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(�vg�W�v,�^3�+I 100012)sr��T�Ty�Æu{<�.&r�=�kN�JD����g� (1) ^ AD 1277∼1280 +1.&� 98 p6*�=kN�uj�Æ4T$�`(v4bhS><V 2.64 min � 6.78′ 	 (2)

6 Gd{ ——�v%{���� {���(T{���E={�����v {���Æu{�JD BC 522 +A� 3 Y��uj�hS7TV 0.97∼3.51 d �+ AD 435∼1280 +1� 45 Y��uj�`(v4bhS`><V 9.35�10.42�5.54�2.97�5.68�3.36 h 	 (3) dyR�� AD 442∼

1280 +1� 16 Y.�uj�`(v4bhSV 199.59 min �;�Ty�hSV 27.89 min 	D N 4�=\�{�K$�E"�6*��=kN�.���Æu{<��{�xe?TH�P1-092 � P182.2 ��� hk,^V�A
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� 1 7 w�F��udy6*�=kN�.��N&K$ 71�'Sx�*BM�=w%x=k����s�R
WBXM�uPt�u�3a2s℄ ±1 �
±4 |�s0��~tiM%�J#Xt 0.01 Z$M�=� [8] �/[_fQ��tz;��Li5)�<jM�-~�M��IC
|i'℄�~H:���'=���~i��BzL��� 3 F=�����Jwx<[z%82-��=w��Px�jM�IC=wD�1:�~o[f�8pJ#� (1) ~t5)�<jM�J#� (2) 6 FzIC�~ti�J#� (3) x-~ti�I�J#�k2^%BCh�Q5C�tx'5)�<jM�-~�M%��3�:|i=wm~�hHN�oz��h(q℄�sg�
2 �7+�?lOL%U����tz���~ti�2X3-��/z��Un�SxjMj℄Hp�9St 4 f�7zz-"H� 8 as9b-� 5 ,�H8JQM�ZB�86#	I�-~��Qti�0�℄ 1000 d (}N 1277 * 5 Y�	N 1280 * 2 Y) �6S'�!�'5)%�
98 o�<jM�9 1 ~o	f�k�jM�[�1��gR�- 1 AD 1277∼1280 XM 98 zapxE1KZi3�� .}[8 a}[8 QY ALT BJET wliT U&iT

/ g /(◦) /min /(′)

1 14 , 6 [ 5 [rz 1277-05-08 1.30800 69.0651 12 : 19 : 45 −5.90 −169.63

2 14 , 10 [ 21 [?� 1277-11-18 7.09710 29.1304 12 : 12 : 47 −1.73 −16.54

3 14 , 11 [ 1 [?� 1277-11-27 7.59865 27.6723 12 : 16 : 16 −0.68 −5.43

4 14 , 11 [ 2 [�z 1277-11-28 7.63770 27.5459 12 : 16 : 45 −0.53 −5.76

5 14 , 11 [ 9 [.e 1277-12-05 7.86355 26.8718 12 : 19 : 59 0.03 −5.37

6 14 , 11 [ 14 [�z 1277-12-10 7.94855 26.6220 12 : 22 : 30 0.35 −5.47

7 14 , 11 [ 21 [?e 1277-12-17 7.95410 26.6027 12 : 26 : 06 0.63 −5.67

8 14 , 11 [ 22 [�Y 1277-12-18 7.94550 26.6315 12 : 26 : 35 0.63 −5.43

9 14 , 11 [ 26 [�z 1277-12-22 7.87935 26.8253 12 : 28 : 37 0.68 −5.38

10 14 , 11 [ 27 [V� 1277-12-23 7.85500 26.8932 12 : 29 : 06 0.67 −5.60

11 14 , 11 [ 28 [rd 1277-12-24 7.83045 26.9689 12 : 29 : 35 0.67 −5.41

12 14 , 12 [ 6 [℄h 1277-12-31 7.58510 27.7119 12 : 32 : 49 0.47 −5.58

13 14 , 12 [ 7 [�K 1278-01-01 7.54170 27.8478 12 : 33 : 13 0.82 −5.58

14 14 , 12 [ 8 [V� 1278-01-02 7.49595 27.9909 12 : 33 : 38 0.75 −5.67

15 14 , 12 [ 9 [rz 1278-01-03 7.44860 28.1412 12 : 34 : 03 0.70 −5.71

16 14 , 12 [ 12 [?> 1278-01-06 7.29725 28.6344 12 : 35 : 11 0.48 −5.70

17 14 , 12 [ 13 [�� 1278-01-07 7.24545 28.8125 12 : 35 : 33 0.40 −5.36

18 14 , 12 [ 14 [f[ 1278-01-08 7.19090 28.9975 12 : 35 : 55 0.33 −5.27

19 14 , 12 [ 15 [�! 1278-01-09 7.13430 29.1890 12 : 36 : 16 0.27 −5.35

20 14 , 12 [ 16 [℄e 1278-01-10 7.07600 29.3872 12 : 36 : 34 0.15 −5.51

21 14 , 12 [ 17 [�Y 1278-01-11 7.01565 29.5918 12 : 36 : 52 0.03 −5.88

22 15 , 5 [ 1 [rY 1278-05-23 1.30385 71.9256 12 : 20 : 33 −5.58 −1.22



� 72 �������=�\���E�d������� 23 ℄�o-�� .}[8 a}[8 QY ALT BJET wliT U&iT
/ g /(◦) /min /(′)

23 15 , 5 [ 2 [.h 1278-05-24 1.29205 72.0725 12 : 20 : 40 −5.57 −1.58

24 15 , 5 [ 19 [�d 1278-06-10 1.17775 73.5662 12 : 23 : 40 −5.38 −1.64

25 15 , 5 [ 28 [℄� 1278-06-19 1.17800 73.5620 12 : 25 : 35 −5.62 −1.70

26 15 , 5 [ 29 [�z 1278-06-20 1.18055 73.5271 12 : 25 : 46 −5.65 −1.78

27 15 , 6 [ 26 [f> 1278-07-17 1.44525 70.0954 12 : 29 : 26 −6.15 −2.35

28 15 , 6 [ 27 [�� 1278-07-18 1.46380 69.8825 12 : 29 : 29 −6.15 −1.04

29 15 , 11 [ 2 [�! 1278-11-17 7.75950 29.3735 12 : 12 : 23 −1.87 126.15

30 15 , 11 [ 3 [Ve 1278-11-18 7.14060 29.1757 12 : 12 : 41 −1.78 −4.85

31 15 , 11 [ 4 [rY 1278-11-19 7.19575 28.9845 12 : 13 : 03 −1.63 −5.07

32 15 , 11 [ 5 [.h 1278-11-20 7.25050 28.8000 12 : 13 : 25 −1.50 −5.09

33 15 , 11 [ 6 [7K 1278-11-21 7.30335 28.6222 12 : 13 : 46 −1.38 −5.22

34 15 , 11 [ 8 [�z 1278-11-23 7.40375 28.2875 12 : 14 : 29 −1.20 −5.60

35 15 , 11 [ 9 [f� 1278-11-24 7.45205 28.1307 12 : 14 : 55 −1.05 −5.68

36 15 , 11 [ 10 [�d 1278-11-25 7.50035 27.9809 12 : 15 : 20 −0.93 −5.43

37 15 , 11 [ 11 [℄> 1278-11-26 7.54495 27.8384 12 : 15 : 45 −0.83 −5.53

38 15 , 11 [ 12 [�� 1278-11-27 7.58815 27.7031 12 : 16 : 10 −0.73 −5.54

39 15 , 11 [ 13 [V[ 1278-11-28 7.63015 27.5751 12 : 16 : 35 −0.65 −5.40

40 15 , 11 [ 19 [f� 1278-12-04 7.83185 26.9641 12 : 19 : 21 −0.15 −5.45

41 15 ,_ 11 [ 9 [fe 1278-12-24 7.83635 26.9500 12 : 29 : 29 0.62 −5.50

42 15 ,_ 11 [ 10 [�Y 1278-12-25 7.80825 27.0317 12 : 29 : 58 0.83 −5.60

43 15 ,_ 11 [ 15 [.� 1278-12-30 7.63665 27.5537 12 : 32 : 15 0.43 −5.48

44 15 ,_ 11 [ 16 [7d 1278-12-31 7.59530 27.6804 12 : 32 : 40 0.37 −5.57

45 15 ,_ 11 [ 17 [?> 1279-01-01 7.55045 27.8145 12 : 33 : 02 0.70 −5.93

46 15 ,_ 11 [ 20 [�! 1279-01-04 7.41200 28.2599 12 : 34 : 18 0.57 −5.66

47 15 ,_ 11 [ 21 [℄e 1279-01-05 7.36145 28.4226 12 : 34 : 40 0.47 −5.75

48 16 , 1 [ 19 [�� 1279-03-03 3.85015 46.0099 12 : 35 : 41 −4.98 −5.02

49 16 , 2 [ 3 [℄[ 1279-03-16 3.21955 51.1228 12 : 31 : 40 −5.58 −2.82

50 16 , 2 [ 18 [7Y 1279-03-31 2.60345 56.9070 12 : 26 : 41 −6.05 −2.06

51 16 , 3 [ 1 [fh 1279-04-13 2.16110 61.5866 12 : 23 : 01 −6.15 −1.93

52 16 , 3 [ 2 [�K 1279-04-14 2.13050 61.9276 12 : 22 : 47 −6.18 −1.89

53 16 , 3 [ 21 [f[ 1279-05-03 1.63905 67.6978 12 : 19 : 50 −6.00 −1.21

54 16 , 4 [ 2 [f> 1279-05-13 1.44810 70.0735 12 : 19 : 43 −5.77 −1.50

55 16 , 4 [ 19 [7Y 1279-05-30 1.23695 72.7930 12 : 21 : 28 −5.50 −1.41

56 16 , 4 [ 20 [?h 1279-05-31 1.22935 72.8962 12 : 21 : 38 −5.48 −1.18

57 16 , 4 [ 29 [7! 1279-06-09 1.18630 73.5235 12 : 23 : 23 −5.40 2.55

58 16 , 4 [ 30 [?e 1279-06-10 1.17830 73.5591 12 : 23 : 34 −5.42 −1.63

59 16 , 5 [ 19 [7d 1279-06-29 1.22640 72.9305 12 : 27 : 24 −5.78 −1.44

60 16 , 6 [ 16 [V[ 1279-07-26 1.60995 68.0493 12 : 29 : 16 −6.35 −1.59

61 16 , 6 [ 17 [r! 1279-07-27 1.63110 67.7908 12 : 29 : 12 −6.38 −1.49

62 16 , 7 [ 7 [V� 1279-08-15 2.11955 62.0489 12 : 26 : 19 −6.68 −1.95



� 1 7 w�F��udy6*�=kN�.��N&K$ 73�o-�� .}[8 a}[8 QY ALT BJET wliT U&iT
/ g /(◦) /min /(′)

63 16 , 7 [ 8 [rd 1279-08-16 2.14865 61.7093 12 : 26 : 05 −6.70 −2.86

64 16 , 7 [ 9 [.> 1279-08-17 2.19155 61.3666 12 : 25 : 50 −6.70 5.06

65 16 , 7 [ 21 [?> 1279-08-29 2.58990 57.0460 12 : 22 : 25 −6.73 −1.92

66 16 , 7 [ 22 [�� 1279-08-30 2.62590 56.6711 12 : 22 : 07 −6.72 −2.70

67 16 , 8 [ 5 [℄[ 1279-09-12 3.15965 51.6623 12 : 17 : 48 −6.93 −1.92

68 16 , 8 [ 6 [�! 1279-09-13 3.20265 51.2701 12 : 17 : 30 −6.88 −2.82

69 16 , 8 [ 18 [r! 1279-09-25 3.78230 46.5530 12 : 13 : 40 −6.48 −2.96

70 16 , 8 [ 19 [.e 1279-09-26 3.83105 46.1618 12 : 13 : 22 −6.45 −4.45

71 16 , 9 [ 20 [.� 1279-10-26 5.64925 35.2605 12 : 08 : 34 −4.60 −2.41

72 16 , 9 [ 22 [?> 1279-10-28 5.78250 34.6302 12 : 08 : 37 −4.37 −2.58

73 16 , 10 [ 1 [7z 1279-11-06 6.38700 32.0191 12 : 09 : 35 −3.25 −2.32

74 16 , 10 [ 7 [�! 1279-11-12 6.77450 30.5130 12 : 10 : 50 −2.53 −2.80

75 16 , 10 [ 8 [Ve 1279-11-13 6.83725 30.2824 12 : 11 : 05 −2.42 −2.79

76 16 , 10 [ 9 [rY 1279-11-14 6.89775 30.0579 12 : 11 : 23 −2.27 −3.09

77 16 , 10 [ 14 [f� 1279-11-19 7.19225 29.0301 12 : 12 : 53 −1.73 −3.04

78 16 , 10 [ 15 [�d 1279-11-20 7.24690 28.8441 12 : 13 : 14 −1.62 −3.17

79 16 , 10 [ 16 [℄> 1279-11-21 7.30150 28.6649 12 : 13 : 36 −1.48 −3.03

80 16 , 10 [ 18 [V[ 1279-11-23 7.40525 28.3269 12 : 14 : 23 −1.23 −2.95

81 16 , 10 [ 19 [r! 1279-11-24 7.45450 28.1684 12 : 14 : 44 −1.17 −2.95

82 16 , 10 [ 20 [.e 1279-11-25 7.50250 28.0169 12 : 15 : 10 −1.03 −2.86

83 16 , 10 [ 24 [f� 1279-11-29 7.67400 27.4829 12 : 16 : 50 −0.68 −2.85

84 16 , 11 [ 25 [�! 1279-12-30 7.65800 27.5233 12 : 32 : 05 0.33 −3.37

85 16 , 11 [ 26 [℄e 1279-12-31 7.61425 27.6484 12 : 32 : 30 0.27 −3.96

86 16 , 11 [ 28 [Vh 1280-01-02 7.53200 27.9204 12 : 33 : 22 0.60 −3.06

87 16 , 11 [ 29 [rK 1280-01-03 7.48525 28.0673 12 : 33 : 47 0.55 −3.12

88 16 , 12 [ 1 [.� 1280-01-04 7.43650 28.2213 12 : 34 : 09 0.46 −3.24

89 16 , 12 [ 2 [7z 1280-01-05 7.38715 28.3824 12 : 34 : 34 0.41 −3.14

90 16 , 12 [ 3 [?� 1280-01-06 7.33200 28.5505 12 : 34 : 56 0.35 −3.86

91 16 , 12 [ 4 [�d 1280-01-07 7.28425 28.7255 12 : 35 : 17 0.25 −2.82

92 16 , 12 [ 5 [f> 1280-01-08 7.22725 28.9072 12 : 35 : 39 0.18 −3.34

93 16 , 12 [ 12 [7K 1280-01-15 6.81450 30.3623 12 : 37 : 48 −0.45 −3.00

94 16 , 12 [ 18 [�� 1280-01-21 6.42975 31.8457 12 : 39 : 08 −1.09 −2.42

95 16 , 12 [ 19 [V[ 1280-01-22 6.36250 32.1124 12 : 39 : 18 −1.20 −2.67

96 16 , 12 [ 28 [�d 1280-01-31 5.75800 34.7389 12 : 40 : 12 −2.55 −2.90

97 16 , 12 [ 29 [V> 1280-02-01 5.69150 35.0538 12 : 40 : 16 −2.60 −2.75

98 17 , 1 [ 1 [r� 1280-02-02 5.62500 35.3728 12 : 40 : 16 −2.70 −2.66��:�� ALT Æ�� BJET Æ?=yIx{93#'���8,��w��5U&�wl (/
W�O 120◦�}�w) 




� 74 �������=�\���E�d������� 23 ℄�℄Sx�!t|Z�!tJ#aUi�|~N 0.01 d (14.4 min) �nN��<jM�t0MUod (|~Nw℄� 12:00) �k�BJQ�sWB�:t�BC�L$�p5)�<�lxti�m~�h(Hk2tir��~t�!t4<�/[8U�jMt0 12:00�U~t	� (*H��N 116.47◦) �8l5)t�℄!%tigRt�Nt0���U�N 120◦ 35)t (�w℄-��*Ht0) �N�LtigR = BJET − ∆T − (0.5 − η+(120 − 	�N#)/360) ,S#gR = wx82!%u − xxMu = ALT−arcctg (PX / 9S) .~��35)t�R ∆T = ET − UT � AD 1277∼1280*0�/[-M��* ∆T �[=;U 894.03�890.67�887.31�883.96 s �tR η = l5)t − 35)t�hJ<[*zP��9S =4.0 f�:O�[M�9 1 �J9 1 ��~tjMti �3S#�3agR=;U −2.32 min � −4.05′ �|��_'u3agRU 2.64 min � 6.78′ �tigR�.VNxMod (12:00) %U�<ti�*x&�<QQ�BR}1n℄od�:o�k2gR�P`~�JH� ∆T � η uLi�S#gR_�.UnNM�gRP4<gR�$q9SgR �p9!;gR�nN��wx!%-JH�u=ie#�
=$�B��9 1 ��~ 1 ��~ 29 �S#gR:u��Zx 2◦ �G 1 �0ik 2 X��-��jMgRG�:�PXL{� 3 XEj=;9� AD 1277∼1279 *� 3 X�~�� 2 XgF_U AD 1277∼1278*� 2 Xq~��Sx-%� 98 o5)�<jMY�U�(bQ�k 5X-~���Qti�#��tz�8 1280*��~ti%Uz2IC��/W��G 1 �

H 1 AD 1277∼1280 +16*�=kN�hS



� 1 7 w�F��udy6*�=kN�.��N&K$ 75�v�ftigRPPX�/CC�*S#gR_P:u�5|�YJ#* ��j�jMuu)2S�{�℄�~�MG�tigRI:��}S#gR2u�q~�MG_5s�
3 �e|KE��vk�L%�tz;�^��TBz2��NB3B(AN��N3B('NB�B�tz��8sf�_b*O*,*R�8sIr�_b*R*,*O�IlH8r�~�QQ<��pJ8r�h8DV*`2�<z�NBZ*6�Y8�u$�
Æz�f'lH8r�~���4�rW��\	^��Tj:p[�x$�r���M2��o^�d$- �-f� 6 Fz2=;��u$z�����z���'Sz���D<z���
Æu�z���tz��f���tz;�-	zIC��~ti�m~t	��8t�℄%J#=kt��D2t0mD�N�/[MZzIC�~ti�J# = wx82!%�t0 −�tz;�$�Zzt0 −

(120 − 	�N#)/360 .9 2 ~o	f� BC 884∼AD 1280 *0�J 6 FzIC 48 X�~ti�J#�i BC

522 *�lHt6 (9 2 �~ 1∼3) 3 o�~ti�gRt 0.97∼3.51 d N��u$z� ����z� ��'Sz� ��D<z� ��
Æu�z� ��tz�℄ AD 435∼1280 *0�3agR=;U −2.05�−3.24�4.04�2.63�4.78�2.93 h �|��_'u3agRU 9.35�
10.42�5.54� 2.97�5.68�3.36 h �h3�1�IC�~ti�J# �N:�RIC��[�tz;�� 6 Fz���tz��I��#S�}/L 10 oB��~T�k�B(HX:℄�H*x-\L�:SJ#���- 2 6 /BUf. 48 A:u℄S7P;�� ��, a}[8 LT ∆T ��wlM& /d

/d /min w&} �!} )U} F�} ��w!} �w}
1 ya 15 , −883-12-29 54.5075 377.15 2.2567 2.5967 1.1619 3.4880 1.1759 3.5077

2 'a 5 , −655-12-28 49.9182 316.16 1.9475 2.2275 1.1626 2.6487 1.0467 2.7684

3 ha 20 , −522-12-27 27.2387 283.06 1.7580 2.0080 0.9731 2.3192 0.9671 2.3989

4 #U* 12 , 435-12-20 4.8209 98.78 0.4401 0.4701 0.4153 0.3114 0.4293 0.3411

5 #U* 13 , 436-12-20 10.0676 98.63 0.4468 0.4668 0.4220 0.3181 0.4360 0.3478

6 #U* 15 , 438-12-20 20.5502 98.35 0.4394 0.4594 0.4146 0.3107 0.4286 0.3504

7 #U* 16 , 439-12-20 25.7892 98.20 0.4284 0.4584 0.4036 0.3097 0.4376 0.3394

8 #U* 17 , 440-12-20 31.0310 98.06 0.4302 0.4502 0.4054 0.3115 0.4194 0.3412

9 #U* 18 , 441-12-20 36.2776 97.92 0.4268 0.4568 0.4120 0.3081 0.4260 0.3378

10 #U* 19 , 442-12-20 41.5154 97.78 0.4246 0.4446 0.3998 0.3059 0.4238 0.3356

11 #w! 5 , 461-12-20 21.1311 95.09 0.4003 0.4203 0.3855 0.2415 0.4095 0.3313

12 ℄�* 6 , 565-12-19 26.4034 81.04 0.2526 0.2426 0.3378 0.1639 0.3418 0.2236

13 ℄ow 2 , 568-12-19 42.1342 80.65 0.3034 0.2434 0.3286 0.1647 0.3426 0.2244



� 76 �������=�\���E�d������� 23 ℄�o-�� ��, a}[8 LT ∆T ��wlM& /d

/d /min w&} �!} )U} F�} ��w!} �w}
14 ℄86 4 , 572-12-19 3.1052 80.14 0.2445 0.2945 0.3196 0.1557 0.1437 0.2254

15 ℄86 6 , 574-12-19 13.5906 79.88 0.2399 0.2299 0.3250 0.1611 0.3390 0.2208

16 ℄86 9 , 577-12-19 29.3159 79.49 0.2451 0.2251 0.3103 0.1564 0.3343 0.2261

17 ℄86 10 , 578-12-19 34.5537 79.37 0.2229 0.2229 0.3081 0.1542 0.3321 0.2139

18 ) 4 , 584-12-19 6.0187 78.60 0.2179 0.2079 0.3131 0.1592 0.3271 0.1489

19 ) 5 , 585-12-19 11.2692 78.47 0.2284 0.2184 0.3336 0.1597 0.7376 0.1594

20 ) 6 , 586-12-19 16.5086 78.34 0.2278 0.2178 0.3130 0.1691 0.3370 0.1588

21 ) 7 , 587-12-19 21.7540 78.21 0.2232 0.2132 0.3184 0.1645 0.3324 0.1542

22 ) 11 , 591-12-19 42.7202 77.71 0.2095 0.1995 0.2746 0.1507 0.3287 0.1504

23 ) 14 , 594-12-19 58.4384 77.33 0.1976 0.1876 0.2928 0.1389 0.3168 0.1386

24 9mm 18 , 644-12-18 20.6012 71.12 0.1404 0.1204 0.2756 0.1017 0.2996 0.1514

25 9mm 23 , 649-12-18 46.8054 70.51 0.1247 0.0947 0.2598 0.0859 0.2838 0.1356

26 9�� 2 , 662-12-19 54.9719 68.95 0.1111 0.0811 0.2663 0.0924 0.2803 0.1421

27 95G 1 , 676-12-18 8.3684 67.28 0.0876 0.0576 0.2528 0.0888 0.2668 0.1386

28 9Em 1 , 682-12-18 39.8285 66.58 0.0777 0.0477 0.2429 0.0689 0.2669 0.1387

29 9U 10 , 722-12-18 9.5388 61.96 0.0180 −0.0320 0.2132 0.0392 0.2372 0.0690

30 9U 11 , 723-12-18 14.7823 61.84 0.0115 −0.0185 0.2166 0.0427 0.2407 0.0724

31 9U 12 , 724-12-18 20.0257 61.73 0.0150 −0.0350 0.2101 0.0362 0.2341 0.0659

32 #Q� 4 , 1007-12-16 3.7688 33.82 −0.4120 −0.5220 0.0132 −0.0507 0.0472 −0.0410

33 #� 2 , 1050-12-16 49.2262 30.30 −0.4546 −0.5946 −0.0095 −0.0234 0.0246 −0.0136

34 #UB 6 , 1083-12-16 42.2304 27.73 −0.5303 −0.6503 −0.0452 −0.0391 −0.0111 −0.0394

35 #UB 7 , 1084-12-15 47.4792 27.65 −0.5216 −0.6516 −0.0364 −0.0303 −0.0024 −0.0406

36 #U� 3 , 1088-12-15 8.4517 27.35 −0.5191 −0.6591 −0.0439 −0.0278 −0.0099 −0.0381

37 #U� 4 , 1089-12-15 13.6948 27.28 −0.5260 −0.6560 −0.0409 −0.0248 −0.0068 −0.0350

38 #U� 5 , 1090-12-15 18.9410 27.20 −0.5298 −0.6498 −0.0346 −0.0285 −0.0006 −0.0288

39 #U� 7 , 1092-12-15 29.4181 27.05 −0.5327 −0.6627 −0.0475 −0.0314 −0.0135 −0.0417

40 #UJ 1 , 1098-12-15 0.8762 26.60 −0.5445 −0.6745 −0.0494 −0.0333 −0.0154 −0.0436

41 #- 3 , 1104-12-15 32.3324 26.15 −0.5583 −0.6883 −0.0532 −0.0271 −0.0191 −0.0474

42 #dj 2 , 1191-12-15 8.4623 20.11 −0.6884 −0.8384 −0.1233 −0.0072 −0.0892 −0.0075

43 #GU 3 , 1197-12-14 39.9212 19.72 −0.6996 −0.8496 −0.1244 0.0017 −0.0904 −0.0086

44 #*4 3 , 1203-12-15 11.3800 19.34 −0.7008 −0.8608 −0.1256 0.0104 −0.0916 0.0002

45 #*� 5 , 1212-12-14 58.5601 18.77 −0.7207 −0.8807 −0.1455 0.0005 −0.1015 −0.0097

46 #d� 3 , 1230-12-14 32.9294 17.65 −0.7513 −0.9313 −0.1562 0.2999 −0.1221 −0.0004

47 #m� 10 , 1250-12-14 17.7951 16.45 −1.1757 −0.9457 −0.1805 0.0255 −0.1265 0.0053

48 U�U 17 , 1280-12-14 55.0776 14.73 −0.8232 −1.0032 −0.1880 0.0380 −0.1440 0.0078
 ��O l� l� D { y,> +I
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/d /min /min

1 #^�U*sX,Ve+s3[7![s3l�� 442-12-20 41.5833 97.78 571.74

2 )w0b,��+s3[℄e[s0l�� 607-12-19 6.6617 75.69 116.81

3 9b�U,f>+s3[f[[�s�l�� 618-12-19 4.3252 74.31 −539.18

4 Us,��+s3[�z[9s0l�� 727-12-18 35.7982 61.39 40.17

5 YGU,�d+s3[V�[9s�l�� 821-12-17 48.6237 51.23 −258.07

6 #85
v,℄[+s3[?e[�sbl�� 980-12-16 42.2411 36.12 −606.22

7 t5b,℄�+s3[��[sbl�� 1000-12-16 27.0973 34.41 −667.58

8 -�,7K+s3[�d[�s0l�� 1105-12-15 37.5945 26.08 −72.40

9 Aw�sX,�z+s3[�![�s�l�� 1179-12-15 5.5674 20.90 −135.04

10 GU�,fe+s3[�K[3s9l�� 1198-12-15 45.1772 19.66 −18.89

11 L�Us�,�d+���r�[[ebl 1277-12-14 39.3679 14.90 42.56

12 Ls,f>+r��7![zpbl 1278-06-14 41.9470 14.84 −27.90

13 Ls,f>+���fh[Yebl 1278-12-14 44.6062 14.84 25.77

14 Ls�,��+r���z[>p0l 1279-06-15 47.1872 14.79 −29.50

15 Ls�,��+���rd[�e0l 1279-12-14 49.8456 14.79 24.96

16 L�Us ,�!+B����Y[1#��l� 1280-12-13 55.0878 14.73 16.67�de3l��:�� BJET ÆyIx{93#'����O 120◦ 8�}�w�/
n�H?:�[8�Pr���N.� = 1 ���H?aW[���
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The Accuracy of the Sun’s Meridian Observation and the

Solstices Survey and Calculation in Ancient China

LI Yong

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: This paper investigates the Sun’s meridian observation and the solstices survey and

calculation, which recorded in Shoushi Liyi in the 13th century, an ancient treatise for reviewing

Shoushi calendar in Yuan dynasty of China. It is derived that (1) from 1277 to 1280 and after

98 meridian observations of the Sun, the absolute value of average error of the time is 2.64 min

and for altitude is 6.78′; (2) to all the six ancient calendars of the Dayan, Xuanming, Jiyuan,

Tongtian, Chongxiu Daming and Shoushi, the errors when three winter solstices reckoned before

BC 522 are within 0.97 to 3.51 d and to other 45 data calculated from the period of AD 435 to

1280, the absolute value of mean error of the six calendars are 9.35, 10.42, 5.54, 2.97, 5.68, 3.36

h; (3) the absolute value of mean error of 16 ancient solstices times within AD 422 to 1280 is

199.59 min and in Yuan dynasty the result is just 27.89 min.

Key words: astronomy history; accuracy; statistics; Sun; meridian observation; solstices;

Shoushi Liyi (an ancient treatise for reviewing Shoushi calendar); ephemeris


