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$� QHZ� W\SH� RI� ELOOLDUG� LV� LQWURGXFHG� Ü� WKH� RQH� ZLWK� FKDRWLF� EHDPV� G\QDPLFV�� 7KH
G\QDPLFV�RI�GXPEEHOO�OLNH�SRO\PRUSKRXV�ELOOLDUGV�IDPLO\�LV�VWXGLHG��7KH�FKDRWLF�EHKDYLRXU
RI�WKH�EHDPV�DQG�WKHLU�XQLIRUP�VWDWLRQDU\�GLVWULEXWLRQ�DUH�SURYHG��7KH�FKDRWLF�SURSHUWLHV
IRXQG�OHW�RQH�XVH�SRO\PRUSKRXV�ELOOLDUG�LQ�SK\VLFDO�DSSOLFDWLRQV�
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%LOOLDUGV�� L�H�� V\VWHPV� ZLWK� HODVWLF� RU
PLUURU� UHIOHFWLRQV�� RFFXS\� WKH� FHQWUDO� SRVL�
WLRQ� LQ� WKH� GHWHUPLQLVWLF� FKDRV� WKHRU\� DQG
KDYH� QXPHURXV� SK\VLFDO� DSSOLFDWLRQV� >�@�
&KDRWLF� ELOOLDUGV�� LQ�ZKLFK�EHDPV�G\QDPLFV
LV� HYHU\ZKHUH� FKDRWLF�� KDYH� ZRQ� D� VSHFLDO
SRSXODULW\�� &ORVH� WUDMHFWRULHV� LQ� VXFK� ELO�
OLDUGV� H[SRQHQWLDOO\� TXLFNO\� GLYHUJH� LQ� WKH
SKDVH� VSDFH� DQG� PL[� XS�� 7KH� PRVW� ZHOO�
NQRZQ� DPRQJ� WKH� FKDRWLF� ELOOLDUGV� DUH� GLV�
SHUVLQJ� 6LQDL� ELOOLDUGV� >�@� DQG� GHIRFXVLQJ
%XQLPRYLFK� ELOOLDUGV� >�@�� 7KH� SDSHU� LQWUR�
GXFHV�D�QHZ�W\SH�RI�FKDRWLF�ELOOLDUG�Ü�SRO\�
PRUSKRXV� ELOOLDUG�� 8QOLNH� WKH� NQRZQ� RQHV�
LW� FRQWDLQV� GLVSHUVLQJ� DV� ZHOO� DV� IRFXVLQJ
UHJLRQV�RI�WKH�ERXQGDU\�DQG�KDV�QR�QHXWUDO
FRPSRQHQWV�� ,WV� FKDUDFWHULVWLF� SKDVH� G\QDP�
LFV� �DW� FRQWURO�SDUDPHWHU� FKDQJHV�� LV� VWXGLHG
DQG� /\DSXQRY� H[SRQHQW� DV�ZHOO� DV� LQYDULDQW
UHIOHFWLRQV�GHQVLW\�RQ�WKH�ERXQGDU\�DUH�FDOFX�
ODWHG�E\�WKH�H[DPSOH�RI�WKH�VLPSOHVW�VSHFLPHQ
RI�WKLV�IDPLO\���GXPEEHOO�OLNH�ELOOLDUG�

/HW�XV�VPRRWKO\�MRLQ��VR�WKDW�WKH�WDQJHQW
KDV� QR� GLVFRQWRQXLWLHV�� DQ� HYHQ� QXPEHU� RI
DUFV� WDNHQ� IURP� RQH� FLUFOH� WR� JHW� D� FORVHG
FXUYH��:H� VKDOO� FDOO� WKH�ELOOLDUG� OLPLWHG�E\

VXFK�D�FXUYH�SRO\PRUSKRXV��,WV�ERXQGDU\�LV
IRUPHG� E\� WKH� DUFV� RI� WKH� VDPH� FLUFOH� DQG
KDV� HYHU\ZKHUH� FRQVWDQW� FXUYDWXUH� WR� VLJQ�
6RPH�H[DPSOHV�RI�VXFK�ELOOLDUGV�RQH�FDQ�VHH
LQ� )LJ�� ��� 7KH� VLPSOHVW� SRO\PRUSKRXV� ELO�
OLDUG� LV�D�GXPEEHOO�OLNH�ELOOLDUG��WKH�ERXQG�
DU\�RI�ZKLFK� LV�IRUPHG�E\�DUFV�RI�IRXU�FLU�
FOHV�� $� VPDOOHU� QXPEHU� RI� DUFV� LV� LPSRVVL�
EOH�� RWKHUZLVH� WKH� VPRRWKQHVV� RI� WKH
ERXQGDU\�REWDLQHG�ZRXOG�KDYH�EHHQ�EURNHQ�

7R�VWXG\�WKH��GXPEEHOO��G\QDPLFV��OHW�XV
XVH�JHRPHWUR�G\QDPLFDO� DSSURDFK� >��� �@�� LQ
ZKLFK�EHDPV�G\QDPLFV�LV�GHVFULEHG�LQ�D�VSH�
FLDO� V\PPHWULF� SKDVH� VSDFH�� /HW� XV� FKRVH
DQJOH� F� EHWZHHQ� WKH� D[LV�� FRQQHFWLQJ� WKH
FHQWUHV� RI� WKH� FRQYH[� FRPSRQHQWV� RI� WKH
ERUGHU�DQG�WKH�EHDP��GUDZQ�WR�WKH�SRLQW�RI
FRQWDFW� EHWZHHQ� WKH� FRQYH[� DQG� FRQFDYH
FRPSRQHQWV� �)LJ�� ��� DV� WKH� FRQWURO� SDUDPH�
WHU� RI� WKH� G\QDPLF� V\VWHP�� 7KLV� DQJOH� F
FRUUHVSRQGV� WR� WKH� ZLGWK� RI� WKH� PLGGOH� RI
WKH� GXPEEHOO�� ,W� LV� FKDQJHG� IURP� S��� WR
S����$W���WKHUH�LV�QR�QDUURZ�PLGGOH�DQG�ZH
KDYH� D� ELOOLDUG� LQ� D� FLUFOH� LQVWHDG� RI� WKH
GXPEEHOO� RQH�� $W� F S��� WKH� FLUFOHV� FRUUH�
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VSRQGLQJ� WR� WKH� FRQYH[� SDUWV� RI� GXPEEHOO
ERXQGDU\��FRQWDFW� �LQVLGH�RI�WKH�ELOOLDUG���$W
F� �S���ZH�KDYH�WKH�PRVW�V\PPHWULF�FRQILJX�
UDWLRQ�� $W� F�  � S��� � � WKH�PLGGOH� UHDFKHV� LWV
PD[LPXP�DQG�ELOOLDUG�IDOOV�LQWR�WZR�RQHV�

)LJ�� �� VKRZV� WKH� SKDVH� SRUWUDLW� RI� WKH
�GXPEEHOO��� WKH� FRQWURO� SDUDPHWHU� FKDQJ�
LQJ��:KHQ� WKH� QDUURZ�PLGGOH� DSSHDUV�� WKH
EHDPV� G\QDPLFV� LQ� WKH� ELOOLDUG� LV� DOZD\V
FKDRWLF��7KLV�LV�DOVR�FRQILUPHG�E\�/\DSXQRY
H[SRQHQW� GHSHQGHQFH�� VKRZQ� LQ� )LJ�� ��� $W
DOO� WKH�YDOXHV�RI�WKH�FRQWURO�SDUDPHWHU� �H[�
FHSW� WKH� LQWHJUDEOH� FDVH� RI� D� ELOOLDUG� LQ� D
FLUFOH� DW� F�  � S���� /\DSXQRY� H[SRQHQW� LV
VWULFWO\�SRVLWLYH��$QJOH�F� LQFUHDVLQJ�� LQ�WKH
SKDVH� VSDFH� KROORZ� ]RQHV�Û� ODFXQDV�Û�DS�
SHDU��7KH\�FRUUHVSRQG�WR�WKH�FODVVLFDOO\�IRU�
ELGGHQ� EHDPV� LQ� WKH� UHJLRQ� RI� JHRPHWULFDO
VKDGRZ� RI� WKH� ELOOLDUG�� :KHQ� WKH� PLGGOH
JHWV� ODUJHU�� WKH� YROXPH� RI� ODFXQDV� LQ�
FUHDVHV��/DFXQDV�SOD\�WKH�SDUW�RI�WRSRORJLFDO
REVWDFOHV�LQ�WKH�SKDVH�VSDFH��1HDU�WKHP�WKH
SKDVH� FDVFDGH� KDV� GLVFRQWLQXLWLHV�� $V� D� UH�
VXOW�� LWV� FKDRWLFLW\� LQFUHDVHV� ZLWK� WKH� LQ�
FUHDVH� RI� ODFXQDV� YROXPH��7KLV� FDQ� EH� VHHQ
RQ� WKH� JUDSK� RI� WKH� /\DSXQRY� H[SRQHQW
�)LJ������$W�F� �S���WKH�H[SRQHQW�UHDFKHV�LWV
PD[LPXP�� EHFDXVH� WRWDO� OHQJWK� RI� GLVSHUV�
LQJ� FRPSRQHQWV� �WKH� UHIOHFWLRQ� IURP� ZKLFK
FDXVHV�WUDMHFWRULHV�GLVSHUVLQJ��RI�WKH�ERXQG�
DU\� LV�PD[LPDO�DW� WKLV�YDOXH��:LWK� IXUWKHU
H[WHQGLQJ�RI�WKH�PLGGOH�WKH�ODFXQDV�YROXPH
LQFUHDVH� LV� DFFRPSDQLHG� E\� WKH� UHGXFLQJ� RI
VFDWWHULQJ� FRPSRQHQWV� UHODWLYH� OHQJWK�� 6R
/\DSXQRY� H[SRQHQW� GHFUHDVHV�� :KHQ� WKH
PLGGOH� LV� DERXW� WR� UHDFK� LWV� PD[LPXP� DW
F� �S��� LW� WHQGV� WR� D� ILQLWH� YDOXH�� /DFXQDV

