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

� �� ����� � �� � ��� �����  !�"#�$�%�&�'( )�*'���'+,-. /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 Q4-60I- 7/8R 80SIT I U-IS-TVVWX YZ6-7WXYI[-/0V50X 1 \ 8 [8[-X /8IIS-TV55 -S -I5 7/8]R 0V5T V8^-.5SIT S-_[8 @ YI[-/0V50 [-S-/-`_0/0a A G U-I60 V8_868 7/8R 0V5T 5a I-IS-TV5TU-[-T .-IS5Z80S bE IX+I
2c dZ6-78T I[-/-ISe 7fS-S X-X0VS /87V8 B 1K /8. +G 1

M'N'%' O  g  Qh/8R 8TIe I U-IS-TVVWX YZ6-7WX YI[-/0V50X @.5I[ .0680S KB -i-/-S-7 a8 JCB G U-I60 V8_868.75j0V5T 5a I-IS-TV5T U-[-T 1 \ 8`S5 I[-/-ISeS-_[5 @ 60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-X0VS1k8.5YI .5I[8
R = 10

IX 1

M'N '%' O  l  Q3X0T YZ6-7Ym I[-/-ISe
ω =

AA /8. +G
2
@ X8]^-75[ V8_5V80S /87V-X0/V- S-/X-a5Se H
ε =

const
L 1 ,-I60 An -i-/-S-7 0Z- YZ6-78T I[-]/-ISe YX0Veo 80SIT 7.7-0 1 \ 8`S5 7/0XT S-/]X-j0V5T .- U-6V-` -IS8V-7[5 X8^-75[8 1

M'N'%' O  p  Q3X0T YZ6-7Ym I[-/-ISe
ω =

Jq /8. +G
2
@ X8]^-75[ V8_5V80S /87V-X0/V- S-/X-a5Se H
ε =

const
L 1 ,-I60 nn -i-/-S-7 0Z- YZ6-78T I[-]/-ISe YX0Veo 80SIT 7.7-0 1 \ 8`S5 7/0XT S-/]X-j0V5T .- U-6V-` -IS8V-7[5 X8^-75[8 1

M'N '%' O  O  Q4-60I- 7/8R 80SIT I U-IS-TVVWX YZ6-7WXYI[-/0V50X 1 rUYIST V0[-S-/-0 7/0XT
t
@ [-60I-I.0686- bB -i-/-S-7 5 /8a756- YZ6-7Ym I[-]/-ISe E /8. +G 1 \ 8`S5 7/0XT

t
1

M'N'%' O  s  Q3X0T YZ6-7Ym I[-/-ISe
ω =

JC /8. +G
2
@ X8]^-75[ V8_5V80S /87V-X0/V- S-/X-a5Se H
ε =

const
L 1 ,-I60 bn -i-/-S-7 0Z- YZ6-78T I[-]/-ISe YX0Veo 80SIT 7.7-0 1 \ 8`S5 7/0XT S-/]X-j0V5T .- U-6V-` -IS8V-7[5 X8^-75[8 1

M'N '%' O  t  Qh/8R 8TIe I U-IS-TVVWX YZ6-7WX YI[-/0V50X @.5I[ .0680S AB -i-/-S-7 a8 JBB G U-I60 V8_868.75j0V5T 5a I-IS-TV5T U-[-T 1 \ 8`S5 I[-/-ISeS-_[5 @ 60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-X0VS1k8.5YI .5I[8
R = 3

IX 1

M'N'%' O  u  Q4-60I- 7/8R 80SIT I U-IS-TVVWX YZ6-7WXYI[-/0V50X 5 /8a75780S YZ6-7Ym I[-/-ISeK /8. +G @ I.0687 KB -i-/-S-7 U-I60 V8_868 .75]j0V5T 1 \ 8 [8[-X /8IIS-TV55 -S -I5 7/8R 0V5TV8^-.5SIT S-_[8 @ YI[-/0V50 [-S-/-` 7 fS-S X-]X0VS /87V- CA IX+I
2c

M'N '%' O  v  Q>70/.-0 S06- 7/8R 80SIT 7-[/YZ V0U-.75j ]V-` -I5 I U-IS-TVVWX YZ6-7WX YI[-/0V50XJ1A /8. +G
2

5 a8 V0[-S-/-0 7/0XT
t

.0680S FB-i-/-S-7 1 \ 8_86eV8T YZ6-78T I[-/-ISe S068/87V8 VY6m 1 \ 8`S5 I[-/-ISe S-_[5 @ 60j8R 0`V8 0Z- -i-.0 @ 7 fS-S X-X0VS1 k8.5YI .5I[8
R = 6

IX 1

M'N'%' O  Pw  Q4-60I- 7/8R 80SIT I U-IS-TVVWX YZ6-7WXYI[-/0V50X 5 /8a75780S YZ6-7Ym I[-/-ISeA /8. +G @ I.0687 bB -i-/-S-7 U-I60 V8_868 .75]j0V5T 1 \ 8`S5 YI[-/0V50 S-_[5 @ 60j8R 0` V80Z- -i-.0 @ 7 fS-S X-X0VS1 k8.5YI .5I[8
R =

6
IX 1



M'N '%' O  PP Qh/8R 8TIe I U-IS-TVV-` YZ6-7-` I[-/-ISem @.5I[ .0680S JB -i-/-S-7 a8 Jn G U-I60 V8_868.75j0V5T 5a I-IS-TV5T U-[-T 1 \ 8`S5 YI[-/0]V50 S-_[5 @ 60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-]X0VS1 k8.5YI .5I[8
R = 2

IX 1

M'N'%' O  Pg  Qh/8R 8TIe I U-IS-TVVWX YZ6-7WX YI[-/0V50X @.5I[ .0680S qB -i-/-S-7 a8 EnB G U-I60 V8_868.75j0V5T 5a I-IS-TV5T U-[-T 1 \ 8`S5 I[-/-ISeS-_[5 @ 60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-X0VS1k8.5YI .5I[8
R = 8

IX 1
M'N '%' O  Pl  Q3X0T YZ6-7Ym I[-/-ISe

ω =
Jb /8. +G

2
@ X8]^-75[ V8_5V80S /87V-X0/V- S-/X-a5Se H
ε =

const
L 1 ,-I60 Jn -i-/-S-7 0Z- YZ6-78T I[-]/-ISe YX0Veo 80SIT 7.7-0 1 =8 [8[-0 7/0XT IV8_868 S-/X-j0V5T YZ6-78T I[-/-ISe X8^-75][8 YX0Veo5SIT 7S/-0c

M'N'%' O  Pp  Q3X0T YZ6-7Ym I[-/-ISe
ω =

Jn /8. +G
2
@ X8]^-75[ V8_5V80S /87V-X0/V- S-/X-a5Se H
ε =

const
L 1 ,-I60 En -i-/-S-7 0Z- YZ6-78T I[-]/-ISe YX0Veo 80SIT 7.7-0 1 =8 [8[-0 7/0XT IV8_868 S-/X-j0V5T YZ6-78T I[-/-ISe X8^-75][8 YX0Veo 5SIT 7S/-0c

M'N '%' O  PO  Q>70/.-0 S06- 7/8R 80SIT 7-[/YZ V0U-.75j ]V-` -I5 U- U/-5a7-6eV-XY a8[-VY
ϕ = ϕ(t)

1h X-X0VS@ [-Z.8 YZ6-7-0 YI[-/0V50 S068 /87]V- n /8. +G
2

@ 8 YZ6-78T I[-/-ISe S068 /87]V8 E /8. +G @ 5a70ISV- YI[-/0V50 S-_[5
a =EF IX+I

2
1 \ 8`S5 /8IIS-TV50 -S S-_[5 .- -I57/8R 0V5T 1

M'N'%' O  Ps  Qh/8R 8TIe I U-IS-TVVWX YZ6-7WX YI[-/0V50X @.5I[ .0680S CB -i-/-S-7 a8 qAB G U-I60 V8_868.75j0V5T 5a I-IS-TV5T U-[-T 1 \ 8`S5 YI[-/0]V50 S-_[5 @ 60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-]X0VS1 k8.5YI .5I[8
R = 9

IX 1

M'N '%' O  Pt Q4-60I- @ 7/8R 8TIe 7-[/YZ V0U-.75j V-` -I5 @Y7065_5780S I7-m YZ6-7Ym I[-/-ISe U- a8[-]VY
ω = kt2

1 x 0/0a
1.4c

YI[-/0V50 S-_[5 @ 60j8]R 0` V8 0Z- -i-.0 @ IS8V-75SIT /87VWX AB IX+I
2
1k8.5YI .5I[8

R = 21
IX 1 \ 8`S5 YZ6-7Ym I[-]/-ISe [-60I8 U/5

t = 1
G 1

M'N'%' O  Pu  Q4-60I- @ 7/8R 8TIe 7-[/YZ V0U-.75j V-` -I5 @Y7065_5780S I7-m YZ6-7Ym I[-/-ISe U- a8[-VY
ω = kt2

1 x 0/0a
2

G YZ6-7-0 YI[-/0V50 IS8V-75S]IT /87VWX JA /8.+G
2

1 \ 8`S5 YI[-/0V50 S-_[5 @60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-X0VS1 k8.5YI.5I[8
R = 27

IX 1

M'N '%' O  Pv  Qy 5I[ 7/8R 80SIT I U-IS-TVVWX YZ6-7WX YI[-]/0V50X
ε

1 x 0/0a B 1K G U-I60 V8_868 .75j0V5T5a I-IS-TV5T U-[-T YI[-/0V50 S-_[5 @ 60j8R 0`V8 /8IIS-TV55 C IX -S -I5 7/8R 0V5T @ .-IS5Z8]0S K IX+I
2
1 \ 8`S5

ε
1

M'N'%' O  gw  Q>70/.-0 S06- 7/8R 80SIT 7-[/YZ V0U-.75j ]V-` -I5 U- U/-5a7-6eV-XY a8[-VY
ϕ = ϕ(t)

1h V0[-S-/W` X-X0VS YZ6-7-0 YI[-/0V50 S068/87V- n /8. +G
2
1 3a70ISV8 I[-/-ISe

v = 12
IX+IS-_[5 @ 60j8R 0` V8 /8IIS-TV55 b IX -S -I5 1\ 8`S5 YI[-/0V50 fS-` S-_[5 1

M'N '%' O  gP Qh/8R 8TIe I U-IS-TVV-` YZ6-7-` I[-/-ISem @.5I[ .0680S AB -i-/-S-7 a8 Eb G U-I60 V8_868.75j0V5T 5a I-IS-TV5T U-[-T 1 \ 8`S5 YI[-/0]V50 S-_[5 @ 60j8R 0` V8 0Z- -i-.0 @ 7 fS-S X-]X0VS1 k8.5YI .5I[8
R = 4

IX 1

M'N'%' O  gg  Qy 5I[ 7/8R 80SIT I U-IS-TVVWX YZ6-7WX YI[-]/0V50X
ε

1 x 0/0a B 1F G U-I60 V8_868 .75j0V5T5a I-IS-TV5T U-[-T YI[-/0V50 S-_[5 @ 60j8R 0`V8 /8IIS-TV55 J IX -S -I5 7/8R 0V5T @ .-IS5Z8]0S A IX+I
2
1 \ 8`S5

ε
1



M'N '%' O  gl  Q4-60I- 7/8R 80SIT I U-IS-TVVWX YZ6-7WXYI[-/0V50X 5 /8a75780S YZ6-7Ym I[-/-ISeK /8. +G @ I.0687 EB -i-/-S-7 U-I60 V8_868 .75]j0V5T 1 \ 8 [8[-X /8IIS-TV55 -S -I5 7/8R 0V5TV8^-.5SIT S-_[8 @ YI[-/0V50 [-S-/-` 7 fS-S X-]X0VS /87V- AC IX+I
2c

M'N'%' O  gp  Q3X0T YZ6-7Ym I[-/-ISe
ω =

Jn /8. +G
2
@ X8]^-75[ V8_5V80S /87V-X0/V- S-/X-a5Se H
ε =

const
L 1 ,-I60 An -i-/-S-7 0Z- YZ6-78T I[-]/-ISe YX0Veo 80SIT 7.7-0 1 =8 [8[-0 7/0XT IV8_868 S-/X-j0V5T YZ6-78T I[-/-ISe X8^-75][8 YX0Veo 5SIT 7S/-0c

M'N '%' O  gO  Q>70/.-0 S06- 7/8R 80SIT 7-[/YZ V0U-.75j ]V-` -I5 U- U/-5a7-6eV-XY a8[-VY
ϕ = ϕ(t)

1 hX-X0VS@ [-Z.8 YZ6-7-0 YI[-/0V50 S068 /87V-n /8. +G
2
@ 5a70ISV- YI[-/0V50 S-_[5 @ 60j8R 0`V8 /8IIS-TV55 C IX -S -I5 @

a =
FF IX+I

2
1 x 0XY/87V8 7 fS-S X-X0VS YZ6-78T I[-/-ISe S068c

M'N'%' O  gs  Q>70/.-0 S06- 7/8R 80SIT 7-[/YZ V0U-.75j ]V-` -I5 I U-IS-TVVWX YZ6-7WX YI[-/0V50XJ1n /8. +G
2

5 a8 V0[-S-/-0 7/0XT
t

.0680S An-i-/-S-7 1 \ 8_86eV8T YZ6-78T I[-/-ISe S068/87V8 VY6m 1 \ 8`S5 YI[-/0V50 S-_[5 @ 60j8]R 0` V8 0Z- -i-.0 @ 7 fS-S X-X0VS1 k8.5YI .5I[8
R = 9

IX 1
M'N '%' O  gt Qy 5I[ 7/8R 80SIT I U-IS-TVVWX YZ6-7WX YI[-]/0V50X B 1BK /8. +G

2
1 \ 8`S5 YI[-/0V50 S-_[5 @60j8R 0` V8 /8IIS-TV55 b IX -S -I5 7/8R 0V5T @_0/0a E G U-I60 V8_868 .75j0V5T 5a I-IS-TV5TU-[-T 1

M'N'%' O  gu  Q>70/.-0 S06- 7/8R 80SIT 7-[/YZ V0U-.75j V-`-I5 I U-IS-TVVWX YZ6-7WX YI[-/0V50X 1 x0/0aE J G U-I60 V8_868 .75j0V5T YI[-/0V50 S-_[5z @ 60j8R 0` V8 /8IIS-TV55 q IX -S -I5 @ .-IS5]Z80S nK IX+I
2
1 r[-6e[- -i-/-S-7 I.0680S S06-a8 fS- 7/0XT c

M'N '%' O  gv  Q4-60I- 7/8R 80SIT I U-IS-TVVWX YZ6-7WXYI[-/0V50X 1 rUYIST V0[-S-/-0 7/0XT
t
@ [-60I-I.0686- bB -i-/-S-7 5 /8a756- YZ6-7Ym I[-]/-ISe E /8. +G 1 \ 8`S5 7/0XT

t
1

M'N'%' O  lw  Q4-60I- @ 7/8R 8TIe 7-[/YZ V0U-.75j V-` -I5 @Y7065_5780S I7-m YZ6-7Ym I[-/-ISe U- a8[-VY
ω = kt2

1 x 0/0a
1c

YI[-/0V50 S-_[5 @ 60j8R 0`V8 0Z- -i-.0 @ IS8V-75SIT /87VWX AE IX+I
2

1 k8].5YI .5I[8
R = 24

IX 1 \ 8`S5 YZ6-7-0 YI[-/0]V50 [-60I8 U/5
t = 4

G 1
{|}~����� ����� ���� � ����� �� � � ��� �� ��� � AF]z ��]A J



�
R = 68 �� ��
v = 62.83 �� �� ��
t = 19.04 � ��
t = 54.2 � ��
t = 251.33 � ��
t = 60.5 � ��
v = 7.54 �� �� ��
R = 1.01 �� ��
v = 1.47 � �� �� 
a = 24 �� ��2 ���
a = 35.1 �� ��2 ���
v = 20.1 �� �� ���
t = 10.47 � ���
t = 26.06 � ���
R = 3.3 �� ���
a = 17.55 �� ��2 ���
ω = 0.31 ¡¢£ �� ���
a = 39.01 � ��2 ���
ε = 0.9 ¡¢£ ��2 �� 
a = 38.42 �� ��2 �� �
a = 48.74 �� ��2 ���
ε = 1.91 ¡¢£ ��2 ���
R = 0.35 �� ���
t = 18.62 � ���
ω =

��� � ¡¢£ �� ���
a = 42.41 � ��2 ���
a = 0.7 �� ��2 ���
n = 7.16 ���
t = 251.33 � �� 
ε = 3.73 ¡¢£ ��2 �¤ ¥¦ § ¢¨© �ª �«¬


