
'HYLDWLRQ�RI�2+ ERQG�LQ�+�2 PROHFXOH
0�8�%LO\L��*�,�*DLGLGHL��%�$�2NKULPHQNR

7�6KHYFKHQNR�.\LY�1DWLRQDO�8QLYHUVLW\��3K\VLFV�'HSDUWPHQW���$FDG�*OXVKNRY�$YH���.\LY���������8NUDLQH
7KH�IRUFH�FRQVWDQW�PDWUL[�KDV�EHHQ�FDOFXODWHG�IRU�+�2 PROHFXOH�LQ�OLTXLG�SKDVH�XQGHUDSSUR[LPDWLRQ�WDNLQJ�LQWR�DFFRXQW�WKH�SRVVLELOLW\�RI��PL[LQJ��GLIIHUHQW�W\SHV�RI�LWV�HLJH QDQG� QRQHLJHQ� QRUPDO� YLEUDWLRQV� EHORQJLQJ� WR� WKH� VDPH� LUUHGXFLEOH� UHSUHVHQWDWLRQ� RI� &�YV\PPHWU\�JURXS�
�¯ºmË�ËÓ©�¯È°�Ë�©�°Òãºmº®�äÈ�¯Ò�©�äºãË}�ã©�+�2 m�ÎÒ�}º®�ÁÈÏË�m�¹¯Ò­ãÒÎËÓÒÒ�}º�º¯ºË� ��Ò�©mÈË�� mºÏäºÎÓº°�	 �°äË�ÒmÈÓÒ«��Áº¯ä� ËË� °º­°�mËÓÓ©²�Ò�ÓË°º­°�mËÓÓ©²Óº¯äÈã	Ó©²�}ºãË­ÈÓÒ®��º�Óº°«�Ò²°«�}�º�Óºä��Ò��ºä��ÎË�ÓË¹¯Òmº�Òäºä��¹¯Ë�°�ÈmãË�ÓÒ
 �¯�¹¹©�°ÒääË�¯ÒÒ�&�Y�

7KH� IRUFH� FRQVWDQW�PDWUL[� RI� +�2 PROH�FXOH�KDV�EHHQ�FDOFXODWHG�LQ�>�@��7R�WKDW�HQG�WKH� LQYHUVH� VSHFWUDO� SUREOHP� RI� YLEUDWLRQDOVSHFWURVFRS\�ZDV� VROYHG��8VLQJ� WKH�PHWKRGWDNLQJ�LQWR�DFFRXQW�ERWK�HLJHQ�DQG�QRQHLJHQQRUPDO� YLEUDWLRQ� IUHTXHQFLHV�� WKH� GLUHFWLRQRI�FKHPLFDO�ERQG�2±+ KDV�EHHQ�IRXQG�WR�GRQRW� FRLQFLGH�ZLWK� WKDW�RI� VWUDLJKW� OLQH�FRQ �QHFWLQJ� WKH� 2 DQG� + DWRPLF� QXFOHL�� 7KHFKHPLFDO�ERQG�GHYLDWLRQ�ZDV�HTXDO�WR�� � IRU+�2 PROHFXOH� LQ� OLTXLG� SKDVH� DQG� � � IRUWKDW� LQ� JDV� SKDVH�� 7KH� GHYLDWLRQ� DQJOH� LQ �FUHDVH� IURP� �� WR� �� DW� JDV�OLTXLG� SKDVHWUDQVLWLRQ� LV� GXH� WR� WKH� LQIOXHQFH� RI� WKHQHDUHVW� VXUURXQGLQJ� RQ� WKH� PROHFXOH�� 7KLVSURFHVV� LV� DFFRPSDQLHG� E\� FKDQJHV� LQ� QRU �PDO�YLEUDWLRQ�IUHTXHQFLHV�DQG�IRUPV�:KHQ� VROYLQJ� WKH� LQYHUVH� YLEUDWLRQDOVSHFWUDO� SUREOHP� LQ� >�@�� WKH� DSSUR[LPDWLRQXVHG� GLG� QRW� DFFRXQW� IRU� WKH� SRVVLELOLW\� RI�PL[LQJ��RI� HLJHQ�DQG�QRQHLJHQ�QRUPDO� YL �EUDWLRQV�RI�+�2 PROHFXOH�LQ�OLTXLG�SKDVH��,QWKLV�ZRUN��DQ�DWWHQWLRQ�LV�GUDZQ�WR�WKH�IDFWWKDW�IRU�D�PROHFXOH�LQ�D�FRQGHQVHG�SKDVH��LWLV� LPSRVVLEOH� WR� VHSDUDWH� VWULFWO\� HLJHQ� YL �EUDWLRQV�IRUPV�IURP�QRQHLJHQ�RQHV��'XH�WR�WKH�LQWHUDFWLRQ�ZLWK�VXUURXQGLQJ�WKH� WUDQVODWLRQDO� QRQHLJHQ� YLEUDWLRQV� RI+�2 PROHFXOH�ωW[��ωW\��ωW] FDQ�EH�DFFRPSD�QLHG� E\� VRPH� GHIRUPDWLRQ� RI� WKH�PROHFXOH�6LPLODUO\��HLJHQ�QRUPDO�YLEUDWLRQV� ω���ω���ω�FDQ� EH� DFFRPSDQLHG� E\� SHULRGLF� GLVSODFH �

PHQWV� RI� WKH� PROHFXOH� PDVV� FHQWHU�� %RWKSURFHVVHV� FDQ� EH� FRQVLGHUHG� DV� �PL[LQJ��RIHLJHQ� DQG� QRQHLJHQ� QRUPDO� YLEUDWLRQV� RI+�2 PROHFXOH� LQ� OLTXLG� SKDVH�� 7KH� VDPHVLWXDWLRQ�FDQ�WDNH�SODFH�IRU�QRQHLJHQ�YLEUD �WLRQV�ωU[��ωU\��ωU]��)RU�FDOFXODWLRQV��ZH�SUR�FHHGHG� IURP� UHVXOWV� SUHVHQWHG� LQ� >�@�� 7KHIRUFH� FRQVWDQW� PDWULFHV� IRU� GLIIHUHQW� LVR �WRSLF� PRGLILFDWLRQV� RI� ZDWHU� ZHUH� � FRQVLG �HUHG�WR�EH�LGHQWLFDO��7KH�SDUDPHWHUV�RI�QRU �PDO�YLEUDWLRQV�ZHUH�GHWHUPLQHG�IURP�YLEUD �WLRQ� IUHTXHQFLHV�RI�+�2 DQG�'�2 PROHFXOHVLQ�OLTXLG�SKDVH�7KH�SRVVLELOLW\�RI��PL[LQJ��RI�WKRVH�QRU �PDO� YLEUDWLRQ� IRUPV� ZKLFK� FRUUHVSRQG� WRWKH� VDPH� LUUHGXFLEOH� UHSUHVHQWDWLRQ� RI� WKH&�Y JURXS�DUH�KHUH�WDNHQ�LQWR�DFFRXQW��1RU �PDO� YLEUDWLRQV� RI� +�2 PROHFXOH� DQG� WKHLULUUHGXFLEOH�UHSUHVHQWDWLRQV�DUH� OLVWHG�LQ�WKH7DEOH����,W�LV�VHHQ�WKDW�WKHUH�DUH�WKUHH�QRU �PDO� YLEUDWLRQV� ZKLFK� DUH� WUDQVIRUPHG� LQWRHDFK� RI� $� DQG� %� LUUHGXFLEOH� UHSUH�VHQWDWLRQV�� &RQVHTXHQWO\�� WKH� �PL[LQJ�� UH �VXOW�RI�GLIIHUHQW�QRUPDO�YLEUDWLRQ�IRUPV�EH �ORQJLQJ� WR� RQH� LUUHGXFLEOH� UHSUHVHQWDWLRQFDQ� EH� UHSUHVHQWHG� DV� D� SURGXFW� RI� WKH� RU �WKRJRQDO� PDWUL[� �×�� E\� WKH� FRPSRQHQWV� RIEDVLF�YHFWRUV�RI�WKH�YLEUDWLRQV�EHLQJ�PL[HG�7KH� EDVLF� YHFWRUV� GHILQLQJ� WKH� YLEUDWLRQIRUPV� ZLWKRXW� FRQVLGHULQJ� WKHLU� SRVVLEOHPL[LQJ�ZHUH� FKRVHQ� WKH� VDPH� DV� LQ� WKH� >�@DQG�DUH�SUHVHQWHG�E\�WKH�/ PDWUL[

)XQFWLRQDO�0DWHULDOV����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������ ���


