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Rings of non-locally coupled chaotic oscillators

Each oscillator i is connected
with P neighbors diffusively
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In dependence of the oscillator type there are
two cases:
1. No traveling waves. Chimera states and
standing waves exist.
2. No chimera states. Traveling waves and
standing waves exist.

…
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The ring of non-locally coupled Rössler oscillators
•

Iryna Omelchenko et al. Transition from spatial coherence to incoherence in coupled
chaotic systems. Phys. Rev. E 85, 026212:

Coherence regions in the (r,σ) parameter plane.
r = P/N is the coupling radius, σ is the coupling strength.

Transition to the chimera state.
Snapshots of the variables xi (upper panels, x50 as
black dot) and space-time plots (lower panels) for the
Rössler system. The coupling strength is chosen as σ
= 0.12, 0.1, 0.09, and 0.06 in (a) to (d), respectively.
The coupling radius is fixed at r = 0.28. Grayscale
(color code) denotes the variable xi.
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The ring of non-locally coupled Lorenz oscillators
•

Volodymyr Dziubak et al. Coherent traveling waves in nonlocally coupled chaotic
systems. Phys. Rev. E 87, 032907:

Only traveling and standing waves exist besides the chaotic synchronization.
(a) Different dynamical regimes in the (r,σ) parameter plane. Coherent traveling waves are labeled with wave
numbers k = 1, 2, 3. Snapshots of typical wave shapes are shown for xi in the insets. The completely
synchronized chaotic state exists in the gray hatched region bounded by the blowout bifurcation curve BB.
(b) Snapshot xi and (c) space-time plot of traveling waves (r = 0.15, σ = 20) and (d) and (e) the same plots for
stationary patterns (r = 0.15, σ = 13.5). Parameters are ζ = 10, ρ = 28, β = 8/3, N = 300, σx = σy ≡ σ, σz = 0.
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The system under study
The parameters of the system (2):
The ring of coupled Anishchenko – Astakhov
self-sustained oscillators:

(1)

r = 0.01 corresponds to the local coupling,
r = 0.5 corresponds to the global coupling

For this values of the parameters
there are two types of chaotic
attractors in the partial system:
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Spatiotemporal characteristics of standing waves

k=0

k=1

k=2

Snapshots of the variables xi (upper panels) and space-time plots (lower panels). The coupling strength
is fixed at σ = 0.2. The coupling radius is chosen as r = 0.35 (k = 0), 0.25 (k = 1) and 0.11 (k = 2). Color
code denotes the variable xi.
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Areas of the standing waves existence

Coherence regions of the Rössler system in the (r,σ)
parameter plane

Coherence regions of the Anishchenko – Astakhov
system (1) in the (r,σ) parameter plane
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Standing waves. Transition to the chimera state
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(b)
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(d)

Snapshots of the variables xi (upper panels) and space-time plots (lower panels). The coupling strength is
chosen as σ = 0.2, 0.1, 0.05, and 0.04 in (a) to (d), respectively. The coupling radius is fixed at r = 0.25.
Color code denotes the variable xi.
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Spatiotemporal characteristics of traveling waves

Snapshots of the variables xi (upper panels) and space-time plots (lower panels). The coupling strength is
fixed at σ = 0.3. The coupling radius is chosen as r = 0.25 (left) and 0.15 (right). Color code denotes the
variable xi.
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Spatial distributions of the phase

𝝓N = 0
𝝓N = 2𝜋

Spatial distribution of the phase for standing wave (left) and traveling wave (right)
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Areas of the various regimes existence

In dependence of initial conditions the
following regimes can exist in system (1):
I — full chaotic synchronization only
II — traveling waves + full chaotic synchronization
III — traveling waves + standing waves
IV — standing waves
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Traveling waves. Transition to the chimera state
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Snapshots of the variables xi (upper panels) and space-time plots (lower panels). The coupling strength is
chosen as σ = 0.2, 0.1, 0.06, and 0.04 in (a) to (d), respectively. The coupling radius is fixed at r = 0.2.
Color code denotes the variable xi.
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Case of the small coupling strength

(a)

(c)

Snapshot of the variables xi (a), space-time
plot (b) and phase-space projection on the
plane (x,y) of the oscillators in coherence
and incoherence regions (c). Parameters of
the system: σ = 0.0001, r = 0.05

(b)
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Conslusion
•

The system in the form of the ring of non-locally coupled
identical oscillators, which can demonstrate both
traveling waves and chimera states, have been found.

•

The coexistence of such regimes can be explained by the
presence of two or more different chaotic attractors in the
partial oscillator of the system at the same time.
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Thank you!

