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� ÍȕQ� ´�RφȈɥa˧ɳNMQβťLńɊO�¯�aȑ˽NMQ¤�nmO1.

Jĸe¸9dgN.ȕRN6φ� ´�Q̱γ3�¨´�Q���ONf:L`ʏ=6N

.χ:gZM\KO� ´�3˳Ƚ=DȜÒRͷıORN6φʐÒʺØO1.JÌ'3ʔ

ɯOiDe� ´�O̤=^:LRų4Nǒ˸jȩ=J.f:Lj̖=J.fχ 

 

τψυ� ´�QȎĤLƼĜ 

� (� ´�τsportυ)L./̷Q̷ɷRφȧȑ� ´�ų͢ĆOcgSφ`L`L¿¼¬

�²̷Q deportareτ� ®�´¯υKφǀOĻÒ�¬²�̷Q desportτ�� ´®υj

˧J 16¼˟O sporte-f.R sportLʬʜ<gφ19¼˟2d 20¼˟O28JŞΟʥOʖ

.dgfc/ONGD̷̋K-fL<gJ.f[1]χȮȴQ̷ORφžɇaɠȟd=L.G

DǒŊ3-eφ(� ´�)Rφɠȟd=ažɇjɇ=^D_OƁŠ=J.DχH\eφ(�

 ´�)QȮ͏R͵UK-fL̩0fχ 

� (� ´�)OΔ?fʴˇRφ:g\KȌŲ6<gJ1eφ(� ´�)QƇ˸RȌŲ6

ƁŠ?fχICSPEτŞΟ� ´�³ß˿̯́ØυRφ(� ´�)Rφ�¯oτ͵UυQǎ

Ɂj`Fφ̄ơ\DRÐ˼LQˍÅ-f.R̄ʀQΠƋLQƑɣjŇ^ͶġLͧYJ.fχ

\Dφ�®�´®³�¯Rφ(� ´�)j͵ǚφΖÅφ1cUɼ=.˾ßɪġQ 3H2d

̝Ń<gD`QLƇ˸=J.f[2]χ<dOφ�®�®�³rm�Rφ(� ´�)Rφɘ

ľOʔ>JK4DΨȢĝĤτȎșĤυQöņjφʪǷ͜ßK̖̓?fƈ͙QƹƱL̹.J

.f[3]χ:Qc/O(� ´�)3ŝƇʥNƇ˸j`DN.QRφ(� ´�)3igig

ÌΓQ͜ßjL`N/ȧ`ͥ͜NȎĤK-f3b0OφʺØaʓūQůĤOǉ>J� ´

�QȹD?Y4ƼĜ`ůĤ=J4J.fD_K-fL˻0dgfχ=2=N3dφŲ6Q

� ´�ƃ˼Rφ(� ´�)jáȡO18fáě͜ßr�®x´Qɮ͋τɬ͋υLͧYJ
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1eφ(� ´�)QƇ˸Rφ.@g`͵UQβťK-f:L3ĘǺO<gJ.f[4]χ 

� ʐÒO18f� ´�ȎĤQ¿ǇR�´®|´£K-eφ� ´�ȎĤQͥÒĤjʆǆ

I8DQ`�´®|´£EL˻0dgJ.f[5]χȕȮO18f¿ŶˍǠřßQʣ˼Ȍj

˄ʩ;LO]fLφîÌʣ˼Ȍ3ȧ`Ų.˄ʩR��u´τ88¶ 8,916ÌυK-eφÓ

¹��{���´®τ61¶ 6,839Ìυφ������τ46¶ 1,508Ìυφ�¯´�´®τ42

¶ 9,830Ìυφĩʑτ30¶ 96ÌυQαK¸Ü 5ÜāJ3�´®jãʖ=DˍǠK-f[6]χ

:gdQͥÒ� ´�Rφ.@g`ɑƝa˙ŞK̵ʔ=J1eφ¸ˢΝˢj¿ǇO͵ǚL

=Jʢƙ=J4D� ´�K-fχ 

� ͥÒ� ´�3ȕȮXÙȁ=DQRφƏŞƶĄaɚʕ̆Ʌj�°´v²OŞƌ3ͥÒĤ

<gŻ_DșɥȜÒK-f[7][8][9]χșɥȜÒQȊ˿RφƏŞƶĄQ͘˯OƼˉHÌΓjâ

fL:hOÁʯ3˶2gJ1eφĻ62dɕŭL=JQãŌjȹD?D_QΎΌjʩʥL

=J̓igJ4DχBQD_φȕȮĻȴQȺaęφƲNMQɕRφǇ͜ΎΌLº

˛˝ʼQɰκL=Jß˿KĸeǞigJ1eφȕȮXÙȁ=DͥÒ� ´�`ȕȮĻȴ

QÙ˪� ´�Lɲń<gJƏŞƶĄQD_QĄŭ˿ǗL=JQƼĜjǩ.˝ʼíκaȊ

˿Ġȹ3΅k>dgJß˿XĸeĀgdgD[10][11][12][13]χ:gdQ́Ȟ2dȕȮO1

8f� ´�RφȮȴQǒŊjˬǟ=D¯�¦´LȊ˿jʩʥL=Dß˿L./Ç΅ɉͱ

j`GJ1eφ� ´�Lß˿Q½˼QΔéRφɑ˙QŪŃR� ´�ϐß˿ϐȊ˿L.

/ŜƱK-f:LOƑ=φȕȮKRȊ˿ϐß˿ϐ� ´�L./ŜƱKLd0dgJ4J

.f[14]χH\eφȕȮO18f� ´�Rφɑ˙Lɝ͡?fLȊ˿ʥóΩ3ƶ.öņO-

fL.0fχ� ´�LƃȾß˿QĸeǞ.`Ş'OcGJʞNGJ1eφ�¬²�ao

x�φt´��¬mKRφ� ´�LƃȾß˿KǛ˔3ĥĒ<gJ.fQOƑ=φȕ

ȮKRȊ˿jŁfȎˀƃʬτÓ¹φȎˀʬυ3ƃȾß˿L� ´�QĵȒjǛ˔=J.

f[15]χ�  

� ȎˀʬRφ(� ´�Rφ¼ʛăͯQÌεQȎĤK-f)L=φ� ´�OΔ?fȓˑQ

ŧȮÆΰjƇ_f� ´�ŧȮɧτƧǗ 23ƨȓ̓υQĘȎO1.Jφ� ´�QȹD?Ƽ

ĜjɐQc/OͧYJ.fχ(� ´�Rφ*::h+L*2dE+QòāNʢjê=φ

ßjġ2?L./ÌΓQȮɷʥNɒɢOǉ0φʁǊǔφǗǔφÐ˼LQͲƤǔˏQ˝ʼ

ʥü͕aɇ=<aŔUj`Dd=φșf6͂2KɪĝOɶFDʺØQƹǗOƎ»?fχ\
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Dφ� ´�RφΧƗƨQǇ͜QòāNʢO͍?fLăOφ� ´�jͯ>DÊɫRφ

šťʺØQĉʔOHN3fχ<dOφ� ´�ʕɅQƪ3eRφǘ3ŞQ˧ɳʥĠȹjʔ

]φ� ´�QŞΟÊɫRφŞΟʥNĴźL̤œOĞ0φŞΟʥšÜQņ¸O͍?f[16]χ)

:QĘȎ3ɔOʐÒO18f� ´�QƼĜBQ`QK-fL˻0dgJ.fχ 

� ʐÒQ� ´�RφȮ͏jˬǟ=N3d`ʺØφȈɥφȊ˿φĦʠφʿʻˏQ-dbf

βťKŲ6QĠȹ3ȫƾ<gJ.fD_φŲ6QŞ'K� ´�OΔ?fȓˑ3̓ig1

eφȕȮO1.J`ȜÒQɫgOǉ>D� ´�ǸͳOƑ?fĸe˦]3ŞƌȈˑL=J

̓igJ.fχ 

 

τωυ� ´�ǸͳLˍǠĝņ¸ 

� ȕȮO18f� ´�QŧȮʥNÆΰRφĘͧ=Dc/O� ´�ŧȮɧOƇ_dgJ

.fχ:QɧƿRφțō 36ƨOƇ_dgD� ´�ǳ̆ɧ3Ĩ¼˟WeOāΩȆɔ<gD

`QK-fχȕȮKRφ� ´�ŧȮɧ3ˑƇ<gf\K(� ´�ǳ̆)L./̩̏3

ãʖ<gJ4D3φ� ´�ŧȮɧKRφ� ´�Qǳ̆j<dOǸ=ͳ_J.6L./

ǒŊŃ.K(� ´�Ǹͳ)L./̩̏OȆ_dgJ.fχȮʴˇRφÍǀQ� ´�Ǹ

ͳO͇ʋ?f`QK-fD_φȮʴˇO1.J`(� ´�Ǹͳ)L./̩̏jʖ.fχ 

� � ´�ŧȮ̪ʚORφ� ´�ŧȮɧOŧI.J 10ƨ˃Ʈj̠ͯ=DŧȮȒΉjƇ_

fLL`OφƧǗ 24ƨƮ2dƧǗ 29ƨƮ\KQ 5ƨΓO18fąßʥN� ´�ǸͳQ

D_QȈˑ3ʹ<gJ.f[17]χ:Q̪ʚQćƍRφƧǗ 22 ƨOˑƇ<gD(� ´�ˉ

ŞǙʜ)QćƍjƳ4ˬ7`QK-eφ(ſM`Q� ´�ɎØQüƈ)φ(¬o���´�

Oǉ>D� ´�ɪġQǸͳ)φ(Þɟ3ÁßʥOĲʚ?fšťQ� ´�ʓūQȍô)φ(Ş

ΟˍǠĝQņ¸)φ(ŞΟÊɫ³͇ʋQǸͳ)φ(� ´�ʛQͭșǎφĂƧ³ĂɔǎQņ¸)

Q 6H3ąßȈˑL=J-9dgJ.fχ� ´�QΔieȒORφ(?f� ´�)φ(]

f� ´�)φ(ȅ0f� ´�)Q 3HOčε<gf[18] [19] [20]χ(]f� ´�)Rφ

ȎʋOcGJ(̥f� ´�)-f.R(̠f� ´�)L̖ʐ<gJ.f3φȮʴˇK

Rφ���m�´�3ŞΟųØa�°� ´�K(οAf)ˍǠjØŪK̥Ǚ³̥͎?

f:Laφ�¯�NMQ¤�nmjͯ>JˍǠj(̠f):LNMjˮ>J(]f� ´

�)L̖ʐ=J.fχ(?f� ´�)RφòưQëǰ³ŬͳjʩʥL=D(òư� ´�)



 4 

LφˍǠĝQņ¸jʩʥL=D(ˍǠ� ´�)Q 2HOų46ųĒ<gf3φȎˀʬRφ

ˍǠ� ´�O18fŞΟˍǠĝņ¸3� ´�ǸͳQ΅̞NƼjǩ/L=JφˍǠ� 

´�OΔ?fĸe˦]jʹ=J.fχȎˀʬRφ� ´�ŧȮ̪ʚKǝFČ=DȈˑjƈ

ʐ<AfD_Oφ� ´�Q 3HQΔieȒ2dφ(?fÌ)φ(]fÌ)φ(ȅ0fÌ)Qź

ǅʓj΅̢̞=J.fχ(?fÌ)φ(]fÌ)φ(ȅ0fÌ)QźǅʓLRφŞćO18f�

��m�´�3ŞΟˍÅĝjξ_φŞΟˍǠųØNMKɪ͛?f:LK(]fÌ)Q�

 ´�OƑ?fΔǇjξ_φ(?fÌ)Q̜Άjǭų<AfL./`QK-fχ\DφŞć

KƶĤ<gD���m�´�3:g\KŦGJ4DξƮNǠ̔jɪʖ=Jšť� ´�

y¬�KǱƕj̓/:LKφȑDN���m�´�Q˿ǗLšť� ´�QɪǎĤjê

?:L`ȫƾ<gJ.fχ 

� � ´�ǸͳQD_Oȫƾ<gfŞΟˍǠĝQņ¸Rφ� ´�OΔ?fÄ˓2d`̺

]ĸf:L3K4fχȕȮO18f� ´�OΔ?fÄ˓RφƧǗ 23ƨƮKRͷıȧξQ

228ùĈ3ĜeƸJdgJ1eφͥƨŬĞöņO-f[21]χ:QÄ˓RφƃȾß˿φʔɯ�

 ´�φ̱ Ǡ� ´�Qų46 3HOĜeƸJ1eφBgCgQĜŃRφƃȾß˿3 23.3%φ

ʔɯ� ´� 8.9%φˍǠ� ´�3 67.8%K-fχˍǠ� ´�QÄ˓τˍǠĝņ¸Δé

Ä˓υRφ��ª�®ˍǠĝņ¸�°�qy�φȕȮt²��yżŏØQ̚ğφɐ¼Ò

m�´�ʆĒƶĤǸͳÆɅφNTCˍǠĒƶĤǬɽȓ̭ɪʖÆɅOĜeƸJdgJ1eφ

:gdQÆɅQ¿K`ʆO��ª�®ˍǠĝņ¸�°�qy�ORφŲ6QÄ˓3ĜeƸ

JdgJ.fχ��ª�®ˍǠĝņ¸�°�qy�Rφ¡®�� ´�Ocf¤�®ʌǂ

�°�qy�Lφ¤�® �²�¦®m�´�˿Ǘ���£ɉ˖ÆɅQ 2 HOčε<g

J.f3φ.@g`ŞΟˍǠųØO18f¤�®ʌǂOņ8D`QK-f[22]χ 

� ¡®�� ´�LRφĦ³ˀƃφǇʒƃφʔʒƃφȽκƃˏQɪʖaˍǠʖɎŕ³ʖą

ˏQΒʢφǐũQķ³čȷ³ǙʜˉɂNMłƓΑčΆ2d� ´�jǂJφ�´|��

ˍǠ˄ʩQm�´�jµ͉=JƶĤ=J.6���£K-f[23]χ¤�® �²�¦®m

�´�˿Ǘ���£Rφȩ̂Nm�´�j¤�®ʌǂQɺŠĝjȩ?f;ǜXɛΝ;

LOʆĒƶĤ=J.6���£K-fχ:gdRφ2001ƨO̭ˉ<gD� ´�QʴˇɎ

ΔK-fŞˉ� ´�ˀƃ�²�´Lφ2008ƨOΒŻ<gD���m�´�Q�¯´�

²zȓ̭K-f��ª�®�¯´�²z�²�´j¿ǇʥNǬɽL=JƙΒ<gJ.fχ
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� ´�O18f¼ʛQƶ̈́ŞR�¯´�²zʓūQȍôaˀƃʥN� ´�ßĔQɉ˖

NMOcGJ¤�®QʌǂȌjŬa=J1eφȕȮO1.J`¡®�� ´�ÆɅNMQ

ĸe˦]OcGJͥƨ¤�®QʌǂȌjŬa=J.fχ2012ƨO̓igD°²�²t²

��yKRφľ¸ȧŲK-f 38 îQ¤�®jʌǂ=JŞćjų.Oʦe¸9Dχ<dOφ

2020ƨO̓igfŰƂt²��y³�¬²��yQΒõš3ȵËOɣƇ<gφȕȮK

R� ´�OƑ?fΔǇ3\?\?ξ\GJ1eφÍǀ<dNfŞΟˍǠĝQņ¸Ocf

� ´�Ǹͳ3ȫƾ<gJ.fχ 

 

âáã� i§³�)%�&�

� τĂ͆υȕȮĩʑĪØXQʣ˼ȌRφƧǗ 21 ƨƮO 30 ¶Ìj͓0J2dBQǀ`Ŭ

ĞQµͮjDMGJ.fχŜ 1.1 Rφțō 54 ƨƮ2dƧǗ 24 ƨƮ\KQτĂ͆υȕȮĩ

ʑĪØXQʣ˼ȌQǸ˂jʹ=D`QK-fχτĂ͆υȕȮĩʑĪØXQʣ˼ȌRφŞ

ćQˍǠ˄ʩîÌʣ˼Ȍ2d]fL 5 ʝʩOŲ6φĩʑˍǠRˍǠL=JΨƦOÌɠQ

ξ.� ´�K-fχćΕƭ3̓GDßĝ³� ´�OΔ?f¼̾̽ȼτƧǗ 25ƨ 1Ȩƈ

ȓυKRφ1ƨΓO̓GDͶġ³� ´�O1.JφĩʑR 7ʝʩOƈȓ˼3Ų6φÍǀ̓

GJ]D.Ͷġ³� ´�L=JR 5ʝʩOŲ.� ´�K-GD[24]χĩʑˍǠRφˍǠ

� ´�L=JE8KRN6φòư� ´�L=J`Ų6QÌ'O̤=\gJ.f� ´

�K-eφĩʑǓź˼`Ň_fL¼ʛ¿Q 4,000 ¶ÌO̤=\gJ.f� ´�EL̩i

gJ.fχ\DφͥƨKRφĩʑQ¬´OƑÌºƅǔǐj`HÿˋQ(ǐġʥĶǉǎ)

QȆœaξς˼Q̴ʲʟÄΗφ<dOR̃̒˔ΠƋQ��NMO`Ġȹ3-f:L3

șd2ONGJ1eφĩʑˍǠRφΠƋ˼� ´�L=J`ͶġĠȹ3ξ.� ´�K-

f[25] [26] [27] [28]χ  

� � ´�ǸͳORφłˍǠQŞΟˍǠĝņ¸3ɢ_dgJ.f3φȕȮQĩʑˍǠO1

8fŞΟˍǠĝRɣ=Jξ.LR̩0N.χĩʑˍǠO18f¼ʛ¬²w²zτ2014 ƨ 1

ȨʐŠυKRφ¸Ü 10ÜQʙſ;ǜOR 6ŅφŹſ;ǜOR 7ŅQ¿Ş;ǜ3¬²yo²

=J1eφ¼ʛȧξƜQˍǠØK-ft²��yKRφ¿Ş3̖ƺĽjʊĭ=J.fʇ

ǕK-fχĩʑˍǠRφ¿ŞKŞΟųØXQÒ̖ɍjǂdgN2GD;ǜ3ÐŞKŞ˘j

ʌǂ?f:LKφÒ̖;ǜL=JŞΟųØXČŪK4fD_φ¿ŞÓűQŞKɪ͛=J.
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f;ǜK`ûȴ¿Ş;ǜK-fŪŃ3Ų.χŞΟt²��yżŏØτIOCυRφ70 uŞ

Ó¸Oȝĳ=N.ˍǠRφt²��y˄ʩ2dQĸeɮ=j̡ƇOƇ_J1eφĩʑ

ˍǠQŞΟĤ3:Q\\ñɹ?gSφĩʑˍǠRt²��y˄ʩ2dΛű<gfĮΜ

ǎ3-fχBQD_φĩʑˍǠQˍǠĝņ¸RφȕȮQ]Nd@ŞΟʥOɢ_dgJ.

fχ 

� ȕȮRφ2012ƨO°²�²KΒõ<gDt²��yO1.JφĩʑŹſQ˄ʩKΊ¤

�®jʌǂ=Dχt²��yQĩʑˍǠO18fȕȮQ¤�®ʌǂRφʙŹjͯ>JĐ

_JQǊǲK-GDχ°²�²t²��yQ;ǜLˍǠOΔ?f̽ȼRφĩʑŹſQ̥

ǙʍR 3ʝʩOξ6φǔġ=DˍǠL=JRȧ`Ķέ3ų42GDL<gJ.f[29]χĩʑ

ˍǠRφʖą3ǹ0S˺̉ʙŹ3̻K`ƅāO̓/:LQK4f� ´�Kφ(ˍǠ� ´

�)φ(òư� ´�)φ<dOR(ΠƋ˼� ´�)L=J`łƨÒQʩʥOǉ>Jφµʔ

ɯjͯ>J̤=^:LQK4f� ´�K-fχBQD_φĩʑˍǠQŞΟˍǠĝņ¸R

ĩʑʛQʢƙR`LceφĩʑˍǠ3ȝĳ?f:LOcGJ� ´�ǸͳXų46͇ʋK

4f`QL˻0dgfχB:Kφ::KRĩʑˍǠQɘľʥ́ȞjɈ̥=φˍǠʆǎNM

2dˍǠĝņ¸O18f:g\KQŒγɽaȆœɽOH.JɃ̫?fχ 

 
ČĆύ(Ă͆)ȕȮĩʑĪØ*ȕȮĩʑ�²���yƧǗ 24³25ƨƮʃ+φ 
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τψυɘľ 

� Ų6QÌ'O̤=\gJ.fĩʑˍǠRφ�´�®���LŋSgfc/O���2d

ʢʽ<gJˍǠĤ<gD� ´�K-eφʐÒQ� ´�jǩGJ.f�´®|´£Lń

ɊOo²z¬²�K̵ʔ=φșɥȜÒOȕȮXÙȴ=D� ´�K-f[30] [31] [32]χŞΟ

ĩʑͲʧĬʅλ2dČʃ<gD The Table Tennis CollectorOcfLφĩʑˍǠQʢʽRφ

19¼˟QȧǀQ 25ƨτ1876,1900ƨίυL<gJ1eφƸȜRφθŨQ�´�®L̏Ƣ

QVDa�¦²�²Q}®yNMQįƣʖąjʖ.J͊ȔQžɇL=J̓igJ.D[33]χ

ĩʑQƪ\eRφ�®°o�̛Q�´®jǝFŃ/ΟOέ6ά2d��² ²�LŋSg

f|´£L=Jφ19¼˟2d 20¼˟QůieʩOɑƝaɑ˙j¿ǇOƪ\GDQ3Ż\

eK-fχ«´°��QĩʑRφ1940ƨÒ\KžɇL=JQζɻ3ƶ2GD3φ�²v

´Qƶ̈́;ǜ3o²z¬²�j¿ǇOĩʑQrw�o�n²zN¬´Qrw���ª²

j̓GD:LOceˍǠL=Jȝĳ=Dχ 

� Í`N1Βõ<gJ.f¼ʛĩʑ;ǜɍųØRφ«´°��;ǜɍųØ3ɀɷK-eφ

ˎ 1ŗųØR 1926ƨO°²�²KΒõ<gJ.fχȕȮa¿ŞNMQm�mģRφ¼ʛĩ

ʑ;ǜɍųØO 1940ƨÒ\KĲĞ=J.N.D_φ 1940ƨÒ\KRɑƝQ;ǜ3ɪ͛j

˭8J.DχɑƝQ;ǜ3ɪ͛=J.DȜÒRφ���Qξ<3ʐŠce` 4 čQ 3 o²

�τˠ 1.9cmυξ6φƶǝ?fLŷɽOHN3fD_φ¬�´�´�j͌Ñ=N.¬{�

�a˚QH.D�´®QƷ]O6.¬�´�´�τʐŠQµȸ¬�´υj͌Ñ=D¬{�

�3ãʖ<gJ.DχǠ̔Rφ��y�o²zjZLkMLd@O�´®Q�p²�ʪǀ

jǝʑ?f(�ª´�)aφ�´®O��y��²Qŗ͞j28f(u��)a(���

w)LŋSgfƄôǠ̔3ÁɫK-GDχBQD_φƸȜQ¬´RφĩʑľO̬3ə

fZMȜΓ3ΐ6φ���Ƴ4¹9QůȤaĔΙȜΓj̡Ƈ?f®´®Ȇɔ3̓igDχ 

� ȕȮ3Đ_J¼ʛĩʑ;ǜɍųØOĲĞ=DQRφ1952ƨOo²�Q�²�oKΒõ<

gDˎ 19ŗųØK-eφȕȮRĐČŪO=J 7˄ʩ¿ 4˄ʩKúĢjιGJ.fχȕȮRφ

Bg\Kãʖ<gJ.Dµȸ¬�´O� ²�j͌eŃiAD¬�´�´�aφ̙���

¬�´LŋSgf¬�´�´�j͌f:LK�´®O��´�jʔ]Č=φ·ʑʩȇȀL

ŋSgfǙ̔K«´°��jʵGDχ·ʑʩȇȀLRφŗ͞jēʖ=DˎµʑʩQ�´�

�KφʫǜQͦʑjɭ2Aφˎ·ʑʩjξ.ǝʑɽ2d��´��´®jǝFͣ^(�¡
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��¨)LŋSgfǠ̔Kǂɽ?fǙ̔K-fχȕȮRφ:Q��´�jɪʖ=DǠ̔L

Ǚ̔jÁL=Jφ1950ƨÒRƦO 2˄ʩÓ¸QúĢjιGJ1eφ1959ƨOR 7˄ʩ¿ 6

˄ʩKúĢjιGJ.fχ:QȜÒ3\<OĩʑʎŞȕȮLŋSgJ.DȜÒK-fχ 

� :gOƑ=J«´°��RφȕȮ;ǜ3ǂǒL?fǙ̔jƒ>fD_O� ²�¬�´

jʾɓ=Dχ=2=φȕȮ;ǜRφŗ͞j΅̢=D(®´��¬o�)LŋSgfǠ̔K

ʫǜQͦʑjɭ2AJφ(�¡��¨)Kǂɽj΅PfǙ̔jʖ.J«´°��;ǜjşï

=DχȕȮRφ:Q�¡��¨LŋSgfǠ̔jǂǒL=φƸȜR�¡��¨Ocfǂɽ

j΅PfD_Oφu��Qc/N�´®3N2N2ɭ.Jͦʑ<gN.ǙŤOƑ=JRφ

�´®3ɭ.Jͦʑ<gf\Kŷɽ=N.D_Q 1000Ȯ¬´LŋSgf˰˹aφM:O

�´®3ɭ.Jͦʑ<gJ`�sm�²�K�¡��¨jǝʑ?fD_Q͑eͣ]Ocf

���±´yQƶĤj̓GD[34]χ 

� ¿Ş3ĩʑʛKɩʩj_fc/ONGDQRφ1960ƨÒK-fχ1960ƨÒQȕȮRφ

ŹſKRúĢ3-f`QQφʙſQúĢRφ¿Ş3ĲĞ=N2GDȜQ 2ųØQ]K-fχ

¿Ş;ǜRφ¿ŞƱ�²�®�´z��LŋSgf¬{��OʑΤgQȗ.̖���¬

�´LŋSgf¬�´�´�jãʖ=φ�sm�²�`��y�²�`ĩʑĽ2dΤg@φ

ȗ.ǝʑɽKǝʑ?fǠ̔LǙ̔jʔ]Č=DχȕȮ;ǜRφ�sm�²�K�¡��¨

jǝʑ=Jǂɽj΅PfǠ̔LǙ̔K-GDD_φ���±´yjɪʖ=J�sm�²�

KȇȀj=c/L=J`φ¿Ş;ǜOΓOŃiN.�o¢²zKǝʑ<g¿ŞOʵgDχ 

� 1970ƨÒÓΘRφʆOŹſO1.J¿ŞQāʦȫ3˭.Dχ«´°��RφȕȮa¿Ş

NMQm�mģ3¼ʛĩʑ;ǜɍųØOĲĞjŻ_J2dɾĊQȜÒ3ˠ 20ƨΓ˭.J.

Dχ=2=φ1970ƨÒRφξǎ̂N̙���¬�´3¼ʛʥOȝĳ=D:LOceφ«´

°��Q;ǜRφßɁaːĝʆǎjɪʖ=Jφ�´®Oƶ.�����²j28f(�±

´�¬o�)LŋSgfǠ̔jǂǒL=JφħȌƨWeOúĢjιGDχ¿ŞRφ:gO

Ƒ=Jŗ͞jůĤ<Aa?.m²�¬�´a˚ξ¬�´LŋSgf¬�´�´�j¬{�

�Q̙ΩO͌f:LK«´°��;ǜOƑǤ=DχȕȮRφ�²�®�´¬{��jãʖ

=φ��y�²�K�±´�¬o�j�°�y=φ�sm�²�Q�¡��¨Kǂɽjɣ

_fǙ̔j¿ǇOŹſřßφʙſ�²z®�KúĢjιGJ.fχ=2=φ¤�®ʌǂȌ

Rφ1950ƨÒQƧŢ 4îOƑ=Jφ1970ƨÒRφɜŗψîQʌǂOǀͪ=J.fχ 
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� 1980ƨÒÓΘRφ 1950ƨÒOʔ\gD�¡��¨aφ1960ƨÒO¿Ş3ǂǒL=D�

´®jȗ.ǝʑɽKǝʑ?fĘΚͰȇQǙŤOĞ0φ1970ƨÒQ�´®Oƶ.�����

²Qŗ͞j28f�¬o�Ǡ̔aφʞ͏¬�´OcfʫǜQ28Dŗ͞jēʖ=J�´®

Qŗ͞jůĤ<AfǠ̔φ<dOR�¬o�Ǡ̔OƑ=J<dOƶ.�����²Qŗ͞

j28fup²�´�¬o�L.GD�´®Q��´�Lŗ͞jēʖ=DǠ̔3ʢƙ=Dχ�  

� ĩʑˍǠRφˍǠL=J̵ʔ=J2dłŞK_\7f=.Ǡ̔Ϊȑj˧Jφ1988ƨOΒ

õ<gD�p®t²��yKɔƱ˄ʩLNGDχt²��yO18fĩʑˍǠQ¤�

®ʌǂȌRφ¿Ş3 47 îKşïʥOŲ6φ2 ʝʩOŲ.ΫŞQ¤�®ʌǂȌR 18 îK-

fχ¼ʛĩʑ;ǜɍųØKRφ1980 ƨÒ2d 1990 ƨÒǀĨ\KOʙſřßO1.J�p

q´�²3¿ŞjʵGJ 4ƮQúĢjιGJ.f3φ2001ƨÓΘR¿ŞQͲ̟3˭.J.

fχŹſO1.JRφ1975ƨÓΘR¿Ş;ǜQşĢʇǕK-fχȕȮRφ1981ƨO©´~

�¬�mKΒõ<gD¼ʛĩʑ;ǜɍųØKĐ_JɾĊO˥ieφBgÓΘR¼ʛ�¨�

mKQúĢR-f`QQφʐŠ`¼ʛĩʑ;ǜɍųØKQɾĊR˭.J.fχ 

� ĩʑˍǠRφͥÒ� ´�Q�´®|´£Q¿K`®´®aʖąφǠ̔aǙ̔QΪȑ3

_\7f=.ˍǠK-fχͥ ƨO1.JRφ2000ƨO�´®Q�o�3 38mm2d 40mm

XLůȤ<gDχ\Dφ|´£QɉǗO1.JRφǁȴR 1|´£ 21ɽĔK 1¡��3 3

|´£\DR 5|´£K-GDQOƑ=φȆɔǀR 1|´£ 11ɽĔKφ1¡��R 3|´

£φ5|´£\DR 7|´£ONGDχʖąOH.JRφ�´®��´�aŗ͞3Ŭ?��

´�z®´LŋSgfǷʰĚQãʖ3ʾɓONGDχ:gdQ®´®ȆɔRφĩʑˍǠj

̥Ǚ?f�l²OLGJĩʑˍǠQrw�o�n²zN¬´jɇ=kK`d/D_Q®

´®Ȇɔ3¿ǇK-eφĩʑˍǠjƪ6ȝĳ<Af:LjʩʥL=J̓igJ.fχ=2

=φ¿Ş3æʀL=JşïʥNƶ<j̳GJ1eφ°²�²t²��yO1.J`ā˄

ʩK¿Ş3Έ¤�®jʌǂ=J.fχŞΟĩʑͲʧRφ¿Ş;ǜQʊĭOcfĩʑˍǠQ

t²��y˄ʩΛűjŗͿ?fD_OφłŞQÒ̖;ǜQĲĞÌȌOĔΙj̭8D3φ

ĩʑˍǠQȝĳRφMQc/N®´®Ȇɔj̓GJ`łŞQˍǠĝ3ņ¸=N.25eˬ

˭<gfŒγK-fχ 

� :g\KQĩʑˍǠQɘľjǳeͦfLφȕȮR 1950ƨÒOĩʑʎŞj˖.D�¡��

¨Ǡ̔j.2NfȜÒK`΅k>J.föņO-fχ1980ƨÒÓΘOɾĊLNGDȕȮRφ
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¼ʛQ¸ÜKʖ.dgJ.fǠ̔jĸeĀgN3d`φ�¡��¨Kǂɽ?f:Lj¿Ǉ

L=D�¯´�²zjˆkK4J.fχ1990 ƨÒĐȫO1.J`φȕȮQȽþ2dˠ 40

ƨ˧ͷ=J.fO`Δid@φ1960ƨÒO̓igJ.D�¡��¨jǝʑ?fD_Q˰˹

a�¡��¨OHN9fD_Q¬´˰˹3Ǳƕ<gJ.DχʐŠO1.J`BQc/N

Ǳƕ3̠Ĺ8dgfQ3ʐʇK-fχ¿ŞRƦO̿űŞQǠ̔aǙ̔jʴˇ=φłŞOƑ

ǉ?fǠ̔aǙ̔φʖąjʔ]Č=N3dφ¼ʛQĩʑʛOŅjͲPJ.fχ:g\KQ

ȕȮL¿Şjɝ͡?fLφȕȮQĩʑˍǠO18fˍǠĝņ¸jɖɓ_J.fQRφÙ˪

j΅k>fȕȮQȊ˿ʥóΩOcfŅəǱƕ3µŘK-fL˻0f:L3K4fχƦO¼

ʛQĩʑʛjʍ.J4D¿ŞRφ2001ƨ\KQ̽ȼKĩʑQ 37-fǠ̔Q/F 21QǠ̔φ

?NiF 57%O1.JÐŞceúgJ.fL<gJ.f[35]χȕȮRφ̿űŞQǠ̔aǙ

̔jͼĎOčȷ=N.\\φ¿Şa«´°��Kʔ]Č<gDǠ̔aǙ̔jĸeĀgJ4

D`QL˻0dgfχ 

� :gdQɘľʥ́Ȟ2dφĩʑˍǠO18fȕȮQŞΟˍǠĝjņ¸<AJ.6D_O

RφÙ˪OLdigDŅəǱƕLłŞQǙ̔aǠ̔Qǀͩ.KRN6φ̿űŞQýˌj.

6ʐÒOį=DĩʑǱƕjȝĳ<AJ.6ǈ̞3-fL˻0dgfχ 

 

τωυˍǠʆǎ 

� ĩʑˍǠRφ���jƵGDĩʑĽjR<]φ1îQ�´®jǝFŃGJĢȉjˍ/� 

´�K-fχãʖ<gf�´®RφʑǠQN2Kȧ`Ɩ<6͠·Kφ�´®jǝʑ?fΟ

Oãʖ<gf¬{��ORφ~£̛Q¬�´3͌Ñ<gJ.fχ:gdQʖąOcGJǝ

FČ<gf�´®RφŞćQƃʔ����¯´§´K`φ93km/hOQ[eφŗ͞ȌR 120rps

O`?f[36] [37]χĩʑˍǠQ�´®��´�Rφ˫ ƑðK]fLǣʑ<gfΆʑ�´®

Q��´�ce`ʹ.3φĩʑˍǠRĘΚK-gSʫǜLˠ 3m˃ƮQ͖ΤKǝʑ=Ń/D

_φ:Q�´®��´�2dǸƇ?fLʫǜ3ǝʑ=J2d 0.2ˁÓćOĶǉ=Jǝʑ=N

8gSNdN.:LONfχɤƯdRφĩʑˍǠQ¼ʛKɪ͛?f����¯´§´Q¬

´Rφʫǜ3ǝʑ=J2dɐOǝʑ?f\K 0.7 ˁȭɶK-eφȇȀńŭQ̰ŃQ 80%

Rφ1¬´3 4ˁÓćKǝʑȌR�´��jŇ_J 5ŗÓćK˥Ã?f:Ljșd2O=

J.f[38]χ:gdQ͍ȏRφ38mm QȖ�´®jãʖ=D`QK-f3φ40mm �´®
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Q¬´ȜΓRφ38mm�´®ce` 3-4%ΐ.:L3̽ȼ<gJ1eφĩʑˍǠQ¬´

Rφ.@g`ÐQʑǠLɝ͡?fΨƦO��´�n´K-f:LRșd2K-f[39]χ\Dφ

ĩʑ�´®Qŗ͞ȌRφΆʑa���NMQÐʑǠOɝYfLΨƦOų46φʫǜQǝʑ

}´�3ÄɵK4J.J`ʫǜQŗ͞Oƻέ<gJr¬´=J=\/:L`ƗN6N.

[40] [41]χBQD_φĩʑˍǠRφʫǜQǝFČ<gD�´®��´�aŗ͞τŗ͞Ȓņa

ŗ͞Ȍυφǝʑ}´�NMjʱȜOđȐ=φBgdOǉ>DǙ̔j˦]ˉJJͦʑ?f:L

3ɢ_dgfˍǠK-fχ̍ȱÖȠɞRφ:Qc/NˍǠʆǎ2dĩʑˍǠj(100m͑

j=N3d�q�j̓/c/N� ´�)L̯=J.f[42]χ 

� \DφĩʑˍǠRφ��{���´®a�¯´�´®φ���a��¢²�²NMQˍ

ǠLɝ͡?fL;ǜQƨςaßɁNMQßĝɡɸOcGJĢȉ3ƟĿ<gO6.Q`ˍǠ

ʆǎQµHK-fχĩʑˍǠQŞćȧųQˍǠųØK-fāȕȮĩʑ;ǜɍųØKRφä

ƨƖ¿ƃʔ3łƭʭQÄ;jͯͷ=Jµ̇QOĲĞ=φȧƨƗČŪ̬aȧŲĢē

̬jȤȑ?f:LḴγLNGJ.fχ\Dφ¼ʛ¬²w²zτ2013ƨ 1ȨʐŠυj]

fLφʙſQ 5ÜOR 16ɗQ;ǜ3ĀGJ1eφŹſQ¬²w²zKRφ¿ƃʔ3 80Ü

ÓćO 4 ŅĀGJ.fχƖ¿ƃʔ3ųƃʔaʺØÌjʵGJĢF¸3eφ����¯´§

´LƑǙj?f:LRʑǠQ¿KRΨƦOʏ=6φĩʑˍǠQų4NʆǎK-fL̩0fχ

ĩʑˍǠKĢF¸3GJ.6D_ORφ��´�QͰ.�´®aŗ͞ȌQų4.�´®O

Ƒǉ?f:L3ǈ̞K-eφĩʑˍǠRφƑǙʫǜLQ͖Τj˻0fL�±´ce`ǝʑ

Ǡ̔QȒ3΅̞ONfD_φƖ¿ƃʔK`ʫǜ3ƑǉŚΥNǙ̔j˦]ˉJφBQǙ̔j

ƈ̓K4fǠ̔3-gSǂɽ?f:L`ļ̂K-fχH\eφƑǙʫǜOƑ=JMQc/

NǠ̔jʖ.JφMQc/OǙ̔j˦]ˉJJ̰Ńjͳ_f2L.GDǠ̔LǙ̔Q̞ˣ

RφĩʑˍǠQĢȉOȧ`ƻέj»0f̞ˣK-eφˍǠĝņ¸QŧʨLNf`QL˻0

dgfχ� �  

� Ŝ 1.2RφĩʑˍǠQˍǠĝņ¸OΔé?f̞ˣjʹ=D`QK-fχĩʑˍǠQˍǠĝ

ņ¸ORφǠ̔LǙ̔Q̞ˣjŧʨL=J-dbf̞ˣ3ʫÈOΔé=J.fL˻0dg

fχĩʑˍǠRφ�´®Q�o�aˍǠβť2d?fLφͶġƶƮjŇ^ʔßͅǩƮRB

gZMξ6N.LǴ0dgf:L3Ų.χ=2=φ¼ʛKɪ͛?f����¯´§´Qß

ĝɡɸRɆ_Jξ.:L3˄'QßĝɵƇKũň<gJ.f[43][44][45][46]χĩʑˍǠRφ
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ȌˁΓKʱʢʥOġ6ɾ΄ˣͶġLφ�´®ǯ.NMQƖ×ǖjŇ^ȩ΄ˣͶġ3˵eͦ

<gfD_φ|´£ΓOψčΓQ×ǖjR<]N3d̰ŃR̓igf3φµɫȇȀŤ;ǜ

QǇǪȌ2d]D̰Ń¿QͶġƶƮRφ%HRmaxK 71,86%OʫƸ=φ¬´¿KR<d

Oξ6Nf:L3Ǹɵ<gJ.f[47]χ\Dφĩʑ;ǜQ˰˹ȜO18fǇ̀Ɏ̂j̽ȼ=

DȎʋKRφ¿Ş;ǜaŞćQƃʔjƑ̓L=D`Q`-9dgf3φʆO���±´y

ȜQ�¬o�ǝɧa�¡��¨ǝɧKͶġƶƮ3ξ.:L3ũň<gJ.f[48] [49] [50] 

[51]χ:gdQǝɧRφˍǠ¯�®3¸3fOHgJŲʖ<gfǠ̔K-fD_φĩʑˍǠ

RˍǠ¯�®3¸3fOHgJ͜ßʥ̌ͅ`ų46NfˍǠK-f:L3i2fχ<dOφ

ĩʑˍǠRîÌǙK-fD_φĢF¸3gSĢF¸3fZMµȕOŲ6Q̰Ńj̓/ǈ̞

3-fχBQD_φĩʑˍǠQˍǠĝņ¸ORφµȕOħȌ̰Ń`Q̰Ńj̓/E8Qǰ

ÂĝaŗǄĝNM`ǈ̞K-fχ 

� ĩʑˍǠRφƑǙʫǜLQ͖Τ3ΨƦOͥ.D_φƑǙʫǜQŔǋŎɇNMQ̖ǐa̩

ġOcGJǝʑ3ƟĿ<gf� ´�K`-fχʆOˎÇʑʩQ¯�´�O1.JRφƑ

Ǚʫǜ3ˎµʑʩQ�´��jǝʑ?f\KQΓOƑǙʫǜQǝʑ}´�aŗ͞NMjÄ

ɵ=N8gSNdN.D_φ(μ8Ƴ4)3ʔ>f:LOcGJǇǪȌ3¸Ș?f[52]χμ

8Ƴ4OcGJʔ>fǇǪȌQ¸ȘRφ͜ßͅǩƮj<dOų46?f`QK-eφr¬

´jǫ.J=\/̞ŘO`Nfχ:Qc/N:L2dφĩʑˍǠQˍǠĝņ¸ORφ͜ß

ʥ̞ˣQƶĤOĞ0JφƑǙʫǜQǇʒO`ƟĿ<g@OˍǠ?fD_QǇʒʥ̞ˣQƶ

Ĥ`ǈ̞K-fχ=2=φĩʑˍǠRĘͧ=Dc/Oʫǜ}´�Xͦʑ?fD_ORφ�

±´ce`ǝʑǠ̔QȒ3΅̞ONfD_φ.6dƑǙʫǜce`͜ßʥ̞ˣ3¸ŗGJ

.DL=J`φƑǙʫǜOƑ=JͼĎNǠ̔jʖ.JͼĎOǙ̔j˦]ˉJf:L3K4

N8gSĢē?f:L3K4N.χǇʒʥ̞ˣOΔ=JRφƑǙʫǜQǠ̔aǙ̞̔ˣj

ǡǽK4N.ŪŃO1.Jͨ.3ǝʑOƻέ?fD_φƑǙʫǜOƑ?fǠ̔aǙ̔Q˦

]ˉJjɔʷOǡǽ?f:L3K4gSφǇʒʥ̌ͅR͠ɴK4fL˻0dgfχ 

� Ǡ̔aǙ̞̔ˣRφ͜ßʥ̞ˣaǇʒʥ̞ˣE8KRN6φʖąaʓūNMQ̞ˣL`

ʫÈOΔé=J.fL˻0dgfχƑǙʫǜOƑ?fǝʑǠ̔Rφãʖ?fʖąOcGJ

ų46ƟĿ<gfχĩʑˍǠQ¬�´RφŲ6Q˄ε3͈Ů<gJ1eφ�´�Q̖ΩQ

ǿȄa� ²�Qʶ<NMQʆǎOcGJφ�´®QƷ]aŗ͞Q22ea?<3ʞNfχ
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\Dφ¬{��O1.J`˄εOcGJȰ͏aƹʇφ΅·NM3ʞNeφ¬{��L¬�

´Q˦]ŃiAOcGJ`ǝʑK4f�´®��´�aφŗ͞Q22ea?<3ʞNfχ

BQD_φceξ.��s´¡²�jʢǾ?fD_ORφ̰ŃKʖ.fǠ̔Oͼ=Dʖą

j;ǥ=Jãʖ?f:L3ǈ̞K-eφãʖ?fʖąOcGJ�´®��´�aŗ͞j2

8fǠ̔NMju�´?f:L3ļ̂K-fχ 

� ͼĎNǙ̔j˦]ˉJfD_ORφƑǙʫǜjɔ=6čȷ=Jm��o�j»0f:L

QK4fǱƕ˼3.fʓū`ǈ̞K-fχƩƗȫ2dĩʑjŻ_f;ǜRφƌȔ3ͥ͜K

� ´�j̓/ŪŃ3Ų6φƖ¿ƃʔKɪ͛=J.f;ǜRφƌȔ3m��o�´OĀf

:LOcGJφƑǙʫǜOƑ?fǠ̔aǙ̔Q˦]ˉJȒ3ǡǽK4fE8KRN6φǇ

ʒʥ̌ͅ`͠ɴ<gf:LKξ.��s´¡²�jʢǾK4J.f`QL˻0dgfχ 

� :Qc/N:L2dφĩʑˍǠQˍǠĝņ¸ORφ-dbf̞ˣ3ǈ̞K-eφBgd

RʫÈOΔé=J.fL˻0dgf3φĩʑˍǠQˍǠʆǎj͚\0fL-dbf̞ˣQ

¿K`ʆOǠ̔LǙ̔Q̞ˣ3ŧʨLNGJ1eφƑǙʫǜOƑ=JMQc/NǠ̔aǙ

̔K̰Ńjͳ_f23΅̞NΏLNfχ 

 
r���	� i§³�*³�epS)�Å(Å¶�
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τϊυǠ̔LǙ̔OH.J 

� ĩʑˍǠRφƑǙʫǜOƑ=J.2OͼĎNǙ̔jˉɂ?f:L3K4J`φ˹ǂǠ̔

QƗN.ŪŃRφǙ̔jƈ̓?f:L3ŚΥK-fD_φǠ̔³Ǚ̔Q̞ˣRφʆO˹ǂ

Ǡ̔QŲ.¸ˢ˼O1.JĢȉjų46ƟĿ?fχĢē?fD_QͼĎNǙ̔RφƑǙʫ

ǜQ˹ǂǠ̔aǙ̔Oǉ>JɣƇ<gfD_φƑǙʫǜQǠ̔³Ǚ̔jͼĎOčȷ?f:

L3K4N8gSͼĎNǙ̔ˉɂRûceʖ.fǠ̔`ͼĎO;ǥ?f:L3K4N.χ

H\eφƑǙʫǜQǠ̔³Ǚ̔čȷN=KRĢējǜO?f:LRK4N.χ:gRφĩ

ʑˍǠE8OΙd@φƑǙʫǜOƑ?fǙ̔ˉɂ3Ģȉjų46ƟĿ?f���φ��u

´�¯´�´®NMQƑÌKN12H�´®jãʖ?fʑǠRńɊK-f[53][54]χ:gd

QʑǠKRφƑǙʫǜOƑ=JͼĎNǙ̔jˉɂ?fD_Q|´£čȷ3̓igJ1eφ

ʑǠQN2K`ʆOm¤u²����´®a��{���´®RφĻ62dǙ̔j˻0

fD_Q|´£čȷ3̓igJ.f[55][56]χ 

� ͥƨKRφ�´��®}²�¨´�jʖ.D|´£čȷ3̓igfc/ONGJ4J.

fχ�¯´�´®KRφƈΟQˍǠʐŪK|´£Qćƍj}²�¨´�O̬=φįȜʥ

O̰ŃQčȷj̓.φBQčȷ˨ȹjŧOǙ̔jˉɂ?fL./:L3̓igJ.f[57] 

[58]χ�¯´�´®Rφ:Q|´£čȷOcGJ 2010 ƨQ¼ʛ;ǜɍųØK 32 ƨWeQ

¤�®jʌǂ=DL<gJ.fχ\Dφ�¯´�´®OΙd@φ��u´a��{���

´®φɡʑNMQʑǠO1.J`φˍǠʐŪKɪʖļ̂N|´£čȷ3ʷˉ<gJ.f[59] 

[60] [61] [62]χĢʗdRφ(ǙʜLRφʩɋǗQD_Q��tK-eφBQ��tɉ

˖QD_Oȧ`ǈ̞NQ3ǐũ)ELͧYJ1eφ(¼ʛK���¯�®QǗ˲jə?ORφ

ξƮNǐũķačȷj¿ȿL?fǐũ³Ǚʜɪġ3ǈ̞ºļɏK-eφBgOceˍǠ

ĝQņ¸aĢēOHN3f)LͧYJ.f[63]χʆOʑǠO1.JRφƑǙʫǜQǙ̔ůȤ

OįƯOƑǉ=J.2N8gSNdN.D_φǐũɎŕOcfˍǠʐŪOį=Dƈ͙ʥN

|´£čȷ3ɢ_dgJ.fχ 

� ƑǙʫǜOƑ?fǙ̔Q˦]ˉJ3ĢȉQΏjǽfʑǠKRφˍǠʐŪKČʐ=D�¯

´jįȜʥOƇ·Ĥ=φǂdgD͍ȏjŧOǙ̔jˉɂ=DeφǠ̔jíɔ=De?f:

L3̓igJ.f3φĩʑˍǠKRφˍǠʐŪOį=Dƈ͙ʥN|´£čȷR̓igJ.

N.χBQD_φĩʑˍǠRφʐŠO̅GJ`Ǳƕ˼a;ǜQ˧νaḀ́ʥčȷOcGJ
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Ǚ̔ˉɂaǠ̔Q;ǥ3̓igJ1eφ�¯´�²z`̰ŃKˉɂ<gDǙ̔aʖ.DǠ

̔3ͼĎOčȷ³̯ç<gN.\\̓igJ.f:L3Ų.χ 

� ˍǠʐŪKįȜʥOǐũķj=J.fʑǠRφ̰ŃQćƍj̬=Jčȷj̓/ŧʸ

ʴˇ3ȌŲ6̠Ĺ8dgfχĩʑˍǠO1.J`|´£čȷ3ŲȌ̓igJ.fχ=2=φ

:g\KO̠Ĺ8dgfĩʑˍǠQ|´£čȷRφÐQʑǠK̓igJ.f|´£čȷL

ɝ͡?fL̻`3ʒ̧K4fƉ̥ʥǐũKǙ̔jąßʥOˉɂK4fčȷj̓GJ.f`

QRZLkM̠Ĺ8dg@φčȷOʖ.DȒɧ̾`ˍǠʐŪKQɪʖjǑƇ=Jčȷj̓

GJ.f`QRZLkMN.χ\DφǠ̔aǙ̔jčȷ³̯ç?fD_Qčȷ̢ɽ`čȷ

˼OcGJɊ'K-fχĩʑˍǠQǠ̔aǙ̔OΔ?fʴˇKRφÁOµɫ;ǜjƑ̓L

=Jφǝʑ}´�aŗ͞NMjǂŷɽĒO̬=φǙŤaǠ̔ĒOčε=Jčȷ=D`Q

3̠Ĺ8dgf[64] [65] [66] [67] [68][69]χ:gdRφǙ̔jˉɂ?fD_ORĲ˻LNf

3φḀ́ʥǐũKRƈΟQ̓ġǱΉjɣƇ?fORºħčK-fχ\DφĩʑˍǠQˍǠ

ʐŪKãʖ<gfʖ̷RƇ˸3N<gJ.N.`Q3Ų6φǱƕ˼L;ǜ3ȕƦ2dčȷ

̢ɽjăȩ=J.N.ŪŃO1.JRφčȷ˨ȹOăͯʒ̧jǂdgN.:L3-eφÁ

̥ʥčȷOcGJǂdgD͍ȏj`LO;ǜXm��o�j»0DŪŃφń>ʖ̷K-G

J`Ǳƕ˼L;ǜKǴ0Ȓ3ʞNfļ̂ǎ3-fχĩʑˍǠQ;ǜQġ4OΔ?fʴˇK

RφǂɽO̞=DȜΓaφ;ǜQǰFȜΓNM3șd2O<gJ.f[70][71][72]χ:gd

RφƉ̥ʥǐũK-fD_˨ȹ3ȌƀKʹ<gJ1eφ̻K`ɔʷOʒ̧K4f͍ȏK-

fχ=2=φƈΟQ̰ŃKǙ̔jˉɂ?fǐũORNeO6.`QK-fχ  

� ĩʑˍǠRφȎˀʬ3ŞΟˍǠĝņ¸QD_O̓GJ.f¡®�� ´�ÆɅQ�´|

��ˍǠLNGJ1eφŞˉ� ´�ˀƃ�²�´O1.J¤�®ʌǂOņ8D|´£č

ȷ3̓igJ.fχĩʑˍǠQ|´£čȷKRφȚøjēʖ=D SMART systemLŋSg

f���£jʖ.Dčȷ3̓igJ1eφĩʑˍǠKĐ_J¤�®jʌǂ=D°²�²t

²��yKRφÆĘOƑǙʫǜQǂɽ��´²aφŷɽ��´²jȚøOcGJčȷ=φ

BQ˨ȹjŧOǙ̔3˰dgJ.f[73]χȚøOcfčȷRφǱƕ˼L;ǜ3o¤´�jă

ȩ=a?6φǂɽjɣƇ=Dǝʑ}´�aƑǙʫǜQʡaʆǆj̢̣ʥOǴ0a?.ɽK

ΨƦOȩʖK-fχ=2=φȚøQ]QčȷKRφĩʑˍǠQc/O¬´3��´�n

´NʑǠRφ�´®Q��´�aŗ͞ȌNMQʅʒ·j˓Č?fQRŚΥK-eφȚø2
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dƑǙʫǜOƑ?fͼĎNǙ̔jˉɂK4DL=J`φBQǙ̔jƈ̓?fD_Qąßʥ

N̓ġǱΉjɣƇ?fOR̅dN.χ<dOφȚøOcfčȷRφń>ŪΩj˵eͦ=č

ȷ?fORēèǎ3-f3φȂƻ=J2dĉʔ?f\KOȜΓj̞?fD_φįȜʥOč

ȷ?fORƈʖǎOɏ8fL.GD�¤��3-fχBQD_φȚøOcfḀ́ʥǐũ

OĞ0JφǠ̔aǙ̔jɣƇ?fD_QƉ̥ʥǐũjįȜʥOǂf:L3K4gSφĩʑ

ˍǠO1.J`ƑǙʫǜOǉ>DͼĎNǠ̔aǙ̔Qčȷ³̯ç3ļ̂ONf`QL˻0

dgfχ 

� ĩʑˍǠQǠ̔aǙ̔jƇ·Ĥ=φƉ̥ʥOčȷa̯çj̓GJ.6D_ORφĩʑˍ

ǠQǠ̔aǙ̔3MQc/OǗeˉGJ.f2jșʷO=J16ǈ̞3-fχ=2=φĩ

ʑˍǠRφ:g\K̰ŃćƍjƉ̥ʥǐũL=JƇ·Ĥ?f:L3ŚΥK-GDD_φĩ

ʑˍǠQǠ̔³Ǚ̔OΔ?fȎʋj]J`Ǡ̔³Ǚ̔jƉ̥ʥOčȷa̯ç?fȒɧ̾R

ʷˉ<gJ1d@φǠ̔aǙ̔Q̞ˣjß˞Ĥ=J.f`QRZLkMN.χ<dOφǠ

̔aǙ̔QɉǗOǈ̞Nǐũ`ºșʷK-fD_φǙ̔ˉɂaʖ.fǠ̔jMQc/O;

ǥ=JɣƇ?gSc.2L./Ȓɧ̾`ʷˉ<gJ.N.χ 

� ĩʑˍǠQǠ̔LǙ̔OΔ?fȎʋQN2KǠ̔LǙ̔QΔéOH.JőµͧYdgJ

.fȎʋRφ̍ȱÖȠȪ̐Q(ĩʑQǙ̔³Ǡ̔)K-f[74]χ̍ȱRφ(-fʫǜOƑ=

JM/./�´��jãGJφM/./ˎ 3 ʑʩjͫGJφM/ǂɽ=c/2φL˻0J

̰Ńjͳ_J.6̔3Ǚ̔)LͧYJ1eφ(1 HTLHQ�´��a�¡��¨RǠ̔)

LͧYJ.fχ\Dφ(Ǡ̔QɪʖQD_OǙ̔3-eφǙ̔3Ǡ̔OŸÏ?fQK-GJ

Ǡ̔3Ǚ̔OŸÏ?fQKRN.)LͧYJ1eφǙ̔3\@-eφBQD_OǠ̔3-

f:L3ʹ<gJ.fχ=2=N3dφʆOĐǇ˼³Đˢ˼O1.JRφǙ̔3ˉɂK4

J`Ǚ̔jƈ̓?fD_QǠ̔3˹ǂK4J.N8gSĢēK4N.c/OφǙ̔LǠ̔

Q̽ōQǈ̞ǎ`ͧYdgJ.fχ̍ȱRφǠ̔˹ǂOųčQȜΓjĜ6QRφǙ̔L

Ǡ̔QȮ͏ʥNΔé3Ǡ̔úýK-f2dKRN6φǠ̔RʳȜΓK˹ǂK4N.L./

Ǡ̔˹ǂQ¤u��£τ=6]υQA.K-fLͧYJ.fχH\eφĩʑˍǠO18f

Ǡ̔LǙ̔QŧȮʥNΔéRφ\@ƑǙʫǜOƑ?fǙ̔QɣƇ-eφBQǙ̔OŧI.

