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9DULRXV� VROXWLRQV� RI� K\GUDXOLF� V\VWHPV� PD\� EH� DSSOLHG� LQ� WUXFN� FUDQHV¶VXVSHQVLRQV����7KHVH�VROXWLRQV��LQYROYH�ERWK�WKH�VHOHFWLRQ�RI�K\GUDXOLF�F\OLQGHUVDQG� WKH� ZD\� WKHLU� ZRUN� LV� FRQWUROOHG�� 7KDW� DQVZHUV� IRU� GLYHUVLW\� RI� K\GUDXOLFV\VWHPV�RI�FUDQH�VXVSHQVLRQV��7KH�FRQWURO�RI�K\GUDXOLF�VXVSHQVLRQ�LQYROYHV�FUDQHULGH�DQG�ZHLJKW�OLIWLQJ��HLWKHU�VXSSRUWHG�RU�XQVXSSRUWHG��7KH�SDSHU�GHDOV�ZLWK�WKHFRQGLWLRQV� WKH�VXVSHQVLRQ�KDV� WR�PHHW� �ZKHQ� WKH�FUDQH� LV� WR�EH�XVHG� IRU�ZHLJKWOLIWLQJ�ZKLOVW���RQ�ZKHHOV��7KH�FRQWURO�RI�FUDQH�VXVSHQVLRQ�LQ�K\GUDXOLF�V\VWHP�LV�HIIHFWHG�E\�PHDQVRI K\GUDXOLF� GLVWULEXWRUV�� 'HSHQGLQJ� RQ� WKH� ZRUNLQJ� FRQGLWLRQV�� DSSURSULDWHFLUFXLWV�DUH�DFWLYDWHG��)RU�FUDQH�RSHUDWLRQ�ZKLOH�RQ�ZKHHOV�WKH�VXVSHQVLRQ�ULJLGLW\PXVW�EH�LQFUHDVHG�±�WKDW�LV�DFKLHYHG�ZKHQ�WKH�DFFXPXODWRUV�DUH�FXW�RII�DQG�OLTXLGIORZ� IURP� F\OLQGHUV� LV� KLQGHUHG�� 3URSHU� K\GUDXOLF� FRQQHFWLRQV� EHWZHHQ� WKHVXVSHQVLRQ�F\OLQGHUV�PD\�LPSURYH�WKH�ZRUNLQJ�FRQGLWLRQV�
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���0RGHO�RI�WKH�6\VWHP
/HW� XV� FRQVLGHU� KHUH� D� IRXU�D[OH� FUDQH�� %HFDXVH� RI� HODVWLFLW\� RI� WKHK\GUDXOLF� V\VWHP� WKH� VXSSRUW� LV� PRGHOOHG� DV� HODVWLF�� VHH� )LJ� ��� +\GUDXOLFF\OLQGHUV� PD\� EH� FRQQHFWHG� LQ� YDULRXV� PDQQHUV�� )LJ� �� SUHVHQWV� WKH� F\OLQGHUVEHLQJ�WKH�VXEMHFW�RI�WKLV�VWXG\�DQG�WKH�ZD\�WKH\�DUH�FRQQHFWHG�

����

����

�� ��

�� ��

V\VWHP�,9V\VWHP�,,,

��

��

��

��

��

��

��

��

V\VWHP�,,V\VWHP�,

)LJ������&DVH�RI�V\VWHPV

7KHVH� FRQQHFWLRQV� DUH� GHVFULEHG� XVLQJ� PDWUL[� QRWDWLRQ�� 7KH� IROORZLQJ
V\PEROV� ZHUH� XVHG�� �� ±� PDWULFHV� RI� FRQQHFWLRQV� EHWZHHQ3**� 3'* 3''�3*'F\OLQGHU�FKDPEHUV��*���SLVWRQ�HQG��'���SLVWRQ�URG�HQG�� ���YHFWRU�GHWHUPLQLQJ3=/ LZKHWKHU�WKH�L�WK�SLVWRQ�URG�FKDPEHU�LV�FRQQHFWHG�ZLWK�WKH�UHWXUQ�OLQH�(3=/ L = �)
RU�QRW ��$VVXPLQJ�WKDW�LI� WKH�SLVWRQ�URG�HQG�LV�QRW�FRQQHFWHG�ZLWK�DQ\(3=/ L = �)
SLVWRQ�HQG�LW�ZLOO�EH�FRQQHFWHG�ZLWK�WKH�UHWXUQ�OLQH��DFFRUGLQJO\�RQ�WKH�EDVLV�RI�

�LW�LV�SRVVLEOH�WR�GHWHUPLQH� �DQG�WKH�YHFWRU� �EDVLQJ�RQ�WKH3**� 3'* 3''�3*' 3=/IROORZLQJ�UHODWLRQVKLSV�
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3*' = 3'*
7

3'' L�M = Å
®­
�� [î N = ���� � (3*' N�L = �) . (3*' N�M = �)] - (L = M)�
�� [È N = ���� � (3*' N�L = �) - (3*' N�M = �)] . (L ! M)

3=/ L = Å
®­
�� î N = ���� � 3*' N�L = ��
�� È N = ���� � 3*' N�L = �

:KHQ� WKH� FRRUGLQDWHV� RI� VXSSRUW� SRLQWV� RI� VXVSHQVLRQ� F\OLQGHUV� RQ� WKHSODQH�;<�DUH�GHVLJQDWHG�DV�[L� \L��WKH\�FDQ�EH�ZULWWHQ�DV�

� ���:. =
[� [� [� [� [� [� [� [�\� \� \� \� \� \� \� \�� � � � � � � �

3RVLWLRQV� RI� WKH� FHQWUHV� RI� JUDYLW\� RI� WKH� FUDQH� XQGHUFDUULDJH�� ERG\�� WKHERRP�DQG�WKH�OLIWHG�ZHLJKW�FDQ�EH�UHSUHVHQWHG�DV�

���:3 =
[3 [1 [: [/\3 \1 \: \/� � � �

7KH�FRQGLWLRQ�RI�HTXLOLEULXP��EDODQFH�RI�WKH�PRPHQWV�RI�IRUFH�ZLWK�UHVSHFWWR�;�DQG�<�D[LV�DQG�WKH�VXP�RI�IRUFH�SURMHFWLRQV�RQWR�WKH�=�D[LV���IRU�WKH�V\VWHPFDQ�EH�JLYHQ�DV�
���):.

7 - *:3
7 = �

ZKHUH�� �� IRUFHV� DFWLQJ� RQ� WKH� ZKHHOV� IURP) = [)��)��)��)��)��)��)��)�]WKH� JURXQG�� � �� PDVV� RI� XQGHUFDUULDJH�� ERG\�� WKH* = [*3�*1�*:�*/]
ERRP�DQG�OLIWHG�ZHLJKW�$VVXPLQJ�WKDW�WKH�LQHUWLD�IRUFHV�DFWLQJ�XSRQ�WKH�ZKHHOV�DUH�]HUR��WKH�IRUFHDFWLQJ�RQ�WKH�ZKHHO�IURP�WKH�GLUHFWLRQ�RI�WKH�JURXQG�LV�HTXDO�WR�WKH�IRUFH�DFWLQJRQ�WKH�SLVWRQ�URG��%DODQFLQJ�WKH�IRUFHV�DFWLQJ�RQ�WKH�SLVWRQ�URG��ZH�JHW�

���) = $*S* - $'S'
ZKHUH�� ��HIIHFWLYH�DUHD�RI�WKH�SLVWRQ�� ���HIIHFWLYH�DUHD�RI�WKH�SLVWRQ�RQ�WKH$* $'SLVWRQ�URG�HQG�� � ��SUHVVXUH�LQVLGH� WKH�F\OLQGHU�DW� WKH�SLVWRQ�HQG�DQGS*�'SLVWRQ�URG�HQG��UHVSHFWLYHO\�

$VVXPLQJ� WKDW� OLTXLG� YROXPH� DW� WKH� DWPRVSKHULF� SUHVVXUH� LV� � DQG� WKH9
DSSDUHQW�EXON�PRGXOXV� LV� IRXQG� WR�EH� �� WKH�UHODWLRQ�EHWZHHQ� WKH�SUHVVXUH�DQG% �

YROXPH�FDQ�EH�ZULWWHQ�DV�
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���S = D9
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7KH� YROXPH� RI� RLO� LQ� F\OLQGHU� FKDPEHUV� LV� EDVHG� RQ� WKH� JHRPHWULFUHODWLRQVKLS�
����� ���96* = $*K7� 96' = $'(K6, - K7) K7 = 8:. - K1 + X.

