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摘要 将声波方程变换至Hamiltion体系，构造了适用于高效声波模拟的二阶显式辛Runge-Kutta-Nyström（RKN）格式，运用根数

理论得到此格式的阶条件方程组. 针对两个自由度的辛条件方程组，根据三次项截断误差最小原理得到一种误差最小辛格式；通过分

析声波的时间演进方程的稳定性，选择不同的辛系数使演进方程更稳定，并得到了另一种更为稳定辛格式；在频散关系分析中，选择

使数值频散最小的辛系数，得到第三种最小频散辛格式. 在理论分析中，这组辛RKN格式相比常见格式在精度控制、数值频散压制以及

稳定性提升等方面均具有明显优势；在数值实验中，通过具体算例验证了理论分析的正确性.
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Abstract： In this paper, seismic scalar wave equation is transformed into Hamiltonian system, a second-order 

explicit Runge-Kutta-Nyström (RKN) scheme is proposed for high-efficient acoustic wave simulations. The order 

conditions are obtained by the rooted trees theory. For order conditions with two free coefficients, a minimum 

error scheme is obtained based on the minimum error truncations in the third-order terms. We analyze the 

acoustic time advancing equation and choose coefficients to promote the stability limit, and then we develop 

optimized stable scheme. In dispersion relation analysis, the third optimal symplectic RKN scheme is constructed 

to substantially eliminate numerical dispersion. The theoretical properties of this set of symplectic RKN schemes 

possess greater power than other common schemes in terms of errors controlling, numerical dispersion suppressing 

and stability promoting. Finally, we present numerical results to verify the theoretical analysis. 
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