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$�FURVVHG�HOHFWURQ�DQG�DWRPLF�EHDPV�VFDWWHULQJ�JHRPHWU\�ZDV�HPSOR\HG�WR�PHDVXUHLRQL]DWLRQ�FURVV�VHFWLRQ�IRU�VHOHQLXP�DWRPV�IURP�WKH�WKUHVKROG�XS�WR������H9�ZLWK�DQHQHUJ\� UHVROXWLRQ�RI�����H9��)RU� WKH� ILUVW� WLPH�D�VWURQJ� VWUXFWXUH�ZDV� UHYHDOHG� MXVWDERYH� WKH� LRQL]DWLRQ� WKUHVKROG� DQG� IRU� WKH� KLJKHU� HQHUJLHV�� ,GHQWLILFDWLRQ� RI� WKHVWUXFWXUH�UHYHDOHG�WKH�GRPLQDQW�UROH�RI�GLSROH�IRUELGGHQ�DXWRLRQL]LQJ�FRQILJXUDWLRQVV�S���'��3�QO DQG�VS���3�QO LQ�WKH�HQKDQFHPHQW�RI�WKH�LRQL]DWLRQ�FURVV�VHFWLRQ��XS�WR������LQ�WKH�LPSDFW�HQHUJ\�UDQJH���±�� H9��7KH�HYLGHQW�UHVRQDQFH�FKDUDFWHU�RI�WKHVWUXFWXUH�SRLQWV�RXW�WKH�SUHVHQFH�RI�QHJDWLYH�LRQV�LQ�WKH�QHDU�WKUHVKROG�H[FLWDWLRQ�RIWKH�FRQWULEXWLQJ�DXWRLRQL]LQJ�VWDWHV�,QWURGXFWLRQ$Q� LPSRUWDQW� UROH� RI� DXWRLRQL]DWLRQ� LQWKH� LPSDFW� LRQL]DWLRQ� RI� DWRPV� KDV� EHHQ� HV�WDEOLVKHG� HDUOLHU� IRU� DOO� KHDY\� DONDOL� DQG� DO�NDOLQH�HDUWK�PHWDOV��VHH�H�J��>����@�DQG�UHIHU�HQFHV� WKHUHLQ��� 7KH� UHFHQW� KLJK�UHVROXWLRQVWXGLHV�KDYH�UHYHDOHG�WKH�UHVRQDQFH�FKDUDFWHURI� WKH�DXWRLRQL]DWLRQ�FRQWULEXWLRQ� LQ� VRGLXP>�@�� ]LQF� >�@�� FDGPLXP� >�@�� PDJQHVLXP� >�@DQG�SRWDVVLXP� >�@��$V� LW� IROORZV� IURP� WKHVHGDWD�� WKH� SUHVHQFH� RI� VWURQJ� DXWRLRQL]DWLRQSURFHVVHV�OLPLWV�HVVHQWLDOO\�WKH�YDOLGLW\�RI�WKH:DQQLHU� ODZ�HYHQ� IRU� WKH� ORZ�= DWRPV��7KHUHVRQDQFH� FKDUDFWHU� RI� WKH� DXWRLRQL]DWLRQFRQWULEXWLRQ� SRLQWV� RXW� DQ� LPSRUWDQW� UROH� RIQHJDWLYH�LRQV�LQ�WKH�QHDU�WKUHVKROG�H[FLWDWLRQRI�ORZ�HQHUJ\�DXWRLRQL]LQJ�VWDWHV�([FLWDWLRQ�RI� WKH��S� YDOHQFH�VXEVKHOO�RIVHOHQLXP�OHDGV�WR�WKH�IRUPDWLRQ�RI�QG DQG�QVVLQJOH�HOHFWURQ�5\GEHUJ�VHULHV�FRQYHUJLQJ�WRWKH��V��S� �'R��������DQG��V��S� �3R�������� LRQL�]DWLRQ� OLPLWV� >��� �@�� (OHFWURQ� GHFD\� RI� WKHVHOHYHOV�PD\�FRQWULEXWH�WR�WKH�VLQJOH�LRQL]DWLRQFURVV�VHFWLRQ� LQ� WKH� LPSDFW� HQHUJ\� UHJLRQ���±����� H9�� 1R� WUDQVLWLRQV� IURP� WKH� �S�

VXEVKHOO� ZHUH� REVHUYHG� LQ� VHOHQLXP� DERYHWKLV�HQHUJ\�UHJLRQ��$V�WR�WKH�H[FLWDWLRQ�RI�WKHLQQHU� �V� VXEVKHOO�� WKH� �V�S�QS VHULHV� ZDVRQO\� REVHUYHG� LQ� SKRWRLRQL]DWLRQ� VSHFWUXPRI�VHOHQLXP�>�@��)LYH�PHPEHUV�RI� WKLV�VHULHVDUH� ORFDWHG� LQ� WZR� UHJLRQV� EHWZHHQ� ��±��DQG���±���H9��7R�RXU�NQRZOHGJH�� WKHUH� DUHQR� GDWD� RQ� WKH� REVHUYDWLRQ� RI� DXWRLRQL]LQJOHYHOV�LQ�VHOHQLXP�LQ�WKH�HQHUJ\�UDQJH�����±�����H9�7KH� ILUVW� PHDVXUHPHQWV� RI� HOHFWURQ� LP�SDFW� LRQL]DWLRQ� RI� VHOHQLXP�ZHUH� SHUIRUPHGZLWK�DQ�HQHUJ\�UHVROXWLRQ�RI���� H9�RYHU�WKHLPSDFW�HQHUJ\�UDQJH�IURP�WKH�WKUHVKROG�XS�WR���� H9� >��@�� +RZHYHU�� WKLV� ZRUN� ZDV� GH�YRWHG�PDLQO\� WR� WKH� WDVN� RI� DEVROXWH� LRQL]D�WLRQ�FURVV�VHFWLRQV�DQG�WKH�HIIHFW�RI�DXWRLRQL�]DWLRQ�ZDV�RXW�RI�FRQVLGHUDWLRQ�$V� SDUW� RI� RXU� FXUUHQW� VWXGLHV� RQ HOHF�WURQ�LPSDFW� QHDU�WKUHVKROG� LRQL]DWLRQ� RIFRPSOH[ DWRPV�� ZH� UHSRUW� WKH� ILUVW� GDWD� RQWKH� UHVRQDQFH� VWUXFWXUH� REVHUYHG� LQ� HOHFWURQLPSDFW� LRQL]DWLRQ� FURVV�VHFWLRQ� RI� VHOHQLXPLQ�DQ� LPSDFW�HQHUJ\� UHJLRQ� IURP�WKH� WKUHVK�ROG� XS� WR� ����� H9�� ,GHQWLILFDWLRQ� RI� WKHVWUXFWXUH�ZLWK�WKH�HOHFWURQ�GHFD\�RI�DXWRLRQ�
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L]LQJ� VWDWHV� ZDV� SHUIRUPHG� RQ� WKH� EDVH� RINQRZQ�SKRWRLRQL]DWLRQ�GDWD�>����@�
$SSDUDWXV$� FURVVHG� HOHFWURQ� DQG� DWRPLF� EHDPVVFDWWHULQJ� JHRPHWU\�ZDV�HPSOR\HG� WR�PHDV�XUH�WKH�LRQL]DWLRQ�FURVV�VHFWLRQ�IRU� VHOHQLXPDWRPV��VHH�)LJ�����7KH�DSSDUDWXV�XVHG�LQ�WKHPHDVXUHPHQWV� ZDV� VLPLODU� WR� WKDW� GHVFULEHGLQ�GHWDLOV�HDUOLHU�>��@��%ULHIO\��LW�FRQVLVWHG�RIDQ�HOHFWURQ�PRQRFKURPDWRU��DQ�DWRPLF�EHDPVRXUFH��DQG�DQ�LRQ�GHWHFWRU��$V�D�PRQRFKUR�PDWRU�RI� LQFLGHQW� HOHFWURQV�� D�K\SRF\FORLGDODQDO\]HU�ZLWK� WZR�VHWV�RI� IRFXVLQJ� DSHUWXUHV$��$��� $�±$� ZDV� XVHG� IRU� SURGXFLQJ� WKHLQFLGHQW�HOHFWURQ�EHDP�ZLWK�DQ�HQHUJ\�VSUHDGEHWWHU� WKDQ���� H9� �):+0��RYHU� DQ� HQHUJ\UDQJH�RI����±���H9��7KH�PHDVXUHPHQWV�ZHUHSHUIRUPHG� DW� D� W\SLFDO� LQWHQVLW\� RI� WKH� HOHF�WURQ�EHDP�RI�����$�

)LJ�����$SSDUDWXV�
$ UHVLVWLYHO\� KHDWHG� RYHQ� ZDV� XVHG� IRUSURGXFLQJ�VHOHQLXP�YDSRXU�EHDP�DW�D�VWDEOHGHQVLW\� RI� DERXW� ���� FP���� $� ³KRW´���u���u���� PP� PLFURFKDQQHO� SODWH� ZLWKWKH�GLDPHWHU�RI�WKH�VLQJOH�FKDQQHO�RI����PP�PRXQWHG�DW�WKH�HQG�RI�WKH�FUXFLEOH��ZDV�XVHGIRU� WKH� IRUPDWLRQ� RI� WKH� EHDP� SURILOH� ZLWK

PLQLPDO�DQJXODU�GLYHUJHQFH��7KH�PHFKDQLFDOPRGXODWLRQ� RI� WKH� EHDP� HQDEOHG� WKH� EDFN�JURXQG�� DULVLQJ� IURP� WKH� HOHFWURQ� VFDWWHULQJE\�UHVLGXDO�JDVHV��WR�EH�WDNHQ�LQWR�DFFRXQW�6HOHQLXP� LRQV�� FUHDWHG� LQ� WKH� FROOLVLRQFKDPEHU� ZHUH� H[WUDFWHG� E\� DSSO\LQJ� WKHQHJDWLYH�YROWDJH� WR� WKH� SODWH� HOHFWURGH� SRVL�WLRQHG� FORVH� WR� WKH� EHDP� LQWHUDFWLRQ� UHJLRQ�VHH� )LJ�� ���� 7KH� VLJQDO� IURP� LW� ZDV� UHJLV�WHUHG�E\�GLJLWDO�QDQRDPSHUHPHWHU��$�VSHFLDODWWHQWLRQ�ZDV�GHYRWHG�WR�WKH�RSWLPDO�YDOXH�RIWKLV�YROWDJH��%\�FDUHIXO�PLQLPL]DWLRQ�RI�LW�WR����� ����9�LWV�HIIHFW�RQ�WKH�LQFLGHQW�HOHFWURQEHDP� LQVLGH� WKH� FROOLVLRQ� FKDPEHU� ZDVPLQLPL]HG�DQG�WRWDO�FROOHFWLRQ�RI�WKH�IRUPHGLRQV�ZDV�DFKLHYHG��7KH�H[SHULPHQW�ZDV�IXOO\DXWRPDWHG��%RWK� HQHUJ\� GHSHQGHQFHV� RI� LRQFXUUHQW� DQG� SULPDU\� HOHFWURQ� FXUUHQW� ZHUHUHJLVWHUHG� E\� D� FRPSXWHU�� ,RQL]DWLRQ� HIIL�FLHQF\�ZDV�REWDLQHG�E\�QRUPDOL]DWLRQ�RI�LRQFXUUHQW� RQ� WKH� LQFLGHQW� HOHFWURQ� FXUUHQW� IRUHDFK� YDOXH� RI� LPSDFW� HQHUJ\� E\� XVLQJ� VSH�FLDOO\�GHYHORSHG�VRIWZDUH�7KH�LQFLGHQW�HQHUJ\�VFDOH�ZDV�FDOLEUDWHGIRU WKH�YDOXH�RI�WKH�ILUVW��S�LRQL]DWLRQ�WKUHVK�ROG�DW������H9�>��@�DW�WKH�SRLQW�GHWHUPLQHG�DVWKH� VHFRQG� GHULYDWLYH RI� WKH PHDVXUHG LRQ\LHOG�>��@��7KH�HQHUJ\�VFDOH�ZDV�GHWHUPLQHGWR�DQ�DFFXUDF\�RI����PH9�
5HVXOWV�DQG�GLVFXVVLRQ,Q� )LJ� �� WKH�PHDVXUHG� LRQL]DWLRQ� FURVV�VHFWLRQ�LV�VKRZQ�DORQJ�ZLWK� WKH�HDUOLHU� LRQL�]DWLRQ� GDWD� >��@�� 7KH� SUHVHQFH� RI� D� VWURQJVWUXFWXUH� LQ� WKH� PHDVXUHG� FXUYH� PDGH� WKHFRUUHFW� QRUPDOL]DWLRQ� RI� WKH� H[SHULPHQWDOFURVV�VHFWLRQ� GLIILFXOW�� 7R� DYRLG� WKLV� HIIHFWWKH�H[SHULPHQWDO�GDWD�ZHUH�SXW�RQ� WKH�DEVR�OXWH�VFDOH�E\�QRUPDOL]LQJ�WR�WKH�GDWD�RI�>��@EHORZ� WKH� LRQL]DWLRQ� WKUHVKROG� DW� ����� H9>��@�� QDPHO\��DW� ���� H9��7KH UHODWLYH�XQFHU�WDLQWLHV�LQ�WKH�FURVV�VHFWLRQ�OLH�ZLWKLQ���� ,QRUGHU� WR� GLVWLQJXLVK� WKH� REVHUYHG� VWUXFWXUH�WKH�OLQHDU�ILW�RI�WKH�GDWD�ZDV�VXEWUDFWHG�IURPWKH�RULJLQDO�FXUYH��7KLV�UHVXOW�LV�VKRZQ�LQ�WKHERWWRP�RI�)LJ� ���$V� FDQ�EH� VHHQ�� WKHUH� LV� DVWURQJ�EURDG�IHDWXUH�$ ZLWK�WKH�³ILQH´�VWUXF�WXUH� D�I RQ� WKH� WRS� DQG� WZR� ZHOO� VHSDUDWHGKLJK� HQHUJ\� IHDWXUHV� J�� K�� 7KH� HQHUJLHV� RIIHDWXUHV�D ±�K DUH�OLVWHG�LQ�7DEOH���
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)LJ�����([SHULPHQWDO�HOHFWURQ�LPSDFW�LRQL]DWLRQ�FURVV�VHFWLRQ�RI�VHOHQLXP��x ±�SUHVHQW�GDWD��| ±�GDWD�RI�>�@�7KH� DXWRLRQL]DWLRQ� FRQWULEXWLRQ� LV� VKRZQ� LQ� WKH� ERW�WRP��VHH�WKH�WH[W��
7DEOH� �� (QHUJLHV� �LQ� H9�� DQG� LGHQWLILFDWLRQRI� IHDWXUHV� REVHUYHG� LQ� LRQL]DWLRQFURVV�VHFWLRQ�RI�VHOHQLXP
)HDWXUH (QHUJ\ ,GHQWLILFDWLRQ

D ����±����� �V��S���'-�QG�Q  ��±��V��S���'-��V
E �����±�����

�V��S���'-�QG�Q  ���±���V��S���3����QG�Q  ������V��S���3����QV�Q  ������V�S� �3RF ����G ����H ����I ����J ����K ����

�V��S� o�V��S�Q�O�Q�O��V��S� o�V�S�Q�O�Q�O��V��S� o �V��S�QO�V��S� o �V�S�QO�GLSROH�IRUELGGHQ�

$V�LW�ZDV�PHQWLRQHG�DERYH��WKH�RQO\�GDWD>����@�DUH�NQRZQ�IRU�VHOHQLXP�RQ�WKH�SRVLWLRQRI� ORZ�O\LQJ� GLSROH� DOORZHG� DXWRLRQL]LQJVWDWHV��:H�KDYH�XVHG�WKHVH�GDWD�IRU�WKH�LGHQ�WLILFDWLRQ�RI� WKH�REVHUYHG� IHDWXUHV�D ±�K��$VFDQ�EH� VHHQ� IURP�)LJ� ��DQG�7DEOH���� LQ� WKHUHJLRQ�RI�IHDWXUH�D EHWZHHQ�����DQG������H9WKH� HOHFWURQ�GHFD\� RI� ILYH�QG� �Q  ��±��� DQGRQH� �V� FRQILJXUDWLRQ� FRQYHUJLQJ� WR� WKH��'-OLPLWV�PD\� FRQWULEXWH� WR� WKH�PHDVXUHG� LRQL�]DWLRQ� FURVV�VHFWLRQ�� 7KH� SUHVHQFH� RI� WKLVIHDWXUH� PDNHV� LPSRVVLEOH� WKH� :DQQLHU� ODZDSSOLFDWLRQ� WR� WKH�VHOHQLXP�LRQL]DWLRQ�FURVV�VHFWLRQ�

)LJ����� ,GHQWLILFDWLRQ� RI� WKH� VWUXFWXUH� LQ� WKH� DXWRLRQL�]DWLRQ�FRQWULEXWLRQ�WR�WKH�LRQL]DWLRQ�FURVV�VHFWLRQ�
&RQVLGHULQJ� WKH� HQHUJ\� UDQJH� ����±����H9� �IHDWXUH� E�� VKRZV� WKDW� WKH� KLJKHU� WHUPV�Q ! ���� RI� WKH� ��'-�� QG� FRQILJXUDWLRQV�� WKH��3�����QG��QV�FRQILJXUDWLRQV��DQG�� WR�D� OHVVHUH[WHQW�� WKH��V�S� �3R OHYHO�PD\�FRQWULEXWH� WRWKH�LRQL]DWLRQ�RI�VHOHQLXP�$V� FDQ� EH� VHHQ�� LQ� )LJ�� �� WKHUH� DUH� QRGDWD�RQ�WKH�SUHVHQFH�RI�DXWRLRQL]LQJ�OHYHOV�LQWKH� UHJLRQ� RI� IHDWXUHV�F� G� H DQG I�� 0HDQ�ZKLOH��MXVW�LQ�WKLV�HQHUJ\�UHJLRQ�WKH�DXWRLRQL�]DWLRQ� FRQWULEXWLRQ� DFKLHYHV� LWV� PD[LPXPYDOXH�RI������IHDWXUH�H��DQG��FRQWUDU\�WR�WKHIHDWXUHV� D DQG� E�� DOO� WKHVH� IHDWXUHV� SRVVHVVUHPDUNDEOH� UHVRQDQFH� FKDUDFWHU�� 7KHUHIRUH�ZH� FDQ� VXSSRVH� WKDW� ERWK� WKH� REVHUYHG� IHD�WXUHV� DQG� WKH� JHQHUDO� HQKDQFHPHQW� RI� WKHFURVV�VHFWLRQ� DUH� FDXVHG�E\� WKH� HOHFWURQ� GH�FD\� RI� DXWRLRQL]LQJ� OHYHOV� ZKRVH� H[FLWDWLRQIURP� WKH� JURXQG� VWDWH� E\� SKRWRQ� LPSDFW� LV
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IRUELGGHQ� DQG� ZKLFK� SRVVHVV� VWURQJ� QHJD�WLYH�LRQ� UHVRQDQFHV� DW� WKH� H[FLWDWLRQ� WKUHVK�ROGV��7DNLQJ� LQWR�DFFRXQW� WKH�GDWD�RI� >����@�VXFK�DXWRLRQL]LQJ� OHYHOV�PD\�EH�DVVLJQHG�DVEHORQJLQJ� WR� WKH� VLQJOH�� DQG� WZR�HOHFWURQFRQILJXUDWLRQV�� QDPHO\�� �V��S�QO�� �V�S�QO��V��S�Q�O�Q�O���DQG��V�S�Q�O�Q�O��7KH� ODVW� WZR� IHDWXUHV� J DQG� K DUH� RE�VHUYHG� LQ�RXU� H[SHULPHQWDO� GDWD� DW� WKH� HQHU�JLHV� ����� DQG� ���� H9�� 7KHLU� QDWXUH�� VLPL�ODUO\�WR�WKH�IHDWXUHV�F� G� H� DQG