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Abstract—The optimization problem of inter-wave transformations in adjacent geophysical media is considered in connection with the analysis of the phenomenon of acoustic-seismic conversion. It concerns the transformation of an atmospheric acoustic wave into a surface seismic wave. To characterize the transformation effect, a quantitative factor in the form of an energy criterion proposed. In this case, the problem of optimizing the inter-wave transformation is reduced to finding conditions that maximize criterion. There is a number of limiting factors that can neutralize the effect of acousto-seismic transformation. In as significantly weaken the effect for acoustic-seismic transformation screening effect of the snow cover in the article is discussed. Mathematical simulation of the elastic waves propagation from infralow frequency source taking into account snow cover is considered. The programs for calculation of the acoustic levels through mathematical model based on the conservation laws and differential equations for porous snow medium are implemented. The results of the processing and analysis of the experimental data taking into account the snow cover is executed.
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I. Introduction 

The problem of interwave interactions means the transformation of the energy of waves of one nature into the energy of waves of another nature under certain conditions imposed on the propagation of waves and boundary conditions between conjugated media. Examples of such interactions in geophysics are acousto-seismic [1], seismic-gravity [2], acousto-optical [3], seismic-hydroacoustic [4]. As a result of this interaction, the elastic wave
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propagating in medium 1 can induce a wave through the boundary transition in a adjacent medium 2, described by its characteristics:
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Here p1(z,x,t) , p2(z,x,t) are the pressure vectors in adjacent media 1 and 2,, c1 and c2 are the wave propagation velocities respectively. 

As an example, such a transformation called acousto-seismic induction was discovered and investigated in [1,5]. It concerns the transformation of an atmospheric acoustic wave into a surface seismic wave having the speed of propagation of an acoustic wave.
To characterize the transformation effect, a quantitative factor can be introduced in the form of an energy criterion:
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In this case, the problem of optimizing the inter-wave transformation is reduced to finding conditions that maximize criterion (3). A number of works to finding such conditions are devoted [1,5,6,7].
Along with this, there are a number of limiting factors that can neutralize the effect of acousto-seismic transformation. In particular, further we consider the screening effect of the earth's snow cover, which significantly weaken the effect of acoustic-seismic transformation.
To identify the conditions of the shielding effect of acousto-seismic transformation, mathematical modeling of the propagation of elastic waves in conjugate media "earth-atmosphere", taking into account the snow cover on the daytime surface of the earth, was carried out. The modeling is based on the theory of dynamic poroelasticity. Snow cover is considered as a porous medium saturated with liquid or air. Its three elastic parameters are expressed in terms of the three velocities of elastic waves. The velocities are calculated using the velocities of elastic waves according to Biot's theory and are expressed in terms of the elastic parameters of the snow. The solutions obtained characterize the features of the propagation of a seismic wave in liquid or air, saturating the snow cover. The formulas obtained for this case make it possible to simulate the speed of movement of the porous framework and the liquid saturating in it.
Other parameters to be estimated are pore pressure and stress tensor components for given elastic parameters of the medium and the velocities of propagation of transverse and longitudinal waves in a porous medium.
II. Statement of the problem
The relationship between a liquid and a solid is considered under the assumption that the material is statistically homogeneous, isotropic and linearly elastic. We assume that thermoelastic effects are insignificant. A kinetic coefficient is introduced into the dissipation function of the system  to take into account the relationship between the elastic frame and the compressible fluid [8]. 

The porous material is characterized by the following three parameters:
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where 
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 is the stress in the solid framework; 
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 are the dilatations of the solid and the fluid; 
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 is the strain in the solid,  p is the fluid pore pressure; and 
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 and  are the displacement vectors of the elastic matrix and the saturating fluid; 
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 and are partial densities: 
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are elastic parameters of the porous medium [8]. 
 
The theory of dynamic poroelasticity for porous media is based on conservation laws of the form [9]:
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where χ is the friction coefficient. 

Three parameters are used to characterize the elasticity of a porous material - 
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used in expressions (6), (7), (8) are calculated by presetting four coefficients for snow, which are subsequently used to calculate the velocities through the Bio parameters A, N, R, Q. In this case, the friction coefficient is expressed by the scattering coefficient from [10, 11].

III. Results of numerical simulation
Numerical simulation of the wave fields from infralow frequency source taking into account snow cover is implemented. Snow layer is considered in the model of the porous fluid-saturated medium with ice frame and pores are filled with air (fresh snow) or air and water (melted snow).
The numerical solution of a two-dimensional dynamic problem of seismic wave propagation in a porous medium is based on the method of combining the integral Laguerre transform in time with finite-difference approximation in spatial coordinates. This solution method can be regarded as an analogue of the well-known spectral-difference method based on the Fourier transform. The analogue of frequency here is the parameter m - the degree of the Laguerre polynomials. In contrast to the Fourier transform, the use of the integral Laguerre transform in time makes it possible to reduce the original problem to solving a system of equations.
The generalized property of such a solution algorithm is that it allows efficient calculations when simulating a complex porous medium and studying wave effects that arise in such media. Below are the results of calculating the wave field for a model of a medium consisting of a snow cover and an elastic half-space. 
When performing numerical modeling, the boundary conditions and values of the model parameters were chosen that were close to the features of the physical environment, which was taken as the basis for further field experiments. There characteristics are indicated below:

1. Snow layer with parameters 
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2. Lower elastic semispace with parameters 
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The thickness of the upper snow cover is 20 meters. The wave field is generated by a point source located in the upper layer in the form of an center of expansion with coordinates 
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 meters,. Figure 1 shows a snapshot of the wave field for the vertical component of the displacement velocity at a fixed time T = 0.15 s. The time signal in the source was a Puzyrev pulse with a fundamental frequency of 100 Hz:
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Fig. 1. The result of numerical simulation of the wave field at time t = 0.15 sec. for the vertical component of the speed 
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 and of the signal frequency in the source of 100 Hz. 
The wave field pattern, shown in Fig. 1, characterizes the formation of multiple reflected waves in the snow layer. They form different longitudinal and transverse waves in an elastic half-space.

The picture of the wave field for the vertical displacement velocity 
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with a snow cover thickness of 3 meters is shown in figure 2. Moreover, figure 2b shows a wave field with absorption in the snow layer, and figure 2a - without absorption.

The analysis of figures 1 and 2 shows, that if the thickness of the snow cover is less than the spatial length of the transverse and fast longitudinal waves, then the presence of absorption in the medium significantly affects the wave field. Absorption primarily affects the attenuation of slow longitudinal waves and reduces the number of reflections in thin layers.
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a)                                                                             b)
Fig. 2. The result of numerical simulation of the wave field at time t = 0.15 sec. for the vertical component of the speed 
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 and of the signal frequency in the source of 100 Hz : a)- without absorption, b)- with absorption. 
IV. Results of experiments

Experimental works are associated with processing and analysis of the expermental data. These data were obtained as result of vibrational sounding of the media “Earth-atmosphere” through infralowfrequency seismic and acoustic oscillations from vibrational source. There were experiments of estimation the quantitative characteristics of the snow impact to acoustic field level. As source of the seismic and acoustic oscillations has been used seismic vibrator CV-40 (40 ton) in the frequencies range of 6.25—11.23 Hz. Power of acoustic oscillations is equal 5% from seismic power. Power of acoustic oscillations is equal 5% from seismic power. Acoustic oscillations we may record on the distance of the hundreds km due to smaller acoustic oscillations attenuation. In accordance with experiments, the track “Source-receiver” is equal 50 km and it covered radiation point vibroseismic test ground Bystrovka and receiver point of the acoustic oscillations in the settlement Kluchi. Corresponding azimuth is equal 50.7 degrees. Recording of the seismic and acoustic oscillations was implemented together with seismic sensor CK1-P and acoustic sensors PDS-7. As example of the processing on fig.3 there are represented acoustograms from acoustic sensors PDS-7 and seismograms from sensor CK1-P, obtained in winter (3.12.2014, upper part) and in summer (29.08.2013, lower part). Seismic waves arrive on 8-th second and acoustic waves are on the 140-th second. Difference of the winter and summer acoustograms and seismograms is consist of acoustic waves level in summer on the sensor CK1-P strongly above that in winter.
We calculated acoustic waves levels recorded on the sensor CK1-P in summer and in winter when snow of different thickness presents from 0 to 67 cm. On fig.4 there is plot of correlations of average levels of the acoustic waves recorded on the seismic sensor CK1-P and on the acoustic sensors PDS-7 on different seasons. Distance “source-receiver” is equal 50 km. Comparative analysis showed when snow is present that maximum level of the acoustic waves may reduce in dependence of thickness of the snow cover more than one order.
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Fig.3. Acoustograms from acoustic sensors PDS-7 and seismograms from sensor CK1-P, obtained in winter (3.12.2014, upper part) and in summer (29.08.2013, lower part) 50 km from source.
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Fig.4. Correlations of average levels of the acoustic waves recorded on the seismic sensor CK1-P and on the acoustic sensors PDS-7 on different seasons.
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