
(OHFWURQLF�6XSSRUWLQJ�,QIRUPDWLRQ�IRU�WKH�$UWLFOH��

�

$PSOLILHG�(OHFWURFKHPLFDO�'HWHFWLRQ�RI�'1$�WKURXJK�WKH�$JJUHJDWLRQ�RI�

$X�1DQRSDUWLFOHV�RQ�(OHFWURGHV�DQG�WKH�,QFRUSRUDWLRQ�RI�0HWK\OHQH�%OXH�

LQWR�WKH�'1$�&URVVOLQNHG�6WUXFWXUH�

�

'L�/L��<LPLQJ�<DQ��$JQLHV]ND�:LHFNRZVND�DQG�,WDPDU�:LOOQHU�

�

,QVWLWXWH�RI�&KHPLVWU\��7KH�+HEUHZ�8QLYHUVLW\�RI�-HUXVDOHP��-HUXVDOHP��������,VUDHO��

(�PDLO��ZLOOQHD#YPV�KXML�DF�LO��)D[������������������7HO�����������������

�

�

([SHULPHQWDO� GHWDLOV� RI� WKH� SUHSDUDWLRQ� RI� WKH� QXFOHLF� DFLG�IXQFWLRQDOL]HG� $X�

13V��DVVHPEO\�RQ�WKH�HOHFWURGHV��DQG�WKH�H[SHULPHQWDO�SURWRFRO�IRU�DQDO\]LQJ�WKH�

'1$�����

�

3UHSDUDWLRQ�RI�'1$�PRGLILHG�$X�QDQRSDUWLFOHV�

*ROG�QDQRSDUWLFOHV��13V��ZLWK�DQ�DYHUDJH�GLDPHWHU�RI����r���QP�ZHUH�SUHSDUHG�XVLQJ�

WKH� FLWUDWH� UHGXFWLRQ� PHWKRG� DQG� WKH� UHVXOWLQJ� 13V� ZHUH� PRGLILHG� ZLWK� WKLRODWHG�

'1$V������RU�����DFFRUGLQJ�WR�SXEOLVKHG�SURWRFROV
��� �
��%ULHIO\��$X�QDQRSDUWLFOHV�ZHUH�

SUHSDUHG� E\� ERLOLQJ� DQ� DTXHRXV� VROXWLRQ� RI� �� P0� +$X&O� � ����� PO�� XQGHU� UDSLG�

VWLUULQJ� DQG� DGGLQJ� ��� PO� RI� D� ��� P0� VROXWLRQ� RI� VRGLXP� FLWUDWH�� $IWHU� ��� PRUH�

PLQXWHV�RI�ERLOLQJ��WKH�VROXWLRQ�ZDV�DOORZHG�WR�FRRO�WR�URRP�WHPSHUDWXUH��DQG�ILOWHUHG�

WKURXJK�D������P�PHPEUDQH��

7KH�DTXHRXV�$X�QDQRSDUWLFOH�VROXWLRQ���PO��DQG�WKLRODWHG�'1$V���RU����UHVSHFWLYHO\�

�ILQDO�FRQFHQWUDWLRQV�RI����� 0��DERXW���2'��HDFK���ZHUH�LQFXEDWHG�WRJHWKHU�IRU����K�

XQGHU� FRQVWDQW� VWLUULQJ�� 7KH� VROXWLRQ� ZDV� VORZO\� EURXJKW� XS� WR� D� ILQDO� VDOW�

FRQFHQWUDWLRQV�RI�����0�1D&O�DQG����P0�SKRVSKDWH��S+����DQG�DOORZHG�WR�VWDQG�IRU�

��� K�� &HQWULIXJDWLRQ� ZDV� SHUIRUPHG� IRU� ��� PLQ� DW� ������� USP� LQ� RUGHU� WR� UHPRYH�

H[FHVV�RI�UHDJHQWV��7KH�SUHFLSLWDWH�ZDV�ZDVKHG�ZLWK�����0�1D&O�����P0�SKRVSKDWH�

EXIIHU� �S+� ��� VROXWLRQ�� UHFHQWULIXJHG�� DQG� ILQDOO\� GLVSHUVHG� LQ� ��� P0� SKRVSKDWH�
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EXIIHU� �S+� ��� FRQWDLQLQJ� ���� 0� 1D&O� � WR� \LHOG� VWRFN� VROXWLRQV� RI� ���u��
� �
� 0�

'1$�PRGLILHG�$X�13V�� �

�

0RGLI\LQJ�RI�$X�HOHFWURGH�ZLWK�$X�13V�DJJUHJDWHV�

'LIIHUHQW�FRQFHQWUDWLRQV�RI�WKH�DQDO\WH�'1$�����ZHUH�LQWHUDFWHG�ZLWK�D�PL[WXUH�RI�WKH�

�����DQG�����IXQFWLRQDOL]HG�$X�13V���u��
� �
0�HDFK��IRU����PLQXWHV��7KH�UHVXOWLQJ�����

FURVVOLQNHG�$X�13�DJJUHJDWHV�ZHUH�FHQWULIXJHG�DW������USP�IRU����PLQXWHV��DQG�WKH�

VHSDUDWHG�DJJUHJDWHV�ZHUH�UHGLVVROYHG�LQ�WKH�EXIIHU�����P0�SKRVSKDWH������0�1D&O��

S+ ������ 7KHQ�� WKH� $X� 13� DJJUHJDWHV� ����� PO�� ZHUH� DOORZHG� WR� UHDFW� ZLWK� WKH�

����1RQDQHGLWKLRO�PRGLILHG�$X�VXUIDFH�IRU���KRXUV��IROORZHG�E\�ULQVH�WKH�VXUIDFH�ZLWK�

D�EXIIHU�VROXWLRQ��0HWK\OHQH�EOXH�ZDV�LQWHUFDODWHG�LQWR�WKH�GXSOH[�DJJUHJDWHG�$X�13V�

E\�WKH�LQWHUDFWLRQ�RI�WKH�PRGLILHG�HOHFWURGHV�ZLWK�D�����P0�RI�PHWK\OHQH�EOXH�IRU����

PLQXWHV�� IROORZLQJ� E\� ULQVLQJ� WKH� HOHFWURGH� ZLWK� EXIIHU� ���� P0� SKRVSKDWH�� ����0�

1D&O��S+ ������

�

(OHFWURFKHPLFDO�PHDVXUHPHQWV�

$� FRQYHQWLRQDO� WKUHH�HOHFWURGH� FHOO�� FRQVLVWLQJ� RI� D� PRGLILHG� $X� ZLUH� ZRUNLQJ�

HOHFWURGH������PP�GLDPHWHU��JHRPHWULFDO�DUHD�FD�������FP
�
��URXJKQHVV�IDFWRU�FD���������

D� JODVV\� FDUERQ� DX[LOLDU\� HOHFWURGH� LVRODWHG� E\� D� JODVV� IULW�� DQG� D� VDWXUDWHG� FDORPHO�

UHIHUHQFH�HOHFWURGH��6&(��FRQQHFWHG�WR�WKH�ZRUNLQJ�YROXPH�ZLWK�D�/XJJLQ�FDSLOODU\��

ZDV� XVHG� IRU� WKH� HOHFWURFKHPLFDO� PHDVXUHPHQW�� $OO� SRWHQWLDOV� DUH� UHSRUWHG� ZLWK�

UHVSHFW� WR� WKH� 6&(�� 7KH� FHOO� ZDV� SODFHG� LQ� D� JURXQGHG� )DUDGD\� FDJH�� 'LIIHUHQWLDO�

SXOVH� YROWDPPHWU\� DQG� LPSHGDQFH� VSHFWUD� ZHUH� SHUIRUPHG� XVLQJ� DQ� $XWRODE�

HOHFWURFKHPLFDO� V\VWHP� �(FR� &KHPLH�� 1HWKHUODQGV��� $� SKRVSKDWH� EXIIHU� ����� 0��

S+ ����� WKDW� LQFOXGHG� ���� 0� 1D&O� ZDV� XVHG� DV� HOHFWURO\WH� VROXWLRQ� LQ� DOO� WKH�

H[SHULPHQWV��

�

�

�
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)LJXUH� 6�� 'LIIHUHQWLDO� SXOVH� YROWDPPDJUDPV� FRUUHVSRQGLQJ� WR�� �D�� 7KH� 0%
�
�

LQWHUDFWHG�ZLWK�GLWKLRODWHG�PRQROD\HU�� �E��7KH�0%
�

LQWHUDFWHG�ZLWK� WKH�VXUIDFH�

VXEMHFWHG�WR�WKH�����DQG�����IXQFWLRQDOL]HG�$X�13V��LQ�WKH�DEVHQFH�RI��������&XUYH�

�E��LV�LGHQWLFDO�WR�FXUYH��D��LQ�)LJXUH���%��LQ�WKH�SDSHU���

�

�

�

�
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