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Abstract On the basis of the principle of energy conservation, this paper reviews the aspects on

energy input and dissipation in the coupling processes of the Solar wind, Magnetosphere and Iono-

sphere (SMI coupling). We focus on the following 9 principle issues: (1) solar wind energy input, (2)

magnetosphere response to solar wind energy injection, (3) ring current dissipation, (4) Joule heating

in the polar ionosphere, (5) auroral particle precipitation, (6) energy dissipation and storage in the

magnetotail, and energy returning from the magnetosphere to solar wind, (7) energy accumulation

and dissipation during quiet periods, (8) energy partitioning in different sinks, (9) the criterions and

methods for assessing energy function.
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1���

���������)�������
��
���������. ����� (1370W/m2) �
�
�� πR2

e(�
�� Re = 6372km), �����
�������� 1.75 × 1017 W. ��, �����
���� (n = 5 cm−3, vsw = 400km/s) ��
��
�*������� (������������
� π (15Re)2, ��������� π (30Re)2) ��
���������� 1 ∼ 5×1013W.� 1AU �,

����! vsw ����"#�! (vA ≈ 50 km/s),

����"#��� MA �� 8 ∼ 10, ����, �
������������$%��� [1−2].

����������������&��,�
�, ����'� “������” ���. (�
%����)�, ��*�������+��(
�. ���������, �� +��(�� 
��������!��+��
, �!� �&�
� 5.136 × 1018 kg, 1.66 × 1021 kg, 5.976 × 1024 kg.

���������, � �+����–,���
", ��-����#�&��;  �+���
�%(� —– ������, �����,�� 
� 8.4 × 1017 J, ����$���-�
����
 ��������,��. ����%., � &
�����!/*�
���–!��"���, �
",���"!/*��–,���"���, !!�
#$�!����!0�.

��-�
��������� ("+ Ṗsw),

%�!& �������#, �� 1%∼5% ��
� ("+ Ėin) '����&�($%+�'��
�. �!(���, Ėin ≈ 200GW, ����"#,

Ėin ≈ 800GW[1−6]. '���–,�� (MI) �"&
������, �!&"���1$���, �'�
!&�%� MI �"�, (#��)##��#��
�*���� [7].

�%)&�+,��2$�)#*�+$�.,
,��
)#'-�-��3�-���, .� 
/��)$%���($�) KRM, AMIE �4�
-0%.5!*.����.+&*'((�
)
#���)/, )���–��–,�� (SMI).,"
�*� /�*6��, �&, ���1)��+0
�'(�7, [1−2,6,8−26].

'��������� “0-08” �*2+
���� “"&!8” �+-–#-�������
� MI �"��%,.: ',�,�-,,��,)
��,. '3��, �%,.���&-4/ 1/3[2].

�'�',����&, ��!&4�!&',�–

��,�–,��,�3(�$5, �+--,,�
�, /0��6�%9; )�'��'�,.7/�
89.1�)1$0+��)/%12����%
9 ("+ U̇r), �&, ',��)2�0&&3)�
,.7/�',����%���14 [27−30]. �
-',����!&',���3�'�-,��
����%�,��–*�2:+* U̇J )-�1)
*3 U̇a, $!��"� U̇p. '�������!&
�%���+* ("+ U̇t), �!&����&4(
���)�5 (�+) (,-���, 1$�#��
� (Ėout), �����!&5:���, -.2�!
������� (4!��6�). 7 1 ��8 SMI

.,���7 [2].

��95��1�"��1��/)0*�3
.,  � SMI .,&���+�;� MI �"��
:6/)!6, 7����� MI �"�<��/)
�� MI �"�%���. � �=> MI �"�&
���, MI �"����'-�<�� Ėmi(7��
��82����)�*�� MI�"&�%�,�
� U̇tt, 7

Ėmi(t) = U̇tt(t + τlag). (1)

�&,

Ėmi ≡ Ėin − Ėout = αṖsw, (2)

U̇tt = U̇r + U̇p + U̇t = U̇r + (U̇a + U̇J) + U̇t. (3)

�&, �� α �,������� MI �"��?,

;0 SMI ��.,@. τlag �, MI �"(��
�,��%!<#. (��=������)�=
�>���=� MI $�, α )&3� 0.3%∼6.9%

