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� đį 23Ē 3ŗ 11Ŋ?ƠƘş¸âŇóđƀŹâȮ?MOȾȟş}ª@Żćȕ"MC©ȥåƷâ;òǨŮ>Ƅƒ·$Ơ
Ƙ-4�»ǜƧ@Ƕť?¾³/PĞ;ȾƧ©@Ł[ı;âƢǶťTýň-4$Ⱦ2@}Ɩ<-:ȾƄƒ·ǣÿ$Ɨò;

�74Ƃùč@ȺƁ 8~ƣ@åƷâ?"�:Ⱦƴ�@Ä�ǑǱȹTÏâƍ;Ǡ }ńǱȹTýň-4� 
� 1995Ē@ȡưƅȂòȮƌTÉ(:ȾÞß�ȌƦ<§ÞâǾǶťũ¾�ȏÍ�$Ⱦ§Þ 7źĊ?"�:âƢ¬ǊċŽ?
MP�,>�ǱŅĸÈ<ǐOȈ-�ȃǱȹTýň-:Ƅƒ·ĜĕTŷJP<<K?ȾÏâƍ?"�:ÌƴÄ�ǑǱȹT

Ǡ7:Ⱦ�ǔ@ȟ 9(TǠ <� oxaZ\hTýň-4 1)�*@oxaZ\hTýň-4ǖŒ<-:ȾÄ�ǑǱ

ȹ?M7:ĥNQPǊŢAß2@K@@Ĝĕ;A>&Ⱦ�Pŝ��?"(PķŭȼindexȽ;�OȾƐĬ¢<-:@Ĝĕ
TƩP4J?AȾþ©ǦǅǱȹ?M7:ŷJNQ4¢<@ȟ �(T%6U<Ƭǲ-:"&ĨǦ$�P<� çŚǲǹ

$�P�8GOȾâƢ¬Ǌ?MP�,>�ǱŅĸÈ?ŴD:Ä�ǑǱȹ?MP_YygWy]Aė�;�OȾ}ŋ�,

>�ǱŅ?MPƄƒ·Ĝĕ<_YygWy]?MPķŭ<@ȟȏ9($;%QBȾ_YygWy]TǠ *<?M7:

ăǻâƢ@ų-�Ƅƒ·ĜĕTĹû;%PţǈHTūƽ;%P<� Ǔ!$p{b<>7:�P�Tokimatsu and 
Yoshimi2) A 1980 Ē�?ĝő<-:A¥Ȑơ>ÈOǈH<-:ȾÏŬ@Vox{eTǠ7:"OȾÄ�ǑǱȹǊŢ#N
Ƅƒ·ĵĴTŷJPĳŽTȾőŠzÎǧŽ<-:ĺŧ-:�P�G4ǝǔNAȾşĲĈåƷâȾ»ǜƧŨǧĊâº?"

�:âƢ¬Ǌ?MP�,>�ǱŅTĸÈ/PoxaZ\h?Åƛ-ȾÏ

â; RI^{yǽ¦ǱȹT�1:ýň-Ⱦ̂ {yǽ¦Ǳȹ?M7:ĥNQ

Pķŭ<�,>�ǱŅ?MPƄƒ·Ĝĕ@ȟ ?8�:@g{cTǞƵ

-:%4 3,)�ƃð?"(PÏŬ@Vox{e<-:AȾ�!B[jd?

"(P CANLEX<� oxaZ\hT�)P*<$;%ȾRobertson & 
Fear?MPƄƒ·ÂȦĕǰ�ĳŽ<-:Ǌý-:�P� 
� ŚéÓ;AȾ* -4ŉġƫƶ@ƩǧTp{b<-:Ⱦ�ÛƂùčȺ

Ɓ 8~ƣ@åƷâ;ýň-4ŭƊǽ¦ǱȹȼSPTȽ<ȭŵĚȯơ^{y
ǽ¦ǱȹȼCPTȽ?MPŨąǊŢTƙ�:ȾÏâ?"(PƄƒ·ÂȦĕ
ǰ�TǠ74ǊŢTǇ�/P�Ý-1?Ǳȹ_Xh@ŪƝÝ<Ǳȹýňr
XyhTƮ/�}ńǱȹ?ȟ/PéÓ<� *<;ȾÝ�ȾNo.1, No.3
<ǢƮ-4}ńǱȹýňrXyh?ǋ7:ǺǷ/P�>"ȾCPT@ǊŢ
AǝǔN$ýň-4 RI^{yǽ¦Ǳȹ?MPK@Tƙ�4� 
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� Ƅƒ·ÂȦĕTǰ�/P4J?AȾăǻ</PßLâƢ@Ƅƒ·?ă/PĵĴ³<âȮő?ßLâƢ?�ƙ/P1U

ņĩ³TŷJȾ�ǔ@òĄȟ ?M7:Ƅƒ·?ǚP#Ñ#T¯û/P*<?>P�*QAƾŏŽ;�7:KȾŘȢǦ

ǅŽ>=?MPŘµĩ³ǩš;�7:KÏ.;�P�/>S6ȾâȮð³?M7:¶×,QP1Uņĩ³ȼƄƒ·Tě

%ǿ*2 </Pĩ³Ƚ$ßLâƢ@Ř-:�PĵĴ³T�ÛQBƄƒ·?ǚOȾ�ÛQBƄƒ·?AǚN>���Û

ýň-4}ńǱȹ;ƙ�NQ4Ä�ǑǱȹAȾ�0QKăǻ</PâƢ@Ĝ,T¯û/P4J@K@;�OȾâȮ?M

7:¶×,QPâƢ©@1Uņĩ³Tǰ�/PK@;A>��-4$7:ȾŚéÓ?8�:KȾÌƴǱȹ?M7:Ƅƒ

·?ĵĴ/PâƢ@Ĝ,TŷJ:"%Ⱦð³?MP¶×1Uņĩ³?8�:AȾŉġƫƶLǮǫçƊ>=?M7:ĥN

Q:�PƩǧLƻûĚTƙ�P*<?>P� 
ŭƊǽ¦ǱȹȼSPTȽ?M7:ĥNQP N¢Tƙ�:Ƅƒ·ÂȦĕǰ�Týň/PŇŽ$ē&�SQ:�P�*QAȾ

âƢǶť<-: SPT$Đē&ǠSQȾN¢?ç9&ǮǫĳŽ$ƬƷ-:�P4J?Ⱦİ$Þ;A SPTT�S>�âƢǶ
ťA�Oĥ>�<Ǫ7:KȑǪ;A>��ŚéÓ?"�:KȾƕâ;ýň-4 SPT@ǊŢ?8�:A N¢?ç9&ŨǬ
TǠ7:�P�ƙ�4ĳŽAŊŚȒȂ¾�?MPĳŽȼ}Ǜ?AȒȂŰƮŇŔȽ4Ƚ;�P���?2@ŪƝ?8�:ƾ

À?Ǉ�-:"&�G0ȾâƢ@Ƅƒ·ĵĴ RTŭƊǽ¦Ǳȹ?M7:ŲĚ@M ?ƻû/P� 

Lw RcR ��  

**;Ⱦcw=1.0ȼcXo�âȮ¶)ȾcXo�âȮ¶?ă-:A cw=1.0 � �1.0�LR Ⱦcw=3.3RL+0.67 � �4.01.0 �� LR Ⱦcw=2.0 
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’vAŘµ�ȅàȾNAŭƊǽ¦Ǳȹ@ N¢ȾFCAǆƿ®Ò
ŘƔȾc1, c2Aǆƿ®ǥų Ł;�P�ƈû,Q4 N¢AŘµ�ȅà<
ǆƿ®ÒŘƔǥųTǠ�ȾNa<� Ğ; RLƻûĚ?ƙ�NQP�}

ŇȾâȮ¶?M7:¶×,QPâƢ©@1Uņĩ³ LAŲĚ?M7:
Ǩû,QP� 
 
 
**; zAâǢȱ#N@Ɔ,Ⱦ
v��
’vA§ĩ³<Řµĩ³?MP�ȅàȾkhGAǮǫŶđȮĕ;ȗ³´ȍĕ g?ă/Pâ
Ȯ?MPŖòŶđ´ȍĕ�max@Ŵ�max/g ;Ǩû,QP�âƢƴ° Ł cz=1.0 ;�P��PƆ, z ?"(PƄƒ·ù§Ɣ
FLA FL=R/L<Ǣ/*<$;%P�Ɔ, z@âƍ?"�:âƢ@ĵĴ R$âȮ?M7:âƢ©?¶×,QP1Uņĩ³ L
T�ÛQB FL>1.0<>OƄƒ·Aǿ*N>�<¯û,QȾȊ? L$ RT�ÛQB FL<1.0<>7:Ƅƒ·$ƠƘ/P<
¯û,QP*<?>P� 
� FL¢A�PƆ,?"(Pƍĭé;�OȾƄƒ·?M7:�ȕūȎƐLâ�ūȎƐ?ǣÿTÆF/âƢƌÿ<-:@Ƅ

ƒ·Tǰ�/P4J?ȾFL¢TƆ,ŇÐ?Ƶ®/P*<?M7:ĥNQPķŭ PL$ƙ�NQP� 
 
 

**;ȾFA FL<0@ő@ 1-FLȾȗHȟŁ wAâǢȱ#N@Ɔ, zTȟŁ<-: w(z)=1-0.015z<Ǩû,QP�Ƅƒ·ă
ǻąÃT 20m <-:Ɔ,ŇÐ?Ƶ®-4¢T PL<-:�P�ûǒMOȾPL¢$ò%�E=Ƅƒ·ǣÿ$ƠƘ/PÊǗ

