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8WLFDM�WULSVLQ�LQKLELWRUD�L]
VRMH�QD�]JUX^DYDQMH�NUYL

,VSLWLYDQ�MH�XWLFDM�WULSVLQ�LQKLELWRUD�L]�VRMH��6%7,�
QD�NRDJXODFLMX�NUYL��(NVWUDNW�6%7,�MH�L]RORYDQ�L]�VL�
URYRJ�EUD^QD�VRMH� L�SURYHUHQ� MH�QMHJRY�XWLFDM�QD
IRUPLUDQMH�DNWLYQRJ�WURPERSODVWLQD�NUYL��WURPELQD�L
ILEULQD�� ,VSLWDQ� MH� L� XWLFDM� QD� YUHPH� NRDJXODFLMH�
5H]XOWDWL�VX�SRND]DOL�GD�HNVWUDNW�6%7,�QH�XWLaH�QD
IRUPLUDQMH� DNWLYQRJ� WURPERSODVWLQD� L� ILEULQD�� DOL
XWLaH�QD�IRUPLUDQMH�WURPELQD��'RND]DQR�MH�GD�HN�
VWUDNW�6%7,�SURGXCDYD�YUHPH�NRDJXODFLMH�

8YRG
6RMD��*O\FLQH�PD[LPD��MH�MHGQRJRGL^QMD�PDKX�

QDUND��1MHQD�]UQD�VDGUCH��X�VXYRM�PDWHULML����¬���
SURWHLQD����¬����XOMD������XJOMHQLK�KLGUDWD���¬��
PLQHUDOQLK�PDWHULMD�L�]QDWDQ�EURM�YLWDPLQD��0H_X
SURWHLQLPD�VRMH�QDOD]L�VH�L�QHNROLNR�WULSVLQ�LQKLEL�
WRUD��=D�RYDM�UDG�MH�RG�]QDaDMD�WULSVLQ�LQKLELWRU
�6%7,�� L]� IDPLOLMH� .XQLW]�� 0ROHNXOVNH� PDVH
�����±�����'D��:X�L�6FKHUDJD��������RYDM�SURWHLQ
VDGUCL�����DPLQRNLVHOLQH�L�GYD�GLVXOILGQD�PRVWD�

2SWLPXP�GHMVWYD�6%7,�MH�QD�S+������D�L]RHOHN�
WULaQD�WDaND�MH�S,������.XQLW]��������6%7,�JUDGL
NRPSOHNV�VD�WURPELQRP�L�WLPH�XWLaH�QD�IDNWRU�9�X
NDVNDGL�NRDJXODFLMH�XVSRUDYDMX`L�GDOMH�SUHWYDUDQMH
SURWURPELQD�X�WURPELQ��/DQFKDQWLQ��������7DJQRQ�L
6RXOLHU�������JRGLQH�X�HNVSHULPHQWLPD�LQ�YLYR�QD
SVLPD�L�]HaHYLPD�VX�XWYUGLOL�GD�GDYDQMH�LQMHNFLMH
6%7,�SURGXCDYD�YUHPH�NRDJXODFLMH�

&LOM�RYRJ�UDGD�MH�GD�VH�SURYHUL�NDNR�HNVWUDNW
6%7,�XWLaH�QD�NRDJXODFLMX�NUYL��NDR�L�GD�VH�RGUHGL
]DYLVQRVW�YUHPHQD�NRDJXODFLMH�RG�SULPHQMHQH�NRQ�
FHQWUDFLMH�6%7,�

0DWHULMDO�L�PHWRGH
8�SUYRP�GHOX�UDGD�L]RORYDQ�MH�6%7,�L�SRWRP�MH

SURYHUHQ�QMHJRY�XWLFDM�QD�NRDJXODFLMX�NUYL��1DNRQ
^WR�MH�XWYU_HQ�XWLFDM�QD�NRDJXODFLMX�LVSLWDQ�MH�HIHNDW
QD�VYDNX�ID]X�NRDJXODFLMH�SRVHEQR�

(NVSHULPHQWL�VX�UD_HQL�LQ�YLWUR�
3UYD�ID]D��,]RORYDQ�MH�HNVWUDNW�6%7,�L]�VLURYRJ

EUD^QD�VRMH��=D�WX�VYUKX�UD]YLMHQ�MH�VOHGH`L�SRVWXSDN�
326783$.�����J�EUD^QD�UDVWYRUHQR�MH�X�����P/

����L]RSURSDQROD��6XVSHQ]LMD�MH�VWDYOMHQD�X�OHGHQR
NXSDWLOR�L�QD�PDJQHWQX�PH^DOLFX��3RVOH���VDWD
PH^DQMD�FHQWULIXJLUDQD�MH����PLQ�QD������REU�
WDMD�PLQ��,]GYRMHQ�MH�VXSHUQDWDQW�L�GRGDWNRP����0
+&O�S+�UDVWYRUD�MH�SRGH^HQ�QD������'RELMHQD�VXV�
SHQ]LMD�MH�FHQWULIXJLUDQD����PLQ�QD������REU�
WDMD�PLQ��2GEDaHQ�MH�VXSHUQDWDQW��D�WDORJ�NRML
SUHGVWDYOMD�VLURYL�HNVWUDNW�6%7,�UDVWYRUHQ�MH�X�7ULV
SXIHUX�S+������=D�RGUH_LYDQMH�NRQFHQWUDFLMH�SURWHLQD
NRUL^`HQD�MH�PHWRGD�SR�/RZU\�X��NDR�VWDQGDUG�MH
NRUL^`HQ�%6$��

'UXJD�ID]D��,VSLWLYDQR�MH�YUHPH�NRDJXODFLMH�NUYL
�SR�PHWRGL�/HH�:KLWH��X�]DYLVQRVWL�RG�NRQFHQWUDFLMH
SURWHLQD��3RG�YUHPHQRP�NRDJXODFLMH�SRGUD]XPHYD
VH�YUHPH�NRMH�SURWHNQH�RG�PRPHQWD�X]LPDQMD�NUYL
L]�YHQH�GR�VWYDUDQMD�NRDJXOXPD�X�HSUXYHWL�������PL�
QXWD�QD����&��

326783$.��8�HSUXYHWX�MH�RGPHUHQR���P/�SOD]�
PH��2GPDK�SR�GRGDYDQMX�&D&O���NRML�MH�VOXCLR�]D
SRQL^WDYDQMH�HIHNWD�1D�FLWUDWD��XNOMXaHQD�MH�^WRSH�
ULFD��.RQWUROD�NRDJXODFLMH�YU^HQD�MH�VYDNLK����DN
VHNXQGL�EODJLP�QDJLQMDQMHP�HSUXYHWH�VYH�GR�VWYDUD�
QMD�NRDJXOXPD�

7UH`D�ID]D��,VSLWLYDQ�MH�XWLFDM�6%7,�QD�VYDNX�RG
ID]D�NRDJXODFLMH�SRMHGLQDaQR�

���,VSLWLYDQMH�XWLFDMD�SURWHLQD�QD�SUHGID]X�¬�IRU�
PLUDQMH�DNWLYQRJ�WURPERSODVWLQD�NUYL�

326783$.��(SUXYHWH�VX�VWDYOMHQH�X�YRGHQR�NX�
SDWLOR�L�]DJUHMDQH�QD����&��=DWLP�MH�GRGDWR�����P/
SOD]PH��UD]EODCHQH�SXIHURP�X�RGQRVX�������L����

'X^DQ�9ODMLQ���������1L^��+RPROMVND����XaHQLN�
���UD]UHGD�*LPQD]LMH�®%RUD�6WDQNRYL`¯�X�1L^X
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P/�UDVWYRUD�&D&O���3RVOH�GRGDYDQMD�&D&O��� XN�
OMXaHQD�MH�^WRSHULFD��L�QD�SR�MHGDQ�PLQXW��X�WRNX��
PLQXWD��MH�X]LPDQ�DOLNYRW�RG�����P/�L�SUHQR^HQ�X
HSUXYHWX�NRMD�VH�YH`�QDOD]LOD�X�YRGHQRP�NXSDWLOX�L�X
NRMRM�MH�ELR�����P/�&D&O���3RVOH�VYDNH�SUREH�]D�
EHOHCHQR�MH�YUHPH�NRDJXODFLMH�������VHNXQGL���.XOL`�
-DSXQGCL`�L�5DNL`�������

���,VSLWLYDQMH�XWLFDMD�6%7,�QD�SUYX�ID]X�NRDJX�
ODFLMH�¬�IRUPLUDQMH�WURPELQD

326783$.��8�HSUXYHWX�MH�VLSDQR�����P/�VXVSHQ�
]LMH�WURPERSODVWLQD�L�����P/�&D&O���]DJUHMDQ�NRML
PLQXW�QD����&�X�YRGHQRP�NXSDWLOX���3RVOH����VHNXQ�
GL�GRGDW�MH�����P/�LVSLWLYDQH�SOD]PH��2GPDK�SRVOH
GRGDYDQMD�SOD]PH�XNOMXaHQD�MH�^WRSHULFD�L�]DEHOH�
CHQR�MH�YUHPH�NRDJXODFLMH��3OD]PD�QRUPDOQR�NR�
DJXOL^H� SUL� RYLP� XVORYLPD� ]D� ������ VHNXQGL
�.XOL`�-DSXQGCL`�L�5DNL`�������

���,VSLWLYDQMH�XWLFDMD�6%7,�QD�GUXJX�ID]X�NRDJX�
ODFLMH�¬�IRUPLUDQMH�ILEULQD

326783$.��8�HSUXYHWX�MH�VLSDQR�����P/�LVSLWL�
YDQH�SOD]PH�L�����P/�IL]LROR^NRJ�UDVWYRUD��6DGUCDM
HSUXYHWH�MH�SURPH^DQ�L�VWDYOMHQ�X�YRGHQR�NXSDWLOR�QD
��~&��3RVOH����VHNXQGL�GRGDW�MH�����P/�UDVWYRUD
WURPELQD�L�]DEHOHCHQR�MH�YUHPH�NRDJXODFLMH�SOD]PH�

5H]XOWDWL�L�GLVNXVLMD
'RELMHQL�UH]XOWDWL�VX�SUHGVWDYOMHQL�WDEHODUQR�L

JUDILaNL�
.RQFHQWUDFLMD�SURWHLQD�X�VLURYRP�HNVWUDNWX�6%7,

L]QRVLOD�MH�RNR����µJ�P/�
3URVHaQR�YUHPH�NRDJXODFLMH�SOD]PH�EH]�HNV�

WUDNWD�6%7,�MH����VHNXQGD��GRN�VH�SUL�GRGDWNX�6%7,
GR�NRQFHQWUDFLMH���µJ�P/�YUHPH�NRDJXODFLMH��SRYH�
`DYD�QD������VHNXQGL��SRYH`DQMH�RG���������3UL�NRQ�
FHQWUDFLML���µJ�P/�6%7,�YUHPH�NRDJXODFLMH�L]QRVL
������VHNXQGL�̂ WR�]QDaL�GD�VH�X�RGQRVX�QD�YUHPH�NR�
DJXODFLMH�EH]�HNVWUDNWD�6%7,�SRYH`DOR�]D������VH�
NXQGL��������3UL�NRQFHQWUDFLML���µJ�P/�YUHPH
L]QRVL�������VHNXQGL�^WR�SUHGVWDYOMD�SURGXCHQMH�YUH�
PHQD�SRWUHEQRJ�]D�NRDJXODFLMX�]D������VHNXQGL
���������WDEHOD�����0RCH�VH�XRaLWL�GD�SRYH`DQMH
NRQFHQWUDFLMH�6%7,�GRYRGL�GR�SURGXCHWND�YUHPHQD
NRDJXODFLMH�

3RYH`DQMH�YUHPHQD�NRDJXODFLMH�SULND]DQR�MH�L�QD
JUDILNX�]DYLVQRVWL�YUHPHQD�NRDJXODFLMH�RG�NRQFHQ�
WUDFLMH�HNVWUDNWD�6%7,��VOLND�����2EOLN�NULYH�XND]XMH
QD�LQKLELFLMX�QHNRJ�RG�HOHPHQDWD�NDVNDGH�NRDJX�
ODFLMH�SR�NLQHWLFL�]DVL`HQMD��

7DEHOD����8WLFDM�HNVWUDNWD�6%7,�D�QD�YUHPH
NRDJXODFLMH�NUYL��X�VHNXQGDPD�
.RQFHQWUDFLMD
6%7,�µJ�P/�
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7DEHOD����8WLFDM�HNVWUDNWD�6%7,�D�QD�VWYDUDQMH
DNWLYQRJ�WURPERSODVWLQD�NUYL��X�VHNXQGDPD�
9UVWD�SUREH 5HGQL�EURM�HSUXYHWH

, ,, ,,, ,9 9 9,
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'UXJD�QXOD �� � � � � �
7UH`D�QXOD �� �� � � � �
3UYD�SURED � �� �� � � �
'UXJD�SURED �� �� � �� � �
7UH`D�SURED �� �� �� � � �

6OLND����=DYLVQRVW�YUHPHQD�NRDJXODFLMH�RGNRQFHQWUDFLMH�HNVWUDNWD�6%7,
�
)LJXUH����&RDJXODWLRQ�WLPH�GHSHQGLQJ�RQ�6%7,�H[WUDFWFRQFHQWUDWLRQ
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3RG��QXORP��VH�SRGUD]XPHYD�SURED�EH]�6%7,�D��GRN�VH�SRGSURERP�PLVOL�QD�LVSLWLYDQR�YUHPH�NRDJXODFLMH�VD�6%7,�RP
9UHPH�SRWUHEQR�]D�VWYDUDQMH�DNWLYQRJ�WURP�

ERSODVWLQD�NUYL�EH]�HNVWUDNWD�6%7,�MH�]D�SUYX�HSUX�
YHWX�SURVHaQR�������GUXJX������WUH`X������aHWYUWX���
SHWX���L�^HVWX�����VHNXQGL��3URVHaQD�YUHGQRVW�YUH�
PHQD�]D�SUYX�HSUXYHWX�VD�HNVWUDNWRP�VH�SRYH`DOD�]D
����VHNXQGL����������]D�GUXJX�������������WUH`X��
����������aHWYUWX���������L�SHWX���VHNXQGX����������
3URVHaQR�YUHPH�]D�̂ HVWX�HSUXYHWX�VH�VPDQMLOR�]D����
VHNXQGL����������WDEHOD����

(NVSHULPHQWDOQR�MH�XWYU_HQR�GD�HNVWUDW�6%7,
SURGXCDYD�YUHPH�SRWUHEQR�]D�VWYDUDQMH�WURPELQD�MHU
VH�SURVHaQR�YUHPH�SUL�GRGDWNX�HNVWUDNWD�GR�NRQFHQ�
WUDFLMH�RG���µJ�P/�SRYH`D�VD������VHNXQGL�QD�����
VHNXQGL�^WR�SUHGVWDYOMD�SRYH`DQMH�RG��������VOLND
���

3URVHaQR�YUHPH�SRWUHEQR�]D�VWYDUDQMH�ILEULQD�VH
VD������VHNXQGL�VPDQMLOR�QD������VHNXQGH�������
�VOLND����

8RaHQR�MH�GD�VYLQMVND�SOD]PD�EUCH�NRDJXOL^H�RG
OMXGVNH�^WR�PRCH�GD�REMDVQL�]D^WR�VX�GRELMHQD�YUH�
PHQD�NRDJXODFLMH�QH^WR�NUD`D�RG�XRELaDMHQLK�YUHG�
QRVWL�]D�OMXGVNX�SOD]PX�

3UHWSRVWDYOMHQ�MH�VOHGH`L�PHKDQL]DP�GHORYDQMD
6%7,��X�SRaHWQRM�ID]L�NRDJXODFLMH�PDQMH�NROLaLQH
VWYRUHQRJ�WURPELQD�XWLaX�GD�VH�X]�XaH^`H�IDNWRUD�9
XEU]D�SUHWYDUDQMH�SURWURPELQD�X�WURPELQ��6%7,�JUDGL
NRPSOHNV�VD�WURPELQRP�L�WLPH�JD�VSUHaDYD�GD�XWLaH
QD�IDNWRU�9�^WR�XVSRUDYD�GDOMH�SUHWYDUDQMH�SURWURP�
ELQD�X�WURPELQ�L�SURGXCDYD�YUHPH�NRDJXODFLMH
�/DQFKDQWLQ�HW�DO��������

=DNOMXaDN
5H]XOWDWL�LVWUDCLYDQMD�SRND]XMX�GD�HNVWUDNW�6%7,

GHOXMH�DQWLNRDJXODWLYQR�SURGXCDYDMX`L�YUHPH�NRDJX�
ODFLMH��QDMYHURYDWQLMH�JUDGH`L�NRPSOHNV�VD�WURPEL�
QRP��aLPH�GROD]L�GR�XVSRUHQMD�DNWLYDFLMH�IDNWRUD�9�
=ERJ�QHGRVWDWND�RYRJ�IDNWRUD�VH�XVSRUDYD�SUHWYD�
UDQMH�SURWURPELQD�X�WURPELQ�L�FHOD�NDVNDGD�VH�RGYLMD
XVSRUHQR�

'DOMD�LVWUDCLYDQMD�L]�RYH�REODVWL�WUHED�XVPHULWL�QD
LVSLWLYDQMH�RVRELQD�RYRJ�L�RVWDOLK�WULSVLQ�LQKLELWRUD
NRML�VH�QDOD]H�X�UD]OLaLWLP�ELOMQLP�SURL]YRGLPD��D
NRULVWH�VH�X�LVKUDQL�OMXGL�L�CLYRWLQMD��7R�`H�PRCGD
GRYHVWL�GR�QMLKRYH�SUDNWLaQH�SULPHQH�L�UD]YRMD�QRYLK
PHGLNDPHQDWD�]D�NRQWUROX�SURFHVD�NRDJXODFLMH�NUYL�

=DKYDOQRVW��'U�3HGUDJX�?RU_HYL`X��WUDQVIX]�
LRORJX�¬�]D�SRPR`�SUL�QDEDYFL�SRWUHEQLK�UDVWYRUD�]D
L]YR_HQMH�HNVSHULPHQDWD��0OD_LP�VDUDGQLFLPD�L�UXN�
RYRGLRFX�VHPLQDUD�¬�QD�SUXCHQRM�SRGU^FL�L�SRPR`L�

/LWHUDWXUD
/DQFKDQWLQ�*���)ULHGPDQQ�-���+DUW�'�:�������,QWHUDFWLRQ�RI�VR\EHDQ�WU\SVLQ�LQKLELWRU�ZLWKWKURPELQ�DQG�LWV�HIIHFW�RQ�SURWKURPELQ�DFWLYDWLRQ�-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\����������

6OLND����8WLFDM�6%7,�QD�YUHPH�VWYDUDQMH�ILEULQD��1�¬�EH]�WUHWPDQD�6%7,��,�¬�VD�WUHWPDQRP�6%7,
)LJXUH����,QIOXHQFH�RI�67%,�H[WUDFW�RQ�ILEULQ�IRUPDWLRQWLPH��1�¬�ZLWKRXU�6%7,�WUHDWPHQW��,�¬�ZLWK�6%7,WUHDWPHQW

6OLND����8WLFDM�HNVWUDNWD�6%7,�QD�YUHPH�SRWUHEQR�]DVWYDUDQMH�WURPELQD��1�¬�EH]�WUHWPDQD�6%7,��,�¬�VDWUHWPDQRP�6%7,
)LJXUH����,QIOXHQFH�RI�67%,�H[WUDFW�RQ�WKURPELQIRUPDWLRQ�WLPH��1�¬�ZLWKRXU�6%7,�WUHDWPHQW��,�¬�ZLWK6%7,�WUHDWPHQW
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.XOL`�-DSXQGCL`�,���5DNL`�/M��������%LRKHPLMD�¬SUDNWLaQD�QDVWDYD�L�WHRULMVNL�SUHJOHG��%HRJUDG�,52�6YHWR]DU�0DUNRYL`

.XQLW]�0��������&U\VWDOOL]DWLRQ�RI�D�WU\SVLQLQKLELWRU�IURP�VR\EHDQ��6FLHQFH�����������
7DJQRQ�+��-��DQG�6RXOLHU�-��3��������7KH�HIIHFWRI�LQWUDYHQRXV�LQMHFWLRQ�RI�WU\SVLQ�LQKLELWRU�RQ�WKHFRDJXODWLRQ�RI�EORRG��%ORRG����������
:X�<��9���6FKHUDJD�+��$��������6WXGLHV�RIVR\EHDQ�WU\SVLQ�LQKLELWRU��%LRFKHPLVWU\���������

'X^DQ�9ODMLQ
,QIOXHQFH�RI�7U\SVLQ�,QKLELWRUV�LQ
6R\D�RQ�%ORRG�&RDJXODWLRQ

7KH�LQIOXHQFH�RI�VR\�EHDQ�WU\SVLQ�LQKLELWRU
�6%7,��RQ�EORRG�FRDJXODWLRQ�ZDV�LQYHVWLJDWHG��6%7,
ZDV�LVRODWHG�IURP�VR\�IORXU��XVLQJ�D�QHZ�SURWRFRO�
:H�LQYHVWLJDWHG�WKH�RYHUDOO�HIIHFW�RQ�FRDJXODWLRQ
WLPH��DV�ZHOO�DV�WKH�HIIHFW�RQ�DFWLYH�WKURPERSODVWLQ�
WKURPELQ�DQG�ILEULQ�IRUPDWLRQ��7KH�DQDO\VHV�ZHUH
SHUIRUPHG�XVLQJ�WKH�/HH�:KLWH�PHWKRG��

7KH�UHVXOWV�VKRZ�WKDW�6%7,�KDV�DQ�LQIOXHQFH�RQ
FRDJXODWLRQ�WLPH��DQG�WKDW�FRDJXODWLRQ�WLPH�LV�GH�
SHQGHQW�RI�WKH�XVHG�6%7,�FRQFHQWUDWLRQ��$YHUDJH
FRDJXODWLRQ�WLPH�ZLWKRXW�6%7,�LV����V��ZKLOH�DW�FRQ�
FHQWUDWLRQV�RI������DQG���µJ�P/�DYHUDJH�FRDJXODWLRQ
WLPH�LQFUHDVHV�WR�������������DQG�������V��UHVSHF�
WLYHO\��7KH� LQFUHDVH� LV�VWDWLVWLFDOO\�VLJQLILFDQW
�S� �������IRU�DOO�FRQFHQWUDWLRQV��7KH�UHVXOWV�DUH
VKRZQ�LQ�)LJXUH����,W�FDQ�EH�REVHUYHG�WKDW�WKH�UHDF�
WLRQ�RI�6%7,�RFFXUV�ZLWK�VDWXUDWLRQ�NLQHWLFV�

6%7,�GLG�QRW�DIIHFW�WKH�IRUPDWLRQ�RI�DFWLYH
WKURPERSODVWLQ�DQG�ILEULQ��EXW�LW�GLG�VKRZ�D�VWDWLVWL�
FDOO\�VLJQLILFDQW�LQFUHDVH�LQ�WKURPELQ�IRUPDWLRQ
WLPH��$W�D�FRQFHQWUDWLRQ�RI���µJ�P/�DYHUDJH�WKURP�
ELQ�IRUPDWLRQ�WLPH�LQFUHDVHG�IURP������WR������V��

:H�SURSRVHG�D�PHFKDQLVP�WR�DFFRXQW�IRU�WKH�HI�
IHFW�RI�6%7,��7KURPELQ�UHDFWV�ZLWK�6%7,��WKHUHE\
IRUPLQJ�D�FRPSOH[�ZKLFK�LQWHUIHUHV�ZLWK�WKH�FUHD�
WLRQ�RI�FRIDFWRU�9��7KLV�LQ�WXUQ�VORZV�GRZQ�WKH�FRQ�
YHUVLRQ�RI�SURWKURPELQ�WR�WKURPELQ��DQG�WKH�ZKROH
FRDJXODWLRQ�FDVFDGH��'XH�WR�JUHDW�LPSRUWDQFH�RI
EORRG�FRDJXODWLRQ�LQ�PRGHUQ�PHGLFLQH�DQG�WKH�ZLGH�
VSUHDG�XVH�RI�SODQWV�WKDW�FRQWDLQ�FRDJXODWLRQ�LQKLEL�
WRUV��IXUWKHU�VWXGLHV�LQ�WKLV�ILHOG�DUH�QHHGHG��
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