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=F V gρ
�

� �

(1) 

3 31.025 10 /kg mρ = ×
�

9.8g N m=

{�á ρ
�

X[%ó��V
�

X�Ò8r%�Ò�� gX�P���5
�
8r[%�Ò�FXt>zF�8	¼uq<[%á�>zF�Ò� 0V � 0V
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��
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0V V V= +
� �� (2) 

0V V V V V= + + +
�� �� �	
 ��

(3) 

¢@�zFµlwxX,�()ó�
�2!�8r[%�Ò�9

= MV
ρ

(4) 

3 37.85 10 /kg mρ = ×
�

"#XÍf`Î 2m�Ï 2m�ÐÑÒ�2!�8r[%�Ò�9
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DA π

= (6) 

�á A�DXÐÑ"#�Íf��`Î� hX"#$%&�5

�
�÷�PGX9 

i iG G m g= = ×∑ ∑ (7) 

�á imX�zF���5

<%Aab{�=>�
O�i[�ML fF ��7���lP
'
fF 9

�ái[�ML9

20.625fF Sv= × (8) 

( )2S D h= × − (9) 

�á SX�Ò<�btAf�
©f�� vX��5
�
?<�PABCD�()P3452!�PABa}9

' 0

0

X f f

Y

F F F

F F f G

 = + =

 = − − =


∑

∑

������� ���

��� ���� �� ��
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È½�ZÚ� II�ÓÔ�� 22.05m������ÁÂà`�à9

à8

�� ��(mm) aí�����(kg/m)
II 105 7

!�����JÂ*a9
22.05m 210
0.105m

a = =

�È½�áy>�J�,-��(,hF�úXÁ&7�ºë���ãFX 215V�
�á�J�� 210V�,-Xø 211å��(,hXø 212 215∼ V5

7È½�á�¸84V�Nø iVºëOPFG9

��y8V<%A�_`ab{�F�X ,i idx dy ����X iL5B4��áy>�

J���X0.105m�,h�,-���X1m5
!�����%A�_`ab{�F�"#���9 

2 2
i i iL dx dy= + (11)

¢y8V?@PABCD�Ntå7À%A�_`�FP7yVXYáZ�P��

X9��7y8zFpqP�ABa}5

!�P�ABa}9

1 1 1 12 2 2 2i i i i
dy dy dx dxT T F F− + − +× + × = × + × (12)

<%Aab{��°OC1ø 1i − V�ø 1i + V{�P$4¿��ab¿�5
<_`ab{�°O�"P12��PU+¿�tV7��P���X95

!�PABa}9

1 1

1 1

0

+ 0

X i i

iY i i i

F T T

F F F F G

− +

− +

 = + =

 = + + =


∑

∑

��� ���� ����

��� ���� ���� ���� ��
�

(13)

(){�PABa}�wx�>zF"#�úqP%A�_`F��$45 
�ea}�11��12�2U~!9

( )2 2
1 1

2

4
i i

i

i i i

T Ldx
F F T− +

=
+ +

(14)
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( )

1 1

2 2
1 1 4
i i i

i

i i i

L F F
dy

F F T
− +

− +

+
=

+ +
(15)

¢,824�"#�'()* ZX X"#<P�úq��Ù8VhiT"#�]^
#�$4�N9

215

1
i

i
ZX dx

=

=∑ (16)

¢@È½�Z��<%& 18m�¢,824È½��y8V�_`F� dyw�X%

&H!��@$%&� h�a}9
215

1
i

i
H dy

=

= ∑ (17)

pq

MATLAB
�L�<$%&����eX9�QR��wx§E�%&H�� 

��%&18m¿��$�°U
� ��%&�
�%&��e��5
!�a}9

0t H H= − (18)

��� 0.000001t > ���$%&��
�§E[\7�
�/0P��-.P��7z

Fºë¿Ã�OPFG�
�xyV°OP�$45�¯pq
��11��12��13�w

x ,i idx dy ��¾�a}�16�á!�§E�
�%&��
�§E�%&���U§�

�$%&�`���e 0.000001t < 5

�xq��t
�$%&��}��},9

iTà+ø i>�Z?s`úqP5

,i iy x ø ias_`�%Aab{�F�5

211 215~θ θ F�X,-��(,h�%Ao��05
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MATLAB
�Lwx,-+��,h

�%A�_`F� dx� dy�STpq`0¡0�45wx,-���,h��Ã�.
/0� iθ �%A_`
©F����9 

tan i
i

i

dy
dx

θ = (19)

¥�!�yV�./0� iθ 9

arctan( )ii
i

dy
dx

θ = (20)

�á 211,212,213,214,215i =

¢@��¢

210
��Jµl�Â*�$:��kl±��ÛRO<P�úq��P

Q�¥�NÒ�ij���kú8mA��no5

pq{���t}�wxy>�J�å�^#� ix � iy �9

�

0, ,h vf G=

, ,fF F f
�

,i iy x∑ ∑

18 0.001iy h+ − ≤∑

�

0.0001h h= +

break

i
i

i

y
x

θ =
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1

1

( 1,2,3 210)

i

i i
i
i

i i
i

x dx
i

y dy

=

=

 = =
 =


∑

∑
����

(21)

���� 210�� ix � iy ��	
����
�������� 140�������
����� �!"#�����$%&' 70 ��(���)��*+,���)�
��-.

