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Abstract—It is proposed to approximate the frequency and time sections of the two-dimensional autocorrela-
tion functions of the dynamic spectra of pulsar scintillations by a universal exponential function with an arbi-
trary exponent . This approximation describes the shape of the correlation function much better than the
Gaussian or simple exponential function. The relationship between the shape of autocorrelation functions
and the initial profile of the average frequency structure of diffractive scintillations is studied by numerical
simulation. It is shown that the true width of this average frequency profile differs significantly from the width
of the autocorrelation function, which leads to a shift in estimates of some effects caused by scintillations.
Examples of such distorted estimates for the pulsar velocity ( ) and for the transition from the decorrelation
bandwidth  to the scattering time  are presented.
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1. INTRODUCTION
The sizes of the pulsar radio emission region can-

not exceed the sizes of the magnetosphere of a neutron
star, limited by a light cylinder with a radius

, which, for a pulsar pulse repetition
period  of one second, will be about  cm. The
angular size of such a region with a typical distance to
pulsars of several hundred parsecs turns out to be less
than an angular microsecond. In fact, the sizes  of
the radio emission region are much smaller than the
sizes of the light cylinder: with a typical duration  of
pulsar subpulses of several milliseconds,  =

 cm. Thus, pulsars are point radio sources that
are convenient for studying the effects of radio emis-
sion scattering by interstellar plasma inhomogeneities,
since there is no need to consider the structure of the
radio emission source. Therefore, intensive studies of
scattering effects began precisely after the discovery of
pulsars. The main theoretical concepts can be found in
the review article by Rickett [1]. The main scattering
parameters are the characteristic scintillation time

; the pulse scattering time ; the frequency scale
of the diffraction distortion of the radio spectrum ,
called the decorrelation band; and the apparent angu-
lar expansion of the source, . To estimate the scat-
tering parameters  and , the dynamic spectra

are usually analyzed over the time interval ,
in order to achieve some statistical significance [2–4].
On this observational interval, two-dimensional cor-
relation functions (ACFs) of the dynamic spectra are
calculated. The details of the calculation and normal-
ization of the ACF are given in the above-cited publi-
cations [2–4]. The pulse scattering time  is deter-
mined by analyzing the shape of the average pulse pro-
file (see, e.g., Kuzmin and Losovsky [5]). Such
“direct” measurements of  are possible for pulsars
with a large dispersion and/or at low radio frequen-
cies, where the scattering time exceeds a few microsec-
onds. Smaller values of  are obtained by converting
from the measured decorrelation band  via the
uncertainty relation ; the limitations of
this method will be considered in Section 4.2. In Sec-
tion 2, we formulate the basic premises for further
analysis; then, in Section 3, we present the results of
numerical simulation of the main types of autocor-
relation functions and establish the relation between
their parameters. In Section 4, we compare our results
with observational data.

2. INITIAL PREMISES

The apparent angular expansion of a source, , is
measured using very long baseline interferometry
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(VLBI). Great progress in this area was achieved
during the implementation of the Radioastron
ground-space interferometer project [6]. Some results
of such measurements were considered by Popov et al.
in [7]. In this work, the form of the interferometric
response as a function of the time delay (amplitude of
the visibility function ) was analyzed. It turned out
that the averaged autocorrelation function of the visi-
bility is well described by the Lorentzian function

 =  = , where the
parameter  is the half width of this function at a level
of  and  is the scale factor. Here, we introduce
several mathematical relations useful for further pre-
sentation. We write an expression for the Lorentzian
function:

(1)

The autocorrelation function for the Lorentzian func-
tion is given by the formula

(2)

i.e., the FWHM of the autocorrelation function is
twice the FWHM of the function itself. The Fourier
transform of the Lorentzian function is a two-sided
exponential function

(3)

Here, the half width of the function  at a level of 
is ; therefore, in this case, the uncer-

tainty relation  is satisfied exactly. As
noted above, according to the analysis by Popov et al.
[7], the ACF of the visibility function  for all stud-
ied pulsars is well approximated by the Lorentzian
function. In accordance with expression (2), the visi-
bility function  also must be described by the
Lorentzian function. The visibility function  is
obtained as the inverse Fourier transform of the cross-
correlation spectrum ; i.e., .
Therefore, in accordance with Eq. (3), the average
structure of the cross-correlation (or autocorrelation)
spectrum is a set of two-sided exponentials. Unlike the
average pulse profile of a pulsar, it is not possible to
accumulate the average profile of the frequency dif-
fraction structure, since this structure changes with
time randomly, which is the scintillation phenome-
non. However, it is possible to immediately accumu-
late the autocorrelation function of the scintillation
frequency structure or the two-dimensional ACF from
the dynamic spectra for measuring the time and fre-
quency sections. This approach was used by many
researchers (see, e.g., [2–4]. In this case, the time and
frequency sections of the ACF were approximated by
Gaussians. Other researchers using correlation func-
tions for data analysis [8–10] pointed out the devia-
tions of these functions from the Gaussian form.
According to the concepts outlined above, the fre-
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quency cross section of the ACF must correspond to
the autocorrelation function of a two-sided expo-
nential:

(4)

This function has already been declared in relation (3).
The ACF of the two-sided exponential is

(5)

which we will call the modified exponent; here, 
is the scale factor and  is the half width of the original
exponent at a level of . However, the half width of
the autocorrelation function  is by no
means equal to , but exceeds it more than two-fold!
Algebraic expressions (1)–(5) were borrowed from
Feller’s monograph [11]. In the article [12], Popov and
Smirnova analyzed the time cross sections of two-
dimensional ACFs for several pulsars. It was found
that Gaussians are not suitable for approximating time
sections. It was proposed to use a universal exponen-
tial function of the form

(6)

where  is the scale factor and the half width of 
is determined from the relation . For the
time sections of the ACF, Popov and Smirnova [12]
showed that the exponent  can be related to the
exponent  of the spatial spectrum of interstellar
plasma inhomogeneities, which is described by the
relation , where  is the spatial frequency
and  is the structural constant. This relation is
defined by a simple equality . We performed
an approximation by the universal function (6) of the
frequency cross sections of two-dimensional correla-
tion functions according to the data used in [12]. A
summary of exponents  for time and frequency sec-
tions will be given below. For frequency sections, no
simple relation of the exponent  with the exponent 
of the spatial spectrum of inhomogeneities was pro-
posed. In this article, we will use the universal expo-
nential function  to simulate the shape of an aver-
aged frequency structure in order to establish a rela-
tion between frequency functions and their
autocorrelations. This function has no obvious physi-
cal meaning, but it has the property of well approxi-
mating bell curves due to the presence of three free
parameters , , and .

3. NUMERICAL SIMULATION 
OF AUTOCORRELATION FUNCTIONS

As already mentioned in the Introduction, during
the analysis of observational data (dynamic spectra),
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two-dimensional correlation functions (ACF) aver-
aged over a time  significantly exceeding the char-
acteristic scintillation time  are calculated. From
the time and frequency cross sections of these ACFs,
important scintillation parameters are obtained. How-
ever, as already shown in the previous section, the half
width of the autocorrelation function does not coin-
cide with the half width of the original function inher-
ent in the scattering process. It is impossible to obtain
the shape of this initial function from the observed
ACF cross section (deconvolution) without precondi-
tions. Therefore, in our numerical simulation, the ini-
tial signal was specified as the average profile of the
scintillation frequency structure in the form a function

 with different exponents  and then the corre-
sponding autocorrelation functions were calculated as
a convolution:

(7)

Here,  is the spectral interval on which the function
 is defined. In fact, the integral in expression (7)

was determined by calculating the sum of products on
this frequency interval . For clarity, we point out that
the half width of all model functions was the same and
was taken equal to 100 kHz and the spectral interval
was 32.768 MHz ( ). These details are necessary
for the conversion to the visibility function .

Thus, the initial functions  define the average
shape of the diffraction frequency (or time) distortions
of the radio spectrum of the pulsar. These functions
are real and even. They imitate the structure of the
power spectrum under the assumption that there is a
certain average frequency profile of spectral distor-
tions, which is confirmed by the existence of stable
and repetitive shapes of averaged ACF of the dynamic
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spectra. The natural condition always accepted was
that this average frequency profile is described by a
Gaussian function. Then, the ACF of the dynamic
spectra would also have a Gaussian shape. In practice,
there is a wide variety of the shapes of averages. Our
analysis is purely mathematical. The initial functions

 do not contain any noise components. The sim-
ulation results are presented in Table 1. The first col-
umn gives the exponent  of the function ; the
second column gives the exponents  of the autocor-
relation function  approximated by the universal
exponential function ; the third column con-
tains the exponent  obtained as a result of the
approximation of the visibility function  calcu-
lated via the inverse Fourier transform of the initial
function : . The temporal res-
olution of the visibility function for our conditions is