ZKHUH��� � �� PDWUL[� GHWHUPLQLQJ� WKH� XQGHUFDUULDJH8 = [VLQ a\� VLQ a[� ]� + D]]
SRVLWLRQ�� ���SLVWRQ�URG�SURWUXVLRQ�� ���F\OLQGHU�VWURNH�� ���KHLJKW�RIK7 K6 K1WHUUDLQ�XQHYHQQHVV� ���ZKHHO�GHIOHFWLRQ�X.7KH�GHIOHFWLRQ�FKDUDFWHULVWLFV�LV�DVVXPHG�WR�EH�OLQHDU �

)RU� WKXV�REWDLQHG� �VROXWLRQ� WKH�DXWKRUV�FKHFNHG� WKH�IRUFHV�DFWLQJ�XSRQ� WKHZKHHO�IURP�WKH�WHUUDLQ��SUHVVXUH�LQ�WKH�K\GUDXOLF�V\VWHP�DQG�SLVWRQ�URG�SURWUXVLRQ
� 7KH� KHLJKW� RI� WHUUDLQ� URXJKQHVV� EHLQJ� WDNHQ� DV� D� SDUDPHWHU�� WKH� ERXQGDU\K7YDOXHV�ZHUH�GHWHUPLQHG� DW�ZKLFK� WKH�ZKHHOV� DUH� OLIWHG� IURP� WKH�JURXQG�� WKDW� LV

ZKHQ� WKH� YDOXHV� RI� � DUH� QHJDWLYH�� 3DUDPHWHUV� RI� WKH� FUDQH� ERG\� SRVLWLRQ�)
�ZHUH�GHWHUPLQHG�D]� VLQ a\� VLQ a[

���5HVXOWV
7KH�ERXQGDU\�YDOXHV�RI�XQHYHQQHVV�KHLJKW�K1JUDQ�DW�ZKLFK� �WKH�ZKHHOV�DUHOLIWHG�IURP�WKH�JURXQG�ZHUH�FRPSXWHG��,Q�WKH�FDVH�RI�WKH�V\VWHPV�FRQVLGHUHG�KHUHWKH�DOORZDEOH�SUHVVXUH�ZDV�QRW�H[FHHGHG�QRU�ZDV�WKH�F\OLQGHU�VWURNH�PD[LPDOO\SURWUXGHG��EHIRUH�WKH�ZKHHOV�DUH�OLIWHG�IURP�WKH�JURXQG��
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)LJ�����%RXQGDU\�YDOXHV�RI�JURXQG�XQHYHQQHVV�DW�ZKLFK�RQH�ZKHHO�LV�OLIWHG�IURP�WKH�JURXQG
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���&RQFOXVLRQ
7KH� SDSHU� SUHVHQWV� WKH� DQDO\VLV� RI� KRZ� WKH� VWUXFWXUH� RI� D� K\GUDXOLFVXVSHQVLRQ� LPSDFWV� RQ� FUDQH� VWDELOLW\�ZKLOH� LW� LV�PRYLQJ� RQ�ZKHHOV��7KH� OLQHDUDQG�DQJXODU� GLVSODFHPHQW�RI� IUDPH�ZHUH� H[DPLQHG�ZKHQ� WKH� FUDQH�PRYHG� RYHUXQHYHQ�WHUUDLQ��7KH�GLVWULEXWLRQ�RI�ZKHHO�SUHVVXUH�RQ�WKH�JURXQG�DQG�SLVWRQ�URGSURWUXVLRQ� ZHUH� LQYHVWLJDWHG�� LW� ZDV� GHPRQVWUDWHG� WKDW� WKH� ZD\� WKH� K\GUDXOLFF\OLQGHUV�DUH�FRQQHFWHG�PD\�LPSURYH�FUDQH�VWDELOLW\�DQG�UHGXFH�SODWIRUP�VORSLQJZKHQ�WKH�FUDQH�PRYHV�RYHU�XQHYHQ�WHUUDLQ�
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