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ABSTRACT  
In this paper, for the first time, the block element method provides an exact solution to the contact problem 
of the action of a rigid wedge-shaped stamp with an acute angle on a layer of composite material having 
arbitrary anisotropy. The research is based on the application of the block element method. In comparison 
with strip stamps, it contains an additively additional term describing the concentration of contact stresses 
at the angular point, that is, at the top of the stamp. The calculation of the indicator of the peculiarity of 
the concentration of contact stresses at this point is close to the values performed by numerical methods 
in a number of works. In the zone considered away from the top of the stamp, the exact solution turns into 
a solution for the case of a semi-infinite stamp. The developed method is applicable to composites of 
arbitrary anisotropies arising in linearly elastic materials and crystals of any cross sections that allow the 
construction of the Green function, and hence the two-dimensional Wiener-Hopf integral equations. The 
exact solution of two-dimensional Wiener-Hopf integral equations has made it possible, thanks to fractality, 
homeomorphism of stamp carriers and solution functions, to construct exact solutions to contact problems 
for wedge-shaped, sharply angled stamps. 
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Introduction 
Mixed tasks, including contact tasks, play an important role in a wide variety of practice 
areas. They arise in the problems of strength and fracture [1], wave propagation in elastic 
bodies [2], acoustics [3], non-destructive testing methods [4], the theory of scattering of 
electromagnetic waves and the creation of an electronic element base [5], the theory of 
waves in a liquid [6,7], geophysics [8], tribology [9,10]. Studies of anisotropic problems, 
including for composites and contact problems, were carried out using both analytical 
and numerical methods in [9–27]. It should be noted that the transition in spatial 
problems to anisotropic media, and especially to composites, is associated with 
significant difficulties due to the complexity of differential equations describing such 
media. For the cases of layered media, the construction of Green's functions is carried out 
using integral Fourier transforms. Difficulties arise when calculating the roots of a 
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characteristic equation and when studying the properties of Green's functions, in particular, 
determining all its features. In isotropic cases, this can be done, and in anisotropic cases, 
for composites, it is almost impossible. To illustrate this, the form of the integral equation 
of the contact problem is given below for an orthotropic layer of thickness.  
It is assumed that the friction-free layer lies on a rigid base and a rigid friction-free stamp  
acts on the layer [15]. The orthotropic layer is characterized by a state matrix of the form: 

𝑪 =
‖

‖

𝐶11 𝐶12 𝐶13 0 0 0
𝐶21 𝐶22 𝐶23 0 0 0
𝐶31 𝐶32 𝐶33 0 0 0
0 0 0 𝐶44 0 0
0 0 0 0 𝐶55 0
0 0 0 0 0 𝐶66

‖

‖
.  

The integral equation is represented in the form: 
𝜥𝑞 = ∬  

𝛺
𝑘(𝑥 − 𝜉, 𝑦 − 𝜂)𝑞(𝜉, 𝜂)𝑑𝜉𝑑𝜂 = 𝑓(𝑥, 𝑦),  𝑥, 𝑦 ∈ 𝛺, 

𝑘(𝑥, 𝑦) =
1

4𝜋2 ∫  
∞

−∞ ∫  
∞

−∞ 𝐾(𝛼, 𝛽)𝑒−𝑖(𝛼𝑥+𝛽𝑦)𝑑𝛼𝑑𝛽,  
𝐾(𝛼, 𝛽) = 𝐺1(𝛼, 𝛽)𝐺2

−1(𝛼, 𝛽),   
𝐺𝑘(𝛼, 𝛽) = 𝑑𝑒𝑡‖𝑔𝑚𝑛(𝑘, 𝛼, 𝛽)‖,   
𝑔1𝑛(1, 𝛼, 𝛽) = 𝑔1𝑛(2, 𝛼, 𝛽) = 𝑖𝛼𝛾5(𝜈𝑛

2𝐵𝑛
(1)

− 𝐵𝑛
(3)

)𝑠ℎ𝜈𝑛,  

𝑔2𝑛(1, 𝛼, 𝛽) = 𝑔2𝑛(2, 𝛼, 𝛽) = 𝑖𝛽𝛾4(𝜈𝑛
2𝐵𝑛

(2)
− 𝐵𝑛

(3)
)𝑠ℎ𝜈𝑛,  

𝑔3𝑛(1, 𝛼, 𝛽) = 𝐵𝑛
(3)

𝑠ℎ𝜈𝑛,   
𝑔3𝑛(2, 𝛼, 𝛽) = 𝜈𝑛(𝐵𝑛

(3)
+ 𝛾7𝛼2𝐵𝑛

(1)
+ 𝛾8𝛽2𝐵𝑛

(2)
)𝑐ℎ𝜈𝑛,  

𝛾4 =
𝐶44

𝐶33
,  𝛾5 =

𝐶55

𝐶33
,  𝛾7 =

𝐶13

𝐶33
,  𝛾8 =

𝐶23

𝐶33
.  

The parameters, three of which are taken to describe the core, are the roots of a 
complex equation [15]: 𝑏0𝜈6 + 𝑏2𝜈4 + 𝑏4𝜈2 + 𝑏6 = 0. Obviously, the relations turned out 
to be extremely complex and the use of previously developed methods for solving them, 
using detailed properties of the kernels of integral equations [12–17], becomes 
practically impossible. However, the creation of new structural materials, including 
anisotropic composites, leads to the need to apply solutions to contact problems in 
engineering practice, and demands the greatest possible proximity of the approximate 
solutions obtained to the exact ones, including in non-classical fields. For example, the 
approximation of solutions by splines, boundary elements, and eigenfunctions loses some 
important properties of contact stresses in approximate solutions. In some cases, they do 
not describe the concentration of contact stresses at the stamp boundaries, especially at 
the corner points. The tendency of the malleability of the medium is not always caught 
when the size of the stamps is reduced. A special place is occupied by contact problems 
in areas whose boundaries have angular sets. In [24], an exact solution of the contact 
problem in the quarter plane is constructed for the isotropic case. This approach has 
proved useful for constructing a solution to this contact problem for the anisotropic case. 
The research is based on the block element method, in an application for integral 
equations. He allowed the problems formulated above for anisotropic problems to be 
bypassed and transferred to the problems of calculating contour integrals, which is 
already quite simple to implement numerically, and something can be studied 
asymptotically.  
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Setting the task 
The contact problems of the action of an absolutely rigid stamp on a multilayer medium in 
the area of a quarter plane (Fig. 1) [24], and in an acute-angled wedge (Fig. 2), are considered.  
 

 

 
Fig. 1. The figure shows a part of the unlimited 
area of the first quadrant occupied by the stamp 

Fig. 2. The contact area of the sharp-angled 
stamp, with the angle of the 𝜈 

 
It is assumed that the multilayer medium is an anisotropic composite for which the 

Green's function is constructed. With its help, the integral equation of the contact problem 
is obtained. Methods for constructing Green's functions for anisotropic media are described 
in sufficient detail in [12–17]. Their peculiarity is the complexity of the kernels of the 
integral equations of contact problems, which leads to significant complications of the 
methods of their solution. This is reflected in the complex nature of the stress-strain state 
of the medium at the boundary and in the inner region. In [9–17], the construction of 
Green's functions for a sufficiently large set of media of complex rheology, including 
anisotropic composites, is considered. In [12–14], the behavior of a number of surface 
characteristics for various layered media used in engineering practice was studied. In a 
number of works, approximate methods for solving mixed problems for such materials have 
been developed. At the same time, as practice shows, approximate methods do not always 
catch all the features of solving contact problems. In this regard, the construction of exact 
solutions allows us to develop approximate methods in such a way that they are consistent 
with correctly reflecting all aspects of the behavior of the stress-strain state of the contact 
problem. This is especially important in contact problems considered in non-classical fields, 
when the stamp boundaries contain angular points. With this in mind, an integral equation 
is considered, the properties of the core of which cover a wide range of types of anisotropic 
composites. Fourier transforms of the kernels of integral equations are just analytical 
functions that have a certain asymptotic behavior at infinity and do not have special points 
on each of the real axes. The Wiener-Hopf integral equation, given in the first quadrant [24], 
Fig. 1, is considered. It has the form: 

𝜥𝑞 = ∫  
∞

0
∫  
∞

0
𝑘(𝑥 − 𝜉, 𝑦 − 𝜂)𝑞(𝜉, 𝜂)𝑑𝜉𝑑𝜂 = 𝑓(𝑥, 𝑦),  0 ≤ 𝑥 ≤ ∞,  0 ≤ 𝑦 ≤ ∞,  

𝑘(𝑥, 𝑦) =
1

4𝜋2 ∫  
𝛤1

∫  
𝛤2

𝐾(𝛼, 𝛽)𝑒−𝑖(𝛼𝑥+𝛽𝑦)𝑑𝛼𝑑𝛽,  

𝑄(𝛼, 𝛽) = ∫  
∞

0
∫  
∞

0
𝑞(𝜉, 𝜂)𝑒𝑖(𝛼𝜉+𝛽𝜂)𝑑𝜉𝑑𝜂 ∫  

𝛤1
,  

𝐹(𝛼, 𝛽) = ∫  
∞

0
∫  
∞

0
𝑓(𝜉, 𝜂)𝑒𝑖(𝛼𝜉+𝛽𝜂)𝑑𝜉𝑑𝜂.  

(1) 

 

                                                                                  2x  
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The function𝐾(𝛼, 𝛽), which is generally complex-valued, is generated by solving an 
anisotropic boundary value problem in a multilayer medium, is continuous and summable 
on the axes for both arguments, with behavior at infinity of the form: 

𝐾(𝛼, 𝛽) = 𝑂(𝛼−1), 𝛽 = const, 𝐾(𝛼, 𝛽) = 𝑂(𝛽−1), 𝛼 = const, |𝛼|, |𝛽| → ∞.  (2) 

 
The solution of the integral equation 
The contours 𝛤1, 𝛤2 are taken in accordance with the implementation of the Mandelstam 
principle [14]. The uniqueness theorems are valid for integral equation (1) [14]. The research 
carried out in [24,25] made it possible by the method of factorization and block element to 
construct an exact solution of the integral equation (1), which is given by the theorem: under 
the conditions of uniqueness, the solution of the integral equation (1) for a function 
summable on a semi-axis and having a continuous first derivative is given by the equation: 

𝑞(𝑥, 𝑦) =
1

4𝜋2 ∫  
∞

−∞ ∫  
∞

−∞ 𝑄(𝛼, 𝛽)𝑒−𝑖(𝛼𝑥+𝛽𝑦)d𝛼d𝛽.  (3) 
The designation is accepted here: 

𝑄(𝛼, 𝛽) = 𝐾−1𝐹 −
1

2
[ 𝐾+𝛼

−1{ 𝐾−𝛼
−1𝐹 }−𝛼 + 𝐾+𝛽

−1{ 𝐾−𝛽
−1𝐹 }−𝛽 +  

+𝐾+𝛼+𝛽
−1 { 𝐾+𝛼−𝛽

−1 { 𝐾−𝛼
−1𝐹 }+𝛼 }−𝛽 + 𝐾+𝛽+𝛼

−1 { 𝐾+𝛽−𝛼
−1 { 𝐾−𝛽

−1𝐹 }+𝛽 }−𝛼 ].   
(4) 

The operators in curly brackets are described in detail in [14] and have the form: 
{𝐺(𝛼, 𝛽)}+𝛼 =

1

2𝜋𝑖
∫

𝐺(𝜉,𝛽)

𝜉−𝛼
𝑑

𝛤1
𝜉,  𝛼 ∈ 𝛱𝛼

+,  {𝐺(𝛼, 𝛽)}−𝛼 = −
1

2𝜋𝑖
∫

𝐺(𝜉,𝛽)

𝜉−𝛼
𝑑

𝛤1
𝜉,  𝛼 ∈ 𝛱𝛼

−,  

{𝐺(𝛼, 𝛽)}+𝛽 =
1

2𝜋𝑖
∫

𝐺(𝛼,𝜂)

𝜂−𝛽
𝑑

𝛤2
𝜂,  𝛽 ∈ 𝛱𝛽

+,  {𝐺(𝛼, 𝛽)}−𝛽 = −
1

2𝜋𝑖
∫

𝐺(𝛼,𝜂)

𝜂−𝛽
𝑑

𝛤2
𝜂,  𝛽 ∈ 𝛱𝛽

−,   

𝐾+𝛼(𝛼, 𝛽) = 𝑒𝑥𝑝
1

2𝜋𝑖
∫

𝑙𝑛 𝐾(𝜉,𝛽)

𝜉−𝛼
𝑑

𝛤1
𝜉,  𝛼 ∈ 𝛱𝛼

+,   

𝐾−𝛼(𝛼, 𝛽) = 𝑒𝑥𝑝( −
1

2𝜋𝑖
∫

𝑙𝑛 𝐾(𝜉,𝛽)

𝜉−𝛼
𝑑

𝛤1
𝜉 ),  𝛼 ∈ 𝛱𝛼

−,  

𝐾+𝛽(𝛼, 𝛽) = 𝑒𝑥𝑝
1

2𝜋𝑖
∫

𝑙𝑛 𝐾(𝛼,𝜂)

𝜂−𝛽
𝑑

𝛤2
𝜂,  𝛽 ∈ 𝛱𝛽

+,   

𝐾−𝛽(𝛼, 𝛽) = 𝑒𝑥𝑝( −
1

2𝜋𝑖
∫

𝑙𝑛𝐾(𝛼,𝜂)

𝜂−𝛽
𝑑

𝛤2
𝜂 ),  𝛽 ∈ 𝛱𝛽

−.  

(5) 

Here 𝛱α
+, 𝛱α

− are the complex areas above, plus, and below, minus, the contour 𝛤1, 
and are the areas 𝛱β

+, 𝛱β
− above, plus, and below, minus, the contour 𝛤2, respectively. 

Proof. We show that the integral equation (1) is exactly satisfied by the functions (3) 
and (4). We introduce the function (3) into the integral equation (1), represented as: 
𝜥𝑞 =

1

4𝜋2 ∫  
∞

0
∫  
∞

0
∫  
∞

−∞ ∫  
∞

−∞ 𝐾(𝛼, 𝛽)𝑒−𝑖[ 𝛼(𝑥−𝜉)+𝛽(𝑦−𝜂) ]𝑞(𝜉, 𝜂)𝑑𝜉𝑑𝜂𝑑𝛼𝑑𝛽 = 𝑓(𝑥, 𝑦).  
After using the notation (1), we get the representation: 

𝜥𝑞 =
1

4𝜋2 ∫  
∞

−∞ ∫  
∞

−∞ 𝐾(𝛼, 𝛽)𝑄(𝛼, 𝛽)𝑒−𝑖(𝛼𝑥+𝛽𝑦)𝑑𝛼𝑑𝛽 = 𝑓(𝑥, 𝑦). Let's add from Eq. (4) to this 
formula 𝑄(𝛼, 𝛽) and examine the integral on the left. As a result of a simple analysis of 
the exclusion of terms that turn the integral to zero, we are convinced that the ratio is 
obtained: 𝜥𝑞 =

1

4𝜋2 ∫  
∞

−∞ ∫  
∞

−∞ 𝑒−𝑖(𝛼𝑥+𝛽𝑦)𝐹(𝛼, 𝛽)𝑑𝛼𝑑𝛽 = 𝑓(𝑥, 𝑦). This proves the theorem. 
  
Investigation of the properties of the solution 
1. In the solution presented by Eq. (4), the first term on the right forms a forced 
component of the solution describing it in the zone farthest from the boundaries of the 
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quarter plane. Therefore, it does not contain stress concentrations. Note that the 
degenerate component is formed equally by each of the axes. 

2. The second and third terms contain the boundary stress concentrations 
characteristic of the one-dimensional Wiener-Hopf integral equations [14]. Similar to the 

one-dimensional case [14], they give features of the form 𝑥−
1

2 and 𝑦−
1

2 on the rectilinear 
boundaries of the stamp. To study estimates of the behavior of the solution 𝑞(𝑥, 𝑦) near 
the boundaries and at the corner point of the stamp, using an estimate of the behavior of 
the function 𝑄(𝛼, 𝛽), the following method of estimating the Fourier integral is used. 

Estimation of Fourier integrals with a small parameter calculated from continuous 
functions with the property having the form: 

∫  
∞

−∞ 𝑢𝜆𝑒−𝑖𝑢𝑥𝑆(𝑢)𝑑𝑢,  𝑚 >> 1,  𝑆(𝑢) = 𝑂(𝑢−1),  𝑢 >> 1,  𝑥 → 0.  (6) 
It is obtained by replacing the integration parameter 𝑢 = 𝑡𝑥−1. It gives the value: 

∫  
∞

−∞ (𝑡𝑥−1)𝜆𝑒−𝑖𝑡𝑆(𝑥𝑡−1)𝑥−1𝑑𝑡 ∼ 𝑥−𝜆 ∫  
∞

−∞ 𝑡𝜆𝑒−𝑖𝑡𝑂(𝑡−1)𝑑𝑡 ∼ 𝑂(𝑥−𝜆),  𝑅𝑒 𝜆 < 1,  𝑥 → 0. 
3. The fourth and fifth terms describe stress concentration at the angular point of 

the stamp. Below are several examples that reveal properties of solutions to the two-
dimensional Wiener-Hopf integral equation that were not previously known. 

Example 1. This is the simplest example that shows that the obtained solution (3) 
turns into an exact solution of the integral equation (1) for the case when Eq. (1) 
decomposes into one-dimensional equations solved by the traditional one-dimensional 
method of Wiener-Hopf equations [5]. This happens when there is a separation of variables 
in the core of integral equation (1), that is 𝑘(𝑥, 𝑦) = 𝑘1(𝑥)𝑘2(𝑦). It happens when the 
Fourier transform has a kernel, called the symbol 𝐾(𝛼, 𝛽) of the integral equation, with the 
property 𝐾(𝛼, 𝛽) = 𝐾1(𝛼)𝐾2(𝛽). Performing the calculations required by Eq. (4) on the 
symbol, we find: 𝐾+𝛼+𝛽(𝛼, 𝛽) = 𝐾1+𝛼+𝛽(𝛼)𝐾2(𝛽) = 𝐾1(𝛼)𝐾2+𝛽+𝛼

(𝛽) = 0. Thus, in Eq. (4), 
the last two terms on the right disappear and solutions of one-dimensional integral 
equations remain. 

Example 2. Thanks to operators (5) according to Eqs. (3) and (4), the solution of the 
two-dimensional Wiener-Hopf equation can be constructed for fairly general anisotropic 
contact problems in an integral form. The construction of the solution 𝑞(𝑥, 𝑦) values must 
be obtained by performing numerical inversion of the integral (3) for specific tasks. To 
identify the properties of the solution of the two-dimensional Wiener-Hopf integral 
equation, one can use the approach first introduced by W. Koiter for one-dimensional 
Wiener-Hopf integral equations. In contact tasks, W. Koiter [14] introduced the 
approximation of the complex kernel of the one-dimensional Wiener-Hopf integral 
equation by a simpler function to simplify its solution. In the case under consideration, 
we choose the approximation of the kernel by the function: 

𝐾(𝛼, 𝛽) ≈ (𝛼2 + 𝐵2𝛽2 + 𝐴2)−
1

2 ≡ 𝑀(𝛼, 𝛽),  𝐴, 𝐵 > 0.  (7) 
This approximation is anisotropic and satisfies condition (2). We investigate  

the integral equation (1) with the symbol 𝑀(𝛼, 𝛽). We show the rule of forming the terms 
of the integrand function 𝑄(𝛼, 𝛽). When factorizing by some parameter, the rest  
are on the real axis, although, for accuracy, they should also tend to infinity. Factoring 
the function 𝑀(𝛼, 𝛽) by parameter onto the upper half-plane, we obtain: 

𝑀+𝛼(𝛼, 𝛽) = [ 𝛼 + 𝑖(𝐵2𝛽2 + 𝐴2)
1

2 ]−
1

2 = 𝑂(𝛼−
1

2) 𝐴 > 0. 
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Factorization of a function 𝑀+𝛼(𝛼, 𝛽) by a parameter 𝛽 onto an upper complex  
half-plane can be performed precisely, in integral form, by normalizing 𝑀+𝛼(𝛼, 𝛽)  
to 1 for |𝛽| → ∞. To do this, consider a function tending to unity at.  

We have: 𝐺(𝛼, 𝛽) = √𝑖(𝐵2𝛽2 + 𝑐2)
1

4𝑀+𝛼(𝛼, 𝛽) → 1,  |𝛽| → ∞,  𝑐 = 𝑐𝑜𝑛𝑠𝑡, from here:  

𝑀+𝛼+𝛽(𝛼, 𝛽) = (𝐵𝛽 + 𝑖𝑐)−
1

4 𝑒𝑥𝑝
1

2𝜋𝑖
∫

𝑙𝑛 𝐺(𝛼,𝜂)

𝜂−𝛽
𝑑

𝛤2
𝜂,  𝛽 ∈ 𝛱𝛽

+.   

From here we get an estimate: 𝑀+𝛼+𝛽(𝛼, 𝛽) → 𝐶(𝐵𝛽 + 𝑖𝑐)−
1

4 = 𝑂(𝛽−
1

4),  |𝛽| → ∞. 