. The fourth column gives the
factor  of the increase in the half width of the auto-
correlation function  with respect to the half
width of the initial function . In the fifth column,
we give the values of the half width of the visibility
function and, in the last two columns, the values of the
product , , and . Figure 1 shows examples
of model functions of the diffractive frequency struc-
ture  (left) and their corresponding autocorrela-
tion functions  (right). The dashed line corre-
sponds to the case when the spectral profile of the
frequency structure  is given by a two-sided expo-
nential ( ); for such a function, the auto-
correlation function is described by modified expo-
nent (5), the half width of which is approximately
2 times greater than the half width of the frequency
profile. The dotted line corresponds to the Gaussian
frequency profile. It is known that the autocorrelation
function of a Gaussian is also a Gaussian with a half
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Fig. 1. (Left) Comparison of the synthesized average frequency distortion profiles and (right) the shape of the corresponding
autocorrelation functions: (dashed line) the spectral profile  is defined by a two-sided exponential ( ); (dotted line)
Gaussian frequency profile; (solid line) autocorrelation function in the form of a pure exponential.
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width  times greater than the original half width.
Finally, the third example, shown by a solid line, cor-
responds to the case when the autocorrelation func-
tion has the form of a pure exponential. Such an auto-
correlation function corresponds to a frequency pro-
file in the form of a modified zero-order Bessel
function of the second kind, formally tending to infin-
ity at zero bias [11]. In our numerical simulation, clos-
est to this case is the variant with the exponents

 and . It is this case that is shown
in Fig. 1 by a solid line, so that the autocorrelation

2

0 = 0.60m 1 = 0.98m

function does not look like a pure exponential and the
frequency profile function does not tend to infinity.

Figure 2 shows the dependence of the factor ,
which determines the broadening of the autocorrela-
tion function with respect to the original function of
the profile of the frequency diffraction structure, on
the exponent  of the universal exponential function
approximating the given ACF. In some cases, this fac-
tor indicates a tenfold broadening, and, in minimal
cases, it turns out to be about 1.4.

R

m

Table 1. Simulation results

Exponent ACF broadening 
factor 

FWHM ,
μsACF from  ( )  ( )

0.45 0.77 0.61 9.32 0.197 0.124 1.155
0.50 0.84 0.67 6.87 0.298 0.187 1.284
0.55 0.91 0.73 5.42 0.415 0.261 1.414
0.60 0.98 0.80 4.48 0.552 0.346 1.515
0.65 1.05 0.87 3.80 0.689 0.433 1.662
0.70 1.11 0.94 3.38 0.836 0.525 1.744
0.75 1.17 1.01 3.04 0.976 0.613 1.863
0.80 1.22 1.08 2.77 1.113 0.699 1.936
0.85 1.28 1.16 2.56 1.241 0.780 1.997
0.90 1.33 1.23 2.40 1.363 0.856 2.054
0.95 1.38 1.30 2.26 1.476 0.929 2.099
1.00 1.43 1.36 2.15 1.560 0.992 2.133
1.05 1.48 1.43 2.05 1.678 1.054 2.161
1.10 1.52 1.49 1.97 1.766 1.109 2.185
1.15 1.56 1.54 1.90 1.848 1.161 2.206
1.20 1.60 1.60 1.84 1.928 1.211 2.228
1.25 1.64 1.64 1.78 1.998 1.255 2.234
1.30 1.67 1.69 1.74 2.062 1.295 2.253
1.35 1.71 1.73 1.70 2.126 1.336 2.271
1.40 1.74 1.77 1.66 2.181 1.370 2.274
1.45 1.77 1.80 1.63 2.236 1.404 2.288
1.50 1.80 1.83 1.60 2.284 1.435 2.296
1.55 1.83 1.86 1.57 2.330 1.464 2.298
1.60 1.85 1.88 1.55 2.376 1.493 2.314
1.65 1.88 1.90 1.53 2.416 1.518 2.328
1.70 1.90 1.92 1.52 2.455 1.542 2.434
1.75 1.92 1.94 1.49 2.489 1.564 2.330
1.80 1.94 1.95 1.47 2.525 1.587 2.333
1.85 1.96 1.97 1.46 2.556 1.606 2.344
1.90 1.97 1.98 1.44 2.586 1.625 2.340
1.95 1.99 1.99 1.43 2.614 1.642 2.348
2.00 2.00 2.00 1.41 2.641 1.660 2.349
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4. COMPARISON 
WITH OBSERVATIONAL DATA

We begin the comparison with observational data
with considering Table 2, which presents the measured
exponents  determined from the cross sections of
two-dimensional autocorrelation functions for 11 pul-
sars presented in [12]. With regard to the frequency

β

structure, the minimum value of the exponent  was
found for the B0823+26 pulsar ( ), which
corresponds to an almost 10-fold broadening of the
ACF. The maximum (threefold) broadening of the
ACF of the cross section in time is observed for the
B1933+16 pulsar ( ). Although the statistics
from a dozen pulsars cannot be considered convinc-
ing, we still present the average values of the ACF
broadening in frequency and time, which amounted to
3.0 and 2.0, respectively, with a reliability of 30%. We
will use this estimate in the next section.

4.1. Scintillation Rates
In 1986, Cordes [3] published a large paper devoted

to the determination of space velocities for 71 pulsars,
based on measurements of the scintillation parameters

 and . These quantities were determined by the
author from the time and frequency cross sections of
two-dimensional autocorrelation functions using the
Gaussian approximation. The main expression by
which the spatial velocities were calculated is

(8)

Since the parameters  and  were determined
from autocorrelation functions, their values turned out
to be overestimated 3-fold for  and 2-fold for .
When converting to real values  and , estimates
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Fig. 2. Factor  characterizing the ACF expansion relative to the initial width of the scintillation process vs. the exponent  in
the approximation of the ACF by the universal exponential function .
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Table 2. Summary of the results of measurements of expo-
nents of the universal exponential function

Pulsar
Exponent

B0329+54 1.14 1.67
B0525+21 1.11 —
B0809+74 — 1.33
B0823+26 0.76 1.66
B0834+06 1.11 1.53
B0919+06 0.83 1.57
B1133+16 1.45 1.86
B1237+16 1.47 1.39
B1749–28 1.26 1.82
B1929+10 1.26 1.65
B1933+16 0.98 1.18
B2016+28 1.38 1.36
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should be corrected by a factor of  = 1.15. In this
case, the correction factors in the numerator and
denominator of the fraction compensated each other
and the velocity estimates in [3] can be considered
consistent.

4.2. Uncertainty Relation

When comparing the parameters  and , the
uncertainty relation  is often used (see,
e.g., [1, 13–15]). In most cases, the coefficient  is
assumed to be equal to unity. However, Rickett [1]
notes that this coefficient depends on the shape of the
autocorrelation function and on the transfer functions
of the medium and, only for a thin phase screen with a
Gaussian spectrum of inhomogeneities, it may be
assumed that . The 6th column of Table 1 gives
the values of  obtained as a result of numerical sim-
ulation for various shapes of a given frequency profile
of spectral distortions, assuming that we managed
somehow to measure the true widths of the frequency
profile and the true value of , e.g., by analyzing the
scattered average profile. It can be seen that, even in
this ideal experiment, the coefficient  is close to
unity only for the shape of the frequency profile in the
form of a two-sided exponential, which was noted in

2/ 3
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= 1K
1K

Δτs
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Section 2. In the general case, the coefficient  varies
from 0.124 to 1.66. The last column of Table 1 gives the
calculated values of the coefficient  for a more real-
istic case when  are determined by measuring the
pulse broadening and  is taken as the half width of
the frequency cross section of the ACF. In this variant,

 varies from 1.15 to 2.35. It is this variant that is often
used to convert the measured pulse broadening time

 into the decorrelation band  and vice versa.
Let us consider, for example, the values of  pre-

sented in the Australian catalog of pulsars [16], which
were obtained in two ways: (1) by measuring the
broadening of the average pulse profile due to scatter-
ing and (2) by recalculating from  measured from
the frequency correlation function, using the uncer-
tainty relation  with . Figure 3
shows the dependence of  on the dispersion
according to the Australian catalog [16]. In the figure,
two zones are distinguished, separated by a dotted line
at  μs. Greater values of  were determined
from pulse broadening measurements, while smaller
values were obtained by the recalculation from .
However, from our analysis, it follows that the value 
is on average approximately 2! This means that the
recalculated values of  are reduced by about
2 times. In our opinion, this explains the observed vio-
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Fig. 3. Pulse broadening  at a frequency of 1 GHz vs. the dispersion according to the data of the pulsar catalog [16]. The dotted
line corresponds to . Greater values of  were determined from pulse broadening measurements, and smaller values
were obtained by recalculation from .
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lation of the continuous distribution of points in the
figure.

