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D.V. BRESLAVSKY, P.I. PALAMARCHUK
PHYSICAL AND GEOMETRICAL NONLINEAR FORCED OSCILLATIONS OF BEAMS

The paper presents a calculation method and the results of modeling the nonlinear forced planar oscillations of a beam. The calcula-
tion approach is based on the method of weighted residuals in the Galerkin form in combination with numerical methods of integra-
tion over time. A sequential analysis of elastic linear and geometrically nonlinear oscillations is performed and the case of irreversible
deformation due to the occurrence of physically nonlinear creep strains is considered. To describe it, the Norton power law is used.
Cases of hinge supported and a cantilever beam are considered. When solving the problem of a hinge supported beam, the sine system
was used as the basis functions, and the Krylov functions were used for the cantilever beam’s problem. The results of numerical mod-
eling are presented in the form of the dependence of the beam deflections on time and on the coordinate at a given point in time. The
influence of geometric nonlinearity is demonstrated. The increase in deflection with time due to an increase in creep strains is ana-
lyzed.
Keywords: beam, geometric nonlinearity, physical nonlinearity, creep, forced oscillations, Galerkin method.

JI.B. BPECJIABCBKHMH, ILI ITAJIAMAPYYK
®I3UYHO TA TEOMETPUYHO HEJIHIMHI KOJIUBAHHS BAJIOK

VY crarTi mpeACcTaBIeHO METOJ PO3PaxXyHKY Ta HAaBEJCHO PE3yJbTATH MOJCIIOBAHHS HETiHIHHMX BUMYLICHHX KOJMBaHb Oaiku. B
OCHOBY PO3PaxyHKOBOTO TiJIXOy TOKJIaJCHO METOJ[ 3BaXKCHUX BiIXMIiB 32 Gopmoro ["anbopkina y koMOiHALIT 3 YHCETFHIMHU METO-
JAMH IHTETpYBaHHS 3a 4acOM. BHKOHAHO IOCIIiIOBHU#I aHANI3NPYKHUX JTiHIHHAX T4 FEOMETPHYHO HETiHIHHUX KOJIMBAaHb Ta PO3IJIs-
HYTO BHIIaJIOK HE3BOPOTHOTO Ae(OpMyBaHHs, [0 0OYMOBJIEHO BUHUKHEHHSIM (i3M4HO HeniHIHHMX nedopmauiil mos3yyocti. s ii
OIICYy BUKOPUCTAHO CTerneHeBuii 3akoH HoproHy. Po3misiHyTOo BHIAIKM HIapHIPHOTO 3aKpilIeHHS Ta KOHCOJBHOI Oanky. [Ipm
PO3B’si3aHHI 33/1a4i PO HIAPHIPHO onepTy 6ajiky sk 0a3ucHI QyHKIIT 3aCTOCOBAHO CUCTEMY CHUHYCIB, Y 3a/1aui PO KOHCOJIbHY OaKy
— ¢ynkuii Kpunosa. Pe3ynbraTy 4rcenpHOTO MOJCIIOBAHHS HPEICTABICHO Y BUIIIAI 3aJI©KHOCTI MPOTHHIB OajKy Bijf Yacy Ta Bif
KOOpIUHATH y (pikcoBaHUi MOMEHT dacy. [IpoaHasi3oBaHO 3pOCTaHHS MPOTHHY Y Yaci 3aBISIKH PO3BUTKY Ae(OopMalliil MOB3y4OCTi.

KurouoBi cioBa: 0anka, reoMeTpU4Ha HENiHIHHICTD, (i3MYHA HENiHIHHICTB, TOB3yYiCTh, BUMYIICHI KOMUBaHHS, MeTo ["anbo-
pKiHa.

