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The paper describes the spatio-temporal dynamics of a lattice that is given by a 2D N × N network 
of nonlocally coupled Nekorkin maps which model neuronal activity. The network behavior is 
studied for periodic and no-flux boundary conditions. It is shown that for certain values of the 
coupling parameters, rotating spiral waves and spiral wave chimeras can be observed in the 
considered lattice. We analyze and compare statistical and dynamical characteristics of the local 
oscillators from coherence and incoherence clusters of a spiral wave chimera. Furthermore, 
effects of mutual and external synchronization of spiral wave structures in two coupled such 
lattices are studied. We show numerically that spiral wave structures, including spiral wave 
chimeras, can be synchronized and establish the mechanism of their synchronization. Our 
numerical studies indicate that when the coupling strength between the lattices is sufficiently 
weak, only a certain part of oscillators of the interacting networks is imperfectly synchronized, 
while the other part demonstrates a partially synchronous behavior. If the spatiotemporal pat-
terns in the lattices do not include incoherent cores, imperfect synchronization is realized for 
most oscillators above a certain value of the coupling strength. In the regime of spiral wave 
chimeras, the imperfect synchronization of all oscillators cannot be achieved even for sufficiently 
large values of the coupling strength.
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1. Introduction

When studying the behavior of complex ensembles and networks of 
coupled nonlinear oscillators, the formation of various spatio-temporal 
patterns and their evolution are in the focus of research in nonlinear 
dynamics with applications to physics, chemistry, biology, and beyond 
[1–18].

In the last 15 years, the attention of specialists in nonlinear dynamics 
and related scientifi c fi elds was focused on the studies of so-called “chi-
mera states” [19–22]. These states are characterized by the coexistence 
of clusters of oscillators with coherent (synchronous) and incoherent 
(asynchronous) dynamics in the ensemble space. Of particular interest 
is the synchronization of chimera states in multicomponent systems and 
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networks. Recently, various synchronization sce-
narios in multiplex and multilayer [23–31] networks 
were studied, such as generalized synchronization 
[32], inter-layer (external and mutual) synchroniza-
tion [33–38], relay (remote) synchronization [39, 
40], explosive synchronization [41–44]. Among a 
large variety of chimera states [35, 45–72], here 
we concentrate on so-called “spiral wave chimera 
structures” which are observed in 2D ensembles of 
coupled nonlinear oscillators [10, 22, 73–86]. These 
were typically found in the case of nonlocal coupling 
topology of network elements. These structures 
represent spiral waves which rotate around incoher-
ent cores. The network elements in the regions of 
rotating spiral waves are characterized by coherent 
dynamics, while the elements inside the incoherent 
cores oscillate asynchronously. We note that spiral 
wave chimeras were observed in both numerical 
and experimental [78] studies of the dynamics of 
2D ensembles whose individual oscillators are de-
scribed, as a rule, by systems of ordinary differential 
equations.

In this paper we study the spatio-temporal 
dynamics of a 2D lattice of nonlocally coupled dis-
crete-time systems. The network node is described 
by a two-dimensional nonlinear map proposed in the 
paper [87]. The Nekorkin map models the dynam-
ics of a single neuron and can serve as a universal 
discrete model for describing the neuronal activity. 
During our numerical studies of the 2D lattice of 
coupled Nekorkin maps we observe spiral wave 
structures and spiral wave chimeras which are 
similar to those realized in ensembles of coupled 
phase or FitzHugh–Nagumo oscillators. It shoud be 
noted that simulating a large ensemble of coupled 
maps requires much less calculation time as com-
pared with similar computations for ensembles of 
coupled differential systems. This circumstance is 
undoubtedly an important advantage which enables 
one to expand the area of computing and studying of 
complex networks of coupled oscillators.

In our work we consider two types of boundary 
conditions, periodic (torus) and no-fl ux (plane), and 
show that qualitatively, the results practically do not 
depend on their choice. In a spiral wave chimera 
regime, we analyze and compare dynamical and 
statistical characteristics of the network oscillators. 
Furthermore, effects of synchronization of spiral 
wave chimera structures have not been studied yet, 
and we describe numerical results for mutual and 
external synchronization of spiral wave structures 
in two coupled 2D lattices consisting of nonlocally 
coupled map-based neuron models [87].

