
Design and Analysis of a Deterministic Disturbance Generator

Shaheen Thimmaiah Palanganda

Thesis submitted to the Faculty of the

Virginia Polytechnic Institute and State University

in partial fulfillment of the requirements for the degree of

Master of Science

in

Aerospace Engineering

W. Nathan Alexander, Chair

William J. Devenport

Aurelien Borgoltz

July 18, 2023

Blacksburg, Virginia

Keywords: disturbance generator, transient wake, oscillating airfoil models, actuator

testing, flow velocimetry of a disturbance

Copyright 2023, Shaheen Thimmaiah Palanganda



Design and Analysis of a Deterministic Disturbance Generator

Shaheen Thimmaiah Palanganda

(ABSTRACT)

This thesis introduces the Deterministic Disturbance Generator (DDG) and its development

process. The DDG performs two motions and five pitch rates. The flap motion, which rotates

the airfoil from 0� to 20� and back, and the ramp motion, which rotates it from 0� to 20�

with a dwell of 1s before returning to 0�. To determine the angle of attack, a Matlab function

converted thrust rod displacement into the assumed angle, validated against true angle of

attack measurements on the DDG. Mean angular displacements were plotted, and standard

deviations of the 95% confidence intervals were calculated within �1:3� for all motions. The

mechanical force on the actuator was computed to be 77N. Aerodynamic forces on the DDG

were determined to be 15N and 19N for flap and ramp motions respectively. The total force

on the system did not exceed 100N in any case, staying below the peak force capacity, while

acceleration reached its limit. Flow velocimetry in the Virginia Tech Stability Wind Tunnel

(VTSWT) employed a time-resolved Particle Image Velocimetry (PIV) to study the effects

of 20� flap and ramp motions, with mean actuation times of 63ms and 37ms. Flap motion

showed a significant deficit in mean streamwise velocities, and the ramp motion exhibited

similar behavior until its dwell position, generating a large wake region due to airfoil stall after

its peak. Comparison of data from the Goodwin Hall Subsonic Tunnel (GHST) with VTSWT

data for overlapping domains revealed similar flow field features when normalized based on

the boundary layer velocity (43mm plane from wall) of the latter. Considering actuation

time differences, the freestream normalized GHST data was combined with VTSWT data.

The cohesive PIV domain offered a broader perspective on the missing flow features.



Design and Analysis of a Deterministic Disturbance Generator

Shaheen Thimmaiah Palanganda

(GENERAL AUDIENCE ABSTRACT)

A Deterministic Disturbance Generator (DDG) was designed to generate consistent large-

scale transversal transient disturbances in the wall boundary layer of the Virginia Tech

Stability Wind Tunnel. It comprises an airfoil connected to an actuator through a rotating

mechanism. The rotating mechanism can be controlled by manipulating the actuator to

induce motion. The rotational speed of the airfoil is regulated by a program provided to

the actuator. The DDG motions were validated to achieve nearly identical motion profiles

to ensure it produced consistent turbulence wakes. The linear displacement of the actuator

and airfoil was measured using a laser sensor, and a code was developed to convert this data

into the observed angle of attack. Tests were conducted to verify repeatability and fine-tune

the system’s motions. A comprehensive description of the fabrication process, hardware and

software setup, and calibration procedures involved in developing the DDG are provided.

Using aerodynamic models, a computational study is performed to determine the forces

associated with the airfoil and actuator. Subsequently, the DDG was subjected to testing

in two wind tunnels: the Goodwin Hall Subsonic Tunnel for preliminary characterization

and error mitigation and the Virginia Tech Stability Wind Tunnel for final assessment of

the DDG’s performance. Flow velocimetry data obtained from both tests are analyzed,

revealing similarities in the induced motions. Mean flow fields and turbulence values are

determined, and the effects of different pitch rates are also assessed. Finally, the mean flow

fields corresponding to identical motion types from both datasets were integrated into a

cohesive plot. This resulted in a comprehensive understanding of the flow field.



I am deeply grateful to my advisor and mentor, Dr. Nathan Alexander, for his exceptional

guidance and support throughout my academic journey. His extensive knowledge, insightful

feedback, and unwavering commitment have significantly influenced the outcome of this

thesis. I extend immense gratitude to Dr. William Devenport and Dr. Aurelien Borgoltz,

esteemed members of my thesis committee, for their valuable insights and recommendations.

I thank the Office of Naval Research for sponsoring this work under grant N00014-19-1-2109.

I am incredibly thankful for my colleagues Szu-Fu Huang, Jarrod Banks, and Daji Chen in

the ONR-Rotors group for their collaborative research efforts. Special thanks to Jarrod

Banks for providing me with the PIV data and assisting me with the processing and Carson

Squibb for sharing his expertise in composite fabrication. I appreciate the valuable ideas

and feedback from Mr. Michael Marcolini and Dr. Stewart Glegg. I am grateful to all

my colleagues at CREATe for making my office experience wonderful. I acknowledge Mr.

James, Mr. Roy, and Mr. Scott from the AOE machine shop and Mr. Oetjens from the

VTSWT for their consistent support. Mrs. Gong has been a cheerful presence, assisting with

my administrative needs. I extend a big thank you to my friends at Tech, Ayesha Shaikh,

Chirag Dinesh, Gitansh Kataria, Maithreyi Daitha, Mohit Thazath, Naman Seth, Rudra

Patel, Shivani Bhatia, and Ujjwal Jain, who have become my family away from home. I

am grateful to my friends from Bethany, Amaatra, and Manipal for their constant support.

Finally, I want to thank my beloved parents, Dr. Harsha and Mrs. Ponnamma, as well as

my dear grandmother, uncle, and aunt, Mrs. Sharada, Mr. Dinesh, and Mrs. Hemavathi, for

their unconditional love and constant support throughout my academic journey and beyond.

iv



1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Generation of a Transient Disturbance . . . . . . . . . . . . . . . . . . . . . 5

1.3 Aerodynamic Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.4 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.1 Virginia Tech Stability Wind Tunnel . . . . . . . . . . . . . . . . . . . . . . 18

2.2 Goodwin Hall Subsonic Tunnel . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.3 Servotube Actuator and Servo drive . . . . . . . . . . . . . . . . . . . . . . . 24

2.4 Sevik Rotor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.5 Laser Displacement Measurements . . . . . . . . . . . . . . . . . . . . . . . 27

2.6 Pressure Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.7 Particle Image Velocimetry Measurements . . . . . . . . . . . . . . . . . . . 30

2.8 Boundary Layer Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

v



3.1 Airfoil Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.2 DDG Airfoil Fabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.3 Airfoil Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.4 Mechanical Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.5 Aerodynamic Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

3.5.1 Steady State Calculations . . . . . . . . . . . . . . . . . . . . . . . . 48

3.5.2 Theodorsen’s model for oscillating airfoils . . . . . . . . . . . . . . . 50

3.5.3 Airfoil Lift using approximations for the Ramp Motion . . . . . . . . 55

4.1 Hardware Connections and Setup . . . . . . . . . . . . . . . . . . . . . . . . 61

4.1.1 Trigger Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.2 Actuator Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.2.1 Programming Software . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.2.2 Actuator Tuning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.3 Programmed DDG motions . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

4.3.1 Motions for the Goodwin Test . . . . . . . . . . . . . . . . . . . . . . 74

4.3.2 Motions for the Stability Tunnel Test . . . . . . . . . . . . . . . . . . 75

4.4 Motion Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80



4.4.1 Measurement Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . 84

4.5 DDG Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

4.6 DDG Performance Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

4.6.1 Repeatability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

4.6.2 Endurance Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

4.7 Actuation Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

5.1 Aquired Dataset Averages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

5.2 Stability Tunnel Test PIV Results . . . . . . . . . . . . . . . . . . . . . . . . 100

5.2.1 20° Flap Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

5.2.2 20° Ramp Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

5.3 Comparing the Goodwin Test and the Stability Tunnel PIV Results . . . . . 109

5.3.1 Comparing the 20° flap motion . . . . . . . . . . . . . . . . . . . . . 111

5.3.2 Comparing the 20° ramp motion . . . . . . . . . . . . . . . . . . . . 114

5.3.3 Extending the PIV domain . . . . . . . . . . . . . . . . . . . . . . . 115

5.4 . . . . . . . . . . . . . . . . . . . . . . 119



1.1 Hysteresis curve for airfoil lift coefficient, adapted from [1]. The physical

events for airfoil dynamic stall occurring at the numbered points is shown

(flow moving towards the right) . . . . . . . . . . . . . . . . . . . . . . . . 11

1.2 Flowfield during dynamic stall adapted from [2] (a)-Light Stall. (b)-Deep Stall 13

2.1 Schematic of the VTSWT configuration (top view) for the Stability Tunnel test 20

2.2 Experimental photos of the test setup, including the test section CAD model.

(a)-251-channel microphone array. (b)-Sevik rotor mount at Panel 10. (c)-

DDG frame at Panel 7. (d)-Inside of the test section during PIV measure-

ments. (e)-CAD of the test section portside wall for the experimental setup,

containing panel numbers. (f)-Pressure sensors. (g)-High-speed camera in

the portside acoustic chamber. (h)-Pressure taps on the portiside wall . . . . 22

2.3 Schematic of the GHST configuration (top view) . . . . . . . . . . . . . . . 24

2.4 Experimental photos of the Goodwin Test setup. (a)-Laser sheet illuminated

on an extended MDF board downstream. (b)-Modular test section attached

to the open jet subsonic tunnel. (c)-Camera 2 recording the wake of the DDG

downstream (d)-Camera 1 recording the DDG motions. (e)-DDG and frame

attached to the test section. . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.5 Model of the Sevik Rotor (a)-Isometric view of the rotor along with its parts.

(b)-Front view of the 10 bladed rotor along with its proximity to the portside

wall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

viii



2.6 Laser displacement sensors used (a)-OptoNCDT 1302-50 laser sensor used for

thrust rod measurements. (b)-OptoNCDT ILD 1320-50 laser sensor for DDG

airfoil surface measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.7 Boundary Layer Rake mounted on the portside wall showing three test loca-

tions marked in green, along with their respective panel numbers. The table

shows the probe numbers and their corresponding wall-normal locations . . . 30

2.8 Boundary Layer Rake profiles measured along the test section midspan[3] . . 33

3.1 CAD of the airfoils used in testing. (a)-Airfoil 1 with its end covered with

foil tape. (b)-Airfoil 2 with wing tip. (c)-Airfoil 3 with wing tip . . . . . . . 36

3.2 CAD of the wing tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.3 Fabrication process carried out. (a)-CNC machined foam core. (b)-Carbon

fiber fabric cut to length. (c)-Epoxy-coated airfoil with Mylar stapled to the

surface. (d)-Model covered with nylon fabric. (e)-Airfoils undergoing the

Vacuum bagging process. (f)-Finished DDG airfoil cut to length . . . . . . . 39

3.4 DDG wing tip fabrication. (a)-Wing tips coated with epoxy layers left to

cure. (b)-Wing tip sanded to finish. The bore containing the nut is shown . 40

3.5 DDG mechanism. (a)-Mechanism converting linear motion to rotational mo-

tion, situated behind the panel. (b)-DDG construction exposed to the flow,

situated in front of the panel . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

3.6 CAD of the DDG dimensions. (a)-Assembly of the actuator and the DDG

airfoil mechanism. (b)-DDG mounted on the panel along with its frame . . . 43



3.7 Assembly of the actuator and the DDG airfoil mechanism. (a)-Components

contributing to the linear forces. (b)-Components contributing to the rota-

tional forces. (c)-Rotational forces involved in the DDG mechanism . . . . . 46

3.8 DDG motion and acceleration of the thrust rod . . . . . . . . . . . . . . . . 47

3.9 Forces involved in the DDG assembly . . . . . . . . . . . . . . . . . . . . . . 48

3.10 Static lifts for the three airfoils. (a)-Steady-state lifts calculated using Xfoil.

(b)-Steady-state lifts calculated using the Doublet Panel Method . . . . . . . 50

3.11 Airfoil thickness vs. Interpolated coefficients of the modified Theodorsen’s

function [4]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.12 Hysteresis curves for Lift vs �. (a)-Lift curves for the three airfoils compared

to the flat plate solution. Refer to 3.1 for Airfoil specifications. (b)-Lift curves

for the five pitch rates of Airfoil 3 . . . . . . . . . . . . . . . . . . . . . . . 53

3.13 Comparison of non-oscillatory lifts produced by the three airfoil spans using

the R. T. Jones approximation to the Wagner function . . . . . . . . . . . . 57

3.14 Comparison of the Wagner function approximations for Airfoil 3 . . . . . . . 58

4.1 Electrical connections to the Servodrive amplifier and trigger wiring setup . 62

4.2 Trigger setups for the (a)-Goodwin test involving a direct connection without

the rotor. (b)- Stability Tunnel test, involving the rotor . . . . . . . . . . . . 63



4.3 CME program interface to control the actuator. (a)-Screenshot of the main

setup terminal containing the logic circuits controlling the actuator. The

gains, current and voltage limits and motor specifications can be adjusted

within each control loop. (b)-Input/Output terminal where the trigger con-

nections and fault parameters can be set. (c)-The control program terminal

where the actuator is programmed to perform the desired motions based on

the user inputs. The move command is highlighted, where the user defines the

desired position, velocity, and acceleration parameters by which the thrust

rod moves for a specific sequence . . . . . . . . . . . . . . . . . . . . . . . . 66

4.4 Actuator fine-tuning results with no load attached to the thrust rod. The ’X’

marker signifies the tuning value chosen . . . . . . . . . . . . . . . . . . . . 69

4.5 Laser data plotted for the thrust rod and airfoil displacement measurements.

Airfoil 2 and Airfoil 3 are actuated in the absence of flow. The nominal

actuation times are shown under each figure . . . . . . . . . . . . . . . . . . 70

4.6 Test setup for the isolated Actuator tests. (a)-Tuning test arrangement with

no loads attached to the actuator thrust rod. (b)-Calibration test arrange-

ment containing the DDG panel. (c)-DDG and laser used for the calibration

procedure fitted into the hole on the DDG panel . . . . . . . . . . . . . . . . 71

4.7 Ramp motions programmed based on position, velocity, and acceleration in-

puts parameters found in Table 4.3 . . . . . . . . . . . . . . . . . . . . . . . 73

4.8 Laser data plotted for the thrust rod and airfoil displacement measurements

for two laser locations (LL1 & LL2) in the VTSWT. Airfoil 3 undergoes the

ramp motion and is actuated in the flow. The nominal actuation times are

shown under each figure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77



4.9 Laser data plotted for the thrust rod and airfoil displacement measurements

for two laser locations (LL1 & LL2) in the VTSWT. Airfoil 3 undergoes the

flap motion and is actuated in the flow. The nominal actuation times are

shown under each figure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4.10 Geometrical calculations for the motion validation code, with all references

made relative to the origin positioned at the quarter-chord location. In the

graphical representation, dotted lines indicate the dimensions of variables

corresponding to their respective colors, while dotted lines with arrowheads

are utilized to denote the variables at those locations. The black line serves

as the zero-degree axis when the airfoil is in a steady state, whereas the red

line represents the new angle resulting from the displacement of the airfoil.

