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The problems of technogenic and ecological safety provision lay gradually rise in the
last years due to the growth of economy and development of new manufacturing processes and
materials. Wide application of nanomaterials, especially nanocomposites, allows to improve
safety measures without serious growth of the cost. Thus, studies dedicated to implementation
of these materials are topical.

The validity of the simulation results for modern technological and innovative nano-
composite materials requires appropriate mathematical models that adequately describe the
structures of nanoscale inclusions. If the analysis focuses on the interaction of atoms in nano-
materials, then the corresponding models should be based on the quantum mechanics princi-
ples. For the calculating problem of the effective materials properties in the presence of the in-
termediate layer between contacting surfaces has given enough attention. The issues of deter-
mining the effective modules of composites and nanocomposites taking into account the sur-
face effects influence and in the presence of ordered inclusions systems in the representative
cells remain relevant.

Recently, publications devoted to the determination of the mechanical properties of
nanocomposites have been treating the effects of the interfacial surfaces presence, which could
significantly affect both elastic fields and effective modules of composite materials. However,
insufficient attention has been paid to the study of nanocomposites in three-dimensional formu-
lation. In the most papers, both ordered and disordered systems of only spherical inclusions or
inclusions in the form of cylinders with rounded ends have been studied. The aim of the study
is to create the calculation technique for estimating the effective modulus of elasticity of three-
dimensional composites and nanocomposites with single and interacting inclusions of non-
canonical form based on the implementing the finite and boundary element methods.

In the method of boundary elements applying, the static issues of the elasticity theory
have been reduced to two-dimensional singular equations of the elasticity theory. There has
been developed the special algorithm for their numerical solution in the case when the integra-
tion part is the surface of rotation. In this case, the static issues of determining the elastic char-
acteristics of nanocomposites have been reduced to solving systems of one-dimensional singu-
lar integral equations.

This allows us to use the only procedure to determine the elastic characteristics, imple-
mented for describing the elastic displacements and stresses in both the matrix and the
nanoinclusions. The developed method of reduced boundary elements has been applied for the
analysis of axially symmetric problems of linear isotropic elasticity for bodies with inclusions
with implementing the nonclassical boundary conditions on interface surfaces. For these prob-
lems, the boundary singular integral equations have been obtained with the help of fundamental
solutions of the elasticity theory.

Gurtin-Murdoch theory has been applied to research the influence of size in the micro-
and nanoscale, which allows to describe the nanoscale contact between the matrixes and inclu-
sions.
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Verification of the convergence of the boundary elements method in solving axially
symmetric issues has been carried out in [1]. In this study, based on the methods developed in
[1-4], the calculations of effective modules have been carried out taking into account surface
effects. The analysis of obtained results has shown that effective modulus of elasticity, calcu-
lated using finite (FEM) and boundary (BEM) element methods in the case of ideal contact
conditions, are well consistent and correlated with the data of other researchers. The mathemat-
ical and computational models developed on the basis of FEM has been used to carry out the
analysis of nanomaterials with spherical continuous or hollow inclusions, and also with short
nanofibers and nanotubes.

The series of nanocomposite materials based on epoxy matrix with carbon fillers of dif-
ferent shapes has been treated. Solid spherical and fibrous spherical inclusions have been used.
Due to the software complex, the dependence of the strength characteristics of nanocomposite
material on the size, shape, means of placement of carbon nanofillers, as well as the filling lev-
el of the matrix with inclusions have been found and investigated.

The treatment results of nanocomposite with ordered spherical inclusions have shown
the increasing in the strength characteristics of the material along with the volume fraction of
inclusions increasing. Simultaneously with the strength characteristics, the density of the new
material increases, which could has negative consequences for some structures. But the iso-
tropic spherical filler using in the presence of ordered structure of inclusions allows us to build
the high-quality isotropic reinforced material: without formation of any defects.

The obtained models create the informative basis for technologies of synthesizing
nanocomposites with improved deformation and strength characteristics, in particular with the
pronounced anisotropy of elastic properties.
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