JI.B. BPECJIABCKHH, I1.I. ITAJIAMAPYYK
®U3NYECKU U TEOMETPUYECKHW HEJIMHEWHBIE KOJIEBAHUS BAJIOK

B cTathe mpescTaBieH METOJ pacyeTa U MPUBEJECHBI Pe3yIbTaThl MOAEIUPOBAHUS HETMHEHHBIX BBIHYKACHHBIX KosieOaHuit 6anku. B
OCHOBY IIO/IX0J[a IIPU pacdeTax MOJOKEH METOM B3BEIICHHBIX HEBSA30K B (opme ["anepkuHa B KOMOMHAINH C YHCIEHHBIMH METOJaMHU
MHTETPUPOBAHMS 110 BPEMEHH. BBITIONHEH MMOCIEA0BATENbHBIN aHAMN3 YIPYTHX JIMHEHHBIX U T€OMETPHYECKN HEIMHEHHBIX Koieba-
HHUH ¥ pacCMOTpeH ciydail HeoOpaTumoro nedopMupoBanusi, 00yCIOBISHHOTO BO3HUKHOBEHHEM (HU3UUECKH HEIMHEHHBIX fedopMa-
nuil nonsydectu. s ee onucaHus MCIONB30BaH CTeleHHOU 3akoH Hoprona. PaccMoTpeHs! cilyuau IIApHUPHOIO 3aKpEIUICHUS U
KOHCOJIbHOH Oanku. [Ipu perreHny 3aauu 0 MIapHUPHO ONepTol Oajke B KayecTBe 0a3HCHBIX (YHKIHMIT HCIOJIB30BAaHA CUCTEMA CH-
HYCOB, B 33aj1au€ O KOHCOJIbHOH Oayike — GyHkuuu KpputoBa. Pe3ynbTaTsl YMCICHHOTO MOJCIUPOBAHUS IPEJICTABICHBI B BUJIE 3aBH-
CHMOCTH MPOTruO0B OaKK OT BPEMEHHU M OT KOOPAWHATHI B 33JaHHBIH MOMEHT BpeMeHu. [IpoananusupoBaH pocT mporuda co BpemMe-
HEM BCJIEZICTBUE POCTa AeopMaluii MoI3yuecTH.

KnioueBble cioBa: 6anka, reoMeTpudecKas HEMMHEHHOCTh, (hM3UUeCcKas HENMHEHHOCTb, TTO3Y4IeCcThb, BEIHYKICHHbIE Koneba-
Husl, metoa ["anepkuHa.

Introduction. The cases of mixed deformation in
structural elements remain as great important. The interac-
tion of different processes can lead to appearance of new
effects, a lot of them can be considered as dangerous from
the point of view of strength analysis.

The process of interaction between cyclic loading
and growth of irreversible strains is often met in industrial
applications. That is why the great number of investiga-
tions had been done in this direction [1-2]. The main part
of them were done in the field of the Theory of Plasticity.
However, the long term deformation, mainly at elevated
temperatures, can strongly affect the stress-strain state of a
structure [3]. The case of creep strain growth at the long
term cyclic loading can be analyzed by the approach, in

which the method of asymptotic expansions with averag-
ing over the period of oscillations was used [4-5]. This
approach make possible to study the influence of the cy-
clic variation of loading on the creep process. It can be
regarded as effective in the case, when the total strain,
accumulated during long time, is in the consideration.

Otherwise, in many cases, especially when the load
value can be regarded as big and short term creep [3] is
observed, the varying of displacements and strains from
one to another period can be of a great importance.

The paper presents the method of solution for re-
garded problem of forced oscillations which are run in the
case of the creep in material. The case of beam bending is
considered. Due to the above mentioned case of short term
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creep, the value of load must be high. In this case the
beam displacements cannot be analyzed due to the linear
Cauchy theory. That is why the case of geometrical
nonlinear deformation is studied at first. Later the physical
nonlinear process will be analyzed. The paper’s results
continue the method was based on the approach from [6],
where simplified case without geometrical nonlinear cor-
relations as well as one mode in Galerkin approximations
were regarded.

Problem statement. Let us consider the beam with
length L loaded by distributed load f{(x,f) along its axis
(Fig. 1, 2). This loading has constant f and varying part f;,
which varying due to one-harmonic sine law.

We consider the differential equation of beam’s os-
cillations in the following form, where geometrically
nonlinear term is added to the equation was presented in
[6]:

0%u(x,1) L g o' u(x,1) L C 0%u(x,1) _
or’ o ox’

j[azu(x t)j o {84u(x,t) (azu(x, t)]"_1
o ox* ox?

+(83u()3c,t)J2 (n- )(yu(x z)] }
ox ox?
bid() = [(x,1) (1)

Here u(x,r) are the beam’s displacements which are
depended from coordinate along the beam’s axis x and
time #; a* and C are the coefficients which are depended
from beam’s parameters. b is Norton creep law constant,
creep exponent n was equal to 3. @(u) is the function of
coordinate u which is directed normal to x in beam’s cross
section.

Eq.(1) was obtained in [6] by the method of direct
consideration of beam’s RVE. This equation is added by
initial conditions

u(x,0) =u,; M:o, 2)
dt

where u is static distribution of deflections at ¢ = 0.
Let us analyze two cases of boundary conditions.
First is hinge supported (Fig.1):

62u(0 0

u(0,1) = =u(l.1)=

82u(l t)
P =0. 3)

As well as the second is cantilever one(Fig.2):

ou(0.0) _ du(l.t) _ 'u(l.1)

0,t)=
u(0.) ox ox? ox’

=0. (4)

HERERREN

Figure 1 — Hinge supported beam

fx,1)

Figure 2 — Cantilever beam
Now let us consider the method of solution.

Method of solution. Due to use of combination of
Galerkin’s and numerical methods, the problem of results
analysis and verification is important. That is why at first
we consider the case of elastic oscillations in geometri-
cally nonlinear statement, and the last term in Eq.(1) will
be equal to zero. At last, zero approximation, which uses
Cauchy equation,was used in order to compare results and
to determine the frames of the influence of geometrical
nonlinearity for considered cases.

By use of Galerkin approach [7] at = 0 we have

[N Rod 2+ j N.R.dI=0. 5)
Q r

Here R and Ry are residuals, which are obtained for
beam length and for beam’s boundaries respectively. N,

and N, are basis functions for beam and boundaries. They
are equal to N, :sin(mj, i=1,..,M for hinge

supported beam. For cantilever beam we use Krylov func-
tions:

Ny, =U(x)= %(ch kx —coskx),

=V(x)= ! (sh kx —sin kx).

N, =-d’N, .

Let us present the one (/-th) row of resolving system
of equations for the cantilever beam at 1 =0 (static load-
ing):

1 N 2
aljadszld— d]ZINl dN, N
dx*  dx’ dx dx

0
I 2
+a, IaZdede - d]\zlz(N,+ﬂj =
o dx dx dx ) _,

= jzv, fix . ()

Here two terms are considered in approximation.
Due to use of Krylov functions, the convergence is en-
sured.

For hinge supported beam the row of resolving sys-

tem has a form
1

2
alja N,
0

1
x+a2J.a2N —dx+

'x 0
jZN —dx jN,fdx. )

Here a,, a,, a; are the unknowns. Three terms in
Galerkin approximation are considered.

Systems (6), (7)are solved by Gauss method. After
numerical experiments the influence of geometrically
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nonlinear term on the beam’s deflection values was de-
termined.For example, for cantilever beam such depend-
ence is presented on Fig.3.

uxlio7m

[e ~ [e] R =]
T T T

. ‘ . f, N/m
1] 500 1000 1500 2000
Figure 3 — Beam’s deflection versus loading value

Here curve 1 demonstrates linear solution as well as
curve 2 corresponds to geometrically nonlinear one. The
figure shows, that the limits of the geometrically linear
approach can be obtained from this comparison.

Further two methods were used in order to solve the
geometrically nonlinear problem of forced oscillations of
a beam. First is the Newmark method [8] and finite differ-
ence method with direct integration of equations of mo-
tions [5]. The last one is based in the finite difference ap-
proximation of the derivatives obtained in previous time
step and solution the differential equation

284u(x,t)_ X B

a —8x4 = f(x,1)

8%i(x,0) b 8%(x,0)

C—5 ! [ o jdx (8)

by iterative algorithm up to convergence ensuring.
The same approach is used and for general form of
Eq.(1) and the following differential equations is solved

a2 a4u()§:t) :f(x,t)—
ox
CTHD (T g,
ox o ox
o {6412(x,t) (6212(x,t)jn1 .
ox* ox*
dan) . [damn)
+[—6x3 J (n 1)[—6)62 j }bt@(u}. 9)

in each iteration the by the Galerkin method [7].