2. Single Nekorkin map

Before focusing on the study of two coupled 
2D lattices we describe briefl y the dynamics of a 
single Nekorkin map which is a simple model for 
neuronal dynamics [87]. It is defi ned by the follow-
ing equations:

,Jx+y=y
,dxHyxF+x=x

tt+t

tttt+t

1

1

      
(1)

where xt is a variable that describes the dynamics 
of the membrane potential of the nerve cell, yt is a 
variable that relates to the cumulative effect of all 
ion currents across the membrane, functions F(xt) 
and H(xt −  d) are given as follows:

1,01 <a<,xaxx=xF tttt      (2)

.0,01, elsewhere>x=xH tt

     (3)

The parameter ε determines the characteristic time 
scale of yt, the parameter J controls the level of the 
membrane depolarization (J < d), the parameters 
β > 0 and d > 0 determine the excitation threshold 
of bursting oscillations, t = 1,2,... represents dis-
crete time. Despite its simplicity, this map can de-
scribe a number of basic modes of neuronal activity 
[88] when the control parameters are varied. These 
modes include spike-bursting chaotic oscillations, 
subthreshold oscillations, as well as the regime of 
single, periodic and chaotic spike generation [87].

In our studies we are especially interested in 
the dynamical regime of the map (1), which relates 
to spike oscillations. This mode is exemplifi ed in 
Fig. 1, where the phase portrait and time series 
for the variable xt are plotted respectively. The 
corresponding phase portrait represents a closed 
invariant curve. The maximal Lyapunov exponent 
in this regime is (up to numerical inaccuracy) 
zero, and the second one is negative. Thus, we 
can conclude that the map (1) dynamics refl ects 
a quasi-periodic mode in a lifted continuous-
time system [89]. However, as clearly seen from 
Fig. 1 b, the time series of the variable xt is nearly 
periodic, and the rotation number for the invari-
ant curve (Fig. 1 a) is very small, i.e., r = 0.014. 
In this case, the trajectory shifts on a very small 
angle per iteration that leads to the observation of 
nearly periodic oscillations and the invariant curve 
is very similar to a limit cycle. This fact is also con-
fi rmed by numerical results for the autocorrelation 
function. The latter decays gradually and very 
slowly as a consequence of nearly periodic oscil-
lations (Fig. 1 c).
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Fig. 1. (a) Phase portrait, (b) time series xt and autocorrelation dependence (c) for the map (1) at a = 0.25,  β = 0.04, J = 0.15, 
d = 0.5, ε = 0.005. The Lyapunov exponents are λ0 = 0.0, λ1 = −0.4,  and the rotation number is r = 0.014

a b c

3. 2D lattice of coupled Nekorkin maps

We choose the Nekorkin map (1) as the indi-
vidual element in a two-dimensional N × N lattice 
of nonlocally coupled oscillators. The network equa-
tions are as follows:

1 +dxHyxF+x=x t
ji,

t
ji,

t
ji,

t
ji,

+t
ji,

(4)
xft
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where mx, nx  are indices for nonlocal neighbors. 
The sum denotes nonlocal coupling of range Rx in 
a square domain. The network (4) is analyzed for 
both periodic

,,,
,,
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i=N±iR+imRi

xxx
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and no-fl ux [90]

.min1max
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xxx
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R+jN,nRj,
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     (6)

boundary conditions. The double index of vari-
ables xi, j and yi, j with i, j = 1, … , N encodes the 
position of corresponding oscillators on the two-
dimensional lattice. The parameter σx denotes the 
coupling strength between the elements in the x 
variable Bx

ji,  gives the number of nonlocally cou-
pled neighbors of node (i, j). In the case of periodic 
boundary conditions, we have 1.12 2+R=B x

x
ji,  

The numerical results show that when the nonlo-
cal coupling strength σx and the coupling range Rx 
are varied, the model (4) can demonstrate all the 

typical spiral wave patterns, including spiral wave 
chimeras, which were observed earlier.

