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Weak irregular nonlinear interactions of a larganber of cavity modes are responsible for practcall
important characteristics of fibre lasers, suctspectra of generated radiation. The total generfived laser
power is distributed between millions of resonatmdes, each with very small amplitude. However,aberall
effect of the interactions between such small atugidi modes is easily observable. The nonlinear &#ect in
fibre affects the propagation of light in the cgwvitnd leads to a nonlinear mixing lohgitudinal modes. As a
result, the resonator is not linear and the opamatind performance of such lasers is changed vaiémging
power. For instance, the spectra of generated tiadig&xperience spectral broadening as the lasarepo
increases. Despite fast progress in fibre lasadstair growing applications, there remains a saimg lack of a
comprehensive understanding of the underlaying iplybehind their operation, as well as such praktic
features as fibre laser spectral characteristibss 1 because fibre laser is not only a remarkablgineering
device, but also a complex nonlinear physical sgstgith a rich repertoire of dynamic behaviour and
phenomena.

Any particular four-wave-mixing induced elementangeraction between four resonator modes can be
considered to be a weak — the properties of eacke @ee not changed substantially during a singleraction
event. However, accumulating such weak nonlineractions and mixing them with optical noise letmsa
randomised energy transfer between waves andéotied® mode de-phasing [1]. This physical procesis ¢or
kinetic description and has a lot in common wité thassical theory of wave turbulence. Turbulesca $tate of
physical system with many degrees of freedom famfrequilibrium. Even when an external excitatiorlyon
effectively acts on one or a few waves, nonlineseractions between waves lead to the excitatiomary
waves and turbulence. Wave turbulence theory dedls the statistical behaviour of a large number of
interacting waves. The mathematical descriptionnoflinear systems with a large number of degrees of
freedom, far from thermodynamic equilibrium remaore of the major challenges of the modern themakti
physics, and is also of great importance for varioptical applications [1-10].

There has been a recent surge in studies of thitastras between optics and hydrodynamics (see 121
and references therein). Wave turbulence in fiaseids has an interesting and rather nontrivial teKluid
flows. We recently observed [6] the analogy betwketdrodynamic laminar—turbulent transition and sitian
between two operational regimes in a fibre lasstesy and identified the critical role of coheremtistures—
dark and grey solitons — in this transition. Studythe transition from a linearly stable coheramihar state to
a highly disordered state of turbulence is concaptand technically challenging, and of great et because
all pipe and channel flows are of that type. Iniecgtunderstanding how a system loses coherencepasl
scale increases, is a fundamental problem of adtnportance. In this talk, | will overview redgsrogress in
the field.
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