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Notice

� All rights reserved. No part of this manual may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, 

electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of SEIKO EPSON CORPORATION.

� The contents of this manual are subject to change without notice.

� All efforts have been made to ensure the accuracy of the contents of this manual. However, should any errors be detected, SEIKO EPSON 

would greatly appreciate being informed of them.

� The above not withstanding SEIKO EPSON CORPORATION can assume no responsibility for any errors in this manual or the consequences 

thereof.

EPSON is a registered trademark of SEIKO EPSON CORPORATION.

General Notice: Other product names used herein are for identification purpose only and may be trademarks or registered trademarks of their 

respective owners. EPSON disclaims any and all rights in those marks.

Copyright © 1999 SEIKO EPSON CORPORATION. Printed in Japan.
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PRECAUTIONS

Precautionary notations throughout the text are categorized relative to 1) Personal injury and 2) Damage to equipment.

The precautionary measures itemized below should always be observed when performing repair/maintenance procedures.

DANGER

1. ALWAYS DISCONNECT THE PRODUCT FROM THE POWER SOURCE AND PERIPHERAL DEVICES PERFORMING ANY MAINTENANCE 

OR REPAIR PROCEDURES.

2. NOWORK SHOULD BE PERFORMED ON THE UNIT BY PERSONS UNFAMILIAR WITH BASIC SAFETY MEASURES AS DICTATED FOR 

ALL ELECTRONICS TECHNICIANS IN THEIR LINE OF WORK.

3. WHEN PERFORMING TESTING AS DICTATED WITHIN THIS MANUAL, DO NOT CONNECT THE UNIT TO A POWER SOURCE UNTIL 

INSTRUCTED TO DO SO. WHEN THE POWER SUPPLY CABLE MUST BE CONNECTED, USE EXTREME CAUTION IN WORKING ON 

POWER SUPPLY AND OTHER ELECTRONIC COMPONENTS.

WARNING

1. REPAIRS ON EPSON PRODUCT SHOULD BE PERFORMED ONLY BY AN EPSON CERTIFIED REPAIR TECHNICIAN.

2. MAKE CERTAIN THAT THE SOURCE VOLTAGES IS THE SAME AS THE RATED VOLTAGE, LISTED ON THE SERIAL NUMBER/RATING 

PLATE. IF THE EPSON PRODUCT HAS A PRIMARY AC RATING DIFFERENT FROM AVAILABLE POWER SOURCE, DO NOT CONNECT IT 

TO THE POWER SOURCE.

3. ALWAYS VERIFY THAT THE EPSON PRODUCT HAS BEEN DISCONNECTED FROM THE POWER SOURCE BEFORE REMOVING OR 

REPLACING PRINTED CIRCUIT BOARDS AND/OR INDIVIDUAL CHIPS.

4. IN ORDER TO PROTECT SENSITIVE MICROPROCESSORS AND CIRCUITRY, USE STATIC DISCHARGE EQUIPMENT, SUCH AS ANTI-

STATIC WRIST STRAPS, WHEN ACCESSING INTERNAL COMPONENTS.

5. REPLACE MALFUNCTIONING COMPONENTS ONLY WITH THOSE COMPONENTS BY THE MANUFACTURE; INTRODUCTION OF 

SECOND-SOURCE ICs OR OTHER NONAPPROVED COMPONENTS MAY DAMAGE THE PRODUCT AND VOID ANY APPLICABLE EPSON 

WARRANTY.

� � � � � � � Signals a precaution which, if ignored, could result in 

serious or fatal personal injury. Great caution should 

be exercised in performing procedures preceded by a 

WARNING heading.

� � � 	 � 
 � Signals a precaution which, if ignored, could result 

in damage to equipment.



PREFACE

This manual describes basic functions, theory of electrical and mechanical operations, maintenance and repair procedures of EPL-5800. The 

instructions and procedures included herein are intended for the experienced repair technicians, and close attention should be given to the 

precautions on the preceding page. Chapters are organized as follows:

CHAPTER 1. PRODUCT DESCRIPTIONS

mêçîáÇÉë=~=ÖÉåÉê~ä=çîÉêîáÉï=~åÇ=ëéÉÅáÑáÅ~íáçåë=çÑ=íÜÉ=éêçÇìÅíK

CHAPTER 2. OPERATING PRINCIPLES

aÉëÅêáÄÉë=íÜÉ=íÜÉçêó=çÑ=ÉäÉÅíêáÅ~ä=~åÇ=ãÉÅÜ~åáÅ~ä=çéÉê~íáçåë=çÑ=íÜÉ=éêçÇìÅíK

CHAPTER 3. TROUBLESHOOTING

mêçîáÇÉë=íÜÉ=ëíÉéJÄóJëíÉé=éêçÅÉÇìêÉë=Ñçê=íêçìÄäÉëÜççíáåÖK

CHAPTER 4. DISASSEMBLY AND ASSEMBLY

aÉëÅêáÄÉë=íÜÉ=ëíÉéJÄóJëíÉé=éêçÅÉÇìêÉë=Ñçê=Çáë~ëëÉãÄäáåÖ=~åÇ=~ëëÉãJ
ÄäáåÖ=íÜÉ=éêçÇìÅíK

CHAPTER 5. ADJUSTMENT

mêçîáÇÉë=~ÇàìëíáåÖ=éêçÅÉÇìêÉëK

CHAPTER 6. MAINTENANCE

mêçîáÇÉë=éêÉîÉåíáîÉ=ã~áåíÉå~åÅÉ=éêçÅÉÇìêÉëK

APPENDIX

mêçîáÇÉë=íÜÉ=ÑçääçïáåÖ=~ÇÇáíáçå=áåÑçêã~íáçå=Ñçê=êÉÑÉêÉåÅÉW
J=`çååÉÅíçê=máå=aá~Öê~ã
J=`áêÅìáí=_ç~êÇ=`çãéçåÉåí=i~óçìí
J=m~êíë=iáëíë=C=bñéäçÇÉÇ=aá~Öê~ãë
J=`áêÅìáí=pÅÜÉã~íáÅë



Revision Status

Revision Date of Issue Description

A January 7, 2000 First Release

B February 15, 2000 [Chapter 7 : Appendix] The parts list is added.
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`çåíÉåíë

mêçÇìÅí=aÉëÅêáéíáçå

lìíäáåÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=V

cÉ~íìêÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=V

aáÑÑÉêÉåÅÉë=Ñêçã=bmiJRTMM KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NM

_~ëáÅ=péÉÅáÑáÅ~íáçåëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NM

mêáåíÉê=_~ëáÅ=péÉÅáÑáÅ~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NM

mêçÅÉëë=péÉÅáÑáÅ~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NP

m~éÉê=péÉÅáÑáÅ~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NQ

m~éÉê=qóéÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NQ

m~éÉê=cÉÉÇáåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NQ

mêáåí~ÄäÉ=^êÉ~=EbåÖáåÉFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NR

oÉäá~ÄáäáíóI=aìê~ÄáäáíóI=pÉêîáÅÉ~Äáäáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NR

léÉê~íáåÖ=`çåÇáíáçåë=fåÅäìÇáåÖ=`çåëìã~ÄäÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NT

píçê~ÖÉ=~åÇ=qê~åëéçêí=båîáêçåãÉåíë=fåÅäìÇáåÖ=`çåëìã~ÄäÉë KKKKKKKK=NU

bäÉÅíêáÅ=`Ü~ê~ÅíÉêáëíáÅë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NU

^ééäáÅ~ÄäÉ=pí~åÇ~êÇë=~åÇ=oÉÖìä~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NV

`çåëìã~ÄäÉ=péÉÅáÑáÅ~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OM

péÉÅáÑáÅ~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OM

píçê~ÖÉ=~åÇ=qê~åëéçêí=båîáêçåãÉåíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OM

`çåíêçääÉê=péÉÅáÑáÅ~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OO

`çåíêçääÉê=_~ëáÅ=péÉÅáÑáÅ~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OO

`çåíêçääÉê=`çåÑáÖìê~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OP

bñíÉêå~ä=fLc=ëéÉÅáÑáÅ~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OQ

m~ê~ääÉä=fåíÉêÑ~ÅÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OQ

rp_=fåíÉêÑ~ÅÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OR

qóéÉ=_=fåíÉêÑ~ÅÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OR

`çåíêçä=m~åÉäKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OT

_ìííçåLiba=^êê~åÖÉãÉåíë=çå=`çåíêçä=m~åÉä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OT

iáëí=çÑ=m~åÉä=pÉííáåÖëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OU

pÉííáåÖ=fíÉãë=EjçÇÉäJÇÉéÉåÇÉåíF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PQ

mêáåíÉê=jÉëë~ÖÉë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PS

pÉêîáÅÉ=`~ää=bêêçêë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PV

kçíÉë=Ñçê=léÉê~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QQ

bñé~åëáçå=o^j KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QQ

mçïÉêáåÖ=lÑÑKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QQ

eáÖÜJqÉãéÉê~íìêÉ=`çãéçåÉåíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QQ

léÉê~íáåÖ=mêáåÅáéäÉë

léÉê~íáåÖ=mêáåÅáéäÉë=çÑ=jÉÅÜ~åáëãKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QS

m~éÉê=m~íÜ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QS

m~éÉê=cÉÉÇ=jÉÅÜ~åáëã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QS

pÉÅçåÇ=m~éÉê=cÉÉÇ=råáí=EléíáçåF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QT

`Ü~êÖáåÖ=mêçÅÉëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QV

lîÉêîáÉïKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QV

bñéçëìêÉ=mêçÅÉëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RM

mêáåí~ÄäÉ=~êÉ~ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RN

aÉîÉäçéãÉåí=mêçÅÉëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RO

lîÉêîáÉïKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RO

qê~åëÑÉê=mêçÅÉëëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RQ

lîÉêîáÉïKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RQ

cìëáåÖ=mêçÅÉëëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RR

lîÉêîáÉïKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RR

cìëáåÖ=qÉãéÉê~íìêÉ=`çåíêçä=`áêÅìáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RR

m~éÉê=bàÉÅí=mêçÅÉëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RT

c~ÅÉ=ìé=L=c~ÅÉ=Ççïå=pïáíÅÜáåÖ=cìåÅíáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RT

qêçìÄäÉëÜççíáåÖ

qêçìÄäÉëÜççíáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RV

qêçìÄäÉëÜççíáåÖ=Ñçê=m~éÉê=g~ã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RV

`ÜÉÅâ=mçáåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SM

qêçìÄäÉëÜççíáåÖ=Ñçê=^Äåçêã~ä=léÉê~íáçåëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SN

`ÜÉÅâ=mçáåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SO

qêçìÄäÉëÜççíáåÖ=Ñçê=mêáåí=nì~äáíó=mêçÄäÉãëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SP

aáë~ëëÉãÄäó=~åÇ=^ëëÉãÄäó

lîÉêîáÉï KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SS

mêÉÅ~ìíáçå=Ñçê=aáë~ëëÉãÄäó=~åÇ=^ëëÉãÄäóKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SS

mêÉÅ~ìíáçå=~í=j~áåíÉå~åÅÉ=~åÇ=aáë~ëëÉãÄäáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKK=SS
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mêÉÅ~ìíáçå=~í=e~åÇäáåÖ=íÜÉ=i~ëÉê=jÉÅÜ~åáëã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SS

e~åÇäáåÖ=cçêÄáÇÇÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SS

mêÉÅ~ìíáçå=~í=e~åÇäáåÖ=íÜÉ=mêáåí=_ç~êÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SS

mêÉÅ~ìíáçå=~í=e~åÇäáåÖ=íÜÉ=mÜçíçÅçåÇìÅíçê=Eaêìã=`~êíêáÇÖÉF KKKK=ST

oÉÖìä~êäó=oÉéä~ÅÉãÉåí=m~êíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SU

pÉêîáÅÉ=qççäë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SU

péÉÅáÑáÅ~íáçå=Ñçê=pÅêÉïë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SU

aáë~ëëÉãÄäó=mêçÅÉÇìêÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SV

mêÉé~ê~íáçå=ÄÉÑçêÉ=Çáë~ëëÉãÄäáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TM

m~éÉê=cÉÉÇ=oçääÉê=oÉéä~ÅÉãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TM

qê~åëÑÉê=oçääÉê=oÉéä~ÅÉãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TN

m~éÉê=bãéíó=pÉåëçê=EmbNF=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TO

oáÖÜí=`çîÉê=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TO

`çåíêçä=m~åÉä=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TP

j~áå=`çåíêçä=_ç~êÇ=Emt_JmF=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TP

iÉÑí=`çîÉê=~åÇ=cêçåí=`çîÉê=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TQ

m~éÉê=cÉÉÇ=pçäÉåçáÇ=EpiNF=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TQ

qçé=`çîÉê=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TR

oÉ~ê=`çîÉê=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TS

`ççäáåÖ=c~å=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TS

j~áå=jçíçê=^ëëÉãÄäó=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TT

cìëáåÖ=råáí=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TT

cìëáåÖ=råáí=aáë~ëëÉãÄäó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TU

fåíÉêäçÅâ=pïáíÅÜ=EpOF=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UM

mêáåí=eÉ~Ç=råáí=EmeF=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UN

mçïÉê=råáí=EmrNFI=m~éÉê=cÉÉÇ=pÉåëçê=EmpNF=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKK=UN

eáÖÜ=sçäí~ÖÉ=råáí=EesNF=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UO

pÉÅçåÇ=m~éÉê=cÉÉÇ=oçääÉê=oÉéä~ÅÉãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UP

pÉÅçåÇ=m~éÉê=cÉÉÇ=råáí=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UP

oÉä~ó=_ç~êÇ=Emt_J^F=oÉãçî~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UQ

pÉÅçåÇ=m~éÉê=páòÉ=aÉíÉÅíáçå=pïáíÅÜ=EptONF=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKK=UR

pÉÅçåÇ=m~éÉê=cÉÉÇ=pçäÉåçáÇ=EpiONF=oÉãçî~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UR

^ÇàìëíãÉåí

^ÇàìëíãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UT

mêáåí=pí~êí=mçëáíáçå=^ÇàìëíãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UT

fåíÉêäçÅâ=pïáíÅÜ=mçëáíáçå=^ÇàìëíãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UU

rp_=fa=fåéìí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UV

j~áåíÉå~åÅÉ

j~áåíÉå~åÅÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VO

rëÉê=j~áåíÉå~åÅÉ=çå=j~áå=råáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VO

j~áåíÉå~åÅÉ=çÑ=`çåëìã~ÄäÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VO

j~áåíÉå~åÅÉ=Äó=pÉêîáÅÉ=qÉÅÜåáÅá~åë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VP

^ééÉåÇáñ

lîÉêîáÉï KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VR

`çååÉÅíçêë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VR

`çååÉÅíáçå=Çá~Öê~ãëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VR

`çååÉÅíçê=iáëíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VR

`çååÉÅíçê=máå=^ëëáÖåãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VS

`çãéçåÉåí=i~óçìíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=VV

`áêÅìáí=pÅÜÉã~íáÅëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NMM

m~êíë=iáëíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NMQ

bñéäçÇÉÇ=sáÉï=aá~Öê~ãëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NMT



`e^mqbo

N
molar`q=abp`ofmqflk



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå lìíäáåÉ V

NKN==lìíäáåÉ

bmplk=bmiJRUMM=áë=åçåJáãé~Åí=é~ÖÉ=éêáåíÉê=ïáíÜ=ëÉãáJÅçåÇìÅíçê=ä~ëÉê=

~åÇ=ÉäÉÅíêçéÜçíçÖê~éÜáÅ=íÉÅÜåçäçÖóK

NKNKN==cÉ~íìêÉë

bkdfkb=cb^qrobp

� `çãé~Åí=~åÇ=äáÖÜíïÉáÖÜíI=^Q=ëìééçêí=ÉåÖáåÉ

� oÉëçäìíáçåL=éêáåíáåÖ=ëéÉÉÇW=pÉÉ=í~ÄäÉ=ÄÉäçïK

� pí~åÇ~êÇ=é~éÉê=ëìééäó=áåÅäìÇÉë=Å~ëëÉííÉJäáâÉ=ìåáîÉêë~ä=é~éÉê=íê~ó=ENRM=

ëÜÉÉíëF=~åÇ=ã~åì~ä=ÑÉÉÇ=íê~ó=EçåÉ=ëÜÉÉíF

� léíáçå=ëìééçêí=Ñçê=RMMJëÜÉÉíë=äçïÉê=Å~ëëÉííÉ=E^QI=iÉííÉê=ëáòÉF

`lkqoliibo=cb^qrobp

� eáÖÜJëéÉÉÇ=ÅçåíêçääÉêI=ÉãéäçóáåÖ=åÉï=`mr

� `mr=Z=soQPNM=L=`äçÅâ=Z=NPPjeò

� NS=j_=ÑáííÉÇ=~ë=ëí~åÇ~êÇ=o^j=~åÇ=bñé~åÇ~ÄäÉ=ìé=íç=ORSj_=j~ñK

� qïç=ëí~åÇ~êÇ=áåíÉêÑ~ÅÉë

� fbbbNOUQ=é~ê~ääÉä=áåíÉêÑ~ÅÉ

� rp_=áåíÉêÑ~ÅÉ=EtáåÇçïë=OMMM=ëìééçêíÉÇF

� låÉ=qóéÉ=_=áåíÉêÑ~ÅÉ=ëäçí=ÉèìáééÉÇ=EiÉîÉä=P=ëìééçêíÉÇF

� bìêç=póãÄçä=ëìééçêíÉÇ

� båÜ~åÅÉÇjáÅêçdê~ó=áåëí~ääÉÇ=E~î~áä~ÄäÉ=çåäó=áå=SMMÇéá=~åÇ=PMMÇéáK=

~ìíçã~íáÅ~ääó=lÑÑ=~í=NOMMÇéáF

� ofqÉÅÜ=áåëí~ääÉÇ=E~î~áä~ÄäÉ=çåäó=áå=SMMÇéá=~åÇ=PMMÇéáK=^ìíçã~íáÅ~ääó=

ëïáíÅÜÉÇ=lÑÑ=ïÜÉå=NOMMÇéá=áë=ëÉäÉÅíÉÇKF

plcqt^ob=cb^qrob

� qÜÉ=ÑçääçïáåÖ=ãçÇÉë=~åÇ=êÉëçäìíáçå=~êÉ=ëìééçêíÉÇK

� kipm=áë=áåÅäìÇÉÇ=áå=íÜÉ=ã~áå=ìåáí=Ñçåí=olj

� qÜÉ=åìãÄÉê=çÑ=ÄìáäíJáå=Ñçåí=~ÇÇÉÇ

bp`Lm~ÖÉW QV=→ UQ=Ñçåíë
m`iW QR=→ UM=Ñçåíë

� rp_=oÉîáëáçå=NKN=ëìééçêíÉÇ=EÑçê=táÇçïë=OMMM=rp_=måmF

q~ÄäÉ=NJNK==oÉëçäìíáçå=~åÇ=mêáåíáåÖ=péÉÉÇ

oÉëçäìíáçå mêáåíáåÖ=péÉÉÇ

PMMÇéá=L=SMM=Çéá NMééã

NOMM=Çéá Rééã

q~ÄäÉ=NJOK==pìééçêíáåÖ=jçÇÉë

jçÇÉ NOMMÇéá SMMÇéá PMMÇéá kçíÉ

bp`Lm~ÖÉ � � �

m`iui � � �

m`iRÉ ñ � �

bp`LmO ñ � �

cu ñ � �

NOPVu ñ � �

mçëípÅêáéí � � � léíáçå~ä



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NM

NKNKO==aáÑÑÉêÉåÅÉë=Ñêçã=bmiJRTMM

GNW j~ñáãìã=o^j=Å~é~Åáíó=áë=éçëëáÄäÉ=ïÜÉå=ORS=j_=pao^j=afjj=áë=
áãéäÉãÉåíÉÇK=bîÉå=ïÜÉå=ORS=j_=pao^j=afjj=áë=áãéäÉãÉåíÉÇI=íÜÉ=
ã~ñáãìã=o^j=Å~é~Åáíó=áë=äáãáíÉÇ=ìé=íç=ORSj_K

GOW tÜÉå=mp=çéíáçå=áë=áãéäÉãÉåíÉÇI=çíÜÉê=ÉñíÉåëáçå=afjjë=EÑçåí=ÉíÅKF=Å~ååçí=
íç=ÄÉ=áãéäÉãÉåíÉÇK

NKO==_~ëáÅ=péÉÅáÑáÅ~íáçåë

NKOKN==mêáåíÉê=_~ëáÅ=péÉÅáÑáÅ~íáçåë

mêáåíáåÖ=jÉíÜçÇW bäÉÅíêçéÜçíçÖê~éÜáÅ=éêçÅÉëë=ìëáåÖ=

ëÉãáÅçåÇìÅíçê=ä~ëÉê=ÄÉ~ã=ëÅ~ååáåÖ=~åÇ=Çêó=

ãçåçJÅçãéçåÉåí=íçåÉê

oÉëçäìíáçåW SMMÇéá=L=NOMMÇéá

ENOMMÇéá=áë=Ü~äÑ=ëéÉÉÇ=ÅçåíêçäF

mêáåíáåÖ=péÉÉÇW pÉÉ=í~ÄäÉ=ÄÉäçïK

GNW mêáåíáåÖ=ëéÉÉÇ=áë=äçïÉê=ïÜÉå=éêáåíáåÖ=Åìëíçã=é~éÉê=ëáòÉ=ÄÉÅ~ìëÉ=íÜÉ=
~ìíçã~íáÅ=ÅäÉ~åáåÖ=áë=Å~êêáÉÇ=çìíK

q~ÄäÉ=NJPK==aáÑÑÉêÉåÅÉë=Ñêçã=bmiJRTMM

fíÉã bmiJRTMM bmiJRUMM kçíÉ

båÖáåÉ=ëéÉÉÇ Uééã NMééã

oÉ~ä NOMMÇéá=ëìééçêí ñ � Rééã=ïÜÉå=
NOMMÇéá=áë=
ëÉäÉÅíÉÇK

`mr=éÉêÑçêã~åÅÉ oQPMMJNMMjeò oQPNMJNPPjeò

o^j=Å~é~Åáíó
Epí~åÇ~êÇ=L=j~ñáãìãF

Qj_=L=PSj_ NSj_=L=ORS=j_GN

o^j=íóéÉ bal=o^j=pfjj pao^j=afjj

bñé~åëáçå=olj olj=afjj=ñ=O olj=afjjGO=ñ=N cçê=^ÇçÄÉ=mp=P=
âáí

pÉêá~ä=fLc opOPO` rp_ pìééçêí=rp_=
oÉîáëáçå=NKNK

kipm olj=afjj pí~åÇ~êÇ

m`i=ãçÇÉ=äÉîÉä m`iRÉ m`iS

_ìáäíJáå=Ñçåíë QR UM cçê=m`i

QV UQ Ñçê=bp`Lm~ÖÉ

kipm=_áíã~éP léíáçå pí~åÇ~êÇ fåÅäìÇÉÇ=áå=íÜÉ=
ã~áå=ìåáí=Ñçåí=
oljK

mçëípÅêáéí=Eléíáçå~äF `äçåÉ=mpO ^ÇçÄÉ=mpP

q~ÄäÉ=NJQK==mêáåíáåÖ=péÉÉÇ

m~éÉê=

páòÉ

SMMÇéá NOMMÇéá

j~áå=råáí
içïÉê=̀ ~ëëÉííÉ=

råáíGN
j~áå=råáí

içïÉê=̀ ~ëëÉííÉ=

råáíGN

^Q=çê=iq
NMmmj=

ãáåáãìã
NMmmj=

ãáåáãìã
Rmmj=

ãáåáãìã
Rmmj=

ãáåáãìã

idi
UKQmmj=

ãáåáãìã
JJ

QKOmmj=
ãáåáãìã

JJ

_R
NMmmj=

ãáåáãìã
JJ

Rmmj=
ãáåáãìã

JJ

^R
NMmmj=

ãáåáãìã
JJ

Rmmj=
ãáåáãìã

JJ



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NN

cáêëí=mêáåíW pÉÉ=í~ÄäÉ=ÄÉäçïK

GNW mêáåíáåÖ=ëéÉÉÇ=áë=äçïÉê=ïÜÉå=éêáåíáåÖ=Åìëíçã=é~éÉê=ëáòÉ=ÄÉÅ~ìëÉ=íÜÉ=
~ìíçã~íáÅ=ÅäÉ~åáåÖ=áë=Å~êêáÉÇ=çìíK

t~êãJìé=qáãÉW x^í=OPø`I=ê~íÉÇ=îçäí~ÖÉz

� OOëÉÅ=j~ñK

Ecêçã=ïÜÉå=éçïÉêÉÇ=çå=ìåíáä=�oÉ~ÇóÒ=áë=Çáëéä~óÉÇF

� NMëÉÅ=j~ñK

EoÉÅçîÉêáåÖ=Ñêçã=pí~åÇÄó=ãçÇÉF

m~éÉê=pìééäóW pÉÉ=í~ÄäÉ=ÄÉäçïK

GNW rëáåÖ=TR=ÖLãO=EOMäÄF=é~éÉê

GOW cÉÉÇ=çåÉ=ëÜÉÉí=~í=~=íáãÉ=Ñêçã=íÜÉ=íçé=çÑ=íÜÉ=é~éÉê=íê~ó=ïÜÉå=ã~åì~ä=ÑÉÉÇK

GPW qÜÉ=ÑáñÉ=ëáòÉ=Å~ëëÉííÉ=E^Q=çê=iqF=Å~å=ÄÉ=áåëí~ääÉÇK=j~ñáãìã=é~éÉê=Å~é~Åáíó=
áåÅäìÇáåÖ=íÜÉ=é~éÉê=íê~ó=áë=SRM=ëÜÉÉíëK

