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Abstract. Stable synchronous states of different order were analytically, numerically and experimentally
characterized in pulse-coupled light-controlled oscillators (LCOs). The Master-Slave (MS) configuration
was studied in conditions where different time-scale parameters were tuned under varying coupling strength.
Arnold tongues calculated analytically – based on the piecewise two-time-scale model for LCOs – and
obtained numerically were consistent with experimental results. The analysis of the stability pattern and
tongue shape for (1 : n) synchronization was based on the construction of return maps representing the
Slave LCO evolution induced by the action of the Master LCO. The analysis of these maps showed that
both tongue shape and stability pattern remained invariant. Considering the wide variation range of LCO
parameters, the obtained results could have further applications on ethological models.

1 Introduction

Synchronization is a common feature of oscillatory sys-
tems and might be understood as an adjustment of
rhythms of self-sustained oscillators due to weak inter-
actions [1]. It constitutes an ubiquitous phenomenon and
nowadays is a widely spread topic which several books
have been devoted to, both from rigorous [2–4] to pop-
ularization point of view [5]. Synchronization phenomena
are manifested in systems of different nature, ranging from
physical [6,7], to chemical [8–10], to biological [11–14] to
electronic oscillators [15–19]. The construction of coupled
maps has enabled the study of synchronization in different
systems, leading to important results, in particular, in the
field of neuron dynamics [20,21].

Synchronous regimes of different order [2,3] occur in
coupled oscillators. The entire family of synchronization
regions known as Arnold tongues might be represented
in plots of coupling strength versus frequency or period
mismatch. Although such stable states are expected in
coupled systems of any nature, they can be predicted in
oscillating coupled systems by means of some techniques
such as Hilbert transform and Fourier analysis. However,
a theoretical tool enabling a general prediction of synchro-
nization of any order still remains unavailable.

Pulse-coupled oscillators have been extensively stud-
ied and used to model biological systems such as fireflies,
crickets, and cardiac and neural cells. The study of how
pulse-coupled oscillators achieve synchrony is relevant to
the experimental observations of synchronous neural fir-
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ing patterns in various mammalian, insect and reptilian
species. Mirollo and Strogatz [22] proved that an ensem-
ble of globally-coupled oscillators will synchronize under
certain conditions.

From an analytical viewpoint, difficulties in the study
of pulse-coupled oscillators are associated with the dis-
continuities introduced as a result of coupling. In partic-
ular, integrate-and-fire models are examples of this. Nev-
ertheless, since the flexibility in the choice of parameter
values leads to different forms of oscillation, most relax-
ation oscillators may be mimicked by light-controlled os-
cillators (LCOs). The analysis here is presented with the
aim of depicting Arnold tongues and their stability for
the simplest configuration. LCOs are one-dimensional re-
laxation oscillators described by two time-scales in a way
that they mimic the synchronous behavior of some fireflies
species [23,24]. As the discharging stage is related to the
firing of the firefly, pulse-coupling forms can be accom-
plished using nearly null discharging time-scales. Never-
theless, as long as time-scales are properly defined, results
presented here do not imply any constraints regarding the
oscillating form of the LCO system.

Somers and Kopell [26] noted that synchronization
occurs more rapidly in chains of relaxation oscillator
when interactions occur in pulse-like form. Campbell and
Wang [27] concluded that synchronization rates are also
improved by coupling in the form of Heaviside step func-
tion, mainly due to the steepness of the interaction. Con-
sistent results were obtained using LCOs [23,24].

In this paper, Arnold tongues were constructed for two
coupled LCOs in Master-Slave (MS) configuration under
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Fig. 1. Experimental scheme of an LCO coupled to other
neighbour LCOs. LEDs and photodiodes enable the coupling
among them.

varying period and coupling strength. This coupling con-
figuration was studied experimentally and numerically for
(n : m) synchronization regions, whereas exact analytical
results were possible only for (1 : n) synchronous order,
in which, the Arnold tongue shape and structure remain
invariant varying n.

2 Light-controlled oscillators

The time-scale parameters of LCOs are chosen in a way
that the resulting oscillating form resembled an integrate-
and-fire model for the experimental observations, as this
oscillating form results in smaller transients. Both time-
scales may be modified manually on the spot, enabling
quantitative measurement of phase differences and period
variations within the required precision [23,24].

2.1 Experimental setup

Each LCO is composed of an LM555 chip operating in an
astable oscillating mode and a dual RC sharing the ca-
pacitor (Fig. 1). The chip element selects the correspond-
ing RC circuit, and sets sharp charging and discharging
thresholds at 2Vcc/3 and at Vcc/3, respectively, being Vcc

the source voltage, which is approximately 9 V in this
study. As it has been stated above, the associated charg-
ing and discharging times may be adjusted according to
problem by modifying the resistors Rλ and Rγ connected
in series with the LED, The duration of these stages are
in the order of milliseconds. The period of each oscillator
is determined by the sum of these durations.

Simple and cheap optoelectronic devices has been used
in order to couple the LCOs. Each LCO is also composed
of IR transmitter diodes (standard IR LEDs 3 mm Typ L-
934f3bt) and commercial photodiodes (for instance, PD15-
21C/TR8 SMD). LCOs can interact by means of light-
pulses occurring during the discharging stage. Different

degrees of coupling strength may be obtained by placing
the oscillators at different distances or by electronically
forcing greater emissions i.e. modifying the resistors con-
nected to the LEDs. Previous work have shown that cou-
pling strength varies roughly inversely as the square of
the distance [23]. No time delays in the couplings were
considered, in view of the characteristics of pulsed light.
Differentially-masked sensors were used to achieve connec-
tivity by directed coupling, enabling the study of the MS
configuration. For further insights see references [23,24]
and a detailed experimental setup of the LCOs is pre-
sented in [25]. The experimental measurements have been
carried out using a Data Acquisition Card (NI-DAQ) that
allowed us to obtain all the underlying dynamics of the
system.

2.2 Model and state space

Based on the nature of the devices depicted in Figure 1
and their experimental behaviour, the LCOs are described
by the following set of piecewise differential equations:

V̇i(t) = λi [Vcc − Vi(t)] εi(t) − γiVi(t) [1 − εi(t)]

+
N∑

j =1, j �=i

βij [1 − εj(t)], i = 1, . . . , N, (1)

where Vi is the ith LCO voltage, βij are the coefficients
of the coupling matrix, and εi(t) is a binary variable rep-
resenting the oscillator stage: ε = 1, charging stage and
ε = 0, discharging stage. Thus, an LCO constitutes a one-
dimensional oscillator. εi(t) changes its value when V (t)
reaches the upper threshold (2Vcc/3) or the lower thresh-
old (Vcc/3). The parameters λi and γi are the characteris-
tic charging and discharging frequencies, respectively. βij

corresponds to a single element of the connectivity matrix
which has zero diagonal elements. Equation (1) has been
validated by several experimental results [23,24].

The solutions to equation (1) conform a continuous
piecewise analytic flux that is naturally represented in the
circle S1 state space. The resultant state space can be
thought to have an injective and a dissipative part of sim-
ilar length. Through the injective part, the LCO charges
over a time interval Tλ, whereas a fast discharge lasting
Tγ occurs in the dissipative part. These time-scales are re-
lated to the characteristic frequencies of the LCOs λ and
γ by

T dark
λ = ln (2) /λ, T dark

γ = ln (2) /γ, (2)

whenever LCOs are masked, namely, in dark. The state
space defined by the finite range of voltage amplitude
[Vcc/3, 2Vcc/3] constitutes an analogous situation. These
thresholds are singular points where velocity changes sign
and magnitude. This representation is useful for the con-
struction of Lissajous figures.

Using the dimensionless variable xi(t) = [Vi(t) − Vcc]
/(Vcc/3) for the ith oscillator, the corresponding
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Table 1. Timescale sections of T 2 formed by two LCOs.

ε1 ε2 A1 A2 α1 α2

1 1 2 2 λ1 λ1

0 1 −1 2 + β̃21/λ2 γ1 λ2

1 0 2 + β̃12/λ1 −1 λ1 γ2

0 0 β̃12/γ1 − 1 β̃21/γ2 − 1 γ1 γ2

trajectories in state space for the two stages are:

xi(t) =
[
xi(t∗) −

(
βij/λi

Vcc/3
[1 − εj(t)] + 2

)]
e−λi(t−t∗)

+
(

βij/λi

Vcc/3
[1 − εj(t)] + 2

)
, (3)

for εi(t) = 1, and

xi(t) =
[
xi(t∗) −

(
βij/γi

Vcc/3
[1 − εj(t)] − 1

)]
e−γi(t−t∗)

+
(

βij/γi

Vcc/3
[1 − εj(t)] − 1

)
, (4)

for εi(t) = 0, where summation is done only where re-
peated j indexes occur and t∗ represents the initial time
condition in each stage. When an LCO reaches a thresh-
old, t �→ t∗, and a new initial condition xi(t∗), i = 1, . . . , N
is generated for the global system.

As it can be seen from equation (4), the result of cou-
pling is a rise in the asymptotic in dark level of the capaci-
tor stages within the allowed thresholds. This corresponds
to a displacement of the fixed points of equation (1) in the
positive direction, which results in a faster charging stage
and/or a slower discharging stage.

When dealing with two LCOs, some analytic results
might be achieved. In particular, equation (4) takes the
simple form:

xi(t) = Ai + [xi(t∗) − Ai] e−αi(t−t∗), (5)

where each parameter can take the values shown in
Table 1. MI configuration is achieved by setting β̃ij =
β̃ ∀i �= j and MS corresponds to the case where β̃12 = 0 if
LCO1 is used as master LCO (β̃ = β/Vcc/3). This defines
four sections onto the torus, each having a different time-
scale ratio. Sections are created according to the number
of interacting LCOs. Thus, for N LCOs, the T N torus has
2N sections with different dynamics.

3 Synchronous stable states

Synchronization in LCOs is achieved once the period is
locked. Depending on the frequency ratio of the oscillators,
there are several locking possibilities. Synchronization is
achieved as this ratio approaches a rational number. More
generally [1], the condition is represented by the phase
difference between oscillators

|n Φi − m Φj | < ε(n:m). (6)

This means that there is always a region where detun-
ing between oscillators for a certain (n : m) configuration
results in a synchronous state.
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Fig. 2. (Color online) From left to right, equations (7)–(10).
Four possible (1 : 1) synchronous states. Master evolution
is shown by the dashed line and Slave by the continuous
line. Red lines indicate the modification on the shape of the
Slave LCO discharging signal due to the action of the Mas-
ter LCO. Time-scale parameters are: TγS = 8 ms, TγM = 5 ms
and TλS = 27 ms.

3.1 MS Arnold tongues

Analytical results concerning synchronization regions in
MS configuration can be achieved using the LCO model.
In particular, four special situations for the (1 : n) state
have simple analytical solutions. In these cases, analytical
calculations are based on the states depicted in Figure 2.
Whenever these situations prevail in time, meaning that
coupling acts at a fixed position through the period of each
Slave LCO, a synchronized state can occur. The evolution
of the latter is constrained to have a period identical to
that of the Master LCO. This figure shows two different
special situations in both the charging and discharging
stages. The edges of the synchronized state are those that
become stable, as can be seen in Figure 3. The special
states of coupled MS LCOs in the (1 : n) configuration
are described by the following time-scale relations:

TλM + TγM = n (TλS + TγS)

− 1
λS

log
[
1 +

β/λS

Vcc/3
(
1 − e−λS TγM

)]
, (7)

TλM + TγM = n (TλS + TγS)

+
1

λS
log

[
1 +

β/λS

2Vcc/3
(
1 − eλS TγM

)]
, (8)

