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Mathematical modeling at the junction of idea transformation into
industrial products

Viorel Bostan, Ion Bostan, Maxim Vaculenco

Technical University of Moldova

The article presents the ways of transforming innovative ideas into industrial products with
distinct functionalities based on the application of mathematical models and modern numerical
methods. The mathematical modeling of kinetostatic processes within mechanical systems allows
the application of computer aided design together with complex analysis and optimizations of func-
tional parameters, including the technical level characteristics of the finished industrial product.
The computer simulation of processes based on determining the functional characteristics ensures
the reduction of both financial resources and the duration of the cycle: ”from idea transformation
to an industrial product”.
The article highlights the idea of presenting mathematical models for the description of precession
gearings, taking into consideration the peculiarities of motion transformation and load transmission
with spherical-spatial motion of the satellite, based on the Euler kinematic and dynamic equations.
The computer simulations of the transient processes of fluid interaction with aero-hydrodynamic
blades occurring in wind turbines and hydraulic rotors used for renewable energy conversion are
also described. The paper outlines methods to obtain the functional characteristics and technical
level parameters of both precessional transmissions with general and special destination, and the
wind turbines and flow micro-hydropower plants.
Key words. Mathematical modeling, precession gear, aero-hydrodynamic blades, wind turbines,
flow micro-hydropower plants, finite element method, Navier-Stokes equations.
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Some of the central problems in computer science and, in particular, in programming are the
correctness and the similarity problems, which contain:

• the question of whether a program computes a given function;

• the problem to decide whether an element of the space is equal to a fixed element;

• whether two elements of a given space are equal and whether one approximates the other in
the specialized order;

• geometric inequalities in information spaces with special distances;

• variational problems in information spaces with special distances;

• geometric control theory in information spaces with special distances;

• the calculation of the weighted means of two strings;
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• describe the proper similarity of two strings;

• the problem to calculate the distance between strings;

• the problem to solve the problem of text editing and correction;

• the problem to appreciate changeability of information over time.

A topological space X is called a pseudo-discrete space if the intersection of any family of open sets
is open. By definition, the space X is a pseudo-discrete space if and only if the sets O(x), x ∈ X,
are open in X. A topological space X is called an Alexandroff space if it is a pseudo-discrete
T0-space. A connected Alexandroff space is called a topological digital space.

We mention the following universal theorem

Theorem 1. Let P, Γ and Q be the properties of spaces with the following conditions: any
space with property P has the properties Q and Γ; a closed subspace of the space with the property
Γ is a space with the property Γ; if Y = Z ∪ S is a space with the property Γ, where S is a closed
subspace with property P and Z is a subspace with locally property Q in Y , then the space Y has
the property Q; if S and Z are open subspaces of the space Y with the property Γ, F is a subspace
of Y with the property P and x ∈ S \Z ⊂ F , then there exist an open subset U of Y and a subspace
Φ with the property Γ such that x ∈ U , U ⊂ Φ ⊂ Z ∪ (F \ Z) and Φ \ Z

Then any P-decomposable space X with the property Γ has the property Q.

Theorem 1 opens the possibility of studying P-decomposable spaces using induction and algo-
rithms.

The image classification problem is to find a fragmentation of the image under research into
certain regions such that each region represents a class of elementary partitions with the same
label. Assume that the domain X of the plane R2 represented the image of the original Φ and that
image is represented by an observed data function I : X → R of the level intensity. We have I(X)
= {ci : 1 ≤ i ≤ n}. The function I is constructed in the following way: we determine for the image
X the levels {ci : 1 ≤ i ≤ n} ⊂ ω; find a family {Oi : 1 ≤ i ≤ n} of open subsets of X, where the O
= ∪{Oi : 1 ≤ i ≤ n} is dense in X, Oi ∩Oj = ∅ for 1 ≤ i < j ≤ n and Oi is the set of points of the
intensity ci; for any i ∈ {1, 2, ..., n} and any x ∈ Oi we put I(x) = ci; if x ∈ X \∪{Oi : 1 ≤ i ≤ n},
then I(x) = sup{i : x ∈ clXOi}; by the method of digitalization we construct a finite subset K of
X which represent the image of th original.

On Z = {0, 1,−1, 2,−2, ..., n,−n, ...} one can consider the topology of Khalimsky TKh with the
open base BKh = {{2n− 1} : n ∈ Z} ∪ {{2n− 1, 2n, 2n+ 1} : n ∈ Z}. The space (Z, TKh) is called
the Khalimsky line, (Z2, T 2

Kh) is called the Khalimsky plane, (Z3, T 3
Kh) is called the Khalimsky

space.

Let D be a topological space and g : D → Z be a function. For each n ∈ Z we put O(g, n) =
∪{U ⊂ X : g(U) = {n} : U is open in X}. A continuous function f of D in (Z, Tl) is a level intensity
function on D provided f(X) = {0, 1, 2, ..., n} for some n ∈ N and O(f, i) ⊂ f−1(i) ⊂ clDO(f, i)
for any i ∈ {0, 1, 2, ..., n}. Any intensity function f : D → Z determine on D the property P(f): a
subset U of the subspace Y of the space D has the property P(f) if the set U is open in Y and
f(U) is an open singleton subset of f(Y ) as the subspace of the space (Z, Tl). Relatively to this
property D is a P(f)-scattered space.

The space Z = {0, 1,−1, 2,−2, ..., n,−n, ...} is called the discrete line. For the process of
digitalization are important the digital topologies on Z. We say that the topology T on Z is
symmetric if (Z, T ) is a scattered Alexandroff space, the set {0} is not open in (Z, T ) and for any
n ∈ Z the mapping Sn : Z→ Z, where Sn(x) = 2n− x for each x ∈ Z, is a homeomorphism.

Theorem 2. For a topology T on Z the following assertions are equivalent:

1. The topology T is symmetric.
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2. There exists a non-empty subset L ⊂ {2n − 1 : n ∈ N} such that: U0 = {0} ∪ L ∪ {−n :
n ∈ L} is the minimal open neighbourhood of the point 0 in the space (Z, T ); the family B(L) =
{T2n(U0) : n ∈ Z} ∪ {{2n− 1} : n ∈ Z} is an open base of the topology T on Z.

The topology of Khalimsky TKh with the open base BKh = {{2n − 1} : n ∈ Z} ∪ {{2n −
1, 2n, 2n+ 1} : n ∈ Z} is of the form T (L) for L = {1} = L0. Therefore the topology of Khalimsky
is the unique minimal digital symmetric topology on the discrete line Z.
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In 1757 Euler developed the famous Euler equations describing the flow of a compressible gas.
This is a system of hyperbolic conservation laws in three space dimensions. However until recently
one could not show convergence of numerical schemes to the ’classical’ weak entropy solutions.
By adapting the concept of measure-valued and statistical solutions to multidimensional systems
Siddhatha Mishra and his coauthors could recently show convergence of numerical schemes. Mishra
has presented these results at the ICM 2018 in Rio de Janeiro. After a brief introduction to the
field these developments will be described.


