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1.1. Literature Review
1.1.1. State of the Art DC Fault Location



1.1. Literature Review 3

1.1.2. State of the Art MT-HVDC Line Protection
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1.2. Problem Definition and Scope
1.2.1. Fault Location

Vb1
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Vb1 40 dB
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1.2.2. Protection
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Travelling Wave Theory

2.1. Directional Travelling Waves

∆x R L
G C u(x, t) i(x, t)

t x
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2.2. Symmetrical Components 8


u(x, t) − u(x + ∆x, t) =

(
L

∂i(x, t)
∂t

+ Ri(x, t)
)

dx

i(x, t) − i(x + ∆x, t) =
(

C
∂u(x + ∆x, t)

∂t
+ Gu(x + ∆x, t)

)
∆x


∂2u(x, t)

∂x2 = LC
∂2u(x, t)

∂t2

∂2i(x, t)
∂x2 = LC

∂2i(x, t)
∂t2

u(x, t) = uf

(
t − x

v

)
+ ub

(
t + x

v

)
i(x, t) = if

(
t − x

v

)
+ ib

(
t + x

v

)
f b

v = 1√
LC

Zc = u

i
=

√
L

C


if (t) =

uf (t)
Zc

ib(t) = ub(t)
Zc


uf (t) = u(t) + Zci(t)

2

ub(t) = u(t) − Zci(t)
2

2.2. Symmetrical Components
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x0
x1
x2

 = 1√
3

1 1 1
1 α α2

1 α2 α

 xa

xb
xc

 ,

α = ej 2π
3 [xa xb xc] [x0 x1 x2]

α ejπ [
x0
x1

]
= 1√

2

[
1 1
1 −1

] [
xp

xn

]
,

[
xp

xn

]
= 1√

2

[
1 1
1 −1

] [
x0
x1

]
,

[xp xn] [x0 x1]

vp · ip + vn · in = v1 · i1 + v0 · i0.

v1 = vp = −vn

v0 = 0
vp · ip + vn · in = v1 · i1.

2.3. Initial Voltage at Fault Point
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u1 − if1Z1 = uf1
0 − if0Z0 = uf0

Z1 Z0

2.3.1. Single Pole to Ground Fault
p

n
Rf {

ifn = 0
ufp = ifpRf

{
if0 = if1
uf0 + uf1 = (if0 + if1)Rf


uf0 = u1Z0

Z1 + Z0 + 2Rf

uf1 =
u1(Z0 + 2Rf )
Z1 + Z0 + 2Rf

u1 =
√

2Vf Vf
Vf = Vp
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∆uf0 = uf0 − 0 =
−

√
2Vf Z0

Z1 + Z0 + 2Rf

∆uf1 = uf1 − u1 =
−

√
2Vf Z1

Z1 + Z0 + 2Rf

2.3.2. Pole to Pole Fault

Rf {
ifp = −ifn

ufp − ufn = ifpRf

{
if0 = 0
2uf1 = if1Rf

uf0 = 0

uf1 =
u1Rf

2Z1 + Rf

u1 =
√

2Vf Vf
Vf = Vp

∆uf0 = uf0 = 0

∆uf1 = uf1 − u1 =
−2

√
2Vf Z1

2Z1 + Rf



2.4. Propagation Characteristics 12

2.4. Propagation Characteristics

ub(0, s) = eγ(s)xub(x, s)

ub(x, s) eγ(s)x

eγ(s)x ≈
1 − ka

x

l
(1 + sTa)

e−s x
v

e−s x
v Ta

Ta = τx τ
ka

ka =
[√

(r0 + jωL0)(g0 + jωC0)
]

r0 g0 L0 C0

2.5. Voltage at Relay Unit for Internal Faults

Vb1 R12 R21

ub1(s) = u1(s) − Zc1(s)i1(s)
2

f12
R12

l x
Vb1,12

Vb1,12(s) = ∆vF 1
s

eγ(s)x

= ∆vF 1
s

(
1 − kal

1 + s · τ l
e

s· l
v1

)
= A0

(
1
s

− 1
s + 1/τ0

)
e−s·Td0 .

Vb1,12

Vb1,12(t) = A0
(
1 − e

− t−Td0
τ0

)
u(t − Td0)

A0 = ∆vF 1(1 − kal), τ0 = τ l, Td0 = l/v1;
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Vb1
ts

v1
Td0

τ0 A0

2.6. Voltage at Relay Unit for External Faults
Vb1

R12 R21

R12

R12 R12
R12

Vb1 R12
R12
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R12

R21

R12
Ldc

Vb1



DC Grid System Model

3.1. Real Time Simulation Environment

50 s

1 s

15



3.2. HVDC grid modeling 16

3.2. HVDC grid modeling

±

60 s

3.2.1. Protection System



3.2. HVDC grid modeling 17

Fault Application and DCCB control



3.3. Test Setup 18

3.3. Test Setup
3.3.1. Fault Location

R12

R12 R12

0.001Ω 1.0Ω

3.3.2. Protection

0.0001Ω 500.0Ω

10 × 10 × 3 = 300
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�i�?�2 �7���m�H�i �H�Q�+���i�Q�`�X

���������(�I�W�M�K�R �4�V�S�G�I�W�W
������������Vb1 �M�R �7�M�Q�Y�P�E�X�M�S�R
�"�Q�i�? �i�?�2 �7���m�H�i �/�2�i�2�+�i�B�Q�M ���M�/ �i�?�2 �7���m�H�i �H�Q�+���i�B�Q�M �r�B�H�H �#�2 �#���b�2�/ �Q�M �i�?�2 ���M���H�v�b�B�b �Q�7 �i�?�2Vb1 �b�B�;�M���H�X �h�?�2 �p�2�`�v
�}�`�b�i �b�i�2�T �B�M �i�?�2 �T�`�Q�D�2�+�i �B�b �i�Q �+�Q�K�T�m�i�2 �i�?�B�b �b�B�;�M���H �B�M �_�a�*���.�X �h�?�B�b �+���M �#�2 �2�t�2�+�m�i�2�/ �m�b�B�M�; �i�?�2 �b�B�K�T�H�2
�+�Q�M�i�`�Q�H �+�B�`�+�m�B�i �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�R�X �h�?�B�b �+�B�`�+�m�B�i �B�b �/�B�`�2�+�i�H�v �B�K�T�H�2�K�2�M�i�2�/ �7�`�Q�K �1�[�m���i�B�Q�M�b�k�X�N���M�/�k�X�d�-
�`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2�_�R�k�H���#�2�H �b�?�Q�r�b �i�?���i �i�?�B�b �h�q �K�2���b�m�`�2�K�2�M�i �B�b �H�Q�+���i�2�/ ���i �i�?�2 �`�2�H���vR12�- �H�Q�+���i�2�/ ���i
�+�Q�M�p�2�`�i�2�` �R �Q�M �*���#�H�2�R�k�X �h�?�2�K�2���b�H���#�2�H �b�?�Q�r�b �i�?���i �i�?�2�b�2 ���`�2 �K�2���b�m�`�2�/ �[�m���M�i�B�i�B�2�b �7�`�Q�K �i�?�2 �>�o�.�*
�K�Q�/�2�H�- �M���K�2�H�v �T�Q�H�2 �p�Q�H�i���;�2�b ���M�/ �+�m�`�`�2�M�i�b ���i �i�?�2 �`�2�H���v �H�Q�+���i�B�Q�M�X �h�?�2 �T�Q�b�B�i�B�p�2 �+�m�`�`�2�M�i �/�B�`�2�+�i�B�Q�M �B�b �i���F�2�M
�7�`�Q�K �i�?�2 �.�* �#�m�b �B�M�i�Q �i�?�2 �+���#�H�2�X

�6�B�;�m�`�2 �9�X�R�,Vb1 �+�Q�K�T�m�i���i�B�Q�M �B�M �_�a�*���.�X

�6�`�Q�K�1�[�m���i�B�Q�M �k�X�k�3�- �B�i �B�b �F�M�Q�r�M �i�?���i �i�?�2 �r���p�2�7�`�Q�M�i �Q�7Vb1 �7�Q�H�H�Q�r�B�M�; ���M �B�M�i�2�`�M���H �7���m�H�i �B�b �� �/�2�+���v�B�M�;
�2�t�T�Q�M�2�M�i�B���H �7�m�M�+�i�B�Q�M �m�M�i�B�H �B�i �B�b �`�2�~�2�+�i�2�/ �B�M �i�?�2 �7���m�H�i �T�Q�B�M�i�X �>�Q�r�2�p�2�`�- �7���m�H�i�b �+���M �p���`�v �B�M �� �K�m�H�i�B�i�m�/�2 �Q�7
�+�?���`���+�i�2�`�B�b�i�B�+�b�- �Q�7 �r�?�B�+�? �i�?�`�2�2 ���`�2 �B�M �i�?�2 �b�+�Q�T�2 �Q�7 �i�?�B�b �i�?�2�b�B�b�- �M���K�2�H�v �7���m�H�i �i�v�T�2�- �H�Q�+���i�B�Q�M�- ���M�/ �`�2�b�B�b�i���M�+�2�X

�)�J�J�I�G�X �S�J �*�E�Y�P�X �8�]�T�I
�*�Q�M�b�B�/�2�`�B�M�; �i�?���i �i�?�2 �H�B�M�2�@�K�Q�/�2 �p�Q�H�i���;�2 �Q�` �+�m�`�`�2�M�i ���b �+���H�+�m�H���i�2�/ �B�M�1�[�m���i�B�Q�M �k�X�N�/�2�+�Q�m�T�H�2�b �i�?�2 �T�Q�H�2�b�- ��
�;�`�Q�m�M�/ �7���m�H�i �Q�M �� �T�Q�b�B�i�B�p�2 �Q�` �M�2�;���i�B�p�2 �T�Q�H�2 �U�S�h�: �Q�` �L�h�:�V �b�?�Q�m�H�/ �`�2�b�m�H�i �B�M �i�?�2 �b���K�2 �H�B�M�2�@�K�Q�/�2 �`�2�b�T�Q�M�b�2�X
�"�2�+���m�b�2 �i�?�2 �b�B�;�M���H �Q�7 �B�M�i�2�`�2�b�i �B�bVb1�- �� �b�B�K�B�H���` �`�2�b�T�Q�M�b�2 �B�b �2�t�T�2�+�i�2�/ �7�Q�` �#�Q�i�? �i�v�T�2�b �Q�7 �7���m�H�i�b�X �h�?�B�b �+���M
�#�2 �b�2�2�M �B�M�6�B�;�m�`�2 �9�X�k�X �a�B�K�B�H���`�H�v�- �B�7 �#�Q�i�? �T�Q�H�2�b ���`�2 �7���m�H�i�2�/ �B�M �� �S�h�S �7���m�H�i�- �i�?�2 �7���m�H�i�@�B�M�/�m�+�2�/ �`�2�b�T�Q�M�b�2 �B�b
�2�z�2�+�i�B�p�2�H�v �/�Q�m�#�H�2�/ �+�Q�K�T���`�2�/ �i�Q �� �S�h�: �Q�` �L�h�: �7���m�H�i �#�2�+���m�b�2 �Q�7 �i�?�2 �/�2�+�Q�m�T�H�B�M�; �2�z�2�+�i�X
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�6�B�;�m�`�2 �9�X�k�,�1�z�2�+�i �Q�7 �i�?�2 �7���m�H�i �i�v�T�2 �Q�MVb1 �`�2�b�T�Q�M�b�2 �UR f = 1 :0
 �-l = 150 �F�K�V�X

�)�J�J�I�G�X �S�J �*�E�Y�P�X �6�I�W�M�W�X�E�R�G�I
�q�?�2�M �� �7���m�H�i �?���b ���M �B�M�i�2�`�M���H �`�2�b�B�b�i���M�+�2�- �i�?�2 �p�Q�H�i���;�2 ���i �i�?�2 �7���m�H�i �T�Q�B�M�i �B�b �M�Q�i �2�M�i�B�`�2�H�v �x�2�`�Q�- ���M�/ �i�?�2 �7���m�H�i
�+�m�`�`�2�M�i �r�B�H�H �#�2 �H�Q�r�2�` �i�?���M �i�?���i �Q�7 �� �K�2�i���H�H�B�+ �7���m�H�i�X �h�?�B�b �2�z�2�+�i �B�b �i�`���M�b�7�2�`�`�2�/ �i�Q �i�?�2Vb1 �b�B�;�M���H ���M�/ �b�?�Q�m�H�/
�i�?�2�`�2�7�Q�`�2 �#�2 �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i�X�6�B�;�m�`�2 �9�X�j�b�?�Q�r�b �i�?�B�b �2�z�2�+�i �7�Q�` �i�?�`�2�2 �7���m�H�i �`�2�b�B�b�i���M�+�2�b�,1:0
 �-0:1
 �- ���M�/
0:001
 �X �h�?�2 �H���i�i�2�` �B�b �+�Q�M�b�B�/�2�`�2�/ �i�Q �#�2 �� �K�2�i���H�H�B�+ �7���m�H�i�X �A�i �+���M �#�2 �b�2�2�M �i�?���i �i�?�20:1
 �7���m�H�i �B�b �M�Q�i �p�B�b�m���H�H�v
�/�B�b�i�B�M�;�m�B�b�?���#�H�2 �7�`�Q�K �i�?�2 �K�2�i���H�H�B�+ �7���m�H�i�X �>�Q�r�2�p�2�`�- �i�?�21:0
 �7���m�H�i �B�b �/�B�z�2�`�2�M�i ���M�/ �b�Q �i�?�2 �`�2�b�T�Q�M�b�2 �B�b �H�2�b�b
�b�2�p�2�`�2�X �h�?�2 �b�2�p�2�`�B�i�v �Q�7 �� �7���m�H�i �B�b �K���B�M�H�v �;�B�p�2�M �#�v �i�?�2 �/�`�Q�T �B�M ���K�T�H�B�i�m�/�2 �B�M �i�?�2Vb1 �`�2�b�T�Q�M�b�2�X �>�B�;�?�2�`
�B�K�T�2�/���M�+�2 �7���m�H�i�b �r�B�H�H �#�2 �2�p�2�M �?���`�/�2�` �i�Q �/�2�i�2�+�i ���M�/ �+�H���b�b�B�7�v �+�Q�`�`�2�+�i�H�v�- ���b �i�?�2�v �r�B�H�H �#�2 �2�p�2�M �H�2�b�b �b�2�p�2�`�2�X

�6�B�;�m�`�2 �9�X�j�,�1�z�2�+�i �Q�7 �i�?�2 �7���m�H�i �`�2�b�B�b�i���M�+�2 �Q�MVb1 �`�2�b�T�Q�M�b�2 �U�S�h�: �7���m�H�i�-l = 150 �F�K�V�X

�)�J�J�I�G�X �S�J �*�E�Y�P�X �0�S�G�E�X�M�S�R
�h�?�2 �7���m�H�i �H�Q�+���i�B�Q�M �?���b �� �;�`�2���i �2�z�2�+�i �Q�M �i�?�2 �K�2���b�m�`�2�/ �`�2�b�T�Q�M�b�2�- ���b �+���M �#�2 �b�2�2�M �B�M�6�B�;�m�`�2 �9�X�9�X ���H�H �7���m�H�i�b
���`�2 ���T�T�H�B�2�/ ���it = 0s�X �>�Q�r�2�p�2�`�- �i�?�2�B�` �`�2�b�T�Q�M�b�2�b ���`�2 �K�2���b�m�`�2�/ �H���i�2�` ���b �� �`�2�b�m�H�i �Q�7 �i�?�2 �T�`�Q�T���;���i�B�Q�M �b�T�2�2�/
�Q�7 �i�?�2 �h�q�X �:�B�p�2�M �i�?���i �i�?�2 �7���m�H�i�b ���`�2 �2�p�2�M�H�v �b�T�`�2���/ ���+�`�Q�b�b �i�?�2 �+���#�H�2 �r�B�i�? ��50 km �B�M�i�2�`�p���H�- �i�?�2 �B�M�+�B�/�2�M�i
�r���p�2�7�`�Q�M�i�b ���`�250�F�K=1:67 � 108�K�f�b� 0:3s �b�T���+�2�/ ���T���`�i�X �h�?�B�b �r�Q�m�H�/ �#�2 �i�?�2 �K�Q�b�i �p���H�m���#�H�2 �B�M�7�Q�`�K���i�B�Q�M
�i�Q �/�2�i�2�`�K�B�M�2 �7���m�H�i �H�Q�+���i�B�Q�M�c �?�Q�r�2�p�2�`�- ���b �i�?�2 �i�B�K�2 �Q�7 ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2 �7���m�H�i �B�b �M�Q�i �F�M�Q�r�M ���T���`�i �7�`�Q�K
�i�?�2 �b�B�K�m�H���i�B�Q�M�- �i�?�2�`�2 �B�b �M�Q �`�2�7�2�`�2�M�+�2 �i�Q �m�b�2 �7�Q�` �i�?�2 �H�Q�+���i�B�Q�M �2�b�i�B�K���i�B�Q�M�X

�a�2�+�Q�M�/�H�v�- �i�?�2 �b�i�2�2�T�M�2�b�b �Q�7 �i�?�2 �B�M�+�B�/�2�M�i �r���p�2 �B�b �`�2�H���i�2�/ �i�Q �i�?�2 ���K�Q�m�M�i �Q�7 �b�B�;�M���H ���i�i�2�M�m���i�B�Q�M �i�?���i �B�b
�;�Q�p�2�`�M�2�/ �#�v �i�?�2 �i�`���p�2�H �/�B�b�i���M�+�2�X �h�?�2 �`�2�b�T�Q�M�b�2 �Q�7 �i�?�2 �7���m�H�i �r�B�i�?l = 50�F�K �B�b �p�2�`�v �b�i�2�2�T�- �r�?�2�`�2���b �i�?�B�b
�;�`���/�m���H�H�v �;�2�i�b �~���i�i�2�` �7�Q�` �7���m�H�i�b �r�B�i�? �B�M�+�`�2���b�B�M�; �7���m�H�i �/�B�b�i���M�+�2�X �h�?�B�b �b�B�;�M���H �T�`�Q�T�2�`�i�v �+���M �#�2 �2�b�i�B�K���i�2�/
�#�v �i�?�2 �T���`���K�2�i�2�` �}�i�i�B�M�; ���M�/�- �i�?�2�`�2�7�Q�`�2�- �r�B�H�H �#�2 �2�t�T�H�Q�B�i�2�/ �7�Q�` �H�Q�+���i�B�Q�M �2�b�i�B�K���i�B�Q�M�X

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

�6�B�;�m�`�2 �9�X�9�,�1�z�2�+�i �Q�7 �i�?�2 �7���m�H�i �H�Q�+���i�B�Q�M �Q�MVb1 �`�2�b�T�Q�M�b�2 �U�S�h�: �7���m�H�i�-R f = 1 :0
 �V�X

�������������*�E�Y�P�X �(�I�X�I�G�X�M�S�R
�h�?�2 �7���m�H�i �/�2�i�2�+�i�B�Q�M �+�Q�M�i�`�Q�H �#�H�Q�+�F �K�m�b�i ���+�i�B�p���i�2 �i�?�2 �b���K�T�H�B�M�; �Q�7 �i�?�2 �7���m�H�i �b�B�;�M���H�X �A�i �b�?�Q�m�H�/ �i�?�2�`�2�7�Q�`�2
�T�`�Q�/�m�+�2 �i�?�2 �i�`�B�;�;�2�` �b�B�;�M���H ���b �b�Q�Q�M ���b �i�?�2 �7���m�H�i �Q�+�+�m�`�b�X �h�?�2 �+�Q�M�i�`�Q�H �#�H�Q�+�F �B�b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�8�X �h�?�2
�/�2�H���v�b�B�;�M���H �B�b �� �H���b�i �i�B�K�2�b�i�2�T�ö�b �R�W �b�+���H�2�/ �/�Q�r�M �p�2�`�b�B�Q�M �Q�7 �i�?�2Vb1 �b�B�;�M���H�,delay[n] = 0 :99� Vb1[n � 1]�X
�L�2�t�i�- �B�i �B�b �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �+�m�`�`�2�M�iVb1 ���M�/�/�2�i�2�+�i�2�/�B�b �`���B�b�2�/ �B�7 �i�?�2 �+�m�`�`�2�M�i �B�M�T�m�i �b�B�;�M���H �B�b �H�Q�r�2�`
�i�?���M �Q�` �2�[�m���H �i�Q �i�?�2 �/�2�H���v�2�/ �b�B�;�M���H�,Vb1[n] < = 0 :99 � Vb1[n � 1]�X�/�2�i�2�+�i�2�/�b�i���v�b �?�B�;�? ���b �H�Q�M�; ���b �i�?�2
�+�Q�K�T���`�B�b�Q�M �?�Q�H�/�b�- �r�?�B�+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �7���m�H�i �`�2�b�T�Q�M�b�2�X �� �;���i�2�/ �b�2�i�@�`�2�b�2�i �~�B�T�@�~�Q�T �B�b �m�b�2�/ �i�Q �+�Q�M�i�`�Q�H
�i�?�2 �Q�m�i�T�m�i �b�B�;�M���H�b���K�T�h�`�B�;�X ���b �b�Q�Q�M ���b �i�?�2 �b�2�i �b�B�;�M���H �U�a�V �Q�7 �i�?�2 �~�B�T�@�~�Q�T �B�b �`���B�b�2�/�- �B�i�b �Q�m�i�T�m�i �b�B�;�M���H
�U�Z�V �B�b �b�2�i �i�Q �R�- �`�2�;���`�/�H�2�b�b �Q�7 �b�m�#�b�2�[�m�2�M�i �+�?���M�;�2�b �B�M �a�X �h�?�B�b �2�M�b�m�`�2�b �i�?���i �i�?�2 �i�`�B�;�;�2�` �B�b �+�`�2���i�2�/ �Q�M�H�v �Q�M�+�2
���7�i�2�` �i�?�2 �7���m�H�i�X �h�?�2 �i�B�K�2�` �#�H�Q�+�F �7�Q�H�H�Q�r�B�M�; �i�?�2 �~�B�T�@�~�Q�T �+�`�2���i�2�b �� �T�m�H�b�2 �r�B�i�? �� �r�B�/�i�? �Q�7 �e�K�b�X �h�?�B�b �B�b
�i�?�2�b���K�T�h�`�B�;�Q�m�i�T�m�i �b�B�;�M���H�X �h�?�2 �~�B�T�@�~�Q�T �+���M �#�2 �`�2�b�2�i �#�v �`���B�b�B�M�; �i�?�2 �`�2�b�2�i �B�M�T�m�i �b�B�;�M���H �U�_�V�X �A�i �+���M �#�2
�K���M�m���H�H�v �`���B�b�2�/ �#�v �T�`�2�b�b�B�M�; �� �`�2�b�2�i �#�m�i�i�Q�M�- �#�m�i �B�i �B�b ���H�b�Q ���m�i�Q�K���i�B�+���H�H�v �`�2�b�2�i ���i �i�?�2 �K�Q�K�2�M�i �r�?�2�M ��
�7���m�H�i �B�b ���T�T�H�B�2�/ �#�v�6���m�H�i�1�p�2�M�i�X

�6�B�;�m�`�2 �9�X�8�,�6���m�H�i �/�2�i�2�+�i�B�Q�M �+�Q�M�i�`�Q�H �#�H�Q�+�F�X

�A�M�6�B�;�m�`�2 �9�X�e�i�?�2 �i�B�K�B�M�; �/�B���;�`���K �Q�7 �i�?�2 �/�2�i�2�+�i�B�Q�M �B�b �b�?�Q�r�M�X �h�?�2 �+�Q�K�T���`�B�b�Q�M �K���/�2 �B�M�6�B�;�m�`�2 �9�X�8�+�?�2�+�F�b
�r�?�2�i�?�2�` �i�?�2Vb1 �b�B�;�M���H �B�b �#�2�H�Q�r �i�?�2�/�2�H���v�b�B�;�M���H�X ���b �b�Q�Q�M ���b �i�?�B�b �Q�+�+�m�`�b�-�/�2�i�2�+�i�2�/�B�b �`���B�b�2�/ �r�?�B�+�? �B�M
�i�m�`�M �B�K�K�2�/�B���i�2�H�v �`���B�b�2�b�b���K�T�h�`�B�;�X �A�i �B�b �B�M�i�2�`�2�b�i�B�M�; �i�Q �M�Q�i�2 �i�?���i�b���K�T�h�`�B�;�B�b �`���B�b�2�/ �Q�M�2 �i�B�K�2�@�b�i�2�T �i�Q�Q
�H���i�2 �b�B�M�+�2 �i�?�2 �}�`�b�i �b���K�T�H�2 �Q�7 �B�M�i�2�`�2�b�i �B�b �i�?�2 �Q�M�2 �B�M �r�?�B�+�? �i�?�2Vb1 �b�B�;�M���H �B�b �b�i�B�H�H ���#�Q�p�2 �i�?�2�/�2�H���v�b�B�;�M���H�X
�h�?�B�b �M�2�2�/�b �i�Q �#�2 �+�Q�`�`�2�+�i�2�/ �#�v �i�?�2 �b���K�T�H�B�M�; �b�i�`���i�2�;�v�X
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�6�B�;�m�`�2 �9�X�e�,�6���m�H�i �/�2�i�2�+�i�B�Q�M �i�B�K�B�M�;�X