�;?� [1,3−6,12,31]. 7(8�&3�39���
�=+!@��=� “������”. Pereaullt

� Akasofu[10], �� Knipp � [5] @� (7Re)2, Shue

� [32](-� π (10Re)2, Lu� [4]� (15 Re)2,�.$
1 6 2�<. �*:�, 86� “����” �:�
��������� “�/��”, )������
�����;A��. �����.4!����
0A�1�9�� IMF � Bz &���� [6,10,32].
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B 1 SMI �����	Æ2B [2] (345C MI ��, 345��B3Æ MI ��� 3 	�<; 34DC56:
�����, C	�B3Æ����6����; =73Æ�	
�)

Fig. 1 Scheme of the energy flow in SMI coupling (Dashed block is the MI system, in which three squares indicate

main regions of the system. Solar wind flows outside the dashed block, where two squares represent upstream and

downstream solar wind, respectively. Circles show energy flow in the SMI system)

=4 MI �"��:6�/�D����8=
E7)9������;$-0, 7��+* U̇t �
1$�#������ Ėout ����. ���%D
��5=>��&6<, � (1) �>(F. 8<��,

:�9((����&6�E6�8=GH, �A9
��<��E�:=7�>;. ��, ������
F8?��<1��. =I�?, ���%�/��
� ;�',��-,,��–*�.

��, &�6� SMI ., /&� 9 %��<
G.

2�H=>>9:–?J:?I

@>KJ?

SMI ., /�$;�A�%<G�, ���
���–,�� (MI) �"�@�&�B@����
8?. <G�:.��A� [33−34], $;8�@.<
G����C�"�$7&A,�&=L4��"�
�C�F@�0@�A4KM�.)�6>���*
.. "�$7�������.�, ���B���
� MI �"�����; ������@�:�, �
��B MI �"&����%. ������%$!
�<#%!5C (�9 7�������5B,

)$!$7&���5C�@��A�;C�BD

<29�. ������.���!�B!�1�9
���! (B�C�&�) �, �<��C%���
.�G,)(�D�, B=7, BDE, B����
+�, B�1�9,���������&@�N8
��B4(�@��L�=�+� [9,11,13,25,35]. �
����:�� Kp, ap, Ap, AE, AL, Dst�, �<�
�7%:��Æ�D�BC%:��G,D�. � 1

*�G�:(��<�� [12]. 8:"� /� 
AAG���8?� MI �"@�&�E@8�F
"@.%., )D,�EE�G�<+�<D�4
EF�. �&�:F4(G����)#'-F$
�)#$�G?. �*E��H��, �"��C
'-�8:@.�, G��F8�����, ��F
8 MI �"��, �@+&, ���;DHI���
� (B��), )��A�BOG��� “�/” @.
� (proxy).

� SMI .,�A�%<GHBH!!, �$;
�A$%<G�,;D��� (B��)�I�C. �
H<"�7�&, �I3(@.HIG<� “��.
,D�”,��F8MI�"��:6&� “��”. �
F"I+&, /�4�� Perreault-Akasofu � ε D
� [10,12]. !+�;E:�, εD�J�G�����
��,)D�D�*D�<���',��%��H
K, 2:+*�%��HJ. ��, ��G�L�:
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H 1 IJKLMNOPQRSNTUVWXY
Table 1 Statistical Correlations between geomagnetic activity indices and solar wind parameters

ZI (IE)
Æ�J�JJMJ�� ����F����
(N��GP)

Snyder L (1963)
∑
Kp (24 h)

∑
Kp = (v − 330)/8.44

Olbert (1968)
∑
Kp (24 h)

∑
Kp = (v − 262)/6.3

Ballif L (1969) Kp (3 h) Kp = 9[1 − exp(−σBTn
−0.35/7.7)]

Arnoldy (1971) AE (1 h)
AE = −0.26

( ∑
Bsτ

)
0
− 0.91

( ∑
Bsτ

)

= −0.33
( ∑

Bsτ
)

2
+ 0.12P0

Bobrov (1973) Kp (3 h) Kp = f(v, Bz ,ΔBz)

