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7KH� FRPSDUDWLYH� DQDO\VLV� RI� WKH� GLVORFDWLRQ� LPDJHV� REWDLQHG� E\� RSWLFDO� DQG� VFDQQLQJHOHFWURQ�PLFURVFRS\� LQ�*H VLQJOH� FU\VWDOV� KDV� EHHQ� FDUULHG� RXW�� 7KH� UHVXOWV� REWDLQHG� E\ERWK� PHWKRGV� DJUHH� ZHOO� ZLWK� HDFK� RWKHU�� :KHQ� WKHUH� LV� QR� LPSXULW\� DWPRVSKHUH�� WKHHWFKLQJ�SLW�RU�WKH�LPDJH�VSRW�RQ�WKH�GLVORFDWLRQ�LV�DERXW���µP�LQ�GLDPHWHU��%\�FUHDWLQJ�DQHOHFWULF�ILHOG�DW�WKH�VHPLFRQGXFWRU�VXUIDFH��WKH�VSDWLDO�FKDUJH�DUHD�DURXQG�WKH�GLVORFDWLRQFDQ�EH�SRODUL]HG��$�FRQWUDVW�DSSHDUV�DURXQG�WKH�GLVORFDWLRQ�ZKHQ�WKH�DUHD� LV� VFDQQHG�E\HOHFWURQ�EHDP��7KLV�HQDEOHV�WKH�GLVWLQJXLVKLQJ�RI�GLVORFDWLRQV�FUHDWHG�E\�ORZ�WHPSHUDWXUHGHIRUPDWLRQ�DPRQJ�QHXWUDO�LPSXULW\�LQFOXVLRQV�LQ�D�FU\VWDO�
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$� FKDUDFWHULVWLF� IHDWXUH� RI� GLVORFDWLRQVLQGXFHG� LQ� *H DQG� 6L E\� VWUDLQLQJ� DW� ORZWHPSHUDWXUHV�������.��FRQVLVWV�LQ�WKDW�WLQ\HWFKLQJ�SLWV�DERXW��Ü���� µP�VL]H� >����@� DUHUHYHDOHG�WKHUHRQ�E\�VHOHFWLYH�FKHPLFDO�HWFK �LQJ�LQ�VWDQGDUG�HWFKHUV�>�@��3LWV�RI�DSSUR[L �PDWHO\� WKH� VDPH� GLPHQVLRQV� DULVH� DW� WKHHWFKLQJ� RQ� WKH� LQFOXVLRQV� VXFK� DV� *H2[ LQ*H DQG�6L2[ RU�$�FOXVWHUV�>�@�LQ�6L��,Q�YLHZRI� WKH� IDFW�� WKHUH�DUH�GLIILFXOWLHV� LQ� LGHQWL �ILFDWLRQ� RI� GLVORFDWLRQ� ORRSV� HPHUJLQJ� LQWKLQ� VXEVXUIDFH� OD\HUV� DW� ORZ�WHPSHUDWXUHVWUDLQLQJ��&RPSDUDWLYH�DQDO\VLV�RI�WKH�GLVOR �FDWLRQ� LPDJHV� REWDLQHG� E\� RSWLFDO� PLFURV �FRS\�DQG�E\�VFDQQLQJ�HOHFWURQ�SUREH�LV�GRQHLQ�WKLV�ZRUN�7KH� ILUVW� VHULHV� RI� H[SHULPHQWV�ZDV� FDU �ULHG� RXW� RQ� WKH� JURZWK� GLVORFDWLRQV� KDYLQJVRPH� LPSXULW\� DWPRVSKHUH�� ,W� ZDV� HVWDE �OLVKHG� WKDW� WKH� GLPHQVLRQ� RI� GLVORFDWLRQ

