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8'&���������������������
$OL]DGD�$���'RJDQ�0���<R]JDW�=���$NGRJDQ�0�

$1$720,&�$1'�9,68$/�287&20(6�2)�35,0$5<�31(80$7,&
5(7,123(;<�)25�5+(*0$72*(1286�5(7,1$/�'(7$&+0(17

'HSDUPHQW�RI�2SKWKDOPRORJ\��$I\RQNDUDKLVDU�+HDOWK�6FLHQFHV�8QLYHUVLW\�0HGLFDO�6FKRRO��$I\RQNDUDKLVDU��7XUNH\

.H\ ZRUGV� UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW��SQHXPDWLF�UHWLQRSH[\��LQWUDRFXODU�SUHVVXUH

5HWLQDO� GHWDFKPHQW� �5'�� LV� WKH� VHSDUDWLRQ� RI� WKH� QHXURVHQVRU\� UHWLQD� IURP� WKH� XQGHUO\LQJ� UHWLQDO� SLJPHQW�
HSLWKHOLXP��53(���5KHJPDWRJHQRXV�5'��55'��LV� WKH�PRVW�FRPPRQ�W\SH�RI�5'��DQG�LW�UHVXOWV�IURP�EUHDNV�LQ
WKH�QHXURVHQVRU\�UHWLQD��ZKLFK�OHDGV�WR�WKH�OHDNDJH�RI�OLTXH¿HG�YLWUHRXV�LQWR�WKH�VXE�UHWLQDO�VSDFH��UHVXOWLQJ�LQ
GHWDFKPHQW�>�@��7KH�VXE�UHWLQDO�FRPSDUWPHQW�LV�GHOLQHDWHG�E\�53(�FHOOV�LQ�WKH�RXWHU�SDUW�DQG�WKH�H[WHUQDO�OLPLWLQJ
PHPEUDQH��(/0��LQ�WKH�LQQHU�SDUW��7KHUH�LV�QR�DQDWRPLFDO�FRQQHFWLRQ�EHWZHHQ�WKH�(/0�DQG�WKH�53(��EXW�WKHUH�LV�
QHYHUWKHOHVV�D�VWURQJ�DGKHVLRQ�EHWZHHQ�WKH�WZR�OD\HUV��7KLV�DGKHVLRQ�LV�PHGLDWHG�E\�VHYHUDO�IDFWRUV��FRPSUHVVLRQ�
IURP�WKH�YLWUHRXV�ERG\��LQWUDRFXODU�SUHVVXUH��53(�ZDWHU�WUDQVSRUW�RXW�RI�WKH�VXE�UHWLQDO�VSDFH��LQWHUSKRWRUHFHSWRU�
PDWUL[��,30��ELQGLQJ�SURSHUWLHV��ZKLFK�DUH�GHSHQGHQW�RQ�K\GUDWLRQ�DQG�ORFDWLRQ���WKH�LRQLF�HQYLURQPHQW��ZKLFK�
LV�FRQWUROOHG�E\�53(���DQG�PLFURYLOOL�DGKHVLRQ�WR�WKH�RXWHU�VHJPHQWV�RI�WKH�FRQH��7KH�UHWLQDO�WHDUV�DQG�KROHV�WKDW�
OHDG�WR�D�55'�DUH�FDXVHG�E\�YLWUHRXV�WUDFWLRQ��SRVWHULRU�YLWUHRXV�GHWDFKPHQW�>39'@���7KH�UHWLQDO�WHDU�RFFXUV�LQ�WKH�
QHXURUHWLQD��OHDYLQJ�WKH�53(�XQWRXFKHG��7KURXJK�WKH�RSHQLQJ��OLTXH¿HG�YLWUHRXV�FDQ�HQWHU�WKH�VXE�UHWLQDO�VSDFH
DQG�VHSDUDWH�WKH�QHXURUHWLQD�IURP�WKH�53(�>�@��39'�LV�WKH�PRVW�FRPPRQ�DJH�UHODWHG�FRQGLWLRQ�DPRQJ�SDWLHQWV
DJHG����\HDUV�DQG�ROGHU��7KH�PDLQ�FRPSOLFDWLRQV�DVVRFLDWHG�ZLWK�39'�LQFOXGH�UHWLQDO�EUHDNV�DQG�KHPRUUKDJH�>��
�@��5HWLQDO�EUHDNV�FDQ�FDXVH�UHWLQDO�GHWDFKPHQW�

)RU� 55'� UHSDLU�� VXUJHRQV� KDYH� VHYHUDO� RSWLRQV�� OLNH� VFOHUDO� EXFNOLQJ� VXUJHU\� �6%��� SQHXPDWLF� UHWLQRSH[\
�35���RU�SDUV�SODQD�YLWUHFWRP\��339���3QHXPDWLF�UHWLQRSH[\�ZDV�¿UVW�GHVFULEHG�E\�'RPLQJXH]�DQG�E\�+LOWRQ�DQG�
*L]]DUG�LQ������>�@��7KLV�PLQLPDOO\�LQYDVLYH�SURFHGXUH�ZDV�LQWURGXFHG�DV�WKH�LQWUDYLWUHDO�LQMHFWLRQ�RI�D�JDV�EXEEOH
DQG�SRVW�RSHUDWLYH�SRVLWLRQLQJ��,Q�ODWHU�\HDUV��WKH�SURVSHFWLYH�VWXGLHV�RI�7RUQDPEH�FRPSDUHG�35�WR�6%�DQG�IRXQG�
FRPSDUDEOH�DQDWRPLF�UHVXOWV��ZKLFK�VKHG�IXUWKHU�OLJKW�RQ�WKH�LVVXH�>����@��+H�DOVR�HPSOR\HG�35�XVLQJ�H[SDQGHG�
LQFOXVLRQ� FULWHULD� VXFK� DV�PXOWLSOH�EUHDNV� LQ�XSSHU�PXOWLSOH� FORFN�KRXUV�� ODUJH� WHDUV�� DQG� WKH�SUHVHQFH�RI�PLOG�
SUROLIHUDWLYH�YLWUHRUHWLQRSDWK\��395���ZLWK�IDYRUDEOH�DQDWRPLFDO�VXFFHVV�>�@��,Q�D�FDVH�VHULHV�VWXG\LQJ�35�LQ�WKH�
WUHDWPHQW�RI�5'V�RQ�����H\HV��7RUQDPEH�GHWHUPLQHG�WKH�VLQJOH�RSHUDWLRQ�VXFFHVV�UDWH�WR�EH������FRPSDUHG�WR�D
����¿QDO�VXFFHVV�UDWH�>�@��7KH�IROORZLQJ�ZHUH�VKRZQ�WR�QHJDWLYHO\�LQÀXHQFH�WKH�¿QDO�RXWFRPHV��SVHXGRSKDNLD�RU�
DSKDNLD��D�ODUJHU�QXPEHU�RI�UHWLQDO�EUHDNV��DQG�D�JUHDWHU�H[WHQW�RI�GHWDFKPHQW�>�@�

$GYDQWDJHV� RI� 35� LQFOXGH� LPPHGLDWH� DFFHVV�� UHGXFHG� PRUELGLW\� DQG� FRPSOLFDWLRQV� RZLQJ� WR� LWV� PLQLPDO�
LQYDVLYHQHVV�� QR� UHTXLUHPHQW� IRU� VHGDWLRQ�RU�JHQHUDO� DQHVWKHVLD�� WKH�SRVVLELOLW\�RI�EHWWHU�YLVXDO�RXWFRPHV�� DQG�
UHGXFHG�FRVWV��'LVDGYDQWDJHV�LQFOXGH�WKH�QHHG�IRU�FDUHIXO�SUH�RSHUDWLYH�H[DPLQDWLRQ�WR�LGHQWLI\�DOO�EUHDNV��SRVW�
RSHUDWLYH� SRVLWLRQLQJ� IRU� �±�� GD\V�� DQG� WKH� LQFUHDVHG� SRVVLELOLW\� RI� UHTXLULQJ� DQ� DGGLWLRQDO� SURFHGXUH� �ODVHU�
UHWLQRSH[\��FU\RUHWLQRSH[\��RU�RSHUDWLQJ�URRP�VXUJHU\��>�@��7KH�UHFHQW�RI�VWXG\�&KDQ�HW�DO��>�@�LQFOXGHG�D�WRWDO�RI�
�����H\HV�RYHU�D����\HDU�SHULRG��PRVW�FRPSOLFDWLRQV�ZHUH�UHSRUWHG�DV�QHZ�UHWLQDO�EUHDNV�������������DQG�395�
�����������H\HV��,Q�WKHLU�VWXG\��WKH�DXWKRUV�DOVR�UHSRUWHG�WKDW�WKH�HI¿FDF\�RI�UHSDLULQJ�D�5'�GHSHQGV�RQ�WKUHH�FUXFLDO�
VWHSV��LQWURGXFWLRQ�RI�UHWLQRSH[\�DURXQG�DOO�UHWLQDO�EUHDNV�ZLWK�FU\RSH[\�RU�ODVHU��LQWUDRFXODU�JDV�LQMHFWLRQ��DQG�
VWULFW�SRVW�RSHUDWLYH�KHDG�SRVLWLRQLQJ�IRU�DQ�DSSURSULDWH�DPRXQW�RI�WLPH�WR�DOORZ�WKH�JDV�WDPSRQDGH�WR�DFKLHYH�WKH
FORVXUH�RI�UHWLQDO�EUHDNV�>�@��7KH�VWXG\�RI�)DELDQ�HW�DO��>�@��ZKLFK�LQFOXGHG�����H\HV����������IRXQG�QR�VLJQL¿FDQW�
GLIIHUHQFH�LQ�EHVW�FRUUHFWHG�YLVXDO�DFXLW\��%&9$��RXWFRPHV�EHWZHHQ�VXFFHVVIXO�35�FDVHV�DQG�WKRVH�ZLWK�RQO\�RQH
DGGLWLRQDO�RSHUDWLRQ��EXW�VLJQL¿FDQWO\�ZRUVH�RXWFRPHV�LQ�WKRVH�FDVHV�UHTXLULQJ�WZR�RU�PRUH�DGGLWLRQDO�RSHUDWLRQV�

,GHDO� FDQGLGDWH� SDWLHQWV� IRU� 35� DUH� WKRVH�ZLWK� SKDNLF� H\HV�ZKR� DUH�PHQWDOO\� DQG� SK\VLFDOO\� DEOH� WR� XQGHUJR
SRVLWLRQLQJ��DGGLWLRQDOO\��WKH�LGHDO�FDQGLGDWH�KDV�VPDOO�WHDUV�LQ�WKH���R¶FORFN�KRXU�RU�D�VLQJOH�WHDU�VPDOOHU�WKDQ�WKH�
�� R¶FORFN�KRXU� ORFDWHG� LQ� WKH� VXSHULRU� �� R¶FORFN�KRXU� RI� WKH� IXQGXV��ZLWK� FOHDU�PHGLD� DQG�QR�395� >��@�� 395� LV
DSSUR[LPDWHO\�����VXFFHVVIXO�ZLWK�D�VLQJOH�LQMHFWLRQ�DQG�WKH�DSSURSULDWH�FKRLFH�RI�SDWLHQW�DV�VXE�RSWLPDO�DQDWRPLF
FRQVLGHUDWLRQV�KDYH�EHHQ�UHSRUWHG�E\�VRPH�VXUJHRQV��LQFOXGLQJ�LQIHULRU�UHWLQDO�EUHDNV��WKH�DEVHQFH�RI�DQ�LGHQWL¿DEOH
EUHDN��ODWWLFH�GHJHQHUDWLRQ��SVHXGRSKDNLD��395��PHGLD�RSDFLW\�LQFOXGLQJ�YLWUHRXV�KHPRUUKDJH��UHWLQDO�EUHDNV�ODUJHU�
WKDQ�WKDQ�WKH���R¶FORFN�KRXU��UHWLQDO�WHDUV�LQ�ERWK�DWWDFKHG�DQG�GHWDFKHG�UHWLQD��DQG�YHU\�ODUJH�UHWLQDO�WHDUV�>��@�

Aim�±� WR�GHVFULEH�DQDWRPLF�DQG�YLVXDO�RXWFRPHV�RI�SQHXPDWLF�UHWLQRSH[\�LQ�SDWLHQWV�ZLWK�UKHJPDWRJHQRXV
UHWLQDO�GHWDFKPHQW�
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0aWHUiaO aQG mHWKRGV
,Q�WKLV�UHWURVSHFWLYH��VLQJOH�FHQWHUHG�VWXG\��SDWLHQWV�ZKR�XQGHUZHQW�WKH�SQHXPDWLF�UHWLQRSH[\�RSHUDWLRQ�ZLWK

UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW�LQ�2SKWKDOPRORJ\�'HSDUWPHQW�RI�$I\RQNDUDKLVDU�+HDOWK�6FLHQFHV�8QLYHUVLW\
+RVSLWDO� EHWZHHQ� 'HFHPEHU� ����� DQG� 6HSWHPEHU� ����� ZHUH� HYDOXDWHG�� $OO� SURFHGXUHV� ZHUH� SHUIRUPHG� LQ�
DFFRUGDQFH�ZLWK�WKH�WHQHWV�RI�WKH�'HFODUDWLRQ�RI�+HOVLQNL��,QVWLWXWLRQDO�UHYLHZ�ERDUG�DSSURYDO�ZDV�REWDLQHG�IURP
WKH�(WKLFV�&RPPLWWHH�RI�$I\RQNDUDKLVDU�+HDOWK�6FLHQFHV�8QLYHUVLW\�

$OO�¿IW\�HLJKW�SDWLHQWV�XQGHUZHQW�FRPSOHWH�RSKWKDOPRORJLFDO�H[DPLQDWLRQ�LQFOXGLQJ��PHDVXUHPHQW�RI�WKH�EHVW�
FRUUHFWHG�YLVXDO�DFXLWLHV��%&9$��UHIUDFWLRQ�XVLQJ�DQ�DXWRPDWHG�UHIUDFWRPHWHU��DQWHULRU�VHJPHQW�H[DPLQDWLRQ�XVLQJ�
VOLW�ODPS�ELRPLFURVFRS\��LQWUDRFXODU�SUHVVXUH�PHDVXUHPHQW��DQG�WKH�SRVWHULRU�VHJPHQW�H[DPLQDWLRQ�XVLQJ�VOLW�ODPS
ELRPLFURVFRS\�ZLWK� D� WKUHH�PLUURU� FRQWDFW� OHQV��7KH�SDWLHQWV�ZHUH�GHWDLOHG� LQIRUPHG�RI� WKH� WHFKQLTXH�DQG� WKH
SRVWRSHUDWLYH�SRVLWLRQ�DQG�VLJQHG�D�FRQVHQW� IRUP��3DWLHQWV�ZKR�PHW� VWXG\�FULWHULD�XQGHUZHQW�35�XVLQJ�RQH�RI�
WKH�WDPSRQDGH�LQMHFWLRQ�W\SHV�RI�VXOIXU�KH[DÀXRULGH��6)����SHUÀXRURSURSDQH��&�)����KH[DÀXRURSURSDQH��&�)���
([FOXGLQJ� FULWHULD� RI� SDWLHQWV� LQ� WKLV� VWXG\�ZHUH� LQIHULRU� ORFDOL]HG� EUHDNV��PRUH� WKDQ� ORFDOL]DWLRQ� �� DQG� RYHU�
SDWLHQWV�ZLWK�395�

7KH�SDWLHQWV¶�DJH��VH[��WKH�%&9$�DV�WKH�ORJDULWKP�RI�WKH�PLQLPXP�DQJOH�RI�UHVROXWLRQ��ORJ0$5���LQWUDRFXODU�
SUHVVXUH��SUHRSHUDWLYH�UHWLQDO�WHDU�ORFDWLRQ��PDFXODU�LQYROYHPHQW��WDPSRQDGH�W\SH��&�)���6)���RU�&�)����FRH[LVWLQJ
FRPSOLFDWLRQV��IXQFWLRQDO�DQG�DQDWRPLFDO�VXFFHVV�UDWHV�DW�SUHRSHUDWLYH��SRVWRSHUDWLYH�H[DPLQDWLRQV�ZHUH�UHFRUGHG�

7KH�DQHVWKHWLF�ZDV�WRSLFDO������SURSDUDFDLQH��$OFDLQH��1RYDUWLV��86$���7KH�SXSLO�ZDV�GLODWHG�SUHRSHUDWLYHO\�
XVLQJ�D�PL[WXUH�RI����WURSLFDPLGH�DQG������SKHQ\OHSKULQH�H\H�GURSV��$IWHU�WKH�DQHVWKHWLF�SURFHGXUH�H\H�DQG�WKH
VXUURXQGLQJ�DUHD�ZHUH�FOHDQHG�ZLWK�SRYLGRQH�LRGLQH������$IWHU�GUDSHG�DQG�OLS�VSHFXOXP�SODFHG��JDV�ZDV�LQMHFWHG�
WKURXJK�D�QHHGOH� LQWUDYLWUHDOO\�������PP�SRVWHULRU� WR� WKH� OLPEXV� WKURXJK� WKH� LQIHURWHPSRUDO�TXDGUDQW��3DWLHQWV�
GHIHUUHG�LQ�WUHDWPHQW�FULWHULD�DQG�JDV�VHOHFWLRQ��,QMHFWLRQ�LQFOXGHG������������PO������6)�������������PO������
&�)���RU�����������PO������&�)���$IWHU� LQMHFWLRQ�RI�JDV� LI�QHFHVVDU\�KLJK� LQWUDRFXODU�SUHVVXUH�ZDV�REVHUYHG�
DQWHULRU�FKDPEHU�SDUDFHQWHVLV��$&3��ZDV�SHUIRUPHG�ZLWK����JDXJH�095�NQLIH��%HDYHU�DQG�(GJH�$KHDG�6LGHSRUW�
095�NQLIH��%HDYHU�9LVLWHF�,QWHUQDWLRQDO�,QF���0$��86$����3RVWRSHUDWLYHO\�SDWLHQWV�ZHUH�ZDUQHG�WR�DSSURSULDWH
SRVLWLRQ�WKHPVHOYHV�VR�WKDW�WKH�EXEEOH�FRPSOHWHO\�DERYH�WKH�EUHDN�DSSUR[LPDWHO\��VW�ZHHN�

3RVWRSHUDWLYHO\��VW�DQG��QG�GD\�WKH�ODVHU�SKRWRFRDJXODWLRQ�ZLWK�DQ�DUJRQ�ODVHU��/DVHUH[��,QWHJUH������(OOH[
&RUSRUDWH�,QF���$GHODLGH��$XVWUDOLD��ZDV�SHUIRUPHG�DURXQG�WKH�EUHDN�ZLWK�FRQWDFW� OHQV��4XDGU$VSKHULF�IXQGXV�
OHQV��9RON�2SWLFDO�,QF��0HQWRU��2+��86$���7KH�ODVHU�LQFOXGHG�WKH�GXUDWLRQ�RI�����VHFRQGV�WR�����VHFRQGV�DQG�VSRW�
VL]H�����QP�WR�����QP��7KH�ODVHU�ZDV�DSSOLHG�LQ���RU���FRQÀXHQW������ULQJV�DURXQG�WKH�UHWLQDO�KROH�XQGHU�JDV�
EXEEOH�SRVWRSHUDWLYHO\�

,I�WKH�UHWLQD�DURXQG�WKH�KROH�ZDV�QRW�VXI¿FLHQWO\�ÀDW�SKRWRFRDJXODWLRQ�RQ�WKH��WK�GD\�DIWHU�JDV�LQMHFWLRQ��WKH�
SURFHGXUH�ZDV�FRQVLGHUHG�DV� IDLOHG�� ,Q� IDLOHG�SDWLHQWV��35�ZDV� UHSHDWHG�DGGLWLRQDOO\�� DQG� LI� WKH� VHFRQG� IDLOXUH
RFFXUUHG�WKH�339�ZDV�DSSOLHG�DV�WKH�RSHUDWLRQ�LQ�WKLV�SDWLHQWV�

3DWLHQWV� ZLWK� OHVV� WKDQ� RQH� PRQWK� RI� IROORZ�XS� RU� FRH[LVWLQJ� QHRYDVFXODU� PDFXODU� GHJHQHUDWLRQ�� XYHLWLV�
HQGRSKWKDOPLWLV��RU�SULRU�SRVWHULRU�VHJPHQW�VXUJHU\�ZHUH�H[FOXGHG�

6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� 6366� VRIWZDUH� �9HUVLRQ� ���� 6366� ,QF��� &KLFDJR�� ,/�� 86$�� DQG�
0LFURVRIW�([FHO�0LFURVRIW�&RUS���5HGPRQG��:DVKLQJWRQ��86$���6WDWLVWLFDO�VLJQL¿FDQFH�GHFLGHG�ZKHQ�S½�����

5HVXOWV�DQG�GLVFXVVLRQ
7KLUW\�WZR�SDWLHQWV�����������ZHUH�PHQ�DQG�����������ZHUH�ZRPHQ��7DEOH�����7KH�DYHUDJH�DJH�RI�SDWLHQWV

ZDV��������������0DFXOD�GHWDFKPHQW�ZDV�LQ������������SDWLHQWV��
7DEOH���

6iQJOH RSHUaWiRQ VXFFHVV UaWHV RI SQHXmaWiF UHWiQRSH[\
9aUiaEOHV 1XmEHU RI H\HV

6H[ 0HQ��Q ���
:RPHQ��Q ���

����������
������������

/HQV VWaWXV 3KDNLF��Q ���
3VHXGRSKDNLF��Q ��

�����������
��������

0aFXOa VWaWXV $WWDFKHG��Q ���
'HWDFKHG��Q ���

����������
�����������

1XmEHU RI EUHaNV 6LQJOH��Q ���
7ZR��Q ��

����������
���������

,QMHFWHG JaV 3HUÀXRURSURSDQH�&�)����Q ���
6XOIXU�KH[DÀXRULGH��6)����Q ���
+H[DÀXRURHWKDQH��&�)����Q ��

���������
���������
������
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/RFDOL]DWLRQ�RI�EUHDNV�ZHUH�����SDWLHQW���������DW���R¶FORFN����SDWLHQWV��������ZHUH�DW���DQG���R¶FORFN��DQG��
SDWLHQWV��������DW���DQG���R¶FORFN��ORFDOL]DWLRQ�QXPEHU�RI�EUHDNV�ZHUH�DW���DPRXQW�DW����������SDWLHQW����DPRXQW�
DW���������SDWLHQWV�����SDWLHQWV�XQGHUZHQW�WR�SDUV�SODQD�YLWUHFWRP\�VXUJHU\�����SDWLHQWV�ZHUH�SKDNLF����������DQG�
��SDWLHQWV��������ZHUH�SVHXGRSKDNLF�

���SDWLHQWV�������ZHUH�LQMHFWHG�SHUÀXRURSURSDQH�&�)�������SDWLHQWV���������±�VXOIXU�KH[DÀXRULGH��6)����DQG�
��SDWLHQWV��������KH[DÀXRURHWKDQH��&�)���

7KH�DQDWRPLFDO�VXFFHVV�UDWH�DIWHU�D�VLQJOH�LQMHFWLRQ�ZDV���������DIWHU�WKH�VHFRQG�LQMHFWLRQ�RI����������
,QWUDRFXODU�SUHVVXUH�DYHUDJH�UDWH�ZDV�������PP+J�EHIRUH�DSSOLFDWLRQ�DQG�������PP+J�RQH�GD\�DIWHU�DSSOLFDWLRQ�

��SDWLHQWV�UHTXLUHG�DQWLJODXFRPDWRXV�GURSV�WR�GHFUHDVH�LQWUDRFXODU�SUHVVXUH��������PP+J�DW�SRVWRSHUDWLYH���ZHHN��
������PP�+J����PRQWK�DQG�������PP+J����PRQWKV�

%&9$�EHIRUH�DSSOLFDWLRQ��SRVWRSHUDWLYHO\��VW�GD\�DQG��WK�PRQWK�ZHUH������������DQG������ORJ0$5�UHVSHFWLYHO\��
,Q� WKH� VXEJURXS�DQDO\VLV�PDFXOD�RQ�SDWLHQWV�%&9$�ZDV������ ORJ0$5�SUHRSHUDWLYHO\������ ORJ0$5�DW��VW�GD\�
DQG������ORJ0$5��WK�PRQWK�SRVWRSHUDWLYHO\��DQG�LQ�PDFXOD�RII�SDWLHQWV�ZHUH������ORJ0$5�SUHRSHUDWLYHO\������
ORJ0$5�DW��VW�GD\�DQG�����ORJ0$5�DW��WK�PRQWK�SRVWRSHUDWLYHO\�

1R�HQGRSKWKDOPLWLV��YLWUHRXV�KHPRUUKDJH��VXEUHWLQDO�JDV��SUROLIHUDWLYH�YLWUHRUHWLQRSDWK\�KDV�QRWHG�LQ�DQ\�H\H
RI�SDWLHQWV��7KH�DYHUDJH�IROORZ�XS�WLPH�ZDV������PRQWKV�

FiJXUH 1� FXQGXV imaJHV (a�E) aQG 6SHFWUaO�'RmaiQ 2SWiF CRKHUHQFH 7RmRJUaSK\ (6'�2C7) imaJHV (F�G) RI SaWiHQW 
ZiWK UHWiQaO GHWaFKmHQW aW UiJKW H\H� �� \HaU ROG mHQ�SUHRSHUaWiYHO\

FiJXUH 2� FXQGXV imaJHV (a�E) aQG 6SHFWUaO�'RmaiQ 2SWiF CRKHUHQFH 7RmRJUaSK\ (6'�2C7) imaJHV (F�G) RI SaWiHQW 
ZiWK UHWiQaO GHWaFKmHQW aW UiJKW H\H� �� \HaU ROG mHQ� SRVWRSHUaWiYHO\ �UG aQG �WK Ga\V
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'iVFXVViRQ
3QHXPDWLF�UHWLQRSH[\�LV�DQ�HIIHFWLYH��PLQLPDOO\�LQYDVLYH��DQG�FRVW�HIIHFWLYH�PHWKRG�WR�UHSDLU�SULPDU\�55'��

/HDUQLQJ�RI�35�SURFHGXUH�LV�UHODWLYHO\�HDV\�IRU�WKLV�UHDVRQ��\RXQJHU�VXUJHRQV�DUH�PRUH�LQWHUHVWHG�WR�GR�35�DV�WKHLU�
¿UVW�DSSURDFK�WR�55'�WKDQ�WKHLU�ROGHU�FROOHDJXHV�>����@�

35�KDV��LQ�JHQHUDO��D�ORZHU�VLQJOH�VXUJHU\�VXFFHVV�UDWHG�ZLWK�VFOHUDO�EXFNOLQJ�DQG�YLWUHFWRP\��ZKLFK�SULPDU\
DQDWRPLF�VXFFHVV�UDWHV�WKDW�SXEOLVKHG�EHIRUH�YDU\�ZLGHO\�IURP�������WR�����DQG�������WR������UHVSHFWLYHO\�>��@�
35�DOVR�VRPHWLPHV�UHTXLUHV�PRUH��SRVWSURFHGXUDO�FOLQLF�YLVLWV�WKDQ�WKH�VXUJLFDO�DOWHUQDWLYHV�>�����@�

$V�PHQWLRQHG� EHIRUH�� VWXG\�+LOWRQ� HW� DO���ZKLFK� FRQVLVWV� RI� ������ FRQVHFXWLYH� SDWLHQWV� RSHUDWHG� IRU� UHWLQDO
GHWDFKPHQW� ZHUH� VWXGLHG� SURVSHFWLYHO\� WR� GHWHUPLQH� WKH� LQFLGHQFH� RI� FRPSOLFDWLRQV�� VKRZHG� WKDW� 35� KDV� WKH�
DGYDQWDJHV�RI�UHGXFHG�WLVVXH�WUDXPD��QR�KRVSLWDOL]DWLRQ��PLQLPDO�FRPSOLFDWLRQV��DQG�UHGXFHG�H[SHQVH��5HFRUGHG�
VXFFHVV�LQ�WKLV�VWXG\�ZLWK�VL[�PRQWKV�IROORZ�XS�ZDV������)RU�WKH�DXWKRUV��WKH�PDMRU�GLVDGYDQWDJH�RI�WKH�35�LV�WKH
QHHG�IRU�SRVWRSHUDWLYH�SRVLWLRQLQJ�IRU�¿YH�GD\V��$OVR�DW�WKH�HQG�RI�����V�WULDOV�RI�7RUQDPEH�HW�DO��>���@�VKRZHG�XV
WKDW�35�KDG�OHVV�PRUELGLW\�DQG�EHWWHU�SRVWRSHUDWLYH�YLVXDO�DFXLW\�FRPSDUHG�ZLWK�6%�DQG�339��$W�WKH�PXOWLFHQWUH�
UDQGRPL]HG��FRQWUROOHG��FOLQLFDO�WULDO�ZLWK�����SDWLHQWV��ZKLFK�ZHUH�IROORZHG�IRU�DW�OHDVW���PRQWKV�DQG�VFOHUDO�EXFNOLQJ
ZDV�FRPSDUHG�ZLWK�35�>�@���DXWKRUV�UHFRUGHG�WKDW�WKH�RYHUDOO�VXFFHVV�RI�6%�FRPSDULQJ�ZLWK�35�UHDWWDFKPHQW�ZLWK
UHRSHUDWLRQV�ZDV����YHUVXV������7KHVH�RXWFRPHV�VKRZHG� WKDW� WKH�DQDWRPLF� UHVXOWV�RI� WZR�RSHUDWLRQV�ZHUH�QRW�
VLJQL¿FDQWO\�GLIIHUHQW�EXW�35�KDG�OHVV�PRUELGLW\�DQG�EHWWHU�SRVWRSHUDWLYH�YLVXDO�DFXLW\��$W�DQRWKHU�VWXG\�RI���\HDUV
IROORZ�XS�>�@�FRQVLVWLQJ�����SDWLHQWV�RI�����H\HV�HQUROOHG�LQ�D�SUHYLRXVO\�SXEOLVKHG�WULDO��FRPSDULQJ�35�ZLWK�6%�
DXWKRUV�UHFRUGHG�VXFFHVV�35�DV�������DQG�6%�DV������7KH�VWXG\�RI�IRUW\�H\HV�ZKLFK�ZHUH�WUHDWHG�ZLWK�35�>�@�WKH
RYHUDOO�VXFFHVV�UDWH�IRU�35�ZDV������$OVR�RQH�RI�WKH�ODUJHVW�FDVH�VWXG\�7RUQDPEH¶V�>�@��WKH�DYHUDJH�VLQJOH�RSHUDWLRQ
VXFFHVV�UDWH�DW�����FDVHV�ZDV�����DQG�����WKDW�ZHUH�¿QDOO\�DWWDFKHG�ZLWK�DGGLWLRQDO�VXUJHU\�

&KDQ�HW�DO��>�@�UHFRUGHG�DW�VXUJLFDO�RXWFRPHV�IRU�WKH�������H\HV�LQ�WKH����\HDU�SHULRG��ZKLFK�LQFOXGHG�EHWZHHQ�
����������\HDUV��VLQJOH�RSHUDWLRQ�VXFFHVVHV�������DQG�¿QDO�RSHUDWLRQ�VXFFHVVHV�DV�������RI�UDWH��$W�WKH�VWXG\�RI�
)DELDQ�HW�DO��>�@�IURP�����H\HV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�IURP������WR�������¿QDO�DQDWRPLFDO�VXFFHVV�UHSRUWHG�DV�
�������$OVR��*LOFD�HW�DO��>��@�KDG�GRFXPHQWHG�DW�����SDWLHQWV�ZKLFK�KDYLQJ�XQGHUJRQH�����SULPDU\�35V��VLQJOH
RSHUDWLRQ� VXFFHVV� UDWH� DV� ������� DQG�¿QDO� DQDWRPLFDO� VXFFHVV� DV�������RI� UDWH��$�SURVSHFWLYH� VWXG\� WKDW�ZDV
SHUIRUPHG�E\�(OODNZD�>��@�LQ�����RI�FDVHV�ZDV�UHSRUWHG�VXFFHVV�UDWHV��$�UHYLHZ�VWXG\�RI����SDWLHQWV�ZKR�KDG�
XQGHUJRQH�35�LQMHFWLRQ�RI�VXOIXU�KH[DÀXRULGH��WKH�VLQJOH�RSHUDWLRQ�VXFFHVV�UDWH�ZDV��������&DVH�VWXGLHV�RI�0RGL
HW�DO��>��@�ZKLFK�RFFXUUHG�EHWZHHQ������DQG������\HDUV��ZKLFK�FROOHFWHG����H\HV�RI����SDWLHQWV��VLQJOH�RSHUDWLRQ�
VXFFHVV�RFFXUUHG�LQ����H\HV��������DQG�WKH�UHWLQD�ZDV�VXFFHVVIXOO\�UHDWWDFKHG�LQ����RI�WKH�RWKHU����H\HV������
ZLWK�RQH�DGGLWLRQDO�VXUJHU\��

5HFHQWO\�SXEOLVKHG�VWXG\�RI�'KDPL�HW�DO��>��@�UHWURVSHFWLYHO\�DQDO\]HG����H\HV�ZKR�XQGHUZHQW�35�IRU�55'�
E\�LQMHFWLQJ�SHUÀXRURSURSDQH��&�)���D�FU\RSH[\�WR�EUHDN�LQ�WKH�VDPH�VLWWLQJ��SULPDU\�VXFFHVV�UDWHV�ZLWK�35�DORQH
ZHUH�LQ����������H\HV�����H\HV���������XQGHUZHQW�WR�VFOHUDO�EXFNOH�RU�339 ZKLFK�VXFFHVV�UDWH�ZDV�������9

,Q�RXU�VWXG\�¿QGLQJV�RI�DQDWRPLFDO�VXFFHVV�UDWH�DIWHU�D�VLQJOH�LQMHFWLRQ�ZDV��������DIWHU�WKH�VHFRQG�LQMHFWLRQ�RI�
��������7KHVH�UHVXOWV�ZHUHQ¶W�FRPSDUDEOH�ZLWK�HDUOLHU�VWXGLHV�LQ�WKH�����V�DQG�����V��EXW�WKH\�ZHUH�FRPSDUDEOH
ZLWK�UHFHQW�VWXGLHV�VXFK�DV�0RGLHV¶>��@�DQG�'KDPLV¶>��@�

2QH�RI�WKH�FDXVHV�RI�WKH�ORZHU�VXFFHVV�UDWH�RI�35�LQ�SVHXGRSKDNLF�RU�DSKDNLF�H\HV�DV�FRPSDUHG�WR�SKDNLF�H\HV
>������������@��'DYLV�HW�DO��>��@�UHSRUWHG�VXFFHVV�UDWH�DV�������LQ�SVHXGRSKDNLF�H\HV�YHUVXV�������LQ�SKDNLF�H\HV�
5RRWPDQ�HW�DO��>��@��RQ�PXOWLYDULDWH�DQDO\VLV��IRXQG�SVHXGRSKDNLF�VWDWXV�WR�EH�VLJQL¿FDQWO\�UHODWHG�ZLWK�35�IDLOXUH��
/LQJ�HW�DO��>��@�GHVFULEHG�DV�SVHXGRSKDNLF�H\HV�ZLWK�D�ORZHU�VXFFHVV�UDWH��WRR��$XWKRUV�UHODWHG�SVHXGRSKDNLF�H\HV
ZLWK�SRRU�ORFDOL]DWLRQ�RI�EUHDNV��PLVVHG�EUHDNV��PLJUDWLRQ�RI�JDV�EXEEOH�DQWHULRUO\��5HWLQDO�WHDUV�RI�DSKDNLF�RU�
SVHXGRSKDNLF�H\HV�KDYH�D�WHQGHQF\�WR�EH�VPDOOHU�LQ�VL]H��,Q�WKH�VWXG\�ZKLFK�ZDV�UHSRUWHG�DW������E\�+HLPDQ�HW�
DO��>��@��WR�FRPSDUH�6%�DQG�339�LQ�55'�SDWLHQWV�FROOHFWHG�����SKDNLF�DQG�����SVHXGRSKDNLF�SDWLHQWV��UHVXOWV
RI�IROORZ�XS�ZHUH�LQ�����DW�WKH�SKDNLF�H\HV�DQG�����DW�WKH�SVHXGRSKDNLF�H\HV��$W�WKH�VWXG\�RI�*ROGPDQ�HW�DO�
>��@�WKH�FRPSDULVRQ�EHWZHHQ�SKDNLF�DQG�SVHXGRSKDNLF�H\HV�ZDV�VLPLODU��������YHUVXV�������'KDPL�HW�DO��>��@�
UHSRUWHG�VXFFHVV�UDWHV�DV�������DW�SKDNLF�DQG�������DW�SVHXGRSKDNLF�H\HV��7KH�¶¶FODVVLF¶¶�DSKDNLF�SVHXGRSKDNLF
UHWLQDO�WHDUV�WHQG�WR�EH�VPDOOHU�LQ�VL]H��7KHVH�FKDOOHQJHV�DUH�IXUWKHU�FRPSRXQGHG�E\�RSWLFDO�DEHUUDWLRQV�IURP�WKH
LQWUDRFXODU�OHQV��,2/��LPSODQW�DQG�SRVWHULRU�FDSVXOH�RSDFLW\��(\HV�ZLWK�DQWHULRU�FKDPEHU�,2/�DQG�LULV�¿[DWHG�,2/V�
KDYH�WKH�ZRUVW�VXFFHVV�UDWH�>��@�

,Q�RXU�VWXG\�FDXVH�RI�XQHTXDO�DUUDQJHPHQW�RI�SDWLHQWV�ZLWK�SKDNLF�RU�SVHXGRSKDNLF�H\HV�VWDWXV��VLJQL¿FDQWO\
VXFFHVV� GLIIHUHQFH� EHWZHHQ� WKH� WZR� JURXSV� FRXOGQ¶W� EH� GLDJQRVHG� �IURP���� SDWLHQWV� ���ZHUH� SKDNLF� ���������
DQG���ZHUH�SVHXGRSKDNLF����������$QWHULRU�FKDPEHU�SDUDFHQWHVLV��$&3��FRXOG�EH�SHUIRUPHG�EHIRUH�RU�DIWHU�JDV�
LQMHFWLRQ��(DFK�PHWKRG�KDV�LWV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��:LWK�WKH�WHFKQLTXH�RI�SHUIRUPLQJ�DQ�$&3�EHIRUH
JDV�LQMHFWLRQ��WKH�JOREH�PD\�EHFRPH�K\SRWRQLF��DQG�WKH�VFOHUDO�ZDOO�PD\�EXFNOH�GXULQJ�QHHGOH�HQWU\��PDNLQJ�WKH�
SURFHGXUH�PRUH�FKDOOHQJLQJ��%HVLGHV��SRRU�DPRXQW�RI�DTXHRXV�ZLWKGUDZDO�PD\�SURPSW�UHSHDWLQJ�WKH�SURFHGXUH�
+RZHYHU��ZLWK�SHUIRUPLQJ�DQ�$&3�DIWHU�JDV�LQMHFWLRQ��SRVW�LQMHFWLRQ�FULWLFDO�ULVH�LQ�WKH�LQWUDRFXODU�SUHVVXUH��,23��
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LV�PRUH� DQWLFLSDWHG�� ,Q� SULQFLSOH�� WKH� YHU\� KLJK� ,23� RQ� QHHGOH�ZLWKGUDZDO�PD\� LQGXFH� JDV� HJUHVV� RU� YLWUHRXV
LQFDUFHUDWLRQ�WKURXJK�WKH�QHHGOH�WUDFW�>��@�

,Q� WKLV� VWXG\�ZH� SHUIRUPHG�$&3� LPPHGLDWHO\� DIWHU� JDV� LQMHFWLRQ�� LI� ,23�ZDV� K\SHUWRQLF��5RXWLQHO\�� LQ� 35�
SURFHGXUH�$&3�LV�SHUIRUPHG�E\�D����JDXJH�LQVXOLQ�V\ULQJH�ZLWKRXW�WKH�SOXQJHU�ZKLOH�WKH�SXSLO�LV�GLODWHG�>�@��:H
XVHG�LQ�RXU�VWXG\�IRU�$&3����JDXJH�095��URXWLQHO\��6RPH�DXWKRUV�>��@�UHSRUWHGWKDW�RI�XVLQJ����JDXJH�QHHGOH�FDQ�
PLQLPL]H�OHDNDJH�

7KHUH�ZHUH�DXWKRUV�VXFK�DV�XVLQJ�VWHULOL]H�DLU�IRU�LQWUDYLWUHDO�LQMHFWLRQ�IRU�35�>������@��$LU�GRHV�QRW�H[SDQG��EXW�
6)��GRXEOHV��&�)���DQG�&�)��TXDGUXSOH�DIWHU����KRXUV�WR����KRXUV�DIWHU�LQMHFWLRQ��)RU�WKHVH�UHDVRQV��WKH�YROXPH�RI�
LQMHFWLRQ�IRU�DFFHSWDEOH�WDPSRQDGH�LV�PD[LPXP�IRU�DLU�DQG�PLQLPXP�IRU�&�)���7KH�PRUH�YROXPH�RI�LQLWLDO�LQMHFWLRQ�
DV�W\SLFDOO\�UHTXLUHG�IRU�DLU��LQFUHDVH�WKH�SRVVLELOLW\�RI�GDQJHURXV�,23�ULVH�LQ�WKH�¿UVW����KRXUV��,Q�DGGLWLRQ��PRVW�
RI�WKH�LQMHFWHG�DLU�LV�XVXDOO\�DEVRUEHG�ZLWKLQ���GD\V��D�SHULRG�WKDW�VHHPV�LQDGHTXDWH�IRU�UHWLQRSH[\�WR�WDNH�HIIHFW��
+RZHYHU��&�)��FDQ�SHUVLVW�XS�WR���ZHHNV�LQ�WKH�YLWUHRXV��FRQVLGHUDEO\�JUHDWHU�WKDQ�WKH�SHULRG�WKDW�LV�UHTXLUHG�IRU�
WDPSRQDGH�>��@��8QQHFHVVDU\�SHUVLVWHQFH�RI�LQWUDYLWUHDO�JDV�PD\�FDXVH�UHWLQDO�EUHDNV�WKURXJK�PHFKDQLFDO�IRUFHV
RQ�WKH�YLWUHRXV�KXPRU�RU�LQGXFH�FDWDUDFW�IRUPDWLRQ��7KHUHIRUH��6)���D�JDV�ZLWK�PRGHUDWH�H[SDQVLRQ�D�SHUVLVWHQFH��
VHHPV�WR�EH�LGHDO�IRU�35�>��@��$W�WKH�VWXG\�RI�)DELDQ�HW�DO��>�@�XVHG���������PO�&�)���7KHVH�YDOXHV�ZHUH����������
PO�RI�6)��DQG�����������PO�RI�&�)��LQ�*ROGPDQ�HW�DO��>��@����������PO�RI�&�)��LQ�(OODNZD�HW�DO��>��@������������RI�
6)��LQ�5DKDW�HW�DO��>��@������PO�RI�&�)��LQ�'KDPL�HW�DO��>��@�������PO�RI�6)��DQG�����PO�&�)��LQ�/LQJ�HW�DO��>��@�

,Q�RXU�VWXG\��ZH�XVHG�6)���&�)���DQG�&�)��DV�WDPSRQDGHV�IRU�35��:H�XVHG�����������PO�RI�6)�������������PO�
RI�&�)���DQG�����������PO�RI�&�)��7KHVH�YDOXHV�RI�WDPSRQDGHV�ZHUH�VLPLODU�WR�UHFHQW�VWXGLHV�

*ROGPDQ�HW�DO��>��@�GHWHFWHG�YLVXDO�RXWFRPHV�DV�VLPLODU�EHWZHHQ�WKH�SKDNLF�YHUVXV�SVHXGRSKDNLF�JURXSV��ORJ0$5�
�����YHUVXV��������DQG�RYHUDOO�YLVXDO�DFXLW\�LPSURYHG�VLJQL¿FDQWO\�IURP�EDVHOLQH�WR���PRQWKV��ORJ0$5������������
*LOFD�HW�DO��>��@�IRXQG�WKH�PHDQ�YLVXDO�DFXLW\�DW�WKH�HQG�RI�IROORZ�XS�IRU�VLQJOH�RSHUDWLRQ�VXFFHVV�SDWLHQWV�DV����
ORJ0$5��FRPSDUHG�����/RJ0$5�ZLWK�IRU�IDLOXUH�SDWLHQWV��$W�WKH�VWXG\�RI�(OODNZD�HW�DO��>��@�%&9$�ZDV����������
ORJ0$5�DIWHU���\HDUV�DSSOLHG�35��5DKDW�DQG�FROOHDJXHV�LQ�WKHLU�VWXG\�>��@��ZKLFK�WKH�PHDQ�IROORZ�XS�ZDV�����PRQWKV��
IRU�DOO�H\HV��PHDQ�ORJ0$5�%&9$�ZDV�LPSURYHG�IURP������EDVHOLQH�WR������DIWHU�35�DQG������DW�WKH�ODVW�IROORZ�XS
H[DPLQDWLRQ��'KDPL�HW�DO��>��@�UHSRUWHG�DV�����������ORJ0$5�XQLWV��FRPSDULQJ�SKDNLF�ZLWK�SVHXGRSKDNLF�H\HV��WKHUH
ZDV�VXSHULRULW\�LQ�SKDNLF�H\HV��SUHRSHUDWLYH�%&9$�ORJ0$5�ZHUH�LQ�SKDNLF�H\HV������������YHUVXV�LQ�SVHXGRSKDNLF
�������������SRVWRSHUDWLYH�%&9$�ZHUH�LQ�SKDNLF�H\HV�������������YHUVXV�LQ�SVHXGRSKDNLF���������������$W�WKHLU�
UHWURVSHFWLYH�VWXG\�RI�$QD\D�HW�DO�� >��@� LQFOXGLQJ�UHSHDW�35��339��DQG�FRPELQHG�6%�SOXV�339�6%�339���YLVXDO�
DFXLWLHV�DW�LQLWLDO�SUHVHQWDWLRQ�DW�WKH�WLPH�RI�35�IDLOXUH��DQG�DW�WKH���\HDU�IROORZ�XS��WKH�RYHUDOO�PHDQ�%&9$���\HDU�
DIWHU�VXUJHU\�IRU�IDLOHG�35�LPSURYHG��ZLWK�VWDWLVWLFDO�VLJQL¿FDQFH��IURP�WKH�%&9$�DW�WKH�WLPH�RI�35�IDLOXUH���\HDU�
IROORZ�XS�������ORJ0$5�YHUVXV�WLPH�RI�35�IDLOXUH�������ORJ0$5��%XW�WKH�¿QDO�%&9$�GLG�QRW�LPSURYH�FRPSDUHG�
ZLWK�WKH�%&9$�DW�LQLWLDO�SUHVHQWDWLRQ������ORJ0$5�YHUVXV���\HDU�IROORZ�XS�������ORJ0$5�

,Q�RXU�VWXG\��ZH�UHSRUWHG�%&9$�EHIRUH�DSSOLFDWLRQ��SRVWRSHUDWLYHO\��VW�GD\�DQG��WK�PRQWK�DV������������DQG�
�����ORJ0$5�UHVSHFWLYHO\��S½�������7KHVH�¿QDO�YLVXDO�RXWFRPHV�ZHUH�FRPSDUDEOH�ZLWK�HDUOLHU�VWXGLHV��&DXVH�RI�
XQHTXDO�DUUDQJHPHQW�LQ�SDWLHQWV�ZLWK�SKDNLF�RU�SVHXGRSKDNLF�VWDWXV��VLJQL¿FDQWO\�VXFFHVV�GLIIHUHQFH�EHWZHHQ�WKH�
WZR�JURXSV�FRXOGQ¶W�EH�GLDJQRVHG�

,Q�FRQFOXVLRQ��SQHXPDWLF� UHWLQRSH[\� LV� D� FRVW�HIIHFWLYH�� VHFXUH�DQG�HIIHFWLYH�SURFHGXUH� IRU� VHOHFWLYH� UHWLQDO�
GHWDFKPHQW�FDVHV��ZKLFK�GHVFULEHG�DV�DQ�RI¿FH�EDVHG�SURFHGXUH��'HVSLWH�WKLV�SURFHGXUH�PD\�HOHYDWH�LQWUDRFXODU�
SUHVVXUH�IRU�D�ZKLOH��WRSLFDO�GURSV�KHOSV�WR�FRQWURO�WKLV�HOHYDWLRQ�

5()(5(1&(6�

�� +DLPDQQ�0�+���%XUWRQ�7�&���%URZQ�&�.��(SLGHPLRORJ\�RI�UHWLQDO�GHWDFKPHQW����$UFK��2SKWDOPRO��������
Y������S���������

�� +DMDUL�-�1��2SWLPL]LQJ�WKH�WUHDWPHQW�RI�UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW����$FWD��2SKWDOPRO��������
Y��������S������

�� +LOWRQ�*�)���*UL]]DUG�:�6��3QHXPDWLF�UHWLQRSH[\��D�WZR�VWHS�RXWSDWLHQW�RSHUDWLRQ�ZLWKRXW�FRQMXQFWLYDO
LQFLVLRQ����2SKWDOPRORJ\��������Y�����S���������

�� 7RUQDPEH� 3�(��� +LOWRQ� *�)�� 5HWLQDO� 'HWDFKPHQW� 6WXG\� *URXS�� 3QHXPDWLF� UHWLQRSH[\�� D� PXOWLFHQWHU�
UDQGRPL]HG� FRQWUROOHG� FOLQLFDO� WULDO� FRPSDULQJ� SQHXPDWLF� UHWLQRSH[\� ZLWK� VFOHUDO� EXFNOLQJ� ���
2SKWDOPRORJ\��������Y�����S���������

�� 7RUQDPEH�3�(���+LOWRQ�*�)���%ULQWRQ�'�$��HW�DO��3QHXPDWLF�UHWLQRSH[\��D�WZR�\HDU�IROORZ�XS�VWXG\�RI�WKH
PXOWLFHQWHU�FOLQLFDO�WULDO�FRPSDULQJ�SQHXPDWLF�UHWLQRSH[\�ZLWK�VFOHUDO�EXFNOLQJ����2SKWDOPRORJ\��������
Y�����S�����������

�� 7RUQDPEH� 3�(��� +LOWRQ� *�)��� .HOO\� 1�)�� HW� DO�� ([SDQGHG� LQGLFDWLRQV� IRU� SQHXPDWLF� UHWLQRSH[\� ���
2SKWDOPRORJ\��������Y�����S���������
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�� 7RUQDPEH�3�(��3QHXPDWLF�UHWLQRSH[\��7KH�HYROXWLRQ�RI�FDVH�VHOHFWLRQ�DQG�VXUJLFDO�WHFKQLTXH��$�WZHOHYH�
\HDU�VWXG\�RI�����H\HV����7UDQV�$P��2SKWDOPRO��6RF���������Y�����S���������

�� &KDQ�&�.���/LQ�6�*���1XWKL�$�6���6DOLE�'�0��3QHXPDWLF�UHWLQRSH[\�IRU�WKH�UHSDLU�RI�UHWLQDO�GHWDFKPHQWV�
D�FRPSUHKHQVLYH�UHYLHZ����������������6XUY��2SKWDOPRO���������Y�����S���������

�� )DELDQ�,�'���.LQRUL�0���(IUDWL�0��HW�DO��3QHXPDWLF�UHWLQRSH[\�IRU�WKH�UHSDLU�RI�SULPDU\�UKHJPDWRJHQRXV
UHWLQDO�GHWDFKPHQW����-$0$�2SKWDOPRO���������Y������S���������

��� 3HWUXVKNLQ�+�-��� (OJRKDU\�0�$��� 6XOOLYDQ� 3�0�� 5HVFXH� SQHXPDWLF� UHWLQRSH[\� LQ� SDWLHQWV� ZLWK� IDLOHG�
SULPDU\�UHWLQDO�GHWDFKPHQW�VXUJHU\����5HWLQD��������Y�����S�����������

��� *ROGPDQ�'�5��� 6KDK�&�3���+HLHU� -�6�� ([SDQGHG� FULWHULD� IRU� SQHXPDWLF� UHWLQRSH[\� DQG� SRWHQWLDO� FRVW�
VDYLQJV����2SKWDOPRORJ\��������Y���������S���������

��� +HLPDQ�+��� %DUW]�6FKPLGW� .�8��� %RUQIHOG� 1�� HW� DO�� 6FOHUDO� %XFNOLQJ� YHUVXV� 3ULPDU\�9LWUHFWRP\� LQ
5KHJPDWRJHQRXV� 5HWLQDO� 'HWDFKPHQW� 6WXG\� *URXS�� 6FOHUDO� EXFNOLQJ� YHUVXV� SULPDU\� YLWUHFWRP\� LQ
UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW��D�SURVSHFWLYH�UDQGRPL]HG�PXOWLFHQWHU�FOLQLFDO�VWXG\����2SKWDOPRORJ\��
������Y������S�����������

��� *LOFD�0��� 'XYDO� 5�� *RRG\HDU� (�� HW� DO�� )DFWRUV� DVVRFLDWHG� ZLWK� RXWFRPHV� RI� SQHXPDWLF� UHWLQRSH[\� IRU�
UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQWV��D�UHWURVSHFWLYH�UHYLHZ�RI�����FDVHV����5HWLQD�������Y��������S���������

��� (OODNZD�$�)��/RQJ�WHUP�UHVXOWV�RI�SQHXPDWLF�UHWLQRSH[\����&OLQ��2SKWDOPRO���������Y����S�������
��� 5DKDW� )��� 1RZURR]]DGHK� 0�+��� 5DKLPL� 0�� HW� DO�� 3QHXPDWLF� UHWLQRSH[\� IRU� SULPDU\� UHSDLU� RI�

UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQWV����5HWLQD�������Y��������S�����������
��� 0RGL�<�6���(SVWHLQ�$���)O\QQ�+�:��HW�DO��2XWFRPHV�DQG�FRPSOLFDWLRQV�RI�SQHXPDWLF�UHWLQRSH[\�RYHU�D�

���\HDU�SHULRG����2SKWKDOPLF�6XUJ��/DVHUV�,PDJLQJ�5HWLQD��������S��������S���������
��� 'KDPL�$���6KDK�.�.���5DWUD�'��3QHXPDWLF�UHWLQRSH[\�RXWFRPHV�DV�SULPDU\�RU�VHFRQGDU\�VXUJLFDO�RSWLRQ

