
� �� � � �� � � ���� � 	
 � 	 � � � 	� �	� 
� �� ����� � �� � ��� �����  !�"#�$�%�&�'( )�*'���'+,-. /0. 1 2 1 3 1 45/566-78 19: 1; <3 =: 2>? 3>@ ABBC 1 D ECF G 1 HI 1JFK 1L

M'N '%' O  P Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z X-[-I5 I Y-IR-TXX\] VW6-7\] VIU-/0X50] 1 ^0/0_A G Y-I60 X8`868 .75Z0X5T VIU-/0X50 R-`U5a @ 60Z8S 0[ X8 /8IIR-TX55 CB I] -R -I5 @ .-bIR5W80R JB I]+I
2
1 c 8[R5 IU-/-IRd R-`U5 : 7eR-R ]-]0XR1

M'N'%' O  f  Qg/8S 8TId I Y-IR-TXX-[ VW6-7-[ IU-/-IRdh @.5IU .0680R FB -i-/-R-7 _8 jC G Y-I60 X8`8b68 .75Z0X5T 5_ I-IR-TX5T Y-U-T 1 c 8 U8U-]/8IIR-TX55 -R -I5 7/8S 0X5T X8k-.5RIT R-`bU8 @ VIU-/0X50 U-R-/-[ 7 eR-R ]-]0XR /87X-AlB I]+I
2m

M'N '%' O  n  Q3]0T VW6-7Vh IU-/-IRd
ω =

Jl /8. +G
2
@ ]8bk-75U X8`5X80R /87X-]0/X- R-/]-_5Rd H
ε =

const
L 1 ,-I60 Ao -i-/-R-7 0W- VW6-78T IU-b/-IRd V]0Xdp 80RIT 7.7-0 1 =8 U8U-0 7/0]T IX8`868 R-/]-Z0X5T VW6-78T IU-/-IRd ]8k-75bU8 V]0Xdp5RIT 7R/-0m

M'N'%' O  q  Qg/8S 8TId I Y-IR-TXX\] VW6-7\] VIU-/0X50] @.5IU .0680R AB -i-/-R-7 _8 CB G Y-I60 X8`868.75Z0X5T 5_ I-IR-TX5T Y-U-T 1 c 8[R5 VIU-/0bX50 R-`U5 @ 60Z8S 0[ X8 0W- -i-.0 @ 7 eR-R ]-b]0XR1 r8.5VI .5IU8
R = 4

I] 1

M'N '%' O  O  Q3]0T VW6-7Vh IU-/-IRd
ω =

Jo /8. +G
2
@ ]8bk-75U X8`5X80R /87X-]0/X- R-/]-_5Rd H
ε =

const
L 1 ,-I60 Co -i-/-R-7 0W- VW6-78T IU-b/-IRd V]0Xdp 80RIT 7.7-0 1 c 8[R5 VW6-7-0 VIU-b/0X50 ]8k-75U8 1

M'N'%' O  s  Q4-60I- 7/8S 80RIT I Y-IR-TXX\] VW6-7\]VIU-/0X50] 1 tYVIRT X0U-R-/-0 7/0]T
t
@ U-60I-I.0686- oB -i-/-R-7 5 /8_756- VW6-7Vh IU-b/-IRd JB /8. +G 1 c 8[R5 7/0]T

t
1

M'N '%' O  u  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 I Y-IR-TXX\] VW6-7\] VIU-/0X50]J1E /8. +G
2

5 _8 X0U-R-/-0 7/0]T
t

.0680R Eo-i-/-R-7 1 c 8`86dX8T VW6-78T IU-/-IRd R068/87X8 XV6h 1 c 8 U8U-] /8IIR-TX55 -R -I5 7/8bS 0X5T X8k-.5RIT R-`U8 @ VIU-/0X50 U-R-/-[ 7eR-R ]-]0XR /87X- lB ]+G
2 m

M'N'%' O  v  Q3]0T VW6-7Vh IU-/-IRd
ω =

JK /8. +G
2
@ ]8bk-75U X8`5X80R /87X-]0/X- R-/]-_5Rd H
ε =

const
L 1 ,-I60 jo -i-/-R-7 0W- VW6-78T IU-b/-IRd V]0Xdp 80RIT 7.7-0 1 c 8[R5 7/0]T R-/b]-Z0X5T .- Y-6X-[ -IR8X-7U5 ]8k-75U8 1

M'N '%' O  w  Qg/8S 8TId I Y-IR-TXX\] VW6-7\] VIU-/0X50] @.5IU .0680R lB -i-/-R-7 _8 jEB G Y-I60 X8`868.75Z0X5T 5_ I-IR-TX5T Y-U-T 1 c 8[R5 VIU-/0bX50 R-`U5 @ 60Z8S 0[ X8 0W- -i-.0 @ 7 eR-R ]-b]0XR1 r8.5VI .5IU8
R = 9

I] 1

M'N'%' O  Px  Qg/8S 8TId I Y-IR-TXX-[ VW6-7-[ IU-/-IRdh @.5IU .0680R lB -i-/-R-7 _8 l G Y-I60 X8`868.75Z0X5T 5_ I-IR-TX5T Y-U-T 1 c 8[R5 IU-/-IRdR-`U5 @ 60Z8S 0[ X8 0W- -i-.0 @ 7 eR-R ]-]0XR1r8.5VI .5IU8
R = 11

I] 1



M'N '%' O  PP Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 Y- Y/-5_7-6dX-]V _8U-XV
ϕ = ϕ(t)

1 g]-]0XR@ U-W.8 VW6-7-0 VIU-/0X50 R068 /87X-K /8. +G
2
@ 5_70IRX- VIU-/0X50 R-`U5 @ 60Z8S 0[X8 /8IIR-TX55 E I] -R -I5 @

a =
E J I]+I

2
1 ^ 0]V/87X8 7 eR-R ]-]0XR VW6-78T IU-/-IRd R068m

M'N'%' O  Pf  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z X-[-I5 I Y-IR-TXX\] VW6-7\] VIU-/0X50] 1 ^0/0_E G Y-I60 X8`868 .75Z0X5T VIU-/0X50 R-`U5a @ 60Z8S 0[ X8 /8IIR-TX55 JFF I] -R -I5 @ .-bIR5W80R C I]+I
2
1 c 8[R5 IU-/-IRd R-`U5 : 7eR-R ]-]0XR1

M'N '%' O  Pn  Q4-60I- 7/8S 80RIT I Y-IR-TXX\] VW6-7\]VIU-/0X50] 5 /8_75780R VW6-7Vh IU-/-IRdJ /8. +G @ I.0687 lB -i-/-R-7 Y-I60 X8`868 .75bZ0X5T 1 c 8 U8U-] /8IIR-TX55 -R -I5 7/8S 0X5TX8k-.5RIT R-`U8 @ VIU-/0X50 U-R-/-[ 7 eR-R ]-b]0XR /87X- C I]+I
2m

M'N'%' O  Pq  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 Y- Y/-5_7-6dX-]V _8U-XV
ϕ = ϕ(t)

1g ]-]0XR@ U-W.8 VW6-7-0 VIU-/0X50 R068 /87bX- l /8. +G
2

@ 8 VW6-78T IU-/-IRd R068 /87bX8 F /8. +G @ 5_70IRX- VIU-/0X50 R-`U5
a =Eo I]+I

2
1 c 8[R5 /8IIR-TX50 -R R-`U5 .- -I57/8S 0X5T 1

M'N '%' O  PO  Q4-60I- 7/8S 80RIT I Y-IR-TXX\] VW6-7\]VIU-/0X50] 5 /8_75780R VW6-7Vh IU-/-IRdo /8. +G @ I.0687 KB -i-/-R-7 Y-I60 X8`868 .75bZ0X5T 1 c 8 U8U-] /8IIR-TX55 -R -I5 7/8S 0X5TX8k-.5RIT R-`U8 @ VIU-/0X50 U-R-/-[ 7 eR-R ]-b]0XR /87X- Fj I]+I
2m

M'N'%' O  Ps  Q4-60I- 7/8S 80RIT I Y-IR-TXX\] VW6-7\]VIU-/0X50] 1 c 8 U8U-] /8IIR-TX55 -R -I5 7/8bS 0X5T X8k-.5RIT R-`U8 @ VIU-/0X50 U-R-/-[`0/0_ E G Y-I60 X8`868 7/8S 0X5T 5_ I-IR-TX5TY-U-T .-IR5W80R JB I]+I
2m yW6-78T IU-/-IRd 7eR-R ]-]0XR /87X8 B 1o /8. +G 1

M'N '%' O  Pu Q4-60I- @ 7/8S 8TId 7-U/VW X0Y-.75Z X-[ -I5 @V7065`5780R I7-h VW6-7Vh IU-/-IRd Y- _8U-XV
ω = kt2

1 ^ 0/0_
2

G VW6-7-0 VIU-/0X50 IR8X-75RbIT /87X\] j /8.+G
2

1 c 8[R5 VIU-/0X50 R-`U5 @60Z8S 0[ X8 0W- -i-.0 @ 7 eR-R ]-]0XR1 r8.5VI.5IU8
R = 21

I] 1

M'N'%' O  Pv  Qz 5IU 7/8S 80RIT I Y-IR-TXX\] VW6-7\] VIU-b/0X50] B 1BK /8. +G
2
1 c 8[R5 VIU-/0X50 R-`U5 @60Z8S 0[ X8 /8IIR-TX55 AB I] -R -I5 7/8S 0bX5T @ `0/0_ E G Y-I60 X8`868 .75Z0X5T 5_ I-bIR-TX5T Y-U-T 1

M'N '%' O  Pw  Q4-60I- 7/8S 80RIT I Y-IR-TXX\] VW6-7\]VIU-/0X50] 1 tYVIRT X0U-R-/-0 7/0]T
t
@ U-60I-I.0686- FB -i-/-R-7 5 /8_756- VW6-7Vh IU-b/-IRd C /8. +G 1 c 8[R5 7/0]T

t
1

M'N'%' O  fx  Qz 5IU 7/8S 80RIT I Y-IR-TXX\] VW6-7\] VIU-b/0X50] B 1Bj /8. +G
2
1 c 8 U8U-] /8IIR-TX55 -R-I5 7/8S 0X5T X8k-.5RIT R-`U8 @ VIU-/0X50 U-bR-/-[ `0/0_ Jl G Y-I60 X8`868 .75Z0X5T 5_I-IR-TX5T Y-U-T .-IR5W80R l I]+I

2 m
M'N '%' O  fP Q4-60I- @ 7/8S 8TId 7-U/VW X0Y-.75Z X-[ -I5 @V7065`5780R I7-h VW6-7Vh IU-/-IRd Y- _8U-XV
ω = kt2

1 ^ 0/0_
0.6c

VIU-/0X50 R-`U5 @ 60Z8S 0[X8 0W- -i-.0 @ IR8X-75RIT /87X\] Ao I]+I
2

1 r8b.5VI .5IU8
R = 26

I] 1 c 8[R5 VW6-7-0 VIU-/0bX50 U-60I8 Y/5
t = 6

G 1

M'N'%' O  ff  Q4-60I- @ 7/8S 8TId 7-U/VW X0Y-.75Z X-[ -I5 @V7065`5780R I7-h VW6-7Vh IU-/-IRd Y- _8U-bXV
ω = kt2

1 ^ 0/0_
1.1c

VIU-/0X50 R-`U5 @ 60Z8bS 0[ X8 0W- -i-.0 @ IR8X-75RIT /87X\] Aj I]+I
2
1r8.5VI .5IU8

R = 27
I] 1 c 8[R5 VW6-7Vh IU-b/-IRd U-60I8 Y/5

t = 7
G 1



M'N '%' O  fn  Qg/8S 8TId I Y-IR-TXX\] VW6-7\] VIU-/0X50] @.5IU .0680R oB -i-/-R-7 _8 EoB G Y-I60 X8`8b68 .75Z0X5T 5_ I-IR-TX5T Y-U-T 1 c 8 U8U-]/8IIR-TX55 -R -I5 7/8S 0X5T X8k-.5RIT R-`bU8 @ VIU-/0X50 U-R-/-[ 7 eR-R ]-]0XR /87X-lB I]+I
2m

M'N'%' O  fq  Q3]0T VW6-7Vh IU-/-IRd
ω =

Jl /8. +G
2
@ ]8bk-75U X8`5X80R /87X-]0/X- R-/]-_5Rd H
ε =

const
L 1 ,-I60 oo -i-/-R-7 0W- VW6-78T IU-b/-IRd V]0Xdp 80RIT 7.7-0 1 c 8[R5 7/0]T R-/b]-Z0X5T .- Y-6X-[ -IR8X-7U5 ]8k-75U8 1

M'N '%' O  fO  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 I Y-IR-TXX\] VW6-7\] VIU-/0X50]J1F /8. +G
2

5 _8 X0U-R-/-0 7/0]T
t

.0680R EB-i-/-R-7 1 c 8`86dX8T VW6-78T IU-/-IRd R068/87X8 XV6h 1 c 8[R5 VIU-/0X50 R-`U5 @ 60Z8bS 0[ X8 0W- -i-.0 @ 7 eR-R ]-]0XR1 r8.5VI .5IU8
R = 8

I] 1

M'N'%' O  fs  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 Y- Y/-5_7-6dX-]V _8U-XV
ϕ = ϕ(t)

1g X0U-R-/\[ ]-]0XR VW6-7-0 VIU-/0X50 R068/87X- J /8. +G
2
1 3_70IRX8 IU-/-IRd

v = 10
I]+IR-`U5 @ 60Z8S 0[ X8 /8IIR-TX55 JB I] -R -I5 1c 8[R5 VIU-/0X50 eR-[ R-`U5 1

M'N '%' O  fu Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 Y- Y/-5_7-6dX-]V _8U-XV
ϕ = ϕ(t)

1 g]-]0XR@ U-W.8 VW6-7-0 VIU-/0X50 R068 /87X-l /8. +G
2
@ 5_70IRX- VIU-/0X50 R-`U5 @ 60Z8S 0[X8 /8IIR-TX55 j I] -R -I5 @

a =
Fj I]+I

2
1 ^ 0]V/87X8 7 eR-R ]-]0XR VW6-78T IU-/-IRd R068m

M'N'%' O  fv  Q4-60I- 7/8S 80RIT I Y-IR-TXX\] VW6-7\]VIU-/0X50] 1 c 8 U8U-] /8IIR-TX55 -R -I5 7/8bS 0X5T X8k-.5RIT R-`U8 @ VIU-/0X50 U-R-/-[`0/0_ E G Y-I60 X8`868 7/8S 0X5T 5_ I-IR-TX5TY-U-T .-IR5W80R JB I]+I
2m yW6-78T IU-/-IRd 7eR-R ]-]0XR /87X8 B 1o /8. +G 1

M'N '%' O  fw  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z X-[-I5 I Y-IR-TXX\] VW6-7\] VIU-/0X50] 1 ^0/0_E J G Y-I60 X8`868 .75Z0X5T VIU-/0X50 R-`U5a @ 60Z8S 0[ X8 /8IIR-TX55 o I] -R -I5 @ .-IR5bW80R EK I]+I
2
1 tU-6dU- -i-/-R-7 I.0680R R06-_8 eR- 7/0]T m

M'N'%' O  nx  Q>70/.-0 R06- 7/8S 80RIT 7-U/VW X0Y-.75Z bX-[ -I5 I Y-IR-TXX\] VW6-7\] VIU-/0X50]J1F /8. +G
2

5 _8 X0U-R-/-0 7/0]T
t

.0680R EB-i-/-R-7 1 c 8`86dX8T VW6-78T IU-/-IRd R068/87X8 XV6h 1 c 8[R5 VIU-/0X50 R-`U5 @ 60Z8bS 0[ X8 0W- -i-.0 @ 7 eR-R ]-]0XR1 r8.5VI .5IU8
R = 9

I] 1
{|}~����� ����� ���� � ����� �� � � ��� �� ��� � AFba ��bA J



�
v = 18.2 �� �� ��
R = 19.77 �� ��
t = 16.43 � ��
a = 39.48 �� ��2 ��
ε = 0.16 ��� ��2�
t = 62.83 � � 
R = 12.24 �� �¡
t = 57.32 � �¢
a = 17.55 �� ��2 ��£
v = 6.91 � �� ���
ω =

� ��� ��� �� ���
v = 21.84 �� �� ���
R = 8 �� ���
R = 2 �� ���
R = 1.84 �� ���
R = 33.28 �� �� 
a = 7.66 � ��2 ��¡
a = 2.32 �� ��2 ��¢
t = 62.83 � ��£
R = 6.72 �� �� �
ε = 9.58 ��� ��2 ���
ω = 20.65 ��� �� ���
R = 21.72 �� ���
t = 54.2 � ���
a = 42.22 � ��2 ���
a = 14.14 �� ��2 �� 
ω =

��   ��� �� ��¡
R = 33.28 �� ��¢
n = 6.89 ��£
a = 47.5 � ��2 �¤ ¥¦ § �¨© �ª�«¬


