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6DSSKLUH� LV� LQGLVSHQVDEOH� LQ� QXPHURXV
WHFKQRORJLFDO� V\VWHPV�GXH� WR� LWV�PHFKDQLFDO
DQG� FKHPLFDO� SURSHUWLHV�� 5HFHQWO\�� WKHUH� LV
DQ� LQFUHDVLQJ� LQWHUHVW� LQ� VDSSKLUH� ZDUHV
VKDSHG� DV� FUXFLEOHV� RI� YDULRXV� FRQILJXUD�
WLRQV��6XFK� DUWLFOHV� DUH�XVHG� DV� WKHUPRFRX�
SOH�FDVLQJV��FUXFLEOHV��WKHUPRVWDW�SDUWV��7KH
FU\VWDO�VKDSH�FKDQJH�GXULQJ�WKH�JURZLQJ�UH�
VXOWV� LQ� YDU\LQJ� WKHUPDO� FRQGLWLRQV� LQ� WKH
FU\VWDOOL]DWLRQ� ]RQH�� WKXV� FDXVLQJ� YDULRXV
GHIHFWV�DIIHFWLQJ�WKH�RSWLFDO�SURSHUWLHV��7KH
GLVORFDWLRQ� GHQVLW\� DQG� VWUHVV� OHYHO� LQ� WKH
SURILOH�FKDQJLQJ�UHJLRQ�LQFUHDVH��WRR�
$�QXPEHU�RI�WHFKQLTXHV�LV�NQRZQ�WR�SUR�

YLGH�WKH�DUWLFOHV� LQFOXGLQJ�D�FORVHG�YROXPH�
VXFK� DV� WKH� QRQ�FDSLOODU\� IRUPLQJ�� WKH� GLH
UHDUUDQJHPHQW�� WKH� JURZLQJ� IURP� D� PROG
HOHPHQW�� YDULDWLRQ� WHFKQLTXH�� DQG� VHDOLQJ
>�Ü�@��+RZHYHU��QRQH�RI� WKRVH�SURYLGHV� WKH
RSWLFDO� TXDOLW\� DUWLFOHV��7KLV�ZRUN� LV� DLPHG
DW�WKH�PDQXIDFWXULQJ�RI�RSWLFDO�TXDOLW\�VDS�
SKLUH�SURILOHV�RI�YDULDEOH�VHFWLRQ�
7KH� FU\VWDOV� ZHUH� JURZQ� LQ� D� �.ULVWDOO

����� XQLW� ZLWK� LQGXFWLYH� KHDWLQJ� DQG
JUDSKLWH� WKHUPDO� DVVHPEO\�� 7KH� EUHDNDJH
RI� VDSSKLUH� JURZQ� E\� WKH� 9HUQHXLO� WHFK�
QLTXH� ZLWK� WKH� WRWDO� LPSXULW\� FRQWHQW� RI
PD[���Ü��PDVV���ZDV�XVHG�DV�WKH�UDZ�PD�
WHULDO�� WKH� JURZWK� SURFHVV� ZDV� PRQLWRUHG

XVLQJ� D� YLGHR� V\VWHP�� 7KH� WUDQVLWLRQ� ]RQH
JURZWK� VSHHG� ZDV� PDLQWDLQHG� DW� ��Ü
���PP�K�LQ�DOO�WKH�H[SHULPHQWV�
7KH�IROORZLQJ�SURFHGXUH�ZDV�GHYHORSHG�WR