The dynamics of the network (4) is analyzed 
when the individual element (the map (1)) operates 
in the spike oscillation mode (Fig. 1). In our simu-
lations we use initial conditions randomly and uni-
formly distributed in the intervals 0.2,0.60

ji,x ,
0.02,0.060

ji,y . Examples of spatio-temporal 
patterns which arise in the network (4) of lo-
cally coupled maps, i.e., when Rx = 1, are shown in 
Fig. 2 for increasing values of the coupling strength 
σx and for two types of boundary conditions. The 
upper panel shows snapshots of xi,j in the case of 
no-fl ux boundary conditions (5) and the lower panel 
depicts snapshots of xi,j for periodic boundary condi-
tions (6). The coupling strength σx takes the same 
values for both cases. When σx is very weak, e.g., 
σx = 0.0001, the individual elements behave as if 
they are uncoupled. An incoherent mode with small 
coherence clusters is realized at rather small values 
of σx (see, for example, Fig. 2 a, d at σx = 0.003). 
When the coupling strength increases and becomes 
suffi ciently strong, e.g., σx = 0.027, smooth coher-
ent patterns are observed in the lattice (Fig. 2 c, f ). 
Spiral wave structures are found in the network 
when σx takes intermediate values. Examples are 
depicted in Fig. 2 b,e for σx = 0.018. As can be seen 
from Fig. 2, the obtained patterns do not dramati-
cally differ from each other for different types of 
boundary conditions.

We now explain how we obtain spatio-temporal 
patterns in the network (4) when the coupling param-
eters are varied. We use random initial conditions as 
specifi ed above. Whenever we observe a spiral wave 
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d e f

pattern for the coupling range Rx = 1, we continue 
our calculation by changing the coupling parameters 
using the pattern of the previous simulation as an 
initial condition. Our calculations show that the 
observed spatio-temporal patterns strongly depend 
on the coupling range. Examples are shown in 
Fig. 3 for different values of Rx and a fi xed value of 
σx in the case of no-fl ux boundaries. Following our 
calculation scheme described above, we observe 
the spatio-temporal pattern at Rx = 1 and σx = 0.05 
(Fig. 3 a) and then increase the coupling range Rx. 

When Rx = 6, the incoherent core appears near the 
lattice center and is surrounded by the rotating spi-
ral wave (Fig. 3 b). This means that a spiral wave 
chimera state is observed. A further increase in the 
coupling range leads to an increase of the size of 
the incoherent core (Fig. 3 c), which is now strictly 
located at the lattice center.

Spiral wave patterns and spiral wave chimeras 
can also be found for periodic boundary conditions 
when the coupling range Rx increases. The number of 
incoherent cores also increases as Rx goes up (Fig. 4).

Fig. 2. Snapshots of the t
ji,x  variable in the network (4) for different values of the coupling strength σx: (a, d) 0.003, 

(b, e) 0.018, (c, f) 0.027. The upper and lower panels depict snapshots for no-fl ux and periodic boundary conditions, respec-
tively. Other parameters: a = 0.25, β = 0.04, J = 0.15, d = 0.5, ε = 0.004 and Rx = 1

Fig. 3. Spiral wave pattern and spiral wave chimeras in the lattice (4) for no-fl ux boundaries. Snapshots of t
ji,x  for increas-

ing values of the coupling range: (a) Rx = 1, (b) Rx = 6, (c) Rx = 14. Other parameters: a = 0.25, β = 0.04, J = 0.15, d = 0.5, 
ε = 0.004 and σx = 0.05

a b c
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Fig. 4. Spiral wave pattern and spiral wave chimeras with several incoherent cores in the network (4) for periodic boundary 
conditions. Snapshots of t

ji,x  for increasing values of the coupling range: (a) Rx = 1, (b) Rx = 5, (c) Rx = 12. Other parameters: 
a = 0.25, β = 0.04, J = 0.15, d = 0.5, ε = 0.004 and σx = 0.05

a b c

4. Two coupled 2D lattices of Nekorkin maps

We now couple two 2D lattices each described 
by the network (4) of 200 × 200 nonlocally cou-
pled Nekorkin maps. The coupling between the 
lattices is assumed to be mutual. This means that 

only corresponding oscillators of the lattices are 
mutually coupled via their coordinates, i.e., in a 
multiplex configuration. In this case the coupled 
lattices are described by the following system of 
equations:

where variables t
ji,x , t

ji,y  defi ne the dynamics of the 
oscillators in the fi rst lattice, variables t

ji,u , t
ji,v de-

termine the dynamics of the oscillators in the second 
lattice, γux, γxu, are the interlattice coupling strengths 
between corresponding oscillators of the fi rst and 
second lattice layer. In our studies we consider only 
the case of no-fl ux boundary conditions. Link indices  
mx, nx  are given in Eq. (6) for the fi rst lattice, and 
indices  mu, nu  in the second lattice are defi ned 
analogously by replacing Rx, with Ru. To account 
for potentially different coupling parameters in both 
networks, we introduce a subscript x and u for the 
fi rst and second network in the coupling strengths 
σx, σu , coupling ranges Rx, Ru, numbers of nonlocal 
neighbors Bx

ji, , u
ji,B  and neighbor indices mx, mu, nx, 

nu. The values of the coupling strengths are fi xed as 
σx = σu = 0.6. 

