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1. Introduction and statement of the problem

In recent years there has been considerable interest in the so called control of bifurcations in dynamical systems. The
studies found in the literature mainly deal with the control of bifurcations of codimension 1. For example, the control
of codimension 1 Hopf bifurcations was studied in [1,2]. Relatively little is known about the control of codimension 2
bifurcations from the analytical point of view. As far as we know the study of the control of codimension 2 bifurcations
is restricted to the cases of the Bogdanov-Takens bifurcation [3] and Bautin bifurcation [4], both for planar systems.

The main goal of this paper is to develop a control method for nonlinear systems in any dimension that enables the
creation of Hopf bifurcations with special interest in degenerate ones. More precisely, the purpose of this paper is, from
a nonlinear system, to design a class of four-parameter families of differential equations that exhibits controllable Hopf
bifurcations of codimension 1 and 2, that is Hopf bifurcations that present all the possible pertinent bifurcation diagrams.

Consider the following nonlinear control system:

X =F(x) +GX)u, (1)

where F, G : R" — R" are smooth vector fields, x € R" is the state vector and u € R is the control input.
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