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RESEARCH OF NONLINEAR VIBRATIONS OF LAMINATED SHALLOW SHELLS  
WITH CUTOUTS BY R-FUNCTIONS METHOD 
 

У цій роботі запропоновано ефективний метод дослідження геометрично нелінійних власних коливань тонкостінних елемен-
тів конструкцій, які можуть моделюватися багатошаровими пологими оболонками зі складною формою в плані. Запропоно-
ваний метод базується на сумісному використанні теорії R-функцій, варіаційних методів і процедури Бубнова-Галеркина. Це 
дозволяє звести спочатку нелінійну систему рівнянь руху до задачі Коші. Математична постановка задачі виконана у рамках 
уточненої теорії першого порядку. Створено відповідне програмне забезпечення в системі POLE-RL для поліноміальних 
результатів і з використанням C++ програми для сплайнів. Розв’язані нові задачі лінійних і нелінійних коливань багатошаро-
вих пологих оболонок з вирізами. Для підтвердження надійності отриманих результатів проведено їх порівняння з отрима-
ними за допомогою сплайн-апроксимації та з відомими із літератури. Досліджений ефект граничних умов на вирізі. 

Ключові слова: теорія R-функций, теорія Тимошенко, багатошарові пологі оболонки, нелінійні коливання. 
 

В настоящей работе предложен эффективный метод исследования геометрически нелинейных собственных колебаний тон-
костенных элементов конструкций, которые могут моделироваться многослойными пологими оболочками со сложной фор-
мой в плане. Предложенный метод базируется на совместном использовании теории R-функций, вариационных методов и 
процедуры Бубнова-Галеркина. Это позволяет свести изначально нелинейную систему уравнений движения к задаче Коши. 
Математическая постановка задачи выполнена в рамках уточненной теории первого порядка. Создано соответствующее про-
граммное обеспечение в системе POLE-RL для полиномиальных результатов и используя C++ программы для сплайнов. 
Решены новые задачи линейных и нелинейных колебаний многослойных пологих оболочек с вырезами. Для подтверждения 
надежности получаемых результатов проведено их сравнение с полученными посредством сплайн-аппроксимации и извест-
ными в литературе. Исследован эффект граничных условий на вырезе. 

Ключевые слова: теория R-функций, теория Тимошенко, многослойные пологие оболочки, нелинейные колебания. 
 

In present work an effective method to research geometrically nonlinear free vibrations of elements of thin-walled constructions that 
can be modeled as laminated shallow shells with complex planform is applied. The proposed method is based on joint use of R–
functions theory, variational methods and Bubnov–Galerkin procedure. It allows reducing an initial nonlinear system of motion equa-
tions of a shallow shell to the Cauchy problem. The mathematical formulation of the problem is performed in a framework of the 
refined first-order theory. The appropriate software is created within POLE–RL program system for polynomial results and using C++ 
programs for splines. New problems of linear and nonlinear vibrations of laminated shallow shells with cutouts are solved. To confirm 
reliability of the obtained results their comparison with the ones obtained using spline-approximation and known in literature is pro-
vided. Effect of boundary condition on cutout is studied. 

Keywords: R–function theory, Timoshenko’s theory, laminated shallow shells, geometrically nonlinear vibrations. 
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Introduction 
Investigation of geometrically nonlinear vibrations 

of multi-layered shallow shells with complex planform 
and a cutout is carried out. The mathematical statement of 
this class of problems is well developed in literature [1, 2]. 
However, due to the complexity of the motion equations 
system, there are practically no works, which contain nu-
merical results for these problems in the case of complex 
planforms, the presence of cutouts and different types of 
boundary conditions. Therefore, development of methods 
solving such problems is an important task. In this paper 
we propose a method based on the theory of R-functions 
[3, 4] and variational methods, which allows one to solve 
such problems. 

 
1 The mathematical statement of the problem 
We consider the multi-layered thin shell of the con-

stant thickness h, on the assumption that the slip and sepa-
ration between the layers are absent. We confine ourselves 
to the symmetrical structure of layers. The mathematical 
formulation of the problem is performed via refined the-
ory of multi-layered shells based on the Timoshenko’s 
shear assumptions. Then the problem of geometrically 
nonlinear vibrations of shallow shells is reduced to the 

solution of the system of nonlinear differential equations 
of motion [5, 6]: 
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where ( ) ( ) ( )tyxwtyxvtyxu ,,,,,,,,  are displacements of the 
coordinate surface points; ψx, ψy are rotation angles of the 
normal to the coordinate surface; N11, N12, N22 are the in-
plane resultants per unit length; M11, M12, M22 are the in-
ternal moment resultants per unit length; Qx, Qy are the 
transverse shear resultants per unit length. Components of 
these resultants are defined as: 
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The expressions of deformations, taking nonlinear 
terms in account, are expressed as 
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The expressions (2) contain coefficients Cij, Kij, Dij 
and m1, m2, which are calculated by the known formulas 
[7-10], k4, k5 are shear correction coefficients, k1, k2 are 
curvatures of a shell. 

The system (1) is supplemented by appropriate 
boundary and initial conditions. 

 
1.1 The solution method 
Accordingly to the algorithm proposed in [8-10], we 

represent the unknown functions u(x,y,t), v(x,y,t), w(x,y,t), 
ψy(x,y,t), ψx(x,y,t) in the form of an expansion by eigen-
functions of the corresponding linear problem solution of 
free vibrations of shells 
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the eigenvector ( )yxwvuU ψψ ,,,,= , and functions 22 ,vu  
must be a solution of the system of differential equations 
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The expressions for the right-hand sides of (4), des-
ignated by operators ( ) ( ) ( )2,1,1

2 =kwNlk  are described in 
[8-10]. 

The system of equations (4), supplemented with the 
appropriate boundary conditions, as well as a linear prob-
lem of free oscillations of multi-layered shallow shells, 
can be solved using RFM method [3, 4] for almost any 
form of the shell’s plan and various types of boundary 
conditions. 

Substituting the expression (3) for the unknown 
functions in the system (1) and applying the Bubnov-
Galerkin procedure, we obtain the nonlinear ordinary dif-
ferential equation 

0)()()()( 3
1

2
11

2
1 =⋅+⋅++′′ tytytyty l γβω .            (5) 

Formulas for the coefficients presented in the equa-
tion (5) are given in [8-10]. 

The solution of the obtained ordinary differential 
equation may be accomplished through a variety of ap-
proximation methods. For example, the Runge-Kutta 
method, Bubnov-Galerkin and others. 

 
2 Numerical results  
To validate the proposed method and created soft-

ware a number of test problems were solved. The obtained 
results were compared with the once of other authors 
[7, 11]. One of the test cases is discussed in Example 1.  

Example 1. Consider the problem of free vibrations 
of a shallow geometrically nonlinear isotropic square shell 
of constant thickness of double curvature. The following 
geometric and material parameters are used: a/b = 1; 

;0/;1/ == yxyx RRRR  .3,0;01,0;10 === νhRx  The 

shear correction factors are: 6/52
5

2
4 == kk . The boundary 

conditions correspond to a simply-supported edge. Figure 
1 shows a comparison of the frequencies ratios depend-
ence on the basic mode amplitude for cylindrical and 
spherical shells, obtained by RFM with the known results 
of [11]. To obtain the dependency ratio of the frequencies 
to the amplitude the Runge-Kutta method was used.  

 

 
Figure 1 – Convergence of amplitude-frequency curves  

of shallow shells  
 
The observed divergence of obtained results with the 

once of [11] does not exceed 2 %. 
Example 2. Consider the problem of a 3-layered cy-

lindrical shallow shell free nonlinear vibration with a 
square planform and a central square cutout (fig. 2). 
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Figure 2 – Geometry of a shell with a central cutout and  

different boundary conditions 
 
It is assumed that all layers are made of the material 

with the following characteristics:  
Material 1 (M1):  ;5,0;40 223131221 EGGGEE ====  

ν12 = 0,25. 
Material 2 (M2): ;5,0;10 223131221 EGGGEE ====  

ν12 = 0,25. 
The shear correction factors are taken as 

6/52
5

2
4 == kk , dimensionless parameters of the curvature 

are defined as ( ) 01,02;300/ == ahhRx . Three types of 
boundary conditions are investigated: completely clamped 
edge (CC), simply supported on external edge and 
clamped cutout (SC), simply supported on external edge 
and free cutout (SF). Comparison of the obtained funda-
mental frequencies for two types of materials (M1, M2) 
with the once in [7] is presented in table 1. Results pre-
sented by RFM were obtained both by polynomial ap-
proximation (POLY) and splines [12] (SPLI) using mesh 
of 10x10. 