�������������4�E�V�E�Q�I�X�I�V �*�M�X�X�M�R�K �'�S�Q�T�S�R�I�R�X �Y�W�M�R�K �%�1�0�1
�A�M �i�?�2 �_�h�.�a �f �_�a�*���. �2�M�p�B�`�Q�M�K�2�M�i�- ���`�`���v�b �Q�7 �/���i�� �+���M�M�Q�i �#�2 �T���b�b�2�/ �7�`�Q�K �Q�M�2 �+�Q�K�T�Q�M�2�M�i �i�Q ���M�Q�i�?�2�`�X
�.���i�� ���`�2 �T���b�b�2�/ �Q�M�2 �b���K�T�H�2 ���i �� �i�B�K�2�- �Q�M�+�2 �T�2�` �i�B�K�2�@�b�i�2�T�X �h�?�B�b �K�2���M�b �i�?���i �i�?�2 �#�H�Q�+�F �i�?���i �T�2�`�7�Q�`�K�b
�b�B�;�M���H �b���K�T�H�B�M�; ���M�/ �i�?�2 �T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i �K�m�b�i �#�2 �Q�M �i�?�2 �b���K�2 �b�B�K�m�H���i�B�Q�M �i�B�K�2�@�b�i�2�T�- ���b
�Q�i�?�2�`�r�B�b�2 �i�?�2 �b���K�T�H�2�/ �/���i�� �+���M�M�Q�i �#�2 �`�2���/ �#�v �i�?�2 ���H�;�Q�`�B�i�?�K�X ���b �T���b�b�B�M�; ���`�`���v�b �Q�7 �/���i�� �B�b �M�Q�i �T�Q�b�b�B�#�H�2
�2�{�+�B�2�M�i�H�v�- �#�Q�i�? �7�m�M�+�i�B�Q�M�b �M�2�2�/ �i�Q �#�2 �T�2�`�7�Q�`�K�2�/ �#�v �i�?�2 �b���K�2 �+�Q�K�T�Q�M�2�M�i�X �A�M �i�?�B�b �r���v�- �i�?�2 �b���K�T�H�2�/ �/���i��
�+���M �#�2 �2�{�+�B�2�M�i�H�v �b�i�Q�`�2�/ �B�M ���M ���`�`���v �B�M �*�- ���7�i�2�` �r�?�B�+�? �B�i �B�b ���p���B�H���#�H�2 �/�B�`�2�+�i�H�v �i�Q �i�?�2 ���J�G�J ���H�;�Q�`�B�i�?�K�X
�h�?�2 �+�Q�K�T�Q�M�2�M�i �/�2�b�B�;�M �B�M �*�#�m�B�H�/�2�` �b�i���`�i�b �#�v �b�2�i�i�B�M�; �i�?�2 �+�Q�K�T�Q�M�2�M�i�ö�b �T���`���K�2�i�2�`�b�X �h�?�2�b�2 ���`�2 �p���`�B���#�H�2�b
�Q�`�;���M�B�x�2�/ �B�M �i���#�b �i�?���i �+���M �#�2 �+�?���M�;�2�/ �B�M�b�B�/�2 �i�?�2 �K�Q�/�2�H �/�`���7�i�b ���7�i�2�` �i�?�2 �+�Q�K�T�Q�M�2�M�i �B�b �i���F�2�M �7�`�Q�K �i�?�2
�H�B�#�`���`�v�X �L�2�t�i�- �i�?�2 �;�`���T�?�B�+�b ���`�2 �/�`���r�M �7�Q�` �i�?�2 �+�Q�K�T�Q�M�2�M�i�- ���M�/ �i�?�2 �B�M�T�m�i ���M�/ �Q�m�i�T�m�i �+�Q�M�M�2�+�i�B�Q�M�b ���`�2
�/�2�}�M�2�/�- ���b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�d�X �A�M �i�?�2 �}�;�m�`�2�- �/�Q�i�b �r�B�i�? �� �r�?�B�i�2 �p�2�`�i�B�+���H �b�i�`�B�T�2 �b�?�Q�r �i�?�2 �B�M�T�m�i �p���`�B���#�H�2�b�-
���M�/ �/�Q�i�b �r�B�i�? �� �r�?�B�i�2 �+�B�`�+�H�2 �b�?�Q�r �i�?�2 �Q�m�i�T�m�i �p���`�B���#�H�2�b�X �h�?�2 �#�H�m�2 ���M�/ �;�`�2�2�M �/�Q�i�b ���`�2 �B�M�i�2�;�2�` ���M�/ �`�2���H�@
�p���H�m�2�/ �p���`�B���#�H�2�b �U�~�Q���i�B�M�; �T�Q�B�M�i�V�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �/�2�b�B�;�M �Q�7 �i�?�2 �;�`���T�?�B�+ �B�b �`�2�H���i�B�p�2�H�v �H���`�;�2 �+�Q�K�T���`�2�/ �i�Q
�b�B�K�T�H�2�` �M���i�B�p�2 �_�a�*���. �+�Q�K�T�Q�M�2�M�i�b�- �r�?�B�+�? �B�b �M�2�+�2�b�b���`�v �/�m�2 �i�Q �i�?�2 �H���`�;�2 �M�m�K�#�2�` �Q�7 �A�P �p���`�B���#�H�2�b�X

�6�B�;�m�`�2 �9�X�d�,�:�`���T�?�B�+ �Q�7 �+�m�b�i�Q�K �_�a�*���. �T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i
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���7�i�2�` �i�?�2 �T���`���K�2�i�2�`�b�- �;�`���T�?�B�+�b�- ���M�/ �A�P �p���`�B���#�H�2�b ���`�2 �/�2�}�M�2�/ �i�?�2 �+�Q�K�T�Q�M�2�M�i �B�b �;�B�p�2�M �B�i�b �7�m�M�+�i�B�Q�M���H�B�i�v �B�M
�i�?�2 �7�Q�`�K �Q�7 �* �+�Q�/�2�X �*�"�m�B�H�/�2�` ���m�i�Q�K���i�B�+���H�H�v �+�Q�K�T�B�H�2�b �� �?�2���/�2�` �}�H�2 �7�`�Q�K �i�?�2 �T���`���K�2�i�2�`�b ���M�/ �A�P �p���`�B���#�H�2�b�-
�r�?�B�+�? ���`�2 �i�?�2�M ���+�+�2�b�b�B�#�H�2 �i�Q �i�?�2 �+�m�b�i�Q�K �* �}�H�2�X �h�?�B�b �* �}�H�2 �B�b �r�?�2�`�2 �i�?�2 �H�Q�;�B�+ �Q�7 �i�?�2 �+�Q�K�T�Q�M�2�M�i �B�b �/�2�}�M�2�/�X
�A�i �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �b�2�+�i�B�Q�M�b�X �h�?�2�a�h���h�A�*�b�2�+�i�B�Q�M �+�Q�M�i���B�M�b �p���`�B���#�H�2 �/�2�+�H���`���i�B�Q�M�b�X ���H�H �/���i�� �i�v�T�2�b �B�M �*
�U�2�X�;�X �B�M�i�2�;�2�` ���M�/ �~�Q���i�V ���M�/ �b�i�`�m�+�i�m�`�2�b �U�2�X�;�X ���`�`���v ���M�/ �K���i�`�B�t�V �K�m�b�i �#�2 �/�2�+�H���`�2�/ �i�Q �i�?�2 �+�Q�K�T�B�H�2�` �#�2�7�Q�`�2
�i�?�2�v ���`�2 �m�b�2�/ �#�2�+���m�b�2 �i�?�2 �+�Q�K�T�B�H�2�` �M�2�2�/�b �i�Q �+�`�2���i�2 �b�i�Q�`���;�2 �b�T���+�2�b �B�M �i�?�2 �K�2�K�Q�`�v �7�Q�` ���H�H �i�?�2�b�2 �p���`�B���#�H�2�b�X
�h�?�2�_���J �b�2�+�i�B�Q�M �+�Q�M�i���B�M�b �i�?�2 �+�Q�/�2 �i�?���i �B�b �`�m�M �Q�M�+�2 �T�`�B�Q�` �i�Q �i�?�2 �b�i���`�i �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �+���b�2�X �A�i �B�b
�K�2���M�i �i�Q �+�Q�K�T�m�i�2 �+�Q�M�b�i���M�i�b �#���b�2�/ �Q�M �i�?�2 �+�Q�K�T�Q�M�2�M�i �T���`���K�2�i�2�`�b �i�?���i ���`�2 �b�2�i �#�v �i�?�2 �m�b�2�`�X �A�i �B�b ���H�b�Q
�K�2���M�i �i�Q �B�M�B�i�B���H�B�x�2 ���`�`���v�b ���M�/ �K���i�`�B�+�2�b �B�M �i�?�B�b �b�2�+�i�B�Q�M�X �h�?�2 �}�M���H �b�2�+�i�B�Q�M �B�b �i�?�2�*�P�.�1 �b�2�+�i�B�Q�M �r�?�B�+�? �B�b
�2�t�2�+�m�i�2�/ �Q�M�+�2 �2�p�2�`�v �i�B�K�2�@�b�i�2�T �/�m�`�B�M�; �� �b�B�K�m�H���i�B�Q�M�X �A�i �?�Q�m�b�2�b ���H�H �i�?�2 �7�m�M�+�i�B�Q�M�b �7�Q�` �i�?�2 ���H�;�Q�`�B�i�?�K�- ���b �r�2�H�H
���b �� �+�Q�M�i�`�Q�H �b�2�[�m�2�M�+�2 �7�Q�` �i�?�2 �K���B�M �+�Q�K�T�Q�M�2�M�i �H�Q�;�B�+�X �h�Q �Q�`�;���M�B�x�2 �i�?�2 �+�Q�K�T�Q�M�2�M�i�ö�b �7�m�M�+�i�B�Q�M���H�B�i�v�- �� �b�i���i�2
�K���+�?�B�M�2 �B�b �+�`�2���i�2�/ �B�M �r�?�B�+�? �2���+�? �b�i���i�2 �B�b ���b�b�B�;�M�2�/ ���b �� �7�m�M�+�i�B�Q�M�- ���b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�3�X

�6�B�;�m�`�2 �9�X�3�,�a�i���i�2 �K���+�?�B�M�2 �b�+�?�2�K���i�B�+ �Q�7 �+�m�b�i�Q�K �_�a�*���. �T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i

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

�7�X�E�X�I ���� �6�I�W�I�X �7�X�E�X�I
�A�M �i�?�2 �`�2�b�2�i �b�i���i�2�- ���H�H �B�M�i�2�`�M���H �p���`�B���#�H�2�b ���`�2 �`�2�b�2�i�- �r�?�B�+�? �K�2���M�b �b�2�i �2�[�m���H �i�Q �x�2�`�Q�X �h�?�2 �p���`�B���#�H�2�b ���`�2
�`�2�B�M�B�i�B���H�B�x�2�/ �b�Q �i�?���i �� �M�2�r �}�i�i�B�M�; �2�p�2�M�i �+���M �b�i���`�i ���b �b�Q�Q�M ���b �i�?�B�b �B�b �2�t�T�2�+�i�2�/�X �a�Q�K�2 �p���`�B���#�H�2�b�- �b�m�+�? ���b
�i�?�2 �B�M�T�m�i ���`�`���v�- ���`�2 �`�2�B�M�B�i�B���H�B�b�2�/ �i�Q �� �p�2�`�v �?�B�;�? �M�m�K�#�2�` �B�M�b�i�2���/ �Q�7 �y�X �"�2�+���m�b�2 �i�?�2 ���+�i�m���H �B�M�T�m�i �/���i�� ���`�2
���`�Q�m�M�/ �y�- �?���p�B�M�; �i�?�B�b ���b �� �/�2�7���m�H�i �p���H�m�2 �K���v �H�2���/ �i�Q �T�`�Q�#�H�2�K�b�X �h�?�2 �+�Q�K�T�Q�M�2�M�i �+���M �;�Q �B�M�i�Q �i�?�2 �`�2�b�2�i
�b�i���i�2 �7�`�Q�K ���M�v �Q�i�?�2�` �b�i���i�2�- ���b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�3�X �h�?�2� �̀2�b�2�i�b�B�;�M���H �B�b �i�?�2 �B�M�i�2�;�2�` �B�M�T�m�i �b�B�;�M���H �b�?�Q�r�M
�B�M�6�B�;�m�`�2 �9�X�d�X ���b �H�Q�M�; ���b �i�?�2 �b�B�;�M���H �B�b �?�B�;�?�- �i�?�2 �+�Q�K�T�Q�M�2�M�i �B�b �F�2�T�i �B�M �i�?�2 �`�2�b�2�i �b�i���i�2�X ���b �b�Q�Q�M ���b �i�?�2
�`�2�b�2�i �b�B�;�M���H �B�b �H�Q�r�- �i�?�2 �+�Q�K�T�Q�M�2�M�i �K�Q�p�2�b �i�Q �b�i���i�2 �R�X