The synchronization of oscillations between 
the lattices is quantifi ed by calculating the number 
of synchronized elements Ns in the lattices, which 
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satisfy the condition ri,j ≥ 0.95, where the correlation 
coeffi cient ri,j between corresponding oscillators of 
the lattices is given as follows:

ux

ux
=r

ji,ji,

ji,ji,
ji, ~~

~~

22

.uu=u,xx=x ji,ji,ji,ji,ji,ji,
~~

      

(8)

The correlation coeffi cient ri, j is widely used when 
synchronization of coupled oscillators is studied 
[60, 91]. The corresponding oscillators are assumed 
to be synchronized if ri, j ≥ 0.95, otherwise they are 
desynchronized. The threshold value of 0.95=rth

ji,  
is chosen because complete synchronization can-
not be achieved in the case of parameter detuning 
in the interacting lattices. The condition ri, j ≥ 0.95, 
characterizes the maximum degree of synchroniza-
tion of spatio-temporal structures which is possible 
in the regimes studied.
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5. Numerical results for mutual synchronization

The parameters of the individual map (1) are set 
as in Section II. The coupling strengths between the 
lattices are assumed to be γux = γxu = γ in the case of 
mutual synchronization. We consider the dynamics 
of the coupled lattices (7) when the coupling strength 
γ is varied. In our simulations spatio-temporal pat-
terns in the network (4) are obtained as follows. We 
use random initial conditions distributed in the in-
tervals 0.2,0.6,0 0

ji,ji, ux , 0.02,0.06,0 0
ji,ji, vy  

for the coupling range Rx = Ru = 1. Whenever we 
observe a spiral wave pattern in each uncoupled 
lattice at Rx = Ru = 1, we use this as initial condi-
tion and continue our calculation by changing the 
coupling parameters. First, we choose simple but 

Fig. 5. Snapshots of (a) xi, j (fi rst lattice) for Rx = 1, γ = 0 (b) ui,j (second lattice) at Ru = 3, γ = 0, (c) xi, j (fi rst lattice) for 
γ = 0.04. Other parameters as in Fig. 1 

non-identical spiral wave structures which are real-
ized in the lattices when they are uncoupled. These 
patterns are exemplifi ed in Fig. 5 a, b. As can be 
seen from Fig. 5 с, when the mutual coupling γ is 
turned on, the resulting structure in the network 
(7) differs from the initial patterns in both lattices 
(Fig. 5 a, b) and represents a certain intermediate 
regime due to the mutual coupling which is inva-
sive. The topology of this spiral wave structure is 
preserved, but the wavelength of the spiral wave 
in Fig. 5 c does not coincide with that of the initial 
structures (Fig. 5 a, b). We measure the wavelength 
for each pattern by taking a cross section through 
the spiral center and then compare the wave-
lengths.

a b c

Our calculations show that different oscillators 
in the lattices are synchronized at different values 
of the interlattice coupling strength γ. As follows 
from Fig. 6 a, when the coupling strength is rather 

weak,  γ ≤ 0.02, none of the oscillators (Ns = 0) are 
in-phase synchronized. This is well illustrated by the 
distribution of the correlation coeffi cient ri, j shown 
in  Fig. 6 b. Synchronization is observed only with  

Fig. 6. (a) Number of synchronous oscillators 0.95: , >rN jis  versus the interlattice coupling strength γ, distribution of the 
correlation coeffi cient ri,j at (b) γ = 0.02, (c) γ = 0.04 with Rx = 1, Ru = 3. Coherent oscillators (i, j) are marked by the light tone 
(grey online), incoherent ones by the dark tone (green or red online). The inset in (a) shows a blow-up for Ns /N2 close to unity

a b c
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Fig. 7. Snapshots of (a) xi,j (fi rst lattice) for Rx = 4, γ = 0, (b) ui,j (second lattice) at Ru = 22, γ = 0, (c) xi, j (fi rst lattice) 
for γ = 0.06

γ > 0.02 and most oscillators are synchronized at 
γ = 0.03. However, the distribution of the correlation 
coeffi cient ri, j depicted in Fig. 6 c clearly indicates 
that there is a certain number of desynchronized 
oscillators which are located in the center of the lat-
tices. For these oscillators the correlation coeffi cient 
ri, j < 0.9. Hence, we can state that partial synchroni-
zation takes place in this case. The regime of partial 
synchronization is characterized by the coexistence 
of synchronous and asynchronous oscillators in the 
interacting lattices. As can be seen from Figs. 5 c, 
6 c, the asynchronous oscillators correspond to the 
core of the spiral wave. Almost complete synchro-
nization of all elements is achieved when γ > 0.05. 

We now consider mutual synchronization of a 
coherent spiral wave and a spiral wave chimera with 
single core pictured in Fig. 7. Numerical calculations 
show that the topology of spiral wave structures es-
sentially depends on the coupling ranges Rx and Ru. 
Particularly, the number of incoherent cores changes 

when Rx and Ru are varied. When the lattices are 
uncoupled, a spiral wave pattern is realized in the 
fi rst lattice (Fig. 7 a) and a spiral wave chimera 
is observed in the second one (Fig. 7 b). The syn-
chronous structure which results from the mutual 
synchronization of the two coupled lattices (7) is 
presented in Fig. 7 c. Our numerical results indicate 
that the effect of partial synchronization manifests 
itself more brightly in this case. Moreover, as fol-
lows from Fig. 8 a, a larger interlattice coupling 
strength γ ≥ 0.04 is needed to synchronize most of 
the oscillators in the lattices. At the same time, the 
number of oscillators which remain desynchronized 
increases (Fig. 8 c) as compared with Fig. 6 c. The 
distribution of the correlation coeffi cient ri, j values 
for the transient structure at γ = 0.02 is shown in 
Fig. 8 b. A comparison of the results presented in 
Figs. 5, 6 and Figs. 7, 8 shows that the number of 
desynchronized oscillators increases when the inco-
herent core appears.

a b c

a b c

Fig. 8. (a) Number of synchronous oscillators 0.95: , >rN jis  in dependence on the interlattice coupling strength γ, 
distribution of the ri, j values at (b) γ = 0.02, (c) γ = 0.06 with Rx = 4, Ru = 22
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6. Numerical results for external synchronization

We now analyze the case of external synchro-
nization when the interlattice coupling is introduced 
unidirectionally from the elements of the second 
lattice, which is the driver network, to the corre-
sponding elements of the fi rst lattice, which is the 
response network. Thus, we set γux = γ, γxu = 0 in (7). 
The results of numerical simulations are shown in 
Figs. 9–10 for two different spiral wave chimera 
structures realized in the driver lattice. When the 
lattices are uncoupled, a spiral wave chimera is 
established in the second (driver) lattice (Fig. 9 b) 
and a coherent spiral wave is realized in the fi rst 
(response) lattice (Fig. 9 a). The partial external 

synchronization which takes place in the coupled 
lattices starting with γ ≥ 0.05 (Fig. 10 a) results in 
the synchronous state shown in Fig. 9 c. However, 
as can be seen from Fig. 10 c, the oscillators in the 
incoherent core of the spiral wave chimera (in the 
center of the lattice in Fig. 9 c) are desynchronized 
and this feature is preserved for suffi ciently large 
values of γ ≥ 0.02. Moreover, the incoherent core 
corresponds exactly to the incoherent core in the re-
sulting synchronous pattern (Fig. 9 c). The number of 
desynchronized oscillators grows when the number 
of incoherent cores increases. Our numerical studies 
have shown that this effect is general for both mutual 
and external synchronization.

Fig. 9. Snapshots of (a) xi, j in the fi rst (response) lattice at Rx = 4, γ = 0, (b) ui, j in second (driver) lattice at Ru = 22, γ = 0, 
(c) xi, j in the response lattice for γ = 0.05

Fig. 10. (a) Number of synchronous oscillators 0.95: , >rN jis  versus the unidirectional interlattice coupling strength γ, 
distribution of the ri, j values at (b) γ = 0.02, (c) γ = 0.05 with Rx = 4, Ru = 22

a b c

a b c

7. Conclusions

We have studied the dynamics of a two-
dimensional network of discrete-time maps with 
nonlocal interaction. The local dynamics of the 
network element is defi ned by the Nekorkin map 
which is a universal discrete model of the neuronal 

activity. This map can describe a variety of different 
dynamical modes, including chaotic spike-bursting 
oscillations, subthreshold and spike oscillations.