5. CONCLUSIONS
When estimating the main parameters of pulsar

radio emission scattering by inhomogeneities of the
interstellar plasma  (decorrelation band) and 
(characteristic scintillation time), it is customary to
measure them from the half widths of the frequency
and time autocorrelation functions taken at the level

 and , respectively. This is convenient when
comparing the results obtained by different authors in
different epochs and at different frequencies. The
numerical simulation performed in this work indicates
that the estimates of the scintillation parameters from
the autocorrelation functions give values that are
shifted with respect to the true characteristics of the
scattering processes, namely, the values of decorrela-
tion band  overestimated on average 3-fold and the
values of the scintillation time  overestimated 2-
fold. Such significant overestimations of the parame-
ters can be of significant importance when construct-
ing statistical relations and when comparing observa-
tions with theoretical predictions. To convert the mea-
sured ACF parameters to the true values, we
recommend approximating the ACF cross sections
using the universal exponential function  (6),
measure the half width of this function , to
find from the value of the exponent  (the second
column of Table 1) the corresponding factor  of the
broadening of the ACF (fourth column of Table 1),
and get an estimate of the true value of the parameter

.
To convert from the values of the decorrelation

band  to the pulse broadening  due to scattering
(and vice versa), the relation  is com-
monly used. In most cases, it is assumed that .
Rickett (1977) remarked that  may theoretically
depend on the transfer function of the medium. In
Table 1, the last two columns give the values of the
coefficients  and  for the ideal case of measure-
ments ( ) and for real conditions of the conversion

from the decorrelation bandwidth  measured from
the ACF cross section to the pulse broadening  in
time. If the frequency cross section of the ACF was
approximated by a universal exponential function

, then one can choose the value of  in the cor-
responding row of Table 1. On average, the value of the
factor is .

CONFLICT OF INTEREST
The authors declare that they have no conflicts of interest.

REFERENCES
1. B. J. Rickett, Ann. Rev. Astron. Astrophys. 15, 479

(1977).
2. J. M. Cordes, J. M. Weisberg, and V. Boriakoff, Astro-

phys. J. 288, 221 (1985).
3. J. M. Cordes, Astrophys. J. 311, 183 (1986).
4. N. D. R. Bhat, A. P. Rao, and Y. Gupta, Astrophys. J.

Suppl. 121, 483 (1999).
5. A. D. Kuzmin and B. Ya. Losovsky, Astron. Astrophys.

Trans. 26, 597 (2007).
6. V. V. Andreyanov, N. S. Kardashev, and V. V. Khartov,

Cosmic Res. 52, 319 (2014).
7. M. V. Popov, N. Bartel, M. S. Burgin, C. R. Gwinn,

T. V. Smirnova, and V. A. Soglasnov, Astrophys. J. 888,
57 (2020).

8. V. I. Shishov, Sov. Astron. 17, 598 (1974).
9. J. M. Armstrong and B. J. Rickett, Mon. Not. R.

Astron. Soc. 194, 623 (1981).
10. A. Wolszczan, Mon. Not. R. Astron. Soc. 204, 591

(1983).
11. W. Feller, An Introduction to Probability Theory and its

Application, 2nd ed. (Wiley, New York, 1971), Vol. 2.
12. M. V. Popov and T. V. Smirnova, Astron. Rep. 65, 1129

(2021).
13. O. B. Slee, G. A. Dulk, and R. E. Otrupchek, Proc.

Astron. Soc. Austral. 4, 100 (1980).
14. J. M. Sutton, Mon. Not. R. Astron. Soc. 155, 51 (1971).
15. D. C. Backer, Astrophys. J. 190, 667 (1974).
16. R. N. Manchester, G. B. Hobbs, A. Teoh, and

M. Hobbs, Astron. J. 129, 1993 (2005).

Translated by E. Chernokozhin

Δf scintt

1/2 1/e

Δf
scintt

( )U x
1/

1/ =U m
eW b

1m
R

=cor obs
1/ 1/ /e eW W R

Δf Δτs

πΔ Δτ2 =sf K
= 1K

K

1K 2K
1K

Δf
Δτs

( )U x 2K

2 = 2.2K

SPELL: OK



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS ()
    /ENU <>
  >>
  /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