�7�X�E�X�I ���� �-�H�P�I �7�X�E�X�I
�h�?�2 �B�/�H�2 �b�i���i�2 �K���F�2�b �b�m�`�2 �i�?���i �i�?�2 �+�Q�K�T�Q�M�2�M�i �B�b �`�2���/�v �i�Q �b�i���`�i �b���K�T�H�B�M�; �#�v �K�Q�p�B�M�; �i�Q �b�i���i�2 �k ���b �b�Q�Q�M ���b
�i�?�2�b���K�T�H�2�h�`�B�;�;�2�`�b�B�;�M���H �B�b �b�2�i �i�Q �?�B�;�?�X �P�M�2 �Q�7 �i�?�2 �m�b�2�`�@�/�2�}�M�2�/ �+�Q�K�T�Q�M�2�M�i �T���`���K�2�i�2�`�b �B�b �i�?�2 �M�m�K�#�2�` �Q�7
�?�B�b�i�Q�`�v �i�2�`�K�b�?�B�b�i�h�`�K�X �"�2�+���m�b�2 �i�?�2 �b���K�T�H�2 �b�i���i�2 �B�b ���+�i�B�p���i�2�/ �Q�M�H�v ���7�i�2�` �� �7���m�H�i �B�b �/�2�i�2�+�i�2�/�- �B�i �B�b �M�Q�i�B�+�2�/
�i�?���i �b�Q�K�2�i�B�K�2�b �i�?�2 �}�`�b�i �Q�M�2 �Q�` �i�r�Q �b���K�T�H�2�b ���`�2 �H�Q�b�i�X �"�2�+���m�b�2 �i�?�2 �b�B�;�M���H �Q�7 �B�M�i�2�`�2�b�i �?���b �i�?�2 �b�i�2�2�T�2�b�i
�/�Q�r�M�r���`�/ �+�m�`�p�2 ���i �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7 �i�?�2 �b���K�T�H�2�- �H�Q�b�B�M�; �i�?�2 �}�`�b�i �b���K�T�H�2 �;�`�2���i�H�v �B�M�~�m�2�M�+�2�b �i�?�2 ���H�;�Q�`�B�i�?�K�b�ö
�T�2�`�7�Q�`�K���M�+�2�X �q�B�i�? �i�?�2 �?�B�b�i�Q�`�v �i�2�`�K �T���`���K�2�i�2�`�- �i�?�2 �m�b�2�` �+���M �/�2�}�M�2 �?�Q�r �K���M�v �b���K�T�H�2�b �i�Q ���/�/ �i�Q �i�?�2
�b���K�T�H�2 ���`�`���v �#�2�7�Q�`�2 �i�?�2 �b���K�T�H�B�M�; �B�b �i�`�B�;�;�2�`�2�/�X �h�?�2 �B�/�H�2 �b�i���i�2 �i�2�K�T�Q�`���`�B�H�v �b�i�Q�`�2�b �i�?�2�b�2 �?�B�b�i�Q�`�v �i�2�`�K�b ���b
�i�?�2 �}�`�b�i �7�2�r �b���K�T�H�2�b �B�M �i�?�2 �b���K�T�H�B�M�; ���`�`���v�X �A�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �b�2�i�?�b�i�h�`�K�i�Q �y�- �R�- �Q�` �k �i�2�`�K�b�- �/�2�T�2�M�/�B�M�;
�Q�M �i�?�2 �M�2�2�/�b �Q�7 �i�?�2 �m�b�2�`�ö�b �i�`�B�;�;�2�` �b�v�b�i�2�K�- �r�?�B�+�? �B�b �7���m�H�i �/�2�i�2�+�i�B�Q�M �B�M �`�2�;���`�/�b �i�Q �i�?�B�b �`�2�b�2���`�+�?�X

�7�X�E�X�I ���� �7�E�Q�T�P�I �7�X�E�X�I
�h�?�2 �b���K�T�H�2 �b�i���i�2 �B�b �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �b���K�T�H�B�M�; �i�?�2 �B�M�T�m�i �b�B�;�M���H ���M�/ �b�i�Q�`�B�M�; �B�i �B�M ���M ���`�`���v�X �q�?�2�M �i�?�2
�b���K�T�H�2�h�`�B�;�;�2�`�b�B�;�M���H �B�b �`���B�b�2�/�- �i�?�2 �+�Q�K�T�Q�M�2�M�i �K�Q�p�2�b �B�M�i�Q �i�?�B�b �b�i���i�2�X ���i �i�?�B�b �T�Q�B�M�i�- �i�?�2 �}�`�b�i �7�2�r �b���K�T�H�2�b
���`�2 ���H�`�2���/�v �b�i�Q�`�2�/ �B�M �i�?�2 ���`�`���v �B�M �b�i���i�2 �R�- �#���b�2�/ �Q�M �i�?�2�?�B�b�i�h�`�K�T���`���K�2�i�2�` �b�2�i�i�B�M�;�X �1���+�? �i�B�K�2�b�i�2�T�-
�i�?�2 �B�M�i�2�`�M���H�b���K�T�H�2�b���`�`���v �B�b �2�t�i�2�M�/�2�/ �#�v �i�?�2 �p���H�m�2 ���i �i�?�2�A�M�T�m�i�T�Q�`�i ���b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�d�X ���b �i�?�2
�i�B�K�2�b�i�2�T �B�b60�’s�- �i�?�2 �b���K�T�H�B�M�; �7�`�2�[�m�2�M�+�v �B�bf s = 1=60�s = 16:67�F�>�x�X �� �K���t�B�K�m�K�b���K�T�H�2�b���`�`���v �H�2�M�;�i�?
�B�b �b�2�i �i�Q �R�y�y�X �.�2�}�M�B�M�; �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �b���K�T�H�2 �U�b���K�T�H�2 �r�B�M�/�Q�r�V �B�b �/�Q�M�2 ���m�i�Q�K���i�B�+���H�H�v�, �� �b���K�T�H�2 �B�b
�Q�M�H�v ���/�/�2�/ �i�Q �i�?�2 ���`�`���v �B�7 �B�i�b �p���H�m�2 �B�b �H�Q�r�2�` �i�?���M �i�?�2 �H���b�i �i�B�K�2�b�i�2�T�ö�b �b���K�T�H�2�- �B�X�2�XVb1[n] < Vb1[n � 1]�X �A�7
Vb1[n] > = Vb1[n � 1]�- �i�?�2 �r�B�M�/�Q�r �B�b �+�Q�M�b�B�/�2�`�2�/ �i�Q �#�2 �+�Q�K�T�H�2�i�2�/�- �#�2�+���m�b�2 �i�?�B�b �?���T�T�2�M�b �r�?�2�MVb1 �h�q �B�b
�`�2�~�2�+�i�2�/ ���i �i�?�2 �7���m�H�i �T�Q�B�M�i ���b �2�t�T�H���B�M�2�/ �B�M�b�2�+�i�B�Q�M �k�X�8�X �h�?�2 �b���K�T�H�2�/ �b�B�;�M���H �b�?�Q�m�H�/ �?���p�2 �i�?�2 �b���K�2 �H�2�M�;�i�?
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���bts ���b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �k�X�8�X �G���b�i�H�v�- �B�7 �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �}�`�b�i �i�r�Q �b���K�T�H�2�b �B�b �;�`�2���i�2�` �i�?���M �R�y
�UkV �B�M �i�?�2 �+���b�2 �Q�7Vb1�V�- �i�?�2 �}�`�b�i �Q�M�2 �B�b �Q�K�B�i�i�2�/ �7�Q�` �#�2�i�i�2�` �T�2�`�7�Q�`�K���M�+�2�X

�h�?�2 �/���i�� �r�B�M�/�Q�r �B�b ���m�i�Q�K���i�B�+���H�H�v �b�2�H�2�+�i�2�/ �#���b�2�/ �Q�M �i�?�2 �K�2�M�i�B�Q�M�2�/ �+�`�B�i�2�`�B���X �h�?�B�b �B�b �`�2�[�m�B�`�2�/ �#�2�+���m�b�2
�i�?�2 �`�B�;�?�i �B�M�T�m�i �/���i�� �B�b �+�`�m�+�B���H �7�Q�` ���M ���+�+�m�`���i�2 �`�2�b�m�H�i�X �"�2�+���m�b�2 �i�?�2 �+�Q�K�T�Q�M�2�M�i �`�m�M�b �B�M �`�2���H�@�i�B�K�2 �Q�M �i�?�2
�_�h�.�a �+�Q�K�T�m�i�2�`�- �K���M�m���H �B�M�i�2�`�p�2�M�i�B�Q�M �B�b �+���M�M�Q�i �#�2 �K���/�2 �7�Q�` �r�B�M�/�Q�r �b�2�H�2�+�i�B�Q�M�X �h�?�2 ���m�i�Q�K���i�B�+ �r�B�M�/�Q�r
�b�2�H�2�+�i�B�Q�M �+���M �#�2 �b�2�2�M �B�M�6�B�;�m�`�2 �9�X�N�X �h�?�2 �S�h�S �7���m�H�i �B�b ���T�T�H�B�2�/ ���it = 0s �r�B�i�?Rf = 0 :001
 �X �h�?�2 �/�B�b�i���M�+�2
�7�`�Q�K �i�?�2 �7���m�H�i �i�Q �i�?�2 �`�2�H���v �B�b150 km�- �?�2�M�+�2 �i�?�2 �/�2�H���v �B�M �`�2�b�T�Q�M�b�2 �Q�70:9 s �/�m�2 �i�Q �i�?�2 �T�`�Q�T���;���i�B�Q�M �i�B�K�2�X
�A�i �+���M �#�2 �b�2�2�M �i�?���i �i�?�2 �r�B�M�/�Q�r �B�b �b�2�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �T�Q�B�M�i �r�?�2�`�2 �i�?�2Vb1 �b�B�;�M���H �B�b �M�Q �H�Q�M�;�2�` �+�Q�M�b�i���M�i ���i
t = 0 :89s �i�Q �i�?�2 �T�Q�B�M�i �r�?�2�`�2 �i�?�2 �`�2�b�T�Q�M�b�2 �#�Q�i�i�Q�K�b �Q�m�i ���it = 2 :64s�X �A�i �B�b �m�b�2�7�m�H �i�Q �M�Q�i�2 �i�?���i �i�?�2 �7���m�H�i
�r���b �/�2�i�2�+�i�2�/ �Q�M�H�v ���i �i�?�2 �b�2�+�Q�M�/ �b���K�T�H�2�- �r�?�B�+�? �b�?�Q�r�b �i�?�2 �B�K�T�Q�`�i���M�+�2 �Q�7 �i�?�2 �?�B�b�i�Q�`�B�+���H �i�2�`�K�b�X �A�M �i�?�B�b
�+���b�2�- �i�?�2 �}�`�b�i �b���K�T�H�2 �B�b �� �?�B�b�i�Q�`�v �i�2�`�K �b�m�+�? ���b �i�?�2 �Q�M�2 �M�2�+�2�b�b���`�v �B�M�b�m�#�b�2�+�i�B�Q�M �9�X�k�X�k�X

�6�B�;�m�`�2 �9�X�N�,���m�i�Q�K���i�B�+ �r�B�M�/�Q�r �b�2�H�2�+�i�B�Q�M �U�6���m�H�i�, �S�h�S�-R f = 0 :001
 �V�X

�q�?�2�M �i�?�2 �B�M�T�m�i �r�B�M�/�Q�r �B�b �b�2�H�2�+�i�2�/�- �i�?�2 �H���b�i �b�i�2�T �B�M �i�?�2 �b���K�T�H�B�M�; �T�`�Q�+�2�b�b �B�b �i�Q �`�2�K�Q�p�2 �i�?�2 �b�i�2���/�v �b�i���i�2�X
�h�?�B�b �B�b �/�Q�M�2 �#�v �b�+���H�B�M�; �i�?�2 �b���K�T�H�2 ���`�`���v �/�Q�r�M �b�Q �i�?���i �i�?�2 �}�`�b�i �b���K�T�H�2 �B�b �2�[�m���H �i�Q �x�2�`�Q�X �h�?�B�b �`�2�b�m�H�i�b �B�M
�i�?�2 �b�B�;�M���H �Q�M�H�v �+�Q�M�i���B�M�B�M�; �/���i�� �Q�M �i�?�2 �7���m�H�i�@�B�M�/�m�+�2�/ �`�2�b�T�Q�M�b�2�- �r�?�B�+�? �H�2���/�b �i�Q �#�2�i�i�2�` �T���`���K�2�i�2�`�@�}�i�i�B�M�;
�`�2�b�m�H�i�b�X �h�?�2 �b���K�T�H�2�b �`�2���/�v �7�Q�` �m�b�2 �#�v �i�?�2 ���H�;�Q�`�B�i�?�K ���`�2 �i�?�2�M �b�i�Q�`�2�/ �B�M �i�?�2�Q�m�i�T�m�i���`� �̀��v�- �r�?�B�+�? �B�b �i�?�2
�B�M�T�m�i �i�Q �i�?�2 ���J�G�J ���H�;�Q�`�B�i�?�K �B�M �b�i���i�2 �j�X

�h�?�2 �b���K�T�H�2�/ �`�2�b�T�Q�M�b�2�b �Q�` �i�?�2 �b�B�;�M���H�b �B�M�6�B�;�m�`�2 �9�X�9���`�2 �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�R�y�X �A�i �B�b �b�2�2�M �i�?���i �i�?�2
�b�i�2���/�v �b�i���i�2 �p���H�m�2 �B�b �`�2�K�Q�p�2�/�- ���b �i�?�2 �}�`�b�i �b���K�T�H�2 �B�b ���i �y �F�o�X �A�M �i�?�2 �}�;�m�`�2�- �B�i �B�b �+�H�2���`�H�v �p�B�b�B�#�H�2 �i�?���i �i�?�2
�T�`�Q�T���;���i�B�Q�M ���H�Q�M�; �i�?�2 �+���#�H�2 �+���m�b�2�b �i�?�2 �b���K�T�H�2�/ �`�2�b�T�Q�M�b�2 �i�Q �+�?���M�;�2 �i�?�2 �b�i�2�2�T�M�2�b�b�- �#�2�+�Q�K�B�M�; �K�Q�`�2 �~���i
�7�Q�` �H�Q�M�;�2�` �T�`�Q�T���;���i�B�Q�M �/�B�b�i���M�+�2�b�X

�6�B�;�m�`�2 �9�X�R�y�,�S�`�Q�T���;���i�B�Q�M �2�z�2�+�i �Q�M �b���K�T�H�2�/ �`�2�b�T�Q�M�b�2 �U�6���m�H�i�, �S�h�:�-R f = 1 :0
 �V�X

