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Properties of angular macroparticle traps were investigated in this work. These properties are required to design 
vacuum arc plasma filters. The correlation between trap geometry parameters and its ability to absorb macroparticles 
were found. Calculations allow one to predict the behaviour of filtering abilities of separators which contain such 
traps in their design. Recommendations regarding the use of angular traps in filters of different builds are given. 
 

INTRODUCTION 
In most cases, vacuum-arc film deposition needs 

applying of special devices – electromagnetic filters 
(separators). The necessity of their employment is 
caused by the fact that in addition to useful (electron 
and ion) components vacuum-arc plasma contains rather 
big cathode fragments – so-called macroparticles. Their 
contact with a coating can drastically degrade its 
quality. At their core, filters are utilizing the concept of 
spatial separation of plasma and macroparticle 
trajectories. They are designed in such way that there 
must not be a direct line-of-sight between the cathode 
and a workpiece. Magnetized plasma is being 
transported by curvilinear magnetic field from the 
cathode to deposition area. Macroparticles are not 
affected by transporting field due to their large mass. As 
a result, they are moving along straight trajectories and 
are not able to reach the substrate. 

It is well known [1, 2] that macroparticles are 
capable to bounce off filter walls. Undergoing several 
rebounds they still can reach the substrate. Colliding 
with the walls, macroparticle loses some part of its 
initial velocity. After some number of collisions, 
macroparticle velocity is decreased so, that it can not 
proceed movement: macroparticle either sticks to the 
wall or falls due to gravity. It means that it is necessary 
to make such conditions, due to which macroparticle 
will undergo as much as possible number of collisions 
on its way to deposition area. To this end, plasma 
guiding channel is usually equipped with additional 
obstacles in the form of ribs (baffles). 

The effectiveness of separator can be assessed after 
its manufacture by counting defects amount which was 
left on the coating due to macroparticle impacts. Such 
approach has two obvious drawbacks. Firstly, the 
counting process is rather time-consuming [3]. 
Secondly, separator has been already manufactured at 
that moment and making modifications of its initial 
design is problematic. Therefore filter evaluation should 
be made at the stage of its development. But there is a 
problem: it is almost impossible (until this work) to 
predict with sufficient accuracy an effect of a particular 
constructive change on plasma filtering degree. 

Computer simulation of macroparticle movement 
paths significantly simplifies the problem of separator 
designing and assessment of already manufactured ones. 
Specialized software, named Macroparticle Tracer 
(MPT), was developed for these purposes. The model it 
uses and capabilities it possesses were described in 
detail earlier [4]. Later [5], basing on the MPT 
modelling results analysis, the highly effective baffle 
system for T-shaped magnetic filter was developed. It 
was found that the highest filtering degree is provided 
by baffles tilted on ~ 18º from anode wall and facing the 
cathode. At the same time, the location of these baffles 
with relation to emission centres (cathode working 
surface) is critical for their performance. It was shown 
that filtering degree is virtually independent from the 
step the baffles are shifted from each other (along the 
anode wall) in the range 1...70 mm (with baffles height 
equal to 20 mm). But most of the principles responsible 
for high filtration coefficient remain unclear. 

The most practically valuable capability of baffle 
systems is to "absorb" macroparticles, i.e. to act as a 
"trap" for macroparticles. The analysis of the developed 
baffle systems for T-shaped separator [5] shown, that 
two baffle types are absorbing macroparticles most 
effectively. In the first case, the bunch from single 
baffle and plasma duct wall (generally, it can be a 
second baffle instead of wall) are involved in the 
absorption process and the baffle is tilted towards 
macroparticle emission centres – cathode. In the second 
one – the bunch from duct wall and two parallel baffles 
which are tilted away from the cathode. According to 
this constructive difference, the traps can be 
respectively separated into two conventional types: 
"angular" and "two-baffle". The scope of this work is to 
define properties of angular traps, which are responsible 
for their effectiveness and to make some 
recommendations regarding baffle systems engineering. 
All calculations were made in two-dimensional 
approximation and verified by MPT simulations. 
Macroparticles were considered as spheres having their 
radius tending to zero and therefore represented as 
points in calculations. Macroparticle angle of reflection 
from surfaces was considered equal to their fall 
angle [4, 6]. 
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COMMON PROPERTIES 
Angular trap is schematically shown in Fig. 1. It is 

made up of junction of baffle and plasma duct wall 
(hereinafter the "junction"). Free end of the baffle is 
directed toward macroparticle emission centre. The 
angle β formed between the trap baffle and the wall can 
take values in the range 0 < β ≤ 90º. Macroparticle is 
considered to be intercepted if it collided with the trap 
walls not less than two times.  

This requires to satisfy the following conditions: 
0 ,< < ≤ ≤min maxd d d c  (1) 

0 90 ,α< < °  (2) 
where d − is the distance between points of trap junction 
and macroparticle impact; c − length of the baffle, 
which macroparticle collided first; α − the angle 
between wall or baffle (whichever collided first) and 
macroparticle trajectory (hereinafter the "glancing" or 
"grazing" angle); dmin and dmax − minimum and 
maximum possible values of the distance d, which are 
defined as: 
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where h − the height of the baffle relative to the wall. If 
d > dmax, then macroparticle, being reflected from the 
wall, will fly past the baffle of the trap (see Fig. 1). In 
condition of d < dmin, macroparticle will hit the outer 
side of the baffle instead of colliding the wall and 
therefore will not get inside the trap. 

After each macroparticle rebound inside the trap, the 
grazing angle of the particle (α) will be increased by the 
value of trap angle (β). Until α < 90º macroparticle will 
move deeper inside the trap, i.e. toward the trap 
junction. Hence, the number of macroparticle collisions 
with the walls of angular trap on the way inwards can be 

90 .α β
β

⎢ ⎥° − +
= ⎢ ⎥
⎣ ⎦

n

Fig. 1. Schematic view of the angular trap
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Hereinafter, X⎢ ⎥⎣ ⎦  means rounding of value X to the 
nea war
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rest integer to ds zero (floor function). 
After n collisions macroparticle will c

ection to "opposite" one – it will move out of the trap 
(away from the junction). After each rebound from the 
trap wall, macroparticle glancing angle (α) will decrease 
by the trap angle value (β) until α angle become equal to 
(or less than) zero. Therefore total number of 
macroparticle collisions (N) with the trap can be 
obtained from expression (5) if value 180º is used 
instead of 90º. However, in most cases, the result will be 
valid only for macroparticles with emission point inside 
the trap (otherwise, macroparticle will leave the space 
between trap baffles earlier than the glancing angle 
becomes equal to zero), which is impossible in 
considered case. 

As it can be s
ing the movement of intercepted macroparticle 

inwards the trap does not depend on the trap size (baffle 
and plasma duct wall lengths). The number of 
macroparticle rebounds on its way out of angular trap, 
as it was mentioned above, depends on lengths of the 
trap walls and on the point of the first impact d (Fig. 2). 
There is some threshold value dt of the distance d 
between trap junction and the first collision point. The 
number of collisions will be two more (in general) if 
d ≤ dt is true. 

Knowing t
way inward the trap (see Fig. 2), the angle formed by 

trajectory parts during macroparticle movement inside 
and outside the trap (γ) and macroparticle glazing angle 
at the final rebound (αN), one can obtain the value of 
threshold distance dt from the following: 
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where 

N
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Fig. 3. Dependency graph of dt, dmax and dmin from 
macroparticle grazing angle 

Fig.  nat es
 and (6). It is clear from the figure that function dt(α) 

can be approximated by a series of straight lines without 
any substantial loss of result accuracy that will 

Fig. 2. Trajectory of macroparticle inside angular trap 
for d ≤ dt (solid line) and d > dt (dashed line) cases 
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significantly simplify calculations. It should be 
mentioned that distance d will be always less (or equal) 
than dt value for glancing angles α ≥ 90 − β, because 
dt = dmax in this instance. 

In most cases maximum value of N does not 
rep

β α β
β α

resent practically meaningful interest. It is connected 
to the fact that besides trap geometry and macroparticle 
glancing angle, maximum of N depends on relative 
location of the trap itself and macroparticle emission 
point. So, for the same values of α, β, and h the distance 
d can be both lower than threshold value dt and higher 
than it depending on H and L values (see Fig. 2). It 
means that estimation of filtering capabilities based on 
minimum N value is more reliable. In case c >> d total 
minimum number of impacts can be written as follows: 

( ) 12 90 1 for (90 )α β α β−⎧ ⎢ ⎥

3 for (90 ) 2(90 ) .
2 for 2(90 )
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Here, N possesses the values 3 and 2 because the 
min

 angular trap having angle β, 
the

− + < °−⎣ ⎦N

imum of N, as it was said above, does not exist in 
the range of angles α ≥ (90º− β), since dt is always equal 
to dmax in this case (Fig. 3). 

Since N = f(α), for every
re is a certain critical angle αcr, above which the 

number of macroparticle rebounds N will be less than 
desired. That is, a trap with angle β will ensure 
necessary filtering degree only if condition α < αcr is 
true. For values { }*2 1;N k k= + ∈

rom (7): 
, critical angle 

value can be derived f
90 0.5( 1) .α β−  (8) 

 
iagram on Fig. 4 shows the dependency (7) of 

ma

s that the glancing angle range at which 
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r
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D
croparticle-trap collisions number N on 

macroparticle glancing angle α for different values of 
trap angle β. Region interfaces in the figure are 
corresponding to αcr values for different values of N. As 
it can be seen from the figure, angular trap is most 
effective for low values of α and β angles. Low values 
of glancing angle mean that macroparticle flow is 
directed along one of the trap baffle. Growth of trap 
efficiency in this case confirms earlier results of 
modelling [5]. 

It is obviou
croparticles are able to get into the trap is dependent 

on its position relative to macroparticle emission centre. 

(This range is always less than 0...90º). As a result, the 
trap effectiveness and therefore expediency of its 
application in a particular place depends on the place 
itself. Knowing the coordinates of emission point, 
relative to angular trap, one can determine the angle 
range making it possible for macroparticles to travel 
inside the trap: 

1 2 foα α α

Fig. 4. Minimum number of macroparticle collisions N 
with angular trap walls for different values of 

macroparticle grazing angle α and trap angle β 

Fig. 5. Trajectories of macroparticle with grazing angle 
higher than critical before (dashed line) installation of 

adjacent trap and after (solid line) 
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where L, H − values that define  from the 

, it is hardly probable to design a baffle 
sys

ULAR TRAP IN -SHAPED PLASMA 

ide the anode (or input 
sec

distance
emission point to the trap junction (see Fig. 1). 
Condition β > βt means that the first macroparticle 
collision can occur with both the baffle and duct wall. 
Thus if every angle inside the range calculated from (9) 
satisfies condition α < αcr, then all macroparticles 
leaving given emission point will be absorbed by the 
angular trap. 

In practice
tem which totally meets α < αcr requirement. 

Consequently, there will always be some number of 
macroparticles that angular trap can not absorb. But due 
to the fact that baffle system consists of a set of traps, 
using (3) and (8) one can determine the distance 
between neighbouring angular baffles (baffle step) at 
which macroparticles with grazing angles α > αcr will 
hit the baffle of adjacent trap instead of colliding plasma 
duct wall (Fig. 5). In such case macroparticle will 
change its glancing angle on more acute one, i.e. its 
glancing angle will become lesser than critical. As a 
corollary such macroparticle will be absorbed by the 
trap. However, for trap angles β ≥ αcr (for example, 
when h = 20 mm and N = 7 – β ≥ 22.5º) selection of the 
step is not possible because it will have zero or negative 
value. 

 

ANG  T
DUCT 
talled insIf angular trap is ins

tion) of T-shaped separator [5], macroparticle which 
leaves trap needs to collide filter walls not less than 
two-three times to reach system output. The number of 
macroparticle rebounds after it is considered absorbed 
by filter (completely loses its initial velocity) is 
considered equal to 10 [6]. Thus N = 7 is enough for 
macroparticle absorption. According to diagram in 
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Fig. 7. Dependence of critical glancing angle and the 
range of possible glancing angles (greyed) of 

macroparticles on the value of trap angle. The trap is 
placed at the middle of T-shaped filter anode. 
Calculation was made for two utmost points 

(H1 and H2) on cathode working surface 

Fig. 6. Dependence of critical glancing angle and the 
range of possible glancing angles (greyed) of 

macroparticles on the value of trap angle. The trap is 
placed at far from cathode side of T-shaped filter anode. 

Calculation was made for two utmost points 
(H1 and H2) on cathode working surface 

Fig. 4, a trap having angle β = 18º will absorb all 
macroparticles with glancing angle inside range 
0 < α ≤ 36º. 

Dependencies of critical angle and macroparticle 
gla

ade to investigate the 
inf

ith performed 
cal

movement are the result of their rebounds from outer 

ncing angle range on trap angle are shown in Fig. 6. 
Calculations were made for a single trap having its 
height h = 20 mm and placed on far (from cathode) side 
of anode. In the calculation of grazing angle range only 
two utmost points of cathode working surface were 
taken into account. It is easy to show that macroparticle 
glancing angles for emission centres which are between 
said ones will be within calculated range. It can be seen 
from the figure that condition N ≥ 7 can be provided by 
the trap having its angle in range 6º ≤ β ≤ 15º. At this 
rate all emitted from cathode surface macroparticles 
have grazing angle below critical one. As long as the 
angle of the trap grows, the number of intercepted by it 
macroparticles with angle above critical value will be 
rising. When angle β exceeds the value of 30º, all 
macroparticles will have grazing angle higher than 
critical (inasmuch as αcr = 0) and requirement N ≥ 7 

become unrealizable in principle. 
Additional calculations were m

luence of angular trap placement on its efficiency. 
Currently, the trap was located at the centre of anode 
instead of its far from cathode side. Calculations results 
are given in Fig. 7. One can see that condition N ≥ 7 is 
not feasible for angular trap placed in such a way. It is 
explained by shift of macroparticle grazing angle range 
towards higher values at constant αcr. Increase of value 
H will obviously lead to similar result. However it 
should be kept in mind that a real baffle system will 
consist from multiple traps. Therefore, the efficiency 
criterion used (N ≥ 7) is overestimated if a whole baffle 
system is being considered. 

Fig. 8 shows simulation results of macroparticle 
collisions with angular trap (β = 15º) for different values 
of L. The figure also shows the influence of 
effectiveness factor – value N was increased from 7 to 
9. Modelling of macroparticle trajectories was 
performed using MPT software. It can be seen from the 
figure that in conditions where N = 7 and L = 236 mm, 
as it was assumed, the trap absorbs all intercepted 
macroparticles. At the same time it can not fulfil N ≥ 9 
requirement – notable number of macroparticles is 
leaving the trap. A similar result is obtained by reducing 
distance L. Simulation results are fully confirming the 
above calculations (see Figs. 6 and 7). 

Obtained dependences along w

Fig. 8. Simulation results of macroparticle trajectories 
intercepted by angular trap which is placed at different 

distances from cathode and for different efficiency 
factors. The trap angle is β = 15º and number of emitted 
macroparticles is ~ 104. Trajectories of macroparticles 

leaving utmost points of cathode working surface at 
maximum grazing angle are highlighted by a thicker 

line 

culations allow making recommendations regarding 
the application of angular traps in designing baffle 
systems for separators. Firstly, application of angular 
traps is preferred in places where angle between plasma 
duct wall and macroparticle trajectory (α) has minimum 
value. These places usually are most distant from 
cathode (along duct axis) regions like, for example, 
"opposite" arm of T-shaped plasma duct or, as shown 
above, anode exit. Secondly, one should avoid trap 
angle (β) values higher than 30º due to very low 
effectiveness of such traps. Generally, the angle of the 
trap should be as low as admissible. Thirdly, it is not 
recommended to use angular traps in regions of a filter, 
where macroparticle movement along plasma duct axis 
in unacceptable. Such directions of macroparticle 
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side of angular trap baffle. This applies to the so-called 
"straight" filters and output sections of curvilinear 
filters, such as, for example, L- and T-shaped ones. At 
the same time, installation of angular traps inside the 
input sections of said curvilinear separators will greatly 
enhance their filtering abilities if such installation does 
not contradict selection of the distance (see above). 

Implementation of mentioned recommendations in 
published earlier work [5] related to optimization of 
filt

In this pap which are 
characterizing eff particle filtering 
by 
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УГЛОВАЯ ЛОВУШКА  МАКРОЧАСТИЦ 

Исследованы свойства угловых ловушек необходимые для проектирования рёберных 
сис

и ю н ц а

 

КУТОВА ПАСТКА ДЛЯ МАКРОЧАСТИНОК 

Досліджено властивості кутових пасток ма  необхідні при проектуванні реберних систем 
філ

ering abilities of T-shaped separator partially 
explains high efficiency of developed baffle system. For 
a complete understanding of its functioning it is 
necessary to additionally perform analysis of "two-
baffle" trap which was also used in filter design. 
However this is beyond the scope of current study and is 
the subject of further research. 

 

CONCLUSIONS 
er, the dependences 
ectiveness of macro

angular trap were established. Growth of filtering 
abilities is promoted by decreasing of trap angle, 
increasing of distance between the trap and the cathode 
along the axis of plasma duct and by decreasing of this 
distance transverse to the axis. The effectiveness of 
angular trap was calculated and results are confirmed by 
simulation in MPT on the example of T-shaped 
magnetic separator. Calculation results are explaining 
high filtering capabilities of baffle system containing 

investigated traps with small angles in its design, as it 
was found earlier [5] during optimization of T-shaped 
separator. Obtained dependences allow prediction of 
efficiency of angular traps application in the process of 
baffle systems designing which are used in magnetic 
separators. 
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макрочастиц, 
тем фильтров (сепараторов) вакуумно-дуговой плазмы. Установлены зависимости между 

геометр ческими параметрами ловушки и эффективность  поглоще ия макрочасти . Выполнены р счёты, 
результаты которых позволяют прогнозировать поведение фильтрующих качеств сепараторов, содержащих 
в своей конструкции такие ловушки. Даны рекомендации относительно применения угловых ловушек в 
фильтрах различных конструкций. 

 

Д.С. Аксьонов 

крочастинок, які
ьтрів (сепараторів) вакуумно-дугової плазми. Встановлено залежності між геометричними параметрами 

пастки та ефективністю поглинання макрочастинок. Виконано розрахунки, результати яких дозволяють 
прогнозувати поведінку фільтруючих якостей сепараторів, які мають у своєму складі такі пастки. Наведені 
рекомендації щодо використання кутових пасток у фільтрах різних конструкцій. 

 

ISSN 1562-6016. ВАНТ. 2013. №2(84)                  127 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