Garrett L (1974) ap,AE (1 h) ap,AE ∝ C1 + C2v〈Bs〉 + C3vσ

Murayama L (1975) AE (1 h) AE = CBsv2

Burton L (1975) Dst (2.5 min) dDst∗/dt = F (E) − aDst∗

Crooker L (1977) Ap (24 h) Ap = 3.5 × 10−5B̄z v̄2 − 1.9

Svalgaard (1977) am (3 h) am = 6.6q(f, α)
(Bv0

21

)( nv20
105

)1/3 × 1.157

(1 + 3 cos2 ψ)2/3

Maezawa (1979) AL (1 h) AL ∝ B0.85v2.08(sin θ)0.54

Maezawa (1979) AU (1 h) AU ∝ B0.67v1.15(sin θ)0.34

Maezawa (1979) am (1 h) am ∝ B1.03v2.34(sin θ)0.37n0.2

Holzer L (1979)
AL (1 h) rate of erosion dφe/dt = 0.2(1.9 × 1010cm)Bzvsw (km/s)

rate of return dφr/dt = 1.8 × 1010 AL (nT)

Murayama (1979) AL (1 h) AL = 60(Bs + 0.5)v2F (X,By)n0.13

Perreault L (1978) ε (�	) ε = vB2 sin4(θ/2)l2

Kan L (1979) E (IMF �H) E = vBt sin2(θ/2)

Stamper L (1999) Pα (�	) Pα = [kπ/2μ
(1/3+α)
0 ]m

(2/3−α)
sw M

2/3
E N

(2/3−α)
sw v

(7/3−2α)
sw B2α sin4(θ/2)

Newell L (2007) Φmp (��MQ�O�) dΦmp/dt = v4/3B
2/3
t sin8/3(θ/2)

Borovsky (2008) εB (�KLKRP)
εB = A0.4μ

1/2
0 sin(θ/2)ρov20(1 + 0.5M−2

ms )(1 + βs)−1/2

[Cρ0 + (1 + βs)−1/2ρm]−1/2[(1 + βs)1/2 + 1]−1/2

N'�.,D�, � Stamper �����G
@D� [36]� Newell ��N�'4(�@D
� [24]�Borovsky �����&@D� [25] �,  
(2��������*2&�.

+� SMI .,"� /�,�, Vasyliunas

� [13] P�G.,D��MI+�
P = ρv3l2CFF (M2

A, H, R, θ).

*��A�!& (ρv3l2CF) ������-����
�������, �&, l2CF �,������/�
�;A$!&G�OD� F (M2

A, H, R, θ)�,��.
,@ α (4 (2) �),  K!/����.� (���
�"#��� MA�SN� R�IMF L�T θ), �2
,��.��7 (H �2,��OPP,D@�7
�G�O�,)OPP,D@2,�$5�)2:+
*�7). )',H��, *�A�J=>G,��(

��.,@�M,. !+��)$%AG, ,���
  ��%����A,)D�M,*�����&
@,#*����+� [22]. Vasyliunas�F�K��
4��=�2$-0, '-G�<+�$(, �:�
�=�.,D� [37−38].

NQ����������3��<, �&�
=7)������C�N�B8..,D�&�
�����. ���3��<=>��&�, �=
>���2����#($%+�(�����Q
K [5,20,16].

3�9:–?J:?IRH=>
>KJ?@LO

MI�"(�����,��,�EBQ"��
�<#%! τlag�,������SB&,� (&6�



123: 456–78–9:8;<=>?@ABCD 5

B 2 �������������. (a) PURT��, (b) 
MQ��, (c) PURT�
MQCR��
N���SV
Fig. 2 Relationship between the solar wind energy input and its dissipation in MI system. (a) directly driven

process, (b) loading-unloading process, (c) coexist of both processes

#-)�.,@8?���*0DE�EB. 9�, MI

�"(����,���%S�DE�<9R��.

�@+&, MI �"(*2+����,���
�(��%/<%! (τlag = const) �B&�� (4
7 2a), 9), ��@�<N$7��C;E��:
6!67�. ��, ��&6�#-����%-�
DE�-�<8�SB&��, �������S<
)�$7&�@�K (47 2b). ��*2+��+
#-�%��,�=<$L)6�,�$(�.S0
���������).,'�)8?, ��$!�
�&� (47 2c).

�F" /&, @��-0<�.<), "�&
A�G, ��<��,�, τlag = 1 h ��U�/K
�$7�� [10,12,37−38]. Bargatze � [39] @�B&
G?W)*., &AG IMP8 *�� 34 VK<#
&M@���-0� AL :��$77�, W� MI

�"(���,��%!$7TB��%KX, �
%� 20min, �%� 60min (47 3). L()�,

�!(��*2+���, !!(��+#-��.

4 τlag = 1 h ����=<LY�����%!,
�.

��, Bargatze��%!<#���4- 3 h,0
N�%!G"�Z. [O24 Bargatze ��%!$
7TB��W�,��X�!,TB��N�T�, 8
&G��,��%!<#��&O��%�X�;
?�, τlag = 1h ���%/�C), 0N�B0[�
%!\���W4. Davis � Parthasarathy F;W
� [40], �#�$��.2�$-�)�� 10 h ��
& DP @�&�7. �-4-0N%!�?Z, ��
��U<8���&.

N�,�%!<#�*0&O�@.MI, P

B 3 MI ��
���

�T�P�V4
Fig. 3 Delay response of the MI system to solar wind

,*������� MI �"!, -�F7U8]
<, �����*�"&+1�&6$5N�<#.

�!�U8��0<�!/� MI �"BW�UF
���, )��5<B����������. 7�
8�6, :�CNY�NV /, ��ÆGQ<,  
(/!XY MI �"���UF�����W7�
�.

4�O?Z@>KRP

-,,���',����� MI �"� 3 %
���A. ['3��, '� MI �"������
�� 1/3 �%�',�.

E[ Dessler-Parker-Sckopke 7� [41−42], ',
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������,�

E(t) = MdpDst∗(t)/2 = 3EmDst∗(t)/2B0. (4)

�&, Dst∗ �4�����0ND!� Dst:�,�
,',���S%Q4���, Mdp ��
Z-�
\ (Mdp ≈ 8× 1022 Am2), B0 �,�
��� (>/
�Z-�) �RZ����, Em �,������
�,�� (Em ≈ 8.4 × 1017 J). ',����NN@
���!�@���G@ U̇r 82',����F
�V8 (7���,.7/(#����%), [�,

Burton� [9] '-G� Dst∗ �,�',���8?
@F�, X?- SI 7W4 t[s], τr(s), Dst(T ), U̇r(W ),

�
U̇r = −4 × 1022(dDst∗/dt + Dst∗/τr). (5)

F�\^�,,�',����; Y^LQ&A�T
�,',��NN, A$T�,',��V8@, τr

�',��V8<#�� (7',�1)X[).

��',����C���R�@.HS, �
�,�]���',���<SZ-���%�</
9R,  (-��M,*� (5) �A9��/ .

(1) Dst :�����</&
Dst:��� 4%��Y[��� H &�8_

'-�. ��, �� H &�8?-�Z9+F(0
',�, ( �QK�����,�����,��
��,��!&',��)�
�!`�,�. E
[��,�$��"���, (0',�( Dst :
��QK�/ 27%, )!&',��QK/ 29%, �
�\�,��QK\WC- 50%. �
�!`�,
�( Dst �QK��#�$"#�� 30%, TD$

3� 20% �� [43]. TU� [44] :�, ',�(RZ
��]U( Dst :���V]M,. <���, Y[
���<^)�&O, �[<#&M@�KJ( Dst

:��</���/M, [45].

(2) Dst :�0AND��</&
���0A8?S�������Q48?

� C-F ,�, *,�M,���� H &���.,

')M, Dst :�����',������. 9
�, �� Dst :���',���<, /)Q"":
�3[)&�<���0AM,. ���0AND
F��

Dst∗ = Dst − (b
√

P − c).

�&, ���0A P �����! v � �B! ρ

�D�, � P = ρv2; �� b �,0AND��?
��; c �,(����,��(�',�( Dst

�QK. Burton � [9] ��, !(',��QK�
� 5 nT, !(����0�QK�� 15 nT. �=+
!@��=���-0, '-��=ND��*�
� 2[8−9,46−51]. ND����=S��/�!�7
(����� �1^.

(3) ',�V8<# τr ��</&
��#��=^V, ',�V8<# τr ��8

?C#2, -��M,*',������,��
� U̇r ���, ")M,*_% SMI ��!67�.

E����#�$"#, Dst %()��) τr �.,

� (5)Y^LQ&A$T/Æ\, τr�M,0�. 7 4

��= τr )�(�. � 3 *�C� τr ), �1��
��:G� [31,40,46,49−50,52−54].