RYHUODSSLQJ� LQ� WKH� SKDVH� VSDFH� FRUUHVSRQGV
WR� LQWHUPHGLDWH� YDOXH� F�  � S��� �HTXLGLVWDQW
IURP� SRLQWV� F�  � S��� DQG� F�  � S����� ,Q� WKH
SKDVH� VSDFH� WKHUH� DSSHDUV� RQH� FRPPRQ� UH�
JLRQ�RI� IRUELGGHQ�PRYHPHQW� LQVWHDG�RI� WZR
LVRODWHG�ODFXQDV�

,W� LV� FRQYHQLHQW� WR� GHVFULEH� WKH� VWDWLVWLF
SURSHUWLHV� RI� WKH��GXPEEHOO��ZLWK�VWDWLRQDU\
GHQVLW\�RI�UHIOHFWLRQ�DERXW�WKH�ELOOLDUG�ERXQG�
DU\�>�@��1XPHULF�FDOFXODWLRQV�KDYH�VKRZQ�WKDW

)LJ�� ��� 7KH� GHSHQGHQFH� RI� /\DSXQRY� H[SRQHQW
RI� WKH� �GXPEEHOO�� RQ� WKH� FRQWURO� SDUDPHWHU
�DERYH��� 6WDWLRQDU\� GHQVLW\� RI� UHIOHFWLRQV� � I�[�
RQ�WKH�ELOOLDUG�ERXQGDU\��EHORZ���7KH�IXOO�OHQJWK
RI�WKH�ELOOLDUG�ERXQGDU\�LV�QRUPDOL]HG�WR�RQH�

)LJ���� ([DPSOHV� RI� SRO\PRUSKRXV� ELOOLDUGV�
$ERYH� Ü� WZR� GXDO� �UHODWLYH� WR� WKH� FKDQJH� RI
DOO� WKH� FRQYH[� FRPSRQHQWV� IRU� FRQFDYH� DQG
YLFH�YHUVD��SRO\PRUSKRXV�ELOOLDUGV�RI���RUGHU�
IRUPHG�GXH� WR���GLVNV� MRLQLQJ��%HORZ�Ü��GXPE�
EHOO��ELOOLDUG�DQG�LWV�FRQWURO�SDUDPHWHU�Ü�DQJOH�F� )LJ�����*HRPHWULFDO��DERYH��DQG�SKDVH��EHORZ�

SRUWUDLW� RI� �GXPEEHOO�� ELOOLDUG�ZLWK� LWV�PLG�
GOH�LQFUHDVH�DW�F� �S����F� ��������F� �������
F� �S����F� �S����F� �S���
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KHUH� LW� UHPDLQV� FRQVWDQW� �)LJ������DV�ZHOO�DV
LQ� WKH� FDVH� RI� ELOOLDUG� LQ� D� FLUFOH�� 7KLV� LV
REYLRXVO\�FRQQHFWHG�ZLWK�WKH�FRQVWDQF\�RI�DE�
VROXWH�FXUYDWXUH�IRU�WKH�JLYHQ�ELOOLDUG��%HDPV
YLVLW� WKH� ELOOLDUG�V� ERXQGDU\� ZLWK� DSSUR[L�
PDWHO\�HTXDO�IUHTXHQF\��6R��LQ�WKH�DV\PSWRWLF
OLPLW� WKH\� DUH� XQLIRUPO\� GLVWULEXWHG� LQ� WKH
SKDVH�VSDFH�DV�ZHOO�

2QH� VKRXOG� H[SHFW� DQDORJRXV� EHKDYLRXU
RI� WKH� EHDPV� LQ� SRO\PRUSKRXV� ELOOLDUG� RI
DUELWUDU\� IRUP�� 7KH� FKDRWLF� SURSHUWLHV
IRXQG� OHW� RQH� XVH� SRO\PRUSKRXV� ELOOLDUG� LQ
DSSOLFDWLRQV��,Q�SDUWLFXODU���GXPEEHOO��IRUP
FDQ�EH�XVHG�IRU�DWRPLF�>�@��PLFURZDYH�>�@�RU
VHPLFRQGXFWRU�ELOOLDUGV�>�@��&KDRV�SHFXOLDUL�
WLHV� LQ� SRO\PRUSKRXV� ELOOLDUGV� FDQ� DOVR� LQ�
IOXHQFH� WKH� FKDUDFWHU� RI� OLJKW� SDVV� LQ� RSWLF
QDQRFHUDPLFV� PLFURFOXVWHUV�� IRUPHG� GXH� WR
FRDJXODWLQJ�RI�EDOO�OLNH�QDQRSDUWLFHOV�HWF�

5HIHUHQFHV
� ���*�0�=DVODYVN\�� 5�=�6DJGHHY�� ,QWURGXFWLRQ� WR

QRQOLQHDU� SK\VLFV�� )URP� SHQGXOXP� WR� WXUEX�
OHQFH��1DXND��0RVFRZ��������>LQ�5XVVLDQ@��

� ���<D�*�6LQDL�� 'RNODG\� $1� 8665�� ����� ����
�������

� ���/�$�%XQLPRYLFK��&KDRV����������������
� ���6�9�1D\GHQRY�� 9�9�<DQRYVN\�� $�9�7XU�

3LV�PD� Y� =K�� (NVSHU�� 7HRU�� )L]LNL�� ���� ���
�������

� ���6�9�1D\GHQRY��9�9�<DQRYVN\��)XQFWLRQDO�0D�
WHULDOV���������������

� ���9�0LOQHU��-�/�+DQVVHQ��:�&�&DPSEHOO��0�*�5DL�
VHQ��3K\V�5HY��/HWW�������������������

� ���$OW�+���*UDI�+�'���+RIIHUEHUW�5��HW�DO���3K\V�
5HY��(������������������

� ���.��)�%HUJJUHQ�� -�=KHQ�/L�� &KDRV�� ��� ���
�������

�ºã�äº¯ÁÓÒ®�­�ã	«¯��Ï�²Èº�Ò�Óº
��ÒÓÈä�}º
�¹¯ºäËÓ�m
v�{��sÈ®�	ºÓºm����s��lÈ°ãºm°	}Ò®��{�{��ÐÓºm°	}Ò®

~È¹¯º¹ºÓºmÈÓº� ÓºmÒ®� �Ò¹� ­�ã	«¯��� Ï� ²Èº�Ò�Óº
� �ÒÓÈä�}º
� ¹¯ºäËÓ�m�� {Òm�ËÓº
�ÒÓÈä�}�� ¯«��� ¹ºã�äº¯ÁÓÒ²� ­�ã	«¯��m� �� Áº¯ä�� �ÈÓ�Ëã��� iºmË�ËÓº� ²Èº�Ò�Ó�� ¹ºmË��Ó}�
¹¯ºäËÓ�m��È�¯�mÓºä�¯Ó�°�	��²Ó	º�º�°�È��ºÓÈ¯Óº�º�¯ºÏ¹º��ã���{ÒÓÈ®�ËÓ��²Èº�Ò�Ó��mãÈ°�Ò�
mº°����ºÏmºã«
�	�mÒ}º¯Ò°�ºm�mÈ�Ò�¹ºã�äº¯ÁÓÒ®�­�ã	«¯����¯�ÏÓÒ²�Á�ÏÒ�ÓÒ²�°Ò°�ËäÈ²�

6�9�1D\GHQRY�HW�DO����3RO\PRUSKRXV�ELOOLDUG����

��� )XQFWLRQDO�PDWHULDOV�������������


