
NICOLAS BOURBAKI 

ELEMENTS OF MATHEMATICS 

Integration I 

Chapters 1-6 

Translated by Sterling K. Berberian 

, Springer 



Originally published as 
Integration 

@N. Bourbaki 
Chapters 1 to 4, 1965 

Chapter 5, 1967 
Chapter 6, 1959 

Translated by 
Sterling K. Berberian, Prof. Emeritus 

The University ofTexas at Austin 
USA 

Mathematics Subject Classification (2000): 28-01, 28Bxx, 46Exx 

Cataloging-in-Publication Data applied for 
A catalog record for this book is available from the I.Jbrary of Congress. 

Bibliographic information published by Die Deutsche Bibliothek 
Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie; 

detailed bibliographic data is available in the Internet at http://dnb.ddb.de 

ISBN-13:978-3-642-63930-2 e-ISBN-13:978-3-642-59312-3 
DOl: 10.1007/978-3-642-59312-3 

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is concerned, 
specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction on 

microfilm or in any other way, and storage in data banks. Duplication of this publication or parts thereof is 
permitted only under the provisions of the German Copyright Law of September 9, 1965, in its current version, and 
permission for use must always be obtained from Springer-Verlag. Violations are liable for prosecution under the 

German Copyright Law. 

Springer-Verlag Berlin Heidelberg New York 
a member of Bertels mann Springer Science+Business Media GmbH 

http://www.springer.de 
@ Springer-Verlag Berlin Heidelberg 2004 

Softcover reprint of the hardcover 1st edition 2004 

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, even in 
the absence of a specific statement, that such names are exempt from the relevant pro-

tective laws and regulations and therefore free for general use. 

Typesetting: by the Translator 
Cover Design: Design & Production GmbH, Heidelberg 
Printed on acid-free paper 4113142 db 543210 



Contents 

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ix 

CHAPTER I. - INEQUALITIES OF CONVEXITY ................ Ll 

1. The fundamental inequality of convexity. . . . . . . . . . . .. 1.1 
2. The inequalities of Holder and Minkowski . . . . . . . . . . .. 1.3 
3. The semi-norms Np • . • . . • • • • • • . • . • • . . . . • • • . . • . • . . .. 104 

Exercises for Ch. I ......................................... 1.6 
Historical note. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.8 

CHAPTER II. - RIESZ SPACES .............................. 11.1 

§1. Riesz spaces and fully lattice-ordered spaces. . . . . . . . . . . . . .. 11.1 

1. Definition of Riesz spaces .......................... ILl 
2. Generation of a Riesz space by its positive elements ... 11.3 
3. Fully lattice-ordered spaces. . . . . . . . . . . . . . . . . . . . . . . .. 1104 
4. Subspaces and product spaces of fully lattice-ordered 

spaces .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11.5 
5. Bands in a fully lattice-ordered space . . . . . . . . . . . . . . .. 11.6 

§2. Linear forms on a Riesz space. . . . . . . . . . . . . . . . . . . . . . . . . .. II.9 

1. Positive linear forms on a Riesz space. . . . . . . . . . . . . . .. II.9 
2. Relatively bounded linear forms. . . . . . . . . . . . . . . . . . . .. 11.10 

Exercises for §1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ILl5 
Exercises for §2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. II.19 

CHAPTER III. - MEASURES ON LOCALLY COMPACT SPACES ... 111.1 

§1. Measures on a locally compact space ..................... 111.1 

1. Continuous functions with compact support .. . . . . . . .. III.l 
2. Approximation properties. . . . . . . . . . . . . . . . . . . . . . . . .. IliA 
3. Definition of a measure ............................ III. 7 
4. Product of a measure by a continuous function. . . . . . .. 111.10 
5. Real measures. Positive measures .................... 111.11 
6. Absolute value of a complex measure. . . . . . . . . . . . . . .. IIL13 
7. Definition of a measure by extension. . . . . . . . . . . . . . . .. IILl5 



CONTENTS 467 

8. Bounded measures ................................ IlI.16 
9. Vague topology on the space of measures. . . . . . . . . . . .. lIU8 

10. Compact convergence in Al(X; C) . . . . . . . . . . . . . . . . . .. IlI.21 

§2. Support of a measure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IlI.23 

1. Restriction of a measure to an open set. Definition of 
a measure by means of local data ................... IlI.23 

2. Support of a measure. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. III.25 
3. Characterization of the support of a measure ......... III.27 
4. Point measures. Measures with finite support . . . . . . . .. lII.29 
5. Discrete measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. lII.31 

§3. Integrals of continuous vector-valued functions. . . . . . . . . . . .. IlI.32 

1. Definition of the integral of a vector-valued function. .. lII.32 
2. Properties of the vectorial integral. . . . . . . . . . . . . . . . . .. lII.34 
3. Criteria for the integral to belong to E .............. lII.37 
4. Continuity properties of the integral . . . . . . . . . . . . . . . .. lII.39 

§4. Products of measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. lII.40 

1. The product of two measures . . . . . . . . . . . . . . . . . . . . . .. lII.40 
2. Properties of product measures ..................... lII.44 
3. Continuity of product measures. . . . . . . . . . . . . . . . . . . .. lII.47 
4. Product of a finite number of measures .............. lII.48 
5. Inverse limits of measures . . . . . . . . . . . . . . . . . . . . . . . . .. III.50 
6. Infinite products of measures ............... . . . . . . .. III.53 

Exercises for §1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. III.55 
Exercises for §2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. III.59 
Exercises for §3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. III.60 
Exercises for §4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. III.60 

CHAPTER IV. - EXTENSION OF A MEASURE. LP SPACES ...... IV.l 

§1. Upper integral of a positive function. . . . . . . . . . . . . . . . . . . . .. IV.l 

1. Upper integral of a lower semi-continuous positive 
function. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.1 

2. Outer measure of an open set. . . . . . . . . . . . . . . . . . . . . .. IV.4 
3. Upper integral of a positive function. . . . . . . . . . . . . . . .. IV.6 
4. Outer measure of an arbitrary set. . . . . . . . . . . . . . . . . .. IV.lO 

§2. Negligible functions and sets . ........................... IV.ll 

1. Negligible positive functions. . . . . . . . . . . . . . . . . . . . . . .. IV.ll 
2. Negligible sets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.12 
3. Properties true almost everywhere. . . . . . . . . . . . . . . . . .. IV.12 



468 INTEGRATION 

4. Classes of equivalent functions. . . . . . . . . . . . . . . . . . . . .. IV.13 
5. Functions defined almost everywhere ................ IV.15 
6. Equivalence classes of functions with values in R ..... IV.16 

§3. LP spaces............................................. IV.18 

1. Minkowski's inequality. . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.18 
2. The semi-norms Np ............................... IV.19 
3. The spaces §: ................................... IV.20 
4. p-th power integrable functions ..................... IV.23 
5. Properties of p-th power integrable functions ......... IV.25 
6. Directed sets in LP and increasing sequences in.zp .. IV.27 
7. Lebesgue's theorem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.30 
8. Relations between the spaces .z: (1 ~ p < +(0) . . . . .. IV.31 

§4. Integrable functions and sets . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.32 
1. Extension of the integral. . . . . . . . . . . . . . . . . . . . . . . . . .. IV.32 
2. Properties of the integral. . . . . . . . . . . . . . . . . . . . . . . . . .. IV.34 
3. Passage to the limit in integrals. . . . . . . . . . . . . . . . . . . .. IV.36 
4. Characterizations of integrable numerical functions. . .. IV.37 
5. Integrable sets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.41 
6. Criteria for the integrability of a set. . . . . . . . . . . . . . . .. IV.43 
7. Characterizations of bounded measures. . . . . . . . . . . . .. IV.46 
8. Integration with respect to a measure with compact 

support. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.47 
9. Clans and additive set functions .................... IV.50 

10. Approximation of continuous functions by step 
functions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.52 

11. Extension of a measure defined on a family of sets. . . .. IV.53 

§5. Measurable functions and sets. . . . . . . . . . . . . . . . . . . . . . . . . .. IV.59 

1. Definition of measurable functions and sets. . . . . . . . . .. IV.59 
2. Principle of localization. Locally negligible sets. . . . . . .. IV.61 
3. Elementary properties of measurable functions. . . . . . .. IV.63 
4. Limits of measurable functions. . . . . . . . . . . . . . . . . . . . .. IV.64 
5. Criteria for measurability .......................... IV.66 
6. Criteria for integrability. . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.71 
7. Measure induced on a locally compact subspace. . . . . .. IV.73 
8. J.l-dense families of compact sets. . . . . . . . . . . . . . . . . . . .. IV.76 
9. Locally countable partitions. . . . . . . . . . . . . . . . . . . . . . .. IV.77 

10. Measurable functions defined on a measurable subset.. IV.78 
11. Convergence in measure. . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.80 
12. A property of vague convergence . . . . . . . . . . . . . . . . . . .. IV.86 



CONTENTS 469 

§6. Convexity inequalities. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.89 
1. The convexity theorem. . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.89 
2. Inequality of the mean. . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.90 
3. The spaces LF ................................... IV.91 
4. Holder's inequality .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.93 
5. Applications: relations between the spaces L~ 

(1 ~ p ~ +00) .................................... IV.98 

§7. Barycenters........................................... IV.1Ol 

1. Definition of barycenters . . . . . . . . . . . . . . . . . . . . . . . . . .. IV. 101 
2. Extremal points and barycenters . . . . . . . . . . . . . . . . . . .. IV.102 
3. Applications: 1. Vector spaces of continuous real 

functions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.106 
4. Applications: II. Vector spaces of continuous complex 

functions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV. 11 0 
5. Applications: III. Algebras of continuous functions .... IV.I11 
6. Uniqueness of integral representations ............... IV.115 

Exercises for §l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.118 
Exercises for §3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.120 
Exercises for §4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.120 
Exercises for §5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.127 
Exercises for §6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.134 
Exercises for §7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IV.142 

CHAPTER V. - INTEGRATION OF MEASURES ................. V.l 

§1. Essential upper integral. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.2 

1. Definition of the essential upper integral ............. V.2 
2. Moderated functions and measures. . . . . . . . . . . . . . . . .. VA 
3. Essentially integrable functions ..................... V.7 
4. A property special to the essential upper integral. . . . .. V.1O 

§2. Summable families of positive measures. . . . . . . . . . . . . . . . . .. V.11 

1. Definition of summable families of measures .. . . . . . . .. V.11 
2. Integration with respect to a sum of positive measures. V.I2 
3. Decomposition of a measure as a sum of measures 

with compact support ............................. V.14 

§3. Integration of positive measures ......................... V.15 

1. Functions with values in a space of measures ......... V.I5 
2. Superimposed integrals of positive functions . . . . . . . . .. V.20 
3. Superimposed integrals of functions with values in a 

Banach space ..................................... V.24 



470 INTEGRATION 

4. Universally measurable functions. . . . . . . . . . . . . . . . . . .. Y.25 
5. Diffusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Y.26 
6. Composition of bounded diffusions. . . . . . . . . . . . . . . . .. Y.29 

§4. Integration of positive point measures .................... Y.31 

1. Families of point measures ......................... Y.31 
2. Upper integrals of positive functions with respect to 

an integral of point measures. . . . . . . . . . . . . . . . . . . . . .. Y.33 
3. Measurability with respect to an integral of point 

measures ......................................... Y.35 
4. Integration of functions with values in a Banach space, 

with respect to an integral of point measures ......... Y.37 

§5. Measures defined by numerical densities . . . . . . . . . . . . . . . . .. Y.38 

1. Locally integrable functions ........................ Y.38 
2. Measures defined by numerical densities. . . . . . . . . . . . .. Y.40 
3. Integration with respect to a measure defined by 

a density. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Y.42 
4. Behavior of the product with respect to the usual 

operations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Y.45 
5. Characterization of measures with base J.L • • • • • • • • • • •• YA8 
6. Equivalent measures ............................... Y.52 
7. Alien measures .................................... Y.54 
8. Applications: I. Duality of the spaces LP . . . . . . . . . . . .. V.56 
9. Applications: II. Functions of measures .............. V.60 

10. Diffuse measures; atomic measures .................. Y.61 

§6. Images of a measure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Y.62 

1. Image of a positive measure. . . . . . . . . . . . . . . . . . . . . . .. V.62 
2. Integration with respect to the image of a positive 

measure .......................................... Y.64 
3. Properties of the image of a positive measure. . . . . . . .. Y.65 
4. Image of a complex measure ........................ V.68 
5. Application: change of variable in the Lebesgue 

integral. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Y.69 
6. Decomposition into slices. Inverse image of a measure 

under a local homeomorphism ...................... Y.71 

§7. Integration with respect to an induced measure. . . . . . . . . . . .. Y.74 
1. Integration with respect to an induced measure. . . . . .. V.74 
2. Properties of induced measures ..................... V.77 



CONTENTS 471 

§8. Products of measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.79 

1. Interpretation of the product measure as an 
integral of measures ........ . . . . . . . . . . . . . . . . . . . . . .. V. 79 

2. Functions measurable with respect to a product of 
two measures ..................................... V.81 

3. Integration of positive functions. . . . . . . . . . . . . . . . . . . .. V.83 
4. Integration of functions with values in a Banach 

space ............................................ V.87 
5. Operations on the product of two measures. . . . . . . . . .. V.89 
6. Integration with respect to a finite product of 

measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.91 
7. Application: Measure of the Euclidean ball in Rn . . . .. V.93 

Exercises for § 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V. 94 
Exercises for §2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.95 
Exercises for §3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.96 
Exercises for §4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.99 
Exercises for §5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.99 
Exercises for §6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.107 
Exercises for § 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.112 
Exercises for §8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.114 
Historical note. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V.123 

CHAPTER VI. - VECTORIAL INTEGRATION .................. VI.1 

§1. Integration of vector-valued functions. . . . . . . . . . . . . . . . . . . .. VI.1 

1. Scalarly essentially integrable functions . . . . . . . . . . . . .. VI.2 
2. Properties of the integral of a scalarly essentially 

integrable function ................................ VI. 5 
3. Integrals of operators. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.7 
4. The property (GDF) .............................. VI.9 
5. Measurable mappings and scalarly measurable 

mappings ........................................ VI.12 
6. Applications: I. Extension of a continuous function 

to a space of measures. . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.13 
7. Applications: II. Extension, to a space of measures, 

of a continuous function with values in a space of 
operators. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.15 

§2. Vectorial measures . .................................. " VI.18 

1. Definition of a vectorial measure. . . . . . . . . . . . . . . . . . .. VI.18 
2. Integration with respect to a vectorial measure. . . . . . .. VI.20 
3. Majorizable vectorial measures. . . . . . . . . . . . . . . . . . . . .. VI.22 



472 INTEGRATION 

4. Vectorial measures with base J.L • • • • • • • • • • • • • • • • • • • •• VI.25 
5. The Dunford-Pettis theorem ....................... VI.27 
6. Dual of the space L} (F a separable 

Banach space. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.32 
7. Integration of a vector-valued function with respect to 

a vectorial measure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.33 
8. Complex measures ................................ VI.34 
9. Bounded complex measures ........ " ........ , ..... , VI.37 

10. Image of a complex measure; induced complex measure; 
product of complex measures . . . . . . . . . . . . . . . . . . . . . .. VI.39 

§3. Disintegration of measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VIAO 

1. Disintegration of a measure J.L relative to a J.L-proper 
mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.40 

2. Pseudo-image measures ............................ VIA4 
3. Disintegration of a measure J.L relative to a 

pseudo-image of J.L •••••••••••••••••••••••••••••••• VIA5 
4. Measurable equivalence relations . . . . . . . . . . . . . . . . . . .. VIA6 
5. Disintegration of a measure by a measurable equivalence 

relation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.50 

Appendix: Complements on topological vector spaces. . . . . . .. VI.52 

1. Bilinear forms and linear mappings. . . . . . . . . . . . . . . . .. VI.52 
2. Some types of spaces having the property (GDF). . . . .. VI.54 

Exercises for §1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.56 
Exercises for §2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.62 
Exercises for §3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI.69 
Historical note. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VI. 72 
Index of notations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 451 
Index of terminology ....................................... 455 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




