J����6U����%D����HWF���DQG�VRPH�RUJDQLF�PROHFXOHV
�FDUERQLF�DQG�DPLQR�DFLGV���)RU�WKH�SDVW�SHULRG�RI�WLPH��WKH�IROORZLQJ�VXEMHFWV�KDYH�EHHQ�VWXGLHG���L�
7KH�NLQHWLFV�DQG� WKH�PHFKDQLVP�RI� YDWHULWH�WR�FDOFLWH� WUDQVIRUPDWLRQ�� LQ� FDOFLXP�FDUERQDWH�DTXHRXV
VROXWLRQV�DW�GLIIHUHQW�WHPSHUDWXUHV�DQG�LRQLF�VWUHQJWKV��DQG�WKH�H[SHULPHQWDO�UHVXOWV�ZHUH�FRUURERUDWHG
E\� D� PDWKHPDWLFDO� PRGHO� EDVHG� RQ� SDUDPHWHUV� LQGHSHQGHQW� RI� H[SHULPHQWDO� GDWD�� �LL�� 7KH
WUDQVIRUPDWLRQ�NLQHWLFV�RI�YDWHULWH�DQG�DUDJRQLWH�LQWR�FDOFLWH�XVLQJ�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\���LLL�
7KH�LQFRUSRUDWLRQ�RI�0Q����&X����&G����3E����0J����6U���DQG�%D���LQWR�WKH�YDWHULWH�DQG�FDOFLWH�VWUXFWXUH�
GXULQJ�WKHLU�VSRQWDQHRXV�SUHFLSLWDWLRQ�LQ�DTXHRXV�VROXWLRQV��DW�ZKLFK�VROLG�VROXWLRQV�ZHUH�IRUPHG�DQG
SDUWLFXODU�FDWLRQV�DIIHFWHG�WKH�VROLG�SKDVH�GLIIHUHQWO\���LY��7KH�VWUXFWXUDO�UHDVRQV�IRU�GLIIHUHQW�EHKDYLRXU
RI�WKH�FRSSHU�,,��FRPSOH[HV�ZLWK�VRPH�DPLQR�DFLGV��DQG�WKH�FRQGLWLRQV�XQGHU�ZKLFK�D�SDUWLFXODU�W\SH
RI�FRSSHU�,,��FR�RUGLQDWLRQ�VSKHUH�ZDV�VWDELOLVHG��KDYH�EHHQ�IRXQG��7KLV�LV�RQH�RI�WKH�SUHUHTXLVLWHV�LQ
WKH�VWXG\�RI�WKH�FRSSHU�,,��FRPSOH[HV�LQFRUSRUDWLRQ�LQWR�YDWHULWH���Y��7KH�VHOHFWLYH�GLVVROXWLRQ�RI�FRSSHU
R[DODWH� IURP� D� PL[WXUH� RI� WKUHH� GLIIHUHQW� R[DODWHV� RI� VLPLODU� VROXELOLW\�� E\� XVLQJ� OLTXLG� PHPEUDQHV
FRQWDLQLQJ� D� FDUULHU� VXLWDEOH� IRU� FRSSHU� LRQ� WUDQVSRUW�� DQG� D� PDWKHPDWLFDO� PRGHO� RI� WKH� FRSSHU
SHUPHDWLRQ� WKURXJK� WKH� PHPEUDQH� KDYH� EHHQ� SURSRVHG�� �YL�� 7KH� LQIOXHQFH� RI� XULF� DFLG� RQ� WKH
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FRPSRVLWLRQ� DQG� PRUSKRORJ\� RI� WKH� FU\VWDOV� IRUPHG� GXULQJ� SUHFLSLWDWLRQ� RI� FDOFLXP� R[DODWHV� DQG
SKRVSKDWHV�XQGHU�FRQGLWLRQV� LPLWDWLQJ� WKRVH� LQ�XULQH��DQG��YLL��7KH�FDORULPHWULF�PHWKRG�DV�D� WRRO� IRU
LQYHVWLJDWLQJ� WKH�GLVVROXWLRQ� NLQHWLFV� RI� WKH� VROLG� SKDVH��ZKLFK�ZDV� WHVWHG� IRU� GLVVROXWLRQ� RI� FDOFLXP
FDUERQDWH�LQ�DTXHRXV�('7$�VROXWLRQ�ZDV�SURSRVHG�

6,17(=$�,�0,.526758.785$�0(7$/1,+�2.6,'$�,�2.6,'1,+
67$.$/$
6<17+(6,6�$1'�0,&526758&785(�2)�0(7$/�2;,'(6�$1'
2;,'(�*/$66(6
9RGLWHOM�WHPH��GU��VF��6YHWR]DU�0XVLü

6XUDGQLFL�QD�WHPL�

'DYRU�%DO]DU��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
XU LFD�'UDJþHYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD

0DULMDQ�*RWLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
%LVHUND�*UåHWD��GRNWRULFD�IL]��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
0LURVODYD�0DOMNRYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
6YHWR]DU�0XVLü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
6WDQNR�3RSRYLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
0LUD�5LVWLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
,YDQND�6DODM�2EHOLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQLFD
$QNLFD�âDULü��PDJLVWUD�NHPLMH��DVLVWHQWLFD
*RUDQ�âWHIDQLü��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN

7HKQLþNL�VXUDGQLN�

-DVPLQ�)RULü��WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

�,VWUDåLYDQMD� X� VNORSX� WHPH�6LQWH]D� L�PLNURVWUXNWXUD�PHWDOQLK� RNVLGD� L� RNVLGQLK� VWDNDOD� GRYHOD� VX� GR
QRYLK� IXQGDPHQWDOQLK� VSR]QDMD� R� QDVWDMDQMX� PHWDOQLK� RNVLGD�� QMLKRYLP� VWUXNWXUDPD�� WH� NHPLMVNLP� L
IL]LNDOQLP� VYRMVWYLPD�� $PRUIQL� SUHNXUVRUL� PDJQHWVNLK� RNVLGD� JUDQDWQH� VWUXNWXUH� GRELYHQL� VX� SUL
WHPSHUDWXUL���������R&�]D�(U�)H�2���L�(X�)H�2����ãWR�VX�]QDWQR�YLãH�WHPSHUDWXUH�RG�RQLK�SR]QDWLK�]D
NULVWDOL]DFLMX�a�)H�2���(U�2��L�(X�2���3URQD HQL�VX�XYMHWL�NULVWDOL]DFLMH�5�)H�2���]D�QHNROLNR�VWRWLQD�

R&
QLåL�RG�XRELþDMHQH�WHPSHUDWXUH��a����R&��VLQWH]H�WLK�VSRMHYD��ãWR�MH�RG�YHOLNRJD�SUDNWLþQRJ�]QDþHQMD�
,VWUDåLYDOL�VPR�QDVWDMDQMH�þYUVWLK�RWRSLQD�X�VXVWDYLPD��&U�2���a�)H�2���a�$O�2����P�=U2��L�P�=U2����a�
)H�2���=D�X]RUNH�SULSUDYOMHQH�SUL�����

R&��RGUH HQH��VX��WRSOMLYRVWL�������������PRO���&U�2��X�a�)H�2��L
���� �� ���� � PRO� �� a�)H�2�� X� &U�2��� 0|VVEDXHURYL� VSHNWUL� LQWHUSUHWLUDQL� VX� X� VPLVOX� HOHNWURQVNRJD
UHODNVDFLMVNRJ� HIHNWD�� D� QD]QDþHQD� MH� PRJXüQRVW� DJORPHUDFLMH� LRQD� )H���� ãWR� PRåH� X]URNRYDWL
VXSHUSDUDPDJQHWVNL�HIHNW��2SWLþNL�VSHNWUL�LQWHUSUHWLUDQL�VX�NDR�SRVOMHGLFD�SULMHQRVD�QDERMD�V�PHWDOD�QD
PHWDO��&U���)H�����2GUH HQD�MH�WRSOMLYRVW�����������PRO��a�$O�2��X�&U�2���GRN�MH�WRSOMLYRVW�P�=U2��X
a�$O�2��ELOD�]DQHPDUOMLYD��8�VXVWDYX�P�=U2����a�)H�2��RGUH HQH�VX�WRSOMLYRVWL�����������PRO��a�)H�2�

X�P�=U2��L�����������PRO��P�=U2��X�a�)H�2���2SDåHQR�MH�RGVWXSDQMH�SDUDPHWDUD�MHGLQLþQH�üHOLMH�P�
=U2�� X� VXVWDYX� =U��[)H�[2��[�� [ �������� 0LNURVWUXNWXUD� GHQWDOQLK� VWDNORNHUDPLND� OHXFLWQRJ� REOLND
LVWUDåLYDQD� MH� SULPMHQRP� UHQWJHQVNH�DQDOL]H�� )7�,5� � L� 5DPDQ� VSHNWURVNRSLMH�� SUHWUDåQH� HOHNWURQVNH
PLNURVNRSLMH� L� ('$;� DQDOL]H�� ýHVWLFH� 7L2�� YHOLþLQH� QDQRPHWUD� QDãOH� VX� YDåQX� SULPMHQX� � X� QRYRM
JHQHUDFLML�VRODUQLK�üHOLMD�SUL� L]UDGL�IRWRDQRGH�VHQ]LWL]LUDQH�ERMRP���1D�þHVWLFH�7L2��DGVRUELUD�VH�ERMD�
QD�SULPMHU�5X/��m�1&��5X�&1��ES\������5D]YLOL�VPR�RULJLQDOQX�PHWRGX�VLQWH]H�þHVWLFD�7L2��YHOLþLQH��
GR����QP��NRMH�VX�XVSMHãQR�NRULãWHQH�X�L]UDGL�JRUH�VSRPHQXWH�VRODUQH�üHOLMH��,]YHGHQD�MH�XVSRUHGQD
þHVWLþQD� DQDOL]D� 7L2�� SULPMHQRP� UHQWJHQVNH� GLIUDNFLMH�� YLVRNRUH]ROXFLMVNH� HOHNWURQVNH� PLNURVNRSLMH�
UDVSUãHQMD�UHQWJHQVNLK�]UDND�SUL�PDORP�NXWX�L�QLVNRIUHNYHQFLMVNH�5DPDQ�VSHNWURVNRSLMH��=DNOMXþHQR�MH
GD�VH�PHWRGD�QLVNRIUHNYHQFLMVNH�ODVHU�5DPDQRYH�VSHNWURVNRSLMH�PRåH��SRUHG�7L2�RSüHQLWR�SULPLMHQLWL�
�� L�QD�RVWDOH�þHVWLFH�PHWDOQLK�RNVLGD��X�SRGUXþMX�YHOLþLQH�QP�� ,VWUDåLYDQL�VX�XYMHWL�QDVWDMDQMD� �)H�,,,��
RNVLKLGURNVLGD�L��RNVLGD�NRORLGQLK�GLPHQ]LMD��PHWRGRP�KLGUROL]H�VROL�)H���X�SULVXWQRVWL��XURWURSLQD��XUHH
L�WHPSODWD�70$+��2GUH HQL�VX�XYMHWL�WDORåHQMD�b�)H22+�L�a�)H�2���8�SULVXWQRVWL�XURWURSLQD�GRELYHQH



���

VX� DFLNXODUQH� RNVLKLGURNVLGQH� þHVWLFH� SRJRGQH� ]D� VLQWH]X�PDJQHWVNRJ� RNVLGD� NRML� VH� SULPMHQMXMH� X
XUH DMLPD� ]D� PDJQHWVNR� ]DSLVLYDQMH� SRGDWDND�� 3URXþDYDQ� MH� XWMHFDM� NDUERQDWD� QD� SURFHV� NRUR]LMH
þHOLND�X�YRGRYRGQRM� L�PLQHUDOQRM�YRGL��8YHGHQD� MH�PHWRGD�5LHWYHOGD�X� UMHãDYDQMX�NULVWDOQH�VWUXNWXUH
SROLNULVWDOQLK� X]RUDND�� RGUH LYDQMX� YHOLþLQH� NULVWDOLWD� L� QDSUH]DQMD� NULVWDOQH� UHãHWNH� SROLNULVWDOQLK
X]RUDND�

�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,Q�WKH�IUDPH�RI�LQYHVWLJDWLRQV�RQ�WKH�SURMHFW�³6\QWKHVLV�DQG�PLFURVWUXFWXUH�RI�PHWDO�R[LGHV�DQG�R[LGH
JODVVHV´�� D� QHZ� IXQGDPHQWDO� NQRZOHGJH� DERXW� WKH� IRUPDWLRQ� RI� PHWDO� R[LGHV� DQG� WKHLU� VWUXFWXUDO�
FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�KDV�EHHQ�DFKLHYHG��$PRUSKRXV�SUHFXUVRUV�RI�PDJQHWLF�R[LGHV�RI�WKH
JDUQHW�W\SH� VWUXFWXUH� ZHUH� REWDLQHG� DW� ��������R&� �(U�)H�2��� DQG� (X�)H�2����� 7KH� FRQGLWLRQV� RI
FU\VWDOOLVDWLRQ�RI�5�)H�2���ZHUH�D�IHZ��KXQGUHG�GHJUHHV�FHQWLJUDGH�ORZHU�WKDQ�WKRVH�NQRZQ�IRU�XVXDO
FHUDPLF�SURFHGXUH��7KH��IRUPDWLRQ�RI�VROLG�VROXWLRQV� LQ� WKH�V\VWHPV��&U�2��a�)H�2���a�$O�2��P�=U2�

DQG�P�=U2��a�)H�2��KDV�EHHQ�LQYHVWLJDWHG��)RU�WKH�VDPSOHV�SUHSDUHG�DW�����
R&��WKH�VROXELOLW\�RI�����

������PRO���&U�2��LQ�a�)H�2��DQG�����������PRO���a�)H�2��LQ�&U�2��KDV�EHHQ�GHWHUPLQHG��0|VVEDXHU
VSHFWUD�ZHUH�LQWHUSUHWHG�LQ�WHUPV�RI�DQ�HOHFWURQLF�UHOD[DWLRQ�HIIHFW�ZLWK�WKH�SRVVLELOLW\�RI�DJJORPHUDWLRQ
RI� )H��� LRQV�� ZKLFK� FDXVHV� WKH� VXSHUSDUDPDJQHWLF� HIIHFW�� 2SWLFDO� VSHFWUD� ZHUH� H[SODLQHG� DV� D
FRQVHTXHQFH�RI�WKH�FKDUJH�WUDQVIHU�IURP�PHWDO� WR�PHWDO��&U���)H�����0LFURVWUXFWXUH�RI�GHQWDO�JODVV�
FHUDPLFV� RI� OHXFLWH�W\SH�ZDV� LQYHVWLJDWHG� E\�;5'�� )7�,5��5DPDQ�� 6(0� DQG� ('$;�� )RU� QDQRVL]HG
7L2�� SDUWLFOHV�DQ� LPSRUWDQW�DSSOLFDWLRQ�DV� SKRWRDQRGH� LQ� D� QHZ� JHQHUDWLRQ� RI� VRODU� FHOOV�� KDV� EHHQ
IRXQG�� 7KH� 5X/��m�1&��5X� �&1��ES\����� G\H� ZDV� DGVRUEHG� RQ� QDQRVL]HG� 7L2�� SDUWLFOHV�� :H
GHYHORSHG� DQ� RULJLQDO� PHWKRG� RI� WKH� SUHSDUDWLRQ� RI� QDQRVL]HG� 7L2�� SDUWLFOHV� ��� WR� ��� QP�� ZKLFK
VKRZHG� JRRG� EHKDYLRXU� LQ� DERYH�PHQWLRQHG� VRODU� FHOOV�� $� QHZ� PHWKRG� RI� WKH� SDUWLFOH� VL]H
GHWHUPLQDWLRQ��EDVHG�RQ� ORZ�IUHTXHQF\�5DPDQ�VFDWWHULQJ��KDV�EHHQ�GHYHORSHG��'LIIHUHQWLDO�VFDQQLQJ
FDORULPHWU\�ZDV�XVHG� WR�PRQLWRU� WKH�NLQHWLFV�RI�K\GURWKHUPDO�FU\VWDOOLVDWLRQ�RI�=U2�� IURP�DPRUSKRXV
]LUFRQLXP�K\GUR[LGH��7KH�IRUPDWLRQ�RI�)H�,,,��R[\K\GUR[LGHV�DQG��R[LGHV�E\�K\GURO\VLV�RI�)H��� LRQV�LQ
WKH�SUHVHQFH�RI�XURWURSLQ��XUHD�DQG�70$+�ZDV�DOVR�LQYHVWLJDWHG��$�VWURQJ�LQIOXHQFH�RI�FDUERQDWH�LRQV
RQ� WKH�VWHHO� FRUURVLRQ� LQ�DTXHRXV�PHGLXP�KDV�EHHQ� IRXQG�� ,Q�RXU�;5'� LQYHVWLJDWLRQV�� WKH�5LHWYHOG
PHWKRG�ZDV�LQWURGXFHG�

),=,ý.2�.(0,-6.,�8ý,1&,�,21,=,5$-8û,+�=5$ý(1-$
3+<6,&2�&+(0,&$/�())(&76�2)�,21,=,1*�5$',$7,216
9RGLWHOM�WHPH��GU��VF��'XãDQ�5DåHP

6XUDGQLFL�QD�WHPL�

%UDQND�.DWXãLQ�5DåHP��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
%UDQND�0LKDOMHYLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
6DYHWD�0LOMDQLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
0DULD�5DQRJDMHF�.RPRU��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
'XãDQ�5DåHP��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
%UDQNR�9HNLü��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW

7HKQLþNL�VXUDGQLFL�

0LODQ�%ODåHYLü��WHKQLþDU�RSHUDWRU
'åHQDQD�.RUHQLND��GLSO�LQå��IDUPDFLMH��WHKQLþDUND
=GUDYNR�6XþHYLü��GLSO�LQå��HOHNWURW���YRGLWHOM�HOHNWURQVNRJ�DNFHOHUDWRUD���GR������������

3URJUDP�UDGD�L�UH]XOWDWL�QD�WHPL�

.DUDNWHUL]DFLMD�IL]LþNR�NHPLMVNLK�XþLQDND�LRQL]LUDMXüLK�]UDþHQMD�X�UD]QLP�PRGHOQLP�L�UHDOQLP�VXVWDYLPD�
,]ERU� VXVWDYD� X� NRMLPD� VH� SURPDWUDMX� IL]LþNR�NHPLMVNL� XþLQFL� LRQL]LUDMXüLK� ]UDþHQMD� RGUH HQ� MH
]DQLPDQMHP�]D� UD]QH� YLGRYH�PH XGMHORYDQMD� ]UDþHQMD� L� WYDUL� X� WLP� VXVWDYLPD�� ,VWUDåLYDQMH� SULURGH� L
VXGELQH� UHDNWLYQLK� NUDWNRåLYHüLK� þHVWLFD� QDVWDOLK� UDGLROL]RP�� HOHNWURQD�� SR]LWLYQLK� LRQD�� X]EX HQLK
PROHNXOD� L� VORERGQLK� UDGLNDOD� VSDGD� X� WHPHOMQD� LVWUDåLYDQMD� PH XGMHORYDQMD� ]UDþHQMD� L� WYDUL�� 7D
LVWUDåLYDQMD� SURYRGH� VH� X� MHGQRVWDYQLP� WHNXüLP� LOL� NUXWLP� VXVWDYLPD�� )L]LþNR�NHPLMVNL� XþLQFL



���

LRQL]LUDMXüLK�]UDþHQMD�PRJX�VH�LVNRULVWLWL�]D�PMHUHQMH�HQHUJLMH�]UDþHQMD�DSVRUELUDQH�X�QHNRP�VXVWDYX�
NRML� WLPH� SRVWDMH� GR]LPHWULMVNL� VXVWDY�� 3ULPMHUHQR� UDVSRQX� PMHUHQLK� GR]D� ]UDþHQMD�� SUHGPHW
LVWUDåLYDQMD�VX�GR]LPHWULMVNL�VXVWDYL�NRML�VH�]DVQLYDMX�QD�SRMDYL�WHUPROXPLQLVFHQFLMH�X�NUXWLP�WYDULPD�LOL
QD� WUDMQLP� NHPLMVNLP� SURPMHQDPD� X� RWRSLQDPD�� 5D]YRM� L� NDUDNWHUL]DFLMD� GR]LPHWULMVNLK� VXVWDYD� ]D
PMHUHQMH�GR]D�X� UDVSRQX�RG���� UHGRYD�YHOLþLQH� WDNR HU�VX�SUHGPHW�RYH� WHPH��3UHGPHW� LVWUDåLYDQMD
WDNR HU� MH� L]D]LYDQMH� RGUH HQLK� ELRORãNL� UHOHYDQWQLK� NHPLMVNLK� SURPMHQD� X� MHGQRVWDYQLP� PRGHOQLP
VXVWDYLPD�� 7DNR� VH� SRG� NRQWUROLUDQLP� XYMHWLPD� SRNXãDYDMX� RSRQDãDWL� SULURGQL� SURFHVL� X� NRMLPD
VXGMHOXMX� UHDNWLYQH� NUDWNRåLYHüH� þHVWLFH�� QSU�� RNVLGDFLMD� ELRORãNLK�PROHNXOD�PHKDQL]PRP� VORERGQLK
UDGLNDOD�� SULMHQRV� HOHNWURQD�� LWG�� 7HKQRORãNH� SULPMHQH� ]UDþHQMD� WHPHOMH� VH� QD� ELRFLGQRP�XþLQNX� NRML
LRQL]LUDMXüH� ]UDþHQMH� LPD� QD� PLNURRUJDQL]PH�� NRQWDPLQDQWH� QD� IDUPDFHXWVNLP� L� PHGLFLQVNLP
PDWHULMDOLPD�L�QDPLUQLFDPD��'RN�MH�ELRORãNL�XþLQDN�R]UDþHQMD�GUDVWLþDQ��IL]LþNR�NHPLMVNL�XþLQDN�þHVWR�MH
MHGYD� ]DPMHWOMLY�� ,]D]RY� ]D� UDGLMDFLMVNX� NHPLMX� MHVW� LGHQWLILFLUDWL� L� SRNXãDWL� NYDQWLILFLUDWL� WH� IL]LþNR�
NHPLMVNH�XþLQNH��ãWR�MH�WDNR HU�SUHGPHW�LVWUDåLYDQMD�WHPH�

0MHUHQ� MH� SULQRV� LRQL]DFLMH� X� QHSRODUQLP� WHNXüLQDPD� L� NRQNXUHQFLMD� L]PH X� WHUPDOL]DFLMH� HOHNWURQD� L
QMHJRYD�]DKYDWD�PROHNXORP�NORUEHQ]HQD�X�WLP�VUHGLQDPD��'RELYHQD�MH�RYLVQRVW�XGDUQRJ�SUHVMHND�]D
]DKYDW�QDGWHUPDOQRJ�HOHNWURQD�NORUEHQ]HQRP�X�IXQNFLML�HQHUJLMH�HOHNWURQD�

,VWUDåLYDQH� VX� UHDNFLMH� VORERGQLK� UDGLNDOD� L]D]YDQH� ]UDþHQMHP� X� VXVWDYLPD� RG� ]QDþHQMD� ]D
ELRPHGLFLQX��RVRELWR�ODQþDQD�UHDNFLMD�SHURNVLGDFLMH�QH]DVLüHQLK�PDVQLK�NLVHOLQD��=DKYDOMXMXüL�LQLFLMDFLML
V�SRPRüX�LRQL]LUDMXüHJ�]UDþHQMD�SUYL�VX�VH�SXWD�PRJOD�PMHULWL�PROHNXOVND�VYRMVWYD�WLK�VSRMHYD�X�þLVWRP
VWDQMX��EH]�XWMHFDMD�RWDSDOD�L�GRGDWDND���LQLFLMDWRUD�

6� SRPRüX� SRVHEQR� NRQVWUXLUDQRJ� XUH DMD� ]D� LVSUHNLGDQR� R]UDþLYDQMH� PMHUHQR� MH� YULMHPH� åLYRWD
ODQþDQH� SHURNVLGDFLMH�� 3UYL� VX� SXW� V� SRPRüX� RYH� PHWRGH� LQLFLMDFLMH� L]PMHUHQH�� QH]DYLVQR� MHGQD� RG
GUXJH�� SRMHGLQDþQD� NRQVWDQWD� EU]LQH� WHUPLQDFLMH� L� NRQVWDQWD� EU]LQH� SURSDJDFLMH� X� KRPRORJQRP� QL]X
QH]DVLüHQLK�PDVQLK�NLVHOLQD�

$SVROXWQH�YULMHGQRVWL�NRQVWDQWL�EU]LQD�]D�SUYL�VWXSDQM�GYRVWXSDQMVNH�UHDNFLMH�UHGXNFLMH�KLGURSHURNVLGD
LRQRP� )H���PMHUHQH� VX� SR� SUYL� SXW� V� KLGURSHURNVLGLPD� QH]DVLüHQLK� PDVQLK� NLVHOLQD�� 'UXJL� VWXSDQM�
UHDNFLMD�DONRNVLO�UDGLNDOD�V�LRQRP�)H����PMHUHQ�MH�V�SRPRüX�ODVHUVNH�LPSXOVQH�IRWROL]H�

,VWUDåLYDQL� VX� RG]LYL� UD]QLK� GR]LPHWULMVNLK� VXVWDYD� X� UD]OLþLWLP� XYMHWLPD� R]UDþLYDQMD� JOHGH� YUVWH�
HQHUJLMVNRJ�VSHNWUD��/(7�D� L�RSVHJD�GR]D��QHNROLNR�YUVWD� WHUPROXPLQLVFHQWQLK�GR]LPHWDUD��NHPLMVNLK
GR]LPHWDUD�QD�RVQRYL� NORUEHQ]HQD� L� GR]LPHWULMVNLK� LQGLNDWRUD��'RELYHQL� VX� UH]XOWDWL� NRML� SUHGVWDYOMDMX
]QDþDMQD�SURãLUHQMD�PRJXüQRVWL�PHWURORãNLK�SULPMHQD�RYLK�GR]LPHWULMVNLK�VXVWDYD�X�SUDNVL�]DãWLWH�RG
]UDþHQMD�� WH� PHGLFLQVNLK� L� LQGXVWULMVNLK� SULPMHQD� ]UDþHQMD�� 3UHFL]QLP� GR]LPHWULMVNLP� PMHUHQMLPD
GHJUDGLUDQRJ� VSHNWUD� ��&R� HNVSHULPHQWDOQR� VPR� SURYMHUDYDOL� QHNROLNR� IRUPXODFLMD� WHRULMH� ãXSOMLQH� WH
XWYUGLOL�GD�QDMEROMH�VODJDQMH�V�PMHUHQMLPD�GDMH�L]YRUQD�YHU]LMD�WHRULMH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�SURMHFW�GHDOV�ZLWK�WKH�FKDUDFWHULVDWLRQ�RI�SK\VLFR�FKHPLFDO�HIIHFWV�RI�LRQLVLQJ�UDGLDWLRQ�LQ�YDULRXV
PRGHO�DQG�UHDO�V\VWHPV��7KH�VHOHFWLRQ�RI�V\VWHPV�IRU�WKH�LQYHVWLJDWLRQ�RI�SK\VLFR�FKHPLFDO�HIIHFWV�RI
LRQLVLQJ�UDGLDWLRQ� LV�GHWHUPLQHG�E\� WKH� LQWHUHVW�ERUQH�E\� WKRVH�V\VWHPV�XSRQ�YDULRXV�DVSHFWV�RI� WKH
LQWHUDFWLRQV�RI�UDGLDWLRQ�DQG�PDWWHU��7KH�LQYHVWLJDWLRQV�RI�WKH�QDWXUH�DQG�IDWH�RI�WKH�UHDFWLYH�VKRUW�OLYHG
VSHFLHV�IRUPHG�E\�WKH�UDGLRO\VLV��HOHFWURQV��SRVLWLYH�LRQV��H[FLWHG�PROHFXOHV�DQG�IUHH�UDGLFDOV�EHORQJ
WR�WKH�IXQGDPHQWDO�UHVHDUFK�RI�WKH�LQWHUDFWLRQV�EHWZHHQ�UDGLDWLRQ�DQG�PDWWHU��7KLV�UHVHDUFK�KDV�EHHQ
FDUULHG�RXW�LQ�ERWK�VLPSOH�OLTXLG�DQG�VROLG�V\VWHPV��3K\VLFR�FKHPLFDO�HIIHFWV�RI�LRQLVLQJ�UDGLDWLRQ�FDQ
EH�XVHG�IRU� WKH�PHDVXUHPHQWV�RI� WKH�UDGLDWLRQ�HQHUJ\�DEVRUEHG� LQ�D�V\VWHP��ZKLFK� LV� WKHQ�FDOOHG�D
GRVLPHWU\� V\VWHP�� $FFRUGLQJ� WR� WKH� UDQJH� RI� WKH� GRVHV� PHDVXUHG�� WKH� VXEMHFWV� RI� WKH� SURMHFW� DUH
GRVLPHWU\� V\VWHPV� EDVHG� RQ� LQGXFLQJ� WKHUPROXPLQHVFHQFH� RI� VROLGV� RU� RQ� LQGXFLQJ� SHUPDQHQW
FKHPLFDO�FKDQJHV� LQ�VROXWLRQV��7KH�GHYHORSPHQW�DQG�FKDUDFWHULVDWLRQ�RI�GRVLPHWU\�V\VWHPV�FDSDEOH
IRU�PHDVXULQJ�GRVHV�RYHU�D�UDQJH�RI����RUGHUV�RI�PDJQLWXGH�DUH�WKH�VXEMHFW�RI�WKLV�SURMHFW�DV�ZHOO��7KH
VXEMHFW�RI�WKH�SURMHFW�LV�DOVR�WKH�LQGXFWLRQ�RI�FHUWDLQ�ELRORJLFDOO\�UHOHYDQW�FKHPLFDO�FKDQJHV�LQ�VLPSOH
PRGHO�V\VWHPV��,Q�WKLV�ZD\��QDWXUDO�SURFHVVHV�ZLWK�WKH�SDUWLFLSDWLRQ�RI�UHDFWLYH�VKRUW�OLYHG�VSHFLHV�DUH
PLPLFNHG� XQGHU� FRQWUROOHG� FRQGLWLRQV�� H�J�� R[LGDWLRQ� RI� ELRORJLFDO� PROHFXOHV� E\� IUHH� UDGLFDO
PHFKDQLVP��HOHFWURQ�WUDQVIHU��HWF��7HFKQRORJLFDO�DSSOLFDWLRQV�RI�LUUDGLDWLRQ�DUH�EDVHG�RQ�WKH�ELRFLGDO
HIIHFW�RI� LRQLVLQJ�UDGLDWLRQ�XSRQ�PLFUR�RUJDQLVPV��ZKLFK�KDSSHQ� WR�EH�FRQWDPLQDWLQJ�SKDUPDFHXWLFDO
DQG�PHGLFDO�PDWHULDOV� DQG� IRRGV��:KLOH� WKH� ELRORJLFDO� HIIHFW� RI� LUUDGLDWLRQ� LV� GUDPDWLF�� WKH� SK\VLFR�
FKHPLFDO� HIIHFW� LV� RIWHQ� KDUGO\� QRWLFHDEOH�� ,W� LV� D� FKDOOHQJH� IRU� UDGLDWLRQ� FKHPLVWU\� WR� LGHQWLI\� DQG
TXDQWLI\�WKHVH�SK\VLFR�FKHPLFDO�HIIHFWV��ZKLFK�LV�DOVR�WKH�VXEMHFW�RI�WKLV�SURMHFW�
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,RQLVDWLRQ� \LHOG� DQG� FRPSHWLWLRQ� EHWZHHQ� HOHFWURQ� WKHUPDOLVDWLRQ� DQG� LWV� FDSWXUH� E\� FKORUREHQ]HQH
PROHFXOH� ZHUH� PHDVXUHG� LQ� QRQ�SRODU� OLTXLGV�� 7KH� GHSHQGHQFH� RI� WKH� FDSWXUH� FURVV�VHFWLRQ� E\
FKORUREHQ]HQH�RQ�HOHFWURQ�HQHUJ\�KDV�EHHQ�REWDLQHG�

7KH� UHDFWLRQV� RI� UDGLDWLRQ�LQGXFHG� IUHH� UDGLFDOV� LQ� V\VWHPV� RI� LQWHUHVW� WR� ELRPHGLFLQH� ZHUH
LQYHVWLJDWHG�� LQ� SDUWLFXODU� WKH� FKDLQ� SHUR[LGDWLRQ� RI� XQVDWXUDWHG� IDWW\� DFLGV�� 'XH� WR� WKH� LQLWLDWLRQ� E\
LRQLVLQJ� UDGLDWLRQ�� PROHFXODU� SURSHUWLHV� RI� QHDW� FRPSRXQGV� IUHH� RI� WKH� VROYHQW� DQG� DGGHG� LQLWLDWRU
LQIOXHQFHV��FRXOG�EH�PHDVXUHG�IRU�WKH�ILUVW�WLPH�

7KH� OLIHWLPH� RI� WKH� FKDLQ� SHUR[LGDWLRQ� UHDFWLRQ� ZDV� PHDVXUHG� E\� DQ� DSSDUDWXV� VSHFLDOO\� EXLOW� IRU
LQWHUPLWWHQW�LUUDGLDWLRQ��,QGLYLGXDO�UDWH�FRQVWDQWV�IRU�FKDLQ�WHUPLQDWLRQ�DQG�SURSDJDWLRQ�ZHUH�VHSDUDWHO\
PHDVXUHG�IRU�WKH�ILUVW�WLPH�LQ�WKH�KRPRORJRXV�VHULHV�RI�XQVDWXUDWHG�IDWW\�DFLGV�DSSO\LQJ�WKLV�LQLWLDWLRQ
PHWKRG�

$EVROXWH� YDOXHV�RI� WKH� UDWH�FRQVWDQWV� IRU� WKH� ILUVW�VWHS� LQ�D� WZR�VWHS� UHGXFWLRQ�RI�K\GURSHUR[LGHV� E\
IHUURXV� LRQ� ZHUH� PHDVXUHG� IRU� WKH� ILUVW� WLPH� ZLWK� K\GURSHUR[LGHV� RI� XQVDWXUDWHG� IDWW\� DFLGV�� 7KH
VHFRQG�VWHS��WKH�UHDFWLRQ�RI�DONR[\O�UDGLFDO�ZLWK�IHUURXV�LRQ��ZDV�PHDVXUHG�E\�ODVHU�IODVK�SKRWRO\VLV�

7KH�UHVSRQVHV�RI�YDULRXV�GRVLPHWU\�V\VWHPV�XQGHU�YDU\LQJ� LUUDGLDWLRQ�FRQGLWLRQV�UHJDUGLQJ� WKH� W\SH�
HQHUJ\� VSHFWUXP�� /(7� DQG� GRVH� UDQJH�� ZHUH� LQYHVWLJDWHG�� VHYHUDO� W\SHV� RI� WKHUPROXPLQLVFHQW
GRVLPHWHUV�� FKHPLFDO� GRVLPHWHUV� EDVHG� RQ� FKORUREHQ]HQH� DQG� GRVLPHWULF� LQGLFDWRUV�� 7KH� REWDLQHG
UHVXOWV� UHSUHVHQW� VLJQLILFDQW� H[WHQVLRQV� RI� WKH� PHWURORJLFDO� SRWHQWLDO� RI� WKH� LQYHVWLJDWHG� GRVLPHWU\
V\VWHPV�LQ�UDGLDWLRQ�SURWHFWLRQ�SUDFWLFH��DV�ZHOO�DV�LQ�WKH�PHGLFDO�DQG�LQGXVWULDO�XVHV�RI�UDGLDWLRQ��%\
SUHFLVH�GRVLPHWULF�PHDVXUHPHQWV�RI� WKH�GHJUDGHG� ��&R�VSHFWUXP�VHYHUDO� IRUPXODWLRQV�RI� WKH� FDYLW\
WKHRU\�ZHUH�FKHFNHG�H[SHULPHQWDOO\��7KH�EHVW�DJUHHPHQW�EHWZHHQ� WKH� WKHRU\�DQG� WKH�H[SHULPHQWDO
PHDVXUHPHQWV�KDV�EHHQ�IRXQG�ZLWK�WKH�RULJLQDO�YHUVLRQ�RI�WKH�WKHRU\�

6,17(=$��.$5$.7(5,=$&,-$�,�02',),&,5$1-(�32/,0(5$
=5$ý(1-(0
6<17+(6,6��&+$5$&7(5,6$7,21�$1'�02',),&$7,21�2)
32/<0(56�%<�,21,6,1*�5$',$7,21
9RGLWHOM�WHPH��GU��VF��)UDQMR�5DQRJDMHF

6XUDGQLFL�QD�WHPL�

,ULQD�3XFLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
)UDQMR�5DQRJDMHF��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
,YDQ�âPLW��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLFL�

6LOYDQR�âWRNRYLü��WHKQLþDU
%UDQNR�âWHIXOM��.9�UDGQLN

3URJUDP�UDGD�L�UH]XOWDWL�

5HDNFLMH� UDGLMDFLMVNRJ� PRGLILFLUDQMD� SROLPHUD� SUHWHåQR� VH� RGYLMDMX� X� KHWHURJHQLP� VXVWDYLPD�� SD
PHKDQL]DP� SURFHVD� X]� NHPLMVNH� UHDNFLMH� RGUH XMX� VWUXNWXUQH� L� ID]QH� SURPMHQH� X� VXVWDYX� WLMHNRP
UHDNFLMH�� 6� WRJD� FLOM� LVWUDåLYDQMD� MHVW� QD� PRGHOQRP� VXVWDYX� XPUHåLYDQMD� QH]DVLüHQLK� SROLHVWHUVNLK
VPROD�VWHüL�QRYD�VD]QDQMD�R�XOR]L�NHPLMVNLK�L�VWUXNWXUQLK�IDNWRUD�X�SURFHVX��3UHWSRVWDYOMDPR�GD�VH�WR
PRåH� SRVWLüL� NRPELQDFLMRP�PHWRGH� HOHNWULþQH� YRGOMLYRVWL� L� NDORULPHWULMH�� NRMH� VX� UD]YLMHQH� X� QDãHP
ODERUDWRULMX��WH�PHWRGRP�VSHNWURIRWRPHWULMH�X�EOLVNRP�LQIUDFUYHQRP�SRGUXþMX��NRMD�WUHED�GDWL�SRGDWNH�R
SULURGL� SULMHOD]D� WHNXüH�WHNXüH� NRMH� VPR� XRþLOL� X� QH]DVLüHQLPD� SROLHVWHUVNLP� VPRODPD� X
WHPSHUDWXUQRP� SRGUXþMX� L]QDG� VWDNODVWRJ� SULMHOD]D�� 8� OLWHUDWXUL� MRã� SRVWRMH� QHGRXPLFH� R� SULURGL
SULMHOD]D� WHNXüH�WHNXüH�� QDãL� UH]XOWDWL� VWRJD� SUHGVWDYOMDMX� IXQGDPHQWDOQL� GRSULQRV�� 7UHED� UD]MDVQLWL
XWMHFDM� SULMHOD]D� WHNXüH�WHNXüH� QD� UHDNFLMX� XPUHåLYDQMD�� ,VWUDåLYDW� üH� VH� NDNR� SURPMHQD� VWUXNWXUH
SROLPHUD�� WDNR� L� SURPMHQD� VDVWDYD� SROLPHUQLK� PMHãDYLQD�� WH� PRGLILFLUDQMH� LRQL]LUDMXüLP� ]UDþHQMHP
XWMHþX�QD�VYRMVWYD�SROLPHUD�

5DGLMDFLMVNL� L� WHUPLþNL� LQLFLUDQR� XPUHåLYDQMH� QH]DVLüHQLK� SROLHVWHUVNLK� VPROD� VWLUHQRP� SUDüHQR� MH
PMHUHQMHP�SURPMHQH�HOHNWULþQH�YRGOMLYRVWL�WLMHNRP�SURFHVD��2GUH LYDQMHP�VDGUåDMD�JHOD�L�NRQFHQWUDFLMH
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VWLUHQD� SRND]DOR� MH� GD� MH� SURPMHQD�HOHNWULþQH� YRGOMLYRVWL� L]UDYQR� SRYH]DQD� V� UHDNFLMRP� XPUHåLYDQMD�
2SDåHQ�MH�L�REMDãQMHQ�XWMHFDM�HOHNWULþQRJ�SROMD�L�EU]LQH�GR]H�QD�EU]LQX�UHDNFLMH�XPUHåLYDQMD��2UMHQWDFLMD
SRODUQLK� ODQDFD� SRG� XWMHFDMHP� HOHNWULþQRJ� SROMD� PRåH� SRJRGRYDWL� UHDNFLML� XPUHåLYDQMD�� 0RJXüQRVW
WHUPLQDFLMH�SULPDUQLP�UDGLNDOLPD�PRåH�VPDQMLWL�XþLQNRYLWRVW�XPUHåLYDQMD��3RND]DOL�VPR�GD�QD�UHDNFLMX
XPUHåLYDQMD� ]QDþDMDQ� XWMHFDM� PRåH� LPDWL� SULMHOD]� WHNXüH�WHNXüH�� NRML� MH� RSDåHQ� X� WHPSHUDWXUQRP
SRGUXþMX�X�NRMHPX�VH�RGYLMD�UHDNFLMD��,VWUDåLYDQMH�SULURGH�WRJ�SULMHOD]D�MH�X�WRNX�

5DGLMDFLMVNLP�PRGLILFLUDQMHP� SULURGQH� JXPH�� SULSUHPOMHQH� VX� ELPRGDOQH� PUHåH� V� FLOMHP� SREROMãDQMD
QMH]LQLK�VYRMVWDYD�

6WXGLUDQH� VX� VWUXNWXUQH� WUDQVIRUPDFLMH� DPRUIQLK� L� PH]RPRUIQLK� SROLPHUQLK� VXVWDYD�� ,VWUDåLYDQD� MH
WHQGHQFLMD�PH]RPRUIQRJD�VWUXNWXUQRJ�VUH LYDQMD� KRPRSROLPHUD� L� DOWHUQLUDMXüLK� NRSROLPHUD�QD�RVQRYL
1�VXSVWLWXLUDQLK�PDOHLPLGD��8VWDQRYOMHQ�MH�XWMHFDM�NDNR�ERþQLK�1�VXSVWLWXHQDWD��DONLOL�� IHQLO��EHQ]R����
NUXQD����NROHVWHULO�EHQ]RDW��NROHVWHULO�KHNVDQRDW���WDNR�L�DOWHUQLUDMXüLK�MHGLQLFD�X�JODYQRP�ODQFX��VWLUHQ�
a�� L� b�PHWLOVWLUHQ�� WH� IHQLOYLQLO�HWLO�HWHU��� 6WXGLUDQ� MH� VWUXNWXUQL� L� NRPSDWLELOL]DFLMVNL� XWMHFDM� 6%6� WULEORN
NRSROLPHUD� QD� PMHãDYLQH� SROLSURSLOHQD� L� SROLVWLUHQD� �L33�D36�� V� FLOMHP� GRELYDQMD� PDWHULMDOD� V
SREROMãDQLP�VYRMVWYLPD�

,VWUDåLYDQ� MH� X]URN� SRYUHPHQLK� SURPMHQD� NDUDNWHULVWLND� VDPROMHSOMLYLK� WUDND� ]D� SDNLUDQMH� V� 39&
QRVDþHP�NRMH�SURL]YRGL��6LSUR��G�G��8PDJ��'RND]DQD�MH�YDåQD�XORJD�DVRFLMDFLMH�NDUERNVLOQLK�VNXSLQD
NRORIRQLMVNH�VPROH�WH�XORJD�QRVDþD�39&�

6YRMLP�]QDQMHP�L�UDVSRORåLYLP�PHWRGDPD�LVWUDåLYDþL�RYH�WHPH�SULGRQLMHOL�VX�WDNR HU�UHDOL]DFLML�GLMHORYD
QHNLK�GUXJLK�WHPD�NDG�MH�WR�ELOR�]DWUDåHQR��RGQRVQR�SRND]DOR�VH�VYUVLVKRGQLPH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,Q�UDGLDWLRQ�PRGLILFDWLRQ�RI�SRO\PHUV��WKH�UHDFWLRQV�SURFHHG�LQ�KHWHURJHQHRXV�FRQGLWLRQV�PDLQO\��DQG
WKH�PHFKDQLVP� RI� WKH� SURFHVV� FDQ� EH� GHWHUPLQHG� E\� FKHPLFDO� UHDFWLYLW\� DQG� VWUXFWXUDO� DQG� SKDVH
WUDQVLWLRQV�RI�WKH�V\VWHP�LQ�WKH�FRXUVH�RI�UHDFWLRQ��7KH�JRDO�RI�RXU�LQYHVWLJDWLRQ�LV�WR�GHWHUPLQH�WKH�UROH
RI�FKHPLFDO�DQG�VWUXFWXUDO�IDFWRUV�LQ�FURVV�OLQNLQJ�RI�XQVDWXUDWHG�SRO\HVWHU�UHVLQV�DV�D�PRGHO�V\VWHP��$
FRPELQDWLRQ� RI� GLIIHUHQW� UHVHDUFK� PHWKRGV� ZDV� DSSOLHG�� ,Q� RXU� ODERUDWRU\� WKH� PHWKRG� RI� HOHFWULFDO
FRQGXFWLYLW\�DQG�FDORULPHWULF�PHWKRG�ZHUH�GHYHORSHG��7KHVH�PHWKRGV�ZRXOG�KHOS�IROORZLQJ�WKH�FRXUVH
RI� FURVV�OLQNLQJ�DQG�1,5�VSHFWURSKRWRPHWU\�ZDV�DSSOLHG� LQ� RUGHU� WR� LQYHVWLJDWH� WKH�QDWXUH� RI� OLTXLG�
OLTXLG� WUDQVLWLRQ� REVHUYHG� LQ� XQVDWXUDWHG� SRO\HVWHU� UHVLQV� LQ� LQYHVWLJDWHG� WHPSHUDWXUH� UDQJH�� :H
H[SHFW� WKDW� RXU� UHVXOWV� PD\� HVVHQWLDOO\� FRQWULEXWH� WR� WKH� HOXFLGDWLRQ� RI� FRQWURYHUV\� LQ� OLWHUDWXUH
FRQFHUQLQJ� WKH� UROH� RI� OLTXLG�OLTXLG� WUDQVLWLRQV�� ,W� LV� H[SHFWHG� WKDW� WKH� SRVVLEOH� HIIHFW� RI� OLTXLG�OLTXLG
WUDQVLWLRQ�RQ�FURVV�OLQNLQJ�UHDFWLRQ�FRXOG�EH�H[SODLQHG��7KH�HIIHFWV�RI�SRO\PHU�VWUXFWXUH��FRPSRVLWLRQ
RI� SRO\PHU� EOHQGV� DQG� HIIHFW� RI� PRGLILFDWLRQ� E\� LRQLVLQJ� UDGLDWLRQ� RQ� SRO\PHU� SURSHUWLHV�� DUH
LQYHVWLJDWHG�

5DGLDWLRQ�DQG�WKHUPDOO\�LQGXFHG�FURVV�OLQNLQJ�RI�XQVDWXUDWHG�SRO\HVWHU�UHVLQ�ZLWK�VW\UHQH�ZDV�IROORZHG
E\� PHDVXUHPHQWV� RI� '&� HOHFWULFDO� FRQGXFWLYLW\� GXULQJ� UHDFWLRQ�� 7KH� GHWHUPLQDWLRQ� RI� JHO� DQG� IUHH
VW\UHQH� FRQWHQWV� VKRZHG� WKDW� WKH� HOHFWULFDO� FRQGXFWLYLW\� FKDQJH� LV� GLUHFWO\� UHODWHG� WR� WKH� H[WHQW� RI
FURVV�OLQNLQJ��7KH�HIIHFWV�RI�HOHFWULFDO�ILHOG�DQG�GRVH�UDWH�RQ�WKH�FURVV�OLQNLQJ�UDWH�ZHUH�REVHUYHG�DQG
H[SODLQHG�� 7KH� RULHQWDWLRQ� RI� SRODU� UHVLQ� FKDLQV� XQGHU� WKH� LQIOXHQFH� RI� DQ� HOHFWULFDO� ILHOG� PD\� EH
IDYRXUDEOH�IRU�FURVV�OLQNLQJ�UHDFWLRQ��$�SUREDELOLW\�IRU�SULPDU\�UDGLFDO�WHUPLQDWLRQ�DW�KLJKHU�GRVH�UDWHV
PD\�GHFUHDVH�WKH�HIILFLHQF\�RI�FURVV�OLQNLQJ�UHDFWLRQ��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�OLTXLG�OLTXLG�WUDQVLWLRQ
REVHUYHG�LQ�WKH�WHPSHUDWXUH�UDQJH�ZLWKLQ�ZKLFK�WKH�UHDFWLRQ�SURFHHGV�PD\�VLJQLILFDQWO\�LQIOXHQFH�WKH
FURVV�OLQNLQJ�UDWH��7KH�LQYHVWLJDWLRQ�RI�WKH�QDWXUH�RI�OLTXLG�OLTXLG�WUDQVLWLRQ�LV�XQGHUZD\�

%\�UDGLDWLRQ�PRGLILFDWLRQ�RI�QDWXUDO� UXEEHU��ELPRGDO�QHWZRUNV�ZHUH�SUHSDUHG�ZLWK�DQ�DLP�WR� LPSURYH
WKH�SURSHUWLHV�RI�UXEEHU�

6WUXFWXUDO� WUDQVIRUPDWLRQV� RI� DPRUSKRXV� DQG� PHVRPRUSKRXV� SRO\PHU� V\VWHPV� KDYH� EHHQ� VWXGLHG�
7KH�WHQGHQFLHV�RI�PHVRPRUSKRXV�VWUXFWXUDO�RUGHULQJ�RI�KRPRSRO\PHUV�DQG�DOWHUQDWLQJ�FRSRO\PHUV�RQ
WKH� EDVLV� RI� 1�VXEVWLWXWHG� PDOHLPLGHV� KDYH� EHHQ� LQYHVWLJDWHG�� 7KH� HIIHFWV� RI� VLGH� 1�VXEVWLWXHQWV
�DON\OV�� SKHQ\O�� EHQ]R����FURZQ���� FKROHVWHU\O�EHQ]RDWH�� FKROHVWHU\O�KH[DQRDWH�� DV� ZHOO� DV� WKRVH� RI
DOWHUQDWLQJ� XQLWV� LQ� PDLQ� FKDLQ� �VW\UHQ�� a�� DQG� b�PHWK\OVW\UHQH�� SKHQ\OYLQ\O� HWK\O� DHWKHU�� RQ� WKH
PHVRPRUSKRXV�RUGHULQJ� KDYH�EHHQ� IRXQG��6WUXFWXUDO� DQG� FRPSDWLELOLVLQJ� LQIOXHQFHV�RI�6%6� WULEORFN
FRSRO\PHU�RQ�SRO\SURS\OHQH�SRO\VW\UHQH��L33�D36��EOHQGV�KDYH�EHHQ�VWXGLHG�DV�ZHOO�

7KH� SUREOHP� RI� YDU\LQJ� TXDOLW\� RI� 39&� EDVHG� SUHVVXUH� VHQVLWLYH� DGKHVLYHV� � � SURGXFHG� E\� �6LSUR��
8PDJ��ZDV�LQYHVWLJDWHG��7KH�LPSRUWDQW�UROHV�RI�DVVRFLDWLRQ�RI�FDUER[\OLF�JURXSV�LQ�DELHWLF�DFLG�DQG�RI
39&� VXSSRUW� LQ� ILQDO� SURSHUWLHV� RI� WKH� SURGXFW� KDYH� EHHQ� VKRZQ�� 7KH� UHVHDUFKHUV� RI� WKLV� SURMHFW
SDUWLFLSDWHG�LQ�WKH�UHVHDUFK�RI�VRPH�RWKHU�SURMHFWV��HLWKHU�DW�WKH�UHTXHVW�RU�RXW�RI�QHFHVVLW\�
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äHOLPLU�%ODåLQD�GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
$QWXQ�'UDãQHU��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
0DWLMD�3DOMHYLü��GRNWRULFD�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
%RåLFD�âRUJLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0ODGHQ�7RSLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
5XGROI�7URMNR��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW

7HKQLþNL�VXUDGQLN�

7RPLVODY�äLF��YLãL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

3ULUH HQL�VX�QRYL�LQWHUPHWDOQL�VSRMHYL��WH�MH�LVWUDåLYDQD�QMLKRYD�LQWHUDNFLMD�V�YRGLNRP��RGQRVQR�NLVLNRP�
2VQRYQH�PHWRGH�LVWUDåLYDQMD�MHVX�UHQGJHQVND�VWUXNWXUQD�DQDOL]D�PHWRGRP�SUDKD��PHWDORJUDILMD��3&,
PMHUHQMD� L� WHUPLþNH� PHWRGH� NDR� 7*$�� '7$�� 76'&� LWG�� 6LQWHWL]LUDQL� VX� LQWHUPHWDOQL� VSRMHYL� RSüHJ
VDVWDYD�5(1L��[$O[� �5( �ULMHWND�]HPOMD�� L� WUHWLUDQL�YRGLNRP�X� WHPSHUDWXUQRP�SRGUXþMX����.�������.� L
SRGUXþMX� WODNRYD�GR����� N3D�� 9HüLQD� WURNRPSRQHQWQLK� LQWHUPHWDOLND� UHDJLUD� UHYHU]LELOQR� V� YRGLNRP�
7HUPRGLQDPLþNH�NDUDNWHULVWLNH�VXVWDYD�PHWDO���YRGLN�RGUH HQH�VX�L]�GHVRUSFLMVNLK�L]RWHUPL�WODN�VDVWDY�
,VWUDåLYDQD�MH�YLVRNRWHPSHUDWXUQD�RNVLGDFLMD�X�VXVWDYX�=U�&U��1D HQR�MH�DQRPDOQR�VPDQMLYDQMD�EU]LQH
UHDNFLMH� X� WHPSHUDWXUQRP� UDVSRQX� ����� .� �� ����� .��0HWDOQL� RNVLGL� QD� ED]L� 7L2�� NDUDNWHUL]LUDQL� VX
WHUPLþNLP� PHWRGDPD�� 5HODNVDFLMD� X� GLHOHNWULþQLP� PDWHULMDOLPD� SURXþDYDQD� MH� PMHUHQMHP� WHUPDOQR
VWLPXOLUDQH�VWUXMH�GHSRODUL]DFLMH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

1HZ�LQWHUPHWDOOLF�FRPSRXQGV�ZHUH�SUHSDUHG�DQG�WKHLU� LQWHUDFWLRQV�ZLWK�K\GURJHQ�RU�R[\JHQ�VWXGLHG�
%DVLF�PHWKRGV�RI�LQYHVWLJDWLRQV�DUH�;�UD\�SRZGHU�GLIIUDFWLRQ��PHWDOORJUDSK\��3&,�PHDVXUHPHQWV�DQG
WKHUPDO� PHWKRGV� VXFK� DV� 7*$�� '7$�� 7'6&�� HWF�� ,QWHUPHWDOOLF� FRPSRXQGV� RI� D� JHQHUDO� 5(1L��[$O[
�5( UDUH�HDUWK��FRPSRVLWLRQ�ZHUH�SUHSDUHG�DQG�WUHDWHG�ZLWK�K\GURJHQ�LQ�WKH�WHPSHUDWXUH�UDQJH�RI���
.�WR�����.�DQG�XQGHU�SUHVVXUHV�XS�WR�����N3D��0RVW�RI� WKHVH� WHUQDU\� LQWHUPHWDOOLFV� UHDFW� UHYHUVLEO\
ZLWK� K\GURJHQ�� 7KHUPRG\QDPLF� IHDWXUHV� RI� WKH� PHWDO�K\GURJHQ� V\VWHP� ZHUH� H[WUDFWHG� IURP� WKH
SUHVVXUH�FRPSRVLWLRQ�GHVRUSWLRQ�LVRWKHUPV��7KH�KLJK�WHPSHUDWXUH�R[LGDWLRQ� LQ� WKH�=U�&U�V\VWHP�ZDV
DOVR�VWXGLHG��,Q�WKH�WHPSHUDWXUH�UDQJH�RI������.�WR������.��DQ�DQRPDORXV�GHFUHDVH�IRU�WKH�UHDFWLRQ
UDWH� KDV� EHHQ� IRXQG�� 7KH� 7L2��EDVHG� R[LGHV� KDYH� EHHQ� FKDUDFWHULVHG� E\� WKHUPDO� PHWKRGV�� 7KH
UHOD[DWLRQ� LQ� GLHOHFWULF� PDWHULDOV� ZDV� VWXGLHG� E\� PHDVXULQJ� WKH� WKHUPDO� VWLPXODWHG� GHSRODULVDWLRQ
FXUUHQW�

6835$92'/-,9,�2.6,',�,�0(7$/1,�.203/(.6,
683(5&21'8&7,1*�2;,'(6�$1'�0(7$/�&203/(;(6
9RGLWHOMLFD�WHPH��GU��VF��1HYHQND�%UQLþHYLü

6XUDGQLFL�QD�WHPL�

,YDQ�%DãLF��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN
1HYHQND�%UQLþHYLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
3DYLFD�3ODQLQLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
6LQLãD�âLUDF��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN
0DULMD�9RMQRYLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD



���

7HKQLþND�VXUDGQLFD�

9LãQMD�0XQML]D��VDPRVWDOQD�WHKQLþDUND

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

,YLFD�$YLDQL��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW��,QVWLWXW�]D�IL]LNX��=DJUHE
XUR�'UREDF��GRNWRU�IL]��]QDQRVWL��LVWUDåLYDþ�VXUDGQLN��,QVWLWXW�]D�IL]LNX��=DJUHE

/MLOMDQD�0DULü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW��=DYRG�]D
DQDOLWLþNX�NHPLMX��=DJUHE
äHOMNR�0DURKQLü��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW��,QVWLWXW�]D�IL]LNX��=DJUHE
'XEUDYND�0DWNRYLü�ýDORJRYLü��GRNWRULFD�NHP��]QDQRVWL��GRFHQWLFD��3ULURGRVORYQR�PDWHPDWLþNL�IDNXOWHW�
=DYRG�]D�RSüX�L�DQRUJDQVNX�NHPLMX��=DJUHE
0DUNR�0LOMDN��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW��,QVWLWXW�]D�IL]LNX��=DJUHE

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQL� VX� VXSUDYRGOMLYL� RNVLGL�� � KHNVDQXNOHDUQL� NODVWHUL� UDQLK� SULMHOD]QLK� PHWDOD�� WH� VSRMHYL
NREDOWD�,,��L�QLNOD�,,��V�PDNURFLNOLþNLP�OLJDQGLPD��,VWUDåLYDQ�MH�XWMHFDM�GMHORPLþQH�]DPMHQH�DWRPD�åLYH�,,�
EL]PXWRP�,,,�� X� GYD� VXVWDYD� QRPLQDOQRJ� VDVWDYD�� +J��[%L[%D�&D�&X�2��d� L� +J��[%L[%D�&D�&X�2���d�
1DVWDMDQMH�VXSUDYRGOMLYH�ID]H�+J�������7F�a�����.��X�]QDWQLMHP�YROXPQRP�L]QRVX�QD HQR�MH�X�REMH
VHULMH� X]RUDND�� 8WYU HQ� MH� QDþLQ� SULSUDYH� KHNVDQXNOHDUQLK� NODVWHUD� VDVWDYD
>0�%U���+�2��@>+J%U�;�@£��+�2�� 0�  � 1E�� 7D�� ;�  � &O�� %U�� ,VWUDåHQH� VX� QMLKRYH� NULVWDOQH� VWUXNWXUH�
PDJQHWVND�L�HOHNWULþQD�VYRMVWYD��6SRMHYL�VX�SROXYRGLþL�V�HQHUJLMRP�DNWLYDFLMH�(D� ������H9��3ULUH HQL�VX
KHWHURQXNOHDUQL� NODVWHUL� VDVWDYD� >0�;���(W2+��@>�0R�&O��&O�;�@£Q(W2+£P(W�2�� NRML� VDGUåH� NODVWHUVNH
MHGLQNH� V� PMHãRYLWLP� QDERMHP�� >0�;��@

��� L� >0R�&O�@
���� 8� VSRMHYLPD� VDVWDYD� WUDQV�

>7D�&O���2+���+�2��@£��+�2�L���10H���>7D�&O���2+��@£��+�2�SULVXWQD� MH�NODVWHUVND� MHGLQND�>7D�&O��@
���

D� X� VSRMHYLPD� >0�;���&�+�12��@;�� MHGLQND� >0�;��@
���� 3ULUH HQL� VX�� WH� VWUXNWXUQR� L� VSHNWURVNRSVNL

NDUDNWHUL]LUDQL�QRYL�VSRMHYL�NREDOWD�,,��L�QLNOD�,,��V�PDNURFLNOLþNLP�OLJDQGLPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�LQYHVWLJDWLRQV�DUH�UHODWHG�WR�VXSHUFRQGXFWLQJ�R[LGHV��KH[DQXFOHDU�FOXVWHUV�RI� WKH�HDUO\� WUDQVLWLRQ
PHWDO�HOHPHQWV�DQG�FRPSOH[�FRPSRXQGV�RI�FREDOW�,,�� DQG�QLFNHO�,,��ZLWK�PDFURF\FOLF� OLJDQGV��3DUWLDO
VXEVWLWXWLRQ�RI�PHUFXU\�,,��DWRPV�E\�ELVPXWK�,,,��KDV�EHHQ�LQYHVWLJDWHG�LQ�WZR�VHULHV�RI�VDPSOHV�RI�WKH
QRPLQDO� FRPSRVLWLRQ�� +J��[%L[%D�&D�&X�2��d� DQG�+J��[%L[%D�&D�&X�2���d�� 7KH� IRUPDWLRQ� RI� WKH�+J�
�����VXSHUFRQGXFWLQJ�SKDVH��7F�a�����.�� LQ�D�KLJK�YROXPH�SHUFHQWDJH�KDV�EHHQ�REVHUYHG� LQ�ERWK
VHULHV�RI�VDPSOHV��7KH�FRQGLWLRQV�RI�WKH�SUHSDUDWLRQ�RI�>0�%U���+�2��@>+J%U�;�@£��+�2��0� �1E��7D��;
 � &O�� %U�� KDYH� EHHQ� HVWDEOLVKHG�� &U\VWDO� VWUXFWXUHV�� PDJQHWLF� DQG� HOHFWULF� SURSHUWLHV� KDYH� EHHQ
LQYHVWLJDWHG��7KH�FRPSRXQGV�ZHUH�WKH�VHPLFRQGXFWRUV�ZLWK�DQ�DFWLYDWLRQ�HQHUJ\�RI�(D� ������H9��7KH
KHWHURQXFOHDU� FOXVWHUV� RI� WKH� FRPSRVLWLRQ� >0�;���(W2+��@>�0R�&O��&O�;�@£Q(W2+£P(W�2� ZLWK� PL[HG�
FKDUJHG�FOXVWHU�XQLWV� >0�;��@

���DQG� >0R�&O�@
���ZHUH�SUHSDUHG��&RPSRXQGV�RI� WKH�FRPSRVLWLRQ� WUDQV�

>7D�&O���2+���+�2��@£��+�2�DQG��10H���>7D�&O���2+��@£��+�2�FRQWDLQHG�WKH�>7D�&O��@
���XQLW��ZKHUHDV

WKH�>0�;��@
���XQLW�ZDV�SUHVHQW�LQ�>0�;���&�+�12��@;���&RPSOH[�FRPSRXQGV�RI�FREDOW�,,��DQG�QLFNHO�,,�

ZLWK�PDFURF\FOLF�OLJDQGV�ZHUH�SUHSDUHG�DQG�VWUXFWXUDOO\�DQG�VSHFWURVFRSLFDOO\�FKDUDFWHULVHG�
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=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X��

��� $QWRQLü��7���6XERWLü��%���6WXELþDU��1��,QIOXHQFH�RI
JHO� SURSHUWLHV�RQ� WKH�FU\VWDOOL]DWLRQ�RI� ]HROLWHV� ���
,QIOXHQFH�RI�DONDOLQLW\�GXULQJ�JHO�SUHSDUDWLRQ�RQ�WKH
NLQHWLFV� RI� QXFOHDWLRQ� RI� ]HROLWH� $�� =HROLWHV�� ��
���������������

��� %HFN�� 8��� 6LPRQ�� $��� âLUDF�� 6��� %UQLþHYLü�� 1�
&U\VWDO� VWUXFWXUHV� RI� WUDQV�>7D�&O���2+��
�+�2��@

���+�2�DQG� �10H���� >7D�&O���2+��@
���+�2�

=HLWVFKULIW� I�U� DQRUJDQLVFKH� XQG� DOOJHPHLQH
&KHPLH�������������������

��� %ODåLQD�� ä��� âRUJLü�� %��� 'UDãQHU�� $�� 2Q� VRPH
VWUXFWXUDO�DQG�K\GURJHQ�VRUSWLRQ�SURSHUWLHV�RI� WKH
+R1L��[$O[� LQWHUPHWDOOLFV�� -RXUQDO� RI� 0DWHULDOV
6FLHQFH�/HWWHUV����������������������

��� %ODåLQD�� ä��� âRUJLü�� %��� 'UDãQHU�� $�� 7KH� FU\VWDO
VWUXFWXUH� DQG� VRPH� WKHUPRG\QDPLF� SURSHUWLHV� RI
WKH� 7E1L��[$O[� �� K\GURJHQ� V\VWHP�� -RXUQDO� RI
3K\VLFV��&RQGHQVHG�0DWWHU���������������������

��� ýLåPHN�� $��� 6XERWLü�� %��� âPLW�� ,��� 7RQHMF�� $��
$LHOOR��5���&UHD��)���1DVWUR��$��'LVVROXWLRQ�RI�KLJK�
VLOLFD�]HROLWHV�LQ�DONDOLQH�VROXWLRQV�����'LVVROXWLRQ�RI
DFWLYDWHG� VLOLFDOLWH��� DQG� =60��� ZLWK� GLIIHUHQW
DOXPLQXP� FRQWHQW�� 0LFURSRURXV� 0DWHULDOV�� �
���������������

��� ýLåPHN��$���6XERWLü��%���.UDOM��'���%DELü�,YDQþLü�
9��� 7RQHMF�� $�� 7KH� LQIOXHQFH� RI� JHO� SURSHUWLHV� RQ
WKH� NLQHWLFV� RI� FU\VWDOOL]DWLRQ� DQG� SDUWLFXODWH
SURSHUWLHV�RI�0),�W\SH�]HROLWHV��,��7KH�LQIOXHQFH�RI
WLPH� DQG� WHPSHUDWXUH� RI� JHO� DJHLQJ� RQ� WKH
SDUWLFXODWH� SURSHUWLHV� RI� VLOLFDOLWH��� PLFURFU\VWDOV�
0LFURSRURXV�0DWHULDOV��������������������

��� )LOLSRYLü�9LQFHNRYLü�� 1��� 3XFLü�� ,��� 3RSRYLü�� 6��
7RPDãLü��9���7HåDN�� ��6ROLG�3KDVH�7UDQVLWLRQV�RI
&DWDQLRQLF� 6XUIDFWDQWV�� -RXUQDO� RI� &ROORLG� DQG
,QWHUIDFH�6FLHQFH���������������������

��� *RWLü�� 0��� ,YDQGD�� 0��� 3RSRYLü�� 6��� 0XVLü�� 6��
6HNXOLü�� $��� 7XUNRYLü�� $��� )XULü�� .��� 5DPDQ
,QYHVWLJDWLRQ�RI�QDQRVL]HG�7L2���-RXUQDO�RI�5DPDQ
6SHFWURVFRS\��������������������

��� *RWLü�� 0��� ,YDQGD�� 0��� 6HNXOLü�� $��� 0XVLü�� 6��
3RSRYLü��6���7XUNRYLü��$���)XULü��.���0LFURVWUXFWXUH
RI� QDQRVL]HG� 7L2�� REWDLQHG� E\� VRO�JHO� V\QWKHVLV�
0DWHULDOV�/HWWHUV��������������������

���� .DOOD\�� 1��� 7RPDãLü�� 9��� äDODF�� 6��� %UHþHYLü�� /M�
&DORULPHWULF�LQYHVWLJDWLRQ�RI�NLQHWLFV�RI�VROLG�SKDVH
GLVVROXWLRQ�� FDOFLXP� FDUERQDWH� GLVVROXWLRQ� LQ
DTXHRXV� ('7$� VROXWLRQ�� -RXUQDO� RI� &ROORLG� DQG
,QWHUIDFH�6FLHQFH�������������������

���� .DPQHY�� $�$��� 5LVWLü�� 0�� )RXULHU� WUDQVIRUP� IDU�
LQIUDUHG� VSHFWURVFRSLF� HYLGHQFH� IRU� WKH� IRUPDWLRQ
RI� D� QLFNHO� IHUULWH� SUHFXUVRU� LQ� ELQDU\� 1L�,,��)H�,,,�
K\GUR[LGHV�RQ�FRSUHFLSLWDWLRQ��-RXUQDO�RI�0ROHFXODU
6WUXFWXUH���������������������

���� .RVDQRYLü�� &��� 6XERWLü�� %��� ,QYDULDELOLW\� RI� WKH
SDUWLFXODWH�SURSHUWLHV�GXULQJ�WKH�WKHUPDO�WUHDWPHQW
RI� SRWDVVLXP�H[FKDQJHG� ]HROLWH� $�� HYLGHQFH� IRU
³DPRUSKRXV� FU\VWDOV´�� 0LFURSRURXV� 0DWHULDOV�� ��
���������������

���� .RVDQRYLü��&���6XERWLü��%���âPLW�� ,���ýLåPHN��$��
6WXELþDU�� 0��� 7RQHMF�� $�� 6WXG\� RI� VWUXFWXUDO
WUDQVIRUPDWLRQV�LQ�SRWDVVLXP�H[FKDQJHG�]HROLWH�$
LQGXFHG� E\� WKHUPDO� DQG� PHFKDQRFKHPLFDO
WUHDWPHQWV��-RXUQDO�RI�0DWHULDO�6FLHQFH�����������
������

���� .UDOM�� '��� %UHþHYLü�� /M��� .RQWUHF�� -�� 9DWHULWH
JURZWK� DQG� GLVVROXWLRQ� LQ� DTXHRXV� VROXWLRQ� ,,,�
.LQHWLFV� RI� WUDQVIRUPDWLRQ�� -RXUQDO� RI� &U\VWDO
*URZWK���������������������

���� .U]QDULü�� '��� )LOLSRYLü�9LQFHNRYLü�� 1��� %DELü�
,YDQþLü�� 9��� %LOLQVNL�� +�� ,QWHUDFWLRQV� RI� VRGLXP
GRGHFLOEHQ]HQHVXOIRQDWH� DQG� FDOFLWH� LQ� ����� 0
1D&O� VROXWLRQ��&URDWLFD�&KHPLFD�$FWD�� ��� ������
�������

���� .U]QDULü�� ,��� $QWRQLü�� 7��� 6XERWLü�� %�� 3K\VLFDO
FKHPLVWU\� RI� DOXPLQRVLOLFDWH� JHOV� ���� ,QIOXHQFH� RI
EDWFK� FRQFHQWUDWLRQ� RQ� FKHPLFDO� FRPSRVLWLRQ� RI
WKH�JHOV��=HROLWHV������������������

���� 0HGDNRYLü��'���3RSRYLü��6���*UåHWD��%���3OD]RQLü�
0��� +UV�%UHQNR�� 0�� ;�UD\� GLIIUDFWLRQ� VWXG\� RI
FDOFLILFDWLRQ� SURFHVVHV� LQ� HPEU\RV� DQG� ODUYDH� RI
WKH�EURRGLQJ�R\VWHU�2VWUHD�HGXOLV��0DULQH�%LRORJ\�
�������������������

���� 0HQLJD�� $��� 7DUOH�� =��� 5LVWLF�� 0��� 6XWDOR�� -��
3LFKOHU�� *��� 3XOVHG� EOXH� ODVHU� FXULQJ� RI� K\EULG
FRPSRVLWH� UHVLQV�� %LRPDWHULDOV�� ��� ������� �����
�����

���� 0LOMDQLü�� 6��� 5DåHP�� '��� 7KH� UHVSRQVH� RI� WKH
FKORUREHQ]HQH�HWKDQRO�WULPHWK\O�SHQWDQH
GRVLPHWHU� WR� PHGLXPHQHUJ\� ;�UD\V�� -RXUQDO� RI
5DGLRDQDO\WLFDO� DQG� 1XFOHDU� &KHPLVWU\�� ���
���������������

���� 0XVLü�� 6��� %DO]DU�� '��� 3RSRYLü�� 6��� *RWLü�� 0��
&]DNRQDJ\�� ,��� 'DOLSL�� 6�� )RUPDWLRQ� DQG
&KDUDFWHUL]DWLRQ� RI� 1L)H�2��� &URDWLFD� &KHPLFD
$FWD��������������������

���� 0LOMDQLü��6���5DQRJDMHF�.RPRU��0��$SSOLFDWLRQ�RI
FDYLW\� WKHRU\� WR� WKH� UHVSRQVH� RI� YDULRXV� 7/'V� WR
&R���� JDPPDV� GHJUDGHG� LQ� ZDWHU�� 3K\VLFV� LQ
0HGLFLQH�DQG�%LRORJ\����������������������

���� 0XVLü�� 6��� &]DNRQDJ\�� ,��� 6DODM�2EHOLü�� ,��
/MXEHãLü��1��)RUPDWLRQ�RI�DOSKD�)H�2��SDUWLFOHV� LQ
DTXHRXV� PHGLXP� DQG� WKHLU� SURSHUWLHV�� 0DWHULDOV
/HWWHUV��������������������

���� 0XVLü��6���'UDJþHYLü�� ���&]DNRQDJ\��,���3RSRYLü�
6�� )7�,5� DQG� 0RVVEDXHU� 6WXG\� RI� &RUURVLRQ� RI
6WHHO� LQ� 7DS� DQG� 0LQHUDO� :DWHU�� � &URDWLFD
&KHPLFD�$FWD��������������������



���

���� 0XVLü�� 6��� *RWLü�� 0��� ,YDQGD�� 0��� 3RSRYLü�� 6��
7XUNRYLü�� $��� 7URMNR�� 5��� 6HNXOLü�� $��� )XULü�� .�
&KHPLFDO� DQG� PLFURVWUXFWXUDO� SURSHUWLHV� RI
WLWDQLXP�GLR[LGH�V\QWKHVL]HG�E\�VRO�JHO�SURFHGXUH�
0DWHULDOV� 6FLHQFH� 	� (QJLQHHULQJ� %�� %��� ������
������

���� 0XVLü��6���0DOMNRYLü��0���&]DNRQDJ\�� ,��(IIHFW�RI
XUHD� RQ� WKH� K\GURO\VLV� RI� )H��� LRQV� LQ� DTXHRXV
VROXWLRQV� DW� HOHYDWHG� WHPSHUDWXUH�� 0DWHULDOV
/HWWHUV������������������

���� 0XVLü�� 6��� âDULü�� $��� 3RSRYLü�� 6�� (IIHFWV� RI
XURWURSLQ�RQ�WKH�IRUPDWLRQ�RI�EHWD�)H22+��-RXUQDO
RI�0ROHFXODU�6WUXFWXUH��������������������

���� 0XVLü��6���äLYNR�%DELü��-���0HKXOLü��.���5LVWLü��0��
3RSRYLü��6���)XULü��.���6HOLQJHU�.RFLMDQ��'���ûHODS�
6��� ,YDQLã��7��0LFURVWUXFWXUDO� SURSHUWLHV�RI� OHXFLWH�
W\SH� JODVV�FHUDPLFV� IRU� GHQWDO� XVH�� &URDWLFD
&KHPLFD�$FWD��������������������

���� 1|WKLJ�/DVOR�� 9��� 3DXOLü�� 1�� &RPSDUDWLYH� (35
VWXG\� RI� &RSSHU�,,�� &RPSOH[HV� ZLWK� WKUHRQLQH
GHULYDWLYHV��0RQDWVFKHIWH� I�U�&KHPLH������ ������
����������

���� 3ODQLQLü��3���'UREDF�� ���0DURKQLü��ä���%UQLþHYLü�
1��7KH�ELVPXWK� LQIOXHQFH�RQ� WKH� IRUPDWLRQ�RI�+J�
�����SKDVH��6XSHUODWWLFHV�DQG�0LFURVWUXFWXUHV����
$����������������

���� 3ODQLQLü�� 3���0DWNRYLü�ýDORJRYLü�� '���0HLGHU�� +�
)LYH�FR�RUGLQDWH�FREDOW�,,��DQG�QLFNHO�,,��FRPSOH[HV
RI� ���������WHWUDNLV�GLSKHQ\OSKRVSKLQRPHWK\O��
���������WHWUDD]DF\FORWHWUDGHFDQH� �WSWD��
>0&O�WSWD�@;� >;�  � &O2��� %)��� 3)�� DQG� %�&�+���@�
&U\VWDO� VWUXFWXUHV� RI� >&R&O�WSWD�@&O2��

�� &�+�� DQG
>1L&O�WSWD�@&O2��

�� &�+��� -RXUQDO� RI� WKH� &KHPLFDO
6RFLHW\�� 'DOWRQ� 7UDQVDFWLRQV���� ������� �����
�����

���� 3RSRYLü��6���âWHIDQLü��*���0XVLü��6��$�VHDUFK�IRU
VROLG� VROXWLRQV� LQ� WKH� DOSKD�$O�2��P�=U2�� V\VWHP
E\�;5'��0DWHULDOV�/HWWHUV������������������

���� 5DGLü�� 1��� *UåHWD�� %��� 0LODW�� 2��� ,YNRY�� -��
6WXELþDU��0���9ROIUDP�NDUELG�SULSUDYOMHQ�UHDNWLYQLP
UDVSUãHQMHP�X�PDJQHWURQX��6WURMDUVWYR�����������
��������

���� 5DåHP�� '�� 'RVLPHWULF� SHUIRUPDQFH� RI� DQG
HQYLURQPHQWDO�HIIHFWV�RQ�6WHULQ�LUUDGLDWLRQ�LQGLFDWRU
ODEHO��5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\�����������
��������

���� 5LVWLü��0���&]DNRQDJ\��,���3RSRYLü��6���0XVLü��6��
9pUWHV�� $��� ,YDQGD�� 0�� &KDUDFWHUL]DWLRQ� RI� R[LGH
SKDVHV�IRUPHG�GXULQJ� WKH�V\QWKHVLV�RI�(U�)H�2���
-RXUQDO� RI� 0ROHFXODU� 6WUXFWXUH�� ���� �� ���� ������
��������

���� 5LVWLü��0���3RSRYLü��6���0XVLü��6���&]DNRQDJ\��,��
9pUWHV��$���0DLRURY��0���3HWURY��$��)RUPDWLRQ�DQG
SURSHUWLHV� RI� R[LGH� SKDVHV� LQ� WKH� V\VWHP� (U�2��
)H�2��� -RXUQDO� RI� $OOR\V� DQG� &RPSRXQGV�� ���
�������������

���� 6LNLULü�� 0��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��
3UHFLSLWDWLRQ� RI� FDOFLXP� R[DODWH� DQG� FDOFLXP
SKRVSKDWH� LQ� WKH� SUHVHQFH� RI� XULF� DFLG�� &ROORLGV
DQG�6XUIDFHV�$��3K\VLFRFKHPLFDO�DQG�(QJLQHHULQJ
$VSHFWV���������������������

���� 6ORYHQHF�� '��� 3RSRYLü�� 6��� 7DGHM�� 1�� +HDWLQJ
SURGXFWV�RI�JODXFRQLWLF�PDWHULDOV��1HXHV�-DKUEXFK
I�U� 0LQHUDORJLH� $EKDQGOXQJHQ�� ���� ������� ����
����

���� âWHIDQLü��*���0XVLü��6���3RSRYLü��6��� 6HNXOLü�� $�
)7�,5� DQG� ODVHU� 5DPDQ� VSHFWURVFRSLF
LQYHVWLJDWLRQ� RI� WKH� IRUPDWLRQ� DQG� VWDELOLW\� RI� ORZ
WHPSHUDWXUH� W�=U2��� -RXUQDO� RI� 0ROHFXODU
6WUXFWXUH�������������������������

���� âWHIDQLü��*���3RSRYLü��6���0XVLü��6�� ,QIOXHQFH�RI
S+�RQ�WKH�K\GURWKHUPDO�FU\VWDOOL]DWLRQ�NLQHWLFV�DQG
FU\VWDO�VWUXFWXUH�RI�=U2���7KHUPRFKLPLFD�$FWD�����
�������������

���� 7RPDãLü��9���3RSRYLü��6���7XãHN�%RåLü��/���3XFLü�
,��� )LOLSRYLü�9LQFHNRYLü�� 1�� $� QRYHO� FDWDQLRQLF
VXUIDFWDQW�� KH[DGHF\OWULPHWK\ODPPRQLXP� GRGHF\O
VXOIDWH�� %HULFKWH� GHU� %XQVHQJHVHOOVFKDIW
3K\VLFKDOLVFKH�&KHPLH�����������������������

���� 7RQHMF��$�0���7XUNRYLü��$���*RWLü��0���0XVLü��6��
9XNRYLü�� 0��� 7URMNR�� 5��� 7RQHMF�� $�� +5(0�� 7(0
DQG�;5'�REVHUYDWLRQ�RI�QDQRFU\VWDOOLQH�SKDVHV�LQ
7L2�� REWDLQHG� E\� WKH� VRO�JHO� PHWKRG�� 0DWHULDOV
/HWWHUV��������������������

���� 7RSLü��0��7KH�VWXG\�RI�JODVV� WUDQVLWLRQ� LQ�HSR[\
UHVLQ� E\� WKHUPDOO\� VWLPXODWHG� GHSRODUL]DWLRQ
FXUUHQW�� &RPSHQVDWLRQ� SKHQRPHQRQ�
7KHUPRFKLPLFD�$FWD���������������������

���� 7XUNRYLü��$���,YDQGD��0���3RSRYLü��6���7RQHMF��$��
*RWLü�� 0��� 'XEþHN�� 3��� 0XVLü�� 6�� &RPSDUDWLYH
5DPDQ�� ;5'��+5(0�DQG�6$;6� VWXGLHV� RI� JUDLQ
VL]HV� LQ� QDQRSKDVH� 7L2��� -RXUQDO� RI� 0ROHFXODU
6WUXFWXUH��������������������������

���� 9RMQRYLü�� 0��� $QWROLü�� 6��� .RMLü�3URGLü�� %��
%UQLþHYLü�� 1��� 0LOMDN�� 0��� $YLDQL�� ,�� 5HDFWLRQV� RI
KH[DQXFOHDU�QLRELXP�DQG� WDQWDOXP�KDOLGH�FOXVWHUV
ZLWK� PHUFXU\�,,�� KDOLGHV�� ,�� 6\QWKHVLV� DQG
VWUXFWXUHV� RI� VHPLFRQGXFWLQJ� FRPSRXQGV
>0�%U���+�2��@>+J%U�@

���+�2�� 0�  � 1E�7D�
=HLWVFKULIW� I�U� DQRUJDQLVFKH� XQG� DOOJHPHLQH
&KHPLH�����������������������

���� 9XNRYLü�� 5��� )OHã�� '��� âPLW�� ,��� .DUDV]�� )��
:DGGRQ�� $�� 6PHFWLF� RUGHULQJ� LQ� SRO\� ���
PDOHLPLGRFKROHVWHU\O�EHQ]RDWH��� SRO\���PDOHLPLGR
FKROHVWHU\O�KH[DQRDWH��DQG�DOWHUQDWLQJ�FRSRO\PHUV
ZLWK� VW\UHQH�� a�� DQG� b�PHWK\OVW\UHQH� DQG
SKHQ\OYLQ\O�HWK\O�HKHU��3RO\PHU�%XOOHWLQ�����������
��������

.QMLJH�

��� +RPRQQD\�� =��� 0XVLü�� 6��� 1LVKLGD�� 7��� .RSHOHY�
6�1��� 9HUWHV�� $�� 0RVVEDXHU� 6SHFWURVFRS\� RI
6RSKLVWLFDWHG� 2[LGHV� �� 9HUWHV�$��� +RPRQQD\�� =�
�XU���� %XGDSHVW� �� $NDGHPLDL� .LDGR�� %XGDSHVW�
�����

5DGRYL�L�SRJODYOMD�X�NQMLJDPD��

��� ýXQNR�� 5��� 5DIIDHOOL�� '��� âPLW�� ,�� 9ODNQD�
7HKQLþND� HQFLNORSHGLMD� �� âWHIDQRYLü�� 'XãNR� �XU���
=DJUHE� �� /HNVLNRJUDIVNL� ]DYRG� �0LURVODY� .UOHåD��
��������������
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��� 6XERWLü��%���$QWRQLü��7���âPLW��,���$LHOOR��5���&UHD�
)��� 1DVWUR�� $��� 7HVWD�� )�� ,QIOXHQFH� RI
3K\VLFRFKHPLFDO� DQG� 6WUXFWXUDO� 3URSHUWLHV� RI
$OXPLQRVLOLFDWH�*HO�3UHFXUVRUV�2Q� WKH�.LQHWLFV�RI
&U\VWDOOL]DWLRQ� =HROLWHV� $� DQG� ;� � 6\QWKHVLV� RI
SRURXV� PDWHULDOV� =HROLWHV�� &OD\V�� DQG
1DQRVWUXFWXUHV� �� 0�/�� 2FFHOOL�� +�� .HVVOHU� �XU���� �
0DUFHO�'HNNHU��,QF��1<��������������

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� %DO]DU�� '��� 6WHSKHQV�� 3�� :��� /HGEHWWHU�� +���
6\QFKURWURQ�;�UD\�GLIIUDFWLRQ�OLQH�SURILOH���)L]LND�$�
���������������

��� )OHã�� '�� '��� âPLW�� ,��� +DFH�� '��� 9XNRYLü�� 5�
6WUXFWXUDO� RUGHULQJ� LQ� KRPRSRO\PHUV� DQG
FRSRO\PHUV� RI� 1�VXEVWLWXWHG� PDOHLPLGHV�� ZLWK
VSHFLDO� UHJDUG� WR� SRO\PHUV� ZLWK� EHQ]R�FURZQ��
VXEVWLWXHQW���3ROLPHUL��������������������

��� 5RPHUR�� -�� 5LQFRQ�� -�� 0��� 0XVLü�� 6��
.R]KXNKDURY�� :��� &DUDFWHUL]DFLRQ� HVWUXFWXUDO� GH
YLGULRV� FRQ� DOWRV� FRQWHQLGRV� GH� R[LGRV� GH� KLHUUR
REWHQLGRV� D� SDUWLU� GH� XQ� UHVLGXR� GH� OD
KLGURPHWDOXUJLD�GH�]LQF���5HYLVWD�GH�0HWDOXUJLD����
���������������

��� 7XUNRYLü��$���7RQHMF��$���3RSRYLü��6���'XEþHN��3��
,YDQGD�� 0��� 0XVLü�� 6��� *RWLü�� 0�� 7UDQVPLVVLRQ
HOHFWURQ�PLFURVFRS\��;�UD\�GLIIUDFWLRQ�DQG�5DPDQ
VFDWWHULQJ�VWXGLHV�RI�QDQRSKDVH�7L2����)L]LND�$���
�������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� %DãLF�� ,��� %UQLþHYLü�� 1��� %HFN�� 8��� 6LPRQ�� $��
0F&DUOH\��5��(��&RPSRXQGV�ZLWK�&OXVWHU�&DWLRQV
WRJHWKHU� ZLWK� &OXVWHU� $QLRQV�� >0�;���(W2+��@

��

EHVLGHV�>�0R�&O��&O�;�@
����0� �1E��7D��;� �&O��%U���

6\QWKHVLV� DQG� &U\VWDO� 6WUXFWXUHV�� =HLWVFKULIW� I�U
DQRUJDQLVKH�XQG��DOOJHPHLQH�&KHPLH�

��� %LãNXS��%���6XERWLü��%��5HPRYDO�RI� KHDY\�PHWDO
LRQV� IURP� VROXWLRQV� E\�PHDQV� RI� ]HROLWHV�� 3DUW� ��
7KHUPRG\QDPLFV� RI� WKH� H[FKDQJH� SURFHVVHV
EHWZHHQ�FDGPLXP� LRQV� IURP�VROXWLRQ�DQG� VRGLXP
LRQV� IURP� ]HROLWH� $�� 6HSDUDWLRQ� 6FLHQFH� DQG
7HFKQRORJ\�

��� %UQLþHYLü�� 1�� &OXVWHU� FRPSRXQGV� FRQWDLQLQJ
PL[HG�FKDUJH�FOXVWHU�XQLWV��>0�;��@

���DQG�>0�;��@
��

RU� >0�;��@
��� DQG� >0R�&O�@

��� �0�  �1E�� 7D�� ;�  � &O�
%U���0HWDO�FOXVWHUV� LQ�FKHPLVWU\��3��%UDXQVWHLQ�� /�
2UR� DQG� 3�5�� 5DLWKE\� �(GV��� :LOH\�9&+� 9HUODJ
*PE+��:HLQKHLP��1MHPDþND�

��� *UåHWD�%���âRUJLü�%���%ODåLQD�ä���3KDVHV�� ODWWLFH
SDUDPHWHUV� DQG� WKHUPDO� H[SDQVLRQ� RI� +R1L��[$O[�
�Ì�[�Ì���-RXUQDO�RI�$SSOLHG�&U\VWDOORJUDSK\�

��� -RUGDQRYVND� 9��� 7URMNR� 5��� 6\QWKHVLV�
LGHQWLILFDWLRQ�DQG�WKHUPDO�GHFRPSRVLWLRQ�RI�GRXEOH
VXOSKDWHV� RI� /D�� &H�� 3U� RU� 1G� ZLWK
HWKDQRODPPRQLXP��-RXUQDO�RI�7KHUPDO��$QDO\VLV

��� .RQWUHF�� -���6YHWOLþLü��9��7KH� UHGR[� FKDQJH� DQG
SKDVH� WUDQVIRUPDWLRQ� LQ� PRQROD\HU� ILOPV� RI
SKHQRWKLD]LQHV��(OHFWURFKLPLFD�$FWD

��� 0LOMDQLü��6���0LOMDQLü�� ���%ODJXV��6��5HVSRQVH�RI
WKH� FKORUREHQ]HQH�EDVHG� GRVLPHWU\� V\VWHPV� WR
SURWRQV�LQ�WKH�HQHUJ\�UDQJH�������0H9��5DGLDWLRQ
3K\VLFV�DQG�&KHPLVWU\

��� 0XVLü�� 6��� 'UDJþHYLü�� ��� 3RSRYLü�� 6��� 9LGRYLü�
1���0LFURVWUXFWXUDO� SURSHUWLHV� RI� ERHKPLWH� IRUPHG
XQGHU�K\GURWKHUPDO� FRQGLWLRQV��0DWHULDOV� 6FLHQFH
	�(QJHQHHULQJ�%�

��� 3XFLü� ,��� 5DQRJDMHF� )�� '�&��HOHFWULFDO
FRQGXFWLYLW\� DV� D�PHWKRG� IRU�PRQLWRULQJ� UDGLDWLRQ
FXULQJ�RI�XQVDWXUDWHG�SRO\HVWHU�UHVLQV���,,,��.LQHWLF
DQDO\VLV� RI� UHVXOWV�� 5DGLDWLRQ� 3K\VLFV� DQG
&KHPLVWU\

���� 5DGLü�� 1��� *UåHWD�� %��� 0LODW�� 2��� ,YNRY�� -��
6WXELþDU�� 0��� 7XQJVWHQ�FDUERQ� ILOPV� SUHSDUHG� E\
UHDFWLYH� VSXWWHULQJ� IURP� DUJRQ�EHQ]HQH
GLVFKDUJHV��7KLQ�6ROLG�)LOPV�

���� âDULü��$���1RPXUD��.���3RSRYLü��6���/MXEHãLü��1��
0XVLü��6���(IIHFWV�RI�XURWURSLQ�RQ�WKH�FKHPLFDO�DQG
PLFURVWUXFWXUDO� SURSHUWLHV� RI� )H�R[LGH� SRZGHUV
SUHSDUHG� E\� WKH� K\GURO\VLV� RI� DTXHRXV� )H&O�
VROXWLRQV��0DWHULDOV�&KHPLVWU\	�3K\VLFV

���� âLUDF�� 6��� 3ODQLQLü�� 3��� 0DULü�� /M��� %UQLþHYLü�� 1��
0F&DUOH\�� 5�� (��� 6\QWKHVLV� DQG� 3URSHUWLHV� RI
>0�;���&�+�12��@;��� 0�  � 1E�� 7D�� ;�  � &O�� %U�
,QRUJDQLFD�&KLPLFD�$FWD

���� âWHIDQLü��*��� 0XVLü�� 6��� 3RSRYLü�� 6��� *UåHWD� %��
6HNXOLü�� $��� ,QIOXHQFH� RI� S+� RQ� VWDELOLW\� RI� ORZ
WHPSHUDWXUH� W�=U2��� -RXUQDO� RI� � 3K\VLFV� DQG
&KHPLVWU\�RI��6ROLGV�

���� 7DGLü�� 7��� 0RNXQR�� <��� )XMLL�� .��� +RULQR�� <��
%UQLþHYLü�� 1��� %DãLF�� ,��� 3ODQLQLü�� 3��� -DNãLü�� 0��
$SSOLFDWLRQ�RI�&KHPLFDO� (IIHFWV� LQ�;�5D\�6SHFWUD
IRU� &KDUDFWHUL]DWLRQ� RI� WKH� +LJK�7F
6XSHUFRQGXFWRUV��$SSOLHG�6XSHUFRQGXFWLYLW\

���� 7DUOH�� =��� 0HQLJD�� $��� 5LVWLü�� 0��� âXWDOR�� -��
3LFKOHU�� *��� 'DYLGVRQ�� &�� /��� 7KH� HIIHFW� RI� WKH
SKRWRSRO\PHUL]DWLRQ� RQ� WKH� TXDOLW\� RI� FRPSRVLWH
UHVLQ�VDPSOHV��-RXUQDO�RI��2UDO�5HKDELOLWDWLRQ�

���� 9HNVOL�� =��� $QGUHLV�� 0��� 9DOLü�� 6��� 0DULQRYLü�� 7��
5DQRJDMHF�� )�� 'LIIHUHQW� 6SDWLDO� +HWHURJHQHLW\� RI
1HWZRUNV�3UHSDUHG�E\�D�7ZR�6WDJH� ,UUDGLDWLRQ�RI
1DWXUDO�5XEEHU��5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\�

5DGRYL�REMDYOMHQL�X�]ERUQLFLPD�VNXSRYD�

��� $]L]�� 1��� 5DQRJDMHF�.RPRU�� 0��� 0DULQR�� 6�$��
.OHPLF�� *��� 2VYD\�� 0�� )DVW� QHXWURQ� GHWHFWLRQ
XVLQJ� DOXPLQXP� R[LGH� 7/'V� � 3URFHHGLQJV� RI� WKH
,53$�5HJLRQDO�V\PSRVLXP�RQ�UDGLDWLRQ�SURWHFWLRQ
LQ�QHLJKERXULQJ�FRXQWULHV�RI�&HQWUDO�(XURSH�������
6DERO��-R]HI��XU����3UDJ��ýHãND�5HSXEOLND���&]HFK
7HFKQLFDO�8QLYHUVLW\����������������

��� 5DQRJDMHF�.RPRU��0���.OHPLF��*���0HWKRGV�DQG
DGYDQWDJHV� RI� LQWHUFRPSDULVRQV� RI� 7/'V� IRU
HQYLURQPHQWDO�PRQLWRULQJ��$EVWUDFWV�RI�WKH�6HFRQG
UHJLRQDO� 0HGLWHUUDQHDQ� FRQJUHVV� RQ� UDGLDWLRQ
SURWHFWLRQ���6FKOHVLQJHU��7�� �XU����7HO�$YLY�� ,]UDHO� �
7KH�,VUDHO�+HDOWK�3K\VLFV�6RFLHW\���������������
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��� 5DQRJDMHF�.RPRU�� 0��� 1LNRGHPRYD�� '��
+RYDWKRYD�� 0��� .QHåHYLü�� ä��� 0LONRYLü�� �
5DGLDWLRQ� H[SRVXUH� RI� FKLOGUHQ� GXULQJ
UDGLRGLDJQRVWLF�H[DPLQDWLRQ�RI�FKHVW��3URFHHGLQJV
RI� WKH� ,53$�5HJLRQDO� V\PSRVLXP� RQ� UDGLDWLRQ� LQ
QHLJKERXULQJ� FRXQWULHV� RI� FHQWUDO� (XURSH� ����� �
6DERO��-R]HI��XU����3UDJ��ýHãND�5HSXEOLND���&]HFK
7HFKQLFDO�8QLYHUVLW\����������������

��� 7ULQDMVWLü��1���%UQLþHYLü��1���+HUFHJ��0���1LNROLü�
6�� 6XYUHPHQD� DQRUJDQVND�� VWUXNWXUQD� L� WHRULMVND
NHPLMD� X� +UYDWVNRM�� =ERUQLN� UDGRYD� 6LPSR]LMD� R
IXQGDPHQWDOQLP� LVWUDåLYDQMLPD� �� 7DGLü�� 'XEUDYNR
�XU����=DJUHE���+$=8����������������

��� 9HNLü�� %��� 0LOMDQLü�� 6��� 0DUWLQþLü�� 5�
'HWHUPLQDWLRQ� RI� ;�UD\� HIIHFWLYH� HQHUJ\� XVLQJ
&D)��0Q� DQG� /L)�0J�7L� WKHUPROXPLQLVFHQW
GRVLPHWHUV� � 3URFHHGLQJV� RI� WKH� ,53$� 5HJLRQDO
V\PSRVLXP�RQ�UDGLDWLRQ�SURWHFWLRQ�LQ�QHLJKERXULQJ
FRXQWULHV� RI� FHQWUDO� (XURSH� ����� �� 6DERO�� -R]HI
�XU���� 3UDJ�� ýHãND� 5HSXEOLND� �� &]HFK� 7HFKQLFDO
8QLYHUVLW\����������������

'RNWRUVNH�GLVHUWDFLMH�

��� %DãLF�� ,�� 'LVNUHWQL� L� SROLPHUQL� KHNVDQXNOHDUQL
KDORJHQLGQL� NRPSOHNVL� UDQLK� SULMHOD]QLK� PHWDOD�
=DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ���
���������������VWU���YRGLWHOMLFD��%UQLþHYLü��1�

��� âLUDF�� 6�� +HNVDQXNOHDUQL� NRPSOHNVL� QLRELMD� L
WDQWDOD�V�PRQRGHQWDWQLP�,�SROLGHQWDWQLP�GRQRULPD
GXãLND�� =DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL
IDNXOWHW�� ���� ���� ������� ���� VWU��� YRGLWHOMLFD�
%UQLþHYLü��1�

��� âWHIDQLü��*��.HPLMVND�L�VWUXNWXUQD�VYRMVWYD�=U2��L
VXVWDYD� =U2��0�2��� 0�  � $O�� )H� L� &U�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ���� ����������
����VWU���YRGLWHOM��0XVLü��6�

0DJLVWDUVNL�UDGRYL�

��� âPLW��*��7DORåHQMH�)H�,,,��RNVLKLGURNVLGD�L�DOSKD�
)H�2�� L]� NRQFHQWULUDQLK� RWRSLQD� LRQD� )H

��� �
=DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ���
��������������VWU���YRGLWHOM��0XVLü��6�

��� âRUJLü�� %�� 6WUXNWXUQD� L� WHUPRGLQDPLþND� VYRMVWYD
VXVWDYD� 5(1L��[$O[�5( *G�� (U��YRGLN�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ������������
���VWU���YRGLWHOM��%ODåLQD��ä�

'LSORPVNL�UDGRYL�

��� 2EUDGRYLü�� 5�� 5HDNFLMH� KHNVDQXNOHDUQLK
NRPSOHNVD� QLRELMD� L� WDQWDOD� V� DONLOFLDQLGLPD�
=DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ���
��������������VWU���YRGLWHOM��3ODQLQLü��3�

��� âRãWDULü�1��8WMHFDM�WHPSHUDWXUH�L�S+�QD�WRSOMLYRVW
NULVWDOD� PDJQH]LMHYD� KLGURJHQXUDWD� RNWDKLGUDWD� �
=DJUHE�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
������������� ��� VWU��� YRGLWHOM�� 6LPHRQ�� 9��
QHSRVUHGQL�YRGLWHOM��%DELü�,YDQþLü��9�

��� 9XNRMD� 5�� .LQHWLND� WDORåHQMD� NDOFLMHYD� VXOIDWD
GLKLGUDWD� X]� GRGDWDN� EDNURYLK�,,�� LRQD�� =DJUHE�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� �����������
���� VWU��� YRGLWHOM�� %UHþHYLü�� /M�� �� .DOOD\�� 1��
QHSRVUHGQL�YRGLWHOM��.UDOM��'�

.RORNYLML�RGUåDQL�X�,5%�X�

%ODåLQD��ä���,QWHUPHWDOLFL�ULMHWNLK�]HPDOMD������������

0LOMDQLü�� 6��� .DUDNWHUL]DFLMD� GR]LPHWULMVNLK� VXVWDYD� L
WHRULMD�ãXSOMLQH�������������

1ÕWKLJ�/DVOR�� 9��� (OHNWURQVND� VSLQVND� UH]RQDQFLMD
SDUDPDJQHWVNLK� FHQWDUD� X� VLQWHWVNLP� L� SULURGQLP
DOXPLQRVLOLNDWLPD�L�NDUERQDWLPD�������������

3DOMHYLü�� 0��� $QRPDOQD� RNVLGDFLMD� VOLWLQD� QD� YLVRNRM
WHPSHUDWXUL�������������

.UDOM��'���2�þLPEHQLFLPD�NRML�XYMHWXMX�VWYDUDQMH�þYUVWH
ID]H�X�SURFHVX�WDORåHQMD�������������

%DELü�,YDQþLü�� 9��� 0RNUDüQD� NLVHOLQD� L� XUDWL�
SRYH]DQRVW�V�ELRORãNLP�VXVWDYLPD�������������

%UQLþHYLü�� 1��� 0HWDOQL� NODVWHUL� V�PMHãRYLWLP� QDERMHP
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*UåHWD�� %��� 5LHWYHOGRYD� PHWRGD� L� GUXJH� PHWRGH
XVNOD LYDQMD�GLIUDNFLMVNLK�VOLND�SUDKD�X�LVWUDåLYDQMX
NULVWDOQH�VWUXNWXUH�������������

7RSLü�� 0��� 5HODNVDFLMVNL� SURFHVL� L� QMLKRY� RGUD]� QD
HOHNWULþQD�VYRMVWYD�SROLPHUD�������������

%UHþHYLü�� /M��� 0HWDVWDELOQH� þYUVWH� ID]H� X� WDORåQLP
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ýLåPHN�� $��� 0RMH� ��� JRGLQH� QD� ,QVWLWXWX� �5X HU
%RãNRYLü´�������������

'UDãQHU��$���0HWDOQL�KLGULGL�������������

6XERWLü�� %��� ,VWUDåLYDQMH� ]HROLWD� X� =DYRGX� ]D� NHPLMX
PDWHULMDOD�,QVWLWXWD��5X HU�%RãNRYLü���6DGDãQMRVW�L
EXGXüQRVW�������������

âPLW�� ,��� 8WMHFDM� 6%6� EORN� NRSROLPHUD� QD� VWUXNWXUX� L
NRPSDWLELOL]DFLMX�33�36�PMHãDYLQD�������������

5LVWLü��0���.HPLMD�PDJQHWVNLK�RNVLGD�������������

.RVDQRYLü�� &��� 6WXGLM� VWUXNWXUQLK� SURPMHQD� ]HROLWD� L
DPRUIQLK�DOXPRVLOLNDWD�WLMHNRP�QMLKRYH�PHKDQLþNH�L
WHUPLþNH�REUDGH�������������

.U]QDULü�� ,��� .LQHWLNH� LQWHUDNFLMD� X� NRORLGQLP
VXVWDYLPD�������������

3ODQLQLü�� 3��� 6XSUDYRGOMLYRVW� X� VXVWDYLPD� 0�6U�/Q�
&X�2�L�+J�%D�&D�&X�2��0� �1E��7D��/Q� �HOHPHQWL
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]DPMHQH�QD�]HROLWLPD�������������
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5DåHP�� '��� ,RQL]LUDMXüD� ]UDþHQMD� NDR� SUHGPHW� L
VUHGVWYR�LVWUDåLYDQMD�X�NHPLML�������������

5DQRJDMHF�� 0��� 1RYL� WHUPROXPLQLVFHQWQL� GR]LPHWUL� L
QMLKRYH�SULPMHQH�������������
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*UXSH�]D�WHRULMVNX�NHPLMX�������������

5DQRJDMHF� )��� 5DGLDWLRQ� JUDIWLQJ� RI�PRQRPHUV� RQWR
SRO\PHUV� E\� GLIIHUHQW� PHWKRGV�� 3DNLVWDQ� ,QVWLWXWH
RI� 1XFOHDU� 6FLHQFH� DQG� 7HFKQRORJ\�� ,VODPDEDG�
3DNLVWDQ�������������

5DQRJDMHF� )��� .LQHWLF� DQG� VWUXFWXUDO� IDFWRUV� LQ� JUDIW
FRSRO\PHUL]DWLRQ�� 3DNLVWDQ� ,QVWLWXWH� RI� 1XFOHDU
6FLHQFH� DQG� 7HFKQRORJ\�� ,VODPDEDG�� 3DNLVWDQ�
�����������

5DQRJDMHF� )��� ,PSURYHPHQW� RI� SRO\PHU� VWDELOLW\� E\
UDGLDWLRQ� JUDIWLQJ�� 3DNLVWDQ� ,QVWLWXWH� RI� 1XFOHDU
6FLHQFH� DQG� 7HFKQRORJ\�� ,VODPDEDG�� 3DNLVWDQ�
�����������

5DQRJDMHF�)���5DGLDWLRQ�SURFHVVLQJ�RI�ZDVWH�UXEEHU�
3DNLVWDQ� ,QVWLWXWH� RI� 1XFOHDU� 6FLHQFH� DQG
7HFKQRORJ\��,VODPDEDG��3DNLVWDQ�������������

5DQRJDMHF� )��� &RPSRXQGLQJ� RI� HWK\OHQH�SURS\OHQH
HODVWRPHUV� IRU� UDGLDWLRQ� FURVVOLQNDEOH� HOHFWULFDO
LQVXODWLRQV�� 3DNLVWDQ� ,QVWLWXWH� RI� 1XFOHDU� 6FLHQFH
DQG�7HFKQRORJ\��,VODPDEDG��3DNLVWDQ�������������

5DQRJDMHF� )��� %DVLF� FRQFHSWV� RI� UDGLDWLRQ
SURFHVVLQJ�� 3DNLVWDQ� ,QVWLWXWH� RI� 1XFOHDU� 6FLHQFH
DQG�7HFKQRORJ\��,VODPDEDG��3DNLVWDQ�������������

9HNLü� %��� =DãWLWD� RG� ]UDþHQMD� SDFLMHQDWD� X
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�����������
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3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
���������L���������

5DYQRWHåD� L� NLQHWLND� SURFHVD� X� KHWHURJHQLP
VXVWDYLPD
3UHGDYDþ��%UHþHYLü��/MHUND�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNDOQH� NHPLMH�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG����������L��������

(NVSHULPHQWDOQH� PHWRGH� X� NULVWDOQRM� VWUXNWXUQRM
DQDOL]L
3UHGDYDþL��*UåHWD��%���1DJO��$�
3RVOLMHGLSORPVNL� VWXGLM� L]� DQRUJDQVNH� L� VWUXNWXUQH
NHPLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�������������������

3RYUãLQVND�L�NRORLGQD�NHPLMD
3UHGDYDþL��.DOOD\��1���0XVLü��6�
3RVOLMHGLSORPVNL� VWXGLM� L]� IL]LNDOQH� NHPLMH�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG�������������������

,QWHUSUHWDFLMH�GLIUDNFLMVNLK�VOLND�SROLNULVWDOD
3UHGDYDþ��3RSRYLü��6�
3RVOLMHGLSORPVNL� VWXGLM� L]� DQRUJDQVNH� L� VWUXNWXUQH
NHPLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�������������������

5DGLMDFLMVND�NHPLMD�L�WHKQRORJLMD�SROLPHUD
3UHGDYDþ��5DQRJDMHF��)�
3RVOLMHGLSORPVNL�VWXGLM� L]�LQåHQMHUVNH�NHPLMH��)DNXOWHW
NHPLMVNRJ� LQåHQMHUVWYD� L� WHKQRORJLMH�� 6YHXþLOLãWH� X
=DJUHEX��NROHJLM�ãN��JRG������������������

)L]LþNR�NHPLMVNL�XþLQFL�LRQL]LUDMXüLK�]UDþHQMD
3UHGDYDþ��5DåHP��'�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
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3UHGDYDþ��7RSLü��0�
3RVOLMHGLSORPVNL� VWXGLM� NHPLMH�� 3ULURGRVORYQR�
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5HQGJHQVNH�L�WHUPLþNH�PHWRGH�ID]QH�DQDOL]H
3UHGDYDþ��7URMNR��5��
3RVOLMHGLSORPVNL� VWXGLM� JHRORãNLK� ]QDQRVWL�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG�����������L��������
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3UHGDYDþ��3RSRYLü��6�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
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3UHGDYDþ��3RSRYLü��6�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
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âRUJLü�� %��� 8QLYHUVLWH� 3DULV�6XG�� /DERUDWRULH� GH
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6WXGLMVNL�ERUDYFL�X�RNYLUX�PH XQDURGQH
VXUDGQMH�

%UQLþHYLü�� 1��� $PHV� /DERUDWRU\� DQG� ,RZD� 6WDWH
8QLYHUVLW\�� $PHV�� ,RZD�� 6$'�� ������������������
=QDQVWYHQR�LVWUDåLYDþND�VXUDGQMD

5DQRJDMHF� )��� 3DNLVWDQ� ,QVWLWXWH� RI� 1XFOHDU� 6FLHQFH
DQG� 7HFKQRORJ\�� ,VODPDEDG�� 3DNLVWDQ�� �������
������������7HKQLþND�SRPRü�,$($
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2SDWLMD��+UYDWVND��������������������
3ULOR]L�
��� $QWRQLü�� 7��� 6XERWLü�� %��� 8WMHFDM� VYRMVWDYD

DOXPRVLOLNDWQRJ�JHOD�QD�NLQHWLNX�QXNOHDFLMH�]HROLWD
$��SRVWHU�

��� %DELü�,YDQþLü�� 9��� -HQGULF�� 0��� .DUDNWHUL]DFLMD
NULVWDOD�0J�+8��[�+�2��SRVWHU�

��� %DELü�,YDQþLü�� 9��� âRãWDULü�� 1��� 8WMHFDM� S+� L
WHPSHUDWXUH� QD� WRSOMLYRVW� NULVWDOD� PDJQH]LMHYRJ
KLGURJHQXUDWD�RNWDKLGUDWD��0J�+8��[�+�2��SRVWHU�

��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� 6LNLULü�� 0��
7DORåHQMH� NDOFLMHYLK� IRVIDWD� X� VLVWHPX� &D&O��
+�32��+�8�1D&O�+�2��SRVWHU�

��� %LãNXS�� %��� 6XERWLü�� %��� =DPMHQD� WHãNLK� PHWDOD
QD�]HROLWLPD��SRVWHU�

��� %UERW�âDUDQRYLü�� $��� .DWXãLQ�5DåHP�� %��
%HWDLQVND�VWUXNWXUD�QHNLK�SLURQLOSLUD]ROD��SRVWHU�

��� %URQLü�� -��� %HFNHU�� 3��� 6PDQMHQMH� KUDSDYRVWL
SRYUãLQH� VLOLFLMHYLK� PRQRNULVWDOD� NHPLMVNLP
SROLUDQMHP��SRVWHU�

��� ýLåPHN�� $��� 6XERWLü�� %��� 2WDSDQMH� ERURVLOLNDWD�
8WMHFDM� VDGUåDMD� ERUD� L� UD]OLþLWLK� DQRUJDQVNLK
NDWLRQD��SRVWHU�

��� ýLåPHN�� $��� 6XERWLü� %��� 8WMHFDM� YUHPHQD� L
WHPSHUDWXUH� VWDUHQMD�DPRUIQLK�JHORYD��SUHNXUVRUD
X�VLQWH]L�VLOLNDOLWD����QD�QMHJRYD�þHVWLþQD�VYRMVWYD�
SRVWHU�

���� *DOHãLü�� 0��� 7HåDN�� ��� %DELü�,YDQþLü�� 9��
/MXEHãLü��1���%XMDQ��0���3RYUãLQVNL�DNWLYQH�WYDUL�]D
XNODQMDQMH� WHãNLK� PHWDOD� L]� RWSDGQLK� YRGD�
0H XGMHORYDQMH� NDGPLMHYLK� LRQD� L
GRGHFLOEHQ]HQVXOIRQVNH�NLVHOLQH��SRVWHU�

���� .DWXãLQ�5DåHP�� %��� 5DåHP�� '��� 3RMHGLQDþQL
UHDNFLMVNL�VWXSQMHYL�X�UDGLROLWLþNRM�KLGURSHURNVLGDFLML
QH]DVLüHQLK�PDVQLK�NLVHOLQD��SRVWHU�

���� .RQWUHF�� -��� .UDOM�� '��� %UHþHYLü�� /M��� 3ULPMHQD
WHNXüLK� PHPEUDQD� SUL� XNODQMDQMX� SULPMHVD� WHãNLK
NRYLQD�L]�NDOFLMHYRJ�VXOIDWD��SRVWHU�

���� .RVDQRYLü�� &��� 6XERWLü�� %��� âPLW�� ,��� )D]QH
WUDQVIRUPDFLMH�DPRUIQRJ�L�NULVWDOLQLþQRJ�]HROLWD��$�L
�/L�1D�$� L]D]YDQH� WHUPLþNRP� L�PHKDQRNHPLMVNRP
REUDGRP��SRVWHU�

���� .UDOM�� '��� %UHþHYLü�� /M��� 'MHORYDQMH� SROLDNULOQH
NLVHOLQH� L� QHNLK� QMHQLK� GHULYDWD� QD� WDORåHQMH
NDOFLMHYLK�NDUERQDWD��SRVWHU�

���� .UDOM��'��� 9GRYLü��1��� ,VWUDåLYDQMD� þLPEHQLND� NRML
GMHOXMX�QD�WDORåHQMH�SROLPRUID�NDOFLMHYLK�NDUERQDWD�
SRVWHU�

���� .U]QDULü�� ,�� $QWRQLü�� 7��� 6XERWLü�� %��� 8WMHFDM
NRQFHQWUDFLMH� UHDNWDQDWD� X� VXVWDYX� QD� NHPLMVNL
VDVWDY�JHOD��SRVWHU�

���� 0DOMNRYLü��0���0XVLü��6���&]DNR�1DJ\�� ,���8WMHFDM
XUHH�QD�KLGUROL]X� LRQD�)H��� X� YRGHQLP�RWRSLQDPD
SUL�SRYLãHQRM�WHPSHUDWXUL��SRVWHU�

���� 0LKDOMHYLü�� %��� 0HGYHG�5RJLQD�� %��� 5DåHP�� '��
0MHUHQMH� EU]LQH� UHDNFLMH� DONRNVLO� UDGLNDOD� V� )H�,,�
LRQRP��SRVWHU�

���� 1|WKLJ�/DVOR�� 9��� %UHþHYLü�� /M��� (65
VSHNWURVNRSLMD� SDUDPDJQHWVNLK� PROHNXODUQLK
FHQWDUD�X�g�R]UDþHQRP�VLQWHWVNRP�YDWHULWX��SRVWHU�

���� 1|WKLJ�/DVOR��9���3DXOLü��1���8WMHFDM�GXOMLQH�Q�DONLO
ODQDFD� QD� YH]DQMH� YRGH� X� NRRUGLQDFLMVNX� VIHUX
EDNUD� NRG� ELV�1�1�GLDONLO�/�a�DODQLQDWR�EDNDU�,,�
NRPSOHNVD�PHWRGRP�(35�VSHNWURVNRSLMH��SRVWHU�

���� 3ODQLQLü�� 3��� âLUDF�� 6��� 7URMNR�� 5��� 0DULü�� /M��
%UQLþHYLü�� 1��� +HNVDQXNOHDUQL� HWDQRODWQL� NOXVWHUL
QLRELMD�L�WDQWDOD�NDR�SROD]QL�VSRMHYL�X�UHDNFLMDPD�V
GRQRULPD�GXãLND��SRVWHU�

���� 3RSRYLü��6���*UåHWD��%���/|IIOHU��+���:HQGRFN��*��
3KDVH�WUDQVLWLRQ�LQ�$O�=Q�DOOR\V��SRVWHU�

���� 3XFLü� ,��� 5DQRJDMHF� )��� 7HNXüL� SULMHOD]L� X
QH]DVLüHQLP�SROLHVWHUVNLP�VPRODPD��SRVWHU�

���� 5DåHP�� '��� .DWXãLQ�5DåHP�� %��� 3ROODN�� 0��
$SVROXWQD� NRQVWDQWD� EU]LQH� WHUPLQDFLMH
KLGURSHURNVLO�UDGLNDOD�OLQROQH�NLVHOLQH��SRVWHU�

���� 6XERWLü�� %��� $QWRQLü�� 7��� 'RND]LYDQMH� XþLQND
�SDPüHQMD�� DPRUIQLK� DOXPRVLOLNDWQLK� JHORYD
VLPXODFLMRP� SURFHVD� NULVWDOL]DFLMH� PHWRGRP
SRSXODFLMVNH�UDYQRWHåH��SRVWHU�

���� âRUJLü��%���'UDãQHU��$���%ODåLQD��ä���'HVRUSFLMVND
VYRMVWYD�VXVWDYD�<1L��[$O[���YRGLN��SRVWHU�

���� âWHIDQLü��*���0XVLü��6���3RSRYLü��6���6HNXOLü��$��
8WMHFDM� S+� QD� IRUPLUDQMH� L� VWDELOL]DFLMX
QLVNRWHPSHUDWXUQRJ�W�=U2���SRVWHU�

���� 7RSLü�� 0��� 6WXGLM� WHUPDOQR� VWLPXOLUDQH
GHSRODUL]DFLMH�HSRNVL�VPROH��SRVWHU�

���� 9HNLü�� %��� ýDYLü�� .��� 5DåHP�� '��� =DKYDW
QDGWHUPDOQLK�HOHNWURQD�X�WHWUDPHWLOVLODQX��SRVWHU�

���� 9RMQRYLü�� 0��� $QWROLü�� 6��� .RMLü�3URGLü�� %��
%UQLþHYLü�� 1��� 0LOMDN�� 0��� $YLDQL�� ,��
[0�%U���+�2��][+J%U�;�]
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3ULORJ�
��� 9RMQRYLü�� 0��� 3ODQLQLü�� 3��� %UQLþHYLü�� 1��� 0LOMDN�

0��� $YLDQL�� ,��� 5HDFWLRQV� RI� WKH� KH[DQXFOHDU
FOXVWHUV�RI�QLRELXP�DQG�WDQWDOXP�ZLWK�PHUFXU\�,,�
KDOLGHV��SRVWHU�
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3ULORJ�
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1HXP��%RVQD�L�+HUFHJRYLQD��������������������
3ULORJ�
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SR]YDQR�SUHGDYDQMH�
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2VLMHN��+UYDWVND��������������������
3ULOR]L�
��� %DELü�,YDQþLü��9���%UHþHYLü��/-���.UDOM��'���)�UHGL�

0LOKRIHU�� +��� 'HNDQLü�� '��� 8ND]LYDQMH� QD
SRYH]DQRVW�NDOFLMHYD�PHWDEROL]PD�V�PHWRGDPD�]D
WHVWLUDQMH� WDORåHQMD� NDOFLMHYLK� VROL� X� PRNUDüL
EROHVQLND�V�UHFLGLYLUDMXüRP�LGLRSDWVNRP�NDOFLMHYRP
XUROLWLMD]RP��XVPHQR�SULRSüHQMH�

��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� âRãWDULü�� 1��
-HQGULü�� 0��� 3RYH]DQRVW� VYRMVWDYD� PDJQH]LMHYD
KLGURJHQXUDWD� RNWDKLGUDWD� VD� VWYDUDQMHP� XUDWQLK
NDPHQDFD��XVPHQR�SULRSüHQMH�

6,;7+� &52$7,$1� �� 6/29(1,$1� &5<67$/�
/2*5$3+,&�0((7,1*
8PDJ��+UYDWVND������������������
3ULOR]L�
��� %DO]DU�� '��� 9RQ� 'UHHOH�� 5�%��� %HQQHWW�� .��

/HGEHWWHU�� +��� 'HWHUPLQDWLRQ� RI� FRPSOHWH� VWUDLQ
WHQVRU� E\� 5LHWYHOG� UHILQHPHQW� RI� 72)� QHXWURQ
GDWD��XVPHQR�SULRSüHQMH�

��� *UåHWD��%���âWHIDQLü��*���0XVLü��6���3RSRYLü��6��
)RUPDWLRQ� DQG� VWDELOLW\� RI� W�=U2�� DW� ORZ
WHPSHUDWXUH��XVPHQR�SULRSüHQMH�

��� 1|WKLJ�/DVOR�� 9��� 0HGDNRYLü�� '��� 3RSRYLü�� 6��
3ODQLQLü�� 3��� *UåHWD�� %��� $Q� LQYHVWLJDWLRQ� RI� SLQN
FRORXUHG� VKHOO� RI� WKH� PXVVHOV� 0\WLOXV
JDOORSURYLQFLDOLV��XVPHQR�SULRSüHQMH�

��� âWHIDQLü��*���*UåHWD��%���3RSRYLü��6���0XVLü��6��
&U\VWDOOL]DWLRQ� RI� =U2�� DW� KLJK� WHPSHUDWXUH�
XVPHQR�SULRSüHQMH�

��� 7RPDãLü�� 9��� 3RSRYLü�� 6��� )LOLSRYLü�9LQFHNRYLü�
1��� 3KDVH� WUDQVLWLRQV� LQ� D� QRYHO� FDWDQLRQLF
VXUIDFWDQW��XVPHQR�SULRSüHQMH�

��� 7RSLü�� 0��� 7KH� XVH� RI� WKH� HOHFWULF� ILHOG� IRU� WKH
VWUXFWXUH� SURSHUWLHV� PRGLILFDWLRQV�� XVPHQR
SULRSüHQMH�

��7+� (8523($1� &5<67$/� �� /2*5$3+,&
0((7,1*
/LVDERQ��3RUWXJDO��������������������
3ULORJ�
��� 3RSRYLü��6���âWHIDQLü��*���*UåHWD��%���0XVLü��6��

$�VHDUFK�IRU�VROLG�VROXWLRQV�LQ�WKH�V\VWHPV�D�0�2�

��P�=U2���0 $O��)H��E\�;5'��SRVWHU�

,53$� 5(*,21$/� 6<0326,80� 21� 5$',$7,21
3527(&7,21� ,1� 1(,*+%285,1*� &28175,(6
2)�&(175$/�(8523(
3UDJ��ýHãND�5HSXEOLND�������������������
3ULOR]L�
��� $]L]�� 1��� 5DQRJDMHF�.RPRU�� 0��� 0DULQR�� 6�$��

.OHPLF�� *��� 2VYD\�� 0��� )DVW� QHXWURQ� GHWHFWLRQ
XVLQJ�DOXPLQXP�R[LGH�7/'V��SUHGDYDQMH�

��� 0LOMDQLü�� 6��� 0LOMDQLü�� ��� %ODJXV�� 6��� =DGUR�� 0��
%RJRYDF��0���7KH� UDGLDWLRQ� FKHPLFDO� \LHOG�RI�+&O
IRU� FKORUREHQ]HQH� EDVHG� GRVLPHWU\� V\VWHPV
LUUDGLDWHG�ZLWK�SURWRQV�LQ�HQHUJ\�UDQJH�������0H9�
SRVWHU������PLQXWQR�XVPHQR�L]ODJDQMH�

��� 5DQRJDMHF�.RPRU�� 0��� 1LNRGHPRYD�� '��
+RYDWKRYD�� 0��� .QHåHYLü�� ä��� 0LONRYLü�� ��
5DGLDWLRQ� H[SRVXUH� RI� FKLOGUHQ� GXULQJ
UDGLRGLDJQRVWLF�H[DPLQDWLRQ�RI�FKHVW��SUHGDYDQMH�

��� 9HNLü�� %��� 0LOMDQLü�� 6��� 0DUWLQþLü�� )��
'HWHUPLQDWLRQ� RI� ;�UD\� HIIHFWLYH� HQHUJ\� XVLQJ
&D)��0Q� DQG� /L)�0J�7L� WKHUPROXPLQLVFHQW
GRVLPHWHUV��SRVWHU������PLQXWQR�XVPHQR�L]ODJDQMH�

,&$0(���
5LR�GH�-DQHLUR��%UD]LO��������������������
3ULOR]L�
��� *RWLü��0���&]DNy�1DJ\��,���3RSRYLü��6���0XVLü��6��

(IIHFW�RI� �EDOO�PLOOLQJ�RI�PL[HG�K\GUR[LGH��1L�2+��
�� �)H�2+���� RQ� WKH� IRUPDWLRQ� RI� QLFNHO� IHUULWH�
SRVWHU�

��� 0XVLü��6���6DQWDQD��*��3���âPLW��*���*DUJ��9�.��
3UHFLSLWDWLRQ� RI� R[LGH� SKDVHV� IURP� FRQFHQWUDWHG
)H�12����VROXWLRQV��SRVWHU�

��� 5LVWLü�� 0��� &]DNy�1DJ\�� ,��� 3RSRYLü�� 6��� 0XVLü�
6��� %DMUDNWDUDM�� 1��� )RUPDWLRQ� RI� FRSSHU� VSLQHO
�&X)H�2���LQ�WKH�V\VWHP�&X�)H�2��SRVWHU�

�WK� ,8056� �,17(51$7,21$/� 81,21� 2)
0$7(5,$/6�5(6($5&+�62&,(7<�
0DNXKDUL��&KLED��-DSDQ��������������������
3ULORJ�
��� 7DGLü�� 7��� 0RNXQR�� <��� )XMLL�� .��� +RULQR�� <��

%UQLþHYLü��1���%DãLF�� ,���3ODQLQLü��3���$SSOLFDWLRQ�RI
FKHPLFDO� HIIHFWV� LQ� ;�UD\� VSHFWUD� IRU
FKDUDFWHUL]DWLRQ� RI� WKH� KLJK�7F� VXSHUFRQGXFWRUV�
SRVWHU�

7+(� 6(&21'� 5(*,21$/� 0(',7(55$1($1
&21*5(66�21�5$',$7,21�3527(&7,21
7HO�$YLY��,]UDHO��������������������
3ULORJ�
��� 5DQRJDMHF�.RPRU��0���.OHPLF��*���0HWKRGV�DQG

DGYDQWDJHV� RI� LQWHUFRPSDULVRQV� RI� 7/'V� IRU
HQYLURQPHQWDO�PRQLWRULQJ��SUHGDYDQMH�

��� *2',â1-,� =1$1679(1,� 6$67$1$.
+59$76.2*� '58â79$� =$� (/(.75216.8
0,.526.23,-8� �6HNFLMH� ]D� (0� +UYDWVNRJ
SULURGRVORYQRJ� GUXãWYD��� =DJUHE�� +UYDWVND�
�����������

3ULORJ�
��� %DELü�,YDQþLü�� 9��� 7RQNRYLü�� 0��� 6LNLULü�� 0��

)�UHGL�0LOKRIHU�� +��� 0LNURVNRSLMD� X� LVWUDåLYDQMX
XUROLWLMD]H���PRGHOQL�VXVWDYL��SRVWHU�



���

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

5DåHP��'��,QWHUQDWLRQDO�&RQVXOWDWLYH�*URXS�RQ�)RRG
,UUDGLDWLRQ� �,&*),��� ��WK� $QQXDO�0HHWLQJ�� 7ROXFD�
0H[LFR�����������������

9HNLü�� %�� ,$($� 7HFKQLFDO� FR�RSHUDWLRQ� SURMHFW
,17������������ 8SJUDGLQJ� 5DGLDWLRQ� DQG� :DVWH
6DIHW\� ,QIUDVWUXFWXUH�� 5DGLDWLRQ� &RQWURO� RI
6RXUFHV�:RUNHUV��6DUDMHYR��%RVQD�L�+HUFHJRYLQD�
��������������

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLP�XVWDQRYDPD�

%UQLþHYLü��1���&OXVWHU� V\VWHPV� RI� QLRELXP�� WDQWDOXP�
PRO\EGHQXP�DQG�WXQJVWHQ��-)������'HSDUWPHQW�RI
(QHUJ\��'2(���$PHV��,RZD��6$'

*UåHWD��%���'LIUDNFLMD�UHQWJHQVNLK�]UDND�X�SROLNULVWDOX�
PHWRGD�5LHWYHOGD��1DJR\D� ,QVWLWXWH�RI�7HFKRORJ\�
&HUDPLF�5HVHDUFK�/DERUDWRU\��1DJR\D��-DSDQ

5DQRJDMHF� )��� ,PSURYHPHQW� RI� WKH� SRO\PHU� VWDELOLW\
DQG� ILUH� UHWDUGDQF\� E\� UDGLDWLRQ� JUDIWLQJ�
,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\��%Hþ��$XVWULMD

5DQRJDMHF� )��� 5DGLMDFLMVND� NHPLMD� SROLPHUD�
0D DUVND� DNDGHPLMD� ]QDQRVWL�� %XGLPSHãWD�
0D DUVND

5DQRJDMHF��0���/LþQD�GR]LPHWULMD�L�GR]LPHWULMD�RNROLQH
PHWRGRP� 7/'�� 0D DUVND� DNDGHPLMD� ]QDQRVWL�
%XGLPSHãWD��0D DUVND

5DQRJDMHF��0���'R]LPHWULMD�X�PHGLFLQVNRM�GLMDJQRVWLFL
L�PMHUHQMX�RNROLãD��0D DUVND� DNDGHPLMD� ]QDQRVWL�
%XGLPSHãWD��0D DUVND

5DQRJDMHF�� 0��� .DUDNWHUL]DFLMD� QRYLK
WHUPROXPLQLVFHQWQLK� GR]LPHWULMVNLK� VXVWDYD� ]D
SULPMHQX�X�RNROLãX��1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV
DQG�7HFKQRORJ\��:DVKLQJWRQ��6$'

5DåHP��'���,QGXVWULMVND�SULPMHQD�]UDþHQMD��0D DUVND
DNDGHPLMD�]QDQRVWL��%XGLPSHãWD��0D DUVND

5DåHP�� '��� ,QVWDOODWLRQ� DQG� FRPPLVVLRQLQJ� RG
/,1$&�� ,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\��%Hþ�
$XVWULMD

5DåHP�� '��� 7KH� HYDOXDWLRQ� RI� GRVLPHWU\� PHWKRGV
VXLWDEOH� IRU� WKH� LUUDGLDWLRQ� GLVLQIHVWDWLRQ� RI� IUHVK
DQG� GU\� IUXLWV� DQG� QXWV�� ,QWHUQDWLRQDO� $WRPLF
(QHUJ\�$JHQF\��%Hþ��$XVWULMD

6XERWLü�� %��� 6WXG\� RI� SK\VLFR�FKHPLFDO� SURFHVVHV
WKDW� RFFXU� RQ� PROHFXODU� OHYHO� GXULQJ� ]HROLWH
FU\VWDOOL]DWLRQ�ZLWK�VSHFLDO�HPSKDVLV� WR�QXFOHDWLRQ
SKHQRPHQD�� :RUFHVWHU� 3RO\WHFKQLF� ,QVWLWXWH�
:RUFHVWHU��0DVVDFKXVHWWV��6$'�

9HNLü�� %��� ,QIUDVWUXFWXUH� IRU� UDGLDWLRQ� SURWHFWLRQ� DQG
QXFOHDU�VDIHW\��7DVN����)DFLOLWLHV� IRU� FDOLEUDWLRQ�RI
GRVLPHWU\�� 7DVN� ��� (GXFDWLRQ� DQG� WUDLQLQJ� LQ� WKH
ILHOG� RI� UDGLDWLRQ� SURWHFWLRQ�� ,QWHUQDWLRQDO� $WRPLF
(QHUJ\�$JHQF\��%Hþ��$XVWULMD

3RVMHW�LQR]HPQLK�VWUXþQMDND�

0DQIUHG� 5XGROI�� ,QVWLWXW� I�U� 9HUIDKUHQVWHFKQLN�
%XQGHVIRUVFKXQJVDQVWDOW� I�U� (UQlKUXQJ�
.DUOVUXKH��1MHPDþND����������������

-R]VHI� 5yQDN\�� 1XNOHDUQD� HOHNWUDQD� 3DNV�� 3DNV�
0D DUVND�����������������

:LOH\��-���6$'��,$($�HNVSHUW��0H XQDURGQD�DJHQFLMD
]D� DWRPVNX� HQHUJLMX�� %Hþ�� $XVWULMD�� ����
�����������

0XJUDEL�� 0�$�� $O� �/LELMD��� ,$($� HNVSHUW�
0H XDQURGQD�DJHQFLMD�]D�DWRPVNX�HQHUJLMX��%Hþ�
$XVWULMD�����������������

-RVHI� 1HXEDXHU�� $XVWULDQ� 5HVHDUFK� &HQWUH
6HLEHUVGRUI��6HLEHUVGRUI��$XVWULMD�����������������

3DVOHU�� -��� $XVWULDQ� 5HVHDUFK� &HQWUH� 6HLEHUVGRUI�
6HLEHUVGRUI��$XVWULMD�����������������

0DUJLW� 2VYD\�� ,QVWLWXW� ]D� LVWUDåLYDQMH� L]RWRSD�
%XGLPSHãWD��0D DUVND�������������������

,VWY�Q� 8UD\�� ,QVWLWXW� ]D� QXNOHDUQD� LVWUDåLYDQMD
0D DUVNH� DNDGHPLMH� ]QDQRVWL�� 'HEUHFHQ�
0D DUVND�����������������



���

=$92'�=$�02/(.8/$518�*(1(7,.8
'(3$570(17�2)�02/(&8/$5�*(1(7,&6
'U��VF��1LNROD�/MXEHãLü��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD
/DERUDWRULM�]D�PLNUREQX�JHQHWLNX��GU��VF��äHOMNR�7UJRYþHYLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�PROHNXODUQX�PLNURELRORJLMX��GU��VF��'UDJXWLQ�3HWUDQRYLü��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�PROHNXODUQX�JHQHWLNX��GU��VF��9HUD�*DPXOLQ��YRGLWHOMLFD�ODERUDWRULMD
/DERUDWRULM�]D�HOHNWURQVNX�PLNURVNRSLMX��GU��VF��1LNROD�/MXEHãLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�PROHNXODUQX�JHQHWLNX�HXNDULRWD��GU��VF�� XU LFD�8JDUNRYLü��YRGLWHOMLFD
ODERUDWRULMD

/DERUDWRULM�]D�HNVSHULPHQWDOQX�NDQFHURORJLMX��GU��VF��%UDQNR�%UGDU��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�JHQRWRNVLþQH�DJHQVH��GU��VF��0DMD�2VPDN��YRGLWHOMLFD�ODERUDWRULMD
/DERUDWRULM�]D�PROHNXODUQX�ELRNHPLMX��GU��VF��,YDQD�:H\JDQG� XUDãHYLü��30)��YRGLWHOMLFD
ODERUDWRULMD
/DERUDWRULM�]D�PROHNXODUQX�ELRORJLMX�ELOMDND��GU��VF��6��-HODVND��30)��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�QHXURNHPLMX�L�PROHNXODUQX�QHXURELRORJLMX��GU��VF��%UDQLPLU�-HUQHM��YRGLWHOM
ODERUDWRULMD
/DERUDWRULM�]D�ELRFHQRWVND�LVWUDåLYDQMD��GU��VF��äHOLPLU�$QGULMD�/RYULü��YRGLWHOM�ODERUDWRULMD

7DMQLãWYR��0DULMD�.REHU��RG�����������

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�L�WHPDPD

L]YDQ�SURJUDPD�

6758.785$��)81.&,-$�,�(92/8&,-$�67$1,ý12*
*(120$

7+(�6758&785(��)81&7,21�$1'�(92/87,21�2)�7+(
&(//�*(120(

'LUHNWRU�SURJUDPD��GU�VF��äHOMNR�7UJRYþHYLü

7HPH�X�VDVWDYX�SURJUDPD�
8ORJD�UHNRPELQDFLMH�X�SRSUDYNX�'1$�L�VWDELOQRVWL�SOD]PLGD��GU��VF��äHOMNR�7UJRYþHYLü��YRGLWHOM
WHPH
5HJXODFLMD�UHNRPELQDFLMH�L�UHNRPELQDFLMVNRJ�SRSUDYND�'1$��GU��VF��'UDJXWLQ�3HWUDQRYLü�
YRGLWHOM�WHPH
6WXGLM�ILORJHQHWVNL�VDþXYDQLK�L�LQGXVWULMVNL�YDåQLK�JHQD��GU��VF��9HUD�*DPXOLQ��YRGLWHOMLFD�WHPH

6WUXNWXUD�L�IXQNFLMD�IRWRVLQWHWVNRJ�DSDUDWD��GU��VF��1LNROD�/MXEHãLü��YRGLWHOM�WHPH
2UJDQL]DFLMD�L�HYROXFLMD�HXNDULRWVNRJ�JHQRPD��GU��VF�� XU LFD�8JDUNRYLü��YRGLWHOMLFD�WHPH
0ROHNXODUQL�PHKDQL]PL�NDUFLQRJHQH]H��GU��VF��%UDQNR�%UGDU��YRGLWHOM�WHPH

6WDQLþQL�RGJRYRU�QD�JHQRWRNVLþQH�DJHQVH��GU��VF��0DMD�2VPDN��YRGLWHOMLFD�WHPH
,QLFLMDFLMD�WUDQVNULSFLMH�NRG�HXNDULRWD��GU��VF��0DULMD�0DU\�6RSWD��YRGLWHOMLFD�WHPH



���

3URJUDP�UDGD�

3URJUDP�UDGD�=DYRGD�]D�PROHNXOVNLK�JHQHWLNX�XNOMXþXMH�LVWUDåLYDQMD�
��JHQHWLNH��PROHNXODUQLK�PHKDQL]DPD�L�UHJXODFLMH�JHQHWLþNH�UHNRPELQDFLMH�QD�EDNWHULMDPD�
EDNWHULRIDJLPD�L�SOD]PLGLPD�
��XORJH�5HF%&'�HQ]LPD�X�UDVWX�EDNWHULMD��RGUåDYDQMX�SOD]PLGD��SRSUDYNX�'1$�L�+IU�RYLVQRM
UHNRPELQDFLML�
��WUDQVIRUPDFLMH�ELOMQLK�VWDQLFD�L�PRJXüQRVW�UHJHQHUDFLMH�WUDQVJHQLþQLK�ELOMDND�
��DNWLYDFLMH�L�HNVSUHVLMH�VWDQLþQLK�RQNRJHQD�L�RQNRJHQLK�YLUXVD�
��GLIHUHQFLMDFLMH�SODVWLGD�L�XWMHFDM�WYDUL�NRMH�SRWLþX�UDVW�L�VSHFLILþQLK�KHUELFLGD�QD�WH�SURFHVH�
��VWUXNWXUD��RUJDQL]DFLMD�L�QDþLQ�HNVSUHVLMH�JHQD�NRG�VWUHSWRPLFHWD�L�MDGUDQVNLK�VSXåDYD�
��VWUXNWXUH��RUJDQL]DFLMH�L�HYROXFLMH�VDWHOLWVNLK�'1$�L�KHWHURNURPDWLQD�X�UD]OLþLWLK�YUVWD�NXNDFD�
��VWDQLþQL�RGJRYRU�QD�JHQRWRNVLþQH�DJHQVH�
��LQWHUDNFLMD�W51$�V�DPLQRDFLO�W51$�VLQWHWD]DPD�
��UHJXODFLMVNLK�PHKDQL]DPD�L�NRQWUROX�LQLFLMDFLMH�WUDQVNULSFLMH�X�HXNDULRWD�
��VWUXNWXUH�L�IXQNFLMH�VHULQVNLK�SURWHD]D�

5HVHDUFK�SURJUDPPH�

7KH�UHVHDUFK�SURJUDPPH�RI�WKH�'HSDUWPHQW�RI�0ROHFXODU�*HQHWLFV�FRYHUV�WKH�VWXGLHV�RI�
��*HQHWLFV��PROHFXODU�PHFKDQLVPV�DQG�UHJXODWLRQ�RI�JHQHWLF�UHFRPELQDWLRQ�LQ�EDFWHULD�
EDFWHULRSKDJHV�DQG�SODVPLGV�
��5ROH�RI�WKH�5HF%&'�HQ]\PH�LQ�WKH�EDFWHULDO�JURZWK��SODVPLG�PDLQWHQDQFH��'1$�UHSDLU�DQG�+IU�
PHGLDWHG�UHFRPELQDWLRQ�
��3ODQW�FHOO�WUDQVIRUPDWLRQ�DQG�UHJHQHUDWLRQ�RI�WUDQVJHQLF�SODQWV�
��$FWLYDWLRQ�DQG�H[SUHVVLRQ�RI�FHOOXODU�RQFRJHQHV�DQG�RQFRJHQLF�YLUXVHV�
��3ODVWLG�GLIIHUHQWLDWLRQ�DQG�WKH�HIIHFW�RI�JURZWK�VXEVWDQFHV�DQG�VSHFLILF�KHUELFLGHV�RQ�WKHVH
SURFHVVHV�
��6WUXFWXUH��RUJDQL]DWLRQ�DQG�PRGH�RI�H[SUHVVLRQ�RI�JHQHV�LQ�6WUHSWRP\FHV�DQG�3RULIHUD�
��6WUXFWXUH��RUJDQL]DWLRQ�DQG�HYROXWLRQ�RI�VDWHOOLWH�'1$V�DQG�KHWHURFKURPDWLQ�LQ�GLIIHUHQW�LQVHFW
VSHFLHV�
��&HOO�UHVSRQVH�WR�JHQRWR[LF�DJHQWV
��7UDQVIHU�51$�UHFRJQLWLRQ�E\�DPLQRDF\O�W51$�V\QWKHWDVHV�
��5HJXODWRU\�PHFKDQLVPV�DQG�WKH�FRQWURO�RI�WUDQVFULSWLRQ�LQLWLDWLRQ�LQ�HXNDU\RWHV�

8/2*$�5(.20%,1$&,-(�8�3235$9.8�'1$�,�67$%,/1267,
3/$=0,'$
52/(�2)�5(&20%,1$7,21�,1�'1$�5(3$,5�$1'�67$%,/,7<�2)
3/$60,'6
9RGLWHOM�WHPH��GU��VF��äHOMNR�7UJRYþHYLü

6XUDGQLFL�QD�WHPL�

.UXQRVODY�%UþLü�.RVWLü��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW
*RUGDQD�ýDMR��GLSO��LQå�ELRO���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
'DPLU� HUPLü��GLSO�LQå��ELRO���POD L�DVLVWHQW��]QDQVWYHQL�QRYDN
1HOOD�/HUã��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
(ULND�6DODM�âPLF��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
äHOMNR�7UJRYþHYLü��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

7HKQLþNH�VXUDGQLFH�

0LUMDQD�)LOLSRYLü��VDPRVWDOQD�WHKQLþDUND
/MLOMDQD�9LQFHN��SHUDþLFD�����UDGQRJ�YUHPHQD��GR�������������



���

3URJUDP�UDGD�L�UH]XOWDWL�

8�RYRP�SURMHNWX�EDYLPR�VH�L]XþDYDQMHP�XORJH�5HF%&'�HQ]LPD�X�PHWDEROL]PX�EDNWHULMH�(VFKHULFKLD
FROL�� (Q]LP� 5HF%&'� VXGMHOXMH� X� KRPRORJQRM� JHQHWLþNRM� UHNRPELQDFLML�� SRSUDYNX� '1$�� RþXYDQMX
YLMDELOQRVWL�VWDQLFD�L�VWDELOQRVWL�SOD]PLGD��3UHPD�SUHGORåHQRP�SODQX�HNVSHULPHQWDOQRJ�UDGD�LVWUDåLYDOL
VPR�NDNR�QHNL�YLUXVQL�L�VWDQLþQL�SURWHLQL�PRGXOLUDMX�DNWLYQRVW�5HF%&'�HQ]LPD��1DãOL�VPR�GD��QDVXSURW
XYULMHåHQRP� PLãOMHQMX�� ODPEGD� *DP� SURWHLQ� QH� LQKLELUD� YHü� VDPR� PLMHQMD� NDWDOLWLþND� VYRMVWYD� WRJ
HQ]LPD�� 5H]XOWDW� WRJD� MHVW� LQKLELFLMD� UHVWULNWLYQH� DNWLYQRVWL� HQ]LPD� (FR.,�� 1DGDOMH�� X� SUHOLPLQDUQLP
HNVSHULPHQWLPD� NDUDNWHUL]LUDOL� VPR� L� QRYL� EDNWHULMVNL� JHQ�� þLML� SURGXNW� RPRJXüXMH� LQWHUDNFLMX� HQ]LPD
5HF%&'�V�YUXüLP�PMHVWRP�]D�UHNRPELQDFLMX��W]Y��&KL�PMHVWR��

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

:H�KDYH� VWXGLHG� WKH� UROH� RI�5HF%&'�HQ]\PH� LQ� WKH�PHWDEROLVP� RI�(VFKHULFKLD� FROL�� 7KH�5HF%&'
HQ]\PH�SDUWLFLSDWHV� LQ�KRPRORJRXV�UHFRPELQDWLRQ��'1$�UHSDLU��FHOO� YLDELOLW\�DQG�PDLQWHQDQFH�RI� WKH
SODVPLG�'1$�LQ�WKH�EDFWHULDO�F\WRSODVP��,Q�RXU�H[SHULPHQWV��ZH�LQYHVWLJDWHG�WKH�HIIHFW�RI�FHUWDLQ�YLUDO
DQG�FHOOXODU�SURWHLQV�RQ�WKH�DFWLYLW\�RI� WKLV�HQ]\PH�� ,Q�FRQWUDVW� WR� WKH�FXUUHQW� WKHRU\��ZH�KDYH� IRXQG
WKDW� WKH�*DP�SURWHLQ� IURP� WKH� SKDJH� ODPEGD� LV� QRW� D� �SXUH�� LQKLELWRU� RI� WKH�5HF%&'� HQ]\PH�� EXW
UDWKHU��LW�RQO\�PRGXODWHV�LWV�DFWLYLWLHV��$V�D�UHVXOW�RI�WKH�LQWHUDFWLRQ�RI�WKH�*DP�SURWHLQ�DQG�WKH�5HF%&'
HQ]\PH��WKH�UHVWULFWLRQ�DFWLYLW\�RI�WKH�(FR.,�HQGRQXFOHDVH�LV�LQKLELWHG��,Q�RXU�SUHOLPLQDU\�H[SHULPHQWV�
ZH� KDYH� DOVR� FKDUDFWHULVHG� D� QHZ� EDFWHULDO� JHQH�� WKH� SURGXFW�V�� RI� ZKLFK� HQDEOH�V�� WKH� 5HF%&'
HQ]\PH�WR�LQWHUDFW�ZLWK�WKH�UHFRPELQDWLRQDO�KRW�VSRW�&KL�

5(*8/$&,-$�5(.20%,1$&,-(�,�5(.20%,1$&,-6.2*�3235$9.$
'1$
5(*8/$7,21�2)�'1$�5(&20%,1$7,21�$1'�5(&20%,1$7,21$/
'1$�5(3$,5
9RGLWHOM�WHPH��GU��VF��'UDJXWLQ�3HWUDQRYLü

6XUDGQLFL�QD�WHPL�

6HQND�'åLGLü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
'UDJXWLQ�3HWUDQRYLü��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW
0LUMDQD�3HWUDQRYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
.VHQLMD�9ODKRYLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
'DYRU�=DKUDGND��PDJLVWDU�ELRO��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN

7HKQLþNH�VXUDGQLFH�

0LUHOD�.RVLQMVNL��WHKQLþDUND
/MLOMDQD�9LQFHN��SHUDþLFD������UDGQRJ�YUHPHQD��GR�������������

3URJUDP�UDGD�L�UH]XOWDWL�

*HQHWLND��PROHNXODUQL� PHKDQL]PL� L� ELRORãNL� XþLQFL� UHNRPELQDFLMH� '1$� L� UHNRPELQDFLMVNRJ� SRSUDYND
'1$�SURXþDYDMX�VH�QD�HNVSHULPHQWDOQLP�PRGHOLPD�NRML�VH�VDVWRMH�RG�VWDQLFD�(��FROL��IDJD�L�SOD]PLGD�
3R]RUQRVW� VH� SRVYHüXMH� SURFHVLPD� NRML� VPDQMXMX� XþHVWDORVW� UHNRPELQDFLMH� L� GMHORWYRUQRVW
UHNRPELQDFLMVNRJ� SRSUDYND�� 7DNYD� GYD� SURFHVD� QDãOL� VPR� X� R]UDþHQLP� VWDQLFDPD�� -HGDQ� RG� QMLK
GRYRGL� GR�JXELWND� VSRVREQRVWL� SURIDJD� ODPEGD�GD� VXGMHOXMH� X� QHNLP� YUVWDPD� ORNRVSHFLILþQH� L� RSüH
UHNRPELQDFLMH��'UXJL�LQKLELWRUQL�SURFHV�RGJRYRUDQ�MH�]D�QHVSRVREQRVW�YLãHVWUXNR�LQILFLUDQLK�VWDQLFD�GD
UHDNWLYLUDMX� ]UDþHQMHP� LQDNWLYLUDQL� IDJ� ODPEGD� SRPRüX� MHGQH� YUVWH� UHNRPELQDFLMVNRJ� SRSUDYND
QD]YDQRJD� PXOWLSOLFLWHWQD� UHDNWLYDFLMD�� .DUDNWHUL]DFLMD� RYLK� GYDMX� SURFHVD� ELOD� MH� SUHGPHW� QDãLK
LVWUDåLYDQMD�X�SURWHNORM�JRGLQL�
*HQHWLþNRP�DQDOL]RP�SRND]DOL�VPR�GD�SURGXNWL�JHQD�UXY$��UXY%��UXY&�L�UHF*�VXGMHOXMX�X�SURFHVX�NRML
YRGL�JXELWNX�VSRVREQRVWL�SURIDJD� ODPEGD�]D� ORNRVSHFLILþQX�UHNRPELQDFLMX�X�R]UDþHQLP�VWDQLFDPD�WH
GD�VXGMHOXMX�X�PXOWLSOLFLWHWQRM�UHDNWLYDFLML�]UDþHQMHP�LQDNWLYLUDQRJ�IDJD�ODPEGD��3URWRþQRP�FLWRPHWULMRP
QDãOL� VPR� GD� R]UDþHQH� VWDQLFH�� X� NRMLPD� SURIDJ� JXEL� UHNRPELQRJHQRVW�� SRND]XMX� LQKLELFLMX� UDVWD� L
GLREH��GRN�RQH�X�NRMLPD�UHNRPELQRJHQRVW�SURIDJD�RVWDMH�VDþXYDQD��SRND]XMX�SUROD]QX�LQKLELFLMX�GLREH
]GUXåHQX�V�ILODPHQWDFLMRP�



���

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

*HQHWLFV��PROHFXODU�PHFKDQLVPV� DQG� ELRORJLFDO� HIIHFWV� RI� '1$� UHFRPELQDWLRQ� DQG� UHFRPELQDWLRQDO
'1$� UHSDLU� KDYH� EHHQ� VWXGLHG� E\� XVLQJ� H[SHULPHQWDO� PRGHOV� FRQVLVWLQJ� RI� (VFKHULFKLD� FROL� FHOOV�
SKDJHV� DQG� SODVPLGV�� $WWHQWLRQ� KDV� EHHQ� SDLG� WR� WKH� SURFHVVHV� ZKLFK� GLPLQLVK� WKH� IUHTXHQF\� RI
UHFRPELQDWLRQ�DQG�WKH�HIILFLHQF\�RI�WKH�UHFRPELQDWLRQDO�UHSDLU��:H�KDYH�IRXQG�WZR�SURFHVVHV�RI�WKLV
NLQG� LQ� LUUDGLDWHG� FHOOV�� 2QH� RI� WKHP� OHDGV� WR� WKH� ORVV� RI� SURSKDJH� ODPEGD� DELOLW\� WR� SDUWLFLSDWH� LQ
FHUWDLQ�W\SHV�RI�VLWH�VSHFLILF�DQG�JHQHUDO�UHFRPELQDWLRQ��7KH�RWKHU�LQKLELWRU\�SURFHVV�LV�UHVSRQVLEOH�IRU
WKH� LQDELOLW\� RI� PXOWLSO\� LQIHFWHG� FHOOV� WR� UHDFWLYDWH� UDGLDWLRQ�LQDFWLYDWHG� SKDJH� ODPEGD� E\� D� W\SH� RI
UHFRPELQDWLRQDO�UHSDLU�NQRZQ�DV�PXOWLSOLFLW\�UHDFWLYDWLRQ��7KH�FKDUDFWHULVDWLRQ�RI�WKHVH�WZR�SURFHVVHV
KDV�EHHQ�D�VXEMHFW�RI�RXU�LQYHVWLJDWLRQV�GXULQJ�ODVW�\HDU�
%\� JHQHWLF� DQDO\VLV�� ZH� KDYH� VKRZQ� WKDW� WKH� SURGXFWV� RI� UXY$�� UXY%�� UXY&� DQG� UHF*� JHQHV� DUH
LQYROYHG� LQ� WKH� SURFHVV� RFFXUULQJ� LQ� WKH� LUUDGLDWHG� FHOOV� ZKLFK� WKHQ� OHDGV� WR� WKH� ORVV� RI� SURSKDJH
ODPEGD� DELOLW\� WR� WDNH� SDUW� LQ� VLWH�VSHFLILF� UHFRPELQDWLRQ�� :H� KDYH� DOVR� VKRZQ� WKDW� WKHVH� JHQH
SURGXFWV� SDUWLFLSDWH� LQ� PXOWLSOLFLW\� UHDFWLYDWLRQ� RI� UDGLDWLRQ�LQDFWLYDWHG� SKDJH� ODPEGD�� 8VLQJ� IORZ
F\WRPHWU\�� ZH� KDYH� IRXQG� WKDW� LUUDGLDWHG� FHOOV�� LQ� ZKLFK� WKH� SURSKDJH� ORVHV� LWV� UHFRPELQRJHQLFLW\�
GLVSOD\�WKH�LQKLELWLRQ�RI�JURZWK�DQG�GLYLVLRQ��ZKHUHDV�WKRVH��LQ�ZKLFK�WKH�SURSKDJH�UHFRPELQRJHQLFLW\
UHPDLQV�SUHVHUYHG��GLVSOD\�WKH�WHPSRUDU\�LQKLELWLRQ�RI�GLYLVLRQ�DVVRFLDWHG�ZLWK�WKH�ILODPHQWDWLRQ�

678',-�),/2*(1(76.,�6$ý89$1,+�,�,1'8675,-6.,�9$ä1,+�*(1$
678'<�2)�3+</2*(1(7,&$//<�&216(59('�$1'�,1'8675,$//<
,03257$17�*(1(6
9RGLWHOMLFD�WHPH��GU��VF��9HUD�*DPXOLQ

6XUDGQLFL�QD�WHPL�

+HOHQD�ûHWNRYLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��RG�������������
9HUD�*DPXOLQ��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
/DGD�/XNLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD
$QGUHMD�0LNRþ��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
'XãLFD�9XMDNOLMD��GRNWRULFD�ELRWHKQRO��]QDQRVWL��YLãD�DVLVWHQWLFD

6XUDGQLFD�L]�GUXJH�XVWDQRYH�

-HOHQD�äDIUDQ�1RYDN��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD��3ULURGRVORYQR�
PDWHPDWLþNL�IDNXOWHW��%LRORãNL�RGVMHN�

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQMD� QD� WHPL� XVUHGRWRþHQD� VX� QD� RGJRQHWDYDQMH� VWUXNWXUH�� JHQRPVNH� RUJDQL]DFLMH�� QDþLQD
HNVSUHVLMH� L� ELRORãNH� XORJH� ILORJHQHWVNL� VDþXYDQLK� L�LOL� LQGXVWULMVNL� YDåQLK� JHQD� NRG� EDNWHULMD
6WUHSWRP\FHV�ULPRVXV� L�5KL]RELXP� OHJXPLQRVDUXP� WH�PRUVNLK�VSXåDYD�*HRGLD�F\GRQLXP��6XEHULWHV
GRPXQFXOD� L�6\FRQ� UDSKDQXV�� %DNWHULMH�6�� ULPRVXV� �SURL]YR Dþ� RNVLWHWUDFLNOLQD�� L�5�� OHJXPLQRVDUXP
�ILNVDWRU�GXãLND��L]X]HWQR�VX�YDåQL�PLNURRUJDQL]PL�X�LQGXVWULMVNRM��RGQRVQR�DJURQRPVNRM�SULPMHQL��GRN
VX� VSXåYH� �3RULIHUD�� QDMVWDULMH� L� QDMSULPLWLYQLMH� YLãHVWDQLþQH� åLYRWLQMH�� SRJODYLWR� ]DQLPOMLYH� ]D
PROHNXOVNR�HYROXFLMVND�LVWUDåLYDQMD�
8�SURWHNORM�VX�JRGLQL�]DYUãHQD�L�REMDYOMHQD�LVWUDåLYDQMD�VWUXNWXUH�JHQD�UHF$�L]�EDNWHULMH�6��ULPRVXV��NDR
L�LVWUDåLYDQMD�HNVSUHVLMH�JHQD�UHF$�X�EDNWHULML�(VFKHULFKLD�FROL��'LULJLUDQRP�PXWDJHQH]RP�NRQVWUXLUDQH
VX� GHOHFLMH� QD� �
�NUDMX� JHQD� UHF$� �&�NUDM� SURWHLQD� 5HF$��� D� PXWLUDQL� VX� JHQL� XQHVHQL� SUHNR
ELIXQNFLRQDOQRJ�SOD]PLGQRJ�YHNWRUD�S=*��X�KRPRORJQRJD�L�KHWHURORJQRJ�GRPDüLQD��(��FROL���NDNR�EL
VH�PRJOR�SURXþDYDWL�QMLKRYR�ELRORãNR�GMHORYDQMH��'LYOML� WLS�JHQD� UHF$�NORQLUDQ� MH�X�HNVSUHVLMVNL�YHNWRU
S(7��G��NRML�MH�X�EDNWHULML�(��FROL�RPRJXüLR�VLQWH]X�KHWHURORJQRJ�SURWHLQD�5HF$�X�NROLþLQL�RG�SUHNR����
PJ�5HF$�/�EDNWHULMVNH�VXVSHQ]LMH�
=DYUãHQL� VX� L� REMDYOMHQL� UH]XOWDWL� UHVWULNFLMVNH� DQDOL]H� JHQD� ]D� QRGXODFLMX� NRG� GYD� DXWRKWRQD� VRMD
EDNWHULMH�5�� OHJXPLQRVDUXP�� YUOR� XþLQNRYLWLK� X� VWYDUDQMX� NRUMHQRYLK� NYUåLFD�� 8WYU HQR� MH� GD� SRVWRMH
SURPMHQH� X� '1$� JODYQH�� ELIXQNFLMVNH� SURPRWRUVNH� UHJLMH�� VPMHãWHQH� L]PH X� JHQD� QRG'� L� QRG$� X
QDNXSLQL�QRGXODFLMVNLK�JHQD�
2GUH HQD�MH�VWUXNWXUD�F'1$�]D�QHUHFHSWRUVNX�WLUR]LQ�NLQD]X��7.��L]�VSXåYH�6\FRQ�UDSKDQXV��3URWHLQ
NRGLUDQ�RYRP�F'1$� LPD�����DPLQRNLVHOLQD� L� SURUDþXQDWX�PROHNXOVNX�PDVX�RG���������2YD�7.�SR
VYRMLP�VYRMVWYLPD�VSDGD�X�SRURGLFX�)HV�)SV�SURWHLQD��SRVMHGXMH�6+��GRPHQX�L�YUOR�VDþXYDQX�NLQD]QX



���

GRPHQX�QD�&�NUDMX� SURWHLQD� �KRPRORJLMD� V� NLQD]QRP�GRPHQRP� OMXGVNLK� )HV� L� )(5� RQNRSURWHLQD� MH
SUHNR�������7.�L]�VSXåYH�6��UDSKDQXV�MH�ILORJHQHWVNL�QDMVWDULML�SR]QDWL�þODQ�)HV�)SV�WLUR]LQ�NLQD]D�NRG
YLãHVWDQLþQLK�RUJDQL]DPD�
2GUH HQD� MH� VWUXNWXUD� F'1$� ]D� SROLXELNYLWLQ� L]� VSXåDYD� 6XEHULWHV� GRPXQFXOD� L� 6\FRQ� UDSKDQXV�
8ELNYLWLQ� ���� DPLQRNLVHOLQD�� MHVW� QDMVDþXYDQLML� SURWHLQ� X� SULURGL�� 3ROLXELNYLWLQVNL� JHQ� NRG� VSXåYH� 6�
GRPXQFXOD�þLQH�þHWLUL�L]UDYQR�SRQRYOMHQD�PRQRPHUD��GRN�LK�NRG�VSXåYH�6��UDSKDQXV�LPD�VHGDP��2EMH
VSXåYH�SRVMHGXMX�EDUHP� MRã� MHGDQ�SROLXELNYLWLQVNL�JHQ��8ELNYLWLQ� L]�6��GRPXQFXOD� �NUHPHQRURåQMDþD�
UD]OLNXMH�VH�RG�XELNYLWLQD�L]�6��UDSKDQXV��YDSQHQMDþD��X�GYLMH�RG����DPLQRNLVHOLQD��GRN�VH�RG�OMXGVNRJ
XELNYLWLQD�L�MHGDQ�L�GUXJL�UD]OLNXMX�VDPR�X�MHGQRM�DPLQRNLVHOLQL�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�SURMHFW�GHDOV�ZLWK� WKH� LQYHVWLJDWLRQ�RI�VWUXFWXUH��JHQRPLF�RUJDQL]DWLRQ��PRGH�RI�H[SUHVVLRQ�DQG
ELRORJLFDO� UROH� RI� WKH� SK\ORJHQHWLFDOO\� FRQVHUYHG� DQG�RU� LQGXVWULDOO\� LPSRUWDQW� JHQHV� IURP� EDFWHULD
�6WUHSWRP\FHV� ULPRVXV� DQG� 5KL]RELXP� OHJXPLQRVDUXP�� DQG� PDULQH� VSRQJHV� �*HRGLD� F\GRQLXP�
6XEHULWHV� GRPXQFXOD� DQG� 6\FRQ� UDSKDQXV��� 6�� ULPRVXV� �R[\WHWUDF\FOLQH� SURGXFHU�� DQG� 5�
OHJXPLQRVDUXP� �QLWURJHQ� IL[DWRU�� DUH� YHU\� LPSRUWDQW� LQGXVWULDO�DJULFXOWXUDO� PLFURRUJDQLVPV�� ZKHUHDV
VSRQJHV��3RULIHUD���WKH�ROGHVW�DQG�PRVW�SULPLWLYH�PHWD]RDQ�DQLPDOV��DUH�YHU\�LQWHUHVWLQJ�RUJDQLVPV�IRU
SK\ORJHQHWLF�VWXGLHV�LQ�PROHFXODU�HYROXWLRQ�
:H�KDYH�GHILQHG�SULPDU\�VWUXFWXUH�RI�WKH�UHF$�JHQH�IURP�6��ULPRVXV�DQG�DQDO\VHG�LWV�H[SUHVVLRQ�LQ�(�
FROL�� 0XWDQW� UHF$� JHQHV� ZLWK� GHOHWLRQV� DW� WKH� �
�HQGV� �&�WHUPLQXV� RI� WKH� 5HF$� SURWHLQ�� ZHUH
FRQVWUXFWHG�DQG�LQWURGXFHG�YLD�ELIXQFWLRQDO�SODVPLG�S=*��LQWR�KRPRORJRXV�DQG�KHWHURORJRXV�KRVW��(�
FROL���6WXG\�RI�WKHLU�DFWLYLW\�LQ�KRVW�RUJDQLVPV�LV�XQGHUZD\��7KH�UHF$�JHQH�IURP�6��ULPRVXV�ZDV�FORQHG
LQWR�DQ�H[SUHVVLRQ�YHFWRU�S(7��G�DQG�RYHUH[SUHVVHG� LQ�(�FROL�� \LHOGLQJ�RYHU�����PJ�RI� WKH�5HF$�/
EDFWHULDO�VXVSHQVLRQ�
1RGXODWLRQ�JHQHV� LQ� WZR�DXWRFKWKRQRXV�VWUDLQV� RI�5�� OHJXPLQRVDUXP�� YHU\� HIILFLHQW� LQ� KRVW� LQYDVLRQ
DQG� QRGXODWLRQ�� ZHUH� DQDO\VHG� E\� 6RXWKHUQ� K\EULGL]DWLRQ� DIWHU� GLJHVWLRQ� RI� WKH� JHQRPLF� '1$� ZLWK
VHYHUDO�HQGRQXFOHDVHV��'LIIHUHQFHV� LQ� WKH�'1$�VHTXHQFH�KDYH�EHHQ�IRXQG� LQ�WKH�PDMRU�ELIXQFWLRQDO
SURPRWHU� UHJLRQ�� ORFDWHG� EHWZHHQ� QRG$� DQG� QRG'� JHQHV�� 3ULPDU\� VWUXFWXUH� RI� WKH� F'1$� FORQH
HQFRGLQJ� QRQUHFHSWRU� W\URVLQH� NLQDVH� �7.�� IURP� VSRQJH� 6�� UDSKDQXV� ZDV� GHILQHG�� 7KLV� F'1$
HQFRGHV�SURWHLQ�RI�����DPLQR�DFLGV� �FDOFXODWHG�0U���������ZKLFK�EHORQJV� WR� WKH�)HV�)SV� IDPLO\�RI
7.V��7KH� SURWHLQ� KDV� D� 6+�� GRPDLQ� DQG� D� YHU\� FRQVHUYHG� NLQDVH� GRPDLQ� DW� WKH�&�WHUPLQXV� ����
DPLQRDFLGV���7KH�NLQDVH�GRPDLQ�VKRZV�RYHU�����KRPRORJ\�ZLWK�NLQDVH�GRPDLQV�RI�KXPDQ�)(5�DQG
)HV�SURWRRQFRSURWHLQV��1RQUHFHSWRU�7.�IURP�6��UDSKDQXV�LV�SK\ORJHQHWLFDOO\�WKH�ROGHVW�SURWHLQ�RI�WKH
)HV�)SV�IDPLO\�RI�SURWRRQFRSURWHLQV�
7KH� F'1$V� HQFRGLQJ� SRO\XELTXLWLQ� ZHUH� DQDO\VHG� LQ� VSRQJHV� 6�� GRPXQFXOD� DQG� 6�� UDSKDQXV�
8ELTXLWLQ�����DPLQR�DFLGV��LV�WKH�PRVW�SUHVHUYHG�SURWHLQ�LQ�QDWXUH��3RO\XELTXLWLQ�JHQH�LQ�6��GRPXQFXOD
FRQWDLQV�IRXU�GLUHFWO\�UHSHDWHG�PRQRPHUV��,Q�6��UDSKDQXV��SRO\XELTXLWLQ�JHQH�LV�PDGH�E\�VHYHQ�GLUHFW
UHSHDWV��,Q�HDFK�RI�WKH�VSHFLHV�WKHUH�LV�DW�OHDVW�RQH�DGGLWLRQDO�JHQH�IRU�SRO\XELTXLWLQ��8ELTXLWLQ�IURP�6�
GRPXQFXOD� �'HPRVSRQJLD�� GLIIHUV� IURP� WKH� 6�� UDSKDQXV� �&DOFDUHD�� XELTXLWLQ� LQ� WZR� DPLQR�DFLG
SRVLWLRQV��+RZHYHU��XELTXLWLQ�IURP�ERWK�WKHVH�VSRQJHV�GLIIHUV�IURP�WKH�KXPDQ�XELTXLWLQ�LQ�RQH�DPLQR
DFLG�RQO\�

6758.785$�,�)81.&,-$�)2726,17(76.2*�$3$5$7$
6758&785(�$1'�)81&7,21�2)�3+2726<17+(7,&�$33$5$786
9RGLWHOM�WHPH��GU��VF��1LNROD�/MXEHãLü

6XUDGQLFL�QD�WHPL�

+UYRMH�)XOJRVL��PDJLVWDU�ELRO��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
1LNROD�/MXEHãLü��GRNWRU�ELRO��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
-DVPLQD�0XUDMD�/MXELþLü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
7DWMDQD�3UHEHJ��GLSO��LQå��ELRORJLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD��RG��������������
0HUFHGHV�:ULVFKHU��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

7HPD� REXKYDüD� LVWUDåLYDQMD� VWUXNWXUQLK� L� IXQNFLMVNLK� SURPMHQD� WLMHNRP� GLIHUHQFLMDFLMH� SODVWLGD�� NDR� L
XWMHFDMD� WYDUL� UDVWHQMD� L� VSHFLILþQLK� KHUELFLGD� QD� WH� SURFHVH�� 3UDüHQH� VX� XOWUDVWUXNWXUQH� SURPMHQH
SODVWLGD� X� VXVWDYLPD� OHXNRSODVW� �DPLORSODVW�� �� NORURSODVW�� OHXNRSODVW� �� NORURSODVW� �� NURPRSODVW� WH
NORURSODVW��JHURQWRSODVW��3ULPMHQRP�RGUH HQLK�WYDUL�UDVWHQMD�XWYU HQR�MH�X�NRMRM�PMHUL�WH�WYDUL�XWMHþX�QD



���

SRMHGLQH�VWDGLMH�X�SUHWYRUEL�SODVWLGD��.RULVWHüL�VSHFLILþQH�KHUELFLGH�]DNRþHQD�MH�GLIHUHQFLMDFLMD�SODVWLGD�
ãWR�MH�RPRJXüLOR�VWXGLM�QDþLQD�LQKLELFLMH�L�PMHVWD�QMLKRYRJ�GMHORYDQMD��3UDüHQ�MH�WLMHN�VLQWH]H�SRMHGLQLK
SURWHLQVNLK� NRPSOHNVD� X� IRWRVLQWHWVNLP� PHPEUDQDPD� WLMHNRP� UD]YRMD� NORURSODVWD� L]� GUXJLK� WLSRYD
SODVWLGD��NDR�L�IRWRVLQWHWVND�DNWLYQRVW�X�WLP�PHPEUDQDPD��8VSRUHGR�V�WLPH��LVWUDåHQH�VX�L�SURPMHQH�X
VDVWDYX�SLJPHQDWD�X�IRWRVLQWHWVNLP�PHPEUDQDPD�WH�X�VSHFLILþQLP�VWUXNWXUDPD�NURPRSODVWD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� SURMHFW� FRPSULVHV� WKH� LQYHVWLJDWLRQV� RI� VWUXFWXUDO� DQG� IXQFWLRQDO� FKDQJHV� GXULQJ� SODVWLG
GLIIHUHQWLDWLRQ� DQG� WKH� HIIHFW� RI� JURZWK� VXEVWDQFHV� DQG� VSHFLILF� KHUELFLGHV� RQ� WKHVH� SURFHVVHV�
8OWUDVWUXFWXUDO� FKDQJHV�RI� SODVWLGV�ZHUH� VWXGLHG�RQ� WKH� IROORZLQJ� V\VWHPV�� OHXFRSODVW� �DP\ORSODVW�� �
FKORURSODVW�� OHXFRSODVW� �� FKORURSODVW� �� FKURPRSODVW� DQG� FKORURSODVW� �� JHURQWRSODVW�� ,W� KDV� EHHQ
HVWDEOLVKHG� DV� WR� ZKDW� H[WHQW� VRPH� JURZWK� VXEVWDQFHV� LQIOXHQFH� GLIIHUHQW� VWDJHV� RI� WKHVH
WUDQVIRUPDWLRQV�� %\� DSSO\LQJ� VSHFLILF� KHUELFLGHV�� WKH� SODVWLG� GLIIHUHQWLDWLRQ� KDV� FKDQJHG� DQG� LQ� WKLV
ZD\� WKH� PRGH� RI� WKHLU� LQKLELWLRQ� GHWHUPLQHG�� 7KH� V\QWKHVLV� RI� VSHFLILF� SURWHLQ� FRPSOH[HV� RI
SKRWRV\QWKHWLF�DSSDUDWXV�GXULQJ�GHYHORSPHQW�RI�FKORURSODVWV�IURP�RWKHU�SODVWLG�W\SHV��DV�ZHOO�DV�WKH
SKRWRV\QWKHWLF� DFWLYLW\� RI� WKH� PHPEUDQHV� ZHUH� VWXGLHG�� 3DUDOOHO� ZLWK� WKLV� ZRUN�� ZH� H[DPLQHG� WKH
FKDQJHV� LQ� WKH� SLJPHQW� FRPSRVLWLRQ� RI� SKRWRV\QWKHWLF� PHPEUDQHV� DQG� RI� VSHFLILF� FKURPRSODVW
VWUXFWXUHV�

25*$1,=$&,-$�,�(92/8&,-$�(8.$5,276.2*�*(120$
25*$1,=$7,21�$1'�(92/87,21�2)�(8.$5<27,&�*(120(
9RGLWHOMLFD�WHPH��GU��VF�� XU LFD�8JDUNRYLü

6XUDGQLFL�QD�WHPL�

%UDQND�%UXYR��PDJLVWUD�ELRO��]QDQRVWL�DVLVWHQWLFD
6RQMD�'XUDMOLMD��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
1HYHQND�0HãWURYLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%UDQNLFD�0UDYLQDF��GLSO��LQå��ELRO��]QDQRVWL��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0LURVODY�3ORKO��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
XU LFD�8JDUNRYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

6DWHOLWVNH�'1$�VDVWDYQL� VX�GLR�HXNDULRWVNRJ�JHQRPD� L� þHVWR�þLQH�GR�����XNXSQH�JHQRPVNH�'1$�
(YROXLUDMX� YUOR� EU]R� WDNR�GD� VH� þHVWR� ]QDQWQR� UD]OLNXMX� X� QXNOHRWLGQRM� VHNYHQFL� YHü� L]PH X� VURGQLK
YUVWD��SD�VH�SUHWSRVWDYOMD�GD�LPDMX�YDåQX�XORJX�X�VSHFLMDFLML��WM��X�QDVWDQNX�QRYLK�YUVWD��&LOM�SURJUDPD
MHVW� L]XþDYDQMH� HYROXFLMH�� RUJDQL]DFLMH� L� VWUXNWXUH� VDWHOLWVNLK� '1$� QD� PRGHOX� NXNDFD� NRUQMDãD� L]
SRURGLFH� 7HQHEULRQLGDH� �&ROHRSWHUD��� 6YRMVWYHQR� ]D� RYH� NXNFH� MHVW� GD� VDGUåH� YHOLNX� NROLþLQX
VDWHOLWVNLK� '1$�� GR� ���� XNXSQRJ� JHQRPD�� NRMD� MH� QDMþHãüH� VPMHãWHQD� X� SRGUXþMX� FHQWURPHUQRJ
KHWHURNURPDWLQD�� .XNFL� RYH� SRURGLFH� YHOLNL� VX� ãWHWQLFL� X� VNODGLãWLPD� KUDQH�� VWRJD� SURXþDYDQMH
RUJDQL]DFLMH� L� VWUXNWXUH�JHQRPD�PRåH� QDüL� SULPMHQX�X�ELRORãNRM� NRQWUROL� YHOLþLQH�QMLKRYLK� SRSXODFLMD�
7DNR HU� VH� UH]XOWDWL� DQDOL]H� SULPDUQLK� VWUXNWXUD� VDWHOLWVNLK�'1$�� NRMH� VX� QDMþHãüH� YUVQR� VSHFLILþQH�
PRJX� NRULVWLWL� ]D� SRX]GDQR� RGUH LYDQMH� YUVWD� NRMH� VH� IHQRWLSVNL� WHãNR� UD]OLNXMX�� 8� SURWHNORM� JRGLQL
REMDYOMHQL� VX� UH]XOWDWL� SURXþDYDQMD� VWUXNWXUH� L� HYROXFLMH� VDWHOLWVNLK� '1$� YUVWD� L]� URGD� 3LPHOLD�� 6YH
DQDOL]LUDQH� YUVWH� VDGUåH� ]QDWQX� NROLþLQX� VDWHOLWVNH� '1$� ����� XNXSQH� '1$�� NRMD� X� QXNOHRWLGQRP
VOLMHGX� SRND]XMH� YHOLNX� VOLþQRVW� L]PH X� YUVWD�� 2EMDãQMHQD� MH� HYROXFLMD� VDWHOLWVNH� '1$� YUVWH� 3�
VXEGHSUHVVXV��NRMD�MH�QDVWDOD�L]�MHGQRVWDYQLK�SRGMHGLQLFD�GMHORYDQMHP�SURFHVD�LQYHU]LMH�L�GXSOLNDFLMH�
1DVWDYOMHQD�MH�VXUDGQMD�V�ODERUDWRULMHP�SURI��/��&RUQXGHOOH�L]�%DUFHORQH��&�6�,�&��QD�DQDOL]L�VDWHOLWVNLK
'1$�NRG�ãNROMNH�'RQD[�WUXQFXOXV��8�VXUDGQML�V�+UYDWVNLP�SULURGRVORYQLP�PX]HMRP�X�=DJUHEX�]DSRþHW
MH� SURMHNW� JHQHWVNH� NDUDNWHUL]DFLMH� RWRþQLK� SRSXODFLMD� JXãWHULFD� 3RGDUFLV� VLFXOD� L� 3RGDUFLV
PHOOLVHOHQVLV�



���

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

6DWHOOLWH�'1$V�UHSUHVHQW�D�PDMRU�SRUWLRQ�RI�HXNDU\RWLF�JHQRPH��LQ�VRPH�VSHFLHV�FRQVWLWXWLQJ�HYHQ�XS
WR� ���� RI� WKH� WRWDO� JHQRPLF� '1$�� 7KH\� HYROYH� YHU\� TXLFNO\�� WKXV� LQ� QXFOHRWLGH� VHTXHQFH� GLIIHULQJ
VXEVWDQWLDOO\�HYHQ� IURP� WKHLU�FORVHO\� UHODWHG�VSHFLHV�DQG� IRU� WKDW� UHDVRQ� WKHLU� UROH� LQ� VSHFLDWLRQ�ZDV
SURSRVHG��7KH�DLP�RI�RXU�SURMHFW�LV�WR�VWXG\�WKH�HYROXWLRQ��RUJDQLVDWLRQ�DQG�VWUXFWXUH�RI�VDWHOOLWH�'1$V
LQ� LQVHFW� VSHFLHV� EHORQJLQJ� WR� WKH� IDPLO\� 7HQHEULRQLGDH� �&ROHRSWHUD��� 7KHVH� VSHFLHV� KDYH� D� KLJK
DPRXQW� RI� VDWHOOLWH� '1$� �XS� WR� ���� RI� WKH� ZKROH� JHQRPH��� ORFDWHG� PRVWO\� LQ� WKH� UHJLRQ� RI
SHULFHQWURPHULF�KHWHURFKURPDWLQ��$�PDMRULW\�RI�LQVHFWV�RI�WKH�IDPLO\�7HQHEULRQLGDH�DUH�NQRZQ�DV�VWRUH
SURGXFW� SHVWV�� 7KHUHIRUH�� WR� VWXG\� WKHLU� JHQRPH� RUJDQLVDWLRQ� DQG� VWUXFWXUH� FRXOG� EH� ELRORJLFDOO\
HIILFLHQW� LQ�EULQJLQJ�XQGHU�FRQWURO� WKH�VL]H�RI� WKHLU�SRSXODWLRQ��7KH�VDWHOOLWH�'1$V�DUH�DOVR�YHU\�RIWHQ
VSHFLILF� VSHFLHV� DQG� WKH\� FRXOG� EH� XVHG� IRU� UHOLDEOH� GHWHUPLQDWLRQ� RI� VSHFLHV� ZLWK� YHU\� VLPLODU
SKHQRW\SH��7KH� UHVXOWV�RQ�VWUXFWXUH�DQG�HYROXWLRQ�RI� VDWHOOLWH�'1$V�EHORQJLQJ� WR� WKH�JHQXV�3LPHOLD
UHYHDOHG�D�VXEVWDQWLDO�DPRXQW�RI�VDWHOOLWH�'1$V�������H[KLELWLQJ�KLJK�VLPLODULW\�LQ�QXFOHRWLGH�VHTXHQFH
EHWZHHQ� DOO� VSHFLHV� DQDO\VHG�� 7KH� HYROXWLRQ� RI� WKH�3DORUXV� VXEGHSUHVVXV� VDWHOOLWH� '1$� KDV� EHHQ
DVFULEHG�WR�WKH�SURFHVVHV�RI�LQYHUVLRQ�DQG�GXSOLFDWLRQ�RI�VKRUW�VXEVHTXHQFHV��7KH�FR�RSHUDWLRQ�ZLWK
WKH�/DERUDWRU\�RI�3URIHVVRU�/��&RUQXGHOOD��&�6�,�&���%DUFHORQD��RQ�WKH�DQDO\VLV�RI� WKH�VDWHOOLWH�'1$V
IURP� WKH�PROOXVF� 'RQD[� WUXQFXOXV� KDV� EHHQ� FRQWLQXHG�� 7KH� FR�RSHUDWLRQ� ZLWK� WKH�&URDWLDQ� 1DWXUDO
0XVHXP�LQ�=DJUHE�RQ�JHQHWLF�FKDUDFWHULVDWLRQ�RI�WKH�OL]DUGV�SRSXODWLRQV�3RGDUFLV�VLFXOD�DQG�3RGDUFLV
PHOOLVHOHQVLV�IURP�WKH�$GULDWLF�LVODQGV�KDV�EHHQ�LQLWLDWHG�

02/(.8/6.,�0(+$1,=0,�.$5&,12*(1(=(
02/(&8/$5�0(&+$1,606�2)�&$5&,12*(1(6,6
9RGLWHOM�WHPH��GU��VF��%UDQNR�%UGDU

6XUDGQLFL�QD�WHPL�

%UDQNR�%UGDU��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
0LOHQD�%XãLü��GLSO��LQå��ELRORJLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0DUFHOD�ýRYLü��GLSO�LQå��ELRJLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0DMD�0DWXOLü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
,YLFD�5XEHOM��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW

3URJUDP�UDGD�L�UH]XOWDWL�

���7HKQRORJLMRP�UHNRPELQDQWQH�'1$�NRQVWUXLUDQL�VX��D��5HSOLNDFLMVNL�GHIHNWDQ�SURYLUXV�+,9�D�X�NRMHJD
MH�XPMHVWR�JHQD�WDW�XJUD HQ�JHQ�$�GLIWHULMVNRJ�WRNVLQD��'7���7DM�PRGLILFLUDQL�SURYLUXV�EORNLUD�UHSOLNDFLMX
GLYOMHJ� WLSD�+,9�D�X�VWDQLFDPD�X�NXOWXUL��E��0XWLUDQL�SOD]PLGQL�REOLFL�HORQJDFLMVNRJ� IDNWRUD����()����X
NRMHPX�MH�DPLQR�NLVHOLQD�+�����GLIWDPLG��]DPLMHQMHQD�V�4�LOL�/��0XWLUDQL�()���QLMH�VXSVWUDW�]D�WRNVLþQL
'7�L�VWDQLFH�WUDQVIRUPLUDQH�V�PXWLUDQLP�()���SOD]PLGRP�SRND]XMX�L]YMHVWDQ�VWXSDQM�RWSRUQRVWL�SUHPD
WRNVLQX�� 6WDQLFH� RWSRUQH� SUHPD� '7�PRJOH� EL� SRVOXåLWL� NDR� GRPDüLQ� ]D� UDVW� L� SURGXNFLMX� GHIHNWQRJ
YLUXVD� +,9�'7�� F�� )X]LMVNL� SURWHLQ� PLNURSOD]PLQRJHQD� L� VWUHSWRNLQD]H� NRML� MH� HNVSULPLUDQ� X� 3LFKLD
SDVWRULV�� 8VWDQRYLOL� VPR� GD� MH� VXSVWUDWQD� VSHFLILþQRVW� IX]LMVNRJ� SURWHLQD� SURPLMHQMHQD� X� RGQRVX� QD
URGLWHOMVNH�SURWHLQH�
��� .RPSMXWRUVNL� MH� VLPXOLUDQ� PRGHO� PROHNXOVNLK� PHKDQL]DPD� NRML� UHJXOLUDMX� VWDQLþQR� VWDUHQMH� L
XVWDQRYOMHQR�MH�GD�MH�LVWRYMHWDQ�V�HNVSHULPHQWDOQLP�SRGDFLPD�
��� ,VWUDåLYDQ� MH� NURPRVRPVNL� ORNXV� RGJRYRUDQ� ]D� DULWPRJHQX�GHVQX� YHQWULNXODUQX� NDUGLRPLRSDWLMX� X
OMXGL��3UHOLPLQDUQD�VX�LVSLWLYDQMD�REDYOMHQD�QD�QHNROLNR�RELWHOML�NRMH�LPDMX�YHOLNX�XþHVWDORVW�QDVOMHGQRJ
WLSD�EROHVWL�L�MRã�VX�XYLMHN�X�WLMHNX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

��� :H� FORQHG� ZLWK� WKH� DGYHQW� RI� UHFRPELQDQW� '1$� WHFKQRORJ\� WKH� IROORZLQJ� FRQVWUXFWV�� D�� 7KH
UHSOLFDWLRQ� GHIHFWLYH� +,9� LQ� D� SURYLUDO� IRUP� LQ� ZKLFK� WKH� WDW� JHQH� ZDV� GHOHWHG� DQG� UHSODFHG� ZLWK
GLSKWKHULD�WR[LQ�$�JHQH��'7���7KLV�PRGLILHG�+,9�SURYLUXV�EORFNV�WKH�UHSOLFDWLRQ�RI�WKH�ZLOG�W\SH�+,9�LQ
FHOO� FXOWXUHV�� E��3ODVPLG�'1$� RI� WKH�PXWDWHG� KXPDQ�HORQJDWLRQ� IDFWRU��� �()���� LQ�ZKLFK� DPLQRDFLG
+�����GLSKWKDPLGH��ZDV�VXEVWLWXWHG�ZLWK�4�RU�/��7KH�PXWDWHG�()���LV�QRW�D�VXEVWUDWH�IRU�WKH�WR[LF�'7�
7KH�FHOOV�WUDQVIRUPHG�ZLWK�WKH�SODVPLG�FRQWDLQLQJ�PXWDWHG�()���VKRZ�D�FHUWDLQ�GHJUHH�RI�UHVLVWDQFH
DJDLQVW� WKH�WR[LQ��7KH�FHOOV� UHVLVWDQW� WR�'7�FRXOG�EH�XVHG�DV�D�KRVW� IRU� WKH�SURGXFWLRQ�RI� UHSOLFDWLRQ
GHIHFWLYH� '7�FRQWDLQLQJ� +,9� �+,9�'7��� F�� 7KH� IXVLRQ� SURWHLQ� EHWZHHQ� PLFURSODVPLQRJHQ� DQG



���

VWUHSWRNLQDVH�WKDW�ZH�H[SUHVVHG�LQ�3LFKLD�SDVWRULV��7KH�VXEVWUDWH�VSHFLILFLW\�RI�WKH�IXVLRQ�SURWHLQ�KDV
EHHQ�IRXQG�WR�GLIIHU�IURP�WKDW�RI�HLWKHU�RI�SDUHQW�SURWHLQV�
���:H�SHUIRUPHG�PDWKHPDWLFDO�PRGHOOLQJ�DQG�FRPSXWHU�VLPXODWLRQ�RI�PROHFXODU�PHFKDQLVPV�LQYROYHG
LQ�WKH�UHJXODWLRQ�RI�FHOO�DJHLQJ��DQG�ZH�KDYH�IRXQG�WKDW�WKH\�ILW�ZLWK�WKH�H[SHULPHQWDO�GDWD�
��� :H� SHUIRUPHG� OLQNDJH� DQDO\VHV� IRU� DUUK\WKPRJHQLF� ULJKW� YHQWULFXODU� FDUGLRP\RSDWK\� ORFXV� LQ
KXPDQV��:H�KDYH�H[DPLQHG�VHYHUDO�IDPLOLHV�ZLWK�KLJK�LQFLGHQFH�RI�WKH�LQKHULWHG�W\SH�RI�GLVHDVH��DQG
WKLV�LQYHVWLJDWLRQ�LV�VWLOO�LQ�SURJUHVV�

67$1,ý1,�2'*2925�1$�*(1272.6,ý1(�$*(16(
&(//�5(63216(�72�*(1272;,&�$*(176
9RGLWHOMLFD�WHPH��GU��VF��0DMD�2VPDN

6XUDGQLFL�QD�WHPL�

$QGUHMD�$PEULRYLü�5LVWRY��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
$QDPDULD�%UR]RYLü��GLSO��LQå��ELRORJLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
$QD�)HUOH�9LGRYLü��GRNWRULFD�PHG��]QDQRQVWL��]QDQVWYHQD�VDYMHWQLFD
'DQLHOD�1LNãLü��GLSO��LQå��ELRORJLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
XU LFD�1RYDN�'HVSRW��GRNWRULFD�PHG��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD

0DMD�2VPDN��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
'DQLOR�3HWURYLü��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
/LGLMD�9XNRYLü��GLSO��LQå��ELRORJLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNH�VXUDGQLFH�

/MLOMDQD�.UDMFDU��VDPRVWDOQD�WHKQLþDUND
%DULFD�0RþLERE��SHUDþLFD

3URJUDP�UDGD�L�UH]XOWDWL�

*ODYQL�FLOM�QDãLK�LVWUDåLYDQMD�MHVW�DQDOL]D�PHKDQL]DPD�NRML�VH�LQGXFLUDMX�X�VWDQLFDPD�QDNRQ�GMHORYDQMD
JHQRWRNVLþQLK� DJHQVD�� RVRELWR� X]� SRQDYOMDQR� L]ODJDQMH�� 5DGL� VH� R� YUOR� VORåHQRP�� WHN� GMHORPLFH
SR]QDWRP�SURFHVX�� ,VWUDåXMX�VH�SURPMHQH�NRMH�VH�GRJD DMX�X�PHPEUDQL��FLWRSOD]PL� L� MH]JUL� WUHWLUDQLK
VWDQLFD�� 1DGDOMH�� LVSLWXMH� VH� JHQRWRNVLþQL� XþLQDN� QRYRVLQWHWL]LUDQLK� VSRMHYD�� 7DNR HU�� LVWUDåXMH� VH
XþLQNRYLWRVW� UD]OLþLWLK� NRQVWUXNDWD� YHNWRUVNLK� YDNFLQD�� 1DYHVW� üHPR� QDMYDåQLMH� UH]XOWDWH� NRMH� VPR
REMDYLOL�WLMHNRP�������JRGLQH�
6WDQLFH� ]UDþHQH�PDOLP�RSHWRYDQLP�GR]DPD�JDPD� ]UDND�SRVWDMX� RWSRUQH� QD� FLVSODWLQX��8]URN� WRPH
MHVW�LQKLELFLMD�DSRSWR]H��$NR�VH�VWDQLFH�DGHQRNDUFLQRPD�GRMNH�WUHWLUDMX�PDOLP�GR]DPD�GRNVRUXELFLQD�
RQH� üH� SRVWDWL� RWSRUQH� QD� WDM� VSRM�� WH� LVWRGREQR� NULåQR� RWSRUQH� QD� QHNROLNR�� SR� VWUXNWXUL� L� QDþLQX
GMHORYDQMD�� UD]OLþLWLK� FLWRVWDWLND�� ,VWUDåLYDQMH� X]URND� WLK� SURPMHQD� MHVW� X� WLMHNX�� =DVDG� ]QDPR� GD� NRG
RYLK� VWDQLFD� QHPD� SURPMHQD� X� HNVSUHVLML� QHNROLNR� JHQD� XNOMXþHQLK� X� SURYR HQMH�PLWRWVNRJ� VLJQDOD�
2WSRUQRVW� VWDQLFD� QD� FLWRVWDWLNH� PRåH� VH� VPDQMLYDWL� QD� UD]OLþLWH� QDþLQH�� .RG� VWDQLFD� RWSRUQLK� QD
FLVSODWLQX�� GRNLGDQMH� RWSRUQRVWL� SRVWLJQXWR� MH� GMHORYDQMHP� SRYLãHQH� WHPSHUDWXUH�� 8]URN� WRPH� MHVW
SRYHüDQR� QDNXSOMDQMH� FLVSODWLQH� X� VWDQLFDPD�� *HQRWRNVLþQL� DJHQVL� X� VWDQLFDPD� LQGXFLUDMX� QL]
PROHNXOVNLK� SURPMHQD� NRMH� VH� PRJX� RGUD]LWL� X� L]PLMHQMHQRM� RVMHWOMLYRVWLVWDQLFD� QD� UD]OLþLWH� VSRMHYH�
0H X�RVWDOLP��VWDQLFH�PRJX�SRVWDWL�RVMHWOMLYH�QD�DVNRUELQVNX�NLVHOLQX�L�QMH]LQ�NORUQL�GHULYDW�
1HNL�RG�SDUDPHWDUD�VWDQLþQH�RWSRUQRVWL�QD�JHQRWRNVLþQH�DJHQVH�SUDüHQL�VX�X�SDFLMHQDWD�REROMHOLK�RG
WXPRUD��3RND]DOR�VH�GD�JOXWDWLRQ�WUDQVIHUD]D�L�NDWHSVLQ�'�PRJX�VOXåLWL�NDR�WXPRU�PDUNHUL�]D�PDOLJQH
WXPRUH�NRUSXVD�XWHUXVD�� ,VWUDåLYDQD� MH�GMHORWYRUQRVW� YHNWRUVNLK� YDNFLQD�X� ]DãWLWL�PLãHYD�RG� LQIHNFLMH
SVHXGRUDELHV� YLUXVRP�� $GHQRYLUXVQH� YHNWRUVNH� YDNFLQH� ELOH� VX� XþLQNRYLWH�� RVRELWR� X]� SULPMHQX
RGJRYDUDMXüHJ�SURPRWRUD��GRN�L]UDYQD�LQRNXODFLMD�SOD]PLGD�QLMH�ãWLWLOD�åLYRWLQMH�RG�LQIHNFLMH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�SURMHFW�KDV�EHHQ�IRFXVVHG�RQ�WKH�DQDO\VLV�RI�PHFKDQLVPV�WKDW�DUH� LQGXFHG�LQ�WKH�FHOOV�DIWHU�WKH
WUHDWPHQW�ZLWK�JHQRWR[LF�DJHQWV��HVSHFLDOO\�DIWHU� UHSHDWHG� WUHDWPHQWV�� ,W� LV�D� YHU\� FRPSOH[�SURFHVV�
RQO\�SDUWLDOO\�UHVROYHG��7KH�DOWHUDWLRQV� LQGXFHG� LQ�PHPEUDQHV��F\WRSODVP�DQG�QXFOHXV�RI� WKH� WUHDWHG
FHOOV�KDYH�EHHQ�VWXGLHG��)XUWKHU�� WKH� JHQRWR[LF� DFWLYLW\� RI� QHZ�GUXJV�KDV�EHHQ� H[DPLQHG�� $OVR� WKH
HIILFDF\� RI� VHYHUDO� FRQVWUXFWV� RI� YHFWRU� YDFFLQHV� KDV� EHHQ� HYDOXDWHG�� 7KH� PDLQ� UHVXOWV� WKDW� ZH
SXEOLVKHG�LQ�WKH�\HDU������ZLOO�EH�SUHVHQWHG�



���

&HOOV�LUUDGLDWHG�ZLWK�ORZ�UHSHDWHG�GRVHV�RI�JDPPD�UD\V�KDYH�EHFDPH�UHVLVWDQW�WR�FLVSODWLQ��7KH�EDVLV
RI� WKLV� SKHQRPHQRQ� LV� WKH� LQKLELWLRQ� RI� DSRSWRVLV�� ,I� EUHDVW� DGHQRFDUFLQRPD� FHOOV� DUH� WUHDWHG� ZLWK
GR[RUXELFLQ�� WKH\� EHFRPH� UHVLVWDQW� WR� WKLV� GUXJ�� EXW� DOVR� FURVV�UHVLVWDQW� WR� VHYHUDO� XQUHODWHG
F\WRVWDWLFV��6R�IDU�ZH�NQRZ�WKDW�WKH�H[SUHVVLRQ�RI�VHYHUDO�JHQHV�LQYROYHG�LQ�PLWRWLF�VLJQDO�SDWKZD\�LV
QRW�DOWHUHG�LQ�WKHVH�FHOOV��'UXJ�UHVLVWDQFH�FDQ�EH�UHYHUWHG� LQ�GLIIHUHQW�ZD\V��,Q�WKH�FLVSODWLQ�UHVLVWDQW
FHOOV�� WKH� UHVLVWDQFH�FDQ�EH�GLPLQLVKHG�E\�K\SHUWKHUPLF� WUHDWPHQW�GXH� WR� WKH� LQFUHDVHG� LQWUDFHOOXODU
GUXJ�DFFXPXODWLRQ��*HQRWR[LF�DJHQWV� LQGXFH�QXPHURXV�PROHFXODU�FKDQJHV� LQ�FHOOV�DQG� WKH\�FDQ�EH
UHIOHFWHG� LQ� WKH� DOWHUHG� FHOO� UHVSRQVH� WR� WKH� DGGLWLRQDO� GUXJV� VXFK� DV� DVFRUELF� DFLG� DQG� LWV� FKORUR
GHULYDWLYV�
6RPH� RI� WKH� SDUDPHWHUV� WKDW� DUH� LPSRUWDQW� IRU� WKH� GUXJ� UHVLVWDQFH� LQ� YLWUR� ZHUH� H[DPLQHG� RQ� WKH
FDQFHU� SDWLHQWV�� ,W� KDV� EHHQ� VKRZQ� WKDW� JOXWDWKLRQH� WUDQVIHUDVH� DQG� FDWKHSVLQ� '�PD\� EH� XVHG� DV
PDUNHUV�IRU�PDOLJQDQW�WXPRXUV�RI�FRUSXV�XWHUL��7KH�HIILFDF\�RI�YHFWRU�YDFFLQHV�DJDLQVW� LQIHFWLRQ�ZLWK
SVHXGRUDELHV� YLUXV� KDV� EHHQ� VWXGLHG�� $GHQRYLUXV� YHFWRU� YDFFLQHV� ZHUH� HIILFLHQW�� HVSHFLDOO\� ZLWK
DSSURSULDWH�SURPRWHU��ZKHUHDV�GLUHFW�LQRFXODWLRQ�RI�SODVPLGV�RIIHUHG�QR�SURWHFWLRQ�RI�DQLPDOV�DJDLQVW
WKH�LQIHFWLRQ�

,1,&,-$&,-$�75$16.5,3&,-(�.2'�(8.$5,27$
75$16&5,37,21�,1,7,$7,21�,1�(8.$5<27(6
9RGLWHOMLFD�WHPH��GU��VF��0DULMD�0DU\�6RSWD

6XUDGQLFD�QD�WHPL�

0DULMD�0DU\�6RSWD��GRNWRULFD�ELRO��]QDQRVWL�]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

5HJXODFLMVNL�PHKDQL]PL�L�NRQWUROD�LQLFLMDFLMH�WUDQVNULSFLMH�X�HXNDULRWD
(NVSUHVLMD�JHQD�X�SURNDULRWD� L� HXNDULRWD� UHJXOLUD� VH�QD�QHNROLNR� UD]LQD�V� NRQDþQLP�GHWHUPLQLUDQMHP
IHQRWLSD� ELOR� NRMH� VWDQLFH�� $NWLYDFLMD� LOL� UHSUHVLMD� JHQD� QD� UD]LQL� LQLFLMDFLMH� WUDQVNULSFLMH� MHVW
IXQGDPHQWDOQL�UHJXODFLMVNL�PHKDQL]DP�X�HXNDULRWD��1RUPDODQ�UD]YRM�RUJDQL]PD��GLIHUHQFLMDFLMD�UD]QLK
WLSRYD� VWDQLFD�� VYDNL� RG� WLK� SURFHVD� RYLVDQ� MH� R� LVSUDYQRM� UHJXODFLML� HNVSUHVLMH� KHWHURJHQH� VNXSLQH
JHQD��3URFHV�WUDQVNULSFLMH�PRåH�VH�IXQNFLMVNL�SRGLMHOLWL�X�WUL�ID]H��LQLFLMDFLMD��HORQJDFLMD�L� WHUPLQDFLMD��D
VYDND�MH�ID]D�SRGORåQD�UHJXODFLML�X�HXNDULRWD��$NWLYDFLMD�LOL�UHSUHVLMD�LQLFLMDFLMH�RGUH XMH�NRML�üH�VH�JHQL
HNVSULPLUDWL�X�RGUH HQRM�VWDQLFL��D�NRML�QHüH��=QD�VH�GD�SRJUHãQD�UHJXODFLMD�HNVSUHVLMD�JHQD�QD�UD]LQL
LQLFLMDFLMH� X]URNXMH� QHNROLNR� YUVWD� UDND�� 0QRJL� GDQDV� SR]QDWL� RQNRJHQL� VX� PROHNXOH� NRMH� UHJXOLUDMX
LQLFLMDFLMX� WUDQVNULSFLMH� GUXJLK� NOMXþQLK� VWDQLþQLK� UHJXODWRUD� L� NDR� WDNYL� SRYH]DQL� VX� QH� VDPR� V
QRUPDOQLP�IXQNFLMDPD�VWDQLFD�QHJR�L�V�EROHVQLPD��WM��SRUHPHüHQLP�VWDQMLPD��2YDM�ODERUDWRULM�LVWUDåXMH
NOMXþQL� WUDQVNULSFLMVNL� UHJXODWRU��S5E��NDR� L�QMHPX�VURGQH�PROHNXOH�S���� L�S�����S5E��NRML� MH�RWNULYHQ
NDR� W]Y�� WXPRU�VXSUHVRU� JHQ�� SRVMHGXMH� SR]LWLYQH� L� QHJDWLYQH� IXQNFLMH� X� UHJXODFLML� LQLFLMDFLMH
WUDQVNULSFLMH��1MHJRYD�SULPDUQD�IXQNFLMD�X�UHJXODFLML�HNVSUHVLMH�RQLK�JHQD�NRML�NRQWUROLUDMX�VWDQLþQL�FLNOXV
GRYHOR� MH� GR� VSR]QDMH� GD� MH� WR� NOMXþQL� HOHPHQW� X� GLIHUHQFLMDFLML� QHNROLNR� WLSRYD� VWDQLFD�� 3ULPMHQRP
PHWRGD�PROHNXOVNH�ELRORJLMH�åHOLPR�EROMH�SURXþLWL�DNWLYDFLMVNH�L�UHSUHVLMVNH�IXQNFLMH�WLK�PROHNXOD��NDR�L
QMLKRYX�IXQNFLMX�X�GHWHUPLQDFLML�L�GLIHUHQFLMDFLML�QHXURQVNLK�VWDQLFD�X�PR]JX�
7D�MH�WHPD�RGREUHQD�X�VUSQMX������

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

5HJXODWRU\�PHFKDQLVPV�DQG�FRQWURO�RI�WUDQVFULSWLRQ�LQLWLDWLRQ�LQ�HXNDU\RWHV
*HQH� H[SUHVVLRQ� LQ� ERWK� SURNDU\RWHV� DQG� HXNDU\RWHV� LV� UHJXODWHG� RQ� VHYHUDO� OHYHOV� XOWLPDWHO\
GHWHUPLQLQJ� WKH� SKHQRW\SH� RI� D� FHOO�� $FWLYDWLRQ� RU� UHSUHVVLRQ� RI� JHQH� H[SUHVVLRQ� DW� WKH� OHYHO� RI
WUDQVFULSWLRQ� LV� D� IXQGDPHQWDO� UHJXODWRU\� PHFKDQLVP� LQ� HXNDU\RWHV�� 1RUPDO� GHYHORSPHQW� RI� DQ
RUJDQLVP� DQG� GLIIHUHQWLDWLRQ� RI� FHOO� W\SH� VSHFLILF� IXQFWLRQV�� GHSHQG� RQ� WKH� SURSHUO\� UHJXODWHG
H[SUHVVLRQ�RI�KHWHURJHQHRXV�VHWV�RI�JHQHV��7KH� WUDQVFULSWLRQ�SURFHVV�FDQ�EH� IXQFWLRQDOO\�GLVVHFWHG
LQWR�WKUHH�SKDVHV��LQLWLDWLRQ��HORQJDWLRQ�DQG�WHUPLQDWLRQ��DQG�HDFK�RI� WKHVH� LV�VXEMHFW� WR�UHJXODWLRQ� LQ
HXNDU\RWHV�
$FWLYDWLRQ� DQG� UHSUHVVLRQ� RI� WUDQVFULSWLRQDO� LQLWLDWLRQ� DUH� LPSRUWDQW� PHDQV� RI� JHQH� FRQWURO�� ,QGHHG�
DEHUUDQW�UHJXODWLRQ�RI�JHQH�H[SUHVVLRQ�DW�WKH�OHYHO�RI�WUDQVFULSWLRQ�LQLWLDWLRQ�KDV�EHHQ�GHWHUPLQHG�DV�D
FDXVDWLYH� HYHQW� LQ� VHYHUDO�FDQFHUV��0DQ\� RQFRJHQHV�DUH� QRZ� NQRZQ� WR� EH� WUDQVFULSWLRQ� UHJXODWRUV
ZKLFK�DIIHFW�WKH�LQLWLDWLRQ�RI�WUDQVFULSWLRQ�RI�RWKHU�NH\�FHOOXODU�UHJXODWRU\�PROHFXOHV�DQG�WKXV�DUH�OLQNHG
WR�ERWK�QRUPDO�DQG�GLVHDVH�SURFHVVHV��:H�VWXG\�WKH�NH\�WUDQVFULSWLRQDO�UHJXODWRU\�PROHFXOH�HQFRGHG



���

E\� WKH� SURGXFW� RI� WKH� UHWLQREODVWRPD� JHQH� �S5E�� DQG� LWV� UHODWHG� IDFWRUV� �S���� DQG� S������ S5E�
RULJLQDOO\� LGHQWLILHG� DV� D� WXPRXU� VXSSUHVVHU� JHQH�� KDV� ERWK� SRVLWLYH� DQG� QHJDWLYH� IXQFWLRQV� LQ
UHJXODWLQJ� WUDQVFULSWLRQ� LQLWLDWLRQ�� ,WV� SULPDU\� UROH� LQ� WKH� UHJXODWLRQ� RI� JHQHV� LQYROYHG� LQ� FHOO� F\FOH
FRQWURO�KDV�OHG�WR�LWV�LGHQWLILFDWLRQ�DV�D�NH\�FRPSRQHQW�LQ�WKH�GLIIHUHQWLDWLRQ�RI�VHYHUDO�FHOO�W\SHV��8VLQJ
PROHFXODU� ELRORJLFDO� DSSURDFKHV�� ZH� VHHN� WR� XQGHUVWDQG� WKH� PROHFXODU� GHWHUPLQDQWV� RI� ERWK� LWV
DFWLYDWLRQ� DQG� UHSUHVVLRQ� IXQFWLRQV� LQ� WUDQVFULSWLRQ� DV� ZHOO� DV� LWV� IXQFWLRQ� LQ� WKH� GHWHUPLQDWLRQ� DQG
GLIIHUHQWLDWLRQ�RI�QHXURQDO�FHOOV�LQ�WKH�EUDLQ�
7KLV�SURMHFW�ZDV�IXQGHG�DV�RI�-XO\������

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� $PEULRYLü��$���$GDP��0���0RQWHLO��0���3DXOLQ��'��
(OLRW�� 0�� (IILFDF\� RI� UHSOLFDWLRQ�GHIHFWLYH
DGHQRYLUXV�YHFWRUHG�YDFFLQHV��SURWHFWLRQ�IROORZLQJ
LQWUDPXVFXODU� LQMHFWLRQ� LV� OLQNHG� WR� SURPRWHU
HIILFLHQF\� LQ�PXVFOH�UHSUHVHQWDWLYH�FHOOV��9LURORJ\�
�������������������

��� %HNHWLü�2UHãNRYLü��/���-DNãLü��0���2UHãNRYLü��6��
2VPDN�� 0�� +\SHUWKHUPLF� PRGXODWLRQ� RI� FLV�
GLDPPLQHGLFKORURSODWLQXP�,,�� UHVLVWDQFH� LQ�KXPDQ
ODU\Q[� FDUFLQRPD� FHOOV�� ,QWHUQDWLRQDO� -RXUQDO� RI
+\SHUWKHUPLD��������������������

��� *DPXOLQ��9���6NRURNKRG��$���.DYVDQ��9���0XOOHU�
,�� 0��� 0XOOHU�� :�(�*�� ([SHULPHQWDO� ,QGLFDWLRQ� LQ
)DYRU� RI� WKH� ,QWURQV�/DWH� 7KHRU\�� 7KH� 5HFHSWRU
7\URVLQH� .LQDVH� *HQH� IURP� WKH� 6SRQJH� *HRGLD
F\GRQLXP�� -RXUQDO� RI� 0ROHFXODU� (YROXWLRQ�� ��
���������������

��� .UDVNR�� $��� *DPXOLQ�� 9��� 6HDFN�� -�� 6WHIIHQ�� 5��
6FKURHGHU�� +�&��� 0XHOOHU�� :�(�*�� &DWKHSVLQ�� D
0DMRU� 3URWHDVH� RI� WKH� 0DULQH� 6SRQJH� *HRGLD
F\GRQLXP�� 3XULILFDWLRQ� RI� WKH� (Q]\PH� DQG
0ROHFXODU� &ORQLQJ� RI� F'1$�� 0ROHFXODU� 0DULQH
%LRORJ\�DQG�%LRWHFKQRORJ\�������������������

��� 0LNRþ�� $��� 9XMDNOLMD�� '��� *DPXOLQ�9�� 7KH� UHF$
JHQH� IURP� 6WUHSWRP\FHV� ULPRVXV� 5��� VHTXHQFH
DQG� H[SUHVVLRQ� LQ� (VFKHULFKLD� FROL�� 5HVHDUFK� LQ
0LFURELRORJ\���������������������

��� 2VPDN�� 0��� %DELü�� '��� $EUDPLü�� 0��� $PEULRYLü�
$���0LOLþLü��'���(OMXJD��'��� 9XNRYLü�� /��*OXWDWKLRQH
6�WUDQVIHUDVH� DFWLYLW\� DV� DQ� HDUO\� PDUNHU� IRU
PDOLJQDQW� WXPRUV� RI� FRUSXV� XWHUL�� 1HRSODVPD�� ��
���������������

��� 2VPDN��0���%DELü��'���$EUDPLü��0���9UKRYHF�� ,��
0LOLþLü�� '��� âNUN�� -�� &DWKHSVLQ� '� FRQWHQW� LQ
PDOLJQDQW� WXPRXUV� RI� FRUSXV� XWHUL�� (XURSHDQ
-RXUQDO�RI�&DQFHU��������������������

��� 2VPDN��0���.DSLWDQRYLü��6���9UKRYHF��,���%HNHWLü�
2UHãNRYLü�� /��� -HUQHM�� %��� (OMXJD�� '��� âNUN�� -�
&KDUDFWHUL]DWLRQ�RI�KXPDQ�EUHDVW�DGHQRFDUFLQRPD
6.�%5��� FHOOV� UHVLVWDQW� WR� GR[RUXELFLQ�
1HRSODVPD��������������������

��� 2VPDN��0���.RYDþHN��,���/MXEHQNRY��,���6SDYHQWL�
5���(FNHUW�0DNVLü��0��$VFRUELF�DFLG�DQG���GHR[\�
��FKORUR�DVFRUELF�DFLG���SRWHQWLDO�DQWLFDQFHU�GUXJV�
1HRSODVPD��������������������

���� 3ORKO�� 0��� &RUQXGHOOD�� /�� &KDUDFWHUL]DWLRQ� RI
LQWHUUHODWHG�VHTXHQFH�PRWLIV�LQ�IRXU�VDWHOOLWH�'1$V
DQG�WKHLU�GLVWULEXWLRQ�LQ�WKH�JHQRPH�RI�WKH�PROOXVF
'RQD[� WUXQFXOXV�� -RXUQDO� RI� 0ROHFXODU� (YROXWLRQ�
������������������

���� 3RQV�� -��� %UXYR�� %��� -XDQ�� &��� 3HWLWSLHUUH�� (��
3ORKO�� 0��� 8JDUNRYLü�� �� &RQVHUYDWLRQ� RI� VDWHOOLWH
'1$� LQ� VSHFLHV� RI� WKH� JHQXV� 3LPHOLD
�7HQHEULRQLGDH�� &ROHRSWHUD��� *HQH�� ���� ������
��������

���� 5XEHOM�� ,��� 9HQDEOH�� 6��� /HGQLFN\�� -��� %XWHO�� -��
%LO\HX�� 7��� 'DUOLQJWRQ�� *��� 6XUPDF]�� (��� &DPSLVL�
-���3UHLUD�6PLWK��2��/RVV�RI�7�$QWLJHQ�6HTXHQFHV
$OORZV� 69���7UDQVIRUPHG� +XPDQ� &HOOV� LQ� &ULVLV
7R� $FTXLUH� $� 6HQHVFHQW�OLNH� 3KHQRW\SH�� -RXUQDO
RI�*HURQWRORJ\��$�%LRORJLFDO�6FLHQFHV����$�������
%����%����

���� 6DODM�âPLF��(���0DUãLü��1���7UJRYþHYLü��ä���/OR\G�
*�5��0RGXODWLRQ�RI�(FR.,� UHVWULFWLRQ� LQ� YLYR��5ROH
RI� WKH� ODPEGD� *DP� SURWHLQ� DQG� SODVPLG
PHWDEROLVP�� -RXUQDO� RI� %DFWHULRORJ\�� ���� ������
����������

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� /HUã�� 1��� 6DODM�âPLF�� (��� .RYDþHYLü�� *��� %UþLü�
.RVWLü�� .��� 7UJRYþHYLü�� ä�� +RPRORJRXV
UHFRPELQDWLRQ�LQ�(VFKHULFKLD�FROL��$�PRGHO�IRU� WKH
IRUPDWLRQ� RI� LQYDVLYH� '1$� VWUDQGV�� 3HULRGLFXP
ELRORJRUXP��������������������

��� /MXEHãLü�� 1��� 'XJRQMLü�� %��� )XOJRVL�� +�� *DPPD�
UD\�LQGXFHG� FKDQJHV� LQ� WKH� FKORURSODVWV� RI
+DPDWRFDFWXV�VHWLVSLQXV��3HULRGLFXP�ELRORJRUXP�
����������������

��� 2VPDN��0��� $EUDPLü��0��� %UR]RYLü�� $��� +DGåLMD�
0��&HOO�UHVSRQVH�WR�ORZ�UHSHDWHG�GRVHV�RI�LRQLVLQJ
UDGLDWLRQ��LQKLELWLRQ�RI�DSRSWRVLV�LQ�FLVSODWLQ�WUHDWHG
KXPDQ� FHOOV�� 3HULRGLFXP� ELRORJRUXP�� ��� ������
��������

��� 3UHEHJ��7���/MXEHãLü��1���6HODNRYLü��'��7KH�HIIHFW
RI� OLJKW� LQWHQVLW\� RQ� WKH� FKORURSODVWV� RI� WRPDWR
DXUHD�PXWDQW�� 3HULRGLFXP� ELRORJRUXP�� ��� ������
��������

��� 5XEHOM�� ,��� %UGDU�� %��� 3HUHLUD�6PLWK�� 2�
5HSOLFDWLYH� 6HQHVFHQFH� ,Q� 9LWUR� DQG� ,Q� 9LYR�
&URDWLDQ�0HGLFDO�-RXUQDO��������������������



���

��� äDIUDQ�� -��� 5HGåHSRYLü�� 6��� *DPXOLQ�� 9�
&KDUDFWHUL]DWLRQ�RI� WZR�QHZ�VWUDLQV�RI�5KL]RELXP
OHJXPLQRVDUXP� ELRYDU� YLFLDH� HIILFLHQWLQ� WKH
QRGXODWLRQ� RI� KRVW� SODQWV�� 3ROMRSULYUHGQD
]QDQVWYHQD�VPRWUD��������������������

5DGRYL�L�SRJODYOMD�X�NQMLJDPD�

��� 1RYDN�'HVSRW��ç���.RV��-���6HUãD��*���ýHPDåDU�
0��� âNUN�� -��� *XEHQãHN�� )�� %RURQDWHG� &',� ���%
PRQRFORQDO�DQWLERG\�DQG�LWV�SRWHQWLDO�XVH�LQ�ERURQ
QHXWURQ� FDSWXUH� WKHUDS\�� $GYDQFHV� LQ� 1HXWURQ
&DSWXUH� 7KHUDS\� 9ROXPH� ,,�� &KHPLVWU\� DQG
%LRORJ\� ��/DUVVRQ��%���&UDZIRUG��-���:HLQUHLFK��5�
�XU����$PVWHUGDP���(OVHYLHU����������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� %UGDU�� %��� 5HLFK�� (�� 'LIIHUHQWLDO� (IIHFWV� RI
5LERQXFOHRVLGH�$QDORJXHV�RQ�9LUXV�'LUHFWHG�51$
6\QWKHVLV��$FWD�9LURORJLFD�

��� )XOJRVL�� +��� 9HQHU�� $�� 9��� $OWVFKPLHG�� /��
+HUUPDQQ�� 5�� *��� $QGHUVVRQ�� %��� $� QRYHO� PXOWL�
IXQFWLRQDO�FKORURSODVW�SURWHLQ��,GHQWLILFDWLRQ�RI�D���
N'D� LPXQRSKLOLQ�OLNH� SURWHLQ� ORFDWHG� LQ� WKH
WK\ODNRLG�OXPHQ��(0%2�-RXUQDO�

��� *DPXOLQ��9���/XNLü��/��6WUXFWXUH�DQG�(YROXWLRQ�RI
*HQHV�(QFRGLQJ�3RO\XELTXLWLQ�LQ�0DULQH�6SRQJHV�
2Q� WKH�0RQRSK\O\�RI�0HWD]RD� ��0XHOOHU��:��(�*�
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6SULQJHU�9HUODJ�

��� 2VPDN�� 0��� 0ROHFXODU� DOWHUDWLRQV� LQGXFHG� LQ
GUXJ�UHVLVWDQW�FHOOV��5DGLRORJ\�DQG�2QFRORJ\

��� 3ORKO��0���0HãWURYLü��1���%UXYR��%���8JDUNRYLü�� �
6LPLODULW\� RI� VWUXFWXUDO� IHDWXUHV� DQG� HYROXWLRQ� RI
VDWHOOLWH� '1$V� IURP� 3DORUXV� VXEGHSUHVVXV
�&ROHRSWHUD�� DQG� UHODWHG� VSHFLHV�� -RXUQDO� RI
0ROHFXODU�(YROXWLRQ�
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J\QDHFRORJLFDO� WLVVXH�� (XURSHDQ� -RXUQDO� RI
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3UHGDYDþ��3HWUDQRYLü��0�
)DUPDFHXWVNR�ELRNHPLMVNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
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PXWDQWD�EDNWHULMH�(VFKHULFKLD�FROL��SRVWHU
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2)�&(175$/�(8523(�����
3UDJ��5HSXEOLND�ýHãND���������������
3ULORJ�
��� 2VPDN�� 0��� %LRORJLFDO� HIIHFWV� RI� ORZ� GRVHV� RI

LRQLVLQJ�UDGLDWLRQ��SR]YDQR�SUHGDYDQMH

0(',&$/�6800(5�6&+22/
=DJUHE��+UYDWVND����������������
3ULORJ�
��� 5XEHOM��,���'LIIHUHQWLDO�GLVSOD\��SUHGDYDQMH

6(&21'� 0((7,1*� 2)� 7+(� 6/29(1,$1
%,2&+(0,&$/�62&,(7<
2WRþHF��6ORYHQLMD�����������������
3ULOR]L�
��� %UGDU�� %��� 5HLFK�� (��� 6WUXFWXUH� DQG� IXQFWLRQ� RI

PLFURSODVPLQRJHQ�� GHWHUPLQDQWV� RI� SURHQ]\PH
DFWLYDWLRQ��SR]YDQR�SUHGDYDQMH

��� ûHWNRYLü�� +��� /XNLü�� /��� 0XHOOHU�� :�(�*��
*DPXOLQ��9��3K\ORJHQHWLFDOO\�FRQVHUYHG�SURWHLQV
LQ� PDULQH� VSRQJHV�� 0ROHFXODU� SURRI� IRU� WKH
PRQRSK\O\� RI� PHWD]RDQ� DQLPDOV�� SR]YDQR
SUHGDYDQMH�

7+,5'� 08/7,1$7,21$/� &21*5(66� 21
(/(&7521�0,&526&23<
3RUWRURå��6ORYHQLMD����������������
3ULOR]L�
��� 6HODNRYLü�� '��� /MXEHãLü�� 1��� 3UHEHJ�� 7��� 7KH

LQIOXHQFH� RI� FDURWHQRLG� FRPSRVLWLRQ� RQ
FKURPRSODVW�VWUXFWXUHV��SRVWHU

��� :ULVFKHU��0��� /MXEHãLü��1��� 6DORSHN��%��� )LEULOODU
DQG� WXEXODU� VWUXFWXUHV� LQ� FKURPRSODVWV�
SUHGDYDQMH

/,)(� 6&,(1&(6� 
���6(&21'� 6/29(1,$1�
&52$7,$1� 0((7,1*� 21� 02/(&8/$5
21&2/2*<�72'$<
*R]G�0DUWXOMHN��6ORYHQLMD������������������
3ULOR]L�
��� %UGDU�� %��� 5HLFK�� (��� 0DWXOLü�� 0��� 5XEHOM�� ,��

,QWUDFHOOXODU� LPPXQL]DWLRQ� RI� KXPDQ
LPPXQRGHILFLHQF\�YLUXV��SR]YDQR�SUHGDYDQMH

��� %UR]RYLü�� $��� 3LYþHYLü�� %��� +DGåLMD�� 0��
$PEULRYLü�� $��� 2VPDN�� 0��� +XPDQ� EUHDVW
DGHQRFDUFLQRPD� FHOOV�� PHFKDQLVPV� RI� DFTXLUHG
UHVLVWDQFH�WR�GR[RUXELFLQ��SRVWHU

��� 1LNãLü�� '��� âNUN�� -��� 9UKRYHF�� ,��� 2VPDN�� 0��
&KDUDFWHUL]DWLRQ� RI� KXPDQ� FHUYLFDO� FDUFLQRPD
FHOOV�UHVLVWDQW�WR�GR[RUXELFLQ��SRVWHU

��� 2VPDN�� 0��� 0ROHFXODU� DOWHUDWLRQV� LQGXFHG� LQ
GUXJ�UHVLVWDQW�WXPRU�FHOOV��SR]YDQR�SUHGDYDQMH

,&*(%� ��WK� $11,9(56$5<� 6<0326,80�
02/(&8/$5� %,2/2*<� $1'� %,27(&+12/2*<
)25�'(9(/230(17
7UVW��,WDOLMD�����������������
3ULORJ�
��� 3HWUDQRYLü�� '��� 3HWUDQRYLü�� 0��� 9ODKRYLü�� .��

=DKUDGND�� '��� *HQHWLFV� RI� DQWLUHFRPELQDWLRQ� LQ
626�LQGXFHG� (VFKHULFKLD� FROL�� SR]YDQR
SUHGDYDQMH

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLPD�XVWDQRYDPD�

3HWUDQRYLü�� '��� *HQHV� DQG� HQ]\PHV� LQYROYHG� LQ� WKH
LQKLELWLRQ� RI� UHFRPELQDWLRQ�� &RRSHUDWLYH� 5HVHDUFK
3URMHFW� ZLWK� WKH� ,QWHUQDWLRQDO� &HQWUH� IRU� *HQHWLF
(QJLQHHULQJ�DQG�%LRWHFKQRORJ\��7UVW��,WDOLMD���8QLWHG
1DWLRQV� ,QGXVWULDO� 'HYHORSPHQW� 2UJDQL]DWLRQ�� %Hþ�
$XVWULMD

*DPXOLQ�� 9��� ,17(//,*(17� 7(67� 6<67(06�
3K\ORJHQHWLFDOO\� FRQVHUYHG� SURWHLQV� LPSRUWDQW� IRU
WKH�IXQFWLRQ�RI�HXFDU\RWLF�RUJDQLVPV��DSSOLFDWLRQ�IRU
KXPDQ� SDWKRSK\VLRORJ\�� %LODWHUDOQD� VXUDGQMD� V
1MHPDþNRP� �:7=��� ,QVWLWXW� I�U� 3K\VLRORJLVFKH
&KHPLH�� -RKDQQHV� *XWHQEHUJ�8QLYHUVLWlW�� 0DLQ]�
1MHPDþND

2VPDN��0����.DUDNWHUL]DFLMD�WXPRUVNLK�VWDQLFD�RWSRUQLK
QD�FLWRVWDWLNH��2QNRORãNL�LQãWLWXW��/MXEOMDQD��6ORYHQLMD

2VPDN��0���,VSLWLYDQMH�NRUHODFLMH�L]PH X�NRQFHQWUDFLMH
JOXWDWLRQD� L� DNWLYQRVWL� JOXWDWLRQ� WUDQVIHUD]D� L
XVSMHãQRVWL�WHUDSLMH�NRG�JLQHNRORãNLK�WXPRUD��.OLQLND
]D�åHQVNH�EROHVWL�L�SRURGH���.%&���=DJUHE��+UYDWVND

3RVMHW�LQR]HPQLK�VWUXþQMDND�

:HUQHU� (�� *�� 0�OOHU�� ,QVWLWXW� I�U� 3K\VLRORJLVFKH
&KHPLH�� -RKDQQHV� *XWHQEHUJ�8QLYHUVLWlW�� 0DLQ]�
1MHPDþND�����������������

)UDQ]� 6XFKHQWUXQN�� 5HVHDUFK� ,QVWLWXWH� RI� :LOGOLIH
(FRORJ\��9LHQQD�9HWHULQDU\�8QLYHUVLW\�%Hþ��$XVWULMD�
�����������

+LOGJXQG�6FKUHPSI��)%�%LRORJLH�&KHPLH��8QLYHUVLW\�RI
2VQDEU�N��2VQDEU�N��1MHPDþND�������������

-XOLDQ� (�� 'DYLHV�� 'HSDUWPHQW� RI� 0LFURELRORJ\� DQG
,PPXQRORJ\�� 8QLYHUVLW\� RI� %ULWLVK� &ROXPELD�
9DQFRXYHU��.DQDGD�������������



���

7HPH�L]YDQ�SURJUDPD

1(852.(0,-$�6,1$37,ý.(�75$160,6,-(
1(852&+(0,675<�2)�6<1$37,&�75$160,66,21
9RGLWHOM�WHPH��GU��VF��%UDQLPLU�-HUQHM

6XUDGQLFL�QD�WHPL�

/LSD�ýLþLQ�âDLQ��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
.VHQLMD�+HJHGLã��GLSO��LQå��PHGLFLQVNH�ELRNHPLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
'XEUDYND�+UDQLORYLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%UDQLPLU�-HUQHM��GRNWRU�PHG��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
'DUNR�2UHãNRYLü��GRNWRU�YHW��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
6DQMD�3HURYLü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD��GR������������
$QWH�7YUGHLü��GRNWRU�PHG��]QDQRVWL��YLãL�DVLVWHQW
-DVPLQND�âWHIXOM��GLSO��LQå��PHGLFLQVNH�ELRNHPLMH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLFL�

