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(1. �q�	V��p0Hn�!��N��qk℄� 250014; 2. |6!�N�6sTkG�J#\t�m" -��� 100012 )rm� I"[sH=�B-� 11 a �o1^URV,$ 80∼120 a &S)q�o'?e Gleissberg �o	$=�3)&WC�.�s���s= 1700∼2008 bb�H�4)q�o&S5H	a_�8�VI"[s)q�oh1oC}: 11 a I"�bUbCb�bH�4[v#qEI"�h	Vh 300 �b3)q�o�o<x'B&S	�)q�o&S�*K6k 24 �25 I"[s�{KF)q�oh1o	W:}1u 3 $)q�o1oH�4~k���a_k 24 �25 I"�bUbb�H�4e 63.6±21.1 b�be
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1 �8���H!Zr+H!Ts{�3�I%}Zrz�b�>�H!G�+H!Zrb�%'v�pDZrz�uGG�AUx2u� 1843 a� Schwabe [1] /x�zH!G�bZr�nO
11 a���n >d Schwabe�n�:#H!Zra�anu >d+#H!Zr��O 1755abH!Zra�=rdj 1 Zr� [2] �G�b�n;w,/4X�j��nd 11.1 a ��yd 9.0 a ��;d 13.6 a �H!G�ATA��AbY#�Ab���d<p;iX1G�b3;� 1848 a Wolf NF<
G�~|3�b�d [2] � 1862 a Wolf [3] '�[ bG�n�� X7TS�2009-06-30 � i>TS�2009-08-28BHeO�6s�	!�_����\ (40890161) �|6!�NL���\ (KJCX2-YW-T04); 973 mQmB�\ (2006CB806303)



� 180 �������R�i���	�\������� 28 ��FsFH!Zr"`QU? 7 #H!Zr���b 78 a �n�7�P#H!Zr�baTaBa�abG�3�*�Yl�B`b3��/T�<
11 a �nb�t�O��;�n�t(zIiy'F+� Gleissberg [4,5] NF+}
� ——|P#Zr�aTabj�G�3�jN�,`^<,�b(p�n℄> Gleissberg �n�
Garcia B Mouradian [6] <X$b
�|P#Zr�a�abj�G�3�jN�&`^<,�b(p�n��r~7y'(p�nb;wU 80∼120 a �^%R [7] �!h&4<DSbjN
�| 1700∼2008 auZr�aTaBa�aba�G�3�*�jNJ.�`^:�3��C℄|P#H!�ba�G�3tB�`^j��3��4<�2(%VB�-�rb
��*|g
3���r�O��+2��(p�nb%R4G�zUkJEj 24 H!Zr�bEn�J�j 24 �25 H!�bH!G�3+[tH!ZrJ�VAb~%%O�|;nH!Zr��J�b
��%�dxd�B|H!�bYl�:T, [8] �1"�d
 [9] U 2001 a|H!ZrbJ�
�B	7��<Yl����*"|< 63#|j 22�G�3aTpbJ��B 48#|j 23�bJ��DS�dxd�"pDJ�
�(>P��ja+�H!ZrJ�
�b��>�/A/�b�[�Z+|j 24�aTaG�a�3bJ�~7�AJTbT� [10] � Kane [11] B?Fb 43 # 24 �aTaJ�pU 50∼200 nu�y'F/XbJ�
�nuQU�|Tb7*�"wg,��AX�[B_��?EH!;�n%R| 11 a �nbZrr^JTboz�< [12] �4<H!;�nZrwÆb%R�"0\5Ff+H!�bZr|(�!h.ZV9|G�(p�nb���y5+}"�bH!Zrb;nJ�
��
2 �5�D��
2.1 �[oYI!hB4<b3�+ 1700∼2008abaj�H!G�~|3 RZ ���H!;�3��r{Æ (Solar Influences Data Analysis Center, SIDC �br http://sidc.oma.be/) �a�G�3���<Oj −4 ^j 23 �. 28 #H!Zr���<<TO 3 #(p�n�(p�nbaTnBa�n�*<�nB0n+)'�0�*EH!Zr�baTaBa�a�|g 28 #H!Zr��nS4< Gleissberg [4] By4bjN
��"0`^ 28 #H!ZraTa��bG�3jNp RM (N) �p{ N )'H!ZraTaB|9ba��jN,&d

RM (N) =
1

8

[

1
∑

i=−2

RZ(N + i) +
2

∑

i=−1

RZ(N + i)
]

, (1)g#,&)'|H!ZraTa��b 5#l�j��{ub 3#lU}B =<:N�<X$b
�T"0`F 28 #H!a�abG�3jNp Rm(N) �g2b N )'H!Zra�aB|9ba��C℄V9|P#H!Zr�bYl�T"0`^P#Zr�{BAa�ba�G�3nB RT (N) ��1 4 �3� RZ � RM (N) � Rm(N) B RT (N)