 
Table 1 – Comparison of the non-dimensional frequency 

( ) 212
22

2
11 hEa ρωϖ =  for cross ply (0/90/0) laminated shells 

with the boundary condition (SF) 
c/a M1 M1 M2 M2 

29,481 [POLY] 23,933 [POLY]0 29,3565 
[7] 29,476 [SPLI] 

23,8253 
[7] 23,921 [SPLI] 

30,252 [POLY] 24,749 [POLY]0,2 29,4182 
[7] 29,859 [SPLI] 

24,2845 
[7] 24,552 [SPLI] 

 
The observed divergence of obtained results with the 

once of [7] does not exceed 3 %. 
Further, new results are presented by using the the-

ory of R–functions. 

The amplitude-frequency dependence for cylindrical 
shells of SC boundary condition with the cutout of size 
c/a = 0,2 for two types of materials (M1, M2) is presented 
in figure 3. 

 

 
Figure 3 – Amplitude-frequency curves of SC cylindrical  

shallow shells 
 
According to the observed curves we can state that 

the behavior of investigated shell of M1 material is more 
rigid than the one of M2 with the amplitude increase. 

The amplitude-frequency dependence for cylindrical 
shells of CC boundary condition with the cutout of size 
c/a = 0,2 for two types of materials (M1, M2) is presented 
in figure 4.  

According to the observed curves we can state that 
the investigated shell of M1 material becomes more rigid 
than the one of M2 when the ratio Wmax/h exceeds 1,4. 

 

 
Figure 4 – Amplitude-frequency curves of CC cylindrical  

shallow shells 
 
Conclusions 
A proposed numerical-analytically approach based 

on R-functions theory is used to research free nonlinear 
vibration problems of laminated shallow shells with cut-
outs. Three-layered shells made of different materials with 
different curvatures and square cutout are investigated. 
Different types of boundary conditions are examined. The 
amplitude-frequency curves of vibrations of considered 
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shells have been constructed using the first-mode ap-
proximation by the Runge-Kutta method. A comparison 
with known results confirms the reliability of the proposed 
approach. 

 
References:  
1. Chia C. Y. Nonlinear Analysis of Doubly Curved Sym-

metrically Laminated Shallow Shells with Rectangular Planform. 
Ingenieur-Archiv, 1988, Vol. 58, pp. 252–264. 

2. Reddy J. N., Liu C. F. A Higher-Order Shear Deforma-
tion Theory of Laminated Elastic Shells. International Journal of 
Engineering Science, 1985, Vol. 23 (Iss. 3), pp. 319–330.  

3. Rvachev V.L. Theory of R-functions and some of its 
Applications. Kiev: Nauka Dumka, 1982 (in Russian). 

4. Rvachev V.L., Kurpa L.V. The R-functions in Problems 
of Plate Theory. Кiev: Nauka Dumka, 1987 (in Russian). 

5. Ambartsumian S.A. The general theory of anisotropic 
shells. Moscow: Nauka, 1974 (in Russia). 

6. Vol’mir A.S. Nonlinear Dynamics of Plates and Shells. 
Moscow: Nauka, 1972 (in Russian). 

7. Nanda N., Bandyopadhyay J.N. Nonlinear Free Vibra-
tion Analysis of Laminated Composite Cylindrical Shells with 
Cutout. Journal of Reinforced Plastics and Composites, 2007, 

Vol. 26 (Iss. 14), pp. 1413–1427. 
8. Kurpa L.V. Nonlinear Free Vibrations of Multilayer 

Shallow Shells with Asymmetric Structure and With a Compli-
cated Form of the Plan. Journal of Mathematical Sciences, 2009, 
Vol. 162 (Issue 1), p. 85-98. 

