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Abstract: In the context of competence approach, technological
ways of teaching mathematical modeling in engineering high
schools are offered; these include an algorithm for construction,
research, and interpretation of mathematical models and their
application to problems of mechanical vibrations.

In the transition to a two-tier system of higher education the problem of
convergence of “theoretical” and “real” mathematics by means of the effective
use of the ideas and methods of mathematical modeling is particularly relevant.
The ability to mathematical modeling is a “pass-through” competence, i.e. it is
common for both bachelor and master and differs only in the level of mastering.
For example, in accordance with the requirements of the Federal State
Educational Standard of Higher Professional Education, Bachelor of Bachelor
degree 270800 “Building” should be able “to use the basic laws of the natural
sciences in professional activities, the application of methods of mathematical
analysis and modeling, theoretical and experimental research” (professional
competence PC-1). In turn, the Master of the direction of Master 270800 need
to be able to “develop the physical and mathematical models of phenomena and
objects related to the profile of the activity (PC-19), the person should be
prepared to address a number of professional tasks in accordance with the basic
educational program and forms of professional activities, which include:
mathematical modeling of processes in structures, systems, computer-based
implementation of models, the development of computational methods and
computer-aided design”. In the study of the mathematics student should, in
particular, know:

—the main approaches to the formalization and modeling of various
processes (e. g., motion and equilibrium of material bodies and mechanical
systems);

be able to:
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— independently use mathematical tools contained in the literature;

—formulate the physical and mathematical formulation of research
problems;

own:

— the primary skills and basic techniques of solving mathematical problems
of general engineering and specialized disciplines profiling;

— mathematical tools for the development of mathematical models of
processes and phenomena and solving practical problems of professional
activity [3].

1. The aim of this work is to develop some technological methods of
instruction in mathematical modeling of engineering schools and the
implementation of these techniques on the example of modeling of mechanical
vibrations [4]. In particular, the basic conceptual series, algorithm of
constructing, studying and interpretation of mathematical models and its
application to a specific problem are proposed.

Getting to the solution of problems by means of mathematical modeling,
student should possess the following concepts and facts.

Modeling as a replacement of an object A (the original) by another object
M (model) in many cases allows a researcher to investigate interesting
properties of the original, modeling A4 on the main characteristics. The purpose
of modeling is receiving, processing, presentation and use of information about
the objects that interact with each other and the outside world, so the model is a
mean of knowledge of the behavior and properties of the object.

The problems solved by the models are based on the following general
scheme of presentation of model

X->W->Y.

Here X is an input vector (exogenous) variable; Y is a vector of output variable
(model outcomes); W is the so-called operator of the model (the operator of the
model converts the input information into output in accordance with the
problem which is solved on the model). The following three variants of
mentioned problems are possible:

1) direct problem: X and W are given, to find Y;

2) the inverse problem 1: Y and W are given, to find .X;

3) the inverse problem 2: X and Y are given, to find W.

In the latter problem the cases of “black box” when the operator of the
system is completely unknown and the cases of “gray box” when the structure
of the operator is given and the values of parameters are not given are possible.

Approximate representation of real objects, processes, or systems,
expressed in mathematical terms and preserved the essential features of the
original is called a mathematical modeling. Properties of the object (process,
system), its parameters, internal and external relations in a mathematical model
are described in a quantitative form with the help of logical-mathematical
structures. In other words, the application task is “translated” into the formal
language of mathematics (the constructing of the model), and can be solved by
means of the same mathematics. The obtained solution is applied to the object
of studying, i.e. the consequences derived from the model in the language of
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mathematics are interpreted into the language adopted in a given subject area
[2].

2. The main technological method of teaching mathematical modeling is
the implementation of the next step-by-step algorithm.

Step 1. Consideration of the so-called informative model.

1.1. The main properties and relations of the real object are formulated in
terms of the original subject area.

1.2. The postulates of the model, i.e. the basic hypothesis supported, as a
rule, empirically (for example, the hypothesis of the linear nature of the studied
dependence, etc.), are formulated.

1.3. A valid within this situation simplification (distraction from different
kinds of «faultiness», neglect of the action of certain forces, etc.) is made.

Step 2. Formalization of the model, i.e. transition to the description of the
model in mathematical terms.

2.1. Introduction of basic studied mathematical objects (variables,
functions).

2.2. Formalization of relations between objects that are written in the form
of equations or inequalities in general case.

