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We consider a singularly perturbed initial value problem in the case of intersecting quasi sta-
tionary manifolds. The main results are concerned with the asymptotic behavior of solutions as
the small parameter tends to zero.

Our results are related to the Tikhonov approach. The main condition for the validity of the
Tikhonov theorem is that the quasi steady states be isolated and attractive. In applications, how-
ever, we often encounter the situation when two or more quasi steady states intersect. It involves
the so called exchange of stabilities: the branches of the quasi steady states change from being attrac-
tive to being repelling (or conversely) across the intersection. The assumptions of the Tikhonov
theorem fail to hold in the neighbourhood of the intersection but it is natural to expect that any
solution that passes close to it follows the attractive branches of the quasi steady states on either
side of the intersection. However, in many cases an unexpected behaviour of the solution is ob-
served – it follows the attracting part of a quasi steady state and, having passed the intersection,
it continues along the now repelling branch of the former quasi steady state for some prescribed
time and only then jumps to the attracting part of the other quasi steady state. Such a behaviour
we call the delayed switch of stability. We shall focus on the so called backward bifurcation, in which
two of three quasi steady states intersect and exchange stabilities at the intersection.

2010 Mathematics Subject Classification: 34E15, 92B99.

References

[1] J. Banasiak, M. S. Seuneu Tchamga, Delayed stability switches in singularly perturbed predator-prey
models. Nonlinear Anal. Real World Appl. 35 (2017), 312–335.

[2] V. F. Butuzov, N. N. Nefedov, K. R. Schneider, Singularly perturbed problems in case of exchange of
stabilities. Differential equations. Singular perturbations. J. Math. Sci. (N. Y.) 121 (2004), no. 1, 1973–
2079.

[3] S. Rinaldi, S. Muratori, Slow-fast limit cycles in predator-prey models, Ecological Modelling, 61 (1992)
287–308.

[4] A.N. Tikhonov, A.B. Vasilyeva, A.G. Sveshnikov, Differential Equations, Nauka, Moscow, 1985, (in
Russian); English translation: Springer Verlag, Berlin, 1985.