LPDJH� GHFUHDVHV� WR� DERXW� �Ü���� µP� LI� WKHGLVORFDWLRQ� OHDYHV� WKH� LPSXULW\� DWPRVSKHUHZKLOH� PRYLQJ�� ,Q� WKH� VHFRQG� VHULHV� RI� H[ �SHULPHQWV�� RSWLFDO� DQG� HOHFWURQ� SUREH� LP �DJHV�RI�IUHVK�GLVORFDWLRQV�LQGXFHG� LQ� *H E\ORZ�WHPSHUDWXUH�VWUDLQLQJ�LQ�WKH�DEVHQFH�RILPSXULW\� DWPRVSKHUH� DURXQG� WKH� GLVORFD �WLRQV�ZHUH�FRPSDUHG�6LQJOH� FU\VWDOV� RI� *H ��w������ EUDQG�GRSHG�ZLWK�6E DQG�KDYLQJ�WKH�GHQVLW\�RI�WKHJURZWK� GLVORFDWLRQV� DERXW� ��� ⋅��� FPÜ�ZHUH�XVHG��6DPSOHV�ZHUH�FXW�RXW�DV�UHFWDQ �JXODU� SDUDOOHOHSLSHGV� RI� HGJH� VL]HV� RI�×���×���PP� RULHQWHG�LQ�>���@��>���@��DQG>���@� GLUHFWLRQV�� UHVSHFWLYHO\�� 7KH� VDPSOHVZHUH� VWUDLQHG� DW� 7  ����� .� E\� SUHVVLQJDORQJ� WKH� >���@� GLUHFWLRQ�� 7KH� VDPSOHV� RIWKH� ILUVW� VHULHV� ZHUH� WHVWHG� E\� XQLD[LDOVWUDLQLQJ�XQGHU�VWHS�E\�VWHS�ORDGLQJ�UHJLPH�7KH� ORDGLQJ� VWHS� YDOXH� ZDV� ∆σ  ����03D�
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7KH� WLPH� GHOD\� DW� HDFK� ORDGLQJ� VWHS� ZDV���� K�� 7KH� QXPEHU� RI� VWHSV� YDULHG� IURP� �XS� WR� ���� 6R� DW� WKH� WRWDO� ORDGLQJ
σΣ≤��� 03D�� WKH� VWHS�E\�VWHS� FUHHS� LQ� WKHILHOG� RI� JURZWK� GLVORFDWLRQ� H[KDXVWLRQPHFKDQLVP� >�@� ZDV� DVVXUHG�� $W� WKH� WRWDOORDGLQJ� σΣ !���� 03D�� PLFURSODVWLF� VWUDLQDURVH�GXH�WR�IRUPDWLRQ�RI�QHZ�GLVORFDWLRQV�7KH� VHOHFWLYH� HWFKLQJ� RQ� GLVORFDWLRQV� ZDVFDUULHG�RXW�LQ�FKURPLF�HWFKHU�>�@�7KH�GLVORFDWLRQ�VWUXFWXUH�UHYHDOHG�RQ�WKH>���@� VXUIDFH� RI� D� VWUDLQHG� *H VDPSOH� E\VFDQQLQJ�PLFURVFRS\�LQ�WKH�PRGH�RI�WKH�VHFRQ �GDU\�HOHFWURQV�H[WUDFWLRQ�LV�VKRZQ�LQ�)LJ���D �,W� FDQ� EH� VHHQ� WKDW� ZKLOH� PRYLQJ� �LQ� WKHGLUHFWLRQ� ���� WKH� JURZWK� GLVORFDWLRQV� OHDYHWKH� LPSXULW\� FORXG�� :KHQ� D� GLVORFDWLRQ� LVFRPSOHWHO\� VHSDUDWHG� IURP� &RWWUHOO� DWPRV �SKHUH�� LW� LV� VHHQ� DV� D� VPDOO� �a�Ü���� µP�OLJKW�VSRW��2Q�WKH�VDPH�LPDJH��WKH�RULJLQ�RIQHZ�KDOI�ORRSV�RQ�WKH�LQFOXVLRQV��PDUNHG�DV���FDQ�EH�VHHQ��$�SRVVLEOH�PHFKDQLVP�RI�WKHKDOI�ORRS�RULJLQ�KDV�EHHQ�GHVFULEHG�LQ�>�@��$PHWDOORJUDSKLF�LPDJH��)LJ���E��FRQILUPV�WKHDERYH�GHVFULEHG�HIIHFW��DW�D�SDUWLDO�GLVSODFH �PHQW�� D� ODUJH� WULDQJXODU� SLW� �PDUNHG� DV� ��LV�UHYHDOHG�DW�WKH�GLVORFDWLRQ��:KHQ�WKH�GLV �ORFDWLRQ� LV� FRPSOHWHO\� VHSDUDWHG� IURP� WKHLPSXULW\� FORXG�� WKH� WULDQJXODU� SLW� VL]H� GH �FUHDVHV�WR�a��µP��PDUNHG�DV�����'XULQJ�ORZ�WHPSHUDWXUH� VWUDLQLQJ�� GLVORFDWLRQV� DUH� GLV �SODFHG� DQG� VHSDUDWHG� IURP� LPSXULW\� FORXGVLQ�WKH�WKLQ�VXEVXUIDFH�*H OD\HU��QRW�WKLFNHUWKDQ��Ü��µP���7KHUHIRUH��LI�WKH�OD\HU�RI�WKH

PHQWLRQHG�WKLFNQHVV�LV�UHPRYHG�E\�FKHPLFDOSROLVKLQJ� DQG� WKHQ� WKH� FU\VWDO� LV� HWFKHG� LQWKH� VHOHFWLYH� HWFKHU�� D� ODUJH� SLW� FDQ� EHHWFKHG�DJDLQ�DW�WKH�GLVORFDWLRQ�7KHUH�LV�QR�FRPPRQ�RSLQLRQ�LQ�OLWHUDWXUHRQ� WKH� LPSXULW\� DWPRVSKHUH� LQIOXHQFH� RQWKH� HWFKLQJ� SLW� VL]H�� 6R�� LQ� >�@�� LW� LV� QRWHGWKDW� LQ� WKH� FDVH� RI� DQ� �DJHG�� GLVORFDWLRQ�WKH� LPSXULW\� DWPRVSKHUH� ERXQG� WKHUHZLWKFDXVHV� D� GHFUHDVH� LWV� NHUQHO� HQHUJ\� DV�ZHOODV� HODVWLF� HQHUJ\�� 7KHUHIRUH�� WKH� WUHQG� WRHWFKLQJ� SLW� IRUPDWLRQ� LV� GHFUHDVHG�� +RZ �HYHU��ZKHQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DWRPFKHPLFDO� SRWHQWLDO� LQ� D� FU\VWDO� DQG� LQ� VXU �URXQGLQJ�HWFKHU�LV�VPDOO�HQRXJK��WKH�VLWH�RIWKH� DJHG� GLVORFDWLRQ� PD\� EH� D� SUHIHUUHGVRXUFH�RI�GLVVROXWLRQ� VWHSV��$V�D�UHVXOW��DQHWFKLQJ�SLW�LV�IRUPHG�>�@�*H VDPSOHV� RI� WKH� VHFRQG� VHULHV� ZHUHVWUDLQHG� XVLQJ� SUHVVLQJ�XQORDGLQJ� F\FOHV� DW���� .�� 7KH� KLJKHVW� VWUHVV� YDOXH� ZDV���� 03D�� WKH� F\FOH� GXUDWLRQ� ZDV� �� K� DQGWKH�WRWDO�WHVWLQJ�WLPH�����K��6LPXOWDQHRXVO\ZLWK�F\FOLF�VWUDLQLQJ��WKH�VDPSOH�ZDV�LUUDGL �DWHG� ZLWK� ����� N+]� XOWUDVRXQG� DW� �� :SRZHU��8QGHU�WKHVH�FRQGLWLRQV��WKH�ORZ�WHP �SHUDWXUH� PLFURSODVWLFLW\� GLIIXVLRQ� PHFKD �QLVP� LQKHUHQW� LQ� VXEVXUIDFH� FU\VWDO� OD\HUVLV� UHDOL]HG� DQG� GHQVLW\� RI� VWUDLQ�LQGXFHGGLVORFDWLRQV�LV�UDLVHG�>�@�$Q�RSWLFDO�LPDJH�RI�VWUXFWXUDO�GHIHFWV�RQWKH� ������ ODWHUDO� VXUIDFH� RI� WKH� VWUDLQHGVDPSOH�LV�VKRZQ�LQ�)LJ�����+DOI�ORRS�RXWOHWVDUH� VHHQ� DV� SDLUV� RI� SLWV� �PDUNHG� DV� ��� RUWKHLU� WULDGV� �PDUNHG� DV� ����2QH� RI� WKH� SLWVLQ�D�WULDG�FRUUHVSRQGV�WR�WKH�LQFOXVLRQ�WKDWKDV� FDXVHG� D� GLVORFDWLRQ� ORRS�� 7KH� VL]HV� RI

)LJ������D��6(0�LPDJH�RI�VWUDLQ�LQGXFHG�GLVOR�FDWLRQV�� (QHUJ\� RI� KLWWLQJ� HOHFWURQV� LV��� NH9�� WKH� EHDP� FXUUHQW� ����� µ$�� HOHFWUR�VWDWLF� ELDV� ILHOG� VWUHQJWK� RQ� WKH� VXUIDFH�����9�FP��×������ 7KH� QHXWUDO� LPSXULW\� LQ�FOXVLRQV� DUH� VKRZQ� E\� DUURZV�� �E�� 2SWLFDOLPDJH�RI�QHZ�GLVORFDWLRQV�LQGXFHG�LQ�*H FU\V�WDO�E\�F\FOH�VWUDLQLQJ�XQGHU�VLPXOWDQHRXV�XO�WUDVRXQG�LUUDGLDWLRQ�DW�7  �����.��×����
)LJ������D��6(0�LPDJH�RI�WKH�������VXUIDFH�RID� VWUDLQHG� *H VDPSOH� E\� SUHVVLQJ� ZLWK� ORDGLQFUHDVLQJ� VWHS� ZLVD� XS� WR� σΣ  �����03D�
×�������E��2SWLFDO�LPDJH�WRWDO�SUHVVLQJ�VWUHVV
σΣ  ����03D��×�����
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ORRSV� DUH�ZLWKLQ� �� WR��� µP� WKDW� LV� QHDU� WRWKH� WKLFNQHVV� �a�� µP�� RI� WKH� DQRUPDORXVSODVWLF� VXUIDFH� OD\HU�� 7KH� ERWK� LPDJHV� LQ)LJ���� DUH� WDNHQ� LQ� DQ� DUHD� RI� GLVORFDWLRQDFFXPXODWLRQ�ZKHUH� WKH� GLVORFDWLRQ� GHQVLW\LV�a��� FPÜ���$W�WKH�UHVW�RI�WKH�VXUIDFH�� LWLV� HVVHQWLDOO\� ORZHU� �� ⋅��� WR� �⋅��� FPÜ���7KH� VKRUW� GLVORFDWLRQ� ORRSV� FDQQRW� EH� UH �YHDOHG� DQG� LGHQWLILHG� UHOLDEO\� E\� XVXDO� ;�UD\�WRSRJUDSK\�PHWKRGV�>�@�7KHUH� DUH� SUREOHPV� LQ� LQYHVWLJDWLRQ� RIGLVORFDWLRQV� ZLWK� VR� ORZ� GHQVLW\� DOVR� ZKHQWKH�HOHFWURQ�WUDQVOXFHQW�PLFURVFRS\�LV�XVHG�7KH� GLVORFDWLRQ� GHQVLW\� VKRXOG� EH� KLJKHQRXJK� ����Ü���� FPÜ��� LQ� RUGHU� WKDW� WKHLQYHVWLJDWHG� REMHFW� ZLOO� IDOO� LQWR� WKH� YHU\UHVWULFWHG�IRLO�DUHD��7KH� JDS� EHWZHHQ� RSSRUWXQLWLHV� RI� VWUXF �WXUDO�H[DPLQDWLRQV�E\�;�UD\�GLIIUDFWLRQ�DQGWUDQVOXFHQW� HOHFWURQ�PLFURVFRS\� LV� ILOOHG� WRD� FHUWDLQ� H[WHQW� ZLWK� WKH� UDVWHU�W\SH� PL �FURVFRS\� >�@��:KLOH� ZRUNLQJ� LQ� WKH� UHJLPHRI� DEVRUEHG� HOHFWURQV�� WKH� HOHFWURQ�KROHSDLUV� JHQHUDWHG� E\� WKH� VFDQQLQJ� HOHFWURQEHDP� FKDQJH� WKH� FXUUHQW� LQ� WKH� VDPSOH� DF �FRUGLQJ� WR� WKH� QXPEHU� RI� H[FLWHG� FDUULHUV�7KLV� QXPEHU� GHSHQGV� RQ� WKH� VWDWH� RI� WKHFU\VWDO� VXUIDFH� DQG� WKH� VXEVXUIDFH� OD\HU�WKH� ORFDO� KLJK� ILHOG� DUHDV� JHQHUDWLQJ� FDUUL �HUV�PRUH�HIIHFWLYHO\��7KH�GLVORFDWLRQ�RXWOHWVFDUU\LQJ� DQ� HOHFWURVWDWLF� FKDUJH� DUH� MXVWVXFK� ORFDO� DUHDV�� 7KH� ODWWLFH� DWRPV� ORFDWHGRQ� WKH� HGJH� RI� WKH� GLVORFDWLRQ� H[FHVV� KDOI�SODQH� JHW� D� QHJDWLYH� FKDUJH� GXH� WR� DWWUDF �WLRQ�RI�HOHFWURQV�WR�WKH�XQFRPSOHWHG�ERQGV�7KXV�� D� OLQHDU� FKDUJH� VXUURXQGHG� ZLWK� DF\OLQGULFDO�SRVLWLYH�FKDUJH�LV�IRUPHG�RQ�WKHXQFRPSOHWHG� ERQGV�� $SSOLFDWLRQ� RI� DQ� HOHF �WULF� ILHOG� DORQJ� WKH� VXUIDFH� FDQ� FKDQJH� WKHFKDUJH� GLVWULEXWLRQ� �)LJ������ 7KH� VSDWLDOFKDUJH� FDQ�EH� VWUHWFKHG�RU� VTXHH]HG�E\� WKHILHOG� WKDW� LV� UHYHDOHG�DV�FRQWUDVW�IRUPDWLRQDURXQG�WKH�GLVORFDWLRQ��7KH�FKDUJHG�GLVORFD �WLRQV�FDQ�EH�GLVWLQJXLVKHG�IURP�WKH�QHXWUDOLPSXULW\� LQFOXVLRQV� LQ� D� FU\VWDO� EDVLQJ� RQWKH� FRQWUDVW� DSSHDUDQFH� DQG� FKDQJHV�� 7KHPRGHO�RI�DQ�HGJH�GLVORFDWLRQ�VSDWLDO� FKDUJHWXEH�LV�VKRZQ�LQ�)LJ�����7KH�ILHOG�DSSOLHG�WRWKH�FU\VWDO�VWUHWFKHV�RXW�WKH�SRVLWLYH�FKDUJHDUHD�RQ�WKH�OHIW�VLGH�DQG�VTXHH]HV�LW�RQ�WKHULJKW� VLGH� RI� WKH� GLVORFDWLRQ�� 7KHUHIRUH�HOHFWURVWDWLF� LQWHQVLW\� GHFUHDVHV� RQ� WKH� OHIWVLGH� DQG� LQFUHDVHV� RQ� WKH� ULJKW� VLGH�� 