Detailed dimensions of the variables can be found in Table 4.5 . . . . . . . . 82

4.11 Sensitivity due to laser location on the airfoil surface. The plot contains data

for the flap motion of a nominal actuation time of 0.16s . . . . . . . . . . . . 85

4.12 Measurement technique to determine airfoil surface laser point . . . . . . . . 86

4.13 (a)-Thrust rod laser mounted on a structure outside the test section on the

port wall assembly. (b)-Airfoil laser setup mounted on the DDG panel in the

test section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

4.14 Calibration curve to determine the angles of attack of the DDG . . . . . . . 88

4.15 Repeatability tests for the two fastest motions . . . . . . . . . . . . . . . . . 89



4.16 Endurance tests conducted for the fastest flap motion. The blue lines repre-

sent data for three actuation cycles in the first run, which lasted for about

25 minutes. The red curves represent the same motion conducted after the

servo-drive was restarted and run for the same amount of time . . . . . . . . 91

4.17 Mean angular displacement and standard deviation for the flap motions . . . 95

4.18 Mean angular displacement and standard deviation for the flap motions . . . 96

4.19 Mean angular displacement and standard deviation for the ramp motions . . 97

4.20 Mean angular displacement and standard deviation for the ramp motions . . 98

5.1 Schematic to assess the rotors’ influence on the mean flow field (not to scale) 102

5.2 Non-dimensionalized Phase-averaged Ux velocities plotted as a function of

non-dimensionalized time for various upstream rotor locations. (a) �0:10C

(b) �0:34C (c) �0:50C (d) �0:75C (e) �0:96C. A single-blade cut is depicted

in red for reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

5.3 Non-dimentionalised time plots the 63ms Flap Motion. Non-dimensionalized

Phase-averaged (a) Ux and (b) Uy velocities and the (c) Non-dimensionalized
�u2
x Reynolds stresses plotted at an upstream location of �0:75C . . . . . . . 106

5.4 Non-dimentionalised time plots the 36ms Ramp Motion. Non-dimensionalized

Phase-averaged (a) Ux and (b) Uy velocities and the (c) Non-dimensionalized
�u2
x Reynolds stresses plotted at an upstream location of �0:75C . . . . . . . 108

5.5 The local velocity to its edge velocity profiles for the Boundary Layer Rake

data along the test section midspan. The PIV plane is highlighted at y = 43 111



�8�X�e �P�p�2�`�H���T�T�B�M�; �p�B�2�r �Q�7 �6�H���T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Ux

�p�2�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@ �:�Q�Q�/�r�B�M �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�@

�H�Q�+�B�i�v �Q�7 �k�y �K�f�b�X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K

�p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�X �U�+�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 ���T�T�`�Q�t�@

�B�K���i�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v �Q�7 �R�d�X�N �K�f�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�k

�8�X�d �P�p�2�`�H���T�T�B�M�; �p�B�2�r �Q�7 �6�H���T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Uy

�p�2�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@ �:�Q�Q�/�r�B�M �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�@

�H�Q�+�B�i�v �Q�7 �k�y �K�f�b�X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K

�p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�X �U�+�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 ���T�T�`�Q�t�@

�B�K���i�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v �Q�7 �R�d�X�N �K�f�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�j

�8�X�3 �P�p�2�`�H���T�T�B�M�; �p�B�2�r �Q�7 �6�H���T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/�u2
x

�_�2�v�M�Q�H�/�b �a�i�`�2�b�b�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M

�m�T�b�i�`�2���K �H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@ �:�Q�Q�/�r�B�M �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2

�7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v �Q�7 �k�y �K�f�b�X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v

�i�?�2 �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�X �U�+�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/

�#�v �i�?�2 ���T�T�`�Q�t�B�K���i�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v �Q�7 �R�d�X�N �K�f�b�X �X �X �X �X �X �X �X �X �X �X�R�R�j

�8�X�N �P�p�2�`�H���T�T�B�M�; �p�B�2�r �Q�7 �_���K�T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Ux

�p�2�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@ �:�Q�Q�/�r�B�M �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�@

�H�Q�+�B�i�v �Q�7 �k�y �K�f�b�X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K

�p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�X �U�+�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 ���T�T�`�Q�t�@

�B�K���i�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v �Q�7 �R�d�X�N �K�f�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�8



�8�X�R�y �P�p�2�`�H���T�T�B�M�; �p�B�2�r �Q�7 �_���K�T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Uy

�p�2�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@ �:�Q�Q�/�r�B�M �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�@

�H�Q�+�B�i�v �Q�7 �k�y �K�f�b�X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �7�`�2�2�b�i�`�2���K

�p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�X �U�+�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 ���T�T�`�Q�t�@

�B�K���i�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v �Q�7 �R�d�X�N �K�f�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�e

�8�X�R�R �P�p�2�`�H���T�T�B�M�; �p�B�2�r �Q�7 �_���K�T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/�u2
x

�_�2�v�M�Q�H�/�b �a�i�`�2�b�b�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M

�m�T�b�i�`�2���K �H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@ �:�Q�Q�/�r�B�M �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2

�7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v �Q�7 �k�y �K�f�b�X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �#�v

�i�?�2 �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�X �U�+�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/

�#�v �i�?�2 ���T�T�`�Q�t�B�K���i�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v �Q�7 �R�d�X�N �K�f�b�X �X �X �X �X �X �X �X �X �X �X�R�R�d

�8�X�R�k �1�t�i�2�M�/�2�/ �p�B�2�r �Q�7 �6�H���T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Ux �p�2�@

�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@�:�Q�Q�/�r�B�M �i�2�b�i �/���i���X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i��

�M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�d

�8�X�R�j �1�t�i�2�M�/�2�/ �p�B�2�r �Q�7 �6�H���T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Uy �p�2�@

�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@�:�Q�Q�/�r�B�M �i�2�b�i �/���i���X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i��

�M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�3

�8�X�R�9 �1�t�i�2�M�/�2�/ �p�B�2�r �Q�7 �6�H���T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/�u2
x �_�2�v�M�Q�H�/�b

�a�i�`�2�b�b�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K �H�Q�@

�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@�:�Q�Q�/�r�B�M �i�2�b�i �/���i���X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i��

�M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�3



�8�X�R�8 �1�t�i�2�M�/�2�/ �p�B�2�r �Q�7 �_���K�T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Ux

�p�2�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@�:�Q�Q�/�r�B�M �i�2�b�i �/���i���X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i��

�M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�N

�8�X�R�e �1�t�i�2�M�/�2�/ �p�B�2�r �Q�7 �_���K�T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/Uy

�p�2�H�Q�+�B�i�B�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M �m�T�b�i�`�2���K

�H�Q�+���i�B�Q�M �Q�7� 0:34C�X�U���V�@�:�Q�Q�/�r�B�M �i�2�b�i �/���i���X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �/���i��

�M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�N

�8�X�R�d �1�t�i�2�M�/�2�/ �p�B�2�r �Q�7 �_���K�T �J�Q�i�B�Q�M�, �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �S�?���b�2�@���p�2�`���;�2�/�u2
x

�_�2�v�M�Q�H�/�b �a�i�`�2�b�b�2�b �T�H�Q�i�i�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 ���i ���M

�m�T�b�i�`�2���K �H�Q�+���i�B�Q�M �Q�7� 0:34C�X �U���V�@�:�Q�Q�/�r�B�M �i�2�b�i �/���i���X �U�#�V�@�a�i���#�B�H�B�i�v �h�m�M�M�2�H

�i�2�b�i �/���i�� �M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �p�2�H�Q�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�y

�8�X�R�3 �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 �T�H�Q�i�b �i�?�2 �j�y�y�K�b �6�H���T �J�Q�i�B�Q�M�X �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/

�S�?���b�2�@���p�2�`���;�2�/ �U���VUx ���M�/ �U�#�VUy �p�2�H�Q�+�B�i�B�2�b ���M�/ �i�?�2 �U�+�V �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/

�u2
x �_�2�v�M�Q�H�/�b �b�i�`�2�b�b�2�b �T�H�Q�i�i�2�/ ���i ���M �m�T�b�i�`�2���K �H�Q�+���i�B�Q�M �Q�7� 0:75C �X �X �X �X �X �X �X�R�k�R

�8�X�R�N �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/ �i�B�K�2 �T�H�Q�i�b �i�?�2 �R�j�3�K�b �_���K�T �J�Q�i�B�Q�M�X �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/

�S�?���b�2�@���p�2�`���;�2�/ �U���VUx ���M�/ �U�#�VUy �p�2�H�Q�+�B�i�B�2�b ���M�/ �i�?�2 �U�+�V �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H�B�x�2�/

�u2
x �_�2�v�M�Q�H�/�b �b�i�`�2�b�b�2�b �T�H�Q�i�i�2�/ ���i ���M �m�T�b�i�`�2���K �H�Q�+���i�B�Q�M �Q�7� 0:75C �X �X �X �X �X �X �X�R�k�k



�G�B�b�i �Q�7 �h���#�H�2�b

�k�X�R �"�Q�m�M�/���`�v �H���v�2�` �T�`�Q�T�2�`�i�B�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�j

�j�X�R ���B�`�7�Q�B�H �b�T�2�+�B�7�B�+���i�B�Q�M�b �7�Q�` �i�?�2 �i�2�b�i�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�8

�j�X�k �6���#�`�B�+���i�2�/ ���B�`�7�Q�B�H �b�T�2�+�B�7�B�+���i�B�Q�M�b �m�b�2�/ �7�Q�` �+���H�+�m�H���i�B�Q�M�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X�9�d

�j�X�j �J�2���M ���+�i�m���i�B�Q�M �i�B�K�2�b ���M�/ �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�B�2�b�X �X �X �X �X �X�8�9

�j�X�9 �*�Q�2�7�7�B�+�B�2�M�i�b ���M�/ �2�B�;�2�M�p���H�m�2�b �7�Q�` �i�?�2 �H�B�M�2���` �b�v�b�i�2�K ���T�T�`�Q�t�B�K���i�B�Q�M�b �i�Q �i�?�2 �q���;�@

�M�2�` �7�m�M�+�i�B�Q�M �(�8�)�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�d

�9�X�R �a�M�B�T�T�2�i �Q�7 �i�?�2 �T�`�Q�;�`���K �H�Q�;�B�+ �m�b�2�/ �7�Q�` �i�?�2 �:�Q�Q�/�r�B�M �i�2�b�i �K�Q�i�B�Q�M�b�X �X �X �X �X �X �X�e�8

�9�X�k �a�M�B�T�T�2�i �Q�7 �i�?�2 �T�`�Q�;�`���K �H�Q�;�B�+ �m�b�2�/ �7�Q�` �i�?�2 �a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �K�Q�i�B�Q�M�b�X �X �X�e�d

�9�X�j �A�M�T�m�i �T���`���K�2�i�2�`�b �7�Q�` �i�?�2 �`���K�T �K�Q�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�e

�9�X�9 �A�M�T�m�i �T���`���K�2�i�2�`�b �7�Q�` �i�?�2 �7�H���T �K�Q�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�3

�9�X�8 �J�2���b�m�`�2�K�2�M�i�b �i���F�2�M �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �.�.�: �[�m���`�i�2�` �+�?�Q�`�/ �H�Q�+���i�B�Q�M �7�Q�` �i�?�2

�+�Q�/�2�ö�b �B�M�T�m�i�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�R

�9�X�e �*���H�+�m�H���i�2�/ ���+�i�m���i�B�Q�M �i�B�K�2�b �7�Q�` �i�?�2 �K�Q�i�B�Q�M�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�R

�8�X�R �.���i�� ���p�2�`���;�2�b �7�Q�` �i�?�2 �:�Q�Q�/�r�B�M �i�2�b�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�y

�8�X�k �.���i�� ���p�2�`���;�2�b �7�Q�` �i�?�2 �a�i���#�B�H�B�i�v �h�m�M�M�2�H �i�2�b�i �7�Q�` ���M ���M�;�H�2 �Q�7 ���i�i���+�F �420� �X �X�R�y�R

�t�p�B�B



�L�Q�K�2�M�+�H���i�m�`�2

� ���M�;�H�2 �Q�7 ���i�i���+�F

� �B�M�T�m�i�l�b�2�` �/�2�7�B�M�2�/ �`���M�;�2 �7�Q�` ���M�;�H�2 �Q�7 ���i�i���+�F

� (� ) �1�7�7�2�+�i �Q�7 �*�B�`�+�m�H���i�Q�`�v �h�2�`�K �Q�M �i�?�2 ���M�;�H�2 �Q�7 ���i�i���+�F

� 0 ���M�;�H�2 �Q�7 ���i�i���+�F ���i �y �ê

� acc ���M�;�m�H���` ���+�+�2�H�2�`���i�B�Q�M

� mean �J�2���M ���M�;�H�2 �Q�7 ���i�i���+�F

� mag �J���;�M�B�i�m�/�2 �Q�7 ���M�;�H�2 �Q�7 ���i�i���+�F

� max �J���t�B�K�m�K ���M�;�H�2 �Q�7 ���i�i���+�F

� ss �a�i���i�B�+ �a�i���H�H ���M�;�H�2

� vel ���M�;�m�H���` �o�2�H�Q�+�B�i�v

�� �.�2�b�B�`�2�/ ���M�;�H�2 �Q�7 ���i�i���+�F

�u2
x �S�?���b�2�@���p�2�`���;�2�/ �b�i�`�2���K�r�B�b�2 �_�2�v�M�Q�H�/�b �a�i�`�2�b�b�2�b

•� �_���i�2 �Q�7 �+�?���M�;�2 �Q�7 ���M�;�m�H���` �o�2�H�Q�+�B�i�v

� �"�Q�m�M�/���`�v �G���v�2�` �h�?�B�+�F�M�2�b�b

� �h�#�v �.�B�7�7�2�`�2�M�+�2 �B�M �i�?�2 �/�B�b�i���M�+�2 �i�`���p�2�H�2�/ �#�v �i�?�2 �h�?�`�m�b�i �_�Q�/

� � �.�B�b�T�H���+�2�K�2�M�i �h�?�B�+�F�M�2�b�b

�t�p�B�B�B



_� �_���i�2 �Q�7 �+�?���M�;�2 �Q�7 ���M�;�H�2 �Q�7 ���i�i���+�F

_h �1�7�7�2�+�i�B�p�2 �*���K�#�2�`

�̂ (t) ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �q���;�M�2�` �6�m�M�+�i�B�Q�M

� j �1�B�;�2�M�p���H�m�2�b �7�Q�` �q���;�M�2�` �6�m�M�+�i�B�Q�M ���T�T�`�Q�t�B�K���i�B�Q�M�b

� t �.�2�b�B�`�2�/ ���+�i�m���i�B�Q�M �h�B�K�2

! �P�b�+�B�H�H���i�B�Q�M �6�`�2�[�m�2�M�+�v

� �S�?���b�2 ���M�;�H�2

� (� )or� (t) �q���;�M�2�`�ö�b �A�M�/�B�+�B���H �a�i�2�T �_�2�b�T�Q�M�b�2 �6�m�M�+�i�B�Q�M

� 1 �6�`�2�2�b�i�`�2���K �.�2�M�b�B�i�v

� �a�i���M�/���`�/ �.�2�p�B���i�B�Q�M

� c �*�Q�M�p�2�+�i�B�Q�M �h�B�K�2

� e �1�/�/�v �h�m�`�M�Q�p�2�` �h�B�K�2

� �J�Q�K�2�M�i�m�K �h�?�B�+�F�M�2�b�b

� �y ���M�;�H�2 �#�2�i�r�2�2�M �i�?�2 �1�H�H�B�T�b�Q�B�/ �S�H���i�2 ���M�/ �i�?�2 �>�Q�`�B�x�Q�M�i���H

b� �P�b�+�B�H�H���i�B�M�; ���M�;�H�2 �Q�7 ���i�i���+�F

a �S�Q�b�B�i�B�Q�M �Q�7 �S�B�i�+�? �G�Q�+���i�B�Q�M �M�Q�`�K���H�B�x�2�/ �Q�M �i�?�2 �b�2�K�B�@�+�?�Q�`�/ �H�2�M�;�i�?

a�B �S�`�Q�;�`���K�K�2�/ ���+�+�2�H�2�`���i�B�Q�M

an �A�M�/�B�p�B�/�m���H �`�2�+�Q�`�/�b

alin �G�B�M�2���` ���+�+�2�H�2�`���i�B�Q�M



Ab ���H�m�K�B�M�m�K �S�H���i�2 �"�2���`�B�M�;

b �a�2�K�B�@�+�?�Q�`�/ �.�B�b�i���M�+�2

c �Q�C̀ �*�?�Q�`�/ �G�2�M�;�i�?

C(k) �h�?�2�Q�/�Q�`�b�2�M �h�`���M�b�7�2�` �6�m�M�+�i�B�Q�M

cj �*�Q�2�7�7�B�+�B�2�M�i�b �7�Q�` �q���;�M�2�` �6�m�M�+�i�B�Q�M ���T�T�`�Q�t�B�K���i�B�Q�M�b

C �
L �G�B�7�i �*�Q�2�7�7�B�+�B�2�M�i �/�m�2 �i�Q �B�M�b�i���M�i���M�2�Q�m�b �K�Q�i�B�Q�M

CL �G�B�7�i �*�Q�2�7�7�B�+�B�2�M�i

Ci �*�m�`�`�2�M�i �A�M�i�2�;�`���H �:���B�M

Cl �*�Q�M�M�2�+�i�Q�` �G�2�M�;�i�?

Cp �*�m�`�`�2�M�i �S�`�Q�T�Q�`�i�B�Q�M���H �:���B�M

d �S���`�i�B�+�H�2 �G�2�M�;�i�?�@�a�+���H�2

d�B �S�`�Q�;�`���K�K�2�/ �.�B�b�i���M�+�2

Flin �G�B�M�2���` �6�Q�`�+�2

Frot �_�Q�i���i�B�Q�M���H �6�Q�`�+�2

Ftotal �h�Q�i���H �6�Q�`�+�2

H �a�?���T�2 �6���+�i�Q�`

h �S�H�m�M�;�2 �.�B�b�i���M�+�2

H (2)
0 �>���M�F�2�H �6�m�M�+�i�B�Q�M �Q�7 �i�?�2 �b�2�+�Q�M�/ �F�B�M�/

H (2)
1 �>���M�F�2�H �6�m�M�+�i�B�Q�M �Q�7 �i�?�2 �7�B�`�b�i �F�B�M�/



I qc �J�Q�K�2�M�i �Q�7 �A�M�2�`�i�B�� ���#�Q�m�i �i�?�2 �[�m���`�i�2�`�@�+�?�Q�`�/ �H�Q�+���i�B�Q�M

J �_�Q�i�Q�` ���/�p���M�+�2 �_���i�B�Q

k �_�2�/�m�+�2�/ �6�`�2�[�m�2�M�+�v

L ���B�`�7�Q�B�H �G�B�7�i

L �.�B�b�i���M�+�2 �+�Q�p�2�`�2�/

LC �*�B�`�+�m�H���i�Q�`�v �*�Q�K�T�Q�M�2�M�i �Q�7 ���B�`�7�Q�B�H �G�B�7�i

m �h�Q�i���H �_�2�+�Q�`�/ �G�2�M�;�i�?

mlin �G�B�M�2���` �J���b�b

mrot �_�Q�i���i�B�Q�M���H �J���b�b

N �L�m�K�#�2�` �Q�7 ���p�2�`���;�2�b

n �L�m�K�#�2�` �Q�7 �.�.�: ���+�i�m���i�B�Q�M �*�v�+�H�2�b

PL
i ���B�`�7�Q�B�H �7�B�i�i�B�M�; �T���`���K�2�i�2�`�b�- �r�?�2�`�2i �4 �R�,�8

Pd �S�Q�b�B�i�B�Q�M �G�Q�Q�T �.�2�`�B�p���i�B�p�2 �:���B�M

P i �S�Q�b�B�i�B�Q�M �G�Q�Q�T �A�M�i�2�;�`���H �:���B�M

Pp �S�Q�b�B�i�B�Q�M �G�Q�Q�T �S�`�Q�T�Q�`�i�B�Q�M���H �:���B�M

qc �Z�m���`�i�2�` �*�?�Q�`�/ �G�Q�+���i�B�Q�M

r �G�2�M�;�i�? �Q�7 �q���;�M�2�` �6�m�M�+�i�B�Q�M ���T�T�`�Q�t�B�K���i�B�Q�M �a�m�K�K���i�B�Q�M