TλM + TγM = n (TλS + TγS)

+
1
γS

log
[
1 +

β/γS

2Vcc/3
(
eγS TγM − 1

)]
, (9)

TλM + TγM = n (TλS + TγS)

− 1
γS

log
[
1 +

β/γS

Vcc/3
(
e−γS TγM − 1

)]
,

(10)

where, according to the plot on the top of Figure 3,
equations (7) and (8) establish the interaction situations
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Fig. 3. On the top, analytically constructed Arnold tongue
for (1 : 1) synchronization. From left to right, the differ-
ent black lines correspond to equations (7)–(10) respectively,
where equations (9)–(10) lead to an almost identical situation.
On the bottom, the numerically obtained Arnold tongues are
shaded and the experimental values are represented by circles.
Filled circles correspond to stable states and open circles show
phase-slip situations. The parameters are: TλS = 16.8 ms and
TγS = 0.2 ms = TγM .

during Slave LCO charge (left edges) and equations (9)
and (10) the interaction situation during Slave LCO dis-
charge (right edges); n is an integer corresponding to the
(1 : n) synchronized state, and the time-scales TλS , TγS

and TγM are the fixed in dark parameters. In dark TλM

was selected as control parameter. The resultant (1 : n)
Arnold tongue for n = 1 is shown on the left of Figure 3
where experimental values were used for the parameters.

Other synchronization regions verify transcenden-
tal analytical expressions, though numerical simulations
could equally be used. This is particularly true when the
Master LCO acts more than once over a single period of
Slave LCO and there are not simple expressions of the con-
trol parameters as a function of the rest of the parameters
involved.

The bottom plot in Figure 3 shows the experimen-
tal and numerical results found for several (m : n) syn-
chronous states as a function of in dark period detuning.
Numerical simulations are based on a fourth order Runge-
Kutta scheme that solves equation (1).
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Fig. 4. (Color online) Top: return map for the MS config-
uration showing the stable fixed point (reference line crossing
continuous black curve) and the unstable fixed point (reference
line crossing the continuous gray curve). Bottom: six different
flux evolutions corresponding to the different parts of the map.
Dashed lines represent Master LCO evolution, while continu-
ous lines represent Slave LCO evolution. Parameters were set
at: TλM = 29 ms, β = 180 V/s, in addition to those detailed
in Figure 2.

3.2 Stability windows

Within the (1 : 1) synchronization edges described by
equations (7) and (10), an open stability window may
be observed under all experimental conditions, as shown
by the area comprised between the continuous and the
dashed-dotted thick black lines in the top plot of Figure 3.
In order to verify the stability within this region a com-
plete return map was constructed according to:

Vn+1 = V
(S)
n+1 = f

(
V (S)

n

)
, (11)

where Vn denotes the voltage of LCOs when the nth in-
teraction starts.

As shown in Figure 4, it is possible to identify six re-
gions on the map. Two branches (continuous and dashed
thick black curves in the map of Fig. 4) reflect the
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case where the Master LCO begins to act during Slave
LCO charge (εM = 0, εS = 1) and represent the sys-
tem evolving to the same situation. Other two branches
correspond to the case where the Master LCO begins to
act during Slave LCO discharge (εM = 0, εS = 0). Figure 4
shows these situations by the continuous and dashed thick
gray lines. Each pair can be seen as two different maps,
connected by the last two parts represented in this figure
by black and gray dashed-dotted curves. These branches
reflect that Vn with εM = 0, εS = 1 can evolve to Vn+1

with εM = 0, εS = 0 and viceversa. In other words, to pass
from the black to the gray line it is necessary to bounce
on the negative slope curves of the map.

To illustrate the evolution features of the flux de-
scribed by the map, Figure 4 (right) shows some examples.
In the first row, the figures represent the dashed (con-
tinuous) thick black curves of the map, where the initial
voltage was 3.6 V (4.7 V) in the left (right) columns. In
the latter case, the system evolved from a situation where
Master LCO starts acting from a point of the map during
the charging stage through a point during the discharge
of the Slave LCO, taking the latter to a similar situation.
The following row in this figure corresponds to the dashed
(continuous) gray curves, where initial voltages were 3.8 V
(3.4 V). Under these initial conditions, both evolutions
shifted from one branch of the map to the next one. Fi-
nally, the last row corresponds to initial voltages of 5.2 V
(3.2 V). These plots describe the evolution of the system
from the dashed-dotted black line to the continuous black
line, and from the dashed-dotted gray line to the dashed
black one, respectively.

In Figure 4 (left), it is possible to identify two fixed
points: a stable (upper) one and an unstable (lower) one.
The stable fixed point occurs (for properly defined β and
TλM values) in the region between equations (7) and (9)
(also see Fig. 3). Within this region, the system achieves a
synchronized state when Master LCO action begins during
Slave LCO charge and ends during Slave LCO discharge.
The unstable fixed point detaches the flux in two ways to
achieve synchronization. In the region inside the Arnold
tongue, near the left edge (Eq. (7)), there is no unsta-
ble fixed point, meaning that the system always achieves
synchronization by increasing Master LCO action during
Slave LCO discharge at these β and TλM values.

For parameter values between equations (9) and (10),
the former stable fixed point sinks and another fixed point
arises in the dashed thick gray part of the map (as it can
be seen in the map of Figure 5 for β = 15 V/s). This means
that in the inner right part of the tongue, synchronization
may be achieved by Master LCO action during Slave LCO
discharge, retarding the latter. On the outer right edge
(Eq. (10)), both the new stable point and the unstable
point sink together.

These considerations can be seen in Figure 5, where
all parameters are taken from Figure 2 and both TλM

and β are tuned. As an outstanding conclusion, we must
point out that the stable solutions for any (1 : n) syn-
chronous regimes exhibit the same Arnold tongue shape
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Fig. 5. On the top, analytical representation of the (1 : 1)
Arnold tongue, where parameters are as in Figure 2. On the
bottom, four maps of the system evolution as coupling strength
was tuned corresponding to this tongue. From left to right, the
upper-row maps correspond respectively to the diamond and
the circle shown in the left figure. The lower maps represent
the evolution of the system in the right part of the tongue,
which is shown in the left figure by a square and a triangle and
for β = 15 V/s and β = 9 V/s respectively.

given by equations (7) and (10) with similar stability and
constraints.

4 Final remarks

The dynamical model studied here is based on an elec-
tronic circuit. Analytical results are relevant for experi-
mental guidance. In view of the simplicity of the model,
conclusions regarding the synchronization properties of
MS configurations as a function of fixed time-scale pa-
rameters are based on exact analytical results. Analyti-
cal expressions for (1 : n) synchronization pose time-scale
constraints and therefore synchronization restrictions for
the MS system. From a counterintuitive view, these re-
sults showed that all (1 : n) tongues have identical shape.
Furthermore, because the analysis presented here applies
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to any oscillating regime, the time-scale ratio need not be
nearly zero as in the case of pulse-coupled oscillations or
spiking regimes.

We observe that when the characteristic charging fre-
quencies are smaller than discharging frequencies, (1 : n)
synchronization is achieved over a large range of the pa-
rameters, measured in terms of characteristic charging
time of the Master LCO. This observation was verified by
both experimental and numerical results. Results of sta-
bility analysis based on the first-return map of the Slave
LCO were consistent with the above observations. The re-
sultant (1 : n) Arnold tongues for the MS configuration
were found to remain invariant for all n, in both size and
stability.
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(2002), eprint arXiv:nlin/0206036v1

26. D. Somers, N. Kopell, Biol. Cybern. 68, 393 (1993)
27. S.R. Campbell, D. Wang, C. Jayaprakash, IEEE Trans.

Neural Netw. 15, 1027 (2004)


	Introduction
	Light-controlled oscillators
	Synchronous stable states
	Final remarks
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


