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according to the formula
(x, y)φ̃ =

(
(x)φ̂, (y)φ̂

)
, x, y ∈ G+.

Theorem 2. Let G be an archimedean totally ordered group. Then the semigroup Endo(G)
of o-endomorphisms of G is isomorphic to the semigroup End(B+(G)) of endomorphisms of
the monoid B+(G).

We define the category TOAG by
(1) Ob(TOAG) = {G : G is an archimedean totally ordered group};
(2) Mor(TOAG) are o-homomorphisms of archimedean totally ordered groups,

and the category BETOAG in the following way
(1) Ob(BETOAG) are bicyclic extensions B+(G) of archimedean totally ordered groups

G ∈ Ob(TOAG);
(2) Mor(BETOAG) are homomorphisms of monoids B+(G) ∈ Ob(BETOAG).

Theorem 3. The categories TOAG and BETOAG are isomorphic.

REFERENCES
[1] M. R. Darnel, Theory of Lattice-Ordered Groups, Marcel Dekker, Inc., New York, 1995.
[2] M. Lawson, Inverse Semigroups. The Theory of Partial Symmetries, Singapore, World Scientific, 1998.

The Interaction of an Infinite Number of Eddy Flows
Oleksii Hukalov

(B. Verkin Institute for Low Temperature Physics and Engineering of the National
Academy of Sciences of Ukraine, Ukraine)

E-mail: hukalov@ilt.kharkov.ua
Vyacheslav Gordevskyy

(V.N. Karazin Kharkiv National University, Ukraine)
E-mail: gordevskyy2006@gmail.com

The Boltzmann kinetic equation plays an important role in the kinetic theory of gases. In
paper [2], we consider this equation for a model of hard spheres that describes particles of any
gas which move translationally with a certain linear velocity, collide by the laws of classical
mechanics and can not rotate. For this model, the equation has the form [1]

D(f) = Q(f, f), (1)

D(f) ≡ ∂f

∂t
+

(
V,
∂f

∂x

)
, (2)

Q(f, f) ≡ d2

2

∫

R3

dV1

∫

Σ

dα|(V − V1, α)| ×
[
f(t, x, V ′

1)f(t, x, V
′)− f(t, x, V )f(t, x, V1)

]
, (3)

and V, V1, V
′, V ′

1 are the velocities of particles before and after collision, respectively, deter-
mined by the relations

V ′ = V − α(V − V1, α),

V ′
1 = V1 + α(V − V1, α).
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The solution to this equation will be look for in the next form

f(t, x, V ) =
∞∑

i=1

φi(t, x)Mi(t, x, V ). (4)

where Mi(t, x, V ) are the exact solutions of the equation (1)-(3)
D(Mi) = Q(Mi,Mi) = 0

and the coefficient functions φi(t, x) are nonnegative smooth functions on R4 and φi(t, x) 6≡ 0.
As a value of the deviation between the parts of equation (1) we will consider a uniform-

integral error of the form

∆ = ∆(βi) = sup
(t,x)∈R4

∫

R3

∣∣D(f)−Q(f, f)
∣∣dV. (5)

In the paper [2], several cases of coefficient functions φi(t, x) were obtained for which the
deviation (5) can be done arbitrarily small. This is possible thanks to a special selection of
hydrodynamic flow parameters.
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The Fredholm and semi-Fredholm theory on Hilbert and Banach spaces started by studying
the integral equations introduced in the pioneering work by Fredholm in 1903 in [5]. After
that, the abstract theory of Fredholm and semi-Fredholm operators on Hilbert and Banach
spaces was further developed in numerous papers and books such as [1], [2] and [14]. In
addition to classical semi-Fredholm theory on Hilbert and Banach spaces, several general-
izations of this theory have been considered. Breuer for example started the development
of Fredholm theory in von-Neumann algebras as a generalization of the classical Fredholm
theory for operators on Hilbert spaces. In [3] and [4] he introduced the notion of a Fredholm
operator in a von Neumann algebra and established its main properties. On the other hand,
Fredholm theory on Hilbert C∗-modules as another generalization of the classical Fredholm
theory on Hilbert spaces was started by Mishchenko and Fomenko. In [13] they introduced
the notion of a Fredholm operator on the standard Hilbert C∗-module and proved a gen-
eralization in this setting of some of the main results from the classical Fredholm theory.
In [6], [7], [8], [9] and [10] we went further in this direction and defined semi-Fredholm and
semi-Weyl operators on Hilbert C∗-modules. We investigated and proved several properties
of these new semi- Fredholm operators on Hilbert C∗-modules as a generalization of the re-
sults from the classical semi-Fredholm theory on Hilbert and Banach spaces. The interest
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