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,QVWLWXWH�IRU�7KHRUHWLFDO�DQG�([SHULPHQWDO�3K\VLFV��0RVFRZ��5XVVLD

$EVWUDFW

7KH�EDVLF�SUREOHPV�IRU�FRQVWUXFWLRQ�RI��KLJK�LQWHQVLW\�OLQ�
HDU� DFFHOHUDWRU� � DUH� SURYLGLQJ� RI� KLJK� � HIILFLHQF\�� UHOLDELOLW\
DQG� UHGXFWLRQ� RI� LQGXFHG� UDGLRDFWLYLW\� LQ� LWV� SDUWV�� ,Q� WKH
IUDPHZRUN� � RI� ,7(3� IHDVLELOLW\� � VWXG\� RI� OLQDF� IRU� QXFOHDU
WUDQVPXWDWLRQ�RQ�HQHUJ\�DERXW���*H9�ZLWK�D�FXUUHQW�XS�WR����
P$�VRPH� �QHZ�YHUVLRQ�RI� WKH�DFFHOHUDWRU� LV�FRQVLGHUHG�� � ,W� LV
VKRZQ� WKDW� WKH� ULJLGLW\�RI� WKH� IRFXVLQJ�KDV� WR� EH� LQFUHDVHG� WR
SUHYHQW�ODUJH�SDUWLFOH�ORVVHV��)RU�WKH�JLYHQ�YDOXH�RI�EHDP�FXU�
UHQW�LW�FDQ�EH�DFKLHYHG�E\�WKH�XVLQJ�DV�VKRUW�OHQJWKV�RI�IRFXVLQJ
SHULRGV�DV�SRVVLEOH��0DLQ��SDUW�RI�WKH�OLQDF�FRQVLVWV�RI�D�ODUJH
QXPEHU��RI�VLQJOH�JDS�LQGHSHQGHQW�DFFHOHUDWLQJ�FDYLWLHV�� �,W� LV
VXSSRVHG�� WKDW� WKH� EDVLF� FRQVWUXFWLRQDO� � PDWHULDO� IRU� WKHVH
UHVRQDWRUV�ZLOO�EH�JUDSKLWH�

,W�LV�VKRZQ��WKDW�VXFK�DSSURDFK�WR�GHVLJQ�RI�PDLQ�SDUW�RI
WKH� OLQDF� DOORZV� WR� LQFUHDVH� UHOLDELOLW\� RI� � WKH� DFFHOHUDWRU�� WR
UHGXFH� WKH� UHTXLUHPHQWV� IRU�PHFKDQLFDO� WROHUDQFHV� RI� UHVRQD�
WRUV�DQG�WR��LPSURYH�SDUDPHWHUV�RI�D�ORQJLWXGLQDO�PRYHPHQW�RI
SDUWLFOHV��,W�LV�DOVR�VKRZQ��WKDW�WKH�UHSODFHPHQW�LQ�ODUJH�H[WHQW
VXFK� FRQYHQWLRQDO� IRU� OLQDF�GHVLJQ�PDWHULDOV� DV� VWHHO�� DOXPLQ�
LXP�DQG�FRSSHU�RQ�PDWHULDOV�ZLWK�VPDOO�UHVLGXDO�DFWLYDWLRQ�DQG
ORZ�QHXWURQ�SURGXFWLRQ�UDWH�DOORZV�WR�LQFUHDVH��WKH�XSSHU�OLPLW
RI� SHUPLVVLEOH� � OHYHO� RI� SDUWLFOH� ORVVHV� LQ� OLQDF�� � *UDSKLWH� DV
PDLQ�PDWHULDO�RI��UHVRQDWRUV��ZLOO�DOORZ�WR�EXLOG�WKH�OLQDF�ZLWK
UHODWLYHO\� ORZ� LQGXFHG� DFWLYL]DWLRQ�� ,W� ZLOO� � SURYLGH� � KDQGOH
PDLQWDLQDELOLW\�DW� DQ�DFKLHYHG�XS� WR� WKDW� WLPH�SDUWLFOH� � ORVVHV
OHYHO�

,QWURGXFWLRQ

7KH� SURMHFWV� RI� WKH� KLJK� SRZHU� SURWRQ� OLQDFV� �|���
0:�� KDYH� EHHQ� RIIHUHG� LQ� YDULRXV� ODERUDWRULHV� � IRU� � QXFOHDU
SRZHU� LQVWDOODWLRQV�� 7KH\� DUH� GHVLJQHG� SUDFWLFDOO\� XQGHU� WKH
VDPH�EORFN�VFKHPH�ZLWK�YHU\�VLPLODU�SDUDPHWHUV�RI� WKH�EHDP�
7KH\�DUH�FRQYHQWLRQDO�&:�5)�OLQDFV�EDVHG�RQ�VHYHUDO�W\SHV�RI
DFFHOHUDWLQJ�VWUXFWXUHV��ZKLFK�DUH�ZRUNLQJ� LQ� WKH�H[LVWLQJ� ORZ
SRZHU�OLQDFV�7KHVH�VWUXFWXUHV�DUH��5)4�DV�DQ�LQLWLDO�SDUW�RI�WKH
OLQDF��VRPH��YHUVLRQV�RI�'7/�IRU� LQWHUPHGLDWH�SDUW�ZLWK�EHDP
XS�WR��|�����0H9��'$:���DQG�&&/�VWUXFWXUHV�IRU�DFFHOHUDWLRQ
RI� WKH� EHDP�XS� WR� WDUJHW� HQHUJ\� >�@��7KH�SDUDPHWHUV� RI� WKHVH
OLQDFV�DUH�FKRVHQ� IURP� WKH� VSDOODWLRQ�QHXWURQ�SURGXFWLRQ�HIIL�
FLHQF\� DQG� WKH� OLQDF� HOHFWULFDO� HIILFLHQF\�� 7KH� YDOXH� RI� WKH
EHDP�FXUUHQW�����P$�DQG�RXWSXW��EHDP�HQHUJ\�|������0H9�
DW�WKH�PRPHQW�LQGLFDWHG�LQ�WKH�PRVW�RI�WKH�SURMHFWV���DUH��FKR�
VHQ� WR� VDWLVI\� WKHVH� UHTXLUHPHQWV�� 7KH� SURSRVHG� SURMHFWV� DUH
WKH�UHDOLVWLF�VROXWLRQ�RI��D�KLJK�SRZHU�DFFHOHUDWRU�GHVLJQ��+RZ�
HYHU� WKHUH� LV�QRW�RQO\� WKH�SUREOHP�RI�HIILFLHQF\��7R�EXLOG� WKH
OLQDF� ZLWK� KLJK� DYHUDJH� EHDP� SRZHU� RI� � LW� LV� � QHFHVVDU\� � WR
VROYH�D�FULWLFDO�SUREOHP�RI�WKH�DFFHOHUDWRU�SDUWV�DFWLYDWLRQ��7KH

SHUPLVVLEOH�YDOXH�RI�SDUWLFOH�ORVVHV�XQGHU�FRQGLWLRQV�RI�KDQG��
RSHUDWHG� VHUYLFH� RI� LQVWDOODWLRQ� LV� HTXDO� ���� �� ���� � Q$�P� DQG
GHSHQGV� RQ� HQHUJ\� RI� WKH� EHDP� >���@�� ,W� PHDQV�� WKDW� LQ� WKH
SRZHUIXO� OLQDF� FRQVWUXFWHG� LQ� DFFRUGDQFH� ZLWK� WKH� SURSRVHG
VFKHPHV�DQG�ZLWK�WKH�SDUDPHWHUV�PHQWLRQHG�DERYH��WKH�OHYHO�RI
UHODWLYH� ORVVHV�VKRXOG�EH� UHGXFHG� LQ� � WZR�RUGHU�RI� WKH�PDJQL�
WXGH�LQ�FRPSDULVRQ�ZLWK�DFKLHYHG�LQ�/$03)�OLQDF�OHYHO�

7KH� SURFHVVHV�� OHDGLQJ� WR� WKH� EHDP� KDOR� IRUPDWLRQ�� DUH
QRZ�XQGHU�LQYHVWLJDWLRQ�YHU\�ZLGHO\�ERWK�DQDO\WLFDOO\�DQG�ZLWK
VLPXODWLRQV�RI�EHDP�G\QDPLFV�>���@��$V�UHVXOW�LW�ZDV�HVVHQWLDO
SURJUHVV�LQ�WKH�XQGHUVWDQGLQJ�RI�WKDW�IDFW��WKDW�SDUWLFOH�PRWLRQ
QRQOLQHDULW\��DW�WKH�SUHVHQFH�RI�VSDFH�FKDUJH��LV�WKH�PDLQ��IDF�
WRU�RI�WKH�SDUWLFOH�ORVVHV��'XH�WR�UHVXOWV�RI�WKHVH�LQYHVWLJDWLRQV
KDYH�EHHQ�DOUHDG\��FKDQJHG�VRPH�EDVLF�SDUDPHWHUV�RI�WKH�SUR�
SRVHG� OLQDFV� LQ�FRPSDULVRQ�ZLWK� WKH�SURMHFWV�� FRQVLGHUHG� HDU�
OLHU��D�FXUUHQW�RI�WKH�EHDP�LV�UHGXFHG��D�IRFXVLQJ�VWUHQJWK�DQG
D�DSHUWXUH�IDFWRU�DUH�LQFUHDVHG��WKH�EHWWHU�EHDP�PDWFKLQJ�ZLWK
WKH� OLQDF� FKDQQHOV� LV� SURYLGHG� � HWF�� 1HYHUWKHOHVV� WKH� H[LVWLQJ
PHWKRGV� IRU� VWXGLHV� RI� EHDP� KDOR� IRUPDWLRQ� JLYH� PDLQO\
TXDOLWDWLYH�UHVXOWV��QRW�DOORZLQJ�WR�REWDLQ�H[DFW�YDOXH�RI�SDUWL�
FOH�ORVVHV�LQ�GLIIHUHQW�SDUWV�RI�WKH�OLQDF��7KHUHIRUH��SUREOHP�RI
WKH�PLQLPL]DWLRQ�RI��SDUWLFOH�ORVVHV�LQ�WKH�OLQDF�LV�VWLOO�DFWXDO�

7KH� ORZ� DFWLYDWLRQ� RI� WKH� SRZHUIXO� OLQDF� FDQ� EH
DFKLHYHG�QRW�RQO\�E\�UHGXFWLRQ��RI�WKH��OHYHO�RI�ORVVHV��EXW�DOVR
E\��XVLQJ�WKH�PDWHULDOV�ZLWK�ORZ�LQGXFHG�DFWLYLW\�IRU�FRQVWUXF�
WLRQ�RI��OLQDF�DFFHOHUDWLQJ�VWUXFWXUHV�DQG�WUDQVSRUW�FKDQQHOV�

2SSRUWXQLW\�RI�PDLQWHQDQFH�RI�ORZ�DFWLYDWLRQ�OHYHO��RI�WKH
DFFHOHUDWRU�ERWK�E\�DQ�RSWLPXP�FKRLFH�RI�SDUDPHWHUV�RI� OLQDF
IRFXVLQJ�FKDQQHOV� DQG�E\� �XVH�RI� WKH�DSSURSULDWH�PDWHULDOV� LQ
WKH�OLQDF��GHVLJQ��LV�GLVFXVVHG�EHORZ�

1XPHULFDO�VLPXODWLRQ

,Q�VSLWH�RI�WKH�IDFWV�WKDW�LQ�D�UHFHQW�EHDP�G\QDPLFV�VLPX�
ODWLRQV� � DUH�XVHG�YHU\� ODUJH�QXPEHU� ����� ������PDFURSDUWLFOHV
DQG� WKH� VSHFLDO� FRGHV� IRU� EHDP� KDOR� IRUPDWLRQ� LQYHVWLJDWLRQ
ZHUH�GHYHORSHG��WKHUH�LV�QR�UHOLDEOH�PHWKRG�WR�SUHGLFW�WKH�SDU�
WLFOHV�ORVVHV�LQ�WKH�KLJK�SRZHU�OLQDFV�>���@��,W�LV�GXH�WR��H[WUHPH
ORZ�DOORZDEOH�OHYHO�RI�UHODWLYH�SDUWLFOH�ORVVHV��7KH�DQDO\VLV�RI
D� EHDP� PRWLRQ� QRQOLQHDULW\� GHJUHH� DQG� GHWHUPLQDWLRQ� RI� LWV
DOORZDEOH�OHYHO�FDQ�EH�PRUH�FRQYHQLHQW��$FFRUGLQJ�WR�WKH�JHQ�
HUDO� QRQOLQHDU� PHFKDQLFV� WKHRUHPV� WKH� VPDOO� QRQOLQHDULW\
VKRXOG�UHVXOW�LQ�OLPLWHG�SHUWXUEDWLRQ�RI�WKH�SDUWLFOH�WUDMHFWRULHV
LQ�SKDVH�VSDFH��7KH�LQFUHDVLQJ�RI�WKH�QRQOLQHDULW\�GHJUHH�OHDGV
WR� WKH� SDUWLFOHV� PRWLRQ� LQ� WKH� SKDVH� VSDFH� ZLWK� PL[LQJ� DQG�
FRUUHVSRQGLQJO\�� WR� WKH� DSSHDUDQFH� RI� PRWLRQ� FKDRWL]DWLRQ�
7KH� EHJLQQLQJ� RI� WKLV� SURFHVV� FRUUHVSRQGV� WR� � D� EHDP� HPLW�
WDQFH�JURZWK�

7KH�FRQVLGHUDWLRQ�RI�VRPH�VSHFLILF�VSHFWUDO�SURSHUWLHV�RI
G\QDPLFDO�V\VWHP�LQ�WKH�WUDQVLWLRQ�UHJLRQ�IURP�RUGHU�WR�FKDRV
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LV�JLYHQ�LQ���>�@��,W�LV�EDVHG�RQ�WKH�VWXG\�RI�WKH�VSHFWUDO�GHQVLW\

RI�WKH�FRUUHODWLRQ�IXQFWLRQ� 51 P� �ω �FDOFXODWHG�IRU�VHTXHQFH

RI� � SDUWLFOH� FRRUGLQDWHV [N � VWRUHG� DW� FHUWDLQ� FURVVHFWLRQ� LQ

HYHU\�FHOO�GXULQJ�WKH�VLPXODWLRQ��7KH�FRUUHODWLRQ�IXQFWLRQ�LV�
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,Q� WKLV� H[SUHVVLRQ� 1 GHWHUPLQHV� WKH� QXPEHU� RI� VWRUHG� SRLQWV
IRU�HYHU\�SDUWLFOH�WUDMHFWRU\�

,W�IROORZV�IURP�JLYHQ�LQ�>�@�VSHFWUXP�FRUUHODWLRQ�IXQFWLRQ
TXDOLWDWLYH� DQDO\VLV� WKDW� LW� LV� GHWHUPLQHG� E\� VWUXFWXUH� RI� WKH
SKDVH�VSDFH��,Q�WKH�SUHVHQFH�RI�VSDFH�FKDUJH�LW�FDQ�VHH�LQVLGH
SKDVH�VSDFH�WKH�VWDELOLW\�LVODQGV�ZKLFK�FRUUHVSRQG�WR�WKH�UHVR�
QDQFHV� RI� GLIIHUHQW� RUGHUV� >�@�� 7KH� VSHFWUXP� EHFRPHV� ZLGHU
DQG�PRUH�XQLIRUP��7KHUH�LV�RQH�PRUH�XQLYHUVDO�VSHFWUDO�SURS�
HUW\��:HOO�PDUNHG�SHDN�DSSHDUV� IRU�]HUR� IUHTXHQF\��VR�FDOOHG
¦FHQWUDO�SHDN§���,W�LV�GXH�WR�VRPH�WUDMHFWRULHV�SDVV�WKH�YLFLQLW\
RI�K\SHUEROLF�SRLQWV�RI� WKH� VHSDUDWUL[� IRU� D� YHU\� ORQJ� WLPH�RU
SDVV�QHDU�WKH�ERUGHU�RI�VWDELOLW\�UHJLRQ�

7KLV�PHWKRG�ZDV�XVHG�WR�DQDO\]H�WKH�,7(3�EHDP�G\QDP�
LFV� VLPXODWLRQ� UHVXOWV� IRU� WKH� GLIIHUHQW� VWUXFWXUHV� RI� WKH� KLJK
SRZHU� OLQDF��7KH�VSHFWUD�ZHUH�FDOFXODWHG�IRU�����SDUWLFOH� WUD�
MHFWRULHV�LQ�GHSHQGHQFH�RI�VSDFH�FKDUJH�SDUDPHWHU K �

K
Q
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,= λ
σ βγ ε�
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:KHUH� � Q � �� OHQJWK� RI� IRFXVLQJ� SHULRG� LQ�EO� XQLW�� β � �

SDUWLFOH�UHODWLYH�YHORFLW\�� γ ���UHODWLYLVWLF�IDFWRU�� λ ���5)�ILHOG

ZDYHOHQJWK��σ � ��WUDQVYHUVH�RVFLOODWLRQ�SKDVH�DGYDQFH�DW�]HUR

FXUUHQW�� ,� ���FKDUDFWHULVWLF�FXUUHQW�HTXDO�IRU�SURWRQV���������
�

$�� , ��DYHUDJH�EHDP�FXUUHQW��ε ���QRUPDOL]HG�EHDP�HPLWWDQFH�
7KLV�FRPELQDWLRQ��FDQ�EH�D�IUXLWIXO�IRU�HVWLPDWLRQ�RI�QRQ�

OLQHDULW\�GHJUHH�RI�SDUWLFOH�PRWLRQ�LQ�IRFXVLQJ�FKDQQHO�
7KH� � UHVXOWV� RI� ,7(3� VLPXODWLRQV� DQDO\VLV� DUH� VKRZQ� LQ

ILJ����
,Q� WKLV� ILJXUH� DUH� SUHVHQWHG� GDWD� IRU� '7/� VHFWLRQ

�LQWHUPHGLDWH�SDUW�RI�DQ�DFFHOHUDWRU��ZLWK�WKH�SDUDPHWHUV�RI�WKH
EHDP�DQG�FKDQQHO�JLYHQ�LQ�7DEOH���

7KH� FXUYHV� LQ� ILJXUH� UHSUHVHQW� GHSHQGHQFHV� RI� DYHUDJH
IUHTXHQF\� σ � LQ� WKH� VSHFWUXP� RI� FRUUHVSRQGLQJ� FRUUHODWLRQ

