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>,QWURGXFWLRQ@�7KH�WKHUPDO�GHQDWXUDWLRQ�RI�PRVW�VPDOO�JOREXODU�SURWHLQV�XVXDOO\�H[KLELWV�WZR�
VWDWH�WKHUPDO�GHQDWXUDWLRQ��1ļ'���8QOLNH�W\SLFDO�VPDOO�SURWHLQV��ZLOG�W\SH�36'���3'=���D�
VPDOO� WKLUG�3'=�GRPDLQ� SURWHLQ� RI� SRVW�V\QDSWLF� GHQVLW\���� SURWHLQ� �36'������ XQGHUJRHV� D�
SHFXOLDU� WKUHH�VWDWH� WKHUPDO� GHQDWXUDWLRQ� �1ļ,Qļ'��� ,W� IRUPV� D� UHYHUVLEOH� ROLJRPHUL]DWLRQ�
�52�� DW� KLJK� WHPSHUDWXUHV� UHOHYDQFH� DP\ORLGRJHQLFLW\��:H�SUHYLRXVO\� UHSRUWHG� WKDW� D� SRLQW�
PXWDWLRQ�� )���$�� IXOO\� LQKLELWV� WKH� IRUPDWLRQ� RI� WKH� KLJK�WHPSHUDWXUH� 52�� FRQFXUUHQWO\�
DP\ORLGRJHQHVLV�� +HUH�� ZH� XVHG� 3'=��)���$� DV� D� WHPSODWH� SURWHLQ� WR� HVWDEOLVK� 52� DQG�
DP\ORLG�IRUPDWLRQ�VWUDWHJ\�DFFRUGLQJ�WR�D�³UHYHUVH�HQJLQHHULQJ´� 
>0DWHULDOV� DQG�PHWKRGV@�:H� JHQHUDWHG� WKH� DUWLILFLDO� VWUXFWXUHV� XVLQJ�&227� VRIWZDUH� DQG�
FDOFXODWHG� WKH�DFFHVVLEOH�VXUIDFH�DUHD��$6$��E\�'663�DQDO\VLV��:H�SURGXFHG� WKUHH�YDULDQWV�
�5���/��(���/��DQG�1���/���ZKHUH�ZH�LQGLYLGXDOO\�PXWDWHG�UHVLGXHV�WKDW�DUH�VXUIDFH�H[SRVHG�
LQ�WKH�PRQRPHULF�VWUXFWXUH�EXW�EXULHG�LQ�WKH�WHWUDPHULF�VWUXFWXUH�WR�D�OHXFLQH��7KH�3'=��YDULDQWV�
ZDV� PXWDWHG� DQG� H[SUHVVHG� LQ� %/���'(��� VWUDLQ� RI� (�� FROL�� 7KH� SK\VLFRFKHPLFDO� DQG�
ELRSK\VLFDO� FKDUDFWHUL]DWLRQV�ZHUH� REVHUYHG� XVLQJ� VHYHUDO� VSHFWURPHWHUV� LQFOXGLQJ�� FLUFXODU�
GLFKURLVP� �&'��� GLIIHUHQWLDO� VFDQQLQJ� FDORULPHWU\� �'6&��� )OXRUHVFHQFH� VSHFWURVFRS\� DQG�
DQDO\WLFDO�XOWUDFHQWULIXJDWLRQ��$8&�� 
>5HVXOWV�DQG�GLVFXVVLRQ@�7KH�VHFRQGDU\�VWUXFWXUHV�RI� DOO� WKUHH�YDULDQWV�ZHUH�PDLQWDLQHG�DV�
H[DPLQHG� E\� FLUFXODU� GLFKURLVP�� &RQVHTXHQWO\�� 3'=��)���$�1���/� SURGXFHG� 52� DW� KLJK�
WHPSHUDWXUHV�DQG�XQIROGHG�DFFRUGLQJ�WR�D�WKUHH�VWDWH�WKHUPDO�GHQDWXUDWLRQ��)LJ�����,Q�FRQWUDVW��
RWKHU�WZR�YDULDQWV�XQIROGHG�DFFRUGLQJ�WR�WZR�VWDWH�PRGHO�DV�DVVHVVHG�E\�GLIIHUHQWLDO�VFDQQLQJ�
FDORULPHWU\��7KH�PRODU�IUDFWLRQ�RI�3'=��)���$�1���/�H[KLELW�LQWHUPHGLDWH�IUDFWLRQ�DW�KLJK�
WHPSHUDWXUH�VLPLODU�WR�3'=��ZW��)LJ�����7KH�WKHUPRG\QDPLF�SDUDPHWHUV�WKDW�FDOFXODWHG�IURP�
&'�WKHUPDO�GHQDWXUDWLRQ�FRUHODWHG�WR�YDOXHV�RI�LQWHUPHGLDWH�VWDWH��1�,Q�DQG�1�'��WKDW�FDOFXODWHG�
IURP�'6&�GDWD��0RUHRYHU��3'=��)���$�1���/�H[KLELWHG�DP\ORLGRJHQLF�DW�KLJK�WHPSHUDWXUHV�
DV�DVVHVVHG�E\�7KLRIODYLQ�7�IOXRUHVFHQFH��,W�LQGLFDWHG�WKDW�3'=��)���$�1���/�ZDV�D�SUHFXUVRU�
IRU�DP\ORLG�ILEULO�IRUPDWLRQ�DIWHU�VHHGLQJ�DW�KLJK�WHPSHUDWXUH��)LJ���� 
>&RQFOXVLRQ@� 7KLV� UHYHUVH� HQJLQHHULQJ� H[SHULPHQW� GHPRQVWUDWHV� WKH� DELOLW\� WR� FRQWURO� WKH�
IRUPDWLRQ� RI� KLJK�WHPSHUDWXUH� 52� DQG� FRQVHTXHQW� DP\ORLGRJHQLFLW\� E\� VLQJOH� DPLQR� DFLG�
PXWDWLRQ�� $� SRLQW� PXWDWLRQ� VWUDWHJ\� FDQ� DSSO\� IRU� FRQWUROOLQJ� WKH� WKHUPDO� VWDELOLW\� DQG�
XQGHUVWDQGLQJ�NLQHWLFV�RI�52�DQG�DP\ORLGRJHQLFLW\�LQ�VPDOO�JOREXODU�SURWHLQV��  
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