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Abstract. An approach to the assessment of a heterogeneous environment in accordance with the 
proposed concept of a heterogeneous environment is described. The classification of industrial 
heterogeneous media by technological feature is proposed. The processes described by the 
proposed approach include the process of metal cutting, surface plastic deformation, chemical-
thermal treatment, formation of coatings, welding, most of the processes that change the level and 
gradient of hardness and internal stresses in the surface layer of the material. Application of the 
proposed principles makes it possible to find new directions in the study of such processes. 
Introduction 
The concept of heterogeneous environments is used in most scientific and technical branches of 
knowledge to describe a wide variety of systems. The basic concepts of a heterogeneous system 
or environment are described in works on physics, chemistry, sociology, economics, and biology 
[1,2]. The main features of a heterogeneous environment are the presence of areas with different 
characteristics of the state and boundaries between them [3]. 

There are a number of particular definitions of heterogeneous systems in materials science, 
physics, which are reduced to macroscopic thermodynamic inhomogeneity, differences in physical 
properties, chemical composition of parts (phases) [4], electrical properties [5]. In the definitions, 
in a number of special cases, there is a connection with dispersed systems, determined by the 
degree of development of the interfaces between the constituent phases [6]. A very large number 
of studies are devoted to the kinetics of heterogeneous media in chemistry, dynamics in mechanics 
[7,8,9,10], in particular in the study of the physics of combustion and explosion [11,12,13,14,15]. 

Attempts to create generalized universal models for describing and calculating heterogeneous 
media have been made repeatedly in various fields of knowledge [16]. 

The aim of this work is an attempt to generalize and localize the concept of a heterogeneous 
environment from the point of view of industrial technologies. The urgency of the problem is 
substantiated by the need for a systematic approach in the analysis of behavior and the creation of 
heterogeneous industrial environments. 
Characteristics of Technological and Industrial Heterogeneous Environments 
Let's highlight the main characteristics of technological and industrial heterogeneous environments 
as a basis for their classification. Considering a heterogeneous environment within the framework 
of the classical approach [17], we note that it is a system of elements separated by boundaries. The 
external boundaries of the system that define the area of analysis will be considered technical 
constraints depending on the production problem. Let's define the main characteristics that 
determine the difference between the elements of a heterogeneous technical environment: 

• • Mechanical characteristics: hardness, elasticity, viscosity, optical permeability, etc .; 
• • Geometric characteristics; 
• • Electromagnetic characteristics. 
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Along with the above, it is advisable to introduce the concept of the spatial dimension of the 
medium. So, one-dimensional environments can be considered only in some contradiction with 
the term "environment" itself, which presupposes the environment, the scope of an object, in fact, 
presupposes multidimensionality. However, the consideration of such objects as, for example, an 
extended fiber, homogeneous in properties in the cross section, but variable in properties along the 
length, which is several orders of magnitude larger than the cross section size, allows one to 
consider a fiber, a thin conductor, and similar objects as a one-dimensional heterogeneous medium. 

Two- and three-dimensional heterogeneous media are widespread in industrial engineering and 
technology. Examples include filter media, rough or abrasive surfaces, free abrasive media, 
construction and tool materials, and many other technical objects. 

Considering the geometric characteristics of the elements of the medium, as the simplest, we 
can conclude that the characteristic of heterogeneity, even in the size of particles, when examined 
in detail, can be quite complex. For example, the medium of an abrasive powder with a single 
fraction differs significantly from a medium with a multifraction composition. Thus, we can talk 
about the presence of a second order or a level of heterogeneity. This, in turn, leads to the need to 
introduce a separation criterion according to the corresponding indicator for particles of the 
medium, and in some cases, its zones and regions. So, for abrasive media, the range of sizes of 
fractions is stipulated by the standards [18]. 

However, even in this case, the characterization of the particles will be incomplete, since the 
existing methods do not take into account the shape of the grain, which can radically differ within 
one fraction and, accordingly, affect the properties of the heterogeneous medium (for example, by 
changing the coefficients of internal friction). 

Using this simplest example, one can hypothesize that the heterogeneity in each of the above 
groups of characteristics can be described by a multifactorial vector 

𝑄𝑄𝑖𝑖 =

⎩
⎪
⎨

⎪
⎧
𝑋𝑋1
𝑋𝑋2
𝑋𝑋𝑖𝑖

… . .
𝑋𝑋𝑛𝑛

 х ,                                                                                                                           (1) 

where Xi- a characteristic of an element of the environment. Moreover, the dimension of the 
vector will be determined both by the boundaries of the system under consideration and by the 
significance of the characteristic for the theoretical or applied problem being solved. 

The level or order of heterogeneity may or may not be relevant when modeling the behavior of 
the environment at different boundaries and purposes of analyzing the system under study. 
Obviously, for the vector (1), an additional dimension is added, which complicates the study. 