IXQFWLRQV��DQG�DOVR�WKH�ORZHU σ O � �DQG�XSSHU�σ K � �ERUGHUV�RI

WKH�VSHFWUD�RQ�VSDFH�FKDUJH�SDUDPHWHU��K �

,W� IROORZV� IURP� WKH� ILJXUH� WKDW� IRU� K KO≥ � � WKH� SDUWLFOHV

ZLWK�]HUR�IUHTXHQF\�DSSHDU�LQ�WKH�EHDP��7KH�SUHVHQFH�RI�]HUR
IUHTXHQF\�LQ�D�VSHFWUXP�RI�FRUUHODWLRQ�IXQFWLRQ��FHQWUDO�SHDN�
WHVWLILHV� WKDW�VRPH�SDUWLFOHV�FKDQJH� WKHLU� DPSOLWXGHV�XQGHU� LQ�
IOXHQFH�ORFDO�LQVWDELOLWLHV��,Q�WKH�VLPXODWLRQ�UHVXOWV�GLVSOD\HG�LQ
)LJ����WKH�ORZHU�ERUGHU�RI�D�VSHFWUXP�UHDFKHG�]HUR�DW�K� �����
DQG�WKH�HPLWWDQFH�JURZWK�EHJDQ�EH�FRQVLGHUDEOH�VWDUWLQJ�IURP

WKH� VDPH�SRLQW�� ,W� LV�SRVVLEOH� WR�DVVXPH�� WKDW� WKH�YDOXH� KO � RI

VSDFH�FKDUJH�SDUDPHWHU�K �DW�ZKLFK�WKH�ORZHU��VSHFWUXP�ERUGHU
RI�WKH�FRUUHODWLRQ�IXQFWLRQ�UHDFKHV�]HUR��FDQ�VHUYH�DV�WKH�XSSHU
OLPLW� � RI� D� EHDP� FXUUHQW� IRU� WKH� JLYHQ� FKDQQHO�� DW� ZKLFK� WKH
SDUWLFOHV�PRWLRQ�KDV�ODPLQDU�FKDUDFWHU�

)LJ��$�'HSHQGHQFH�RI�DYHUDJH�WUDQVYHUVH�SDUWLFOH�RVFLOODWLRQV
IUHTXHQF\�DQG�ERUGHU�IUHTXHQFLHV�RI�VSHFWUD�RQ�VSDFH�FKDUJH

SDUDPHWHU������σ ������σ O ������σ K �

7DEOH�$

2SHUDWLQJ�IUHTXHQF\ ����0+]
,QLWLDO�DYHUDJH�IUHTXHQF\�RI��WUDQVYHUVH
RVFLOODWLRQV

���

/HQJWK�RI�IRFXVLQJ�SHULRG �EO
7\SH�RI�IRFXVLQJ�SHULRG )2'2
%HDP�HPLWWDQFH ����FP�PUDG
%HDP�HQHUJ\ ����0HY

7KH� VSDFH� FKDUJH� SDUDPHWHU�� FDOFXODWHG� IRU� WKH� VFKHPHV
ZLWKRXW� EHDPV� IXQQHOLQJ� SURSRVHG� LQ� >�@� �/$1/�� DQG� >�@
�,7(3��IRU�DQ�DYHUDJH�EHDP�FXUUHQW�����u��DUH�VKRZQ�LQ�ILJ����
$V� LW� FDQ� EH� VHHQ�� � LQ� ,7(3� SURMHFW� RI� DFFHOHUDWRU� WKH� VSDFH
FKDUJH�SDUDPHWHU�VOLJKWO\�H[FHHGV�WKH�VSHFLILHG�DERYH��OLPLW�LQ
WKH� DFFHOHUDWRU� LQWHUPHGLDWH� SDUW�� DQG� LQ�/$1/� OLQDF� WKLV� SD�
UDPHWHU�H[FHHGV�WKH�OLPLW�LQ�VHYHUDO�WLPHV��,W�LV�GXH�WR��XVLQJ�LQ
WKH�ODVW�FDVH�WKH�IRFXVLQJ�SHULRG�OHQJWKV�ZLWK�Q� �����EHJLQQLQJ
ZLWK� UDWKHU� ORZ� EHDP� HQHUJ\�� � 2XU� UHVXOWV� VKRZ� WKDW� LQ� WKLV
FDVH�LW�ZLOO�OHDG�WR�IDVW�KDOR�IRUPDWLRQ�LQ�WKLV�SDUW�RI�WKH�DFFHO�
HUDWRU�� 7R� GHFUHDVH� WKLV� HIIHFW� LW� LV� QHFHVVDU\� WR� XVH� VKRUWHU
IRFXVLQJ�SHULRG�LQ�WKH�OLQDF�DW�OHDVW�DW�EHDP�HQHUJ\�ORZHU������
����0H9�

$FWLYDWLRQ�RI�KLJK�SRZHU�OLQDF

7KH�UDGLDWLQJ�SUREOHPV�FDQ�EH�VROYHG�QRW�RQO\�E\�UHGXF�
WLRQ�RI� WKH� SDUWLFOH� ORVVHV� LQ� FRPSDULVRQ�ZLWK� DFKLHYHG� OHYHO�
EXW� DOVR� E\� DSSOLFDWLRQ� RI� PDWHULDOV�� KDYLQJ� FRQVLGHUDEO\
VPDOOHU� OHYHO�RI� LQGXFHG�UDGLRDFWLYLW\�>�@��2QH�RI� � VXFK�PDWH�
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ULDO� LV�� IRU� H[DPSOH�� JUDSKLWH�� IRU� ZKLFK� WKHUH� DUH� DGYDQFHG
WHFKQRORJLHV�RI�HPSOR\PHQW�LQ��UDGLDWLQJ�HQJLQHHULQJ�
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)LJ��%�6SDFH�FKDUJH�SDUDPHWHU�DORQJ�OLQDF�IRU�/$1/��FXUYH���
DQG�,7(3��FXUYH����SURMHFWV�

,I�WR�UHGXFH�WKH�XVH�RI�FRSSHU�DQG�VWHHO�DV�FRQVWUXFWLRQDO
PDWHULDOV�LQ�WKH�OLQDF�DV�PXFK�DV�SRVVLEOH�DQG�WR�UHSODFH�WKHP
E\�JUDSKLWH��LQ�ZKLFK�ORVW�SDUWLFOHV��ZLOO�EH�PDLQO\�DEVRUEHG��
WKH� OHYHO� RI� UDGLRDFWLYLW\� ZLOO� EH� FRQVLGHUDEO\� ORZHUHG�� 7KH
DFFHOHUDWRU� EHFRPHV� SUDFWLFDOO\� FOHDQ� IURP� WKH� UDGLRDFWLYLW\
SRLQW� RI� YLHZ� XS� WR� HQHUJ\� RI� ���0H9� DW� DQ\� OHYHO� RI� EHDP
ORVVHV��,Q�WKLV�HQHUJ\�UDQJH�UHVLGXDO�UDGLDWLRQ�LV�FDXVHG�E\���1
DQG���&�UDGLRQXFOLGHV�ZLWK�KDOI�OLIH�WLPH�RI����DQG����PLQXWHV
DFFRUGLQJO\�� DQG�� KHQFH�� UDGLDWLRQ� QHDU� WR� DFFHOHUDWRU� � LV
TXLFNO\�UHGXFHG�XS�WR�DOORZDEOH�OHYHO�

%HFDXVH� QHXWURQ� \LHOG� RI� FDUERQ� LV� OHVV� WKDQ� ��� �� � RI
FRSSHU��WKH�EHDP�IRFXVLQJ�FDQ�EH�SURYLGHG�LQ�'7/�E\�SHUPD�
QHQW�PDJQHWV�

7KH�DOORZDEOH�OHYHO�RI�LQGXFHG�UDGLRDFWLYLW\�RI�WKH�DFFHO�
HUDWRU� � ZLWK� XVH� RI� JUDSKLWH� FRUUHVSRQGV� WR� HVVHQWLDOO\� PRUH
KLJK�OHYHO�RI� WKH�SDUWLFOH� ORVVHV��$W� �SURWRQ�HQHUJ\�DERYH����
0H9� RI� WKH� GRVH� SRZHU� GXULQJ� �� KRXUV� DIWHU� VZLWFK� RII� WKH
EHDP�EHFRPHV�����WLPHV�OHVV��WKDQ�LQ�WKH�FDVH�RI�XVLQJ�RI�WUD�
GLWLRQDO�PDWHULDOV�IRU�WKH�VDPH�EHDP�ORVVHV�

7KH�SULQFLSDO�SRVVLELOLW\�RI�DSSOLFDWLRQ�RI�JUDSKLWH� LQ�DF�
FHOHUDWLQJ�FKDQQHO�FRQVWUXFWLRQV� UHVXOWV� IURP�SK\VLFDO�SURFHVV
IHDWXUHV� RI� SDUWLFOHV� ORVVHV� LQ� OLQDF��$V� WKH� DFFHOHUDWHG� EHDP
KDV�VPDOO�SKDVH�YROXPH��ORVW�SDUWLFOHV�IDOO�RQ�LQWHUQDO�ZDOO�ZLWK
DQJOH� OHVV� WKDQ� ���PUDG� DQG�� KHQFH�� WKHLU� WUDMHFWRULHV� SDVV� LQ
WKLQ�VXUIDFH�OD\HU��7KH�GHSWK�RI�SURWRQ�SHQHWUDWLRQ�LV�LQFUHDVHG
GXH� WR� UHSHDWHG�&RXORPE� GLVVLSDWLRQ� RI� SURWRQV� RQ� DWRPV� RI
WKH�ZDOO��7KH�JLYHQ�GHSHQGHQFH�LV�REWDLQHG�LQ�DVVXPSWLRQ�RI�D
XQLIRUP�GLVWULEXWLRQ�RI�SDUWLFOHV� ORVVHV� DORQJ� WKH� FKDQQHO� DQG
WDNLQJ� LQWR� DFFRXQW� WKH� IDFW�� WKDW� FDSWXUH� RI� WKH� ORVW� SDUWLFOHV
WDNHV�SODFH�LQ�WKH�LQQHU�ZDOO�VXEVWDQFH�GXH�WR�QXFOHDU� LQWHUDF�
WLRQV��7KH�SHQHWUDWLRQ�GHSWK�LV�VPDOOHU� WKDQ�DSHUWXUH� UDGLXV�DW
HQHUJLHV�d� ����0H9� �ZKLOH� DW� WKH� HQHUJ\� UDQJH� � ���� �� ����
0H9�� WKH�SHQHWUDWLRQ�GHSWK� LV�FRPSDUDEOH� WR� WKH�DFFHOHUDWLQJ
VWUXFWXUH�VL]HV�

2XU� FDOFXODWLRQV� VKRZ� WKDW� LQ� WKH� FDVH� RI� WKH� �JUDSKLWH�
DFFHOHUDWRU�ZLWK�����P$��DYHUDJH�EHDP�FXUUHQW�UHODWLYH�EHDP
ORVVHV�VKRXOG�EH�RQO\�VOLJKWO\�ORZHU�WKDQ�WKRVH�DUH�LQ�/$03)
QRZ�WR�KDYH�VXLWDEOH�DFWLYDWLRQ�OHYHO�DW�KLJK�SRZHU�OLQDF��7KH

SHUPLVVLEOH� OHYHO�RI� WKH� UHODWLYH�SDUWLFOH� ORVVHV�PD\�EH� LQ�RXU
FDVH� ����� �� ������ 7KH� SURJUHVV� RI� WKH� DFFHOHUDWRU� VFLHQFH� DQG
HQJLQHHULQJ�GXULQJ�ODVW�SHULRG�DOORZV�WR�KRSH�WKDW�WKLV�YDOXH�LV
DFKLHYDEOH�JRDO�

&RQFOXVLRQ

7KH�SHUPLVVLEOH�OHYHO�RI�DFWLYDWLRQ�LV�RQH�RI�WKH�PRVW�LP�
SRUWDQW� SDUDPHWHUV� IRU� RI� KLJK� SRZHU� OLQDF� GHVLJQ�� ,W� FDQ� EH
SRVVLEOH� WR� DFKLHYH� UHTXLUHG� OHYHO� E\� GHFUHDVLQJ� RI� SDUWLFOH
ORVVHV� DQG� DSSURSULDWH� FKRLFH�PDWHULDOV� RI� DFFHOHUDWLQJ� VWUXF�
WXUHV�DQG� WUDQVSRUW� FKDQQHOV�� ,Q� WKLV� UHSRUW� WKH� LQWURGXFLQJ�RI
WKH� XSSHU� OLPLW� RI� VSDFH� FKDUJH� SDUDPHWHU� LV� GLVFXVVHG�� 7KH
OLPLW� LV� EDVHG� RQ� WKH� VWXG\� RI� WKH� VSHFWUDO� SURSHUWLHV� RI� WKH
WUDQVYHUVH� SDUWLFOH� RVFLOODWLRQV�� ,W� LV� VKRZQ� WKDW� VSDFH� FKDUJH
SDUDPHWHUV� VKRXOG� QRW� H[FHHG� YDOXH� FRUUHVSRQGLQJ� RQO\� ���
SKDVH�DGYDQFH�GHSUHVVLRQ��)RU�DYHUDJH�EHDP�FXUUHQW�����P$
LW�OHDGV�WR�VKRUWHU�IRFXVLQJ�SHULRG�OHQJWKV�DORQJ�WKH�OLQDF�WKHQ
LQ�HDUOLHU�SURSRVHG�SURMHFWV�RI�WKH�KLJK�SRZHU�OLQDF�

7KH� LQWURGXFLQJ� LQWR� FRQVWUXFWLRQ� RI� WKH� OLQDF� PDWHULDOV
ZLWK�ORZ�UHVLGXDO�DFWLYLW\�DQG�ORZ�QHXWURQ�\LHOG�LPSURYHV�FRQ�
VLGHUDEO\� WKH� UDGLDWLRQ� VLWXDWLRQ� DW� WKH� KLJK� SRZHU� � OLQDF�� 7R
KDYH�KDQG�RQ�PDLQWHQDQFH�RI�WKH�OLQDF�WKH�UHODWLYH�EHDP�ORVVHV
PD\�EH�RQO\�VOLJKWO\�OHVV�WKDQ��WKRVH�LQ�/$03)�QRZ�

7KH� UHVXOWV� RI� WKH� EHDP�G\QDPLFV� DQDO\VLV� DQG� VWXG\� RI
LQWHUDFWLRQ� ORVW� SDUWLFOHV� ZLWK� OLQDF� PDWHULDOV� OHG� WR� GHYHORS�
PHQW�LQ�,7(3�RI�WKH�QHZ�FRQFHSWLRQ�RI�KLJK�SRZHU�SURWRQ� OL�
QDF�GHVLJQ�>�@

)XUWKHU� GHYHORSPHQW� RI� WKH� SURSRVHG� YHUVLRQ� RI� WKH� DF�
FHOHUDWRU�GHVLJQ�UHTXLUHV�WKRURXJK�QXPHULFDO�FDOFXODWLRQV��7KH
XQGHUVWDQGLQJ�RI�WKH�SLFWXUH�RI�WKH�WUDQVSRUW�RI�SDUWLFOHV�EHLQJ
ORVW�� ZKLFK� XQGHUJR�PXOWLSOH� UHIOHFWLRQ� SULRU� WR� WKHLU� DEVRUS�
WLRQ��ZLOO�KHOS�WKH�GHYHORSPHQW�RI�PHWKRGV�IRU�VPRRWKLQJ�RXW
WKH�GLVWULEXWLRQ�RI��ORVVHV�

,W�LV�DOVR�QHFHVVDU\�WR�VROYH�WHFKQLFDO�SUREOHPV�RI�JUDSK�
LWH�XVH�LQ�GHHS�YDFXXP�DQG�VWURQJ�HOHFWULF�ILHOGV�

����������������������������������������������������������
��*�3��/DZUHQFH��¦7UDQVPXWDWLRQ�DQG�(QHUJ\�3URGXFWLRQ�ZLWK�+LJK
3RZHU�$FFHOHUDWRUV§��3URF��RI�3$&����&RQI���S���

�� $�$�� 'UR]GRYVN\�� ¦,QGXFHG� 5DGLRDFWLYLW\� 'HFUHDVH� 0HWKRG� LQ
+LJK�,QWHQVLW\�/LQDF§��3URF��RI�(3$&�����WR�EH�SXEOLVKHG�

��1��%URZQ� DQG�0�5HLVHU�� ¦&XUUHQW� /RVVHV� DQG�(TXLOLEULXP� LQ�5)
/LQHDU�$FFHOHUDWRUV§��3URF��RI�3$&����&RQI���S������

�� 5�'�� 5\QH�� 6�� +DELE� DQG� 7�� :DQJOHU�� ¦+DORV� RI� ,QWHQVH� 3URWRQ
%HDPV§��3URF��RI�3$&����&RQI���S������

��-��/DJQLHO��1XFO��,QVW��0HWK��$���������������
��*�0�� =DVODYVN\�� 5�=�� 6DJGHHY�� ¦,QWURGXFWLRQ� WR�1RQOLQHDU� 3K\V�
LFV§��1DXND��0RVFRZ�������

��9�9��%HORVKDSNLQ��*�0��=DVODYVN\��¦2Q�WKH�6SHFWUDO�3URSHUWLHV�RI
'\QDPLF�6\VWHPV�LQ�WKH�7UDQVLWLRQ�5HJLRQ�IURP�2UGHU�WR�&KDRV§�
3K\V��/HWW���Y���D��Ô���������

��9�$�� $QGUHHY�� HW�DO��� ¦1HZ�$SSURDFK� IRU� +LJK� 3RZHU� ,RQ� /LQDF
'HVLJQ§�� 7KH� ,QWHUQ�� &RQI�� RQ� $FFHOHUDWRU�'ULYHQ� 7UDQVPXWDWLRQ
7HFKQRORJLHV�DQG�$SSOLFDWLRQV��.DOPDUH��-XQH�������

��9�$��$QGUHHY�DW�DO��¦(QJLQHHULQJ�'HVLJQ�RI�,7(3�3URWRQ�/LQDF�IRU
1XFOHDU�:DVWHV�7UDQVPXWDWLRQ§��LELG�
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