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Discrete Element Modeling of Railway Ballast for Studying
Railroad Tamping Operation

Nilesh M. Dama

(ABSTRACT)

The behavior of the ballast particles during their interaction with tamping tines in tamping
operation is studied by developing a simulation model using the Discrete Element Model
(DEM), with the aim of optimizing the railroad tamping operation. A comprehensive lit-
erature review is presented showcasing the applicability of DEM techniques in modeling
ballast behavior and its feasibility in studying the fundamental mechanisms that influence
the outcome of railroad tamping process is analyzed. The analysis shows that DEM is an
excellent tool to study tamping operation as its important and unprecedented insights into
the process, help not only to optimize the current tamping practices but also in the devel-
opment of novel methods for achieving sustainable improvements in the track stability after
tamping. The simulation model is developed using a commercially available DEM software
called 00000 (Particle Flow Code 3D).

A detailed explanation is provided about how to set up the DEM model of railway ballast
considering important parameters like selection and calibration of particle shapes, ballast
mechanical properties, contact model, and parameters governing the contact force models.
Tamping operation is incorporated into the simulation model using a half-track layout with
a highly modular code that enables a high degree of adjustability to allow control of all
process parameters for achieving optimized output. A parametric study is performed to find
the best values of tine motion parameters to optimize the linear tamping efficiency and a
performance comparison has been made between linear and elliptical tamping. It is found
that squeeze and release velocity of the tines should be lesser for better compaction of the

particles and linear tamping is better compared to elliptical tamping.
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Nilesh M. Dama

(GENERAL AUDIENCE ABSTRACT)

Railway track stability is the resistance of the tracks to deformation and is affected by
the rail traffic, ballast fouling (contamination of ballast) and the changing environmental
conditions. The track stability depends on the normal and frictional support provided by the
ballast to the sleepers. Non-uniform ballast consolidation below the railway sleeper results in
erratic wheel-rail contact forces, low traffic speeds, poor ride quality, and derailments. Thus,
tamping is a railway track maintenance method done periodically on the railway tracks to
ensure track stability. Tamping process involves compacting the railroad ballast underneath
the sleeper. The sleeper is lifted by a desired height and then vibrating tamping tools called
tines are inserted into the ballast below the sleeper to fill the void created by lifting of the
sleeper and the sleeper is dropped back on to the ballast. So, it is important to understand
the ballast mechanics, dynamics and ballast’s behavioral response to the tamping operation.
Since large scale experiments such as this are difficult, this operation has been simulated in
a commercially available software called OO00O0 using a Discrete Element Model (DEM) to
represent the railway ballast.

It is shown through a simulation that though spherical particles provide better computational
efficiency, they cannot capture the exact ballast behavior like clumps (a collection of spherical
pebbles). So using clumps to represent ballast, efforts are made to optimize the linear
tamping efficiency. This is done by changing the values of parameters like tine amplitude,
tine frequency, insertion velocity and squeeze velocity and finding their optimum values.
Linear tamping results are compared with elliptical tamping. Thus, an optimum tamping

cycle would help save money spent on the track maintenance activities.
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Railroads all over the world spend around several billion dollars on the maintenance of their
existing infrastructure and assets (roughly 20% of their budget). Almost 58% of this amount
is spent on maintaining tracks and substructure [1]. In 1945, mechanized railway track
maintenance was implemented so that the track stability can be enhanced and the precision
of the track geometry can be improved. The running speeds of trains have increased over
the years and for them, the precision of transitions and curves has also increased. Thus, the
track should be accurately maintained to its designed geometry with the help of equipment
and processes. Wear of the rolling stock is reduced because of the smoother, reliable and
accurate track geometry thereby being an important economical factor and hence is a major
aim for the railway industry [2]. Tamping is a track maintenance activity that is used for
the elimination of defects in the track geometry and to correct the spatial alignment of the
rail tracks. This is one of the very important track maintenance activities that influence the
overall track maintenance costs for the railroads and can potentially help in saving about

$9,500 per mile annually.

The optimal tamping procedure is often a point of debate among the leading rail engineers
and railroad companies [3]. Many researchers have worked and tried to study the effects

of various parameters of the tamping process like vibration frequency, amplitude, depth of
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insertion, etc. on the resulting ballast compaction, but there is still a lack of agreement
on the ideal tamping cycle routine and the value of the tine motion parameters for the
ideal tamping cycle. One of the reasons for this is the development of the tamping process
being predominantly based on physical experimentation with less theoretical formulation.
American railroad companies rely on the tamping equipment manufacturers for aggrandizing
tamping technology and these manufacturers often claim their own values and practices as
favorable. This makes it difficult to follow one standard practice while performing a tamping
cycle. For example, three different manufacturers claim three different vibrating frequencies
as an optimum value - 35 Hz, 42 Hz and 50 Hz. Of course, the tamping machines aren’t the
same and differ in terms of the design of tamping tools (tines) and the nature of vibration
used while inserting these tines into the ballast. Since tamping is such an important railway
activity, the advancement of tamping techniques is an area of active research for the railway

(railroad) companies.

Railway ballast is a complex system that is difficult to model as a dynamic problem using
theoretical models to estimate their response behavior to any kind of disturbance. Mostly,
empirical and semi-empirical methods of scientific development have paved the way for the
advancement of tamping technology. Several experimentalists such as Audley, Andrews
[4], Koc et al. [5], Soleimanmeigouni et al. [6], etc. have set up experiments using full-
scale model and have collected track alignment data over long periods of time to develop
mathematical models for prediction of the track settlement. No matter how good a full-scale
model experiment may sound, such research methods have long incubation periods, need high
capital investments and take lots and lots of time (possibly years in some cases). Another
issue with such tests is the measurement of ballast compaction that cannot be practically

measured in realistic conditions.

The advent of computers and an increase in computational prowess have paved the way
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for techniques like Distinct Element Modeling (also called Discrete Element Modeling) to be
used as a powerful technique to solve and understand complex granular systems. DEM allows
mathematical modeling of the dynamic behavior of ballast for different tamping parameters
by resolving each inter-particle contact individually. Forces at each contact point amongst
ballast particles are calculated based on pre-determined force-laws and the resulting kinemat-
ics of all ballast particles are determined. Consequently, the collective behavior of railroad
ballast can not only be studied for different physical and forcing conditions but accurately
predicted as well. The entire tamping process can be simulated in a virtual environment and
its effect on track stability can be studied, obviating the requirement of extensive physical
testing. Therefore, numerical simulation of the tamping process is an invaluable tool for
railroad engineers for validating their current tamping practices and radically accelerating

the development of the process and the equipment in the future.

The work presented in this thesis highlights the efforts taken by Virginia Tech Railway
Technologies Laboratory (VT RTL) in developing a simulation model to study the complex
dynamics of railway ballast. The simulation model has been extended further to study the
tamping process and can be modified for performing several other advanced studies involving

the railroad ballast.

Oi0 Ooooooiod

The goal of this project is to develop a simulation model to understand the tamping process
and eventually study track alignment, track stability, ballast gradations and ballast degra-
dation. The following steps were taken to achieve this goal:

1. Find the best way to model tamping dynamics trying to include all the necessary relevant

parameters as practiced by the railway industry professionals.



4 Chapter 1. Introduction

2. Evaluate the modeling means that would accurately and adequately represent tamping
dynamics.

3. Determine the limitations of the simulation model, e.g. simulation runtime, errors, com-
plexity, etc.

4. Run test cases and parametric studies to understand the tamping operation.

5. Evaluate results from parametric studies to suggest better practices to be adopted to

increase the tamping efficiency.

000 0Ooubid Ooooobod

The approach adopted to achieve the required objective involved a series of smaller steps as
explained below:

1. Determine the applicability of DEM techniques in studying the railway ballast dynamics.
2. Perform a literature survey to identify the most recent and practical DEM practices,
suited for the railway ballast simulation.

3. Compare DEM software packages and select a suitable package and hardware as per the
software requirements.

4. Calibrate the model parameters for the accuracy of the model and to reduce the simulation
runtime.

5. Establish a simulation model to generate and study ballast motion.

6. Extend this ballast model to a fully-developed model capable of studying the tamping
operation.

DEM helps in the determination of certain physical properties of granular systems that
cannot be measured directly experimentally or is very difficult to do it experimentally in

practice. DEM also helps in the study of the effects of unquantifiable variables like particle
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shape and angularity. A literature survey conducted helped VT RTL researchers understand
the different types of modeling methodologies available to simulate railway ballast. These
methods were different in terms of the parameters being studied, e.g. particle velocities,
frequency of inter-particle collisions, solid fraction and compaction of particles inside the
assembly, etc. The modeling methodologies not useful for the general objective of this
research are out of the scope of this document and thus have not been discussed here. The
important information required to study and perform this research, that was obtained from
various other sources (journal papers, books, discussions, conference proceedings, etc.) have

been cited and referenced in this document with thorough careful consideration.

The software selection for this project was done after comparing various available soft-
ware packages and analyzing their costs, functionality, features, usability, versatility, user-
friendliness, customer support, etc. OOO0O by the ITASCA Consulting Group was chosen
for the project after trying some open source codes (YADE, ESyS-Particle and LIGGGHTS)
available online. Careful selection of parameters like material properties, contact physics,
particle shapes, etc. was done to represent the real world conditions and a model to generate
ballast was created. The properties were then calibrated by changing the parameter values
(increase and decrease) by a power of ten to see if there occurs a significant change in the
output results and simulation runtime. The precision and accuracy of the model are also
other important factors carefully given consideration while setting up the model. By adding
tines and a railway sleeper (railroad tie), the tamping model is completed and parametric

studies are performed by changing the values of essential tine motion parameters.
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The work presented in this report is an extension to the work done previously by Mr. Ashish
Jain, who was a researcher at the Railway Technologies Laboratory at Virginia Tech. His
work included performing tests to determine what particle shape should be used to represent
ballast. The tests done to identify these and the results obtained are explained in more detail

in Section 5.1.

The focus of this project is to advance the previous work done by Mr. Ashish and study
the effect of the tamping process on the ballast. For this, a tamping model is set up using
clumps where a single clump is made by a combination of 2 spheres. The simulation model
is modified enough so that the results obtained can be trusted completely. This research
also considers different tine motions during tamping, such as linear and elliptical tamping.
Parametric studies were performed to identify the best values of tine motion parameters to
get the best tamping performance. Thus, the results obtained from this work advance our
knowledge in the field of tamping by helping us understand the effect of particle shape, tine

motion, etc. and various other factors involved in the tamping process.

Thus, the previous research done by Mr. Ashish focused on the particle shape selection. The
work done in this research extends that research and focuses more on studying the tamping
process, the effect of tine motion on the ballast and identifying the best set of values of tine

motion parameters required to obtain the best tamping performance.

Following are some of the contributions from this research:

1. Provide a better understanding of DEM application techniques to model the railway
ballast.

2. Determining important elements of DEM methodology like contact force laws, material

properties selection, particle gradations, etc. for modeling the ballast behavior.
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3. Selection of particle shape to accurately depict the ballast dynamic behavior.

4. Developing a routine to replicate a complex arbitrarily shaped ballast particle using 3D
scanning techniques.

5. Establishment of a complete simulation model to study the tamping operation and the
interaction of sleeper and tamping tines with the ballast.

6. Parametric studies to identify the best set of values of tine motion parameters for linear
tamping.

7. Finding out that linear tamping is better than elliptical tamping.

Such virtual environment simulations reduce the capital investment and time required to
study such processes. Thus, DEM has a lot of potential in accelerating the progress of
designing of track designs and maintenance activities. An improvement in the tamping

efficiency would save rail companies a lot of money due to longer maintenance cycles.

00 0Joooil oot

Chapter 2 (Background) of this document talks about an extensive literature review on track
stability, tamping and DEM. The resultant track stability after tamping is a function of the
ballast state. Thus, due to this reason, the applicability and feasibility of DEM techniques

in simulating ballast behavior to study tamping have been discussed.

Chapter 3 (Model Development) gives a general introduction of the OO0 software followed
by important features related to the U0 software and the model generated inside the OO0
environment. Modeling methodology, general solution procedure and general commands and

terminologies related to the OO model have been discussed.

Chapter 4 (Model Components) reveals in detail about the working of the 000 software as

discussed in Section 4.1. This chapter basically helps the reader understand what happens
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behind the code. Important available particle shapes like balls, clumps and walls are dis-
cussed along with their features, specialties, etc. The most important part of this chapter is
about the modeling of contact physics which forms the very basis of how the ballast particles
would behave when they come in contact with each other. The most relevant contact mod-
els along with the mathematical formulas used by them to establish and represent accurate
contact physics between the particles have been discussed. Configuration of the physical
parameters involved in the mathematical formulation of these discussed contact models has

also been explained.

Chapter 5 (Simulation Model) discusses the effect of ballast particle shape and size distribu-
tion called gradation on track stability. The results of DEM simulation have been provided
to support the stated claims. Spherical and irregularly shaped ballast particles performance
is compared and their results have been analyzed. The initial and boundary conditions, as
well as input and output parameters have been encapsulated. The final simulation model
created in OO, consisting of 5 stages has been explained in-depth with the underlying as-
sumptions as per the information flow of the model. At last, the parametric studies and the

type of studies that have been performed have been presented.

Chapter 6 (Results and Discussion) analyzes and summarizes the results obtained after
performing parametric studies. Chapter 7 (Conclusions) discusses the potential applications

of the developed OO simulation model beyond the tamping operation.
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A representation of a cross-section of railway track structure with its various components is

shown below in Figure 2.1:

o Rail
Sleeper
/ Ballast
Sub-ballast
Sub-soil

Figure 2.1: Structure of a ballasted railway track

0o0DbooobOoooon

This top component comprises of the rails, fasteners and sleepers. Fasteners and sleepers are
used to maintain rail position and alignment. Train wheels only come in contact with the

two rails.
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This bottom component comprises of the ballast, sub-ballast and subsoil. This component
transfers traffic loads from the superstructure (via sleepers) to the ground (via ballast). This
component is also responsible for maintaining the alignment of the superstructure and to
provide drainage for water. Ballast and sub-ballast are granular aggregates of randomly

crushed stones and are usually made of materials like basalt, granite, limestone, gravel, etc.

00000 00000 00ttt Oooo oo 0ooo0oo

Due to repeated loading imposed by the traffic, the ballast is non-uniformly consolidated
below the sleepers. As a result, a number of long-wavelength defects are introduced in the
track geometry [7] and the vertical alignment of the track is disturbed. This is called track
settlement. Figure 2.2 shows defects in the track geometry cased due to settlement of the

ballast.

Figure 2.2: Defects in railway track geometry [§]

Track stability can be defined as the resistance offered by the tracks to misalignment in the
1. vertical and

2. lateral direction.
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Thermal stresses, drainage, etc. are some of the factors affecting track stability. It is primar-
ily influenced by sleeper displacement resistance. Track stability in the vertical direction is
directly dependent on the ballast compaction directly below the sleeper [1]. The higher is the
compaction, the lower the settlement of track below its initial level. The ballast compaction
below the sleepers cannot be found out directly by experiments. So, vertical track settlement
is measured as an amount of settlement over time or cumulative loading or by manipulating
compaction levels in the lab. Traffic speed, axle loads and traffic density are other factors

influencing the ballast resistance and thus the vertical track settlement.

Buckling could occur due to high thermal stresses or due to the presence of the uneven forces
in the lateral direction. Figure 2.3 shows the buckling of tracks in the lateral direction due
to thermal stresses. Lateral track stability as the name suggests is the resistance of the
railway track to displacement in the lateral direction. Friction between the ballast particles
and sleepers, and normal resistance to the lateral displacement of the sleepers by the ballast
influence the lateral track stability [1]. The friction generated between the ballast and
sleepers is influenced by the value of the normal load on the track, compaction of ballast

around sleepers, and the number of ballast particles directly in contact with the sleepers.

Figure 2.3: Buckling of tracks in lateral direction [9]
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Defects in track geometry, both in vertical and in lateral directions, arising due to insuffi-
cient support from railway ballast are undesirable because they lead to low traffic speeds,
fluctuating wheel-rail contact forces, deterioration of ride quality for passengers, and in ex-
treme cases, derailment. Hence, it is utmost important to correct such defects as a part of

track maintenance activity, as soon as possible or prevent them from happening altogether.

000l 0o0oiog

Tamping is the track maintenance process used to restore the track settlement by lifting the
track and sleeper at a location where they settled. This is done by mechanically lifting the
track and sleeper and then squeezing the surrounding ballast below the raised sleepers. The
goal of the tamping process is to achieve the maximum possible ballast compaction below
the sleepers while also taking care of the damage caused or particle breakage of the ballast
particles that may occur due to the high squeezing forces that may be generated during the
squeezing phase of the tamping process. Tamping machines, or tampers, traverse on rails
and perform tamping of ballast below every sleeper in a repetitive manner. Figure 2.4 shows

a tamper in operation.

Figure 2.4: Tamping machine in operation [10]
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A single tamping cycle consists of the following 5 steps:
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Tamper lifts the track and sleeper by a certain height which is decided based on the track
settlement. A small amount of compensation must always be included in the calculation to
account for the initial track settlement after the sleeper and then rail is dropped back onto
the ballast after the tamping cycle. The usual gain achieved in track height ranges from
20-70 mm. A minimum lift of 20 mm is often recommended to ensure that enough space is
created below lifted sleepers to squeeze ballast particles below them [1]. While lifting the

tracks, the tamper can also correct the lateral track position.
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Tines are the tamping tools that get inserted into the ballast. Usually, for each sleeper there
are eight tines, four on each rail (two on each side of each rail). So, a single rail would have
two tines inserted to the left of it and two to the right of it. However, tines with a higher
or lesser number are also developed by some manufacturers. The tines follow a vibratory
motion throughout the tamping cycle since this helps to reduce the resistance to their motion

by the ballast.

Perhaps the most striking characteristic of a granular material is its dual nature of behaving
as a solid or fluid . Even though the individual particles are solid, the tendency of the ballast
aggregate to flow readily is a fluidic property. This is actually in contrast with the fixed

geometric form property that solids possess as explained by Deresiewicz [11].

It is said that ballast liquefies locally when subjected to vibrating tines and with a higher
vibrating frequency of tines, higher liquefaction of the ballast occurs. At lower vibrating
frequencies, tines cannot effectively mobilize the ballast particles and power required for
the operation increases thereby increasing the total cost of the operation. Also, a stable

consolidation of particles cannot happen at higher frequencies due to the high mobility of
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ballast particles. Tine motion parameters like frequency, amplitude, nature of oscillation
vary from manufacturer to manufacturer. While the effect of different vibration behaviors
of tines on ballast is well researched, an appropriate set of values of vibration parameters

required for minimizing track settlement after tamping is considered ambiguous.

The depth of the insertion of tines is another important parameter widely discussed about.
This depth depends on the shape of tines as well, but usually the tines are inserted until

their top edge or face is 10-20 mm below the bottom face of the sleepers [1].
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Figure 2.5 shows the squeezing of the ballast below the sleeper. Tines squeeze ballast with
constant pressure, irrespective of the amount of travel required to attain that particular

pressure.
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Figure 2.5: Squeezing of ballast below the sleeper [12]
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There are two types of squeezing possible:

1. Asynchronous (Non-synchronous):

Here, the tines don’t travel the same amount. This has two major advantages. First, voids
below the sleepers may be of varying sizes and using constant pressure to squeeze the ballast
ensures a certain level of ballast compaction irrespective of the void size. The value of
pressure used by various manufacturers, normally lies between 100 to 150 bar. Since the
tamper moves along the rail in one direction, this means that at any given instant, the one
side of the new sleeper is tamped due to the tamping done on the adjacent sleeper in the
previous cycle. Thus, the condition of ballast below sleeper is not symmetric and the non-
synchronous action of tines helps mitigate the difference by adjusting the required travel to

squeeze the ballast to the same pressure on either side.

2. Synchronous:

Both the tines, i.e, tines on the left and right travel the same amount. The problem here
may arise if the ballast is not equal or one side is fouled and the other is not. This means
one side of the sleeper would offer more resistance to the tine motion while other would not
and thus equal pressure even though it would be applied to the tines, it won’t reflect the

same way on the ballast.

The ballast particles take a finite amount of time to rearrange themselves while being
squeezed and after the squeezing phase. Thus, the squeezing velocity (related to squeez-
ing pressure) and the amount of time for which the tines hold their position after desired

squeeze pressure is applied, influences the compaction level of the ballast after tamping.
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After the squeezing phase, tines are moved horizontally outwards to a point where they
can be lifted up. They are moved out horizontally till the same point where the tines were

positioned after the insertion stage.
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This is the last step following the Release stage where the tines are lifted vertically upwards
and then these tines move on to tamp the next sleeper. The velocity of release and withdrawal
of tines affect the loss of compaction that occur after the withdrawal. There is a compromise
here as well. If the withdrawal velocity is less, it minimizes the disturbance to the squeezed
ballast and results in better compaction, however, it increases the overall time required to
tamp a single sleeper and thus it considerably adds up to the total time required to tamp a

particular section of a track.

Tamping is also done to improve the quality of the rail track to reduce its rate of settlement
in the future. However, the improvement achieved after tamping majorly depends on the
initial quality before tamping [1]. No doubt that tamping is an excellent way of improving
track settlement rates, but it is also responsible for reducing the lateral track stability by up
to 60% [13]. So tamping operation is usually followed by other track stabilizing operations

such as stone blowing, dynamic track stabilization, etc.

000 Oidtiodo bibDhood oboboo

Granular systems are disordered aggregates of a large number of particles, characterized
by abrupt changes in mass density, anisotropy, non-conservative internal forces and irre-
versible deformations of constituent bodies. Traditionally, granular assembly behavior has
been modeled using the assumptions of continuous mass density and homogeneity. But such
approaches are only suitable for predicting specifically targeted macroscopic parameters of
the subject granular assembly for a small range of input conditions. Parameters and con-
stants used in such models don’t correspond to any actual physical properties in most cases.

DEM, on the other hand, considers the discontinuous nature of granular systems and allows
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+QKT "2i?2 T +iB+ HHv Q#b2 p #H2 2772+ib Q7 bm+? 7mM/ K2Mi F
i H bi- ;> MmH ~ bvbi2Kb 2 M/QK- /BbQ /2 2/ M/ +? QiB+X 6Q°
b?QrM #v 1bp2Hl) 2?2 iIHXY B/2MiB+ H  BH i  +Fb rBi? B/2MiB+ H # HH
bm#bQBH /Q MQi b2iiH2 ii?2b K2  i2r?2M bm#D2+i2/iQ B/2MiB+ H



kX9X *? HH2M;2b BM JQ/2HBM; _ BHr v" HH bilbBM; .1J k8

bBKmH iBQM i?mb :Bp2b QM2 Q7 K Mv TQbbB#H2 bQHmMiBQMb 7Q"
“2bmHib Q#i BM2/ 7°QK bBKmH iBQM Q" 2tT2 ' BK2Mi K v #2 /B772"
T2 72+ #2? pBQ  + MMQi #2 bbm 28R¥i QMHv 2biBK i2/ (



*2 Ti2" ]

JQ/2H .2p2HQTK2Mi

i XR S iB+H2 6HQISBOMAMI Q/m+iBQM

S6*bQ7ir "2 /2p2HQT2/ #v Ai b+ *QMbmHIBM; :"QmT ? b #22M mb2/
M/ mM/2 bi M/ i?2 i KTBBIQX h@22BMT{Q K iBQM T QpB/2/ BM i?Bb 2
Bb bQm +2/ 7S®Kbi@2ir "2 /Q+mK2RIXEBAM Y b #Qi? ;> T?B+ H mb2°
BMi2 7 +2 M/ +QKTmi iBQM H 2M;BM2 Q7 Bib QrM i? i T'QpB/2b
BM; 7° K2rQ6Ed 7mM+iBQM HBiv Bb 2ti2 A2/ Wih2 n2br? B¥? Bb M
2K#2//2/ T°Q;  KKBM; H M:m ;2 mbBM; r?B+? M2r p "B #H2b M/ 7m\
aT2+B H T "iB+H2 ;2M2" iQ'b K v #2 BKTH2K2Mi2/- b2 pQ +QMi QF
/Bbi'B#miBQMb Q7 T'QT2 iB2b K v #2 bT2+B7B2/ M/ T > K2i'B+ bim
6Aa% 1°°Q @+?2+FBM; i? 6/2aBH2MDbBM QKT "2/ iQ KQbi Qi?2" +QKT
#27Q°2 mbBM; 7TmM+iBQMb QM "2 H TTHB+ iBQMb i?2v b?2QmH/ #2
/2i BH2/ /2b+ BTiBQM #QAatHiQEKBYIQ7 mH2b- #mBHIi@BM 7mM+iBC
70mM/ BM $24€BQMBRPE6* HbQ HHQrb mb2'biQ r'Bi2 i?2B" +Q/2
T°Q;" KKBM; H M;m ;2X Ai? bi?2 /p Mi ;2 Q7 #2BM; 7 bi2 - 2 bv i
7mM+iBQM HBERalMPR QMK2Mi Bb biBHH p BH #H2X M BKTQ'i M
i?72 SVI?QMBAWST "Q;" KKBM;: 2MpB QMK2Mib Bb i? ii?2 SVvi?QM bi i2
b p2 7BH2b M/ Bb MQi 772+i2/ #v M2r Q" "2biQ 2 +QKK M/bX

h?2 T "iB+H2bS®wBbBPOQBM "2 ? p2 7BMBi2 K bb M/ "2 "B;B/ #Q/B2b i

ke



iXRX S "iB+H2 68@W*QW2° Q/m+iBQM kd

BM/2T2M/2Mi Q7 2 +? Qi?2  mM/2 ;QBM; i° MbH iBQM H b r2HH b
7Q°+2b M/ KQK2Mib i2 +?2 +QMi +i #2ir22MirQ TB2+2b "2 mT/ i2/ m
rBi? i?2 ?2HT Q7 T "iB+H2 @Borifm2+i8@NbH ribBHYV +mbiQKBx #H2 /2
#22M mb2/ 7Q° T Q#H2Kb ™ M;BM; 77 QK 7mM/ K2Mi H "2b2 "+? QM
i?72 H #Q" iQ v b+ H2 iQ K MV H ;2 b+ H2 TTHB+ iBQMb bm+? b b
? x '/ KBiB; iBQM-?v/" mHB+ 7 +im BM;- Q+F@IiQQH BMi2 +iBQM
M/ +QKT +iBQM Q7 ;; 2; i2b M/ TQr/2 b-#H bi7m M +3&KQ/2HBM;
? b HbQ #22M mb2/ iQ bBKmH i2 rB/2  M;2 Q7 Qi?2° TTHB+ iBQ
M MQim#2b- KQH2+mH ~ /vM KB+b- K ;M2iB+ K i2°'B Hb- M/ K2/B+I
S6*bQ7ir "2 K BMHvV Bb i?2 "2b2 "+?2 +QM/m+i2/ BMi?2 "2 Q7 :2Q0@Hh
1M:BM22 'BM:X aQ- +QKKQM T "iB+H2 D@X2Qiibr2727 Q Mb2in /B LK BM2 r
KBHHBK2i2'biQ bim/vb M/-# HH bi-2i+X iQ MQ /2 Q7 K2i2'biQb

S6* JQ/2H
S6*KQ/2H bBKmH i2b i?2 K2+? MB+ H #2? pBQ Q7 bvbi2K K /2 m

T "iB+H2bX S "iB6HRb bMR2Q#D2+ii? i Q++mTB2b 7BMBi2 KQmMi Q
Hrb Q7 KQiBQM "2 i?2 7mM/ K2Mi H "2H iBQMb?BT T QpB/2  #2ir2
7Q°+2b i? i + mb2 i?2 KQiBQMX h?2°2 K v #2 bi iB+ 2[mBHB# Bm}
BM r?B+? + b2 i?2°2 Bb MQ KQiBQM Q" i?2 T iB+H2b K v #2 KQpB
+QMi +i TT'Q +? Bbmb2/iQ KQ/2H i?2 #2? pBQ Q7 +QMi +ib BM r?¥
Bbi F2M iQ 2T 2b2Mi i?2 K2 bm® #H2 biB77M2bb i? i 2tBbib i +QN
*2 HHQr2/iQ Qp2'H T BM i?2 pB+BMBiv Q7 i?2 +QMi +i TQBMiX J
+ M #2 bBKmI624#BMHQIBM; i?2 T “iB+H2b iQ #2 #QM/2/ i +QMi +i
i? ii?2 #QM/ ;2ib # QF2M B7 i?2 BMi2 @T "iB+H2 7Q +2b +iBM; i i
bi*2M:i? M/i?BbBMim M "2bmHib BM i?2 /2p2HQTK2Mi Q7 i2MbBH?2
+ M #2 mb2/iQ KQ/2H i?2 7Q K iBQM Q7 +  +Fb BM i?2 "Q+Fb r?22°2



k3 *2 Ti2  jX JQ/2H .2p2HQTK2N

BMiQ bK HH2  "Q+F 7" ;K2MibX

h?2 bbmKTiBQM Q7 T "iB+H2 "B;B/Biv Bb ;QQ/ r?2M KQbi Q7 i?2 /
bvbi2K Bb ++QmMi2/ 7Q  KQp2K2Mib HQM; BMi2 7 +2bX h?Bb bbn
/27Q K iBQM BM T "iB+H2 bb2K#Hv iB;?iHv T +F2/ Q  BM ;> Mmkt
bBM+2 i?2 bHB/BM; M/ Qi iBQM Q7 i?2 'B;B/ T iB+H2b + mb2b /27
+ mb2/ 22 2 #2+ mb2 Q7 i?2 QT2MBM; M/ BMi2 ' HQ+FBM; i BMi2'7
T "iB+H2/27Q5K*BMMMNDbQ #2 mb2/iQ bim/vbQHB/brBi? /27BM2/ #Q|
M/ bm#D2+i2/iQ BMBiB H+QM/BiBQMbX am+? bQHB/b “2i'2 i2/ b
bK HH T “iB+H2b M/ i?mb i?2B° +QMiBMmmK #2? pBQ  + M #2 bim/
bQBHb- bQHB/b HBF2 "Q+F Q  TH biB+b 7Q K2/ #v TQr/2  +QKT +iB(

JmHiIB@i? 2 /BM;

S6*mb2b i?72 QTIiBK H MmK#2> Q7 i? 2 /b p BH #H2 QM H TiQT Q°
+Q'2T ' Q+2bbQ b #v bTHBIIBM; i?2 +QKTmi iBQM HHQ / /m BM; +v-
L im2Q7i?2bBKmH iBQM Ubi iB+Q /vM KB+V-i?22 MmK#2 Q7 KQ/:
r HHb- 2i+V-ivT2 Q7 +QMi +i KQ /@Aamh2//-/  { B VN i+QFHBM; 772+ib i
iBK2 Q7 i?2 bBKmH iBQMX HbQ- Bi BIERETQQ i MbhHBM @iz MQi Km
i?7°2 /2/X aBr4Q@2b MmK2 B+ H bBKmH iBQMb- Bi Bb Q#pBQmb i? i i
2°°Q'bi? irQmH/ Q++m  /m2iQi?2Q /2 °BMr?B+? +QKTmi iBQMb
i?72Q° /2 Q7 +QMi +ib BM irQ +Q8BROQ/QH irnbHK 22 /B772 2Mi ii?2
iBK2 BMbi M+2 Q7 bBKmH iBQMX aQ- +QMi +i 7Q +2b rQmH/ #2 bm
Q /2 b-"2bmHiBM; BM bHB;?iHvV /B772 2MiiQi H7Q +2b i2 +? # HH
Bb i?mb 772+i2/X hQ Qp2 $Q@K2viPBbmBHbmbd2b /2i2"KBMBbiB+ KC
2Mbm 2b "2T2 i #BHBiv #v 2M7Q +BM; Q /2 'BM; +QMp2MiBQMb #m
i?Bb Bb +QKT QKBb2 #2ir22M “2T2 i #BHBiv M/ 7TmHHvV 7mM+iBQN
h?2 bBKmH iBQM "mMb 7Q" i?Bb T'QD2+i r2°2 /QM2 mbBM; /2i2 KE



iXRX S "iB+H2 68@W*QW2° Q/m+iBQM kN

"2T2 i #BHBivX h?2 "2 bQM 7Q  /QBM: i?Bb r b iQ 2T Q/m+2 i?2 2t
Q' /2 iQ /2#m: i?2 T'Q#H2Kb 2M+QmMi2 2/ r?BH2 "mMMBM; i?2 bBK

"v /27 m$HE*BMb2ib MmHH +QMi +i KQ/2HX h?2 7°B+iBQM +°2 2/

i +QMi +ib UpBb+Qmb / KTBM;- BM2H biB+ +QMi +i H rb- 2i+XV Q"
2[m iBQMb Q7 KQiBQM Q7 # HHb M/fQ  +HmMKTb 2 i?2°22 /B772 2N\
bBT iBOQM K v Q++m X h?2 H bi QM2 Bb + HH2/ HQ+ H/ KTBM; r?B
p Hm2 iQ ++2H2 i2 +QMp2 ;2M+2 iQr '/ bi #H2 +QM7B;m iBQM 7
6Q  /vM KB+ M HvbBb-i?Bbp Hm2 b?QmH/ #2 HQr2 2/ Q"  2p2M b2i |

"Q/B2b M/ SB2+2b

" HHb-r HHb M/ +HmKTb "2 + HH2/ #Q/B2b r?2 2 b T2##H2b M/ 7
K F2 mT i?2b2 #Q/B2b UT2##H2b K F2 +HmKTb M/ 7 +2ib K F2 r H}
+QMi +i /2i2+iBQM M/ 2bQHmMIBQM-r?2"2 b /i +QHH2+i2/ mbBM;
mb2/iQ BMi2;  i2i?2iBK2 2pQHmiBQM Q7 i?2 bvbi2KX >2M+2- HH -
U2X;X-# HH@Q# HH-# HH@T2##H2-# HH@7 +2i M/ T2#36R2@7 +2i\
r HH 7 +2ib + MMQi #2 BM +QMi +i rBi? Qi?2 r HH 7 +2ib M/ r HHb /
Q7 KQiBQMX HbQ-Bi Bb BMi2 2biBM; iQ MQi2i? i # HHBb #Qi? #

g HHBb K MB7QH/- Q'B2Mi #H2 M/ 2/;2@+QMM2+i2/bm 7 +2 K /2
i'B M;mH ~ 7 +2ib BM j.- r?2°2BM K MB7QH/ K2 Mb i? ii?2r HH 7 +2
r HH "2 MQi HHQr2/iQ BMi2 T2M2i i2X h?2b2 r HHb + M #2 + mb?
i?2K p2HQ+Biv BM i?2 7Q K Q7 p2'i2t p2HQ+BivX MQi?2 r v Bb iQ
2 +7 7 +2i- bBKmH iBM; MQMx2 Q p2HQ+BiB2b rBi?Qmi K FBM; i?2
TTHVBM; p2HQ+Biv #QmM/ v +QM/BiBQMb iQ r HHb HHQrb i?2K i
+QKT +iBQM M/ +QM7BM2K2Mi Q7 # HHb Q" +HMKTbX h?2 2[m iBQ
7Q° 2 +?2 r HH- MMHBE2 # HHb M/ +HmMKTbX h?2 mb2  ? b iQ bT2+
"2K BMb +QMbi Mi B "2bT2+iBp2 Q7 i?2 +QMi +i 7Q +2b +iBM; QM E



jy *2 Ti2° jX JQ/2H .2p2HQTK2N

ii'B#mi2b M/ S QT2 iB2b

AMi BMbB+ +? ~ +i2 BbiB+b Q7 KQ/2H +QKTQM2Mib U#Q/B2b- TB2+
1t KTH2b Q7 ii'B#mi2b 2 TQbBiBQM- p2HQ+Biv- bBx2- 2i+X r?B+?
M/ +QMi +ibX Ai Bb p2°'v BKTQ i MiiQ MQi2 i? i T°'QT2iB2b "2 QM
iQ TB2+2bX hBK2bi2T /2i2°KBM iBQM B®6/DDZ imiZDK S B+2HH v #\Q°

/IvM KB+ Q" ?B;?Hv ;Bi i2/ bvbi2K iBK2bi2T + H+mH i2/ miQK iB+ H
bBM+2i?2 miQK iB++ H+mH iBQM Q7 iBK2bi23 @&bHIQ® M ? 2B\ "H F
iQ BMTmi ?Bb QrM p Hm2X h?Bb + M #2+QK2 i'B+Fv bi?2 mb2  ? bi
i?72 bvbi2K +QM7B;m” iBQMi? iK v /2K M/ 7Q" /B772 ' 2Mip Hm2 Q7

S'QT2 iB2b "2i?2 +? = +i2 BbiB+b ?2H/ QMHvV #v i?2 TB2+2b iQ /27
S'QT2 iB2b BBHBQ72r " 2iQ mM/2 bi M/ ?2QrTB2+2b BMi2  +irBi? 2 +°
KQ/2Hb misd®*EBM2 TB2+2 T QT2 iB2b iQ /2i2"KBM2 i?2 "2bmHiIiBM; B
i i?72 +QMi +ibX

j Xk JQ/2HBM; J2i?Q/QHQ;V

jXkXR ::2M2° H TT Q +7?

Ai Bb BKTQbbB#H2 iQ Q#i BM +QKTH2i2 7B2H//i i "Q+FQ bQBH
bi'2bb2b- T'QT2'iB2b M/ /Bb+QMiBMmBiB2b bBM+2 i?2v K v p “v +(
7Q° T°Q+2bb2b BMpQHpPBM: i?2 BMi2  +iBQM Q7 K Mv /Bb+ 2i2 Q#D
#2?2 pBQ  Q++m'b i?B;? T +FBM; /2MbBiB2b BM TQr/2 i2+?MQHQ;V
/Bbi'B#miBQM Q7 B '2;mH "BiB2b BM i?2 7THQr K i2’B H+ MMQi 2 bE
7HQr Q7 K i2°B HX aBM+2 i?2 BMTmi /i p BH #H2 7Q  bm+? T Q+
KQ/2H b?QmH/ #2 2KTHQV2/iQ mM/2 bi M/ i?2 /QKBM Mi K2+? MBb|



iXkX JQ/2HBM; J2i?Q/QHQ;V iR

Q7 1?2 bb2K#Hv Q7 T "iB+H2bX A7 bm77B+B2Mi/ i M/ mM/2 bi M/
p BH #2+ M /B 2+iHv #2 mb2/ BM i?2 /2bB;MX

6B:m 2 jXR, aT2+i ' mK Q7 KQ/RNBM: bBim iBQMbD (

S6*+ M#2 mb2/2Bi?2  BM 7mHHV T 2/B+iBp2 KQ/2 U bb?QrM BM i?
iXR b MmK2 B+ HH #Q  iQ viQi2biB/2 b b b?0MQMBI2b27i@
"mB/2HBM?2 iQ #2 7QHHQr2/ B7 Bi Bbmb2/ b MmK2 B+ HH #Q  iQ"

ai2T R, .27BM2 i?2 Q#D2+iBp2 7Q  i?2 KQ/2H M HvbBbD
AiBbQ7i2Mi2KTiBM;iQ BM+HmM/2 +QKTH2tBivBM KQ/2H Dmbi#2+ 1
B7 i?2 "2bTQMb2 Q7 i?2 KQ/2H Bb BM7HmM2M+2/ QMHv bHB;?iHv Q"
B 2H2p MiiQ i?2 KQ/2H- i?2v b?QmH/ #2 QKBii2/X

ai2T k, *2 i2 +QM+2Tim HTB+im 2 Q7 i?2 T?vbB+ H bvbi2K

mb2  Kmbi ? p2 M BMBIB H2biBK i2 Q7 i?2 2bTQMb2f#2? pBQ Q7
b2i Q7 +QM/BiBQMbX a2p2° H[m2biBQMb b?QmH/ #2 bF2/ BM i?Bb
1?72 bvbi2K #2+QK2 mMbi #H2 i Mv TQBMi\ gBHH i?2 KQp2K2Mib #2
iQi?2T "iB+H2 bBx2b\ Abi?2 bvbi2K T?vbB+ HHv #QmM/2/ Q" ? b HE
"2bTQMb2 #2 + i2;Q Bx2/ bHBM2 " Q MQM@HBM2 '\ "2i?2°2 Mv
Q  rBHH i?2 K i2'B H #2? p2 b +QMiBMmmK\ .Q2b Mv ;2QK2i B+
bvbi2K\ HH bm+? [m2biBQMb rQmH/ /27BM2 i?2 +? ~ +i2 ' BbiB+b Q7



ik *2 Ti2  jX JQ/2H .2p2HQTK2N

i72 /2bB;M Q7 i?2 T "iB+H2 bb2K#Hv-i?2ivTI2 Q7 +QMi +i KQ/2H-i?
i?72 BMBiB H2[mBHB# BmK bi i27Q i?2 M HvbBbX

ai2T j, *QMbi'm+i M/ mM bBKTH2 B/2 HBx2/ KQ/2Hb
AiBbKQ'2277B+B2MiiQ +QMbi"m+i M/ " mMbBKTH2 i2bi KQ/2Hb #2
+i2/ M/ /2i BH2/ KQ/2HX h?2 mb2  b?QmH/ #°2 F/QrM i?2 T ' Q#H2K
M/ bQHpP2 i?2 bK HH2bi T'Q#H2Kb BM/BpB/m HHvX bBKTH2 KQ/:
+QM+2Tim H #2? pBQ Q7 i?2 bvbi2KX Ai BISBKTOMHBIF2Q- ®KQiB MM i
+Q/2b-i?2 T "iB+H2 ;2M2" iBQM- #QmM/ v +QM/BiBQMb M/ BMBIiB
a2p2° H KQ/2H "'mMb K v #2 “2[mB 2/ iQ ii BM i?2 7BM H “2[mB 2/
h?2 bBKTH2 KQ/2H "2bmHib rBHH 7m i?2" ?2HT mb ; BM M BMbB;?i
+QHH2+iBQM Q7 /i +im HHv '2H2p MiiQ i?2 M HvbBbX

ai2T 9, bb2K#H2 T Q#H2K@bT2+B7B+ / i

KQ/2H M HvbBb "2[mB 2b p "B2ivQ7 /i X 6Q° ;RNK2+? MB+b- i?:
2QK2i'v /21 BHb U2X;X- T'Q7BH2 Q7 mM/2 ;  QmM/ QT2MBM;b- bm
"Q+FfbQBH bi'm+im 2Vc

K i2'B H#2? pBQ  U2X:X-TQbi@7 BHmM 2 #2? pBQ - 2H biB+fTH bil
'2QHQ B+ bi'm+im 2 HQ+ iBQMb U2X;X- DQBMi b2ib-7 mHib- #2//B
BMBiB H+QM/BiBQMb U2X;X-TQ 2T 2bbm 2b-BM@bBim bi i2 Q7 b
2ti2°M HHQ /BM; U2X;X- T 2bbm Bx2/ + p2 M- 2tTHQbBpP2 HQ /BM;"
2i2°'b Kmbi #2 i?mb b2H2+i2/ 7Q i?2 BMp2biB; iBQM Q7 T ~ K2i2' b B

ai2T 8, S'2T "2 b2'B2b Q7 /2i BH2/ KQ/2H "mMb

q?BH2 T'2T "BM; b2i Q7 KQ/2H "'mMb 7Q" + H+mH iBQM- b2p2" H
>Qr Km+? iBK2 rQmH/ #2 "2[mB 2/ 7Q 2 +?2 KQ/2H + H+mH iBQM\ J
#2 2t+2bbBp2X S ° K2i2'bb?QmH/ #2 p B2/ QM KmHIBTH2 +QKTmiz
Tmi iBQM HIiBK2X h?2 bi i2 Q7 i?2 KQ/2H b?QmH/ #2 b p2/ ib2p2°



jiXkX JQ/2HBM; J2i?Q/QHQ ;v j]

i? i MQBM7Q K iBQM Bb HQbi BM + b2 Q7 Mv ++B/2Mi H b?mi/QrM
bBKmH iBQM 7°QK T "iB+mH ~TQBMi rBi? M2rp B2/ T K2i2 i?
iBK2 bBM+2 vQm /QM&i ? p2iQ "mM 2p2 vi?BM; 7°QK i?2 bi i ; BM>
i72 bvbi2K b?2QmH/ Hr vb #2 KQMBiQ 2/ iQ +?2+F i?2 2[mBHB# Bmi|

2 +?2 bi ;2 Q7 i?2 M HvbBbX

ai2T e, S2°7Q K i?2 KQ/2H + H+mH iBQMb

Ai Bb Hr vb ;QQ/B/2 iQ mMi?2 bK HH2  #HQ+Fb Q7 +Q/2 M/ 2M
rQ FBM; +Q "2+iHvX h?2M- QM2 b?QmH/ /Q QM2 Q" irQ /2i BH2/ KQ
b2°'B2b Q7 "'mMbX PM+2 Bi ? b #22M 2Mbm 2/ i? i "2bTQMb2 Bb b 2
7BH2b + M #2 HBMF2/iQ;2i?2  iQ 'mM MmK#2 Q7 bBKmH iBQMb B

ai2T d, S'2b2Mi "2bmHib 7Q  BMi2 T 2i iBQM

S T?B+ HQmiTmi Q7 Q#i BM2/ "2bmHib b?QmH/ #2 +°2 i2/7Q 277
+H2 "Hv "27H2+ii?2 "2;BQMb Q7 BMi2 2bi 7°QK i?2 M HvbBb bm+?
+QM+2Mi’ iBQMb Q" "2 b Q7 bi #H2 KQp2K2Mi p2 ' bmb mMbi #H2 KC
i72 mb2  b?QmH/ b2i mT i?22 KQ/2HBM rvi? i?2? bi?2 MmK2 B+ p
22 Bb KQMBiQ 'BM; i Mv TQBMi 7Q  /2i BH2/ mM/2 bi M/BM; M/ BM
E22TBM; HH i?2 #Qp2 d bi2S6*KN KRBIMIQi7%22 i KTBM; T'Q+2bb Bb
M/ Bb 2tTH BM2/ BM ; 2 i2 /83K BH BM *? Ti2"

iXkXk AKTQ'i Mi *QMbB/2" iBQMb

k. p2 bmb j. KQ/2Hb

_MMiBK2b 7Q" k. KQ/2Hb "2 H2bb +QKT "2/ iQ i?2B  j. +QmMi2 T i
[2:°22b Q7 7°22/QK UBX2X- QMHV irQ 7Q +2 +QKTQM2Mib M/ QM2 |
S6*k.KQ/2H- b QTTQb2/iQ i?2i?°22 7Q +2 +QKTQM2Mib M/ i?°22



i9 *2 Ti2  jX JQ/2H .2p2HQTK2N

i?7 1 2tBbi BM i?'22@/BK2MbBQM H T 'iB+H2 bb2K#HvVX aQ BM 2
1?72 T Q#H2K M/ mM/2 bi M/ i?2 bvbi2K "2bTQMb2- Bi Bb /pBb #H2 i

SQ'QbBiv Bb /27BM2/ BM ;2M2  H b " iBQ Q7 pQB/ /BE2{bBQM iQ
Bi Bb /27BM2/ bi?2 " iBQ Q7 iQi HpQB/ "2SEIji?2Bi@bH27BMM/ BM
i72 " iBQ Q7 iQi HpQB/ pQHMK2 iQ i?2iQi HpQHmMK2X h?2 2 Bb MQ
TQ QbBiv M/j. TQ QbBivp Hm2 7Q° “#Bi v bb2K#HB2b Q7 bT?2
#v .2 2bB2RERHR ( i?2 +HQb2bi Q7 HH "2;mH ~ T +FBM; Q7 mMB7Q"

TQ QbBiv Q7 yXk8N8- r?BH2 i?2 +HQb2bi Q7 HH "2:mH " T +FBM

TQ QbBiv Q7 yXyNjRX h?2b2 T 2b2Mi2/ p Hm2b 2 i?2 i?2Q 2iB+
TQbbB#H2 BM i?2 #b2M+2 Q7 Mv 2ti2 M H +QKT 2bbBp2 7Q +2b +]
T "iB+H2 BMi2 ' T2M2i  iBQMX h?Bb b?Qrbi? i BM ;2M2" H-i?2 pQB/ |
#2 KQ 2i? Mi? iBM k.Xh?2T "iB+H2b mbm HHV 6HQ+F@mTo #27C
T +FBM; +QM/BiBQM M/ i?mb BM i?2 2 HK i2'B H- TQ ' QbBiB2b 2

h?2 *QQ /BM iBQM MmK#2  /27BM2/ b i?2 p2 ;2 MmK#2 Q7 +QMi A
BKTQ i Mi +? ~ +i2 BbiB+ "2H i2/iQ T +FBM;X AM i?2 T B3> T 2b2M
i72 Mi?Q b b?Qri? ii?2+QQ /BM iBQM MmK#2 - i?22 i? Mi?2TQ ¢
bi* BM K2+? MB+ H "2bTQMb2 Q7 /2Mb2- BbQi'QTB+- 7'B+iBQM H

M mTT2 #QmM/ HBKBi QM i?2 +QQ /BM iBQM MmK#2 Q7 /2Mb2 |
T "iB+H2b UBM i?2 #b2M+2 Q7 ?vT2 bi iB¢ BiMM b 762 &r Q 7 2 [ N0 hBtC
C, dd+1) 7Q  i?2 ;2M2° H €,b22d MQ  bT?2 B+ H T iBAHRQiD2 2

/IBK2MbBQM HBivX 6Q 7 'B+iBQMH2bb T "iB+H2b-i?22b2 BM2[m HBiF

MQi?2° #B: /B772°2M+2Bb Q7 T2 +QH iBQMX aK HH T “iB+H2b + M
+QMbBDbDIBM: Q7 H ;2 j. T iB+H2b-#mii?Bb BbM&i TQbbB#H2 BM
“2H iBp2 T "iB+H2 bBx2bX



iXkX JQ/2HBM; J2i?Q/QHQ;V i8

S 'iB+H2 b? T2

h?2 7mM/ K2Mi H 2H2KQ6K b2/ #2 Bb /BbF i? i ? b mMBi i?B+FM
M/ 7Q j.- bT?2°2X A7 +QKTH2t b? T2b ? p2iQ #2 BM+Hm/2/ BM i’
7QHHQrBM; "2i?2 QTiBQMb p BH #H2,

RX *Hmbi2"

*Hmbi2  BMpQHp2b #QM/BM; Q7 irQ Q  KQ 2 bT?2 B+ H T “iB+H2b
"2 "B;B/- #mi i?2 +QMi +ib "2 bQ7i-i?2 2bTQMb2 Q7 i?2 bb2K#Hv
T K2i2 b ii?2T "iB+H2 M/ +QMi +i H2p2HbX h?Bb i2+?MB[m2 Bb 2
"QHI@N (Q bBKmH i2 i?2 K2+? MB+ H "2bTQMb2 Q7 bb2K#HB2b Q7
:HQK2 i2b mM/2  BbQi"QTB+ +QKT 2bbBQM M/ i'B tB H +QKT 2b
2tT2°BK2Mi H /i r b +QKT "2/ iQ i?2 MmK2 B+ H “2bmHib Q#i BM
M/ Bi p2°'B7B2/i? i i?72 KQ/2H r b + T #H2 Q7 "2THB+ iBM: i?2 +QK’
“2H iBQM iQ i?2B  bi2M;i?- /BH i M+v M/ + BiB+ H bi i2bX h?2 “2b
#v +QMDbB/2 ' BM; HBKBiBM; + b2 r?2°22p2°v T "iB+H2 K v #2 #QM/
+QMbB/2°2/iQ #2 bQHB/i? i? b 2H biB+ T'QT2'iB2b M/ Bb + T #H
#°2 FBM T'Q; 2bbBp2 K MM2 X h?Bb Bb i?2 K BM +QM+2Ti Q7 i-
U"SJV K2i?Q/QHQ;v /2b+ B#2/ #v SQivEIK/ vS Qi i OFAT (@t B/ 2 b
+QKT 2?2MbBp2 Qp2 ' pB2r Q7 i?2 "SJ K2i?Q/QHQ;v M/ Bib TTHB+ |

kX *HmKTDb

*HmMKTb +QKT Bb2 Q7 "B;B/Hv ii +?22/ T2##H2b M/ +HmMKT Bib2H7 Bt
T K2i2° bQ7i?2 +HmMKT + M #2 miQK iB+ HHv +QKTmi2/ 7 QK i?2
i?72 Qmi2  bm 7 +2 /[2HBM2 i2/ #v i?2 T2##H2 /IBbi ' B#miBQM Q" #v M



je *2 Ti2  jX JQ/2H .2p2HQTK2N

JQ/2HBM:; Q7 / i HBKBi2/ bvbi2Kb

T T2 r Bii2M #v ai "7B2H/eyb?@MHH#H2(+QMbmHi2/ #27Q°2 Mv b2
BM: rBS8*bQ7ir "2 Bb {i2KTi2/X AM i?2 7B2H/ Q7 ;2QK2+? MB+b- 7B
bi*2bb2b- K i2'B HT QT2 iB2b- M/;2QHQ;B+ H72 im 2b rBHH M2p:
Bb K bbBp2 mM+2"i BMiv BM i?2 BMTmi /i Bib2H7- Bi Bb MQi 72 bB
"2bTQMb2X >Qr2p2 - i?2 KQ/2H K v biBHH ?22HT i?2 /2bB;M2° Q" 2M:
? pBQ Q7 i?2 bvbi2K Q" iH2 bi T'QpB/2 MBMimBiBQM #Qmii?2 K
BMi?2 T°Q+2bbX Ai Bb rQ i?H2bb iQ /2p2HQT p2'vH ;2 M/ +QKTF
i?72 mM+2"i BMiB2b M/BMTmi T~ K2i2'bK FBM; Bi b/B77B+mHiiQ

JQ/2HBM: Q7 +? QiB+ bvbi2Khb

AM bQK2 KQ/2Hb BMpQHpPBM; /Bb+QMiBMmQmb K i2 B Hb-i?2 “2bm
p2'vbK HH +? M;2b BM BMBIiB H+QM/BiBQMbX h?Bb + M #2 2tTH B
RX +2°i BM ;2QK2i B+ T ii2 "M K v 2tBbi BM i?2 bvbi2K r?B+? 7Q +21I

M/QKHV #2ir22M irQ /B772 2Mi Qmi+QK2b M/ i?2 7m’i?2 T Q; 2D
T2M/ QM i?Bb T “iB+mH > Qmi+QK2X amTTQb2 i?2°2 "2 irQ i'B M;H
rBi? 2 +?2 Qi?2 r?2 2QM2i B M;H2Bb TH +2/BMp2 b2HVQMi?2iQT
i?22v7Q K M?2Qm @;H bb FBM/ Q7 bi m+im 2X LQrB7i?2mTT2 i B
T'QpB/BM; BirBi? 7Q +2-Bi+ MbHB/2iQ i?2H27iQ" "B;?iQ7i?2 |
rQmH/ #2 ;Qp2 M2/ #v KB+ Qb+QTB+ B 2;mH BiB2b BM ;2QK2i v- T
kX6aQ7i2MBM;d T°Q+2bb2b Q° BM ;2M2° H + b2b Q7 TQbBiBp2 722/¢
+v+H2 Q7 TQbBiBp2 722/# +F + M #2 BHHmbi i2/ #v M 2t KTH2 Q7
r?2 2BM T "iB+mH ~ "2;BQM i? i 2 b KQ 2 bi" BM bQ7i2Mb KQ 2 N
bi> BM M/ i?mbi?2b2 bK HH T2 im # iBQMb "2 K ;MB7B2/BMi?2 bm



iXkX JQ/2HBM; J2i?Q/QHQ;V jd

h?2 Q#b2 p2/ b2MbBiBpBiv Q7 i?2 +QKTmi2  bBKmH iBQM KQ/2H iQ
/BiBQMb Q" MmMK2 B+ H 7 +iQ b Bb '27H2+iBQM Q7 bBKBH * b2Mt
B '2;mH "BiB2bX h?2 #2bir2 + M 2tT2+i 7°QK bm+? KQ/2H Bb 7B
#2? pBQ X PM2r v rQmH/ #2 iQ +QMbi m+i KQ/2Hb rBi? /Bbi ' B#miB
M/ 2 +? KQ/2H b?QmH/ #2 "mM b2p2° H iBK2b rBi? /B772 2Mi /Bbi"
#HB2b M/ i?Bb K2i?Q/Bbi?2b K2 bi FBM; p2" :2biQ 2HBKBM i2 i
7HmM+im iBQMb biBHH T2 bBbi- Bi rQmH/ #2 #2+ mb2 Q7 i?2 BKTQb?
Q7 i?2 MmMK2'B+ HbQHmMIBQM b+?22K2 2KTHQV2/ #v i?2 bQ7ir “2X

GQ+ HBx iBQM- S?vbB+ H AMbi #BHBiv- M/ S i?7@.2T2M/2M+2

"B7m + iBQM Bb T?2MQK2MQM BM r?B+? Dbvbi2Kéb bQHMIiBQM + |
QM bK HH +? M:;2b BM i?2 BMBiB H +QM/BiBQMbX 6Q 2t KTH2- b
Ki2'B HK v 2Bi?2  /27Q K mMMB7Q KHv- Q' Bi K v 2t?B#Bi b?2 " #
bi> BM Bb HQ+ HBx2/  i?2 i? M #2BM; mMMB7Q KHv /Bbi ' B#mi2/X af
2T Q/mM+BM; i?2 # M/ 7Q K iBQMT?2MQMKR BIQM #ini #2+ mb2 Bi KQ
i72 /vM KB+ 2[m iBQMb Q7 KQiBQM UBX2X- i?2 FBM2iB+ 2M2 ;v i? |
Bb "2H2 b2/ M/ /BbbBT i2/ BM T?vbB+ HHv "2 HBDbiB+ r vVX

*?2 Qb- T?vbB+ H BMbi #BHBiv M/ #B7m + iBQM "2 +QMi QHH2/ #v
QM2 T2 72+iQ +Q "2+ibQHMIBQMiQ T?vbB+ HT Q#H2KBM KQbi C
i? irQmH/ b iBb7v 2[mBHB# BmK- +QKT iB#BHBiv- 2i+X mMH2bb T
bT2+B7B2/- HH Q7 i?2BM7BMBi2 TQbbB#H2 bQHMiBQMb "2 +Q 2+
b22KBM;Hv B 2H2p Mi T ° K2i2 HBF2/ KTBM; Bb b22M iQ 772+i i
bBKmH iBQM Q7 KBMBM; 2t+ p iBQM rBi? HQr / KTBM; K v b?Qr
?22M+2-H ;2 7BM H /BbTH +2K2Mib- r?BH2 ?B;? / KTBM; rBHH 2HB
HQr2  7BM H/BbTH +2K2MibX A7 i?2 2t+ p iBQM Bb /QM2 #v M 2tTH



i3 *2 Ti2  jX JQ/2H .2p2HQTK2N

bQHMIBQM rBi? Qp2'b?QQi K v #2 i?2 TT QT B i2 QM2c B7 i?2 2t+
b?Qp2H UBX2X- ;" /m HHVV- i?2M i?2 b2+QM/ + b2 K v #2 KQ 2 TT°
T i?2@/2T2M/2M+2 Bb M BKTQ i Mi 7 +iQ - KQ/2HBM; b?QmH/ #2 /Q
b2i Q7 QT2 iBQMb i? i KBKB+b i?2 bvbi2K 2pQHmMiBQM BM i?2 "2 H

JXkX) aQHmMiBQM S Q+2/m 2

S6* bFb7Q° HQ;B+ H7HQriQ KQ/2H i?2 T'Q#H2K Q T ' Q+2bb r?2":
TQM2Mib Q7 i?2 T'Q#H2K b K2MiBQM2/ #2HQr b?QmH/ #2 bT2+B7B
RX h?2 KQ/2H /QK BM

kX M bb2K#Hv Q7 T "iB+H2b

jX *QMi +i #2? pBQ" M/ K i2'B HT QT2 iB2b

9X "QmM/ v M/ BMBiB H +QM/BiBQMb

h?2 T "iB+H2 bb2K#Hv +QMbBbib Q7 i?2 HQ+ iBQMb M/ bBx2 /Bbi’
Q7 2bTQMb2 iQ #2 /BbTH v2/ #v i?2 KQ/2H Bb +QMi QHH2/ #v i?2
+B i2/ K i2’B HT QT2 iB2bX "QmM/ v M/ BMBiB H +QM/BiBQMb ?:
S6*mb2b M 2tTHB+Bi iBK2@K +?BM; K2i?Q/iQ bQHp2 i?2 H:2# E
T°Q+2/m 27Q  i?2bQHMIBQM%Bk b?QrM BM 6B;m "2

iXj :2M2° H*QKTQM2Mib

T iB+mH ~BMbi M+2 Q7 i?2SB3KQ//2H +BKIDBbib Q7 #Q/B2b M/ K2
+QMi +ibX #Q/v Bb K /2 Qmi Q7 QM2 Q  KQ 2 +QMbiBim2Mi TB2+:
bm 7 +2X "Q/B2b-TB2+2b M/ +QMi +ibSBFEDV2B HMHK TKQ M2 M iThi P2B + -
"2 /Bb+mbb2/ BM i?2 7TQHNQEBIQ; 27BM2mbbBM; i?2 JQ/2H +QKTQM



jXjX :2M2° H*QKTQM2Mib iN

6B:m 2 jXk, :2M2° HbQHMREQM T Q+2/m" 2 (



9y *2 Ti2  jX JQ/2H .2p2HQTK2N

H2i mb mM/2 bi M/ i?2 ;2M2" H +QRTQM2Mib mb2/ BM

QK BM

h?2 /QK BM Bb M tBb@ HB;M2/ #QmM/BM; #Qt i? i /Q2b MQi +?2 M
/IBbiQ i2/ /Im"BM; +V+HBM; #v b2iiBM;: MOQM@x2 Q bi° BM" i2 +QM/Bi
/IQK BM #27Q°2 T'Q+22/BM; iQ Mv Qi?2  bi2T BM bS8bBHWQ /@M i?2 K
+QKTQM2Mib + M #2 +°2 i2/ QMHv 7i2° /27BMBM; i?2 /IQK BM M/ i?
i?Bb /QK BMX h?2 /QK BM #QmM/ v +QM/BiBQMb ‘2 /B772 2Mi 7
+QM/BiBQMbX 6QHHQrBM; 2i?27Qm  /QK BM #QmM/ v +QM/BiBC
aiQT

h?Bb +QM/BiBQM BKTHB2b i? i B7 i?2 #Q/v +2Mi"QB/ 7 HHb QmibB/
i?72 p2HQ+Biv Q7 i?2 "2bT2+iBp2 #Q/v 2 x2 Q2/X

27H2+i

M QTTQbBi2 bB;M Q7 p2HQ+Biv Bb TTHB2/iQ i?2 #Q/v B7 Bib +2
/I QK BM K2 Mr?BH2 i?2 bTBM Bb mM+? M;2/X h?Bb +QM/BiBQM K v
BKTQ'i MiiQ MQi2i? ii?Bb +QM/BiBQM Bb MQi +QKT iB#H2 rBi? r F
.2bi Qv

>2°2-# HHb- +HmKTb M/ r HH 7 +2ib "2 /2H2i2/X

S2°'BQ/B+

S2°'BQ/B+ +QM/BiBQM + mb2bi?2# HHQ +HmMKT r?Qb2 +2Mi ' QB/ 7
iQ "2im "M BMbB/2 i?2 KQ/2H 7 QK i?2 Qi?2  UQTTQbBi2V bB/2 Q7 i
iQ T'QpB/2 +QMi +i + 2 iBQMBM rv bB7i?2 KQ/2H Bb +QMiBMmC
+HMKTbX h?Bb +QM/BiBQM HBF2 '27H2+i +QM/BiBQM Bb MQi +QK’
/QK BMX

2QK2i'v
h?Bb HHQrb i?2mb2 iQ +2 i2-BKTQ'i M/ 2tTQ i;2QK2i'B+/ i X h



jXjX :2M2° H*QKTQM2Mib 9R

Q7 +QKTH2t b? T2b i? i 2 MQi /B '2+iHVSBO DBV H2MW2 mBOM;+HQXK @
K M/b HBR2 ;2MBD# MHH ;2NK2:2iQK2i v Q#D2+ib 2 MQi KQ/2H +QKTQ
i2KTH i2b 7Q° KQ/2H +QKTQM2Mib + M #2 +°2 i2/ mbBM; i?2 ;2QK2i"
BMim'M+ M#2 mb2/iQ +2 i2i?2 KQ/2H +QKTQM2MibX

>BbiQ v

0 "B #H2b /27BMWB*BMKPIH iBQM KQ/2H + M #2 b KTH2/ M/ biQ 2/
KQ/2H "'mM mIPBMi@®KK M/X h?Bb HHQrb i?2 mb2  iQ THQi i?2 p Hn
T K2i2'brBi? "2bT2+i iQ iBK2 Q" Qi?2  p HMRbi QQFRK// mMBM; i?
B/2MiB7vi'2M/b Q T ii2"Mb BM i?2 "2bmHibX Ai?BlbBKIKKIi Mi iQ MC
b?QmH/ #2 r' Bii2MHQAPL2HPRKK M/biQ "2+Q /i? i 2BbiQ vi? Qm;?
bQHpP2 "mMMiBK2X h?2 b KTHBM; " i2 Q7 HH i?2 ?BbiQ B2b U/27 mH
p Hm2b + M #2 +? M;2/X

J2 bm 2

J2 bm¥QKK M/ ?2HTb iQ "2+Q / bQK2 BKTQ i Mi QmiTmi T > K2i2'b
"2;BQM Q7 BMi2 2bi U 2 BM k.- pQHMK2 BM j.V + HH2/ i?2 K2 br
+B +mH " /BbFBMk. M/bT?2°2BMj. '2i?2K2 bm 2K2Mi "2;BQMb i
Q7T K2i2'b+QKTmi2/ 7Q  Q#D2+ibi? i HB2 7TmHHV rBi?BM i?2 K2
rBi? BiX Zm MiBiB2b K2 bm 2/ mbBM; i?2 K2 bm 2 HQ;B+ BM+HmM/2 *(
bi2bb M/bi> BM  i2X /2i BH2/2tTH M iBQM #Qmii?2 + H+mH iBQ
i72 K2 bm 2K2Mi "2;BQM Bb 2tBH®BM2/ BM a2+iBQM

TTHB+ iBQM +QKK M/b

h?2b2 "2 bQK2 Q7 *m@QKKmM/b i? i 22HT bi i bBKmH iBQM Q" 1
7Q°K iBQM iQ i?2 mb2 X aQK2 Q7 i?2 rB/2Hv +QKK M/b mbR2H7 QK i
+ HK- +H2 M- +v+H2- 7Bb?- ;mB- M2r- [mBi- "2biQ 2-b p2-b2i- bQH



*?2 Ti2 9

JQ/2H *QKTQM2Mib

9XR S "iB+H2 6HQB866OV2Q/2H 60 ' KmH iBQM

OXRXR *V+H2 a2[m2M+2

h?2 BM7Q K iBQM T 2b2Mi2/ BM i?Bb RNXTi2 HBilb-i FEMK/T Q-Kr(HHDb
+QMi +ib "2 7272 296K Q/IZR +QKTQM2Mib #2+ mb2 i?2v +QMbiBim
+QKTQM2Mi®* @D /2HX HE*KQ/2H bi i2 272 biQi?2+m "2MibT iB H +
M/ bi i2U2X;X-p2HQ+BiB2b-7Q +2b- KQK2Mib- 2i+XV Q7 i?2 KQ/2
/Im BM; bBKmH iBQMX h?2 7BM H bi i2 Bb +?B2p2/ #v /p M+BM; i~
b2°'B2b Q7 + H+mH iBRQWHPpRvHER KIKWBMbX q?BH2 +v+HBM; iQr "/ i2
KQ/2H bi i2- Bi Bb TQbbB#H2 iQ Q#b2 p2- bim/v M/ [m2 v #2? pBQ
b2[m2M+2 /2MQi2b b2'B2b Q7 QT2  iBQMb i? iS62+At2H X 26 B pm BM ;
OXRTB+ib bBKTH2 p2'bBQM Q7 i?2 +v+H2SI62{rh 2R ©2T B K TBIQ K B NBild /
bBMSH2+v+H2 BM+HmM/2,

RX hBK2bi2T .2i2 "' KBM iBQM

p HB/- 7TBMBi2 iBK2bi2T Bb "2[mB 2/iQ 2Mbm 2 i?2 MmK2 B+ Hbi #

+QMi +ib "2 +°2 i2/ #2ir22M TB2+2b T°'BQ iQ i?2 TQBMii? i 7Q +2b!
BMi2® +iBM: #Q/B2bX

kX G rQ7 JQiBQM

9k



9XRX S "iB+H2 636V Y@/2H 6Q KmH iBQM 9j

6B;m 2 9XR, *V+HRN2[m2M+2 (

h?2 TQbBIBQM M/ p2HQ+Biv Q7 2 +? #Q/viTB2+2 "2 mT/ i2/ mbBM
MbBM; i?2 +m " 2Mi iBK2bi2T M/ i?2 7Q +2bfKQK2Mib + H+mH i2/ /m

iX_/p M+2 hBK?2

h?2 KQ/2H iBK2 Bb /p M+2/ #v [IBM; i?2 +m "2Mi iBK2bi2T iQ i?2 T°

OX *QMi +i .2i2+iBQM

*QMi +ib "2 /vM KB+ HHv +°2 i2/f/2H2i2/ # b2/ QM i?2 +m "2Mi TQb|

8X 6Q +2@.BbTH +2K2Mi G r

h?2 7Q +2bfKQK2Mib /2p2HQTBM: i 2 +? +QMi +i 2 mT/ i2/ #v i?.
KQ/2H mbBM: i?2 +m "2Mi bi i2 Q7 i?2 TB2+2bX

9XRXk *QMpP2MiBQMb

h?2 7QHHQrBM: bB;M +QMp3MPBQMb "2 mb2/ BM



99 *2 Ti2° 9X JQ/2H *QKTQM2M

.B"2+i ai 2bb

SQbBiBp2 bi 2bb2b BM/B+ i2i2MbBQM M/ M2; iBp2 BM/B+ i2 +QKT"

a?2 " ai 2bb

AM 6B TQbBIBp2b?2 " bi 2bb TQBMibBM i?2 TQbBiBp2 /B 2+iB(

6B:m 2 9Xk, aB:M +QMp2MiBQM 7Q  TQRIBiBp2 bi 2bb +QK

i?2 b2+QM/ bm#b+ BTiB7 Bi +ibQM bm 7 +2rBi? M Qmir '/ MQ K
*QMp2 'b2Hv- i?2 TQbBiBp2 b?2 ~bi'2bb TQBMib BM i?2 M2; iBp2 /B
Q7i?2b2+QM/ bm#b+ BTiB7i?22 Qmir '/ MQ'K HQ7i?2bm 7 +2 Bb E
b?QrM BM i?2 7B;m 2VX h?2 +QMp2MiBQM 7Q  i?2 bi° BM " i2 Bb M

h?2 /BbiQ iBQM i? i "Bb2b /m2iQ TQbBiBp2 M/ M2: iBp2X¥{P2 " bi’
*QMi +i 6Q +2
*QMi +i 7Q°+2b + M #2 "2bQHp2/ BMiQ irQ +QKTQM2Mib- b?2 ° M/




9XRX S "iB+H2 6%63Y Y@/2H 6Q KmH iBQM 98

6B:m 2 9Xj, SQbBiBp2 M/ M2; iBRNbi® BM /BbiQ iBQM (

i72 +QMi +i TH M2X LQ K H +QMi +i 7Q°+2b +i MQ'K HUT2' T2M/B
M/ b?2 > +QMi +i 7Q +2b +i BM i?2 +QMi +i TH M2X SQbBiBp2 MQ
+QKT 2bbBQMX

02+iQ [m MiBiv

h?2 t@- v@- x@ +QKTQM2Mib Q7 HH p2+iQ > [m MiBiB2b U2X;X 7
P2HQ+BiB2b- 2i+XV '2°2: /2/ b TQbBiBp2 B7 i?2v TQBMi BM i?2 /
V@- x@ +QQ /BM i2 bvbi2KX

S6*/Q2bM6i ? p2 Mv T “iB+mH  mMBibvbi2K r?B+? Bi mb2b- BX2- B
b2i Q7 2M:BM22SEBM/QEMBABDX HHQr i?2 miQK iB+ +QMp2 bBQM Q7
7°Q0K QM2 mMBiiQ MQi?2 U2X:X 7°QK aA mMBib iQ AKT2'B H mMB

S6*mb2b /Qm#H2@T 2+BbBQM 7HQ iBM;@TQBMi p Hm2b 7Q" Bib A
/B:Bib Q7 T'2+BbBQMX A7 vQm +?2QQb2 bvbi2K Q7 mMBib BM r?B+
p2 ' vH ;2p Hm2-i?Bb K v 2KQp2i?22772+iBp2/B;Bib Q7T 2+BbB
Bb ;QQ/ T +iB+2iQ ? p2i?2 Q' B;BM HQ+ i2/ M2 ~ Q>  BMbB/2 i?2 K!
i i?72 +2Mi'QB/ Q7 i?2 /IQK BMX

9XRXj *QMi +i TH M2 M/ +QMi +i

S2##H2b 7Q ' KBM:; +HmMKT + M Qp2 ' H B& +Q20i MQi PQRr2p2OMi +i
#2ir22M i?2b2 irQ T2##H2b Q7 i?2 b K2 +HMKT- BMbi2 /- +QMi +ib



9e *2 Ti2° 9X JQ/2H *QKTQM2M

BMi2  +irBi? TB2+2b Q7 Qi?2  #Q/B2bX " HHb M/ +HmKTb ? p2 K bl
TQbBIiBQM- M/BM2'iB i2MbQ'V M/HQ /BM; +QM/BiBQMb Ui?2 7Q "+
#Q/v 7Q +2 'BbBM; 7°QK ;" pBiv- M/ M 2ti2°M HHv TTHB2/ 7Q +
L2riQMob H rb Q7 KQiBQMX

*QMi +ib "2 +°2 i2/ M/ /2H2i2/ Im"BM; i?2 +QMi +i /2i2+iBQM bi2T
# b2/ QM TB2+2 T QtBKBivX +QMi +i +QMbBbib QX.- +RIRMT K-IHTH M?2
IB'2+iBQNM/ +QQ /BM idshX hi2X+QMi +i TH M2 Bb +2Mi2 2/ rBi?BM
iBQM pQHmMK2 U2Bi?2" ; TQ Qp2 H TV Q7 i?2irQ TB2+2b- Q" B2Mi?2
M/ Qi i2/ iQ 2Mbm 2 i? i "2H iBp2 KQiBQM Q7 i?2 TB2+2 bm 7 +2t
2bT2+1iQ i?2 +QMi +i TH WMZX KQKR2MPBb biQ 2/ #v 2p2 v +QMi +i- B
2[m H M/ QTTQbBi2 b2Mb2 Q7 irQ #Q/B2bX >Qr2p2 - +QMi +i KQ/2}F
i /Bbi M+2- K v MQi +72 i27Q +2b M/ KQK2Mibi? i "22[m H M/ Q
BMi2'M H7Q +2bfKQK2Mib 2 mT/ i2/ #vi?2 T "iB+H2@BMi2" +iBQ

6B;m 2 9X9, *QMi +ib UH27iV M/ i?2RRMi +i TH M2 U B;?



9XRX S "iB+H2 6%63Y Y@/2H 6Q KmH iBQM 9d

9XRX9 *V+HBM;

S6*bQHP2b i?2 KQ/2H T Q#H2K #v mMMBM; bQHR2vORAK@&H2b m
K M/X *v+HBM:; +QMiBMm2b mMiBH QM2 Q" KQ 2 bQHp2 HBKBib “2°
/IBK2MbBQM H K2 MBM; Bi + M QMHV 2Mbm 2 i?2 +QKTH2iBQM Q7 Q
2Qr2p2°- 2 b KmHIBTH2 bQHp2 HBXaBY In M B M-Q-MD\B MM /i 2% + HBM: Bb
r?2M i H2 bi QM2 bQHp2 HBKBYERPIDKRi X 6B2K iB+ Q7 2t2+miBM; b:
+Vv+H2bX .m BM; i?2 BMBiB HBx iBQM T? b2- +QMi +ib "2 7Q K2/ N

6B;m 2 9X8, a+?2K iB+ Q7 RBR B2b Q7 +v+H2b (

BM; +V+HBM: "2 2b2i M/i?2 KQ/2H bi i2 Bb +?2+F2/7Q TQbbB#H?2
Q # HHbV i? i K v T 2p2Mi +V+HBM;X "27Q°2 ;BpBM; i?2 mb2  TQr2
bi2Tb- BM i?2 7BM HBX iBQM T? b2- +QMi +ib 2 + 2 i2/f/2H2i2/ M
p HB/ iBQM "2 mT/ i2/iQ 2Mbm 2 i? i i?2 KQ/2H Bb +QMbBbi2Mi M/



93 *2 Ti2° 9X JQ/2H *QKTQM2M

1 +?2 + H+rmH iBQM +v+H2 ;Q2b i? Qm;? b2[m2M+2 Q7 QT2 iBQMb
+QMbBbib Q7 M Q /2 2/ b2i Q7 QT2 iBQMb r?2°22 +?2 QT2  iBQM °
bbB;M2/iQ Bi b i?2 +v+H2 TQBMRIX +2FR2hQ&AR22 iIBQM M/ i?2B" b
+v+H2 TQBMiX

h #H2 9XR, *v+H2 QT2  iBQMb M/ bbQ+B i2/ +v+H2 TQl

*V+H2 SQBMi *V+H2 PT2 iBQM
@RyXYy o HB/ i2 /i bi'm+im 2b
y Xy hBK2bi2T /2i2 KBM iBQM
Ry Xy GrQ7KQiBQM UQ mT/ i2i?2'K H#Q/B2bV
R8Xy "Q/v+QmMTHBM; #2ir22M T " Q+2bb2b
ky Xy /Ip M+2 iBK2
jy Xy IT/ i2bT iB Hb2 "+?BM; /i bifm+im 2b
j8 Xy **2 i2f/2H2i2 +QMi +ib
9y Xy | 6Q +2@/BbTH +2K2MiH ruUQ i?2|K H+QMi +imT.
9k Xy ++mKmH i2 /2i2 KBMBbiB+ [m MiBiB2b
98Xy *QMi +i +QmMTHBM; #2ir22M T°Q+2bb2b

h?Bb bvbi2K r b BMi"Q/m+2/ bQ i? i //BiB@Mak QN 2iBiG &AMIbB M ;
+ HH# +Fb + M #2 2 bBHv //2/ BMiQ6IR&> HHH2 bR m2M #2X2tTH BM 2
7TmMM+iBQMb i? i "2+ HH2//m BM; i?2 2t2+miBQM Q7 2p2 v +v+H?2
b2[M2M+2X * HH# +Fb + MMQi #2 BMbi HH2/ rBi? +v+H2 TQBMib 2t
+v+H2 TQBMib b K2MiBIQWR2AiEBW BKRHAQ i Mi iQ MQi2 i? i + HH# +Fb
BMbi HH2/ #2ir22M +v+H2 TQBMib 9yXy M3 6%kRy+bBoP+22B i kb2 © n
MM/27BM2/ #2? pBQ b- BMbi #BHBiv M/ BMi2 72 2M+2 rBi? bQ7ir °
iBQMbX HbQ-i?2 +2 iBQM M/ /2H2iBQM Q7 KQ/2H +QKTQM2Mib
r HHb Q" 7 +2ibV Bb QMHv T2 KBii2/ #27Q 2 +v+H2 TQBMi yXy UiBK
/2i BH2/ 2tTH M iBQM Q7 *v+H2 PT2 iBQMXR K2MiB tM B/BBINOh7#8 |
S6*/Q+mK2Mi RPIOM (



9XkX "™ HHDb 9N

O9XRX8 1M2 ;v M/ .BbbBT iBQM J2+? MBbKDb

1M2';B2b ‘2 ++mKmH i2/2p2°v+v+H27Q i?2KQ/2H +Q&8BQM2Mib X
7 HHBMiQirQ + i2;Q B2b, #Q/v2M2 ;B2b M/ +QMi +i2M2 ;B2bX "Q
#Q/v2M2 ;B2bX 6Q  # HHb M/ +HmKTb-i?2b2 2M2 ;B2b "Bb2/m2icC
M/ TTHB2/7Q +2b M/KQK2MibV-HQ+ HHvV/BbbBT i2/2M2 ;v M/F
rQ'FBb ++mKmH i2/7Q r HHb M/ i2 +? iBK2bi2T-BiBb/27BM2/ b
Q7i?27Q +2 QM r HH M/i?2BM+ 2K2Mi H/BbTH +2K2Mi- M/i?2/
QM i?2 r HH rBi? i?2 BM+ 2K2Mi H M;mH ~ /BbTH +2K2MiX J2+? M
/B 2+iHvV /27BM2/ BM i?2 +QMi +i KQ/2H® X8 2tTH BM2/ BM a2+iBQM

h?2 2M2 ;v BM i?2 T "iB+H2 bvbi2K Bb /BbbBT i2/ pB i?2 +QMi +i K
bHB/BM; Q  pBb+Qmb/ KTBM:X "mi-i?2b2 K2+? MBbKb K v MQi #2 b
bi2 /v@bi i2 bQHMIBQM BM "2 bQM #H2 MmK#2 Q7 +v+H2bX h?ml
2M2 v #Q/v@# b2/ / KTBM; b+?2K2 + HH2/ HQ+ H/ KTBM; Bb mb
QM 2 +? # HH Q  +HmMKT- TTHVBM; [/ KTBM; 7Q +2 rBi? K ;MBin
mMM# H M+2/7Q +2X 6Q  [m bB@bi iB+ bBKmH iBQMb- MQM@x2 Q H
7Q° /VM KB+ bBKmH iBQMb-i?2 HQ+ H/ KTBM: +Q277B+B2Mi b?Qm|
6Q° T Q#H2Kb BMpQHpBM; 7°22 7HB;?i Q7 T iB+H2b- HBF2 T 'iB
> pBiv- M/fQ  BKT +i #2ir22M T "iB+H2b- HQ+ H/ KTBM; Bb BM TT"
# b2/ / KTBM; bi> i2;:B2b b?QmH/ #2 mb2/X

9Xk " HHDb

# HH Bb i?2 QMHvV #Q/vi? i HbQ +ib b TB2+2X # HHBb "B;B//
k. M/ bT?2 2BMj.X # HH? b bBM;H2b2i Q7 bm 7 +2 T QT2 iB2t



8y *2 Ti2° 9X JQ/2H *QKTQM2M

Qi i2 M/i?2v Q#2v L2riQM&éb H rb Q7 KQiBQMX h?mb- 7Q  i?Bb iQ #
P2HQ+Biv +QM/BiBQMb- K bb T'QT2 iB2b M/ HQ /BM; +QM/BiBQMb
K bb "2, K bb- +2Mi'QB/ TQbBiB@ X \BM22ibB2WM MY "U/Bmb UpQH1
[27BM2 i?2KX 1ti2°M HHv TTHB2/ 7Q +2 Q  KQK2Mi- ;> pBiv M/ 7Q
7 QK BMi2  +iBQM rBi? Qi?2  TB2+2b /27BM2 i?2 HQ /BM; +QM/BiBC

" HHb "2 BMi'Q/m+2/BM i?2 bvbi2K BM j/B772 2Mir vb,

RX * 2 iBM; QM2 # H# HiH #¥R 22

kX :2M2° iBM; MQM@Qp2'H HTBM ;Db QZ # HHb U

jX .Bbi'B#miBM; Qp2 'H TTBM; # HHb iQ K i+? #bM B+/BDR/2B #HrBix2 /Bb

9Xj *HmKTh

b/Bb+mbb2/2 "HB2 BM i?2 T'2pBQmb b2+iBQMb- +HMKT U #Q/vV
T2##H2b U TB2+2VX h?2 bm 7 +2 Q7 i?Bb +HMKT r?B+? + M ?22H"
Bb /27BM2/ #v i?2 TQbBiBQMb Q7 i?2 T2##H2b M/ i?2B" "2bT2+iBy
bbB:M2/ bm 7 +2 T°QT2 iB2b BM/2T2M/2MiHVX *HmKTb "2 HHQr2
HBF2 # HHb Q#2v i?2 2[m iBQMb Q7 KQiBQMX aBKBH "~ iQ # HHb- i~
HQ /BM; +QM/BiBQMb M/ p2HQ+Biv +QM/BiBQMb 2tBbi M/ T QT2 i
i?72# HH T QT2 iB2bX

JbbT QT2'iB2b "2 /27BM2/ #v,

RX h?2 272 °2M+2 +QM7B;m" iBQM M/ +HmKT /2MbBivX h?2 K bb
7QmM/ Qmi mbBM; i?2 TQbBiBQMb M/ bBx2b Q7 i?2 T2##H2b BM i?2
BM; 7Q  bT?2 2 Qp2'H TX

kX h?2 272 2M+2 +QMMmBC MV TRQ M 2MR2B2 2M+2 +QM7B;m” iBQMX h
2°iB2b "2 /2i2°KBM2/ 7Q  i?Bb + b2 #v /B 2+i bT2+B7B+ iBQM i?2":



I9XjJX *HmKTDhb 8R

T2##H2 /Bbi'B#miBQMb BM r vi? i T2##H2b 2 QMHvV mb2/7Q  bm
jX +HQb2/bm*7 +2 M/ bbQ+B i2/ K bb T QT2 iB2b ;Bp2M #v i?2 +|
K iB+ +QKTmi iBQ&RBbbmbRBNI; i? i 1?2 "272°2M+2 +QM7B;m” iBQM E
i?72 +HQb2/ bm 7 +2X

b b22M BM i?2 #Qp2 i?°22 TQBMib- i?2 272 °2M+2 +QM7B;m" iBQ|
+HMKT bm 7 +2 mb2/ 7Q° +QMi +i/2i2+iBQM M/ "2bQHmMiBQMX

6B biHv- b2i Q7 +HmMKT i2KTH i2b i? i "27H2+ii?2 /2bB 2/ T "iB+H.
/2b+ BTiBQM BM i?2 7Q 'K Q7 +HQb2/;2QK2i'vQ7 HBM2 b2;K2Mib |
i?7 i Bb Q' B2Mi #H2 Bb mb2/iQ +°2 i2i?2 T2##H2 /Bbi " B#miBQM M/ +
h?2HMKT i2KTH i2 +'2 i2@KK#MA2Bb+AEb2/ iQ miQK iB+ HHv +°2 i2 i
iQ 2T 2b2Mi i?2 bm 7 +2 iQ i?2 /2bB 2/ 7B/2HBivX h?2 bm 7 +2 /2b
i?Bb b2+iBQM + M #2 +QMp2t Q" +QM+ p2X PM+2 i?2 mb2  /27BM2b
+ M#2 BMb2'i2/ BMiQ i?72 /QK BM BM i? 22 r vb,

RX 2THB+ iBM; i?2 +HMKHFHQ@KZ "R VHBBKR il2

kX :2M2" iBM; MQM@Qp2 H TTHE-MnKRiRZKRZ +iIRmKTb U

jiX .Bbi'B#miBM; Qp2'H TTBM; +HmMKTb iQ K i+? + HMX+TB/ERHE] BBm 22/

Ai Bb HbQ TQbbB#H2iQ +2 i2 +HMKTb rBi?Qmi i?2HmMRTQ¥ 2+EAmK"
+QKK M/X h?22 + QHKKMMT +°2 i2 + H+mHH i22b i?2 +im HK bb T QT2 iE
QM i?2bT?2°2/Bbi'B#miBQM mbBM; pQt2HBxXx iBQM TT ' Q +?2i? i +
Q i?2mb2 + MbT2+B7vi?2 K bb T'QT2'iB2b /B 2+iHvX



8 k *2 Ti2° 9X JQ/2H *QKTQM2M

9X9 q HHb

GBM2 b2;K2Mib BM k.- i'B M:mH 7 +2ib BMj. K F2mT K MB7QH/b
"2 #Q/B2b r?BH2 7 +2ib "2 TB2+2bX h?2 bm'7 +2 Q7 i?Bb KQ/2H
[27BM2/ #v K2b?X h?2 mb2 + M BM/2T2M/2MiHV bT2+B7v i?2 bm 7
g HHb + M i> MbH i2 M/ Qi i2 #mi i?2v /QM&i Q#2v i?2 2[m iBQMb Q
/IBb+mbb2/ b2p2° HiBK2b #27Q°2X A7 i?2r HH bT2+B7B2/ Bb HHQI
i* MbH iBQM H p2HQ+BiB2b + M #2 TTHB2/iQ 2 +?2 p2 i2tX

g HHb + M #2 + 2 iRHHbBEEXK M/ M/ 7 +2ib K v #2 //2/ QM2 i ik
MbBMHH //7 #HQKK M/X h?2 7 +2ib Kmbi +QMM2+i iQ p2°i2t BM k.-
T 2pBQmbHV 2tBbiBM; 7 +2ibX aBKTH2r HH +QM7B;m" iBQMb HBF?2
2i+X + M #2 ;2M2° ri HN@BMEQIKRK M/X 6Q° +QKTH2tb? T2b- QM2 K v
r HH mbBM; i?2 ;2QK2i v ;2M2" i2/ BM bQK2 Qi?2  KQ/2HBM; bQ7ir °
Q7 i?2 ;2QK2i'v 7BH2X

7 +2i2/r HHBb #Q/vK /2Q7 i'B M;mH ~K2b? Q7 6M6 7 +2ibX 6
/2TB+i QT2M Q  +HQb2/ #QmM/2/ bm 7 +2b- rBi? Q  rBi?Qmi KBbbB
HHQr2/ #2ir22M # HHbf+HMKTb M/ r HH 7 +2ibX "v /27 mHi- HHi?
BMi?2 mb2 6b +QMi"QH B7 ?2r MibiQ b2i 7 +2i bBM +Bp2 QM 2B
/Q2bMGSi biQT # HH Q T2##H2 7 QK 2tT2 ' B2M+BM; H “;27Q +2b r?:
iQ i?2 +iBp2 bB/2 Q7 r HH 7 +2iX h?2b2 H “;27Q +2b K vH2 /iQ m

g HH KQiBQM + M #2 2Bi?2  "B;B/ Q  /27Q K #H2- #mi MQi #Qi? bBK:
BMi> @r HH BMi2" +iBQMbS62 M@ HBN bBKBIMI2 i2 Kb K2 Mbi? ir H
BMi2  +irBi? Qi?2 r HHbX PMHv QM2 K2+? MB+ HBMi2  +iBQM UQ"
2tBbib #2ir22M irQ /B772 2Mi #Q/B2b- #mi KmHIBTH2 K2+? MB+ H +(
+QMbiBim2Mi TB2+2b Q7 i?Qb2 #Q/B2bX h?mb- Bi + M #2 b B/ i? i



9X9X g HHb 8j

b +QMi BM2 mMBi-r?B+? biQ ' 2b HBbi Q7 +QMi +ib #2ir22M i?2 +
i?72 "2bmHi Mi 7Q°+2 M/ KQK2Mi +iBM; i2 +?2 Q7 i?2 +QMi +ibX

6 +2i2/ g HH *QMi +i 2bQHmMIiBQM

b/Bb+mbb2/- Bi Bb mM/2bB™ #H2 iQ ? p2 KmHIBTH2 +QMi +ib +iBp
rHH BMi2 +iBQMX h?Bb Bb #2+ mb2 i?2 2772+iBp2 MQ K H M/ b
#2+QK2 KmHIBTHB2/ #v i?2 +QMi +i biB77M2bb 7Q i?2 + b2 Q7 #
bBM;H2 7 +2iX h?2 +QMi +i +iBpBiv bi i2 BM + b2 Q7 KmHIBTH2 +(
bbQ+B iBp2 HQ;B+ b 2tTH BM2/ BM i?2 b2+iBQM 6 +2i2/ g HH *QM
6 +2i2/ q HHEGEBM) +mK2Mi RBNQR MA{ Bb /pBb2/ i? i QM2 Kmbi ;Q i? Qr
b2+iBQM iQ mM/2 bi M/ ?2Qr QMHvV QM2 Q7 i?2 KmHiBTH2 +QMi +ib +

*QMiBMmBiv Q7 *QMi +i@ai i2 AM7Q K iBQM

HbQ-BM + b2r?2M KmHIBTH2 +QMi +ib #2ir22M # HHf+HmMKT M,
i?72# HHf+HmKT i> MbH i2b T "iB+mH "~ /Bbi M+2 Qp2 MmK2 Qmb iE
i?72 b?2 " 7Q +2 BM+ 2K2Mi HHv ++mKmH i2bX b i?2 +iBp2 +QMi
QM i° MbBiBQMBM:; 7°QK QM2 7 +2iiQ MQi?2 BM i?2 + b2 Q7 Km
T Q#H2K Q7 2M7Q +BM; +QMiBMmBivBM +QMi +i@bi i2BM7Q K iBC
vB2H/ B/2MiB+ H 2bmHibX A7 i?2°2 Bb MQ +QMiBMmBivBMi?2 +QNM
iQi?2HQbbQ7b?2 "7Q +2r?2Mi?2# HHbi 'ibKQpBM:;X 1 +? +QMi
#v r?B+? +QMi +i bi i2BM7Q K iBQM Bb T QT ; i2/- M/ i?Bb T QT ;
+QMi +ib ? pBM; i?2 b K2 +QMi +i KQ/2HX HbQ- B7 i?2 2 Bb MQ H|
+iBp2 +QMi +i BM i?2 T'2pBQmb iBK2bi2T M/ M2r +iBp2 +QMi +
iBK2bi2T- +QMi +i bi i2 BM7Q K iBQM Bb MQi T QT ; i2/ #mi i?2 bl
T Qtv7Q T i? +QMbi m+iBQM BM bm+? + b2bX 6Q  /2i BH2/ 2tTH
i?72 mb2' b?QmH/ "2 / i?2 K i2 "B H T '2b2Mi2/ BM i?2 a2+iBQM *QM
AM7Q K iBQM Q7 i?2 iQTB+S6*/2) 2 MK BIMbRBMD M (



89 *2 Ti2° 9X JQ/2H *QKTQM2M

9X8 *QMi +i JQ/2Hb

;2M2° HBx2/ BMi2°M H7Q +2 Bb ;2M2" i2/ ii?2 +QMi +ibr?2Mi?2"°
iB+H2b BBI*IRQ/2HX h?Bb ;2M2° HBXx2/ BMi2 M H7Q +2 +QMbBbib Q7
+i ii?2 +QMi +i HQ+ iBOQOM BM M 2[m H M/ QTTQbBi2 b2Mb2 QM i?
KQK2Mi /m2 iQ i?2 TTHB+ iBQM Q7 i?2 7Q +2 ii?2 +QMi +i HQ+ iB
h?2b2 7Q°+2 M/ KQK2Mi +QMi B#miBQMb "2 mT/ i2/ #v i?2 +QMi A
bm'7 +2@bm 7 +2 BMi2  +iBQMbX >Qr2p2 - +QMi +i KQ/2Hb bBKmt
mT/ i2i?27Q +2 M/ irQ BMi2"M HKQK2Mibi? i M22/ MQi #2 2[m H

"2 +°2 02/ M/ /2H2i2/ miQK iB+ HHvV r?B3H> KX/ 2 M+HB™M2 DF-i/M2 BM
i?72 +V+H2 TQBMi8j8Xy @ * 2 i2f/2H2i2 + QMR R PR6a b HRPHINB B M hQHMH 2
_2bQHMBEPNR2+B7B2b i?2 FBM2K iB+ p 'B #H2b mb2/ iQ /27BM2 i?:
+QMi +ibX *QMi +i KQ/2Hb K v #2 bbB;M2/ K Mm HHv Q  pB i?2 *Q\
h #H2 U*J hV b 2tTH BM29 B &2+iBQM

9X8XR *QMi +i 2bQHmMIBQM

g?2M i?2 +QMi +ib "2 +°2 i2/ i*v+H2 TQBMi 980&y QiMb AQ r RIbEONH m BHZ
Q++m bX h?2 +QMi +ibii2p "B #H2b "2 mT/ i2/ b/Bb+mbb2/ BM i?
mbBM; r?B+? i?2b2p B #H2b "2 + H+mH i2/ Bb /2b+ B#2/ #2HQrX

h?2 +QMi +i b?QrM BWBBrm " 2QMi +i 7Q K2/ #2ir22M TB2+2b Q7 irQ
+QMi +i? birQ 2M/b- 2M/R M/ 2M/k rBi? i?2 bbQ+B i2/ TB2+2b M/ :
_B;B/#Q/B2b KQiBQM Bb /27BM2/ #v!Bi¥ "Ri iBRIM M2 HEQ B i 2 H
MOV Q7 Bib +XMVRB/ U

h?2 7B bi +QMi +ibi i2p B #H2biQ #2 mT/ i2/ "2,i?22772+iBp2 Bl



9X8X *QMi +i JQ/2Hb 88

6B:m 2 9Xe, *QMi +i #2ir22M i?2 TBRN2b Q7 irQ #Q/B2D (

V- i?72 HQ ®.N\B-QWIQUK H /BM2WiBIQM Q@Q /BM ihsbVbQZKI 2 +QMi +i
TH M2 M/ i?2 +QMiWIr?B+® Bb i?72 KBMBK H bB;M2/ /Bbi M+2 b2T °
bm 7 +2bX h?2 +QMi +i K bb Bb ;Bp2M #v

( mYm®@ : :
o # HH@# HH UT 'iB+H2@T 'iB+H2V
m.,= M7 +m U9XRV
m®: # HH@7 +2i UT "iB+H2@7 +2iV

r?22m@® Bbi?2K bb Q@ ZQ/KBM; +QMi +irBi? MQi?2 #Q/vX h?2bm’7
Q71?2 irQ +QMi +iBM; TB2+2b BM i?2 +QMi +i pB+BMBiv /2+B/2b i?
M/ ; TX h?Bb Bb /27BM2/ BM i?2 b2+iBQM *QMi +i SH M2RQIX i?2 iQT
*QMi +i +iBpBiv bi i2 Bb mT/ i2/ M2ti mbBM; i?2 mT/ i2/ +QMi +i ;
MQi +iBp2- M //BiBQM H +?2+F Bb T2 7Q K2/iQ +?2+F B7 Bi +Qm
7mim 2X "Qi? i?2 +iBp2 M/ +QmH/@#2@ +iBp2 +QMi +ib T "iB+BT
T°Q+2/m'2X 6Q° M +iBp2 +QMi +i- i?2 p "B #H2b /27BMBM; i?2 "2
bm'7 +2b 2 +QKTmi2/ b /2b+ B#2/BM i?2 a2+iBQM _2H iBp2 JQiB(
*QMi +i _2bQRMBQM (



8e *2 Ti2° 9X JQ/2H *QKTQM2M

9X8Xk *QMi +iJQ/2H bbB;MK2Mi h #H2 U*J hV

h?2 *QMi +i JQ/2H bbB;MK2Mi h #H2 U*J hV +QMi QHb i?2 bbB;MK
M/i?2 T°QT2 iB2b bbQ+B i2/rBi? i?2 +QMi +i KQ/2Hb iQ i?2 M2rHv
HbQ T QpB/2bi?2/2i2+iBQM /Bbi M+2b mb2/ #vi?2 +QMi +i@+ 2 iB(
M Q' /22/ b2i Q7 bHQib b r2HH b /27 mHi bHQi 7Q 2 +? +QMi +]i
+QMi BMb +QMi +i KQ/2H M/ Bib bT2+B7B+ iBQMb HBF2 T QT2 iE
+QMi +i Bb +°2 i2/- Bi Bb K TT2/ BMiQ QM2 Q7 i?2 bHQib BM i?2 *J
7°QKi?Bb bHQi BbIwBbHPQ #bbB2M +QMi +i KQ/2H M/ T QT2 iB2biQ i?2
bHQi K TTBM; ? TT2Mb b /2b+ B#2/ #2HQr,

RX LQOM@/27 mHi bHQi Bb pBbBi2/ 7B 'bi BM Q /2" M/ B7 +QMi +i B
Bb b2H2+i2/X

kX A7 MQ bHQi ? b #22M b2H2+i2/- i?2M i?2 /27 mHi bHQi +Q " 2b1
b2H2+i2/X

h?2*J h+ M HbQ #2 TTHB2/iQbT2+B7B+ +QMi +ibi? i 2 T iQ7
BMi2 Kb Q7 TQbBiBQM- ;"QmT M K2b- 2i+XVX

9X8Xj *QMi +i JQ/2H 6 K2rQ'F

"27Q°2 bim/vBM; i?2 +QMi +i KQ/2Hb- Bi Bb M2+2bb v iQ mM/2 bi
i2’ KBMQHQ;vBMpQHpP2/X h?2 +QMi +i KQ/2H /IBb+mbbBQM "2pQHp-=
#2? pBQ" ii?2 +QMi +i #mi Bi 2t+Hm/2b i?2 K + ' Qb+QTB+ #2? pBQ"
h?2 +QM+2Tib bbQ+B i2/ rBi? +QMi +i KQ/2Hb "2 /Bb+mbb2/ #2HQr
RX +iBpBiv@.2H2iBQM * Bi2 B

+QMi +i KQ/2H +QMi BMb T iB+H2@BMi2" +iBQM H rr?B+? Bb 2\
M/ Qi?2°rBb2 i?2 BMi2°M H 7Q +2 M/ KQK2Mi 7Q" i?2 +°2 i2/ +QM



9X8X *QMi +i JQ/2Hb 8d

+QMi +i KQ/2H+ M +QMi'QH i?2 +iBpBivbii2mbBM;i?2 +iBpBiv +°
Bb /22K2/ BM +iBp2 i?2M Bi rQMdi ? p2 Mv T 'iB+tH2@BMi2 +iBQM
+QKTmi iBOQM H bT22/ rQmH/ BM+ 2 b2X HbQ- +QMi +i KQ/2H +
2iiBM; /2H2i2/ #v i?2 +QMi +i /2i2+iBQM HQ;B+ 9iX®R+H2 TQBMi j8Xy

kX 6Q +2@.BbTH +2K2Mi G r

h?2 7Q KmH 2 "2H i2/iQ 7Q +2- KQK2Mib M/ /BbTH +2K2Mib 2 2tT
T K2i2'b mbBM; "?22QHQ:B+ H+QKTQM2Mi®X@B+? "2 b?QrM BM 61

6B;m 2 9Xd, A+QMb M/ T *~ K2i2'b bbQ+B i2/ rBRN'?2QHQ;B+ |

jX 1M2 ;v S "iBiBQMb

1M2 ;v T "iBiBQMb F22T i' +F Q7 i?2 2M2 ;v i? i Bb biQ 2/ Q" /Bb
KQ/2HX 6Q 2t KTH2-i?2 HBM2 ~ KQ/2H biQ 2b 2M2 :v b bi’ BM 2M
pB bHBT M// b?2TQibX

9X *QMi +i S'QT2'iB2b

S'QT2'iB2b "2 M K2@p Hm2 T B'bX AM?2 Bi #H2 T'QT2 iB2b “2i?
#2 /2 Bp2/ 7°QK i?2 bm 7 +2 T°QT2 iB2b Q7 i?2 irQ TB2+2b M/ i?m
bm 7 +2 T QT2'ivQ7 2Bi?2 TB2+2 BM +QMi +i Bb KQ/B7B2/X h?2 QN
Bb i? i i72 BM?2 Bi M+2 7H ; b?QmH/ #2 b2i iQ i'm2 M/ #Qi? i?2 b
? p2i?22b K2 M K2 bi?2BM?2 Bi #H2 T'QT2 ivX 6Q 2 +? +QMi +i K
T QpB/2b +QM+Bb2 T°QT2iv 272 2M+2X h?2 T QT2 ivi #H2 ;Bp2l



83 *2 Ti2° 9X JQ/2H *QKTQM2M

RX h?2 F2vrQ '/

kX h?2 K i?2K iB+ HbvK#QH

X STQT2'iv/2b+ BTiBQM

9X o Hm2 ivT2 bT2+B7vBM; B7 Bib #QQH2 MU"PPGV-BMi2;2 "UALh
Q p2+iQ Uol*V

8X h?2 " M;2 Qp2 r?B+?i?2 T QT2'ivK vp v

eX h?2 /27 mHip Hm2 Q7 i?2 T QT2 iv

dX A7 i?2 T°QT2'ivBb KQ/B7B #H2 UPMHv KQ/B7B #H2 T°QT2'iB2b
3X A71i?2T°' QT2 ivBb BM?2 Bi #H2

8X J2i?0Q/b

J2i?Q/ /27BM2b +QMi +i T°'QT2'iB2b 7Q° +QMi +i KQ/2HBM bT2+
ir22M K2i?Q/b M/ +QMi +i KQ/2H T QT2 iB2b Bbi? ii?2 K2i?Q/b/Q N
rBi? Mv T QT2 iv M/ i?2v K v KQ/B7v KmHIBTH2 +QMi +i T QT2 iB2

9X8X9 "mBHIi@BM *QMi +i JQ/2HDb

S6* HHQrb mb2 b iQ +°2 i2i?2B" QrM +mbiQK +QMi +i KQ/2Hb mbBM
"MBHIi@BM +QMi +i RYBRQBIBM2i?22 b /2b+ B#2XBM h #H2

GBM2 " # b2/ KQ/2Hb

h?2 HBM2 - "QHHBM; "2bBbi M+2 HBM2 - HBM2 ~ +QMi +i #QM/-

KQ/2Hb b? "2 K Mv +? *~ +i2 BbiB+b M/ "2 + HH2/ HBM2 "@# b2/ K
KQ/2Hb T QpB/2irQ bi M/ / #QM/BM; #2? pBQ b 2K#Q/B2/ BM i?2 +(
#QM/bX h?2b2 #QM/b + M #2 BMbi HH2/ i #Qi? # HH@# HH M/ # |
i?BMF Q7 i?2b2 #QM/b b bQK2 ;Hm2 DQBMBM; i?2 +QMi +i TB2+2b)



9XeX *QKT "BbQM Q7 *QMi +i JQ/2Hb 8N

h #H2 9Xk, "mBHIi@BM *RWMi +i JQ/2Hb (

E2vrQ '/ L K2 "2?7 pBQ amKK v
MmH H MmHH LQ K2+? MB+ HBMi2 +iBQM
HBM2 | HBM2 ° GBM2 " 2H biB+ HrrBi? pBb+Qmb/ b?