����� ����	

�/0123�4561200kg78 
9�:;;< 12v m s= 7�=>?@ABCD'EFC?G�HIJKL��MN

OKAPQRS8

TU

HIJK(K�
;<(m/s)MNOK(m)PQWXYZ(m)

?@ ?G 1 ?G 2 ?G 3 ?G4
12 0.6945 9.64 1.153 1.136 1.129 1.121 1.114
�
�������� 140������������ �[� ����\]8

20.224 0.470 0.417y x x= − +

^��_`6a2�.

��� ���-b_bc8

bc

de8

��f�gdAWh�gd*+,ijkX�lm�nop1 .

9�:;;<

24v m s=
7�=>?@ABCD'EFC?G�HIJKL��MN

OKAPQRS8
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Tq

HIJK(K�
;<(m/s)MNOK(m)PQWXYZ(m)

?@ ?G 1 ?G 2 ?G 3 ?G4
24 0.697 17.18 4.566 4.499 4.47 4.441 4.413

�
�������� 140������������ �[� ����\]8
20.036 0.050 0.035y x x= + +

^��_`6a2�.

��� ���-b_br8

br

de8

sbltuv>+,����*� $%���fwXgdop1 .

��� ���8

5.2.1���
�8

�xy��z{'�|C12345�}7~���������`����bU

���det�����\]8
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'

1 1 1

0

0

X f f

Y

F F F

F F f G

 = + =

 = − − =


∑

∑

������� ����

��� ���� ��� ���
�

(22)

�l 1G � 1F
�

� 1f 6��12345h�1���L�A������\�F���.

sy�t0�|C123�45���������AN���{�� ¡¢£¤.

¥}12345��¦�§¨©ª�9L�«¬­�:Nl7��L�WX��®¯�

WX�45.

���L�A�45©m�°~8

max max 0F G− ≈
������ �����
�

(23)

maxF V gρ=
�

� ����

(24)

��V
����

8

22 2
4

V π × ×
=

�����

(25)

0V V V= +
���� �����

(26)

s�23��24��25��26�tu=�123WX458

M =
����

5400kg (27)

^8 

[ ]1200 ,5400M kg kg∈
�

��xyU�±=�6²�?@�HIJK

α
�³´ 5K�����)*:µ�¶

J β�³´ 16K���·¸�19��20�tu��α β.

^8 

211

211

arctan 5dy
dx

α = ≤ � (28)

1

1

arctan 16dy
dx

β = ≤ � (29)

�/012345�§¨7�"#Ud¹º¦123�»¼½6Rm�)�l)½

M
��

8

4480M kg=
��

(30)
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[ ]1200,4480M ∈
��

 

�xy��¾¿l�/0�1��^/012345�ÀÁ'�"#ÂÃ¹=Ä>

MNOK��ÅÄ>@�HIJK

α
A����)*:µ�¶J

β
�*yÆl±=��

-k.

1
ÇÈ�ÉÊËÌ�Í�}7�12345ARmÎ�)¡6123Ï�45Rm�

!Ð"#Ud¹º¦123�45�=>}7@�HIJK

α
A����)*:µ�¶

J

β
.

2
ÇÈÉÊËÌ�ÍÑ}7�12345Ò�hÓÔ

α
A

β
.

a
ÇÈ��ÉÊËÌ��}7123�45*Rm��)¡6123Ï�45Rm�

!Ð"#Ud¹º¦123�45�=>

α
A

β
.

b
ÇÈ�ÉÊËÌ�ÍÕ>Ö���45Ò�f123456W×123�45.

3
ÇÈØÕ>Ö��ÍÑ=>�

α
A

β
*yÆl±=��-k�1ÙÚÛ

1
Ç

2
�Ü

Õ>Ö�.

Ô¹]ÝÞ]b8
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9�:;;< 36v m s= 7�=>?@ABCD'EFC?G�HIJKL��MN

OKAPQRS8

0G , 3v , 1i =

��������

	
�α β�

if 5α ≤ �& 16β ≤ �

�

G = 1iG −

��������

	
�α β�

if 5α ≤ �& 16β ≤ �


������� iG �

���������

�

�

�

�

( )1 max

2
i

i

G G
G − +=

1i i= +

�

( )1 min

2
i

i

G G
G − +=
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���� ( )�
�	 ( )/m s 
��� ( )m 
����� ( )m

�� �� 1 �� 2 �� 3 ��4
36 0.7198 18.87 9.45 9.32 9.26 9.215 9.15

���������� 140 !"#�$%&'()*+,-*+./()012
20.017 0.374 0.008y x x= + + (31)

3�!45678)9

./*+():;<4<=2 

<= 
>?2

@<ABCDEFG�!()H*+IJ()KLMNO+9

PQ

MATLAB
RSTE�UO8VWX minM

�

2

min =2238M kg
�

5.3���

5.3.1�����2

:��&'YZ>?2
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<[ 
��\]^_5`./Za^_012

2 1 2 1
2 2 2 2
dy dy dx dxR R D D× + × = × + × (32)

bZ^_012

1 2 3 0

1 2 3 0

X

Y

F R R R

F D D D

 = + + =

 = − − =


∑

∑

��� ��� ��� ���

��� ��� ���� ���� (33)

@<Bc2

tan dx
dy

θ = (34)

θ
�

0 ~
2
π
defg;]

tanθ
,hi6

dx
dyj�^>ZRklmkl,jno>ZD

klmpU9R6�Zqrst�uZ�vXwl,D6O8s�!WXxo0y�O

Zwl9zC{|������

θ
s�!})Ht^~��

β
j�Zst�uZ�kl

mkl,jO8WX�klmpU9

���t���6

18m
,t�u	6�,��kl�Z�U,��

Matlab
��E�

 

β
s

θ
���U,���z�2

��

vf 12 18 24 30 36

( )β � 0.1 0.34 4.66 15.12 20.96

( )θ � 1.16 2.59 4.57 6.87 9.45

@�Bc,���def βsθ��j�	klmk�9
���	636 /m s,t�u	6�,��klt���,��Matlab��E� β

sθ���U,���z�2

θ
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��

h 16 17 18 19 20

( )β � 13.45 17.11 20.96 25.02 29.32

( )θ � 9.74 9.6 9.45 9.29 9.1

��Bc,

θ
�jt���������,�j�klmk�9�

β
�jt���

�����9

���	636 /m s,t���6 20,��klH�y���t�u	,��Matlab
��E� βsθ���U,���z�2

��

xvs 0 0.3 0.6 0.9 1.2 1.5

( )β � 29.31 29.67 30.62 31.91 33.29 34.58

( )θ � 9.05 9.32 9.96 11.01 12.41 14.14

@�Bc,���def βsθ��jt�u	klmk�9
���	636 /m s,t���6 20,��klH�yno�t�u	,��Matlab

��E� βsθ���U,���z�2
�=

yvs 0 0.3 0.6 0.9 1.2 1.5

( )β � 29.31 29.32 29.41 29.77 30.59 31.89

( )θ � 9.1 9.11 9.16 9.36 9.88 10.87

@�Bc,���def βsθ��jt�u	klmk�9
���	636 /m s,t���6 20,t�u	61.5,����t�uys�y�

��α,��Matlab��E� βsθ���U,���z�2
�[

( )α � 0 10 20 30 40 50 60

( )β � 34.58 34.55 34.48 34.35 34.16 33.9 33.57

( )θ � 14.14 14.1 13.98 13.78 13.5 13.14 -7640

( )α � 70 80 90 100 110 120 130

( )β � 33.14 32.59 31.89 30.99 29.82 28.24 26.06

( )θ � 12.17 11.57 10.87 10.1 9.25 8.32 7.33
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( )α � 140 150 160 170 180

( )β � 22.94 18.27 11.24 1.95 0.34

( )θ � 6.3 5.26 4.29 3.53 3.2

@�Bc,��yst�uy���� QZ: βsθ�¡¢��9
���	636 /m s,t���6 20,t�u	61.5,t�uys�y���α6

�,�!£�6 22.05m,���!WXMml3¤Q�¥¦§�!,��Matlab��E
� βsθ���U,���z�2

�¨

¦§ I II III IV V
Mml 70.56 154.35 257.625 429.975 620.046

( )β � 37.98 34.58 30.22 22.71 14.35

( )θ � 14.5 14.14 13.7 12.97 12.21

@�Bc,��!WXkl�, βsθ��j©pU9
�ª«B.{|¬­,zC®¯t���°�	stu	�¥����±��ys

tu0y���6²³´µ9

���1�ª¶���WX��!BCD·¶���¸¹º»�¸¼,

<¨ 
�<z�2��½¬�¾º¿:À¹ÁÂ,Ã�4ÄZÁÅ,zC{|O8 QZG

:�����θ QÁ�,�:�!})Ht^~�� β¡¢ÁU9m�!£� l:�
!})Ht^~�� β¡¢Á�,:��¡¢ÁU9
6ÆÇ{|�È{¹���O8WX ( )3500kg s�!¦§ ( )V ��,���def

���!£�,��Matlab��E� �����θs�!})Ht^~�� β��U
���2

G

1l
2l
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�¨�

ZL 27 27.9 28.8 29.7 30.6 31.5 32.4

( )β � 43.06 37.01 31.6 26.38 21.56 17.06 12.85

( )θ � 5.2 5.26 5.3 5.33 5.35 5.37 5.38

��Bc,�!£�:�!})Ht^~�� β¡¢Á�,�:�����θ¡¢
ÁU9

ÉÊ���!£� ( )31.5 s¦§ ( )V ��,��O8WX,��Matlab��E� 
�����θs�!})Ht^~�� β��U���2

�¨Ë

Mzw 3300 3400 3500 3600 3700 3800 3900 4000 4100 4200

( )β � 17.53 17.3 17.06 16.83 16.6 16.36 16.13 15.9 15.68 15.45

( )θ � 5.61 5.48 5.37 5.26 5.15 5.05 4.95 4.86 4.77 4.68

@�B.,¿;]���!£�,��O8WX:�!})Ht^~�� β¡¢Á
U,�:�����θ¡¢Á�9zC{|¬­9
:�¥¦§��!&'>½,@]�!})Ht^~�� βj�!£� l���6

��,zC���O8WXÌÍ�!£�,Î�!})Ht^~�� βÏÐÑT,ÒÌ
ÍO8WXÎ�!})Ht^~�� βs����θ¥�ÏÐÓÔÑT,PQmatlab�
�ÕS��1Ö&'��TE�×�¥¦§ÏÐÓÔÑT��!£�sO8WXCØ

�:Ù�
��� ( )h sÚ%��
��� ( )ZX ���z�2
�¨Û

¦§ I II III IV V
l 27.69 29.505 28.2 29.7 31.5

Mzw 4650 4535 3390 4210 3980
h 1.643 1.643 1.643 1.656 1.676
ZX 35.16 26.53 20.78 15.73 12.21
{| hs ZX �U±6�ÜÝÞÅ,¿:ßÅ62

min min

i i
i

h ZXS
h ZX

= + (35)

�¨�

1S 2S 3S 4S 5S

3.88 3.17 2.7 2.3 2.02
@ª�B.¦§V��!6�à¤á9
â�ãäåS�	,t�u	,t���CØ�yst�uy��Ê

��6α�æZ+¬0162

( )( )2 2
1 2 1 22 cosT F F F F α= + + × × × (36)

�ç1Öè<62



20

<¨�

1ÖéÕê�9

�������

6.1�����2

1°�ëÓ�A:ºìYZ>?&'í��î�,0ï��Hð�9
2°�ëÓËAPQæñòó�0ç,�ôcX6õcX,pUöÓÔA���X,

¥�÷BC./Á6øù�»±9

3°�ëÓÛA��ú×�X�´µ�,Cûüý� �X¥����þ�X,>
?��X�����¡¢,Ò�+®¯z��X:���¡¢,��ñÑ¡¢,�E	

Ñ¡¢,0çî
�'9 

6.2�����2

1°�ëÓËA�¦T
��O8VWX,6î�\�,{|�:�!�xo0y
ª�>Z6�,FGª�6�,����ßÅ9

�

0, , , , ,h vf G vs Hα=

, , ,f sF F f F
�

,i iy x∑ ∑

0.001iy h H+ − ≤∑

�

0.0001h h= +

break

i
i

i

y
x

θ =
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��	


�� ����� ��	
��
�

[0,6.26248089171975,12.5249617834395,18.7874426751592,25.0499235668790,3
1.3124044585987,37.5748853503185,43.8373662420382,50.0998471337580,56.36
23280254777,62.6248089171975,68.8872898089172,75.1497707006370,81.41225
15923567,87.6747324840764,93.9372133757962,100.199694267516,106.4621751
59236,112.724656050955,118.987136942675,125.249617834395,131.5120987261
15,137.774579617834,144.037060509554,150.299541401274,156.562022292994,1
62.824503184713,169.086984076433,175.349464968153,181.611945859873,187.8
74426751592,194.136907643312,200.399388535032,206.661869426752,212.9243
50318471,219.186831210191,225.449312101911,231.711792993631,237.9742738
85350,244.236754777070,250.499235668790,256.761716560510,263.0241974522
29,269.286678343949,275.549159235669,281.811640127389,288.074121019108,2
94.336601910828,300.599082802548,306.861563694268,313.124044585987,319.3
86525477707,325.649006369427,331.911487261147,338.173968152866,344.4364
49044586,350.698929936306,356.961410828026,363.223891719745,369.4863726
11465,375.748853503185,382.011334394905,388.273815286624,394.5362961783
44,400.798777070064,407.061257961784,413.323738853503,419.586219745223,4
25.848700636943,432.111181528663,438.373662420382,444.636143312102,450.8
98624203822,457.161105095541,463.423585987261,469.686066878981,475.9485
47770701,482.211028662420,488.473509554140,494.735990445860,500.9984713
37580,507.260952229299,513.523433121019,519.785914012739,526.0483949044
59,532.310875796178,538.573356687898,544.835837579618,551.098318471338,5
57.360799363057,563.623280254777,569.885761146497,576.148242038217,582.4
10722929936,588.673203821656,594.935684713376,601.198165605096,607.4606
46496815,613.723127388535,619.985608280255,626.248089171975,632.5105700
63694,638.773050955414,645.035531847134,651.298012738854,657.5604936305
74,663.822974522293,670.085455414013,676.347936305733,682.610417197453,6
88.872898089172,695.135378980892,701.397859872612,707.660340764331,713.9
22821656051,720.185302547771,726.447783439491,732.710264331211,738.9727
45222930,745.235226114650,751.497707006370,757.760187898089,764.0226687
89809,770.285149681529,776.547630573249,782.810111464969,789.0725923566
88,795.335073248408,801.597554140128,807.860035031847,814.122515923567,8
20.384996815287,826.647477707007,832.909958598727,839.172439490446,845.4
34920382166,851.697401273886,857.959882165605,864.222363057325,870.4848
43949045,876.747324840765,883.009805732484,889.272286624204,895.5347675
15924,901.797248407644,908.059729299363,914.322210191083,920.5846910828
03,926.847171974523,933.109652866242,939.372133757962,945.634614649682,9
51.897095541402,958.159576433121,964.422057324841,970.684538216561,976.9
47019108281,983.209500000000,989.471980891720,995.734461783440,1001.996
94267516,1008.25942356688,1014.52190445860,1020.78438535032,1027.046866
24204,1033.30934713376,1039.57182802548,1045.83430891720,1052.096789808
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92,1058.35927070064,1064.62175159236,1070.88423248408,1077.14671337580,1
083.40919426752,1089.67167515924,1095.93415605096,1102.19663694268,1108.
45911783440,1114.72159872612,1120.98407961783,1127.24656050955,1133.509
04140127,1139.77152229299,1146.03400318471,1152.29648407643,1158.558964
96815,1164.82144585987,1171.08392675159,1177.34640764331,1183.608888535
03,1189.87136942675,1196.13385031847,1202.39633121019,1208.65881210191,1
214.92129299363,1221.18377388535,1227.44625477707,1233.70873566879,1239.
97121656051,1246.23369745223,1252.49617834395,1258.75865923567,1265.021
14012739,1271.28362101911,1277.54610191083,1283.80858280255,1290.071063
69427,1296.33354458599,1302.59602547771,1308.85850636943,1315.120987261
15]

�� ��������� ����� ����

clear
clc
g=9.8;
Hfb=2;
Rfb=1;
Lgg=1;
Rgg=0.025;
Ngg=4;
Ltt=1;
Rtt=0.15;
Ntt=1;
Mzw=1200;
Mgg=10;
Mtt=100;
ZL=22.05;
Mml=154.35;
Lml=0.105;
Nml=ZL/Lml;
Mfb=1000;
Ggg=Mgg*g;
Gtt=Mtt*g;
Gzw=Mzw*g;
Gml=Mml*g;
Gfb=Mfb*g;
Gmd=7.85*1000;
Smd=1.025*1000;
Vgg=Lgg*Rgg^2*pi;
Vtt=Ltt*Rtt^2*pi;
Vml=Mml/Gmd;
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Vzw=Mzw/Gmd;
Fgg=Vgg*Smd*g;
Ftt=Vtt*Smd*g;
Fzw=Vzw*Smd*g;
Fml=Vml*Smd*g;
JGgg=Ggg-Fgg;
JGtt=Gtt-Ftt;
JGzw=Gzw-Fzw;
JGml=Gml-Fml;
JG=JGgg*4+JGtt+JGzw+JGml;
A=1^2*pi;
G1=linspace(0,JGml,Nml+1);
G2=[];
G2(1)=G1(211)+JGzw;
G2(2)=G2(1)+JGtt;
G2(3)=G2(2)+JGgg;
G2(4)=G2(3)+JGgg;
G2(5)=G2(4)+JGgg;
G2(6)=G2(5)+JGgg;
A=1^2*pi;
y=[];
x=[];
t=18;
%
v=12;
for h=0:0.000001:2
    S=2*(2-h);
    Ff=0.625*S*v^2;
    Ffl=A*h*Smd*g;
    f=Ffl-JG-Gfb;
    ZH=0;
    if f>0
        G1=G1+f;
        G2=G2+f;
        for i=1:1:210
            y(i)=(0.105*(G1(i)+G1(i+1))/sqrt((G1(i)+G1(i+1))^2+4*Ff^2));
            x(i)=2*Ff*0.105/sqrt((G1(i)+G1(i+1))^2+4*Ff^2);
        end
        for j=1:1:5
            y(i+j)=((G2(j)+G2(j+1))/sqrt((G2(j)+G2(j+1))^2+4*Ff^2));
            x(i+j)=2*Ff/sqrt((G2(j)+G2(j+1))^2+4*Ff^2);
        end
        ZH=sum(y)+h;
        G1=G1-f;
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        G2=G2-f;
    end
    if (18-ZH)<0.000001
        break
    end
end
X=[];
Y=[];
for i=1:1:210
    X(i)=sum(x([1:1:i]));
    Y(i)=sum(y([1:1:i]));
end
a=[];
for j=211:1:215
    a(j-210)=atan(y(j)./x(j));
end
ZX=sum(x);
c=polyfit(X([1:1:140]),Y([1:1:140]),2);
t=0:0.001:sum(x([1:1:210]));
u=polyval(c,t);
hold on
plot(X,Y,':');
plot(t,u,'r');
hold off
fprintf('�!Ht^~��62%f�\n',atan(y(1)/x(1))*180/pi);
fprintf('������62%f�\n',90-atan(y(211)/x(211))*180/pi);

�� ��������� ����� ����

clear
clc
g=9.8;
Hfb=2;
Rfb=1;
Lgg=1;
Rgg=0.025;
Ngg=4;
Ltt=1;
Rtt=0.15;
Ntt=1;
Mzw=1200;
Mgg=10;
Mtt=100;
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ZL=22.05;
Mml=154.35;
Lml=0.105;
Nml=ZL/Lml;
Mfb=1000;
Ggg=Mgg*g;
Gtt=Mtt*g;
Gzw=Mzw*g;
Gml=Mml*g;
Gfb=Mfb*g;
Gmd=7.85*1000;
Smd=1.025*1000;
Vgg=Lgg*Rgg^2*pi;
Vtt=Ltt*Rtt^2*pi;
Vml=Mml/Gmd;
Vzw=Mzw/Gmd;
Fgg=Vgg*Smd*g;
Ftt=Vtt*Smd*g;
Fzw=Vzw*Smd*g;
Fml=Vml*Smd*g;
JGgg=Ggg-Fgg;
JGtt=Gtt-Ftt;
JGzw=Gzw-Fzw;
JGml=Gml-Fml;
JG=JGgg*4+JGtt+JGzw+JGml;
A=1^2*pi;
G1=linspace(0,JGml,Nml+1);
G2=[];
G2(1)=G1(211)+JGzw;
G2(2)=G2(1)+JGtt;
G2(3)=G2(2)+JGgg;
G2(4)=G2(3)+JGgg;
G2(5)=G2(4)+JGgg;
G2(6)=G2(5)+JGgg;
A=1^2*pi;
y=[];
x=[];
t=18;
%
v=24;
for h=0.65:0.000001:2
    S=2*(2-h);

 Ff=0.625*S*v^2;
    Ffl=A*h*Smd*g;



27

    f=Ffl-JG-Gfb;
    ZH=0;
    if f>0
        G1=G1+f;
        G2=G2+f;
        for i=1:1:210
            y(i)=(0.105*(G1(i)+G1(i+1))/sqrt((G1(i)+G1(i+1))^2+4*Ff^2));
            x(i)=2*Ff*0.105/sqrt((G1(i)+G1(i+1))^2+4*Ff^2);
        end
        for j=1:1:5
            y(i+j)=((G2(j)+G2(j+1))/sqrt((G2(j)+G2(j+1))^2+4*Ff^2));
            x(i+j)=2*Ff/sqrt((G2(j)+G2(j+1))^2+4*Ff^2);
        end
        ZH=sum(y)+h;
        G1=G1-f;
        G2=G2-f;
    end
    if (18-ZH)<0.000001
        break
    end
end
X=[];
Y=[];
for i=1:1:210
    X(i)=sum(x([1:1:i]));
    Y(i)=sum(y([1:1:i]));
end
a=[];
for j=211:1:215
    a(j-210)=atan(y(j)./x(j));
end
ZX=sum(x);
c=polyfit(X([1:1:140]),Y([1:1:140]),2);
t=0:0.001:sum(x([1:1:210]));
u=polyval(c,t);
hold on
plot(X,Y,':');
plot(t,u,'r');
hold off
fprintf('�!Ht^~��62%f�\n',atan(y(1)/x(1))*180/pi);
fprintf('������62%f�\n',90-atan(y(211)/x(211))*180/pi);

�� ��������� � ��� ����
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clear
clc
g=9.8;
Hfb=2;
Rfb=1;
Lgg=1;
Rgg=0.025;
Ngg=4;
Ltt=1;
Rtt=0.15;
Ntt=1;
Mzw=1200;
Mgg=10;
Mtt=100;
ZL=22.05;
Mml=154.35;
Lml=0.105;
Nml=ZL/Lml;
Mfb=1000;
Ggg=Mgg*g;
Gtt=Mtt*g;
Gzw=Mzw*g;
Gml=Mml*g;
Gfb=Mfb*g;
Gmd=7.85*1000;
Smd=1.025*1000;
Vgg=Lgg*Rgg^2*pi;
Vtt=Ltt*Rtt^2*pi;
Vml=Mml/Gmd;
Vzw=Mzw/Gmd;
Fgg=Vgg*Smd*g;
Ftt=Vtt*Smd*g;
Fzw=Vzw*Smd*g;
Fml=Vml*Smd*g;
JGgg=Ggg-Fgg;
JGtt=Gtt-Ftt;
JGzw=Gzw-Fzw;
JGml=Gml-Fml;
JG=JGgg*4+JGtt+JGzw+JGml;
A=1^2*pi;
G1=linspace(0,JGml,Nml+1);
G2=[];
G2(1)=G1(211)+JGzw;
G2(2)=G2(1)+JGtt;
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G2(3)=G2(2)+JGgg;
G2(4)=G2(3)+JGgg;
G2(5)=G2(4)+JGgg;
G2(6)=G2(5)+JGgg;
A=1^2*pi;
y=[];
x=[];
t=18;
%
v=36;
for h=0.65:0.000001:2
    S=2*(2-h);
    Ff=0.625*S*v^2;
    Ffl=A*h*Smd*g;
    f=Ffl-JG-Gfb;
    ZH=0;
    if f>0
        G1=G1+f;
        G2=G2+f;
        for i=1:1:210
            y(i)=(0.105*(G1(i)+G1(i+1))/sqrt((G1(i)+G1(i+1))^2+4*Ff^2));
            x(i)=2*Ff*0.105/sqrt((G1(i)+G1(i+1))^2+4*Ff^2);
        end
        for j=1:1:5
            y(i+j)=((G2(j)+G2(j+1))/sqrt((G2(j)+G2(j+1))^2+4*Ff^2));
            x(i+j)=2*Ff/sqrt((G2(j)+G2(j+1))^2+4*Ff^2);
        end
        ZH=sum(y)+h;
        G1=G1-f;
        G2=G2-f;
    end
    if (18-ZH)<0.000001
        break
    end
end
X=[];
Y=[];
for i=1:1:210
    X(i)=sum(x([1:1:i]));
    Y(i)=sum(y([1:1:i]));
end
a=[];
for j=211:1:215
    a(j-210)=atan(y(j)./x(j));
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end
ZX=sum(x);
c=polyfit(X([1:1:140]),Y([1:1:140]),2);
t=0:0.001:sum(x([1:1:210]));
u=polyval(c,t);
hold on
plot(X,Y,':');
plot(t,u,'r');
hold off
fprintf('�!Ht^~��62%f�\n',atan(y(1)/x(1))*180/pi);
fprintf('������62%f�\n',90-atan(y(211)/x(211))*180/pi);

�� !����"#$%&�'(�

clear
clc
g=9.8;
Hfb=2;
Rfb=1;
Lgg=1;
Rgg=0.025;
Ngg=4;
Ltt=1;
Rtt=0.15;
Ntt=1;
for Mzw=2000:1:3000;
Mgg=10;
Mtt=100;
ZL=22.05;
Mml=154.35;
Lml=0.105;
Nml=ZL/Lml;
Mfb=1000;
Ggg=Mgg*g;
Gtt=Mtt*g;
Gzw=Mzw*g;
Gml=Mml*g;
Gfb=Mfb*g;
Gmd=7.85*1000;
Smd=1.025*1000;
Vgg=Lgg*Rgg^2*pi;
Vtt=Ltt*Rtt^2*pi;
Vml=Mml/Gmd;
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Vzw=Mzw/Gmd;
Fgg=Vgg*Smd*g;
Ftt=Vtt*Smd*g;
Fzw=Vzw*Smd*g;
Fml=Vml*Smd*g;
JGgg=Ggg-Fgg;
JGtt=Gtt-Ftt;
JGzw=Gzw-Fzw;
JGml=Gml-Fml;
JG=JGgg*4+JGtt+JGzw+JGml;
A=1^2*pi;
G1=linspace(0,JGml,Nml+1);
G2=[];
G2(1)=G1(211)+JGzw;
G2(2)=G2(1)+JGtt;
G2(3)=G2(2)+JGgg;
G2(4)=G2(3)+JGgg;
G2(5)=G2(4)+JGgg;
G2(6)=G2(5)+JGgg;
A=1^2*pi;
y=[];
x=[];
t=18;
%
v=36;
for h=0.65:0.00001:2
    S=2*(2-h);
    Ff=0.625*S*v^2;
    Ffl=A*h*Smd*g;
    f=Ffl-JG-Gfb;
    ZH=0;
    if f>0
        G1=G1+f;
        G2=G2+f;
        for i=1:1:210
            y(i)=(0.105*(G1(i)+G1(i+1))/sqrt((G1(i)+G1(i+1))^2+4*Ff^2));
            x(i)=2*Ff*0.105/sqrt((G1(i)+G1(i+1))^2+4*Ff^2);
        end
        for j=1:1:5

          y(i+j)=((G2(j)+G2(j+1))/sqrt((G2(j)+G2(j+1))^2+4*Ff^2));
            x(i+j)=2*Ff/sqrt((G2(j)+G2(j+1))^2+4*Ff^2);
        end
        ZH=sum(y)+h;
        G1=G1-f;
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        G2=G2-f;
    end
    if (18-ZH)<0.000001
        break
    end
end
if atan(y(1)/x(1))<=16*pi/180&atan(y(211)/x(211))>=85*pi/180
    fprintf('O8WX62%fkg\n',Mzw);
    break
end
end

��  

clear
clc
g=9.8;
Hfb=2;
Rfb=1;
Lgg=1;
Rgg=0.025;
Ngg=4;
Ltt=1;
Rtt=0.15;
Ntt=1;
Mzw=4200;
Mgg=10;
Mtt=100;
Nml=175;
Lml=0.180;
ZL=Nml*Lml;
Mml=ZL*28.12;
Mfb=1000;
Ggg=Mgg*g;
Gtt=Mtt*g;
Gzw=Mzw*g;
Gml=Mml*g;
Gfb=Mfb*g;
Gmd=7.85*1000;
Smd=1.025*1000;
Vgg=Lgg*Rgg^2*pi;
Vtt=Ltt*Rtt^2*pi;
Vml=Mml/Gmd;
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Vzw=Mzw/Gmd;
Fgg=Vgg*Smd*g;
Ftt=Vtt*Smd*g;
Fzw=Vzw*Smd*g;
Fml=Vml*Smd*g;
JGgg=Ggg-Fgg;
JGtt=Gtt-Ftt;
JGzw=Gzw-Fzw;
JGml=Gml-Fml;
JG=JGgg*4+JGtt+JGzw+JGml;
A=1^2*pi;
G1=linspace(0,JGml,Nml+1);
G2=[];
G2(1)=G1(Nml+1)+JGzw;
G2(2)=G2(1)+JGtt;
G2(3)=G2(2)+JGgg;
G2(4)=G2(3)+JGgg;
G2(5)=G2(4)+JGgg;
G2(6)=G2(5)+JGgg;
A=1^2*pi;
y=[];
x=[];
t=18;
S=[];
S(1)=2*Ltt*Rtt;
S(2)=2*Lgg*Rgg;
S(3)=2*Lgg*Rgg;
S(4)=2*Lgg*Rgg;
S(5)=2*Lgg*Rgg;
%
vf=36;
vs=1.5;
SH=20;
a=0;
if vf>36|vs>1.5|SH<16|SH>20
    fprintf('wrong%f\n');
else
for h=0.65:0.000001:2
    S1=2*(2-h);
    Ff=0.625*S1*vf^2;
    Ffl=A*h*Smd*g;
    f=Ffl-JG-Gfb;
    ZH=0;
    S(6)=2*h;
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    Fsl=374*S*vs^2;
    if f>0
        G1=G1+f;
        G2=G2+f;
        for i=1:1:Nml
            T1=sqrt(Ff^2+sum(Fsl)^2+2*Ff*sum(Fsl)*cos(a));
            y(i)=(0.105*(G1(i)+G1(i+1))/sqrt((G1(i)+G1(i+1))^2+4*T1^2));
            x(i)=2*T1*0.105/sqrt((G1(i)+G1(i+1))^2+4*T1^2);
        end
        for j=1:1:5

