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7KH�HTXLSPHQW�IRU�DFFHOHUDWHG�HOHFWURQ�EHDP�VKDSLQJ
LQ�LUUDGLDWLRQ�WHFKQRORJ\�SURFHVV�LV�YHU\�LPSRUWDQW�SDUW�RI
LUUDGLDWLRQ� IDFLOLW\�� 7KLV� HTXLSPHQW� GHWHUPLQHV
SHUPLVVLEOH�WUDQVYHUVH�DQG�ORQJLWXGLQDO�VL]HV�RI�LUUDGLDWHG
REMHFW� DQG�GRVH�GLVWULEXWLRQ� LQ� LUUDGLDWLRQ� ILHOG��7KH� IDQ
EHDP�VFDQQLQJ�V\VWHP�LV�ZLGHO\�DQG�VXFFHVVIXOO\�XVHG�IRU
FRPPHUFLDO� LUUDGLDWLRQ�� %XW� WKH� XVH� RI� WKLV� V\VWHP� KDV
VRPH�OLPLWDWLRQV��7KH�EHOW�EHDP�VFDQQLQJ�V\VWHP��DOORZV
WR�LQFUHDVH�WKH�HOHFWURQ�EHDP�XVH�HIILFLHQF\�DQG�WR�VKDSH
DUELWUDU\� �IRU� H[DPSOH�� XQLIRUP�� GRVH� GLVWULEXWLRQ�� 7KLV
V\VWHP�LV�HVSHFLDOO\�XVHIXO�IRU�WKH�KLJK�LUUDGLDWLRQ�GHSWK�
7KH�FURVVLQJ�EHDP�VFDQQLQJ�V\VWHP�DOORZV�WR�LQFUHDVH�WKH
GRVH� SHQHWUDWLRQ� ZLWKRXW� HOHFWURQ� EHDP� HQHUJ\
LQFUHDVLQJ�� 7KLV� V\VWHP� LV� HVSHFLDOO\� XVHIXO� IRU� WKH
LUUDGLDWLRQ� RI� REMHFW�� LI� LWV� GHSWK� LV�PRUH� RU� HTXDO� WR� LWV
WUDQVYHUVH�VL]H�

��,1752'8&7,21

7KH� FRQWLQXRXV� H[WHQVLRQ� RI� ILHOG� RI� HOHFWURQ� OLQHDU
DFFHOHUDWRUV� XVH� LQ� WHFKQRORJLFDO� SURFHVVHV� UHVXOWV� LQ
QHFHVVLW\�RI�UHILQHPHQW�RI�HOHFWURQ�EHDP�VFDQQLQJ�V\VWHPV
IRU�SURYLGLQJ�RI�QHHGHG�GRVH�GLVWULEXWLRQ�LQ�WKH�LUUDGLDWLRQ
ILHOG�� 7KH� IDQ� EHDP� VFDQQLQJ� V\VWHP� �)%66�� ZLWK� VDZ�
WRRWKHG�PDJQHWLF�LQGXFWLRQ�GHSHQGLQJ�RQ�WLPH�LV�WKH�PRVW
XVHG� V\VWHP� QRZ� >�@�� 7KLV� V\VWHP� LV� ZLGHO\� DQG
VXFFHVVIXOO\� XVHG� IRU� FRPPHUFLDO� LUUDGLDWLRQ� RI� YDULRXV
REMHFWV�� IRU� H[DPSOH�� IRU� LQGXVWULDO� UDGLDWLQJ� VWHULOL]DWLRQ
RI� PHGLFDO� LWHPV� DQG� PDWHULDOV�� VXFK� DV� V\ULQJHV�� EORRG
WUDQVIXVLRQ� SDFNDJHV�� YDULRXV� HOHFWURGHV�� GUHVVLQJ� DQG
VXUJLFDO�SDFNDJHV��)%66�LV�HIIHFWLYH�IRU�LUUDGLDWLRQ�RI�WKLQ
REMHFWV�� IRU� H[DPSOH�� YDULRXV� ILOPV�� +RZHYHU�� WKH
LUUDGLDWLRQ�HIILFLHQF\�GHFUHDVHV�DQG�LUUDGLDWLRQ�XQHYHQQHVV
DORQJ� REMHFW� GHSWK� LQFUHDVHV�� LI� WKH� ORQJLWXGLQDO� VL]HV� RI
REMHFW�DQG�GLVWDQFH�WR�VFDQQLQJ�PDJQHW�DUH�FRPSDUDEOH�

��%(/7�%($0�6&$11,1*�6<67(0��%%66�

����0DLQ�,PSHUIHFWLRQV�RI�)%66

7KH� GRVH� SHQHWUDWLRQ� � '�tr�� � LQVLGH� WKH� LUUDGLDWHG
REMHFW� GHSHQGLQJ� RQ� REMHFW� GHSWK� PHDVXUHG� DW� �� 0H9
HOHFWURQ�DFFHOHUDWRU�LV�LOOXVWUDWHG�E\�)LJ����FXUYH�����ZKHUH
r� LV� GHQVLW\� RI� WKH� � LUUDGLDWHG� REMHFW� t� LV� LWV� GHSWK�
'��� '�t1r��

7KH� ZKROH� REMHFW� GHSWK tr� LV� XVXDOO\� FKRVHQ� � DV
tr=t1r� IRU� JXDUDQWHHLQJ� RI� WKH� XQLIRUP�GRVH� SHQHWUDWLRQ
�VHH�)LJ�����7KH�HOHFWURQ�EHDP�XVH�HIILFLHQF\�GHFUHDVHV��LI
tr<t1r��/HW
V�LQWURGXFH�LUUDGLDWLRQ�HIILFLHQF\�DV

)LJXUH�� �� 7KH� PHDVXUHG� GRVH� SHQHWUDWLRQ� � LQVLGH� WKH
LUUDGLDWHG�REMHFW�
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ZKHUH�,�LV�VFDQQLQJ�EHDP�FXUUHQW��j�LV�VFDQQLQJ�SDUDPHWHU
�VFDQQLQJ� DQJOH� IRU� )%66��� t(j)� LV� WKH� LUUDGLDWHG� REMHFW
GHSWK� LQ� WKH�EHDP�GLUHFWLRQ��)RU�H[DPSOH�� WKH� LUUDGLDWLRQ
HIILFLHQF\�h ���� IRU� WKH� )%66� LUUDGLDWLRQ� RI� WKH� REMHFW
ZLWK�HTXDO�GHSWK�DQG�ZLGWK t ����P�DQG�WKH�GLVWDQFH�IURP
VFDQQLQJ�PDJQHW�WR�REMHFW�VXUIDFH�O �����P��7KH�HOHFWURQ
EHDP�XVH�LV�LQHIIHFWLYH�DW�WKH�REMHFW�HGJHV��VHH�)LJ����

)LJXUH����)DQ�VFDQQLQJ�EHDP�LUUDGLDWLRQ�VFKHPH�

,Q� DGGLWLRQ� WKH� GRVH� GHFUHDVHV� SURSRUWLRQDOO\� WR� ��=�
ZKHUH� =� �� GLVWDQFH� IURP� VFDQQLQJ� PDJQHW� FHQWHU�� 7KH
)%66� GRVH� SHQHWUDWLRQ� LV� VKRZQ� LQ� )LJ��� �FXUYH� ��� IRU
DERYH� PHQWLRQHG� SDUDPHWHUV�� 7KH� YDOXH� t2r
�'��� '�t2r���LV�����OHVV�WKHQ�t1r��7KLV�LV�HTXLYDOHQW�WR
GHFUHDVLQJ�RI�HOHFWURQ�HQHUJ\�WR�: ����0H9�
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����%%66�&RQVWUXFWLRQ

7KH� XVH� RI� EHOW� VFDQQLQJ� EHDP� �WKH� HOHFWURQ
WUDMHFWRULHV� DUH� SDUDOOHO� WR� DFFHOHUDWRU� D[LV�=�� LV� IUHH� RI
LPSHUIHFWLRQV�RI�)%66��5HDOO\��LQHIIHFWLYH�VFDQQLQJ�EHDP
XVH�DW� WKH�HGJHV�RI� LUUDGLDWHG�REMHFW�DQG�GRVH�GHFUHDVLQJ
DORQJ�D[LV�=�DUH�DEVHQW�LQ�WKLV�FDVH��7KH�%%66�FRQVLVWV�RI
WZR�EHQGLQJ�PDJQHWV��DV� LW� LV�VKRZQ� LQ�)LJ����ZKHUH��� LV
FRLO����LV�FRUH����LV�JDS����LV�SROH�

����0DJQHW�3ROH�6KDSH�&DOFXODWLRQ

/HW¶V�DVVXPH�WKDW�WKH�PDJQHWLF�LQGXFWLRQ�GHSHQGLQJ�RQ
WLPH� LQ� WKH� ILUVW� DQG� VHFRQG�EHQGLQJ�PDJQHWV� DUH�%��W�� q
%��W���7KH�IO\LQJ�HOHFWURQ�PHHWV�IRXU�ERXQGDULHV�RI�PDJQHW
SROHV�� )LUVW� DQG� IRXUWK� ERXQGDULHV� DUH� UHFWLOLQHDU�� � 7KH
VKDSH� RI� VHFRQG� DQG� WKLUG� ERXQGDULHV� DUH� GHWHUPLQHG� E\
SDUDPHWULF� IXQFWLRQV� �;��W��=��W��� q� �;��W��=��W��� LQ
FRRUGLQDWHV� �;�=��� 0HQWLRQHG� SDUDPHWHUV� DUH� ERXQG� XS
ZLWK�HDFK�RWKHU�E\�IROORZLQJ�HTXDWLRQV�
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ZKHUH�F� LV� OLJKW�YHORFLW\��H� LV�HOHFWURQ�FKDUJH��:� DQG�:�

DUH�NLQHWLF�DQG�UHVW�HQHUJ\�RI�HOHFWURQ��-��
:H� PD\� JHW� QHHGHG� GHSHQGHQFH� RI� EHDP� GHIOHFWLRQ

;�W��IURP�D[LV�=�RQ�WLPH�W�FKRRVLQJ�IXQFWLRQV��;��W��=��W���
�;��W��=��W����Æ��W��DQG�Æ��W���LQ�DFFRUGDQFH�ZLWK������%HDP
GHQVLW\�DQG�WKHUHIRUH�GRVH�UDWH�DUH�LQYHUVHO\�SURSRUWLRQDO
WR� GHULYDWLYH� G;�W��GW�� ,Q� SDUWLFXODU� FDVH�� GRVH� UDWH� LV
XQLIRUP� DORQJ� ;� D[LV�� LI� ;�W�� IXQFWLRQ� LV� OLQHDU� �VDZ�
WRRWKHG��� 7KH�PDJQHW� SROHV� ERXQGDULHV� FRRUGLQDWHV� XVHG
LQ� ���� DUH� HIIHFWLYH� YDOXHV� WDNLQJ� LQWR� DFFRXQW� PDJQHWLF
ILHOG�HGJH�HIIHFWV�

7KXV� WKLV� V\VWHP� DOORZV� WR� VKDSH� EHOW� VFDQQLQJ
HOHFWURQ� EHDP� ZLWK� DUELWUDU\� �LQ� SDUWLFXODU�� XQLIRUP�
WUDQVYHUVH�GLVWULEXWLRQ�RI�GRVH�

/HW¶V� FRQVLGHU� WKH�%%66� H[DPSOH�ZLWK� XQLIRUP� GRVH
GLVWULEXWLRQ� DORQJ� ;� D[LV�� : �� 0H9�� =� ����� P�� WKH
EHDP� ZLGWK� �;�PD[ ����� P�� Æ��W� �Æ��W�� �LQFUHDVHV
OLQHDUO\� �VDZ�WRRWKHG�� IURP� �� WR� ÆPD[ ����� Ñ��� 7KH
FDOFXODWHG�SURILOHG�ERXQGDULHV�RI�PDJQHW�SROHV�DUH�VKRZQ
LQ�)LJ���

7KH�UHFWDQJXODU�PDJQHW�SROHV�DUH�VKRZQ�E\�GRWWHG�OLQH
LQ�)LJ���>�@��7KHVH�SROHV�DOORZ�WR�JHW� WKH�EHOW�EHDP�ZLWK
WKH� VDPH� YDOXHV� �;�PD[�� Æ��W��� Æ��W�� DQG� =��� 7KH� GRVH
GLVWULEXWLRQV� '� IRU� SURILOHG� DQG� '��� IRU� UHFWDQJXODU
PDJQHW� SROHV� DUH� UHSUHVHQWHG� LQ� )LJ���� 7KH� GRVH
GLVWULEXWLRQ�'�IRU

)LJXUH����%HOW�%HDP�6FDQQLQJ�6\VWHP�
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)LJXUH�� ��7KH� VKDSHV�RI�SURILOHG� DQG� UHFWDQJXODU�PDJQHW
SROHV�DQG�FRUUHVSRQGLQJ�GRVH�GLVWULEXWLRQV�'�DQG�'���

SURILOHG� SROHV� LV� XQLIRUP�� EXW� WKH� GRVH�'��� GHFUHDVHV� WR
���� RI� D[LV� YDOXH� DW� WKH� UHFWDQJXODU� PDJQHW� SROHV
HGJHV�7KH�HTXDWLRQV� ����DOORZ�DOVR� WR�FDOFXODWH� IXQFWLRQV
Æ��W��DQG�Æ��W�� IRU� UHFWDQJXODU�PDJQHW�SROHV�DQG�XQLIRUP
GRVH�GLVWULEXWLRQ�

��+,*+�'26(�3(1(75$7,21�6&$11,1*
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,W� LV� SRVVLEOH� WR� LQFUHDVH� GRVH� SHQHWUDWLRQ� ZLWKRXW
LQFUHDVLQJ� RI� HOHFWURQ� HQHUJ\� XVLQJ� FURVVLQJ� EHDP
VFDQQLQJ�V\VWHP��&%66���,W� LV�HQRXJK�WR�DGG�WKH�SURILOHG
SDUW� �� WR� VHFRQG�PDJQHW� SROH� RI� GHVFULEHG� DERYH� %%66
H[DPSOH��DV�LW�LV�VKRZQ�LQ�)LJ���

)LJXUH����&URVVLQJ�EHDP�VFDQQLQJ�V\VWHP�

7KH�VKDSH�RI�DGGLWLRQDO�SURILOHG�SDUW�RI�VHFRQG�PDJQHW
SROH� LV� GHWHUPLQHG� E\� SDUDPHWULF� IXQFWLRQV� �;��W��=��W���
ZKLFK� PD\� EH� IRXQG� E\� HTXDWLRQV� ����� ZKHUH�=�� LV� WKH
FRRUGLQDWH�RI�FURVVRYHU��a(W)�LV�EHDP�EHQGLQJ�DQJOH�LQ�WKH
DGGLWLRQDO�SURILOHG�SDUW�RI�SROH�

7KH� GRVH� SHQHWUDWLRQ� GHSHQGLQJ� RQ� LUUDGLDWLRQ� REMHFW
GHSWK�tr�LV�VKRZQ�LQ�)LJ����FXUYH����IRU�PD[LPXP�REMHFW
GHSWK�����P��REMHFW�ZLGWK�����P��=� �����P�DQG�HOHFWURQ
HQHUJ\� : �� 0H9�� 7KH� GRVH� SHQHWUDWLRQ� GHSWK� t3r
�'��� '�t3r��� LV� HTXLYDOHQW WR� GRVH� SHQHWUDWLRQ� IRU
HOHFWURQ� HQHUJ\�: ���� 0H9�� 7KH� ORQJLWXGLQDO� VL]H� RI
DGGLWLRQDO�SURILOHG�SDUW�RI�SROH�GHFUHDVHV�IURP����PP�DW

V\VWHP�D[LV�WR����PP�DW�WKH�V\VWHP�HGJHV��7KH�LUUDGLDWLRQ
HIILFLHQF\�LV�h ����LQ�WKLV�FDVH�
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7KH�XVH�RI�%%66�LQ�WKH�FRPPHUFLDO�LUUDGLDWLRQ�DOORZV
WR�LQFUHDVH�WKH�HOHFWURQ�EHDP�XVH�HIILFLHQF\�DQG�WR�VKDSH
DUELWUDU\� GRVH� GLVWULEXWLRQ�� 7KH� XVH� RI� &%66� DOORZV� WR
LQFUHDVH� WKH� GRVH� SHQHWUDWLRQ� ZLWKRXW� HOHFWURQ� EHDP
LQFUHDVLQJ�

��$&.12:/('*(0(17

7KH� DXWKRU� ZLVKHV� WR� WKDQN� 9�1�.DQXQQLNRY� DQG
0�$�$OH[HHY�IRU�XVHIXO�GLVFXVVLRQV�GXULQJ�SUHSDUDWLRQ�RI
WKLV�SDSHU�

5()(5(1&(6

>�@� 5�&�%HFNHU�� -�+�%O\�� 0�5�&OHODQG� DQG� -�3�)DUUHOO�
$FFHOHUDWRU� 5HTXLUHPHQWV� IRU� (OHFWURQ� %HDP
3URFHVVLQJ�� 5DGLDW�� 3K\V�� &KHP��� 9RO����� �����
SS���������

>�@�0�3�6YLQLQ��&DOFXODWLRQ�DQG�'HVLJQ�RI�+LJK�9ROWDJH
$FFHOHUDWRUV� IRU� 5DGLDWLRQ� 7HFKQRORJ\�� �� 0��
(QHUJRDWRPL]GDW��������LQ�5XVVLDQ��
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