H 2 Dst MNPQR]^_`abcTdN
Table 2 Coefficients for the correction of solar wind ram pressure

ZI (IE) b c ]_

Siscoe L (1968) 0.14 nT/(eV·cm−3)−1/2 1 eV = 1.602 × 10−19 J

1 nT = 10−9 T

Ogilvie L (1968) 0.17 nT/(eV·cm−3)−1/2

Verzariu L (1972) 0.35 nT/(eV·cm−3)−1/2

Su and Konradi (1975) 0.43 nT/(eV·cm−3)−1/2 19 nT

Burton L (1975) 0.20 nT/(eV·cm−3)−1/2 20 nT

Gonzalez L (1989) 15.8 nT·nPa−1/2 20 nT 1nT/(eV·cm−3)1/2 = 79.05 nT·nP−1/2

O’Brien L (2000) 7.26 nT·nPa−1/2 11 nT

Turner L (2001) 8.74 nT·nPa−1/2 11.54 nT
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H 3 efgThijklmnN τr

Table 3 Ten models of the ring current decay rate

ZI (IE) ^UN� τr/h `WE_
Burton L (1975) 7.7 BM1975

5, Dst = −20 nT

7, Dst = −30 nT

Davis L (1967) 10, Dst = −40 nT DP1967

24, Dst = −50 nT

10, Dst < −50 nT

Perreault L (1978)
20, ε < 500GW

1, ε > 500GW
PA1978

4, Dst � −50 nT

Gonzalez L (1989) 0.5, −50 > Dst � −120 nT GT1989

0.25, Dst < −120 nT

4, Dst � −50 nT

2, −50 > Dst > −100 nT

Gonzalez (1993) 1, −100 > Dst > −200 nT G1993

0.5, −200 > Dst � −300 nT

0.25, Dst < −300 nT

20, ε < 100GW

6, 100 < ε < 500GW

Akasofu (1981)
3, 500 < ε < 1000GW

A1981
1, 1000 < ε < 5000 GW

0.3, 5000 < ε < 10000 GW

0.2, ε > 10000 GW

3.0 + 9.8 exp(−F/4.5)F (nT · h−1 · mV−1 · m) =

Pudovkin L (1988) −3.5 + 4.3 × 10−3v(km/s)[0.5σ(nT) PG1988

−Bz(nT)]/4.5

O’Brien L (2000) 2.4 exp[9.74/(4.69 + vBs)] (mV/m) OM2000

MacMahon L (2008) (α/Dst)3/2 , α = −150 ML2008

Xu L (2010) 1/[0.1 + 3.0 × 10−4ε(GW)] XD2010

B 4 VR��	^UN�V� τr �W`
Fig. 4 Comparison of few schemes of the ring

current decay time

Dst :���=7, @��X, <#N*N, S
��/�@.HI. =I�?, aG0R�:�_
A Dst :�+�B',���, �` SY M :�
2 Dst :�HB=I, ��Y[�<, <#&M@
�K)F. ��, Dst :��.a- Q [55−56], S
',���( Dst :�� “Xb” ����!�M
,*',����D<��, $W* Dst :��M
I [53,57−60]. 2�=<, � (4) �b�&�a`XQ.

Carovillano � Siscoe[61] � /V,, (��� Dst

:�, � (4) K�',��� 50%∼200%, )(�.
� Dst :�, *�K�',��� 10%∼20%. W�
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� (4) �Bb��0�@�cb, 6�d�'1&,

8ca* Dst :��@.HS [51,62].

5�Ye?J:caZfdP

/��-0&A�G,-,,���2:+*Y
�',�%� [6,16,63]. '�)�, 1)*3)�L0
���,����)�)���2,��.,��
�3�, ��-,,��/*�+*�,������
�+@, ��,��W��gb�����*2M,
,��,'�N�,��OPP,D@#2DbG2
:+*1%,'�N�,��[",D@)Q4��
��.

2:+*4!�,��OPP,D@,��W4
�,��. ����� )>�"#, J*��&
��2:+*�$5�2,9�,��,���CN
G1%�Ze-&�, \W-��, )�� )(#
&�1),�,")N�G86�OPP,D@ [64].

Lu � [4] � /:�, *�&&�(2:+*�Q
K�C 28%. =I�?, 2:+*aGE7�*2
$��C. ��#2$��C�(F2:+*2�
�:��4E7�, �!���:�+F82:+
* [10,65−67]. ����C�d� AMIE *.���

B9
2:+* [20].

/F�2:+*4E7��%D ε D�<@�
� U̇J(GW) = 0.2AE (nT)[10,12]. �+� /:�,

F"�I+GVJ�G2:+*. Lu� [20] � AMIE

*.'-[�
2:+*@2-�,\�:� AL

�"�7�, 7

U̇nh
J (GW) = 0.21 ∼ 0.549(−AL)(nT).