I��FDQ�EH�H[�SODLQHG� E\� H[FLWDWLRQ� RI� GLSROH� IRUELGGHQDXWRLRQL]LQJ� OHYHOV� ZLWK� WKH� DERYH� VLQJOH�DQG� WZR�HOHFWURQ� FRQILJXUDWLRQV�� HVSHFLDOO\�V�S�QS�,Q�WKH�UHJLRQ�RI�WKH�KLJK�HQHUJ\�IHDWXUHV�JDQG�K WZR�ZLQGRZ�UHVRQDQFHV�ZHUH�REVHUYHGHDUOLHU� >�@�� 7KH� ILUVW� RI� WKHP� �V�S��S �3R DW������H9�FRLQFLGHV�ZLWK�WKH�PLQLPXP�RI�WKHFURVV�VHFWLRQ� DURXQG� ��� H9�� 7KH� VHFRQGUHVRQDQFH� �V�S��S �3R DW� ������ H9� LV� YHU\FORVH� WR� WKH� PD[LPXP� RI� WKH� IHDWXUH�K DW�����H9�&RQVLGHULQJ� WKH�JHQHUDO�EHKDYLRU�RI� WKHDXWRLRQL]DWLRQ� FRQWULEXWLRQ� LQ� WKH� UHJLRQ� RIWKH�IHDWXUH�$ RQH�PD\�FRQFOXGH�WKDW�WKH�IDVWGHFUHDVH�RI�WKH�FURVV�VHFWLRQ�DIWHU�WKH�IHDWXUHI� UHIOHFWV� WKH� DEVHQFH� RI� DXWRLRQL]LQJ� OHYHOVLQ�WKH�HQHUJ\�UHJLRQ�����±�����H9�

&RQFOXVLRQV:H�KDYH� SUHVHQWHG� WKH� ILUVW� GDWD� RQ� WKHDXWRLRQL]DWLRQ� FRQWULEXWLRQ� WR� WKH� QHDU�WKUHVKROG� HOHFWURQ� LPSDFW� LRQL]DWLRQ� FURVV�VHFWLRQ� RI� VHOHQLXP� RYHU� WKH� LPSDFW� HQHUJ\UHJLRQ� IURP� WKH� WKUHVKROG� XS� WR� ������ H9�7KH� SUHVHQFH� RI� WKH� DXWRLRQL]LQJ� VWDWHV� MXVWDERYH� WKH� LRQL]DWLRQ�SRWHQWLDO�PDNHV�XQDEOHWKH�XVH�RI�:DQQLHU�WKUHVKROG�ODZ�DSSOLFDWLRQIRU� VHOHQLXP�� 7KH� REWDLQHG� GDWD� KDYH� UH�YHDOHG�D�GRPLQDQW� UROH�RI� WKH�GLSROH� IRUELG�GHQ� DXWRLRQL]LQJ� FRQILJXUDWLRQV�� WHQWDWLYHO\DVVLJQHG� DV� V�S���'��3�QO DQG� VS���3�QO� LQWKH� IRUPDWLRQ� RI� WKLV� FRQWULEXWLRQ� LQ� DQ� HQ�HUJ\� UHJLRQ���±���H9��7KH� UHVRQDQFH� VKDSHRI� WKH� VWUXFWXUH� REVHUYHG� LQ� WKH� LRQL]DWLRQFURVV�VHFWLRQ� SRLQWV� RXW� WKH� SUHVHQFH� RIVWURQJ�QHJDWLYH�LRQ�UHVRQDQFHV�DW�WKH�H[FLWD�WLRQ� WKUHVKROGV� RI� WKH� FRQWULEXWLQJ� DXWRLRQ�L]LQJ� VWDWHV�� )RU� WKH� GHWDLOHG� DQDO\VLV� RI� WKHSUHVHQW� GDWD�� DQ� LQIRUPDWLRQ� RQ� HMHFWHG�HOHFWURQ� VSHFWUD� LQ� WKH� UHJLRQ� ���� ±� �� H9� LVKLJKO\�GHVLUDEOH�
$FNQRZOHGJHPHQWV7KH� DXWKRUV DUH� JUDWHIXO� WR� 3URI�2�%� 6KSHQLN� DQG� 'U�� -�(�� .RQWURV� IRUIDYRXUDEOH�HQFRXUDJHPHQW�RI�ZRUN�DQG�KHOSLQ�SHUIRUPLQJ�WKH�PHDVXUHPHQWV�

5HIHUHQFHV
�� .�-�1\JDDUG��3K\V��5HY��$���� ���� ��������� 6�-�2NXGDMUD�� -� 3K\V� 6RF� -DS�� ���� ������������ 3�0DUPHW� 0�3URXO[�� -� 3K\V� %� ��� ������������ 2�%�6KSHQLN�� ,�9�&KHUQLVKRYD�� -�(�.RQW�URV��5DG��3K\V� &KHP������������������� -�(�.RQWURV�� /�6]RWHU�� ,�9�&KHUQLVKRYD�2�%�6KSHQLN��-� 3K\V� % ������������������ '�5DVVL�� 9�3HMFHY�� 7�:�2WWOH\�� .�-�5RVV�-� 3K\V� %��������� ��������� 0�-�(YULM��$�$�%RURYLN��-U����/�/�6KLPRQ�-�(�.RQWURV��$�$�%RURYLN� 1XFO�� ,QVWUXP�0HWK� %����������LQ�SUHVV��

�� $�0�&DQWX�� 0�0D]]RQL� <�1�<RVKL� -�2SW� 6RF� $P�������������������� 6�7�*LEVRQ�� -�3�*UHHQH�� %�5XVFLF� -�%HU�NRZLW]��-� 3K\V� %�������������������� 5�6�)UHXQG�� 5�&�:HW]HO�� 5�-�6KXO�7�5�+D\HV��3K\V� 5HY� $��������������������� -�(�.RQWURV�� /�6]yWpU�� ,�9�&KHUQ\VKRYD�2�%�6KSHQLN� -� 3K\V� %�������������������� 1,67� $WRPLF� 6SHFWUD� 'DWDEDVH� /HYHOV'DWD� �������� KWWS���� SK\LFV�QLVW�JRY�FJL�ELQ�$6'�HQHUJ\��SO���� )�3�/RVVLQJ�� 5�+�(PPHO�� %�*�*LHVVQHU�*�*�0HLVHOV�� -� &KHP� 3K\V�� ���� �����������
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	An important role of autoionization in the impact ionization of atoms has been established earlier for all heavy alkali and alkaline-earth metals (see e.g. [1, 2] and references therein). The recent high-resolution studies have revealed the resonance character of the autoionization contribution in sodium [3], zinc [4], cadmium [5], magnesium [6] and potassium [7]. As it follows from these data, the presence of strong autoionization processes limits essentially the validity of the Wannier law even for the low-Z atoms. The resonance character of the autoionization contribution points out an important role of negative ions in the near-threshold excitation of low-energy autoionizing states.
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