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���*�,�KDL� ��� N3� ��� �+ H�� $� �6E $� S�� N3� �� 6�T& �& 67E�� .

1

:

�

�

�

-

.

.

.

.


�� *�U& ��67.& I�V� S�E�& *� '��WK��

,���� µC+5 , µC−15$�A�!��  1��K&N�*� ���P $K!�F 6�� .�� 8�65 Y$����  8����� �� ���P N��� �3 67���� ���,��� 

���,�+�� �WA M6E 

�,���$�A�! S�� ���,� , ��� � ���  Cµ5�,���$�A�! S�� ,� ��� , ��� � ��� Cµ15−

S�����,� , ��� � ��� Cµ5S�����,� , ��� � ���  Cµ15−
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�C����)�7B ��,�K�L� 
Z3 ��6�& �D��KDL� 
J��7D� E
�

�� $�A�! cm10H*� 210$� 810[,C ���\3 �& 6��� .�6E 

��6�&�D��KDL� E�� ]V� N C�6T/ �& M6E��  ( )/ kg , / C
e

m e− − −= × = ×31 199 11 10 1 6 10 

/ × 288 3 10/ × 276 3 10/ × 261 4 10/ × 253 5 10
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8�65'�� F '����� ��6�& �D�3�K�,�KDL� ^�ZA �& M6E�� 

��6�&�D��KDL� RJ�� 8�VB� �WA 
�� .

�6E��6�& �D��KDL� �� ��6K&� _J ,��� 
��` �& 6��& .

�6E��6�& �D��KDL� �� �L�(/ a�bJ ,��� ]��7K& 
�� .

��6�&�D��KDL� $�A�!=� c��J *� �� ����� �� �+ �*��& 
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����� �W7& �� ��  5�& '�5 ������ S(�� , �3 �L�J $5 
V<� �,6� ��� '��� 
�� ���P '��� N�� .8�65 �� *� [�DE� ��* 

a�bJ��6�& �D��KDL� �� �K.� ��)� �& M67�� 

A B C D

ABCD
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�lE $� �,�5 �� $K��%cm5��� '*�6�� �� , 
J��7D� �Zb� ��� @�*�3 ����� HµCQ =106E�� �&  .*� �� $�A�! $/ ��

 �D��KDL� ��6�& H'�5  5�&25 M6E�� �& $K��% ^b� �,� �� �D��KDL� ��6�& 6A��( )/ C N.mε −= × 12 2 2
0 8 85 10

 

cm5cm10cm30cm40
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��$���� Y�m,�W& ��6�& �D��KDL� �WA 
�� .8�65 '�� F '����� R�V��K% �D��KDL� S�� $���� ^�ZA M
�� 

R�V��K%
��` 
�� .R�V��K%�WA 
�� .

R�V��K%�� r
�V� N�TKV& ���� .R�V��K%�� r
�V� n�Dl& ���� .
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R�V��K% o=KJ� �� ��3�� $� HN5 $�A�! �� p� � ^bV& � �! $\�3 ,�96�� '6E RqK& 
L,  .$\�3 *� ��D� 
L�� *� ���3,�%

��E �& ��� 
�� RqK& ��3�� 
�r& ]bP $� $5 �� .�W7& ]bP $� RqK& $\�3 �� ���J�� *� ��% 
��� ��3,�% 
���

]V� �� ��3��m s M6E�� �& �6T/ ( )/ kg , / Cpm e
− + −= × = ×27 191 67 10 1 6 10 

/ × 61 3 10/ × 42 9 10/ × 44 2 10/ × 59 3 10
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,��*�J �,6� ��� , �� 
�!�s ��� �,�WK& �� $� ��> �L��K& $� �� ��3�� �& N�67� .8�65 �� *� '�� F ��� ��* ^�ZA 

M
��

R�V��K%�*�J �� ����� 
�� .����*�J p� � H�3 �K)�� 
�� .

�C���'��Jt '6E �� �*�J �� ��VD� 
�� .R�V��K%,� �� �*�J �/�5 H�3 �K)�� 
�� .
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&,�T& ��VD� �� $� ��> �L��K& $� �� ��3�� �& N�67�� .R5 ����3 $5 �� �+ �� x�3 �& ��E 20��, �& 6E�� .�F� 

S��,� 
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��6&RDE ��* ��  �� 
L�� ��6��% �� �O� 6���(� .$/ �����B �� ]V� �4&+ *� 
&,�T& Ω4�& M��yF 

1/2 25/4 5�WA
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J��7D� �V�>�7\& ��6�& ��/0 5
�lE �� ���3,�% H=V3 /1 5675 �& ���,� �K&  .[,C ]V� �� ��3,�% �)�7B �C���

 M6E�� �& �6T/( )/ C, m / kgpe + − −= × = ×19 271 6 10 1 67 10 

/
−× 1217 3 10/

−× 124 3 10/ −× 102 8 10/
−× 1010 6 10
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 ��� �� �� '�t−+ × 192 10
��� , SL�5 ( )ˆ ˆ (m s)i j− × 52 10
J��7D� �V�>�7\& ��6�& ���, H( ) ˆ ˆ/ (T)i k−0 5�&  

��E .M6E�� �& �6T/ S3��� ]V� �� �+ �� ���, �,���

( )ˆ ˆi k
−+ × 194 4 10( )ˆ ˆi k

−− × 194 4 10

( )ˆ ˆ ˆi j k
−+ + × 144 2 2 10( )ˆ ˆ ˆi j k

−− + × 144 2 2 10
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[�> $� �� $L����� ����,� ��6l3cm20�bP , cm2����� 50006E�� �&�,�  .�� 6���3 �& �4&+ ]V� �� �����B $/

��6�& H$L����� S��  5�&/0 5 M��,+ ��B, $� =V3 ( )T.m Aµ π −= × 7
0 4 10 

/15 9/7 55/2 6
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