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��.RWV\XELQVNRJR�6W���������&KHUQLYWVL��8NUDLQH

5HFHLYHG�1RYHPEHU���������
/�F\VWHLQH�FDSSHG�&G6�QDQRSDUWLFOHV�ZHUH�SUHSDUHG�E\�SUHFLSLWDWLRQ�PHWKRG�LQ�DTXHRXV

VROXWLRQ� DW� URRP� WHPSHUDWXUH�� S+� ��� DW� UDWLR� EHWZHHQ�SUHFXUVRU� FRQFHQWUDWLRQ� WDNHQ� LQ
UDWKHU�ZLGH�UDQJH��)RU�WKH�H[SHULPHQWDO�UHVXOWV�GHVLJQ��D�PDWKHPDWLFDO�SODQQLQJ�DFFRUGLQJ
WR� VLPSOH[�ODWWLFH� WHFKQLTXH� �6FKHIIH� SODQ�� ZDV� XVHG� WKDW� JLYH� D� SRVVLELOLW\� WR� GHVFULEH
UHODWLRQVKLS� EHWZHHQ� WKH� SURSHUWLHV� DQG� FRPSRVLWLRQ� RI� PXOWLFRPSRQHQW� V\VWHPV�� 7KH
SUHFXUVRU�FRQWHQW�DW�WKH�13�V\QWKHVLV�ZDV�UDQJHG�E\����Û������&G�������Û������/�F\V
DQG����Û������6�±��7KH�QDQRSDUWLFOH�VL]H�KDV�EHHQ�HYDOXDWHG�XVLQJ�WKH�DEVRUSWLRQ�VSHFWUD
RI� WKH� VROXWLRQV��7KH�JHQHUDO� HTXDWLRQV�ZKLFK�GHVFULEH� DEVRUSWLRQ�HGJH�YDOXHV�GHSHQGLQJ
RQ�WKH�VROXWLRQ�FRPSRVLWLRQ�DUH�SURSRVHG�
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���,QWURGXFWLRQ
$�%�� QDQRSDUWLFOHV� �13��� HVSHFLDOO\��&G6

KDYH� DWWUDFWHG� JUHDW� LQWHUHVW� GXULQJ� WKH
SDVW� WZR� GHFDGHV� GXH� WR� WKHLU� XQLTXH� HOHF�
WURQLF�� RSWLFDO�� DQG� FDWDO\WLF� SURSHUWLHV� >�Ü
�@��&G6�13�KDYH�EHHQ�V\QWKHVL]HG�LQ�QXPHU�
RXV� ZRUNV� YLD� SUHFLSLWDWLRQ� IURP� DTXHRXV
VROXWLRQ� XVLQJ� /�F\VWHLQH� DV� VWDELOL]LQJ
DJHQWV�>�Ü�@��&G6�QDQRSDUWLFOHV�FDSSHG�ZLWK
/�F\VWHLQH� SURYLGH� D� QHZ� FODVV� RI� OXPLQR�
SKRUV�IRU�XVH� LQ�FKHPLFDO�VHQVLQJ��'1$�VH�
TXHQFLQJ�� KLJK� WKURXJKSXW� VFUHHQLQJ�� DQG
RWKHU� DSSOLFDWLRQV��7KH� F\VWHLQH� DPLQR� DFLG
SDVVLYDWHV� WKH� &G6� QDQRSDUWLFOHV� VXUIDFH
VWDWHV�PRUH�HIIHFWLYHO\�WKDQ�RWKHU�WKLROV�UH�
VXOWLQJ� LQ�JUHDWHU� OXPLQHVFHQFH��&G6�/�F\V�
WHLQH�13V�ZHUH�IRXQG�WR�EH�VHQVLWLYH�WR�FHU�
WDLQ� SK\VLRORJLFDOO\� LPSRUWDQW� FDWLRQV
>����@��%HVLGHV��LW�ZDV�GHVFULEHG�>�@�DQ�HIIL�

FLHQF\�RI�VXFK�13�DV�ELRVHQVRUV��VLQFH�ELRFRP�
SDWLEOH� F\VWHLQH� SURYLGHV� ELRORJLFDOO\� DFWLYH
JURXSV�IRU�SRVVLEOH�WDUJHWLQJ�VSHFLILF�FHOO�VLWHV�

9DULRXV� SUHFXUVRUV� �&G���� 6�±� DQG� /�F\V�
FRQFHQWUDWLRQ� UDWLR� ZHUH� FKRVHQ� E\� GLIIHUHQW
DXWKRUV�IRU�&G6�/�F\V�V\QWKHVLV�EXW�ODFN�RI�IXOO
FODULW\� DERXW� FRUUHODWLRQ� EHWZHHQ� WKH� UHDFWLRQ
V\VWHP�FRPSRVLWLRQ�DQG�WKH�SURGXFW�SURSHUWLHV�

2SWLFDO�DEVRUSWLRQ�VSHFWURVFRS\�RI�13�FRO�
ORLGDO� VROXWLRQV� ZDV� XVHG�PDLQO\� WR�PHDVXUH
WKH� EDQG� JDS� DQG� VL]H� RI� WKH� QDQRSDUWLFOHV�
6R��DQ�XVHIXO�DWWHPSW�WR�DGMXVW�WKH�&G6�13�
EDQG� JDS� HQHUJ\� REWDLQHG� IURP� DEVRUEDQFH
VSHFWUD� DV� IXQFWLRQ� RI� WKH� V\QWKHVLV� SDUDPH�
WHUV� �FRQFHQWUDWLRQ� RI� VWDELOL]HU� DQG� VXOILGH
VRXUFH��S+�RI�WKH�V\VWHP��EDVHG�RQ�D�6WDWLVWL�
FDO� 'HVLJQ� RI� ([SHULPHQWV� ZDV� SUHVHQWHG� LQ
>�@�� 7KH� REWDLQHG� FRUUHODWLRQV� ZHUH� YLVXDO�
L]HG�E\��'�PDWKHPDWLFDO�PRGHO�
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7KH� DLP� RI� WKLV� ZRUN� LV� WR� UHYHDO� DQG
GHVFULEH�WKH� LQWHUUHODWLRQ�EHWZHHQ�WKH�VWXG�
LHG� LQ� ZLGH� UDQJH� SUHFXUVRU� FRQWHQW� UDWLR
DQG� FROORLGDO� &G6�/�F\V� VROXWLRQV� DEVRU�
EDQFH� VSHFWUD� HGJH� �OHGJH�� XVLQJ� D� PDWKH�PDWLFDO� SODQQLQJ� WHFKQLTXH� IRU� WKH� H[SHUL�
PHQWV� DFFRUGLQJ� WR� WKH� 6FKHIIH� SODQ� >��@�
6XFK� PDWKHPDWLFDO� WRRO� LV� XVXDOO\� XVHG� WR
GHWHUPLQH�WKH�RSWLPXP�FRPELQDWLRQ�RI�PXO�
WLFRPSRQHQW� V\VWHP� FKHPLFDO� FRQVWLWXHQWV
WKDW� SURYLGHV� D� GHVLUHG� SURSHUW\� XVLQJ� D
PLQLPXP� QXPEHU� RI� H[SHULPHQWDO� UXQV�
7KLV� DSSURDFK� DOVR� HQDEOHV� WKH� QXPEHU� RI
H[SHULPHQWV�WR�EH�GHFUHDVHG�WR�VXEVWDQWLDOO\
UHGXFH�WKH�WLPH�IRU�WKH�LQYHVWLJDWLRQV�

���([SHULPHQWDO
7KH�/�F\VWHLQH� FDSSHG�&G6� QDQRSDUWLFOHV

ZHUH� GHSRVLWHG� LQ� DTXHRXV� PHGLXP� XVLQJ
KLJK�SXULW\�SUHFXUVRUV�&G&O�������+�2��$OGULFK��/�F\VWHLQH� �)OXND�� DQG� 1D�6� �$OGULFK��� $OOH[SHULPHQWV� GHVFULEHG� LQ� WKH� SDSHU� ZHUH
SHUIRUPHG� DW� S+� ��� EHIRUH�6�±� LRQV� LQWUR�
GXFWLRQ�LQWR�WKH�UHDFWLRQ�PL[WXUH�

7KH� 1D2+� VROXWLRQ� ZDV� LQWURGXFHG� LQWR
WKH�&G&O�� DQG� /�F\VWHLQH� VROXWLRQV�PL[WXUHWDNHQ�LQ�UDWLR�SUHGLFWHG�E\�WKH�6FKHIIH�SODQ�
QLQJ� XS� WR� S+� ��� ZDV� DWWDLQHG�� 7KHQ� WKH
HVWLPDWHG� YROXPH� RI� 1D�6� VROXWLRQ� ZDVDGGHG�IRU�&G6�/�F\VWHLQH�QDQRSDUWLFOHV�IRU�
PDWLRQ� IROORZLQJ� E\�+�2� DGGLQJ� XS� WR� WKHVROXWLRQ� VWDQGDUG� YROXPH�� 7KH� DEVRUEDQFH
VSHFWUD� RI� WKH� REWDLQHG� FROORLGDO� VROXWLRQV
ZHUH� PRQLWRUHG� DW� URRP� WHPSHUDWXUH� E\
86%����� 89�VSHFWURPHWHU� GXULQJ� QRW� OHVV
WKDQ�RQH�PRQWK��

7KH�SODQQLQJ�RI�WKH�H[SHULPHQWV�DFFRUGLQJ
WR� WKH� VLPSOH[�ODWWLFH� 6FKHIIH� PRGHO� DOORZV
REWDLQLQJ�WKH�DQDO\WLFDO�GHVFULSWLRQ�RI�WKH�UH�
ODWLRQVKLS�EHWZHHQ�WKH�SURSHUWLHV�DQG�WKH�V\V�
WHP�FRPSRVLWLRQ�ZLWK� D� FRQWLQXRXV� IXQFWLRQ�
6R�� WKH� FKDQJH� LQ� WKH� SURSHUWLHV� �\�� DV� WKH
IXQFWLRQ� RI� WKH� FRPSRQHQWV� FRQWHQW� FDQ� EH
H[SUHVVHG� ZLWK� WKH� SRO\QRPLDO� RI� D� FHUWDLQ
GHJUHH� ZLWK� UHVSHFW� WR� WKH� YDOXH� RI� WKH� Q
LQGHSHQGHQW� YDULDEOHV� [��� [��� ����� [Q�� 7KHWRWDO� HPSLULFDO� HTXDWLRQ� ZKLFK� GHVFULEHV� WKH
FRUUHODWLRQ� �SUHFXUVRU� FRQWHQW� Û� V\VWHP
SURSHUWLHV�� IRU� WKUHH�FRPSRQHQW� V\VWHP� LQ
IRUWK�GHJUHH�DSSUR[LPDWLRQ�LV�DV�IROORZV�
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ZKHUH� NQ� LV� REWDLQHG� IURP� WKH� H[SHULPHQWDOFRHIILFLHQWV� LQ� SUHGHWHUPLQHG� SRLQWV� RI� WKH
6FKHIIH� SODQ�� ²������ LV� FRQFHQWUDWLRQ� RI� HDFKSUHFXUVRU��,Q�RXU�FDVH�[��FRUUHVSRQGV�WR�>&G��@�[��WR�>/�F\V@�DQG�[��WR�>6�±@��UHVSHFWLYHO\�

���5HVXOWV�DQG�GLVFXVVLRQ
2EYLRXVO\��QHLWKHU�D�SDLU�&G���&\V�QRU�D

6�±�&\V� FDQQRW� UHVXOW� LQ� IRUPDWLRQ� RI
QHHGHG� FRPSRXQG� &G6�� 7KHUHIRUH�� WKHUH
ZHUH�XVHG�VHYHUDO�DSSURDFKHV�IRU�WKH�H[SHUL�
PHQW� SODQQLQJ�� )LUVW� VWHS� KDG� UHTXLUHG� D
FKRLFH�RI�DQ�LQLWLDO�WULDQJOH�RI�WKH���FRPSR�
QHQW� UHDFWLYH� V\VWHP� FRPSRVLWLRQ� SURYLGLQJ
WKH� IRUPDWLRQ�13V� LQ� D� TXDQWLW\� VXIILFLHQW
IRU� WKH� DEVRUEDQFH� VSHFWUD� PHDVXUHPHQW�
7KH� YLHZ� RI� WKH� LQLWLDO� WULDQJOH� $%&� DQG
SDUWLFXODU� WULDQJOHV�$%�&��$�%&� DQG�$�%�&SRVLWLRQ� LQ� WKH� ZKROH� FRPSRVLWLRQ� UDQJH� LV
GHPRQVWUDWHG�E\�)LJ�����7KH�IHDVLEOH�UHJLRQV
DUH� VXEVHWV� ZLWKLQ� D� VLPSOH[�� 7KH� SRLQW� $
FRUUHVSRQGV� WR� WKH� PL[WXUH� RI� �����&G���
�����&\V�DQG������6�±��3RLQW�%�LV�FKDUDF�
WHUL]HG� E\� FRPSRVLWLRQ� RI� ��� �� &G����
�����&\V��������6�±��DQG�SRLQW�&� LV�UDWLR
RI������&G���������&\V�DQG������6�±��7KH
FRPSRVLWLRQV�RI����H[SHULPHQWDO�SRLQWV�SHU�
WLQHQW�WR�WKH�WULDQJOH�$%&�DFFRUGLQJ�WR�WKH
6FKHIIH�SODQ�DQG�FRUUHVSRQGLQJ�OHGJH�YDOXHVRI�WKH�FROORLGDO�&G6�13�VROXWLRQV�DUH�VKRZQ
DV�7DEOH���

7KH� FDOFXODWHG� LVROLQHV� ZLWK� WKH� VDPH
YDOXH�RI�WKH�OHGJH�LQ�WKH�DEVRUEDQFH�VSHFWUDRI� �IUHVK�� VROXWLRQV� DIWHU� ��Ü���PLQ� KROG�
LQJ� DW� URRP� WHPSHUDWXUH� DUH� LOOXVWUDWHG� LQ
)LJ����� 7RWDO� HTXDWLRQ� IRU� WKH� GDWD� FDQ� EH
H[SUHVVHG�DV�

)LJ�����([SHULPHQWDO�UHJLRQ�RI�WKH�WKUHH�FRPSRQHQW
PL[WXUH��SRLQW�$�LV������&G���������&\V�������6�±�
SRLQW�%� LV� �����&G���������&\V�������6�±� DQG
SRLQW�&�LV������&G���������&\V�DQG������6�±��
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7KH� DGHTXDF\� DQG� HUURU� RI� WKH� PRGHO� ZDV
WHVWHG� XVLQJ� W�FULWHULRQ� >������@� DFFRUGLQJ
WR� WKH� H[SHULPHQWDO� GDWD� LQ� IRXU� FRQWURO
SRLQWV�ZKLFK�DUH�VKRZQ�LQ�)LJ�����DV�SULPHG
QXPEHUV���7KH�DSSURSULDWH�UHVXOWV�DUH�LOOXV�
WUDWHG� LQ� 7DEOH���� 7KH� EHVW� FRLQFLGHQFH
�r�� QP�� REWDLQHG� LQ� WKH� $%&� WULDQJOH� FHQ�
WHU��7KH�6�±�ODUJH�H[FHVV�FDXVHV�GHYLDWLRQ�RI
WKH� H[SHULPHQWDO� YDOXH� IURP� WKH� FDOFXODWHG
RQH�XS�WR����QP�WKDW�GHPRQVWUDWHG�VDWLVIDF�
WRU\�UHOLDELOLW\�RI�WKH�UHVXOWV�

,W� LV� VHHQ� IURP� )LJ���� WKDW� DW� VPDOO� H[�
FHVV� RI� ERWK� WKH� VHPLFRQGXFWRU� FRPSRQHQWV

7DEOH��
1R��SRLQW 3UHFXUVRU�PRODU�UDWLR 6ROXWLRQV�FRPSRVLWLRQ��� OHGJH

$ % &
� � � � ��&G�������&\V�����6�± ���
� ���� � ���� ����&G���������&\V�����6�± ���
� ��� � ��� ��&G�������&\V�����6�± ���
� ���� � ���� ����&G���������&\V�����6�± ���
� � � � ��&G�������&\V�����6�± ���
� � ���� ���� ��&G���������&\V�������6�± ���
� � ��� ��� ��&G�������&\V�����6�± ���
� � ���� ���� ��&G���������&\V�������6�± ���
� � � � ��&G�������&\V�����6�± ���
�� ���� ���� � ����&G�������&\V�������6�± ���
�� ��� ��� � ��&G�������&\V�����6�± ���
�� ���� ���� � ����&G�������&\V�������6�± ���
�� ��� ���� ���� ��&G���������&\V�������6�± ���
�� ���� ���� ��� ����&G�������&\V�������6�± ���
�� ���� ��� ���� ����&G���������&\V�����6�± ���

)LJ����� ,VROLQHV� RI� FDOFXODWHG� OHGJH� LGHQWLFDOYDOXHV�LQ�WKH�ODUJH�WULDQJOH�$%&��7KH�XQGHU�
OLQHG�QXPEHUV� LQGLFDWH� H[FHOOHQW�DGHTXDF\�RI
WKH�FDOFXODWHG�DQG�H[SHULPHQWDO�GDWD��

7DEOH��
1R� 6ROXWLRQV�FRPSRVLWLRQ�

IUDFWLRQ�RI�XQLW\ OH[S��QP OFDOF��QP 'O� �OH[SÜOFDOF��QP
]� W

[� [� [�
� ��� ��� ��� ��� ������ ���� ��� ����
� ��� ���� ���� ��� ������ ����� ��� ����
� ��� ���� ���� ��� ������ ����� ��� ����
� ���� ��� ���� ��� ������ ����� ��� ����
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DQG� >&\V@� �FRQVW� �IRU� H[DPSOH�� DORQJ� $&
VHJPHQW�� WKH�OHGJH� YDOXH� LV� VKLIWHG� LQ� ORQJ�ZD\�UDQJH�EXW�WKLV�RFFXUV�PRUH�HYLGHQWO\�LQ
&G�ULFK�VLGH�LQ�FRPSDULVRQ�ZLWK�6�ULFK�RQH�
'HFUHDVH�RI�/�F\VWHLQH�FRQWHQW�DW�VXOIXU�LRQV
H[FHVV� �>6�±@�>&G��@t��� DORQJ� WKH� %&� VHJ�
PHQW�UHJXODU�VKLIWV�OHGJH�LQ�ORQJ�ZD\�UDQJH�IURP� ���� WR� ���� QP�� 7KLV� FRUUHVSRQGV� WR
WKH� QDQRSDUWLFOHV� VL]H� LQFUHDVH� IURP� �� WR
��QP��$�VLPLODU�HIIHFW�ZDV�REVHUYHG�DW�&G��
H[FHVV�DORQJ�WKH�$&�VHJPHQW�FRQILUPHG�LP�
SRUWDQW� UROH� RI� WKH� VWDELOL]HU� DV� FDSSLQJ
DJHQW�

6LQFH� WKH� VROXWLRQV�1RV�� ��� �� DQG� �� �VHH
7DEOH����ZHUH�IRXQG�XQVWDEOH�DIWHU�RQH�ZHHN
VWRUDJH� �D�VROXWLRQ�WXUELGLW\�ZDV�REVHUYHG��
WKUHH� RWKHU� UHVWULFWLRQV� RQ� WKH� FRPSRQHQWV
FRQWHQW� ZHUH� FKRVHQ�� QDPHO\�� $%�&�� $�%&DQG�$�%�&�WULDQJOHV��7KHUHIRUH��WKH�SUHFXU�VRU�FRQWHQW�DW�WKH�13�V\QWKHVLV�ZDV�UDQJHG
E\����Û������&G�������Û������/�F\V��DQG
���Û������6�±�

7RWDO�GDWD�DERXW�WKH�VROXWLRQ�VWDELOLW\�DW
VWRUDJH� ZLWKRXW� GLUHFW� OLJKWLQJ� GXULQJ� RQH
ZHHN� FRPELQHG� LQ� WKH� ODUJH� WULDQJOH� $%&
LQFOXGLQJ� WKH� UHVXOWV� IURP� WKH�$%�&��$�%&DQG�$�%�&�WULDQJOHV�DUH�LOOXVWUDWHG�E\�)LJ����,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�&G���LRQ�H[FHVV
LQ� WKH� UHDFWLRQ� PL[WXUH� GHVWDELOL]HV� WKH
QDQRSDUWLFOHV� PRUH� HYLGHQWO\� WKDQ� WKH� 6�±
LRQ� H[FHVV��6R��JUDGXDO� VKLIW� LQ� WKH�DEVRUS�
WLRQ� HGJH� LQ� &G�FRUQHU� FDQ� EH� FDXVHG� E\
FOXVWHU� PROHFXODU� DJJUHJDWLRQ�� %DVLQJ� RQ

WKH�REWDLQHG�UHVXOWV��LW�ZDV�GHILQHG�XQVWDEOH
VROXWLRQ� FRPSRVLWLRQ� UDQJH� UHVWULFWHG� E\
YDOXHV� ���Û� �����&G���� ���Û�������� /�
F\V�����Û������6�±��7KH�UDQJH�RI�VWDELOLW\
FDQ� EH� UHVWULFWHG� E\� ��Ü��� �� &G���� ��Ü
�����/�F\V����Ü�������6�±�SRLQWV�

7DNLQJ� LQWR� DFFRXQW� WKLV� UHVXOWV�� VPDOO
$�%�&�WULDQJOH�RI�PRVW�VWDEOH�VROXWLRQV�KDGEHHQ�VHOHFWHG�IRU�WKH�DQDO\WLFDO�GHVFULSWLRQ�
,W� PXVW� EH� QRWHG� WKDW� WKH� VROXWLRQV� ZLWK
FRPSRVLWLRQ� FRUUHVSRQGLQJ� WR� WKLV� WULDQJOHV
DWWUDFW�DWWHQWLRQ�DOVR�GXH�WR�WKHLU�KLJK�SKR�
WROXPLQHVFHQFH�� 7KH� SUHFXUVRU� FRPSRVLWLRQ

)LJ����� 3ODQ� RI� VWDEOH� �SLFN�� DQG� XQVWDEOH
�VTXDUH�� VROXWLRQV� RI� /�F\VWHLQH� FDSHG� &G6
QDQRSDUWLFOHV��DIWHU�RQH�ZHHN�VWRUDJH�DW�URRP
WHPSHUDWXUH��

7DEOH��
1R�
SRLQW

3UHFXUVRU�PRODU�UDWLR 6ROXWLRQ�FRPSRVLWLRQ��� OHGJH
$� %� &

� � � � ��&G�������&\V�����6�± ����
� ���� � ���� ����&G���������&\V�����6�± ���
� ��� � ��� ��&G�������&\V�����6�± ���
� ���� � ���� ����&G���������&\V�����6�± ���
� � � � ��&G�������&\V�����6�± ���
� � ���� ���� ��&G���������&\V�������6�± ���
� � ��� ��� ��&G�������&\V�����6�± ���
� � ���� ���� ��&G���������&\V�������6�± ���
� � � � ��&G�������&\V�����6�± ���
�� ���� ���� � ����&G�������&\V�������6�± ���
�� ��� ��� � ��&G�������&\V�����6�± ���
�� ���� ���� � ����&G�������&\V�������6�± ���
�� ��� ���� ���� ��&G���������&\V�������6�± ���
�� ���� ���� ��� ����&G�������&\V�������6�± ���
�� ���� ��� ���� ����&G���������&\V�����6�± ���
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ILHOG�ZDV�UHVWULFWHG�E\�WKH�SRLQWV�SUHVHQWHG
LQ�7DEOH����

&RHIILFLHQWV� LQ� WKH� HTXDWLRQ� ZKLFK� GH�
VFULEHG� WKH� FRUUHODWLRQ� �SUHFXUVRU� FRQWHQW
Û�OHGJH��IRU�WKH�WULDQJOH�$�%�&�ZLWK�UDWKHUVWDEOH�VROXWLRQV�DUH�DV�IROORZV
OHGJH� ����[�������[�������[������[�[���
����[�[������[�[������[�[��[����[����
����[�[��[����[��������[�[��[����[����
������[����[���[�[������[����[���[�[���

������[����[���[�[�������[��[�[���
�����[�[��[��������[�[�[����

�
��
���

*UDSKLFDO� LQWHUSUHWDWLRQ� RI� WKH� HTXDWLRQ
���� LV�SUHVHQWHG� LQ�)LJ�����$FFRUGLQJ�WR� WKH
YLHZ�� D� VOLJKW� EOXH� VKLIW� LQ� WKH� DEVRUSWLRQ
SHDN�LV�REVHUYHG�ZLWK�LQFUHDVH�LQ�/�F\VWHLQH
FRQFHQWUDWLRQV��L�H���D�GHFUHDVH�LQ�WKH�SDUWL�
FOHV� VL]H��3UREDEO\�� WKH� JURZWK� RI� SDUWLFOHV
VHHPV� WR� EH� DUUHVWHG� EHFDXVH� RI� LQFUHDVHG
&G���WKLRODWH�FRPSOH[DWLRQ�RQ�WKH�VXUIDFH�RI
SDUWLFOHV�� ZKLFK� FUHDWHV� D� VWHULF� EDUULHU� WR
DJJUHJDWLRQ��

$V� D� GHYLDWLRQ�'O� �OH[SÜOFDOF� �r����QPLQ�WKLV�FDVH�ZDV�VPDOOHU�LQ�FRPSDULVRQ�ZLWK
WKRVH�IRU�WKH�ODUJH�WULDQJOH�$%&��WKLV�FDQ�EH
H[SODLQHG� E\� KLJKHU� VWDELOLW\� RI� WKH� VROX�

WLRQV�IURP�VPDOO�WULDQJOH��2EYLRXVO\�IRU�WKH
REWDLQLQJ� RI� VXFK� IXQFWLRQDO� FRUUHODWLRQV
XVLQJ�WKH�VLPSOH[�ODWWLFH�PHWKRG�LW�LV�QHFHV�
VDU\�WR�WDNH�LQWR�DFFRXQW�WKH�NLQHWLF�IDFWRUV
RI�WKH�QDQRSDUWLFOHV�JURZWK�

���&RQFOXVLRQV
$Q� LPSURYHG� PDWKHPDWLFDO� PHWKRG� ZDV

XVHG� WR� DQDO\VH� WKH� LQWHUUHODWLRQ� EHWZHHQ
WKH� SUHFXUVRU� UDWLR� VWXGLHG� LQ� ZLGH� UDQJH
DQG� FROORLGDO� &G6�/�F\V� VROXWLRQV� DEVRU�
EDQFH� VSHFWUD� HGJH� �OHGJH�� XVLQJ� D� VLPSOH[�ODWWLFH� SODQQLQJ� WHFKQLTXH� DFFRUGLQJ� WR� WKH
6FKHIIH� SODQ�� 7KH� DEVRUEDQFH� SURSHUWLHV� RI
WKH�REVHUYHG�WKUHH�FRPSRQHQW�V\VWHP�FDQ�EH
GHVFULEHG� E\� DGHTXDWH� HTXDWLRQV� ZLWK� FRQ�
VLGHUDWLRQ� RI� WKH� VROXWLRQV� WHQGHQF\� WR� WKH
QDQRSDUWLFOHV� DJJUHJDWLRQ�� &RPSRVLWLRQ
UDQJHV� IRU� VWDEOH� VROXWLRQV� ���Ü�����&G���
��Ü�����/�F\V����Ü�������6�±��DQG�XQVWD�
EOH� RQHV� ���� Ü� ��� �� &G���� ��� Ü� ����� �
/�F\V�����Ü������6�±��ZHUH�REWDLQHG�

5HIHUHQFHV
� ���&�%�0XUUD\�� '�-�1RUULV�� 0�*�%DZHQGL�� -�

$PHU��&KHP��6RF��������������������
� ���$�/�5RJDFK�� 1�*DSRQLN�� -�0�/XSWRQ� HW� DO��

$QJHZDQGWH�&KHPLH�,QWHUQ��(GLWLRQ�����������
��������

� ���$�.U\XNRY��6�.XFKPLL��9�3RNKRGHQNR��7KHRU�
([SHU��&KHP�������������������

� ���3�$OLYLVDWRV�� 1DWXUH� %LRWHFKQRORJ\�� ���� ��
�������

� ���<RQJIHQ� &KHQ�� =HHY� 5RVHQ]ZHLJ�� $QDO\W�
&KHP�������������������

� ���&DL�=KDR�;LD��+RQJ�<DQJ��<L�=KDQJ��$QDO\W�
&KLP��$FWD������������������

� ���$�3UL\DP�� $�&KDWWHUMHH�� 6�.�'DV�� $�6DKD�
5HV��,QWHUPHG������������������

� ���1�*�3LYHQ�� .KDODYND�� /�3�6KFKHUEDN�� 1HRU�
JDQ���0DWHU�������������������

� ���&K�%DUJOLN�&KRU\�� &K�5HPHQ\L�� +�6WURPE� HW
DO���-��3K\V��&KHP��������������������

����+HQU\� 6FKHIIH�� -��5R\DO� 6WDWLVW��6RF��6HULHV� %
�0HWKRGRORJLFDO������������������

����-�:�*RUPDQ��-�+LQPDQ��-��7HFKQRPHWULFV����
�����������

)LJ����� ,VROLQHV� RI� FDOFXODWHG� OHGJH� LGHQWLFDOYDOXHV�LQ�WKH�VPDOO�WULDQJOH�$�%�&�
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