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$FNQRZOHGJHPHQWV�

7KDQNV� LV� GLUHFWHG� WR� 3URI� 5LFKDUG� %LQ]HO� ZKR� EURXJKW� WR� WKH�

DWWHQWLRQ�RI�WKHVH�PXWXDO�HYHQWV�WKURXJK�KLV�QRWLILFDWLRQ�DW�%LQ]HO�

��������

5HIHUHQFHV�

%LQ]HO��5�3��� �������� ³&DOO� IRU�2EVHUYDWLRQV�RI� WKH�3DWURFOXV� DQG�

0HQRHWLXV�0XWXDO�(YHQWV��6XSSRUW�IRU�WKH�1$6$�/XF\�0LVVLRQ�WR�

WKH�7URMDQ�$VWHURLGV�´�Minor Planet Bulletin�������������

%UR]RYLF��0���-DFREVRQ��5�$���3DUN��5�6���'HVFDPSV��3���%HUWKLHU��

-���3LQLOOD�$ORQVR��1���3RSHVFX��0���/LFDQGUR��-����������³2UELW�RI�

WKH� 3DWURFOXV�0HQRHWLXV� %LQDU\� 6\VWHP� DQG� 3UHGLFWLRQV� IRU� WKH�

����������0XWXDO�(YHQWV�6HDVRQ�´�Astron. J. �������������SS��'2,�

������������������DG�I�H��

1HOVRQ�� %�� �������� Minima (Version 27)�� 6RIWZDUH� IRU�

SKRWRPHWULF� GDWD� DQDO\VLV�� 9DULDEOH� 6WDUV� 6RXWK�� $YDLODEOH� DW�

� �

https://www.variablestarssouth.org/resources/bob-nelsons-

software-tools/software-by-bob-nelson���

$FFHVVHG����6HSW�������

1HVYRUQ\��'���%UR]��0��� &DUUXED��9�� �������� ³,GHQWLILFDWLRQ� DQG�

'\QDPLFDO� 3URSHUWLHV� RI�$VWHURLG� )DPLOLHV�´� ,Q�$VWHURLGV� ,9� �3��

0LFKHO��)��'H0HR��:�)��%RWWNH��5��%LQ]HO��(GV����8QLY��RI�$UL]RQD�

3UHVV��7XFVRQ��DOVR�DYDLODEOH�RQ�DVWUR�SK��

7KLQNLQJ�0DQ�6RIWZDUH���������'LPHQVLRQ���6RIWZDUH��YHUVLRQ������

$YDLODEOH�IURP�http://www.thinkman.com/dimension4/default.htm.�

$FFHVVHG����6HSW��������

7RQU\�� -��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $��� 2QNHQ�� &���

6PDUWW��6���6WDOGHU��%���:HLODQG��+���:ROI��&����������³7KH�$7/$6�

$OO�6N\�6WHOODU�5HIHUHQFH�&DWDORJ�´�Ap. J.������LG�������

:DUQHU�� %�'��� �������� 032� 6RIWZDUH�� MPO Canopus� YHUVLRQ�

�����������%GZ�3XEOLVKLQJ��http://www.minorplanetobserver.com/�
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9ODGLPLU�%HQLVKHN�

%HOJUDGH�$VWURQRPLFDO�2EVHUYDWRU\�

9ROJLQD����������%HOJUDGH�����6(5%,$�

YODEHQ#\DKRR�FRP�

�5HFHLYHG�������1RYHPEHU����

$�VLQJOH�OLJKWFXUYH�SDUWLDOO\�FRYHULQJ�WKH������2FWREHU�

������VXSHULRU�PXWXDO�HYHQW�ZDV�REWDLQHG�IRU�WKH�ELQDU\�

-XSLWHU�7URMDQ�DVWHURLG�V\VWHP�����3DWURFOXV���0HQRHWLXV�

IURP�6RSRW�$VWURQRPLFDO�2EVHUYDWRU\��.����LQ�6HUELD��

'XULQJ� LWV� ������\HDU� ORQJ�KHOLRFHQWULF� RUELWDO� SHULRG�� WKH�RUELWDO�

SODQH�RI�WKH�ELQDU\�-XSLWHU�7URMDQ�DVWHURLG�V\VWHP�����3DWURFOXV���

0HQRHWLXV��306��WZLFH�UHDFKHV�D�IDYRUDEOH�SRVLWLRQ�LQ�UHODWLRQ�WR�

WKH�(DUWK��DOORZLQJ�REVHUYDWLRQV�RI�PXWXDO�HFOLSVHV�DQG�RFFXOWDWLRQV�

�PXWXDO� HYHQWV�� RI� WKH� V\VWHP� FRPSRQHQWV�� 6XFK� D� IDYRUDEOH�

REVHUYDWLRQDO�JHRPHWU\�RI�306�PXWXDO�HYHQWV�RFFXUV� LQ� WKH�WLPH�

VSDQ������)HEUXDU\��������-DQXDU\��

)ROORZLQJ�WKH�FDOO�IRU�REVHUYDWLRQV�RI�306�PXWXDO�HYHQWV�E\�%LQ]HO�

������� GXULQJ� ����� 6HSWHPEHU� �� 2FWREHU�� &&'� SKRWRPHWULF�

REVHUYDWLRQV� RI� WKH� VXSHULRU� �3DWURFOXV� FORVHU� WR� WKH� 6XQ� WKDQ�

0HQRHWLXV��PXWXDO�HYHQW�SUHGLFWHG�IRU������2FWREHU��������������

�� ������87��E\�%UR]RYLF� HW� DO�� �������ZHUH�FDUULHG�RXW� DW�6RSRW�

$VWURQRPLFDO� 2EVHUYDWRU\� �.���� LQ� 6HUELD�� )RU� WKLV� SXUSRVH�� D�

�����PHWHU� �I������ 0HDGH� /;���*36� 6FKPLGW�&DVVHJUDLQ�

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

RSHUDWLQJ� LQ� �î�� ELQQLQJ�PRGH�� ZDV� HPSOR\HG�� 1R� SKRWRPHWULF�

ILOWHUV�ZHUH�XVHG��7KH�LQWHJUDWLRQ�WLPH�IRU�LQGLYLGXDO�&&'�IUDPHV�

ZDV� ���� VHFRQGV� WR� DFKLHYH� VDWLVIDFWRU\� OHYHO� RI� VLJQDO�WR�QRLVH�

UDWLR�HQDEOLQJ� WKH�UHTXLUHG�SKRWRPHWULF�SUHFLVLRQ�RI������PDJ��RU�

EHWWHU� IRU� LQGLYLGXDO� GDWD� SRLQWV� �%LQ]HO�� ������� $SHUWXUH�

SKRWRPHWULF�UHGXFWLRQ�ZLWK�PXOWLSOH�FRPSDULVRQ�VWDUV�RI�QHDU�VRODU�

FRORU��������%�9��������ZDV�FRQGXFWHG�XVLQJ�MaxIm DL 6�VRIWZDUH�

E\�'LIIUDFWLRQ�/LPLWHG��,QWHUQDO�FDOLEUDWLRQ�RI�FRPSDULVRQ�VWDUV�ZDV�

GRQH�XVLQJ�WKH�&DUOVEHUJ�0HULGLDQ�&DWDORJ�����9L]LH5��������6ORDQ�

U¶� PDJQLWXGHV� DQG� FRQYHUWHG� WR� &RXVLQV� 5�EDQG� PDJQLWXGHV�

DFFRUGLQJ� WR� WKH� WUDQVIRUPDWLRQ� IRUPXOD�� 5�  � U¶� �� ������ 3ULRU� WR�

SKRWRPHWULF�UHGXFWLRQV��DOO�WKH�LPDJHV�ZHUH�FRUUHFWHG�XVLQJ�PDVWHU�

GDUN�DQG�PDVWHU�IODW�ILHOG�FDOLEUDWLRQ�IUDPHV��7LPH�V\QFKURQL]DWLRQ�

RQ� WKH� GDWD� FROOHFWLRQ� FRPSXWHU� ZDV� SHUIRUPHG� XVLQJ�:LQGRZV�

1HWZRUN�7LPH�3URWRFRO��173��VHUYHU��time.windows.com���

$�WRWDO�RI����SKRWRPHWULFDOO\�XVDEOH�LPDJH�IUDPHV�ZHUH�DFTXLUHG�LQ�

WKH�WLPH�LQWHUYDO�EHWZHHQ�a�������DQG�a�������87�RQ������2FWREHU�

���� 7KH� SKRWRPHWULF� VHVVLRQ� WHUPLQDWLRQ� ZDV� GHWHUPLQHG� E\� WKH�

REVWUXFWLRQ�RI�WKH�WDUJHW�E\�ORFDO�REMHFWV�RQ�WKH�GHVFHQGLQJ�KRUL]RQ��

7KH� ZHDWKHU� FRQGLWLRQV� GXULQJ� WKH� REVHUYDWLRQ� WLPH� LQWHUYDO� DUH�

FKDUDFWHUL]HG� E\� PRVWO\� FOHDU� VNLHV� ZLWK� RQO\� WKH� RFFDVLRQDO�

DSSHDUDQFH�RI�WUDQVLHQW�WKLQ�FLUUXV�FORXGV��$OO�WKH�IUDPHV�WKDW�ZHUH�

MXGJHG� WR� EH� HYHQ� VOLJKWO\� DIIHFWHG� E\� ZHDWKHU� FRQGLWLRQV� ZHUH�

UHPRYHG�IURP�WKH�GDWD�VHW��

7KH�REWDLQHG�GDWD�KDYH�EHHQ�XSORDGHG�WR�WKH�$VWHURLG�/LJKWFXUYH�

'DWD�([FKDQJH�)RUPDW��$/&'()��GDWDEDVH��https://alcdef.org/���



���

�

0LQRU�3ODQHW�%XOOHWLQ�����������

7KH�5HVXOWLQJ������2FWREHU�������0XWXDO�(YHQW�/LJKWFXUYH�

6KRZQ� KHUH� LV� WKH� UHVXOWLQJ� OLJKWFXUYH� FRQVWUXFWHG� IURP� WKH�

SKRWRPHWULF�GDWD�ZLWK�QR�OLJKW�WLPH�FRUUHFWLRQV�DSSOLHG��$�VPRRWK�

FXELF� VSOLQH� IXQFWLRQ� ZLWK� NQRWV� DW� HDFK� GDWD� SRLQW� ZDV� ILWWHG�

WKURXJK�WKH�GDWD�LQ�RUGHU�WR�HVWLPDWH�DV�DFFXUDWHO\�DV�SRVVLEOH�WKH�

PRPHQW�RI�ILUVW�FRQWDFW�DQG�WKH�PD[LPXP�RI�PXWXDO�HYHQW�WLPH��DV�

ZHOO� DV� WKH� WRWDO� LQWHQVLW\� GURS� LQ�PDJQLWXGHV��0DWKHPDWLFDO� DQG�

VWDWLVWLFDO� SURFHGXUHV� ZHUH� SHUIRUPHG� LQ� WKH� R programming 

language� �5� &RUH� 7HDP�� ������ XVLQJ� WKH� Stats DQG� Inflection�

OLEUDULHV� IRU� ILWWLQJ� WKH� FRUUHVSRQGLQJ� IXQFWLRQV� DQG� ILQGLQJ� WKH�

LQIOHFWLRQ� SRLQWV� UHODWHG� WR� WKH� FKDUDFWHULVWLF� WLPHV� RI� WKH�PXWXDO�

HYHQW��

)RU� WKH� WLPH�RI� WKH� ILUVW�FRQWDFW�FRUUHVSRQGLQJ� WR� WKH�NQHH�RI� WKH�

ILWWHG�IXQFWLRQ��WKH�SRLQW�RI�QRWLFHDEOH�LQFXUYDWLRQ�ZLWK�UHVSHFW�WR�

WKH�IODW�OLJKWFXUYH�FRQWLQXXP��LQGLFDWHG�E\�WKH�JUHHQ�YHUWLFDO�OLQH�

RQ� WKH� OLJKWFXUYH� SORW��� WKH� IROORZLQJ� LQVWDQW� LQ� -XOLDQ� GD\V�ZDV�

HVWLPDWHG�� -'� ��������������� ZKLFK� URXQGHG� WR� RQH� PLQXWH� LV���

a�������87&�������2FWREHU������7KH�PLQLPXP�SRLQW�RI�WKH�ILWWHG�

IXQFWLRQ�� WDNHQ�DV� WKH�SRLQW� RI�PLQLPXP� OLJKW� �UHG�YHUWLFDO� OLQH���

FRUUHVSRQGV�WR�WKH�WLPH�LQVWDQW�RI�-'����������������a�������87&��

�����2FWREHU������7KH�PRPHQW�RI�WKH�ODVW�FRQWDFW�LV�QRW�FRYHUHG�E\�

WKH�GDWD��

7KH�PD[LPXP�EULJKWQHVV��LQWHQVLW\��GURS��ûm��LV�GHWHUPLQHG�DV�WKH�

GLIIHUHQFH� EHWZHHQ� WKH� LQWHQVLW\� RI� WKH� ILW� PLQLPXP� �PLQLPXP�

OLJKW��DQG�WKH�PHDQ�RI�WKH�ILW�RI�WKH�IODW�OLJKWFXUYH�FRQWLQXXP�XS�WR�

WKH�ILUVW�FRQWDFW�WLPH��$�YDOXH�RI�ûm  ������PDJQLWXGHV�LV�HVWLPDWHG�

IRU�WKH�PD[LPXP�EULJKWQHVV�GURS��

�

6XSHULRU� PXWXDO� HYHQW�� ZLWK� 0HQRHWLXV� LQ� EHKLQG� RI� LWV� SULPDU\�
FRPSRQHQW� 3DWURFOXV�� 7LPLQJV� DUH� (DUWK�FHQWULF�� QR� OLJKW�WLPH�
FRUUHFWLRQ�KDV�EHHQ�DSSOLHG��

$FNQRZOHGJHPHQWV�

2EVHUYDWLRQDO� ZRUN� DW� 6RSRW� $VWURQRPLFDO� 2EVHUYDWRU\� LV�

JHQHURXVO\�VXSSRUWHG�E\�*HQH�6KRHPDNHU�1(2�*UDQWV�DZDUGHG�E\�

WKH�3ODQHWDU\�6RFLHW\�LQ������DQG�������

5HIHUHQFHV�

$/&'()���������$VWHURLG�/LJKWFXUYH�'DWD�([FKDQJH�)RUPDW�ZHE�

VLWH��https://alcdef.org/�

%LQ]HO�� 5�3�� �������� ³&DOO� IRU�2EVHUYDWLRQV� RI� WKH� 3DWURFOXV� DQG�

0HQRHWLXV�0XWXDO�(YHQWV��6XSSRUW�IRU�WKH�1$6$�/XF\�0LVVLRQ�WR�

WKH�7URMDQ�$VWHURLGV�´�Minor Planet Bull.����������

%UR]RYLF��0���-DFREVRQ��5�$���3DUN��5�6���'HVFDPSV��3���%HUWKLHU��

-���3LQLOOD�$ORQVR��1���3RSHVFX��0���/LFDQGUR��-����������³2UELW�RI�

WKH� 3DWURFOXV�0HQRHWLXV� %LQDU\� 6\VWHP� DQG� 3UHGLFWLRQV� IRU� WKH�

����������0XWXDO�(YHQWV�6HDVRQ�´�Astron. J.�������������SS��'2,�

������������������DG�I�H��

'LIIUDFWLRQ� /LPLWHG� 0D[,P� '/� �� $VWURQRP\� DQG� 6FLHQWLILF�

,PDJLQJ�6RIWZDUH�� �

https://diffractionlimited.com/product/maxim-dl/�

5�&RUH�7HDP���������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�

FRPSXWLQJ�� 5� )RXQGDWLRQ� IRU� 6WDWLVWLFDO� &RPSXWLQJ�� 9LHQQD��

$XVWULD��https://www.R-project.org/�

9L]LH5���������http://vizier.u-strasbg.fr/viz-bin/VizieR�
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