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Several aspects of large-eddy simulations (LES) are studied in this thesis. In the first part computational requirements
and methods are compared for the calculation of unsteady incompressible flow. Explicit time integration methods are
efficient especially in simple flow geometries and with low Reynolds numbers. An Adams-Bashford fractional
time-stepping scheme is used in the turbulent channel flow computations.

The Smagorinsky model is a baseline subgrid-scale model used in LES. This and the dynamic version are assessed in
a turbulent channel flow. The models do not necessarily improve the results at a low Reynolds number if the
calculation is stabilized enough by the molecular or numerical viscous effects. With the second-order central scheme
the numerical error is estimated to be greater than the filtered stresses from the momentum equations. This estimate
alone suggests that there is no accurate model for instantaneous stresses for the low-order schemes. The main role of
the subgrid-scale model is to remove energy from the resolved scales and hence to stabilize the calculation.

LES in any practical application, even at a low-Reynolds number, requires high computational resources. A parallel
solver based on a multi-block approach is written, where computational domain is divided between many structured
blocks. The blocks assigned to different processors communicate at the boundaries with an MPI standard. The solver
is tested with a turbulent cavity and a pipe flow. A linear speed-up and scale-up are achieved with equally balanced
processors loads.

A large-eddy simulation of a round jet penetrating normally into a cross-flow is computed. The jet-to-cross-flow
velocity ratio is 2.3 at a Reynolds number of 46 700, based on the jet bulk velocity and the jet diameter. The
simulation is performed both with a steady and an unsteady boundary condition at the jet inlet pipe. A passive scalar
is discretized both with a central and a TVD discretization. The results are compared with each other and the
experimental measurements of Crabb, Durão and Whitelaw. The computation reproduced many phenomena present in
such a flow, like the shear layer ring vortices and a counter-rotating vortex pair. In general, a reasonable agreement
with the measurements was obtained. The unsteady boundary condition at the jet inlet increases the spreading of the
jet slightly.
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Tässä väitöstyössä tutkitaan ja sovelletaan suurten pyörteiden menetelmää (large-eddy simulation, LES).
Ensimmäisessä osassa tutkitaan aikaintegrointimenetelmiä. Alhaisella Reynoldsin luvulla ja yksinkertaisella
virtausgeometrialla eksplisiittiset menetelmät ovat huomattavasti nopeampia kuin vaihtoehtona kokeiltu implisiittinen
menetelmä. Adams-Bashford-menetelmää käytetään turbulentin kanavavirtauksen laskentaan.

Smagorinski-malli on yleisimmin käytetty alihilamalli LES:ssa. Tätä ja sen dynaamista versiota kokeillaan
turbulentissa kanavavirtauksessa. Alihilamalli ei välttämättä paranna simulointitulosta alhaisella Reynoldsin luvulla,
jos molekyläärinen tai numeerinen viskositeetti vakauttaa riittävästi laskentaa. Toisen kertaluvun keskeisdifferenssillä
arvioidaan numeerisen virheen olevan suurempi kuin liikemääräyhtälöstä suodatettujen jännitysten suuruus. Tämän
arvion sanoma on, että hetkellisten alihilajännitysten tarkka mallinnus on mahdotonta alhaisen kertaluvun
diskretoinneilla. Alihilamallinnuksen tehtävä on vakauttaa laskenta poistamalla energiaa pienimmän mittakaavan
ratkaistusta virtauksesta.

LES vaatii paljon laskentatehoa jopa suhteellisen pienellä Reynoldsin luvulla. Väitöstyössä on kehitetty
rinnakkaistettu ratkaisija, jossa laskenta-alue jaetaan useaan lohkoon. Kunkin lohkon virtaus ratkaistaan omassa
prosessorissaan ja reunaehdot välitetään MPI-viestinvälityskirjaston avulla. Rinnakkaistettu ratkaisija validoidaan
turbulentin onkalovirtauksen ja putkivirtauksen avulla. Lineaarinen skaalautuminen saavutetaan tasapainotetuilla
prosessorikuormilla.

Sovelluksena lasketaan suihkuvirtauksen kohtisuora tunkeutuminen poikittaiseen virtaukseen. Suihkun keskinopeus
on 2,3 -kertainen ristivirtaukseen nopeuteen nähden ja suihkuvirtauksen nopeuteen ja läpimittaan perustuva
Reynoldsin luku on 46 700. Simuloinnissa käytetään sekä kiinteitä että ajasta riippuvia reunaehtoja. Skalaariyhtälö
ratkaistaan suihkun leviämisen tutkimiseksi. Sen diskretointiin käytetään sekä keskeisdifferenssiä että
TVD-diskretointia. Eri tavoin laskettuja tuloksia verrataan toisiinsa ja Crabbin, Durãon ja Whitelawn mittaamiin
tuloksiin. Simuloinnit tuottivat monia piirteitä, joita on kokeellisesti havaittu tämänkaltaisissa virtauksissa. Ajan
suhteen muuttuvat reunaehdot putken sisääntulossa aiheuttavat suihkun nopeamman leviämisen.
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Trapezoidal filter Simpson filter

� � Q %�
V� 2 �Y- �qU�.�	G! "|4����'��	9��	#�'^BE�K3MG(�]��#od�9n,. 4�]����#t,]���] 4 S'(��3H "#�������#��4b

K I

J

DO I1=IS1,IE1
DO J1=JS1,JE1
DO K1=KS1,KE1

ENDDO
ENDDO
ENDDO

I2         0    1    0    I1         IO2
J2   = −1    0    0    J1    +  JO2
K2       0    0    1    K1        KO2

1

I

J

K

I1         0  −1    0    I2         IO1
J1   =   1    0    0    J2    +  JO1
K1       0    0    1    K2        KO1

DO I2=IS2,IE2
DO J2=JS2,JE2
DO K2=KS2,KE2

ENDDO
ENDDO
ENDDO

2

� � Q %�
� 2 � 2 �v��� S1"��#(#� "1�,.� �  j�!��%�#('��	��*o1"��#�'(�K,.�K��#o,D�A�	 "����#N,.�H�	141"��%(#+,���'���*m "�� "#N,c���]� �
 "#N,D�I,.���	#o�m �,W�k 4 "#0,.�� @�(9��C1D�C�4bq/2#t������ 4#+,.�A,.�K��#a3M�A,]�]� ?a�	#('0�	#t� *m�] 4, �  "1�,.������ "9:�I,. "��,.�� 
��#�'(��1" 4���! 4,W�� " "#^,.�� ���9K�E1D�+�"b
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Read in INPUT
BC and mesh. 
Compute the
orientation
matrix.
Send the data 
to the workers

Receive INPUT,
BC and mesh

Initial guess for 
u,v,w and p

Update the time levels:
un−1=un, un=un+1 etc.

Compute residual 
Rx and solve ∆u
with MG−solver

Compute residual 
Ry and solve ∆v
with MG−solver

Compute residual 
Rz and solve ∆w
with MG−solver

Compute ∆m and solve 
p’with MG−solver.
Add the corrections.

Write the result at the new step

t < tend 

        End of simulation

Update boundaries

Send and receive residuals

Continue iteration ?
Yes

No

Yes

No

Initial guess for 
u,v,w and p

Update the time levels:
un−1=un, un=un+1 etc.

Compute residual 
Rx and solve ∆u
with MG−solver

Compute residual 
Ry and solve ∆v
with MG−solver

Compute residual 
Rz and solve ∆w
with MG−solver

Compute ∆m and solve 
p’with MG−solver.
Add the corrections.

Write the result at the new step

t < tend 

        End of simulation

Update boundaries

Send and receive residuals

Continue iteration ?
Yes

No

Yes

No

Initial guess for 
u,v,w and p

Update the time levels:
un−1=un, un=un+1 etc.

Compute residual 
Rx and solve ∆u
with MG−solver

Compute residual 
Ry and solve ∆v
with MG−solver

Compute residual 
Rz and solve ∆w
with MG−solver

Compute ∆m and solve 
p’with MG−solver.
Add the corrections.

Write the result at the new step

t < tend 

        End of simulation

Update boundaries

Send and receive residuals

Continue iteration ?
Yes

No

Yes

No

Receive INPUT,
BC and mesh

P0        P1      P2

� � Q %*
� 2 � G �^/ 
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,]���A,@�A�] �14��%�G�9K "'��i�K,]�~,.�( �G��] 4�]��%��] Abj��� x3M�	��� 
�% ?� "���]�������2%(�] "'��	�z�o�]��%���1" ��K#~,.�( 
G��� "���]%��� M14���]�� "14,]����#� "9+%��A,.�K��# O��Eb 1�1+XY;<�i���K1D���K�@�]��9 �  4'��i�n,.���t3�%�9n,.��R	�]��'�O�{�>SX2�]�	9 �  4�"b
��� c{~> �	9�R	���]�n,.��3 ����9 �  "�=,.�( �G��]���(9� "3 �A,=,]�� �'� 4#��] i9� �  49(d��]�r,`�	#�'�3H� �  "�=,]�� ��] 4�]�K'�%��	9
,]�z,.�� �#� ?C,`1"�N�	���] 4��,`9� �  49��	�`�z����%��]14 	b=��( �1"�N�	���] �R�����'�G(�]����9K "3����8�	G�G����A?E�K3a�A,] "'5$&����3
,]�� vd�#� "�U��#� AbJ��� vG����E14 "�]�J����1"�	9�9K "'@,.�� k>��	9� 4�]�+��# F �N�A�]�] Y�r>@�]�K'S/�G�G����A?E�K3a�A,]����#HOP> F /zX�b
/c$ ,. "�v,.�� �1"�N�A�]�] 4��,kR��]�K'a9� �  49�;+,.�� �1"�����] "1�,.�K��#����	�] 2�	'�'� 4'a,.�S,.�� �%�#��+#��\�i#t�	$u s�A1D�ad�#� 4�
9K �  49�;[���T,]�� `G��]���(9� "3 1s�	#S�! v�n,. 4�.�A,] "'S�	9����i��#@,.�� q�k�\*�%(GTbJ��( �9K��#� `>��	%����JBE "�K'� "9!O eJ>SB�X
3H 4,]���E'j���J%��] 4'M�I,= s�A1D�x9� �  "9(�	�=�2��3M�C�	,]�� "�4b8}i 4$& 4�] "#(1" � �T1����	#�'xpU "#��]�	9:�xO&%�#�G�%(��9��K�]�� 4'
3H "3H���.�A#�'�%�3��=<I� L�3�%�9n,.�KR��]�K'�����9 �  "��$&����pJ���K�]�]�	#E��,W*CG! t 9+%��A,]����#����=��#�7J��#�#��K�]�T;=�2��@;
�\�	���NX�R�� �  ��x'� �,D�	�K9� "'t'( "�]14�]�KG(,.�K��#t�	$U,.�� S{�>��]��9 �  "�4b`��� �G��] 4�]�]%(�] �1"�����] 414,.�K��#�� � ( �	#('
,]�� �  "9K�E14�K,W*01"�	�]�] 414,]����#��c�	�� 5�A'�'� "'^,.�M,]�� SG��] 4�]�]%(�] "�z�	#�'^,]�� �  "9K�E14�K,]�� "�i3�%(9K,.�KG�9��K "'o�N*



�E�

,.�� c%�#�'( "�r���] 49:�V?(�A,]����#�1"�C �H14�� "#N,]� �
�
�	#�' �

�
;C�] 4�]G! "1�,.� �  "9n*�bqLz 4Gm 4#�'���#(Rj��#H,.�� c1s�A�] 	;

�
�

%��]%��	9�9n* � �	�]�K "�@$&�]�	3 �(bn�H,]�~�(b>F(bMVW#-����'� "��$&���@,.�� �  49��C1"�n,.�� 4�z,.�?�.�A,]���r$ *�,.�� H1"�	#+,]��#+%��n,W*
 9+%��A,]����#<; �

�
�]�(��%�9�'0�! x�5�I,�,.���K����,D�AR� 	b

��� ��K3MG(9���14�K,�3H��3H "#N,.%�3  "9C%��A,.�K��#��0�	#�' ,]�� �pJ�	���]����#  9+%��I,.���	#��a$&���a,]�� �G��� "�]��%��] 
�	�] a�]��9 �  "')��#('� "G! "#�'( "#N,.9n*-�K#��	9�9���9��C1D�+�"b�Lz%(�]��#(R~,.�� 0�n,. "�]�A,.�K��#T;8��Lz�K�]�K1"9� �,514��#�'��n,.�K��#
O��  � � (  �NX��K�2�� 4,S�A,�,.�� �d�����,@R	������,z1" "9K9J�A$v,]�� �14��#�#� 414,.� �  x�!��%�#�'��	�]�K "�"b@/c$ ,. 4�z s�	1D�
�]%��C�W�K,] "�]�A,.�K��#T;u14*C1"9K M,]�� o�!��%�#�'��A��*�1"�	#�'��K,]����#����j%�G!'��A,. 4'h$&��� �  49��C1"�K,]�� 4�j�A#�'�G��� "�]��%��] 
O  � � XYb=��� ��m�	%�#�'��	�r* � �	9�%( z����9��	R�R��K#�R���#t,]��3H ��i���K1D�^�K���]��9 �  "'?�N*0�K,] "�.�I,.��#(R5�i�K,]����#0�
,.�K3M @�r,. "G<b�e� �,2%�����,]%�'(*^�MG��A��,.�K1"%�9��	��G�������9� 43 ��#~��,W���A��'���3H "#�������#��	9T�]�n,.%��I,.���	#0�i�( "�] 
$&��%��c��9��C1D�+�23H " �,z�A,z�M14���]#� 4�2�K#�78�KR�b!�Eb 1�bi/�$ ,. 4�2��#( 5 ?E1D���A#�R� ��	$=�m��%(#�'��	�r*^'��A,D��,.�� 
� �	9�%� j�	$q,.�( xR������r,@1"����#� "�21" "9K9������2#(�	,@1"�	�]�] 414,"bj}i��|4|"�J 4,��	9Pb � <(�'�=��� �  x�����\�i#�,.���A,";T�N*
�] 4Gm "�A,.�K#�R5,.�( @�.�	3H z�!��%�#�'��A��*o'��A,D�5,]�.�	#��r$& "�k,W�i�K1" A;(,.�� � �	9K%� "�i�I,�,.�� @14���]#( "�]�i�A�] ��	9K�]�
1"�����] 414,sb5VW#�,]���] 4 x'���3H "#�������#(�2,.�� �,]�.�	#(��$& "��3�%(��,��! x�] "G! s�I,. "'�,]���] 4 �,]��3H "�4b����\�� �  "�";
�]�K#�1" o,]�� t3M 4�]�]�	R� 0G��	���]��#(R��m �,W�k 4 "# G(�]�C1" "���] 4�M14��#��]%(3M 4��,]��3H M,]�� 0�m��%(#�'��	�r* � �	9�%( "�
�	�] 0,.�]�	#��r$& "�] 4' ��#�9n*���#�14 ~�A$ ,] "�H s�	1D� �n,. 4�.�A,]����#�14*C149� 	b �2�i��#(Rh,.��,.�� ?�]%(�E�W�n,. "�]�A,.�K��#��4;
�	9�������R������r,�1"����#� "� � �	9�%( o���x14���]�� "14,H�K#���14��# �  4�]R� 4' �]�	9�%(,]����#TbhVW# ������3H��9:�A���k�s*6,.�
,.���I,i�	$=��%��(� <���;��	9�9!,.�� ��!��%�#�'��A��* � �	9K%� "�i�I,�,.�� �1"�	#�#� "1�,.�K#�R��m��%(#�'��	�r*t�	�� @1"��G��K "'0��#?�
�]�K#�R�9� �  "1�,.���@,]���A,����z,]�.�	#(�]3H�K,],] "'~�i�n,.���t�]�K#�R�9� 53M 4�]�.�AR� �G��	�]����#�R01"�	9�9Pb5��� �1"���K,] "�]�K��#
�	$�14��# �  "��R� "#(1" @1s�A#t�m ��] 4,���#a3M�	#N*�'�� *< 4�] "#N,����s*C�i�	#�'o�n,k1"�	#o'� 4Gm 4#�'t��#t�A#+*HG�����3M�	��*
� �	�]���	��9� ����c,.�� j���	9��	#�1" j�	$`3M�	�]��
�% ?E "�4b����]%��	9�9n*�;!�	#�� � ���	��� � �W#��	�]3��	$v�a�� "����'�%��A9J�	$
�]��3H � �	�]���	��9K �3�%��r,j14��# �  4�]R� H�m 49��\� �?G��� "�� 4,j9���3H�K,"bj/��S,]�� �1"��# �  "�]R	 "#�14 a���@�� s�	1D�( "'T;
,.�� i����9�%(,]����#5�	$m,]�� i#� 4� ,.��3H �9K �  49����q�r,D�	�r,. "'H�N*x%�G!'��A,]��#�Rz,]�� � �A�]�:�A��9� 4�q�A,q,.�( c�	9�'H�	#�'
G��] 4�] 4#+,c,.�K3M �9� �  "9K�"b



���

1 2

34

0

0 0 0

0

0 0 0

0 0 0

0 0

0 0 0

0 0 0

0

0 0 0

0

0 0 0

00

0 0 0

1 2

34

0

0 0 0

2

0 4 0

0 0 0

1 0

0 3 0

0 1 0

0

0 0 0

3

0 2 0

04

0 0 0

1 2

34

0

0 0 0

2

0 4 3

0 0 0

1 0

4 3 0

0 1 2

0

0 0 0

3

1 2 0

04

0 0 0

a)

b)

c)

� � Q %*
� 2 � U �?�@#( t ?E1D���	#�R	 ^�	$i,]�� 0�m��%(#�'��	�r* � �	9�%( o'��C "��#��	,��� 4,�1"�	�]�] 414, � �	9�%( "�x��#
,]�� t1"����#� "�5R������r,�1" "9K9��S�i�� "�� 0$&�	%�����9K�E1D�+��3H " �,?O �QXYb-�v*��] 4Gm "�A,.�K#�R~,]�� o,.�]�	#���$& 4�5,.�( 
� �	9K%� "�c��#?,.�� �14���]#( "�2R	������,�1" 49�9K�c�i�K9�9u�m j%�G!'��A,. 4' � <(�'��O 1sX�bcVW#�,.���� " 5'(��3H "#�������#���,]���] 4 
��%�1"14 "�]��� �  j,.�]�	#��r$& "�]�c�	�� @#� " 4'� "'<b



�S<

� � ����� � � � � � ��� � ��� � � � ��� � � ��� � � � � � � �	� � ��


	 ��� �%� ��	 � ����	 � � �(� � � � �
� � � ��	�� �
/ ��,.�	����9K�K,W*j�	#��A9K*C�]�K�q�	$T�@9K��#� "�	�814��# �  "1�,.�K��#M "9+%��A,.�K��#x$&���`�	#� ?EG�9K��14�K,:7q%�9K "�`�]1D�( "3H i�i�n,.�
��d�����,������]'( "�=%�GN�i�K#�'x'�����1"�� 4,.�K|s�A,]����#j�] �  s�A9��=,.���A,q�z9K��#�R� 4��,=G!�����]���(9� �,]��3H k�r,. "Gx�K�=9��K3M�n,. 4'
�N*o,.�� F ��%(�.�	#N,��W7��]�� 4'��]�K1"� � eu�V?M1"��#('��K,]����#

� � �

��� �
� �

� �
�

VW#tR� "#( "�.�A9�;E,]�� z9K��3H�K,v1"��#('��K,]����#a�	�m� �  ��	G�G�9K�� "�v,.�x�A9�9! ?EG�9��K1"�n,�3H 4,.�(�E'��� ?E1"9K%�'��K#�Rx�]��3H 
3M �,.���C'��z9K���A x}c%(#�R� ��Ww@%(,],.�(;<�i���K1D��3M�s* � ���	9:�A,] 5�K,2�N*��o$ �	14,]���z�	$`,W���^����,.���� " 	bxVW#��
�]�K3MG�9K �
��[� 1"�	�] t9K���	 a��1D���	#�#( "9 
��\��;=,]������G!���� "�x#����� "�r,.�]�K14,]����#-$&�	���~,.�K3M M�	141"%��]�A,. 
�]��9K%(,.�K��#Tbj���\�� �  4�";J�t1"��3HG�9� ?�R� 4��3H 4,.�r*~�K# � ��9 �  "��3M�	#N*�G��A��,.���A#�'���9��C1D�+�HO ��#��r,.��%�1��
,.%��� "'hR��]�K'��DXz�i�K,]�-1"9K%���,] "����#�R?�	$�14 "9�9K�j#( s�	�S�]��9K��'����A9�9��4b0��������i��9K9qG��]�����	��9K*�9K��3H�K,�,.�� 
,.�K3M Y�W��,] "Gj�]��|4 �%�#�#( "1" 4�]�]�	�]�K9�9K*	bU_2����9��A,.�K#�R�,.�� F 7=e?14��#�'��n,.�K��#5����3M ��i�� "�� ���#S,.�� �'��	3a�	�K#
3a�s*�#��A,k'� �,. 4�]���	�.�A,] c,]�� 2� �  4�.�	9K9Q�]��9K%(,.�K��#M�(%(,k�]� � �K#�R�����#M,]�� 214��3HG�%(,D�I,.���	#��	9(,]��3H "�`1s�	#
�m SRN�	�K#� "'<b���� 5�r,D�	�(��9��n,W*o�	$8,.�� S��3HG�9��K1"�n,��]1D�( "3H "�2�K�2�A9��]�M�	#~�	' � �	#N,D�	R	 	b�V�,��]����%(9�'?�m 
3M 4#N,.���	#� "'t,.���A,�,.�� � �	# E� 4%�3M�	#�#0��,.�	����9K�K,W*a�	#��	9n*C�]�����A$q�x9��K#� s�	��14��# �  414,.�K��#? 9+%��A,]����#
$&���x,.�� ? ?EG�9K��14�K,87q%�9� 4���]1D�� 43M ?�i�K,.��,.�( ^�� "1"�	#�'E�W�	�]'� 4�M14 "#N,.�]�	9�'(���]14�] �,.��|"�A,.�K��#6�] �  "�	9��
,.���I,5��%�1D�63M �,.���C'-�K�j%(#�1"��#N,]����#��A9�9K*~%�#��r,D�	��9K 	b^���\�� �  4�";=,]�� o�	'('��K,]����#��	$c�?'���*m%��]�K��#
,. 4�]3 �r,D�	�(��9��K|" 4�k,.�� ���1D�� "3H 	b

	 ��� "� � ��	 � ����	 � ���
	 �%� � � � 	 ��� ����	 ��� �

7)?(G(9���14�K,*7q%�9K "�U�	#�'j/2'��	3H�r�W���	���($&���]'�3H 4,]���E'(�8�	�� `1"��3HG��	�� "'j�i�n,.�j�	#S�K,. 4�.�A,]� �  v�K3MG(9���14�K,
,.���� " Y�W9� �  49(3H 4,.�(�E'j���	�] 4'���#x��BEVr{~p`e�7h����9 �  "�J��#xpJ�	Gm 4� . b	/ ,W���A�W'(��3H "#�������#��A9 � ���r,. ?+�
�]�� 4'�'��K#�R 
��\� � �  4�@�M1�*C9���#('� "�c���i,.�� S,. 4��,z1"�	�] Ab2}i 4*C#��	9�'��c#+%�3��! "�]�2�A,2�a9��\���W�]�	#�R� ��	$
�\���5���\�����H�	�� S%(�] "'<b���� jR	�]��'?1"9K%���,] "����#�R�#� "�	�c,]�� ��]%��r$ �	1" j'� "G! "#('����	#^,.�( 5}i 4*C#���9K'��
#+%�3��! "�"b8��� c,]��3H �����,. 4GM����|4 ��K� � �	���� 4'a�	#('a�K,]�` '*m "14,k��#�,.�� ��] "��%�9K,]�`���v��,.%('��� 4'Tbq78�K#��	9�9n*�;
�a���KR��E� }i 4*C#��	9�'��i#+%�3��! "��1s�	�� x�	$`�a���K1"��# �  ?��A����$&�	��9`O ��� 

�
�
F�< �6�\���YXi���21"�	9�14%�9:�I,. "'<b

/29K9�,.�( �1"�	9�14%�9:�I,.���	#��o�	�� �,W�k�I�W'��K3M 4#��]�K��#��	9��	9K,]����%�R	� ,.�� ��] "�	9 
��\� �k��%(9�'g�m �,]���] 4 ��



�T1

'��K3M 4#��]�K��#��	9`$&�]�	3 }i 

1N����,]������R��(9K*�,.%�����%�9� 4#N,H�	���r$&����9Pb���( ?G(%��]G!���] t�A$�,]�� t,W�k�A�

'��K3M 4#��]�K��#��	9!�]�K3�%�9��A,.�K��#��k�K�k,.�H1"�	3MG��A�] z����9 �  "�]���i�n,.�0�] "�	�]��#��	��9� @14��3HG�%(,D�I,.���	#��	9!1"���r,sb

	 � 	  � � � � 	���	 ��� �
��� S��3HG�9K��1"�n,v3M �,.���C'?�	9�9K�[�i��,]�� @,.�K3M @�r,. "G?,.���! S9K "#�RA,.�� 4#� "'?�m �*���#(' � � �


��b���( 

#+%�3��! "�j�	$i�K,] "�]�A,.�K��#��@�i�K,]����#�,.�� H,.��3H H��,. 4G��	9����~R����\�i����#h���]'� 4�j,]���	1D��� �  a,]�� a�]�	3M 
14��# �  "��R� "#(1" ^�	#�'��	141"%��]�	14*	b�/�, ��� 

�\���^,]�� t ?EG�9K��1"�n,�3H 4,]���E'(�x�	�] od �  o,.�K3M 4�5$ �	�r,. "�
,]���	#^,]�� S��3HG�9��K1"�K,���#� 4���i�n,.�0,.�� S9:�	��R� "�r,i,.��3H @��,] "GTbi/�,c,.�� S���KR��� "�c}i 4*C#���9K'��c#C%(3��m 4�";
���

�\���	�(;(,.�( z$ �	14,]��������$&��%(�"b`��� �3a�?(�K3�%�3 9��C1s�	9 � � � #+%�35�m 4�i�i�n,.�t,.�(����,.�K3M 2��,. 4G

�K�q�	G�G����B?(�K3a�I,. "9n*�<��@�A, ���

�\�����E;��]�@,.�( ���,. 4GM�K�8,.�C�@9��	#�Rz,.�@1"�	G(,.%(�] �,.�( id�#� ���,]�]%�1�,.%��� 

�K#��2,.%(�]��%�9K "#N, 
��\��b=/2�8,]�� ��r,. "Gx����|4 k���J'� "14�] "�	�] 4'H�N*j��#� �'( "1s�A'� 	;	,]�� � ?(G(9���14�K,U3H 4,.�(�E'��
�	�� �$ �	��,] "�`�N*a�@$ �	1�,.���q�	$m,. 4#o�A, ���


�\���Eb=/�,`,.�� �}c �*C#���9�'(�v#+%�35�m 4�v�A$=�\���	�(;�,.�� �$ �	1�,.���

�K�k�]9K��R��N,]9K*x9K�[�� "�� "'o,]�x "��R	�+,"b=��� z�� "��%�9K,]�����(,.�	��#� 4'M�i�n,.�a,]�� @}i 4*C#���9K'��k#+%�3��! "�����	$*1N���
�	#('-���KR��� "�@'( � �:�A,] H$&����3 ,]�� M3H s�A�]%��� "'-'(%� H,]�^,]�� H,]���] 4 ���'���3H "#�������#��	9��n,W*^�A$k,.�( M�� s�	9

��\��bt�c�\�k �  "�4;8,.�(�������	��'�9K*��&*< 414,.��,.�( M14��3MG��	�]�K�]��#��! 4,W�� " "#h,.�� H3M �,.���C'���%��� "'6�	#('
,]�� "�K��1"��3HG�%(,.�A,.�K��#��	9Q �H14�� "#(14*�b
/�,2,.�( �����R	�E� }i 4*C#���9K'��i#+%�3��! "� ���


�
�
F�< �)�s���2,.�( �1"��3HG�%(,.�A,.�K��#��	9<3M 4�]���K#�1"9K%�'� "�

��3a�	9K9<14 "9�9K��#� "�	��,.�� ��]�	9���'t�!��%�#('��	�]�K "�k,]���A,i�� "��,]�]�K14,�,.�( �,]��3H �����,. 4Gt9� 4#�R	,.�<bq/2#0��3HG�9��K1"�n,
3H 4,]���E't�K���	��9K z,.�x%��� S�x,]��3H �����,. 4Go�]�K|" z,]���A,i�����	�m�	%(,c�	��,.�K3M 4��9:�A�]R� 4��,.���	#t,.���A,��	$=�A#
 ?(G(9���14�K,S��#� Ab^��( a$&���]14 a14�E ��M14�� 4#+,]���	#('-,.�� M��,.�A,.�K��,.�K1s�	9K9K*^RN�A,]�� "�� "'-d�����,��	#�'��� "1"�	#�'
3H��3H "#N,.�U�	�� vG(�.�	1�,.��1"�	9�9n*2�K'� "#N,]��1s�A9�$&�]��3 �!�	,]�j1"�	9�14%�9:�A,]����#(�"bu�2�i��#(Rc,]�c,]�� ���%����n,. "�]�A,.�K��#��
�	#('�,.�� t����9�%(,]����#-�	$i,.�� t�K3MG�9K��14�K,�3H��3M 4#N,.%�3  9+%��I,.���	#��";q,.�( o1"��3HG�%(,.�A,.�K��#��	9q,]��3H a���
�r,.��9K9��]9K��R��N,.9n*t3H���] S,.���	#^,.���A,��	$q,]�� 5 ?(G(9���14�K,c1s�A9�1"%(9:�A,]����#Tb���( �'���*m "�� "#�14 ����c#� 4R�9��KR�����9K 
14��3MG��	�] 4'0,]�x,.�� �9��\���W}c �*E#(��9�'��k#C%(3��m 4��1s�	�� "�4;!�(�[�� �  "�4b
��� ���3HG�9��K1"�K,�3H 4,.�(�E'��K�@���	�] 4'h�	#�,]�� MBEVr{~p`e�7 �	9�R	���]�n,.��3?;m�i���K1D��1s�	#�Gm�	�]�]�K��9K*~�m 

�K3MG���� �  "'��N*@'�� *< 4�] 4#+,U'� 4�]� � �I,.� �  =�]1D�( "3H "�U9����A vBEVr{~p`e�7 F ���UpqVrB���b\/2#��	,]�� "���K3MG!���r,D�	#N,
�K�]�]%( 	;`�i����1D�)���	���! " "#)��3H�K,�,. "'6�K#�,.���K�x��,]%�'(*�;����xG��A�.�	9K9� "9K��|"�A,.�K��#Tb�VW#)G��.�	1�,.�K1" 	;v3H����,
,]%��]��%(9� "#N,U,.�K3M Y�W'� 4Gm 4#�'� "#N,J1s�	�� "�q�A�] k14��3HG�%(,D�I,.���	#��	9�9n*c����R��(9K*@�K#+,] "#���� �  �,D�A�]�+�8�i���K1D�x�	�] 
����9 �  "'-�K#hG��	�.�	9K9� 498��*C�r,. "3H�"bt/ 1"�	3M3H��#��	G�G(�]�N�	1D�h���@,.�?'�� � �K'� x,.�� HG��N*C�]�K1s�	9`�]�	9�%(,]����#



��C

'���3M�	��#H��#N,]���]%��!'���3M�	�K#����	#('t�	�]����R�#t "�	1D�t�]%(�m'��	3a�	�K#M,]�x��#� zG����E14 "���]���4bq��� @�	3H��%�#N,
�	#�'�$&�] "9+%� "#�1�*��	$�'��A,.�0 ?E1D���	#�R� 4'h�! 4,W�� " 4#-G����E14 "���]�����j�&*< 414,.�@,]�� xGm 4��$&����3a�A#�1" Ab�7����
��#��r,D�	#(1" 	;�,]�� ��]��9K%(,.�K��#t�	$U,.�� S "9K9��KG(,.�K12pU�������]��#? 9+%��A,]����#?3H��R��N,��! S�	#^�K#N,. "#(�]� �  @,D�	���o��#
,. 4�]3H���	$U'��A,.�5 ?E1D���	#(R� 	;��n$u�]��9 �  "'0�K#t���]%��!'���3M�	�K#oG��	�]�	9�9K "9��K|s�A,]����#x��1D�� "3H 	bq��( S *< 414,
��#t,.�� �G! "�r$&���]3M�	#�14 z3a�s*a'���*m "��'� 4Gm 4#�'��K#�R���#t,.�� �1"�	3MG�%E,D�A,]����#��A9<�	9KR������K,.�(3 %(�] "'<b



�	�

� � � � � ��� � � ��� ��� 
 � � ��� �t
�� ��� � ��� ��� �	� ��


� � � �%����	 � � ��	 �����(� � � � ��� � � ��	����
E��[� �]�	���A#�'t8�I$ ,.� � �	�&�<�r,.%�'��K "'o,]�� z'��K�]1"�� 4,] 2,. 4��,�d�9n,. "�����A,���9��\� }i 4*C#���9K'���#+%�3��! "� �����


�AF	�(bi��� 4*?$&��%�#�'?,.���I,z�H����R��C�W����'� "��,. 4��,�d�9K,] "�cG��]�C'�%�14 "'��H9��\�k 4��,]%��]��%(9� "#N, � ���]14���r�

�n,W*�,.���	#-�?,]��GE�W���A,�,. "�r,5d�9n,. 4�"bt����K�5'(*C#��	3H��1�G����E14 "'�%(�] o�A9��]�?�] 4#��] 4'�,.�� M'������]�KG��A,.� �  
%�GN�i�K#�'E�W�(�:�	�� "'6�]1D�( "3H ^�A#�'��	'I��%��r,. 4'),]�� t'(*C#��	3H��1M1"��#��r,D�	#N,H�	141"����'���#(R�9K*	b-�c�[�� �  "�4;
�K#o,.�� 4����1"�	#�1"9K%��]�K��#o,.�� �*o�� "�] S#��	,i14��# � ��#�14 "'0,.���A,i�K#�1"9K%��]�K��#o�	$U,.�( 5B(>jBo3H�E'� 49m����%�9K'
�	9n���s*C��G��]�C'�%�14 0�m �,],. 4�x�] 4�]%�9n,.����#6d�#��n,. Y�W'�� *< 4�] "#(1" t�	G(G��]�B?E��3M�A,.�K��#��4b-��� ?�] "�	�]��#6$&���
,]�����i����'(%� S,]�M#+%�3H "����1"�	9T "���]�������]�A,.�( "��,.���A#^'�%( S,]�H,]�� �3M�C'� "9��n,.�� "9K$ ;E,.�� �*01"��#�149�%�'( "'Tb
E��[� �]�	���A#�'68�I$ ,.� � ��C ����,]%�'��K "'�,.�( o '*m "1�,��	$�,.�� aR��]�K'��] 4�]��9K%(,.�K��#-�K#-,.�� a1D���	#�#� 49 
��\�
����3�%�9��A,.�K��#^�A,��o���KR��� "�z}c �*E#(��9�'��2#C%(3��m 4�";������


�\� C	�Ebj��� x14�N�	���] xR�����'�����3�%�9��A,.�K��#

G��� "'��K14,] "'5,]�E��9��\���k�	9�9+��,]�] 4�]�] 4�`�	#�'5,]�� k14���] �  49��C1"�K,]�� 4�u�� "�� k,.�C�2�(��R��TbU��� �*514��#�1"9K%�'� 4'
,]���A,v�@1"�N�A�]�] cR�����'x1"�	%�9�'�#��	,`1"�	G(,]%��] �,.�( c 4#� "��R	*N�WG����E'(%�1"�K#�R@#� s�A�r���k�	9K9���,]�]%�1�,.%��� "�"bq��( 
�	G(G�9��K1s�A,]����#h�	$i,.�� t,. 4��,xd�9n,. 4�x��#��	9K9�,.�( t'����� "14,]����#(�0O �Pb  Ab��	9K�]����#�,]�� t��#��(��3M�	R� "#� 4��%��
'��K�] 414,.�K��#QXq'� "14�] "�	�] 4'?,]�� �B�>SBa��,]�] "���] 4�"bkB(�	RN�	%E,� 4,��	9�b � <�� �T14��3HG�%(,. 4'o,.�� 21D���	#�#� 49 
��\�
�i�n,.� � �	������%��c�] 49K$:�W�	'��	G(,]� �  5B(>jB^3H�C'� "9K��14��3����K#� "'?�i�K,.���Md�#��n,. ���'���*m "�� "#�14 j��1D�� "3H x�A,
�����


�AF��@�	#(' �����


1N�	�(b8/ R	 "#� 4�.�	9(,]�] 4#�'����A�`,]���A,=,]�� ��	'('��K,]����#j�	$Q,.�� cB�>SB53H�E'� 49��

'� 41"�� s�	�� "'^,]�� @���A9�9T�r,.�] 4�]�4b

� ���  � ��� 	���� ��	 ��� �
VW#�pJ�	Gm 4� .A. �^$&%�9K9K*�,.%(�]��%�9K "#N,�1D���	#�#� 49 
��\�l�A,x}i 4*C#��	9�'��j#C%(3��m 4�]� ��� �


�SF	���~�	#('

���
�

�[� C	����O&���	�� "'-�	#�,]�� ���%�9K� �  49��C1"�n,W*��	#�'����	9n$`,.�� �1D���	#(#� "9q�� 4��R��N,DX2���z,.�( �,] "�r,

1"�	�] i��#�,]�� ���,]%�'(*x�A$m9��	�]R	 ��W 4'�'(*j�]�K3�%�9:�I,.���	#j�i�K,]���@1"�A��9��C1s�A,] "'5d�#(�K,. Y� � ��9�%�3H �,] "1D��#(� 9+%� 	b
��� 23a�	��� 
��\�g�K�k�	 4G(,�14��#���,.�	#N,��K#M,.�( z�]�K3�%�9:�I,.���	#��q�N*a�A'I��%���,]��#�RS,.�� z� �  "�]�	R� 2G(�] "���]%��� 
R��]�	'��K "#N,q�] 4G��	�]�A,. 4'�$&����3 ,.���A,=G��] 4�]�]%(�] c�]��9 �  "'x$&����3�,]�� ipJ�	���]����#� 9+%��A,]����#<bJ��� i�� "�]%(9K,.�
$&����3 �]�K3�%�9��A,.�K��#��k�i�n,.�0,.�� S1"��#(��,D�A#+,2�	#�'0,.�( j'(*C#��A3M�K15BC3a�	R	���]�K#��]�N*0B(>jB03M�C'� "9K�i�	�] 
14��3MG��	�] 4'-,.����#��	#E�W3H�E'( "9�9K "'��]�K3�%�9:�I,.���	#Tb~��� t *< 414,x�A$c,]�� oR�����'��� "����9�%(,]����#-��#-,.�( 
�� "�]%(9K,.�c���i�r,.%�'��K "'?�i�K,.�^�	#�'0�i�K,]����%(,i,]�� �B(>jBt3M�C'� 49�bv/�, ���


�SF��	�H1"�	9�14%�9:�A,]����#(���	�] 



��;

N � ')(,� U ��- �v��( SG��	�.�	3H 4,] "�����	$J,]�� �R��]�K'���%��� "'hb

>@�]�K' �	� � � � � ��� 5 � � 5
�  � � � 5

� 8 � � 	 5

1"���	�]�� �s� �T1 �\� ;C� �	bf� �\�(b>F <��
3H "'��K%�3 <�� �T1 <N� <	� �	bf� �\�(b>F �AF
d�#� �T1 �T1 �S1 �BF �	bf� �\�(b>F �

1s�	���]�K "'0��%(,��i�n,.�t,.���� " S'���*m "�� "#N,iR�����'��4;(�i������ j�r,.�] "�	35�i�K�] S�	#�'?�]G��A#+�i�K�] �1" 49�9�'� 4#��]�n,.�K "�
� �	��*	b=��� zG��A�.�	3H 4,] "�]���	�� 2R�� �  "#a��#aJ�	��9K 1�bn��bJ��� z'��K�]1"�� 4,] 2,. 4��,kd�9K,. 4���K�k�K3MG�9K "3H "#N,. 4'
�	1"14���]'(��#�R�,]��,]�� �,.�]�	Gm 4|"���K'��	9c�]%�9K ��	#�' BE�K3MG�����# �]%(9� ���# ,]�� �'(*C#��	3H��1�3H�C'� "9Pb /2#
��#��r,D�	#N,.�	#� "�	%�� 
��\� d� "9K'^�	$q� �  "��*0d�#( 5R�����'0�]�K3�%�9:�I,.���	#t���c�	#��	9n*C|" "'?��#?����'� "�i,.�M��,.%('(*
,.�� @'(���]14�] �,.��|"�A,.�K��#t "���]����G(�] "�� "#N,���#o,.�( S9��	�]R	 ��W 4'�'(*M�]�K3�%�9:�I,.���	#��"b

� �
	 "��� � � 	���	 � ���
��� o1D���A#�#� "9 
��\�l�A, ��� �


�SF��	�?�k�	�x1"��3HG�%(,] "'-d��]��,j�i�K,]��#�����%���R�����'E���]1s�A9� ~O�B�>SB�X

3M�C'� 49=�N*� "3HG�9��\*C��#�Ro,]���] 4 M'(��*m "�] 4#N,j3H "���-����|" 4�"bM��� M14�N�	���] ���R��]�K'�1s�	9K1"%�9��A,.�K��#��z� �  4�r�
G��] 4'���1�,. 4'g,]�� �Gm "�	� �A$j,]�� �,.%�����%�9� 4#N,0 "#� 4�]R	*g�A#�'g%�#�'� 4�r�WG(�] "'(��14,] "'g,.�� ��k�	9K9z��,]�] "���"b
78��R	%��] 1(b��o�]�(�[�i�S,.���I,���,.�� s�	3j�i���] ��r,.�] 4�]�� "���A�] �� �  "� �WG��� "'��K14,] "'h�	#�'����	9K9=#�����3a�A9q�	#�'
�]G��A#+�i�K�] ��r,.�] 4�]�� "�?�	�] ~%�#�'� 4�r�WG(�] "'(��14,] "' �i�n,.� ��#��	'� 9+%��I,. ��� "�]�	9�%(,]����#Tb F ��#��] "9+%� "#N,.9n*�;
,.�� ��k�	9K92��,]�] 4�]�] 4�?�	�] �%�#('� "� �WG��� "'��K14,. 4' �i�K,]� ,.�� �14�N�	�]�� �R��]�K'��"b V�,t���a�C#(�[�i#g$&�]�	3
,.�� � ?(G! "����3H "#N,.�^�	#�'g,.�( h����3�%�9��A,.�K��#��4;i,]���A,?��# ,]�� h��G��	#N�i���� h'(���] 414,]����# ,.�( "�] � ?(�K��,
��,]�] s�A�C���	$����KR����	#�'�9��\���W��Gm 4 "' 
�%��K'��i�K,.���t3H s�	#��]G��	1"�K#�R0�	$c�\���o���A9�9=%�#(�K,.� � �	� ��bxV�,
����G��������	��9K ?,]���A,�,.�( ~1"���	�]�� ^R�����'T;v�i�K,]� �h��G��	#N�i���� ~#��C'� ?�]G��A1"��#(R-�	$�<	���k�	9�9i%�#(�K,.�4;
���x%�#��	��9� o,]�h1"�	G(,]%��] t,.�( "�] ?#� "�	�r�����	9K9� "'('��� 4�H14���]�� "1�,.9K*	b �g�K,.�6,]�� td�#� 0R��]�K'T;��	9�9v,.�� 
3M�	#��K,]���] 4' 9+%��	#N,.�n,.�� 4�i�	�] 9+%��n,. @149����� �,]�x,.������ @$&�]��3 ,.�� @�� 4$& "�� "#�14 5L E2Bmb
78�KR�%��� !1�bf�������\�i�=,.�� ��� "����9 �  "'x#�����3a�A9C�r,.�� "�]�� "�q�i�K,]�5,.�( iB�>SBj3M�C'� 49��U��#�,.�� k3M 4'���%�3

3M 4�]�Tbq��( @ "'�'(* � �K�]14���]�n,W*o'��	3HG��k,]�� 
��\� �A#�'t,.�� z�k�	9�9m��,]�] "���] 4��'� 41"�� s�	�� �$&%(��,.�( "�"bqVW#



�SF

z, K x, I

y, J
1 H

3.2 H

1.6 H

Flow

� � Q %*
� U ��- �`/���1D�� "3H S�	$J,]�� �1D���	#�#( "9 
��\� �A, ��� �

�SF	���x��#t,.�� �9� �$ ,sbq/�#^�K#���,.�	#N,D�I�

#� 4��%��iG��K14,.%(�] @�	$U,.�� 
��\� 1"��9K��%��] 4't�i�K,.�03H��3H "#N,.%�3 ��#t,.�( S����R��N,"b

� � Q %*
� U � 2 �v}c 4�]��9 �  "'^#�����3a�	9m��,]�] "���] 4��$&�]�	3 ,.�� �#��	#E�W3H�E'( "9�9K "'M�]��35%�9:�A,]����#(���i�K,]�0'��K$:�
$& 4�] "#N,cR�����'��i�A, ���


�SF	���(b



�	�

�	'�'��n,.�K��#T;A,]�� c�] "��%�9K,q$&����3 ,]�� cd�#� iR��]�K'H�K�v�	9K,] "�] 4'�1"�����] "��Gm�	#�'���#(R�9K*	bJ��� c "'('(* � ���]14���]�n,W*
$&�]��3 �	9K9!,]�� SB�>SBM3H�E'� 49�������'� 41"�� s�	�� "'t�i�K,]�o,.�� z'( "1"�� s�	����#�Rx3H "���t�]G��A1"��#(R�;(��%E,i�	G�G��A�r�
 "#N,.9n*5,]����� � 9:�	3H��#��	�]�K|s�A,]����# �"G��]�C1" 4�]�`���q�K#��	'� "9C%��A,. �$&���`�A9�9E,]�� �B�>SBx3H�C'� "9K�q�	G�G�9K�� 4'Tb)E��I�
� �]�	�v�	#�'M8�A$ ,]� � �	�&�m%(�] "'o�j��,.�	R�R� 4�] 4'o3M 4�]�H�i�K,.�a�j�� "1"�	#�'E�W�	�]'� 4�k���	�]9K�[�����- 49�1D�H�]1D�� 43M 
�	#�'��zd�$ ,]�E�W����'� "�8%�GN�i��#�'E�����:�A�] "'x��1D�� "3H �$&���8,]�� i1"��# �  414,]����#x,. 4�]3 ��#�,.�( "���8��,.%('(*�b=��( 4*
1"��#(1"9�%('� "'�,.���I,S,]�� �'(*C#��	3H��1x3H�E'( "9=�K3MG���� �  "'�,.�( HG(�] "'(��14,]����#�1"�	G��	���K9��n,W*~�	$v,.�( "������ ��
�]%�9n,s;	�i�( "#a%(�] "'��i�K,]��,.�� c���	�]9K�[�����- 49�1D�x��1D�� "3H c�	#�'��i�K,.���@3H��#��K3�%�3 �] 4�]��9K%(,.�K��#5,]���A,
�k�	%�9�' 1"�	G(,]%��] � 4#� "��R	*N�WG����E'�%(1"��#(R�3M 41D���	#��K�]3H�"b ����K�o��,]%�'(*	;�G! "�r$&���]3H "' �i�n,.� ��14�A�
9��C1s�A,] "'03H "�]�~�	#�'~�H�� "1"�	#�'E�W�	�]'� 4��14 "#N,.�]�	9u'�����1"�] �,.�K|s�A,]����#T;(��#�'��K1s�A,] "'0#��M��3HG��]� �  43M 4#N,.�
�A,k�	#N*aR�����'H9� �  "9Q,. 4��,] "'Tb E��	�]3M�	9��K|"��#(R2,.�� ��] 4�]%�9n,.�k�N*H,.�� ��]�� "�	� �  "9��C1"�n,W*����v#��	,kG��]��G! "�4;
�]�K#�1" c�K, � �	�]�K "�q$&�]�	3 ��#� c1s�	9K1"%�9��A,.�K��#�,.�5�	#��	,]�� "�4b8VWR�#(���]�K#�RS,]�����q$ �	1�,k3H��R	�+,`9K s�	'�,.��$ �	9K�] 
1"��#(1"9�%(�]���	#��";! "��Gm 41"�:�A9�9K*0�K#��	���] 4�]�]�K#�Ro,.�( ���# 
�%� "#�14 ��	$q,]�� xB�>SB~3H�E'� 49u��#~,.�( ��] 4�]��9 �  "'
,.%�����%�9K "#N, 9+%��	#N,]�K,.�K "�4bJ��� �d�9K,] "�]�K#�Rc��Gm 4�.�A,]����#5��*m "14,]�8,.�( �3M�C'� 49C�	%(,.G�%E, � �K#5,.�� k1"%����] "#N,
'(*C#��	3H��1�3H�E'( "9��=,]�� �,.��GC�W���A,qd�9K,. 4�`���q��#N,] "R��]�A,. 4'H�i�n,.�x,.�� i,.�(�] " Y�WG!����#N,q,]�.�	G! "|4����'��A9��	#�'
BE��3HG�����# 9+%��	'��]�A,.%(�] 	bq��( z$&���]3H "��G��]�C'�%�14 "�i�	�!��%(,L<���� R��� s�A,] "� � �K�]1"�	�]�K,W*M��#o,]�� z14���] 

