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Hamiltonian mean-field model is the simplest possible realization of
many-particle system with long-range interactions. This model has the
following Hamiltonian,

HHMF =

N∑
i=1

p2i
2m

+
2K

N

N∑
i<j

cos (ϕj − ϕi) , (1)

where ∀i ϕi ∈ [−π,+π) are phase variables, K is the coupling con-
stant, and N−1 factor in the interaction term is needed for the correctly
defined N → ∞ limit (so-called Kac prescription). It is well-known
fact that due to the weak convergence between empirical (discrete) &
continuous measures, the HMF model has a well-defined hydrodynamic
limit, which is described by the Vlasov equation. In physics HMF
model is known as kinetic XY-model because of the kinetic energy
term in the Hamiltonian. From the physical point of view, XY-model
with quenched disorder is of a great interest. This quenched disorder
can be modelled by adding into the equations of motion for ϕi random
quantities ωi with known distribution function g(ω).

In addition to quenched disorder, the dissipative processes are also
common for physics. The equations of motion for model with disorder
and dissipation are given by

mϕ̈i + ϕ̇i = ωi +
2K

N

N∑
j=1

sin (ϕj − ϕi) . (2)

In theory of dynamical systems, this model is known as Kuramoto
model with inertia. All the statement about the weak convergence of
measures hold for this model, too. My talk is devoted to generalization
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of Kuramoto model with inertia for the case with additional stochas-
ticity (dynamical disorder) and for the more complicated structure of
couplings, where the interaction is defined by the weighted non-directed
graph. The outline of talk consists of

1. Brief review of HMF model
2. Usage of graphons to construct N → ∞ limit
3. Application of Penrose method to analyze stability of incoherent

state (uniformly distributed phases)

The concrete set of statements will be adjusted in accordance with
timing. The talk is based on papers [CM19a, CM19b, CMM23] and
the author’s paper [AG24].
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