q~ÄäÉ=NJRK==cáêëí=mêáåí

m~éÉê=

páòÉ

SMMÇéá NOMMÇéá

j~áå=råáí
içïÉê=̀ ~ëëÉííÉ=

råáíGN
j~áå=råáí

içïÉê=̀ ~ëëÉííÉ=

råáíGN

^Q=çê=iq
NUëÉÅ=

ã~ñáãìã
NVëÉÅ=

ã~ñáãìã
OTëÉÅ=

ã~ñáãìã
OVëÉÅ=

ã~ñáãìã

idi
NVëÉÅ=

ã~ñáãìã
JJ

OVëÉÅ=
ã~ñáãìã

JJ

_R
NUëÉÅ=

ã~ñáãìã
JJ

OSëÉÅ=
ã~ñáãìã

JJ

^R
NUëÉÅ=

ã~ñáãìã
JJ

OQëÉÅ=
ã~ñáãìã

JJ

q~ÄäÉ=NJSK==m~éÉê=pìééäó

m~éÉê=cÉÉÇ=

jÉíÜçÇ
`~é~Åáíó m~éÉê=páòÉ m~éÉê=qÜáÅâåÉëë

m~éÉê=qê~ó=
EcáñÉÇF

NRM=
ëÜÉÉíëGN

pí~åÇ~êÇ=çê=Åìëíçã=é~éÉê=ëáòÉë=
ïáíÜáå=íÜÉ=ÑçääçïáåÖ=ê~åÖÉëX
TSKOñNOT=íç=ONRKVñPRRKSãã
E^QI=gfpJ_fapI=^RI=iÉííÉêI=
dçîÉêåãÉåí=iÉííÉêI=bñÉÅìíáîÉI=
iÉÖ~äI=dçîÉêåãÉåí=iÉÖ~äI=cQI=
e~äÑ=iÉííÉêF

mä~áå=é~éÉê=========================================
SM=íç=VM=ÖLãO

ENS=íç=OQ=äÄF

NM=
ëÜÉÉíë

båîÉäçéë
Ejçå~êÅÜI=`NMI=aiI=`RI=`SI=
fåíÉêå~íáçå~äJ_RI=i~ÄÉäëI=
qê~åëé~êÉåÅáÉëI=qÜáÅâ=m~éÉêëF

mä~áå=é~éÉê==========================================
SM=íç=VM=ÖLãO

ENS=íç=OQ=äÄF

qÜáÅâ=é~éÉê
VM=íç=NSP=ÖLãO

péÉÅá~ä=é~éÉê=====================
Ei~ÄÉäëI=
qê~åëé~êÉåÅáÉëF

j~åì~ä=
ÑÉÉÇ=ëäçíGO

N=ëÜÉÉí pí~åÇ~êÇ=çê=Åìëíçã=é~éÉê=ëáòÉë=
ïáíÜáå=íÜÉ=ÑçääçïáåÖ=ê~åÖÉëX
NMMñNQU=íç=ONRKVñPRRKSãã

mä~áå=é~éÉê==========================================
SM=íç=VM=ÖLãO

ENS=íç=OQ=äÄF
qÜáÅâ=é~éÉê
VM=íç=NSP=ÖLãO

péÉÅá~ä=é~éÉê=====================
Ei~ÄÉäëI=
qê~åëé~êÉåÅáÉëF

içïÉê=
`~ëëÉííÉ=
råáíGNIGP

RMM=
ëÜÉÉíëGN

^Q=çê=iq mä~áå=é~éÉê==========================================
SM=íç=VM=ÖLãO

ENS=íç=OQ=äÄF



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NO

m~éÉê=páòÉW pÉÉ=í~ÄäÉ=ÄÉäçïK

GNW pìééçêíÉÇ=ëáòÉ=ÇáÑÑÉêë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâÉí=ÇÉëíáå~íáçå

`çåëìã~ÄäÉëW

� qçåÉê=Å~êíêáÇÖÉ=EìëÉê=êÉéä~ÅÉ~ÄäÉF

� mÜçíçÅçåÇìÅíçê=ìåáí=EìëÉê=ã~áåíÉå~åÅÉ=áíÉãF

^ééäáÅ~ÄäÉ=é~éÉê=ëáòÉëW

� m~éÉê=íê~óW

é~éÉê=ïáÇíÜ TSKOãã=EP=áåÅÜF=íç=ONRKVãã=EUKR=áåÅÜF

é~éÉê=äÉåÖíÜ NOTãã=ER=áåÅÜF=íç=PRRKSããENQ=áåÅÜF

� j~åì~ä=ÑÉÉÇ=ëäçíW

é~éÉê=ïáÇíÜ NNMãã=EPKV=áåÅÜF=íç=ONRKVãã=EU=áåÅÜF

é~éÉê=äÉåÖíÜ NQUãã=ERKU=áåÅÜF=íç=PRRKSããENQ=áåÅÜF

� OåÇ=Å~ëëÉííÉW pìééçêíÉÇ=é~éÉê=ëáòÉ=Z=^QI=iÉííÉê

m~éÉêJÑÉÉÇ=êÉÑÉêÉåÅÉW `ÉåíÉê=äáåÉ=êÉÑÉêÉåÅÉ=Ñçê=É~ÅÜ=é~éÉê=ëáòÉ

lìíéìí=é~éÉê=Å~é~ÅáíóW xc~ÅÉJÇçïåz

j~ñK=NMM=ëÜÉÉíë

EïáíÜ=ëí~åÇ~êÇ=é~éÉê=áããÉÇá~íÉäó=~ÑíÉê=

ìåé~ÅâÉÇF

xc~ÅÉJìéz

j~ñK=OM=ëÜÉÉíë

EïáíÜ=ëí~åÇ~êÇ=é~éÉê=áããÉÇá~íÉäó=~ÑíÉê=

ìåé~ÅâÉÇF

G=pïáíÅÜáåÖ=ÄÉíïÉÉå=Ñ~ÅÉJìéLÑ~ÅÉJÇçïå=áë=ã~ÇÉ=

Äó=ã~åì~ääó=çéÉê~íáåÖ=íÜÉ=äÉîÉê=çå=íÜÉ=íçé=çÑ=íÜÉ=

éêáåíÉêK

aáãÉåëáçåëW PUTt=ñ=QTRa=ñ=PPU=e=EããF

Ej~áå=ìåáí=çåäóF

tÉáÖÜíW ^ééêçñK=TâÖ

EÉñÅäìÇáåÖ=Åçåëìã~ÄäÉë=çê=çéíáçåëF

q~ÄäÉ=NJTK==m~éÉê=páòÉ

m~éÉê páòÉ
m~éÉê=páòÉ

Eãã=L=áåÅÜF

m~éÉê=

qê~ó

j~åì~ä=

cÉÉÇ=

päçí

içïÉê=

`~ëëÉííÉ=

råáíGN

mä~áå=
é~éÉê

^Q ONMñOVT � � �

^R NQUñONM � �

gfpJ_R NUOñORT � �

iq ONRKVñOTVKQ=EUKRñNNÒF � �

eiq NPVKTñONRKV=ERKRñUKRÒF � �

idi ONRKVñPRRKS=EUKRñNQÒF � �

bub NUQKNRñOSSKT=ETKORñNMKRÒF � �

did ONRKVñPPMKO=EUKRñNPÒF � �

diq OMPKOñOSSKT=EUñNMKRÒF � �

cQ ONMñPPM � �

PÒñRÒ TSKOñNOT=EPñRÒF �

péÉÅá~ä=
é~éÉê

jlk VUKQPñNVMKR=EPTLUñT=NLOÒF � �

`NM NMQKTUñOQNKP=EQNLUñV=NLOÒF � �

ai NNMñOOM � �

`R NSOñOOV � �

`S NNQñNSO � �

fJ_R NTSñORM � �

NSjl NVUñOTR � �



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NP

mçïÉê=pìééäóW

� NMMs=ãçÇÉä=EÅçãé~íáÄäÉ=ïáíÜ=NMMLNOMs=ëìééäóF

NOMsœNMB= RMLSMeò=Peò

� OMMs=ãçÇÉä=EÅçãé~íáÄäÉ=ïáíÜ=NMMLNOMs=ëìééäóF

OOMsúOQMsœNMB= RMLSMeò=Peò

mçïÉê=`çåëìãéíáçåW pÉÉ=í~ÄäÉ=ÄÉäçïK

iáÑÉW NUMIMMM=ëÜÉÉíë=çê=R=óÉ~êëI=ïÜáÅÜÉîÉê=ÅçãÉë=ÑáêëíK

kçáëÉW xaìêáåÖ=ëí~åÇÄóz

PM=ÇÄE^F=ã~ñK=EQJÇáêÉÅíáçå~ä=~îÉê~ÖÉF

xaìêáåÖ=çéÉê~íáçåz

QU=ÇÄE^F=ã~ñK=EQJÇáêÉÅíáçå~ä=~îÉê~ÖÉF=EqK_KaF

lòçåÉ=`çåÅÉåíê~íáçåW MKMO=ééã=ã~ñK

qçñáÅáíóW lm`I=íçåÉêI=~åÇ=éä~ëíáÅ=ã~íÉêá~äë=~êÉ=~ää=åçåJ

íçñáÅK

NKOKO==mêçÅÉëë=péÉÅáÑáÅ~íáçå

jÉíÜçÇW bäÉÅíêçéÜçíçÖê~éÜáÅ=ãÉíÜçÇ=ìëáåÖ=Çêó=ãçåçJ

ÅçãéçåÉåí=ÇÉîÉäçéáåÖ

iáÖÜí=ëçìêÅÉW pÉãáÅçåÇìÅíçê=ä~ëÉê

bñéçëìêÉW lm`=EçêÖ~åáÅ=éÜçíçÅçåÇìÅíçêF=Çêìã

`Ü~êÖáåÖW oçí~êóJÄêìëÜ=ÅÜ~êÖáåÖ=ãÉíÜçÇ

aÉîÉäçéáåÖW bñéçëÉÇ=~êÉ~=ÇÉîÉäçéãÉåí

qçåÉêW jçåçJÅçãéçåÉåí=åçåJã~ÖåÉíáÅ=íçåÉê

qê~åëÑÉê=ãÉíÜçÇW oçääÉê=qê~åëÑÉê

cìëáåÖW eÉ~í=~åÇ=éêÉëëìêÉ=êçääÉê=ëóëíÉã

aÉåëáíó=~ÇàìëíãÉåíW _á~ë=î~êá~ÄäÉ=~ÇàìëíãÉåí=Äó=ìëÉê=áë=éçëëáÄäÉ

q~ÄäÉ=NJUK==mçïÉê=`çåëìãéíáçå

NMMs=

ãçÇÉä

OMMs=

ãçÇÉä

OOMs=íç=

OQMs=

ãçÇÉä

j~ñK=ê~íÉÇ=ÅìêêÉåí=Eq_aF TKM^ RKV^ PKO^

mçïÉê=
`çåëìãéíáçå

j~ñáãìã SSMt SVMt TMMt

`çåíáåìçìë=éêáåíáåÖI
~îÉê~ÖÉ

OTMt OTMt OTMt

pí~åÇÄó
~Åíì~ä=î~äìÉ=
Eq_aF

eÉ~íÉê=lk RMt RMt RMt

eÉ~íÉê=lcc NRt NRt NRt



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NQ

NKOKP==m~éÉê=péÉÅáÑáÅ~íáçå

NKOKPKN==m~éÉê=qóéÉ

pí~åÇ~êÇ=é~éÉêW uÉêçñ=QMOQ=am=é~éÉê=OM=äÄ=ETR=ÖLãOF

mä~áå=é~éÉêW SM=ú=VM=ÖLãO=ENS=ú=OQ=äÄF

mÜçíçÅçéáÉê=é~éÉêI=ÄçåÇ=é~éÉêI=êÉÅóÅäÉÇ=é~éÉê

péÉÅá~ä=é~éÉêW

� i~ÄÉäë

� qê~åëé~êÉåÅáÉë

� `çäçêÉÇ=é~éÉê

� qÜáÅâ=é~éÉê=EVM=íç=NSP=ÖLãOF

� aqm=é~éÉê

� iÉííÉêJÜÉ~Ç

klqbW äÄW=oÉ~ã=ïÉáÖÜíZ=äÄLRMM=ëÜÉÉíëLNTÒñOOÒ

ÖLãOW=N=ÖLãO=ZMKOSRVTSP=äÄ

� `~êÄçå=é~éÉêI=åçåJÅ~êÄçå=é~éÉêI=íÜÉêã~ä=é~éÉêI=éêÉëëìêÉJ

ëÉåëáíáîÉ=é~éÉêI=~ÅáÇáÅ=é~éÉêK

� m~éÉê=éêÉîáçìëäó=éêáåíÉÇ=áå=~=íÜÉêã~ä=éêáåíÉê=çê=áåâàÉÅí=éêáåíÉêK

� bñíê~=íÜáÅâ=çê=Éñíê~=íÜáå=é~éÉêK

� a~ãé=é~éÉêK

� pìêÑ~ÅÉJÅç~íÉÇ=é~éÉê=çê=ëìêÑ~ÅÉJíêÉ~íÉÇ=Åçäçê=é~éÉêK

� bñíê~=ëãççíÜ=çê=Öäçëëó=é~éÉêK=bñíê~=êçìÖÜ=é~éÉêK=m~éÉê=ïáíÜ=

ëáÖåáÑáÅ~åíäó=ÇáÑÑÉêÉåí=êçìÖÜåÉëë=çå=É~ÅÜ=ëìêÑ~ÅÉK

� m~éÉê=ïáíÜ=éìåÅÜÉÇ=ÜçäÉë=çê=éÉêÑçê~íáçåëK

� cçäÇÉÇI=ÅìêäÉÇI=çê=íçêå=é~éÉêK

� fêêÉÖìä~êäó=ëÜ~éÉÇ=é~éÉê=çê=é~éÉê=ïáíÜ=åçåJéÉêéÉåÇáÅìä~ê=ÅçêåÉêëK

� pÜÉÉíë=çÑ=ä~ÄÉäë=íÜ~í=éÉÉä=çÑÑ=É~ëáäóK

� m~éÉê=ïáíÜ=ÖäìÉI=ëí~éäÉëI=çê=Åäáéë=~íí~ÅÜÉÇK

� péÉÅá~ä=áåâàÉÅí=é~éÉê=ëìéÉêÑáåÉ=é~éÉêI=Öäçëëó=ÑáäãI=ÉíÅK

� lem=Ñáäã=Ñçê=Åçäçê=ä~ëÉê=éêáåíÉêë=çê=éÜçíçÅçéáÉêëK

� pÜÉÉíë=~äêÉ~Çó=éêáåíÉÇ=çå=çíÜÉê=Åçäçê=çê=Ää~ÅâLïÜáíÉ=ä~ëÉê=éêáåíÉêë=

çê=éÜçíçÅçéáÉêëK

� pÜÉÉíë=çÑ=é~éÉê=ëíìÅâ=íçÖÉíÜÉêK

klqbW tÜÉå=éêáåíáåÖ=çå=éêÉJéêáåíÉÇ=é~éÉêëI=íÜÉ=é~éÉê=ã~ó=åçí=ÑÉÉÇ=

ÅçêêÉÅíäó=ÇìÉ=íç=é~éÉê=é~êíáÅäÉë=~ÇÜÉêáåÖ=íç=íÜÉ=é~éÉêJÑÉÉÇ=

êçääÉêK=fÑ=íÜáë=çÅÅìêëI=ÅäÉ~å=íÜÉ=éêáåíÉê=~ë=ÇÉëÅêáÄÉÇ=áå=SKNKN=

?rëÉê=j~áåíÉå~åÅÉ=çå=j~áå=råáí?K

NKOKPKO==m~éÉê=cÉÉÇáåÖ

� � � 	 � 
 � aç=åçí=ìëÉ=~åó=çÑ=íÜÉ=é~éÉê=íóéÉë=äáëíÉÇ=ÄÉäçï=ïáíÜ=íÜáë=

éêáåíÉêK

qÜÉó=ã~ó=Å~ìëÉ=ÇÉÑÉÅíáîÉ=éêáåíáåÖI=é~éÉê=à~ãëI=çê=Ç~ã~ÖÉ=

íç=íÜÉ=éêáåíÉêK

q~ÄäÉ=NJVK==m~éÉê=cÉÉÇáåÖ

m~éÉê=

ëçìêÅÉ

pí~åÇ~êÇ=

é~éÉê

mä~áå=

é~éÉê

ESM=íç=VM=

ÖLãOF

péÉÅá~ä=é~éÉê

lem i~ÄÉäë

qÜáÅâ=

é~éÉê

EVM=íç=NSP=

ÖLãOF

båîÉäçéë

EjlkI=

`NMI=aiI=

`RI=`SF

m~éÉê=
íê~ó

� � ∆ ∆ ∆ ∆

içïÉê=
Å~ëëÉííÉ=
ìåáíG

� � ñ ñ ñ ñ

�W=m~éÉê=ÑÉÉÇáåÖ=êÉäá~Äáäáíó=~åÇ=áã~ÖÉ=èì~äáíó=Öì~ê~åíÉÉÇK
�W=m~éÉê=ÑÉÉÇáåÖ=êÉäá~Äáäáíó=~åÇ=áã~ÖÉ=èì~äáíó=Öì~ê~åíÉÉÇK
=====oÉëíêáÅíÉÇ=íç=åçêã~ääó=ìëÉÇ=é~éÉê=íóéÉë=çåäóK
�W=m~éÉê=ÑÉÉÇáåÖ=~åÇ=éêáåíáåÖ=~êÉ=éçëëáÄäÉK
=====oÉëíêáÅíÉÇ=íç=åçêã~ääó=ìëÉÇ=é~éÉê=íóéÉë=çåäóK
ñW==m~éÉê=ÑÉÉÇáåÖ=åçí=éçëëáÄäÉK
GW==léíáçå