9. Timchenko G.N., Budnikov N.A. Geometrically 
Nonlinear Vibrations of Laminated Shallow Shells with Mixed 
Boundary Conditions. Proceedings of the Fourth Int. Conference 
“Nonlinear Dynamics”, June 19-22, Sevastopol. Kharkiv: 
Tochka, 2013, pp. 347-350. 

10. Awrejcewicz J., Kurpa L., Shmatko O. Investigating 
geometrically nonlinear vibrations of laminated shallow shells 
with layers of variable thickness via the R-functions theory. 
Composite Structures, 2015, Vol. 125, pp. 575-585.  

11. Kobayashi Y., Leissa W. Large amplitude free vibra-
tion of thick shallow shells supported by shear diaphragms. Int. 
J. Non-Linear Mechanics, 1995, Vol. 30 (Iss. 1), pp. 57-66. 

12. Kurpa L.V., Osetrov A.A. Study of natural vibrations 
of shallow shells using R–functions method and spline-
approximation. Mat. metodi ta fiz.-meh. Polya, 2007, Vol. 50 
(Iss. 4), pp. 83-93. 

Надійшла (received) 09.09.2016 

 
Бібліографічні описи / Библиографические описания / Bibliographic descriptions 

Дослідження нелінійних коливань багатошарових пологих оболонок з вирізами методом R-функцій / Л. Курпа, 
Г. Тимченко, А. Осетров // Вісник НТУ «ХПІ». Серія: Динаміка і міцність машин. – Х.: НТУ «ХПІ», 2016. – № 46 (1218). – 
С. 86–89. – Бібліогр.: 12 назв. – ISSN 2078-9130. 

Исследование нелинейных колебаний многослойных пологих оболочек с вырезами методом R-функций / Л. Ку-
рпа, Г. Тимченко, А. Осетров // Вісник НТУ «ХПІ». Серія: Динаміка і міцність машин. – Х.: НТУ «ХПІ», 2016. – № 46 
(1218). – С. 86–89. – Бібліогр.: 12 назв. – ISSN 2078-9130. 

Research of Nonlinear Vibrations of Laminated Shallow Shells with Cutouts by R-functions Method / L. Kurpa, G. Tim-
chenko, A. Osetrov // Bulletin of NTU "KhPI". Series: Dynamics and strength of machines. – Kharkiv: NTU "KhPI", 2016. – № 46 
(1218). – P. 86–89. – Bibliogr.: 12. – ISSN 2078-9130. 

 
Відомості про авторів / Сведения об авторах / About the Authors 

Курпа Лідія Василівна – доктор технічних наук, професор, завідувач кафедри «Прикладна математика», НТУ «ХПІ», 
тел.: (057) 707-60-32, e-mail: kurpa@kpi.kharkov.ua. 

Курпа Лидия Васильевна – доктор технических наук, профессор, заведующий кафедрой «Прикладная математика», 
НТУ «ХПИ», тел.: (057) 707-60-32, e-mail: kurpa@kpi.kharkov.ua. 

Kurpa Lidiya Vasylivna – Doctor of Technical Sciences, Full Professor, Head of the Department of Applied Mathematics, NTU 
"KhPI", tel.: (057) 707-60-32, e-mail: kurpa@kpi.kharkov.ua. 

Тимченко Галіна – кандидат технічних наук, доцент, НТУ «ХПІ», тел.: (057) 707-60-32. 
Тимченко Галина – кандидат технических наук, доцент, НТУ «ХПИ», тел.: (057) 707-60-32. 
Timchenko Galina – Candidate of Technical Sciences (Ph. D.), Docent, NTU "KhPI", tel.: (057) 707-60-32. 
Осетров Андрій Олександрович – кандидат технічних наук, старший викладач, НТУ «ХПІ», тел.: (057) 707-60-32, 

e-mail: andy.osetrov@gmail.com. 
Осетров Андрей Александрович – кандидат технических наук, старший преподаватель, НТУ «ХПИ», тел.:                 

(057) 707-60-32, e-mail: andy.osetrov@gmail.com. 
Osetrov Andriy Olexandrovich – Candidate of Technical Sciences (Ph. D.), Senior Lecturer, NTU "KhPI", tel.:                  

(057) 707-60-32, e-mail: andy.osetrov@gmail.com. 
 
 
 
 



<<
  /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


