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[ kgFFF 60008000
4

3

4

3
212 =⇒×==  
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� �.'����L���  � � ��,&C
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25000)40500,73500,25000min( ==p



 

 

 
                                                                                  13  ����                        

  

� #% 	.D ��e ) ��e�2(  
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-� ���
� �( �6��4L
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: ������eee���      

 �6� ���,� XL+AB  � BC �# ���K #%�L
 S�AK �6� W'� �4.  

AB    �6� <=��5 . 0 25 . 0 cm    �� W'� %�4K #% ×BC    </=�� � 875 . 0 25 . 0 cm    �� W/'� %�4/K #% ×

�'�.
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=⇒=

=→=×−×→=↵−

=⇒=

==⇒=

=→=×−+→=↵−

∑

∑

oo

oo

α

 �6� #% XL+AB W'� #% : 

::
�:                              
2

8.17
)5.0)(25.0(

23.2

cm

kn

A

F

AB

A

AB ===σ       

,' #% XL+A  �6�  �AB 2 t�#�' 	�� #% �Z) <=�� #% XL+��,�(�:(  

2
2.11

)375.0875.0(2.02

23.2

cm

kn
AB =

−××
=′σ      

D=0.375mm
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      �6� �L+ #% XL+  BC :  

2
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25.0875.0
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A

F
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B

BC =
×

==σ      

��c    �=��BC#�:� *-=�� #% �'� �%#\U( t�#�'  � �
 000 %#�4� %�7� XL+ ) XL+2 t�#�' 	�� #%� �6�  � ZBC(  

!� XL+�H4�( �� 1��4( � �� �=�� #% t�#�' �C  �6�  � BC :  

2
8.18

2)2.0375.0(

83.2

cm

kn

A
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b =
××

==σ  

     !� XL+�H4�( �� 1� �������� � �� #% C:  

                     
2
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25.0375.0
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kn
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F
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×
==′σ  

22 
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4
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2
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×

×

==
π

τ",( XL+ � � #%   �� �   
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���QQQ###���!!!ccc      

XXX���,,,


 –[[[+++   ������������BBB   ,,,      

   ���
� ������3 ���� �� ��7 )   ��A7� �( F���C� ��4�   %#�% #�
�,'  [+ �
�� \2 	�" ,34�, .�� �� E/�� *

   U( ,j� #% �#�,3   ��'  � �
 4� �� 3   � �� � �� �( �!&�� #% � ��E* �� 3 � ��E�   � 1&"�% ,q�L&� �( %�" 3 � 1� ��

 X
 �-=D �(3��'� �( E�� �� �
 �'� ^�.L&'� � _�AK� 	(�D :  

R��b   ��C�� ,O� #% ��   �, )�E��3 � � X�(   ' ��B �   �3 � �� � ����� ���� � %�" 3�E�� 13X   #�4/�� �/( ��B

���'� T'�L&� �,.  

Sb� P\K � �J �� � 	
 1&"�%,( �� �:H,( u��( 0 �,� ��3' ����� ���K� ��4" 4J��M �.  

ob�E�� 3U&A( ��B X��&A� ��� ��B �( ���U&A( � �� <=�� �=' �( _��-� )&?' ,q�L&�� (%#�%.  

%b   -�� �A5+ �( �   � �/( ,/L� � X/
 	/e� ,&�,� Q�A7� � ��/'�   ULJ�/CJ �/
 �/'� _�A/K� 	/(�D �

�J#�&�#* �( %�4�� d�� 4K *#�\H#�(  � * ) �E��3�� � X (�'� .#�=(3   ULJ�/CJ 4/K ��  � 4/-( �/�� � 

   C� $4J�:� d�� ��.'�L+�   FGe� 0%�"    #�( �( g�," X
3   � �4" )�   � 4L
 �	   [+ ,/L� /��   �% 	�/" ,   �/i

����L( 4J% *� 1&"�%,(  � 4-( �
 �C�  �( ��� ���K �( �,�%%,H .  

 �J#�&�# �(*   �J#�&�# �(�:� *   �J#�&�# d�� *» ��5+#�� «3   �»&'a��) «�� �H 3   ULJ�CJ $%�4�� �� � 4L�

 �# #�&�#»&'a� $%�4���) «�,-� �A7�� �L
 ��.  

    �' ���
� T�`� ���
� ������ #%� $* ��C&M�/' %a�� ��C7  � �# �   /� �# 1&/( � �   %�4/K �/+ ���/+ *  � 

#�\H#�(*&'a� �=M )� 0�A��% 3L-�� �[+ �( �,��%�( 4J��M T'�L&� ��B , ),L� 4L���(  
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[[[+++������...AAA���   ������BBB   ,,,���   :::      

[+��   .A� ��B ,�   � �.A�  � �'� �#�.� � [+ ��E��   ��� ��B �( ��B ,� � �3 [+ 1��   �( ��B 4K�� #% ��B ,

,
 Q��� $4���M X��%�" .  

 [+ Q�!����   , .A� ��B� #% 3[+  � �'� �#�.� �=�� )��   .A/� ��/B ,�x    ��/B �/( ��/C�� ∆   %�4/&�� #%

 #���X &D� � ��x∆� ,�� �C' �( �� 	� 4L�3L-�  

      
oL

L∆
=ε                          

0

lim

→∆

=
∆

x

x

δ
ε

  

   C
 �' d�� ���,� #%�   �LL ∆,, 0ε �    �%�( Q��-� �#�� #% �
 4�#�% %�73   -+ 	(�D ���    � �+ �% �%�( 1

C
�C
0�!&��'� �.'��� 	(�D Q�' �.% �#�.-(3�!�,� �( ���,� ,U*  3� ,�( 4���&�%�" ��:  

ε
ε

L
LLL

∆
=×=∆ 000  

 p�-=D d�� W(��# #%
0, LL∆� ��.3&A� ��B 4K�� 3&� � 4L"�( �&"�% ��A�� �&5ε� 4-( ��4( �4"�..  

  

���666������   ###%%%   xxx���JJJ   ���===(((���###***###��������� ###���(((    ***:::      

   ��+  � �
 #�=��CJ�   � ^�.L&'� 	.D ����   #��� XL+ 0%�" *   [+ �( ��   .A� ��B ,�   =M T'�L+ � %#�% .�3 1

A///( %#�///� #% g�///����#�* �///' ���
///�  � �J*��C&M�///' %a�///� �///�C7  � �#�\///H#�(  � %�4///K �///+ * d%�///� 

�'�..�� �3   $%�' X:
 X3   %a�� �-=D )*   � ��C�� �( ��,* ::
 � #4&( 3 �E�� h3   XL/+ T/'�L+ $4L )

�� � ��E� �=' 4K�� ,( �, ([+ ���.A� ��B ,�� � �[+ ��E��   /L�L� 	�:/( �# ��/B 4/K�� #% ��/B ,�   /3 ,

� ��:��4J% .  

  

A =T'�L+ 4K XL+B  =�A+ XL+��  
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OA = K���=M ��  

BC =K���CM ��,*  

C =H4" �?' XL+�:�,
 �  

D =�!� XL+�3  

E =AH XL+�U&?�

  

�E��3   �+ ,��  � XL+ Xyσ�E�� u��( 3[+ X��.A� 	�" ,�   �/+ ,�/�  � yε�  /�   #% �/!�� �/=(�# �/
 %�:

OA    $%�4�� ,�+ 3 =M �.� '� �.A    �=��  � 4-(   ̀  #�&�# � =M ,�   %�( 4J��M .,�3 ��  T /3OA    W/M �   ,/� 3 T

=M T'�L+�σε ,&'a� $%�4�� #% � )OA%�( 4J��M .�,(�L(3[+0 XL+ �=(�# 1��.A� ��B ,�  Q,� �( 3 ,

� �&"���%�:.  

εσ
ε
σ

.EE =→=  

,�3   TE   &'a� ��4� �# �A� �,-� �&� � �L���   �,( �
 *   ��C&M�/' R�&?� ���
� � &�  /����   �/'�    #% �0

-+���!�4� �!�� 1*�� � 3:�� #��( R�&?� �%�,.
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σ
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σ    �( XL+ #�4�� a�( ���,� #%   [+ � �� .A� ��B ,� �( ε� $%�% ��:� �,� � %�:3 TE4K�� *3 �( ��A�

σ�%  � %#ε�'� 4-( ��4( .  

�,( a�C-�*CB� �  � ,&C
 �#  �5� XL+ 0��Lyσ) %�4K60 4�#%  (��H �4�,.  

   � ,O� ��+ R�&?� Q�A7�� �J#�&�# 0�,*+���&� � �"�% 4LJ��M  . XL+ #�%�C� X�,
 �3� )   ,U��:/� $%�

   J��M #�( ,O� ��+ $%�� �� #�&�# %�( 4 .�3   &/'a� �#�
/( �/'� 1�C� #�%�C� 1� ))   \/2 �:/H,(3,( � /3 �

`�,&'a��))\2 �:H,( 3, (� �#�� ,J #% � 04"�(�=M �#�
( 4���+ �4"�(  .� u�.� #% ���
� �����

 ( 0�   =M �CAD 0 ,&:�–   XL/+ #�%�C�    /� X�,/
    x�/J ����/D �/( �� �/=(�# �/
 0%#�% #�,/D �/7�+ %#� )

εσ .E= ((�� ���%�" .
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 ���K #%�[+ #�4�� ,+�� ��B ,3#��� �6� )*  ��,U&�� �=(�#  � 34" 4J��M �.'��� ,.  

dx
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L ∫=∆

o
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L
L ε∫=   ∆

o

%��� �
3 ,A,E,F[&� �6� ��B #% �'� 1�C� � 4"�( , )-(�+�  � x(  

  

[[[+++������...AAA���   			���"""   ,,,���""",,,(((   ���   333������      ���333���   ���***:::      

   ���� ,( $�G�3   � �=�� �( �.A� �A7  � �=�� )*% 3� ��  � ,U�[+ 4���+ �� ��/�&�� ���� ,�   �/��N� �/( 

�J*W,V,U[+ 4"�( �&"�%����  	�" ,3� �*� �( d��+� �'� 1�C� E�[+ 0 4&���.A� 	�" ,�",( � #% 

3) ���� #% ��C�� xy��G� �( �# xyγ�C� 3� X�J% �  �#�� �( � �3,-+ ,3R� �%�" .

 �,(�# 	�"34-( �% ��C�� )*� ��:� �# �4J4.  
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∂
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∂
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∂
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∂
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= γγ , /3 ,

�� 3� �#�� �� #% ��U�%,.  

x

v

y

u
tgtg

∂

∂
+

∂

∂
=+=+= βαβα[+ 	
����  ,3�  

βα ,3��A� � 4L&AJ )c�
 #�*��+ y� ��"%�M ����4L"�..  

 ,H�γ",( X�,
 �# �,-+ 3�C� R�3�.  

G    #% �
   ,� � �'� T'�L+ �(�O 3 ��5+#� T� ",( �   �  /3   ,/� �3 .�/� T���� � /� /� $4�   ��/c � %�/" γ

 4L��CJε �'� 4-( ��4( γ%�# TAK ,( �J 3( 4�#% TAK ,( �J � ���� ���%�" .  

  

  

  

,,,���333������'''������222   TTT:::      

-D���   � �
 � � ��*   � X:
 ��+ �   #��� ��B ����� 4"�( *��7 @�.��� �( $�,CJ �� .�� � 4"�(  . �(

 % �#�.�3   � ��B �4" ����� �( ,U�   � XJ�
 �� @,� ���3   4(� . ���  �+�   � �
 �   ��/5+#� �#�/� �/( ���

 � 	C��   X�,
 �.A� 4L
    � ��B �!7 #% X�,
 �( @,� �!7 #% �   ,� �( � �(�O ��3   ��/'��2 T)ν (

� Q�'���4"�(   ).��7 X�,
���B X�,
 � �G� R��?�  ��34�34L&AJ ,U(  

       ��B X�,
�/.��7 X�,
�  

 #�4��ν�,( *��C&M�' %a�� �0.25 %�4K �,( � *0.15  %�4K ��#� 1&( �'�   .  
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�� � ��*   � ,O� ��+ 	�" {(�=� ��,* ::
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 ��A7� �(�   ���� ]��M �
 ��� �    [+ �!7  � ���   \2 	�" ,3,*   ��!7 Q�C+ #% 3   � �/'� ��A/�3   |�,/+�E

�H34L .   �,( �# x�J ����D FG.D* �6�� *   � �( ��,* #��� *   [+ � �6� ��B %�4&�� #% XL+ �=(�# ���L-(  /�� ,

.A� 	�"� �#�
( �6� ��B %�4&�� #% εσ .E=�,-��%,
 3 �
 �E �# ��4� &'a��A��&��� �43�.  

   #% �
 ���K� �,( * ��A7� �   %�4&�� #% XL+ ,O� ��+ �
 3   �% 0)3   H #�,D #��� �' ��   /�
 Q,/� �( 4�,�    /3 ,

(�� ���L
 ��
 ��( �
 x�J ����D ��,( *� Q�A7� 3�'� P,-� |�,+�E .  

                        















+−=

+−=

+−=

)(

)(

)(

yx
z

z

zx
y

y

zy
x

x

EE

EE

EE

σσ
νσ

ε

σσ
νσ

ε

σσ
νσ

ε

  

������eee���:::      
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 CA7 ,H��   [+ ,O� ��+ ��   H #�,D �#�,K �7#% ,�   0 %,3L-�T    $ �4��   �( ∆   Q,H �7#% 3   �T∆   %�/" %,' �7#% 

   ��A� #�=( �!7 ,J  �*) �,( *   � Q�A7� 3 +#�,K |�+�E�(   WA.L� 03   � }.�L� ��   % �#�.-( %�" 3 [+ ,U�� ,
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12 TTT −=∆�,( *�E�� 3�'� �.e� �#�,K �7#% X.  

,�3+#�,K W�A.�� T�αU&A( ��� � �( �
 %#�% �A7 fL7 �( 3� �'4( X�� 34.  
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