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&\FOLF�YROWDPPHWU\�VWXG\�RI�HOHFWURFKHPLFDOO\�V\QWKHVL]HG�
$J�393�QDQRFRPSRVLWH
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)DFXOW\�RI�7HFKQRORJ\�DQG�0HWDOOXUJ\��8QLYHUVLW\�RI�%HOJUDGH��.DUQHJLMHYD����%HOJUDGH��6HUELD��
,&70±'HSDUW

�����%HOJUDGH��6HUELD

,QWURGXFWLRQ
DFW� D� FRQVLGHUDEOH� LQWHUHVW� GXH� WR� WKHLU� GLVWLQFWLYH�

V
QDQRSDUWLFOH�SURSHUWLHV��2QH�RI�WKH�SURSRVHG�RSWLRQV�IRU�WKH�FRQWURO�RI�LQWHUSDUWLFOH�LQWHUDFWLRQV�LV�WKH�
XVH� RI� WKH� ZDWHU�VROXEOH� SRO\PHUV� DV� SDUWLFOH� PDWULF 1�YLQ\O���
ZKLFK� DUH� VXVFHSWLEOH� WR� WKH� VRO�JHO� WUDQVLWLRQ� ZKHQ� �LUUDGLDWHG� LQ� WKH� DTXHRXV� VROXWLRQV�
KLQGHUV� VLOYHU� SDUWLFOH� DJJUHJDWLRQ�E\�D� VWHULF�HIIHFW�� %LRFRPSDWLELOLW\� DQG� WKH�DELOLW\� WR� SUHYHQW� WKH�

� ,Q� FRPELQDWLRQ�ZLWK� VLOYHU�

L HWF��
7KHUH�DUH� UHSRUWV� RQ� WKH�HOHFWURFKHPLFDO� V\QWKHVLV� RI� VLOYHU� QDQRSDUWLFOHV� �$J13V�� LQ� WKH�DTXHRXV�
VROXWLRQV�
LQVHUWHG� LQW � LRQV�� 7R� FKHFN� WKH�

([SHULPHQWDO

� 0Z

0LOOLSRUH��%LOOHULFD��0$ &R�UDGLDWLRQ�IDFLOLW\�DW�
URRP�WHPSHUDWXUH��,QWHJUDO�UDGLDWLRQ�GRVH�XVHG�Z ����

�� PRO�GP�� $J12� DQG�
���.12�

YROWDJH� EHWZHHQ ��� ZLWK� �� PP� WKLFN� VZROOHQ� K\GURJHO� LQ

WHPSHUDWXUH�� &\FOLF� YROWDPPHWU\� H[SHULPHQWV

�

�PHFKDQLFDOO\�UHPRYHG�E\�FXWWLQJ��IRUPHG�GXULQJ�WKH�V\QWKHVLV�

DQG D� VDWXUDWHG� FDORPHO� HOHFWURGH� �6&(� ZDV� D
.12� ZDV� XVHG� WR� SUHYHQW� WKH� FRQWDFW� RI� &O LRQV� LQ� 6&(� DQG� $J� LRQV� LQ� WKH� K\GURJHO�� 7KH�
PHDVXUHPHQWV�ZHUH�UHFRUGHG�LQ�WKH�SRWHQWLDO�UHJLRQ�EHWZHHQ�� YV�

�� (RFS��7KH�YDOXHV�RI�(RFS IRU�HDFK�LQYHVWLJDWHG�V\VWHP�

���WKH�V\VWHP�3W� ���
� VROXWLRQ� FRQWDLQLQJ� ���� P0� $J12�

GHR[LJHQDWLRQ� E\� 1� � VROXWLRQ� FRQWDLQLQJ� ���� P0� $J12�

REWDLQHG�E\�SRWHQWLRVWDWLF�GHSRVLWLRQ�RI�V YV
UHFRUGHG��$OO�ILJXUHV�UHSUHVHQW�WKH�VWDWLRQDU\�F\FOLF�YROWDPPRJUDPV��WKH�QWK VZHHS��
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7DEOH����7KH�YDOXHV�RI�(RFS XVHG�DV�DQ�LQLWLDO�YDOXH�IRU�F\FOLF�YROWDPPHWU\�PHDVXUHPHQWV

,QYHVWLJDWHG�V\VWHP (RFS YV��6&(
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� ������P0�$J12�

3W���1� � ������P0�$J12�

� ������P0�$J12�
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5HVXOWV�DQG�'LVFXVVLRQ
�

� VROXWLRQ�FRQWDLQLQJ�����P0�$J12� �

VROXWLRQ�FRQWDLQLQJ�����P0�$J12� GHR[\JHQDWHG�E\�1� �FXUYH�F��DQG�DQ�$J�FRDWHG�3W�HOHFWURGH� LQ�
� VROXWLRQ� FRQWDLQLQJ� ���� P0� $J12� �FXUYH� G��� 'HVSLWH� WKH� GLIIHUHQFHV� LQ� WKH�

�� VROXWLRQ�
FRQWDLQLQJ�����P0�$J12� DIWHU WKH�$J�GHSRVLWLRQ RQ�3W�HOHFWURGH�IURP�WKH�

)LJ�����&\FOLF�YROWDPPRJUDPV�RI�D�3W�HOHFWURGH�LQ�������0�.12���D���
�����0�.12��������P0�$J12� �E���

�����0�.12� ������P0�$J12� VROXWLRQ�GHR[\JHQDWHG�E\�1���F���DQG�
$J�FRDWHG�3W�HOHFWURGH�LQ������0�.12� ������P0�$J12� �G��

$J�$J�

UHDFWLRQ�DQG�SRVVLEOH�VLOYHU�R[LGHV�IRUPDWLRQ�

� VROXWLRQ�
FRQWDLQLQJ�����P0�$J12� DQG�GHR[\JHQDWHG�E\�EXEEOLQJ� WKH�1�

FRPSDULQJ�WR�WKH�FXUYHV�E�DQG�G��
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)LJ�� �� UHSUHVHQWV� F\FOLF� YROWDPPRJUDPV� RI� WKH� V\VWHPV� 3W�
3W� ��VROXWLRQ��FXUYH�

��

)LJ�����&\FOLF�YROWDPPRJUDPV�RI�393�K\GURJHO��D���
$J�393�QDQRFRPSRVLWH�LPPHGLDWHO\�DIWHU�V\QWKHVLV��E���

DQG�$J�393�QDQRFRPSRVLWH�DIWHU�UHVZHOOLQJ��F�
LQ������0�.12� VROXWLRQ�

FDXVHV RQH�

QDQRFRPSRVLWH� LQ WKH� VDPH� SRWHQWLDO� UDQJH�� 7KHUH� DUH� WKUHH� DQRGLF� SHDNV�ZLWK
R[LGDWLRQ�RI�WKH�

VLOYHU� VSHFLHV� DV� QDQRSDUWLFOHV� �HYHQ� VOLJKWO\� DJJORPHUDWHG�� RU� LQ� WKH�QDQRFRPSRVLWH��0XFK�KLJKHU�

�

DQG� WKDW� WKH� UHGXFWLRQ� RI� ZKLFK� LV� QRW� FRPSOHWHG�� 7KLV� FRQVLGHUDWLRQ� LV� LQ� DFFRUGDQFH ZLWK� YLVXDO�

LQ�WLPH�DQG�GXULQJ�GU\LQJ�DQG�UHVZHOOLQJ�SURFHGXUH��
QDQRFRPSRVLWH� �FXUYH�F��
HQWUDSPHQ

WDNHV� SODFH HYHQ� DIWHU� WKH
HOHFWURFKHPLFDO H[SHULPHQW� LV� ILQLVKHG�� 7KH� FDWKRGLF� SHDN� DW� D

SUREDEO\� UHODWHV� WR� WKH� IXUWKHU�
UHGXFWLRQ�RI�$J13V��L�H�
WKH� $J13V� JURZWK� LV� YHU
QDQRSDUWLFOH�JURZWK�DQG�RU�DJJORPHUDWLRQ�

.12�

GLV UHPRYHG IURP�
PHDQV�WKDW�WKRVH�SHDNV�FRUUHVSRQG�WR�WKH�SUHVHQFH�RI�$J�VXUIDFH�OD\HU�DW�

IRUPHG� GXULQJ� WKH� V\QWKHVLV� RI� �� $IWHU� WKH�
HOLPLQDWLRQ�RI $J�VXUIDFH� OD\HU DQG� LWV�HIIHFWV
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DUH�VHHQ
WKH�SHDN�SUHVHQW�LQ�F\FOLF� � VROXWLRQ�FRQWDLQLQJ�����P0�$J12��

UHODWHG�WR�WKH�R[LGDWLRQ�RI�VLOYHU VSHFLHV��

)LJ�����&\FOLF�YROWDPPRJUDPV�RI�$J�393�QDQRFRPSRVLWH�DQG�$J�393�QDQRFRPSRVLWH�
DIWHU�UHPRYDO�RI�WKH�$J�VXUIDFH�OD\HU�RI�$J�393�QDQRFRPSRVLWH�LQ������0�.12� VROXWLRQ�

7KH�REYLRXV�GLIIHUHQFH�EHWZHHQ�)LJV����DQG���LV�WKH�LQWHQVLW\�RI�UHJLVWHUHG�FXUUHQW��7KH�ORZHU FXUUHQW�
LQ VSHFLHV HPEHGGHG�LQ�

LQ� FRPSDULVRQ� WR� WKH� VROXWLRQ
SURFHVV�� ,W� DSSHDUV� WR� EH� WKDW� VLOYHU� QDQRSDUWLFOHV� LQ� K\GURJHO� H[KLELW� DQRGLF� DQG� FDWKRGLF� SHDN�
SRWHQWLDOV� PRUH� QHJDWLYH� WKDQ� WKRVH� RI� $J�$J� LQ� WKH� VROXWLRQ RXOG� EH�
R[LGL]HG� PRUH� HDVLO\�
IXUWKHU�GHWDLOHG�LQYHVWLJDWLRQV��

&RQFOXVLRQ

K\GURJHO�QHWZRUN��7KH�QDQRFRPSRVLWH�ZDV�FKDUDFWHUL]HG�E\�WKH�F\FOLF�YROWDPPHWU\��7KH�FRPSDULVRQ�
RI�WKH�F\FOLF�YROWDPPRJUDPV�RI�WKH�V\VWHP�3W� QDQRFRPSRVLWH DQG�3W�HOHFWURGH�LQ�WKH VROXWLRQ�
FRQWDLQLQJ�$J��DV�ZHOO�DV $J�FRDWHG�3W VXJJHVWV�WKH�GLIIHUHQFHV�IRU�UHGR[ SURFHVVHV DQG�WKH�DFWLYLW\�
RI�WKH�VLOYHU�LQ�GLIIHUHQW�IRUPV��,W�FDQ�EH�FRQFOXGHG�WKDW�K\GURJHO�QHWZRUN�HQDEOHV�WKH�SUHVHUYDWLRQ�RI�
WKH� V\QWKHVL]HG�$J13V��
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