7KHFXUUHQW� LQ� WKH� VDPSOH� LV� JUHDWHU� DQG� WKHRVFLOORJUDP�LV�EULJKWHU��)LJ���È��WR�WKH�ULJKWIURP�WKH�GLVORFDWLRQ�ZKHUH�FDUULHUV�JHQHUD �WLRQ�DQG�UHFRPELQDWLRQ�UDWH�LV�KLJKHU��'DUNVSRWV� IURP�QHXWUDO� LQFOXVLRQV� �PDUNHG�ZLWKDUURZV��DOVR�FDQ�EH�VHHQ�LQ�)LJ�����5DGLXV�RI

WKH�VSDWLDO�FKDUJH�WXEH�FDQ�EH�HVWLPDWHG�E\WKH�IRUPXOD�>��@�
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ZKHUH� I� LV� IXQFWLRQ� RI� ILOOLQJ� E\� HOHFWURQVRI�WKH�WRUQ�RII�ERQGV�RQ�WKH�GLVORFDWLRQ�OLQH�I�≈����DW�7  �����.����F��JDS�EHWZHHQ�XQVDWX�UDWHG� ERQGV� �IRU� *H F  ����� QP���1G Ü�1D ����� FPÜ��� GRQRUV� DQG� DFFHSWRUV� FRQFHQWUD �WLRQ�GLIIHUHQFH�IRU�WKH�VHOHFWHG�VHPLFRQGXFWRU�&DOFXODWLRQ�JLYHV�WKDW�LV�FORVH�5  ������µP WRYDOXHV� GHWHUPLQHG� XVLQJ� FRQWUDVW� DQG� HWFK �LQJ�SLWV�LQ�)LJ����DQG�)LJ����7KXV��WKH�FKHPLFDOO\�HWFKHG�SLW�VL]H�RQ�DGLVORFDWLRQ�LQ�*H GHSHQGV�RQ�WKH�SUHVHQFH�RILPSXULW\� DWPRVSKHUH�� :KHQ� LPSXULW\� DW �PRVSKHUH�LV�ORVW��WKH�SLW�LV�GLPLQLVKHG�GRZQWR��Ü����µP�LQ�GLDPHWHU��%\�DSSOLFDWLRQ�RIDQ� HOHFWULF� ILHOG� DORQJ� WKH� VHPLFRQGXFWRUVXUIDFH�� WKH� VSDWLDO� FKDUJH�DUHD�DURXQG�WKHGLVORFDWLRQ�FDQ�EH�SRODUL]HG��$�FRQWUDVW�DS �SHDUV�DURXQG� WKH�GLVORFDWLRQ�ZKHQ�WKH�DUHDLV�VFDQQHG�ZLWK�WKH�HOHFWURQ�EHDP��7KLV�HQ �DEOHV� WKH� GLVWLQJXLVKLQJ� RI� GLVORFDWLRQV� LQ �GXFHG� E\� WKH� ORZ�WHPSHUDWXUH� VWUDLQLQJDPRQJ� QHXWUDO� LPSXULW\� LQFOXVLRQV� LQ� DFU\VWDO� 5HIHUHQFHV���.�9�5DYL�� ,PSHUIHFWLRQV� DQG� ,PSXULWLHV� LQ6HPLFRQGXFWRU� 6LOLFRQ�� -RKQ� :LOH\� 	� 6RQV�1�<�����������=�<X�*RWUD�� 7HFKQRORJ\� RI� 0LFURHOHFWURQLF'HYLFHV�� 5DGLR� L� 6Y\D]�� 0RVFRZ� ������� >LQ5XVVLDQ@�

)LJ�����7KH�PRGHO�RI� HGJH�GLVORFDWLRQ�VSDWLDOFKDUJH� WXEH�� ([WHUQDO� HOHFWULF� ILHOG� FKDQJHVWKH�FKDUJH�GLVWULEXWLRQ��

9�1DGWRFK\�HW�DO����,QYHVWLJDWLRQ�RI�GLVORFDWLRQV����

�� )XQFWLRQDO�PDWHULDOV�������������



���9�$�1DGWRFK\�� 1�.�1HFKYRORG�� '�*�6XVK�FKHQNR�� 3K\V��7HFKQ��+LJK� 3UHVV��� ���� �������������1�.�1HFKYRORG�� &UHHSLQJ� RI� &U\VWDOV� DW� /RZ7HPSHUDWXUHV��9\VFKD�6KNROD��.\LY��������>LQ5XVVLDQ@����0�)�$VKE\�� -RKQVRQ�� 3KLO��0DJ��� ���� ��������������5�*�5KRGHV��,PSHUIHFWLRQV�DQG�$FWLYH�&HQWHUVLQ� 6HPLFRQGXFWRUV�� 3HUJDPRQ� 3UHVV�� 2[IRUG�������

���9�3�$O\RKLQ��3K\VLFV�RI�6WUHQJWK�DQG�3ODVWLF�LW\� RI� 6XUIDFH� /D\HUV� RI� 0DWHULDOV�� 1DXND�0RVFRZ��������>LQ�5XVVLDQ@����0�*�0LOYLGVN\��9�%�2VYHQVN\��6WUXFWXUDO�'H�IHFWV� LQ� 6LQJOH� &U\VWDOV� RI� 6HPLFRQGXFWRUV�0HWDOOXUJLD��0RVFRZ��������>LQ�5XVVLDQ@����-�*ROGVWHLQ��'�1HZEXU\��3�(FKOLQ�HW�DO���6FDQ�QLQJ� (OHFWURQ� 0LFURVFRS\� DQG� ;�5D\� 0L�FURDQDO\VLV��3OHQXP�3UHVV��1HZ�<RUN������������+�)�0DWDUH�� 'HIHFW� (OHFWURQLFV� LQ� 6HPLFRQ�GXFWRUV��-RKQ�:LOH\�	�6RQV��1HZ�<RUN���������
iº°ãL�ÎËÓÓ«��Ò°ãº}È�L®���äºÓº}¯Ò°�Èã��Óºä��*H°}ÈÓ�
�Òä�ËãË}�¯ºÓÓÒä�¹��}ºä

{�|�sÈ��º�L®��l�l��ºãº�ËÓ}º��i�v�lº°}Èã	
{Ò}ºÓÈÓº� ¹º¯LmÓ«ã	ÓÒ®� ÈÓÈãLÏ� Ïº¯ÈÎËÓ	 �Ò°ãº}È�L®� �� äºÓº}¯Ò°�ÈãL�Óºä�� *H�º�Ë¯ÎÈÓÒ²�äË�º�ÈäÒ�º¹�Ò�Óº���È�°}ÈÓ�
�º��ËãË}�¯ºÓÓº��äL}¯º°}º¹L���cËÏ�ã	�È�Ò�ºº²äË�º�Lm� �º¯Ë� �Ï�º�Î�
�	°«� äLÎ� °ºº
�� �¯Ò� mL�°��Óº°�L� �ºäL�}ºmº�� È�äº°ÁË¯Ò� «ä}È�¯ÈmãËÓÓ«�Èº�¹ã«äÈ�Ïº¯ÈÎËÓÓ«�ÓÈ��Ò°ãº}È�L��äÈ
�	 �LÈäË�¯�a��ä}ä��bã«²ºä���mº�¯ËÓÓ«�ËãË}�¯Ò�Óº�º�¹ºã«�ÓÈ�¹ºmË¯²ÓL�äºÎÓÈ��º°«��Ò�¹ºã«¯ÒÏÈ�L��ºãÈ°�L�¹¯º°�º¯ºmº�ºÏÈ¯«���ÓÈm}ºãº��Ò°ãº}È�L���È�¹¯Ò�°}ÈÓ�mÈÓÓL��L¼��ºãÈ°�L�ËãË}�¯ºÓÓÒä�¹��}ºä�Û�¹º«mÒ}ºÓ�¯È°����|°�ÈÓÓ¼��È¼�äºÎãÒmL°�	 mÒ�LãÒ�Ò��Ò°ãº}È�L�� ¹¯Ò�ÓÒÏ	}º�Ëä¹Ë¯È��¯Ó�®��Ë�Áº¯äÈ����°Ë¯Ë� ÓË®�¯Èã	ÓÒ²��ºäL�}ºmÒ²�m}ã
�ËÓ	 ��}¯Ò°�ÈãL�

9�1DGWRFK\�HW�DO����,QYHVWLJDWLRQ�RI�GLVORFDWLRQV����

)XQFWLRQDO�PDWHULDOV������������� ��


