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METHOD OF THE MATRIX PROPAGATOR  
FOR SOUND SCATTERING ON STATISTICAL BOTTOM 

IRREGULARITIES

D.V. Makarov, P.S. Petrov, M.Yu. Uleysky

The problem of sound propagation in the shallow sea in the presence of random bottom irregularities is 
considered. In the modal representation, evolution of an acoustic wavefield can be described using a matrix 
propagator. The paper proposes a method for calculating random propagator matrices based on perturbation 
theory for matrix operators and adapted for shallow seas. The model of two-dimensional sound propagation 
described by a wide-angle parabolic equation is taken as a basis. Within the framework of the proposed 
method, the influence of modes propagating inside the sedimentary layer is taken into account using additives 
to the mode attenuation coefficients. The inhomogeneity model described by the random Ornstein-Uhlenbeck 
process is considered, and analytical estimates for the matrix elements of the propagator are obtained. As an 
example for numerical simulation, a model of a shallow acoustic waveguide with a bottom sound channel is 
considered. A statistical analysis of the propagation of tonal sound signals with frequencies of 100, 200 and 
400 Hz is carried out. Statistical estimates of horizontal variations of the mode spectrum and the scintillation 
index of individual modes of an acoustic wavefield are obtained. The dependence of sound scattering on the 
correlation radius of irregularity is studied. It is shown that the scattering–induced inter-mode coupling increases 
the attenuation of modes at relatively short distances, and at large distances it contributes to slowing down the 
attenuation and deviation from the exponential law of intensity decay. The scintillation index demonstrates rapid 
nonlinear growth at short distances, which is further accompanied by the achievement of saturation.
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