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NR

NKOKPKP==mêáåí~ÄäÉ=^êÉ~=EbåÖáåÉF

dì~ê~åíÉÉÇ=éêáåí=~êÉ~W båíáêÉ=é~éÉê=~êÉ~=ÉñÅÉéí=Ñçê=~=Q=ãã=ã~êÖáå=~í=

É~ÅÜ=ÉÇÖÉK

EpÉÉ=cáÖìêÉ=NJNI=?dì~ê~åíÉÉÇ=éêáåí=^êÉ~?FK

klqbW qÜÉ=éêáåí~ÄäÉ=~êÉ~=ã~ó=ÇÉéÉåÇ=çå=íÜÉ=éêáåíÉê=ãçÇÉK

cáÖìêÉ=NJNK==dì~ê~åíÉÉÇ=éêáåí=^êÉ~

NKOKQ==oÉäá~ÄáäáíóI=aìê~ÄáäáíóI=pÉêîáÅÉ~Äáäáíó

jm_cW ORI=MMM=ëÜÉÉíë=ãáåK=çåÉJëáÇÉÇ=éêáåíáåÖ

kçíÉW

qÜáë=ÑáÖìêÉ=áåÇáÅ~íÉë=íÜÉ=ãÉ~å=é~ÖÉë=ìåíáä=~=

Ñ~áäìêÉ=êÉèìáêáåÖ=é~êí=êÉéä~ÅÉãÉåí=çê=~=Ñ~áäìêÉ=íÜ~í=

íÜÉ=ìëÉê=Å~ååçí=êÉãÉÇóK

jq_cW PIMMM=Üçìêë=ENM=ãçåíÜF=ãáåáãìã

m~éÉê=cÉÉÇáåÖW pÉÉ=í~ÄäÉ=ÄÉäçïK

^ééäáÅ~ÄäÉ=ÅçåÇáíáçåë=Ñçê=íÜÉ=ÑçääçïáåÖ=ÑáÖìêÉë=áë=

ìëáåÖ=ëí~åÇ~êÇ=é~éÉê=ìåÇÉê=ëí~åÇ~êÇ=

ÉåîáêçåãÉåí~ä=ÅçåÇáíáçåëK

GNW kçí=áåÅäìÇáåÖ=ãìäíáéäÉJëÜÉÉí=ÑÉÉÇK

GOW N`=áåÇáÅ~íÉë=Nãã=ÅçêåÉê=ÑçäÇK

� � � � � � � � � � 	

 � � � � 	 � � � �

� 
 


� 
 


� 
 
 � 
 


q~ÄäÉ=NJNMK==m~éÉê=cÉÉÇ=oÉäá~Äáäáíó

bêêçê=íóéÉ m~éÉê=qê~ó içïÉê=`~ëëÉííÉ=råáí

m~éÉêJà~ã=ê~íÉGN NLOMMM=ã~ñK ←

m~éÉê=ãáëÑÉÉÇ NLOMMM=ã~ñK ←

jìäíáéäÉJëÜÉÉí=ÑÉÉÇ=
ê~íÉ

NLRMM=ã~ñK ←

m~éÉê=ÅêÉ~ëáåÖ NLNMMM=ã~ñK ←

iÉ~ÇáåÖ=ÉÇÖÉ=ÑçäÇÉÇ NLNMMM=ã~ñK=Ñçê=N`=çê=ãçêÉK
iÉëë=íÜ~å=N`=åçí=áåÅäìÇÉÇKGO

←



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NS

mêáåíáåÖ=ëí~êí=éçëáíáçå=~ÅÅìê~ÅóW

� j~áå=ëÅ~å=ÇáêÉÅíáçåW oÉÑÉêÉåÅÉ=éçëáíáçå=EÅF=± OKM=ãã

� pìÄ=ëÅ~å=ÇáêÉÅíáçåW oÉÑÉêÉåÅÉ=éçëáíáçå=E~F=± OKR=ãã

pÉÉ=cáÖìêÉ=NJOI=?m~éÉê=pâÉï?K

m~éÉê=ëâÉïW táíÜ=^Q=ä~åÇëÅ~éÉX

� j~áå=ëÅ~å=ÇáêÉÅíáçå=EöÅJÇöFW ± OKM=ãã

� pìÄ=ëÅ~å=ÇáêÉÅíáçå=Eö~JÄöFW ±NKR=ãã

pÉÉ=cáÖìêÉ=NJOI=?m~éÉê=pâÉï?K

Figure 1-2.  Paper Skew
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pìêÖÉ=ÅìêêÉåíW NLO=ÅóÅäÉI=RM^=ã~ñK

fåëìä~íáçå=êÉëáëí~åÅÉW NM=j=Ω=ãáåK

aáÉäÉÅíêáÅ=ëíêÉåÖíÜW kç=ÄêÉ~âÇçïå=ïÜÉå=íÜÉ=ÑçääçïáåÖ=îçäí~ÖÉë=~êÉ=

~ééäáÉÇ=Ñçê=çåÉ=ãáåìíÉK

� NMMs=ãçÇÉäW= ^`=NMMMs=Emêáã~êó=íç=ÅÜ~ëëáëF

� OMMs=ãçÇÉäW ^`=NRMMs=Emêáã~êó=íç=ÅÜ~ëëáëF

iÉ~â~ÖÉ=ÅìêêÉåíW

� NMM=s=ãçÇÉäI=NMM=s=áåéìíW MKORã^=çê=äÉëë

� NMMs=ãçÇÉäI=NMM=s=áåéìíW PKRã^=çê=äÉëë

� OMMs=ãçÇÉäW PKRãã^=çê=äÉëë

q~ÄäÉ=NJNNK==qÉãéÉê~íìêÉ=~åÇ=eìãáÇáíó=`çåÇáíáçåë

`çåÇáíáçåë j~áå=råáí

qÉãéÉê~íìêÉ kçêã~ä=ÅçåÇáíáçåë M=íç=PR=ø`

pÉîÉêÉ=ÅçåÇáíáçåë
ENLPM=çÑ=íçí~ä=
ëíçê~ÖÉ=éÉêáçÇF

eáÖÜ=íÉãéÉê~íìêÉ M=íç=QM=ø`

içï=íÉãéÉê~íìêÉ JOM=íç=M=ø`

eìãáÇáíó kçêã~ä=`çåÇáíáçåë PM=íç=URB=oe

pÉîÉêÉ=ÅçåÇáíáçåë
ENLPM=çÑ=íçí~ä=
ëíçê~ÖÉ=éÉêáçÇF

eáÖÜ=ÜìãáÇáíó UR=íç=VRB=oe

içï=ÜìãáÇáíó NM=íç=PMB=oe

píçê~ÖÉ=éÉêáçÇ NU=ãçåíÜë=Ñêçã=
ã~åìÑ~ÅíìêÉ



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë NV

NKOKU==^ééäáÅ~ÄäÉ=pí~åÇ~êÇë=~åÇ=oÉÖìä~íáçåë

qÜÉ=ÉåÖáåÉ=ëéÉÅáÑáÅ~íáçå=ãÉÉíë=íÜÉ=ÑçääçïáåÖ=ëí~åÇ~êÇë=~åÇ=êÉÖìä~íáçåëK

^ÅÅçêÇáåÖ=íç=íÜÉáê=áåíÉåÇÉÇ=ÇÉëíáå~íáçåI=ëçãÉ=ëí~åÇ~êÇë=~åÇ=êÉÖìä~íáçåë=

~ééäó=íç=~=éêçÇìÅí=ïáíÜ=ÅçåíêçääÉêK

p^cbqv=pq^ka^oap

p^cbqv=obdri^qflkp=Ei^pbo=o^af^qflkF

bj`

mçïÉê=ÅçåëìãéíáçåW `çãéäáÉë=ïáíÜ=fåíÉêå~íáçå~ä=båÉêÖó=pí~ê=mêçÖê~ã=

ëí~åÇ~êÇëK

líÜÉêëW

� qçåÉêW kç=ÉÑÑÉÅíë=çå=Üìã~å=ÜÉ~äíÜ=Elpe^I=qp`^I=fkb`pI

i~Äçê=p~ÑÉíó=i~ïI=`p`iKF

� lm`W kç=ÉÑÑÉÅí=çå=Üìã~å=ÜÉ~äíÜ=Elpe^F

� lòçåÉW riQTU=ERíÜ=ÉÇáíáçåF

� j~íÉêá~äëW ptfpp=ÉåîáêçåãÉåí~ä=ä~ïë=Eåçí=áåÅäìÇáåÖ=`ÇëF

q~ÄäÉ=NJNOK==p~ÑÉíó=pí~åÇ~êÇë

jçÇÉä=k~ãÉ ^ééäáÅ~ÄäÉ=pí~åÇ~êÇ

NMMs=ãçÇÉä ri=NVRM=PêÇ
`p^=OOKO=kçKVRM

OMMs=ãçÇÉä= q§sJdp=EbkSMVRMF
``f_I=oìëëá~å=p~ÑÉíó=pí~åÇ~êÇëI=páåÖ~éçêÉ=p~ÑÉíó=pí~åÇ~êÇëI=
eçåÖ=hçåÖ=p~ÑÉíó=pí~åÇ~êÇë=Efb`VRMF

q~ÄäÉ=NJNPK==p~ÑÉíó=oÉÖìä~íáçåë=Ei~ëÉê=o~Çá~íáçå

jçÇÉä=k~ãÉ ^ééäáÅ~ÄäÉ=pí~åÇ~êÇ

NMMs=ãçÇÉä ca^=Ek`aoeF=`ä~ëëN

OMMs=ãçÇÉä= q§sJdp=EbkSMUORJNF

q~ÄäÉ=NJNQK==bj`

jçÇÉä=k~ãÉ ^ééäáÅ~ÄäÉ=pí~åÇ~êÇ

NMMs=ãçÇÉä `kp=NPQPU=Eq~áï~åF
c``=m~êí=R=pìÄé~êí=_=`ä~ëë=_L`p^=`NMUKU=`ä~ëë=_

OMMs=ãçÇÉä= b`I=bj`=aáêÉÅíáîÉ=UVLPPSLbb`
==bkSNMMMJPJO
==bkSNMMMJPJP
==bkRMMUOJN
`ápmo=OQ
^pLkwp=PRQU=`ä~ëë=_=E^ìëíê~äá~F
d_VORQ=E`fpmo=OOF=E`Üáå~F



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë OM

NKOKV==`çåëìã~ÄäÉ=péÉÅáÑáÅ~íáçåë

NKOKVKN==péÉÅáÑáÅ~íáçåë

GNW qÜÉëÉ=ÑáÖìêÉë=Ñçê=éêáåíÉÇ=ëÜÉÉíë=~êÉ=Ä~ëÉÇ=çå=Åçåíáåìçìë=éêáåíáåÖ=çÑ=^Q=ëáòÉ=
ëÜÉÉíë=ïáíÜ=RB=áã~ÖÉ=ÅçîÉê~ÖÉK=^Åíì~ä=ìë~ÖÉ=ïáää=î~êó=ÇÉéÉåÇáåÖ=çå=áã~ÖÉ=
ÅçîÉê~ÖÉ=~åÇ=éêáåíáåÖ=ÅçåÇáíáçåë=ëìÅÜ=~ë=Åçåíáåìçìë=éêáåíáåÖI=áåíÉêãáííÉåí=
éêáåíáåÖI=ë~íìê~íÉÇ=éêáåíáåÖ=~åÇ=íçåÉê=ë~îÉK

NKOKVKO==píçê~ÖÉ=~åÇ=qê~åëéçêí=båîáêçåãÉåíë

qÉãéÉê~íìêÉ=~åÇ=ÜìãáÇáíó=ÅçåÇáíáçåëW

aêçééáåÖW kç=~Äåçêã~äáíáÉë=~ÅÅçêÇáåÖ=íç=gfp=wMOMMJNVVQ=

iÉîÉä=NK

cêÉÉ=Çêçé=ÇáêÉÅíáçåëW=N=ÅçêåÉêI=S=Ñ~ÅÉëI=P=ÉÇÖÉë

sáÄê~íáçåëW

� cêÉèìÉåÅó R=íç=NMM=eòI=NMM=íç=R=eò

� ^ÅÅÉäÉê~íáçå Nd

� pïÉÉé=íáãÉ NM=ãáåìíÉë=EÉ~ÅÜ=ï~óF

� aáêÉÅíáçå=çÑ=îáÄê~íáçåë P=ÇáêÉÅíáçåë

� sáÄê~íáçå=íáãÉ SM=ãáåìíÉë=áå=uI=vI=w=ÇáêÉÅíáçåë

íçí~ä=NUM=ãáåìíÉë

q~ÄäÉ=NJNRK==`çåëìã~ÄäÉ=péÉÅáÑáÅ~íáçåë

k~ãÉ `çåíÉåíë iáÑÉGN tÉáÖÜí

aÉîÉäçéÉê=~åÇ=
qçåÉê=Å~êíêáÇÖÉ

JaÉîÉäçéÉê
J_ä~ÅâI=çåÉJÅçãéçåÉåíI=
åçåJã~ÖåÉíáÅ=íçåÉê

^îÉê~ÖÉ
SIMMM=ëÜÉÉíë

~ééêçñK=MKR=âÖ

mÜçíçÅçåÇìÅíçê=
ìåáí

Jlm`=Çêìã=EçêÖ~åáÅ=
éÜçíçÅçåÇìÅíáîÉ=
ÅçåÇìÅíçêF
J`Ü~êÖÉê

^îÉê~ÖÉ=
OMIMMMëÜÉÉíë

~ééêçñK=MKP=âÖ

q~ÄäÉ=NJNSK==qÉãéÉê~íìêÉ=~åÇ=eìãáÇáíó=`çåÇáíáçåë

`çåÇáíáçåë
qçåÉê=`~êíêáÇÖÉ=~åÇ=

mÜçíçÅçåÇìÅíçê=råáí

qÉãéÉê~íìêÉ kçêã~ä=ÅçåÇáíáçåë M=íç=PR=ø`

pÉîÉêÉ=ÅçåÇáíáçåë
ENLPM=çÑ=íçí~ä=
ëíçê~ÖÉ=éÉêáçÇF

eáÖÜ=
íÉãéÉê~íìêÉ

PR=íç=QM=ø`

içï=
íÉãéÉê~íìêÉ

JOM=íç=M=ø`

eìãáÇáíó kçêã~ä=`çåÇáíáçåë PM=íç=URB=oe

pÉîÉêÉ=ÅçåÇáíáçåë
ENLPM=çÑ=íçí~ä=
ëíçê~ÖÉ=éÉêáçÇF

eáÖÜ=
ÜìãáÇáíó

UR=íç=VRB=oe

içï=
ÜìãáÇáíó

NM=íç=PMB=oe

_~êçãÉíêáÅ=éêÉëëìêÉ SNKP=íç=NMNKP=âm~

píçê~ÖÉ=éÉêáçÇ NU=ãçåíÜë=Ñêçã=ã~åìÑ~ÅíìêÉ
Em~ÅâÉÇF



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå _~ëáÅ=péÉÅáÑáÅ~íáçåë ON

NKP==bñíÉêå~ä=^ééÉ~ê~åÅÉ=~åÇ=m~êíë=k~ãÉ

qÜÉ=ÑçääçïáåÖ=áääìëíê~íáçåë=~êÉ=íçéI=êáÖÜí=~åÇ=äÉÑíI=~åÇ=Ä~Åâ=îáÉïë=çÑ=íÜÉ=

ìåáíK

cáÖìêÉ=NJRK==qçé=sáÉï

cáÖìêÉ=NJSK==iÉÑí=sáÉï

cáÖìêÉ=NJTK==oáÖÜí=sáÉï

qçé=`çîÉê m~éÉê=cÉÉÇ=
pïáíÅÜçîÉê=iÉîÉê

léÉê~íáçå=
m~åÉä

m~éÉê=qê~ó

oáÖÜí=`çîÉê
Eléíáçå=`çîÉêF



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå `çåíêçääÉê=péÉÅáÑáÅ~íáçå OO

cáÖìêÉ=NJUK==_~Åâ=sáÉï

NKQ==`çåíêçääÉê=péÉÅáÑáÅ~íáçå

NKQKN==`çåíêçääÉê=_~ëáÅ=péÉÅáÑáÅ~íáçå

`mrW so=QPNM=NPPjeò

o^jW

� pí~åÇ~êÇW NSj_=Epao^jF

� pfjj=léíáçåW POj_I=SQj_I=NOUj_=Epao^jI=çåÉ=ëäçíF

j~ñáãìã=ORSj_

EïÜÉå=ORSj_=pao^j=afjj=ãçìåíÉÇF

oljW

� cçåíW QjÄóíÉ=EãçìåíÉÇ=çå=ã~áå=Äç~êÇF

� mêçÖê~ãW QjÄóíÉ=EãçìåíÉÇ=çå=olj=afjj=Äç~êÇF

� bñé~åëáçå=oljW çåÉ=olj=afjj=ëäçí=EÑçê=mp=çéíáçåF

eçëí=fLcW

� m~ê~ääÉäW fbbbNOUQ=Åçãéäá~åíI=ÄáÇáêÉÅíáçå~äI

_JíóéÉ=ÅçååÉÅíçêI=`çãé~íáÄáäáíóI=káÄÄäÉI=b`m

� pÉêá~äW rp_

� léíáçåW qóéÉ=_=ëäçí=EçåÉ=ëäçíF

`çåíêçä=m~åÉäW Q=ëïáíÅÜÉëI=S=iba

jáëÅÉää~åÉçìëW bãÄÉÇÉÇ=ÉåÖáåÉ=ÅçåíêçääÉê

fåëí~ääÉÇ=Éãìä~íáçåëW m`iuiI=m`iRÉI=diLOI=cuI=bp`mOI=NOPVuI=

bp`Lm~ÖÉGNI=mçëípÅêíáéíPGO

GNW= qÜÉ=fbp=ÇçÉë=åçí=ëìééçêí=bp`Lm~ÖÉK=låäó=íÜÉ=bp`Lm~ÖÉ=ÇêáîÉê=Å~å=éêáåí=bp`L
m~ÖÉK

GOW= mçëípÅêáéíP=áë=~å=çéíáçåK

^`=fåäÉírp_=fLc=
`çååÉÅíçê

qóéÉJ_=fLc=
`~êÇ=ëäçí

m~ê~ääÉä=fLc=
ÅçååÉÅíçê

sÉåíáä~íáçå=
c~å



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå `çåíêçääÉê=péÉÅáÑáÅ~íáçå OP

