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SHWHU#ELUWZKLVWOH�RUJ�XN�

�5HFHLYHG�������'HFHPEHU�����5HYLVHG�������)HEUXDU\����

/LJKWFXUYHV� DQG� DPSOLWXGHV� IRU� HOHYHQ� QHDU�(DUWK�
DVWHURLGV� REVHUYHG� IURP� *UHDW� 6KHIIRUG� 2EVHUYDWRU\�
GXULQJ�FORVH�DSSURDFKHV�LQ������DUH�UHSRUWHG�������/&���
�����4%��������5$�������5%��������56��������5*����
�����77���������86��������8:��������9/��DQG������
94����0RVW�DUH�IDVW�RU�VXSHUIDVW�URWDWRUV�LQFOXGLQJ�WZR�
XOWUD�IDVW�URWDWRUV�ZLWK�SHULRGV�����PLQXWH�DQG�RQH�VKRZV�
LQGLFDWLRQV�RI�WXPEOLQJ��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�
DSSURDFKHV�WR�(DUWK�EHWZHHQ�-XQH�DQG�1RYHPEHU������ZHUH�PDGH�
DW�*UHDW�6KHIIRUG�2EVHUYDWRU\�XVLQJ�D������P�6FKPLGW�&DVVHJUDLQ�
DQG�$SRJHH�$OWD�8����&&'�FDPHUD��$OO�REVHUYDWLRQV�ZHUH�PDGH�
XQILOWHUHG�DQG�ZLWK�WKH�WHOHVFRSH�RSHUDWLQJ�ZLWK�D�IRFDO�UHGXFHU�DW�
I����7KH��.î�.�����PLFURQ�&&'�ZDV�ELQQHG��î��UHVXOWLQJ�LQ�DQ�
LPDJH� VFDOH� RI� ����� DUF� VHFRQGV�SL[HO�� $OO� WKH� LPDJHV� ZHUH�
FDOLEUDWHG�ZLWK�GDUN�DQG�IODW�IUDPHV�DQG�$VWURPHWULFD��5DDE��������
ZDV� XVHG� WR�PHDVXUH� SKRWRPHWU\� XVLQJ�$3$66� -RKQVRQ�9�EDQG�
GDWD�IURP�WKH�8&$&��FDWDORJXH��=DFKDULDV�HW�DO���������DQG�*�EDQG�
GDWD� IURP� WKH� *DLD� '5� �� FDWDORJXH� �%URZQ� HW� DO��� �������032�
&DQRSXV� �:DUQHU�� ������� LQFRUSRUDWLQJ� WKH� )RXULHU� DOJRULWKP�
GHYHORSHG�E\�+DUULV� �+DUULV�HW�DO���������ZDV�XVHG�IRU� OLJKWFXUYH�
DQDO\VLV��

1R�SUHYLRXVO\�UHSRUWHG�UHVXOWV�IRU�DQ\�RI�WKH�REMHFWV�UHSRUWHG�KHUH�
KDYH�EHHQ�IRXQG�LQ�WKH�$VWHURLG�/LJKWFXUYH�'DWDEDVH��IURP�KHUH�RQ�
UHIHUUHG� WR�DV�/&'%��:DUQHU�HW�DO���������� IURP�VHDUFKHV�YLD�WKH�
$VWURSK\VLFV�'DWD�6\VWHP��$'6��������RU�IURP�ZLGHU�VHDUFKHV��$OO�
VL]H�HVWLPDWHV�DUH�FDOFXODWHG�XVLQJ�+�YDOXHV�IURP�WKH�6PDOO�%RG\�
'DWDEDVH�/RRNXS��IURP�KHUH�RQ�UHIHUUHG�WR�DV�6%'%��-3/��������
XVLQJ�DQ�DVVXPHG�DOEHGR�IRU�1($V�RI������/&'%�UHDGPH�SGI�ILOH��
DQG� DUH� WKHUHIRUH� XQFHUWDLQ� DQG� RIIHUHG� IRU� UHODWLYH� FRPSDULVRQ�
RQO\��

�����/&���7KH�=7)�WHDP�DW�3DORPDU�GLVFRYHUHG�WKLV�$WHQ����KRXUV�
EHIRUH� DQ� DSSURDFK� WR���/XQDU�'LVWDQFHV� �/'��RQ������ -XQH�����
87&��3HWWDULQ�HW�DO����������:LWK�+� �������LQ�WKH�6%'%�LW�KDV�DQ�
HVWLPDWHG�VL]H�RI����P��,W�ZDV�REVHUYHG�IRU�����K�ZKLOH�VWLOO�LQERXQG��
DW� D� UDQJH� RI� a����/'�� DERXW� ��� KRXUV� EHIRUH� SDVVLQJ� (DUWK�� ,WV�
DSSDUHQW�VSHHG�LQFUHDVHG�IURP���������DUFVHF�PLQ�GXULQJ�WKDW�WLPH�
DQG�H[SRVXUHV�ZHUH�OLPLWHG�WR�����V�RU�VKRUWHU��7KH�WHOHVFRSH�ZDV�
UHSRVLWLRQHG� D� WRWDO� RI� ��� WLPHV� GXULQJ� WKH� VHVVLRQ� DQG� DOWKRXJK�
UHODWLYHO\�IDLQW�RQ�LQGLYLGXDO� LPDJHV��QR�VKRUW�WHUP�YDULDWLRQ�ZDV�
REYLRXV�DV�LW�FURVVHG�LQGLYLGXDO�ILHOGV��KRZHYHU�ORQJHU�WHUP��WHQV�
RI� PLQXWHV�� YDULDWLRQ� ZDV� QRWHG�� 7KH� LPDJHV� ZHUH� WKHQ� VWDFNHG�
XVLQJ�$VWURPHWULFD��ZLWK��� VWDFNV� EHLQJ� IRUPHG� IURP� WKH� LPDJHV�
FROOHFWHG� IURP� HDFK�RI� WKH���� VHSDUDWH� ILHOGV�ZLWK� WKH�PD[LPXP�
HODSVHG�WLPH�IURP�WKH�VWDUW�RI�WKH�ILUVW�H[SRVXUH�WR�WKH�HQG�RI�WKH�ODVW�
XVHG�LQ�DQ\�VWDFN�EHLQJ�����V��7KH�UDZ�SORW�VKRZV�IUDJPHQWV�RI�D�
OLJKWFXUYH��ZLWK�WZR�a��PDJ�DPSOLWXGH�ULVHV�DQG�LQGLFDWLRQV�RI�WKUHH�
PD[LPD�RYHU�a����K��7KH�SHULRG� VSHFWUXP�VKRZV� WKH� ILUVW�RI� WKH�
WKUHH� PRVW� VLJQLILFDQW� 506� PLQLPD� DW� ���� K� DQG� WKLV� SHULRG� LV�
DGRSWHG�WR�JHQHUDWH�WKH�ELPRGDO�SKDVHG�SORW��WKRXJK�DV�WKLV�LPSOLHV�

WKHUH� ZDV� RQO\� SDUWLDO� FRYHUDJH� RI� OHVV� WKDQ� �� UHYROXWLRQV�� WKLV�
VROXWLRQ�VKRXOG�EH�UHJDUGHG�DV�XQFHUWDLQ��
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�

�

�����4%���7KH�6%'%�OLVWV�WKLV�$SROOR�ZLWK�+� ��������HTXDWLQJ�WR�
D�GLDPHWHU�RI�a���P��,W�ZDV�DQ�$7/$6�0/2�GLVFRYHU\�IURP������
$XJ������87&��0HOQLNRY�HW�DO�������D��DQG�PDGH�DQ�DSSURDFK�WR�
����/'�RI�(DUWK�RQ������6HS�����87&��UHDFKLQJ�PDJ�����IRU����
KRXUV� IROORZLQJ� WKDW� SDVVDJH�� ���� LPDJHV� ZHUH� REWDLQHG� RYHU� D�
SHULRG�RI�����K�VWDUWLQJ������6HS������87&�XVLQJ�H[SRVXUHV�RI�����
DQG�����V�DQG�DQ�LQLWLDO�VROXWLRQ�UHVXOWHG�LQ�D�ELPRGDO�OLJKWFXUYH�RI�
SHULRG��������K�ZLWK�DQ�DPSOLWXGH�RI������7KLV�ILJXUH�LV�PDUNHG�DV�
3$5��3ULQFLSDO�$[LV�5RWDWLRQ��EXW�VKRZV�VWURQJ�LQGLFDWLRQV�RI�ORZ�
DPSOLWXGH�QRQ�SULQFLSDO�D[LV�URWDWLRQ��



� ���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

��

$Q� DWWHPSW� WR� VROYH� IRU� WZR�SHULRGV� LQ� &DQRSXV� XVLQJ� LWV�'XDO�
3HULRG�VHDUFK�IXQFWLRQDOLW\�UHVXOWHG�LQ�D�VHFRQG�SHULRG�RI��������K�
ZLWK�DPSOLWXGH������EHLQJ�GHULYHG��WKH�WZR�OLJKWFXUYHV�JLYHQ�KHUH�
PDUNHG�DV�3��DQG�3���

�

�

7KH� ODUJH� VFDWWHU� LQ� WKH� 3�� OLJKWFXUYH� DQG� WKH� UHGXFHG� EXW� VWLOO�
UHPDLQLQJ�V\VWHPDWLF�WUHQGV�LQ�WKH�3��OLJKWFXUYH�LQGLFDWH�SUREOHPV�
ZLWK� WKH� 13$5� ILW� DQG� D� SORW� RI� WKH� PHDVXUHPHQWV� ZLWK� WKH�

FDOFXODWHG�FXUYH�IURP�WKH�13$5�VROXWLRQ�VXSHULPSRVHG�VKRZV�WKH�
REVHUYHG� YDULDWLRQV� DUH� UHSUHVHQWHG� RQO\� PRGHUDWHO\� ZHOO�� ,W� LV�
H[SHFWHG�WKDW������4%��PD\�EH�UDWHG�ZLWK�D�3$5�FRGH�RI����³13$�
URWDWLRQ�GHWHFWHG�EDVHG�RQ�GHYLDWLRQV�IURP�D�VLQJOH�SHULRG�EXW�WKH�
VHFRQG� SHULRG� LV� QRW� UHVROYHG´� �3HWU� 3UDYHF�� SHUVRQDO�
FRPPXQLFDWLRQ���

�

�����5$��7KLV�$SROOR�ZDV�GLVFRYHUHG�DW�PDJ�����DQG�GHFOLQDWLRQ�
����� RQ� ����� 6HS� ����� 87&� E\� WKH� 621($5� WHDP� LQ� %UD]LO��
DOUHDG\� UHFHGLQJ� DIWHU� DQ� DSSURDFK� WR� ZLWKLQ� �� /'� VRPH� ��� K�
EHIRUHKDQG��)RJOLD�HW�DO�������D���7KH�YDOXH�RI�+�JLYHQ�LQ�WKH�6%'%�
LV� ������� VXJJHVWLQJ� DQ� DSSUR[LPDWH� GLDPHWHU� RI� ��� P�� ,W� KDG�
DOUHDG\�IDGHG�E\�DERXW���PDJ�ZKHQ�REVHUYHG�IURP�*UHDW�6KHIIRUG�
VWDUWLQJ� DW� ����� 6HS� ����� 87&�� 2YHU� D� SHULRG� RI� ����� K�� ����
H[SRVXUHV� RI��� V�GXUDWLRQ�ZHUH� WDNHQ�ZLWK� WKH� WHOHVFRSH�QHHGLQJ�
UHSRVLWLRQLQJ���WLPHV��7KH�SHULRG�VSHFWUXP�LQGLFDWHV�D�VROXWLRQ�DW�
�����K�JLYHV�WKH�EHVW�ILW��WKH�UHVXOWLQJ�WULPRGDO�OLJKWFXUYH�LV�JLYHQ�
DV�ZHOO� DV� D�ELPRGDO� VROXWLRQ� DW������K�� EXW� WKH� VKRUWHU�SHULRG� LV�
FOHDUO\�DQ�LQIHULRU�ILW��

�
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�����5%���$QRWKHU�GLVFRYHU\�E\�WKH�621($5�WHDP�LQ�%UD]LO��WKLV�
$PRU�REMHFW�ZDV�IRXQG�RQ������6HS�����87&�DQG�SDVVHG�(DUWK�DW�
��/'�DERXW����KRXUV�ODWHU��)RJOLD�HW�DO�������E���7KH�6%'%�OLVWV�LW�
ZLWK�+� ��������HTXDWLQJ� WR�DQ�DSSUR[LPDWH�GLDPHWHU�RI����P�� ,W�
ZDV�XQGHU�REVHUYDWLRQ�IRU�����K�VWDUWLQJ�DW������6HS������87&�DQG�
DJDLQ� IRU� ����K� VWDUWLQJ������6HS� �����87&� DQG� D� WRWDO� RI������
LPDJHV�ZHUH�REWDLQHG�ZLWK�H[SRVXUHV� UDQJLQJ�IURP�������V�������
5%�� ZDV� ��WK� PDJ� WKURXJKRXW� WKDW� SHULRG�� VN\� FRQGLWLRQV� ZHUH�
RFFDVLRQDOO\� RQO\� IDLU�� 7KH� UHVXOWLQJ� QRLV\� OLJKWFXUYH� IURP�
PHDVXULQJ�LQGLYLGXDO�LPDJHV�UHYHDOHG�QR�VKRUW�SHULRG�YDULDWLRQ�EXW�
GLG�VKRZ�D�a����PDJ�DPSOLWXGH�YDULDWLRQ�RYHU�WKH�VHYHUDO�KRXUV�LW�
ZDV� REVHUYHG� RQ� HDFK� RI� WKH� WZR� QLJKWV�� 7KH� LPDJHV� ZHUH� WKHQ�
FRPELQHG� LQWR� ���� VWDFNHG� LPDJHV� DQG� PHDVXUHG� XVLQJ�
$VWURPHWULFD� EHIRUH� DQDO\VLQJ� ZLWK�032� &DQRSXV�� 7KH� SHULRG�
VSHFWUXP�� FRYHULQJ� WKH� UDQJH� �� �� ���K� UHYHDOV�PXOWLSOH� VROXWLRQV�
JLYLQJ�VLPLODU�ILWV� WR�WKH�GDWD�LQ�WKH�UDQJH���������K��WKH�VWURQJHVW�
ELPRGDO�VROXWLRQ��DW�������K�LV�DGRSWHG�KHUH�DV�WKH�PRVW�SODXVLEOH��
7KH�PD[LPXP�HODSVHG�WLPH�IURP�WKH�VWDUW�RI�WKH�ILUVW�H[SRVXUH�WR�
WKH�HQG�RI� WKH�ODVW�XVHG�LQ�DQ\�VWDFN�ZDV�����V��VLJQLILFDQWO\�OHVV�
WKDQ� WKH� GHULYHG� SHULRG�� LQGLFDWLQJ� OLJKWFXUYH� VPRRWKLQJ� ZDV�
QHJOLJLEOH��3UDYHF�HW�DO����������

�
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�����56���7KH�6%'%�OLVWV� WKLV�$SROOR�ZLWK�DQ�+�YDOXH�RI��������
VXJJHVWLQJ�D�GLDPHWHU�RI�MXVW���P�DQG�LW�ZDV�GLVFRYHUHG�E\�WKH�0W��
/HPPRQ�VXUYH\�RQ������6HS������87&�����KRXUV�EHIRUH�PDNLQJ�D�
YHU\�FORVH�DSSURDFK�WR�(DUWK�DW�D�GLVWDQFH�RI������/'��0HOQLNRY�HW�
DO�������E���,W�ZDV�XQGHU�REVHUYDWLRQ��LQLWLDOO\�IRU����PLQV�VWDUWLQJ�
DW������6HS������87&��WKHQ�����KRXUV�ODWHU�IRU�D�IXUWKHU����PLQV�
DQG�GXULQJ�WKDW�SHULRG�KDOYHG�LWV�GLVWDQFH�IURP�(DUWK��WR������/'��
([SRVXUHV�ZHUH� NHSW� EHWZHHQ� �� DQG� ���� V� DV� WKH� DSSDUHQW� VSHHG�
LQFUHDVHG� IURP� ��� WR� ���� DUFVHF�PLQ�� 7KH� DSSDUHQW� PDJQLWXGH�
EULJKWHQHG�IURP�����WR�����DQG�WKH�DPRXQW�RI�QRLVH�LQ�WKH�UHVXOWLQJ�
SKRWRPHWULF�PHDVXUHV�LV�ODUJH��+RZHYHU��HVSHFLDOO\�GXULQJ�WKH�ODWWHU�
VWDJHV�� ODUJH� YDULDWLRQV� LQ� PDJQLWXGH� ZHUH� REYLRXV� EHWZHHQ�
FRQVHFXWLYH�H[SRVXUHV�� WDNHQ�ZLWK�D�FDGHQFH�RI�a��V��7KH�SHULRG�
VSHFWUXP�FRYHULQJ�SHULRGV� IURP���� WR����� V� VKRZV� D� VHW� RI�YHU\�
VKDUSO\�GHILQHG�506�PLQLPD�� WKH� WULPRGDO�VROXWLRQ�DW���������K�
JLYLQJ� WKH� ORZHVW�506� ILJXUH�� EXW� RQO\� GLIIHUHQW� WR� WKH� ELPRGDO�
VROXWLRQ¶V�506�E\������PDJ�DQG�ZLWK�WKH�RYHUDOO�DPRXQW�RI�QRLVH�
LQ�WKH�PHDVXUHV�EHLQJ�a�����PDJ�WKH�ELPRGDO�VROXWLRQ�DW�������K�LV�
VHOHFWHG�KHUH�DV�EHLQJ�WKH�PRVW�OLNHO\��7KLV�LQGLFDWHV�WKDW�GXULQJ�WKH�
����K�LW�ZDV�EHLQJ�REVHUYHG�LW�FRPSOHWHG�����UHYROXWLRQV��:LWK�WKH�
ORQJHVW� H[SRVXUHV� XVHG� EHLQJ� ������ RI� WKH� URWDWLRQ� SHULRG� WKH�
DPSOLWXGH� DWWULEXWDEOH� WR� WKH� VHFRQG� KDUPRQLF� ZRXOG� KDYH� EHHQ�
UHGXFHG�GXH� WR� OLJKWFXUYH� VPRRWKLQJ�E\������PDJ� �3UDYHF� HW� DO���
������� FRQVLGHUDEO\� OHVV� WKDQ� WKH� REVHUYHG� XQFHUWDLQW\� LQ� WKH�
DPSOLWXGH��
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�����5*����7KH�3DQ�67$556�WHDP�GLVFRYHUHG�WKLV�$SROOR�DW�PDJ�
�����ZLWK�RYHU�WZR�ZHHNV�OHDG�WLPH�EHIRUH�LW�PDGH�DQ�DSSURDFK�WR�
��/'�RI�(DUWK�RQ������6HS�������87&��%XOJHU�HW�DO����������,W�ZDV�
REVHUYHG�IRU�����K�VWDUWLQJ�DW������6HS�������87&�DQG�WZR�KRXUV�
ODWHU�REVHUYHG�IRU�DQRWKHU�����K��ZKHQ�LW�ZDV���WK�PDJ�DQG�DW�D�UDQJH�
RI���/'�������LPDJHV�ZHUH�REWDLQHG�ZLWK�H[SRVXUHV�UDQJLQJ�IURP�
����������V�ZLWK�WKH�WHOHVFRSH�EHLQJ�UHSRVLWLRQHG����WLPHV�GXH�WR�WKH�
DSSDUHQW�VSHHG��DFFHOHUDWLQJ�IURP����WR����DUFVHF�PLQ��7KH�6%'%�
YDOXH�RI�+� �������WUDQVODWHV�WR�DQ�DSSUR[LPDWH�GLDPHWHU�RI����P��
�����5*���FRXOG�EH�VHHQ�WR�IDGH�DEUXSWO\�DERXW�HYHU\�PLQXWH�RQ�
LQGLYLGXDO� LPDJHV� DQG� WKH� SHULRG� VSHFWUXP� VKRZV� WKH� VWURQJHVW�
VROXWLRQ� DW� ��������� K� � � ���� PLQ��� LV� ELPRGDO� ZLWK� D� ���� PDJ�
DPSOLWXGH��2YHU�WKH�����K�RI�GDWD�FROOHFWLRQ�������5*���FRPSOHWHG�
����URWDWLRQV��

�

�

����� 77���� 7KH� 0DXQD� /RD� $7/$6� WHOHVFRSH� GLVFRYHUHG� WKLV�
$SROOR�RQ� LPDJHV�WDNHQ�RQ������2FW������87&����KRXUV�DIWHU�DQ�
DSSURDFK�WR�����/'�IURP�(DUWK��%DFFL�HW�DO�������D���3UH�GLVFRYHU\�
SRVLWLRQV�ZHUH�VXEVHTXHQWO\� UHSRUWHG�E\� WKH�&DWDOLQD�6N\�6XUYH\�
IURP���KRXUV�EHIRUH�FORVHVW� DSSURDFK�� VRPH�����GLVWDQW� IURP� WKH�
$7/$6�SRVLWLRQV��:LWK�WKH�6%'%�OLVWLQJ������77���ZLWK�D�YDOXH�
RI�+� � ������ WKLV� LV� OLNHO\� WR� EH� WKH� ODUJHVW� RI� WKH� REMHFWV� EHLQJ�
UHSRUWHG�KHUH��ZLWK�DQ�HVWLPDWHG�VL]H�RI����P��,W�ZDV�REVHUYHG�IRU�
����K�RQ�WKH�GLVFRYHU\�GDWH�ZKHQ�LW�ZDV���WK�PDJ�DQG�PRYLQJ�DW����
DUFVHF�PLQ��([SRVXUHV�UDQJHG�IURP��������V�DQG�����LPDJHV�ZHUH�
WDNHQ��ZLWK�WKH�WHOHVFRSH�EHLQJ�UHSRVLWLRQHG���WLPHV��$QDO\VLV�ZLWK�
&DQRSXV� UHYHDOHG� RQO\� VKRUW� SHULRG� VROXWLRQV� DQG� WKH� SHULRG�
VSHFWUXP�� FRYHULQJ� WKH� UDQJH� �� �� ���� PLQ� VKRZV� WKH� VWURQJHVW�
VROXWLRQ� DW� �������� K�� 7KH� SKDVHG� OLJKWFXUYH� LQGLFDWHV� D� ORZ�
DPSOLWXGH�ELPRGDO�FXUYH��7KH�ORQJHVW�H[SRVXUH�DV�D�IUDFWLRQ�RI�WKH�
SHULRG�LV������DQG�WKHUHIRUH�QR�VLJQLILFDQW�OLJKWFXUYH�VPRRWKLQJ�LV�
H[SHFWHG� WR�EH�SUHVHQW� �3UDYHF�HW�DO������������� UHYROXWLRQV�ZHUH�
FRPSOHWHG�GXULQJ�WKH�SHULRG�RI�REVHUYDWLRQ��

�
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�����86���$QRWKHU�$SROOR��GLVFRYHUHG�E\�WKH�0W��/HPPRQ�VXUYH\�
RQ������2FW������87&�RQ�LWV�ZD\�LQ�WR�DQ�DSSURDFK�WR�ZLWKLQ���/'�
RQ������1RY������87&��3DQWHURWWR�HW�DO����������,W�ZDV�REVHUYHG�
IRU�����K�WKURXJK�WKH�SRLQW�RI�FORVHVW�DSSURDFK��DSSDUHQW�VSHHG�ZDV�
QRW� H[FHVVLYH�� DW� ��� DUFVHF�PLQ�� ZLWK� WKH� WHOHVFRSH� UHTXLULQJ�
UHSRVLWLRQLQJ���WLPHV��EXW�LW�ZDV�UDWKHU�IDLQW�DW�PDJ������7KH�6%'%�
JLYHV� WKH� YDOXH� IRU� DEVROXWH� PDJQLWXGH� +� DV� ������� LQIHUULQJ� D�
GLDPHWHU� RI� DSSUR[LPDWHO\� ��P�� ���� LPDJHV� ZHUH� REWDLQHG�ZLWK�
H[SRVXUHV�RI������DQG���V�DQG�WKHVH�PHDVXUHG�DQG�XVHG�WR�SURGXFH�D�
OLJKWFXUYH�LQ�032�&DQRSXV��$V�H[SHFWHG��WKHUH�ZDV�D�ODUJH�DPRXQW�
RI�QRLVH� LQ� WKH�PHDVXUHPHQWV�EXW�D�ELPRGDO� VROXWLRQ�ZLWK�SHULRG�
����V�ZDV�DSSDUHQW��7KH�RSWLPDO�H[SRVXUH�WR�UHFRUG�WKH�VWURQJHVW�
VLJQDO� IRU� D�PLQRU�SODQHW�ZLWK� D� ELPRGDO� OLJKWFXUYH� DQG� URWDWLRQ�
SHULRG�RI�3�LV�������3��3UDYHF�HW�DO����������LQ�WKLV�FDVH�������î�����
V� ����V��7KH�LPDJHV�IURP�HDFK�RI�WKH���ILHOGV�ZHUH�H[DPLQHG�DQG�
GLYLGHG�XS�LQWR�VHWV�IRU�VWDFNLQJ�ZLWK�$VWURPHWULFD��HDFK�VHW�FKRVHQ�
VR�WKDW�WKH�HODSVHG�WLPH�IURP�VWDUW�RI�WKH�ILUVW�H[SRVXUH�WR�HQG�RI�WKH�
ODVW� ZDV� ��� V� RU� OHVV�� 7KLV� UHVXOWHG� LQ� ���� VWDFNV� FRPELQLQJ� RQ�
DYHUDJH�����LPDJHV�LQ�HDFK��7KH�PHDVXUHPHQWV� IURP�WKHVH�VWDFNV�
ZHUH�WKHQ�LPSRUWHG�LQWR�&DQRSXV�DQG�WKH�UHVXOWLQJ�SHULRG�VSHFWUXP�
VKRZLQJ�WKH�VROXWLRQ�DW���������K�EHLQJ�WKH�VWURQJHVW��7KH�OLNHO\�
HIIHFW�RI�IRUFLQJ�WKH�HIIHFWLYH�LQWHJUDWLRQ�WLPH�WR�EH�������3�LV�WR�
GHFUHDVH� WKH� DPSOLWXGH�GXH� WR� WKH� VHFRQG�KDUPRQLF�E\������PDJ�
�3UDYHF� HW� DO��� ������� LQGLFDWLQJ� WKDW� WKH� DPSOLWXGH� ZLWKRXW� DQ\�
OLJKWFXUYH�VPRRWKLQJ�ZRXOG�EH�a�����PDJ��

�

�

����� 8:��� 7KLV� $SROOR� ZDV� DQRWKHU� GLVFRYHUHG� E\� WKH� 0W��
/HPPRQ�6XUYH\��RQH�GD\�DIWHU������86��DQG�GXH�WR�SDVV�(DUWK�DW�
��/'�RQ������2FW�������87&��%DFFL�HW�DO�������E���,W�ZDV�REVHUYHG�
IRU����PLQXWHV�ZLWKLQ���KRXUV�RI� FORVHVW�DSSURDFK�DW� ODUJH�SKDVH�
DQJOHV������������ZLWK� WKH�DSSDUHQW�VSHHG� LQFUHDVLQJ�IURP����� WR�
���� DUFVHF�PLQ� DQG� H[SRVXUH� OHQJWKV� ZHUH� OLPLWHG� WR� ���� V�
WKURXJKRXW��$�WRWDO�RI�����PHDVXUDEOH�LPDJHV�ZHUH�REWDLQHG�DQG�
ODUJH� YDULDWLRQV� LQ� EULJKWQHVV� ZHUH� REYLRXV� EHWZHHQ� FRQVHFXWLYH�
H[SRVXUHV�� LQGLFDWLQJ� D� YHU\� IDVW� URWDWLRQ� SHULRG�� 7KH� SHULRG�
VSHFWUXP� VKRZV� D�QXPEHU� RI� XOWUD�IDVW� VROXWLRQV� EHORZ���� V�� WKH�
VWURQJHVW�EHLQJ�DW�����������K�� ����V��DQG� WKH�QH[W�VWURQJHVW�DW�
KDOI�WKDW�YDOXH�DW�����������K��%RWK�OLJKWFXUYHV�DUH�JLYHQ�KHUH��EXW�
WKH�ORQJHU�SHULRG�ZLWK�D�PRUH�FRPSOH[�FXUYH�DSSHDUV�WR�ILW�WKH�GDWD�
VLJQLILFDQWO\�EHWWHU�DQG�LV�DGRSWHG�KHUH�DV�WKH�FRUUHFW�SHULRG�������
8:�� KDV� DQ� HVWLPDWHG� GLDPHWHU� RI� ��� P� EDVHG� RQ� WKH� YDOXH� RI��
+� ������� LQ�WKH�6%'%��,W�FRPSOHWHG�����UHYROXWLRQV�GXULQJ� WKH�
WLPH�LW�ZDV�XQGHU�REVHUYDWLRQ��

�
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�

�����9/���7KLV�$SROOR�ZDV�GLVFRYHUHG�E\�WKH�$7/$6�WHOHVFRSH�RQ�
+DOHDNDOD�RQ������1RY������87&�����KRXUV�EHIRUH�SDVVLQJ�(DUWK�DW�
���� /'� �%DUQL� HW� DO��� ������� 7KH� 6%'%� OLVWV� LW� ZLWK�+�  � �������
HTXDWLQJ� WR� DQ� HVWLPDWHG� VL]H� RI� ��P�� ,W� ZDV� REVHUYHG� IRU� ���� K�
VWDUWLQJ�DW������1RY������87&�DW���WK�PDJ�DQG�ZLWK�WKH�DSSDUHQW�
VSHHG�LQFUHDVLQJ�IURP�����WR�����DUFVHF�PLQ�GXULQJ�WKDW�SHULRG�WKH�
WHOHVFRSH� KDG� WR� EH� UHSRVLWLRQHG� ��� WLPHV�� UHVXOWLQJ� LQ� ����
PHDVXUDEOH� LPDJHV�EHLQJ�REWDLQHG�� WDNHQ�ZLWK�H[SRVXUHV� UDQJLQJ�
EHWZHHQ�����DQG�����V��6PDOO�DGMXVWPHQWV�WR�WKH�]HUR�SRLQWV�RI�WKH�
���VHVVLRQV�ZHUH�PDGH�LQ�032�&DQRSXV� WR�PLQLPLVH� WKH�RYHUDOO�
506�ILW�RI�WKH�OLJKWFXUYH��ZLWK�WKH�506�RI�WKRVH�DGMXVWPHQWV�EHLQJ�
������PDJ��7KH�506�RI�WKH�IRXU�SRWHQWLDO�VROXWLRQV�UHYHDOHG�LQ�WKH�
SHULRG�VSHFWUXP�DUH�HTXDO� WR�ZLWKLQ��������PDJ�DQG� WKH�ELPRGDO�
OLJKWFXUYH� LV� SUHVHQWHG� KHUH� ZLWK� D� SHULRG� RI� ���� PLQXWHV� DQG�
DPSOLWXGH�RI������

�

�

�����94����7KH�0W��/HPPRQ� VXUYH\� GLVFRYHUHG� WKLV�$SROOR�RQ�
�����1RY������87&�DERXW���ZHHN�EHIRUH�DQ�DSSURDFK�WR�����/'�
�%X]]L� HW� DO��� ������� ,W� ZDV� REVHUYHG� H[WHQVLYHO\� IURP� *UHDW�
6KHIIRUG�VWDUWLQJ�RQ������1RY������IRU�����K�DQG������1RY������
87&� IRU� ���� K� ZLWK� D� WRWDO� RI� ����� PHDVXUDEOH� LPDJHV� EHLQJ�
REWDLQHG�� ZLWK� WKH� WHOHVFRSH� EHLQJ� UHSRVLWLRQHG� ��� WLPHV�� WKH�
DSSDUHQW�PDJQLWXGH�URVH�IURP�����WR�����RYHU�WKH�WZR�QLJKWV��:LWK�
DQ�DSSDUHQW�VSHHG�RI���������DUFVHF�PLQ�H[SRVXUHV�ZHUH�NHSW�WR�����
V�RU�VKRUWHU��2Q�LQLWLDO�H[DPLQDWLRQ�QR�YHU\�VKRUW�WHUP�PDJQLWXGH�
FKDQJHV�ZDV�HYLGHQW�EXW�YDULDWLRQ�ZDV�VHHQ�RYHU�WHQV�RI�PLQXWHV��VR�
WKH�LPDJHV�ZHUH�WKHQ�VWDFNHG�LQ�$VWURPHWULFD�ZLWK�WKH�WLPH�IURP�
VWDUW�RI�ILUVW�H[SRVXUH�WR�HQG�RI�ODVW�H[SRVXUH�LQ�DQ\�RQH�VWDFN�EHLQJ�
NHSW� WR� ���� VHFRQGV� RU� OHVV�� 7KH� ODVW� WKUHH� VHVVLRQV� PHDVXUHG�
�QXPEHUHG������������DQG������LQ�WKH�IROORZLQJ�SORWV��ZRXOG�QRW�
VROYH�ZLWK�WKH�8&$&��FDWDORJXH��LQVWHDG�*�EDQG�PDJQLWXGHV�ZHUH�
PHDVXUHG�XVLQJ�WKH�*DLD�'5���FDWDORJXH�DQG�FRQYHUWHG�WR�9�EDQG�
E\�XVLQJ�WKH�DGMXVWPHQW�RI������XVHG�E\�WKH�03&��03&���������$�
UDZ�SORW��ZLWK�WKH�REVHUYHG�PDJQLWXGHV�UHGXFHG�WR�XQLW�GLVWDQFH�DQG�
DGMXVWHG� IRU� SKDVH� DQJOH�� DVVXPLQJ� WKH� SKDVH� VORSH� SDUDPHWHU��
*� ������LQGLFDWHV� WKDW�DQ�DOPRVW�FRPSOHWH� URWDWLRQ�ZLWK�XQHTXDO�
PLQLPD�PD\�KDYH�EHHQ�FDSWXUHG�RQ�WKH�VHFRQG�QLJKW��DVVXPLQJ�D�
ELPRGDO� FXUYH�� 7KH� SDUWLDO� FXUYH� RQ� WKH� ILUVW� QLJKW� LQFOXGHV� RQH�
PLQLPXP��ZLWK�D�VLPLODU�VKDSH�WR� WKH�ILUVW�PLQLPD�RQ� WKH�VHFRQG�
QLJKW��WKRXJK�LW�DSSHDUV�WR�EH�DERXW�����PDJ�EULJKWHU��+RZHYHU��WKH�
SKDVH�DQJOH�GHFUHDVHG�IURP��������������RQ�WKH�ILUVW�QLJKW�EXW�KDG�
UHGXFHG�WR��������������RQ�WKH�VHFRQG�QLJKW��VR�OHYHOOLQJ�EHWZHHQ�
WKH�WZR�QLJKWV�ZLOO�EH�VHQVLWLYH�WR�WKH�YDOXH�RI�*�DGRSWHG�LQ�WKH�+*�
PDJQLWXGH�V\VWHP�SDUDPHWHUV�XVHG�LQ�WKH�UHGXFWLRQ��
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7KH�SHULRG�VSHFWUXP�RYHU�D�UDQJH�RI���±����K�VKRZV�D�VHW�RI�VLPLODU�
506�PLQLPD�VWDUWLQJ�ZLWK�D�ELPRGDO�VROXWLRQ�DW�����K��ZKLFK�ZLWK�
WKH�OLPLWHG�FRYHUDJH�REWDLQHG�LV�FKRVHQ�DV�OLNHO\�WR�EH�WKH�FRUUHFW�
SHULRG��

��

032�&DQRSXV�ZDV�XVHG�WR�YDU\�WKH�YDOXH�RI�*�WR�PLQLPLVH�WKH�ILW�
EHWZHHQ� WKH� WZR� QLJKWV� RI� GDWD�� WKH� EHVW� ILW� ZDV� REWDLQHG� XVLQJ��
*� ������DQG�LV�JLYHQ�KHUH��

��

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�ZRXOG�OLNH�WR�DJDLQ�WKDQN�3HWU�3UDYHF�IRU�KLV�KHOS�RQ�WKH�
DQDO\VLV�RI�WXPEOLQJ�DVWHURLGV��

7KH�DXWKRU�DOVR�JUDWHIXOO\�DFNQRZOHGJHV�D�*HQH�6KRHPDNHU�1(2�
*UDQW�IURP�WKH�3ODQHWDU\�6RFLHW\��������DQG�D�5LGOH\�*UDQW�IURP�
WKH� %ULWLVK� $VWURQRPLFDO� $VVRFLDWLRQ� �������� ERWK� RI� ZKLFK�
IDFLOLWDWHG�XSJUDGHV�WR�REVHUYDWRU\�HTXLSPHQW�XVHG�LQ�WKLV�VWXG\��

5HIHUHQFHV�

$'6���������$VWURSK\VLFV�'DWD�6\VWHP�� �
KWWSV���XL�DGVDEV�KDUYDUG�HGX��

%DFFL��3���0DHVWULSLHUL��0���7HVL��/���)DJLROL��*���)XOV��'�&���*UD\��
%���5DQNLQ��'���6KHOO\��)�&���'XSRX\��3���GH�9DQVVD\��-�%���/RVVH��
)��� %ULJJV�� '��� %LUWZKLVWOH�� 3��� 0RUUD�� *��� 'HQQHDX�� /�� DQG� ��
FROOHDJXHV������D���³�����77��´�03(&������7����� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��70��KWPO�

%DFFL��3���0DHVWULSLHUL��0���7HVL��/���)DJLROL��*���)RJOLD��6���*DOOL��
*��� %UXFNHU�� 0�-��� 3DQWHURWWR�� *��� 3HWWDULQ�� (��� 'XSRX\�� 3���
&DPDUDVD��-���-DKQ��-���8UEDQLN��0���8UEDQLN��6���)XOV��'�&��DQG����
FROOHDJXHV������E���³�����8:�´�03(&������8����� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��8)��KWPO�

%DUQL��6���&RO]DQL��(���6LFROL��3���3HWWDULQ��(���,NDUL��<���%LUWZKLVWOH��
3���.RUOHYLF��.���2NXPXUD��6���1LPXUD��7���'HQQHDX��/���7RQU\��-���
:HLODQG�� +��� )LW]VLPPRQV�� $��� 5RELQVRQ�� -��� (UDVPXV�� 1�� DQG� ��
FROOHDJXHV���������³�����9/�´�03(&������9����� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��9)��KWPO�

%URZQ�� $�*�$�� HW� DO�� �*DLD� FROODERUDWLRQ�� �������� ³*DLD� 'DWD�
5HOHDVH� ��� 6XPPDU\� RI� WKH� FRQWHQWV� DQG� VXUYH\� SURSHUWLHV�´�
$VWURQRP\�	�$VWURSK\VLFV������$���

%XOJHU��-���/RZH��7���6FKXOW]��$���6PLWK��,���&KDPEHUV��.���&KDVWHO��
6��� GH� %RHU�� 7��� )DLUODPE�� -��� *DR�� +��� +XEHU�� 0��� /LQ�� &��&���
0DJQLHU�� (��� 5DPDQMRRORR�� <���:DLQVFRDW�� 5���:HU\N�� 5�� DQG� ��
FROOHDJXHV���������³�����5*��´�03(&������6���� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��6���KWPO�

%X]]L��/���:LHU]FKRV��.�:���&KULVWHQVHQ��(�-���)DUQHWK��*�$���)XOV��
'�&��� *LEEV�� $�5��� *UDXHU�� $�'��� *URHOOHU�� +��� .RZDOVNL�� 5�$���
/DUVRQ��6�0���/HRQDUG��*�-���5DQNLQ��'���6HDPDQ��5�/���6KHOO\��)�&��
��������³�����94��´�03(&������:���� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��:���KWPO�

)RJOLD�� 6��� *DOOL�� *��� *ODVVH\�� 5�%��� 3DQWHURWWR�� *��� 3HWWDULQ�� (���
/HRQDUG��*�-���&KULVWHQVHQ��(�-���)DUQHWK��*�$���)XOV��'�&���*LEEV��
$�5���*UDXHU��$�'���*URHOOHU��+���.RZDOVNL��5�$���/DUVRQ�� 6�0���
3UX\QH��7�$��DQG����FROOHDJXHV������D���³�����5$´�03(&������
5����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��5���KWPO�

)RJOLD��6���*DOOL��*���7LFK\��0���7LFKD��-���+RQNRYD��0���3HWWDULQ��
(��� 'XSRX\�� 3��� GH� 9DQVVD\�� -�%��� 8UEDQLN�� 0��� %ULJJV�� '���
%LUWZKLVWOH��3���.RUOHYLF��.���'HPHQWLHY��7�2���7DQDVL\FKXN��<�9���
.R]KXNKRY��$�0��DQG����FROOHDJXHV������E���³�����5%�´�03(&�
�����5����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��5���KWPO�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�,FDUXV��������������
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+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ��0���6FDOWULWL��)���=DSSDOD��9���6FKREHU��+�-���'HEHKRJQH��
+���=HLJOHU��.����������³3KRWRHOHFWULF�2EVHUYDWLRQV�RI�$VWHURLGV����
�������������DQG�����´�,FDUXV��������������

-3/���������6PDOO�%RG\�'DWDEDVH�/RRNXS�� �
KWWSV���VVG�MSO�QDVD�JRY�WRROV�VEGEBORRNXS�KWPO�

.ZLDWNRZVNL��7���%XFNOH\��'�$�+���2
'RQRJKXH��'���&UDXVH��/���
&UDZIRUG�� 6���+DVKLPRWR��<���.QLD]HY��$��� /RDULQJ��1���5RPHUR�
&ROPHQHUR�� (��� 6HIDNR�� 5��� 6WLOO�� 0��� 9DLVDQHQ�� 3�� ��������
³3KRWRPHWULF�VXUYH\�RI�WKH�YHU\�VPDOO�QHDU�(DUWK�DVWHURLGV�ZLWK�WKH�
6$/7� WHOHVFRSH� �� ,�� /LJKWFXUYHV� DQG� SHULRGV� IRU� ��� REMHFWV�´�
$VWURQRP\�	�$VWURSK\VLFV������$����

0HOQLNRY�� 6���+RHJQHU��&��� /DX[��8��� /XGZLJ�� )��� 6WHFNOXP��%���
%DFFL��3���0DHVWULSLHUL��0���7HVL��/���)DJLROL��*���%X]]L��/���3HWWDULQ��
(���'XSRX\��3���(PPHULFK��0���0HOFKHUW��6���5XRFFR��1��DQG����
FROOHDJXHV������D���³�����4%�´�03(&������5���� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��5���KWPO�

0HOQLNRY�� 6���+RHJQHU��&��� /DX[��8��� /XGZLJ�� )��� 6WHFNOXP��%���
7LFK\��0���7LFKD��-���+RQNRYD��0���:LHU]FKRV��.�:���&KULVWHQVHQ��
(�-���)DUQHWK��*�$���)XOV��'�&���*LEEV��$�5���*UDXHU��$�'���*URHOOHU��
+�� DQG� �� FROOHDJXHV� �����E��� ³����� 56�´� 03(&� �����5�����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��5(��KWPO�

03&���������9�EDQG�FRUUHFWLRQ�WDEOH� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�LDX�LQIR�%DQG&RQYHUVLRQ�W[W��

OLQNHG�IURP�� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�LDX�LQIR�2SWLFDO2EV�KWPO�

3DQWHURWWR�� *��� 3HWWDULQ�� (��� 'XSRX\�� 3��� GH� 9DQVVD\�� -�%��� )XOV��
'�&���&KULVWHQVHQ��(�-���)DUQHWK��*�$���*LEEV��$�5���*UDXHU��$�'���
*URHOOHU��+���.RZDOVNL��5�$���/DUVRQ��6�0���/HRQDUG��*�-���5DQNLQ��
'��� 6HDPDQ��5�/�� DQG� ��� FROOHDJXHV� �������� ³�����86�´�03(&�
�����8����� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��8(��KWPO�

3HWWDULQ��(��� )HOEHU�� 7���%ROLQ��%�7���%KDOHUDR��9���&KHQJ��<��/���
&RSSHUZKHDW�� &�0��� 'HVKPXNK�� .�3��� +VX�� &��<��� /LQ�� =��<���
3XUGXP��-���5R\OH��6���6KDUPD��.���=KDL��&���=�7�)��&ROODERUDWLRQ��
'XHY��'�$��DQG���FROOHDJXHV���������³�����/&�´�03(&������/����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��/���KWPO�

3UDYHF�� 3��� +HUJHQURWKHU�� &��� :KLWHOH\�� 5��� 6DURXQRYD�� /���
.XVQLUDN��3���:ROI��0����������³)DVW�5RWDWLQJ�$VWHURLGV������7<���
�����6)����DQG������:%��´�,FDUXV���������������

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0��� *DOiG�� $�� DQG� �� FROOHDJXHV�� �������� ³7XPEOLQJ� $VWHURLGV�´�
,FDUXV���������������

5DDE�� +�� �������� $VWURPHWULFD� VRIWZDUH�� YHUVLRQ� ������������
KWWS���ZZZ�DVWURPHWULFD�DW��

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH�´� ,FDUXV������ ���������8SGDWHG� ����� -XQH��
KWWSV���PLQSODQREV�RUJ�PSLQIR�SKS�OFGE�SKS�

:DUQHU��%�'����������032�6RIWZDUH��&DQRSXV�YHUVLRQ������������
%GZ�3XEOLVKLQJ��&RORUDGR�6SULQJV��&2��

=DFKDULDV��1���)LQFK��&�7���*LUDUG��7�0���+HQGHQ��$���%DUWOHWW��-�/���
0RQHW�� '�*��� =DFKDULDV�� 0�,�� �������� ³7KH� )RXUWK� 86� 1DYDO�
2EVHUYDWRU\� &&'� $VWURJUDSK� &DWDORJ� �8&$&���´� 7KH�

$VWURQRPLFDO�-RXUQDO�������������

�

1XPEHU� � 1DPH� \\\\�PP��GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(� 3$5� +�

� � �����/&�� ����������������� ���������� ���� ��� ����� ����� ���� ���� � ������

� � �����4%�� ����������������� �������� ���� ��� ������� ������� ���� ���� ��� ������

� � � � � � � ������� ������� ���� ����

� � �����5$� ����������������� �������� ���� ��� ������� ������� ���� ���� � ������
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