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5HIHUHQFHV�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�Icarus��������������

+RZHOO�� 6�%�� �������� +DQGERRN� RI� &&'� $VWURQRP\� ��QG� HG����
&DPEULGJH�8QLYHUVLW\�3UHVV��

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� Icarus� ����� ��������� 8SGDWHG� ����� 6HS��
http://www.minorplanet.info/lightcurvedatabase.html�
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/,*+7&859(6�2)�1($5�($57+�$67(52,'6��

�����21�������0.�$1'������67����

$6�2%6(59('�)520�75$33,67�

(OLVDEHWD�3HWUHVFX�
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�

8QLYHUVLW\�RI�/LqJH�
$OOpH�GX���$R�W����������/LqJH��%(/*,80�

2EVHUYDWRLUH�5R\DO�GH�%HOJLTXH��
$Y��&LUFXODLUH���������8FFOH��%(/*,80�

HOLVDEHWD�SHWUHVFX#XOLHJH�EH�

0DULQ�)HUUDLV�
)ORULGD�6SDFH�,QVWLWXWH��8QLYHUVLW\�RI�&HQWUDO�)ORULGD��

2UODQGR��)ORULGD��86$�

(PPDQXsO�-HKLQ�
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�
8QLYHUVLW\�RI�/LqJH��/LqJH��%(/*,80�

0DWKLHX�9DQGHU�'RQFNW��
$VWURSK\VLFV�5HVHDUFK��67$5��,QVWLWXWH�
8QLYHUVLW\�RI�/LqJH��/LqJH��%(/*,80�

g]JXU�.DUDWHNLQ�
2EVHUYDWRLUH�5R\DO�GH�%HOJLTXH��8FFOH��%(/*,80�

=RXKDLU�%HQNKDOGRXQ�
2XNDwPHGHQ�2EVHUYDWRU\��+LJK�(QHUJ\�3K\VLFV�DQG�$VWURSK\VLFV�
/DERUDWRU\��)DFXOW\�RI�6FLHQFHV�6HPODOLD��&DGL�$\\DG�8QLYHUVLW\��

0DUUDNHFK��0252&&2�

�5HFHLYHG�������'HFHPEHU�����

:H�UHSRUW�SKRWRPHWULF�REVHUYDWLRQV�RI� WKUHH�QHDU�(DUWK�
DVWHURLGV�� ����� 21�� ����� 0.�� DQG� ����� 67���� 7KH�
REVHUYDWLRQV�ZHUH�SHUIRUPHG�EHWZHHQ�-XQH�DQG�2FWREHU�
����� GXULQJ� WKHLU� FORVH� DSSURDFKHV� WR� (DUWK� XVLQJ� WKH�
75$33,67� QHWZRUN�� $SSO\LQJ� OLJKWFXUYH� DQDO\VLV�� ZH�
GHWHUPLQHG� WKDW� WKH� URWDWLRQ� SHULRG� DQG� DPSOLWXGH� RI��
�����21�DUH�P� �����������������K�DQG�A� �������������
PDJ�� )RU� ����� 0.� ZH� IRXQG� WZR� SRVVLEOH� URWDWLRQ�
SHULRGV�� ,Q� WKH� ILUVW� FDVH�P1�  � ��������� �������K�ZLWK��
A1 ������PDJ���������DQG�P2� �����������������K�ZLWK��
A2� ������PDJ���������,Q�WKH�VHFRQG�FDVH�P1� ����������
�������K�ZLWK�A1� �������PDJ��DQG�P2� �����������������
K� ZLWK� A2�  � ������ PDJ�� )RU� ����� 67��� ZH� REWDLQ��
P�  � ����� �� ����� K� DQG� A � ����� �� ����� PDJ�� $OO�
PHDVXUHPHQWV� KDYH� EHHQ� VXEPLWWHG� WR� WKH� $/&'()�
GDWDEDVH��

�

7KH�WHOHVFRSHV�XVHG�WR�REWDLQ�WKH�OLJKWFXUYHV�RI������21�������0.�
DQG������67����DUH�WKH�75$33,67�WZLQV������P�5LWFKH\�&KUpWLHQ�
WHOHVFRSHV�RSHUDWHG�XQGHU�WKH�&20(7$�WHDP�RI�WKH�8QLYHUVLW\�RI�
/LqJH��-HKLQ�HW�DO����������75$33,67�1RUWK��71��03&�FRGH�=����
LV�ORFDWHG�LQ�0RURFFR���2XNDwPHGHQ��DQG�75$33,67�6RXWK��76��
03&�FRGH�,����LV�ORFDWHG�LQ�&KLOH���/D�6LOOD��7KH�71�FDPHUD�LV�DQ�
$QGRU�,.21/�%(;��''�������DUVHF�SL[HO��DQG�WKH�76�FDPHUD�LV�D�
)/,�3UR/LQH������%%�������DUFVHF�SL[HO���

$OO� LPDJHV� UHFRUGHG� ZHUH� UHGXFHG� E\� XVLQJ� VWDQGDUG� LPDJH�
FDOLEUDWLRQ�ZLWK�PXOWLSOH� GDUNV�� ELDV� DQG� IODW� IUDPHV� WDNHQ� HYHU\�
QLJKW�RQWR�WKH�WZLOLJKW�VN\��)RU�FUHDWLQJ�FDOLEUDWLRQ�IUDPHV�WKDW�DUH�
WHPSHUDWXUH�PDWFKHG�� H[SRVXUH� DQG� ILOWHU�PDWFKHG�� DQG� DSSO\LQJ�
WKHP��ZH�XVHG�WKH�LQWHUQDO�SLSHOLQH�RI�75$33,67��Triton. $OO�WKH�
LPDJHV� WKDW�ZHUH�DIIHFWHG�E\�ZHDWKHU�FRQGLWLRQV�RU�KDG�DQ\�OLJKW�
VRXUFH�LQWHUIHUHQFH�ZLWKLQ����SL[HOV�ZLWK�WKH�DVWHURLG�GXH�WR�WKHLU�
PRYHPHQW�ZLWKLQ�WKH�VWDU�ILHOGV��ZHUH�H[FOXGHG��

)RU�WKH�]HUR�SRLQW�FDOLEUDWLRQ�DQG�OLJKWFXUYH�FRQVWUXFWLRQ��ZH�XVHG�
Photometry Pipeline� �0RPPHUW�� ������� 7KH� GLIIHUHQWLDO�
SKRWRPHWU\� DQG� PDJQLWXGH� FDOLEUDWLRQ� ZDV� GRQH� ZLWK� WKH�
3DQ67$566�'5��FDWDORJ�ZLWK�DSSUR[LPDWHO\�����VRODU�UHIHUHQFH�
VWDUV�SHU�LPDJH��

�����21�ZDV�GLVFRYHUHG�RQ������-XO\����E\�WKH�$7/$6�QHWZRUN�
ORFDWHG�LQ�0DXQD�/RD��+DZDLL��ZLWK�D�PHDVXUHG�DEVROXWH�PDJQLWXGH�
RI�H� �������+HUPDQ�HW�DO����������7KH�DVWHURLG�KDV�EHHQ�FDWHJRUL]HG�
DV�D�3+$�GXH�WR�LWV�DEVROXWH�PDJQLWXGH�WKDW�ZRXOG�WUDQVODWH�WR�DQ�
DSSUR[LPDWH�VL]H�RI�����P��DQG�LWV�02,'�RI�������DX��-3/������D���
7ZR�PRQWKV�DIWHU�LWV�GLVFRYHU\�������21�KDG�D�FORVH�DSSURDFK�WR�
(DUWK�RQ�6HSWHPEHU����DURXQG�������87�ZLWK�D�PLQLPXP�GLVWDQFH�
RI��������DX�RU�WZR�DQG�D�KDOI�/'��-3/������D���2EVHUYDWLRQV�E\�
WKH�*ROGVWRQH�6RODU�6\VWHP�5DGDU�RQ�6HSWHPEHU����UHYHDOHG�WKDW�
WKH�DVWHURLG�LV�D�FRQWDFW�ELQDU\��1$6$�-3/�&DOWHFK������D���

'XULQJ�WKLV�FORVH�DSSURDFK��ZH�VXFFHVVIXOO\�REVHUYHG�WKH�DVWHURLG�
IRU�D� WRWDO�RI����QLJKWV��XVLQJ�ERWK�71�DQG�76��7KH�DVWHURLG�ZDV�
REVHUYHG�ZLWK�76�XVLQJ�D�5F�ILOWHU�DQG�ELQQLQJ��î��IRU�PDQ\�KRXUV�
HDFK�QLJKW�EHWZHHQ�6HSWHPEHU����DQG�2FWREHU����7KH�GDWD�FRQVLVWV�
RI������SKRWRPHWULF�LPDJHV��IRU�D�WRWDO�RI������KRXUV�VSUHDG�GXULQJ�
�� QLJKWV�� 7KH� H[SRVXUH� WLPH�ZDV� DGMXVWHG� HDFK� QLJKW� LQ� RUGHU� WR�
REWDLQ�WKH�EHVW�615�DQG�DYRLG�WUDLOV�RQ�VHYHUDO�SL[HOV��7KH�DVWHURLG�
ZDV�WRR�ORZ�RQ�WKH�KRUL]RQ�WR�EH�REVHUYHG�ZLWK�71�GXULQJ�LWV�FORVHVW�
DSSURDFK�EXW�ZH�PDQDJHG�WR�JHW�GDWD�IRU�WZR�QLJKWV�RQ�6HSWHPEHU�
���DQG�2FWREHU�����ZKHQ�WKH�DVWHURLG�ZDV�IDLQWHU�ZLWK�V� �������DOVR�
XVLQJ�ELQQLQJ��î���
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)RU� WKH� OLJKWFXUYH� PHDVXUHPHQWV� ZH� XVHG� DQ� DSHUWXUH� RI� ����
DUFVHF�SL[HO�LQ�DOO�FDVHV��7KH�GDWD�ZDV�EHVW�ILWWHG�RQ�WKH�SHULRG�RI�
����������������K�DQG�DQ�DPSOLWXGH�RI�������������PDJ��:H�FDQ�
REVHUYH�WKDW�FXUYH�VKDSH�FKDQJHG�LQ�WLPH�DQG�LW�LV�QRW�RYHUODSSLQJ�
FRPSOHWHO\��$W�WKH�WLPH�RI�ZULWLQJ��WKHUH�LV�QR�UHSRUWHG�YDOXH�IRU�WKH�
URWDWLRQ� SHULRG� RI� WKLV� DVWHURLG� LQ� WKH� /LJKWFXUYH� 3KRWRPHWU\�
'DWDEDVH��/&'%��:DUQHU�HW�DO����������

�

�����0.�ZDV�GLVFRYHUHG�E\�WKH�$7/$6�QHWZRUN��WKLV�WLPH�IURP�
WKH� LQVWUXPHQW� ORFDWHG� LQ� 6XWKHUODQG�2EVHUYLQJ� 6WDWLRQ� LQ� 6RXWK�
$IULFD�� RQ� ����� -XQH� ���� ,WV� PHDVXUHG� DEVROXWH� PDJQLWXGH� LV��
H� �������DQG�LW�ZDV�FODVVLILHG�DV�D�3+$�DV�LWV�(DUWK�02,'� ��������
DX� �+LGDV� HW� DO��� ������� 5DGDU� REVHUYDWLRQV� KDYH� EHHQ� DFTXLUHG�
EHWZHHQ�-XQH����DQG�-XO\�����-3/������E��UHVXOWLQJ�LQ�D�GLDPHWHU�
RI�a����P��1$6$�-3/�&DOWHFK������E���

:H�KDYH�REWDLQHG� LPDJHV�RQ� -XQH����DQG����XVLQJ�76��2Q�ERWK�
QLJKWV��WKH�GDWD�ZDV�WDNHQ�XVLQJ����V�H[SRVXUH�WLPH�ZLWK�WKH�5F�ILOWHU�
DQG�ELQQLQJ��î���:H�DOVR�VXFFHVVIXOO\�REVHUYHG�WKH�DVWHURLG�ZLWK�
71�XVLQJ�WKH�5F�ILOWHU�DQG�ELQQLQJ��î��RQ�-XO\����ZLWK�DQ�H[SRVXUH�
WLPH�RI����V��DQG�RQ�WKH�QLJKW�RI�-XO\���ZLWK�DQ�H[SRVXUH�WLPH�RI�
����V��'XH�WR�WKH�ORQJ�H[SRVXUH��WKH�DVWHURLG�DSSHDUV�DV�D�VPDOO�WUDLO�
RQ� WKH� LPDJHV��)RU� WKH�SKRWRPHWU\�DQDO\VLV� IURP�76��ZH�XVHG�DQ�
DSHUWXUH�RI�����DUFVHF�SL[HO��)RU�71��ZH�PHDVXUHG�WKH�LPDJHV�XVLQJ�
WKH�Tycho Tracker� YHUVLRQ� ������� VRIWZDUH� �3DUURWW�� ������� WR� EH�
DEOH�WR�XVH�DQ�HOOLSVH�DSHUWXUH��7KH�WUDLO�PHDVXUHV�DQ�DYHUDJH�OHQJWK�
RI���SL[HOV�������DUFVHF��DQG�ZH�XVHG�DQ�DSHUWXUH�UDGLXV�KHLJKW�DQG�
ZLGWK�RI���DQG���SL[HOV�UHVSHFWLYHO\��

&RPELQLQJ� WKH� GDWD� VHWV� IURP� ERWK� WHOHVFRSHV�� WKH� SHULRG� VHDUFK�
UHYHDOHG� WZR� GLVWLQFW� SHULRGV�� VXJJHVWLQJ� D� SRVVLEOH� WXPEOLQJ�
EHKDYLRXU��:H�DGGUHVV�WZR�SRVVLEOH�FDVHV�RI�URWDWLRQDO�SHULRGV�WKDW�
KDYH� VLPLODU� 506(�� )LUVW� FDVH�� P1�  � ������� �� ������� K� ZLWK��
A1 �������PDJ��DQG�P2� �����������������K�ZLWK�A2� �������PDJ�
ZKHUH�506(� ���������,Q�WKH�VHFRQG�FDVH�P1� �����������������K�
ZLWK�A1� �������PDJ��DQG�P2� �����������������K�ZLWK�A2� �������
PDJ�ZKHUH�506(� ���������

�

�

����� 67��� ZDV� GLVFRYHUHG� RQ� 6HSWHPEHU� ��� E\� WKH� /,1($5�
�/LQFROQ�1HDU�(DUWK�$VWHURLG�6HDUFK��SURJUDP��,W�LV�FODVVLILHG�DV�D�
3+$��ZLWK�DQ�DEVROXWH�PDJQLWXGH�H� ������DQG�D�URWDWLRQDO�SHULRG�
LQ�WKH�UHDOP�RI�a���KRXUV��-3/������D���7KH�ODVW�FORVH�DSSURDFK�ZDV�
RQ�2FWREHU����DW�D�PLQLPXP�GLVWDQFH�RI�������DX�RU�DSSUR[LPDWH���
/'��-3/������D���

6HWV�RI�UDGDU�LPDJHV�KDYH�EHHQ�WDNHQ�IRU�WKLV�DVWHURLG�VLQFH������DW�
$UHFLER�ZKHQ�LW�ZDV�GLVFRYHUHG�WKDW�LW�LV�D�ELQDU\�V\VWHP��%HQQHU��
HW�DO����������5HFHQW� UDGDU�REVHUYDWLRQV�ZLWK� WKH�*ROGVWRQH�6RODU�
6\VWHP�5DGDU�WDNHQ�RQ�2FWREHU����UHYHDOHG�WKDW�LW�LV�DFWXDOO\�D�WULSOH�
V\VWHP��1$6$�-3/�&DOWHFK������F���

%HIRUH�LWV�FORVHVW�DSSURDFK�WR�(DUWK��ZH�REVHUYHG�WKH�DVWHURLG�ZLWK�
71�IRU�IRXU�QLJKWV��EHWZHHQ�2FWREHU���DQG���� IRU�D� WRWDO�RI������
LPDJHV� UHVXOWLQJ� WR�a���KRXUV�RI� REVHUYDWLRQV��7KH�ELQQLQJ�XVHG�
ZDV� �î�� DQG� WKH� DSHUWXUH� IRU� SKRWRPHWU\�PHDVXUHPHQWV�ZDV� ����
DUFVHF�SL[HO��2Q�2FWREHU���DQG����ZH�DOVR�REVHUYHG�WKH�DVWHURLG�ZLWK�
WKH�5F��,F��%��9�ILOWHUV��IRU�FRORU�PHDVXUHPHQWV��:H�SURGXFHG�WKUHH�
FRORU�LQGLFHV��B-V� ��������������V-R� �������������DQG�V-I� ������
��������7KHVH�YDOXHV�DUH�FRQVLVWHQW�ZLWK�D�&�W\SH�DVWHURLG��'DQG\�
HW� DO��� ������� WKDW� PDWFKHV� LWV� ORZ� DOEHGR� YDOXH� RI� ������
�https://ssd.jpl.nasa.gov/).�
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%DVHG� RQ� OLJKWFXUYH� DQDO\VLV�� WKH� URWDWLRQDO� SHULRG� IRXQG� LV��
������������K�ZLWK�D�PD[LPXP�DPSOLWXGH�$� �������������PDJ��

�

$FNQRZOHGJHPHQWV�

75$33,67�6RXWK� LV� D� SURMHFW� IXQGHG� E\� WKH� %HOJLDQ� )RQGV�
�1DWLRQDO�� GH� OD� 5HFKHUFKH� 6FLHQWLILTXH� �)�5�6��)156�� XQGHU�
)156�JUDQW�7����������75$33,67�1RUWK� LV� D� SURMHFW� IXQGHG�E\�
WKH� 8QLYHUVLW\� RI� /LqJH�� LQ� FROODERUDWLRQ� ZLWK� WKH� &DGL� $\\DG�
8QLYHUVLW\�RI�0DUUDNHFK��0RURFFR���(��-HKLQ�LV�D�)156�5HVHDUFK�
'LUHFWRU��7KH�ZHEVLWH�RI� WKH�75$33,67�SURMHFW�FDQ�EH�YLVLWHG�DW�
https://www.trappist.uliege.be�� 7KDQNV� DUH� H[WHQGHG� WR� 'DQLHO�
3DUURWW��DXWKRU�RI�Tycho Tracker��

5HIHUHQFHV�

%HQQHU��/�$�0���1RODQ��0�&���2VWUR��6�-���*LRUJLQL��-�'���0DUJRW��
-�/����������³�����67B��´�,$8�&LUF���1R�������������������(GLWHG�
E\�*UHHQ��'�:�(�� �
http://www.cbat.eps.harvard.edu/iauc/07700/07730.html#Item2 

'DQG\�� &�/��� )LW]VLPPRQV�� $��� &ROODQGHU�%URZQ�� 6�-�� ��������
³2SWLFDO�FRORUV�RI����QHDU�(DUWK�REMHFWV��WUHQGV�ZLWK�VL]H�DQG�RUELW´��
Icarus���������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�Icarus �������������

+HUPDQ�� -��� /RZH�� 7��� 0LQJXH]�� 3��� 6FKXOW]�� $��� 6PLWK�� ,���
&KDPEHUV��.���%RHU��7���)DLUODPE��-���*DR��+���+XEHU��0���/LQ��&��
&���0DJQLHU��(���5DPDQMRRORR��<���:DLQVFRDW��5���:HU\N��5���5HVW��
$��� )ULHPDQ�� -��� 0LFKHOL�� 0��� &DQR�� -�/��� 5XGDZVND�� 5�� ��������
³�����21´�03(&������6����� �
https://www.minorplanetcenter.net/mpec/K24/K24S21.html�

+LGDV��$���+HUPDQ��-���/RZH��7���0LQJXH]��3���6FKXOW]��$���6PLWK��
,���&KDPEHUV��.���GH�%RHU��7���)DLUODPE��-���*DR��+���+XEHU��0���/LQ��
&��&���0DJQLHU��(���5DPDQMRRORR��<���:DLQVFRDW��5���:HU\N��5���
'HQQHDX�� /��� 6LYHUG�� 5��� 7RQU\�� -��� :HLODQG�� +��� (UDVPXV�� 1���
)LW]VLPPRQV��$���5RELQVRQ��-���-DFTXHV��&���&DHWDQR��$���3LPHQWHO��
(����������³�����0.´�03(&������0���� �
https://www.minorplanetcenter.net/mpec/K24/K24M31.html 

-HKLQ��(���*LOORQ��0���4XHOR]��'���0DJDLQ��3���0DQIURLG��-���&KDQWU\�
9��� /HQGO�� 0��� +XWVHPpNHUV�� '��� 8GU\�� 6�� �������� ³75$33,67��
75$QVLWLQJ� 3ODQHWV� DQG� 3ODQHWHV,PDOV� 6PDOO� 7HOHVFRSH�´� The 

Messenger�����������

-3/������D���6PDOO�%RG\�'DWDEDVH�/RRNXS��� �
https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html  

-3/������E���6PDOO�%RG\�5DGDU�$VWURPHWU\��� �
https://ssd.jpl.nasa.gov/sb/radar.html�

0RPPHUW��0����������³3+2720(75<3,3(/,1(��$Q�$XWRPDWHG�
3LSHOLQH� IRU� &DOLEUDWHG� 3KRWRPHWU\�´�Astronomy and Computing�
�����������

1$6$�-3/�&DOWHFK� �����D��� ³1$6$
V� 3ODQHWDU\� 5DGDU� 6SLHV�
�$QRWKHU��3HDQXW�6KDSHG�$VWHURLG´��� �
https://www.jpl.nasa.gov/images/pia26451-nasas-planetary-

radar-spies-another-peanut-shaped-asteroid/�

1$6$�-3/�&DOWHFK� �����E��� ³'HWDLOHG� 3ODQHWDU\� 5DGDU�
2EVHUYDWLRQV�RI�$VWHURLG������0.´��� �
https://www.jpl.nasa.gov/images/pia26383-detailed-planetary-

radar-observations-of-asteroid-2024-mk/ 

1$6$�-3/�&DOWHFK� �����F�� “*ROGVWRQH� 5DGDU� 2EVHUYDWLRQV�
3ODQQLQJ�� ����� 67���� ����� 8<���� �����:*�� DQG� ����� 78�´. 
https://echo.jpl.nasa.gov/asteroids/oct2024.goldstone.planning.ht

ml 

3DUURW��'����������7\FKR�VRIWZDUH��� �
https://www.tycho-tracker.com��

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� Icarus� ����� ��������� 8SGDWHG� ����� 2FW��
https://www.minorplanet.info/php/lcdb.php 

 

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

  2024 ON          2024 09/19-10/01 *74.8, 73.8  35 -27 6.0116 0.0003 0.94 0.05 NEA 

  2024 MK          2024 06/25-07/03   61.1,101.3 324  28 0.5028 0.0001 0.67 0.02 NEA 

        0.3663 0.00010.45 0.02 NEA 

  2024 MK          2024 06/25-07/03   61.1,101.3 324  28 0.7301 0.0011 0.53 0.02 NEA 

        0.5031 0.00050.64 0.02 NEA 

363027 1998 ST27        2024 10/02-08  34.5, 18.1  23  14 3.56 0.020.07 0.01NEA 

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����������


