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ẏp → ẋ
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ẋ = G(x, yp) ẏp = G(x, yp) vp .
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v∗c
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v∗c = −K(y − ym) + ẏm ,
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q̇∗c = J(q)−1v∗c ,
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ȳ = F (q) + ∆F (q) = y + ∆F (q) ,
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J(q)Ĵ(q)−1 = I +

∆A(q)
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v∗c = −K(ȳ − ym) + ẏm ,
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ẏ = J(q)q̇∗c = J(q)Ĵ(q)−1v∗c =

= (I + ∆A(q))[−K(ȳ − ym) + ẏm] =

= (I + ∆A(q))[−Ke−K∆F (q) + ẏm] =

ė = −(I + ∆A(q))Ke− (I + ∆A(q))K∆F (q) + ∆A(q)ẏm .
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∆A(q)

0
∆F (q)
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K =

diag{k0; k0}
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ẏm = 0
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ẋ = G(x, y)ẏ = G(x, y)J(q)q̇∗ = G(x, y)J(q)Ĵ(q)−1v∗ =

= G(x, y)J(q)Ĵ(q)−1G(x, y)−1

︸ ︷︷ ︸

I+∆B(x,y,q)

[−k0ε+ ẋm] =

= (I + ∆B(x, y, q))[−k0ε+ ẋm]

ε̇ = −k0(I + ∆B(x, y, q))ε+ ∆B(x, y, q)ẋm .
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M(q)q̈ + C(q, q̇)q̇ +G(q) = τ ,
� ��a � � �

;�79890
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T 0T

0T (−λfecf + ẋcmf )
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M(q)q̈ + C(q, q̇)q̇ +G(q) = τ ,
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q̇m = −λqm + q∗ ,
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τ ∗ = M(q)[q̈m −KDėq −KP eq] + C(q, q̇)q̇ +G(q) ,
� � a � �

KD , KP > 0 .
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ëq +KDėq +KP eq = 0.
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s = ė+ λe = q̇ − q̇r ; e = q − qm ; q̇r := q̇m − λe .
� � a � �

��5�:65 ; ?9:4;���0ml6; 890 B3;�7kl6:4;�/10Sc�Dz5 &�wK5�?9h979;dc j.0324B3;�/1C90 JO240 5 2403}�h9D17Kl60 g h97 % � ; ? ;�24D l6D c�5
890�`e79D18e5

2Vr = sTM(q)s ,
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τ = τ̂ − ρ
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τ̂ = M̂(q)q̈r + Ĉ(q, q̇)q̇r + Ĝ(q)
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τ = Y (q, q̇, q̇r, q̈r)â−KDs ,
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2Va(s, ã) = sTM(q)s+ ãTΛ−1ã ,
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Ṁ(q) − 2C(q, q̇)
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s = ė+ λe = q̇ − q̇m + λ(q − qm) ,
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2V (ec, Θ̃1, Θ̃2, s) = eTc S
−1ec + γ−1

(

|d1|Θ̃T
1 Θ̃1 + |d2|Θ̃T

2 Θ̃2

)

+ δ0Vr(s) ,
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V̇ (ėc, Θ̃1, Θ̃2, s) ≤ −λeTc S−1ec + eTc DUJ(q)s− δ0s
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δ0S
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D (DUJ(q))T .
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x = L1cos(q1) + L2cos(q1 + q2) +O1 ,
� � a � ���

y = L1sen(q1) + L2sen(q1 + q2) +O2 ,
� � a � � �

;�79890
L1, L2

2 � ;�5�2T89D1tu03792 �k032T89;�2T03/1;�23j�0
O1, O2

2 � ;�5�2TB3;k;�:489037e5�8e5�2T8e5 �e5�240GB3;�t :40324? 0mD l6;
5{h9t 24D12�l603t<5{:40mg 03: !379B3Dz5�/
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a
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M11 = a1 + 2a3cos(q2) + 2a4sen(q2) ,

M12 = M21 = a2 + a3cos(q2) + a4sen(q2) ,

M22 = a2 ,

h2 = a3sen(q2) − a4cos(q2) ,

C11 = −h2q̇2 ,

C12 = −h2(q̇1 + q̇2) ,

C21 = h2q̇1 ,

C22 = 0 ,

B3;�t

a1 = I1 +m1L
2
c1 + Ie +MeL

2
ce +MeL

2
1 ,

a2 = Ie +MeL
2
ce ,

a3 = MeL1Lcecos(δe) ,

a4 = MeL1Lcesen(δe) .
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m1 = 9, 5 Kg
�
L1 = 0, 25 m

�
Me = 5, 0 Kg

�

δe = 0
�
I1 = 4, 3 × 10−3 Kg m2

�
Ie = 6, 1 × 10−3 Kg m2

�
Lc1 = 0, 2 m

�
Lce = 0, 14 m

�

���



L2 = 0, 16 m
�
O1 = −0, 20 m

�
O2 = −0, 20 m
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y∗c
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ẏ∗c = −y∗c + r ,
� � a � � �
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r1 = a sen(wrt) + c+ d sen(1.5wrt) ,
� � a ��� �

r2 = b sen(wrt+ σ) + c+ d sen(1.5wrt+ σ) .
� � a � $ �
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F = −ρ s

‖s‖ + µ
−KDs .
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ρ
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ρ =
M̄

|det(J)|2
[
‖ÿr‖ + (1 + |det(J)|−1)

]
‖q̇‖‖ẏr‖ + k ,
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;�79890
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Kp =




cos(φ) sin(φ)

−hsin(φ) hcos(φ)



 ,
� � a �  �

φ = 0, 5 rad
�
h = 0, 5

� 89D124B3:403?e5�79Bmw � �
ε = 10−2

�
M̄ = 20

�
k = 0

�
Γ = diag{8 ×

10−3; 10−2} � wr = 0, 5 rad/s
�
σ = 1, 6 rad

�
a = b = d = 0, 02

�
c = 0

�
λ = 1

�
λf = 10

�

KD = diag{2; 2} � θ(0) = [−1, 5; 0, 001; −0, 008; −2, 5]
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Kp =




cos(φ) sin(φ)

−hsin(φ) hcos(φ)
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� � a $�� �

KD = 2I
�
λf = 10

�
Λ = 3I

�
φ = 0, 5 rad

�
h = 0, 5

� 89D124B3:403? ��79B3Dz5 � �
Γ−1 = 0, 01I

�
wr =

0, 5 rad/s
�
σ = 1, 6 rad

�
a = b = d = 0, 02

�
c = 0

�
λ = 1

�
θ̂(0) = [−0, 4; 0, 3; −0, 1; −1, 2]T
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θ1
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0
â(0) = [0; 0; 0; 0]T
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‖q̈r(t)‖ < N , N > 0 .
� � a $ ���

' �



0 200 400 600 800 1000 1200
−0.015

−0.01

−0.005

0

0.005

0.01

Tempo (s)

���������
	 	 ���� � ��D1tyh9/z5&% � ;9a ��;�/1h % � ; 5�8e5�?�l=5ol6D c�5�a ��:4:4;�2(890{:65�2�l6:40r5�tu037Kl6; � 03tY?9D ��03/�79;�:$J
t<5�/1D qr5�89; � f

ec1
�zJ · J � j ec2

��� � a

0 20 40 60 80 100

−0.1

−0.05

0

0.05

0.1

Tempo (s)

���������
	 	 ������ ��D1tyh9/z5&% � ;9au��;�/1h % � ;*5�8e5�?�l=5ol6D co5�ap��D17e5�D12(890uB3;�7Kl6:4;�/10 � 03t^#	t � f
τ1

�zJ ·J �mj
τ2
��� � a

'K�



0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
0.12

0.13

0.14

0.15

0.16

0.17

0.18

0.19

���������
	 	 �� � � ��D1tyh9/z5&% � ;9a{��;�/1h % � ;i5�8e5�?�l=5ol6D c�5�ay��:65 ��0ml���:4Dz5�2(79;"��/z5�79;i8e5 D1t<5�}�03t � 03t
?9D���03/'79;�:4tu/ D1qr5�89; � f

xc
��� � j

xcd
�zJ · J � a

0 200 400 600 800 1000 1200
−2

−1.5

−1

−0.5

0

0.5

1

Tempo (s)θ̂

���������
	 	 �� � � ��D1tyh9/z5&% � ;9a ��;�/1h % � ; 5�8e5�?�l=5ol6D c�5�a �T5�:���tu0ml6:4;�2>5�8e5�?�l=5ol6D c�;�23f
θ̂1

�zJ ·J � j θ̂2��� � j
θ̂3

�zJ�J � j
θ̂4

� · · · �

'��



0 200 400 600 800 1000 1200
−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Tempo (s)
â

���������
	 	 �� 	 � ��D1tyh9/z5&% � ;9a ��;�/1h % � ; 5o8e5�?�l=5ol6D c�5�a �T5�:���tu0ml6:4;�2{5o8e5�?�l=5ol6D cK;�23f
â1
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Y (q, q̇, q̇r, q̈r)
a)��0(g 5ol6;9j9B3;�t �e5�240.7e5>0 ]khe5&% � ; � � a � � j�l603t{JO240�f

q̈r = q̈m − λėq , q̈m = −λq̇m + q̇∗ .
� � a $K���

��5�:65{;{cK0ml6;�:	890.:40mg 03: !379B3Dz5
q∗

0324B3;�/1C9D189;>03t � � as� � � j9B3;�t
vs = u

jeD12�l6;{:60m26h9/vl 5{03t"f

q̇∗ =
d

dt

(
J(q)−1

)
u+ J(q)−1u̇+ λq̇ ,

� � a $�� �

24037989;9j@79032�l60.Br5�24;9j
u
8e5�89;u?@;�:3f

u(I&I) = Ψ
(

θ̂ − ΨT
f Γ−1ecf

)

− ΨfΨ
T
f Γ−1ec ,

� � a $ � �

' �



;�h"?@;�:3f

u(SDU) = [ΘT
1 Ω1 ,Θ

T
2 Ω2]

T ,
� � a $ � �

Ω1 = [σT , u2(SDU)
]T ,

Ω2 = σT ,

σ = −λec + ẋcm .
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ẋcm = −λxcm + λr(t) .
� � a � � �

� /103D@D1890r5�/
u∗n
j�79032�l60(Br5�24;9j�x�8e5�8e5b? ;�: � � a � � j�890�;�79890�240�0 ��l6:65�D h9t<5b?@;�242 � cK03/ ?e5�:65�tu0 J

l6:4D1qr5&% � ;>?e5o:=5{;>B3;�7Kl6:4;�/z5�89;�:3j�D12�l6;>x�j

un = Pσn .
� � a ��$ �

��5�:65i;���l603: 5i89D17 ��tuD1Br5p89;*03:4:4;"03t t<5�/1Ce5<g 03B Ce5�8e5�j�h�l6D1/1D qr5 JO240{;*5�:�l6D g �1B3D ; 8e5"24;�t<5 0
24h ��l6:65&% � ;u89;{l603:4tu;

Kpu
∗
n

7e5{0 ]khe5&% � ;u8e5>?9/z5�7Kl=5�� � a � � �mf
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ẋc
a

#�;�2G:40324h9/ l=5�89;�2);���l6D189;�2G5ol6x�5 ]kh9D jkB3;�7924D18903:4;�h�JO240�;b?9:4;��9/103t<5(890�2403:�c�; c�D 2 � ;y?9/z5�7e5�:G���bj
D12�l6;bx�j�5�2426h9t>D17989;W]kh90(5 ?9:4;�g h97989D18e5�890�:403/z5ol6D co5.037kl6:40�;b;��$��0 l=;b0�;b? ;�7Kl6;bg ;kBr5�/ 8e5 B ��tu03:65
03:65 B3;�792�l=5�7kl60�a~U�he5�7989; 5 co5�:4Dz5&% � ; 890"?9:4;�g h97989D18e5�890ix"24D1}�79D!`eBr5ol6D co5�j)D17Kl6:4;�89h9q JO240it<5�D12
h9tZ}�:65�h"890 /1D � 03:48e5�890.79;u24D12�l603t<5�aE#�032�l=5u24D l6he5&% � ;9j@;�2	tu;�8903/1;�2�5�89;�l=5�89;�2�5�7Kl603:4D1;�:4tu037Kl60
?e5�:65.890324B3:40mc�0r:); B3;�tu? ;�:�l=5�tu037Kl6;.89;b5�/ c�;.7e5.D1t<5�}�03tij�7 � ; ? ;�8903t�t<5�D12�2403:)h�l6D1/1D qr5�89;�2�79;
?9:4;&��0 l=;<8e5</103D`890yB3;�7Kl6:4;�/10�a���2�l60bl603t<5u2403:6|p89D124B3h�l6D189;<79;p?9: ����D1tu;p-E5�? � l6h9/1; ]kh90bc�03:4265�:6|
24;��9:40.24D12�l603t<5�2	890.2403:�c�;dc�D12 � ;<���ba

�d�K�



� ����� � ��� � �

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

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

� ��� � �' (�-�
� 
 *�"�!���

#�032�l60bBr5�? � l6h9/1;9je5u?9:4;�g h97989D18e5o890 :403/z5ol6D c�5{037Kl6:40 ;<;�����0ml6; � 5�/ cK; �G0b5>B ��tu03:65>?e5�24265�:6|<5u2403:
B3;�7924D18903:65�8e5�79;�?9:4;&��0ml6;�8e5�/103DK890)B3;�7Kl6:4;�/10�?e5�:65	;�:4;�� � aT#�032�l60G24037Kl6D189;9j�5�B3;�7Kl6:4D �9h9D % � ;	?9:4;oJ
? ;�2�l=5>B3;�7924D12�l60 03tZ?9:4;�tu; c�03:	;u:65�2�l6:40r5�tu037Kl=;u5�2426D 7kl���l6D1B3;>890 h9t<5{l6:65 ��0ml���:4Dz5{?9:4x JO890�`e79D18e5
79; ?9/z5�79;.8e5.D1t<5�}�03t"j�B3;�:4:40324? ;�7989037Kl60�5(h9t<5(l=5�:40mg 5(79; 0324?e5&%3;y���bjK2403t[h�l6D1/1D qr5�:�5.tu0389D18e5
0 ��?9/ �1B3D l=5y8e5{?9:4;�g h97989D18e5�890.037Kl6:40.;u5�/ cK;{0.B ��tu03:65�a

� ��� �  (� " 
'��� "�!��� � � � " ��� * 
'$��

��D124B3h�l60 JO240 79032�l60 Br5�? � l6h9/1;>5>24;�/1h % � ;>?@;�:	2403:�c�; c�D12 � ;<��� ?e5�:65{;uBr5�24;u890.:4;�� � B3D17903t<|ol6D1B3;9a
����0 % � ;�$�a �>g ;�:4tyh9/z5{;u?9:4;��9/103t<5>890 B3;�7Kl6:4;�/10�a	��2�?9:4;&��0ml6;�2�8e5�2�/103D12	B3D17903t<|ol6D1Br5�2�2403}�h903t
7e5�2.��0 %���032 $�a � a �y0 $�a � as��j�;�79890y;p?9:4;��9/103t<5<;�:4D1}�D 7e5�/`?e5�24265i5<2403:(B3;�7924D18903:65�89;p03tPl603:4tu;�2
89; B3;�7kl6:4;�/10p890*�S24h ��JO24D12�l603t<5�23fih9t 24h ��JO26D 24l603tu5 �d� ]kh90i890324B3:40mcK0"; :65�2�l6:40r5�tu037Kl6; 03t
?9:4;�g h97989D18e5�890	0	h9t�24h ��JO24D12�l603t<5 ��� ]kh90�890324B3:40mc�0�; B3;�tu? ;�:�l=5�tu037Kl6;(89; 24D12�l603t<5(79; ?9/15�79;

x − y
89;p:4;�� � a���2�:60m26h9/vl 5o89;�2�;���l6D189;�2�B3;�tP5<D1tu?9/ 03tu037Kl=5&% � ;u89;�2(5�/ }�;�:4D l6t>;�2	?9:4;�? ;�2�l6;�2

2 � ;u5rc�5�/ Dz5�89;�2E?@;�:�24D1tyh9/z5&% � ;b7�h9tux3:4D1B35y7e5u��0 % � ; $�a � 0(? ;�:Gl6032�l60.0 ��?@03:4D1tu037kl=5�D 2�7e5>��0 % � ;
$�a $�a

�d���



� ��� 	 �� #,�
'$�"�!��� �'� �  (��& $ �-,�"�'��� ��
 *
 (��$ �

-G;�7924D18903:40 JO240 D179D1B3D15�/ tu0m7kl60(5{890324B3:4D % � ;u89;u24D12�l603t<5y890 2403:�c�;dc�D12 � ;<��� 8e5�89;>03t ���ka ��' � f
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(ẋ, ẏ, ż)T

(ẋ, ẏ)T

ż
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z

f

[
α1cφ −α1sφ

α2sφ α2cφ

]

(xc1, xc2)
T

1
s

1
s

1
s

[z + Tz]
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=
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Ṡc = −2Sc
z

ż =
−2

z0

Scw3 = k3w̄3 ,
�/$�a � �

;�79890

k3 = −2/z0 ,
�/$�a � �

w̄3 = Scw3 .
�/$�a � �
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ṠcM = −λmScM + λmS
∗

c ,
�/$�a $ �

B3;�t
λm > 0

0b24037989;
S∗
c
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w̄∗

3 = b∗3ξ ,
�/$�as���

b∗3 =
λm
k3

, ξ = S∗

c − Sc .
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w̄3 = b3ξ ,
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ės = −λmes + k3b̃3ξ ,
�/$�a  �

B3;�t
es = Sc − ScM

0
b̃3 = b3 − b∗3
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˙̃b3 = −γ3 sign(k3)esξ , γ3 > 0 .
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V (es, b̃3) =
1

2

(

e2s + γ−1
3 |k3|b̃23

)

.
�/$�a ��� �

� 8903:4D c�5�8e5yl603tu? ;�:65�/ 890 �/$�a ��� �G24;��9:40 5{l6:65 ��0ml���:4Dz5y890 �/$�a  � j9:40324h9/ l=5{03t

V̇ (es, b̃3) = −λme2s + esk3b̃3ξ + γ−1
3 |k3|b̃3 ˙̃b3 ,
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V̇ (es, b̃3) = −λme2s ≤ 0 .
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V̈ (es, b̃3)
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limt→∞ es(t) →
0
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ẋc = KTu+Gpwp ,
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KT =
f
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α1cφ −α1sφ

α2sφ α2cφ
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w1
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Gp =
f
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−α1 0

0 −α2



 , wp = w3
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ẋcM = −λmxcM + λmrc ,
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u = u∗ = (KT )−1 [−Gpwp − λec + ẋcm]
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= P ∗
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u = P0σ0 .
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Θ∗T
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2s Ω2s







 ,
�/$�a ��' �

890.;�79890.240.? ;�890.;���l603:	5>?e5�:65�tu0ml6:4D1qr5&% � ;9f

u = [ΦT
1sΩ1s ,Θ

T
2sΩ2s]

T ,
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ΩT
1s = [σT0 , u2] , ΩT

2s = [σT0 ] , σ0 =
[

(−λec + ẋcm)T wTp

]T
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˙̃Θ1s = −γsign(d01)ec1Ω1s ,
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σf = λfecf − ẋcmf .
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β0 = −ΨT
0fΓ
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f = 6, 0 mm,

φ = π/6 rad ,

α1 = α2 = 83 pixel/mm ,

Sc0 = 1 pixel ,

z0 = 1 m,

S∗

c = 1 pixel .
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γ3 = 0, 4 ,

γ = 20 ,

λM = 2 ,

ωn = 0, 5 rad/s ,

rc1(t) = sen(ωnt) ,

rc2(t) = cos(ωnt) ,

b3(0) = 0 ,

Φ1(0) = [0; 0; 0; 0; 0]T ,

Φ2(0) = [0; 0; 0; 0]T ,
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λM = 1, 0 ,

S∗

c = 700 pixels .

� Q D1}�h9:65 $�a � � tu;�2�l6:65u;�2�03:4:4;�2�890b:65�2�l6:40r5�tu037Kl6;
ec

0
es
a�� �92403:�co5 JO2400]kh90y032�l6032�03:4:4;�2

� � �



���������
	 � �� 	 � ��032�l6032.0 ��?@03:4D1tu037kl=5�D12�B3;�tL; B3;�7Kl6:4;�/z5�89;i����%M79;iB35�24;"���ba���0�`e79D % � ;i89;
5�/ c�;>0.8e5yl6:65 ��0ml���:4Dz5y8903240 �45�8e5u79;>?9/z5�79;>8e5{D1t<5�}�03tia

l603798903t ?e5�:65*h9t<5*:403}�D � ;*:40324D189he5�/G8e5*;�:48903t 890 � �6. ��
�� �.0 �d� �6. ��
�� �mj�:40324? 03Bml6D co5�tu037Kl60�j
? ;�2424D c�03/1tu037Kl60�? 03/z5 h�l6D1/1D qr5&% � ; 890�h9t<5 �e5�D��95.l=5 �95b890�5�tu;�2�l6:4}�03t � ����N�q�� a�� Q D1}�h9:65 $�a ��$
5�?9:40324037Kl=5{;{B3;�tu?@;�:�l=5�tu037Kl=;b8e5�2EB3;�;�:489037e5�8e5�2E89;>5�/ c�;y0�24he5{|�:40r5y?9:4;���0ml=5�8e5{5�;y/1;�79}�;y89;
l603tu? ;9a���2G24D17e5�D12)890�B3;�7Kl6:4;�/10�Br5�:�l60324Dz5�79;y0�8e5�2 ��h97kl=5�2G2403}�h903t D1/1h92�l6:65�89;�2)7e5 Q D1}�h9:65 $�a � ��a
��l6:65���0ml���:4Dz5>89; 5�/ cK;<79;p?9/z5�79;<8e5<D1t<5�}�03tZx{5�?9:40324037Kl=5�8e5p7e5 Q D1}�h9:65 $�a ��'u037Z]khe5�7Kl6; ]kh90
5il6:65 ��0ml���:4Dz5 B3;�:4:40324? ;�7989037Kl60p79;*0324?e5&%3;S89;*:4;�� � jT;���l6D18e5 c�D15 
�59)�����
��*�mj`2403}�h90<7e5 Q D1}�h9:65
$�a ���a�#�032�l60(}�:6|�`eB3;>240(;��92403:�co5>D179B3/1h924D c�0�j�;{032�l=|�}�D1;{D179D1B3Dz5o/ 890(:403}�h9/z5&% � ;{03t

xc1(0), xc2(0)
D1tu?9/103t>037kl=5�89;9a

� � �



0 20 40 60 80 100 120 140 160
−15

−10

−5

0

5

10

Tempo (s)

0 20 40 60 80 100 120 140 160
−50

0

50

100

150

Tempo (s)

ec
es

���������
	 � ���� � ��032�l6032�0 ��?@03:4D1tu037kl=5�D12	B3;�tZ;<B3;�7Kl6:4;�/z5�89;p����%�79;<B35�24; ���ba ��:4:4;�2�890b:65�2$J
l6:40r5�tu037Kl6; � ?9D���03/12 � f �zJ · J � ec1 j �zJ �

ec2
j �zJ�J �

es
a

0 20 40 60 80 100 120 140 160
150

200

250

300

350

400

Tempo (s)

0 20 40 60 80 100 120 140 160
650

700

750

800

850

900

Tempo (s)

xc
Sc

���������
	 � �� � � ��032�l6032E0 ��?@03:4D1tu037Kl=5�D12)B3;�t[;bB3;�7Kl6:4;�/z5�89;b���(% 79;bBr5�24;y���bak��:65���0ml���:4Dz5o2)79;
?9/z5�79; 8e5 D1t<5�}�03t � ?9D���03/12 � f��zJ ·J � xc1 j �zJ`J � xcm1

j � · � xc2
j �zJ �

xcm2

j �zJ �
Scmj �zJ�J �

Sc
a

� �@$



0 20 40 60 80 100 120 140 160
−20

−10

0

10

20

30

40

Tempo(s)

0 20 40 60 80 100 120 140 160
−0.5

0

0.5

1

Tempo (s)

v
q̇

���������
	 � �� � � ��032�l6032 0 ��? 03:4D1tu037Kl=5�D12(B3;�tY;iB3;�7kl6:4;�/z5�89;"����%[79;"Br5�24;*���ba���D17e5�D 2(890>890
B3;�7Kl6:4;�/10{Br5�:�l60324Dz5�79; � tut �o2 ��0>7e5�2 ��h97Kl=5�2 � :65�8��o2 � f �T5�:�l60>24h9? 03:4D1;�:3f �zJ · J �
v1

j ��� �
v2

j �zJ�J �
v3

�@�T5�:�l60.D17�g 03:4D1;�:)J �zJ ·J � q̇1
j ��� �

q̇2
j �zJ�J �

q̇3
a

� ���



220 240 260 280 300 320 340 360
−320

−300

−280

−260

−240

−220

−200

−180

x
c
m

2
,x

c
2

xcm1, xc1

���������
	 � �� � � ��032�l6032E0 ��?@03:4D1tu037Kl=5�D12)B3;�t[;bB3;�7Kl6:4;�/z5�89;b���(% 79;bBr5�24;y���bak��:65���0ml���:4Dz5o2)79;
?9/z5�79;{8e5>D1t<5�}�03t � ?9D���03/12 � f �zJ ·J � xcM j � J �

xc
a

� �@'



0

20

40

60

80

200

250

300

350

400
40

60

80

100

120

140

160

180

200

Z [mm]X [mm]

���������
	 � �� � � ��032�l6032E0 ��?@03:4D1tu037kl=5�D 2)B3;�t[;bB3;�7Kl6:4;�/z5�89;�:G����% 79;bBr5�24;y���ba���:65 ��0ml���:4Dz5.89;
0mg 0ml6he5�89;�: � tut � a

� �	



� � ��	9���#�� "!#� � � ? JS�%�&@A
���@A
	
 ����
���.23 
�5�@R� .:�����7)*�M�%� � U � � ��.H��@8.2�_.!d%�"�"����3f�b
�@R���Z�b��
 �F� �

@8���%Q�
�3 �Z� ���	� @A
�5��Z� �0�%�T5�4 % 
�.:�W��
S����48�����6�*
��%
�5�@A
��T56� 3 
*� .8�"�	�"� � �*
*�\�6��� I 
�@R�"�"�
Sc
�

� ��� � �-� 
 ,.� ����� ,.� 
 *&�  (� � � � 
 "����

��2�l60(Br5�? � l6h9/1;{5	�@;�:489;�h ;{B3;�7Kl6:4;�/10�? ;�:E2403:�c�; c�D12 � ;>��� 890(24D12�l603t<5�2E:4;�����l6D1B3;�2EB3D17903t<|ol6D1B3;�23a
��D1798e5iB3;�7924D18903:65�7989;*5�2 D179B303:�l603qr5�2 79;�2.?e5�:���tu0ml6:4;�2.D17Kl6: �1792403B3;�2.8e5iB ��tu03:65�j�89D124B3h�l60 JO240<5
D1tu?9/103t>037kl=5&% � ;b890.h9t<5yB3;�7Kl6:4;�/z5�89;�:E5�8e5�?�l=5ol6D cK;y?e5�:65{24;�/1h9B3D ;�7e5�:E;{?9:4;��9/103t<5y890(:65�2�l6:40r5 J
tu037Kl6;>���ya�� B3;�7Kl6:6D �9h9D % � ;y89;yBr5�? � l6h9/1;b032�l=|y79;yg 5ol6;y890�]kh90(;y:65�2�l6:40r5�tu037Kl6;{5�2424D17kl���l6D1B3;bx
5ol6D179}�D189;.2403t h�l6D1/1D qr5�:�0 ��?9/1D1B3D l=5�tu037Kl60�5btu0389D18e5.8e5b?9:4;�g h97989D18e5�890

Z
0m7kl6:40�;b;��$��0ml6; � 5�/ cK; �

0	; ? ;�7Kl6;.g ;�Br5�/98e5.B ��tu03:65�a�
O2�l6;.g ;�D9B3;�792403}�h9D189;bh�l6D1/1D qr5�7989;oJO240E7e5./103De890	B3;�7kl6:4;�/10	5.tu0389D18e5
8e5>|�:40r5y?9:4;&��0 l 5o8e5{89;>5�/ cK;y7e5{D1t<5�}�03t"a���D1tyh9/z5&%��k032E7kh9tux3:4D1Br5�2Gg ;�:65�t 5�?9:40324037Kl=5�8e5�2	?e5�:65
D1/1h92�l6:65�:)5b0�`eB3D !379B3Dz5b89;ytuxml6;�89;9a��`032�l6032�0 ��? 03:4D1tu037Kl=5�D12)g ;�:65�t[:40r5�/1D1qr5�89;�2)B3;�t 5b5�?9/1D1Br5&% � ;
8e5>032�l6:65ol6x3}�Dz5y?9:4;�? ;�2�l=5>03t h9t t<5�79D1?9h9/15�89;�:E:40r5�/ a

#�; ?9: ����D1tu;(Br5�? � l6h9/1;(2403:6|.8e5�8e5 5ol6037 % � ;b5�;.Br5�24; 890	24D12�l603t<5�2�:4;�����l6D1B3;�2�B3;�t�89D17 ��tuD Br5
D179B303:�l=5u0 7 � ;u890324?9:403q � c�03/ a	��2403:�c�;dc�D12 � ; ���M2403:6|u89D124B3h�l6D18e5u5u/ h9q 89;�2�:40324h9/ l=5�89;�2�;���l6D189;�2
79032�l60(-E5�? � l6h9/1;.03t[B3;�7���h97Kl6;bB3;�t[h9t<5.79;dc�5.g ;�:4tyh9/z5&% � ;��e5�240r5�8e5 79;bB3;�79B30mD l6;b890\/D��5KL��M
��

��
&
����*��56��� �A�_.259
*� � a

�d���



� ����� � ��� � �

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


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

� � ����� � � �  � ���


� ��� � �' (�-�
� 
 *�"�!���

�Y?9:4;��9/103t<5 890*B3;�7Kl6:4;�/10"890St<5�79D1?9h9/15�89;�:4032>B3;�t 89D17 ��t>D1Br5 D179B303:�l=5 ? ;�:u2403:�cK;dc�D12 � ;I���
xpl6:65ol=5�89; 79032�l60*-E5�? � l6h9/1;9a �X;�����0ml6D c�; x :403890�`e79D1:y; 5�/1}�;�:4Dvl6t>;S890 B3;�7Kl6:4;�/10pB3D17903t<|ol6D1B3;
890324037KcK;�/ c�D189; 79;i-E5�? � l6h9/1; $p5f`etL890yB3;�t �9D17e| JO/ ;<B3;�tL5�2�/103D12�890yB3;�7Kl6:4;�/10b89D124B3h�l6D18e5�2�79;
-E5�? � l6h9/1; � j�03t h9t<5"032�l6:6h�l6h9:65*03t Br5�24Br5ol=5�a �X-E5�? � l6h9/1;"l=5�t � x3t^D17Kl6:4;�89h9q<;SB3;�79B303D l6;
890 g h97 %���032>890i03:4:4; 7 � ;oJO/1D1790r5�:40320]kh90ixih�l6D1/1D qr5�89; 7e5 :403890�`e79D % � ; 8e5 /103DE890iB3;�7Kl6:4;�/10�a �
032�l=5	�9D1/1D18e5�890�89;�24D12�l603t<5�03t Br5�24Br5ol=5�xE5�7e5�/1D1265�8e5	:4D1}�;�:4;�265�tu037Kl60�0E5�?9:40324037kl=5�8e5�79;�8903B3;�:4:403:
89;>l60 ��l6;9a

� ��� �  (� " 
'��� "�!��� � � � " ��� * 
'$��

�L��0 % � ; ��a � 5�?9:40324037kl=5 5 g ;�:4tyh9/z5&% � ;S89; ?9:4;��9/103t<5S890iB3;�7kl6:4;�/10 890it<5�79D1?9h9/z5�89;�:4032{? ;�:
2403:�c�; c�D12 � ;I���baE#�5�2i��0 %��k032"��a � 0 ��a � j	; ?9:4;���0ml6; 890SB3;�7Kl6:4;�/10*x*89D124B3h�l6D189; h�l6D1/1D qr5�7989; ;
B3;�79B303D l6; 890 g h97 %���0m2u890i03:4:4; 7 � ;oJO/1D 790r5�:40323a ��2u5�7e|�/1D124032y890i032�l=5	�9D1/1D18e5�890p8e5�2{032�l6:4h�l6h9:65�2
03t Br5�265�Br5ol=5 :4;��9h92�l=5I0 5�8e5�?�l=5ol6D c�5 ;���l6D18e5�2<l=5�t � x3t 2 � ; 5�?9:40324037Kl=5�8e5�2i79032�l=5�2"��0 %���0323a
�	0324h9tu;�2	0.B3;�tu037Kl=|�:4D1;�2E2403}�h903tZ7e5<��0 % � ;p��a $�a

�d� �



� ��� � ��
 *
 (��$�� �'� � " 
'� ��
'$ " �'�� � � � � �������

-G;�t ; ;��$��0ml6D c�; 890"D17Kl603}�:65�:>5 2403:�c�; c�D12 � ; ���XB3D17903t<|ol6D1Br5?e 032�l6:65ol6x3}�Dz5 890iB3;�7Kl6:6;�/10i03t
Br5�24Br5ol=5"89D124B3h�l6D18e5 7e5S��0 % � ; � a $�j�032�l=5"240 % � ;":60 c�D1265*5i?9:4;�? ;�2�l=5i89;"tu;�8903/1;i890>:40mg 03: !379B3Dz5
79;u0324?e5&%3;u8e5�2 ��h97Kl=5�2	8e5�89;>03t � � as� � �G0 � � as� � �G0.:403?9:4;k89h9q3D189;<5{2403}�h9D1:3f

q̇ = −λq + q∗ + s ,
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fα1 cos(φ) −fα1 sin(φ) −xc1
fα2 sin(φ) fα2 cos(φ) −xc2
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ėp = −λmesf −
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b∗p
ṽs3 +
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−λm λm

−λm 0
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V (ε, b̃p, s) =
εTPnε

2
+

b̃2

2|b∗p|
+ γV∗ ,
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Pn = Pn > 0
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γ > 0
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V̇ (ε, b̃p, s) = −εTPnAdε− εTPnBd(b̃pw − J3(q)s) +
b̃p

˙̃bp
|b∗p|

− γV̇∗ .
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V̇ (ε, b̃p, s) ≤ −εTPnAdε− εTPnBd(b̃pwp − J3(q)s) +
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V̇ (ε, b̃p, s) ≤ −ζTE(q)ζ ,
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ζ = [εT , sT ]T , E(q) =




Qn −1

2
PnBdJ3(q)

−1
2
(PnBdJ3(q))

T γKD
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ζ = [εT , sT ]T
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ẋc =
1

Z
Kpνs +
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Z
KpJ (q)s− [vs3 + J3(q)s] xc

Z
,
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+
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1
b∗p
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J (q)s .
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νs = [ΦT
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T
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V̇ (ε, Φ̃r1, Φ̃r2, s) = −εTPrArε+ εTPrBr
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|dp1|Φ̃T
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˙̃Φr1 + |dp2|Φ̃T
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V̇ (ε, Φ̃r1, Φ̃r2, s) ≤ −εTPrArε+ εTPrBr
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r2Ωr2



+ εTPr




0

1
b∗p
Kp



J (q)s+

|dp1|Φ̃T
r1

˙̃Φr1 + |dp2|Φ̃T
r2

˙̃Φr2 − µ0s
TKDs .

� ��a � � �

#�;�l=5 JO240T]kh90.2403tu?9:40.0 ��D12�l60 h9t<5
Pr

7e5yg ;�:4t<5�f

Pr =




k1S

−1
p −S−1

p

−S−1
p (k1 + 1)S−1

p



 ,
� ��a �"$ �

]kh90 2403tu?9:40.265ol6D12�g 5�q.5{890324D1}�he5�/18e5�890�f

PrAr + ATr Pr = Qr > 0 .
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˙̃Φr1 = −sign(dr1)[(k1 + 1)er1 − erf1]Ωr1 ,
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V̇ (ε, Φ̃r1, Φ̃r2, s) ≤ −ξT
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(b∗p)

−1KpJ (q)
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−1KpJ (q))T µ0KD
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ξ = [εT sT ] .

�T;�:yB3;�tu?9/103tu037Kl6;*890"��B=Ckh9:3j�x ?@;�242 � cK03/Gc�03:4D!`eBr5�:0]kh90 0 ��D12�l60ph9t
µ0

24hE`eB3D1037Kl603tu037Kl60
}�:65�79890(l=5�/D]kh90

µ0KD >
1

4
((b∗p)

−1KpJ (q))T (Qr)
−1 ((b∗p)

−1KpJ (q)) .

��t �@;�:65 032�l=5 �9/ l6D1tu5SB3;�7989D % � ; }K5�:65�7Kl=5 ]kh90 � ��a �� �bxih979D g ;�:4tu03tu037Kl60 7903}K5ol6D co5 890�`�J
79D18e5>B3;�tX:40324? 03Dvl=;p5�;>cK0ml6;�:

ξ
j 5�? 037e5�2�5u2403tuDvJO890�`e79D % � ;u7903}K5ol6D co5uh979D g ;�:4tu0(xy5�242403}�h9:65�8e5

?e5�:65
V̇ (Φ̃r1, Φ̃r2, s)

aX-G;�7Kl6h989;9j �e5�240r5�89;W7e5�2"?9:4;�?9:4D1038e5�89032"8e5�2ig h97 %���032*890 &�wK5�?9h979;dc
� ��a � � �{0 � ��a �� � jEB3;�79B3/1h9DvJO2407]kh90*;�2<24D17e5�D12u03t t<5�/1Ce5Sg 03B Ce5�8e5 2 � ; h979D g ;�:4tu03tu037Kl60i/1D1tuD J
l=5�89;�23ai#�;�l60 JO240 ]kh90<5"8903:4D c�5�8e5"2403}�h9798e5

V̈ (Φ̃r1, Φ̃r2, s)
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�/'�a �d� �
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Ṡc

2Sc
√
Sc

)

=
1

Z
√
Sc
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q̇3�zJ · J � � 03t :65�8��o2 � a

��$ �



0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26
0.15

0.2

0.25

0.3

0.35

0.4

0.45

���������
	 � �� � � -G;�7Kl6:4;�/z5�89;�: ��8e5�?�l=5ol6D c�;9a*��:65 ��0ml���:4Dz5"79;S?9/z5�79;*Br5�:�l60324Dz5�79;9f>��g 0ml6he5�89;�:.J
sc (− · −)

j@� �$��0ml6;yJ
so

� J � � 03t tu0ml6:4;�2 � a

��$K�



� ��� � �-� 
 ,.� ����� ,.� 
 *&�  (� � �
��&' (�)�-� *�� � " ��� * 
'$��

��?9:40324037Kl6;�h�JO240>79032�l60u-E5�? � l6h9/1;ph9t<5<B3;�7Kl6:4D �9h9D % � ;p5�; ?9:4;���0ml6; 890yB3;�7kl6:4;�/10b? ;�:�2403:�cK;dc�D12 � ;
��� 890	h9t�t<5�79D1?9h9/z5o89;�:�:4;�����l6D1B3;(B3;�t�B ��tu03:65 JO7e5 JOt � ;9a�� 5	� ;�:48e5�}�03t[5�89;ol 5o8e5(89032�l=5�B3;�h�f
� � ��B3;�792403}�h9D1h�JO240):40r5�/1D1qr5�:�;�B3;�7kl6:4;�/10�?e5�:65	:65�2�l6:40r5�tu037Kl6; �o:403}�h9/z5&% � ;	89;�0mg 0ml6he5�89;�:`79;�0324?e5&%3;
���[2403tYh�l6D1/1D1qr5�:�5ptu0389D18e5p0 ��?9/ �1B3D l=5<8e5 ?9:4;�g h97989D18e5�890{037Kl6:40>B ��tu03:65p0{;��$��0ml6;�� � ����;ih924;
890(g h97 %���032�890.03:4:4;u7 � ;oJO/1D 790r5�:4032�7e5>;���l6037 % � ;u890.h9t<5{032�l6:4h�l6h9:65>890.B3;�7kl6:4;�/10(/1D1790r5�:4t>037kl60
?e5�:65�tu0ml6:4D1qr5�8e5�jo;�]kh90Gg 5rcK;�:403B303h>5�5�?9/1D1Br5&% � ;�8e5�l603;�:4Dz5�890EB3;�7Kl6:4;�/10E5�8e5�?�l=5ol6D c�;9a���D1tyh9/z5&% � ;
g ;�:65�t�:40r5�/1D1qr5o8e5�2�B3;�7924D18903:65�7989;bh9tu5.D179B303:�l603qr5.79;b5�/1D179Ce5�t>037kl6;.5�79}�h9/z5�:�037kl6:40	;�2)24D12�l603t<5�2
B3;�;�:489037e5�89;�2�8e5<B ��tu03:65<0b89; 0mg 0ml6he5�89;�:3a.��2�:40324h9/ l=5�89;�2(5�?9:40324037Kl=5�89;�2(Bm;�tu?9:4; co5�tP5<0�`�J
B3D !379B3Dz5i8e5�2 /103D12 5�8e5�?�l=5ol6D co5�2.?9:4;�? ;�2�l=5�23ai!";�2�l6:4;�h�JO240>l=5�t �@x3t ]kh90uh9t^B3;�7Kl6:4;�/z5�89;�:(B3;�t
}K5�79C9;&`$��;u7 � ;>B3;�792403}�h90 B3;�tu? 0379265�:	;>03:4:4;u890.:403}�D1t>0(89h9:65�7Kl60 5{0 ��03B3h % � ;<8e5{l=5�:40mg 5�a

��$��



� ����� � ��� � �

� ��� 	 ��� � 
 �

��2�l=5u�`03240y5	�@;�:489;�h";u?9:4;��9/103t<5y890 B3;�7Kl6:4;�/10(890.24D12�l=0mt<5�2	:4;�����l6D1B3;�2�h�l6D1/1D qr5�7989;{2403:�cK;dc�D12 � ;
��� 0.���ba@-G;�7924D18903:4;�h�JO240(;{Br5�24;>890(:65�2�l6:40r5�tu037Kl6;>890�l6:65 ��0ml���:4Dz5�2G? ;�:EB3;�7kl6:4;�/10 �e5�240r5o89;u7e5
D1t<5�}�03t"a<��l6037 % � ;*g ;�D�8e5�8e5*5�;�2 Br5�24;�2b890<B3;�7Kl6:4;�/10uB3D17903t<|ol6D1B3;i0<89D17 ��tuD1B3;i89;*:4;�� � 7e5�2
B3;�7E`e}�h9:65&%���032T]kh90>h�l6D1/1D qr5�tPB ��t>03:65	`$�95 0>t �dc�03/ ab��2424h9tuD17989;"5 ?9:40324037 %r5i890>D179B303:�l603qr5�2
79;*tu;�890m/1;"B ��tu03:65 JO:4;�� � j�?e5�:�l6D1B3h9/z5�:4t>037Kl60>B3;�t :40324? 03D l6;S5�;�2 ?e5o: �otu0ml6:4;�2 D17Kl6: �1792403B3;�2 8e5
B ��tu03:65>0b5�;�2�?e5�:���tu0ml6:4;�2	89;u:4;�� � jeg ;�:65�t 890324037KcK;�/ c�D18e5�2�/103D12�5�8e5�?�l=5ol6D co5�2	89D1:40ml=5�2	?e5�:65<5
t<5�/1Ce5y890.2403:�c�;dc�D12 � ;9a

#�;(Br5�24;(890E:4;�� � 2TB3D17903t<|ol6D1B3;�23j�tu;�2�l6:4;�h�JO240H]kh90�;�B3;�7Kl6:6;�/10G890�tu;dc�D1tu037Kl6;�? ;k890E2403:�D1t{J
?9/103tu037Kl=5�89;u5{?e5�:�l6D1:E890(24;�/1h %���032	?@;�:	2403:�c�;dc�D12 � ;p��� 0 ���bae#�032�l60 24037Kl6D189;9j989he5�2	? ;�242 � c�03D12
24;�/1h %���032b5�8e5�?�l=5ol6D c�5�2.:403B3037Kl603tu037Kl=0<?9:4;�? ;�2�l=5�23j�g ;�:65�tY89D124B3h�l6D18e5�2 0<5�7e5�/1D1265�8e5�2.:4D1}�;�:6;�2=5dJ
tu037Kl60G?e5�:65�/1D18e5�:`B3;�t�5�2TD179B303:�l=5�qr5�2�89;�tu;�8903/1;�89;�24D12�l603t<5�f`h9t<5�?@03/1;�tuxml6;k89;�890 ��3 
��*�����


 ��5#%��[��. � 59)�.8� � 

	(
 ��0b;�h�l6:65u? 03/1;<t>xml6;�89;<8e5>/�� @A�����[LM��� � ����% � a %�t<5uBr5�:65�Bml603: �12�l6D1Br5>;���J
2403:�c�5�8e5u79;utuxml6;�89;>

	(
Ex 5u5�h92 !379B3Dz5u890.24h9? 03:4?e5�:65�tu0ml6:4D1qr5&% � ;u79;>c�0ml6;�:�890.B3;�7kl6:4;�/10�aG#�;
����% j�l=5�/	24h9? 03:4?e5�:65�tu0ml6:4D1qr5&% � ; x"D1790mc�D l=|dc�03/ a �	0324265�/ l=5 JO240�]kh90�j�79; 

	(
=j)5 B3;�7989D % � ; 890
24D17e5�/e:40 ]kh903:4D18e5 ?e5o:=5.5.t<5ol6:4D1q�890�}K5�79C9;

Kp

89; 24D12�l603t<5.0 ��D1}�0	; B3h9tu?9:4D1tu037Kl6;.890�h9t<5(890 J
24D1}�he5�/18e5�890)t<5ol6:4D1B3Dz5�/K037Z]khe5�7Kl6;T]kh90E79;.����% jK5�B3;�7989D % � ;�890E24D17e5�/�:403Br5�D�24;��9:40E;�2T03/103tu037kl6;�2
89Dz5�}�;�7e5�D12E8e5{t<5ol6:4D1q

D
]kh90 B3;�tu? ��0.5{g 5ol6;�:65&% � ;9a

#�;pBr5�24;p890b:4;�� � 2�B3;�tX89D17 ��tuD1Br5>7 � ;oJO890m26?9:403q � cK03/ j ?9:4;�? � 2$JO240bh9t<5u032�l6:65ol6x3}�Dz5u890yB3;�7�J
l6:4;�/10(0mtZBr5�24Br5 l 5�jeD17924?9D1:65�8e5y79;�2	:40324h9/ l=5�89;�2	8e5�2	:40mg 03: !379B3Dz5�2 � H(h9037Kl6C903: 	MN�24h ������jeN�24h
	 �O]kh9D179; ���� � jk;�79890�5bD189x3Dz5.?9:4D179B3D1?e5�/eg ;�D@B3;�t �9D17e5�:G5�2G/103D12)890�B3;�7Kl6:4;�/10�?e5�:65b;bt<5�79D1?9h�J
/z5�89;�:�B3;�tL5�2�/103D12�2403:�c�;dc�D124he5�D12�B3D17903t<|ol6D1Br5�2�?9:4;&��0ml=5�8e5�23a(_~D1tu? ;�:�l=5�7Kl60 tu0379B3D1;�7e5�:�]kh90>5

��$ �



5�?9/1D1Br5&% � ;.89;y5�/1}�;�:4Dvl6t>;.?9:4;�? ;�2�l6;b7 � ; 0 ��D1}�D1h<5 5�/ l603:65&% � ; 8e5�2)032�l6:4h�l6h9:65�2G890�B3;�7Kl6:4;�/10	B3D1790 J
t<|ol6D1B3;>890m260m7kc�;�/ c�D18e5�23j ;�]kh90b7 � ;ux(l6:4D c�Dz5�/D]khe5�7989;<B3;�tu?e5�:65�8e5>5�;�2	:40324h9/ l=5�89;�2�0 ��D12�l6037Kl6032
7e5>/1D l603:65ol6h9:65yB3;�tu;u?@;�:	0 ��03tu?9/1;u03t � H(h9037Kl6C903: 	�N�24h ������jeN�24h 	M�O]kh9D179;����� � a)��/vJ
}�h9792�:40324h9/ l=5�89;�2�890E24D1tyh9/z5&% � ;�g ;�:65�t�5�?9:40324037Kl=5�89;�2�?e5�:65�D1/1h92�l6:65�:�;(89032403tu?@0379C9;.03t�t<5�/1Ce5
g 03B=Ce5�8e5�aS��/1x3t^89D12424;9j�tu;�2�l6:4;�h�JO240 ]kh90 5*D1tu?9/103tu037Kl=5&% � ;"89;S032�]kh903t<5S:40 ]kh903:>5*tu0389D18e5
890 cK03/1;kB3D18e5�890i79; ?9/z5�79; 8e5 D1t<5�}�03tij�;?]kh90il=5�t � x3t ;kB3;�:4:40i7e5 t<5�D1;�:4D15*89;�2{l6:=5 �e5�/1C9;�2
79032�l=5 |�:40r5�aI-G;�tu; B3;�7Kl6:4D �9h9D % � ;9j�032�l=5 ��03240i8903tu;�792�l6:4;�h ]kh90 l=5�/G0 ��D1}"!379B3Dz5S? ;�8903:4Dz5S2403:
:403/z5 �95�8e5 5�89;�l=5�7989;oJO240�h9t�c�0ml6;�:G:403}�:4032424;�:)tu;�89D!`eBr5�89;.7e5�2G/103D12�5�8e5�?�l=5ol6D c�5�2�89;b24D12�l603t<5.890
2403:�c�; c�D12 � ;9a

��2�l=5 ��03240 5 � ;�:489;�hWl=5�t � x3t ; B3;�7Kl6:6;�/10"? ;�:<2403:�c�;dc�D12 � ;I���L890*24D12�l603t<5�2u:6;	����l6D1B3;�23a
��D124B3h�l6D1h�JO240*5 D tu?9/103tu037Kl=5&% � ; 890*h9t<5 B3;�7Kl6:4;�/z5�89;�:u5�8e5�?�l=5ol6D c�; ?e5�:65 24;�/1h9B3D1;�7e5�:>; ?9:4;oJ
�9/103t<5*890p:65�2�l6:40r5�tu037kl6; ���bjc]khe5�7989; 5S?9:4;�g h97989D18e5�890p:403/z5ol6D c�5"037Kl6:40 B ��tu03:65S0p;�����0ml6; x
c�5�:4Dz5�7Kl60�79;(l603tu? ;9a�%�t<5(B3;�7kl6:4D �9h9D % � ;�g ;�D9:40r5�/1D1qr5�8e5�79032�l60�24037Kl6D189;9jkh9t<5�cK03q$]kh90�;.:65�2�l6:40 J
5�tu037Kl6;*5�2424D17Kl���l6D1B3;ixu5ol6D179}�D189;p2403t h�l6D1/1D1qr5�:�0 ��?9/1D1B3D l=5�t>037kl60{5itu0389D18e5 8e5i?9:4;�g h97989D18e5�890�j
B3;�7Kl6:65�2�l=5�7989;bB3;�tMc�|�:4Dz5�2�?9:4;�?@;�2�l=5�2):403B3037Kl6032 � !*5�/1D12�0mlE5�/ a �����j �(03/1/ wy0mlE5�/ ak��������jk-G;�7kl6DvJ
B303/1/1D 	���/1/1;�l4l=5{����� ��je#�5�24D124D 	�-E5�:403/1/1D'������� � a�
O2�l6;>g ;�D�B3;�792403}�h9D189;>h�l6D1/1D qr5�7989;oJO240�7e5{/103D�890
B3;�7Kl6:4;�/10G5�tu0389D 8e5	8e5�|�:40r5�?9:4;&��0ml=5�8e5	89;�5�/ cK;�7e5�D1t<5�}�03t � A�5�B C9D joN�24h 	~&'D1qr5�:4:65�/1890)����� � � a
��D1tyh9/z5&%���032E7kh9tux3:4D1Br5�2Eg ;�:65�t 5�?9:40324037Kl=5�8e5�2�?e5�:65{D1/ h924l6:65�:E5{0�`eB3D !379B3Dz5{89;>tuxml6;�89;9a��`032�l=0m2
0 ��? 03:4D1tu037Kl=5�D12�g ;�:65�tL:40r5�/1D1qr5�89;�2�B3;�t 5 5�?9/1D1Br5&% � ;p8e5 032�l6:65ol6x3}�Dz5p?9:4;�? ;�2�l=5 03tLh9tYt<5�79DvJ
?9h9/z5�89;�:�:40r5�/�� A�5�B=C9D j N�24h�j'&'D1qr5�:4:65�/1890�	 &'03D l60{�����"$ � a��	0324265�/ l=5 JO2400]kh90{5<tu;�89D!`eBr5&% � ;<79;
c�0ml6;�:E:403}�:4032424;�:�D17Kl6:4;�89h9q3D18e5 79;{Br5�24;u��� l=5�t � x3t[g ;�D h�l6D1/1D qr5�8e5b5 ]kh9D 79;yBr5�24;>���bj95W`et 890
D179B3;�:4? ;�:65�:�;<5�/1}�;�:4D l6t>;{7e5>032�l6:65ol6x3}�Dz5>890 B3;�7Kl6:4;�/10.03tZBr5�24Br5ol=5u?e5�:65>:4;�� � 2	B3;�tZ89D17 ��tuD Br5
D179B303:�l=5�a

��t 2403}�h9D18e5�j	;I?9:4;���0ml6;I890SB3;�7kl6:4;�/10*? ;�:<2403:�cK;dc�D12 � ; ���Yg ;�D�:40mg 03D l6; D17kl6:4;k89h9q3D17989;oJO240
;SB3;�79B303D l6; 890 ����5KL��%
�� ��
�
����*�b56��� �A�_.259
*� �*
��maS!";�2�l6:4;�h�JO240	]kh90 Bm;�t 5Sh�l6D1/ D1qr5&% � ;"890<l=5�D12
g h97 %���0323j�;���l6x3t{JO240 h9tu5S?e5�:65�tu0ml6:4D1qr5&% � ;*/1D1790r5�:b?e5�:65S; tu;�8903/1;*B ��tu03:65 JO:4;�� � j�; ]kh90pg 5 J
c�;�:403B303hS5>?9/1D Br5&% � ;{89;�2�5�/1}�;�:4D l6t>;�2�5�8e5�?�l=5ol6D c�;�2�?9:4;�?@;�2�l6;�2	79032�l=5u��0m260oa

� � ;�:489;�h�JO240�l=5�t �@x3t ;y?9:4;��9/103t<5.890�B3;�7Kl6:4;�/10�? ;�:G2403:�c�;dc�D12 � ;{890�h9t 24D12�l603t<5 :4;�����l6D1B3;
B3;�tXB ��tu03:65 JO7e5 JOt � ;9a���5�/1}�;�:4D l6t>;u����g ;�D�5�?9/1D1Br5�89;u0b;<2403h 89032403tu?@0379C9;pg ;�D�B3;�t>?e5�:65�89;
5�;i890{h9tYB3;�7Kl6:4;�/z5�89;�:�B3;�tY}K5�79C9;	`$��;9au��2(:40324h9/ l=5�89;�2(:40mc�03/z5�:65�tY5 0�`eB3D !379B3Dz5 8e5 032�l6:65 J
l6x3}�Dz5<?9:4;�? ;�2�l=5<g 5�B30�e�2�D179B303:�l603qr5�2(?9:40324037Kl6032 79; tu;�890m/1;p89; 24D12�l603t<5p:4;�����l6D1B3;9j ;>]kh90{7 � ;
5�B3;�7Kl603B303h*B3;�t ;>B3;�7kl6:4;�/z5�89;�:�B3;�t }K5�79C9;&`$��;9a

