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$VWURQRPLFDO� 2EVHUYDWRU\� �6$2�� IURP� ����� 0DUFK� WKURXJK�

2FWREHU� LQ� RUGHU� WR� GHWHUPLQH� WKH� DVWHURLGV¶� V\QRGLF� URWDWLRQ�
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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�ZDV�SHUIRUPHG�XVLQJ�

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

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

SDSHU��7KH�HVVHQFH�RI�LWV�DOJRULWKP�LV�UHIOHFWHG�LQ�ILQGLQJ�WKH�PRVW�

IDYRUDEOH� VROXWLRQ� IRU� URWDWLRQ�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�URWDWLRQ�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\�WKH�IROORZLQJ�IRUPXOD��

ûP� �������-�3�����7�

ZKHUH�3�DQG�7�DUH� WKH� URWDWLRQ�SHULRG�DQG� WKH� WRWDO� WLPH� VSDQ�RI�

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

H[SUHVVHG� LQ� WKH� VDPH� XQLWV�� 7DEOH� ,� JLYHV� WKH� REVHUYLQJ�

FLUFXPVWDQFHV�DQG�UHVXOWV��

2EVHUYDWLRQV�DQG�UHVXOWV�

�����0H\HUPDQQ�� $� ELPRGDO� VROXWLRQ� IRU� D� URWDWLRQDO� SHULRG� RI��

P� ���������������K��REWDLQHG�IURP�REVHUYDWLRQV�SHUIRUPHG�RQ�WZR�

FRQVHFXWLYH�QLJKWV� LQ������$XJXVW�� VWDWLVWLFDOO\�PDWFKHV�YLUWXDOO\�

DOO� SUHYLRXVO\� IRXQG� SHULRG� UHVXOWV� SUHVHQW� LQ� WKH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH��/&'%��:DUQHU�HW�DO����������6RPH�RI�WKRVH�

SUHYLRXV�SHULRG�UHVXOWV�DUH�DV�IROORZV���������K��3UDYHF������ZHE���

��������K��%HKUHQG������ZHE���������K��3UDYHF������ZHE���

�

�����3DDYR�1XUPL��$FFRUGLQJ�WR�WKH�/&'%�UHFRUGV��WKHUH�ZHUH�QR�

URWDWLRQ� SHULRG� GHWHUPLQDWLRQV� IRU� WKLV� DVWHURLG� SUHYLRXVO\��

3KRWRPHWULF�REVHUYDWLRQV�FDUULHG�RXW�RYHU�WKUHH�FRQVHFXWLYH�QLJKWV�

LQ�HDUO\������$XJXVW�VKRZ�D�SHULRG�RI�P = ��������������K��

�

�����3DUDQD��1R�UHFRUGV�RQ�SUHYLRXV�URWDWLRQ�SHULRG�UHVXOWV�IRU�WKLV�

DVWHURLG�ZHUH�IRXQG��$�SHULRG�RI�P  �����������������K�DVVRFLDWHG�

ZLWK�D�ORZ�DPSOLWXGH�OLJKWFXUYH��A� ������PDJ���DQG�REWDLQHG�IURP�

WKH� ILYH�QLJKW� ����� -XO\� GDWDVHW�� HPHUJHV� DV� D� VWDWLVWLFDOO\� PRVW�

IDYRUDEOH� VROXWLRQ� LQ� WKH� SHULRG� DQDO\VLV�� 0RUH� WKRURXJK�

REVHUYDWLRQV� RI� WKLV� DVWHURLG� LQ� IXWXUH� DSSDULWLRQV� ZRXOG� EH�

H[SUHVVO\�GHVLUHG�IRU�WKH�VDNH�RI�YHULILFDWLRQ�RI�WKLV�FXUUHQWO\�RQO\�

URWDWLRQ�SHULRG�UHVXOW��
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�����+\QHN��3HULRG�RI�P  ���������������K�REWDLQHG�IURP�WKH�6$2�

REVHUYDWLRQV� FRQGXFWHG� RYHU� WKUHH� QLJKWV� LQ� ����� $SULO�0D\��

DOWKRXJK�VXIILFLHQWO\�FORVH�WR�WKH�PRVW�RI�WKH�SUHYLRXV�UHVXOWV�LQ�WKH�

/&'%� UDQJHG� EHWZHHQ� ����� K� DQG� ������ K� VWLOO� VKRZV� VRPH�

GHYLDWLRQ� IURP� WKHP��ZKLFK� LV�PRVW� OLNHO\� D� FRQVHTXHQFH� RI� WKH�

VKRUWQHVV�RI�WZR�RI�WKH�WKUHH�LQGLYLGXDO�GDWDVHWV��DV�ZHOO�DV�SDUWLDOO\�

IUDJPHQWDU\�GDWD�DQG�WKH�ODFN�RI�UHSHDWHG�GDWD�FRYHUDJH�RI�WKH�HQWLUH�

URWDWLRQDO�F\FOH�GXH�WR�EDG�ZHDWKHU�FRQGLWLRQV�DQG�WKH�LQDELOLW\�WR�

IRFXV�H[FOXVLYHO\�RQ�WKLV�WDUJHW��

�

����� 0DWHR�� $QRWKHU� DVWHURLG� ZLWK� QR� NQRZQ� URWDWLRQ� SHULRG��

3HULRG�DQDO\VLV�RI�GHQVH�SKRWRPHWULF�GDWD�REWDLQHG�RQ�WKUHH�QLJKWV�

LQ� ����� 6HSWHPEHU�2FWREHU� VWURQJO\� VXJJHVWV� DV� WKH�PRVW� OLNHO\�

VROXWLRQ�D�WULPRGDO�OLJKWFXUYH�ZLWK�D�SHULRG�RI�P  �����������������

K��

�

�����&KXYDHY��$�ELPRGDO�VROXWLRQ�IRU�D�SHULRG�RI�P  ���������������

K�PDWFKHV�H[DFWO\�WKH�RQO\�SUHYLRXVO\�IRXQG�SHULRG�UHVXOW�RI�������

K�E\�:DV]F]DN�HW�DO����������

�

�����$$6��$FFRUGLQJ�WR�WKH�/&'%�UHFRUGV�WKLV�LV�WKH�ILUVW�URWDWLRQ�

SHULRG� GHWHUPLQDWLRQ� IRU� WKLV� DVWHURLG�� 3HULRG� DQDO\VLV� FRQGXFWHG�

XSRQ�WKH�GDWD�DFTXLUHG�RQ�WKUHH�QLJKWV�LQ������6HSWHPEHU�2FWREHU�

\LHOGHG�D�ELPRGDO�SHULRG�VROXWLRQ�RI�P  ���������������K��

�

����� 6D\DQ\�� 3DO� HW� DO�� ������� IRXQG� WKH� RQO\� SUHYLRXV� URWDWLRQ�

SHULRG� UHVXOW� RI� �������� K�� ZKLFK� PDWFKHV� WKH� YDOXH� RI��

P = ����������������IRXQG�IURP�WKH������-XQH�GDWD��

�

�����1HPLUR��'DWD�REWDLQHG�RYHU�VL[�QLJKWV� LQ������-XO\�$XJXVW�

UHYHDOHG� D� YHU\� ORZ� DPSOLWXGH� OLJKWFXUYH� �A  � �����PDJ��� DQG� D�

SHULRG� RI� P = ������� �� ������� K�� 7KH� UHVXOW� IRXQG� LV� ODUJHO\�

FRQVLVWHQW�ZLWK�WKH�RQO\�SUHYLRXV�SHULRG�UHVXOW�RI���������������K�

E\�3UDYHF������ZHE���
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����� 685)�� 2EVHUYDWLRQV� IURP� WZR� FRQVHFXWLYH� QLJKWV� LQ� HDUO\�

����� 2FWREHU� VKRZ� D� ELPRGDO� VROXWLRQ� DQG� D� SHULRG� RI��

P = ������������K��ZKLFK�LV�KLJKO\�FRQVLVWHQW�ZLWK�WZR�SUHYLRXVO\�

IRXQG� URWDWLRQ� SHULRGV� RI� ������ K� �+D\HV�*HKUNH� HW� DO��� �������

DQG��������K��3UDYHF������ZHE���

�

����� <DVXVKL�� (UDVPXV� HW� DO�� ������� IRXQG� D� URWDWLRQ� SHULRG� RI�

������K��LGHQWLFDO�WR�WKDW�GHULYHG�IURP�WKH�6$2�REVHUYDWLRQV�IURP�

WZR�QLJKWV�LQ�WKH�ILUVW�KDOI�RI������0DUFK��P  ���������������K��

�

�����%REMRVHSK��3ULRU�WR�WKLV�URWDWLRQ�SHULRG�GHWHUPLQDWLRQ��WKHUH�

ZHUH�QR�SHULRG�UHVXOWV�UHSRUWHG��'HQVH�SKRWRPHWULF�GDWD�DFTXLUHG�LQ�

����� 6HSWHPEHU�2FWREHU� LQGLFDWH� D� ELPRGDO� SHULRG� VROXWLRQ� RI��

P  ���������������K��

�

������� �����6.����$� ORZ�DPSOLWXGH� OLJKWFXUYH� �A  � �����PDJ���

SKDVHG�WR�D�SHULRG�RI�P  ���������������K�ZDV�IRXQG�WR�EH�WKH�PRVW�

IDYRUDEOH�VROXWLRQ�LQ�SHULRG�DQDO\VLV�FRQGXFWHG�RQ�WKH�GDWD�REWDLQHG�

RQ�WKUHH�QLJKWV�LQ������2FWREHU��

�

����� &KRVHLNRPRUL�� $� ELPRGDO� SHULRG� RI�P = ������ �� ������ K�

GHULYHG�IURP�WKH������-XQH�6$2�REVHUYDWLRQV�VWDWLVWLFDOO\�PDWFKHV�

WKH�RQO\�SUHYLRXVO\�GHWHUPLQHG�SHULRG�E\�3DO�HW�DO�����������������

K���

�

������������:+��$�ELPRGDO�SHULRG�YDOXH��P = ������������K��IRXQG�

XVLQJ� WKH� ����� $XJXVW� 6$2� GDWD� FROOHFWHG� RQ� WZR� FRQVHFXWLYH�

QLJKWV�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WZR�SUHYLRXV�UHVXOWV�E\�:DV]F]DN�

HW�DO���������������K��DQG�E\�3DO�HW�DO�����������������K���
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������������7%���$�ELPRGDO�URWDWLRQ�SHULRG�RI�P = ��������������

K� GHULYHG� IURP� D� GHQVH� SKRWRPHWULF� GDWDVHW� WDNHQ� LQ� �����

6HSWHPEHU� LV� LGHQWLFDO� WR� WKH� RQO\� SUHYLRXVO\� UHSRUWHG� UHVXOW� E\�

:DV]F]DN�HW�DO���������������K���

��

������'HIL��'HQVH�SKRWRPHWU\�SHUIRUPHG�RYHU�VL[�QLJKWV�LQ������

ODWH� -XQH� �� HDUO\� -XO\� XQDPELJXRXVO\� LQGLFDWHV� D� SHULRG� RI��

P  ���������� �������K� DV� WKH�PRVW� IDYRUDEOH� VROXWLRQ��7KH� RQO\�

SUHYLRXVO\� UHSRUWHG� VROXWLRQ� GHULYHG� IURP� VSDUVH� SKRWRPHWU\� E\��

3DO�HW�DO�� ���������������K��VKRZV�D�VLJQLILFDQW�GLVFUHSDQF\�ZLWK�

WKH�QHZO\�HVWDEOLVKHG�YDOXH��

�

�������������40���:DV]F]DN�HW�DO���������IRXQG�D�SHULRG�RI�������

K��$�ELPRGDO�SHULRG�RI�P  �������± ������K�ZDV�GHULYHG�DV�D�VROXWLRQ�

IURP� WKH�6$2�REVHUYDWLRQV� LQ������$SULO�0D\��ZKLFK� LV�H[DFWO\�

WZLFH� WKH� YDOXH� IRXQG� E\� :DVF]DN� HW� DO�� 7KH� OLJKWFXUYH�

FRUUHVSRQGLQJ�WR�D�ORQJHU�SHULRG�LV�FKDUDFWHUL]HG�E\�WZR�GLVWLQFWLYH�

PD[LPD�� GLIIHUHQW� LQ� VKDSH� DQG� LQWHQVLW\�� DQG� WKH� VSOLWWLQJ�RI� WKH�

OLJKWFXUYH�LQWR�WZR�HTXDO�KDOYHV�LQGLFDWHV�WKHLU�DSSDUHQW�PLVPDWFK��

7KH�PD[LPXP�GLIIHUHQFH�LQ�WKH�LQWHQVLW\�RI�WKH�WZR�KDOYHV�RI�WKH�

OLJKWFXUYH�UHDFKHV�a������PDJ���ZKLFK�LV�QRW�QHJOLJLEOH�DQG�FDQQRW�

EH�WKH�UHVXOW�RI�QRLVH��ZKLFK�LV�FHUWDLQO\�ZHOO�EHORZ�WKLV�OHYHO��7KHVH�

IDFWV�DUH�LQ�IDYRU�RI�D�ORQJHU�SHULRG�RI�������K�RYHU�WKH�SUHYLRXVO\�

GHULYHG�KDOI�VKRUWHU�SHULRG�RI�������K��&HUWDLQO\��LW�ZRXOG�EH�YHU\�

GHVLUDEOH� WR� FRQWLQXH� REVHUYLQJ� WKLV� DVWHURLG� LQ� WKH� IXWXUH�

DSSDULWLRQV�LQ�RUGHU�WR�GHILQLWLYHO\�UHVROYH�SHULRG�DPELJXLW\��

�

�

�������� �����$&����1R� SUHYLRXV� URWDWLRQ� SHULRG� GHWHUPLQDWLRQV�

ZHUH�IRXQG�LQ�WKH�/&'%��3KRWRPHWULF�GDWD�IURP������-XQH�VKRZ�D�

ELPRGDO�SHULRG�VROXWLRQ�RI�P  ���������������K��

�

�������� ����� .9��� $OWKRXJK� WKH� ����� $SULO� ����� 6$2� GDWD�

REWDLQHG� RYHU� WZR� FRQVHFXWLYH� QLJKWV� GLG� QRW� FRYHU� D� ODUJH��

SRUWLRQ� RI� WKH� URWDWLRQ� F\FOH� WZLFH�� WKH� UHVXOW� IRU� WKH� SHULRG��

�P = ������������K��GHULYHG�IURP�VXFK�D�FRPELQHG�GDWDVHW�VKRZV�

YHU\�JRRG�DJUHHPHQW�ZLWK�WKH�RQO\�SUHYLRXVO\�IRXQG�URWDWLRQ�SHULRG�

E\�3UDYHF������ZHE��������K���



� ���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

�

�������� ����� $=����� $QRWKHU� PDLQ�EHOW� DVWHURLG� ZLWK� QR�

SUHYLRXVO\� NQRZQ� URWDWLRQ� SHULRG�� 'HQVH� SKRWRPHWU\� IURP� WZR�

QLJKWV� LQ� ����� $XJXVW� SRLQWV� WR� D� ELPRGDO� SHULRG� VROXWLRQ� RI��

P  ���������������K�DQG�D�IDLUO\�ODUJH�OLJKWFXUYH�DPSOLWXGH�RI������

PDJ���DW�D�UHODWLYHO\�ORZ�VRODU�SKDVH�DQJOHV��1HYHUWKHOHVV��GHVSLWH�

WKH�GHQVH�SKRWRPHWULF�GDWD��LW�VKRXOG�EH�QRWHG�WKDW�D�ODUJH�SDUW�RI�

WKH�URWDWLRQ�F\FOH�IRU�WKH�REWDLQHG�SHULRG�LV�FRYHUHG�E\�REVHUYDWLRQV�

RQO\� RQFH�� VR� WKLV� SHULRG� UHVXOW� VKRXOG� EH� WUHDWHG� ZLWK� D� FHUWDLQ�

GHJUHH�RI�FDXWLRQ��5HILQHPHQW�RI�WKH�SHULRG�UHVXOW�REWDLQHG�LQ�WKH�

�����DSSDULWLRQ�ZRXOG�EH�KLJKO\�GHVLUDEOH�LQ�WKH�IXWXUH��

�

�������������*-���3UHYLRXVO\�HVWDEOLVKHG�URWDWLRQ�SHULRG�UHVXOWV�E\�

3UDYHF������ZHE���������K������ZHE���������K�DQG��������K��IRU�

WKLV�QHDU�(DUWK�DVWHURLG�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�SHULRG�YDOXH�

�P = ��������������K��IRXQG�IURP�GHQVH�SKRWRPHWULF�GDWD�FROOHFWHG�

DW�6$2�GXULQJ�WZR�QLJKWV�LQ�ODWH������$XJXVW��7KH������UHVXOW�LV�

VRPHZKDW�GLIIHUHQW�IURP�WKH�YDOXH�IRXQG�E\�:DUQHU�DQG�6WHSKHQV�

�������������K��IURP�WKH�REVHUYDWLRQV�GRQH�LQ������-XQH��

�

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

 1739 Meyermann      24/08/16-24/08/18  13.5,12.9 346 3 2.821 0.006 0.24 0.03 MB-I 
 1740 Paavo Nurmi    24/08/01-24/08/04  13.3,12.3 332 1 4.649 0.009 0.19 0.02 MB-I 
 1779 Parana         24/07/10-24/07/30  21.8,11.6 322 1 3.9210 0.0007 0.08 0.03 MB-I 
 1842 Hynek          24/04/19-24/05/01  12.0, 6.7 227 8 3.998 0.002 0.08 0.01 MB-I 
 2680 Mateo          24/09/16-24/10/09  25.0,16.2 41 2 3.3130 0.0005 0.15 0.02 HER  
 3429 Chuvaev        24/08/24-24/08/30  6.4, 2.7 340 1 3.365 0.002 0.19 0.03 MB-I 
 3654 AAS            24/09/25-24/10/02  *3.5, 1.0 8 1 3.548 0.002 0.11 0.02 MB-I 
 4189 Sayany         24/06/18-24/06/30  16.4,11.4 294 8 2.7604 0.0006 0.23 0.03 V    
 4228 Nemiro         24/07/27-24/08/09  *8.8, 5.4 316 8 2.7868 0.0005 0.04 0.03 MB-I 
 5181 SURF           24/10/06-24/10/08  1.5, 1.7 13 -3 6.11 0.03 0.46 0.03 HER  
 6922 Yasushi        24/03/08-24/03/12  3.9, 2.9 173 4 3.434 0.003 0.19 0.03 FLOR 
 7159 Bobjoseph      24/09/23-24/10/01  8, 3.2 11 3 4.113 0.002 0.10 0.02 MB-I 
 8162 1990 SK11      24/10/06-24/10/09  2.5, 3.6 12 4 4.550 0.006 0.07 0.02 MB-I 
 8577 Choseikomori   24/06/14-24/06/20  28.3,27.2 312 9 5.573 0.006 0.21 0.04 MB-I 
 8692 1992 WH        24/08/10-24/08/12  7.8, 7.2 328 8 4.69 0.02 0.24 0.03 V    
 9302 1985 TB3       24/09/04-24/09/12  9.9, 4.9 356 0 3.059 0.001 0.25 0.02 MB-I 
 10332 Defi           24/06/09-24/07/10  *13.0,12.4 285 21 2.8403 0.0007 0.11 0.02 MB-I 
 15254 1990 QM4       24/04/29-24/05/07  *5.3, 5.9 222 8 4.632 0.003 0.10 0.03 MB-I 
 16161 2000 AC68      24/06/01-24/06/06  *7.4, 7.6 252 11 3.970 0.003 0.11 0.02 MB-I 
 25330 1999 KV4       24/04/25-24/04/27  17.5,16.6 213 12 4.93 0.02 0.12 0.03 NEA  
 45375 2000 AZ115     24/08/10-24/08/12  14.8,14.3 330 15 3.182 0.005 0.35 0.03 MB-I 
 66251 1999 GJ2       24/08/20-24/08/24  34.3,32.7 343 22 2.461 0.002 0.11 0.02 NEA  
 67976 2000 XA7       24/07/26-24/08/07  11.9, 8.7 319 12 6.306 0.003 0.18 0.03 MB-I 
 70410 1999 SE3       24/06/28-24/07/16  28.9,26.3 317 30 2.5890 0.0004 0.14 0.03 PHO  
_______________________________________________________________________________________________________ 
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