
  

 
 

Contents 
 
 
 
 
 
 

Introduction ............................................................................... 9 

1 Basic model relations for the heterogeneous 
thermoelastic solid with surface geometric 
inhomogeneity .................................................................. 13 

1.1 The base of the model description ............................................... 13 

1.2 Constitutive relations ........................................................................ 15 

1.3 Conclusions ............................................................................................ 23 

2 Heterogeneous elastic bodies ......................................... 25 

2.1 Boundary value problems for steady-state .............................. 25 
2.1.1 Key equation systems ............................................................. 26 
2.1.2 Boundary conditions .............................................................. 28 

2.2 Steady-state of layer........................................................................... 30 
2.2.1 Force-free layer ......................................................................... 30 
2.2.2 Estimation of model parameters ....................................... 40 
2.2.3 Steady-state of the stretched layer  .................................. 44 
2.2.4 Size effect of layer strength  ................................................. 47 
2.2.5 Asymmetric mass sources .................................................... 51 
2.2.6 Boundary conditions and effects associated with 

near-surface non-homogeneity .......................................... 58 

2.3 Bodies of cylindrical geometry ...................................................... 62 
2.3.1 Solid cylinder ............................................................................. 62 
2.3.2 Cylinder strength. Size effect of strength  ...................... 67 
2.3.3 Medium with cylindrical circular cavity ......................... 68 

2.4 Bodies of spherical geometry ......................................................... 71 
2.4.1 Solid sphere ................................................................................ 71 
2.4.2 Medium with spherical cavity ............................................. 72 

2.5 The mass density-dependent moduli of elasticity ................. 76 
2.5.1 Near-surface non-homogeneity in the half-space ...... 78 
2.5.2 Steady-state of the layer ........................................................ 81 



6 

2.5.3 Young's modulus and Poisson's ratio .............................. 86 
2.5.4 Layer strength............................................................................ 91 

2.6 Wave processes in heterogeneous solids .................................. 94 
2.6.1 System of equations ................................................................ 94 
2.6.2 Influence of structural heterogeneity of material 

and inhomogeneity real body surface on natural 
frequencies of layer oscillations......................................... 96 

2.7 Contribution of interface factor into acoustic emission 
in solids ............................................................................................... 103 

2.7.1 Half-space dynamic behavior caused by 
instantaneous change of mass density at the 
surface........................................................................................ 103 

2.7.2 Dynamic behavior of medium with spherical 
cavity .......................................................................................... 107 

2.8 Conclusions ......................................................................................... 110 

3 Solid solutions ............................................................... 113 

3.1 Basic relations of the binary solid solution model ............. 113 
3.1.1 Solving system of equations.............................................. 117 
3.1.2 Steady state. Key system of equations .......................... 118 

3.2 Long range interaction and skeleton material 
heterogeneity ................................................................................... 119 

3.3 Steady state of a two-component layer ................................... 120 
3.3.1 Force free layer ...................................................................... 122 
3.3.2 Layer strength......................................................................... 127 

3.4 Steady state of a two-component cylinder............................. 128 
3.4.1 Force free cylinder  ............................................................... 130 
3.4.2 Effect of admixture on the solid cylinder 

strength ..................................................................................... 136 

3.5 Mass density dependent moduli of elasticity ........................ 138 
3.5.1 Near-surface non-homogeneity in the layer .............. 139 
3.5.2 Size effects ................................................................................ 140 
3.5.3 The strength of the layer .................................................... 145 

3.6 Near-surface diffusion acceleration .......................................... 147 

3.7 Conclusions ......................................................................................... 150 

4 Heterogeneous electrically conductive solids  ............ 151 

4.1 Balance equations and constitutive relations ....................... 151 
4.1.1 Solving system of equations.............................................. 156 

4.2 Bodies with flat boundaries ......................................................... 161 
4.2.1. Near-surface non-homogeneity in half-space .......... 161 



7 
 

4.2.2 Layer steady state .................................................................. 167 
4.2.3 Electron subsystem and size effect of layer 

strength  ..................................................................................... 177 

4.3 Bodies of cylindrical geometry .................................................... 179 
4.3.1 Solid cylinder ........................................................................... 179 
4.3.2 Cylinder strength ................................................................... 195 
4.3.3 Infinite medium with cylindrical cavity ........................ 197 

4.4 Bodies of spherical geometry ....................................................... 205 
4.4.1 Solid sphere .............................................................................. 205 
4.4.2 Infinite medium with spherical cavity .......................... 210 

4.5 Near-surface non-homogeneity: size effects of 
strength and elasticity moduli ................................................... 213 

4.5.1 Near-surface non-homogeneity in half-space ............ 214 
4.5.2 Electron subsystem and size effect of elastic 

moduli ......................................................................................... 217 
4.5.3 Layer strength and dependence of elastic moduli 

on mass density  ..................................................................... 220 

4.6 Conclusions .......................................................................................... 224 

References............................................................................. 227 

 

 

 

 

 