NKQKO==`çåíêçääÉê=`çåÑáÖìê~íáçå

bmiJRUMM=ÅçåíêçääÉê=~ääçïë=íÜÉ=ÑçääçïáåÖ=ëÉííáåÖë=íç=ÄÉ=ÅçåÑáÖìêÉÇ=

~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâÉí=ÇÉëíáå~íáçåK=qÜÉ=ëÉííáåÖë=~êÉ=ã~ÇÉ=ïáíÜ=àìãéÉêëI=

~åÇ=ãìëí=íÜìë=ÄÉ=ëÉí=~í=íÜÉ=Ñ~ÅíçêóK

grjmbo=pbqqfkd

� m~Åâ~ÖÉÇ=êÉëáëí~åÅÉ

ogOI=ogPI=ogRI=ogTI=ogNMI=ogNOI=ogNP

� råé~Åâ~ÖÉÇ=êÉëáëí~åÅÉ

ogNI=ogQI=ogSI=ogUI=ogVI=ogNNI=ogNQ

� m~Åâ~ÖÉÇ

gmT

� råé~Åâ~ÖÉÇ

ptaNI=gmS

� gmT

NJO=ëáÇÉ

abpqfk^qflk=pbqqfkdp=^QLibqqbo=pbib`qflk

� cçê=kçêíÜ=~åÇ=pçìíÜ=^ãÉêáÅ~L=NOMs=ãçÇÉäW= iÉííÉê=ëÉííáåÖ

� líÜÉê=ÇÉëíáå~íáçåëW= ^Q=ëÉííáåÖ



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå `çåíêçääÉê=péÉÅáÑáÅ~íáçå OQ

NKQKP==bñíÉêå~ä=fLc=ëéÉÅáÑáÅ~íáçå

bmiJRUMM=Ü~ë=íÜÉ=ÑçääçïáåÖ=Üçëí=áåíÉêÑ~ÅÉë=~ë=ëí~åÇ~êÇK

� fbbbNOUQ=é~ê~ääÉä=áåíÉêÑ~ÅÉ

� rp_=áåíÉêÑ~ÅÉ

� léíáçå~ä=qóéÉJ_=fLc=`~êÇ=ëäçí

cáÖìêÉ=NJVK==oÉ~ê=sáÉï=EfåíÉêÑ~ÅÉ=Äê~ÅâÉíF

NKQKPKN==m~ê~ääÉä=fåíÉêÑ~ÅÉ

fåíÉêÑ~ÅÉ=íóéÉW fbbbNOUQ=ÄáJÇáêÉÅíáçå~ä=ÜáÖÜJëéÉÉÇ=é~ê~ääÉä=fLc

pìééçêíÉÇ=ãçÇÉëW `çãé~íáÄáäáíóI=káÄÄäÉI=b`m

`çååÉÅíçê=qóéÉW RTobJQMPSMJUPM_EaT^F=aah=çê=Éèìáî~äÉåíë

`çãé~íáÄäÉ=éäìÖW ^ãéÜÉåçä=çê=Éèìáî~äÉåíë

qÜÉ=ÇÉÑ~ìäí=ÇÉîáÅÉ=fa=ëÉííáåÖ=Ñçê=bmiJRUMM=áë=~ë=ÑçääçïëK

GGGNX

jcdWbmplkX

`jaWmgiIbgiIbp`miOImomuiOQJMNIm`iIemdiOJMNIbp`m^dbJ

MQIm`iuiGGGOX

jaiWGGGPX

`ipWmofkqboX

abpWGGGQX

jcdI=jaiI=`fa=çÑ=aÉîáÅÉ=fa=~êÉ=êÉJÇÉÑáå~ÄäÉK=EíÜáë=ãìëí=åçí=ÄÉ=áåÅäìÇÉÇ=áå=

íÜÉ=ã~åì~äKF=^åÇ=`fa=ÑáÉäÇ=ÇçÉë=åçí=êÉëéçåÇ=ïáíÜ=íÜÉ=ÇÉÑ~ìäí=î~äìÉI=Äìí=

êÉëéçåÇë=ïáíÜ=íÜÉ=ÇÉÑáåÉÇ=ÅÜ~ê~ÅíÉê=ëíêáåÖ=çåäó=ïÜÉå=êÉÇÉÑáåÉÇK

aÉîáÅÉ=fa=ïÜÉå=êÉÇÉÑáåÉÇ=áë=~ë=ÑçääçïëK=�ñññññÒ=áë=ìëÉêJÇÉÑáåÉÇ=ÅÜ~ê~ÅíÉê=

ëíêáåÖK

GGGNX

jcdWñññññX

`jaWmgiIbgiIbp`miOImomuiOQJMNIm`iIemdiOJMNIbp`m^dbJ

MQIm`iuiGGGOX

jaiWñññññX

`ipWmofkqboX

abpWñññññX

`faWñññññX

klqbW

GNW qÜÉ=ÜÉñ~ÇÉÅáã~ä=î~äìÉ=�íÜÉ=íçí~ä=åìãÄÉê=çÑ=aÉîáÅÉ=fa=ÅÜ~ê~ÅíÉêë=H=OÒ=áë=
áåéìíK

GOW cçääçïáåÖ=íÉñí=ëíêáåÖ=áë=~ÇÇÉÇ=ïÜÉå=^ÇçÄÉ=mp=P=âáí=olj=afjj=çéíáçå=áë=
áåëí~ääÉÇK

�Imlpqp`ofmqÒ

GPW qÜÉ=ãçÇÉä=å~ãÉ=bmiJRUMM

GQW abp=áë=íÜÉ=íÉñí=ëíêáåÖ=íÜ~í=jcd=~åÇ=jai=áë=ÅçååÉÅíÉÇ=Äó=~=ëéÅ~ÅÉK

�bmplk=bmiJRUMMÒ=Ñçê=bmplk=bmiJRUMMK

qóéÉJ_=áLc=Å~êÇ=ëäçí

m~ê~ääÉä=fLc=ÅçååÉÅíçê
EfbbbNOUQ=_=ÅçååÉÅíçêF

rp_=ÅçååÉÅíçê



bmplk=bmiJRUMM oÉîáëáçå=_

mêçÇìÅí=aÉëÅêáéíáçå `çåíêçääÉê=péÉÅáÑáÅ~íáçå OR

NKQKPKO==rp_=fåíÉêÑ~ÅÉ

pìééçêíë=táåÇçïë=rp_=måmK

pìééçêíë=íÜÉ=NUJÇáÖáí=rp_=fa=~ë=ÑçääçïëW

GGmHHvvjjaaÜÜããëëo

GGW ^=åìãÄÉê=çÑ=MM=íç=VV=~åÇ=�MNÒ=áë=~ëëáÖåÉÇ=Ñçê=íÜáë=

ãçÇÉäK=^ÅèìáêÉÇ=áå=ëÉêá~ä=çêÇÉê=Ñçê=É~ÅÜ=ãçÇÉäK

mW fÇÉåíáÑáÉêK=�mÒ=áåÇáÅ~íÉë=~=é~ÖÉ=éêáåíÉêK=^äï~óë=

�mÒ=Ñçê=é~ÖÉ=éêáåíÉêëK

HHW m`=åìãÄÉê=çÑ=~ëëÉãÄäó=äáåÉK=EMMúVVF

vvW qÜÉ=óÉ~ê=çÑ=~ëëÉãÄäÉÇ=Ç~íÉK=EäçïÉê=íïç=ÇáÖáíëX=

MMúVVF

jjW qÜÉ=ãçåíÜ=çÑ=~ëëÉãÄäÉÇ=Ç~íÉK=ENúNOF

aaW qÜÉ=~ëëÉãÄäÉÇ=Ç~íÉ=ENúPNF

ÜÜW eçìê=çÑ=~ëëÉãÄäÉÇ=íáãÉK=EMúOPF

ããW jáåìíÉ=çÑ=~ëëÉãÄäÉÇ=íáãÉK=EMúRVF

ëëW pÉÅçåÇ=çÑ=~ëëÉãÄäÉÇ=íáãÉK=EMúRVF

oW oÉëÉêîÉÇ=~åÇ=~äï~óë=�MÒ=áå=íÜáë=ãçÇÉäK

aÉîáÅÉ=fa=áå=mêáåíÉê=`ä~ëë=ÅçåÑçêãë=íç=NKQKPKN=?m~ê~ääÉä=fåíÉêÑ~ÅÉ?KK

NKQKPKP==qóéÉ=_=fåíÉêÑ~ÅÉ

bmiJRUMM=áë=ÉèìáééÉÇ=ïáíÜ=çåÉ=qóéÉJ_=çéíáçå=fLc=ëäçí=~ë=ëí~åÇ~êÇK

j~áå=póëíÉã=qóéÉW jqmNOMMÇéáI=mtNMOMMÇíNOMMÇéáI=modEGGGGFêÉîI=

^mRMMã~I=pmaMÑ~ëíI=aQ

GGGGW=olj=îÉêëáçå

mêáåíÉê=k~ãÉW c~Åíçêó=ÇÉÑ~ìäí=ëÉííáåÖ=áë=íÜÉ=ë~ãÉ=~ë=çåÉ=çÑ=
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