2.3. Statement of the corresponding mathematical problem.

Step 3. Studying of the received mathematical model.

3.1. Simplification of the mathematical model (some assumptions: for
example, the replacement of finite differences by relevant differentials, the use
of asymptotic formulas), in the case of alleviation of solution of the problem.

3.2. Choice of the method of solution; in particular, it is possible using of a
method of “internal mathematical” modeling, i.e. transfer of problems to the
language of the “adjacent” mathematical disciplines (e.g., the use of vector-
coordinate method in the solution of stereometric problems, replacing of the
functions by its decomposition into a series of orthogonal system, etc.).

3.3. Receipt of the answer in the mathematical problem. Informative
component.

Step 4. The interpretation of the model, i.e. extraction (on the basis of
realized mathematical model) information about the studied object or a process
in terms of the original subject area.

4.1. Finding the numerical values of parameters of the process.

4.2. Construction of the corresponding diagrams, graphs etc.

4.3. Interpolation / extrapolation of the process.

According to the nature of the solved problems the implementation of
some of the prescriptions contained in sub-paragraphs of this algorithm may be
absent or their order may be changed.

Interpreting model, it is necessary to consider the requirement of adequacy
of the received solution of a mathematical problem to real process or the
phenomenon. For example, if the oscillation of the string in its assumption of
infinite length is investigated, its real size should be considered returning to the
real object; if the oscillations are damped in time infinitely, they practically
stopped after a sufficiently great length of time in the real process, etc.

In connection with the stage of interpretation, the conception of transitivity
model is introduced. The essence of it is that if some processes or phenomena
have a common mathematical model, then one of them can be used as a model
for the other.
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3. The process of mathematical modeling of mechanical vibrations and
heat and mass transfer processes, in general terms, consists of the following.
A set of physical properties of objects subjected to mechanical vibrations
(string, thread) or thermophysical characteristics of materials where heat
exchange takes place is chosen as a vector of input variables. The operator W of
the model (a differential equation in partial derivatives with boundary and initial
conditions imposed on its decision) is not specified in advance: building of W is
based on relevant physical laws and it is a part of the process of mathematical
modeling. The corresponding “outputs of model” are determined on the basis
of the solution of the obtained boundary value problem by the method of
Fourier [1].

4. Let us consider the applying of specified in paragraph 2 algorithm for
the problem of modeling of the process of free small transverse vibrations of the
string and accompany the consideration with relevant methodical
recommendations.

Step 1. Vector of input variables is defined by the parameters of the string.
Wherein, a string is a flexible elastic thread, and it means that the tensions,
which appear in the string at any period of time, are directed tangentially to its
instantaneous profile, i. e. the string does not resist bending. Mentioned
parameters of the string are the length of the string /, density of the material p
(the string is considered to be homogeneous), the area of transverse section S
and the force of the string tension 7. The sought-for output of mathematical
model is a function u(x,?) (step 2.1) which describes the vertical displacement
of the point with abscissa x at the moment of time ¢ (figure) of the string with
the endings rigidly fixed at points x=0 and x=/ (external forces absent,
step 1.3).

The following assumptions are possible due to the smallness of vibrations

(step 3.1): 6 =tgB~sinp and cosP=1, where B is an angle between the

tangent to the curve u(x,?) and the X-axis (step 3.1). By virtue of these
assumptions the tension of the string does not depend on variables x and ¢, i.e.

T(.XM,t):T(xN,[):T
Step 2. The tension forces T at the endings of a small element of the string
MN are tangential to the string. Let coordinate points be x,, =x and

Xy =x+dx, and the angles between tangents and X-axis are  and B+ dp.

Considering vertical displacements of the points projection forces on the U-axis
should be determined as

Tsin(B+dp)—TsinP ~ T[Z—u(x + dx,t)— (x I)} T—(x t)dx.
x

uA

B T

] | >
>

0 Xur Xy Y X

M
T

Vertical displacement of the points of the string
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The weight of the element MN is equal to dm = p(x)Sdx, and then an equation
of motion of the element MN can be written as (step 2.2)

o%u o%u
de—2 = T 2 d
ot Oox
or
o%u 5 o%u
gty ()
o’ ox

where a = }lS The sought-for function u(x, f) will satisfy the boundary
p

conditions
u(0,6)=0, u(l,1)=0, )

in the case when the string is rigidly fixed at the ends.

