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This contribution is devoted to further investigation by methods of mathematical modeling of
quasi-Cherenkov beam instability in periodical structures. Such physical mechanism serves as a
basis for Volume Free Electron Lasers (VFEL) that are progressing rapidly. Let us consider the
following system of equations describing nonlinear stage of quasi-Cherenkov instability:
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where t > 0, z ∈ [0, L], p ∈ [−2π, 2π]. This system is a system of integro-differential equations. In
addition to temporal argument we have two independent arguments: spatial coordinate z and initial
electron phase p. Amplitudes of electromagnetic fields E(t, z), Eτ (t, z) and coefficients a, b and Φ
are complex-valued. Function Θ(t, z, p) describes phase of electron beam relative to electromagnetic
wave. Θ and coefficient Ψ are real. k is a projection of wave vector on axis z. ω is a field frequency.
u is an initial electron beam velocity.

Introducing uniform grids on t, z and p

ωt = {tl = lht, l = 0, 1, . . .}, ωz = {zm = mhz, m = 0, 1, . . . ,M, Mhz = L},

ωp = {pj = hpj, j = −N, . . . ,−1, 0, 1, . . . , N, hpN = 2π},
we can write the following difference scheme:
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, where Ẽ = E(tl − αtm, zm), α = hz/(htu),
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cj are coefficients of quadrature formula. We take entier of α. When tl − αtm < 0, Ẽ = E(0, zm).
Results of numerical experiments carried out are discussed. In Bragg geometry of VFEL the

regime of bifurcations was investigated in detail.
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