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�2007ŧȪůɪȫ<Ǽ˟˷´ƘʝĠȟʲˁǑ�:MQ>��ɛ̋�ǎ̘÷?ę̌<É5:Ŏ(5�
ɗ:Ʉȸ*Pʕ˪�ĭß:Ŏ(5ůɪȫ�ƲÀ(9�$7�ǵI5ɗ:Ʉȸ*Pʕ˪�ĭß:3

�5ůɪȫ�»Ī�ŝĪ(9�$7T-Q.Qǲʻ*P$77(5�P�F/�ę̌:Ŏ*Pǲ

ʻ:��5=�ůɪȫ<ĬŷTɧÑ(�-<Ĭŷ:Ġ4�5ůɪȫ<ĔǕĊǗɤTɧÑ*P$7

:MOůɪȫ:®ȹ*Pę̌ßTȎIP$77(5�P�$<M�:�É5<ʕ˪�ĭß:3�

5ɉƫɅ9ǲʻTʜ25�P$7�F/�ůɪȫ:®ȹ*Pę̌ßT�ůɪȫ<ĬŷTɧÑ*P

$7:MO��ǹʭŅ:Ġ4 ƭŅ:MN+ɧÑ(5�P$7�N�ʈ�ƈɤ˷´ʭŅT˽��

�ǹʭŅT˥ȹ(9�$7�6�P7&Q5�P��7�P��ǹʭŅ�˥ȹ&Q9��SO:�

ůɪȫ<ă˧<ĬŷT˥Ó:ɧÑ*P$7�ƅʪ7��$7:9P� 
 
õʆƽȰ̬2007ŧȪůɪȫ<Ǹ˟˷´ƘʝĠȟʲˁǑ�ÉĕńĢˇīíąɴĄ�2007 
 
� �
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G� *>:1
;:
�������

GDE� *>:1�

Ǹ˟ʸʵ=�Ǹ˟ʵȽ7-QTŅˬɅ:ɑʿ*PǸ˟ʵɧ�-(5-QTņȳ*PǄşǌ<ȳ

ģɆȴ6Ƒɟ*P� 
Ǹ˟ʵȽ<ĠǚɅ9ʪɰ=�˰ɉʕ˪Kę̌ß�̘ʕ˪7�2/ĭß:Ŏ(5ůɪȫ�8<M

�:ŎÐ*P�7��Ď̖7�-<ůɪȫ<ȹ˜�Ǿʊ7<o}�bT8<M�:7P�7��

Ď̖6�P�$QF6�ǘ˟ůɪ6=ǹŰK˶ûO�ÃÅ&QǸ˟ʵȽ�˔ʮ&QPÁĆ:�2

/��ǚǠ�¦ɷǘ˟ůɪ6=�ůɪȫTǸƑ*PǸ˟ʪɰ�ɵ̝:MO˥Ó:˩ʅ&Q5�/

=+6�O�ǂ/:ůʸ&QP¦ɷǘ˟ůɪ<ʸʵ:��5J�˥Ó9Ǹ˟ʵȽTɟǭ*Pƅʪ

��P� 
GDF� �A��

� ę̌å=�ɗ:Ʉȸ*PJ<�ǵI5ɗ:Ʉȸ*PJ<< 2ə̗T®Ƒ*P�-Q.QȜʠ 5%
:ŎƆ*Pá˞ŪƆɥbw\j�TʭŅ<¼7(�&N:ęɇĨťTʆƏ(5ɧÑ*P�ƅʪ:

Ɔ)5�šįę̌:Ŏ*PǲʶJʜ��$<ģĄ�ę̌<ɄȸǾǸ<>N3�ɤTʆƏ(5�ʩ

ƺ<ę̌ȕT®Ƒ(5-Q.Q:Ŏ(5ǲʶTʜ�ƅʪ��P� 
� F/�Ƽę<ȭȓTʆƏ(/�SLP`XjȕKˢô<ʰȝʷ˱:Ġ4 ę̌ȕɤTȹ�P$

7�˥Ŷ9ģĄ��P/I�ŁÉƈTɑʿ*P/I<ę̌å<®Ƒ:�/25=�ůɪȫ<Ƨå

ƈȭ77J:ęɇǟ£ɤ:3�5J˩Ə�ƅʪ6�P� 
GDG� ;:
�������

����˧Ǹ˟�

� òÚ7(5�ę̌å�v�:Ɔ)/ůɪȫ<˺Ⱦř˶Ĭŷʱ�M?ă˧<ƲÀ<ɘŪ�ǧʋ<

ǟ£=ʾɲʸʵȔ7ąǹ7*P��ůɪȫ<ʪȎƈʊ:�S,5˥Ó:ʸŅ*P� 
� F/�ůɪȫÉ­<ƆɥĬŷ0"69 ă˧<ŕ˧Ʌ9Ĭŷ�ɐĪ:Ŏ*PŁÉƈTɑʿ*P� 
� ƲÀ˺Ⱦ<ɈŁ=�1/90rad.1/60rad.�ŁÉ˺Ⱦ7(5=˪Ƅªʅ6 1/20rad.�ǒJĬŷ<į��
Ǹ̐6 1/15rad.ɘŪ6�P��Ŏ˄ůȫ<Ȭƃ�°ȹ*PǸ˟ʪɰ:Ɔ)5˥Ó:ʸŅ*P� 
ŁÉ˺Ⱦ<ʸŅ:�/25=�ʈ̌ʪɰ:��5Ĥƈȱ�į��ģĄ<˅ç˩̓ğ6<˺Ⱦʈ

ßʵɧ<¶̕ƈ�˪ʪ6�O�Ĥƈȱ<ĠȟȦT˥Ó:ʼ²*Pƅʪ��P�įĬŷǌ:=ăʈ

̌ʪɰ=˅ç˩̓ğ:ˣ(5�O�$<̓ğF6ʼ²*PģĄ:=�ůɪȫ<ƲÀȭȓT˥Ó:

ʼ²*Pƅʪ��P�̋ Ť<ǘ˟ůɪ<ʈ̌ʪɰ6=�Pmax< 80%F6«�(/ĬŷF6<̓ğ
Tʼ²(5�P�F/�ƲÀŪĄ:MP·Ɓÿʊƈ:3�5JʆƏ*P$7�ǖF(�� 
� ±�>�Ėĩ��­<ģĄ:=�Ėĩ<ʌʖTȸ)9�ģĄ:=˅ç˩Tʼ²*P$7�6�

P��ǃ�Őĩ��­<ģĄ:=�ʕ˪Ĭŷ˷´<ȬɁȦ=�ǧ<Ǐ#ɐĪ7Őĩ<˹¤:M2

5ȸ)P/I�Őĩ<˹¤:MPʕ˪Ĭŷ<Ĭè=Ėĩąǹ:˅ç˩Jʼ²6�Pÿʊƈ�̟�

��ǧ<Ǐ#ɐĪ:MPŴŪ«�=ʼ²(: �� 
� F/�ůɪȫ<Ĭŷ�Ĩį*P7˰ɉʕ˪:M25ůɪȫ<ȍŦǃĆ:áSPß<Ĩá̤Pδä
Ǥ̥<Ź̑�į� 9O˥Ó:ʼ²*Pƅʪ��P� 
���ůɪȫ7Ġɒ�

ůɪȫ7Ġɒ<ħȾǟ£7(5=� 
 1�ȍŦɖå�Ț���OT7J:ƢǞ*P� 
 2�ȍŦɖåTƢǞ(�Ț���OTʹŉ*P� 
 3�ȍŦɖåTʹŉ(�Ț���OJʹŉ*P� 
< 3 ˝O�ʆ�NQP��ȍŦɖåTʹŉ*PģĄ:=�ƋŅę̌ß�v�:Ɔ)5˥Ó9ȠO
ˬ<\}Xh~VTʸŅ*P� 
� �
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GDH� *>86�

� ¦ɷɅǘ˟ůɪ:ȹ�NQPǸ˟ʪɰ<Ȭƃ�ĬŷȬƈ�ɐĪƈȭTëÒ:ȴʲ(�˥Ó9

{i�èTʜ�77J:�ŁÉƈ<ǲʶTʜ�ƅʪ��P� 
 
�ʲˁ� 
� ¦ɷǘ˟ůɪ:ȹ�NQPǸ˟ʪɰ=&F'F6�O�-<ȬƃJȮȬ6�P�ʲǣ:�/2

5=�-<ȬƃTëÒ:ȴʲ(/��6{i�è�ŁÉƈ<ǲʶTʜ�ƅʪ��P�¡�:�ʟ

Ʌ9¦ɷɅǘ˟ůɪ<Ǹ˟ʪɰ<ȬƃTɓ*� 
�

���ǧ̤ÁǀƁÄß̥�

þ�ůɪ<ǧ<M�:�̟&:Ŏ*Pı&<ȋ�į��ǧ6=�ǧ<Áǀ:§25�˰ɉʕ˪

�ÁǀTƒ*ǃĆ:Â �ÁǀƁÄß�ȸ)P� 
ǧ<Ü­đ˒:˚�ƥå79P��ǧ<��ɠƫĄ˧:�"Pǧ¾<ǘǜ<ėʂĬŷK�įƾ

Kǧɇ98<ǧ<��:ǘ˧ǜ��PģĄ<ǘǜ<IO˙GĬŷ�ȸ)P/I�ē 3.1 :ɓ*M
�9ȍŦʕ˪:Ŏ*Pʕ˪ĬŷǏɽTɓ*�*9S1�Ǖ˺<ÔǗÜƈTǕ(�ǧ<Ü­đ˒T

¢Ņ(/ģĄ<ǒįƁÄßMO=KKŐ&9¼6ǒįʈß79O�-<ż=Ü­đ˒<ʕ˪Ĭŷ

˷´:ȣ˚*P� 
 

�

ē 3.1� ǧÁǀƁÄß<Ƿʪ 
 
ˢô:ʜSQ/ņ̝±T 2±ɓ*� 
ǋċ 10ŧ�:�Ȕ̀ō˭ġ<ƁÄ:˷ˠ(5�Ě̎̆:MOņį�v�<ǧTȹ�/�ˠ<̍

Ʌáßņ̝�ʜSQ/ 1)̩ʱǧ7�ǧ�ƾ��<ģĄ:3�5�2ǚ<ǧ:˰ɉʕ˪Tá�9�N
ȍŦ:ȩƠ(áß7(5ʜSQ5�P�ǧź= 25cm 6�P�áßǃȔ7ɶǤTē 3.2�ē 3.3 :
ɓ*�ņ̝ɶǤ:MP7�ǧ:áßǬ̤ǘǜ̥Tɉƫ˖,/ģĄ:=�ǒįȍŦß=Ü­¢Ņ<

ȴ˂¼< 85%:ˣ(�˰ ɉʕ˪<Ĩį÷?ʄ˛(áß<Ź̤̑ Ƀã :̥MO 75%ɘŪ:«�*P�
F/�ƾ��ʱǧ:3�5JŶÔ 85%ɘŪ<J<��ʄ˛(áß<Ź̑7˰ɉʕ˪<Ĩį:§�
ƾœ<ȤQ:MO�75%ɘŪ:«�*P� 
ȑĄ=Ǜ̅˴Ɓòǭ< 3 Ò< 2 b^��<ņ̝Tʜ25�P 2��áßȝŅǃȔ7ʽ̝ɶǤTē

3.4�ē 3.5:ɓ*�ǧź=ǧʋ6 480mm6�O�įƾƾœť7<Ŧě¼*9S1ē 3.1< a<¼
= 410mm6�P�ǒįʈß=�ǧʋŷ7įƾƾœť7<Ŧě¼ a:Ŏ(5 10%�N 20%<˶:ȸ
)5�O�-<¼=Ü­¢Ņ<ȴ˂¼ P0< 70%ɘŪ6�P�$<ǒįʈß< P0:Ŏ*Pȋ=�

˰ɉʕ˪<į�&:M25JĬè*P� 
ē 3.6:ȑĄ<ņ̝6˰ɉʕ˪TĬ�/ģĄ÷?Ě:MPņ̝ŰT�a7 P0<˷´6ɓ(/� 
2001ŧ:Ñ&Q/ƽèŨ<˪ʪƽèˆ̤ů˟ȫ̥ĠɒʺǁņǄʪ̓6=�$QN<ņ̝ɶǤ:

Ġ4�5�ē 3.7<M�9ʕ˪Ĭŷ˷´Tʺǁȹ:ȹ�PJ<7(5ɓ(5�P� 

δ

P a2

a1

mg

a=(a1+a2)/2
P0

a

P0=amg/h

L
oa
d

Displacement

��




����

���	�
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ē 3.2� Ě:MPņ̝<ʽ̝­7áßǃȔ� � � � � ē 3.3� Ě:MPņ̝ɶǤ 

 

  
ē 3.4� ȑĄ:MPņ̝<ʽ̝­7áßǃȔ� � � �    ē 3.5� ȑĄ:MPņ̝ɶǤ 

 

 
ē 3.6� Ě7ȑĄ<ņ̝ɶǤ<F7I 
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ē 3.7� ƽèˆ<ʈ̌ʺǁƤ˯:�"Pʕ˪Ĭŷ˷´ 

 
ǧ<ÁǀƁÄß:3�5�ę̌ǌƥå-<�<ȬƃTF7IP7ȁ<˝O6�P� 
ǧ<Ü­đ˒:˚�ƥå6�P<6�ʕ˪Ĭŷ˷´<ŚȅǏɽ=̏ɽŷŵƈ:˚�Ǐɽ79P�

$</I�ŚȅȜʠ=ǵI5Ő&�7ʆ�NQ5�P�ę̌ǌ<åɅƥå6=�ȍŦĬª�d�

<ȦT˝ˢ*P̃:�ǧ<ǘý���<˧ǜ:ʞɞTˊ$*/I�-$6<Ym�[�Ĉú��

P�-<ŅˬɅʼ²=ëÒ:9&Q5�9�� 
F/�ǧ<ÁǀƁÄß=�$<M�:ǧ<Ü­đ˒:˚�ƥå6ȸ)PJ<6�P<6�ƫĄ

˧ɐĪɤ<į�9ƲÀ:=39�N9��/0(�įĬŷǌ:=�ǧ�ɒɎ:ƫ*Pªʅ6Þʢ

Tȸ)/O�IO˙GTȸ)Pǧ��<˧ǜ�*9S1įƾɤ<˧ǜ:��5�IO˙G:§2

5Þʢɤ<ƲÀ�ȸ)/O*PƉQ��P� 
Ƨåņ̝6=�ǧ�ɖå*Pȳ˄�ɑʿ&Q5�P�ǧ%7:ɖå<ǃĆKɖåˬ�Ɂ9P7�

ůɪȫ<ƲÀTȸ)/O�ŁŅ792/O*PƉQ��P�$<M�9ɖåT˸!/I:=�f

xTʸ"/O�ęʫɤ<˧ǜTǧ�¾:ʸ"5ǼɖåTƢǞ(/O*P98<ǃȔ�ʆ�NQP� 
F/��ǃĆ:Áǀ(/ȭƍ6ɉ�ǃĆ:ȍŦßTü"P7�ƁÄß�Ő& 9P$7�ɌN

Q5�P�ž25�3ȁÄ{i�Kɂ© 3ȁÄ{i�Tȹ�5�2ǃĆ<ę̌ÈßTʆ�PģĄ:
=��ǃĆ:�ē<ƁÄß�ȸ)P7ʆ�P<=ˀO79P��ǧ<ģĄ�Ť: XY Ŧ̐�<Ĭ
ªd�<Ȧ:Ć�25��ē<ƁÄß�ȸ)P$7:Ȗƌ�ƅʪ6�P� 
9��ē<ƁÄß:=ǧ 1ǚÒ< P̯ΔäǤ�ćFQ/ʟȳ7925�P�ǚǠ�ůɪȫÉ­6

P̯Δ äǤTʆ�PC�6�O�-<ģĄ:=�ǧ 1 ǚŶ/O<ǧÁǀƁÄß7(5=̧�ē�N
ǧ 1ǚŶ/O< P̯ΔäǤTŢ(ű�/ʕ˪Ĭŷ˷´Tȹ�Pƅʪ��P� 
 
õʆƽȰ 
1�� Ě ̎ �̆ɔō̞ɴ<ßľɅɏɜ�ɣ 1˧�ǧ<ŁŅƁòß��ůɪľǓ˂ƽ̇ 21Ă pp. 252-258�
1941ŧ 
2�� ȑĄ ɉ��þ�ǘ˟ůɪ<ǧÁǀƁÄß7ʈßĩ<äǤ:˷*Pņįņ̝�Ľʝ˃ȢǯǷ̇. 
C, Ǹ˟ II�pp. 1021-1022�1993ŧ 
 
���Őĩ��Ȯɟǧ�

� ĖĦOŐĩ7ǧ:MPǥǸ6�P�$<ģĄ�-<ʈßȬƈ=�ĖĦOŐĩ<Vbw\jȋ�

ǧź�ˈ<ǧBĔŅŪ:MOʈßȬƈ�Ĭå*P��ʒ:Őĩ˧ʈß�ǧ<Ǐ#ʈß:æO�ǒ

ɳɐĪŷȭ=ǧ<Ǐ#ɐĪ6ȐŅ*P�ƽȰ̤ůɪƘʝ 2011.02�p.148̥:MQ>�150mm ʱ6
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ȀƲǁ̐<�Pǜ6J 1/10rad F6<Ǐ#ĬŷʊßTǕ(5�P�$<ɶǤ0"�NÕǁ*Q>�
ǵɠ9ɍǧ7(9�˺O�˓ß̤ʏ˪̥¦ˣ:˷(5Ď̖=ȸ)9�7ʆ�NQP�9��{i

�è:̃(5=�ĩǸ̐<Vbw\jȋTʆƏ(/ɤ²t��bʅƯ�ǧ<Ǐ#˹¤�Ʉȸ*P

˧Ò:ŵĤƈomTʸ"Pƅʪ��P� 
ʕ˪Ĭŷ˷´=�Őĩ<,UǁĬŷ7ǧ<Ǐ#Ĭŷ<ɴĄ,:M25ʟȳ*P$7�6�P�ē

3.8<M�:ą�ʕ˪ǌ<Ĭŷ<ċ6ȸƑ&QP/I�ǧ<Ǐ#ɐĪ<Ǖȧ6į� ̞ǫǏɽ�Ĭ
SP$7:9P� 
ǚǠ=�ı�ǧ7Őĩ:M25ǸƑ&QPʈ̌ʪɰ6�P��ǧ�ƜQ9"Q>ʈ̌ʪɰ7(

5Ǿʊ*P�ǧ<ı&7Őĩ<ñ&�bp�:M25ę̌ǌ:=�&F'F9ĪQǃ�ƋŅ&Q

P�Őĩ<Ėĩ�ÅʜɐĪ*PģĄ:=�Ėĩ<ʈß�«�(�ǧ<Ǐ#ƢǞ�Ő& 9Oǧ<

ƜƲ=ÇQP��ʈ̌ƈʊ=«��Őĩ<Ėĩ�ɐĪ*PF6=�Őĩ<ƢǞ:M25Őĩ<�

ɠ6ǧ:į�9Ǐ#{�z�j�ȸ)P�¬Ŀ986Őĩ��Ȯɟǧ<ǧ�ɲ�ģĄ:=�ǧ�

ƜƲ*PģĄ�Į��$<ģĄ<ǧ=�ʈ̌ʪɰ6�P77J:�ŘǪ98<˰ɉʕ˪̤ůȫʏ

˪̥TƷƣ*P˪ʪ9Ǹ˟ʪɰ6�P�ƜƲ:M25˰ɉƷƣʊßTĴ�ģĄ:=�»Ī<ð˾

ƈ��P�ąǹ:�ǧʋ<đ˒TƢǞ*Pũ�ˌĔI98��PģĄ:=�ũ̐6ǧ�ƜQPģ

Ą��P�F/Őĩ<,Uǁß�į� 9P7Őĩ�ɠ<Ţ(̠Ŗ:į�9ű�Ɲ�ß�ȸ)5�

ǧ�Ɲ"Ñ(�Őĩ�ʖ�*Pÿʊƈ��P�̤ ē 3.9̥ 
 

 
ē 3.8� Őĩ��Ȯɟǧ<ʕ˪Ĭŷ˷´�

 
 

ē 3.9� Őĩ��Ȯɟǧ<ɐĪpe���
 
���˝(ǧ�

� Őĩ��Ȯɟǧ7ąǹ:ǧ<Ǐ#Ɵƛ:MPʈ̌ʪɰ6�P�1 ́7 2 ́<ůɪȫ<Üƈ<ȋ
ȱ:Ɔ)5 2 řTˈ ǧ:Ǐ#{�z�j�ȸ)P$7:MOăř<Ĭŷ�ěˉè&QĬŷˬT
Ő& ƚ�P$7�6�P�(�(�1 ́7 2 ́<Üƈȋ�˪ˬȋ:M25äǤ�Ɂ9P/I�
ăř<ƈʊT˥Ó:ʼ²*P$7�˪ʪ79P� 
� F/�ǧ<Ǐ#Ɵƛ:ǗŻ(5�P/I�Őĩ��Ȯɟǧ7ąǹ:Ǐ#ɐĪ<Ǖȧ6̞ǫǏɽ

�į� Ĭè*P$7:9P�ǧ<Ǐ#ɐĪ:Ŏ(5=�ũ�v�<Ǽǥǜ<ǥǸŷŰ:MOǏ

#{�z�j�į� 9P˧Ò6<ǁ̐ȀƲ�į� 9PÁĆ:�P/I�ƫĄǃȔTćI/ʾ

ɲ9ǲʶ�ƅʪ79P� 
 
� �
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���Ėĩ�Ǣĩ�

� ĖĦOĩ<ʈßǾǸ=�ĩĖ�ǧʋ�ǧ̔ƫĄ˧�ˈ<ǧB<IO˙G6ǸƑ&QP�F/�

ĖĦOĩ<ɐĪ{�k=�1PĖĦOĩ7 2PĖĦOĩ6Ɂ9O��ʒ:�1PĖĦOĩ6=ĩĖ<
ėȤ̤˿ʱ˧6<ėȤ7ˈ<ĩĖB<IO˙G �̥2P ĖĦOĩ6=ĩĖ<,UǁɐĪ�6ȐŅ*
P�/0(�ĖĦOĩ<Vbw\jȋ̤ʁǼȋ �̥ˈȇƺɤ:MO�ɐĪ{�k=Ĭå*P� 
ǒįʈß<ɄȸĬŷ=�1P ĖĦOĩ6 1/30rad ɘŪ�2P ĖĦOĩ6 1/60rad ɘŪ6�P��˓ɴ
<ʈßƑÒT˽�/ĖĦOĩï­<̞ǫǏɽTʬP7�øǃ7J 1/60radɘŪ6ǒįŴŪ:ˣ*P�
ǒįʈßż<ƥå=�1PĖĦOĩ6=ʈßTDEɺƣ*P�$7�Į���2PĖĦOĩ6=ʈß
�«�*P�˓ɴ<ʈßƑÒT˽�/ĖĦOĩï­<̞ǫǏɽTʬP7�øǃ7Jʈßâè�Ʉ

ȸ*P��-<âèŪ=Ɂ9O�1/10radǌ:= 1PĖĦOĩ6ǒįʈßǌ< 50%�2PĖĦOĩ6
ǒįʈßǌ< 35%ɘŪ:âè*P�$<Ţ=�2PĖĦOĩ6=�Ėĩ�Őʑ�NÝ̊�ʖ�*P
/I6�P� 
1PĖĦOĩ6=�1/90 radǌ:˿ʱ˧<ėȤ�ˈ:Ȓ2/�ʢɄȸ��ʬNQP� 
2P ĖĦOĩ6=�1/90rad �/O6˿KǼˈ:Ȓ2/�ʢɄȸ�1/60rad 6ɟ5ˈ:Ȓ25ǀI<
,Uǁ�ʢɄȸ��ʬNQP� 
{i�è:̃(5=�ĩǸ̐<Vbw\jȋTʆƏ(/ɤ²t��bʅƯ6ʓ��9��-<̃�

ǧʋ�ǧ̔ƫĄ˧�ˈ<ǧB<IO˙G:MPʈß�TćU6Jʓ�� 
 

  
ē 3.10� Ėĩ<ʕ˪Ĭŷ˷´� ̞ǫǏɽ ē 3.11� Ėĩ<Śȅ̤̍ɅʄO˛(ņ̝̥�

 
� Ǣĩ:=�įĩŰ�ɋĩŰ�Ǣǜ<ųPǃĆ�Ǣǜ<ñ&�ˈ�˶ǧ<Ǖȧ98<p}z�e

��P�$<ə�<p}z�e=�Ǣĩ<̞ǫǏɽ̤Üƈ�ǒįʈß �̥Ĭŷƈʊ�ɐĪŷȭ�:

į� Ź̑T��P��ʒɅ:=�ǀIųO<Ǣĩ=Üƈ�ʈß�̟���ǧʋ<ɐĪ�Ǣǜ<

ūŗ�Ʉȸ(K*���ǃ�ʁJ( =Ǽų<Ǣĩ=Üƈ�ʈß�Ő&��F/�ʖ7(˙GǢ

ĩ=�˧ǜƫĄ6ȹ�Pfx<ƈʊ:į� Ź̑Tü"P�ž25�°ȹ*P�Ǣĩ<ƁÄßȬ

ƈTÎȳ6�Pɤ²t��bʅƯTʜ�$7�ǖF(�� 
� 9��ăǸ̐<ƁÄßȬƈ<ʸŅ=�ņ̝i�e:Ġ4�5ăʸʵʇ�ʜ25ʓ��/0(�1
��u:�"PŚȅĈúYm�[�Tˢį:ʬɛJN9�$7��M?�ÔǗÜƈȋ±ȜʠTȹ

�PģĄ=̤1/100rad ǌ<ÞɽÜƈǌ:ʸŅ*PȜʠß7ąɘŪ:9PM�:̥ȜʠŅƺ<ʸŅ
:Ȗƌ*Pƅʪ��P� 
 
�	�ƫĄ˧�

¦ɷɅǘ˟ůɪ:�"PƫĄ˧=ǹ�9ŷŰ�ļĘ*P�ˠɶ*P˧ǜ˶T�����ȭ:áş

(�ŞĄ*Pǹ�9ɸ�Ɣ�ýK�ǩTɶĄ˶<ɝ˶:ƕ1˙H$7:M25˧ǜTɶĄ*P�

ǹ��˧ǜTˈ˝&,P98�ßĽɅ:=ʩ̉9ǾǸTǕ(5�P��ʪ79Pß<®ȹǃĆJ

˥ȹ¹Ɠ:MOǹ�6�P�Ȭ:�ʪ9Ǹ˟ʪɰ6�Pĩ�N<ß<¦ˣ:į� Ź̑T��P
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˧ǜƫĄ˧:��5=�-<ßĽɅƥåTëÒ:ʆƏ*P$7�˪ʪ6�O�ƫĄ˧Ò<Ɲ"Ñ

(:MPʈßǾǸ<Ź̑TʆƏ(5�˥Ó:Ǹ˟ʪɰT{i�è*Pƅʪ��P� 
Ţ(̠Ŗ̨ǧ�ý˧=Ǐ#:Ŏ*PƟƛǾǸTǕ*P/I�Ǐ#{�z�j̨đ˒ʱ˷´Tđ˒

omʪɰɤ:MO˥Ó:{i�è*P$7�ǖF(��(�(9�N��ý˧:̈D.Tȹ�/

Ţ(̠Ŗ98<ģĄ=�Ǐ#{�z�j�®ȹ*PǃĆ:MO�Ǐ#{�z�j̨đ˒ʱ˷´�

Ɂ9P$7�ņ̝:MOɓ&Q5�O�$<M�:�ý˧<iWh��:Ġ4�5ßĽɅ9Ȭƈ

TëÒ:ǲʶ*Pƅʪ��P� 
 

 
ē 3.12� ̈�D.Tȹ�/Ţ(̠Ŗ�M?�

ǧ<Ǐ#{�z�jÒţ�

 

ē 3.13� Ĝĩ<ïªs��y<ʲǣ{i��

 
F/ Ǐ̧#:Ŏ*PƟƛ�Ő&9�ý˧:��5J ű̧ųȬƈ�˪ʪ79PģĄ��P�±�>̧

Őĩ<ʈßǾǸTǲʶ*P̧̃Őĩ�<ȍŦ˧ǜ<ƫĄ˧�ǩɤ:MOɶĄ&Q5�9�7�ý

˧<Ɲ"Ñ(:MOŠā<ǧ<Ǐ#{�z�jÒţ�Ɂ9P$7�ɑʿ&Q5�P�$QN<�

ý˧<Ɲ"Ñ(ƈʊ�˓ɴG<ʈßȬƈ:Ź̑T��P/I:̧�ý˧:Ɔ)/űųƈʊ:3�

5JëÒ9ǲʶTʪ*P� 
 

 

ē 3.14� ˈ<�ý 
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ē 3.15� ˝(ˈ 

 

 

 
ē 3.16� ʛɸ�˙ǩƕ1 

 
� �±7(5�ƫĄ˧<ŷŰ<�6ĠɒɅ9ƫĄ˧6�Pˈ<�ý<±Tē 3.14 :ɓ*�F/�
�˝(ˈ���ʛɸ�˙ǩƕ1�<�ýʽ̝­:Ŏ*Pȃ˅ʄO˛(Ǐ#ņ̝:M25ſNQ/ƫ

Ą˧<ƁÄßȬƈ̤Ǐ#{�z�j̨đ˒ʱ˷´̥Tē 3.15�3.16 :ɓ*�ē<M�:ˈ<�ý
:�"PƁÄßȬƈ=��ý˧<̊˶ƫʳ:M25ȸ)Pb~guĝ<ƁÄßȬƈTɓ(��ý

˧<iWh��:M25ʩ̉9ȬƈTɓ*/I�{i�è:��5=$QN<b~guƥåT˥

Ó:{i�è*Pƅʪ��P�F/�łÉ˝(ˈ6=�ȃ˅Ǐ#:Ŏ(5ȋ˕ɅŎɕŷTɓ*Ɓ

ÄßȬƈTɓ*J<<�ʛɸ�˙ǩƕ1<M�9̏Ŏɕ9áşŷȭ<ģĄ:=ƁÄßȬƈJȃ¾

7˅¾6̏Ŏɕ79PģĄ��P<6ȖƌTʪ*P�F/�ǳ<ɾG�Ɲ"Ñ(�ƁÄßȬƈ:

��PŹ̑=į� �-<ɷ�Ʌ9{i�èƔȔ=ëÒ:ɑɟ&Q5�P7=ʴ�9��F/�

˙ǩƕ198<Ǖȧ:M25ű�Ɲ":Ŏ*P˧ǜ<Ɲ"Ñ(�ƚ�NQPäǤ�ɑʿ&Q5�

P� 
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�
�ɴȫ�

� ɴȫ=�˓ɴ7ŐŘɴ<˶:ʸʅ&Q/Ǹ˟ʪɰ6�P�ƾKʉǘ�ǘɴ6ɴĄ&Q5ɟ­Ʌ

:ƫĄ&Q5�P�˓ɴ�ŐŘɴ7=fxT�(5ƫĄ&Q5�P�ɴȫ˶=ȵȶǢKĖĩ6@

&�Q5�PģĄ:=�ɴȫř7(5$QN<ʪɰ7�S,5ʼ²T*Pƅʪ��P� 
� ŘǪ<ę̌ßT�˧<˓ɴ:¦ˣ*P̃=�fx7ǘǜ˶<ƴƶß:M25¦ˣ*P$7:9

P�ǘǜ˶<ƴƶ´ƺ=�0.4̮0.5 ɘŪ6�O�ɴȫ˧Ò<,Uǁom7(5=�Ɔɥá˞Ū�
0.4̮0.5G¡�<ģĄ:=�ɴȫ=DEÜ7(5ƥå(�$Q¡�<Ɔɥá˞Ū�ȸ)PģĄ:=�
˓ɴ7ɴȫ<˶:åƴƶ:MPȠOĬŷTȸ)P$7:9P� 
� F/��˪ĥ98Vbw\jȋ<̟�ģĄ:=�ɴȫ˧Ò<IO˙G�˰ɉǃĆom79O�

́<đ˒ĬŷTȸ)&,P$7��P� 
 

 
̍áß 

 
 
 

 
ƧåĀ 

 
ē 3.17� ɴȫ<ʕ˪Ĭŷ˷´̤ȍŦß̥ 

 
�õʆƽȰ� 
ʚȺ̜ʃ�ǘǝȃŸ�įǽĶÆ�Ěǚà̬̍ɅȍŦáßʽ̝:Ġ4 ¦ɷɅǘ˟ůɪ<ɴȫ<Ś

ȅ{i�7Üƈʼ²�ǇǚůɪĽ¥Ǹ˟ɭ˂ƽ̇ (543), 121-127, 2001-05-30�ǇǚůɪĽ¥ 
 
���ȍŦǸ̤̐ũ̥�

� ȍŦǸ̐7(5<ũ=�Ǽǥǜ�Ǫı�ũǢ�İ�:M25ǸƑ&QP�¦ɷɅǸȔ6=�Ǯ

˶ǃĆ�Ǭʜ�ǃĆ<Ǽǥǜ�ą��v�6ƫĄ&Q9�ģĄ��O�˥Ó9ȍŦǸ̐�v�<

ʸŅ�ƅʪ6�P�ũ�ȍŦǸ̐7(5,UǁßTü"PģĄ:=�Ċ˘<Ǽǥǜ:=űųß�

ȸ)P$7��O�ǼǥǜƫĄ˧<űƝ�:Ŏ*Pǲʶ�ƅʪ79P� 
� ȍŦǸ̐<ƈʊ<«�ǘ˟ůɪ6=�ȍŦÜƈ:Ŋ�*P*C5<˧ǜ<ƈʊTɛG�#5�

 $7�ȃɑ9ƈʊƙư:39�P�ăʪɰ<ƈʊ=«���«�ƈʊ<J<Ṫɛ(5ƅʪ9

ƈʊTɑµ(M�7*PJ<6�P�İ�̐JȍŦǸ̐7(5Ŋ�*P$7�6�P�ǘ˟ůɪ

ȫ6ȹ�NQPǱɿİ��ǫİ�<̍áßņ̝̤ƽȰ̪̥6=�Ǳɿİ�6=�ũºȱƯɧ6 0.36
ɘŪ6�O�ɚĺ<ˍ;KƝ"Ñ(�İ�̨ɢɿ<ȿI�"ˮ<ɃãɐĪ�ʬNQP�ǫİ�6

=�ũºȱƯɧ 0.36ɘŪ<ƈʊ:925�P�ǘɴ��­<ǫİ�6=�ǫɿɊȀ�ý˧Ò6<
IO˙G��9Ɵƛʪɰ79P/I�1/5rad.F6Ĭŷ(5Jʈß«��GNQ9�� 
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ē 3.18� ȍŦǸ̐<ʕ˪Ĭŷ˷´ 
 

� ȍŦǸ̐=�ʈß�ȣĨ*PJ<�1/25-1/20radɘŪ6ʈß�r�\79O¡żʈß�Ȝő*P
J<98��P̤ǘ˟˓ɴşȔ¬Ŀ<ʹŉƆßŪʸʵ 2008 ŧŪȪ �̥Ƿ(5ÔǗÜƈ�į��ȍ

ŦǸ̐=�ʈßâè*PȬƈTƣ3� 
� {i�è:̃(5=�ȍŦǸ̐<Vbw\jȋTʆƏ(/ɤ²t��bʅƯ6ʓ��9��-

<̃�Ǽǥǜ<ű�Ɲ"Tʟȳ(/�ǌ=�ũɴ<ǃĆƈTʆƏ(/{i�è�ƅʪ6�P� 
F/̧ȍŦǸ̐<ƁÄßȬƈ<ʸŅ=�ņ̝i�e̤±�>�ǚĹč¥6®Ƒ(/ņ̝i�e}

Xt}~̥:Ġ4�5ăʸʵʇ�ʜ25ʓ��/0(�1 ��u:�"PŚȅĈúYm�[�T
ˢį:ʬɛJN9�$7��M?�ÔǗÜƈȋ±ȜʠTȹ�PģĄ=ȜʠŅƺ<ʸŅ:Ȗƌ*P

ƅʪ��P� 
 
���ȍŦǸ̤̐ŐŘɴ̥�

� ȍŦǸ̐7(5<ŐŘɴ=�İ��Ǽǥǜ�ŐŘɴ�Ĝǘ�˫ęǢ986ǸƑ&QP�İ�T

ȍŦǸ̐7*PģĄ:=�Ŧ̐Ʌ9ǲʶ6țH��˫ęǢKŐŘɴTʼ²*PģĄ:=�˥Ó9

ɟ­{i�:MPǲʶ�ƅʪ9ģĄ��P�ʔʘ�ŘǪ6=��ę<ɡK�ıJȍŦǸ̐<ʪɰ

79P��ƫĄ˧<đ˒ÜƈT˥Ó:ʼ²*P98ʾɲ9ǲʶ�ƅʪ79P� 
ŐŘɴ<ɟ­j}b:MPäǤ=�ƫĄ˧:űƝ�ßTȸ)P/I�ƫĄ˧<ǲʶJ˪ʪ79P� 
� ŘǪǜ<ȍŦÜƈ:3�5=�ʔʘ�:3�5ȑĄ̤ƽȰ 1 �̥śŜ��ŔN̤ƽȰ 2 �̥ǡȺ�
ʍò�ĚǚN̤ƽȰ 3̥:MPJ<��O�̍áßņ̝:MP7̤Ïɋ 1̥ʔʏ­=Ü­:˚�Ĭ
ŷT(�-<�ę6�Pơ̈�Ř�ɡ�Ĝǘɡ7�2/˧ǜ�ʀ�NG:MOìÜƫĄ79OǏ

#ǜ7(5,UǁƟƛ*P$7�ɑʿ&Q5�P̤Ïɋ 2 �̥ũºȱƯɧ6�0.26ɊŶɘŪ792
5�P�ȷŘǪ:3�5=�ȑĄ̤ƽȰ 1̥:MP7�̍áßņ̝�Nˑ:˚��ìÒ<Ĭŷ=
Ő& ��ìÒ<Ĭŷ�į� �ŐʑǢ�ĖŖʘ98��­è(5ȍŦǸ̐TŷƑ(5�P$7

²́ ³� f�¶� f�3f�¯2¯M.<x\r£
'¸5·K��~©n��1()9�i�¯Ot1¬-9d±%YV}¶²¦³A?EB@C=D��n�¤±>C?E¶����j
�¸�·z`~©Lb2�®D��mNcS4¢qh�1¬-9��¶ig�s/2I¶|W��jm�vk�¥§
�¸$·~�©1()9�i�¯2Px�Q¶°ZGª¡/2I¶{�n�aJ]J��©�¶����j

²́ ³� f�¶� f�3f�¯2¯M.<x\r£

�

����

����

	���


���

����

����


���

����

����� ����� ����
 ����� ����� ����� ����� ����
 ����� ����� �����

.<x\r£������

�
«
��
�
�
�

.<x\r£������

'·+(�^H�FyURQ :·+(�^H��8̈ ,RQ 3·�^H��8̈ ,RQ 1·� f��FyURQ

6·� f���8̈ ,RQ 5·� f���8̈ ,RQ �·l���� � �·l���� �µ�u�

�·T���� � �·�0l�_;�8&*w) �·��[h� �·��27

�·e�²�³ �·e�²�³ �·�u�²op³ �·�u�²X�³

�·�u�²
­³  ·�µ� !·�µ! "·T�²�yU³

#·T�²�yU³ $·�µ#
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�ɑʿ&Q5�O�ũºȱƯɧ6 0.90ɘŪ7925�P� 
� ŐŘɴ6=�ʔʘ�6Jȷʘ�6JŘǪ̐<ȍŦÜƈ=Ő& �ȍŦǸ̐7(5<ƈʊ=«��

ņ̃<ǘ˟ůɪȫ6=�ŘǪ̐<�:�ŐŘɴ�ɟ­j}bŷȭ:925�O�ȍŦǸ̐7(5

<ǾʊTɄƱ*P$7�6�P�/0(�ŐŘɴ:ȍŦǸ̐<ƈʊTǗŻ*PģĄ:=�˧ǜ:

Ʉȸ*P˓ßTɑņ:¦ˣ*P$7�ƅʪ6�O�˧ǜ<ƫʳ6¦ˣÿʊ9ėʂß0"69 ű

ųß:Ŏ*Pǲʶ�˪ʪ6�O�ɠ˧ƫĄ˧<˭ȫʦŴ�ƅʪ7&Q5�P� 
� {i�è:̃(5=�Ŧ̐ʪɰ:3�5=ȍŦǸ̤̐ũ̥7ąǹ6�O�ŐŘɴTɟ­Ʌ:ʼ

²*PģĄ:=�ƫĄ˧đ˒omTȹ�/ɟ­ʲǣ98ƫĄ˧<{i�è�˪ʪ:9P� 
 
�õʆƽȰ� 
1��ƽèˆů˟ȫµļƘʝí¥� �ƽèˆů˟ȫɤ<ʈ̌ƈʊ<Ć�:˷*Pʽ̝ɏɜ�̧ 1999 
2��ɎǽŮĺ �̧Ŕǃ� ş́Ŝʥ��¦ɷɅǸȔ<˗ňTŎ˄7(/ʔʘŘǪ<,Uǁáßʽ̝�̧

ǇǚůɪĽ¥į¥Ľʝ˃ȢǯǷ̇ C-1̧2005ŧ 9ǔ 
3��ǡȺǈȗN�ȍŦß¦ˣǾǸTʆƏ(/¦ɷɅǘ˟¬Ŀ<Ǹ˟ʲǣ��ǇǚůɪĽ¥į¥Ľʝ
˃ȢǯǷ̇,C-1,2006ŧ 
 
�
�ǧʋ�Ġɒ�

� ůȫ7Ġɒ<ħȾǟ£7(5=�¡�< 3˝O�ʆ�NQP� 
� � 1�� ȍŦɖå�Ț���OT7J:ƢǞ*P̤ƢǞ(5�P7¢Ņ6�PģĄ �̥ 
� � 2�� ȍŦɖåTƢǞ(�Ț���OTʹŉ*P� 
� � 3�� ȍŦɖåTʹŉ(�Ț���OJʹŉ*P� 
� ˓ɴşȔǘ˟¬Ŀ<ĩˬʵɧ=�1�<M�:ůɪȫ�Ġɒ:ɻɶ&Q�ǧʋ98<ƫĄ˧�ʈ
ßĩMOJÅʜɐĪ,+�ȍŦɖåJȚ���OJƢǞ(Ĭŷ(9�$7TÛƮǟ£7(5ʵɧ

Ȕ�Ǹɪ&Q5�P�$Q=�ʈ̌ƈʊǲʻTɫ³:ʜ�/I:ůɪȫ<ħȾǟ£:ØɮTá�

5�PJ<6�P� 
� (�(�ņ̃<˓ɴşȔǘ˟¬Ŀ6J�ű�Ŋ,˭ȫ98<ǧʋƫĄ˧=óŋ:GQ>łÉ:

ĬŷTƢǞ(5�PS"6=9 �˓ǃĆ<ĬŷTȸ)P�ņ̃�ƫĄ˧<Ĭŷ�į��ģĄ:

=�ǧʋ<ƫĄ˧<ĬŷTʆƏ(/ʈßĩ<ƈʊʼ²�ʜSQ5�P�¦ɷǘ˟ůɪ6JʵȽɅ

:�2�<M�:ȍŦɖåTƢǞ(�Ț���OĬŷTʹŉ*PģĄ:=�ǧʋ:˓ǃĆomT˩
ʅ(/ʲǣ98:MOʈ̌ƈʊTǲʻ*P$7J6�P�$<ģĄ�ʲǣ{i��ƋŅ(/ƥå

Tɓ*ƫĄTʜ�ƅʪ��P��¦ɷǘ˟ůɪ:�"Pǧʋ<fxƫĄ=�ȍŦɖåTƢǞ(�

Ț���OTʹŉ(/ħȾǟ£7(5ʼ²6�Pÿʊƈ��P� 
� ¦ɷǘ˟ůɪ6�SQP�Ɏģɟ5�=�3�<ȍŦɖåJʹŉ(�Ț���OJʹŉ(5�P
$7:9P�$<ģĄ:=�ǧʋ:˓ǃĆom0"69 �ȍŦǃĆ<omTʸŅ(5ȍŦßǌ

<ůɪȫ<ƥåTǉN�:*Pƅʪ��P� 
� ǧʋTĠɒ:ɻɶ(9�ģĄ:=�ǧʋ<ɖå�Ț���O<Ǖȧ6ůɪȫ<ƥå�į� Ĭ

è*P�ǧʋ<ɖå<Ǖȧ�ɖåˬ=ƋŅę̌ß�v�̤ǒįá˞Ū�ɸɹǌ˶̥:M25Ĭè

*P/I�ƋŅ�v�Ȋ:ɈǺƈʊT˥Ó:ʸŅ*Pƅʪ��P� 
 
�ƋŅę̌ß�v�7ɈǺƈʊ±� 
� ɗę̌� � ůȫ=ɖå(9� 
� ǵɗę̌� ůȫ=ɖå*P��ɖåˬ=ǧź<ìÒɘŪ�Ǹ̐˶<ɖåŢ�ũ̐<ŵƈĬŷ 
� šįę̌� ůȫ=ɖå*P��ɒɎTˎGĭ&9��Ǹ̐˶<ɖåŢ�ũ̐<ŵƈĬŷ 
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� Ȭ:�ȍŦɖå<ƢǞTƴƶß:<GǗŻ*PģĄ:=�ǧʋ<ɖå=�ǧ:ȸ)Pɼ,Uǁ

ß̤ăǃĆ<ƑÒ6=9�̥7˓ß:į�9Ź̑Tü"P/I�ǃĆȊ< 1 ȁÄÈß:MPǲʶ
0"69 �Ŧ̐ 2 ȁÄÈßK��å7<ɴGĄS,:3�5J˥Ó:ʸŅ*Pƅʪ��P�F
/�ůɪȫ<ŁÉƈ=�1đ<ɖåˬ7ɱɛɖåˬ�ȆȿɖåˬTʆƏ*Pƅʪ��P� 
� �˧Ǹ˟7ƴƶßT˥Ó:ʼ²*P$7:MO�ůɪȫ<ɖåˬTɧŅ*P$7�6�P��

ǘ�Ė�Ɏ7�2/ʏȨǜƿTĮ ȹ�/¦ɷǸȔ6=�ǜƿȬƈ<>N3��į��/I�ȁ

<M�9>N3�TʆƏ(/ƈʊǲʻJƅʪ79P� 
� ��� �˧Ǹ˟<ƈʊ<>N3��

� ��� ƴƶ´ƺ<>N3��

� ǧʋ<ɖåˬ<ɧŅ:�/25=�ůɪȫÉ­6<ȠOˬTɧŅ*P77J:ŕ˧Ʌ:į�9
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