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/LJKWFXUYHV� DQG� V\QRGLF� URWDWLRQ� SHULRGV� ZHUH�

HVWDEOLVKHG� IRU� ��� DVWHURLGV� XVLQJ� SKRWRPHWULF�

REVHUYDWLRQV� FDUULHG� RXW� DW� 6RSRW� $VWURQRPLFDO�

2EVHUYDWRU\�EHWZHHQ������1RYHPEHU�DQG������-XO\�DUH�

SUHVHQWHG�LQ�WKLV�SDSHU��

3KRWRPHWULF�REVHUYDWLRQV�RI����DVWHURLGV�ZHUH�FRQGXFWHG�DW�6RSRW�

$VWURQRPLFDO� 2EVHUYDWRU\� �6$2�� IURP� �����1RYHPEHU� WKURXJK�

����� -XO\� LQ� RUGHU� WR� GHWHUPLQH� WKH� DVWHURLGV¶� V\QRGLF� URWDWLRQ�

SHULRGV�� )RU� WKLV� SXUSRVH�� WZR� �����P� f����� 0HDGH� /;���*36�

6FKPLGW�&DVVHJUDLQ�WHOHVFRSHV�ZHUH�HPSOR\HG��7KH�WHOHVFRSHV�DUH�

HTXLSSHG�ZLWK�D�6%,*�67���;0(�DQG�D�6%,*�67����;0(�&&'�

FDPHUDV�� 7KH� H[SRVXUHV� ZHUH� XQILOWHUHG� DQG� XQJXLGHG� IRU� DOO�

WDUJHWV��%RWK�FDPHUDV�ZHUH�RSHUDWHG�LQ��î��ELQQLQJ�PRGH��ZKLFK�

SURGXFHV�LPDJH�VFDOHV�RI������DUFVHF�SL[HO�DQG������DUFVHF�SL[HO�IRU�

67��� ;0(� DQG� 67���� ;0(� FDPHUDV�� UHVSHFWLYHO\�� 3ULRU� WR�

PHDVXUHPHQWV��DOO�LPDJHV�ZHUH�FRUUHFWHG�XVLQJ�GDUN�DQG�IODW�ILHOG�

IUDPHV��

3KRWRPHWULF� UHGXFWLRQ� ZDV� FRQGXFWHG� XVLQJ� MPO Canopus 

�:DUQHU���������'LIIHUHQWLDO�SKRWRPHWU\�ZLWK�XS�WR�ILYH�FRPSDULVRQ�

VWDUV�RI�QHDU�VRODU�FRORU��������%�9��������ZDV�SHUIRUPHG�XVLQJ�WKH�

&RPSDULVRQ� 6WDU� 6HOHFWRU� �&66�� XWLOLW\�� 7KLV� KHOSHG� HQVXUH� D�

VDWLVIDFWRU\� TXDOLW\� OHYHO� RI� QLJKW�WR�QLJKW� ]HUR�SRLQW� FDOLEUDWLRQV�

DQG�FRUUHODWLRQ�RI�WKH�PHDVXUHPHQWV�ZLWKLQ�WKH�VWDQGDUG�PDJQLWXGH�

IUDPHZRUN��)LHOG�FRPSDULVRQ�VWDUV�ZHUH�FDOLEUDWHG�XVLQJ�VWDQGDUG�

&RXVLQV� 5� PDJQLWXGHV� GHULYHG� IURP� WKH� &DUOVEHUJ� 0HULGLDQ�

&DWDORJ�����9L]LH5��������6ORDQ�U
�PDJQLWXGHV�XVLQJ�WKH�IRUPXOD��

5� �U
��������LQ�DOO�FDVHV�SUHVHQWHG�LQ�WKLV�SDSHU��,Q�VRPH�LQVWDQFHV��

VPDOO�]HUR�SRLQW�DGMXVWPHQWV�ZHUH�QHFHVVDU\�LQ�RUGHU�WR�DFKLHYH�WKH�

EHVW�PDWFK�EHWZHHQ�LQGLYLGXDO�GDWD�VHWV�LQ�WHUPV�RI�DFKLHYLQJ�WKH�

PRVW�IDYRUDEOH�VWDWLVWLFDO�LQGLFDWRUV�RI�)RXULHU�ILW�JRRGQHVV��

/LJKWFXUYH�FRQVWUXFWLRQ�DQG�SHULRG�DQDO\VLV�ZHUH�SHUIRUPHG�XVLQJ�

Perfindia� FXVWRP�PDGH� VRIWZDUH� GHYHORSHG� LQ� WKH� 5� VWDWLVWLFDO�

SURJUDPPLQJ� ODQJXDJH� �5�&RUH�7HDP�� ������ E\� WKH� DXWKRU��7KH�

HVVHQFH�RI�LWV�DOJRULWKP�LV�UHIOHFWHG�LQ�ILQGLQJ�WKH�PRVW�IDYRUDEOH�

VROXWLRQ�IRU�URWDWLRQDO�SHULRG�E\�PLQLPL]LQJ�WKH�residual standard 

error RI�WKH�OLJKWFXUYH�)RXULHU�ILW��

7KH�OLJKWFXUYH�SORWV�SUHVHQWHG�LQ�WKLV�SDSHU�VKRZ�VR�FDOOHG����HUURU�

IRU�URWDWLRQDO�SHULRGV�� L�H���DQ�HUURU� WKDW�ZRXOG�FDXVH� WKH�ODVW�GDWD�

SRLQW� LQ� D� FRPELQHG� GDWD� VHW� E\� GDWH� RUGHU� WR� EH� VKLIWHG� E\� ���

�:DUQHU��������DQG�UHSUHVHQWHG�E\�

ûP� �������-�P�����T�

ZKHUH�P�DQG�T�DUH�WKH�URWDWLRQDO�SHULRG�DQG�WKH�WRWDO�WLPH�VSDQ�RI�

REVHUYDWLRQV�� UHVSHFWLYHO\�� %RWK� RI� WKHVH� TXDQWLWLHV� PXVW� EH�

H[SUHVVHG�LQ�WKH�VDPH�XQLWV� 

6RPH�RI� WKH�WDUJHWV�SUHVHQWHG� LQ� WKLV�SDSHU�ZHUH�REVHUYHG�ZLWKLQ�

WKH� 3KRWRPHWULF� 6XUYH\� IRU� $V\QFKURQRXV� %LQDU\� $VWHURLGV�

�BinAstPhot Survey��XQGHU�WKH�OHDGHUVKLS�RI�'U��3HWU�3UDYHF�IURP�

2QG�HMRY�2EVHUYDWRU\��&]HFK�5HSXEOLF��

7DEOH�,�JLYHV�WKH�REVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��

���6\OYLD��7KH�URWDWLRQ�SHULRG�GHULYHG�IURP�WKH������0DUFK�6$2�

REVHUYDWLRQV��P� �������������K��LV�LQ�IXOO�DJUHHPHQW�ZLWK�YLUWXDOO\�

DOO�SUHYLRXVO\�UHFRUGHG�YDOXHV�LQ�WKH�$VWHURLG�/LJKWFXUYH�'DWDEDVH�

�/&'%��:DUQHU� HW� DO��� ����D��� LQFOXGLQJ� ������ K� �6FKREHU� DQG�

6XUGHM�� ������� ������ K� �)RHUVWHU� DQG� 3RWWKRII�� ������� ������� K�

�%HKUHQG������ZHE���DQG��������K��%HKUHQG�����ZHE���

�

����+HOLRQDSH�� 3KRWRPHWULF� GDWD� REWDLQHG� DW� 6$2� LQ� HDUO\� �����

)HEUXDU\� RYHU� IRXU� QLJKWV� LQGLFDWH� D� ELPRGDO� OLJKWFXUYH� VROXWLRQ�

ZLWK�D�FRUUHVSRQGLQJ�SHULRG�RI�P� ���������������K��SHUIHFWO\�LQ�OLQH�

ZLWK�SUHYLRXV�KLJO\�FRQVLVWHQW�UHVXOWV��������K��$SRVWRORYVND�HW�DO���

�������������K��.U\V]F]\QVND�HW�DO����������DQG��������K��%HKUHQG��

����ZHE���

�

�����6WUDFNHD��'XULQJ�WKH������DSSDULWLRQ��WKLV�+XQJDULD�DVWHURLG�

ZDV�REVHUYHG�DW�WZR�GLIIHUHQW�YLHZLQJ�JHRPHWULHV�UHVXOWLQJ�LQ�WZR�

VHSDUDWH� GDWD� JURXSV� DQG� WZR� FRPSRVLWH� OLJKWFXUYHV� GLIIHUHQW� LQ�

VKDSH��7KH�ILUVW�GDWD�JURXS�ZDV�REWDLQHG�RQ�WZR�FRQVHFXWLYH�QLJKWV�

LQ������$SULO�DQG�VKRZ�D�ELPRGDO�OLJKWFXUYH�SKDVHG�WR�D�SHULRG�RI�

P� �������������K�DV�D�SODXVLEOH�VROXWLRQ��

�
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$QRWKHU�JURXS�RI�GDWD�DFTXLUHG�RYHU���QLJKWV�IURP�PLG������-XQH�

WR�HDUO\������-XO\�DOVR�LQGLFDWHV�D�ELPRGDO�VROXWLRQ�FRUUHVSRQGLQJ�

WR�WKH�SHULRG�RI�P� �����������������K��

�

%RWK�UHVXOWV�DUH�QRW�RQO\�PXWXDOO\�FRQVLVWHQW��EXW�DUH�DOVR�FRQVLVWHQW�

ZLWK� PRVW� SUHYLRXVO\� HVWDEOLVKHG� SHULRGV�� ����� K� �%HKUHQG��

����ZHE��� ������ K� �:DUQHU�� ����E��� ������ K� �:DUQHU�� ��������

������K��6WHSKHQV�DQG�:DUQHU���������DQG���������K��3DO����������

�����.LUD��'DWD�REWDLQHG�RQ�D�VLQJOH�QLJKW�LQ������-DQXDU\�ZHUH�

VXIILFLHQW�WR�DFKLHYH�FRYHUDJH�RI�PRUH�WKDQ�RQH�URWDWLRQ�F\FOH�DQG�

WR� HVWDEOLVK� DW� OHDVW� D� FRDUVH� SHULRG� RI� P�  � ����� �� ����� K��

1HYHUWKHOHVV�� LW� PDWFKHV� TXLWH� ZHOO� WKH� SUHYLRXV� SHULRG� UHVXOWV�

UHFRUGHG� LQ� WKH� /&'%�� �������� K�� �������� K�� DQG� �������� K�

�'\NKXLV�HW�DO����������DQG�������K��3RODNLV���������

�

�����*RWKD��$�ELPRGDO�SHULRG�RI�P� ���������������K�LV�VLQJOHG�RXW�

DV�WKH�PRVW�IDYRUDEOH�UHVXOW�LQ�WKH�SHULRG�DQDO\VLV�FRQGXFWHG�XSRQ�

WKH�GDWD�FROOHFWHG�RYHU� IRXU�QLJKWV� LQ������-DQXDU\��$�VHDUFK� IRU�

SUHYLRXVO\�GHWHUPLQHG�SHULRGV�LQ�WKH�/&'%�ILQGV�D�VHULHV�RI�YDOXHV�

LQ� YHU\� JRRG� DJUHHPHQW� ZLWK� WKH� QHZO\� HVWDEOLVKHG� UHVXOW�� IRU�

H[DPSOH�� ������� K� �%HKUHQG�� ����ZHE��� �������� K� �%HKUHQG��

����ZHE��� ������ K� �:DV]F]DN� HW� DO��� ������� DQG� ������ K� �$]QDU�

0DFLDV���������

�

�����)HOL[��,Q�WKLV�FDVH�DV�ZHOO��WKH�GDWD�DUH�GLYLGHG�LQWR�WZR�JURXSV�

FROOHFWHG�DW�WZR�GLIIHUHQW�YLHZLQJ�JHRPHWULHV�GXULQJ�WKH�VDPH������

DSSDULWLRQ�� 7KH� ILUVW� JURXS� ZDV� REWDLQHG� RYHU� WZR� FRQVHFXWLYH�

QLJKWV�LQ������-DQXDU\�ZKLOH�WKH�VHFRQG�RQH�ZDV�DFTXLUHG�RQ�WZR�

FRQVHFXWLYH�QLJKWV� WZR�PRQWKV�ODWHU��&RQVHTXHQWO\��DV�D�UHVXOW�RI�

SHULRG�DQDO\VLV��WZR�ELPRGDO�OLJKWFXUYHV�RI�GLIIHUHQW�VKDSH�SKDVHG�

WR� VWDWLVWLFDOO\� LGHQWLFDO� SHULRG� YDOXHV� RI� ������ �� ������ K� DQG��

������ �� ������ K� ZHUH� FRQVWUXFWHG�� $Q� LQVLJKW� LQWR� WKH� /&'%�

GDWDEDVH�LQGLFDWHV�D�YHU\�JRRG�DJUHHPHQW�ZLWK�WKH�QHZ�UHVXOWV�DQG�

WKRVH�SUHYLRXVO\�GHWHUPLQHG�E\�+LJJLQV�HW�DO����������������K��DQG�

D�VLGHUHDO�URWDWLRQ�SHULRG�E\�'XUHFK�HW�DO������������������K���

���

�

�����/LEHULD��'DWD�IURP�WZR�FRQVHFXWLYH�QLJKWV�LQ������0D\�OHG�WR�

DQ� XQDPELJXRXV� ELPRGDO� VROXWLRQ�ZLWK� D� SHULRG� RI�P�  � ������ ��

������K��7KH�6$2�GDWD�FROOHFWHG�LQ�WKH������DSSDULWLRQ�VKRZHG�DQ�

LGHQWLFDO�UHVXOW�RI���������K��%HQLVKHN���������

�

�����+XJKHV��7KLV�ZDV�D�BinAstPhot Survey WDUJHW��$FFRUGLQJ�WR�

WKH� /&'%� UHFRUGV� RQ� WKLV� DVWHURLG�� WKHUH� LV� RQO\� RQH� SUHYLRXVO\�

NQRZQ� URWDWLRQ�SHULRG��0ROQDU�HW� DO�� �������������K���$�ELPRGDO�

SHULRG�RI�P� �����������������K� IRXQG� IURP�WKH������)HEUXDU\�

0DUFK�6$2�GDWD�DSSDUHQWO\�FRQILUPV�WKH�SUHYLRXV�ILQGLQJ��
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�����6NLS��3UHYLRXVO\�NQRZQ�URWDWLRQ�SHULRGV�LQFOXGH�'L�0DUWLQR�

HW�DO���������������K���%HKUHQG������ZHE���������K���%HQLVKHN�DQG�

5RZH����������������K���6NLII�HW�DO����������������K���DQG�D�VLGHUHDO�

SHULRG�E\�'XUHFK�HW�DO�����������������K���7KH������DSSDULWLRQ�6$2�

REVHUYDWLRQV�REWDLQHG�RQ�ILYH�QLJKWV�LQ�-DQXDU\�DQG�WKUHH�QLJKWV�LQ�

)HEUXDU\�SURGXFHG�WZR�ELPRGDO�OLJKWFXUYHV�ZLWK�VWDWLVWLFDOO\�HTXDO�

SHULRGV� RI� ������ �� ������ K� �-DQXDU\�� DQG� ������ �� ������ K�

�)HEUXDU\���

�

�

�����+XJJLQV��$�URWDWLRQ�SHULRG�UHVXOW�RI�P� �����������������K��

IRXQG� IURP� 6$2� GDWD� REWDLQHG� RQ� WKUHH� QLJKWV� LQ� ����� $SULO��

FRUURERUDWHV�D�SUHYLRXV�UHVXOW�E\�:DV]F]DN�HW�DO���������������K���

�

�����0DWWL��$�ELPRGDO�SHULRG�VROXWLRQ�RI�P� �������������K�ZDV�

REWDLQHG�IURP�D�GDWD� VHW�REWDLQHG�RYHU� WZR�QLJKWV� LQ������$SULO��

'XUHFK�HW�DO���������IRXQG�D�VLGHUHDO�URWDWLRQ�SHULRG�RI���������K��

�

�����0DODUHQ��$�SHULRG�RI���������������K�ZDV�IRXQG�IURP�GDWD�

REWDLQHG�RQ�VL[�QLJKWV�LQ������0DUFK�$SULO��7KH�UHVXOW�LV�LGHQWLFDO�

WR�WKH�RQO\�SUHYLRXV�UHVXOW�RI�������K�E\�:DV]F]DN�HW�DO����������

�

�����%OLJK�ZDV�REVHUYHG�RQ�IRXU�QLJKWV�LQ�ODWH������-DQXDU\��3HULRG�

DQDO\VLV�OHG�WR�D�ELPRGDO�VROXWLRQ�ZLWK�P� ���������������K��7KLV�

PDWFKHV� YHU\� ZHOO� ZLWK� WKH� RQO\� SUHYLRXVO\� NQRZQ� SHULRG�

GHWHUPLQDWLRQ�E\�&DVDOQXRYR��������������K���

�

����� 7VDQJLQFKL�� $� SHULRG� RI� P�  � ������� �� ������� K� ZDV�

GHWHUPLQHG�IURP�REVHUYDWLRQV�PDGH�RQ�IRXU�QLJKWV�LQ������-DQXDU\��

$Q�H[FHOOHQW�PDWFK�ZLWK�D�URWDWLRQ�SHULRG�UHVXOW�IRXQG�E\�'XUNHH�

�������������K��LV�REYLRXV��
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�����.D]EHJL�� 3HULRG� DQDO\VLV� FRQGXFWHG� RQ� WKH� �����0D\�-XQH�

FRPELQHG�GDWD�VHW�\LHOGHG�DQ�XQHTXLYRFDO�ELPRGDO�SHULRG�VROXWLRQ�

RI�P� ���������������K��

���

����� 7DWLVKFKHY�� 1R� UHFRUGV� RQ� SUHYLRXV� URWDWLRQ� SHULRG�

GHWHUPLQDWLRQV�ZHUH�IRXQG�LQ�WKH�/&'%��3KRWRPHWULF�REVHUYDWLRQV�

WDNHQ�ZLWK�KLJK�FDGHQFH�RQ�WZR�FRQVHFXWLYH�QLJKWV�LQ������0DUFK�

SURYHG�VXIILFLHQW�WR�XQDPELJXRXVO\�HVWDEOLVK�D�ELPRGDO�OLJKWFXUYH�

VROXWLRQ�SKDVHG�WR�D�SHULRG�RI�P� ���������������

�

�����0DVODFKNRYD��$�SHULRG�RI�P� �������������K��GHWHUPLQHG�IURP�

D� VLQJOH� QLJKW� RI� REVHUYDWLRQV� LQ� �����1RYHPEHU�� LV� VWDWLVWLFDOO\�

FRQVLVWHQW�ZLWK�WKH�UHVXOWV�IRXQG�E\�*DODG�HW�DO�����������������K��

DQG�:DV]F]DN�HW�DO���������������K���

��

����� *URRP�� 7KLV� DVWHURLG� ZDV� D� BinAstPhot Survey UHWXUQLQJ�

ELQDU\�VXVSHFW��'DWD�REWDLQHG�RQ�WKUHH�QLJKWV�LQ������0D\�VKRZ�D�

V\QRGLF�URWDWLRQ�SHULRG�RI�P� ���������������K��D�UHVXOW�WKDW�LV�LQ�

YHU\� JRRG� DJUHHPHQW� ZLWK� WKH� YDVW� PDMRULW\� RI� SUHYLRXVO\�

GHWHUPLQHG�YDOXHV��������K��%HKUHQG������ZHE����������K��3UDYHF��

����ZHE��� ������� K� �3UDYHF�� ����ZHE��� ������� K� �3UDYHF��

����ZHE��� ������� K� �3UDYHF�� ����ZHE��� ������� K� �3UDYHF��

����ZHE��� DQG� D� VLGHUHDO� SHULRG� RI� �������� K� E\� 'XUHFK� HW� DO��

��������1R�VLJQLILFDQW�GHYLDWLRQV�LQ�WKH�OLJKWFXUYH�WKDW�FRXOG�SRLQW�

WR�WKH�H[LVWHQFH�RI�D�VHFRQGDU\�URWDWLRQ�FRPSRQHQW�RU�PXWXDO�HYHQWV�

ZHUH�GHWHFWHG�GXULQJ�WKH������DSSDULWLRQ��

��

�����%UD\��$QDO\VLV�RI�IRXU�QLJKWV�RI�REVHUYDWLRQV�DW�6$2�LQ������

ODWH� -XQH� WR� HDUO\� -XO\� LQGLFDWH� D� VKRUW� URWDWLRQ� SHULRG� ELPRGDO�

VROXWLRQ� RI�P�  � ������ �� ������ K�� ZKLFK� LV� FRQVLVWHQW� ZLWK� RWKHU�

YDOXHV� IRXQG� WR� GDWH�� H�J��� ������ K� �.OLQJOHVPLWK�� ����ZHE����

������K��%HKUHQG������ZHE���DQG������K��)DXHUEDFK���������

��

�����0RQWUHDO��3ULRU�WR�WKLV�URWDWLRQ�SHULRG�GHWHUPLQDWLRQ�WKHUH�ZDV�

RQO\� RQH� VLGHUHDO� SHULRG� UHVXOW� UHSRUWHG� E\� 'XUHFK� ��������

���������K���3HULRG�DQDO\VLV�RI��WKH������0D\�6$2�GDWD�WDNHQ�RQ�

WKUHH�QLJKWV�\LHOGHG�D�V\QRGLF�SHULRG�RI�P� ���������������K��
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����� (PLNR�� 7KH� RQO\� SUHYLRXVO\� UHSRUWHG� URWDWLRQ� SHULRG� E\�

%HKUHQG������ZHE�������K��LV�KLJKO\�FRQVLVWHQW�ZLWK�WKH�YDOXH�RI��

P� �������������K�VKRZQ�KHUH��ZKLFK�ZDV�REWDLQHG�IURP�WKH�VLQJOH�

QLJKW�GHQVH�SKRWRPHWULF�GDWD�WDNHQ�LQ������PLG�0DUFK��

���

�����(VDNL��7KLV� LV�D�9HVWRLG�DVWHURLG�ZLWK�QR�SUHYLRXVO\�NQRZQ�

VSLQ�UDWH��)RXU�GDWD�VHWV�REWDLQHG�DW�6$2�LQ������)HEUXDU\�UHYHDO�D�

IDLUO\�IDVW�URWDWLRQ�ZLWK�D�SHULRG�RI�P� ���������������K��

�

�����0XOWDWXOL��(UDVPXV�HW�DO���������UHSRUW�D�YDOXH�RI�������K�IRU�

URWDWLRQ� SHULRG��7KH� XQFHUWDLQW\� VFRUH� RI�8�  � ��� DVVLJQHG� LQ� WKH�

/&'%�LQGLFDWHV�WKDW�WKH�UHVXOW��WKH�RQO\�RQH�SUHYLRXVO\�UHSRUWHG��LV�

PRVWO\� XQUHOLDEOH�� L�H��� EDUHO\� VWDWLVWLFDOO\� YDOLG� IRU� URWDWLRQ� UDWH�

VWXGLHV��7KH������)HEUXDU\�GHQVH�FDGHQFH�6$2�FRPELQHG�GDWD�VHW�

REWDLQHG� RYHU� IRXU� QLJKWV� VKRZV� D� VRPHZKDW� GLIIHUHQW� URWDWLRQ�

SHULRG� RI� P�  � ������ �� ������ K� EDVHG� RQ� D� ELPRGDO� OLJKWFXUYH�

VROXWLRQ��

�

�����.UDQMF�� 7KLV� ZDV� D� UHWXUQLQJ�BinAstPhot Survey VXVSHFWHG�
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1XPEHU� 1DPH� ��\\�PP�GG� 3KDVH� /3$%� %3$%� 3HULRG���K�� 3�(�� $PS� $�(�� *US� �

 87 Sylvia 22/03/19-03/21 13.2,12.9 227 7 5.18 0.02 0.40 0.02 SYL  

 967 Helionape 22/02/04-02/10 10.7,13.1 112 4 3.233 0.002 0.19 0.02 FLOR 

 1019 Strackea        22/04/17-04/19 24.0,24.3 189 32 4.05 0.02 0.22 0.01 HUN 

 1019 Strackea        22/06/14-07/04 33.8,34.4 207 32 4.0460 0.0007 0.30 0.02 HUN 

 1156 Kira 22/02/17-02/17 18.9,18.9 186 2 2.71 0.05 0.19 0.03 MB-I 

 1346 Gotha           22/01/15-01/19 22.7,23.5 70 -17 2.640 0.002 0.18 0.02 EUN 

 1664 Felix 22/01/16-01/18 22.2,21.8 149 9 3.345 0.008 0.53 0.02 MB-I 

   22/03/17-03/19 15.1,15.7 158 8 3.344 0.009 0.45 0.02 MB-I 

 1816 Liberia         22/05/15-05/17 27.3,27.4 184 24 3.086 0.007 0.39 0.02 PHO 

 1878 Hughes          22/02/24-03/20 12.0,18.1 127 -2 2.6833 0.0003 0.16 0.03 KOR 

 1884 Skip            22/01/15-01/20 21.7,22 106 30 2.894 0.002 0.23 0.02 MB-I 

   22/02/16-02/19 26.5,26.9 113 24 2.895 0.004 0.25 0.02 MB-I 

 2635 Huggins         22/04/07-04/20 13.6,19.4 177 -6 3.1320 0.0007 0.07 0.02 FLOR 

 2714 Matti 22/04/07-04/12 7.3,9.4 188 7 2.604 0.002 0.12 0.02 MB-I 

 3057 Malaren         22/03/26-04-05 *6.8,6.4 191 10 4.496 0.002 0.28 0.02 MB-I 

 3263 Bligh 22/01/23-01/28 9.8,7.8 139 9 3.191 0.002 0.16 0.03 V 

 3388 Tsanghinchi 22/01/04-01/24 3.1,13.8 106 7 3.2570 0.0005 0.28 0.02 PHO 

 3477 Kazbegi         22/05/04-06/20 *15.1,11.5 251 9 8.401 0.002 0.19 0.02 V 

 4235 Tatishchev 22/03/12-03/14 1.0,1.4 170 0 5.07 0.02 0.38 0.03 MB-O 

 4935 Maslachkova 21/11/21-11/22 12.3,12.5 44 -8 2.91 0.03 0.23 0.02 FLOR 

 5129 Groom           22/05/09-05/18 14.4,17.8 205 10 3.638 0.002 0.21 0.01 MB-O 

 5182 Bray            22/06/27-07/02 17.3,18.7 250 19 2.884 0.002 0.27 0.01 MB-I 

 6714 Montreal        22/05/04-05/09 *8.5,7.9 231 17 2.651 0.002 0.25 0.03 MB-I 

 6729 Emiko           22/03/14-03/15 3.5,3.4 175 7 3.14 0.03 0.17 0.02 EUN 

 6920 Esaki 22/02/08-02/14 10.9,8.4 157 9 3.069 0.002 0.35 0.03 V 

 7172 Multatuli 22/02/03-02/08 2.6,5.2 132 3 3.479 0.003 0.35 0.02 HER  

 7516 Kranjc          22/04/14-04/30 11.7,6.0 222 8 3.9690 0.0009 0.18 0.03 MB-I 

 7736 Nizhnij Novgorod 22/05/26-06/16 *10.9,11.8 254 19 2.8582 0.0004 0.24 0.03 EUN 

 11001 Andrewulff      22/03/23-04/06 11.5,4.9 198 5 3.964 0.001 0.13 0.02 MB-I

 11512 1991 AB2 22/02/23-03/14 *9.4,2.2 169 -1 2.9334 0.0004 0.17 0.03 MB 

 13255 1998 OH14 22/02/09-02/24 *3.7,6.0 146 3 3.2927 0.0007 0.12 0.02 MB-I 

   22/03/22-03/26 19.0,20.5 150 4 3.293 0.003 0.13 0.03 MB-I 

 17170 Vsevustinov     22/04/12-05/05 6.7,15.7 201 9 3.3746 0.0005 0.15 0.02 FLOR 

 21831 1999 TX93 22/02/24-03/15 15.2,6.0 184 2 4.0940 0.0008 0.10 0.02 MB-I

 23456 1989 DB 22/02/24-03/12 14.0,5.3 178 3 2.8040 0.0005 0.08 0.02 MB-I 

 24779 Presque Isle    22/06/02-06/24 15.9,10.8 273 18 4.4844 0.0008 0.22 0.03 MB-I 

 36619 2000 QE151 22/01/30-02/08 12.6,8.2 152 -2 2.5830 0.0007 0.13 0.03 FLOR 

 42701 1998 MD13 22/04/08-04/13 18.8,16.8 227 10 2.604 0.002 0.12 0.02 MB-I 

   22/05/22-05/26 10.2,11.6 232 12 2.604 0.002 0.10 0.02 MB-I 

170891 2004 TY16 22/01/14-01/17 32.5,31.9 138 10 2.791 0.003 0.18 0.03 NEA  

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��3KDVH�LV�WKH�VRODU�SKDVH�DQJOH�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�WKH�GDWH�UDQJH��,I�SUHFHGHG�E\�DQ�
DVWHULVN�� WKH�SKDVH�DQJOH� UHDFKHG�DQ�H[WUHPD�GXULQJ� WKH�SHULRG��/3$%�DQG�%3$%�DUH� WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU� ORQJLWXGH�DQG� ODWLWXGH��
*US� LV� WKH� DVWHURLG� IDPLO\�JURXS� �:DUQHU� et al.�� ����D��� 6</�  � 6\OYLD�� +81�  � +XQJDULD�� )/25�  � )ORUD�� 0%�,�2�  � PDLQ�EHOW� LQQHU� �� RXWHU��
3+2� �3KRFDHD��9� �9HVWRLG��1($� �QHDU�(DUWK�DVWHURLG��+(5� �+HUWKD��(81� �(XQRPLD��.25� �.RURQLV��
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