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CHAPTER 1

INTRODUCTION

Fretting fatigue occurs when components are in contact and subjected to cyclic loads or
vibrations. The occurrence of cyclic loads induces fatigue in the assembly, which can
lead to catastrophic failure. The study of fatigue is well established and there are
currently many methods of assessing fatigue damage. However, in fretting fatigue the
effects of fatigue are combined with contact, which accentuates the process and
significantly reduces component life. Fretting fatigue is dependent on the geometry of
the contact and previous studies have focused on those configurations, which can be
analysed with a closed form solution. Analysis of flat contacts with sharp edges is
difficult and closed form solutions are not available for this configuration. However,
engineering structures such as riveted lap joints in aircraft fuselages, gas turbine

compressor blade roots and discs as well as many other assemblies have contacts, which
1



can be defined as flat or containing sharp corners. Therefore it is important to assess
fretting fatigue with this specific geometric configuration and attempt to provide an

effective analysis method capable of accurately predicting the life.

The following research programme investigates the fretting fatigue phenomenon using a
specific flat contact geometry encompassing sharp corners. The pressure distribution at
the contact interface is fundamentally important in the understanding of fretting fatigue
problems. The presence of sharp corners in contact analysis leads to difficulties in the
determination of an accurate pressure distribution profile. Due to limitations in the
analytical process, as a result of the geometry, an engineering solution is proposed to
account for the affects of this specific geometry and for the fatigue life prediction of
fretting fatigue in a flat contact situations. Furthermore, this investigation has provided
insights into the characteristics of the fretting fatigue process and methodologies are

presented to explain the phenomenological effects observed during fretting fatigue tests.

The basis of the solution focuses on the friction force response during micro slip, which
is generated as a result of relative displacements at the interface due to the application
of cyclic loading. Friction force is a function of pressure and is an influential parameter
in the nucleation and initiation of fretting fatigue cracks. An experimental testing
facility and programme was developed to determine the friction response of various
sized sharp comner contact geometries on 2024-T351 aluminium alloy specimens
subjected to dynamic loading. The current work studied the friction response and the
influence friction had on the initiation of dominant fretting cracks. The load range
ensured that the relative contact displacement did not occur across the entire contact
surface and therefore avoided gross sliding. The loads used induced only partial surface

displacement and micro slip. Further studies were conducted to control contact surface



slip displacements, which affected the friction force. The controlled slip studies were

performed to determine the effects of varying friction on the fretting fatigue lives.

A hypbthesis is proposed, based on experimental observation, to account for the
characteristic behaviour of fretting fatigue lives, which at high load cases, exhibit either
a stabilisation or increase in the number of cycles to failure. A numerical method has
been used to obtain the stress response under micro slip conditions. Finite element
models were constructed to simulate the experimental test arrangements by generating
comparable friction forces, which allowed the analysis of the specific sharp corner
contact geometry. Through the prediction of numerical friction forces, which are
compatible with an equivalent experimental arrangement, it is proposed that that the
finite element solution is an acceptable representation of a sharp corner fretting fatigue

problem.

Numerical solutions are provided for a range of experimental test configurations and the
surface and subsurface stresses were investigated. A hypothesis is presented, which
identifies the peak shear stress location at the contact surface as a probable crack
initiation site. This hypothesis is in agreement with experimental observations. The
analysis of the sub surface stresses at this location has revealed a depth where the
influence of contact on the stresses diminishes and the bulk stress induced by the axial

load becomes dominant,

The numerical study, using the simulated fretting test arrangement, has led to a life
prediction model based on the elastic stress concentration factor (K;). Through the
determination of an equivalent multiaxial stress concentration factor and Neuber’s

analysis, an analytical method has been used to predict fretting fatigue lives.



Comparisons between the experimental and predicted fretting fatigue life results provide

a validation of the methods used.

Chapter 2 contains a review of the literature on the subject of fretting fatigue and
considers the various methods used by others to quantify the phenomenon. Chapter 3,
provides the details of the experimental testing facility and describes the three
experimental programmes used to investigate the initiation of fretting fatigue cracks, the
effects of contact size on sharp corner contact geometries and the effects of controlled
slip displacements, on fiction and fatigue lives. Chapter 4 describes the numerical
method used to simulate sharp corner contact geometries using ABAQUS 5.7 [1] and
predict both the friction force response during fretting and the subsequent stress
distributions. The results of both the numerical and experimental work are presented in
Chapter 5. Chapter 6 discusses both the experimental and numerical friction results and
determines the validity of the numerical solution. The study of initial crack growth in
fretting fatigue is discussed along with the fretting fatigue lives determined from the
experimental programme. A method is proposed to predict fretting fatigue lives using a
numerically determined stress concentration factor. The analytically predicted fretting
fatigue lives are compared with the experimentally recorded fretting fatigue lives to
determine the validity of the analytical method. The conclusions of the work are

presented in Chapter 7 with recommendations for further work.



CHAPTER 2

LITERATURE REVIEW

21 INTRODUCTION TO FRETTING FATIGUE

The term ‘fretting fatigue’’ is derived from many sources and has been recognised as
the most accurate description of a phenomenon that includes both wear, which is
referred to as fretting [2, 3] and fatigue damage due to the application of a cyclic bulk
stress. The conjoint contribution of both these processes results in an impact upon
component life that is more severe than the isolated influence of both processes. Some
researchers have discovered large reductions in overall component fatigue life to those
found under non-fretting conditions [2, 4-8]. Therefore, it is imperative that a distinction
is made between the phenomena of fretting, fatigue, and fretting fatigue [2, 4, 9-11].

Fretting can be summarised as the degradation of a contact surface through the
5



oscillatory motion of one or more of the contacts that does not necessarily require the
presence of an oscillatory bulk load, as in the case of vibration, which may be tﬁe result
of an external forcing frequency. Fatigue is defined as changes in the material property
of a component, which can occur due to the repeated application of stresses and strains,
which is usually applicable for those changes, which induce cracking or failure. [12].
Therefore, fretting fatigue incorporates the effects of fretting with the presence of an
oscillatory bulk load bringing about fatigue, which leads to cracking and potential

failure of the component.

Originally discovered in the grips of fatigue machines, fretting fatigue has been
discovered throughout a range of engineering applications and consequently many
studies have focussed on the investigation of fretting fatigue. However, two areas of
concern are persistently repeated in the literature; the effects of fretting fatigue at the
compressor stage of gas turbine engines particularly at the blade root and disk interface
and the riveted lap joints in aircraft structures. In the case of compressor disc and blades
the use of coatings are designed to reduce the effects of friction. However, metal to
metal contact occurs when the coating has been removed through operation. The result
is a rapid increase in friction with detrimental effects to the contacting surfaces, which
gives rise to fretting fatigue. Fretting fatigue in the structural lap joints of aircraft
[13,14] occurs at the riveted joints, which exhibit fretting between the rivet and rivet
hole. The loading originates from the fuselage, which is subjected to cyclic loads either
from vibration or bulk loads due to pressurisation and stresses induced by flight

manocuvres.

Many researchers have studied fretting fatigue over the past 90 years with the hope of

understanding the relevant processes in order to eradicate component failure in service.



As a range of engineering structures involve joints and mating surfaces that are
subjected to loads, or vibrations, which induce oscillatory bulk loads, the phenomena
known as fretting fatigue is considered a significant problem. It is interesting to note
that some early works refer to fretting fatigue using terms such as fretting wear, fretting
corrosion, friction oxidisation, wear oxidisation and false brinelling [10]. This reflects
the complexity and diversity of the subject, and demonstrates that until relatively
recently there existed a fundamental lack of knowledge in the area. The epistemology of
fretting fatigue has been explored to varying degrees by many viz. Waterhouse [2]
thoughtfully arranged a concise review of the salient works, which have contributed to
the subject since its inception; there is also the work of Suresh [12], Hoeppner [10] and

others [15].

2.2 MECHANICS OF FRETTING FATIGUE AND ACCEPTED IDEOLOGIES

Fretting fatigue occurs in contacting bodies when they are subjected to dynamic loads,
which produce contact pressure profiles, bulk stress distributions and friction force. This
is emphasised when loads parallel to the contacts, such as surface tractions or the
application of a bulk stress, cause surfaces to slide in a cyclic manner. Figure 2.1a
illustrates a simple schematic of a compressor [16] and figure 2.1b demonstrates the
location where fretting fatigue occurs between the disc and blade root for fir tree and

dove tail type roots. Figure 22 illustrates where fretting can occur in a typical riveted lap

joint.
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Sharp corner contact and

Lap joint fretting location

\ Lap joint
< > P

Sharp corner contact
Figure 2.2 Cross Section of a Riveted Lap Joint

The cyclic sliding of the contacting surfaces results in surface degradation, and the
production of third bodies through the formation of debris. The overall process is
accentuated through cyclic loading and the subsequent nucleation of dominant fatigue
cracks [2]. The application of multiple loads introduces multiaxial stresses that result in
mixed mode cracks initiating oblique to the contact surface [2]. Cyclic multiaxial
stresses that result in fatigue are defined by Bannantine [17] as “fatigue due to complex
stress states in which the three principal stresses are either non-proportional or whose
directions change during the loading cycle”. Influenced by the complexity of the stress
fields the preliminary crack propagation, driven initially by mixed mode loading,
eventually alters direction. This is due to the depreciative effects of the surface contact
and the dominating influence of the bulk stress as the crack length increases [18, 19].
The remaining crack propagation is driven by the bulk stress until critical failure occurs
[20]. Many variables affect the fretting fatigue process, Dobromirski [21] suggests there
may be as many as fifty variables influencing fretting damage, encompassing contact

configurations, temperature and material condition.

The study of the fretting fatigue process involves two aspects; first, the external loading

and subsequent mechanical effects, such as friction, can be referred to as the macro



mechanics. The first acknowledged macro model was that proposed by Ruiz [22]. The
second aspect is considered as micro mechanics, which is mainly concerned with
material response on a microscopic scale involving the effects of grain boundaries,
dislocations and slip planes [23]. The advantage of a macro mechanics solution lies in
its generality, whereas micro mechanics is material and process dependent. Therefore, a
micro mechanic solution is localised and it is difficult to apply to more generalised
problems due to the availability of relevant information [5]. Research in both areas of

study is currently ongoing.

Any potential global solution for fretting fatigue should initially consider a macro
mechanics model. Previous studies show that the critical parameters involved in fretting
are controlled by the external loading and contact geometry. With respect to external
loading, past investigations have béen primarily concerned with the effect on surface
motion in contact. The movement between surfaces in contact is typically called ‘slip’
[6][24]. The type of slip is dependent on the magnitude of the surface motion. In
fretting, global or macro slip [25-27] occurs when the surfaces are in complete relative
motion. Although this is not considered a predominant influence on fretting fatigue, the
effects associated with macro slip are still damaging and result in wear, which can rub
away micro cracks [2]. However, the level of contribution that micro slip influences
fretting fatigue remains largely unclear. The predominant fretting damage comes from
partial or micro slip, which occurs only when part of the contact surfaces are in relative
motion (slip) and the remaining surface does not move relative to the opposing surface
(stick). Although under stick conditions the surfaces may move elastically at the contact
(elastic slip). Investigations have indicated that micro slip is an important factor in
fretting damage as visible damage can occur for slip amplitudes as little as 1um and

fretting cracks are observed to nucleate at the slip boundary [28]. Therefore, micro slip

10



is often considered a primary indicator of the presence of fretting in a system. Figure 2.3
illustrates the types of surface displacements induced during a micro slip condition

where the contact surfaces may experience both a stick and slip regime.

Frictional shear

. Frictional shear
stress induces

stress is not high

plas_ti.city in th.e enough to prevent
asperities resulting interlocking of
in Slip behaviour asperities Surface 1

l Friction
-—

Damaged asperities Surface 2
generating wear particles |
Section of Surface in o Section of Surface in g
Slip Stick
Figure 2.3 Schematic of contact surfaces showing microscopic detail of stick and slip
behaviour

Contact geometry is also an important factor when considering fretting fatigue. Hutson
et al [28] confirms that the majority of research in fretting fatigue has been conducted
on Hertzian or punch on flat geometries. This is because of the availability of closed
form analytical solutions capable of determining the resulting stress distributions.
Although the concept of an ideal contact geometry for fretting fatigue investigation has
been the cause for debate in recent years most researchers have concentrated on one of
two basic forms. Contact is seen as either, complete (a geometry that has a constant
contact area irrespective of load, such as a flat contact) or incompleté (a geometry that
has a variable contact area which is dependant on load, such as a spherical or cylindrical
contact), the former being defined as a surface containing an edge or sharp corner [29].
Although some research has involved variations on these themes [30] the majority of
the work thus far has been concerned with any one of these two categories. The

incomplete spherical contact geometry can be analysed mathematically using Hertzian

11



or Mindlin contact equations. Harish and Farris [31] found that the Mindlin method
gave good solutions for the contact of two cylinders with tangential forces as well as
normal loads. Due to the fact that contact pressure is fundamental to the analysis of any

fretting problem, an accurate contact stress analysis is required.

The problem of utilising incomplete geometries comes in the form of its potential
application. Since the shape of the pressure distribution affects the fretting mechanisms,
the geometry of the contact must represent that of the intended problem. Due to the
limited situations in which incomplete geometry can be considered, its potential
application is restricted. This was considered by Kim and Lee [32] and was recently
echoed by one of the partisans of spherical geometry, Hills [30] who reviewed the
potential for incomplete geometry. Hills [30] concluded that an alternative geometry is
necessary to advance the understanding in this area. The alternative suggested was an
incomplete contact that is a combination of the flat and spherical geometry, where the

geometry alters from a typical Hertzian sphere to a flat surface with radii edges as

shown in figure 2.4.
Incomplete Incomplete Flat Complete
Spherical with radii edge Flat
Contact Contact Contact
Figure 2.4 Types of incomplete and complete contact geometries

In contrast, the problem with investigating complete flat contact becomes apparent in
the analytical phase. Due to the presence of sharp comers, the analytical representation

results in an anomaly in the form of a mathematical singularity [29, 30, 33-35]. These

12



singularities arise because of the discontinuity in the pressure distribution. Unlike the
Hertzian contact pressure, which exhibits peak stresses at the geometric centre, the flat
contact exhibits peak stresses at the corners. These peaks progress towards infinity,
ostensibly indicating an infinite deformation, or stress singularity as shown in figure

2.5.

Pressure peaks at
edge with an
infinite gradient

P
A J'
Pressure peaks at
geometric centre
with finite

gradient P(x)

N

o~ Py

[ b1 b | b |b

(a) Spherical Pressure (b) Flat Pressure
Distribution Distribution

Figure 2.5 Pressure distribution profiles for (a) incomplete geometry and (b)
complete geometry

The presence of this singularity in the analysis of complete contacts prevents the
formulation of a closed form solution, thereby rendering the geometry incapable of
being represented analytically. However, due to its universal shape, the flat geometry
has the potential to be used in a wider range of industrial situations. It is this potential
which drives researchers [3, 9, 11, 18, 20, 36, 37] to investigate flat contact geometries
despite the ambiguity generated by the singularity problem and determine
methodologies which are capable of providing a solution. Whatever the geometry or
loading conditions used to create fretting fatigue, the primary response of the material is
the formation of cracks manifested by surface damage and scarring. The nucleation of
these micro cracks within the damaged region is a complex process and the mechanisms

of crack initiation and propagation have been examined by many. Fellows et al [38]

13



proposed the process of crack initiation or nucleation is associated with very localised
plasticity in the areas of some stress raiser. In further work, Fellows er al [23] postulated
that once cracks reach grain size they stop initiating and propagate as normal. On a
microscopic scale, fretting fatigue crack growth can be considered in terms of
dislocations and slip bands. The dislocations form due to shear stress concentrations in
the material and move in the direction of the applied load. This mechanism can be

defined as the effective accumulation of damage through shear stress to initiate a crack.

Kim and Lee [32] suggested that cracks either initiate at the edges of the contact zone or
at the stick slip boundary. From an experimental fretting fatigue programme, they
concluded that cracks initiated exactly at the stick slip boundary when the test was
performed in the partial slip regime. However, when the tests were conducted in gross
slip the cracks initiated at the leading edge of the pad. This observation on the location
of the fretting fatigue crack initiation is typical. Study of the continued crack growth
revealed that the crack growth process could be represented in two stages. The first
stage refers to the short crack region where a decrease in growth is due to a decrease in
the contact stresses as the distance from the contact surface increases and the second
stage is driven by the bulk axial stress. Sato and Fujii [39] observed that as cracks
propagate the fretting effects become weaker because of lower subsurface stresses due
to contact pressure at the crack tip and of the decreasing stiffness of the specimen.
Others have observed this distinction between crack initiation and propagation, Sato et
al [40] determined that crack initiation is not affected by the stress ratio (R) unlike crack
propagation. Therefore, the number of cycles to initiate a fretting fatigue crack is not
affected by the stress ratio. Also, short cracks experience a decrease in the propagation

rate, because of a decrease in fretting and increase of crack closure. Cook and Edwards
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[41] suggested that at short crack lengths the cracks remain open below zero stress, due

to the relatively large plastic zone.

