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摘要  基于 2.5 维理想磁流体力学（Magnetohydrodynamic，MHD）方程组分析了行星际激波在日球层子

午面内的传播过程及其相应的地磁效应.日球层电流片（Heliospheric Current Sheet，HCS）-日球层等离子

体片（Heliospheric Plasma Sheet，HPS）对于行星际激波的传播具有一定的阻碍作用.当行星际激波相对于

HCS 倾斜传播时，相对于扰动源位于HCS 异侧的激波强度较同侧的明显减弱.局地激波面的法线（或形状）对通

过激波阵面的磁力线发生偏转的程度和方向起决定性作用.沿激波传播方向其为准平行激波，磁场偏转程度较小，

而其两侧部分则为斜激波，磁场偏转程度较大.位于HCS-HPS 位置处的波前形成凹槽，磁力线偏转程度明显加

强.行星际激波对磁场的偏转效应是其驱动地磁暴的重要机制，而且地磁效应的强度与地球相对于HCS 的角距离

Δθp有明显关系.数值模拟结果表明：任何行星际激波，Δθp=0°处均无法形成较大强度的地磁效应；沿HCS 传

播的行星际激波，地磁效应最强的区域位于HCS 两侧；相对于HCS 倾斜传播的行星际激波，地磁效应最强的区

域位于HCS 异侧. 
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Propagation of interplanetary shock and its consequent geoeffectiveness
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Abstract  Using 2.5 dimensional ideal magnetohydrodynamic (MHD) equations, the propagation 
of the interplanetary shock and its consequent geoeffectiveness are studied. The heliospheric 
current sheet (HCS)-heliospheric plasma sheet (HPS) structure has some negative influences 
on the propagation of the interplanetary shock. When the shock propagates aslant the HCS, 
the segment on the opposite side of HCS with respect to shock nose is weaker than the 
other segment on the same side. The bending effect of the interplanetary shock on the 
magnetic field is an important mechanism that can cause geomagnetic storm. The local normal 
(or shape) of the shock front exerts a crucial influence on the strength and direction of the 
bending effect. In the propagating direction of shock nose, it is a quasi-parallel shock mode 
and the strength of the bending effect is very weak. But on the edge of the shock nose, it is 
an oblique shock mode and the strength of the bending effect is strong. A concave is formed 
at the shock front across the HCS-HPS, at which the bending effect is efficiently intensified. 
The geoeffectiveness caused by the bending effect remarkably depends on the angular 
distance Δθp away from the HCS. The numerical results suggest that: whatever the direction 

of the interplanetary shock propagates in, there is no notable geoeffectiveness at the shock 
nose; when the shock propagates along the HCS, the most geoeffective regions are on the 
edge of HCS-HPS; when the shock propagates aslant the HCS, the most geoeffective region 
is at the opposite side of HCS.

Key words   Magnetohydrodynamic; Interplanetary shock; Space weather; Geomagnetic storm   

通讯作者: 
郑惠南 hue@ustc.edu.cn 
作者个人主页: 苏振鹏; 熊明; 郑惠南;王水  

 

 
    