R�+ �_�Q�i���i�B�Q�M �*�2�M�i�2�`

S ���`�2�� �Q�7 ���B�`�7�Q�B�H �a�m�`�7���+�2



s ���B�`�7�Q�B�H �a�T���M �G�2�M�;�i�?

sm �J���t�B�K�m�K ���B�`�7�Q�B�H �h�?�B�+�F�M�2�b�b

T �h�Q�`�[�m�2

t �h�B�K�2 ���`�`���v

Tb �h�?�`�m�b�i �_�Q�/ �"�2���`�B�M�;

u �G�Q�+���H �o�2�H�Q�+�B�i�v

U1 �6�`�2�2�b�i�`�2���K �o�2�H�Q�+�B�i�v

Ue �1�/�;�2 �o�2�H�Q�+�B�i�v

ue �1�/�/�v �o�2�H�Q�+�B�i�v

Ux �S�?���b�2�@���p�2�`���;�2�/ �b�i�`�2���K�r�B�b�2 �p�2�H�Q�+�B�i�B�2�b

Uy �S�?���b�2�@���p�2�`���;�2�/ �b�T���M�r�B�b�2 �p�2�H�Q�+�B�i�B�2�b

Ui �A�M�b�i���M�i���M�2�Q�m�b �a�i�`�2���K�r�B�b�2 �o�2�H�Q�+�B�i�v

v�B �S�`�Q�;�`���K�K�2�/ �o�2�H�Q�+�B�i�v

Vi �A�M�b�i���M�i���M�2�Q�m�b �a�T���M�r�B�b�2 �o�2�H�Q�+�B�i�v

V i �o�2�H�Q�+�B�i�v �G�Q�Q�T �A�M�i�2�;�`���H �:���B�M

V p �o�2�H�Q�+�B�i�v �G�Q�Q�T �S�`�Q�T�Q�`�i�B�Q�M���H �:���B�M

w2 �a�+���H�B�M�; �7���+�i�Q�` �7�Q�` �� �>���M�M�B�M�; �r�B�M�/�Q�r

X �6�B�M���H �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 �1�H�H�B�T�b�Q�B�/ �S�H���i�2 ���i �k�y �ê

x �a�i�`�2���K�r�B�b�2 �*�Q�Q�`�/�B�M���i�2



x/ C �a�i�`�2���K�r�B�b�2 �/�B�b�i���M�+�2 �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �*�?�Q�`�/

x/ D �a�i�`�2���K�r�B�b�2 �/�B�b�i���M�+�2 �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �.�B���K�2�i�2�`

X �y �P�`�B�;�B�M���H �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 �1�H�H�B�T�b�Q�B�/ �S�H���i�2 ���i �y �ê

xc; yc ���B�`�7�Q�B�H �*�Q�Q�`�/�B�M���i�2�b

xl; yl ���B�`�7�Q�B�H �G�Q�r�2�` �a�m�`�7���+�2 �*�Q�Q�`�/�B�M���i�2�b

y �a�T���M�r�B�b�2 �*�Q�Q�`�/�B�M���i�2 �U�p�2�`�i�B�+���H�V �T���`���H�H�2�H �i�Q �i�?�2 �r���H�H

y/ C �a�T���M�r�B�b�2 �/�B�b�i���M�+�2 �M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �*�?�Q�`�/

z �a�T���M�r�B�b�2 �*�Q�Q�`�/�B�M���i�2 �U�?�Q�`�B�x�Q�M�i���H�V �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �r���H�H

���6�O ���B�`�7�Q�B�H �L�m�K�#�2�`

���a�*�A�A���K�2�`�B�+���M �a�i���M�/���`�/ �*�Q�/�2 �7�Q�` �A�M�7�Q�`�K���i�B�Q�M �A�M�i�2�`�+�?���M�;�2

���h ���+�i�m���i�B�Q�M �h�B�K�2

�"�G �"�Q�m�M�/���`�v �G���v�2�`

�"�P�_ �"�Q�/�v �Q�7 �_�2�p�Q�H�m�i�B�Q�M

�"�S�6 �"�H���/�2 �S���b�b���;�2 �6�`�2�[�m�2�M�+�B�2�b

�* ���h �*���H�B�#�`���i�B�Q�M ���+�i�m���i�B�Q�M �h�B�K�2

�*���. �*�Q�K�T�m�i�2�` ���B�/�2�/ �.�2�b�B�;�M

�*���L �*�Q�M�i�`�Q�H�H�2�` ���`�2�� �L�2�i�r�Q�`�F

�*�6�. �*�Q�K�T�m�i���i�B�Q�M���H �6�H�m�B�/ �.�v�M���K�B�+�b

�*�J�1 �*�Q�T�H�2�v �J�Q�i�B�Q�M �1�t�T�H�Q�`�2�`



�*�L�* �*�Q�K�T�m�i�2�`�B�x�2�/ �L�m�K�2�`�B�+���H �*�Q�M�i�`�Q�H

�.�.�: �.�2�i�2�`�K�B�M�B�b�i�B�+ �.�B�b�i�m�`�#���M�+�2 �:�2�M�2�`���i�Q�`

�1�S�a �1�t�T���M�/�2�/ �S�Q�H�v�b�i�v�`�2�M�2

�2�o�h�P�G�2�H�2�+�i�`�B�+ �o�2�`�i�B�+���H �h���F�2�@�P�7�7 ���M�/ �G���M�/�B�M�;

�6�6�h �6���b�i �6�Q�m�`�B�2�` �h�`���M�b�7�Q�`�K

�7�M�X�6�m�M�+�i�B�Q�M

�:�>�a�h �:�Q�Q�/�r�B�M �>���H�H �a�m�#�b�Q�M�B�+ �h�m�M�M�2�H

�G�G �G���b�2�` �G�Q�+���i�B�Q�M

�J ���h �J�2���M ���+�i�m���i�B�Q�M �h�B�K�2

�J�.�6 �J�2�/�B�m�K �.�2�M�b�B�i�v �6�B�#�`�2�#�Q���`�/

�L���h �L�Q�K�B�M���H ���+�i�m���i�B�Q�M �h�B�K�2

�L�. �L�Q�M�@�.�B�K�2�M�b�B�Q�M���H

�S�A�o �S���`�i�B�+�H�2 �A�K���;�2 �o�2�H�Q�+�B�K�2�i�`�v

�_�P�A �_�2�;�B�Q�M �Q�7 �A�M�i�2�`�2�b�i

�_�S�J �_�2�p�Q�H�m�i�B�Q�M�b �S�2�` �J�B�M�m�i�2

�a�S�G�a�Q�m�M�/ �S�Q�r�2�` �G�2�p�2�H�b

�h�A�L �h�m�`�#�m�H�2�M�+�2 �A�M�;�2�b�i�B�Q�M �L�Q�B�b�2

�o�h�a�q�h �o�B�`�;�B�M�B�� �h�2�+�? �a�i���#�B�H�B�i�v �q�B�M�/ �h�m�M�M�2�H



�*�?���T�i�2�` �R

�A�M�i�`�Q�/�m�+�i�B�Q�M

�R�X�R �J�Q�i�B�p���i�B�Q�M

�h�?�2 �`�2�/�m�+�i�B�Q�M �Q�7 �h�m�`�#�m�H�2�M�+�2 �A�M�;�2�b�i�B�Q�M �L�Q�B�b�2 �U�h�A�L�V �?���b �#�2�2�M �� �H�Q�M�;�b�i���M�/�B�M�; �7�Q�+�m�b �Q�7 ���2�`�Q�@

�/�v�M���K�B�+ �`�2�b�2���`�+�? ���B�K�2�/ ���i �T�`�Q�/�m�+�B�M�; ���+�Q�m�b�i�B�+���H�H�v �[�m�B�2�i�2�` ���B�` ���M�/ �K���`�B�M�2 �p�2�?�B�+�H�2�b�X �h�?�2

�;�`�Q�r�B�M�; �B�M�i�2�`�2�b�i �B�M �2�H�2�+�i�`�B�+ �o�2�`�i�B�+���H �h���F�2�@�P�7�7 ���M�/ �G���M�/�B�M�; �U�2�o�h�P�G�V �p�2�?�B�+�H�2�b �?���b �B�M�+�`�2���b�2�/

�i�?�2 �M�2�2�/ �i�Q �K�B�i�B�;���i�2 �h�A�L ���b �r�2�H�H�X �h�A�L �B�b �+���m�b�2�/ �#�v �i�?�2 �B�K�T���+�i �Q�7 �7�`�2�2�b�i�`�2���K �i�m�`�#�m�H�2�M�+�2

�Q�M �i�?�2 �H�B�7�i�@�;�2�M�2�`���i�B�M�; �b�m�`�7���+�2�b �Q�7 �`�Q�i�Q�`�b�X ���b �`�Q�i�Q�`�b �B�M�i�2�`���+�i �r�B�i�? �/�B�b�i�m�`�#���M�+�2�b �B�M �i�?�2 �i�m�`�#�m�@

�H�2�M�i �#�Q�m�M�/���`�v �H���v�2�`�b�- �i�?�2�v �;�2�M�2�`���i�2 �H�2���/�B�M�;�@�2�/�;�2 �M�Q�B�b�2 �r�?�B�+�? �B�b �/�2�7�B�M�2�/ ���b �h�A�L �7�Q�` �`�Q�i���i�B�M�;

�b�v�b�i�2�K�b�X �_�2�b�2���`�+�? �?���b �#�2�2�M �+�Q�M�/�m�+�i�2�/ �i�Q �m�M�/�2�`�b�i���M�/ ���M�/ �K�B�M�B�K�B�x�2 �i�?�B�b �#�`�Q���/�#���M�/ �M�Q�B�b�2�X

�1�t�T�2�`�B�K�2�M�i�b �Q�M �h�A�L �?���p�2 �#�2�2�M �+�`�B�i�B�+���H �B�M ���/�p���M�+�B�M�; �Q�m�` �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�B�b �T�?�2�M�Q�K�2�M�Q�M�X

�h�?�2 �b�T�2�+�B�7�B�+ �`�Q�i�Q�` �m�M�/�2�` �+�Q�M�b�B�/�2�`���i�B�Q�M �B�b �� �R�y�@�#�H���/�2�/ �b�[�m���`�2 �i�B�T �`�Q�i�Q�` �r�B�i�? �� �+�?�Q�`�/ �H�2�M�;�i�? �Q�7

�k�8�X�9�K�K ���M�/ �� �/�B���K�2�i�2�` �Q�7 �k�y�j�X�k�K�K �B�M�B�i�B���H�H�v �i�2�b�i�2�/ �#�v �a�2�p�B�F�(�e�)�X �>�B�b �Q�#�b�2�`�p���i�B�Q�M�b �`�2�p�2���H�2�/

�i�?���i �B�M�;�2�b�i�B�M�; �i�m�`�#�m�H�2�M�+�2 �7�`�Q�K ���M �m�T�b�i�`�2���K �;�`�B�/ �`�2�b�m�H�i�2�/ �B�M �?���v�b�i���+�F�B�M�; �@ �� �i�v�T�2 �Q�7 �#�`�Q���/�@

�#���M�/ �M�Q�B�b�2 �i�?���i �Q�+�+�m�`�b �/�m�2 �i�Q �i�?�2 �+�Q�?�2�`�2�M�i �+�m�i�i�B�M�; �Q�7 �i�m�`�#�m�H�2�M�i �b�i�`�m�+�i�m�`�2�b �#�v �`�Q�i�Q�` �#�H���/�2�b�X

�a�m�#�b�2�[�m�2�M�i �2�t�T�2�`�B�K�2�M�i�b �+�Q�M�/�m�+�i�2�/ ���i �o�B�`�;�B�M�B�� �h�2�+�? �B�M�p�Q�H�p�2�/ �� �k�X�k�8 �b�+���H�2�/�@�m�T �`�2�M�/�B�i�B�Q�M �Q�7

�i�?�2 �a�2�p�B�F �_�Q�i�Q�`�X ���i �o�B�`�;�B�M�B�� �h�2�+�?�- �J�Q�`�i�Q�M �2�i ���H�X�(�d�) �B�M�p�2�b�i�B�;���i�2�/ �i�?�2 �B�M�7�H�Q�r �i�m�`�#�m�H�2�M�+�2 �Q�7

�� �r���H�H �b�?�2���` �7�H�Q�r�X �l�b�B�M�; �i�?�2 �i�r�Q�@�T�Q�B�M�i �p�2�H�Q�+�B�i�v �K�2���b�m�`�2�K�2�M�i�b�- �?�2 �+�?���`���+�i�2�`�B�x�2�/ �i�?�2 �7�Q�m�`�@

�/�B�K�2�M�b�B�Q�M���H �#�Q�m�M�/���`�v �H���v�2�` �+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M�X �>�2 �i�?�2�M �m�b�2�/ �B�i �i�Q �T�`�2�/�B�+�i �i�?�2 �7���`�@�7�B�2�H�/

�M�Q�B�b�2 �;�2�M�2�`���i�2�/ �#�v �i�?�2 �`�Q�i�Q�`�- �r�?�B�+�? �b�?�Q�r�2�/ �b�T�2�+�i�`���H �T�2���F�b �Q�7 �#�`�Q���/�#���M�/ �M�Q�B�b�2 ���i �i�?�2 �"�H���/�2

�R



�S���b�b���;�2 �6�`�2�[�m�2�M�+�v �U�"�S�6�V ���M�/ �B�i�b �?���`�K�Q�M�B�+�b�X ���H�2�t���M�/�2�` �2�i ���H�X�(�3�) �+�Q�M�/�m�+�i�2�/ �2�t�T�2�`�B�K�2�M�i�b �Q�M

�i�?�2 �b���K�2 �a�2�p�B�F �_�Q�i�Q�` �B�M�;�2�b�i�B�M�; �i�?�2 �#�Q�m�M�/���`�v �H���v�2�` �/�2�b�+�`�B�#�2�/ �#�v �J�Q�`�i�Q�M �(�d�) ���M�/ �+�Q�M�7�B�`�K�2�/ �?�B�b

�2���`�H�B�2�` ���+�Q�m�b�i�B�+ �T�`�2�/�B�+�i�B�Q�M�b�X �>�2 ���H�b�Q �7�Q�m�M�/ �i�?���i �i�?�2 �?���v�b�i���+�F�b �M���`�`�Q�r�2�/ ���M�/ �#�2�+���K�2 �K�Q�`�2

�b�v�K�K�2�i�`�B�+ ���#�Q�m�i �i�?�2 �"�S�6 ���M�/ �B�i�b �?���`�K�Q�M�B�+�b ���b �i�?�2 �i�?�`�m�b�i �B�M�+�`�2���b�2�/�X ���H�2�t���M�/�2�` �2�i ���H�X�(�N�)

�B�M�p�2�b�i�B�;���i�2�/ �i�?�2 �`�Q�i�Q�` �B�M �p���`�v�B�M�; �#�Q�m�M�/���`�v �H���v�2�` �i�?�B�+�F�M�2�b�b�2�b ���M�/ �7�Q�m�M�/ �i�?���i �r�?�B�H�2 �?�B�;�?�2�`

�M�Q�B�b�2 �H�2�p�2�H�b �r�2�`�2 �Q�#�i���B�M�2�/ �B�M �� �i�?�B�+�F�2�` �#�Q�m�M�/���`�v �H���v�2�` ���i �x�2�`�Q �i�?�`�m�b�i �+�Q�M�/�B�i�B�Q�M�b�- �p�2�`�v �H�B�i�i�H�2

�/�B�7�7�2�`�2�M�+�2 �r���b �Q�#�b�2�`�p�2�/ ���i �?�B�;�? �i�?�`�m�b�i�X �J�m�`�`���v �2�i ���H�X�(�R�y�) �i�2�b�i�2�/ �i�?�2 �2�7�7�2�+�i �Q�7 �i�?�2 �`�Q�i�Q�` �B�M�@

�;�2�b�i�B�M�; �� �T�H���M���` �#�Q�m�M�/���`�v �H���v�2�` �m�M�/�2�` �� �x�2�`�Q�@�T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�- �/�Q�+�m�K�2�M�i�B�M�; �i�?�2 �2�7�7�2�+�i �Q�7

�`�Q�i�Q�` �v���r�X �h�?�2 �i�2�b�i �b�2�i�m�T �r���b �b�B�K�B�H���` �i�Q �(�3�)�- ���M�/ �i�B�K�2�@���p�2�`���;�2�/ �S���`�i�B�+�H�2 �A�K���;�2 �o�2�H�Q�+�B�K�2�i�`�v

�U�S�A�o�V �/���i�� �r���b �Q�#�i���B�M�2�/ �r�B�i�?�B�M �i�?�2 �`�Q�i�Q�` �i�B�T �;���T�X ���M���H�v�b�B�b �Q�7 �i�?�2 �`�2�b�m�H�i�b �b�?�Q�r�2�/ �� �`�2�;�B�Q�M

�Q�7 �7�H�Q�r �`�2�p�2�`�b���H �m�M�/�2�`�M�2���i�? �i�?�2 �`�Q�i�Q�` ���i �H�Q�r ���/�p���M�+�2 �`���i�B�Q�b�X ���i �?�B�;�?�2�` �i�?�`�m�b�i �+�Q�M�/�B�i�B�Q�M�b�-

�i�?�2 �#�Q�m�M�/���`�v �H���v�2�` �b�2�T���`���i�2�/ ���M�/ �T�`�Q�/�m�+�2�/ �p�Q�`�i�2�t �b�i�`�m�+�i�m�`�2�b �2�t�i�2�M�/�B�M�; �7�`�Q�K �i�?�2 �r���H�H �i�?���i

