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 ����� ���   ���� ���  � �     �!"�#  � $%��&'� �( �
 )* ��+ �  '#,( �( 	�  -+ � ��    .�/� 0 ������ 1� �

 �2 �3#�4* ��5+#� � �6�� * ,(#�( *  ( % �%,2  � ������   ��4��7 ))  �3 ���� � /�     � ���
/� ) /3   �/����� �

���
� (�'� #�!:�.  

<=�� >�#<=�� >�#<=�� >�#<=�� >�#::::        

 � ����*     � $��?�% � @,�     � $%�% #�.� �A7 �   #�B �( %�" *        �CA/D �% �/( 	��
 #�B �( �A7 �
 

A�+ 0�E5��� %�" �3��� <=�� >�# 	C� 1�� $4�%�"  .�5��  ��3 4"�( �%�-+ #% FG
 �A7 ,H� �
 

� �� IE7 ,J��( E3&� 4"�( �%�-+ ��K #% 4�  	�� F�&53!&L� ,�� �%�" :  

���J�,* 7#�M � N�    #% ,O3    �?�% <=�� ,J P,B )� �( 0 $���J�,*   $4/" </=D �=' #% $4�� %�7� �(  )

� �
��J�,*�M�% Q���� �� $4���M �4��"  (4L&AJ �%�-+ ��K #% 0.  

  

3��GM #�B �( �:  

���J�,*� 0 	M�% Q���� ��J�,*7#�M �� �%�-&� �# �4LL
 .  

  

''''�����!C&A�!C&A�!C&A�!C&A****    3333�J���J���J���J��::::        

'�( �&A���C�� 1� 3 �J�� )3�J��* SI(   
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 B #%� �!��' * M� � ,�+ ,3 �
 F�.� �J#�:
 �*   ' ��/!7  /�  /( �&A�  /��C�� 1�    %�/K�  /3        �A/��,� ��/(  �/( � )

system International d' units (  �� R�&?� �
SI� ��,( �# 4"�( *��C+ ��J#�
 * /'4L!�  � � 

  4�%,
 S�?&�� Q��� . � #%3 ' 1�  �&A3�J��* 0	�� 3�J��*     �/( �# �/!�� �/
 4L&A/J ���  � Q,7 0��B 

+,+� T)m (
 ��,H�� Q)kg ( ��O �� �)s (��4L��� .  

3�J��* � �  � #% �,3 ' 1�  �&A3  )3��* �,� �     � �� �( �
 �'� �  1+�)N ( �H3    ,-+ �( �L( � 4L /3  R /3 )

��� 1+���,�3 �( �
 �'� 3 Q,7 )3
 )��,H���(�&" � �( ,(�,( 21
s

m4LJ4( .  

22
.1)1)(1(1
s

m
kg

s

m
kgN ==       

2222�����J4K�� 4��:�J4K�� 4��:�J4K�� 4��:�J4K�� 4��:::::        

          

%�C�  2�4��:  #�4��  

G H��U  910=000/000/1000  

M �U�  610  

K 
���  310  

M ����  3100010 −=/  

µ ���,�  610−  

n ����  910−  
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mkg 10001 =   0 mmm 001.01 =   kgMg 10001 =  

 

kgg 001.01 =   0  Nkg 10001 =   mkm 382082.3 =  

mmm 0472.02.47 =  0  NKN
31082.382.3 ×=   mmmm

3102.472.47 −×=    

  

#�-+#�-+#�-+#�-+3333�2 R�2 R�2 R�2 R3333����        

$%��$%��$%��$%�� : : : :        

%�7�  � �#�.� $%��*H�6� �
 �'� �4"�( ,.  

�A7�A7�A7�A7::::        

 $%���*�H �# 3 W'�+ �
 4L34"�( $4" %�4�� �&A( �=' ).  

�A7�A7�A7�A7T�� T�� T�� T�� ::::        

CA7�( �
 �J X+�#Y 1��5(�7 Z�3� .A�4"�.� %�7�� .  

[+ �A7[+ �A7[+ �A7[+ �A7��������\2 	�" ,\2 	�" ,\2 	�" ,\2 	�" ,3333,,,,::::        

CA7��#�% �
 *[+ ]��M ��\2 	�" ,3,*"�( 4.  

1UCJ �A71UCJ �A71UCJ �A71UCJ �A7::::        

CA7� �'�  �
  �#�% * ��M �  �3��A�      4"�( ^��� Q�C+ #%  .     � #% �-��=� %#�� Q�A7� Q�C+3  _#% 1

� @,� 1UCJ�4��"                                          .  

                                  

                                           111 zyx −=  
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� �A7� �A7� �A7� �A733332�,+�E2�,+�E2�,+�E2�,+�E����))))::::        

CA7� #% �
 �'� 3 ��!7 Q�C+ #% �� ]��M 0 ]�
?( �=�� )34"�( ��A�.  

        

` �A7` �A7` �A7` �A7�����,�,�,�,33332�,+�E2�,+�E2�,+�E2�,+�E����))))::::        

CA7� #% �
 �'� 3�#�% 0 ]�
?( �=�� )*4"�( R�&?� ��!7 #% R�&?� ]��M .  

        111 zyx ≠≠  

        

        

2�,+�+#� �A72�,+�+#� �A72�,+�+#� �A72�,+�+#� �A7����))))::::        

CA7� #% �
 �'� 3�#�% 0 ]�
?( �=�� )*C� �!7 �' #% R�&?� ]��M 4"�( �J ,( %�.  
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Q�' 	
�Q�' 	
�Q�' 	
�Q�' 	
�        

        

�J#�( � XL+�J#�( � XL+�J#�( � XL+�J#�( � XL+****#��� #��� #��� #��� ****        

��4����4����4����4��::::        

   � �M�" ���
� ������*  ����  � � %,(#�
 )*          #�\/H#�( �/�+ �# 4/��7 Q�A/7� #�&�# �
 �'� * �/J * 

 '#,( R�&?�� � � 4L
  .   ��+  � P4J Fa�C-� /� -+ 	 �/�  [+ � X�,/
 0 XL/+ 1 /�� � 	�/" ,3   $4/" %�/5

'�(�� ��C&M�' ��-=D #% �J#�( ���
 #�B �( � I�E7� 3� $ �' )�4"�( .  

  

X�,
 � XL+X�,
 � XL+X�,
 � XL+X�,
 � XL+::::        

J����     � �# X�,
 � XL+ ��        �-��=� �( $%�' #�B �( ���+ 3� )�  #�:/L� �/�*  ( X:/
 �/�+  /� ��

%�C�. 

  

 � �4"�  0�,3L-� � �       ��� XL+ Q�� �( �=' 4K�� #% �,� � $4�       P,K �( Fa�C-� � %�" 3�����σ  ��:/�

� $%�%�%�" .  
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2
mm

NMpa =

XL+XL+XL+XL+::::            

 XL+ ��%�-�        3 #% �M��L�3� )�#�:L� ��*   

2
mmA

Np

→

→
=σ  

1b' ��U�� �&A�A�      psi
in

lb
=

2
→lb=���,  

                            2
inA =  

2b' �( �&A���C�� 1�) SI(  

   A= 2
m  

      ���, =N → pa
m

N =2   �'� )c�
 ���'�2 ��c  ⇒       

  

3b'��&A          msk⇒
2

cm

kg
→kg=���,  

                          2
CmA =  

� -D���  � �
 �  :
 d�� ���� $4�� XL+ %�" 3   :/:
 XL/+ Q�/� �( $4" %�5����  /� /� $4� 

::
 XL+ ���
� ������ #% �\� %�"�#�:� XL+ � �.e� �# *�L� �# �� @,� �4LL
 . 

�   �,( Q a ^,"* &'#% �   � XL+ ��%�-� 3 �# XL+ �
 �'� 1*='    #�/B �/( <=�� �3  �/M��L�

 �+3  � �
 4"�( $4" <3-D�� ^," 1�� �
 4" 4J��M #�,D,(  /��,* #�/�� * p   �=/' E/
,� #% 

� <=���%�" %#�� ��. 

�  � ,'�,' #% �\�3$�E7 1� @,� �� �
 %�" ��J�,*#��� *  ,/U� 4LL
 ,O� <=�� �=' E
,� #% 

%#��� #%*� f�� �
 34"�( $4" ,
Y T�=� 1. 
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  �
 #�B �(� ,-+ 3   �# #% XL+ R* �=' �     #��� �( %�C� yx −  '  � � E+#�
 ��
&?� �&A31  �/' 

4-(*  Q,�( �# 3� ,�%�% ��:� ���+ .  

  

                        
z

z

xz
A

p

∆

∆
= limτ               

y

y

xy
A

p

∆

∆
= limτ        

x

x

x
A

p

∆

∆
= limσ  

    o→∆ zA      o→∆ yA        o→∆ xA  

XL+ ���,� �( �7�+ �(��'� �( �� �E
�� 4K ���+ 3� �C��,* F2 �# ���L( %�C� �4*  � XL+ �
 

4L��  ��5+ ��.D 	(�D 4K:  

          allAF σ.=⇒  all
A

F
σσ ≤=  

                             AF x .σ=  

    U&A(  �5� XL+ #�4���       ���
/� g�/� �(      0%#�% �6/� �  �     �/&�  � $%��&/'� �/(3�� � h /3�# ��:* 

�J ���C�*(,5+ 	i�A� 1&"�% #�jL� � %#�4��&'� � $%�' �#�k+ � 3� �'% �( )�� 34.  

  �5� XL+
2

1440
cm

kg�,( *��C-� %a�� ��6�� � *� #�jL� T�`� $%�' X:
 ��+ �%�" .  

�!+#���!+#���!+#���!+#��****	i�A� 	K 	i�A� 	K 	i�A� 	K 	i�A� 	K ::::        

1 b '#,(� XL+ )Analyis���� �E(  

2 b  XL//+ �//(  //L
 �.//'��� �# <//=�� �=//'  �//5��   4//L��  ��//5+  �//5� XL//+  � XL//+ �//+ �  

 )K�,B�0Design( 

3 b   �5� XL+ �(#�\H#�( ,e
�4K 0l?:� <=�� �=' �*L
 �.'��� �# � 4 )0 �,&L
control( 
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

 =⇒==
22

2

2
2 1200

5

6000

cm

kg

A

F
σσ



 =⇒==
21

1

1
1 800

10

8000

cm

kg

A

F
σσ

��e���e���e���e�::::        

R//��b //2,M �*�6//� �% *   //3    +,+ �//( �//!�� <//=�� �=//' �//
 , //�  ,//(�,( T2
1 10cmA = 0

cmA 52 =�'�.    #�( ,O� ��+tonp 10=   �'� $4" <D��  .          �6/� ,/J #% W/'�&� ��/�,� XL+

m�'� #4�c  

  

 

 

 

 

  

  

mLmL ACAB 64.65 == 

             6.0cos,8.0sin 22 == αα                    ,8.0cos,6.0sin 11 == αα  

           

)1(
4

3
8/06.00sinsin 12212211 FFFFFFFx =⇒=+−⇒=+−⇒=→ ∑+

oo αα     

       

)2(000.106.08.010000coscos 212211 =+⇒=−+⇒=↑∑ FFFFFy oo αα         

[ kgFFFFat 80001000025.1)
4

3
(6.08.0)2()1( 1111 =⇒==+⇒  

            [ kgFFF 60008000
4

3

4

3
212 =⇒×==  
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  Sb      &M� #% <=�� �=' S�?&�� ,H��                      XL/+  � ,/&H#E( �6/� ,/J #% XL/+ 4/J��?� n�,/B � 4/"�( n�,/B #�

 �5�
2

1400
cm

kg
lla =σ%�"  .%���3 ,12 , AA�( �# 3�C� S�?&�� #4�c 43m4  

          

  
[

[









=⇒==

=⇒==

⇒=⇒=
2

2

2

2
2

2

1

1

1
1

3.4
1400

6000

72.5
1400

8000

.
cmA

F
A

cmA
F

A
F

A
A

F

σ

σ

σ
σ  

  o–    ::
  �5� XL+ ,H� �  ��/CJ 
2

1400
cm

kg        ��/CJ </=�� �=/' �2

1

2

2 10,5 cmAcmA ==   04/"�( 

� #�4�� ,e
�4K��,*7#�M � p� #4�c �J #% XL+ �+ 4"�( 4���+ �4L��  ��5+  �5� XL+  � �6� Z.  

 

kgPPpFF

cm

kg
AF

kgAF

lla

lla

15400max6.070008.014000max)3()(coscos

700051400.max)(

14000101400.max)(

max221

222

11

=⇒×+×=→=+

=×==

=×==

αα

σ

σ

             

&D�� p    �
 %#�% �#  �5� � 1�C� ,e
�4K 3��  ���K �'  � 3( d��+� ,�4&��.  &��/K �� p�/-.B� /
  �� #% �P 

  ( d��+� ,&C
�    %�( 4J��M ,j� %#��0 4&��.�,(*     L
 #�
+ g���� �4" 1"�# ��04��,* 7#�M � P     �/� � </C7 

I�J*   #4&( �
 �'� 3  � ����� h� &D� %�:�   �
 P    4/K �/( * � �     �/
 4/',3 /��          d�/�+� d�/� �/��K �/'  � 

(��E��04&�3 ( X�    %�( 4J��?�  �5� �� � ,&:.�,(�L(3    ,J #% 13     + �( ���K �'  � )  � �( �7�3   $,/H $#��/CJ ��L

A �( 3  + #% 4- &'� �%�� 4"�( ))3L-� 00 == ∑∑ yx FF �  /��,*   �,/( Q a *  /'# �        �# �/��K ,/J �/( �4

� �.'����L���  � � ��,&C
 �!�� ��3%�( 4J��M ���A� S��7 #�4�� 1.  
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tonPPPP 67.11)max)(,max)(max)min((max 321 ==

  

I(                     14,7 12 == FF  

            tonp 4.15cos7cos14)( 211max =+= αα  

II   (141 =F ��%�-�  � )1(⇐  12
4

3
FF =�7 �( � 3EU3 ��%�-� #% 1)3 (J��M��"�% �: 

  

          tonFFP 5.17cos
4

3
cosmax)( 21112 =+= αα  

III  (72 =F⇐   21
3

4
FF = �7 �( �3EU3L� ��%�-� #% )3 (J��M��"�% �:       

        tonFFP 67.11coscos
3

4
max)( 22123 =+= αα  

                                                         

 

 

��e���e���e���e�2:        

R//��R//��R//��R//��bbbb��&//' � %a�//�* <//=�� �K�A//� �//( 228cmAS =�#*//L&( ��&//' �//-(,� � %�//-(� �//( 	�//" 

cmcm 4040 ×  #% 3� ) /� ,/D #�  �/'� �/&�,H #� .    E/�� ��&/' #% W/'�&� XL/+*  /L&( ��&/' � �  ,/O� #% 

#�(tonp 28=m�'� #4�c  
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tonPFPFF ssy 280 ===→−→=↑∑  

                                                          lsas

s

S
cm

kg

A

Fs
12

1000
28

28000
σσσ ≤=⇒==      

        �3�.� XL+ 13#�:�  �5� XL+  � F�+4��D 4* '&%a�� ��*4L
  ��5+ .  

   

 

 

  

                   
callc

c

c
cm

kg

A

Fc
σσσ ≤=⇒

×
==

2

3

5.17
1600

1028                      

�3�.� XL+ 13#�:�  �5� XL+  � 4*L&( ��&' �4L
  ��5+ .  

  

 

��e���e���e���e�::::  

� ,O� 	���� ���U( 	(��� ��&' <=�� #% �# �,*#�� �'4( 3 XL+ �
 43"�( �&"�% �M��L��m�  

                             
∑

∑
=

i

ii

A

xA
x      

                        cmx 5.22
20306030

452030156030
=

×+×
××+××

=
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!� XL+!� XL+!� XL+!� XL+����H4H4H4H4����        

 !� XL+�H4�   �!:L+ g��  � *       ( _�C+ 	�� #% �
 �'� �i�D �    � 	��K �=' �% 1� %�"  . � #% /3   �/��K 1

!� XL+�H4�!�  �5� XL+ �( �# �H4�-� �A7 ���� ,+ R3� �A�L
 ��.  

          +!�  �5� XL�H4�-� $%�� �,&�≤=
A

P
beaσ  

��e���e���e���e�::::        

       �!:L+ � <=�� �=' �( 	(��� T
,� ��&'*        #�( ,e
�4K 0�'� $4" l?:�  �5� P   � �( �
 3   ��&/' 1

�� %,
 ��C�� ���+ m�'� #4�c           AP
A

P
all .σσ =⇒=  

                                                    kg25000100055 =×× =�,q�!� ��H4�( ��4c � %a�� 1   

        kg73500157070 =×× =  �,q�!� ��H4�( �rL' �"a � �4c 1  

                                       kg4050059090 =××  =�,q�!� ��H4�( ��  � rL' �"a 1�L" 1� 

25000)40500,73500,25000min( ==p 
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� #% 	.D ��e ) ��e�2(  

SbE�� ��&' ,H� *%a�� d#� W'�+ *?� F�&.A� ����?6( �  1.5cm  %�/-(� �cm2020×�# *  ��&/' 

L&(�%a�� d#� _�C+ 	�� #% XL+ #�4�� 04"�( �&A:� *m�'� #4�c 1&( �=' � ��&' R
 �   

        
2

3

70
2020

1028

cm

kg

A

F
b

b

b
b

=⇒
×
×

== σσ =!� XL+�H4�          

 

 

 

 F�&��D�3�.� XL+ 13!�  �5� XL+  � 4� �4" $4 

-� ���
� �( �6��4L
  ��5+ ,&�.  

 

 

 

 

 

 

obL
 @,� ,H� � �  �5� XL+%a�� ��&'* 
2

1200
cm

kg  �5� XL+ 0  ��#� 1&( ��&'
2

100
cm

kg XL+ � 

 !�  �5��H4�     ��#� 1&( #% 
2

120
cm

kg  � ,e
�4K 04"�(��,* #�:�* P � �   J �+ 4"�( 4���+ �   XL/+  � Q�4/�s

4L��  ��5+  �5�.  
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tonPPPPP

tonPkgAP

tonPkgAP

tonPkgAP

cc

bb

ss

6.33),,min(max

1601600004040100.

48480002020120.

6.3333600281200.

max321

33

22

11

=⇒=

=→=××==

=→=××==

=→=×==

σ

σ

σ

  

",( XL+",( XL+",( XL+",( XL+����        

  2 �a�
+� #%�s� ",( XL+ �,&L
 ,( $�G� �2 <=�� #% �Z�( 03!� XL+ 4�H4�( �  � �/�4( 1 ���/�  ��
/+� 

��%%,H �,&L
 E .� W'�&� #�B �(3  �=(�#  � XL+ 13� �'% ,�� 34. 

 

 

  

  
4

2
d

A
nA

P

dt

P
bea

π
τσ ==⇒=  

        1=n 

dt

P

A

P

bea =

=

σ

τ
2 ��
+� �s� 3�",( )  

 

2 ��
+��s�% ��",(  2=n  

        

4

2
2

d
A

A

P

π

τ

=

=
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��e���e���e���e�:        
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C-+C-+C-+C-+�����,( x�J ����D ��,( x�J ����D ��,( x�J ����D ��,( x�J ����D �****� Q�A7� � Q�A7� � Q�A7� � Q�A7� 33334-( �' � |�,+�E4-( �' � |�,+�E4-( �' � |�,+�E4-( �' � |�,+�E****::::        
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