��$ �



� ��� ��
'���-� *�� �-� � "  #"+*
 #"�& "�$��'� � � 
 * 
  (� �

�T5�:65.5(B3;�7Kl6D17khe5&% � ;.8e5(?@032�]kh9D1265.890324037kc�;�/ c�D18e5(79032�l=5.��03240�jk24h9}�03:40 JO240�;�2�2403}�h9D17Kl6032�l���?9D1B3;�23f

� � � �	0mg ;�:4tyh9/z5&% � ; 89; ?9:4;��9/103t<5 890*B3;�7Kl6:4;�/10i? ;�:u2403:�c�; c�D12 � ; 89D124B3h�l6D189; 79;�2 -E5�? � l6h9/1;�2
�i0 $iB3;�7924D18903:65�7989;S5i?9:4;�?@;�2�l=5i8e5":40mg 03: !379B3D15 � -GC90r5�C 0mlb5�/ a`�����"$ � j�]kh90<5�2424h9tu0<5
?9:40324037 %r5u890.D179B303:�l603qr5�2	79;�2	?e5�:���tu0ml6:4;�2�8e5>B3D17903tu|ol6D1Br5y89;ut<5�79D1?9h9/15�89;�:3a

� ���p
O89037Kl6D!`eBr5&% � ;I8e5 c�03/1;�B3D18e5�890*89; ;��$��0ml6; 79; ?9/z5�79; 8e5 D1t<5�}�0mt"jGc�D1265�7989; :403/z5 �95�:p5
B3;�7989D % � ; 890 B3;�79C903B3D1tu037kl6; � �6��.=����.�g 03D l=5I?e5�:65 032�l=5 }�:65�798903qr5�j(79; ?9:4;��9/103t<5I890
:65�2�l6:40r5�tu037Kl6;�03t�24D12�l603t<5�2�:4;�����l6D1B3;�2TB3;�t�B ��tu03:65 JO7e5 JOt � ;9a�%�t<5�24;�/1h % � ;�?@;�:Tl603;�:4Dz5
890GB3;�7Kl6:4;�/10G5�032�l6:4h�l6h9:65�c�5�:4Dz|rc�03/k? ;�8903:4Dz5�2403:T0 ��?9/1;�:65�8e5�5�`et 890G032�l6D1t<5�:'l=5�/�tu0389D18e5�a

� � � ��0324037KcK;�/ c�D1tu037Kl6;u890 5�/1}�;�:4Dvl6t>;{890.B3;�7Kl6:4;�/10\]kh90 B3;�7924D18903:40 5>;kB3;�:4: !379B3Dz5{890.;�B3/1h92 � ;
89; ;�����0ml6; 7e5 D1t<5�}�03tia�%�t ?e5�2424; D179D1B3Dz5�/E?@;�8903:4Dz5 2403:<; 890"B3;�t �9D17e5�:u5�2u/103D12>890
B3;�7Kl6:4;�/10(?9:4;�? ;�2�l=5�2	79032�l=5>��03240 B3;�t l6x3B379D1Br5�2	890.;�B3/1h92 � ;{B3;�79C903B3D18e5�2�8e5{/1D l603:65ol6h9:65�a

��$"$



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

��}K5�C�j Q a j@!"03C9:65�798903q3C�j�! a j Q 037kl6;�7�je�.a@H{a 	M+G0379Ce5	�9D ��je+�a � ����� � � j�� ��7�JO/1D1790�:4;��@;�l6D1B(D17�J
l603:4B303?�l6D1;�7>?9/z5�7979D179}�h924D179}.5�:403798903qmcK;�h92$JO}�h9D18e5�79B30�l603B=C979D:]kh90�n j���������56� �6� � ��5�@A
��2�_.!Q�
�5Z@
� 56�&#$� ����@8.=)TB��%��@A
�3W� � � j ��� � ��� a

� ��03/1/z5�j`! a`�.a � ����� � � j	� ��D 26D ;�7�J �e5�24038 5�8e5�?�l6D c�0yl6:65�B �kD179} B3;�7kl6:4;�/T;�gGh979B303:�l=5�D17 :4;��@;�l.t<5 J
79D1?9h9/z5ol6;�:423n j � ����� GE��� 5E����)�@8.=� 5��0��5�#$� ����@8.=)�� (�� � � � j@� � ' ��� � ��a

��/1/1037�j���a��{a jk��D1tuB3037 ��;9jk�ba j �);�24C9D1tuD jk+�a 	 !"D1B=C903/1t<5�7�jk��a � ����� � j
� ��h�l6;�t<5ol6038ul6:65�B �kD179}
5�798"}�:65�24?9D179}{;�g�5>tu;dc�D179}{;�����03Bml �	D l6C"5>:4;��@;�l6D1B(Ce5�798�JO0mw�0 2�w�2�l603t"n j � � ��� j � � � � ��$ � a

��2�l6;�/!`'j��ba j(N�24h�j.&�a j(#�0ml4l6;9j.! a 	 ��:�l603}K5�j(�.a � �����K��� j�� � �G;W24;�/1h�l6D1;�792pl6; l6C90 5�8e5�?�J
l6D c�0"c�D124he5�/	2403:�cK;�D179} ?9:4;��9/103t"n j � ����� GZ��� 5E����)�@8.=��5E� ��5 #$� ����@8.=)�� � 56� ^���@A��3f� @8.=��5
� � � � � je�"'K� ����K��a

��2�l6;�/!`'j��ba 	 ��:�l603}K5�j'�.a � ������� � j�� 
Otutu03:424D1;�7 5�798 D17Kco5�:4Dz5�79B30�f�5p790 �Ml6;k;�/�g ;�:�2�l=5	�9D1/1D1qr5 J
l6D1;�7u5�798<5�8e5�?�l6D c�0	B3;�7Kl6:4;�/e;�g�79;�79/1D1790r5�:�2�w�2�l603tu23n j � ����� GE��� 5E����)�@8.=��5E����5 ^���@A��3f� @8.=)
a(��5�@8�*��� �"� � � � j � �� �+$��"$�a

+G03Ce5�/ j)�ba jE��0ml6/1h9:3jG��a jG��D���;�7�j # a 	Y��5��	24;�7�jE�ba � ����� � � j� ��8e5�?�l6D c�0i? ;�26Dvl=D ;�7 5�798 ;�:4DvJ
037Kl=5ol6D1;�7":403}�h9/z5ol6D1;�7 g ;�:�l6C90 Br5�tu03:65 JOD17�J�Ce5�798i?9:4;��9/103t"n jD��������56� �c� ��#$� ����@8.=)TB��%��@A
�3W�
(<( �  � j � � � � � ����a

+GD124C9;�?�jG+�a 	Y��? ;�79}9jE! a � ���� � j�� �	8e5�?�l6D c�0iBr5�/1D �9:65ol6D ;�7I5�798 B3;�7Kl6:4;�/�;�g(�o8 tu;�79;�B3h9/z5�:
c�D124he5�/'2403:�c�;u2�w�2�l603tu23n j(a(��5�@8�����%�H5�Q .259
�
���.25�Q0VH����)�@8.=)�
 ! j � ��� � � ����a

+G;�:65�79}�D1h�j �(a � �����K��� j ��D124he5�/TB3;�7Kc�0mw�;�:(l6:65�B �kD179}pg ;�:��m?9D1B ��JO;�7�J�l6C90 J �9w��m:4;�� ;ol(tu;ol=D ;�7SB3;�7�J
l6:4;�/ jf.25�� � l6C 
O7kl603:47e5ol6D1;�7e5�/ # ;�: �k24C9;�? ;�7 ��8�c�5�79B3038�!";�l6D1;�7 -G;�7Kl6:4;�/ n j{!*5�:4D �@;�:3j
��/1;dcK0379D15�j9?9?�a@� � � ��� � '�a

-GCe5�h9tu0ml4l60�j Q a�� ���"' � j
�s��;�l6037Kl6Dz5�/e?9:4;��9/103tu2�;�g 24l=5	�9D /1D lOw{5�798uB3;�7kc�03:4}�0379B30�D17uD1t<5�}�0 J �e5o24038
5�798 ?@;�24D l6D1;�7�J �e5�24038�c�D124he5�/�2403:�c�;�D179}9n jT��
�)�@8���*
7JS��@A
�� .25 a(��5�@8�*����� 56� ��5 � ����3f� @8.=��5
B��%��@A
�3W� (<?�! j<$"$ ���@'�a

-GCe5�h9tu0ml4l60�j Q a � ����� � � j�� 
$tu5�}�0�tu;�tu037Kl623f�� }�037903:65�/ 5�798 h9240mg h9/ 240mlE;�g'g 0r5ol6h9:4032Gg ;�:�c�D124he5�/
2403:�c�;�D179}9n j � ����� GE��� 5E����)�@8.=��5E�0��5�#$� ����@8.=)�� ( � � � � je� � ������a

-GCe5�h9tu0ml4l60�j Q a 	 N�h�l6B C9D17924;�7�j(� a�� �����K��� j�� ��D124he5�/�2403:�c�; B3;�7Kl6:4;�/�J>?e5�:�li
4
=fE��8�c�5�79B3038
5�?9?9:4;K5�B=C90323n j � ����� #$� ����@8.=)�� � ^���@A��3f� @8.=��57�?�%Q"�%d .259
E?9?�a �r�� ����� ��a

-GCe5�h9tu0ml4l60�j Q a 	 !*5�/1D123j���a � ������� � j�� � ��� 8�c�D124he5�/�2403:�cK;�D179}�f 5 ? ;�2424D �9/10*24;�/1h�l6D1;�7 l6;
D1tu?9:4;dcK0yD1t<5�}�0 J �e5�24038 5�798 ? ;�26Dvl=D ;�7�J �e5�24038 c�D124he5�/�2403:�cK;�D179}9jF.25���� ����� ��5�@A
���56� @8.=��56� �
a(��5 � 
��*
�59)�
W��57#$� ����@8.=)�� � ^���@A��3f� @8.=��5en je?9?�a<$���� �+$�� � a

��$K�



-GCe5�h9tu0ml4l60�j Q a j@!*5�/1D123j9��a 	M+G;�h9890mlrj@� a � ���K��� je� � ���b8ic�D124he5�/�2403:�c�;�D179} �	D l6C :40324? 03Bml�l6;
5i?9/z5�7e5�:(;�����03Bml623jH.25�� # ;�: �k24C9;�? ;�7 #�0 �[��0379892bD17 
Ot<5�}�0 J$+E5�24038 �	;�� ;�lb��03:�cK;�D179}9n j
?9?�a � � � � ��a

-GC90r5�C�j`-�a'-�a j�&'D1h�j'-�a"	 ��/1;�l6D1790�j�R�a�R�a���a � �����"$��mj � �	8e5�?�l6D c�0 l6:=5oB �kD179}<B3;�7kl6:4;�/�;�g�:4;��@;�l62
�	D l6CWh97 ��; �	7
�kD17903t<5ol6D1B"5�798W8�w�7e5�tuD1Bi?9:4;�? 03:�l6D10323n j � ����� GE���[5�����)�@=.=��5E�7��5 ^���@A� �
3f� @8.=)fa(��5�@8�*� � ( � � ���mj@�@'"' ���	"$�a

-G;�7Kl6D1B303/1/1D j �ba 	 ��/1/1;�l4l=5�j�+�a � ����� � � j �s#�;�79/1D179035�:�B3;�7Kl6:4;�/z5	�9D1/ Dvl$w*5�798 2�l=5	�9D1/1Dvl$w*5�7e5�/ w�24D12�;�g
5�8e5�?�l6D c�0yD1t<5�}�0=J �e5�24038S2�w�2�l603tu23n j�� ����� GZ��� 5E����)�@8.=��5E����5?#$� ����@8.=)���� 56�f^���@A��3f� @8.=��5
� ! � ��� j@���"' ��� � � a

-G;�: ��0�j	��a 	 N�h�l6B=C9D17924;�7�j	� a � ������� � jG�P790 �XCKw �9:4D18WD1t<5�}�0 J �e5�24038 c�D124he5�/	2403:�c�; B3;�7kl6:4;�/
24B=C903tu0�j�.25 ��� ����� a(��5 � 
��*
�59)�
W��5 U 
�)�.:��.=� 5 � 56�7a(��5�@8�*��� n j9?9?�a � � � � ��� � ����a

-G;�: ��0�j9��a 	 N�h�l6B=C9D17924;�7�je� a � ����� � � j�� � 790 � ?e5�:�l6D l6D1;�79038<5�?9?9:4;K5�B=Cul=; D1t<5�}�0 J �e5�24038>c�D124he5�/
2403:�c�;<B3;�7Kl6:4;�/ n j�� ����� GZ��� 5E����)�@8.=��5E�W��57#$� ����@8.=)��W� 56�0^���@A��3f� @8.=��5 � ! � � � j � �K� � � � � a

-G;�: ��0�jE��a�
=a jG�	;�� 03:�l623jER�a 	 # D1792�l=5�79/10mw�jGH{a � ���"' � j�� ��D124D1;�7�J �e5�24038IB3;�7kl6:4;�/Gg ;�:{tuD179D179}
5�h�l6;�t<5ol6D1;�7�n j � ����� #$� ����@8.=)�� � ^���@A��3f� @8.=��57�?�%Q"�%d .259
 � � � � j ��� � � '�a

-G;�2�l=5�j��.a)�.a j�N�24h�j�&�a jE
Ot<5�D j)�ba 	 ��;"��;�l6; c�D B�j���a � ������� � j �s&�wK5�?9h979;dcKJ �e5�24038~5�8e5�?�l6D cK0
B3;�7Kl6:4;�/';�gTtuD1t>;{2�w�2�l603tu23n j9^���@A��3f� @=.=)*� ? � � ��� j � � � � ��� � � ��a

��03}�h924C9D j �{a � ���"' � jE��?�l6D1t<5�/Etu;�l6D1;�7IB3;�7kl6:4;�/Eg ;�:>D1t<5�}�0 J �e5o260m8 c�D124he5�/�2403:�cK;�D179} �Kw 890 J
B3;�h9?9/1D1} :4;�l=5ol6D1;�7u5�798<l6:65�7924/z5ol6D1;�7�j�.25 � -G;�7�g$a�;�7<D l603/1/ D }�037KlG�	;�� ;�l62G5�798i�kw�2�l603tu23n j9+�-�j
-E5�7e5�8e5�je?9?�a ��� � ��� ����a

��D���;�7�j # a���a j`A 03:4}�03:4;�}�/1h�j���a j Q 5�79}9j �{a 	 ��5��	24;�7�j`�ba'! a � ��������� j'� �$��03Bml�l6:65�B �kD179} �Kw
5 :4;��@;�l>t<5�79D1?9h9/15ol6;�:3fu�Z:4;��9h92�l>B3;�;�?@03:65ol6D cK0pc�D 26he5o/E2403:�cK;�D179} 5o?9?9:6;�5�B C�j$.25 ��� �����
��5�@A
���56� @8.=��56� �Fa(��5 � 
��*
�59)�
0��57#$� ����@8.=)�� � ^���@A��3f� @8.=��5en j # 5�24C9D179}�l6;�7�j@�(-�j@?9?�a � ��� �
� ��$�a

��24?9Dz5�h�j�+�a j`-GCe5�h9tu0ml4l60�j Q a"	 �	D c�0323j���a � ���K��� j � ��790 �M5�?9?9:4;K5�B=CSl6;<c�D124he5�/T2403:�c�;�D179}pD17
:4;�� ;�l6D1B323n j�� ����� GE��� 5E����)�@8.=��5E�W��57#$� ����@8.=)��W� 56�0^���@A��3f� @8.=��5 � � � � je� �d� ���K�@$�a

��tu;�l60�j �{aH
�@�� ���� ���� � j	� ��03/ gzJO}�h9D189038 :4;�� ;�l6D1ByBr5�tu03:65iB3;�7Kl6:4;�/�g ;�:(/z5�?e5�:4;�24B3;�?9D1By24h9:6}�03:�w
B3;�tu?e5�:4038 �	D l6CyCkh9t<5�7yBr5�tu03:65�B3;�7kl6:4;�/ n j"^�3 
���.=)*� 5���������56� �K� �(BK���=Q�
�� � � ! ! � � � jo�K� � �
�K� � a

Q 5�79}9j �{a j	+G03Ce5�/ jG�ba j���D���;�7�j # aG��a 	 ��5 �	24;�7�j	�baG! a � �����K��� jG��8e5�?�l6D c�0 ��a � 8 c�D124he5�/
2403:�c�;�D179}>;�g �kD1790mt<5ol6D1Br5�/1/vwu:40389h9798e5�7Kl	:4;�� ;�l�t<5�79D1?9h9/z5 l6;�:423j6.25 ��� ����� a(��5 � 
��*
�59)�
S��5
U 
�)�.:��.=��5 � 56�7a(��5�@8����� n je&`5�2E��03}K5�23j@#�0mc�5�8e5�je?9?�a �@'"$�� ���@'"$ � a

Q 03898903t<5�j�R�ar�(a 	���D1tu;�7�j �.a # a � ��	"' � j � ��D124he5�/�2403:�cK;�D179}�5�798.Br5�8�JO89:4D cK037.tuD1Bm:6;�5�24260mt �9/ w n j
� ����� #$� ����@8.=)�� � ^���@A��3f� @8.=��57�?�%Q"�%d .259
 � � � � j ��' ��� � a

Q /z5�7989D17�j�H{a j�-GCe5�h9tu0ml4l60�j Q a 	P!*5�:4B=Ce5�798�j���a�� ������� � j���w�0 JOD17�JOCe5�798��o0mw�0 J�l6;oJOCe5�798 B3;�;�?�J
03:65ol6D1;�7 g ;�:Ec�D124he5�/'2403:�c�;�D179}9j<.25 � �7BFG � � ����� '�)�
*� 5E� �	�
�
��a(��5 � 
��*
�59)�
�VH�*�%)�
�
*� .25�QM�mn j
��;�/ ae��j@��:4;dc�D1890379B30�j �	C9;k890.
O24/z5�798�je?9?�a � � � � � � �@$ � a

��$"'



Q h���D l=5�jo! a j"�.5��E5�D joN a 	~��?@;�79}9j�! a # a � �����K��� j �s�T5�2424D c�D lOwKJ �e5�24038b8�w�7e5�tuD1B�c�D124he5�/�g 03038 �e5�B �
B3;�7Kl6:4;�/�g ;�:.l6C9:4030 JO89D1tu037924D1;�7e5�/�l=5�:4}�0ml l6:65�B �kD179}9fu�kl=5	�9D1/1DvlOw 5�798

l2
JO}K5�D17 ? 03:�g ;�:4t<5�79B30

5�7e5�/ w�24D123n j�� ����� GE��� 5E����)�@8.=��5E�0��5 a(��5�@8�*���9B��%��@A
�3W� GK
�)�-�59���:�*Q � � � � � � j � � � � ��a
H(C9;�24C�j�+�a��{a j�
O7e5	�e5�j�N a 	 �T5&� 5�Ce5�24C9D j9� a � ������� � j�� 
O89037Kl6D!`eBr5ol6D1;�7u;�g':4D1B3Br5ol6D@8�w�7e5�tuD1B32)h97�J

8903:)? 03:424? 03Bml6D c�0(5�798<;�:�l6C9;�}�:65�?9C9D1B	;��92403:�co5ol6D1;�7923n j � ����� GE��� 5E����)�@8.=��5E�\��5	^���@A��3f� @8.=)
a(��5�@8�*��� �"� � � ��� j � �@$K� ��� ���@'�a

H(C9;�24C�j +�a��{a�	 &';�h9B �k23j ��a*��a � ��� � � j�� � ? 03:424?@03Bml6D cK0Ml6C903;�:�wXg ;�: tu;�l6D1;�7L5�798
24Ce5�? 0b032�l6D1t<5ol6D1;�7"D17"t<5�B C9D1790(c�D124D1;�7�n j�B ��^�� ��������56� �F� �fa(��5�@8�*���c� 56� ' �6@8.23&.!d%� @8.=��5
?<? � � � j � � ��� ��� ��� �a

H(h9037Kl6C903:3jT�.a�	 N�24h�jT&�a�� ����� � j'��5�:4Dz5	�9/10{2�l6:4h9Bml6h9:40<5�8e5�?�l6D c�0>Br5�24Br5�890uB3;�7Kl6:4;�/�;�gE:4D1}�D18�J
/1D17 � 03/103Bml6:4D1Br5�/1/vwKJO89:4DvcK037*:4;��@;�l�t<5�79D1?9h9/z5 l6;�:3j�.25 ��� ����� a(��5 � 
��*
�59)�
���5 U 
�)�.:��.=��5� 56�
a(��5�@8�*��� n j@��5�7"��7Kl6;�79D1;9j9?9?�a � �d�K� ��� � � �ka

N�5�:65�/1D1B �@jK�.aK! a 	 ��Ce5�?9D1:4;9jK&�aKH{a � ����� � j<a(��3��6��@A
���� 56��#$� ����@�;<.:��.=��5ej���;�/ ao
4
=j���8989D124;�7�J
# 0324/10mw�a

N�5�:�l6/10mw�je�.a�
=a � ���K��� j�� ��03/ gzJOBr5�/1D �9:65ol6D ;�7p;ogT2�l=5ol6D1;�7e5�:�w<Br5�tu03:65�23n j���5�@A
���5 �<��������56� � � �0a(��3��
�6��@A
��7;<.:��.=��5 (<( � � � j � ������a

N�D1/1/ jGR�a 	L��5�: �@j # a��(a � ��K�	 � j)�	0r5�/El6D1tu0pB3;�7Kl6:4;�/�;�g�5 :4;��@;�l �	D l6C 5 tu;��9D /10pBr5�tu03:65�j
VH�*�%)�
�
*� .25�QM�W� ��@2-�
 � @2- ��B �*#�j�# 5�24C9D179}�l6;�7�je�(-�j@?9?�a ����� ��� � $�je!*5�:4B=C�a

N�;�24;�8e5�j �{a j�
O}K5�:65�24C9D j �{a 	 ��265�8e5�j.! a � ���"' � j � �	8e5�?�l6D c�0 CKw �9:4D18 B3;�7Kl6:4;�/�g ;�:pc�D124he5�/
5�798 g ;�:4B30 260m:4c�;�D179} D17 5�7 h97 �k79; �	7W037Kc�D1:4;�79tu037klrn j � ����� #�� ����@8.=)�� � ^���@A��3f� @8.=��5
�?�%Q"�%d .259
E?9?�a@�� � � ��a

N�24h�j9&�a 	 �O]kh9D179;9j9��a � ���� � jk�	8e5�?�l6D c�0�c�D124he5�/@l6:65�B �kD179} �	D l6C<h979B303:�l=5�D17pt<5�79D1?9h9/z5ol6;�:�8�wKJ
7e5�tuD1B32�5�798"h979Br5�/1D �9:65ol6038 Br5�tu03:65�jD.25 ��� ����� a(��5 � 
��*
�59)�
W��5 U 
�)�.:��.=��5 � 56�7a(��5�@8�*��� n j
?9?�a � � � ' ��� � � ��a

N�24h�j)&�a j)-G;�2�l=5�j)�.a 	X�O]kh9D179;9j���a � ������� � j��kl=5	�9/10p5�8e5�?�l6D c�0<c�D124he5�/G2403:�c�;�D179}Sg ;�:ytu;dc�D179}
l=5�:4}�0ml623j<.25 �_^�3 
���.=)*�[5 a(��5�@8�*���Fa(��5 � 
��*
�59)�
mn je-GC9D1Br5�}�;9j9
O/1/1D 79;�D 23j9?�a@�����"' J���� �d��a

N�24h�jK&�a 	 -);�2�l 5�jK�.ao�.a � ���� � j�!"D !S�W89D1:403Bml�5�8e5�?�l6D c�0)B3;�7Kl6:4;�/ �	D l6Cb:40389h9B3038{?9:4D1;�: �k79; �	/vJ
0389}�0{;�g�l6C90{C9D1}�C*g :40 ]kh90379Bmw }K5�D17�j .25 ��� ����� a(��5 � 
��*
�59)�
���5 U 
�)�.:��.=��5 � 56�a(��5�@8�*��� n j
��C9;�0379D�� je��:4D1q3;�7e5�j�?�a@�������>�����"'�a

N�24h�j(&�a j(-G;�24l=5�j��.a��.a 	 &'D1qr5�:4:65�/ 890�j Q a�� �����"$ � j�&�wk5�?9h979;dc �o?e5�2424D c�D lOwKJ �e5�24038 5�8e5�?�l6D cK0
B3;�7Kl6:4;�/';�gT:403/z5ol6D c�0�8903}�:4030.l �G;p!"
�!S��2�w�2�l603tu2 �	D l6C"5�?9?9/1D1Br5ol6D ;�7pl6;{c�D124he5�/�2403:�c�;�D179}9j
.25 �_^�3 
���.=)*� 5 a(��5�@8�*���Fa(��5 � 
��*
�59)�
mn je!"D179790r5�? ;�/1D123je!"D179790324;�l=5�je?9?�a �@$"'K� ���@$"'K��a

N�24h�j�&�a j�-G;�24l=5�j	�.a)�.a 	 &'D1qr5�:4:65�/1890�j Q a � �����K��� j �s&�wK5�?9h979;dc �o?e5�2424D c�D l$wKJ �e5o260m8 5�8e5�?�l6D cK0
B3;�7Kl6:4;�/�;�gb:403/z5ol6D c�0S8903}�:4030 l �G; 2�w�2�l603tu2��	D l6C 5�7 5�?9?9/1D1Br5ol6D1;�7Wl6;Ic�D124he5�/�2403:�c�;�D179}9n j
� ����� GE��� 5E����)�@8.=��5E�0��5 ^���@A��3f� @8.=) a(��5�@8�*��� �<( � ��� je�"$ � � ���K� ��a

N�24h�j�&�a 	 &'D1qr5�:4:65�/ 890�j Q a � ������� � jk�	;��9h92�lE5�8e5�?�l6D cK0�c�D124he5�/el6:65�B �kD179} B3;�7kl6:4;�/ f���7e5�/ w�24D12)5�798
0 ��? 03:4D1tu037Kl623j0.25 �Ra(��5 � 
��*
�59)�
��5 a(��5�@8�*���\� 56� ^H�"�6�_.=)*� @8.=��5E�mn j���79B C9;�:65�}�0oj���/z5�2 �o5�j
?9?�a<'K��� �+'K�	�a

��$�



N�24h�j�&�a j�A�5�B=C9D j �ba �.a &�a 	�&'D1qr5�:4:65�/ 890�j Q a � ����� � � jd�	8e5�?�l6D c�0�c�D124he5�/�l6:65�B �kD179}	g ;�:'tu;�l6D1;�792';�7
24tu;�;�l6C 24h9:�g 5�B30323j�.25 ��� ����� a(��5 � 
��*
�59)�
$��5 U 
�)�.:��.=��5 � 56�&a(��5�@8�*� �sn jK��:4/z5�7989;9j Q /1;�:4D 8e5�j
?9?�a ��'"$"$ ����'K� ��a

N�h�l6B=C9D17924;�7�j�� a j�N�5�}�03:3j	H>a 	^-G;�: ��0oj���a � ���"$ � j � �Xl6h�l=;�:6D15�/�;�7 c�D124he5�/�2403:�c�; B3;�7Kl6:4;�/ n j
� ����� GE��� 5E����)�@8.=��5E�0��5�#$� ����@8.=)��W� 56�&^���@A��3f� @8.=��5 �+( � � � j�$ � � �+$K����a