�B�M�i�2�`���+�i�2�/ �r�B�i�? �i�?�2 �`�Q�i�Q�` �#�H���/�2�b�X �h�?�2 �a�2�p�B�F �_�Q�i�Q�` �r���b ���H�b�Q �i�2�b�i�2�/ �B�M �i�?�2 �r���F�2 �Q�7 �� �8�y�X�3�K�K

�/�B���K�2�i�2�` �+�v�H�B�M�/�2�` �(�R�R�)�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �r���F�2 �T�`�2�b�2�`�p�2�b �i�?�2 �B�M�?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ ���M�B�b�Q�i�`�Q�T�B�+

�B�M�7�H�Q�r �+�?���`���+�i�2�`�B�b�i�B�+�b �r�?�B�H�2 �`�2�K�Q�p�B�M�; �i�?�2 �2�7�7�2�+�i �Q�7 �i�?�2 �p�Q�`�i�2�t �b�i�`�m�+�i�m�`�2�b �7�Q�`�K�2�/ �/�m�2 �i�Q �r���H�H

�#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b�X

���/�/�B�i�B�Q�M���H �2�t�T�2�`�B�K�2�M�i�b �B�M�p�2�b�i�B�;���i�B�M�; �h�A�L �+�Q�M�/�m�+�i�2�/ ���i �o�B�`�;�B�M�B�� �h�2�+�? �m�i�B�H�B�x�2�/ �� �e�k�X�8�K�K�@

�/�B���K�2�i�2�` �7�B�p�2�@�#�H���/�2�/ �`�Q�i�Q�` �K�Q�m�M�i�2�/ �Q�M �i�?�2 ���7�i �2�M�/ �Q�7 �� �"�Q�/�v �Q�7 �_�2�p�Q�H�m�i�B�Q�M �U�"�P�_�V�X �h�?�2

�K�Q�/�2�H �?���b �#�2�2�M �/�2�b�+�`�B�#�2�/ �B�M �/�2�i���B�H �B�M �(�R�k�)�X �>�B�+�F�H�B�M�; �2�i ���H�X�(�R�j�) �b�i�m�/�B�2�/ �i�?�2 �`�Q�i�Q�` �B�M�;�2�b�i�B�M�; ���M

�B�M�?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ ���t�B���H�H�v �b�v�K�K�2�i�`�B�+ �#�Q�m�M�/���`�v �H���v�2�` �/�2�p�2�H�Q�T�2�/ �#�v �i�?�2 �"�P�_�X �h�?�2 �`�2�b�m�H�i�b

�Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 ���+�Q�m�b�i�B�+ �K�2���b�m�`�2�K�2�M�i�b �`�2�p�2���H �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �h�A�L �r�B�i�? �#�`�Q���/ �?���v�b�i���+�F�b�X

�"���H���M�i�`���T�m �2�i ���H�X�(�R�9�) �b�i�m�/�B�2�/ �i�?�2 �b�T���+�2�@�i�B�K�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �7�H�Q�r ���`�Q�m�M�/ �i�?�2 ���t�B�b�v�K�K�2�i�`�B�+

�"�P�_ �B�M �i�?�2 �b���K�2 �#�Q�m�M�/���`�v �H���v�2�`�X �>�2 �7�Q�m�M�/ �i�?���i �i�?�2 �K�2���M ���M�/ �7�H�m�+�i�m���i�B�M�; �p�2�H�Q�+�B�i�v �7�B�2�H�/�b

���`�2 �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �`�Q�i�Q�` �Q�T�2�`���i�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �+�?���M�;�2�b �B�M ���t�B���H �i�m�`�#�m�H�2�M�+�2

�`�2�b�m�H�i�B�M�; �7�`�Q�K �p���`�B���i�B�Q�M�b �B�M �i�?�`�m�b�i �?���/ ���M �B�K�T���+�i �Q�M �i�?�2 �m�M�b�i�2���/�v �H�Q���/�B�M�; �2�t�T�2�`�B�2�M�+�2�/ �#�v



�i�?�2 �#�H���/�2�b ���M�/�- ���b �� �`�2�b�m�H�i�- ���7�7�2�+�i�2�/ �i�?�2 ���+�Q�m�b�i�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �`�Q�i�Q�`�X �L�2�p�2�`�i�?�2�H�2�b�b�- �i�?�2

�7�m�M�/���K�2�M�i���H �K�2�+�?���M�B�b�K�b �;�Q�p�2�`�M�B�M�; �i�m�`�#�m�H�2�M�+�2 �`�2�K���B�M�2�/ �m�M�+�?���M�;�2�/ ���M�/ ���H�B�;�M�2�/ �r�B�i�? �i�?�Q�b�2

�Q�#�b�2�`�p�2�/ �B�M �i�?�2 �m�M�/�B�b�i�m�`�#�2�/ �#�Q�m�M�/���`�v �H���v�2�`�X ���b �� �+�Q�M�i�B�M�m���i�B�Q�M �i�Q �i�?�2 �T�`�2�p�B�Q�m�b �i�2�b�i�- �"���M�F�b

�2�i ���H�X�(�R�k�) �b�i�m�/�B�2�/ �i�?�2 �b�T���+�2�@�i�B�K�2 �b�i�`�m�+�i�m�`�2 ���i �i�?�2 �`�2���` �2�M�/ �Q�7 �i�?�2 �"�P�_ �B�M�+�H�B�M�2�/ ���i ���M ���M�;�H�2 �i�Q

�i�?�2 �7�H�Q�r �7�Q�` �p���`�B�Q�m�b �i�?�`�m�b�i�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X �h�?�2 �`�2�b�m�H�i�b �B�M�/�B�+���i�2�/ �b�B�;�M�B�7�B�+���M�i �i�?�`�2�2�@�/�B�K�2�M�b�B�Q�M���H

�2�7�7�2�+�i�b ���M�/ �� �i�?�`�2�2�@�T�2���F �b�i�`�m�+�i�m�`�2 �B�M �i�?�2 �i�m�`�#�m�H�2�M�+�2 �T�`�Q�7�B�H�2�b �7�Q�` �i�?�2 �M�Q�M�@���t�B�b�v�K�K�2�i�`�B�+ �+���b�2

�/�m�2 �i�Q �i�?�`�m�b�i �p���`�B���i�B�Q�M ���H�Q�M�; �i�?�2 �`�Q�i�Q�` �b�T���M�X �h�?�2 ���+�Q�m�b�i�B�+�b �`�2�p�2���H�2�/ �� �`�B�b�2 �B�M �b�Q�m�M�/ �T�Q�r�2�`

�H�2�p�2�H�b �U�a�S�G�V ���b �i�?�2 ���/�p���M�+�2 �`���i�B�Q �B�M�+�`�2���b�2�/�- ���M�/ �� �b�i�2���/�v �B�M�+�`�2���b�2 �B�M �a�S�G �r���b �Q�#�b�2�`�p�2�/ �7�Q�`

�i�?�2 �M�Q�M�@���t�B�b�v�K�K�2�i�`�B�+ �v���r �b�+�2�M���`�B�Q�- �r�?�B�+�? �+���M �#�2 ���i�i�`�B�#�m�i�2�/ �i�Q �i�?�2 �/�B�`�2�+�i�B�Q�M���H �+�?���`���+�i�2�`�B�b�i�B�+�b

�Q�7 �i�?�2 �`�Q�i�Q�`�X

�J�Q�`�2 �`�2�+�2�M�i�H�v�- �>�m���M�; �2�i ���H�X�(�R�8�)�- ���M�/ �Q�i�?�2�`�b �b�i�m�/�B�2�/ �i�?�2 �B�K�T���+�i �Q�7 �i�?�2 �a�2�p�B�F �`�Q�i�Q�` �B�M�;�2�b�i�B�M�;

�� �#�Q�m�M�/���`�v �H���v�2�` �r�?�B�+�? �/�2�p�2�H�Q�T�2�/ �i�?�`�Q�m�;�? ���/�p�2�`�b�2 ���M�/ �7���p�Q�`���#�H�2 �T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�b�X �h�?�2�v

�7�Q�m�M�/ �i�?���i �i�?�2�`�2 �r�2�`�2 �M�Q �b�B�;�M�B�7�B�+���M�i �2�7�7�2�+�i�b �Q�M �i�?�2 �h�A�L�X �>�Q�r�2�p�2�`�- �i�?�2 �7�B�M�/�B�M�;�b �Q�7 �i�?�B�b �b�i�m�/�v

�+���M�M�Q�i �#�2 �;�2�M�2�`���H�B�x�2�/ �m�M�B�p�2�`�b���H�H�v�X �q�?�B�H�2 �i�?�2 �B�M�p�2�b�i�B�;���i�2�/ �/�B�p�2�`�b�2 �T�`�2�b�b�m�`�2 �;�`���/�B�2�M�i�b �H�2�/

�i�Q �p���`�v�B�M�; �#�Q�m�M�/���`�v �H���v�2�` �p�2�H�Q�+�B�i�v �T�`�Q�7�B�H�2�b�- �i�?�2�b�2 �/�B�7�7�2�`�2�M�+�2�b �/�B�/ �M�Q�i �`�2�b�m�H�i �B�M �b�B�;�M�B�7�B�+���M�i

�p���`�B���i�B�Q�M�b �B�M �i�?�2 �`�Q�i�Q�`�ö�b ���+�Q�m�b�i�B�+�b�X �h�?�2�b�2 �`�2�b�m�H�i�b ���`�2 �b�i�B�H�H �B�K�T�Q�`�i���M�i ���b �i�?�2�v �b�2�`�p�2 ���b �� �#���b�2�H�B�M�2

�7�Q�` �2�p���H�m���i�B�Q�M �Q�7 �`�Q�i�Q�` �M�Q�B�b�2 �B�M �i�?�2 �+�m�`�`�2�M�i �b�i�m�/�v�X �h�?�2 �+�m�`�`�2�M�i �b�i�m�/�v �2�K�T�H�Q�v�b �� �b�B�K�B�H���` �i�m�M�M�2�H

�b�2�i�m�T �r�B�i�? �i�?�2 ���/�/�B�i�B�Q�M �Q�7 �� �.�2�i�2�`�K�B�M�B�b�i�B�+ �.�B�b�i�m�`�#���M�+�2 �:�2�M�2�`���i�Q�` �U�.�.�:�V �m�T�b�i�`�2���K �Q�7 �i�?�2

�`�Q�i�Q�`�X

�S�`�B�Q�` �i�Q �i�?�B�b �b�i�m�/�v�- �i�?�2 �/�2�b�+�`�B�#�2�/ �b�v�b�i�2�K���i�B�+ �i�2�b�i�b �r�2�`�2 �+�Q�M�/�m�+�i�2�/ �i�Q �2�t���K�B�M�2 �i�?�2 �#�2�?���p�B�Q�`

�Q�7 �� �`�Q�i�Q�` �B�M �p���`�B�Q�m�b �#�Q�m�M�/���`�v �H���v�2�`�b�- �r���F�2�b�- �i�?�`�m�b�i�B�M�; �+�Q�M�/�B�i�B�Q�M�b�- ���M�/ �v���r ���M�;�H�2�b�X �1�t�i�2�M�b�B�p�2

���M���H�v�b�2�b �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �m�T�b�i�`�2���K�- �/�Q�r�M�b�i�`�2���K�- ���M�/ ���i �i�?�2 �`�Q�i�Q�` �T�H���M�2 �i�Q �B�M�p�2�b�i�B�;���i�2 �i�?�2

�b�i�`�m�+�i�m�`�2�b �7�Q�`�K�2�/ �B�M �i�?�2 �B�M�7�H�Q�r ���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; ���+�Q�m�b�i�B�+�b �T�`�Q�/�m�+�2�/ �r�?�2�M �b�m�+�+�2�b�b�B�p�2 �`�Q�i�Q�`

�#�H���/�2�b �+�m�i �i�?�`�Q�m�;�? �i�?�2�K�X �>�Q�r�2�p�2�`�- �i�?�2�b�2 �i�2�b�i�b �r�2�`�2 �H�B�K�B�i�2�/ �i�Q ���M���H�v�b�2�b �Q�7 �b�i���i�B�Q�M���`�v �7�H�Q�r�b�X

�h�Q �7�m�`�i�?�2�` �i�?�2 �b�+�Q�T�2 �Q�7 �h�A�L �b�i�m�/�B�2�b�- �� �i�2�K�T�Q�`���H ���M���H�v�b�B�b �r���b �+���`�`�B�2�/ �Q�m�i �i�Q �2�t�T�H�Q�`�2 �i�?�2



�B�M�i�2�`���+�i�B�Q�M �Q�7 �� �`�Q�i�Q�` �r�B�i�? �i�?�2 �i�`���M�b�B�2�M�i �r���F�2 �Q�7 �� �.�.�:�X �h�?�2 �i�m�`�#�m�H�2�M�i �r���F�2 �;�2�M�2�`���i�2�/ �#�v

�i�?�2 �.�.�: �B�b �+�?���`���+�i�2�`�B�x�2�/ �#�v �#�Q�i�? �/�2�i�2�`�K�B�M�B�b�i�B�+ ���M�/ �T�`�Q�#���#�B�H�B�b�i�B�+ �7�2���i�m�`�2�b�X �h�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+

���b�T�2�+�i �`�2�7�2�`�b �i�Q �i�?�2 �`���M�/�Q�K �7�H�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �7�H�Q�r �7�B�2�H�/�- �Q�7�i�2�M �/�2�b�+�`�B�#�2�/ �#�v �b�i���i�B�b�i�B�+���H

�T�`�Q�T�2�`�i�B�2�b �b�m�+�? ���b �K�2���M�- �p���`�B���M�+�2�- ���M�/ �+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M�b�X �h�?�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ ���b�T�2�+�i �Q�7 �i�?�2

�r���F�2�- �Q�M �i�?�2 �Q�i�?�2�` �?���M�/�- �`�2�7�2�`�b �i�Q �K�2���M �p���`�B���i�B�Q�M�b �r�?�B�+�? �2�t�?�B�#�B�i �K�Q�`�2 �T�`�2�/�B�+�i���#�H�2 �#�2�?���p�B�Q�`

���M�/ �+���M �#�2 �+�?���`���+�i�2�`�B�x�2�/ �#�v �i�?�2�B�` �b�B�x�2�- �b�?���T�2�- ���M�/ �Q�`�B�2�M�i���i�B�Q�M�X �q�?�B�H�2 �i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ ���M�/

�/�2�i�2�`�K�B�M�B�b�i�B�+ ���b�T�2�+�i�b �Q�7 �i�m�`�#�m�H�2�M�+�2 ���`�2 �B�M�i�2�`�/�2�T�2�M�/�2�M�i�- �b�2�T���`���i�B�M�; �i�?�2�K �+���M �H�2���/ �i�Q �K�Q�`�2

���+�+�m�`���i�2 �K�Q�/�2�H�b ���M�/ �� �#�2�i�i�2�` �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �T�?�v�b�B�+�b �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�+�2 ���M�/

�B�i�b �B�M�i�2�`���+�i�B�Q�M �r�B�i�? �� �`�Q�i�Q�`�X

�h�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �.�.�: �B�b �i�?�2 �K���B�M �7�Q�+�m�b �Q�7 �i�?�2 �+�m�`�`�2�M�i �b�i�m�/�v�X �h�?�2 �K�Q�i�B�Q�M �i�v�T�2 ���M�/

�T�B�i�+�? �`���i�2 �Q�7 �i�?�2 �.�.�: �r�2�`�2 �+���`�2�7�m�H�H�v �+�Q�M�i�`�Q�H�H�2�/ �i�Q �;�2�M�2�`���i�2 �p���`�B�Q�m�b �r���F�2 �T�`�Q�7�B�H�2�b�X �*�Q�M�i�`�Q�H�@

�H�B�M�; �i�?�2 �.�.�: �T�B�i�+�? �`���i�2�b �`�2�b�m�H�i�2�/ �B�M �p���`�v�B�M�; ���+�i�m���i�B�Q�M �i�B�K�2�b �U���h�V�- �r�?�B�+�? �`�2�7�2�`�b �i�Q �i�?�2 �i�B�K�2

�i���F�2�M �#�v �i�?�2 �.�.�: �i�Q �+�Q�K�T�H�2�i�2 �i�?�2 �7�m�H�H �K�Q�i�B�Q�M�X �6�B�p�2 �/�B�b�i�B�M�+�i ���+�i�m���i�B�Q�M �i�B�K�2�b �r�2�`�2 �b�2�H�2�+�i�2�/

�7�Q�` �i�?�2 �b�i�m�/�v�, �y�X�y�9�b�- �y�X�R�e�b�- �y�X�j�k�b�- �y�X�e�9�b�- ���M�/ �k�X�8�e�b�X �A�i �r���b �Q�#�b�2�`�p�2�/ �i�?���i �i�?�2 �7���b�i�2�b�i �K�Q�i�B�Q�M

�r�B�i�? ���M ���h �Q�7 �y�X�y�9�b �r���b �7�Q�m�` �i�B�K�2�b �7���b�i�2�` �i�?���M �i�?�2 �b�2�+�Q�M�/�@�7���b�i�2�b�i �K�Q�i�B�Q�M �Q�7 �y�X�R�e�b ���h�X �a�B�K�B�@

�H���`�H�v�- �i�?�2 �K�Q�i�B�Q�M �Q�7 �y�X�R�e�b ���h �r���b �i�r�B�+�2 ���b �7���b�i ���b �i�?�2 �i�?�B�`�/ �7���b�i�2�b�i �K�Q�i�B�Q�M �Q�7 �y�X�j�k�b ���h�- �r�?�B�H�2

