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Motivation and Aim: We construct a simple piecewise linear dynamical system which

simulates one gene network regulated by negative feedbacks in order to find conditions

of existence of periodic regimes (cycles) of its functioning and to describe location of

these cycles in the phase portrait of the system.

Methods and Algorithms: Some approaches to modelling of similar gene networks and

description of combinatorial structures of discretizations (State Transition Diagram) of

the phase portraits of corresponding nonlinear dynamical systems are presented in [1-3].

Results: For positive parameters m;, Aj and o, where Aj >y, )= 1, 2, 3, we consider 3D-

dynamical system

%=Ll(z)—m1x;%=L2(z)—mzy;%ILz(y)—m3z. (1)

Here L; are non-negative step-functions which correspond in gene network to negative

feedbacks: L([0, ay)) = 4;, and L([o;, «0)) = 0. We show that trajectories of the system

(1) are piecewise smooth, and that the polyhedral domain Q = [0, 4,]%[0, 4,]x[0, 45] is

positively invariant with respect to shifts along these trajectories. Let us decompose this

domain Q to 8 smaller parallelepipeds by hyperplanes x = a;; y = a,; z = as.

Theorem. There exists a piecewise smooth cycle C of the system (1) which passes

through union Uy of 6 of these parallelepipeds B,. The angle points of this cycle are

located on the common faces of the parallelepipeds B,.

So, this union Uj is an invariant domain of the dynamical system (1) as well, it does not

contain two parallelepipeds containing the origin and the “opposite” point (4, 4,, 45).

The theorem follows from the analysis of linearization of the system (1) in each of the

parallelepipeds B, near their common point (a,, 0,, a3). The existence of the cycle C is

shown with the help of the Brouwer fixed point theorem.

Conclusion: In contrast with [2], where the particular case m, =m, =m, = 1 was studied,

the shifts along trajectories of the system (1) are not described by projective transforma-

tions of the faces of adjacent blocks B, which contain C. Thus, the uniqueness of this

cycle does not follow from the geometric arguments used in [2, 3].
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