JǠ̔3ɣƇ<gfL˻0f:L3K4fχ 

� ĩʑˍǠQǠ̔1cUǙ̔OΔ?fȎʋKRφǱƕȥO1.J`Ǡ̔˹ǂOɿɽj-J
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dgD`Q3ZLkMK-fχ:gRφ̍ȱ3ͧYfc/OǙ̔QɣƇRʳȜΓQ/FO

̓/:L3K4f3φǠ̔RʳȜΓK˹ǂ?f:LRŚΥK-f2dK-fL˻0dgfχ

=2=φʆO¸ˢ˼QŪŃO1.JRφ˹ǂǠ̔Qʢ̠RǙ̔3ɣƇ<gJ.f:L3ɀ

ƬO-fD_φʫǜOǉ>DǙ̔3\@`GJɣƇ<gJ.fǈ̞3-fχǙ̔LRφ̰

Ńjͳ_J.6̔K-f3φĩʑˍǠR�´®jǞ/ʑǠK-fD_φMQc/O�´®

jǝʑ?f23Ǚ̔O-DfL˻0dgfχ̍ȱRφ�´®QʑŽj(ȜΓ)φ(ŗ͞)φ(ʑ

)Q 3HQ̞ˣOčε=J.f[75]χ\DφBQÐQȎʋKRφ�´®QŽĝj(��´

�τͰ<υ)φ(�¯´�¤²�τͫʑɽυ)φ(��²τŗ͞υ)-f.Rφ(ȜΓ)φ(ˈΓ)φ

(ŗ͞)Q 3HQ̞ˣOčε=J.f[76] [77] [78][79]χ\@φ(ȜΓ)Q̞ˣORφ�´

®Q��´�L�´®jǝH�o¢²zτ���υ3-9dgfχĩʑˍǠR¬´3�

�´�n´K-fʆǎ2d�´®��´�aǝʑQ�o¢²zOcGJ�´®3ʫǜXƘ

6\KQȜΓ3ʳ6Nf:LRʑŽQµHL<gJ.fχ\Dφ�´®��´�aǝʑQ

�o¢²zQůĤRφʫǜQǝʑụ̌aǝʑġâφ˂ġġâjʈi?:L3-fD_φ:

g`ʑŽQµHK-fL<gJ.fχH\eφȜΓOΔ?fǙ̔jƈ̓?fD_ORφ�

´®��´�aǝʑQ�o¢²zjͰ6=Deʹ6=DeK4fǠ̔Q˹ǂ3ǈ̞ONf

L˻0dgfχĩʑˍǠQ|´£čȷO1.JȜΓOΔ?fčȷ̢ɽKRφµȒQ;ǜ3

ǝʑ=DʱΓ2d`/µȒQ;ǜ3ǝʑ?f\KQȜΓaφǂɽj̞?f\KQ¬´Ȝ

ΓNM3̽ȼ<gJ1eφ:gdQ̞ˣOcGJ|´£Oʪ˨?f�¯´�²z̼γ3Ƀ

̫K4f:L3șd2O<gJ.f[80][81]χɐO(ŗ͞)Q̞ˣRφ�����²τĘͳ

ŗ͞υa��y��²τǀͪŗ͞υφ��y®τɾŗ͞υφ�o���²τƟĿŗ͞υNM

Oč8J˻0f:L3K4fχ:gdRφ�´®Qŗ͟͞Qö4OcGJɣƇ<gf`Q

K-fχ(ŗ͞)Q̞ˣRφˍǠʆǎ2d�´®Qŗ͞Ȍ3ȧųK-gSʑŽQµ̞ˣLN

fL<gJ1eφ\Dφŗ͞Ȍaŗ͟͞Qö4j˦]ŃiAf:LOcfůĤ`ʑŽQµ

HL<gJ.fχBQD_φ(ŗ͞)OΔ?fǙ̔jƈ̓?fORφ�´®O»0fŗ͞Ȍ

jų46=DeƖ<6=De?fǠ̔aφ�´®Qŗ͟͞j-dbfȒņOö8dgfǠ

̔3ǈ̞K-fχ(͝)a(ˈΓ)OH.JRφƟĿȒņa¸¹ȒņL.GDǝʑQ}´

�jʹ?`QK-eφ�´®QǝʑRφʫǜQɉ0J.fÜ˶2dͻ.ȒņaʫǜQġ4

aÄɵLʞNfȒņ3ʑŽL<gJ.fχ\Dφ¸¹ȒņaƟĿȒņQ-dbf˦]Ńi
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A3(ʑ)-f.R(ˈΓ)QʑŽLNfχ 

� :gdQ̞ˣRφMg`Ǚ̔j˦]ˉJf¸K΅̞N̞ˣLNf3φ:Q̞ˣ<0-g

Sǈ@ǂɽK4fL./:LRN.χä0Sφ(ȜΓ)Q̞ˣOH.JRφ.6d��´�

3Ͱ.�´®jǝʑK4DL=J`φʫǜQɉ0J.f¬{��Xǝʑ?gSͦʑ<gf

ļ̂ǎ3-fχ\Dφ.6dŗ͞ȌQų4.�´®jǝʑK4DL=J`ʫǜQ¬{��

̦ƮOcGJRͦʑ<gJ=\/:L3-fχ<dOφʫǜQɉ0J.fÜ˶2dͻ.Ȓ

ņX�´®jǝʑ=J`φ�´®Q��´�3ʹ8gS˗īOͦʑ<gJ=\/χ:Qc

/N:L2dφĩʑˍǠO18fǙ̔Q̞ˣRφBgCg3ʫÈOΔͲ=ŃGJʢǾ<g

f`QK-fL˻0dgfχʆOφ(ȜΓ)L(ˈΓ)³(ʑ)QʑŽRφÌΓQĶǉȜΓ

j˻0fLφʳ.͖ΤK��´�QͰ.�´®jǝʑ?f:Lφ?NiF�¡��¨jǝ

ʑ?f:LR˫ƑʥNǂɽĝj`HL˻0dgJ4DD_φȕȮKR΅̢̞<gJ4Dχ

=2=φ�´®3 40mm�´®OůȤ=J2dRφ�´��3 2ȮÊÒONeφ¯�´�

2dQĽ¸Ǡ̔3ʢƙ=Jφˎ 3 ʑʩK�¡��¨jǝʑ=Jǂɽ?f:L3Υ=6NG

DD_φŗ͞OcfʑŽ`ǂɽj?f¸K΅̞N̞ˣLNGJ.fχ 

� ĩʑˍǠO18fǙ̔Q̞ˣRφ;ǜ3MQc/O�´®jǝʑ?f2OcGJɣƇ<

gfχȯdRφ�´®BQ`QOƑ?fˈΓʥ³ȜΓʥ̴̀ćƍRφǝʑɽφǝʑˈΓφ

ǝʑ̦ƮφǝʑȒņφǝʑQĝφǳeČ=ȒQ 6 HǝʑQ̞ˣ3ΔiGJ.fLͧYJ.

f[82]χ\@ǝʑɽLRφ¬{��L�´®3Ƿ̨?fo²�y�QÜ˶jʹ=J1eφ�

´®QMQčjǴ0f2OcGJ�´®Qŗ͟͞3ɣƇ<gfL˻0dgfχɐOφǝ

ʑˈΓLRφ�´®3±²�p²�=DǀO�´®Qἠ͗͝aˈΓÜ˶OƑǉ=Dǝʑ

?fˈΓL�o¢²zjʹ=J.fχǝʑˈΓRφ�´®3±²�p²�=J2d¸Ș=φ

ȧξɽO=¹Θ?f\KOų46č8J 6 HQǝʑÜ˶L�o¢²z3-fL<gJ.

f3φ:QˈΓʥÜ˶Oce�´®QἠȜΓa�´®Q͗͝3ůĤ?fL˻0dgfχ

\Dφ�´®Q͗͝Rφǝʑ̦ƮaǝʑȒņNMQǝʑȒɧOcGJ`ůĤ=φ:gdR

�´®QĀƔ?f̦ƮaξƮO̖<gfL˻0dgfχǝʑ̦ƮRφo²�y�ȜQ¬{

��̦Ʈjʹ=J1eφ�´®Qŗ͟͞Oǉ>JůĤ<Afǈ̞3-fχ\Dφǝʑ̦Ʈ

Rφ�´®Qŗ͟͞E8KRN6ŗ͞ȌQƶƴOcGJ`ůĤ?fχǝʑȒņLRφ¬{

��jʩɋOņ2GJǳeČ?Ȓņjʹ=J1eφǝʑȒņOcGJ¸¹ȒņφƟĿȒņ
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L.GDǝʑ}´�3ɣƇ<gfχǝʑQĝLRφʩɋȒņO�´®jɔ=6ǝFͣ^D

_Oo²�y�ȜO¬{��jĀgfĝjʹ=J.fχǝʑQĝRφȇȀOceůĤ?f

L<gJ1eφ�´®O��´�jʔ]Č?ΟORφ:QǝʑQĝ3ƻέj»0fL˻0

dgfχǳeČ=ȒOH.JRφo²�y�ĘQ¬{��QǳeČ=Ȓjʹ=J1eφʫ

ǜQǝʑ=D�´®Qŗ͟͞Oǉ>D¬{��QǳeČ=Ȓ3ɢ_dgfχ 

� :gdQ 6 HQǝʑQ̞ˣOcGJʔ]Č<gfǝʑQʆǎRφ(ἠʆǎ)³(ʑʆ

ǎ)³(ŗ͞ʆǎ)Qų46 3HOčε<gfL˻0dgfχ(ἠʆǎ)L(ʑʆǎ)O

H.JRφǝʑˈΓτȜΓυaǝʑ̦ƮφǝʑȒņOcGJůĤ?f�´®3ĀƔ?fΟ

Q̦ƮaξƮφ�´®��´�LἠȜΓφǝʑ}´�jͲ˭ʥOǴ0Dʑ��´²L

=JǴ0f:L3K4f`QL˻0dgfχ(ŗ͞ʆǎ)OH.JRφǝʑɽφǝʑ̦Ʈφ

¬{��QǳeČ=ȒOcGJůĤ?f`QK-eφ�´®Qŗ͟͞aŗ͞ȌL=JǴ0

f:L3K4fL˻0dgfχ 

� ĩʑˍǠO18fǙ̔LRφʫǜOƑ=JMQc/O̰Ńjͳ_f2L./̔K-eφ

̩.Ǽ0gSʫǜOƑ=JMQc/Oǝʑj=J.62L./̔ONfχH\eφ::K

Rφ(ἠʆǎ)³(ʑʆǎ)³(ŗ͞ʆǎ)QBgCgQ̞ˣ3ĩʑˍǠO18fǙ̔Q̞

ˣL˻0dgfχ\DφǠ̔RǙ̔jƈ̓?fD_QǜɛK-eφ(ἠʆǎ)³(ʑʆǎ)³

(ŗ͞ʆǎ)O18fǙ̔jƈ̓?fD_QǠ̔RφĀƔ̦Ʈa�´®��´�φξƮN

MQ̞ˣjų46=DeƖ<6=Deφ-f.RͰ6=Deʹ6=DeL./c/OůĤ

<Af:L3K4f:LK-fL˻0dgfχ 

� Ŝ 3.1RφȮʴˇO18fĩʑˍǠQǠ̔³Ǚ̔Q̞ˣjʹ=D`QK-fχĩʑˍǠQ

̰ŃRφŜ 3.1Oʹ?̞ˣOcGJǗeˉGJ1eφ:gdQ̞ˣjM/˦]ˉJJƈ̓?

f23Ǡ̔aǙ̔Qˉɂaƈ̓OHN3f`QL˻0dgfχ 
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âáä� �¬±*���

� ĩʑˍǠQˍǠĝņ¸ORφǠ̔³Ǚ̞̔ˣ3ų4Npro�jĭ_f3φĩʑˍǠRφ

ÐQʑǠce`¬´3��´�n´K-fL.GDˍǠʆǎ2dǠ̔³Ǚ̞̔ˣjß˞

Ĥ=JƉ̥ʥOčȷ?f:La̯ç?f:LRN<gJ4J1d@φȕȮ32HJ¼ʛK

ȽþjǜO=J.DȜÒQŅəǱƕ3̓igJ4DχƑǙʫǜOƑ=J.2OͼĎNǙ̔

jˉɂ=Jƈ̓?f23ĢȉQΏjǽfʑǠO1.JRφǐũɎŕjʖ.DˍǠʐŪOį

=Dƈ͙ʥNǠ̔³Ǚ̔čȷ3ˍǠĝņ¸ORǈ̞ºļɏK-fχ  

� B:KφȮʴˇRφĩʑˍǠO18fˍǠĝQņ¸jȧ˥ʥNʩʥL=φŜ 1.3Oʹ=D

Ǡ̔³Ǚ̞̔ˣQ̥ɽ2dφƉ̥ʥ2HƇ·ʥNǐũjǂfD_QȒɧ̾jʷˉ?f:L

OcGJφǠ̔³Ǚ̔Qčȷa̯çj̓GJ.6χŜ 1.4 RφȮʴˇQɉǗjʹ=J.fχ

łˊQćƍRφÓ¹Oʹ?ͯeK-fχ 
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� ˎ 2ˊKRφ�´®3���¸jͯͷ?fΟQ(ĀƔ̦Ʈ)φ(�´®��´�)φ(ξƮ)

j�´®QἠʆǎL=JǴ0φBgdjįȜʥOƇ·Ĥ=čȷ³̯çK4f���£Q

Βʢj̓/χ<dOφBQ���£jˍǠʐŪKɪʖ=J;ǜOἠʆǎQ̥ɽ2dm�

�o�j̓.φ̰ŃćƍQůĤ2d���£ȩʖǎQɃ̮j̓/χȒɧ̾L=JRφ͐ű

˯¯´�´jĩʑĽOĸeÑ8φ�´®3¯´�´þjͯͷ=DΟQȜΓL�¦²�®ʝ

ŀj�´���}²Xĸeͣ]φBQǐũ2d̄ġʥOἠʆǎj˓ČK4f�°z¬£

QâǗj̓/χȩʖǎQɃ̮OH.JRφƈΟO;ǜ3̰Ńj=DΟQ�´�j���£

jʖ.J̬=φ|´£ΓQ×ǏȜΓOǂdgD�´�jʖ.Jm��o�j̓/χ;ǜ

ORφ˭.J̰Ńj̓iAφm��o�ǀQ�´�3m��o�ĘQ�´�LMQc/O

ůĤ?f2OH.JɃ̫j̓/χ  

� ˎ 3ˊKRφ(�´®QἠȜΓ)L(ʑ��´²)jʑʆǎL=JǴ0φBgdj

įȜʥOčȷ³̯çK4fȒɧ̾Qʷˉj̓/χȒɧ̾L=JRφĞͰƮ̪jĩʑĽQ̙

ΩO̭˶=φ�´®3̎¹?fΟOǂdgfǳġj�´���}²X̬=φ̬<gD

ǳġQʆǎjŲů·̧ȷQđĒčȷOcGJčȷ?f:LOce�´®Q̎¹βťQǸƇ

j̓/χ 

� ˎ 4 ˊKRφ�´®Q(ŗ͟͞)L(ŗ͞Ȍ)jŗ͞ʆǎL=JǴ0φĩʑĽ¸KQ�

p²�Ocfŗ͞ȌQůĤaἠ¿QˈɠQ˜ǎOcfŗ͞ȌQůĤjƇ·Ĥ=Jčȷ³

̯çj̓/χȒɧ̾RφξͰƮ��tu¤¬jʖ.Jφ�´®��´�Lŗ͞Ȍj̭Ƈļ

̂N°���¡�²2dƔČ<gf�´®3ĩʑĽO�p²�?fɊſLφ�p²�ǀQ

�´®3ἠ?fɊſj̭ƇšɽKȂƻ=φȂƻ<gDȚø2dŗ͞Ȍj˓Č=Jčȷj

̓/χĩʑĽQ�p²�Ocfŗ͞ȌQůĤKRφ̝ȌQ¤´u´QĩʑĽL�´®j˦

]ŃiAJƈνj̓/:LKφ�p²�ĘQŗ͟͞aŗ͞ȌOcf�p²�QůĤE8K

RN6φãʖ?fĩʑĽQ̖ΩOcfŗ͞ȌQůĤOH.J`Ƀ̮j̓/χ 

� ȧǀOˎ 5ˊKRφǂdgDʴˇǗȹQˮǮj̓/χ 
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´� ã� ²�

ÜÂ¥�)%�&�

 

 

ãáâ� ºÇ�

� ĩʑˍǠQǠ̔aǙ̔Qčȷ³̯çOHN3fʴˇL=JφʄƛdRφ}²�¨´�j

ʖ.J�´®QĹ8fˈɠǦǤéȌa�´®Oʔ>fǻĝéȌjƇ·Ĥ=φ�´®Q͗͝

j�¢¨¯´�ª²?f:LKφ�´®Qų4<Qͺ.Ocfἠʆǎjșd2O=J.

f[83]χ\DφƊȬdRφ̰ŃO18ft´�´¢�L���¢�QɝʍLφĢȉLQʫΔ

ǎjɃ̫=D˨ȹφ;ǜQ¢�ǝʑ3φt´�´?fce`φ���=DZ/3φĢHʷ

ʍ3ξ.:Ljșd2O=J.f[84]χ�´®QἠʆǎRφĩʑˍǠQʆǎK-f�´®

��´�aφŗ͞Oǉ>JůĤ?f`QK-eφ;ǜQǝʑQÏȒOcGJɣƇ<gfχ 

� :gdQȎʋjĲ˻Oφ;ǜ3ǝʑ=D�´®3���¸jͯͷ?fΟQ(ĀƔ̦Ʈ)³

(�´®��´�)³(ξƮ)jἠʆǎL=JǴ0φ�¬o�ÁǙŤφĘΚͰȇŤφu�

�ÁǙŤQ̪ 56̰ŃO18f 8645ǝȌQἠʆǎjčȷ=DχBQ˨ȹφ�´®QĀƔ

̦Ʈ3ƑǙʫǜce`ų4.;ǜQȒ3ĢHʷʍRξ6φ�´®��´�aξƮOH.J

RφǙŤaˍǠ¯�®-f.R̰ŃQćƍOcGJʞNf:L3șd2ONGDχH\eφ

�´®QʆǎjƇ·Ĥ?f:LRφ;ǜQǝʑa̰ŃQćƍj̯çK4f:L3̙Ñ8d

gD[85][86][87]χ 

� ;ǜ3ǝʑ=D�´®Qἠʆǎjm®�o£KƇ·Ĥ=φǺʹ?f:L3K4gSφ

ˍǠʐŪKįȜʥO;ǜQǝʑǠ̔aφ̰Ńćƍj�n´���y?f:L3ļ̂ONf

`QL˻0φȮˊKRφ�´®QἠʆǎjįȜʥOƇ·Ĥ=φǺʹK4f���£Qâ

Ǘj̓GDχ<dOφBQ���£jãʖ=JφˍǠʐŪK;ǜOἠʆǎQ̥ɽ2dm

��o�j»0φBQm��o�OcGJ̰ŃQćƍ3MQc/OůĤ?f2jșd2O

?f:LK���£QȩʖǎQɃ̮j̓GDχ 
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ãáã� ;<?K*��k+�Å�

� Ŝ 2.1RφȮ���£QɉǗjʹ=J.fχȮ���£Rφ( ͐ű˯¯´�´©���)φ

(!͐ű˯¯´�´Φɷå˩ŕ³ìŀĹì BOX)φ("�´��´�)φ(#A/DůǼŕ)φ

($̪ɵĔǃ³̧ȷʖ�´�Ť�´��®}²�¨´�τÓ¹�´�Ť PCυ)KɉǗ<g

J.fχ�

�

r�	��� ;<?K*���

τψυ̪ɵ̘˶�

� Ȯ���£Kãʖ=D͐ű˯¯´�´©���RφȻʇONGJ1eφĩʑĽXĸeÑ

83K4fc/O̭̪<gJ.fχ͐ű˯¯´�´©���RφµȒ3ʢþŕφͬ�o�

3ĹþŕONGJ.fχ͐ű˯¯´�´þRφ1���-De � ˦ĸeÑ8dgJ1eφ¯

´�´þQΓΞRφ�´®QʪƽLń> 0.04m ONGJ.fχ�´®3ͯͷ=DΟQ�¦

²�®ʝŀLȜΓRφ�´®3¯´�´þjͽf:LKφĹþŕQČĝ?fΦşůĤ3 A/D

ůǼŕOcGJ���®�´�OůǼ<gφUSB jÎ=J�´��®}²�¨´�Xĸe

ͣ\gfÏ˦]ONGJ.fχ�
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� ÁNãʖɎŕQÏɊRɐQͯeK-fχA/DůǼŕτUSB-6259ύNational Instruments

ʺ̛υRφ�²�²z¯´� 1.25MS/ˁKφ32�¦²�®Qm�°zĀĝ3ļ̂K-fχ

\Dφ�¬zm²��¯oǷ˭ONGJ.fD_φɉǗa̭ƇȜΓ3ʳ˱K4φǰFͶU

aʬ��´�O`èēNƖŤ�o�K-fχ�´��´�τBNC-2090A National 

Instruments ʺ̛�Rφ19 o²�Q 1U Ť¬�y¡p²�ĸeÑ8�o�QˌſĽKφ22

îQìŀ¬�®ÑBNCˌſKɉǗ<gJ.fχ�´�Ť PC(SH53/C Fujitsuʺ̛)RφCPU

3 2.53GHzτ512KBυK-eφƈ̘¤¥Rȧų 4GBK-fχ�

 

τωυ�°z¬£QΒʢʓū�

� Ȯ���£Rφ�´�Ť PC Xo²��´®=D National Instruments ʺ̛Q

LabVIEW2010KâǗ=D̪ɵĳU̧ȷ�°z¬£OcGJĔǃ<gJ.fχLabVIEWL

Rφ(Laboratory Virtual Instrument Engineering Workbench)Qʜj�´¢²zQʘȴ

L=J.f`QKφͯƦQȎƀKȥ6̷̩LRʞNeφ-d2>_ʖǒ<gDΔȌmo}

²NMj±o§²z?f:LOcGJƈ̓�°z¬£jâǗ?f:LQK4f�°z¬

¢²z���K-fχLabVIEWKâǗ?f�°z¬£RφƈΟQ̪ɵŕQġâjɌ=Jâ

Ǘ?f:L3Ų.D_φ(Virtual InstrumentsτÔǑ̪ɵŕυ)LŋSgφʜ=J VI L`

ŋSgf[88]χ}²�¨´�O̖ʹ<gf VIj-D2`ƈΟQ̘˶K-f2Qc/Oȃâ

K4fD_φ̪ɵ�¦²�®a�²�²zŉɨȌφ̪ɵȜΓˏj}²�¨´�QʚΩ¸

K̭Ƈ?f:L3ļ̂K-fχ\Dφ©´�o²�´�q´�LNf�°²���®O1

.JRφ(start)(stop)jy�y?f:LOcGJ̪ɵjΒŻ=Deφ˥Ã=De?f

:L3K4fχŜ 2.2RφȮ���£KâǗ=D�°²���®jʹ=J.fχ 
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ãáä� IO8MKZ��

� âǗ<gD�°z¬£Rφų46č8J̪ɵ�°z¬£Ļȷ�°z¬£OɉǗ<gJ

.fχŜ 2.3O�°z¬£QÁNâɅƞ˃jʹ?χȮ�°z¬£Rφ̪ɵ�°z¬£Ļȷ

�°z¬£jč8JâɅj̓/:LKφċʒͰƮj¸9J.fχ�´�Rφ-d2>

_̪ɵĘO̭Ƈ<gD̺]ĸf�²�®ȌL¯´��Hz�Oceφ̪ɵ��´�2d̪ɵ˥

Ã��²3ǧ<gf\KφµƇȜΓΓΞKˬ˭=J̓igfÏ˦]ONGJ.fχä0Sφ

̺]ĸf�²�®Ȍj 40τk)φ¯´�j 10(kHz)O̭Ƈ=J̪ɵj̓GDŪŃφ�´�

Rφ4ˁ;LO̺]ĸdgĀĝ<gfχ�
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ãáäáâ� È£IO8MK�

� ̪ɵ�°z¬£KRφÁO<gD�´�2d�´®3¯´�´þjͽGDȜΓL�

¦²�®ʝŀjǨČ?fâɅ3̓igJ.fχ::KRφŜ 2.3Oʹ=D�°z¬£QâɅ

ƞ˃O18f̪ɵ®´�Q�´®3¯´�´þjͽþ=DΟQ�¦²�®ʝŀLȜΓQǨ

ČȒɧLφ¬´L¬´jĥĒ<AfȒɧOH.JͧYfχ�

 

τψυ¯´�´ͽþȜQǐũǨČ 

� � ̪ɵ�°z¬£KRφ<gD�´�2d�´®3¯´�´þjͽþ=JΦşůĤ

3ʔ>DčQ]jR>_OǨČ=φBgÓűQ�´�Rφ̧ȷOɫgN.c/O=Dχ

:gRφἠʆǎQ˓ČOǈ̞N�´�Q]jǶĸ?f:LOcGJφċʒͅǩj͠ɴ<

AfD_K-fχ:Q���£Rφ�´®3¯´�´þjƆāOͽþ=DŪŃφΦş3 5.0V

QČĝůĤKČĝ<gfÏ˦]ONGJ.fχ=2=φ�´®3͐čK¯´�´þj

ͽþ=N2GDŪŃRφΦş3 5.0VÓ¹ONf:L3-fχB:Kφ:g\KQƈνjĲ

˻OφΦşQČĝůĤ3 3.5VÓ¸ONGDŪŃRφ�´®3¯´�´þjͽþ=D`QL

đȐ=DχBQD_φ�°z¬£KRφ3.5VÓ¸QΦşůĤ3-GD�´�Q]jǨČ=φ

�´®3¯´�´þjͽþ=DȜΓL�¦²�®ǐũj˓Č=DχȜΓǐũRφ¯´�´

þjͽþ=D o²�jɃČ?fΟO̧ȷ<gfĀĝ�´{²�Q X ðτ̧ȷ<gfìŀ

j̖?ĀĝðυL�²�²zŉɨȌQˆ2d̪˓<gφ:gO�´®3ͽþ<gD�¦

²�®ʝŀ3ĀĝαOÑĞ<gfc/O�°z¬£QâǗj̓GDχď<gDȜΓǐũ

3ˈQŪŃRφ�´®3ͽþ=N2GD�¦²�®LđȐ=φ�¦²�®ʝŀRÑĞ<g

N.Ï˦]ONGJ.fχ˓Č<gDȜΓǐũL�¦²�®ʝŀRφʞNGDŤQ�´�

j\L_JǞ/:LQK4fy¬��jʖ.JµHQ�´�QȲL=JǞ.φȜ˞ďαO

¾UȦ0dgDǀφo²�´�q´�O̖ʹ<gfÏ˦]K-fχŜ 2.4RφƈΟO�°²

���®¸X̖ʹ<gD�´®3¯´�´þjͽþ=DΟQȜΓǐũL�¦²�®ǐũ(Ó

¹φȜĕα�´�)jʹ=D`QK-fχŜQƟQȌðRφȜΓjʹ=φĿ3�¦²�®ʝ

ŀjʹ=J.fχŜQȧ¸ɛOʹ=J.fȌðRφ̪ɵΒŻ2d 1.316 ˁǀO 3 �¦²�

®j�´®3ͽþ=D:LjǒŊ=J.fχ 
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τωυ¬´QĥĒ 

� � |´£QǂŷɽOŃiAJ;ǜQǝʑj̯ç?fD_ORφ;ǜ3ǝʑ=D�´®Q

ἠʆǎj¬´;LO̖ʹ<Afǈ̞3-fχ:Q�°z¬£Rφ̪ɵ��´�2d̪

ɵ˥Ã\Kˬ˭=J�´�3̓igfD_φ¬´;LO̪ɵjñɓ=N8gS¬

´L¬´QΓ3ºșN\\ἠʆǎ3˓Č<gJ=\/χB:KφȮ���£Rφo²

�´�q´�¸O¬´˥Ã��²jâǗ=φǜġ��²OcGJ¬´;LO�´�

j̓0fc/OâǗj=Dχ¬´˥Ã��²3ǧ<gfLφ¬´ΒŻ2d̑ˆ<g

DȜĕα�´�Rφw¨´ΔȌOcGJ��}²Q¤¥¸XµȜʥOɁˡ<gφĻ.�

´�2ḑȷ®´�XͫdgfÏ˦]ONGJ.fχ<dOφBgLńȜO}²�¨´�

Q�´��n�y¸O<gD�´�3��ym��L=J¬´;LO̬<gfÏ

˦]O`NGJ.fχ�
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ãáäáã� Æ�IO8MK�

� ̧ȷ�°z¬£KRφŻ_OčȷƑ̓űK-f�´��τˎµʑʩυ3ėΛ<gfχɐ

Oφ;ǜ;LOἠʆǎjǺʹ<AfD_Oφ<gD�´�3;ǜ;LOđĒ<gf

Ï˦]ONGJ.fχ;ǜ;LOđĒ<gD�´�2dφ(ĀƔ̦Ʈ)³(��´�)³(ξƮ)

3BgCg˓Č<gφ˓Č<gDἠʆǎRφł¬´QƧŢLφ¬´QĞ˓ƧŢQ 2

˄εQz¬�L=J̖ʹ<gfÏ˦]K-fχ::KRφ<gD�´�j;ǜ;LO

đĒ?fȒɧφἠʆǎQ˓ČȒɧφ�´�Q̖ʹȒɧQ 3HOH.JͧYfχ�

�

τψυǝʑ=D;ǜQđĒ�

� �´®Qἠʆǎj;ǜ;LO̖ʹ?fD_ORφ�´®Qἠʆǎj˓Č?fĘO̪

ɵ�°z¬£KǨČ<gDȜĕα�´�j;ǜ;LOđĒ?fǈ̞3-fχä0SφA ;

ǜóQ�²�jͽþ=DΟQȜĕα�´�j XφB;ǜóQ�²�jͽþ=DΟQȜĕα�

´�j YL=JφA;ǜL B;ǜ3¬´=D�´®3ǈ@�²�Γjͯͷ?fLφĀĝ

<gf�´�Rφ�´��jΒŻ=D;ǜ2d X³Y³Y³X³X³Yϒϒϒ-f.RφY³X³

X³Y³Y³XϒϒϒLNfχ:QŪŃRφ�´�3̡ĖʥOĀĝ<gJ.fD_φA ;ǜQǝ

ʑ(X-Y)L B ;ǜQǝʑ(Y-X)Rφ�´��jΒŻ=D;ǜ2dαʝOđĒ?f:L3ļ̂

K-fχ=2=φƈΟRφ;ǜQǝʑ=D�´®3͐ű˯¯´�´©���¸jͯͷ?f

ŪŃaφ�´®3͐ű˯¯´�´©���QµȒ=2ͯͷ=N.ŪŃ3ƁŠ?fχ:gd

QŪŃRφ�´�3º̡ĖOĀĝ<gfD_φMFdQ;ǜ3ǝʑ=D2jđĒ?f:L

3ŚΥONfχB:Kφ::KRφŜ 2.5Oʹ?c/NâɅǜαKǝʑ=D;ǜQđĒj̓

GDχ 

� \@φȜĕα�´�jĀĝαO 2 ���Ƕĸ=φµȒjŻɽ(a)LÐȒj˥ɽ(b)L=Dχ

ŻɽQ�¦²�®ʝŀ3 1ch,8ch(a<8)Kφ˥ ɽ3 9ch,16h(b>8)φ-f.RĶƑOŻɽQ

�¦²�®ʝŀ3 9ch,16ch(a>8)Kφ˥ɽ3 1ch,8ch(b<8)K-f2M/2jđȐ?f:

LKφŻɽL˥ɽ3ǈ@ʞNGD¯´�´þjͽþ=J.f`QjǨČ?fχɐOφ�´

®3͐ű˯¯´�´©���ΓjµƇȜΓ˕śÓćKͯͷ=J.f2M/2jʷ̴?f:

LOcGJφȩĠ¬´K-f2jđȐ=Dχ̭ ƇȜΓ˕śRφ:g\KQƈν˨ȹ2dφ

ȧ`ʹ.`QK 0.2 ˁ(ʑͰ 10.8km/h)φȧ`Ͱ.`QR 0.002 ˁ(ʑͰ 100km/h)ḼƇ=
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Jφ:Q˕śűQȜΓK͐ű˯¯´�´þjͽþ=J.f`QOH.JRφɾĠ¬´L

=Dχ:Qc/NȳÕjɶD?:LKφ�´®3¯´�´©���Γjͯͷ=DǝʑK-

f:LjʆƇ?f:L3K4fχ�´®3¯´�´©���Γjͯͷ=DǝʑK-fLđ

Ȑ<gD�´�RφȧǀOφŻɽQ�¦²�®ʝŀ3 8ch ce`ų4.2Ɩ<.2Kǝʑ

=D;ǜ3ʆƇK4fÏ˦]ONGJ.fχ 

 

τωυ�´®QἠʆǎQ˓Č�

� �´®QἠʆǎRφ;ǜ;LOđĒ<gDǀφτψυ,τϊυQ̪˓Ʊjʖ.J˓Č<

gDχ 

�

ĀƔ̦Ʈ θ(deg.)=180
π  ϒtan-1ϒ

y
x � ³³³τψυ 

��´� v(m/sec)= 0.62+{0.04(a-b)}2 /(Tb-Ta)� ³³³τωυ 

ξƮ h(m)={0.04(a-1)+0.04(b-1)}� ³³³τϊυ 

x(0.6m):¯´�´©���QΓΞφy(0.04m):¯´�´QΓΞ 

a:ȧĐOͽþ<gD�¦²�®ʝŀφb:ǀOͽþ<gD�¦²�®ʝŀ 

Ta:̪ɵΒŻ2d ajͽþ?f\KQȜΓφTb:̪ɵΒŻ2d bjͽþ?f\KQȜΓ 
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r�	��� �§!#Ó�*ab�

� �
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ãáäáä� ¹���

� Ŝ 2.6RφȌðL=J˓Č<gD�´®Qἠʆǎjʹ=J.fχ˓ Č<gD�´®Qη

̓ʆǎRφ¬´;LOȌðL=J�°²���®O̖ʹ<gfÏ˦]ONGJ.fχ\

DφȮ���£RφǱƕ˼a;ǜ3̰ŃQɫgOɦGJćƍjʬƐ=a?.c/O�´®

Qἠʆǎ3BgCg¬´;Lz¬�Ĥ<gJ̖ʹ<gfc/O`âǗ<gJ.fχŜ

2.7Rφz¬�Ĥ<gJ̖ʹ<gD�´®Qἠʆǎjʹ=J.fχŜ 2.7Rφ¸2d�´

®Q��´�φĀƔ̦ƮφξƮjʹ=J.fχ̖ʹ<gfz¬�Rφł¬´QƧŢLφ

¬´QĞ˓ƧŢQ 2˄ε3̖ʹ<gfÏ˦]ONGJ.fχŜ 2.7QƟRφł¬´QƧ

ŢKφĿ3¬´QĞ˓ƧŢK-fχł¬´QƧŢOH.JRφǂɽ;LQ�¯´OƑ

=J̯ç?fD_Q`QK-eφ¬´QĞ˓ƧŢOH.JRφ|´£jāßʥO]Jφ

�´®Qἠʆǎ3M/K-GD2j]fD_Q`QK-fχ�

 
r�	�� �\h 2&Ä 2#JRN*ÜÂ¥��
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r�	��� 8MHh 2#JRN*ÜÂ¥��

ãáå� �¨�*�Ê�

� <gD�´�j̄ġʥO̧ȷK4f�°z¬£jâǗ?f:LOceφ�´®Qη

̓ʆǎjm®�o£K̖ʹ?f:L3ļ̂ONGDχɐOφǱƕ˼3:Q���£jʖ

.J;ǜOm��o�j»0DΟOφ;ǜQǝʑa̰Ńćƍ3MQc/OůĤ?f2jș

d2O?f:LKφ:Q���£QȩʖǎQɃ̮j̓GDχ�

�

ãáåáâ� `�{Î¿�

� čȷƑ̓˼RφųƃĩʑOǛƚ?fŹſ;ǜ 1 Ņτ;ǜ AυL=Dχ;ǜ A Rφƨς

22ɗφ͜ΐ 150.0cmφß΅ 45.0kgφˍǠɘ 14ƨQĘΚͰȇŤQ;ǜK-fχ\DφȮʴ

ˇKm��o�j»0f}´�LȕƦQ�¯´�²z2d|´£Q̠Ȓa̢ɽjăȩ=J

.f˼K-fχ 

� ;ǜ A QƑǙʫǜRφńɊOųƃĩʑOǛƚ?fŹſ;ǜ 3 ŅτO1³O2³O3υL=

DχƑǙʫǜQʆǎRφƨς 20.3±0.6 ɗφ͜ΐ 157.0±3.5cmφß΅ 49.0±1.7kgφˍǠɘ

12.7±1.2 ƨKφ�¬o�ÁǙŤ-f.RĘΚͰȇŤK-fχ;ǜRφ.@g`ŞćųØK

ȧ`̡ɌQų4.āȕȮ;ǜɍųØ(ƧǗ 23 ƨƮ)QČŪ˼KφÈ.OˍǠ¯�®QƠRƖ
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<.˼ńŭL=Dχ̖ 2.1RφčȷƑ̓˼Qʆǎjʹ=J.fχ 

Ä��� `�{Î¿*¥��

ãáåáã� �Ê�¢�

� Ŝ 2.8Rφƈν�°�}®jʹ=J.fχƈνK̓/̰ŃRφ2|´£j 1̰ŃL=φ;

ǜ AOƑǙ˼ 3ŅL̪ 3̰Ńj̓iADχ\@ƈνj̓/ĘOφɵƇƑ̓˼Oξ.��s

´¡²�jʢǾ<AfD_QˍǠųØLńɊQ˰˹jŇ_Dps´¢²zm��j̓iA

Dχps´¢²zm��˥ÃǀφɵƇƑ̓˼OȕȮĩʑĂƱ®´®OǁGJ̰Ńj̓iAφ

1st|´£˥ÃǀQ×ǏȜΓO;ǜAX�´®Qἠʆǎčȷ���£OcGJ 1st|´£

OǂdgD�´�jǺʹ=φm��o�j»0Dχm��o�˥Ãǀφ1st|´£LńɊO

2nd|´£j̓iAφ2nd|´£Qἠʆǎj̬=Dχ 

� ���£QȩʖǎRφ:gdQƈνKǂdgDł̰ŃQ 1st |´£QἠʆǎL 2nd |

´£QἠʆǎQůĤaφ�´®QἠʆǎLǂŷɽQΔͲφ;ǜQǔǑQ 3 HQÆä2

dˮŃʥOɃ̫j̓GDχ 

;ǜ ƨς(age) ͜ΐ(cm) ß΅(kg) ˍǠɘ

(year) 
ǙŤ 

A 22 161 51 14 ĘΚͰȇŤ 
τĿ�q´y F ³̙B̖υ 

O1 21 155 48 12 �¬o�ÁǙŤ 
(Ŀ�q´y F̙³B̙) 

O2 20 155 48 12 ĘΚͰȇŤ 
τĿ�q´y F ³̙B̖υ 

O3 20 155 48 14 �¬o�ÁǙŤ 
(Ŀ�q´y F̙³B̙) 

ƧŢ 
�S.D 

20�0.89 156.4�4.67 49.4�3.78 12.8�1.10  
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r�	��� yÝIOA9N�

ãáæ� ¹�'¾z�

ãáæáâ� Ó� �'{�¿ ���

� Ŝ 2.9RφAL O1QƑǙO18f 1st|´£L 2nd|´£QἠʆǎQůĤjʹ=J.

fχŜRφƟ3 1st |´£KφĿ3 2nd |´£ONGJ1eφἠʆǎRφ.@g`¸2

d�´®��´�φĀƔ̦ƮφξƮLNGJ.fχ\DφŜ¿Qz¬�Rφʤ˯3;ǜ A

Q�´�φ͐˯3 O1Q�´�jʹ=J.fχ 

� ;ǜ AL O1QƑǙRφ1st|´£ 13-11K;ǜ A3ýĸ=Dχ;ǜ ARφƫʨ 5ǂɽ

3 ŷɽφ¿ʨK 2 ǂɽ 6 ŷɽφ˥ʨR 6 ǂɽ 2 ŷɽ=J.fχȧ`ŷɽQŲ2GDƫʨQ

�´�j]fLφO1Q�´®��´�RͰ6NGJ.fQOƑ=φ;ǜ AQĀƔ̦ƮRƖ

<6NGJ.fχ:gRφ;ǜ A 3¿ʨ2d O1 Q�´®��´�3Ͱ6NGDǝʑOƑ

=JƑǉK4N2GD:L3İŘK-fL˻0dgfχ˥ ʨR O1Q�´®��´�3<d

OͰ6NGJ.f3φĀƔ̦Ʈ3ų46NGJ.N.:L2dφ�´®��´�Q]jͰ

6NGD:L3¢�Q̶ʢO˴3GDL˻0dgfχÓ¸Qčȷ2dφ;ǜ A ORφȧ`

ŷɽQŲ2GD¿ʨKĀƔ̦Ʈ3Ɩ<6NGJ.f:Lj�´�Kʹ=φ2nd|´£KRφ

ʆO¿ʨKĀƔ̦Ʈjų46ǝʑ?fc/Om��o�j̓GDχ�

� 2nd|´£Rφ10-12K O13Ģē=Dχ;ǜ AQǂŷɽRφƫʨ 5ǂɽ 2ŷɽφ¿ʨ 2

ǂɽ 5 ŷɽφ˥ʨK 3 ǂɽ 5 ŷɽK-GDχŷɽ3Ŭ0D¿ʨ2dQ�´�j]fLφ�

´®��´�3Ͱ6φξƮ3ξ6NGJ.fQOƑ=JφĀƔ̦ƮRƖ<6NGJ.f:

L3č2fχ:gRφ;ǜ A 3¿ʨ2dm��o�ͯeOĀƔ̦Ʈjų46ǝʑ=c/L

˰˹jŇ_D�
ps´¢²zm���

player A �
vs �
ƑǙ˼�

(1st|´£) 

player A X�
�´�jǺʹ�

m��o��

player A �
vs �
ƑǙ˼�

(2nd|´£)�

START END 
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ǒ̀=D:LKφ�´®��´�3Ͱ6NeφBQ˨ȹĀƔ̦Ʈ3Ɩ<6NGJ=\GD

LǸƐK4fχ\Dφ;ǜ A R̰Ń˥ÃǀQǔǑK(m��o�OφĀƔ̦Ʈjų46ǝ

ʑ?fD_QąßʥNǱʹ3-fL<dOč2ea?.)L̩GJ1eφĀƔ̦Ʈjų4

6ǝʑ?fD_Q̓ġǱΉjɣƇK4@O 2nd |´£j̓GD:L3φĀƔ̦Ʈjų46

ǝʑK4N2GDİŘQµHK-fL˻0dgfχ=2=φ�´®Qἠʆǎj�´�K

Ǻʹ?f:LKφ;ǜ A QἠʆǎRƫʨOɝYfLφ¿ʨ2důĤ=J.f:L3șd

2K-fχ:Q:L2dφ;ǜ A 3m��o�OǁGJǝʑ=c/L=J.D:L3�´

�2d̯çK4f`QL˻0dgfχ 

 

r�	��� Ó� � ' �� *{�)��1ÜÂ¥�*vh�

ãáæáã� Ó� �'{�¿ �	�

� Ŝ 2.10Rφ;ǜ AL O2QƑǙO18f 1st|´£QἠʆǎLφ2nd|´£Qἠʆ

ǎQůĤjʹ=J.fχz¬�Rφʤ˯3;ǜ A Q�´�φ͐̈3 O2 Q�´�ONGJ

.fχ;ǜ A L O2 QƑǙRφ1st |´£ 9-11 KφO2 3ýĸ=Dχ;ǜ A QǂŷɽRφ

ƫʨK 5ǂɽ 2ŷɽφ¿ʨK 2ǂɽ 4ŷɽφ˥ʨ 2ǂɽ 5ŷɽLφǂɽQˠ 56%jƫʨK

 o²�=J.DχƫʨQἠʆǎ�´�j]fLφ;ǜ A QĀƔ̦ƮRφ¿ʨ2d˥ʨ
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OɝYfLƖ<6φ<dO��´�O1.J`ʹ.ðjʹ=J.fχ\DφO2O1.J`

ńɊOφĀƔ̦ƮL�´®��´�RƖ<6ʹ.ðjʹ=J1eφʆOĀƔ̦ƮOH.J

Rφ0ƮÓ¹K-f:L2dφ�´®j¸ȒņOǝʑ=J.f:L3č2fχ:Q:L2dφ

;ǜ ARφO2OƑ=JĀƔ̦Ʈjų46ǝʑ<AN.c/O=D:L3ƫʨQǂɽO˴3

GDL˻0dgfχ¿ʨ2d˥ʨOH.Jφ;ǜ A R O2 ce`ĀƔ̦Ʈjų46ǝʑ=

J1eφǂɽR 9-6 K´�=J.Dχ=2=φ˥ʨKͲ˭ 5 ŷɽ=J1eφͬ͞<gJ

.fχ:gRφἠʆǎÓűQàd2Q̞ŘKŷɽ=J.D:L3İŘL˻0dgfχÓ

¸Qčȷ2dφ;ǜ A Oφ�´�KƫʨQĀƔ̦Ʈ3Ɩ<.:Ljʹ=φƫʨ2d¿ʨL

˥ʨQc/OĀƔ̦Ʈjų46ǝʑ?fc/Om��o�j̓GDχ<dOφO1LQƑǙ

KRφĀƔ̦Ʈjų46=c/L=D:L3�´®��´�jͰ6?f:LO˴3GJ=

\GDD_φO2LQƑǙO1.JRφ�´®��´�jʹ6=φ�´®Q͗͝3ȣ˯ON

fc/No¤´�Kǝʑ?f:Ljm��o�OĞ0Dχ 

� 2nd |´£Rφ7-11 K O2 3Ģē=Dχm��o�j̓GDƫʨQἠʆǎj]fLφ

ĀƔ̦ƮRφ1st|´£1cB-3.8Ʈ2d 2.3ƮQΓKǝʑ=J.DQ3φ2nd|´£KRφ

6.4Ʈ2d 7.8Ʈ\Kų46ǝʑK4J.fχ<dOφ�´®��´�OH.J`φ2nd|

´£R 1st |´£OɝYfL�´®��´�R¿ʨO28JͰ6Nd@OǝʑK4J.f

:L3č2fχ=D3GJφ2nd |´£Q�´�2d;ǜ A Rφm��o�QćƍͯeO

ǝʑK4J.D:Lj̯ç?f:L3K4fχ=2=φǂŷɽRφƫʨ 1 ǂɽ 5 ŷɽLǂ

ɽʍRφˠ 14%K-GDχO2Q�´�j]fLφ1st|´£QĀƔ̦ƮR1cB-7.6Ʈ2

d-1.8ƮL;ǜ Ace`Ɩ<.ǝʑ̦ƮK-GDQOƑ=φ2nd|´£Rˠ 6.3Ʈ2d 7.6

ƮL;ǜ ALŢ̕=DĀƔ̦ƮKǝʑ=J.f:L3č2fχ:gRφ;ǜ A3�´®�

�´�jʹ6=JφĀƔ̦Ʈjų46=D:LOceφO2`ĀƔ̦Ʈjų46ǝʑ=a?

6NGD:L3İŘL˻0dgfχƈΟOφ2nd|´£˥Ãǀφ;ǜ AR(O2O 1st|´

£ce`ǝFͣ\gφ�´®3ɱ6NGDLǔ>dgD)L̩GJ1eφ:gOƑ=J O2

Rφ(1st|´£ce`;ǜ AQǝʑ=D�´®3ʹ6ǔ>dgD)L./ǔǑK-GDχ

=D3GJφ�´®QĀƔ̦Ʈjų46ǝʑ?f:LRφƑǙʫǜ3ξ.ǝʑɽ2d�´

®jǝʑ=a?6NfD_φƑǙʫǜOLGJ`ĀƔ̦Ʈjų46ǝʑ=a?6NfχB

QD_φĀƔ̦Ʈjų46ǝʑ?fORφƑǙʫǜ3ξ.ǝʑɽ2dǝJN.c/Nʑ
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��´²K�´®jǝʑ=DeφĀƔ̦Ʈjų46?fǝʑL=N.ǝʑj;Ē=Jǝʑ

=De?fǈ̞ǎ3-fL˻0dgfχ\Dφ;ǜ AR(m��o�OMQc/NǝɧKφ

M:Q}´�Xǝʑ?fL.GDąßʥNǱʹ3-fL<dOč2ea?.)L̩GJ1

eφ;ǜ A QǔǑ2d`ʑ}´�R:Q���£jʖ.Jm��o�j?f/0Kǈ̞

NǐũK-f:L3č2GDχ 

 

r�	���� Ó� � ' �	 *{�)��1ÜÂ¥�*vh�

ãáæáä� Ó� �'{�¿ �
�

� Ŝ 2.11Rφ;ǜ AL O3QƑǙO18f 1st|´£QἠʆǎLφ2nd|´£Qἠʆ

ǎQůĤjʹ=J.fχz¬�Rφʤ˯3;ǜ A Q�´�φ͐̈3 O3 Q�´�ONGJ

.fχ;ǜ AL O3QƑǙRφ1st|´£ 11-6K;ǜ A3ýĸ=Dχ;ǜ AQĀƔ̦ƮL

�´®��´�RφO3ce`ų46Ͱ.ðjʹ=J.fχʆOφƫʨQ�´®��´�R

15m/secLͰ.ðjʹ=J.f3φĀƔ̦Ʈ`ńɊOų4Nðjʹ=J.fχ:gRφ;ǜ

A3φO3ce`ξ.ǝʑɽK�´®jǴ0J.D2dK-fL˻0dgfχ\Dφ¿ʨ2

d˥ʨQ�´®��´�RÝ¹öņO-f3φĀƔ̦ƮR¿ʨKaaƖ<6Neφ˥ʨK

ĉUų46NGJ.fχ:gRφ;ǜ A 3φ�´®��´�jǢ0J�´®QĀƔ̦Ʈj

ų46ǝʑ?f:LKφʫǜ}´�XξʷʍKͦʑK4J.D2dK-fL˻0dgfχ
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ƈΟOφǂŷɽj]J`;ǜ AR¿ʨK 5ǂɽ 1ŷɽφǀĨK 3ǂɽ 2ŷɽLǂɽQ 50%

Ó¸j¿ʨ2dǀĨKǂɽ=J.fχĶƑOφO3OH.JRφƦO�´®��´�3 8m/sec

Ó¸K-fQOƑ=JφĀƔ̦ƮR-3ƮÓ¹LƖ<6φ<dO�´®ξƮR;ǜ A Qǝʑ

ce`ξ.Ü˶jͯͷ=J.fχ:gRφO33;ǜ AQǝʑ=D�´®OƑ=Jt´�´

¢�j̶ʢ=Jŷɽ=J.f:L3İŘK-fL˻0dgfχÓ¸Qčȷ2dφ;ǜ A O

¿ʨ2d�´®��´�Rʹ6NGJ4J.f3φ¿ʨKƖ<6NGDĀƔ̦Ʈj˥ʨK

ų46ǝʑK4J.f:Lj�´�Kʹ=φǀĨQǙ.Ȓjo¤´�=Jφ¿ʨO1.J

`ĀƔ̦Ʈjų46ǝʑ?fc/Om��o�j̓GDχ 

� BQ˨ȹφ11-7K 2nd|´£O1.J`;ǜ A3Ģē=Dχ;ǜ AOƑ=Jm��o�

j̓GD¿ʨj]fLφ1st|´£RĀƔ̦Ʈ3aaƖ<6NGD:LOƑ=Jφ2nd|´

£Rƫʨ2d¿ʨO28J`ĀƔ̦ƮjƅƇ<AJǝʑK4J.f:L3č2fχ\Dφ

1st|´£ce` 2nd|´£QȒ3�´®��´�Rʹ6NGJ.fχ:Q:L2dφ;ǜ

A Rφ�´®��´�jǢ0f:LKm��o�ͯeOĀƔ̦Ʈjų46ǝʑ?f:L3

K4DL̯ç?f:L3K4fχ\DφO3Qἠʆǎj]fLφ1st|´£ce` 2nd|

´£QȒ3ĀƔ̦ƮRų46NGJ.f:L2dφ2nd |´£R�´®j¹ȒņOǝʑ=

J.D:L3i2fχʆO;ǜ ALĀƔ̦Ʈ3Ţ̕=J.f¿ʨO1.Jφ;ǜ AQǂɽ

R 2 ǂɽ 4 ŷɽLǂɽʍ3¹3GJ.fχ:gRφ;ǜ A 3 O2 LƑǙ=D˨ȹLńɊQ

ʲ̠Kφ;ǜ A 3�´®QĀƔ̦Ʈjų46ǝʑ?f:LKφƑǙʫǜ`ξ.ǝʑɽ2d

�´®jǝFa?6NGD`QK-fL˻0dgfχ=2=φO3LQ 2nd|´£OH.J

Rφ;ǜ AR O3ce`ƦOų4NĀƔ̦ƮKǝʑ=J.f:L3č2fχ:Q:L2dφ

ĀƔ̦Ʈjų46ǝʑ?f:LKφƑǙʫǜOξ.ǝʑɽ2dǝʑ<gJ`φ<dO:F

d`ξ.ǝʑɽKǝʑK4fc/Nʑ}´�jʉGJǝʑ?f:L3K4gSφ|´£

júÜOͳ_dgf`QL˻0dgfχ\Dφ;ǜ A R̰Ń˥ÃǀO(:g\KQ 3 ̰Ń

Q�´�2dφτ̄͜Rυ.H`¿ʨ2dĀƔ̦Ʈ3Ɩ<6Nföņ3-f)LͧYJ1eφ

łƑǙQἠʆǎ�´�jʷ̴?f:LK;ǜ A 3̄d�´�jʒ̧=φǝʑQʡNM`

ǡǽK4fc/ONGD`QL˻0dgfχ<dOφ(Şɟß˿ųØˏQųØO1.J`φ

:Qc/O�´�jʹ=Jm��o�j`d0fLʒ̧=a?.)L`ͧYJ1eφȕί

Q�¯´�²zK1È.Qčȷ̢ɽjăȩ=J.N.Ǳƕ˼3įƣKm��o�´OĀf
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{´�O1.J`φ�´�OŧI6m��o�3ȩʖK-f:L3ʹŐ<gDχ=2=φ

BQĶΩ(�´�ǺʹOceʒ̧Lo¤´�R=a?.3φ̰ŃjúÜOƙΒK4J.f

ʑ}´�aǠ̔3ŪΩ;LOʲeD.)L.GDǔǑ`-eφ<dOąßʥN̓ġǱΉ

jɣƇ?fD_Qǐũj�n´���yK4fc/O?fǈ̞ǎ`-9dgDχ 

 
r�	���� Ó� � ' �
 *{�)��1ÜÂ¥�*vh�

ãáç� �²*-'/�

� ʐŠQ� ´�čΆKRφ�´��®}²�¨´�QʢƙOÚGJφˍǠʐŪKǐũɎ

ŕjμã=D|´£čȷ3̓igfc/ONGJ4J1eφBgOceξ.��s´¡²

�3ʢǾ<gJ.fχ=2=φĩʑˍǠRφ¬´3ΨƦO��´�n´K-fL.GD

ˍǠʆǎ2d̰ŃQćƍj̬?f:L3ŚΥK-fD_φǱƕ˼a;ǜQḀ́ʥNčȷ

OcGJφ̰ŃQǙ̔aφǠ̔3̯ç<gf:L3ZLkMK-fχBQD_φĩʑˍǠ

Rφ̰ŃQĢŘaȉŘ3ɔ=6ǡǽ<gN.\\Ǳƕ˼R;ǜOm��o�j»0Deφ

;ǜR�¯´�²zj̓GDe=J.fQ3ʐʇK-fχĩʑˍǠO1.J`φǐũɎŕ

jɪʖ=DƉ̥ʥčȷj̓/OcGJφξ.��s´¡²�3ʢǾ<gf`QL˻0φȮ

ˊKRφ;ǜ3ǝʑ=D�´®Q��´�aφŗ͞OcGJůĤ?f�´®QἠʆǎO

ʰʩ=φ�´®Q(ĀƔ̦Ʈ)³(��´�)³(ξƮ)jįȜʥOƇ·ĤK4f���£j

âǗ=φBQ���£QȩʖǎOH.JɃ̮j̓GDχBQ˨ȹφ�´®Qἠʆǎj
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m®�o£K�n´���y?f:L3ļ̂ONeφǱƕ˼R;ǜQǝʑOΔ=Jφ̾Ǭ

LNf͍ȏjǺʹ=N3dm��o�j»0f:L3ļ̂ONGDχ\Dφ:Q���£

jãʖ=Jφ;ǜOm��o�j»0D˨ȹφ:Q���£Rφ;ǜQǝʑj̯ç?fE

8KRN6φ̰Ń˨ȹOƑ?f̰ŃćƍQ̯çaφ;ǜQǝʑQʡjǡǽ?f/0K`ȩ

ʖK-f:L3șd2ONGDχ<dOφ:Q���£jãʖ=D;ǜQǔǑ2dφἠ

ʆǎjz¬�Ĥ=J�n´���y?f:LKφǱƕ˼L;ǜQǝʑOƑ?fo¤´�j

ăȩ?f/0K`ȩʖǎ3ξ.:L3ʹ<gDχ;ǜRφˍǠ¯�®3ξ.ZMἠʆǎ

OĞ0JǝʑȒņaǝʑQƾFȜΓNMQ̞ˣj˦]ŃiAJǠ̔³Ǚ̔j˦]ˉJfD

_φǠ̔³Ǚ̔Q̞ˣjÇɐû2d<dO·ɐûʥOčȷ³̯çK4f̞ˣjƇ·Ĥ=J

.6:LKφce̲ˤOǠ̔aǙ̔OΔ?fm��o�3ļ̂ONf`QL˻0dgDχ��

� �
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´� ä� ²�

Ô§¥�)%�&�

 

 

äáâ� ºÇ�

� ĩʑˍǠO18f�´®QʑͰRφȧųK 130km/hO?fL<gJ.f[89]χ\Dφ

ƫ̾K`ͧYDc/OφŞć���Qƃʔ�¯´§´K`�¡��¨�´®QʑͰRφ

100km/h O`NfχĩʑˍǠRφƑǙʫǜLǝFŃ/͖Τ3ʑǠQN2Kȧ`ʳ.D_φ

4m ˃ƮQ͖Τ2d 100km/h K�¡��¨�´®jǝʑ<gDŪŃRφʫǜ3ǝʑ=J2

dQƾFȜΓRφ0.04ˁLΨƦOʳ6NfχÌΓQā͜ĶǉȜΓ3 0.3,0.4ˁK-f:L

j˻0fLφ100km/h Ó¸QͰ<K�´®jǝʑ<gDŪŃRφƑǉ?fQ32NeŚΥ

K-f:L3č2f[90]χ:Q:L2dφʫǜQǝʑ=J6fŪǛRφ̰Ń¿K-gSʫǜ

3ǝʑ?fʪĘOφʫǜQǝʑ?fÜ˶a¬{��̦Ʈφ��y�o²zNMQǐũ2d

Äɵ=φ̰ŃĘK-gSÆĘOȂƻ=DƑǙʫǜQȚøNM2dčȷ=J16:L3΅̞

ONfχ=2=φĩʑˍǠRφˍǠ¯�®3ξ6NfZM¸ˢ˼Q̰ŃKRφʫǜQǝʑ

?fŪǛ3ÄɵK4J.J`φ�¯´�¤²�1cUǝʑQ}´�OΔ?fǙ̞̔ˣOφ

ŗ͞NMQ̞ˣ3˦]ŃiAdgfD_φǙ̔3̝ΣĤ=φŷɽ=J=\/L./:L3

-fχBQD_φĩʑˍǠQǙ̔OΔ?fý̓ʴˇKRφƫ̾KͧYDŞćQý̓ʴˇO

Ğ0φŞűQ`QK`ǝʑ}´�jǠ̔LΔͲI8Jčȷ<gJ.f`Q3Ų. [91] [92] 

[93]χ=2=φ:gdQý̓ʴˇRφȜÒOǉ>DǠ̔aǙ̔Qʆǆjǡǽ?f/0Kȩʖ

N͍ȏK-f3φȚøOcfḀ́ʥčȷ3ZLkMK-fD_φƈΟOǝʑ<gD�´®

��´�aφŗ͞ȌNMQƉ̥ʥǐũLNfʅʒ·Rǡǽ?f:LRŚΥK-eφǂɽa

ŷɽQ̞Ř\KRɔʷOǡǽ<gJ.N.`Q3Ų.χ 

� ǝʑ?fŪǛOH.JRφĩʑˍǠQǠ̔³Ǚ̔OΔ?fȎʋj]fLφ(ǝʑ}´�)

aφ(�¯´�¤²�τͫʑɽυ)φ-f.RφĘǀφƟĿφξ<jŇ^ǝʑ}´�OΔ?f

`QL=J(ˈΓ)L̖ʐ<gJ.f`Q3-f[94][95][96][97]χ:gdRφ.@g`�

´®3ĩʑĽQM:X̎¹=D2OcGJɣƇ<gfD_φ�´®Q̎¹ɽL˻0f:L
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3K4fχ�´®Q̎¹ɽOΔ?fý̓ʴˇKRφǂɽ-f.Rŷɽ=DΟQ̎¹ɽQ]

j̬=JǠ̔LΔͲ<AJčȷj1:NGJ.f`Q3Ų.χ=2=φ�´®Q̎¹ɽ

Rφ�´®jͦʑ=DǀOφɐQ̎¹ɽjÄɵ=N3dǝʑ=N8gSNdN.D_φɽ

jͲ˨=DµͲQʑ��´²L=Jčȷj̓iN8gSNdN.L˻0dgfχʑ�

�´²OΔ?fý̓ʴˇKRφʑ��´²jǂŷɽĒO̬³čȷ=φBQ˨ȹj;ǜ

XÙ0f:LKφʑOΔ?fͼĎNm��o�j̓0fļ̂ǎjʹŐ=J.f`Q3̠

Ĺ8dgf[98][99][100][101]χ<dOφʑ��´²Oφ�´®QἠȜΓL.GDȜΓ

ʥ̞ˣjčȷOĸeĀgf:LOcGJφǝɧjŇ_D�´®Qŗ͟͞aŗ͞ȌjʆƇK

4fļ̂ǎ`ʹŐ<gJ.f [102]χB:Kʑ��´²L�´®QἠȜΓjʑʆǎL

=JǴ0JφʑʆǎjįȜʥOƇ·Ĥ?f:L3K4gSφƑǙʫǜQʑ��´²aφ

�´®Qŗ͞jÄɵK4φ<dOm®�o£KǙ̔aǠ̔jčȷ³̯ç?f:L3ļ̂

ONf`QL˻0DχB:KφȮˊKRφĞͰƮ̪jʖ.J�´®3ĩʑĽO̎¹=DΟ

Qǳġj�´���}²Xĸeͣ]φ̬<gDǳġʆǎ2d�´®Q̎¹šɽQǸƇj

̓/:LKʑʆǎQƇ·Ĥj̰]Dχ 

 

äáã� ¬±�¢�

äáãáâ� È£;<?K*�Å�

� Ȯ���£Rφý̓ʴˇK̓igDȒɧ̾jĲ˻O=J̪ɵj̓GDχĞͰƮ̪Rφǔ

Ʈ 400mV/GQşΦŤĞͰƮ̪τADXL-150υjŃ̪ 8îʖ.Dχ:gdRφĩʑĽQ̙Ω

O̭˶<gφ�´®3̎¹=DΟOǂdgfţʪȒņQǳġ3ɃČ<gfÏ˦]ONGJ

.fχŜ 3.1RφĩʑĽQ̙ΩO̭˶=DĞͰƮ̪jʹ=J.fχĞͰƮ̪2dǂdgDì

ŀRφ̪ɵ³Ĕǃ��� LabVIEW2010 ver.10.0.1τNational Instrumentsʺ̛υjʖ.

J-d2>_âǗ=D�°z¬£OcGJφ�²�²zŉɨȌ 10kHzK A/DůǼ<gD

ǀO�´���}²XëƁ<gφ̧ȷ<gfÏ˦]ONGJ.fχȮʴˇKãʖ=DĞͰ

Ʈ̪RφĞͰƮ 0[G]QL4Oφ250[mV]QΦşůĤKČĝ<gfD_φɢ_fĞͰƮj x[G]φ

ĞͰƮ̪2dǂdgfΦşůĤj A[mV]L=φτψυQ̪˓Ʊjʖ.JĞͰƮj˓Č=Dχ

˓Č<gDĞͰƮRφ˫ƑðĤ<gDǀOȧųðQ]3̬<gfc/ONGJ.fχ 



 45 

x[G]={A[mV]-250[mV]}/0.4[mV/G]� ³³³³τψυ 

 
r 
��� fÑ�ÈÉ¼* w�

äáãáã� yÝ�W�

τψυĞͰƮ̪̭˶Ü˶L�´®Q̎¹šɽ�

� Ŝ 3.2RφĩʑĽjʮ¸2d̠DŜK-fχȮʴˇRφĩʑĽ¸QʂΩj 10čĜ=φ�

´®̎¹šɽj 44˒ǛO̭Ƈ=Dχβṱ̌ƇRφɄdQý̓ʴˇK̬<gDƈΟQ̰Ń

KʑQŲ2GDβťjĲ˻O=φĞͰƮ̪RβťQ¿ŶO̭˶=D[96]χβťRφĩʑĽ

Q�o�¬o²2d�o�¬o²\Kj 50cmΓΞKϊčĜ=φƟ2d LeftφCenterφRight

L=DχɐOφ���2d 17cmQŪǛ2dr²�¬o²Oņ2GJ 40cmΓΞKBgCg

3čĜ=φ���ǜĘ2d shortφmiddleφlongL=DχBgCgQβťj Left-shortτL-sύ

1chυφCenter-shortτC-sύ2chυφRight-shortτR-sύ3chυφLeft-sideτLSυφLeft-middle

τL-mύ4chυφRight-middleτR-mύ5chυφRight-sideτRSυφLeft-longτL-lύ6chυφCenter-long

τC-lύ7chυφRight-longτR-lύ8chυLƇ˸=DχDE=φLS L RS QβťOH.JRφ

ĞͰƮ̪QȌOΙe3-fD_φβťΩˆjĨčO=φĞͰƮ̪RN=L=Dχ�´®̎

¹šɽRφłβťKĞͰƮjșʷO?fD_φĞͰƮ̪Qʮ¸LβťćKˏč=DŪǛO

̭Ƈj=Dχ 
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r�
�	� fÑ�ÈÉ¼Y¼'JRNÁTs¤�

τωυ�´®̎¹ŗȌLξ< 

� ȮƈνRφ-d2>_̭Ƈ=D�´®̎¹šɽ 44 ˒ǛXBgCg 10 ŗ@H�´®j̄

ʀ̎¹j<ADχ�´®j̎¹<Afξ<Rφ20cmL 30cmQ 2˄εL=Dχ1cB 16cm

Qξ<2d�´®3̎¹?f:LRφ���Qξ<3 15.25cm K-fD_φʅʒʥO-e

ǂf3φƈΟQ¬´¿KRBQc/N�´®RƗN.χ;ǜ3ǝʑ=D�´®Qǝʑ˯

QήɽRφ;ǜQǝʑʆǎLǝʑȣ˯j̽ȼ=Dý̓ʴˇOcfLφ���¸2d 0.06m

Ó¸K-f:L3Ų.[103][104][105][106]χ=2=N3dφˎµʑʩQ�´��aφĽ¸

Q�ª´��´®Rφ�´®3̎¹?fξ<L���Qξ<QƠ3Ɩ<6NfχBQD_φ

ȮʴˇO18f�´®j̎¹<Afξ<Rφ���2d1cB�´®ψîčQξ<j̠ˆ

`GD 20cmjȧ`Ý.ξ<L=J̭Ƈj=Dχ 

 

 

R-s 

C-s 

L-s 

RS 

R-m 

L-m 

LS 

R-l 

C-l 

L-l 
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äáãáä� `��¢�

τψυ¡�¬���͖ΤOcfđĒčȷ 

� � Ŝ 3.3Rφ˪ ̪���prm JMP8jʖ.Jφ20cmQξ<2d�´®j̎¹<ADΟ

QłĞͰƮ̪2dǂdgD 8 ůȌOΔ?fƃ˹�´�τ̎¹βť3đș=J.f�´�υ

jŲɐûʥOƧΩŜX�°��=D`QK-fχŜ¿QρÀRφł˷Q΅Ǉjʹ=J.fχ

:QŜ2dβṱ̌Ƈ=D 10˷Q΅ǇR11cBčΤ=J.f:L3̢̣ʥOč2fχH\

eφβť;LOǳġʆǎ3čε<gJ.fL.0fχB:KφȮʴˇRŲů·̧ȷQ¡�

¬���͖ΤOcfđĒčȷjʖ.J̧ȷj̓GD[107]χ:gOceφβť;LQǳġʆ

ǎjčεK4fđĒƱτ˯ƹđĒΔȌυjƃ˹�´�OŧI.JɉǗ?f:L3K4gSφ

�´®̎¹šɽRφđĒƱOȑ̡�´�τ̎¹βť3ºșN�´�υjÒĀ?f:LOc

GJǸƇK4fL˻0DD_K-fχ 

 

r�
�
� �×r,IO>A 2# � ¡]x½@R=�

�
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� Ŝ 3.4RȮˊQčȷ��o²jʹ=J.fχ\@φ20cmQξ<2d̎¹<ADƃ˹�´

�τn=437υOŧI.Jφβť;LOɋȮƧŢ�y�®LɋȮčȋăčȋ̓ďj˓Č=φ10

îQđĒƱjɉǗ?fχ:QđĒƱXđĒƱQɉǗOʖ.Dƃ˹�´�1cU 30cmQξ<

2d̎¹<ADȑ̡�´�τn=436υjÒĀ?f:LK¡�¬���͖Τj˓Č=φƈΟO

̎¹<ADβťXMQ˃ƮđĒ<gf2̯çj̓GDχN1φđĒƱQɉǗL¡�¬��

�͖ΤQ˓ČORφ˪̧̪ȷ��� SPSS15.0J LȌð̪˓��� Matematica4.2 jʖ.

Dχ 

20cmL 30cm 
�´�QǶĸ 

20cmQ 
ƃ˹�´�K 

đĒƱjâǗ 

đĒƱj 
âǗ=D 20cm 

�´�j̯ç 

30cmQ 
ȑ̡�´�j 

̯ç 

r�
��� �²*`�@:4P�

τωυ̯çȒɧ 

� ̯çRφτωυQ̪˓ƱK˓Č<gD̸đĒʍOcGJ̓GDχȮ˅Q̸đĒʍLRφȑ

DO̥ɵ<gDȑ̡�´�3ƈΟO̎¹=DβťLRĒQβťO̸đĒj=DĜŃj̖=

D`QK-fχ̸đĒʍRφʷʍ3Ý.ZM�´®̎¹šɽjǸƇK4fļ̂ǎ3ξ.L

̯ç?f:L3K4fχN1φ̸ đĒʍOH.JRφƖȌˎωÜjŖǵÉĀ=J˓Č=Dχ 

̸đĒʍϏ
̸đĒ<gDîßȌ

āßîȌ
�� ³³³τωυ�

� �
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Ä�
��� Þ 	��� ÁT@R=*abÚu'Ìab¦�

 

äáä� yÝ¹��

τψυ	��� �´�Q̯ç�

� \@φ20cmQ�´�OH.J˨ȹjͧYfχ̖ 3.1Rφβť;LO 20cmQξ<2d̎

¹<AD�´�OH.JφđĒ<gDβťLłβťQ̸đĒʍj̖=D`QK-fχ:Q

̖j]fLφLSL C-lQβťOH.JRφ̸đĒʍRBgCg 5.0%L 2.0%K-eφ.@

g`i@2O LongβťX̸đĒ3-f:L3č2fχ=2=φBQÐQ 8βťOH.JR

̸đĒ3 0.0%K-eφ8 βťX̎¹=D�´�RφƈΟO�´®3̎¹=DβťXāJđ

ĒK4f:L3șd2ONGDχ 

  

 ¡�¬���͖ΤOcfđĒ<gDβť   

L-s C-s R-s LS L-m R-m RS L-l C-l R-l �´�Ȍ 
(î) 

̸đĒʍ 
(%) 

�
�
�
�
�

� 

L-s 47 0 0 0 0 0 0 0 0 0 47 0.0 

C-s 0 50 0 0 0 0 0 0 0 0 50 0.0 

R-s 0 0 50 0 0 0 0 0 0 0 50 0.0 

LS 0 0 0 19 0 0 0 0 1 0 20 5.0 

L-m 0 0 0 0 50 0 0 0 0 0 50 0.0 

R-m 0 0 0 0 0 50 0 0 0 0 50 0.0 

RS 0 0 0 0 0 0 20 0 0 0 20 0.0 

L-l 0 0 0 0 0 0 0 50 0 0 50 0.0 

C-l 0 0 0 0 0 0 0 1 49 0 50 2.0 

R-l 0 0 0 0 0 0 0 0 0 50 50 0.0 
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Ä�
�	� Þ 
��� ÁT@R=*ÌabÚu'Ìab¦�

τωυ
��� �´�Q̯ç� �

� ɐOφ30cmQ�´�OH.J˨ȹjͧYfχ̖ 3.2Rφξ< 30cm2d�´®j̎¹<

AD�´�OH.JńɊQđĒƱjʖ.J̯ç=D˨ȹj̖=J.fχshort βťQ L-sφ

C-sφR-sL longβťQ½�o�OÜ˶?f L-lLR-lOH.JRφ̸ đĒʍR 0.0%K-eφ

ƈΟO̎¹=DβťXħčNđĒj̓/:L3K4f:L3șd2ONGDχĩʑĽQ¿

ŶÑͥOÜ˶?f L-mL R-mφC-lOH.JRφ̸đĒR 2.0%,12.0%K-eφ2Neξ

.ʷʍKđĒK4f`QQφi@2O̸đĒ3-GDχĞͰƮ̪Q̭˶<gJ.N. middle

βťQ½�o�Rφ̸ đĒʍ3 89.5%L 30.0%K-GDχBQN2K`ʆOLSOH.JRφ

đĒ3ŚΥK-GDχ�

� Ó¸Q˨ȹ2dφƈΟO�´®3̎¹=DšɽL̸đĒ<gDβťQǳġʆǎjɝ͡?

f:LKφ̸đĒ<gD̞ŘOH.J˻Ɛj̓GDχ 

  

 ¡�¬���͖ΤOcfđĒ<gDβť   

L-s C-s R-s LS L-m R-m RS L-l C-l R-l �´�Ȍ 
(î) 

̸đĒʍ 
(%) 

�
�
�
�
�

� 

L-s 48 0 0 0 0 0 0 0 0 0 48 0.0 

C-s 0 50 0 0 0 0 0 0 0 0 50 0.0 

R-s 0 0 50 0 0 0 0 0 0 0 50 0.0 

LS 0 0 0 2 5 2 0 4 6 0 19 89.ό 

L-m 0 0 0 0 49 1 0 0 0 0 50 2.0 

R-m 0 0 0 0 5 45 0 0 0 0 50 10.0 

RS 0 0 0 0 0 0 14 0 1 5 20 30.0 

L-l 0 0 0 0 0 0 0 50 0 0 50 0.0 

C-l 1 0 0 0 0 4 0 1 44 0 50 12.0 

R-l 0 0 0 0 0 0 0 0 0 50 50 0.0 
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τψυLSQ̸đĒOH.J�

� ȧ`̸đĒ3Ų2GD LS Rφ̖ 3.2 2d C-lτ31.6%υφL-mτ26.3συφL-lτ21.1συφ

R-mτ10.5συQ̪ϋβťX̸đĒj=D:L3č2fχ\Dφ̖ 3.3R LSO18f�´

®̎¹šɽ;LQđĒβťjʹ=J.fχ̖ 3.3j]fLφ(50,12.5)šɽO̎¹=D`QRφ

C-l L R-m X̸đĒ<gJ1eφ(70,12.5)šɽO̎¹=D`QRφL-m L L-l X̸đĒj

=J.f:L3č2fχ 

Ä�
�
� �� Úu)��1ÁTs¤�'*abÚu�

� \@φ(50,12.5)QǳġʆǎL̸đĒ<gD C-lL R-mQǳġʆǎjɝ͡=J]fχŜ 3.5

RφLSQłšɽX 30cmQξ<2d�´®j̎¹<ADΟOǂdgDǳġʆǎjʹ=D`

QK-fχ:QŜ2d(50,12.5)šɽRφ3ch L 8ch 3aaĶǉ=J.f`QQφłĞͰƮ

Oų4NǳġʆǎR]dgN.χŜ 3.6LŜ 3.7RφC-lL R-mQǳġʆǎj̖=J.fχ

C-lL R-mQǳġʆǎj]fLφBgCgQβť¿ŶO̭˶<gJ.f 7ch\DR 5chQ

ĞͰƮ̪Rφų4Nðjʹ=J.N.χ\DφÐQĞͰƮ̪OH.JRφ8ch L 3ch \D

R 4ch3aaĶǉ=J.f3ų4NƠRN.χ:Q:L2dφLSβťO18f̸đĒOH

.JRφC-l L R-m QβťćOĞͰƮ̪3̭˶<gJ.fO`Δid@φǳġʆǎ3șʷ

ONdN2GDD_OφĞͰƮ̪3̭˶<gJ.N. LSLǳġʆǎ3εÛ=D:L3İŘ

K̸đĒj͒:=D`QL˻0dgfχ 

� đĒ<gDβť�

 LS L-m R-m L-l C-l 

LS 
(50,12.5) 1 0 2 0 6 

(70,12.5) 1 5 0 4 0 
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� ɐO LSO18fτ70,12.5υšɽL̸đĒ=D L-mL L-lQǳġʆǎjɝ͡=DχŜ 3.5

ceτ70,12.5υšɽQǳġʆǎRφ6ch 3aaų4Nðjʹ=φ4ch L 8ch 3ͥ.ðjʹ

=J.f:L3č2fχɐOφŜ 3.8LŜ 3.9Oʹ<gD L-mL L-lQǳġʆǎj]fLφ

L-m RφŲ6QšɽKβť¿ŶO̭˶<gJ.f 4ch QĞͰƮ̪3ų4Nðjʹ=φ˭.