�i�?�2 �K�Q�i�B�Q�M �Q�7 �y�X�j�k�b ���h �r���b �i�r�B�+�2 ���b �7���b�i ���b �i�?�2 �K�Q�i�B�Q�M �Q�7 �y�X�e�9�b ���h�X �6�B�M���H�H�v�- �i�?�2 �K�Q�i�B�Q�M �Q�7

�y�X�e�9�b ���h �r���b �7�Q�m�` �i�B�K�2�b �7���b�i�2�` �i�?���M �i�?�2 �b�H�Q�r�2�b�i �K�Q�i�B�Q�M �Q�7 �k�X�8�e�b ���h�X �1�t�T�2�`�B�K�2�M�i���H �p�2�`�B�7�B�+���@

�i�B�Q�M �B�M �i�?�2 �"�Q�m�M�/���`�v �G���v�2�` �U�b�?�Q�r�M �B�M �a�2�+�i�B�Q�M�k�X�3�V �/�2�K�Q�M�b�i�`���i�2�/ �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �� �N�3�K�K

�i�?�B�+�F �i�m�`�#�m�H�2�M�i �#�Q�m�M�/���`�v �H���v�2�` ���i �i�?�2 �K�2���b�m�`�2�K�2�M�i �T�H���M�2�- �r�B�i�? �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �b�K���H�H�@�b�+���H�2

�i�m�`�#�m�H�2�M�+�2 �b�i�`�m�+�i�m�`�2�b�X �l�T�Q�M �2�p���H�m���i�B�M�; �i�?�2 �/�B�b�i�m�`�#���M�+�2 �b�+���H�2�b �`�2�H���i�2�/ �i�Q �i�?�2 �7���b�i�2�b�i �K�Q�i�B�Q�M

�U�y�X�y�9�b ���h�V�- �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �b�+���H�2�b �r���b �/�2�i�2�`�K�B�M�2�/ �i�Q �#�2 ���T�T�`�Q�t�B�K���i�2�H�v �y�X�3�R�e�y�K �U�/�2�`�B�p�2�/

�7�`�Q�K �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 ���+�i�m���i�B�Q�M �i�B�K�2 �Q�7 �y�X�y�9 �b ���M�/ �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v �Q�7 �k�y�X�9 �K�f�b�V�X

�h�?�2�b�2 �/�B�b�i�m�`�#���M�+�2 �H�2�M�;�i�? �b�+���H�2�b �r�2�`�2 �7�Q�m�M�/ �i�Q �#�2 �H���`�;�2�` �i�?���M �i�?�2 �/�B�b�i�m�`�#���M�+�2�b �T�`�2�b�2�M�i �B�M �i�?�2

�#�Q�m�M�/���`�v �H���v�2�` ���M�/ �r�2�`�2 �B�M �i�?�2 �Q�`�/�2�` �Q�7 �i�?�2 �i�r�B�+�2 �`�Q�i�Q�` �/�B���K�2�i�2�` �U�/�B���K�2�i�2�` �@ �y�X�9�8�d�k�K�V�X �6�Q�`



�i�?�2 �b�H�Q�r�2�b�i �K�Q�i�B�Q�M �U�k�X�8�e�b ���h�V�- �i�?�2 �/�B�b�i�m�`�#���M�+�2 �H�2�M�;�i�? �b�+���H�2�b �r�2�`�2 ���T�T�`�Q�t�B�K���i�2�H�v �8�k�X�k�k�9�y�K�-

�r�?�B�+�? �B�b �Q�M �i�?�2 �Q�`�/�2�` �Q�7 �R�y�y �i�B�K�2�b �i�?�2 �`�Q�i�Q�` �/�B���K�2�i�2�`�X �h�?�2 �b�2�H�2�+�i�B�Q�M �Q�7 �i�?�2�b�2 �b�T�2�+�B�7�B�+ ���+�i�m���i�B�Q�M

�i�B�K�2�b �r���b �K���/�2 �r�B�i�? �+���`�2�7�m�H �+�Q�M�b�B�/�2�`���i�B�Q�M �i�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �/�B�b�i�m�`�#���M�+�2�b �i�`���M�b�B�i�B�Q�M�2�/ �7�`�Q�K

���M �m�M�b�i�2���/�v �U�/�v�M���K�B�+�V �`�2�;�B�K�2 �i�Q �`�2�;�B�K�2�b �r�B�i�? �[�m���b�B�@�b�i�2���/�v �2�7�7�2�+�i�b �#���b�2�/ �Q�M �F�M�Q�r�H�2�/�;�2���#�H�2

�D�m�/�;�K�2�M�i�X

�R�X�k �:�2�M�2�`���i�B�Q�M �Q�7 �� �h�`���M�b�B�2�M�i �.�B�b�i�m�`�#���M�+�2

�h�r�Q �K���B�M �K�2�i�?�Q�/�b ���`�2 �;�2�M�2�`���H�H�v �m�b�2�/ �i�Q �T�`�Q�/�m�+�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �/�B�b�i�m�`�#���M�+�2�b �B�M �� �7�H�Q�r �7�B�2�H�/�,

�T���b�b�B�p�2 �K�2�i�?�Q�/�b �i�?���i �m�i�B�H�B�x�2 �b�i���i�B�+ �+�v�H�B�M�/�2�`�b �Q�` �;�`�B�/�b ���M�/ ���+�i�B�p�2 �K�2�i�?�Q�/�b �i�?���i �B�K�T�H�2�K�2�M�i

�K�Q�p���#�H�2 �Q�#�D�2�+�i�b �b�m�+�? ���b �7�H���T�T�B�M�; �T�H���i�2�b �Q�` ���B�`�7�Q�B�H�b �i�Q �/�B�b�i�m�`�# �i�?�2 �7�H�Q�r �(�R�e�)�X �S���b�b�B�p�2 �K�2�i�?�Q�/�b

�T�`�Q�/�m�+�2 �r�2�H�H�@�/�2�7�B�M�2�/ �/�B�b�i�m�`�#���M�+�2�b�- �b�m�+�? ���b �i�?�2 �p�Q�M �E���`�K���M �p�Q�`�i�2�t �b�i�`�2�2�i�- �#�m�i �i�?�2 �i�v�T�2 �Q�7

�p�Q�`�i�B�+�2�b �i�?�2�v �T�`�Q�/�m�+�2 ���`�2 �Q�7�i�2�M �7�B�t�2�/ �i�Q �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v�X �A�M �i�?�2 �2�t�T�2�`�B�K�2�M�i �+�Q�M�/�m�+�i�2�/

�#�v �G�2�7�2�#�p�`�2 �2�i ���H�X �(�R�d�)�- ���M ���B�`�7�Q�B�H �r���b �T�Q�b�B�i�B�Q�M�2�/ �/�Q�r�M�b�i�`�2���K �Q�7 �� �+�B�`�+�m�H���` �+�v�H�B�M�/�2�` ���M�/

�b�m�#�D�2�+�i�2�/ �i�Q �p���`�B�Q�m�b �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�B�2�b�- �r�?�2�`�2 �i�?�2 �+�v�H�B�M�/�2�` �i�Q ���B�`�7�Q�B�H �/�B�b�i���M�+�2 �r���b �/�2�M�Q�i�2�/

�#�vx/ D�X �h�?�2 �2�t�T�2�`�B�K�2�M�i���H �`�2�b�m�H�i�b �/�2�K�Q�M�b�i�`���i�2�/ �i�?���i �r�?�2�M �i�?�2 ���B�`�7�Q�B�H�ö�b ���M�;�H�2 �Q�7 ���i�i���+�F �U� �V

�r���b �b�2�i �i�Q0� ���M�/ �T�Q�b�B�i�B�Q�M�2�/ ���i �� �/�B�b�i���M�+�2 �Q�7x/ D �4 �k �/�Q�r�M�b�i�`�2���K �Q�7 �i�?�2 �+�v�H�B�M�/�2�`�- �i�?�2�`�2 �r���b

�� �b�2�T���`���i�B�Q�M �Q�7 �7�H�Q�r �Q�M �i�?�2 �m�T�T�2�` �b�m�`�7���+�2 �Q�7 �i�?�2 �+�v�H�B�M�/�2�`�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �i�?�B�b �`�2�b�m�H�i�2�/ �B�M �i�?�2

�+�`�2���i�B�Q�M �Q�7 �`�Q�#�m�b�i �b�?�2���` �H���v�2�`�b �+�?���`���+�i�2�`�B�x�2�/ �#�v �?�B�;�? �p�Q�`�i�B�+�B�i�v�- ���b �r�2�H�H ���b �i�?�2 �/�2�i���+�?�K�2�M�i �Q�7

�7�H�Q�r �7�`�Q�K �i�?�2 �+�v�H�B�M�/�2�` �b�m�`�7���+�2�- �H�2���/�B�M�; �i�Q �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �b�B�;�M�B�7�B�+���M�i �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b �Q�M

�#�Q�i�? �b�m�`�7���+�2�b �Q�7 �i�?�2 ���B�`�7�Q�B�H�X �a�?�B�7�i�B�M�; �i�?�2 �T�Q�b�B�i�B�Q�M �i�Qx/ D �4 �j �B�M�B�i�B���H�H�v �+���m�b�2�/ �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i

�Q�7 �B�M�i�2�M�b�2 �b�?�2���` �H���v�2�`�b�- �#�m�i ���ix/ D �4 �R�- �i�?�2 �r���F�2 �Q�7 �i�?�2 �+�v�H�B�M�/�2�` �`�2�i�m�`�M�2�/ �i�Q �� �b�i���#�H�2 �b�i���i�2�-

�2�t�?�B�#�B�i�B�M�; �� �`�2�+�B�`�+�m�H���i�B�Q�M �`�2�;�B�Q�M �r�B�i�? �i�r�Q �+�Q�m�M�i�2�`�@�`�Q�i���i�B�M�; �p�Q�`�i�B�+�2�b ���i�i���+�?�2�/ �/�Q�r�M�b�i�`�2���K �Q�7

�i�?�2 �+�v�H�B�M�/�2�`�X �h�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M �B�M �i�?�2 �r���F�2 �+�Q�M�7�B�;�m�`���i�B�Q�M �r���b ���i�i�`�B�#�m�i�2�/ �i�Q �i�?�2 �Q�+�+�m�`�`�2�M�+�2

�Q�7 �E�2�H�p�B�M�@�>�2�H�K�?�Q�H�i�x �B�M�b�i���#�B�H�B�i�v�- �r�?�2�`�2�B�M �i�?�2 �B�M�B�i�B���H �b�i���i�2 �Q�7 �i�r�Q �p�Q�`�i�B�+�2�b �`�Q�i���i�B�M�; �B�M �Q�T�T�Q�b�B�i�2



�/�B�`�2�+�i�B�Q�M�b ���M�/ �T�Q�b�B�i�B�Q�M�2�/ �M�2�t�i �i�Q �2���+�? �Q�i�?�2�` �i�`���M�b�B�i�B�Q�M�2�/ �i�Q �� �p�Q�M�@�E���`�K���M �p�Q�`�i�2�t �b�i�`�2�2�i �B�M

�i�?�2 �H���i�i�2�` �b�+�2�M���`�B�Q�X �>�2�M�+�2�- ���H�i�2�`�B�M�; �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�Kx/ D �4 �k �i�Qx/ D �4 �j �`�2�b�m�H�i�2�/ �B�M �� �b�?�B�7�i

�B�M �i�?�2 �r���F�2 �+�Q�M�7�B�;�m�`���i�B�Q�M�- �r�?�2�`�2 �� �b�B�;�M�B�7�B�+���M�i �`�2�+�B�`�+�m�H���i�B�Q�M �`�2�;�B�Q�M �+���m�b�B�M�; �`�2�p�2�`�b�2�/ ���B�`�7�H�Q�r

���`�Q�m�M�/ �i�?�2 ���B�`�7�Q�B�H �i�`���M�b�7�Q�`�K�2�/ �B�M�i�Q �� �r���F�2 �+�?���`���+�i�2�`�B�x�2�/ �#�v �i�?�2 �`�2�H�2���b�2 �Q�7 �p�Q�`�i�B�+�2�b �7�`�Q�K �i�?�2

�+�v�H�B�M�/�2�`�X �h�?�2�b�2 �7�B�M�/�B�M�;�b �B�M�/�B�+���i�2 �i�?���i �i�?�2 �m�i�B�H�B�x���i�B�Q�M �Q�7 �T���b�b�B�p�2 �K�2�i�?�Q�/�b�- �b�m�+�? ���b �� �+�v�H�B�M�/�2�`

�r���F�2�- �M�2�+�2�b�b�B�i���i�2�b �b�T�2�+�B�7�B�+ �T�Q�b�B�i�B�Q�M�B�M�; �i�Q ���+�?�B�2�p�2 �/�B�7�7�2�`�2�M�i �i�v�T�2�b �Q�7 �r���F�2 �b�i�`�m�+�i�m�`�2�b�X �P�M �i�?�2

�Q�i�?�2�` �?���M�/�- ���+�i�B�p�2 �K�2�i�?�Q�/�b�- �b�m�+�? ���b �� �T�B�i�+�?�B�M�; ���B�`�7�Q�B�H �r�?�Q�b�2 �K�Q�i�B�Q�M �+���M �#�2 �+�Q�M�i�`�Q�H�H�2�/�- ���`�2

�K�Q�`�2 �p�2�`�b���i�B�H�2�- ���M�/ �+���M �T�`�Q�/�m�+�2 �� �r�B�/�2�` �`���M�;�2 �Q�7 �/�B�b�i�m�`�#���M�+�2 �T�`�Q�7�B�H�2�b�X

�� �b�v�K�K�2�i�`�B�+���H ���B�`�7�Q�B�H �b�?�Q�m�H�/ �;�2�M�2�`���i�2 �p�Q�`�i�B�+�2�b �r�B�i�? ���M ���#�b�Q�H�m�i�2 �b�i�`�2�M�;�i�? �i�?���i �B�b �i�?�2 �b���K�2

�7�Q�` �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 ���M�;�H�2�b �Q�7 ���i�i���+�F �(�R�e�)�X �h�?�2 ���B�`�7�Q�B�H �T�B�i�+�? �`���i�2 �/�2�i�2�`�K�B�M�2�b �i�?�2 �H�2�M�;�i�?

�Q�7 �i�?�2 �T�`�Q�/�m�+�2�/ �p�Q�`�i�2�t �b�?�2�2�i�- �r�?�B�H�2 �i�?�2 ���K�T�H�B�i�m�/�2 �+�?���M�;�2 �B�M �i�?�2 ���M�;�H�2 �Q�7 ���i�i���+�F �/�2�i�2�`�K�B�M�2�b

�i�?�2 �p�Q�`�i�2�t �b�i�`�2�M�;�i�? �(�R�e�)�X �� �?�B�;�? �T�B�i�+�? �`���i�2 ���M�/ �H���`�;�2 �T�B�i�+�? ���K�T�H�B�i�m�/�2 �;�2�M�2�`���i�2 �H���`�;�2�@�b�+���H�2

�i�r�Q�@�/�B�K�2�M�b�B�Q�M���H �p�Q�`�i�B�+�2�b �Q�`�B�2�M�i�2�/ �B�M �i�?�2 �i�`���M�b�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�X ���i �p�2�`�v �?�B�;�? ���M�;�H�2�b �Q�7 ���i�i���+�F

�T���b�i �b�i���H�H�- �H���`�;�2 �p�Q�`�i�B�+�2�b ���`�2 �7�Q�`�K�2�/ �B�M �i�?�2 �r���F�2 �Q�7 �i�?�2 ���B�`�7�Q�B�H�X �h�?�2�B�` �b�B�x�2 �+���M �#�2 �+�?���`���+�i�2�`�B�x�2�/

�#�v �i�?�2�B�` �i�m�`�#�m�H�2�M�i �B�M�i�2�;�`���H �H�2�M�;�i�? �b�+���H�2�b�- �r�?�B�+�? �/�2�M�Q�i�2�b �� �b�+���H�2 �`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7 �i�?�2 �H���`�;�2�b�i

�b�i�`�m�+�i�m�`�2�b �B�M �� �7�H�Q�r �/�2�i�2�`�K�B�M�2�/ �#�v �+�Q�`�`�2�H���i�B�Q�M �Q�7 �i�?�2 �i�m�`�#�m�H�2�M�i �p�2�H�Q�+�B�i�v �7�H�m�+�i�m���i�B�Q�M�b�X �h�?�2

�T�`�Q�/�m�+�2�/ �/�B�b�i�m�`�#���M�+�2�b �B�M �i�?�2 �r���F�2 �Q�7 �i�?�2 ���B�`�7�Q�B�H �T�`�Q�T���;���i�2 �/�Q�r�M�b�i�`�2���K �/�m�2 �i�Q �i�?�2 �B�M�7�H�m�2�M�+�2

�Q�7 �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v�X

�h�?�2 �7�Q�`�K���i�B�Q�M ���M�/ �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2�b�2 �p�Q�`�i�B�+�2�b �/�2�T�2�M�/ �Q�M ���/�/�B�i�B�Q�M���H �7���+�i�Q�`�b�- ���b �r�2�H�H�- �b�m�+�?

