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7LWOH��3K\VLFDO�&KHPLVWU\�������3URFHHGLQJV�
(GLWRUV��äHOMNR�ýXSLü DQG�6ORERGDQ�$QLü
3XEOLVKHG�E\��6RFLHW\�RI�3K\VLFDO�&KHPLVWV�RI�6HUELD��6WXGHQWVNL�WUJ�������
�������%HOJUDGH��6HUELD�
3XEOLVKHU��6RFLHW\�RI�3K\VLFDO�&KHPLVWV�LI�6HUELD
)RU�3XEOLVKHU��6��$QLü��3UHVLGHQW�RI�6RFLHW\�RI�3K\VLFDO�&KHPLVWV�RI�6HUELD
3ULQWHG�E\���-RYDQ���3ULQWLQJ�DQG�3XEOLVKLQJ�&RPSDQ\������&RSLHV�
1XPEHU�RI�SDJHV���������)RUPDW�%���SULQWLQJ�ILQLVKHG�LQ�6HSWHPEHU�����

7H[W�DQG�/D\RXW���-RYDQ�
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SKRWRFRS\LQJ��RU�E\�DQ\�LQIRUPDWLRQ�VWRUDJH�DQG�UHWULHYDO�V\VWHP��ZLWKRXW�SHUPLVVLRQ�LQ�ZULWLQJ�IURP�WKH
SXEOLVKHU�

����� &RS\�SULQWLQJ



,,,

&217(17

9ROXPH�,
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.LQHWLFV��&DWDO\VLV ���
1RQOLQHDU�'\QDPLFV��2VFLOODWRU\�5HDFWLRQV��&KDRV ���
(OHFWURFKHPLVWU\� ���
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,QVWLWXWH�RI�&DWDO\VLV�%XOJDULDQ�$FDGHP\�RI�6FLHQFHV

DQG

%RUHVNRY�,QVWLWXWH�RI�&DWDO\VLV�6LEHULDQ�%UDQFK�RI��
5XVVLDQ�$FDGHP\�RI�6FLHQFHV

DQG

8QLYHUVLW\�RI�%HOJUDGH��6HUELD�

)DFXOW\ RI�3K\VLFDO�&KHPLVWU\
,QVWLWXWH�RI�&KHPLVWU\��7HFKQRORJ\�DQG�0HWDOOXUJ\

9LQþD�,QVWLWXWH�RI�1XFOHDU�6FLHQFHV
)DFXOW\�RI�3KDUPDF\

,QVWLWXWH�RI�*HQHUDO�DQG�3K\VLFDO�&KHPLVWU\��%HOJUDGH��6HUELD
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,QWHUQDWLRQDO�2UJDQL]LQJ &RPPLWWHH

&KDLUPDQ� 6� $QLü �6HUELD�
9LFH�FKDLUPDQ� 0��*DEURYVND �%XOJDULD�

$��$��9HG\DJLQ��5XVVLD�
6��1��%ODJRMHYLü��6HUELD�

0HPEHUV� 1��&YMHWLüDQLQ��6HUELD���6��0��%ODJRMHYLü��6HUELD���0��'DNRYLü�
�6HUELD���-��'LPLWULü�0DUNRYLü��6HUELD���7��*UR]GLü��6HUELD���/M��
,JQMDWRYLü��6HUELD���'��-RYDQRYLü��6HUELD���-��-RYDQRYLü��6HUELD���
0�� .X]PDQRYLü� �6HUELD��� '�� 0DUNRYLü� �6HUELD��� %��
0LORVDYOMHYLü� �86$��� 0�� 0RMRYLü� �6HUELD��� 1�� 2VWURYVNL�
�6HUELD��� 1�� 3HMLü� �6HUELD��� 0�� 3HWNRYLü� �6HUELD��� $�� 3RSRYLü�
%MHOLü��6HUELD���%��6LPRQRYLü��6HUELD���'��6WDQLVDYOMHY��6HUELD���
0��6WDQNRYLü��6HUELD���=��âDSRQMLü��6HUELD���%��âOMXNLü��6HUELD����
*��7DVLü��6HUELD���1��9XNHOLü��6HUELD���9��9XNRMHYLü��6ZHGHQ�

,QWHUQDWLRQDO�6FLHQWLILF &RPPLWWHH

&KDLUPDQ� ä� ýXSLü��6HUELD�
9LFH�FKDLUPDQV� 9��1��3DUPRQ �5XVVLD�

6��5DNRYVN\ �%XOJDULD�
%��$GQDÿHYLü��6HUELD�

0HPEHUV� 6��$QLü��6HUELD���$��$QWLü�-RYDQRYLü��6HUELD���*��%DþLü��6HUELD���
5�� &HUYHOODWL� �,WDO\��� *�� ûLULü�0DUMDQRYLü� �6HUELD�� $�� &ULFHQWL�
�,WDO\��� 9�� 'RQGXU� �6HUELD��� 6�� '�� )XUURZ �86$��� /�� *iERU
�+XQJDU\��� 9LOPRV� *iVSiU �+XQJDU\��� .�� +HGULK� �6HUELD��� 0��
-HUHPLü� �6HUELD��� (�� .Lã� �6HUELD��� /M�� .RODU�$QLü� �6HUELD��� 8��
.RUW]��*HUPDQ\���7��.RZDOVND��3RODQG���9��.XQWLü��6HUELD���=��
0DUNRYLü� �6HUELD���6��0HQWXV��6HUELD���.��1RYDNRYLü��8.���%��
1RYDNRYVNL� �3RODQG��� 7�� 3DUDF� 9RJW� �%HOJLXP��� 0�� 3HULü�
�6HUELD���0��3ODYãLü��6HUELD���*��6FKPLW]��%HOJLXP���,��6FKUHLEHU�
�&]HFK� 5HSXEOLF��� 3�� âHYþLN� �6ORYDNLD��� 1�� 6WHSDQRY� �5XVVLD���
0�� 7UWLFD� �6HUELD��� 9��9DVLü� �6HUELD���'��9HVHOLQRYLü� �6HUELD���
È��7yWK��+XQJDU\�

/RFDO�([HFXWLYH�&RPPLWWHH

&KDLUPDQ� 6��1��%ODJRMHYLü
9LFH�FKDLUPDQV� $��,YDQRYLü�âDãLü

$��6WRLOMNRYLü
0HPEHUV�

0��$MGXNRYLü�� 3��%DQNRYLü��1��%RãQMDNRYLü�� ,��1��%XEDQMD��'��
'LPLü��$��'REURWD�� -� 'RVWDQLü��$�� ,JQMDWRYLü�� 6�� -RYDQRYLü��=��
-RYDQRYLü�� $�� -RYLü�� 1� -RYLü�-RYLþLü�� '�� /RQþDUHYLü�� 0��
.UDJRYLü�� -�� .UVWLü�� 6�� 0DüHãLü�� -� 0DNVLPRYLü�� 9� 0DUNRYLü��
'�0LOHQNRYLü�� 0�� 0LORYDQRYLü�� %� 1HGLü�9DVLOMHYLü��
0� 3DJQDFFR�� $�� 3DYLüHYLü�� 1�� 3RWNRQMDN�� '�� 5DQNRYLü�� 0��
5LVWLü��%��6WDQNRYLü��$� 6WDQRMHYLü
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7��0XGULQLü��$��,YDQRYLü�âDãLü��0��$MGXNRYLü��=��0RMRYLü�DQG�'��
-RYDQRYLü

8QLYHUVLW\�RI�%HOJUDGH��,QVWLWXWH�RI�&KHPLVWU\��7HFKQRORJ\�DQG�0HWDOOXUJ\�
1MHJRãHYD�����������%HOJUDGH��6HUELD���WLKDQD#QDQRV\V�LKWP�EJ�DF�UV�

$%675$&7
&OD\�ZDV�PRGLILHG�E\�SLOODULQJ��ZKLFK�ZDV�SHUIRUPHG�E\�FRPELQDWLRQV�RI�
SLOODULQJ� FDWLRQV�� $O��� DQG� )H�� RU� $O���� )H�� DQG� 1L���� 7KH� V\QWKHVL]HG�
PDWHULDOV� ZHUH� XVHG� WR� REWDLQ� JODVV\� FDUERQ� HOHFWURGH� �*&(�� FRDWLQJV��
(OHFWURFKHPLFDO� R[LGDWLRQ�RI�SKHQRO IURP�DFLGLF� VROXWLRQ�ZDV� LQYHVWLJDWHG�
RQ� FOD\�PRGLILHG� HOHFWURGHV� E\� PHWKRG� RI� F\FOLF� YROWDPPHWU\�� $V� D�
FRQVHTXHQFH� RI� HOHFWURGH� IRXOLQJ� WKH� SHDN� FXUUHQW� UHJLVWHUHG� LQ� WKH� WHQWK�
F\FOH�GURSHG�LQ�WKH�FRPSDULVRQ�WR�WKH�FXUUHQW�REWDLQHG�LQ�WKH�ILUVW�F\FOH��7KH�
ILUVW�RUGHU� GHULYDWLYH� OLQHDU� VZHHS� YROWDPPHWU\�ZDV� XVHG� LQ� WKH� DQDO\WLFDO�
SURFHGXUH�� +\GURTXLQRQH�FDWHFKRO� FXUUHQW� UDWLR� LQFUHDVHG� LQ� WKH� RSSRVLWH�
PDQQHU�WR�WKH�SKHQRO�R[LGDWLRQ�FXUUHQW�GURS��

,1752'8&7,21
(OHFWURR[LGDWLRQ�RI�SKHQRO�KDV�EHHQ�VWXGLHG�DV D�PRGHO�UHDFWLRQ�DV�ZHOO�DV�
GXH� WR� SKHQROV� FODVVLILFDWLRQ� DV� D� SULRULW\� FRQWDPLQDQW� >�@�� 2[LGDWLRQ�
PHFKDQLVP�RI�SKHQRO�LV�ZHOO�NQRZQ�>�@��(OHFWURR[LGDWLRQ�PHFKDQLVP�VWDUWV�
ZLWK� WKH� IRUPDWLRQ� RI� SKHQR[\� UDGLFDO�� 3KHQR[\� UDGLFDOV� FDQ� EH� IXUWKHU�
R[LGL]HG� WR� R[LGDWLRQ� SURGXFWV� OLNH� K\GURTXLQRQH�� TXLQRQH� HWF�� RU� FDQ� EH�
LQYROYH� LQ� SRO\PHUL]DWLRQ� UHDFWLRQ�� 3RO\PHUL]DWLRQ� UHDFWLRQ� OHDGV� WR�
IRUPDWLRQ� RI� LQVXODWLQJ� ILOP� RQ� WKH� HOHFWURGH� VXUIDFH� DQG� SDVVLYDWHV�
HOHFWURGH��/LWHUDWXUH� UHVXOWV� VKRZHG� WKDW�HOHFWURGHV�� VXFK�DV�JUDSKLWH�� ,U2���
5X2� DQG�3W�UDSLGO\�SDVVLYDWH� &RPSOHWH�SKHQRO�R[LGDWLRQ�WR�&2� LV�IDYRUHG�
RQ� DQWLPRQ\�GRSHG� WLQ� R[LGH�� OHDG� RU� ERURQ�GRSHG� GLDPRQG� HOHFWURGHV��
8QIRUWXQDWHO\�� WKHVH� HOHFWURGHV� HQFRXQWHU� VHYHUDO� SUREOHPV� VXFK� DV� VKRUW�
VHUYLFH� OLIH�� WKH� UHOHDVH� RI� WR[LF� LRQV� DQG� KLJK� FRVW�� UHVSHFWLYHO\� >�@��
0RGLILFDWLRQ�RI� WKH�HOHFWURGH�VXUIDFH�FDQ� LPSURYH�HOHFWURGH�SHUIRUPDQFHV��
&OD\�PLQHUDOV�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG�DV�HOHFWURGH�VXUIDFH�PRGLILHUV�
GXH� WR� WKHLU� DYDLODELOLW\�� ZHOO�GHILQHG� OD\HUHG� VWUXFWXUH�� WKHUPDO� DQG�
FKHPLFDO�VWDELOLW\�DQG�ORZ�FRVW�>�@��7KHUHIRUH��HLWKHU�FOD\�PRGLILFDWLRQV�RU�
GHVLJQHG� FOD\� V\QWKHVLV� DUH� XVHG� IRU� WKH� SUHSDUDWLRQ� RI� FOD\�PRGLILHG�
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HOHFWURGHV��3LOODULQJ�LV�RQH�RI�WKH�FRPPRQ�WHFKQLTXHV�RI�FOD\�PRGLILFDWLRQ��
,W� ZDV� VKRZQ� WKDW� WKH� HOHFWURFDWDO\WLF� DFWLYLW\� DQG� VWDELOLW\� GHSHQG� RQ� WKH�
W\SH�RI�LQFRUSRUDWHG�PHWDOV��(OHFWURGH�PRGLILHG�ZLWK�FOD\�SLOODUHG�ZLWK�$O��
)H�� 1L� SRO\K\GUR[\� FDWLRQV� VKRZHG� WKH� EHVW� VWDELOLW\�� UHJDUGLQJ� HOHFWURGH�
IRXOLQJ�GXH�WR�SRO\PHU�IRUPDWLRQ�>�@�� LQ�FRPSDULVRQ�WR�HOHFWURGH PRGLILHG�
ZLWK�FOD\�SLOODUHG�ZLWK�RWKHU�WUDQVLWLRQ�PHWDOV��$O�)H��$O�&R�DQG�$O�&X��>�@���
7KH�JRDO�RI�WKLV�ZRUN�ZDV�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI�K\GURTXLQRQH�DQG�
FDWHFKRO� IRUPDWLRQ� RQ� FOD\�PRGLILHG� HOHFWURGH� ZLWK� WKH� GHJUHH� RI� LWV�
SDVVLYDWLRQ� GXULQJ� HOHFWURR[LGDWLRQ� RI� SKHQRO�� ,Q� RUGHU� WR� LQYHVWLJDWH� WKH�
HIIHFW��D�VHULHV�RI�PRGLILHG�EHQWRQLWH�EDVHG�PDWHULDOV�ZDV�V\QWKHVL]HG��&OD\�
IURP� VHOGRP� LQYHVWLJDWHG� GHSRVLW� 0HþML� 'R� LQ� 6HUELD� ZDV� PRGLILHG� E\�
SLOODULQJ�� ZKLFK� ZDV� SHUIRUPHG� XVLQJ� WKH� IROORZLQJ� FRPELQDWLRQV� RI�
SLOODULQJ� FDWLRQV�� $O��� DQG� )H��� RU� $O���� )H�� DQG� 1L���� 7KH� V\QWKHVL]HG�
PDWHULDOV�ZHUH�XVHG�WR�REWDLQ�JODVV\�FDUERQ�HOHFWURGH��*&(��FRDWLQJV�

(;3(5,0(17$/
%HQWRQLWH�FOD\�IURP�VHOGRP�LQYHVWLJDWHG�GHSRVLW�0HþML�'R��6HUELD�ZDV�XVHG�
DV�D�UDZ�PDWHULDO��7KH�UDZ�FOD\�ZDV�VXEMHFWHG�WR�WKH�FRPPRQ�1D�H[FKDQJH�
SURFHGXUH�DQG�GHQRWHG�DV�1D�0'��7KH�SURFHVV�RI�SLOODULQJ�ZDV�FDUULHG�RXW�
DFFRUGLQJ� WR�SUHYLRXVO\� HVWDEOLVKHG�SURFHGXUH� >�@��3LOODULQJ� VROXWLRQV�ZHUH�
DGMXVWHG�WR�KDYH�WKH�PRODU�UDWLR�RI�2+��0HQ� ������ZKHUH�0HQ� �$O����)H����
1L����DQG�PHWDO�FDWLRQ�FOD\�UDWLR�RI����PPRO�0HQ��J��7KH�SLOODULQJ�VROXWLRQV�
FRQWDLQHG�WKH�IROORZLQJ�PRODU�UDWLRV�RI�HDFK�VSHFLHV��D������$O�DQG�����)H�
DQG� E�� ���� $O�� ��� )H� DQG� ��� 1L�� $FFRUGLQJO\�� WKH� REWDLQHG� SLOODUHG�
VDPSOHV� ZHUH� GHQRWHG�� $O)H���0'� DQG� $O)H�1L��0'�� UHVSHFWLYHO\�� 7KH�
GURS�RI�GLVSHUVLRQ�RI�LQYHVWLJDWHG�VDPSOH�ZLWK����ZW����RI�FDUERQ�EODFN�LQ���
ZW����1DILRQ�ZDV� DSSOLHG� RQ� WKH� VXUIDFH� RI� JODVV\� FDUERQ� HOHFWURGH�� 7KH�
HOHFWURFKHPLFDO� UHVSRQVH� RI� VDPSOHV� ZDV� WHVWHG� E\� PHWKRG� RI� F\FOLF�
YROWDPPHWU\� DW� SRODUL]DWLRQ� UDWH� ��� P9V�� LQ� WKH� UDQJH� RI� SRWHQWLDO� IURP�
K\GURJHQ�HYROXWLRQ�DW�±����9�WR�R[\JHQ�HYROXWLRQ�DW�����9��)LUVW��SUHSDUHG�
HOHFWURGHV� ZHUH� WHVWHG� LQ� ���� 0� +�62��� 7KHQ�� WKH� IUHVKO\� SUHSDUHG�
HOHFWURGHV�ZHUH�WHVWHG�LQ������0�SKHQRO��������0�+�62���$OO�SRWHQWLDOV�DUH�
UHSRUWHG�YHUVXV�$J�$J&O����0�.&O��UHIHUHQFH�HOHFWURGH��DQG�SODWLQXP�URG�
VHUYHG�DV�FRXQWHU�HOHFWURGH�

5(68/76�$1'�',6&866,21
&\FOLF� YROWDPPRJUDPV� �&9V�� REWDLQHG� LQ� DFLG� VROXWLRQ� DQG� SKHQRO
FRQWDLQLQJ� VROXWLRQ�ZHUH� VLPLODU� IRU� 1D�0'� DQG�$O)H���0'�� )RU� FODULW\�
VDNH�&9V�IRU�$O)H���0'�DQG�$O)H�1L��0'�DUH�SUHVHQWHG�LQ�)LJV����DQG����
7KH� &9� REWDLQHG� LQ� DFLG� VROXWLRQ� �GDVKHG� OLQH� LQ� )LJV�� �D� DQG� �D�� LV�
SUHVHQWHG�WRJHWKHU�ZLWK�WKH�ILUVW�F\FOH�REWDLQHG�LQ�SKHQRO�FRQWDLQLQJ�VROXWLRQ�
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�VROLG�OLQH�LQ�)LJ���D�DQG��D���&9V�REWDLQHG�LQ�DFLG�VROXWLRQ�VKRZHG�D�SDLU�RI�
SHDNV�DURXQG������9�DWWULEXWHG�WR�R[LGDWLRQ�UHGXFWLRQ�RI�WKH�)H���)H�� UHGR[�
FRXSOH� >�@�� ,Q� WKH� ILUVW� F\FOH� RI� WKH� HOHFWURR[LGDWLRQ� RI� SKHQRO�� SKHQRO�
R[LGDWLRQ�ZDYH� DQG� WZR� FDWKRGLF� SHDNV�ZHUH� REWDLQHG� RQ� DOO� LQYHVWLJDWHG�
HOHFWURGHV� �)LJ���D� DQG��D���)URP� WKH�VHFRQG� WR� WHQWK�F\FOH� WZR�DGGLWLRQDO�
DQRGLF�SHDNV�DSSHDUHG��)LJ���E�DQG��E���

)LJXUH��� &\FOLF�YROWDPPRJUDPV�RI�$O)H���0'�HOHFWURGH� �D��LQ�����0�
+�62� �GDVKHG�OLQH��DQG�WKH�ILUVW�VFDQ�LQ������0�SKHQRO�����0�+�62� �VROLG�
OLQH���E��VXFFHVVLYH�F\FOHV�LQ������0�SKHQRO�����0�+�62� DQG��F��7KH�ILUVW�

RUGHU�GHULYDWLYH�OLQHDU�VZHHS�YROWDPPRJUDPV�

)LJXUH��� &\FOLF�YROWDPPRJUDPV�RI�$O)H�1L��0'�HOHFWURGH���D��LQ�����0�
+�62� �GDVKHG�OLQH��DQG�WKH�ILUVW�VFDQ�LQ������0�SKHQRO�����0�+�62� �VROLG�
OLQH���E��VXFFHVVLYH�F\FOHV�LQ������0�SKHQRO�����0�+�62� DQG��F��7KH�ILUVW�

RUGHU�GHULYDWLYH�OLQHDU�VZHHS�YROWDPPRJUDPV�

7KH� REWDLQHG� FDWKRGLF� DQG� DQRGLF� SDLUV� RI� SHDNV� FRUUHVSRQGHG� WR� WKH�
R[LGDWLRQ�UHGXFWLRQ� RI� K\GURTXLQRQH� DQG� FDWHFKRO�� $IWHU� ��� F\FOHV�� WKH�
FXUUHQW� RI� WKH� SKHQRO� R[LGDWLRQ� SHDN� RQ� WKH� 1D�0'� DQG� $O)H���0'�
HOHFWURGHV� GHFUHDVHG� VXEVWDQWLDOO\� �������� DQG� �������� UHVSHFWLYHO\�� DV� D�
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FRQVHTXHQFH�RI�HOHFWURGH�IRXOLQJ��,Q�WKH�FDVH�RI�1L�FRQWDLQLQJ�HOHFWURGH�WKH�
VWDELOLW\� ZDV� VLJQLILFDQWO\� LPSURYHG�� 7KH� $O)H�1L��0'� EDVHG� HOHFWURGH�
VKRZHG�SKHQRO�R[LGDWLRQ�FXUUHQW�GHFUHDVH�RI�������GXULQJ�WHQ�&9�F\FOHV��,Q�
RUGHU� RI� VHQVLWLYLW\� RI� GHWHFWLRQ� WR� EH� LPSURYHG�� WKH� ILUVW�RUGHU� GHULYDWLYH�
OLQHDU�VZHHS�YROWDPPHWU\�ZDV�XVHG�LQ�WKH�DQDO\WLFDO�SURFHGXUH��)LJ���F�DQG�
�F���7KH� K\GURTXLQRQH�FDWHFKRO� FXUUHQW� UDWLR�ZDV� ����� ���� DQG����� IRU�1D�
0'��$O)H���0'� DQG�$O)H�1L��0'�� UHVSHFWLYHO\�� $FFRUGLQJ� WR� /L� HW� DO�
>�@�SRO\PHUL]DWLRQ�FDQ�DOVR�SURFHHGV�YLD�SKHQR[\� UDGLFDOV�DWWDFN�HLWKHU�RQ�
K\GURTXLQRQH�RU�FDWHFKRO��$FFRUGLQJ�WR�WKH�ILQGLQJV�SUHVHQWHG�LQ�WKLV�ZRUN�
LW�FDQ�EH�FRQFOXGHG�WKDW�FDWHFKRO�LV�PRUH�OLNHO\�FDQGLGDWH�IRU�SRO\PHUL]DWLRQ�
UHDFWLRQ� WKDQ� K\GURTXLQRQH�� $GGLWLRQ� RI� QLFNHO� LRQ� LQ� WKH� VWUXFWXUH� RI�
PRGLILHG� FOD\� SUREDEO\� SURPRWHG� K\GURTXLQRQH� IRUPDWLRQ� SDWK� RYHU�
FDWHFKRO�IRUPDWLRQ�SDWK�

&21&/86,216
3LOODUHG�FOD\V�ZHUH�XVHG�DV�PRGLILHG�HOHFWURGHV� IRU� WKH�HOHFWURR[LGDWLRQ�RI�
SKHQRO��&OD\V�ZHUH�SLOODUHG�E\�FRPELQDWLRQ�RI�FDWLRQV��$O���DQG�)H���RU�$O����
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