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5/ ��
# *+�6>� ��=
.� �� �7�$����� � �-H�M c
>�$�� �� 6��� � �$5�2 ! U�H "C)� �� �� 6


.c
'�� ��'�� ���,� �65��$�����  :2��+� �2� �� *6' �� �� �W� ��� �����10 * 15 * 0.15 � "� �R�1� �,? �� �
> ����� �2� p�A�>� 	
�� &6'�

# �X> �� &*6' "R��n �=� +�
> ��$�.6' ��M�  	�' ��4 .��� *6' *��� ��;> *6' S�8>� :2��+� �� �W� ���  
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> +� �7 �$�� �� �
�+ ! %�  :M��n� �� �� *6,� ���� �� [��� E$> ��3� �� ! ���
� ��7!�
> 

&*���! �M�� �2m ! �7 E$> %�  �
�+ ! 92��' p� ! "2�$7 ��$� "� &�=)5� |
� ! ����� *�$��' �� p�A�>� ! TA;� �$3>. o3�"K }�� ! 4$n &  �7

���� "W�1� 	C� %�  E$> ! @�=Bn ��6�� &��3� �� �+! ��.  "7�W;2��+� 46� �� *6' �� �� �$
��6>$M �����1*1 *3  	�' �� .6'�� "�5 �-R�� �

�65� d��. .��� *6' *��� ��;> �$
��6>$M  "�$n ��7��W-
� +� *6' �� �� �$
��6>$M ��20Φ  "��� ��W-
� !16 Φ .6' *��<���  
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�$�� �7� *657� 4�=�>� :=> ��3� �� I2& ��� ��76' ���!  �� �$
��6>$M ��";;/ &���;M ��7!�
> @�$H �� .6>��� *6,� �� ";3 �W5� �2 e�� &

-M �$�� ��
� �2����� �$
��6>$M �� ���� "5 65/ "� ���.�� `�B��� ��-M �� �C<H+� *��<���. �$�� 1� ��3� �� I2 �� �7�� �!�
> ��;M �� �W5��  �/

"� 	3C� "� �� �� 65/ $'>6.  "�$3�� 92��' �� �7�14  �� �W26�2 ��5/ �� *��� ���.!  �
�� ��7 �-H�M �� �� �7 ��657� "� e$? c7 ���
5L37 . 

 ���/ "���R  *6' ���! �!�
>6>�� "� ��m�� �� *��<��� ��$� �7� @�6. �$' ��;
��$X5� �26� . �$�� U�n !� �� �$�� @�6. :2��M� ����  �C<H �7

"� e$? �$�� ��� 65D �� �,�>� +� �� ��-M ��7 .657� �&*6' �� �� �=� ��7 �$�� "R��n � &@�B��C� S�8>� ��  d
��� �� �7 �$�� �2� E�<��� ! \)=�

��7 *+�6>� �� cm60*60  !m 1 +� �
5L37 .6' ��?�  "�$n ��W-
�25 Φ @$��  !10 Φ  *��<��� �7 �$�� ��62��# 	�' �� .6  *6' *��<��� �$��

��� *6' *��� ��;> "7�W;2��+� 46� ��.  
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� �� ��!�=� ��� �� ���62�K ! S��C��� �+�� �/ c,� �OA;� �
�!� 6'�� "� �+�� �/ � *63� ��7 "#J2! �W2� +� ��$n� �$B� ! v$<> ����

! @���R ! @�$H� ����� �� ��!�=� +� ��$� "� �+�� �/ �W2� @�
H$O  +� 6'�� S+m S�!� ����� "�12�� �+�� �/ *!Q� ��  ���=��� �
5L37

� S�> :�� ����� ����. 6' ��<# �
> QB. �/ �>$W>�37 E$> p�A�>� �$D  �/-3� E$> ! 	C� �� S�� "W�1� �+����$� �� �?$��� �2����5� ���� �� ���& 

��7 ���R �!�<��+� "  �+�� �/� � �� ! (�n ���� ��� c2�
# "� �X>�W2� @��B� �� .  ! �M� Q^� �/ "2�7 	C� ��� *�#�
3��) �
W5� 	2��! 6�


� �
37� �+�� �/ ���62�K ! S��C��� 6'�� "R��n ��$� (�7��/ 67�$  �6
K ���;��
��R�� &  "�'�6,� ��7 Y2!�� �2 �7 �
�+ �2+ �+�� �/��

6'�� "� �+�� �/ E$> *63� 	��� ��$n� v$<>�
5L37 . �6H! ���� v$<> �
P�� ��� ��,� �7 S�� �+�� �/ �� !  �� *!Q� �
> ���# ! ���� �
5L37

�$� ��$n� v$<>� 6'�� �?$�.  :2��+� �2� �� ��� �� �,? ���A� �� ��3
� ���� @Q� �� �+�� �/ & �=� "�A� �� �+�� �/ �
P�� ���!�4 
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4�2�� _
# � c1? I2 4$n "B1> @��

�� �2 :>�/ ��
# *+�6>� ���� �/ ��� "�
>!����� �$15� I2 _5� :>�/ �2 @��

�� .�$' "� ��M�# ��/ �

 �� �
�!� 4$n �� c1? "-�M 4$n c
1=� 	H�R �� ��� ����� c1? I2 "B1> 4$n �W2� @��B� �� .6'�� "� :;/ �C� ���� I2 ��-M �-
� I2 �#�

1  ��� "-
�:2��M� 4$n &67� :>�/ �2� �-
� ����� (mm/m) 1 "-
�	��� ��  ����$� 67�$ . X5� �� :2��+� �2� �� �$ � �12�=� �� �=� 	�' �

��

 ���R !� +� 6�� ! 	B. �+�� �/ +�4 6' *��<��� "���
82� _
# 4�2��. �$?! �-� �� �,>� dO> ����  c32�/�� �W5��� �>�7� 9�! ��
 �� .62��# �


 	�'8 .��� *6�� �� ��
#���. 	C� ! *��<��� ��$� _
# 4�2�� E$>  
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 &*6' �� �� %$-� �D�
� �=� �� &���> �
2� oBn ��� :2��+� S�8>� �,?5  �$X5� �� �
5L37 .62��# ] � �=� ��2� ��� +� "��$�� @�$H �� �>$3>

.��� *6' ] � �>$3> I2 ��W-
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-�  

 �� *6' �� �� �=� �!� �� �6��� �� .6' �� �� %$-� �D�
� �=� I2 &�=� ���-3� �� �+�� �/ �P� "���� �$X5� �� :7!JK �2� �>$# u
7

 S�8>� ���]#��� �=� �!� �� p� I3/ �� YZ� .62��W> S�8>� �+�� �/6' �� S+m .62��# �BP *6' �
B�� ��7 _
# 4�2�� 9�$� e�
  _2��> .

 o
=C� �2� �/ ��� �/v��  �����
# *�# �
�� ���R) � �)��� [��� �� �����
# *�# �
�� ���R �� e�
  �
5L37 .��� *6' "����1 oBn ( VCB�

9  ��3� �� "-� @���=�62��# �B��C�[7] VCB� [��� �� e�
  �B1> ����� �� .9  e�
  ��6=� ��6�� ��6� �7 _
# 4�2�� 9�$� *6' ��
# *+�6>� 

) � �)���) ��� *6' "M��� e�
  ��> ��$5� �� �/2(( �+�� �/ �=� �!� �� ! 62��# �
-A� p� � �L�$R YZ� . ��?�6'2� ��� ����� �� . �� �W

 4�2�� 	C� �/ ��� �/v �� S+m .62��# �0��. �7 _
# 4�2�� 9�$� e�
  ��6=� YZ� .6' ��
W�� �L�$R %$-� �D�
� �=� ���]#��� �$X5�

 �=� 9�! �� ���R !� �7 �� �7 _
#���;� �+�� �/ +� 6�� ! 	B. ���R !� �7 �� �=� ���?� ! ���]#��� 92��' �
5L37 .6'�� "�  �� .6'�� "�

 4!6?1  _2��> e�
 +� 	H�R  �
  �
5L37 .��� *6�� *6' �� �� �=� �� �7 _
# 4�2�� VCB� oBn *6' �B��C�9  �� ���� �
# *�# �
�� ���R ��

 VCB� oBn *6' �B��C� ��6=� ! �7 _
# 4�2�� 9�$� *6' ��
# *+�6>� e�
  ��6=� &�$' "� *67�;� �/ �$)>�37 .��� *6' *��� ��;> 4!6?9 
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B1> �
5L37 .6>��� "�$  "7��37 �W26�2 �� � d
��� �� �+�� �/ +� 6�� ! 	B. ���R !� �� e�
  ��>694/0  !669/0  �2����5� .65'�� "� �12�=� ��

 e�
  ��> � ���R !� ��.���� %$-� �D�
� �=� �
  :7�/ ! "�A� �� ��
D�> �
P�� �+�� �/ �/ ��/ *67�;� ��$� "� 2�=� �� &�� �� *!Q� �1

 �� *6' �B��C� �
  �[���  VCB�9 .6
�� ��$� "� ",��;� _2��> �� �
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IemEc384

1 L
4

ω=∆                                                                                                                                          (1) 

 

                                                                                                                                                 (2) 
∆

∆
=

EXP

Ratio  

  

� �)��� �� (1) ω  &4$n 6R�! �� !�
> d1R �� *���1# ��� @6�L  &�>�7� 4$nEc  ��
1
�m� 4!6�! Iem  4���� ��3����.  
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���% ��% T�47 >��
 L� )��$ *�?���� � �F� !����� )�F )��% ��
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 �
 3��
 Z��-"     

 VCB� [����� e�
  �B1> ��6=�9  ��6=� ��

:2��+� �� *6' ��
# *+�6>�  

 *6' �B��C� e�
  ��6=�

oBn  VCB�9  

∆ (mm) 

 ��
# *+�6>� e�
  ��6=�

�7 _
# 4�2�� 9�$� *6' 

∆EXP
 (mm)  

  ���]#��� �-R��  

0.694  0.437  0.63  �+�� �/ +� 	B.  

0.669  0.214  0.32  �+�� �/ +� 6��  
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