.DWDULQD�.DUOR��VDPRVWDOQD�WHKQLþDUND
9ODGR�9UDQHãD��VDPRVWDOQL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

1DVWDYDN� LVWUDåLYDQMD� PHKDQL]DPD� VLQDSWLþNH� WUDQVPLVLMH� QD� PRGHOX� WURPERFLWQRJ� VHURWRQLQVNRJ
VXVWDYD� QD� GYLMH� UD]LQH�� HNVSHULPHQWDOQRM� L� NOLQLþNRM�� 8� HNVSHULPHQWDOQLP� LVWUDåLYDQMLPD� NRULãWHQ� MH
PRGHO� ãWDNRUD� V� NRQVWLWXFLMVNL� SURPLMHQMHQRP� KRPHRVWD]RP� VHURWRQLQD� ��+7�� UD]YLMHQ� X� YODVWLWRP
ODERUDWRULMX�� =DSRþHWD� VX� LVWUDåLYDQMD� KRPHRVWD]H� NDOFLMD�� WH� HNVSUHVLMH� JHQD� ]D� �+7� UHFHSWRUH� L
PHPEUDQVNL�SULMHQRVQLN�X�WURPERFLWLPD�L�QHXURQLPD�ãWDNRUD�X�RNYLUX�JRUH�QDYHGHQRJ�PRGHOD��,VWUDåHQ
MH�RGJRYRU��+7�SULMHQRVQLND�QD�SULPMHQX�VHURWRQLQVNLK�DQWLGHSUHVLYD�X�PR]JX�VHOHNFLRQLUDQLK�ãWDNRUD�
.OLQLþNH� VWXGLMH� SURYRGH� VH� QD� QHXURSVLKLMDWULMVNLP� EROHVQLFLPD� L� ]GUDYLP� LVSLWDQLFLPD�� ,VWUDåHQH� VX
SURPMHQH�HOHPHQDWD� WURPERFLWQRJ��+7�VXVWDYD�NRG�PLJUHQR]QLK�EROHVQLND�� WH� LVSLWDQD�GMHORWYRUQRVW
VHURWRQHUJLþNLK�QHXURIDUPDND�X�WHUDSLML�SRVWWUDXPDWVNRJ�VWUHVQRJ�SRUHPHüDMD��3763��
,VWUDåHQL�VX�SDWRIL]LRORãNL�DVSHNWL�KRPHRVWD]H�FHUHEURVSLQDOQRJ�OLNYRUD�PDþNH�L�QMLKRYD�SRYH]DQRVW�VD
QDVWDQNRP�KLGURFHIDOXVD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

6WXGLHV�RQ�WKH�V\QDSWLF�PHFKDQLVPV�RQ�SODWHOHW��+7�PRGHO�KDYH�EHHQ�FRQWLQXHG�DW�WKH�H[SHULPHQWDO
DQG� FOLQLFDO� OHYHOV�� ([SHULPHQWDO� VWXGLHV� ZHUH� SHUIRUPHG� RQ� WKH� RULJLQDO� PRGHO� RI� UDWV� ZLWK
FRQVWLWXWLRQDOO\�DOWHUHG�VHURWRQLQ�KRPHRVWDVLV��6WXGLHV�RQ�LQWUDFHOOXODU�FDOFLXP�DQG��+7�UHFHSWRU�DQG
WUDQVSRUWHU� JHQH�H[SUHVVLRQ�RQ�SODWHOHWV� DQG� QHXURQV�RI� WKH� DERYH�PHQWLRQHG�PRGHO� KDYH� VWDUWHG�
5HVSRQVH�RI��+7� WUDQVSRUWHU� WR�SKDUPDFRORJLFDO� FKDOOHQJH�ZLWK��+7� UHODWHG� DQWLGHSUHVVDQWV� LQ� WKH
EUDLQV�RI�VHOHFWHG�DQLPDOV�KDV�EHHQ�LQYHVWLJDWHG�
&OLQLFDO�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�RQ�QHXURSV\FKLDWULF�SDWLHQWV�DQG�KHDOWK\�YROXQWHHUV��JLYLQJ�WKH
LQVLJKW� LQWR� DOWHUDWLRQV� RI� SODWHOHW� �+7� HOHPHQWV� LQ�PLJUDLQRXV� SDWLHQWV�� $OVR�� WKH� HIILFLHQF\� RI� �+7
UHODWHG�DQWLGHSUHVVDQWV�LQ�WKH�WKHUDS\�RI�SRVW�WUDXPDWLF�VWUHVV�GLVRUGHU��376'��KDV�EHHQ�VWXGLHG�
3DWKRSK\VLRORJLFDO�DVSHFWV�RI�WKH�FHUHEURVSLQDO�IOXLG�KRPHRVWDVLV�LQ�WKH�FDW�KDYH�EHHQ�LQYHVWLJDWHG�LQ
WKH�UHODWLRQ�WR�WKH�GHYHORSPHQW�RI�K\GURFHSKDOXV�
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35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� %XMDV�� 0��� 7YUGHLü�� $��� 3HULþLü�� '�� 5HJLRQDO
GLIIHUHQFHV� LQ� 1D&O�LQGXFHG� LQFUHDVH� RI� WKH
SRWHQF\� RI� ELFXFXOOLQH� WR� GLVSODFH� �+�PXVFLPRO
ELQGLQJ�� 1HXURFKHPLVWU\� ,QWHUQDWLRQDO�� ��� ������
��������

��� 0ÐOOHU��:(*��� 'REPH\HU�� -0��� 'REPH\HU�� 76��
3HUJDQGH�� *��� 3HURYLü�� 6��� /HXFN�� -��� 5RVVRO�� 5�
)OXSLUWLQH� SURWHFWV� ERWK� QHXURQDO� FHOOV� DQG
O\PSKRF\WHV� DJDLQVW� LQGXFHG� DSRSWRVLV� LQ� YLWUR�
LPSOLFDWLRQV� IRU� WUHDWPHQW� RI� $,'6� SDWLHQWV�� &HOO
'HDWK�	�'LIIHUHQWLDWLRQ�����������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� 5RPHUR�� /��� -HUQHM�� %��� %HO�� 1��� ýLþLQ�âDLQ�� /��
&RUWHV�� 5��� $UWLJDV�� )�� %DVDO� DQG� VWLPXODWHG
H[WUDFHOOXODU�VHURWRQLQ�FRQFHQWUDWLRQ�LQ�WKH�EUDLQ�RI
UDWV�ZLWK�DOWHUHG�VHURWRQLQ�XSWDNH��6\QDSVH�

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� 9ODGLü�� $���2UHãNRYLü�� '��� 6WULNLü�� 1��� -XUþLü�� '��
%XODW�� 0�� (IIHFW� RI� ERG\� DFWLYLW\� DQG� DFWLYH
WUDQVSRUW� RQ� FRQFHQWUDWLRQ� JUDGLHQWV� RI� ��
K\GUR[\LQGROHDFHWLF�DFLG�LQ�WKH�FHUHEURVSLQDO�IOXLG�
3HULRGLFXP�ELRORJRUXP��������������������

'LSORPVNL�UDGRYL�

��� 5DGPDQ�/LYDMD�� 0��� 2GDELU� XYMHWD� ]D
XPQRåDYDQMH�JODVQLþNH�51$� ]D��+7��$� UHFHSWRU
PHWRGRP�ODQþDQH�UHDNFLMH�SROLPHUD]RP��=DJUHE� �
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ������������
���VWU���YRGLWHOM��-HUQHM��%�

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

0ROHNXODUQD�IDUPDNRORJLMD��+7�VXVWDYD
3UHGDYDþ��-HUQHM��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� NOLQLþNH� IDUPDNRORJLMH�
0HGLFLQVNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� X� RNYLUX
NROHJLMD� )DUPDNRGLQDPLND�� ãN�� JRG�� ���������
��������

)DUPDNRORJLMD�PRQRDPLQHUJLþNH�WUDQVPLVLMH
7URPERFLWQL�PRGHO�X�QHXURIDUPDNRORJLML
3UHGDYDþ��-HUQHM��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� NOLQLþNH� QHXURORJLMH�
0HGLFLQVNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
��������

)L]LRORJLMD�åLYþDQRJ�VXVWDYD
3UHGDYDþL��-HUQHM��%���ýLþLQ�âDLQ��/��2UHãNRYLü��'�
3RVOLMHGLSORPVNL� VWXGLM� L]� NOLQLþNH� QHXURORJLMH�
0HGLFLQVNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
������������������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

7HPHOML�QHXUR]QDQRVWL
3UHGDYDþ��-HUQHM��%�
0HGLFLQVNL�IDNXOWHW��=DJUHE��ãN��JRG����������

6WXGLMVNL�ERUDYFL�X�RNYLUX�PH XQDURGQH
VXUDGQMH�

âWHIXOM��-��,QVWLWXW�]D�RSüX�L�HNVSHULPHQWDOQX
SDWRORJLMX��.DUO�)UDQ]HQV�8QLYHUVLWlW��*UD]��$XVWULMD�
������������������
+UDQLORYLü��'��)HQQHU�/DERU��+DPEXUJ��1MHPDþND�
������������������

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

�QG�&52$7,$1�&21*5(66�2)�3+$50$&2/2*<
:,7+�,17(51$7,21$/�3$57,&,3$7,21
5LMHND��+UYDWVND�����������������
3ULOR]L�
��� )URHEH��$���ýLþLQ�âDLQ��/���-HUQHM��%��,QWUDFHOOXODU

FDOFLXP�LQ�SODWHOHWV�RI�UDWV�ZLWK�JHQHWLFDOO\�DOWHUHG
VHURWRQLQ�V\VWHP��SRVWHU�

��� +UDQLORYLü�� '��� 7ROLü�� ,��� 3RGQDU�� 0��� âWHIXOM�� -��
-HUQHM�� %�� 'HYHORSPHQW� RI� WKH� FRQGLWLRQV� IRU
TXDQWLWDWLYH�3&5�DQDO\VLV�RI�VHURWRQLQ� WUDQVSRUWHU
P51$�LQ�KXPDQ�SODWHOHWV��SRVWHU�

0H XQDURGQD� L� VXUDGQMD� V� GUXJLP
XVWDQRYDPD�

-HUQHM�� %�� 'HSDUWPHQW� RI� 1HXURFKHPLVWU\�� &6,&�
%DUFHORQD��âSDQMROVND

-HUQHM�� %�� ,QVWLWXWH� RI� *HQHUDO� DQG� ([SHULPHQWDO
3DWKRORJ\��8QLYHUVLW\�RI�*UD]��*UD]��$XVWULMD

-HUQHM�� %�� ,VWUDåLYDQMH� WURPERFLWQRJ� VHURWRQLQVNRJ
VXVWDYD� X� NRQFHQWUDWLPD� WURPERFLWD� L� VYMHåLP
WURPERFLWLPD� GUDJRYROMQLK� GDURYDWHOMD�� +UYDWVNL
]DYRG�]D�WUDQVIX]LMVNX�PHGLFLQX��=DJUHE

-HUQHM��%��8JRYRU�R�]QDQVWYHQRLVWUDåLYDþNRM�VXUDGQML�
3ROLFLMVND�DNDGHPLMD�=DJUHE

3RVMHW�LQR]HPQLK�VWUXþQMDND

7DWMDQD�,UPDQ�)ORUMDQF��0HGLFLQVNL�IDNXOWHW��/MXEOMDQD�
6ORYHQLMD�������������
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2%$/1,�,�0256.,�),72,1',.$725,�-$'5$16.,+�272.$�,
35,025-$
&2$67$/�$1'�0$5,1(�3+<72�,1',&$7256�,1�$'5,$7,&�,6/$1'6
$1'�/,7725$/
9RGLWHOM�WHPH��GU��VF��$QGULMD�äHOMNR�/RYULü

6XUDGQLFL�QD�WHPL�

2OHJ�$QWRQLü��GRNWRU�ELRO��]QDQRVWL��POD L�DVLVWHQW��QRYDN
$QGULMD�äHOMNR�/RYULü��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
0ODGHQ�5DF��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW

7HKQLþNL�VXUDGQLN�

1HYHQ�0DWRþHF��DSVROYHQW�ELRO���WHKQLþNL�VXUDGQLN

3URJUDP�UDGD�L�UH]XOWDWL�

2YD� VX� LVWUDåLYDQMD� ]DYUãQL� QDVWDYDN� QDãHJD� UDQLMHJ� GXJRURþQRJ� NDUWLUDQMD� L� VQLPDQMD� ELRGLQDPLNH
REDOQLK�KDORILWD�L�ILWRFHQR]D�PDNURDOJD�GXå�LVWRþQRJ�-DGUDQD�NUR]�SURWHNOD�WUL�GHVHWOMHüD�QD�30)�X�L�]DWLP
QD�,5%�X��6DGDQMLP�DQDOL]DPD�X�������WUHEDMX�VH�NRPSOHWLUDWL�SRGDWFL�]D�SRMDVH�DGOLWRUDOD��PHGLROLWRUDOD�L
LQIUDOLWRUDOD�QD�NOMXþQLP�UHSUH]HQWDWLYQLP�SRVWDMDPD�9HOHELWVNRJ�NDQDOD�L�YDQMVNLK�MXåQRMDGUDQVNLK�RWRND�
7LPH�EL�ELR�RVWYDULY�NRPSDUDWLYQL�HNRORãNL�SUHJOHG� ILWRFHQR]D�PDNURDOJD� L�REDOQLK�KDORILWD�GXå� LVWRþQRJ
-DGUDQD�� WH� QD� WHPHOMX� WRJD� MRã� L� SULPMHQMHQL� NDUWRJUDIVNL� L]YRGL� R� REDOQRP� XWMHFDMX� KLGURGLQDPLNH� L
GHJUDGDFLMVNRJ�]DJDGMHQMD��=D�RYR�NRPSOHWLUDQMH�DQDOL]D� MH�SRWUHEQR�X]RUNRYDQMH� L� VQLPDQMH�SRGDWDND
EDUHP�NUR]�������WMHGDQD�QD�WHUHQX�L�WR�X�SUROMHWQRM�YHJHWDFLMVNRM�VH]RQL��NDVQLMH�RG�OMHWD�VH�WD�YHJHWDFLMD
SULURGQR� GHJUDGLUD� L� QHXSRUDELYD� MH� ]D� X]RUNRYDQMH��� EH]� þHJD� MH� WHãNR� PRJXüD� GDOQMD� ODERUDWRULMVND
UD]UDGD� L� NRPSDUDFLMD� UH]XOWDWD�� 8� VOXþDMX� SUDYRGREQLK� VUHGVWDYD� ]D� WDNYR� VH]RQVNR� X]RUNRYDQMH�
SRUHGEHQL�SUHJOHGL�L�QMLKRYL�SULPMHQMHQL�L]YRGL�EL�VH�XJODYQRP�SULSUHPLOL�SRþHWNRP�LGXüH�JRG��������þLPH
EL�RYD�GXJRURþQD�LVWUDåLYDQMD�ELOD�]DRNUXåHQD�QD�RþHNLYDQRM�UD]LQL��2YD�VX�LVWUDåLYDQMD�]QDþDMQD��NDNR�]D
IXQGDPHQWDOQH�SULURGRVORYQH�VSR]QDMH�R�QDãLP�REDODPD�L�RWRFLPD��WDNR�L�]D�SUDNWLþQH�SULPMHQH�X�]DãWLWL
RNROLãD��SR]QDYDQMX�L�NRULãWHQMX�PRUD��UD]YLWNX�MDGUDQVNLK�RWRND�L�SULREDOMD��SURVWRUQRP�SODQLUDQMX�LWG�
8JRYRU� ]D� RYX� WHPX� RVWYDUHQ� MH� WHN� RG� OLSQMD� ������ D� SUYD� VUHGVWYD� ]D� UDG� X� RYRM� JRGLQL� SULVWLJOD� VX
QDåDORVW� X� VUSQMX� NDGD� MH� YHü� QDMYHüL� GLR� WHUHQVNLK� X]RUDND� ELR� YUHPHQVNL� QHGRVWLåDQ� QD� VH]RQVNRP
L]PDNX�� MHU�ILWRLQGLNDWRUL�GDMX�RþHNLYDQH�HNRORãNH�LQIRUPDFLMH�WHN�X�RSWLPDOQRM�UD]YRMQRM�VH]RQL� OLVWDQMD� L
FYDWQMH�WM��X�SUROMHüH��=DWR�üH�VH�]DNDãQMHOR�X]RUNRYDQMH�L]�RYH�JRGLQH�PRUDWL�MRã�GRSXQLWL�SRþHWNRP������
'RVDGDãQMH� X]RUNRYDQMH� MH� L]YUãHQR� QD� WLSVNLP� WUDMQLP� SRVWDMDPD�� YHOHELWVND� REDOD� L� VXVMHGQL
LVWRþQRNYDUQHUVNL� RWRFL� .UN�� 5DE�� 3UYLü� L� *ROL�� WH� QD� MXåQRMDGUDQVNLP� RWRFLPD�0OMHWX�� .RUþXOL� L� ýLRYX�
2GDEUDQH�SRVWDMH�X]�9HOHELWVNL�NDQDO�VX�UHSUH]HQWDWLYQH�]D�VXEPHGLWHUDQVNX�REDOQX�YHJHWDFLMX�JRUQMHJ
-DGUDQD� V� GRPLQDQWQLP� XþLQNRP� EXUH�� D� RQH� QD� MXåQRMDGUDQVNLP� RWRFLPD� ]D� HXPHGLWHUDQVNH� L
WHUPRPHGLWHUDQVNH� REDOH� V� JODYQLP� XWMHFDMHP� SXþLQVNRJ� MXJD�� 1D� WHPHOMX� RYLK� L� UDQLMLK� LVWUDåLYDQMD�
YHüLQRP�MH�GRYUãHQ�ILWRFHQRORãNL�VXVWDY�LVWRþQRMDGUDQVNH�REDOQH�YHJHWDFLMH�XNOMXþLYR�KDORILWH��PDNURDOJH�L
PLNRIORUX��7DNRGMHU�VX�X�SULSUHPL�WHPHOMQH�VLQHNRORãNH�NDUWH�REDOQLK�ILWRLQGLNDWRUD�GXå�LVWRþQRJ�-DGUDQD�X
PMHULOX� ����������� D� ]D� REDOQH� ILWRLQGLNDWRUH� RNR� 9HOHELWVNRJ� NDQDOD� MRã� GHWDOMQL� ILWRFHQRORãNL� VXVWDY� L
HNRNDUWH� V� L]YRGLPD� ]D� XþLQDN� GHJUDGDFLMH� L� KLGURGLQDPLNH� �PMHULOD� ������������ 1D� VSRPHQXWLP
MXåQRMDGUDQVNLP�RWRFLPD� MH� SREOLåH�DQDOL]LUDQD� UHOLNWQD�RWRþQD� YHJHWDFLMD� WHUFLMDUQRJ� SRGULMHWOD� X� WRSOR�
YODåQLP�UHIXJLMDPD��ODXULV\OYDH�L�PLNRIORUD��NDR�UHSUH]HQWDWLYQH�SRVWDMH�RSWLPDOQRJ�QXOWRJ�VWDQMD�WLK�MXåQLK
RWRND�� 7HUHQVNL� UH]XOWDWL� VX� WDNRGMHU� UD]UDGMHQL� NYDQWLWDWLYQLP� SRUHGEHQLP� PHWRGDPD� SURVWRUQRJ
PRGHOLUDQMD���*,6���

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$FWXDO�UHVHDUFK�LV�WKH�WHUPLQDWLQJ�FRQWLQXDWLRQ�RI�RXU�ORQJ�WHUP�PDSSLQJ�DQG�UHJLVWHULQJ�WKH�ELRG\QDPLFV
RI� FRDVWDO� KDORSK\WHV� DQG� DOJDO� SK\WRFRHQRVHV� DORQJ� WKH� HDVWHUQ� $GULDWLF� GXULQJ� WKH� SUHFHGHQW� �
GHFHQQLD� LQ�)DFXOW\�RI�6FLHQFH�DQG� LQ�5��%RVNRYLF� ,QVWLWXWH��=DJUHE��7KH�UHFHQW�DQDO\VHV� LQ������PD\
FRPSOHWH� WKH� GDWD� RQ� WKH� DGOLWWRUDO�� PHGLROLWWWRUDO�� DQG� LQIUDOLWWRUDO� EHOWV� LQ� WKH� FDUGLQDO� UHSUHVHQWDWLYH
VWDWLRQV�RI�WKH�9HOHELW�&KDQQHO�DQG�RI�WKH�H[WHUQDO�LVODQGV�LQ�VRXWKHUQ�$GULDWLF��$IWHU�WKLV��WKH�FRPSDUDWLYH
HFRORJLFDO�VXUYH\�RI�WKH�DOJDO�SK\WRFRHQRVHV�DQG�RI�FRDVWDO�KDORSK\WHV�DFURVV�WKH�HDVWHUQ�$GULDWLF�ZRXOG
EH� UHDOL]DEOH�� DQG� RQ� WKLV� EDVH� DOVR� WKH� UHODWHG� DSSOLHG� H[WUDSRODWLRQV� RQ� WKH� FRDVWDO� HIIHFWV� RI
K\GURG\QDPLFV� DQG� RI� GHJUDGLQJ� SROOXWLRQ�� )RU� WKH� FRPSOHWLQJ� RI� WKHVH� DQDO\VHV�� WKH� VDPSOLQJ� DQG
UHJLVWHULQJ�RI� ILHOG� GDWD�DW� OHDVW� GXULQJ� �� WR� ��ZHHNV� LQ� WKH� VSULQJ� VHDVRQ� RI� DQ� RSWLPDO� YHJHWDWLRQ� LV
REOLJDWH��ODWHU�IURP�VXPPHU�WKLV�YHJHWDWLRQ�LV�QDWXUDOO\�GHJUDGHG�DQG�XQXVDEOH�IRU�VDPSOLQJ��:LWKRXW�WKLV



���

D�VXEVHTXHQW�ODERUDWRU\�HODERUDWLRQ�DQG�WKH�FRPSDULVRQ�RI�UHVXOWV�LV�KDUGO\�SRVVLEOH��,Q�FDVH�RI�WKH�HDUO\
VHDVRQDO�VXSSRUW�IRU�WKLV�ILHOG�VDPSOLQJ��WKHVH�FRPSDUDWLYH�VXUYH\V�DQG�WKHLU�DSSOLHG�H[WUDSRODWLRQV�PD\
EH�SUHSDUHG�HDUO\�LQ�������DQG�E\�PHDQV�RI�WKDW�WKH�DFWXDO� ORQJ�WHUP�VWXGLHV�ZRXOG�EH�FRPSOHWHG�DW�D
UHDVRQDEOH� OHYHO�� � 7KH� DFWXDO� UHVHDUFK� LV� HVVHQWLDO� IRU� WKH� IXQGDPHQWDO� VFLHQWLILF� NQRZOHGJH� RQ� WKH
&URDWLDQ�FRDVWV�DQG�LVODQGV��DQG�DOVR�IRU�WKH�SUDFWLFDO�DSSOLFDWLRQV�LQ�WKH�HQYLURQPHQWDO�FRQVHUYDWLRQ��WKH
NQRZOHGJH� DQG� H[SORLWDWLRQ� RI� $GULDWLF�� WKH� GHYHORSPHQW� LQ� $GULDWLF� LVODQGV� DQG� OLWWRUDO�� WKH� ODQGVFDSH
PDQDJHPHQW��HWF�
7KH�FRQWUDFW�IRU�WKLF�WRSLF�KDV�EHHQ�UHDOL]HG�RQO\�IURP�-XO\�������DQG�WKH�UHDO�VXSSRUW�DUULYHG�DIWHU�-XQH�
ZKHQ� WKH�PRVW� ILHOG� VDPSOHV�ZHUH� XQDWWDLQDEOH�ZLWK� WKH� HQG� RI� VHDVRQDO� YHJHWDWLRQ�� IRU� WKHVH� SK\WR�
LQGLFDWRUV�RIIHU�WKH�UHDVRQDO�HFRORJLFDO�LQIRUPDWLRQV�FKLHIO\�LQ�WKH�RSWLPDO�GHYHORSPHQW�VHDVRQ�LQ�VSULQJ�
7KHUHIRUH� WKH� IDLOHG� ILHOG�VDPSOLQJ�RI�DFWXDO�\HDU�PXVW�EH�FRPSOHWHG� IURP� WKH�EHJLQQLQJ�RI�������7KH
HIIHFWLYH�VDPSOLQJ�ZDV�LQ�WKH�UHSUHVHQWDWLYH�SHUPDQHQW�VWDWLRQV��9HOHELW�FRDVW�DQG�WKH�DGMDFHQW� LVODQGV
.UN��5DE��3UYLü� DQG�*ROL� LQ�.YDUQHU�*XOI�� DQG�DOVR� WKH� VRXWKHUQ�'DOPDWLDQ� LVODQGV�0OMHW�� .RUþXOD� DQG
ýLRYR�� 7KH� VHOHFWHG� VWDWLRQ� DURXQG� WKH� 9HOHELW� &KDQQHO� DUH� W\SLFDO� IRU� WKH� VXEPHGLWHUUDQHDQ� FRDVWDO
YHJHWDWLRQ� RI� WKH� XSSHU� $GULDWLF� ZLWK� WKH� SUHGRPLQDWLQJ� ERUD� VWRUPV�� DQG� RWKHUV� LQ� VRXWKHUQ� $GULDWLF
LVODQGV�DUH�UHSUHVHQWDWLYH�IRU�WKH�HXPHGLWHUUDQHDQ�DQG�WKHUPRPHGLWHUUDQHDQ�FRDVWV�H[SRVHG�FKLHIO\�WR
RIIVKRUH�VLURFFR�ZLQGV��$IWHU� WKH�DFWXDO�DQG�HDUOLHU�VWXGLHV��ZH�QHDUO\�FRPSOHWHG� WKH�SK\WRFRHQRORJLFDO
FRQVWLWXWLRQ�RI�$GULDWLF�FRDVWDO�YHJHWDWLRQ��LQFOXGLQJ�KDORSK\WHV��PDFURDOJDH��DQG�P\FRIORUD��:H�SUHSDUH
DOVR� WKH� IXQGDPHQWDO� V\QHFRORJLFDO� PDSV� RI� WKH� FRDVWDO� SK\WR�LQGLFDWRUV� DORQJ� WKH� HDVWHUQ� $GULDWLF
������������� DQG� IRU� WKH� FRDVWDO� SK\WR�LQGLFDWRUV� DURXQG� WKH� 9HOHELW� &KDQQHO� D� PRUH� GHWDLOHG� SK\WR�
FRHQRORJLFDO�FRQVWLWXWLRQ�DQG�WKH�DSSOLHG�HFRORJLFDO�PDSV�RI�WKH�K\GURG\QDPLFDO�DQG�SROOXWLRQ�HIIHFWV�LQ
�����������,Q�WKH�VWXGLHG�LVODQGV�RI�VRXWKHUQ�$GULDWLF�ZH�DQDO\VHG�LQ�GHWDLOV�WKH�UHOLFW�LQVXODU�YHJHWDWLRQ�RI
KRW�KXPLG� UHIXJLD�� LQFOXGLQJ� WKH� ODXULV\OYDH� DQG� WKHLU�P\FRIORUD�� EHLQJ� WKH� UHSUHVHQWDWLYH� VWDWLRQ� RI� DQ
RSWLPDO� QXOO� VWDWXV� LQ� WKHVH� VRXWKHUQ� LVODQGV�� 7KH� ILHOG� UHVXOWV� DUH� DOVR� HODERUDWHG� E\� WKH� FRPSDUDEOH
TXDQWLWDWLYH�PHWKRGV�RI�*,6��*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��

35,/2=,

5DGRYL�L�SRJODYOMD�X�NQMLJDPD�

��� /RYULü�� $�� ä�� 2ULJLQ� DQG� SK\VLRJUDSK\� RI� FRDVWDO
.DUVW��(FRV\VWHPV�RI�WKH�:RUOG��HG��'�:��*RRGDOO��
$PVWHUGDP���(OVHYLHU��YRO����&��������������

��� /RYULü�� $�� ä�� 2ULJLQ� DQG� HYROXWLRQ� RI� GU\� FRDVWDO
ELRWD��(FRV\VWHPV�RI�WKH�:RUOG��HG��'�:��*RRGDOO��
$PVWHUGDP���(OVHYLHU��YRO����&����������������

��� /RYULü��$��ä��:RRG\�FRPPXQLWLHV�RI�URFN\�FRDVWV�
(FRV\VWHPV� RI� WKH� :RUOG� �HG�� '�:�� *RRGDOO��
$PVWHUGDP���(OVHYLHU��YRO����&����������������

��� /RYULü�� $�� ä�� &RPPXQLWLHV� RI� FRDVWDO� FDYHV�
JRUJHV�DQG�VFUHHV��(FRV\VWHPV�RI� WKH�:RUOG� �HG�
'�:�� *RRGDOO��� $PVWHUGDP� �� (OVHYLHU�� YRO�� ��&
���������������

��� /RYULü�� $�ä�� 3ULURGQH� ]QDþDMNH� NRSULYQLþNR�
NULåHYDþNH� åXSDQLMH� äXSDQLMD� NRSULYQLþNR�
NULåHYDþND� �� ûXULü�� 0�1�� �XU���� =DJUHE� �� 0XUDãD�
��������������

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� $QWRQLü��2��$SSOLFDWLRQ�RI�VSDWLDO�PRGHOOLQJ�LQ�WKH
.DUVW�ELRFOLPDWRORJ\��+UYDWVNL�PHWHRURORãNL�þDVRSLV�
�����������������

��� $QWRQLü�� 2�� 0RGHOL� XWMHFDMD� WRSRNOLPH� QD
YHJHWDFLMX� NUãD�� +UYDWVNL� PHWHRURORãNL� þDVRSLV�
�����������������

��� /RYULü�� $�� ä�� 0DULQH� IORUD� RQRPDVWLFV� LQ� LVODQGV
3UYLü��*UJXU��*ROL�DQG�QHDU�VKRUHV�%DãND���6WLQLFD
LQ� QRUWKHDVWHUQ� $GULDWLF� �� ���\HDU� VDPSOLQJV� LQ� DOO
VHDVRQV����3HULRGLFXP�ELRORJRUXP����� �����������
����

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� /RYULü��$��ä��3RYLMHVW� LVWUDåLYDQMD� L� ELRJHRJUDIVNH
RVRELWRVWL� RWRþMD� 3UYLü�� *UJXU� L� *ROL�� � .QMLJD
�3ULURGRVORYQD� LVWUDåLYDQMD� ULMHþNRJ� SRGUXþMD��
3ULURGRVORYQL�PX]HM�5LMHND�

��� 5DF��0���/RYULü��$��ä��*UDGLMHQW�UD]QRYUVQRVWL�DOJD
RG�YLQRGROVNH�REDOH�GR�RWRND�5DED���3ULURGRVORYQD
LVWUDåLYDQMD� ULMHþNRJ�SRGUXþMD���3ULURGRVORYQL�PX]HM
5LMHND�

��� 5DF��0���/RYULü��$��ä��0DFURDOJDH�FRPSRVLWLRQ� LQ
9LQRGRO�VHDVKRUH��DQG�LWV�UHODWLRQ�WR�RWKHU�DUHDV�LQ
QRUWKHUQ� DQG� HDVWHUQ� $GULDWLF�� 3HULRGLFXP
ELRORJRUXP�

5DGRYL�REMDYOMHQL�X�]ERUQLFLPD�VNXSRYD�

��� $QWRQLü�� 2�� (QYLURQPHQWDO� JUDGLHQW� RI� WKH
GRPLQDQW�WUHH�VSHFLHV�GLYHUVLW\�LQ�WKH�1DWLRQDO�3DUN
5LVQMDN��3URF���WK�&RQJUHVV�RI�&URDWLDQ�%LRORJLVWV
�HG��'M��+XEHU���=DJUHE��8QLYHUVLW\�RI�=DJUHE�������
��������



���

.RORNYLML�L�VHPLQDUL�RGUåDQL�X�,5%�X�

/RYULü��$�� ä��.OLPDWVNR�HGDIVNH� LQWHUDNFLMH� X� GLQDPLFL
YHJHWDFLMH� �GYD�GHVHWOMHüD� ILWRHNRORãNLK� LVWUDåLYDQMD
QD�,5%�X��������������

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

5DF��0��� /RYULü�� $�� ä�� 3URIHVRU� GU�� ,YR�+RUYDW� ������
������� QDMYHüL� KUYDWVNL� SULURGRVORYDF� ���� VWROMHüD
�åLYRWRSLV�L�]QDQVWYHQD�GMHOD���0DQLIHVWDFLMD�]D�����
JRG�� UR HQMD� ,�� +RUYDWD�� =DYLþDMQL� PX]HM� L� 'RP
NXOWXUH�ýD]PD������������

5DF��0��3URI��GU��,YR�+RUYDW��QDMYHüL�KUYDWVNL�ELRORJ����
VWROMHüD��X]�����JRGLãQMLFX�URGMHQMD���.RORNYLM�]D����
JRG�� YHWHULQH� X� +UYDWVNRM�� 9HWHULQDUVNL� IDNXOWHW
=DJUHE�������������

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLPD�XVWDQRYDPD�

5HGåLü��6��� /RYULü��$�� ä���5DF��0�� 3RUHGEHQH� DQDOL]H
ILWRGLYHU]LWHWD� 'LQDUVNRJ� NUDVD�� %LRORãNL� LQVWLWXW
3ULURGQR�PDWHPDWLþNRJ� IDNXOWHWD�� 6DUDMHYR�� %RVQD� L
+HUFHJRYLQD�



���



���

=$92'�=$�02/(.8/$518�0(',&,18
',9,6,21�2)�02/(&8/$5�0(',&,1(
'U��VF��.UHãLPLU�3DYHOLü��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD

/DERUDWRULM�]D�VWDQLþQX�L�PROHNXODUQX�LPXQRORJLMX��GU��VF��0DULDVWHIDQLD�$QWLFD��YRGLWHOMLFD
ODERUDWRULMD

/DERUDWRULM�]D�PROHNXODUQX�RQNRORJLMX��GU��VF��-DVPLQND�3DYHOLü��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�PROHNXODUQX�SDWRORJLMX��GU��VF��%UDQNR�9LWDOH��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�HNVSHULPHQWDOQX�KHPDWRORJLMX��LPXQRORJLMX�L�RQNRORJLMX��GU��VF��0LOLYRM�%RUDQLü�
YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�PRGLILNDWRUH�ELRORãNRJ�RGJRYRUD��GU��VF��,YR�+UãDN��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�LPXQRNHPLMX��GU��VF��%LVHUND�3RNULü��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�PROHNXODUQX�HQGRNULQRORJLMX�L�WUDQVSODQWDFLMX��GU��VF��0LOLYRM�6OLMHSþHYLü��YRGLWHOM
ODERUDWRULMD

/DERUDWRULM�]D�GLIHUHQFLMDFLMX�VWDQLFD�L�WNLYD��GU��VF��0LVODY�-XULQ��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�PROHNXODUQX�QHXURIDUPDNRORJLMX��GU��VF��'DQND�3HULþLü��YRGLWHOMLFD�ODERUDWRULMD

3RJRQ�ODERUDWRULMVNLK�åLYRWLQMD��GU��VF��/LGLMD�âXPDQ��YRGLWHOMLFD�3RJRQD

7DMQLãWYR��2OJLFD�3HþQLN��$QNLFD�9UDWDULü

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�L�WHPL

L]YDQ�SURJUDPD�

,675$ä,9$1-(�5$.$
&$1&(5�5(6($5&+

'LUHNWRU�SURJUDPD��GU��VF��.UHãLPLU�3DYHOLü

7HPH�X�VDVWDYX�GMHODWQRVWL�SURJUDPD�

$NWLYDFLMD�JHQD�X�OHXNHPLMDPD���GU��VF��0DULDVWHIDQLD�$QWLFD��YRGLWHOMLFD�WHPH

*HQHWLþND�LVWUDåLYDQMD�*RUOLQRYD�VLQGURPD���GU��VF��6RQMD�/HYDQDW��YRGLWHOMLFD�WHPH

*HQVNR�OLMHþHQMH�WXPRUD���GU��VF��-DVPLQND�3DYHOLü��YRGLWHOMLFD�WHPH

0ROHNXOVNR�JHQHWLþND�RVQRYD�PHWDVWD]LUDQMD���GU��VF��.UHãLPLU�3DYHOLü��YRGLWHOM�WHPH

3DWRJHQH]D�NURQLþQH�OLPIRFLWQH�OHXNHPLMH���GU��VF��%UDQNR�9LWDOH��YRGLWHOM�WHPH

2SLRLGQL�SHSWLGL�L�KHPDWRSRH]D��GU��VF��0LOLYRM�%RUDQLü��YRGLWHOM�WHPH

0HKDQL]PL�GMHORYDQMD�HQNHIDOLQD�L�SHSWLGRJOLNDQD���GU��VF��,YR�+UãDN��YRGLWHOM�WHPH

&LMHSOMHQMH�YLUXVQLP�SRGMHGLQLFDPD���GU��VF��%LVHUND�3RNULü��YRGLWHOMLFD�WHPH

8]URFL�L�SRVOMHGLFH�SUHVD LYDQMD�HQGRNULQRJ�WNLYD�SDQNUHDVD��GU��VF��0LOLYRM�6OLMHSþHYLü�
YRGLWHOM�WHPH

3UROLIHUDFLMD�L�GLIHUHQFLMDFLMD�QRUPDOQH�L�WXPRUVNH�VWDQLFH���GU��VF��0LVODY�-XULQ��YRGLWHOM�WHPH

1RYL�SULVWXSL�X�WHUDSLML�PDOLJQLK�EROHVWL���GU��VF��0DUNR�5DGDþLü��YRGLWHOM�WHPH

3URJUDP�UDGD�

&LOM� SURJUDPD� MHVW� LVWUDåLWL� PHKDQL]PH� SUROLIHUDFLMH� L� GLIHUHQFLMDFLMH� VWDQLFD�� XVWDQRYLWL� PROHNXOVNR�
JHQHWLþNX�SRGORJX�]ORüXGQLK�WXPRUD�WH�SUHGORåLWL�QRYH�GLMDJQRVWLþNH�L�WHUDSLMVNH�SRVWXSNH��,VWUDåXMH�VH



���

XORJD� L�VWUXNWXUQH�SURPMHQH� WXPRU�VXSUHVRUVNLK�JHQD��RQNRJHQD� L� JHQD�]D�SRSUDYDN�'1$�X� UD]YRMX
]ORüXGQLK� WXPRUD� X� OMXGL�� SRWRP� QRYL� WHUDSLMVNL� SRVWXSFL� SULPMHQRP� PRGXODWRUD� LPXQRORãNH� L
KHPDWRSRHWVNH�IXQNFLMH�RUJDQL]PD�WH�QRYL�SRVWXSFL�JHQVNRJ�OLMHþHQMD�
8�VNORSX� LVWUDåLYDQMD�JHQHWVNH�RVQRYH�UDND�UD]MDãQMHQD� MH�XORJD�QHNLK�JHQD�X�]ORüXGQRM�SUHREUD]EL�
SR]LFLRQLUDQ�MH�QRYL�JHQ�*RUOLQRYD�VLQGURPD���T�����WH�L]GYRMHQL�F'1$�SURGXNWL����SRWHQFLMDOQR�YDåQLK
JHQD�X�GLIHUHQFLMDFLML�OLPIRFLWD��5D]UD HQL�VX�QRYL�YLGRYL�JHQVNH�L�NRQYHQFLRQDOQH�NRPELQLUDQH�WHUDSLMH
XVPMHUHQH� SURWLY� WXPRUD�� 8VWDQRYOMHQD� MH� WRþNDVWD� PXWDFLMD� JHQD� S��� �NRGRQL� ���� L� ������ NRMD� MH
SRYH]DQD� V� UD]YRMHP� ]ORüXGQRJ� LQ]XOLQRPD�� 2QNRSURWHLQ� S���+(5���QHX� SURJODãHQ� MH� QHRYLVQLP
SURJQRVWLþNLP� ELOMHJRP� ]D� UDN� GHEHORJD� L� ]DYUãQRJ� FULMHYD�� 8VSMHãQR� MH� SURYHGHQD� WUDQVIHNFLMD� L
LPRUWDOL]DFLMD�EHWD�VWDQLFD�JXãWHUDþH�XEDFLYDQMHP�UHWURYLUDOQRJ�YHNWRUD�NRML�VDGUåL�DNWLYLUDQH�RQNRJHQH
UDV� L�P\F�� þLPH� MH� SRWYU HQD� KLSRWH]D� R� XOR]L� DNWLYDFLMH� WLK� RQNRJHQD� X� ]DSRþLQMDQMX� WUDQVIRUPDFLMH
EHWD�VWDQLFD�JXãWHUDþH��,]XþDYDQD�MH�SDWRJHQH]D�NURQLþQH�OLPIRFLWQH�OHXNHPLMH�SUL�þHPX�MH�QDJODãHQD
XORJD� GYDMX� þLQLWHOMD� �� GHUHJXOLUDQH� IXQNFLMH� JHQD� &'��� X� %�OLPIRFLWLPD� WH� QHXUDYQRWHåHQD� L
IXQNFLRQDOQR�SURPLMHQMHQD�VXESRSXODFLMD�&'���7�OLPIRFLWD�X�NUYL�EROHVQLND�
*ODYQL� SRVUHGQLN� RNVLGDWLYQRJ� VWUHVD� ��KLGURNVLQRQHQDO� �+1(�� SRMDþDYD� HNVSUHVLMX� JHQD� F�IRV� X
VWDQLFDPD�+H/D��WH�LQKLELUD�QMLKRYX�SUROLIHUDFLMX��+1(�LQKLELUD�UDVW�WXPRUD�LQ�YLYR�
8� RNYLUX� LVWUDåLYDQMD� PHKDQL]DPD� GMHORYDQMD� HQNHIDOLQD� L� SHSWLGRJOLNDQD� SRWNULMHSOMHQD� MH� UDGQD
SUHWSRVWDYND� GD� QHXURSHSWLGL� HQNHIDOLQL��PHPEUDQVNH�PHWDORHQGRSHSWLGD]H�� NRMH� LK� UD]JUD XMX� �&'
���� &'� ����� WH� UD]JUDGQL� SURGXNWL� HQNHIDOLQVNH� PROHNXOH�� VXGMHOXMX� X� UHJXODFLML� SUROLIHUDFLMH� L
GLIHUHQFLMDFLMH�SURJHQLWRUVNLK�VWDQLFD�NUYRWYRUQRJ�WNLYD��5D]MDãQMHQ� MH�PRGXODWRUQL�XþLQDN�0(1.�D�QD
RNVLGDWLYQH�SURFHVH�X�WNLYX��OLSLGQD�SHURNVLGDFLMD��RVORED DQMH�GXãLüQLK�UDGLNDOD��
8VSMHãQR� MH� UD]UD HQ� LQ� YLWUR� PRGHO� JHQVNRJ� OLMHþHQMD� VDPRXELODþNLP� JHQRP� +69�WN�� 8þLQNRYLWD�
GXJRWUDMQD�L�QHãNRGOMLYD�DQWL�YLUXVQD�]DãWLWD�SHUDGL�QD�IDUPDPD�SRVWLJQXWD�MH�HNVSHULPHQWDOQLP�PRQR��L
SROLYDOHQWQLP� FMHSLYLPD� SULUH HQLPD� RG� SRYUãLQVNLK� DQWLJHQLK� SRGMHGLQLFD� YLUXVD� V� RYRMQLFRP�
SULPLMHQMHQLK�X�REOLNX�HPXO]LMH�YRGD�X�XOMX�X�YRGL�
3URJUDP� MH� UH]XOWLUDR� GYMHPD� LQRYDFLMDPD� �� JHQVNLP� OLMHNRP� ]D� OLMHþHQMH� LQYD]LYQRJ� NDUFLQRPD
JXãWHUDþH�WH�LQRYDFLMRP�SRVWXSND�EU]H�GHWHNFLMH�QDVOMHGQLK�EROHVWL�PHWRGRP�H[SDQG�ORQJ�3&5��EROHVWL
X]URNRYDQH� GLQDPLþQLP� PXWDFLMDPD��� 0HWRGH� PROHNXOVNH� JHQHWLNH� XVSMHãQR� VH� SULPLMHQMXMX� X
GLMDJQRVWLFL� QDVOMHGQLK� EROHVWL� �QDVOMHGQL� UDN� GHEHORJ� FULMHYD�� QDVOMHGQL� UDN� GRMNH� L� MDMQLND�� PXOWLSOD
HQGRNULQD� QHRSOD]LMD� WLSD� ,,�� QDVOMHGQL� PHODQRP�� *RUOLQRY� VLQGURP�� EROHVWL� X]URNRYDQH� GLQDPLþQLP
PXWDFLMDPD��� .UDWNRWUDMQD� L� GXJRWUDMQD� NXOWXUD� NRãWDQH� VUåL� SULPLMHQMXMH� VH� X� NOLQLþNR�ODERUDWRULMVNRM
GLMDJQRVWLFL�L�LVSLWLYDQMX�IDUPDNRORãNL�DNWLYQLK�WYDUL�

5HVHDUFK�SURJUDPPH�

7KH� DLP� RI� WKH� SURJUDP� LV� WR� VHDUFK� IRU� IXQFWLRQDO� DEQRUPDOLWLHV� RI� JHQHV� LQYROYHG� LQ� FDQFHU
GHYHORSPHQW��0ROHFXODU�ELRORJ\�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�LVRODWH�LQGLYLGXDO�JHQHV�DQG�GHWHUPLQH
WKHLU� VWUXFWXUH� LQ� FDQFHU� SDWLHQWV� DQG� DQLPDOV�� $V� D� UHVXOW� RI� WKH� DSSOLFDWLRQ� RI� WKHVH� WHFKQLTXHV� WR
FDQFHU�UHVHDUFK�D�VLJQLILFDQW�ERG\�RI�HYLGHQFH�VXSSRUW�WKH�LGHD�WKDW�FDQFHU�UHVXOWV�IURP�WKH�DOWHUDWLRQV
�PXWDWLRQV��ZKLFK�FKDQJH�WKH�VWUXFWXUH�RI�JHQHV��+HUH�DUH�VRPH�LPSRUWDQW�ILQGLQJV�
:RUNLQJ�K\SRWKHVLV�LV�FRQILUPHG�WKDW�*RUOLQ�V\QGURPH�JHQH�37&+�LV�D�WXPRXU�VXSSUHVVRU�IRU�FDQFHU
DQG� GHYHORSPHQWDO� GHIHFWV�� 6XFFHVVIXO� WUDQVIHFWLRQ� RI� SDQFUHDWLF� EHWD�FHOOV� E\� UHWURYLUDO� YHFWRU
FRQWDLQLQJ�DFWLYDWHG�P\F�DQG� UDV� RQFRJHQHV� FDXVHG� WKHLU� LPPRUWDOL]DWLRQ��2QFRJHQHV�P\F�DQG� UDV
SRVVLEO\�SOD\�D�UROH� LQ�HDUO\�FDQFHURJHQHVLV�RI�HQGRFULQH�SDQFUHDV��3RLQW�PXWDWLRQ�DW�FRGRQV�����RU
����RI�S���WXPRXU�VXSSUHVVRU�JHQH�ZDV�GHWHFWHG�LQ�VRPH�PDOLJQDQW�LQVXOLQRPDV��(YLGHQFH�IRU�ORVV�RI
KHWHUR]\JRVLW\�RI�WKH�QP��+��JHQH�IROORZHG�E\�PHDQV�RI�PLFURVDWHOOLWH�WDQGHP�UHSHDW�SRO\PRUSKLVP
KDV�EHHQ�GHWHFWHG�LQ�UHQDO�FHOO�FDUFLQRPDV��7KH�S����+(5���QHX�UDWH�H[SUHVVLRQ�FRXOG�VHUYH�DV�DQ
LQGHSHQGHQW� SURJQRVWLF� IDFWRU� LQ� SDWLHQWV� ZLWK� FRORUHFWDO� PDOLJQDQFLHV�� ,NDURV� JHQH� LV� H[SUHVVHG� LQ
KXPDQ�PDOLJQDQW� O\PSKRF\WHV�� *HQH� H[SUHVVLRQ� KDV� EHHQ� IRXQG� LQ� FHOO� OLQHV� GHULYHG� IURP� KXPDQ
OHXNDHPLD�DQG� LQ� O\PSK�QRGHV�DQG�SHULSKHUDO�EORRG� IURP� OHXNDHPLD�DQG� O\PSKRPD�SDWLHQWV�� F'1$
IURP����SXWDWLYH�JHQH�SURGXFWV�LPSRUWDQW�IRU�O\PSKRF\WH�GLIIHUHQWLDWLRQ�KDV�EHHQ�GHWHFWHG��:LWKLQ�WKH
IUDPHZRUN� RI� VWXGLHV� RQ� FKURQLF� O\PSKRF\WLF� OHXNDHPLD� �&//��� DQ� LQFUHDVHG� H[SUHVVLRQ� RI� S��
VXSSUHVVRU�SURWHLQ�LQ�7�O\PSKRF\WHV�KDV�EHHQ�IRXQG�LQ�WKH�SHULSKHUDO�EORRG�RI�&//�SDWLHQWV��,W�VHHPV
WKDW� GHUHJXODWHG� IXQFWLRQ� RI� &'��� JHQH� LQ� %�FHOOV� DFFRPSDQLHG� E\� WKH� DSSHDUDQFH� RI� LWV� HOHYDWHG
&'���SURGXFWV�LQ�WKH�VHUD�DORQJ�ZLWK�IXQFWLRQDOO\�LPSDLUHG�DQG�LPEDODQFHG�&'��7�FHOO�VXESRSXODWLRQV
IRXQG�LQ�WKH�SHULSKHUDO�EORRG�RI�&//�SDWLHQWV�SOD\�DQ�LPSRUWDQW�UROH�RI�WKH�GLVHDVH�
2XU� H[SHULPHQWDO� DSSURDFK� LQ� JHQH� WKHUDS\� LV� EDVHG� RQ� LQVHUWLRQ� RI� D� �VXLFLGH�� JHQH� +69�WN�� YLD
UHWURYLUDO� YHFWRU�� LQWR� PHODQRPD� DQG� SDQFUHDWLF� FDUFLQRPD� FHOOV� ZLWK� VXEVHTXHQW� DFWLYDWLRQ� RI� WKH
VXLFLGH�PHFKDQLVP�� 6XFFHVVIXO� H[SHULPHQWV� ZHUH� FRQGXFWHG� RQ�PRXVH�PHODQRPD� %��%/�� FHOO� DV
ZHOO�DV�RQ�SDQFUHDWLF�FDUFLQRPD�FHOOV�
1HXURSHSWLGH�HQNHSKDOLQV��WKH�FHOO�PHPEUDQH�HQ]\PHV�GHJUDGLQJ�WKHP�DQG�WKH�GHJUDGDWLRQ�SURGXFWV
RI� WKH� HQNHSKDOLQ� PROHFXOH� SDUWLFLSDWH� LQ� WKH� UHJXODWLRQ� RI� KDHPRSRLHWLF� FHOO� SUROLIHUDWLRQ� DQG
GLIIHUHQWLDWLRQ�



���

$�PHWKRG� IRU� PHDVXULQJ� WKH� LQWUDFHOOXODU� FDOFLXP� DV� DQ� LQGLFDWRU� RI� VLJQDO� WUDQVPLVVLRQ� WR� WKH� FHOO
LQWHULRU� KDV� EHHQ� HVWDEOLVKHG�� 2SWLPDO� SDUDPHWHUV� IRU� WKH� JURZWK� RI� D� PRXVH� WK\PRPD� FHOO� OLQH
H[SUHVVLQJ� RSLRLG� UHFHSWRUV� KDYH� EHHQ� GHILQHG�� 7UHDWPHQW� RI� WKHVH� FHOOV� ZLWK� k�RSLRLG� UHFHSWRU
DJRQLVWV� FDXVHG� GRZQ�UHJXODWLRQ� RI� RSLRLG� UHFHSWRUV� RQ� WKH� FHOO� PHPEUDQH� ZLWKRXW� UHGXFLQJ� WKHLU
DIILQLW\�IRU�WKH�OLJDQG�
,W� ZDV� LQYHVWLJDWHG� ZKHWKHU� WKH� REVHUYHG� SHUVRQ�GHSHQGHQW� DPLQRSHSWLGDVH� DFWLYLW\� RI� QHXWURSKLO
PHPEUDQHV�FRXOG�EH�OLQNHG�WR�GLIIHUHQW�SK\VLRORJLFDO�UHVSRQVHV�RI�QHXWURSKLOV�IURP�GLIIHUHQW�GRQRUV��$
KLJK�GHJUHH�RI�FRUUHODWLRQ�EHWZHHQ�WKH�DPLQRSHSWLGDVH�DFWLYLW\�DQG�VXSHUR[\GH�DQLRQ�SURGXFWLRQ�IURP
QHXWURSKLOV� RI� WKH� UHVSHFWLYH� GRQRU� KDV� EHHQ� REVHUYHG�� 0DMRU� PHGLDWRU� RI� R[LGDWLYH� VWUHV� ��
K\GURK\QRQHQDO� �+1(�� VWLPXODWHV� F�IRV� H[SUHVVLRQ� LQ�+H/D� FHOOV� DQG� VXSSUHVVHV� WKHLU� SUROLIHUDWLRQ�
+1(�LQKLELWV�WRPRXU�JURZWK�LQ�YLYR�
7KH�VWXG\�UHODWHG�WR�YDFFLQDWLRQ�ZLWK�YLUDO�VXEXQLWV� LV�RULHQWHG�WRZDUGV�GHVLJQ�DQG�SUHSDUDWLRQ�RI� WKH
YDFFLQHV� EDVHG� RQ� YLUDO� VXEXQLWV� DQG� SHSWLGHV� IRU� ERWK� WKH� DQWL�YLUDO� SURWHFWLRQ� DQG� WKHUDS\� RI� WKH
PDOLJQDQW�DQG�DXWR�LPXQH�GLVHDVHV��:H�GHYHORSHG�RXU�RZQ�PRGHOV�DQG� FRPSXWHU� SURJUDPPHV� IRU
VHDUFKLQJ� RI� WKH� UHSHWLWLYH� FRPSOHPHQWDU\� SDLUV� RI� SHSWLGHV� DQG� JHQH� WUDQVFULSWV�� LQGHSHQGHQWO\� RI
HYROXWLRQDU\�RULJLQ�DQG�VWUXFWXUDO�FKDUDFWHULVWLFV�

$.7,9$&,-$�*(1$�8�/(8.(0,-$0$
*(1(�$&7,9$7,21�,1�/(8.(0,$
9RGLWHOMLFD�WHPH��GU��VF��0DULDVWHIDQLD�$QWLFD

6XUDGQLFL�QD�WHPL�

0DULDVWHIDQLD�$QWLFD��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
'HQLVD�%DPELU�âYDMJHU��GLSO��LQå��YHW���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%RUND�.XãLü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

0DUD�'RPLQLV��SURIHVRULFD��.OLQLþND�EROQLFD�0HUNXU��=DJUHE

3URJUDP�UDGD�L�UH]XOWDWL�

3RND]DOL�VPR�HNVSUHVLMX�JHQD�,NDURV�� MHGQRJ�RG�NOMXþQLK�JHQD�]D�GLIHUHQFLMDFLMX�OLPIRFLWD��X�VWDQLþQLP
OLQLMDPD�L]YHGHQLK�L]�OLPIRFLWD�OMXGL�V�OHXNHPLMDPD�WH�X�VWDQLFDPD�OLPIQLK�þYRURYD�L�SHULIHUQH�NUYL�OMXGL�V
OHXNHPLMDPD�L�OLPIRPLPD�
8YHOL�VPR�QRYX�PHWRGX�]D�L]QDODåHQMH�QRYLK�JHQD��''�3&5��GLIIHUHQWLDO�GLVSOD\�E\�3&5��WH�SULODJRGLOL
MH�XYMHWLPD�LVWUDåLYDQMD�DNWLYDFLMH�JHQD�X�VSHFLILþQLP�UD]YRMQLP�VWDGLMLPD�OLPIRFLWD��'RVDGDãQMLP�UDGRP
GRELOL� VPR� F'1$� SURGXNWH� ��� SRWHQFLMDOQLK� JHQD� YDåQLK� X� GLIHUHQFLMDFLML� OLPIRFLWD�� 'DOMQMLP
LVWUDåLYDQMLPD�åHOLPR�WH�JHQH�NORQLUDWL��L�SURYMHULWL�QMLKRYX�UDVSRGMHOX�X�WNLYLPD�WH�SURXþLWL�QMLKRYX�XORJX�
RGQRVQR�SRWHQFLMDOQX�PRJXüQRVW�SULPMHQH�X�GLMDJQRVWLFL�L�OLMHþHQMX�OHXNHPLMD�L�OLPIRPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

2QH� RI� WKH� JRDOV� RI� RXU� SURMHFW� ZDV� WR� ORRN� IRU� H[SUHVVLRQ� RI� WKH� ,NDURV� JHQH�� RQH� RI� WKH� PRVW
LPSRUWDQW�JHQHV�LQ�O\PSKRF\WH�GLIIHUHQWLDWLRQ��,W�KDV�EHHQ�SUHYLRXVO\�VKRZQ�WKDW�PLFH�ZLWK�,NDURV�JHQH
LPSDLUPHQW�GHYHORS�O\PSKRPDV�LQ������RI�FDVHV��2XU�UHVXOWV�VKRZ�WKDW�,NDURV�JHQH�LV�H[SUHVVHG�LQ
KXPDQ�PDOLJQDQW� O\PSKRF\WHV��:H� IRXQG� ,NDURV� JHQH� H[SUHVVLRQ� LQ� FHOO� OLQHV� GHULYHG� IURP� KXPDQ
OHXNDHPLD�DQG�LQ�O\PSK�QRGHV�DQG�SHULSKHUDO�EORRG�IURP�OHXNDHPLD�DQG�O\PSKRPD�SDWLHQWV�
7KH� PDMRU� JRDO� RI� RXU� SURMHFW� LV� WKH� VHDUFK� IRU� WKH� JHQHV� LQYROYHG� LQ� O\PSKRF\WH� GLIIHUHQWLDWLRQ�
7KHUHIRUH�� ZH� HVWDEOLVKHG� DQG� PRGLILHG� WKH� GLIIHUHQWLDO� GLVSOD\� E\� 3&5� PHWKRG� �''�3&5�� IRU� WKH
QHHGV�RI�RXU�ODERUDWRU\��:H�GHWHFWHG�F'1$�IURP����SXWDWLYH�JHQH�SURGXFWV�LPSRUWDQW�IRU�O\PSKRF\WH
GLIIHUHQWLDWLRQ��&ORQLQJ� RI� WKHVH� F'1$V� HQDEOHG� XV� WR� JHW� SXUH�'1$� SURGXFWV� IRU� IXUWKHU� QXFOHRWLGH
VHTXHQFLQJ�� ,Q� RUGHU� WR� FORQH� IXOO� VL]H� JHQHV�� ZH� DUH� JRLQJ� WR� DSSO\� WKH� 5$&(� PHWKRG� �UDSLG
DPSOLILFDWLRQ�RI�F'1$�HQGV���7KH�DLP�RI�RXU�IXUWKHU�ZRUN�LV�WR�FKDUDFWHULVH�WKHVH�JHQHV��WR�VWXG\�WKHLU
WLVVXH�GLVWULEXWLRQ�DQG�WKHLU�IXQFWLRQ��ZKLFK�KDV�D�SRWHQWLDO�DSSOLFDWLRQ�LQ�WKH�OHXNDHPLD�DQG�O\PSKRPD
VWXGLHV�



���
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6XUDGQLFL�QD�WHPL�

,YDQD�&UQLü��GLSO��LQå��ELRO���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0DãD�.DWLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
6RQMD�/HYDQDW��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

3URJUDP� UDGD�REXKYDüD� LVWUDåLYDQMD�NRMLPD�VH�åHOL� SRWYUGLWL� GD� MH�JHQ�*RUOLQRYD�VLQGURPD� �QHGDYQR
NORQLUDQ� L�QD]YDQ�37&+�]ERJ�KRPRORJLMH�V�37&�JHQRP�GURVRILOH�� WXPRU�VXSUHVRU�]D�QHRSOD]LMH� L� ]D
QHPDOLJQH�SURPMHQH��=DVDG�WR�MH�MHGLQL�SR]QDWL�WXPRU�VXSUHVRU�þLMH�VH�SURPMHQH�SRYH]XMX�V�QDVWDQNRP
WXPRUD� L� GHIRUPDFLMD�� *RUOLQRY� VLQGURP� LOL� VLQGURP� QHYXVD� ED]DOQLK� VWDQLFD� MHVW� DXWRVRPDOQD
GRPLQDQWQD�QDVOMHGQD�EROHVW�NRMX�NDUDNWHUL]LUDMX�WXPRUL��ED]RFHOXODUQL�NDUFLQRP�NRåH��ILEURPL�RYDULMD�
PHGXOREODVWRPL�� WH� PDOIRUPDFLMH� RG� NRMLK� VX� QDMþHãüH� FLVWH� þHOMXVWL�� 9RGH� VH� RSVHåQD� LVWUDåLYDQMD
XþHVWDORVWL�JXELWND�KHWHUR]LJRWQRVWL��/2+��UHJLMH�NURPRVRPD��T����X�NRMRM� MH�PDSLUDQ�JHQ�*RUOLQRYD
VLQGURPD��X�SDFLMHQDWD�REROMHOLK�RG�WXPRUD�NRML�VX�NDUDNWHULVWLþQL�]D�*RUOLQRY�VLQGURP��2VLP�SDFLMHQDWD
NRML� EROXMX� RG� *RUOLQRYD� VLQGURPD�� SURPDWUDMX� VH� LVWRYUVQL� WXPRUL� L� X� VSRUDGLþQLP� VOXþDMHYLPD�� V
WHåLãWLPD� QD� WXPRULPD� RYDULMD�� SRQDMSULMH� ILEURPD�� NRML� VX� GUXJL� WXPRU� SR� XþHVWDORVWL� X� *RUOLQRYX
VLQGURPX�� 8]� WXPRUVNX� SUREOHPDWLNX�� SDUDOHOQR� VH� UDGH� LVWUDåLYDQMD� PDOIRUPDFLMD�� þLML� VH� QDVWDQDN
PRåH� SURWXPDþLWL� KLSRWH]RP� GYRVWUXNLK� KLWDFD�� 8� SURJUDP� UDGD� XNOMXþHQL� VX� L� SRNXVL� LQ� YLWUR� QD
NXOWXUDPD� VWDQLFD�� L]UDGD� SULPDUQLK� NXOWXUD� WH� WUDQVIHNFLMD� V� NRQVWUXNWLPD� NRML� QRVH� GLMHORYH� QRYRJ
JHQD�
5D]XPLMHYDQMH�XORJH�QRYRJ�WXPRU�VXSUHVRUD�X�QHNLP�WXPRULPD�L�UD]YRMQLP�PDOIRUPDFLMDPD�PRJOR�EL
SULGRQLMHWL� EROMHP� UD]XPLMHYDQMX� NDUFLQRJHQH]H� L� PHKDQL]DPD� NRQWUROH� UDVWD� XRSüH�� WH� X� NRQDþQLFL
RPRJXüLWL�NYDOLWDWLYQH�SRPDNH�X�OLMHþHQMX�PDOLJQLK�REROMHQMD�
'RVDG� VPR� SULNXSLOL� GHVHWDN� ILEURPD� RYDULMD� NRML� QLVX� SRND]DOL� /2+� ]D� SROLPRUIQH� SUREH� QD
NURPRVRPX��T��6WRJD�VPR�]D�VWXGLM�37&+�JHQD�XYHOL�PHWRGX�66&3�L�KHWHURGXSOHNV�
��3UDWLPR�SHW�SRURGLFD�V�*RUOLQRYLP�VLQGURPRP�L�XYRGLPR�LVWUDåLYDQMH�37&+�
��3ULNXSOMHQR�MH����VSRUDGLþQLK�NHUDWRFLVWD��L]X]HWQR�PQRJR�X�RGQRVX�QD�QLVNX�LQFLGHQFLMX���X�NRMLPD�VH
UDGL�SUHWUDåLYDQMH�/2+�QD��T���
�� 8� WRNX� VX� LVSLWLYDQMD� UD]OLþLWLK� WLSRYD� FLVWL� þHOMXVWL� �NHUDWRFLVWH�� UDGLNXODUQH� L� IROLNXODUQH�� NOLQLþNR�
SDWRORãNLP�� UDGLRORãNLP� L� PROHNXOVNLP� VWXGLMDPD� NRMH� XSXüXMX� QD� UD]OLþLWR� SRGULMHWOR�� XþHVWDORVW�� WH
PRJXüQRVW� OLMHþHQMD�� 0ROHNXOVNR�JHQHWLþND� LVSLWLYDQMD� �LPXQRKLVWRNHPLMD� L� PROHNXOVND� JHQHWLND�
SRND]DOD�VX�GD�VX�X�SDWRJHQH]X�FLVWL�X]�37&+�XNOMXþHQL�L�GUXJL�þLPEHQLFL��JS����S����QP����
��5D]YLMHQ�MH�SURWRNRO�]D�WUDQVIHNFLMX�GLMHOD�F'1$�37&+�]D�LVSLWLYDQMD�LQ�YLWUR�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

2XU�ZRUNLQJ�K\SRWKHVLV�LV�WKDW�*RUOLQ�V\QGURPH�JHQH��UHFHQWO\�FORQHG�DQG�GHVLJQDWHG�DV�37&+�GXH�WR
KRPRORJ\�ZLWK�'URVRSKLOD�37&�JHQH�� LV�D�WXPRXU�VXSSUHVVRU�IRU�FDQFHU�DQG�GHYHORSPHQWDO�GHIHFWV�
*RUOLQ� V\QGURPH� RU� QHYRLG� EDVDO� FHOO� FDUFLQRPD� V\QGURPH� LV� DQ� DXWRVRPDO� GRPLQDQW� GLVRUGHU�
FKDUDFWHULVHG�E\�D�ZLGH�VSHFWUXP�RI� WXPRXUV��RI�ZKLFK�EDVRFHOOXODU�FDUFLQRPD� LV� WKH�PRVW� IUHTXHQW�
DQG�ZLGH�YDULHW\�RI� GHYHORSPHQWDO� GHIHFWV� �ZLWK� MDZ� F\VWV� SULPDULO\��� ,Q� RXU� UHVHDUFK�ZH� VFUHHQ� WKH
*RUOLQ�V\QGURPH� SDWLHQWV� DV� ZHOO� DV� WKRVH� VSRUDGLF� FDVHV� RI� WKH� VDPH� WXPRXU� W\SHV� IRU� ORVV� RI
KHWHUR]\JRVLW\� �/2+�� IRU��T��� UHJLRQ�� WKH� UHJLRQ�ZKHUH� WKH�JHQH� LV�PDSSHG��2YDULDQ� ILEURPD� LV� WKH
VHFRQG� WXPRXU�E\� DEVROXWH� LQFLGHQFH� LQ� WKH� V\QGURPH�� DQG� WKHUH� DUH� QR�GDWD� DERXW� WKH� UROH� RI� WKH
JHQH� LQ� WKLV� SDUWLFXODU� WXPRXU�� ,Q� SDUDOOHO� ZLWK� WKH�PDOLJQDQFLHV�� ZH� DQDO\VH� WKH�PDOIRUPDWLRQV�� WKH
GHYHORSPHQW�RI�ZKLFK�PLJKW�EH�H[SODLQHG�E\�WKH�WZR�KLW�K\SRWKHVLV��WKH�VDPH�SURSRVHG�IRU�WKH�WXPRXU
GHYHORSPHQW�DV�ZHOO��:H�DOVR�SODQ�WKH�LQ�YLWUR�H[SHULPHQWV�RQ�FHOO�FXOWXUHV�DQG�WUDQVIHFWLRQ�VWXGLHV�
(OXFLGDWLRQ� RI� WKH� UROH� RI� QHZ� WXPRXU�VXSSUHVVRU� JHQH� LQ� VRPH� WXPRXUV� DQG� GHYHORSPHQWDO
PDOIRUPDWLRQV�ZLOO�FRQWULEXWH�WR�WKH�XQGHUVWDQGLQJ�RI�FDUFLQRJHQHVLV�DQG�JURZWK�FRQWURO�PHFKDQLVPV�LQ
JHQHUDO��DQG�LV�OLNHO\�WR�LQGXFH�TXDOLWDWLYH�LPSURYHPHQWV�LQ�FDQFHU�WKHUDS\�
/2+� VWXGLHV� IRU� �T��� SRO\PRUSKLF� PDUNHUV� ZHUH� SHUIRUPHG� LQ� ��� RYDULDQ� ILEURPDV�� 1R� /2+� ZDV
REVHUYHG��WKHUHIRUH��ZH�GHYHORSHG�66&3�DQG�KHWHURGXSOH[�DQDO\VHV�IRU�DGGLWLRQDO�PXWDWLRQ�VWXGLHV�
)LYH�IDPLOLHV�VXIIHULQJ�IURP�*RUOLQ�V\QGURPH�DUH�XQGHU�WKH�LQYHVWLJDWLRQ�IRU�WKH�37&+�PXWDWLRQV�
:H�KDYH�FROOHFWHG����NHUDWRF\VWV��D�UHVSHFWDEOH�TXDQWLW\�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�ORZ�LQFLGHQFH�RI
NHUDWRF\VWV��� &ODVVLILFDWLRQ� RI� MDZ�F\VW� W\SHV� �UDGLFXODU�� IROOLFXODU� RU� NHUDWRF\VWV�� LV� LQ� SURJUHVV
DFFRUGLQJ� WR� WKH�RULJLQ�� LQFLGHQFH�DQG�VHYHULW\�RI�GLDJQRVLV�� WKURXJK�FOLQLFDO�SDWKRORJLFDO�� UDGLRORJLFDO
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DQG� PROHFXODU� VWXGLHV� �LPPXQRKLVWRFKHPLFDO� DQG� PROHFXODU� JHQHWLFV��� 7KHVH� VWXGLHV� LQGLFDWH� WKDW
EHVLGHV�37&+��D�QXPEHU�RI�RWKHU�IDFWRUV�FRQWULEXWH��JS����S����QP����WR�WKH�MDZF\VW�SDWKRJHQHVLV�
:H�DUH�GHYHORSLQJ�SURWRFROV�IRU�WKH�LQ�YLWUR�VWXGLHV�RI�37&+�JHQH�

*(16.2�/,-(ý(1-(�78025$
78025�*(1(�7+(5$3<
9RGLWHOMLFD�WHPH��GU��VF��-DVPLQND�3DYHOLü

6XUDGQLFL�QD�WHPL�

.RUDOMND�*DOO�7URãHOM��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
-DVPLQND�3DYHOLü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
1HGD�6ODGH��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

3URJUDP�UDGD�L�UH]XOWDWL�

-HGDQ�RG�QDþLQD�JHQVNRJ�OLMHþHQMD�WXPRUD�MHVW�RQDM�NRML�VH�WHPHOML�QD�W]Y���VXLFLGH��JHQX��1DMþHãüH�VH
NDR� �VXLFLGH�� JHQ� NRULVWL� JHQ� ]D� WLPLGLQ� NLQD]X� KHUSHV� VLPSOH[� YLUXVD� �+69�WN�� NRML�� XQHVHQ� X
SUROLIHULUDMXüH� VWDQLFH�� þLQL� VWDQLFH� RVMHWOMLYLPD� QD� LQDþH� QHFLWRWRNVLþQL� DQWLYLUDOQL� DJHQV� JDQFLNORYLU�
þLPH� VH� SRNUHüH� PHKDQL]DP� VDPRXERMVWYD� VWDQLFH�� 3RVHEQR� DWUDNWLYQR� VYRMVWYR� NRMH� VH� NRULVWL� X
RYRP�SULVWXSX� OLMHþHQMD� MHVW�PRJXüQRVW�GD�VH�PHKDQL]DP�VDPRXERMVWYD�SRNUHQH� L�X�VWDQLFDPD�NRMH
QLVX�]DUDåHQH�+69�WN�JHQRP��D�DNR�VH�QDOD]H�X�QHSRVUHGQRM�EOL]LQL�]DUDåHQLK�VWDQLFD��W]Y��E\VWDQGHU
XþLQDN��� 6� RE]LURP� QD� XVSMHãQR� SURYHGHQD� SUHOLPLQDUQD� LVWUDåLYDQMD� QD� YLVRNRPHWDVWD]LUDMXüHP
PHODQRPX�PLãD�� 0%��%/��� FLOM� LVWUDåLYDQMD� WLMHNRP� ������ JRGLQH� ELR� MH� LVSLWDWL� PRåH� OL� VH� OLMHþHQMH
JHQLPD� SULPLMHQLWL� QD� ]ORüXGQH� WXPRUH� JXãWHUDþH� þRYMHND�� þHVWR� QHRVMHWOMLYH� QD� XRELþDMHQH� QDþLQH
OLMHþHQMD�FLWRVWDWLFLPD�L�]UDþHQMHP��äHOMHOL�VPR�UD]ULMHãLWL�SLWDQMH�XþLQNRYLWRVWL�JDQFLNORYLUD�WH�SULVXWQRVW
³E\VWDQGHU´� XþLQND� X� SRNXVLPD� NRNXOWLYLUDQMD� +69�WN� JHQRP� ]DUDåHQLK� L� QH]DUDåHQLK� VWDQLFD�
5HWURYLUDOQL� NRQVWUXNW� V� JHQRP� +69�WN�� SUHPD� QDãLP� RþHNLYDQMLPD�� SRND]DR� VH� SRJRGQLP� ]D
]DUDåDYDQMH�VWDQLFD�NDUFLQRPD�JXãWHUDþH�þRYMHND�0LD3D&D���'R]D�JDQFLNORYLUD�RG����m0�SRND]DOD�VH
QDMEROMRP�X�SRVWL]DQMX�VDPRXELODþNRJ�XþLQND��7LMHNRP���GQHYQRJ� WUHWPDQD�VD�VSRPHQXWRP�GR]RP�
XQLãWHQR� MH�����VWDQLFD�0LD3D&D���2VWDOH�SULPLMHQMHQH�GR]H� �RG����GR�����m0��SRND]DOH�VX�QHãWR
VODELML� XþLQDN� �������� XQLãWHQLK� VWDQLFD��� 3RNXVL� UD]MDãQMHQMD� ³E\VWDQGHU´� XþLQND� QD� VWDQLFDPD
0%��%/��SRND]DOL�VX�GD�]DMHGQLþNL�X]JRM�]DUDåHQLK�L�QH]DUDåHQLK�VWDQLFD��X�RPMHUX������RGQRVQR�����
XQLãWDYD� L� QH]DUDåHQH� VWDQLFH� ������ RGQRVQR� ������ ãWR� XSXüXMH� QD� ]DNOMXþDN� GD� IRVIRULOLUDQL� REOLN
JDQFLNORYLUD�PRåH�SULMHüL�X�LQ�YLWUR�XYMHWLPD�L]�]DUDåHQLK�X�QH]DUDåHQH�VWDQLFH��WH�LK�XVPUWLWL�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$�SDUWLFXODUO\�DWWUDFWLYH�DSSURDFK�LQ�JHQH�WKHUDS\�LV�WKH�RQH�EDVHG�RQ�LQVHUWLRQ�RI�D��VXLFLGH��JHQH��YLD
UHWURYLUDO� YHFWRU�� LQWR� WXPRXU� FHOOV� ZLWK� VXEVHTXHQW� DFWLYDWLRQ� RI� WKH� VXLFLGH� PHFKDQLVP�� 7KH� JHQH
SUHVHQWO\�EHLQJ�XVHG�DV��VXLFLGH��JHQH�LV�KHUSHV�VLPSOH[�YLUXV�WK\PLGLQH�NLQDVH��+69�WN��JHQH��ZKLFK�
ZKHQ�LQWURGXFHG�LQWR�SUROLIHUDWLQJ�FHOOV��UHQGHUV�LQIHFWHG�FHOOV�VHQVLWLYH�WR�DQ�RWKHUZLVH�QRQ�WR[LF�GUXJ�
JDQFLFORYLU�� 6XFFHVVIXO� SUHOLPLQDU\� H[SHULPHQWV� FRQGXFWHG� RQ� PRXVH� PHODQRPD� KLJKO\� PHWDVWDWLF
%��%/��FHOO�OLQH�OHDG�XV�WR�WKH�JRDO�RI�RXU�VWXG\�LQ�������:H�WULHG�WR�UHVROYH�WKH�TXHVWLRQ�ZKHWKHU�WKH
VDPH�W\SH�RI�WKHUDS\�FRXOG�EH�DSSOLHG�RQ�KXPDQ�SDQFUHDWLF�FDUFLQRPD��QHRSODVP�ZKLFK�LV�YHU\�RIWHQ
LQVHQVLWLYH� WR� FKHPR�� DQG� UDGLRWKHUDS\�� 5HWURYLUDO� FRQVWUXFW� +69�WN� WXUQHG� RXW� WR� EH� VXLWDEOH� IRU
SDQFUHDWLF� FDUFLQRPD�FHOO� LQIHFWLRQ�� 7KH� F\WRWR[LF� HIIHFW� RI� JDQFLFORYLU� VKRZHG� D� GRVH�GHSHQGHQW
PDQQHU��WKH�GRVH�RI����m0�EHLQJ�WKH�PRVW�HIIHFWLYH��'XULQJ�DQ�HLJKW�GD\�WUHDWPHQW�LW�LQGXFHG�VXLFLGH
RI�����WXPRXU�FHOOV��,Q�WKH�H[SHULPHQWV�ZKHQ�WKH�LQIHFWHG�DQG�XQLQIHFWHG�FHOOV�ZHUH�FRFXOWLYDWHG�LQ�WKH
UDWLR� RI� ����� WKH� VXLFLGH� RI� QRQLQIHFWHG� FHOOV� ������ ZDV� REVHUYHG�� LQGLFDWLQJ� WKH� SUHVHQFH� RI� WKH
E\VWDQGHU�HIIHFW�
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6XUDGQLFL�QD�WHPL�

0DJGDOHQD�*UFH��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD
0LUD�*UGLãD��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
6LOYD�+HüLPRYLü��PDJLVWUD�ELRWHKQRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
.RUDOMND�+XVQMDN��GLSO��LQå��PRO��ELRO���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
6DQMD�.DSLWDQRYLü��GRNWRULFD�PHG��]QDQRVWL��YLãD�DVLVWHQWLFD
.UHãLPLU�3DYHOLü��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
0DULMD�3ROMDN�%ODåL��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
0DULMDQD�3RSRYLü�+DGåLMD��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLFL�

0LKDHOD�$OLYRMYRGLü��WHKQLþDUND
-DVPLQD�%XUHF��SRPRüQR�RVREOMH
-DVPLQND�*ROXELü��PHG��ODE��LQå���RG�������������

3URJUDP�UDGD�L�UH]XOWDWL�

3R� SUYL� MH� SXW� QDþLQMHQD� VWXGLMD� JXELWND� KHWHUR]LJRWQRVWL� �/2+�� JHQD� QP���+�� X� SODQRFHOXODUQLP
NDUFLQRPLPD�SOXüD� WH�X�NDUFLQRPLPD�EXEUHJD��/2+�QD�VSRPHQXWL� ORNXV� ULMHWND� MH�SRMDYD�X�RED� WLSD
WXPRUD� SD� VH� L]� GRELYHQLK� UH]XOWDWD� ]DNOMXþXMH� GD� JHQ� QP���+�� YMHURMDWQR� QHPD� ELWQX� XORJX� X
HNVSUHVLML�QLWL�UD]YRMX�VSRPHQXWLK�WXPRUD��8VWDQRYOMHQD�MH�NRUHODFLMD�L]PH X�HNVSUHVLMH�+(5��1(8�WH
VWDGLMD�L�SUHåLYOMHQMD�REROMHOLK�RG�UDND�GHEHORJD�L�]DYUãQRJ�FULMHYD��*HQ�+(5��1(8�PRåH�SRVOXåLWL�NDR
QHRYLVDQ�SURJQRVWLþNL�þLPEHQLN�REROMHOLK�RG�UDND�GHEHORJD� L�]DYUãQRJ�FULMHYD��7DNR HU� MH�SR�SUYL�SXW
DQDOL]LUDQ�VWDWXV�RQNRJHQD�L�WXPRU�VXSUHVRUVNLK�JHQD�X�NRQJHQLWDOQLP�VDNURNRNFLJHDOQLP�WHUDWRPLPD�
8�WLP�VX�WXPRULPD�DNWLYLUDQL�RQNRJHQL�RELWHOML�UDV��IRV�L�MXQ��WH�WXPRU�VXSUHVRUVNL�JHQL�QP���+��L�S���
5H]XOWDWL� XSXüXMX� QD� PRJXüX� XORJX� DNWLYDFLMH�LQDNWLYDFLMH� VSRPHQXWLK� JHQD� X� QDVWDQNX� L� UD]YRMX
NRQJHQLWDOQLK�VDNURNRNFLJHDOQLK�WHUDWRPD��0ROHNXOVNR�JHQHWLþND�LVWUDåLYDQMD�PDOLJQLK�LQ]XOLQRPD�GDOD
VX�]DQLPOMLYH�L�GRVDG�QHSR]QDWH�UH]XOWDWH�V�RE]LURP�QD�WXPRU�VXSUHVRUVNL�JHQ�S����1DLPH��SR�SUYL�MH
SXW�RWNULYHQD� WRþNDVWD�PXWDFLMD�JHQD�S���X�GYD� L]UD]LWR�]ORüXGQD� LQ]XOLQRPD� �PXWDFLMH�QD�NRGRQLPD
�����RGQRVQR�������=DNOMXþXMH�VH�GD�X�RGUH HQLPD��L]QLPQR�ULMHWNLP�LQ]XOLQRPLPD��PXWDFLMD�S���PRåH
ELWL�RGJRYRUQD�]D�UD]YRM�WLK�WXPRUD��6WDQLFH�]GUDYH�VOH]HQH�L�VWDQLFH�PLMHORLGQH�OHXNHPLMH��0/��PLãHYD
RWSRUQLMH�VX�QD�89�VYMHWOR�QHJR�VWDQLFH�NRãWDQH�VUåL��89�X� WLP�VWDQLFDPD�VQDåQR�DNWLYLUD�HNVSUHVLMX
JHQD� F�P\F� L� S���� *HQ� EFO��� SDN� HNVSULPLUDQ� MH� X� YHüHP� SRVWRWNX� X� VWDQLFDPD�0/�� DOL� VH� QDNRQ
]UDþHQMD� 89� QH� PLMHQMD�� GRN� X� VWDQLFDPD� ]GUDYH� VOH]HQH� 89� SRMDþDYD� HNVSUHVLMX� RYRJ� JHQD�� 89
L]D]LYD� DSRSWR]X� X� VWDQLFDPD� ]GUDYH� VOH]HQH�� DOL� QH� L� X� VWDQLFDPD�0/�� 3URWHLQ� %FO���PRJDR� EL� ELWL
RGJRYRUDQ�]D�RWSRUQRVW�VWDQLFD�0/�QD�89�� ,VWUDåLYDQMH�XORJH�YLUXVD�SDSLORPD� �+39��X� UD]YRMX� UDND
JUOLüD�PDWHUQLFH� L�NDUFLQRPD�EXEUHJD�GDOR� MH�QHNH�GHILQLWLYQH�RGJRYRUH��3ULPMHQRP�PHWRGH� ODQþDQH
UHDNFLMH� SROLPHUD]H� �3&5��� GHILQLWLYQR� MH� XWYU HQR� GD� WL� YLUXVL� QHPDMX� QLNDNYX� XORJX� X� UD]YRMX
NDUFLQRPD�EXEUHJD��ãWR�MH�GR�GDQDV�X�OLWHUDWXUL�ELOR�VSRUQR��,VWRGREQR�REMDYOMHQL�VX�UH]XOWDWL� MHGQH�RG
QDMRSVHåQLMLK� VWXGLMD� +39� SRVOMHGQMLK� JRGLQD� X� VYLMHWX�� 8� WRM� MH� VWXGLML� GHILQLUDQ� VWDWXV� +39� X� åHQD
+UYDWVNH� NRMH� VX� LPDOH� DEQRUPDODQ� FLWRORãNL� UD]PD]� JUOLüD� PDWHUQLFH�� 1D� X]RUNX� RG� ���� åHQD
XVWDQRYOMHQ�MH�SRUDVW�LQIHNFLMH�+39�]D�RNR�����X�RGQRVX�QD�UDQLMD�UD]GREOMD��,VWRGREQR�XVWDQRYOMHQ�MH
SDG�+39�LQIHNFLMH�X�RYLVQRVWL�R�GREL��GRN�UDVWH�SURNXåHQRVW�POD LK�GREQLK�VNXSLQD��7LSRYL�YLUXVD�����
X�YH]L�VX�V�&,1���WLS�+39���V�&,1���D�WLS�YLUXVD�+39���V�&,1���2EMDYOMHQD�MH�EU]D�L�SRX]GDQD�PHWRGD
]D� DQDOL]X� GLQDPLþQLK� PXWDFLMD� IUDJLOQRJ� ;� �PHWRGD� ORQJ� H[SDQG� 3&5��� 9DOMDQRVW� WH� EU]H� PHWRGH
SURELUD� SRWYU HQD� MH� NRQYHQFLRQDOQLPD� PROHNXOVNR�ELRORãNLP� PHWRGDPD�� QSU�� 6RXWKHUQ� EORWLQJ�� RG
NRMLK�MH��PH XWLP��]QDWQR�EUåD��7D�QRYD�PHWRGD�EU]RJ�SURELUD�REROMHOLK�RG�GLQDPLþQLK�PXWDFLMD�PRåH
VH� SULPLMHQLWL� L� ]D� GUXJH� EROHVWL� X]URNRYDQH� SURPMHQDPD� EURMD� WULSOHWD�� 3URXþDYDQMH� GLIHUHQFLMDFLMH� L
VD]ULMHYDQMD� FUYHQLK� NUYQLK� VWDQLFD� �PRGHO� +'�� VWDQLþQD� OLQLMD�� ELOR� MH� XVPMHUHQR� QD� VSR]QDYDQMH
XWMHFDMD� IRVIRULODFLMH�SURWHLQD�QD� WH�SURFHVH��7LMHNRP�GLIHUHQFLMDFLMH�VWDQLFD�+'�SRYHüDYD�VH�NROLþLQD
IRVIRULOLUDQLK� SURWHLQD� X� VWDQLFDPD� SDUDOHOQR� V� SRYHüDQMHP� VLQWH]H� KHPRJORELQD�� 8SRWUHERP
VSHFLILþQLK�LQKLELWRUD�]D�UHJXODFLMX�UHDNFLMD�IRVIRULODFLMH�L�GHIRVIRULODFLMH��SRND]DQR�MH�GD� MH�IRVIRULODFLMD
SURWHLQD� SRYH]DQD� V� SURFHVLPD� RGJRYRUQLPD� ]D� GLIHUHQFLMDFLMX� +'�� VWDQLFD�� 5H]XOWDWL� SRND]XMX� GD
IRVIRULODFLMD�GHIRVIRULODFLMD� VHULQD� L�LOL� WUHRQLQD� LPD� ]QDþDMQLML� XWMHFDM� QD� SURFHV� GLIHUHQFLMDFLMH� RG
IRVIRULODFLMH�WLUR]LQD�
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5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$QDO\VLV� RI� ��� SDLUV� RI� KXPDQ� VTXDPRXV�FHOO� OXQJ� FDUFLQRPDV� DQG� QRUPDO� PDWFKHG� FRQWURO� '1$
GHPRQVWUDWHG�WKDW�ORVV�RI��KHWHUR]\JRVLW\��/2+��LV�LQIUHTXHQW�DW�WKH�QP���+��ORFXV��DIIHFWLQJ�RQO\���RI
���LQIRUPDWLYH�FDVHV��1HLWKHU�ORVV�RI�KHWHUR]\JRVLW\�RI�WKH�QP���+��JHQH�QRU�WKH�LQWHQVLW\�RI�VSHFLILF
SURWHLQ�H[SUHVVLRQ�LV�UHODWHG�WR�VTXDPRXV�FHOO�OXQJ�FDUFLQRPD�GHYHORSPHQW�DQG�SURJUHVVLRQ�
2XU� UHVXOWV� RQ� UHQDO� FHOO� FDUFLQRPD�SURYLGH� WKH�HYLGHQFH� IRU� WKH� ORVV� RI� KHWHUR]\JRVLW\�� IROORZHG�E\
PHDQV�RI�PLFURVDWHOOLWH� WDQGHP�UHSHDW�SRO\PRUSKLVP��DW� WKH�QP���+�� ORFXV� LQ� UHQDO�FHOO� FDUFLQRPD�
+RZHYHU��VLQFH�QR�FRUUHODWLRQ�KDV�EHHQ�IRXQG�EHWZHHQ�WKH�WXPRXU�VWDJH�RU�PHWDVWDWLF�SRWHQWLDO�RQ�WKH
RQH�KDQG��DQG�DOOHOLF� ORVV�DQG�VSHFLILF�SURWHLQ�H[SUHVVLRQ�RQ� WKH�RWKHU�� LW�VHHPV�WKDW�QP���+��GRHV
QRW�SOD\�D�NH\�UROH�LQ�WKH�LQYDVLYHQHVV�RI�WKLV�WXPRXU�W\SH�
1RUPDO�FRORQ�PXFRVD��EHQLJQ� OHVLRQV�DQG�DGHQRFDUFLQRPDV�FOHDUO\�GLIIHUHG� LQ� WKH�H[SUHVVLRQ� OHYHOV
DQG� KLVWRORJLFDO� GLVWULEXWLRQ� RI� S���+(5���QHX�� 1RUPDO� PXFRVD� ZDV� PRVWO\� QHJDWLYH�� EXW� VLJQLILFDQW
QXPEHU�RI�EHQLJQ�OHVLRQV�DQG�DGHQRFDUFLQRPDV�RYHUH[SUHVVHG�+(5���QHX�SURWHLQ��$GHQRFDUFLQRPDV
ZHUH�VLJQLILFDQWO\�PRUH�SRVLWLYH� WKDQ� WKH�EHQLJQ� OHVLRQV��7KH�UHVXOWV�VKRZ�VLJQLILFDQW�FRUUHODWLRQ�ZLWK
WKH�GHJUHH�RI�HSLWKHOLDO�DEQRUPDOLW\�DQG�FOLQLFDO�SDUDPHWHUV�LQFOXGLQJ�'XNHV
�FODVVLILFDWLRQ��UHODSVH�IUHH
DQG�SRVW�RSHUDWLYH�VXUYLYDO�SHULRG�
3RLQW�PXWDWLRQ�RI�FRGRQV�����RU�����RI�S���WXPRXU�VXSSUHVVRU�JHQH�ZDV�GHWHFWHG�LQ�VRPH�PDOLJQDQW
LQVXOLQRPDV��2XU�UHVXOWV�VXJJHVW�D�OLQN�EHWZHHQW�WKH�S���JHQH�DOWHUDWLRQV�DQG�WKH�PDOLJQDQW�VWDJH�RI
SDQFUHDWLF�LQVXOLQRPDV��%DVHG�XSRQ�WKHVH�UHVXOWV��ZH�KDYH�FRQFOXGHG�WKDW��LQ�VRPH�UDUH�FDVHV��SRLQW
PXWDWLRQ� RI� WKH� S��� WXPRXU�VXSSUHVVRU� JHQH� PLJKW� SOD\� D� UROH� LQ� WKH� GHYHORSPHQW� RI� PDOLJQDQW
PHWDVWDWLF�LQVXOLQRPDV�
:H�HYDOXDWHG� WKH�FRQIOLFWLQJ�UHVXOWV�RQ� WKH� UROH�RI�+39� LQ� WKH�GHYHORSPHQW�RI� UHQDO�FDUFLQRPD��2XU
UHVXOWV�VXJJHVW�WKDW�+39�SOD\V�QR�UROH�LQ�FDUFLQRJHQHVLV�RI�WKLV�WXPRXU�W\SH��7KH�DVVRFLDWLRQ�EHWZHHQ
FHUWDLQ�KXPDQ�SDSLOORPDYLUXVHV��+39��DQG�FHUYLFDO�LQWUDHSLWKHOLDO�QHRSODVLD��&,1��LV�ZHOO�GRFXPHQWHG�
EXW�VWLOO�XQNQRZQ�DPRQJ�ZRPHQ�LQ�&URDWLD�
2XW�RI�����VSHFLPHQV������FRQWDLQHG�RQH�RU�PRUH�+39�W\SHV��&R�LQIHFWLRQ�ZLWK�GLIIHUHQW�+39�W\SHV�LQ
WKH�VDPH�VDPSOH�ZDV�REVHUYHG�LQ����FDVHV��%HVLGH�ORZ�ULVN�+39�������WKH�PRVW�IUHTXHQWO\�REVHUYHG
W\SHV�ZHUH�WKH�KLJK�ULVN�+39�W\SHV����DQG�����*HQHUDOO\��WKH�+39�SRVLWLYLW\�UDWH�GHFOLQHV�ZLWK�DJH��7KH
SUHVHQFH�RI�+39�'1$�VLJQLILFDQWO\�LQFUHDVHG�IURP������WR�������DORQJ�ZLWK�WKH�VHYHULW\�RI�WKH�FHUYLFDO
LQWUDHSLWKHOLDO�QHRSODVLD��&,1�,�,9���+39�W\SH������ZDV�VWURQJO\�DVVRFLDWHG�ZLWK�&,1�,��+39�W\SH����ZLWK
&,1�,,��DQG�+39�W\SH����ZLWK�&,1�,,,�
:H�SUHVHQW�D�QRYHO��HIILFLHQW�DQG�UHOLDEOH�3&5�SURWRFRO�ZKLFK�LV�PRUH�FRQYHQLHQW�IRU�URXWLQH�GLDJQRVLV
RI�WKH�IUDJLOH�;�V\QGURPH��7KH�PHWKRG�LV�EDVHG�RQ�WKH�XVH�RI�WKH�([SDQG�/RQJ�3&5�6\VWHP��ZKLFK
HQDEOHV� WKH� DPSOLILFDWLRQ� RI� QRUPDO�� SUHPXWDWHG� DQG� IXOO�PXWDWHG� DOOHOHV�� DQG� WKHUHIRUH� SURYLGHV� D
FRPSOHWH� &**� UHSHDW� DQDO\VLV� RI� WKH� )05�� JHQH�� :H� SURSRVHG� D� QHZ� VWUDWHJ\� IRU� PROHFXODU
GLDJQRVLV�RI� WKH�IUDJLOH�;�V\QGURPH�LQ�ZKLFK�RXU�([SDQG�/RQJ�3&5�DVVD\� LV�XVHG�DV�ILUVW�VFUHHQLQJ
WHVW�IRU�IUDJLOH�;�PXWDWLRQ�GHWHFWLRQ�

3$72*(1(=$�.521,ý1(�/,0)2&,71(�/(8.(0,-(
3$7+2*(1(6,6�2)�&+521,&�/<03+2&<7,&�/(8.$(0,$
9RGLWHOM�WHPH��GU��VF��%UDQNR�9LWDOH

6XUDGQLFL�QD�WHPL�

5DMNR�.XãHF��GRNWRU�PHG��]QDQRVWL��YLãL�DVLVWHQW��]QDQVWYHQL�QRYDN
1LNROD�0DãLü��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW
,YDQD�7XGRULü�*KHPR��GRNWRULFD�PHGLFLQH��POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%UDQNR�9LWDOH��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

3URJUDP�UDGD�L�UH]XOWDWL�

8� WLMHNX� ������ JRGLQH� UDGRYL� QD� L]XþDYDQMX� SDWRJHQH]H� NURQLþQH� OLPIRFLWQH� OHXNHPLMH� �.//�� GDOL� VX
VOMHGHüH� UH]XOWDWH�� ��� 8RþHQD� MH� SRYLãHQD� HNVSUHVLMD�QDNXSOMDQMH� RQNRSURWHLQD� S��� X� 7� VWDQLþQRM
SRSXODFLML��PMHUHQR�PHWRGRP�SURWRþQH� FLWRPHWULMH�� X� SHULIHUQRM� NUYL� .//� EROHVQLND� WH� MH� XWYU HQR� GD
SRVWRML� ]QDþDMQD� NRUHODFLMD� L]PH X� HNVSUHVLMH� WRJ� RQNRSURWHLQD� L� NOLQLþNRJ� VWDGLMD� EROHVWL�� ��
.RULãWHQMHP� QHOLQHDUQH� SUHGLNFLMVNH� UDþXQDOQH� PHWRGH� ³PDFKLQH� OHDUQLQJ´�� RGQRVQR� ³&���� GHFLVLRQ
WUHH´��L]�SDQHOD�RG����UD]OLþLWD�IHQRWLSVND�VYRMVWYD�%�L�7�OLPIRFLWD�EROHVQLND�V�.//�HNVWUDKLUDOL�VPR�RQH
QDMLQIRUPDWLYQLMH�X�SRJOHGX�SURJQRVWLþNH�YULMHGQRVWL��7D�MH�DQDOL]D�SRND]DOD�GD�X�SDWRJHQH]L�.//��GYD
SURFHVD�� þLQL� VH�� LPDMX� NOMXþQX� XORJX�� L� WR�� D�� GHUHJXOLUDQD� IXQNFLMD� JHQD� &'��� X� %�OLPIRFLWLPD� L
SRSUDWQD�SRMDYD�QMHJRYRJD� UD]JUDGQRJ�SURGXNWD� �V&'����X�VHUXPX� L� E��QHXUDYQRWHåHQH� L� IXQNFLMVNL



���

SURPLMHQMHQH� VXESRSXODFLMH� &'��� 7� OLPIRFLWD� X� SHULIHUQRM� NUYL� .//� EROHVQLND�� ��� 3REOLåD� DQDOL]D
SRSXODFLMH� &'��� 7� OLPIRFLWD� SRND]DOD� MH� GD� EU]LQD� HYROXFLMH� EROHVWL�� NDR� L� SRMDYD� SRSUDWQH
KLSRJDPDJOREXOLQHPLMH� EDU� GLMHORP� RYLVL� R� PH XVREQLP� NYDQWLWDWLYQLP� RGQRVLPD� L]PH X
QDLYQLK�QH]UHOLK�&'���5$�52���GYRVWUXNR�SR]LWLYQLK�LQWHUPHGLMDUQLK�&'���5$�52��WH�]UHOLK�VWDQLFD
VD� PHPRULMRP� &'���5$�52�� &'��� 7� OLPIRFLWD�� ãWR� MH� SRYH]DQR� V� OXþHQMHP� UD]OLþLWLK� FLWRNLQD� WH
QMLKRYRJD�PH XVREQRJ�RGQRVD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

:LWKLQ�WKH�IUDPHZRUN�RI�RXU�VWXGLHV�RQ�FKURQLF�O\PSKRF\WLF�OHXNDHPLD��&//��LQ�������ZH�KDYH�IRXQG�
���,Q�WKH�SHULSKHUDO�EORRG�RI�&//�SDWLHQWV�DQ�LQFUHDVHG�H[SUHVVLRQ�RI�S���RQFRSURWHLQ�LQ�7�O\PSKRF\WHV
PHDVXUHG� E\� IORZ� F\WRPHWU\� FRUUHODWLQJ� ZLWK� WKH� FOLQLFDO� VWDJLQJ�� ��� %\� XVLQJ� QRQ�OLQHDU� SUHGLFWLRQ
PHWKRG� VXFK� DV� &���� GHFLVLRQ� WUHH� DQDO\VLV� RI� SKHQRW\SLF� IHDWXUHV� RI� OHXNDHPLF� FHOOV� DQG� VHUXP
FRQFHQWUDWLRQ� RI� V&'���� ZH� H[WUDFWHG� WKRVH� PRVW� LQIRUPDWLYH� DPRQJ� WKHP�� DQG� VXEVHTXHQWO\
SHUIRUPHG�WKH�FODVVLILFDWLRQ�RI�&//�DJDLQVW� WKH�PRGLILHG�5DL�VWDJLQJ�V\VWHP�� ,W�KDV�EHHQ�VKRZQ�WKDW
WKHUH�LV�D�VXEVWDQWLDO�FRUUHODWLRQ�EHWZHHQ�WKH�SHUFHQWDJH�RI�H[SUHVVLRQ�RI�&'����PROHFXOH�RQ�&'���
%�FHOOV�� WKH� OHYHO� RI� V&'��� LQ� WKH� VHUD�� WKH� SHUFHQWDJH� RI�&'��&'��5$�� DQG� DEVROXWH� QXPEHU� RI
&'��&'��5$�52�� 7�FHOOV� DQG� YDULRXV� FOLQLFDO� VWDJHV�� 3UHGLFWLRQ� YHFWRU� FRPSRVHG� RI� WKHLU
FRQFDWHQDWHG�YDOXHV�ZDV�DEOH�WR�DVVRFLDWH�FRUUHFWO\�����FDVHV� LQ� WKH� ORZ�ULVN�JURXS��5DL�VWDJH�2��
�����FDVHV�LQ�WKH�LQWHUPHGLDWH�ULVN�JURXS��5DL�VWDJH�,�DQG�,,��DQG������FDVHV�LQ�WKH�KLJK�ULVN�JURXS
�5DL�VWDJH�,,,�DQG�,9��RI�&//�SDWLHQWV��3UHGLFWLYLW\�RI�WKLV�YHFWRU�ZDV�����������DQG�����UHVSHFWLYHO\�
,W� VHHPV� WKDW� GHUHJXODWHG� IXQFWLRQ� RI� &'��� JHQH� LQ� %�FHOOV� DFFRPSDQLHG� E\� WKH� DSSHDUDQFH� RI� LWV
FOHDYHG�SURGXFW� V&'��� LQ� WKH� VHUD� DORQJ�ZLWK� WKH� IXQFWLRQDOO\� LPSDLUHG� DQG� LPEDODQFHG�&'��7�FHOO
VXESRSXODWLRQV�IRXQG�LQ�WKH�SHULSKHUDO�EORRG�RI�&//�SDWLHQWV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�SURJUHVVLRQ
UDWH�RI�WKH�GLVHDVH�

23,2,'1,�3(37,',�,�+(0$7232(=$
23,2,'�3(37,'(6�$1'�+$(0$7232,(6,6
9RGLWHOM�WHPH��GU��VF��0LOLYRM�%RUDQLü

6XUDGQLFL�QD�WHPL�

0LOLYRM�%RUDQLü��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
'DYRUND�%UHOMDN��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
-HOND�*DEULORYDF��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
/MLOMDQD�.ULåDQDF�%HQJH]��GRNWRULFD�PHG��]QDQRVWL��YLãD�DVLVWHQWLFD
,UHQD�0DUWLQ�.OHLQHU��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
6LOYDQD�6WDQRYLü��PDJLVWUD�PHG��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþND�VXUDGQLFD�

0DUJDUHWD�&YHWNRYVNL��WHKQLþDUND

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåXMH�VH�XþLQDN�RSLRLGQLK�SHSWLGD��PHPEUDQVNLK�HQ]LPD�NRML� LK�UD]JUD XMX�WH�VSHFLILþQLK� LQKLELWRUD
UD]JUDGQMH�QD�VWDQLFH�NUYRWYRUQRJ�WNLYD��8SRWUHEOMDYDMX�VH�NUDWNRURþQH��NORQDOQH��L�GXJRWUDMQH�NXOWXUH
NRãWDQH� VUåL� þRYMHND� LOL� PLãD� L� WUDMQH� VWDQLþQH� OLQLMH� OMXGVNRJD� LOL� PLãMHJ� SRGULMHWOD�� 3UDWL� VH� XþLQDN
QDYHGHQLK�WYDUL�QD�VWDQLþQX�SUROLIHUDFLMX� L�GLIHUHQFLMDFLMX��QD� L]UDåDYDQMH�RSLRLGQLK�UHFHSWRUD� L�SULMHQRV
RSLRLGQLK�VLJQDOD�VD�VWDQLþQH�PHPEUDQH�X�FLWRSOD]PX�
8�NORQDOQLP�NXOWXUDPD�PLãMH�NRãWDQH�VUåL�1�WHUPLQDOQL�IUDJPHQWL�HQNHIDOLQVNH�PROHNXOH�RJUDQLþDYDOL�VX
SUROLIHUDFLMX� JUDQXORFLWQR�PDNURIDJQLK� PDWLþQLK� VWDQLFD� PLãMH� NRãWDQH� VUåL� �&)8�*0�� MHGQDNR� NDR
FMHORYLWD�PROHNXOD��D� VUHGLãQML� L�&�WHUPLQDOQL� IUDJPHQWL� QLVX�ELOL� GMHORWYRUQL��8þLQDN�RYLVL� R� QD]RþQRVWL
DNFHVRUQLK�VWDQLFD�NRãWDQH�VUåL�L�QH�PRåH�VH�VSULMHþLWL�EORNDWRURP�RSLRLGQLK�UHFHSWRUD�QDORNVRQRP��7R
XSXüXMH�QD�]DNOMXþDN�GD�VH�RVWYDUXMH�SRVUHGVWYRP�DNFHVRUQLK�VWDQLFD� L�PHKDQL]DPD�NRML� �GMHORPLFH�
PLPRLOD]H�RSLRLGQH� UHFHSWRUH��7LRUIDQ��EORNDWRU�PHPEUDQVNH�HQGRSHSWLGD]H� �&'���� NRMD� UD]JUD XMH
HQNHIDOLQH� L� GUXJH� QHXURSHSWLGH� SRWLFDR� MH� SUROLIHUDFLMX� &)8�*0� X� X]RUFLPD� NRãWDQH� VUåL� ]GUDYRJ
GDYDWHOMD� L� ��� EROHVQLND� V� DNXWQRP� OLPIRLGQRP� LOL� PLMHORLGQRP� OHXNHPLMRP� �$//�� $0/�� LOL� QRQ�
+RGJNLQRYLP� OLPIRPRP� �1+/�� X� UHPLVLML�� 3RWLFDMQL� VX� XþLQFL� RSDåHQL� SRQDMYLãH� X� X]RUFLPD� VUåL
EROHVQLND�V�7�$//�WH�1+/�YLVRNRJ�VWXSQMD�PDOLJQRVWL��8]RUFL�NRãWDQH�VUåL�EROHVQLND�V�FRPPRQ�$//�ELOL
VX�UHIUDNWHUQL�QD�XþLQDN�WLRUIDQD��8�GXJRWUDMQRM�NXOWXUL�VWDQLFD�NRãWDQH�VUåL�EROHVQLND�V�$//�X�UHPLVLML
QD]RþQRVW�PHWLRQLQ�HQNHIDOLQD� SRWLFDOD� MH� VWDQLþQX� SUROLIHUDFLMX�� DOL� MH� VPDQMLYDOD� EURM� SURJHQLWRUVNLK



���

VWDQLFD��&)8�*0���$EHUDQWDQ�VWDQLþQL�UDVW�RSDåHQ�X�MHGQRM�RG�NXOWXUD�SULSLVDQ� MH�SRUDVWX�UH]LGXDOQLK
OHXNHPLMVNLK� VWDQLFD� SUHRVWDOLK� X� UHPLVLMVNRM� NRãWDQRM� VUåL� QDNRQ� SURYHGHQH� DQWLQHRSODVWLþQH
NHPRWHUDSLMH��PLQLPDOQD�UH]LGXDOQD�EROHVW��05'���2SLVDQL�UH]XOWDWL�SRWNUHSOMXMX�UDGQX�SUHWSRVWDYNX�GD
QHXURSHSWLGL� HQNHIDOLQL�� PHPEUDQVNH� PHWDORHQGRSHSWLGD]H� NRMH� LK� UD]JUD XMX� �&'���� &'���� WH
UD]JUDGQL� SURGXNWL� HQNHIDOLQVNH� PROHNXOH� VXGMHOXMX� X� UHJXODFLML� SUROLIHUDFLMH� L� GLIHUHQFLMDFLMH
SURJHQLWRUVNLK�VWDQLFD�NUYRWYRUQRJ�WNLYD��5H]XOWDWL�VX�RSLVDQL�X�GYMHPD�PDJLVWDUVNLP�UDGQMDPD�
3RVWDYOMHQD� MH� PHWRGD� ]D� PMHUHQMH� XQXWDUVWDQLþQH� NRQFHQWUDFLMH� LRQD� NDOFLMD� NDR� VHNXQGDUQRJ
SUHQRVLWHOMD� RSLRLGQLK� VLJQDOD�� 8WYU HQL� VX� RSWLPDOQL� SDUDPHWUL� ]D� UDVW� VWDQLþQH� OLQLMH�PLãMHJ� WLPRPD
NRMD� L]UDåDYD�RSLRLGQH� UHFHSWRUH�� 7UHWPDQ� WLK� VWDQLFD� k�RSLRLGQLP� DJRQLVWRP� VPDQMLR� MH� L]UDåDYDQMH
RSLRLGQLK�UHFHSWRUD�QD�VWDQLþQRM�PHPEUDQL��ãWR�VH�PRåH�SULSLVDWL�UHJXODFLML�UHFHSWRUD�QDGROMH��DOL�SULWRP
QLMH�RVODELR�QMLKRY�DILQLWHW�SUHPD�OLJDQGX�
.URPRJHQ� QRYH� JHQHUDFLMH� :67��� SULPLMHQMHQ� MH� X� WHVWRYLPD� VWDQLþQH� FLWRNVLþQRVWL� PDNURIDJD� L
SULUR HQRXELODþNLK��1.��VWDQLFD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�HIIHFWV�RI�RSLRLG�SHSWLGHV��RI�PHPEUDQH�HQ]\PHV�SURFHVLQJ�WKHP�DQG�RI�WKH�HQ]\PH�LQKLELWRUV�RQ
KDHPDWRSRLHWLF�FHOOV�DUH�VWXGLHG��6KRUW�WHUP��FORQDO��DQG�ORQJ�WHUP�FXOWXUHV�RI�KXPDQ�RU�PRXVH�ERQH
PDUURZ� FHOOV� DV� ZHOO� DV� WKH� FHOO� OLQHV� KDYH� EHHQ� XVHG�� &HOO� SUROLIHUDWLRQ� DQG� GLIIHUHQWLDWLRQ�� RSLRLG
UHFHSWRU� H[SUHVVLRQ� DQG� LQWUDFHOOXODU� WUDQVPLVVLRQ� RI� RSLRLG� VLJQDOV� KDYH� EHHQ� H[SORUHG� LQ� WKRVH
PRGHOV�
1�WHUPLQDO�IUDJPHQWV�RI� WKH�HQNHSKDOLQ�PROHFXOH� LQKLELWHG�WKH�SUROLIHUDWLRQ�RI�FRPPLWWHG�JUDQXORF\WH�
PDFURSKDJH�SUHFXUVRU�FHOOV��&)8�*0��LQ�FORQDO�FXOWXUHV�RI�PRXVH�ERQH�PDUURZ�FHOOV��WKXV�UHVHPEOLQJ
WKH�VXSSUHVVLYH�HIIHFW�RI�WKH�ZKROH�PROHFXOH��&�WHUPLQDO�DQG�LQWHUPHGLDWH�IUDJPHQWV�ZHUH�LQHIIHFWLYH�
7KH�HIIHFW�GHSHQGHG�RQ�WKH�SUHVHQFH�RI�WKH�DFFHVVRU\�FHOOV�DQG�FRXOG�QRW�EH�EORFNHG�E\�DQ�LQKLELWRU�RI
RSLRLG�UHFHSWRUV��QDOR[RQH��7KHUHIRUH��WKH�LQKLELWLRQ�RI�SURJHQLWRU�FHOO�SUROLIHUDWLRQ�LV�SUREDEO\�PHGLDWHG
E\�WKH�DFFHVVRU\�FHOOV�DQG�DFFRPSOLVKHG�E\�PHFKDQLVPV�E\�SDVVLQJ�WKH�RSLRLG�UHFHSWRUV��7KLRUSKDQ�
DQ�DJHQW�EORFNLQJ�WKH�PHPEUDQH�HQGRSHSWLGDVH��&'������HQ]\PH�WKDW�GHJUDGHV�WKH�HQNHSKDOLQV�DQG
RWKHU� QHXURSHSWLGHV�� VWLPXODWHG� WKH� &)8�*0� SUROLIHUDWLRQ� LQ� ERQH� PDUURZ� VDPSOHV� REWDLQHG� IURP
QRUPDO� GRQRU� DQG� IURP� ��� SDWLHQWV� ZLWK� DFXWH�P\HORLG� RU� O\PSKRLG� OHXNDHPLD� �$0/�� $//�� RU� QRQ�
+RGJNLQ� O\PSKRPD� �1+/�� LQ� UHPLVVLRQ�� 7KH� VWLPXODWRU\� HIIHFWV� SUHGRPLQDQWO\� RFFXUUHG� LQ� ERQH
PDUURZ�VDPSOHV�RI�WKH�SDWLHQWV�ZLWK�7�$//�RU�ZLWK�KLJK�PDOLJQDQF\�JUDGH�1+/��%RQH�PDUURZ�VDPSOHV
IURP� WKH� SDWLHQWV� ZLWK� FRPPRQ�W\SH� $//� ZHUH� UHIUDFWRU\� WR� WKLRUSKDQ�� ,Q� ORQJ�WHUP� ERQH� PDUURZ
FXOWXUH�RI�D�SDWLHQW�ZLWK�$//� LQ� UHPLVVLRQ��PHWKLRQLQH�HQNHSKDOLQ�VWLPXODWHG� WKH�FHOO�SUROLIHUDWLRQ�EXW
GHFUHDVHG�WKH�QXPEHU�RI��WKH�&)8�*0�SURJHQLWRU�FHOOV��$EHUUDQW�FHOO�SUROLIHUDWLRQ�QRWHG�LQ�RQH�RI�WKH
ORQJ�WHUP� FXOWXUHV� ZDV� DWWULEXWHG� WR� D� UHFUXGHVFHQFH� RI� UHVLGXDO� OHXNDHPLD� FHOOV� UHPDLQLQJ� LQ� WKH
UHPLVVLRQ�ERQH�PDUURZ�DIWHU� WKH�FRPSOHWLRQ�RI� FKHPRWKHUDS\� �WKH�PLQLPDO� UHVLGXDO� GLVHDVH��05'��
7KH�UHVXOWV�VXSSRUW� WKH� LGHD�WKDW�QHXURSHSWLGHV�HQNHSKDOLQV�� WKH�FHOO�PHPEUDQH�HQ]\PHV�GHJUDGLQJ
WKHP� DQG� GHJUDGDWLRQ� SURGXFWV� RI� WKH� HQNHSKDOLQ� PROHFXOH� SDUWLFLSDWH� LQ� WKH� UHJXODWLRQ� RI
KHPDWRSRLHWLF�FHOO�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ��7KHVH�VWXGLHV�KDYH�EHHQ�GHVFULEHG�LQ�WZR�PDVWHU�
RI�VFLHQFH�WKHVHV�
$�PHWKRG�IRU�WKH�PHDVXUHPHQW�RI�LQWUDFHOOXODU�FDOFLXP�DV�DQ�LQGLFDWRU�RI�VLJQDO�WUDQVPLVVLRQ�WR�WKH�FHOO
LQWHULRU� KDV� EHHQ� HVWDEOLVKHG�� 2SWLPDO� SDUDPHWHUV� IRU� WKH� JURZWK� RI� D� PRXVH� WK\PRPD� FHOO� OLQH
H[SUHVVLQJ� RSLRLG� UHFHSWRUV� KDYH� EHHQ� GHILQHG�� 7UHDWPHQW� RI� WKHVH� FHOOV� ZLWK� k�RSLRLG� UHFHSWRU
DJRQLVWV� FDXVHG� GRZQ�UHJXODWLRQ� RI� RSLRLG� UHFHSWRUV� RQ� WKH� FHOO� PHPEUDQH� ZLWKRXW� UHGXFLQJ� WKHLU
DIILQLW\�IRU�WKH�OLJDQG�
$�QHZ�JHQHUDWLRQ�FKURPRJHQ�:67���ZDV�XVHG�LQ�WKH�WHVWV�RI�FHOOXODU�F\WRWR[LFLW\�RI�PDFURSKDJHV�DQG
1.�FHOOV�
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6XUDGQLFL�QD�WHPL�

7LKRPLU�%DORJ��PDJLVWDU�ELRO��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
%ODQND�%XUHN��GRNWRULFD�PHG��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
+HOHQD�+DEHUVWRFN�'HELü��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
,YR�+UãDN��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
7DQMD�0DURWWL��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
9LãQMD�âYHUNR��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

7HKQLþND�VXUDGQLFD�

9HVQD�0DWHãLü��VDPRVWDOQD�WHKQLþDUND

3URJUDP�UDGD�L�UH]XOWDWL�

8�QDVWDYNX�LVWUDåLYDQMD�GMHORYDQMD�PRGLILNDWRUD�ELRORãNRJ�RGJRYRUD�PHW�HQNHIDOLQD��0(1.���XWYUGLOL�VPR
GD�SRVWRML�YLVRNL�VWXSDQM�NRUHODFLMH�L]PH X�DNWLYQRVWL�DPLQRSHSWLGD]D�X�PHPEUDQDPD�QHXWURILOD�SRMHGLQLK
GDYDWHOMD� L� QMLKRYH� VSRVREQRVWL� L]OXþLYDQMD� UDGLNDOD� NLVLND�� 1HXWURILOL� V� QLVNRP� DPLQRSHSWLGD]QRP
DNWLYQRãüX� WUHWLUDQL� 0(1.RP� RWSXãWDOL� VX� PDQMH�� D� RQL� YLVRNH� DPLQRSHSWLGD]QH� DNWLYQRVWL� YLãH
VXSHURNVLGQRJ� DQLRQD� RG� QHWUHWLUDQLK� QHXWURILOD�� 1DãD� LVWUDåLYDQMD� SRND]DOD� VX�� QH� VDPR� VSRVREQRVW
0(1.D�GD�PLMHQMD�SURGXNFLMX�UDGLNDOD�NLVLND�X��QDLYQLP��QHXWURILOLPD��YHü�GD�LPD�PRü�SRWLFDQMD�QHXWURILOD
QD�MDþX�UHDNFLMX�QD�)0/3�LOL�,)1g��DOL�QH�L�QD�/36�LOL�30$�
,VWUDåLYDQMD�XþLQNRYLWRVWL���EURPR���GHRNVL�DVNRUELQVNH�NLVHOLQH����%U$$��QD�VSUHþDYDQMX�QHIURWRNVLþQRJ
GMHORYDQMD�FLWRVWDWLND�FLV�SODWLQH��FLV�''3��SRND]DOD�VX�GD�GMHORWYRUQRVW���%U$$�RYLVL�R�SULPLMHQMHQRM�GR]L
FLV�''3D��'RN�VX�WRNVLþQL�XþLQFL�QLåH�GR]H�FLV�''3D�XPDQMHQL�SULPMHQRP���%U$$��QDNRQ�SULPMHQH�YLãH
GR]H� FLV�''3D�� ��%U$$� SRMDþDYD� WRNVLþQR� GMHORYDQMH�� 7L� SRGDFL� PRJX� VH� SULSLVDWL� UHGXNWLYQRP
RVORED DQMX� EURPD� XVOLMHG� YHüH� NRQFHQWUDFLMH� PHWDOD� SODWLQH�� 7R� GRYRGL� GR� ãWHWQRJ� SRYHüDQMD
RVORED DQMD� VDGUåDMD� OLSLGQLK� SHURNVLGD� L� SRUDVWD� DNWLYQRVWL� HQ]LPD� MHWUH�� VDGUåDMD� VLMDOLQVNH� NLVHOLQH� X
VOH]HQL�L�XUHMH�X�NUYL�
6WDQLFH� WLPRPD� L]ROLUDQH� L]� OHXNHPLþQLK�$.5�PLãHYD�� SUHNXOWLYLUDQH���� VDWD� X�530,�� SRVOXåLOH� VX� NDR
VWDQLFH�PHWH�]D� LVSLWLYDQMH�WXPRULFLGQH�DNWLYQRVWL�SHULWRQHDOQLK�PDNURIDJD�SUHOHXNHPLþQLK�$.5�PLãHYD�
5H]XOWDWL� VX� SRND]DOL� GD� MH� WXPRULFLGQD� DNWLYQRVW� SHULWRQHDOQLK� PDNURIDJD� NRG� SHW� PMHVHFL� VWDULK
SUHOHXNHPLþQLK�PLãHYD�]QDþDMQR�PDQMD������FLWRWRNVLþQRVW��X�RGQRVX�QD�WXPRULFLGQX�DNWLYQRVW�PMHVHF
GDQD� VWDULK� åLYRWLQMD�� 6ODEOMHQMH� WXPRULFLGQH� DNWLYQRVWL� PDNURIDJD� X� NDVQLMRM� GREL� PRJDR� EL� ELWL� YDåDQ
SDWRJHQHWVNL�þLPEHQLN�]D�QDVWDQDN�L�SURJUHVLMX�WLPRPD�X�VWDULK�$.5�PLãHYD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,QYHVWLJDWLQJ�ZKHWKHU�WKH�REVHUYHG�SHUVRQ�GHSHQGHQW�DPLQRSHSWLGDVH�DFWLYLW\�RI�QHXWURSKLO�PHPEUDQHV
FRXOG�EH�OLQNHG�WR�GLIIHUHQW�SK\VLRORJLFDO�UHVSRQVHV�RI�QHXWURSKLOV�IURP�GLIIHUHQW�GRQRUV��ZH�REVHUYHG�D
KLJK�GHJUHH� RI� FRUUHODWLRQ� EHWZHHQ� WKH� DPLQRSHSWLGDVH� DFWLYLW\� DQG� VXSHUR[LGH� DQLRQ� SURGXFWLRQ� IURP
QHXWURSKLOV�RI�WKH�UHVSHFWLYH�GRQRU��1DPHO\��QHXWURSKLOV�ZLWK�KLJK�DPLQRSHSWLGDVH�DFWLYLW\�UHOHDVHG�PRUH�
DQG�WKRVH�ZLWK�ORZ�DPLQRSHSWLGDVH�DFWLYLW\�OHVV�RI�VXSHUR[LGH�DQLRQ�WKDQ�WKH�XQWUHDWHG�FRQWURO��LI�WUHDWHG
ZLWK� 0(1.�� $OVR�� 0(1.� FRXOG� SULPH� QHXWURSKLOV� IRU� VXSHUR[LGH� DQLRQ� UHOHDVH� LI� QHXWURSKLOV� ZHUH
VWLPXODWHG�ZLWK�)0/3�RU�,)1g��EXW�QRW�LI�VWLPXODWHG�ZLWK�/36�RU�30$�
,QYHVWLJDWLRQ�RI�WKH�HIILFLHQF\�RI���EURPR���GHR[\�DVFRUELF�DFLG����%U$$��WR�SUHYHQW�QHSKURWR[LF�HIIHFWV�RI
D� F\WRVWDWLF� DJHQW� FLV� SODWLQXP� �FLV� ''3�� VKRZHG� WKDW� WKH� QHSKURSURWHFWLYH� HIIHFWLYHQHVV� RI� ��%U$$
GHSHQGV�RQ�WKH�GRVH�RI�FLV�''3��7KH�WR[LF�HIIHFWV�RI�ORZHU�GRVH�RI�FLV�''3�DUH�PLQRU�DIWHU�WKH�WUHDWPHQW
ZLWK���%U$$��EXW�ZLWK�ODUJHU�GRVH�RI�FLV�''3���%U$$�H[KLELWV�HYHQ�D�PRUH�SURQRXQFHG�WR[LFLW\�WKDQ�WKH
FLV�''3� LWVHOI�� ,W� VHHPV� UHDVRQDEOH� WR�DVVXPH� WKDW�KLJKHU�FRQFHQWUDWLRQ�RI�SODWLQXP� LQGXFHV� UHGXFWLYH
FOHDYDJH�RI�%U�DORQH�DQG�VXEVHTXHQW�R[LGDWLRQ��LQFUHDVH�RI�OLSLG�SHUR[LGDWLRQ�DQG�HQ]\PH�DFWLYLW\�LQ�WKH
OLYHU��VLDOLF�DFLG�FRQWHQW�LQ�WKH�VSOHHQ��DV�ZHOO�DV�EORRG�XUHD�QLWURJHQ�
7K\PRPD�FHOOV�LVRODWHG�IURP�OHXNDHPLF�$.5�PLFH��SUHFXOWLYDWHG����K��LQ�530,��ZHUH�XVHG�DV�DSSURSULDWH
WDUJHW�FHOOV�IRU�HYDOXDWLQJ�WXPRXULFLGDO�DFWLYLW\�RI�SHULWRQHDO�PDFURSKDJHV�IURP�SUHOHXNDHPLF�$.5�PLFH�
7KH� UHVXOWV� GHPRQVWUDWHG� WKDW� WXPRXULFLGDO� DFWLYLW\� RI� SHULWRQHDO� PDFURSKDJHV� IURP� ��PRQWK� ROG
SUHOHXNHPLF�$.5�PLFH�ZDV�VLJQLILFDQWO\�GHFUHDVHG� �����F\WRWR[LFLW\�� LQ� FRPSDULVRQ� WR� WKH� WXPRULFLGDO
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DFWLYLW\� RI� WKH� DQLPDOV� RQH� PRQWK� ROG� ����� F\WRWR[LFLW\��� 7KH� DJH�UHODWHG� LPSDLUPHQW� RI� PDFURSKDJH
WXPRXULFLGDO� DFWLYLW\� PD\� EH� DQ� LPSRUWDQW� SDWKRJHQLF� IDFWRU� IRU� WKH� GHYHORSPHQW� DQG� SURJUHVVLRQ� RI
WK\PRPD�LQ�WKH�ROG�$.5�PLFH�

&,-(3/-(1-(�9,5861,0�32'-(',1,&$0$
9$&&,1$7,21�:,7+�9,5$/�68%81,76
9RGLWHOMLFD�WHPH��GU��VF��%LVHUND�3RNULü

6XUDGQLFL�QD�WHPL�

%LVHUND�3RNULü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
1LNROD�âWDPEXN��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþND�VXUDGQLFD�

0DMD�3RNDV��WHKQLþDUND

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

=GHQNR� %L LQ�� GRNWRU� YHW�� ]QDQRVWL�� YLãL� ]QDQVWYHQL� VXUDGQLN�� 9HWHULQDUVNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��=DJUHE
6WDQLVODY�ýDMDYHF��GRNWRU�ELRNHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN�� ,VWUDåLYDþNL� LQVWLWXW���3OLYD��G�G��
=DJUHE

3URJUDP�UDGD�L�UH]XOWDWL�

5DG� QD� WHPL� XVPMHUHQ� MH� QD� REOLNRYDQMH� L� SULSUDYX� FMHSLYD� WHPHOMHQLK� QD� YLUXVQLP� SRGMHGLQLFDPD� L
SHSWLGLPD�]D�DQWL�YLUXVQX�]DãWLWX��NDR�L�WHUDSLMX�WXPRUVNLK�L�DXWRLPXQLK�EROHVWL�
9LUXVQH� SRGMHGLQLFH� VDþXYDQH� SULURGQH� JUD H� L� VDVWDYD� GRELYHQH� VX� NRQWUROLUDQRP� VROXELOL]DFLMRP
YLUXVD�� .YDQWLWDWLYQD� L� NYDOLWDWLYQD� NDUDNWHUL]DFLMD� YLUXVQLK� SRGMHGLQLFD� QDSUDYOMHQD� MH� NRPELQDFLMRP
LPXQRNHPLMVNLK� L� PLNURJUDYLPHWULMVNLK�PHWRGD�� 3RGMHGLQLFH� YLUXVD� QHZFDVWOHVNH� EROHVWL�� SULUH HQH� X
REOLNX�PRQR�� L�SROLYDOHQWQLK�FMHSLYD�X�YLãHVWUXNRM�HPXO]LML� YRGD�X�XOMX�X�YRGL��SRND]DOH�VX�VH� MHGQDNR
XþLQNRYLWH�X� LPXQR]DãWLWL�NDR�NRPHUFLMDOQD�FMHSLYD��0DOH�NROLþLQH�YLUXVQRJ�PDWHULMDOD�ELOH�VX�GRVWDWQH
]D� SRWLFDQMH� YLVRNH� UD]LQH� VSHFLILþQLK� SURWXWLMHOD� L� VWYDUDQMH� GXJRWUDMQRJ� ]DãWLWQRJD� LPXQLWHWD� EH]
QHåHOMHQLK� SRSUDWQLK� SRMDYD�� &MHSLYD� WHPHOMHQD� QD� YLUXVQLP� SRGMHGLQLFDPD� HNRORãNL� VX� SRGREQD�
.RULãWHQMHP�YLãHVWUXNH�HPXO]LMH�PDORJ�YLVNR]LWHWD�ELWQR�VH�SRMHGQRVWDYLR�SRVWXSDN�FLMHSOMHQMD�
=D� SULSUDYX� ELRDNWLYQLK� SHSWLGD� LVSLWDQ� MH� QL]� VXVWDYD� OLJDQG�UHFHSWRU� NDNR� EL� VH�� VXNODGQR� WHRULML
PROHNXOVNRJ� SUHSR]QDYDQMD�� GHILQLUDOL� NRPSOHPHQWDUQL� SDURYL� DPLQRNLVHOLQD�� 1D� WHPHOMX� RYH� DQDOL]H
VWYRUHQ� MH� YODVWLWL� PRGHO� L� UDþXQDOQL� SURJUDP� ]D� SURQDODåHQMH� UHSHWLWLYQLK� NRPSOHPHQWDUQLK� SDURYD
SHSWLGD� L�JHQVNLK� WUDQVNULSDWD��QHRYLVQR�R�HYROXFLMVNRP�SRGULMHWOX� L� VWUXNWXUQLP�VYRMVWYLPD��6XNODGQR
PRGHOX��REOLNRYDQD�VX�FMHSLYD�]D�DQWL�YLUXVQX�]DãWLWX�L�WHUDSLMX�DXWRLPXQLK�L�PDOLJQLK�EROHVWL��3RVHEQR
VPR� LVSLWLYDOL� NRMH� VX� SRGMHGLQLFH� SRYUãLQVNLK� SURWHLQD� YLUXVD� QHZFDVWOHVNH� EROHVWL� SRJRGQH� ]D� DQWL�
YLUXVQX� ]DãWLWX�� NDR� L� ]D� WHUDSLMX� DXWRLPXQLK� L� PDOLJQLK� EROHVWL�� 8� NRQWHNVWX� SHSWLGQH� YDNFLQDFLMH
LVSLWDQD�MH�VWDQLþQD�UHDNWLYQRVW�QD�SHSWLG�0�WH�QMHJRYD�VSRVREQRVW�PRGXODFLMH�LPXQRORãNRJ�RGJRYRUD
NRG�DXWRLPXQLK�L�PDOLJQLK�EROHVWL�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� VWXGLHV� UHODWHG� WR� WKLV� VXEMHFW� DUH� RULHQWHG� WRZDUGV� WKH�GHVLJQ�DQG�SUHSDUDWLRQ�RI� WKH� YDFFLQHV
EDVHG�RQ�WKH�YLUDO�VXEXQLWV�DQG�SHSWLGHV�IRU�ERWK�WKH�DQWL�YLUDO�SURWHFWLRQ�DQG�WKHUDS\�RI�WKH�PDOLJQDQW
DQG�DXWRLPPXQH�GLVHDVHV�
9LUDO� VXEXQLWV� RI� SUHVHUYHG� QDWXUDO� FRPSRVLWLRQ� DQG� FRQIRUPDWLRQ� DUH� SUHSDUHG� E\� FRQWUROOHG
VROXELOLVDWLRQ� RI� YLUXVHV�� 7KH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� FKDUDFWHULVDWLRQV� RI� YLUDO� VXEXQLWV� ZHUH
SHUIRUPHG�E\�D�FRPELQDWLRQ�RI� LPPXQRFKHPLFDO�DQG�PLFURJUDYLPHWULF�PHWKRGV��7KH�VXEXQLWV�RI� WKH
1HZFDVWOH�GLVHDVH�YLUXV��SUHSDUHG�DV�D�PXOWLSOH�HPXOVLRQ�ZDWHU�LQ�RLO�LQ�ZDWHU��ZHUH�SURYHG�WR�EH�DV
HIILFDFLRXV� IRU� WKH� LPPXQH� SURWHFWLRQ� DV� FRPPHUFLDOO\�DYDLODEOH� YDFFLQHV�� 7KH� ORZ� TXDQWLW\� RI� YLUDO
PDWHULDO�ZDV�VXIILFLHQW�IRU�JHQHUDWLQJ�D�KLJK�OHYHO�RI�VSHFLILF�DQWLERGLHV�DQG�D�ORQJ�ODVWLQJ�LPPXQLW\�
7R�GHILQH�WKH�FRPSOHPHQWDU\�SDLUV�RI�DPLQR�DFLGV�UHTXLUHG�IRU�WKH�SUHSDUDWLRQ�RI�ELRDFWLYH�SHSWLGHV��D
QXPEHU� RI� OLJDQG�UHFHSWRU� V\VWHPV� ZHUH� VWXGLHG� LQ� DFFRUGDQFH� ZLWK� WKH� WKHRU\� RI� PROHFXODU
UHFRJQLWLRQ��7KLV�DQDO\VLV�HQDEOHG�WKH�GHYHORSPHQW�RI�RXU�RZQ�PRGHOV�DQG�FRPSXWHU�SURJUDPPHV�IRU
H[SORULQJ� UHSHWLWLYH� FRPSOHPHQWDU\� SDLUV� RI� SHSWLGHV� DQG� JHQH� WUDQVFULSWV�� LQGHSHQGHQWO\� RI
HYROXWLRQDU\�RULJLQ�DQG�VWUXFWXUDO�FKDUDFWHULVWLFV��7KH�DQWL�YLUDO�YDFFLQHV�IRU�LPPXQRSURSK\OD[LV�DV�ZHOO
DV� YDFFLQHV� IRU� WKHUDSLHV� RI� DXWRLPPXQH� DQG� PDOLJQDQW� GLVHDVH� ZHUH� GHVLJQHG� DFFRUGLQJ� WR� WKH
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SURSRVHG�PRGHOV��7KH�UHVHDUFK�RI�VWULNLQJ�LPSRUWDQFH�ZDV�UHODWHG�WR�WKH�GHWHUPLQDWLRQ�RI�WKH�VXUIDFH�
SURWHLQ�VXEXQLWV�RI�1HZFDVWOH�GLVHDVH�YLUXV�SRVVHVVLQJ�DFWLYLWLHV�DJDLQVW�YLUXVHV�DQG�RU�DXWRLPPXQH
DQG�PDOLJQDQW�GLVHDVHV��7KH�FHOOXODU�UHDFWLYLW\�DQG�DELOLW\�RI�PRGXODWLRQ�RI�LPPXQRORJLFDO�UHVSRQVH�LQ
DXWRLPPXQH�DQG�PDOLJQDQW�GLVHDVHV�ZHUH�VWXGLHG�LQ�RUGHU�WR�WHVW�WKH�HIILFDF\�RI�3HSWLG�0�IRU�SHSWLGH
YDFFLQDWLRQ�

8=52&,�,�326/-(',&(�35(6$ ,9$1-$�(1'2.5,12*�7.,9$
3$1.5($6$
&$86(6�$1'�&216(48(1&(6�2)�75$163/$17$7,21
(1'2&5,1(�7,668(�2)�3$1&5($6
9RGLWHOM�WHPH��GU��VF��0LOLYRM�6OLMHSþHYLü

6XUDGQLFL�QD�WHPL�

0DULQD�ûHWNRYLü�&YUOMH��GRNWRULFD�PHG��]QDQRVWL��DVLVWHQWLFD
0LUNR�+DGåLMD��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
0LOLYRM�6OLMHSþHYLü��GRNWRU�YHW��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

7HKQLþNH�VXUDGQLFH�

0DULQD�0DUã��WHKQLþDUND
,QHV�3ROMDQHF��SHUDþLFD

3URJUDP�UDGD�L�UH]XOWDWL�

5D]DUDQMH�EHWD�VWDQLFD�/DQJHUKDQVRYLK�RWRþLüD��/R��SUHVDWND�L�SDQNUHDVD�SULPDWHOMD�SRMDþDYDMX�FLWRNLQL�
DOL� MH� SUHVD LYDQMH� NDNR� /R� WDNR� L� QHRQDWDOQRJ� SDQNUHDVD� SREROMãDOR� GLMDEHWLþQR� VWDQMH� L� QHXURSDWLMX� �
NDVQX� NRPSOLNDFLMX� GLMDEHWHVD�PLãHYD�� 3RYLãHQD� NRQFHQWUDFLMD� DPLOLQD� X� VHUXPX� EROHVQLND� RG� LQ]XOLQ�
QHRYLVQH�ãHüHUQH�EROHVWL�L]D]LYD�DSRSWRWLþQR�UD]DUDQMH�EHWD�VWDQLFD��D�UHWURYLUXVQLP�YHNWRURP�]\SUDV�P\F
]DUDåHQH� EHWD�VWDQLFH� SUHVD HQH� PLãHYLPD� QDUXãDYDMX� QMLKRYX� WROHUDQFLMX� QD� JOXNR]X�� 'RND]DOL� VPR
SRVWRMDQMH�UD]OLþLWLK�WLSRYD�SURFHVD�UD]DUDQMD�EHWD�VWDQLFD�/R�ELOR�X�SUHVDWNX� LOL�X�SDQNUHDVX�GLMDEHWLþQLK
SULPDWHOMD�� 'RND]DOL� VPR� GD� MH� DXWRLPXQL� SURFHV� SRWDNQXW� VWUHSWR]RWRFLQRP� X� &%$� PLãHYD� SRMDþDQ
GMHORYDQMHP�FLWRNLQD��,/��b�� ,1)g� L�71)a���3RND]DOL�VPR�GD� WLMHNRP����VDWL� LQNXEDFLMH�/R�VD�VHUXPRP�
RGQRVQR� KXPDQLP� DPLOLQRP� X� NXOWXUL� WNLYD�� JRWRYR� ��� �� EHWD� VWDQLFD� XPLUH� X� SURFHVX� DSRSWR]H
SRWYU HQRJD� QDOD]RP� DSRSWRWLþNLK� WMHOHãDFD� L� IUDJPHQWDFLMRP� '1$�� 3RYLãHQD� NRQFHQWUDFLMD� DPLOLQD� X
VHUXPX� RVRED� V� LQ]XOLQ�QHRYLVQLP� GLMDEHWHVRP� L]D]LYD� VLPSWRPH� KLSHULQ]XOLQHPLMH� L� KLSHUJOLNHPLMH�
,QNXEDFLMRP�L]ROLUDQLK�/R�]GUDYLK�ãWDNRUD�VD�VHUXPRP�GLMDEHWLþQLK�RVRED��RGQRVQR�V�DPLOLQRP��L]D]YDQD
MH�DSRSWR]D�b�VWDQLFD�/R��3UHVD LYDQMH�SDQNUHDVD�QHRQDWXVD�SRG�NDSVXOX�EXEUHJD�VLQJHQLP�GLMDEHWLþQLP
SULPDWHOMLPD��NDR� L� LPSODQWDFLMD������ LPXQRL]ROLUDQLK� �PLNURHQNDSVXOLUDQLK��/R�ãWDNRUD� LQWUDSHULWRQHDOQR
PLãHYLPD�� VNUDüXMH� ODWHQFLMX� NUDWNRJ�YDOD�1��HYRFLUDQLK�VRPDWRVHQ]RUQLK�SRWHQFLMDOD� �6(3�� ]D� ����� L
SRYHüDYD�DPSOLWXGX�QD��������/DWHQFLMH�GUXJLK�YDOQLK�NRPSRQHQWL�6(3��QSU��1���L�1����YUDWLOH�VX�VH�QD
UD]LQX�]GUDYLK�PLãHYD��2YL�UH]XOWDWL�GRND]XMX�RSRUDYDN�IXQNFLMH�SHULIHUQRJD�åLYþDQRJ�VXVWDYD�GLMDEHWLþQLK
PLãHYD� QDNRQ� SUHVD LYDQMD� HQGRNULQRJ� WNLYD� SDQNUHDVD�� WM�� SR]LWLYDQ� XþLQDN� QD� NDVQH� NRPSOLNDFLMH� X
GLMDEHWHVX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

'HVWUXFWLRQ�RI�EHWD�FHOOV�LQ�/DQJHUKDQV�LVOHWV��/L��RI�WUDQVSODQW�DQG�LQ�UHFLSLHQW¶V�SDQFUHDV�LV�VWLPXODWHG�E\
F\WRNLQHV�� 7UDQVSODQWDWLRQ� RI� /DQJHUKDQV� LVOHWV� RU� QHRQDWDO� SDQFUHDV� LPSURYHG� GLDEHWLF� VWDWH� DQG
QHXURSDWK\�LQ�PRXVH�UHFLSLHQWV��+LJKHU�OHYHOV�RI�DP\OLQH�LQ�WKH�VHUD�RI�1,''0�SDWLHQWV�FDXVH�DSRSWRWLF
GHVWUXFWLRQ� RI� EHWD� FHOOV�� K\SHULQVXOLQHPLDH� DQG� K\SHUJOLFDHPLDH�� %HWD� FHOOV� LQIHFWHG� E\� UHWURYLUXV
]\SUDV�P\F�DQG�WUDQVSODQWHG� LQWR�&%$�PLFH�GHWHULRUDWH�WKHLU�JOXFRVH� WROHUDQFH�DELOLW\��7KH�SUHVHQFH�RI
YDULRXV� W\SHV� RI� EHWD�FHOO� GHVWUXFWLRQ� LQ� WUDQVSODQW� �/DQJHUKDQV� LVOHWV�� DQG� LQ� SDQFUHDV� RI� GLDEHWLF
UHFLSLHQWV�ZDV�GRFXPHQWHG��7KH�DXJPHQWDWLRQ�RI�DXWRLPPXQH�EHWD�FHOO�GHVWUXFWLRQ�LQ�&%$�PLFH�LQGXFHG
E\� VWUHSWR]RWRFLQ� ZDV� HQKDQFHG� E\� F\WRNLQH� DFWLRQ� �,/��b�� ,1)g�� 71)a��� 7UDQVSODQWDWLRQ� RI� QHRQDWDO
SDQFUHDWLF� WLVVXH�XQGHU� WKH� NLGQH\� FDSVXOH� RI� V\QJHQHLF� GLDEHWLF� UHFLSLHQWV� DV�ZHOO� DV� LPSODQWDWLRQ� RI
PLFUR�HQFDSVXODWHG� ������� UDW� LVOHWV� �LS��� VKRUWHQHG� WKH� ODWHQF\� RI� VKRUW� ZDYH� �1��� RI� HYRNHG
VRPDWRVHQVRU\�SRWHQWLDOV��6(3��IRU�DERXW�������DQG�HQODUJHG�WKH�DPSOLWXGH�IRU��������7KH�ODWHQFLHV�RI
RWKHU�ZDYH�FRPSRQHQWV�RI�6(3V��IRU�H[DPSOH�1���DQG�1����ZHUH�DW�WKH�VDPH�OHYHO�DV�LQ�KHDOWK\�PLFH�
7KH�/L�WUDQVSODQWDWLRQ�SRVLWLYH�HIIHFW�RQ�WKH�UHFRYHU\�RI�IXUWKHU�FRPSOLFDWLRQV�LQ�GLDEHWHV�ZDV�REVHUYHG�
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9RGLWHOM�WHPH��GU��VF��0LVODY�-XULQ

6XUDGQLFL�QD�WHPL�

6X]DQD�%RURYLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
0LVODY�-XULQ��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
*RUGDQD�7RQNRYLü��GU��PHG���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD��RG�������������
1HYHQ�äDUNRYLü��GRNWRU�PHG��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþNH�VXUDGQLFH�

-DVPLQND�*ROXELü��PHG��ODE��LQå���YLãD�WHKQLþDUND��GR�������������
1HYHQND�+LUãO��VDPRVWDOQD�WHKQLþDUND
7HD�.DOLãQLN��PHG��ODE��LQå���YLãD�WHKQLþDUND

3URJUDP�UDGD�L�UH]XOWDWL�

6HUXPL� RVRED� V� LVWRGREQRP� R]OMHGRP� PR]JD� L� SULMHORPLPD� NRVWLMX� �X� NRMLK� MH� XRþHQD� SRMDþDQD
RVWHRJHQH]D��� DOL� QH� L� RVWDOLK� VNXSLQD� R]OLMH HQLK� RVRED�� VWLPXOLUDOL� VX� LQ� YLWUR� UDVW� VWDQLFD� NDOYDULMH
QRYRUR HQRJ� ãWDNRUD�� 7DNDY� XþLQDN� QLMH� RSDåHQ� QD�PLãMLP� ILEUREODVWLPD� /���� WH� X� VWDQLFDPD� NRVWL
RGUDVORJ� þRYMHND�� 0LWRJHQD� DNWLYQRVW� VHUXPD�� SRJODYLWR� QD� VWDQLFH� OMXGVNH� NRVWL�� UDVWH� XNROLNR� VH
XNORQH� þLQLWHOML� NRML� LPDMX� DILQLWHW� ]D� KHSDULQ�� 1DOD]� SRWYU XMH� SUHWSRVWDYNX� R� SRVWRMDQMX� VHUXPVNLK
þLQLWHOMD� RGJRYRUQLK� ]D� SRMDþDQX� RVWHRJHQH]X�� 5DQLMD� VX� LVWUDåLYDQMD� SRND]DOD� GD� ��KLGURNVLQRQHODO
�+1(����SRVUHGQLN�RNVLGDWLYQRJ�VWUHVD���LQ�YLWUR�LQGXFLUD�GLIHUHQFLMDFLMX�WXPRUVNLK�VWDQLFD�WH�LQKLELUD�UDVW
WXPRUD� LQ� YLYR�� 8� UDVYMHWOMDYDQMX�PRJXüLK�PHKDQL]DPD� RSDåHQR� MH� GD� VXSUDIL]LRORãNH� NRQFHQWUDFLMH
+1(� ���m0�� SRMDþDYDMX� HNVSUHVLMX� F�IRV� JHQD� X� VWDQLFDPD� +H/D�� WH� L]UD]LWR� LQKLELUDMX� QMLKRYX
SUROLIHUDFLMX�� 1D� WDM� VH� UDQL� XþLQDN� QDGRYH]XMX� SURPLMHQMHQD� DXWRNULQD�SDUDNULQD� UHJXODFLMD� UDVWD� WH
WRNVLþNL� XþLQFL� +1(�� 1DGDOMH�� VLQWH]D� +1(� X� PR]JX� SRYHüDQD� MH� WLMHNRP� QHSRWSXQH� LVKHPLMH
�VLPXODFLMD� WUDXPH��RYRJ�RUJDQD� L]D]YDQRJD�SRGYH]LYDQMHP� MHGQH�RG�DUWHULMD��DOL� VH� WDM� DOGHKLG�EU]R
LVSHUH� L]� WNLYD�QDNRQ�UHSHUIX]LMH�NUYL�NUR]�UDQLMH�SRGYH]DQH�åLOH��5D]LQD�+1(�X�X]RUFLPD�XWYU HQD� MH
SULPMHQRP�PRQRNORQVNRJ�SURWXWLMHOD��8]RUFL�SOD]PH�X�SRMHGLQLP�ID]DPD�LVKHPLMH�UHSHUIX]LMH�PRGXOLUDOL
VX�UDVW�ILEUREODVWD��RGQRVQR�PRQRQXNOHDUQLK�VWDQLFD� LQ�YLWUR�� ,VKHPLMD�X]URNXMH�VPDQMHQMH�VWLPXODFLMH
UDVWD� X� RGQRVX� QD� XþLQNH� X]RUDND� QRUPDOQH� SOD]PH�� ãWR� VH� RSRUDYL� XEU]R� QDNRQ� UHSHUIX]LMH�� D� RYL
X]RUFL�þDN�L�VWLPXOLUDMX�UDVW�PRQRQXNOHDUQLK�VWDQLFD��.XOWLYLUDQL�HNVSODQWL�DGHQRPD�KLSRIL]H�OXþH�LQ�YLWUR
$&7+� EH]� RE]LUD� MH� OL� WXPRU� ELR� NOLQLþNL� PDQLIHVWDQ�� SD� SUHWSRVWDYOMDPR� GD� LQ� YLYR� SRVWRML
QHXURHQGRNULQL� LOL�L� VXVWDYQR� KXPRUDOQL� þLPEHQLN� NRML� QDG]LUH� RVORED DQMH� KRUPRQD� L]� QDYHGHQLK
WXPRUD��2YDM�þLPEHQLN��QD]YDQ�7%3��PRJDR�EL�ELWL�RGJRYRUDQ�]D�XþLQNH�XOWUDILOWUDWD�OMXGVNH�SOD]PH�QD
VWDQLFH�DGHQRPD�KLSRIL]H��DOL�L�QD�QRUPDOQH�VWDQLFH�WRJ�RUJDQD��8]RUDN�VQDåQR�LQKLELUD�OXþHQMH�$&7+
X�NXOWXUDPD�DGHQRPD�NRMH�JD�LQDþH�LQWHQ]LYQR�OXþH��GRN�VWLPXOLUD�OXþHQMH�RQLK�NRML�WR�VSRQWDQR�VODER
þLQH��D�EH]�XþLQDND�MH�QD�QRUPDOQH�VWDQLFH��'HILQLUDQL�SULSUDYFL�ELOMQRJD��,]RUHO��L�åLYRWLQMVNRJ��3ROLHUJD�
SRGULMHWOD� GMHOXMX� DQWLWXPRUVNL� LQ� YLWUR� L� LQ� YLYR�� 1DJODãHQD� MH� HOLPLQDFLMD� HNVSHULPHQWDOQLK� SOXüQLK
PHWDVWD]D� UD]OLþLWLK� WXPRUD� X� PLãHYD�� SRJODYLWR� XNROLNR� VX� QDYHGHQL� SULSUDYFL� NRPELQLUDQL� V
FLWRVWDWLFLPD��1DGDOMH��SULPMHQRP�SULSUDYDND� ORNDOQL� WXPRU�]DRVWDMH�X� UDVWX�X�RGQRVX�QD�NRQWUROH��X]
RELOMH� QHNUR]D�� LQILOWUDFLMX� XSDOQLP� VWDQLFDPD� WH� QDJODãHQX� DSRSWR]X� WXPRUVNLK� VWDQLFD�� 3ULPMHQRP
ODVHUD�QLVNH�VQDJH��*D$V��X�EROHVQLND�V�UDQDPD�NRMH�WHãNR�]DUDãWDMX��XOFXV�FUXULV���NRMH�VX�ELOH�PDQMH
RG���FP���L]OMHþHQMH�MH�SRVWLJQXWR�X����RG����EROHVQLND��GRN�VX�VH�UDQH�X�RVWDOLK�VPDQMLOH��ãWR�RGJRYDUD
QDãLP�UDQLMLP�QDOD]LPD�QD�PLãMHP�PRGHOX��WH�QHNLP�RG�QDOD]D�GUXJLK�DXWRUD�NRML�VX�NRULVWLOL�GUXJDþLMH
ODVHUH�� 'RELYHQD� MH� NXOWXUD� ILEUREODVWD� OMXGVNH� NRåH� L� X� WLMHNX� VX� SULSUHPH� ]D� SRNXVH� V� X]RUFLPD
GRELYHQLPD�ELRSVLMRP� UDQD�X�SRMHGLQLP� ID]DPD�FLMHOMHQMD�� ,]UD HQ� MH�SURMHNW�R�SULPMHQL� IRWRGLQDPVNH
WHUDSLMH�X�EROHVQLND�V�WXPRURP�L�SUHGRþHQ�0LQLVWDUVWYX�]QDQRVWL�L�WHKQRORJLMH��WH�(WLþNRP�SRYMHUHQVWYX
.%��6HVWUH�PLORVUGQLFH��

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

6HUD� RI� WKH� SDWLHQWV� VXIIHULQJ� IURP� ERQH� IUDFWXUH� FRPELQHG�ZLWK� EUDLQ� LQMXU\� DQG� FKDUDFWHULVHG�ZLWK
SURQRXQFHG�RVWHRJHQHVLV� VWLPXODWHG� WKH�SUROLIHUDWLRQ� RI� QHZ�ERUQ� UDW� FDOYDULD� FHOOV� LQ� YLWUR�� )XUWKHU�
WKHVH� VHUD� KDG� QR� LQIOXHQFH� RQ� /���� FHOOV� QRU� RQ� DGXOW� KXPDQ� ERQH� FHOOV�� UHVSHFWLYHO\�� +RZHYHU�
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PLWRJHQLF�DFWLYLW\�RI�WKH�VHUD��SDUWLFXODUO\�RQ�DGXOW�KXPDQ�ERQH�FHOOV��ZDV�SURPLQHQW�IROORZLQJ�UHPRYLQJ
WKH�FRPSRQHQWV�ZLWK�DIILQLW\�WR�ELQG�WR�KHSDULQ��7KXV��WKH�FRPSRQHQWV�LQ�WKH�VHUD�DUH�UHVSRQVLEOH�IRU
DQ�LQFUHDVHG�RVWHRJHQHVLV�LQ�SDUWLFXODU�SDWLHQWV��7KH�UHVXOWV�RI�SUHYLRXV�H[SHULPHQWV�LQGLFDWHG�WKDW���
K\GUR[\QRQHQDO��+1(���WKH�PHGLDWRU�RI�R[LGDWLYH�VWUHVV��ZDV�DEOH�WR�LQGXFH�WXPRXU�FHOO�GLIIHUHQWLDWLRQ
LQ� YLWUR� DQG� WR� LQKLELW� WXPRXU� JURZWK� LQ� YLYR�� ,W� ZDV� IXUWKHU� REVHUYHG� WKDW� VXSUDSK\VLRORJLFDO
FRQFHQWUDWLRQ�RI�+1(����m0��VWLPXODWHG� WKH�H[SUHVVLRQ�RI�F�IRV�JHQH� LQ�+H/D�FHOOV�DQG�VLJQLILFDQWO\
LQKLELWHG� SUROLIHUDWLRQ� RI� WKHVH� FHOOV�� $IWHU� WKHVH� LQLWLDO� HYHQWV�� WKH� FKDQJHV� LQ� JURZWK� UHJXODWLRQ� E\
DXWRFULQH�SDUDFULQH�PHFKDQLVPV�DV�ZHOO� DV�E\� WR[LF� LQIOXHQFH�RI� �+1(�� EHFRPH�SURPLQHQW�� )XUWKHU�
GXULQJ� WKH� LQFRPSOHWH� LVFKHPLD� LQ� EUDLQ�� LQGXFHG�E\� FORVLQJ�RQH� RI� WKH� DUWHULHV� �WKH� VLPXODWLRQ� RI� D
WUDXPD���WKH�V\QWKHVLV�RI�+1(�LQFUHDVHG�ORFDOO\��+RZHYHU��WKLV�DOGHKLGH�ZDV�ZDVKHG�RXW�IURP�WKH�EUDLQ
IROORZLQJ�EORRG�UHSHUIXVLRQ�WKURXJK�SUHYLRXVO\�RFFOXGHG�DUWHU\��7KH�OHYHO�RI�+1(�LQ�WLVVXH�VSHFLPHQV
ZDV� GHWHUPLQHG� E\� XVLQJ� VSHFLILF�PRQRFORQDO� DQWLERGLHV�� 3ODVPD� VSHFLPHQV�� FROOHFWHG� LQ� SDUWLFXODU
LVFKHPLD�UHSHUIXVLRQ� LQWHUYDOV� LQ�EUDLQ��ZHUH�DEOH� WR�PRGLI\� ILEUREODVWV�RU�PRQRQXFOHDU�FHOO�JURZWK� LQ
YLWUR�� UHVSHFWLYHO\�� ,VFKHPLD� UHVXOWHG� LQ� DQ� LQKLELWLRQ� RI� WKH� JURZWK� VWLPXODWLQJ� FDSDFLW\� RI� QRUPDO
SODVPD��+RZHYHU�� IROORZLQJ�UHSHUIXVLRQ�WKH� LQKLELWLRQ�GLVDSSHDUHG�DQG�SODVPD�VSHFLPHQV�ZHUH�HYHQ
DEOH� WR� VWLPXODWH� WKH� JURZWK� RI� PRQRQXFOHDU� FHOOV�� ,Q� WKH� H[WHQGLQJ� VWXGLHV� RQ� SLQHDO� DGHQRPD
FXOWLYDWHG� LQ�YLWUR� LW�ZDV�GHWHUPLQHG� WKDW� WKH�VHFUHWLRQ�RI�$&7+�ZDV�SURQRXQFHG� UHJDUGOHVV�RI� LWV� LQ
YLYR� DFWLYLW\�� ,W� KDV� EHHQ� SURSRVHG� WKDW� SDUWLFXODU� QHXURHQGRFULQH� RU� V\VWHPLF� IDFWRU� UHJXODWLQJ� WKH
UHOHDVH� RI� KRUPRQH� IURP� DGHQRPDV� H[LVWV� LQ� WKH� RUJDQLVP�� 7KH� IDFWRU�� HQWLWOHG� 7%3�� FRXOG� EH
UHVSRQVLEOH� IRU� WKH� LQIOXHQFH�RI�KXPDQ�SODVPD�XOWUDILOWUDWH�RQ�SLQHDO�DGHQRPD�DQG�RQ�QRUPDO�SLQHDO
JODG� FHOO�� UHVSHFWLYHO\�� 7KH� XOWUDILOWUDWH� VWURQJO\� LQKLELWHG� $&7+� OLEHUDWLRQ� LQ� WKH� FXOWXUH� RI� DGHQRPD
QRWDEO\�VHFUHWLQJ�WKH�KRUPRQH�LQ�YLYR��2Q�WKH�FRQWUDU\��D�SURQRXQFHG�VWLPXODWLRQ�RI�KRUPRQH�VHFUHWLRQ
LQ� YLWUR� ZDV� REVHUYHG� IURP� WKH� VSHFLPHQV� REWDLQHG� IURP� WKH� WXPRXUV� FKDUDFWHULVHG� E\� YHU\� ORZ
KRUPRQH�SURGXFWLRQ��+RZHYHU��WKHUH�ZDV�QR�LQIOXHQFH�RQ�QRUPDO�SLQHDO�FHOOV��([WUDFWV�SUHSDUHG�IURP
SODQW� �,VRUHO�� RU� DQLPDO� �3RO\HUJD�� WLVVXHV� VKRZHG� DQWL�WXPRXURXV� DFWLRQ� LQ� YLWUR� DQG� LQ� YLYR�� $
VLJQLILFDQW� UHGXFWLRQ�RI� H[SHULPHQWDO� OXQJ�PHWDVWDVLV� QXPEHU� IRU� GLIIHUHQW�PRXVH� WXPRXUV� KDV� EHHQ
REVHUYHG�� SDUWLFXODUO\� LI� WKH� H[WUDFWV� ZHUH� FRPELQHG� ZLWK� FKHPRWKHUDS\�� )XUWKHU�� WKH� JURZWK� RI
H[SHULPHQWDO�WXPRXUV�LQ�PLFH�WUHDWHG�ZLWK�WKH�H[WUDFWV�ZDV�VLJQLILFDQWO\�VXSSUHVVHG��7KH�WXPRXUV�ZHUH
FKDUDFWHULVHG�E\�QHFURVLV��PRQRQXFOHDU�FHOO� LQILOWUDWLRQ�DQG� WKH�DSRSWRVLV��%\�XVLQJ� ORZ�SRZHU�*D$V
ODVHU��WKH�UHJHQHUDWLRQ�ZDV�LQGXFHG�LQ�WKH�SDWLHQWV�ZLWK�YHQRXV�OHJ�XOFHUV��,I�WKH�ZRXQGV�ZHUH�VPDOOHU
WKDQ���FP���FRPSOHWH�KHDOLQJ�ZDV�REWDLQHG�LQ����RXW�RI����SDWLHQWV��/DUJHU�ZRXQGV�VKRZHG�VLJQLILFDQW
UHGXFWLRQ�LQ�VL]H��7KHVH�ILQGLQJV�FRUUHVSRQG�WR�RXU�SUHYLRXV�REVHUYDWLRQV�LQ�PRXVH�PRGHO�DQG�WR�WKH
GDWD� SUHVHQWHG� LQ� WKH� OLWHUDWXUH� E\� WKH� DXWKRUV� XVLQJ� GLIIHUHQW� ODVHU� V\VWHPV�� 7KH� FXOWXUH� RI� KXPDQ
ILEUREODVWV�ZLOO�EH�XVHG�WR�FXOWLYDWH�WKH�VSHFLPHQV�REWDLQHG�GXULQJ�SDUWLFXODU�LQWHUYDOV�RI�ZRXQG�KHDOLQJ�
2XU� SURMHFW� RQ� FOLQLFDO� DSSURDFK� WR� SKRWRG\QDPLF� WKHUDS\� RI� WXPRXURXV� SDWLHQWV�� DV� ZHOO� DV� WKH
H[WHQVLRQ�RI�RXU�VWXGLHV�RQ� LQ�YLWUR�DQG� LQ�YLYR�PRGHOV��ZDV�SUHVHQWHG�WR�WKH�0LQLVWU\�RI�6FLHQFH�DQG
7HFKQRORJ\� RI� WKH� 5HSXEOLF� RI� &URDWLD� DQG� WR� WKH� (WKLF� &RPPLWWHH� RI� &OLQLFDO� +RVSLWDO� �6HVWUH
PLORVUGQLFH���ZKHUH�FOLQLFDO�DSSURDFK�VKRXOG�EH�DSSOLHG�
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9RGLWHOM�WHPH��GU��VF��0DUNR�5DGDþLü

6XUDGQLFL�QD�WHPL�

0DUNR�5DGDþLü��GRNWRU�YHW��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
5DQNR�6WRMNRYLü��GLSO��YHW���POD L�DVLVWHQW��]QDQVWYHQL�QRYDN

7HKQLþND�VXUDGQLFD�

9LãQMD�1RYDOLü��WHKQLþDUND

3URJUDP�UDGD�L�UH]XOWDWL�

6YUKD�LVWUDåLYDQMD�MHVW�XVWDQRYLWL�GR]H�93���L�,)26�D��NRMH�EL�X�NRPELQDFLML�V�KLSHUWHUPLMRP�SRND]DOH
QDMEROML� DQWLWXPRUVNL� XþLQDN�� WH� RGUHGLWL� QDMSRGHVQLML� YUHPHQVNL� LQWHUYDO� RED� WHUDSLMVND� PRGDOLWHWD�
2þHNXMHPR�GD�üH�GRELYHQL� UH]XOWDWL� SREROMãDWL� VDGDãQMH� WHUDSLMVNH�SURWRNROH� L� GRYHVWL� GR� XVSMHãQLMHJ
OLMHþHQMD� UDND� X� OMXGL�� 1DVWDYDN� LVWUDåLYDQMD� QD� FLVSODWLQVNLP� �F''3�� DQWLGRWLPD� WUHEDR� EL� UD]MDVQLWL
PRJXüQRVW�VPDQMHQMD�QHIURWRNVLþQRJ�XþLQND�F''3�D��NRML�SUHGVWDYOMD��GRVH�OLPLWLQJ�IDFWRU���3ULPMHQRP
DQWLGRWD�X]�F''3�VPDQMLR�EL�VH�QMH]LQ�WRNVLþQL�XþLQDN��WH�SRYHüDR�WHUDSLMVNL�XþLQDN�
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1DSUDYOMHQD�VX�RVQRYQD�LVSLWLYDQMD�DQWLWXPRUVNH�XþLQNRYLWRVWL�HWRSR]LGD�L�LIRVIDPLGD��1D HQR�MH�GD�RED
OLMHND� PRJX� XVSRULWL� UDVW� NDUFLQRPD� GRMNH� PLãD�� $QWLWXPRUVNL� XþLQDN� LIRVIDPLGD� ]QDWQR� MH� MDþL� RG
HWRSR]LGD�� 8� NRPELQLUDQRM� SULPMHQL� LIRVIDPLGD� L� KLSHUWHUPLMH� DQWLWXPRUVNL� XþLQDN� MH� QDMMDþL�� DNR� VH
LIRVIDPLG� SULPLMHQL� QHSRVUHGQR� SULMH� KLSHUWHUPLMH�� GDMXüL� RPMHU� XVSMHãQRVWL� WHUDSLMH� ���� X� RGQRVX� QD
PRQRWHUDSLMX��0H XWLP��NRPELQLUDQD�SULPMHQD�HWRSR]LGD�L�KLSHUWHUPLMH�GDMH�QDMMDþL�DQWLWXPRUVNL�XþLQDN
NDG�VH�HWRSR]LG�SULPLMHQL����LOL����VDWD�SULMH�KLSHUWHUPLMH��GDMXüL�RPMHU�XVSLMHãQRVWL�WHUDSLMH�������
3UHPD� QDYHGHQLP� SRGDFLPD� YLGOMLYR� MH� GD� VH� HWRSR]LG� PRUD� SULPLMHQLWL� PLQLPDOQR� ��� VDWL� SULMH
KLSHUWHUPLMH�� NDNR� EL� VH� SRVWLJDR� VLQHUJLVWLþNL� XþLQDN�� D� QLNDNR� QH� LVWRGREQR�� 'D� EL� VH� SRVWLJDR
VLQHUJLVWLþNL�DQWLWXPRUVNL�XþLQDN��LIRVIDPLG�VH�PRUD�SULPLMHQLWL�LVWRGREQR�V�KLSHUWHUPLMRP�
8�VXUDGQML�V�GU�VF��-DQMRP�0DNDUHYLü��,5%��QDVWDYOMHQD�VX�LVWUDåLYDQMD�QD�WUDåHQMX�QRYLK�SRWHQFLMDOQLK
FLVSODWLQVNLK�DQWLGRWD� �QHIURSURWHNWRUD���NRML�EL�PRJOL� VPDQMLWL� QHJDWLYQL�XþLQDN�FLVSODWLQH�QD�EXEUHåQR
WNLYR�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�DLP�RI� WKLV�VWXG\�ZDV� WR� ILQG�RXW� WKH�EHVW�GRVHV�RI�93���DQG� LSKRVSKDPLGH� LQ� WKH� WUHDWPHQW�RI
PDOLJQDQW�PRXVH� WXPRXUV��:H�DOVR� LQYHVWLJDWHG� WKH�RSWLPDO� WLPH� LQWHUYDO�EHWZHHQ� LQMHFWLRQ�RI�GUXJV
DQG�K\SHUWKHUPLD��,W�LV�VKRZQ�WKDW�ERWK�93���DQG�LSKRVSKDPLGH�UHGXFH�WKH�JURZWK�RI�PRXVH�WXPRXUV�
7KHLU� DQWL�WXPRXU� HIIHFW� LV� PXFK� PRUH� SURQRXQFHG� ZKHQ� GUXJV� DUH� JLYHQ� LQ� FRPELQDWLRQ� ZLWK
K\SHUWKHUPLD�� $Q� DGGLWLRQDO� DQWL�WXPRXU� HIIHFW� LV� DFKLHYHG�ZKHQ� LSKRVSKDPLGH�ZDV� JLYHQ� ��� KRXUV
EHIRUH� RU� ��� KRXUV� DIWHU� K\SHUWKHUPLD�� ZKHUHDV� V\QHUJLVWLF� DQWL�WXPRXU� HIIHFW� ZDV� DFKLHYHG� ZLWK
LSKRVSKDPLGH� EHLQJ� JLYHQ� VLPXOWDQHRXVO\� ZLWK� K\SHUWKHUPLD�� +RZHYHU�� WKH� RSWLPXP� HIIHFW� ZDV
DFKLYHG�ZKHQ�93���KDG�EHHQ�DSSOLHG����RU����KRXUV�EHIRUH�KHDW��DQG�RQO\�D�PLOG�HIIHFW�ZDV�REVHUYHG
ZLWK�93���EHLQJ�JLYHQ����KRXUV�EHIRUH�K\SHUWKHUPLD��+RZHYHU�� WKHUH�ZDV�QR�HIIHFW�ZKHQ�93���ZDV
DSSOLHG�FORVHO\�WR�KHDW��7KH�VWXG\�RI�WKH�FRPELQHG�XVH�RI�ERWK�GUXJV�DQG�K\SHUWKHUPLD�LQ�WKH�WUHDWPHQW
RI�PDOLJQDQW�PRXVH�WXPRXUV�LV�LQ�SURJUHVV�

35,/2=,
=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWVX�

��� $QWLFD��0���:X��/���6FROOD\��5��6WHP�FHOO�DQWLJHQ
�� H[SUHVVLRQ� LQ� DGXOW� DQG� GHYHORSLQJ� PLFH�
,PPXQRORJ\�/HWWHUV������������������

��� $WR\HEL�� :��� .XãHF�� 5��� )LGOHU� &��� 3HWR�� 7�� (��
%RXOWZRRG�� -��� :DLQVFRDW�� -�� 6�� *OXWDWKLRQH� 6�
WUDQVIHUDVH� JHQH� GHOHWLRQV� LQ� P\HORG\VSODVLD�
/DQFHW�����������������������

��� %L�� :��� .LP�� <��� )HOLFLDQR�� (��� 3DYHOLü�� /M��
:LOVRQ��.��� 3DYHOLü�� =��� 6WDPEURRN�� 3�� $Q�+69WN
PHGLDWHG� ORFDO� DQG� GLVWDQW� DQWLWXPRU� E\VWDQGHU
HIIHFW� LQ� WXPRUV� RG� KHDG� DQG� QHFN� RULJLQ� LQ
DWK\PLF� PLFH�� &DQFHU� *HQH� 7KHUDS\�� �� ������
��������

��� %RORGHRNX�� -��� .XãHF�� 5�� 3DUDWK\URLG� KRUPRQH
UHODWHG� SURWHLQ� �37+U3�� LQ� DFXWH� P\HORLG
OHXNDHPLD� FHOOV�� %ULWLVK� -RXUQDO� RI� +DHPDWRORJ\�
������������������

��� %RORGHRNX�� -��� .XãHF�� 5�� 3DUDWK\URLG� KRUPRQH
UHODWHG� SURWHLQ� �37+U3�� LQ� DFXWH� P\HORLG
OHXNDHPLD� FHOOV� >OHWWHU�� FRPPHQW@�� %ULWLVK� -RXUQDO
RI�+DHPDWRORJ\��������������������

��� %RUDQLü�� 0��� .ULåDQDF�%HQJH]�� /M��� *DEULORYDF�
-��� 0DURWWL�� 7��� %UHOMDN�� '�� (QNHSKDOLQV� LQ
KHPDWRSRLHVLV�� %LRPHGLFLQH� DQG
3KDUPDFRWKHUDS\������������������

��� %RXOWZRRG�� -��� )LGOHU� &��� .XãHF�� 5��� 5DFN�� .��
(OOLRWW��3�-���$WR\HEL��2���&KDSPDQ��5���2VFLHU��'�
*��� :DLQVFRDW�� -�� 6�� 7HORPHUH� OHQJWK� LQ
P\HORG\VSODVWLF� V\QGURPHV�� $PHULFDQ� -RXUQDO� RI
+HPDWRORJ\��������������������

��� *DJUR�� $��� 'DãLü�� *��� 6DELRQFHOOR�� $��� 5DEDWLü�
6��� 5HFN]HK�� %��� +DYHPDQQ�� .��� .DUGXP�� ,��
-DNãLü�� %��� 9LWDOH�� %�� 3KHQRW\SLF� DQDO\VLV� RI
UHFHSWRU�OLJDQG� SDLUV� RQ� %�FHOOV� LQ� %�FKURQLF
O\PSKRF\WLF� OHXNHPLD��/HXNHPLD�DQG�/\PSKRPD�
������������������

��� *UFH�� 0��� )XUþLü�� ,��� +UDãüDQ�� 5��� +XVQMDN�� .��
.UKHQ�� ,��� 0DUHNRYLü�� =��� =HOMNR�� ä��� 3DYHOLü�� .�
+XPDQ� SDSLOORPDYLUXVHV� DUH� QRW� DVVRFLDWHG� ZLWK
UHQDO�FDUFLQRPD��$QWLFDQFHU�5HVHDUFK����� ������
����������

���� *UFH�� 0��� +XVQMDN�� .��� 0DJGLü�� /��� ,OLMDã�� 0��
=ODþNL�� 0��� /HSXãLü�� '��� /XNDþ�� -��� +RGHN�� %��
*UL]HOM�� 9��� .XUMDN�� $��� .XVLü�� =��� 3DYHOLü�� .�
'HWHFWLRQ� DQG� W\SLQJ� RI� KXPDQ� SDSLOORPDYLUXVHV
E\�SRO\PHUDVH�FKDLQ� UHDFWLRQ� LQ� FHUYLFDO� VFUDSHV
RI� &URDWLDQ� ZRPHQ� ZLWK� DEQRUPDO� F\WRORJ\�
(XURSHDQ� -RXUQDO� RI� (SLGHPLRORJ\�� ��� ������
��������

���� +DEHUVWRFN�� +��� 0DURWWL�� 7�� 0HWKLRQLQH�
HQNHSKDOLQ� SULPHV� KXPDQ� QHXWURSKLOV� IRU
HQKDQFHG� VXSHUR[\GH� DQLRQ� SURGXFWLRQ�
,PPXQRSKDUPDFRORJ\� DQG� ,PPXQRWR[LFRORJ\�� ��
���������������



���

���� +HüLPRYLü��6��� %DULãLü�� ,���0XHOOHU�� $��� 3HWNRYLü�
,���%DULü��,���/LJXWLü��,���3DYHOLü��.��([SDQG�ORQJ�SFU
IRU� IUDJLOH�[�PXWDWLRQ�GHWHFWLRQ��&OLQLFDO�*HQHWLFV�
������������������

���� +HUDN� %RVQDU�� 0��� 3DYHOLü�� .��� +UDãüDQ�� 5��
=HOMNR�� ä��� .UKHQ�� ,��� 0DUHNRYLü�� =��� .ULåDQDF�� â��
3DYHOLü��-��/RVV�RI�KHWHUR]\JRVLW\�RI�WKH�QP0��+�
JHQH� LQ� KXPDQ� UHQDO� FHOO� FDUFLQRPDV�� -RXUQDO� RI
&DQFHU�5HVHDUFK�	�&OLQLFDO�2QFRORJ\������������
��������

���� +HUDN� %RVQDU�� 0��� 3DYHOLü�� .��� .ULåDQDF�� â��
6ORERGQMDN�� =��� 3DYHOLü�� -�� 6TXDPRXV� FHOO� OXQJ
FDUFLQRPDV���WKH�UROH�RI�QP���+��JHQH��-RXUQDO�RI
0ROHFXODU�0HGLFLQH��������������������

���� -DNãLü�� %��� %UXJLDWHOOL�� 0��� .UF�� ,��� /RVRQF]L�� +��
+RORZLHFNL�� -��� 3ODQLQF�3HUDLFD�� $��� .XãHF�� 5��
0RUDELWR�� )��� ,DFRSLQR�� 3��� /XW]�� '�� +LJK� GRVH
FKORUDPEXFLO� YHUVXV� %LQHW�V� PRGLILHG
F\FORSKRVSKDPLGH�� GR[RUXELFLQ�� YLQFULVWLQH�� DQG
SUHGQLVRQH� UHJLPHQ� LQ� WKH� WUHDWPHQW� RI� SDWLHQWV
ZLWK� DGYDQFHG� %�FHOO� FKURQLF� O\PSKRF\WLF
OHXNHPLD�� 5HVXOWV� RI� DQ� LQWHUQDWLRQDO� PXOWLFHQWHU
UDQGRPL]HG�WULDO��,QWHUQDWLRQDO�6RFLHW\�IRU�&KHPR�
,PPXQRWKHUDS\��9LHQQD��&DQFHU�����������������
�����

���� -XULQ�� 0��� äDUNRYLü�� 1��� %RURYLü�� 6��� .LVVHO�� '�
9LVFXP� DOEXP� /�� SUHSDUDWLRQ� ,VRUHO� PRGLILHV� WKH
LPPXQH�UHVSRQVH�LQ�QRUPDO�DQG�LQ�WXPRU�EHDULQJ
PLFH��$QWL�&DQFHU�'UXJV�������������������

���� .DSLWDQRYLü��6���5DGRãHYLü��6���.DSLWDQRYLü��0��
$Q HOLQRYLü�� â��� )HUHQþLü�� ä��� 7DYDVVROL�� 0��
3ULPRUDF��'���6RQLFNL��=���6SDYHQWL��â���3DYHOLü��.��
6SDYHQWL�� 5�� 7KH� H[SUHVVLRQ� RI� S����KHU���QHX�
FRUUHODWHV�ZLWK�WKH�VWDJH�RI�GLVHDVH�DQG�VXUYLYDO�LQ
FRORUHFWDO� FDQFHU�� *DVWURHQWHURORJ\�� ���� ������
����������

���� .UHX]HU��7���äDUNRYLü��1���*UXEH��5���6FKDXU��5�
-�� ,QKLELWLRQ� RI� +H/D� FHOO� SUROLIHUDWLRQ� E\� ��
K\GUR[\QRQHQDO� LV� DVVRFLDWHG� ZLWK� HQKDQFHG
H[SUHVVLRQ� RI� WKH� F�IRV� RQFRJHQH�� &DQFHU
%LRWKHUDS\� DQG�5DGLRSKDUPDFHXWLFDOV�� ��� ������
��������

���� .UXãOLQ��%���+UDãüDQ��5���0DQRMORYLü��6���3DYHOLü�
.��2QFRSURWHLQV�DQG�WXPRU�VXSSUHVVRU�SURWHLQV�LQ
FRQJHQLWDO� VDFURFRFF\JHDO� WHUDWRPDV�� 3HGLDWULF
3DWKRORJ\� 	� /DERUDWRU\� 0HGLFLQH�� ��� ������� ���
���

���� /HYDQDW�� 6��� &KLGDPEDUDP�� $��� :LFNLQJ�� &��
%UD\�:DUG�� 3��� 3UHVVPDQ�� &��� 7RIWJDUG�� 5��
*DLODQL��0��5���0\HUV��-��&���:DLQZULJKW��%���'HDQ�
0��� %DOH�� $�� (�� 3XOVHG�ILHOG� JHO� HOHFWURSKRUHVLV
DQG� ),6+� PDSSLQJ� RI� FKURPRVRPH� �T���
SODFHPHQW� RI� D� QRYHO� ]LQF� ILQJHU� JHQH� ZLWKLQ� WKH
1%&&6� DQG� (66�� UHJLRQ�� &\WRJHQWLF� &HOO
*HQHWLFV��������������������

���� 2VPDN��0���.DSLWDQRYLü��6���9UKRYHF��,���%HNHWLü�
2UHãNRYLü�� /��� -HUQHM�� %��� (OMXJD�� '��� 6NUN�� -�
&KDUDFWHUL]DWLRQ� RI� KXPDQ� EUHDVW
DGHQRFDUFLQRPD� 6.%5��� FHOOV� UHVLVWDQW� WR
GR[RUXELFLQ��1HRSODVPD��������������������

���� 3DYHOLü��.���+UDãüDQ��5���ýDEULMDQ��7���.ULåDQDF�
â���(OMXJD��'���3DYHOLü��/M���.DUDSDQGåD��1���.XVLü�
=��� 6SDYHQWL�� â��� 3DYHOLü�� -�� 3RLQW� PXWDWLRQ� RI
WXPRU� VXSSUHVVRU� JHQH� S��� LQ� WZR� KLJKO\
PDOLJQDQW� PHWDVWDWLF� LQVXOLQRPDV�
7XPRU'LDJQRVWLN�	�7KHUDSLH��������������������

���� 3RSRYLü�+DGåLMD��0���3ROMDN�%ODåL��0���3DYHOLü��.�
3UHVHQFH� RI� F�P\F� SURWHLQ� LQ� PXULQH� P\HORLG
OHXNDHPLD�FHOOV�GXULQJ�JURZWK�DQG�DIWHU�LUUDGLDWLRQ�
$QWLFDQFHU�5HVHDUFK����������������������

���� 6FKPLG��'���+HLQ]H��*���/LQQHUWK��%���7LVOMDU��.��
.XãHF�� 5���*HLVVOHU�� .��� 6LOODEHU�� &��� /DF]LND�� .��
0LWWHUEDXHU�� 0��� =RFKEDXHU�� 6��� 0DQQKDOWHU�� &��
+DDV�� 2�� $��� /HFKQHU�� .��� -DJHU�� 8��� *DLJHU�� $�
3URJQRVWLF� VLJQLILFDQFH� RI�:7�� JHQH� H[SUHVVLRQ
DW� GLDJQRVLV� LQ� DGXOW� GH� QRYR� DFXWH� P\HORLG
OHXNHPLD��/HXNHPLD��������������������

���� 6OLMHSþHYLü��0���.UDXV��/M��7KH�GLDEHWLF�PRXVH�DV
DQ� H[SHULPHQWDO� PRGHO� IRU� PHDVXULQJ� WKH� EORRG
JOXFRVH�ORZHULQJ� HIIHFWV� RI� SODQW� H[WUDFWHG� DQG
LQVXOLQ�SUHSDUDWLRQV��$FWD�WKHUDSHXWLFD����� ������
������

���� âYHUNR�� 9��� 0DURWWL�� 7��� 5RåLü�� %��� 5DEDWLü�� 6��
+UãDN�� ,�� ,QIOXHQFH� RI� PHWKLRQLQH�HQNHSKDOLQ� RQ
VWUHVV�LQGXFHG� SDUDPHWHUV�� ,QWHUQDWLRQDO� -RXUQDO
RI�,PPXQRSKDUPDFRORJ\����������������

���� äDUNRYLü�� 1��� äDUNRYLü�� .��� *UDQLFD�� 6��� .LVVHO�
'���-XULQ��0��7KH�9LVFXP�DOEXP�SUHSDUDWLRQ�,VRUHO
LQKLELWV� WKH� JURZWK� RI� PHODQRPD� %��)��� E\
LQIOXHQFLQJ� WKH� WXPRU� ±KRVW� UHODWLRQVKLS�� $QWL�
&DQFHU�'UXJV�������������������

.QMLJH�

��� 5HJXOD�� ,��� 6OLMHSþHYLü�� 0�� äLYRWQL� SURFHVL� �
0DWHNDOR�'UDJDQRYLü�� -�� �XU���� =DJUHE�� âNROVND
NQMLJD�������

��� âYHUNR�9�� %LRORJLMD�RG� PROHNXOH� GR� RUJDQL]PD�
8GåEHQLN� ]D� VWUXNRYQH� ãNROH� �� äGHULü�� '�� �XU���
=DJUHE��3URILO�,QWHUQDWLRQDO�������

5DGRYL�L�SRJODYOMD�X�NQMLJDPD�

��� $QWLFD��0��5D]YRM� OLPIRFLWD� X� NXOWXUDPD� IHWDOQLK
WLPXLVD�� 3URWRþQD� FLWRPHWULMD� X
NOLQLþNRODERUDWRULMVNRM�SUDNVL���6WDYOMHQLü�5XNDYLQD�
$��� %DWLQLü�� '��� %LOLü�=XOOH� /�� �XU���� =DJUHE�
0HGLFLQVNL� IDNXOWHW� 6YHXþLOLãWD� X� =DJUHEX� L� .%&�
������������

��� %RUDQLü�� 0��� *DPXOLQ�� 6�� 2QNRORJLMD�� ,QWHUQD
PHGLFLQD� �� 9UKRYDF�� %��� %DNUDQ�� ,��� *UDQLü�� 0��
-DNãLü��%����XU����=DJUHE��1DSULMHG���������������

��� *DOO�7URãHOM�� .��� 0ROHNXOVND� JHQHWLND� UDND
ãWLWQMDþH�� 8�� 6XYUHPHQD� GLMDJQRVWLND� L� WHUDSLMD
EROHVWL� ãWLWQMDþH� L� SDUDWLUHRLGHMH��� 'RGLJ�� '��
+DOEDXHU�� 0�� �XU���� =DJUHE�� 0HGLFLQVNL� IDNXOWHW
6YHXþLOLãWD� X� =DJUHEX� L� .OLQLþNL� ]DYRG� ]D
QXNOHDUQX� PHGLFLQX� L� ]DãWLWX� RG� ]UDþHQMD�� �����
������
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��� 6FKODJ��*���äDUNRYLü��.���5HGO��+���äDUNRYLü��1��
:DHJ�� *�� %UDLQ� GDPDJH� VHFRQGDU\� WR
KHPRUUKDJLF� VKRFN� LQ� EDERRQV�� 6KRFN�� 6HSVLV
DQG�2UJDQ�)DLOXUH� ��6FKODJ��*���5HGO��+���7UDEHU�
'�� /�� �XU���� +HLGHOEHUJ�� 6SULQJHU�9HUODJ�� ������ ��
���

��� 9LWDOH��%���9LWDOH��/M��0ROHNXOVND�ELRORJLMD��,QWHUQD

0HGLFLQD� �� 9UKRYDF�� %��� %DNUDQ�� ,��� *UDQLü�� 0�
-DNãLü��%���XU����=DJUHE��1DSULMHG��������������

��� :LOGEXUJHU�� 5��� äDUNRYLü�� 1��� %RURYLü�� 6��
äDUNRYLü�� .��� .HMOD�� =�� (QKDQFHG� RVWHRJHQHVLV�
6\VWHPLF� FRQVHTXHQFH� RI� WUDXPDWLF� EUDLQ� LQMXU\�
6KRFN�� 6HSVLV� DQG� 2UJDQ� )DLOXUH� �� 6FKODJ� *��
5HGO�+��� 7UDEHU�'�� /�� �XU����+HLGHOEHUJ��6SULQJHU�
9HUODJ����������������

��� äDUNRYLü��.���äDUNRYLü��1���6FKODJ��*���5HGO��+��
:DHJ�� *�� +LVWRORJLFDO� DVSHFWV� RI� VHSVLV�LQGXFHG
EUDLQ�FKDQJHV� LQ�D�EDERRQ�PRGHO��6KRFN��VHSVLV
DQG�RUJDQ� IDLOXUH� ��6FKODJ�*���5HGO�+���7UDEHU�'�
/�� �XU���� +HLGHOEHUJ�� 6SULQJHU�9HUODJ�� ������ ����
����

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� %MHJRYLü�� 0��� 6OLMHSþHYLü�� 0��� ,ãJXP�� 9�
6RPDWRVHQVRU\�HYRNHG�SRWHQWLDOV�LQ�H[SHULPHQWDO
URGHQWV� WUHDWHG� E\� PHWKDGRQH�� 3HULRGLFXP
ELRORJRUXP��������������������

��� %RUDQLü��0������6LPSR]LM�R�PROHNXODUQRM�ELRORJLML
KHPDWRSRH]H� L� OLMHþHQMX� OHXNHPLMD� L� OLPIRPD�
/LMHþQLþNL�YMHVQLN���������������������

��� %RUDQLü�� 0�� *HQHWLND� QHRSODVWLþNRJ� UDVWD�
3DHGLDWULD�&URDWLFD�������������������

��� ýDMDYHF�� 6��� 6DYLü�� *��� &L]HOM�� $��� %L LQ�� =��
3RNULü��%��7KH�SULPDU\�FKLFNHQ�YDFFLQDWLRQ�DJDLQVW
1HZFDVWOH� GLVHDVH� ZLWK� DQWLJHQLF� YLUXV� VXEXQLWV
SUHSDUHG� LQ� D� ZDWHU�LQ�RLO�LQ�ZDWHU� HPXOVLRQ�
3HULRGLFXP�ELRORJRUXP������������������

��� 'RNR�� 0��� -XULQ�� 0��� âYDUF�� $��� %RURYLü�� 6�
)RWRGLQDPVND� WHUDSLMD� X� OLMHþHQMX� EROHVQLND� V
WXPRURP�� %RUED� SURWLY� UDND�� ��� ������������ ���
���

��� 'RNR��0���âYDUF��$���-XULQ��0���%RURYLü��6���=RUF�
+�� ,QWUDRSHUDWLYH� SKRWRG\QDPLF� WKHUDS\
VXFFHVIXOO\� HOLPLQDWHV� ODUJH� WXPRU� LQ� PLFH�
3HULRGLFXP�ELRORJRUXP��������������������

��� 'RNR��0���âYDUF��$���-XULQ��0���%RURYLü��6���=RUF�
+�� 7KH� UROH� RI� OLJKW� LQWHQVLW\�� LUUDGLDWLRQ� WLPH� DQG
SKRWRDFWLYH� VXEVWDQFH� FRQFHQWUDWLRQ� LQ
SKRWRG\QDPLF� WKHUDS\� RI� WXPRUV� LQ� SUHFOLQLFDO
UHVHDUFK�� $FWD� 0HGLFD� &URDWLFD�� ��� ������� ����
����

��� -HåHN��'���%DQHN��/M���5RJDWVFK��+���.DSLWDQRYLü�
6��� +LWWPDLU�� $�� 7HVWLFXODU� PDFURSKDJHV� LQ� UDWV
WUHDWHG�ZLWK�KLJK�GRVHV�RI�WHVWRVWHURQH�HQDQWKDWH�
9HWHULQDUVNL�DUKLY��������������������

��� -XULQ��0��� äDUNRYLü�� 1��� %RURYLü�� 6��� +DUWOHE��0�
&KHPRWKHUDS\� DQG� VSOHHQ� SHSWLGHV
SUHSDUDWLRQ�63���� �3RO\HUJD�70�� LQ� WKH� WUHDWPHQW
RI� H[SHULPHQWDO� OXQJ� PHWDVWDVHV� RI� PDPPDU\
FDUFLQRPD� LQ�PLFH�� &URDWLDQ�0HGLFDO� -RXUQDO�� ��
���������������

���� .RQGåD�� .��� %HJRYLü�� '��� %RUDQLü�� 0�� $GYHUVH
HQYLURQPHQWDO� IDFWRUV� LQ� WKH�HWLRORJ\�RI� IUHH� IRUP
'RZQ� V\QGURPH�� 3DHGLDWULD� &URDWLFD�� ��� ������
��������

���� 0DUWLQ�.OHLQHU�� ,��� *DEULORYDF�� -�� ,QFUHDVH� RI
LQWUDFHOOXODU� F$03� OHYHOV� LQ� KXPDQ� SHULSKHUDO
EORRG�PRQRQXFOHDU�FHOOV�E\�0HW�HQNHSKDOLQ��$FWD
3KDUPDFHXWLFD�����������������

���� 2VPDN��0���$EUDPLü��0��� %UR]RYLü�� $��� +DGåLMD�
0��&HOO�UHVSRQVH�WR�ORZ�UHSHDWHG�GRVHV�RI�LRQLVLQJ
UDGLDWLRQ�� LQKLELWLRQ� RI� DSRSWRVLV� LQ� FLVSODWLQ
WUHDWHG� KXPDQ� FHOOV�� 3HULRGLFXP� %LRORJRUXP�� ��
���������������

���� 5XPRUD�� /��� +DGåLMD�� 0��� 3DSH�0HGYLGRYLü�� (��
3DYOLü�5HQDU�� ,��� 0HWHONR�� ä��� -XUHWLü�� '��
6OLMHSþHYLü�� 0�� 3URJUDPLUDQD� VPUW� %� VWDQLFD
/DQJHUKDQVRYLK� RWRþLüD� X� LQ]XOLQ�QHRYLVQRM
ãHüHUQRM�EROHVWL��%LRFKHPLD�0HGLFD���� ����������
���

���� 6OLMHSþHYLü�� 0��� .DOR HUD�� =��� +DGåLMD�� 0�
+\SRJO\FDHPLF� HIIHFW� RI� 3HODUJRQLXP� UDGXOD
�&DY��� /
+HULW�� $FWD� 3KDUPDFHXWLFD�� ��� ������
��������

���� 6WLSDQþLü�� ,��� äDUNRYLü�� 1�� 8þLQFL� R]OMHGH�
RSHUDFLMH� QD� IXQNFLMX� LPXQRORãNRJ� VXVWDYD�
/LMHþQLþNL�YMHVQLN���������������������
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3RND]DQR� MH� GD� MH� QDNRQ� SULPMHQH� SRMHGLQLK� OLMHNRYD� EU]LQD� VLQWH]H� ��+7��PMHUHQD� DXWRUDGLRJUDIVNRP
PHWRGRP�� UD]OLþLWD� X� UD]OLþLWLP� PRåGDQLP� UHJLMDPD�� 5H]HUSLQ� QH� PLMHQMD� VLQWH]X� � ��+7� X� MH]JUDPD
VHURWRQLQHUJLþQLK�QHXURQD��DOL� MH�SRYHüDYD�X�VHURWRQLQHUJLþQLP�åLYþDQLP�]DYãHFLPD��1HXURSVLKRIDUPDFL
NRML�GMHOXMX�SXWHP���+7��IOXRNVHWLQ��IOXYRNVDPLQ��IHQIOXUDPLQ��L�QRUDGUHQHUJLþQRJ��GHVLSUDPLQ��VXVWDYD�QH
XWMHþX� QD� UD]LQX� SOD]PDWVNRJD� VORERGQRJD� L� WRWDOQRJ� WULSWRIDQD�� PMHUHQRJD� +3/&� PHWRGRP�
.RQFHQWUDFLMD�WURPERFLWQRJ���+7�SRGOLMHåH�VH]RQVNLP�YDULMDFLMDPD�NRG�SRGWLSRYD�VKL]RIUHQLMH�L�GHSUHVLMH�
3RND]DOL�VPR�SRYLãHQX�UD]LQX�WURPERFLWQRJ���+7�X�QHVXLFLGDOQLK�GHSUHVLYQLK�EROHVQLND�SUHPD�RQLPD�NRML
VX�SRNXãDOL�VXLFLG��8WYU HQD�MH�YLãD�NRQFHQWUDFLMD�SOD]PDWVNRJ�NRUWL]ROD�X�GHSUHVLYQLK�EROHVQLND�QHJR�X
]GUDYLK� RVRED�� QHRYLVQR� R� VWXSQMX� SVLKRWLþQRVWL�� 8� SVLKRWLþQLK� MH� GHSUHVLYQLK� EROHVQLND� RSDåHQ� þHãüL
L]RVWDQDN� VXSUHVLMH� RVORED DQMD� NRUWL]ROD� QDNRQ� GHNVDPHWD]RQVNRJ� WHVWD� �'67�� QHJR� X� QHSVLKRWLþQLK
GHSUHVLYQLK�EROHVQLND��3URPLMHQMHQL�RGJRYRU�RVRYLQH�KLSRWDODPXV�KLSRIL]D�QDGEXEUHåQD�åOLMH]GD�QD�'67
RSDåHQ� MH� L� X� VKL]RIUHQLK� EROHVQLND�� L� WR� SRGMHGQDNR� X� RQLK� V� SR]LWLYQLP� NDR� L� X� RQLK� V� QHJDWLYQLP
VLPSWRPLPD�EROHVWL��ãWR�XSXüXMH�QD�]DNOMXþDN�GD�SRUHPHüHQL�'67�QLMH�VSHFLILþDQ�GLMDJQRVWLþNL�SRND]DWHOM
]D� GHSUHVLMX�� 3RND]DOL� VPR� GD� YHWHUDQL� GRPRYLQVNRJ� UDWD�� NRML� VX� SUHåLYMHOL� ]DUREOMDYDQMH� X� VUSVNLP
NRQFHQWUDFLMVNLP�ORJRULPD�WH�UD]YLOL�VLQGURP�SRVWWUDXPDWVNRJ�VWUHVQRJ�SRUHPHüDMD�� LPDMX�SURPLMHQMHQX



���

NRQFHQWUDFLMX� WURPERFLWQRJ� ��+7� SUHPD� RGJRYDUDMXüRM� ]GUDYRM� NRQWUROL�� 8YHGHQD� MH� PHWRGD� ]D
RGUH LYDQMH�YH]DQMD��+�SDURNVHWLQD�]D�PHPEUDQH�WURPERFLWD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�UHVHDUFK�KDV�EHHQ�IRFXVVHG�RQ�WKH�LQYHVWLJDWLRQ�RI�WKH�PHFKDQLVP�RI�DFWLRQ�QHXURSV\FKRDFWLYH
GUXJV�� SULPDULO\� WKRVH� DFWLQJ� YLD� *$%$� DQG� ��+7� QHXURWUDQVPLWWHU� V\VWHP�� RQ� WKH� HOXFLGDWLRQ� RI
IXQGDPHQWDO�IDFWV�DERXW�WKH�IXQFWLRQ�RI�*$%$HUJLF�DQG�VHURWRQLQHUJLF�QHXURQHV�DQG�WKHLU� LQWHUDFWLRQ
ZLWK�HQGRFULQH�V\VWHP��DQG�RQ� WKH�H[SODQDWLRQ�RI� WKH�HWKLRSDWKRJHQHVLV�RI�SV\FKLDWULF�GLVRUGHUV�DQG
SDWKRSK\VLRORJ\�RI�VWUHVV�
)XUWKHU�SKDUPDFRORJLFDO�FKDUDFWHULVDWLRQ�RI�D�UHFHQWO\�GHYHORSHG�VWDEOH�FHOO�OLQH�H[SUHVVLQJ�WKH�a�b�g�V
*$%$$�UHFHSWRU�VXEW\SH�KDV�EHHQ�FRQWLQXHG��,Q�RUGHU� WR�H[SORUH� WKH�SURSHUWLHV�RI�EHQ]RGLD]HSLQH�DQG
FRQYXOVDQW�ELQGLQJ�VLWHV�ZLWKLQ�WKH�UHFRPELQDQW�*$%$$�UHFHSWRU�FRPSOH[��WKH�ELQGLQJ�RI��+�IOXQLWUD]HSDP
DQG� �+�7%2%� WR� PHPEUDQHV� IURP� ���� KXPDQ� HPEU\RQLF� NLGQH\� �+(.�� FHOOV� VWDEO\� WUDQVIHFWHG� ZLWK
a�b�g�V�IRUP�RI�*$%$$�UHFHSWRU�KDV�EHHQ�VWXGLHG��*$%$�GHFUHDVHG�WKH�.G�IRU��+�IOXQLWUD]HSDP��ZKHUHDV
WKH� WRWDO� QXPEHU� RI� ELQGLQJ� VLWHV� UHPDLQHG� FRQVWDQW�� $V� H[SHFWHG�� GHSHQGHQW� XSRQ� FRQFHQWUDWLRQ�
WKLRSHQWDO�DQG�*$%$�HQKDQFHG�WKH�ELQGLQJ�RI��+�IOXQLWUD]HSDP��)OXPD]HQLO�DQG�FORQD]HSDP�KDYH�EHHQ
PRUH�SRWHQW� WKDQ� GLD]HSDP�� EXW� OHVV� SRWHQW� WKDQ� IOXQLWUD]HSDP� LQ� GLVSODFLQJ� �+�IOXQLWUD]HSDP�� 7%2%�
SLFURWR[LQ� DQG�*$%$� GLVSODFHG� �+�7%2%� ELQGLQJ� WR� WKH� VDPH�PHPEUDQH� SUHSDUDWLRQ� JLYLQJ� WKH� ,&��

YDOXHV� FRQVLGHUDEO\� ORZHU� WKDQ� WKLRSHQWDO� DQG� WKH� QHXURVWHURLG� GHK\GURHSLDQGURVWHURQH� VXOSKDWH�� 7KH
UHVXOWV� LQGLFDWH� WKDW� WKH�ELQGLQJ�VLWHV�ZLWKLQ� WKH�UHFRPELQDQW�a�b�g�V�VXEW\SH�RI�*$%$$� UHFHSWRUV�VWDEO\
H[SUHVVHG�LQ�+(.�����FHOOV�DUH�IXQFWLRQDOO\�FRXSOHG�DQG�WKDW�WKH�UHFHSWRU�GLVSOD\V�WKH�H[SHFWHG�OLJDQG
DIILQLWLHV��$OO�VWHSV�QHFHVVDU\�WR�VWDUW�ZLWK�WUDQVLHQW�WUDQVIHFWLRQV�RI�+(.�����FHOOV�DQG�H[SUHVVLRQ�RI�QHZ
VXEW\SHV�RI�UHFRPELQDQW�*$%$$�UHFHSWRUV�FRPSULVLQJ�GLIIHUHQW�FRPELQDWLRQV�RI�KXPDQ�RU�UDW�a��b�DQG�g
VXEXQLWV�KDYH�EHHQ�SHUIRUPHG��,W�KDV�EHHQ�REVHUYHG�WKDW�WKH�DQLPDOV�VXEMHFWHG�WR�VWUHVV�DIWHU�FRPELQHG
DGUHQDOHFWRP\� DQG� JRQDGHFWRP\� GLVSOD\� VH[� GLIIHUHQFHV� LQ� WKH� UHVSRQVH� RI� *$%$� V\VWHP� WR� GUXJV
DIIHFWLQJ�*$%$HUJLF�WUDQVPLVVLRQ��ZKHUHDV�WKH�VH[�GLIIHUHQFHV�DUH�ODFNLQJ�LQ�LGHQWLFDOO\�WUHDWHG�DQLPDOV
QRW�VXEMHFWHG�WR�VWUHVV�
,W�KDV�EHHQ�VKRZQ�WKDW�WUHDWPHQW�ZLWK�YDULRXV�SV\FKRWURSLF�GUXJV�DIIHFWV�GLIIHUHQWO\�WKH�UDWH�RI�VHURWRQLQ
V\QWKHVLV��PHDVXUHG�E\�DQ�DXWRUDGLRJUDSKLF�PHWKRG��LQ�GLVFUHWH�UHJLRQV�RI�WKH�UDW�EUDLQ��5HVHUSLQH�KDV
LQFUHDVHG�WKH�VHURWRQLQ�V\QWKHVLV�UDWH�LQ�WKH�VHURWRQLQHUJLF�QHUYH�WHUPLQDOV�DQG�KDV�QRW�DIIHFWHG�LW�LQ�WKH
VHURWRQLQHUJLF� FHOO� ERGLHV�� 1HXURSV\FKRWURSLF� GUXJV�� ZKLFK� DFW� WKURXJK� ��+7� �IOXR[HWLQH�� IOXYR[DPLQH�
IHQIOXUDPLQH��RU�QRUDGUHQHUJLF��GHVLSUDPLQH��QHXURWUDQVPLWWHU�V\VWHP��GR�QRW�DIIHFW�UDW�SODVPD�IUHH�DQG
WRWDO�WU\SWRSKDQ�FRQFHQWUDWLRQV�GHWHUPLQHG�E\�WKH�+3/&�PHWKRG��7KH�VHDVRQDO�YDULDWLRQV�LQ�SODWHOHW���+7
FRQFHQWUDWLRQ�LQ�VXEW\SHV�RI�GHSUHVVLRQ�DQG�VFKL]RSKUHQLD�KDYH�EHHQ�IRXQG��3ODWHOHW���+7�FRQFHQWUDWLRQ
KDV�EHHQ�KLJKHU�LQ�GHSUHVVHG�SDWLHQWV�ZLWK�QR�VXLFLGDO�EHKDYLRXU�WKDQ�LQ�WKRVH�ZKR�DWWHPSWHG�VXLFLGH��,W
KDV�EHHQ�IRXQG�WKDW�SODVPD�FRUWLVRO� OHYHO�KDV�EHHQ�KLJKHU� LQ�GHSUHVVHG� �SV\FKRWLF�DQG�QRQ�SV\FKRWLF�
SDWLHQWV�WKDQ�LQ�KHDOWK\�FRQWUROV��3V\FKRWLF�GHSUHVVHG�SDWLHQWV�KDYH�KDG�PRUH�IUHTXHQW�DEQRUPDO�HVFDSH
RI� SODVPD� FRUWLVRO� VXSSUHVVLRQ� DIWHU� GH[DPHWKDVRQH� VXSSUHVVLRQ� WHVW� �'67�� WKDQ� QRQ�SV\FKRWLF
GHSUHVVHG� SDWLHQWV�� $Q� DEQRUPDO� K\SRWKDODPLF�SLWXLWDU\�DGUHQDO� D[LV� UHVSRQVH� WR� '67� KDV� EHHQ� DOVR
IRXQG� LQ� VFKL]RSKUHQLF� SDWLHQWV� ZLWK� SUHGRPLQDQWO\� SRVLWLYH� DV� ZHOO� DV� LQ� SDWLHQWV� ZLWK� SUHGRPLQDQWO\
QHJDWLYH�V\PSWRPV�� LQGLFDWLQJ� WKDW�'67� LV�QRW�D�VSHFLILF�ELRORJLFDO�PDUNHU� IRU�GHSUHVVLRQ�� ,W� KDV�EHHQ
GHPRQVWUDWHG� WKDW�&URDWLDQ�FRPEDW�YHWHUDQV��ZKR�KDYH� VXUYLYHG� WKH� FDSWXUH� LQ�6HUELDQ� FRQFHQWUDWLRQ
FDPSV� DQG� WKHUHDIWHU� GHYHORSHG� SRVW�WUDXPDWLF� VWUHVV� GLVRUGHU�� KDYH� DQ� DOWHUHG� SODWHOHW� ��+7
FRQFHQWUDWLRQ�LI�FRPSDUHG�WR�WKH�KHDOWK\�PDWFKHG�FRQWURO��7KH�PHWKRG�IRU��+�SDUR[HWLQH�ELQGLQJ�IRU�WKH
SODWHOHW�PHPEUDQHV�ZDV�LQWURGXFHG�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� %XMDV��0��� 3HULþLü�� '��� -D]YLQãüDN��0�� ,QIOXHQFH
RI� JHQGHU� DQG� JRQDGHFWRP\� RQ� ELFXFXOOLQH�
LQGXFHG� FRQYXOVLRQV� DQG� RQ� *$%$B$� UHFHSWRUV�
%UDLQ�5HVHDUFK�%XOOHWLQ��������������������

��� %XMDV�� 0��� 7YUGHLü�� $��� 3HULþLü�� '�� 5HJLRQDO
GLIIHUHQFHV� LQ� 1D&O�LQGXFHG� LQFUHDVH� RI� WKH
SRWHQF\� RI� ELFXFXOOLQH� WR� GLVSODFH� �+�PXVFLPRO

ELQGLQJ�� 1HXURFKHPLVWU\� ,QWHUQDWLRQDO�� ��� ������
��������

��� -DNRYOMHYLü�� 0��� 0�FN�âHOHU�� '��� 3LYDF�� 1��
/MXELþLü�� ��� %XMDV�� 0��� 'RGLJ�� *�� 6HDVRQDO
LQIOXHQFH� RQ� SODWHOHW� ��+7� OHYHOV� LQ� SDWLHQWV� ZLWK
UHFFXUHQW� PDMRU� GHSUHVVLRQ� DQG� VFKL]RSKUHQLD�
%LRORJLFDO�3V\FKLDWU\����������������������

��� 0�FN�âHOHU�� '��� 'LNVLF�� 0�� 6HURWRQLQ� V\QWKHVLV
LQFUHDVHG� LQ� WHUPLQDOV� IRXU� GD\V� DIWHU� UHVHUSLQH
WUHDWPHQW�� $Q� DXWRUDGLRJUDSKLF� VWXG\� LQ� WKH� UDW
EUDLQ��1HXURFKHPLFDO�5HVHDUFK������������������



���

��� 3HULþLü�� '��� %XMDV�� 0�� 6H[� GLIIHUHQFHV� LQ
ELFXFXOOLQH�LQGXFHG� FRQYXOVLRQV�LQWHUDFWLRQ� ZLWK
VWUHVV� DQG� OLJDQGV� RI� EHQ]RGLD]HSLQH� ELQGLQJ
VLWHV��%UDLQ�5HVHDUFK���������������������



���

��� 3HULþLü�� '��� %XMDV�� 0�� 6H[� GLIIHUHQFHV� LQ� WKH
UHVSRQVH� WR� *$%$� DQWDJRQLVWV� GHSHQG� RQ� WKH
URXWH� RI� GUXJ� DGPLQLVWUDWLRQ�� ([SHULPHQWDO� %UDLQ
5HVHDUFK���������������������

��� 3LYDF�� 1��� -DNRYOMHYLü�� 0��� 0�FN�âHOHU�� '��
%U]RYLü�� =�� +\SRWKDODPLF�SLWXLWDU\�DGUHQDO� D[LV
IXQFWLRQ� DQG� SODWHOHW� VHURWRQLQ� FRQFHQWUDWLRQV� LQ
GHSUHVVHG� SDWLHQWV�� 3V\FKLDWU\� 5HVHDUFK�� ��
���������������

��� 3LYDF�� 1��� 0�FN�âHOHU�� '��� -DNRYOMHYLü�� 0�
3ODWHOHW� ��+7� OHYHOV� DQG� K\SRWKDODPLF�SLWXLWDU\�
DGUHQDO�D[LV�DFWLYLW\�LQ�VFKL]RSKUHQLF�SDWLHQWV�ZLWK
SRVLWLYH� DQG� QHJDWLYH� V\PSWRPV�
1HXURSV\FKRELRORJ\������������������

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� %MHJRYLü�� 0��� 6OLMHSþHYLü�� 0��� ,ãJXP�� 9�
6RPDWRVHQVRU\�HYRNHG�SRWHQWLDOV�LQ�H[SHULPHQWDO
URGHQWV� WUHDWHG� E\� PHWKDGRQH�� 3HULRGLFXP
ELRORJRUXP��������������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

3ULMHQRV�åLYþDQLK�LQIRUPDFLMD
9RGLWHOM�NROHJLMD���3HULþLü��'�
3RVOLMHGLSORPVNL� VWXGLML� L]� ELRPHGLFLQH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�
JRG���������

1HXURLPXQRORJLMD��YRGLWHOM�NROHJLMD��%RUDQLü��0��
3UHGDYDþL��0�FN�âHOHU��'���3LYDF��1�
3RVOLMHGLSORPVNL� VWXGLML� L]� ELRPHGLFLQH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
����������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

%XMDV�� 0��� 'HSDUWPHQW� RI� 3KDUPDFRORJ\�� )DFXOW\� RI
0HGLFLQH�� 'DOKRXVLH� 8QLYHUVLW\�� +DOLID[�� 1RYD
6FRWLD�� .DQDGD�� ������������������� 8VDYUãDYDQMH
L]�PROHNXODUQH�QHXURIDUPDNRORJLMH�

3LYDF�� 1��� 0F*LOO� 8QLYHUVLW\�� 0RQWUHDO� 1HXURORJLFDO
,QVWLWXWH��&RQH�/DERUDWRU\��0RQWUHDO��4XHEHF��+�$
�%��� &DQDGD�� ������������������
$XWRUDGLRDJUDIVNR� RGUH LYDQMH� EU]LQH� VLQWH]H
VHURWRQLQD� X� UD]OLþLWLP� UHJLMDPD� ãWDNRUVNRJ�PR]JD
QDNRQ�SULPMHQH�SVLKRIDUPDND�

6WXGLMVNL� ERUDYFL� X� RNYLUX�PH XQDURGQH
VXUDGQMH�

0�FN�âHOHU�� '��� 0F*LOO� 8QLYHUVLW\�� 0RQWUHDO
1HXURORJLFDO� ,QVWLWXWH�� &RQH� /DERUDWRU\�� 0RQWUHDO�
4XHEHF�� +�$� �%��� .DQDGD�� ������������������
'MHORYDQMH� QHXURSVLKRIDUPDND� QD� NLQHWLþNH
SDUDPHWUH� VHURWRQLQVNLK� UHFHSWRUD� RGUH HQLK
DXWRUDGLRJUDIVNRP�PHWRGRP

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

6(&21'� &52$7,$1� &21*5(66� 2)
3+$50$&2/2*<� :,7+� ,17(51$7,21$/
3$57,&,3$7,21
5LMHND��+UYDWVND�����������������
3ULOR]L�
��� %MHJRYLü�� 0��� 6OLMHSþHYLü�� 0��� ,ãJXP�� 9��

6RPDWRVHQVRU\� HYRNHG� SRWHQWLDOV� LQ� H[SHULPHQWDO
URGHQWV�WUHDWHG�E\�PHWKDGRQH��SRVWHU

��� %XMDV��0���3HULþLü��'���-D]YLQãüDN��0���,QIOXHQFH�RI
JHQGHU� DQG� JRQDGHFWRP\� RQ� ELFXFXOOLQH�LQGXFHG
FRQYXOVLRQV�DQG�RQ�*$%$�$�UHFHSWRUV��SRVWHU

��� 'LNãLü��0���0�FN�âHOHU��'��� 7KH�0'0$� LQIOXHQFH
RQ� WKH� EUDLQ� VHURWRQLQ� V\QWKHVLV� LQ� UDW� DQG� GRJ
EUDLQV��SRVWHU

��� -D]YLQãüDN�� 0��� 0LUNRYLü�� .��� 3HULþLü�� '��
3KDUPDFRORJLFDO�SURSHUWLHV�RI�UHFRPELQDQW�DOSKD��
EHWD���JDPPD��V�IRUP�RI�WKH�UDW�*$%$�$�UHFHSWRU�
SRVWHU

��� 0�FN�âHOHU�� '��� 'LNãLü�� 0��� $FXWH� HIIHFWV� RI
PRQRDPLQH� R[LGDVH� LQKLELWRUV� RQ� WKH� ��+7
V\QWKHVLV�UDWH�LQ�WKH�UDW�EUDLQ��$Q�DXWRUDGLRJUDSKLF
VWXG\��SRVWHU

��� 3HULþLü��'���%XMDV��0���0LUNRYLü��.���-D]YLQãüDN��0��
7KH� UROH�RI�VWHURLG�KRUPRQHV� LQ� WKH�DQWLFRQYXOVLYH
HIIHFW�RI�VWUHVV��SRVWHU



���

=$92'�=$�,675$ä,9$1-(�025$
&(17(5�)25�0$5,1(�5(6($5&+
GU��VF��1HQDG�6PRGODND��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD

/DERUDWRULM�]D�HNRORJLMX�L�VLVWHPDWLNX��GU��VF��'XãDQ�=DYRGQLN��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�SURFHVH�X�HNRVXVWDYX�PRUD��GU��VF��'DQLOR�'HJREELV��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�PRUVNX�PROHNXODUQX�WRNVLNRORJLMX��GU��VF��5HQDWR�%DWHO��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�HNRWRNVLNRORJLMX��GU��VF��0LUMDQD�2]UHWLü��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�HNRIL]LRORJLMX�L�WRNVLNRORJLMX��GU��VF��ýHGRPLO�/XFX��YRGLWHOM�ODERUDWRULMD

7DMQLãWYR��$OHPND�+UHOMD�3RNUDMDF

3ORYQH�MHGLQLFH��5XGROI�0DULü��YRGLWHOM�,ý��%XULQ��L�]DSRYMHGQLN�,%��9LOD�9HOHELWD�

$NYDULM��'UDJRVODY�7XUNRYLü

6OXåED�RGUåDYDQMD

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

,675$ä,9$1-(�352&(6$�,�(.2/2â.,+�2'126$�8
-$'5$18

5(6($5&+�2)�352&(66(6�$1'�(&2/2*,&$/
5(/$7,216+,36�,1�7+(�$'5,$7,&
'LUHNWRU�SURJUDPD��GU��VF��'XãDQ�=DYRGQLN

7HPH�X�VDVWDYX�SURJUDPD�
=DMHGQLFH�PRUVNRJ�GQD�WHULWRULMDOQRJ�PRUD�+UYDWVNH��GU��VF��1HYHQND�=DYRGQLN��YRGLWHOMLFD
WHPH

%LRORãND�UD]QROLNRVW�RGDEUDQLK�SRGUXþMD�-DGUDQVNRJ�PRUD��GU��VF��'XãDQ�=DYRGQLN��YRGLWHOM
WHPH

0HKDQL]DP�GXJRURþQLK�SURPMHQD�X�VMHYHUQRP�-DGUDQX��GU��VF��'DQLOR�'HJREELV��YRGLWHOM
WHPH

3URFHVL�VWYDUDQMD�L�SUHWYRUEH�RUJDQVNH�WYDUL�X�-DGUDQX��GU��VF��1HQDG�6PRGODND��YRGLWHOM
WHPH

6DWHOLWVND�GHWHNFLMD�L�PDWHPDWLþNR�PRGHOLUDQMH�-DGUDQD��GU��VF��0LOLYRM��YRGLWHOM�WHPH

3URJUDPLUDQH�ELRVLQWH]H�L�JHQRWRNVLþQL�UL]LN��GU��VF��5HQDWR�%DWHO��YRGLWHOM�WHPH

7RNVLþQRVW�L�ELRNHPLMVNL�RGJRYRU�RUJDQL]DPD�QD�]DJD HQMH��GU��VF��0LUMDQD�2]UHWLü�
YRGLWHOMLFD�WHPH

(NRIL]LRORãND�LVWUDåLYDQMD�L�WUDQVSRUWQL�PHKDQL]PL�PHWDOD��GU��VF��ýHGRPLO�/XFX��YRGLWHOM�WHPH

3URJUDP�UDGD�

2SüL� FLOM� SURJUDPD� MH� GREUR� SR]QDYDQMH� -DGUDQVNRJ� PRUD� LPDMXüL� X� YLGX� SRWUHEH� JRVSRGDUVWYD
5HSXEOLNH�+UYDWVNH�L�RþXYDQMH�RNROLãD��3UHGXYMHW�]D�XWYU LYDQMH�VWDQMD�L�WUHQGRYD�SURPMHQD�XYMHWRYDQLK
SULURGQLP� L� DQWURSRJHQLP�þLPEHQLFLPD� MH� SR]QDYDQMH� WHPHOMQLK� ]DNRQLWRVWL�PH XRGQRVD� L� SURFHVD� X
HNRVXVWDYLPD� L� PRUVNLP� RUJDQL]PLPD�� 6WRJD� VH� SUHGYL DMX� VORåHQD� WHUHQVND� L� ODERUDWRULMVND
LVWUDåLYDQMD� XVPMHUHQD�QD�� D�� XWYU LYDQMH� IL]LNDOQLK�� NHPLMVNLK� L� ELRORãNLK� ]QDþDMNL� -DGUDQVNRJ�PRUD� L
SRMHGLQLK�QMHJRYLK�GLMHORYD��E�� VWXGLM� L� SUDüHQMH� GLQDPLNH�SHODJLþNRJ�HNRVXVWDYD�� SRVHEQR� VMHYHUQRJ



���

-DGUDQD�� F�� RVQRYQH� VWXGLMH� EHQWRVNLK� HNRVXVWDYD� L� XWYU LYDQMH� ELRORãNH� UD]QROLNRVWL�� G��PH XVREQH
RYLVQRVWL�SHODJLþNLK� L�EHQWRVNLK�HNRVXVWDYD�V�SRVHEQLP�RVYUWRP�QD��FYMHWDQMH�PRUD���H��SURXþDYDQMH
]DJD LYDOD� L�PHKDQL]DPD� QMLKRYRJ� GMHORYDQMD� QD� UD]LQL� '1$�� HQ]LPD� L� GUXJLK� ELRNHPLMVNLK� ]QDþDMNL
RUJDQL]DPD�� I�� ELRNHPLMVND� L� IL]LRORãND� LVWUDåLYDQMD� PRUVNLK� RUJDQL]DPD� X]� UD]YRM� PHWRGD� ]D
XWYU LYDQMH�WRNVLNRORãNRJ�VWUHVD��J��VWXGLM�SULMHQRVD�RVPROLWD�L�WRNVLþQLK�PHWDOD�X�PRUVNLK�RUJDQL]DPD�
K��SURQDODåHQMH�PMHUD�SULKYDWOMLYRJ�JRVSRGDUHQMD�L�]DãWLWH�RGDEUDQLK�SRGUXþMD�L�RUJDQL]DPD�-DGUDQVNRJ
PRUD��L��L]REUD]ED�PODGLK�VWUXþQMDND�

5HVHDUFK�SURJUDPPH�

7KH�JHQHUDO� VFRSH�RI� WKH�SURJUDPPH� LV� WR� SURYLGH�EHWWHU� NQRZOHGJH�RI� WKH�$GULDWLF�6HD� WDNLQJ� LQWR
DFFRXQW� WKH�HFRQRPLFDO�GHPDQGV�RI� WKH�5HSXEOLF� RI�&URDWLD� DV�ZHOO� DV� HQYLURQPHQWDO� SURWHFWLRQ��$
SUHUHTXLVLWH� IRU� WKH� GHWHUPLQDWLRQ� RI� VWDWH� DQG� WUHQGV� LQ� FKDQJHV� FRQGLWLRQHG� E\� QDWXUDO� DQG
DQWKURSRJHQLF�IDFWRUV�LV�WKH�NQRZOHGJH�RI�EDVLF�FRUUHODWLRQV�DQG�SURFHVVHV�LQ�HFRV\VWHPV�DQG�PDULQH
RUJDQLVPV�� 7KHUHIRUH�� FRPSOH[� ILHOG� VWXG\� DQG� ODERUDWRU\� UHVHDUFK� DUH� IRFXVVHG� RQ� WKH�� D�
GHWHUPLQDWLRQ�RI�SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�$GULDWLF�6HD�DQG�LWV�SDUWLFXODU
DUHDV�� E�� IXQGDPHQWDO� VWXG\� DQG�PRQLWRULQJ� RI� WKH� SHODJLF� HFRV\VWHP� G\QDPLFV�� SDUWLFXODUO\� LQ� WKH
QRUWKHUQ� $GULDWLF�� F�� EDVLF� VWXGLHV� RI� EHQWKLF� HFRV\VWHPV� DQG� ELRGLYHUVLW\� GHWHUPLQDWLRQ�� G�
LQWHUGHSHQGHQFH�RI�SHODJLF�DQG�EHQWKLF�HFRV\VWHPV�ZLWK�VSHFLDO�UHJDUG�WR�³VHD�EORRPLQJ´��H��VWXG\�RI
SROOXWDQWV�DQG�DFWLYLW\�PHFKDQLVPV�DW�'1$��HQ]\PH�DQG�RWKHU�ELRFKHPLFDOO\�FKDUDFWHULVWLF�RUJDQLVP
OHYHOV��I��ELRFKHPLFDO�DQG�SK\VLRORJLFDO�UHVHDUFK�RI�PDULQH�RUJDQLVPV�DQG�GHYHORSPHQW�RI�PHWKRGV�IRU
WKH� GHWHUPLQDWLRQ� RI� WR[LFRORJLFDO� VWUHVV�� J�� VWXG\� RI� RVPRO\WH� DQG� WR[LF�PHWDOV� WUDQVSRUW� LQ�PDULQH
RUJDQLVPV��K��HIIRUWV�LQ�DQ�DFFHSWDEOH�PDQDJHPHQW�DQG�SURWHFWLRQ�RI�WKH�$GULDWLF�VHOHFWHG�DUHDV�DQG
RUJDQLVPV��L��HGXFDWLRQ�LQ�PDULQH�VFLHQFHV�

ä,9271(�=$-('1,&(�0256.2*�'1$�26-(7/-,9,+�,�8*52ä(1,+
32'58ý-$�7(5,725,-$/12*�025$�+59$76.(
%(17+,&�&20081,7,(6�2)�6(16,7,9(�$1'�0(1$&('�$5($6�,1
7+(�&52$7,$1�7(55,725,$/�6($
9RGLWHOMLFD�WHPH��GU��VF��1HYHQND�=DYRGQLN

6XUDGQLFL�QD�WHPL�

0LUMDQD�+UV�%UHQNR��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
/MXELPND�,JLü��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
äHOMND�/DEXUD��PDJLVWUD�YHW���DVLVWHQWLFD
$QD�7UDYL]L��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
1HYHQND�=DYRGQLN��GRNWRULFD�ELRO��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
9HVQD�äHUMDY��GLSO��LQå��ELRORJLMH��POD D�DVLVWHQWLFD��GR�������������

7HKQLþND�VXUDGQLFD�

5RVHOOD�6DQNRYLü��YLãD�WHKQLþDUND

3URJUDP�UDGD�L�UH]XOWDWL�

3UDüHQMHP�SURPMHQD�X�SRSXODFLMDPD�SRMHGLQLK�YUVWD�GRELR�VH�XYLG�X�PHKDQL]PH�RGJRYRUD�QD�XYMHWH
HNRORãNRJ�VWUHVD��2EQRYD�QDVHOMD�VPH LK�DOJD�URGD�&\VWRVHLUD�SULPMHüHQD�X�������JRGLQL�QDVWDYLOD�VH
L�PRåGD�QDJRYMHãüXMH� WUHQG�SURPMHQD�X�HNRVXVWDYLPD�VMHYHUQRJ�-DGUDQD��1DPHüH�VH�]DNOMXþDN��GD
SUHWSRVWDYNH� R� QMLKRYRP� QHVWDQNX� WLMHNRP� ]DGQMLK� WULGHVHWDN� JRGLQD� XVOMHG� XUEDQR�LQGXVWULMVNRJ
]DJD HQMD��PRåGD� QLVX� WRþQH�� 7URSVND� DOJD�&DXOHUSD� WD[LIROLD� L� GDOMH� VH� ãLUL� QH]DXVWDYOMLYR� GRVLåXüL
PMHVWLPLþQR�SRNURYQRVW�QD�PRUVNRP�GQX�SUHNR���KD��RWRN�.UN��0DOLQVND���6WXGLMHP�RVQRYQLK�]QDþDMNL
åLYRWQLK� ]DMHGQLFD� PRUVNRJ� GQD� XWYU HQR� MH� QXOWR� VWDQMH� HNRVXVWDYD� X� L]DEUDQLP� SRGUXþMLPD
-DGUDQVNRJ�PRUD�� 1D� SRGUXþMX� 1DFLRQDOQRJ� SDUND� .RUQDWL� L� MXåQRJ� GLMHOD� 'XJRJ� RWRND� XWYU HQR� MH
SULVXVWYR���� YUVWH� ãNROMNDãD��8� DNYDWRULMX� RWRþQH� VNXSLQH�3UYLü��*UJXU��*ROL�� WH� MXåQRJ� GLMHOD�6LOEH� L
*UHEHQD�QD HQH�VX�EURMQH�åLYRWQH�]DMHGQLFH�UDVSURVWUDQMHQH�L�X�GUXJLP�GLMHORYLPD�VMHYHUQRJ�-DGUDQD�
%RJDWVWYRP�QDVHOMD� L� UDVSURVWUDQMHQMD� LVWLüX�VH� OLYDGH�PRUVNLK�FYMHWQLFD�YRJH� �3RVLGRQLD�RFHDQLFD�� L
UHVH� �&\PRGRFHD� QRGRVD��� X� JRUQMHP� LQIUDOLWRUDOX� KULGLQDVWH� REDOH� QDVHOMD� URGD� &\VWRVHLUD�� D� QD



���

OLWLFDPD� GREUR� MH� UD]YLMHQ� NRUDOLJHQ�� 6WDQMH� ]DMHGQLFD� XSXüXMH� QD� RSüHQLWX� þLVWRüX� PRUD�� 8
VMHYHURLVWRþQRP�GLMHOX�1DFLRQDOQRJ�SDUND�0OMHW�QD HQ�MH�NRUDOLJHQ�QD�RNRPLWLP�OLWLFDPD�YDQMVNRJ�QL]D
RWRND� WH� SURVWUDQH� OLYDGH� PRUVNLK� FYMHWQLFD� X� NDQDOVNRP� GLMHOX�� 5RQMHQMHP� QD� GHVHWDN� SRVWDMD� X
9HOLNRP�MH]HUX�QD HQD�VX�QDVHOMD�]DNRQRP�]DãWLþHQH�SHULVNH��3LQQD�QRELOLV���D�RWNULYHQL�VX�L�JUHEHQL
NDPHQRJ�NRUDOMD��&ODGRFRUD�FHVSLWRVD����MHGLQVWYHQL�QD�-DGUDQX��8WYU HQR�MH�QXOWR�VWDQMH�PHLRIDXQH�X
POMHWVNLP� MH]HULPD�� 8� GXEOMLP� GLMHORYLPD� 9HOLNRJ� MH]HUD� XRþHQL� VX� ]QDNRYL� SRUHPHüDMD� HNRORãNH
UDYQRWHåH� XYMHWRYDQL� SRYUHPHQLP� QHVWDãLFDPD� NLVLND�� 7ZLQ�IORZ� UHVSLURPHWURP� LVWUDåLYDQR� MH
SRQDãDQMH� ãNROMNDãD�&RUEXOD� JLEED� X� ODERUDWRULMVNLP� XYMHWLPD� D� UH]XOWLUDOR� MH� RWNULüHP� SRMDYH� GXJD
NLVLND� X� WH� YUVWH� NRMD� X� XYMHWLPD� GXERNH� KLSRNVLMH� L� DQRNVLMH� X� RNROLãX� SUHOD]L� VWYDUDQMHP� ODNWDWD� X
WNLYLPD�QD�DQDHUREQL�PHWDEROL]DP��6WUXNWXUD�PHLR��L�QHPDWRIDXQH�VHGLPHQDWD�QD�SRGUXþMX�XJURåHQRP
SUHNRPMHUQLP� FYDWRP� ILWRSODQNWRQD� L� SRMDYRP� VOX]DYLK� DJUHJDWD� NUHWDOD� VH� X� JUDQLFDPD� QRUPDOH�
8WYU HQR�MH��GD�VX�FLNOLþNH�SURPMHQH�ID]D�VSROQH�DNWLYQRVWL�L�VSROQRJ�PLURYDQMD�X�YH]L�V�NYDQWLWDWLYQR�
NYDOLWDWLYQLP�SURPMHQDQD�PHNRJ� WNLYD�&KODP\V�RSHUFXODULV�NDR� L�V�SURPMHQDPD�VUHGLQH�X�NRMRM�åLYH�
5HQGJHQVNRP�GLIUDNFLMRP�L�VSHNWURVNRSVNLP��(65��DQDOL]DPD�XWYU HQH�VX�UD]OLNH�X�VDGUåDMX�NDOFLWD�L
DUDJRQLWD� X� VHGHIDVWRP� VORMX� UXåLþDVWLK� L� QRUPDOQLK� OMXãWXUD� GDJQML� 0\WLOXV� JDOORSURYLQFLDOLV�� þLMD� MH
SRMDYD�PRåGD�X�VYH]L�VD�VWUHVQLP�VWDQMHP�X�RNROLãX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

0RQLWRULQJ�RI�FRDVWDO�VHD�ZHHG�DVVRFLDWLRQV�KDV�UHYHDOHG�D�FRQWLQXHG�UHQHZDO�SURFHVV�RI�&\VWRVHLUD
VHWWOHPHQWV�� 7KH� SKHQRPHQRQ� LV� OLQNHG� SHUKDSV� WR� JHQHUDO� WUHQGV� LQ� WKH� QRUWKHUQ� $GULDWLF� 6HD
HFRV\VWHP� DOWHUDWLRQV�� )XUWKHU� LQFUHDVH� LQ� WKH� GLVWULEXWLRQ� SDWWHUQ� RI� WKH� WURSLF� LQYDGHU� &DXOHUSD
WD[LIROLD�LQ�WKH�0DOLQVND�SRUW��.UN�LVODQG��ZDV�UHJLVWHUHG��:LWK�DQ�DLP�WR�HVWDEOLVK�DQ�DFWXDO��L�H��]HUR�
VWDWH�RI�PDULQH�HQYLURQPHQW��EHQWKLF�FRPPXQLWLHV�KDYH�EHHQ�VXUYH\HG�LQ�WKH�VHOHFWHG�$GULDWLF�DUHDV�
7KXV�� LQ�WKH�DTXDWRULXP�RI�WKH�.RUQDWL� ,VODQGV�1DWLRQDO�3DUN��DQG� WKH�VRXWKHUQ�SDUW�RI�'XJL�RWRN����
VKHOOILVK� VSHFLHV� KDYH� EHHQ� QRWHG�� $URXQG� WKH� 3UYLü�� *UJXU� DQG�*ROL� DUFKLSHODJR�� DQG� LQ� WKH� 6LOED
LVODQG� DTXDWRULXP��PDQ\� EHQWKLF� FRPPXQLWLHV� GLVWULEXWHG� DOVR� LQ� VRPH� RWKHU� QRUWKHUQ� $GULDWLF� 6HD
DUHDV� KDYH� EHHQ� LGHQWLILHG�� /X[XULRXV� PHDGRZV� RI� 3RVLGRQLD� RFHDQLFD� DQG� &\PRGRFHD� QRGRVD�
GHQVH�VHWWOHPHQWV�RI�&\VWRVHLUD�VSHFLHV�DQG�ULFK�FRUDOOLJHQRXV�FRPPXQLWLHV�VXJJHVW�WKH�EHVW�TXDOLW\
RI� WKH� PDULQH� HQYLURQPHQW�� $ORQJ� WKH� YHUWLFDO� VXEPDULQH� ZDOOV� LQ� WKH� 0OMHW� 1DWLRQDO� 3DUN�� WKH
FRUDOOLJHQRXV� FRPPXQLWLHV� DUH�PRVW� FKDUDFWHULVWLF��ZKHUHDV� LQ� WKH� FKDQQHO� SDUW� WKH�3RVLGRQLD� EHGV
SUHYDLO�� ,Q� WKH�-H]HUD� LQOHW�� WKH�SRSXODWLRQV�RI� WKH�SHQ�VKHOO� �3LQQD�QRELOLV��SURWHFWHG�E\� ODZ�DQG� WKH
VWRQ\�FRUDO�&ODGRFRUD�FHVSLWRVD�KDYH�EHHQ�QRWHG��$Q�DQDO\VLV�RI� WKH�VHGLPHQW� OLYLQJ�PHLRIDXQD�KDV
SRLQWHG�RXW�WKH�HFRORJLFDO�LQVWDELOLW\�LQ�GHHSHU�OD\HUV�RI�WKH�LQOHW�SUREDEO\�FDXVHG�E\�WHPSRUDO�R[\JHQ
GHILFLHQF\��%\�ODERUDWRU\�DSSOLFDWLRQ�RI�³WZLQ�IORZ´�UHVSLURPHWU\��WKH�SKHQRPHQRQ�RI�³R[\JHQ�GHEW´�ZDV
GHWHFWHG�LQ�WKH�&RUEXOD�JLEED�VKHOOILVK��'XH�WR�DQDHURELF�PHWDEROLF�SURFHVVHV�LQYROYHG��WKLV�VSHFLHV�LV
DEOH�WR�VXUYLYH�XQGHU�ERWK�K\SR[LF�DQG�DQR[LF�FRQGLWLRQV��+RZHYHU��LW�KDV�EHHQ�QRWHG�WKDW�DW�RII�VKRUH
QRUWK� $GULDWLF� VWDWLRQV� DIIHFWHG� SUHYLRXVO\� E\� PXFRXV� ERWWRP� OD\HUV� DQG� WKH� FRQVHTXHQWLDO� K\SR[LF
VWUHVV�� WKH� VHGLPHQW� OLYLQJ� PHLRIDXQD� YDULHG� ZLWKLQ� QRUPDO� UDQJHV�� ,Q� &KODP\V� RSHUFXODULV�� F\FOLF
DOWHUDWLRQV�RI�VH[XDO�DFWLYLW\�DUH�IRXQG�WR�EH�FRUUHODWHG�ZLWK�VKHOOILVK�VRIW�SDUW�FKDUDFWHULVWLFV�DQG�ZLWK
HQYLURQPHQW��9DULDWLRQV� LQ�FDOFLWH�DQG�DUDJRQLWH� IUDFWLRQV� LQ�ERWK�³SLQN´�DQG�QRUPDO�PXVVHOV� �0\WLOXV
JDOORSURYLQFLDOLV�� GHWHFWHG� E\�;�UD\� GLIIUDFWLRQ� DQG� VSHFWURVFRSLF� �(65�� VKHOO� DQDO\VHV� DUH� SUREDEO\
GXH�WR�HQYLURQPHQWDO�VWUHVV�FRQGLWLRQV�

%,2/2â.$�5$=12/,.267�2'$%5$1,+�32'58ý-$�-$'5$16.2*
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9RGLWHOM�WHPH��GU��VF��'XãDQ�=DYRGQLN

6XUDGQLFL�QD�WHPL�

/MLOMDQD�,YHãD��GLSO��LQå��ELRO���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD��RG������������
$QGUHM�-DNOLQ��PDJLVWDU�RFHDQ���DVLVWHQW
'DYRULQ�0HGDNRYLü��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW
=GUDYNR�âWHYþLü��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
(OYLV�=DKWLOD��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW
'XãDQ�=DYRGQLN��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
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7HKQLþND�VXUDGQLFD�

5RVHOOD�6DQNRYLü��YLãD�WHKQLþDUND

6XUDGQLFD�L]�GUXJH�XVWDQRYH�

-DVQD�9LGDNRYLü��GRFHQWLFD��3HGDJRãND�DNDGHPLMD��2VLMHN

3URJUDP�UDGD�L�UH]XOWDWL�

6�FLOMHP�LQYHQWDUL]DFLMH�PRUVNH�IORUH�L�IDXQH�X�JRVSRGDUVNL�]QDþDMQLP�SRGUXþMLPD�LVWRþQRJ�-DGUDQD�QD
RVQRYX�QRYLK�SRGDWDND�RVXYUHPHQMHQD�MH�OLVWD�EHVNUDOMHãQMDND�5LMHþNRJ�]DOMHYD�NRMRP�MH�REXKYDüHQR
����YUVWD��7HUHQVND�LVWUDåLYDQMD�X�1DFLRQDOQRP�SDUNX��0OMHW��VX�UH]XOWLUDOD�QDODVNRP�EHVNUDOMHãQMDND�L
ULED�QRYLK�]D�RYR�SRGUXþMH�þLPH�VH�QMLKRY�EURM�SRSHR�QD�YLãH�RG������ ,DNR�üH� WDNVRQRPVND�REUDGD
FMHORNXSQRJ�PDWHULMDOD�SRWUDMDWL� MRã�����JRGLQH��YHü� L�VDGDãQML�SRGDFL�XND]XMX�QD�YUOR�YLVRNX�ELRORãNX
UD]QROLNRVW�WRJD�SRGUXþMD��D�XMHGQR�L�RSUDYGDQRVW�SURãLUHQMD�JUDQLFD�SDUND�QD�XGDOMHQRVW�RG�����P�RG
REDOH��3UHWKRGQRP�REUDGRP�ELRORãNRJ�PDWHULMDOD�VDNXSOMHQRJ�X�DNYDWRULMX�RWRþQH�VNXSLQH�3UYLü��*UJXU
L�*ROL��WH�X]�MXåQL�GLR�RWRND�6LOEH�L�*UHEHQH��XWYU HQD�MH�YHOLND�UD]QROLNRVW�EHQWRVNH�IORUH�L�IDXQH�X�RED
SRGUXþMD� NRMD� VH� LVWLüX� þLVWLP�PRUHP�� 5H]XOWDWL� XND]XMX� QD� SRWUHEX� ]DNRQVNH� ]DãWLWH� WLK� SRGUXþMD� V
SRVHEQLP�QDJODVNRP�QD�SRGPRUVNH�OLWLFH�RWRND�3UYLüD�L�*UJXUD�L�OLYDGH�YRJH�X�ãLUHP�DNYDWRULMX�6LOEH�
1DMSULPMHUHQLMRP�VH�þLQL�]DãWLWD�X�NDWHJRULML�PRUVNLK�SDUNRYD��5DG�QD�UHYL]LML�SRMHGLQLK�WDNVRFHQD�MH�ELR
XVPMHUHQ� QD� SRURGLFX� *O\FLPHULGDH� L� VORERGQR� åLYXüH� REOLüH� -DGUDQVNRJ� PRUD� WH� VYMHWVNX� UHYL]LMX
NUDWNRUHSLK� GHVHWHURQRåQLK� UDNRYD�� 8WYU HQ� MH� OLQHDUQL� DVFHGHQWQL� SRUHGDN� VYLK� GR� VDGD� RSLVDQLK
SRURGLFD�WH�VNXSLQH��NDNR�UHFHQWQLK�WDNR� L� L]XPUOLK��1RYD�NODVLILNDFLMVND�VKHPD�RGUDåDYD�VXYUHPHQR
SR]QDYDQMH� VLVWHPDWLNH� RYLK� UDNRYD�� D� L]UDåDYD� VWXSQMHYLWL� QDSUHGDN� X� SURFHVX� EUDKLXUL]DFLMH� RG
SRURGLFH�+RPRORGURPLLGDH�GR�SRURGLFH�0LFW\ULGDH��5H]XOWDWL�WLK�UHYL]LMD�VX�SRVOXåLOL�X�L]UDGL�SUHWKRGQH
OLVWH�EHVNUDOMHãQMDND�-DGUDQD���SUYRP�WDNYRP�SRNXãDMX�QDNRQ�������JRGLQH��.RULãWHQD�MH�VYD�GRVWXSQD
OLWHUDWXUD�L�PQRJREURMQL�MRã�QHREMDYOMHQL�SRGDFL��.RQDþQLP�]ELURP�MH�HYLGHQWLUDQR������YUVWD�L�SRGYUVWD
EHVNUDOMHãQMDND�� 8]D� VYH� QHGRVWDWNH� L� PRJXüH� QHWRþQRVWL� NRMH� RYDNRYH� SUHWKRGQH� OLVWH� VDGUåH�
SRVHEQR�X�YLãLK�VYRMWL�]D�NRMH�QHPD�VWUXþQMDND�X�]HPOML��VSLVDN�LSDN�SUHGVWDYOMD�VROLGQX�RVQRYX�]D�VYD
EXGXüD� LVWUDåLYDQMD� L� SUDüHQMH� SURPMHQD� ELRUD]QROLNRVWL� X� SHODJLþNLP� L� EHQWRVNLP� HNRVXVWDYLPD
-DGUDQVNRJ�PRUD��8�UMHãDYDQMX�GYRMED�RNR�VXEVSHFLILþQLK�]QDþDMNL�SRMHGLQLK�VYRMWL�X�SXåHYD��ãNROMNDãD
L� UDNRYD� YLWLþDUD� SULPLMHQMHQD� MH� PHWRGD� UHQGJHQVNH� GLIUDNFLMH� VNHOHWQLK� GLMHORYD�� 8WYU HQH� VX
UD]OLþLWRVWL�X�VDGUåDMX�DUDJRQLWD��NDOFLWD�L�DPRUIQH�NRPSRQHQWH�X�VYH]L�RSüLK�]QDþDMNL�RNROLãD�L�SRVHEQR
VWDQLãWD��RGQRVQR�SRGORJH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

,Q� WKH� 5LMHND� %D\� QHZ� GDWD� RQ� ELRORJLFDO� GLYHUVLW\� KDV� EHHQ� SURYLGHG� DQG� D� OLVW� RI� ���� PDULQH
LQYHUWHEUDWHV�XSGDWHG��,Q�WKH�0OMHW�1DWLRQDO�3DUN�VHYHUDO�LQYHUWHEUDWH�DQG�ILVK�VSHFLHV�QHZ�LQ�WKH�DUHD
ZHUH� FROOHFWHG� DQG� D� SUHOLPLQDU\� OLVW� RI� DERXW� ���� WD[D� HVWDEOLVKHG�� 7KHVH� DFWXDO� ELRGLYHUVLW\� GDWD
MXVWLILHG� WKH� QHZO\� H[WHQGHG� 1DWLRQDO� 3DUN� OLPLWV� WR� WKH� GLVWDQFH� RI� ���� PHWUHV� IURP� WKH� FRDVWOLQH�
6LPLODUO\��VRPH�UHFHQW�VWXGLHV�RI�PDULQH�EHQWKRV�LQ�WKH�3UYLü��*UJXU�DQG�*ROL�DUFKLSHODJR�DUHD��DQG�LQ
WKH�6LOED�LVODQG�DTXDWRULXP�VXJJHVW�WKH�QHFHVVLW\�WR�SURWHFW�WKHP�E\�OHJDO�SURYLVLRQV��SUHIHUDEO\�LQ�WKH
FDWHJRU\� RI� PDULQH� SDUNV�� 7KH� $GULDWLF� 6HD� VKHOOILVK� IDPLO\� *O\FLPHULGDH� DQG� VHGLPHQW� IUHH� OLYLQJ
1HPDWRGHV�ZHUH�UHYLVHG��$Q�DVFHQGDQW�OLQH�RI�DOO�EUDFK\XUDQ�IDPLOLHV��WKH�UHFHQW�DQG�WKH�H[WLQFW�RQHV
KDV� EHHQ� HVWDEOLVKHG�� $FFRUGLQJ� WR� WKLV� QHZ� FODVVLILFDWLRQ� VFKHPH�� D� VWHSZLVH� EUDFK\XULVDWLRQ
RFFXUUHG�IURP�WKH�+RPRORGURPLLGDH�IDPLO\�WR�WKDW�RI�0LFW\ULGDH��$�SUHOLPLQDU\�OLVW�RI�DOO�WKH�$GULDWLF�6HD
LQYHUWHEUDWHV�ZDV�SUHSDUHG��QR�VLPLODU�HIIRUW�KDV�EHHQ�XQGHUWDNHQ�GXULQJ�WKHVH�ODVW�KXQGUHG�\HDUV��$Q
HYLGHQFH�RI������VSHFLHV�DQG�VXEVSHFLHV��SHODJLF��EHQWKLF�DQG�SDUDVLWLF�KDV�EHHQ�JLYHQ��7D[RQRPLF
VWXGLHV�LQ�JDVWURSRGV��VKHOOILVK�DQG�EDUQDFOHV�ZHUH�LPSURYHG�E\�WKH�VKHOO�;�UD\�GLIIUDFWLRQ�PHWKRG��7KH
GLIIHUHQFHV� LQ� DUDJRQLWH�� FDOFLWH� DQG� DPRUSKRXV�� FRPSRXQG� FRQWHQWV� KDYH� EHHQ� H[SODLQHG� E\
HQYLURQPHQWDO�FRQGLWLRQV�DQG�KDELWDW�FKDUDFWHULVWLFV��UHVSHFWLYHO\�
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9RGLWHOM�WHPH��GU��VF��'DQLOR�'HJREELV

6XUDGQLFL�QD�WHPL�

'DQLOR�'HJREELV��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
,QJULG�,YDQþLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
5REHUW�3UHFDOL��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW
1DVWMHQMND�6XSLü��PDJLVWUD�RFHDQRO���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLFL�

$QD�%DNRWD��VDPRVWDOQD�WHKQLþDUND
,YDQ�.RUHQLü��VDPRVWDOQL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

5D]XPLMHYDQMH�PHKDQL]DPD�GXJRURþQLK�SURPMHQD�LQWHQ]LWHWD�JODYQLK�SURFHVD�NUXåHQMD�RUJDQVNH�WYDUL
X�HNRVXVWDYX� VMHYHUQRJ� -DGUDQD�PRåH� ]QDþDMQR�GRSULQLMHWL� SUHGYL DQMX� NROHEDQMD� QMHJRYLK� ELRORãNLK
UHVXUVD� �QSU�� ELRPDVH� ULED��� NDR� L� SRX]GDQLMRM� SURFMHQL� UHODWLYQH� YDåQRVWL� SULURGQLK� �SUYHQVWYHQR
NOLPDWVNLK��L�DQWURSRJHQLK�XWMHFDMD�QD�HNRVXVWDY��7LPH�EL�VH�WDNR HU�PRJOR�XWYUGLWL�GD� OL�X�VMHYHUQRP
-DGUDQX�SRVWRML� WUHQG�HXWURILNDFLMH�� WH�GD� OL� RYDM�SURFHV� LJUD� YDåQX�XORJX�X� QHXRELþDMHQLP�SRMDYDPD
�QSU��X��FYMHWDQMX�PRUD���

1D� WHPHOMX� GRVDGDãQMLK� LVWUDåLYDQMD� UD]UD HQ� MH� RSLVQL� PRGHO� PHKDQL]PD� GXJRURþQLK� SURPMHQD� X
HNRVXVWDYX�VMHYHUQRJ�-DGUDQD��2YDM�üH�VH�PRGHO�X�QDUHGQH�WUL�JRGLQH�SURYMHULWL�GRYUãHQMHP�]DSRþHWH
REUDGH� QL]RYD� SRVWRMHüLK� UH]XOWDWD�� WH� QDGRJUDGLWL� QD� WHPHOMX� GRGDWQLK� SRGDWDND�� NRML� EL� VH� VDNXSLOL
SULOLNRP�RYRJ�L�GUXJLK�LVWUDåLYDþNLK�SURJUDPD�

7LMHNRP� ������ JRGLQH� REDYOMHQD� VX� NUVWDUHQMD� X� VMHYHUQRP� -DGUDQX�� XNOMXþXMXüL� L� SRVWDMH� ]D� NRMH
SRVWRMH� QDMGXåL� QL]RYL� SRGDWDND��3UHOLPLQDUQD�DQDOL]D� QHNLK� RG�GRELYHQLK� SRGDWDND�XND]DOD� MH� GD� MH
]LPD������������ELOD� WRSOLMD�RG�SURVMHND�ãWR� MH�GRYHOR�GR�]DJULMDYDQMD�SRYUãLQVNRJ�VORMD�PRUD�YHü�X
RåXMNX�� 9LVRN� GRWRN� VODWNLK� YRGD� GRSULQLR� MH� VWYDUDQMX� YUWORåQRJ� VWUXMDQMD� X� VMHYHUQRP� -DGUDQX�
RGQRVQR�XYMHWRYDR�SRYHüDQX�SURL]YRGQMX�RUJDQVNH�WYDUL��8�WLP�XYMHWLPD��NRQFHQWUDFLMD�NLVLND�SUL�GQX
NUDMHP� OMHWD� ]QDþDMQR� VH� VQL]LOD� LVSRG� SURVMHND�� 6OLþDQ� VFHQDULM� MH� RSDåHQ� L� X� UD]GREOMX� ����������
NDGD�VH�PDVRYQD�SRMDYD�VOX]DYLK�DJUHJDWD�SRQDYOMDOD� WLMHNRP� OMHWD� V� LQWHQ]LWHWRP�RYLVQLP�R�GRWRNX
VODWNH�YRGH�

8VSRUH HQL� VX�� WDNR HU�� SRGDFL� VDNXSOMHQL� X� UD]GREOMX� ����������� V� RSLVQLP�PRGHOLPD� GXJRURþQLK
SURPMHQD� �]D� UD]GREOMH� ������������ GD� EL� VH� SURYMHULOH� QHNH� RG� SRVWDYOMHQLK� UDGQLK� KLSRWH]D�� 8
UD]GREOMX������������NRQFHQWUDFLMD�NLVLND�X�SULGQHQRP�VORMX�QD�SURILOX�5RYLQM�GHOWD� ULMHNH�3R�X� MHVHQ
ELOD�MH�]QDþDMQR�YLãD�QHJR�X�UD]GREOMX�������������RGQRVQR�QD�UD]LQL�VHGDPGHVHWLK�JRGLQD��7LPH�MH�MRã
MHGQRP�SRWYU HQD�SUHWSRVWDYND�GD�GR�VWDQMD�L]UDåHQH�KLSRNVLMH��RGQRVQR�DQRNVLMH�X�SULGQHQRP�VORMX
VMHYHUQRJ�-DGUDQD�PRåH�GRüL�SULURGQLP�PHKDQL]PRP��QHRYLVQR�R�VWXSQMX�HXWURILNDFLMH�

1DGDOMH��RSDåHQR�MH�GD�MH�X�SUYRM�SRORYLFL�GHYHGHVHWLK�JRGLQD�SURWRN�ULMHNH�3R�X�SUROMHüH�ELR�X]DVWRSQR
QLåL�RG�GXJRJRGLãQMHJ�SURVMHND��=DWLP�VX�XVOLMHGLOH�JRGLQH��������L��������V�SURWRNRP�]QDWQR�YLãLP�RG
SURVMHND�X]�GQHYQH�LPSXOVH�RG�����������P��V��6OLþQD�MH�YLãHJRGLãQMD�GLQDPLND�]DELOMHåHQD�L�WLMHNRP
GYDGHVHWLK��þHWUGHVHWLK�L�RVDPGHVHWLK�JRGLQD��1D�NUDMX�VYDNRJ�RG�WLK�UD]GREOMD�GRãOR� MH�GR�PDVRYQH
SRMDYH�VOX]DYLK�DJUHJDWD� �FYMHWDQMH�PRUD���7R�VH�QLMH�GRJD DOR�X� UD]GREOMLPD�NDGD�VX�VH�DOWHUQLUDOH
JRGLQH�V�YLãLP�L�QLåLP�SURWRNRP�
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5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

.QRZOHGJH� RI� ORQJ�WHUP� FKDQJH�PHFKDQLVPV� LQ� WKH�PDLQ� SURFHVVHV� RI� WKH� RUJDQLF�PDWWHU� F\FOH� LV
HVVHQWLDO� IRU� SUHGLFWLQJ� SRVVLEOH� IOXFWXDWLRQV� RI� ELRORJLFDO� UHVRXUFHV� �H�J�� ILVK� VWRFNV��� DQG� IRU
HVWLPDWLQJ� WKH� UHODWLYH� LPSRUWDQFH� RI� QDWXUDO� �SULPDULO\� FOLPDWH�� YV�� DQWKURSRJHQLF� LQIOXHQFH� RQ� WKH
QRUWKHUQ�$GULDWLF�HFRV\VWHP��3DUWLFXODUO\�� LW� LV�LPSRUWDQW�IRU�HVWDEOLVKLQJ�WKH�HXWURSKLFDWLRQ�WUHQGV�DQG
WR�VKRZ�ZKHWKHU�WKLV�SURFHVV�SOD\V�DQ\�VLJQLILFDQW�UROH�LQ�VRPH�XQXVXDO�SKHQRPHQD�WKDW�RFFXU�LQ�WKH
$GULDWLF�6HD��H�J��WKH�PXFLODJHV��

)URP�KLVWRULFDO�GDWD�VHULHV��VWDWLVWLFDO�PRGHO�RI� ORQJ�WHUP�FKDQJHV�LQ�WKH�QRUWKHUQ�$GULDWLF�HFRV\VWHP
KDV�EHHQ�HODERUDWHG��7KLV�PRGHO��DQG�WKH�UHODWHG�ZRUNLQJ�K\SRWKHVHV��ZLOO�EH�IXUWKHU�YHULILHG�E\�QHZ
GDWD�FROOHFWHG�LQ�WKH�IUDPHZRUN�RI�HLWKHU�WKLV�RU�VRPH�RWKHU�UHVHDUFK�

'XULQJ������VHDVRQDO�FUXLVHV�ZHUH�SHUIRUPHG�LQ�WKH�QRUWKHUQ�$GULDWLF��LQFOXGLQJ�WKH�VWDWLRQV�IRU�ZKLFK
WKH� KLVWRULFDO� GDWD� VHULHV�ZDV� DYDLODEOH�� $� SUHOLPLQDU\� DQDO\VLV� RI� VRPH� RI� WKH� UHVXOWV� REWDLQHG� KDV
LQGLFDWHG�WKDW�WKH�ZLQWHU�����������KDG�EHHQ�ZDUPHU�WKDQ�XVXDOO\��DQG�WKDW�WKH�VXUIDFH�OD\HU��DOUHDG\
LQ�0DUFK��KDG�EHHQ�ZDUPHU�WKDQ�RQ�DYHUDJH��'XH�WR�WKH�KLJK�IUHVK�ZDWHU�LQIORZ��DQG�WKH�HVWDEOLVKPHQW
RI�HGG\�FLUFXODWLRQ�LQ�WKH�QRUWKHUQ�$GULDWLF��WKH�RUJDQLF�PDWWHU�SURGXFWLRQ�ZDV�KLJKHU�WKDQ�XVXDOO\��$V�D
FRQVHTXHQFH�WKH�R[\JHQ�FRQFHQWUDWLRQ�RI�WKH�ERWWRP�OD\HU�GXULQJ�WKH�VXPPHU�DQG�DXWXPQ�KDG�EHHQ
XQXVXDOO\� ORZ�� $� VLPLODU� VFHQDULR� ZDV� GHVFULEHG� IRU� HDFK� VXPPHU� LQ� WKH� SHULRG� ����������� ZKHQ
PXFLODJH�HYHQWV�RFFXUUHG�ZLWK�GLIIHUHQW�LQWHQVLWLHV�GHSHQGLQJ�RQ�IUHVK�ZDWHU�LQIORZ�

0RUHRYHU�� WKH� GDWD� IRU� WKH� SHULRG� ���������� ZHUH� FRPSDUHG� ZLWK� VWDWLVWLFDO� PRGHOV� IRU� ORQJ�WHUP
FKDQJHV��SHULRG������������LQ�RUGHU�WR�YHULI\�VRPH�K\SRWKHVHV��'XULQJ�WKH�DXWXPQV������������ WKH
ERWWRP�R[\JHQ�FRQFHQWUDWLRQ�DORQJ�WKH�SURILOH�RI�WKH�5RYLQM�5LYHU�3R�GHOWD�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ
WKDW� LQ� WKH� SHULRG� ����������� DQG� VLPLODU� WR� WKH� RQH� LQ� WKH� ����V�� 7KLV� UHVXOW� DJDLQ� FRQILUPV� WKH
DVVXPSWLRQ�WKDW�DQR[LD�FRQGLWLRQV�FDQ�GHYHORS�LQ�WKH�QRUWKHUQ�$GULDWLF�GXH�WR�QDWXUDO��FOLPDWLF��FDXVHV
DQG�LQGHSHQGHQWO\�RI�WKH�HXWURSKLFDWLRQ�GHJUHH�

)LQDOO\�� LW� KDV� EHHQ� QRWLFHG� WKDW� WKH�5LYHU� 3R� IORZ� UDWH� ZDV� FRQVHFXWLYHO\� ORZHU� WKDQ� WKH� ORQJ�WHUP
PHDQ�LQ�DOO�WKH�VSULQJV�RI������������EXW�FRQVLGHUDEO\�KLJKHU�LQ������DQG�������ZLWK�GDLO\�LPSXOVHV�RI
����������P��V��6LPLODU�PXOWLDQQXDO�IHDWXUHV�RFFXUUHG�DOVR�LQ�WKH�����V������V�DQG�����V��%\�WKH�HQG
RI�HDFK�RI�WKHVH�SHULRGV��PXFLODJH�HYHQWV�ZHUH�REVHUYHG��$V�D�GLIIHUHQFH��WKHVH�HYHQWV�GLG�QRW�RFFXU
LQ� WKH�SHULRGV�RI� ����V�� ����V�DQG�����V��ZKHQ�HDFK� \HDU� KLJKHU� VSULQJ� IORZ� UDWHV� DOWHUQDWHG�ZLWK
ORZHU�RQHV�
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6XUDGQLFL�QD�WHPL�

'UDJLFD�)XNV��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
0LUMDQD�1DMGHN��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
6WDãD�3XãNDULü��GRNWRU�JHRO��]QDQRVWL��YLãL�DVLVWHQW
0LUMDQD�6DQWLQL��PDJLVWUD�RFHDQ���DVLVWHQWLFD��GR�����������
1HQDG�6PRGODND��GRNWRU�NHP��]QDQRVWL��YLãL�DVLVWHQW

7HKQLþNL�VXUDGQLN�

5RPDQR�5DEDN��VDPRVWDOQL�WHKQLþDU
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3URJUDP�UDGD�L�UH]XOWDWL�

3R]QDYDQMH� PHKDQL]DPD� L� EU]LQH� SURFHVD� NUXåHQMD� RUJDQVNH� WYDUL� QHRSKRGQR� MH� ]D� SRX]GDQX
SURFMHQX� ELRPDVH� ULED� L� GUXJLK� PRUVNLK� RUJDQL]DPD�� ãWR� SUHGVWDYOMD� RVQRYX� QMLKRYRJ� UDFLRQDOQRJ
NRULãWHQMD�� 7R� MH� SRVHEQR� YDåQR� X� -DGUDQX� MHU� MH� PRJXüH� GD� ]QDþDMDQ� GLR� SULPDUQH� SURL]YRGQMH
SRVWDQH� QHGRVWXSDQ� QDMYLãLP� NDULNDPD� KUDQLGEHQRJ� ODQFD�� SUYHQVWYHQR� WLMHNRP� QHXRELþDMHQR
LQWHQ]LYQLK�SRMDYD��FYMHWDQMD�PRUD���RGQRVQR�SRYHüDQRJ�OXþHQMD�ILWRSODQNWRQD��.RG�WRJD�MH�ELWQD�XORJD
]DMHGQLFD�PLNUREQH�SHWOMH�X�LVNRULãWDYDQMX�RWRSOMHQLK�RUJDQVNLK�VSRMHYD��1D�WHPHOMX�QDMQRYLMLK�VD]QDQMD
R� XOR]L� ILWRSODQNWRQVNRJ� OXþHQMD�� PLNUREQH� SHWOMH� L� SULMHQRVD� RUJDQVNH� WYDUL� NUR]� RVQRYQH� NDULNH
KUDQLGEHQRJ�ODQFD�SURYMHULOR�EL�VH�GD�OL�VX�GRVDGDãQMH�SURFMHQH�SULPDUQH�SURL]YRGQMH�RUJDQVNH�WYDUL�X
-DGUDQX�SRX]GDQH�

7LMHNRP� OMHWD� X� VMHYHUQRP� -DGUDQX� VX� VH� QDNRQ� ãHVW� JRGLQD� SRQRYQR� SRMDYLOH� VOX]DYH� QDNXSLQH
�FYMHWDQMH� PRUD�� X� ]QDWQLP� NROLþLQDPD�� 6DNXSOMHQR� MH� WULGHVHWDN� X]RUDND� QDNXSLQD� X� NRMLPD� VX
DQDOL]LUDQL� VDVWDY� SODQNWRQVNLK� ]DMHGQLFD�� NLVLN�� OLSLGQL� ELRPDUNHUL� WH� PMHUHQL� SDUDPHWUL� SULPDUQH� L
VHNXQGDUQH�SURL]YRGQMH��3UHOLPLQDUQD�PMHUHQMD�SRYUGLOD�VX�SUHWSRVWDYNX�GD�VH�XQXWDU�VYDNRJ�DJUHJDWD
XVSRVWDYOMD� UDYQRWHåD� L]PH X� SURL]YRGQMH� L� UD]JUDGQMH� RUJDQVNH� WYDUL�� ãWR� RPRJXüXMH� QMHJRY� GXåL
RSVWDQDN�X�JRUQMLP�GMHORYLPD�YRGHQRJ�VWXSFD��=QDþDMQR�VPDQMHQMH�SROLQH]DVLüHQLK�PDVQLK�NLVHOLQD� L
SURPMHQH�X�RPMHULPD�XND]DOH� VX� QD� XJURåHQRVW� RVQRYQLK�PHWDEROLþNLK� SRWUHED� ]RRSODQNWRQD� OMHWL� X
XYMHWLPD�FYMHWDQMD�PRUD��2EDYOMHQ�MH��WDNR HU��GYRGQHYQL�HNVSHULPHQW�X�SRGUXþMX�SRG�XWMHFDMHP�ULMHNH
3R�� RGQRVQR� X� ROLJRWURIQRP� GLMHOX� VMHYHUQRJ� -DGUDQD�� GD� EL� VH� SURYMHULOD� SRGREQRVW� GRVDGDãQMLK
PHWRGD� ]D� SURXþDYDQMH� SULPDUQH� L� VHNXQGDUQH� SURL]YRGQMH�� RGQRVQR� EU]LQH� SUHGDFLMH� EDNWHULMD�
'RYUãHQD�VX�LVWUDåLYDQMD�XORJH�PLQHUDOD�JOLQD�X�FLNOXVX�NUXåHQMD�RUJDQVNH�WYDUL�X�VMHYHUQRP�-DGUDQX�
8� SULVXVWYX� JOLQD� EU]LQD� UD]JUDGQMH� RUJDQVNH� WYDUL� PRåH� VH� SRYHüDWL� ]D� UHG� YHOLþLQH�� 1DGDOMH� MH
XVWDQRYOMHQR� GD� MH� RUJDQVND� WYDU� X� VORMX� VHGLPHQWD� VWDURP� RNR� �������� J�� SUHWHåQR� SRGULMHWORP� L]
DXWRKWRQLK� L]YRUD��1DJRPLODYDQMX�RUJDQVNH� WYDUL�X�VWDULMHP�VORMX�YMHURMDWQR�VX�SRGMHGQDNR�GRSULQLMHOL
NRSQHQL�GRQRVL�L�UDQD�GLMDJHQH]D�WYDUL�L]�DXWRKWRQLK�L]YRUD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

.QRZOHGJH� RI� PHFKDQLVPV� DQG� SURFHVVHV� RI� WKH� RUJDQLF�PDWWHU� F\FOH� LV� HVVHQWLDO� IRU� UHOLDEOH
HYDOXDWLRQ�RI�ILVK�DQG�RWKHU�FRPPHUFLDO�PDULQH�RUJDQLVP�VWDQGLQJ�VWRFNV��ZKLFK�UHSUHVHQWV�WKH�EDVLV
IRU�WKHLU�UDWLRQDO�H[SORLWDWLRQ��7KLV�LV�RI�SDUWLFXODU�LPSRUWDQFH��LQ�WKH�$GULDWLF�VLQFH�LW� LV�SRVVLEOH�WKDW�D
VLJQLILFDQW� SDUW� RI� SULPDU\� SURGXFWLRQ� EHFRPHV� LQDFFHVVLEOH� WR� WKH� KLJKHVW� OLQNV� RI� WKH� IRRG� FKDLQ�
SULPDULO\� GXULQJ� LWV� LQWHQVLYH� EORRPV� DQG�RU� DQ� LQFUHDVHG� SK\WRSODQNWRQ� H[FUHWLRQ�� 7KH� UROH� RI� WKH
PLFURELDO�ORRS�FRPPXQLW\��XVLQJ�GLVVROYHG�RUJDQLF�FRPSRXQGV�LV�RI�KLJK�LPSRUWDQFH��%\�PRVW�UHFHQW
LQIRUPDWLRQ�RQ�WKH�UROH�RI�SK\WRSODQNWRQ�H[FUHWLRQ��PLFURELDO� ORRS�DQG�WUDQVSRUW�RI� WKH�RUJDQLF�PDWWHU
WKURXJK� WKH� SODQNWRQ� IRRG� ZHE�� WKH� UHOLDELOLW\� RI� WKH� H[LVWLQJ� HVWLPDWHV� IRU� WKH� $GULDWLF� SULPDU\
SURGXFWLYLW\�ZRXOG�EH�YHULILHG�

$IWHU�D�VL[�\HDU�SHULRG�LQ�WKH�VXPPHU�RI�������PXFLODJH�DJJUHJDWHV�UHDSSHDUHG�LQ�ODUJH�TXDQWLWLHV�LQ
WKH�QRUWKHUQ�$GULDWLF��$ERXW� ��� VDPSOHV�ZHUH� FROOHFWHG� LQ� RUGHU� WR� DQDO\VH� WKH�SODQNWRQ� FRPPXQLW\
VWUXFWXUH��R[\JHQ�DQG�OLSLG�ELRPDUNHU�FRQFHQWUDWLRQ��7KH�SULPDU\�DQG�VHFRQGDU\�SURGXFWLRQ�UDWHV�ZHUH
DOVR�PHDVXUHG�LQ�WKH�DJJUHJDWHV��3UHOLPLQDU\�PHDVXUHPHQWV�FRQILUPHG�WKH�K\SRWKHVLV�WKDW�LQVLGH�WKH
DJJUHJDWHV� D� EDODQFH� EHWZHHQ� WKH� SURGXFWLRQ� DQG� GHFRPSRVLWLRQ� UDWHV� RI� RUJDQLF� PDWWHU� FDQ� EH
HVWDEOLVKHG��WKXV�SURORQJLQJ�WKHLU�UHVLGHQFH�WLPH�LQ�WKH�XSSHU�ZDWHU�FROXPQ��$�VLJQLILFDQW�GHFUHDVH�RI
SRO\XQVDWXUDWHG� IDWW\� DFLGV� DQG� FKDQJHV� LQ� WKHLU� UDWLRV� KDYH� SRLQWHG� RXW� WKH� HQGDQJHUPHQW� RI� WKH
]RRSODQNWRQ� EDVLF� PHWDEROLF� QHHGV� XQGHU� PXFLOODJH� HYHQW� FRQGLWLRQV�� $� WZR�GD\� H[SHULPHQW� ZDV
SHUIRUPHG�LQ�DQ�DUHD�XQGHU�WKH�5LYHU�3R�LQIOXHQFH��DQG�IXUWKHU�LQ�WKH�ROLJRWURSKLF�DUHD�RI�WKH�QRUWKHUQ
$GULDWLF�� WR� YHULI\� WKH� UHOLDELOLW\� RI� WKH� PHWKRGV� RI� VWXG\LQJ� SULPDU\� DQG� VHFRQGDU\� SURGXFWLRQ� DQG
EDFWHULDO�SUHGDWLRQ�UDWH��$�UHVHDUFK�RQ�WKH�UROH�RI�FOD\�PLQHUDOV�LQ�WKH�RUJDQLF�PDWWHU�F\FOH�KDV�EHHQ
FRPSOHWHG�� 7KH� EDFWHULDO� GHFRPSRVLWLRQ� RI� WKH� RUJDQLF� PDWWHU� FRXOG� EH� LQFUHDVHG� E\� DQ� RUGHU� RI
PDJQLWXGH�LQ�WKH�SUHVHQFH�RI�FOD\V��)XUWKHUPRUH��LW�KDV�EHHQ�GHWHUPLQHG�WKDW�WKH�RUJDQLF�PDWWHU�LQ�DQ
��������\HDU�ROG�OD\HU�RULJLQDWHV�PRVWO\�IURP�DXWRFKWKRQRXV�VRXUFHV��7R�WKH�DFFXPXODWLRQ�RI�RUJDQLF
PDWWHU�RI�ROGHU�OD\HUV��WHUUHVWULDO�LQSXWV�DQG�HDUO\�GLDJHQHVLV�IURP�DXWRFKWKRQRXV�VRXUFHV�KDG�SUREDEO\
HTXDOO\�FRQWULEXWHG�
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-RVLS�%UDQD��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW��GR�����������
,YLFD�-DQHNRYLü��GLSO��LQå��IL]LNH��POD L�DVLVWHQW��]QDQVWYHQL�QRYDN��RG������������
9DOWHU�.UDMFDU��PDJLVWDU�IL]��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
0LOLYRM�.X]PLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
=RUDQ�3DVDULü��PDJLVWDU�PDWHPDW��]QDQRVWL��DVLVWHQW

3URJUDP�UDGD�L�UH]XOWDWL�

%LWQD� RGUHGQLFD� WHPH� MH� QMHQD� XWHPHOMHQRVW� QD� PHWRGRORãNRP� WURQRãFX� NRML� þLQH� WHRULMD�� HPSLULMD� L
UDþXQDOVNH� VLPXODFLMH�� (PSLULMVND� VDVWDYQLFD� XNOMXþXMH� SULNXSOMDQMH� LQ� VLWX� L� GDOMLQVNLK� �VDWHOLWVNLK�
SRGDWDND�� D� UDþXQDOVNH� VLPXODFLMH� SRGUD]XPLMHYDMX� LPSOHPHQWDFLMX� L� XSRUDEX� QHOLQHDUQLK�
WURGLPHQ]LRQDOQLK��KLGUR��L�WHUPR�GLQDPLþNLK�PDWHPDWLþNLK�PRGHOD�

,VWUDåLYDQMD� VX� RUJDQL]LUDQD� X� QHNROLNR� SRVHEQR� GHILQLUDQLK� QR� SRYH]DQLK� ]DGDüD� NRMH� XNOMXþXMX�
LVWUDåLYDQMH� YH]H� L]PH X� VMHYHUQR�MDGUDQVNLK� ULMHþQLK� GRWRND� L� GMHORYDQMD� YMHWUD�� SULPMHQX� GDOMLQVNL
GHWHNWLUDQLK�SROMD�SRYUãLQVNH�WHPSHUDWXUH�L�UHIOHNWDQFLMH�X�LVWUDåLYDQMX�RFHDQRJUDIVNLK�RGOLND�-DGUDQD�
XSRUDEX� PDWHPDWLþNLK� PRGHOD� L� DOWLPHWULMVNLK� SRGDWDND� X� LVWUDåLYDQMX� GLQDPLNH� RNUDMQMLK� PRUD�� WH
HPSLULMVND� L�PRGHOVND� LVWUDåLYDQMD� VH]RQVNH� L� NUDüH� �� SHULRGLþQH�SURPMHQMLYRVWL� JLEDQMD� X� VMHYHUQRP
-DGUDQX�

7LMHNRP�SUYH�JRGLQH�UDGD�L]UDþXQDWH�VX��L]�DOWLPHWULMVNLK�SRGDWDND�VDWHOLWD�7RSH[�3RVHLGRQ�KDUPRQLþNH
NRQVWDQWH� ]D� ��� MDGUDQVNH� REDOQH� L� RWRþQH� SRVWDMH�� WH� XVSRUH HQH� V� OLWHUDWXUQLP� YULMHGQRVWLPD� L
UH]XOWDWLPD� PDWHPDWLþNLK� PRGHOD�� ,PSOHPHQWLUDQH� VX� L� XVSRUHGQR� LVSLWDQH� SURFHGXUH� ]D� GHWHNFLMX
QDREODNH� L� VOLþQLK� VPHWQML� X� VDWHOLWVNL� GHWHNWLUDQLP� SROMLPD� SRYUãLQVNH� WHPSHUDWXUH� PRUD�� 1D� SODQX
PDWHPDWLþNRJ� PRGHOLUDQMD� LPSOHPHQWLUDQ� MH� L� WHVWLUDQ� KLGURGLQDPLþNL� QXPHULþNL� PRGHO� 4XRGG\��
7DNR HU� VX� LVWUDåHQD� VYRMVWYD� SRURGLFH� VWRKDVWLþNLK� HYROXFLMVNLK� RSHUDWRUD� ]QDþDMQLK� ]D�PRGHOLUDQMH
ãLUHQMD�WYDUL�X�PRUX��8�GLMHOX�LVWUDåLYDQMD�VH]RQVNH�L�NUDüHSHULRGLþQH�SURPMHQMLYRVWL�SURãLUHQD�MH�DQDOL]D
LQHUFLMDOQRJ�VLJQDOD�QD�SRVWDML�����QD�YUHPHQVNR�UD]GREOMH�����������

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KLV� UHVHDUFK� SURMHFW� LV� IRXQGHG� RQ� D� PHWKRGRORJLFDO� WULSRG� FRQVLVWLQJ� RI� WKHRU\�� H[SHULPHQW� DQG
FRPSXWHU�VLPXODWLRQV��7KH�HPSLULFDO�SDUW�LQFOXGHV�WKH�LQ�VLWX�GDWD�FROOHFWLRQ�DQG�UHPRWHO\�VHQVHG�GDWD�
ZKHUHDV� FRPSXWHU� VLPXODWLRQV� FRPSULVH� LPSOHPHQWDWLRQ� DQG� XVH� RI� QRQ�OLQHDU�� WKUHH�GLPHQVLRQDO
K\GUR��DQG�WKHUPRG\QDPLF�PRGHOV�

7KH� UHVHDUFK� LV� RUJDQLVHG� LQ� VHYHUDO� VHSDUDWHO\� GHILQHG�� EXW� UHODWHG� WDVNV� LQFOXGLQJ� WKH�� VWXG\� RI
FRUUHODWLRQ�EHWZHHQ�WKH�QRUWKHUQ�$GULDWLF�ULYHULQH�GLVFKDUJHV�DQG�ZLQG��DSSOLFDWLRQ�RI�UHPRWHO\�VHQVHG
VHD�VXUIDFH�WHPSHUDWXUH�DQG�UHIOHFWDQFH�ILHOGV�LQ�WKH�UHVHDUFK�RI�WKH�$GULDWLF�RFHDQRJUDSKLF�IHDWXUHV�
XVH� RI� PDWKHPDWLFDO� PRGHOV� DQG� DOWLPHWU\� GDWD� LQ� PDUJLQDO�VHD� G\QDPLF� VWXG\�� DQG� HPSLULFDO� DQG
PRGHOOLQJ�VWXG\�RI�VHDVRQDO�DQG�VKRUWHU�SHULRG�YDULDELOLW\�RI�WKH�QRUWKHUQ�$GULDWLF�PRWLRQV�

:LWKLQ�WKH�ILUVW�\HDU�IUDPHZRUN��IURP�WKH�7RSH[�3RVHLGRQ�DOWLPHWU\�GDWD��ZH�KDYH�FDOFXODWHG�KDUPRQLF
FRQVWDQWV�IRU����$GULDWLF�FRDVWDO�DQG�LVODQG�VWDWLRQV��DQG�FRPSDUHG�WKH�UHVXOWV�WR�SUHYLRXVO\�SXEOLVKHG
DQG� PRGHO�JHQHUDWHG� YDOXHV�� 6HYHUDO� FORXG�GHWHFWLRQ� VFKHPHV� IRU� UHPRWHO\� VHQVHG� VHD� VXUIDFH
WHPSHUDWXUH�VFHQHV�KDYH�EHHQ�WHVWHG�DQG�FRPSDUHG��:LWKLQ�WKH�PDWKHPDWLFDO�PRGHOOLQJ�VHJPHQW��WKH
K\GURG\QDPLF�� QXPHULFDO� PRGHO� 4XRGG\�� KDV� EHHQ� LPSOHPHQWHG� DQG� WHVWHG�� $OVR�� WKH� FRQWLQXLW\
HTXDWLRQ�RI�UDQGRP�YHORFLW\�ILHOG��LPSRUWDQW�IRU�PRGHOOLQJ�WKH�GLIIXVLRQ�RI�D�VXEVWDQFH�LQ�WKH�VHD��KDV
EHHQ� VWXGLHG� DQG� WKH� H[LVWHQFH� RI� WKH� FRUUHVSRQGLQJ� IDPLO\� RI� UDQGRP� HYROXWLRQ� RSHUDWRUV� SURYHG�
:LWKLQ� WKH� VHDVRQDO� DQG� VXE�VHDVRQDO� YDULDELOLW\� UHVHDUFK�� WKH� DQDO\VLV� RI� WKH� LQHUWLDO� RVFLOODWLRQV
�VWDWLRQ������KDV�EHHQ�H[WHQGHG�WR�WKH�����������SHULRG�
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5HQDWR�%DWHO��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
1HYHQND�%LKDUL��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
0DMD�)DIDQ HO��PDJLVWUD�RFHDQ���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%RMDQ�+DPHU��PDJLVWDU�RFHDQ���DVLVWHQW��]QDQVWYHQL�QRYDN
0LOHQD�0LþLü��PDJLVWUD�RFHDQ���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

3URJUDP�UDGD�L�UH]XOWDWL�QD�WHPL�

8�VYUKX�SURFMHQH�RSWHUHüHQRVWL�PRUD�JHQRWRNVLþQLP�]DJD LYDOLPD�SULODJR HQD� MH�PHWRGD�626�XPX�
WHVWD� ]D� DQDOL]X� X]RUDND� YHOLNH� WRNVLþQRVWL� �LOL� JUDQLþQLK� RGQRVQR� PDOLK� JHQRWRNVLþQLK� DNWLYQRVWL��
0HWRGD�XNOMXþXMH�DQDOL]X�EDNWHULMVNH�ILODPHQWDFLMH�X�X]RUFLPD�QDNRQ�LQNXEDFLMH�PRGHOQLP�]DJD LYDOLPD
L�HNVWUDNWLPD�SULURGQLK�X]RUDND��WH�L]GYDMDQMH�ODåQR�SR]LWLYQLK�LOL�QHJDWLYQLK�QDOD]D��8]RUFL�NRML�SRVMHGXMX
JHQRWRNVLþQX�DNWLYQRVW�XYLMHN�üH�L]D]YDWL�EDNWHULMVNX�ILODPHQWDFLMX�WH�üH�LPDWL� LQGXNFLMVNH�RPMHUH�YHüH
RG����2YRP�VPR�PHWRGRP�SR�SUYL�SXWD�RGUHGLOL�JHQRWRNVLþQRVW�X]RUDND�XUEDQRJ�L�LQGXVWULMVNRJ�RWSDGD
URYLQMVNRJ�SULREDOMD��$QDOL]H�VWUHVQLK�SURWHLQD�+VS���X�GDJQML�SRND]DOD�VX�GD�UD]OLþLWL�PRGHOQL�VSRMHYL
LQGXFLUDMX� +VS��� L� +VS��� SURWHLQH� X� RYLVQRVWL� R� GR]L� SULPMHQMHQRJ� ]DJD LYDOD� NDR� L� WRSOLQVNL� VWUHV�
,QGXNFLMD�+VS������P51$� MH� UD]OLþLWD�NRG� WRSOLQVNRJ�VWUHVD� L� WUHWLUDQMD� ]DJD LYDOLPD�� ãWR�XND]XMH�QD
QDMPDQMH� �� PHKDQL]PD� UHJXODFLMH� +VS��� HNVSUHVLMH� X� GDJQMH�� 7RM� LQGXNFLML� X� VOXþDMX� WULEXWLONRVLWUD
SUHWKRGL�SRYHüDQMH�XþHVWDORVWL�ORPRYD�X�'1$��SRUHPHüDM�X�VWDQLþQRP�FLNOXVX��*��6�DUHVW��WH�SRMDYD
SURJUDPLUDQH� VWDQLþQH� VPUWL� �NRMD� MH� XVWDQRYOMHQD� X� KLVWRORãNLP� SUHSDUDWLPD� ãNUJD� GDJQML� WUHWULUDQLK
QLVNLP� GR]DPD� WULEXWLONRVLWUD��� 8WMHFDM� 89� ]UDþHQMD� QD� ILWRSODQNWRQ� SURXþDYDQ� MH� X� PRQRNXOWXUL
,VRFKU\VLV� JDOEDQD� SULPMHQRP� ]D� WR� SRVHEQR� SULODJR HQH� PHWRGH� DONDOQRJ� ILOWDU� HOXLUDQMD� '1$� X]
XSRWUHEX� 7��HQGRQXNOHD]H� 9�� 1D� WDM� VH� QDþLQ� PMHUH� LVNOMXþLYR� FLNOREXWDQVNL� SLULPLGLQVNL� GLPHUL� NRML
QDVWDMX�GMHORYDQMHP�89�]UDþHQMD�QD�'1$��0HWRGD� MH�GRYROMQR�RVMHWOMLYD�]D�XWYU LYDQMH�SRUDVWD�EURMD
FLNOREXWDQVNLK� SLULPLGLQVNLK� GLPHUD� QDVWDOLK� GMHORYDQMHP� SULURGQRJ� VXQþHYRJ� VYLMHWOD� WLMHNRP� �� VDWD
L]ORåHQRVWL��5D]YLMHQD�MH�WHKQLND�DQDOL]H�LQWHJULWHWD�'1$��W]Y��)DVW�PLFURPHWKRG��]D�VWDQLþQH�NXOWXUH�L
WNLYD�SULPMHQRP�QRYLK�IOXRURNURPD�L�þLWDþD�PLNURSORþD��0HWRGD�MH�SULPMHQMLYD�X�DQDOL]L�X]RUDND�PRUVNLK
RUJDQL]DPD��NDR�L�X]RUDND�NUYL�SDFLMHQDWD�NRML�VX�L]ORåHQL�NHPRWHUDSLML�LOL�]UDþHQMX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

$�VKRUW�WHUP�EDFWHULDO�626�XPX�WHVW�IRU�GHWHFWLRQ�RI�JHQRWR[LF�SROOXWDQWV�ZDV�DGDSWHG�IRU�DQDO\VLV�RI
VDPSOHV� ZLWK� KLJK� WR[LFLW\� DQG� ORZ� JHQRWR[LF� SRWHQWLDOV�� 7KH� PHWKRG� LQFOXGHV� DQDO\VLV� RI� EDFWHULDO
ILODPHQWDWLRQ� LQ� VDPSOHV� DIWHU� DQ� LQFXEDWLRQ� RI� PRGHO� VXEVWDQFHV� DQG� H[WUDFWV� RI� HQYLURQPHQWDO
VDPSOHV��([WUDFWV�ZLWK�JHQRWR[LF�DFWLYLW\������DQG�KLJKHU� LQGXFWLRQ�UDWLRV��ZLOO�DOZD\V� LQGXFH�EDFWHULDO
ILODPHQWDWLRQ��%\�XVLQJ�WKHVH�WZR�FULWHULD��IRU�WKH�ILUVW�WLPH�ZH�KDYH�GHWHFWHG�JHQRWR[LFLW\�LQ�VDPSOHV�RI
XUEDQ�DQG�LQGXVWULDO�ZDVWHV�RI�WKH�5RYLQM�DUHD�

$QDO\VHV�RI�+VS���SURWHLQV� LQ�PXVVHOV� �0\WLOXV�JDOORSURYLQFLDOLV��KDYH�VKRZQ� WKDW� WKHUPDO�VWUHVV�DV
ZHOO� DV� PRGHO� SROOXWDQWV� FRXOG� LQGXFH� WKH� H[SUHVVLRQ� RI� +VS��� DQG� +VS��� SURWHLQV�� 1RUWKHUQ� EORW
DQDO\VLV�RI�+VS������P51$�LQ�JLOOV�KDV�JLYHQ�DQ�LQVLJKW�LQWR�WZR�GLIIHUHQW�UHJXODWRU\�PHFKDQLVPV��RQH
IRU�WKHUPDO�DQG�DQRWKHU�IRU�SROOXWLRQ�VWUHVV��,Q�WKH�FDVH�RI�WULEXW\OWLQ�WUHDWPHQW��WKLV�+VS���LQGXFWLRQ�LV
FRQQHFWHG�WR�WKH�LQFUHDVHG�'1$�GDPDJH��*��6�DUUHVW�DQG�SURJUDPPHG�FHOO�GHDWK�

,PSDFW�RI�89�LUUDGLDWLRQ�RQ�PDULQH�SK\WRSODQNWRQ�'1$�KDV�EHHQ�VWXGLHG�LQ�PRQRFXOWXUHV�RI�,VRFKU\VLV
JDOEDQD� XVLQJ� DONDOLQH� ILOWHU� HOXWLRQ� DQG� 7��HQGRQXFOHDVH� 9� WUHDWPHQW�� 7KH� PHWKRG� GHWHFWV
F\FOREXWDQH�S\ULPLGLQH�GLPHUV�H[FOXVLYHO\�ZLWK�KLJK�VHQVLWLYLW\� LQ�FXOWXUHV�H[SRVHG� WR�QDWXUDO�VXQOLJKW
IRU�RQH�KRXU�DW�VRODU�QRRQ�LQ�WKH�5RYLQM�DUHD�
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%DUWROR�2]UHWLü��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW
0LUMDQD�2]UHWLü��GRNWRULFD�PHG��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
6LQLãD�3HWURYLü��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW

3URJUDP�UDGD�L�UH]XOWDWL�

8� NUYL� OXELQD� L]� X]JRMD� WLMHNRP� JRGLQH� SUDüHQL� VX� KHPDWRORãNL� SDUDPHWUL� L� SULPMHüHQH� VX� VH]RQVNH
YDULMDFLMH� KHPRJORELQD�� KHPDWRNULWD� L� HULWURFLWD�� ,VWUDåHQD� MH� PRJXüQRVW� VHOHNWLYQH� LQDNWLYDFLMH
L]RHQ]LPD�$$7�SRPRüX�WULSVLQD�L�SURWHD]H�.��3RND]DOR�VH�GD�NDSDFLWHW�WHVWD�]D�VHOHNWLYQX�LQDNWLYDFLMX
L]RHQ]LPD�$$7�SRPRüX�RYLK� LQKLELWRUD� QH� ]DGRYROMDYD��8WYU HQD� MH� WRNVLþQRVW�7%7�D�QD� UD]QH� ID]H
HPEULRQDOQRJ� UD]YRMD� KULGLQVNRJ� MHåLQFD�� SRVHEQR� QD� L]YDOMHQH� EODVWXOH�� 8� VXEWRNVLþQLP
NRQFHQWUDFLMDPD�]DELOMHåHQ� MH� VWLPXODWLYQL�XþLQDN�7%7�D�QD� VLQWH]X�'1$� L� HKLQRNURPD��8�ELRORãNRP
PRQLWRULQJX� SULREDOQRJ� SRGUXþMD� 5RYLQMD� NRULãWHQR� MH� PMHUHQMH� VWDELOQRVWL� OL]RVRPDOQH� PHPEUDQH� L
PHWDORWLRQHLQD� X� SUREDYQRM� åOMH]GL� GDJQML� NDR� ELRPDUNHUD� RSüHJ� L� VSHFLILþQRJ� VWUHVD�� 0HWDORWLRQHLQL
QLVX� SRND]DOL� UD]OLNX� L]PH X� X]RUDND� L]� ]DJD HQLK� SRGUXþMD� L� NRQWUROQH� VNXSLQH�� DOL� MH� VWDELOQRVW
OL]RVRPDOQH�PHPEUDQH�X�GDJQML�L]�]DJD HQLK�SRGUXþMD�ELOD�]QDþDMQR�VPDQMHQD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

+DHPDWRORJLFDO�SDUDPHWHUV� �KDHPRJORELQ��KDHPDWRFULW� DQG�HU\WKURF\WHV��KDYH�EHHQ�DQDO\VHG� LQ� WKH
EORRG�RI�IDUPHG�VHD�EDVV�DQG�VHDVRQDO�YDULDWLRQV�KDYH�EHHQ�REVHUYHG��6HOHFWLYH�VXVFHSWLELOLW\�RI�$$7
LVRHQ]\PHV� ZDV� WHVWHG� DQG� LW� KDV� EHHQ� IRXQG� WKDW� WU\SVLQ� DQG� .� SURWHDVH� ZHUH� QRW� VXLWDEOH� IRU
VHOHFWLYH� LQDFWLYDWLRQ�RI� WKHVH�LVRHQ]\PHV��7KH�WR[LFLW\�RI�7%7�ZDV�HVWLPDWHG�LQ�WKH�VHD�XUFKLQ�HDUO\
HPEU\RQLF�VWDJHV�DQG�WKH�KDWFKHG�EODVWXODH�DSSHDUHG�WR�EH�WKH�PRVW�VHQVLWLYH��6XEWR[LF�FRQFHQWUDWLRQ
RI�7%7�LQGXFHG�D�VWLPXODWLYH�HIIHFW�WR�WKH�'1$�SURGXFWLRQ�DQG�HFKLQRFKURPH�V\QWKHVLV��7KH�O\VRVRPDO
PHPEUDQH� VWDELOLW\� DQG� PHWDOORWKLRQHLQ� SURGXFWLRQ� LQ� WKH� GLJHVWLYH� JODQG� RI� PXVVHOV� �0\WLOXV
JDOORSURYLQFLDOLV�/���SURYHG�WR�EH�DSSURSULDWH�ELRPDUNHUV�IRU�GHWHFWLQJ�WKH�ELRORJLFDO�HIIHFWV�RI�SROOXWLRQ
LQ� WKH� IUDPH� RI� D� FRDVWDO� ELR�PRQLWRULQJ� SURJUDPPH�� 1R� GLIIHUHQFHV� KDYH� EHHQ� IRXQG� EHWZHHQ� WKH
FRQWHQW�RI�PHWDOORWKLRQHLQ�LQ�GLJHVWLYH�JODQGV�RI�PXVVHOV�IURP�SROOXWHG�DQG�QRQ�SROOXWHG�DUHD��ZKHUHDV
WKH�VWDELOLW\�RI�WKH�O\VRVRPDO�PHPEUDQH�KDV�VLJQLILFDQWO\�GHFUHDVHG�
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6XUDGQLFL�QD�WHPL�

0DVVLPR�'HYHVFRYL��GRNWRU�ELRO��]QDQRVWL��YLãL�DVLVWHQW
2OJD�-HOLVDYþLü��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD
ýHGRPLO�/XFX��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
'LMDQD�3DYLþLü�+DPHU��PDJLVWUD�ELRO��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþND�VXUDGQLFD�

%HOD�-DJLü

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

9RMNR�2EHUVQHO��PDJLVWDU�ELRO��]QDQRVWL��0HGLFLQVNL�IDNXOWHW�6YHXþLOLãWD�X�5LMHFL
'LHWULFK�6LHEHUV��SURIHVRU��%LRORJLVFKH�$QVWDOW�+HOJRODQG��+DPEXUJ��1MHPDþND

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDOL�VPR�WUDQVSRUWQH�PHKDQL]PH� L�SXWHYH�RVPROLWD� L� WRNVLþQLK�PHWDOD�X�PRUVNLK� UDNRYD��8þLQFL
UD]OLþLWLK� NRQFHQWUDFLMD� LRQD� NDOFLMD� QD� WUDQVSRUW� WRNVLþQRJ� PHWDOD� NDGPLMD� SUDüHQL� VX� X� PRGHOQRP
REMHNWX� �� L]ROLUDQRP� ãNUåQRP� SULSUDYNX� ERþDWRJ� UDND� &DUFLQXV� PHGLWHUUDQHXV�� 8VWDQRYOMHQD� MH
LQWHUDNFLMD� NDOFLMD� V� WUDQVSRUWQLP�SXWRYLPD�NDGPLMD� NUR]�ãNUåQL�HSLWHO��8OD]QL� WRN�NDGPLMD� NUR]� ãNUåQL
HSLWHO�LQKLELUDQ�MH�ODQWDQRP��3UHPD�QDãHP�PRGHOX�NDGPLM�SUROD]L�X�FLWRVRO�SXWHP�QHVSHFLILþQLK�LRQVNLK
NDQDOD�NDOFLMD��1DNRQ�KLSRRVPRWVNRJ�VWUHVD�ERþDWRJ�UDND�&DUFLQXV�X�KHPROLPIL�GROD]L�GR�SULYUHPHQRJ
SRYHüDQMD� NRQFHQWUDFLMH� EDNUD� L� KHPRFLMDQLQD�� 0H XWLP�� ��� VDWL� QDNRQ� VWUHVD� XVSRVWDYOMHQD� MH
UDYQRWHåD�NRQFHQWUDFLMH�EDNUD�L�KHPRFLMDQLQD�NRMH�VH�QH�UD]OLNXMX�RG�RQH�SULMH�KLSRRVPRWVNRJ�VWUHVD�
2YX� SRMDYX� REMDVQLOL� VPR� SULYUHPHQLP� VPDQMHQMHP� HNVWUDFHOXODUQRJ� SURVWRUD� L� LQWUDFHOXODUQRJ
YROXPHQD� ãNUåQLK� VWDQLFD�� 7UDQ]LWRUQD� SURPMHQD� NRQFHQWUDFLMH� EDNUD� L� KHPRFLMDQLQD� X� KHPROLPIL
SRYH]DQD�MH�V�UHJXODFLMRP�LQWUDFHOXODUQRJ�SURVWRUD�

8� ODERUDWRULMVNLP� XYMHWLPD� X� RGUDVOLK� NRPHUFLMDOQR� YDåQLK� GHVHWHURQRåQLK� UDNRYD� KODSRYD�+RPDUXV
JDPPDUXV�XVWDQRYOMHQD�MH�WROHUDQFLMD�VODQRVWL�PRUVNH�YRGH�GR����SSW��2VPRNRQFHQWUDFLMD�KHPROLPIH
MH�RNR�����P2VPRO�O�YHüD�RG�RVPRNRQFHQWUDFLMH�UD]ULMH HQH�PRUVNH�YRGH��+HPROLPID�MH�L]RRVPRWVND
X� ��� SSW� PRUVNRM� YRGL�� 7LMHNRP� SULODJRGEL� X� QLåRM� NRQFHQWUDFLML� PRUVNH� YRGH� X� SOHXUREUDQFKLD�
SRGREUDQFKLD�L�DUWKUREUDQFKLD�GROD]L�GR�SRYHüDQMD�DNWLYQRVWL�WUDQVSRUWQRJ�HQ]LPD�1D��.�$73D]H��1D
SRVWDMDPD� NRMH� VX� SRG� XWMHFDMHP� HIOXHQDWD� ULMHNH�3R�� SRYHüDQD� MH� NRQFHQWUDFLMD�&V����� X�PRUVNRM
YRGL��RUJDQL]PLPD�L�VHGLPHQWX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7UDQVSRUW�PHFKDQLVPV�RI� RVPRO\WHV� DQG� WR[LF�PHWDOV� KDYH�EHHQ� VWXGLHG� LQ�PDULQH�RUJDQLVPV��7KH
WR[LF�HIIHFWV�RI�&D�DQG�/D�RQ�&G�WUDQVSRUW�DFURVV�DSLFDO�DQG�EDVRODWHUDO�JLOO�VXUIDFHV�ZHUH�H[DPLQHG�LQ
LVRODWHG� SHUIXVHG�&DUFLQXV� JLOOV�� &DGPLXP� WUDQVSRUW� LV� VXJJHVWHG� DV� D� QRQ�VSHFLILF� LQIOX[� XVLQJ�&D
FKDQQHOV�� +HPRO\PSK� FRSSHU�� SURWHLQ� DQG� KHPRF\DQLQ� FRQFHQWUDWLRQV� LQFUHDVHG� E\� DSSUR[LPDWHO\
���� DIWHU� DQ� H[SRVXUH� ��� K� WR� ORZ� VHD�ZDWHU� FRQFHQWUDWLRQV�� 7KHVH� FKDQJHV� ZHUH� WUDQVLWRU\�� DQG
ZLWKLQ� ���K� WKH� LQLWLDO� FRQFHQWUDWLRQV�ZHUH� UHVWRUHG��7KH� KHPRO\PSK� YROXPH�� GHWHUPLQHG� DV� FRSSHU
VSDFH��VLJQLILFDQWO\�GHFUHDVHG�DIWHU����K�RI�H[SRVXUH�WR�GLOXWHG�VHD�ZDWHU��$IWHU�K\SR�RVPRWLF�VWUHVV�
WKH�EORRG�YROXPH�GHFUHDVH�DQG�FRQVHTXHQW�LQFUHDVH�RI�KHPRO\PSK�FRSSHU��SURWHLQ�DQG�KHPRF\DQLQ
FRQFHQWUDWLRQV�ZHUH�SURYRNHG�E\�WUDQVLWRU\�K\GUDWLRQ�RI�WKH�FUDE�WLVVXH�



���

7KH� OREVWHU� +RPDUXV� JDPPDUXV� EHKDYHV� DV� DQ� RVPR�FRQIRUPHU� LQ� VHD�ZDWHU�� DQG� DV� D� SRRU
K\SHURVPR�UHJXODWRU�ZKHQ�HTXLOLEUDWHG� LQ�GLOXWHG�VHD�ZDWHU� LQ�ZKLFK�KHPRO\PSK�ZDV�PDLQWDLQHG� IRU
����P2VPRO�O� DERYH� WKRVH�RI� WKH�PHGLXP�� ,Q� WKH�DUWKUREUDQFKLD�� SRGREUDQFKLD� DQG� SOHXUREUDQFKLD
JLOOV��WKH�1D��.�$73DVH�VSHFLILF�DFWLYLW\�RI�KRPRJHQDWHV�DQG�SDUWLDOO\�SXULILHG�PHPEUDQH�YHVLFOHV�KDV
VLJQLILFDQWO\�LQFUHDVHG�ZKHQ�LVRODWHG�IURP�GLOXWH�VHD�ZDWHU�DFFOLPDWHG�RUJDQLVPV�

7KH�FRQFHQWUDWLRQ�RI�&V�����ZDV�PHDVXUHG�LQ�VHOHFWHG�RUJDQLVPV��VHD�ZDWHU�DQG�LQ�VHGLPHQW�RI�WKH
QRUWK�$GULDWLF�6HD��2Q�WKH�ORFDWLRQV�LQIOXHQFHG�E\�WKH�5LYHU�3R�HIIOXHQWV��WKH�&V�����FRQFHQWUDWLRQ�KDV
LQFUHDVHG�LQ�VHD�ZDWHU��RUJDQLVPV�DQG�VHGLPHQWV�

$.9$5,-��,675$ä,9$ý.(�3/291(�-(',1,&(��6/8ä%$
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7HKQLþNR�RVREOMH

-RVLS�'DPLMDQLü��DNYDULVWD��YUWODU

'åHPLOD�-RãLü��VH]RQVND�EODJDMQLFD

=GHQND�0DWDQ��VH]RQVND�EODJDMQLFD

'UDJRVODY�7XUNRYLü��YRGLWHOM�$NYDULMD

'DULR�'HYHVFRYL��YRGLWHOM�,ý�³%XULQ´��RG������������

,JRU�-HUJRYLü��YRGLWHOM�EURGVNRJ�VWURMD

5XGROI�0DULü��YRGLWHOM�,ý��%XULQ��L�]DSRYMHGQLN�,%�³9LOD�9HOHELWD´

%RULV�6WRUHOL��]DSRYMHGQLN�,%��9LOD�9HOHELWD���GR������������

3ULND]�UDGD�

,VWUDåLYDþNL�EURG��9LOD�9HOHELWD��NRULãWHQ�MH�]D�WHUHQVNL�UDG�X�RNYLUX�SURJUDPD�L�SURMHNDWD�0LQLVWDUVWYD
]QDQRVWL� L� WHKQRORJLMH� L�'UåDYQH�XSUDYH�]D�]DãWLWX�RNROLãD��.RULãWHQ� MH� L�X� WHUHQVNLP� LVWUDåLYDQMLPD�]D
]QDQVWYHQH�SURMHNWH�ELODWHUDOQH�VXUDGQMH�VD�6YHXþLOLãWHP�X�%HþX�L�6YHXþLOLãWHP�X�8WUHFKWX�

,VWUDåLYDþNL�þDPDF��%XULQ��WDNR HU�MH�NRULãWHQ�]D�WHUHQVNL�UDG�X�RNYLUX�SURJUDPD�0LQLVWDUVWYD�]QDQRVWL�L
WHKQRORJLMH��,]QDMPOMLYDQ�MH�GRPDüLP�L�VWUDQLP�VWXGHQWVNLP�JUXSDPD�QD�WHUHQVNRM�QDVWDYL�X�5RYLQMX�

8�UD]GREOMX�RG�VYLEQMD�GR�UXMQD�������JRGLQH�ERUDYLOR�MH����VWXGHQWVNLK�JUXSD�VD�VYHXþLOLãWD�L�JLPQD]LMD
L]� $XVWULMH� �%Hþ�� 6DO]EXUJ�� ,QQVEUXFN��� ,WDOLMH� �)LUHQFD��� 1MHPDþNH� �0�QFKHQ�� %D\UHXWK�� )UDQNIXUW�
.RQVWDQW]��+DJHQ��L�+UYDWVNH��=DJUHE��2VLMHN���VD�VYHXNXSQR�����XþHVQLND�

,]ORåEHQL� MH� DNYDULM� SRVMHWLOR� � ������� JRVWLMX�� RG� þHJD� ������� RGUDVOLK� L� ������� GMHFH�� SULEOLåLYãL� VH
L]X]HWQRM�SRVMHüHQRVWL�RG��������SRVMHWLWHOMD�X�������JRGLQL�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� %DFKLQVNL�� 1��� .R]LRO�� &��� %DWHO�� 5��� /DEXUD�� ä��
6FKU|GHU��&��+���0�OOHU��(�*��:�� ,PPHGLDWH�HDUO\
UHVSRQVH� RI� WKH� PDULQH� VSRQJH� 6XEHULWHV
GRPXQFXOD� WR� KHDW� VWUHVV�� UHGXFWLRQ� RI� WUHKDORVH
DQG�JOXWDWKLRQH�FRQFHQWUDWLRQV�DQG�JOXWDWKLRQH�6�
WUDQVIHUDVH� DFWLYLW\�� -RXUQDO� RI� ([SHULPHQWDO
0DULQH�%LRORJ\�DQG�(FRORJ\���������������������

��� 'H�5RVD��6���0LORQH��$���&ULVSLQR��$���-DNOLQ��$��
'H� *XOLR�� $�� $EVROXWH� FRQILJXUDWLRQ� RI� ����
GLPHWK\OKHSW\O� VXOIDWH� DQG� LWV� GLVWULEXWLRQ� LQ

$VFLGLDFHD��-RXUQDO�RI�1DWXUDO�3URGXFWV�����������
��������

��� .R]LRO��&���%DWHO��5���$ULQF��(���6FKURHGHU��+�&��
0�OOHU�� :�(�*�� ([SUHVVLRQ� RI� WKH� SRWHQWLDO
ELRPDUNHU�KHDW�VKRFN�SURWHLQ����DQG�LWV�UHJXODWRU�
WKH� PHWD]RDQ� 'QD-� KRPRORJ�� E\� WHPSHUDWXUH
VWUHVV� LQ� WKH� VSRQJH� *HRGLD� F\GRQLXP�� 0DULQH
(FRORJ\�3URJUHVV�6HULHV���������������������

��� .UDVNR��$���6FKHIIHU��8���.R]LRO��&���3DQFHU��=��
%DWHO�� 5��� %DGULD�� )�$���0�OOHU��:�(�*��'LDJQRVLV
RI� VXEOHWKDO� VWUHVV� LQ� WKH�PDULQH� VSRQJH�*HRGLD
F\GRQLXP�� DSSOLFDWLRQ� RI� WKH� ��� N'D� KHDW�VKRFN
SURWHLQ� DQG� D� QRYHO� ELRPDUNHU�� WKH� 5DE� *'3
GLVVRFLDWLRQ� LQKLELWRU�� DV� SUREHV�� $TXDWLF
7R[LFRORJ\��������������������



���

��� .UãLQLü�� )��� 3UHFDOL� 5�� 2Q� WKH� RFFXUHQFH� RI
RFHDQLF�WLQWLQQLQHV�ZLWK�SDUWLFXODU�FRQVLGHUDWLRQ�RI
WKH� VSHFLHV�$PSKRULGHV� ODDFNPDQQL� �-RUJHQVHQ�
��������&LOLRSKRUD��2OLJRWULFKLGD��7LQWLQQLQD��LQ�WKH
QRUWKHUQ�$GULDWLF�6HD��0DULQH�(FRORJ\���3�6�=�1��,�
����������������

��� /LPLü�� 1��� 3DVDULü�� =�� 7KH� &RQWLQXLW\� (TXDWLRQ
ZLWK�5DQGRP�9HORFLW\�)LHOG�DQG�WKH�([SHFWDWLRQ�RI
,WV� 6ROXWLRQV�� -RXUQDO� RI� 0DWKHPDWLFDO� $QDO\VLV
DQG�$SSOLFDWLRQV���������������������

��� /XFX�� ý��� 9RMNR�� 2�� &DGPLXP� LQIOX[� DFURVV
LVRODWHG� &DUFLQXV� JLOO� HSLWKHOLXP�� ,QWHUDFWLRQ� RI
ODQWKDQXP� DQG� FDOFLXP� ZLWK� FDGPLXP� LQIOX[HV�
-RXUQDO� RI� &RPSDUDWLYH� 3K\VLRORJ\�� ���� ������
��������

��� 0HGDNRYLü��'���3RSRYLü��6���*UåHWD��%���3OD]RQLü�
0��� +UV�%UHQNR�� 0�� ;�UD\� GLIIUDFWLRQ� VWXG\� RI
FDOFLILFDWLRQ� SURFHVVHV� LQ� HPEU\RV� DQG� ODUYDH� RI
WKH�EURRGLQJ�R\VWHU�2VWUHD�HGXOLV��0DULQH�%LRORJ\�
�������������������

��� 1DMGHN�� 0�� 8QXVXDO� FKDQJHV� RI� ]RRSODQNWRQ
IDWW\�DFLG�FRPSRVLWLRQ�LQ�WKH�QRUWKHUQ�$GULDWLF�VHD
GXULQJ� WKH� �����PXFLODJH� HYHQW�� 0DULQH� (FRORJ\
3URJUHVV�6HULHV���������������������

���� 6YHWOLþLü�� 9��� ,YRãHYLü�� 1��� äXWLü�� 9��� )XNV�� '�
3RODURJUDSK\� RI� PDULQH� EDFWHULD�� $� SUHOLPLQDU\
VWXG\��&URDWLFD�&KHPLFD�$FWD��������������������

���� 7UDYL]L�� $��� 9LGDNRYLü�� -�� 1HPDWRIDXQD� LQ� WKH
$GULDWLF�6HD��5HYLHZ�DQG�FKHFN�OLVW�RI�IUHH���OLYLQJ
QHPDWRGH� VSHFLHV�� +HOJROlQGHU
0HHUHVXQWHUVXFKXQJHQ��������������������

.QMLJH�

��� =DYRGQLN�� '��� âLPXQRYLü�� $�� %HVNUDOMHãQMDFL
PRUVNRJ�GQD�-DGUDQD���0DVOLü��(���XU������6YMHWORVW�
6DUDMHYR������������VWU�

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� 'HJREELV��'���3UHFDOL��5��� ,YDQþLü�� ,���6PRGODND�
1��� .YHGHU�� 6�� 7KH� LPSRUWDQFH� DQG� SUREOHPV� RI
QXWULHQW� IOX[� PHDVXUHPHQWV� WR� VWXG\
HXWURSKLFDWLRQ�RI�WKH�QRUWKHUQ�$GULDWLF��3HULRGLFXP
%LRORJRUXP��������������������

��� +UV�%UHQNR��0�� 7KH�PDULQH� ELYDOYH�PROOXVFV� LQ
WKH� .RUQDWL� QDWLRQDO� SDUN� DQG� 'XJL� RWRN� QDWXUDO
SDUN� �$GULDWLF� 6HD��� 3HULRGLFXP� ELRORJRUXP�� ��
���������������

��� -DNOLQ�� $�� 0RUVNL� SXåHYL� �� GUXJL� GLR�� (NRORãNL
JODVQLN�����������������

��� -DNOLQ��$���$UNR�3LMHYDF��0��%HQWKLF�ELRFRHQRVHV
RI� WKH� 6Y�� 0DUNR� LVOHW� �5LMHND� %D\��� 3HULRGLFXP
ELRORJRUXP��������������������

��� /LPLü�� 1��� 3DVDULü�� =�� 2Q� D� FODVV� RI� UDQGRP
GLIIHUHQWLDO� HTXDWLRQV� DQG� WKH� H[SHFWDWLRQ� RI� LWV
VROXWLRQV��%ROOHWLQR�8�0�,�������������������

��� 1DMGHN�� 0��� 'HJREELV�� '�� 7KH� UHODWLYH
LPSRUWDQFH� RI� DXWRFKWKRQRXV� DQG� DOORFKWKRQRXV
VRXUFHV� RI� RUJDQLF� PDWWHU� LQ� WKH� QRUWKZHVWHUQ
$GULDWLF� VHGLPHQW�� 3HULRGLFXP� %LRORJRUXP�� ��
���������������

��� 2UHSLü��1���9LGPDU��-���=DKWLOD��(���=DYRGQLN��'�
$� PDULQH� EHQWKRV� VXUYH\� LQ� WKH� -H]HUD� RI� WKH
1DWLRQDO� SDUN� 0OMHW� �$GULDWLF� VHD��� 3HULRGLFXP
%LRORJRUXP��������������������

��� 3XãNDULü�� 6��� 6PRGODND�� 1�� 3URGXFWLRQ� RI
SDUWLFXODWH� DQG� GLVVROYHG� RUJDQLF� FDUERQ� E\
PDULQH�SK\WRSODQNWRQ� LQ�WKH� OLJKW�DQG� LQ� WKH�GDUN�
3HULRGLFXP�%LRORJRUXP��������������������

��� 6PRGODND�� 1�� 0DULQH� UHVHDUFK� LQ� WKH� $GULDWLF�
:KHUH� DUH� ZH� QRZ"� 3HULRGLFXP� %LRORJRUXP�� ��
���������������

���� 6XSLü�� 1��� 2UOLü�� 0��� 'HJREELV�� '�� 6PDOO�VFDOH
VSDWLDO� YDULDELOLW\� RI� VXUIDFH� KHDW� IOX[� RYHU� WKH
1RUWKHUQ� $GULDWLF�� 3HULRGLFXP� %LRORJRUXP�� ��
���������������

���� âWHYþLü�� =�� 1RYL� PRUVNL� DNYDULM�� 3ULURGD�� ��
�������������

���� âWHYþLü��=��/RJLþNL�SUREOHPL�HNRORJLMH��)LOR]RIVND
LVWUDåLYDQMD����������������������

���� âWHYþLü�� =�� 6LVWHPDWLND� L�LOL� WDNVRQRPLMD�� 1DWXUD
&URDWLFD�������������������

���� =DKWLOD�� (�� 2IIVKRUH� 3RO\FKDHWH� IDXQD� LQ� WKH
QRUWKHUQ� $GULDWLF� ZLWK� WURSKLF� FKDUDFWHULVWLF�
3HULRGLFXP�%LRORJRUXP��������������������

���� =DYRGQLN�� '�� &KWKDPDOXV� PRQWDJXL� DQG
3ODW\OHSDV�KH[DVW\ORV� WZR�FLUULSHG�FUXVWDFHDQV� LQ
WKH� HDVWHUQ� $GULDWLF� 6HD�� 1DWXUD� &URDWLFD�� �
���������������

���� =DYRGQLN�� '�� (FKLQRGHUPDWD� RI� WKH� PDULQH
1DWLRQDO�SDUN��.RUQDWL���$GULDWLF�6HD���3HULRGLFXP
%LRORJRUXP��������������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� +UV�%UHQNR�� 0��� /HJDF�� 0��� $UNR�3LMHYDF�� 0�
&RQWULEXWLRQ� WR� WKH� PDULQH� IDXQD� RI� 5LMHND� %D\
�$GULDWLF�6HD��� ���%LYDOYLD��=ERUQLN��3ULURGRVORYQD
LVWUDåLYDQMD�5LMHþNRJ�]DOMHYD�

��� 2]UHWLü��%���3HWURYLü��6��DQG�.UDMQRYLü�2]UHWLü�0�
7R[LFLW\� RI� 7%7� EDVHG� SDLQW� OHDFKDWHV� RQ� WKH
HPEU\RQLF� GHYHORSPHQW� RI� WKH� VHD� XUFKLQ
3DUDFHQWURWXV�OLYLGXV�/DP��&KHPRVSKHUH�

��� =DYRGQLN��1���7UDYL]L��$���'H�5RVD��6��6HDVRQDO
YDULDWLRQV�LQ�WKH�UDWH�RI�SKRWRV\QWKHWLF�DFWLYLW\�DQG
FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VHDJUDVV�&\PRGRFHD
QRGRVD��8FU���$VFK��2FHDQRORJLFD�$FWD�



���

��� 'H� 9DXJHOHV�� -��� 0HLQHV]�� $��� $QWROLü�� %��
%DOOHVWHURV��(���%HOVKHU��7���&LQHOOL��)���&RWWDORUGD
-��0��� )UDG�2UHVWDQR�� &��� -DNOLQ�� $���0RUXFFL�� &��
6DQGXOOL��5���âSDQ��$���7ULSDOGL��*���9DQ�.ODYHUHQ�
3��� =DYRGQLN�� 1�� 6WDQGDUGL]DWLRQ� RI� PDS
UHSUHVHQWDWLRQ� IRU� WKH� H[SDQVLRQ� RI� &DXOHUSD
WD[LIROLD� LQ� WKH�0HGLWHUUDQHDQ�6HD��2FHDQRORJLFD
$FWD�

��� =DYRGQLN�� 1��� -DNOLQ�� $��� /DEXUD�� ä��� 7UDYL]L�� $�
3RMDYD�WURSVNH�DOJH�&DXOHUSD�WD[LIROLD�X�5LMHþNRP
]DOMHYX�� =ERUQLN�� 3ULURGRVORYQD� LVWUDåLYDQMD
5LMHþNRJ�]DOMHYD�

5DGRYL�REMDYOMHQL�X�]ERUQLFLPD�VNXSRYD�

��� 'HJREELV��'��� ,YDQþLü�� ,���3UHFDOL��5���6PRGODND�
1��� 6WLSLü�� ä�� 9DULD]LRQL� GHOOR� VWDWR� WURILFR� GHOOH
DFTXH� DO� ODUJR� GHOO
$GULDWLFR� VHWWHQWULRQDOH� QHO
SHULRGR�O����O�����LQ��(YROX]LRQH�GHOOR�VWDWR�WURILFR
LQ�$GULDWLFR��DQDOLVL�GHJOL�LQWHUYHQWL�H�IXWXUH�OLQHH�GL
LQWHUYHQWR��$XWRULWj�GL�%DFLQR�GHO�)LXPH�3R� �HG���
5DYHQQD�� ,WDOLD��5HJLRQH�(PLOLD�5RPDJQD�� �����
������

��� )XNV�� '�� 'LVWXUEDQFHV� RI� WKH� PLFURELDO� ORRS
VWUXFWXUH�GXULQJ��PXFLODJH�HYHQWV��LQ�WKH�QRUWKHUQ
$GULDWLF� 6HD�� LQ�� &XUUHQW� ,VVXHV� LQ� 0DULQH
0LFURELRORJ\�� &,(60�:RUNVKRS� 6HULHV�� �� ������
�������

��� +LQLü�� 9��� =D]LMDO�0DUXãLü�� -��� =DKWLOD�� (�
,QIOXHQFH� RI� WKH� UHSDLU� VKLS\DUG� RQ� FRDVWDO� VHD
TXDOLW\� 3URFHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO
&RQIHUHQFH� RQ� WKH� 0HGLWHUUDQHDQ� &RDVWDO
(QYLURQPHQW��0('&2$67�������4DZUD��0DOWD����(�
g]KDQ� �XU���� 4DZUD�� 0DOWD� �� 0('&2$67
6HFUHWDULDW��������������

��� .X]PLü�� 0��� :DJQHU�� &�� 7LGDO� UHVSRQVH� RI� WKH
$GULDWLF� 6HD� LQIHUUHG� IURP� DOWLPHWU\�
K\GURG\QDPLF�PRGHOLQJ� DQG� JDXJH� GDWD�
3URFHHGLQJV� RI� WKH� 6\PSRVLXP� �0RQLWRULQJ� WKH
2FHDQV� LQ� WKH� ����V�� $Q� LQWHJUDWHG� DSSURDFK��
%LDUULW]��)UDQFH�������������

��� âWHYþLü�� =�� /DPDUFN� DQG� LQYHUWHEUDWH� FODVVHV�
-HDQ�%DSWLVWH� /DPDUFN� ���������� �� *RXOYHQ
/DXUHQW� �XU���� $PLHQV�� )UDQFXVND� �� &RPLWH� GHV
WUDYDX[� KLVWRULTXHV� HW� VFLHQWLILTXHV�� ������ ����
����

0DJLVWDUVNL�UDGRYL�

��� )DIDQ HO�0��8þLQDN�XOWUDOMXELþDVWRJ� ]UDþHQMD�QD
'1$�SODQNWRQVNH� YUVWH� ,VRFKU\VLV�JDOEDQD� 3DUNH
X� PRQRNXOWXUL� �� PDJLVWDUVNL� UDG�� =DJUHE� �
3ULURGRVOYQR�PDWHPDWLþNL� IDNXOWHW�� ���� ���������
���VWU���YRGLWHOM��%DWHO��5�

��� +DPHU�%��3ULPMHQD�EDNWHULMVNRJ�626�XPX�WHVWD
X� SURFMHQL� JHQRWRNVLþQRJ� GMHORYDQMD� VPMHVD
]DJD LYDOD� L� PRGHOQLK� VSRMHYD� �� PDJLVWDUVNL� UDG�
=DJUHE� �� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� ���
�������������VWU���YRGLWHOM��%DWHO��5�

'LSORPVNL�UDGRYL�

��� 'RPLWURYLü�� 5�� 8ORJD� &V&O� X� LQKLELFLML� VWUXMD� X
NUDWNRP� VSRMX� X� L]ROLUDQRM� ãNUåQRM� KHPLODPHOL
PRUVNRJ� UDND�� 6YHXþLOLãWH� X� =DJUHEX�
3UHKUDPEHQR�WHKQRORãNL� IDNXOWHW� X� =DJUHEX�
����������VWU���YRGLWHOM�/XFX��ý�

.RORNYLML�L�VHPLQDUL�RGUåDQL�X�,5%�X�

6P\WK��-�&��7KH�VHD��SROOXWLRQ�DQG�OHDUQLQJ��+RZ�WKH\
FRQQHFW"�5RYLQM��O����������

.X]PLü�� 0�� 6DWHOLWVND� GHWHNFLMD� L� LVWUDåLYDQMH
-DGUDQVNRJ�PRUD��5RYLQM��������������

%LKDUL��1��3ULQFLS�DONDOQRJ� ILOWHU� HOXLUDQMD� L� SULPMHQD� X
LVWUDåLYDQMX� RQHþLãüHQMD� URYLQMVNRJ� SULREDOMD
JHQRWRNVLQLPD��5RYLQM��������������

âWHYþLü�� =�� ,VWUDåLYDQMH� IDXQH� GHNDSRGD� -DGUDQD� �
VDGDãQMH�VWDQMH�L�SHUVSHNWLYH��5RYLQM��������������

%DWHO�� 5�� 0ROHNXODUQL� ELRPDUNHUL� ]DJD HQMD� �� XþLQDN
WULEXWLO� NRVLWUD� QD� GDJQMX� 0\WLOXV� JDOORSURYLQFLDOLV�
5RYLQM��������������

+UV�%UHQNR��0�� 3UHJOHG� YDåQLMLK� UH]XOWDWD� LVWUDåLYDQMD
ãNROMNDãD� -DGUDQD� QD� SRGUXþMX� HNRORJLMH� L
VLVWHPDWLNH��5RYLQM���������������

/XFX�� ý�� 8ORJD� ãNUJD� X� SULODJRGEDPD� QD� SURPMHQH
VODQRVWL�PRUVNH�YRGH��5RYLQM��������������

2]UHWLü�� 0�� +HPDWRORãNR�ELRNHPLMVNH� NDUDNWHULVWLNH
OXELQD� �'LFHQWUDUFKXV� ODEUD[� /��� X� NDYH]QRP
X]JRMX��5RYLQM��������������

,JLü�� /M�� .ROLNL� MH� GRSULQRV� DSOLNDELOQLK� LVWUDåLYDQMD
REUDãWDMQH� SUREOHPDWLNH� ]D� QDãH� SRPRUVWYR"
5RYLQM��������������

2]UHWLü��%��7RNVLþQRVW�7%7�D�QD�JDPHWH�L�HPEULRQDOQH
UD]YRMQH�VWDGLMH�MHåLQDFD��5RYLQM��������������

'HJREELV��'��3URL]YRGQMD� L� NUXåHQMH� RUJDQVNH� WYDUL� X
VMHYHUQRP�-DGUDQX�� �6LURYLQH�� L� ELRWRS��5RYLQM�� ���
��������

1DMGHN�� 0�� ,]YRUL� L� SURFHVL� X� VMHYHUQRP� -DGUDQX
LVWUDåLYDQL�ELRPDUNHULPD��5RYLQM��������������

3UHFDOL�� 5�� 9LãHJRGLãQMD� NROHEDQMD� SULPDUQH
SURL]YRGQMH� X� VMHYHUQRP� -DGUDQX�� 5RYLQM�� ���
��������

3XãNDULü�� 6�� ,]OXþLYDQMH� L� SUHREUDåDM� RWRSOMHQH
RUJDQVNH� WYDUL� X� VMHYHUQRP� -DGUDQX�� 5RYLQM�� ���
��������

6PRGODND�� 1�� &LNOXV� SULPDUQH� SURL]YRGQMH� X
VMHYHUQRP�-DGUDQX��5RYLQM��������������

=DYRGQLN�� 1�� &DXOHUSD� WD[LIROLD� �9DKO��� &�� $J�� X
-DGUDQX��5RYLQM�������������



���

.RORNYLML� L� VHPLQDUL� RGUåDQL� X� GUXJLP
XVWDQRYDPD�

=DKWLOD�� (�� %LRORãND� RFHDQRJUDILMD�� +UYDWVNL� URQLODþNL
VDYH]��'XJD�XYDOD��������������

/XFX�� ý�� 6KRUW�WHUP� LQGXFWLRQ� RI� WUDQVSRUW� HQ]\PH
DFWLYLW\�GXH� WR� WKH�K\SRVPRWLF� VWUHVV��8QLYHUVLW\�RI
1LMPHJHQ�� 'HSDUWPHQW� RI� $QLPDO� 3K\VLRORJ\�
1LMPHJHQ��1L]R]HPVND��������������

-DNOLQ�� $�� %LRORJLMD� PRUD� V� RVYUWRP� QD� HNRORJLMX�
+UYDWVNL�URQLODþNL�VDYH]��'XJD�XYDOD��������������

=DYRGQLN�� '�� 7DMQH� L� OMHSRWH� QDãHJ� SRGPRUMD�
6YHXþLOLãWH�X�5LMHFL��������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

%LRORJLMD�PRUD
3UHGDYDþ��=DYRGQLN��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

0HWRGLND�HNRORãNLK�L�ELRFHQRORãNLK�LVWUDåLYDQMD�PRUD
3UHGDYDþ��=DYRGQLN��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

äLYRWQH�]DMHGQLFH�PRUVNRJ�GQD
3UHGDYDþ��=DYRGQLN��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

(NRWRNVLNRORJLMD�PRUD
3UHGDYDþ��.UDMQRYLü�2]UHWLü��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM� L]� RFHDQRORJLMH�� 6YHXþLOLãWH� X� =DJUHEX�� RãN�
JRG����������

%LRORJLMD�L�X]JRM�ãNROMNDãD
3UHGDYDþ��+UV�%UHQNR��0�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

(NRIL]LRORJLMD�PRUVNLK�RUJDQL]DPD
3UHGDYDþ��/XFX��ý�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

0HWDEROLþNL�L�WUDQVSRUWQL�SURFHVL�X�VWDQLFL
3UHGDYDþ��/XFX��ý�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�ELRPHGLFLQH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

(NRWRNVLNRORJLMD
3UHGDYDþL��.XUHOHF��%���/XFX��ý�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM� L]� HNRORJLMH�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
��������

'HNDSRGQL�UDFL��&UXVWDFHD�'HFDSRGD�
3UHGDYDþ��âWHYþLü��=�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

,QWHU��L�LQWUDVSHFLMVNL�RGQRVL
3UHGDYDþ��âWHYþLü��=�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

%DNWHULRORJLMD�PRUD
3UHGDYDþL��6WLOLQRYLü��%���)XNV��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

)L]LNDOQD�L�NHPLMVND�VYRMVWYD�PRUVNH�YRGH
3UHGDYDþ��'HJREELV��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

3URPHW�KUDQMLYLK�VROL�X�PRUX
3UHGDYDþL��*LOPDUWLQ��0���'HJREELV��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

3ULPDUQD�SURL]YRGQMD�RUJDQVNH�WYDUL�X�PRUX
3UHGDYDþL��3XFKHU�3HWNRYLü��7���'HJREELV��'�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 3RVOLMHGLSORPVNL
VWXGLM�L]�RFHDQRORJLMH��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
��������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

%LRORJLMD
3UHGDYDþ��/XFX��ý�
0HGLFLQVNL� IDNXOWHW�� 6YHXþLOLãWH� X� 5LMHFL�� ãN�� JRG�
��������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

äHUMDY�� 9��� 0DULQELRORJLVFKH� $EWHLOXQJ�� ,QVWLWXW� I�U
=RRORJLH�� 8QLYHUVLWlW� :LHQ�� $XVWULMD�� ���������
O����������

3HWURYLü�� 6��� 8QLYHUVLW\� RI� 7ULHVWH�� 'HSDUWPHQW� RI
%LRFKHPLVWU\�� %LRSK\VLFV� DQG� &KHPLVWU\� RI
0DFURPROHFXOHV��7ULHVWH�� ,WDOLMD�� �������������±�X
WLMHNX��7UDQVSRUW�ELOLUXELQD�NUR]�PHPEUDQX�MHWUHQH
VWDQLFH� ãWDNRUD� X� QRUPDOQLP� XYMHWLPD� L� NRG
HNVSHULPHQWDOQR�L]D]YDQH�NROHVWD]H�



���

6WXGLMVNL�ERUDYFL�X�RNYLUX�PH XQDURGQH
VXUDGQMH�

/XFX�� ý��� 'HSDUWPHQW� IRU� $QLPDO� 3K\VLRORJ\�
8QLYHUVLW\� RI� 1LMPHJHQ�� 1LMPHJHQ�� 1L]R]HPVND�
���������������L��������������������

0HGDNRYLü��'���%LRORãNL�LQVWLWXW�6ORYHQVNH�DNDGHPLMH
]QDQRVWL� LQ� XPHWQRVWL�� /MXEOMDQD�� 6ORYHQLMD�� ���
������������������������������

%DWHO�� 5��� 6YHXþLOLãWH� -RKDQQHV� *XWHQEHUJ�� 0DLQ]�
1MHPDþND���������������������

%LKDUL�� 1��� 6YHXþLOLãWH� -RKDQQHV� *XWHQEHUJ�� 0DLQ]�
1MHPDþND���������������������

+DPHU��%���6YHXþLOLãWH� -RKDQQHV�*XWHQEHUJ��0DLQ]�
1MHPDþND���������������������

)DIDQ HO�� 0��� 6YHXþLOLãWH� -RKDQQHV� *XWHQEHUJ�
0DLQ]��1MHPDþND�����������������X�WLMHNX

/XFX�� ý��� %LRORJLVFKH� $QVWDOW� +HOJRODQG�� +DPEXUJ�
1MHPDþND���������������������

6PRGODND�� 1��� 8QLYHUVLW\� RI� 0DU\ODQG�� &((6�� +RUQ
3RLQW� (QYLURQPHQWDO� /DERUDWRULHV�� &DPEULGJH�
6$'���������������������

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

67$7(� 2)� 7+(� $57� $1'� 1(:� 6&,(17,),&
+<327+(6(6� 21� 7+(� 3+(120(121� 2)
08&,/$*(6�,1�7+(�$'5,$7,&�6($
7UVW��,WDOLMD����������������
3ULORJ�
��� 'HJREELV�� '�� (SLVRGHV� RI� PXFLODJHV� LQ� WKH

$GULDWLF� DQG� FULWLFDO� UHYLHZ� RI� WKH� SDVW� VFLHQWLILF
K\SRWKHVHV��SR]YDQR�SUHGDYDQMH

&,(60�:25.6+23�21�0$5,1(�%,2',9(56,7<
1LNR]LMD��&LSDU����������������
3ULORJ�
��� =DYRGQLN�� '�� ���� \HDUV� RI� WKH� $GULDWLF� 6HD

PDULQH�ELRGLYHUVLW\��SR]YDQR�SUHGDYDQMH

�WK� (8523($1� 0$5,1(� ,17(5',6&,3/,1$5<
1(7:25.
6DOL��'XJL�RWRN����������������
3ULOR]L�
��� ,YHãD�� /M��� %DNUDQ�3HWULFLROL�� 7�� 3RSXODWLRQ� DQG

KDELWDW�VXUYH\�RI�VHD�XUFKLQ�3DUDFHQWURWXV� OLYLGXV
�/DP���DORQJ�WKH�VRXWKHUQ�FRDVW�RI�,VWULD��SRVWHU

��� 7UDYL]L�� $�7KH� HIIHFW� RI� DQR[LF� HYHQW� RQ� PHLR�
DQG� QHPDWRIDXQD� FRPPXQLW\� VWUXFWXUH�
SUHGDYDQMH

,17(51$87,&$�0('1$52'1,�3269(7�1$�7(02
³&(/29,72�835$9/-$1-(�=�2%$/1,0�2.2/-(0´
0DULQD�3RUWRURå��6ORYHQLMD��������������
3ULORJ�
��� 6PRGODND�� 1�� 8SUDYOMDQMH� REDOQLP� RNROLãHP� X

+UYDWVNRM��SR]YDQR�SUHGDYDQMH

'$1,� 0/-(7$�� 35,52'1,� $63(.7,� 67$1-$� ,
=$â7,7(�35,52'1(�%$â7,1(�13�³0/-(7´
=DJUHE����������������
3ULORJ�
��� =DYRGQLN�� '�� %LRORãND� UD]QROLNRVW� SRGPRUMD

1DFLRQDOQRJ�SDUND�³0OMHW´��SUHGDYDQMH

�WK� &52$7,$1�6/29(1,$1� &5<67$//2*5$3+,&
0((7,1*
8PDJ����������������
3ULORJ�
��� 1|WKLJ�/DVOR�� 9��� 0HGDNRYLü�� '��� 3RSRYLü�� 6��

3ODQLQLü�� 3��� *UåHWD�� %�� $Q� LQYHVWLJDWLRQ� RI� SLQN
FRORXUHG� VKHOO� RI� WKH� PXVVHOV� 0\WLOXV
JDOORSURYLQFLDOLV��SUHGDYDQMH

81(6&2��+59$76.,�6(0(3
5RYLQM����������������
3ULOR]L�
��� -DNOLQ�� $�� &YMHWDQMH� PRUD� L� SRPRU� RUJDQL]DPD

RþLPD�SRGYRGQRJ�VQLPDWHOMD��SR]YDQR�SUHGDYDQMH

��� =DYRGQLN�� '�� äLYRW� QD� PRUVNRP� GQX�� SR]YDQR
SUHGDYDQMH

&855(17�,668(6�,1�0$5,1(�0,&52%,2/2*<
6LHQD��,WDOLMD����������������
3ULORJ�
��� )XNV�� '�� 'LVWXUEDQFHV� RI� WKH� PLFURELDO� ORRS

VWUXFWXUH�VXULQJ�³PXFLODJH�HYHQWV´� LQ�WKH�QRUWKHUQ
$GULDWLF�6HD��SR]YDQR�SUHGDYDQMH

7+,5'� ,17(51$7,21$/� :25.6+23� 21
&$8/(53$�7$;,)2/,$
0DUVHLOOH��)UDQFXVND����������������
3ULOR]L�
��� &RWWDORUGD�� -�� 0��� *UDYH]�� 9��� $QWROLü�� %��

$UDQGD�� $��� %DOOHVWHURV�� (��� %RXGRXUHVTXH�� &�)�
&LQHOOL��)���'DUGHU�5LERW��-�'���)UDGD�2UHVWDQR��&��
*UDX� -RIUH�� $��� -DNOLQ�� $��� /DQJDU�� +���0DWULFDUGL�
0��� 0HLQHV]�� $��� 5RGULJXH]�3LHWUR�� &��� âSDQ�� $��
'H� 9DXJHODV�� -��� =DYRGQLN�� 1��� äXOMHYLü�� $�
&DPSDJQH� LQWHUQDWLRQDOH� GH� VHQVLELOLVDWLRQ� VXU
&DXOHUSD� WD[LIROLD�� 8Q� RXWLO� LQGLVSHQVDEOH� SRXU
UHFXHLOOLU�GHV�LQIRUPDWLRQV�FDUWRJUDSKLTXHV�HW�SRXU
IUHLQHU�OD�GLVVHPLQDWLRQ��SUHGDYDQMH

��� =DYRGQLN�� 1��� -DNOLQ�� $��� 7UDYL]L�� $��� /DEXUD�� ä�
&DXOHUSD� WD[LIROLD� �&KORURSK\WD�� RQ� WKH� $GULDWLF
FRDVW� RI� &URDWLD� �0DOLQVND�� .UN� ,VODQG��
SUHGDYDQMH

���.21*5(6�%,2/2*$�+59$76.(
2SDWLMD����������������
3ULOR]L�
��� ,JLü��/M��=QDþDM�LVWUDåLYDQMD�REUDãWDMD�]D�SURFMHQX

L]JUDGQMH�PDULQD��SRVWHU

��� .OMDMR�� %��� 5DGLü�� ,��� âWHYþLü�� =�� ,VWUDåLYDQMH
GHNDSRGQLK�UDNRYD�X�SRGUXþMX�13�0OMHW��SRVWHU

��� .UDMQRYLü�2]UHWLü��0���2]UHWLü��%���*RPHUþLü��+��
3HWURYLü�� 6�� 8WMHFDM� JODGRYDQMD� QD� KLVWRORãNH
RVRELWRVWL� MHWUH�� KHPDWRORJLMX� L� ELRNHPLMVNH
SDUDPHWUH� NUYL� OXELQD� �'LFHQWUDUFKXV� ODEUD[� O��� X
NDYH]QRP�X]JRMX��SUHGDYDQMH

��� /HJDF�� 0��� +UV�%UHQNR�� 0�� âWR� ]QDPR� R
ãNROMNDãLPD�LVWRþQH�REDOH�-DGUDQD"��SRVWHU

��� 0HGDNRYLü�� '�� 1HRELþDQ�PLQHUDOQL� VDVWDY� SUYLK
OLþLQDþNLK�OMXãWXULFD�GDJQML�0\WLOXV�HGXOLV�/LQQDHXV�
SUHGDYDQMH



���

��� 2UHSLü��1���9LGPDU��-���=DKWLOD��(���=DYRGQLN��'��
.OMDMR�� %��� 5DGLü�� ,�� %HQWRVNH� åLYRWQH� ]DMHGQLFH
9HOLNRJ� L� 0DORJ� MH]HUD� �1DFLRQDOQL� SDUN� ³0OMHW´��
SRVWHU

��� 2]UHWLü�� %��� .UDMQRYLü�2]UHWLü�� 0�� (NRORJLMD� �
]QDQRVW�R�]EULQMDYDQMX�VPHüD��XYRGQR�SUHGDYDQMH

��� 3LVDURYLü�� $��� äHUMDY�� 9�� 3RQDãDQMH� ãNROMNDãD
&RUEXOD�JLEED��2OLYL��������X�DNYDULMVNLP�XYMHWLPD�
SRVWHU

��� 3RSLMDþ��$���0LNDF��%���*OXKDN��7���=DYRGQLN��'�
,VWUDåLYDQMH� PDNUREHQWRVD� X� SRGPRUMX
1DFLRQDOQRJ� SDUND� ³0OMHW´� �� QDVHOMD� YRJH
�3RVLGRQLD�RFHDQLFD��/���'HO����SRVWHU

���� 5DGLãD�� 7��� =DYRGQLN�� 1�� 3ULORJ� SR]QDYDQMX
EHQWRVNH�IORUH�L�IDXQH�X�1DFLRQDOQRP�SDUNX�³0OMHW
³��0DNURILWREHQWRV��SRVWHU

���� 6ODSQLN�� 5��� 0HGDNRYLü�� '�� $UDJRQLW�� NDOFLW� L
NYDUF�X�OMXãWXUDPD�SXåHYD�=RVSHXP��*DVWURSRGD�
3XOPRQDWD�� &DU\FKLGDH�� L� %HOJUDQGLHOOD
�*DVWURSRGD��3URVREUDQFKLD��+\GURELLGDH���SRVWHU

���� âWHYþLü�� =�� 3RUHGDN� SRURGLFD� UDNRYD
NUDWNRUHSDFD��SRVWHU

���� 9LGPDU�� -��� =DKWLOD�� (�� 3ULORJ� SR]QDYDQMX� IDXQH
SXåHYD� �*DVWURSRGD�� X� SRGPRUMX� 1DFLRQDOQRJ
SDUND�³0OMHW´��SRVWHU

���� äHUOLü�� 7��� +UV�%UHQNR�� 0�� 3ULORJ� SR]QDYDQMX
EHQWRVNH� IORUH� L� IDXQH� X� 13� 0OMHW� �� âNROMNDãL
�%LYDOYLD���SRVWHU

�WK� ,17(51$7,21$/� 0$5,1(� %,27(&+12/2*<
&21)(5(1&(
6RUUHQWR��,WDOLMD����������������
3ULORJ�
��� 0HGDNRYLü�� '�� 8QXVXDO� PLQHUDO� FRPSRVLWLRQ� RI

WKH� ILUVW� ODUYDO� VKHOOV� RI� PXVVHOV� 0\WLOXV� HGXOLV
/LQQDHXV��SUHGDYDQMH

�����2%/-(71,&$�0,51(�G�G��529,1-
5RYLQM��+UYDWVND�������������
3ULORJ�
��� 6PRGODND�� 1�� 3UREOHP� NLVLND� X� VMHYHUQRP

-DGUDQX�L�ULEDUVWYR��SR]YDQR�SUHGDYDQMH

021,725,1*� 7+(� 2&($16� ,1� 7+(� ����6�� $1
,17(*5$7('�$3352$&+
%LDUULW]��)UDQFXVND����������������
3ULORJ�
��� .X]PLü�� 0��� :DJQHU�� &�� 7LGDO� UHVSRQVH� RI� WKH

$GULDWLF� 6HD� LQIHUUHG� IURP� DOWLPHWU\�
K\GURG\QDPLF�PRGHOLQJ�DQG�JDXJH�GDWD��SRVWHU

02'(51� $63(&76� ,1� 021,725,1*� 2)
(19,5210(17$/�32//87,21�,1�7+(�6($
6YHXþLOLãWH� -RKDQQHV� *XWHQEHUJ�� 0DLQ]�� 1MHPDþND�
��������������
3ULOR]L�
��� %DWHO�� 5�� $� PLFURSODWH� DVVD\� IRU� '1$� GDPDJH

GHWHUPLQDWLRQ� �)$67� 0,&520(7+2'�� LQ� FHOO
VXVSHQVLRQV�DQG�VROLG�WLVVXHV��SUHGDYDQMH

��� %LKDUL�� 1�� ,QGXFWLRQ� RI� KHDW� VKRFN� SURWHLQV
�+VS����LQ�PDULQH�PXVVHO�0\WLOXV�JDOORSURYLQFLDOLV
E\�SROOXWLRQ��SUHGDYDQMH

��� )DIDQ HO��0��(IIHFW� RI� 89� LUUDGLDWLRQ� RQ�PDULQH
SK\WRSODQNWRQ�'1$��SUHGDYDQMH

��� +DPHU�� %�� $VVD\� V\VWHP�� 626�XPX�WHVW� DQG
ILODPHQWRXV�EDFWHULD��SUHGDYDQMH

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

%DWHO��5���VXUDGQLN�.RPLVLMH�]D�PROHNXODUQX�ELRORJLMX�
$NDGHPLMH�]QDQRVWL�L�OLWHUDWXUH�0DLQ]��1MHPDþND�

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLP�XVWDQRYDPD�

%DWHO�� 5�� ,PSDFW� RI� SROOXWLRQ� RQ� SURJUDPPHG� FHOO
GHDWK� �DSRSWRVLV��� .52� �� (19��� KUYDWVNR�
QMHPDþND�]QDQVWYHQD�VXUDGQMD

%DWHO��5��%LRORJLFDO�HIIHFWV�RI�PDULQH�FRQWDPLQDQWV�LQ
WKH� 5RYLQM� DUHD�� &URDWLD� �(52'�� 3������ '1$
GDPDJH��� )$2�81(3� �0('� 32/� 3+$6(� ,,��
$WHQD��*UþND

%DWHO�� 5�� '1$� LQWHJULW\� DOWHUDWLRQV� LQ� HYDOXDWLQJ
JHQRWR[LF� HIIHFWV� LQ� WKH� PDULQH� HQYLURQPHQW�
)$2�81(3��0('�32/�3+$6(�,,���$WHQD��*UþND

%DWHO�� 5�� 5DSLG� GHWHFWLRQ� RI� JHQRWR[LQV� DQG
JHQRWR[LF� SRWHQWLDOV� RI� PDULQH� HQYLURQPHQWDO
VDPSOHV�� :+2�81(3� �0('� 32/� 3+$6(� ,,��
$WHQD��*UþND

'HJREELV��'���6PRGODND��1���3UHFDOL��5�� ,VWUDåLYDQMH
PHKDQL]PD�VWYDUDQMD�VOX]DYLK�RUJDQVNLK�QDNXSLQD
L� GUXJLK� QHXRELþDMHQLK� SRMDYD� X� VMHYHUQRP
-DGUDQX�� 'UåDYQD� XSUDYD� ]D� ]DãWLWX� RNROLãD
5HSXEOLNH�+UYDWVNH��=DJUHE

)XNV��'���NRRUGLQDWRU�]D�=,0���1DFLRQDOQL�PRQLWRULQJ
]DJD HQMD�-DGUDQVNRJ�PRUD��0('�32/���)D]D�,,��
'UåDYQD� XSUDYD� ]D� ]DãWLWX� RNROLãD� 5HSXEOLNH
+UYDWVNH��=DJUHE�� WH�8QLWHG�1DWLRQV�(QYLURQPHQW
3URJUDPPH��$WHQD��*UþND

.X]PLü�� 0�� 5HPRWH� 6HQVLQJ� RI� WKH� $GULDWLF� 6HD
6XUIDFH� 7HPSHUDWXUH�� 1RUWK� &DUROLQD� 6WDWH
8QLYHUVLW\�� 5HOHLJK�� 6$'�� KUYDWVNR�DPHULþND
VXUDGQMD

/XFX�� ý��� 6LHEHUV�� '�� 8QWHUVXFKXQJHQ� YRQ
|NRSK\VLRORJLVFKHQ� XQG� ELRPHGL]LQLVFKHQ
)UDJHVWHOOXQJHQ�DQ�GHQ�.LHPHQ�YRQ�&UXVWDFHHQ�
KUYDWVNR�QMHPDþND�]QDQVWYHQD�VXUDGQMD

