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Scarification of Altaic Flax Seeds With High-Power
UV Radiation Generated by Plasma of

Nanosecond Electric Discharges
Alexander E. Dubinov , Julia P. Kozhayeva, and Elena A. Zuimatch

Abstract— This paper describes an investigation of effect of
high-power UV-radiation plasma, generated by electric dis-
charges, on germination rate of Altaic flax seeds (Linum
altaicum). It was found that UV-radiation scarifies flax seeds
by means of cracks formation in the seeds’ coat. The cracks
shorten moisture penetration time to a seed bud thus twice
increasing the germination rate. It is found that the germination
rate function has the three-stage character; the velocity-growth
function has the view of three pulses, which separates the seeds
into three subgroups. Division of the group into subgroups is
stipulated by the probabilistic nature of the cracks formation.
The number of subgroups is equal to the number of layers +1.
We calculated average times of natural moisture penetration
through the flax seed coat layers: Ts = 11.8 h through the
spermoderm and Te = 17.7 h through the endosperm. It is
possible that scarification of the flax seed coats can shorten
the germination time for these times. We also noted that some
seeds could die due to the effect of high-power UV radiation.
So, it is necessary to find more sparing regimes of the seeds UV
irradiation.

Index Terms— Crack, electric discharge, endosperm, flax seeds,
germination rate, multipulse mode, plasma treatment, scarifica-
tion, spermoderm, the Gompertz growth function, UV radiation.

I. INTRODUCTION

FOR many centuries, the search of effective technolo-
gies of presowing seeds treatment, which increase the

germination capacity and rate, has performed. It has been
noted that partial destruction of solid waterproof seed coat
is favorable for moisture access to the seed bud in the seed
kernel thus increasing the germination capacity and rate.
Sometimes, it is sufficient either to scratch the coat, or locally
decrease its thickness. But sometimes, it is necessary to make
holes or cracks in the coat. Such technologies are called
scarification.
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There are three types of scarification and their combina-
tions [1]:

1) mechanical scarification [2], [3] (it is known that in
ancient China and India, rice was sprinkled many times
with sand, which caused abrasive action on the seeds
surface);

2) temperature scarification (short-term watering of the
seeds with hot and/or cold water) [4];

3) chemical scarification (seeds treatment with chemically
active substances—acids, for example) [5], [6];

4) combined scarification, which uses two or three men-
tioned methods [7]–[11].

Recently, method of presowing seed treatment appeared—
treatment of the seeds with low-temperature plasma and its
radiation generated by the electric discharges. For example,
Reference [12] contains the information about the results of
plasma effect of dc glow discharge at low pressure on the seeds
of the grain cultures—barley and oats. This paper claims that
the germination rate can be significantly increased after the
plasma treatment.

At the same time, Volin et al. [13] present the results of
radish, soya, pea, beans, and maize seeds’ treatment with
rotating plasma of RF discharge in different gas media.
Increase or decrease of the germination rate depended on the
gas type.

Also, former publications about plasma presowing seeds
treatment are known [14], [15]. Actually, References [12]–[15]
pushed wide-scale research of plasma treatment effects on the
seeds. These investigations started the new direction of the
plasma research—plasma agriculture [16]–[18].

In many papers, the positive effect of treating seeds with
plasma is explained by one of the three following biophysical
mechanisms:

1) The fungicide and bactericide effects of
plasma [12], [21]–[23].

2) The modification of biochemical processes inside the
kernel [24]–[27].

3) Treatment of the seed coat, in the result of which
the water inflow and ions access through the seed
coat to the seed kernel increases (plasma scarifica-
tion) [23], [28]–[31].

Recently, we used two types of nanosecond discharges [30]
to study the effects of mustard seed plasma scarification.
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Fig. 1. General view and sizes of Altaic flax seeds.

We detected stimulating influence of plasma on the seeds in
the cases, when the cracks appeared in the seeds’ coats under
the effect of high-power UV radiation of the discharges.

Also, we recorded an unexpected phenomenon of the two-
stage germination rate function, which corresponded to the
two-pulse velocity mode. We did not explain that phenomenon
at that time.

It is necessary to note that there are papers presenting the
seed growth functions after other types of scarification. Some
of them could be recognized as two-stage and three-stage
germination rate functions [9], [30], [31]. However, there were
no discussions.

The goal of this paper was to perform the treatment of other
seeds with the method used in [29]. Understanding the reasons
of multistage germination rate functions was one of the partial
tasks of this paper.

II. MATERIALS AND EQUIPMENT

A. Seeds

In this paper, we took the seeds of Altaic flax (Linum
altaicum). This plant is used in textile and food industries,
and in medicine. Selecting the flax for scarification, we were
guided by the following properties of its seeds.

1) The flax seed is rather smooth; its surface irregularities
are not more than 20 μm; this allows easily detecting
and recording the microcracks on its surface.

2) The flax seed has multilayer coat; this appeared to
be important for realization of the multistage growth
functions.

The seeds have the almond shape of ∼5 mm long and
∼2.5 mm width (Fig. 1). The seeds were bought at the local
market. All the seeds were from the same trade batch. To make
the calculation easier, the seeds were divided into groups by
100 seeds in each.

Thickness and structure of the seed coat are important for
scarification. Fig. 2 shows the cross section of the flax seed.
One can see that the coat has two layers. The external layer is a
peel—spermoderm, and the internal white layer is endosperm.

Fig. 2. Cross section of the flax seed. 1—Spermoderm. 2—Endosperm.
3—Cotyledon. (Scale bar is 100 μm.)

Fig. 3. General view of “Game” device, the supply unit and applicator on it.

Total thickness of these layers is from 100 to 300 μm at differ-
ent places of the seed surface. Cotyledons are located under
the endosperm. The seed bud of the future plant is located
inside the cotyledons. The main task of the scarification is to
provide fast moisture access to the seed bud through all layers.

B. Generator of Plasma and UV-Radiation Pulses “Game”

The “Game” device, which was designed to study effects
of plasma and its radiation on biological objects, was used
as the generator of plasma and UV-radiation pulses in our
experiments. The device was successfully used to disinfect
different materials; it is described in detail in [32]. It consists
of two main parts—the supply unit and the plasma applicator;
both are connected with a cable (Fig. 3).

The supply unit charges and discharges a capacitor battery
and supplies continuous sequence of high-voltage pulses with
the amplitude of 25 kV, duration of 200 ns, and controllable
frequency from 0.1 to 6 Hz to the applicator. The maximum
consumed power from the electric network is 100 W.

The plasma applicator consists of a polyamide head with
a cylinder-to-cone adaptor. The 10-channel surface discharge
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Fig. 4. Oscillograms of (a) voltage and (b) total current pulse in the discharge.

Fig. 5. Photograph of integral lighting for one pulse of a multigap electric
discharge on the obverse side of the applicator.

appears in the applicator, when the voltage pulse is supplied
to the applicator electrodes. The discharge channels are con-
nected in series. Fig. 4(a) and (b) shows the oscillograms of
the voltage and the total discharge current. The photograph
of the discharge in the applicator in the air at atmospheric
pressure is shown in Fig. 5.

The larger diameter of the applicator cone is 80 mm,
so that the applicator fits a standard Petri dish (Fig. 6). The
discharge plasma is 25 mm from the bottom of the Petri
dish. (Its diameter is 80 mm.) It influences on the objects in
the Petri dish with UV radiation and charged particles flows.
In the group of 100 mustard seeds (placed in one layer in the
Petri dish), each seed is almost uniformly irradiated with the
plasma particles and the photons of UV radiation.

Let us describe the characteristics of a multigap electric dis-
charge measured earlier: electric energy of the pulse is 0.35 J,
flow of the generated UV radiation is 0.5×1021 photon/s, and
maximum intensity of the radiation is 6.3 kW with the average
wavelength of 250 nm.