We have shown for the fi rst time that the 2D 
lattice of coupled map-based neuron models can 
demonstrate all typical spatio-temporal structures, 

A. V. Bukh, G. I. Strelkova, V. S. Anishchenko. Spiral Wave Patterns in Two-Layer 2D Lattices 
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including spiral wave patterns and spiral wave 
chimeras, which are similar to those observed in 
2D networks of nonlocally coupled phase oscilla-
tors, FitzHugh–Nagumo models, reaction-diffusion 
models, chemical oscillators, etc. The network dy-
namics has been explored for two types of boundary 
conditions, periodic (toroidal) and no-fl ux (plane) 
and it has been shown that the resulting patterns 
have not changed qualitatively depending on the 
choice of boundary conditions. Our studies have 
demonstrated that the spiral wave chimeras can be 
observed within fi nite ranges of variation of the 
nonlocal coupling paratemers and the multi-core 
chimeras can be obtained when the coupling range 
Rx increases.

Our numerical studies have convicingly shown 
that a simple discrete-time system in the form of 
the Nekorkin map, that describes well a rich va-
riety of the neuronal activity, can be chosen and 
used as individual element of a complex network 
for further extended analysis of the properties and 
characteristics of spiral wave patterns and spiral 
wave chimeras. We have analyzed numerically the 
mutual and external synchronization of two coupled 
lattices consisting of nonlocally coupled Nekorkin 
maps. Our numerical studies have shown that these 
synchronization effects are characterized by several 
important features. First, if each of the uncoupled 
lattices exhibits simple spiral wave structures, im-
perfect (almost complete) synchronization of oscil-
lations of most corresponding elements of the two 
lattices can occur for a suffi cient value of the cou-
pling strength γ. We note that in the case of mutual 
synchronization, the resulting synchronous structure 
differs from the initially established modes in the 
uncoupled lattices. This effect is typical and has also 
been encountered when mutual synchronization of 
two oscillators with limit cycles [92] was considered. 
Complete synchronization cannot be achieved even 
with a signifi cant increase in the coupling strength, 
if one of the lattices exhibits a spiral wave chimera 
pattern for zero interlattice coupling. The second 
peculiarity consists of the fact that not all oscilla-
tors are almost completely synchronized when the 
lattices are coupled mutually or unidirectionally. A 
certain number of oscillators remain desynchronized 
while most of them demonstrate imperfect (almost 
complete) synchronization. This effect takes place 
even in the case of simple (single-core) initial pat-
terns in both lattices and is enhanced when the 
initial spiral wave chimera in one of the interacting 

lattices has multiple cores. It has been shown that the 
transition from a spiral wave chimera structure with 
a single core to a spiral wave chimera with several 
cores is characterized by an increase in the number 
of unsychronized oscillators.
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Описывается пространственно-временная динамика решетки, 
представляющей собой двумерную сеть нелокально связанных 
отображений Некоркина, моделирующих нейронную активность. 

Поведение сети изучается в случаях граничных условий без по-
тока и периодических граничных условий. Показано, что в рас-
сматриваемой решетке для определенных значений параметров 
связи могут наблюдаться вращающиеся спиральные волны и 
спирально-волновые химерные состояния. Анализируются и 
сравниваются статистические и динамические характеристи-
ки локальных осцилляторов из когерентных и некогерентных 
кластеров спирально-волнового химерного состояния. Более 
того, изучаются эффекты взаимной и внешней синхронизации 
спирально-волновых структур в двух связанных таких решет-
ках. Численно показано, что спирально-волновые структуры, 
включая спирально-волновые химерные состояния, могут быть 
синхронизованы, и показан механизм их синхронизации. Ре-
зультаты численных исследований свидетельствуют о том, что 
при достаточно малом значении параметра силы связи между 
решетками только некоторая часть осцилляторов синхронизует-
ся, тогда как другая часть демонстрирует частично синхронное 
поведение. Синхронизация осуществляется для большинства 
осцилляторов в случае, когда пространственно-временные 
структуры в решетках не включают некогерентных ядер и зна-
чение параметра силы связи превышает некоторое пороговое 
значение. В режимах спиральнов-волновых химерных состояний 
режим синхронизации не достигается для всех осцилляторов, 
даже если значение параметра силы связи достаточно велико.
Ключевые слова: спиральные волны, спирально-волновое 
химерное состояние, сети, нелокальная связь, дискретное ото-
бражение, синхронизация.
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