HBM2 +#QINBM2 ~ +QMi +i@BM2  KQ/2H rBi? +QMi +i #QM/BM; 7Q
HBM2 T#HGIBM2 T  HH2BBRBR/ KQ/2H rBi? T - HH2H #QM/BM; 7
?27ix ?227ix LOQM@HBM2 ~2H biB+ H rrBi? pBb+Qmb
7Q  BKT +i T'Q#H2Khb
?vbi2°2iB+ ?vbi2°2iB+| LQM@HBM2 “2H biB+ H rrBi? pBb+Qmb
7Q  BKT +i T'Q#H2Kb /B 2+iHv bT2+B7
MQ' 'K H “2biBimiBQM +QR77B+B2M
bKQQi?DQBMWMKQQi? DQBMi 6 B+iBQM Hf#QM/2/ BMi2 7 +2 7Q" "S
7H iDQBMi 7H i DQBM| 6 +2i2/f#QM/2/ BMi2 7 +2 rBi? T "iB H/ |
7Q° "SJ
""HBM2 "QHHBM; 2bBbli MGBMBM2H biB+ H rrBi? pBb+Qmb / b?
M/ "QHHBM; "2bBbi M+2 K2+? MBbK
7Q  :° MmH ° TTHB+ iBQMb
#m ;2" "m ;2 06b **22T K2+? MBbKb mbBM; EH2HpBM KQ
M/ J tr2HH KQ/2H +QMM2+i2/ BM b2
BM #Qi? MQ 'K H M/ b?2 /B 2+iBQM

bK HH i? i Bi +ib QMHv ii?2 +QMi +i TQBMi- r?BH2 i?2 T > HH2H
#B;;2 bBx2V +ib Qp2° U 2+i M;mH " BMk.c +B '+mH " BM .V + Qb
+QMi +iBM; TB2+2bX PMHV 7Q +2 Bb i’ MbKBii2/ #v i?2 +QMi +i #QN
i MbKBi #Qi? 7Q +2 M/ KQK2MiX "v /27 mHi- MQM2 Q7 i?2 TB2+:
+'2 i2/ #v BMpQFBM; i?2 #QM/ K2i?Q/ M/ 2KQp2/ r?2M i?2B" bi 2N
BMpQFBM; i?2 mM#QM/ K2i?2Q/X

9Xe *QKT 'BbQOM Q7 *QMi +i JQ/2Hb

*QMi +i KQ/2Hb 2tT 2bb i?2 +QMi +i 7Q +2 b 7mM+iBQM Q7 i?2 Qp
eX 1 +?2 Q7 i?2 MBM2 "mBHIi@BM +QMi +i KQ/2HI® XBRIB pHBi; %22 B N
7Q° T "iB+mH “ivT2 Q7 TTHB+ iBQM M/ 7Q+mb2b QM /B772 2Mi &



ey *2 Ti2° 9X JQ/2H *QKTQM2M

GBM2 * +QMi +i KQ/2H- HBM2 * +QMi +i #QM/ KQ/2H- "QHHBM: “2b
>2ix +QMi +i KQ/2H "2 bmBi2/ 7Q  i?2 M HvbBb Q7 ;> MmH " bvbi2
+QMi +i KQ/2Hb 2 i?2 QM2b KQbi 7°2[m2MiHv mb2/iQ KQ/2H i?2

9XeXR LmHH

h?BbBbi?2# bB+ +QMi +i KQ/2H TTHB2/iQi?2M2rHv + 2 i2/ +QMi
KQ/2H Bb TTHB2/X h?2 MmHH KQ/2H ? b :2M2F HBIx20BMi2 M H 7

9XeXk GBM2 °

GBM2 " KQ/2H6b HBM2 °~ M/ / b?TQi +QKTQM2Mib +i BM T ~ HH2H
+QKTQM2Mi T'QpB/2b HBM2 " 2H biB+ UMQ@i2MbBQMV 7 B+iBQM |
M2Mi T °QpB/2b pBb+Qmb #2? pBQ X h?2bT2+B HivQ7i?Bb KQ/2H B
+iQp2 p2vbK HH "2 M/i?mbi?2vi  MbKBIiQMHv 7Q +2X h?2H
/| b?TQib M/ 272 2M+2 ; T Q7 x2 QBb 2tTH BM3K#v *mM/ HH M/ &

h?2 BKTQ'i Mi 2[m iBQMb T2'i BMBM; iQ i?2 HBM2 ~ KQ/2H "2 /27B
LQ'K HHBM2 “bTFBM; 7Q +2-

(kngc; 0.<0
F, = U9XkV

0; otherwise

r?2°kR Bbi?2 MQ 'K H+QMi +ibT BM; biB77M2bbX

a?2 "HBM2 "bTHRM; 7Q +2-

Fs Bb +QKTmi2/ BM M BM+ 2K2Mi H K MM2" #v KmHiBbi2T T Q+2/



9XeX *QKT "BbQM Q7 *QMi +i JQ/2HDb eR

7TQ F2-Bb + H+rmH i2/ b
Fs = Fsle Ks s Uoaxijv

r?2°R'jo Bbi?2b?2 ~7Q +2 ii?2 #2;BMMBM; Q7 i?2 iBK2bi2T-
ke Bbi?2b?2 ~ +QMi +i bT'BM: biB77M2bb-

s Bbi?2 BM+ 2K2Mi Hb?2 “/BbTH +2K2Mi /m BM; i?2 iBK2bi2TX
h?2 b?2 " bi"2M;i? Q7 F?2BHQ/Mi2tKBM2/ #v i?2 HBKBi Q7 *QmMHQK#6kL

Fo = F U9X9V

6BM HHv i?2 b?2 ° +RMib++ H>mB i2/ b

( Fo: §iFs  Foljj
F = U9X8V

..FS.. : otherwise
WFs

S
h?2 bHBE Bh2mT/ i2/iQ iQ b2i i?2 bHB/BM: bi imb Q7 i?2 +QMi +i

( true(sliding); jiFsji = Fs
S= UugXeV
false(not sliding ); otherwise

LQ'K H/ KTBMF.#Q +2-

F.9= 2 mk, = uoaxdv

r?2°2, MQ'K H/ KTBM; +Q277B+B2Mi-
w, "2H iBp2 MQ'K Hi> MbH iBQM H p2HQ+Biv M/
me, 2[mBp H2Mi K bb Q7 i?2 +QMi +i bIXRBM2/ BM 1[m iBQM



ek *2 Ti2° 9X JQ/2H *QKTQM2M

a?2 "/ KTBM:RQ +2-

2 s mks s s = false
Fd = U9X3V

) s = true

r?2°2, b?2 */ KTBM: +Q277B+B2Mi M/
s, "2H iBp2b?2 “i° MbH iBQM H p2HQ+BivX

h?2 T"QT2 iB2b "2H i2/iQ i?2 HBM2 ~ KQ/QKB2RQ27BM2/ BM 6B;m" 2

6B;m 2 9X3, S'QT2 iB2b QRNHBM2 " KQ/2H (



9XeX *QKT "BbQM Q7 *QMi +i JQ/2HDb ej

9XeXj >2"ix

h?2 >2"ix +QMi +i KQ/2H +QMbBbib Q7 MQMHBM2 * 7Q KmH iBQM
i?72i?22Q°v Q7 JBIK/HBBIb(KQ/2H T°Q/m+2b MQ 'K H b r2HH b b?22 7
/| b?TQib K v #2 +QMbB/2 2/ 7Q  7m’i?2° 2M2 ;v /BbbBT iBQM BM bE
PMHv 7Q +2 Bb i’ MbKBii2/i?2°Qm;? i?2 +QKTQM2MibX h?2 BKTQ i
i?72 22°ix KQ/2H "2 /27BM2/ #2HQr,

LQ'K H?2 ixbT BEM; 7Q +2-

(

A hnjGej 5 G <0
F.h = UIXNV
0; otherwise
2Gpﬁ
h, = — < XRyV
"T 31 ) UOXRy
G-Glzez U9XRRV
+
= 12 2 UIXRKYV
1 1 1 1 .
_ = - — 4 —
RT3 R TR U9IXRjV

r22°2, KQ/2H 2t TOMMEO K H >2ixB M +QMi +i biB77M2bb-

Gi MG,, b?2 " KQ/MHB Q7 i?2irQ #Q/B2b BM +QMi +i-

. M/,, SQBbbQM6b " iBQb Q7 i?2irQ #Q/B2b BM +QMi +i- M/
Ri MR,, /BB Q7i?2irQ T “iB+H2b BM RQMiX+iX 6Q° r HH-



eo *2 Ti2° 9X JQ/2H *QKTQM2M

a?2 > 2?22 ixbT BM" 7Q +2-

FM" Bb +QKTmi2/ BM M BM+ 2K2Mi H K MM2 > #v KmHiBbi2T T Q+2/
7QR2Bb + H+mH i2/ b
Fs = F"jo+ hs s U9IXROV

_20 )

. ho(Fa")— U9XR8V

hs

r?22°RMjo, b?2 ~7Q +2 ii?2 #2:BMMBM: Q7 i?2 iBK2bi2T-
hs, b?2 ~ +QMi +i biB77M2bb- M/
<, BM+ 2K2Mi Hb?2 */BbTH +2K2Mi /m BM: i?2 iBK2bi2TX

h?2 b?2 " bi 2M;i? Q7 F22BHQ/i2+KBM2/ #v i?2 HBKBi Q7 +QmHQK#04|
Fe = F " U9XReV

iH bi-i?2b?2 > +QMi Bib7QH-+2mH i2/ b

( Fe:  JiFs  Fel
F = U9XRdV

..FS _ otherwise
IFs ]

S
h?2 bHBE Bbh2mT/ i2/iQ iQ b2i i?2 bHB/BM:; bi imb Q7 i?2 +QMi +i

( true(sliding);  jjFjj = Fs
S= U9XR3V
false (not sliding); otherwise

LQ'K H/ KTBMF,AQ +2-

Fol= 2, mky = UIXRNYV



9XeX *QKT "BbQM Q7 *QMi +i JQ/2HDb X

ko= h,,* U9XKkyV

r?2R, MQ 'K Hi M;2Mi biB77M2bb-
w, "2H iBp2 MQ'K Hi> MbH iBQM H p2HQ+Biv M/
m., 2[mBp H2Mi K bb Q7 i?2 +QMi +i bIgXRBM2/ BM 1[m iBQM

a?2 "/ KTBM:RQ +2-

2 s meks = s = false
F o= U9XKRV

) s = true

r?2°2, b?2 "/ KTBM; +Q277B+B2Mi M/
<, 2H iBp2b?2 "i° MbH iBQM Hp2HQ+BivX

h?2 T°QT2iB2b "2H i2/iQ i?2 22 ix KQ/2H "2 /27BM2/ BM i?2 7B;m"

6B:m 2 9XN, S°QT2 iB2b QRN 22 ix KQ/2H (



ee *2 Ti2° 9X JQ/2H *QKTQM2M

9XeX9 a2H2+iBQM Q7 TT QT B i2 *QMi +i JQ/2H

h?2 T2 7Q K M+2 M/ ++m’ +v Q7 +QMi +i KQ/2H "2 Q7i2M Dm/;2/
+Q277B+B2Mi Q7 "2biBimiBQM M/ 7Q  ?Qr Km+? iBK2 Bb i?2 T B" Q
+QHHBbBQMX h?2 +Q277B+B2Mi Q7 "2biBimiBQM Bb /27BM2/ b i?2
T "iB+H2 7i2° +QHHBbDBQM iQ i?2B" "2H iBp2 p2HQ+Biv #27Q 2 i
2H biB+Biv Q7 i?2 +QHHBbBQM M/ +QKT "BM; i?2 bBKmH i2/ p Hm?2
iQi?722tT2 BK2Mi H "2bmHib Bb T 2iiv+QKKQMr v Q7 ++2TiBM;
mb2X h?2 /m> iBQM Q7 i?2 +QHHBbBQM BbM6i mb2/ Km+? iQ /2i2 K
KQ/2HX h?Bb BM7Q K iBQM Bb HbQ T 2b@Mi22 ¥ABM2AF2M b2 i2M v
b2imT iQ 2tT2 ' BK2Mi HHv p HB/ i2 p "BQmb +QMi +i KQ/2Hb #v bi
"2biBimiBQM M/ +QHHBbBQM /m’ iBQM7Q" T B Q7 +QHHB/BM; bT
i72 >2 ixB M +QMi +i KQ/2H Bb +HQb2  iQ 2tT2 BK2Mi HHv Q#b2 p:
KQ/2HX h?2 :° T? Q7 +QMi +i 7Q +2 THQii2/ ; BMbi Qp2 H Tr b K
>2ixB M KQ/2HX HbQ-i?2>2"ix KQ/2H r b #H2iQ T 2/B+ii?2 +QH
2tT2 BK2Mi Hp Hm2b-?2Qr2p2 -i?2 +Q277B+B2Mi Q7 "2biBimiBQM /|
2tT2 BK2Mi Hi"2M/ 7Q° Mv Q7 i?2 +QMi +i KQ/2Hb bim/B2/ #v i?2 "2

_ BHrv# HH biBb ?B;?Hv biB77 M/i?2 BKT +i p2HQ+BiB2b ;2M2" i
bKBi?- 6° BB2b{ #HBb?2/ i? i i?2 >2 ix KQ/2H Bb r2HH bmBi2/ 7Q"
# HH biX MQi?2  "2b2 "+? +QM/m+i2jRfv HGBK b @ +.DribHIP A mb2 Q7
>2°ix +QMi +i KQ/2H 7Q" > BHr v # HH biX h?2v mb2/i? 22 /B772 2
M/ r2°2 #2ii2° #H2iQ T 2/B+ii?2p 'B #BHBivBM +QMi +i biB77M2l
+? M;BM; +QMi +i 7Q +2b mbBM; i?2 >2 ix +QMi +i KQ/2HX

MQi?2 BKTQ'i Mi7 +iQ  iQ #2 +QMbB/2°2/ Bb i? i i?2 biB77M2bb +
KQ/XH-Mks- /Q MQi 2T 2b2Mi Mv 2 HT?vbB+ H[m MiBiv M/ + MQM



9XeX *QKT "BbQM Q7 *QMi +i JQ/2Hb ed

i #HBb?2/ #v T2 7Q KBM; bQK2bQ i Q7 2tT2 ' BK2Mi HQ  + HB#  iBQ
bBKmH iBQM "2bmHibX h?2b2 T ° K2i2'b+ M i?mb QMHvV #2 bb2bb2
i?72 "2bmHib 7°QK i?2 8BXBMbHPQMb A8 Rr HADQ(b?2Qr2/i? i i?2 +?QB+2
+QMi +i KQ/2H /Q2b MQi ? p2 Mv pBbB#H2 bB;MB7B+ Mi 2772+i QM
Q7 i?2 bBKmH iBQMX h?2 biB77M2bb +QMbi MibWB7ERM2i2BiKQ i?22 >2"i
Ki2’B HT QT2 iB2b M/ + M #2 /27BMX/RMW/OXRBimMmB-QWBOM +2 i?22b2
T K2i2'b "22 bB2 iQ /2i2°KBM2 M/ bBM+2 i?2 >2"ix KQ/2H /2TB
i?72 T?2vbB+ H +QMi +i #2? pBQ - i?2 >2 ix KQ/2H Bb +?Qb2M 7Q"  i?B



*? Ti2 8

aBKmH iBQM JQ/2H

q?BH2 /2p2HQTBM; i?2 +im HKQ/2H- HH i?2 iXkRQ2b+ QM b BB 222/BM
M/ i?2 7BM H KQ/2H /2p2HQT2/ i F2b + "2 Q7 MQi pBQH iBM; i??2
bBKmMH iBQM KQ/2H +°2 i2/ 7Q" i BRI MPB2QMKEMITMYKK M/b

M/ /B/MSi BMpQHP2i?2 mb2 Q7 SVvi?QMX h?2p Hm2b 7Q  i?2 T ~ K2
BMi?2 mT+QKBM; b2+iBQMb HQM; rBi? i?2B  bQm +2 Q7 272 2M+

8XR *QKT BbQM Q7 S ‘iB+H2 a? T2b

8XRXR JQ/2HBM; # HH bi mbBM; bT?2 2b

A7 i?2 # HH bi Bb KQ/2H2/ mbBM; bT?2 B+ HT iB+H2b- b? T2 BM7
bBx2 BM7Q K iBQM M22/b iQ #2 T QpB/2/X h?2 bBx2 Q7 T "iB+H2E
bB2p2 i?°Qm;? r?B+? Bi + M T bbX h?2 KQbi bBKTH2 + b2 Bb i?2 Q
i?72 b K2 bBx2 U /BmbV M/ bBx2 /Bbi'B#miBQM BM7Q K iBQM Bb M
/Bbi'B#miBQM Q7 i?2 # HH bi Kmbi #2 bBKBH " iQ i?2 bBx2 /Bbi B#
KQ/2HSKX HHQrb i?2 mb2 Q7 T°2@/27BM2/ /Bbi ' B#miBQMb HBF2 : n
iQ +°2 i2 ?Bb QrM bBx2 /Bbi B#miBQMX

e3



8XRX *QKT "BbQM Q7 S "iB+H2 a? T2b eN

8XRXk JQ/2HBM; # HH bi mbBM; +HmMKTDb

>2°2- HQM; rBi? bBx2 M/ bBx2 /Bbi'B#miBQM- b? T2 BM7Q K iBQM
S6*j. ++2Tibi?2j. b+ MM2/ bm'7 +2 T'Q7BH2b Q7 biQM2b iQ #2 KQ
T°Q7BH2BKTQ i2/ b 8XbiH6 7BH2Bb mb2/iQ +°2 i2 +HmMKTi2KTH
+HmKT Bib2H7 M/ ?QH/b i?2bm 7 +2 /2b+ BTiBQM 7Q" i?2 + H+mH
+HmKT pBbm HBx iBQMX h?2M +HmMKT Bb ;2M2" i2/ mbBM; i?Bb T 2
M/ bBx2 bT2+B7B+ iBQMbX +HmMKTi?Qm;:? Bb +QHH2+iBQM Q7 K
b bBM:;H2 "B:B/ #Q@XR?QBbn?Q@r +HmMKT Bb ;2M2" i2/ mbBM; . b-
+im H# HH bi biQM2 T “iB+H2X

6B;m 2 8XR, *HmMKT ;2M2" iBQM 7 QK j. b+ M

h?2 > M;2K2Mi M/ bBx2 Q7 i?2 bT?2 2b mb2/ BM +HmKT "2 :Qp
H;Q BIi®KEM i?Bb “2b2 “+?- Hi?Qm;? i?2 2 S60iQ22M2b rBi?BM

+HmMKTb M/ bT2+B7v i?2B  BM2'iB HT * K2i2 bX *HmKT i2KTH i26
[27BM2/ /B 2+iHv UpQHmMK2- BM2'iB - TQbBiBQM- 2i+XV Q #v bT
i?72B° T2##H2 /BOT2BHHBRGIKIR M/V Q #v bm 7 +2 b@b7F¥BH+BipiMi U
+QKK M/VX "m##H2 T +F + QKK M/HK T i 2IKOGHKK2M/X hrQ BKTQ i Mi
F2vrQ /b "2[mB 2/ iQ #2 bT2+B7B2/iQ K F2 #m##H2Bb+MMZQ Bi?K
" iBQBbi MHMBMFb iQ M M;mH "~ K2 bm 2 Q7 bKQQi?M2bb BM /2; 22



dy *2 Ti2  8X aBKmH iBQM JQ/

I27TBM2EBM I(BPB+? ° M;2b 7 QK y |l p Hm2 I R- BM/B+ i2b i?2 " iBQ
iIQi?2H ;2bibT?2°2 mb2/ BM 7BHHBM; mT i?2 +HMKT b? T2X h?2
i?72 H ";2bi bT?2°2 7B bi M/ i?2M i?2 bK HH2 bT?2 2b rQmH/ #2 B

iBQ Q7 i?2B" " /BB iQ i?2H “;2bi bT?2'2 " '/BBQBp HABAI?N4p2HmM2
K2 Mbi? i bT?2 2b Dmbi iQm+? i QM2 TQBMi 2ti2°M HHv U/Q MQi Q
bT?2°2b Dmbi iQm+? i QM2 TQBMi BMi2°'M HHVv BM r v i? i QM2 b~
U+QKTH2i2 Qp2 H TVX hBRi ;M*BEIMA2BKQQiIi?2 Bbi?2 T2##H2 /Bbi B
KQ 2 /2i BH2/i?2 +HmMKT rQmH/ 2p2Mim HHv #2+QK2X JQ 2 /2i BH
BMi?2 /2b+ BfHBIGEN QKKK M/ BREPQ+mK2Mi RBIQMN b?Q i- i?Bb
H;Q Bi?K ?2HTb i?2 mb2 iQ K MBTmH i2 i?2 MmK#2 Q7 bT?2 2b i(
i?2 +HMKTb- THmb +QMi QH i?2B" ~ /BB M/ HQ+ iBQMb- i?mb HHQ
/2i BHQ7bm'7 +2 T'Q7BH2 Q7 i?2 +HMKTbX

6B;m 2 8Xk, am 7 +2/2i BHp B iBQM Q7 ;2M2" i2/ +Hn

6B;m8XkF2M 7 RKbPQrb i?2 /B772 2M+2 BM bm 7 +2 /2i BH /2b+ BTi
irQ p HmW2BQM//Bbi M+2?B;?Hv /2i BH2/ +HMKT rQmH/ BM+"2 b2 i?2
"2[mB 2K2Mib Q7 i?2 bBKmH iBQMX 6 B+iBQM H T QT2 iB2b M/ +¢
772+i2/ #vi?2 bBx2 M/ i?2 /2MbBiv Q7 i?2B" +Q&BXBim2Mi bT?2 2b



8XRX *QKT 'BbQM Q7 S "iB+H2 a? T2b dR
8XRXj JQ/2HBM: # HH bi mbBM: +QMp2t #HQ+Fb

M Hi2°M i2rviQ KQ/2H # HH bi T "iB+H2b Bb #vi?2 mb2 Q7 +QMp:
TQHV:QMb BM k. M/ TQHvV?2/° BM|j.X TQHV?2/  H+HQb2/ bm 7 +2
K2Mib Bb b?QrM&¥ 7B;m" 2

6B;m 2 8Xj, SQHV?2/°"QMb be®HH bi T "iB+H2b (

S6* p2 bBQM®OXYyr "2 r?B+2r b 2+2MiHv "2H2 b2/ HHQrb iQ /B 2+iH
+QMp2t #HQ+FbX h?Bb HHQrb KQ/2HBM; Q7 MQM@bT?2 B+ HQ#D?2
U;" MmH " Q +Q?2bBp2 bvbi2KbV rBi?Qmi 2[mB BM; +HmMKTbX *Q N
mb2 p "B iBQM Q7 i?2 :CE U:BH#2'i CQ?MbQM E22'i?BV H;Q Bi
#2ir22M irQ Q#D2+ib UBX2X- MQ bm#@+QMi +ibV iQ K tBKBx2 277
"B;B/#HQ+Fb M/ #28@2MQRTR@M2Mib- bm+? b# HHb- +HMKTb-Q r |
MbBM; "2:mH ~ +QMi +i KQ/2HbX hX267.%eQXMp2 MHHQHFFEBMNTQM M
rQ F2/ rBi? b2 bBHv b Qi?2 T 'iB+H2 b? T2b HBF2 # HHb Q  +Hm
T 17 QK;2M2" H+HmMKT@HBF2 miBHBiB2bBM+HmM/2 +miiBM; #HQ
Q /2i2°’KBMBbiB+ HHvV- K2 ;BM; #HQ+Fb M/ "QmM/BM; 2/;2b M/ +



d k *2 Ti2  8X aBKmH iBQM JQ/

Q7 +iBp2 +QMi +ibX

*HmMKTb Q772 bQK2 /p Mi ;2b Qp2  i?2 TQHV?2/"QMbX 1p2°'v +QM
i2° +iBQM Bb +QMi +i #2ir22M irQ bT?2°2bX *QKTH2tBiB2b K v

7Q° T B Q7 ?B;?Hv M;mH " TQHV?2/"QMb /m2 iQ i?2 TQbbB#BHBI
i?2°Qm;? T2M2i® iBQM /m BM; KQ/2HBM; Q@dXp2bHb TQiN?B M ® Blim-i2
8X%9%rQ M;mH “b? "TTQHV?2/"QMb + M BMi2 ' b2+i 2 +? Qi?2" ii?2l
iB+2b- +QKTHB+ iBM; i?2 +QMi +i 2bQHmMmIiBQM M/ BM+ 2 bBM; i?2
+HMKTb 2K /2Q7bK HH2 bT?2 2b M//QMd6i? p2 mMB7B2/2MiBi
#°2 F ;2 M/ + mb?BM; + M #2 KQ/2H2/ 2 bBHv BM +HMKTbX 02°v 72
mMbBM; +QMp2t #HQ+Fb b # HH bi T 'iB+H2b-bQ BM i?2 M2ti b2+iBQ
bT?22b Q"  +HMKTb rQmH/ #2 #2ii2° +?2QB+2 iQ KQ/2H # HH biX

6B:m 2 8X9, *QKTHB+ i2/ +QMi +i "2bQHmMIiBQM 7Q  b? ‘T T

8XRX9 .Bb+mbbBQM M/ b2H2+iBQM Q7 T iB+H2 b? T2

a? T2 b2H2+iBQM UbT?2°2b pb +HmMKTbV MQi QMHv /2i2 ' KBM2b i?2
“2bmHib #mi HbQ i?2 iBK2 i F2M iQ +QKTH2i2Hv bQHp2 i?2 bBKmH
2 bviQ + HB# i2 M/ +QKTmi iBQM HHv 2+QMQKB+ HX * mb?BM; Q1
HQ /BM; 7°QK " BH i 77B+r b M Hvx2/ #v GQHBOEMMR. B Rmd HHR



8XRX *QKT "BbQM Q7 S "iB+H2 a? T2b dj

KQ/2H +QMi BMBM; Q7 +B " +mH "~ /Bb+b b T "iB+H2bX h?2v +FMQrH
T 'iB+tH2b? T2 b/Bb+br b TQi2MiB HbQm +2 Q72 "Q BMi?2B "
bim/B2/H i2° Hi® +F bi #BHBiv mbBM; bT?2 B+ H> BHr v# HH bi T
"QHHBM; "2bBbi M+2 i i?2 +QMi +i TQBMib #2ir22M i?2 bT?2°B+ H
BMi2'HQ+FBM; #2ir22M M:;mH “# HH biT 'iB+H2b M/ +H BK2/iQ Q
"2bmHibX "v TT QtBK iBM; # HH bi b H iiB+2 Q7eB)/BMIBB-2HIBZ?2" 2
/IvM KB+ #2? pBQ Q7 BH i +Fbim+im 2 mM/2 HQ /IBM;X >2 mb2/
rBi? /IBb+QMiBMmBiB2b BM i?2 " BHr v# HH bi #2BM; ++QmMi2/ 7Q
j.HiiB+2 Q7 /IBb+72i2 bT?2 2bX

TTHB2/ HQ /BM;- T “iB+H2 #'2 F ;2-i?2 2772+i Q7 # HH bi:  / iBQ
i KTBM; 2772+i- 2i+X ? p2 #22M bim/B2/ M/ p HB/ i2/ QM # HH bi
"2b2 C+ARDEM M/ I+ . QREHH[@)- J+.Qr2HH 2k)HE (v2 2i9MX (
>Qbb BM RB-HMM(" ~ iM RBjHXMN/ h? Fm > 298K X (

aBKBH > FBM/ Q7 bim/B2b #mi mbBM:; TQHvV?2/"QMb b # HH bi T il
imKHmM2 RjkpkRj8)- "QH2 - ZB M- hijg)m K HmbDBM B RORHIZ A" H2D
2i HX-09 M/ XOK - _ /D B- ae@KbBM?2 (

*HmMKTb M/ TQHV?2/°QMb 2i?2mb 2772+iBp2 BM 2T Q/m+BM; +QK"
Q7 /IB772°2Mi BMTmi +QM/BiBQMbX aT?2"B+ HT iB+H2b + M HbQ
# HH bi T2'7Q'K M+2 i 7 +iBQM Q7 i?2 +QKTmi iBQM H +Qbi Q7
_QmM/2/ T "iB+H2b ? p2 H2bb2 b?2 " bi ' 2M;i? M/ H +F Q7 + T +Biv
HQ+FBM;X aT?2'B+ H# HH bi T "iB+H2b rQmH/ ? p2 ?B;? i  +F b2iit
mMM/2  i° 77B+jB)QX @BM2{B+ HT "iB+H2b6 T2 ' 7Q K M+2r b +QKT 2/
mM/2 i° 77B+ HQ /BM; M/ i?2 "2bmHib r2 2 p HB/ i2/ mbBM; " HH
J+.Qr2HRX >2 b?Qr2/ i? i bT?2'B+ HT "iB+H2bd T2 ' 7Q K M+2 r b
+HmMKTb #2? p2/ bBKBH "Hv iQ i?2 # HH bi BM ?Bb 2tT2 B&2Mi H bz



do *2 Ti2  8X aBKmH iBQM JQ/

i'B2/ bm;;2biBM; i? i bm+? [/B772 2M+2 BM i?2 #2? pBQ Q7 bT?2"
T2Mb i2/ #v //IBM; "iB7B+B H QHHBM; "2bBbi M+2 M/ r2 F#QM/BN
+QMi +ibX >Qr2p2 - K Mv Qi?2" "2b2 "+?2°'b +H BK i? ibm+? "iB7B+
mH i BQMb BM+QMbBbi2Mi rBi? i?2 +H bbB+ HK2+? MB+b +QM+2Ti
BM K2bQb+QTBegX? pBQ  (

8XRX8 aBKmH iBQM bim/v 7Q bT?2 2b pfb +HmMKTDb

i2bir b +QM/m+i2/ Rk d &BMI(BMB h2+? BHr v h2+?MQHQ;B2b G #
" hGViQ TQ i Vi?2 /B772 2M+2 #2ir22M i?2 T2 7Q K M+2 Q7 bT?22"
bT2+i- bBKmH iBQMbim/vr b/2bB;M2/r?2'2BMi?2 7TQHHQrBM; 7Q
A/2MiB+ HaTRR RD?2 2b Q7 /B K2i2 9y KKX

bbQ i2/ aT?2 @2bbB M /Bbi B#miBQM 7Q  ~ /BB Q7 bT?2 2b b 7QHF

je@99 KK USyWV M/ 99@dy KK URyWVX
A/2MiB+ H A *BypmKHTD "Qm;?Hv Q7 b K2 bBx2 b 9y KK /B K2i2  bT?22"

bbQ i2/ A" 2;RdH "#Bi° BHv b? T2/ +HMKTbX h?Bb 2T 2b2Mib i?2

bBM+2 +im HbiQM2br2 2 j. b+ MM2/ M/ mb2/7Q bBKmH iBQMX

6B;m 2 8X8, aBKmH iBQM bim/v7Q bT?2 2b pfb +HmMK"



8XRX *QKT "BbQM Q7 S "iB+H2 a? T2b ds

UV aQHB/7  +iBQM T2 +2MY#¥ *NQAnBM iFEM MmK#2" 7Q" M im" H
7TMHHV +QKT +i2/ bi i2 IMHHV +QKT +i2/ bi i2

U+V hQi H+QMi +ib7Q " M im™ Hpfb7mHHV +QK@
T +i2/ bi i2
U/VhBM2 p2°'iB+ H 2bBbi M+2

6B;m 2 8Xe, PmiTmi 2bmHib Q7 bBKmH iBQM bim/v, bT?2 2

UVaT?2'2b, M im" Hpfb +QUAVHIEMKTb , M im™ H pfb +QKT +i2/

6B;m 2 8Xd, PmiTmi HQ /T i? "2bmHib Q7 bBKmH iBQM bim/v , |

*QKT +iBQM- *QQ /BM iBQM MmK#2 U p2° ;2 MmMK#2 Q7 +QMi +ib 1
MmK#2' Q7 +QMi +ib- GQ /T i?b- 02 iB+ H +QMi +i 7Q +2 QM iBM2b
i22QmiTmip "B #H2b mb2/iQ '2+Q '/ i?2 T2 7Q°K M+2 Q7 i?27Qm" i



de *2 Ti2  8X aBKmH iBQM JQ/

9jyy T "iB+H2br2 2;2M2" i2/ M/ HHQr2/iQM im > HHv b2iiH2Z2 mM/2"
B/2MiB+ H+vHBM/ B+ H+QMi BM2 BM HH + b2bX bi iB+HQ /Q7Kk
b2iiH2/ ?2 T Q7 T "iB+H2b b&XWMrM)BIMIGEB ;™ 2K2i2 b r2°2 "2+Q /2/X
BMi2 @T "iB+H2 7°'B+iBQM r b b2i iQ x2°Q /m BM; i?2 +QKT +iBQM
TQbbB#H2 +QKT +iBQMX | KTBM;iQQHTr bBMb2'i2/BMiQ i?2 # HH
+QMbi Mi p2HQ+Biv Q7 yX8 Kfb M/ pB#" iBM; i 98 >xX .m"BM; i?B
p2'iB+ H+QMi +i7Q +2 QM iBM2r b '2+Q /2/X J i2°'B HT QT2 iB2b
M/ Ki2° B H7Q r HHb M/ T "iB+H2br bb2i b# b Hi M/i?2 >2"ix +(
J bb /2MbBivr b F2Thkgmkd8@mM;6b JQ/mHmMb i 8y :S - SQBbbQMOD
M/ 7 B+iBQM M/ / KTBM; +Q277B+B2Mi b yXeX

J MVBKTQ'i Mi Q#b2°p iBQMb + M #2 K /2 7°QK i?2 “2bmHib Q7 i?Bt
BKTQ i Mi 7 +ib ? p2 #22M 2tTH BM3X#£2 M8 XB+BB/,im2K/ Q7 i?2
# " BM/B+ i2 M im®> HHv b2iiH2/ # HH bir?2°2 b "B;?i 2M/ /2MQi2b i
Q7 i?2 # HH biX bbQ'i2/ bT?2°2b ? p2 HQr2  +QKT +iBQM * M;2 i?
+QmMi2 T ibX M Q#b2'p iBOQM + M #2 K /2 22 2 i? i i?2 #b2M+2
M/ T Qim#2> M+2b BM bT?2'2b K F2 i?2K H2bb 2772+iBp2 BM Q++rr
KQM; T "iB+H2bX HbQ-DbT?2 2bmM/2 @ 2T 2b2Mii?2 +im H # HF
i~ +F b2iiH2K2Mi ~ i2bX h?Bb #2? pBQ Bb 2MiB 2Hv /m2 iQ T "iB+F
i?72 +QMi +i KQ/2H Q  +QMi +i T?vbB+bX HbQ-Bi Bbi?2Q 2iB+ HH\
“'M;2K2Mi Q7 bT?2'2b U bbQ'i2/ bT?2°2bViQ ? p2 b&WXB/ 7° +iBQ

*QQ /BM iBQM MmK#2  b?Qrb bBKBH “i'2M/ b +QKT +iBQMX h?m
HQ /Bb TTHB2/-bT?2 2brBHH 2tT2 ' B2M+2 ?B;?2 " HQ /T2 +QMi +i
QM HQ /X *HmKTb '2i?2°27Q°2 KQ 2 "2bB H B20Mi#? Q rk2 772 KQiiBI) M X
+QK#BM2/ MmK#2 Q7 T "iB+H2@T "iB+H2 M/ T iB+H2@r HH +QMi
bi i2- #Qi? bT?2°2b M/ +HMKTb ? p2 HKQbi i?2 b K2 MmK#2" Q7 i



8XkX S iB+H2 6HQ¥6"QA2 K.QU2H dd

Bb MQi i?2 + b2 Hi2 7i2° TTHvBM; HQ /X S "iB+H2b rBi? H ;2"
?2 p2 KQ'2 MmMK#2 Q7 T 'iB+H2@T "iB+H2 +QMi +ib 7Q" i?2 b K2 M1
HbQ BM/B+ iBp2 Q7 H ;2" MmK#2 Q7 +QMi +ib #2ir22M i?2 T it
+QMi BM2 BMi?2+ b2Q7B "2;mH Hvb? T2/ T 'iB+H2bX h?Bb BKT
?2 P2 KQ'2 MmK#2> Q7 +QMi +ib rBi? bH22T2 - M/ rBHH TTHv ?B;?
i?72°2#v BM+'2 bBM; H i2 " Hi +F bi #BHBivX J2 bm 2K2Mib Q7 H iz
bBKmH iBQM "2bmHib Q7 bT?2 B+ HT "iB+H2b rBHH- 1?2 27Q 2- H?2

TB Q7bT?2'2b+ M? p2 QMHV QM2 Kmim HTQBMi Q7 +QMi +i-rBi
iQ #Qi? bT?2 2bX *QMi +i 7Q +2b 7Q°'K HQM; #B7m + i2/ +? BMb
+QM+2Mi’ i2/ T i?b Q7 HQ /i’ MbKBbbBQMX .Bbi'B#miBQM Q7 70Q
7Q +2 Bbi° MbKBii2/ T2 +QMi +iX AM +HmMKTb- BMi2 " @T 'iB+H2 +
MQ K Hb "2 M/IQKHv HB;M2/X Mv TTHB2/2ti2™M H7Q +2 Bb /B7
1?72 ;;°2; 12X aQ- bT?2 B+ H ;; 2; i2b vB2H/ i HQr2 HQ /b /m2 iC
2ti2°™M HHQ /b M/ ?B;?2 T "iB+H2 bi 2b®X2dM /bbb 22 M&Rf j[RKKE6B; m "2

6B:m8Xeb?Qrb i? i bT?2°2b ? p2 Km+? HQr2' “2bBbi M+2 iQ T2M2i"
KQ 2 i?2 iBM2 T2M2i  i2b BMbB/2 i?2 bT?2 2b- KQ 2 Bb i?2 "2bBbi
+ b2 Q7 +HMKTb-BiBbiQi HHv “#Bi  "vX aBKmH iBQM iBK2 BM+ 2 !
b? T2 M/ Bib bbQ+B i2//2i BHUHQr /2i BH pb ? B)XRER¥M BHR2b b K T

h?mb- +HMKTb "2 i?2 T°272 "2/ +?QB+2 7Q  KQ/2HBM: # HH bi BM i

8Xk S “iB+H2 6HQr *®/&*j. U KQ/2H

S6*j.mb2b +QKK M/HBM2BMi2 7 +2 M/ HH b6ABRHBW MBRMIM2 mi
b+ BTi +QMbiBimi2b b2p2° Hb2+iBQMb Q7 +Q/2 +Q "2bTQM/BM; iQ



d3 *2 Ti2  8X aBKmH iBQM JQ/

RX aBKmH iBQM /QK BM-

kX S "iB+H2 M/r HH ;2QK2i v-

jiX S "iB+H2 M/r HH +QMi +i T°"QT2 iB2b-

9X aBKmH iBQM T?vbB+b M/ r HH KQiBQM -

8X PmiTmip B #H2b- M/-

eX aQHmMIBQM + ' Bi2 B X

S6*j. Q772°'b bQK2 7H2tB#BHBiv BM i?2 Q /2 Q7 i?2 /27BMBIiBQM
i?2 b+ BTiX //BiBQM HHv- 72r +QKTQM2Mib 2 QTiBQM H Q" ? p:
i?72°27Q °2- /Q MQi 2[mB 2 2tTHB+Bi /127BMBIiBQMX h?2 #2;BMMB
+QMi BM bQK2 mtBHB v +QKK M/b 7Q° HQ /BM;- +HQbBM;- M/ b p

h?256*.KQ/2H +'2 i2/7Q i KTBM; QT2 iBQM miBHBxXx2bi?272 im 2
i72 bBx2 Q7 i?2 bBKmH iBQM KQ/2H M/ HbQ i?2 KQmMi Q7 + H+n
"2[mB 2/ iQ Q#i BM i?2 bQHMIBQMX h KTBM; T'Q+2bb Bb T2 7Q K
+QKKQM HQM;Bim/BM H tBb Q7 i?2 T B Q7 ~ BHb- bQ KQ/2HBM;
2MQm;?X PMHV QM2 bH22T2" Bb bBKmH i2/ bBM+2 2p2 v bH22T2" E
B/2MiB+ HBMTmiX h?2 " BH i  +Fb "2 MQi BM+Hm/2/ BM i?2 KQ/2H
M/ bH22T2" "2 BMi'Q/m+2/ BM i?2 bvbi2KX h> 77B+ HQ /b 2 i?n
bH22T2 X h?2 Qi?2° bbmKTiBQMb M/ TT QtBK iBQMb BMpQHp2/ B

6B;m 2 8X3, > H7@i~ +F KQ/2H
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RX AM7HM2M+2 Q7 /D +2Mi bH22T2 b QM # HH bi/m BM; i KTBM; E
kX LQ i?2°K HQ  2MpB ' QMK2Mi H7 +iQ'b 2 +QMbB/2 2/

jX "2 F:;2U+ mb? :2V M/ 7 +im 2 Q7 # HH bi T "iB+H2b /m2iQ iBN
9X bbH22T2'b "2i KT2/BM b2[m2MiB HK MM2 - # HH bi +QM/BiB
#2BM; i KT2/ Bb /B772 2Mii? M i Bib "2 "X 6Q  bBKTHB+Biv- # HH
B/2MiB+ H ii?2 7°QMi M/ ii?2 2 Q7 i?2 bH22T2 - bBM+2 T 2Dbb!
U bvyM+?2 QMQmb i KTBM;V Q7 i KTBM; iBM2b Bb /2bB;M2/iQ +QKT?2
iQ i?Bb B/2MiB+ H # HH bi bbmKTiBQM- H27i M/ 'B;?i iBM2b i’ p2
+ b2 Q7 byM+?2"QMQmb i KTBM:X

8X 1MiB 2 KQiBQM Q7i?2i KTBM; iBM2b Bb bbmK2/iQ #2 i +QMbi

P2HQ+Biv 7Q  iBM2 KQiBQM BM i?2 # HH bi M/ 7 bi2  +QMbi Mi p2H
eX " HH bi T "iB+H2b 2 KQ/2H2/ mbBM; +HmMKTb r?2 2 R +HmKT Bb

ANB6*j.- Bi Bb TQbbB#H2 iQ /Bb+ 2iBx2 i?2 +Q/2 BMiQ b2T " i2 #HQ
QM2 b2[m2MiB HHv M/ BM/2T2M/2MiHvX 1 +? +Q/2 + M #2 b p2/ b
7mMM+iBQM H KQ/mH S6i%j Qr7g2i22BV+Q/2 b+ BTib Q772 b KmHiBTH
p Mi ;2b HBbi2/ #2HQr,

RX h?2 bQHmMIBQM + M #2 b p2/ i/B772°2Mibi ;2b Q7 T°Q; 2bb M/ E
+  b?- QM2 /Q2bM6i M22/iQ "mM i?2 bBKmH iBQM KQ/2H 7" QK i?2 #
KX h"Qm#H2b?QQiBM; M/ #m; 7BtBM; rBi?BM i?2 b+ BTiBb bi 2 KHE
+ M#2 "mM M/ i2bi2/ M/ /2#m;;2/ BM/2T2M/2MiHvVX

jiX h?2 mb2  /Q2b MQi M22/iQ r'Bi2 i?2 2MiB 2 +Q/2 i QM+2X _mMNMN
/i 7TBH2V i F2bbQ HQM;-i? ii?2mb2 Kv T Q/m+iBp2Hv mb2 i?Bb i
Q7 +Q/2 M/ /2#m; BiX

O9X aQK2T 'ibQ7i?2+Q/2K v 2[mB 2 2T2iBiBp2bQHmiBQMb rBi?E
6Q 2t KTH2-i?2 i KTBM; T °~ K2i B+ bim/vrQmH/ 2[mB 2 i? i BMBIE
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iBp2HV +? M:2/ #27Q°2 i?2 bi i Q7 i?2 M2ti bBKmH iBQM "mMX am+
#v b pBM:; i?2 BMBiB H+QM/BiBQM Q7 i?2 # HH bi BM b2T ~i2/ i 7
i KTBM:; /i 7BH2 +Q/2 Bb "'mMX

b+?2K iB+ 2T 2b2Mi iBQM Q7 i?2 aBKmS6i3 QBb QXM B2 68/ : BIM2
8XNa2+i BENMBXKXST "2b2Mi i?2 7Bp2 / i 7BSI@Y .mEQ/R2EM i?2

6B;m 2 8XN, AM7Q K iBQM 7HQr BM i?2 bBKmH iBQM K

8XKkXR " HH bi a2iiH2K2Mi

h?Bb/ i 7BH2 +°2 i2b M2r bBKmH iBQM T QD2+i M/ /2 HbrBi? BME
2MpB QMK2Mi- /27BMBiBQM Q7 T?vbB+b BM+HmM/BM; +QMi +i KQ/2
#Q/B2b- /27BMBIiBQM Q7 # HH bi;  / iBQM M/ +QMb2[m2MiB H ;2M:
i?72 b2iiH2K2Mi Q7 i?2 ;2M2" i2/ # HH bi T "iB+H2b mM/2 ;> pBivmM
"BQM- bm+? b +QKT +iBQM- Bb K2iX 7i2  i?Bb 7BH2 Bb +QKTH2i2
b p2/ b bi M/ HQM2 KQ/2H bi i2X

QK BM Q7 bBx2 @yXNyR K iQ yXNyR KBM t@/B 2+iBQM- @yX8yR k
@RXjyKiQ 9 KBM x@/B 2+iBQM rBi? 6T2 BQ/B+36 +QM/BiBQM Bb r
TQTmH i2/;° MmH " bvbi2KHBF2  BHr v# HH bi-i?2 T2 BQ/B+ #Qm|
i722772+ib Q7 6BM7BMBi26 # HH bi- BX2X-i?2#QmM/ v +ib b 7H
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i?72 ;" MmH "~ bvbi2K ? b MQ 2772+iBp2 2/;2bX *HmKTb ii?2iQT bm"
Qi?2  +HMKTb 2tBbi+ M#2b B/iQ #2 bm#D2+iR HEb M PTi2M #i@@a M/
#QiiQK Q7 i?2/QK BM QM r?B+?i?2# HH bi+HmKTb+ M7 HHX h?Bb
bi?2; " QmM/bm 7 +27Q i?2# HH bi- bBM 2 HHB72 M/ bH22T2"
#Qt?QH/2 r HHX MQi?2" "2 bQM 7Q  i?2 BMi'Q/m+iBQM Q7 i?2 r H
7HVBM; Qmi #2+ mb2 Q7 i?2 T2'BQ/B+ +QM/BiBQM TTHB2/iQ i?2 /¢
>/ iBQM BM+HmM/2b /2b+ BTiBQM Q7 T iB+H2b? T2b M/ /2+H " il
T 'iB+tH2bBM i?2 ;" MmH ~ bb2K#HvX h?2 /2i BHb #Qmii?2 mb2 Q7
i?2 bB;MB7B+ M+2 Q7 Bib T ~ K2i2'b? p2 B8XRXRtTH BM2/ BM a2+iB

6B;m 2 8XRy, *HmMKT mb2/ BM i?2 bBKmH iBQM

Rd /B772 2Mi bBx2 "2 H biQM2b r2°2 j. b+ MM2/ M/ i?2B" 0XbiHO6 T
S6*j.iQ +°2 i2# HH biX >Qr2p2° - mbBM; i?Bb +QKTH2t “#Bi® "BHv b
+H2b +QMbBbiBM; Q7 K Mv bT?2 B+ HT2##H2b BMbB/2 2 +? +HmMKT
HiBQM mMiBK2 7Q 2 +? Q7 i?2 /i 7TBH2bX A7 i?2 MmK#2 Q7 bT?
rb 2/m+2/-i?22 +HmMKT bm 7 +2 rQmH/M3Si #2 T QT2 Hv 2T 2b2Mi2
b+ MM2/ T Q7BH2X h?mb-iQ pQB/ ?B;?2 bBKmH iBQM mMiBK2b
b+ MM2/ T Q7BH2b r2° 2 /Bb+ /2/ M/ 7Q i?Bb bBKmH iBQM T 2b2M
H biBbK /2mTQ7 +HmMKTb-r?2"2BM bBM;H2 +HmMKT Bb K /2 mT Q7
6B;m8XmYQrb bBM;H2 +HMKT mb2/ BM i?2 bBKmH iBQMX h?2 +Hm]
Bb 7Q K2/ mbBM; irQ bT?2 B+ H T2##H2b Q7 ° /BB yXyR3d8 K M/ y
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YyXYRjK M/ pQHMK2 Q7 2 +? Q7 i?2 +HMWXR:T ' Q/m+2/ b 3

" HH bi Bb +QMDbB/2°2/iQ #2 K /2 mT Q7 ;> MBi2 UQ  # b HiV "Q+FX
[2°2 T2 °7Q K2/ rBi? i?2 7TQHHQrBM:; rQQ/2M USBM2 r2bi2 M r?Bi2V |
RV UuQmM:6b KQIInHM® 4 SQBbbQMdb * iBQ 4 yXjj M/ a?2 ~KQ/mHmb

KQ/2H + H+mH i2/ mb B BheaP MoAQUsmGuas modis 5 h28h Bb bbmKBM;
BbQi'QTB+rQQ/2M T QT2 iB2bX

kVa?2 " KQ/mHmb 7Q" i?2 >2ix KQ/2HBWIB1P+SHVSIQBBMQM b * iBC
4 yXyk8eekX h?Bb Bb bbmKBM; i? i rQQ/2M T QT2 iB2b "2 /B772"2
h?2 2bmHib 7Q i?2b2 bBKmH iBQMb rBi? /B772°2MirQQ/2M T QT2"
7QHHQrBM; i?2 b K2 ;" T?B+ Hi'2M/ 7Q" HH Q7 i?2 Q#b2 p2/ QmiT

/2+B/2/iQ mb2 i?2 BbQi'QTB+ rQQ/2M T QT2 iB2b 7Q " bBKTHB+Biv.

h #HRXIR? Qrb i?2 T°QT2'iB2b Q7 p 'BQmb T * K2i2'bmb2/BM i?2 bBKr

7°QKr?B+?i?2p Hm2r bi F2ZMB7 p BH #H2X 6Q i?2i #H2 MQi b?Q
pHM2 bb?QrMBM bQK2Q7i?2imiQ B RNTQb HQ B2 2Q TV b” QM K

# b HiT'QT2'iB2br2°27QmM/ QMHBM2 MyX QK 272 2M+2 +Bi2/

h> +F# HH bii?B+FM2bb b?QmH/ MQi #2 H2bb i? Me BM M/ ?B;?@b"
# HH bi mT iQ ky BM i?B+FX AMbm77B+B2Mi /2Ti? Q7 # HH bi + mb?z
bQBH- M/ BM mM7 pQ > #H2 +QM/BiBQMb Qp2 HQ /BM; i?2 bQBH +
MM2p2MHvVX " HH bi H2bb i? M jyy KK URKBMV i?B+F + M H2 /iQ pB:
bi'm+im 2bX >Qr2p2 - BM+'2 bBM; i?2 /2Ti? #2vQM/ jyy KK URk BM"
"2/m+BM; pBHRXBOQM 2  i?2 #Qp2 +QM/BiBaRMHBQMH # AR I§i i?B+FM?2
U# HH bi THmMb bm#@# HH biV 7Q  i?Bb bBKmH iBQM Bb F2Ti b k9 E

HH i?2 K2 bm 2/ QmiTmi T ~ K2i2 b ? p2 #22M +QMp2i2/iQ AKT2 B
M/ i?2 bm#b2[m2Mi/ i 7BH2bX h?mb- QmiTmi ? b #22M "2+Q /2/ BN
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h #H2 8XR, S'QT2ivp Hm2b Q7 # HH bi M/ bH22T2 K i2

S'QT2 iv oHm2 | 272 2M+2
" pBiv NX3R?Kfb .27 mHi
LmK#2 Q7 # HH bi biQM2h eyyy
" HH bi.2MbBiv U:" MBi2f" b|HKdyy F3K (©Qkdj)
"HH biuQmM;6b JQ/mHmBK 50 1C S dyd9
“"HH bi SQBbbQM&b * iBQ yXk8 dy
“"HH bia?2 " KQ/mHmb 2 109 s dy
6'B+iBQM +Q277B+B2Mi Q7/# HHy Kk
LQ KH+ BiB+ H/ KTBM; " iBQ #2ir22M #yMHB bilT "iB+H2b

GQ+ H/ KTBM; +Q277B+B2Mi|Q7 # Xt bi
aH22T2 /2MbBiv USBM2 q2bi2 M q2RI2 FOR/V (d8d 8
aH22T2 uQmM;6b JQ/mHmbicl 10 S (d8de¢
aH22T2 SQOBbbQM&b * iBQ  yXjj d8de
aH22T2 a?2 " KQ/mHmb |3799 10° S d8dé

6 B+iBQM +Q277B+B2Mi Q7 bH22T|2 - iBM2b M/ #Qt?Q|H/2"
LQ KH+ BiB+ H/ KTBM; " iBQ #2ir22M # HH bi M/
bH22T2 - iBM2b- #Qt?QH/2" y X8

8XkXk aH22T2 a2iiH2K2Mi

h?2 b2iiH2/ # HH bi bi i2- b p2/ #v i?2 T'2pBQmb /i 7BH2- Bb HQ
;2M2° i2/ BMi?2 bBKmH iBQM 2MpB QMK2MiX h?2 bH22T2 Bb K /2
# HH bi T "iB+H2b mM/2  i?2 BM7HmM2M+2 Q7 ;" pBivmMiBH i?2 M2i
"2 +?2b #2HQr DbT2+B7B2/i? 2b?QH/X h?2 b2iiH2/ bH22T2 Bb i?2l

h?2 r HH /Q2b MQi 7QHHQr L2riQMéb H rb Q7 KQiBQMX Ai Bb /B7
M/ ?22M+2 +HMKTb r2 2 mb2/iQ 2T 2b2Mii?2 bH22T2 U 2+i M;mH
bm#D2+i2/iQ M im> H: pBiv7Q +2b M/ #Q/v 7Q +2bX aH22T2 Q7
BM rB/i? 3X8 722i HQM; Q#i BM2/ 7 @QBb BMiJ Q/m+2( BM i?2 bvbi?2
T 'iB+mH "~ ?2B;?i M/ M im> HHv HHQr2/iQ 7 HH mM/2 i?2 ;" pBiy
T K2i2 b-K2 bm 2K2Mi bT?2 2b "2+ 2 i2/X aBM+2 i?2 + H+mH iB
K2 bm> 2/ #v K2 bm 2K2Mi bT?2°2b Bb HBKBi2/iQ QMHV i?2 2ti2Mi Q



39 *2 Ti2  8X aBKmH iBQM JQ/

M/ MQii?2 2MiB 2 #mHF Q7 i?2 # HH bi BM i?2 bBKmH iBQM KQ/2H-
"2 472 02/iQ "2+Q/ QmiTmi i HH /B772°2Mi TQBMib Q7 BMi2 2bi
Qp2'H T pQHMK2 Q7 #Q/B2b U+HmMKTb M/ # HHbV Bb MQi ++QmMi
i?72 TQ QbBiv+ H+mH iBQMX >Qr2p2° -B7r HH BMb2 iBQM /BbTH +
BMi?2 > M;2K2Mi Q7 #Q/B2b- TQ QDbBiv "2bmHib rQmH/ +? M;2X h
bH22T2  Bb K /2 Q7 +HMKTbX q?2M +HmKT Bb //2/iQ i?2 K2 bm"
772+ib TQ QbBiv 2p2M B7 Bi /Q2bMoi /IBbQ B2Mi i?2 Q' B;BM H # H
K2 bm 2K2Mi bT?2 2 Bb MQi T'QT2 Hv HQ+ i2/ 7 Hb2 2 /BM;b rQmH

"B/ Q7 j8 bK HH bT?2°2b U+Qp2'BM; HKQbi 2MiB 2 tv /QK BMV
/B 2+iBQM 8 bT?22b BM i?2 v@/B 2+iBQM Bb + 2 i2/ rBi? 2 +? K
yXRk8 KX Ai ? b #22M K /2 bm 2 BM HH Q7 i?3XkMBBEBREZB?@ irQ iQ
i?Bb ; B/ Q7 K2 bm 2K2Mi bT?2 2b Bb Hr vb #2HQr i?2 bH22T2 BM
#QiiQK@KQbi bm' 7 +2 Q7 i?2 bH22T2 rQmH/ iQm+? i?2 mTT2 KQbi
bT?2 2X h?BbBb/QM2iQ pQB/ Mv KBb+ H+mH iBQMb + mb2//m2 i
1?72 K2 bm 2K2Mi bT?22 "2;BQM b 2tTH BM2/BM i?2 T ~ ;" T? #Qp:

AM p2'B7B+ iBQM T Q#H2K- ® BmBD GBQOBMOiBMiP2 HQr2bi 2"«
"2 /IBM;b M/ ?B;?2 ++m +v 2 Q#b2 p2/r?2MH ;2 K2 bm 2K2Mi |
BM //BiBQMiQ ;' B/ Q7 j8 bK HHDbT?2 2b-j#B; K2 bm 2K2Mi bT?2"°
112/ 1Q "2+Q /1 i?22QmiTmip B #H2bX 6Q 7m i?2 b2+iBQMb- "Qr
t@/B 2+iBQM Bb 272 °2/iQ b 6H v2 96X a®@XFoRb 2QuMiMH2 HQT B\ 6
Hv2'bQ7 K2 bm '2K2Mi bT?2°2b MmK#2 2/ BM b+2M/BM; Q /2" 7Q"
U@s iQ YsbT?2 2 +2Mi2° HQ+ iBQMVX h?mb-H v2 R ? b K2 bm 2K
? b3iQR9 M/ bQ QMX AM i?2 7B;m 2- QMHvVv i?2 7B bi M/ i?2 H bi
Hv2 "2H #2H2/-BM/BpB/m Hbi 2bb2b "2+ H+mH i2/7Q 2 +? K2
bi*2bb2b ‘2 + H+mH i2/7Q 2 +? Q7 i?2 H v2'bX






	Titlepage
	Abstract
	General Audience Abstract
	Dedication
	Acknowledgements
	List of Figures
	List of Tables
	Introduction
	Motivation
	Objective
	Adopted Approach
	Contributions
	Thesis Outline

	Background
	Railway Tracks and Tamping
	Railway Tracks
	Track Settlement and Stability
	Tamping

	Distinct Element Method
	DEM applicability for studying railway ballast
	Challenges in Modeling Railway Ballast Using DEM

	Model Development
	Particle Flow Code (PFC) Introduction
	Modeling Methodology
	General Approach
	Important Considerations
	Solution Procedure

	General Components

	Model Components
	Particle Flow Code (PFC) Model Formulation
	Cycle Sequence
	Conventions
	Contact plane and contact
	Cycling
	Energy and Dissipation Mechanisms

	Balls
	Clumps
	Walls
	Contact Models
	Contact Resolution
	Contact Model Assignment Table (CMAT)
	Contact Model Framework
	Built-in Contact Models

	Comparison of Contact Models
	Null
	Linear
	Hertz
	Selection of Appropriate Contact Model


	Simulation Model
	Comparison of Particle Shapes
	Modeling ballast using spheres
	Modeling ballast using clumps
	Modeling ballast using convex blocks
	Discussion and selection of particle shape
	Simulation study for spheres v/s clumps

	Particle Flow Code 3D (PFC3D) model
	Ballast Settlement
	Sleeper Settlement
	Drowning Sleeper
	Load cycle on Sleeper
	Tamping Cycle

	Input Parameters
	Output Parameters
	Parametric studies

	Results and Discussion
	Linear Tamping
	Elliptical Tamping
	Result Calibration and Repeatibility

	Conclusions
	Future work

	Bibliography
	Appendices
	Appendix Porosity Results