III. UV-IRRADIATION REGIME, METHOD OF SEEDS

GERMINATION, AND METHOD OF MATHEMATICAL

ANALYSIS OF SCARIFICATION

A. Seeds UV-Irradiation Regime

The following regime of the seed treatment was realized
with the “game” generator. All the seeds of the treated group

Fig. 6. Photograph of the applicator with the Petri dish.

were placed into the Petri dish and were subject to the
influence of UV radiation and plasma. The working regime
of the generator was 15 min with pulse frequency of 1 Hz.
There were several control groups—they were not treated.

Just before the germination, the seeds were kept 5 min at a
temperature of 13 °C.

B. Method of Seed Germination

To study the germination time, a well-known method
of the seed germination in filtering paper rolls was
selected [24], [33], [34]. The seeds of each group were put
in line between the sheets of the filtering paper, which were
rolled up in small loose rolls. The rolls were put in a tank
containing some water (up to 1 cm); the seeds were incubated
keeping constant conditions (18 °C).

The germinated seeds were calculated each 4 h during
10 days excluding night time. It is necessary to note that
correct time interval for calculation of the germinated seeds is
important. In [35]–[38], the calculation was carried out each
24 h or even more. Such a large interval does not allow plotting
the growth curves with precision necessary for registration of
the multistage germination rate functions.

The flax sprouts of these experiments are shown in Fig. 7.

C. Method of Mathematical Analysis of Scarification

The values of W (the amount of germinated seeds in differ-
ent groups, in which the seeds were treated in the same way)
obtained at the same time moment t were averaged, and the
mean deviations were found. The obtained points were plotted
as W (t). The experimental points were approximated using a
model function—the Gompertz growth function [39]

W = A exp[−b exp(−kt)] (1)

where the parameter A determines the number of the germi-
nated seeds, parameter k determines the growth curve slope,
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Fig. 7. Flax sprouts.

and the parameter b is not important from biological point
of view—it determines the position of time reference point
relatively to zero. The parameters must be calculated.

It is specified in [29] that the function (1) is the most
preferable one for the approximation and the analysis of the
seed germination dynamics. Roy et al. [37] and Šerá et al. [40]
use another function—the Richard function. The Richard func-
tion has four independent parameters, whereas the Gompertz
function has only three parameters. That is why, the Gompertz
function is easier to use. Effort gain is noted at numerical
approximation of multistage growth functions.

To find the values A, b, and k in this paper, we used
approximation of the experimental values in the points (based
on the least-squares method). Knowing A, b, and k, one can
calculate time characteristics of the germination.

In the experimental physics, it is appropriate to determine
the beginning of the pulsed transient process with the ampli-
tude A on the level α1 = 0.1, and the end of the process—
on the level α2 = 0.9 [41]. This approach was used here
for calculation of the beginning T1 and end T2 times of the
germination process using the following formula:

T1,2 = −1

k
ln

(
− ln α1,2

b

)
. (2)

IV. EXPERIMENTAL RESULTS

Fig. 8(a) and (b) shows experimental data of germination
of the control seeds and seeds after treatment with plasma UV
radiation. In this case, the error of each point was determined
by averaging and dispersion on all control groups of the seeds
and on all groups of treated seeds. After mathematical analysis,
we found that germination rate of the flax control seeds is
approximated by one Gompertz function (1); growth of treated
seeds—by the sum of three Gompertz functions in a way that
the summarized growth function has the view of three-step
function

W = AA exp[−bA exp(−kAt)] + AB exp[−bB exp(−kBt)]
+ AC exp[−bC exp(−kCt)] (3)

Fig. 8. Diagrams of flax seed germination rate functions. (a) Control seeds.
(b) Seeds treated with UV radiation (A, B, C, and D—subgroups and arrow
UV—time moment of the seeds irradiation).

TABLE I

RESULTS OF THE GROWTH FUNCTION APPROXIMATION

where A, B, and C—the indices 9. (Meaning of the indices is
presented below). The obtained values AA,B,C , bA,B,C , kA,B,C ,
TA,B,C , and TA,B,C are presented in Table I. One can easily see
that influence of the plasma UV radiation causes accelerating
effect on germination of the majority seeds. However, some
parts of the seeds die after irradiation.

Differentiation of the growth functions with respect to time
V = (dW/dt) shows that the velocity-growth function of
some control seeds represents a monopulse curve [Fig. 9(a)],
whereas the velocity-growth function of the irradiated seeds
takes place in three-pulse mode [Fig. 9(b)]. In this case, the
amplitude of the velocity rate of the treated seeds is twice
higher than that of the control seeds.
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Fig. 9. Diagrams of the flax seeds velocity-growth function. (a) Control
seeds. (b) Seeds treated with UV radiation (A, B, and C—subgroups).

V. INTERPRETATION OF EXPERIMENTAL RESULTS

Let us interpret two-pulse velocity mode (found in [26]) and
three-pulse velocity mode found in this paper.

It seems as if all seeds of one group are in similar irra-
diation conditions, all of them should germinate identically
in the monopulse mode. However, the seeds of one group
have different layer thicknesses and they are suffered with
different UV-radiation dose. This causes cracks formation on
the surfaces of some seeds of the group; other seeds of the
same group may not have cracks. Image of typical crack
(appeared under the influence of UV irradiation) on the surface
of the flax seed is shown in Fig. 10. Earlier, the cracks on
the surfaces of treated seeds with the plasma were observed
in [27], [29], and [42].

We cut each seed across the crack and found that the
following situations are possible (for the flax seeds with two-
layer coat).
Subgroup A: The cracks exist; they completely pass though

the spermoderm and endosperm and reach the
cotyledon [Fig. 11(a)].

Subgroup B: The cracks exist; they completely pass though
the spermoderm, but do not pass through the
endosperm [Fig. 11(b)].

Subgroup C: There are no cracks or their depth is much
smaller than the spermoderm thickness.

The specified situation splits the seed group into three
subgroups—A, B, and C, respectively. Germination time of

Fig. 10. Photograph of the crack on the flax seed surface after UV irradiation.
(Scale bar is 100 μm.)

Fig. 11. Photographs of the cracks cross section of UV-irradiated flax seeds.
(Scale bars are 100 μm.) (a) Crack in the seed of subgroup A. (b) Crack in
the seed of subgroup B.

the seeds of each group is different. It is possible to separate
the fourth subgroup D—dead seeds.

So, the seeds of subgroup A germinate earlier than others
since moisture penetrates through the crack to the cotyledon
for several minutes; the seeds of subgroup B germinate slower
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than the seeds of subgroup A since moisture passes through
the crack in the spermoderm during 1–2 min and then slowly
diffuses through the endosperm. Germination of the seeds from
subgroup C requires more time that is necessary for moisture
diffusion through the spermoderm and endosperm. In all cases,
the difference T2 −T1 is the length of the germination process.

According to Table I, one can calculate average time of
natural (diffusive) moisture penetration through the spermo-
derm Ts = T1C − T1B − T0, where T0 = 50 h is watering
time; average time of natural moisture penetration through the
endosperm is Te = T1B − T1A − T0. Calculation results are:
Ts = 11.8 h and Te = 17.7 h. In reality, if someone scarifies
the seed surfaces, these times could be saved at flax seed
germination. Mustard seeds have one coat; that is why only
two-stage velocity mode could be realized. This was observed
in [28].

VI. CONCLUSION

This paper presents investigation of effect of high-power
UV-radiation plasma, generated by electric discharges, on ger-
mination rate of Altaic flax seeds (Linum altaicum). The
results are the following.

1) UV radiation scarifies flax seeds by means of cracks
formation in the seeds coat.