IRU�WUHDWLQJ�UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW����,QGLDQ�-��2SKWKDOPRO��������Y��������S���������
��� 6HEDJ�-���7DQJ�0��3QHXPDWLF�UHWLQRSH[\�XVLQJ�RQO\�DLU����5HWLQD��������Y�����S������
��� &RH�5�3���(OOHU�$�:���)ULEHUJ�7�5��3QHXPDWLF�UHWLQRSH[\����$UFK��2SKWKDOPRO���������Y������S�����������
��� /LQJ� -��� 1RRUL� -��� 6D¿� )�� HW� DO�� 3QHXPDWLF� 5HWLQRSH[\� IRU� 5KHJPDWRJHQRXV� 5HWLQDO� 'HWDFKPHQW� LQ

3VHXGRSKDNLD����6HPLQ��2SKWKDOPRO���������Y��������S���������
��� 'DYLV�0�-���0XGYDUL� 6�6��� 6KRW� 6�� HW� DO��&OLQLFDO� FKDUDFWHULVWLFV� DIIHFWLQJ� WKH� RXWFRPH� RI� SQHXPDWLF

UHWLQRSH[\����$UFK��2SKWKDOPRO���������Y������S���������
��� *UL]]DUG�:�6��� +LOWRQ� *�)��� +DPPHU�0�(�� HW� DO�� 3QHXPDWLF� UHWLQRSH[\� IDLOXUHV�� &DXVH�� SUHYHQWLRQ��

WLPLQJ��DQG�PDQDJHPHQW����2SKWKDOPRORJ\��������Y������S���������
��� 5RRWPDQ�'�%���/XX�6�0���&RQWL�6��HW�DO��3UHGLFWRUV�RI�WUHDWPHQW�IDLOXUH�IRU�SQHXPDWLF�UHWLQRSH[\����&DQ�

-��2SKWKDOPRO���������Y�����S���������

Ⱥɥɢɡɚɞɚ�Ⱥ���Ⱦɨɝɚɧ�Ɇ���Ƀɨɡɝɚɬ�Ɂ���Ⱥɤɞɨɝɚɧ�Ɇ�

ȺɇȺɌɈɆɂɑȿɋɄɂȿ�ȼɂɁɍȺɅɖɇɕȿ�ɊȿɁɍɅɖɌȺɌɕ�ɉȿɊȼɂɑɇɈɃ
ɉɇȿȼɆȺɌɂɑȿɋɄɈɃ�ɊȿɌɂɇɈɉȿɄɐɂɂ�ɉɊɂ�ɊȿȽɆȺɌɈȽȿɇɇɈɃ
ɈɌɋɅɈɃɄȿ�ɋȿɌɑȺɌɄɂ

Ʉɚɮɟɞɪɚ� ɨɮɬɚɥɶɦɨɥɨɝɢɢ�� Ɇɟɞɢɰɢɧɫɤɚɹ� ɲɤɨɥɚ� ɩɪɢ� ɍɧɢɜɟɪɫɢɬɟɬɟ� Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɹ� ɝ�Ⱥɮɶɨɧɤɚɪɚɯɢɫɚɪ��
Ɍɭɪɰɢɹ

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ� ɪɟɝɦɚɬɨɝɟɧɧɚɹ�ɨɬɫɥɨɣɤɚ�ɫɟɬɱɚɬɤɢ��ɩɧɟɜɦɚɬɢɱɟɫɤɚɹ�ɪɟɬɢɧɨɩɟɤɫɢɹ��ɜɧɭɬɪɢɝɥɚɡɧɨɟ
ɞɚɜɥɟɧɢɟ

ɊȿɁɘɆȿ
ɐɟɥɶ ±�ɨɰɟɧɢɬɶ�ɚɧɚɬɨɦɢɱɟɫɤɢɣ�ɷɮɮɟɤɬ�ɢ�ɜɢɡɭɚɥɶɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ�ɪɟɬɢɧɨɩɟɤɫɢɢ�ɭ�ɩɚɰɢ�

ɟɧɬɨɜ�ɫ�ɪɟɝɦɚɬɨɝɟɧɧɨɣ�ɨɬɫɥɨɣɤɨɣ�ɫɟɬɱɚɬɤɢ�
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ
ȼ�ɷɬɨɦ�ɪɟɬɪɨɫɩɟɤɬɢɜɧɨɦ�ɢɫɫɥɟɞɨɜɚɧɢɢ�ɛɵɥɢ�ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ�ɡɚɩɢɫɢ����ɝɥɚɡ����ɩɚɰɢɟɧɬɨɜ��ɭ�ɤɨɬɨɪɵɯ

ɛɵɥɚ�ɩɧɟɜɦɚɬɢɱɟɫɤɚɹ�ɪɟɬɢɧɨɩɟɤɫɢɹ�ɜɫɥɟɞɫɬɜɢɟ�ɪɟɝɦɚɬɨɝɟɧɧɨɣ�ɨɬɫɥɨɣɤɢ�ɫɟɬɱɚɬɤɢ�ɜ�ɨɬɞɟɥɟɧɢɢ�ɨɮɬɚɥɶɦɨ�
ɥɨɝɢɢ�ɍɧɢɜɟɪɫɢɬɟɬɚ�ɦɟɞɢɰɢɧɫɤɢɯ�ɧɚɭɤ�Ⱥɮɶɨɧɤɚɪɚɯɢɫɚɪ�ɜ�ɩɟɪɢɨɞ�ɫ�ɞɟɤɚɛɪɹ������ɝɨɞɚ�ɩɨ�ɫɟɧɬɹɛɪɶ�����
ɝɨɞɚ��Ȼɵɥɢ�ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ�ɜɨɡɪɚɫɬ��ɩɨɥ�ɩɚɰɢɟɧɬɚ��ɤɨɪɪɟɤɰɢɹ�ɨɫɬɪɨɬɵ�ɡɪɟɧɢɹ��ɜɧɭɬɪɢɝɥɚɡɧɨɟ�ɞɚɜɥɟɧɢɟ�
ɩɪɟɞɨɩɟɪɚɰɢɨɧɧɚɹ�ɥɨɤɚɥɢɡɚɰɢɹ�ɪɚɡɪɵɜɨɜ�ɫɟɬɱɚɬɤɢ��ɦɚɤɭɥɹɪɧɨɟ�ɜɨɜɥɟɱɟɧɢɟ��ɬɢɩ�ɬɚɦɩɨɧɚɞɵ��ɫɨɩɭɬɫɬɜɭɸ�
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ɳɢɟ�ɨɫɥɨɠɧɟɧɢɹ��ɚ�ɬɚɤɠɟ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ�ɢ�ɚɧɚɬɨɦɢɱɟɫɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ�ɜ�ɩɪɟɞɨɩɟɪɚɰɢɨɧɧɨɦ�ɢ�ɩɨɫɥɟɨɩɟ�
ɪɚɰɢɨɧɧɨɦ�ɩɟɪɢɨɞɟ����ɞɟɧɶ��ɧɟɞɟɥɹ����ɣ����ɣ�ɢ�ɩɨɫɥɟɞɧɢɣ�ɦɟɫɹɰɵ��

Ɋɟɡɭɥɶɬɚɬɵ
ɂɡ� ��� ɩɚɰɢɟɧɬɨɜ� ��� �������� ɛɵɥɢ�ɦɭɠɱɢɧɵ� ɢ� ���ɠɟɧɳɢɧɵ��ɋɪɟɞɧɢɣ� ɜɨɡɪɚɫɬ� ɩɚɰɢɟɧɬɨɜ� ɫɨɫɬɚɜɢɥ� ����

���±����ɥɟɬ��ɍ������������ɩɚɰɢɟɧɬɨɜ�ɛɵɥɚ�ɦɚɤɭɥɹɪɧɚɹ�ɨɬɫɥɨɣɤɚ�����ɩɚɰɢɟɧɬɚɦ�������ɜɜɨɞɢɥɢ�ɩɟɪɮɥɭɪɨɩɪɨɩɚɧ�
���ɩɚɰɢɟɧɬɨɜ���������ɩɨɥɭɱɚɥɢ�ɝɟɤɫɚɮɬɨɪɢɞ�ɫɟɪɵ��ɢ���ɩɚɰɢɟɧɬɚ��������ɩɨɥɭɱɚɥɢ�ɝɟɤɫɚɮɬɨɪɷɬɚɧ��ɋɪɟɞɧɟɟ�ɜɧɭ�
ɬɪɢɝɥɚɡɧɨɟ�ɞɚɜɥɟɧɢɟ�ɫɨɫɬɚɜɢɥɨ�������ɦɦ�ɪɬ�ɫɬ��ɞɨ�ɩɪɢɦɟɧɟɧɢɹ�ɢ�������ɦɦ�ɪɬ�ɫɬ��ɱɟɪɟɡ�ɞɟɧɶ�ɩɨɫɥɟ�ɩɪɢɦɟɧɟɧɢɹ����
ɩɚɰɢɟɧɬɚɦ��������ɩɨɬɪɟɛɨɜɚɥɢɫɶ�ɚɧɬɢɝɥɚɭɤɨɦɚɬɨɡɧɵɟ�ɤɚɩɥɢ�ɞɥɹ�ɫɧɢɠɟɧɢɹ�ɜɧɭɬɪɢɝɥɚɡɧɨɝɨ�ɞɚɜɥɟɧɢɹ��ɑɚɫɬɨɬɚ
ɚɧɚɬɨɦɢɱɟɫɤɨɝɨ�ɭɫɩɟɯɚ�ɩɨɫɥɟ�ɨɞɧɨɣ�ɢɧɴɟɤɰɢɢ�ɫɨɫɬɚɜɢɥɚ�������������ɚ�ɩɨɫɥɟ�ɜɬɨɪɨɣ�ɢɧɴɟɤɰɢɢ�±������������
ɩɚɰɢɟɧɬɨɜ�������������ɩɚɰɢɟɧɬɨɜ�ɩɟɪɟɧɟɫɥɢ�ɨɩɟɪɚɰɢɸ�ɜɢɬɪɷɤɬɨɦɢɢ�SDUV�SODQD��ɇɚɢɥɭɱɲɚɹ�ɤɨɪɪɟɤɰɢɹ�ɨɫɬɪɨɬɵ
ɡɪɟɧɢɹ�ɞɨ�ɩɪɢɦɟɧɟɧɢɹ�ɢ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ�ɜ���ɣ�ɢ���ɣ�ɞɟɧɶ�ɫɨɫɬɚɜɢɥɚ������������ɢ������ORJ0$5�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�
ɗɧɞɨɮɬɚɥɶɦɢɬ��ɤɪɨɜɨɢɡɥɢɹɧɢɟ�ɜ�ɫɬɟɤɥɨɜɢɞɧɨɟ�ɬɟɥɨ��ɫɭɛɪɟɬɢɧɚɥɶɧɵɣ�ɝɚɡ�ɢɥɢ�ɩɪɨɥɢɮɟɪɚɬɢɜɧɚɹ�ɜɢɬɪɟɨɪɟɬɢɧɨ�
ɩɚɬɢɹ�ɧɟ�ɛɵɥɢ�ɨɬɦɟɱɟɧɵ�ɜ�ɝɥɚɡɚɯ�ɩɚɰɢɟɧɬɨɜ��ɋɪɟɞɧɟɟ�ɜɪɟɦɹ�ɧɚɛɥɸɞɟɧɢɹ�ɫɨɫɬɚɜɢɥɨ������ɦɟɫɹɰɚ�

Ɂɚɤɥɸɱɟɧɢɟ
ɉɧɟɜɦɚɬɢɱɟɫɤɚɹ�ɪɟɬɢɧɨɩɟɤɫɢɹ�±�ɷɬɨ�ɪɟɧɬɚɛɟɥɶɧɚɹ��ɛɟɡɨɩɚɫɧɚɹ�ɢ�ɷɮɮɟɤɬɢɜɧɚɹ�ɩɪɨɰɟɞɭɪɚ�ɞɥɹ�ɜɵɛɨɪɨɱ�

ɧɵɯ�ɫɥɭɱɚɟɜ�ɨɬɫɥɨɣɤɢ�ɫɟɬɱɚɬɤɢ��ɤɨɬɨɪɚɹ�ɨɩɢɫɵɜɚɟɬɫɹ�ɤɚɤ�ɤɚɛɢɧɟɬɧɚɹ�ɩɪɨɰɟɞɭɪɚ��ɇɟɫɦɨɬɪɹ�ɧɚ�ɬɨ��ɱɬɨ�ɷɬɚ
ɩɪɨɰɟɞɭɪɚ�ɧɚ�ɧɟɤɨɬɨɪɨɟ�ɜɪɟɦɹ�ɩɨɜɵɲɚɟɬ�ɜɧɭɬɪɢɝɥɚɡɧɨɟ�ɞɚɜɥɟɧɢɟ��ɦɟɫɬɧɵɟ�ɤɚɩɥɢ�ɩɨɦɨɝɚɸɬ�ɤɨɧɬɪɨɥɢɪɨ�
ɜɚɬɶ�ɷɬɨ�ɩɨɜɵɲɟɧɢɟ�

ԤOL]DGԥ�$���'R÷DQ�0���<R]JDW�=���$NGR÷DQ�0�

725�4øù$1,1�5(40$72*(1�4230$6,�=$0$1,�ø/.ø1�31(90$7ø.
5(7ø123(.6ø<$1,1�$1$720ø.�9ø=8$/�1Ԥ7ø&Ԥ/Ԥ5ø
$I\RQNDUDKLVDU�7LEE�(OPOΩUL�8QLYHUVLWHWLQLQ�7LEE�)DN�OWΩVL��2IWDOPRORJL\D�%|O�P���7�UNL\Ω

AoaU V|]OԥU� WRU�TLúDQÕQ�UHTPDWRJHQ�TRSPDVÕ��SQHYPDWLN�UHWLQRSHNVL\D��J|]GD[LOL�WΩ]\LT

;h/$6Ԥ
0ԥTVԥG ±�WRU�TLúDQÕQ�UHTPDWRJHQ�TRSPDVÕ�RODQ�SDVL\HQWOԥUGԥ�SQHYPDWLN�UHWLQRSHNVL\DQÕQ�DQDWRPLN�HIIHNWLQL

Yԥ�YL]XDO�QԥWLFԥOԥULQL�TL\PԥWOԥQGLUPԥN�
0aWHUiaO Yԥ mHWRGOaU
+D]ÕUNL� UHWURVSHNWLY� WԥGTLTDWD� �����F�� LOLQ� GHNDEU� D\ÕQGDQ� �����FL� LOLQ� VHQW\DEU� D\ÕQD� TԥGԥU� P�GGԥWGԥ�

$I\RQNDUDKLVDU�7LEE�(OPOԥUL�8QLYHUVLWHWL�7LEE�)DN�OWԥVLQLQ�2IWDOPRORJL\D�%|O�P�QGԥQ�NHoPLú�WRU�TLúDQÕQ�UHTPDWRJHQ
TRSPDVÕ� QԥWLFԥVLQGԥ� \DUDQPÕú� SQHYPDWLN� UHWLQRSHNVL\D� LOԥ� ��� SDVL\HQW� ���� J|]�� GD[LO� HGLOPLú� Yԥ� DOÕQDQ� QԥWLFԥOԥU�
WԥKOLO� HGLOPLúGLU�� 3DVL\HQWLQ� \DúÕ�� FLQVL�� J|UPԥ� LWLOL\L�� J|]GD[LOL� Wԥ]\LT�� ԥPԥOL\\DWGDQ� |QFԥ� WRU� TLúD� TRSPDODUÕQÕQ
ORNDOL]DVL\DVÕ��PDNXODGD�RODQ�Gԥ\LúLNOLNOԥU��WRPSDQDGD�WLSL��\DQDúÕ�JHGԥQ�IԥVDGODU��KԥPoLQLQ�ԥPԥOL\\DWGDQ�ԥYYԥO�Yԥ
VRQUD����FL�J�Q���FL�KԥIWԥ����FL�D\����FÕ�D\�Yԥ�VRQ�D\ODU��IXQNVLRQDO�Yԥ�DQDWRPLN�J|VWԥULFLOԥU�TH\Gԥ�DOÕQPÕúGÕU�

1ԥWiFԥ
���SDVL\HQWGԥ����QԥIԥU���������NLúL�����VÕ�±�TDGÕQ�ROPXúGXU��2UWD�\Dú�KԥGGL��������������WԥúNLO�HWPLúGLU��0DNXO\DU�

\ÕUWÕT������������DúNDU�HGLOPLúGLU�����SDVL\HQWԥ�������SHUÀXURSURSDQ�����SDVL\HQWԥ���������N�N�UG�KHNVDÀXRULG�Yԥ
��SDVL\HQWԥ��������KH[DÀXRURHWDQH�\HULGLOPLúGLU��øQ\HNVL\DQÕQ�WԥWELTLQGԥQ�ԥYYԥO�RUWD�J|]GD[LOL�Wԥ]\LT�������PP�F�V���
VRQUD�������PP�F�V��WԥúNLO�HWPLúGLU����SDVL\HQWԥ��������J|]GD[LOL�Wԥ]\LTLQ�HQGLULOPԥVL��o�Q�DQWLTODXNRPDWR]�GDPFÕODU�
WԥOԥU�ROXQPXúGXU��$QDWRPLN�P�YԥIIԥTL\\ԥWԥ�ELULQFL�LQ\HNVL\DGDQ�VRQUD�������������LNLQFL�LQ\HNVL\DGDQ�VRQUD�±��
��������SDVL\HQWGԥ�QDLO�ROXQPXúGXU��9LWUHNWRPL\D�SDUV�SODQD�ԥPԥOL\\DWÕ������������SDVL\HQWGԥ�DSDUÕOPÕúGÕU��*|UPԥ�
LWLOL\LQLQ�GDKD�\D[úÕ�NRUUHNVL\DVÕ�ԥPԥOL\\DWGDQ�ԥYYԥO��ԥPԥOL\\DWGDQ���Yԥ���J�Q�VRQUD�P�YD¿T�RODUDT������������Yԥ
�����ORJ0$5�WԥúNLO�HWPLúGLU��+Ho�ELU�[ԥVWԥGԥ�HQGRIWDOPLW��ú�úԥYDUL�FLVPԥ�TDQVÕ]PD��VXEUHWLQDO�Gԥ\LúLNOLNOԥU�Yԥ�\D�
SUROLIHUDWLY�YLWUHRUHWLQRSD\D�TH\G�HGLOPԥPLúGLU��2UWD�P�úDKLGԥ�G|YU�������D\�WԥúNLO�HWPLúGLU�

<HNXQ
3QHYPDWLN�UHWLQRSHNVL\D�±�NDELQHW�úԥUDLWLQGԥ�DSDUÕOD�ELOԥFԥN�VHoLOPLú�WRU�TLúD�TRSPDODUÕ�KDOODUÕQÕQ�VԥPԥUԥOL�

WԥKO�NԥVL]�Yԥ�HIIHNWLY�SURVHGXUX�VD\ÕOÕU��%D[PD\DUDT�NL��EX�SURVHGXU�TLúD�P�GGԥWOL�J|]GD[LOL�Wԥ]\LTLQ�DUWPDVÕQD
VԥEԥE�ROXU��ODNLQ�\HUOL�GDPFÕODU�EXQX�Qԥ]DUԥW�DOWÕQGD�VD[ODPD÷D�LPNDQ�YHULU�

&RUUHVSRQGLQJ�DXWKRUV�
$QDU� $OÕ]DGD�� 0'�� &RUUHVSRQGLQJ� $XWKRU�� 'HSDUPHQW� RI� 2SWKDOPRORJ\�� $I\RQNDUDKLVDU� +HDOWK� 6FLHQFHV
8QLYHUVLW\�0HGLFDO�6FKRRO��$I\RQNDUDKLVDU��7XUNH\
(�PDLO��DQDUHOL��#KRWPDLO�FRP
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Ψ�ΨOL\HY�DGÕQD�$]ΩUED\FDQ�'|YOΩW�+ΩNLPOΩUL�7ΩNPLOOΩúGLUPΩ�øQVWLWXWX��RIWDOPRORJL\D�NDIHGUDVÕ��%DNÕ�úΩK�

AoaU V|]OԥU� [URQLNL�EOHIDULW��TXUX�J|]�VLQGURPX��NRUWLNRVWHURLG��������VLNORVSRULQ

4XUX�J|]�VLQGURPX��4*6��G�Q\DGD�JHQLú�\D\ÕOÕE�Yԥ�P�DVLU�RIWDOPRORJL\DQÕQ�DNWXDO�SUREOHPOԥULQGԥQ�KHVDE�
ROXQXU��5XV� WԥGTLTDWoÕODUÕQD�J|Uԥ�����\DúD�TԥGԥU�RIWDOPRORML�SUR¿OOL�[ԥVWԥOԥULQ�����ԥ�TԥGԥUL�����\DúGDQ�\X[DUÕ
RODQODUÕQ�����GԥQ�oR[�KLVVԥVL�EX�[ԥVWԥOLNGԥQ�ԥ]L\\ԥW�oԥNLU��6RQ����LOGԥ³TXUX�J|]´�VLQGURPXQD�UDVWJԥOLQPԥ�WH]OL\L�
����GԥIԥ�DUWPÕúGÕU�>���@�

øNLQFLOL� TXUX� J|]� VLQGURPXQXQ� IRUPDODúPDVÕQGD� J|]� VԥWKLQLQ� [URQLNL� LOWLKDEL� [ԥVWԥOLNOԥULQLQ� �|Q� Yԥ� DU[D�
EOHIDULWOԥU��[URQLNL�UHVLGLYYHUԥQ�[DOD]LRQODU��UR]DVHD��VDSYDUL�NHUDWLW��EX\QX]�TLúDQÕQ�KHUSHWLN�PԥQúԥOL�UHVLGLYYHUԥQ
HUR]L\DODUÕ��PH\ERPL�Yԥ]L�GLVIXQNVL\DVÕ��DGHQRYLUXV�NHUDWRNRQ\XQNWLYLWOԥULQLQ�JHF�ID]DODUÕ��UROX�V�EXW�ROXQPXúGXU��
øNLQFLOL� TXUX� J|]� VLQGURPX� [URQLNL� EOHIDULWL� RODQ� [ԥVWԥOԥULQ� �����������LQGԥ� DúNDUODQÕE� >���@�� 'LJԥU� WԥUԥIGԥQ
[URQLNL�EOHIDULW��|]�Q|YEԥVLQGԥ�4*6�QXQ�VԥEԥEOԥUL�DUDVÕQGD�NLID\ԥW�TԥGԥU�E|\�N�Yԥ�[�VXVL�\HU�WXWXU��0D\oXN<�)�
Yԥ�EDúTDODUÕQD�J|Uԥ�4*6�ԥODPԥWOԥUL�RODQ�[ԥVWԥOԥULQ���������LQGԥ�PH\ERPL�Yԥ]L�GLVIXQNVL\DVÕ�LOԥ�RODQ�EOHIDULW�
ԥODPԥWOԥUL�DúNDU�ROXQPXúGXU�>���@��4�6�3ROXQLQ�KԥPP�ԥOOLÀԥUOԥ�4*6�QXQ�EOHIDURNRQ\XQNWLYDO�IRUPDVÕQÕ�D\ÕUPD÷Õ
WԥNOLI�HWPLúGLU��0�ԥOOLIԥ�J|Uԥ�EX�IRUPD�4*6�RODQ�[ԥVWԥOԥULQ��PXPL�VD\ÕQÕQ�����QL�WԥúNLO�HGLU�>�@�

%OHIDULWOԥUGԥ� PH\ERPL� Yԥ]LQ� GLVIXQNVL\DVÕ� �09'�� P�úDKLGԥ� ROXQXU� NL�� EX� GD� VHNUHWLQ� TDWÕODúPDVÕQD�� Yԥ]
D[DUODUÕQÕQ� oDSÕTODúPDVÕ� LOԥ� KLSHU�� Yԥ� \D� KLSRVHNUHVL\D\D� JԥWLULE� oÕ[DUÕU� >�@��*|]\DúÕ� SԥUGԥVLQLQ� [DULFL� TDWÕQÕQ�
WԥUNLELQԥ� GD[LO� RODQ� OLSLG� VHNUHWLQL� KD]ÕUOD\DQ�PH\ERPL� Yԥ]LQLQ� D[DUODUÕ� TDSD÷ÕQ� DU[D� NԥQDUÕQGD� LQWUDPDUJLQDO�
VDKԥ\ԥ�DoÕOÕU�>��@��09'�GD�J|]\DúÕ�SԥUGԥVLQLQ�OLSLG�TDWÕQÕQ�TDOÕQOÕ÷Õ�D]DOÕU�Yԥ�J|]�\DúÕQÕQ�EX[DUODQPDVÕ�DUWÕU�NL��
J|]\DúÕ�SԥUGԥVLQLQ�VWDELOOL\LQLQ�X]XQP�GGԥWOL�SR]XOPDVÕ�QԥWLFԥVLQGԥ�³TXUX�J|]´VLQGURPX�PH\GDQD�oÕ[ÕU�>�����@�

%X\QX]� TLúDGD�� NRQ\XQNWLYDGD� Yԥ� J|]\DúÕ� SԥUGԥVLQLQ� NRPSRQHQWOԥULQL� VHNUHVL\D� HGԥQ� Yԥ]LOԥUGԥNL� LOWLKDEOD
P�EDUL]ԥ�TXUX�J|]�VLQGURPX� LOԥ�RODQ�[ԥVWԥOԥULQ�NRQVHUYDWLY�P�DOLFԥVLQLQ�ԥVDV� LVWLTDPԥWOԥULQGԥQ�ELULGLU�� øOWLKDE�
ԥOH\KLQԥ�P�DOLFԥ�GHGLNGԥ��TO�NRNRUWLNRLGOԥULQ��LOWLKDE�ԥOH\KLQԥ�TH\UL�VWHURLG�SUHSDUDWODUÕQ�\HUOL�LVWLIDGԥVL�Yԥ�VLVWHP
úԥNOLQGԥ� WHWUDVLNOLQ��GRNVLVLNOLQ�Yԥ�PLQRVLNOLQLQ�TԥEXOX�DLGGLU��.DWDUDNWDQÕQ�ԥPԥOԥ�JԥOPԥVLQL� V�UԥWOԥQGLUGL\L�Yԥ
J|]GD[LOL� Wԥ]\LTL�\�NVԥOWGL\L��o�Q�NRUWLNRVWHURLGOԥULQ�X]XQ�P�GGԥWOL� LVWLIDGԥVL�DU]XROXQPD]GÕU��+D]ÕUGD�P�DVLU�
P�DOLFԥ�PHWRGODUÕQGDQ�KHo�ELUL�4*6�QXQ�IRUPDODúPDVÕQGD�ԥVDV�DPLO�RODQ�J|]�VԥWKLQLQ�LOWLKDEÕQD�LVWLTDPԥWOԥQԥQ
SDWRJHQHWLN� [DUDNWHU� GDúÕPÕU�� %X� IRQGD� VSHVL¿N� LOWLKDE� ԥOH\KLQԥ� �7�OLPIRVLWOԥULQ� DNWLYOL\LQLQ� D]DOPDVÕ� Yԥ� SUR�
LOWLKDE� VLWRNLQOԥULQLQ� HNVSUHVVL\DVÕ�� Yԥ� J|]� VԥWKL� K�FH\UԥOԥULQLQ� DSRSWR]XQXQ� DNWLYOL\LQL� D]DOWPD� HIIHNWL� LOԥ
VԥFL\\ԥOԥQԥQ�SUHSDUDWÕQ�LúOԥQPԥVL�E�W�QO�NOԥ�4*6�QXQ�P�DOLFԥVLQLQ�WԥNPLOOԥúPԥVLQGԥ�YDFLE�Yԥ�SULQVLSLDO�KHVDE
ROXQXU�>��������@��$QFDT�EXQD�R[úDU�Yԥ]L\\ԥWOԥULQ�P�DOLFԥ�PHWRGODUÕQGD�LOWLKDEL�SURVHVԥ�X]XQP�GGԥWOL�Qԥ]DUԥWԥ
LVWLTDPԥWOԥQPԥ�DPLOL�\R[GXU��%HOԥ�DPLO�NLPL�������VLNORVSRULQ�J|]�GDPFÕVÕQÕQ�LVWLIDGԥVL�|Q�SODQD�oÕ[ÕU��6LNORVSRULQ
X]XQ�P�GGԥW�GDYDP�HGԥQ�LOWLKDEÕ�DUDGDQ�TDOGÕUPDT��o�Q�LVWLIDGԥ�ROXQXU��6LNORVSRULQ�NDOVLQHYULQ�LQKLELWRUX�ROXE�
7�K�FH\UԥOԥULQ� WԥVLULQL� EORNDGD� HGԥUԥN� LOWLKDE� VLWRNLQOԥULQLQ� oÕ[PDVÕQÕ� D]DOGDUDT� TԥGԥKԥEԥQ]ԥU� K�FH\UԥOԥULQ
DSRSWR]XQXQ�TDUúÕVÕQÕ�DOÕU�Yԥ�EX�\ROOD�4*6�QXQ�VLPSWRP�Yԥ�ԥODPԥWOԥULQL�D]DOGÕU�>�����@�

%OHIDULWOԥULQ�ԥQԥQԥYL�P�DOLFԥ�V[HPLQԥ�LOÕT�NRPSUHVVOԥUOԥ�J|]�TDSD÷ÕQÕQ�JLJL\HQDVÕ��DúD÷Õ�GR]DGD�WHWUDVLNOLQLQ
SHURUDO� TԥEXOX�� \HUOL� DQWLELRWLNOԥU�� OD]ÕP� JԥOGLNGԥ� VWHURLGOԥU� DLGGLU�� $÷ÕU� JHGLúOL� EOHIDULWOԥULQ� P�DOLFԥVLQGԥ�
VLNORVSRULQLQ�P�VEԥW�UROX�WԥVGLTOԥQPLúGLU�>��@��

0ԥTVԥG�±�NOLQLNL�Yԥ�ODERUDWRU�WԥGTLTDWODUÕQ�QԥWLFԥOԥUL�ԥVDVÕQGD�[URQLNL�EOHIDULW�IRQXQGD�LQNLúDI�HGԥQ�4*6�RODQ�
[ԥVWԥOԥUGԥ�EOHIDULWLQ�NOLQLN�JHGLú�[�VXVL\\ԥWLQԥ�ԥVDVԥQ�RQXQ�VԥPԥUԥOL�P�DOLFԥVLQL�P�ԥ\\ԥQ�HWPԥN�

0aWHUiaO Yԥ mHWRGOaU
7ԥGTLTDWD������FL�LOGԥ�DNDG��=ԥULIԥ�ԤOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ԥUNԥ]LQԥ�P�UDFLԥW�HWPLú�[URQLNL�EOHIDULW�

IRQXQGD�LQNLúDI�HGԥQ�4*6�RODQ����[ԥVWԥ�GD[LO�HGLOPLúGLU��<Dú�KԥGGL�������DUDVÕQGD�ROPXúGXU��7ԥ\LQ�ROXQDQ�P�DOLFԥGԥQ
DVÕOÕ�RODUDT�[ԥVWԥOԥU���TUXSD�D\UÕOPÕúGÕU�NL����FL�TUXSD����[ԥVWԥ��RQODUGDQ���NLúL�Yԥ����TDGÕQ������J|]��Yԥ���FL�TUXSD
���[ԥVWԥ��RQODUGDQ���NLúL�Yԥ����TDGÕQ������J|]��GD[LO�HGLOPLúGLU����FL�TUXS�[ԥVWԥOԥULQ�P�DOLFԥVLQԥ�OXEULNDQWODUÕQ�Yԥ
NRUWLNRVWHURLGOԥULQ� D]DODQ� V[HPOԥ� LQVWLOO\DVL\DVÕ� GD[LO� HGLOPÕúGLU�� øNLQFL� TUXS� [ԥVWԥOԥU� J|VWԥULOԥQ� WHUDSL\DGDQ� ԥODYԥ
J|]OԥULQԥ�����D\�P�GGԥWLQGԥ�J�QGԥ���GԥIԥ�ROPDTOD�������VLNORVSRULQ�PԥKOXOX��'HSRUHV��9HID�øODo��GDPÕ]GÕUPÕúODU��
0�úDKLGԥ�P�GGԥWL���D\GDQ����D\D�TԥGԥU�ROPXúGXU��6WDQGDUW�RIWDOPRORML�P�D\LQԥ�±�DQDPQH]LQ�WRSODQPDVÕ��YL]RPHWUL\D�
SQHYPRWRQRPHWUL\D�� ELRPLNURVNRSL\D�� RIWDOPRVNRSL\D� DSDUÕOPÕúGÕU�� ԤODYԥ�PHWRGODUÕQ� N|Pԥ\LOԥ� J|]\DúÕQÕQ� KDVLOL
�ùLUPHU�,���TDSDT�NԥQDUÕQÕQ�Yԥ�PH\ERPL�Yԥ]LOԥULQLQ�Yԥ]L\\ԥWL��ELRPLNURVNRSL\D���J|]\DúÕ�SԥUGԥVLQLQ�VWDELOOL\L��1RUQ�
VÕQD÷Õ���J|]\DúÕ�PHQLVNLQLQ�|Oo�OPԥVL��J|]�VԥWKLQLQ�Yԥ]L\\ԥWL��VLWRORML�P�D\LQԥ��TL\PԥWOԥQGLULOPLúGLU�


