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

������ ���� ��� � ��� ! "#"$ �%&
'()*+ ,-.-/*012 03*-+412

R = 1
2 - 4516(//72

80(4412 980-:21;< :3)3=3 8.34=-/3 > 451.?:@A 3@ 81
B.3*51; 81C(0D/14=- 80(443 >

sinα = 0,8 E ' (D3/-:2
03481.1)(/ C B10-:1/=3.?/1; 8.14514=- E ' 3443 ,-F
.-/*03 GH 5B> 8.34=-/7 I J 5BE K 80(44+ 80-.1)(/3
4-.3

F = 288 L > 5 ,-.-/*0+ I 212(/=
M =

GG L2 -
4-.3

P = 22 L E L3;=- +4510(/-( 80(443 E

�	�
M

-~P

?
~F

α

������ ���� �M � N OPO$ O%OQ" �# &R"
α

6
~F

-~P

��
?
M

STUTVWX XYWTZ[\] ^ ] _Y`Ya ]b`WZ cXZ_\] d
[e\Uf_ghT] i\ cUYWe\j i\kbXlV\[aT d T i\XmVb] n
o blYVT_] XY[i\U\`bV k c\XT_\VaYUfV\j iU\[e\p
[aT n q rTUTVWXZ iXTU\`bVs [TUY

F = 11 t T ]\p
]bVa

M = 11 t] d e cXZ_Z u [TUY
P = 22 t n o Y[[Y

cXZ_Y XYkVY ^ ecd \WV\X\WV\c\ rTUTVWXY u ^v ec w
sinα = 3/5

n t YjaT Z[e\XbVTb cXZ_Y n
������ ���� �� � x O% P�y zQ �% z{|z}

1

2

6
M

6~F

α

~T[eT ^ T � T]b�a \WTVYe\kZ� ]Y[[Z � ecd VYl\p
Wga[g k _YrbiUbVTT WXZc [ WXZc\] T _YeXbiUbVs VY
[abX`Vgl d e\a\Xsb [e\Uf_ga k\ k_YT]V\ ibXibVp
WTeZUgXVsl VYiXYkUg�hTl n ~ T[e ^ _YeXbiUbV VY
[abX`Vb m YXVTXV\ d WT[e � u `b[ae\ n �[T WT[e\k
[\bWTVgba [abX`bVf ]Y[[\j ^� ecn q WT[eZ ^ iXTp
U\`bV ]\]bVa

M = 18 t] d e [abX`V� d VY e\a\X\]
kXYh Yba[g WT[e ^d iXTU\`bVY [TUY

F = 30 t n ~ Yp
Vs XYWTZ[s �

r1 = 2
] d

r2 = 1
] n o blYVT_] XY[i\p

U\`bV k c\XT_\VaYUfV\j iU\[e\[aT n t YjaT ZcU\k\b
Z[e\XbVTb [abX`Vg iXT

α = π/3
n

������ ���� �� � �"}�zQ �z# Pz}

�
-M

� ~P

�~F

�U\e [ kVbmVT] XYWTZ[\] � [] T kVZaXbVVT] � []
eYaTa[g �b_ iX\[eYUf_skYVTg i\ �XZ[eZd [e\Ufp
_gh b]Z i\ cUYWe\j c\XT_\VaYUfV\j i\kbXlV\[aT n
�YWTZ[ TVbXrTT �U\eY � [] n o Y[[Y �U\eY XYkVY
� ecd �XZ[eY u � ecn q rTUTVWXZ iXTU\`bV ]\]bVa
M = 0.32 t] d e \[T �U\eY u [TUY

F = 240 t d e
�XZ[eZ u [TUY

P = 80 t n tYjaT Z[e\XbVTb �XZ[eY n
������ ���� �� � � |"zQ �%��

α

?
~F

O A

STUTVWX ]Y[[\j
3

ec m YXVTXV\ _YeXbiUbV VY ma\p
eb

OA
n STUTVWX eYaTa[g i\ [e\m bVV\j i\kbXlV\p

[aT eUTVY n qUTV WkT`ba[g k VYiXYkUg�hTl d ibXp
ibVWTeZUgXVsl ma\eZn t Y eUTV ]Y[[\j ^ ec Wbjp
[akZba [TUY

F = 25 t w ]Y[[Y ma\eY � ecn o blYVT_]
XY[i\U\`bV k c\XT_\VaYUfV\j iU\[e\[aT n t YjaT
Z[e\XbVTb eUTVY iXT