The reduction of fatigue lives due to fretting can be associated to the accelerated
initiation of cracks. Lykins et al [42] considered that 90% of the fretting fatigue life can
be attributed to crack initiation. This observation was confirmed by Araujo and Nowell
[8] in their study of contact pad size effects on fretting fatigue in which experiments run
at varying frequencies showed that the majority of life was attributed to crack initiation.
Therefore, the understanding of the crack initiation process is an important aspect in the

assessment of fretting fatigue.

2.2.1 Friction

Friction is considered an important parameter in the initiation of fretting fatigue cracks
because of the influence on the stress distributions in the contact region. Friction is
intrinsically linked to surface damage, scarring, and wear, which have been considered
in the study of fretting fatigue damage [3, 43, 44]. The impact friction has on fretting
fatigue lives has not adequately been defined. However, Jaffar [45] considers that
friction significantly influences the normal pressure, which is an influential parameter in
the assessment of fretting fatigue damage. Friction has also been considered to perform
a critical role in the complex and often accelerated crack initiation period [8, 18, 37],
which is believed to be the principal difference between fretting fatigue and plain
fatigue, in terms of life prediction. Friction force at the contact surface varies
throughout fretting fatigue life, typically increasing within the first few hundred cycles
to a peak value, which then either stabilises at that peak value or reduces marginally and

then stabilise for the remainder of the life [6, 28, 31]. The rapid increase in friction can
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be attributed to the degradation of the contact surface in response to the onset of wear
and damage. The friction force at the fretted surface can no longer be represented with
the typical friction coefficient determined from simple sliding tests and the friction
coefficient must increase if Coulomb’s relationship (between friction force and contact
load) is to be maintained. Therefore, increases in friction force are typically associated
with increases in the coefficient of friction [28]. The increase in the friction coefficient
can alter the state of the contact surface displacement, changing from global or macro
slip during the initial stages of the experiment to partial or micro slip as fretting
develops. Ciavarella et al [13] observed this phenomena and reported that even if an
experiment is started under sliding conditions the rise in the coefficient of friction

typically leads to a steady-state operation under partial slip conditions.

The microscopic mechanism of friction has been defined by Fernando et a/ [20] in
terms of interlocking asperities and debris. The motion of the surface at this level can be
considered as a series of contacts as the asperities move past each other. Friction can
then be considered as a function of this very localised elastic plastic behaviour. When
the asperities plastically deform, they can detach and form debris. The debris then
becomes a third body, which can act as a lubricant [53]. The significance of this contact
definition is in the application of the idealised Coulomb friction law, which is often
applied to contact situations. This law assumes a global friction value that is applicable
to the entire contact surface, which, as mention by Hoeppner et al [46], may not be
adequate, as it is possible for this very localised friction to alter not only across the

contact surface, but also throughout the load cycle.

The study of friction behaviour in fretting fatigue has provided some interesting works

[46-52]. These investigations have attempted to include friction in varying ways in an
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attempt to provide a more accurate definition of the phenomenon. Due to the fact that
friction is an intrinsic response to contacting bodies, its definition has varied from the
adaptation of analytical solutions, to the inclusion of friction into numerical models.
When friction is included in numerical models, the solutions provide a suitably
modified stress in the contact region for the purpose of life prediction. Hills e al [19]
considered the rapid development of the interfacial friction for the Mindlin - Cattaneo
solution to determine stress concentrations. Sellgren and Olofsson [24] developed a
micro slip friction law suitable for finite element analysis, which was dependent on
asperity deformation. Hills and Nowell [29] proposed that the shearing force at the
contact surface is a function of the interfacial friction coefficient, which is almost
certain to change during the fretting fatigue life. They also developed a solution using a
Mindlin - Cattaneo model with an absolute slip friction coefficient for all points in the
slip zone. Johansson [44] presented a frictional contact algorithm for two elastic bodies
in contact. The algorithm includes the evolution of the contact pressure and accounts for
loss of material due to Archard’s Law of wear. The Archard’s law is applied locally,
where wear rate is proportional to contact pressure and relative tangential displacement.
Avitzur [51] considered friction as a function of surface roughness, pressure, local
friction factor and the Somerfield number (critical speed of surface to surface motion)
and Coulomb’s view of surface interaction was replaced with a mobile ridge

mechanism.

Ouyang et al [48] proposed that the friction coefficient is a variable rather than a
constant value. Typically, friction force is determined from the friction coefficient,
which has been considered as a constant or as two separate constants to represent the
stick and slip behaviour. However, the dynamic friction coefficient (determined by this

work) showed that there was little difference in resultant stresses when compared with a
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constant friction coefficient. Similar observations were made by Vingsbo and Schon
[49], who analysed the stick and slip conditions characterised by low arriplitude fretting
with respect to the friction coefficient. The work considered variation in the normally
static friction coefficient with location and time for the Mindlins model of fretting. The
authors observed that the Mindlins model did not differentiate between static and
kinetic friction and assumed that the kinetic friction coefficient was equal to the
maximum static friction coefficient. Therefore, these works would suggest that the
friction force induced by fretting could be accounted for by a single global friction

coefficient obtained from a maximum friction condition.
2.3 INVESTIGATIVE METHODS AND AREAS OF CURRENT RESEARCH

Studies of fretting fatigue have typically included an experimental investigation to attain
data intrinsically influenced by the fretting fatigue process. The experimental results are
then used as a basis or a comparison, for the intended analytical solution to predict
cycles to initiation or failure. The analytical solutions are varied and have included
numerical simulations and adaptations to account for the phenomenological effects of
fretting fatigue. Several methodologies are reviewed, to demonstrate the various
approaches taken by researchers in order to determine a greater understanding of the

fretting fatigue process and use that understanding to predict fatigue lives.
2.3.1 Experimental Methods

Experimental testing facilities are derived from the intended experimental methodology
and have included relatively simple single actuator to more complex multiaxial actuator

load rig assemblies. It is important to acknowledge that the testing facility does not
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necessarily reflect the research methodology and results. Despite relatively simple
testing arrangement Hills ef al [19, 23, 29, 30, 54-57] and Farris et al [9, 14, 31,58-61]
have based much of their seminal works on single or duel actuator testing facilities.
The test rigs incorporate the use of the one or more actuators to apply the bulk load and
surface tractions with a static structure such as a proving ring, employed to apply and
control the contact loads. Swalla and Neu [28] devised a similar experimental
arrangement to validate their finite element analysis and determine the role of the
friction coefficient. Pape and Neu [7] also employed a proving ring arrangement in
their assessment of the influence of contact configurations in fretting fatigue testing, in
which both cylindrical and flat pads were tested. The results of this study revealed that
cylindrical pads resulted in shorter lives than flat pad geometries subjected to
equivalent loads, which would suggest that Hertzian contact arrangements yield

conservative results.

Although the single and dual actuator arrangements have been employed in relatively
successful research programmes, a continued analysis of the fretting fatigue process
requires the application of more dedicated and specific machines capable of quantifying
the complex relationships in the fretting fatigue process. Gerdes ef al [6] developed a
complex test rig to study turbine fretting fatigue at elevated temperatures. The
experimental programme also included the study of friction force during the tests.
Fernando et al [20, 37] developed a fretting fatigue experimental arrangement based on
four independent actuators capable of applying variable normal loads in and out of
phase with axial load. Fellows er al [23] discussed the problems associated with
physically viewing the crack initiation process and identified that a two axis
experimental test rig can isolate the initiation phase. Malkin et al [15] conducted an

experimental study with a test rig, which allowed the control of both contact load and
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relative slip amplitude. This arrangement provided a means of measuring friction force

and contact resistance at the fretting interface.

The use of more complex testing facilities developed around a multiaxial loading
facility provides the opportunity to study the interaction of multiaxial effects of fretting

fatigue with greater precision and control.

2.3.2 Numerical Methods

The application of numerical methods to the problem of fretting fatigue has typically
focussed on the simulation of an existing experimental arrangement. The advantage of
experifnentation is the generation of results from an actual physical system, and
therefore, the results act as a control by which further numerical and analytical solutions
may be measured against. However, experimentation is limited in the data it can record
and it is often necessary to resort to numerical methods to simulate the necessary data to
further assess the fretting fatigue process. Consequently, many investigations of fretting
fatigue incorporate the use of numerical analyses such as finite element method to gain
a further understanding of the fretting fatigue process [16, 42]. Continued improvements
in the finite element analysis codes have provided a means to study increasingly

complex contact configurations with improved accuracy.

Despite variations in the application of finite element method to the simulation and
analysis of fretting fatigue, the fundamental principles of application remain consistent.
Models typically generated from first or second order elements are constructed to
represent an existing experimental specimen and contact arrangement. The use of

symmetry in the representation of the geometry is often applied to reduce the
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computational effort of the analysis and specific contact elements or nodes are used to
characterise the contact surface. The solutions provide a range of results on the contact
condition, friction behaviour, and fundamentally, the resultant stress fields. The
acquisition of stress fields has typically been performed by complex analytical methods.
Hills [19, 56, 57] adapted a variety of analytical models for incomplete or Hertzian
contact geometries. Faanes [62] developed a complex analytical solution for flat contact
geometries. Manipulation of these methods has led to increasingly more complex
contact solutions. Although these works have provided a valuable method of analysing
the fretting fatigue problem the use of purely analytical contact analysis methods are

typically limited by the geometries capable of providing closed form solutions [7].

Finite element solutions can be generated for highly complex geometries and contact
arrangements, which are difficult to obtain analytically. The numerical results can then
be compared against experimental data to ascertain the validity of the finite element
solution and ensure that the assumptions made during the analysis are correct. Once
validated, the solution can then be applied to similar fretting fatigue problems to attain a

wider range of results without the further use of experimentation.

Despite the increasing application of finite element method to the fretting fatigue
problem, certain researchers, viz. Hills et al [10, 23, 54] prefer to avoid the use of finite
element models and determine the necessary data analytically with the use of a Fourier
transform method to calculate the stress field. As previously stated, purely analytical
methods of analyses are restricted to closed form solutions, which limits the application
of this method and prevents it from being used for more complex and demanding
geometries ever present in actual engineering problems. However, numerical techniques

such as finite element method provide only part of the solution to the problem of
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analysing fretting fatigue. In order to demonstrate an understanding of the fretting
fatigue process, it is necessary to develop an analytical model capable of predicting the

fretting fatigue life of a component from a numerically determined stress field.

2.3.3 Analytical Solutions

The purpose of quantifying fretting fatigue in terms of an analytical model is to identify
the relationship between the fundamental parameters, which influence the fretting
fatigue process and in so doing provide a general solution applicable to fretting fatigue
configurations outside the scope of the research study. Due to the complex nature of
fretting fatigue, the determination of a general mathematical solution capable of
predicting the effects of fretting fatigue is a difficult process. An accurate analytical
solution is dependant on the geometric configuration of the contact as well as the
multiaxial arrangement of the loading mechanisms, coupled with the resultant effects of
friction and surface damage, which is influenced further by the material properties of
the contacting bodies. The results are often solutions that are restricted to particular
geometries and material configurations and as such analytical models exist for very
specific fretting fatigue conditions. Typically, solutions have either been adapted from
existing analytical models devised for similar fatigue condi‘tions or generated based on
observations of the fretting fatigue process. Ruiz [22] studied the fretting problem, at
the dove tail joint, between a blade and a disk, in a typical gas turbine configuration. He
proposed a parameter (k) that attempted to include the effects of the localised stresses
and the slip amplitude induced by fretting contact. Further adaptations to the Ruiz
model [22] included a frictional work parameter (t6) and the effects of the tangential
stresses. The Ruiz model has been adapted by others, Ciavarella et a/ [13] developed a

hybrid Ruiz parameter in their assessment of damage parameters. Nowell and Hills [55]
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also extended the Ruiz parameter by proposing an asperity sized contact theory

involving incremental plastic shear strain.

Fellows et al [38, 54] used Bueckner’s theorem and the dislocation method to evaluate
stress intensity factors for fretting fatigue cracks. Hills ef al [19, 56, 57] addressed the
Mindlin-Cattaneo solution for incomplete contact geometries and considered the rapid
development of interfacial friction that gives rise to stress concentrations. The bulk
stress and contact stress fields were determined using classical Hertzian contact
equations. Ganapathy and Farris [58] considered the Mindlin solution in their study of
riveted skins. The solution showed a good correlation with Mindlin theory and the finite

element model results.

Other successful methodologies have included the critical plane approach, first
proposed and developed by Findley et al [63], the critical plane approach, which states,
for a given material and known stress state, the critical plane is the plane on which
cracks were observed to nucleate. Adaptations of this methodology have been employed
by Swall and Neu [28] who determined an approach based on the critical plane theory
and the accumulation of critical damage, dependant on a range of normal or shear loads
on a specific plane. Araujo and Nowell [64] applied the critical plane approach to the
multiaxial models proposed by Smith-Watson-Topper (SWT) and Fatemi-Socie-Kurath
(FSK) to predict fretting initiation lives. In this work, it is the opinion of the authors that
models based on the critical plane approach yield over conservative lives for rapidly
varying stress fields, and so their solution incorporated both multiaxial fatigue theory
and the critical plane approach. The solution requires all possible planes to be examined
in order to identify the critical one at each location. The analysis of each plane is a

complex and time consuming process and is considered a drawback in the methodology.
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The application of multiaxial stress theory is considered a valid approach to the fretting
fatigue problems. The combined effects of the shear and axial stresses can be
incorporated into multiaxial fatigue models. Swalla and Neu [28] suggest that that due
to the configuration and number of influential variables, fretting fatigue can been
considered with multiaxial fatigue theory and both the FSK and SWT multiaxial fatigue
models were evaluated using the cyclic stress/strain results from finite element analysis.
Socie [65] correlated the non-proportional life data with SWT expression, and
determined that the SWT equation can be used to predict crack nucleation in the case of
tensile crack growth under multiaxial loading conditions. Szolwinski and Farris [14]
attempted to predict fretting crack nucleation based on multiaxial fatigue theory with

SOmeE SucCcCess.

Lykins et al [66] assessed the application of the critical plane approach for both the
SWT multiaxial model and a model based on maximum shear stress to the fretting
fatigue problem in a study of crack initiation. The work concluded that the SWT critical
plane parameter was effective in predicting the cycles to crack initiation and crack
location. However, the parameter was not effective in predicting the orientation angle of
crack along the contact surface. The shear stress range critical plane parameter was also
effective in predicting the cycles to crack initiation and crack location as well as
predicting crack orientation angles along the contact surface which were in agreement
with experimental observations. This work suggests that shear stress influenced by
contact and friction is a suitable parameter to assess fretting fatigue crack initiation.
Szolwinski and Farris [60] proposed a mechanics based approach for predicting fretting
fatigue crack nucleation by juxtaposing an accurate characterisation of the near surface
cyclic stress and strain fields with a critical plane fatigue crack nucleation parameter.

This complete characterisation of the surface tractions associated with low-cycle and
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assessment of an additional mode of fracture, which is introduced at the early stage of
crack development [9]. The addition of an in plane sliding (mode II) stress intensity
factor to the tensile opening (mode I) stress intensity factor has resulted in the formation
of a mixed mode response [18, 19]. The mixed mode initiation induces an inclined
crack path, oblique to the contact surface [2] and results in a high initial crack growth

rate.

The application of fracture mechanics to this area has involved both the linear elastic
models [69, 70], as well as adapted models. The application of these models has
emphasised the complexity of early crack growth, as these models are only capable of
representing ‘long cracks’, and not accurately representing ‘short cracks,’ in the initial
crack growth period. Candidates attempting to address this vital early period range from
exponents of the damage threshold concept [68], to all encompassing fretting fatigue
solutions based on finite element method [46], as well as short crack modified lineér
solutions [71]. The theories discussed thus far have been dependant on specific
geometry types and boundary conditions or have had a complex solution process, which
introduces difficulties with wide spread application to actual engineering problems. A
fatigue theory, which has had few applications to fretting fatigue, is the concept of
stress concentrations. The method was originally developed for the assessment of
discontinuities and notches on the fatigue lives of specific geometries. Peterson [72]
provided a range of stress concentration factors for various geometries. A stress
concentration is the ratio of the peak stress at the notch, or discontinuity and the
nominal stress. The stress concentration factor can then be used to assess fatigue life by
employing a strain life approach, ‘such as Nuebers analysis. This method has the
potential of incorporating both shear stress and axial stress concentrations, which can be

used to determine the multiaxial contact stress field. Taylor [73] used stress
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concentrations in an attempt to predict the fatigue limit or high-cycle endurance limit of
contacting bodies, irrespective of shape and size. This effective and relatively simple
method can be used as a basis for the assessment of fretting fatigue damage and provide

the necessary reduction factor required to accurately predict fretting fatigue lives.