���b �i�?�2 �_�2�v�M�Q�H�/�b �M�m�K�#�2�` �Q�7 �i�?�2 �7�H�Q�r ���M�/ �i�?�2 �i�m�`�#�m�H�2�M�+�2 �B�M�i�2�M�b�B�i�v �Q�7 �i�?�2 �7�`�2�2�b�i�`�2���K�X �h�?�2

�i�m�`�#�m�H�2�M�i �r���F�2 �+�Q�M�i���B�M�b �� �r�B�/�2 �`���M�;�2 �Q�7 �i�m�`�#�m�H�2�M�i �b�+���H�2�b�X �a�K���H�H�@�b�+���H�2 �i�m�`�#�m�H�2�M�+�2 �T�2�`�i���B�M�b �i�Q

�i�?�2 �i�m�`�#�m�H�2�M�i �2�/�/�B�2�b �i�?���i ���`�2 �`�2�H���i�B�p�2�H�v �b�K���H�H ���M�/ �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �E�Q�H�K�Q�;�Q�`�Q�p �H�2�M�;�i�?�-

���M�/ �i�?�2�b�2 �2�/�/�B�2�b ���`�2 �T�`�2�b�2�M�i �B�M �+�Q�M�/�B�i�B�Q�M�b �Q�7 �H�Q�r �_�2�v�M�Q�H�/�b �M�m�K�#�2�`�b�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�-

�B�M�i�2�`�K�2�/�B���i�2 �H�2�M�;�i�? �b�+���H�2�b �`�2�7�2�` �i�Q �i�?�2 �h���v�H�Q�` �K�B�+�`�Q�@�b�+���H�2�b�X �h�?�2 �H���`�;�2�@�b�+���H�2 �b�i�`�m�+�i�m�`�2�b �r�?�B�+�?

�i�?�2 �`�2�b�2���`�+�?�2�`�b ���`�2 �T�`�B�K���`�B�H�v �B�M�i�2�`�2�b�i�2�/ �B�M �;�2�M�2�`���i�B�M�; �?���p�2 �� �?�B�;�?�2�` �_�2�v�M�Q�H�/�b �M�m�K�#�2�`�X �A�M



�;�2�M�2�`���H�- �7�H�m�B�/ �7�H�Q�r�b �+�?���`���+�i�2�`�B�x�2�/ �#�v �?�B�;�? �_�2�v�M�Q�H�/�b �M�m�K�#�2�`�b �2�t�?�B�#�B�i �� �r�B�/�2 �b�T�2�+�i�`�m�K �Q�7 �i�m�`�@

�#�m�H�2�M�i �K�Q�i�B�Q�M�b�- �Q�r�B�M�; �i�Q �i�?�2 �2�M�?���M�+�2�/ �/�B�b�T���`�B�i�v �B�M �b�B�x�2 �#�2�i�r�2�2�M �i�?�2 �b�K���H�H�2�b�i ���M�/ �H���`�;�2�b�i

�b�+���H�2�b�X �(�R�3�)�X �h�?�2 �_�2�v�M�Q�H�/�b �M�m�K�#�2�`�- �� �/�B�K�2�M�b�B�Q�M�H�2�b�b �T���`���K�2�i�2�` �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �`���i�B�Q �Q�7

�B�M�2�`�i�B���H �7�Q�`�+�2�b �i�Q �p�B�b�+�Q�m�b �7�Q�`�+�2�b �B�M �� �7�H�m�B�/ �(�R�N�)�- �/�2�i�2�`�K�B�M�2�b �i�?�2 �p�Q�`�i�B�+�2�b�ö �+�Q�?�2�`�2�M�+�2 �Q�p�2�` �H�Q�M�;�2�`

�/�B�b�i���M�+�2�b �#�2�7�Q�`�2 �/�B�b�b�B�T���i�B�M�; �#�v �p�B�b�+�Q�m�b �7�Q�`�+�2�b�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2 �2�/�/�v �i�m�`�M�Q�p�2�` �i�B�K�2 �B�b ��

�+�`�m�+�B���H �T���`���K�2�i�2�` �i�?���i �K�m�b�i �#�2 �+�Q�M�b�B�/�2�`�2�/ �r�?�2�M �;�2�M�2�`���i�B�M�; �+�Q�?�2�`�2�M�i �/�B�b�i�m�`�#���M�+�2�b ���M�/ �+�Q�M�@

�b�B�/�2�`�B�M�; �i�?�2�B�` �B�M�i�2�`���+�i�B�Q�M �r�B�i�? �/�Q�r�M�b�i�`�2���K �#�Q�/�B�2�b�X �h�?�2 �2�/�/�v �i�m�`�M�Q�p�2�` �i�B�K�2(� e � d/ Uc)

�/�2�T�2�M�/�b �Q�M �i�?�2 �T���`�i�B�+�H�2 �H�2�M�;�i�? �b�+���H�2 �Ud�V ���M�/ �i�?�2 �b�T�2�2�/ �Q�7 �i�?�2 �2�/�/�v �UUc�V�X �A�i �`�2�7�2�`�b �i�Q �i�?�2

�i�B�K�2�b�+���H�2 ���i �r�?�B�+�? �i�?�2 �i�m�`�#�m�H�2�M�i �2�/�/�B�2�b �r�B�i�?�B�M �i�?�2 �7�H�m�B�/ �2�p�Q�H�p�2�X �h�?�m�b�- �B�i �+���M �#�2 �m�b�2�/ �i�Q

�H�B�K�B�i �i�?�2 �i�B�K�2�b�+���H�2 �Q�p�2�` �r�?�B�+�? �h���v�H�Q�`�ö�b ���b�b�m�K�T�i�B�Q�M �Q�7 �7�`�Q�x�2�M �i�m�`�#�m�H�2�M�+�2 �+���M �#�2 �2�K�T�H�Q�v�2�/�X �A�7

�i�?�2 �+�Q�M�p�2�+�i�B�Q�M �i�B�K�2 �2�t�+�2�2�/�b �i�?�2 �2�/�/�v �i�m�`�M�Q�p�2�` �i�B�K�2�- �i�?�2 �/�B�b�i�m�`�#���M�+�2�b ���`�2 �H�B�F�2�H�v �i�Q �+�?���M�;�2

�b�B�;�M�B�7�B�+���M�i�H�v�X �h�?�2 �+�Q�M�p�2�+�i�B�Q�M �i�B�K�2(� c = L/ Uc) �`�2�7�2�`�b �i�Q �i�?�2 �i�B�K�2 �i�?�2 �7�H�m�B�/ �T���`�i�B�+�H�2 �i���F�2�b �i�Q

�i�`���p�2�H �� �+�2�`�i���B�M �/�B�b�i���M�+�2 �UL�V �B�M �� �7�H�m�B�/ �r�B�i�? �� �+�Q�M�p�2�+�i�B�Q�M �p�2�H�Q�+�B�i�v �UUc�V�X

�A�i �B�b �Q�7 �T�`�B�K���`�v �B�K�T�Q�`�i���M�+�2 �i�?���i �i�?�2 �;�2�M�2�`���i�2�/ �p�Q�`�i�B�+�2�b �2�t�?�B�#�B�i �`�2�T�`�Q�/�m�+�B�#�B�H�B�i�v�- �2�M�b�m�`�B�M�; �i�?���i

�2���+�? �b�m�#�b�2�[�m�2�M�i ���+�i�m���i�B�Q�M �+�Q�M�b�B�b�i�2�M�i�H�v �T�`�Q�/�m�+�2�b �i�?�2 �b���K�2 �K�Q�i�B�Q�M �T�`�Q�7�B�H�2�X �>�Q�r�2�p�2�`�- �i�?�B�b

�2�t�T�2�`�B�K�2�M�i�ö�b �K�2�i�?�Q�/ �Q�7 �T�`�Q�/�m�+�B�M�; �+�Q�M�i�B�M�m�Q�m�b �b�?�2�/ �p�Q�`�i�B�+�B�i�v �B�M ���B�` �/�B�7�7�2�`�b �b�B�;�M�B�7�B�+���M�i�H�v �7�`�Q�K

�i�?�2 �Q�T�i�B�K���H ���T�T�`�Q���+�? �Q�7 �;�2�M�2�`���i�B�M�; �b�B�M�;�H�2 �T�2�`�B�Q�/�B�+ �p�Q�`�i�B�+�2�b �B�M �r���i�2�` ���b �i�2�b�i�2�/ �#�v �o���/�?�2�` �2�i ���H

�(�k�y�)�X �h�?�2�v �?���p�2 �+�Q�M�/�m�+�i�2�/ �b�i�m�/�B�2�b �Q�M �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �;�2�M�2�`���i�B�Q�M �Q�7 �B�b�Q�H���i�2�/ �p�Q�`�i�B�+���H �;�m�b�i�b

���M�/ �+�Q�M�+�H�m�/�2�/ �i�?���i �� �M�Q�M�/�B�K�2�M�b�B�Q�M���H �T�B�i�+�? �`���i�2
�

_�c
U1

�
�Q�7 ���T�T�`�Q�t�B�K���i�2�H�v45� �Q�` �;�`�2���i�2�` �B�b

�M�2�+�2�b�b���`�v �i�Q �/�2�p�2�H�Q�T �b�B�M�;�H�2 �+�Q�?�2�`�2�M�i �i�`���B�H�B�M�; �2�/�;�2 �p�Q�`�i�B�+�2�b�X �h�?�2 �M�Q�M�/�B�K�2�M�b�B�Q�M���H �T�B�i�+�? �`���i�2

�B�b �+���H�+�m�H���i�2�/ �m�b�B�M�; �i�?�2 �7�`�2�2�b�i�`�2���K �p�2�H�Q�+�B�i�v �UU1 �V�- �i�?�2 �`���i�2 �Q�7 �+�?���M�;�2 �Q�7 ���B�`�7�Q�B�H ���M�;�H�2 �Q�7 ���i�i���+�F

�U_� = � � / t�V�- ���M�/ �i�?�2 ���B�`�7�Q�B�H �+�?�Q�`�/ �H�2�M�;�i�?(c)�X �q�B�i�? �� �7�`�2�2�b�i�`�2���K ���B�` �p�2�H�Q�+�B�i�v �Q�7 �k�y �K�f�b ���M�/

���M �2�t�T�2�`�B�K�2�M�i���H �+�Q�M�7�B�;�m�`���i�B�Q�M �7�2���i�m�`�B�M�; ���M ���B�`�7�Q�B�H �+�?�Q�`�/ �H�2�M�;�i�? �Q�7 �y�X�R�8�k�9�K �U���b �T�2�` �i�?�2 �b�2�i�m�T

�2�H�m�+�B�/���i�2�/ �B�M �b�m�#�b�2�[�m�2�M�i �b�2�+�i�B�Q�M�b �Q�7 �i�?�B�b �i�?�2�b�B�b�V�- �i�?�2 ���i�i���B�M�K�2�M�i �Q�7 �b�B�M�;�H�2 �B�M�/�2�T�2�M�/�2�M�i �p�Q�`�i�B�+�2�b

�M�2�+�2�b�b�B�i���i�2�b �� �`���i�2 �Q�7 �+�?���M�;�2 �Q�7 ���M�;�H�2 �Q�7 ���i�i���+�F �M�2���`�B�M�; �p���H�m�2�b �Q�7 �8�N�y�8�X�8� / s�X ���+�?�B�2�p�B�M�; �b�m�+�?



�?�B�;�? �T�B�i�+�? �`���i�2�b �/�2�K���M�/�b �b�m�#�b�i���M�i�B���H ���+�i�m���i�B�Q�M �T�Q�r�2�` ���M�/ �� �?�B�;�?�H�v �7�`�B�+�i�B�Q�M�H�2�b�b �b�2�i�m�T�- �#�Q�i�? �Q�7

�r�?�B�+�? �+���M �T�`�Q�p�2 �+�?���H�H�2�M�;�B�M�; �i�Q ���+�+�Q�K�T�H�B�b�? �B�M �T�`���+�i�B�+�2�X �h�?�2�`�2�7�Q�`�2�- �B�M ���2�`�Q�/�v�M���K�B�+ �b�i�m�/�B�2�b ���i

�i�?�2�b�2 �B�M�7�H�Q�r �b�T�2�2�/�b�- �i�?�2 �r���F�2 �Q�7 �� �T�B�i�+�?�B�M�; ���B�`�7�Q�B�H �B�b �K�Q�`�2 �H�B�F�2�H�v �i�Q �+�Q�M�i�B�M�m�Q�m�b�H�v �b�?�2�/ �p�Q�`�i�B�+�B�i�v

�`���i�?�2�` �i�?���M �T�`�Q�/�m�+�2 �� �b�B�M�;�H�2 �B�b�Q�H���i�2�/ �p�Q�`�i�2�t�X �h�?�2�b�2 �p�Q�`�i�B�+�2�b �/�B�b�i�Q�`�i ���M�/ �+�Q�M�p�2�+�i �B�M �i�?�2 �r���F�2

�T�`�Q�/�m�+�B�M�; �� �r���F�2 �i�?���i �B�b �#�`�Q���/�#���M�/ �`���i�?�2�` �i�?���M �/�2�i�2�`�K�B�M�B�b�i�B�+�X

�h�?�2 �b�i�m�/�v �Q�7 �m�M�b�i�2���/�v�@���B�`�7�Q�B�H �#�2�?���p�B�Q�` �?���b �#�2�2�M �;�`�2���i�H�v �B�M�7�H�m�2�M�+�2�/ �#�v �H�B�M�2���`�B�x�2�/ �i�?�B�M�@���B�`�7�Q�B�H

�i�?�2�Q�`�v�- �r�?�B�+�? �T�`�Q�p�B�/�2�b �B�M�b�B�;�?�i�b �B�M�i�Q �b�2�p�2�`���H �B�K�T�Q�`�i���M�i �7�2���i�m�`�2�b �(�k�)�X �A�M �i�?�B�b �i�?�2�Q�`�v�- �i�?�2 �T�`�2�b�b�m�`�2

�7�Q�`�+�2�b �2�t�2�`�i�2�/ �Q�M �� �b�H�2�M�/�2�` �H�B�7�i�B�M�; �b�m�`�7���+�2�- �r�?�2�M �T�Q�b�B�i�B�Q�M�2�/ ���i �� �b�H�B�;�?�i ���M�;�H�2 �`�2�H���i�B�p�2 �i�Q �i�?�2

�B�M�+�Q�K�B�M�; �7�H�Q�r�- �2�t�?�B�#�B�i �� �/�B�`�2�+�i �`�2�H���i�B�Q�M�b�?�B�T �r�B�i�? �#�Q�i�? �i�?�2 �2�7�7�2�+�i�B�p�2 ���M�;�H�2 �Q�7 ���i�i���+�F ���M�/ �i�?�2

�b�[�m���`�2 �Q�7 �i�?�2 �7�H�Q�r �p�2�H�Q�+�B�i�v�X �*�Q�M�b�2�[�m�2�M�i�H�v�- ���M�v �7�H�m�+�i�m���i�B�Q�M�b �Q�#�b�2�`�p�2�/ �B�M �2�B�i�?�2�` �i�?�2 �#�Q�/�v �Q�` �i�?�2

�7�H�Q�r �B�M�/�m�+�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�?���M�;�2�b �B�M �+�B�`�+�m�H���i�B�Q�M ���M�/ �T�`�2�b�b�m�`�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �o���`�B���i�B�Q�M �B�M �i�?�2

�+�B�`�+�m�H���i�B�Q�M ���H�Q�M�; �/�B�7�7�2�`�2�M�i �b�2�+�i�B�Q�M�b �Q�7 �i�?�2 �#�Q�/�v �+�Q�B�M�+�B�/�2�b �r�B�i�? �i�?�2 �`�2�H�2���b�2 �Q�7 �7�`�2�2 �p�Q�`�i�B�+�B�i�v �7�`�Q�K

�i�?�2 �i�`���B�H�B�M�;�@�2�/�;�2 ���`�2�� �B�M�i�Q �i�?�2 �r���F�2�X �A�M �K�Q�/�2�`�M �`�2�b�2���`�+�? �Q�M �m�M�b�i�2���/�v ���B�`�7�Q�B�H�b�- �2�7�7�Q�`�i�b �?���p�2

�#�2�2�M �K���/�2 �i�Q �`�2�H���t �i�?�2 ���b�b�m�K�T�i�B�Q�M�b �i�?���i �7�Q�`�K �i�?�2 �#���b�B�b �Q�7 �i�?�B�M�@���B�`�7�Q�B�H �i�?�2�Q�`�v�X �P�M�2 �+�`�m�+�B���H

���b�b�m�K�T�i�B�Q�M �B�b �i�?�2 �E�m�i�i�� �+�Q�M�/�B�i�B�Q�M�- �r�?�B�+�? �K���M�/���i�2�b �� �b�K�Q�Q�i�? �/�2�T���`�i�m�`�2 �Q�7 �7�H�m�B�/ �7�H�Q�r �7�`�Q�K

�i�?�2 ���B�`�7�Q�B�H�ö�b �i�`���B�H�B�M�; �2�/�;�2 �Q�7 �i�?�2 ���B�`�7�Q�B�H �r�B�i�?�Q�m�i ���M�v ���#�`�m�T�i �+�?���M�;�2�b �Q�` �b�B�M�;�m�H���`�B�i�B�2�b�X �h�?�B�b

�+�Q�M�/�B�i�B�Q�M �B�b �b���i�B�b�7�B�2�/ �#�v �B�M�i�`�Q�/�m�+�B�M�; �� �+�B�`�+�m�H���i�B�Q�M ���`�Q�m�M�/ �i�?�2 ���B�`�7�Q�B�H�- �r�?�2�`�2 �7�H�m�B�/ �T���`�i�B�+�H�2�b

�7�Q�H�H�Q�r �+�H�Q�b�2�/ �T���i�?�b ���M�/ �;�2�M�2�`���i�2 �� �p�Q�`�i�2�t�X

�*�Q�M�p�2�M�i�B�Q�M���H �B�M�p�B�b�+�B�/ ���B�`�7�Q�B�H �i�?�2�Q�`�v �2�K�T�H�Q�v�b �i�?�2 �E�m�i�i���@�C�Q�m�F�Q�r�b�F�B �+�Q�M�/�B�i�B�Q�M �7�Q�` ���B�`�7�Q�B�H �T�`�Q�7�B�H�2�b

�7�2���i�m�`�B�M�; �� �b�?���`�T �i�`���B�H�B�M�; �2�/�;�2�X �h�?�B�b �+�Q�M�/�B�i�B�Q�M �/�B�b�`�2�;���`�/�b �i�?�2 �B�M�7�B�M�B�i�2 �p�2�H�Q�+�B�i�v �B�M���+�+�m�`���i�2�H�v

���T�T�2���`�B�M�; ���i �i�?�2 �i�`���B�H�B�M�; �2�/�;�2 �B�M �b�i�2���/�v �7�H�Q�r�b �#�v �2�b�i���#�H�B�b�?�B�M�; �� �b�i���;�M���i�B�Q�M �T�Q�B�M�i ���i �i�?�2

���B�`�7�Q�B�H�ö�b �i�`���B�H�B�M�; �2�/�;�2 ���M�/ �2�M�b�m�`�B�M�; �T�`�2�b�b�m�`�2 ���M�/�f�Q�` �p�2�H�Q�+�B�i�v �+�Q�M�i�B�M�m�B�i�v ���+�`�Q�b�b �i�?�2 �r���F�2 �`�2�;�B�Q�M

�(�k�)�X �L�2�p�2�`�i�?�2�H�2�b�b�- �7�Q�` ���B�`�7�Q�B�H�b �r�B�i�? �`�Q�m�M�/�2�/ �i�`���B�H�B�M�; �2�/�;�2�b�- �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2

�`�2���` �b�i���;�M���i�B�Q�M �T�Q�B�M�i �#�2�+�Q�K�2�b �m�M�+�2�`�i���B�M�X �A�M �b�m�+�? �+���b�2�b�- �i�?�2 �+�B�`�+�m�H���i�B�Q�M �B�b �B�M�7�H�m�2�M�+�2�/ �#�v �i�?�2

�2�7�7�2�+�i�b �Q�7 �p�B�b�+�Q�b�B�i�v ���`�Q�m�M�/ �i�?�2 �i�`���B�H�B�M�; �2�/�;�2 �`�2�;�B�Q�M�X �>�Q�r�2�p�2�`�- �i�?�2 �b�B�i�m���i�B�Q�M �#�2�+�Q�K�2�b �K�m�+�?



�K�Q�`�2 �+�Q�K�T�H�2�t �B�M �i�?�2 �+���b�2 �Q�7 �m�M�b�i�2���/�v �7�H�Q�r�X �A�i �B�b ���b�b�m�K�2�/ �i�?���i �� �T�`�2�b�b�m�`�2 �/�B�7�7�2�`�2�M�+�2 �+���M�M�Q�i

�#�2 �b�m�b�i���B�M�2�/ ���+�`�Q�b�b �i�?�2 �i�`���B�H�B�M�; �2�/�;�2 ���M�/ �i�?�2 �r���F�2�X

���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �K�Q�/�2�H �T�`�Q�T�Q�b�2�/ �#�v �"���b�m ���M�/ �>���M�+�Q�+�F �2�i ���H�X �(�k�R�)�- �b�i�`�2���K�H�B�M�2�b �7�Q�H�H�Q�r ��

�i���M�;�2�M�i�B���H �T���i�? �7�`�Q�K �i�?�2 �m�T�T�2�` �Q�` �H�Q�r�2�` �b�m�`�7���+�2 �Q�7 �i�?�2 ���B�`�7�Q�B�H�- ���M�/ �i�?�2 �r���F�2�- ���b�b�m�K�2�/ �i�Q �#�2

�b�i�`���B�;�?�i ���M�/ �M���`�`�Q�r�- �7�Q�H�H�Q�r�b �i�?�B�b �b�i�`�2���K�H�B�M�2�X �6�Q�` �Q�b�+�B�H�H���i�B�M�; ���B�`�7�Q�B�H�b�- �J�+�*�`�Q�b�F�2�v �2�i ���H�X �(�k�k�)

�M�Q�i�2�b �i�?���i �m�M�/�2�` �+�2�`�i���B�M �+�Q�M�/�B�i�B�Q�M�b ���i �i�?�2 ���B�`�7�Q�B�H�ö�b �i�`���B�H�B�M�; �2�/�;�2�- �i�?�2�`�2 �B�b �7�B�M�B�i�2 �T�`�2�b�b�m�`�2 �H�Q���/�B�M�;

���M�/ ���#�`�m�T�i �b�i�`�2���K�H�B�M�2 �+�m�`�p���i�m�`�2�X �h�?�2 �E�m�i�i�� �+�Q�M�/�B�i�B�Q�M �?���b �B�i�b �H�B�K�B�i���i�B�Q�M�b ���M�/ �#�2�+�Q�K�2�b

�m�M�T�`�2�/�B�+�i���#�H�2 ���b �i�?�2 �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�B�2�b �B�M�+�`�2���b�2�X �>�2�`�2�- �i�?�2 �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v �Uk�V �B�b �;�B�p�2�M

�#�v �i�?�2 �7�Q�`�K�m�H���-k = !c /2 U1 �- �r�?�2�`�2�-! �B�b �i�?�2 �Q�b�+�B�H�H���i�B�Q�M �7�`�2�[�m�2�M�+�v �7�Q�` �i�?�2 �K�Q�i�B�Q�M�X

�.�2�p�B���i�B�Q�M�b �B�M �i�?�2 �H�Q���/�B�M�; ���i �i�?�2 �i�`���B�H�B�M�; �2�/�;�2 �/�Q �M�Q�i �b�B�;�M�B�7�B�+���M�i�H�v ���7�7�2�+�i �i�?�2 �m�M�b�i�2���/�v �H�B�7�i �#�m�i

�/�Q �?���p�2 ���M �B�K�T���+�i �Q�M �i�?�2 ���B�`�7�Q�B�H �K�Q�K�2�M�i�X �h�?�2�`�2�7�Q�`�2�- ���+�+�m�`���i�2�H�v �K�Q�/�2�H�B�M�; �i�?�2�b�2 �+�Q�M�/�B�i�B�Q�M�b ���i

�i�?�2 �i�`���B�H�B�M�; �2�/�;�2 �B�b �M�2�+�2�b�b���`�v�X �"���b�2�/ �Q�M �i�?�B�b�- �a�2���`�b �2�i ���H�X �(�k�j�) �T�`�Q�T�Q�b�2�/ �� �p�Q�`�i�2�t �b�?�2�2�i �K�Q�/�2�H

�i�?���i �+���M �T�`�Q�p�B�/�2 �B�M�7�Q�`�K���i�B�Q�M �Q�M �H�B�7�i�- �K�Q�K�2�M�i�- ���M�/ �p�Q�`�i�2�t �b�i�`�2�M�;�i�?�b�X �>�Q�r�2�p�2�`�- �B�i �`�2�[�m�B�`�2�b

�F�M�Q�r�H�2�/�;�2 �Q�7 �i�?�2 �#�Q�m�M�/ �+�B�`�+�m�H���i�B�Q�M �Q�M �i�?�2 ���B�`�7�Q�B�H �b�m�`�7���+�2�- �B�M �i�?�2 �b�2�T���`���i�2�/ �H���v�2�`�- ���M�/ �B�M �i�?�2

�r���F�2�X

�A�i �B�b �B�K�T�Q�`�i���M�i �i�Q �2�b�i���#�H�B�b�? �� �/�2�7�B�M�2�/ �`���M�;�2 �Q�7 �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�B�2�b �B�M �r�?�B�+�? �i�?�2 �i�`���/�B�i�B�Q�M���H

�E�m�i�i���@�C�Q�m�F�Q�r�b�F�B �+�Q�M�/�B�i�B�Q�M �`�2�K���B�M�b ���T�T�H�B�+���#�H�2 �i�Q �T�`�2�p�2�M�i ���M�v �m�M�/�2�b�B�`�2�/ �m�M�b�i�2���/�v ���2�`�Q�/�v�@

�M���K�B�+ �2�7�7�2�+�i�b�X �a���i�v���M���`���v���M�� �2�i ���H�X �(�k�9�) �/�B�b�+�Q�p�2�`�2�/ �i�?���i ���i �� �H�Q�r �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v �Q�7k �4

�y�X�y�8�- �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �T�`�2�b�b�m�`�2 �H�Q���/�B�M�; �B�M �i�?�2 �i�`���B�H�B�M�;�@�2�/�;�2 �`�2�;�B�Q�M �B�b �H�Q�r�2�` �i�?���M �T�`�2�/�B�+�i�2�/�X

�h�?�B�b �T�?�2�M�Q�K�2�M�Q�M ���i �H�Q�r �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�B�2�b �B�b ���i�i�`�B�#�m�i�2�/ �i�Q �i�?�2 �B�M�7�H�m�2�M�+�2 �Q�7 �p�B�b�+�Q�m�b �2�7�7�2�+�i�b�-

���M�/ �i�?�2 �T�?���b�2�- �r�?�B�+�? �`�2�7�2�`�b �i�Q �i�?�2 ���M�;�H�2 �#�2�i�r�2�2�M �i�?�2 �H�B�7�i �p�2�+�i�Q�` ���M�/ �i�?�2 ���B�`�7�Q�B�H �K�Q�i�B�Q�M�- �b�?�Q�r�b

�`�2���b�Q�M���#�H�2 ���;�`�2�2�K�2�M�i ���i �i�?�B�b �7�`�2�[�m�2�M�+�v�X ���b �i�?�2 �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v �+�Q�M�i�B�M�m�2�b �i�Q �B�M�+�`�2���b�2 �m�T

�i�Q �y�X�3�- �i�?�2 �2�t�T�2�`�B�K�2�M�i���H�H�v �/�2�i�2�`�K�B�M�2�/ �T�?���b�2 �/�2�p�B���i�2�b �7�`�Q�K �i�?�2 �T�`�2�/�B�+�i�2�/ �p���H�m�2�- ���H�i�?�Q�m�;�? �i�?�2

�K���;�M�B�i�m�/�2 �b�i�B�H�H �b�?�Q�r�b �`�2���b�Q�M���#�H�2 ���;�`�2�2�K�2�M�i�X �"�2�i�r�2�2�Mk �4 �y�X�e ���M�/ �y�X�3�- �� �M�Q�i�B�+�2���#�H�2 �/�B�7�7�2�`�@

�2�M�+�2 �B�M �i�?�2 �`���i�2 �Q�7 �H�Q���/�B�M�; �B�M�+�`�2���b�2 �r�B�i�? �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v �B�b �Q�#�b�2�`�p�2�/�X �h�?�2 �2�t�T�2�`�B�K�2�M�i���H



�T�?���b�2 ���H�B�;�M�b �`�2���b�Q�M���#�H�v �r�2�H�H �r�B�i�? �i�?�2 �T�`�2�/�B�+�i�2�/ �p���H�m�2�b �m�T �i�Qk �4 �y�X�3 �#�m�i �H���;�b �#�2�?�B�M�/ �i�?�2

�T�`�2�/�B�+�i�2�/ �p���H�m�2 �7�Q�` ���H�H �+�Q�M�/�B�i�B�Q�M�b �#�2�v�Q�M�/k �4 �y�X�3�- �r�B�i�? �i�?�2 �/�2�p�B���i�B�Q�M �;�`�Q�r�B�M�; ���b �i�?�2 �7�`�2�@

�[�m�2�M�+�v �B�M�+�`�2���b�2�b�X ���i �� �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v �Q�7 �R�X�y�k�- �#�Q�i�? �i�?�2 �K���;�M�B�i�m�/�2 ���M�/ �T�?���b�2 �/�2�p�B���i�B�Q�M

�B�M�+�`�2���b�2�- ���M�/ ���ik �4 �R�X�k�j�- �B�i �#�2�+�Q�K�2�b �2�p�B�/�2�M�i �i�?���i �i�?�2 �+�H���b�b�B�+���H �E�m�i�i���@�C�Q�m�F�Q�r�b�F�B �+�Q�M�/�B�i�B�Q�M

�B�M �H�B�M�2���` �i�?�2�Q�`�v �7���B�H�b�X ���H�i�?�Q�m�;�? �i�?�2�`�2 �B�b �b�Q�K�2 �p���`�B���i�B�Q�M �B�M �i�?�2 �T�?���b�2 �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2�`�2 �B�b ��

�+�H�2���` �B�M�+�`�2���b�2 �B�M �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 ���7�i �H�Q���/�B�M�; ���M�/ �� �/�2�+�`�2���b�2 �B�M �T�?���b�2 ���i �?�B�;�? �7�`�2�[�m�2�M�+�B�2�b�X

���b �i�?�2 �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v �;�2�M�2�`���H�H�v �B�M�+�`�2���b�2�b�- �B�i �B�b �Q�#�b�2�`�p�2�/ �i�?���i �i�?�2 �`�2�/�m�+�2�/ �H�Q���/�B�M�; �+���m�b�2�/

�#�v �#�Q�m�M�/���`�v�@�H���v�2�` �/�B�b�T�H���+�2�K�2�M�i �U�b�2�T���`���i�B�Q�M�V �2�7�7�2�+�i�b �#�2�+�Q�K�2�b �Q�p�2�`�b�?���/�Q�r�2�/ �#�v �i�?�2 �2�p�B�/�2�M�i

�7���B�H�m�`�2 �Q�7 �i�?�2 �E�m�i�i�� �+�Q�M�/�B�i�B�Q�M�X �h�?�2 �K���;�M�B�i�m�/�2 �Q�7 �m�M�b�i�2���/�v �H�Q���/�B�M�; �2�t�+�2�2�/�b �r�?���i �B�b �T�`�2�/�B�+�i�2�/

�#�v �H�B�M�2���` �i�?�2�Q�`�v�- ���M�/ �i�?�2 �T�?���b�2 �7���H�H�b �#�2�?�B�M�/ �i�?�2�Q�`�2�i�B�+���H �T�`�2�/�B�+�i�B�Q�M�b�X

�h�?�2 �7�H�Q�r ���`�Q�m�M�/ �� �H�B�7�i�B�M�; �b�m�`�7���+�2 �m�M�/�2�`�;�Q�2�b �� �T�?�2�M�Q�K�2�M�Q�M �F�M�Q�r�M ���b �b�i���H�H �r�?�2�M �i�?�2 �B�M�+�B�@

�/�2�M�+�2 ���M�;�H�2 �2�t�+�2�2�/�b �� �+�`�B�i�B�+���H ���M�;�H�2�X �>�Q�r�2�p�2�`�- �B�M �i�?�2 �+���b�2 �Q�7 �Q�b�+�B�H�H���i�B�M�; ���B�`�7�Q�B�H�b �r�B�i�? �`���T�B�/�H�v

�B�M�+�`�2���b�B�M�; �B�M�+�B�/�2�M�+�2�- �i�?�2 �b�i���H�H �+���M �#�2 �/�2�H���v�2�/ �#�2�v�Q�M�/ �i�?�B�b �b�i���i�B�+ �+�`�B�i�B�+���H �b�i���H�H ���M�;�H�2 �(�R�)�X �h�?�B�b

�/�2�H���v �B�b �`�2�7�2�`�`�2�/ �i�Q ���b �/�v�M���K�B�+ �b�i���H�H�- �r�?�B�+�? �?���b �K�Q�`�2 �b�B�;�M�B�7�B�+���M�i �2�7�7�2�+�i�b �Q�M �i�?�2 �7�H�Q�r�X �h�?�2 �H�B�7�i

���M�/ �K�Q�K�2�M�i�b �2�t�?�B�#�B�i �� �H���`�;�2 �?�v�b�i�2�`�2�b�B�b �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b ���M�;�H�2 �Q�7 ���i�i���+�F�-

�Q�b�+�B�H�H���i�B�M�; ���`�Q�m�M�/ �� �K�2���M ���M�;�H�2 �Q�7 ���i�i���+�F �+�H�Q�b�2 �i�Q �i�?�2 �b�i���i�B�+ �b�i���H�H ���M�;�H�2 �U� ss�V�X �.�m�`�B�M�; �i�?�B�b �T�?�2�@

�M�Q�K�2�M�Q�M�- �p�Q�`�i�2�t �b�i�`�m�+�i�m�`�2�b �Q�M �i�?�2 �m�T�T�2�` �b�m�`�7���+�2 �Q�7 �i�?�2 �H�B�7�i�B�M�; �b�m�`�7���+�2 ���`�2 �b�?�2�/ ���M�/ �+�Q�M�p�2�+�i�2�/�-

�`�2�b�m�H�i�B�M�; �B�M �� �M�Q�M�@�H�B�M�2���` �7�H�m�+�i�m���i�B�M�; �T�`�2�b�b�m�`�2 �7�B�2�H�/�X �h�?�2 �H�Q���/�B�M�; �+���m�b�2�/ �#�v �i�?�2�b�2 �m�M�b�i�2���/�v

�7�H�m�+�i�m���i�B�Q�M�b �B�b �K�Q�`�2 �b�B�;�M�B�7�B�+���M�i �7�Q�` �?�B�;�?�2�` ���M�;�H�2�b �Q�7 ���i�i���+�F�- �?�B�;�?�2�` �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�B�2�b�- ���M�/

�H���`�;�2�` ���K�T�H�B�i�m�/�2�b �(�k�8�)�X

�6�B�;�m�`�2�R�X�R�/�2�T�B�+�i�b �i�?�2 �?�v�b�i�2�`�2�b�B�b �+�m�`�p�2 �Q�7 �i�?�2 �H�B�7�i �+�Q�2�7�7�B�+�B�2�M�i �UCL �V �p�2�`�b�m�b �i�?�2 ���M�;�H�2 �Q�7 ���i�i���+�F

�U� �V �(�R�)�X �S�Q�B�M�i �R �`�2�T�`�2�b�2�M�i�b �i�?�2 �`�2�;�B�Q�M �r�?�2�`�2 �i�?�2 �i�?�B�M �#�Q�m�M�/���`�v �H���v�2�` �`�2�K���B�M�b ���i�i���+�?�2�/ ���b �i�?�2