0HGDNRYLü�� '�� %LRJHRNHPLMVNL� SURFHVL� L� HOHPHQWQL� L
L]RWRSVNL�VDVWDY�X�-DGUDQVNRP�PRUX��0LQLVWDUVWYR
]QDQRVWL� L� WHKQRORJLMH� 5HSXEOLNH� +UYDWVNH�
KUYDWVNR�VORYHQVND�]QDQVWYHQD�VXUDGQMD

2WW�� -��� =DYRGQLN�� '�� (IIHFW� RI� ERWWRP� DQR[LD� RQ
EHQWKLF�SHODJLF�H[FKDQJH�SURFHVVHV�PHGLDWHG�E\
PDFURIDXQD�LQ�WKH�QRUWKHUQ�$GULDWLF�6HD��KUYDWVNR�
DXVWULMVND�]QDQVWYHQD�VXUDGQMD

2]UHWLü��0��%LRORJLFDO�HIIHFWV�RI�PDULQH�FRQWDPLQDQWV
LQ� WKH�5RYLQM� DUHD��&URDWLD�� )RRG� DQG�$JULFXOWXUH
2UJDQL]DWLRQ��*)&0���$WHQD��*UþND



���

3XãNDULü�� 6�� 6HDVRQDOLW\�� WURSKLF� YDULDELOLW\� DQG
PLFURKDELWDW� VWUXFWXUH�� 7KH� UHOLDELOLW\� RI� EHQWKLF
IRUDPLQLIHUD�DV�SDOHRHFRORJLFDO�WRROV��8QLYHUVLW\�RI
8WUHFKW��1L]R]HPVND

6ODSQLN�� 5��� 0HGDNRYLü�� '�� 0LQHUDOQL� VDVWDY� L
VWUXNWXUD� SRMHGLQLK� VORMHYD� NXüLFD� QHNLK� YUVWD
SXåHYD�� 0LQLVWDUVWYR� ]QDQRVWL� L� WHKQRORJLMH
5HSXEOLNH� +UYDWVNH�� KUYDWVNR�VORYHQVND
]QDQVWYHQD�VXUDGQMD�

6PRGODND��1��8ORJD�PLNURRUJDQL]DPD�X�HNRVXVWDYX
VMHYHUQRJ� -DGUDQD�� 0LQLVWDUVWYR� ]QDQRVWL� L
WHKQRORJLMH� 5HSXEOLNH� +UYDWVNH�� KUYDWVNR�
VORYHQVNR�]QDQVWYHQD�VXUDGQMD

=DYRGQLN��1��3URJUDP� LVWUDåLYDQMD�QDOD]LãWD� L� ãLUHQMD
WURSVNH� DOJH� &DXOHUSD� WD[LIROLD� X� -DGUDQVNRP
PRUX�� 0LQLVWDUVWYR� ]QDQRVWL� L� WHKQRORJLMH
5HSXEOLNH�+UYDWVNH��=DJUHE

3RVMHW�LQR]HPQLK�VWUXþQMDND�

-RKQ�&��6PLWK��3DLVOH\�&ROOHJH�RI�7HFKQRORJ\��9HOLND
%ULWDQLMD��âNRWVND��3DLVOH\����������������

)UDQN� .�� 0F.LQQH\� L� 0DUMRULH� -�� 0F.LQQH\�
'HSDUWPHQW� RI� *HRORJ\�� $SSDODFKLDQ� 6WDWH
8QLYHUVLW\�� 6$'�� 1�&��� %RRQH�� ������ �� ������
�����

/XGZLJ�7LHIHQEDFKHU��=RRORJLVFKH�6WDDWVVDPPOXQJ�
1MHPDþND��0�QFKHQ����������������

6DOYDWRUH� 'H� 5RVD�� ,VWLWXWR� SHU� OD� FKLPLFD� GL
PROHFROH�GL�LQWHUHVVH�ELRORJLFR��,WDOLMD��$UFR�)HOLFH
�1DSXOM�����������������

5XGROI� .�� =DKQ� L� *HUWUXGH� =DKQ�'DLPOHU�� $008*�
$NDGHPLMD�]QDQRVWL� L� OLWHUDWXUH��1MHPDþND��0DLQ]�
���������������

-|UJ� 2WW�� ,QVWLWXW� I�U� =RRORJLH�� 8QLYHUVLWlW� :LHQ�
$XVWULMD��%Hþ��������������

0LFKDHO� 7�UND\�� =RRORJLVFKHV� ,QVWLWXW�� 8QLYHUVLWlW
)UDQNIXUW�� 1MHPDþND�� )UDQNIXUW� D�0��� ���
�����������

:HUQHU� (�*�� 0�OOHU� L� ,VDEHO� 0�OOHU�� 6YHXþLOLãWH
-RKDQQHV� *XWHQEHUJ�� 1MHPDþND�� 0DLQ]�� ���
�����������



���

=$92'�=$�,675$ä,9$1-(�025$�,�2.2/,â$
&(17(5�)25�0$5,1(�$1'�(19,5210(17$/
5(6($5&+
'U��VF��%RåHQD�ûRVRYLü��SUHGVWRMQLFD�]DYRGD

8VWURM�=DYRGD
/DERUDWRULM�]D�ELRJHRNHPLMX�RUJDQVNLK�VSRMHYD��GU��VF��0DULMDQ�$KHO��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�IL]LþNX�NHPLMX�WUDJRYD��GU��VF��0DUNR�%UDQLFD��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�IL]LþNR�NHPLMVNH�VHSDUDFLMH��GU��VF��%RåHQD�ûRVRYLü��YRGLWHOMLFD�ODERUDWRULMD

/DERUDWRULM�]D�LVWUDåLYDQMH�L�UD]YRM�DNYDNXOWXUH��GU��VF��(PLQ�7HVNHUHGåLü��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�HOHNWURNHPLMX�L�SRYUãLQVNX�NHPLMX��GU��VF��0DULMDQ�9XNRYLü��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�HNRORãNR�PRGHOLUDQMH��GU��VF��9HUD�äXWLü��YRGLWHOMLFD�ODERUDWRULMD
/DERUDWRULM�]D�UDGLRHNRORJLMX��GU��VF��6WLSH�/XOLü��YRGLWHOM�ODERUDWRULMD
/DERUDWRULM�]D�PROHNXODUQX�HNRWRNVLNRORJLMX��GU��VF��%UDQNR�.XUHOHF��YRGLWHOM�ODERUDWRULMD

/DERUDWRULM�]D�ELRORãNH�XþLQNH�PHWDOD��GU��VF��%LVHUND�5DVSRU��YRGLWHOMLFD�ODERUDWRULMD
*UXSD�]D�VDWHOLWVNX�RFHDQRJUDILMX��GU��VF��0LOLYRM�.X]PLü��YRGLWHOM�JUXSH

7DMQLãWYR��/MLOMDQD�ýHSXOLü��0DULMD�.XPEDWRYLü��GLSO��SURI�

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

,675$ä,9$1-(�2.2/,â12*�5,=,.$�8�-$'5$16.20�,
.231(120�',-(/8�+59$76.(

(19,5210(17$/�5,6.�678',(6�,1�7+(�$'5,$7,&�$1'
&217,1(17$/�5(*,216�2)�&52$7,$
'LUHNWRULFD�SURJUDPD��GU�VF��%RåHQD�ûRVRYLü

7HPH�X�VDVWDYX�SURJUDPD�
%LRJHRNHPLMD�RUJDQVNLK�VSRMHYD�X�SULURGQLP�YRGDPD��GU��VF��0DULMDQ�$KHO��YRGLWHOM�WHPH

)L]LNDOQD�L�ELRJHR�NHPLMD�WUDJRYD�PHWDOD�X�YRGHQLP�VXVWDYLPD��GU��VF��0DUNR�%UDQLFD��YRGLWHOM
WHPH

3ULURGD� L� UHDNWLYQRVW� RUJDQVNLK� WYDUL� X�PRUX� L� NRSQHQLP� YRGDPD�� GU�� VF�� %RåHQD� ûRVRYLü�
YRGLWHOMLFD�WHPH
(OHNWURDQDOLWLþND�NHPLMD��GU��VF��0LOLYRM�/RYULü��YRGLWHOM�WHPH

0RGHOLUDQMH�SURFHVD�X�YRGL�L�QD�JUDQLFDPD�ID]D��GU��VF��,YLFD�5XåLü��YRGLWHOM�WHPH
2UJDQL]PL��ELRLQGLNDWRUL�NYDOLWHWH�YRGH�X�NRMRM�åLYH��GU��VF��(PLQ�7HVNHUHGåLü��YRGLWHOM�WHPH

*UDQLFD�ID]D�þYUVWR�WHNXüH��GU��VF��0DULMDQ�9XNRYLü��YRGLWHOM�WHPH
(XWURILNDFLMD�L�SURFHVL�QD�PH XSRYUãLQDPD��GU��VF��9HUD�äXWLü��YRGLWHOMLFD�WHPH
6XGELQD� UDGLRQXNOLGD� L� PLNURHOHPHQDWD� X� SULURGQLP� VLVWHPLPD�� GU�VF�� 6WLSH� /XOLü�� YRGLWHOM
WHPH
0XOWLNVHQRELRWLþND� UH]LVWHQFLMD� X� SURFMHQL� RNROLãQRJ� UL]LND�� GU�VF�� %UDQNR� .XUHOHF�� YRGLWHOM
WHPH
,VWUDåLYDQMH� XþLQDND� PHWDOD� QD� RUJDQL]PH� SXWHP� ELRPDUNHUD�� GU�VF�� %LVHUND� 5DVSRU�
YRGLWHOMLFD�WHPH

8JURåHQRVW�YRGD�UDWQLP�RWSDGRP�QD�SRGUXþMX�NUãD��GU�VF��0ODGHQ�3LFHU��YRGLWHOM�WHPH



���

3URJUDP�UDGD�

3URJUDP�REMHGLQMXMH�GXJRURþQD�FLOMDQD�LVWUDåLYDQMD�YRGHQLK�VXVWDYD�L�SULURGQLK�YRGD��NRMD�VH�SURYRGH
X�=DYRGX�]D� LVWUDåLYDQMH�PRUD� L�RNROLãD��VD�VYUKRP�RGUH LYDQMD�SULURGQLK�NDUDNWHULVWLND� L� SRVHEQRVWL
-DGUDQVNRJ� PRUD� L� NRSQHQLK� YRGD� +UYDWVNH�� XWYU LYDQMH� DQWURSRJHQLK� XWMHFDMD�� WH� VWYDUDQMH
]QDQVWYHQH�RVQRYH�]D�NRULãWHQMH�L�XSUDYOMDQMH�YRGDPD�L�GUXJLP�SULURGQLP�UHVXUVLPD��,VWUDåLYDþL�XQXWDU
RYRJ� 3URJUDPD� PRJX� VYRMLP� PHWRGDPD� SUHSR]QDWL� ]QDþDMNH� RNROLãD� �ELRGLYHU]LWHW�� ELRJHRNHPLMVNL
FLNOXV� WYDUL�� NYDQWLILNDFLMD� L� NULWLþQL� SXWHYL� NUHWDQMD� ]DJD LYDOD�� SULKYDWQL� NDSDFLWHW� DNYDWRULMD�� NYDOLWHWD
åLYRWD�� YUVWH�� ]DMHGQLFD�� SRGUXþMD��� NRMH� EL� PRJOH� ELWL� XJURåHQH� DQWURSRJHQLP� XWMHFDMHP� L� WLPH� SR
]DKWMHYLPD� WHKQRORJLMH� 3URFMHQH� RNROLãQRJ� UL]LND�� NYDOLILFLUDWL� GD� SRVWDQX� VXEMHNWL� ]DãWLWH�� =D� DQDOL]X
UL]LND�NRULVWL� VH�PHWRGRORJLMD�ELRPDUNHUD�HNVSR]LFLMH� �NRML�NYDQWLILFLUDMX�ELRORãNL� UHOHYDQWQX� L]ORåHQRVW
RUJDQVNLP� ]DJD LYDOLPD� L� LRQLPD� PHWDOD�� L� ELRPDUNHULPD� HIHNWD� �NRML� PMHUL� QDMUHOHYDQWQLML� HIHNW� X
RNROLãX� �� SURPMHQX� ELRGLYHU]LWHWD��� 6XVWDYQD� GXJRURþQD� LVWUDåLYDQMD� IL]LþNR�NHPLMVNLK� VYRMVWDYD
DQRUJDQVNLK�L�RUJDQVNLK�WYDUL� L�ELRJHRNHPLMVNLK�SURFHVD�REXKYDüDMX� ODERUDWRULMVND��HNVSHULPHQWDOQD� L
WHRULMVND� LVWUDåLYDQMD�� WH� WHUHQVND� LVWUDåLYDQMD�X�-DGUDQVNRP�PRUX� L�SULSDGDMXüLP�XãüLPD�� WH�YRGDPD
GXQDYVNRJ�L�VDYVNRJ�VOLYD��1DJODãHQR�MH�UD]YLMDQMH�PXOWLGLVFLSOLQDUQRJ� L� LQWHUGLVFLSOLQDUQRJ�SULVWXSD�X
LVWUDåLYDQMLPD� YRGHQLK� VXVWDYD�� WH� REUD]RYDQMX� ]QDQVWYHQLK� QRYDND� X� SRGUXþMX� SULURGQLK� ]QDQRVWL�
SRVHELFH�RFHDQRORJLMH�

5HVHDUFK�SURJUDPPH�

7KH�ORQJ�WHUP�UHVHDUFK�SURJUDPPH�RI� WKH�&HQWHU�IRU�PDULQH�DQG�HQYLURQPHQWDO� UHVHDUFK� LV� IRFXVHG
RQ� WKH� LQYHVWLJDWLRQ�RI� WKH�ELRJHRFKHPLFDO� F\FOHV� RI� LQRUJDQLF� DQG� RUJDQLF� FRQVWLWXHQWV� DQG�QDWXUDO
FKDUDFWHULVWLFV� RI� WKH� $GULDWLF� 6HD� DQG� IUHVKZDWHU� V\VWHPV� LQ� &URDWLD�� HYDOXDWLRQ� RI� DQWKURSRJHQLF
LQIOXHQFH�E\�PRGHOOLQJ�GLVWULEXWLRQ�DQG�EHKDYLRXU�RI�VXEVWDQFHV�DQG� WKHLU�VSHFLDWLRQ� LQ�ZDWHU�DQG�DW
QDWXUDO�SKDVH�ERXQGDULHV��DVVHVVPHQW�RI� WKH� LPSDFW�RI� LQRUJDQLF�DQG�RUJDQLF�SROOXWLRQ�RQ�ELRORJLFDO
VSHFLHV�DQG�FRPPXQLWLHV��HFRORJLFDO�ULVN�DVVHVVPHQW��XVLQJ�WKH�PHWKRGRORJ\�RI�H[SRVXUH�ELRPDUNHUV
DQG�HIIHFW�ELRPDUNHUV��DQG�PRQLWRULQJ�KHDOWK�FRQGLWLRQ�RI�DTXDWLF�RUJDQLVPV�
7KHVH� LQYHVWLJDWLRQV� DUH� DLPHG� WR� JLYH� QHZ� VFLHQWLILF� NQRZOHGJH� IRU� HQYLURQPHQWDO� PDQDJHPHQW�
ZDWHU� TXDOLW\� PDQDJHPHQW� DQG� ZDWHU� XVH� LQ� &URDWLD�� 7R� DFKLHYH� WKLV� JRDO� PRGHO� ODERUDWRU\
H[SHULPHQWV�DUH�XVHG� WRJHWKHU�ZLWK� ILHOG� REVHUYDWLRQV�ZKLFK�DUH� SHUIRUPHG� LQ� WKH�$GULDWLF�6HD�DQG
DGMDFHQW� HVWXDULHV� DQG� LQ� WKH� FRQWLQHQWDO� VXUIDFH� DQG� JURXQGZDWHUV� RI� WKH� 6DYD� DQG�'DQXEH� ULYHU
EDVLQV��0XOWLGLVFLSOLQDU\�DQG� LQWHUGLVFLSOLQDU\�DSSURDFKHV�DUH�GHYHORSHG�ZLWK�VSHFLDO�DWWHQWLRQ� WR� WKH
HGXFDWLRQ�RI�\RXQJ�VFLHQWLVWV�LQ�WKH�ILHOG�RI�QDWXUDO�VFLHQFHV��SDUWLFXODUO\�LQ�2FHDQRJUDSK\�

%,2*(2.(0,-$�25*$16.,+�632-(9$�8�35,52'1,0�92'$0$
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9RGLWHOM�WHPH��GU�VF��0DULMDQ�$KHO

6XUDGQLFL�QD�WHPL�

0DULMDQ�$KHO��GRNWRU�NHP�]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
$QD�%HJRQMD��GLSO��LQå��SUHK��ELRWHK���POD D�DVLVWHQWLFD
'XEUDYND�+UãDN��GRNWRULFD�ELRWHK��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
1DWDãD�7HSLü��GLSO��LQå��NHP���POD D�DVLVWHQWLFD
6HQND�7HU]Lü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD

7HKQLþNL�VXUDGQLN�

$QGULMD�5RPDQ��WHKQLþDU�VXUDGQLN

3URJUDP�UDGD�L�UH]XOWDWL�

6DVWDY� RUJDQVNH� WYDUL� X� SULURGQLP� YRGDPD� L]X]HWQR� MH� NRPSOHNVDQ�� D� SRMHGLQDþQL� RUJDQVNL� VSRMHYL
PH XVREQR� VH� ]QDWQR� UD]OLNXMX� SR� VYRP� SRULMHNOX�� ELRJHRNHPLMVNRP� SRQDãDQMX� L� HNRWRNVLNRORãNLP
VYRMVWYLPD�� &LOM� WHPH� MH� VXVWDYQR� LVWUDåLYDQMH� ELRJHRNHPLMVNRJ� SRQDãDQMD� VSHFLILþQLK� ELRJHQLK� L
DQWURSRJHQLK�RUJDQVNLK�VSRMHYD�V�SRVHEQLP�QDJODVNRP�QD�RQH�VSRMHYH�NRML�VX�]QDþDMQL�]D�-DGUDQ� L
NRSQHQH� YRGH� +UYDWVNH�� ,VWUDåLYDQMD� REXKYDüDMX� SURXþDYDQMH� UDVSRGMHOH� L� SRQDãDQMD� RGDEUDQLK
RUJDQVNLK� VSRMHYD� X� SRUHGEHQR� YDåQLP�PRUVNLP� L� NRSQHQLP� HNRVXVWDYLPD� X]� XSRWUHEX� SRX]GDQLK
YLVRNRVSHFLILþQLK�PHWRGD�NRMH�XNOMXþXMX�SULPMHQX�SOLQVNH�L�WHNXüLQVNH�NURPDWRJUDILMH�WH�VSHNWURPHWULMH



���

PDVD��8VSRUHGR�V�WHUHQVNLP�RSDåDQMLPD�SURYRGH�VH� L� ODERUDWRULMVND� LVWUDåLYDQMD�ELRWLþNLK� L�DELRWLþNLK
SURFHVD�NRML�VX�RGJRYRUQL�]D�SRQDãDQMH�RUJDQVNLK�VDVWRMDND�X�RNROLQL�NDR�ãWR�VX�ELRORãND�UD]JUDGQMD�
IRWRNHPLMVND� UD]JUDGQMD� L� DGVRUSFLMD�� 2G� ELRJHQLK� VDVWRMDND� SRVHEQD� MH� SR]RUQRVW� SRVYHüHQD
IRWRVLQWHWVNLP�SLJPHQWLPD� L�QMLKRYLP� UD]JUDGQLP�SURL]YRGLPD��NRML� VX�SRVOXåLOL� ]D�NHPRWDNVRQRPVNR
SUDüHQMH� GLQDPLNH� ILWRSODQNWRQD� X� VMHYHUQRP� -DGUDQX�� WH� XJOMLNRKLGUDWLPD� NRML� LJUDMX� YDåQX� XORJX� X
QDVWDMDQMX�RUJDQVNLK�VOX]DYLK�QDNXSLQD��8WYU HQR�MH�GD�X�VDVWDYX�ILWRSODQNWRQD�SUHYODGDYDMX�VNXSLQH
NRMH� NDR� NDUDNWHULVWLþQH� GRGDWQH� IRWRVLQWHWVNH� SLJPHQWH� SRVMHGXMX� IXNRNVDQWLQ�� ��¶�
KHNVDQRLORNVLIXNRNVDQWLQ�� NORURILO� E�� ��¶�EXWDQRLORNVLIXNRNVDQWLQ�� SHULGLQLQ� L� ]HDNVDQWLQ�� D� QMHJRYD
VH]RQVND�GLQDPLND� L�SURVWRUQD�UDVSRGMHOD�RGUH HQH�VX�SULMH�VYHJD� UHåLPRP�VODWNRYRGQLK�GRQRVD� WH
UHJHQHUDFLMVNLP� SURFHVLPD�� .RQFHQWUDFLMD� XJOMNRKLGUDWD� X� QDMYHüHP� GLMHOX� JRGLQH� QH� SUHPDãXMH
YULMHGQRVWL� NRMH� VX� ]DELOMHåHQH� ]D� GUXJD� VYMHWVND� PRUD�� DOL� VH� X� YULMHPH� LQWHQ]LYQLK� GLMDWRPHMVNLK
FYDWRYD�X�]DVOD HQRP�VORMX�PRåH�YLãHVWUXNR�SRYLVLWL�� ,VWUDåLYDQMD�DQWURSRJHQLK�VDVWRMDND�XVPMHUHQD
VX� QD� PROHNXODUQX� NDUDNWHUL]DFLMX� RUJDQVNRJ� ]DJD HQMD� SRULMHNORP� L]� RGODJDOLãWD� RWSDGD� WH� QD
SURXþDYDQMH�LQILOWUDFLMH�SRMHGLQLK�VDVWRMDND�X�SRG]HPQH�YRGH�SUL�þHPX�MH�LGHQWLILFLUDQR�QHNROLNR�QRYLK
WLSRYD�]DJD LYDOD�SRULMHNORP�L]�IDUPDFHXWVNH�LQGXVWULMH�
1DVWDYOMHQR� MH� LVWUDåLYDQMH� VWUXNWXUH� L� NDWDEROLþNLK� VYRMVWDYD� PMHãRYLWH� PHWDQRWURIQR�KHWHURWURIQH
NXOWXUH�SRULMHNORP�L]�SRG]HPQH�YRGH��3UL�WRPH�MH�SURXþDYDQD�GLQDPLND�PMHãRYLWH�SRSXODFLMH�L�PRJXüH
LQWUDNFLMH� PH X� SRMHGLQLP� þODQRYLPD� WLMHNRP� VXEPHU]QRJ� X]JRMD� X� XYMHWLPD� SRJRGQLP� ]D� UDVW
PHWDQRWURIQLK� EDNWHULMD� �PLNURDHURILOQL� XYMHWL� X� SULVXWQRVWL� PHWDQD� NDR� L]YRUD� XJOMLND� L� HQHUJLMH��
8WYU HQR� MH� GD� MH� PHWDQRWURIQR�KHWHURWURIQD� NXOWXUD� VWDELOQD� DVRFLMDFLMD� NRMX� þLQL� PHWDQRWURIQD
EDNWHULMD� WLSD� ,,� L� ���� KHWHURWURIQLK� EDNWHULMD� UD]OLþLWLK� PRUIRORãNLK� L� PHWDEROLþNLK� RVRELQD�� 0MHãRYLWD
SRSXODFLMD� MH�ELOD�]QDWQR�DNWLYQLMD�X�UD]JUDGQML�NVHQRELRWLND��OLQHDUQLK�DONLOEHQ]HQVXOIRQDWD��QHJR�ELOR
NRML�QMHQ�þODQ�SRMHGLQDþQR��7R�XND]XMH�QD�EURMQH� LQWHUDNFLMH�X�PMHãRYLWRM�SRSXODFLML� NRMH�VX�QDMþHãüH
ELOH�NRULVQH�NDNR�]D�PHWDQRWURIQRJ�þODQD�WDNR�L�]D�KHWHURWURIQH�þODQRYH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

&RPSRVLWLRQ�RI�RUJDQLF�PDWWHU�LQ�QDWXUDO�ZDWHUV�LV�H[WUHPHO\�FRPSOH[��DQG�LQGLYLGXDO�FRPSRXQGV�GLIIHU
IURP� HDFK� RWKHU� VLJQLILFDQWO\� ZLWK� UHVSHFW� WR� WKHLU� RULJLQ�� ELRJHRFKHPLFDO� EHKDYLRXU� DQG
HFRWR[LFRORJLFDO�SURSHUWLHV��7KLV�SURMHFW�DLPV�DW�V\VWHPDWLFDOO\�LQYHVWLJDWLQJ�ELRJHRFKHPLFDO�EHKDYLRXU
RI� VSHFLILF� ELRJHQLF� DQG� DQWKURSRJHQLF� RUJDQLF� FRPSRXQGV� ZLWK� D� VSHFLDO� HPSKDVLV� RQ� WKRVH
FRPSRXQGV� ZKLFK� DUH� FKDUDFWHULVWLF� IRU� WKH� $GULDWLF� 6HD� DQG� IUHVKZDWHUV� LQ� &URDWLD�� 7KH� UHVHDUFK
SURJUDPPH� LQYROYHV� WKH� VWXG\� RI� WKH� EHKDYLRXU� DQG� IDWH� RI� VHOHFWHG� RUJDQLF� FRPSRXQGV� LQ� YDULRXV
PDULQH�DQG�IUHVKZDWHU�HFRV\VWHPV�XVLQJ�KLJKO\�VSHFLILF�DQDO\WLFDO�WHFKQLTXHV�VXFK�DV�KLJK�UHVROXWLRQ
JDV� FKURPDWRJUDSK\�� KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� DQG� PDVV� VSHFWURPHWU\�� 7KH
DVVHVVPHQW� RI� JLYHQ� RUJDQLF� FRPSRXQGV� LQFOXGHV� DOVR� WKH� VWXGLHV� RI� NH\� SURFHVVHV� ZKLFK� JRYHUQ
WKHLU�EHKDYLRXU�LQ�UHDO�V\VWHPV�DQG�XQGHU�ODERUDWRU\�FRQWUROOHG�FRQGLWLRQV��6SHFLDO�DWWHQWLRQ�ZDV�SDLG
WR�SKRWRV\QWKHWLF�SLJPHQWV�DQG�WKHLU�EUHDN�GRZQ�SURGXFWV��ZKLFK�ZHUH�DSSOLHG�WR�VWXG\�SK\WRSODQNWRQ
G\QDPLFV�LQ�WKH�QRUWKHUQ�$GULDWLF��DQG�WR�FDUERK\GUDWHV�ZKLFK�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ
RI� JHODWLQRXV� PDFURDJJUHJDWHV�� 7KH� FRPSRVLWLRQ� RI� SK\WRSODQNWRQ� LV� GRPLQDWHG� E\� WKH� VSHFLHV
FRQWDLQLQJ� IXFR[DQWKLQ�� ��¶�KH[DQR\OR[\IXFR[DQWKLQ�� FKORURSK\O� E�� ��¶�EXWDQR\OR[\IXFR[DQWKLQ�
SHULGLQLQ�DQG�]HD[DQWKLQ�DV� WKH�PDLQ�DFFHVVRU\�SLJPHQWV��ZKLOH� WKH�VHDVRQDO�G\QDPLFV�DQG�VSDWLDO
GLVWULEXWLRQ� DUH� GHWHUPLQHG� SULPDULO\� E\� IUHVKZDWHU� LQSXWV� DQG� E\� UHJHQHUDWLRQ� SURFHVVHV�� 7KH
FRQFHQWUDWLRQ� RI� FDUERK\GUDWHV� ZDV� PRVW� RI� WKH� WLPH� FRPSDUDEOH� WR� WKH� OHYHOV� UHSRUWHG� IRU� RWKHU
FRDVWDO� VHDV� DQG� RFHDQV�� KRZHYHU�� GXULQJ� LQWHQVLYH� GLDWRP� EORRPV� LQ� WKH� VXUIDFH� OD\HU� WKH
FRQFHQWUDWLRQ� FDQ� EH� VLJQLILFDQWO\� HQKDQFHG�� ,QYHVWLJDWLRQ� RI� WKH� EHKDYLRXU� RI� DQWKURSRJHQLF
FRPSRXQGV� ZDV� IRFXVHG� RQ� WKHLU� FKDUDFWHULVDWLRQ� LQ� VROLG� ZDVWH�� ODQGILOO� OHDFKDWHV� DQG� DGMDFHQW
JURXQGZDWHU� DTXLIHU�� 6HYHUDO� QHZ� SROOXWDQW� W\SHV� RULJLQDWLQJ� IURP� SKDUPDFHXWLFDO� LQGXVWU\� ZHUH
LGHQWLILHG�
*URZWK�NLQHWLFV�DQG�VWUXFWXUH�G\QDPLFV�RI�D�PHWKDQRWURSKLF�KHWHURWURSKLF�FRPPXQLW\�RULJLQDWLQJ�IURP
D�JURXQGZDWHU�DTXLIHU�ZHUH�VWXGLHG�GXULQJ�FXOWXULQJ�LQ�VKDNH�IODVNV�XQGHU�WKH�FRQGLWLRQV�IDYRXULQJ�WKH
JURZWK� RI� PHWKDQRWURSKV� �ORZ� R[\JHQ� WHQVLRQ� DQG� SUHVHQFH� RI� PHWKDQH� DV� WKH� RQO\� FDUERQ� DQG
HQHUJ\�VRXUFH���7KH�REWDLQHG�UHVXOWV�VXJJHVWHG�WKDW�PHWKDQRWURSKLF�KHWHURWURSKLF�FRPPXQLW\�VKRZHG
WR�EH�D�VWDEOH�DVVRFLDWLRQ��FRQVLVWLQJ�RI�RQH�REOLJDWH�PHWKDQRWURSK��W\SH�,,��DQG��GHSHQGLQJ�RQ�JURZWK
FRQGLWLRQV��IRXU�RU�ILYH�KHWHURWURSKV�RI�YDULRXV�PRUSKRORJLFDO��SK\VLRORJLFDO�DQG�PHWDEROLF�FDSDELOLWLHV�
(QULFKPHQW�RI�VWDEOH�DVVRFLDWLRQ��ZKLFK�ZDV�PRUH�VXFFHVVIXO�LQ�WKH�WUDQVIRUPDWLRQ�RI�FRPSOH[�RUJDQLF
PROHFXOHV��OLQHDU�DON\OEHQ]HQH�VXOSKRQDWHV��WKDQ�DQ\�RI� WKH� LQGLYLGXDO�SRSXODWLRQV�DORQH��VXJJHVWHG
WKDW� WKLV� FRPPXQLW\� LV� VWUXFWXUHG� RQ� VSHFLILF� UHODWLRQVKLSV� EHWZHHQ� FRPPXQLW\� PHPEHUV�� 0RVW� RI
WKHVH� UHODWLRQVKLSV� DSSHDU� WR� EH� RI� PXWXDO� EHQHILW� IRU� ERWK� WKH� PHWKDQRWURSK� DQG� KHWHURWURSKV�
DOWKRXJK�VRPH�QHJDWLYH�LQWHUDFWLRQV�DUH�DOVR�SRVVLEOH�
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9RGLWHOM�WHPH��SURI��GU�VF��0DUNR�%UDQLFD

6XUDGQLFL�QD�WHPL�

0DUNR�%UDQLFD��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
9ODGR�&XFXOLü��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW
5HQDWD�'MRJLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
*RUDQ�.QLHZDOG��GRNWRU�JHRO���YLãL�DVLVWHQW��]QDQVWYHQL�VXUDGQLN
*RUDQ�0LKHOþLü��PDJLVWDU�JHRO���DVLVWHQW��]QDQVWYHQL�QRYDN
1HYHQND�0LNDF��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
0DULQD�0ODNDU��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
'DULR�2PDQRYLü��PDJLVWDU�NHP��]QDQRVWL��DVLVWHQW��]QDQVWYHQL�QRYDN
,YDQND�3LåHWD��GRNWRULFD�HOHNW���]QDQVWYHQD�VXUDGQLFD
9HVQD�6WLSDQLþHY�äLF��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
%XGLPLU�âXULMD��PDJLVWDU�JHRO���DVLVWHQW��]QDQVWYHQL�QRYDN

7HKQLþNL�VXUDGQLFL�

äHOMNR�.ZRNDO��VDPRVWDOQL�WHKQLþDU
äHOMNR�3HKDUHF��VDPRVWDOQL�WHKQLþDU
0RLUD�âSDQRYLü

3URJUDP�UDGD�L�UH]XOWDWL�

)L]LNDOQD�NHPLMD�L�ELRNHPLMVNH�UDYQRWHåH� L�SURFHVL� WUDJRYD�PHWDOD�X�YRGHQLP�VXVWDYLPD��3UHGODåX�VH
VLVWHPDWVND� LVWUDåLYDQMD� QD� PRGHOQLP� HNVSHULPHQWDOQLP� VXVWDYLPD� SRPRüX� YODVWLWR� QRYR�UD]YLMHQLK
SRVWXSDND�HOHNWURNHPLMVNLK�PMHUHQMD�NRG�NRQFHQWUDFLMVNLK�XYMHWD�X�SULURGQLP�YRGDPD���[��������[�����

PRO�/���3URXþDYDW�üH�VH�KLGUDWDFLMD��KLGUROL]D��NRPSOHNVLUDQMH� L�DGVRUSFLMD�GHVRUSFLMD�� UHGRNV�VWDQMH� L
SURPMHQH� UDVSRGMHOH� REOLND� WUDJRYD� NRYLQD� X� YRGHQLP� VXVWDYLPD�� ,VWUDåLYDW� üH� VH� GRPLQDQWQL
ELRJHRNHPLMVNL�SURFHVL�WUDJRYD�WHãNLK�NRYLQD�X�SULURGQLP�]DJD HQLP�YRGHQLP�VXVWDYLPD�NDR�RVQRYQH
]D�RGUåDYDQMH�åLYRWD�QD�]HPOML��,VWUDåLYDW�üH�VH�LQWHUDNFLMH�LRQD�NRYLQD�V�PDNUR��L�PLNURNRQVWLWXHQWLPD
YRGHQH�ID]H��WH�VHGLPHQWLPD�L�ELRWRP��%LW�üH�PMHUHQH�NRQVWDQWH�UDYQRWHåH�SRMHGLQDþQLK�SURFHVD��WH�üH
VH� L]UDþXQDYDWL� UDVSRGMHOH�NHPLMVNLK�REOLND� L�EU]LQH� WUDQVIRUPDFLMH�NRYLQD� L]� MHGQLK�X�GUXJH�NHPLMVNH
REOLNH��.RG�REUDGH�UH]XOWDWD�SULPMHQMLYDW�üH�VH�SRVHEQR�UD]YLMHQL�UDYQRWHåQL� L�NLQHWLþNL�ELRJHRNHPLMVNL
PRGHOL� WH� XVSRUHGLWL� VD� VWDQMHP� L� SURWRNRP� WUDJRYD�PHWDOD� L]PH X� RWRSOMHQRJ� VWDQMD�� DGVRUSFLMH� QD
NUXWX�ID]X�L�XJUDGQMH�X�L]DEUDQH�RUJDQL]PH�
5H]XOWDWL� ]QDQVWYHQLK� LVWUDåLYDQMD� GRSULQRVH� WXPDþHQMX� UDYQRWHåQLK� XYMHWD� L� LQWHUDNFLMH� WUDJRYD
SRMHGLQLK� PHWDOD� X� ãLURNRP� NRQFHQWUDFLMVNRP� SRGUXþMX� NRMH� RGJRYDUD� XYMHWLPD� SULURGQLK� �� þLVWLK
YRGHQLK� VXVWDYD� NDR� L� RQLP� XYMHWLPD� NRML� VH� QDOD]H� X� ]DJD HQLP� YRGDPD�� 8]� GHWDOMQX� UD]UDGX�
UD]YLMHQL�VX�L�SULPLMHQMHQL�QRYL�DQDOLWLþNL�SRVWXSFL�NRML�VX�SRX]GDQL��X]�YLVRNX�RVMHWOMLYRVW��]D�RGUH LYDQMH
WUDJRYD�PHWDOD��RGQRVQR�NDSDFLWHWD�NRPSOHNVLUDQMD�WUDJRYD�PHWDOD�
/DERUDWRULMVND� LVWUDåLYDQMD� YUãHQD� VX� QD� PRGHOQLP� HOHNWUROLWQLP� RWRSLQDPD� þLML� VH� VDVWDY� SULEOLåDYD
SULURGQLP�XYMHWLPD�YRGHQRJ�VWXSFD�X�SULURGL��2VLP�WRJD��GRELYHQL�VX�QRYL�UH]XOWDWL�UDVSRGMHOH�WUDJRYD
PHWDOD�L]PH X�SULURGQLK�VXVWDYD�YRGH��VHGLPHQWD�L�åLYLK�RUJDQL]DPD���ãNROMDND�
3URQDODåHQMH�L�L]UDGD�SRYROMQRJ�REOLND�L�NRQVWUXNFLRQLK�PDWHULMDOD�HOHNWURNHPLMVNH�üHOLMH�]D�RGUH LYDQMH
YUOR�QLVNLK�NRQFHQWUDFLMD�L�REOLND�WUDJRYD�PHWDOD��QLåH�RG��[������0�/��X�YRGHQLP�VXVWDYLPD�
8WYU LYDQMH� XYMHWD� L� L]UDGD� üHOLMH� L� HOHNWURNHPLMVNRJ� VXVWDYD� NRML� L]EMHJDYDMX� SURPMHQX� NRQFHQWUDFLMH
RWRSOMHQLK�WUDJRYD�PHWDOD�X�SULURGQLP�X]RUFLPD�YRGH�]ERJ�DGVRUSFLMH�LOL�NRQWDPLQDFLMH�
=QDþDMQR�SRYHüDQMH�SRX]GDQRVWL�L�RVMHWOMLYRVWL�RGUH LYDQMD�WUDJRYD�PHWDOD�L�NDSDFLWHWD�NRPSOHNVLUDQMD
X]�SULPMHQX�VWDQGDUGQRJ�GRGDWND�³PRGHOQRJ´�UHGRNV�SDUD�
=QDWQR� SRYHüDQMH� RVMHWOMLYRVWL� SULPMHQRP� �QD� RYRM� WHPL�� QRYR�UD]YLMHQH� PHWRGH� ³VLQHUJHWVNH
DGVRUSFLMH´�PHWDOD�QD�NUXWLP�SRYUãLQDPD�
5D]UDGD�L�SULPMHQD�PDWHPDWLþNRJ�RGMHOMLYDQMD�GYD�EOL]D�VLJQDOD�
'MHORPLþQD�VSHFLMDFLMD�RUJDQRPHWDOQLK�VSRMHYD��åLYH�L�RORYD��X�SULURGQLP�X]RUFLPD�YRGH��VHGLPHQDWD�L
RUJDQL]DPD��GDJQMH��
8WYU LYDQMH�XYMHWD�RWDSDQMD�WDORåHQMD�EDULMD�X�RWSDGQLP�YRGDPD�
,QWHUDNFLMD�RWRSOMHQRJ�XUDQD�V�NUXWLP�ID]DPD��NRORLGL��þHVWLFH�L�HOHNWURGQD�SRYUãLQD��
3URFMHQD� PRJXüQRVWL� XVSRVWDYH� GXJRWUDMQH� SRKUDQH� SULURGQLK� X]RUDND� L]� PRUVNH� VUHGLQH� �PDULQH
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VSHFLPHQ�EDQNLQJ��

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

3KV\LFDO�FKHPLVWU\�DQG�ELRJHRFKHPLFDO�HTXLOLEULD�DQG�SURFHVVHV�RI� WUDFH�PHWDOV� LQ�DTXDWLF�V\VWHPV�
$PSOH� UHVHDUFK� VWXGLHV� RQ� PRGHO� H[SHULPHQWDO� V\VWHPV�� XVLQJ� UHFHQWO\� GHYHORSHG� KRPH�PDGH
HOHFWURFKHPLFDO� SURFHGXUHV�� LQ� WKH� FRQFHQWUDWLRQ� UDQJH� EHWZHHQ� �[����� DQG� �[������ PRO�/� WKDW
FRUUHVSRQG� WR� QDWXUDO� FRQFHQWUDWLRQ� OHYHOV�� DUH� HQYLVDJHG�� +\GUDWLRQ�� K\GURO\VLV�� PHWDO� FRPSOH[LQJ
FDSDFLW\��DGVRUSWLRQ�GHVRUSWLRQ�SURFHVVHV��UHGR[�VWDWH�DV�ZHOO�DV�WKH�UHDUUDQJHPHQW�RI�WKH�GLVWULEXWLRQ
RI� FKHPLFDO� IRUPV� RI� WUDFH� PHWDOV� LQ� DTXDWLF� V\VWHPV� ZLOO� EH� VWXGLHG�� 3UHYDLOLQJ� ELRJHRFKHPLFDO
SURFHVVHV�RI�WUDFH�PHWDOV�LQ�QDWXUDO�DQG�SROOXWHG�ZDWHUV�ZLOO�EH�VWXGLHG�LQ�GHWDLO��,QWHUDFWLRQV�RI�LRQLF
IRUPV�ZLWK�PDFUR��DQG�PLFURFRQVWLWXHQWV�RI� WKH�ZDWHU�SKDVH��DV�ZHOO�DV�VHGLPHQWV�DQG�ELRWD�ZLOO�EH
HVWDEOLVKHG�� (TXLOLEULXP� FRQVWDQWV� RI� HDFK� SUHGRPLQDQW� SURFHVV� ZLOO� EH� PHDVXUHG�� ZKHUHIURP� WKH
GLVWULEXWLRQ�RI�HDFK�FKHPLFDO�IRUP�DV�ZHOO�DV�WKH�H[FKDQJH�UDWH�EHWZHHQ�GLIIHUHQW�FKHPLFDO�IRUPV�ZLOO
EH� GHWHUPLQHG�� %DVHG� RQ� WKHVH� GDWD�� WKH� GLVWULEXWLRQ� RI� WKH� VSHFLHV� LQ� DTXHRXV� SKDVH� ZLOO� EH
HYDOXDWHG�
7KH� UHVXOWV� REWDLQHG� FRQWULEXWH� WR� WKH� NQRZOHGJH� RI� WKH� HTXLOLEUDWHG� FRQGLWLRQV�� WUDFH� PHWDOV
LQWHUDFWLRQV�LQ�D�EURDG�FRQFHQWUDWLRQ�UDQJH�ZKLFK�FRUUHVSRQGV�WR�QDWXUDO���SULVWLQH�DTXDWLF�V\VWHPV�DV
ZHOO� DV� WR� WKH� FRQGLWLRQV� SUHYDLOLQJ� LQ� SROOXWHG� ZDWHUV�� 1HZO\�GHYHORSHG�� KLJKO\� VHQVLWLYH� DQDO\WLFDO
SURFHGXUHV� IRU� WKH� WUDFH� PHWDOV� GHWHUPLQDWLRQ� DV� ZHOO� DV� WKHLU� VSHFLDWLRQ� DQG� PHWDO� FRPSOH[LQJ
FDSDFLW\�ZHUH�H[SHULPHQWDOO\�VXFFHVVIXOO\�DSSOLHG�
/DERUDWRU\�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�LQ�PRGHO�HOHFWURO\WH�VROXWLRQV�ZKLFK�FRPSRVLWLRQ�LV�FORVH�WR
QDWXUDO�FRQGLWLRQV�RI�WKH�ZDWHU�FROXPQ��7KH�UHVXOWV�RI�WKH�GLVWULEXWLRQ�RI�WUDFH�PHWDOV�EHWZHHQ�QDWXUDO
ZDWHUV��VHGLPHQWV�DQG�OLYLQJ�RUJDQLVPV�PXVVHOV��ZHUH�REWDLQHG�
'HYHORSPHQW� DQG� XWLOL]DWLRQ� RI� WKH� DSSURSULDWH� PDWHULDO� IRU� WKH� HOHFWURFKHPLFDO� FHOO� IRU� WKH
GHWHUPLQDWLRQ�RI�YHU\�ORZ�FRQFHQWUDWLRQ�OHYHOV�RI�WUDFH�PHWDOV�DV�ZHOO�DV�WKHLU�FKHPLFDO�IRUPV��EHORZ
�[������0�/��LQ�QDWXUDO�ZDWHU�V\VWHPV�
'HWHUPLQDWLRQ�RI�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�PDWHULDO�RI�WKH�HOHFWURFKHPLFDO�FHOO�DV�ZHOO�DV�RI�WKH
HQWLUH�V\VWHP�GRHV�QRW� LQIOXHQFH�DFWXDO� WUDFH�PHWDOV�FRQFHQWUDWLRQV� LQ�QDWXUDO�ZDWHU�VDPSOHV�GXH� WR
DGVRUSWLRQ�DQG�RU�FRQWDPLQDWLRQ�
6LJQLILFDQW�LPSURYHPHQW�RI�WKH�UHSURGXFLELOLW\�DQG�VHQVLWLYLW\�RI�WKH�GHWHUPLQDWLRQ�RI�WUDFH�PHWDOV�DQG
PHWDO�FRPSOH[LQJ�FDSDFLW\�ZLWK�WKH�VWDQGDUG�DGGLWLRQ�RI�D�³PRGHO´�UHGR[�SDLU�LV�DFKLHYHG�
(VVHQWLDO�LPSURYHPHQW�RI�WKH�VHQVLWLYLW\�RI�WKH�QHZO\�GHYHORSHG�PHWKRG�IRU�³V\QHUJHWLF�DGVRUSWLRQ´�RQ
HOHFWURGH�VXUIDFH�
(ODERUDWLRQ�RI�PDWKHPDWLFDO�WUHDWPHQW�RI�WZR�RYHUODSSLQJ�VLJQDOV�
6SHFLDWLRQ� RI� RUJDQRPHWDOOLF� FRPSRXQGV� �PHUFXU\� DQG� OHDG�� LQ� QDWXUDO� DTXDWLF� VDPSOHV� �ZDWHU�
VHGLPHQWV��DQG�PXVVHOV��
'HWHUPLQDWLRQ�RI�SK\VLFR�FKHPLFDO�FRQGLWLRQV�XQGHU�ZKLFK�EDULXP�LV�GLVVROYHG�RU�SUHFLSLWDWHG�LQ�ZDVWH
ZDWHUV�
,QWHUDFWLRQ�RI�GLVVROYHG�XUDQ\O�VSHFLHV�RQ�VROLG�SKDVHV��FROORLGV��SDUWLFOHV�DQG�HOHFWURGH�VXUIDFH��
$VVHVVPHQW�RI�D�ORQJ�WHUP�VWRUDJH�RI�PDULQH�HQYLURQPHQWDO�VDPSOHV���PDULQH�VSHFLPHQ�EDQNLQJ�

35,52'$�,�5($.7,91267�25*$16.,+�79$5,�8�0258�,
.231(1,0�92'$0$
1$785(�$1'�5($&7,9,7<�2)�25*$1,&�68%67$1&(6�,1�0$5,1(
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%RåHQD�ûRVRYLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
,UHQD�&LJOHQHþNL�-XãLü��GRNWRULFD�NHP��]QDQRVWL���YLãD�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
=ODWLFD�.R]DUDF��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
'DPLU�.U]QDULü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
0DUWD�3ODYãLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
%ODåHQND�*DãSDURYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
9MHURþND�9RMYRGLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
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7HKQLþNL�VXUDGQLFL�

=YRQLPLU�.RGED��WHKQLþDU�GR������������
6ODYHQ�,PUH��WHKQLþDU��RG������������

3URJUDP�UDGD�L�UH]XOWDWL�

2UJDQVND�WYDU�MH�YDåDQ��DOL�MRã�XYLMHN�QHGRYROMQR�LVWUDåHQ�VDVWRMDN�SULURGQLK�YRGD��NRML�LPD�GRPLQDQWQX
XORJX�X�PQRJLP�ELRORãNLP��JHRORãNLP� L�NHPLMVNLP�SURFHVLPD�X�PRUX� L�NRSQHQLP�YRGDPD��2UJDQVNH
WYDUL�XWMHþX�QD�IL]LþNR�NHPLMVNR�VWDQMH�PLNURVDVWRMDND�L�]DJD LYDOD�X�PRUVNRP�RNROLãX��ãWR�]DWLP�XWMHþH
QD�QMLKRYX�LQWHUDNFLMX�V�YRGHQLP�RUJDQL]PLPD��DGVRUSFLMX�QD�PH XID]DPD�L�ELRJHRNHPLMVNR�NUXåHQMH�X
SULURGL�� )XQGDPHQWDOQD� L� SULPLMHQMHQD� LVWUDåLYDQMD� XVPMHUHQD� VX� QD� XWYU LYDQMH� YUVWH�� SRULMHNOD� L
VYRMVWYD�RUJDQVNLK�WYDUL�X�SULURGQLP�L�]DJD HQLP�YRGHQLP�VXVWDYLPD�V�SRVHEQLP�RVYUWRP�QD�RUJDQVNH
WYDUL�V�SRYUãLQVNL�DNWLYQLP�VYRMVWYLPD��,VWUDåLYDQMD�VH�SURYRGH�X�HOHNWUROLWQLP�RWRSLQDPD�L�NRQWUROLUDQLP
XYMHWLPD�� NDR� L� X� X]RUFLPD� UD]QLK� WLSRYD� SULURGQLK� YRGD� �PRUD�� VODWNLK� YRGD�� WH� X]RUDND� L]� ]RQH
PLMHãDQMD�X�XãüX�ULMHNH��SULPMHQRP�HOHNWURNHPLMVNLK�L�VSHNWURIRWRPHWULMVNLK�PHWRGD��WHKQLNH�LVSLWLYDQMD
PRQRVORMHYD��WH�RGUH LYDQMHP�XNXSQRJ�RUJDQVNRJ�XJOMLND�
,VSLWLYDQMD� DGVRUSFLMH� SROLVDKDULGD� VD� VXOIDWQLP� VNXSLQDPD� DOJDOQRJ� SRULMHNOD�� QD� åLYLQRM� HOHNWURGL� L
þHVWLFDPD�DOXPLQLMHYRJ� RNVLGD� SRWYUGLOD� VX� GD� MH� DGVRUSFLMD� SROLVDKDULGD� QD� þHVWLFH� X�PRUVNRM� YRGL
YDåQD� ]D� SURPMHQX� QMLKRYLK� VYRMVWDYD�� XNODQMDQMH� L� WUDQVSRUW� QD� PRUVNR� GQR�� ,VSLWLYDQMD� DGVRUSFLMH
SLUHQD�L�SLUHQ�VXOIRQDWD��SUHGVWDYQLND�SROLDURPDWVNLK�XJOMLNRYRGLND��QD�UD]OLþLWLP�PRGHOQLP�JUDQLFDPD
ID]D�SRND]DOD� VX�GD� VH�PROHNXOH� SROLDURPDWVNLK� XJOMLNRYRGLND� XJUD XMX� X� KLGURIREQX� MH]JUX� OLSLGQLK
PRQRVORMHYD�� PLMHQMDMXüL� WUDQVSRUW� PDVH� L� QDERMD� NUR]� PRQRVORMHYH�� =DSRþHOD� VX� LVWUDåLYDQMD
DGVRUSFLMH� RUJDQVNLK� WYDUL� QD� NUXWLP� NULVWDOQLP� HOHNWURGDPD� ]ODWD� L� VUHEUD� NDNR� EL� VH� LVSLWDOH
PRJXüQRVWL� SULPMHQH� NUXWLK� HOHNWURGD� ]D� NDUDNWHUL]DFLMX� RUJDQVNLK� WYDUL� X� PRUX�� 1DSUHGDN� X
RGUH LYDQMX� L�NDUDNWHUL]DFLML�RUJDQVNLK�WYDUL�X�PRUX�SRVWLJQXW� MH�XYR HQMHP�QRYH�PHWRGH�NRULãWHQMHP
R�QLWURIHQROD� NDR� HOHNWURNHPLMVNH� SUREH�� WH� IUDNFLRQLUDQMHP� RUJDQVNLK� WYDUL� SUHPD� KLGURIREQRVWL
VRUSFLMRP�QD�;$'���VPROL��2EUD HQL�VX� L�GLVNXWLUDQL�SRGDFL�VXVWDYQLK� LVWUDåLYDQMD�SRYUãLQVNL�DNWLYQLK
WYDUL�L�RWRSOMHQRJ�RUJDQVNRJ�XJOMLND�X�VMHYHUQRP�-DGUDQX�X�UD]GREOMX�RG�������GR�������J��V�RVYUWRP
QD� QMLKRYX� VH]RQVNX� SURPMHQOMLYRVW�� NRMD� MH� X� XVNRM� SRYH]DQRVWL� V� ILWRSODQNWRQVNLP� ]DMHGQLFDPD� L
QMLKRYLP�OXþHQMHP�RUJDQVNLK�WYDUL�V�UD]OLþLWLP�KLGURIREQR�KLGURILOQLP�VYRMVWYLPD��=DSRþHOD�VX�VXVWDYQD
LVWUDåLYDQMD� VSHFLMDFLMH� VXPSRUQLK� YUVWD�� WH� QMLKRYH� SURVWRUQH� L� YUHPHQVNH� UDVSRGMHOH� X� 6MHYHUQRP
-DGUDQX� L� X� PDORP�PRUVNRP� MH]HUX� NRG� 5RJR]QLFH�� JGMH� VH� ]ERJ� VWUDWLILNDFLMH� X� YRGHQRP� VWXSFX
XVSRVWDYOMDMX�DQRNVLþQL�XYMHWL�X�GXEOMLP�VORMHYLPD�MH]HUVNH�YRGH��,VWUDåLYDQR�MH�RSWHUHüHQMH�NRSQHQLK
YRGD�RUJDQVNLP�WYDULPD��LQILOWUDFLMD�]DJD HQMD�X�SRG]HPQH�YRGH�L�YRGRFUSLOLãWH��WH�XWMHFDM�RGODJDOLãWD
RWSDGD�QD�NYDOLWHWX�SRG]HPQLK�YRGD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

2UJDQLF�PDWWHU� LV� D�PLQRU� EXW� LPSRUWDQW� FRPSRQHQW� RI� QDWXUDO� ZDWHUV� VLQFH� LW� SOD\V� D�PDMRU� UROH� LQ
PDQ\�SURFHVVHV��ELRORJLFDO��JHRORJLFDO�DQG�FKHPLFDO�� ,W� LV�ZHOO�NQRZQ� WKDW�RUJDQLF�PDWWHU� LQIOXHQFHV
WKH�SK\VLFR�FKHPLFDO�VWDWH�DQG�SURFHVVHV�RI�PLFURFRQVWLWXHQWV�DQG�SROOXWDQWV�LQ�DTXDWLF�HQYLURQPHQWV
DQG�WKXV�WKHLU�DYDLODELOLW\�WR�DTXDWLF�OLIH��DGVRUSWLRQ�DW�LQWHUIDFHV�DQG�ELRJHRFKHPLFDO�F\FOHV�
/DERUDWRU\�DQG�ILHOG�H[SHULPHQWV�DUH�XVHG�WR�VWXG\�LQ�PRUH�GHWDLO�FKHPLFDO�FRPSRVLWLRQ�DQG�SK\VLFR�
FKHPLFDO�SURSHUWLHV�RI�RUJDQLF� VXEVWDQFHV� LQ�QDWXUDO�DQG�SROOXWHG�ZDWHUV��HVSHFLDOO\�ZLWK� UHVSHFW� WR
WKH� QDWXUH� RI� VXUIDFH� DFWLYH� VXEVWDQFHV�� ,QYHVWLJDWLRQV� DUH� FDUULHG� RXW� ERWK� LQ� DTXHRXV� HOHFWURO\WH
VROXWLRQV� XQGHU� FRQWUROOHG� FRQGLWLRQV� DV� ZHOO� DV� LQ� GLIIHUHQW� VDPSOHV� RI� QDWXUDO� ZDWHUV� �VHDZDWHU�
IUHVKZDWHU� DQG� HVWXDULQH� VDPSOHV�� XVLQJ� HOHFWURFKHPLFDO� DQG� VSHFWURVFRSLF� PHWKRGV�� PRQROD\HU
WHFKQLTXHV�DQG�E\�GHWHUPLQDWLRQ�RI�WRWDO�RUJDQLF�FDUERQ�
5HVXOWV�RI�WKH�DGVRUSWLRQ�VWXG\�RI�VXOIDWHG�SRO\VDFFKDULGHV�RI�DOJDO�RULJLQ�RQ�WKH�PHUFXU\�VXUIDFH�DQG
RQ�ZHOO�GHILQHG�DOXPLQLXP�R[LGH�SDUWLFOHV�VXSSRUW� WKH� LGHD� WKDW�� LQ�VHDZDWHU��DGVRUSWLRQ�RQ�SDUWLFOHV
PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�WUDQVIRUPDWLRQ��UHPRYDO�DQG�WUDQVSRUW�RI�SRO\VDFFKDULGHV�WR�WKH�VHD
ERWWRP�� $GVRUSWLRQ� RI� SRO\DURPDWLF� K\GURFDUERQV�� S\UHQH� DQG� S\UHQH� VXOIRQDWH�� ZDV� VWXGLHG� DW
GLIIHUHQW� PRGHO� LQWHUIDFHV�� DQG� WKH� UHVXOWV� VKRZHG� WKDW� S\UHQHPROHFXOHV� LQFRUSRUDWH� LQWR� WKH
K\GURSKRELF� FRUH� RI� OLSLG� PRQROD\HUV�� WKXV� LQIOXHQFLQJ� WKH� FKDUJH� DQG� PDVV� WUDQVIHU� WKURXJK
PRQROD\HUV��$GVRUSWLRQ�RI�RUJDQLF�PROHFXOHV�DW�VROLG�HOHFWURGHV��$X�DQG�$J�FU\VWDOV��ZDV�LQYHVWLJDWHG
LQ�RUGHU�WR�ILQG�RXW�QHZ�SRVVLELOLWLHV�IRU�DSSOLFDWLRQ�RI�VROLG�HOHFWURGHV�LQ�HQYLURQPHQWDO�DQDO\VLV��1HZ
SURJUHVV�LQ�GHWHUPLQDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�RUJDQLF�PDWWHU�LQ�VHDZDWHU�ZDV�DFKLHYHG�E\�XVLQJ�R�
QLWURSKHQRO� DV� DQ� HOHFWURFKHPLFDO� SUREH� DQG� E\� IUDFWLRQDWLRQ� RI� RUJDQLF� VXEVWDQFHV� E\� VRUSWLRQ� RQ
;$'��� UHVLQ�� 6HDVRQDO� YDULDWLRQV� RI� VXUIDFH� DFWLYH� VXEVWDQFHV� DQG� FRQFHQWUDWLRQV� RI� GLVVROYHG
RUJDQLF� FDUERQ� LQ� WKH� QRUWK� $GULDWLF� LQ� WKH� SHULRG� ���������� ZHUH� SUHVHQWHG� DQG� GLVFXVVHG� ZLWK
UHJDUG� WR� VHDVRQDO� IHDWXUHV� RI� SK\WRSODQNWRQ� FRPPXQLWLHV� DQG� WKHLU� UHOHDVH� SURGXFWV� ZLWK� GLIIHUHQW
K\GURSKRELF� DQG� K\GURSKLOLF� SURSHUWLHV�� 6XOIXU� VSHFLDWLRQ� DQG� VSDWLDO� DQG� WHPSRUDO� GLVWULEXWLRQV� RI
GLIIHUHQW� VXOIXU� VSHFLHV�KDYH�EHHQ� LQYHVWLJDWHG� LQ� WKH� QRUWK�$GULDWLF�6HD�DQG� LQ� D� VPDOO� VHD�ODNH�DW
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5RJR]QLFD��NQRZQ�DV�SHULRGLFDOO\�DQR[LF�HQYLURQPHQW��2UJDQLF�ORDG�RI�IUHVKZDWHU�V\VWHPV�DV�ZHOO�DV
EDQN� LQILOWUDWLRQ� IURP� D� SROOXWHG� VWUHDP� LQWR� WKH� DTXLIHU� XQGHU� YDULRXV� K\GURORJLFDO� FRQGLWLRQV� ZHUH
LQYHVWLJDWHG�
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âHERMND�.RPRUVN\�/RYULü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
0LOLYRM�/RYULü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
0DULQD�=HOLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQMD� VX� ELOD� XVPMHUHQD� QD� UD]YRM� L� SULPMHQX� DQDOLWLþNLK� PHWRGD� ]D� RGUH LYDQMH� WUDJRYD
HOHNWURDNWLYQLK� WYDUL�X� WHNXüLP� L�NUXWLP�SULURGQLP�X]RUFLPD��8�YH]L�V� WLP� ULMHãHQL�VX�QHNL�PHWRGRORãNL
SUREOHPL��PMHUHQL� VX�NLQHWLþNL� L� WHUPRGLQDPVNL�SDUDPHWUL� SRYUãLQVNLK� UHGRNV� UHDNFLMD� L� SRVWDYOMHQD� MH
WHRULMD� R� SULMHQRVX� HOHNWURQD� L� GLIX]LML� LRQD� NUR]� NUXWH� RUJDQVNH� L� DQRUJDQVNH� þHVWLFH��2EMDYOMHQR� ��
]QDQVWYHQLK�UDGRYD�X�þDVRSLVLPD�NRMH�SUDWL�&&�
8�RNYLUX�HOHNWURDQDOLWLþNLK�LVWUDåLYDQMD�SRND]DQR�MH�GD�VH�LQHUWQL�NRPSOHNVL�PHWDOQLK�LRQD�V�RUJDQVNLP
OLJDQGLPD� X� SULURGQLP� YRGDPD�PRJX� SURXþDYDWL� SVHXGRSRODURJUDIVNRP�PHWRGRP� NRMD� RPRJXüDYD
PMHUHQMH�NRQVWDQWH�VWDELOQRVWL�NRPSOHNVD� L�QMHJRYLK�HOHNWURNHPLMVNLK�VYRMVWDYD��2VLP�WRJD�GRND]DQR
MH� GD� VH� WUDJRYL� LRQD� PDQJDQD� X� NUXWLP� X]RUFLPD� NDOFLM� NDUERQDWD� PRJX� GHWHNWLUDWL� NRPELQDFLMRP
YROWDPHWULMH�VD�PMHUHQMHP�VSHNWDUD�HOHNWURQVNH�VSLQVNH�UH]RQDQFLMH��7LPH�VH�SRVWLåH�GRGDWQL�XYLG�X
JHRNHPLMVNL�FLNOXV�PDQJDQD�
5D]YLMHQD� MH� WHRULMD� VWHSHQDVWH� FLNOLþNH� YROWDPHWULMH� NRMD� X� QRYRM� HOHNWURNHPLMVNRM� LQVWUXPHQWDFLML
]DPMHQMXMH� NODVLþQX� FLNOLþNX� YROWDPHWULMX� VD� OLQHDUQRP� SURPMHQRP� SRWHQFLMDOD�� 3ULPMHQMXMX� OL� VH� RYH
GYLMH�WHKQLNH�QD�UHDNFLMH�X�WDQNRVORMQLP�üHOLMDPD��QMLKRYL�VH�RG]LYL�ELWQR�UD]OLNXMX�
8� QDVWDYNX� UDGD� QD� UD]YRMX� YROWDPHWULMVNH� PHWRGH� ]D� PMHUHQMH� VWDQGDUGQH� NRQVWDQWH� EU]LQH
SRYUãLQVNH� UHGRNV� UHDNFLMH� RGUH HQL� VX� NLQHWLþNL� SDUDPHWUL� UHDNFLMH� DGVRUELUDQRJ�DOL]DULQD�FUYHQR�6�

6WDQGDUGQD�NRQVWDQWD�EU]LQH�WH�UHGRNV�UHDNFLMH�MH�NV� �������V����D�NRHILFLMHQW�SULMHQRVD�HOHNWURQD�MH�a
 ������X� ��PRO�/�.12��NRG�S+� ��� ,VWUDåHQD� MH� WDNR HU� L� DGVRUSFLMD� QHXWUDOQRJ� NRPSOHNVD�&G,�� QD
SRYUãLQX�åLYLQH�HOHNWURGH��2YDM�SURFHV�SULSDGD�NODVL�DGVRUSFLMD�PHWDOQLK�LRQD�LQGXFLUDQLK�DGVRUSFLMRP
OLJDQGD��1DGDOMH�� LVWUDåHQD� MH� DGVRUSFLMD� åLYLQLK� DWRPD�QD�SRYUãLQX� ]ODWQH� L� JUDILWQH� HOHNWURGH� ãWR� MH
YHRPD�YDåQR�]D�RGUH LYDQMH�WUDJRYD�åLYLQLK�LRQD�X�NRQFHQWUDFLMDPD�PDQMLP�RG�������PRO�/�
3URPMHQH� RNVLGDFLMVNLK� VWDQMD� LRQVNLK� NRPSRQHQWL� NUXWLQD� SURXþDYDMX� VH� UDGL� HYHQWXDOQRJ� VWMHFDQMD
XYLGD� X� GLMDJHQH]X� VHGLPHQDWD�� 5D]YLMHQ� MH� PRGHO� UHYHU]LELOQH� UHGRNV� UHDNFLMH� SUDüHQH� GLIX]LMRP
SURWXLRQD�NUR]�NUXWX�þHVWLFX� LPRELOL]LUDQX�QD�SRYUãLQL�UDGQH�HOHNWURGH��'LVNXWLUDQD� MH�XORJD�PLMHãDQLK
ID]D� SUL� SURSDJDFLML� HOHNWURQD� NUR]� NUXWLQH� L� SRND]DQR� MH� WHRULMVNL� GD� EL� SRG� XWMHFDMHP� RJUDQLþHQRJ
PLMHãDQMD� NUXWLK� UHGRNV� NRPSRQHQWL� SULMHQRV� HOHNWURQD� L� LRQD� ELR� ]QDWQR� RWHåDQ�� 0DOL� NULVWDOL
D]REHQ]HQD�PHKDQLþNL� QDQHãHQL� QD� SRYUãLQX� NUXWH� HOHNWURGH�PRJX� VH� UHYHU]LELOQR� HOHNWURUHGXFLUDWL
LDNR�MH�D]REHQ]HQ�NDR�VXSVWDQFD�L]RODWRU��3RMDYD�YROWDPHWULMVNLK�RG]LYD�REMDãQMHQD�MH�ãLUHQMHP�UHGRNV
UHDNFLMH�SRYUãLQRP�NULVWDOD�L]PMHQRP�HOHNWURQD�L]PH X�VXVMHGQLK�PROHNXOD��.RQDþQR��SRND]DQR�MH�GD
PLNURNULVWDOLüL� NREDOWQRJ� IWDORFLMDQLQD� PHKDQLþNL� LPRELOL]LUDQL� QD� SRYUãLQL� UDGQH� HOHNWURGH� PRJX
NDWDOL]LUDWL�UHGXNFLMX�NLVLND�L�HOHNWURRNVLGDFLMX�VXOILGQLK�LRQD�

5HVHDUFK�SURJUDP�DQG�UHVXOWV�

$�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�QHZ�DQDO\WLFDO�PHWKRGV�IRU�D�GHWHUPLQDWLRQ�RI�WUDFHV�RI�HOHFWURDFWLYH
VXEVWDQFHV� LQ� OLTXLG� DQG� VROLG� QDWXUDO� VDPSOHV� DUH� WKH� SXUSRVH� RI� WKH� UHVHDUFK�� 6HYHUDO
PHWKRGRORJLFDO� SUREOHPV�DUH� VROYHG�� WKH� NLQHWLF� DQG� WKHUPRG\QDPLF� SDUDPHWHUV� RI� UHGR[� UHDFWLRQV
DUH�PHDVXUHG��DQG� WKH� WKHRU\�RI�HOHFWURQV� WUDQVIHU�DQG� LRQV�GLIIXVLRQ� LQ�RUJDQLF�DQG� LQRUJDQLF� VROLG
SDUWLFOHV�LV�GHYHORSHG�
,Q�WKH�IUDPH�RI�HOHFWURDQDO\WLFDO�LQYHVWLJDWLRQV�LW�LV�GHPRQVWUDWHG�WKDW�WKH�LQHUW�FRPSOH[HV�RI�PHWDO�LRQV
DQG�RUJDQLF�OLJDQGV�LQ�QDWXUDO�ZDWHUV�FDQ�EH�VWXGLHG�E\�SVHXGRSRODURJUDSK\��ZKLFK� LV�XVHIXO� IRU� WKH
PHDVXUHPHQW� RI� VWDELOLW\� FRQVWDQWV� DQG� HOHFWURFKHPLFDO� SURSHUWLHV� RI� WKH� FRPSOH[HV�� %HVLGHV�� LW� LV
SURYHQ� WKDW� WKH� WUDFHV� RI� PDQJDQHVH� LRQV� LQ� WKH� VROLG� FDOFLXP� FDUERQDWH� FDQ� EH� GHWHFWHG� E\� WKH
FRPELQDWLRQ�RI�YROWDPPHWU\�DQG�HOHFWURQ�VSLQ�UHVRQDQFH�VSHFWURVFRS\��%\�WKLV�PHWKRG�D�JHRFKHPLFDO
F\FOH�RI�PDQJDQHVH�FDQ�EH�DQDO\VHG�
$� WKHRU\� RI� VWDLUFDVH� YROWDPPHWU\� DSSOLHG� WR� UHGR[� UHDFWLRQV� LQ� D� WKLQ�OD\HU� FHOO� LV� GHYHORSHG�� $



���

VLJQLILFDQW�GLIIHUHQFH�LQ�UHVSRQVHV�RI�VWDLUFDVH�DQG�OLQHDU�VFDQ�YROWDPPHWU\�LV�SUHGLFWHG�
&RQWLQXLQJ� WKH� UHVHDUFK� RI� YROWDPPHWULF� PHWKRGV� IRU� WKH� PHDVXUHPHQWV� RI� NLQHWLF� SDUDPHWHUV� RI
VXUIDFH� UHGR[� UHDFWLRQV�� WKH� VWDQGDUG� UDWH� FRQVWDQW� DQG� WKH� WUDQVIHU� FRHIILFLHQW� RI� WKH� DGVRUEHG

DOL]DULQH�UHG�6�LQ���0�.12���DW�S+����DUH�GHWHUPLQHG�DV�NV� ���������V���DQG�a� �������UHVSHFWLYHO\�
$OVR�� WKH� DGVRUSWLRQ�RI� QHXWUDO� FRPSOH[�&G,�� WR� WKH�PHUFXU\� HOHFWURGH� VXUIDFH� LV� LQYHVWLJDWHG��7KLV
SURFHVV�LV�DQ�H[DPSOH�RI�WKH�DQLRQ�LQGXFHG�DGVRUSWLRQ�RI�PHWDO� LRQV��)XUWKHUPRUH��WKH�DGVRUSWLRQ�RI
PHUFXU\� DWRPV� WR� WKH� VXUIDFH� RI� JROG� DQG� JODVV\�FDUERQ� HOHFWURGHV� LV� DQDO\VHG� WKHRUHWLFDOO\�� 7KLV
UHDFWLRQ�LV�XWLOL]HG�IRU�WKH�GHWHUPLQDWLRQ�RI�PHUFXU\�LRQV�LQ�FRQFHQWUDWLRQV�EHORZ�������PRO�/�
&KDQJHV�RI�R[LGDWLRQ�VWDWHV�RI� LRQLF�FRPSRQHQWV�RI�VROLGV�DUH� LQYHVWLJDWHG� WR�JDLQ�DQ� LQVLJKW� LQWR� D
GLDJHQHVLV�RI�VHGLPHQWV��$�PRGHO�RI�UHYHUVLEOH�UHGR[�UHDFWLRQ�FRXSOHG�E\�WKH�GLIIXVLRQ�RI�LRQV�WKURXJK
WKH�VROLG�SDUWLFOH�ZKLFK� LV� LPPRELOL]HG�RQ� WKH�HOHFWURGH�VXUIDFH� LV�GHYHORSHG��$Q� LQIOXHQFH�RI�PL[HG
UHGR[� SKDVHV� RQ� WKH� SURSDJDWLRQ� RI� HOHFWURQV� WKURXJK� WKH� VROLG� LV� GLVFXVVHG�� ,W� LV� GHPRQVWUDWHG
WKHRUHWLFDOO\�WKDW�WKH�OLPLWHG�VROXELOLW\�RI�VROLG�UHGR[�SKDVHV�KLQGHUV�WKH�HOHFWURQ�WUDQVIHU��0RUHRYHU��LW
LV� VKRZQ� H[SHULPHWDOO\� WKDW� D]REHQ]HQH� PLFURFU\VWDOV� PHFKDQLFDOO\� WUDQVIHUUHG� WR� WKH� HOHFWURGH
VXUIDFH� DQG� LPPHUVHG� LQWR� D� OLTXLG� HOHFWURO\WH� FDQ� EH� UHYHUVLEO\� HOHFWURUHGXFHG� DOWKRXJK� WKH� GU\
D]REHQ]HQH�LV�DQ�LQVXODWRU��7KH�YROWDPPHWULF�UHVSRQVH�RI�VROLG�D]REHQ]HQH�LV�H[SODLQHG�E\�WKH�VHULHV
RI�HOHFWURQ�WUDQVIHUV�EHWZHHQ�WKH�QHLJKERXULQJ�PROHFXOHV�RQ�WKH�VXUIDFH�RI�PLFURFU\VWDOV��)LQDOO\��LW�LV
GHPRQVWUDWHG� WKDW� WKH� VROLG� SDUWLFOHV� RI� FREDOW� SKWKDORF\DQLQH� PHFKDQLFDOO\� LPPRELOL]HG� RQ� WKH
VXUIDFH� RI� JUDSKLWH� HOHFWURGH� FDQ� FDWDOLVH� WKH� HOHFWURR[LGDWLRQ� RI� VXOILGH� LRQV� DQG� WKH� UHGXFWLRQ� RI
VXOSKXU��7KLV�LV�HQYLURQPHQWDOO\�LPSRUWDQW�UHGR[�UHDFWLRQ�

',*,7$/12�02'(/,5$1-(�),=,ý.,+�,�.(0,-6.,+�352&(6$�8�92',
,�1$�*5$1,&$0$�)$=$
',*,7$/�6,08/$7,21�2)�3+<6,&$/�$1'�&+(0,&$/�352&(66(6
,1�:$7(5�$1'�$7�62/,'�/,48,'�,17(5)$&(6
9RGLWHOM�WHPH��GU��VF��,YLFD�5XåLü

6XUDGQLFL�QD�WHPL�

-DGUDQND�3HþDU�,OLü��PDJLVWUD�WHK��]QDQRVWL��DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
,YLFD�5XåLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
%RJGDQ�6HNXOLü��GRNWRU�ELRO��]QDQRVWL��]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLN�

0LUNR�3HMQRYLü��GLSO��LQå��HOHNW���VWUXþQL�VXUDGQLN��VLVWHP�LQå�

3URJUDP�UDGD�L�UH]XOWDWL�

'LJLWDOQR�PRGHOLUDQMH�UDVSURVWUDQMHQMD�]DJD LYDOD�X�SRYUãLQVNLP�L�SRG]HPQLP�YRGDPD�L�PRUX��5D]YRM
PDWHPDWLþNLK�PRGHOD�NHPLMVNLK�UHDNFLMD�X�RWRSLQDPD�L�QD�JUDQLFL�ID]D�NUXWR�WHNXüH�L�QMLKRYH�SULPMHQH
]D� LQWHUSUHWDFLMX� HNVSHULPHQWDOQLK� SRGDWDND� R� WDNRYLP� SURFHVLPD�� 5D]YRM� LQIRUPDFLMVNLK� L
NRPXQLNDFLMVNLK�VXVWDYD�X� LVWUDåLYDQMX�SULURGQLK�YRGD��3ULPMHQD�*,6� L� GLJLWDOQRJ�SURFHVLUDQMD�VOLNH�X
LVWUDåLYDQMX� SULURGQLK� YRGD�� 3URFMHQD� XQRVD� QXWULMHQDWD�� XJOMLNRYRGLND� L� WHãNLK� PHWDOD�� RG� VWUDQH
DQWURSRJHQLK� L]YRUD� QD� SULREDOQLP� L� RWRþQLP� RSüLQDPD� �VWDQRYQLãWYR�� WXULVWL� L� LQGXVWULMD�� X� PRUH
5HSXEOLNH�+UYDWVNH�
1DVWDYOMHQ�MH�UDG�QD�WHRULMVNLP�LVWUDåLYDQMLPD�LQWHUDNFLMH�WHãNLK�PHWDOD�V�RUJDQVNLP�WYDULPD�X�SULURGQLP
YRGDPD��1DVWDYOMHQD�VX� LVWUDåLYDQMD�SULPMHQMH�NRQWLQXLUDQLK�PRGHOD� LQWHUDNFLMH� QD�JUDQLFDPD� ID]D� V
KHWHURJHQLP�DNWLYQLP�PMHVWLPD�]D�YH]DQMH�PHWDOD��3RND]DQR�MH�GD�PRGHO�DGVRUSFLMH�QD�KHWHURJHQLP
SRYUãLQDPD� X]� SUHWSRVWDYNX� %ROW]PDQQRYH� UDVSRGMHOH� HQHUJLMD� YH]DQMD� PRåH� REMDVQLWL� VWYDUDQMH
PRQRVORMD� L� GD� NRG� QLVNLK� SRNULYHQRVWL� SRYUãLQH� VD� DGVRUEDWRP� SRVWRML� PRJXüQRVW� GD� LVWL� PRGHO
SUHGYL D� NDR� JUDQLþQL� VOXþDM� LGHDOQX� DGVRUSFLMX� �W]Y�� +HQU\HYL� XYMHWL�� L�LOL� 'XELQLQ� �5DGXVKNHYLFK
DGVRUSFLMVNX� LVRWHUPX��5HLQWHUSUHWLUDQL� VX� HNVSHULPHQWDOQL� UH]XOWDWL� DGVRUSFLMH� SOHPHQLWLK� SOLQRYD� QD
KHWHURJHQLP� SRYUãLQDPD� L� NRPSOHNVLUDQMD� WHãNLK� PHWDOD� VD� KXPLQVNLP� LOL� IXOYLþQLP� OLJDQGLPD
SULPMHQMXMXüL� WDNRYH� NRQWLQXLUDQH�PRGHOH�� ,]UD HQ� MH� NULWLþNL� SUHJOHG� SRVWRMHüLK� WHRULMD� KRPRJHQRJ� L
KHWHURJHQRJ� NRPSOHNVLUDQMD� WUDJRYD� WHãNLK� PHWDOD� X� DNYDWLþNLP� HNRVXVWDYLPD� NRMH� ED]LUDMX� QD
GLVNUHWQLP� L� NRQWLQXLUDQLP� UDVSRGMHODPD� SDUDPHWDUD� NRPSOHNVLUDQMD�� 5D]YLMHQD� MH� QRYD� PHWRGD� ]D
DQDOL]X�SRGDWDND�GRELYHQLK� LVWUDåLYDQMHP�NRPSOHNVLUDQMD�WUDJRYD�WHãNLK�PHWDOD�X�SULURGQLP�YRGDPD�
3ULPMHQRP�RYH�PHWRGH�LQWHUSUHWLUDQL�VX�UH]XOWDWL�GRELYHQL�GLUHNWQRP�WLWUDFLMRP�X]RUDND�YRGH�L]�MH]HUD
7MHXNHPHHU� V�&X�,,���2GUH HQH� VX� VWDELOQRVWL� �.L�� L� NDSDFLWHWL� NRPSOHNVLUDQMD� �/7L�� ]D� þHWLUL� UD]OLþLWH
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JUXSH�NRPSOHNVD�&X�,,��VD�SULURGQLP�OLJDQGLPD�
5D]YLMHQ� MH� LQWHJUDOQL� UHIHUDOQL� LQIRUPDFLMVNL� VXVWDY� R� LVWUDåLYDQMX� -DGUDQVNRJ� PRUD� V� XJUD HQLP
IXQNFLMVNLP� L� RUJDQL]DFLMVNLP� DVSHNWLPD� SURYHGHQLK� LVWUDåLYDQMD�� 3URMHNWLUDQMH� L� LPSOHPHQWDFLMD� WRJ
5'%06� LQIRUPDFLMVNRJ� VXVWDYD� L]YUãHQR� MH� XSRWUHERP� &$6(� DODWD� �326(�� L� VXVWDYD� �,1*5(6��
5D]YLMHQD� MH� DSOLNDFLMD� NRMD� RPRJXüXMH� SURVWRUQL� L� YUHPHQVNL� SULND]� SRGDWDND�� 9HULILNDFLMD� RYRJ
LQIRUPDFLMVNRJ�VXVWDYD�L]YUãHQD�MH�QD�RJUDQLþHQRP�EURMX�SRGDWDND�L]�WUL�UD]OLþLWD�LVWUDåLYDþND�SURMHNWD�
.RULVWHüL� PHWRGX� SRYUDWQRJ� PRGHOLUDQMD� UHNRQVWUXLUDQ� MH� PRGHO� SRGDWDND� X� VXVWDYX� '())� NRML� VH
NRULVWL�]D�XSUDYOMDQMH�SRGDFLPD�L]�WUDQVQDFLRQDOQRJ�PRQLWRULQJD��7101��NYDOLWHWH�SRYUãLQVNLK�YRGD�X
SRGUXþMX� VOLYD� ULMHNH� 'XQDY�� ,]YUãHQD� MH� GHWDOMQD� DQDOL]D� VXVWDYD� '())� L� SUHGORåHQH� VX� L
LPSOHPHQWLUDQH� RGUH HQH� SURPMHQH� ]D� SREROMãDQMH� WRJ� VXVWDYD�� =DSRþHW� MH� UD]YRM� GLVWULEXLUDQRJ� L
PXOWLPHGLMVNRJ� LQWHJUDOQRJ� LQIRUPDFLMVNRJ� VXVWDYD� ]D� XSUDYOMDQMH� SRGDFLPD� R� NYDOLWHWL� SRYUãLQVNLK
YRGD�V�GLUHNWQLP�SULVWXSRP�ED]DPD�SRGDWDND� L�SULND]RP�DSOLNDFLMD�NRULVWHüL� ,17(51(7� L�GLQDPLþNX
:::� WHKQRORJLMX�� 1D� RYRP� SRGUXþMX� RþHNXMH� VH� L� XNOMXþLYDQMH� +UYDWVNH� X� 3+$5(� SURJUDP� NRML
SRGXSLUH�UDGRYH�QD�(3'5%�
1DVWDYOMHQ�MH�UDG�QD�DQDOL]L�DQWURSRJHQLK�L�SULURGQLK�L]YRUD�]DJD HQMD��WH�SURFMHQH�NROLþLQD�]DJD LYDOD
NRMD�RWSDGQLP�YRGDPD�L�YRGDPD�SULURGQRJ�SRULMHNOD�GRVSMHYDMX�X�-DGUDQVNR�PRUH��3URFMHQH�VH�YUãH
QD�UD]LQL�QDVHOMD��RSüLQH��UHJLMH�L�FLMHORJ�DNYDWRULMD�-DGUDQD��3URFMHQMHQ�MH�XNXSQL�ELODQV�XQRVD�VODWNLK
YRGD�X�-DGUDQ��3URFMHQRP�VX�REXKYDüHQL�VYL�YRGRWRFL��SRG]HPQH�YRGH��NDR� L�SRYUãLQVND�VSLUDQMD�V
QDMXåHJ� GLMHOD� OLWRUDOD�� ,]UD HQD� MH� UDGQD� YHU]LMD� (NRORãNRJ� DWODVD� ,VWUH� NRMLP� VX� SRUHG� SULURGQLK
NDUDNWHULVWLND�WRJ�SURVWRUD�REXKYDüHQH�L�SURFMHQH�R�DQWURSRJHQRP�L�SULURGQRP�XQRVX�WYDUL�V�NRSQD�X
PRUH��1D�JOREDOQRM�UD]LQL�L]YUãHQD�MH�XVSRUHGED�RSWHUHüHQRVWL�PRUD�QD�SRGUXþMX�VXVMHGQLK�UHJLMD�,VWUH
�6MHYHUQL�-DGUDQ��

5HVHDUFK�SURJUDP�DQG�UHVXOWV

7KH� LQYHVWLJDWLRQ�RI� LQWHUDFWLRQ�RI�KHDY\�PHWDOV�ZLWK�RUJDQLF�PDWHU� LQ�DTXDWLF�V\VWHPV� LV�FRQWLQXHG�
$SSOLFDWLRQ� RI� PRGHOV� RI� LQWHUDFWLRQ� RI� PHWDOV� ZLWK� KHWHURJHQHRXV� DFWLYH� VLWHV� DW� KHWHURJHQHRXV
LQWHUIDFHV�KDYH�EHHQ�FRQWLQXHG��,W�KDV�EHHQ�LOOXVWUDWHG�WKDW�WKH�PRGHO�RI�DGVRUSWLRQ�DW�KHWHURJHQHRXV
VXUIDFHV��DVVXPLQJ� WKH�%ROW]PDQQ�GLVWULEXWLRQ�RI�ELQGLQJ�HQHUJLHV�� FDQ�H[SODLQ� WKH� IRUPDWLRQ�RI� WKH
FRPSOHWH�PRQROD\HU��DQG� WKDW�DW� ORZHU�VXUIDFH�FRYHUDJHV� WKH�VDPH�PRGHO�SUHGLFWV�ZHOO� WKH� OLPLWLQJ
FDVH� RI� WKH� LGHDO� DGVRUSWLRQ� �+HQU\� FRQGLWLRQV�� RU� 'XELQLQ�5DGXVKNHZLFK� LVRWKHUP�� ([SHULPHQWDO
UHVXOWV� RQ� WKH� DGVRUSWLRQ� RI� QREOH� JDVHV� RQ� KHWHURJHQHRXV� VXUIDFHV� DQG� FRPSOH[DWLRQ� RI� KHDY\
PHWDOV�ZLWK� IXOYLF� DQG� KXPLF� OLJDQGV� KDYH� EHHQ� UHLQWHUSUHWHG� XVLQJ� WKLV�PRGHO�� $� FULWLFDO� UHYLHZ� RI
H[LVWLQJ� WKHRULHV� RI� KRPRJHQHRXV� DQG� KHWHURJHQHRXV� FRPSOH[DWLRQ� RI� WUDFH� PHWDOV� LQ� DTXDWLF
V\VWHPV�LV�SUHSDUHG��1HZ�PHWKRG�LV�GHYHORSHG�IRU�WKH�DQDO\VLV�RI�H[HSULPHQWDO�GDWD�RQ�FRPSOH[DWLRQ�
7KH� PHWKRG� LV� DSSOLHG� IRU� WKH� LQWHUSUHWDWLRQ� RI� H[SHULPHQWV� REWDLQHG� E\� GLUUHFW� WLWUDWLRQ� RI� /DNH
7HXNHPHHU�ZDWHU�ZLWK�&X�,,���6WDELOLW\�FRQVWDQWV��.L��DQG�FRPSOH[LQJ�FDSDFLWLHV��/7L��DUH�GHWHUPLQHG

IRU�IRXU�GLIIHUHQW�JRXSV�RI�FRPSOH[HV�ZLWK�QDWXUDO�OLJDQGV�
7KH� LQWHJUDO� UHIHUDO� LQIRUPDWLRQ�V\VWHP�DERXW� WKH� LQYHVWLJDWLRQ�RI� WKH�$GULDWLF�6HD� LV�GHYHORSHG��)RU
WKLV�SXUSRVH�VSHFLDOL]HG�SURJUDP�GHYHORSPHQW� WRROV�3LFWXUH�2ULHQWHG�6RIWZDUH�(QJLQHHULQJ� �326(�
DQG�UHODWLRQDO�GDWD�EDVH�PDQDJHPHQW�V\VWHP� ,1*5(6�KDYH�EHHQ�XVHG��7KH�DSSOLFDWLRQ�GHYHORSHG
HQDEOHV�WKH�SUHVHQWDWLRQ�RI�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI�WKH�PHDVXUHG�GDWD��9HULILFDWLRQ�RI�WKH
V\VWHP�LV�SHUIRUPHG�XVLQJ�WKH�GDWD�FROOHFWHG�IRU�WKUHH�GLIIHUHQW�UHVHDUFK�SURMHFWV��8VLQJ�WKH�PHWKRG�RI
UHYHUVH�HQJLQHHULQJ�'())�V\VWHP��GHVLJQHG�IRU�PDQDJHPHQW�RI�7UDQV1DWLRQDO�0RQLWRULQJ�1HWZRUN�IRU
ZDWHU� TXDOLW\� LQ�'DQXEH� FKDWFKPHQW� DUHD�� GDWD�PRGHO� LV� UHFRQVWUXFWHG��'HWDLOHG� DQDO\VLV� RG�'())
V\VWHP� LV� SHUIRUPHG� DQG� SURSRVDOV� IRU� LWV� LPSURYHPHQW� DUH� PDGH�� 'HYHORSPHQW� RI� GLVWULEXWHG
PXOLPHGLD�LQWHJUDO� LQIRUPDWLRQ�V\VWHP�IRU�PDQDJHPHQW�RI�GDWD�RQ�ZDWHU�TXDOLW\�LV� LQLWLDWHG�ZKLFK�ZLOO
HQDEOH� GLUHFW� DFFHVV� WR� GDWD� EDVHV� DQG� DSSOLFDWLRQ� GHYHORSPHQW� E\� XVLQJ� ,1(51(7� DQG� :::
WHFKQRORJ\��,W�LV�H[SHFWHG�WKDW�LQ�WKH�QHDU�IXWXUH�&URDWLD�ZLOO�EH�LQFOXGHG�LQWR�WKH�3+$5(�3URJUDPPH
VXSSRUWLQJ�(3'5%�DFWLYLWLHV�
$QDO\VLV�RI�DQWKURSRJHQLF�DQG�QDWXUDO�VRXUFHV�RI�SROOXWLRQ�LV�FRQWLQXHG��DQG�TXDQWLWLHV�RI�SROOXWDQWV�LQ
ZDVWH� ZDWHUV� DQG� QDWXUDO� ZDWHUV�� WUDQVSRUWHG� IURP� LQGLYLGXDO� VHWWOHPHQWV�� ORFDO� FRPXQLWLHV� DQG
UHJLRQV�� WR� WKH� $GULDWLF� DTXDWRULXP� DUH� HVWLPDWHG�� 7RWDO� EDODQFH� RI� IUHVKZDWHUV� WDQVSRUWHG� WR� WKH
$GULDWLF�VHD�LV�HVWLPDWHG��$OO� LPSRUWDQW�VXUIDFH�DQG�JURXQGZDWHUV��LQFOXGLQJ�FRPSOHWH�VXUIDFH�UXQRII�
IURP�WKH�FRDVWDO�UHJLRQV�DUH�WDNHQ�LQWR�DFFRXQW��'UDIW�YHUVLRQ�RI�(FRORJLFDO�$WODV�RI�,VWULD�LV�SUHSDUHG�
ZKHUH�QDWXUDO�FKDUDFWHULVWLFV��DQG�ERWK�DQWKURSRJHQLF�DQG�QDWXUDO�LQSXWV�RI�VXEVWDQFHV�IURP�WKH�ODQG
LQWR� WKH� VHD� KDYH� EHHQ� HVWLPDWHG�� /RDG� HVWLPDWLRQ� FRPSDULVRQ� KDV� EHHQ� PDGH� IRU� WKH� UHJLRQV
QHLJKERXULQJ�,VWULD��1RUWK�$GULDWLF��
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6XUDGQLFL�QD�WHPL�

5R]HOLQGD�ýRå�5DNRYDF��GRNWRULFD�ELRPHGLFLQ��]QDQRVWL��YLãD�DVLVWHQWLFD
0DWR�+DFPDQMHN��PDJLVWDU�RFHDQ���DVLVWHQW
,YDQþLFD�6WUXQMDN�3HURYLü��PDJLVWUD�RFHDQ���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
(PLQ�7HVNHUHGåLü��GRNWRU�ELRWHKQRO��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
=ODWLFD�7HVNHUHGåLü��GRNWRULFD�ELRWHKQRO��]QDQRVWL��]QDQVWYHQD�VDYMHWQLFD
0DULMD�7RPHF��GRNWRULFD�ELRO��]QDQRVWL��YLãD�DVLVWHQWLFD
1DWDOLMD�7RSLü�3RSRYLü��PDJLVWUD�RFHDQ���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD

7HKQLþNL�VXUDGQLFL�

=GHQNR�5RPDQ��WHKQLþDU
=YMH]GDQD�âRãWDULü��VDPRVWDOQD�WHKQLþDUND
%UDQLVODY�âSDQRYLü��WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

.DNYRüD�YRGH�X�SULURGQLP�L�NRQWUROLUDQLP�HNRVXVWDYLPD�MHGDQ�MH�RG�SUHGXYMHWD�RþXYDQMD�]GUDYVWYHQRJ
VWDQMD�RUJDQL]DPD�NRML�åLYH�X�YRGL��2QHþLãüHQMD�XWMHþX�QD�IL]LNDOQR�NHPLMVNX�L�ELRORãNX�NDNYRüX�YRGH�
WH�SDWRIL]LRORãNX�VOLNX� LQGLNDWRUVNLK�RUJDQL]DPD��3URPMHQD�XYMHWD�åLYRWQH�VUHGLQH� �VODWND�YRGD�PRUH�
RþLWRYDOD�VH�X�SURPMHQL�ELRNHPLMVNLK�SDUDPHWDUD�NUYL��RGQRVQR�X�DNWLYQRVWL�HQ]LPD�DQDGURPQLK�ULED�
3UDüHQL� HQ]LPL� WUDQVDPLQD]H� �$67� L�$/7��� ODNWDW� GHKLGURJHQD]H� �/'��� NUHDWLQ� NLQD]H� �&.�� L� DONDOQH
IRVIDWD]H� �$3�� XND]DOL� VX� QD� SRYHüDQMH� VLQWH]H� DPLQRNLVHOLQD�� PLQLPDOQH� UD]OLNH� X� PHWDEROL]PX
XJOMLNRKLGUDWD�� WH� QD� VPDQMHQX� SHUPHDELOQRVW� VWDQLþQLK� PHPEUDQD�� %DNWHULRORãNLP� LVWUDåLYDQMHP
LKWLRIDXQH�X�MH]HUX�9UDQD�QD�&UHVX�XVWDQRYOMHQD�MH�SULVXWQRVW����EDNWHULMVND�VRMD��9HüLQD�EDNWHULMD�ELOD
MH� XELNYLWDUQD�� D� GHWHUPLQLUDQH� VX� L� SDWRJHQH� EDNWHULMH� VSHFLILþQH� ]D� ULEH� �3DVWHXUHOOD� SLVFLFLGD�
(GZDUGVLHOOD� LFWDOXUL��� ���� L]RODWD� ELOR� MH� YUOR� LOL� XPMHUHQR� RVMHWOMLYR� SUHPD� WHVWLUDQLP� DQWLPLNUREQLP
OLMHNRYLPD�� ,VWUDåLYDQD� MH� ]DVWXSOMHQRVW�� ]QDþHQMH� L� UDãLUHQRVW� SDUD]LWRIDXQH� NRG� FLSULQLGQLK� L
VDOPRQLGQLK� YUVWD�� 'HWHUPLQLUDQR� MH� ��� YUVWD� QDPHWQLND� L]� URGRYD� 3URWR]RD�� 0RQRJHQRLGHD�
&HVWRLGHD�� &UXVWDFHD�� 8WYU HQH� ILWRSODQNWRQVNH� DOJH� L]� VNXSLQD� &\DQREDFWHULD� �0LFURF\VWLV�
$QDEDHQD��L�(XJOHQRSK\FHDH��(XJOHQD��3KDJXV��JODYQL�VX�SRND]DWHOML� ORãH�NDNYRüH�YRGH�NDR�L]UDYQL
X]URN�SDWRORJLMH�NRG�ULED��8VSRVWDYOMHQ�MH�VLVWHP�RGUåDYDQMD�NXOWXUD�ULEOMLK�VWDQLFD��(3&��)+0��57*���
SRWUHEQLK�]D�GLMDJQRVWLNX�YLUXVQLK�EROHVWL�ULED��+UDQMHQMH�JRID��6HULROD�GXPHULOL��ED]LUDQR�MH�QD�XSRWUHEL
UD]OLþLWLK�KUDQD�X]�SUDüHQMH�UDVWD� L�NHPLMVNRJ�VDVWDYD�PHVD��1DMEROML� UH]XOWDWL�GRELYHQL�VX�XSRWUHERP
VPU]QXWH� VUGHOH� L� VXKH� SDVWUYVNH� SHOHWH� ��������� 8WYU HQR� MH� GD� VX� RUJDQL]PL� NRML� RELWDYDMX� QD
RGUH HQRP� ORNDOLWHWX� ELRLQGLNDWRUL� NRML� VYRMLP� IL]LRORãNLP�SDWRIL]LRORãNLP� VWDQMHP� GDMX� ]ELUQL� XYLG� X
]ELYDQMD�X�YRGHQRM�VUHGLQL��=GUDYVWYHQRP�NRQWURORP�QLMH�VH�GRELOR�VDPR�WUHQXWQR�VWDQMH�RNROLãD��QHJR
L�ãWR�VH�GRJD DOR�X�WRP�SRGUXþMX�WMHGDQ��GYD��PMHVHF��SD�L�NRMX�JRGLQX�XQDWUDJ�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

:DWHU� TXDOLW\� RI� QDWXUDO� DQG� FRQWUROOHG� HFRV\VWHPV� UHSUHVHQWV� RQH� RI� SUHUHTXLVLWHV� IRU� WKH
SUHVHUYDWLRQ� RI� KHDOWK� VWDWXV� RI� DTXDWLF� RUJDQLVPV��7KH� SROOXWLRQ� LQIOXHQFHV� SK\VLFDO�� FKHPLFDO� DQG
ELRORJLFDO�DVSHFWV�RI�ZDWHU�TXDOLW\�DV�ZHOO� DV�SDWKR�SK\VLRORJLFDO� VWDWXV�RI� LQGLFDWRU�RUJDQLVPV��7KH
FKDQJH� RI� HQYLURQPHQWDO� FRQGLWLRQV� �IUHVKZDWHU�VHDZDWHU�� ZDV� PDQLIHVWHG� LQ� WKH� FKDQJH� RI
ELRFKHPLFDO�EORRG�SDUDPHWHUV��L�H��LQ�HQ]\PH�DFWLYLWLHV�RI�DQDGURPRXV�ILVK��7KH�H[DPLQHG�HQ]\PHV��
WUDQVDPLQDVH� �$67� DQG� $/7��� ODFWDW� GHK\GURJHQDVH� �/'��� FUHDWLQ� NLQDVH� �&.�� DQG� DOFDOLF
SKRVSKDWDVH��$3��LQGLFDWHG�DQ�LQFUHDVH�LQ�DPLQR�DFLG�V\QWKHVLV��PLQLPXP�GLIIHUHQFHV�LQ�FDUERK\GUDWH
PHWDEROLVP��DQG�GHFUHDVHG�SHUPHDELOLW\� RI� FHOO�PHPEUDQHV��%DFWHULRORJLFDO� LQYHVWLJDWLRQV�RI� ILVK� LQ
WKH�/DNH�9UDQD�RQ�WKH�&UHV�,VODQG�UHVXOWHG�LQ�LGHQWLILFDWLRQ�RI����EDFWHULDO�VWUDLQV��0RVW�RI�WKH�EDFWHULD
ZHUH�XELTXLWRXV��KRZHYHU�� WKH�EDFWHULD�SDWKRJHQLF�IRU� ILVK�ZHUH�DOVR�GHWHFWHG��3DVWHXUHOOD�SLVFLFLGD�
(GZDUGVLHOOD� LFWDOXUL��� ��� �� RI� LVRODWHV� ZHUH� YHU\� RU� PRGHUDWHO\� VHQVLWLYH� DJDLQVW� WKH� WHVWHG
DQWLPLFURELDOV��7KH�SUHVHQFH��WKH�LPSRUWDQFH�DQG�SUHYDOHQFH�RI�SDUDVLWRIDXQD�LQ�FLSULQLG�DQG�VDOPRQLG
VSHFLHV� ZHUH� LQYHVWLJDWHG�� ��� SDUDVLWLF� VSHFLHV� EHORQJLQJ� WR� WKH� JHQHUD� 3URWR]RD�� 0RQRJHQRLGHD�
&HVWRLGHD�� &UXVWDFHD� ZHUH� GHWHUPLQHG�� 'HWHFWHG� SK\WRSODQNWRQLF� DOJDH�� EHORQJLQJ� WR� WKH� JURXSV
&\DQREDFWHULD��0LFURF\VWLV��$QDEDHQD��DQG�(XJOHQRSK\FHDH��(XJOHQD��3KDJXV���DUH�PDLQ�LQGLFDWRUV
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RI�SRRU�ZDWHU�TXDOLW\��ZKLFK�LV�WKH�GLUHFW�FDXVH�RI�ILVK�SDWKRORJ\��7KH�V\VWHP�IRU�PDLQWDLQLQJ�ILVK�FHOO
OLQHV� �(3&�� )+0�� 57*����� QHFHVVDU\� IRU� WKH� GLDJQRVWLFV� RI� ILVK� YLUDO� GLVHDVHV�� ZDV� HVWDEOLVKHG�
)HHGLQJ� RI� \HOORZWDLO� �6HULROD� GXPHULOL�� ZDV� EDVHG� RQ� WKH� XVH� RI� GLIIHUHQW� GLHWV�� DFFRPSDQLHG� ZLWK
JURZWK� UDWH� PHDVXUHPHQWV� DQG� FDUFDVV� FRPSRVLWLRQ� DQDO\VLV� RI� WKH� ILVK�� 7KH� EHVW� UHVXOWV� ZHUH
REWDLQHG�ZLWK�IUR]HQ�SLOFKDUG�DQG�GU\�WURXW�SHOOHWV����������,W�ZDV�HVWDEOLVKHG�WKDW�WKH�RUJDQLVPV�OLYLQJ
LQ�D�VSHFLILF� ORFDOLW\� UHSUHVHQW�ELRLQGLFDWRUV�ZKRVH�SK\VLRORJLDO�SDWKR�SK\VLRORJLFDO�FRQGLWLRQV�JLYH�D
FROOHFWLYH� LQVLJKW� LQ� ZDWHU� HQYLURQPHQW� FRQGLWLRQV�� +HDOWK� FRQWURO� RI� WKH� RUJDQLVPV� SURYLGHG� WKH
LQIRUPDWLRQ�DERXW�DFWXDO�HQYLURQPHQWDO�VWDWXV��DV�ZHOO�DV�DERXW�WKH�SURFHVVHV�ZKLFK�KDG�WDNHQ�SODFH
LQ�WKH�DUHD�D�ZHHN�RU�WZR��D�PRQWK��RU�VRPH�\HDUV�DJR�

3295â,16.2�.(0,-6.$�,�(/(.752.(0,-6.$�692-679$
*5$1,&$�)$=$�ý95672�7(.8û(
685)$&(�&+(0,&$/�$1'�(/(&752&+(0,&$/�3523(57,(6�2)
7+(�62/,'�/,48,'�,17(5)$&(
9RGLWHOM�WHPH��GU�VF��0DULMDQ�9XNRYLü

6XUDGQLFL�QD�WHPL�

'XQMD�ýXNPDQ��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
9LãQMD�+RUYDW�5DGRãHYLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
.UHãLPLU�.YDVWHN��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
9HOLPLU�3UDYGLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
,YDQ�6RQGL��GRNWRU�JHRO��]QDQRVWL��YLãL�DVLVWHQW
1HGD�9GRYLü��GRNWRULFD�JHRO��]QDQRVWL��YLãD�DVLVWHQWLFD
0DULMDQ�9XNRYLü��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN

7HKQLþNL�VXUDGQLFL�

6UHüNR�.DUDãLü��VDPRVWDOQL�WHKQLþDU
0RPLU�0LOXQRYLü��GLSO��LQå��HOHNWURWHKQLNH��WHKQLþDU�VXUDGQLN

3URJUDP�UDGD�L�UH]XOWDWL�

&LOM� LVWUDåLYDQMD�VX�QRYD�VD]QDQMD�R�SRYUãLQVNR�NHPLMVNLP� L�HOHNWURNHPLMVNLP�VYRMVWYLPD�JUDQLFD� ID]D
þYUVWR�WHNXüH� QD� PDWHULMDOLPD� SULURGQRJ� L� XPMHWQRJ� SRGULMHWOD�� .DUDNWHUL]LUDQD� MH� SRYUãLQD� WLSLþQLK
PLQHUDOQLK�VDVWRMDND�JOLQD��PRQWPRULORQLW��LOLW��NORULW��NDOFLW��L�PRGHOQLK�VXSVWDQFLMD��VLOLND��DOXPLQLM�RNVLG�
JLSVLW��PMHUHQMHP�HOHNWURNLQHWLþNRJ�]HWD�SRWHQFLMDOD�X�GHILQLUDQLP�RWRSLQDPD�HOHNWUROLWD��1D&O��&D&O

�
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8SRWUHEOMHQL� VX� þLVWL�PDWHULMDOL� NDR� L�PDWHULMDOL�PRGLILFLUDQL� WLSLþQLP�RUJDQVNLP� VXSVWDQFLMDPD�NRMH� VH
SRMDYOMXMX� X� SULURGQLP� YRGDPD� �KXPXVQD� NLVHOLQD��� 1D� QHNLP� PDWHULMDOLPD� �ULSLGROLW�� EDMGHOLW�� QD
XPMHWDQ� MH�QDþLQ� �POMHYHQMHP��SRYHüDQD�VSHFLILQD�SRYUãLQD�� WH� MH� LVSLWDQ�XWMHFDM�RYRJ�SDUDPHWUD� QD
NDWLRQVNL� L]PMHQMLYDþNL� NDSDFLWHW� L� ]HWD�SRWHQFLMDO�� 3UHGORåHQ� MH�PRGHO� NRML� REMDãQMDYD� ]DãWR�PLQHUDOL
JOLQD��XJODYQRP�]ERJ�XWMHFDMD�KXPXVQLK�NLVHOLQD��SRND]XMX�QHJDWLYDQ�QDERM�X�SULURGQLP�YRGDPD��7R
VD]QDQMH�MH�MHGDQ�RG�ELWQLK�SDUDPHWDUD�X�SUHGYL DQMX�PHKDQL]DPD�SULKYDWD�L�WUDQVSRUWD�RQHþLãþLYDüD
X�SULURGQLP�YRGDPD�
3ULPMHQRP� HOHNWURNHPLMVNH� LPSHGDQFLMVNH� VSHNWURVNRSLMH� LVWUDåLYDQD� VX� VYRMVWYD� SDVLYQLK� ILOPRYD
IRUPLUDQLK� DQRGQRP� RNVLGDFLMRP� QD� PHWDOQRP� VWDNOX� )H��%���� 3RND]DQR� MH� GD� MH� XNXSQD
LPSHGDQFLMD�VLVWHPD�RGUH HQD�LPSHGDQFLMRP�PH XID]QRJ�SRGUXþMD�VWYRUHQRJ�L]PH X�SDVLYQRJ�ILOPD�L
RWRSLQH� HOHNWUROLWD�� 8� FLMHORP� SRGUXþMX� SRWHQFLMDOD� SDVLYQRVWL�� XJODYQRP� NDSDFLWLYQR� SRQDãDQMH
LPSHGDQFLMH� X]� NODVLþQX� 1HUQVWRYX� S+� RYLVQRVW� XND]XMH� QD� SROXYRGLþND� VYRMVWYD� ILOPD�� 5HODWLYQR
YLVRNH�SDVLYQH�VWUXMH�XND]XMX�QD�SRYHüDQX�NRUR]LMVNX�DNWLYQRVW�SDVLYQRJ�)H��%���NRMD� MH�RGUH HQD
WUDQVSRUWRP�NDWLRQD�NUR]�VORM�SURVWRUQRJ�QDERMD�ILOPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH�DLP�RI�UHVHDUFK�LV�D�QHZ�LQVLJKW� LQWR�WKH�VXUIDFH�FKHPLFDO�DQG�HOHFWURFKHPLFDO�SURSHUWLHV�RI� WKH
VROLG�OLTXLG� LQWHUIDFH� RI� QDWXUDO� DQG� DUWLILFLDO� PDWHULDOV�� 7KH� VXUIDFHV� RI� W\SLFDO� FOD\� FRQVWLWXHQWV
�PRQWPRULOORQLWH�� LOOLWH�� FKORULWH�� FDOFLWH�� DV� ZHOO� DV� RI� PRGHO� VXEVWDQFHV� �VLOLFD�� DOXPLQXP� R[LGH�
JLEEVLWH�� ZHUH� FKDUDFWHUL]HG� E\� PHDVXUHPHQWV� RI� HOHFWURNLQHWLF� ]HWD�SRWHQWLDO� LQ� ZHOO�GHILQHG
HOHFWURO\WH�VROXWLRQV��1D&O��&D&/����&OHDQ�PDWHULDOV�ZHUH�XVHG�DV�ZHOO�DV�WKH�PDWHULDOV�PRGLILHG�E\
W\SLFDO� RUJDQLF� VXEVWDQFHV� ZKLFK� DUH� SUHVHQW� LQ� QDWXUDO� ZDWHU� �KXPLF� DFLG��� 2Q� VRPH� PDWHULDOV
�ULSLGROLWH��EHLGHOOLWH��LQ�DQ�DUWLILFLDO�ZD\��EDOO�PLOOLQJ���WKH�VXUIDFH�DUHD�ZDV�LQFUHDVHG��DQG�LWV�LQIOXHQFH
RQ�WKH�FDWLRQLF�H[FKDQJH�FDSDFLW\�DQG�]HWD�SRWHQWLDO�ZDV�GHWHUPLQHG��7KH�PRGHO�ZKLFK�GHVFULEHV�ZK\
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FOD\�PLQHUDOV��PRVWO\�GXH�WR� WKH� LQIOXHQFH�RI�KXPLF�DFLG��H[KLELW�QHJDWLYH�FKDUJH� LQ�QDWXUDO�ZDWHU�� LV
SURSRVHG��7KLV�LV�RQH�RI�PDLQ�SDUDPHWHUV�LQ�SUHGLFWLQJ�WKH�PHFKDQLVPV�RI�UHFHSWLRQ�DQG�WUDQVSRUW�RI
SROOXWDQWV�LQ�QDWXUDO�ZDWHUV�
7KH� SURSHUWLHV� RI� SDVVLYH� OD\HUV� IRUPHG� E\� DQRGLF� R[LGDWLRQ� RI� JODVV\� DOOR\� )H��%��� ZHUH
LQYHVWLJDWHG� E\� WKH� XVH� RI� HOHFWURFKHPLFDO� LPSHGDQFH� VSHFWURVFRS\�� ,W� ZDV� VKRZQ� WKDW� WKH� RYHUDOO
LPSHGDQFH� LV� GHWHUPLQHG� E\� WKH� LPSHGDQFH� RI� DQ� LQWHUIDFLDO� OD\HU� EHWZHHQ� WKH�SDVLYH� ILOP�DQG� WKH
HOHFWURO\WH� VROXWLRQ�� ,Q� WKH� SDVVLYH� UDQJH�� PRVWO\� GXH� WR� D� FODVVLFDO� 1HUQVWLDQ� S+� GHSHQGHQFH� RI
LPSHGDQFH�� WKH� VHPLFRQGXFWLQJ� SURSHUWLHV� RI� WKH� ILOP� DUH� HYLGHQW�� 5HODWLYHO\� KLJK� SDVVLYH� FXUUHQWV
H[KLELW� DQ� HQKDQFHG� FRUURVLRQ� DFWLYLW\� RI� D� SDVVLYH� )H��%���� ZKLFK� LV� FRQWUROOHG� E\� D� WUDQVSRUW� RI
FDWLRQV�WKURXJK�WKH�VSDFH�FKDUJH�UHJLRQ�RI�WKH�ILOP�

(8752),.$&,-$�,�352&(6,�1$�0( 83295â,1$0$
(87523+,&$7,21�$1'�,17(5)$&,$/�352&(66(6
9RGLWHOMLFD�WHPH��GU��VF��9HUD�äXWLü

6XUDGQLFL�QD�WHPL�

1DGLFD�,YRãHYLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
6ROYHJ�.RYDþ��PDJLVWDU�RFHDQRO��]QDQRVWL��]QDQVWYHQL�QRYDN
7DU]DQ�/HJRYLü��GRNWRU�IL]��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN
9HVQD�6YHWOLþLü��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD
9HUD�äXWLü��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN

7HKQLþND�VXUDGQLFD�

'XEUDYND�0XWYDU��SHUDþLFD

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

=YRQNR�*UåHWLü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN��'UåDYQL�KLGURJUDIVNL�LQVWLWXW��6SOLW
$QWH�6PLUþLü��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN��'UåDYQL�KLGURJUDIVNL�LQVWLWXW��6SOLW
1HQDG�/HGHU��PDJLVWDU�RFHDQRO��]QDQRVWL��DVLVWHQW��'UåDYQL�KLGURJUDIVNL�LQVWLWXW��6SOLW