PDQXIDFWXUH� WKH� DUWLFOHV� ZLWK� RSWLFDO� TXDO�
LW\�ERWWRP��)LUVW��D� FU\VWDO�ZDV�JURZQ�WKDW
GHILQHG� WKH� DUWLFOH� �ZDOOV�� �D� F\OLQGULFDO
WXEH� LQ� WKH� VLPSOHVW� FDVH��� DQG� WKHQ� WKH
�ERWWRP��RI�GHVLUHG�SURILOH��H�J���D�F\OLQGUL�
FDO� URG� �)LJ������ZDV�JURZQ�RQWR� WKH��ZDOO�
XVLQJ� WKH� ODWWHU� DV� D� VHHG�� 7KH� ERWWRP� HQG
JURZLQJ� �VHDOLQJ�� ZDV� FDUULHG� RXW� XVLQJ� D
GLH�ZLWK�RQH�IHHGLQJ�FKDQQHO��WKXV�DYRLGLQJ
WKH� FROOLVLRQ� RI� PHOW� IORZV� LQ� WKH� JURZWK
]RQH� DQG� IRUPDWLRQ� RI� GHIHFW� ]RQHV� LQ� WKH
FU\VWDO�>����@��7R�SURYLGH�WKH�IRUPDWLRQ�RI�D
VWDEOH� PHOW� ILOP�� WKH� VHHGLQJ� DQG� JURZLQJ
ZHUH�FDUULHG�RXW�DW�D�KLJK�K\GURVWDWLF�SUHV�
VXUH�RI�WKH�PHOW�LQ�WKH�JURZWK�]RQH��WR�WKDW
HQG�� WKH� PD[LPXP� FUXFLEOH� FKDUJLQJ� ZDV
XVHG�� 9DULRXV� DSH[� DQJOHV�D� RI� WKH� ERWWRP
SDUW� ZHUH� SURYLGHG� WKDW� GHILQH� WKH� ERWWRP
TXDOLW\� E\� YDU\LQJ� WKH� KHDWHU� SRZHU�� WKH
WKHUPDO� FRQGLWLRQV� LQ� WKH� FU\VWDOOL]DWLRQ
]RQH�DQG� WKH�SXOOLQJ�VSHHG�EHLQJ� WKH�VDPH�
7KLV�PDGH�LW�SRVVLEOH�WR�YDU\�WKH�WUDQVLWLRQ
OHQJWK�K�DQG�LWV�SURILOH��)LJ�����
7R� VWXG\� WKH� GHSHQGHQFH� RI� WKH� WUDQVL�

WLRQ� ]RQH� VWUXFWXUH� SHUIHFWLRQ� RQ� WKH� GLH
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GHVLJQ��WKH�WXEHV�RI�WKH�VDPH�VWUXFWXUH�SHU�
IHFWLRQ�ZHUH� VHDOHG� XVLQJ� WKH� IODW� DQG� FRQ�
FDYH�GLHV��)LJ������$OO�WKH�H[SHULPHQWV�ZHUH
FDUULHG� RXW� XVLQJ� WKH� WXEHV� RI� 2'� ���PP
DQG� ,'� ��� PP� DQG� WKH� GLHV� RI� ��� PP� LQ
GLDPHWHU�ZLWK�WKH�����PP�GLDPHWHU�IHHGLQJ
FKDQQHO�� 7KH� EORFN� VWUXFWXUH� DQG� WKH� SRUH
GHQVLW\� LQ� WKH� WUDQVLWLRQ� ]RQH�ZHUH� VWXGLHG
XVLQJ� D�0,1��� SRODUL]DWLRQ�PLFURVFRSH� DQG
D� 3.5� SRODULVFRSH� LQ� VFDWWHUHG� DQG� SRODU�
L]HG� OLJKW�� 7R� WKDW� HQG�� WZR� SDUDOOHO� SRO�
LVKHG� SODQHV� ZHUH� PDGH� DORQJ� WKH� VDPSOH
D[LV�
(IIHFW� RI� WKH� JURZLQJ� DQJOH� D� RQ� WKH

VWUXFWXUH�SHUIHFWLRQ�RI�WKH�ERWWRP��)LJ�����
D� ������ 7KH� WUDQVLWLRQ� ]RQH� SURILOH� LV

DOPRVW� IODW�� WKH� WUDQVLWLRQ� UHODWLYH� OHQJWK
K�,'������ 7KLV� LV� GXH� WR� WKH� KLJK� FU\VWDO�
OL]DWLRQ� VSHHG�� WKH� FU\VWDO� UDGLDO� JURZWK
VSHHG�H[FHHGV�FRQVLGHUDEO\�WKH�D[LDO�RQH��$
KLJK�GHIHFW�GHQVLW\�ZDV�REVHUYHG�ZLWKLQ�WKH
WUDQVLWLRQ� ]RQH� ���Ü���EORFNV�ZLWK� WKH�GLV�
RULHQWDWLRQ�DQJOHV�RI��Ü����WKH�SRUH�GHQVLW\
DERXW� ����FPÜ��� WKH� SRUH� VL]H� DERXW� ��� WR
���PP��� 7KH� ERWWRP� LV� RSWLFDOO\� RSDTXH�
&UDFNV� ZHUH� RIWHQ� DSSHDUHG� LQ� WKH� WUDQVL�
WLRQ� ]RQH� GXH� WR� WKH� WKHUPRHODVWLF� VWUHVVHV
DW�WKH�EORFN�ERXQGDULHV�

D� ������ 7KH� WUDQVLWLRQ� ]RQH� SURILOH� LV
VSKHULFDO�ZLWK�WKH�UDGLXV����,'��WKH�WUDQVL�
WLRQ� UHODWLYH� OHQJWK� LV� ����,K�,'���� 7KH
SRUH� GHQVLW\� LQ� WKH� WUDQVLWLRQ� ]RQH� ZDV
DERXW� ����FPÜ��� WKH� QXPEHU� RI� EORFNV� �� WR
�� ZLWK� GLVRULHQWDWLRQ� DQJOHV� RI� ��5� WR� ��5�
7KH�ERWWRP�LV�RSWLFDOO\�WUDQVSDUHQW�

D� ������ 7KH� WUDQVLWLRQ� ]RQH� SURILOH� LV
FRQLFDO��7KH�SURILOH�EHFDPH�FORVHG�DW�D�FRQ�
VLGHUDEOH� GLVWDQFH� IURP� WKH� VHHGLQJ� SRLQW�
WKH� WUDQVLWLRQ� UHODWLYH� OHQJWK� LV�K�,'!���$
FKDLQ�RI�SRUHV�DSSHDUHG�RIWHQ� LQ�WKH�FHQWHU
GXH� WR� WKH� PHOW� RYHUKHDWLQJ� DQG� LWV� LQ�
FUHDVHG�JDV� VDWXUDWLRQ��7KH� WUDQVLWLRQ� ]RQH
ZDV�DV\PPHWULFDO�
,W� LV� VHHQ� IURP� 7DEOH� WKDW� WKH� RSWLPXP

IRUPDWLRQ� FRQGLWLRQV� RI� WKH� WUDQVLWLRQ� ]RQH
�ERWWRP� SDUW�� DUH� SURYLGHG� DW� D� ����� DQG
WKH�WUDQVLWLRQ�]RQH�OHQJWK�RI����,'�WR��,'�

(IIHFW� RI� WKH� GLH� VKDSLQJ� VXUIDFH� RQ� WKH
WUDQVLWLRQ�]RQH�TXDOLW\�
:KHQ�JURZLQJ�WKH�ERWWRP�SDUW�RI�DQ�DU�

WLFOH� XVLQJ� GLHV� ZLWK� IODW� DQG� FRQFDYH� VXU�

)LJ����6HDOLQJ�RI�D�F\OLQGULFDO� WXEH���D��VHHG�
LQJ���E��VLGH�JURZLQJ���F��ERWWRP�JURZLQJ����
WXEH�����PHOW� ILOP����� GLH�����PHOW����� FUXFL�
EOH�����ERWWRP�SDUW�RI�WKH�DUWLFOH�

)LJ���� 7KH� WXEH� VHDOLQJ� DW� FRQFDYH� �D�
DQG�IODW��E��GLHV�

)LJ���� 7KH� WXEH�WR�URG� WUDQVLWLRQ� VKDSH� DW
YDULRXV�VLGH�JURZLQJ�DQJOHV��Da��GHJ����D�����
�E��������F�����
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IDFHV� �)LJ����� DW� WKH�JURZLQJ�DQJOH�D�a�����
WKH�VPDOOHVW�QXPEHU�RI�EORFNV�ZDV�REVHUYHG
LQ� WKH� ERWWRP� SDUW� JURZQ� ZLWK� FRQFDYH
VKDSLQJ� VXUIDFH� �)LJ������ 7KLV� LV� FRQQHFWHG
ZLWK� WKH� IDFW� WKDW�ZKHQ�WKH�ERWWRP�SDUW� LV
JURZQ� XVLQJ� WKH� IODW� GLH�� WKH� WHPSHUDWXUH
7�� LV� WKH� VDPH�RYHU� WKH�ZKROH�SODQH�RI� WKHFU\VWDOOL]DWLRQ�IURQW��ZKLOH�ZLWK�WKH�FRQFDYH
VKDSLQJ� VXUIDFH�� WKH� FU\VWDO� FHQWHU� SDUW
JURZV� DW� D� KLJKHU� WHPSHUDWXUH�7�� �)LJ�����:LWK�WKH�IODW�GLH��WKH�VHDOLQJ�UDWH�LV�KLJKHU
WKDQ� ZLWK� WKH� FRQFDYH� RQH�� WKHUHIRUH�� WKH
WUDQVLWLRQ� ]RQH� FRQWDLQV� �� WR� ��� EORFNV� LI
WKH� GLH� LV� IODW� DQG�� LQ� FRQWUDVW�� RQO\� �� WR
�� EORFNV� LI� WKH� GLH� LV� FRQFDYH�� 7KH� FRQYH[
FU\VWDOOL]DWLRQ� IURQW� IDYRUV� DOVR� WKH� SRUH
IRUFLQJ� WRZDUGV� WKH� FU\VWDO� SHULSKHU\� DQG
WKH� GHFUHDVHG� FRQFHQWUDWLRQ� WKHUHRI� DW� WKH
ERWWRP�FHQWHU�
$W�D� ����� DQG�+�,'� ���������PP�ORQJ

FUXFLEOHV� KDYH� EHHQ� JURZQ� ZLWK� ��� PP
RXWHU� GLDPHWHU� DQG� RSWLFDOO\� WUDQVSDUHQW
ERWWRP�� 7KUHH� EORFNV� DUH� VHHQ� ZLWKLQ� WKH
WUDQVLWLRQ� ]RQH� XQGHU� SRODUL]HG� OLJKW
�)LJ������7KH�ERWWRP�SDUW�LV�SRUH�IUHH�
7R�FRQFOXGH��WKH�GHSHQGHQFH�RI�WKH�WUDQ�

VLWLRQ� ]RQH� VWUXFWXUH� SHUIHFWLRQ� RQ� WKH
JURZLQJ�DQJOH�D�DQG�WKH�GLH�VKDSLQJ�VXUIDFH

FRQILJXUDWLRQ� KDYH� EHHQ� VWXGLHG�� 7KH� EHVW
FU\VWDO� TXDOLW\� LV� SURYLGHG� DW� WKH� FRQFDYH
VKDSLQJ� VXUIDFH� RI� WKH� GLH� DQG� WKH� WUDQVL�
WLRQ� ]RQH� JURZLQJ� DQJOH� D� RI� ��� WR� ����
6DSSKLUH� FUXFLEOHV� ZLWK� RSWLFDOO\� WUDQVSDU�
HQW�ERWWRPV�KDYH�EHHQ�REWDLQHG�
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� ���(�3�$QGUHHY�� (�,�%XWLQHY�� LQ�� $EVWU��RI� �UG
$OO�8QLRQ� &RQI��RQ� 6WDWH� DQG� 'HYHORSPHQW
3URVSHFWV�RI�&U\VW��*URZWK�0�HWKRGV��2FW������
������21,,7(.+,0�&KHUNDVV\���������S����

� ���(�3�$QGUHHY��/�$�/\WY\QRY��9�9�3LVKFKLN��LQ�
3URF��RI� $OO�8QLRQ� &RQI��RQ� 3URGXFWLRQ� RI
3URILOHG� &U\VWDOV� DQG� $UWLFOHV� E\� 6WHSDQRY
7HFKQLTXH� DQG� $SSOLFDWLRQV� 7KHUHRI�� )7,
3XEO���/HQLQJUDG���������S����

)LJ����7KH� WXEH�WR�URG� WUDQVLWLRQ�]RQH�JURZQ
XVLQJ� FRQFDYH� �D�� DQG� IODW� �E�� GLHV� DV� VHHQ
EHWZHHQ�FURVVHG�SRODURLGV�

)LJ���� $� ��PP� ORQJ� FUXFLEOH� VHHQ� LQ� VFDW�
WHUHG� OLJKW�� 7XEH� VL]H�� 2' ��PP�� ,' �PP�
���WXEH�����WUDQVLWLRQ�]RQH�����FUXFLEOH�ERWWRP��

7DEOH��'HSHQGHQFH�RI�WKH�ERWWRP�VWUXFWXUH
SHUIHFWLRQ�RQ�WKH�JURZLQJ�DQJOH�
D K�,' %ORFN
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