Results of numerical simulation. Forced oscilla-
tions of hinge supported and cantilever beam.

At first let us present the comparison between results
of elastic oscillations of a beam had been obtained by use
of linear and nonlinear geometrical relations. The steel
beam with length L=2m, cross section S=5-10"*m’

(width b =0.05 m and height #=0.01 m) is considered.
Physical properties: Young modulus E=2-10° MPa,
Poisson ratio v = 0.3, mass density p = 7700 kg/m’.

Hinge supported beam will be analyzed. It was
loaded by normal distributed load

f:5+1.5-cos(4-7z-t)N/m.
The comparison between linear (curve 1) and nonlinear
oscillations (curve 2) for the point at x = L/2 is presented
on Fig.4.

The same analysis was made for duralumin cantile-
ver beam with length L=13m and cross section
§=125-10"m* (width »=025m and height
h=0.05m). Physical properties: Young modulus
E=14-10°MPa, Poisson ratio v=0.3, mass density
p =2780 kg/m’.

Here the loading

f =800+200-cos(4-z-1) N/m

was applied. Similar results for the right free beam’s edge
are presented on Fig.5.

ux10°m
7

t,s

0.8 : :
0 0.5 1 1.5 2

Figure 4 — Comparison between linear and nonlinear
solutions for hinge supported beam

ux10°m
5

0 0.5 1 1.5 2

Figure 5 — Comparison between linear and nonlinear
solutions for cantilever beam
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Analysis of Figs 4,5 shows, that approach in use al-
lows us to check the algorithms and confirm the well-
known [9] result for deflection’s reduction in the case of
geometrically nonlinear description.

Further the physically nonlinear oscillations of a
steel beam were studied. The steel 45X14N14V2M at
T=600°C were considered, »=2 10" (MPa) “h. Let
us present the numerical results for hinge supported beam
with above mentioned loading. They are presented in a
Table and on Figs 6,7.

The maximum deflection of a beam in different time
values are presented in a Table. The points x = 0.5 - L and
x=0.25- L were considered. The time-dependent growth
of the deflection is demonstrated.

Table 1 — Deflection of a Hinge supported beam in
different time moments, m

t,s x=L2 x=L/4

0 0.001624554575177 0.001158227222272
0.5 0.001412998961860 0.001008472551508
100 0.001435158775520 0.001022849293427
300 0.001487449587435 0.001056291386257
500 0.001556041599471 0.001099036162999
900 0.001916886747732 0.001305015518344

56 ux10°m . . .

ts
o 200 400 600 800 1000
Figure 6 — Deflection at x = 0.5 L versus time
ux107m
2 T : T :
. ‘ . ts
"0 200 400 600 800 1000

Figure 7 — Deflection envelope curve versus time

Fig. 6 presents the process of geometrically and
physically nonlinear oscillations of a beam in creep condi-
tions. The envelope curve, which is added for more clear
analysis, can be found on Fig.7. After approximately 900 s
the oscillations became unstable and calculations stopped.
Analyzing the obtained data, one can conclude that due to
creep deforming of the beam’s material the irreversible
growth of deflections presents.

Conclusions. The method for numerical simulation
of general case of the beam’s oscillations which problem
statement includes geometrical and physical nonlinear
creep co-relations is presented in a paper. The method
includes Galerkin approximations for boundary solution
as well as finite difference methods for initial one. The
results show the irreversible growth of beam’s deflections
in creep conditions. The further problem statement has to
be refined by use of damage equation in order to specify
the beam behavior in last periods of oscillations.

References

1. Cristescu N. Dynamic plasticity. Amsterdam: North
Holland, 2004. 614 p.

2. [lanbmos B.A. Konebanusi ynpyromiacTHUECKHX TEI.
Mockga: Hayka, 1976. 328 c.

3. Penny R.K., Marriott D.L. Design for Creep. London:
Chapman and Hull, 1995. 430 p.

4. Breslavsky D.V., Morachkovs’kyi O.K., Tatarinova O.A.
High-temperature creep and long-term strength of structural
elements under cyclic loading. Strength of Materials. 2008. Vol.
40, Ne 5. P. 531-537.