Let us further consider such an indispensable element of a heterogeneous environment as the 
boundary between elements with different properties. The boundary is characterized by a change 
in the properties of the environment, which must be assessed by quantitative criteria. In this case, 
even speaking about the spatial geometric boundaries of a heterogeneous medium, one can operate 
with such a characteristic or concept as the thickness of the boundary. For example, a 
heterogeneous medium in the form of an emulsion or suspension has clearly defined boundaries 
of elements at the atomic level. Solid solutions of metals, in which the elemental components can 
be clearly distinguished, have more diffuse boundaries due to the diffusion of materials. 

Thus, if neighboring elements of the environment have differences in the Xi parameter of the 
heterogeneous environment, then the boundaries will be determined by the criterion difference 
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∆𝑖𝑖= 𝑋𝑋𝑖𝑖′ − 𝑋𝑋𝑖𝑖′′ > ∆𝑘𝑘,                                                                                                                 (2) 

where ∆k– the difference between the element separation parameter, which is critical for the 
problem under consideration. 

Thus, through ∆k, it is possible to quantitatively determine the size (thickness) of the boundary, 
for example, zones of electrolyte solution of different concentrations, which form a heterogeneous 
medium according to the mentioned parameter. In addition, criterion (2) is inevitably associated 
with the spatial gradient  𝑑𝑑𝑋𝑋𝑖𝑖

𝑑𝑑𝑑𝑑
 of the considered parameter in the dimension of the space L, which 

allows us to introduce the concept of border contrast. Indirectly, criterion (2) allows one to 
characterize the level of interaction between elements of a heterogeneous environment. 

In a number of cases, such an approach requires certain assumptions when assessing the 
boundaries of the components of a heterogeneous medium (let's call them monoelements). One of 
the striking examples of a high-contrast boundary, which, meanwhile, has a certain volume and 
gradient of the components of a heterogeneous medium is the boundary of a galvanic or other 
coating on the base material (Fig. 1). 

On the one hand, the boundary between coating and base materials has a clear contrast in terms 
of chemical and structural composition. However, almost any surface has a complex of 
microroughnesses. If we take into account such a roughness indicator as the length of the 
supporting surface tp, the mechanical properties of the coating layer at a thickness corresponding 
to the height of the microroughness of the surface of the base material Rmах will differ significantly. 
Thus, from the point of view of physical and mechanical properties, the boundary will be blurred 
and have a sufficiently large thickness, and this thickness, as well as the gradient of properties 
determined by the parameters Rmах tp. 

 

 
Fig. 1. Boundary of a metal coating on a metal base 

When comparing the matrix of vectors Q1 and Q2 for different phases, it is possible to obtain a 
situation when the boundary characterized by the parameter Хс does not coincide with the boundary 
by the parameter Хn/ 

Or the boundary may be characterized by a critical change in only one parameter. For example, 
for electroplating, the presence of a certain concentration of microcracks and its change within (2) 



Modern Trends in Manufacturing Technologies and Equipment  Materials Research Forum LLC 
Materials Research Proceedings 21 (2022) 436-442  https://doi.org/10.21741/9781644901755-72 

 

 

 439 

over the surface of the part indicates the heterogeneity of the coating on the surface, and all other 
indicators can be unchanged. 

Thus, the localization of the border, depending on the tasks of research or modeling, can be 
formulated by one or more parameters of the vector (1), have a different gradient depending on the 
objectively present or subjectively specified criterion (2). 

When considering the boundaries between the elements, one more key characteristic of the 
heterogeneity of the considered environment can be distinguished. This characteristic can be the 
length of the boundaries per unit of the dimensional characteristics of the medium. Taking into 
account the dimension of the medium, we can talk about point, linear, volumetric boundaries, as 
well as boundaries with a higher dimension. For example, the boundary between metals, in a 
simplified form, is considered as a certain line between grains in microscopic examination of a 
thin section. In reality, firstly, such a boundary is characterized by a certain criterion difference 
∆k, determined, as mentioned above, by the degree of diffusion of materials, and secondly, it is a 
complex three-dimensional surface. Then, the dimensional characteristic of the boundary will be 
the volume Vr, determined by the expression 

𝑉𝑉𝑟𝑟 = 𝑆𝑆𝑟𝑟 ∗ ∆𝑘𝑘.                                                                                                                           (3) 
Accordingly, a characteristic of the heterogeneity of such an environment can be considered the 

indicator  

𝑄𝑄 = 𝑉𝑉𝑟𝑟
𝑉𝑉𝑎𝑎
≤ 𝑄𝑄𝑘𝑘,                                                                                                                            (4) 

where Va is the unit of the considered dimensional characteristic of a heterogeneous medium, 
for example, volume; Qk is the critical ratio of the total dimensional characteristics of the 
boundaries and the total investigated volume for the problem under consideration. 

The volume Va for the case under consideration includes the components that can be considered 
homogeneous media for a particular study. 

The considered case is a particular consequence of the proposed hypothesis for geometric three-
dimensional boundaries. 