���M�;�H�2 �Q�7 ���i�i���+�F �B�M�+�`�2���b�2�b�X �"�2�i�r�2�2�M �T�Q�B�M�i�b �R ���M�/ �k�- �i�?�2 �H�B�7�i ���M�/ �K�Q�K�2�M�i �7�Q�H�H�Q�r �i�?�2 �m�M�b�i�2���/�v

�H�B�M�2���` �i�?�B�M ���B�`�7�Q�B�H �i�?�2�Q�`�v�X ���7�i�2�` �b�m�`�T���b�b�B�M�; �i�?�2 �b�i���i�B�+ �+�`�B�i�B�+���H ���M�;�H�2 �U� ss�V�- �B�M�/�B�+���i�2�/ �#�v �i�?�2

�T�Q�B�M�i �Q�7 �/�2�p�B���i�B�Q�M �r�B�i�? �i�?�2 �/���b�?�2�/ �H�B�M�2�- �� �i�?�B�M �`�2�p�2�`�b�2 �7�H�Q�r �/�2�p�2�H�Q�T�b ���i �i�?�2 �#�Q�i�i�Q�K �Q�7 �i�?�2



�6�B�;�m�`�2 �R�X�R�, �>�v�b�i�2�`�2�b�B�b �+�m�`�p�2 �7�Q�` ���B�`�7�Q�B�H �H�B�7�i �+�Q�2�7�7�B�+�B�2�M�i�- ���/���T�i�2�/ �7�`�Q�K �(�R�)�X �h�?�2 �T�?�v�b�B�+���H �2�p�2�M�i�b
�7�Q�` ���B�`�7�Q�B�H �/�v�M���K�B�+ �b�i���H�H �Q�+�+�m�`�`�B�M�; ���i �i�?�2 �M�m�K�#�2�`�2�/ �T�Q�B�M�i�b �B�b �b�?�Q�r�M �U�7�H�Q�r �K�Q�p�B�M�; �i�Q�r���`�/�b
�i�?�2 �`�B�;�?�i�V

�#�Q�m�M�/���`�v �H���v�2�` �Q�M �i�?�2 ���B�`�7�Q�B�H �b�m�+�i�B�Q�M �b�B�/�2 �U�m�T�T�2�` �b�m�`�7���+�2�V�X �h�?�B�b �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �/���`�F

�#�H�m�2 �`�2�;�B�Q�M �M�2���` �i�?�2 ���B�`�7�Q�B�H �i�`���B�H�B�M�; �2�/�;�2 �B�M �+�Q�M�/�B�i�B�Q�M �U�k�V �Q�7 �6�B�;�m�`�2�R�X�R�X �h�?�2 �/���b�?�2�/ �H�B�M�2

�`�2�T�`�2�b�2�M�i�b �i�?�2 �b�i���i�B�+ �H�B�7�i �+�m�`�p�2�- �r�?�B�+�? �b�?�Q�r�b �;�Q�Q�/ ���;�`�2�2�K�2�M�i �r�B�i�? �i�?�2 �/�v�M���K�B�+ �H�B�7�i �+�m�`�p�2

�U�b�Q�H�B�/ �H�B�M�2�V �m�M�i�B�H �i�?�2 �b�i���i�B�+ �b�i���H�H ���M�;�H�2�X �"�2�v�Q�M�/ �i�?�B�b�- �i�?�2 �b�i���i�B�+ �H�B�7�i �+�m�`�p�2 �b�i���`�i�b �i�Q �/�2�7�H�2�+�i

�/�m�2 �i�Q �B�M�+�`�2���b�B�M�; �i�`���B�H�B�M�; �2�/�;�2 �b�2�T���`���i�B�Q�M�X �.�m�`�B�M�; �i�?�B�b �T�?���b�2�- �i�?�2 �T�?�2�M�Q�K�2�M�Q�M �Q�7 �p�Q�`�i�2�t

�b�?�2�/�/�B�M�; �#�2�;�B�M�b �M�2���` �i�?�2 �H�2���/�B�M�; �2�/�;�2 �Q�7 �i�?�2 ���B�`�7�Q�B�H�X �h�?�2 �H�B�7�i �B�M�+�`�2���b�2�b �m�M�i�B�H �i�?�2 �b�2�T���`���i�B�Q�M

�#�m�#�#�H�2 �U�B�M�B�i�B���H�H�v �T�`�2�b�2�M�i �M�2���` �i�?�2 ���B�`�7�Q�B�H �H�2���/�B�M�; �2�/�;�2 ���M�/ �b�?�Q�r�M �B�M �6�B�;�m�`�2�R�X�k�U���V�V �+�`�Q�b�b�2�b �i�?�2
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�i�?�2 �/�v�M���K�B�+ �b�i���H�H �p�Q�`�i�2�t�- �r�?�B�+�? �/�Q�K�B�M���i�2�b �i�?�2 �7�H�Q�r �Q�p�2�` �i�?�2 ���B�`�7�Q�B�H�ö�b �H�2���/�B�M�; �2�/�;�2�X �S�Q�B�M�i

�j �/�2�M�Q�i�2�b �i�?�2 �T�?�2�M�Q�K�2�M�Q�M �Q�7 �p�Q�`�i�2�t �/�2�i���+�?�K�2�M�i �U�r�?�2�`�2 �i�?�2 �b�2�T���`���i�B�Q�M �`�2�;�B�Q�M �;�`�Q�r�b�V ���M�/

�K�Q�p�2�K�2�M�i �Q�p�2�` �i�?�2 ���B�`�7�Q�B�H �b�m�`�7���+�2�X ���i �T�Q�B�M�i �9�- �i�?�2 �p�Q�`�i�2�t �`�2���+�?�2�b �i�?�2 �i�`���B�H�B�M�; �2�/�;�2�- �H�2���/�B�M�;

�i�Q �i�?�2 �?�B�;�?�2�b�i �p���H�m�2�b �Q�7 �H�B�7�i ���M�/ �K�Q�K�2�M�i�X �h�?�2 �T�`�2�b�2�M�+�2 �Q�7 �� �p�Q�`�i�2�t �Q�M �i�?�2 ���B�`�7�Q�B�H�ö�b �b�m�+�i�B�Q�M

�b�B�/�2 �B�M�/�m�+�2�b �� �T�`�Q�M�Q�m�M�+�2�/ �M�2�;���i�B�p�2 �T�`�2�b�b�m�`�2 �7�B�2�H�/ �Q�M �i�?�2 �m�T�T�2�` �b�m�`�7���+�2�- �H�2���/�B�M�; �i�Q �� �T�`�2�b�b�m�`�2
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�>�Q�r�2�p�2�`�- �i�?�B�b ���m�;�K�2�M�i���i�B�Q�M �B�M �H�B�7�i �B�b �+�Q�M�i�B�M�;�2�M�i �m�T�Q�M �i�?�2 �p�Q�`�i�2�t�ö�b �T�`�2�b�2�M�+�2�- ���b �B�i�b �b�m�#�b�2�[�m�2�M�i
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���M�/ �i�2�`�i�B���`�v �p�Q�`�i�B�+�2�b �7�Q�`�K ���M�/ �`�2�/�m�+�2 �i�?�2 �H�B�7�i �/�m�2 �i�Q �p�Q�`�i�2�t �b�?�2�/�/�B�M�; �U�p�Q�`�i�2�t �H�2���p�B�M�; �i�?�2

�i�`���B�H�B�M�; �2�/�;�2�V�X �h�?�2 ���M�;�H�2 �Q�7 ���i�i���+�F �/�2�+�`�2���b�2�b �#�2�v�Q�M�/ �i�?�2 �b�i���i�B�+ �b�i���H�H ���M�;�H�2�- �7���+�B�H�B�i���i�B�M�; �7�H�Q�r

�`�2���i�i���+�?�K�2�M�i ���i �S�Q�B�M�i �e�- ���M�/ �i�?�2 �7�H�Q�r �`�2�i�m�`�M�b �i�Q �i�?�2 �H�B�M�2���` �`�2�;�B�K�2�X �h�?�2�b�2 �2�p�2�M�i�b �i���F�2 ��

�7�B�M�B�i�2 �i�B�K�2 �i�Q �/�2�p�2�H�Q�T�- ���M�/ �Q�M�+�2 �B�M�B�i�B���i�2�/�- �i�?�2�v ���`�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 ���B�`�7�Q�B�H �K�Q�i�B�Q�M�X �h�?�2

�?�v�b�i�2�`�2�b�B�b �B�M�+�H�m�/�2�b �i�?�2 �H���; ���M�/ ���b�v�K�K�2�i�`�v �B�M �i�?�2 �H�Q���/�B�M�; �+�Q�K�T���`�2�/ �i�Q �i�?�2 ���B�`�7�Q�B�H �K�Q�i�B�Q�M�X ��

�T�?�2�M�Q�K�2�M�Q�M �+���H�H�2�/ �b�i���H�H �7�H�m�i�i�2�` ���`�B�b�2�b �r�?�2�M �i�?�2 ���B�`�7�Q�B�H �Q�b�+�B�H�H���i�2�b �B�M ���M�/ �Q�m�i �Q�7 �b�i���H�H�X

�1�t�T�2�`�B�K�2�M�i�b �+�Q�M�/�m�+�i�2�/ �Q�M �Q�b�+�B�H�H���i�B�M�; ���B�`�7�Q�B�H�b �B�M �b�m�#�b�Q�M�B�+ �7�H�Q�r�b �?���p�2 �7�Q�+�m�b�2�/ �Q�M �i�?�2 �2�t�i�2�M�i �Q�7

�7�H�Q�r �b�2�T���`���i�B�Q�M�X �� �K���t�B�K�m�K ���M�;�H�2 �Q�7 ���i�i���+�F �U� max �V�- �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 ���B�`�7�Q�B�H �T���`���K�2�i�2�`�b�-

�B�b �m�b�2�/ �i�Q �B�/�2�M�i�B�7�v �i�?�2 �p���`�B�Q�m�b �b�i���H�H �`�2�;�B�K�2�b �2�M�+�Q�m�M�i�2�`�2�/ �#�v �i�?�2 ���B�`�7�Q�B�H �/�m�`�B�M�; �B�i�b �Q�b�+�B�H�H���i�Q�`�v

�K�Q�i�B�Q�M�X �h�?�2 �b�i���H�H �Q�M�b�2�i �`�2�;�B�K�2 �Q�+�+�m�`�b �r�?�2�M �i�?�2 ���B�`�7�Q�B�H �`�2���+�?�2�b �B�i�b �K���t�B�K�m�K� max �b�i���H�H

�p���H�m�2 �U�B�M�/�B�+���i�2�/ �#�v �i�?�2 �b�i���i�B�+ �b�i���H�H ���M�;�H�2� ss �B�M �6�B�;�m�`�2�R�X�R�V�X �� �b�K���H�H �b�2�T���`���i�B�Q�M �`�2�;�B�Q�M �r�B�i�?

�K�B�M�B�K���H �p�B�b�+�Q�m�b �2�7�7�2�+�i�b �B�b �Q�#�b�2�`�p�2�/�X �>�2�`�2�- �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �p�B�b�+�Q�m�b�@�B�M�p�B�b�+�B�/ �B�M�i�2�`���+�i�B�Q�M�b

�;�`�2���i�H�v �B�M�+�`�2���b�2�b �r�B�i�? ���M �B�M�+�`�2���b�2 �B�M� max �X �h�?�B�b �`�2�;�B�K�2 �B�b �b�B�K�B�H���` �i�Q �i�?�2 �M�Q�@�b�i���H�H �`�2�;�B�K�2

���M�/ �#�`�B�/�;�2�b �i�?�2 �H�B�;�?�i�@�b�i���H�H �`�2�;�B�K�2 �(�k�e�)�X �q�?�2�M �i�?�2� max �p���H�m�2 �b�H�B�;�?�i�H�v �B�M�+�`�2���b�2�b �7�m�`�i�?�2�`�- �i�?�2

�H�B�;�?�i �/�v�M���K�B�+ �b�i���H�H �`�2�;�B�K�2 �#�2�;�B�M�b �U�b�?�Q�r�M �#�v �S�Q�B�M�i �k �B�M �6�B�;�m�`�2�R�X�R�V�X �a�B�K�B�H���` �i�Q �i�?�2 �+�H���b�b�B�+

�b�i���i�B�+ �b�i���H�H�- �� �H�Q�b�b �Q�7 �H�B�7�i �B�b �Q�#�b�2�`�p�2�/ �(�k�)�X �>�Q�r�2�p�2�`�- �i�?�2 �m�M�b�i�2���/�v �b�i���H�H �B�b �+�?���`���+�i�2�`�B�x�2�/ �#�v

�B�M�+�`�2���b�B�M�; �?�v�b�i�2�`�2�b�B�b�- �b�2�T���`���i�B�Q�M�- ���M�/ �`�2���i�i���+�?�K�2�M�i �Q�7 �i�?�2 �p�B�b�+�Q�m�b �7�H�Q�r�b�- �`�2�b�m�H�i�B�M�; �B�M �+�?���M�;�2�b

�B�M �H�Q���/�B�M�;�X �h�?�2 �p�B�b�+�Q�m�b �`�2�;�B�Q�M �2�t�i�2�M�/�b �i�Q �i�?�2 �Q�`�/�2�` �Q�7 �i�?�2 ���B�`�7�Q�B�H �i�?�B�+�F�M�2�b�b ���H�Q�M�; �i�?�2 �p�2�`�i�B�+���H

�b�T���M�X �h�?�B�b �`�2�;�B�K�2 �B�b �b�2�M�b�B�i�B�p�2 �i�Q ���B�`�7�Q�B�H �T���`���K�2�i�2�`�b�- ���M�;�H�2 �Q�7 ���i�i���+�F�- �`�2�/�m�+�2�/ �7�`�2�[�m�2�M�+�v�- �J���+�?

�M�m�K�#�2�`�- ���M�/ �K�Q�i�B�Q�M �i�v�T�2�X ���M�Q�i�?�2�` �B�M�7�H�m�2�M�i�B���H �7���+�i�Q�` �B�b �i�?�2 �M���i�m�`�2 �Q�7 �i�?�2 �B�M�B�i�B���H �#�Q�m�M�/���`�v

�H���v�2�` �b�2�T���`���i�B�Q�M �T�`�2�+�2�/�B�M�; �p�Q�`�i�2�t �;�2�M�2�`���i�B�Q�M �(�k�8�)�X �G�2���/�B�M�; �2�/�;�2 �b�i���H�H �Q�+�+�m�`�b �r�?�2�M �i�?�2 �H���K�B�M���`

�b�2�T���`���i�B�Q�M �#�m�#�#�H�2 �#�m�`�b�i�b �r�?�B�H�2 �i�`���B�H�B�M�; �2�/�;�2 �b�2�T���`���i�B�Q�M �Q�+�+�m�`�b ���b �i�?�2 �B�M�+�B�/�2�M�+�2 ���M�;�H�2 �B�M�+�`�2���b�2�b

���M�/ �i�?�2 �#�Q�m�M�/���`�v �H���v�2�` �b�2�T���`���i�2�b�X �G���b�i�H�v�- �i�?�2 �/�2�2�T �b�i���H�H �`�2�;�B�K�2 �Q�+�+�m�`�b �r�?�2�M �i�?�2� max �p���H�m�2
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�i�?�2 �m�T�T�2�` ���B�`�7�Q�B�H �b�m�`�7���+�2�- �;�`�2���i�H�v �B�M�+�`�2���b�B�M�; �H�B�7�i ���M�/ �?�v�b�i�2�`�2�b�B�b �/�m�`�B�M�; �i�?�2 �+�v�+�H�2�X �h�?�2 �2�t�i�2�M�i

�Q�7 �i�?�2 �p�B�b�+�Q�m�b �`�2�;�B�Q�M �B�b �K�m�+�? �H���`�;�2�` �i�?���M �B�M �i�?�2 �T�`�2�p�B�Q�m�b �`�2�;�B�K�2�- �`�2���+�?�B�M�; �i�?�2 �Q�`�/�2�` �Q�7 �i�?�2

���B�`�7�Q�B�H �+�?�Q�`�/�X �h�?�B�b �`�2�;�B�K�2 �i�v�T�B�+���H�H�v �Q�+�+�m�`�b �/�m�`�B�M�; �� �+�Q�K�#�B�M���i�B�Q�M �Q�7 �H���`�;�2 �T�B�i�+�? ���K�T�H�B�i�m�/�2�b

�Q�` �T�B�i�+�? �`���i�2�b�X �A�i �B�b �M�Q�i �B�M�7�H�m�2�M�+�2�/ �#�v ���B�`�7�Q�B�H �T���`���K�2�i�2�`�b ���M�/ �K�Q�i�B�Q�M �i�v�T�2 �B�M �b�m�#�b�Q�M�B�+ �7�H�Q�r�b�X

�>�Q�r�2�p�2�`�- �i�?�2 �#�2�?���p�B�Q�` �Q�7 �i�?�2 �7�H�Q�r �B�b �B�M�7�H�m�2�M�+�2�/ �#�v �i�?�2 �i�B�K�2 �?�B�b�i�Q�`�v �Q�7 �i�?�2 ���M�;�H�2 �Q�7 ���i�i���+�F

�r�?�2�M �B�i �2�t�+�2�2�/�b �i�?�2 �b�i���i�B�+ �b�i���H�H ���M�;�H�2 �(�k�8�)�X �6�B�;�m�`�2�R�X�k�/�2�T�B�+�i�b �i�?�2 �7�H�Q�r�7�B�2�H�/ �Q�+�+�m�`�`�B�M�; �/�m�`�B�M�;
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