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3KRWRPHWULF� PHDVXUHPHQWV� RI� &&'� REVHUYDWLRQV� RQ�

WZHQW\�ILYH�PLQRU� SODQHWV� ZHUH�PDGH� IURP� �����$SULO�

WKURXJK������ -DQXDU\��3KDVHG� OLJKWFXUYHV�ZHUH�FUHDWHG�

IRU�HDFK�RQH���$OO�GDWD�KDV�EHHQ�VXEPLWWHG�WR�WKH�$/&'()�

GDWDEDVH��

3KRWRPHWULF�&&'�REVHUYDWLRQV�RI�WZHQW\�ILYH�PDLQ�EHOW�DVWHURLGV�

ZHUH�SHUIRUPHG�DW�&KLULFDKXD�6NLHV�2EVHUYDWRU\��03&�9����QHDU�

6XQL]RQD�� $UL]RQD�� ,PDJHV� IURP� ����� $SULO� WKURXJK� �����

1RYHPEHU� ZHUH� WDNHQ� XVLQJ� D� ����P� I������ &RUUHFWHG� 'DOO�

.LUNKDP� WHOHVFRSH� DQG� 7HOHG\QH� &&'������ VHQVRU� \LHOGLQJ� DQ�

LPDJH�VFDOH�RI�����´�SL[HO��,Q������'HFHPEHU�WKH�����P�&RUUHFWHG�

'DOO�.LUNKDP�ZDV�UHFRQILJXUHG�WR�RSHUDWH�DW�LWV�QDWLYH�I�����IRFDO�

UDWLR� DQG� D� 4+<����� &026� FDPHUD� ZDV� LQVWDOOHG� \LHOGLQJ� DQ�

LPDJH�VFDOH�RI����´�SL[HO��7DEOH�,�VKRZV�REVHUYLQJ�FLUFXPVWDQFHV�

DQG� UHVXOWV�� $OO� LPDJHV� IRU� WKHVH� REVHUYDWLRQV� ZHUH� REWDLQHG�

EHWZHHQ������'HFHPEHU�DQG������-DQXDU\��

'DWD�UHGXFWLRQ�DQG�SHULRG�DQDO\VLV�ZHUH�GRQH�XVLQJ�Tycho �3DUURWW��

������� 7KH� DVWHURLG� DQG� ILYH� RU� PRUH� FRPSDULVRQ� VWDUV� ZHUH�

PHDVXUHG��&RPSDULVRQ�VWDUV�ZHUH� VHOHFWHG�ZLWK�FRORUV�ZLWKLQ� WKH�

UDQJH� RI� ���� �� %�9� �� ����� WR� FRUUHVSRQG� ZLWK� FRORU� UDQJHV� RI�

DVWHURLGV��

&RPSDULVRQ� VWDU� PDJQLWXGHV� ZHUH� REWDLQHG� IURP� WKH� $7/$6�

FDWDORJ� �7RQU\� HW� DO��� ������� ZKLFK� LV� LQFRUSRUDWHG� GLUHFWO\� LQWR�

Tycho��$�PHDVXULQJ�DSHUWXUH�HTXDO�WR��î�):+0�RI�WKH�WDUJHW�ZDV

�XVHG� IRU� DVWHURLGV� DQG� FRPS� VWDUV�� ,QWHUIHUHQFH� IURP� ILHOG� VWDUV�

UHVXOWHG� LQ� WKH� H[FOXVLRQ� RI� DIIHFWHG� REVHUYDWLRQV�� 3HULRG�

GHWHUPLQDWLRQ�ZDV�GRQH�XVLQJ�Tycho��

$VWHURLGV�ZHUH�VHOHFWHG� IURP�WKH�&$//�ZHEVLWH� �:DUQHU���������

HLWKHU�IRU�KDYLQJ�XQFHUWDLQ�SHULRGV�RU�QR�UHSRUWHG�SHULRG�DW�DOO��7KH�

$VWHURLG�/LJKWFXUYH�'DWDEDVH� �/&'%��:DUQHU� HW� DO�� �������ZDV�

FRQVXOWHG�WR�ORFDWH�SUHYLRXVO\�SXEOLVKHG�UHVXOWV��$OO�QHZ�GDWD�IRU�

WKHVH�DVWHURLGV�KDV�EHHQ�VXEPLWWHG�WR�WKH�$/&'()�GDWDEDVH��

���� :LVLEDGD� LV� DQ� RXWHU� PDLQ�EHOW� DVWHURLG� ZLWK� DQ� HVWLPDWHG�

GLDPHWHU� RI� ������ NP�� $� VHDUFK� RI� WKH� /&'%� UHYHDOHG� WKUHH�

VHSDUDWH�SHULRG�VROXWLRQV�UHSRUWHG�GXULQJ�WKH������DSSDULWLRQ��'RVH�

�������UHSRUWHG�D�SHULRG�RI���������������K��3RODNLV��������UHSRUWHG�

D�SHULRG�RI�������������K�DQG�&ROD]R�HW�DO���������UHSRUWHG�D�SHULRG�

RI� ����� �� ��� K�� ,Q� ����� 'HFHPEHU� REVHUYDWLRQV� ZHUH� REWDLQHG�

GXULQJ�VL[WHHQ�QLJKWV�RI�D�WKLUW\�QLJKW�SHULRG�DQG�XVHG�WR�FDOFXODWH�

D�SHULRG�VROXWLRQ�RI�������������K��GLVDJUHHLQJ�ZLWK�DOO�SUHYLRXVO\�

SXEOLVKHG� VROXWLRQV�� 7KH� DPSOLWXGH� RI� WKH� OLJKWFXUYH� LV��

��������������PDJQLWXGH��

�

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

 717 Wisibada 24/12/01-12/30 10.2,16.3 129  1  300.6 0.8 0.312 0.018 MB-O 

 991 McDonalda 24/12/22-25/01/06 12.9,9.8 140  2  296.0 0.6 0.757 0.022 Themis 

 1962 Dunant 24/10/04-10/26 1.2,11.3 9  0  156.7 0.1 0.905 0.019 MB-O 

 2493 Elmer 24/10/23-10/26 7.7,9.2 15  1  4.754 0.001 0.549 0.019 MB-O 

 2779 Mary 24/04/11-04/17 5.7,8.9 194  5  7.178 0.005 0.043 0.011 MB-I 

 3418 Izvekov 24/10/30-11/01 1.1,2.0 41  -1  9.627 0.003 0.372 0.013 Themis 

 3469 Bulgakov 24/12/01-12/11 3.3,6.8 61  -4  176.1 1.0 0.085 0.011 Eos 

 3583 Burdett 24/10/06-10/14 9.5,13.6 36  0  2.719 0.001 0.136 0.014 Hertha 

 3654 AAS 24/10/05-10/14 2.9,8.8 9  0  3.547 0.003 0.101 0.027 MB-I 

 4510 Shawna 24/10/23-10/29 9.7,12.8 14  3  19.21 0.06 0.099 0.009 Vesta 

 5050 Doctorwatson 24/10/25-10/28 9.2,10.9 17  1  3.321 0.001 0.103 0.019 MB-I 

 5510 1988 RF7 24/10/22-10/29 21.0,24.0 69  -5  53.32 0.10 0.610 0.026 Mars 

 5552 Studnicka 24/10/23-10/28 18.9,20.7 67  -9  5.915 0.003 0.119 0.018 MB-O 

 5914 Kathywhaler 24/12/01-12/11 *0.1,2.7 71  0  196.2 0.7 0.215 0.014 Sylvia 

 6516 Gruss 24/12/04-25/01/07 0.7,16.9 73  1  185.0 0.8 0.126 0.023 MB-I

 6666 Fro 24/11/09-11/13 0.3,2.2 48  0  4.912 0.001 0.243 0.023 MB-I 

 6985 1994 UF2 24/11/02-11/19 0.9,8.2 42  0  20.00 0.01 0.166 0.025 Vesta 

 7556 Perinaldo 24/10/04-10/26 1.1,10.7 9  0  158.5 0.1 0.563 0.027 MB-O 

 7654 1991 VV3 24/10/06-10/22 5.1,14.4 35  -1  63.41 0.05 0.226 0.020 Hertha 

 7926 1986 RD5 24/10/11-10/24 3.4,8.7 11  2  19.71 0.01 0.282 0.039 MB-O 

 8805 Petrpetrov 23/10/30-11/08 *1.3,3.7 41  -1  5.571 0.001 0.120 0.019 MB-I 

 9133 d’Arrest 24/10/31-11/08 *1.0,3.4 41  -1     Eunomia 

 9914 Obukhova 24/11/05-11/12 2.0,4.2 44  -2  4.914 0.009 0.063 0.018 Misa 

 31902 Raymondwang 24/10/11-10/21 4.5,10.0 11  2  6.207 0.001 0.954 0.133 MB-I 

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�
UHDFKHG� DQ� H[WUHPD� GXULQJ� WKH� SHULRG�� /3$%� DQG� %3$%� DUH� WKH� DSSUR[LPDWH� SKDVH� DQJOH� ELVHFWRU� ORQJLWXGH�ODWLWXGH� DW� PLG�GDWH� UDQJH�
�VHH�+DUULV�HW�DO����������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������
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����0F'RQDOGD� KDV� D� VLQJOH� SHULRG� SXEOLVKHG� LQ� WKH� /&'%� E\�

3LOFKHU��������RI�!����KRXUV��+H�QRWHV�WKDW�RQO\�D�VLQJOH�QLJKW�RI�

GDWD�ZDV�REWDLQHG�DQG�WKDW�D�ODUJH�DPRXQW�RI�WHOHVFRSH�WLPH�ZRXOG�

EH� UHTXLUHG� WR�GHWHUPLQH�DQ�DFFXUDWH�SHULRG� VROXWLRQ��)URP������

'HFHPEHU�WR������-DQXDU\��WKH�DXWKRU�FRPPLWWHG�WHOHVFRSH�WLPH�WR�

PDNH�����REVHUYDWLRQV�RQ� HOHYHQ�GLIIHUHQW� QLJKWV��7KLV� GDWD�ZDV�

XVHG�WR�GHWHUPLQH�WKDW�����0F'RQDOGD�LV�D�VORZ�URWDWRU�ZLWK�D�ODUJH�

DPSOLWXGH�� 7KH� FDOFXODWHG� SHULRG� LV� ������ �� ���� KRXUV� DQG� WKH�

DPSOLWXGH�LV���������������PDJQLWXGH��

�

����� 'XQDQW� LV� DQ� RXWHU� PDLQ�EHOW� DVWHURLG� ZLWK� QR� SXEOLVKHG�

SHULRGV�LQ�WKH�/&'%��2EVHUYDWLRQV�ZHUH�FRQGXFWHG�RYHU�D�WKUHH�

ZHHN� SHULRG� LQ� ����� 2FWREHU� DQG� ���� LPDJHV� ZHUH� FDSWXUHG� LQ�

VL[WHHQ�REVHUYLQJ�VHVVLRQV��$�PRQRPRGDO�SHULRG�RI������K�SURGXFHV�

D�VOLJKWO\�EHWWHU�ILW��EXW�WKH�ELPRGDO�SHULRG�VROXWLRQ�LV�SUHIHUUHG�DQG�

UHSRUWHG�KHUH��7KDW�SHULRG� LV�������������K�ZLWK� DQ�DPSOLWXGH�RI�

��������������PDJ��

�

�

�����(OPHU�ZDV�LPDJHG�RQ�IRXU�FRQVHFXWLYH�QLJKWV�LQ������2FWREHU�

UHVXOWLQJ� LQ� ���� REVHUYDWLRQV� IRU� SHULRG� DQDO\VLV�� 'XUHFK� HW� DO��

�������UHSRUWHG�D�SHULRG�RI���������������������K�IRU�WKLV�DVWHURLG��

7KH� DXWKRU� FDOFXODWHG� D� SHULRG� VROXWLRQ� RI� ������ �� ������ K� LQ�

DJUHHPHQW� ZLWK� 'XUHFK¶V� SUHYLRXV� UHVXOW�� 7KH� DPSOLWXGH� RI� WKH�

OLJKWFXUYH�LV���������������PDJQLWXGH��

�

�����0DU\�ZDV�REVHUYHG�RQ�VL[�FRQVHFXWLYH�QLJKWV�LQ������$SULO��

%HKUHQG������ZHE��UHSRUWHG�D�SURYLVLRQDO�SHULRG�RI�������������K�

EDVHG�RQ�D�VLQJOH�QLJKW�RI�GDWD�LQ�������DQG�3LOFKHU��������UHSRUWHG�

D�SHULRG�RI���������������K������REVHUYDWLRQV�ZHUH�PDGH�E\� WKH�

DXWKRU�DQG�D�SHULRG�VROXWLRQ�RI���������������K�ZDV�FDOFXODWHG��7KH�

SHULRG� VSHFWUXP� VKRZV� D� VWURQJ� PLQLPXP� DW� ������ KRXUV�� 7KH�

SHULRG� VKRZQ� KHUH� LV� WZLFH� WKH� SHULRG� UHSRUWHG� E\� 3LOFKHU� ±�

GLVDJUHHLQJ� ZLWK� SUHYLRXV� REVHUYDWLRQV� RI� WKLV� DVWHURLG�� 7KH�

DPSOLWXGH�RI�WKH�OLJKWFXUYH�LV���������������PDJQLWXGH��

�

�
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����� ,]YHNRY� LV� D�PHPEHU� RI� WKH�7KHPLV� IDPLO\� RI� DVWHURLGV��$�

VHDUFK�RI� WKH�/&'%�UHYHDOHG�QR�UHSRUWHG�VROXWLRQV��'XULQJ� WKUHH�

FRQVHFXWLYH�QLJKWV������LPDJHV�ZHUH�JDWKHUHG��SURGXFLQJ�D�SHULRG�

VROXWLRQ� RI� ������ �� ������ K�� 7KH� DPSOLWXGH� RI� WKH� OLJKWFXUYH� LV��

��������������PDJQLWXGH��

�

�����%XOJDNRY�LV�DQ�(RV�IDPLO\�DVWHURLG�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�

RI�������NP��7ZR�SHULRG�VROXWLRQV�ZHUH�IRXQG�LQ�WKH�/&'%��7KH�

HDUOLHVW� UHSRUWHG� SHULRG� E\�%HKUHQG� �����ZHE�� LV� ����� �� ����� K��

'XUHFK� HW� DO�� ������� UHSRUWHG� D� SHULRG� RI� ������� �� ����� K�� $�

OLJKWFXUYH�ZDV�FRQVWUXFWHG�IURP�����GDWD�SRLQWV�REWDLQHG�GXULQJ�DQ�

REVHUYLQJ�UXQ�RI�HOHYHQ�FRQVHFXWLYH�QLJKWV�LQ������'HFHPEHU��7KH�

FDOFXODWHG�SHULRG�RI�������������K�LV�LQ�DJUHHPHQW�ZLWK�WKH�SHULRG�

SXEOLVKHG� E\� 'XUHFK�� 7KH� DPSOLWXGH� RI� WKH� OLJKWFXUYH� LV��

��������������PDJ��

�

�����%XUGHWW�LV�D�+HUWKD�IDPLO\�DVWHURLG�ZLWK�QR�SXEOLVKHG�SHULRG�

VROXWLRQV�LQ�WKH�/&'%��2EVHUYDWLRQV�ZHUH�WDNHQ�RYHU�HLJKW�QLJKWV�

LQ������2FWREHU��7KHVH�UHVXOWHG�LQ�D�FDOFXODWHG�SHULRG�VROXWLRQ�RI�

��������������K�ZLWK�DQ�DPSOLWXGH�RI�WKH�OLJKWFXUYH�LV���������������

PDJQLWXGH��

�

�����$$6�ZDV�REVHUYHG�RYHU���QLJKWV�LQ������2FWREHU��7KLV�LQQHU�

PDLQ�EHOW� DVWHURLG�KDV�QR�SXEOLVKHG�SHULRG�VROXWLRQV�QRWHG� LQ� WKH�

/&'%������REVHUYDWLRQV�ZHUH�PDGH�DQG�XVHG�WR�GHWHUPLQH�D�SHULRG�

VROXWLRQ� RI� ������ �� ������ K�� 7KH� DPSOLWXGH� RI� WKH� OLJKWFXUYH� LV��

��������������PDJQLWXGH��

�

�����6KDZQD�LV�D�9HVWD�IDPLO\�DVWHURLG�ZLWK�QR�SXEOLVKHG�SHULRGV�

LQ� WKH�/&'%��7KH�DXWKRU�REVHUYHG� WKH�DVWHURLG�RQ� ILYH�QLJKWV� LQ�

����� 2FWREHU� DQG� GHWHUPLQHG� D� SHULRG� RI� ������ �� ����� K�� 7KH�

DPSOLWXGH�RI�WKH�OLJKWFXUYH�LV���������������PDJQLWXGH��$GGLWLRQDO�

REVHUYDWLRQV�FRXOG�UHILQH�WKH�VKDSH�DQG�SHULRG�RI�WKH�DVWHURLG�VLQFH�

WKH�DXWKRU�ZDV�XQDEOH�WR�REWDLQ�IXOO�FRYHUDJH�RI�LWV�URWDWLRQDO�SHULRG��
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�

�����'RFWRUZDWVRQ��D�PDLQ�EHOW�DVWHURLG��ZDV�REVHUYHG�RYHU�IRXU�

FRQVHFXWLYH�QLJKWV�LQ������2FWREHU��,Q�WKDW�WLPH������REVHUYDWLRQV�

ZHUH�PDGH� WR�GHULYH�D�SHULRG�VROXWLRQ�RI���������������K�DQG�DQ�

DPSOLWXGH�RI���������������PDJQLWXGH��1R�SHULRG�VROXWLRQV�IRU�WKLV�

DVWHURLG�ZHUH�IRXQG�LQ�WKH�/&'%��

�

����������5)��LV�DQ�DVWHURLG�ZLWK�D�0DUV�FURVVLQJ�RUELW�WKDW�OLVWV�D�

VLQJOH�SHULRG�LQ�WKH�/&'%��2H\��������REVHUYHG�WKH�DVWHURLG�RQ�D�

VLQJOH� QLJKW�ZKHQ� LW� VKDUHG� WKH� ILHOG�ZLWK� D� GLIIHUHQW� WDUJHW��+LV�

FRPPHQWV�QRWH�WKDW�WKH�SHULRG�RI�����������K�LV�QRW�FRQFOXVLYH�DQG�

LV�EDVHG�RQ�VSDUVH�GDWD��7KH�DXWKRU�REVHUYHG� WKLV� WDUJHW� IRU�HLJKW�

FRQVHFXWLYH�QLJKWV�DQG�D�SHULRG�GHWHUPLQDWLRQ�ZDV�PDGH�IURP�WKH�

����LPDJHV�FROOHFWHG�LQ�WKDW�SHULRG��7KH�DXWKRU�FDOFXODWHV�D�SHULRG�

RI��������������K�ZLWK�DQ�DPSOLWXGH�RI���������������PDJQLWXGH�

EDVHG�RQ�WKH�PRUH�H[WHQVLYH�GDWD�DYDLODEOH�IRU�DQDO\VLV��

�

����� 6WXGQLFND�ZDV� REVHUYHG� RQ� VL[� FRQVHFXWLYH� QLJKWV� LQ� �����

2FWREHU�� 7KLV� RXWHU� PDLQ�EHOW� DVWHURLG� KDV� QR� SXEOLVKHG� SHULRG�

VROXWLRQV� QRWHG� LQ� WKH� /&'%�� 'XULQJ� WKH� ����� DSSDULWLRQ� ����

REVHUYDWLRQV�ZHUH�PDGH�DQG�XVHG�WR�GHWHUPLQH�D�SHULRG�VROXWLRQ�RI�

��������������K��7KH�DPSOLWXGH�RI�WKH�OLJKWFXUYH�LV���������������

PDJQLWXGH��

�

�����.DWK\ZKDOHU�LV�D�6\OYLD�IDPLO\�DVWHURLG�REVHUYHG�RQ�HOHYHQ�

FRQVHFXWLYH� QLJKWV� LQ� ����� 'HFHPEHU�� :DV]F]DN� HW� DO�� �������

UHSRUWHG�D�SHULRG�RI����������������K��$�WRWDO�RI�����GDWD�SRLQWV�

REWDLQHG�GXULQJ�WKH������DSSDULWLRQ�DQG�XVHG�WR�FDOFXODWH�D�SHULRG�

VROXWLRQ� RI� ������ �� ���� K�� SURYLGLQJ� D� GLIIHUHQW� UHVXOW� IURP�

:DV]F]DN��7KH�SHULRG�VROXWLRQ�ZDV�RQO\�GHWHUPLQHG�DIWHU�LWHUDWLQJ�

RQ�PXOWLSOH� YDOXHV� IRU�*��8VLQJ� D� YDOXH� RI�* ����� SURYLGHG� WKH�

VROXWLRQ� UHSRUWHG� KHUH�� 7KH� DPSOLWXGH� RI� WKH� OLJKWFXUYH� LV��

��������������PDJQLWXGH��
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�����*UXVV�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�ZLWK�D�VLQJOH�SUHYLRXVO\�

UHSRUWHG�SHULRG�OLVWHG�LQ�WKH�/&'%��&ODUN��������UHSRUWHG�D�SHULRG�

RI����������������K��'DWD�ZDV�REWDLQHG�E\�WKH�DXWKRU�RYHU�WZHQW\�

ILYH�QLJKWV�EHWZHHQ������'HFHPEHU�DQG������-DQXDU\�WR�FDOFXODWH�

D�SHULRG�VROXWLRQ�RI�������������K��GLIIHULQJ�IURP�WKH�SUHYLRXV�UHVXOW��

7KH�DPSOLWXGH�RI�WKH�OLJKWFXUYH�LV���������������PDJQLWXGH��

�

�����)UR�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�

RI���NP��1R�SHULRG�VROXWLRQV�H[LVW�LQ�WKH�/&'%��,Q������1RYHPEHU�

D�WRWDO�RI�����GDWD�SRLQWV�ZHUH�REWDLQHG�GXULQJ�IRXU�QLJKWV�DQG�XVHG�

WR�FDOFXODWH�D�SHULRG�VROXWLRQ�RI���������������K��7KH�DPSOLWXGH�RI�

WKH�OLJKWFXUYH�LV���������������PDJQLWXGH��

�

����������8)���D�9HVWD�IDPLO\�DVWHURLG��ZDV�REVHUYHG�RQ�VL[�QLJKWV�

LQ������1RYHPEHU��$�VHDUFK�RI�WKH�/&'%�UHYHDOHG�QR�SXEOLVKHG�

SHULRGV��7KH�DXWKRU�FDOFXODWHG�D�SHULRG�RI��������������K�ZLWK�DQ�

DPSOLWXGH�RI���������������PDJQLWXGH��

�

�����3HULQDOGR�ZDV�LPDJHG�RQ�VL[WHHQ�QLJKWV�LQ������2FWREHU�IRU�

WKH� SXUSRVH� RI� GHWHUPLQLQJ� LWV� URWDWLRQ� SHULRG�� 2QH� SUHYLRXVO\�

UHSRUWHG� SHULRG� ZDV� IRXQG� LQ� WKH� /&'%�� 'XUHFK� HW� DO�� �������

UHSRUWHG�D�SHULRG�RI�����������������K�IRU�WKLV�DVWHURLG��7KH�DXWKRU�

FDOFXODWHG� D� SHULRG� RI� ������ �� ��� �� K� IRU� WKLV� VORZ� URWDWRU� LQ�

DJUHHPHQW�ZLWK�'XUHFK¶V�UHVXOW��7KH�DPSOLWXGH�RI�WKH�OLJKWFXUYH�LV�
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