� ]3C[�
1^, -Æc�("�7� AL ≈
−0.78AE, � AE A_ AL[68], "��'-9
2:
+*@ U̇J(GW) = 0.33 ∼ 0.84AE(nT), 8GV�
� Pereault � Akasofu %D ε D�<@��2:+
*. Tanskanen � [69] d� IMAGE )YYe�f�
-�,\�:� IL, '-[�
2:+*@�"�
7�

U̇nh
J (GW) = 0.3IL(nT), � � AL A

_ IL, g(���'-9
2:+*@ U̇J(GW) =

0.47AE(nT), ��F"���)� 1 2\Y. d
� 1996—2008 h� AMIE 2:+*-0, ���(

FZ�2:+*D�, 7

U̇J(GW) = 0.08AE1.26(nT). (6)

� (6) �G, (����, 2:+*@NN+h.

6�Y^io\_@>KdP

-�1)*3N8,��,D@, ")H4*
-�,\��!. ��, AE � AL :�'��+
E7F$-�1)*3��%. ���.,��&,

d4K`b@��� Akasofu 4E7� U̇a(GW) =

0.1AE(nT)[10,12,37−38],  ��2:+*���. !
+Sj7��G�<g(�4E7��. �&, �
=7�B&7�� U̇a = aAE + b, �&��� a

� 0.1∼0.26GW/nT, b � 0∼136GW; ����DE
�SB&7��.

d�-�2$, E��-a*�-�([-0,

��0*2�5C-�1)*3�%�. Østgaard

� [16] &AG 7 JcF�#"# Polar *�� X

�B� UV 7[-0, '-G�%SB&4E7�
� U̇a(GW) = 4.4AL1/2 (nT) − 7.6. k\]� [70]

� 1978—2006 h NOAA/POES �*-a*��-
�*31)���[, �'-g(�� . �8:4
E7��&, �J α < 1 Hf*, ��@�<", -
�1)�%NN8l, g(�^���. 8�E62
2:+*dR$5, �.4� (6).

7�9g>K@RP_̀ abec

]eH=>

����<G0(�1$�#�����!&
�, �'���!&'�(��K�� (BBF)�1)
�)�,������-���,-�%�',��
-,,��,8!&��F4��',��2:+*�
-��)*3��%�&.���!&���%��
�+*�. /!, ���!&��5: (&6) ���
&.

N"�+,%.����.,<G���HBF
��� (1).  Hf*, MI �""���'-�<�
� (Ėmi = Ėin − Ėout), Z9�*�"&�%9G.>
A�, 0���cb�, MI �"'-�<����
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!&--F7�%, )�&6���, Bf<, B>
m, .2�!���U8.�;�&, '� MI �"�
�����&�$, )��&��: MI �"�,�
% U̇tt (=L��+*)�*�" (�����) &�
�N+ Ėt���"������� Ėout (.47 1),

7
Ėin = U̇tt + Ėt + Ėout. (7)

86�&� “MI �"��&6” �=�'�HI�
��#+#-��&���f<&6. �2���
 /�,H- “��&�”, E���#NN$��
�&��0!ig$h[�8���. ��� MI �
"��:6!6<,����/�,�%!<#�(
+�=>,�;�&,)���&�–8���%[f
��f��, ��b�G� (1)∼(3).

���A^��F��&�� /, ��, �:
2���7�HB<Ga-H!, ?�, ��&��
�<m?&�,���<�? 8?���IEB? &
��������.,&#I+�? 8:\�)'
'�c /�<G.

���&Q4��+��)�5, ����+
�, /0Y��#���, ��d'�����!&
��S1$-���,8;�7 1&� Ėout. 8�@
.7[�+�,.�,*�2$����-��K�
�.

��,:��Y�$����1$�#����
� Ėout ��/iV, 0j�-E7F$. '3��,

���1$�#��������'� MI �"�
�� 1/3,��,8HB����]���. 2�8�
�&�<G�D, 8�� MI �"��:6��&Z
-�/di�<G��.

:�, '('�e����j_���, -�&
�=> Ėin � Ėout, )�=>$!�1, 7 Ėmi =

Ėin − Ėout, ��+� MI �"'-�<��, SMI .
,/@����h'1��,8�<G�.=� (2).

8�knle@>Kfogkg

'(7,�#��#8D�����>�, 8
GQ�(�. ��ll]mG!(G#"#���
��. >A�, �����
�����f�"-n
?�, ���f�����<�^ÆG, ��� “�
)_�” E&��(�����hm&F8��(.