T2=sqrt(Ff^2+sum(Fsl([j+1:1:6]))^2+2*Ff*sum(Fsl([j+1:1:6]))*cos(a));
            y(i+j)=((G2(j)+G2(j+1))/sqrt((G2(j)+G2(j+1))^2+(T2+T1)^2));
            x(i+j)=(T2+T1)/sqrt((G2(j)+G2(j+1))^2+(T2+T1)^2);
            T1=T2;
        end
        ZH=sum(y)+h;
        G1=G1-f;
        G2=G2-f;
    end
    if (SH-ZH)<0.000001
        break
    end
end
X=[];
Y=[];
for i=1:1:Nml
    X(i)=sum(x([1:1:i]));
    Y(i)=sum(y([1:1:i]));
end
a=[];
for j=Nml+1:1:Nml+5
    a(j-Nml)=atan(y(j)./x(j));
end
ZX=sum(x);
c=polyfit(X([1:1:round(2*Nml/3)]),Y([1:1:round(2*Nml/3)]),2);
t=0:0.001:sum(x([1:1:Nml]));
u=polyval(c,t);
fprintf('�!Ht^~��62%f�\n',atan(y(1)/x(1))*180/pi);
fprintf('������62%f�\n',90-atan(y(Nml+1)/x(Nml+1))*180/pi);
fprintf('Ú%
���62%f�\n',h);
fprintf('Ú%Ú�����62%f�\n',ZX);
end
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clear
clc
g=9.8;
Hfb=2;
Rfb=1;
Lgg=1;
Rgg=0.025;
Ngg=4;
Ltt=1;
Rtt=0.15;
Ntt=1;
Mzw=3980;
Mgg=10;
Mtt=100;
ZL=31.5;
Mml=ZL*28.12;
Lml=0.180;
Nml=ZL/Lml;
Mfb=1000;
Ggg=Mgg*g;
Gtt=Mtt*g;
Gzw=Mzw*g;
Gml=Mml*g;
Gfb=Mfb*g;
Gmd=7.85*1000;
Smd=1.025*1000;
Vgg=Lgg*Rgg^2*pi;
Vtt=Ltt*Rtt^2*pi;
Vml=Mml/Gmd;
Vzw=Mzw/Gmd;
Fgg=Vgg*Smd*g;
Ftt=Vtt*Smd*g;
Fzw=Vzw*Smd*g;
Fml=Vml*Smd*g;
JGgg=Ggg-Fgg;
JGtt=Gtt-Ftt;
JGzw=Gzw-Fzw;
JGml=Gml-Fml;
JG=JGgg*4+JGtt+JGzw+JGml;
A=1^2*pi;
G1=linspace(0,JGml,Nml+1);
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G2=[];
G2(1)=G1(Nml+1)+JGzw;
G2(2)=G2(1)+JGtt;
G2(3)=G2(2)+JGgg;
G2(4)=G2(3)+JGgg;
G2(5)=G2(4)+JGgg;
G2(6)=G2(5)+JGgg;
A=1^2*pi;
y=[];
x=[];
t=18;
S=[];
S(1)=2*Ltt*Rtt;
S(2)=2*Lgg*Rgg;
S(3)=2*Lgg*Rgg;
S(4)=2*Lgg*Rgg;
S(5)=2*Lgg*Rgg;
%
vf=input('KLMNOB�	U] 36m/s:');
vs=input('KLMNOBu	U] 1.5m/s:');
SH=input('KLMNOB��P] 16-20m©Q:');
a=input('KLM�yHuy��:');
if vf>36|vs>1.5|SH<16|SH>20
    fprintf('wrong%f\n');
else
for h=0.65:0.000001:2
    S1=2*(2-h);
    Ff=0.625*S1*vf^2;
    Ffl=A*h*Smd*g;
    f=Ffl-JG-Gfb;
    ZH=0;
    S(6)=2*h;
    Fsl=374*S*vs^2;
    if f>0
        G1=G1+f;
        G2=G2+f;
        for i=1:1:Nml
            T1=sqrt(Ff^2+sum(Fsl)^2+2*Ff*sum(Fsl)*cos(a));

      y(i)=(0.105*(G1(i)+G1(i+1))/sqrt((G1(i)+G1(i+1))^2+4*T1^2));
            x(i)=2*T1*0.105/sqrt((G1(i)+G1(i+1))^2+4*T1^2);
        end
        for j=1:1:5

T2=sqrt(Ff^2+sum(Fsl([j+1:1:6]))^2+2*Ff*sum(Fsl([j+1:1:6]))*cos(a));
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            y(i+j)=((G2(j)+G2(j+1))/sqrt((G2(j)+G2(j+1))^2+(T2+T1)^2));
            x(i+j)=(T2+T1)/sqrt((G2(j)+G2(j+1))^2+(T2+T1)^2);
            T1=T2;
        end
        ZH=sum(y)+h;
        G1=G1-f;
        G2=G2-f;
    end
    if (SH-ZH)<0.000001
        break
    end
end
X=[];
Y=[];
for i=1:1:Nml
    X(i)=sum(x([1:1:i]));
    Y(i)=sum(y([1:1:i]));
end
a=[];
for j=Nml+1:1:Nml+5
    a(j-Nml)=atan(y(j)./x(j));
end
ZX=sum(x);
c=polyfit(X([1:1:round(2*Nml/3)]),Y([1:1:round(2*Nml/3)]),2);
t=0:0.001:sum(x([1:1:Nml]));
u=polyval(c,t);
hold on
plot(X,Y,'k');
plot(t,u,'r');
hold off
fprintf('�!Ht^~��62%f�\n',atan(y(1)/x(1))*180/pi);
fprintf('������62%f�\n',90-atan(y(Nml+1)/x(Nml+1))*180/pi);
fprintf('Ú%
���62%f�\n',h);
fprintf('Ú%Ú�����62%f�\n',ZX);
end