α = π/6
n



������ ���� �� � ! "$ �R&R x "R&&%
'()*+ ,-.-/*012 03*-+412

R = 1
2 - 4516(//72

80(4412 980-:21;< :3)3=3 8.34=-/3 > 451.?:@A 3@ 81
B.3*51; 81C(0D/14=- 80(443 >

sinα = 0,8 E ' (D3/-:2
03481.1)(/ C B10-:1/=3.?/1; 8.14514=- E ' 3443 ,-F
.-/*03 � 5B> 80(443 I � 5BE K 80(44+ 80-.1)(/3 4-.3
F = 110 L > 5 ,-.-/*0+ I 212(/=

M =� L2 - 4-.3
P = 3 L E L3;=- +4510(/-( 80(443 E

�	�
M

-~P

?
~F

α

������ ���� ��� ! O#y&{OQ � "{|&$
α

6
~F

-~P

��
?
M

STUTVWX XYWTZ[\] ^ ] _Y`Ya ]b`WZ cXZ_\] d
[e\Uf_ghT] i\ cUYWe\j i\kbXlV\[aT d T i\XmVb] n
o blYVT_] XY[i\U\`bV k c\XT_\VaYUfV\j iU\[e\p
[aT n q rTUTVWXZ iXTU\`bVs [TUY

F = 10 t T ]\p
]bVa

M = 10 t] d e cXZ_Z u [TUY
P = 56 t n o Y[[Y

i\XmVg XYkVY � ecd \WV\X\WV\c\ rTUTVWXY u v ecd
cXZ_Y u ^ ec w

sinα = 4/5
n t YjaT Z[e\XbVTb cXZ_Y n

������ ���� �� � ! ��Rz�OQ � Q"R

A

ϕ

6~F

��6
M

STUTVWX XYWTZ[\] � ] T ]Y[[\j
2

ec T]bba VY \�\p
Wb m YXVTX d e e\a\X\]Z iXT[\bWTVbV [abX`bVf ]Y[p
[\j � ecd [e\Uf_ghTj k ]Z�ab d `b[ae\ [eXbiUbVV\j
[ ma\e\] n � a\e WkT`ba[g k VYiXYkUg�hTl d ibXp
ibVWTeZUgXVsl i\kbXlV\[aT d i\ e\a\X\j eYaTa[g
rTUTVWX n q WT[eZ iXTU\`bV ]\]bVa

M = 252 t] d
e ma\eZ u [TUY

F = 10 t n o blYVT_] XY[i\U\`bV
k c\XT_\VaYUfV\j iU\[e\[aT n t YjaT ZcU\k\b Z[e\p
XbVTb rTUTVWXY iXT

sinϕ = 0.8
d
ϕ̇ = −1

[
−1

n
������ ���� �� � ! �# zR{OQ" �&{�O# &�

A

B

α
-~F

��
?

M

�abX`bVf
AB = 2

] [\bWTVgba ]Z�aZd [e\Uf_gp
hZ� i\ kbXaTeYUfV\]Z [abX`V� d T c\XT_\VaYUfV\
WkT`ZhTj[g �XZ[\e n STUTVWX XYWTZ[Y ^ ] eYaTa[g
i\ iU\[e\[aT T i\ �XZ[eZn o Y[[Y rTUTVWXY XYkVY
�� ecd ]Z�as u � ecn o blYVT_] XY[i\U\`bV k c\p
XT_\VaYUfV\j iU\[e\[aT w

M = 4 t] d
F = 178 t n

tYjaT ZcU\k\b Z[e\XbVTb [abX`Vg iXT
sinα = 0.6

n
������ ���� ��  � ¡�|zR{OQ" �R"|�"|&�

�
-M

� ~P

-~F

STUTVWX eYaTa[g �b_ iX\[eYUf_skYVTg i\ �XZ[p
eZd [e\Uf_gh b]Z i\ cUYWe\j c\XT_\VaYUfV\j i\p
kbXlV\[aT n STUTVWX T �U\e [ Vbi\WkT`V\j \[f�
[ kVbmVT] XYWTZ[\] � [] T kVZaXbVVT] � [] [kgp
_YVs VTaf� n �YWTZ[ TVbXrTT �U\eY � [] n o Y[[Y
�U\eY XYkVY ^ ecd �XZ[eY u � ecn q rTUTVWXZ iXTp
U\`bV ]\]bVa

M = 0.18 t] d e \[T �U\eY u [TUY
F = 18 t d e �XZ[eZ u [TUY

P = 66 t n tYjaT Z[e\p
XbVTb �XZ[eY n



������ ���� ���� ¡�QOQ x $ &�# &}'+¢=3 > 6 30/-0/1 :350(8.(//3@ C +:.(
A £(F

=70(D:C(//-53
OABC

> -2(¤A(B1 ¢102+ 012¥3 >
/3*(=3 /3 5+.-4+

DC
*.-/1; G 2 ¦

OA = 1
2 E L3

5+.-4+ *(;4=C+(= 212(/=
M = 54 L2 > 5 =1£5( D8(08(/*-5+.@0/1

OC 80-.1)(/3 4-.3
F = 15 L E'3443 5+.-47 03C/3 G 5B> 4=(0) /@

OA
I § 5BE'(D3/-:2 03481.1)(/ C B10-:1/=3.?/1; 8.1451F

4=- E L3;=- +B.1C1( +4510(/-( 4=(0)/@
OA 80-

sinα = 0.8 E
O

A B

C

D

α

?~F

��
?M

������ ���� ��M � � "%&{OQ" ¨ zP&R"

�
-M

� ~P

�~F

�U\e [ kVbmVT] XYWTZ[\] � [] T kVZaXbVVT] � []
eYaTa[g �b_ iX\[eYUf_skYVTg i\ �XZ[eZd [e\Uf_gp
h b]Z i\ cUYWe\j c\XT_\VaYUfV\j i\kbXlV\[aT n �Yp
WTZ[ TVbXrTT �U\eY � [] n o Y[[Y rTUTVWXY XYkVY
� ecd �U\eY u � ecn q rTUTVWXZ iXTU\`bV ]\]bVa
M = 4.15 t] d e \[T �U\eY u [TUY

F = 160 t d e
�XZ[eZ u [TUY

P = 40 t n tYjaT Z[e\XbVTb �XZ[eY n
������ ���� ��� � � "RzzQ �%��

α

6
~F

-~P

��
?
M

STUTVWX XYWTZ[\] ^ ] _Y`Ya ]b`WZ cXZ_\] d
[e\Uf_ghT] i\ cUYWe\j i\kbXlV\[aT d T i\XmVb] n
o blYVT_] XY[i\U\`bV k c\XT_\VaYUfV\j iU\[e\p
[aT n q rTUTVWXZ iXTU\`bVs [TUY

F = 1 t T ]\p
]bVa

M = 1 t] d e cXZ_Z u [TUY
P = 76 t n o Y[[Y

i\XmVg XYkVY � ecd \WV\X\WV\c\ rTUTVWXY u ^� ec w
sinα = 3/5

n t YjaT Z[e\XbVTb cXZ_Y n
������ ���� ��� � ©ª# O{& R«Q ¬# R|�

�
-M

� ~P

-~F

STUTVWX eYaTa[g �b_ iX\[eYUf_skYVTg i\ �XZ[p
eZd [e\Uf_gh b]Z i\ cUYWe\j c\XT_\VaYUfV\j i\p
kbXlV\[aT n STUTVWX T �U\e [ Vbi\WkT`V\j \[f�
[ kVbmVT] XYWTZ[\]  [] T kVZaXbVVT] � [] [kgp
_YVs VTaf� n �YWTZ[ TVbXrTT �U\eY ® [] n o Y[[Y
rTUTVWXY XYkVY � ecd �U\eY u ^ ecn q rTUTVWXZ
iXTU\`bV ]\]bVa

M = 0.36 t] d e \[T �U\eY u [Tp
UY

F = 36 t d e �XZ[eZ u [TUY
P = 48 t n tYjaT

Z[e\XbVTb �XZ[eY n
������ ���� ��� � ¯ Oy&�"zQ �% z{|z}

�
-M

� ~P

�~F

�U\e [ kVbmVT] XYWTZ[\]  [] T kVZaXbVVT] � []
eYaTa[g �b_ iX\[eYUf_skYVTg i\ �XZ[eZd [e\Uf_gp
h b]Z i\ cUYWe\j c\XT_\VaYUfV\j i\kbXlV\[aT n �Yp
WTZ[ TVbXrTT �U\eY ® [] n o Y[[Y rTUTVWXY XYkVY
� ecd �XZ[eY u ^ ecn q rTUTVWXZ iXTU\`bV ]\]bVa
M = 0.54 t] d e \[T �U\eY u [TUY

F = 28 t d e
�XZ[eZ u [TUY

P = 90 t n tYjaT Z[e\XbVTb �XZ[eY n



������ ���� ��� � ¯# &Qz�zROQ ° &{O% "}'+¢=3 > 6 30/-0/1 :350(8.(//3@ C +:.(
A £(F

=70(D:C(//-53
OABC

> -2(¤A(B1 ¢102+ 012¥3 >
/3*(=3 /3 5+.-4+

DC
*.-/1; � 2 ¦

OA = 2
2 E L3

5+.-4+ *(;4=C+(= 212(/=
M = 214 L2 > 5 =1£5(

B8303..(.?/1
OC 80-.1)(/3 4-.3

F = 10 L E '34F
43 5+.-47 03C/3 G 5B> 4=(0) /@

OA
I H 5BE '(F

D3/-:2 03481.1)(/ C B10-:1/=3.?/1; 8.14514=- E
L3;=- +B.1C1( +4510(/-( 5+.-47 80-

sinα = 0.8 E
O

A B

C

D

α

-~F

��
?M

������ ���� ���� ¯�y{&R" �RR"
'()*+ ,-.-/*012 03*-+412

R = 1
2 - 4516(//72

80(4412 980-:21;< :3)3=3 8.34=-/3 > 451.?:@A 3@ 81
B.3*51; 81C(0D/14=- 80(443 >

sinα = 0,8 E ' (D3/-:2
03481.1)(/ C B10-:1/=3.?/1; 8.14514=- E ' 3443 ,-F
.-/*03 GH 5B> 80(443 I §G 5BE K 80(44+ 80-.1)(/3
4-.3

F = 152 L > 5 ,-.-/*0+ I 212(/=
M =

§± L2 -
4-.3

P = 19 L E L3;=- +4510(/-( 80(443 E

�	�
M

-~P

?
~F

α

������ ���� ��� � ¨"y&�OQ x "R&%

A

ϕ

6~F

�
�
-

M

STUTVWX XYWTZ[\] ^ ] T ]Y[[\j
4

ec T]bba VY \�\p
Wb m YXVTX d e e\a\X\]Z iXT[\bWTVbV [abX`bVf ]Y[p
[\j � ecd [e\Uf_ghTj k ]Z�ab d `b[ae\ [eXbiUbVV\j
[ ma\e\] n � a\e WkT`ba[g k VYiXYkUg�hTl d ibXp
ibVWTeZUgXVsl i\kbXlV\[aT d i\ e\a\X\j eYaTa[g
rTUTVWX n q WT[eZ iXTU\`bV ]\]bVa

M = 120 t] d
e ma\eZ u [TUY

F = 20 t n o blYVT_] XY[i\U\`bV
k c\XT_\VaYUfV\j iU\[e\[aT n t YjaT ZcU\k\b Z[e\p
XbVTb rTUTVWXY iXT

sinϕ = 0.8
d
ϕ̇ = 2

[
−1

n
������ ���� ��� � �Q&# & OQ ²zO# P&}
³=(0)(/?

AB
*.-/1; � 2 41(*-/@(= 8106 (/? 23441;

� 5B - *C-)+A-;4@ ¥0+415 23441; � 5BE ´0+415 C03F
A 3(= ,-.-/*0 03*-+43 � 2 E K ,-.-/*0+ 80-.1)(/ 21F
2(/= §µ¶ L2 E '(D3/-:2 03481.1)(/ C B10-:1/=3.?F
/1; 8.14514=- E L3;=- +B.1C1( +4510(/-( 4=(0)/@ 80-
sin(ϕ) = 0.8

>
ϕ̇ = 2

4
−1 E

�� ·

ϕ
A

B

������ ���� �M  � �{%�# °&{&�"

ϕ

�6
-~F

M

6
~P

STUTVWX XYWTZ[\] ^ ] eYaTa[g i\ i\kbXlV\[aT
i\XmVg n � a\e d WkT`ZhTj[g k Vbi\WkT`Vsl VYp
iXYkUg�hTl d m YXVTXV\ iXTeXbiUbV e \�\WZ rTp
UTVWXY n o \]bVa

M = 80 t] iXTU\`bV e rTUTVp
WXZd [TUY

P = 7 t u e i\XmV� d
F = 5 t u e ma\eZn

o Y[[Y rTUTVWXY XYkVY ^� ecd i\XmVg u ^ ecn o bp
lYVT_] XY[i\U\`bV k c\XT_\VaYUfV\j iU\[e\[aT n
t YjaT ZcU\k\b Z[e\XbVTb rTUTVWXY iXT