O;K5�7979;�h�j@��a 	���h97�j �{a � � �"$ � j6#$� � �"��@c^��"���6@8. % 
 a(��5�@8�*��� je��:4037Kl6D1B30 N�5�/1/ a


 �E5ol624h �kD j�! a 	Z� �kD wK5�t<5�j`# a�� ����� � � j � � 790 ��g ;�:4tyh9/z5ol6D ;�7 ;�g)c�D124he5�/�2403:�cK;�D179}��e5�24038 ;�7
Bmw�/1D17989:4D1Br5�/ B3;�;�:489D17e5ol60(2�w�2�l603t"n j � ����� GE��� 5E����)�@8.=��5E�0��5�#$� ����@8.=)�� (�� � ��� j@�@$"$ ��������a

�(03/1/ w�jk�.a�� ���"$ � j
�s�	;��9h92�lE5�2�w�tu?�l6;�l6D1B35�/1/ wb2�l=5	�9/10�c�D124he5�/e260m:4c�;�D179} ;�g�?9/z5�7e5�:�:4;��@;�l623n j � �����
GE�*� 5E����)�@8.=��5E�W��5�#$������@8.=)��W� 56�0^���@A��3 � @8.=��5 �+( � � � j@� �  ���@$"$�a

�(03/1/ w�j��.a j�-E5�:403/1/1D j��.a jK#�5�24D124D jk�ya j �(h9B=C9037�j�+�a�	 �	0mw�0323j Q a � ������� � j � �kl=5	�9/10Gc�D124he5�/�2403:�cK;�D 79}
;�gTBr5�tu03:65 JOD17�JOCe5�798 :4;��@;�l6D1B(2�w�2�l603tu23n j � � � � je�� � � '�a

�(03/1/ w�j	�.a j��	0mwK0323j Q a j�!";�:40379;9j�R�a 	 N�h�l6B=C9D17924;�7�j�� a � ���� � j�� �G; /1;�;�?92<89D1:403Bml<c�D124he5�/
B3;�7Kl6:4;�/�;�g)89D1:403Bml�JO89:4D c�0{?9/z5o7e5�:�:4;�� ;�l62 �	D l6C tu;dc�D179}<l=5�:4}�0mlrjF.25 ��� ����� ��5�@A
���56� @8.=��56� �
a(��5 � 
��*
�59)�
W��57#$� ����@8.=)�� � ^���@A��3f� @8.=��5en je?9?�a � � �+$�� � a

��;�D cK;9jk�ba�	 N�;�h924Ce5�79}�D j�# a � � � � � j �s�	0r5�/vJ�l6D1t>0	c�D124D1;�7ug 03038 �e5�B �ug ;�:G2403:�c�;�D179}y;�g�5b:4;��@;�l6D1B
t<5�79D1?9h9/z5 l6;�:��	D l6Cb2403/ gzJ�l6h979D179}�B3;�7Kl6:4;�/1/103:3n j � ����� GZ��� 5E����)�@8.=��5E�$��5fB��%��@A
�3W� �9�?� 5>� 56�
a � ��
���59
�@8.=)�� (�� j �d� � ��� � ��a

�(:4h9?e5�j)�ba j�H.5�79}�/1; �Tj)R�a jE��;�D1}�79;�7�jE-�a j�!*5ol6C903/1D17�jG! a j�!";�:403/ jEH{a jG&'03:4;dw�j�R�a j���;�/103:3j)&�a
	 !*5�:40324Br5�h�� j.R�a � ������� � j�� ��h�l6;�79;�tu;�h92 � J$�Y? ;�24D l6D1;�79D 79} ;�g 24h9:4}�D1Br5�/�D1792�l6:4h9tu037kl62
D17 :4;��@;�l6D1q3038 /z5�?e5�:4;�24B3;�?9D1B 24h9:4}�03:�wIh924D179} c�D124he5�/�2403:�c�;�D179}9n j � ����� GE��� 5E����)�@8.=��5E�7��5
#$� ����@8.=)��W� 56�&^���@A��3f� @8.=��5 � � � � � � j�' � � �+' � ��a

&';�l623jeR�a Q a j9&`5�790�j9�ba�	 �`:4h9B3B3;9je��a � ����� � � jk��?9?9/1D1Br5ol6D1;�7u;�gT�dJ � ���o8uc�D124he5�/ 2403:�cK;�D179}bl6;yh97�J
8903: �E5ol603:�c�03C9D1B3/10y2�l=5ol6D1;�7�J ��0303?9D179}9j .25 ��� ����� ��5�@A
���56� @8.=��56� �Ha(��5 � 
��*
�59)�
���5 #$� ����@8.=)��
� ^���@A��3f� @8.=��5en j9��;�/ a9��j ��03;�h9/ j ��;�:40r5�j9?9?�a ���@$K� ����������a

&';�l623j)R�a Q a j�&`5o790�j)�ba j���:4h9B3B3;9j)��a 	L-GCe5�h9tu0ml4l60�j Q a�� ����� � � j��X�o8 c�D124he5�/G2403:�c�;�D179}Sg ;�:
h9798903: �E5ol603:`c�03C9D1B3/10�2�l=5ol6D1;�7 ��0303?9D179}9j�.25 ��� ����� ��5�@A
���56� @8.=��56� �Ka(��5 � 
��*
�59)�
X��5W#$� ����@8.=)��
� ^���@A��3f� @8.=��5en j9��;�/ a9��j ��03;�h9/ j ��;�:40r5�j9?9?�a ���@$K� ����������a

!*5�/1D123j���a 	 -GCe5�h9tu0ml4l60�j Q a � ������� � j�� � � ���<8Sc�D124he5�/�2403:�c�;�D179} �	D l6C :40324? 03Bml.l6; h97 �k79; �	7
;�����0ml6B32�l6C9:4;�h9}�CS5<790 � 032�l6D1t<5ol6D1;�7"24B=C903tu0y;�g�Br5�tu03:65u89D124?9/z5�B303tu037Klrn j ��5�@A
���56� @8.=��56� �
��������56� �,� �&a(��3��6��@A
��7;<.:��.=��5 ?�! � � � j@�	 � K��a

!*5�/1D123j@��a j�-GCe5�h9tu0ml4l60�j Q a 	[+G;�h9890mlrj�� a � ���� � j � � � ����� c�D124he5�/`2403:�cK;�D179}9n j � ����� GE��� 5E� �
��)�@8.=��5E�0��57#$� ����@8.=)��W� 56�0^���@A��3f� @8.=��5 � � � ��� j ���"' ��� � ��a

!*5�:4B=Ce5�798�j9��a je-GCe5�h9tu0ml4l60�j Q a j9��?9D17989/103:3j Q a 	 ��03:4:4D103:3j9! a ���o���K��� j � -G;�7Kl6:4;�/1/1D 79}b5�7<h979D17�J
2�l6:4h9tu037Kl6038*t<5o79D1?9h9/z5ol6;�: �kwpc�D124he5�/�2403:�cK;�D179}9n j (�� � ��� j<$�� � �+$ � ��a

!";�79;�? ;�/1D jo�.a � ��K� � � j � !";�8903/�:40mg 03:40379B30�5�8e5�?�l6D c�0GB3;�7Kl6:4;�/ �	D l6Cb5�7{5�h9}�tu037Kl6038b03:4:6;�:T24D1}�7e5�/ n j
G"^0a � � � � � j � � � � � ' � a

� ���



#�5�:4037989:65�j �{a 	M��797e5�2 �E5�tbw�je�ba � ��"'� � j9BK@R��� �:
�^��"���6@8. % 
TB��%��@A
�3W�mje��:4037Kl6D1B30 J$N�5�/1/ a
#�5�24D124D jE�ya 	 -E5�:403/1/1D j)�.a � ���������mj� ��8e5�?�l6D c�0"2403:�c�; c�D124he5�/�:4;�� ;�luB3;�7Kl6:4;�/ n j$#$� ����@8.=)��7� 56�

^���@ ��59��3 ���"�\B��%��@A
�3W� � ? j � � ���@'�a
#�D ��tu03D ��03:3j	N a 	 8903:"��B Ce5og lrj��ba	R�aG�ya�� ��� � � j\JS��5��_.259
*� � a(��5�@8�*����B��%��@A
�3W�mj���798 03897�j

��?9:4D179}�03:$J���03:4/z5�}9a
��:�l603}K5�j'�.a j�N�24h�j`&�a 	 ��2�l6;�/!`'j �ba � ������� � j�� 
Otut>03:426D ;�7 5�798 D17kco5�:4Dz5�79B30y5�8e5�?�l6D c�0yB3;�7Kl6:4;�/

;�gT/1D1790r5�:Etyh9/ l6D co5�:4Dz5 �9/10�2�w�2�l603tu23n j<B��%��@A
�3W�W� 56�7a(��5�@8�*� �6��
�@8@A
��*� � � je�K� � � ��a
�T5�?e5�79D ��;�/1;�?@;�h9/1;�23j # a"	 �(C9;�24/z5�j ��a � ����� � j � ��8e5�?�l6D cK0b:4;�� ;�l6D1B c�D124he5�/`l6:65�B �kD179}�f	��C903;�:�w

5�798"0 ��?@03:4D1tu037kl623n j � ����� GE��� 5E����)�@8.=��5E�W��5�^���@A��3f� @8.=)	a(��5�@8�*��� ? � � � � j � �	 � ��� � a
U�he5�79}9j�&�a�� ���"$ � j � ��03/ gzJOBr5�/1D �9:65 l6D ;�7 ;�g�5�7 5��u790pBr5�tu03:65*g :4;�t tyh9/ l6D ?9/10>c�D10 �	23n j ��5�@A
���5 �

��������56� �,� �&a(��3��6��@A
��7;<.:��.=��5 � � � � � j �� ���d� � a
��5�798903:424;�7�j`�ba`-�a 	�# 03D12423j�&�a���a�� ��"'�� � j 
Ot<5�}�0 J �e5�24038 c�D124he5�/�2403:�c�;"B3;�7Kl6:4;�/�h924D179} :403/z5 J

l6D1;�7e5�/ }�:65�?9C"03:4:4;�:�24D1}�7e5�/123j9.25��s��:4;kB�ae
$������n j@?9?�a �d�K� � ���d�K����a
��B=C�h9h9:4t<5�7�jb�ba(-�a 	 -E5�?924;�7�jy�ba # a � ����� � � j �s�	;��9h92�l 89D1:403Bml*c�D124he5�/b2403:�c�;�D179}~h924D179}

790ml �E;�: ��JO2�w�79B=C9:4;�79D1q3038 Br5�tu03:65�23n j � ����� GE���[5�����)�@=.=��5E�0��5b#$� ����@8.=)��0� 56��^���@A��3f� @8.=��5
( � � ��� je� �� ����� � a

��B3Dz5rc�D1B3B3;9j�&�a 	 ��D1B3D1/1D15o79;9j�+�a � ������� � j������
��2�_.25�Q � 56� a(��5�@8�*����� �>#$� ����@S�?� 5�. �6���!� @A���*�mj
��?9:4D179}�03:$J���03:4/z5�}9a

��C90303:4D179}9je-�a�	 �(03:42�l6D179}9j9+�a � ���"' � j�%�79Br5�/1D �9:65ol6038<Ce5�798�JO0mwK0�B3;�;�:489D17e5ol6D1;�7��	D l6C 5b:40389h97�J
8e5�7Kl�Br5�tu03:65u2�w�2�l603t�� .25 ��� ����� ��5�@A
���56� @8.=��56� �1a(��5 � 
��*
�59)�
0��5b#$� ����@8.=)�� � ^���@A��3f���
@8.=��5en j���;�/ a � j9?9?�a �	 � � ���	 � '�a

��D179}�C�je�.a@��a � ��"' � � j6BK@R��� �:
\�b���_@8. %�� ��.8��� �:
�^��"���9@8. % 
fa(��5�@8�*���DB��%��@A
�3W�mje#�0 � N�5dc�037�j -G;�7�J
7903Bml6D1B3h�l�03897�j@��C�a �bael6C90324D123j �G5�/10.%�79D c�03:424D lOw�a

��/1;�l6D1790�jeR�a R�a 	M&'D j$# a � � � � � jK^H�"�6�_.=
*�&JS��5��_.259
*� ��a(��5�@8�*� �sje��:4037kl6D1B30 N�5�/1/ a
��;K5ol4l6;9j�� a j Q :403qmqr5�j'�.a"	 ��03:4;�7e5�j'�`a � ���"$ � j � !";�l6D1;�7*032�l6D1t<5ol6D1;�7ic�Dz5<8�w�7e5�tuD1Br5�/'c�D124D1;�7�n j

� ����� GE��� 5E����)�@8.=��5E�0��5 ^���@A��3f� @8.=) a(��5�@8�*��� ��� � � � je���� � � �d��a
��? ;�79}9j@! a # a 	���D18�wK5�265�}K5�:3j@! a � ��"'� � jK#$� ����@ U ��56� 3&.=)��W� 56�7a(��5�@8�*��� j$# D1/10mw 	 ��;�7923a
�kl6:65�79}9j@H{a � ��"'"'��mjK�,.259
*� ��^�� Q�
	� ���	� 56� ��@2��^H�"�6�_.=)*� @8.=��5E�mj@�o798*��897�j ��?9:4D179}�03:$J���03:4/z5�}9a
��265�D j'�.a 	 &'0379q�j`�.a � ��"'� � j�� �[790 ��l603B=C979D:]kh90{g ;�:�g h9/1/ w*5�h�l6;�79;�tu;�h92(5�798 0��uB3D1037Kl60>���

:4;�� ;�l6D1B32�Ce5�798��o0mw�0 Br5�/1D �9:65ol6D ;�7�n j � je� � � ��� � '�a
��265�D j)�.a �{a � ��"'K��� j � � c�03:4265ol6D1/10pBr5�tu03:65SBr5�/1D �9:65ol6D ;�7 l603B=C979D:]kh90 g ;�:yC9D1}�C�J$5�B3B3h9:65�79Bmw ���

t<5�B3B=C9D1790�c�D124D1;�7 tu0ml6:4;�/1;�}owuh924D179}{; �@J�l6C90 JO24C903/ g`l4c<Br5�tu03:65�2	5�798 /10379240323n j � ����� ������� �
56� � � ��#$� ����@8.=)��W� 56�0^���@A��3f� @8.=��5 ? � � � je�K��� ��� ��� a

%�24C903:3j �{a jE�	D189/10mw�jG��a 	^-G;�: ��0�j���a � �����K��� j)��D124he5�/�2403:�c�;�D179} ;�g(5 Br5�:$JO/1D ��0 c�03C9D1B3/10pJ{5�7
5�?9?9/1D1Br5ol6D ;�7";�g�;�tu79D189D :403Bml6D1;�7e5o/�c�D124D1;�7�j�.25 � ��h92�l6:65�/1Dz5�7S-G;�7�g 03:40379B30y;�7S�	;�� ;�l6D1B32�5�798
��h�l6;�t<5ol6D1;�7�n j���h9B �k/z5�798�je?9?�a@�K� � � ��a

� � �



%	l �kD17�jG�ya)
=a � ���K��� j�BK�_.8� .25�Q?�����
�.25 a(��5�@8�*����� 56� ' �6@8.23&.!d%� @8.=��5ej	�o798W03897�j���?9:4D179}�03:$J
��03:4/z5�}9a

��D l6:65�79D j@! a j�!";�:403/ j H>a 	[��:�l6t<5�D103:3je�(a � �����"$ � je��h�l6;�t<5ol6D1B(}�h9D18e5�79B30 ;�g�24h9:4}�D1Br5�/'D1792�l6:4h�J
tu037Kl �	D l6C h9/ l6:65�24;�h9798 �e5�24038 c�D124he5�/)2403:�c�;�D179}9jH.25 ��� ����� ��5�@A
���56� @8.=��56� �$a(��5 � 
��*
�59)�

��5�#$������@8.=)�� � ^���@A��3f� @8.=��5en j ��:4/z5�7989;9j Q / ��:4D18e5�j�?9?�a � �"' � � �d��a

# 5�79}9j�N a 	�&'D1h�j �{a � �����"$ � jo%�79Br5�/1D �9:65ol6038(c�D124he5�/�l6:=5oB �kD179}	B3;�7kl6:4;�/"�	D l6C9;�h�l`c�D 26he5o/Kc�03/1;�B3D lOw�j
.25 ��� ����� ��5�@A
���56� @8.=��56� �,a1� 5	� 
���
�59)�
T��5>#$� ����@8.=)�� � ^���@A��3f� @8.=��5en je��:4/z5�7989;�j Q /1;�:4D 8e5�j
?9?�a �����"' ����� � ��a

# ;�79Ce5�t"j$# a ! a � ��"' � � jK�,.259
*� ���b���_@8. %�� ��.8��� �:
fa(��5�@8�*��� j@��?9:4D179}�03:$J���03:4/z5�}9a

 Dz5�;9j`�ba jTH(C9;�24C�j�+�a��{a'�ba j 
 D j`# a 	 �T5�:47�j`�(a�R�a�� ����������� j � ��037924;�:$J �e5�24038 CKw �9:4D18 ?@;�24DvJ

l6D1;�7�� g ;�:4B30(B3;�7Kl6:4;�/';�g�5>:4;�� ;�l	t<5�79D1?9h9/z5ol6;�:ED17*5�7ih979Br5�/1D �9:65ol6038i037kc�D1:4;�79tu0m7klrn j � �����
GE�*� 5E����)�@8.=��5E�W��5 a(��5�@8�*� �9B��%��@A
�3W�>G6
�)�-�59���:�*Q � � � � � j�$�� � �+$ � � a


 Dz5�;9j`�ba j�H(C9;�24C�j�+�a �{a'�ba j 
 D j`# a�	 ��5�:47�j��(a�R�a�� ������� � � j	� ��037924;�:$J �e5�24038 CKw �9:4D18 ?@;�24DvJ
l6D1;�7�� g ;�:4B30(B3;�7Kl6:4;�/';�g�5>:4;�� ;�l	t<5�79D1?9h9/z5ol6;�:ED17*5�7ih979Br5�/1D �9:65ol6038i037kc�D1:4;�79tu0m7klrn j � �����
GE�*� 5E����)�@8.=��5E�W��5 a(��5�@8�*� �9B��%��@A
�3W�>G6
�)�-�59���:�*Q � � � � � j�$�� � �+$ � � a

�G5�qr5�:403/ j N a 	�-GC90r5�C�j�-�a -�a � �����K��� j � ��5�2 ��JO24?e5�B30G5�8e5�?�l6D c�0�B3;�7Kl6:4;�/�;�g�:4;�� ;�l6D1B�t<5�79D1?9h9/z5 l6;�:42
�	D l6C{h979B303:�l=5�D17Kl6D1032�D17y}�:65rc�D lOwb:403}�:4032424;�:�t<5ol6:4D��b5�798 �kD17903t<5ol6D1B323n j � ����� GZ��� 5E����)�@8.=��5E�
��5 ^���@A��3f� @8.=) a(��5�@8�*��� � ! �  � j � � '�� ��� � ' � a

�)h�j�� a 	Z#	03/124;�7�j�+�a�R�a � ����� � � j � ��h�l6;�79;�tu;�h92 D17���03B l=D ;�7 ;�g��9D1;�/1;�}�D Br5�/�B303/1/12 h924D179}ic�D124he5�/
2403:�c�;�D179}9n j�������
���.23 
�5�@R� �6#$� ����@8.=)��7; � �G?9?�a ��$� ��� �@'�a

A�5�B=C9D j��ba��.a`&�a � ����� � � j�a(��5�@8��.�� ��. LM���b��� )���5�@8�*���:
	�"�"���6@R� @8. % �b��
&��.:��@A
�3f�M��56��� �A�_.259
*� �*
��
)���3 ���6�_.=)*�[LM�����&�%
�� % � � %%.:�����&�*��� ��@8.=)*� � U j9��03240 890b!"032�l6:65�89;{JE-��(��������% Q ��R�a

A�5�B=C9D jT�baT�.aT&�a j�N�24h�j�&�a 	Z&'D1qr5�:4:65�/1890�j Q a � ����� � � j���03:�g ;�:4tuD179}*2�l=5	�9/10p��� 5�8e5�?�l6D cK0>c�DvJ
24he5�/�? ;�24D l6D1;�79D179} �dl6:65�B �kD179} B3;�7Kl6:4;�/ �	D l6C9;�h�l 0 ��?9/1D1B3D l(8903?�l6C tu0r5�24h9:403tu037Kldj1.25���� �����
��5�@A
���56� @8.=��56� �Da(��5 � 
��*
�59)�
���5�#$� ����@8.=)�� � ^���@ ��3f� @8.=��5en jK#�0 � ��:4/10r5�7923j ? jk���	�� �������K��a

A�5�B=C9D j)�ba)�.a�&�a jEN�24h�j�&�a jE&'D1qr5�:4:65�/1890�j Q a 	Y&'03D l60�j)�ba)-�a � ����� � � j)��8e5�?�l6D c�0"B3;�7kl6:4;�/�;�g
79;�79/1D1790r5�: c�D124he5�/E2403:�c�;�D179} 2�w�2�l603tu2{g ;�:{8903?�l6C ? ;�24D l6D1;�79D179}S5�798 ?9/z5�7e5�:bl6:65�B �kD179}9j$.25
� VH�*�%) �W� � @2-�
  ��@2- P$���%d .2�_.8� 5 a(��5 � 
��*
�59)�
 ��5 ^���@A��3f� @8.=) a(��5�@8�*��� n j�H(:65�t<5�89;9j���� j
?9?�a � � �d� ��� � � � a

A�5�B=C9D jK�bak�.aK&�a j�N�24h�j�&�a j�&'D1qr5�:4:65�/1890�j Q a 	 &'03D l60�jK�ba�-�a�� �����"$ � j
� ��8e5�?�l6D c�0	B3;�7Kl6:4;�/e;�g 79;�7�J
/1D1790r5�:Ec�D124he5�/'2403:�c�;�D179}u2�w�2�l603tu2�g ;�:���� Br5�:�l60324Dz5�7il6:65�B �kD179}9n jD#$
3%%.:��@R�fBZPH^ �Ta(��5�@8�*���:

� ^���@A��3f�[LM��� � ! � � � j@�"' � �������a

A�5�B=C9D j	�ba��.aE&�a j�N�24h�j�&�a j���:�l603}K5�j��.a 	 &'D1qr5�:4:65�/1890�j Q a � ����� � ��� j�-E5�24Br5�890 B3;�7kl6:4;�/�;�g
h979B303:�l=5�D17<t<5�79D1?9h9/z5ol6;�:�2�w�2�l603tu2)l6C9:4;�h9}�CpD1tut>03:424D1;�7u5�798pD17Kc�5�:4Dz5�79B30�5�8e5�?�l6D c�0	c�D124he5�/
2403:�c�;�D179}9jW.25 ��� ��������5�@A
���56� @8.=��56� �Sa(��5 � 
��*
�59)�
?��5 #$� ����@8.=)�� � ^���@A��3f� @8.=��5en j�#�0 �
��:4/10r5�7923j9?9?�a �@'"$�� ���@'"$ � a

A�5�B=C9D j��ba��.a�&�a jKN�24h�jk&�a jK��:�l603}K5�jK�.a 	 &'D1qr5�:4:65�/1890�j Q a � ����� � � �mjo
Otutu03:424D1;�7y5�798{D 7kco5�:4Dz5�79B30
5�8e5�?�l6D c�0bc�D124he5�/T2403:�c�;�D179} ;�g�t<5�79D1?9h9/z5ol6;�:42 ��D l6C h979B303:�l=5�D17 8�w�7e5�tuD1B323j,.25 �_^�3 
���.=)*� 5
a(��5�@8�*���Fa(��5 � 
��*
�59)�
mn j9+G;�2�l6;�7�j !*5�24265�B=C�h9240ml4l62rj@?9?�a � � �d� ��� � � � a

� ���



A�5�B=C9D j@�ba �.a &�a j N�24h�j�&�a j���:�l603}K5�j �.a�	[&'D1qr5�:4:65�/1890�j Q a � �����"$ � j �s��w�7e5�tuD1B B3;�7Kl6:4;�/�;�g�h97�J
B303:�l=5�D17<t<5�79D1?9h9/15ol6;�:42�l6C9:4;�h9}�C<D1tutu03:424D1;�7<5�798<D17Kc�5�:4Dz5�79B30�5�8e5�?�l6D c�0	c�D124he5�/@2403:�c�;�D179}9n j
.25"n ��5�@A
���56� @8.=��56� �9��������56� � � ��#$� ����@8.=)�#�
��%
*� �*)�- ( � � ��� � j ��� �  ����� � �a

A 03:4}�03:4;�}�/1h�jT��a j���5��	24;�7�j��ba jT890 U�h903D1:4;�q�j�! a 	Z#�5�}K5�: �o5ol4l6D jT� a�� ���	 � jT�	;��9h92�lbc�D124he5�/vJ
2403:�c�;{B3;�7Kl6:4;�/ ;�g`:4;��@;�lEt<5�79D1?9h9/z5 l6;�:42�D17ul6C90�?9:403240379B30(;�g'h979B303:�l=5�D17klOw�j9.25 ��� ����� a(��5��
� 
��*
�59)�
0��5 U 
�)�.:��.=��5?� 56�7a(��5�@8�*��� n je��C9;�0379D�� je��:4D1q3;�7e5�j9?9?�a � �d�K� � � � � ��a

A 03:4}�03:4;�}�/1h�j���a j���5 �	24;�7�j��ba�! a j Q 5�79}9j �{a 	P!*5�/z5 l=?9h9:40�jT�ba�� ������� � jT�	8e5�?�l6D c�0<Br5�tu03:65
Br5�/1D �9:65ol6D ;�7 B3;�7kl6:4;�/�;�gE?9/z5�7e5�:(:4;�� ;�lrf ��/1D1tuD 7e5ol6D ;�7 ;�gEB35�tu03:65i24?e5�B30<tu0r5�24h9:403tu037Kl623j
.25 �Ra(��5 � 
��*
�59)�
0��5 a(��5�@8�*����� 56�&^H�"�6�_.=)*� @8.=��5E�mn j���79B C9;�:65�}�0�je��/z5�2 � 5�j9?9?�a � $�� � � $ � a

A Ce5�;9j # a j�A Ce5�79}9j # aER�a j�H(:4h9?�l=5�j�! aE! a j�A ;�79}9j	H{aGN a 	^��wk5�t<5�j���aG�.a � �����K��� jG�
tuD1B3:4;>c�D124he5�/�2403:�c�;�D179}p2�w�2�l603tXg ;�: �9D ;�/1;�}�D Br5�/'B303/1/�t<5�79D1?9h9/15ol6D ;�7�f���c�03:�c�D10 �M5�798S790 �
890mc�03/1;�?9tu037Kl623jD.25 � � l6C 
O7Kl603:47e5ol6D1;�7e5�/�-G;�7�g 03:40379B30(;�7"-G;�7Kl6:4;�/ ��h�l6;�t<5ol6D1;�7�j��	;�� ;�l6D1B32
5�798i��D124D1;�7�n je��D179}K5�? ;�:40�j9?9?�ae�K� � � ��a

A C9;�h�j@&�a j &'D17�je�(a�	[-GC9037�j�� a@+�a � �����"$ � j � ��h�l6;�79;�tu;�h92�5�B ]kh9D124D l6D1;�7i;�g�240r5�tZB3;�;�:489D17e5ol6032
g ;�: 5�:4B �G03/189D179} :4;�� ;�l �e5�24038 ;�7�c�D124he5�/�2403:�c�;�D179}9n jT��������56� �T� � ��5�@A
��2�_.!Q�
�5�@S#$� ����@8.=)
B��%��@A
�3W� � ! j ���� ��� ��� a

�����������

�

� ���


