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The research subject of this thesis is a reaction-diffusion equation that describes a chemical reaction called
Belousov-Zhabotinsky (BZ) reaction. The BZ system is a kind of reaction-diffusion system which was
discovered by B.P. Belousov in 1951, and it was studied in detail by A.M. Zhabotinsky later. The BZ system
has remained a prototype for nonlinear chemical systems. Due to the changing of color in the reaction by
temporal and spatial processing, this reaction has the interest to be observed. It demonstrates the oscillations,
consecutive pulse from the source center, and also self-organizing patterns. Oregonator model was proposed by
R.J. Field et al (1972) to capture the features of BZ reaction without dealing with the intermediate details in
three processes by five reactions. A three variables simplified model of the Oregonator model was proposed by
R. J. Field and R. M. Noyes in 1972. After that, a two variables simplified model of the Oregonator model was
proposed by J. J. Tyson and P.C. Fife in 1980. In this thesis, we study mathematically the reaction-diffusion
equations of Keener-Tyson type for BZ reaction. Regarding the reaction-diffusion equations of BZ reaction we
obtain the following two results.

(i) The time-global existence of unique smooth positive solutions to the reaction-diffusion equations of the
Keener-Tyson model for the Belousov-Zhabotinsky reaction in the whole space is established with
bounded nonnegative initial data. By deriving estimates of semigroups and time evolution operators,
and applying the maximum principle, the unique existence and the positivity of solutions are ensured by
construction of time-local solutions from certain successive approximation. Invariant regions and large
time behavior of solutions are also discussed. Here, the main issue is to ensure the positivity of trigger
function. The Keener-Tyson model is a two-variable partial differential equation with a reaction term
and a diffusion term where the reaction term is in the form of a fraction. Hence there is a difficulty at
the stage of showing positiveness for the solution determined by the successive approximation
sequence. In this thesis the author devised a rigorous proof of it.

(ii) Besides, the existence of positive solutions to the system of ordinary differential equations related to
the Belousov-Zhabotinsky reaction is established. The Keener-Tyson model is a two-variable partial
differential equation with a reaction term and a diffusion term where the reaction term is in the form of
a fraction. Hence when performing numerical calculations, if the denominator of the fraction takes a
value close to 0 or a negative value, an error may occur in the numerical calculation. The key idea is to
use a new successive approximation of solutions, then ensuring its positivity. To obtain the positivity
and invariant region for numerical solutions, the system is discretized as difference equations of explicit
form, employing operator splitting methods with linear stability conditions. Algorithm to solve the
alternate solution is given.
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