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6WDEOH� KRPRJHQRXV VWDWHV� RI� DTXHRXV� K\GURFDUERQ� VROXWLRQV�PD\� RQO\� EH� REVHUYHG� DW� KLJK�

WHPSHUDWXUHV� DQG� SUHVVXUHV� H[WHQGLQJ� EH\RQG� WKH� FULWLFDO� UHJLRQ� RI� WKH� FRPSRQHQWV�� 8SRQ�

WUDQVLWLRQ� RI� WKH� WZR�FRPSRQHQW� V\VWHP� LQWR� WKH� UHJLRQ� RI� VXSHU�FRROHG� �PHWDVWDEOH�� VWDWHV�

ZLWK� ORZ�YDOXHV� RI� WKHUPRG\QDPLF� YDULDEOHV�� KRPRJHQHLW\�PD\�EH� SUHVHUYHG WRJHWKHU�ZLWK�

LQWHUQDO� VWDELOLW\�� 7KLV� ZRUN� LV� WKH� UHVXOW� RI� VWUXFWXUH�SKDVH� HTXLOLEULD� VWXGLHV RI� WKH� WZR�

FRPSRQHQW�ZDWHU�PHWKDQH�V\VWHP�LQ�WKH�UHJLRQ�RI�PHWDVWDEOH�VWDWHV�RI�FR�H[LVWLQJ�SKDVHV��,Q�

VXFK� V\VWHPV� WKH� UHJLRQ� RI� PHWDVWDEOH� VWDWHV� LV� WKHUPRG\QDPLFDOO\� DQDORJRXV� WR VWUXFWXUH�

IRUPLQJ�FRQGLWLRQV�LQ�VLQJOH�FRPSRQHQW�V\VWHPV >�@�

9DSRU�PL[WXUHV�RI�ZDWHU�DQG�PHWKDQH�ZLWK�YDULRXV�UDWLRV�GHSRVLWHG�XQGHU�VWURQJO\�PHWDVWDEOH�

QRQ�HTXLOLEULXP�FRQGLWLRQV�RQWR�D�FRROHG�VXEVWUDWH�LQ�YDFXXP�ZHUH�WKH�REMHFWV�RI� WKH�VWXG\��

2EWDLQHG�ORZ�WHPSHUDWXUH�WKLQ�ILOPV ZHUH�VWXGLHG�XVLQJ�WKH�YLEUDWLRQ�VSHFWURVFRS\�WHFKQLTXH�

LQ�WKH�WHPSHUDWXUH�UDQJH�RI�������.��'XULQJ�WKHUPDO�DQQHDOLQJ�RI�WKH�VDPSOHV��FKDUDFWHULVWLF�

YLEUDWLRQDO�&�+�EDQGV�RI�PHWKDQH�ZHUH�PRQLWRUHG�DORQJVLGH�GHVRUSWLRQ�SUHVVXUH�LQ�UHODWLRQ�WR�

WKH�DQQHDOLQJ�WHPSHUDWXUH��

,Q� WKH� SURFHVV� RI� VDPSOH� DQQHDOLQJ�ZH� REVHUYHG� FKDQJHV� LQ� WKH�PRQLWRUHG� WKHUPRG\QDPLF�

SDUDPHWHUV�DFWLQJ�DV�LQGLFDWRUV�RI�WKH�VWUXFWXUH�SKDVH�VWDWH�RI�WKH�ORZ�WHPSHUDWXUH�WKLQ�ILOPV��

7KH�UHVXOWV�RI�WKH�VWXG\�UHYHDO�WKDW�XSRQ�FR�GHSRVLWLRQ�RI�PHWKDQH�DQG�ZDWHU�D�KRPRJHQHRXV�

V\VWHP�LV�IRUPHG�ZLWK�YDULRXV�LQIHUUHG�VWDWHV�RI�WKH�PHWKDQH PROHFXOH�LQ�WKH�FU\VWDOOLQH�ZDWHU�

IUDPHZRUN��TXDVL�IUHH��SRUH�FDSWXUHG�DQG�FODWKUDWH�OLNH�
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