�7�X�E�X�I ���� �'�S�Q�T�Y�X�I �7�X�E�X�I
�h�?�2 �+�Q�K�T�m�i�2 �b�i���i�2�ö�b �;�Q���H �B�b �i�Q �/�Q �i�?�2 �T���`���K�2�i�2�` �}�i�i�B�M�; ���M�/ �T�`�Q�p�B�/�2 �i�?�2 �T���`���K�2�i�2�`�b ���b �Q�m�i�T�m�i �b�B�;�M���H�b
�7�`�Q�K �i�?�2 �+�Q�K�T�Q�M�2�M�i�X �h�?�2 �T���`���K�2�i�2�` �}�i�i�B�M�; �B�b �� �K�B�M�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �i�?���i �B�b �2�t�2�+�m�i�2�/ �#�v �i�?�2 ���/���T�i�B�p�2
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�K�m�H�i�B�@�a�i�2�T �G�2�p�2�M�#�2�`�;�@�J���`�[�m���`�/�i ���H�;�Q�`�B�i�?�K �U���J�G�J�V�X ���i �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7 �i�?�2 �T�`�Q�D�2�+�i�- �i�?�2 ���m�i�?�Q�` �Q�7
�(�k�e�) �T�`�Q�p�B�/�2�/ �i�?�B�b ���H�;�Q�`�B�i�?�K �B�K�T�H�2�K�2�M�i�2�/ �B�M �J���i�H���# �(�8�j�)�X �J�Q�`�2 �/�2�i���B�H�b �Q�M �i�?�2 ���J�G�J ���H�;�Q�`�B�i�?�K �B�i�b�2�H�7
���M�/ �i�?�2 �K���i�? �#�2�?�B�M�/ �B�i �+���M �#�2 �7�Q�m�M�/ �B�M���T�T�2�M�/�B�t ���X
�h�Q �+�`�2���i�2 �i�?�2 ���J�G�J �+�Q�K�T�Q�M�2�M�i�ö�b �+�Q�K�T�m�i�2 �b�i���i�2 �B�M �*�"�m�B�H�/�2�`�- �i�?�2 ���H�;�Q�`�B�i�?�K �r���b �i�`���M�b�H���i�2�/ �7�`�Q�K
�J���h�G���" �i�Q �*�X �q�?�2�`�2 �B�M �J���h�G���"�- ���H�H �H�B�M�2���` ���H�;�2�#�`�� ���`�`���v ���M�/ �K���i�`�B�t �7�m�M�+�i�B�Q�M�b ���`�2 �`�2���/�B�H�v ���p���B�H���#�H�2�-
�i�?�2�b�2 �?���/ �i�Q �#�2 �K���M�m���H�H�v �B�K�T�H�2�K�2�M�i�2�/ �B�M �*�X �h�Q �;�2�i �i�?�2 ���H�;�Q�`�B�i�?�K �i�Q �r�Q�`�F�- �* �+�Q�/�2 �r���b �/�2�p�2�H�Q�T�2�/ �b�2�p�2�`���H
�M�m�K�2�`�B�+���H �Q�T�2�`���i�B�Q�M�b�, �7�m�M�+�i�B�Q�M�b �r�2�`�2 �B�K�T�H�2�K�2�M�i�2�/ �7�Q�` �i�?�2 �/�Q�i �T�`�Q�/�m�+�i�- �K���i�`�B�t �K�m�H�i�B�T�H�B�+���i�B�Q�M�- �K���i�`�B�t
�i�`���M�b�T�Q�b�B�i�B�Q�M�- ���M�/ �K���i�`�B�t �B�M�p�2�`�b�B�Q�M�X �6�Q�H�H�Q�r�B�M�; �i�?�B�b�- �/�m�K�K�v �/���i�� �7�Q�` �i�2�b�i�B�M�; �r�2�`�2 �+�Q�H�H�2�+�i�2�/ �m�b�B�M�; �i�?�2
�b���K�T�H�2 �b�i���i�2 �Q�7 �i�?�2 �+�Q�K�T�Q�M�2�M�i�X �h�?�B�b �/���i�� �r���b �i�?�2�M �m�b�2�/ �i�Q �i�`���M�b�H���i�2 �i�?�2 ���H�;�Q�`�B�i�?�K �B�M �J���h�G���" �i�Q �*
�H�B�M�2 �#�v �H�B�M�2 �r�?�B�H�2 �i�2�b�i�B�M�; �i�Q �2�M�b�m�`�2 �i�?���i �#�Q�i�? ���H�;�Q�`�B�i�?�K�b �r�Q�m�H�/ �T�2�`�7�Q�`�K �B�/�2�M�i�B�+���H�H�v�X �h�?�B�b �b�i�2�T �B�b �+�`�B�i�B�+���H
�7�Q�` �i�?�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �`�2�b�m�H�i�b �r�B�i�? �(�k�e�) �#�2�+���m�b�2 �i�?�B�b �K�2���M�b �i�?���i �Q�M�H�v �i�?�2 �B�M�T�m�i �/���i�� �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K
�+���M �B�M�~�m�2�M�+�2 �B�i�X�6�B�;�m�`�2 �9�X�R�R�b�?�Q�r�b �i�?�2 �}�i�i�B�M�; �`�2�b�m�H�i�b �7�Q�` �� �b���K�T�H�2�/ �S�h�: �7���m�H�i �7�Q�` �#�Q�i�? ���H�;�Q�`�B�i�?�K
�B�K�T�H�2�K�2�M�i���i�B�Q�M�b�X ���b �+���M �#�2 �b�2�2�M�- �i�?�2 �`�2�b�m�H�i�B�M�; �;�`���T�?�b ���`�2 �Q�M �i�Q�T �Q�7 �2���+�? �Q�i�?�2�`�- �b�?�Q�r�B�M�; �p�2�`�v �b�B�K�B�H���`
�T�2�`�7�Q�`�K���M�+�2�X

�6�B�;�m�`�2 �9�X�R�R�,�6�B�i�i�B�M�; �`�2�b�m�H�i�b �J���h�G���" �p�b�X �_�h�.�a �U�S�h�: �7���m�H�i�-l = 300 �F�K�V�X

�h�?�2 �T���`���K�2�i�2�`�b �i�?���i ���`�2 �m�b�2�/ �7�Q�` �i�?�2 �}�i�i�2�/ �;�`���T�?�b ���`�2 �;�B�p�2�M �B�M�h���#�H�2 �9�X�R�X �h�?�2 �2�`�`�Q�` �#�2�i�r�2�2�M �i�?�2 �i�r�Q
�}�i�i�B�M�; ���H�;�Q�`�B�i�?�K�b �B�b �p�2�`�v �b�K���H�H�X �h�?�B�b �+�Q�m�H�/ �#�2 �+���m�b�2�/ �#�v �M�m�K�2�`�B�+���H �`�Q�m�M�/�B�M�;�b �B�K�T�Q�b�2�/ �#�v �i�?�2 �/�B�z�2�`�2�M�i
�H���M�;�m���;�2�b�X �A�M �;�2�M�2�`���H�- �i�?�2 �i�`���M�b�H���i�B�Q�M �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K �B�b �b�m�+�+�2�b�b�7�m�H�X

�S���`���K�2�i�2� �̀J���h�G���" �_�h�.�a �1�`�`�Q�`
���R �@�j�R�8�X�8�9�@�j�R�8�X�8�R�y�X�y�R�y�W
���k �j�k�N�X�N�R�j�k�N�X�3�d�y�X�y�R�k�W
�"�R �k�e�d�j�X�9�j�k�e�d�j�X�y�N�y�X�y�R�j�W

�h���#�H�2 �9�X�R�,�6�B�i�i�2�/ �T���`���K�2�i�2�`�b �U�S�h�: �7���m�H�i�-l = 300 �F�K�V�X

���b �i�?�2 ���J�G�J ���H�;�Q�`�B�i�?�K �B�b �� �K�B�M�B�K�B�x���i�B�Q�M ���H�;�Q�`�B�i�?�K�- �B�i �F�2�2�T�b �B�i�2�`���i�B�M�; ���M�/ �K�B�M�B�K�B�x�B�M�; �i�?�2 �+�Q�b�i �7�m�M�+�@
�i�B�Q�M �m�M�i�B�H �� �+�2�`�i���B�M �i�?�`�2�b�?�Q�H�/�X �:�B�p�2�M �i�?���i �� �b�B�M�;�H�2 �B�i�2�`���i�B�Q�M �Q�7 �i�?�B�b �T�`�Q�+�2�b�b �K�m�b�i �2�t�2�+�m�i�2 �K�m�H�i�B�T�H�2 �H�Q�Q�T�b
�Q�p�2�` ���`�`���v�b ���M�/ �K���i�`�B�+�2�b�- �K���i�`�B�t �K�m�H�i�B�T�H�B�+���i�B�Q�M�b�- ���M�/ �2�p�2�M �� �K���i�`�B�t �B�M�p�2�`�b�B�Q�M�- �r�?�B�+�? �B�b �+�Q�K�T�m�i���i�B�Q�M���H�H�v
�2�t�T�2�M�b�B�p�2�- �i�?�2 �7�m�H�H �K�B�M�B�K�B�x���i�B�Q�M �Q�T�2�`���i�B�Q�M �r�B�H�H �i���F�2 �� �b�B�;�M�B�}�+���M�i ���K�Q�m�M�i �Q�7 �i�B�K�2�X �h�Q �K�B�M�B�K�B�x�2 �i�?�2
�+�Q�K�T�m�i���i�B�Q�M �i�B�K�2�- �i�?�2 ���H�;�Q�`�B�i�?�K �r���b �b�B�;�M�B�}�+���M�i�H�v �Q�T�i�B�K�B�x�2�/�- �2�p�2�M �K�Q�`�2 �b�Q �i�?���M �i�?�2 �J���h�G���" �B�K�T�H�2�@
�K�2�M�i���i�B�Q�M�X �h�?�2 �*�S�l �i�B�K�2 �M�2�2�/�2�/ �7�Q�` �i�?�2 ���H�;�Q�`�B�i�?�K �i�Q �+�Q�M�p�2�`�;�2 �B�b �i�B�K�2�/ �Q�M �� �H���T�i�Q�T�X �h�?�2 �i�2�b�i �/���i��
�b���K�T�H�2 ���`�`���v �?���/ �� �H�2�M�;�i�? �Q�7 �j�y �b���K�T�H�2�b�- �r�?�B�+�? �B�b ���H�K�Q�b�i �i�?�2 �K���t�B�K�m�K �H�2�M�;�i�?�- �B�K�T�H�v�B�M�; �� �K���t�B�K�m�K
�+�Q�K�T�m�i���i�B�Q�M �i�B�K�2�X �h�?�2 �*�S�l �i�B�K�2 �7�Q�` �i�?�B�b �+���b�2 �r���b189�’s�- �r�?�B�+�? �B�b �K�Q�`�2 �i�?���M �i�?�`�2�2 �i�B�K�2�b �i�?�2 �i�B�K�2
�Q�7 �� �7�m�H�H �i�B�K�2�b�i�2�T �Q�760�’s �B�M �i�?�2 �_�a�*���. �K�Q�/�2�H�X �P�M �_�h�.�a�- �i�?�B�b �K�2���b�m�`�2�/ �*�S�l �i�B�K�2 �Q�7189�’s �r�B�H�H
�H�B�F�2�H�v �/�2�+�`�2���b�2�- ���b �i�?�2 �_�h�.�a �*�S�l�ö�b ���`�2 �K�Q�`�2 �T�Q�r�2�`�7�m�H �i�?���M �i�?�2 �*�S�l�ö�b �Q�7 �� �;�2�M�2�`�B�+ �H���T�i�Q�T�X �>�Q�r�2�p�2�`�-
�B�i �b�i�B�H�H �B�M�/�B�+���i�2�b �i�?���i �B�7 �M�Q�i ���+�+�Q�m�M�i�2�/ �7�Q�`�- �_�h�.�a �r�B�H�H �;�B�p�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �K�2�b�b���;�2�,�1�_�_�P�_ �@ �h�A�J�1 �a�h�1�S
�P�o�1�_�6�G�P�q�X �h�?�B�b �2�`�`�Q�` �K�2���M�b �i�?���i �i�?�2 �b�B�K�m�H���i�Q�` �+�Q�m�H�/ �M�Q�i �}�M�B�b�? ���H�H �+�Q�K�T�m�i���i�B�Q�M�b �7�Q�` �� �+�2�`�i���B�M �i�B�K�2�b�i�2�T
�B�M �i�?�2 �;�B�p�2�M �i�B�K�2 �7�`���K�2 �Q�760�’s�X �h�Q ���p�Q�B�/ �i�?�B�b �T�`�Q�#�H�2�K�- ���H�;�Q�`�B�i�?�K �B�i�2�`���i�B�Q�M�b �K�m�b�i �#�2 �/�B�p�B�/�2�/ �Q�p�2�` �i�?�2
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�+�Q�m�`�b�2 �Q�7 �K�m�H�i�B�T�H�2 �b�B�K�m�H���i�B�Q�M �i�B�K�2�@�b�i�2�T�b�X �"�2�+���m�b�2 �K�B�M�B�K�B�x�B�M�; �T�`�Q�+�2�b�b�B�M�; �b�T�2�2�/ �B�b �M�Q�i �i�?�2 �K���B�M �;�Q���H
�Q�7 �7���m�H�i �H�Q�+���i�B�Q�M�- �i�?�2 �K���t�B�K�m�K ���J�G�J �B�i�2�`���i�B�Q�M�b �T�2�` �i�B�K�2�b�i�2�T �r���b �b�2�i �i�Q �Q�M�2�X �>���p�B�M�; �� �K���`�;�B�M �B�M
�+�Q�K�T�m�i���i�B�Q�M �i�B�K�2 �B�b �B�K�T�Q�`�i���M�i�- �#�2�+���m�b�2 �i�?�2 �T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i �B�b �M�Q�i �i�?�2 �Q�M�H�v �+�Q�K�T�Q�M�2�M�i �Q�`
�T�`�Q�+�2�b�b �`�2�[�m�B�`�B�M�; �+�Q�K�T�m�i���i�B�Q�M �i�B�K�2 �Q�M �i�?�2 �_�h�.�a �*�S�l�- �2�p�2�M �r�?�2�M �B�i �B�b ���b�b�B�;�M�2�/ �� �b�B�M�;�H�2 �+�Q�`�2 �7�Q�` �B�i�b�2�H�7�X
�6�Q�`�+�B�M�; �Q�M�H�v �Q�M�2 �B�i�2�`���i�B�Q�M �T�2�` �i�B�K�2�b�i�2�T �+�Q�K�T�H�2�i�2�H�v ���p�Q�B�/�b �i�?�2 �i�B�K�2�b�i�2�T �Q�p�2�`�~�Q�r �2�`�`�Q�`�- �r�?�B�+�? �K���F�2�b �i�?�2
�T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i �m�b�2�7�m�H �B�M �b�B�K�m�H���i�B�Q�M�X

���������6�I�W�Y�P�X�W �
 �%�R�E�P�]�W�M�W
�h�Q �i�2�b�i �i�?�2 ���H�;�Q�`�B�i�?�K �T�2�`�7�Q�`�K���M�+�2�- �7���m�H�i�b ���`�2 ���T�T�H�B�2�/ ���H�Q�M�; �*���#�H�2�R�k �r�B�i�? �� �8�y�F�K �B�M�i�2�`�p���H�X �h�?�2 �"�R
�T���`���K�2�i�2�` �B�b �}�i�i�2�/ �#�v �i�?�2 ���J�G�J �T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i �B�M �i�?�2 �_�a�*���. �K�Q�/�2�H ���M�/ �B�b �b�i�Q�`�2�/�X �h�?�2
�r�B�M�/�Q�r �H�2�M�;�i�? �B�b �K�Q�M�B�i�Q�`�2�/ �/�m�`�B�M�; �i�?�2 �2�t�T�2�`�B�K�2�M�i�X ���H�H �b���K�T�H�2�b ���`�2 ���H�b�Q �b�i�Q�`�2�/ �/�m�`�B�M�; �i�?�2 �2�t�T�2�`�B�K�2�M�i�-
���M�/ �i�?�2�v �+���M �#�2 �T�`�Q�+�2�b�b�2�/ �B�M �J���h�G���" �i�Q�Q�X �h�?�2 �7���m�H�i �H�Q�+���i�B�Q�M �2�b�i�B�K���i�B�Q�M �B�b �M�m�K�2�`�B�+���H�H�v �+���H�+�m�H���i�2�/
�7�`�Q�K �i�?�2 �"�R �T���`���K�2�i�2�`�,
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�h�?�2 ���#�b�Q�H�m�i�2 �2�`�`�Q�` �B�b �+���H�+�m�H���i�2�/ �#�v�,
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�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �;�B�p�2�M �B�M�h���#�H�2 �9�X�k�X �h�?�2 �T���`���K�2�i�2�`� �B�b �+�?�Q�b�2�M �i�Q �#�21:55e � 06 �i�Q
�Q�#�i���B�M �i�?�2 �H�Q�r�2�b�i �T�Q�b�b�B�#�H�2 ���p�2�`���;�2 �2�`�`�Q�`�X �h�?�2 �h�Q�i���H ���p�2�`���;�2 �1�`�`�Q�` �U�h���1�V �B�b �N�X�3�y�W�- �r�?�B�+�? �B�b �;�2�M�2�`���H�H�v
�p�2�`�v �#���/�X ���H�i�?�Q�m�;�? �b�Q�K�2 �2�b�i�B�K���i�2�b ���`�2 �r�B�i�?�B�M �j �F�K�- �Q�i�?�2�`�b ���`�2 �K�Q�`�2 �i�?���M �8�y �F�K �7�`�Q�K �i�?�2 ���+�i�m���H �7���m�H�i
�H�Q�+���i�B�Q�M�X �"�2�+���m�b�2 �i�?�2 �H�Q�+���i�B�Q�M �p���`�B�2�b �r�B�i�? �8�y �F�K �B�M�i�2�`�p���H�b�- �i�?�2 �2�b�i�B�K���i�2�/ �H�Q�+���i�B�Q�M �B�b ���b�b�m�K�2�/ �i�Q �#�2
�H�B�M�2���`�X �>�Q�r�2�p�2�`�- �#���b�2�/ �Q�M �i�?�2 �;�B�p�2�M �/���i���- �i�?�B�b �/�Q�2�b �M�Q�i �b�2�2�K �i�Q �#�2 �i�`�m�2�X �a�2�+�Q�M�/�H�v�- �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i
�i�?�2 �i�v�T�2 �Q�7 �7���m�H�i �/�Q�2�b �M�Q�i �K���i�i�2�` �7�Q�` �T���`���K�2�i�2�` �"�R ���H�b�Q �/�Q�2�b �M�Q�i �?�Q�H�/ �7�Q�` �i�?�B�b �2�t�T�2�`�B�K�2�M�i�X �1�b�T�2�+�B���H�H�v
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 �X

�������������8�S�S�P�W
�a�B�K�B�H���`�H�v �i�Q�+�?���T�i�2�` �9�- �i�?�2 �_�a�*���. �B�b �m�b�2�/ �7�Q�` �K�Q�/�2�H�B�M�; �i�?�2 �i�2�b�i �+�B�`�+�m�B�i ���M�/ �T�`�Q�i�2�+�i�B�Q�M �+�Q�M�+�2�T�i�X �6�Q�`
�T���`���K�2�i�2�` �}�i�i�B�M�; �+�Q�K�T�Q�M�2�M�i �m�T�;�`���/�2�b�- �*�#�m�B�H�/�2�` �B�b �m�b�2�/ �B�M �+�Q�M�D�m�M�+�i�B�Q�M �r�B�i�? �o�B�b�m���H �a�i�m�/�B�Q �*�Q�/�2 �7�Q�`
�T�`�Q�;�`���K�K�B�M�; �B�M �*�X �6�Q�` ���m�i�Q�K���i�2�/ �i�2�b�i�B�M�; ���M�/ �/���i�� �+�Q�H�H�2�+�i�B�Q�M�- �i�?�2 �`�m�M�i�B�K�2 �b�+�`�B�T�i�B�M�; �7�m�M�+�i�B�Q�M���H�B�i�v �B�M
�_�a�*���. �B�b �m�b�2�/�X �.���i�� ���`�2 �+�Q�H�H�2�+�i�2�/ �B�M �*�a�o �7�Q�`�K���i ���M�/ ���M���H�v�x�2�/ �B�M �1�t�+�2�H�X �a�B�;�M���H �/���i�� �B�b ���H�b�Q �+�Q�H�H�2�+�i�2�/
�B�M �*�a�o �7�Q�`�K���i�- ���H�i�?�Q�m�;�? ���M���H�v�b�B�b �B�b �T�2�`�7�Q�`�K�2�/ �B�M �J���h�G���"�X
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�h�?�B�b �b�2�+�i�B�Q�M �2�t�T�H���B�M�b �i�?�2 �B�i�2�`���i�B�p�2 �T�`�Q�+�2�b�b �Q�7 �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �T�`�Q�i�2�+�i�B�Q�M �`�2�H���v �+�Q�M�+�2�T�i�X �6�Q�`
�`�2�T�Q�`�i�B�M�; �T�m�`�T�Q�b�2�b�- �i�?�2 �2�t�T�H���M���i�B�Q�M �B�b �`�2�7�2�`�`�2�/ �i�Q �`�2�H���vR12�- �r�?�B�+�? �B�b �i�?�2 �`�2�H���v �Q�M �*���#�H�2�R�k ���i �i�?�2
�J�J�*�R �+�Q�M�p�2�`�i�2�` �b�i���i�B�Q�M�X �A�M �i�2�`�K�b �Q�7 �+�Q�M�i�`�Q�H�- �i�?�2 �Q�i�?�2�` �}�p�2 �`�2�H���v�b �Q�T�2�`���i�2 �B�M �i�?�2 �b���K�2 �r���v�- ���H�i�?�Q�m�;�?
�i�?�`�2�b�?�Q�H�/�b �K�B�;�?�i �/�B�z�2�` ���b �i�?�2 �M�2�i�r�Q�`�F �B�b �M�Q�i �b�v�K�K�2�i�`�B�+���H�X

�������������7�M�K�R�E�P �E�R�E�P�]�W�M�W
�"�2�7�Q�`�2 �/�2�b�B�;�M�B�M�; �i�?�2 �T�`�Q�i�2�+�i�B�Q�M �b�+�?�2�K�2�- �i�?�2 �K�2���b�m�`�2�K�2�M�i �/���i�� �K�m�b�i �#�2 ���M���H�v�x�2�/ �i�Q �}�M�/ �i�?�2 �`�2�H���i�B�Q�M�b
�#�2�i�r�2�2�M �i�?�2 �/�B�z�2�`�2�M�i �7���m�H�i �b�+�2�M���`�B�Q�b �i�Q �#�2 �2�t�T�H�Q�B�i�2�/ �#�v �i�?�2 �`�2�H���v�X �_�2�+���H�H �i�?���i �i�?�2Vb1 �h�q �B�b �i�?�2 �}�`�b�i
���p���B�H���#�H�2 �H�Q�+���H �K�2���b�m�`�2�K�2�M�i �/���i�� �7�Q�` �i�?�2 �`�2�H���v�c �?�2�M�+�2�- �i�?�2 �Q�T�i�B�K���H �b�Q�m�`�+�2 �Q�7 �7���m�H�i �B�M�7�Q�`�K���i�B�Q�M �7�Q�` �i�?�2
�b�r�B�7�i �Q�T�2�`���i�B�Q�M �Q�7 �i�?�2 �T�`�Q�i�2�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�b�X �"���b�2�/ �Q�M �i�?�2 �`�2�b�m�H�i �7�Q�m�M�/ �B�M�b�2�+�i�B�Q�M �k�X�e�- �i�?�2Vb1 �b�B�;�M���H �+���M
�#�2 �m�b�2�/ �7�Q�` �i�?�2 �B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �i�?�2 �7���m�H�i �H�Q�+���H�2 �U�B�X�2�X �r�?�2�i�?�2�` �Q�` �M�Q�i �i�?�2 �7���m�H�i �B�b �B�M�i�2�`�M���H �Q�` �2�t�i�2�`�M���H�V�X �h�?�2
�i�2�`�K �H�Q�+���H�2 �B�b �m�b�2�/ �i�Q ���p�Q�B�/ �+�Q�M�7�m�b�B�Q�M �r�B�i�? �i�?�2 �i�2�`�K �H�Q�+���i�B�Q�M�- ���b �i�?�2 �K�2���M�B�M�; �B�b �K�Q�`�2 �;�2�M�2�`�B�+ ���M�/ �/�B�z�2�`�b
�7�`�Q�K �i�?���i �2�t�T�H���B�M�2�/ �B�M�+�?���T�i�2�` �9�X�6�B�;�m�`�2 �8�X�R�b�?�Q�r�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �7���m�H�i�b �r�B�i�? �/�B�z�2�`�2�M�i �H�Q�+���H�2 �7�Q�`
�� �S�h�: �7���m�H�i�- �K�2���b�m�`�2�/ ���iR12�X �h�?�`�2�2 �/�B�z�2�`�2�M�i �F�B�M�/�b �Q�7 �H�Q�+���H�2 ���`�2 �T�`�2�b�2�M�i�, �i�?�2 �H�Q�+���i�B�Q�M�b �Q�7 �i�?�2 �7���m�H�i�b
���`�2 �6�k �U�B�M�i�2�`�M���H�V�- �6�8 �U�7�Q�`�r���`�/ �2�t�i�2�`�M���H�V�- ���M�/ �6�N �U�#���+�F�r���`�/ �2�t�i�2�`�M���H�V�- ���b �;�B�p�2�M �B�M�b�m�#�b�2�+�i�B�Q�M �j�X�j�X�k�X �L�Q�i�2
�i�?���i �� �7�Q�`�r���`�/ �2�t�i�2�`�M���H �7���m�H�i �b�B�;�M�B�}�2�b �i�?�2 �7���m�H�i �`�2�b�T�Q�M�b�2 �K�2���b�m�`�2�/ ���iR12 �7�Q�` �� �7���m�H�i �Q�+�+�m�`�`�2�M�+�2 ���i �6�8�-
�7�Q�` �r�?�B�+�? �i�?�2 �K�2���b�m�`�2�/ �h�q �B�b �7�Q�`�r���`�/�X �h�?�B�b �T�`�Q�+�2�b�b �B�b �2�t�T�H���B�M�2�/ �B�M�b�2�+�i�B�Q�M �k�X�e�X �a�B�K�B�H���`�H�v�- �� �#���+�F�r���`�/
�2�t�i�2�`�M���H �7���m�H�i �b�B�;�M�B�}�2�b �� �7���m�H�i �7�Q�` �r�?�B�+�? �i�?�2 �`�2�b�T�Q�M�b�2 �K�2���b�m�`�2�/ ���iR12 �B�b �� �#���+�F�r���`�/ �h�q �#�2�+���m�b�2 �i�?�2
�7���m�H�i �Q�+�+�m�`�b ���i �6�N�X �h�?�2 �7���m�H�i �B�i�b�2�H�7 �B�b �M�Q�i �i�`���p�2�H�B�M�;�- �?�Q�r�2�p�2�`�- �B�i �+���H�H�2�/ �i�?�B�b �r���v �7�Q�` �/�Q�+�m�K�2�M�i���i�B�Q�M
�T�m�`�T�Q�b�2�b�X �h�?�2 �b�Q�H�B�/ �H�B�M�2�b �?���p�2Rf = 1 :0
 ���M�/ �i�?�2 �/���b�?�2�/ �H�B�M�2�b �?���p�2Rf = 100:0
 �X �A�i �+���M �#�2 �b�2�2�M
�i�?���i �i�?�2 �B�M�i�2�`�M���H �7���m�H�i �?���b �� �K�Q�`�2 �b�2�p�2�`�2 �`�2�b�T�Q�M�b�2 �+�Q�K�T���`�2�/ �i�Q �2�t�i�2�`�M���H �7���m�H�i�b �U�K�Q�`�2 �b�2�p�2�`�2 �#�2�+���m�b�2
�i�?�2 ���K�T�H�B�i�m�/�2 �/�`�Q�T�b �K�Q�`�2�V�X �A�M �+�Q�M�i�`���b�i �i�Q �i�?�2 �i�?�2�Q�`�2�i�B�+���H ���M���H�v�b�B�b �B�M�b�2�+�i�B�Q�M �k�X�e�- �i�?�2Vb1 �b�B�;�M���H �B�b�-
�B�M �`�2���H�B�i�v�- �M�Q�i �x�2�`�Q �7�Q�H�H�Q�r�B�M�; �� �7�Q�`�r���`�/ �2�t�i�2�`�M���H �7���m�H�i�X �A�M�b�i�2���/�- �B�i �`�B�b�2�b �7�`�Q�K �i�?�2 �T�Q�B�M�i �Q�7 ���`�`�B�p���H ���i
R12 �U���it = 1 :8ms�V�X �h�?�2Vb1 �`�2�b�T�Q�M�b�2 �7�Q�H�H�Q�r�B�M�; �� �#���+�F�r���`�/ �2�t�i�2�`�M���H �7���m�H�i �/�2�+�`�2���b�2�b ���7�i�2�` ���`�`�B�p���H ���i
R12 �U���it = 2 :9ms�V�X �L�Q�i�2 �i�?���i �i�?�2 �7���m�H�i �`�2�b�B�b�i���M�+�2 �?���b �� �H���`�;�2 �B�K�T���+�i �Q�M �i�?�2 �`�2�b�T�Q�M�b�2�X �h�?�2 �b�B�;�M���H�b
�#�2�?���p�2 �b�B�K�B�H���` �i�Q �i�?�2 �H�Q�r�2�` �`�2�b�B�b�i���M�+�2 �`�2�b�T�Q�M�b�2�b�- ���H�#�2�B�i �r�B�i�? �� �b�2�p�2�`�2�H�v �`�2�/�m�+�2�/ ���K�T�H�B�i�m�/�2�X �o�B�b�m���H�H�v�- �B�i
�B�b �/�B�{�+�m�H�i �i�Q �/�B�z�2�`�2�M�i�B���i�2 �#�2�i�r�2�2�M �2�t�i�2�`�M���H �>�A�6�c �?�Q�r�2�p�2�`�- �i�?�2 �B�M�i�2�`�M���H �7���m�H�i �B�b �b�i�B�H�H �2���b�B�H�v �/�B�z�2�`�2�M�i�B���i�2�/
�7�`�Q�K ���M �2�t�i�2�`�M���H �7���m�H�i�- �r�?�B�+�? �B�b ���M �m�H�i�B�K���i�2 �;�Q���H�X
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�6�B�;�m�`�2 �8�X�R�,�6���m�H�iVb1 �`�2�b�T�Q�M�b�2 �7�Q�` �/�B�z�2�`�2�M�i �H�Q�+���H�2�X �a�Q�H�B�/�,R f = 1 :0
 �- �.���b�?�2�/�,R f = 100 :0
 �U�S�h�: �7���m�H�i�V�X

�A�7 �� �7���m�H�i �B�b �B�/�2�M�i�B�}�2�/ ���b ���M �B�M�i�2�`�M���H �7���m�H�i�- �i�?�2 �7���m�H�i �i�v�T�2 �K�m�b�i �#�2 �B�/�2�M�i�B�}�2�/�X �h�?�B�b �B�b �M�2�+�2�b�b���`�v �i�Q �b�2�M�/
�i�?�2 �i�`�B�T �b�B�;�M���H �i�Q �i�?�2 �+�Q�`�`�2�+�i �.�*�*�"�b�- ���b �i�?�2 �7���m�H�i �i�v�T�2 �b�?�Q�r�b �r�?�B�+�? �T�Q�H�2 �B�b �7���m�H�i�v�X ���b �2�t�T�H���B�M�2�/ �B�M
�b�2�+�i�B�Q�M �k�X�k�- �i�?�2 �x�2�`�Q�@�K�Q�/�2 �+�Q�K�T�Q�M�2�M�i �B�M �p�Q�H�i���;�2 ���M�/ �+�m�`�`�2�M�i �`�2�7�2�`�b �i�Q ���M �B�K�#���H���M�+�2 �#�2�i�r�2�2�M �i�?�2 �T�Q�H�2
�[�m���M�i�B�i�B�2�b�X �"�2�+���m�b�2 �Q�7 �i�?�B�b�- �i�?�2Vb0 �h�q �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �� �7���m�H�i �B�b �#���H���M�+�2�/ �Q�` �M�Q�i�-
�b�B�M�+�2 �B�i �r�B�H�H �#�2 �x�2�`�Q �7�Q�` �� �#���H���M�+�2�/ �S�h�S �7���m�H�i�X�1�[�m���i�B�Q�M �k�X�N�b�?�Q�r�b �i�?���i �i�?�2 �x�2�`�Q�@�K�Q�/�2 �+�Q�K�T�Q�M�2�M�i�b
���`�2 �M�2�;���i�B�p�2 �7�Q�` �S�h�: �7���m�H�i�b ���M�/ �T�Q�b�B�i�B�p�2 �7�Q�` �L�h�: �7���m�H�i�b�X �h�?�B�b �2�z�2�+�i �B�b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �8�X�k�r�?�2�`�2 �i�?�2
Vb0 �`�2�b�T�Q�M�b�2 �B�b �K�2���b�m�`�2�/ �7�Q�` �B�M�i�2�`�M���H �7���m�H�i�b�X �h�?�2 �b�Q�H�B�/ �H�B�M�2�b �?���p�2Rf = 1 :0
 �- �i�?�2 �/���b�?�2�/ �H�B�M�2�b �?���p�2
Rf = 100:0
 �X �A�i �+���M �#�2 �b�2�2�M �i�?���i �7���m�H�i �`�2�b�B�b�i���M�+�2 �?���b �� �b�B�;�M�B�}�+���M�i �2�z�2�+�i �Q�M �i�?�2 �`�2�b�T�Q�M�b�2�- �#�m�i �i�?�2 �i�?�`�2�2
�i�v�T�2�b �Q�7 �7���m�H�i�b ���`�2 �2���b�B�H�v �/�B�b�i�B�M�;�m�B�b�?���#�H�2 �7�`�Q�K �2���+�? �Q�i�?�2�`�X

�6�B�;�m�`�2 �8�X�k�,�A�M�i�2�`�M���H �7���m�H�iVb0 �`�2�b�T�Q�M�b�2 �7�Q�` �/�B�z�2�`�2�M�i �7���m�H�i �i�v�T�2�X �a�Q�H�B�/�,R f = 1 :0
 �- �.���b�?�2�/�,R f = 100 :0
 �X

�.�m�`�B�M�; �T�`�Q�T���;���i�B�Q�M �7�`�Q�K �Q�M�2 �+���#�H�2 �i�Q ���M�Q�i�?�2�`�- �i�?�2Vb1 �h�q �B�b �B�M�~�m�2�M�+�2�/ �#�v �i�?�2 �H�B�M�2�@�2�M�/ �B�M�/�m�+�i�Q�`�b ���M�/
�i�?�2 �+�Q�M�p�2�`�i�2�` �b�i���i�B�Q�M �B�K�T�2�/���M�+�2�X �h�?�2 �+�Q�M�p�2�`�i�2�` �B�K�T�2�/���M�+�2 �B�b �+�Q�M�b�B�/�2�`�2�/ ���M �m�M�+�?���M�;�2���#�H�2 �T���`���K�2�i�2�` �Q�7
�i�?�2 �+�Q�M�p�2�`�i�2�`�X �>�Q�r�2�p�2�`�-Ldc �B�b �� �/�2�b�B�;�M �+�?�Q�B�+�2�- ���M�/ �B�i �B�b �+�?�Q�b�2�M �7�Q�` �i�?�2 �#�2�b�i �7���m�H�i �H�Q�+���H�2 �/�B�z�2�`�2�M�i�B���i�B�Q�M
�T�2�`�7�Q�`�K���M�+�2�X �h�?�2 �2�z�2�+�i �Q�7Ldc �Q�MVb1 �B�b �b�?�Q�r�M �B�M�6�B�;�m�`�2 �8�X�j�X �h�?�2 �i�2�b�i�2�/ �p���H�m�2�b �7�Q�`Ldc ���`�2 �i�?�Q�b�2 �B�M �i�?�2
�`���M�;�2 �Q�7 �+�Q�K�K�Q�M�H�v �7�Q�m�M�/ �p���H�m�2�b �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �(�9�e�)�- �(�8�y�)�X �A�M �i�?�2 �m�T�T�2�` �;�`���T�?�- �B�i �+���M �#�2 �b�2�2�M �i�?���i �i�?�2
�H�B�M�2�@�2�M�/ �B�M�/�m�+�i�Q�`�b �Q�M�H�v �K���`�;�B�M���H�H�v ���z�2�+�i �i�?�2Vb1 �`�2�b�T�Q�M�b�2 �7�Q�H�H�Q�r�B�M�; ���M �B�M�i�2�`�M���H �7���m�H�i�X �h�?�2 �r���p�2�7�`�Q�M�i
�B�b �i�?�2 �b���K�2 �7�Q�` ���H�H �7�Q�m�` �`�2�b�T�Q�M�b�2�b�- �?�Q�r�2�p�2�`�- �#�2�+���m�b�2 �?�B�;�?�2�` �p���H�m�2�b �7�Q�`Ldc �K���v �?�Q�H�/ �i�?�2 �+�?���M�;�2 �B�M �i�?�2
�+�m�`�`�2�M�i �+�Q�K�T�Q�M�2�M�i �Q�7Vb1 �K�Q�`�2�- �i�?�2 �b���; �#�2�+�Q�K�2�b �H�Q�r�2�`�X �A�M �i�?�2 �b�2�+�Q�M�/ �;�`���T�?�- �?�B�;�?�2�` �p���H�m�2�b �Q�7Ldc �i�2�M�/
�i�Q �~���i�i�2�M �i�?�2 �`�2�b�T�Q�M�b�2 �7�Q�` �i�?�2 �7�Q�`�r���`�/ �2�t�i�2�`�M���H �7���m�H�i�X �>�Q�r�2�p�2�`�- �i�?�2 �2�z�2�+�i �B�b �K�B�M�B�K���H ���bVb1 �B�b �b�m�T�T�Q�b�2�/
�i�Q �K�2���b�m�`�2 �Q�M�H�v �#���+�F�r���`�/ �7���m�H�i �h�q�b�X �a�i�B�H�H�- �7�Q�` ���H�H �7�Q�m�` �;�`���T�?�b �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+ �`�B�b�2 �B�M �i�?�2 �b�B�;�M���H �B�b
�Q�#�b�2�`�p�2�/�X �h�?�2 �#�Q�i�i�Q�K �;�`���T�? �b�?�Q�r�b �i�?�2 �2�z�2�+�i �Q�7 �i�?�2 �#���+�F�r���`�/ �2�t�i�2�`�M���H �7���m�H�i�- �r�?�B�+�? �B�b �i�?�2 �H���`�;�2�b�i �Q�7 �i�?�2
�i�?�`�2�2 �7���m�H�i �+���b�2�b�X �� �?�B�;�?�2�` �p���H�m�2 �H�Q�r�2�`�b �i�?�2 �`���i�2 �Q�7 �+�?���M�;�2 �Q�7 �i�?�2 �b�B�;�M���H�X
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�6�B�;�m�`�2 �8�X�j�,�1�z�2�+�i �Q�7L dc �Q�M �7���m�H�i �`�2�b�T�Q�M�b�2 �7�Q�` �/�B�z�2�`�2�M�i �7���m�H�i �H�Q�+���H�2 �U�S�h�:�-R f = 1 :0
 �V�X

�h���F�B�M�; �� �?�B�;�?�2�` �p���H�m�2 �7�Q�`Ldc�- �B�i �B�b �2���b�B�2�` �i�Q �/�B�z�2�`�2�M�i�B���i�2 �i�?�2 �B�M�i�2�`�M���H �7���m�H�i �7�`�Q�K �i�?�2 �#���+�F�r���`�/ �2�t�i�2�`�M���H
�7���m�H�i�- �#�m�i �B�i �B�b ���H�b�Q �K�Q�`�2 �/�B�{�+�m�H�i �i�Q �/�2�i�2�+�i �i�?�2 �7���m�H�i�- �2�b�T�2�+�B���H�H�v �+�Q�M�b�B�/�2�`�B�M�; �>�A�6 ���M�/ �M�Q�B�b�2�X �"���b�2�/ �Q�M
�i�?�B�b�- �� �p���H�m�2 �Q�7Ldc = 120mH �B�b �+�?�Q�b�2�M�X �h�?�B�b �+�?�Q�B�+�2 �?���b �#�2�2�M �2�K�T�B�`�B�+���H�H�v �p�2�`�B�}�2�/ �#�v �K���M�m���H�H�v �i�2�b�i�B�M�;
�i�?�2 �7���m�H�i �/�2�i�2�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �7�Q�` �p���`�B�Q�m�b �+�B�`�+�m�K�b�i���M�+�2�b�X

�������������-�R�T�Y�X �1�I�E�W�Y�V�I�Q�I�R�X�W
�J�2���b�m�`�2�/ �p�Q�H�i���;�2 ���M�/ �+�m�`�`�2�M�i �[�m���M�i�B�i�B�2�b �B�M �� �T�Q�r�2�` �b�v�b�i�2�K �b�B�K�m�H���i�B�Q�M �;�B�p�2 �p�2�`�v �;�Q�Q�/ �`�2�b�m�H�i�b�c �i�?�2�`�2
�B�b �M�Q �m�M�+�2�`�i���B�M�i�v �Q�#�b�2�`�p�2�/ �Q�7 �r�?�2�i�?�2�` �i�?�2 �p���H�m�2 �B�b �B�M�+�Q�`�`�2�+�i�X �>�Q�r�2�p�2�`�- �K�2���b�m�`�B�M�; �?�B�;�? �p�Q�H�i���;�2 ���M�/
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�m�`�`�2�M�i�b �B�b �+�?���H�H�2�M�;�B�M�;�- �Q�7�i�2�M �`�2�b�m�H�i�B�M�; �B�M �b�B�;�M���H�b �r�B�i�? �� �b�B�;�M�B�}�+���M�i ���K�Q�m�M�i �Q�7 �M�Q�B�b�2�X
���/�/�B�i�B�Q�M���H�H�v�- ���+�i�m���H �>�o�.�* �b�v�b�i�2�K�b ���`�2 �F�M�Q�r�M �i�Q �?���p�2 �i�?�B�b �M�Q�B�b�2�- �i�Q�Q�X �h�Q �/�2�b�B�;�M �� �`�Q�#�m�b�i �T�`�Q�i�2�+�i�B�Q�M
���H�;�Q�`�B�i�?�K�- �i�?�B�b �M�Q�B�b�2 �K�m�b�i �#�2 �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i�- ���b �B�i �r�B�H�H ���/�p�2�`�b�2�H�v �B�M�~�m�2�M�+�2 �B�i�b �T�2�`�7�Q�`�K���M�+�2�X �h�Q
�b�B�K�m�H���i�2 �i�?�2 �2�z�2�+�i�b �Q�7 �M�Q�B�b�2�- �r�?�B�i�2 �:���m�b�b�B���M �M�Q�B�b�2 �B�b �b�m�T�2�`�B�K�T�Q�b�2�/ �Q�M �i�?�2 �T�Q�H�2 �p�Q�H�i���;�2�X �h�?�2 �;�Q���H �B�b
���+�?�B�2�p�2 �� �9�y�/�" �Q�7 �a�B�;�M���H�@�i�Q�@�L�Q�B�b�2 �_���i�B�Q �U�a�L�_�V�X �h�?�B�b �B�b ���+�?�B�2�p�2�/ �#�v ���/�/�B�M�; �� �M�Q�B�b�2 ���K�T�H�B�i�m�/�2 �Q�7 �R�W�,

�a�L�_dB = 10 log10

�
Psignal

Pnoise

�
= 10 log10

��
Asignal

Anoise

� 2�
= 10 log10

��
100
1

� 2�
= 40�/�" : �U�8�X�R�V

�h�?�2 �+�Q�M�i�`�Q�H �#�H�Q�+�F �b�?�Q�r�M �B�M�6�B�;�m�`�2 �8�X�9�T�2�`�7�Q�`�K�b �i�?�2 �K�2���b�m�`�2�K�2�M�i �M�Q�B�b�2 ���/�/�B�i�B�Q�M�X �h�?�2�_���M�/�Q�K �:�2�M�2� �̀��i�Q�`
�#�H�Q�+�F�b �;�2�M�2�`���i�2 �� �`���M�/�Q�K �M�m�K�#�2�` �7�Q�H�H�Q�r�B�M�; �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �� �x�2�`�Q �K�2���M ���M�/ �� �b�i���M�/���`�/
�/�2�p�B���i�B�Q�M �Q�7 �Q�M�2�X �h�?�B�b �p���H�m�2 �B�b �i�?�2�M �b�+���H�2�/ �#�v �R �T�2�`�+�2�M�i �Q�7 �i�?�2 �M�Q�K�B�M���H �b�v�b�i�2�K �p�Q�H�i���;�2�o�/�+�n�M�Q�K�X �6�Q�`
�/�2�p�2�H�Q�T�K�2�M�i ���M�/ �T�2�`�7�Q�`�K���M�+�2 �i�2�b�i�B�M�; �T�m�`�T�Q�b�2�b�- �i�?�2 ���/�/�B�i�B�Q�M �Q�7 �M�Q�B�b�2 �K�m�b�i �?���p�2 �i�?�2 ���#�B�H�B�i�v �i�Q �#�2 �i�Q�;�;�H�2�/
�Q�M �Q�` �Q�z�X �h�?�B�b �B�b �T�2�`�7�Q�`�K�2�/ �#�v �K�m�H�i�B�T�H�v�B�M�; �i�?�2 �;�2�M�2�`���i�2�/ �M�Q�B�b�2 �#�v �i�?�2 �B�M�i�2�;�2�` �p���H�m�2�L�P�A�a�1�- �r�?�B�+�? �B�b �R
�B�7 �M�Q�B�b�2 �B�b �2�M���#�H�2�/ �Q�` �y �B�7 �M�Q�B�b�2 �B�b �/�B�b���#�H�2�/�X �>�2�M�+�2�- �r�?�2�M �M�Q�B�b�2 �B�b �/�B�b���#�H�2�/�- �i�?�2 �`���M�/�Q�K �M�m�K�#�2�` �b�B�;�M���H �B�b
�M�m�H�H�B�}�2�/�X �6�B�M���H�H�v�- �i�?�2 �M�Q�B�b�2 �p���H�m�2 �B�b ���/�/�2�/ �i�Q �i�?�2 �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �T�Q�H�2 �p�Q�H�i���;�2�b �U�_�R�k�n�o�/�+�n�S���M�/
�_�R�k�n�o�/�+�n�L�V �i�Q �Q�#�i���B�M �i�?�2 �K�2���b�m�`�2�/ �p�Q�H�i���;�2�b�_�R�k�n�o�/�+�n�S�n�K�2���b���M�/�_�R�k�n�o�/�+�n�L�n�K�2���b�X �l�b�B�M�; �i�?�2 �b���K�2
�K�2�i�?�Q�/�- �M�Q�B�b�2 �B�b ���H�b�Q ���/�/�2�/ �i�Q �i�?�2 �T�Q�H�2 �+�m�`�`�2�M�i�b�X �h�?�2 �M�Q�K�B�M���H �p�Q�H�i���;�2 ���M�/ �+�m�`�`�2�M�i ���`�2 �i���F�2�M ���b �8�k�8 �F�o
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���M�/ �k �F���- �`�2�b�T�2�+�i�B�p�2�H�v�X ���b �`���M�/�Q�K �M�m�K�#�2�` �;�2�M�2�`���i�B�Q�M �B�b �M�Q�i �7�m�H�H�v �`���M�/�Q�K �#�m�i �#���b�2�/ �Q�M �� �;�B�p�2�M �b�2�2�/�-
�+���`�2 �B�b �i���F�2�M �i�?���i ���H�H �;�2�M�2�`���i�Q�` �#�H�Q�+�F�b �T�`�2�b�2�M�i �B�M �i�?�2 �K�Q�/�2�H �?���p�2 �� �/�B�z�2�`�2�M�i �b�2�2�/�X

�6�B�;�m�`�2 �8�X�9�,���/�/�B�i�B�Q�M �Q�7 �K�2���b�m�`�2�K�2�M�i �M�Q�B�b�2�X

�h�?�2 �+���H�+�m�H���i�B�Q�M�b �Q�7 �i�?�2 �H�B�M�2�@�K�Q�/�2 �p�Q�H�i���;�2 ���M�/ �+�m�`�`�2�M�i �+�Q�K�T�Q�M�2�M�i�b ���`�2 �/�Q�M�2 �B�M �i�?�2 �b���K�2 �K���M�M�2�` ���b
�T�`�2�b�2�M�i�2�/ �B�M�b�m�#�b�2�+�i�B�Q�M �9�X�k�X�R�- ���b �r�2�H�H ���b �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7Vb1�X �a�B�K�B�H���`�H�v�- �i�?�2 �x�2�`�Q�@�K�Q�/�2 �+�Q�K�T�Q�M�2�M�i�b
���M�/Vb0 ���`�2 �+�Q�K�T�m�i�2�/�X �h�?�2�b�2 �+���H�+�m�H���i�B�Q�M�b ���`�2 �#���b�2�/ �Q�M �i�?�2 �K�2���b�m�`�2�/ �b�B�;�M���H�b�- �r�?�B�+�? �+�Q�m�H�/ �B�M�+�H�m�/�2 �M�Q�B�b�2�X
�h�Q �p�2�`�B�7�v �i�?���i �i�?�2 �b�m�T�2�`�B�K�T�Q�b�2�/ �M�Q�B�b�2 �?���b ���M �a�L�_ �Q�7 �9�y�/�"�- �k�y�K�b�@�H�Q�M�; �b���K�T�H�2�b �Q�7 �p�Q�H�i���;�2�- �+�m�`�`�2�M�i�- ���M�/
Vb1 ���`�2 �2�t�T�Q�`�i�2�/ �i�Q �J���h�G���"�X �h�?�2�b�M�`�U�V�7�m�M�+�i�B�Q�M �B�b �m�b�2�/ �i�Q �K�2���b�m�`�2 �i�?�2 �a�L�_ �Q�7 �i�?�2 �b�B�;�M���H�X �h�?�2 �`�2�b�m�H�i�b
���`�2 �;�B�p�2�M �B�M�h���#�H�2 �8�X�R�X ���H�i�?�Q�m�;�? �i�?�2 �+�m�`�`�2�M�i �a�L�_ �B�b �b�H�B�;�?�i�H�v �H�2�b�b �i�?���M �9�y�/�"�- �i�?�2 �b�B�;�M���H �m�b�2�/ �7�Q�` �i�?�2
�7���m�H�i ���M���H�v�b�B�bVb1 �?���b ���M �a�L�_ �Q�7 ���#�Q�p�2 �9�y�/�"�- �`�2�b�m�H�i�B�M�; �B�M ���M ���p�2�`���;�2 �b�m�T�2�`�B�K�T�Q�b�2�/ �M�Q�B�b�2 ���K�T�H�B�i�m�/�2 �Q�7
�R�X�8�W�X �h�?�B�b ���/�/�B�i�B�Q�M �Q�7 �M�Q�B�b�2 �B�b �i�?�2�`�2�7�Q�`�2 �+�Q�M�b�B�/�2�`�2�/ �b�m�{�+�B�2�M�i�X

�a�B�;�M���H �J�2���b�m�`�2�/ �a�L�_
�o�Q�H�i���;�2 �U�S�V�j�N�X�N�N �/�"
�*�m�`�`�2�M�i �U�S�V�j�3�X�N�k �/�"

Vb1 �9�j�X�d�k �/�"

�h���#�H�2 �8�X�R�,�L�Q�B�b�2 �K�2���b�m�`�2�K�2�M�i�X

�������������*�E�Y�P�X �(�I�X�I�G�X�M�S�R
�h�?�2 �7���m�H�i �/�2�i�2�+�i�B�Q�M �+�Q�M�i�`�Q�H �b�?�Q�r�M �B�M�6�B�;�m�`�2 �9�X�8�B�b �M�Q�i ���/�2�[�m���i�2 �7�Q�` �T�`�Q�i�2�+�i�B�Q�M �#�2�+���m�b�2 �Q�7 �b�2�p�2�`���H �`�2���b�Q�M�b�X
�h�?�2 �b�2�M�b�B�i�B�p�B�i�v �i�?�`�2�b�?�Q�H�/ �7�Q�` �i�?�2 �/�2�i�2�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �B�b �M�Q�i �2���b�B�H�v �+�?���M�;�2���#�H�2�X �a�2�+�Q�M�/�H�v�- �i�?�2 �/�2�i�2�+�i�B�Q�M
�K�2�i�?�Q�/ �/�Q�2�b �M�Q�i �+�Q�M�b�B�/�2�` �i�?�2 �M�Q�B�b�2�- �r�?�B�+�? �?���b �� �H���`�;�2 �B�K�T���+�i �Q�M �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �7���m�H�i �/�2�i�2�+�i�B�Q�M�X
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