2) The cracks decrease time of moisture penetration to
the seed bud; this leads to increase of the germination
velocity rate (more than twice).

3) The growth function has three-stage character; the
velocity-growth function has three pulses, which split
the seed groups into three subgroups.

4) Splitting of the flax seed groups into subgroups is stip-
ulated by existence of two-layer coat and probabilistic
nature of the cracks formation.

5) Average times of natural moisture penetration through
the flax seed coat are calculated: Ts = 11.8 h and
Te = 17.7 h. In reality, if someone scarifies the seed
surfaces, these times could be saved at flax seed germi-
nation.

6) Loss of some seeds due to their death under the influ-
ence of high-power UV radiation is possible. So, it is
necessary to search more spare regime for seeds UV
irradiation.
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and M. Černák, “Effect of low-temperature plasma on the structure of
seeds, growth and metabolism of endogenous phytohormones in pea
(Pisum sativum L.),” Plasma Chem. Plasma Process., vol. 35, no. 4,
pp. 659–676, 2015.

Alexander E. Dubinov was born in Arzamas,
Russia, in 1958. He received the M.S. degree
(Hons.) from the Moscow Engineering Physics Insti-
tute, Moscow, Russia, in 1988, and the Ph.D. and
D.Sc. degrees in physics and mathematics from
the Russian Federal Nuclear Center—All-Russian
Scientific and Research Institute of Experimental
Physics (RFNC-VNIIEF), Sarov, Russia, in 1997
and 2004, respectively.

Since 1984, he has been with RFNC-VNIIEF,
where he is currently the Deputy Director of the

Scientific and Technical Center of High-Energy Density Physics and Directed
Radiation Fluxes. He is currently a Professor with the Chair of Experimental
Physics, Sarov State Institute of Physics and Technology, National Research
Nuclear University “MEPhI,” Sarov. He has mentored 12 B.S. students and
20 M.S. students. He has authored four books, over 150 articles, and over
80 inventions. His current research interests include plasma physics, high-
power microwave electronics, physics of nonlinear waves, and gas-discharge
physics.

Julia P. Kozhayeva was born in Chumartovo,
Russia, in 1992. She received the B.S. and M.S.
degrees in applied mathematics and physics from
the Department of Physics, Sarov Institute for
Physics and Technology, National Research Nuclear
Institute “MEPhI,” Russia, in 2013 and 2015,
respectively. She is currently pursuing the Ph.D.
degree in microdischarges above liquids with the
Russian Federal Nuclear Center—All-Russian
Scientific and Research Institute of Experimental
Physics (RFNC-VNIIEF), Sarov, Russia.

Since 2015, she has been with the Russian Federal Nuclear
Center—All-Russian Scientific and Research Institute of Experimental
Physics (RFNC-VNIIEF), where she is currently a Research Engineer. Her
current research interests include electric microdischarges and visualization
of physical processes.

Elena A. Zuimatch was born in Sverdlovsk,
Russia, in 1963. She received the M.S. degree
in biophysics from Nizhni Novgorod State Uni-
versity, Nizhny Novgorod, Russia, in 1987, and
the Ph.D. degree in physiology from the Russian
Federal Nuclear Center—All-Russian Scientific and
Research Institute of Experimental Physics (RFNC-
VNIIEF), Sarov, Russia, in 2009.

She was with the Laboratory of Psychophysiologic
Ensuring of Security in Atomic Energetic, Udomlya,
Russia. Since 1994, she has been with the Scientific

and Technical Center of High-Energy Density Physics and Directed Radiation
Fluxes, RFNC-VNIIEF, where she is currently a Research Engineer. Her
current research interests include investigations of bactericidal effects of
nonthermal plasmas, plasma coagulation of blood, and modern biophysics
technologies.

Authorized licensed use limited to: National Research Nuclear University - MEPhi. Downloaded on October 31,2024 at 11:05:40 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