They are evaluated in exactly the same way: 𝑀+𝛽(𝛼, 𝛽) = 𝑂(𝛽−
1

2),  𝑀+𝛽+𝛼(𝛼, 𝛽) = 𝑂(𝛼−
1

4). 
Introducing these estimates in the form 𝑀+𝛽

−1(𝛼, 𝛽), 𝑀+𝛽+𝛼
−1 (𝛼, 𝛽) on Eq. (6), we obtain, as 

a result of a simple analysis: 𝑞(𝑥, 𝑦) = 𝑂(𝑟−
3

4),  𝑟 = √𝑥2 + 𝑦2.  
The result obtained makes it possible to make a comparison with the previously 

studied isotropic case using the considered example. Assuming 𝐵 = 1 in Eq. (7), we 
proceed to the isotropic case considered in [17,24]. Figure 2 shows a graph of the 
singularities at the top of the wedge for their various values 2𝜃,  0 < 𝜃 < 𝜋, 
approximately calculated in [17]. In Fig. 2, it is necessary to consider the case 𝜃

𝜋
 = 0.25 

corresponding to the case of a right angle. There is no friction between the stamp and 
the base for 𝜀 = 0. Asymptotic approximations of Bessel functions were used for the 
estimation in [17]. It shows that the value of the contact stress concentration at the 

angular point obtained in this work 𝑟−
3

4 is close to the value calculated by the 
approximate method. 

Example 3. The described approach is applicable to wedge-shaped stamp of angle 
𝜈 having solutions in the range 0 ≤ 𝜈 ≤ 90∘ . The possibility of solving this problem is 
provided by the application of topological transformations. Topology Recently, it has 
been increasingly penetrating into various areas of mechanics [28–35]. In this case, to 
solve the problem of contact problems for sharp-angled stamps, it is necessary to 
construct a homeomorphic mapping of the topological space generated by the carrier and 
the function of the sharp-angled stamp and the topological space for the stamp with a 
right angle. The result is a solution to the integral equation for an acute-angled wedge. 
In the constructed solution, then, a return is made to the initial parameters describing the 
coordinates of the acute-angled wedge. One of the tests of the correctness of the 
constructed solution for an acute-angled die is the exact satisfaction of the integral 
equation of the contact problem and the values of the contact stress concentration 
indicators at the angular points of the acute-angled stamps of different angles of the 
solution. The values of the contact stress concentration at the corner points of the die, 
calculated by the above method for different angles of the wedge solution, are given in the 
table. They are close to the values obtained earlier by the approximate method in [17].  
The solutions for contact problems for sharp-angled stamps have the form (3), (4),  
in which it is necessary to introduce the parameters of the inverse mapping of the 
constructed homeomorphisms for stamps. Omitting the details, we present a table of the 
features calculated by the described method at the angular point of the wedge-shaped 
die for different solutions of the wedge angle 𝜈.  

Omitting the details, we present a table of calculated features at the angular point 
of the wedge-shaped die for different solutions of the wedge angle 𝜈. Calculated 
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indicators of the contact stress characteristics at the angular point of a wedge-shaped die 
for different solutions of the wedge angle are presented in Table 1. All values are close 
to those calculated by the approximate method in [17]. The advantage of the obtained 
result is the representation of contact stresses in the form of decomposition into 
components that perform a certain role by specifying the values of the concentration of 
contact stresses under the stamp. This opens up the possibility of controlling the degree 
of impact of the stamp on the deformable base by selecting the appropriate properties of 
the stamp sole 𝑓(𝑥, 𝑦). 
 
Table 1. Calculated indicators of the contact stress characteristics at the angular point of a wedge-shaped 
die for different solutions of the wedge angle 𝑞(𝑥, 𝑦) = 𝑂(𝑟−𝜆) 

𝜈 0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 
𝜆 1 0.9608 0.9222 0.8850 0.8498 0.8178 0.7902 0.7687 0.7548 0.7500 

 
Conclusions 
In this paper, for the first time, an exact solution of the two-dimensional Wiener-Hopf 
integral equation is constructed by the factorization method. It allows solving a wide range 
of contact problems for anisotropic composite materials and obtaining accurate solutions 
in an integral form. In addition, the method allows us to construct high-precision 
approximate solutions of contact problems in two-dimensional nonclassical domains, more 
accurate than those performed by one-dimensional ones [12–17]. This approach replaces, 
when applied [12–17], the need to detail the symbol of the integral equation in the 
anisotropic case by calculating contour integrals, which is easily implemented by standard 
computer programs. The paper presents the most general properties of the solution of this 
integral equation, which will undoubtedly be enriched in the study of specific problems. 
The solution can be used both in seismology to identify new precursors of seismic growth 
in mountainous areas with anisotropic properties of the environment [26], and in 
engineering practice when designing products using structural materials. 
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