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Abstract—Algorithms ensuring high-speed and reliable data transmission under lognormal amplitude f luctu-
ations (described by Fraunhofer diffraction) in the spacecraft–ground tracking station line for coherent and
incoherent reception of signals have been considered. An advantage of the coherent reception of millimeter-
range signals with a random error-correcting code has been indicated.
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INTRODUCTION
As shown in [1], the use of the millimeter (mm)

range significantly increases (due to the increased
bandwidth of the data transmission channel) the spec-
tral efficiency and transmissivity of wireless data trans-
mission ground–space radio interferometry (GSR) in
a spacecraft–ground tracking station (SC–GTS) line
up to a rate that is comparable with the rate of digital
broadband data recording in the onboard memory of
spacecraft, thus ensuring the continuous operation of
a ground–space interferometer.

When propagating in a turbulent atmosphere, the
lognormal f luctuations of amplitude  of millime-
ter (mm) and submillimeter radiowave signals can be
expressed through normally distributed level χ [2] with
a zero mean. Level χ corresponds to the logarithm of
normalized wave amplitude:  Experi-
mental data are well consistent with the normal distri-
bution of random variable χ in cases when the first
approximation of the method of smooth perturbations
is applicable [2]:

(1)

where  is the structural constant (the structural
function of dielectric permeability); k is the wavenum-
ber (2π/λ), where λ is the wavelength; z is the path
length of an electromagnetic wave along a channel
with lognormal f luctuations (along a tropospheric
channel); and  and  are the instantaneous wave
amplitude and wave amplitude in an undisturbed
medium, respectively. For  m–2/3, λ =
0.004 m, and  m, this inequality is satis-
fied. Since the amplitude logarithm and level χ are
distributed normally, amplitude A(t) and normalized

amplitude  have a logarithmically nor-
mal distribution.

It should be noted that the probability density of
the signal-to-noise ratio (SNR) of mm-range signals
for an atmospheric channel is also described by a log-
normal law [3, 4], and its variance, along with the
wavelength, depends on the propagation length in the
troposphere, which in turn depends on the antenna
elevation angle [1, 2]. The probability density of the
SNR can be expressed as [3]

(2)

where  is the variance of the lognormal process, and
 and  are the instantaneous and mean values of the

SNR at the receiver input, respectively.

VARIANCE OF LOGNORMAL FLUCTUATIONS 
AS A FUNCTION OF PHYSICAL PARAMETERS 

OF THE TROPOSPHERE

The variance in (1) is determined from the depen-
dence of the ratio of the radius (R) of the first Fresnel
zone

(3)

to internal and external turbulence scales [2, 5]. In (3),
z1 is the total length of the electromagnetic wave prop-
agation path from the transmitting antenna. It is
known [5] that the internal scale of turbulence (l0)
depends on kinematic viscosity of air (ν) by formula
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and has a dimension order in the surface layer of
around 1 mm. In (4), ε is the turbulence energy dissi-
pation rate [5].

The external scale of turbulence (L0) depends on
turbulent eddies described by the Kolmogorov–
Obukhov law for isotropic media and is caused by the
nonuniformity of air heating. The order of magnitude
of L0 corresponds to the dynamic range (L0/l0) of tur-
bulence [5] 103–104 and is approximately 10 m in the
surface layer.

First, we consider the case when the radius of the
first Fresnel zone is much smaller than the internal
scale of turbulence (R  l0). Since the logarithm of the
amplitude and level χ are distributed normally with a
zero mean, the mean square of χ is equal to its variance

. It is known from [2] that if R  l0, we have

(5)

where  is the autocorrelation function of com-
plex field ζ and  is the operator of transverse (with
respect to the propagation path z) differentiation; a
differential operator in the linear space of smooth
functions. In this case, the variance is determined by
the method of geometric optics, depending on ran-
dom focusing–defocusing (lensings) of objects with a
size of the order of l0. It follows from (5) that for R  l0 [2],
the variance increases cubically depending on the dis-
tance. At a wavelength of around 4 mm, the radius of
the first Fresnel zone (R) significantly exceeds the
internal scale of turbulence in the propagation path of
an electromagnetic wave. Here, the turbulence energy
dissipation rate in the troposphere can increase a hun-
dredfold with an increase in height [5]; however,
according to (4), this can lead to an increase in l0 only
by 3.16 ( ) times.

Now, we consider the situation when the radius of
the first Fresnel zone considerably exceeds the inter-
nal scale of turbulence and is much smaller than the
external scale: L0  R  l0. In this case, the focusing
effect by objects with a size of the order of l0 described
by the method of geometrical optics has little influ-
ence. For this case, the characteristic contribution in
determining the variance is given by the Fresnel dif-
fraction [2] or even geometric optics from objects of
dimension L0, rather than by the Fraunhofer diffrac-
tion. The variance for this case [2] is determined by the
following formula:

(6)

where N is a numeric constant [2]: N =

  and A is a con-
stant multiplier equal to 0.033. It follows from (6) that
the mean square f luctuation of the amplitude (vari-
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ance) at L0  R  l0 increases with distance almost
quadratically.

Finally, we consider the case when the radius of the
first Fresnel zone is much larger than the external
scale of turbulence: R  L0. Here, the variance is
determined as [2]

(7)

where  is the variance of f luctuations in the dielec-
tric permeability, a is a parameter (radiation aperture
size) characterizing the inhomogeneity of the field of
the external scale of turbulence (L0), and D is wave
parameter:

(8)

It is known that at D  1, in the case of Fraunhofer
diffraction, and within the first Fresnel zone with
radius  there are many field inhomogeneities [2]
corresponding to the correlation radius L0 of the f luc-
tuation of dielectric permeability [5] for the external
scale of turbulence (lε). Therefore, according to the
central limit theorem of the probability theory, the
distribution a approaches to the normal distribution.
The normalization of these quantities is due to the
“filtering” action of free space and has the same
nature as the normalization of temporal signals at
the output of narrow-band filters [2]. Accordingly, the
correlation function of the f luctuation of dielectric
permeability in the propagation medium under condi-
tion R  L0 is described by a Gaussian curve:

(9)

here, the size of inhomogeneities is characterized by
the single scale a.

It follows from (8) that the wave parameter is pro-
portional to the ratio of the squares of the radius of the
first Fresnel zone and the internal scale of turbulence
and increases linearly with z1. In this case, if R  L0, the
Fresnel diffraction effect is small and Fraunhofer dif-
fraction is prevalent. When the radius of the first Fresnel
zone is comparable with the internal or external scales
of turbulence, the influence of geometric optics and
Fresnel diffraction or Fresnel diffraction in combina-
tion with Fraunhofer diffraction is significant.

For sufficiently large values of z (z  L0), the struc-
ture function [2] is known to undergo saturation and be
equal to doubled variance of dielectric permeability:

(10)

In view of (10) and if D  1, one can neglect the
term arctan(D/D) in (7); then, the average square of
level χ will be

(11)
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Inhomogeneity scale a is proportional to the cor-
relation radius of the fluctuation in dielectric permea-
bility and is always smaller than the vortices of the exter-
nal scale of turbulence (L0). We assume that a = L0 for
limiting from above the mean square of χ. In view of this
assumption, the variance of the lognormal process is

(12)

It follows from (12) that for R  1, the mean square
of χ depends on the length of the electromagnetic wave
path along the tropospheric channel (z) linearly. Fig-
ure 1 shows this mean square (variance) as a function
of the length of the electromagnetic wave path along
the tropospheric channel (z) at R  L0 (solid line) and
at L0  R  l0 for λ = 4 mm.

It can be seen from the graph and Eq. (12) that the
variance of χ in the initial part of the path length (z) at
R  L0 significantly exceeds the variance for the case
when the radius of the first Fresnel zone differs signifi-
cantly from the external and internal scales of turbu-
lence (L0  R  l0) because the coefficient (wavenum-
ber) k2 for such a small wavelength is large despite the
linear dependence on z. For example, the variance at
z = 40 km is almost 0.18.
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For z1 of almost 1.5 ⋅ 109 m (Lagrange L2 point) [1]
and a wavelength of 4 mm, the radius of the first Fres-
nel zone near Earth’s surface is around 2450 m, which
is significantly larger than the external scale of turbu-
lence (L0). Therefore, in this case, Fraunhofer diffrac-
tion ensures a rapid increase in the variance of χ with z.

PROBABILITIES OF ERRONEOUS 
RECEPTION OF PHASE-SHIFT SIGNALS

IN THE TROPOSPHERIC CHANNEL 
AT INCOHERENT AND COHERENT 

DEMODULATION
Expression (2) describes the probability density of

the instantaneous value of SNR in the tropospheric
channel. Figure 2 shows this density for an average
SNR ( ) of 10 dB and different values of the variance.
The analysis of the curves shows that as the variance
increases, the probability of the instantaneous value of
SNR shifts to a range of low values.

By averaging the error probabilities in Gaussian
noise in terms of statistics of lognormal fadings in the
tropospheric channel, we calculate the error probabil-
ity for incoherent (13) and coherent (14) methods of
signal reception (OFM-2 and FM-2/FM-4, respec-
tively) depending on the average value of SNR ( )

(13)

(14)

where α = 1 for phase-shift signals. The dependences
of the error probability for incoherent and coherent
reception of signals at different variances are shown in
Figs. 3 and 4, respectively.

The incoherent reception of signals differs from
coherent reception by a simple demodulator with no
identification of a carrier frequency by complex pat-
terns using a narrowband bandpass filter [6, 7]. The
bit/character value is determined by comparing n and
n + 1 characters. In addition, an incoherent demodu-
lator is less inertial, when a signal appears fairly
quickly, starting from the second symbol, it is demod-
ulated [6].

The coherent reception of signals is provided by
identifying the carrier of the coherent base, with
respect to which the phase of the received signal is
identified [6, 7]. This demodulator is more complex
and inertial because the identification mechanism of
the carrier of base frequency contains a narrowband
band-pass filter that filters the received signal from
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noise, which in turn ensures enhanced noise-resis-
tance (lower error probability at a given SNR). The nar-
row band of the filter governs the accuracy of the coher-
ent base identification; here, additional requirements
are imposed on the data transmission channel [6].

The correlation interval of the signal amplitude and
phase f luctuations is determined by the change in
dielectric permeability affecting variations in the
refractive index [5] and ranges from units to tens of
seconds. In view of this, the data transmission channel
is relatively quiet with no significant fast fadings. In
this case, it makes sense to use a coherent demodula-
tor, which, despite its relative complexity, is more
noise-resistant than the incoherent modulator.

For example, for an SNR of 9.29 dB (at a data trans-
mission rate in the simplex of up to 16–20 Gbit/s)

obtained in [1] for the case of a transmitter located at
Lagrange point L2 (1.5 ⋅ 109 m), at an antenna elevation
angle of 17.3° and a path length along the tropospheric
channel (z) is 40 km, the variance ( ) is around 0.2
(Fig. 2). Under these conditions, the error probability of
incoherent and coherent receptions is 0.024 and 9.66 ⋅
10–3, respectively In the second case, the use of random
noise-resistant Euclidean geometry Low-Density Par-
ity Check (LDPC) code with linear extension and iter-
ative Sum-Product Algorithm (SPA) decoding [8]
makes it possible to reduce the error probability to 10–5.

When a spacecraft shifts from the vicinity of L2 to
the Radioastron geocentric orbit, the average SNR at
the receiver input increases by at least 12 dB. The
radius of the first Fresnel zone still substantially
exceeds the external scale of turbulence even in the
perigee, ensuring that Fraunhofer diffraction condi-
tions are met and the variance of lognormal f luctua-
tion along the tropospheric path length increases lin-
early. In this case, for  = 0.2, the coherent demodu-
lator provides an error probability no worse than 5 ⋅
10–6, even without the use of an error-resistant code.

The probability density of the lognormal process for
the fluctuation in the amplitude and instantaneous
value of the SNR is obtained for the case when the first
approximation of the method of smooth perturbations is
applicable [2]; here, the experimental data are well con-
sistent with theoretical data up to the variances 
This is satisfied in the examples presented in Fig. 1.

At present, along with isotropic Kolmogorov
(referred to as incoherent) turbulence, coherent turbu-
lence is actively studied [9]. The spectrum of coherent
turbulence is narrower and rapidly decomposing with
respect to the spectrum of the incoherent structure.
Due to this, coherent turbulence is a three-dimen-
sional topological soliton ranging from a single
ordered Bénard cell to systems that are periodically
distributed hydrodynamic perturbations in space
(such as systems of various shafts). Here, the largest
systems with a radius of up to 5000 km are Ferrel and
Hadley cells [9]. They can be considered as a type of
Bénard cells in a thin spherical layer (on Earth’s scale).
In this type of coherent turbulence, the condition for
normality of distributed level χ is no longer satisfied and
the parameters of a random signal in this type of turbu-
lence should be determined experimentally using statis-
tical methods by samples of random variables [10].