��\� ,]���	#t,.�� �9��A,],] "�"b

/�,i,.�( S�(��R��� 4�i}c �*C#���9�'(��#C%(3��m 4�i�	$k�\�8CA����,.�� �1D���	#(#� "9 
��\� �k�	�c1"��3HG�%(,] "'0�N*0%(,.� �
9��K|"��#(R^��#( tR��]�K'��]�K|" o��#(9K*�b���� t,]�] "#('6��#�,.�( o�] 4�]%�9n,.���k�	�x�]�K3M�K9:�	�@,.��,]���A,5�	$i,.�� t9K�[�
}c �*C#���9�'(�v#+%�35�m 4��1"�	�] Ab=��� 2�r,.�� s�	35�i�K�] 
�%�1�,.%��I,.���	#��v�	�] c� �  "� �WG��� "'��K14,] "'o�A#�'H,]�� i$&�]��1Y�
,.�K��#����H%�#�'� 4�r�WG(�] "'(��14,] "'Tb ��( ~#���#C�W3H�E'� 49�9K "'61"�	3MG�%E,D�A,]����#6����1"�K9�9:�I,. "�x#(��#E�WG(�+*C����1s�A9�9K*
�	#�'�,]�� HB�>SB�3H�C'� "9K�2��,.�	���K9���|4 j,]�� x1"��3HG�%(,.�A,.�K��#��A#�'���3HG��]� �  j,.�� x�� "�]%(9K,.�4;� "��Gm 41"�:�A9�9K*
��#?,.�� j1"���� �
��\� �i�� "�� 5,.�( 51" 49�9 � �	9�%�3H "���	$=,.�( 5��,]�] �,.1D�� 4'�R	�]��'~�	�] S9:�A�]R� Ab���� j�]�K3MG�9K 
BE3M�	R�������#����+*�3H�C'� "9��	1"14��3HG��	#��K "'-�N*h,.�� � �	#�Lz���� 4��,�'��	3MG(��#�R0$&%�#�1�,.���	#-�k�	�]�+�x�m 4��,
�	3H��#�R^,]�� t�	G(G�9��K "'-3H�C'� "9K�"b�VW#�,]�� o'(*C#��	3H��1M3M�C'� 49v,]�� o#+%�3H "�]�K1s�	9v��3HG�9K "3H "#N,D�A,]����#
���	�c�xR��] "�A,c '*m "1�,sbv��� � ��9K%�3M @� �  "�i�i����1D�0,.�� � 4'�'(* � ����1"�����K,W*t�K��1s�	9K1"%�9��A,. 4't�m 41"��3H "�
�] 49:�A,]� �  49K*@9��	�]R	 	bu��� k�� "����9�%(,]����#�,.���A,8���	�8�! " 4#x�	G�G�9K�� 4'S,]��,.�( k1s�A�] �3H��R��N,U�! v,]�E��1"�N�	���] 
$&����,]�� @'(*C#��	3H��1�3M�C'� 49�b8�@#o,]�� @�	,]�� "�����	#�'T;(���] "14��#�'E�����]'( "�kd�#(�K,. Y�W'�� *< 4�] 4#�1" @�AG�G��]�B?+�
��3M�A,.�K��#x��#(1"9�%('� "�v�59K�	,`�	$�#+%�3H "����1s�A9Q,]�]%�#(1s�A,]����#H "���]�����k�	���]3M�	9�9Ed�9K,] "�]�K#�RS3M��9K "14%�9� 4���A�] 
�	G�G�9K�� 4'Tbu/ 9���#(R� "�Ud�9K,] "�=14%(,.�=,]�� ��]%(��R��]�K'�$&�] "9C%( "#�14�� "�q3H���� k�]���	�]G�9n*5�(%(,=,.�( �G��]��G! "�8��3x�
G�9� 43M 4#N,D�A,]����#j���=3H���] v,. 4'�����%(�q�	#�'�,]�� ��] 4�]��9K%(,.�K��#��	$Q,.�( �1"��3HG�%(,.�A,.�K��#�������%�9K'�G��]�	���	��9n*



<��

�! @d�#� "�4b
��� �'�����1"�] �,.�K|s�A,]����#o 4�]���������A���A�]�] 4�]�� "'��I, ��� �


�SF����(b8/ G��]�C1" 4'�%��] �����3H��9:�A�`,]�x,.���A,

%��� "'?�N*o_`�] 43a�	#t �,c�	9�b � <�C �P; � <	�&�T�k�	�i%�#�'� 4��,.�	�	 4#?,]�H 4��,]��3M�A,. c,.�� �'��K�]1"�� 4,]��|s�I,.���	#a "���]���
�	#('~,.�� j�]%��(R��]�K'~,. 4�]3?b���� j1s�	�� x�A, ��� �


�SF����H���214��3HG�%(,. 4'^�i�n,.���a'( "#��� �R��]�K'~����|" 

�	$��\�SF � �T1 �l�[�TF(b~��� Md�9K,] "�]�K#�R~�	Gm 4�.�A,]����#�,.�~,]�����Sd� "9K'T;8�i���K1D�6���5�	�]��%�3M 4'�,.���A#
�	141"%��]�A,. SL E2Bt�� "��%�9K,";(*C�� "9K'�� � �� � �� � � 

� �� � �� � � � � �  �� � � � O�1�bn�[X

�i�� 4�] �,.�� SB(>jBo��,]�] 4�]�] 4�z�	�� �R�� �  "#0�N*

�  �  �� � � � �  � � � O�1�bf��X

��� c�	�!� �  �'� 4�]� � �I,.� �  "�q�A�] � "�r,.�K3a�A,] "'��i�n,.���z$&��%��r,.�E�����]'� 4�8��1D�� "3H i��#�,.�( �����3H��R� "#( "��%��
'��K�] 414,.�K��#��4bUVW#S,.�� `�k�	9�9 �W#�����3a�A9	'��K�] "1�,.�K��#��T,.�( k'� 4�]� � �A,]� �  "�U�	�] v "�r,.�K3a�A,] "'@�i�K,]���i�] 41"��#�'C�
����'� "�S�]1D�( "3H 	;8�i���K1D�h,.�	�	 4�5��#N,]�~�	141"��%(#+,j,.�� HR�����'���,.�� 4,]1D����#�R(btVW#��^14�N�	���] oe�7vB�R	�]��'
,]�� �'�����1"�� 4,.�K|s�A,]����#j "���]���q�K�=��#N,.���E'(%�1" 4'��	9����z��#�,]�� �G��] 4�]��%��] �,. 4�]3?;	�i�� 4�] s�A�`,]�� �'�� *<%�������#
,] "�]3��K�i��R�#��	�] "'<;��]��#(1" ��K,c���i��3a�	9K9� 4���N*t,.�� S3a�AR�#��K,]%�'� @�	$J,.�� j}i 4*C#���9K'��i#C%(3��m 4�"b���( 
�� "9:�I,.���	#t�	$=,.�( j'��K�]14�] 4,]��|4 "' < �W'(���] 414,]����#01"�	# �  "1�,.� �  5,. 4�]3H�i�m �,W�k 4 "#�,W���a�] 4�]��9K%(,.�K��#��i1s�A#
�! @�i�]�K,�,. 4#^�A� � �� � �� � � � �� � �� �   � �� � ��

� � � �� � �� �  ���  � O�1�b><NX

�i�� 4�] 
� 	 �
�  '� 4#��	,. 4�k$&���`,.�� 2�] "14��#�'E�����]'( "��d�#��K,] � �	9�%�3H ��	Gm 4�.�A,]����%(�] "'t�K#M,]�� 2����3�%�9��I�

,]����#��i�A#�'
�
 ���k,]�� � "�]�������! 4,W�� " "#^,.�� zd�#( j�A#�'^14�N�	���] �9� �  "9u�AG�G��]�B?E��3M�A,]����#��4b

/2#x��#(��,D�A#+,.�	#� 4��%�� 
��\�)d� "9K'5�k�	�=d�9K,] "�� "'x�N*x��,]�.�	G! "|4����'��	9C$&�	�]3�%�9��c�N*5%��]�K#�R��z�	#�'t�s�
14 "9�9K�q��#x "�	1D�M�(��3M�	R� "#� 4��%��q'��K�] 414,.�K��#TbU��� �d�9K,] "�����A�] �,.�( "#�C��A#�'H��R	�]��'C�W�]G��	1"�K#�R��8�i�K'� 	;
�� "�]G! "1�,.� �  "9n*�b ��� ?d�9K,. 4�] 4' � �	���:�	��9K "��14����#(1"��'( ^�I,x,.�� 0���A9�9n��#�����3a�	9vG�9��	#� t��#�,.�( ?R	�]��'
#��C'� 4�2�	$=,]�� 5'( "#��� �R��]�K'T;Q�	#�'��A,�,]�� 514 "9K9U14 "#N,.�� �#��C'� "���	$=,]�� &<�� � �S1 � <N�HR	�]��'<b�/�,
,]�� �1"���	�]�� �3M 4�]�x9K �  49(,.�( kd�9K,] "���=�	�� z��bf��C2�	#�'H�Cb���CcR��]�K'5�]G��	1"�K#�R��8�i�K'� 	;��� "��Gm 414,.� �  49K*�bJVW#
,]�� S�k�	9K9�#����]3M�	9�'��K�] 414,.�K��#t,.�� � �	�]���	��9K "�i�	�� j#��A,cd�9K,. 4�] 4'Tb���� 5�	1"14%��.�A,] j��%���R�����'E���]1"�	9� 
�r,.�] 4�]�� "�i1s�	#a�m z'( 4d�#� 4't$&�]��3 7:9Qb�O�1(b���XYb=��� z'(���]14�] �,.��|"�A,.�K��#a 4�]�����

�
 1s�	#t�! z 4��,.�K3a�I,. "'

$&����3 7:9QbSO�1(b=<NX���#  "�	1D�g1"�A�����]'��K#��A,] ~'��K�] "1�,.�K��#Tb ��� � � �W#��	�]3H�o�	$ �  �	#�' � �  � 	 � � �
�	�� �G��� "�] 4#N,. "'���#�78��R�b�1�b 1�b���� M9+%��	#N,.�n,.�K "�z�A�] �14��3MG(%(,. 4'�� �  "�z,]�� �� 	 �WG�9��	#� "�z�A,@��#� 



<(�

��#��r,D�	#N,c�	$q����9�%E,.���	#Tbk��� S "�r,.�K3a�A,] "'? "���]���c'���3H��#��I,. "��,]�� 5�A1"1"%(�.�A,] j��%���R�����'^,] "��3��+*^�
$ �	14,]���z�	$`,] "#� �  "#h�K$q,.�( �d�9K,] "���i�K'(,.���K�2,W�i��14 5,.���I,@�	$v,.�� �R	�]��'���G��	14��#�R�b5�z#�9K*?�K#�,.�� 
� ��1"�K#��K,W*o�	$q,.�� S���A9�9����	�� 5�!�	,.�~,] "��3M���	�!��%(,z "9+%��	9U��#~����|4 	bz/ Gm 4��$& "1�,�B�>SB^3H�E'( "9��i��9K9
#��	,`#� 41" 4�]�.�A�]��9n*���3HG��]� �  �,.�� i�] 4�]%�9n,v��#x,.���K�`1s�	�� 	bq�c�[�� �  "�4;��@'������]��G��A,.�K��#x1s�	%(�] "'M�N*x,.�� 
 "'�'E* � �K�]1"�	�]�K,W*03H��R	�+,c�r,D�	���K9��K|" z,.�( j14��3MG(%(,D�A,]����#?�	#('~�] 43M� �  5%�#�G(�+*C����1s�A9J����1"�K9�9:�I,.���	#��";
�	���K,i'(�E 4�i�A, ��� �


�[�MC	�	�(b

E��[� �]�	���A#�'68�I$ ,.� � �	� ��1"�	#�1"9K%�'� "'�,]���A,��A#6��3HG��]� �  4'��] 4�]%�9n,x3�%��r,x#��	,5�m M,D�	�A "#6$&���
R��.�A#+,] "'��N*��AG�G�9K*C�K#�Rt�o�]%(��R��]�K'��]1"�	9� x3H�E'( "9U��#��ad�#��n,. Y�W'�� *< 4�] "#(1" �1"�	9�14%�9:�A,]����#<bzV�$`,.�� 
�] 4�]��9K%(,.�K��# �	$S,.�� �R�����' �K�od�#� � "#��	%�R�� ,.��G���� � �K'� ��)G(�+*C����1s�A9�9K* �] "�	�]�	#��	��9K ��]��9K%(,.�K��#
�i�K,]����%(,S�	#N*�'(���]����G��I,.���	#T;<,.�( MG��� "�� "#N,5�� "��%�9K,]�S��%�G�G!����,�,]�� M�]�	3H H14��#�149�%�������#TbHB+,.%�'��K "�
�i�K,]�6����R��( "�x}i 4*C#���9K'��x#+%�3��! "�����	�] t�� 9+%����� "'6,.��149:�	���K$ *�,.�( 0�	' � �	#N,D�	R	 "�x�	$c,.�� ?B(>jB
3M�C'� 49�9��K#�RS��#td�#��n,. �� � ��9K%�3H 2�]�	9�%(,]����#��4b



<N�

� � Q %*
� U � G �o}i "����9 �  "'�#�����3a�	9`�r,.�] 4�]�� "��$&�]��3��	9�9`,.�( o�]�K3�%�9:�I,.���	#��S�i�n,.�-,]�� t3H "'��K%�3
R�����'0�A, ���


�SF��	�(b

� � Q %*
� U � U �)��� � � �W#��	�]3 �A$5,.�( � 4��,]��3M�A,. 4' '(���]14�] �,.��|"�A,.�K��#  "���]����& &
�
� & &v�	#�'g,.�( 

��%���R�����'h,] "��3 & & � � ��� � 
 	 � �  & &m��#�,.�� M��,]�] s�A35�i���� 	;J�k�	9K9n�W#(���]3M�	9=�A#�'-��G��	#N�i���� a'��K�] "1�,.�K��#T;
�� "�]G! "1�,.� �  "9n*�b



<�<

� �~�@��� � �P��� � � ���c�j�

� ��� �%� ��	 � ����	 � � �(� � � � �
� � � ��	�� �
��� 21D���	#�#� 49 
��\�g'� 4�]14�]���! "'M��#H,.�� cG��] � ����%��v1D���	GE,. "�������jR��C�C'M1"�	�] c$&���`#C%(3M 4�]��1"�	9!�	#�'
,.�� 4���] �,.�K1s�	9q�r,.%�'��K "�S��#�,.%�����%�9K "#�14 	b0{^�	��, 
��\�i�5 "#(1"��%�#N,] "�] 4'6�	����%�#�'h%��5�A�] H1" "�r,D�	�K#�9K*
3M�	�] �1"�	3MG�9K ?��K#x,. "��3M�`�	$m,.�� 
��\� �! "��� � ���	%��v�	#�'�,.�� c'���3M�	��#<b87�%��r,.�� 4�]3H���] A;N1D���	�.�A1��
,. 4�]���r,.�K1�}c �*C#���9�'(�v#+%�35�m 4�]�v�	�] i�	$ ,] "#M�S9K�	,q���KR��� 4�=,.���	#�,.�(���] i�] 4 "#M��#x,.���K�q,.�� 4�]���`���S$ �	�4b
VW#6�^G��	�.�	9K9� 49=1"��3HG�%(,] "�j�~1"�	3MG�%E,D�A,]����#��A98,D�	�������S'�� � ��'( "'-�! 4,W�� " 4#63a�A#+*�G(�]�C1" "���]�����"b
VW#?�	#^�K'� s�A9<1s�A�] 	;�,]�� @�]�K#�R�9� Y�WG����E14 "���]���� ?E "1"%E,.���	#?,]��3H z����'� 41"�� s�	�� "'^,]�x,.�� z,]��3H z�	$U,.�� 
���]�KR���#��	9<,.�K3M �'�� � ��'� 4'~�N*^,]�� 5#+%�35�m 4�2�	$q,]�� 5G����E14 "���]�����z%��] 4'TbzVW#~,]�����c�] 414,]����#T;<�MG��A�r�
�	9�9K "9�3�%(9K,.� �W��9K�E1D�S�]�	9 �  4�k$&���v��#�14��3HG��] 4�]�]�K��9� 
��\� ����'� "��1"�����! "'t�	#(' � �	9��K'��A,. 4'TbU/ �]G��I,.�:�A9
'�����1"�� 4,.�K|s�A,]����#t�K�i���	�] 4'~��#?,.�� S1"�I�W9��C1s�I,. "'?�	#('^�r,.�]%(14,.%(�] "'^d�#��K,] �� � ��9K%�3M 23M �,.���C'?�i�n,.�
}c�(�� M�	#�' F ���\� G��� "�]��%��] t14��%�G�9K��#�R(b?��( a,.���� " Y�W9� �  49k��3HG�9K��1"�n,z�r,. "G(G���#�R~�����AG�G�9��K "'���#
,.�K3M @�A' � �	#�1" 43M 4#N,sb`/ 1"��3HG�%(,.�A,.�K��#��	9!'���3M�	��#t�K��'�� � �K'� "'0��#N,]�H�� "G��A�.�A,] S�(9��C1D�C�4;��i����1D�
�	�] ��A�]�]�KR�#� 4'h�K#��� "G��A�.�A,] HG(�]�C1" "���]�����"bH��� a{^ "���.�	R� Y� pJ�	�]����#�R?VW#N,. "�r$ �	1" ~O�{^p`VrXz�K�@%��] 4'
$&���� ?(1D���	#�R��K#�Rx,.�� ��!��%�#�'��A��*o'��A,D�(bqBE �  "�.�A9�1"��3HG�%(,.�A,.�K��#����	�� @Gm 4��$&����3M 4'o,.� � �	9��K'��A,] 
,.�� @����9 �  "�i��#?pJ�	Gm 4� .A.A. b

� ��� � � � � "� � ��	 � ����	 � ���
� ������� - % *@� �������	�1!&%
� �� -���
��� �d��]��,k,. "�r,�1"�	�] z�K�k�j��,. "�	'(*N�W�r,D�A,] 21"� � �n,W* 
��\� ��� ��� �� 

1N���(b=/ d��]�r,������]'� 4�L7q%�9K "�
3M �,.���C'S���u%��] 4'�,.�c�K,] "�.�I,. v��14��# �  "��R� "'x�� "��%�9K,8�	#�'5���] 41"��#('E�W����'� "�U1" 4#N,.�.�A9E'��K�]14�] 4,]��|"�A,.�K��#
�]1D�� 43M i�K���AG�G�9��K "'�$&���=,]�� i1"��# �  "14,]� �  2�	#('M'�� *<%(�]� �  �,. 4�]3H�"b8��( �R�����'xG!����#N,]�`�	�] � "9C%��	9�9n*
'����r,.������%(,] "'a�	#�'a,]�� z#+%�3��! "���	$u1" 49�9������k�����?�	� � F(;+�i�� 4�] z,.�( z1" 49�9��v��#M,.�� @N�W'��K�] "1�,.�K��#
�	�] ��� 4,`$&���q14��3MG(%(,D�A,]����#��	9E�� s�	����#��4;C��Gm 41"�nd�1s�	9K9K*S$&���=,.�( �3�%�9K,]��R�����'j�]��9 �  "�4b=��� i�K,] "�]�A,.�K��#
���z�r,.��G(Gm 4'�%(#+,]��9U,.�� � � #����]3 �	$ � � �  49��C1"�n,W*?�k�	�@'� 41"�� s�	�� "'-�! "9K�\�l�s� ����� b �g�n,.�� 4��R��N,
G��]�C1" 4�]�����]�8,]�� �#+%�3��! "�8�	$Q�K,] "�.�I,.���	#��J�K�8�K#�1"�� s�	�� "'x�N*a�s� � 14��3HG��	�] 4'5,.��,.���A,=#� " 4'� "'��N*
,.�� ��]�K#�R�9� cG����E14 "�]������14��3MG(%(,D�A,]����#��i�K,]�t�5����#�R�9K �'(��3a�A��#TbJ��� F p`� ,.�K3M c����'� "14�] "�	�] 4'
3M�	�] j,]���	#�9K��#� "�	�]9n*0�	�2,]�� �#+%�3��! "�2�	$`G��]�C1" 4�]�����]�@�K�2��#(1"�] "�	�] 4'TbS78��R	%��] &CEbn�x�A,2,]�� �9K 4$ ,



<S1

�����\�i�k,.���I,�,]�� �'(��3a�A��#�'� "14��3HGm�����K,]����#�'��C "��#��	,�'� 4,] "�]�K���.�I,. �,.�� c�]�	9�%(,]����#TbJ��� 2��%�G! "�r�
9K��#� "�	�i�]G! " "'C�W%�G������\�i#��A,c,.�� j�]��R	�+,����cG��������	��9n*t'�%� j,.�M,]�� 53H���� j ��M14�� 4#+,2%��.�AR� 5�	$q�
1"�	1D�� S3M 43M���r*M,]�� �G��]�C1" 4�]�����i����1"�	G��	��9K @�	$U�i�K,.�t,]�� ��]3M�	9�9K "�k'(��3a�A��#t�	���]�KR�#� "'0,.���n,sb

� � Q %*
� � ��- � F � � �n,W* 
��\� �A,����

1N�	�(b F ��# �  4�]R� 4' � 	 ����� �  49��C1"�n,W*0�	9��	#�RH,]�� �  "�r,.�K1s�	9

14 "#N,.�� "9��K#� H��#h,]�� H9� 4$ ,5�	#�'�,.�� M�]G! " 4'E�W%�G-Gm 4�5�K,] "�]�A,.�K��#Tbt}i 4$& 4�] "#(1" a�� "��%�9K,j�N*6>@���:�0 4,
�	9Pb � ��� �Pb

� ������� � ( +�� (, &* �1% ���	�1!&%
� �� -���
��� 2�] "14��#�'t,. 4��,�1"�	�] 2������1"� � �n,W* 
��[� �A,���}i 4*C#���9K'��k#+%�3��! "�k�	$`�\�����	�(b=��� 2�i�K'(,.�a�	$
,]�� �1s� � �K,W*hO�� X��������	9K$J�	$8,]�� �9� 4#�R	,.�?�	#('?,]�� j�( "��R	�+,5O ��X��	$U,.�( j1"� � �n,W*�bk��(��� 
��\� ���A�
�! " 4#^�r,.%�'��K "'0 ?EG! "����3H "#N,D�	9K9K*M�N*0pq�.�	�]�	'~�A#�'?w��	�] '* � �	� ��b
��� aR�����'�1"��#N,.�	��#��S�S1 ���T1 � <N�?R	�]��'�14 "9�9K�5�A#�'-�n,����SR� "��3H 4,]�]�K1s�	9K9K*^��,.�� 4,]1D�� "'-$&����3

,]�� j�k�	9�9Pbi��� �'���3M�	�K#?�K�2G��A��,.�n,.�K��#� "'0�K#~ 9+%��A9k��;<�E;�1�;<�A#�' FM��%��E��'���3M�	��#��i�i���K1D���	�] 
�	���]�KR�#� "'���#��] 4G��	�]�A,. HG��]�C1" 4�]�����]�4b0eU�A�]R� Y�W "'('(*��]�K3�%�9��A,.�K��#��2�� "�� a1s�A9�1"%(9:�A,] "'��i�K,]�-�	#('
�i�n,.����%E,z�a��%���R�����'E���]1"�	9� S3M�C'� 49�bc��� � � �W#��	�]3 �	$q,.�( �3a�A�]�2���	9:�	#(1" S���2�n,. 4�.�A,] "'~,]�o�m 
��3a�	9K9� 4�c,]���	#6�\� ��� b �g�K,]��$&��%��zG(�]�C1" "���]�������t#���#E��3M�C'� "9K9� 4'^14��3MG(%(,D�A,]����#^�] "9C%(���] 4���(b �
�n,. "�]�A,.�K��#��v�	#�'a�j3H�E'( "9�9K "'H��#� CEb>Fj�K,] "�]�A,.�K��#��`Gm 4��,]��3H c�r,. 4Ga$&���`,.���K��14�]�K,] "������#TbJ78�KR�bXCEbf�
�� "G��� "�] 4#N,.�x,.�� a�] "��%�9K,]�x�	9K��#�R^,]�� �  "��,]��1"�	9��	#('6�����]�K|"��#N,.�	9`1" "#N,]�] "9K��#� Ab���� t1"�	3MG�%E,D�I�
,]����#��k� �  "� �WG��� "'��K14,i,.�� z,]����1D�+#� 4�]���	#�'t,.�( S3M�V?E��35%�3 �  "9K�E14�K,W*a��#t,.�� @'��\�i#��r,.�� s�	3 �	#('
 4�]G! "1"���	9�9n*���#-,]�� o%�G��r,.�� s�	3 ���A9�9�b?��� t�K#��]% �H14�� "#N,5�] "����9�%E,.���	#h�	$�,]�� o�K#+,] "��������1"���	�]�� 



< C

R��]�K'�3H��R��N,�1s�	%��� x,.�� x'��K�]14�] "G��	#�1"�K "�z�! 4,W�� " 4#�,]�� x1"�	3MG�%E,. "'��A#�'�,.�� �3H s�A�]%��� "'�'��A,.�(b
��� �'(*C#��	3H��1z3H�C'� "9T'(�E 4��#��	,c��*m "1�,c,]�� @�] 4�]%�9n,.�i3�%�1D�0��#0,.�( �  "�r,.�K1s�	9��A#�'^�(���]�K|"��#N,D�A9
1" 4#+,] "��9���#( "�"bH��� M3M�C'� "981"��3HG�%(,] "�@,.�� H9:�A�]R� 4��, � ����1"�����K,W*�#� "�	��,.�� �'��\�i#��r,.�] "�	3  "'�'E*�;
�i�� "�� ~,.�( �
��\� �K�M,]%��]��%(9� "#N,"b ��� ���Gm 4 "'E��%�Gg���o�ARN�	��# �]%�G! "��9��K#� s�	�M�	9n,.����%(R�� #��A,t�	�
��,]�]��#�R	9K*a�	�i��#o,.�( S�r,. "�	'(*N�W�r,D�A,] S1"�	�] ��i�� 4�] @,.�� �3H "���^�K���]3M�	9�9K "�4b

� � Q %�
� � � 2 � F � � �K,W* 
��[���A,	���

�\�������Eb U��G � � 	 ���!� �  "9K�E14�K,W*	;��\� ���

� 
 	 ��� �	#�'
C	��� � � 	 � �� �	9���#(R^,.�( �  "�r,.�K1s�	9�14 "#N,.�� "9K��#� Ab-�k�A,],.�	3 � � 	 ����� �  49��C1"�n,W*�;��\� � �

� 
 	 ���g�	#�'
C	��� � � 	 � �� �	9���#(R�,.�� ���������|4��#N,D�	9m1" "#N,]�] "9K��#� Ab

� ������� � (� $ � � ( + � (� &* �1% � ! � * �� -�	�
��� k,]������'j,. 4��,q1"�	�] k���J��$&%�9�9n*@,.%�����%�9K "#N,8G(��G! 
��\� �A,8��$&�]�K14,.�K��# �  "9K�E14�K,W*S���	�� "'�}i 4*C#���9K'��
#+%�3��! "� �����


� � �
� 

�N�E�
�
1(;A�i����1D���k�	�=�� 4,q�N*S$&���]14��#�Rc,.�� 
��[���i�n,.�x�214��#��r,D�	#N,q�!�E'E*

$&���]14 	b�����K���	G�G����A?E�K3a�A,] "9n*� 9+%��	9K� ��� �

�
�
�

�
� �\�	�����E;=�i�( "�] � � ���S,.�� t��%(9�� 
��\�

�  49��C1"�K,W*��	#�' �����@,]�� M'(�:�	3H 4,] "�@�	$�,.�� HG���G! 	bM��� a�������r,. "�r,53H "���-�K�H�	b�� � 9K��#�R^�	#�'
1"��#(�]���r,.�x�	$ C���9��C1D�+�";v s�	1D�)1"�	#+,.�	��#(��#�R <�� ��<N� � <N��14 "9�9K�";v�	9n,.��R� �,.�� 4�a�\�S< FT1N��1" 49�9��4b
��� H�� "�KR��N,5�	$�,.�� �,W����1" 49�9���#� ?C,j,]�^,.�( H�k�	9�9q�K�S�	G�G����A?E�K3a�A,] "'�,.�?�m M�	����%�#�'���#� H��#
���A9�9=%�#(�K,.�HO�� 5


�[X�$&�]��3 ,.�� �9:�s� �	$k,]�� x���A9�9�bx��( H�r,.�� 4,.1D�(��#�R?�.�A,]��� � �	���� "���! 4,W�� " 4#



<��

��b � ;�C\�D��b ��F ;2�K#H,]�� c$&�	%��`��%(,. 4���(9��C1D�C�4b=��� ��	|"�K3�%(,]���	9�3H "���a�]G��	1"�K#�R���� � 5 �A,`,.�� i�k�	9�9
�K�o�C��	#�'�,]�� t��,]�] s�A35�i���� t3M 4�]�E���]G��	14��#�R � 	 5 ���x�T1�b-��(��� 
��\� ���	�xd�����,�14��3MG(%(,. 4'
�N* %��]�K#�R-��#( �pJ�\�� "� 16G(�]�C1" "���]���4;c�A$ ,. 4�H�i���K1D�g�	9�9��(9��C1D�C�H�k 4�] ��	���]�KR�#� "' ,.�-�� "G��A�.�A,] 
G����E14 "���]�����"bq��� i���	����1i3H "�]�x�k�	�`,.�� 4#M3�%(9K,.�KG�9��K "'5�	#�'H1"��#�#( "14,] "'H,.��R� �,.�� 4�";N���S,]���A,q,.�( 
14��3MG(%(,D�A,]����#(�z�k 4�] aG! "�r$&���]3H "'��N*�%��]�K#�R^35%�9K,]��G�9K �G���G! �9� 4#�R	,.�(�S%(Gh,.� <��?G��]�C1" 4�]�]�	�]�"b
��� HG��KGm 
��\�y3M�s*��m H1"�	#��]�K'� "�� "'��0�]�K3MG(9� 
��\�yG��N*C�]�K1s�	9K9K*	;U�(%(,514��3HG�%(,D�I,.���	#��	9�9n*0�K,
G!���]�� "���] "�M3a�A#+*-1"��3HG�9K ?h$& s�A,]%��] 4��$&�	��,.�� 01"%(�]�] 4#N, F �A��,. 4�]���	#��]��9 �  "�4b�E���#C�W3H�E'� 49�9K "'
9��	�]R� Y�W 4'�'(*�����3�%�9��A,.�K��#��2�� "�� o1s�A9�1"%(9:�A,] "'�d��]�r,sb	�g�K,]����#�,.�( H,]��3H H�r,. 4G��	$i�

�
� C � O �


� 	 �

� Xc "�KR��N,2��%����n,. "�]�A,.�K��#��i�k 4�] 5,.�	�	 4#T;<�i���K1D�~�k�	�z1"�	#��]�K'� "�� "'�,.�MG��]� � ��'( ��a��% �H1"�� 4#N,
14��# �  "��R� "#(1" 	b���� xG! "�����C'~'�%(�]��#(RM�i���K1D��,.�� ��r,D�A,]���r,.��14�c�� "�� xRN�A,]�� "�� "' � �	���� "'~�m �,W�k 4 "#
�	�	� � �	#�' C	��� � '� "G! "#�'(��#�R0��#�,.�� �3H "��������|4 	b�VW#�,]�� x "#('T;U,]�� �'��A,.�a���	�j� �  4�.�	R� 4'
�	9K�]�?��#�,.�( a�V?E���	9`�	#�'h�.�	'����	9='��K�] 414,.�K��#��4bM��� �  49��C1"�K,W*�G��]�	d�9� ������]9K��R��N,]9K*�
��A,],] "�@,.���A#
,]�� �3M "�	�]%��� "' ��#� Ab ��( ��r,.�� s�	35�i�K�] ��]3H� 
�%�1�,.%��I,.���	#��0�	�] �� �  "�r��G��] 4'���1�,. 4' �i�� 4�] "�	�
,]�� i�.�	'����	9C�]3H� 
�%�14,]%��A,]����#��`�A�] �%�#�'( "�r��G��] 4'���1�,. 4'T;+�	�`�] 4 "#H��#H78��R(b�CEb><(bJ��� 
�%�14,]%��A,]����#��
���E,D�	�K#� "'5$&����3 ,.�� �����3�%�9��A,.�K��#S%��]�K#�Rz,.�� k�]�����r,. 4��,vG���G! k9K "#�RA,.�t��bf� � '� � ���A,. �����3H 4�i���A,
$&����3 ,.�( H�� "�r,j�A$k,.�( H�� "��%�9K,]�"b / 9K�E1"�	9��K|" 4'�B�>SB�3H�E'( "98�k�	�S%(,.�K9���|4 "'��i�n,.��,.�� HG��KGm 

� � Q %*
� � � G ��}i "�]%(9K,.�i$&�]�	3 ,.�� SG��KGm 
��\� �A, �����

���E�

�
1�bk/�,�9� �$ ,i��,.�� s�	3j�i���] 
�%�1�,.%E�

�A,]����#(���i�K,.�0'�� *< 4�] 4#+,c3H "���~9� 4#�R	,]���"b`��� S '*m "1�,2�	$J,.�� jB�>SBt3M�C'� "9<��#?,]�� S��,.�� s�	3j�i���] 
�	#('o�.�	'(�:�	9 
�%(14,.%��A,.�K��#����A,�,]�� 214 "#N,.�� @�	#�'M,.�� ��]��R	�+,";+�] "��Gm 414,]� �  49K*	b=��� z�� 4$& "�� "#�14 z3H s�I�
��%��] 43M 4#+,]�i�+*0'( "#?J�C��#�'� 4�i�	#�' E��K "%N�i��,.�	'(, � ����b

9K "#�R	,]�-�	$ <
�
� �~b0��� a3H�E'( "9`'��	3HGm 4#��S�]9��KR��N,.9n*~,.�( a�] 4�]��9 �  4'-,.%�����%�9K "#N,5�K#N,. "#(�]�K,]�� 4�5�	�

�����\�i#H�K#�78��R(bSCCb=<(b)E� "�	�8,.�( ����	9K9C,]�� �3H�E'� 49E'��	3MG! "#(�=�K,]�] "9n$Q ?E1"9K%�'��K#�R2,.�( �#� " 4'�$&�	�J,.�( 



< ;

� � Q %�
� � � U �UVW#���,.�	#N,D�	#� 4��%��`3H��3M 4#N,.%�3 �  414,]���]�qG����I�� "1�,. 4'�,]���z1"�����]� �W�] 414,]����#x�K#x�zG���G! 

��\� �A, �����


�N�E�

�
1�b

� �	#�Lz�]�K "�r,2'��A3MG��K#�R�$&%�#�14,]����#<;!�i���K1D���] "9C%(���] 4�@�a'��K��,.�	#�1" S$&�]��3�,]�� j�k�	9�9Pb2VW#�14��3HG�9� ?
R� "�	3M �,.�]�K "�2,]�� �'� 4d�#��K,]����#��	$�,.�� x�k�	9�98'����r,D�	#�14 x3a�s*��! H�	3����KR�%���%(�"b���� H�]1"�	9� Y�W%�G��	$
,.�� @G��	�.�	9K9� 49���|"�A,.�K��#x���A��9K��#� "�	�k�K#0,]�� "�� �1s�	9K1"%�9��A,.�K��#��"b

� ������� ����� #� (��D!������
/�G��	�]�	9�9K "9�;Ud�#��n,. �� � ��9K%�3H M����9 �  "���k�	��'� �  "9��	Gm 4'�$&�	�x9:�	��R� ��� "'�'(*h�]�K3�%�9��A,.�K��#Tb���� ?�	9 �
R������K,.�(3l�K�����	�] 4'~��#?�x,.�]�	'��K,]����#��	9mBEVr{~p`e�7 ,. "1D�(#�� 9+%� j�	#�'^�	#0��3HG�9��K1"�n,k�n,. "�]�A,.� �  2,]��3H 
��,] "G�G��K#�R@���`�AG�G�9��K "'TbU��� i��3HG�9K��1"�n,uG��	�r,`�	$Q,.�� i�]�	9�%(,]����#��K�=�]�	9 �  4'M�K#�'� 4Gm 4#�'� "#N,]9K*j��#� s�	1D�
��9��C1D�t�	#('~G����E14 "�]�2�	#�'0,.�� S�!��%�#�'��A��* � �	9�%( "�c�	�] S ?E1D���A#�R� "'~��#�9K*t�A$ ,. 4�� "�	1D�~��%E,. "�c�K,r�
 "�]�A,.�K��#M9K�E�	GTb8����K�k����3HG�9��nd� "�q,.�( z1"�C'� z�j9��	,v�i�K,]����%(,�3�%�1D�0��*m "1�,.�K#�Rj,]�� 214��# �  "��R� "#(1" 	b
/29K�]��;	,]�� c�	3H��%�#N,q�	$Q,.�( c3H "���.�	R	 �G��	�]����#�R��! 4,W�� " 4#M,.�( �G��]�C1" 4�]�] 4���K�q�] 4'�%�1" 4'Tb=��� iG��A�r�
�	9�9K "9K��|s�I,.���	#M�	$U,.�( jG��� "�� "#N,2����9 �  "�i�]�(�[�i��R��C�E'0�]1"�	9��K#�Rx��#t,]�� jG(�] "�� "#N,���'� "�	9�9n*a���A9:�	#�14 "'
1"��3HG�%(,.�A,.�K��#��4b�BE �  "�]�	9 
��\�i���	�� t�]��35%�9:�A,] "'�,.�~,] "��,x,]�� t�]�	9 �  4�"b���� t9K�E1"�	9�'E*E#��	3M�K1
3M�C'� 49<�] 4'�%�14 "��,.�� � ����1"�����K,W*M1"�����] 414,.9n*o�K#o,.�� � ��14��#��n,W*M�A$U,]�� @���A9�9m�i�n,.���	%(,i�	#N*0�	'0���C1
'��	3HG���#(R5$&%�#�1�,.���	#��"b



<�F

� � � � � � � � � � ��� ��� � ���

� � � ������� "����� � 	�� ����	 ���
��� =�� 4,���#H�S1"�]�	�]�r� 
��\� 1"�	#��]�K'� "�� "'a�( "�] c���	�v�! " "#M ?EG! "�]�K3M 4#N,D�	9K9K*j��,.%('��� 4'M�N* F �.�	�(�a 4,
�	9Pb � � ��bq��� 2}c �*C#���9�'(�k#+%�3��! "� �����


1N� ;	�	�j�] �$& "���] "'M,.�5,]�� 2G��KGm 
��\�g�����.�A,]�� "�v9:�A�]R� 

$&���`�A#ae�7vB��A$m,]�� ��i����9� J�� �,sb=��( "�] �$&���] A;N,.�� c1"��3HG�%(,.�A,.�K��#��	9C'���3M�	�K#����	�`�! " "#M�] 4'�%�1" 4'
$&����3 ,.���I,5�	$�,.�� H�i��#�'�,.%�#(#� "9`%��� "'6�N* F �.�	���h 4,5�	9�bnbt��� @�� 4,���,.�A��1"�����]� � 
��\� �  "9K�E14�K,W*
�]�A,.�K� �


�Eb><(bJ��( ��] �,.%�G��A$�,.�� T�� 4,8��#j��14�]�����r� 
��[�)�K�U���	 �,.1D�� 4'H�K#�78�KR�b[�(bn��bu��� �#+%�3��! "�

�	$u,]�� z1"�	#+,]�]��9 � ��9K%�3H "�@O F _z�.Xk���z�\��� �?��� ���B1S1���#o,]�� z��,]�] "�	3����i���� 	;+���	9K9n��#����]3M�	9Q�	#('
��G��	#E���i���] 2'����� "14,]����#(�";C�] "��Gm 414,]� �  49K*	bqVW#0�	'�'��n,.���	#H,]�5,.���K�";(�i�� 4,�G(��G! 2�����] 4G��] 4�] "#N,] "'t�i�K,]�
���s� C	�N� F _z�";+�A9K,.�	R� 4,]�� "�8� ;	�S1 F���� F _2�";��i���K1D���	�] � 9+%��	9K9K*S'����r,.������%(,] "'j��#N,.���SC���9��C1D�+�"b
��� kR��]�K'j�K�J149�%��r,. "�� "'x�A�]��%�#('5,.�� ��� 4,J ?E�K,=�	#�'S,.�� ��( "��R	�+,J�	$�,]�� �d��]��,81" 49�9N$&�]��3 ,]�� k9K�[�� "�
�k�	9�9<���i�

�
���N� �^;(�i����1D�?1"�	�]�] 4�]G!��#�'���,]� � � 5  1

�
;��n$J��1s�	9K "'?�N*o,.�� @$&����14,]����# �  "9K�E14�K,W*a�	$

,]�� i��#�14��3M�K#�R�,]%��]�(%�9� 4#+,vG��KGm 
��\��b=��� c��,.�� 4,]1D����#�R@$ �	1�,.���q�K#x,.�� ��k�	9�9 �W#��	�]3M�	9+'����� "14,]����#
�K�a9� 4�]�a,]���	# ��b ���(b F �]�	���  4,t�	9�b $&�	%�#�' ,]���A,a�i�n,.���	%(,a,]�� H�� 4,";�,.�� ��( "��R	�+,a�	$@,.�( 

x

z

L

W

H

y

U 8

U 82.3

L
1

L
2

D

EXP. LES
L = L1 + L2  (D)      6  +  70       3  +  10
W                  (D)       18.1 8
H  (D) 11.8 7

� � Q %*
� Z ��- ��BE1D�� 43a�I,.��14�z�	$v,.�� x'(��3a�A��#~�K#�,.�� ��� �,���#��t1"�����]� � 
��\��b���( x ?EGm 4�]�K3M 4#+,
�� 4$& "����,.�~,]�� o�i��#('�,.%�#�#( "9k%(�] "'��N* F �]�	���� 4,x�	9�b � �&�k�i�� 4�] s�A��,.�� 0e�7vB-�] �$& "�]��,]�~,.�( 
G��� "�� "#N,214��3HG�%(,D�I,.���	#��	9!'���3M�	��#o����|4 	b



<��

�m�	%�#�'��	�r*�9:�s*� 4�j�K#�$&����#N,5�A$k,.�( ��� 4,j ?E�n,j�k�	���A�m��%E,5�
�
�T1 �����KR��-�A#�'h,]�� H$&�� " Y�W��,]�] "�	3

,.%�����%�9K "#�14 ?9K �  "9i�	$z,]�� ^1D���	#�#� 49c�K�H�(bf� �ob �����'���*m "�� "#N,H�m�	%�#�'��	�r*�1"��#('��K,]����#����A�] 
�	G�G�9K�� 4'Tb=78�K�]�r,i�H%(#��K$&����3l14�]����� �  "9K�E14�K,W* � � �k�	���� 4,��A,�,]�� ���#�9K 4,sb
/�#o%�#��r,. s�A'(*o14��#�'��n,.���	#H�k�	�� ?C,]�.�	1�,. "'o$&����3 �j,.%(�]��%�9K "#N,�G(�]�	d�9K �$&����3 ���	9K$<,.�� �1D���	#E�

#� "9 
��\� �
�
��� ������R��<b�/��m� �  0,]�����5�m��%(#�'��	�r*-9��\*	 "�4;���#(��#E�W���� s�A�5,.%�����%�9K "#N, 
��\� �k�	�

 ?C,.�]�	14,] "'�$&�]��3 ,.�� �3H��'�'�9K ��	$v,.�� H1D���	#(#� "9 
��\� ���?,]���A,�,.�( H�K#N,. "#(�]�K,W*~���	�SR��]�	'�%��	9K9K*
'��	3HGm 4'�,.�0|" 4�]�?�N* � 	 � 

�
�
CCbx/2�!� �  x,.���A,";u�t1"��#��r,D�	#N, � �	9�%( ����	��%��� "'�G��] 4�] 4� � ��#�R

,.�� ��]�	3M �3M�	�]� 
��\� ,]���]�	%�R���,.�� ���#(9� 4,S�A��,]�� H��,. "�	'(*N�W�r,D�A,] M�!��%�#('��	��*�1"��#�'(�K,.�K��#Tbx/�,
,.�� k9:�A,] "�.�A9E�A#�'�,.��Gx��%���$ �A1" "�4;�$&�] 4 ��W��9��KG5�!��%�#�'��A��*j1"��#�'(�K,.�K��#��u�k 4�] i�	G(G�9��K "'��A#�'��z#��A���]9��KG
1"��#('��K,]����#o�k�	��$&�	�]1" 4'��A,i,]�� 5�!�	,],]��3l�k�	9K9�bk/�,c,.�( j��%E,.9� �,��M|" 4�]�A��R��.�A'��� 4#+,jO�E� 4%�3a�A#�#QX
1"��#('��K,]����#����A��%��] 4'Tb�/ |4 "���A�WR��]�	'��K "#N,SG��] 4�]�]%(�] t�]%(�]�]�	%�#�'� 4'�,.�� H�i����9� a�	�] "���	#�'h,.�� 
� �  "�]�	R� �G��� "�]��%��] S9� �  49���#o,.�( j�A�] s���k�	�id ?E "'Tb
78�K�]�r,�,]�� z1s�A�] 2�k�	��1s�A9�1"%(9:�A,] "'M�i�n,.�t�j��,. "�	'(*M$&%�9�9n*�'� �  "9��	Gm 4'o,.%�����%�9� 4#N,�G����	d�9� Ab=��� 

%�#��r,. s�A'(*~14��#�'��n,.�K��#?�k�	�z�	�(,D�	�K#� "'?$&�]��3 �	#�e*7vB^�A$v�M$&%�9�9n*t'� �  "9K��G! "'�G��KGm 
��\��bz��� 
,.��G!��9K��R	*M�	$J,]�� �3M 4�]�^�	#�'0,.�� @,]��3H ��W�r,. 4G?����|4 ��� "�� j'(��*m "�] 4#N,��K#t,.�� �G��� "1"%(�]�]�	��14��3MG(%E�
,D�A,]����#<bJ��� 4�] �$&���] A;C,]�� ��!��%�#('��	��*�14��#�'��n,.�K��# �  49��C1"�K,]�� 4�`�� "�� 2�K#+,] "��Gm��9��A,. 4'x�]G��I,.�:�A9�9K*��	#�'
,. 43MG!���.�A9�9K*���#S,.�� u�� 4,J1"��3HG�%(,.�A,.�K��#Tbu��� k�� 9+%� 4#�1" i�	$�,]�� k�!��%�#('��	��* � �	9K%� "�u���A�q�	9����2�K#E�
,. 4�]G!��9:�A,] "'5,]�@�m �G! "�����C'���1A;A�i���	�] i'�%��]�A,.�K��#�1"�	�]�] 4�]G!��#�'��q,]�z,.�� ���%(9���
��[� �	' � �	#(1" "3H "#N,
�	$U,W�k�H'��:�A3M �,. "������#t,]�� @��#�9K 4,�G(��G! 	b
F �]�	���? 4,��	9�b`�� " "'( "'^,]�� ��� 4,i�i�K,]�?�( "9��K%�3l,]�.�	14 S�	#�'?3M "�	�]%��� "'0,.�� �3H� ?C,.%(�] z$&�.�A14,.�K��#� 	 ��� �A,c'���*m "�� "#N,�9��C1s�A,]����#��k'��\�i#���,]�] s�A3^b�VW#?,.�� S1"�����]� � 
��\� �K#�9� �, � 	 ���  �M�	#�'?��#0,.�� 

�� 4, � 	 ���  �	b8/ |" "���A�WR	�.�	'��K "#N,q$&���q,.�( c��1s�	9��	�q���A���� 4,k�A,��	9�9�,]�� i�	,.�� 4���!��%�#('��	�]�K "�4b8��� 
,.%�����%�9K "#N,�pq�]�	#�'(,]9!�	��BE1D�(3M�K'(,k#+%�35�m 4�v�k�	���� 4,k,]���S1"��#��r,D�	#N, � �A9�%� c�	$u�(b �(;+�i����1D�M���v��#
,.�� @�]�	#�R� ���%�R�R� 4��,. 4'^�K# �>C ��b
��� t�r,D�	�r,.%�G6�A$c,]�� o1"�	9�14%�9:�A,]����#��k�	�M9+%��K,] o'�� �H14%�9K,"b���� t'(*C#��	3H��1M3M�C'� "9v'��K'6#��	,

��,.�	����9K��|4 �,.�( S14��3HG�%(,D�I,.���	#t�	#�'01"�	#��] "9C%( "#N,.9n*0�K,��k�	�c#��	,i%��� "'Tb`/2#? ?E14 "�]��� �  � �	9K%� z$&���
,.�� cBC3a�	R	���]�K#��]�N*j1"��#��r,D�	#N, ��
u���	�`�� 4,s;+%�#N,]��9��I$ ,. "�q����3H k,.�]�	#��]�K "#N,q,.�K3M A;	�n,=���A�v9K�\�k 4�] "'
,.�~� � �	9�%� H�	$c�

�
�;Eb^/29K�]��;8�	#�%�#�'( "�r���] 49:�V?(�A,]����#��	$i�^$& �� Gm 4�51" 4#N,����A�x�	'�'� 4'-,.�^,.�� 

'��:�AR���#��	9��A$T,.�� �G��] 4�]��%��] z14���]�� "1�,.���	#a 9+%��I,.���	#a��#M���]'( "��$&�	�v,]�� @{�> �]�	9 �  4��,]�51"�	# �  "��R� 	b
��� z,.�K3M c��,] "Gt�k�	���.�I,.�� 4���]���	��,s; � � 

�
�
��� C � ;+�i�� 4�] �


� 	 ���

� bq����K����3HG�9K�� "�q,]���A,



1N�

,]�� t��%�9K��14�]�����r� 
��\� �	' � �A#�1" 4��$&�]��3 ,.�� t�K#�9� �,j,]��,.�� t�	%(,.9K 4,�'(%��]�K#�RPC��	�	�^,.�K3M M��,. 4G��"b
Lz%� i,.��,.�( ��� "9:�I,.� �  "9n*5,.�(��#�1" 49�9��4;N,.�� c����R	�� "�r, � � � � �A9�%� 4���A�] ��	�]��%(#�' 1j�A,v,.�� 8�� �,k ?(�n,s;
���\�� �  "�"b�/y,.�A,D�	9J�	$2�ACa�]%��E���K,] "�.�I,.���	#����k�	��1s�	9K1"%�9��A,. 4'�'�%�����#�R0�o,.�K3M j��,] "GTbxV�,S3H��R��N,
��� �  x�m 4 "#�G!���]������9K S,]�o���(,.�	��#?,.�� ��]�	3H 5�] 4�]%�9n,.�2�i�n,.���M�]3M�	9�9K "�i#+%�3��! "�z�	$`�n,. 4�.�A,]����#��4;
��%E,2,.�(���i���	�2#��	,c,. "�r,. 4'Tbz��� jR�9������	9�3a�A�]�2���	9:�	#(1" S�] "����'�%��	9J�� "'�%(1" "'^,.�t��,.���K�]'^$&����3
,]�� zd��]�r,i�K,] "�.�I,.���	#T;N�i����1D�0���i���]�A,.�( "��G!�E����1"��# �  "�]R	 "#�14 S�i�n,.���K#t��,.��3H 2�r,. 4GTb�BE��#�14 2,.�( 
,]��3H H�r,. 4G�����R�9K�����	9K9K*^�]����3a�	9K9�;u�?R�9������	9q3a�A�]�S "�]�����S�] "3M�	�K#����]3M�	9�9= �  4#��A,j,]�� �d��]�r,
�n,. "�]�A,.�K��#�1�*E149� Aba��� 
��\� �k�	�S1"��3HG�%(,] "'�$&���S�o,.��3H x�	$����A< � $&����3 ,.�( H�K#��K,]�:�	9U��,.�A,. 
�! 4$&���� ���,D�I,.���r,.�K1"�@�k 4�] MRN�A,.�( "�] 4'Tbo��� H��,.�A,.�K��,]��1"�@�� "�� aRN�A,]�� "�� "'�'�%�����#�R��CS< � ;J������� ?