Since the process of transverse vibrations of the string depends on its initial
form and the velocity distribution at the initial period of time 7= 0, the initial
conditions must be specified:

u(x0)= ). 51(x0) = () ®

where ¢(x), y(x) are the given functions of x coordinate. Thus (step 2.3), a
boundary value problem is set (1) — (3).

To solve this problem a student should possess the following skills:

— to find a fundamental system and build a general solution of the
homogeneous linear differential equation of second order with constant
coefficients;

— to represent the function as the sum of trigonometric series and find its
Fourier coefficients.

Step 3. The solution of this problem can be found using the method of
separation of variables (Fourier method), the essence of which is to represent
not identically equal to zero and satisfying the boundary conditions (2) solutions
in the form of the product

u(x,t)= X(x)T(¢),
where X(x) is a function that depends only on the abscissa x, 7(¢) is a function

that depends only on the time z. The intermediate result of the method (step 3.2)
is a series of relations

T'X = a’TX"
or

X

At X

the latter of which is only possible if its left side does not depend on ¢, and the
right side does not depend on x, i.e. both sides are constant

TT X —\ = const. 4)
a’lT X
Wherein the boundary conditions (2) are transformed to
X(0)=0, x(¢)=0, &)
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where A >0 is a constant; in the step 3.2 the fact that the case A < 0 is not

compatible with the conditions (5) is established; it is recommended that the
student should come to the specified intermediate result through self-study.

The problem (4) — (5) can be considered as an operator of the mathematical
model, and its further reduction leads to a system of two ordinary differential
equations

X"+2X =0, (6)
T"+a’\T =0. (7)

Further actions in the steps 3.2, 3.3 are an obtaining of a fundamental
system of solutions (6) and its general solution in the form of

X(x)=CcosvAx+ Dsinvix, 8)
Reasoning for 7() is analogous; the general solution is in form of

T(t)= AcosaN'nt + Bsinav . )

The next stage is the choice of parameters A, B, C, D and A which are
generated by the actions of the model’s operator. The substitution of values
x=0andx= ¢ in(8) and conditions (4.5) leads to relations

X(0)=C=0,X(¢)= DsinVAl =0.
Since the function X (x)is not identically equal to zero, then D =0, and
therefore sin V¢ = 0, from which

2
A=, =(% . n=12,.. (10)

Thus, the non-trivial solutions of the boundary-value problem are only
possible in the case of (10). Values A =, are corresponded to the functions
such as

X,(x)=D, sin%x, n=12,..,

which are defined up to the arbitrary factors D,. The same values of A,
correspond to solutions of the equation (4.7) which were presented in the form

9):

T,(¢t)= A4, cosw,t+ B, sinw,t,
. T
where A4,, By, are arbitrary constants and o, = % I \/: n=12,..
P1

Private solutions of the equation (1) satisfying the boundary conditions (2)
now take the form
u,(x,t)=(a, cosw,t +b, sin mnt)sin%x, (11)
where a,=4,D,, b,=A4,D,.
The last stage of constracting of the mathematical model’s output is to
implement the following idea which is fundamental for the Fourier method.
Since any of functions of the form (11) for n=1,2,...as well as any their finite
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sum generally speaking does not satisfy the initial conditions (3) for sufficiently
random assignment of functions ¢ (x) and y (x), then the solution of the
boundary value problem should be sought in the form of an infinite sum
(step 3.2 which is called “internal mathematical” modeling)

0 0
u(x,t)="> u,(x,1)= " (a, cos ®,t +b, sin wnt)sin%x. (12)
n=1 n=1

Now the coefficients of the trigonometric series a, and b, can be found as the
Fourier coefficients of expansions

o(x)=u(x,0)=>_ 4, sin My
n=1 4
and

v(x)= Z—Z(x,O) =Y ®,b, sin ’;Tnx.

n=1

It follows,

Y} 0
a, = %I(p(x)sinﬂxdx and b, = ifw(x)sinﬂxdx. (13)
s 0 o, ¢

Thus (step 3.3), the output of the mathematical model of the process of
mechanical vibrations of the string is obtained; it is the sum of series (12) with
coefficients (13).

The specificity of this mathematical problem is the necessity to establish
convergence of the series (12) and the possibility of its term differentiation; it
was proved only that its general term is the solution of the equation (1), and the
question about preservation of this property for the infinite sum was opened.
The reasoning here is as follows (component of justification 3.3). Convergence
and term differentiable (twice on x, twice on f) of the series (12) take place if
this series and the series from corresponding derivatives are majorized. As it
turns out, majorant series are the series of the form

Zn2|an| and > n|b,|.
n=1 n=1

Their convergence will take place if:

a) Derivatives ¢'(x) and ¢"(x) are continuous, ¢"(x) is piecewise
continuous and @(0) = (/) =0; ¢"(0)=¢"(¢)=0;

b) y'(x) is continuous, y"(x) is piecewise continuous and
W(0) = (1) =0.