3URJUDP�UDGD�L�UH]XOWDWL�

,VWUDåLYDQMD� QD� RYRM� WHPL� XVPMHUHQD� VX� QD� VWYDUDQMH� QRYLK� VSR]QDMD� R� HXWURILNDFLML� L� SURFHVLPD
DJUHJDFLMH� RUJDQVNLK� þHVWLFD� X� PRUX�� V� SRVHEQLP� QDJODVNRP� QD� UD]YRM� L� SULPMHQX� QRYLK� PHWRGD
PMHUHQMD� L� PRGHOLUDQMD�� 3RVOMHGLFD� SRYHüDQRJ� GRQRVD� KUDQMLYLK� WYDUL� X� XåD� L� SULREDOQD� PRUD� VX
SUHNRPMHUQL�FYDWRYL�ILWRSODQNWRQD�X]�]QDWDQ�SRUDVW�NRQFHQWUDFLMH�RWRSOMHQH�RUJDQVNH�WYDUL� L�RUJDQVNLK
þHVWLFD��)L]LNDOQR�NHPLMVNL�SURFHVL�DJUHJDFLMH�� X]�ELRORãNH� LQWHUDNFLMH� SUHKUDPEHQRJ� ODQFD�� RGUH XMX
VXGELQX� RUJDQVNLK� þHVWLFD� X� DNYDWRULMX�� 8]� RSüL� ]QDQVWYHQL� LQWHUHV� ]D� UD]XPMHYDQMH� SURFHVD
DJUHJDFLMH� L� XWMHFDMD� NRML� LPD� QD� JOREDOQL� FLNOXV� XJOMLND�� ]D� QDV� VX� RG� SRVHEQRJ� ]QDþDMD� SURFHVL
HXWURILNDFLMH�X�6MHYHUQRP�-DGUDQX� L�X�QRYLMH�YULMHPH�VYH� L]UDåHQLMD�PDVRYQD�SRMDYD�PDNURDJUHJDWD�
8]URFL� L� PHKDQL]DP� QDVWDMDQMD� RYH� SRMDYH�� WH� SRVOMHGLFH� QD� FMHORNXSQL� VXVWDY� QLVX� GR� VDGD
UD]MDãQMHQL�
)XQGDPHQWDOQL�GLR�ODERUDWRULMVNLK�LVWUDåLYDQMD�ELR�MH�YH]DQ�X]�UD]YRM�QRYLK�DGKH]LMVNLK�HOHNWURNHPLMVNLK
VHQ]RUD�]D�RUJDQVNH�þHVWLFH�L�SULSUHPX�YRGOMLYLK�ILOPRYD�NDWLRQVNLK�ERMD�]D�IXQNFLRQDOL]DFLMX�SRYUãLQD
VHQ]RUD�
(OHNWURNHPLMVNL� VX� LVSLWDQD� VYRMVWYD� SULMDQMDQMD� L� DJUHJDFLMH� UD]OLþLWLK� WLSRYD� PRUVNLK� EDNWHULMD� NDR� L
QMLKRYD�LQWHUDNFLMD�VD�VWDQLFDPD�ILWRSODQNWRQD��3RVHEQR�MH�LVWUDåLYDQ�XGLR�KLGURIREQLK�L�HOHNWURVWDWVNLK
LQWHUDNFLMD�X�QDNXSOMDQMX�QD�PH XSRYUãLQDPD��2WNULYHQL�VX� WLSRYL�HOHNWURNHPLMVNLK�RGD]LYD� �HOHNWULþQL
VLJQDOL�SULMDQMDQMD��NRML�NDUDNWHUL]LUDMX�DGKH]LMX�QDMUHDNWLYQLMLK�NRPSRQHQDWD�X�DJUHJDFLML�RUJDQVNH�WYDUL
X� PRUX�� DGKH]LMX� SRSXODFLMD� VORERGQLK� EDNWHULMD�� SRMHGLQDþQLK� VWDQLþQLK� QDNXSLQD� L� HJ]RSROLPHUQLK
þHVWLFD� YHOLþLQH� ������ PLNURPHWDUD�� 5DVSRGMHOD� HJ]RSROLPHUQLK� þHVWLFD� SUDüHQD� MH� X� 6MHYHUQRP
-DGUDQX� QD� SRVWDMDPD� GXå� WUDQVHNWD� 5RYLQM�3R� X� UD]GREOMX� QHSRVUHGQR� SULMH�� ]D� YULMHPH� L� QDNRQ
PDVRYQH�SRMDYH�PDNURDJUHJDWD�QD�PRUVNRM�SRYUãLQL�X�OMHWR������
8þLQMHQ�MH�]QDþDMDQ�GRSULQRV�MHGQRP�RG�FLOMHYD�WHPH��UD]MDãQMDYDQMX�XORJH�IL]LþNR�NHPLMVNLK�LQWHUDNFLMD
L� ELRIL]LþNLK� SURFHVD�� SRVHEQR� ID]QLK� SURPMHQD� X� QDNXSOMDQMX� RUJDQVNH� WYDUL� QD�PH XSRYUãLQDPD� X
PRUX�
8� SRGUXþMX� HNRORãNRJ� PRGHOLUDQMD�� SURFHVL� HXWURILNDFLMH� LVWUDåLYDQL� VX� PRGHOLUDQMHP� GLQDPLNH
ILWRSODQNWRQD��RWRSOMHQRJ�NLVLND��PRGHOLPD�WUDQVSRUWD�QXWULMHQDWD�L�WRNVLþQLK�WYDUL��$QDOL]LUDQL�VX�SRGDFL
V� RGDEUDQLK� REDOQLK� L� HVWXDUQLK� SRGUXþMD� 0HGLWHUDQD�� )RUPXOLUDQ� MH� L� DQDOL]LUDQ� QRYL� PRGHO� UDVWD
ILWRSODQNWRQD�RJUDQLþHQRJ�V� YLãH� KUDQMLYLK� YUVWD�� D� QD�RVQRYX�PRGHOD� GLQDPLNH�NLVLND� REMDãQMHQD� MH



���

YH]D� L]PH X� FYMHWDQMD� ILWRSODQNWRQD� L� SRMDYH� KLSRNVLMH� X� 6MHYHUQRP� -DGUDQX�� 0RGHOL� WDQVSRUWD
QXWULMHQDWD� L� WRNVLþQLK� WYDUL� SULPLMHQMHQL� VX� ]D� RSWLPDOQR� XSUDYOMDQMH� REDOQLP� PRUHP�� $NWLYQRVW� QD
XQDSUH HQMX� SULPMHQH� HNRORãNRJ� PRGHOLUDQMD� VDVWRMDOD� VH� X� L]UDGL� SUHJOHGD� SULPMHQH� PRGHOLUDQMD
WUDQVSRUWD�]DJD LYDOD�X�RSWLPDOQRP�XSUDYOMDQMX�REDOQLP�PRUHP��NULWLþQRM�HYDOXDFLML�GRVWXSQLK�LQWHUQHW
L]YRUD�SRGDWDND�L�RUJDQL]LUDQMX�3UYH�HXURSVNH�NRQIHUHQFLMH�R�HNRORãNRP�PRGHOLUDQMX��NRMD�MH�RGUåDQD
X�3XOL�����������������

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� WKHPH� LV� IRFXVHG� RQ� GHYHORSLQJ� QHZ� FRQFHSWV� LQ� XQGHUVWDQGLQJ�VWXG\LQJ� HXWURSKLFDWLRQ� DQG
DJJUHJDWLRQ� SURFHVVHV� RI� RUJDQLF� SDUWLFOHV� LQ� HVWXDULHV� DQG� FRDVWDO� VHD�� 7KH� HPSKDVLV� LV� RQ
GHYHORSPHQW�DQG�DSSOLFDWLRQV�RI�QHZ�PHDVXUHPHQW�DQG�PRGHOOLQJ�PHWKRGV��,QFUHDVLQJ�DQWURSRJHQLF
LQSXWV� RI� QXWULHQWV� WR� HVWXDULHV� DQG� FRDVWDO� VHD� UHVXOW� LQ� LQFUHDVLQJ� SK\WRSODQNWRQ� SURGXFWLRQ� DQG
KLJKHU�FRQFHQWUDWLRQV�RI�RUJDQLF� SDUWLFOHV� LQ� WKH�VL]H� UDQJH� IURP�QDQRSDUWLFOHV� WR�PDFURDJJUHJDWHV�
3K\VLFR�FKHPLFDO�DJJUHJDWLRQ�DV�ZHOO�DV�ELRORJLFDO�LQWHUDFWLRQV�ZLWKLQ�WKH�IRRG�ZHE��GHWHUPLQH�WKH�IDWH
RI�RUJDQLF�SDUWLFOHV�LQ�WKH�DTXDWRULXP�
)XQGDPHQWDO� ODERUDWRU\� UHVHDUFK� FRQVLVWHG� LQ� GHYHORSLQJ� QHZ� HOHFWURFKHPLFDO� VHQVRUV� EDVHG� RQ
DGKHVLRQ� DQG� SUHSDUDWLRQ� RI� FRQGXFWLYH� ILOPV� RI� FDWLRQLF� G\HV� IRU� IXQFWLRQDOLVDWLRQ� RI� WKH� HOHFWURGH
VXUIDFH��,QWHUIDFLDO�SURSHUWLHV�DQG�DWWDFKPHQW�RI�VHOHFWHG�VWUDLQV�RI�PDULQH�EDFWHULD�DQG�SK\WRSODQNWRQ
FHOOV� ZDV� VWXGLHG� XVLQJ� WKH� HOHFWURGH� DV� PRGHO� LQWHUIDFH� ZKLFK� DOORZHG� GLVWLQFWLRQ� EHWZHHQ
K\GURSKRELF�DQG�HOHFWURVWDWLF�LQWHUDFWLRQV�LQ�DJJUHJDWLRQ��7\SHV�RI�HOHFWULFDO�DWWDFKPHQW�VLJQDOV�RI�WKH
PRVW� UHDFWLYH� FRPSRQHQWV� LQ� RUJDQLF� PDWWHU� DJJUHJDWLRQ�� DGKHVLRQ� RI� IUHH�OLYLQJ� DQG� DWWDFKHG
EDFWHULD��LQGLYLGXDO�SK\WRSODQNWRQ�FHOOV�DQG�IOXLG�H[RSRO\PHULF�SDUWLFOHV��VL]H�������mP���'LVWULEXWLRQ�RI
H[RSRO\PHULF� SDUWLFOHV� ZDV� PHDVXUHG� LQ� WKH� 1RUWKHUQ� $GULDWLF� DORQJ� WKH� WUDQVHFW� 5RYLQM�3R� ULYHU�
EHIRUH��GXULQJ�DQG�DIWHU�WKH�PDVVLYH�DSSHDUDQFH�RI�JHODWLQRXV�PDFURDJJUHJDWHV�DW�WKH�VHD�VXUIDFH�LQ
VXPPHU� ������ 'RPLQDQW� UROH� RI� SK\VLFR�FKHPLFDO� LQWHUDFWLRQV�� ELRSK\VLFDO� SURFHVVHV� DQG� SKDVH
WUDQVLWLRQV�KDV�EHHQ�LQGLFDWHG�

,Q� WKH� GRPDLQ� RI� HFRORJLFDO� PRGHOOLQJ�� HXWURSKLFDWLRQ� KDV� EHHQ� VWXGLHG� E\� PRGHOOLQJ� G\QDPLFV� RI
SK\WRSODQNWRQ��RI�GLVVROYHG�R[\JHQ�DQG�RI�QXWULHQW�DQG�WR[LF�VXEVWDQFHV�WUDQVSRUW��)LHOG�GDWD�IURP�D
IHZ�HVWXDULQH�DQG�FRDVWDO�0HGLWHUUDQHDQ�UHJLRQV�KDYH�EHHQ�DQDO\VHG��$�QHZ�PRGHO�RI�SK\WRSODQNWRQ
JURZWK� ZLWK� PXOWLSOH� QXWULHQW� OLPLWDWLRQ� KDV� EHHQ� IRUPXODWHG� DQG� DQDO\VHG�� %DVHG� RQ� D� PRGHO� RI
R[\JHQ�G\QDPLFV��D� UHODWLRQVKLS�EHWZHHQ�SK\WRSODQNWRQ�EORRPV�DQG�HSLVRGHV�RI� ERWWRP�K\SR[LD� LQ
1RUWKHUQ�$GULDWLF�KDV�EHHQ�FODULILHG��1XWULHQW�DQG�WR[LF�VXEVWDQFHV�PRGHOV�KDYH�EHHQ�XVHG�LQ�RSWLPDO
PDQDJHPHQW�RI� WKH�FRDVWDO�VHD��7KH�DFWLYLWLHV�RQ�DGYDQFLQJ� WKH�DSSOLFDWLRQ�RI�HFRORJLFDO�PRGHOOLQJ
FRQVLVWHG� LQ� D� FULWLFDO� UHYLHZ� RI� WKH� LQWKHUQHW� UHVRXUFHV� DQG� RUJDQL]DWLRQ� RI� WKH� )LUVW� (XURSHDQ
&RQIHUHQFH�RQ�(FRORJLFDO�0RGHOOLQJ��KHOG�LQ�3XOD�����������������

68'%,1$�5$',218./,'$�,�0,.52(/(0(1$7$�8�35,52'1,0
6,67(0,0$
7+(�%(+$9,285�2)�5$',218&/,'(6�$1'�0,&52(/(0(176�,1
(19,5210(17$/�6$03/(6
9RGLWHOM�WHPH��GU�VF��6WLSH�/XOLü

6XUDGQLFL�QD�WHPL�

'HONR�%DULãLü��GRNWRU�JHRO��]QDQRVWL��]QDQVWYHQL�VXUDGQLN�
äHOMNR�*UDKHN��GRNWRU�NHP��]QDQRVWL��DVLVWHQW
.DWDULQD�.RãXWLü��PDJLVWUD�NHP��]QDQRVWL��DVLVWHQWLFD
6WLSH�/XOXü��GRNWRU�NHP��]QDQRVWL��]QDQVWYHQL�VXUDGQLN
$VWUHD�9HUWDþQLN��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD

7HKQLþNL�VXUDGQLFL�

.DUGXP�7RPLVODY��WHKQLþDU

.XãLü�5DMNR��VDPRVWDOQL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

3UHGPHW� SUHGORåHQLK� LVWUDåLYDQMD� MH� UDVSRGMHOD� SRMHGLQLK�PLNURHOHPHQDWD� L� UDGLRQXNOLGD� X� SULURGQLP
VXVWDYLPD�� PHKDQL]DP� L� EU]LQD� QMLKRYRJ� ãLUHQMD�� WH� SURFHVL� YH]LYDQMD� QD� VXVSHQGLUDQL� PDWHULMDO�
VHGLPHQW��WOR�L�ELRWX����3ULPMHQD�UDGLRDNWLYQLK�RELOMHåLYDþD�X�VYUKX�RGUH LYDQMD�NULWLþQLK�SXWHYD�ãLUHQMD



���

]DJD HQMD� SRG]HPQLK� YRGRQRVQLK� KRUL]RQDWD�� �� ,VSLWLYDQMH� VRUSFLMVNLK� VSRVREQRVWL� JHRORãNRJ
PDWHULMDOD� L�RGUH LYDQMH�NRHILFLMHQWD�GLVWULEXFLMH�PLNURHOHPHQDWD���� ,VSLWLYDQMD�QDþLQD�REUDGH�SULURGQLK
X]RUDND� WH� UD]YLMDQMH� WHKQLND� PMHUHQMD� UDGLRDNWLYQRVWL� X� VYUKX� SRYHüDQMD� RVMHWOMLYRVWL� PMHUHQMD�
,VSLWLYDQMD� REXKYDüDMX� PHWRGH� ]D� PMHUHQMH� DOID�� EHWD� L� JDPD� UDGLRDNWLYQRVWL�� 5H]XOWDWL� LVWUDåLYDQMD
VOXåH�X�SURYMHUL�VWXSQMD�RSDVQRVWL�RG�PRJXüHJ�UDGLRDNWLYQRJ�]DJD HQMD�L�GRQRãHQMD�SURSLVD�VD�FLOMHP
]DãWLWH�YRGHQLK�UHVXUVD��þRYMHND�L�QMHJRYRJ�RNROLãD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� SXUSRVH� RI� WKH� SURSRVHG� UHVHDUFK� LV� WR� UHYHDO� WKH� GLVWULEXWLRQ� RI� FHUWDLQ� PLFURHOHPHQWV� DQG
UDGLRQXFOLGHV� LQ� QDWXUDO� V\VWHPV�� WKHLU� VSUHDGLQJ� PHFKDQLVPV� DQG� YHORFLWLHV�� DV� ZHOO� DV� ELQGLQJ
SURFHVVHV�LQFOXGLQJ�VXVSHQGHG�PDWWHU��VHGLPHQW��VRLO�DQG�ELRWD�� ,Q�RUGHU�WR�DFFRPSOLVK�WKH�WDVN��WKH
IROORZLQJ�UHVHDUFK�ZRXOG�EH�GRQH����7KH�GHWHUPLQDWLRQ�RI�FULWLFDO�SDWKZD\V�RI�SROOXWLRQ�LQ�XQGHUJURXQG
ZDWHU�EHDULQJ� KRUL]RQV� E\� UDGLRDFWLYH� WUDFHU� PHWKRGV�� �� 7KH� GHWHUPLQDWLRQ� RI� JHRORJLFDO� PDWHULDOV
VRUSWLRQ� FDSDFLW\� DQG� PLFURHOHPHQW� GLVWULEXWLRQ� FRHIILFLHQWV�� �� 7KH� LPSURYHPHQW� RI� QDWXUDO� VDPSOH
WUHDWPHQW�PHWKRGV� DQG� GHYHORSPHQW� RI� UDGLRDFWLYLW\� PHDVXUHPHQW� WHFKQLTXHV� LQ� RUGHU� WR� LQFUHDVH
WKHLU� VHQVLWLYLW\��7KH�VWXGLHV� LQFOXGH�PHWKRGV� IRU�DOID��EHWD� DQG�JDPPD�PHDVXUHPHQWV��7KH� UHVXOWV
ZRXOG�EH�XVHG�LQ�DVVHVVPHQW�RI�SRVVLEOH�UDGLRDFWLYH�FRQWDPLQDWLRQ�ULVN�GHJUHH��DV�ZHOO�DV�LQ�FUHDWLRQ
RI� OHJDO� SURYLVLRQV� LQ� RUGHU� WR� SURWHFW� ZDWHU� UHVRXUFHV�� WKH� SXEOLF� DQG� WKH� HQYLURQPHQW� DJDLQVW
SROOXWLRQ�

08/7,.6(12%,27,ý.$�5(=,67(1&,-$�8�352&-(1,�2.2/,â12*
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9RGLWHOM�WHPH��GU��VF��%UDQNR�.XUHOHF

6XUDGQLFL�QD�WHPL�

6PLOMDQD�%ULWYLü��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
6DQMD�.UþD��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQFD�VXUDGQLFD
%UDQNR�.XUHOHF��GRNWRU�YHW��]QDQRVWL��]QDQVWYHQL�VDYMHWQLN��$NDGHPLN
%UDQND�3LYþHYLü��GRNWRULFD�ELRO�]QDQRVWL��YLãD�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
7YUWNR�6PLWDO��GLSO��LQå��ELRO���POD L�DVLVWHQW��]QDQVWYHQL�QRYDN
5REHUWD�6DXHUERUQ��GLSO��LQå��ELRO���POD D�DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD��RG������������

7HKQLþNL�VXUDGQLN�

'DOLERU�-HODVND��VDPRVWDOQL�WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

8SUDYOMDWL�RNROLãHP�PRåH�VH�MHGLQR�QD�WHPHOMX�3URFMHQH�RNROLãQRJ�UL]LND��325��86�(3$��)UDPHZRUN
IRU�(QYLURQPHQWDO�5LVN�$VVHVVPHQW���������.RQFHSW�325�D�VYD�LQWHUGLVFLSOLQDUQD�LVWUDåLYDQMD�RNROLãD
XVPMHUDYD�ND�RVWYDUHQMX�QDFLRQDOQRJ�VWUDWHãNRJ�FLOMD���]DãWLWL�RNROLãD�SRPRüX�UDFLRQDOQRJ�XSUDYOMDQMD�
325�LPD�WUL�VHJPHQWD��LGHQWLILNDFLMD�XJURåHQRJ�VXEMHNWD��DQDOL]D�UL]LND�]D�VXEMHNW��L��NRQDþQR�SURFMHQD
UL]LND�� 1DãH� RWNULüH� SRVWRMDQMD� MHGQRJ� QRYRJ� PHKDQL]PD� REUDQH�� PHKDQL]PD� PXOWLNVHQRELRWLþNH
RWSRUQRVWL��0;5�NDR� L� LGHQWLILNDFLMD�QRYH�NODVH�RSDVQLK�NHPLNDOLMD�� LQKLELWRUD�0;5�PHKDQL]PD��ELWQR
XWMHþX�QD�HNVSR]LFLMX�L�HIHNW��GDNOH�L�QD�UL]LN��XQDSUH XMXüL�WLPH�ELWQR�L�QDãH�UD]XPLMHYDQMH�WLK�SURFHVD�
&LOM� LVWUDåLYDQMD�X�RNYLUX�QDãH�7HPH� MHVW� LVNRULVWLWL�QDãH�SUYHQVWYR�SR]QDYDQMD�0;5� L� SRPRüX�QDãLK
ELRPDUNHUD�XVWROLþLWL�QRYH��EROMH��LQWHUSUHWDFLMH�L�SURFMHQH�UL]LND�
.RQFHQWUDFLMX� NHPRVHQ]LWL]DWRUD� PMHULOL� VPR� LOL� X� YRGHQLP� �;$'���� NRQFHQWUDWLPD�� LOL� X� HNVWUDNWLPD
�GLNORUPHWDQ�PHWDQRO�� VHGLPHQDWD�� WDOD� LOL� VPHüD�� ELOR� LQ� YLWUR� PHWRGRP� PRGXODFLMH� DNXPXODFLMH
NDOFHLQD�$0�LOL�URGDPLQD�����X�1,+��7��VWDQLFDPD�VWDELOQR�WUDQVIHFLUDQLP�V� OMXGVNLP�0'5��JHQRP�
ELOR�LQ�YLYR�X�QDWLYQLP�YRGDPD�SRPRüX�DNXPXODFLMVNH�L�HIOXNV�YHU]LMH�V�URGDPLQRP�%��5%��L�ãNROMNRP
YUVWH�'UHLVVHQD� SRO\PRUSKD�� 8� RYRM� ãNROMFL�� NRMX� VPR� QDOD]LOL� QD� XVWDYDPD� KLGURHOHNWUDQD� QD� ULMHFL
'UDYL��RWNULOL�VPR�L]QLPQR�MDNX�HNVSUHVLMX�0;5�PHKDQL]PD��=ERJ�VYRMH�SULPMHUHQH�YHOLþLQH������FP��
YHOLNLK�L�ODNR�GRVWXSQLK�SRSXODFLMD��MHGQRVWDYQRJ�GUåDQMD�X�ODERUDWRULMX�L�ãLURNH�JOREDOQH�GLVWULEXFLMH��WD
MH�YUVWD�SRVWDOD�QDã�JODYQL�VODWNRYRGQL�HNVSHULPHQWDOQL�RUJDQL]DP��2SLVDQLP�LQ�YLYR�PHWRGDPD�PMHULOL
VPR�L�EU]LQX�LQGXNFLMH�0;5�X�ãNROMNDPD�ODERUDWRULMVNL�L]ORåHQLP�YRGL�]DJD HQRM�V�'LHVHO���XOMHP��EDã
NDR�L�EU]LQX�GHLQGXNFLMH�X�QH]DJD HQRP�PHGLMX��8�RNROLãQLP�XYMHWLPD�GDJQMH� L�SXåHYL�VD�]DJD HQLK
SRGUXþMD�URYLQMVNRJ�DNYDWRULMD�LPDMX�SRYHüDQX�HNVSUHVLMX�0;5�X�XVSRUHGEL�V�RQLPD�L]�þLVWLK�SRGUXþMD�



���

'UHLVVHQH� L]ORåHQH�YRGDPD�ULMHNH�6DYH�QL]YRGQR�RG�LVSXVWD�]DJUHEDþNLK�NRPXQDOQLK�YRGD�LQGXFLUDMX
0;5�]QDWQR�MDþH�RG�RQLK�L]ORåHQLK�YRGDPD�6DYH�X]YRGQR�RG�LVSXVWD��LOL�RQLK�L]ORåHQLK�YRGDPD�MH]HUD
-DUXQ�� 2YL� UH]XOWDWL� SRWYUGLOL� VX� PRJXüQRVW� NRULãWHQMD� PMHUHQMD� 0;5�DNWLYQRVWL� NDR� ELRPDUNHUD
L]ORåHQRVWL�NVHQRELRWLFLPD�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� HQYLURQPHQWDO�PDQDJHPHQW� LV� EDVHG� RQ� WKH� (QYLURQPHQWDO� 5LVN� $VVHVVPHQW� �(5$�� 86� (3$�
)UDPHZRUN� IRU� (QYLURQPHQWDO� 5LVN� $VVHVVPHQW�� ������� (5$�FRQFHSW� GLUHFWV� DOO� LQWHUGLVFLSOLQDU\
LQYHVWLJDWLRQV�RI�WKH�HQYLURQPHQW�WR�WKH�UHDOL]DWLRQ�RI�WKH�QDWLRQDO�VWUDWHJLF�LQWHUHVW���WKH�SURWHFWLRQ�RI
WKH�HQYLURQPHQW�XVLQJ�D�UDWLRQDOO\�EDVHG�DGPLQLVWUDWLRQ��(5$�KDV�WKUHH�VHJPHQWV�� LGHQWLILFDWLRQ�RI�D
WKUHDWHQHG� VXEMHFW�� WKH� DQDO\VLV� RI� WKH� ULVN�� DQG� ILQDOO\�� WKH� ULVN� DVVHVVPHQW�� 2XU� GLVFRYHU\� RI� WKH
H[LVWHQFH� RI� D� QHZ� GHIHQFH�PHFKDQLVP�� WKH�PXOWL[HQRELRWLF� UHVLVWDQFH�PHFKDQLVP� �0;5��� DQG� WKH
LGHQWLILFDWLRQ� RI� D� QHZ� FODVV� RI� KD]DUGRXV� FKHPLFDOV�� 0;5�LQKLELWRUV� �FKHPRVHQVLWL]HUV��� KDYH� DQ
LPSRUWDQW� LQIOXHQFH� RQ� WKH� FKDUDFWHUL]DWLRQ� RI� H[SRVXUH�� HIIHFW� DQG� ULVN�� SURPRWLQJ� LQ� WKLV� ZD\� RXU
XQGHUVWDQGLQJ� RI� WKRVH� SURFHVVHV�� 7KH� DLP� RI� RXU� LQYHVWLJDWLRQV� LV� WR� HVWDEOLVK� QHZ�� EHWWHU
LQWHUSUHWDWLRQV� LQ� WKH� VHFRQG� DQG� WKH�PRVW� LPSRUWDQW� SKDVH� RI� (5$�� 7KLV� VKRXOG� UHVXOW� LQ� D� EHWWHU
DVVHVVPHQW�RI�ULVN�
:H� PHDVXUHG� WKH� FRQFHQWUDWLRQ� RI� 0;5�LQKLELWRUV� LQ� ZDWHU� �;$'���� FRQFHQWUDWHV�� RU� H[WUDFWV
�GLFKORUPHWKDQ�PHWKDQROH�� RI� VHGLPHQWV�� VRLO� RU� ZDVWH�� HLWKHU� LQ� YLWUR� XVLQJ� DQ� FDOFHLQ�$0�� RU
UKRGDPLQH�����DFFXPXODWLRQ�PHWKRG�ZLWK�1,+��7��FHOOV�VWDEOH�WUDQVIHFWHG�ZLWK�KXPDQ�0'5��JHQH�
RU� LQ�YLYR�LQ�QDWLYH�ZDWHUV�XVLQJ�DFFXPXODWLRQ�RU�HIIOX[�YHUVLRQ�RI�WKH�PHWKRG�ZLWK�UKRGDPLQH�%��5%�
DQG� WKH� PXVVHO� VSHFLHV� 'UHLVVHQD� SRO\PRUSKD�� :H� IRXQG� H[WUHPHO\� KLJK� H[SUHVVLRQ� RI� 0;5�
PHFKDQLVP� LQ� WKLV� PXVVHO�� %HFDXVH� RI� LWV� DSSURSULDWH� VL]H� ����� FP��� ODUJH� DQG� HDVLO\� DFFHVVLEOH
SRSXODWLRQV�� VLPSOH� PDLQWHQDQFH� LQ� ODERUDWRU\�� DQG� D� ZLGH�VSUHDG� JOREDO� GLVWULEXWLRQ�� WKLV� VSHFLHV
EHFDPH� RXU� PDLQ� IUHVKZDWHU� H[SHULPHQWDO� RUJDQLVP�� 8VLQJ� WKH� GHVFULEHG� LQ� YLYR� PHWKRGV� ZH
PHDVXUHG�WKH�UDWH�RI�0;5�LQGXFWLRQ�LQ�PXVVHOV�H[SRVHG�WR�ZDWHU�H[SHULPHQWDOO\�SROOXWHG�ZLWK�'LHVHO�
��RLO��:H�PHDVXUHG�DOVR�WKH�UDWH�RI�GHLQGXFWLRQ�RI�WKH�0;5�DFWLYLW\�DIWHU�WUDQVSODQWDWLRQ�RI�PXVVHOV�WR
DQ� XQSROOXWHG� PHGLXP�� ,Q� WKHLU� HQYLURQPHQWDO� FRQGLWLRQV� PXVVHOV� DQG� VQDLOV� IURP� WKH� SROOXWHG
ORFDWLRQV� LQ� WKH�DTXDWRULXP�RI�5RYLQM� KDG�DQ� LQFUHDVHG�H[SUHVVLRQ� RI�0;5�� LQ� FRPSDULVRQ�ZLWK� WKH
RUJDQLVPV�IURP�XQSROOXWHG� ORFDWLRQV��'��SRO\PRUSKD�VSHFLPHQV�H[SRVHG�WR�WKH�ZDWHU�IURP�WKH�6DYD
5LYHU�GRZQVWUHDP�IURP�WKH�LQOHW�RI�FRPPXQDO�ZDVWH�ZDWHUV�RI�WKH�FLW\�RI�=DJUHE�LQGXFHG�0;5�DFWLYLW\
KLJKHU� WKDQ� WKH�PXVVHOV� H[SRVHG� WR� WKH�6DYD�5LYHU� ZDWHU� XSVWUHDP� IURP� WKH� LQOHW�� RU� WKH�PXVVHOV
H[SRVHG� WR� WKH� ZDWHU� IURP� XQSROOXWHG� -DUXQ� ODNH�� 7KHVH� UHVXOWV� FRQILUPHG� WKH� SRVVLELOLW\� WR� XVH
PHDVXUHPHQWV�RI�0;5�DFWLYLW\�DV�D�ELRPDUNHU�RI�H[SRVXUH�WR�[HQRELRWLFV�

,675$ä,9$1-(�8ý,1.$�0(7$/$�1$�25*$1,=0(�387(0
%,20$5.(5$
%,20$5.(56�$1'�7+(�%,2/2*,&$/�())(&76�2)�0(7$/6�21
25*$1,606
9RGLWHOMLFD�WHPH��GU�VF��%LVHUND�5DVSRU

6XUDGQLFL�QD�WHPL�

0DULMDQD�(UN��PDJLVWUD�RFHDQRO��NHP���DVLVWHQWLFD��]QDQVWYHQD�QRYDNLQMD
6RQMD�.R]DU��GRNWRULFD�NHP��]QDQRVWL��YLãD�DVLVWHQWLFD
-DVHQND�3DYLþLü��GRNWRULFD�ELRO��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD
%LVHUND�5DVSRU��GRNWRULFD�NHP��]QDQRVWL��YLãD�]QDQVWYHQD�VXUDGQLFD

7HKQLþNL�VXUDGQLN�

%UDQLVODY�,OMDGLFD��WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

3URJUDPRP�UDGD�SUHGORåHQD�VX�LVWUDåLYDQMD�NRMD�SUHGVWDYOMDMX�QRYL�� LQWHUGLVFLSOLQDUQL�SULVWXS�SUDüHQMD
ãWHWQRJ� XþLQND� PHWDOD� QD� LQGLNDWRUVNH� RUJDQL]PH� SXWHP� ELRPDUNHUD�� %LRPDUNHUL� SUHGVWDYOMDMX
ELRNHPLMVNL� RGQRVQR� PROHNXODUQL� RGJRYRU� RUJDQL]PD� QD� ]DJD LYDþH�� NRML� GRSULMHYãL� GR� PMHVWD
WRNVLþQRJ� GMHORYDQMD� L]D]LYDMX� PMHUOMLYL� L� VSHFLILþQL� XþLQDN�� SREXGQRP� VLQWH]RP� ELRPDUNHUD�� &LOM
SUHGORåHQLK� LVWUDåLYDQMD� MH� UD]YRM�PHWRGD�RGUH LYDQMD��XVSRUHGED� L� SULPMHQD�VSHFLILþQLK�ELRNHPLMVNLK
XþLQDND� WRNVLþQLK� PHWDOD� QD� PRUVNH� RUJDQL]PH� NDR� RVQRYH� ]D� SURFMHQX� L]ORåHQRVWL� LQGLNDWRUVNLK
RUJDQL]DPD�PHWDOLPD�X�SULREDOQLP�SRGUXþMLPD�-DGUDQVNRJ�PRUD��2GUH LYDQMH�VDGUåDMD�ELRPDUNHUD�X
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PRUVNLK� RUJDQL]DPD� SUHGVWDYOMD� YUHPHQVNL� LQWHJULUDQL� RGJRYRU� RUJDQL]PD� QD� ELRORãNL� UDVSRORåLYX
NRQFHQWUDFLMX�PHWDOD� L�SRYH]XMH�SRþHWQL� L�NRQDþQL�XþLQDN� L]ODJDQMD�PRUVNLK�RUJDQL]DPD�PHWDOLPD�� WH
SUHGVWDYOMD� RVQRYX� ]D� SURFMHQX� UL]LND� L]ORåHQRVWL�� 8� SUHGORåHQRP� SURJUDPX� LVWUDåLYDQMD� üH� ELWL
XVPMHUHQD� QD� L]RODFLMX�� RGUH LYDQMH� L� NDUDNWHUL]DFLMX� VSHFLILþQRJ� ELRPDUNHUD� WM�� PHWDORWLRQHLQD�� NRML
SUHGVWDYOMD�PMHUX� VXEOHWDOQRJ� XþLQND�PHWDOD� QD� GDJQMH� �0\WLOXV� JDOORSURYLQFLDOLV�� NDR� LQGLNDWRUVNRJ
RUJDQL]PD�
8� L]YMHãWDMQRP� UD]GREOMX� RVWYDUHQD� VX� SULPLMHQMHQD� L� ED]LþQD� LVWUDåLYDQMD� X� VNODGX� V� SUHGORåHQLP
SURJUDPRP�UDGD�
8YHGHQ� MH� QRYL�� LQWHUGLVFLSOLQDUQL� QDþLQ� SUDüHQMD� XþLQND�PHWDOD� QD� LQGLNDWRUVNH� RUJDQL]PH� �GDJQMH�
0\WLOXV� JDOORSURYLQFLDOLV�� SXWHP� ELRPDUNHUD�� 2YLP� SULVWXSRP� SULNXSOMDMX� VH� YUHPHQVNL� LQWHJULUDQL
SRGDWFL�R� XþLQNX�ELRORãNL� UDVSRORåLYH�NRQFHQWUDFLMH� WRNVLþQLK�PHWDOD� �NDGPLMD� L� åLYH�� QD� LQGLNDWRUVNH
PRUVNH� RUJDQL]PH�� 5H]XOWDWL� SUHOLPLQDUQLK� LVWUDåLYDQMD� VD� DXWRKWRQRP� SRSXODFLMRP� GDJQML� L]
SULREDOQRJ� SRGUXþMD� -DGUDQD�� SRND]XMX� GD� VX� ELRNHPLMVNL� L� NHPLMVNL� SRVWXSFL� RGUH LYDQMD
PHWDORWLRQHLQD� L� PHWDOD� X� FLWR]ROVNRM� IUDNFLML�� NRMH� VPR� UD]YLOL� L� XVDYUãLOL�� GRYROMQR� RVMHWOMLYL� GD� LK� X
GDOMQMLP� LVWUDåLYDQMLPD� SULPLMHQLPR� QD� VXVWDYQR�� YUHPHQVNR� SUDüHQMH� XþLQND� WRNVLþQLK� PHWDOD� QD
DXWRKWRQX� SRSXODFLMX� GDJQML�� 5H]XOWDWL� WDNR HU� SRND]XMX� GD� SRVWRML� UD]OLND� X� SREXGQRM� VLQWH]L
PHWDORWLRQHLQD�X�UD]OLþLWLP�WNLYLPD�GDJQMH��WH�VH�]D�GDOMQMH�SUDüHQMH�ELRORãNRJ�XþLQND�PHWDOD�SUHSRUXþD
RGUH LYDQMH�ELRPDUNHUD�X�SUREDYQRM�åOLMH]GL�GDJQMH�
2VQRYQD� IL]LNDOQR�NHPLMVND� RVRELQD�PHWDORWLRQHLQD� NDR� LQGXFLUDQH� VNXSLQH� SURWHLQD� MH� NRPSOHNVQR
YH]DQMH�PHWDOD��NDGPLMD��åLYH��EDNUD�L�FLQND���8�VNODGX�V�SULKYDüHQRP�WHPRP�GRNWRUVNH�GLVHUWDFLMH�PU�
0DULMDQH� (UN� �,VWUDåLYDQMH� NHPLMVNH� UHDNWLYQRVWL� PHWDORWLRQHLQD� SULPMHQRP� HOHNWURNHPLMVNLK� WHKQLND�
SURYHGHQD� VX� RGUH LYDQMD� UDVSRORåLYH� NRQFHQWUDFLMH�PHWDORWLRQHLQD� ]D� NRPSOHNVQR� YH]DQMH� NDGPLM�
LRQD�� WH� NRQVWDQWH� VWDELOQRVWL� QDVWDORJ� NRPSOHNVD�� 5H]XOWDWL� RYLK� ED]LþQLK� LVWUDåLYDQMD� XND]XMX� QD
YHOLNX� SUHGQRVW� SULPLMHQMHQLK� HOHNWURNHPLMVNLK� WHKQLND�� ]ERJ� RVMHWOMLYRVWL� L� VHOHNWLYQRVWL� RG]LYD�
8VSRUH HQD� VX� WUL� UD]OLþLWD� SRVWXSND� RGUH LYDQMD� NRQVWDQWL� VWDELOQRVWL� NDGPLM�WLRQHLQ� NRPSOHNVD�� WH
RGDEUDQ� QDMSRX]GDQLML� SRVWXSDN�� 3URYHGHQD� LVWUDåLYDQMD� R� NRPSOHNVQRP� YH]DQMX� NDGPLM�LRQD� V
PROHNXODPD� PHWDORWLRQHLQD�� UDGL� YLVRNRJ� VDGUåDMD� FLVWHLQVNLK� RVWDWDND�� GRSULQRVH� SR]QDYDQMX
ELRORãNH�XORJH�PHWDORWLRQHLQD��NRMHP�VH�SULSLVXMH�GHWRNVLNDFLMVND�XORJD�NDGPLMD�QD�VWDQLþQRP�QLYRX�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

5HVHDUFK� SURJUDP� FRQWDLQV� D� QRYHO�� LQWHUGLVFLSOLQDU\� DSSURDFK� RI� GHWHUPLQLQJ� WKH� KDUPIXO� HIIHFW� RI
PHWDOV�DW�WKH�FHOOXODU�OHYHO�RI�LQGLFDWRU�RUJDQLVP�E\�PHDQV�RI�D�ELRPDUNHU��%LRPDUNHUV�UHSUHVHQW�WKH
SROOXWDQW�UHVSRQVH�RI�WKH�RUJDQLVP�DW� WKH�ELRFKHPLFDO�DQG�PROHFXODU� OHYHO��DIWHU� WKH�SRVLWLRQ�RI� WR[LF
DFWLRQ�KDV�EHHQ�UHDFKHG��7KH�HIIHFW�LV�UHIOHFWHG�DV�WKH�LQGXFHG�DQG�PHDVXUDEOH�DPRXQW�RI�D�VSHFLILF
ELRPDUNHU�� 7KH� DLP� RI� WKH� UHVHDUFK� SURJUDP� LV� WR� GHYHORS� DQG� DSSO\� WKH� UHOLDEOH� FKHPLFDO� DQG
ELRFKHPLFDO�PHWKRGV�E\�ZKLFK� WKH�VSHFLILF�ELRFKHPLFDO�HIIHFWV�RI� WR[LF�PHWDOV�RQ�PDULQH�RUJDQLVPV
FDQ�EH�GHILQHG��6XFK�DSSURDFK�VHUYHV�DV�WKH�EDVLV�IRU� WKH�DVVHVVPHQW�RI� WKH�H[SRVXUH�RI� LQGLFDWRU
RUJDQLVPV� WR�PHWDOV� LQ� WKH� FRDVWDO� DUHDV� RI� WKH� $GULDWLF� 6HD�� 7KH� FRQWHQW� RI� ELRPDUNHU� LQ� YDULRXV
WLVVXHV�RI�PDULQH�RUJDQLVPV�UHSUHVHQWV� WKH� WHPSRUDOO\� LQWHJUDWHG�UHVSRQVH�RI�RUJDQLVPV� WRZDUG� WKH
ELRORJLFDOO\�DYDLODEOH�FRQFHQWUDWLRQ�RI�PHWDOV�� ,W�FRXSOHV� WKH�VWDUWLQJ�DQG� WKH� ILQDO�H[SRVXUH�HIIHFW�RI
PDULQH�RUJDQLVPV� WR�PHWDOV� DQG� LV� WKH� EDVLV� IRU� ULVN� DVVHVVPHQW��:LWKLQ� WKH� UHVHDUFK� SURJUDP� WKH
H[SHULPHQWV�DUH�RULHQWHG�RQ�LVRODWLRQ��GHWHUPLQDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�WKH�VSHFLILF�ELRPDUNHU��L�H�
PHWDOORWKLRQHLQ�� ZKLFK� UHSUHVHQWV� D� PHDVXUDEOH� VXEOHWKDO� HIIHFW� RI� PHWDOV� RQ� WKH� HGLEOH� PXVVHOV
�0\WLOXV�JDOORSURYLQFLDOLV��
,Q�DFFRUGDQFH�ZLWK� WKH� UHVHDUFK�SURJUDP��GXULQJ������ WKH�DSSOLHG�DQG�EDVLF� UHVHDUFK� UHVXOWV� KDYH
EHHQ�REWDLQHG�
$� QRYHO�� LQWHUGLVFLSOLQDU\� DSSURDFK� KDV� EHHQ� LQWURGXFHG� IRU� GHILQLQJ� WKH� HIIHFW� RI� PHWDOV� RQ� WKH
LQGLFDWRU�RUJDQLVPV��HGLEOH�PXVVHO��0\WLOXV�JDOORSURYLQFLDOLV��E\�PHDQV�RI�D�ELRPDUNHU��,Q�WKDW�PDQQHU
WHPSRUDOO\�LQWHJUDWHG�GDWD�KDYH�EHHQ�FROOHFWHG�RQ�WKH�HIIHFW�RI�ELRORJLFDOO\�DYDLODEOH�FRQFHQWUDWLRQ�RI
WR[LF� WUDFH� PHWDOV� �FDGPLXP� DQG� PHUFXU\�� RQ� WKH� LQGLFDWRU� PDULQH� RUJDQLVPV�� 7KH� SUHOLPLQDU\
UHVHDUFK�UHVXOWV�RQ�WKH�QDWLYH�SRSXODWLRQ�RI�PXVVHOV�FROOHFWHG�LQ�WKH�FRDVWDO�DUHD�RI�WKH�$GULDWLF�6HD
LQGLFDWH� WKDW�RXU�ELRFKHPLFDO�DQG�FKHPLFDO�PHWKRGV�DSSOLHG� IRU� WKH�GHWHUPLQDWLRQ�RI�PHWDOORWKLRQHLQ
DQG�PHWDO�FRQWHQW�LQ�WKH�F\WRVROLF�IUDFWLRQV�DUH�UHOLDEOH�DQG�VHQVLWLYH�HQRXJK�WR�EH�DSSOLHG� LQ�IXUWKHU
UHVHDUFK� VWXGLHV� UHODWHG� WR� WKH� V\VWHPDWLF�� WHPSRUDO�PRQLWRULQJ� RI� WKH� HIIHFW� RI� WR[LF�PHWDOV� RQ� WKH
QDWLYH� SRSXODWLRQ� RI� PXVVHOV�� 2XU� UHVXOWV� LQGLFDWH� WR� WKH� GLIIHUHQFHV� LQ� WKH� LQGXFHG� DPRXQW� RI
PHWDOORWKLRQHLQ� ZLWKLQ� YDULRXV� PXVVHO� WLVVXHV�� )RU� IXUWKHU� UHVHDUFK� DQG� PRQLWRULQJ� VWXGLHV�� RXU
UHFRPPHQGDWLRQ� LV� WR� IRFXV� RQ� WKH� GLJHVWLYH� JODQG� DV� WKH� LQGLFDWRU� PXVVHO� WLVVXH� IRU� FDGPLXP
H[SRVXUH�
7KH�EDVLF�SK\VLFR�FKHPLFDO� FKDUDFWHULVWLF�RI�PHWDOORWKLRQHLQ�� DV� WKH� LQGXFLEOH� W\SH�RI�SURWHLQ�� LV� WKH
FRPSOH[LQJ�SURSHUW\� IRU�PHWDO�LRQV� �FDGPLXP��PHUFXU\��VLOYHU��FRSSHU�� ]LQF��� ,Q�DFFRUGDQFH�ZLWK� WKH
WRSLF� RI� WKH� 3K�'�� 7KHVLV� RI� 0�6F�� 0DULMDQD� (UN� �,QYHVWLJDWLRQ� RI� WKH� FKHPLFDO� UHDFWLYLW\� RI
PHWDOORWKLRQHLQV� E\� PHDQV� RI� WKH� HOHFWURFKHPLFDO� WHFKQLTXHV��� WKH� DYDLODEOH� PRGHO� DQG� PXVVHO
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PHWDOORWKLRQHLQ�FRQFHQWUDWLRQ�IRU�FRPSOH[DWLRQ�RI�FDGPLXP�LRQV�KDV�EHHQ�GHILQHG�DQG�WKH�UHVSHFWLYH
VWDELOLW\� FRQVWDQWV� GHWHUPLQHG�� 7KLV� EDVLF� UHVHDUFK� UHVXOWV� LQGLFDWH� WR� WKH� DGYDQWDJH� RI� WKH� DSSOLHG
HOHFWURFKHPLFDO� WHFKQLTXHV�� GXH� WR� KLJK� VHQVLWLYLW\� DQG� VHOHFWLYLW\� RI� WKH� HOHFWURFKHPLFDO� UHVSRQVH�
7KUHH�GLIIHUHQW�PHWKRGV�RI�VWDELOLW\�FRQVWDQWV�GHWHUPLQDWLRQ�KDYH�EHHQ�DSSOLHG�DQG�WKH�PRVW�UHOLDEOH
PHWKRG�ZDV�VXJJHVWHG��7KH�UHVXOWV�RQ�WKH�FRPSOH[LQJ�SURSHUWLHV�RI�PHWDOORWKLRQHLQ�IRU�FDGPLXP�LRQV
YLD�F\VWHLQ�UHVLGXHV�FRQWULEXWH�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�ELRORJLFDO�UROH�RI�PHWDOORWKLRQHLQ��UHJDUGLQJ
LWV�GHWR[LILFDWLRQ�UROH�IRU�FDGPLXP�DW�WKH�FHOOXODU�OHYHO�

8*52ä(1267�92'$�5$71,0�273$'20�1$�32'58ý-8�.5â$
-(23$5',=('�:$7(5�:,7+�:$5�:$67(6�,1�.$567�5(*,21
9RGLWHOM�WHPH��GU��VF��0ODGHQ�3LFHU

6XUDGQLFL�QD�WHPL�

0ODGHQ�3LFHU��GRNWRU�NHP��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
1HYHQND�3LFHU��GRNWRULFD�NHP��]QDQRVWL��]QDQVWYHQD�VXUDGQLFD

7HKQLþNL�VXUDGQLN�

0DULMD�+LELü��SHUDþLFD

6XUDGQLFL�L]�GUXJLK�XVWDQRYD�

'DUNR�0D\HU��UHGRYQL�SURIHVRU��5XGDUVNR�JHRORãNR�QDIWQL�IDNXOWHW��=DJUHE
=ODWNR�0LODQRYLü��YLãL�DVLVWHQW��*HRWHKQLþNL�IDNXOWHW��9DUDåGLQ

3URJUDP�UDGD�L�UH]XOWDWL�

3RGUXþMH� NUãD� +UYDWVNH� V� RE]LURP� QD� XJURåHQRVW� RSüHQLWR� RWSDGRP� ]DYUH XMH� SRVHEQX� SR]RUQRVW
]ERJ�L]YDQUHGQR�HNRORãNL�RVMHWOMLYRJ�NUãD��D�VDGD�MRã�L�YLãH�]ERJ�GRGDWQLK�SRVOMHGLFD�UDWQLK�UD]DUDQMD�
3RVWRML� YHOLND� ERMD]DQ� NDR� L� NRQNUHWQL� GRND]L� GD� WRNRP� UDWQLK� VWUDGDQMD� ]QDþDMQH� NROLþLQH� QL]D� YUOR
RSDVQLK� WYDUL� L� QMLKRYLK� RVWDWDND� XOD]L� X� RNROLã��1D� RVQRYL� GRVDGDãQMLK� VD]QDQMD� SRVWRMH� GRVWD� MDNH
LQGLNDFLMH� GD� MH� QD� QHNROLNR� ORNDFLMD� X� NUãNRP� SRGUXþMX� GRãOR� GR� SURGRUD� SROLNORULUDQLK� ELIHQLOD�
SROLDURPDWVNLK� XJOMLNRYRGLND� WH� HNVSOR]LYD� L� QMLKRYLK� RVWDWDND� X� RNROLã�� =ERJ� WRJD� MH� SRWUHEQR� ãWR
UDFLRQDOQLMH� SULüL� SUREOHPX� SURFMHQH� UHDOQH� XJURåHQRVWL� L]YRULãWD� YRGD� L� PRUD� QD� WLP� ORNDFLMDPD� QD
RVQRYL� LVWUDåLYDQMD� UD]LQD� RYLK� ]DJD LYDOD� X� YRGL� L� ]HPOMLãWX� NDR� L� VRUSFLMVNLK� RVRELQD� ]HPOMLãWD�� WH
SURFLMHQLWL�PRJXüQRVWL� L�SULRULWHWH�QMLKRYRJ�HOLPLQLUDQMD�L]�RWSDGD�SD�SUHPD�SRWUHEL� L]�]HPOMLãWD�L�YRGH�
1DNRQ�XWYU LYDQMD�NULWLþNLK�SRGUXþMD�SR�UHVXUVH�YRGH�� LVWUDåLWL�üH�VH�HILNDVQRVW� UHPHGLMDFLMH�]HPOMLãWD
X]�XSRWUHEX�QHNROLNR�LQ�VLWX�PHWRGD�

1D�RVQRYL�UH]XOWDWD�DQDOL]D�SROLNORULUDQLK�ELIHQLOD�X�]HPOMLãWX�L�XOMQRP�HNVWUDNWX�76�'HOQLFH�PRåH�VH�V
YHOLNRP�VLJXUQRãüX�XVWYUGLWL�GD�QD�RYRP�SRGUXþMX�QLMH�GRãOR�GR�]QDþDMQLMHJ�]DJD HQMD�SROLNORULUDQLP
ELIHQLOLPD�� 5D]LQH� SROLNORULUDQLK� ELIHQLOD� X� ]HPOMLãWX� L� XOMQRP� HNVWUDNWX� WUDIR� SRVWURMHQMD� L� KLGUDXOLþNH
VWDQLFH� åHOMH]DUH� ³6SOLW´� X� .DãWHO� âXüXUFX�� XND]XMX� GD� QD� RYRP� SRGUXþMX� QHPD� UHDOQH� RSDVQRVWL
RNROQRJ�]HPOMLãWD�WH�DNYDWLþNRJ�HNRVXVWDYD�RG�]DJD HQMD�SROLNORULUDQLP�ELIHQLOLPD��0H XWLP��X�VDPRM
äHOMH]DUL�RSDåHQH� UD]LQH�3&%�VSDGDMX�X� ]QDþDMQR� UL]LþQH� ]D�RVREOMH� NRMH�HYHQWXDOQR�GXOMH�ERUDYL�X
SURVWRULML�JGMH�VX�QD�SRGX�SURVWRULMH�QD HQH�SRYLãHQH�UD]LQH�SROLNORULUDQLK�ELIHQLOD��WDNR�GD�MH�RYR�YLãH
SUREOHP�]DãWLWH�QD�UDGX�QHJR�HNRORãND�RSDVQRVW�ãLUHJ�SRGUXþMD�
5D]LQH�SROLNORULUDQLK�ELIHQLOD�X� WOX� L� XOMQRP�HNVWUDNWX�76� ³.RPRODF´� XND]XMX� QD�RGUH HQR� ]DJD HQMH
LVWUDåLYDQRJ�SRGUXþMD�SROLNORULUDQLP�ELIHQLOLPD��3UHPGD�UD]LQH�SROLNORULUDQLK�ELIHQLOD�X� WOX� LVWUDåLYDQRJ
ORNDOLWHWD�QD�SRGUXþMX�.RPROFD�QLVX�DODUPDQWQH��V�RE]LURP�QD�XGDOMHQRVW�RG�UDNHWLUDQRJ�SRVWURMHQMD�L
UHODWLYQX�EOL]LQX�DNYDWRULMD�5LMHNH�'XEURYDþNH��QLVX�]DQHPDULYH��2YD�NRQWDPLQDFLMD� WOD�SROLNORULUDQLP
ELIHQLOLPD�YMHURMDWQR�QLMH�GLUHNWQR�UL]LþQD�]D�RVREOMH� WUDIRVWDQLFH� L� REOLåQMH�VWDQRYQLãWYR�� WH�QH�SRVWRML
]QDþDMQD� RSDVQRVW� ]DJD HQMD� SLWNH� YRGH�� DOL� ]ERJ� UHODWLYQH� EOL]LQH� DNYDWRULMD� 5LMHNH� 'XEURYDþNH�
SRVWRMH�RGUH HQL�UL]LFL�SULMHQRVD�RYLK�]DJD LYDOD�X�QMHQ�HNRVXVWDY�
1DMYLãH�UD]LQH�LVWUDåLYDQLK�]DJD LYDOD�QD�SRGUXþMX�76�%LOLFH��������SSP�XND]XMX�QD�]QDþDMQH�åLYRWQH
UL]LNH� �� L]QDG� ������ ]D� GMHODWQLNH� WUDIRVWDQLFH�� 3UHPD� 3UDYLOQLNX� R� RSDVQRP� RWSDGX� X� +UYDWVNRM�
RSDåHQH� UD]LQH� 3&%� X� ]HPOMLãWX� LVSRG� UD]RUHQRJ� NRQGHQ]DWRUD� XND]XMX� QD� SRVWRMDQMH� RSDVQRJ
RWSDGD��5H]XOWDWL�DQDOL]D�SROLNORULUDQLK�ELIHQLOD�X�WOX�QD���ORNDOLWHWD�76�=DGDU��QD�QHNLP�ORNDFLMDPD�L�QD
GYLMH� GXELQH�� XND]XMX� QD� ]QDþDMQR� ]DJD HQMH� LVWUDåLYDQRJ� SRGUXþMD�� 1DMYLãH� UD]LQH� LVWUDåLYDQLK
]DJD LYDOD� QD� SRGUXþMX� 76� =DGDU� �� ���� SSP�� XND]XMX� QD� ]QDþDMQH� åLYRWQH� UL]LNH� �� L]QDG� ����� ]D
GMHODWQLNH�WUDIRVWDQLFH��8VSRUHGH�OL�VH�GRELYHQH�UD]LQH�SROLNORULUDQLK�ELIHQLOD�X�WOX�76�=DGDU�L�76�%LOLFH
SR�NULWHULMLPD�WROHUDQWQRVWL�NRML�VX�SULKYDüHQL�X�+RODQGLML��UD]LQD�]DJD HQMD�QD�QHNLP�ORNDOLWHWLPD�GDOHNR
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SUHOD]L� WROHUDQWQH� UD]LQH� ]D� NRMH� QLMH� SRWUHEQD� VDQDFLMD� �]D� 76� %LOLFH� þDN� SUHNR� GYLMH� WLVXüH� SXWD��
6OLþQD�MH�VLWXDFLMD�L�X�XVSRUHGEL�V�.DQDGVNLP�NULWHULMLPD�]D�SROMRSULYUHGQR�]HPOMLãWH�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

7KH� NDUVWLF� DUHD� RI� &URDWLD� ZDUUDQWV� SDUWLFXODU� DWWHQWLRQ� EHFDXVH� RI� LWV� H[FHSWLRQDO� HFRORJLFDO
VHQVLWLYLW\�WR�WHFKQRORJ\�DQG�KD]DUGRXV�ZDVWHV��7KH�WHUULWRU\�WKDW�ZDV�HQFRPSDVVHG�E\�ZDUIDUH�LV� LQ
HYHQ� JUHDWHU� MHRSDUG\� GXH� WR� WKH� XQVFUXSXORXV� GHVWUXFWLRQ� RI� QDWXUDO� UHVRXUFHV�� LQIUDVWUXFWXUHV�
KRPHV�� HQWHUSULVHV� HWF�� GXULQJ� WKH� UHFHQW� ZDU� LQ� &URDWLD�� 'XULQJ� WKLV� ZDU�� HQRUPRXV� DPRXQWV� RI
ZDVWHV�DQG�PDQ\�KD]DUGRXV�PDWHULDOV�ZHUH�JHQHUDWHG��7KHUH�DUH�JUHDW�IHDUV�DQG�FRQFUHWH�HYLGHQFH
WKDW� VLJQLILFDQW� TXDQWLWLHV� RI� SRO\FKORULQDWHG� ELSKHQ\OV�� SRO\DURPDWLF� K\GURFDUERQV�� YDULRXV� IODPH
UHWDUGDQWV��H[SORVLYHV�DQG� WKHLU�E\SURGXFWV�ZHUH� UHOHDVHG� LQWR� WKH�HQYLURQPHQW�GXULQJ�ZDUIDUH�� ,W� LV
YHU\�LPSRUWDQW�WR�HVWLPDWH�WKH�UHDO�WKUHDW�RI�WKHVH�VXEVWDQFHV�WR�WKH�HQGDQJHUHG�ZDWHU�HFRV\VWHPV�E\
LQVSHFWLRQ� RI� WKH� WHUUDLQ� DW� WKH� SROOXWHG� VLWHV� DQG� FRQWURO� RI� WKH� SROOXWLRQ� OHYHOV� RI� SRO\FKORULQDWHG
ELSKHQ\OV�� SRO\F\FOLF� K\GURFDUERQV� DQG� H[SORVLYHV� ZLWK� WKH� DVVHVVPHQW� RI� WKH� VXEWHUUDQHDQ
SHQHWUDWLRQ�RI�WKH�SROOXWDQWV�EDVHG�RQ�H[LVWLQJ�K\GURJHRORJLFDO�GDWD��2Q�WKH�EDVLV�RI�WKH�UHVXOWV�RI�WKH
LQYHVWLJDWLRQV� GHVFULEHG�� LW� ZLOO� EH� SRVVLEOH� WR� SUHSDUH� D� VSHFLILF� SURJUDP� IRU� WKH� QHFHVVDU\
K\GURJHRORJLFDO�LQYHVWLJDWLRQ�RI�WKH�HQGDQJHUHG�DUHDV�DQG�SURYLGH�JXLGHOLQHV�IRU�UHPHGLDO�PHDVXUHV�

%DVHG�RQ�WHVWLQJ�IRU�SRO\FKORULQDWHG�ELSKHQ\OV�RI�VRLO�DQG�RLO�H[WUDFWV�REWDLQHG�IURP�WKH�YLFLQLW\�RI�WKH
'HOQLFH�(OHFWULFDO�7UDQVIRUPHU�6WDWLRQ��LW�FDQ�EH�DIILUPHG�ZLWK�D�KLJK�GHJUHH�RI�FHUWDLQW\�WKDW�WKLV�DUHD
ZDV�QRW�VHULRXVO\�FRQWDPLQDWHG�E\�WKHVH�SROOXWDQWV�LQ�FRQVHTXHQFH�RI�DQ�RLO�VSLOO�IURP�WKH�WUDQVIRUPHU
FDXVHG�E\�D�URFNHW�DWWDFN�GXULQJ�WKH�UHFHQW�ZDU��7KH�SRO\FKORULQDWHG�ELSKHQ\O�OHYHOV�LQ�WKH�VRLO�DQG�RLO
H[WUDFWV�REWDLQHG�IURP�WKH�YLFLQLW\�RI�WKH�HOHFWULFDO�WUDQVIRUPHU�VWDWLRQ�IRU�WKH�³6SOLW´�VWHHOZRUNV��.DãWHO
âXüXUDF� VKRZ� WKDW� WKHUH� LV� QR� DFWXDO� KD]DUG� WR� WKH� QHDUE\� VRLO� DQG� DTXDWLF� HFRV\VWHP� IURP
SRO\FKORULQDWHG�ELSKHQ\O�SROOXWLRQ��+RZHYHU��ZLWKLQ�WKH�WUDQVIRUPHU�VWDWLRQ�LWVHOI��WKH�3&%�OHYHO�SRVHV
D� VLJQLILFDQW� ULVN� IRU� SHUVRQQHO� H[SRVHG� RYHU� SURORQJHG� SHULRGV� WR� WKH� HOHYDWHG� OHYHOV� RI
SRO\FKORULQDWHG�ELSKHQ\OV�WKDW�KDYH�EHHQ�IRXQG�RQ�WKH�IORRU��SUHVHQWLQJ�PRUH�RI�D�ZRUN�VDIHW\�SUREOHP
WKDQ�DQ�HFRORJLFDO�KD]DUG�WR�WKH�VXUURXQGLQJ�DUHD��7KH�SRO\FKORULQDWHG�ELSKHQ\O�OHYHOV�LQ�WKH�VRLO�DQG
RLO�H[WUDFWV�REWDLQHG�IURP�WKH�YLFLQLW\�RI� WKH�.RPRODF�(OHFWULFDO�7UDQVIRUPHU�6WDWLRQ� LQ�WKH�'XEURYQLN
DUHD�H[KLELWHG�ELSKHQ\O� OHYHOV�RI�DERXW���SSP��7KLV�VRLO�FRQWDPLQDWLRQ�ZLWK�SRO\FKORULQDWHG�ELSKHQ\OV
SUREDEO\�SRVHV�QR�GLUHFW�ULVN�WR�WKH�SHUVRQQHO�RI�WKH�WUDQVIRUPHU�VWDWLRQ�DQG�WKH�ORFDO�SRSXODWLRQ��QRU
GRHV�LW�SRVH�D�VLJQLILFDQW�SROOXWLRQ�KD]DUG�WR�SRWDEOH�ZDWHU��1HYHUWKHOHVV��GXH�WR�LWV�UHODWLYH�SUR[LPLW\
WR� WKH� 5LMHND� 'XEURYDFND� $TXDWRULXP�� WKHUH� LV� VRPH� ULVN� WKDW� WKHVH� SROOXWDQWV� FRXOG� HQWHU� WKH
HFRV\VWHP�

7KH�KLJKHVW�3&%�OHYHOV�KDYH�EHHQ�IRXQG�LQ�VRLO�VDPSOHV�IURP�WKH� LPPHGLDWH�YLFLQLW\�RI�D�FRQGHQVHU
WKDW�ZDV�GHVWUR\HG�LQ�WKH�%LOLFH�(OHFWULFDO�7UDQVIRUPHU�6WDWLRQ�QHDU�âLEHQLN��������SSP��6XFK�D�3&%
OHYHO�LQ�WKH�VRLO�LV�YHU\�VHULRXV�IURP�WKH�SURIHVVLRQDO�SRLQW�RI�YLHZ�UHJDUGLQJ�WKH�SURWHFWLRQ�RI�SHUVRQV
LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�WKH�FRQWDPLQDWHG�DUHD��$W�WKHVH�OHYHOV��WKH�3&%�KD]DUG�WR�OLIH�LV�RYHU������
$FFRUGLQJ�WR�WKH�&URDWLDQ�+D]DUGRXV�:DVWHV�5HJXODWLRQV��WKLV�3&%�OHYHO�PDNHV�WKH�VRLO�D�KD]DUGRXV
ZDVWH��$W�WKH��������N9�=DGDU�(OHFWULFDO�7UDQVIRUPHU�6WDWLRQ��VHYHUDO�VRLO�VDPSOHV�H[KLELW�VLJQLILFDQW
3&%�FRQWDPLQDWLRQ��7KH�KLJKHVW�OHYHOV�IRXQG�H[KLELWHG�VLJQLILFDQW�VRLO�FRQWDPLQDWLRQ������SSP���7KLV
PHDQV�WKDW�WKH�KD]DUG�WR�KXPDQ�OLIH�³RQ�VLWH´�IURP�3&%V�LV�RYHU�������&RPSDULQJ�WKH�3&%�OHYHOV�RI�WKH
VRLO� VDPSOHV� IURP� WKH�HOHFWULFDO� WUDQVIRUPHU�VWDWLRQV� LQ�%LOLFH� DQG�.RPRODF�� DFFRUGLQJ� WR�'XWFK� DQG
&DQDGLDQ�ODZV��WKHVH�OHYHOV�LQ�WKH�JURXQG�DUH�VLJQLILFDQWO\�KLJKHU�WKDQ�DFFHSWDEOH�������WLPHV�LQ�WKH
FDVH�RI�%LOLFH��ZLWKRXW�FOHDQ�XS��7KLV�PHDQV�WKDW�WKH�VRLO�LQ�WKHVH�DUHDV�KDV�WR�EH�FOHDQHG�LQ�RUGHU�WR
UHGXFH�3&%V�WR�DFFHSWDEOH�OHYHOV�

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� %UDQLFD�� *��� /RYULü�� 0�� 3VHXGRSRODURJUDSK\� RI
WRWDOO\� LUUHYHUVLEOH� UHGR[� UHDFWLRQV��(OHFWURFKLPLFD
$FWD����������������������

��� &LJOHQHþNL�� ,��� ûRVRYLü�� %�� (OHFWURFKHPLFDO
'HWHUPLQDWLRQ� RI� 7KLRVXOIDWH� LQ� 6HDZDWHU� LQ� WKH
3UHVHQFH� RI� (OHPHQWDO� 6XOIXU� DQG� 6XOILGH�
(OHFWURDQDO\VLV�������������������
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��� RJLü�� 5��� .U]QDULü�� '��� %UDQLFD��0�� 5HGR[� DQG
$GVRUSWLRQ� 3URFHVVHV� RI� +\GURO\]HG� 8UDQ\O
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��� *DãSDURYLü�� %��� 9RMYRGLü�� 9��� ûRVRYLü�� %�
&KDUDFWHUL]DWLRQ�RI�2UJDQLF�0DWWHU�LQ�)UDFWLRQDWHG
6HDZDWHU� 6DPSOHV� 8VLQJ� R�1LWURSKHQRO� DV� DQ
(OHFWURFKHPLFDO� 3UREH�� $QDO\WLFD� &KLPLFD� $FWD�
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�
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�
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&URDWLFD�&KHPLFD�$FWD��������������������
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�����������������
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&URDWLFD�&KHPLFD�$FWD��������������������
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:�� $GVRUSWLRQ� RI� 3\UHQH� DW� 0RGHO� +\GURSKRELF
,QWHUIDFHV��&URDWLFD�&KHPLFD�$FWD����������������
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���� .U]QDULü�� '��� )LOLSRYLü�9LQFHNRYLü�� 1��� %DELü�
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�������������������
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���� /HJRYLF�� 7�� (FRORJLFDO� PRGHOOLQJ� ,QWHUQHW
UHVRXUFHV��(FRORJLFDO�0RGHOOLQJ�� ���� ������� ����
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$QWKURSRORJLFDO� DQG� �QDWXUDO�� LQSXW� RI� VXEVWDQFHV
WKURXJK�ZDWHUV�LQWR�$GULDWLF��%DOWLF�DQG�%ODFN�6HD�
:DWHU�5HVHDUFK����������������������

���� 6PLWDO�� 7��� .XUHOHF�� %�� 7KH� FRQFHQWUDWLRQV� RI
LQKLELWRUV�RI�PXOWL[HQRELRWLF�UHVLVWDQFH�PHFKDQLVP
LQ�QDWXUDO�ZDWHUV��7KH�GLUHFW�LQ�YLYR�GHPRQVWUDWLRQ
RI� WKHLU� HIIHFW�� (QYLURQPHQWDO� 7R[LFRORJ\� DQG
&KHPLVWU\����������������������

���� 6RQGL�� ,��� 0LODW�� 2��� 3UDYGLü�� 9�� (OHFWURNLQHWLF
SURSHUWLHV�RI�FOD\�VXUIDFHV�PRGLILHG�E\� SRO\PHUV�
-RXUQDO�&ROORLG�DQG�,QWHUIDFH�6FLHQFH������������
������

���� 6RQGL�� ,��� 6WXELþDU�� 0��� 3UDYGLü�� 9��� 6XUIDFH
SURSHUWLHV�RI� ULSLGROLWH� DQG� EHLGHOLWH� FOD\�PRGLILHG
E\�KLJK�HQHUJ\�EDOO�PLOOLQJ��&ROORLGV�DQG�6XUIDFHV�
$��SK\VLFRFKHPLFDO�DQG�(QJLQHHULQJ�$VSHFWV��,����
���������������

���� 6RQGL�� ,��� 0LODW� 2��� 3UDYGLü�� 9�� (OHNWURNLQHWLF
3RWHQWLDOV�RI�&OD\�6XUIDFHV�0RGLILHG�E\�3RO\PHUV�
-RXUQDO� RI� &ROORLG� DQG� ,QWHUIDFH� 6FLHQFH�� ���
�������������

���� 6RQGL�� ,��� 6WXELþDU�� 0��� 3UDYGLü�� 9�� 6XUIDFH
SURSHUWLHV�RI�ULSLGROLWH�DQG�EHLGHOOLWH�FOD\V�PRGLILHG
E\�KLJK�HQHUJ\� EDOO�PLOOLQJ��&ROORLG� DQG�6XUIDFHV�
$��3K\VLFRFKHPLFDO�DQG�(QJLQHHULQJ�$VSHFWV�����
���������������

���� 6YHWOLþLü�� 9��� ,YRãHYLü�� 1��� äXWLü�� 9��� )XNV�� '�
3RODURJUDSK\� RI� PDULQH� EDFWHULD�� $� SUHOLPLQDU\
VWXG\��&URDWLFD�&KHPLFD�$FWD���������������������

���� 7RQHMF��$��0���7XUNRYLü��$���*RWLü��0���0XVLü��6��
9XNRYLü�� 0��� 7URMNR�� 5��� 7RQHMF�� $��� +5(0�� 7(0
DQG�;5'�REVHUYDWLRQ�RI�QDQRFU\VWDOOLQH�SKDVHV�LQ
7L2�� REWDLQHG� E\� WKH� VRO�JHO� PHWKRG�� 0DWHULDOV
/HWWHUV��������������������

���� 9HUWDþQLN�� $�� %DULãLü� '�� 0XVDQL� /M�� 3URKLü� (�
-XUDþLü��0�� ([FKDQJHDEOH� IUDFWLRQ� RI� HOHPHQWV� LQ
DOOXYLDO� VHGLPHQWV� XQGHU� ZDVWH� GLVSRVDO� VLWH� �
-RXUQDO�RI�5DGLRDQDO\WLFDO�DQG�1XFOHDU�&KHPLVWU\�
�����������������

���� 9HUWDþQLN�� $�� 3URKLü�� (�� -XUDþLü�� 0�� %DULãLü� '�
/XOLü�� 6�� 6HOHFWHG� HOHPHQW� FRQFHQWUDWLRQV� LQ
DOOXYLDO� VHGLPHQWV� XQGHU� JDUEDJH� GLVSRVDO� VLWH� �
:DWHU�5HVHDUFK����������������������

���� 9HUZHLM��:���5XåLü��,���$QDO\VLV�RI�WLWUDWLRQ�FXUYHV
RI� /DNH� 7HXNHPHHU� :DWHU� ZLWK� &X�,,��
,GHQWLILFDWLRQ� RI� WKH� IRUPDWLRQ� RI� PRUH� WKDQ� WZR
JURXSV� RI� GLIIHUHQW� FRPSOH[HV�� &URDWLFD� &KHPLFD
$FWD�������������������

���� 9HUZHLM��:���5XåLü��,��$QDO\VLV�RI�7LWUDWLRQ�&XUYHV
RI� /DNH� 7MHXNHPHHU� :DWHU� ZLWK� &X�,,��
,GHQWLILFDWLRQ� RI� WKH� )RUPDWLRQ� RI� 0RUH� WKDQ� 7ZR
*URXSV�RI�'LIIHUHQW�&RPSOH[HV��&URDWLFD�&KHPLFD
$FWD��������������������

���� =HOLü�� 0��� 3LåHWD�� ,�� 9ROWDPPHWULF� HYLGHQFH� RI
DGVRUSWLRQ� LQ� FDGPLXP�,,��LRGLGH� V\VWHP� DW
GLIIHUHQW� LRQLF�VWUHQJWKV��(OHFWURDQDO\VLV���� ������
��������



���

5DGRYL�L�SRJODYOMD�X�NQMLJDPD�

��� 3LFHU�� 0��� 3LFHU�� 1�� ''7� DQG� 3&%� OHYHOV� DQG
ORQJ�WHUP� WUHQGV� LQ� VHGLPHQWV� FROOHFWHG� IURP� WKH
HDVWHUQ� FRDVWDO� DQG� RSHQ� ZDWHUV� RI� WKH� $GULDWLF
6HD�'LR[LQH�����/HYHOV�LQ�WKH�(QYLURQPHQW��/HYHOV
LQ� )RRG�� 6RXUFHV� �� 5RQDOG� +LWHV� �XU����� ,QGLDQD
8QLYHUVLW\����������������

��� 3UDYGLü�� 9�� =DãWLWD� RNROLãD�� 7HKQLþND
HQFLNORSHGLMD� HQFLNORSHGLMD� �� âWHIDQRYLü� '��XU����
/HNVLNRJUDIVNL�]DYRG���0LURVODY�.UOHåD������������
����������

��� 6HNXOLü�� %��� (NRORãNL� DWODV� ,VWUH�� (QHUJHWLND
JRVSRGDUVWYR��HNRORJLMD�L�HWLND��(*(��������������
���

��� 7HGHVFKL�� 6��� 3LFHU�� 0�� 9RGD�� 7HKQLþND
HQFLNORSHGLMD� ��âWHIDQRYLü�'�� �XU����� /HNVLNRJUDIVNL
]DYRG���0LURVODY�.UOHåD�����������������

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� ûRVRYLü�� %�� 2VLJXUDQMH� L� NRQWUROD� NYDOLWHWH
PMHUHQMD�� 3ULQFLSL� L� SUDNVD� X� NRQWUROL� NYDOLWHWH
ULMHþQLK�YRGD��+UYDWVND�YRGRSULYUHGD�������������
���

��� .R]DUDF�� =�� 0H XQDURGQD� PH XODERUDWRULMVND
SRUHGEHQD� LVSLWLYDQMD� �48$/&2� '$18%(�� X
RNYLUX�SURJUDPD�]DãWLWH�RNROLãD�VOLYD�ULMHNH�'XQDY�
+UYDWVND�YRGRSULYUHGD����������������

��� 5DVSRU��%��7RþQRVW�RGUH LYDQMD�PHWDOD�X�X]RUNX
ULMHþQH� YRGH� 6/56��� X� RYODãWHQLP� ODERUDWRULMLPD�
+UYDWVND�YRGRSULYUHGD��9,����������������������

��� 5DVSRU��%��8]RUNRYDQMH�YRGD�L�QRUPH�,62������
+UYDWVND�YRGRSULYUHGD��9,����������������

��� 5DVSRU�� %�� 9RGQR� JRVSRGDUVWYR� L� RYODãüLYDQMH
ODERUDWRULMD��.HPLMD�X�LQGXVWULML��������������������

��� 6HNXOLü�� %��� 3HþDU�,OLü�� -�� &OLPDWH��PRUSKROLJLFDO
DQG� HFRORJLFDO� FKDUDFWHULVWLFV� RI� WKH� HDVWHUQ� DQG
ZHVWHUQ�FRDVW�RI�WKH�$GULDWLF��7RXULVP��=DJUHE����
������������

��� 6NDUDPXFD��%���7HVNHUHGåLü��=���7HVNHUHGåLü��(�
0DULFXOWXUH� LQ� &URDWLD�� KLVWRU\� DQG� SHUVSHFWLYHV�
5LEDUVWYR������������������

��� 6WUXQMDN�3HURYLü�� ,��� +DFPDQMHN�� 0��� ýRå�
5DNRYDF�� 5��� 7HVNHUHGåLü�� (��� 7HVNHUHGåLü�� =��
7RSLü�3RSRYLü��1��%DNWHULMVNH�EROHVWL�PRUVNLK�ULED�
5LEDUVWYR��������������������

��� 7RPHF�� 0��� 7HVNHUHGåLü� =��� 7HVNHUHGåLü�� (��
+DFPDQMHN�� 0��� ýRå�5DNRYDF� 5��� 0DUJXã� �� '��
0RGUXãDQ� =�� 1XWULWLRQ� DQG� QXWULWLYH� YDOXHV� RI� WKH
.UND� HVWXDU\� PXVVHO� �0\WLOXV� JDOORSURYLQFLDOLV��
3HULRGLFXP�ELRORJRUXP��������������������

���� 7RPHF�� 0�� )L]LNDOQR�NHPLMVNH� L� ELRORãNH
NDUDNWHULVWLNH� ãDUDQVNLK� ULEQMDND�� 5LEDUVWYR�� ��
��������������

=QDQVWYHQL�UDGRYL�X�WLVNX�

��� $KHO� 0��� 7HU]Lü� 6�� 3LJPHQW� VLJQDWXUHV� RI� WKH
SK\WRSODQNWRQ� G\QDPLFV� LQ� WKH� QRUWKHUQ� $GULDWLF�
&URDWLFD�&KHPLFD�$FWD�

��� %DULãLü�� '��� /XOLü�� 6��� 3URKLü�� (��� ýXOLQRYLü�� 0�
6SDWLDO� GLVWULEXWLRQ� RI� ��.�� ���5D�� ���5D�� ���8� DQG
���&V�LQ�VXUIDFH�VRLO�OD\HU�REVHUYHG�DW�VPDOO�DUHDV�
,$($�7(&'2&�

��� %DULãLü��'���9HUWDþQLN��$���/XOLü��6���0LKHOþLü��*��
6RQGL�� ,��� -XUDþLü�� 0��� 3URKLü�� (��� &UPDULü�� 5�
5DGLRHFRORJLFDO� FKDUDFWHULVWLFV� RI� UHFHQW� PDULQH
VHGLPHQWV�RI�WKH�$GULDWLF�VHD��,QW��6HPLQDU�RQ�WKH
8VH� RI� ,VRWRSH� 7HFKQLTXHV� LQ� 0DULQH
(QYLURQPHQWDO�6WXGLHV��,$($�7(&'2&�

��� %DULãLü�� '��� 9HUWDþQLN�� $��� /XOLü�� 6��0LKHOþLü�� *��
6RQGL� ,��� -XUDþLü�� 0��� 3URKLü� (��� &UPDULü� 5�
5DGLRQXFOLGHV� LQ� UHFHQW�PDULQH� VHGLPHQWV� RI� WKH
$GULDWLF� VHD�� ��WK� ,QWHUQDWLRQDO� &RQJUHVV� &,(60�
'XEURYQLN�

��� &LJOHQHþNL�� ,��� .RGED�� =��� 9LOLþLü�� '��� &DULü�� 0��
ûRVRYLü�� %�� 'HYHORSPHQW� RI� DQR[LD� LQ� WKH� VPDOO
VHD�ODNH�5RJR]QLFD�/DNH��3URFHHGLQJV�&,(60�

��� &LJOHQHþNL�� ,��� .RGED�� =��� 9LOLþLü�� '��� ûRVRYLü�� %
6HDVRQDO� YDULDWLRQ� RI� DQR[LF� FRQGLWLRQV� LQ� WKH
5RJR]QLFD�/DNH��&URDWLFD�&KHPLFD�$FWD

��� ûRVRYLü�� %��� 9RMYRGLü�� 9�� 9ROWDPPHWULF� DQDO\VLV
RI� VXUIDFH� DFWLYH� VXEVWDQFHV� LQ� QDWXUDO� VHDZDWHU�
(OHFWURDQDO\VLV

��� (UN��0���0XVDQL��/M���5DVSRU��%��7KH�LQWHUDFWLRQV
RI� ��0Q� ZLWK� KXPLF� DFLGV� LQ� IUHVKZDWHU� V\VWHPV�
:DWHU�5HVHDUFK

��� (UN�� 0��� 5DVSRU�� %�� (OHFWURFKHPLFDO
FKDUDFWHUL]DWLRQ� RI� FDGPLXP�ELQGLQJ�SURSHUWLHV� RI
PHWDOORWKLRQHLQ��=ERUQLN�UDGRYD�&,(60

���� (UN�� 0��� 5DVSRU�� %�� (YDOXDWLRQ� RI� FDGPLXP�
PHWDOORWKLRQHLQ� VWDELOLW\� FRQVWDQWV� EDVHG� RQ
YROWDPPHWULF� PHDVXUHPHQWV�� $QDO\WLFD� &KLPLFD
$FWD

���� *DãSDURYLü�� %��� ûRVRYLü�� %��� 9RMYRGLü�� 9�
&RQWULEXWLRQ�RI�RUJDQLF�DFLGV�WR�WKH�SRRO�RI�VXUIDFH
DFWLYH� VXEVWDQFHV� LQ� PRGHO� DQG� PDULQH� VDPSOHV
XVLQJ� R�QLWURSKHQRO� DV� DQ� HOHFWURFKHPLFDO� SUREH�
2UJDQLF�*HRFKHPLVWU\

���� *DãSDURYLü�� %��� 9RMYRGLü�� 9��� ûRVRYLü�� %�
([FUHWLRQ�RI�RUJDQLF�PDWWHU�GXULQJ�DQ�H[SHULPHQWDO
SK\WRSODQNWRQ� EORRP� IROORZHG� E\� XVLQJ� R�
QLWURSKHQRO�DV�DQ�HOHFWURFKHPLFDO�SUREH��&URDWLFD
&KHPLFD�$FWD

���� +UãDN�'���%HJRQMD�$��*URZWK�FKDUDFWHULVWLFV�DQG
PHWDEROLF� DFWLYLWLHV� RI� PHWKDQRWURSKLF�
KHWHURWURSKLF� JURXQGZDWHU� FRPPXQLW\�� -RXUQDO� RI
$SSOLHG�0LFURELRORJ\

���� ,YRãHYLü��1���äXWLü��9��6SUHDGLQJ�DQG�GHWDFKPQHW
RI� RUJDQLF� GURSOHWV� W� DQ� HOHFWURILHG� LQWHUIDFH�
/DQJPXLU

���� .R]DUDF�� =��� 0|ELXV�� '��� 6SDKQ�� '�%�
,QYHVWLJDWLRQ� RI� VHD�VXUIDFH� PLFUROR\HU� DQG
SK\WRSODQNWRQ� FXOWXUH� VDPSOHV� E\� PRQROD\HU
WHFKQLTXHV� DQG� %UHZVHU� DQJOH� PLFURVFRS\�
&URDWLFD�&KHPLFD�$FWD�

���� .R]DUDF�� =��� 0|ELXV�� '�� 3URWDPLQH� LQGXFHG
DGVRUSWLRQ� RI� VRGLXP� S\UHQH���VXOSKRQDWH
�1D3\6��RQ�WKH�SKRVSKROLSLG�PRQROD\HUV��&ROORLGV
DQG�VXUIDFHV�$��3K\VLFRFKHPLFDO�DQG�(QJLQHHULQJ
$VSHFWV�



���

���� .XUHOHF�� %��� %ULWYLü�� 6��� 3LYþHYLü�� %��� 6PLWDO�� 7�
)UDJLOLW\� RI� PXOWL[HQRELRWLF� LQ� DTXDWLF� RUJDQLVPV
HQKDQFHV� WKH� FRPSOH[LW\� RI� ULVN� DVVHVVPHQW�
0DULQH�(QYLURQPHQWDO�5HVHDUFK

���� 0DULMDQ�� '��� 9XNRYLü�� 0�� +LGURGLQDPLþND
YROWDPHWULMD�URWLUDMXüRP�HOHNWURGRP�X�REOLNX�GLVND�
.HPLMD�X�LQGXVWULML�

���� 0DULMDQ�� '��� 9XNRYLü�� 0��� 3HUYDQ�� 3��� 0LOXQ�� 0�
6XUIDFH�PRGLILFDWLRQ�RI�,QFRQHO�����E\�JURZWK�RI�D
K\GURXV� R[LGH� ILOP�� -RXUQDO� RI� $SSOLHG
(OHFWURFKHPLVWU\�������������������

���� 0XVLü��6���'UDJþHYLü� ���3RSRYLü��6���9GRYLü��1�
0LFURVWUXFWXUDO� SURSHUWLHV� RI� ERHKPLWH� IRUPHG
XQGHU�K\GURWKHUPDO� FRQGLWLRQV��0DWHULDOV� 6FLHQFH
DQG�(QJLQHHULQJ�

���� 3LFHU��0�6LPSOH�VSHFWURIOXRURPHWU\�PHWKRGV� IRU
HVWLPDWLQJ�SHWUROHXP�K\GURFDUERQ�OHYHOV�LQ�YDULRXV
VHD�EHQWKLF�RUJDQLVPV��&KHPRVSKHUH������

���� 3LOOPDQQ�� :��� 5XåLü�� ,�� 'DQXEH� 5LYHU� %DVLQ
,QIRUPDWLRQ� $VVHVVPHQW� �� 6WXG\� RI� ,QIRUPDWLRQ
1HHGV�DQG�6XJJHVWLRQV�IRU�,QWHJUDWLRQ�RI�5HOLDEOH
'DWD�LQ�D�'DQXEH�5LYHU�%DVLQ�,QIRUPDWLRQ�6\VWHP�
,QWHUQDWLRQDO�6RFLHW\�IRU�(QYLURQPHQWDO�3URWHFWLRQ�
9LHQQD�� DQG� &HQWHU� IRU� 0DULQH� 	� (QYLURQPHQWDO
5HVHDUFK�=DJUHE�

���� 3ODYãLü�� %��� /X�� ;��� YDQ� GHQ� %HUJ�� &�0�*�
'HWHUPLQDWLRQ�DQG�UHDFWLYLW\�RI�IROLF�DFLG�LQ�QDWXUDO
ZDWHUV��3URFHHGLQJV�&,(60�

���� 3ODYãLü�� 0��� ûRVRYLü�� %�� $GVRUSWLRQ� RI
FDUUDJHHQDQV� RQ� PHUFXU\� VXUIDFH� LQ� VRGLXP
FKORULGH�VROXWLRQ�DQG�VHDZDWHU��&URDWLFD�&KHPLFD
$FWD

���� 3URKLü�� (�� %DULãLü�� '�� /XOLü�� 6�� -XUDþLü�� 0��
9GRYLü�� 1�� 'LVWULEXWLRQ� SDWWHUQV� RI� ��.�� ���5D�
���5D�����8�DQG����&V�DQG�VHOHFWHG�WUDFH�HOHPHQWV
LQ� WKH� ERWWRP� VHGLPHQWV� RI� $GULDWLF� VHD�� ,$($�
7(&'2&�

���� 5DVSRU�� %��� .R]DU�� 6��� 3DYLþLü�� -��� -XULþ�� '�
'HWHUPLQDWLRQ� RI� FDGPLXP� DQG� FRSSHU� FRQWHQW
LQKHUHQW� WR� PHWDOORWKLRQHLQ�� )UHVHQLXV� =HLWVFKULIW
I�U�$QDO\WLVFKH�&KHPLH

���� 5DVSRU�� %��� 3DYLþLü�� -��� .R]DU�� 6��� .ZRNDO�� ä��
3DLü�� 0��� 2GåDN�� 1��� 8MHYLü�� ,��� .OMDNRYLü�� =�
$VVHVVPHQW� RI� PHWDO� H[SRVXUH� RI� PDULQH� HGLEOH
PXVVHOV�E\�PHDQV�RI�D�ELRPDUNHU��3URFHHGLQJV�RI
WKH� 07���� &RQJUHVV�� %LUNKDXVHU� 9HUODJ� $*�
%DVHO��âYLFDUVND�

���� 5XåLü�� ,�� 3URFMHQD� UL]LND� SR� ]GUDYOMH� þRYMHND� L
NYDOLWHWX�RNROLãD��+UYDWVNH�YRGH�

���� 6NDUDPXFD�� %��� .RåXO�� 9��� 7HVNHUHGåLü�� =��
%RORWLQ�� -��� 2QRIUL�� 9�� *URZWK� UDWH� RI� WKH
0HGLWHUDQHDQ� DPEHUMDFN�� 6HULROD� GXPHULOL� �5LVVR�
������LQ�WDQNV�IHG�RQ�WKUHH�GLIIHUHQW�IRRG��-RXUQDO
RI�$SSOLHG�,FKWK\RORJ\

���� 6PLWDO�� 7��� .XUHOHF�� %�� 7KH� DFWLYLW\� RI
PXOWL[HQRELRWLF� UHVLVWDFH� PHFKDQLVP� GHWHUPLQHG
E\�UKRGDPLQH�%���HIIOX[�PHWKRG�DV�D�ELRPDUNHU�RI
H[SRVXUH��0DULQH�(QYLURPHQWDO�5HVHDUFK

���� 6PLWDO�� 7��� .XUHOHF�� %�� 7KH� FKHPRVHQ]LWL]HUV� RI
PXOWL[HQRELRWLF� UHVLVWDQFH� PHFKDQLVP� LQ� DTXDWLF
LQYHUWHEUDWHV�� $� QHZ� FODVV� RI� SROXWDQWV�� 0XWDWLRQ
5HVHDUFK

���� 7HU]Lü�6���$KHO�0���&DXZHW�*���0DOHM�$��*URXS�
VSHFLILF� SK\WRSODQNWRQ� ELRPDVV�GLVVROYHG
FDUERK\GUDWH� UHODWLRQVKLSV� LQ� WKH� *XOI� RI� 7ULHVWH
�QRUWKHUQ�$GULDWLF���+\GURELRORJLD

���� 7HU]Lü� 6��� $KHO� 0��� 0DOHM� $��� %DUORZ� 5�*��
0DQWRXUD� 5�)�&�� 3K\WRSODQNWRQ� SLJPHQW
VLJQDWXUHV� LQ� WKH�*XOI� RI� 7ULHVWH� UHODWHG� WR�PDMRU
IUHVKZDWHU� LQSXWV� GXULQJ� ������� 3HULRGLFXP
%LRORJRUXP�

���� 7HU]Lü�6��� $KHO�0��'LVWULEXWLRQ� RI� FDUERK\GUDWHV
GXULQJ� D� GLDWRP� EORRP� LQ� WKH� QRUWKHUQ� $GULDWLF�
&URDWLFD�&KHPLFD�$FWD�

���� 7HVNHUHGåLü�� =��� 6NDUDPXFD�� %��� .RåXO�� 9�
3UR[LPDWH�ERG\�FRPSRVLWLRQ�DQG�QXWULWLYH�YDOXH�RI
DPEHUMDFN��6HULROD�GXPHULOL�� IHG�RQ�WKUHH�GLIIHUHQW
GLHWV��2HEDOLD

���� 9GRYLü�� 1��� %LãüDQ�� -�� (OHFWURNLQHWLFV� RI� QDWXUDO
DQG� V\QWKHWLF� FDOFLWH� VXVSHQVLRQV�� &ROORLGV� DQG
6XUIDFHV�$�

���� 9RMYRGLü�� 9��� ûRVRYLü�� %��� &DXZHW�� *��
*DãSDURYLü�� %��� .RGED�� =�� 9DULDELOLW\� RI� VXUIDFH
DFWLYH�RUJDQLF�PDWHULDO�LQ�WKH�QRUWKHUQ�$GULDWLF��(&
(FRV\VWHPV� 5HVHDUFK� 5HSRUWV� 6HULHV�� 3K\VLFDO
DQG� %LRJHRFKHPLFDO� 3URFHVVHV� LQ� WKH� $GULDWLF
6HD��$QFRQD�

���� 9XNRYLü�� 0��� %LãüDQ�� -�� $� FRQWULEXWLRQ� WR
HQYLURQPHQWDO� ULVN� DVVHVPHQW� IRU� WUDQVSRUW� RI
FDGPLXP�WKURXJK�JURXQGZDWHU�OD\HUV��&DVH�VWXG\
RI� WKH� 6DYD� 5LYHU� �QHDU� =DJUHE�� &URDWLD�� UHJLRQ�
:DWHU�5HVHDUFK�

���� äXWLü��9��� ,YRãHYLü��1���6YHWOLþLü��9���/RQJ��5��$��
$]DP�� )�� )LOP� IRUPDWLRQ� E\�PDULQH� EDFWHULD� DW� D
PRGHO�IOXLG�LQWHUIDFH��$TXDWLF�0LFURELDO�(FRORJ\

5DGRYL�REMDYOMHQL�X�]ERUQLFLPD�VNXSRYD�

��� $KHO�� 0��� 0LNDF�� 1��� ûRVRYLü�� %��� 3URKLü�� (��
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5DGLDWLRQ�6DIHW\�6HFWLRQ��XU����%Hþ��$XVWULMD��,$($�
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ýHãND�� )DFXOW\� RI� 1XFO�� 6FL�� DQG� 3K\V�� (QJ��
&]HFK�7HFK��8QLY���3UDJXH����������������

��� /XOLü�6�� .RQWLQXLUDQR� X]RUNRYDQMH� ��� 6WUXþQL
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6ORYHQLMD�� &RPSXWDWLRQDO� 0HFKDQLFV� 3XEO��� �����
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6ORYHQLMD��������

���� 5XåLü��,��3HþDU�,OLü��-���8SUDYOMDQMH�LQIRUPDFLMDPD
L]�7101�SURJUDPD�VOLYD�ULMHNH�'XQDY�L�PRJXüQRVW
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VDVWDQNX� RYODãWHQLK� ODERUDWRULMD�� 9DUDåGLQ�
+UYDWVND���������OLSQMD������������
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:RUNVKRS�9���������
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WKH�GDQXEH�ULYHU�EDVLQ� LQ�&URDWLD�0DQDJHPHQW�RI
7UDQVERXQIDU]� :DWHUV� LQ� (XURSH� �3RVWHUV�� �
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����VWU���YRGLWHOML��ûRVRYLü��%���6LPHRQ��9�
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YRGLWHOM��(ãNLQMD��,�

��� ,YRãHYLü�1��.YDãHQMH� L�ãLUHQMH�RUJDQVNLK�NDSOMLFD
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6YHXþLOLãWH�X�=DJUHEX��ãN�JRG�������������������
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2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN��JRG����������

*HRNHPLMVNH�UDYQRWHåH�L�SURFHVL�X�PRUX
3UHGDYDþ��.QLHZDOG��*�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG�������������������

%LRDNWLYDFLMD�L�GHWRNVLNDFLMD�NVHQRELRWLND
3UHGDYDþ��.XUHOHF��%�
3RVOLMHGLSORPVNL�VWXGLM� L]�ELRORJLMH�VPMHU�WRNVLNRORJLMD�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG������������������

%LRORãNL�SRND]DWHOML�L]ORåHQRVWL�]DJD LYDOLPD
3UHGDYDþ��.XUHOHF��%�
3RVOLMHGLSORPVNL� ]QDQVWYHQL� VWXGLM� 2FHDQRORJLMH�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG������������������

(NRWRNVLNRORãNL� XþLQFL� QD� YRGHQH� L� NRSQHQH
RUJDQL]PH
3UHGDYDþ��.XUHOHF��%�

3RVOLMHGLSORPVNL�VWXGLM� L]�ELRORJLMH�VPMHU�WRNVLNRORJLMD�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG������������������

(RWRNVLNRORJLMD
3UHGDYDþ��.XUHOHF��%�
3RVOLMHGLSORPVNL�VWXGLM� L]�ELRORJLMH�VPMHU�WRNVLNRORJLMD�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG������������������

+LGURORãND�LVWUDåLYDQMD�L]RWRSLPD
3UHGDYDþ��.YDVWHN��.�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN��JRG��������������������

0DWHPDWLþNH�PHWRGH�L�PRGHOLUDQMH�X�ELRORJLML
3UHGDYDþ��/HJRYLü��7�
3RVOLMHGLSORPVNL� VWXGLM� L]� ELRORJLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
���������������������

9ROWDPHWULMD
3UHGDYDþ��0��/RYULü��0��%UDQLFD��%��5DVSRU
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH�� VPMHU� IL]LNDOQD
NHPLMD�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN��JRG����������

5DGLRHNRORJLMD
/XOLü��6���2]UHWLü��%�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW� �
*HRORãNL� RGVMHN�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�JRG�
�������

(OHNWURNHPLMD
3UHGDYDþL��0HWLNRã�+XNRYLü��0��L�9XNRYLü��0�
3RVOLMHGLSORPVNL� VWXGLM� NHPLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
������������������

2UJDQR�PHWDOQL�VSRMHYL�X�KLGURVIHUL
3UHGDYDþ��0LNDF��1�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG�������������������

)L]LNDOQD� NHPLMD� PRUVNLK� SRYUãLQD� L� SUREOHPL
]DJD HQMD
3UHGDYDþ��3UDYGLü��9�
3RVOLMHGLSORPVNLLQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN��JRG��������������������

.RQWUROD�NYDOLWHWH�DQDOLWLþNLK�SRVWXSDND
3UHGDYDþ��5DVSRU��%�
3RVOLMHGLSORPVNL� VWXGLM� L]� NHPLMH�� 3ULURGRVORYQR�
PDWHPDWLþNL� IDNXOWHW��6YHXþLOLãWH�X�=DJUHEX��ãN��JRG�
����������

0HWRGLND�L�WHKQLND�]QDQVWYHQRJ�UDGD�X�RFHDQRORJLML
3UHGDYDþ��5XåLü��,
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�� ���������� L
����������

0RGHOLUDQMH�ãLUHQMD�]DJD LYDOD�X�SULURGQLP�YRGDPD
3UHGDYDþ��5XåLü��,�
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3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�� ���������� L
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2EUDGD�HNVSHULPHQWDOQLK�SRGDWDND�X�RFHDQRORJLML
3UHGDYDþ��5XåLü��,�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW
6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�� ���������� L
����������

$QDWRPLMD��IL]LRORJLMD�L�HPEULRORJLMD�ULED
3UHGDYDþ��7HVNHUHGåLü��=�
3RVOLMHGLSORPVNL� VWXGLM� L]� ULEDUVWYD�� $JURQRPVNL
IDNXOWHW�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�� ���������
��������

%ROHVWL�ULED��UDNRYD�L�ãNROMDND
3UHGDYDþL��7HVNHUHGåLü��(���7HVNHUHGåLü��=�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG��������������������

,VKUDQD�ULED��UDNRYD�L�ãNROMDND
3UHGDYDþ��7HVNHUHGåLü��=�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG��������������������

,VWUDåLYDQMH�SRGPRUMD�URQMHQMHP
3UHGDYDþ��7HVNHUHGåLü��(�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG��������������������

7HKQRORJLMD�X]JRMD���DNYDNXOWXUD�PDULNXOWXUD
3UHGDYDþL��7HVNHUHGåLü��(���.DWDYLü��,�
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG��������������������

(OHNWURNDWDOL]D
3UHGDYDþ��9XNRYLü��0�
3RVOLMHGLSORPVNL�VWXGLM� L]�LQåHQMHUVNH�NHPLMH��)DNXOWHW
NHPLMVNRJ� LQåHQMHUVWYD� L� WHKQRORJLMH�� 6YHXþLOLãWH� X
=DJUHEX��ãN��JRG������������������������

2NVLGRUHGXNFLMVNL�SURFHVL�X�PRUX
3UHGDYDþ��äXWLü��9
3RVOLMHGLSORPVNL� LQWHUGLVFLSOLQDUQL� ]QDQVWYHQL� VWXGLM
2FHDQRORJLMH�� 3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH�X�=DJUHEX��ãN�JRG����������������������

1DVWDYD�QD�GRGLSORPVNRP�VWXGLMX�

(NRORãNR�PRGHOLUDQMH
3UHGDYDþ��/HJRYLü�7�
3ULURGRVORYQR�PDWHPDWLþNL� IDNXOWHW�� =DJUHE�� ãN�� JRG�
����������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

%HJRQMD� $��� 8QLYHUVLW\� RI� :DUZLFN�� 'HSDUWPHQW� RI
%LRORJLFDO� 6FLHQFH�� &RYHQWU\�� 8.�� �������
������������� ,]RODFLMD� L� NDUDNWHUL]DFLMD� PHWDQ�
PRQRRNVLJHQD]QRJ� HQ]LPQRJ� VXVWDYD� L]
PHWDQRWURIQLK�EDNWHULMD�

0LNDF��1��� /DERUDWRULM� ]D�PRUVNX� L� DQDOLWLþNX� NHPLMX�
6YHXþLOLãWH� X� /LOOX�� )UDQFXVND�� ������������������
�UHJLRQDOQD�VWLSHQGLMD�

0ODNDU�� 0��� (LGJHQ|VVLFKH� 7HFKQLFKH� +RFKVFKXOH�
=�ULFK�� âYLFDUVND�� ������������������
�SRVWGRNWRUVND�VSHFLMDOL]DFLMD�

0ODNDU��0���8QLYHUVLWH�GHV�6FLHQFHV�HW�7HFKQRORJLHV
GH�/LOOH��)UDQFXVND�������������������

6RQGL�� ,���&ODUNVRQ�&ROOHJH� RI� 7HFKQRORJ\�3RWVGDP�
1<�� 6$'�� ������������ X� WLMHNX� �6LQWH]D
QDQRVXVWDYD� PLQHUDOQLK� þHVWLFD� XSRWUHERP
SROLPHUD��

6YHWOLþLü� 9��� 8QLYHUVLW\� RI� 0LQQHVRWD�� 0LQQHDSROOLV�
6$'��������������������

6WXGLMVNL�ERUDYFL�X�RNYLUX�PH XQDURGQH
VXUDGQMH�

$KHO�� 0��� 6ZLVV� IHGHUDO� ,QVWLWXWH� IRU� (QYLURQPHQWDO
6FLHQFH� DQG� 7HFKQRORJ\� �($:$*��� �������
������������� 2GUH LYDQMH� L� ELRJHRNHPLMVNR
SRQDãDQMH�DONLOIHQROSROLHWRNVLODWD

%UDQLFD�� 0��� )RUVFKXQJV]HQWUXP� -XHOLFK�� -XHOLFK�
*HUPDQ\�� �������������� �������������������
%LODWHUDOQD� VXUDGQMD� QD� SURMHNWX� ³(QYLURQPHQWDO
5HVHDUFK�LQ�$TXDWLF�6\VWHPV´

*DãSDURYLü�� %��� 8QLYHUVLWH� 3�� HW� 0�� &XULH�� 3DUL]�
)UDQFXVND�� �������������������� ELODWHUDOQD
VXUDGQMD�V�)UDQFXVNRP

.QLHZDOG�� *��� )RUVFKXQJV]HQWUXP� -XHOLFK�� -XHOLFK�
*HUPDQ\���������������������%LODWHUDOQD�VXUDGQMD
QD� SURMHNWX� ³(QYLURQPHQWDO� 5HVHDUFK� LQ� $TXDWLF
6\VWHPV´

.RPRUVN\�/RYULü� â��� +XPEROGW� 8QLYHUVLWDW�� %HUOLQ�
1MHPDþND�� �������������������� ]QDQVWYHQR
LVWUDåLYDþND�VXUDGQMD

.U]QDULü��'���6YHXþLOLãWH�8OP��8OP��1MHPDþND���������
�������������ELODWHUDOQD�VXUDGQMD�V�1MHPDþNRP

.XUHOHF�� %��� ,QVWLWXWH� IRU� 3K\VLRORJLFDO� &KHPLVWU\�
8QLYHUVLW\� RI� 0DLQ]�� 0DLQ]�� 1MHPDþND�� �������
�����������

/RYULü� 0��� +XPEROGW� 8QLYHUVLWDW�� %HUOLQ�� 1MHPDþND�
�������������������� ]QDQVWYHQR� LVWUDåLYDþND
VXUDGQMD

2PDQRYLü�� '��� )RUVFKXQJV]HQWUXP� -XHOLFK�� -XHOLFK�
*HUPDQ\�� ��������������� �������������������
%LODWHUDOQD� VXUDGQMD� QD� SURMHNWX� ³(QYLURQPHQWDO
5HVHDUFK�LQ�$TXDWLF�6\VWHPV´

7HU]Lü�� 6��� 0DULQH� %LRORJLFDO� 6WDWLRQ�� 8QLYHUVLW\� RI
%HUJHQ�� ����������������� VXGMHORYDQMH� X
PLFURFRVP� SRNXVX� ³1XWULHQW� FRQWURO� RI� GLVVROYHG
RUJDQLF�PDWHULDO�OLDELOLW\��12B'20�´

9RMYRGLü�� 9��� 8QLYHUVLWH� 3�� HW� 0�� &XULH�� 3DUL]�
)UDQFXVND�� �������������������� ELODWHUDOQD
VXUDGQMD�V�)UDQFXVNRP
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3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

;9�� +59$76.,� 6.83� .(0,ý$5$� ,� .(0,-6.,+
,1ä(1-(5$�
2SDWLMD��+UYDWVND��������������������
3ULOR]L�

��� $KHO�� 0��� 7HSLü�� 1�� 2GUH LYDQMH� SROLFLNOLþNLK
DURPDWVNLK� XJOMLNRYRGLND� X� NRPXQDOQRP� RWSDGX� L
WOX�LVSRG�RGODJDOLãWD��SRVWHU�

��� %UDQLFD��0���.ZRNDO��ä��&LNOXV� åLYH�X�GDJQMDPD
�0\WLOXV� JDOORSURYLQFLDOLV�� SUHQHVHQLP� L]PH X
þLVWRJ�L�]DJD HQRJ�PRUD��SRVWHU�

��� %UDQLFD�� 0��� 3HKDUHF�� ä�� (OHNWURDQDOLWLND
EDNUD�,,��X�YRGHQLP�VXVWDYLPD��SRVWHU�

��� (UN�� 0��� 5DVSRU�� %�� (YDOXDFLMD� NRQVWDQWL
VWDELOQRVWL� NDGPLM�PHWDORWLRQHLQ� NRPSOHNVD� QD
WHPHOMX�YROWDPHWULMVNLK�PMHUHQMD��SRVWHU�

��� *DãSDURYLü�� %��� ûRVRYLü�� %�� 8SRWUHED
HOHNWURNHPLMVNH�SUREH�]D�LVSLWLYDQMH�RUJDQVNH�WYDUL
X�X]RUFLPD�PRUVNH�YRGH��SRVWHU�

��� .R]DUDF�� =��� 7XUN�� 9��� ûRVRYLü�� %�� ,VSLWLYDQMH
OLSLGQLK�PRQRVORMHYD�QD�JUDQLFL� ID]D� ]UDN�RWRSLQD�
SRVWHU�

��� .UDOM�� '��� 9GRYLü�� 1�� ,VWUDåLYDQMD� þLPEHQLND� NRML
GMHOXMX�QD�WDORåHQMH�NDOFLMHYLK�NDUERQDWD��SRVWHU�

��� 0DULMDQ�� '��� 9XNRYLü�� 0��� 0LOXQ�� 0��� 3HUYDQ�� 3�
6WDELOQRVW� HOHNWURNHPLMVNL� PRGLILFLUDQLK� HOHNWURGD
QHKU DMXüHJ� þHOLND� ���� X� NLVHOLP� L� NORULGQLP
RWRSLQDPD��SRVWHU�

��� 2PDQRYLü�� '��� %UDQLFD�� 0�� 3ULPMHQD
SVHXGRSRODURJUDILMH� ]D� VSHFLMDFLMX� WUDJRYD�PHWDOD
X�YRGHQLP�VXVWDYLPD��SRVWHU�

���� 7HU]Lü�� 6��� $KHO� 0�� 5DVSRGMHOD� IRWRVLQWHWVNLK
SLJPHQDWD�X�VMHYHUQRP�-DGUDQX��SRVWHU�

���� 9RMYRGLü��9���ûRVRYLü��%���&DXZHW��*���.RGED��=�
+LGURIREQH� SRYUãLQVNL� DNWLYQH� WYDUL� L� RWRSOMHQL
RUJDQVNL�XJOMLN�X�VMHYHUQRP�-DGUDQX��SRVWHU�

(852&21)(5(1&(� 21� ³())(&76� 2)
(19,5210(17$/� 32//87$176� 21
5(352'8&7,21´��³:$66(5�%(5/,1�µ��´
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3ULORJ�

��� $KHO�� 0��� 9RUNRPPHQ� XQG� 9HUKDOWHQ
DQWURSRJHQHU�6WRIIH�LP�:DVVHU��SUHGDYDQMH�
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(19,5210(17$/�5(6725$7,21
/MXEOMDQD��6ORYHQLMD��������������������
3ULOR]L�

��� $KHO�� 0��� 0LNDF�� 1��� ûRVRYLü�� %��� 3URKLü�� (��
6RXNXS��9���7KH�LPSDFW�RI�FRQWDPLQDWLRQ�IURP�D
PXQLFLSDO� VROLG� ZDVWH� ODQGILOOH� RQ� XQGHUOD\LQJ
VRLO��SUHGDYDQMH�

��� 0LNDF�� 1��� ûRVRYLü�� %��� $KHO�� 0��� $QGUHLV�� 6��
7RQþLü�� =��� $VVHVVPHQW� RI� JURXQGZDWHU
FRQWDPLQDWLRQ� LQ� WKH�YLFLQLW\�RI�D�PXQLFLSDO�VROLG
ZDVWH�ODQGILOOH��SUHGDYDQMH�

�WK� (8523($1� &21*5(66� 21
%,27(&+12/2*<
%XGDSHVW��0D DUVND��������������������
3ULOR]L�

��� +UãDN�� '��� %HJRQMD�� $��� %LRWUDQVIRUPDWLRQ
DFWLYLWLHV� RI� PHWKDQRWURSKLF� �� KHWHURWUSKLF
JURXQGZDWHU�FRPPXQLW\��SUHGDYDQMH�

��� +UãDN�� '��� %HJRQMD�� $��� 3RVVLEOH� LQWHUDFWLRQV
ZLWKLQ� PHWKDQRWURSKLF�KHWHURWURSKLF� FRPPXQLW\�
SRVWHU�

;;,9� 6758ý1,� 6$67$1$.� ³32â7,9$1-(
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3ULOR]L�

��� %UDQLFD�� 0�� .YDOLWHWDQ� RNROLã� �� RVQRYLFD
PRGHUQRJ� UD]YRMD� +UYDWVNH� X� QDUHGQRP
VWROMHüX��SR]YDQR�SUHGDYDQMH�

��� 5DVSRU�� %��� 6XVWDY� RFMHQH� NDNYRüH� L
ODERUDWRULMVND�SRUHGEHQD�LVSLWLYDQMD��SUHGDYDQMH�

��� 6758ý1,� 6$67$1$.� 29/$â7(1,+
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9DUDåGLQ��+UYDWVND��������������������
3ULOR]L�

��� ûRVRYLü�� %��� 2VLJXUDQMH� L� NRQWUROD� NYDOLWHWH
PMHUHQMD�ULMHþQLK�YRGD��SUHGDYDQMH�

��� .R]DUDF�� =��� 0H XQDURGQD� PH XODERUDWRULMVND
SRUHGEHQD� LVSLWLYDQMD� �4XDOFR� 'DQXEH�� X� RNYLUX
SURJUDPD�]DãWLWH�RNROLãD�VOLYD�'XQDY��SUHGDYDQMH�

��� /XOLü�6���.RQWLQXLUDQR�X]RUNRYDQMH��SUHGDYDQMH�

��� 5DVSRU��%���7RþQRVW�RGUH LYDQMD�PHWDOD�X�X]RUNX
ULMHþQH� YRGH� 6/56��� X� RYODãWHQLP� ODERUDWRULMLPD�
SUHGDYDQMH�

��� 5DVSRU��%���8]RUNRYDQMH�YRGD�L�QRUPH�,62������
SUHGDYDQMH�

��� 5XåLü��,��3HþDU�,OLü��-���8SUDYOMDQMH�LQIRUPDFLMDPD
L]�7101�SURJUDPD�VOLYD�ULMHNH�'XQDY�L�PRJXüQRVW
SULPMHQH� ]D� QDFLRQDOQH� PRQLWRULQJ� SURJUDPH� X
+UYDWVNRM��SUHGDYDQMH�

��� 9GRYLü�� 1�� 8ORJD� VXVSHQGLUDQRJ� PDWHULMDOD� L
VHGLPHQWD�X�YH]LYDQMX�]DJD LYDOD��SUHGDYDQMH�

,17(5)$&(6� $*$,167� 32//87,21
:DJHQLQJHQ��1L]R]HPVND��������������������
3ULORJ�

��� 3ODYãLü�� 0��� ûRVRYLü�� %��� ,QWHUDFWLRQ� RI
SRO\HOHFWURO\WHV�ZLWK�PHWDO�LRQV�RQ�PHUFXU\�DQG�RQ
g�$O�2��SDUWLFOHV�LQ�FKORULGH�VROXWLRQV��SRVWHU�

;,,,� ,17(51$7,21$/� 6<0326,80� 21
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0RQRSROL��%DUL���,WDOLMD��������������������
3ULORJ�

��� &LJOHQHþNL�� ,��� .RGED�� =��� 9LOLþLü�� '��� &DULü�� 0��
ûRVRYLü��%���9DULDWLRQ�RI�R[LF�DQR[LF�FRQGLWLRQV� LQ
5RJR]QLFD�/DNH��SRVWHU�
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��WK� ,17(51$7,21$/� 0((7,1*� 21� 25*$1,&
*(2&+(0,675<
0DDVWULFKW��1L]R]HPVND��������������������
3ULORJ�

��� *DãSDURYLü�� %��� (YDOXDWLRQ� RI� FRQWULEXWLRQ� RI
RUJDQLF� DFLGV� WR� SRRO� RI� WKH� VXUIDFH� DFWLYH
VXEVWDQFHV�LQ�PRGHO�DQG�PDULQH�VDPSOHV�E\�XVLQJ
R�QLWURSKHQRO�DV�DQ�HOHFWURFKHPLFDO�SUREH��SRVWHU�

(8523($1� 5(6($5&+� &21)(5(1&(6� 21
1$785$/�:$7(56� $1'�:$7(5� 7(&+12/2*<�
0LFURRUJDQLVPV� DQG� *HRFKHPLVWU\� LQ� $TXDWLF
(FRV\VWHPV
6DQ� )HOLX� GH� *XL[ROV� �� *LURQD�� âSDQMROVND�� �������
�����������
3ULOR]L�

��� &LJOHQHþNL�� ,��� .RGED�� =��� 9LOLþLü�� '��� &DULü�� 0��
%DOGL�� )��� 0LQDFFL�� $��� ûRVRYLü�� %��
&KDUDFWHUL]DWLRQ�RI�D�ERXQGDU\�EHWZHHQ�R[LF�DQG
DQR[LF� FRQGLWLRQV� LQ� D� VPDOO� VHD�ODNH�� 5RJR]QLFD
/DNH��&URDWLD���SRVWHU�

��� ,YRãHYLü�� 1��� %DOGL�� )��� 3HSL�� 0��� äXWLü�� 9��
(OHFWURFKHPLFDO� FKDUDFWHUL]DWLRQ� RI� DGKHVLRQ
PHFKDQLVP�LQ�$FLQHWREDFWHU�VWUDLQV�GHJUDGLQJ�IXHO
RLO��SRVWHU�

��� .RYDþ��6���äXWLü��9���6YHWOLþLü��9���&HOO� DGKHVLRQ
DW�WKH�GURSSLQJ�PHUFXU\�HOHFWURGH��SRVWHU�

,17(51$7,21$/� 0((7,1*� (/$&+� �
�(OHFWURDQDO\WLVFKH� FKHPLH�� =HXWKHQ� EHL� %HULO�
1MHPDþND�������������������
3ULOR]L�

��� .RPRUVN\�/RYULü�� â��� 6FKRO]�� )�� $EUDVLYH
VWULSSLQJ�SRWHQWLRPHWU\��SRVWHU�

��� /DQJH�� $��� /RYULü�� 0��� )�� 6FKRO]�� &DWKRGLF
VWULSSLQJ�YROWDPPHWU\�RI�FRSSHU�VHOHQLGH�DQDO\WLFDO
DQG�PHFKDQLVWLF�VWXGLHV��SRVWHU�

��� /RYULü�� 0��� 6FKRO]�� )�� :KDW� PDNHV� SRVVLEOH
DQRGLF� VWULSSLQJ� YROWDPPHWU\� RI�PHUFXU\� DW� WUDFH
OHYHO��SRVWHU�

7+(� ����� -2,17� ,17(51$7,21$/� 0((7,1*� 2)
7+(� (/(&752&+(0,&$/� 62&,(7<� $1'� 7+(
,17(51$7,21$/� 62&,(7<� 2)� (/(&752�
&+(0,675<�
3DUL]��)UDQFXVND��������������������
3ULORJ�

��� 6FKRO]�� )��� /RYULü��0��� +HUPHV��0��� .DKOHUW�� +��
/DQJH�� %��� 6FKURHGHU�� 8�� 6ROLG� VWDWH
HOHFWURFKHPLFDO� UHDFWLRQV�WKHRUHWLFDO� DQG
H[SHULPHQWDO�VWXGLHV��SRVWHU�

'$18%(� $33/,('� 5(6($5&+� &21)(5(1&(�
3+$5(
6LQDLD��5XPXQMVND��������������������
3ULOR]L�

��� 5XåLü��,���3HþDU�,OLü��-���,QIRUPDWLRQ�PDQDJHPHQW
IRU� WKH� (QYLURQPHQWDO� 3URJUDPPH� IRU� 'DQXEH
5LYHU�%DVLQ��SR]YDQR�SUHGDYDQMH�

,17(51$7�� &21)(5(1&(� 0$1$*(0(17� 2)
75$16%281'$5<�:$7(56�,1�(8523(
0U]Hå\QR��3ROMVND��������������������
3ULOR]L�

��� 5XåLü��,���3HþDU�,OLü��-���+DN��1���:RUOG�:,GH�:HE
3DJHV�IRU�WKH�7UDQVQDWLRQDO�0RQLWRULQJ�1HWZRUN�RI
WKH�'DQXEH�5LYHU�%DVLQ�LQ�&URDWLD���SRVWHU�

,17(51�� &21)(5(1&(� (&2�,1)250$
��� �
,1)250$7,21� $1'� &20081,&$7,21� ,1
(19,5210(17$/�$1'�+($/7+�,668(6
0�QFKHQ���1MHPDþND��������������������
3ULOR]L�

��� 3HþDU�,OLü�� -��� 5XåLü�� ,��� 6NRþLU�� =��� ,QIRUPDWLRQ
6\VWHP� RQ� ,QYHVWLJDWLRQ� RI� WKH� $GULDWLF� 6HD�
SRVWHU�

��� 5XåLü��,���3HþDU�,OLü��-���,QIRUPDWLRQ�0DQDJHPHQW
IRU� WKH�(QYLURQPHQWDO� 3URJUDPPH� RI� WKH�'DQXEH
5LYHU�%DVLQ��SRVWHU�

��� (0,1$�DU� �(8523($1� 0$5,1(
,17(5',6&,3/,1$5<�1(7:25.�
6DOL��'XJL�2WRN��+UYDWVND������������������
3ULOR]L�

��� (UN�� 0��� 5DVSRU�� %��� &DGPLXP� ELQGLQJ� WR
PHWDOORWKLRQHLQV��SRVWHU�

��� *RWLü��0���0LODW��2���6RQGL�� ,���(OHFWURNLQHWLF�DQG
)7�,5� VWXG\� RI� WKH� LQIOXHQFH� RI� SRO\DFU\OLF� DFLGV
DQG� IXOYLF� DFLG� RQ� 6L2��� g�$O�2+��� DQG� g�$O�2�
ZKLFK� DUH� XVHG� DV� PRGHOV� IRU� FOD\� PLQHUDO
VXUIDFHV��SRVWHU�

��� 6RQGL��,���6DORSHN��%���-XUDþLü��0���)ORFFXODWLRQ�RI
ILQH�JUDLQHG� SDUWLFOHV� LQ� WKH� 5DãD� 5LYHU� HVWXDU\�
SRVWHU�

��� 9GRYLü�� 1��� .UDOM�� '��� 3UHFLSLWDWLRQ� RI� FDOFLXP
FDUERQDWH� LQ� WKH� SUHVHQFH� RI� VHOHFWHG� VHDZDWHU
FRQVWLWXHQWV��SRVWHU�

�WK� ,17(51$7,21$/� 6<0326,80� 21
(/(&752&+(0,&$/� 0(7+2'6� ,1� &25526,21
5(6($5&+
7UHQWR��,WDOLMD�����������������
3ULORJ�

��� 0DULMDQ��'���9XNRYLü��0���$�FRPSDUDWLYH�VWXG\�RI
WKH�R[LGH�JURZWK�DQG�VWDELOLW\�RI�PRGLILHG� LQFRQHO�
����HOHFWURGHV��SRVWHU�

),567� (8523($1� (&2/2*,&$/� 02'(//,1*
&21)(5(1&(
3XOD��+UYDWVND��������������������
3ULOR]L�

��� /HJRYLü�� 7��� (FRORJLFDO� PRGHOOLQJ� ,QWHUQHW
UHVRXUFHV��SUHGDYDQMH�

��� /HJRYLü�� 7��� 'RHV� D� 5HGILHOG� UDWLR� LQ
S\WRSODQNWRQ� LQGXFH� WKH� VDPH� UDWLR� LQ� ZDWHU�
SUHGDYDQMH�

��� /HJRYLü��7��� 7R[LFLW\�PD\� DIIHFW� SUHGLFWDLELOLW\� RI
HXWURSKLFDWLRQ�PRGHOV��SUHGDYDQMH�
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,17(51$7,21$/� &21)(5(1&(� 21� :$7(5
352%/(06� ,1� 7+(� 0(',7(55$1($1
&28175,(6
1LFRVLD��&LSDU��������������������
3ULORJ�

��� /HJRYLü�7���2SWLPXP�&RQWURO�RI�(XWURSKLFDWLRQ�LQ
WKH�,]PLW�%D\��SR]YDQR�SOHQDUQR�SUHGDYDQMH�

�WK� ,17(51$7,21$/� 6<0326,80� 21� 02'(/
(678$5,(6�
5LPRXVNL��4XHEHF��.DQDGD��������������������
3ULORJ�

��� äXWLü� 9��� (OHFWURFKHPLFDO� DSSURDFK� WR� RUJDQLF
DJJUHJDWLRQ��SUHGDYDQMH�

6$67$1$.�1-(0$ý.2*�.(0,-6.2*�'58â79$�
%HUOLQ��1MHPDþND������������������
3ULORJ�

��� äXWLü� 9��� $GKHVLRQ� EDVHG� HOHFWURFKHPLFDO
VHQVRUV��SUHGDYDQMH�

,53$� 5(*,21$/� 6<0326,80� ³5$',$7,21
3527(&7,21�,1�1(,*+%285,1*�&28175,(6�,1
&(175$/�(8523(´
3UDJ��ýHãND�������������������
3ULOR]L�

��� *UDKHN��ä��.RãXWLü��.��/XOLü��6��0RGHUQ�PHWKRGV
IRU�UDGLRVWURQWLXP�GHWHUPLQDWLRQ��SRVWHU�

��� .RãXWLü�.���*UDKHN��ä�� /XOLü�6���6WXG\�RI� ���&V
DQG� ��6U� UDGLRDFWLYLW\� OHYHO� LQ� JURXQG� ZDWHU� DQG
VXUIDFH� ZDWHU� LQ� WKH� VXUURXQGLQJV� RI� =DJUHE�
SRVWHU�

5$3,'� 5$',2$&7,9,7<� 0($685(0(176� ,1
(0(5*(1&<�$1'�5287,1(�6,78$7,216
7HGGLQJWRQ��8�.���������������������
3ULORJ�
��� *UDKHN��ä��(ãNLQMD��,��/XOLü��6��.RãXWLü��.��5DSLG

PHWKRG�IRU�WKH���6U�GHWHUPLQDWLRQ�LQ�VRLO�VDPSOHV�
SRVWHU�

��7+�,17��$3,&8/785$/�&21*5(66�$3,021',$
$QWZHUSHQ��%HOJLMD������������������
3ULORJ�

��� %DULãLü�'��%URPHQVKHQN�-�-���+XV�0���.DX]ODULü
ä��� .H]Lü� 1��� .UDOMHYLü� 3��� /XOLü� 6��� 6HOHWNRYLü� =��
9HUWDþQLN�$���5DGLRQXFOLGHV�DQG�VHOHFWHG�HOHPHQWV
LQ� VRLO�� VSUXFH� DQG� ILU� EUDQFKHV�� DQG� KRQH\� IURP
*RUVNL�.RWDU��&URDWLD��SRVWHU�

1,17+� ,17(51$7,21$/� 6<0326,80� 21
32//87$17� 5(63216(6� ,1� 0$5,1(
25*$1,606��35,02��
%HUJHQ��1RUYHãND��������������������
3ULOR]L�

��� .XUHOHF�� %�� DQG� 6PLWDO�� 7��� )UDJLOLW\� RI
PXOWL[HQRELRWLF� UHVLVWDQFH� LQ� DTXDWLF� RUJDQLVPV
HQKDQFHV� WKH� FRPSOH[LW\� RI� ULVN� DVVHVVPPHQW�
SUHGDYDQMH�

��� � 6PLWDO�� 7�� DQG� .XUHOHF� %��� 7KH� DFWLYLW\� RI
PXOWL[HQRELRWLF� UHVLVWDQFH� PHFKDQLVP� LQ� DTXDWLF
RUJDQLVPV�DV�D�ELRPDUNHU�RI�H[SRVXUH�GHWHUPLQHG
XVLQJ�UKRGDPLQH�%�HIIOX[�PHWKRG��SRVWHU�

,17(51$7,21$/� 6<0326,80� 2)� ,17(*5$7('
(&272;,&2/2*<� )520� 02/(&8/(6� �
25*$1,606�72�(&26<67(06
0LODQR��,WDOLMD��������������������
3ULORJ�

��� .XUHOHF�� %��� 7KH� PXOWL[HQRELRWLF� UHVLVWDQFH
PHFKDQLVP� LQ� DTXDWLF� RUJDQLVP� DQG� LWV
FKHPRVHQVLWL]HUV��SUHGDYDQMH�

â(67,�.21*5(6�%,2/2*$�+59$76.(
2SDWLMD��+UYDWVND��������������������
3ULOR]L�

��� %ULWYLü��6���6PLWDO��7�� ��.XUHOHF��%���(IIHFW� RI� WKH
LQKLELWRUV� RI� WKH� PXOWL[HQRELRWLF� UHVLVWDQFH
PHFKDQLVP� RQ� WKH� ELRDFWLYDWLRQ� RI� ��
DPLQRIOXRUHQH�LQ�WKH�IUHVKZDWHU�FODP��SUHGDYDQMH�

��� .XUHOHF�� %��� 6PLWDO�� 7��� %ULWYLü�� 6��� 3LYþHYLü�� %��
.UþD�� 6��� -HODVND�� '��� %DOHQ�� 6��� 6DXHUERUQ�� 5��
0XVWDMEHJRYLü� 6��� )UDJLOLW\� RI� PXOWL[HQRELRWLF
UHVLVWDQFH�PHFKDQLVP�LQ�DTXDWLF�RUJDQLVPV�SURRIV
WKH� QHFHVVLW\� RI� WKH� ]HUR�HPLVVLRQ� VWUDWHJ\�
SUHGDYDQMH�

��� 6PLWDO�� 7�� �� .XUHOHF�� %��� 7KH� DFWLYLW\� RI
PXOWL[HQRELRWLF� UHVLVWDQFH� PHFKDQLVP� LQ� DTXDWLF
RUJDQLVPV� DV� D� ELRPDUNHU� RI� H[SRVXUH�
SUHGDYDQMH�

��� 6PLWDO�� 7��� 3LYþHYLü�� %�� �� .XUHOHF�� %��
4XDQWLILFDWLRQ� RI� FKHPRVHQVLWL]HUV� RI
PXOWL[HQRELRWLF� UHVLVWDQFH� LQ�DTXDWLF�HQYLURQPHQW�
SRVWHU�

��� 7RPHF�� 0��� 9HUWLNDOQD� UDVSURVWUDQMHQRVW
ILWRSODQNWRQD�X�9UDQVNRP� MH]HUX� QD�RWRNX�&UHVX�
SUHGDYDQMH�
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7+(� )2857+� ,17(51$7,21$/� 0(7$/�
/27+,21(,1�0((7,1*�07���
.DQVDV�&LW\��0LVVRXUL��6$'��������������������
3ULORJ�

��� 5DVSRU�� %��� 3DYLþLü�� -��� .R]DU�� 6��� .ZRNDO�� ä��
3DLü�� 0��� 2GåDN�� 1��� 8MHYLü�� ,��� .OMDNRYLü�� =��
$VVHVVPHQW� RI� PHWDO� H[SRVXUH� RI� PDULQH� HGLEOH
PXVVHOV�E\�PHDQV�RI�D�ELRPDUNHU��SRVWHU�

,17(51$7,21$/� 6<0326,80� 21
,17(535(7$7,21� 2)� $1$/<7,&$/� 5(68/76
$1'� 7+(� 52/(� 2)� 352),&,(1&<� 7(67,1*� ,1
$&&5(',7$7,21
%OHG��6ORYHQLMD��������������������
3ULORJ�

��� 5DVSRU�� %��� :DWHU� PDQDJHPHQW� DQG
DFFUHGLWDWLRQ�RI�&URDWLDQ�ODERUDWRULHV��SUHGDYDQMH�

6(0,1$5�� 60-(51,&(� (85236.(� 81,-(� =$
(.272.6,.2/2â.$�,63,7,9$1-$
=DJUHE��+UYDWVND��������������������
3ULOR]L�

��� $KHO�� 0��� 9DåQRVW� SR]QDYDQMD� NHPRGLQDPLNH
VSHFLILþQLK� RUJDQVNLK� ]DJD LYDOD� ]D� SURFMHQX
QMLKRYLK�ãWHWQLK�XþLQDND�X�YRGDPD

��� %ULWYLü�� 6��� 'HWHNFLMD� NVHQRELRWLND� L� PXWDJHQLK
WYDUL�X�YRGL

��� +UãDN�� '��� 0HWRGD� LQKLELFLMH� DOJL� L� PHWRGD� ]D
RGUH LYDQMH�DNXWQH�WRNVLþQRVWL�QD�ULEH

��� +UãDN�� '��� 0HWRGD� ]D� RGUH LYDQMH� DNXWQH
WRNVLþQRVWL�QD�'DSKQLD�PDJQD

��� +UãDN�� '��� 0HWRGH� ]D� RGUH LYDQMH� ELRORãNH
UD]JUDGQMH

��� +UãDN�� '��� 6PMHUQLFH� (XURSVNH� XQLMH� ]D
HNRWRNVLNRORãND�LVSLWLYDQMD

��� +UãDN��'���8]JRM�GDIQLMD

��� 3DYLþLü��-���7RNVLþQRVW�PHWDOQLK� LRQD�QD� YRGHQH
RUJDQL]PH

��� 7RPHF��0���=HOHQH�DOJH��LQGLNDWRUL�NYDOLWHWH�YRGH
L�WHVW�RUJDQL]PL��SUHGDYDQMH�

���� 7RSLü� 3RSRYLü�� 1��� 5LEH� NDR� WHVW� RUJDQL]PL� ]D
RGUH LYDQMH�HNRWRNVLþQRVWL��SUHGDYDQMH�

��7+� 6<0326,80� 21� &+/25,1$7('� ',2;,16
$1'�5(/$7('�&203281'6�',2;,1���
,QGLDQDSROLV��6$'�������������������
3ULORJ�

��� 3LFHU�� 0��� 3LFHU�� 1�� ''7� DQG� 3&%� OHYHOV� DQG
ORQJ�WHUPV� WUHQGV� LQ�VHGLPHQWV�FROOHFWHG� IURP� WKH
HDVWHUQ� FRDVWDO� DQG� RSHQ� ZDWHUV� RI� WKH� $GLDWLF
6HD��SRVWHU�

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

.R]DUDF�� =��� (QYLURQPHQWDO� 3URJUDPPH� IRU� WKH
'DQXEH� 5LYHU� %DVLQ�� -RLQW� :RUNLQJ� *URXS
0HHWLQJ��%UDWLVODYD��������������������

.R]DUDF�� =��� /DERUDWRU\� 0DQDJHPHQW� :RUNLQJ
*URXS�� -RLQW� :RUNLQJ� *URXS� 0HHWLQJ�� %UQR�
������������������

ûRVRYLü�� %��� 6XGMHORYDQMH� X� UDGX� (6)�((52
�(XURSHDQ�(QYLURQPHQWDO�5HVHDUFK�2UJDQL]DWLRQ�
&RPPLWWHH��6WUDVERXUJ��OLSDQM�L�VWXGHQL������

3UDYGLü�� 9��� ,8&1� �,QWHUQDWLRQDO� 8QLRQ� IRU� WKH
&RQVHUYDWLRQ�RI�1DWXUH���7KH�:RUOG�&RQVHUYDWLRQ
8QLRQ��X�
$�� *UXSL� ]D� UD]YLWDN� &HQWUDOQLK� L
,VWRþQRHXURSVNLK�]HPDOMD
%�� �*UXSL�0HGLWHUDQVNLK�]HPDOMD

/HJRYLü��7���(XURSHDQ�&KDSWHU��,6(0��SUHGVMHGQLN

/HJRYLü�� 7��� ,QWHUQDWLRQDO� 6RFLHW\� IRU� (FRORJLFDO
0RGHOOLQJ��,6(0���SRWSUHVMHGQLN

/HJRYLü�� 7��� 3UHGVMHGQLN�� +UYDWVNR� GUXVWYR� ]D
VLPXODFLMVNR�PRGHOLUDQMH��=DJUHE�

0H XQDURGQL� XJRYRUL� L� VXUDGQMD� V
GUXJLP�XVWDQRYDPD�

$KHO�� 0��� 8WMHFDM� HXWURILNDFLMH� QD� FLNOXV� RUJDQVNRJ
XJOMLND� X� SULREDOQLP� YRGDPD� -DGUDQD�� SURMHNW
ELODWHUDOQH� VXUDGQMH� V� 1DFLRQDOQLP� ,QãWLWXWRP� ]D
ELRORJLMR��0RUVND�ELRORãND�SRVWDMD�3LUDQ��6ORYHQLMD�
0LQLVWDUVWYR�]QDQRVWL�L�WHKQRORJLMH�5+�

%UDQLFD�� 0��� 0H XQ�� VXU�� QD� 3URMHNWX�
(85(.$�(8520$5� (8����� (/$1,
(OHFWURDQDO\WLFDO� ,QVWUXPHQWDWLRQ�'HYHORSPHQW� IRU
3K\VLFR� &KHPLFDO� &KDUDFWHUL]DWLRQ� RI� 7UDFH
0HWDOV�LQ�WKH�0DULQH�(QYLURQPHQW������������

%UDQLFD��0���81(3�,$($��%Hþ��$XVWULMD� ������������
(OHFWURFKHPLFDO� GHWHUPLQDWLRQ� RI� WR[LF� PHWDOV� LQ
VHDZDWHU

%UDQLFD��0���'ROHQHF��7���+UY�6OR��ELO�VXU��QD�3URMHNWX�
%LRJHRNHPLMVNL� SURFHVL� L� HOHPHQWDUQR� L]RWRSVNL
VDVWDY�X�-DGUDQVNRP�PRUX������������

%UDQLFD�� 0��� 6FKZXJHU�� 0�� -��+UY�1MHP�� ELO�� VXU�� QD
3URMHNWX�� (QYLURQPHQWDO� 5HVHDUFK� LQ� $TXDWLF
6\VWHPV������������

ýRå�5DNRYDF�� 5�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� QD
]GUDYVWYHQRM� ]DãWLWL� ULED�� 5LEQMDþDUVWYR� �6LãüDQL�
'XEUDYD��G�R�R���6LãüDQL��+UYDWVND

ýRå�5DNRYDF�� 5�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� QD
]GUDYVWYHQRM� ]DãWLWL� ULED�� +UYDWVNH� ãXPH�� 5-
5LEQMLþDUVWYR�/LSRYOMDQL��/LSRYOMDQL��+UYDWVND



���

ûRVRYLü�� %��� $GVRUSWLRQ� RI� RUJDQLF� PROHFXOHV� RQ
GLIIHUHQW�HOHFWURGH�VXUIDFHV��%LODWHUDOQD�VXUDGQMD�V
1MHPDþNRP�� 'HSW�� RI� (OHFWURFKHPLVWU\�� 8QLY�� RI
8OP��8OP��1MHPDþND�

ûRVRYLü��%���1DWXUH�DQG�UHDFWLYLW\�RI�RUJDQLF�PDWWHU�LQ
PDULQH� DQG� HVWXDULQH� HQYLURQPHQWV�� %LODWHUDOQD
VXUDGQMD�L]PH X�+UYDWVNH�L�6$'��-)�����

ûRVRYLü��%���6XOIXU�VSHFLDWLRQ�LQ�PDULQH�DQG�HVWXDULQH
HQYLURQPHQWV��,$($�81(3��%Hþ��$XVWULMD�

+DFPDQMHN�� 0�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� QD
]GUDVWYHQRM� ]DãWLWL� ULED�� (PRQD� ULEDUVWYR�
/MXEOMDQD��6ORYHQLMD

+DFPDQMHN�� 0�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� QD
]GUDYVWYHQRM� ]DãWLWL� ULED�� 5LELãND� GUXåLQD� 1RYR
0HVWR��1RYR�0HVWR��6ORYHQLMD

+DFPDQMHN�� 0�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� QD
]GUDYVWYHQRM�]DãWLWL� ULED��0LUNR�*RULþDU��3RGERþMH�
6ORYHQLMD

+DFPDQMHN�� 0�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� ]D
]GUDYVWYHQRM� ]DãWLWL� ULED�� 52� �=DJUHSþDQND��
=DJUHE

+UãDN�� '��� 5D]UDGD� PHWRGD� L� L]REUD]ED� NDGUD� ]D
RGUH LYDQMH�HNRWRNVLþQRVWL��ELRORãNH�UD]JUDGOMLYRVWL
L�ELRORãNLK�SRND]DWHOMD�NYDOLWHWH�SULURGQLK�L�RWSDGQLK
YRGD��'UåDYQD�XSUDYD�]D�YRGH��=DJUHE�

.R]DUDF�� =��� 0|ELXV�� '��� $GVRUSWLRQ� RI� VHOHFWHG
ELRJHQLF� PDWHULDO� DQG� SROOXWDQWV� DW� LQWHUIDFHV�
0D\�3ODQFN� ,QVWLWXW� I�U� %LRSK\VLNDOLVFKH� &KHPLH�
*|WWLQJHQ��1MHPDþND�

/HJRYLü�� 7�� �� äXWLü�� 9��� (XWURSKLFDWLRQ� LQ� WKH� .UND
HVWXDU\�� (IIHFW� RI� DQ� DEUXSW� UHGXFWLRQ� RI
DQWKURSRJHQLF� LQSXW� VLQFH� �����
81(6&2�,QWHUQDWLRQDO� 2FHDQRJUDSKLF
&RPPLVVLRQ��3DULV��)UDQFXVND�

/HJRYLü��7���$�PDWKHPDWLFDO�PRGHO� WR�VLPXODWH�DOJDO
EORRPV�� 81(6&2�,QWHUQDWLRQDO� 2FHDQRJUDSKLF
&RPPLVVLRQ��3DULV��)UDQFXVND�

/RYULü�� 0��� )DUDGDLF� UHDFWLRQV� RI� VROLG� SKDVHV�
+XPEROGW�8QLYHUVLWDW��%HUOLQ��1MHPDþND�

0LNDF��1���:DUWHO��0���+UY�)UDQ��ELO��VXU��QD�3URMHNWX�
0HWKRGHV� G
$QDO\VH� HW� (QYLURQPHQW� �5D]YRM� L
SULPMHQD�DQDOLWLþNLK�PHWRGD�X� LVWUDåLYDQMX�RNROLãD�
�����������

7HVNHUHGåLü�� (�� %LRWHKQRORJLMD�� JHQHWLND� L� LVKUDQD� X
DNYDNXOWXUL���%LRWHFKQRORJ\��JHQHWLFV�DQG�QXWULWLRQ
LQ� DTXDFXOWXUH�� 'HSDUWPHQW� RI� )LVKHULHV� DQG
2FHDQV�� :HVW� 9DQFRXYHU� /DERUDWRU\�� :HVW
9DQFRXYHU��&DQDGD

7HVNHUHGåLü�� (�� 7KH� LQIOXHQFH� RI� ELRWLF� DQG� DELRWLF
IDFWRUV� XSRQ� JURZWK�� TXDOLW\� DQG� GLVHDVH� LQ
FXOWXUHG�ZHOV��6LOXUXV�JODQLV��8QLYHUVLW\�RI�$DOERUJ�
'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ�� %LRWHFKQRORJ\
/DERUDWRU\� �$TXDFXOWXUH� VHFWLRQ��� $DOERUJ�
'HQPDUN

7HVNHUHGåLü�� (��� =QDQVWYHQR� VWUXþQD� VXUDGQMD� QD
]GUDVWYHQRM� ]DãWLWL� ULED�� +UYDWVNH� ãXPH�� 5-
5LEQMDþDUVWYR�/LSRYOMDQL��/LSRYOMDQL

7HVNHUHGåLü�� =�� =QDQVWYHQR� SRVORYQD� VXUDGQMD� QD
SURL]YRGQML� KUDQH� ]D� ULEH�� �3ROMRSUHUDGD�� G�G�
=DJUHE��=DJUHE

7HVNHUHGåLü�� =�� =QDQVWYHQR� SRVORYQD� VXUDGQMD� QD
SURL]YRGQML�KUDQH�]D�ULEH��.PHWLMVNL�NRPELQDW�3WXM�
3WXM��6ORYHQLMD

7RPHF�� 0�� =QDQVWYHQR� VWUXþQD� VXUDGQMD� -DYQR
YRGRSULYUHGQR�SRGX]HüH��+UYDWVND�YRGRSULYUHGD��
=DJUHE��+UYDWVND

3RVMHW�LQR]HPQLK�VWUXþQMDND�

9DOHQWLQ� 0LUþHYVNL�� 3ULURGQR� �� PDWHPDWLþNL� IDNXOWHW�
6YHXþLOLãWH� X� 6NRSMX�� 6NRSMH�� 0DNHGRQLMD�� �������
������������L�������������������

.HHV� YDQ� 9HO]HQ�� �(&2� &+(0,(�� 8WUHFKW�8WUHFKW�
1L]R]HPVND��������������������

%UDXQ� *\RUJ\�� ,QVSHNFLMD� ]DãWLWH� -XåQRJ
3UHNRGXQDYOMD�� 3HþXK�� 0D DUVND�� �������
�����������

'RURF]L� /DV]OR� 6DQGRU�� ,QVSHNFLMD� ]DãWLWH� 'RQMHJ
3RGXQDYOMD�%DMD��0D DUVND��������������������

.RYDJR�-R]VHI��,QVSHNFLMD�]DãWLWH�'RQMHJ�3RGXQDYOMD
%DMD��0D DUVND��������������������

/HQJ\HO� 9DUJD� $PDOLD�� ,QVSHNFLMD� ]DãWLWH� 'RQMHJ
3RGXQDYOMD
%DMD��0D DUVND��������������������

6LPRU� -R]VHI�� ,QVSHNFLMD� ]DãWLWH� 'RQMHJ� 3RGXQDYOMD
%DMD��0D DUVND��������������������

6]DWKPDU\� 0DJGDOQD�� ,QVSHNFLMD� ]DãWLWH� -XåQRJ
3UHNRGXQDYOMD
3HþXK��0D DUVND��������������������

9DUDGL� =VROW�� ,QVSHNFLMD� ]DãWLWH� 'RQMHJ� 3RGXQDYOMD
%DMD��0D DUVND��������������������

.DUO� %�� 0D\�� )RUVFKXQJV]HQWUXP�� ,&*���� -�OLFK�
1MHPDþND����������������������������������������

-RKQ�&��6P\WK��5R\DO�=RRORJLFDO�6RFLHW\�(GLQEXUJK�
âNRWVND��������������������

0LFKDHO� +HUPHV�� +XPEROGW� 8QLYHUVLW�W�� %HUOLQ�
1MHPDþND��������������������

$ODLQ� 6DOLRW�� 8QLYHUVLWÊ� 3LHUUH� HW�0DULH� &XULH�� 3DULV�
)UDQFXVND��������������������

9DUDGL� =VROW�� ,QVSHNFLMD� ]DãWLWH� 'RQMHJ� 3RGXQDYOMD
%DMD��0D DUVND��������������������

6RQMD� /RMHQ�� ,QãWLWXW� �-RåHI� âWHIDQ�� /MXEOMDQD�
6ORYHQLMD���������������������������������������

3RORQD� 9UHþD�� 1DUDYRVORYQRWHKQLãND� )DNXOWHWD
/MXEOMDQD��/MXEOMDQD��6ORYHQLMD��������������������

1LYHV� 2JULQF�� ,QãWLWXW� �-RåHI� âWHIDQ�� /MXEOMDQD�
6ORYHQLMD��������������������

)ULW]�6FKRO]��+XPEROGW�8QLYHUVLW�W���%HUOLQ��1MHPDþND�
������������������

*XVWDYH� &DXZHW�� 2EVHUYDWRLUH� RFHDQRORJLTXH�
/DERUDWRLUH� $UDJR�� %DQ\XOV� VXU� PHU�� )UDQFXVND�
��������������������ELODWHUDOQD�VXUDGQMD



���

9HVQD� )ODQGHU�� 1DFLRQDOQL� LQãWLWXW� ]D� ELRORJLMR�
0RUVND� ELRORãND� SRVWDMD� 3LUDQ�� 6ORYHQLMD�� �������
�������������ELODWHUDOQD�VXUDGQMD

+DUDOG� 6WULHJOHU�� 8QLYHUVLWlW� 8OP�
1MHPDþND��8OP��������������������

5RXPHQ� 7VHNRY�� 0D[� 3ODQFN� ,QVWLWXWH� IRU� &ROORLGV
DQG� ,QWHUIDFHV�� )UHLEHUJ�� *HUPDQ\�� �������
�����������

$OHQND�0DOHM��1DFLRQDOQL� LQãWLWXW�]D�ELRORJLMR��0RUVND
ELRORãND� SRVWDMD� 3LUDQ�� 6ORYHQLMD�� �������
�������������ELODWHUDOQD�VXUDGQMD

$ODQ� $SSOHE\�� 8QLYHUVLW\� RI� 'XUKDP
1HZ�-HUVH\��6$'�������������

,YDQ� .REDO�� ,QãWLWXW� �-RåHI� âWHIDQ�
/MXEOMDQD��6ORYHQLMD�������������

-DQMD� 9DXSRWLü�� ,QãWLWXW� �-RåHI� âWHIDQ�
/MXEOMDQD��6ORYHQLMD�������������



���

=$92'�=$�/$6(56.$�,�$7206.$�,675$ä,9$1-$�,
5$=92-
',9,6,21�2)�/$6(5�$1'�$720,&�5(6($5&+�$1'
'(9(/230(17
'U��VF��$QWXQ�3HUãLQ��SUHGVWRMQLN�=DYRGD

8VWURM�=DYRGD
/DERUDWRULM�]D�RSWLNX�L�WDQNH�VORMHYH��GU��VF��$QWXQ�3HUãLQ��YRGLWHOM�ODERUDWRULMD
9LãHQDPMHQVNH�UDGLRQLFH

7DMQLãWYR�� XU LFD�âWHILþLü��GLSO��LQå�

8�RNYLUX�=DYRGD�SURYRGH�VH�LVWUDåLYDQMD�QD�SURJUDPX�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL�

237521,ý.$�,167580(17$&,-$�2%5$0%(1,+
6867$9$

237521,&�,167580(17$7,21�2)�'()(16(�6<67(06
'U��VF��$QWXQ�3HUãLQ��GLUHNWRU�SURJUDPD

7HPD�X�VDVWDYX�SURJUDPD�
2SWURQLþND�LQVWUXPHQWDFLMD�REUDPEHQLK�VXVWDYD��GU��VF��$QWRQ�3HUãLQ��YRGLWHOM�WHPH

3URJUDP�UDGD�

)L]LNDOQR�PRGHOLUDQMH�SRGVXVWDYD�RSWLþNH�WRSQLþNH�JUXSH��2SWLþNL�L�PHKDQLþNL�GL]DMQ�WRSQLþNH�FLOMQLþNH
JUXSH�� $QDOL]D� WROHUDQFLMD� UDþXQDORP�� ,]UDGD� DODWD� ]D� L]UDGX� RSWLþNLK� HOHPHQDWD�� ,]UDGD�PHKDQLþNLK
HOHPHQDWD�� ,QWHJUDFLMD� PHKDQLþNLK� L� RSWLþNLK� HOHPHQDWD�� /DERUDWRULMVNR� LVSLWLYDQMH� L� PMHUHQMH
NDUDNWHULVWLND�� ,]UDGD�SURWRNROD� LQWHJUDFLMH�QD�RUXåMH�� ,]UDGD�SURWRNROD� WHUHQVNLK� LVSLWLYDQMD��7HUHQVND
LVSLWLYDQMD��DQDOL]D�UH]XOWDWD��L]UDGD�SURWRNROD�]D�UD]YRM�

5HVHDUFK�SURJUDPPH�

3K\VLFDO� PRGHOOLQJ� RI� WKH� RSWLFDO� DUWLOOHU\� JURXS� VXEV\VWHP�� RSWLFDO� DQG� PHFKDQLFDO� GHVLJQ� RI� WKH
RSWLFDO�DUWLOOHU\�JURXS��FRPSXWHU�DVVLVWHG�DQDO\VLV�RI�WROOHUDQFHV��0DQXIDFWXULQJ�RI�WRROV�QHFHVVDU\�IRU
SURGXFWLRQ� RI� RSWLFDO� FRPSRQHQWV�� PDQXIDFWXULQJ� RI� PHFKDQLFDO� FRPSRQHQWV�� ,QWHJUDWLRQ� RI
PHFKDQLFDO�DQG�RSWLFDO�FRPSRQHQWV��/DERUDWRU\�WHVWLQJ�DQG�GHWHUPLQDWLRQ�RI�FKDUDFWHULVWLFV��'HVLJQ�RI
WKH�SURWRFRO� IRU� LQWHJUDWLRQ� WR� WKH�ZHDSRQ��'HVLJQ�RI� WKH�SURWRFRO� IRU� WKH� ILHOG� WHVWLQJ��)LHOG� WHVWLQJ�
DQDO\VLV�RI�UHVXOWV�DQG�GHVLJQ�RI�WKH�ILQDO�GHYHORSPHQW�SURWRFRO�

237521,ý.$�,167580(17$&,-$�2%5$0%(1,+�6867$9$
237521,&�,167580(17$7,21�2)�'()(16(�6<67(06
9RGLWHOM�WHPH��GU��VF��$QWRQ�3HUãLQ

6XUDGQLFL�QD�WHPL�

$QWRQ�3HUãLQ��GRNWRU�IL]��]QDQRVWL��YLãL�]QDQVWYHQL�VXUDGQLN
'XQMD�6ROGR�5RXGQLFN\��PDJLVWUD�IL]LNH��DVLVWHQWLFD
9LWRPLU�6WDQLãLü��GLSO��LQå��VWURMDUVWYD�POD L�DVLVWHQW



���

.UHãLPLU�7LVDM��GLSO��LQå��IL]LNH��POD L�DVLVWHQW
+UYRMH�=RUF��GRNWRU�IL]��]QDQRVWL��YLãL�DVLVWHQW

7HKQLþNL�VXUDGQLFL�

1HQDG�$JDWLü��WHKQLþDU
7RPLVODY�/HFKSDPPHU��GLSO��LQå��VWURMDUVWYD
.UHãLPLU�0DMVWRURYLü��WHKQLþDU

2VWDOL�VXUDGQLFL�=DYRGD�/$,5�L]YDQ�3URJUDPD�

9HVQD�-DQLFNL��GLSO��LQå��IL]LNH
-XULFD�'HYþLü��.9�UDGQLN
=GUDYNR�'XQGRYLü��WHKQLþDU
(PLOLMD� XULü��WHKQLþDUND��QD�SRURGLOMVNRP
0DULMDQ�+RUYDWLþHN��WHKQLþDU
-RVR�/RSDF��.9�UDGQLN
6LQLãD�3HFLN��.9�UDGQLN
%RULV�6HYHURYLü��WHKQLþDU
=YRQLPLU�âHOHQGLü��WHKQLþDU
)UDQMR�âSROMDU��9.9�UDGQLN
(GXDUG�âYHJHO��WHKQLþDU
6UHüNR�7UDYDã��LQå�
%UDQNR�8]HODF��.9�UDGQLN
'DPLU�9DYUD��WHKQLþDU

3URJUDP�UDGD�L�UH]XOWDWL�

5DG� QD� LQWHOLJHQWQLP� FLOMQLþNLP� VXVWDYLPD� GRYHR� MH� GR� UD]YRMD� FLOMQLþNH� QDSUDYH� ]D� &RPPDQGR
PLQREDFDþ�NRMD�RUXåMX�RPRJXüXMH��RVLP�SRVUHGQRJ�JD DQMD��L�L]UDYQR�JD DQMH�FLOMHYD�X�YLGQRP�SROMX
SRVOXåLWHOMD��&2&26��

,]UDGD�RSWLþNRJ�L�PHKDQLþNRJ�GL]DMQD�NROLPDWRUVNRJ�FLOMQLND�V�QXPHULþNLP�GLVSOHMRP�]D�&2&26�

5DþXQDOQL�L�PHKDQLþNL�GL]DMQ�RSWLþNRJ�VXVWDYD�WUHQDåHUD�]D�SURWLYRNORSQL�YR HQL�UDNHWQL�VXVWDY�)DJRW�

2SWLþNL�L�PHKDQLþNL�GL]DMQ�GLUHNWQRJ�FLOMQLND�]D�KDXELFX�����'+���L���PP�WRS�0���WH�����PP�07���
SURWLYWHQNRYVNL�WRS

5D]YRM�GYRRVQRJ�VHQ]RUD�]D�SRWUHEH�&2&26�D�

5HVHDUFK�SURJUDPPH�DQG�UHVXOWV�

:RUN� RQ� WKH� LQWHOOLJHQW� DLPLQJ� GHYLFHV� KDV� OHG� WR� WKH� GHYHORSPHQW� RI� WKH� DLPLQJ� GHYLFH� IRU� WKH
&RPPDQGR�PRUWDU��ZKLFK�PDNHV�SRVVLEOH��EHVLGHV�WKH�VWDQGDUG�LQGLUHFW�DLPLQJ��DOVR�GLUHFW�DLPLQJ�DW
WKH�WDUJHWV�

2SWLFDO�DQG�PHFKDQLFDO�GHVLJQ�RI�WKH�FROOLPDWLQJ�DLPLQJ�GHYLFH�ZLWK�WKH�QXPHULF�GLVSOD\�IRU�&2&26�

&RPSXWHU�GHVLJQ�DQG�PHFKDQLFDO�GHVLJQ�RI�WKH�RSWLFDO�V\VWHP�WUDLQHU�RI�WKH�DQWL�DUPRXU�URFNHW�V\VWHP
)DJRW�

2SWLFDO�DQG�PHFKDQLFDO�GHVLJQ�RI�WKH�GLUHFW�DLPLQJ�GHYLFH�IRU�WKH�KRZLW]HU�����'+���DQG�WKH����PP
JXQ�0����DV�ZHOO�DV�IRU�WKH�07����DQWL�WDQN�JXQ�

'HYHORSPHQW�RI�WKH�WZR�D[LV�VHQVRU�IRU�&2&26�



���

35,/2=,

=QDQVWYHQL� UDGRYL� REMDYOMHQL� X
þDVRSLVLPD�NRML�VX�LQGHNVLUDQL�X�&XUUHQW
&RQWHQWV�X�

��� 7XUNRYLü�� $��� =RUF�� +��� .RQWUHF�� '��� 9UDQHãD� 9�
&RPSDUDWLYH� VWXG\� RI� RUJDQR�PHWDOOLF� G\HV� DQG
IXOOHUHQHV� LQ� G\H�VHQVLWLVHG� 7L2�� VRODU� FHOOV�
6WURMDUVWYR�� ��� �������� �������� �WLVNDQR� X
�����J���

5DGRYL�REMDYOMHQL�X�RVWDOLP�þDVRSLVLPD�

��� 'RNR��0���âYDUF�$���-XULQ��0���%RURYLü��6���=RUF�
+�� 7KH� UROH� RI� OLJKW� LQWHQVLW\�� LUUDGLDWLRQ� WLPH� DQ
SKRWRDFWLYH� VXEVWDQFH� FRQFHQWUDWLRQ� LQ
SKRWRG\QDPLF�WKHUDS\�LQ�SUHFOLQLFDO�UHVHDUFK��$FWD
0HGLFD�&URDWLFD������������������

��� âYDUF��$���-XULQ��0���%RURYLü��6���=RUF��+���'RNR�
0��$�PDWKHPDWLFDO�PRGHO�IRU�WKH�HIIHFW�RI�UHG�OLJKW
SHQHWUDWLRQ� GHSWK� RQ� WXPRU� JURZWK�� $FWD� PHGLFD
&URDWLFD���������������������WLVNDQR�X������J���

5DGRYL�REMDYOMHQL�X�]ERUQLFLPD�VNXSRYD�

��� =RUF�� +��� -DQLFNL�� 9��� 3HUãLQ�� $�� $� TXHVW� IRU
FRQYHQLHQW� SURFHGXUHV� LQ� GHVLJQLQJ� RI� QDUURZ
EDQG�UHIOHFWRU�FRDWLQJV��([WHQGHG�$EVWUDFWV�RI��WK
-RLQW� 9DFXXP� &RQIHUHQFH� �� %RKDWND�� 6�� �XU���
'HEUHFHQ�� 0D DUVND� �� +XQJDULDQ� 1DWLRQDO
&RPPLWHH�RI�,8967$����������������

1DVWDYD�QD�SRVOLMHGLSORPVNRP�VWXGLMX�

2SWRHOHNWURQLND�VXVWDYD�]D�YR HQMH
3UHGDYDþ��3HUãLQ��$�
3RVOLMHGLSORPVNL� VWXGLM�� 9R HQMH� L� XSUDYOMDQMH
SRNUHWQLK� REMHNDWD�� 6YHXþLOLãWH� X� =DJUHEX�� ãN�� JRG�
��������

=QDQVWYHQR� LOL� VWUXþQR� XVDYUãDYDQMH� X
LQR]HPVWYX�

=RUF��+���2PHJD�2SWLFDO� ,QF���%UDWWOHERUR��97��6$'�
�������������������������

,VWUDåLYDQMH� L� UD]YRM� LRQVNL� DVLVWLUDQH� GHSR]LFLMH
RNVLGQLK�WDQNLK�VORMHYD

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

��WK�-2,17�9$&880�&21)(5(1&(
'HEUHFHQ��0D DUVND���������������

3ULORJ�

��� =RUF�� +��� -DQLFNL�� 9��� 3HUãLQ�� $�� $� TXHVW� IRU
FRQYHQLHQW� SURFHGXUHV� LQ� GHVLJQLQJ� RI� QDUURZ
EDQG�UHIOHFWRU�FRDWLQJV��SRVWHU�

6XGMHORYDQMH� X� UDGX� PH XQDURGQLK
RUJDQL]DFLMD�

=RUF��+���6DVWDQDN�]QDQVWYHQRJ�RGERUD�NRQIHUHQFLMH
���WK� -2,17� 9$&880� &21)(5(1&(��� þODQ
]QDQVWYHQRJ� RGERUD� NRQIHUHQFLMH�� %XGLPSHãWD�
0D DUVND���������RåXMDN������

6XUDGQMD�V�GUXJLP�XVWDQRYDPD�

7RSQLþND� FLOMQLþND� JUXSD�� 0LQLVWDUVWYR� REUDQH
5HSXEOLNH�+UYDWVNH

&LOMQLþND� QDSUDYD� &1���� 0LQLVWDUVWYR� REUDQH
5HSXEOLNH�+UYDWVNH

2SWLþNL� EORN� WUHQDåHUD� 0DOMXWNH� L� )DJRWD�� )DNXOWHW
(OHNWURWHKQLNH�L�UDþXQDOVWYD



���
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Tema izvan programa i izvan Zavoda 
 

VIZUALNA SUČELJA I TEHNOLOGIJA PRIJENOSA ZNANJA 
VISUAL INTERFACES AND KNOVVLEDGE TRANSFER TECHNOLOGY 
dr. sc. Karolj Skala, voditelj teme 
 
 
Suradnici na temi: 

Amir Dubravić, magistar elektr.znanosti, znanstveni asistent Darko 
Kolarić, magistar elektr. znanosti, znanstveni asistent Karolj Skala, 
doktor elektr. znanosti, viši znanstveni suradnik 
 

Suradnici iz drugih ustanova: 

Damir Boraš, Filozofski fakultet, Zagreb 
 
 
Program rada i rezultati: 

Hipermedij kao globalni informacijski prostor zadire u sva područja ljudskoga življenja, otvarajući nove mogućnosti i 
razvojne pravce. Sustav komunikacije i prijenosa znanja, kao civilizacijska tekovina, doživljava pragmatični zaokret 
u činjenici da vizualno sučelje se protežu u beskonačnosti. Upravo, temeljem te činjenice, najveća pozornost u 
projektnom istraživačkom radu se posvećuje adaptivnom modeliranju 3D vizualnog sučelja, prema današnjim 
svjetskim VR spoznajama. To sučelje obuhvaća razne kognitivne stilove za određivanje različitih putova kojima 
pojedinac obrađuje informacije, uključujući opažanje, spremanje, preobrazbu i upotrebu informacija, koje nudi 
okruženje. Polazeći od činjenice da je vizualno sučelje grafička nadogradnja komandne linije, prepoznaje se 
važnost u smislu adaptabilnosti, interaktivnosti i cjelovite učinkovitosti tog višedimenzionalnog hipermedijskog 
podsustava. Istraživanje obuhvaća modeliranje nove generacije visokoučinkovitih, adaptivno-višedimenzionalnih 
hipermedijskih sučelja, prema VRML određenjima. Spajanjem nove računalne grafičke i komunkikacijske 
tehnologije ostvaruju se pretpostavke za razvoj nove komunikacijsko prijenosne tehnologije u realnom vremenu. To 
navodi na mogućnost oblikovanja nove generacije prijenosa pomoću predstavljanja virtualnih dinamičkih svjetova 
sa realnim kinematičkim elementima. Razvija se novi model, način pa i tehnologija interaktivnog prikaza informacija 
(Virtual Reality VVebcasting) i događaja u novom okruženju, što omogućuje hipermedijsko informacijsko 
posluživanje. 

U sklopu projekta istraživane su značajke sučelja i mogućnosti primjene adaptabilnosti kod izvedbe 3D virtualnih 
sučelja u hipermedijskom okruženju. Sustavnim istraživanjima i razvojnim radom oblikovana je treća generacija 
prijenosa događanja preko računalne mreže s naznakom primjene integracije generičnih informacijskih tehnologija. 
Metoda multimedijskog prijenosa VR modelom u realnom vremenu, uz integraciju s drugim Internet servisima, 
predstavlja optimalno rješenje za računalne komunikacijske mogućnosti i potrebe na niskim brzinama prijenosa. 
Ove tehnologije VR web prijenosa u obliku žive virtualne slike, izravno će ući kao sastavni dio komuniciranja kod 
nastajućeg informacijskog društva. Istraživanjem i razvojem u sklopu projekta se ostvaruje razvoj višekorisničkog 
svijeta pomoću tehnologije preslikavanja objekta po položajnim koordinatama u 3D VRML datoteku a u svrhu 
stvaranja optimalnih grafičkih i komunikacijskih uvjeta za nov način VWW prijenosa (Virtual VVorld VVebcasting). 

Na projektu su stečena iskustva i nove spoznaje na prestavljanju nove generacije VR webcastinga, kao određenje 
svojstvenog modela novog medija koji identificira i originalnu arhitekturu za podršku značajnog online 
hipermedijskog posluživanja na Internetu. To je postignuto koristeći VR prikazivanje, temeljene na VRML [Virtual 
Reality Modelling Language) koja postaje standard za primjene u hipermedijskim okruženjima. Trodimenzionalni 
VR postaje novi princip adaptabilno interaktivnih vizualnih sučelja s velikim napretkom u razvoju i proširenju 
komunikacijskog odnosa čovjeka s hipermedijem. Ona je poslužila kao temeljna prikazna tehnika na koju su 
nadovezane druge multimedijske tehnike (video, animacija, grafika, audio, tekst . )  te se tako ostvaruje integralna 
tehnologija suvremenog web prijenosa u realnom vremenu. 

Izvedene su pogodnosti ovog načina prijenosa (VR webcastinga) koji se očituju u mogućnostima praćenja 
prijenosa i u okolnostima vrlo niske propusnosti mreže (uobičajena modemska brzina 28.8 kbps). Nadalje, VRML 
datoteka se prijenosi u sažetom obliku (umanjena i do 10 puta), tako da njezina 



prosječna veličina iznosi oko 50 kB. Isto tako, značajno je da se teksture slika prenose samo jedanput, dok se za 
naknadno korištenje pozivaju iz cache memorije klient računala. Značajno je istaknuti prednost što se ne mora biti 
u neposrednoj blizini događaja radi ostvarivanja prijenosa, jer se na licu mjesta formira samo kinematička baza 
podataka dok se integralni VR webprijenos oblikuje i odašilje u mrežu kod prvog ATM čvora. Tako se ostvaruje 
prijenos bez klasičnog vizualnog doticaja, kao što je to slučaj kod uobičajenog video prijenosa. 

Zacijelo se razvija novi model, način pa i tehnologija interaktivnog prikaza informacija VWW i događaja u novom 
okruženju, što omogućuje hipermedijsko informacijsko posluživanje. Za daljnji razvoj se predviđa implementacija 
GIS - VRML translatora, i automatsko formiranje kinematičke baze podataka sa ulaznim podacima od GPS-a. 
 
 
Research programme and results: 

Hvpermedia is a space for global information that penetrates into ali areas of human life, opening up new 
opportunities and lines for development. Technologv for communication and transfer of knovvledge, as developed 
through the centuries, is going through a pragmatic revolution since the visual interface extends into infinitv. 
Actuallv, because of this fact, most research attention has been paid to adaptive modelling of a 3D visual interface 
according to the state of world VR (Virtual Realitv) knovvledge. This interface includes various cognitive styles for 
determining different ways by vvhich an individual vvould process the information, including the cognisance, 
storage, transformation and use of information offered by the environment. Assuming the fact that the visual 
interface is a graphic superstructure of the command line, the importance of this multidimensional hypermedia 
subsystem with respect to its adaptability, interactivity and integrated efficacy can be seen. Research embraces 
modelling of a new generation of highly efficient, adaptively multidimensional hypermedia interfaces according to 
VRML (Virtual Reality Modelling Language) characteristics. In the combination with new computer graphic and 
communication technology, the premises for the development of new real-time communication and transfer 
technology have been established. This suggests the possibility of forming a nevv generation of transfers via the 
presentation of virtual dynamic vvorlds vvith real cinematographic elements. A nevv model, manner and 
technology for interactive information display (Virtual Reality VVebcasting) and events in a nevv surrounding are 
being developed, thus making possible the hypermedia information to serve. 

VVithin this research project, the characteristics of interface and the possibility of adaptability application vvith the 
creation of 3D virtual interfaces in a hypermedia environment have been investigated. By systematic research and 
development work, a third generation of event transfer through the computer netvvork vvith an indication of the 
application of generic information-technology integration has been formed. Multimedia transfer by a real time VR 
model method, vvith the integration of other Internet services, represents an optimal solution for computer 
communication possibilities and needs at lovver transfer speeds. These VR web transfer technologies in a shape 
of live virtual image will enter the emergent information society as component parts of communication. Research 
and development vvithin the project has established a multi-user vvorld by means of of copying the objects on 
position co-ordinates to a 3D VRML file so as to create optimal graphics and communication for a nevv manner of 
VWW transfer (Virtual VVorld VVebcasting). 

Nevv experiences and knovvledge of presenting a nevv generation VR VVebcasting have been acquired, thus 
featuring a characteristic nevv media model vvhich also identifies an original architecture for the support of 
significant on-line hypermedia serving on the Internet. This has been achieved using the VR presentation, based 
on VRML, vvhich is becoming a standard for the applications in hypermedia environments. Three-dimensional VR 
is becoming a nevv principle of adaptable interactive visual interfaces vvith great progress in development and the 
expansion of human-communication relation vvith the hypermedia. It serves as a basic display technology to 
vvhich a number of other multimedia techniques (video animation, graphics, audio, text...) are adjoined, and thus 
an integral technology of contemporary real time web transmission is created. 

The advantages of this manner of transfer (VR VVebcasting) manifested in capabilities of follovving transfers in 
circumstances of very low netvvork permeability (usual modem speed of 28.8 kbps) are derived. Further, a VRML 
file is transmitted in a compressed form (reduced ten times the siže) so that its average siže comes to about 50 
kB. It is important to note that the textures of the image are transferred only once, vvhereas in subsequent use 
they are called up from the cache memory of the client computer. Further, it has an important advantage: it is not 
necessary to be in direct vicinity of the event for transfer to be achieved because only a cinematic data base is 
formed on the spot, vvhereas integral VR VVebcasting is formed and transmitted into the netvvork at the first ATM 
node/. Thus, the transfer is achieved vvith no classical visual contact as in the case of ordinary video transfer.
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Certainly, a new model is being developed, as well as a manner and technology of interactive display 
of VRW information and events in a new environment, thus allovving the hypermedia information to 
serve. For subsequent development, the implementation of GIS-VRML translator is anticipated, as 
well as the automatic formation of kinematics data base with input data from GPS. 
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]QDQVWYHQD�]YDQMD�QD�MRã����UDGQLK�PMHVWD�]QDQVWYHQLND�QD���SURJUDPD�WUDMQH�LVWUDåLYDþNH�GMHODWQRVWL
L���]QDQVWYHQRLVWUDåLYDþNH�WHPH�

1D�UDVSLVDQH�QDWMHþDMH�VH�MDYLOR�����]QDQVWYHQLND��=QDQVWYHQR�YLMHüH�MH�]D�VYDNRJ�SULVWXSQLND
GRQLMHOR� RGOXNX� R� LPHQRYDQMX� VWUXþQRJ� SRYMHUHQVWYD�� D� ]D� SULVWXSQLNH� NRML� VX� VH� MDYLOL� X� YLãH
]QDQVWYHQR�]YDQMH�L�RGOXNX�R�LPHQRYDQMX�LQR]HPQLK�UHFHQ]HQDWD��8SUDYD�MH�SULSUHPLOD�VYH�QDYHGHQH



���

RGOXNH� L� PDWHULMDOH� SULVWXSQLND� SURVOLMHGLOD� VWUXþQLP� SRYMHUHQVWYLPD� L� LQR]HPQLP� UHFHQ]HQWLPD�� 3R
SULPLWNX� L]YMHãüD�VWUXþQRJ�SRYMHUHQVWYD� L� LQR]HPQLK�UHFHQ]HQDWD�PDWHULMDOL�SULVWXSQLND�VH�GRVWDYOMDMX
=QDQVWYHQRP�SRGUXþQRP�YLMHüX�0LQLVWDUVWYD�]QDQRVWL�L�WHKQRORJLMH��=D�SULVWXSQLNH�]D�NRMH�,QVWLWXW�QLMH
RYODãWHQ� XWYUGLWL� LVSXQMDYDMX� OL� XYMHWH� ]D� L]ERUH� X� ]YDQMD� QDSLVDQH� VX� RGOXNH� R� LPHQRYDQMLPD
SUHGVWDYQLND� ,QVWLWXWD� X� YLMHüD� RYODãWHQLK� XVWDQRYD� L�PDWHULMDOL� SULVWXSQLND� VX� GRVWDYOMHQL� RYODãWHQLP
XVWDQRYDPD�

8�VYLEQMX�������JRGLQH�0LQLVWDUVWYR� ]QDQRVWL� L� WHKQRORJLMH� MH� UDVSLVDOR� QDWMHþDM� ]D� SRWLFDMQH
SURMHNWH� ]D� PODGH� ]QDQVWYHQLNH�� 8SUDYD� MH� SUHJOHGDOD� L� SURVOLMHGLOD� X� 0LQLVWDUVWYR� ]QDQRVWL� L
WHKQRORJLMH����SURMHNWD�PODGLK�]QDQVWYHQLND�NRML� LPDMX�NRPSOHPHQWDUQL�NDUDNWHU�X�RGQRVX�QD�UDG�QD
SURJUDPX�X�NRML�MH�SULVWXSQLN�XNOMXþHQ�

8SUDYD�MH�SULSUHPLOD�]DKWMHY�0LQLVWDUVWYX�]QDQRVWL� L�WHKQRORJLMH�]D�GRGMHOX�ILQDQFLMVNH�SRPRüL
NRG�QDEDYNH�YHOLNH�RSUHPH�UD]YUVWDQH�SUHPD�SULRULWHWLPD�X�MHGLQLFH�RG�UHSXEOLþNRJ�]QDþDMD��RSUHPX
RG�LQWHUHVD�]D�FLMHOL� ,QVWLWXW� L�RVWDOH�]DKWMHYH�]D�QDEDYNX�RSUHPH�]D�UDG�QD�SURJUDPLPD��=DKWMHYX� MH
SULORåHQR����NRPSOHWD�GRNXPHQWDFLMH�V�SRWUHELWLP�REUD]ORåHQMLPD�]D�VYDNL�RG�QDYHGHQLK�SULRULWHWD�

3UDYLOQLNRP�R�RVQRYDPD�ILQDQFLUDQMD�]QDQVWYHQRLVWUDåLYDþNLK�LQVWLWXWD�SURSLVDQD�MH�UDVSRGMHOD
SULKRGD� ,QVWLWXWD� RVWYDUHQLK� QD� WUåLãWX� RG� REDYOMDQMD� YODVWLWH� GMHODWQRVWL�� 8SUDYD� MH� RUJDQL]LUDOD
SURYR HQMH�UDVSRGMHOH�L�NRQWUROX�NRULãWHQMD�WLK�SULKRGD�

7HPHOMHP� XJRYRUD� R� UDGX� QD� SURJUDPLPD� WUDMQH� LVWUDåLYDþNH� GMHODWQRVWL� L
]QDQVWYHQRLVWUDåLYDþNLP�WHPDPD�NRML�VX�VNORSOMHQL�V�0LQLVWDUVWYRP�]QDQRVWL�L�WHKQRORJLMH�SRVORYDQMH�MH
RUJDQL]LUDQR�QD�QDþLQ�GD�VH�RVLJXUD�]DVHEQD� ILQDQFLMVND�GRNXPHQWDFLMD�]D�VYDNL�SURJUDP� L�SRMHGLQX
WHPX�XQXWDU�SURJUDPD�V�RJUDQLþHQMLPD�X�UDVSRGMHOL�VUHGVWDYD�SURSLVDQLP�XJRYRULPD��3UHPD�]DVHEQRM
ILQDQFLMVNRM�GRNXPHQWDFLML�NRMD�MH�YR HQD�VXNODGQR�REYH]DPD�L]�XJRYRUD�R�UDGX�QD�SURJUDPLPD�WUDMQH
LVWUDåLYDþNH�GMHODWQRVWL�L�]QDQVWYHQRLVWUDåLYDþNLP�WHPDPD�8SUDYD�MH�SULSUHPLOD�SRGDWNH�]D�ILQDQFLMVNR
L]YMHãüH�NRMH�VX�GLUHNWRUL�SURJUDPD�SRGQLMHOL�0LQLVWDUVWYX�]QDQRVWL�L�WHKQRORJLMH�

7LMHNRP�������JRGLQH�,QVWLWXW�MH�SRVORYDR�SR]LWLYQR�L�RVWYDULR�YLãDN�SULKRGD�QDG�UDVKRGLPD�

8�2GVMHNX�]DãWLWH�QD�UDGX�RUJDQL]LUDQ�MH� L�SURYR HQ�VXVWDY�PMHUD�]DãWLWH�QD�UDGX�X�VNODGX�V
RGUHGEDPD�=DNRQD�R�]DãWLWL�QD�UDGX��7LMHNRP�������QLMH� UHJLVWULUDQD�QL� MHGQD� WHåD�SRYUHGD�QD�UDGX�
2EDYOMDQL� VX� SRVORYL� XQXWDUQMHJ� QDG]RUD� QDG� SURYHGERP� SUHYHQWLYQLK�� =DNRQRP� SURSLVDQLK� PMHUD
]DãWLWH�RG�SRåDUD�L�SRVORYL�XQXWDUQMHJ�QDG]RUD�QDG�SURYHGERP�PMHUD�]DãWLWH�RG�LRQL]LUDMXüLK�]UDþHQMD�
8�VXUDGQML�V�0H XQDURGQRP�DJHQFLMRP�]D�DWRPVNX�HQHUJLMX��,$($�� L]�%HþD� L�$JHQFLMRP�]D�SRVHEQL
RWSDG�RUJDQL]LUDQR�MH�VDNXSOMDQMH�VYLK�5D�����L]�+UYDWVNH�L�QMLKRYR�NRQGLFLRQLUDQMH��]D�RNROLã�VLJXUQR
SRKUDQMLYDQMH�L�VNODGLãWHQMH���.RQGLFLRQLUDQMH�5D�����QDG]LUDOL�VX�L�SR]LWLYQR�RFLMHQLOL�VWUXþQMDFL�,$($�
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7DEOLFD����]DSRVOHQL�X� LQVWLWXWX��5X HU�%RãNRYLü��]D�NRMH�VH�SODüH�RVLJXUDYDMX�X�SURUDþXQX
5HSXEOLNH�+UYDWVNH�QD�GDQ������������

7DEOLFH��D�L��E��IOXNWXDFLMD�]DSRVOHQLK�X�LQVWLWXWX��5X HU�%RãNRYLü��X�������JRGLQL
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.1-,ä1,&$
9RGLWHOMLFD�.QMLåQLFH��PU�VF��-DGUDQND�6WRMDQRYVNL

'MHODWQLFL�

9HVQD�%RULü��GLSO��LQå��ELRORJLMH��GLSO��ELEO���YLãD�ELEOLRWHNDUND
0DULMR�&LNDYLü��LQIRUPDWLþDU��RG������������GR�������������
9LãQMD�*UDþDQ�3USLü��NQMLåQLþDUND
7RPLVODY�-DNRSOLü��NQMLåQLþQL�SRPRüQLN
6RILMD�.RQMHYLü��GLSO��LQå��DJURQRPLMH��GLSO��ELEO���ELEOLRWHNDUND
0LUMDQD�0LKDOLü��GLSO��LQå��ãXPDUVWYD��ELEOLRWHNDUND
-DJRGD�0XQLü��GLSO��LQå��ELRORJLMH��ELEOLRWHNDUND
-DGUDQND�6WRMDQRYVNL��PDJLVWUD�LQI��]QDQRVWL��YRGLWHOMLFD�NQMLåQLFH
$OHNVDQGDU�9DVLOMHYLü��NQMLåQLþQL�SRPRüQLN

6OXåED�IRWRNRSLUDQMD� 'XEUDYND�/HYDN
9HUD�6WUPRWLü��JUDILþND�WHKQLþDUND

)RWRODERUDWRULM� -RVLS�8KUO��IRWRJUDI

7LMHNRP� ������ JRGLQH� .QMLåQLFD� ,5%�D� MH� ELOD� YRGLWHOM� L� NRRUGLQDWRU� � GYD� ]QDþDMQD� SURMHNWD� SUL
0LQLVWDUVWYX�]QDQRVWL�L�WHKQRORJLMH�L�&$51HW�X�

��� �6XVWDY�]QDQVWYHQLK� LQIRUPDFLMD�5+� �� WHPDWVNL�SRGVXVWDY�3ULURGRVORYOMH�� NRML� MH� X� ������ JRGLQL
REMHGLQMDYDR�UDG�GHYHWQDHVW�NQMLåQLFD� L]�SRGUXþMD�SULURGRVORYOMD��NRRUGLQLUDR� LQIRUPDWL]DFLMX�NQMLåQLFD�
WH� L]JUDGQMX� ED]D� SRGDWDND� PRQRJUDIVNLK� L� VHULMVNLK� SXEOLNDFLMD�� NDR� L� SUHWUDåLYDQMH� ED]D� L� RVWDOLK
UHOHYDQWQLK�LQIRUPDFLMD�SUHNR�:HE�D��KWWS���QLSSXU�LUE�KU�SULURGR���WH

���&HQWDU�]D�RQOLQH�ED]H�SRGDWDND��&$51HW�X��NRML�MH�EULQXR�R�ED]DPD�&XUUHQW�&RQWHQWV��0HGOLQH�L
&RUH� %LRPHGLFDO� &ROOHFWLRQ�� PUHåQRP� SURJUDPX� ]D� SUHWUDåLYDQMH� 2YLG� L� RSVOXåLYDR� ����� NRULVQLND
ãLURP� +UYDWVNH� �KWWS���ED]H�LUE�KU��� D� VXGMHORYDOD� MH� L� X� PH XQDURGQRP� SURMHNWX� 'HXWVFKHV
%LEOLRWKHNVLQVWLWXW�L]�%HUOLQD�

��� .RRSHUDWLRQ�]ZLVFKHQ�GHXWVFKHQ�ZLVVHQVFKDIWOLFKHQ�%LEOLRWKHNHQ�XQG�ZLVVHQVFKDIWOLFKHQ
%LEOLRWKHNHQ� LQ� 0LWWHO�� XQG� 2VWHXURSD�� XQXWDU� NRMHJ� VPR� QDVWDYLOL� VXUDGQMX� V� QDãRP� SDUWQHU�
NQMLåQLFRP�8QLYHUVLWlWVELEOLRWKHN��5XKU�8QLYHUVLWlW�%RFKXP��.DR�MHGDQ�RG�VHJPHQDWD�SURMHNWD�L�GDOMH
GRELYDPR� QL]� þDVRSLVD� QMHPDþNLK� L]GDYDþD�� D� UDQLMH� GRELYHQX� UDþXQDOQX� RSUHPX� L� GDOMH� NRULVWLPR�
5HGRYQR� GRELYDPR� L� ED]H� SRGDWDND� QD� &'� 520�RYLPD� �QMHPDþNX� QDFLRQDOQX� ELEOLRJUDILMX�� WH
FHQWUDOQL�NDWDORJ�SHULRGLNH�QMHPDþNLK�NQMLåQLFD��

.RULVWHüL� ELEOLRWHþQL� VHUYHU� QLSSXU�LUE�KU� NQMLåQLFD� L� GDOMH� XVSMHãQR� VDPD� L]UD XMH� L� RGUåDYD� :::
SRVOXåLODF��KWWS���QLSSXU�LUE�KU��SUHNR�NRMHJ�QXGL�NRULVQLFLPD�PRJXüQRVW�SUHWUDåLYDQMD�ED]D�SRGDWDND
NQMLJD��RNR�������MHGLQLFD���þDVRSLVD��NRPSOHWQL�SRGDFL�RG�������GR�������JRGLQH�� WH�ED]D�NDWDORJD
VWDULMHJ� IRQGD��� ELEOLRJUDILMH� UDGRYD� ,5%�D�� WH�PDJLVWDUVNLK� L� GRNWRUVNLK� UDGRYD�� 1D�:HE� VWUDQLFDPD
.QMLåQLFH�� SULVXWDQ� MH� UHGRYQR� WMHGQL� NDOHQGDU� ]ELYDQMD� QD� ,QVWLWXWX�� QRYRVWL� L]� .QMLåQLFH�� UD]QH
IRWRJUDILMH�� NDR� L� YH]H� QD� VYH� UHOHYDQWQH� L]YRUH� LQIRUPDFLMD� YH]DQH� X]� SRGUXþMH� SULURGRVORYOMD� L
ELRPHGLFLQH�

.QMLåQLFD� ,5%�D� VPMHãWHQD� MH� QD� SHW� ORNDFLMD� �þHWLUL� X� =DJUHEX� L� MHGQD� X� 5RYLQMX��� 8� JRGLQL� �����
NQMLåQLFD� MH�REUDGLOD�����QRYLK�QDVORYD�NQMLJD��RG�þHJD�MH�NXSQMRP�QDEDYOMHQR�VYHJD�������D�QD� OLVWL
SUHWSODWH� þDVRSLVD�QDOD]LOR� VH� ����QDVORYD�� RG� þHJD� MH� SRWSRURP�0LQLVWDUVYD� ]QDQRVWL� L� WHKQRORJLMH
QDEDYOMHQR�����QDVORYD��D�RVWDWDN�MH�,QVWLWXW�QDEDYLR�YODVWLWLP�VUHGVWYLPD�

8�VNORSX�NQMLåQLFH�GMHOXMH�WDNR HU�L�VOXåED�IRWRNRSLUDQMD�X�,9�NULOX��NDR�L�IRWRODERUDWRULM�
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5DGRYL�X�RVWDOLP�þDVRSLVLPD�

6WRMDQRYVNL�� -�� $� PRGHO� RI� &URDWLDQ� QDWXUDO
VFLHQFHV� LQIRUPDWLRQ� V\VWHP�� ,QIRUPDWLN
)RUXP������������������

6WRMDQRYVNL��-���6UDJD��'��.QMLåQLþDUVND�VWUXND
X� VYMHWOX� QRYLK� LQIRUPDFLMVNLK� WHKQRORJLMD�
9MHVQLN� ELEOLRWHNDUD� +UYDWVNH�� ��������� ��
������������WLVNDQR�X�������J���

0DJLVWDUVNL�UDG�

6WRMDQRYVNL�� -�� 9LUWXDOQH� NQMLåQLFH�� 3ULPMHU
3ULURGRVORYOMD�X�5+���PDJLVWDUVNL�UDG��9DUDåGLQ
��3RVOLMHGLSORPVNL�VWXGLM�LQIRUPDFLMVNLK�]QDQRVWL�
6YHXþLOLãWH� X� =DJUHEX�� ������������� ���� VWU��
YRGLWHOM��3UHORJ��1�

3UHGDYDQMD�L�UHIHUDWL�QD�NRQJUHVLPD�

86� $*5,&8/785$/� ,1)250$7,21
1(7:25.� �� ,17(51$7,21$/�
$662&,$7,21� 2)� $*5,&8/785$/
,1)250$7,21� 63(&,$/,676�� -2,1
&21)(5(1&(
����������������7XFVRQ��$UL]RQD��6$'
3ULORJ�
��� .H]Lü��1���6WRMDQRYVNL��-��&URDWLDQ�1DWXUDO

6FLHQFHV� ,QIRUPDWLRQ� 6\VWHP�� $JULFXOWXUH�
SRVWHU
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5$ý81$/1,�&(17$5
9RGLWHOM�&HQWUD��GU�VF��5DGRYDQ�%UDNR

'MHODWQLFL�

0DUNR�=HF��GLSO��LQå��HOHNWURWHKQLNH��GR������������
.UHãLPLU�âSDUDYHF��GLSO��LQå��HOHNWURWHKQLNH��RG������������
5DGRYDQ�%UDNR��GRNWRU�IL]��]QDQRVWL�

3URJUDP�UDGD�

2GUåDYDQMH�� XQDSUH LYDQMH� L� UD]YRM� LQVWLWXWVNLK� UDþXQDOD� L� UDþXQDOQH� PUHåH�� 7R� XNOMXþXMH� ]DMHGQLþND
UDþXQDOD�]D�LQIRUPDFLMVNH�VHUYLVH��]D�QXPHULþNR�UDþXQDQMH�L�HOHNWURQVNX�SRãWX��WH�ORNDOQX�PUHåX�L�PUHåQX
RSUHPX�QD�,QVWLWXWX��QD�NRMX�VX�SRYH]DQD�RVREQD�UDþXQDOD�L�VHUYHUL�SR�]DYRGLPD�L�ODERUDWRULMLPD��1DGDOMH�
RVLJXUDQMH�L�RGUåDYDQMH�YH]H�V�LQVWLWXFLMDPD�L]�JUXSDFLMH�SULURGQLK�]QDQRVWL�QD�+RUYDWRYFX��WH�SRYH]LYDQMH
V� PUHåRP� &$51HW� L� VD� VYMHWVNLP� PUHåDPD�� 2GUåDYDQMH� HOHNWURQVNH� SRãWH�� LPSOHPHQWDFLMD� L� UD]YRM
VRIWYHUD��WH�RVWDOH�GMHODWQRVWL�YH]DQH�]D�XQDSUH HQMH�SULPMHQH�UDþXQDOD�X�]QDQRVWL�

3ULND]�L]YUãHQRJ�UDGD�

5DþXQDOD�L�UDþXQDOQD�PUHåD�NRMH�RGUåDYD�5DþXQDOQL�FHQWDU�UDGH�WRNRP�FLMHOH�JRGLQH��L�YRGL�VH�UDþXQD�GD
SUHNLGL�]ERJ�RGUåDYDQMD��NYDURYD��SUHNLGD�QDSDMDQMD�L�VO��EXGX�ãWR�NUDüL��8�GUXJRM�SRORYLFL�JRGLQH�MH�VHUYLV
HOHNWURQVNH�SRãWH�SUHEDþHQ�QD�UDþXQDOR�'(&�$OSKD6WDWLRQ��NRMH�MH�]QDWQR�VXYUHPHQLMH�L�EUåH�RG�UDþXQDOD
9$;� VHUYHU� ����� SRG� RSHUDFLMVNLP� VXVWDYRP� 906� NRMH� VH� NRULVWLOR� SULMH� WRJD�� .RQFHP� JRGLQH� MH
REXVWDYOMHQ�UDG�QD�VWDURP�UDþXQDOX�9$;�]ERJ�NYDUD��.DR�JODYQR�UDþXQDOR�]D� LQIRUPDFLMVNH�VHUYLVH� L� ]D
QXPHULþNR� UDþXQDQMH� VH� L� QDGDOMH� NRULVWL� VHUYHU� +3� ����*���� 1DþLQMHQ� MH� SULMHGORJ� ]D� QDEDYX� QRYRJ
YLãHSURFHVRUVNRJ�VHUYHUD��DOL�0LQLVWDUVWYR�]QDQRVWL�L�WHKQRORJLMH�QLMH�RGREULOR�ILQDQFLUDQMH�X�������JRGLQL�
2VLP� WRJD��5DþXQDOQL�FHQWDU�RGUåDYD� L� SUR[\�VHUYHU� ]D�+773�SURWRNRO�� WH�'16� LPHQLþNL� VHUYHU� L� RVWDOH
QHRSKRGQH�PUHåQH�VHUYLVH�

1D� ORNDOQX�PUHåX�QD� ,QVWLWXWX� YH]DQR� MH� SUHNR� WUL� VWRWLQH� UDþXQDOD�� SUHWHåQR�RVREQLK� UDþXQDOD� WH� QHãWR
UDGQLK�VWDQLFD��2YD�PUHåD�MH�UHDOL]LUDQD�X�WHKQRORJLML�(WKHUQHW�EU]LQH����0E�V��D�YH]H�PH X�]JUDGDPD�VX
GLMHORP� RSWLþNR� YODNQR�� D� GLMHORP� MRã� XYLMHN� ��EDVH�� NRDNVLMDOQL� NDEHO�� =DVWDUMHOD� WHKQRORJLMD� WDNR HU
X]URNXMH�þHVWH�NYDURYH�QD�SRMHGLQLP�GLMHORYLPD�PUHåH��ãWR�]DKWLMHYD� LQWHQ]LYQR�RGUåDYDQMH��9H]D�SUHPD
JODYQRP�þYRULãWX�UDþXQDOQH�PUHåH�&$51HW�X�65&(�X�RVWYDUHQD�MH�SUHNR�RSWLþNLK�NDEHOD��L�UDGL�QD�EU]LQL
����0E�V��D�RSVOXåXMH�VYH� LQVWLWXFLMH�QD�+RUYDWRYFX�SRYH]DQH�X�&$51HW�PUHåX�� WH� YH]X�SUHPD�5LMHFL�
.UDMHP� JRGLQH� MH� 0LQLVWDUVWYR� ]QDQRVWL� L� WHKQRORJLMH� RGQRVQR� &$51HW� SRQRYQR� SRNUHQXOR� DNFLMX
UHNRQVWUXNFLMH� VUHGLãQMHJ�GLMHOD�PUHåH�QD�+RUYDWRYFX�� L� RþHNXMH� VH�GD� üH� UDGRYL� XVOLMHGLWL� WLMHNRP������
JRGLQH�� 5HNRQVWUXNFLMD� VUHGLãQMHJ� GLMHOD� PUHåH� MH� SUHGXYMHW� PRGHUQL]DFLMH� ORNDOQH� PUHåH� QD� ,QVWLWXWX�
NRMRP� EL� VH� SRVWLJOD� EU]LQD� SULMHQRVD� RG� ���� 0E�V� QD� JODYQLP� YH]DPD�� WH� ]DPLMHQLOD� QHDGHNYDWQD
WHKQRORJLMD�NRDNVLMDOQLK�NDEHOD�PH X�]JUDGDPD�

5DþXQDOQL�FHQWDU�WDNR HU�RGUåDYD�NRPXQLNDFLMVNL�VHUYHU�V�GHVHW�PRGHPVNLK�XOD]QLK�OLQLMD��ãWR�RPRJXüXMH
SRYH]LYDQMH�QD�LQVWLWXWVNX�PUHåX�SUHNR�MDYQRJ�WHOHIRQVNRJ�VXVWDYD��L�NRULãWHQMH�L]YDQ�UDGQRJ�YUHPHQD�
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$EUDPLü��0DULMD 7�������� ��
$KHO��0DULMDQ 7�������� ���
$PEULRYLü��5LVWRY��$QGUHMD 7�������� ���
$QGUDãL��$Q HOND 7�������� �
$QGUHLü��äHOMNR 7�������� ��
$QGUHLV��0ODGHQ 7�������� ��
$QGULü��,YDQ 7�������� �
$QWLFD��0DULDVWHIDQLD 7�������� ���
$QWLþLü��7RPH 7�������� ��
$QWRO��,YDQD 7�������� ��
$QWROLü��6QMHåDQD 7�������� ��
$QWRQLü��2OHJ 7�������� ���
$QWRQLü��7DWMDQD 7�������� ���
$YGDJLü��$PLU 7�������� ��
%DELü��'DUNR 7�������� ��
%DELü�,YDQþLü��9HVQD 7�������� ���
%DORJ��7LKRPLU 7�������� ���
%DO]DU��'DYRU 7�������� ���
%DPELU�âYDMJHU��'HQLVD 7�������� ���
%DUDQRYLü��*RUDQ 7�������� ��
%DUGHN��9HOLPLU 7�������� �
%DULãLü��'HONR 7�������� ���
%DVUDN��=RUDQ 7�������� ��
%DãLF��,YDQ 7�������� ���
%DWHO��5HQDWR 7�������� ���
%DWLQLü��0LMR 7�������� ��
%HJRQMD��$QD 7�������� ���
%LKDUL��1HYHQND 7�������� ���
%LOLü��1HYHQ 7�������� �
%LOLQVNL��+DOND 7�������� ��
%LãNXS��%LVHUND 7�������� ���
%MHJRYLü��0LOLFD 7�������� ���
%ODJXV��6DãD 7�������� ��
%ODåLQD��äHOLPLU 7�������� ���
%RJGDQRYLü�5DGRYLü��,YDQþLFD 7�������� ��
%RJRYDF��0ODGHQ 7�������� ��
%RJXQRYLü��1LNROD 7�������� ��
%RQLIDþLü��0DULMD 7�������� ��
%RUDQLü��0LOLYRM 7�������� ���
%RURYLü��6X]DQD 7�������� ���
%RVDQDF��6ORERGDQ 7�������� ��
%RVQDU��6DQMD 7�������� ���
%UDNR��5DGRYDQ 7�������� �
%UDQD��-RVLS 7�������� ���
%UDQLFD��0DUNR 7�������� ���
%UþLü�.RVWLü��.UXQRVODY 7�������� ���
%UGDU��%UDQNR 7�������� ���
%UHþHYLü��/MHUND 7�������� ���
%UHOMDN��'DYRUND 7�������� ���
%ULWYLü��6PLOMDQD 7�������� ���
%UQLþHYLü��1HYHQND 7�������� ���
%URQLü��-RVLS 7�������� ���
%UR]RYLü��$QDPDULD 7�������� ���
%UXYR��%UDQND 7�������� ���
%XGLPLU��,YDQ 7�������� ��
%XMDV��0DMD 7�������� ���
%XUHN��%ODQND 7�������� ���
%XãLü��0LOHQD 7�������� ���
%XWNRYLü��9MHUD 7�������� ��
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&DU��7LKRPLU 7�������� ��
&LJOHQHþNL�-XãLü��,UHQD 7�������� ���
&LQGUR��1LNROD 7�������� ��
&UOMHQ��äHOMNR 7�������� �
&UQLü��,YDQD 7�������� ���
&XFXOLü��9ODGR 7�������� ���
ýDMR��*RUGDQD 7�������� ���
ýDOLü��5RPDQD 7�������� ��
ýDSODU��5RPDQ 7�������� ��
ýDSODU��9HVQD 7�������� ��
ýLþLQ�âDLQ��/LSD 7�������� ���
ýLåPHN��$QNLFD 7�������� ���
ýRYLü��0DUFHOD 7�������� ���
ýRå�5DNRYDF��5R]HOLQGD 7�������� ���
ýXGLü��0DUH 7�������� ��
ýXGLü��3UHGUDJ 7�������� ��
ýXNPDQ��'XQMD 7�������� ���
ûHWNRYLü��+HOHQD 7�������� ���
ûHWNRYLü�&YUOMH��0DULQD 7�������� ���
ûRVRYLü��%RåHQD 7�������� ���
ûXULü��0DQGD 7�������� ��
'DGLü��,YDQ 7�������� �
'HJREELV��'DQLOR 7�������� ���
'HVQLFD��'XQMD�,GD 7�������� ��
'HVQLFD��8URã 7�������� ��
'HYHVFRYL��0DVVLPR 7�������� ���
'MRJLü��5HQDWD 7�������� ���
'ROXãLü��(GXDUG 7�������� ��
'RUHãLü��0LURVODY 7�������� �
'RãOLü��1DGD 7�������� ��
'UDJþHYLü�� XU LFD 7�������� ���
'UDãQHU��$QWXQ 7�������� ���
'XEþHN��3DYR 7�������� ��
'XEUDYLü��$PLU 7�������� ���
'XMPLü��'HQLV 7�������� ��
'XOþLü��$QWRQLMH 7�������� ��
'XSODQþLü��*RUDQ 7�������� �
'XUDMOLMD��6RQMD 7�������� ���
'åLGLü��6HQND 7�������� ���
HUPLü��'DPLU 7�������� ���
XNLü��=RUDQ 7�������� ��

(FNHUW�0DNVLü��0LUMDQD 7�������� ��
(UN��0DULMDQD 7�������� ���
(WOLQJHU��%RåLGDU 7�������� ��
)DIDQ HO��0DMD 7�������� ���
)D]LQLü��6WMHSNR 7�������� ��
)HUOH�9LGRYLü��$QD 7�������� ���
)LOLSRYLü�9LQFHNRYLü��1DGD 7�������� ��
)UNDQHF��/HR 7�������� ��
)XNV��'UDJLFD 7�������� ���
)XOJRVL��+UYRMH 7�������� ���
)XULü��.UHãLPLU 7�������� ��
*DEULORYDF��-HOND 7�������� ���
*DOO�7URãHOM��.RUDOMND 7�������� ���
*DPEHUJHU��'UDJDQ 7�������� ��
*DPXOLQ��9HUD 7�������� ���
*DãSDURYLü��%ODåHQND 7�������� ���
*HOR��0LUMDQD 7�������� ��
*ODVRYDF��=RUDQ 7�������� ��
*RWLü��0DULMDQ 7�������� ���
*UDFLQ��'DYRU 7�������� ��
*UDKHN��äHOMNR 7�������� ���
*UDRYDF��$QWH 7�������� ��
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*UFH��0DJGDOHQD 7�������� ���
*UGLãD��0LUD 7�������� ���
*UåHWD��%LVHUND 7�������� ���
*XEHULQD��%UDQNR 7�������� �
+DEHUVWRFN�'HELü��+HOHQD 7�������� ���
+DFPDQMHN��0DWR 7�������� ���
+DGåLMD��0LUNR 7�������� ���
+DGåLMD��2OJD 7�������� ��
+DPHU��%RMDQ 7�������� ���
+DPHUãDN��=GHQNR 7�������� ��
+HüLPRYLü��6LOYD 7�������� ���
+HJHGLã��.VHQLMD 7�������� ���
+HUFHJ��0DULMD 7�������� ��
+RUYDW��-DURVODY 7�������� ��
+RUYDW��5DXO 7�������� ��
+RUYDW��âWHILFD 7�������� ��
+RUYDWK��/DV]OR 7�������� ��
+RUYDWLQþLü��1DGD 7�������� ��
+RUYDW�5DGRãHYLü��9LãQMD 7�������� ���
+UDQLORYLü��'XEUDYND 7�������� ���
+UV�%UHQNR��0LUMDQD 7�������� ���
+UãDN��'XEUDYND 7�������� ���
+UãDN��,YR 7�������� ���
+XVQMDN��.RUDOMND 7�������� ���
,JLü��/MXELPND 7�������� ���
,ODNRYDF��7LQ 7�������� ��
,ODNRYDF�.YHGHU��0DULQD 7�������� ��
,YDQþLü��,QJULG 7�������� ���
,YDQGD��0LOH 7�������� ��
,YHãD��/MLOMDQD 7�������� ���
,YH]Lü��7RPLVODY 7�������� ��
,YRãHYLü��1DGLFD 7�������� ���
-DNDV��$QGUHMD 7�������� ��
-DNOLQ��$QGUHM 7�������� ���
-DNãLü��0LONR 7�������� ��
-DQHNRYLü��,YLFD 7�������� ���
-D]YLQãüDN��0DMD 7�������� ���
-HOLVDYþLü��2OJD 7�������� ���
-HUQHM��%UDQLPLU 7�������� ���
-RNLü��0LODQ 7�������� ��
-RQNH��/DULVD 7�������� �
-XULQ��0LVODY 7�������� ���
.DSLWDQRYLü��6DQMD 7�������� ���
.DVHOM��0LUD 7�������� ��
.DWDOHQLü��'DULQND 7�������� ��
.DWLü��0DãD 7�������� ���
.DWXãLQ�5DåHP��%UDQND 7�������� ���
.DXþLü��6WDQNR 7�������� ��
.D]D]Lü��6DãD 7�������� ��
.HNH]��'DOLERU 7�������� ��
.H]HOH��1HQDG 7�������� ��
.LUDOM��5XGROI 7�������� ��
.LULQ��'DYRU 7�������� ��
.LULQ��6UHüNR 7�������� ��
.ODLü��%UDQLPLU 7�������� ��
.ODVLQF��/HR 7�������� ��
.QHåHYLü��$QGUHD 7�������� ���
.QLHZDOG��*RUDQ 7�������� ���
.RMLü�3URGLü��%LVHUND 7�������� ��
.RODULü��'DUNR 7�������� ���
.RPRUVN\�/RYULü��âHERMND 7�������� ���
.RQWUHF��'DUNR 7�������� ��
.RQWUHF��-DVPLQND 7�������� ���
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.RUROLMD��0LORUDG 7�������� ��

.RVDQRYLü��&OHR 7�������� ���

.RãXWLü��.DWDULQD 7�������� ���

.RYDþ��%UDQND 7�������� ��

.RYDþ��6ROYHJ 7�������� ���

.RYDþHN��'DPLU 7�������� ���

.RYDþHYLü��%RULV 7�������� ���

.RYDþHYLü��.UHãLPLU 7�������� ���

.R]DU��6RQMD 7�������� ���

.R]DUDF��=ODWLFD 7�������� ���

.UDJRO��*RUDQ 7�������� ��

.UDMFDU��9DOWHU 7�������� ���

.UDMFDU�%URQLü��,QHV 7�������� ��

.UDOM��'DPLU 7�������� ���

.UþD��6DQMD 7�������� ���

.UþPDU��0LOLFD 7�������� ��

.UHþDN��=YRQNR 7�������� ��

.ULåDQDF�%HQJH]��/MLOMDQD 7�������� ���

.U]QDULü��'DPLU 7�������� ���

.U]QDULü��,YDQ 7�������� ���

.XUHOHF��%UDQNR 7�������� ���

.XãHF��5DMNR 7�������� ���

.XãLü��%RUND 7�������� ���

.X]PLü��0LOLYRM 7�������� ���

.YDVWHN��.UHãLPLU 7�������� ���
/DEXUD��äHOMND 7�������� ���
/DNLü��%LOMDQD 7�������� ��
/HJRYLü��7DU]DQ 7�������� ���
/HUã��1HOOD 7�������� ���
/HVDF��$QGUHMD 7�������� ��
/HYDQDW��6RQMD 7�������� ���
/RYULü��$QGULMD�äHOMNR 7�������� ���
/RYULü��0LOLYRM 7�������� ���
/XFX��ýHGRPLO 7�������� ���
/XþLü��%RQR 7�������� ��
/XJRPHU��6WMHSDQ 7�������� ��
/XLü��0DULMD 7�������� ��
/XNLü��/DGD 7�������� ���
/XOXü��6WLSH 7�������� ���
/MXEHãLü��1LNROD 7�������� ���
/MXELþLü��$QWH 7�������� ��
/MXELþLü��$QWH��POD L 7�������� ��
/MXERYLü��(GLQD 7�������� ��
0DJQXV��9RONHU 7�������� ��
0DMHULü��0DMD 7�������� ��
0DMHUVNL��.DWD 7�������� ��
0DNDUHYLü��-DQMD 7�������� ��
0DNVLü��=YRQLPLU�%� 7�������� ���
0DNVLPRYLü��$OHNVDQGDU 7�������� ��
0DOMNRYLü��0LURVODYD 7�������� ���
0DULü��,YDQ 7�������� ��
0DULQLü��äHOMNR 7�������� ��
0DURWWL��7DQMD 7�������� ���
0DUWLQLV��0ODGHQ 7�������� �
0DUWLQ�.OHLQHU��,UHQD 7�������� ���
0DUWLQRYLü��6X]DQD 7�������� ��
0DUXãLü��$OMRãD 7�������� ��
0DãLü��1LNROD 7�������� ���
0DWXOLü��0DMD 7�������� ���
0HGDNRYLü��'DYRULQ 7�������� ���
0HGYHG�5RJLQD��%UDQND 7�������� ��
0HGYHQ��äHOMND 7�������� ��
0HLü��=ODWNR 7�������� ��
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0HLGHU��+HQULND 7�������� ��
0HOLü��%ODåHQND 7�������� �
0HOMDQDF��6WMHSDQ 7�������� �
0HUXQND��'DOLERU 7�������� ��
0HãWURYLü��1HYHQND 7�������� ���
0HWHONR��%LVHUND 7�������� ��
0LFKLHOL��,YDQ 7�������� ��
0LþLü��0LOHQD 7�������� ���
0LKDOMHYLü��%UDQND 7�������� ���
0LKHOþLü��*RUDQ 7�������� ���
0LNDF��1HYHQND 7�������� ���
0LNRþ��$QGUHMD 7�������� ���
0LNXWD�0DUWLQLV��9HVQD 7�������� �
0LOLQ��0DWNR 7�������� ��
0LOMDQLü�� XUR 7�������� ��
0LOMDQLü��6DYHWD 7�������� ���
0LUNRYLü�.RV��.HW\ 7�������� ���
0ODNDU��0DULQD 7�������� ���
0RüDQ��6DQMD 7�������� ��
0RJXã�0LODQNRYLü��$QGUHD 7�������� ��
0RKDþHN�*URãHY��9ODVWD 7�������� ��
0RVODYDF��'DYRUND 7�������� ��
0UDYLQDF��%UDQNLFD 7�������� ���
0XUDMD��/MXELþLü��-DVPLQD 7�������� ���
0�FN�âHOHU��'RURWHD 7�������� ���
0XVLü��6YHWR]DU 7�������� ���
0XWDEåLMD��5DQNR 7�������� ��
1DMGHN��0LUMDQD 7�������� ���
1LNROLü��+UYRMH 7�������� �
1LNROLü��6RQMD 7�������� ��
1LNãLü��'DQLHOD 7�������� ���
1LåLü��%HQH 7�������� �

1RYDN��3UHGUDJ 7�������� ��
1RYDN�'HVSRW�� XU LFD 7�������� ���
1RYDN�'RXPERX\D��1DQD 7�������� ��
1ÕWKLJ�/DVOR��9HVQD 7�������� ���

2EHOLü��%RJRPLO 7�������� ��
2PDQRYLü��'DULR 7�������� ���
2UHãNRYLü��'DUNR 7�������� ���
2UKDQRYLü��0DWR 7�������� ��
2VPDN��0DMD 7�������� ���
2]UHWLü��%DUWROR 7�������� ���
2]UHWLü��0LUMDQD 7�������� ���
3DOOH��'DYRU 7�������� �
3DOMHYLü��0DWLMD 7�������� ���
3DVDULü��=RUDQ 7�������� ���
3DVVHN��.RUQHOLMD 7�������� �
3DVWXRYLü��äHOMNR 7�������� ��
3DYHOLü��-DVPLQND 7�������� ���
3DYHOLü��.UHãLPLU 7�������� ���
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3DYLþLü�+DPHU��'LMDQD 7�������� ���
3DYORYLü��0ODGHQ 7�������� ��
3HþDU�,OLü��-DGUDQND 7�������� ���
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3HWURYLü��'DQLOR 7�������� ���
3HWURYLü��6LQLãD 7�������� ���
3LDQWDQLGD��,YR 7�������� ��
3LFHU��0ODGHQ 7�������� ���
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3LYDF��1HOD 7�������� ���
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5D]D��=ODWD 7�������� ��
5DåHP��'XãDQ 7�������� ���
5HQGLü��'XEUDYNR 7�������� ��
5LVRYLü��'XEUDYNR 7�������� ��
5LVWLü��0LUD 7�������� ���
5LVWRY��6WUDKLO 7�������� ��
5RMH��0DULQ 7�������� ��
5RãþLü��0DMD 7�������� ��
5XEHOM��,YLFD 7�������� ���
5XåLü��,YLFD 7�������� ���
6DEOMLü��$OHNVDQGDU 7�������� ��
6DODM�2EHOLü��,YDQND 7�������� ���
6DODM�âPLF��(ULND 7�������� ���
6DORSHN��%UDQND 7�������� ��
6DQWLQL��0LUMDQD 7�������� ���
6DXHUERUQ��5REHUWD 7�������� ���
6HNXOLü��$QGUHMD 7�������� ��
6HNXOLü��%RJGDQ 7�������� ���
6HNXãDN��6DQMD 7�������� ��
6NDOD��.DUROM 7�������� ���
6ODGH��1HGD 7�������� ���
6OLMHSþHYLü��0LOLYRM 7�������� ���
6PLWDO��7YUWNR 7�������� ���
6PRGODND��1HQDG 7�������� ���
6PUHþNL��9LONR 7�������� ��
6RLü��1HYHQ 7�������� ��
6ROGR�5RXGQLFN\��'XQMD 7�������� ���
6RQGL��,YDQ 7�������� ���
6RSWD��0DULMD�0DU\ 7�������� ���
6U]Lü��'XQMD 7�������� ��
6WDQLãLü��9LWRPLU 7�������� ���
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6WDQRYLü��6LOYDQD 7�������� ���
6WLSDQLþHY�äLF��9HVQD 7�������� ���
6WLSþHYLü��0DULR 7�������� ��
6WRMNRYLü��5DQNR 7�������� ���
6WUXQMDN�3HURYLü��,YDQþLFD 7�������� ���
6XERWLü��%RULV 7�������� ���
6XSHN��,YDQ 7�������� ��
6XSLü��1DVWMHQMND 7�������� ���
6XULü��7LKRPLU 7�������� ��
6YHWOLþLü��9HVQD 7�������� ���
6]LOQHU��6X]DQD 7�������� ��
âDIDU�&YLWDã��'XQMD 7�������� ��
âDQWLü��%UDQNR 7�������� ��
âDULü��$QNLFD 7�������� ���
âLPDJD��âXPVNL 7�������� ��
âLPHN��9LãQMD 7�������� ��
âLSV��/HRSROG 7�������� �
âLUDF��6LQLãD 7�������� ���
âNDUH��'DQNR 7�������� ��
âODXV��,YR 7�������� ��
âPLW��,YDQ 7�������� ���
âPXF��7RPLVODY 7�������� ��
âRNþHYLü��'DPLU 7�������� �
âRUJLü��%RåLFD 7�������� ���
âWDPEXN��1LNROD 7�������� ���
âWHIDQþLü��+UYRMH 7�������� �
âWHIDQLü��*RUDQ 7�������� ���
âWHIDQLü��,JRU 7�������� ��
âWHIXOM��-DVPLQND 7�������� ���
âWHYþLü��=GUDYNR 7�������� ���
âXPDQRYDF��7DWMDQD 7�������� ��
âXQMLü��9LWRPLU 7�������� ��
âXULMD��%XGLPLU 7�������� ���
âXãD��7DWMDQD 7�������� ��
âYDUF��$OIUHG 7�������� ��
âYHUNR��9LãQMD 7�������� ���
7DGLü��7RQþL 7�������� ��
7HSLü��1DWDãD 7�������� ���
7HU]Lü��6HQND 7�������� ���
7HVNHUHGåLü��(PLQ 7�������� ���
7HVNHUHGåLü��=ODWLFD 7�������� ���
7LVDM��.UHãLPLU 7�������� ���
7ROLü��,YD�0DULMD 7�������� ��
7RPDã��0DULQ�6ORERGDQ 7�������� �
7RPDãLü��9ODVWD 7�������� ��
7RPHF��0DULMD 7�������� ���
7RPLü��6DQMD 7�������� ��
7RQNRYLü��*RUGDQD 7�������� ���
7RQNRYLü��0DMD 7�������� ��
7RSLü��0ODGHQ 7�������� ���
7RSLü�3RSRYLü��1DWDOLMD 7�������� ���
7UDPSHWLü��-RVLS 7�������� �
7UDYL]L��$QD 7�������� ���
7UJRYþHYLü��äHOMNR 7�������� ���
7ULQDMVWLü��1HQDG 7�������� ��
7URMNR��5XGROI 7�������� ���
7XGRULü�*KHPR��,YDQD 7�������� ���
7XPLU��/LGLMD�0DULMD 7�������� ��
7XUNRYLü��$OHNVDQGUD 7�������� ��
7XVWRQLü��7RPLVODY 7�������� ��
7XãHN�%RåLü��/MHUND 7�������� ��
7YUGHLü��$QWH 7�������� ���
8JDUNRYLü�� XU LFD 7�������� ���
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8UOL��1DWNR 7�������� ��
9DOLü��6UHüNR 7�������� ��
9DUJD�'HIWHUGDURYLü��/LGLMD 7�������� ��
9GRYLü��1HGD 7�������� ���
9HNLü��%UDQNR 7�������� ���
9HNVOL��=RULFD 7�������� ��
9HOMNRYLü��-HOHQD 7�������� ��
9HUWDþQLN��$VWUHD 7�������� ���
9LNLü�7RSLü��'UDåHQ 7�������� ��
9LQNRYLü��0DULMDQD 7�������� ��
9LQNRYLü��9ODGLPLU 7�������� ��
9LãQMHYDF��$OHNVDQGDU 7�������� ��
9LWDOH��%UDQNR 7�������� ���
9LWDOH��/MXELQND 7�������� ��
9ODKRYLü��.VHQLMD 7�������� ���
9RMQRYLü��%RåLGDU 7�������� ��
9RMQRYLü��0DULMD 7�������� ���
9RMYRGLü��9MHURþND 7�������� ���
9UDQLü��'DQLOR 7�������� ��
9XMDNOLMD��'XãLFD 7�������� ���
9XNHOLü��%RMDQD 7�������� ��
9XNRYLü��/LGLMD 7�������� ���
9XNRYLü��0DULMDQ 7�������� ���
:ULVFKHU��0HUFHGHV 7�������� ���
=DGUR��0LOH 7�������� ��
=DKUDGND��'DYRU 7�������� ���
=DKWLOD��(OYLV 7�������� ���
=DYRGQLN��'XãDQ 7�������� ���
=DYRGQLN��1HYHQND 7�������� ���
=HOLü��0DULQD 7�������� ���
=RUF��+UYRMH 7�������� ���
=RYNR��1LNROD 7�������� �
=ULQVNL��,UHQD 7�������� ��
äDUNRYLü��1HYHQ 7�������� ���
äHUMDY��9HVQD 7�������� ���
äLJURYLü��,YDQND 7�������� ��
äLQLü��%LVHUND 7�������� ��
äLQLü��0ODGHQ 7�������� ��
äLYNRYLü��7RPLVODY 7�������� ��
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,QVWLWXW�5X HU�%RãNRYLü
������=$*5(%��+59$76.$

%LMHQLþND�����3�3������
7HO�����������������������
)D[����������������������

OLEUDU\#UXGMHU�LUE�KU
KWWS���ZZZ�LUE�KU

KWWS���QLSSXU�LUE�KU�
OLEUDU\#UXGMHU�LUE�KU

,QVWLWXW�³5X HU�%RãNRYLü´�XWHPHOMHQ�MH�NDR�LQVWLWXW�]D
WHRULMVNX�IL]LNX�JRGLQH�������'DQDV�MH�QDMYHüD�L�QDMYDåQLMD
]QDQVWYHQD� XVWDQRYD� X� +UYDWVNRM� VD� þHWLULVWRWLQMDN
]QDQVWYHQLND� DNWLYQLK� X� PQRJLP� SROMLPD� IL]LNH�� NHPLMH�
ELRORJLMH��PHGLFLQH��RFHDQRORJLMH�L�]DãWLWH�RNROLãD��3ULRULWHWL
LQVWLWXWD�VX�RQD�WHPHOMQD�L�SULPLMHQMHQD�LVWUDåLYDQMD�ãWR�VX
X� SUDYLOX� L]YDQ� GRVHJD� SRMHGLQLK� VYHXþLOLãQLK� IDNXOWHWD�
0XOWLGLVFLSOLQDUQL�NDUDNWHU�LQVWLWXWD�RPRJXüXMH�VLQHUJLVWLþNL
LQWHUGLVFLSOLQDUQL� SULVWXS� X� UMHãDYDQMX� ]DPUãHQLK� L
]DKWMHYQLK� ]QDQVWYHQLK� SUREOHPD�� NRMH� SUHG� LVWUDåLYDþH
SRVWDYOMDMX� PRGHUQR� GUXãWYR� L� GXK� YUHPHQD�� ,QVWLWXWVND
]QDQVWYHQD� SURL]YRGQMD� L]QRVL� RNR� ��� SRVWR� ]QDQVWYHQH
SURL]YRGQMH� 5HSXEOLNH� +UYDWVNH�� 8NXSQD� ]QDQVWYHQD
GMHODWQRVW�RUJDQL]LUDQD�MH�X����]DYRGD�L�WR�X�]DYRGLPD�]D�
WHRULMVNX� IL]LNX�� HNVSHULPHQWDOQX� IL]LNX�� IL]LNX� PDWHULMDOD�
HOHNWURQLNX��IL]LNDOQX�NHPLMX��RUJDQVNX�NHPLMX�L�ELRNHPLMX�
NHPLMX� PDWHULMDOD�� PROHNXOQX� JHQHWLNX�� PROHNXOQX
PHGLFLQX�� ODVHUVND� L� DWRPVND� LVWUDåLYDQMD� WH� ]D
LVWUDåLYDQMD�RNROLãD� L�PRUD��'LR� LVWUDåLYDQMD�PRUD�REDYOMD
VH�QD�-DGUDQVNRM�REDOL��X�5RYLQMX�� ,QVWLWXW�JDML� LQWHQ]LYQX
PH XQDURGQX�VXUDGQMX�V�EURMQLP�LQVWLWXWLPD��VYHXþLOLãWLPD
L� DJHQFLMDPD� GLOMHP� VYLMHWD�� ,QVWLWXW�� WDNR HU�� VXGMHOXMH� X
UHDOL]DFLML� GRGLSORPVNLK� L� SRVOLMHGLSORPVNLK� VWXGLMD� QD
KUYDWVNLP�VYHXþLOLãWLPD�

/HJHQGD�
3257 �JODYQL�XOD]
$'��  �]JUDGD�XSUDYH
$'��  �DGPLQLVWUDFLMD
, �SUYD�]JUDGD��IL]LND��HOHNWURQLND�
,, �GUXJD�]JUDGD��NHPLMD�
,,�1  �QDGRJUDGQMD�GUXJH�]JUDGH
,,,  �WUHüD�]JUDGD��NHPLMD�
,9  �þHWYUWD�]JUDGD��NHPLMD�
9  �SHWD�]JUDGD��PHGLFLQD�L�ELRORJLMD�
9 , �ãHVWD�]JUDGD��NHPLMD�L�IL]LND�
;  �LVWUDåLYDQMH�RNROLãD
%�  �SUYD�EDUDND��ELRORJLMD�
%�  �GUXJD�EDUDND��ELRORJLMD�
&.  �FLNORWURQ
&.�  �SUYD�FLNORWURQVND�]JUDGD
&.�  �GUXJD�FLNORWURQVND�]JUDGD
/  �UDGLRQLFD��/$,5
9'*  �YDQ�GH�*UDDII�DNFHOHUDWRU
957  �UHVWRUDQ

5X HU�-RVLS�%RãNRYLü
�'XEURYQLN�� ���� 6YLEQMD� ������ ±� 0LODQR�� ���� 9HOMDþH
������
1DMYHüL� KUYDWVNL� ]QDQVWYHQLN� VYRMHJD� GRED� D� ]DFLMHOR� L
XRSüH�� %RãNRYLü� MH� NDR� LVXVRYDF� ELR� L� IL]LþDU�
PDWHPDWLþDU�� DVWURQRP� L� ILOR]RI�� âNRORYDR� VH� X
LVXVRYDþNRP� NROHJLMX� X� 'XEURYQLNX� L� X� 5LPX�� .DR
3URIHVLRQDOQL�]QDQVWYHQLN�SXWRYDR�MH�L�GMHORYDR�X�PQRJLP
]HPOMDPD�� %LR� MH� MHGDQ� RG� SRVOMHGQMLK� XQLYHU]DOQLK� OMXGL
HXURSVNH� KXPDQLVWLþNH� WUDGLFLMH�� 1DMYDåQLMD� GMHOD�
³)LOR]RILMD� SULURGH´�� ³2� 6XQþHYLP� SMHJDPD´�� ³5DGRYL� L]
RSWLNH� L� DVWURQRPLMH´�� � ³(OHPHQWL� RSüH� PDWHPDWLNH´�� ³2
GMHOMLYRVWL�WYDUL�L�SRþHOLPD�WLMHOD´�



,QVWLWXW�5X HU�%RãNRYLü
������=$*5(%��&52$7,$
%LMHQLþND�����3�3������

7HO�����������������������
)D[����������������������

OLEUDU\#UXGMHU�LUE�KU
KWWS���ZZZ�LUE�KU

KWWS���QLSSXU�LUE�KU�
OLEUDU\#UXGMHU�LUE�KU

7KH�5X HU�%RãNRYLü�,QVWLWXWH�KDV�EHHQ�IRXQGHG�DV
WKH�,QVWLWXWH�RI�7KHRUHWLFDO�3K\VLFV�LQ�������1RZDGD\V�WKH
,QVWLWXWH� LV� WKH� ODUJHVW� DQG� WKH�PRVW� VLJQLILFDQW� VFLHQWLILF
LQVWLWXWLRQ� LQ� &URDWLD� ZLWK� DERXW� ���� VFLHQWLVWV� DFWLYH� LQ
PDQ\� DUHDV� RI� SK\VLFV�� FKHPLVWU\� ELRORJ\�� PHGLFLQH�
RFHDQRORJ\�DQG�HFRORJ\��7KH�SULRULWLHV�RI�WKH�,QVWLWXWH�DUH
LQ�WKH�DUHDV�RI�EDVLF�DQG�DSSOLHG�UHVHDUFK�ZKLFK�DUH�RIWHQ
EH\RQG�WKH�FDSDELOLWLHV�RI�D�VLQJOH�XQLYHUVLW\�GHSDUWPHQW�
7KH�PXOWLGLVFLSOLQDU\� FKDUDFWHU�RI� WKH� ,QVWLWXWH� HQDEOHV� D
V\QHUJLVWLF� LQWHUGLVFLSOLQDU\� DSSURDFK� LQ� VROYLQJ� WKH
LQWULFDWH� DQG� GHPDQGLQJ� VFLHQWLILF� SUREOHPV� RI� PRGHUQ
VRFLHW\��,WV�VFLHQWLILF�RXWSXW�UHSUHVHQWV�DERXW������RI�WKH
VFLHQWLILF� SURGXFWLRQ� RI� WKH� 5HSXEOLF� RI� &URDWLD�� 7KH
UHVHDUFK� DFWLYLWLHV� DUH� RUJDQLVHG� ZLWKLQ� ��� GLYLVLRQV�
QDPHO\�� 7KHRUHWLFDO� 3K\VLFV�� ([SHULPHQWDO� 3K\VLFV�
0DWHULDOV� 3K\VLFV�� (OHFWURQLFV�� 3K\VLFDO� &KHPLVWU\�
2UJDQLF� &KHPLVWU\� DQG� %LRFKHPLVWU\�� 0DWHULDOV
&KHPLVWU\�� 0ROHFXODU� *HQHWLFV�� 0ROHFXODU� 0HGLFLQH�
/DVHU� DQG� $WRPLF� 5HVHDUFK�� (QYLURQPHQWDO� DQG� 0DULQH
5HVHDUFK��$�SDUW�RI�WKH�PDULQH�UHVHDUFK�,V�FDUULHG�RXW�DW
WKH� $GULDWLF� &RDVW� LQ� 5RYLQM�� 7KH� ,QVWLWXWH� FKHULVKHV
LQWHQVH� LQWHUQDWLRQDO� FRRSHUDWLRQ� ZLWK� D� QXPEHU� RI
LQVWLWXWHV�� XQLYHUVLWLHV� DQG� DJHQFLHV� DOO� RYHU� WKH� ZRUOG�
7KH� ,QVWLWXWH� DOVR� SDUWLFLSDWHV� LQ� JUDGXDWH� DQG
SRVWJUDGXDWH�VWXGLHV�DW�&URDWLDQ�8QLYHUVLWLHV�

/HJHQG�

3257  �WKH�PDLQ�HQWUDQFH
$'��  �WKH�DGPLQLVWUDWLYH�EXLOGLQJ
$'��  �WKH�DGPLQLVWUDWLRQ
,�  �ILUVW�EXLOGLQJ��SK\VLFV��HOHFWURQLFV�
,,�  �VHFRQG�EXLOGLQJ��FKHPLVWU\�
,,�1  �WKH�QHZ�SDUW�RI�WKH�VHFRQG�EXLOGLQJ
,,,�  �WKLUG�EXLOGLQJ��FKHPLVWU\�
,9�  �IRXUWK�EXLOGLQJ��FKHPLVWU\�
9�  �ILIWK�EXLOGLQJ��PHGLFLQH�DQG�ELRORJ\�
9,�  �VL[WK�EXLOGLQJ��FKHPLVWU\�DQG�SK\VLFV�
;  �HQYLURQPHQWDO�UHVHDUFK
%�  �ILUVW�VKDFN��ELRORJ\�
%�  �VHFRQG�VKDFN��ELRORJ\�
&.  �F\FORWURQ
&.�  �ILUVW�F\FORWURQ�EXLOGLQJ
&.�  �VHFRQG�F\FORWURQ�EXLOGLQJ
/  �ZRUNVKRS��/$,5
9'*  �YDQ�GH�*UDDII�DFFHOHUDWRU
957  �UHVWDXUDQW

5X HU�-RVLS�%RãNRYLü
�'XEURYQLN��0D\�����������±�0LODQ��)HEUXDU\�����������
2QH�RI�WKH�JUHDWHVW�VFLHQWLVWV�RI�KLV�WLPH�5XJMHU�%RãNRYLü
ZDV�ERUQ� LQ�'XEURYQLN��&URDWLD��+H�ZDV�HGXFDWHG�DW� WKH
-HVXLW� &ROOHJLXP� LQ� 'XEURYQLN� DQG� 5RPH�� 5XJMHU
%RãNRYLü� ZDV� RQH� RI� WKH� ODVW� XQLYHUVDO� PLQGV� RI� WKH
(XURSHDQ� KXPDQLVWLF� WUDGLWLRQ�� +H� ZDV� D� SK\VLFLVW�
PDWKHPDWLFLDQ�� DVWURQRPHU� DQG� SKLORVRSKHU�� $V
SURIHVLRQDO� VFLHQWLVW� KH� WUDYHOOHG� WKURXJK� DQG� ZRUNHG� LQ
PDQ\�(XURSHDQ�FRXQWULHV��+LV�PRVW�LPSRUWDQW�ZRUNV�DUH�
³7KHRU\� RI� 1DWXUDO� 3KLORVRSK\´�� ³2Q� WKH� 6XQVSRWV´�
³:RUNV� RQ� 2SWLFV� DQG� $VWURQRP\´�� ³7KH� (OHPHQWV� RI
*HQHUDO�0DWKHPDWLFV´�� ³2Q� WKH�'LYLVLELOLW\� RI� 0DWWHU� DQG
WKH�(OHPHQWV�RI�%RGLHV´�
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