5. Breslavsky D.V., Morachkovsky O., Tatarinova O. Creep
and damage in shells of revolution under cyclic loading and
heating. International Journal of Nonlinear Mechanics. 2014. Ne
66. P.87-95.

6. Breslavsky D.V., Galas O. Analysis of beam flexural os-
cillations considering high temperature creep of its material.
Nonlinear dynamics — 2013: proceedings of the Foutrh Interna-
tional Conference, Sevastopol, June 19-22, 2013. Kharkiv:
Tochka, 2013. P. 375-378.

7. Zienkewisz O.C., Morgan K. Finite elements and ap-
proximation. Dover publications, 2006. 324 p.

8. Newmark N. A method of computation for structural dy-
namics. J. Eng. Mech. ASCE 85, 1959. P. 67-94.

9. Simo J.C., Vu-Quoc L. On the dynamics of flexible
beams under large overall motions — the plane case. /ASME J.
Appl. Mech 53, 1986. P. 849-854.

References (transliterated)

1. Cristescu N. Dynamic plasticity. Amsterdam: North
Holland, 2004. 614 p.

2. Pal'mov V.A. Kolebany'ya uprugoplasty chesky'x tel.
Moscow: Nauka, 1976. 328 p.

3. Penny R.K., Marriott D.L. Design for Creep. London:
Chapman and Hull, 1995. 430 p.

4. Breslavsky D.V., Morachkovs’kyi O.K., Tatarinova O.A.
High-temperature creep and long-term strength of structural
elements under cyclic loading. Strength of Materials. 2008. Vol.
40, Ne 5. P. 531-537.

5. Breslavsky D.V., Morachkovsky O.K., Tatarinova O.A.
Creep and damage in shells of revolution under cyclic loading
and heating. International Journal of Nonlinear Mechanics. 2014.
Ne 66. P.87-95.

6. Breslavsky D.V., Galas O. Analysis of beam flexural
oscillations considering high temperature creep of its material.

42

Bicnux Hayionanvnoeo mexuniunozo ynisepcumemy « XII1Iy.
Cepia: Jlunamixa i miynicme mawun. Ne 2. 2020



ISSN 2078-9130

Nonlinear dynamics — 2013: proceedings of the Foutrh Interna- 8. Newmark N. A method of computation for structural dy-

tional Conference, Sevastopol, June 19-22, 2013. Kharkiv:  namics. J. Eng.Mech. ASCE 85, 1959. P. 67-94.

Tochka, 2013. P. 375-378. 9. Simo J.C., Vu-Quoc L. On the dynamics of flexible
7. Zienkewisz O.C., Morgan K. Finite elements and ap-  beams under large overall motions — the plane case. I/ ASME J.

proximation. Dover publications, 2006. 324 p. Appl. Mech 53, 1986. P. 849-854.

Received (nadiiuuna) 31.08.2020

Bioomocmi npo aeémopis / Ceedenusn 06 asmopax / About the Authors

bpecnascokuii /Imumpo Bacunvosuu (bpecnaeckuit /Imumpuii Bacunveeuu, Breslavsky Dmytro Vasylovych) —
JIOKTOp TEXHIYHUX HayK, mpodecop, 3aBiayBay kKadeapu KOMIT FOTEpHOTO MOJEITIOBaHHS MPOIIECiB Ta cucteM, HarioHa-
JbHUN TEXHIYHUH yHIBEpCUTET «XapKIBCBKHH TMONITeXHIYHUI iHCTUTYT»; Ten.: (057)-707-64-54; e-mail:
brdm@kpi.kharkov.ua.

Hanamapuyk Ilaeno Izopoeuu (Ilanamapuyx Ilasen Hzopesuu, Palamarchuk Pavlo Igorovych) — ctynent, Ha-
IIOHAJILBHUH TEXHIYHUH YHIBepCHUTET «XapKiBChKMH mojiTexHIuHuHd iHCTUTYT». Tem.: (057)-707-64-54. E-mail:
pasha.palamarchuk@gmail.com

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy « XI11Iy.
Cepis. [lunamixa i miynicme mawun. Ne 2. 2020 43




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /RUS <>
  >>
  /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