The study of fretting fatigue has provided various methodologies developed to
determine the effects of fretting and predict the fatigue lives under these conditions. The
review of these works has identified several areas, which could be combined to develop
a new methodology for sharp corner contact arrangements. The study of sharp corner
contact geometry is fundamental to the assessment of fretting fatigue in actual
engineering applications. The methodology incorporates the development of a
multiaxial experimental arrangement and testing programme, which controls the
fundamental aspects of the fretting process to assess the effects of friction force on
crack nucleation and fatigue lives. Furthermore, a solution is presented based on the
accurate simulation of sharp corner contact arrangement using finite element method
and the strain life approach developed by Neuber to predict fretting fatigue lives. The
solution is intended to simplify the complex fretting fatigue behaviour with a stress
concentration factor based on the multiaxial combination of shear and axial bulk
stresses. With the equivalent stress concentration factor and Neubers method it is then
possible to predict the fretting fatigue lives for any engineering problem in which

fretting fatigue is a concern.
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CHAPTER 3

EXPERIMENTAL INVESTIGATION INTO FRETTING

FATIGUE

3.1 INTRODUCTION

The use of experiments is considered a reliable method of obtaining a realistic
representation of the fretting process; as many of the effects of fretting, often difficult to
represent analytically or numerically, are inherently present in the physical process of
experimentation. In order to achieve fretting in a fatigue experiment it is necessary to
have a reliable contact with a known load transfer, and avoid unintended pressure

distributions caused by uneven contact alignment. The inducement of relative surface

28



%

I %

+
%
3
Ho<lI, $ ,
H)7, 99, 9>I
+ ? od ' |
n + $
3
H&9I, . HY*IH7>I , O H7)1+
3 "
n n + - n
3 , , + 7T+ &

*E



7+)+&

)

%

+3

'/ =$"1-1) @! # & $!-



01

7+)+)

7+)

' %

%

% '/ $

%

1J);



n + $
n ll%
3
+
$
4
1
3
'/ %

+3+

II%

3" ,
" +
+ 3
&9

+ . 7T+7

$
A

1

1

"EE& -8<1 3% <!



+3*3+

’I $"

2,8&!"/

7+8

"%

iy

%

+34

%%$'/ <

"o

H)*, 7>

"o

-,%& $%%S/ <



" ' " ||%
S 3
, " " +
+3*34 - %, %%$T <
+ "
" + $
7+9+



'/ % +3 e

3456 7

# -,@ %

$u

$

,% .

"o, --

&' ;

-$"



+ + &*  >* o+

+3*3 # $ % < ' ,= %" %"

$ 3 n mn mn
n mn n n mn + $
n , 7+9+ $ n
n n n n n n + n
+ 7+< "
+
) "1oi$ %)
’ $ $& < )&| ,_$"<,
$" $ . %F
G E
W
W
1B
-$ 16
L M-$ %)
S 1" %Sl &
)<< %) ;-8
$-.1 1<
% -l
W
w
2.7 1, = %Sl 2" 1, = gl
5 & . $<
1/ % +3 ST $ <L) e %S 1T # L1 = # #S$ 0 %1&l
%S$I' IS /| $%%S/ < ' =.% < $ %l'/ =0%1" 1,



H)*I H7>1+ $

? mn

Z

G 4

7

B; ¢

B

Eo)

*
&**

$ n
<919 4 D+

)** +

iy

%

+3

4

+
8)
n " " + . 7+>
9 E
2 J;
%!" L $-1.%S !, #3%
" , )*)8

$79&

+

01



1&
=$ !/ =8$I!- .% &
o , I"%#_"-$<; % /!,

K " % !

Cowpg
"% +39 ;

! "%
n + 4

? n
&+)> 7

1] n %
7+
n + ]

o &
+<< ' $ $
I$II $&
* <<

n %:$Il
"%
wt <<
'S %=$
<<,

<9



+3+3 $

/
+
$ 7+&
, <,
%
$ 7+)
A $B
*34
!
4 |
4 |
o+
+ |
3* |
) |
&**
|
*
'/ %

%!$-

/

3 H
E+3
$5 3
+39143E

A $B

$

$ 3

#

<M

5
A $B
+ E

%!$-

)*)8 $79& H&)IH>8I1+ $
7+)
3 " +
3 + $
% (O
7+)+
)*)8 $79&
3 H <o, 3 H
$5 3 ! $5 3
3*1 39 ! $5 3
3+ | 3E J $5 3*
)*)8 $79&
B B <
A $B A $B
4 + 3** |1 3*4 | 3E
7 N4 9 <
9 &**
$$=% -<!'l < --))**4] +

7+&

7+),

7T+&*



+343

ll%

S,

+

%!<

1 $ _

%," & %

n n %

n n %

&+)>



%

+%< n

+ 3



%=%$"3 # 6 % !"$- %

@$ =15 & ,

n +

n n % , n

)* 2+ $ 3

&)9

+343*

&) , 1

$ "o "

#

-, @

$ !/

%

$Il

%$"?

II%

Il%

$ ,% .

+ B "



+343*3

"% " "%

S,

%l ' $-

%,/ %$<<

;3

II%

+

"%

O % !

" %

ll(y



©

7+8

A $B

= 5 %!< ' $-
518%- %
%% !
A $B A)"-
5- +B
*
4
9 9
9
9 * 4
*
4
3 #
518%- %
%% !,
A $B A )u
5- +B
9 *
9 *4
9 +
4
*4
* 4
*
3 #
518%- %
%% !,
A $B A )u_
5- +B
*
*4
+
* 9
*
* * 4
4 *
4 4

%,/1%%< =,%
%" %/ I<$ &
Y= I<$ & 2!=
-l = A )"_
5- +B
*
4
* 4
4 4
4
*
4
<** $
%" %/ I<$ &
, = I<$ & 21=
-l = A )"_
5- +B
*
4
* 4
4 4
4
4
>** $
%" 8/ I<$ &
, = I<$ & 2!=
-l = A )"_
5- +B
*
4
* 4
4 4
4
*
4

%!



7+8+7

J H>I

n n % + $ n nn

n n %

H7(l+

9+
M ?
, n n ')
% +
" + _ " "
n " + ’ " n
% nun
—+



+343+3

S,

%l<

"S- %, /%%<< ,3* 1 9

% !

7+<+



$.- +3 $!- ,= 5; %l< "' $- %,/%$< =,% 9 % !

, 3 8 % % 518%- %
A $B A $B
9 9

© © © © © © © O ©

+3434 %, - - & %t LY

n n % n , n



1] " " + =
n + -
5'$' 21$&
$;;-1 &

R P
B
*
' $n
-,"? =15 &
nwoa $"

'/ % +3

-$ 16 <, I,
I'g " =0!" 1"

"$" 1 $& <,6 &
@' # 1% $ %

<$/'1 & 1" :#$

@!'# ;"<

=", %,-- & ", $" $& &! ;-$" <

= o1t



+34343 5; %!I< " $- %,/%%<< , 3 + I E % !

$ n n I*G
3 + $
\ ! 3
+ $
n + . 7+&) "
n n n n +
&)*
&**
P3
* & * < = ?
3 . ¥ *# 5@ 6
1/ % +3 * Sl i st <t S, %S 1, #HS%
B 3 , ?
n n ?
$ 3 2

4E



1T+&7

2,3A>

$5
2,%&

2,%&

g
%)

%7
'xg
'xg
"y
e

*(

gt

I*G

51$- 2,$& $'& !'" ;

&! ;-$"

PR

' %

H#

&**
&**
&**
(*
(*
(*
&)*
&)*
&)*

<" 0'$-

51$- 2,%&

+3 + 2,%&

H#

&**
&**
&**
&**
&**
&**
&**
&**
&**

+
-l = o #S -1
&! -$" < 1/'$-
#e
I/_
E = #9%
$- %%S$'/ <
+ $ 7+>
" + +
Txx g
#
. . ! n
* >*
* &*
'k )*
* >*
* & *
vk )*
* >*
* &*
L )*



9+



& )



9+>

? +
&+)> "

H&I+ $

. H>9I

?<



43* #

H', &8, &', )7, )' 7&,

% H)*, 7>, <)I
+
| )
n + -

98 <&,

<8,

>< |

Il%



J

9*

)**

9*
$

H) (I

"%

H&l

1
+

29

+



8+&

8+&

H&l



J H<8I "

%

! 4 &; ! .

+ $

%

H&l

n n %



6 n

?9

=+



8+7+& / !

R
" +
8+9 8+<+
$ n
1P H&lI



" Uu "%

43+3* -$ I" 3

H) (I,

H>>1+ $

" 7T+7+&+

43+3+ 2,%5& $

%!'$- %,

0o |



iy

%

8+)

43*

4@

+>H*

<! %

- - %&
", 8" $'& $518- -,
/< I< -% 8

$' :

-, 58 $%%



'/ % 43+ $l- ,= < # & =,%<$ !,V I" "8 "< % % /!,



4343

J

8+8

%

&) &<

% n

%

? )*)8

$79&



&***

>

' %

8+8+)

434 #

1% ,51<$
* *4

1%$!"

1Q

+ - <"l < $--))

+ 3
+

+3
? 1666 ;

E3+

$? =%!"

3 * *



iy

%

43

l&-

? +
! 1
& .
!&_
'8.$%)
&S %)
/
% $ # ., '&%$%! & "% $ # =1%
L '&$%) , "% $  # '5 . <,& -3
" + |
)@ &
?
3 )7 )9 :
+ $
g*K n 9 n
2 )*)8  $79&
n "oy

8+



%!6 ' 7$%!$.- 0 !' %;,-$ &
R @ & o,

%I/N'$- &

@ ',& -,"$!,' I BAN 8N IHHEHNKE 2,"$ 1, ,= &%!6

. <, - S &%) =, % ' @
% =!" & < # I'
<, & -

%/1'$- A", % B < #

'/ % 43 2,"$ 1, ,= ., '&$%) =, % . <,& -'-- %$!'/ # % S '% &
% & "1, %% !, ,=*0

8+8+7 #$%,;, %' % ," $" & --!'/

n n + $ nn "



% <$-
$'/ 0 1%-

' % 43

$',<%-,

2 $

AS

_$‘

e &

$'7

&!/
$Il

%

$1% & =111, S # "< % = # ", $"

1$-

" 89G+ $ "

8+> wo

&I, =
$&

%=%$" B

L<$-, 8"

LI
A -%$6

%=%$" B

$&
-$' 3

5#1.1



3 3 <<
4

+  #$

&+)>

)*)8



$.-

43

43

&)<
&)>
&78
&77
&))
&)8
&7)
&)9
&8 (

&) (
&7*

3

)<<

2,%3& $'& <$

st %

A $B
)*
(*

&)*

8*
<*
(*

&**

&)*
)*
(*
&)*

%) $'&

+ %

%

%!$- &3 $ =, % 3* << ;$& !Q <,& -

51$- %

'&$%)

9*K

- <I'l < -

%,: % ! %,: % !

A $B A $B
>)+8 )
>)+8 )
>)+8 )
>)+8 )*!
>)+8 )*!
>)+8 )*!
>)+8 )
>)+8 )*
>)+8 )
>)+38 )
>)+8 )

&! ! =, % # 3* << $& 'Q
Q
3 H>91+ $
+ . 8+ (

+ $



<<

<<

)<< %)

15 & I"

%$!-1'/ &/

1/ %

,Y%<$-
2,%&
40J

$ %

%=%"

439

<<

2 $&!' &/

++ <<

3* << ;%$&

'Q

-$6
0=9%"
<< %=$ 51-
2,%&
L*E $
- <"l <
L *34 %
)<< %) -9 15 & !')

="'t /-08- - <" <& -



*+&)>

+ $ "
+ 3
4 7+
31+ $
)@ & "
?
&)> + $ , " "
3 ?+ % 8+)
/ &+)> ?
! $
<. % ,= '-$"< %:Q$" A<<B
<' *
3
*+ 4 . .
*+ * 3 .
* o 3 9
*4 *
+

)78<!



43 , = ! + #

/ " n
$ n n
[1] ? [1] [1]
? + $ :
3 (F*+ ,
&+)> ?
3 7
+ $ 8+7
+
$ 8+7
, 3 8" % % 5!$- %
A $B A $B
(*& (* (*
(*) (* <*
(*7 (* &**
(*8 &** (*
(*9 & ** & **
(*< & ** &)*
(*> &)* &**
(*( &)* &)*
(*- &)* &8*
8+<+ & 1 4
$ 7 ?
" N

. H>9I !

S o<l <

%,; %
A $B
>)+8
>)+8
>)+8
>)+8
>)+8
>)+8
>)+8
>)+8
>)+8

! %,; % !



"0 :

ll%



,%0<$-

2,%&
<< :
<<
$ %
-$6 %=3 <<
%=$"
51%-
<< %$1-1"/ 2 $&1'/ 2.3&
&/ &/
<<
9
%1/ - s
- <! L *E $
< -$ 1"/
# o0 s
l==11
)<< %) - <<
‘$ =15 & 8
I'5 L *34 $
S $-  # )<< %) -$' =15 & !")

'/ % 43E +<< <, & -/ ,< %) $'& < # &'$/%$< =, % /-,.$- <,& -



3
) @ & "
)9* + 3
" 3
"+ 3 8+8
" +
8+8 /
& -
5
/
/ *
/ +
/ 4
3 1+

1+

n % n n n +

))>'<

? )*)8 $79&

s+ E 3
**9+* 3
**E 3 *
*+ * 3

3



&+)>

"%



3*3

+ 9
= # % I!'/ $ 1/
n u% + $ n
3

" ||% "

|

%I" 1,8 ) % |
+ 3 3

%$"? 'l

"%

'$ !,

; %<

n n %

&)

"$- %! B



%

9+&

%

%

+

%



)

og-
) %

% 3

0% 1"

b2,

$"%,

)1 $-

"%, -1,

+"% 3

U 3 % & %!" 1)
) % !

=%!" 1,'$- #) % ! %

&+)>

T $5 %! 1"

%ttt

%" 1,'$- %

% $ =31/
1'% $

vy & %'l =% '/ =% 1/

&+)>



3*3 3* # vy = # %!" L %" <;-! & & %!'/

$ mn n 9+)
9+)II &+)> mn m ? +
3
34
3* I>
?
K 2 .
a 5Y +
Z *(
W 4
wx 3 G
34
8
3% I 9
vV E
*
* + 4
)" -
1/ % 3*$ T$%!$ 1, 1 # =%1" 1 $<-l & & W' # =$ 1] -1l= =% #
%!
34
3*
&\ Z *
39\p '
" w 4
H 3 [ G
341 8
o* I 9
\Y;
& 1
* * + + 4
)" -
'/ % 3*. 7$%!I$ 1, 1 H#H =%I" 1 $<-l & & %W!'/ # =$ 1] -1= =, 9% #
%!



' %

%

3*" 7TS%!$ !’

% !

9+&+ $

X

' # =%!1" 1)

$<;-1

& & %!/ # =% 1/

-l= =% #



9*&
9%)

9*7
9*8
9*9
9*<
9*>
9*(

9!

<*&
<*)

<*7
<*8
<*9
<*<
<*>
<*(

>*&
>*8
>*>

3*3 3+

ll%

= #
51%- U8
% % %
A $B A $B
<* (*
<* (*
<* (*
(* (*
(* (*
(* (*
&** (*
&** (*
&** (*
(* &**
(* &**
(* &**
&** &**
&** &**
&** &**
&)* &**
&)* &**
&)* &**
&** &)*
&)* &)*
&8* &)*
+
6!'& '" =
+ $ #

=%!" 1,

H’:
1<% &
$ 1/
21=

)*
8*
)*
8*
<*
)*
8*
<*
)*
8*
&*
8*
<*
)*
< *

)*
)*

"%

% 1/

"%

n n %

% ;," =% I %! 5; %Nl< !

TS $? 1'$ -
%" 1 %" 1 %" 1
Al B Al B Al B

*+89**9%¥+9>(9%*+9>(*9

*+8&'89*+9()(9 *+9()8*
*+7>8)**+998)* *+997>*
*+B8<*F&FF+>('&9 *+>(779
*+8&T7*P+>9>9% *+>97'*
*+T7T(9***+>&>79 *+>&*89

FHTI>)* K (()>9 *H ()&
*+89)(**+>(9>9*+>(9>9
*+978'9*+(>)&**+(8(89
*+977'9*+(8>>9*+(89)9

*+<'")9 *+>(&>9 *+>>979
*+8<T7)**+(9'>* *+(9<>9
*+<*>)9&+*7<89 &+*)9'9
*+<<>9®+'7)'9 *+')(89
*+<)9>9&+*77&* &+*)899

FHSS'>F*4'<8&9*+'<B8&9
*+<('89 &+*('(9 &+*(&)*
*+>8&)*9&+&(779 &+&7'**
*+>>('9*+'9%89 +'T)*
*+()<<9&+&*<89 &+*'7'9
*+(79&* &+T7&E&T*&T*

>**

$ !/ %$"? 11 1)

n 1] %

n n % n n

n + 1 n

1] n %

+

9*



II%

"%

n % n

II%

"%

n n %

"%
"%

n n %

9+)+ -
<+ $ 9+)

n n %

9+

H (



9*&
9*)
9*7
9*8
9*9
9*<
9*>
9*(
9
<*&
<*)
<*7
<*8
<*9
<*<
<*>
<*(
<*!
>*&
>*8
>*>

9+)+)

3*

$

5!%-

A

%

%

$B
< *
< *
< *
(*
(*
(*
&**
&**
&**
(*
(*
(*
&**
&**
&**
&)*
&)*
&)*
&**
&)*
&8*

2

=1/

"%

%<$

N N N

I % ! 5;

94



3*3*3

%" 1,

I$_

%

9+7+

A9

%

% !

B

+



(*&
(*)

(*7
(*8
(*9
(*<
(*>
(*(
('

3*3*3*

(*

BB/# +

“~D

' %

3+%

51$- %
A $B

(*
<*
&**
(*
&**
&)*
&**
&)*
&8*

[# +

9+7"

%" 1,

=%!" 1, &% $ =, %

8"
% %
A $B

(*
(*
(*
&**
&**
&**
&)*
&)*
&)*

9+7

%
%

TS

$'/

%!" 1)’
Al B
*+7(8(9
*+9(*)*
&+*97(9
*+'>790*

# 9 %! 5; %l< !
% A $1- %

$'/ $'/

%" L, %!" 1,

Al B Al B
*+'&)79 *+(>)<*

*+<T777* *+<)'99
&+&<(79 &+*')7*
*+'>79* *4+('T79*

+*&*)* &+&<&)* *+89>>0
*4+(7%99 &+798&&9*+8'9<*
*+(898* &+&>9(9 &+&*90*
&+)((7* &+7(8<9 &+7(8<9

(&) (* &+<)H &+9<>89
# %I" 1 %" <;-1 & & %!''/
(**
9+7 n 11}
+
(*7, &**/#
(*&, (*/# 3
(*), <*I# 3
13&*°<;
=, % # +<< ",'3$" :$& !Q 5; i< '

&)* )

@! # 9



3* |
YL 3 |
2
3* |
* 4 9 .
'/ % 3+. %" L% 5, =,% # +<< "' $" $& 1Q 5; %l<' @! #
- 88T % %
3 |
3* |
{_G/ 3
3 |
3* |
* *
/% 3+" %!" 1, % ;' =,% # +<< ", $" ;$& !Q 5; !l<' @!'#
* 88T % %
9+8 n n n n
n n 4 N n + $ n n
n n + $ n n n



$ ’
$ 9+8
3
,3 51%-
A $B
(*& (*
(*) <*
(*7 &**
(*8 (*
(*9 &**
(*< &)*
(*> &**
(*( &)*
(*' &8*
3*3*3+ % !
$
3
$ n n
+ $ ,

% ,|$u % %
A $B

(*
(*
(*
&**
&**
&**
&)*
&)*
&)*

s 1 216

(**

T %!t

*+)*E
*+)99
*+97*
+7'&
*+8&7
*+788
~k+)'7

*+87(
) (&

A9

% !

"%

99

93&*7 " "



&)*/# ;+
4 |
* | W
‘B
4 |
o
B
4B
% |
4
'/ % 34
$ 9+9
$ 9+9
.3 51$- %
A $B
(*& (*
(*) <*
(*7 &**
(*8 (*
(*9 &**
(*< &)*
(*> &**
(*( &)*
(*' &8*

% " =3

) -16

A5- B
*+<9*
&+ (89
*+999
&+7*%9
*+<**
*+7>*
*+<&9
*+&(*
*+)7*

9+8+

=, % #

ll% +

N N N N N N

9

(r#

3
% %
% %
% %
%!
(**
3
2,||$ !,
% !
%$"?
$

5;

9E

BB/#

%< !



3*3+

3

%I"1,'$- ) % ! - AE % !

T 947

B



$.- 3 $.- =
51%- s
,3 % % %
A $B
A $B
'*& &** &**
'*) &** &**
'*7 &** &**
'*8 &** (*
'*9 &** (*
'*< &** (*
'*> &** &)*
'*( &** &)*
L &** &)*
3*3+3* #
:CD; F'*G;
#
|
&
*
&
G*
'/ % 3 $ %1 1,
&! :-$" <

=%!1" 1, &% $ =,
-1 #3$
$/' & -
.9, 8%
A<!"%,'B A& /%
>* *
& * *
)* vk
>* *
&* *
)* 'k
>* *
& * *
)* 'k
’ll !: # %!"
3 n [1]
n +
!
)" -
=, %" % & %
= ;< $p- &Y

% # E % ! 5;: %l<
TR % !N $!- %A

$'/ $'/ $'/

%" 1, %It %It L
BA1 B A1 B A1l B
*+&<<&9 o+ QLR R*
*+>*9(9+(&9)9 *+><>)9
FhU(F &+7(&>9 *+><>)9
*+&*<BH&)&)I *+&88'*

> (<*HH* 4 (*)8**+>98&9
*+'&8*9&+T7 <9+ T&<<H

*+&TT*+&<TT* *+&'8(9
X4QUITH  xy (8T &&(*
*+<7789 &+8&¢(P7799

L %" <;-1 & & %!/

3

" 1] + $ 1]
: ! Y M S C
+ 9+9 9+9"
s :
''r# =% 1 -l= =% 5; %l< ! @!# $
T HS @! # # $5!%$- -,$& A\B L XB

E



%
|
"$
& %
%
| "
% : !
* * &****** &)*****
)"_
' % 3 . %!" ' =,%" % ;' & %!''/ # =% 1/ -l= =% 5; %l< ! @!' # %
- & -8 <t = < $-1 &G ES @! # # $5!%- -,$& A>B L XB
!
3 |
3* |
\f\I/IW 3 |
# |
!
3* |
* * + 4 9
)"-
1/ % 3" %I" 1, =, %" % i, & W'/ # =$ 1/ -1= =,% 5: %l<' @! # $
&! ;-$" <" = ;< 8- &, L= G HS @! # # $5!%- -,$& ADB LE X
9+> n n n n
N n n + $ n n n n

E*



$.- 3 #
5: %hl<
,3 51%-
%
A $B
'*& &**
'*) &**
'*7 &**
'*8 &**
'*9 &**
*< &**
~k> &**
'*( &**
%! &**
3 EE %
$
9+<+ B
4 1
+
‘B&)*
4
)&&*
CU:
4) &**
. E 1
B 9

' $

% %
A $B

&**
&**
&**
(*
(*
(*
&)*
&)*
&)*

)

= =% !/ ,
-1 #$ -
$/'1 &
.9 +CD,
A<1"% . 'B A& /%
>* *
&*
)* "%
>* *
&*
)* "%
>* *
&* *
)* "%
2'6 AE
z
! B

<-h

% Iy
%l 1,

oS-
% !" 1,

==1"1 ==1"1
B :b- ;N ;
AFT(">&F+FT)>T
*+)'&)'8*+7)()<8
*+)(>T7&F+9<*97&
*+*78)77 *+*7<)78
*+7'(&>8 *+7''>&)
*+899*&9 *+<(&><7
*+*)<99)y+*)8)(9
*t)*) <> *+)(8&7)
*+)&9&8%+8(87)(

%! B

! :93&*7 " "

:CD:; +
©wL X

SAL X

4L E X

Y Y Y RY RY W Y RY RY Y Y Y Y Y Y Y Y W Y Y Y Y Y Y Y Y Y Y Y Y Y Y v

* *+)

/% 3

*+8

%

'y =% 1/

* 4 <

-16

*+(

%

#

& &+) &+8

"' %,-- & -1; 5; %l<' E



$ 9+(+ $

n n II%
9+( . 'k ok 3
.3 5!$- ,' 8" -1 #$ $ !/ <. %  2,"$ !’
% % % $/' & /- 21= = % /= % (i
:9; 18’ %$"? %$"?
A $B A $B A<!"%,' BA& /% BAS- B
'*& &** &** > * * *+>9* &
'*) &** &** &* * *+8>9 )
'*7 &** &** )* "% *+889 )
'*8 &** (* >* * &+**&
'*9 &** (* &* * *+8'* )
'k < &** (* )* % *+9)* )
'*> &** &)* >* * *+(&*
'*( &** &)* &* * *+>9* )
Tkt &** &)* )* % *+<(* )
n n n n n ? + I
n n , &+)> n n
- 3 Q** >**;’ "
&+)> n n ? 3 n n .H>9|+ n
n 7 n n f;
3 (**;+
1P 9+> H&I+
+ $ n



n + $

9+7+&

%

$

9+&*

&+)>

&+



$.- 3E % 1" |
.3 51$- %
A $B
&)< > *
&)> >*
&78 > *
&77 &**
&)) &**
&)8 &**
&7) &**
&)9 &**
&) ( &)9
&7* &)9
9+ &* "
.3 51$- %
A $B
(*& (~k
(*) <*
(*7 &**
(*8 (*
(*9 &**
(*< &)*
(*> &**
(*( &)*
(*' &8*
3+3 3 2,"%-!
&+)>
3 n

=% s & =,
8" 5, %!< ' $-
% % %" 1,
A $B <;-1 &
Al B
) * *+ 7>
(* *+>9
&)* 4> (
8* <>
<* >
(* “+(9
&** *+'*
&)* ~k+(~k
(* &+**
&)* &+)~k
" 7
8 5; %!< ' $-
% % %" 1,
A $B <;-! &
Al B
(* *+'&)
(* *+<77
(* &+8&<(
&** *+'>8
&** &+ &<&
&** &+79&
&)* &+&>9
&)* &+7(9
&)* &+<7*
& %!" 1! by
7 ? 0,
3

% 3* << ;%$& !Q

< %!"$- K
%" 1, == 9% '"
<:-1 &
Al B
*+7*( &<+>
*+<(7 (+'
*+<(9 &)+&
K> '+8
“+(8< ) *+ (
*+'<8 &7+8
*+'>7 (+&
4> > ))+&
&+&*> &*+>
&+)&< &+7
?
< %!"$- K
%" 1, == % '
<;-1 &
Al B
&+*)< &)+8
*+>7( &<+8
&+)(8 '+
&+*)<  9+7
&+)() &*+8
&+98* &7+
&+)() +&
&+97' &&+&
&+>'< &*+)
& %!/ # 2,%$& )"-
n n + $
n + $



?
3+3* <
$ n "
?
+ $
&+)> ?
$ 9+&8&
3 51%-
%
A $B
&77 &**
&)) &**
&)8 & **
&7) &**
&)9 &**
@

%

1" -

% %

A $B
8 *
<*

(*
& **
&)*

-$

%=8%" % !

% 3

%

%

%" 1,'$-

# $%

%
A $B A
("(+)
&) ((+*
&&>&+*
&)*8+* (>>+()
&)&T7+* ("T7T+7

55) "55

$B

E >< C()

A $B
<8>+)7&*'<+8
'"T<+>89<)+<
(99+&(9%)+*
&9)(+'
&9'7+)

7 n

%!, I,

&+)> 7 !



$ "3
9+&)+
$ 9+ &) "
.3 51%-
%
A $B
(*& (*
(*) <*
(*7 &**
(*8 (*
(*9 &**
(*< &)*
(*> &**
(*( &)*
(*' &8*
@
9+7+7 J
" 3
" 3
+ $
$
&+)> 7

% %

A $B

(*

(*

&**
&**
&**
&)*

&)*
&)*

% 7 ?
%!" 1,'$- 55) 4$XX $?
# $% %I" 1" R
% 55)
A $B A $B A $B 2,"$% !
*+'&) *+<)&+)8"
*+<77 *+8(* *+)7(
&+ &< *+>8<¢+)9>
*+'>8 *+<7(*+)"
&+&<& *+>>' *+7&&
&+79&+('9 *+7)*
&+&>9F+>'9 *+7<9
&+7(9 *+'7& *+T7>7
&+<7* &+*8F+7><
E&') C&'(
" " !
n n + $
n n n + $
*+9 "
+ 35
&+)> 7 " "
+ $

E9



&+)>

EE



+



©“v 6 o

%

& +) >

9+

II%

% n

H>91+ $

&+)>



" n 3 9** &*** non ;+ $

n ll% &+)> ? ; n

? 3 : 7 ? "o + $ %

n n n % +

<+)+& . "

$ n n 1 n nmun

+ ! n n n n n

3 " :
<+ & :+ "

<+ &



+

51$-
%

3% L #, #)
=01 1, =
$<  $5!%-
"yt el

' % 3

<+ &

%! 1
0"

% 1 ,n_) ,n
" u$| . < $
-,.$& 6%-
$ 1/

&
#9$

"y <$!u
:’%u

%

51$-

%

6%-
&
%!/

06 0

% ;%

%
#
&

%l o1,
%

3 . %'/ #)

# "$
-.$& 63-
1, #$

% !

& %!/
06 0h &

#

@1
% ", %& & =,

%

=061 1,

#

"y

0% "
$< $5!8%-
1&g 1y

VSR



+ $ "

% uon

n n 11} + - n n
n n n 3 % 3
n mn + , n
n n 3 + 1]
" " " # J  H>I c

<+) " 3 3 4,

3 , "  +
%" L - 1 <10,
< % & & %!/
#o=% 'l %!, &
Mu YW
0 abl [ITHFITIITIbIT
- I 133 BBBBB
$"%, -I!;
% /1," =%!1" 1"
= %" &,
1'% $ @! # 6 U
$51$- -,$& M
LI$- =01 1" -, 1" <$"%,
<SS % & . =,% #
) ,= =% 1"/
51$- %
Wo% o 3% 5$<;- ,= # %$' 11, =%,< <$"%, , <!"%, -l; ", %" ' %$" 1,
& ., # ==" =

= = =% ' $'& @ $%3 A %!" 1" %
5; %l< ' +

- $? ' =%, <
o '&15 B



+

+

+

ll%;

+

HO7,

+ $

> <,

>(1+



n n ? n + $ n

n 4 ! , n n n

3*3* # . =
. , = # $? %! %" & %!/ #  $ 1/ 2=

: " " <+)+&;+ $

H>IH)(1+

B n % n n



<,, # 1" % % /!’

"l &, % % /!,

'/ % 3+ ) 1"e- =% ') =% 1/ "$% #,@!'1 @, &' ' % /!, = %=
&$<3/ @#!"# 6 %!=! # ;% ' .= & %! $" 1T S $ #1%& .,&)
-1& - %NS

n n n % n n 1

n n n n % 6 ,
n n % n ? n n
$ , 6 % "%

n n % nn +



3*3+

3*3+3

#

#$6!, % ,=

"%

%! 1

II%

+ $

%

, %"

& %!/

%" " & %!/

#

S;

%l< !

%$"?

$-

%,/%$<

%

%, @ # #$

n n %



N(xI# 4 " {
[ &**/# 4 "# ’
I
YEI# 4 LI ) !
&+)9 &+)9
*+>9
*+9 w G *+9
*+)9 *+)9
*
8 * <* (* &** &)* &8* &g* < * (* & ** &)*&8* & <*
3 #
3 #

' % 34% '/ % 34.

' % 34 6 %%/ =%!"I1,' =,%" $<;-1 & =,% ., # # 'l 1$- A$B $'& <$5!
=%!" I, & Y

$ " "o <+8 ;

. " ! (&) I# ! ! !

" + $ nn 4 N , n



+ $
H + -
+ -
3 + 3
6 + $ ,
3
+
<+8 :,
+ $
+ $
3 + | 3
+ 3
3 +
+ $
BB/# " " , " 3 " " &) * /1
3 +

<+9 $



l ,I | %!u !,n :’%u
. U< $ % & & %!/
# =% '/ ; %!, &
&+)9
%I" L =,%"
<3$ % &S$ #
$% ,= #
5, %l< '
||$*+>9
*+9
*+)9
8* < * (* &** * &8* &<*

'/ % 3 ,<:$%! = L, # # 1" 1$- $'& <$51< < =%I1" 1" =, %"
$<;-1 & < $ % & & %!'/ # 5; %!< ' $- "%$"?
"1g 1, &)3



% 1] n nn

W /3. 4

3* |

3* 1

9 &** * 4
4 "# #

1% 3 < $%! L, = # S 16%- ' =%!" 1,0, ==1") = % .

# 'L 1S- $'& =% ryoryr&r

3*3+3* # o==" ,= ," " Q ,' %!" " %"

+ $ oo " " <+)+&,



non +

% n

non + $

v 6

n n n n % n

" + . <+>

(*7;

+ nn



9+9

8+9

( 7+9

)+9

*+9

iy

%

<+(

3

9*

& **

$ =%

$51< < =%!1" I,
%" $"#! 6 & $= % $
@ # '&% & ")"-
%! =,%"
% ", %& & & %!'/
=1'$- =3%!'- % ;%,"
1$- =%!1" 1" = %" $
$% ,= 5; i<’
5, %!< ' e &
&9* )** )g* 7** 79* 8** 89* 9** 99* <** <g*
y'- 5- %Y
5%<;- A 9 +B ,= # ; $? =%!" 1" %
1y =% 1/ 5: %l<
n + $

&

%!/

#



0J;

Nrw o4 # W (*/# 4 " #

[ a* /4 4 * # &**/# 4 " #
3 B &)H 4 " # 3 (L&) /% 4 v #
&+9 &+9
- &+)9 +&+)9
x40 *+>9
x4 9 *+9
*+)9 *+)9
g * <* (* & ** &)%8* & <* 8 * < * (* & ** &&j* &<*
3 # 3 #
'l % 39% ' % 39.
'/ % 39 # $6 %3/ =%!"!," =,%" $<;-1 & =,% ., # # 1'l 1$- A$B $'& -
:%!u!,un,|&! !,u
3 n + $ " 3 n n
n n n n n + $ 1
n n n 3
, % n n n " n
n n n n +
n " <+‘
n n &+)> + $ "
n 3 n n n n 1



+ $ " " " "

3 n mn n +
4 % n n
" + <+'
3 n +
&+)> "
mn mn +
[_
W /3
31
3 1
3 1
3% |
4 9 * 4
3 U #
1/ % 3E ,<:$%! = L, 0# # O I$- =%l

=% ' =%!" 1, =, %" <$ % & &

%!/

@! # # <$5!< <
= &)3

%



<+&*

3
I

3*

o N

3*

v
%
3
<G8
i3 %!
, = #

< =
$5
I <
<
%
1
./ll
L&
0, 11
1,'3

=, % &
!

s
- $'&



3*34 %, -- & - %ttt %t

e ( ,

3 n n

&*

-*)"*9

o (

$ 3
" " +
" 3 non , " "
" " n + " n "
n n " " + - "
n ’ n " " n + $ " " 3
" +
$ 3 &*
>* n 3 non '*&’ '"k)’ '*81 "%
1% ( ’ + & * n , 3 non
n n " : + $ n
4 " Co



>*

I*G

>*

|*&’

(*#

I*8 I*>

&)*I# ;+ $



n 3 n nn

)*

9, " 9+)+7+&;+

>*

$

I*G

|*71 |*< [

&* 3



3*3

)

7$-1&% !,

3

39

3*

#

©

, < 8%! !
<$5Il< < =%

3* << $& !Q 5; %l< ' $-
&+)>
% " " .H>91,
+ $ n
) 3
D 0°?
g
A ?B
A ?B &
A ?B
D 0°?

& & & &

*# 5& *6

# S 16%-" =%!" 1"

rytyr& 13

%!II

:,%

&)&

#

rrg- $d



%* & ; +

H>91 "

<+&)

H>9I

%* & ;

&+)>

3

**



3*3

iy

&< *
&8*
666 &** (
(*
<*
*
% 3 * %
&
, <;$%!
R mn
. 4 N
?
n +

!
&

YE I# 4 L

[ 8* /# 4 "#
W <* [# 4 "#
Ao(rI# 4
&** [# 4 #
e &)* /# 4 "#
Y
*+9 & &+9
4 " . 3 B<
=% 1 -16 =%,< # 3* << ;%& !Q 5;
) %'$'&,C D
= %IM 1t %" =% l== 9% ' ' §"
" n 7 3
&+)> 7 n 1]
% n
3 n n "
<+&7 " "
7 " " r) +

%!<

1 $ _

$& 1Q

&)

&7



* #11 !
2 #11 !
39 #11 !
% 11 !
&+< (% 11 !
% 11 !
% 3
Q 3
%w &
] 39
3
% 3
3*
/
' % 3 + ,<58%! T = # 8? %! = %" <$ % & & %N!'/ #
=% ' %!l & =, % ., #O# 3* << $'& +<< ;$& !Q 5; %l< '
n 3 " n n n
+ $ n n 2 3
" n " " + $
2 + $ n "
7 &+)> n 1]
" t) + "



<+)+>+&

?
$
+



<+)+>+)

$ &+)>

" % n

, 14 9 " 9+)+)+);

" " &+)> 7 ?

y 4 o o &+)> 4

H>91+ $ 3 )

" + . <+&8 3

" " " &+)>



H>9I
5; %l< ' $--) % ", %& & =%!" !," #) % ! -, =% ++
3
3
W*
% J;
39
3 1
341
/ 3*|
|*
1 130
| 341
3
39
4 0 .56/
< %I"$--) ;% &!" & =%!" 1" #) % ! -, =, % ++
) 3 4 ,<58%! L, = #T < %BI"E--) % &I =%!" I," #) % ! -,,; @
5; %!< ' $--) % ",%& & =%!"!I," #) % ! -, =% # 3* << ",'$
;$& 1Q A ++B & <," %$!'/ # ' < %H!"$- "$;$.1-1) | % &!"
<$"%, -I;:
<+&9 3 n n n " [1] n
n &+)> I) 3 l n
3 n n n n n

H>9I



5; %l< " $--) % ", %& & =%!" !, #) % ! -, =% *9

D
*81
(
3
3
W* [&< [&) &)
" “%J;
% 3
)
% 37 3 3
3% 3
3 %
0 .56/
< %1"$--) ;% &!" & =%!I" 1 #) % ' -, =, % *9
'/ % 3 ,<58%! L, = # " < %!"$--) % &I =%!" 1, #) % ! -, @!
5; %!< " $--) % ", %& & =%!" !," #) % ! -, =, % # 3* << "' %
;$& 1Q A *9B & <, %$ !'/ # ' < %BI"$- "$;$.1-1) , % &!"
-l’
11} n n 11} &+)> 9
3 <+&8 n mn n
n n " &77;+ - <+
&G

*9



<+&9,

%

%

+ $



| n + $
| | n n + $
| | n 11} + $
[1] " ?
n " % 7 + $ ) & < ,
+
| ? 0+
8 # 14 9: 1,; !
%

%

N+ NA
QD
*

3 %

3 %

!
$ )<< %!M$- L #8861,
"% , " |

e < @# % # =%!" 1,
| % o,

% !’ # =0pI" !, L
$5!8- -,8& "

#I
L% %, Q %, @
=, %" & ,

#
<;- #o")"-



<+&> % n n
+
*3* !
[ >* /# 4 "
N [ 4 " #
&)* I# 4 v #
39
3
&+8
R &)
B &0
39
3
*4+8
3*
)* g8 * < * (* & ** &)* &8 *
3 #
' % 3 < %!"$--) ;% &!I" & =%!" !, =, %"
1Q 5; %!< ' %=,%< & .) %B'$D&,
<+)+>+7 $ J n # n . n
$ 7 n n
3 + $ " (**
" n +

nn n 1] +

&<*

$<;-!

&

:,%

#

3*

<<

1B &



!/

%

39

4 0 .56/

<;$%! ,' ,= # 5; %!< " $- ")"
< %I"$--) (% &MY A 9 +B

! "39

% 3

gt

"% ;! @! # #



' %

3*39

*3*
[ (/% 4 " #
NRERI# 4 #
* &)* I# 4 " #

39

*+8 b

8* < * (* & **

3 #
& =%!"

3 E
&

< %1"$--) (% &!”
'Q

7$-1&% 1) = #

< %!1"$--)

+
%
&8*
L= g
% &!"

$

3 n
&<*
$<;-1 &
& %!"

<<



=,%" 3 /% 3* ;% ' $ ", <;$%!,". @ ' # "< %!"$- $'& 5; W<

n n &+)> 7 I) +
)+) " * " * *
[ J >* [# 4 # 3 [ 3 " (* 1# 4 [
3 >* [# 4 "# 3 (* 1# 4 "
~d " &** [# 4 "# ~nd " &** |[# 4 "#
w 3 &** |# 4 " * G 3 &** [# 4 P
\] " &)* /# 4 " # J " &)* /# 4 L #
39 3 &) I# 4 # &(, 3 &)* I# 4 "o#
3 &+<
=
Q &+8 &+8
. 2
3 M 3*
+
\gc,..&
39 39
3 3
*+8 *+8
3+ 3
)* 8* <~k (* &*&)* 8* <* (* &** &)’&8* &<~k
3 | # 3 1#
I/ % 3* % '/ % 3* .
'/ % 3* ,<38%! = #T < %!I'$S--) % &Y & =%!IM L = %" $<; -1 & =, ¢
# +<< $'& 3* << " " $" :$& Q0 % - @' # # 5; %!< ' $--)

% ", %& & =%!" 1,’

<+)* " " % " woo
3 " % " &+)> 7
T " " " "
% " 3
3 ! T+ 8 S
" " " +



J H)(

! <+9

%

<?



"%

<+7+&

H>91 : <+&) " <+)+9

n 1] n % n

! "%

- 4 "% 5

"%

%

+



"%

n % n

"%

"%

n n %

||%+

n n %

+ $ "

ll%

II%

||%

n n % n

n n %

n n n % ’
%

n n %

n ll%
H) (I
n ll%

"%

+ 9

"%



- %$

cC>YM

# oo,
$& @# %

51%-

2 $&!/
# v

%$!-1"/

#

$ 1,
&,<!'$"’

%

&/

' $u

#
=%

$

&/,

- $&!
"/

u%$u?

&/

$'&
g &

%$!-1/

#

S

"%

, ||%

7+8+7’, n "
n n n ||(y0

"% + B" " "% !

<9



3+3 3 TIs- %$"? %, @ # =,% 9 $ ,'$" % % A

$ (*/# " " 3 , <*I#, (*I#
BB/# + - " 3 " C<*[#
" + "%
)*K + : o
+ %
W " " P
"M% " " "+ 8
" " 8*K
<*K e+ v
"%
<+)) " oo
" " +
$  9*& $ 9*8
/| F 7B3 /I F <)3
1/ %  3** ,<3$%! = # =% 1Y) "$% =% $'& 43 4
& <, %$ # ), .= %=%" &%$<$/ "$ & =% # 9 $ ", $"
% % % - 3 & <,' %$ #$ # ", 8" @% ', &! w!.
$"%, #0'1% ", g %=$" 3

+E



iy

%

3%+

1%
L

)i $-
% 3 #

% % /!’

<*|#

(1 #

+ $

=% '
"$% #
$'& $ <,%

n % n

3

"$% =, % # 9
@ # @, &!

# $61-) &$<$/ & ,

:8*K

(% #

$ $5!%- %
% /=

" %

" %

)*K

<

% % /!,

*K

$'& 9
&$<$/

<+)7

$ n

$

<11

" %

] $ll
#

(*1 4



1/ % 3%*4% 4 A*H ,==$1/ -1=B #, @'/ $ &, <!'$' =% '] "%$"? #
rrrg &% # &I ,= # =% ' "$% L, # # "V&EW) - %,
-t %, .$8"? "8 % <, & = I<$/1'/3
|
"%
' % 3*4. A4 H ,= =81/ -l=B #,@!/ & $!- ,= # &,<I'$" =% !
" # "&S%) - %, $'& - " %, $"? "$ % <,& , = I<$/1
" BB/# 3 3
" " + 3 " 3
+ $ " 3 6
n n n + <+)9
)*K "4



<+)9

<+)9

$/ F 7)<3
" &S%)

n %’

v

%

3*

$

9*>

ll%+

BB/#

<+)<

" % n

)*K
3
ll% +
-l=B ., # # "&8%) - " %, $'& 8"
61& '" ,= % &,<!'$ =% r=% 1 "%$"?

4*



3+3 3* "T1$- %$"? %, @ # =,% - $ ' 8"
$ BB/# " " 3
&)*/# + _ n
"%
+ $
+ . <+)>
"% 3% A* H,==$1/ -1=B );!"$- =%
$'& $ ", % % 5;: %l< ' 3 <$/
. @ " # % -%$1'6 -) <,, # 1'% % /I’
% /!, = # =% ' "$%
! n ||%
+ <+)(

n n %

% % A % !

, (*I# , BB/#
3 " (%] #
3
+
" "$% =,% # 9 $ ¢
#, @ &! I'" , &%)

$'& # $6!-) &$<$/ &, %

n % n



,<!I'$ =% 1" =% 1/ "%$"?

fR- b
' % 3*9 A*H ,= # =$ 1!/ -I= B I<$/ #,@!''"1 # ;% L, =8 &,
=% ' t%st? L, # "&E%) - " %, $'& - " %, .87 'S % <,&
l<$/1"/
$ n n% n
n % " + < +
" <*K
n n n% " +
$1- ,= &,<I'$" "%$"?
' % 3*E + A H ,= # =$1!/ -1=B 6!&'" ,=&,<!I'$" =% I'/ "%$"?

#$6 %.;$/$ & =%,< $ %=$" "%$"? $-.'/ # &/ = # =% '/ "$9



' % 3+

BB/#

(*# 3 F
+
" " 3
+
4 A*H ,==%$1/ -1= B #,@
% /1, = "$%!'/3
)*K, 8*K <*K
"t "0
"4 <+7&
" "0

#

<+7*

=%

') "$% S#I.I #
Y
+ $ )
" "0
" )
8*K <*K



1% 3+ A*H ,==$1!/ -1=B #,@ # ); ,=&,<!I'$ =% '/ =
%6 & !' $-- %' @!'# - $$5!$- % $'&",$" % %
- 3 n &)*/# n " + $
(*1# BB/# 3
n &)*/# 3 n + $ n
, (*1#
" " BB/# 3 o <+7)
" n +
1% 3+* A*H ,==$1/ -1=B #,@ # ); ,= %=3%" &$<$/
=,% 5; %!<' %'$ * $$5!8- % @'# - $",'$" ;% %
3 n n
" % )*K, 8*K <FKG+ 9 3



3+3 3+ "T1$- %$"? %, @ # =, % * $ ' 8"
$ &)*/# n n 3
&8*/# + " " 3
+ . <+77
3 +
A*H ,= =% !/ 1= B 4 A*H ,= =% 1!/
% 1% % L * $ 8t % % L * $
5!$- % L - $ 5!%- % L * $
'/ % 3++ <$/ ,= #H =% ' "$% =,% #
3 n
n n ll%
%" "% %
n + + >*8; n II%
n Il%’
+ . <+78
n ll% +

% % A %
BB/# , &)*/#
3
= B A* H ,= =9
8t % % | * %
51%- % L 4 $

» '@!'# * $ ", 8"

)*K

+ $ "

n n %



,<I'$ =% ') =$ 1] "%$"?

+
' % 3+4% A* H,= # =8% 1/ -l1= B #,@ # % =8 &, <SS
"%$"? $ # &/ ,= # =% "%
$%& & =% !/
=$ !/ "%$"?
<'$ =% 1Y
=$ !/ "%$"?
V% 34, 4 A*H,= # =$1!/ -1=B #,@ @, & <!'$" "%$"? $ #
= # =% '] "%
<I'$' =% 1 =$ 1/ "%$"?
- > 1#3
' % 3+4" A* H,= # =$ 1/ -!'=B #,@ $ &,<!"'$" "%$"? $ # &/

, = # =% 'L "%



! " "% )*K

3 &)*/# " n 3 , n
3 8*K <*K n "
3+3 34 <<$%) ,= # '11$- %$"? %, @ # &)
n ||%
<+& <+7+ $ n % " n
+
$ <+& (*/1# 4 "#
516- %!" I’ "%, L= % " % s %$"? 'LI1$ 1)
% , %" $ !/ "$ %
A $B Al B
3 ¥ "% -6 - ,= @ $% @! #, A% -!'$.- B &,<!'$" =% 1
& 1'% %', = &$<$/ =% 1/ "%$"? 1& T I=1 &
9 3 % '/ "$% 5#!.! @,<!"$' =% 'y =% 1/ "%$"?
&I ' % /1, = &%<$/=,8& , I'I IS &I % /1, =
# $6!-) &$<$/ & , % %=Rb," '] "$%*@H #+' =% !/
$'&« $ % -$ 16 -) <,, #!'" % Sl =
% /1,
39 I/# -6 - ,= @ $% % - &'<!'$' =% 'y =% 1/ "% $"?
6 % -6 - ,= %=8%" &$<$/ 1& ' 1= &
L&D I s %, = &%<$)
$ <+) BB/# 4 "O#
51$- %!" 1" "%l = % ' % 'ros %$"? 'L I1$ I,
% %" $ !/ "$ %
A $B Al B
9 39+ % " "$% S5#!1.1 @,<!'$" =% 1y =% 1 "% $"?
&I 1'% /1 = &$<$/=,8& , I'l 1$ & % I, =
# $6!-) &$<%$/ & , % %=Rb," '/ "$% *@QH #+' =% !/
$'& $ % -$ 16 -) <,, # 1" % 1=
% /1,
3 % " "$% 5#!1.! @,<!"'$' =% 'y =% 1/ "%$"?
& ' % /1, = &%<$/=,8& , I'I 13 &l % I, =
# $6!-) &$<$/ & , % %=pPb," 1I'/ "$% @H #+' =% !/
$'& $ % - 16 -) <,, #!1'"" % -1=
% /!,
* 3 '/# -6 - ,=@ $% % - &'<!I'$' =% =% 1 "%$"?
6 % -6 - ,= %=8%" &$<$/ & " 1=1 &

L&D T S %, = &8<$)



"

"

/

"/

3

$.- 3+ * 8 08" % %
51%- %" 1) "%, N = % 'l % !
% , %" $ !/ "$ %
A $B A1l B
3E % "/ "$% 5#!1.! @,<!'$'
&! 1'% /1) = &%<8$/=, $&
# $6!-) &$<$/ & , % %=pb," !
$'& $ % -% 6 -) <,, # 1" %
% /!,
* 3 % 1"/ "$% 5#!1.! @,<!'$’
&! 1'% /1t = &%<$/=, $&
# $6!-) &$<$/ & , % %=pRh," I
$°8& % % -$ 16 -) <,, # 1" %
% /1,
4 3+ % "/ "$% G5#!.! @,<!'$'
&! 1'% /1)t = &3<S$/=, $&
# $6!1-) &$<$/ & , % %=pbH," !
$'8 5 % -$ 16 -) <,, # 1" %
% /!’
$ 3 n
n ||% + I n n%
3 n n ,
+ B
n n ||% + $
3 (*/# " ;
3 3||
(%1 # BB/# " " 3 :
_ n n ’ ||%
+ $ (*/# n n <*/#

$

iy

=%

'$

%$"?

'/ =%

&/

g

) "%$"?

% /!, , =

"$% *@H #+' =% !/

=%

's

'y =% 1

&/

ll%$ll?
% /1, =

"$% *@H #+'=% !/

=%
,

'$

=% 1

&/

ll%$ll?
% /1, =

"$% *@QH #+' =% !/

"%



n " " % + $

"%
"%
$ ,

nong
1] + $ " /0
?

n + $

n n %
n n n % ,
?

"%
"%

6
<+& <+7+ -

n n % + $ ,



34

<+8+&

<+79

3* 11

3* 1

'/ % 3+ $

5; %l< '

L <i$%!

1
:(**
3
(**
9
3
, = =0 1"
'@! # 9

7 " n
7 4 "
7 ?
(*1#
v+ 9
3
# %
I3
| 3
#H
I =, %" $'& =$ I/
$ ", 8" % %

? 3
# 3 (**
BB/# &)*I#
n n n +
Sl= =% # +<< ")
$'& #% $5!1%- %



# %
3 11
3* 11
41
. 3
3 Il
I 3
3* Il
9 *
3 #
'/ % 3+ . ,<8%! = =% = %" $'& =% 1/ -l= =% # o +<< ") F" & I
5; %l< ' %' @! # - $", 8" % % $'& #% $5!%$- % 6%-
3
# %
3 1l
| 3
3* 11
?
%: 41
3 |
3 1l
I3
3* 11
* 4
3 I #
'/ % 3+ "<:$%! ', = =%!" 1, = %" $'& =% !/ Sl =% # +<< "B $8& IC
5; %l< ' % ' @! # * $ ", 8" % % 3$'& #% $51%- % 69%-

?<



%

||%’

n +

"%

<+79"+ - "

+ $

<+7+&;,

n n % n

+ _ n
3

3
1] % n



343 3 ,<:$%! ' = % 1) $ 1/ 216 =, % # 3* << $'&

%" $& 5 i< !

$ 7 2 3 n
&+)> ’) 3 n n
H>91+
&<* &+)> (*/r# " " H>91
W &+)> &** [# " " H>9I
&+)> &)*/# " " H>91
[ 7 (*1#
T &**[#
&8* 7 &) */#
f &** &
4B
(*
< *
8*
*+9 & &+9
4 " :3-BR
'/ % 3+ <58 %! ) = # =% 1y =% 1/ -16 =, % # 3* << C D $'& +<x

“U$" i$& 1Q 5; %i<

P& +)> " " ? 4

27



343*

'y $ 1 216

>*06

n + 4

<+7>



W # % .
&+)9
39
. 4B
)
- *4>0 | 3 =
*+9 *4+8
*+)9 3*

(* *
4 "# E:

' % 3+ <5 8%! T = =% 'y =% 1/ -16 @! # =%!"!1," =,%" =% 5; %!<
@! # $ y< - & -8 < 1T S #S AATBL B @! # # $5!%- -, 8& /"9
$-<, L o=wlt L



n " n n + . < + 7 (

&* n n +
&+)
&+)9
39
?
E
L FE>0 3
*4+9 *+8
*+)9 3*
# %
(* &** *
4 # 1#
'/ %  3+9 <i$%! = =% 1Y/ =81 -16 @!# =%!"1" =,%" =% 5; %
@' # $ < -1 & - < 1" #$B @N(Bil_# $5!1%- -, %$&
" n + $ n n n
3 n 3
n " n (*/# BB/# ) !
+ ’ " " "
" + $
" : " <+8+&; "
n II% + $ " &* ,

?9



3
n &* >* : 3
<+7| n
3 n n +
&+9 3%
NH#H% &*
[ - &*
W # % S *
>*
&+)9
39
g *+>9
*+)9
(* &** &)*
4 # | #
"% 3+E ,<:$%! ' .= =% '/ =$ !/ -6
% ' $ < $'& < -l &1 -%" <
$51%- -,%&

" <+8+8&:

->* .

&

@! # =%!"1," =, %" =,%
#$ A>NL B @! # #

5



n n + $ " " n
" : (*/# BB/# ; "o+ ,
n " n n + $
n " n% " + . <+8* " 1]
3 )* 3 n n
3*
&+)9
39
Z *+>9 13
(
*4+9 *+8
*+)9 3*
W # % .
(* & ** &)*
4 "# #
' % 34 ,<:%%! T, = =% 'y =% 1/ -16 @!'# =%!"1," =,%" =,% 5; %!<

P T LI =:#$ ASBL E XB @! # # $5!$- -,$&






S 7 &+)> 7o

S "%

3 ; % n n nn

H<<I n II% n

n n % +

n n % n + !

II%’ 3 n

rm



% 1Y =% 1/ ;"I @! #"8T %& -, L

$1- ,= &,<I'$' =% '/
"%$"? @' # % #$ &%!6
#O"S$"? /%, @ # < "#$'! <

'/ % 34 # < - 1$51$- % ) < I' # =% 1Y) =$ 1/ o oti<

3 T+ s :

3 "%

n n n % 1] + $ ,

, oo 3

1] n % n n n % + _ n

3 ! ! "% "% !



%

ll%

+ $

&+)>

%!, = % $ #

$II

%=$"

&+)>

% nn

3 nn



&***

9 >
>
= >
*
4
| *
>= >
> >
>9 >

&*** (O

' % 34

%
%
" " +

%

5$<:- =%,< :: '&!5 A
&' %!, 1t $  # ", $" %=$"

&+)> n n 7 ,

+ $ 3 ! )
+ n "
n n =+

*4B & <,' %$ !'/

#

# 3% $'& $5!



5& *6

<+87

>9

&*r*

iy

%

n mn mn mn 3
$51< < 81""% $ $'& <,6
"-, % - $&!' &S #'H#H % , $§!<< 5U
Coe w0 15) $  %S$!-1'/ &fiorg  § #1/# %
T ;$&%&"",'$" % %
$ #IU/# % "' $"
1% %
0 0 0
P+ 15) """ " %$ ,@3$%&
c - - $&!Y &1 ,=" 8" &
- $ #UH#H % ", % %
% % ,= ", <;% 16 "51'""% $ $
#UU# % "' $" % % <
"< < $5 & "% $ $ #!/# %
II,I $II ;% %
*
4 | *, . 5 6 0 ?= 0? 9 0
4/ * *. 5 6
=& * 4] *
& * 4 | *
51$- % A$B # $% % A.B
34+ <,'" %% # == " , = 1'% $ ST % % 'O # $51%- £
# $% A.B % &! %!, 1" $ # 3* << ", $" %=%"
mn 7 n n ?
3 &+)>
mn mn + , 3
n n n ; n 3
n n n + $ % 3
n mn + , mn
3 , % 3 n + - n



8**

)**

8 **

P

(**

&*** 0

' %

<+88 " 3 "
7 n n ? +
$?2 , % <$!' $51< < 5)
% -$ 16 -) ", $ 85) $ %S$!-1'/ 1'"oh $ S #I/# %
&1 =" gr $51$- -,%&
&)** & 1'% $ 0B
#UH# % $51$-
&*** -’$&
(**
crx 56", ' %S @$%&
%$ .= 1% S & - $5 sy &l L=t 8T %
()} , = | () - | 0 1§ -
1% $ $ #I/H % $518- - $ G 5 o#lE % $518- -.%8
I'l< < $5 1'% $  $ #!/¥ %
ST % %
4 | * V. 5 6 * *+9 & &+9 ))+9
4 | *, . 5 6
> & * # *
= & * # *
51$- % AS$B #$% % A.B
344 <, %S # == " = 1'% $ 1'/ $51%- -, $& ,' # $5!$- A$B $°
% &! %!. I, $ # +<< "' $"  %=$"
n 3 ; n
% <* n n + $
% n
n n ll(%
% n n H<<F)/’0
11} , 3 n n mn ,
+ $ , " 3



L

%

# I %!, 1"
n n ?
-$! #%, I#
# & # .= #
=% '] % [,
34 "#o<$ 1",
3
&+)>
3

%=%" %

% %

%=$"

7 n

3

<+88

9 L g
9 L 3 * ;<

* L 3% <
9+L 3+ i <
94L 3 ;<
=% @# %

+

n + $ n
&9 &+)>
+
%=$"
% @% <% % &
n + $
+ 8
" +
n + ,
<+8< 3



< = ?
>0 ?
*+&
>0 ? >
z ¥
P+
>0 ? >
> 0<
> 0<?
> 0= >
1‘!‘ ,&"%$ l!'
> 0=2 > $',<I'$- 6%- ! % $"# &
> 07
'/ % 34 #,@ #,@ % 6$5%) $ # & ; # !'""% $ #%, I# # =%
$ # &/ ,= # "," 8" $% $ A *4B
n n n + B n n
n + - 11} n
" " " H&8,&(,)9,7&I, 35 "
&+)> 7 o ?
3 11} n

% 1] n n n : n

; T+ 3



J H)(+

+ $ ’

"%

$
)**

"%

"%

"%

n 1] %

"%

"%



n n n ||% n + ] <+8>
7 " n r) n 3
" 3 ;+ $
" 3 3 : " "
8 * < * (* & ** &)* &8 * & <*
(*I 4 "o
W BB-b 4 "#
&)*-A# 4 "#
3*
4
* 4k <
*+*(
*+&) O 3 #
' % 34 # & ; # $ @#'"# # <$/'' & ,= # $5!$%- % .t < -$%/ ¥
#$' # # $% % =, % # +<< ","$" :$& !'Q % -3 # % -

$% $? '$ # "%! I"$- -,"$ 1)

" 3 3



" <+ <+



ll% +

J

H&>I



. %g '$-)!

H&>I ! oo

" H&>1+

4* . FG

% & '(& S $1!,'3
<+&; n .. n

" "4 $ 4

4 n n
" H &4



3 ; <+&;@

4
<+&
K S/ S $ ! 3*
M 4 4
3

>

) J K

> I S $ ! 3+

h)hf )z

<+) <+7
> J> > ) L

Z) Y W H S $!,' 34

KI ) K N 4 O



<+9

<+<@

<+<+7 4 . 0

n% ,

n n 3 + A , n

o w4, <+8( "



15

% %
-1 &
-1 &
D8
% ! -
- <I!'$
| , <
% ) ;
< A '1$51%-
2,"$-
) | ! # =0y
% < |
- 1$51%$-B % |
A ! ' .
1$5!1%- $'& '!$5!$
# < | | | 1] "
349 |
)
3

v %," -.

64

2 J 4 H (R%
P Q>

S$!," 3



s
T J F
<
s
& U <+(
gy o

7 ? ! . *+9 *+(&)9

+

non n + $ n n



% ) % )

% "1$ Y%
$ & #
1'% $

22 3

o
° %

% "1$ Y%
$ & ;#

e %4)'  %5&

@ F L&

'/ % 34E #,& ,= & %<!'l'"/ 6%- =, % ., # # # $% $'& $5!'%- %
L %S 1, =% $"# $°$-) !

7 &+)> J N



3 34 - = % 1 % 21 % &IM1)

n n " +4 H'*, &+)> 7

1] + . <+9* <+9*II n

&8*

$ &+ (8

(*

;v ©
L8y,
A

4

'/ % 3 $ ,<i$%! = < %!I"$--) % &' & =% !/ -l6 @!# 5; Wl< ' $
%",%&&:$ '/ "6 :,% + < < '$& 'Q % - @|#9 $ll'l$||
; % %



AN #
&8*
(*
<*
8*
&***** &******
4
% 3 . <i$%!, =< %!"$--) % &!" & =$ !/ -16 @!# 5; %l!< "' $--) %
=$ 1/ -16 =,% +<< ;%$& 1Q % - @!# $ "0 8" % %
&<*
&8*
&**
(*
<*
8*
. 3
AN d #
4
1/ % 3 " <i$%! ., =< %I"$--) % &!" & =$ 1/ -16 @!# 5; %!< ' $--)
% " %& & =$ I/ -16 =% +<<;$& 1Q % - @!'# * $". 8" %



&+(83 *< " " " +  $

3 3
n + $ n
o e, () L (T :

n 3 n + ,

n 1] n + nn n n n

n n + $ n nun n

nn n n n % n +

3 n ||% " <+7

Y % U $ U # <l # 1'MI1$- & "% $ ' =$ 1/ -l= $ # -.$& !'""% $

P# % $ $.!1-181,) % 1'% $ !I' # =81/ -16 $ #!/# % -,$&



n n % n + $

<+9& n

&8*

(*

4 "

1% 3 <i$%! L = < %IT$--) %
=$ !/ -l= =% +<< ;$& !Q

"%

5; %!< ' $--) $"S 1% &

o<



P3

ﬁﬁ? -

&****

,<;$%!

%

3* <<

&+)>

&*****

&Y &

&******

< %!I"E--) % &I & -I=

$& 'Q

5;

%!l< @!

#

H>9I

5; %l< " $--) % ", %& &

$ ", 8"

-, $&



||% + $

"%

"%

9?

+ 9



)*)8 $79&

II%

+ $

+4 HS$"



&+
n + n
3
% n

%

%

%



3

"o+ S

+

%

"%

%

"%

n n %

99

%

%

II%



n% ,

ll%

"%

"%

*K
<

ll%

$
II%+

*K
<

ll% .



+

1P

&+)>

9+> H&I

7



+ $

&+

)

)+9,



% # % ,%7?

)*)8 $79& + $ "

+ $ e " "

" , n " n % n +

n % nn n



H&l -11-$%, 0 2 BJ B2 J BJ -J43#>'Q(;%

-@ Q A 6 9+ >

H)I 2+ 1+ = $ 2 B 8&'"); 8 - % /
2 , 1>1);, + >> '>

H7I F'# 1 A- , 503 = % J! -4B#%$ 2 $! B A2,

1 02 [1-J :&''% U "

P , 4 $ "
$ , -, "0 &'

H8I M 2 MB, o A-J4 J$ 1:&");
# ! A > > ) 8, = ,U
&99, , 7&> T77*

HOI 2+ 1+ = $ 2 B K&''8; Q !



H<I 4 5 2! 1 2% 4 5 20 5 2! :R&8,;
Q 8 ,8. . y - &(7

/" ! # ! , , + &&& &)8
H>I 0 ##, 2 =1 & ! !

8 8 P= 5))9, + &)*9 &)&8
H (I 0 2 0B, ! JB= &) ; K
8 8 ' > Q, -
0 , )&, + '8> '9<
H'I /| # MB =-J O-, 5 2- $J . 22 m&">;
8 8 ! . 5 K% " Q %
P’ ) 7 ; , # " / o ,
A + 99, + 88' 89>
H&*I I = B ##J 2 :8''8,; 8 8 . *
oo &( 1T " # : :
&
H&&I =1 /- $BJ 0 $0J4M@BB :(&'>&; &
8 = *, &(, + )" 8*
H&)I 2 &8 (; Q . , 4
# , - 1J * 9)& 9>*8< >
H&7I1 /| 4- A 2 , V1-J-, 5 # 1 /V-B 8
: + 8<> 8>9

H&8I /| # MB =-J O-, $ J . 22V :&"'(;* > )

; 8 8 PEW 1> >= )%



H&II / O-J, ! # | 0B2 $ 4B 2% ] :1&'>);
K 8 8 P£>70D)A + )79 )88
H&<I O J 40 :&''>K ( 8 P' )*
A : # +, - 1J & (97&* (78 *
H&>I 0+ 1JJJ%-J, 0 0O 4B/ 2 0 J!14B40O
8 Q 8 > #) " ,
4 , JO
H&(I / -0, . 2JJ!B, / = 12B=1J oo/ /- 2
&'"'8K ) 8 8 . @
8 K Q, . : , - &(, 1" "
# " , L+ (7 &*&
H&'l ! -, 1JB= 40.- ! :&'((; 8
! 8 , - "o ", # --, + 79 8*
H)*I 2J J!B, 5 22 / = 12B=J 8&''8;
8 ! R &' #°' # 7 3 1 P
> > ) @ ! 5 , .7 : -
&(, I " " # " , .+ &(7 &'9
H) &l O/ 'B1B2/-2 O-,A&""); 8 ; X
3w Y@ |/ $$-, 2 1 =% 2B +,
? $ /
$/ $# &&9', " " /
# , # + <* <<
H)I 4 2 -M, #+ +1 1B!!-J5%$BJ O 4 4 J :&'(8;
8 8 3 *
/" .8 7, + ) ()&>
H)7I 0 B=, ! JB= ! - V&S

&T*



6 *- 7% 78 9-$% * A I*B ;;3 * | *E

H)8I 52 7 B B. BJ &""; !
Q Q " 8 K , 4> ) |/
/" " , &>*1& ), + <9 >>
H)9lI # 1 J-4B B, $ /| $'4 1 Q&'"";
8 8 X [ ! #
, # " # - $ - !

, 79<(,  + (7

H)<I B B. BJ :&"9; Q @ @
! , $ - ;) (85, )*> )&>
H)>I 5 J5, 5 -4 J5 M -0- K&''&;
> " 8 8 = *&8(:&;, + &9 &7
H)(Il 12 = 2 =0 :)**&; ! 8
8 8 I .5 , 8 -
78, 8'7 9*7
H) (I $BJ , J-48B $, 5BB!/ J 2 8&''';
8 P (> (1A 8 ( (8- ! * 0
, )&,  + <<7 <<
H)'I I - I JB= &> 8t > ) 8
8 K" , . : , - &, I
# " , , + &>& &()
H7*1 | - I JB= &S P
Q Q ) o 8
: ! L4 $ "
- R A R A

H7&lI 2- 5 . 22- $IK&'(; 8 !



! . b5 7" ko
" L) ))T, o+ T(7T T'&
H7)I j J5 O] O-/ BBJ 1BO L&'!>;
R &' #' >7 W 1(P1 8 , - +8+

&':7;, + )87 )9&

H77I1 5 # =2-5 % 0O 0 BN4BJJB2 " " ;- J 1IBJ
1 &> &8 K > ) > > % 7
K ; ; # & & K # L&
8 8 , - 0 A S +
999 9>+
H78I $ $$B2- /' J O/ 2 &''8; 8 K
) L, K : :
- &(, 1" " # " , ,  + 897 8<*
H79l . 0J 5 20 5 2! :&'"8; )
8 8 8, : - &(, 1" "
# " , .+ >7 (&

H7<I O $B :&'"); ! !

8 8
$ / : $/ $# &&9', " "
$ / . # , + (9 &**
H7>I . 23J'B, / = 12B=J, O 0 /- 2, 2 4BBO !
2 ] #2B :&''88 8 ' . R &' #' #
73 1; P > > ) @ A , 5 7
, - &(, 1T ! # i ,
, + &'> )*'

H7 (I 0. B=, ! JB= - &"'D; !



Q )™ " / L
, )* &, + <& >*
H7'I O $B L 0--1:&' (k" % 8
8 , =, &*>, + )89 )<)
H8*I O  $B, . 0-- OB! / !:&'(<s; "
# 8 8 131 1,1 0/

)':)9<;, + 7)97 7)9(

H8&lI 2 4BBO # 2 1= 20 1:&'(); " '

, , : , * & )*

H8)I 4 ! jO-J , / A 0 -J >)*Kr;

; ; 8 8 !

- 0 . , )+ >FT >&<+
H871 ! r/ 0 =21 2%$BJ :&(9;,@ 8

U Q = >  *&*<, + &>> )*&
H88I OB J BJ :&''8; ! ;
K 8 0 ~* $ , &&<, + )8> )98
H89I 0 .. 2 /0 :R**; 8

7 ! Q ) K - * 0

" . 7>, + <9>& <9>9

H8<I [/ = /B 2, -1J M 2- ' = B ##J 2 :&''8,;
8 K Q 8 8 & " A !
8 \ P oo , - &(, 1 "



H8>I 0 !B/-J5 M :®'"'(; A 8 8

! 8 8& , Y&(, + 87 97
H8(I M B jJ5, #J, | - J B jJ58&"7;
! 8 & P > )
0 )& + <7 <<
H8'l B A-J5 1B 0O 4B8 :&"'&;! A
* / , + &>8 &(*
HO*I #2 1= 21 2 4BBOS&&'>(; 8 Q
8 " ! > " B "™
2 >(*&", 2 " , *+ &))
H9&I 1 A-$M 2Q&'(>; " ) > ' @
Q '8 o= /
" " /" " ,  + &(" &'+
H9)l 1 .2 1!2-0BJ, 1 $B2 $J. $ J J! 1&'(8;
5 ! * 8 oL &
>"" * 4 , &), + &77 &87
HO97I 1J21 , 4 J5 I 1 A JJ &
8 8 = *))8, + )<>)>7
H98I 0 . B=, I JB= ! - L&''9;
Q )y P, =", &(9:&);, + )79 )7(
H99l | JB= ! - T&TTY !
8 8 =*  &7<:);, + 7)) 787
Ho<I ! - 1 &Q' 8, 8 8 = *¥&>9:&);, +
&*> & &7
H9>I ! - 5 22-B 5B-%$-B B V:&'';

: "8 (> & @ . & :



0 , 718:7;, + &>9 &(&

HO (I 53 # 9% | $J . 22- :Q@'>;
! X >"" 8 8 -*U /U 4,
8:8;, + )><& )>>&
HOo'l $J . 22-, . 52 J!$+ 0+, 5 2- = J5 1&''<;
> ) U " 8 8&0 *
- | # L 3 . 1# +
H<*| MB =-J O- /#, | $ -O 0., . 22- K$J &'
=18 7 88 ! .5 - * 0 ,
) &, + <>& <>>
H<&l [/# MB =-J O- $J . 22-Q :&''<; 8
8 .8 =* , &'(, +'7 &*>
H<)l . 1&'<; ! > U
8 - * 0 " 77 )7,

.+ 78>> 78("

H<71 =J .-J! j, 00 4B /3 14 J jPr&'9<;
! # P 8 & >K 1E1W *
# ", - 4 " / -
[ " ./, + &9* &9>
H<8l 0 2 0B | JBR' @ ! : Sun
; 8 8 . -

! 8 + 89' 8<<

H<9l ! B4- :&(>; % 8 Qo0 *
/ ;S &, ) )
H<<l O J- -B O O -2 0 =8:&"<";
8 8 *7,1 + 0/, &) :9&; + )79 )8)



H<<l 41! jOo-3, |/ A0 -J )**&:K%" (

5 8 8 ! \
- 0 . , )T, o+ >*T >8&8&
H<>1 0+ -4, + = 0/ 2 j8:&'>";
8 8 ! . ZWZ3 PZE3 > = , 9%, )+
79& 7<&
H<(I -1J M 2- ' = B ##J 2 P&''S8; 5
; Q 8 , 8. . : - &(,
/" ! # " , , + &)9 &77
H<'l I # 2BBO :R"'8; " ), 8
: - &(, 1T " # "
, + )7 9(
H>*| $ $$B2-, / J O/ 2, O $ $ =J%J1
&((8 8 > ) 8 , Q0 /
- 0 , (&:&;, + &** &*>
H>&I . 2J .23 JIB :&''8;; 8
8 8 Q ) . . , - &(,
/" ! # ! , , + &8' &9'
H>)I 2 # $ 2 BJ :&"9; 1) , 1"5 :
+ )'7 7*< %
H>71 ' $j B2 :&R'; K 8 X > @
P! Q - * 0 : , )&, + 8&7
H>8I + Lt )RR & )*)8 $79&
H>9I -2- ! - 2 "o
, % , 5 , O 0/ , | =

&) > ! 8 # 73

)
8)*

1



H><I

H>>I

H> (I

9+

P

)87

O

j

A -

8

) @ A 5

M 2 M BV )***;, * >

W1l ( PE3 >

J A , -J!Io

St &'(4, 8, + ')7

2 $ O,/ 5B$BR)**+;

*

=*

P : U

, )7 (, + >* >>

)

, PI)TH )T >

:80'8;

)

U



2 1&'" (B Q ( 4K *

#

2 1-JB=-4M :88'9; U Q ( K *
#4 A2 j &P P ) > > )
1 L$
I 12B O :&'K7; ) K 8 Q " -3 (
K, O " " H# 5
# # 13 [/, 2 0 42 =.B2! 4 5 2/ $2BJ5 :&''<;
Q K Q ( K 5

! O 2 :&'>H; Q , # #
@) $2B ! :&'K9; Q ' 1" K*?1"

#






B 19

-J

JBS$

B

9,

&@



4B

#E;

Al /7*&B



g N
2 e
AB
$
cp
8
21K
<
* % 4
C

t=]
IN
i)

E
F
Y4
#
B &
.GH
) —
4?
>3
4
& 3
\
&
?
E
?2H
K
6
B3 gk L
Bo %



‘6



B PRB-

E &gl
B R °






XA BA

%%$'$%

* 949 R 9>

Bo’

N

E\



JBS$

B
-J

O

1%

41
PQ

N O

+&+&
) &

A +O



oo O 4
< < «x



& & RV¥%

Ko~ O%
.ddadVvVv O20da@a®aa
@) $T 4di C-

@

2d8S

14

s$ar

di



9

= _“m

__EO

©=

5[>"%

POlU b
:$73

8 2 2
.8*

Qoo

J/



O

119

-J

JB$

An 33

oy —



<<=

RB$

0 79%

M g=I1111

(

T

ABYZ9f



!



.0
40



4|! x
E 4B

N—r



IRd;

Z

a



41

* %

=<

% gF



1Bg

(?<e@



5B

el

A_ \Y

)@

2G



<®xxx o

o i jov v c® >3 ON oOsoc g ¢ vz m_‘C w

6 E

460

& > OoF = =2



il
40

* *

$0 B

03454

) *$0$7M

BO

)*$g<

'RY Od
\'3

+ J

Yo

PZh,



>0

o@@3



=T

—
—

41 WYI
8 L.

+

ll(

2

I

I

(.
Bd Y

h

% -

$3 =

$

0 3
N4
#1
J

- 3

) QCY

T c
N
0
M

- $

3 <
a

be

Q

#1 v (
Z
bl

Q Qo
N

I\

"% &
$c

<

Al N

% $ ]
k e

U

sy






%
%
% &
% &

%

% &

%

%

%

%

% &

%

% &

%

((%

% &
%

A

%
% &
%
%

% &

% &

%

((%

% &
%"
%"

%
%

%

%& (
%& (

%& (

(

% %

%



%

&
% &
"% &
3 |
& & +
Yo+
& %%
% %
& .
& &
&
& &
& &'
&
&
&
&
)
)
)
& &
&
INNE) )
&("
y & ("
Vo
%
(
( &
( (

%

+

%

% &

%



%

%

&% &

% %

% %

%

% &

% -






% L&

)
#

%

% &

( % & |/
(G "
( .

% %
% % &
% % '
% (%

% % %
% % % %
% % % (%

)
! %

)
%

)
(
(% ( (

) %

) %

) %

)

NN )
%
% % (%
% (%
)
* * %

"%



%

% (

% &

% il
% '
%

%

o %
%

%

% (

% &

%
%

%
%

%
%

%
%
8&1%%

%
%
i%%



& (%

< % (
(
(%
(
&
% % %
"% % %
)
(% +
( ( +
)
) )
)
3 3
)
$






"%
" %
"' %
%

"o

%

%

%



%
.

( (

R0 R

—_
—_

((



((

&%
&%
& (

AN

(&

%

" %

( &

(" (

% %

% %

%



+(



% 0 )
N #
&
&
& .
& &
& &
% &
& % &
& % '
& %
% & %
& % & %
& % & %
U*
&
&
& & &
)
)
)
)
“ )
"%

% & %
& %
NN )

%
%
% % &'
% % &'
%

& % '

%

%

%

%

[



& & %

%
( .
(
%
%
( %
& ( (
& ( &
( & (
&
& + &%
( & + &%
+ &%
& + &%
& &
& &
& ( &
&(( &
& (( & (
& ( & &
& & &&
)
(
)
(
)
&
) ( &
) ( &
)N ( &
“ )
& &
&
& & (( &
NN )
(& (&
' (& &



(
% &

( %
( %

& %

(%

%
% %
% %"
%
%
%
( %

(%

(&
( %

%

& %

%

" %

% &
% &
( &

(& &

% & (

& (

((
%

% &(
% % (
% ( (

% & ((

% (

%' & (
( (

(CC(
( &(

% %

% %






34435

93 3
( %

( %

( % (
( %(

(
% (% (
%
(

% (
% (

I(

%
% (&%
(&% (

%' &%
%'&% (

4"634

(
(

& % &%

"074

789



%

—_~ e~~~

((

¢
e

%

%

%

%

%

¢

%
%

&% %'
%
%
( ('
& &
&
)
&
&
& &
"%
+
% +
%' %( + (
& && + (
&&
C o
& %
(
( (("&
& ((
¢
)
%
)
% %'
)
%' % &
& &
& &
& &
(C ( &
& ( &
*
) )
)
¢
%% ((
%% % % (%

% % (%

(

&

(

(

&

&



%
%
%

%
%
%
%

%

((& (&
% &
(( & &

((& &
%
(& &

% % % & %

% %

% %

%

& &






% (

1

( &
(% (

(% ( (((&
& (((& 7
( &

w( ( &
( & (%%&
( (%%&

% (&



%
% (

)
)
)
) &
) &
X< &
& %
“ & %&'
& &
' &

. &
& & %
& % & %
& & ' (
& & (
& ( & (

&% (% &



&% (%  &(&
& (& & %

&
& & &
9
9
% % %
L) % %
9
)
¢ (
( &
)
)
)
3 3
) )






%

% % &



%%H& % (
& % (
' &
& &
. &
(
%
R
(
1(
&'
. .
( o
%
+ %
to% +%
( %( +%
« ( +%
% % (
%&( % (
% '% %
% ('
% (" % %
% "% % &
% & ( % %
)
)
' (
)
( (
) &
) & (
)R & (
- )
% (" (
(
o % %
“ )
% & %
& % &
& &&
&& % & &&
% & & ( % & & &

(



& % % (

& &'
&' % ( ( (
& % % % ' (
& %
s %( % (
(
(%
( & ( (
% % ( (
9
9
% % %
"% % %
9
)
( +
% +
)
) )
)
3 3
) )






&
1%
#1

%

%
%"
%"
%
%
% '

%"

%

%
%

% (
% &

%

%

%

%

%
"o
%
"
% &

%"
"%
%

%"

%

%
%%
%



o 7/ % &/
/ % &/

% &
% & (%
(%

% +
(" %
( %( +
"% % & +

% & |/
% % ( /

%

"I %

+

"%

/ I & "%

/ & '%
Y./ & '%
. )
C g
"%
% "%
. )
( (
(% ( "%
(% % %
% % ' "%



(%
(%

& %
& %

%

" %

&( %
&
& %
&' '%
"%
(
& "%
% %
% %
) ,
+
% +
) )
)
$






, % #

%
%
% % (
Y

& % %(
%
% (
( %
C%

—~ o~~~
—~

%

% %

%

, &

%

%

%

%



% +
% % % +
% ( +
% +
(& (" %
(& %(
(C %
(%' % %

(%% ((

(( (&

(& (& ("
% %

% %

(%' %

(& ("

% %
% % ( % %'
% & % %
% %
(
%
2 :
& %

l( (l
% %

& %



: g
(& (%
% ( "%
( &
(-
& & &%
( ( &
: 9%
&' ( %"
&& & & %
& (% &&

W& (&%

9
9
% % %
' % % %
9
)
&
- & %
- )
)
3 3
) )
$



9&&






4]

N
49 B 4B 8
+ U B
o
) & G
AYIBT(( ( S ; ,!>, > Do 66 01 H1
4B B 4
*
ll4
4]
B
G

%( 700 -1 6 » (&0 1



L .=\
B ¥d
;E
E
*7
£ ™
49 BA 4B, 4B AB B 4
4B BJ
C ¢
43
o N
|
0& 01 6 6 cg A B $; ( EsSb 6
( >e( (e 4
@ Y O = Mc
B @, e @0>p
"7]/\ " 1 a8 BPAF
é(_
E
"
8 (@)]
4] — ()
!
+(( ( ESe ( ;o



]EA) % %9'% B (o]

E
Y
4] 4 B 4]
C
R
B
a AB $!> >8$S/F ><,1;1$C AB: (S > ,I;5S
2 ?1%?% % % % 3
8 C C 8 M MM MO
i Ho My oo
6, 9% K

% ( && 01 H1 % ( 700 61 6

2,$& A7B

5!%-

2,$& A7B

51%-



4]

$7

4]

L!
AB U U +--
G %
L!
A B E8( (U$S

u,,;,

a

A

B

B % % W
% %
CMN "

M "

#

2

o

%

5

E((

4]

3%

S

>

43

2,%&

51%-

2,%& A7B

51%-



A)7B (8

((



AB

o 26 %
% % 2 o L
"P CQ
B cl ?é%%: "
<
E
Y
™
C
4]
C . -b 017D 01BB6®6 %( && 01 1
f C 9
o6, YN B m &
<
E
n Ig B 4B, 4B

4]

4]

43

% ( && 01 61

43

4]

4B

01 61



RB

LLZR
: B RT SR

4] BA AB

Too
9

<
>

o ol

4]
B
4U!
7
4B f
CE  o( '08 01'a H1B G % 708 17' &
% % %
¢ L’ L L
Lol A
<
AB 4B
(90
4]
4]
AB

H %( 66 01 6



<
B 4]
E
$7
B
) 7) < 6 43 B
"&
B
C :; '00 01' H1BBO A)IB
(1;/U07 ()/;’U76%4UZU7
= c s
3 EJ'_ JB
E
$7
B
AB
AB E -U ,S, S % (

01

AB)

4]
G
(,S"> ><!1,S, S
<
o™
4]



Q- "m OF:=2"oQ

VA 700 + 1 6

B V
E
%
4] B B B B 4]
m
2 6
6 A)lB b 01'&0 01B O
%!W
E
fB
’O +B 4J
C
V; o 1 H1

2,$& ATB

5!%-

2,$& A7B

51%-



$7

B
AB
D
G
+( (B ( ¢
+\ Cls 6
[$7
AB

%( '0& O01°' b



2,
A)IB'08a 01 H1 6

AB
AB E(4 (+ v ,;, >

4u7 4u7 SR+ au7 4u7

B w % % %

L~ TL
2 "
: '00 O1'

4U7  "UT  4UT  4UT  “UT7

% % % % U

(o] 4c7

A B E(fe ¢

S

C

-1BB6H

2,$& A7B

51%-

2,$& A7B

51%-



% (

’

'00 O01°

E(4de 3% $S C

H1 B-0B 0

151

ooe M

>



AT

% (

% (

J
P
08
'00 01'&0

%( '00 01

% ( '00

cr7

-b

m
©
<
o3
A
o~
&
o
) %
D1 06
m
N~
<
o3
A
o~
&
o
b BBDO



2U7

4B

(O

4U7  4U7

B
% %
C

O D<=

A

"u7

%

Cc .

=

‘C
AB 4B
B $!>
B $>>

4B

B,S

£ S ;

4J

AB E( (
f.B
4B+

2

A B $Se

6,

2,$& A7B

5!%-

2,$& AT7B

51$-

s/ >11,s, S



G B

% (

6,

NS
70& 0$0'&0 H1B-#0

B

& 01 b 6

cpB

A B

%( 0 -O--

AB

AB E(( (E

>

>



4B

77

O -

7N O

4B

7N O-

PN"

PN"

E
BJ C\]
C
Bs
9" 0
Q L
ANAS
A
L1y
S4
9" 0

?

3 N O

9"



b6

b

4U7

BJ

., 70qo

E (01

CcJ

61



.?7?



YC

N
37
Yh . B
AB 4B 48 ) (
CJ
9u!
° V; '-;a -7 -b 6
4uU7 4u7 CE CE B
ee L N
an_
4]
E
477
4] - 7 ;B 4B BJ Ol%
4]
W
Y9
R+
2
% ( 01'&0 H 6

[1

M9

4B

00 6
P, 2S¢
oo
27
% ( && 61

2,$& A7B

518$-

2,$& A7B

51%-



(ON)

cJ

AB E(4 (
48 ": ,".i

+ EE

F3

A B E3Se

s C ,I;

ESe C

N
=4
&
CclJ
i
P
8 E
G9
E
4B
1+ #
R
:J |
N
B
B
CcJ
£
L(
<
0
BJ
s, >¢

:J
BJ JB 4B
JB
A B E(](E--
JB
ab,
ClJ
c$
BJ JB 4B 4B
4]
JB
AB E It /s

JB BJ

JB BJ

>%$,!

2,$& A7B

51%-

2,$& A7B

&
51%-



M
R
‘U'E
A B $
A B E(

E
C
1)
> o >= -
A B E ( ES
#
E+ |
cl
E
4
J
C
CJ al
9 (
& (

A$BE ((E c

(

2,$& A7B

51%-

2,%& A7B

51$-



" n & 7

E
2
43 4B 4B JB BR" 4] CJ
C
43
**
G piis
77 3 N O RN" O "O
AB
4B *7 ’\‘7
7+ B
E[+ R R O L
R .
nER S BG 43 E
E
BJ 4B ] 4B ) é( 43
a
2
D
&; 7
/ OS 7N O PN" O "O

77 N

BJ

BJ JB 4B

2

T7 7N OE RN?'+ ?7

43

2,$& ATB

51%-

2,%& A7TB

51%-



CJ B B BA
4E+
Q
E(C (E(C ; ,', =
B g

AB

'00%4&& 6b B- B 0

$7
cy









Al B

%!u !,|

Al B

%!u !,|

)*

&)

&)

* %

*4

%" 12,5 =%,<

5!$- 2,$& A1 B

%!" 1" 2,,,& =%,<

5!$- 2,$& A1 B

'$-) !

'$-) !



Al

%!

Al

%!

)*

&)

&)

*

*

%!" 1,2, =%,<

5!$- 2,$& A1 B

%!"!5I211; :5”

5!$- 2,$& A1 B

'$-) !

'$-) !



Al

%!

Al

%!"

)*

)*

&)

&)

*

*9

%!" 1, 2,,; =%,<

5!$- -,$& A1 B

%" 1,2, =%,<
3
3 1
13 1
I 3

5!$- -,$& A1 B

'$-) !

.$_) |



Al B

%I" 1,

Al B

%I" I,

)*

)*

&)

&)

+

+ *

OA)!"!vI 211; :%1<

5!%$- 2,$& A1 B

%!"!1'211; :%|<

5!$- 2,$& A1 B

'$-) !

'$-) !



:0J;

:0J;

*

I *

&<

*

&77 .

*+9

*+9

*+9

:0J;

:0J;






=

0J;

8*

8*

7*

7*

*

*

*+9

(*&

:0J;

(*)

:0J;



:0J;

AONK

7* I*

7* *

(*7

*+9



:0J;

:0J;

8*

8*

7*

7*

I *

I *

-p

&*
*+9
0



:0J;

HONK

7*

7%
&*+ *4+Q

(*>



:0J;

8*

7*

*

)+9 0

:0J;

('






! B 4 $ &)

H#

&(**

&7**+

(**+
non 7**+

4 "M T)r+

&(**
&T**
z
4B



H#

E:

&)9

&7)



non

#

&77






&(**

&7**

I *

&(**

&7**

(**

7**+

H#

N $Nh

[1

(*)

(*&



3
&(**
&7**+
(**+
7**
4 M *
B 4 $  (*8
3
non 6(**
&7**+
M | *



B 4 " $ (*9
3
&(**
7**+R q|
l’l7
O+ 4B
[1
7** + -
"M 1* 3
B 4 $ (<
3
& &(**+
&7**
\
M 21*



4" s (*>

I #

&(**

&7**

(**+

7**+

" $ (*(

&(**+

&7**

(**+ 4B

7**



& + + !

&7+

(**+

('






&***

&)**

&***

3*

$n

51$- $'& # $%

3*

/

*

%

%=%"

*4

/ *

A<<B

%!".

4 | *.

3*

l' $"

3*

%=9%"



L 2
N 1 $'/
9 6 ' l-
4
&+
)**
X
" 3 9
14
|
19
& *** 8"
g v 5!$- $'& # $%
$'/
9 + "l
4
)**
*
» 3* 4 3
14
|
19

*

%

%=9%"

+ *

/ *

A<<B

%!".

4 | *.

3*

!l $"

3*

%=9%"



Rk 2 / [ 0 4], V.
9 1 $'/
.
4
@
X 3* 4 3 9 3 * 3 37
14
I
19
&***

&) 8T %=3" A<<B






&+ )**

%

I *

A
N N $I/
N "%Y

51$- $'& # $%

$'/

*

/[ * 4 | *. VR
*3
8" %=%" A<<B
9 *
% I %!, 1" $ # 8"
*3
8" %=%" A<<B

%=8%"



)**

%

)**

%

>9

;* * [ H# I = / / * ] 4 | *. ’*.
1 $'/
%5 Yl
3 %3
b8 %=%" A<<B
9 4
513- $'& # $% % L%l 1% # S
$'/
$5 ' I-
3 *3
4 | * ,*. 5 6

%=$"



T E - R / [ x4 ], L
&*r*

19 ( S %=%$" A<<B

&*** 51$- $'& # $% % %!t 8 # D8

9 N 1 $'/
C

+

)**

&*** 0 4 | *. ,*. 5 6

%=9%"



grH* SV E I / x4,
$'/

)**

&*** ,I $|| %:$|| A<<B

g v 51$- $'& # $% % AN I T T &
$'/
9 ! .

3 *3

%:$u



8)** IR

& **r* 1 $'/

s L

s 4

)**

%

)** 3

14

&)**

1 $n

%=%"

A<<B

4 | *,

*3






*6

5&

*6

5&

&**

&**

&**

&**

/

*

/ 9 1
> 0
0 ?=
> 0<9
> 07
?
0 0
<
* %
x )
> 0
> 0 ?2= &**
> 0<9
> 07
0 ?=
4 | *
6

| - [

/ 9 !
0
2=

> 0<9
0?
2 2
0 0
<
)**
*
> 0
* %
> 0 ?= &
> 0<9
> 07
0 ?=
4 | *.



9<788 G 3l

&***

0

' ?
v * L B

9U7 <799/@ 7@;"!

*

+ 55

+ (55

+% 55
+ 55

"I93L9 V<N3L7G55I

789 %

%

)**

&**

718;47 W;34 9<788 U<"V@U 7X9U"N

U7 <799/!@ 7@;"!

+ 55

+ (55

+% 55
+ 55

3R

%

)**

&**

' ?
Io* %*/ 'l ! -1

9U7 <799!@ 7@;"!

55

+ 55
(55

+% 55
55

( & &
"193L9 V<N3L7 G55I

789 %
U73< 9<788 3!@7 U<"V@U 7X9U "N
U7 <799!@ 7@;"!

55
55
(55

+% 55

+ 55



%

)**
&**

&**

)**

+%

/\&***

&&**
[&)**

<< ! <<

%*/ I [ [ %*/ 'l !
! I % / U7 <799)!@ 7@;"!
55
55
(55
+% 55
& + 55
(
%
)**
55
+ 55
+ (55 & **
+ 9% 55
+ 55
( & &

"193L9 V<N3L7G55I "193L9 V<N3L7 G55l






9<788 G 3l

9 ' 9

., - ST o %r/ 11 o1
9U7 <7991@ 7@:"! ro I %
55
55
55
% +% 55
+ 55
&
&**
&**
%
+%
* )**
+ 55
+ 55
+ &**
+ % 55
+ 55
¥ * & ) %
"193L9 V<N3L7 G55I "193L9 V<N3L7 G55I
789 789
7'8;47 W;34 9<788 U<"V@U 7X9U"N U73< 9<788 31@7 U<"V@U 7X9U"N
% U7 <199}@ 7@;" 2 9U7 <799)@ 7@;"!
55
55
% + 55
% 55
+ 55
&** (
%
)**
+9% 55
+ 55
+ 55 &**
+ % 55
+ + + 55
*
* & ) %
> | 4 | * ,x 5 6 4 | * * 5 6



9<788 G 3l

9<788 G 3l

9 < 789 %

c ;ox I B N U73< 9<788 3!@7 U<"V@U 7X9U"N
’ fo% 9U7 <799,@ 7@;"!
55
+ 55
55
% 55
+ 55
& +
*
+ 55
+ 55
% 55
55
+
"I93L9 V<N3L7G55I "I93L9 V<N3L7 G55l
789 ( 789 (
718;47 W;34 9<788 U<"V@U 7X9U"N U73< 9<788 3!@7 U<"V@U 7X9U"N
U7 <799'@ 7@;"! U7 <799@ 7@;"!
*
55
55
% +% 55
55
&
&** ;“3_
Z
&** (
+% )**
*
+ 55
+ 55
+ +% 55
+ 55
* & ) %
> 4 | * / 5 6 4 | * ,* 5 6



9<788 G 3l

9<788 G 3l

' 9 ?

oo T B

? U7 <799)!@ 7@;"!
%
&**
+% +
+ o+
*
+ 55
+ 55
+
+ % 55
+ 55
+' "I93L9 V<N3L7 G55I
789 &

718,47 W;34 9<788 U<"V@U 7X9U"N
U7 <799@ 7@;"!

%

&**
&**
+%
+ 55
+ 55
+ 55
+ % 55
+
+ 55
> 4 | * ,* 5 6

! 9 ?
[ % */ "l ! -0
& *** U7 <799;!@ 7@;"!
55
55
55
+ % 55
55
&
(
)**
*
* & ) %
"193L9 4757!98 G551
789 &
U73< 9<788 3!@7 U<"V@U 7X9U "N
U7 <799!@ 7@;"!
*
55
55
+ % 55
55
&
(
)**

0?
"193L9 V<N3L7 G55l



9<788 G 3l

9<788 G 3l

9 T

o F LR | 0 A I A
55
55
% + 55
+ + % 55
+ 55
&**
& +
&**
% + (
+ * )**
+ 55
+ 55
M+ + % 55
+ 55
* & ) %
Q 2 "193L9 V<N3L7 G55I "193L9 V<N3L7 G55
789 789
718;47 W;34 9<788 U<"V@U 7X9U"N U73< 9<788 3'@7 U<"V@U 7X9U"N
! U7 <799!@ 7@;"! PRPIR 9U7 <799!@ 7@;"!
55
% 55
+ 55
+ % 55
&** 55
& +
w
Q
+% (+
+ * )**
+ 55
+ 55
+ +% 55
+ 55



9<788 G 3l

%

&**

+%

&&**

"I93L9 V<N3L7G55]

55

+ 55
+ 55

+ % 55
+ 55

[ % */ '
! I %
55
55
+++ 55
+% 55
55

"193L9 V<N3L7 G55I

%



%



R

Q

o— = -
=

A % $B S!&$$

z

GV,9VI9XL63

GIWV;I9X08%



#

#H

B

cJ

GV;9VI; X03%$

b

GVIW;IZ;08%

[o}]

o «~ -

/W‘DW._

%
2N
“b

u). "

**

.9 CET

& &



$&

A9

% !

B



O

GVIVI;X03$%

(0]

GVIVI;X03$%

6

G ;X083

0o

+

#0



K!
A )
B I;&$
P



\' B

||‘+
*7
G )
GV!VI;X03%
77 Co7 -
f)
G o
GVIVIZ;08%
(@]

A'B !;&$P