� 2 o !�ee�I"H�)q�og} 24 � 25 [s�K� 181�b%R�|wZ 1(a)∼(d) B'�Z 1(a) {&Fb+ 309 a ba�G�3�OgU�|"0Æ9zIi�FG�3b 11 a �n�P|)'b+G�3�bgVK-�| �}thId 0.02 a−1 �OgU�|"0�Fa�G�3QU�+#Od 100 a b(p�n�TO�< 3 #(p�n� (b) B (c) �*)'b+H!�aTaBa�aG�3bjNp? ub%R� (d) )'b+P#H!�^ba�G�3nB�gG Wilson [13] U 1988 abB&FbQ�G�3nB~,<�Og
Z{"0�Fg 3 #(p�nb0nTOgE
1700∼1720a� 1800∼1820a B 1900∼1920a�

[ 1 (a) b�H��}4 RZ gqhWL.�}C(4�eI"���� (b) I"�bUbH�4kOq RM (N); (c) I"�b�bH�4kOq Rm(N); (d) Q$I"�_b�H�4oC
RT (N); (e)∼(h) �+}:, (a)∼(d) �3)im�1	
2.2 6Mn4b4<�2(%Vb
��"0� u�?b�?	RdhI2)I�0b�?�nS| 300~auH!G�3���2(%VJ.�̀ ^H!G�b�n�ZrU~9hI�b�0�t�Z 1(e) &F<a�G�3bhl�0Z�Ohl�0b�|�"0�FAj#"|Yyb��p{hIU 0.09 a−1 �C|9b+ 11 a bZr�n�hIU 0.01 a−1�C|9(p�n�gG Zhukov B Muzalevskii [14] U 1969 a�0f Cole [12] U 1973 a<�2(%VB`Fb~7~+x�Z 1(f)∼(h) {/T�< 11 a �nb�t�6�(p�nb)Il%`(Yy�
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2.3 f'4b�-�r+�ja�[r+b+}|3���J.b3��r
���-�r>E�2(%Vbi
+�FU IBhIu�A9>b)i�?�3Mib`6 [15] �
Torrence B Compo [16] ZUh`{&F9�-�rb�v����-�rb^!M.�+� u=3<+#�-=3�����)'�d�-i3b�&��9<b�-=3d Morlet �-�

Ψ0(t) = π1/4eiω0te−t2/2 , (2)F+?+#�s3=3V9 9=3boz�`^�p{ ω0 d�-3�+�� ω0 = 6��-=3V9j.℄f��"0�%Fbgy℄hI�p3+# u�?=3b7��-%Vd u�?Gj.℄��b�-=3b�`�
Wn(s) =

N−1
∑

n′=0

xn′ · ψ
∗

[ (n′ − n)δt

s

]

, (3)&{ xn )'-�b u�?� n )'g#�?b�?3�N d�?b#3� δt d uu"� s )'Cw�<+���-b'w�G�nBhIA2� * ?)'}�3b�. � Wn(s) hd�-u3��-)Il�+|�-u3}Zbj
 |Wn(s)|2 �O& (3)"0�^��-u3/�AhIbs' s ��yTA ubs' n �|EX+#hIs' s �U/X $ nδt ��-u3&+/Xb�g$�#�<�2(%Vo�U I2y')I�0b/��7��-)IlU u��j��"0`F���-)Il�
W 2(s) =

1

N

N−1
∑

n=0

∣

∣

∣
Wn(s)
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∣

∣

2

. (4)���-)IlG�2(%VB`~7~<�/XnJ+�2(%V&Fb+)I?�hIb�0�����-)Il&Fb+)I?�nb�0�nS4<�-�rb
�|Z 1(a)∼(d) �3���<�r�~7Z 2∼5 B'�Z 2(a) &Fb+a�G�3b�-)Il�K�'d u���'d�n;w�Ov^�b:}Xw�I�*W)<)Ilbww-NYw�b!|B��b�I)'0^$�;�|Tbi
�Og2"0�FG��I�%e{U 11 a�nB(p�nb:U7j�I�Z 2(b)&Fb+���-)Il�Z{A 2 #JYyb�n�FSb�pB|9b�*+ 10.7 a b
Schwabe �nB 100.9 a b(p�n�Z{l|)'b+ 95% b,�7j� Schwabe �nB(p�n�Yyi=9< 95% b,�7j�
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[ 2 (a) b�H�4 RZ �.*Jm� (b) ���.*JmZ 3 �Z 4 BZ 5 �*d RM (N) � Rm(N) B RT (N) ��3�b�-)Il�f|9b���-)Il�GZ 2 ~"|�?E3�{/T�< 11 a �nb�t�B0�-)Il{�u�w+#,�b(p�n�FSU���-)Il{b�pB|9b�n�*d 100.6 a � 96.9 a B 100.1 a �uYyi=9< 95% b,�7j�

[ 3 (a) I"bUbH�4kOq RM (N) �.*Jm� (b) ���.*Jm?EuA 309abG�3��|E��(p�n+8�3��/D��B0�V�#�-)Ilb(p�n^!uUq7�Tbb!|n^�Z+?E(p�nM*Yy�B`b~7T+"|" �nS�Z 2(a) {b�-)Il0 80 a�nd��|�F(p�n3���MUP+ ul�bF)Il� pB|9b�n;w�B`b~7�W)<(p�nb;w? ub%R�Z 6B'�OZ{"0�F�Ug 309 a^�(p�n;wb%R�TO+ 95∼110 a nu�1"�d
 [17] 4<|/X uz^}�n;wj�pb
��̀ F<(p�nb%R�nSb~7"DSbg�+
�g+?E
��b/X�8�b75�(p�nb;wO 1700∼1800 a�xv��U 1800 a��(p�n�y�d 96 a �C�O 1800∼2008 a�(p�nD�xY;�^ 2008 aS^ 109 a �C�g}(p�n;wb%R"`G(;bH!Zr�nA2�
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[ 4 (a) I"b�bH�4kOq Rm(N) �.*Jm� (b) ���.*Jm

[ 5 (a) Q$I"�_b�H�4oC RT (N) �.*Jm� (b) ���.*Jm

[ 6 )q�o<x&S
2.4 2. 24 �25 \j?/v+p"G�b 3#(p�nTO�*gE 1710∼1810a�1810∼1910a�1910aw� (Z 1B



� 2 o !�ee�I"H�)q�og} 24 � 25 [s�K� 185�') �6M>nd 18�19�20(p�n�?EH! 11 a bZr�n0^(p�nboz�<�,yO/Ab3�{"0�F�UP#(p�nb0nuQU�w�:#"|ÆbH!��B0"0\5 21 (p�nb0n&QUw� 2 #"|ÆbH!��O�nS�"0�*OtVbP#(p�nb0n�F 2 #H!��'�FSbZr7j+J5 21 (p�nb0nZr��|E 18 (p�nnS�Wb+j −4 �−3 ��|E 19 (p�nnS�Wb+j 5 �6�� 20 (p�n0n{ZrÆbH!��0/e{�p{�Æb+j 14 ��nS�;�W7�bH!��B0%O 13 B 15 �{�F+#�Z 1(d) y'�j 15 �ba�G�3nB�Ej 13 ��g)Yj 15�bjPZr7j%gEj 13 ��B0|E 20 (p�nnS�Wb+j 14B 15��Z 1(a) {bgVK-�|"08Y�(p�nb0n�glk>+JUnSB�b~B:#H!�b{u�OB�bg
H!�"0`F� 18 B 19 (pb(p�nb0a~7 9 #H!�� 19 B 20 (pb(p�nb0n&+~7 9 #H!�� u&wTOu+
100 a �C�gBZ 6 {B'bg:#(p�nb;wÆ9~��g&�+2�l<nSB�b0nH!�+F.b�nS/l 21 (pb(p�nb0nUj 24 �25 H!����g~7B 20(p�nb0n~7 10#H!��TOd 110 a�C�g# u&wBZ 6 { 20(p�nb;w^!lF�X &"0�+2\{F 20 (p�nb u�TO+ 1910∼2020a�?Eg
Zr�u+JE(p�nb0n�FSbZrwwzA+pb~<��H!ZrbaTaBa�abG�3&uQU�(p�n�6MnS"0<j −4 �−3 ��j 5 �6 ��j
14 �15 �baTaBa�abG�3�+J�j 24 �25 �baTaBa�abG�3�) 1 {?F<(p�n0nbH!Zr�a�aBaTaba��0fB|9ba�G�3�?zA3�B`Fbj −4 �ba�aFzU 1700 a� 1700 antOA3��Z+ 1700aBj −3 �ba�a 1712a~7 12 a �g/Æ" 11 a bH!Zr�;�B0nS�� 1700adj −4H!�ba�a�C℄ UsoskinB Mursula [18] &�dj −4�ba�aU 1700a���b35~7)Yj 24 �ba�aFzU 2008a 4 Q [19] �B0nSB<3�br%aB~2ak>+:#H!Zra�a�O) 1 {�Fj −4 � −3 ��j 5 � 6 ��j 14 � 15��g�|~Ba�ab uu"u+ 12 a �?MnSJ5j 25 �ba�a" 24 �a�a` 12 a �hd 2020 a�V9|/X(p�n0nbH!Zr�}j�b
��nST"0J& 1 VEwQ8Q,℄k�0CgP;C*P,PJ<yZ\t��A �� �I�6 V� VI�6

-4 1700 5.0 1705 58.0

-3 1712 0.0 1717 63.0

5 1798 4.1 1804 47.5

6 1810 0.0 1816 45.8

14 1901 2.7 1905 63.5

15 1913 1.4 1917 103.9

24 2008 2.2±2.1(3.9)2.9 2012∼2014 63.6±21.1(56.3)

25 2020 2.2±2.1(0.5) 2024∼2026 63.6±21.1(70.9)



� 186 �������R�i���	�\������� 28 ��5j 24 �25 �ba�aBaTabG�3�|EP#(p�n0nb:#Zra�a�u+j 1 #a�abG�3 Ej 2 #a�a�B0nS|j 24 �25 �a�abG�3&F:}J5
�� (1) < 6 #a�abG�3bj�p 2.2 �dj 24 �25 �a�abG�3�FSb'�7d 2.1; (2) < 3 #(p�n0nbj+#a�aG�3bj�p 3.9 �d 24 �a�abG�3�j�#a�aG�3bj�p 0.5 �d 25 �a�abG�3�w) 1 {)?^3��j 24 �a�a 2008 ab!5a�G�3+ 2.9() 1 {PK|b3�) �G:}
�B`FbJ5p~7O=9 1 #G�3�O) 1 {�F�j −4 �−3 ��j 5 �6 ��j 14 �15 �baTab uu"&u+
12 a ��MnSJ5j 25 �baTa&" 24 �b` 12 a �Z+0nZr�baTaBa�abu"��*QU� 5 �6 �4 a b~7�B0nSu``Fj 24 �baTa"`FzU 2012∼2014anu�j 25 �baTaFzU 2024∼2026anu�nSX$|j 24 �
25 �baTaG�3&F:}J5
�� (1) < 6 #aTabG�3bj�p 63.6 �dj 24 � 25 �aTabG�3�FSb'�7d 21.1; (2) < 3 #(p�n0nbj 1 #aTaG�3bj�p 56.3 �d 24 �aTabG�3�j 2 #aTaG�3bj�p 70.9�d 25 �aTabG�3�
3 � MV9| 1700∼2008 aba�G�3b�2(�r�l!<a�G�3QU� 11 a �nB
100 a �Cb(p�n�,yP#H!�aTa�a�abG�3bjNp�0fP#Zr�ba�G�3�BuQU�Od�ab(p�n�#<�-�rb
�&`^G�2(%V~+xb~7�,yO IBhI2X PzF(p�nb%R�C℄V9�-�rT��<(p�n;wb%R�nS/l(p�n;wb%R++}(;CwbH!�nZr�V9�� 300~a2b(p�n;wb%R�nS\5j 24�25H!�JE(p�nb0n�6Mj 24 �25 �baTaBa�abG�3uJg�4<|/X(p�nb0n}j�b
��nSJ5j 24�25 �baTabG�3d 63.6±21.1�a�abG�3d 2.2±2.1�p{j 24�a�abG�3J5pG 2008ab!oa�G�3~7U ±1b�^�O 2007aE^zU�H!JE�9e�b
K�/7r�(�Qh�rb2��nSb��~7zYA�E.�g+�9z��?EAnSbG�35 uT"|y�|H!G�(p�nb~2mOTAX�+2bLA�th�� Torrence B Compo U http://paos.colorado.edu/research/wavelets/ b_N+<�-�rA�B~2Æ>�(K`�
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The Gleissberg Cycle of the Sunspot and the Prediction for

Solar Cycles 24, 25

CHU Zhe 1,2, NIE Qing-xiang 1, ZHANG Jun 2

(1. College of Physics and Electronics, Shandong Normal University, Jinan 250014, China; 2. Key Laboratory of

Solar Activity, National Astronomical Observatories, CAS, Beijing 100012, China)

Abstract: Besides the well known 11 years period, the Sun exhibits a typical variation with

a characteristic time between 80 and 120 years, which is called Gleissberg cycle. Based on the

Fourier transform and wavelet analysis methods, we investigate the Gleissberg cycle using the

yearly sunspot number from 1700 to 2008 intensively. The result shows that, at the valley of the

Gleissberg cycles, the sunspot numbers of the maximum and minimum years are smaller than

those of other solar cycles, and the period length of Gleissberg cycles also changes during the 309

years. By examining the Gleissberg cycles, we forecast that solar cycles 24 and 25 will be at the

valley of Gleissberg cycle. Based on the solar cycles which were at the valleys of the Gleissberg

cycles, the paper predicts that the yearly sunspot number of the maximum years of solar cycles

24 and 25 is about 63.6±21.1, and the minimum years is about 2.2±2.1. These results will help

us to comprehend the abnormal quietness of the Sun recently.

Key words: solar active cycle; Gleissberg cycle; sunspot number; solar prediction