>A�, 7@� IMF >7[�"#, ��f���
%"-n`, IMF [�"#�W4�#��#;�
AG [71]. E�����@�Jh, @�"[f)!
("\N, @�"����@���<#�[, )!
("����@�.�>7<#�N, ��&��
���n]m. ��, �/���VN<#�E7F
$������–&6–�%�9��, K7,�#�
�#, S,HG#!(V. 7 5 U�A 23 ��iJ
h 2008 h�Kh 2003 h, SMI .,��&���
���%�<#�&TB. 7 5 &/GV�EB�

B 5 SMI �����������������N���
Fig. 5 Integrated energies in the SMI coupling process
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��#W4<������%�V]N� (47 5b),

��, !(<"���hl����%���]
m (47 5a).

9�>Kjgo>ik@io

������ MI �"&�=�A&�&-�
?�;E��.,D��B,b���a[. 86,

�6�MI�"��%���A (',��2:+*�
-�1)*3) ��%�? Ur : UJ : Ua.

Perreault � Akasofu[10,12] �4� ε D�, '
-',��%/�������. N� ε D��
�/��, �N+������, ")@N"��
!6j,'0R [72]. 4�8DbD!'-���
2 Akasofu ���HB�b, 7 Ur : UJ : Ua =

52.6% : 31.6% : 15.8%.

/�� /:�, Perreault-Akasofu �� K
�G Ur, )J�G UJ � Ua

[6,46,51,63]. Gonza-

lez � [48] ;EG��#-0, '-2:+* UJ

/,�%� 60%, ��%�A&�p�%(�A�
W. Østgaard � [6] &AG 7 %cF�#>�, '

- UJ / 56%. � =>',���
�!�`
�,�( Dst :��QK, j',��%F�&�
�� 4.0 × 104 8. 1/3, '-� Ur j'�c8
.. Knipp � [5] ( 1993 h 11 l�#'-$=�
�. ��, Lu � [20] &AG 1997 h 1 l�#, '
-� UJ �� 48%. Turner � [51] ;EG 1995—

2004 h"#� 280 %�#, ( 91 % CIR �#'
- Ur : UJ : Ua = 10%: 68%: 22%,( 118% CME�
#, '- Ur : UJ : Ua = 12%: 71%: 17%. ��/
):�, L((��#@�G�N�',�V8<
# (τr = 6 h), ")J�G',��%. MacMahon

� [31] ;EG 4 %Y��# (Dst < −240nT) ��
%&-, W�Y��#2�#�GV1^, �Y��
#"#, 2:+*��',��%���, )��#
"#, 2:+*�',�� 2 2.

�8�=� *�� 4, �k��. �� 4 �
���, �=�A%��1^4!����+��
� (?� CME�CIR�DEp��), �4!���
@��!�@�>�g� (?��#��#�K�!
N<#E7 AE @��). �@+&, 5��@���
<, ',���Wm, ��%��-,,��, �&

H 4 MI dUcpqrsTrtuv
Table 4 Energy partitioning in the energy sinks of the MI system

ZI (IE) Ur/(%) UJ/(%) Ua/(%) JM/(%) n �
Perreault L (1978) 55 30 15 oBpqlk, Ur qm
Akasofu (1981) 55 30 15 oBpqlk, Ur qm
c�d�nhr (2010) 52.6 31.6 15.8 Ur qm
Gonzalez L (1989) 17 60 23 s�i
Prigankova � 4 	�i, 4 R τr `W, 2 R AE J�`W.

Feldstein (1992) 30 ∼ 92 70 ∼ 8 qrÆ�o
�	, Ue��	��, A = −2.7 × 104

Lu L (1998) 30 48 22 1997 I 1 p�i

Østgaard L (2002) 15 56 29
7 	fi, J�qrg	e�i

(Dst = −48 nT, Kp = 4+)

26 44 30 e�i	P� Ur js
(1) 1995—2004 I�� 91 	 CIR �i.

(2) τ = 6h �j.

Turner L (2009) 10 68 22
(3) C�kÆ5o
�	����	t
, u 54%Dst∗

kr��	��, �e

12 71 17
(1) 1995—2004 �� 118 	 CME �i.

(2) (3) 
6
Mac-Mahon L (1997) 25∼40 16∼24 35∼60 4 	ll�i (Dst < −240 nT)
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UJ /Æ;)���#"#, ��t%�A��%s�
N+, ��, ',�N�0V], �%�����N
�, �<, UJ �/��?���3, ) Ur ��?�
�N�.

10�um>Kns@wv

vo SMI ��.,D��HBh"���95
3.. ��]�vo�C���=. ,�F����
���h", �b� 4 g [6,12,72].

(1) S<��:m (Instant :m, =0 I :m)

E[��953.,t�S<�����)��
��/<#%!���), 8�:m=7GG, 4�
K�+��D��B,��:m, ��0�� “S<
:m”.

��, ���%9R;4G8�;E��/&.

n��(��������,��C#&L-
C%.<�%!,%!<#0>����@�UF)
N8,��h<</. F"� /<@�.<)�[,

���X�>/��,�%! 1 h. �), A9cb
�DE'<. �����Z, ���,������
�@�*2+��+#-��+��%, 1 h �,�
%!�(b���!, )�b��!!. 9�+#-
��w)�����w�&6�0!h�U8,  �
%!<#��</,�B&G?W)�*.��'-
�� ���&x. W������G#"#, %!
<# /'�^.

o!/�����'���������&%
����.�, )��*�����A$), )Pk
���-0�*�ll��tpu�6B�L��
������,���"*�-����fp<#�
��h>;,fp��&���UF�<)8?��
]3��. Petrukovich[73] ���G 1996—1998 h
"# WIND � INTERBALL *��2$-0, W�
��=*�%$'-�������.�ll�=,

� 20% �cb, $!$1�� 15%, (�.�#, $
10<.

S<��:mK`b�+;E�#��#
>����:6!6<G, ��'-/p%,D
� [10,12,20−21,71,74]. ��,  /&aaW�, ��
�%-��hpq0����. ��i�Z�:m.

(2) >��&��:m (Event :m,

=0 E :m)

�G/�;!�8.��,�%!��</&
����fp�=?�(�,+�M,, 9(�7S
t�<O���!6,)�=4_%�#B�#>�
"#,�������%,  (�*�!6�, 8;
� “�# (�#) >�,��!6” :m, 7�# (�
#) 9����&��:6!6. Østgaard � [6,16]

�8�:m;EG 7%cF�#,-��G����
#��##�&-. 9(�dE[ E:m,� 1998—

2003h 44%�#>�, ( 4 g���',�V8@
$�'1G�);E��� /,-[�cj��R
�qj$� [72].

(3) N"�&��:m (Long interval :m,

=0 L :m)

�#>�>7���.<-C.<,�#>��
��>7C.<-C$. ��, ����&6�<#
q!��0N, 9�, MI �"��:6!6��i
�0N�<#. +� E :m�F�ky, 9(��
;ECh�#ChB0N<V��&��:6!6
cb, 8;� “N",��!6:m”. (A 23 ��
i (1998—2008)11h�N"��:6'1�);E,

�c�'�czjqj$� [72].

(4) G?:m (Prediction :m, =0 P :m)

;E��.,D�������:m�G?�
�@�&�h<!, �0�G?:m (=0 P :
m)[17,24,75−76]. 8�;E�7S��<��#��
#>�, )��E7�9��. Newell � [24] �8�
:m;EG 20 �.,D� (=L ε D�), �-�8
�<C 10 % (5 %��:�, 5 %�L:�), AG�
'�N8�@ dΦmp/dt G?��@�/R.

�voG?/@ (prediction efficiency) <i�
E�,H�;AMI, vrlD. O’Brien � [49] �
L(�$�&AG�%�#,'-�.<G?/@&
�� 97.2% � 97.7%. x��R, ������8?
�>7&, 7@>/ Dst ��.<�Z9�8, ��
�'- 95%�G?/ . ��L()�, �%�R�
vo:m�*� “*.&�” (skill score),  �,�
@��G?$���G? Dst8?&�<��!&.

(��8�%�#, O’Brien-McPherron $��8�
*.&�&�� 36.7% � 31.6%. �;�&, *$�
 �HU Dst 8?� 1/3.
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�8 4�:m$�,,b�(.,D�+��w
2��9��vo.

x��8, �%)&� SMI ., /4'Gh
{&'V,���Z9.H.,���:m�$2\
�. 86Z-�D��t��, 7��BW�DE&
�2$��Æ. .,���DE&@����<�
& (w),�����A^��1)���)�)#q
!�<#q!�<�&.2$���Æ�����2
$��m��E7, ���7r+�,, )#*�2
$����Pk3�m`,�C%7r,=<�*�
2$�1S�^, Cluster�t��THEMIS �*�G
��r���syÆu�2$.
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