Characteristics (3) and (4) are especially relevant precisely for geometric boundaries, since they 
make it possible to take into account the state of the surface and the development of the surface 
profile with the same dimensions of the elements of the components of the heterogeneous medium. 
In particular, for powder metallurgy, it is this indicator that will affect the degree of particle 
activation. For abrasive media with the same particle size - their surface area will determine the 
aggressiveness and abrasive ability during cutting, 

Using the above approach, almost the majority of technical objects can be classified as 
heterogeneous media: structured materials, coatings, processing media, raw materials, materials 
obtained by using additive technologies. Even materials that are technically considered monolithic, 
for example, hypoeutectoid alloys of the iron-carbon diagram, can be classified as heterogeneous. 

However, simplifying vector (1) i.e. removing from the vector (1) the corresponding indicators 
in the analysis of such materials and considering it conditionally monolithic, taking out of the 
analysis of the system the features of the structure and structure, the process of dispersing the 
material, for example, by the processes of abrasive or blade cutting, can be considered the synthesis 
of a heterogeneous structure from a homogeneous medium. 

The above hypothesis makes it possible to form an almost universal approach to the study and 
modeling of a variety of processes associated with the formation of heterogeneous environments. 
For the technology of mechanical engineering, one of the basic ones is the processes of blade or 
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abrasive cutting of metals and alloys. One way or another, but the essence of these processes is 
reduced to the dispersion of a monolithic solid material. 

The process of dispersing a monolithic (conditionally monolithic) solid material can be 
considered as an increase in the degree of heterogeneity of the initial medium. The formation of 
cracks during destruction or dispersion is accompanied by the formation of interfaces and spaces 
between them. The presence of an initial crack - fulfills condition (2), at least the geometric 
characteristics of the formed elements appear in the vector (1). With an increase in the 
heterogeneity of the medium under consideration, its properties change dramatically. 

If we consider various cutting methods and compare them according to the results of dispersion, 
then the resulting chips, as a heterogeneous medium, can be quantitatively characterized by the 
indicator (3). In this case, the increase in the surface of the boundaries of elements can be described 
by the function 

𝑄𝑄 = 𝑓𝑓( 𝐴𝐴,𝐺𝐺,𝑃𝑃,𝑇𝑇,𝑁𝑁),                                                             (5) 
where T is the cutting time, N is the power consumed by the process, G is the geometry 

parameters of the cutting wedge, A is the cutting modes, P is the complex of physical and 
mechanical properties of the material being processed. 

In accordance with the theory of brittle fracture [19], the considered increase in heterogeneity 
in the form of processing a solid material into shavings requires energy consumption, which is 
determined by the properties of its own material and the characteristics of the elements. Thus, 
reducing the size of the elements requires higher energy consumption for dispersion, which does 
not contradict the known provisions of the theory of cutting. 

If we generalize the influence of the dimensional characteristics of the boundaries and, 
accordingly, the parameter (5) on energy costs, then it will obviously be nonlinear, and the 
nonlinearity, depending on the parameter (4), will be changing (Fig. 2). 

 
Fig. 2. Influence of the degree of development of the boundaries between the components of a 

heterogeneous environment on the energy consumption of its formation 
If we consider the processes of electroplating as the transformation of a two-component medium 

base-electrolyte into a three-component base-coating-electrolyte, then an increase in heterogeneity 
is also associated with the formation of another interface and with significant energy consumption. 

There are known processes associated with the joining of metal surfaces by explosion welding 
[20]. In this case, the disappearance of two metal-gas-metal boundaries and the formation of a 
metal-metal boundary. Although the number of boundaries decreases, the new boundary is 
characterized by a sharp increase in volume due to the diffusion of metals. Thus, the heterogeneity 



Modern Trends in Manufacturing Technologies and Equipment  Materials Research Forum LLC 
Materials Research Proceedings 21 (2022) 436-442  https://doi.org/10.21741/9781644901755-72 

 

 

 441 

of the environment in terms of indicator (3) increases, a spatial gradient 𝑑𝑑𝑋𝑋𝑖𝑖
𝑑𝑑𝑑𝑑

 of the boundary 
appears, respectively, this requires significant energy consumption, which is technologically 
confirmed. 

A similar situation arises in the manufacture of suspensions, emulsions and other heterogeneous 
media consisting of substances in different phases. 
Conclusion 
Summarizing, we can put forward a hypothesis that increasing the heterogeneity of the 
environment requires energy costs and reduces the level of entropy. 

The proposed hypothesis will obviously have many boundary conditions, for example, 
dispersion at the molecular level, processes related to nuclear interactions, in many cases may 
contradict the proposed hypothesis. 

However, the processes described by the proposed approach include the process of metal 
cutting, surface plastic deformation, chemical-thermal treatment, formation of coatings, welding, 
most of the processes that change the level and gradient of hardness and internal stresses in the 
surface layer of the material. Application of the proposed principles makes it possible to find new 
directions in the study of such processes. 
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