ϕ = π/2
d

ϕ̇ = 2
[
−1

n



������ ���� �M�� ¸z%&��R x "R&%¹*/101*/7; *-45 § 23441; � 5B 03*-+43
R = 0.6

2
630/-0/1 41(*-/(/ C =1£5(

A
4 *C-)+A-24@ 6=1F

512 G 23441; � 5BE º -45 53=-=4@ 81 /(C(41212+ 81F
*C-)/12+ 6=15+ � E L3803C.@¤A-( 6=151C C:3-2F
/1 8(08(/*-5+.@0/7 E K 14- *-453 80-.1)(/3 4-.3
G = 3 L - 212(/=

M =
§G± E� L2 E '(D3/-:2 03481F

.1)(/ C B10-:1/=3.?/1; 8.14514=- E L3;=- +B.1C1(
+4510(/-( *-453 80-

sinϕ = 0.6 E

ϕ

2

3

A

»
�
?

M

?~G

������ ���� �MM � ! OQ"% zQ x ¼

α

?
~F

�
�-

MO A

STUTVWX XYWTZ[\] ½ d� ] ]Y[[\j
2

ec m YXVTXV\
_YeXbiUbV VY ma\eb

OA
n STUTVWX eYaTa[g i\ [e\p

m bVV\j i\kbXlV\[aT eUTVY n qUTV WkT`ba[g k VYp
iXYkUg�hTl d ibXibVWTeZUgXVsl ma\eZn t Y eUTV
]Y[[\j ^ ec Wbj[akZba [TUY

F = 162 t w ]Y[[Y ma\p
eY ® ecn q rTUTVWXZ iXTU\`bV ]\]bVa

M = 26 t] n
o blYVT_] XY[i\U\`bV k c\XT_\VaYUfV\j iU\[e\p
[aT n t YjaT Z[e\XbVTb eUTVY iXT

α = π/3
n

������ ���� �M� � ¸#�{&R � &¾"&%¹*/101*/7; *-45 § 23441; H 5B 03*-+43
R = 0.6

2
630/-0/1 41(*-/(/ C =1£5(

A
4 *C-)+A-24@ 6=1F

512 G 23441; H 5BE º -45 53=-=4@ 81 /(C(41212+ 81F
*C-)/12+ 6=15+ � E L3803C.@¤A-( 6=151C C:3-2F
/1 8(08(/*-5+.@0/7 E K 14- *-453 80-.1)(/3 4-.3
G = 4 L - 212(/=

M =
§G± E� L2 E '(D3/-:2 03481F

.1)(/ C B10-:1/=3.?/1; 8.14514=- E L3;=- +B.1C1(
+4510(/-( *-453 80-

sinϕ = 0.8 E

ϕ

2

3

A

»
�
?

M

?~G

������ ���� �M� � ¿ &�&R ¨ �|% "R

'$
1

2

?
~F

α

À\UZrTUTVWX ]Y[[\j ^½ ec XYWTZ[\] ^ ] [e\Uf_Ta
i\ cUYWe\j iU\[e\[aT n À\ bc\ i\kbXlV\[aT eYaTap
[g WT[e ]Y[[\j ^½ ec XYWTZ[\] �½ [] d m YXVTXV\
_YeXbiUbVVsj VY ma\eb n t Y \[T WT[eY T i\UZrTp
UTVWXY VYWbaY iUYVeY WUTV\j � ] d e e\VrZ e\a\X\j
iXTU\`bVY [TUY

F = 45 t n o blYVT_] XY[i\U\`bV
k c\XT_\VaYUfV\j iU\[e\[aT n t YjaT ZcU\k\b Z[e\p
XbVTb iUYVeT iXT

α = π/3
n

������ ���� �M� � ¿ ��%zR{O �R�OR

'$
1

2

?
~F

α

À\UZrTUTVWX ]Y[[\j ^½ ec XYWTZ[\] ^ ] [e\Uf_Ta
i\ cUYWe\j iU\[e\[aT n À\ bc\ i\kbXlV\[aT eYaTap
[g WT[e ]Y[[\j ^½ ec XYWTZ[\] �½ [] d m YXVTXV\
_YeXbiUbVVsj VY ma\eb n t Y \[T WT[eY T i\UZrTp
UTVWXY VYWbaY iUYVeY WUTV\j � ] d e e\VrZ e\a\X\j
iXTU\`bVY [TUY

F = 45 t n o blYVT_] XY[i\U\`bV
k c\XT_\VaYUfV\j iU\[e\[aT n t YjaT ZcU\k\b Z[e\p
XbVTb iUYVeT iXT

α = π/3
n


