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ILHOG�KDV�EHHQ�VWXGLHG�LQ�WZR�FRQWDLQHU�W\SHV��URXQG�DQG�IODW���$SSOLFDWLRQ�RI�D�VSHFLILFDOO\
FRQILJXUHG� JUDGLHQW� PDJQHWLF� ILHOG� WR� WKH� PDJQHWLF� QDQRSDUWLFOHV� LQ� D� URXQG� FDSLOODU\
PDNHV� LW� SRVVLEOH� WR� IRUP� D� SHULRGLF� VWUXFWXUH� FRQVLVWLQJ� RI� QHHGOH�OLNH� FOXVWHUV� RI� WKH
PDJQHWLF� SDUWLFOHV�� ,Q� D� IODW� FRQWDLQHU�� D� IDLUO\� KRPRJHQHRXV� GLVWULEXWLRQ� RI� FOXVWHUV� LV
REVHUYHG�� ,Q� VRPH� FRQGLWLRQV�� FOXVWHUV� RI� ODUJHU� VL]H� �PHJD�FOXVWHUV�� DSSHDU� ZLWKLQ� D
WZR�GLPHQVLRQDO�HQVHPEOH�RI�WKH�QHHGOH�OLNH�FOXVWHUV��7KH�PHJD�FOXVWHUV�DUH�RI�GXPEHOO�OLNH
VKDSH�ZLWK�DV\PPHWULF��SUHVXPDEO\�VSLUDO��FRQVWULFWLRQ�
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0DJQHWLF� OLTXLGV� �0/��DUH�FROORLGDO�VROX�
WLRQV� RI� WLQ\�PDJQHWLF� SDUWLFOHV� LQ� D� OLTXLG
FDUULHU�� 7KRVH� DWWUDFW� ODVW� \HDUV� DQ� LQWHQVH
DWWHQWLRQ�GXH�WR�WKHLU�WHFKQLFDO�DSSOLFDWLRQV
�VHH��H�J���>�@���DQG�DUH�DOVR�FRQVLGHUHG�WR�EH
D� PDWHULDO� RI� JRRG� SURPLVH� IRU� IXQFWLRQDO
HOHFWURQLFV�DQG��LQ�SDUWLFXODU��IRU�REWDLQLQJ
VR�FDOOHG� �SKRWRQ� FU\VWDOV�� >�@��&RXSOLQJ�RI
WKH�PDJQHWLF�SDUWLFOHV�LQWR�FOXVWHUV�LV�D�VSH�
FLILF� SURSHUW\� RI�PDJQHWLF� OLTXLGV� SUHSDUHG
ZLWKRXW�DGGLQJ�RI�DQWL�FRDJXODQWV��WKDW�FDQ
EH�LQWHUSUHWHG�DV�WKH�LQLWLDO�VWDWH�RI�WUDQVL�
WLRQ�WR�JHO�SKDVH��VHGLPHQWDWLRQ�RI�WKH�SDU�
WLFOHV��� 7KH� IDFW� RI� VXFK� D� FRXSOLQJ� �DJJOR�
PHUDWLRQ�� DQG� WKH� LQWHUDFWLRQ� PHFKDQLVPV
RI� WKH�SDUWLFOHV� LQ�0/�ZHUH� LQYHVWLJDWHG� LQ
GHWDLO� >����@��$SSHDUDQFH� RI� FOXVWHUV� LQ�0/
LV�FRQVLGHUHG�QRW�WR�EH�GHVLUDEOH�IRU�LWV�DS�
SOLFDWLRQV��7KLV�FRQFHUQV�WKH�XVDJH�RI�0/�DV

OXEULFDQWV�� SULQWLQJ� LQNV�� GDPSHU� OLTXLGV�
FRRODQWV�� VHDO� PDWHULDOV�� DQG� RWKHU� FDVHV
ZKHUH�VWDELOLW\�RI�WKH�0/�K\GURG\QDPLF�SD�
UDPHWHUV� SOD\V� DQ� LPSRUWDQW� UROH�� 7KDW� LV
WKH� UHDVRQ� RI� D�JUHDW� DWWHQWLRQ� SDLG� WR� WKH
PHWKRGV� UHGXFLQJ� DJJORPHUDWLRQ�� +RZHYHU�
WKH� FOXVWHU� IRUPDWLRQ� PHQWLRQHG� DERYH� LV� D
QHFHVVDU\�FRQGLWLRQ�IRU�SUDFWLFDO�XVDJH�RI�0/
LQ�VRPH�FDVHV��9LVXDOL]DWLRQ�RI�PDJQHWLF�ILHOG
OLQHV�� PDJQHWLF� LUUHJXODULWLHV� DQG� PDJQHWLF
GRPDLQV�� RSHUDWLRQ� RI� RSWLFDO� YDOYHV�� DQG
RWKHU� DSSOLFDWLRQV� UHTXLUH� VXFK� D� QRQ� LGHDO
VWDWH�RI�0/��1RWH�WKDW�VSDWLDO�RUGHULQJ�RI�WKH
FOXVWHUV�LQ�PDJQHWLF�ILHOG�XQGHUOLHV�WKH�GHYH�
ORSPHQW�RI�0/�EDVHG�SKRWRQ�FU\VWDOV�>�@�

7KH� FOXVWHU� IRUPDWLRQ� PHFKDQLVP� LV
EDVHG� RQ� GLSROH�GLSROH� LQWHUDFWLRQ� EHWZHHQ
PDJQHWLF� QDQRSDUWLFOHV� DQG� FRXQWHUDFWLQJ
WKHUPDO� RVFLOODWLRQV� RI� WKH� OLTXLG� FDUULHU
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PROHFXOHV��7KDW�LV�ZK\�FOXVWHUL]DWLRQ�LV�WKH
PRUH�LQWHQVLYH��WKH�ODUJHU�WKH�SDUWLFOHV�DUH�
7KH� FULWLFDO� GLPHQVLRQ� RI� QDQRSDUWLFOHV� DW
ZKLFK� FRXSOLQJ� SUREDELOLW\� EHFRPHV� DSSUH�
FLDEOH�LV�DERXW����QP�>�@��7KH�FOXVWHUL]DWLRQ
SUREDELOLW\� LQFUHDVHV� ZKHQ� DQ� H[WHUQDO� PDJ�
QHWLF�ILHOG�LV�DSSOLHG��LQ�WKLV�FDVH��WKH�FOXVWHU
LWVHOI�DULVHV�DV�PDJQHWLF�GLSROH�ZLWK�PDJQHWL�
]DWLRQ�GLUHFWHG�DORQJ�WKH�H[WHUQDO�ILHOG�

1XPHURXV� LQYHVWLJDWLRQV� DUH� GHYRWHG� WR
WKH�SURSHUWLHV� DQG� IRUPDWLRQ�SURFHVV�RI�RU�
GHUHG� FOXVWHUV� LQ� WKLQ�0/� ILOPV� >�Ü��@�� ,Q
WKRVH�ZRUNV��DQDO\]HG�LV�PDLQO\�WKH�FDVH�RI
H[WHUQDO�PDJQHWLF�ILHOG�SHUSHQGLFXODU�WR�WKH
ILOP� VXUIDFH� DQG� FOXVWHUV� DUUDQJHG� OLNH� F\�
OLQGULFDO�PDJQHWLF�GRPDLQV�LQ�WKLQ�PDJQHWLF
ILOPV� LQ� WKH� VLWHV� RI� WZR�GLPHQVLRQDO� KH[�
DJRQDO� ODWWLFH�� 6XFK� DQ� DUUDQJHPHQW� LV� WKH
FORVHVW�� ,Q� WKLV� ZRUN�� LQ� FRQWUDVW� WR� WKRVH
PHQWLRQHG� DERYH�� WKH� FOXVWHUV� DUH� VWXGLHG
ZKLFK� JURZ� IUHHO\� LQ�0/� SUHSDUHG� ZLWKRXW
XVLQJ� DQWLFRDJXODQWV�� &\OLQGULFDO� JODVV� FDS�
LOODULHV�ZHUH�XVHG�LQ�RUGHU�WR�SURYLGH�QHFHV�
VDU\� FRQGLWLRQV� IRU� VXFK� JURZWK� DQG� FOXV�
WHUV�DUUDQJHPHQW�DORQJ�D�VWUDLJKW�OLQH��)XU�
WKHUPRUH�� VWXGLHV� FRQFHUQLQJ� EHKDYLRU� RI
0/�LQ�D�IODW�FRQWDLQHU�DUH�FRQWLQXHG�

0RQRGLVSHUVHG� SRZGHU� RI� PDJQHWLWH� ZDV
VHOHFWHG� DV� WKH� LQLWLDO� PDWHULDO� �)LJ�����
(WK\O�DOFRKRO�ZDV�VHOHFWHG�DV�WKH�FDUULHU�OLT�
XLG�� 7KH� SRZGHU� FRQWHQW� LQ� WKH� OLTXLG� ZDV
����PJ�FP��� 1R� DQWLFRDJXODQWV� ZHUH� XVHG�
,Q� DEVHQFH� RI� PDJQHWLF� ILHOG�� WKH� SRZGHU
IRUPHG� D� SUHFLSLWDWH� DW� WKH� FDSLOODU\� ERW�
WRP��*ODVV� FDSLOODU\� WXEHV� RI� ����� ���� DQG
����PP� LQVLGH� GLDPHWHU� ZHUH� XVHG� DV� WKH
URXQG�FRQWDLQHUV�IRU�D�PDJQHWLF�OLTXLG��7KH
H[WHUQDO� PDJQHWLF� ILHOG� ZDV� JHQHUDWHG
HLWKHU�E\�+HOPKROW]�FRLOV��)LJ�����RU�E\�SHU�
PDQHQW�PDJQHW��7KH�H[WHUQDO�PDJQHWLF�ILHOG

LQWHQVLW\� FRXOG�EH�YDULHG� IURP��� WR�����2H
DQG�LWV�GLUHFWLRQ�FRXOG�EH�DUELWUDU\�

6ZLWFKLQJ� RQ� WKH� PDJQHWLF� ILHOG� UHVXOWV
LQ� QHHGOH�OLNH� FOXVWHUV� JURZLQJ� IURP� WKH
SUHFLSLWDWH�� 7KH� FOXVWHUV� DUH� DOPRVW� RI� WKH
VDPH� KHLJKW�� WKHLU� JURZLQJ� VWRSV� DW� D� FHU�
WDLQ�VL]H��DERXW�����PP��HYHQ�ZKHQ�WKH�FDS�
LOODU\� GLDPHWHU� LV� VXIILFLHQW� IRU� IXUWKHU
JURZWK�� 0DJQHWLF� ILHOG� LQGXFWLRQ� DW� ZKLFK
WKH�JURZLQJ�SURFHVV�VWRSV�LV�DERXW����P7��,Q
D� KRPRJHQHRXV� PDJQHWLF� ILHOG�� WKH� FOXVWHUV
DUH� DUUDQJH� LQWR� RQH� URZ� RQ� DUELWUDU\� VSDF�
LQJV� IURP� HDFK� RWKHU�� ZKLOH� VWD\LQJ� LQ� WKH
VDPH�SODQH�SDVVLQJ�WKURXJK�WKH�FDSLOODU\�WXEH
D[LV�� ,I� WKHUH� LV� D� EHOO�VKDSHG�PDJQHWLF� ILHOG
GLVWULEXWLRQ�� WKH� FOXVWHUV� DUH� DUUDQJHG� QHDU
LWV� PD[LPXP� LQ� D� SHULRGLF� IDVKLRQ� �)LJ�����
7KH�SHULRGLFLW\�UDWKHU�UHJXODU��ZKDW� LV� WHVWL�
ILHG� E\� D� VPDOO� VSRW� VL]H� RI� WKH� GLIIUDFWLRQ
SHDNV�LQ�OLJKW�GLIIUDFWLRQ�H[SHULPHQW�ZLWK�WKH
REWDLQHG� RUGHUHG� FOXVWHU� VWUXFWXUH� >��@�� 7KH
GHSHQGHQFH�RI�ILHOG�JUDGLHQW�RQ�FRRUGLQDWH�LV
TXDGUDWLF�LQ�WKH�FDVH�RI�EHOO�VKDSHG�ILHOG�GLV�
WULEXWLRQ�

7KH� VWUXFWXUH� SHULRG� FDQ� EH� UHGXFHG� E\
PRYLQJ�WKH�PDJQHW�QHDU�WR�D�FDSLOODU\�WXEH
ZKDW� FDXVHV� JUDGLHQW� LQFUHDVH� �)LJ������ 7KH
VWUXFWXUH� SHULRG� FDQ� EH� FKDQJHG� E\� XS� WR
��� �� DV� WKH� ILHOG� LQFUHDVHV� IURP� �� WR

)LJ����� �0DJQHWLWH�QDQRSDUWLFOHV�$)0�LPDJH�
7KH� DYHUDJH� SDUWLFOH� VL]H� LV� ����� QP�� 7KH
VFDOH� RI� JUD\� JUDGDWLRQV� FRUUHVSRQGHQFH� WR
WKH� VXUIDFH�JHRPHWU\� LV� VKRZQ�DW� ULJKW�KDQG
VLGH�RI�WKH�)LJXUH�

)LJ�����1HHGOH�OLNH� FOXVWHUV� LQ�PDJQHWLF� ILHOG
JUDGLHQW��RQH�GLPHQVLRQDO��D��DQG�WZR�GLPHQ�
VLRQDO�GLVWULEXWLRQ��E���

)LJ�����6FKHPH�RI�H[SHULPHQWDO�VHWXS�XVHG�WR
VWXG\� WKH� PDJQHWLF� ILHOG� JUDGLHQW� LQIOXHQFH
RQ� FOXVWHU� GLVWULEXWLRQ� LQ� WKH� PDJQHWLF� OLT�
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���P7��7KH�VLQJOH�URZ�DUUDQJHPHQW�RI�FOXV�
WHUV� LQ� WKH� FDSLOODU\� RI� ���� PP� LQVLGH� GL�
DPHWHU�LV�PDLQWDLQHG�WLOO�WKH�ILHOG�LQGXFWLRQ
LQ�WKH�PD[LPXP�RI�LWV�EHOO�VKDSHG�GLVWULEX�
WLRQ�GRHV�QRW�H[FHHG����P7��$�IXUWKHU�ILHOG
LQFUHDVH�UHVXOWV� LQ� WKH�VWUXFWXUH�UHDUUDQJH�
PHQW�LQWR�D�PXOWL�URZ�RQH��,Q�WKLV�FDVH��WKH
FOXVWHUV�IRUP�D�VWUXFWXUH�FORVH�WR�KH[DJRQDO
�)LJ������ 7KH� GLVWDQFH� EHWZHHQ� FOXVWHUV� UH�
PDLQV�VWDEOH�LQ�VXFK�D�VWUXFWXUH��WRR�

7KH�FDSDELOLW\�RI�SHULRG�FRQWURO�LV�VKRZQ
DW�)LJ�����+HUH��WKH�GHSHQGHQFH�RI�VWUXFWXUH
SHULRG� '[� RQ� GLVWDQFH� EHWZHHQ� WKH� PDJQHW
DQG�WKH�FDSLOODU\�ZLWK�0/�LV�SUHVHQWHG��7KH
SHULRG� FKDQJH� REWDLQHG� LQ� H[SHULPHQW
UHDFKHV� ��� ��� )XUWKHU� SHULRG� GHFUHDVH� LV
KLQGHUHG� E\� DSSHDUDQFH� RI� H[WUD� URZV� RI
FOXVWHUV�

:H�KDYH�FRQVLGHUHG�WKH�WKHRU\�RI�FOXVWHU
EHKDYLRU�LQ�WKH�F\OLQGULFDO�FDSLOODU\�LQ�>��@�
7KH�UHVXOWV�WHVWLI\�WR�D�KLJK�VWDELOLW\�RI�WKH
FOXVWHU� VWUXFWXUH� DJDLQVW� WKH� ILHOG� JUDGLHQW
SURILOH�GHYLDWLRQ�IURP�WKH�RSWLPDO�RQH��7KH
VHFRQG� LPSRUWDQW� FRQFOXVLRQ� VKRZV� WKDW� WR
REWDLQ� SHULRGLF� VWUXFWXUH�� D� KLJK� JUDGLHQW
YDOXH�LV�UHTXLUHG�DW�WKH�HGJHV�RI�WKH�FOXVWHUV
JURXS��7KHRUHWLFDO�FDOFXODWLRQV�LQ�>��@�DQG�LQ
SUHVHQW� ZRUN� DUH� EDVHG� RQ� HTXDOLW\� ���� RE�
WDLQHG�RQ�WKH�HQHUJ\�EDODQFH�FRQGLWLRQ�
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+HUH�� PL��PM� DUH� PDJQHWLF� PRPHQWV� RILQWHUDFWLQJ� FOXVWHUV�� w+�[L��w[L�� WKH� H[WHU�QDO�ILHOG�JUDGLHQW��LQ�WKH�SRLQW�RI�L�WK�FOXV�

WHU�ORFDWLRQ��FOXVWHU�ZLWK�FRRUGLQDWH�[L�����1������QXPEHU�RI�FOXVWHUV�
/HW�XV�FRQVLGHU�KRZ�WKH�JUDGLHQW�GHSHQG�

HQFH� RQ� FRRUGLQDWH�[� LQIOXHQFHV� WKH� FOXVWHU
VWUXFWXUH�GLVRUGHU�H[WHQW��/HW�WKH�ILHOG�JUD�
GLHQW� EH� SUHVHQWHG� DV� D� SRZHU� IXQFWLRQ�
w+�[L��w[L�a��[L�Q�� 7KH� GLVRUGHULQJ� H[WHQWZLOO� EH� GHILQHG� DV� NL� �[L�[1�� 6ROYLQJ� WKHFRPELQHG� HTXDWLRQV� ����� WKH� GHSHQGHQFH� RI
NL�RQ�Q�FDQ�EH�REWDLQHG�IRU�YDULRXV�DPRXQWRI�FOXVWHUV��1� �����������)LJ�����

&RQVLGHUDWLRQ� RI� WKH� FXUYHV� SUHVHQWHG
VKRZV� WKDW� WKH�SHULRG�GHYLDWLRQ� IURP�UHJX�
ODULW\� OHVV� WKDQ� ���� LV� DSSURDFKHG�ZKHQ�Q
LV� DV� VPDOO� DV� �� DQG� IRU� Qt��� WKH� FOXVWHU
GLVWULEXWLRQ�LV�DOPRVW�LGHDOO\�UHJXODU��7KXV�
WKH� WKHRUHWLFDO� FDOFXODWLRQV� VKRZ� WKDW� D
UHJXODU� FOXVWHU�GLVWULEXWLRQ� LV� WKH�PRVW�HQ�
HUJ\�IDYRXUDEOH�ZKHQ�WKH�ILHOG�KDV�D�JUDGL�
HQW� DW� WKH� VWUXFWXUH� HGJHV��+HQFH�� D� WUHQG
RI�WKH�FOXVWHU�HQVHPEOH�WR�VHOI�RUJDQL]DWLRQ
PXVW�PDQLIHVW�LWVHOI�LQ�WKRVH�FRQGLWLRQV�

6ROYLQJ� WKH� FRPELQHG� HTXDWLRQV� ���� DQG
DVVXPLQJ�WKDW�PDJQHWLF�PRPHQWV�DUH�HTXDO
IRU� DOO� FOXVWHUV�� ZH� JHW� DQ� H[SUHVVLRQ� IRU
FOXVWHU�FRRUGLQDWH�[L�UHODWLYHO\�WR�WKH�FHQWHURI�WKH�FOXVWHU�HQVHPEOH��
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ZKHUH�OL�LV�D�FDOFXODWLRQ�FRHIILFLHQW�GHSHQG�LQJ� RQ� FOXVWHU� FRRUGLQDWH� DQG� QXPEHU� RI
FOXVWHUV�� 7KH� FOXVWHU� GLVWULEXWLRQ� UHPDLQV
XQLIRUP�ZKHQ�PDJQHWLF� ILHOG� LQWHQVLW\�SUR�
ILOH�GRHV�QRW�FKDQJH�LQ�LWV�VKDSH�EXW�RQO\�LQ
DEVROXWH� YDOXH�� &KDQJLQJ� ILHOG� LQWHQVLW\� E\
D�IDFWRU�RI�S�UHVXOWV�LQ�WKH�VWUXFWXUH�SHULRG

)LJ�����2QH�GLPHQVLRQDO�FOXVWHUV�VWUXFWXUH�SH�
ULRG�'[�DV�D�IXQFWLRQ�RI�GLVWDQFH�EHWZHHQ�WKH
FDSLOODU\� DQG� WKH� SHUPDQHQW� PDJQHW� PHDV�
XUHG�QHDU�WKH�SRLQW�RI�]HUR�JUDGLHQW� �[� ����
7KH�FDSLOODU\�GLDPHWHU�����PP�

)LJ����� &DOFXODWHG� GHSHQGHQFHV� RI� UHODWLYH
FOXVWHU� FRRUGLQDWH� GHYLDWLRQ� IURP� WKH� SRLQWV
FRUUHVSRQGLQJ� WR� WKHLU� XQLIRUP� DUUDQJHPHQW
RQ�Q��S�QRUPDOL]LQJ�IDFWRU��IRU�JURXSV�RI��1����
 ���� �� DQG� �� FOXVWHUV�� 7KH� VFKHPH� RI� FOXVWHUV
DUUDQJHPHQW�LV�VKRZQ�DW�WKH�ERWWRP�RI�WKH�)LJ�
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FKDQJH�� 7KH� SHULRG� UHODWLYH� FKDQJH� '[�'[�
LQ�WKH�FDVH�w+�e�w[�a�[Q�LV�
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ZKHUH�'[� DQG�'[�� DUH� ILQDO�DQG� LQLWLDO�YDO�XHV�RI�WKH�XQLIRUP�VWUXFWXUH�SHULRG��UHVSHF�
WLYHO\�� (T����� DOORZV� WR� GHILQH� FOXVWHU�PDJ�
QHWLF� PRPHQW�P�� DQG� (T����� WHVWLILHV� WR� RS�
SRUWXQLW\� RI� XQLIRUP� GLVWULEXWHG� FOXVWHUV
SHULRG�WR�EH�FRQWUROOHG�E\�YDU\LQJ�WKH�H[WHU�
QDO� PDJQHWLF� ILHOG� LQWHQVLW\� �SDUDPHWHU� S�
DQG�RU�LWV�VSDWLDO�GLVWULEXWLRQ��SDUDPHWHU�Q��

,Q�WKLV�ZRUN��WKH�PDJQHWLF�FOXVWHU�EHKDY�
LRU� LQ� D� IODW� JODVV� FRQWDLQHU�ZDV� DOVR� VWXG�
LHG��7KH�0/�FRPSRVLWLRQ�DQG�PDJQHWLF�ILHOG
PDJQLWXGH�ZHUH� WKH� VDPH� DV� LQ� WKH� FDVH� RI
F\OLQGULFDO� FDSLOODU\�� 7KH� IODW� FRQWDLQHU
WKLFNQHVV�ZDV�����PP�

,Q�H[WHUQDO�PDJQHWLF�ILHOG�PDJQHWLF�SDU�
WLFOHV� IRUP� QHHGOH�OLNH� FOXVWHUV� �)LJ������ $
WUHQG�WR�WKHLU�XQLIRUP�GLVWULEXWLRQ�RYHU�WKH
DUHD�LV�REVHUYHG�LQ�WKH�UHJLRQ�RI�ILHOG�PD[L�
PXP�� 8QGHU� D� GLVWXUEDQFH� �SHULRGLF� PDJ�
QHWLF�ILHOG�GLUHFWLRQ�URWDWLRQ�E\���Ü������WKH
XQLIRUP� FOXVWHU� HQVHPEOH� �)LJ����� SURGXFHV

FOXVWHUV� RI� ODUJHU� VL]H� �)LJ������0RUH� SUHFLVH
H[DPLQDWLRQ� VKRZV� WKDW� WKRVH� DUH� GXPEEHOO
VKDSHG�ZLWK�D�FRQVWULFWLRQ� �)LJ������7KH�FRQ�
VWULFWLRQ� LV� XQV\PPHWULFDO� DQG� DUUDQJHG� DW
DQ� DQJOH� WR� WKH� ILHOG� GLUHFWLRQ�� 6XFK� D� FOXV�
WHU� IRUP� LV� UDWKHU� VWDEOH� WR� WKH� H[WHUQDO
LQIOXHQFHV�� FKDQJHV� LQ� PDJQHWLF� ILHOG� LQWHQ�
VLW\� RU� GLUHFWLRQ� GR� QRW� UHVXOW� LQ� HYLGHQW
FOXVWHU� VKDSH� FKDQJLQJ�� H[FHSW� IRU� LWV� SROHV�
7KH� SROHV� DUH� VXSSOLHG� E\� H[WUD� SDUWLFOHV
ZKLFK� IRUP� �WDLOV�� LI� LW� LV� ORFDWHG� LQ� WKH
SODQH� RI� WKH� FRQWDLQHU�� 6XFK� DQ� XQV\PPHW�
ULFDO� FRQVWULFWLRQ� LV� REVHUYHG� LQ� DOO� PHQ�
WLRQHG� ODUJH� FOXVWHUV�� %DVLQJ� RQ� V\PPHWU\
FRQGLWLRQV�� WKH� REVHUYHG� FRQVWULFWLRQ� FDQ� EH
DVVXPHG� WR� EH� RI� VSLUDO� VKDSH� DQG� DSSHDUV
WR� EH� D� YLVLEOH� SDUW� RI� FRPSOH[� LQWHUQDO
VWUXFWXUH� RI� WKH� FOXVWHU�� 7KH�UHYHDOHG�SHFXOL�
DULWLHV� RI� 0/� EHKDYLRU� LQ� WKH� IODW� FRQWDLQHU
UHTXLUH�D�IXUWKHU�UHVHDUFK��

7R� FRQFOXGH�� DSSOLFDWLRQ� RI� PDJQHWLF
ILHOG� RI� D� VSHFLILHG� FRQILJXUDWLRQ� DOORZV� WR
FUHDWH� SHULRGLF� VWUXFWXUHV� RI� PDJQHWLF
QDQRSDUWLFOHV� FOXVWHUV� LQ� D� F\OLQGULFDO� FDSLO�
ODU\��7KH�FOXVWHUV�IRUPHG�LQ�VXFK�D�ZD\�VKRZ
WKH� IROORZLQJ� SURSHUWLHV�� FOXVWHUV� IRUP� SHUL�

)LJ����� 0DJQHWLF� FOXVWHUV� LQ� PDJQHWLF� OLTXLG
LQ� KRPRJHQHRXV� PDJQHWLF� ILHOG�� D�� PDJQHWLF
ILHOG�GLUHFWLRQ�LQ�WKH�ILJXUH�SODQH��E��SHUSHQ�
GLFXODUO\�WR�LW�

)LJ�����0LFUR� SKRWR� RI� ODUJH� VL]H� FOXVWHUV� LQ
WKH� IODW� FRQWDLQHU�� 0DJQHWLF� ILHOG� LV� DSSOLHG
SHUSHQGLFXODUO\� WR� WKH� ILJXUH� SODQH� �D�� DQG
QHDUO\� WR� WKH� ILJXUH� SODQH� �E��� 7KH�GXPEEHOO
VKDSH�RI�WKH�FOXVWHU�FDQ�EH�VHHQ��FOXVWHU�ZLWK
FRQVWULFWLRQ��
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RGLF� VWUXFWXUH� DORQJ� WKH� FDSLOODU\� D[LV�� WKH
VWUXFWXUH� SHULRG� FDQ� EH� YDULHG� ZLWKLQ� VRPH
OLPLWV� �LQ� RXU� FDVH�� XS� WR� ������ E\� FKDQJ�
LQJ� WKH� ILHOG� LQWHQVLW\� DQG� JUDGLHQW�� DW� FHU�
WDLQ� YDOXH� RI� ILHOG� LQWHQVLW\�� WKH� VLQJOH�URZ
VWUXFWXUH� LQ�UHRUJDQL]HG� LQWR�PXOWL� URZ�RQH�
&DOFXODWLRQV� VKRZ� WKDW� XQLIRUP� �WR� ZLWKLQ
����� FOXVWHU� GLVWULEXWLRQ� FDQ� EH� UHDFKHG� DW
TXDGUDWLF� FKDUDFWHU� RI� WKH� ILHOG�JUDGLHQW� GH�
SHQGHQFH� RQ� FRRUGLQDWH�� 7KH� FOXVWHU� GLVWUL�
EXWLRQ� FDQ� EH� FKDUDFWHUL]HG� E\� UHODWLYHO\
XQLIRUP� DUUDQJHPHQW� RYHU� WKH� DUHD� RI� IODW
FRQWDLQHU�� &OXVWHU� RI� ODUJH� VL]H� RFFXU� LQ
WZR�GLPHQVLRQDO� FOXVWHU� HQVHPEOH� XQGHU� FHU�
WDLQ� FRQGLWLRQV�� 7KH� VKDSH� RI� WKLV� W\SH� RI
FOXVWHUV� LV� GXPEHOO�OLNH� ZLWK� XQV\PPHWULFDO
FRQVWULFWLRQ�
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