5. Let us consider an interpretation of the model (step 4) on a concrete
example. Let the velocity v=15m/s be reported to the points of rectilinear
uniform string of length ¢ =0.5 m having a rectangular cross-sectional size
0,25x0,4 mm at the initial period of time ¢ = 0. The string tension 7 =40 N, the
bulk density of the material of the string p = 6.4-10° kg/m’. Find the first five
natural frequencies and the shape of the string at time t, if its ends x =0 and
x = { are rigidly fixed. The resistance of the medium is neglected.

The central point in the analysis of mathematical models of the natural
vibration of the string is to obtain a solution of the corresponding boundary
value problem in the form of (see (12) — (13))
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0

L gin @t sin —2k=1
25m% S (2k - 1) ) 250
where ®,,_; = 5002k —1)r.

An example of this type can be related to the so-called case-tasks (the level
of “know”, “able”, “possess”) representing a key component of pedagogical
measuring materials. An implement of such tasks by the student requires the
solution of the problem as a whole, the analysis of specific information tracking
causality, i.e. transition in its research activities on a meta-subject level most
satisfying the goals of formation of professional competencies.

u(x,t)= X,

References

1. Kynukos, I'. M. Meton @ypbe B ypaBHEHHUSIX MaTeMaTHUECKON (QU3HKH :
yue6. mocobue / I'. M. Kymukos, A.Jl. Haxman. — M. : MammHocTpoeHue,
2000. — 156 c.

2. Meimkuc, A. JI.  DneMeHThl TEOpHM MaTeMaTH4eCKUX Mojenei /
A. JI. Mprmxkuc. — 3-e u3na., ucap. — M. : KomKaura, 2007. — 192 c.

3. Haxmamn, A. J|. Texnonoruueckue acrnekTsl (hOPMHPOBAHUS Podeccro-
HAJIbHO-MaTEeMaTHYECKOW KOMIIETEHTHOCTH MAaruCTPaHTOB Ha OCHOBE PEIICHUS
nmpodeccroHaabHO OpHUEHTHPOBAaHHBIX 3amad / A. JI. Haxman, A. 0. CeBactb-
stHOB // Borip. coBpeM. Hayku u nipakTuku. YH-T uM. B. W. BepHanckoro. — 2011, —
Ne 4(35). — C. 182 —187.

4. Tumomenko, C. I1. Konebanusi B uHXEHEpPHOM Jiene : MoHorpadus /
C.II. Tumomenko, [. X. fur, Y. Yusep. — M. : Mammunoctpoenue, 1985. —
472 c.

MogaeanpoBaHue MpPoUeccOB MeXaHNYeCKUX KoJie0aHuii
B Kypce MaTeMAaTUKH

I'. M. Kyaukos, A. 1. Haxman

QI'bOY BIIO «Tambosckuti eocyoapcmeeHHblll MexHUYecKull
YyHugepcumemy, 2. Tamoos

KurwueBble ciioBa u ¢ppa3bl: MaTEMaTHYECKUE MOJIEIHN; METOT
®ypbe; mpodeccnoHanbHble KOMIIETEHIINU; TEXHOJIOTHYECKHUEe Mpu-
eMBbI 00yUJeHUSI.

AHHOTaIIHﬂ! B koHTEKCTE KOMIIETEHTHOCTHOT'O noaxona mpen-
JlararoTCsad TEXHOJIOTMYCCKUE IPHUEMBI o6yquH;1 MAaTEMATHYCCKOMY
MOZACIIUPOBAHUIO B MHIKCHCPHBIX BYy3aX: aJITOPUTM IMMOCTPOCHHUA, UC-
CJICAOBAHHA W HHTCPIIPETALIUA MATCMATHYCCKUX MO,Z[CJIeﬁ n €ro
NPUMCHCHUC B 3a/la4aX 0 MEXaHNYCCKUX KOJICOaHMSIX.

© I'. M. Kymnukos, A. /1. Haxman, 2013

YHUBEPCUTET um. B.N. BEPHACKOI'O. Ne4(48). 2013. 45




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