Ĭ$Ⱥ�*<TƮ-:"OȾŉġ@ƫƶ#N PL¢$ 15TȀ!P<ūȎƐǣÿTě%ǿ*/M >Ƅƒ·$ƠƘ/P<
ǪSQ:�P� 
� Ų?Ⱦ^{yǽ¦ǱȹȼCPTȽ?M7:ǫƈ,QP^{y¥ƸĵĴ qtȾÔȱļľ fsȾȞȨŶà u <�74Ǹ¢?ç9
�:Ƅƒ·ÂȦĕǰ�ĳŽ?8�:ǳŎ/P�CPTp{b@Ƅƒ·ÂȦĕǰ�?8�:AȾȒȂŰƮŇŔ@ŇŽ?¹ł
/PƬƷ,Q4K@A>&Ⱦƫƶǔ+<?ƓǙ@ĳŽ;ƻû-:�P@$ƕƒ;�P�ŚéÓ;AȾ�Û@}ńǱȹ?

"�:ýň,Q4 CPT@ǊŢ?ç9�:ȾŁƴȸ@ĳŽTů�C?-:ŨǬ-ȾCPTp{b@Ƅƒ·ÂȦĕǰ�@ƕƒ
<ȾÌƴŽȞ@ŴȄTǠ74�ƙ�4ĳŽAȾȒȂŰƮŇŔ@ŇŽ 4)ȾęƽçƭūȎǮǫķș?MPŇŽ 5)ȾŤƚzTeparaksa
?MPŇŽ 6)ȾRobertsonzFear?MPŇŽ 7)ȾLancellotta8)?MPĻƻ DrTƙ�PŇŽ;�P�45-ȾĳŽ?M7:A
âƢ@Ƅƒ·ĵĴTŷJP*<Tƣơ<-4K@K�OȾ2@êÍAâȮð³?M7:¶×,QPâƢ@1Uņĩ³ L
Aŉġ@ĳŽ?M7:°ȋŷJ4K@Tƙ�:�P*<T�Jņ7:"&�G4Ļƻ N¢?M7:ǰ�/P*<?>7
:�PĳŽ?8�:AȾ^{yǽ¦Ǳȹ?M7:ĥNQ4ķŭ#N N¢?Ļƻ-:ǰ�TǠ74�ȭŵĚȯơ^{yǽ
¦Ǳȹ?MPƄƒ·ÂȦĕǰ�nx{TȾÈO�)4 5ƴȸTŴȄ-:Ǣ-1?Ʈ/� 
 
(1) ȒȂŰƮŇŔ@ŇŽ 4) 
� /;?ŭƊǽ¦Ǳȹ@<*R;ǳŎ-4�Robertson ?MPßǾ®ȸķŭ Ic9ȽTK<?ȾȚřN 10)@ŇŽ;ǆƿ®<

qt#NĻƻ N¢TŷJȾâȮð³?M7:âƢ©?¶×,QPǐOȈ-1Uņĩ³Ŵ LAŉ­@<"O;�P�Ƅƒ·
ù§ƔA FL=R/L ;Ǩû,QP�ŚéÓ;AȾ/D:@ĳŽ?"�:ȾǮǫŶđȮĕ<-:ȾÞß�ȌƦ?MPƂù?
"(PâȮ¶ǭț 11)?ç9% khgL0=0.178TȔƙ-4� 
 
(2) ęƽçƭūȎǮǫķș@ŇŽ 5) 
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**;ȾrdA zTâǢȱ#N@Ɔ,<-:Ⱦrd =1-0.015z;ŉ­;�OȾrnAs]keu{i M@ȟŁ<-: rn =0.1(M-1)
<Ǩû,QP�G4ǆƿ®ǥųAȚřN@ŇŽ 9Ƚ?MP�Ƅƒ·ù§ƔA FL=R/L;Ǩû,QP� 
 
(3) ŤƚzTeparaksaŽ 6) 
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(4) RobertsonzFearŽ 7) 
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}ŇȾǐOȈ-1Uņĩ³Ŵ LAȼ2Ƚ@ęƽçƭūȎǮǫķș;Ʈ-4K@TȔƙ-ȾFL=R/L<-:Ƅƒ·ù§
ƔTǫƻ/P� 
 

(5) Ļƻ DrŽ 
*@ŇŽAȾLancellotta?M7:etyl{ǱȹǊŢ?ç9�:ĺŧ,Q:�P^{yǽ¦ĵĴ#Nƥăāĕ DrT
Ļƻ/PŇŽ 8)Tƙ�ȾĥNQ4 DrT Tokimatsu & Yoshimi?MPǉȹĚ 2)?M7:Ƅƒ·ĜĕŴ R?ïĻ/P<�
 K@;�P 12)��śzȴĉ?M7:ǙƎèƵƪâƢȾåƷâƢ?ă/PŨǬǊŢ$éÓ,Q:�P 12)�}ŇȾǐ

OȈ-1Uņĩ³Ŵ LAȼ2Ƚ@ęƽçƭūȎǮǫķș;Ʈ-4K@TȔƙ-ȾFL=R/L<-:Ƅƒ·ù§ƔTǫƻ
/P� 
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