��\����,.������%�R���,]��3H "�"bJ��� ��] 4�]%�9n,.�=�� "�� c�� "9��A,.� �  "9n*514��# �  4�]R� 4'a�A$ ,] "�:F�; � ;� 4�]G! "14�:�	9K9K*j#� s�	�
,]�� ��� �,c ?E�K,"b���� S����R�R	 "��,c1D���A#�R� "�i�� "�] j�] 4 "#��K#^#��	#E�W'����	R���#��	9<�r,.�] 4�]�� "�z�K#0,]�� �$ �	��d� "9K'
�A, � 	 � 

F(bv��� 4�] ����	�c#���#� 4 "'^,]�M�� "14��#��]�K'� "��,]�� �1"��#�149�%�������#(��'�%� �,.�x,.�� �14��#N,.��#+%� 4'
14��3MG(%(,D�A,]����#<;����\�k �  "�4b^VW#-1s�	9K "#�'��A��,]��3H ��	9�9=,]������14���]�� "�]G!��#�'(�j,.�~�	G�G����B?(�K3a�I,. "9n* 1��
'��s*C�j�i�( "#-%(�]��#(R���C0pJ�\�� "� 1�G��]�C1" 4�]�����]�j�	$��	#�V ��{ B(p 1"9K%���,] "�"b �g�K,.��,.�( M%�#(��,. "�	'(*
�!��%�#�'��	��*a1"��#�'(�K,.�K��#o,.�( @��,D�I,.���r,.�K1"���� "�] SRN�A,]�� "�� "'?��,.�K3M z�A$:;Eb=C 
��\����,]���]��%(R��t,.��3H "�4b

� ��� � � � 	(� ���

��������� �� -��� ��!"*2 ��
VW# ,]�������� "14,]����#<;i� 9+%��	9K�K,D�I,.� �  t� �  "� � �� 4� �A$z,.�� 
��\��d� "9K' �K�HR	� �  4#Tbg��� ~3H s�A# 
��\�
�r,.�] "�	3H9���#( "����#0,.�( ��� �,2 ?(�n,2�� "R��K��#?�	�] S�]�(�[�i#~��#^78��R�bQ�Eb��Ebk��� "�� ��	�� S����3H j'�� *< 4�] 4#�1" 4�
�! 4,W�� " 4#o,.�� c�]��9K%(,.�K��#��=�i�n,.��,.�� ���,. "�	'(*H�	#('M,.�( �%�#(��,. "�	'(*M� F �A,`,]�� ��K#�9� �,vG���G! 	;��i���K1D�
$&����3 #��\� ��#o�	�] z�� 4$& 4�]�] 4'o,.���	��e*7vB�BE� F �A#�'te�7vB(�2� F ;(�] "��Gm 414,]� �  49K*	b`�k�	,.�t1"�	�] 4�i�	�] 
�� 4$& "���] 4'?,]�a�	�ce�7vB?�K#?R	 "#� 4�.�	9PbqVW#^,.�( S14 "#N,.�]�	9uG�9:�A#� @%�G��r,.�] "�	3 �	$J,.�� k�� �,� ?E�K,i,.�� 4�] ����
�S�]��#(R�9� � �	��,. ?�O � � X�;+�i������ 21" 4#N,.�] ����v9��C1s�A,] "'M�(bf��C � %�G��r,.�] "�	3 �	$<,]�� 29K��GTbJw@ "9K�]�5 �,��A9�b
$&��%(#�'�,.���A,S�I,��t�]3M�	9�9K "�z}i 4*C#��	9�'��@#+%�3��! "� ��� � 	 � 

�\�����a,]�� "�� x�k 4�] �,W�k� � �	��,.�K1" 4�
�K#h$&�]�	#+,5�	$�,.�( S�� 4,";=�] 4G��	�.�I,. "'6�N*-�~�.�A'�'�9� MGm�	��#N,sb^��� 4*��	9���� � ����%��	9��K|" 4'�� � ��� �  4�]��#(R
� ����,] ? �U�	�m� �  H,]�� @�� �,5 ?E�K,sbM��� � ���r,. ?h������R��K#��A,] "�2$&����3 ,.�( M14��9�9K���]�K��#~�A$�,.�� 2�� �,��	#('
,]�� j14�]�����r� 
��\� �]�� "�	��9��s*� "���"b�VW#~78��R�b��(b��x,.�� S��,]�] "�	3M9K��#� 4���	$8,]�� �e�7vB�B(� F �] �  s�A9U,]���] 4 
'��K��,]��#�R�%(���]���	��9� �����9�9 �W%�G � ����,]��1" 4�@O�� � ; � � ; � � X�;C,W�k�5�	$T,.�( "3 ��#�����'� �,.�( 2G��KGm 5O � � ; � � XYb=VW#



1��

e�7�BE�2� F ,.�� ��]�	9�9n��%�G � ����,] ? � � �K�z#��	,SG��� "�� "#N,j�	#�' � � ���@���	�]'�9n*�'��K��,]��#�R�%(���]���	��9� AbjVW#
�m�A,.�-��1D�� "3H "�5�]��3H MG��	��,5�	$�,.�( a1"�����]� � 
��\� #� "�	�j,]�� a��%���$ �A1" a�K�j�r�k 4G(,���#N,]�?,]�� aG��KGm Ab
��� ��]�	'�'�9K ^G!����#N, /�;����M,]�� ~9K�[�� "�r,tG!����#N,H�i�� "�� ~,.�� ^��#�14��3H��#�R 
�%��K' G! "#� �,.�.�I,. "�4;i���
9��C1s�A,] "'6�I,H�	G�G����A?E�K3a�A,] "9n* � 	 � 

� �(bf�Ebh��� ?e*7vB(��� F �����\�i�H����3a�A9�9� 4�5�� "G��	�]�A,.�K��#
��%����(9� ��K#��]�K'� 5,.�( x��#�9K 4,�G���G! 	bS/�,S�0}c �*E#(��9�'��2#C%(3��m 4�z,. 4#�,]��3H "���]3M�	9�9K "�";m�	#�'��A,2,.�� 
�� 4,r��,.�I�W1"�����]� � 
��\� �  49��C1"�K,W*j�.�I,.���	� � 

�Eb��@�	#('81(bf�(;+w@ 49��]�� �,k�A9�b � �AF �Q�] "G!���r,. "'x,]�� i�.�	'�'(9� 
Gm�	��#N,`9��C1s�A,]����#(�q�	$ � 	 � 

� �(b 1S�	#�'H�W�(bn�\�(;N�] 4�]G! "1�,.� �  "9n*�bq/�,�����R�� �  49��C1"�n,W*x�.�A,]������O�� ��X
,.�� c�.�A'�'�9� cG!����#N,`���v9��C1s�I,. "'H�A,v,.�( �9K��GTbUVW#a,.�( ��r*E3H3H 4,.�r*�G�9:�A#� i'��\�i#���,]�] s�A3 �A$<,.�( q�� �,s;
,.�� 4�] ��] "����'� 4���5#(�E'� �O �~X�bqe�7vB(�2� F G(�] "'(��14,]��,]�� 29K�E1"�A,.�K��#��	$�,.�� �#��C'� 2��9���R	�+,]9K*5����R��( "�
O � 	 � 

��bn��; � 	 � 
�(b��C�[X`,]���	#te�7vB�B(� F O � 	 � 

�	bf���E; � 	 � 
�(bn�AFNXYb8/ � ����,] ?t�K���	9K�]�

9��C1s�A,] "'H�]�KR��N,k'��\�i#��r,.�� s�	3 �	$�,.�( `�� 4,k ?E�K,k "'�R	 xO ���YXYb �k 4����#('a,.�� q�� 4,�,.�� 4�] z�K�k�5�]�A,.�( "�
��,]�]��#�R����A1D�N� 
��\� #� "�	��,.�( 
��A,iG�9:�I,. 	b8��� ����	1D��� 
��\� �A9�3H����,k�] s�A1D�� "��� �  "9K�E14�K,W*M�	$U,.�� 
$&�] 4 ��W�r,.�� s�	3 � �	9�%( 	b?��� a14�]�����r� 
��[� '� �
� "1�,.�x� �  4�5,.�( a�! "#�'��K#�R��� �,x�	#('6�	1"14 "9K "�.�I,. "�S,.�
� � �	9K%� j�A$q#� s�A�]9K*t,W�i�K1" S,.�� S$&�] " Y�W�r,.�] "�	3 � �	9�%� Ab���( 53H s�	# �  "�r,.�K1s�	9 �  49��C1"�K,W*0G!�����] "���] 4�
,W�k�5�] "R	����#��`�	$T��,.����#�Rj%�GN���	��'o3H�	,.�K��#TbU��� 2%�G(Gm 4���� "R��K��#M�K��R	 "#� 4�.�A,] "'o'��K�] 414,.9n*x�N*�,.�� 
�� 4,"btVW#h,.�( a9��\�� "�S�] 4R�����#�,.�( M%�GN�k�	�]' �  "9K�E14�K,W*��K�j�I,53M�V?E��3�%(3 �	�!��%(,j���	9n$k�	$k,.�� z�� 4,
�  49��C1"�K,W*	bj��(���@3H�	,.�K��#~�K�2,.�� 
�%���' 
��\�i�K#�Rt$&�]��3 ,.�� x#(�E'� �,]�\���	��'�,.�� ��� �,z,.�]�[�� "1�,.���r*�b
�v%��	#M 4,��A9�b � 1N�&�Q$&��%�#('a,.���I,k�I, �����


�C�\���@,.�� 4�] ��k�	�k�51"9K s�	�`'��K��,.�K#�14,]����#��! 4,W�� " 4#o,.�� 

�]�KR�#-�	$�,]�� �  "��,]��1"�	9 � ����,]��14�K,W*� "3H "��R���#(R^$&�]�	3 ,]�� a9K 4$ ,r�W���	#('-�]�K'� o�A#�'-,.�( o�]�KR��N,��W���	#�'
�]�K'� t�	$i,.�� 0G��KGm �� 1N� ��b-������x#��A,.���	#6����14��#(d���3M 4')�K#�,.���K�x1s�	�� 	b6��� � ����,]��1"�n,W*-�� " 43M�
,.�?3M� ?P9+%���1D�A "�j��#�,.�� MG��] 4�] "#N,51s�	�� 	;8�i���K1D�-�K�jG��������	�(9K*�'�%( H,]�^,.�( M���KR��� 4�5}i 4*C#���9K'��
#+%�3��! "�"b`7J��R�%��� @�(b><x�] �  s�	9K��,.�� � �	��,.�K1" 4�i�i�n,.�t,.�( S�K�]�A���]%��r$ �	1" @�A$J,]�� ��] "14��#�'?��# � �	�]���	#N,
�	$U,.�� �  "9��C1"�n,W*oR��]�	'��K "#N, � '� �d�#� "'~�	�

�
 � �� O /  � /  � � �  � �  ��X  � �� � ��� � � � � �� � 

/2#a�	#���3M�A,]����#������\�i��,]���A,v,.�� � ���r,. ?a%(G���,]�] s�A3y�	$T,.�( q�� �,k ?(�n,v���q$&���]3H "'M�	#�'M�K,v3H� �  "�
,.��,.�� S9��KGt�	$=,]�� k�� 4,� ?E�K,i�i�� 4�] 5�n,i�] 4 "3H��,.�H3H "�]R	 ��i�n,.�0,.�� � �	��,.�K1" 4���	$8��G�G!���]�n,. @����R�#
�]�K�]��#(RH$&����3 ,.�� 5G���G! 	bi��� �3H "��R� "��3a�s*0 ?(G(9:�	�K#^,.���A,z�I,@�M'(����,.�	#�14 5�	$v�	G(G��]�B?E��3M�A,. 49K*
��#� H'��:�A3M �,. "�S�	�!� �  H,.�� M ?E�K,S,.�� 4�] M���@�k "�	�	 4�x1"���( "�] 4#N, � �	��,.�K1"�n,W*���#�$&�]��#N,j�	$�,.�( @�� �,sb
��� j�	#���3M�A,]����#t�A9��]�H�]�(�[�i�����\� �]�( s�	�c9:�s*� 4� � ����,] ??9��\*	 "���2�	�� j���� "'~��#� j�A$ ,. 4���A#��	,.�( "�



1+�

v
5

v
5

LESSBC LESUBC

N N

v
5

v
5

v
2

S
4

v
v

1 3
v v

1
S
3

v

� � Q %*
� Z � 2 �a��� t�r,.�� s�	3H9��K#� "�S�	$i,.�� t3H s�A# �  49��C1"�K,]�� 4�5��#h,.�� t�r*E3H3H 4,.�r*-G(9:�	#� H�i�K,]�
'�� *< 4�] 4#+,k�m�	%�#�'��	�r*a14��#�'��n,.�K��#��"bJVW#a,.�( z�] 41"��#�'0���[� 3M�	R�#��nd�1s�I,.���	#��q%�G��r,.�] "�	3 $&�]��3y,.�( 
�� �,q ?E�K,"b8��� i�� "G��	�]�A,.�K��#�|4��#� ����8�]3M�	9�9K "�U��#�����'� k,]�� �G��KGm ��i�K,.��e�7vB(��� F �K#�1"9K%�'���#(R2��#�9n*
��#( � ����,] ? � � b`��� �9� 4 @�	$U,.�� k�� 4,jO&�m�A,],.�	3oX������\�i�2�x#��C'� HO ��X��	#�'?� � ���r,. ?-O ���YX�b

#� "�	�=,.�( c ?E�K,sbJ��� 4*�3M� �  i�A9���#�Rz,]�� J�� 4,`�! 4$&�	�] �,.�( 4*x9K���] �,]�� "�K�=1"���( "�] 4#�1" c�A,v�@'��K��,.�	#�1" 
�	$8��$& 4� G���G! @'��:�A3M �,. "�����s���s*t$&����3l,]�� � ?E�K,"b
78��R�%(�] @�(b 1��]���\�i���	#0 � ��9�%(,]����#t�A$=�x1"�	%�#N,. "� �W���	,D�A,]��#�R � ���r,. ??G��	����O F _@pvX��A, � �	�]�K��%��

'��K��,.�	#�1" 4�c$&����3l,]�� ��� 4,c ?E�K,"b�/ ��3a�	9K9 F _@p �K��G��] 4�] 4#+,z�	9��� s�	'E*t�A,i,.�( ��� �,c ?E�K,5O � 	 � 
�NXY;��i����1D���]%�G(Gm���r,.��,.�� ��K'� s�o,.���A,S�K,������K#��K,]�:�A,] "'��N*�,.�( HG(��G! � ���r,.��14�K,W*<O �� " � 	b R�b�� �AF��:X�b
7�%��r,.�� 4�c'(�[�i#(��,.�� s�	3 ,]�� F _@p R����\�i�2�	#('?,]�� �1"��3HG�%(,.�A,.�K��#��	9m'���3M�	��#t3M�s*t1"��#(��,.�]�	��#
,]�� ��]G��� s�	'��K#�R��]9K��R��N,.9n*�b
��� 0�] "����9 �  "'�,.%�����%�9K "#N,x�+��#� �,.�K1o "#� 4�]R	*gO iw�7vXx�K#�,.�� t�r*C3M3H 4,]��*�G(9:�	#� �OP78�KR�b8�EbDC�X



1 <

� � Q %�
� Z � G �a/2#���#��r,D�	#N,.�	#� "�	%��������A�W��%���$ �A1" o�	$i,]�� t�] 41"��#�')��# � �	���:�	#N,��A$c,]�� �  49��C1"�n,W*
R��.�A'��� 4#+, �


<��(b

�]���\�i���H3M�V?E��35%�3 %�#('� "��,.�( ��� �,c,]�.�[�� 414,]����*o�i�( "�] S,.�� 
��\�  43M 4�]R��K#�R�$&�]�	3 ,.�� �#��C'� 
1"%�� �  4�i,]�2������#a,]�� ��� 4,"bq/2#��A,.�� 4���]3M�	9�9K "�v3a�V?E�K3�%�3 ����9K�E1"�A,. 4'0�A,�,]�� @#��C'� @�m 4����#('o,.�� 
�� 4,"b=��� c "'�'(* � ����1"�����K,W*^O 78��R�b��(bDC	Xq ?E�������n,.�v��9��C1s�	9�3M�V?E��35%�3 %�#('� "�v,.�� =�� 4,`,.�]�[�� "1�,.���r*
,.�C��;N�	G(G��]�B?E��3M�A,. 49K*j��#x,.�( c�]�	3H �9��C1s�A,]����#x�A�viw�7�bN/�,`,.�� c#��C'� �,.�( "�] c���q#(�S3M�V?E��35%�3^b
������@�K�@G��] �  4#+,] "'h�+*��0�������r,. "��9K "#�R	,]���]1"�	9� x'�%( �,]�t,.�� �R�����'�1"9K%���,] "����#�Rt�����t��3a�	9K9� 4�
��,]�.�	�K#h�]�A,. A;=���S�m�	,]�Tb?��� oR��� s�A,] "��, � ���]14���]�n,W*��.�A,]����;J�	G�G(�]�B?E��3M�A,. 49K*P< CC;8 ?E�K��,.�j��#�,.�� 
�]�� "�	�q9:�s*	 "�`#� s�A�=,.�� i��#(9� 4,8�	$!,.�� iG��KGm Ab8��� i�] 4�]��9K%(,.�K��#��K�=$ �	�=,.�C�@1"�N�A�]�] c�	�=,]�� i�] 4�]��9 �  "'
iw�7~���U�	9K3M���r,�|" 4�]�c��#@,.�( v�!��%�#('��	��*z9:�s*� 4�U�A$E,]�� `��#�9K 4,�G��KGm Ab8pU�E�	�u�	1"14%��.�	1�*����u���(,.�	��#( "'
��#�����'� �,]�� �G���G! ���%(,��� o�	���]%�3H x,.���A,�,]���������@#(�	,S��3HGm���r,D�	#N,@�K#�,.�� H�]�K3�%�9:�I,.���	#~�	$�,.�� 
�i����9K ��� 4,s;E�i����1D�?����,]�� �G��]�K3a�	�r*�$&�E14%��i�	$J,]�� �G��] 4�] 4#+,i�����]�Qb

��������� ��� 3 � �1+ !��1��� % � % 02*�� *@��� ( + *�34* �2% �
/ 1"��3HG��	��������# �	$S,.�� �1s�A9�1"%(9:�A,] "' 
��\� d� "9�' ,]��,]�� � ?EG! "�]�K3M 4#N,0�	$ F �]�	���  4,?�	9Pb � �&�
O F L � X`�K�`1"��#�'(%�14,] "'o#� ?C,sbq��� �3M "�	#M�r,.�� s�	3x���i�K�] �  "9K�E14�K,]�� "�q�K#H,]�� 214 "#N,.�]�	9QG�9:�A#� 2�A�] 
�]���\�i#o�K#a7J��R�bN�Ebf�(b8/�, � 	 � 

�D�i,.�� �G��] 4�] "#N,�e*7vBM�����\�i���S�]9��KR��N,��	1"14 "9� 4�.�A,]����#�#� "�	�`,.�� 



1�1

x/D=1x/D=0

x/D=2 x/D=3

x/D=5 x/D=8

� � Q %*
� Z � U �:7 � �	9�%(,]����#o�A$U,]�� @1"�	%�#N,. "� �W���	,D�A,]��#�R � ���r,. ?tG��	�K���A,���,.�� s�	3x���i�K�] �G�9:�	#( "���A,
� �	������%��k'����r,D�	#�14 "��$&�]�	3l,.�( ��� �,i ?E�K,"b


Q�I,j�k�	9�9v�A, � 	 � 
�EbK�4�W�(bf�E;��i����1D���K��'�%� M,]�^,]�� � ����,] ?h��9��C1D�+��#�Rt,]�� 
��\��b^BE 4 M,.�( 

149����� ��W%(G-�A,S�!�	,],]��3 ����R��N,S��#�78�KR�b��(b �(bo��� �,.%(�]��%�9K "#N,S�m�	%�#�'��	�r*�G��]�Ad�9� ��	$�e*7vB(��� F
�� "�]%(9K,.�x�K#)����3a�A9�9� 4�jG! s�A�6�	#�' F L � �]�(�[�i�H#����]%(1D�  *< 414,sb�VW#)���] "�	9 
��\��;v�]%�1D� �
�� "1"�K�]14%�9:�A,]����#h�	�� s��3M�\*h�! o1"9K���] 4�5,.��,]�� a�k�	9�9Pb�/�,x,.�� o'(�[�i#C�W��,]�] "�	3 G��KGm H���A9�9 � 	 �


�(b=C^,.�� te�7vB�G��] 4'���1�,.�x����3a�A9�9`���	1D��� 
��[� �A, � 	 � 

�(bf��O 149����� ���%�GQX�b���� tG!�����K,.� �  
�  "9��C1"�n,W*H� �  "�k,]�� 2�k�	9�9 � 	 � 

�(b �N�j�K�k1"�	#�#� "1�,. 4'0,]� � �	��,. ? ����'� 4�]1"�����! "'0�	�!� �  Abq��� "�� 
�	�� x,W�k�^3M�K#���3M�M�� " "#-��#�,.�� ����A1D�N� 
��\� �A, � 	 � 

�(b=;�Ct�	#�' ��b�VW#h,.�( Me�7vB(��� F ,.�( 
���A1D�N� 
��\�����2��9��KR��N,.9K*o��#�14�] s�A�] "'<b2��� ��r,.����#�Ro���A1D�N� 
��\��#� s�	��,.�� S���	9K9J#(�E'� 4�23H��R��N,��m 
�x�]�KR�#0�	$8��#(��#E�WG(�+*C����1s�A9TG��� 4#���3H "#���#?�\�i��#�R�,]�x,.�C�H14�N�	���] �1" 49�9���$&����,.�� �G��� "�� "#N,��k�	9K9n�



1�C

� � Q %�
� Z � � �`/�,c,.�� �9� �$ ,i,.%�����%�9� 4#N,��+�K#� 4,]��1@ "#( "�]RA* � ( � (
��� ��

b�/�,c,.�� �����R��N,i "'('(* � ���]14���]�n,W*
� � � 
���

�

1"��#N,]��%��]�i�K#0,]�� ���*C3H3M �,.��*aG�9:�A#� 	b

�] 4�]��9 �  "'�e*7vBmbm�z#^,]�� 5�A,.�� 4�����A#�'T;!/2#�'��� "��G!��%�9K���c�	#�'�}i�C'���� �'�J3H "#N,]����#0,.���I,s;!��#0,.�� 
9� 4 j�	$J,.�� ��� 4,c�i�K,]�^����3H��9:�A��G��	�]�	3M �,. 4�]�";!�H�] �  "���] �� 
��\���] "R	����#0$&���]3H� �  4��*?1"9K���] �,.�H,.�� 
���A9�9`��#��i����1D�63H s�	��%��] 43M 4#N,.�j�� "�� t#��	,jGm�	�]�]�K��9� Ab^V�,5���jGm�����]�K��9� H�]%�1D���^�] "14����1"%�9��A,.�K��#
 ?E���r,.�4;���%(,���#?�	#N*t1s�A�] �,.�� je�7�BtG��� "'��K14,c�K,�,]�E�����KR��0%�G~�A�m� �  �,.�( ��k�	9K9��	#�'?G��]�	���	��9n*
,.�C����#N,. 4#��] AbqVW# F L � ;N,.�� c���	1D��� 
��[� �] "����'� 4���	G(G��]�B?E��3M�A,. 49K*j�m �,W�k 4 "# � 	 � 

�(b=;�C��	#�'
<(bvVW#?,]�� 5e�7vBo,.�� 4�] S����#��H���	1D��� 
��[� '��\�i#���,]�] s�A3 �A$ � 	 � 

�x�	#�'0,.�� 
��\� G����	d�9K @���

Q�A,�,. "��,]���	#0,.���A,��	$ F L � bQ��� je�7�BE�2� F �����\�i�z����,. 4 "G! "��R��.�	'(�� "#N,i�K#?,]�� j9K " ��	$J,.�� 
�� 4, � 	 � � <Eb
��� ?��,]�] "�	3����i���� o,.%�����%�9� 4#N,M�K#N,. "#(�]�K,W*gOP78�KR��(bD;	Xx%(G���,]�] s�A3 �	$�,]�� ��� 4,H�����]�	3M ��i���A,

'�� �H14%�9K,H,.�6�K#+,] "��G��] �,sb �g�K,]����%(,H,.�( M�� 4,s;�,]�� ��!��%�#�'��A��* 9:�s*� 4�M�i��'E,.� ���a�(bf�T16L �	#�'
,.�� �$&�� " Y�W��,]�] "�	3 ,.%(�]��%�9K "#�14 x���@9K "�]�@,]���	#��(b � �ob�V�,S�K�z,.�� 4# 9+%� 4��,]����#��A��9� ��i�� �,.�� 4�@,.�� 
3M "�	�]%(�] "'�,.%(�]��%�9K "#�14 x9� �  "9`�	$!1 � ������R��K#��A,. 4�2$&�]�	3 ,.�( H%(G���,]�] s�A3 �m��%(#�'��	�r*�9:�s*	 "�S�A,
� 	 � 

�D��b ��� 
�%�1�,.%��I,.���	#��a�A�m� �  0,.�( ~�!��%�#�'��A��*�9:�s*	 "���i��'(,]� G��������	�(9K*6������R��K#��A,] 
$&�]��3 ,.�( � ���r,. ?63H�	,.�K��#-'� 4�]14�]���! "')�	�!� �  t���5�]��3H o�	,]�� "���K#N,. "�]�	14,]����#-�	$i,.�� S�� �,H�	#�'
1"�����]� � 
��\��b@��� xe�7vB~1s�AG(,.%��� "�z�	#�9K*?G��	�r,z�	$q,]��������#N,. 4#��]�n,W*�;!�i����1D��3M�s*?�m �'(%� 5,.�M,.�� 
�	G�G�9K�� 4'?BE3a�AR����]�K#��]�N*M3M�C'� 49�b
��� �e�7vB(��� F ���	���oGm "�	� � �	9K%� � �

� 
 	 ��� 
�(b � Co�	#�'�e�7vB�B(� F ,]���A,@�	$��(b �N�M#( s�	�



1N�

 0

 1

 2

 3

 4

 5

 6

 0.4  0.5  0.6  0.7  0.8  0.9  1  1.1  1.2

y/
D

U/U∞

x/D = -1

 0

 1

 2

 3

 4

 5

 6

 0.4  0.6  0.8  1  1.2
U/U∞

x/D = 0

 0

 1

 2

 3

 4

 5

 6

-0.2  0.2  0.6  1  1.4  1.8
 U/U∞

x/D = 0.5

 0

 1

 2

 3

 4

 5

 6

-1 -0.5  0  0.5  1  1.5  2

y/
D

U/U∞

x/D = 0.75

 0

 1

 2

 3

 4

 5

 6

-0.5  0  0.5  1  1.5  2
 U/U∞

 x/D = 1 

 0

 1

 2

 3

 4

 5

 6

-0.4  0  0.4  0.8  1.2  1.6  2
 U/U∞

 x/D = 1.5 

 0

 1

 2

 3

 4

 5

 6

-0.4  0  0.4 0.8 1.2 1.6  2

 y
/D

 U/U∞

 x/D = 2 

 0

 1

 2

 3

 4

 5

 6

 0  0.4  0.8  1.2  1.6
 U/U∞

 x/D = 4 

 0

 1

 2

 3

 4

 5

 6

 0.4  0.6  0.8  1  1.2
 U/U∞

 x/D = 6 

 0

 1

 2

 3

 4

 5

 6

 0.4  0.6  0.8  1  1.2
 U/U∞

 x/D = 8 

 0

 0.1

 0.2

 0.3

-0.2  0  0.2  0.4  0.6  0.8  1

y/
D

U/U∞

Close-up
x/D = -1

 0

 0.1

 0.2

 0.3

-0.4 -0.2  0  0.2  0.4
U/U∞

Close-up
x/D = 0.5

 0

 0.1

 0.2

 0.3

-1 -0.5  0  0.5
 U/U∞

Close-up
x/D = 0.75

� � Q %*
� Z � Z ��{^ s�	#^��,]�] s�A3����i���] �  "9��C1"�n,.�K "�i��#0,.�� j1" 4#+,]�.�	9uG�9��	#� A; 	 	 � 
� �ke*7vB(��� F

O�� X�;�e*7vB�BE� F O:�q�q�rX�; F L � � � ��O ) X�b

,]�� S�k�	9K9u�A, � 	 � 
�(bn��b�/2G�G��A�] "#N,]9K*�;�,]�� j9��	�]R	 @1" "9K9��c�A,i,.�( j�K#�9� �,i'�%� �,.��,.�� S1"9K%���,] "�] 4'

3H "���o'��	3HGM,]�� 
�%(14,.%��A,.�K��#��v�m �$&���] ���#N,. 4�.�	1�,.��#(RS�i�n,.�a,]�� `�� �,sb=��� 2 "�]�� "#N,.���	9!'���*m "�� "#�14 
�! 4,W�� " 4#^,.�( �,W���H1s�	�� "���A,�,.�� �14�]�����r� 
��[� ��#�9K 4,��K��,.�� S� �  4�.�	R	 SG(�]�	d�9K 	b
Lz�[�i#(��,.�� s�	3��	$�,]�� k�K#�9� �,J,]�� "�� ��	�� k,W�k�@3M�V?E��3M����#5,]�� k�K#N,. "#(�]�K,W*SG����	d�9K 	bU��� 4*5�] "����'� 

�	G(G��]�B?E��3M�A,. 49K*~�A,S,.�� �9��C1s�I,.���	#��	$k,]�� M�r,. 4 "G! "��,5R��.�A'��� 4#+,S�	$�,.�� �  49��C1"�n,W*�baVW#hR� "#( "�.�A9�;
,]�� @,.%�����%�9� 4#N,i��#N,. 4#��]�n,.�� 4���	�� S�]�A,.�( "���� "9�9<G��] 4'���1�,. "'?1"�	3MG��A�] "'t,]��,]�� @3H s�	# �  49��C1"�n,W*�b
�v%��	#S 4,J�	9�b � 1N� �+Gm 4��$&����3M 4'��]��35%�9:�A,]����#(�m,.�i,. 4��,U,.�� ` *< 414,J�	$('(��*m "�] 4#N,J�K#�9� �,�1"�	#�'��K,]����#(�"b

��� �*o,. 4��,] "'^��G�9�%�R 
��[� G��]�Ad�9� A;���3H s�	#o,]%��]��%(9� "#N,iG����	d�9K @�	#�'0��,. 43MG!���]�	9�9n*� � �	9 � ��#�R
G��KGm 
��\� �A#�'��] 4Gm�	��,. 4'�,.���I,z,.�� 59:�A,�,. "�c�!��%�#�'��A��*^1"��#�'(�K,.�K��#~�	� � �K��%��]9n*?��3HG��]� �  4'~,.�( 
�� "�]%(9K,sb ���\�� �  4�";�,.�( 4*�'���#��	,HG���� � �K'� ^35%�1D�  � �K'� "#(1" 0,.���]%�G�G!���r,M,]������1"�	#�1"9K%��]�K��#Tb



1�;

 0

 1

 2

 3

 4

 5

 6

 0  0.01  0.02  0.03  0.04  0.05

y/
D

urms/U∞

x/D = -1

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4
urms/U∞

x/D = 0

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7
urms/U∞

x/D = 0.5

 0

 1

 2

 3

 4

 5

 6

 0  0.2  0.4  0.6  0.8  1

y/
D

urms/U∞

x/D = 0.75

 0

 1

 2

 3

 4

 5

 6

 0  0.2  0.4  0.6  0.8  1
urms/U∞

 x/D = 1 

 0

 1

 2

 3

 4

 5

 6

 0  0.2  0.4  0.6  0.8  1
urms/U∞

x/D = 1.5

 0

 1

 2

 3

 4

 5

 6

 0  0.2  0.4  0.6  0.8

y/
D

urms/U∞

x/D = 2

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4  0.5
urms/U∞

x/D = 4

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4
urms/U∞

x/D = 6

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4
urms/U∞

 x/D = 8 

� � Q %�
� Z � 6 � BC,.�� s�	3x���i�K�] �,.%(�]��%�9K "#�14 ���#N,. 4#��]�n,.�� 4�t��# ,.�( h14 "#N,.�]�	9@G�9:�A#� 	; 	 	 � 
� �

e�7�BE�2� F O � XY;�e�7vB�B(� F O �q�q�rXY; F L � � �&��O ) XYb

�g��9K9� � <��&�+�� 4,U,.�� v�!��%�#�'��A��*@14��#�'��n,.���	#��A,u,.�� `���A9�9��N*S�] �,],.�K#�R�,.�� v9:�I,. "�]�	9�14��3MG!��#� 4#N,.��,.�
|" 4�]�@�	#('j,.�( �  4��,]��1s�A9E14��3MG!��#� 4#N,J,]�z�]%�1D��� � �	9�%� `,.���A,J,]�� k3H s�A#�'(*C#��	3H��1`G��� "�]��%��] ��k�	�
1"��#(��,D�A#+,"bk}c�	#�'(��3 
�%�1�,.%��I,.���	#����k 4�] 5�	'�'� 4'?,]�H,]�� �G��]�	d�9� 	b`����K�i1"��#�'(�K,.�K��#tG����E'�%(1" "'
�5�]%(�]G������]�K#�R�9n*xR��C�E'a�	R��] 4 "3H "#N,��i�n,.� F L � �A, � 	 � 

�(bf��CS�	9K,]����%�R��M�K,�G��] �  4#+,] "'^�	#N*
%�G��r,.�] "�	3  '*m "1�,a$&�]�	3 ,.�� ^G���G! 	bg7J��R�b`�(b>F��]���\�i�a,]�� ~G��� "�� "#N,S�� �,oG����	d�9� 4�x,.���A,M��� �  
�	G�G����B?(�K3a�I,. "9n*~�s� � ���KR��� 4�cG! s�A� � �A9�%� 4�c,]���	#0,.�� S3M "�	�]%(�] "'^��#� j�A, � 	 � 

�(bf��C��	#�'

	 	 � 
�(b F �.�	���~ 4,��	9Pb � � �=�] 4Gm�	��,c,.���A,�,.�� 5G��]�	d�9� j�A,2,]�� ���%(,]9� �,2�K�2�M$&%(9�9K*0'( �  49���G! "'

G��]�Ad�9� o�K#6��G���G! a�i���	�] 09� 4#�R	,.���k�	�#<�� �^b-VW#6,.�� tG(�] "�� "#N,H�]�K3�%�9:�I,.���	#h,.�( "�] 0�A�] t#��
�]�KR�#��Kd�1s�	#N,x'�� *< 4�] 4#�1" 4�M�K#),]�� 0��%(,.9K 4,�G����	d�9K "���m �,W�k 4 "# e�7vB�B(� F �	#�' e�7�BE�2� F b`��� 
e�7�B0�]���\�i���M���KR�� �  49��C1"�K,W*oGm "�	�t�m 4����#('?,]�� ��� �,c��#�'��K1s�A,]��#�Rj,.�� S��#N,. 4#��] S�] 41"�K�]1"%(9:�A,]����#Tb
�2�	9n$u,.�� �'����	3M �,. 4�k� *�,]�� @��*C3H3M �,.��*aG�9:�A#� z,.�� Se�7vB(�2� F G����	d�9� 4�i�	�] ����KR��� 4�"b

��� @'(��*m "�] 4#�1" 2�m �,W�k 4 "#0,.�� z,W����1s�	�� "�������	G�G��	�� "#N,��K#a,.%�����%�9K "#N,���#N,] "#����K,.�K "��#� s�	��,.�� 



1 F

-0.2

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

-1 -0.5  0  0.5  1  1.5  2

V
/J

U
∞

x/D

y/D = 0.25, z/D = 0,

� � Q %*
� Z � � ���	 4,zG(�]�	d�9K "�c#� s�A��,.�( j�K#�9� �,2�I, � 	 � 
�(b��SCH��#0,.�( 51" 4#N,.�.�A9JG�9��	#� A; 	 	 � � �`e�7vB(��� F O�� X�;�e*7vB�BE� F O:�q�q�rX�; F L � � ���`O ) X�b

�� �,a ?(�n,H��# 78��R��4bq�(b �h�A#�' �(bn�\�(b ��� ^�k�	9K9n�W#(���]3M�	9v��#N,. 4#��]�n,W*6��# 78��R(bq�(bn�\�������\�i�M,W���
'��K��,]��#�1�,�Gm "�	�+�a#� "�	�x,.�� ��� 4,H ?E�n,s;k14���]�� "��Gm��#('���#�R�,.��,.�( ^%�G(��,.�� s�	3 �A#�' '��\�i#��r,.�� s�	3
���� s�	�`9��\*	 "���v�A$m,]�� iG���G! 
��\��b F 9��	�] �,.�@,.�( i�k�	9K9uO � 	 � 

�(bf��C�XJ,]�� ce�7�B(B(� F G(�] "'(��14,]�v�
�  "��*0��3a�A9�9T�K#+,] "#����K,W*t�	#0,]�� S%�G���,]�] "�	3 �]�K'� 	;��i�� 4�] "�	���!�	,]�0,]�� SGm "�	�+���A�] �1s�	GE,.%��� "'~�N*
,]�� ie�7�BE�2� F b�VW#x,]�� �9� 4 ��	$!,.�� U�� �,s;�,]�� ���#N,. 4#��]�n,.�K "�q�	�� ���#��z�� s�	����#��	�(9� ��	R	�] " 43M 4#N,=�i�K,]�
F L � b<��� x���	1D��� 
��\� R� "#� 4�.�A,] "� 
�%(14,.%��A,.�K��#��z149����� 5,.�a,]�� ��k�	9�9J�	9����o��#^,.�� �e�7vB�B(� F ;
�	#('t��#o,.�� @%(G���,]�] s�A3l����'� 2,]�� 
�%�1�,.%��I,.���	#��kR����\� 149����� "�k,]�5,.�� @3H s�A�]%��� "'t��#� 4��$&%���,]�� "�
%�G<;��i����1D�x�K�=G��]�	���	��9n*j14��#�#� 414,] "'�,.�z,.�( �'� �  "9K��G�3H "#N,`�	$Q,.�� k�]��#(R � ���r,.�K1" "�4b=VW#�78�KR��"bA�(b �
�q�(bK�s�(;(��#(9K*M�5�] 4�]��9 �  4'tG��	��,��	$�,.�� �,.%�����%�9� 4#N,���,]�] 4�]�i����G�9��	,�,. 4'Tb8/�9��]��,]�� 2,]�	,D�	9!��,]�] 4�]�] 4�
�K#�1"9K%�'���#(R�,]�� ?1"��#N,.������%E,.���	#��x$&�]��3 ,]�� ~��%��E��R��]�K')��1s�	9K ^3H�C'� "9��� "�] ^RN�A,]�� "�� "'Tb /�9���#�R
,]�� �9���#( "���]�(�[�i#^�K,��K�i���	�]'t,]�H'(����,]��#�R	%������o,.�� @,W����9+%��	#N,.�n,.�K "�k$&����3  s�A1D�^�	,]�� "�c�	��,]�� 4*
9K�� M�i�n,.���K#�,.�� t9K��#� H�i��'(,]�Tb �g�K9�9� � <������	���] 4� �  4' '�� *< 4�] 4#�1" 4�H�K#�,.�� t�� "����9 �  "' �	#�'�,.�( 
,]�	,D�	9!��,]�] 4�]�] 4���i�K,]�t�51"���	�]�� zR��]�K'�O�F�F&1�1N�S1" 49�9��.Xv��%E,k,.�( z'���*m "�� "#�14 "���A�] 2�� "G!����,] "'o,]���m 
�  "��*?��3a�	9K9<�i�K,]�t,.�� �d�#� S3M 4�]��OP��� ;x�N�A�H14 "9�9K�DXYb�VW#?,.�� �3M�[������G��	�r,c�	$8,]�� j'(��3a�A��#o,.�( 
3H�E'( "9�9K "'0��,]�] 4�]�] 4���	�] j#� "R	9���R	����9K z1"��3HG��	�� "'~,]�M,]�� �� �  4�.�	R	 "'��] 4�]��9 �  4'���#� 4�"b@�c�[�� �  "�4;
,]�� t�] 4�]��9 �  "')��,]�] 4�]�] 4�M14��#�������,��	$�,]�� t9:�A�]R� Y�W�]1"�	9� M3M�A,.���	#T;q�	#�'�,]�� 03M�C'� 49�9� 4'-�r,.�] 4�]�����
����R�#��nd�1s�A#+,c�K#^�r,D�	���K9��K|"��#(R�,.�� S1s�	9K1"%�9��A,.�K��#TbvVW#~,.�( j���� s�	��9:�s*� 4�]�5O  Ab R�b��K#^,]�� j�K#�9� �,cG���G! \X



1N�

,.�� x3H�C'� "9K9� "'~��,.�� "���] "�S3H��R��N,z�! x9:�A�]R� � �  4#h�n$�14��3HG��	�] 4'�,.�o,.�( H�� "����9 �  "'���,]�] "���"b���� 
����R	�� "�r,`�.�A,]��� � 
���
 	�� �	$<�	G�G����B?(�K3a�I,. "9n* <�C@�K�q1s�	9K1"%�9��A,. 4'�#� s�	�=,]�� cG���G! ����A9�9(�i�� 4�] i,.�� 4�] 
���c9��n,],.9K @���2#(�a�] 4�]��9 �  4'�,.%�����%�9� 4#�1" A;<�A�z�]���\�i#��N*^78��R(bm�EbDCEb��� 4�] S,.�� j#� s�	� ���k�	9�9uR�����'^���
,.�C�x1"�N�A�]�] S�	#('0,]�� ��] 4G��] 4�] "#N,.�A,.�K��#^�A$J,]�� z���A9�9<$&����14,]����#a������#��	'� 9+%��I,. 	b

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

u r
m

s/
U

∞

x/D

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

u r
m

s/
U

∞

 0

 0.2

 0.4

 0.6

 0.8

 1

-1  0  1  2  3  4  5  6

u r
m

s/
U

∞

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

u r
m

s/
U

∞

z/D = 0

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

x/D

y/
D

 =
 0

.2
5

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

 0

 0.2

 0.4

 0.6

 0.8

 1

-1  0  1  2  3  4  5  6

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

z/D = 0.5

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

y/
D

 =
 0

.7
5

 0

 0.2

 0.4

 0.6

 0.8

 1

-1  0  1  2  3  4  5  6

y/
D

 =
 1

.3
5

 0

 0.2

 0.4

 0.6

 0.8

-1  0  1  2  3  4  5  6

z/D = 1.5

y/
D

 =
 2

.5

� � Q %�
� Z ��� �tBC,.�� s�	3x���i�K�] M,]%��]�(%�9� 4#�1" t�K#+,] "#����K,]�� "�jG�9��A,],. 4'��A, � �	������%��5'����r,D�	#�14 "� � 	 �$&�]��3 ,]�� 0���	9K9c�	#�' 	 	 � $&�]��3 ,]�� ?1" "#N,]�.�	9cG�9:�A#� ��e�7vB(��� F O � X�;�e�7vB�B(� F O:�j�S�rXY;
F L � � � ��O ) XYb

78�KR�%��� 2�(bn���zG(�] "�� "#N,.��9��A,. 4�.�	9QG����	d�9K "��$&�	��,.�( zG�9:�A#� � 	 � 
FEbq��� z�]�K3�%�9��A,. 4'��� 4,k���	�

'�����Gm 4�]�� "'H�	�=,.�( cG(�]�	d�9K ����	�q�! "14��3H 
Q�A,],] "�=,]���	#x,.�� �3H s�A�]%��� "'���#� A;��i����1D�H���q�A9��]�@�� " 4#
��#t7J��R�bC�(b �(bq��� �}i 4*C#���9K'����r,.�] 4�]�� "�c�	�] 2�.�A,]�� "���K�]�	,]�]��G(��1	bJVW#t,.�� 2$ �A�kd� "9K' �  49��C1"�n,W*Md� 49�'
,.�� ��K#�9� �,iG���G! S� F ���	�i9K�K,],]9� z *< 414,"b F ��#�����'� 4�]�K#�RH,]�� �1"�N�A�]�] S3H "�]�^��#t,.�( S$ �	��d� 49�'^�	#�'
,.�� @�������r,��]�	3HG�9��K#�R5,.�K3M A;E,]�� @1"�����]�c��,]�] "���] 4� � ( � ( 	 � � �	#(' � ( � ( 	 � � �	�] z�� "9K9�G��] 4'���1�,. 4'Tb



C	�

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

v r
m

s/
JU

∞

x/D

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

v r
m

s/
JU

∞

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

v r
m

s/
JU

∞

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

v r
m

s/
JU

∞
z/D = 0

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

x/D

y/
D

 =
 0

.2
5

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

y/
D

 =
 0

.7
5

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

y/
D

 =
 1

.3
5

 0

 0.1

 0.2

 0.3

-1  0  1  2  3  4  5  6

z/D = 0.5

y/
D

 =
 2

.5

� � Q %*
� Z �Y-�� � ���A9�9n��#�����3a�	9!,.%�����%�9K "#�14 5��#N,] "#����K,.�K "�cG�9��A,],. 4'��A, � �	�]�K��%��c'����r,D�	#�14 "� � 	 �$&����3 ,.�� ?���A9�9c�	#�' 	 	 � $&����3 ,.�� ^1" 4#+,]�.�	9cG�9��	#� �~e�7�BE�2� F O � X�;ke*7vB�BE� F O ���j� X�;
F L � � ���vO ) X�b



CE�

-0.01
-0.008
-0.006
-0.004
-0.002

 0
 0.002

 0  1  2  3

uw
/U

2

z/D

-0.01
-0.008
-0.006
-0.004
-0.002

 0
 0.002

 0  1  2  3

uv
/U

2

 0

 0.1

 0.2

 0.3

 0.4

 0  1  2  3

w
rm

s/
U

 0

 0.1

 0.2

 0.3

 0  1  2  3

v r
m

s/
U

 0

 0.1

 0.2

 0.3

 0  1  2  3

u r
m

s/
U

 0.7

 0.8

 0.9

 1

 1.1

 1.2

 0  1  2  3

U
/U

∞

y/D = 1

-0.01

-0.005

 0

 0.005

 0  1  2  3

z/D

-0.01

-0.006

-0.002

 0.002

 0.006

 0.01

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0.4

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0  1  2  3

 0.7

 0.8

 0.9

 1

 1.1

 1.2

 0  1  2  3

y/D = 2

-0.015

-0.01

-0.005

 0

 0.005

 0  1  2  3

z/D

-0.025

-0.02

-0.015

-0.01

-0.005

 0

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0.4

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0  1  2  3

 0.7

 0.8

 0.9

 1

 1.1

 1.2

 0  1  2  3

y/D = 3

-0.003

-0.002

-0.001

 0

 0.001

 0.002

 0  1  2  3

z/D

-0.006

-0.004

-0.002

 0

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0.4

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0  1  2  3

 0

 0.1

 0.2

 0.3

 0  1  2  3

 0.7

 0.8

 0.9

 1

 1.1

 1.2

 0  1  2  3

y/D = 4

� � Q %�
� Z ��-R- �c{^ s�	# �  "9K�E14�K,W*?�	#�'�}c �*E#(��9�'�����,]�] "���@G��]�Ad�9� 4�2�A,�,.�� jGm�	�]�K,]����#�� 	 � 
F

�A, � �A�]���	%���'(����,.�	#�14 "� � 	 � $&�]��3 ,]�� 5�k�	9�9U�	#�' 	 	 � $&����3 ,.�� 51" "#N,]�.�	9UG�9:�A#� �ie�7vB(�2� F
O � X�;�e�7vB�B(� F O �q�q� X�; F L � � ���vO ) X�b



C��

� � 	  � � � � � � 	�� 	 � �
VW# ��G��] 49���3H��#��	��*�1"�	9�14%�9:�A,]����#h�i�K,.�)��9��\�� "�H}i 4*C#���9K'��x#+%�3��! "���K,��k�	�H������ "� �  "'),.���A,
,]�� h14 "#N,.�]�	9�'���*m "�� "#�14 h��1D�� "3H -9K "' ��#N,.�)�]G(%��]�K��%��t�i��R�R	9� "�0�K# ,]�� h��1s�	9��	�od� 49�'Tb ��( 
14��3MG(%(,. 4'h3H� ?C,.%(�] 5$&�]�	14,]����#����A' � �	9K%� "��9��\�� "�z,]���	#�|" "���~�A#�'h�(��R��� 4�z,.���A#��	#� 	bH������
�k�	�5�	���] 4� �  4'6�	9K�]�?�+* �g�K9�9� � <��&�v�i�(�^,.�(��%�R��N,S,.���A,S%�����#�R^�^�_zL �]1D�( "3H M����%�9�'h�m 
%�#��	1"14 "G(,.�	��9� q$&���� ?E1" "���]� �  ���3M "�	�]�K#�R�b�VW#j,]�� `3M "�	#�3M� ?E��#�R�$&�]�	14,]����#z,]�� `�]G�%�������%(� � �	9K%� "�
�� "�� �� �  4�.�	R� 4'~� *�3H����,]9K*	b�VW#^G��] 49���3H��#��	��*�,. 4��,]�z�M�_zL��W9K��3H�K,. 4'a14 "#N,.�]�	9u'���*m "�� "#�14 S$&���
��1s�	9��	�M�K# ,]�� ~14��# �  "1�,.�K��# ,. 4�]3 �] 4'�%�14 "' � �  4�]�]�(�E�	,]�a *< 414,.� �  49K*�;��(%(,o#��A,o1"�	3MG�9K 4,] "9K*	b
�c "�] ��0{^�zB F e ��1D�� "3H x���2%��] 4'��i�n,.��,]�� x3M�K#�3H�E'?9��K3M�n,. "�$7:9Qb`O��Cb>1�;	X�b�V�$�,]�� �9K��3H�K,. 4�
�K�z�	1�,.� � �A,] "'~,]�� x'��K�]1"�� 4,]��|s�I,.���	#^�! "14��3M 4�@%�GN�i��#�'C�W�����	�] 4'��	#�'�#+%�3H "����1s�A9J'��K�]����G��A,]����#?���
�K#+,]�]�C'�%�14 "'Tb�VW#6,.�� tG��� "�� "#N,H1s�	�� 	;���3M� ?E,]%��] M$&�.�	1�,.���	#-���A�x�] "�r,.����14,] "'6,.��9K�� M�m �,W�k 4 "#
�6�	#(' ��;i�	,.�( "���i�K�] ~,]�� �1"�	9�14%�9:�A,]����#) �  "#N,.%��	9�9n* '�� �  4�]R� 4'Tb ������M���	�M,.�� �1"�	�] ��!�	,]�
�K# ,.�� ��_zL��W9K��3H�K,. 4')�	#�' ,.�( �%�#�9K��3H�K,. 4' 1"�	�] Ab 7J��R�bv�(bn�[�-�]�(�[�i�o,]�� �3H s�	# 3H� ?C,]%��] 
$&�]�	14,]����#^��#~,]�� �1" 4#N,.�.�A9=G�9:�A#� 	bz��( x�_@L��W9K��3H�K,] "'0�]1"�	9:�	�c'��C "�@#��A,z�]G(�] s�A'��	�z3�%�1D���	�
,]�� o#���#C�W9��K3M�n,. 4'���1s�	9��	�"b��k�	,.�-�]1D�� 43M 4�x%�#�'� 4�] "�r,.�K3a�A,] M,]�� o�]G(�] s�A'���#�R�%(#�'� "�j,.�� S�� �,sb
��� 5#���#E��9���3H�K,] "'0�]1"�	9:�A��
�%(14,.%��A,. 4�z3M�	�] j,]���	#~,]�� �9K��3H�K,. 4'0�]1s�A9:�	�4;!�i���K1D�� ?EG�9��	��#��i,.�( 
'�� *< 4�] 4#�1" 4����#o,.�( @�]G��� s�	'��K#�R�b=��( S��1D�� "3H "�i�����\�k 4'^#���149� s�A��'���*m "�� "#�14 z��#t3M�	R�#(�K,.%('� "�
$&����,]�� ?��,.�� s�	3x���i�K�] o,]%��]��%(9� "#N,H�]1"�	9:�A��,.�.�A#��]G!����,"b�VW# �	,]�� "��'��K�] 414,.�K��#���,]�� ?,]�.�	#(�]G!����,
,] "�]3H�5�� "�� ?#(�	,x�] 41"����'� "'<b6�z#�9K*h��#���#C�W9��K3M�n,. 4'���1s�	9��	�5'(���]14�] �,.��|"�A,.�K��#-�k�	�x%��� "'6�i�K,]�
e�7vB(�2� F b���� �,.�K3M j � �	9 � ��#�Rt�!��%�#('��	��*~��#~,]�� ��� 4,�G(��G! x��*m "14,]�@,.�� x��1s�	9��	�2��G��] "�	'���#(R
 �  "#��A,c,.�( 5$ �	�id� "9K'Tb2��� 5 '*m "14,z���c��,.����#�R� 4�2��#^,.�� j�]1s�A9:�	�cd� "9K'^,.���	#���#~,]�� �  "9K�E14�K,W*
d� 49�'Tb���� 5�	���] 4� � �A,.�K��#��c�	�!� �  j�	�] S1"��#Ed��]3H "'?�N*?,]�� S1"��#N,.�	%���G(9��	,i�K#~78�KR�b��(bn�A<���#t,.�( 
$ �	�id� 49�'�G�9��	#� j�A, � 	 � 

F(bc��� ��_zL��W9K��3H�K,. 4't�]1"�	9:�	�c���c�]�(�[�i#��	#~,.�� j�]�KR��N,z�	#('^,.�( 
#��	#E�W9K��3H�K,. 4'^��1s�	9��	�z�	$`,]�� �e�7�B(B(� F �A#�'�,.�� �e�7vB(�2� F �K#�,.�� x14 "#N,.�� 	bx��� �3H s�	��%��] 4'
14��#N,.��%����`�	$ F L � �	�� iG�9��	,�,. 4'��i�n,.�H�]��9K��'x9K��#� 4�=�i�K,.�x,]�� � �A9�%� 4�v#( ?C,�,]�@,.�� 43^bqe��K�	 �,.�( 
 ?(G! "����3H "#N,s;�,]�� ce�7�BE�2� F �����\�i�k�@�� "G��	�]�A,. 4'M�� "R��K��#�$&��� � 	 ���  �

�
�	�Eb8/�G�G��	�� "#N,.9n*5,.�( 

$ �	�vd� "9K' � �	9�%( "���	�� 2#��A,�1"�	# �  "��R� "'?1"��3HG�9K 4,. 49K*H�	�v,.�� 4�] @�� "R��K��#����A�] z#��A,���*C3H3M �,.����1s�A9�9K*
14 "#N,. 4�] "'<bt78��R(bT�(bn�A<t�]���\�i�S,.���A,��K#�,.�� �
��\� ,]�� M����1D���� 49���%(3 1"�	#�1" 4#+,]�.�A,]����#�'��C "��#��	,
14����#�14��'� c�i�K,]�a,.�� 23a�V?E�K3�%�3 �  49��C1"�n,W*M�	#o,.�� z����R��N,"b8��� 
��\� �i�K,]�o����R	�� "��3M��3H "#N,]%�3



CS<

,.�+%��v���]�KR���#��A,. 4�8$&�]��3 ,]�� i$&�] " Y�W�r,.�] "�	3 
�%(��'M�	1"14 "9� 4�.�A,] "'a�	�]��%(#�'H,]�� =�� 4,sb8��� �����3�%(9:�A,] "'
�  49��C1"�K,W* � 	 ��� ��� 
Q�I,],. 4�o��# ,]�� ~�i����9K �G�9��	#� 	;c�	�0�A9��]�-�] " 4# �K# 78�KR6�(b �(b ��� �e�7�B
1"��#N,]��%��]���	�� j�����\�i#��i�K,.�?'��	���� "'~9���#( "���i������ � �	9�%� 4�i9��� ��K#?,]�� 5�]�	#�R� j�(b �x�2��b �S1�b���� 
�]3M�	9�9K "�r, � �	9K%� "���A�] z149����� 2,.�5,]�� @�!�	,],]��3y���	9K9T�	#('t��#a,]�� z1" 4#N,.�] �G�9��	#� A;(� � �	9K%� z�	$`��b �S1
���i'� �,. "1�,. 4'��	9K�]�H��#t,.�� S%�G�G! "�c1"�	�]#� 4�"bk��( �e�7vB�B(� F �A#�'�e�7vB(�2� F �  49��C1"�K,W*o1"��#N,.�	%��]�
�]���\� #����]��R	#��Kd�1"�	#N,i'���*m "�� "#�14 "�i��#o,]������G(9��	,"b

 0

 1

 2

 3

 4

 5

 6

 0  0.2  0.4  0.6  0.8

y/
D

x/D = 1

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4  0.5  0.6

x/D = 2

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4

x/D = 4

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4

y/
D

<θ / θJ>

x/D = 6

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4
<θ / θJ>

 x/D = 8

 0

 1

 2

 3

 4

 5

 6

 0  0.1  0.2  0.3  0.4
<θ / θJ>

 x/D = 10 

� � Q %�
� Z ��-X2 �h{^ "�	# 3H� ?C,.%(�] 0$&�.�	1�,.���	# ��#),.�� ^1" 4#+,]�.�	9�G�9:�A#� 	; 	 	 � 
�(b e�7vB(�2� F

�i�K,]����%(,��	#N*-9K��3H�K,. 4�HO � X�;`e�7vB�B(� F �i�K,]����%(,��	#N*�9K��3H�K,. 4�HO ���z�rXY;qe�7�B(B(� F �i�K,.�h,.�� 
3M�K#�3H�E'M9���3H�K,] "�2O ����� X�; F L � � ���`O ) X�b



CT1

 0

 1

 2

 3

 4

 5

 6

-3 -2 -1  0

y/
D

z/D

.1

.2

.22

LESSBC TVD
θ / θJ=0.10
θ / θJ=0.20
θ / θJ=0.22

 0

 1

 2

 3

 4

 5

 6

-3 -2 -1  0

y/
D

z/D

.1

.2

.22

LESUBC

LESSBC

θ / θJ=0.10
θ / θJ=0.20
θ / θJ=0.22
θ / θJ=0.10
θ / θJ=0.20
θ / θJ=0.22

 0

 1

 2

 3

 4

 5

 6

 0  1  2  3

y/
D

z/D

.8

.9

1.

1.02

1.02
1.04

LESUBC U/U∞=0.9-1.04
LESSBC U/U∞=0.9-1.04

� � Q %*
� Z ��-XG � F ��#N,.��%(�]�c�	$8,]�� j3H� ?C,]%��] z$&�]�	14,]����#?�	#�'?,.�� S3H s�	#?��,]�] s�A3����i���] �  "9K�E14�K,W*
�K#�,]�� aG�9��	#� A; � 	 � 

F(b0��� a�_zL��W9��K3M�n,. 4'��]1"�	9:�	�S���S��#�,.�� M9� 4$ ,"btVW#h,]�� a14 "#N,.�� M,.�( 
#��	#E�W9K��3H�K,. 4'o�]1"�	9:�A�2�	#('~��#~,]�� 5����R��N,i,.�( �  49��C1"�n,W*t�i�K,.�?,.�� 5e�7�BE�2� F �	#('�e�7vB�B(�2b!VW#
�	9K9md�R	%��] 4�i,]�� ��]��9K��'t9K��#� z�K��,.�� @'��A,D��$&�]�	3 F L � � ����b



C�C

� ��� "��� � � 	���	 � ���
��� te�7vB-�	$��^,.%(�]��%�9K "#N,��� �,���#���1"�]�	�]�r� 
��\� �i�K,.�h,.�� tG��� "�� "#N,�G��	�]�	3M �,. 4�]�5���	���! " "#
Gm 4��$&����3M 4'6�i�K,.�6,]�� 0��,. "�	'(*N�W�r,D�A,] ~�A#�'6,.�� ?%�#��r,. s�A'(*��m�	%�#�'��	�r*�14��#�'��n,.���	#��"b)�z#�,.�� 
�i����9K 5,.�� x'(��*m "�] 4#�1" 4�@�m �,W�k 4 "#�,.�� �1"�	�] 4�S�	�] x�� "9:�I,.� �  "9n*^��3a�A9�9U��#~,]����� 
��[��b5��� �e�7�B
�i�K,]�j,.�( �%�#��r,. s�A'(*514��#�'��n,.�K��#jG!�����] "���] 4������,.����#�R� 4�8���A1D�N� 
��\�)��#j,]�� �9K " k�A$�,.�� ��� 4,8�i�( "�] 
,.�� �14�]�����r�W�r,.�� s�	35�i�K�] �  "9��C1"�n,W*oG����	d�9K "�c�	9��	#�R5,.�( �  "�r,.��1"�	9�9��K#� "���	�] ���,] " 4Gm 4�"b`VW#?,]�� @$ �	�
d� "9K' O � 	 � � FNXj,]�� o'�� *< 4�] "#(1" "�H�	�� o�]3M�	9K9�b���� t%�#(��,. "�	'(*6�!��%�#('��	��*h��#(1"�] "�	�] 4'6,.�� 
3M� ?E��#�R?�	$�,.�( o�]1"�	9:�	�4b���� t�]1"�	9:�A�S�k�	�x'��K�]1"�� 4,]��|" 4'��i�K,]�6���_@L ��1D�� "3H t��#��	�]'� 4�5,.�
�] 4'�%�1" o,]�� o��G�%��]�K��%��5�i�KR�R�9K "�";J�i����1D�614��#��] "9+%� "#N,.9n*6�] 4'�%�14 "')�	9����~,.�( o3M� ?E��#�R�b~VW#�,.�� 
G��] 49��K3M�K#��	��*51"��3HG�%(,.�A,.�K��#��i�K,.�o�5�]3M�	9�9K "�v}i 4*C#���9K'��k#+%�3��! "�v,.�� 23M�K#�3M�C'�9��K3M�n,. "�=�i�n,.�
,.�� @�� "14��#�'E�����]'� 4�i1" "#N,]�.�	9�'�� *< 4�] 4#�1" �'��K'?#(�	,i1"��3HG�9K 4,. 49K*M�] 43M� �  @,]�� @�]G�%(�]���	%�� � �A9�%� 4�"b
��� @�� "����9�%(,]����#M#� s�A�k,.�� ����	9K9������kG(�]�����A��9K*�,.�C��14�N�	�]�� z$&����,]�� zG��� "�� "#N,�e*7vBa�K#a�i����1D�

,.�� 
��[� ������ "�]�	9 �  4'?,]�x,.�� @�k�	9�9<�i�n,.�0��#��A���]9��KGo�!��%�#�'��A��*o14��#�'��n,.�K��#Tb8/ �k�	9�9m3M�C'� 49T���
�H�N*C������'^}c/ EzB+�We*7vB03M�C'� "9<3M�KR��N,i�m S��R��E�C'^�	9K,] "�]#��A,.� �  @�K$J�]%(1D����
��[� ���i1"��3HG�%(,] "'
�i�K,]�^�x����3H��9:�A�v�� "����9�%(,]����#<b
��� 2e�7�Ba�� "G����E'(%�1" 4'o3a�A#+*HG��( "#���3H "#��jG��� "�] 4#N,���#M�]%�1D�?� 
��[��;E9��K�	 i,.�� ��]�� "�	�k9��\*	 "�

�]�K#�R � ���r,.�K1" "���A#�'�,]�� x1"�	%�#N,. "� �W���	,D�A,]��#�R � ���r,. ?�G��	���4b5VW#�R� "#� 4�.�	9P;��t�] "�	�]��#��	��9� ��AR��] 4 ��
3M 4#N,��i�K,.�t,]�� �3M "�	�]%��� "3H "#N,.���k�	�c���(,.�	��#� 4'Tb=��� Se�7vB0G(�] "'(��14,]�i�	#?��#N,. 4#��] ����	1D��� 
��\�
#� s�A��,.�( 
Q�A,z�k�	9K9U�i�� 4�] x#��a ?EGm 4�]�K3M 4#+,.�	9U'��A,D�M���@� � �	��9��	��9K 	biV�,@����Gm�	�]�]�K��9� S,.���I,z�]%(1D�
�H�� "14���]14%�9:�I,.���	#t ?E���r,.�";Q��%E,2�K#^�A#+*01"�	�] S,.�� Se�7vB?G��� "'��K14,]���n,�,.�H�m �,.�C�M�(��R��?�	�!� �  �,.�� 
���A9�9��	#('?G(�]�����A��9K*H,.�C����#N,. 4#��] Ab



C	�

� ����� 
 ��� � � ��
 � � � �@��� �

U%��]�(%�9� 4#+,U����3�%�9��A,.�K��#��<�	�] q�	$ ,] "#S�]��9 �  4'j%�����#�Rc ?EG�9K��14�K,<,]��3H q��,] "G�G��K#�R�$&�����! "��,J �H14�� "#(14*�b
VW#SG��] 49��K3M�K#��	��*i14��3HG�%(,D�I,.���	#z1"��#('�%�14,] "'S��#@,W���A�W'��K3M 4#��]�K��#��	9 � �	��,. ?+�W�]�( "'�'��K#�R 
��\�i�u,]�����
�k�	��,]�� 21"�	�] c,.�C��b8/�,����KR��� "��}i 4*C#���9K'���#+%�35�m 4�]�";+�i�� 4�] �,]�� 2'(��*m "�] 4#�1" c��#H,.�� c1" 49�9Q�]�K|" 4�
�K#),]�� ^14��3HG�%(,D�I,.���	#��	9�'��	3a�	�K#���#�14�] s�A�] "�4;k,.�( ^ ?E,]�.�-14����,M�	$z,]�� ?��3HG�9��K1"�K,j�]�	9�%(,]����#����
#��A,5��������R~�	#N*�3M���� 	bt����K�5�K�j�! "1"�	%��] M,.�� 9C%��	9��n,W*��	$�,]�� a� �  4�.�	9K9�����9�%E,.���	#�'(�E 4�5#��	,
��% *< 4�i �  4#~�n$8����3M ��i�� "�� ���#o,.�( S'(��3a�A��# F ��%��]�	#N,i#+%�3��! "�i ?E1" 4 "'���%�#��n,W*�bqVW#?1"��3HG�9� ?
'��	3a�	�K#��u,.�� ���,.��%�14,]%��] 4'x3M 4�]�� 4�q�	$ ,. 4#���#(1"9�%('� ���3a�A9�9+1" 49�9��u�i������ ��]�K|" ��K�8#��A,='� �,. "��3M�K#� "'
�N*@,.�( 
��[��G��N*E����14�J��%E,8�N*@,.�( vR	 "��3H 4,]��*�buVW#j�]%�1D�5�c1"�	�] A;	9��K3M�n,.�K#�Rv,]�� F ��%��.�A#+,U#+%�3��! "�
��3a�	9K9� 4��,.���	#0��#� � �  "��*+�i�� 4�] j��#t,.�� @'(��3a�A��#t����#(�	,i�] 4#��]�K��9� Ab
/2G�G�9n*C��#�Ri,.�� �BE3M�	R�������#����+*�3H�C'� "9+���U�K,]�J'(*C#��A3M�K1�'� 4�]� � �I,.� �  �'(��'5#(�	,=�A9K�k�\*C�J��3HG��]� �  

,]�� ��] "��%�9K,��K#�1D���	#�#� 49 
��\�y1"�	3MG�%E,D�A,]����#��4b5V�$�,.�� �1"�	3MG�%E,D�A,]����#��K#�1"9K%�'� 4���	#N*���3HG�9��K1"�n,
'�� *<%(�]���	#��	#�'��A�	�<,.�� v}i 4*C#���9K'���#+%�3��! "���K� �  "�r*@9��\��;\,.�( q "'�'(* � �K�]1"�	�]�K,W*2G��]�C'�%�14 "'��N*z,.�( 
��%��E�WR	�]��'0��1s�	9K j3H�E'( "9�3M�\*o �  4#�'� �,. "�������]�A,. @,]�� j����9�%E,.���	#Tb�/ #+%�3H "����1s�A9�'�����1"�] �,.�K|s�A,]����#
 4�]�]�	���	$=�� "1"�	#�'E�W�	�]'� 4���A1"1"%(�.�	1�*t����R��� s�A,] "�i�N*0��'� "1"�	'� �����,W�k�H��#03H����,i�A$J,]�� �'���3M�	��#
�K# ��1D���	#�#� 49�
��[��bg����K�a�AG�G�9��K "�x,.��,.�( ~��,]�] 4�]�] 4�"b /�,a�(��R�� }c �*C#���9�'(�M#+%�3��! "���o�	#('
�i�n,.���	#���#(�]% �H1"�K "#N,��] 4�]��9K%(,.�K��#-,]�� t�]%��C�WR�����'6�]1"�	9� t3H�C'� "9�����#� 4 "'� 4'),]����,D�A����9K��|" �,.�( 
14��3MG(%(,D�A,]����# � ���x "'�'(* � �K�]14���]�n,W*�b
��� �G��	�]�	9�9K "9�����9 �  "�2'( �  49���G! "'~�]���\�� "'��a9��K#� s�A�cG��	�.�	9K9� 49���|"�A,.�K��#t�	�� 9+%��	9K9K*0����|" 4'�'��A�

3M�	��#(�2�k 4�] M�	'�'� 4'�,.�t,.�� �14��3MG(%(,D�A,]����#<b5��� �9��C1s�A9���|4 "'�'E*E#��	3M�K1�3H�E'� 49='��	3HG! "'�,.�( 
 4'�'(* � �K�]1"�	�]�K,W*?�i�K,]����%(,z�	#N*��A'����E15'��	3HG���#�RH$&%�#�1�,.���	#��z�	#('�,.�� �%(#�G��N*C�]��1"�	9=#� 4 "'�$&���
,]�� @���	9K9T'��K��,D�A#�1" Ab
��� j9��	�]R	 ��W 4'�'(*M�]�K3�%�9:�I,.���	#o�	$U,.�� k�� 4,c�K#0�H14�]�����r� 
��[� ���c�x'�� �H14%�9K,�1"�	�] S�K$U14��3MG��	�] 4'

,]�oG��] � ����%�� 
��\�i�z1"��3HG�%(,] "'��K#^,.�(����,]�� "�����4b@��� 
��\��Gm�	�]�] 4�]�� "� � �	�]�K��%���$& "�A,.%(�] "� � ,.�( 
}i 4*C#���9K'��q#+%�3��! "�`���8����R��( "�`�	#�'x,]�� iGm 4�]���C'��K1k�!��%�#�'��A��*�14��#�'��n,.�K��#��=1"�	#�#��	,`�! i�	G�G(9��� 4'Tb
�������%�R��(��%(,0,.���K�?������� ,.�� �'(*C#��	3H��1hBE3M�	R�������#����N* 3H�E'� 49@���	�?#��	,^�]���\�i# � 9��A,0�	$
�r,D�	���K9��K|"��#(Ri$& "�A,.%(�] "�J �  "#��K$�#( "RN�A,]� �  k "'('(* � �K�]1"�	�]�K,]�� 4�=�	�� kG��� �  4#N,. "'<bq��� "�� 4$&���� 	;	,]�� U�� 4,
�K#�1"�����]� � 
��\�)���	�q14��3HG�%(,. 4'x%��]�K#�Rz,.�( k,.�]�	'��K,]����#��	9CBE3M�	R�������#����+*S3H�E'( "9�bu��� �,]%��]�(%�9� 4#+,
�!��%�#�'��	��*~1"��#�'(�K,.�K��#��z�K#�1"�� s�	�� "'�,.�( x�]G��� s�	'��K#�R0�	$v,.�� ��� �,��]9��KR��N,.9n*�;T��%E,���#�R� 4#� "�]�	98,.�( 



C�;

'���*m "�� "#�14 `�m �,W�k 4 "#j,]�� `��,] s�	'(*S�A#�'@,.�� `%�#��r,. "�	'(*��!��%�#�'��A��*z14��#�'��n,.�K��#��<�k�	�*9C%(�K,. q��3a�A9�9�b
��� �,.�	,.�	9 � �	�]���A,.�K��# '��K3M�K#������� "' O&�_@L�Xo�]1D�( "3H h�k�	�^%(�] "' ,.�)'�����1"�� 4,.�K|" �,.�( ���1s�	9��	�
 9+%��A,]����#-��#�����'� "�j,.���] 43M� �  t#���#E��G��N*E����1"�	9k����1"�K9�9:�I,.���	#��"b^��� t�_@L��]1D�( "3H t�] "'(%�1" 4'
,.�� j�i��R�R�9K "����%(,@'��K'�#��	,z1"��3HG�9� �,. 49K*?�] 43M� �  5#���#E��G��N*E����1"�	9 � �	9K%� "�4bS��( x�_@Ly�]1D�� 43M 
�] 4'�%�1" 4'a,.�( 2�]G(�] s�A'���#�Rj�	$T,]�� ���1s�	9��	�"b8��� ze�7vBM�] 4G��]�C'�%�14 "'o3M�	#N*�G��� 4#���3H "#��SG��] 4�] 4#+,
��#���%�1D�)� 
��\� �	#�'6���� s�	����#��	��9K o�	R	�] " 43M 4#N,5�i�K,]��,.�� a3M "�	�]%��� "3H "#N,.�j���	�x�	�(,D�	�K#� "'<b
��� ��������] "�����C � ����,] ?0�r*C��,. 43 �	�]�	%�#�'o,.�( S ?E�K,i#� "�	��,.�� z�k�	9K9<���A�c1"�	G(,]%��] 4'~�	���� "9K9��	�
�t�]3M�	9�9=�� "G��A�.�A,]����#��	$�,.�� 
��\� �i�n,.���K#�,.�� �G��KGm Ab���� M���� s�A�S9��s*� "� � ����,]��1" 4�S�	#�'�,.�� 4���
 � ��9�%(,]����#M�k 4�] �G��] 4�] 4#+,c�K#0�	#0�	#��K3a�A,]����#M�	$u,.�� ��� �,sbq��� @14��%�#N,. 4�r���]�	,.�A,.�K#�R � �	��,. ?0G��	�K�
 � ��9 �  "�2�K3M3H "'(�:�A,] "9K*M�A$ ,] "�i,.�� ��� 4,� ?E�n,��i���K1D�~��%�G�G!����,]�c,]�� 5�K'� s�x,.���I,c,]�� � ����,] ?^G��	�K�
�����K#��K,]�:�A,] "'a�N*o,]�� � ���r,.�K1"�K,W*aG��] 4�] 4#+,c�K#?G(��G! 	b
��� Se�7vB0G(�] "'(��14,]�i�	#?��#N,. 4#��] @���A1D�N� 
��\� �! "���K#�'t,.�� ��� �,�#( s�	��,]�� 
Q�A,��k�	9�9<�i�( "�] S#��

 ?EG! "�]�K3M 4#N,D�	9m'��A,D�x�K��� � �A��9:�A��9� Ab8V�,i���kGm�����]�K��9� z,]���A,���%�1D���x�] 41"�K�]1"%(9:�A,]����#M ?E���r,.�";��(%(,i��#
�	#N*�1s�	�� H,]�� H�] "����9�%E,.���	#�#( s�	�@,.�( H�k�	9�9=�k�	�jG��]�����	��9K*~#��	,S'� 4#��] M "#���%(R��h,]�^1"�	9�14%�9:�A,] 
,.�� @14���]�� "1�,c$&����1�,.���	#a�i�K,]�0,]�� �G��] 4�] 4#+,��] 4�]��9K%(,.�K��#Tb
��� k�]��35%�9:�A,]����#@�A$�,.�� U�� �,=�K#��214�]�����r� 
��[�)�� 9+%����� "'x�A#� "#��	�]3H��%��=�A3M��%(#+,J�	$QG����E14 "���]���

,.�K3M Ab8��� @14��3MG(%(,. 4�kG!�[�� "���i�K9�9!��� �  z,]�x��#�14�] s�A�] � �	�r,.9K*�$&����e*7vBM,]�x�m 41"��3H zG��]�	14,]��1s�A9
$&���U3M���r,8 4#�R��K#� " 4�]��#(R2�	G(G�9��K1s�A,]����#��4b�VW#5G��A��,.�K1"%�9��	�";\,]�� k�� "�]�	9�%(,]����#S�	$�,]�� k�!��%�#�'��	��*�9��\*	 "�
���S ?EG! "#���� �  Ab �-�	9�9`3H�E'� 49�9K��#�Rt���j�N*E�(�]��'-}c/ EzB+�We�7�B�3M�C'� "9K�S�i�K9�9q9K���	 49K*�3M�	�	 H,.�K3M Y�
'� "G! "#('� "#N,`�	#('5,.���� " Y�W'��K3M 4#��]�K��#��	9	,]%��]�(%�9� 4#�1" ��]��35%�9:�A,]����#@149����� "�U,.�z�A#� "#�R	��#� 4 "�]�K#�Ri,.�C��9
���A,i�]�	3M z,]��3H z��#o,]�� @$&%(,.%��� 	b



CSF

� ���	�j�	� � 
�� �

� � � �(bQ/�#�'��] 4��G!��%�9��	�i�	#�'�� bm}i�C'���bT�s��FS1�b!7)?(G! "����3H "#N,D�A9���# �  4��,.�KRN�A,]����#����A$Q�� �,.�c��#^�
14�]������
��\��bk�	��%���#��	9T�	$8789K%���'0{? "1D���	#(��1"���A<SF(;�G��	R	 "�c��<��!�\��;Eb

� �&� 7�bA���	9��	�.�	�4; F b	�k 4#��C1"1"�P;��	#('��jbApq����3H "9K9��PbA�\�	� CEbC78��#(�K,. Y� Lz� *< 4�] "#(1" F ��3HG�%(,.�A,.�K��#��
�A$����KR�� }i 4*C#��	9�'���E�%�3��! "�M789K�[�i�M������#�R�,.�� ^L2*C#��	3H��1^BE%��(R��]�K'E�rBE1"�	9� ^{^�C'� 49�b
��( "���� 4,.�K1s�	9T�	#�' F ��3MG(%(,D�A,]����#��	9!789�%��K'0L2*C#��	3H��1"� ;E;�G��	R	 "���	� ;��E�E�\�(b

� <�� @b @bm�k%���b!�A�����(b�/ G��A�.�	9K9� "9P;Ed�#(�K,. Y� � ��9�%�3H @�	9KR������K,.�(3 $&���i9��	�]R� Y�W 4'�'(*t����3�%�9��A,.�K��#
�A$J,]%��]��%(9� "#N, 
��\�i�4b F �	3MG�%E,. "����� 789K%���'����	�(;�G��AR� "�@F ;S;��E�(�CCb

� 1 � }�b e`bQ��%��]'� 4#��	#('��(b L�bQ7Q�	���� "�"b<�\����<(b Ec%�3M 4�]�K1s�	9T/�#��	9n*E�����4;Q78�K$ ,]� 7`'(�K,.�K��#Tbvp � B
pq%��(9���������#(R F ��3HG��	#N*�bqVrB(� E��[� CS<S1I� ��<N�C�\�I� <Eb

� C&� �g�K9�9K�:�	3 F �	�!�	,U�	#('5pJ�	� � ��|�{^�	��#Tb��s����<(b	eU�A�]R� 7q'�'(*jBC��3�%�9��A,.�K��#2�A$�BE1"�	9:�A��J�]�	#��r�
G!���r,H�i�n,.�),.�� ^L2*C#��	3H��1?BE%��(R��]�K'E�rBE1"�	9� ?{?�E'� 49�b VW# ��>S�A9�G! "�]�K#)�2bv�	#�' �z���]|s�AR
B!b /jb!O  "'(�K,.�	�]�DXY;+eu�	�]R� $7q'�'(*MBC��3�%�9��A,.�K��#5�A$ F ��3HG�9� ?#7q#�R��K#� " 4�]�K#�RS�	#�'a>� 4��G��N*C�]�n�
1"�	9!789��\�i�4;C1D���	G(,. 4� ;E;+G��AR� "�c�B1����Q�CSF(b F �A3����]�K'�R� c��#(� �  4�]���K,W*Hpq�] 4�]�"; F �	3�������'�R	 	;
��wxbqVrB(�LE ��� C��E�4��1 <����	�I� ;Eb

� ��� L�b F �.�	�(�T;�L�b 7kb�> Lz%�����	��;T�A#�'��(bf�Sb �g���n,. "9��s��bJ�\�SF(��b@/ }i��%�#�'��	 �,�E�����3a�A9U,]�
� F �]�	�]��
��[��bMJ�]�	#��]�	14,]����#����	$�,.�� �/zB�{ 7 �J�	��%��]#��	9q�	$�7J9�%��K'�� 7q#�R��K#� " 4�]��#(R��s��<(;
G��	R� "�OC	�SF�� CSF��Eb

� ;&� BC��3H��#0L@�	��9K��,.� Z��3?b��	���S<(b`eu�	�]R� 7q'�'(*^BC��3�%�9��A,.�K��#a�A$8,.�( j7J9��\� /��]��%(#�'~�H���KR��E�
e��n$ ,5/�����$&�	��9�b~Lz�E1�,.���]�	9q,.�� 4�]�K�"; F ���	9K3M 4�]�5��#�� �  "���]�n,W*��	$iU "1D��#(��9���RA*�;v> Z�	,. 4�m����R�;
B+�k 4'� "#Tb

� F�� �(b � bNLz "�	�]'��	� *Jb(�\� ;A�(bQ/ #C%(3M 4�]��1"�	9(�r,.%�'E*x�	$Q,.���� " Y�W'��K3M 4#��]�K��#��	9+,.%�����%�9K "#N,`1D���	#E�
#( "9 
��\���I,�9:�	��R� 0}c �*C#���9�'(�x#C%(3��m 4�]�4b �	�	%��]#��A9��	$z7J9�%��K'�{^ "1D���	#���14� 1(��;`G��	R� 4�
1 CS<��X1 F	�(b



C	�

� ��� �(bf{hb��(b<'� "#�U�E��#('� "�@�A#�'�7kb @bf{hb�E��� 4%N�i��,D�A'(,sb=�s��� ;EbS}i 4*C#���9K'��@#+%�3��! "�z *< 414,.�
��#��o,.%(�]��%�9K "#N,SG���G! 
��\� $&���@9K�\� ,]�^3H�E'( "�.�I,. �}i 	bHpq�+*C����1"�S�	$�789�%��K'��@�(;uG��AR� "�
<�<��SF�� <S1N�	�(b

� �s��� {hb[>@ "��3a�A#���;\�Sb\pq����3H "9K9���;4pJb\{^����#<;[�	#�'�� bf�Sb F �	�!�	,sbA�\���(�	bA/6'(*C#��A3M�K1=�]%��(R��]�K'E�
�]1"�	9� @ 4'�'(* � �K�]1"�	�]�K,W*o3M�C'� "9Pb=pq�N*C�]��14���A$=789K%���'(��/ ;E;�G��AR� "���;	�	���!�;	��CEb

� �	� � �jbU>@�����(;uwxbu>��(�:�(;u�	#(' F bUBE�(��#Tbq�\�SFN�Eb����KR��E�W}c HBE�	9�%(,]����#���$&���@VW#�1"�	3MG��� "���]���(9� 
789K�[� �c�]��#(R�,.�� �E�� � �K "�r� BC,.�	�	 "�$7:9+%��A,]����#����	#�'?�H{^%�9K,]��R�����'o{^ 4,]���E'<b`�	��%���#��	9T�	$
F ��3HG�%(,.�A,.�K��#��	9mpq�+*C����1"�$1 F(;EG��	R� 4�$<�F ;��X1(����b

� �\�&� � b�>�����G�GT;!7�bveu%(�]�Q;i�	#�')/5b�BE�"�� "9K9�%�3?b��\�	���(b ���]�K#�R6{^p`V �vpU����,.�	��9� ?pJ�	�.�	9K9� 49
pq�]��R	�.�	3H3M�K#�Rj�i�n,.�0,.�� 5{^ 4�]�.�AR� ��Wp8�	���]��#(RaVW#N,. 4��$ �	14 	;<BE "14��#�' 7q'��n,.�K��#Tb`��� 5{^VW
pq�] 4�]�"; F �	35���]�K'�R� 	;�{~�	���.�	1D�+%��� 4,],]�"b�VrB(�LE �I�r�A�N�[� CS;E�A<N�[� <(b

� �B<�� �(bf�xbC�c��#�|4 	bQ�\� ;�CCb<U%��]��%(9� "#(1" 	bJ{^1s>��]�s��� ���K9�9P; E� �� �v���]�Q;(�A#�'a 4'��K,]����#<bmVrB(� E ���
� ;��C�N�	����<�;�� ;Eb

� � 1 � F ���	��9� 4�q���K�]�]1D�<b(�\���	�(b F ��3HG�%(,.�A,.�K��#��	9E{^ �,.���C'��=$&���=VW# � ����1"�K'��	#�'�_z�K�]14��%��`789K�[�i�4;

� �	9�%�3H 0���	$��������	��
����������������������
�������! ��"���	�������#����$&%(')���	�������+*,�-��.(/�b6�	����#
�g��9K 4* � BE�	#��ce�,]'T; F ���K1D�� "�r,. "�4b`VrB(�LE ���X1�;C���E�N�S<�CE���E�(b

� �AC&� �����	�+�A�t��� *m�] 4#T;!���3H�oBE�K���A��#� "#<;<�	#('�BE "G(Gm�aeU�A��#� AbU�s��� CEb F ��#��� "� � �I,.� �  �{^%�9n,.� �
��9K�E1D� E�� � �K "� �(BC,.�	�	 "�2BE��9 �  4�i$&�	�c/��]���n,.�]�	�]�K9K*MLz 4$&����3M�K#�R�>@ "��3H 4,]�]�K "�"bk�	��%���#��	9��	$
/2�K�]14�.�A$ ,@<��E;�#���b��(;�G��	R	 "���A<S1+� �!�A< C	�Eb

� �s��� pJbU�	�	���	#����]��#6�A#�'-L@� � ��'(�]�]�	#-eqb`�\��� CCbo{^�C'��nd� "' F ��9�9K�E1"�A,. 4'�BEVr{~p`e�7 F /29�R	�A�
�]�n,.��3 /2G�G(9��� 4'H,]�5��%��\*N�	#�1�*N� ��*m "1�,. "'aJ%�����%�9K "#N,�7J9��\� �c�]��#(R5�j{^%�9n,.��R	�]��'�pq���E14 ��
'�%��� 	b Ec%�3M 4�]�K1s�	9<�� s�I,�U�.�A#���$& 4�5O p8�	�r,c��Xi�SF(;�G��	R� "�@<	��� C�;Eb

� �A;&� �(b 7kbQw@ '*m "���	#�' � b L�b!���	�K#� "�4b��\����<(bk��� 5����%�#�'0,.%�����%�9K "#N,`�� �,2�K#~��1"�����]� ���i�K#�'Tb
�	��%���#��	9T�A$=789K%���'t{^ "1D���A#���14�S�ACE;�G��	R	 "�@1 F(����1N� ;Eb

� �BF�� }�b�{hbCw@ "9K�]��;+@b @bCeu�K3^;+�A#�'a/jb=7�bCpJ 4�]��*	bm�s�����(bm/2#a ?EGm 4�]��3H "#N,.�	9���,]%�'(*H�	$�����%�#�'
�� 4,]�i��#t1"�����]� � 
��\��b��	��%���#��	9T�A$=789K%���'t{^ "1D���A#���14� <��	�(;�G��	R	 "�@����� �!�B1�1�b



���

� �\��� �(bJw@��3 �	#('6pJb8{^���K#Tb`�\��F CEb?/2G(G�9��K1s�A,]����#��	$i�~7Q�]�	14,]����#��	9n� BC,. 4G�{^ 4,]���E'h,.��VW#E�
14��3HG��] 4�]�]�K��9� E2� � �� "� �rBC,]���	 4�$7 9+%��I,.���	#��"b`�	�	%��]#��A9T�	$ F ��3MG(%(,D�A,]����#��	9<pq�N*C�]�K1"�OC	�(;
G��	R� "�$<��SF�� <N�S<Eb

� �	��� �(bAw@��3?;IpJb	{^����#<;��	#�'5}Sb	{^���� "�4bE�\�SF ;EbCJ%�����%�9K "#�14 �BC,.�A,.�K��,.�K1"�u��#57�%�9�9n*�Lz �  "9��	Gm 4'
F ���	#�#� 49�7J9��\���A,Me��\� }i 4*C#���9K'��8E�%�3��! "�4b �	��%(�]#��	9i�	$z789�%(��'){^ 41D���	#��K1"�~�A;�;E;
G��	R� "���A<S<��!�\���Eb

� �E� � {�b�e� "�]�K "%��4b8�\�	� ;EbSJ%�����%�9K "#�14 x��#�789K%���'��4;m��(���]'�}i � �K�] "'��	#(' 7q#�9��	�]R	 "#� 4'�_` "�r�
������#<bqw@9�%N�k 4�i/21s�A'� "3H��1�pq%���9K������ "���";�Lz����'��] 41D�N,sbqVrB(�LE �I� ;	�N�S<[� 1�1��s�I�r�Eb

� ���&� L�b wxbse���9K9K*	bI�s���N�EbI/6G��]�	Gm���� "'@3H�E'(�Kd�1"�A,.�K��#2�	$+,]�� v>� 4�]3M�	#�����%���R�����'E���]1"�	9� =149�����%��] 
3H 4,]���C'Tbqpq�N*E����14���	$8789K%���'��k/ 1�;�G��	R� 4�i��<�<��C��< CEb

� �S<�� pUbJ{~�[�]�	#�'( "�"bJ�	�	���(boLz �  4G�9���G(3M 4#+,]�j�K#-eu�	��R� 87q'�'(*-BE��35%�9:�A,]����#<b�}c 4Gm���r,a�\�SF(;
�c "9K�]��#(�C�T��#�� �  "���]�n,W*o�	$JJ 41D��#���9K��R	*	bvVrBE�LE � CE���(�	���X1 F��E���!��b

� �T1 � /jbi{^�K 4,],]��#� 4#Tbc�\��� ;Eb / B+,.%�'(* �	$�,.�� �pq�� "�]��%��] F �����] 414,.�K��# /2G(G��]�N�A1D� �K# ,.�( 
F �	9��C1s�A,] "'M>�����'x/��]�.�A#�R� "3H "#N,"b<U "1D��#��K1s�	9��� "G!����,v#��(b����\�(;+�c "9�����#��+���c#�� �  "���]�K,W*��	$
U "1D�(#���9��	R	*�;�eu�	�!���]�A,.���r*a�A$8/�G�G�9��K "'0��� 4�]3H�E'(*C#��A3M�K1"�"bJVrB�B Ey�[�S<�;�� F�< ;	�Eb

� ��C&� 7�b�{hb E2�[� �]�	���A#�' L�b wxb8J�A$ ,.�Pb��\���	�(b 7 � �	9�%��I,.���	#��	$��	$�,]�� ?L2*C#��	3H��1tBC%���R�����'E�
BC1s�	9K 5B+,.�] 4�]�2{^�C'� "9u��#^78�K#��K,] @Lz��*m "�� "#�14 "'^e*7vB ��7�*m "14,]���A$`>@�]��'?}i "����9�%(,]����#?�	#('
VW#(����3H��R� "#( "��%��JJ 4��,=78��9n,],. 4�]�K#�R�bNVW# �JBC*C3HGm������%�3 �	#xe�7�Bj�	#�'xL E2BS�	$QU%��]�(%�9� 4#+,
7J9��\��;(G��AR� "�����	���(�S<��(bE/�,.9��	#N,D�(bq7)7vL���_`��9�b(�T1+�Cb

� �	��� 7�b�{hb E��[� �]�	�M�	#�' L�b wxb`8�A$ ,]��b��\�	���(b BC,]%�'(*)�	$z'(���]14�] �,. ^,] "�r,ad�9n,. "���a�A#�' d�#(�K,. 
'(��*m "�] 4#�1" ��	G�G(�]�B?E��3M�A,.�K��#��J$&�	�`,]�� c'(*C#��	3H��1��]%(��R��]�K'E�W��1s�	9K ���,]�] "���k3H�E'( "9�b!pq�N*C�]��14�
�A$=789K%���'(� F(;�#��(b 1�;�G��AR� "���\� ;A���!�\��FSF(b

� ��;&� B!bfL�bqpU 4,] "�]����# �	#�' {hb � b`p`9K "��#��:�	�Qb=�	���S1�bJ7 � ��9K%(,.�K��#��	$q�� 4,]�x "3M�	#��A,]��#�R~$&����3
�������r,i����9� 4����#N,.��14�]������
��\��bk�	��%��]#��	9T�	$8789�%(��'0{^ 41D���	#��K1"�OC	��<E;�G��	R� 4�OC�;��E�(�	b

� �SF�� �Sb�pq���	3M 49�9����	#�'?�(b�e��K%Tbm�s��� CEbUeu�	�]R	 ��W 4'�'(*M�]�K3�%�9:�I,.���	#H�A$u�]�	,.�A,.�K#�R51D���A#�#� "9 
��\�i�
%(�]��#(RM�x9K�E1"�	9��K|" "'a'(*C#��	3H��1z3H�E'( "9�b8pq�+*C����1"�c�	$8789�%(��'��@;C;�#���b 1(;�G��	R� 4�$F�<���� FT1 F(b



�(�

� �A��� /5b wxb�pq�.�A�.�	'?�	#�'?�(b }�b�w@���] *8bT�s��F��(bJ}c �*C#���9�'(��#C%(3��m 4���	#�'0 4#�'E���k�	9K9< '*m "1�,.�i��#
�x9��K'E�W'���� �  "#o1"� � �n,W* 
��\��bvp`�N*C�]�K1"�i�	$8789�%(��'���/ ��;(#���bQ�E;(G��	R� 4�2�A��F��(�E�BF(b

� <	��� F bf{hbq}i���� t�A#�' � bfeqb F �(�[��bk�\��F�<(b E�%(3M 4�]��1"�	9kBC,.%�'E*��	$i,.�( tJ%�����%�9K "#N,�789K�[�
p8�A��,?�	#g/2�K��$&���K9��i�K,.� U�.�A��9��K#�R 7`'(R� �BE "G��	�.�A,]����#<b�/�VW/2/��	��%���#��	9z�E��;c#���b2�	��;
G��	R	 "�@�C��SC��!�CS<��Eb

� <E� � /5bQ}i��|4|"�P;�pJb�7q9����	�]����#T;�VDbQe���#�'(��9:�	'<; F b!�������]1D�T; F b!eu�	1"�	�";Q�	#�'��(bQ�2�	 4%��] 4�"bU�\����<Eb
��� @7q#�R��K#� " 4�]�K#�Rz�	$<{^%�9n,.�K��9��C1D� ��{^%�9n,.��R	�]��'jBE�A$ ,W���	�� �$&���:E�� � �K "�r� BC,.�	�	 "�`7J9��\�i�=��#
BC,]�]%�1�,.%��� "'~{^ "���� "�4b F ��3HG�%(,] "��� � 789�%(��'������E;�#��(b!�E;�G��	R	 "�$<S1����X<�� ;Eb

� <��&� pJbAB(�ARN�	%(,";T7�bA{^��#N,]�] "%(��9�;I�	#('x��b[eu�	��� � AbC�s�����(bN/��]�] 4�]��3M 4#+,8�	$�����3H ��� "9K$:�W�	'��	GE,.� �  
B�>SB�3H�C'� "9K��$&���x���	9K9��m�	%�#�'� 4' 
��\�i�"b /2 "�����]G��	1" ~BE1"�K "#�14 ��	#(' U "1D��#(��9���RA* <(;
#���b��(;�G��	R	 "�$<�< C��X<S1�1�b

� <S<�� �(bcBE3M�	R�������#����N*�bz�\�	��<(bl>� 4#� "�]�	9@1"�K�]14%�9:�A,]����#  ?EGm 4�]�K3M 4#+,]�t�i�K,.�g,.�( �G(�]��3H�K,]� �  
 9+%��I,.���	#��";upJ�	��,SV �T��� H���	����1x ?(G! "����3H "#N,sbH{?��#N,.9K* �- "�A,.�( "�S}c � �� 4� �(��;�G��AR� "�
�����Q�C��Eb

� <T1 � �jb(J 4#�#� "�A "���	#�'^�(b e`b�eu%(3M9K 4*�bm�\� ;��Cb8/ 78�K�]��, F ��%��]�� ���#tU%��]��%(9� "#(1" 	bq��( S{^VW
pq�] 4�]�"; F �	35���]�K'�R� 	;�{~�	���.�	1D�+%��� 4,],]�";U�s��,c 4'��K,]����#TbJVrB(�LE ���(�A�N���(�	�	�(�\��� FEb

� <�C&� �2bC_`�] "3M�	#T;E�2bQ>@ "%(��,.�4;��	#('0�jb�w@%� 4��,. 4#Tb<�s���S1�bJLz����1"�] �,.�K|s�A,]����#H "���]����'(��3M�K#��	#�14 
� �  4�q�]%���R	�]��'�,] "��3M�=�K#�9:�A�]R� � 4'�'(*5�]��35%�9:�A,]����#S�	$!1"�	3MG��� "���]���(9� k���� s�A�q9:�s*� 4�]�q��#x�	L�b
F ��3H3�%�#��K1s�A,]����#(���K# Ec%�3H "�]�K1s�	9T{^ 4,]���C'��i��# 7q#�R���#( " "����#�Rt�s�(;�G��	R	 "�O;SF C�� ;	���(b

� <	��� �2b8_`�� "3M�	#T;v�2b`>@ "%(��,.�4;v�	#�')�jb`w@%� 4��,. 4#Tb��\�	� CEb-/�G(�]���	�]��,] "�r,.���	$�9:�	��R� a 4'�'(*
�]�K3�%�9��A,.�K��#��	$z,.�( �1"��3HG��� "�]������9K ~G�9��	#� ?3M� ?E��#�R�9:�s*� 4�"b �	�	%��]#��A9��	$ 7q#�R	��#� 4 "�]�K#�R
{~�A,]�� "3M�A,]��1"���	�(;�G��AR� "���	����� <N��;Eb

� <�;&� �2b �h "R�#( "�"; �xb`��%��	��;��	#�' B(�	'��K�C�k/5b��	���S1(b F ��3HG��	�]�A,.� �  t�r,.%�'(*��A$2,.%(�]��%�9K "#N,
3H� ?E��#�R5��#5�� 4,i�K#?14�]�����r� 
��\� 1"��#Ed�R�%��]�A,.�K��#���%�����#�RHe�7vBmb`VW#N,. "��#��A,]����#��A9u�	��%���#��	9T�	$
�� "�A,c�	#�'^789K%���'t7J9��\� ��CE;�G��AR� "�O;	� ; � ;�;�CEb



�N�

� <�F�� 7��]�	#��6{�b �g���K,] 	b��s���(��b�_z�K�]1"�	%��H789�%��K'�789K�\��b6{^1s>��]�\� �C����9K9��k�C��� F ��bn; Ec 4�
�v�	�]�Q;Q�A#�'? "'(�K,.�K��#TbJVrB(�LE ���E� ; �E����� ;C�[���X1�b

� <���� {�b��g��9�9K 	bE�\��� ;Eb!eu�	��R� $7`'('(*MBE��35%�9:�A,]����#j�	$N�� 4,.�v��#�14�]����� 
��\�i�4bTpq�Tb 'TbN,.�� 4�]���4;+VW3��
G! "���:�	9 F ��9�9K "R� z�A$qBE14�� 4#�1" A;!U "1D�(#���9��	R	*0�	#�'~{^ 4'���14��#� A;�Lz "G��A��,.3H "#N,i�	$ F �� "3H��1"�	9
7q#�R	��#� 4 "�]�K#�R�;(eu�	#�'���#Tb

� 1N��� eqb e �v%��	#<;8}�bfeqbUBC,]�] 4 4,s;J�	#�'-�(b �l7� "��|"�KR� "�4b=�\�����Ebaeu�	��R� ��� "'�'(*��]��35%�9:�A,]����#(�2�	$��
����%�#�'5�� �,��K#t1"�����]� 
��\��b��	��%(�]#��	9<�	$=7J9�%��K'0{^ "1D���	#���14� <�;	�(;(G��	R� "�O;E� �!�\�S1�b



ISBN-13 978-951-22-8404-7
ISBN-10 951-22-8404-9
ISBN-13 978-951-22-8405-4 (PDF)
ISBN-10 951-22-8405-7 (PDF)
ISSN 1795-2239
ISSN 1795-4584 (PDF)