CONCLUSIONS
The use of the mm range in the GSR in the absence

of tropospheric hydrometeors significantly increases
the rate of data transmission in the SC–GTS line due
to the increased channel frequency range. However,
signal amplitude f luctuations emerging from turbu-
lence of the troposphere reduce the noise-resistance
and data transmission rate. These factors govern the
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following specific features of using mm-range radio-
waves in the arrangement of communication channels:
the antenna elevation angle should exceed 17°; other-
wise, the radio signal path in the troposphere signifi-
cantly increases, which increases the variance of log-
normal amplitude f luctuations on the one hand and
increases the signal attenuation on the other hand.
The resulting mechanism of data transmission seems
to be f lexible; for example, the transmission rate can
be reduced from 16–20 to 8–10 Gbit/s, which still is a
sufficiently high rate, but the SNR at the receiver input
increases by 3 dB. Without reducing the total trans-
mission rate, one can reduce the information rate,
thus applying a modern noise-resistant code, which
varies depending on the external conditions during the
long-term operation of the GSR; when soliton-type
coherent turbulence structures occur along the radio-
signal propagation path with level χ not distributed
normally, the statistical parameters of the signal
should be determined experimentally.

REFERENCES

1. Andrianov, M.N., Kostenko, V.I., and Likhachev, S.F.,
On increasing the spectral efficiency and transmissivity
in the data transmission channel on the spacecraft–
ground tracking station line, Cosmic Res., 2018, vol. 56,
no. 1, pp. 75–83.

2. Rytov, S.M., Kravtsov, Yu.A., and Tatarskii, V.I., Vve-
denie v statisticheskuyu radiofiziku (Introduction to Sta-
tistical Radiophysics), vol. 2: Sluchainye polya (Ran-
dom Fields), Moscow: Nauka, 1978, pp. 25; 82–83;
281–282; 321–325; 332; 335.

3. Andrianov, M.N., Development of suboptimal algo-
rithms for improving the efficiency of mobile radio
communication systems, Cand. Sci. (Tech.) Disserta-
tion, Moscow: Institute of Radio Engineering and Elec-
tronics, Russian Academy of Sciences, 2009, pp. 69–
75; 114–117.

4. Andrianov, M. and Kiselev, I., Application of the mode
intermittent radiation in fading channels, in Digital
Communication, Palanisamy, C., Ed., InTech, 2012,
pp. 139–160.

5. Tatarskii, V.I., Rasprostranenie voln v turbulentnoi
atmosfere (Wave Propagation in the Turbulent Atmo-
sphere), Moscow: Nauka, 1967, pp. 76; 118–119; 132–
135; 187–189; 426–434.

6. Okunev, Yu.B., Tsifrovaya peredacha informatsii fazom-
anipulirovannymi signalami (Digital Data Transmission
by Phase-Shift Signals), Moscow: Radio i svyaz’, 1991,
pp. 90–112; 149–173; 228–235; 237–239.

7. Sklyar, B., Tsifrovaya svyaz’ (Digital Communication),
Moscow: Vil’yams, 2003, pp. 135–138; 236–239; 250–
251; 577–580.

8. Kou, Y., Lin, S., and Fossorier, M., Low-density par-
ity-check codes based on finite geometries: A rediscov-
ery and new results, IEEE Trans. Inf. Theory, 2001,
vol. 47, no. 7, pp. 2711–2736.

9. Nosov, V.V., Grigor’ev, V.M., Kovadlo, P.G., et al.,
Coherent structures in the turbulent atmosphere.
Experiment and theory, Soln.-Zemnaya Fiz., 2009,
no. 14, pp. 97–113.

10. Cooper, G.R. and McGillem, C.D., Probabilistic Meth-
ods of Signal and System Analysis, New York: Oxford
Univ. Press, 1985; Moscow: Mir, 1989, pp. 135–154.

Translated by V. Arutyunyan

SPELL: OK

mihail-andrian
Вычеркивание
Заменить на immunity 



<<
  /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