J 6chL 8ch3ͥ.ðjʹ=J.fχL-lRφβť¿ŶQ 6ch3ȧ`ų4Nðjʹ=φɐO

4chL 8ch3ͥ.ðjʹ=J.fχÓ¸Q:L2dφLSO18f̸đĒRφĞͰƮQų4

<RʞNf`QQφđĒO͒Ř=J.fLǌigf 4chφ6chφ8ch 3τ70,12.5υšɽL

L-mφL-lKăͯ=J.f:L3İŘK-fL˻0dgfχLSQ̸đĒʍRφ89.5%Lξ.

˨ȹK-GD3φτ70,12.5υšɽQ̸đĒOH.JRφ.@g`ΡǷ=DβťO̸đĒ=J

.f`QK-fD_φβṱ̌ƇQƞŵOceφ̸đĒʍj¹9dgfQKRN.2L˻0

dgfχ 

 
r�
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τωυRSQ̸đĒOH.J 

� RS O18f̸đĒRφ25.0%3 R-l K-eφāJτ70,137.5υšɽX̎¹<AD`QK

-GDχB:Kφτ70,137.5υšɽQǳġʆǎL R-lQǳġʆǎjɝ͡=DχŜ 3.10RφRS

O18fǳġʆǎjʹ=J1eφŜ 3.11 RφR-l Qǳġʆǎjʹ=D`QK-fχŜ 3.10

ce(70,137.5)šɽQǳġʆǎRφ8ch3ų4Nðjʹ=φ1chL 4ch3ͥ.ðjʹ=J.

fχµȒφR-lRφŲ6QšɽK 8ch3ų4Nðjʹ=_=J1eφ2šɽ3 1chL 4chK

ͥ.ðjʹ=J.fχ:gd2d RSRφLSQτ70,12.5υšɽLńɊOφΡǷ?fĞͰƮ

QƻέOce̸đĒ=D`QL˻0dgfχBQD_φRSOH.J`βṱ̌ƇQƞŵOc

eφ̸đĒjȆœK4f`QL˻0dgfχ 
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τϊυC-lQ̸đĒOH.J 

� C-lRφβť¿ŶO̭˶<gDĞͰƮ̪Qʮ¸K-fτ100,75υšɽX̎¹=DΟQ̸đ

Ēʍ3ȧ`ξ6φR-mXQ̸đĒ3Ų2GDχ:gRφŜ 3.6LŜ 3.72dč2fc/Oφ

C-lL R-mMFd`βť¿ŶO̭˶<gDĞͰƮ̪3ų4Nðjʹ<N2GD:LOceφ

đĒOƻέ?fǳġʆǎjǂdgN2GD:L3İŘK-fL˻0dgfχ<dOφŜ 3.12

RφC-l Qτ110,87.5υšɽK 20cm Qξ<2d�´®j 10 ŗ̎¹<ADǳġʆǎjʹ=

D`QK-fχŜ 3.12 ce C-l Qτ110,87.5υšɽRφ�´®j̎¹<Af;LOǳġʆ

ǎ3ůĤ?f:L3č2GDχH\eφC-lRφ�´®j̎¹<AfšɽOcGJǳġ=O
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6.šɽaφǳġ3ƅƇ=JǂdgN.šɽ3-fL./:LK-fχ:gRφĩʑĽQ

Ŵȶ3Ỡ̄K-f:LLφĩʑĽQȅȻ3¹ON.L.GDĩʑĽQɉͱ3ƻέ=J.f

`QL˻0dgfχ=D3GJφ:QšɽOH.JRφǳġjƅƇ=JǂfD_OĩʑĽ

QŴȶjŝƇ?fNMQƞŵ3ǈ̞K-fL˻0dgfχ 

 
r�
��	� ����������s¤)��1Þ 	��� ÁT*�g¥��

τϋυR-mQ̸đĒOH.J 

� R-mK̸đĒ<gDβťRφāJΡǷ=J.f L-mK-eφ̸ đĒ3-GD̎¹šɽRφ

τ50,112.5υQ]K-GDχB:Kφτ50,112.5υšɽQǳġʆǎL L-mQǳġʆǎjɝ͡

=J]fχŜ 3.13Rφτ50,112.5υšɽO1.J 30cmQξ<2d�´®j 10ŗ̎¹<A

DΟQǳġʆǎjʹ=J.fχŜ 3.13j]fLφ4chφ6chφ8ch3aaų4.ðjʹ=J

1eφŜ 3.8 Oʹ? L-m QǳġʆǎLεÛ=J.fχH\eφʫÈQǳġʆǎ3εÛ=J

.fD_O̸đĒj1:=D`QL˻0dgfχ<dOφŜ 3.14Oʹ=DR-mQτ50,112.5υ

šɽO 20cmQξ<2d̎¹<ADǳġʆǎLŜ 3.13jɝYfLφR-mRξ<3ůĤ=J

`ĞͰƮQų4<RůĤ=N.:L3č2fχH\e R-mRφÐQβťOɝYfLǳġ=

O6.L./ʆǎ3-fL˻0dgfχ 

� :g\KQ˻ƐjV\0fLφmiddle βťO18f LS Qτ70,12.5υšɽφR-m Q

τ50,112.5υšɽφlongβťQ L-lOH.JRφđĒOƻέ?fǳġʆǎ3εÛ=Jǂdg

f:L3č2GDχ:gRφĩʑĽQȅȻÑͥK-f 6ch L 8ch Qǳġ3ƅƇ=Jǂdg
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fD_K-fL˻0dgfχńɊOφshortβťQ̸đĒʍ3Ý.̞ŘRφĩʑĽQ���

Ñͥ3ΈąKŝƇ<gJ.fD_φƅƇ=Dǳġʆǎ3ǂdgf2dK-fL˻0dgfχ

:gOƑ=JφĩʑĽʂΩQ¿ŶÑͥK-f L-m L C-l OH.JRφÐQβťLRʞNf

ǳġʆǎ3-eφƅƇ=DǳġjǂO6.:L3č2GDχ:gdQšɽOH.JRφβ

ṱ̌ƇLĞͰƮ̪̭˶Ü˶QĉɃ̫aφƅƇ=DǳġjǂfD_Qƞŵ3ǈ̞K-fχ 
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� ȮˊRφĩʑˍǠO18f;ǜ3ǝʑ=D�´®Qʑ��´²LἠȜΓjʑʆǎ

L=JǴ0φ�´®3ĩʑĽX̎¹=DΟOǂdgfǳġʆǎ2d�´®Q̎¹šɽQǸ

Ƈj̓GDχȮˊKǂdgDʲ̠jÓ¹O\L_fχ�

�� Ųů·̧ȷQđĒčȷOcGJφ�´®̎¹βťj ���Ó¸QʷʍKǸƇK4fļ̂

ǎ3ʹŐ<gDχ�

	� ����� βťL ���� βťQ½�o�OH.JRφɝ͡ʥƅƇ=Dǳġʆǎ3ǂdgfD

_φBgdQšɽOH.JRʆOξ.ʷʍK̎¹βťjǸƇK4f:L3ʹŐ<gDχ�


� Ųů·̧ȷQđĒčȷOcGJ�´®3̎¹?fξ<3ůĤ=J`đĒK4fļ̂ǎ

3ʹŐ<gDχ�

�� ĩʑĽQ¿ŶÑͥO1.JRφĞͰƮ̪Qͥ6K-GJ`ǳġʆǎ3șʷONeO6

.šɽ3ʷ̴<gDχ�

� ȮˊQȒɧ̾Rφǁȴ̓igJ4DȚøčȷLRʞNeφ�´®QἠȜΓ`įȜʥO

Ƈ·ĤK4fD_Qφ;ǜ3ǝʑ=DβťOĞ0φBgCgQβťXǝʑ=DȜΓΓΞ2

dʖ.Dǝɧaŗ͟͞`·ɐûʥOčȷ³̯ç?f:L3ļ̂K-fχȮƈνKRφǳġ

ʆǎ3ºșʷNšɽ3-9dgD3φĞͰƮ̪Q̭˶Ü˶aβṱ̌Ƈjƞŵ?f:LOc

GJǳġʆǎjșʷO?f:L3K4gSφ<dOξ.ʷʍK�´®Q̎¹βťjǸƇK

4f`QL˻0dgfχ�

� �
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åáâ� ºÇ�

� ĩʑˍǠRφ�´®O»0dgfŗ͞Ȍ3ΨƦOų4.D_φʫǜ3ƑǉŚΥNŗ͞j

�´®O»0f:LRφ̰ŃjȩēOͳ_f/0K΅̞N̞ˣLNfχBQD_φʫǜQ

ǝʑ=D�´®jͦʑ?fΟORφʫǜQʑ��´²3ÄɵK4J`φʫǜQǝʑ?f

�´®Qŗ͞Ȍaφŗ͟͞3ÄɵK4N8gSφʫǜQŗ͞Oƻέ<gJŷɽ=J=\/

:L3-fχ�´®Qŗ͞Rφ�����²τĘͳŗ͞υφ��y��²τǀͪŗ͞υNM

.6H2-9dgf3φ:gdR�´®Qŗ͞Ȍaŗ͟͞OcGJɣƇ<gfχBQD_φ

ŗ͞ʆǎRφ�´®Qŗ͟͞Lŗ͞ȌL=JǴ0dgfL˻0dgfχŗ͞ʆǎQN2K

`ʆOŗ͞ȌRφʫǜQǝʑ?f�´®Qŗ͞ȌOǉ>Jφͦʑ?fΟQ¬{��̦Ʈa

¬{��QǳeČ=Ȓφ�o²z��´�NMjůĤ<Afǈ̞3-fD_φ��s´¡

²�Oų4Nƻέj»0fL˻0dgf[108]χ  

� ĩʑQŗ͞OΔ?fý̓ʴˇKRφ38mm�´®L 40mm�´®Qͺ.jșd2O=D

`Qaφ¿Ş��ª�®�´£aû¼ʛ�¦²�t²NMQ���y¬�Q;ǜaφŞć

ųƃʔjƑ̓L=JφǝɧaǠ̔ĒOǝʑʪǀQŗ͞Ȍj̪ɵ=D`Q3-9dgf

[109][110][111][112][113]χ:gdRφƉ̥ʥǐũK-fD_φ̻`3ʒ̧=a?.`QK

-eφǠ̔³Ǚ̔j̯ç=De;ǜ3�¯´�²zj̓GDe?f¸K͊΅N͍ȏK-fχ

=2=φŗ͞ʆǎRφǙ̞̔ˣQN2K`̢̣ʥOǴ0O6.̞ˣK-fD_φ:g\K

Oŧʸʴˇ3ƗN6φŗ͞ʆǎOΔ?fʒ̧a˹ǂOƼˉH�´�R\EħčLR̩0N

.χ 

� ĩʑˍǠRφȗ.���aξ.ǝʑɽKǝʑ?f:LRǙ̔ʥOȩĠK-f3φʫǜ3

ǝʑ?f�´®Qŗ͞Ȍ3ų4.ZMφȗ.���aξ.ǝʑɽKǝʑ?fLʫǜQŗ͞

QƻέjĹ8r¬´j?fļ̂ǎ3ξ6Nf[114][115][116][117]χ\DφĩʑˍǠRφã

ʖ<gfĩʑĽQ¤´u´OcGJǿȄéȌ3ʞNfD_φĽ;LO�´®3�p²�?
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fΟQŗ͞Ȍ3ʞNfχBQD_φi@2Nŗ͞ȌQůĤ3��s´¡²�jƟĿ?fĩ

ʑˍǠRφĩʑĽQ�p²�Ocfŗ͞ȌQůĤOcGJ`ƻέjĹ8fχ<dOφĩʑ

�´®Rφ͠·K-f:L2dˈɠǦǤjĹ8a?6φἠ¿O1.J`�´®Qŗ͞Ȍ

Rɴ̗?fχ:Qc/Oφ�´®Qŗ͞ʆǎRφʫǜ3ǝʑ=Dǀ`ůĤj˭8fD_φ

ĩʑĽLQ�p²�Ocfŗ͞ȌQůĤaφἠ¿Qŗ͞ȌQůĤ`ǡǽ=J16ǈ̞3

-fχ=2=φ:gdQ:LOH.Jșd2O<gDý̓ʴˇR:g\KQL:h̠Ĺ8

dgN.χĩʑĽLQ�p²�Ocfŗ͞ȌQůĤaφἠ¿Qŗ͞ȌQůĤjǡǽ?f

:L3K4gSφBgdQůĤOǉ>DǙ̔aǠ̔j;ǥ?f:L3ļ̂ONfL˻0d

gfχB:KφȮˊKRφʞNfĩʑĽQ̖ΩOcf�p²�ĘǀQŗ͞ȌQůĤLφ�

p²�ǀQŗ͞ȌQɴ̗OH.Jșd2O=J.6χ 

�

åáã� E5PB)01qÐ�*vh�

� ȮƈνKRφãʖ?fĩʑĽa�´®Oǉ>JůĤ?f�p²�ĘǀQ�´®Qŗ͞Ȍ

jșd2O?fD_OφĂƱǙKãʖ<gfÁNÒ̖¤´u´3ʺQĩʑĽL�´®jãʖ

=φ9ͯeQĩʑĽL�´®Q˦]ŃiAj̪ɵ=Dχ�

åáãáâ� yÝ�¢ 

� ȮƈνRφ�´®��´�Lŗ͞Ȍj̽ȍ?f:L3K4f°���¡�²τButterfly

ʺ̛m¢u� 3000υjʖ.Jφ�´®jƔČ<AφƔČ<AD�´®3ĩʑĽK�p²�

?fɊſjξͰƮ��tu¤¬KȂƻ=DχŜ 4.1RφƈνQɊſjʹ=J.fχ°���

¡�²Rφ-d2>_ 3ɛΝQŗ͞Ȍτ2000rpmφ3000rpmφ4000rpmυL 2˄εQŗ͞

͟τ�����²φ��y��²υKBgCg̭Ƈj̓.φ�´®jƔČ<ADχ̖ 4.1

RφɵƇΰʩjʹ=J.fχ̪ɵΰʩRφā 54ΰʩK-fχȂƻRφɜˁ 1200}¡K̓

GDχN1φƈνRφȂƻ˕śO�´®3 10ʑ�p²�?f\K̓GDχ�
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̪ɵΰʩτā 54ΰʩυ 

ŗ͞Ȍ  

 

� 

ŗ͞Ȓņ  

  

� 

ĩʑĽ  

 

� 

�´® 

2000rpm 

Topspin 
Backspin 

SAN-EI Butterfly 

3000rpm Nittaku Nittaku 

4000rpm TSP TSP 

�

� ̧ȷRφξͰƮ��tu¤¬OcGJȂƻ=Dʚøj�´��®}²�¨´�Oĸeͣ

]φframe-DIAS�³�jãʖ=J̓GDχŗ͞ȌRφ�´®3 1ŗ͞?f\KO̞=D�

¯´£Ȍj xL=JφτψυQ̪˓ƱOce˓Č=Dχ̦ͰƮRφǂdgDŗ͞Ȍ2d˓Č

=Dχ\Dφ�´®QĶƔͰƮLφĀ³ĶƔ̦ƮRφ�´®Qȧ¹ɽj���o�=φǂ

dgDƯɋð2d˓Č=DχBgCgɢ_dgDȌð2dφτωυLτϊυQ̪˓Ʊjʖ.

JφĶʢéȌðLǿȄéȌðj˓Č=DχŜ 4.2RφĶʢéȌðLǿȄéȌðjɢ_fƱj

Ŝʹ=D`QK-fχ 
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r���	� l©[�'��[�*Èµ�

!! ĶʢéȌ = !!!!!"#!!!!!!"#!!
!!� ���!(2) 

!! ǿȄéȌ = ! 2!(!! − !!)3(1 + !) cos !!
!!!���(3) 

 

åáãáã� ¹�'¾z�

� ȮˊQ�p²�Ocfŗ͞ȌQůĤRφBgCgQŗ͞ȒņO18f�p²�ĘǀQŗ

͞ȌQɝ͡φBgCgQŗ͞ȒņO18fĩʑĽ;LQĶʢéȌQɝ͡φĩʑĽL�´®

Q˦]ŃiA;LQǿȄéȌQɝ͡Q 3 H2d˻Ɛj̓GDχBgCgQŗ͞ȒņO18

f�p²�ĘǀQŗ͞ȌQɝ͡Rφ9ͯeQĩʑĽL�´®Q˦]ŃiAK̪ɵ<gDŗ͞

ȌjƧŢ=J̓GDχBgCgQŗ͞ȒņO18fĩʑĽ;LQĶʢéȌQɝ͡RφBg

CgQŗ͞ȒņK̪ɵ<gDŗ͞ȌjĩʑĽ;LOƧŢ=J̓GDχɝ͡RφƑǉQ-f t

ɃƇOcGJ̓.φȩǒɡɸRāJ 5%Ó¹L=Dχłŗ͞ȒņOcfĩʑĽL�´®Q˦

]ŃiA;LQ�p²�ĘǀQŗ͞ȌQůĤ`ńɊOƧŢðjƑǉQ-f t ɃƇOcGJ

ɝ͡j̓GDχ�

�

τψυ�´®Qŗ͞ȌQͺ.Ocf�p²�QůĤ�

� Ŝ 4.3Rφ�����²�´®O18f�p²�ĘǀQŗ͞ȌQůĤjʹ=J.fχz¬

�Qπ̈Rφ�p²�ĘQŗ͞ȌφΧ̈R�p²�ǀQŗ͞Ȍjʹ=J1eφz¬�ćQ

ȌƀRφnȌj̖=J.fχ�p²�ĘQŗ͞Ȍ3 3000rpmÓ¹QŪŃRφ�p²�ǀQ

ŗ͞ȌRφ9.4%ŬĞ?f:L3șd2ONGDχ\Dφ̪ɵ=D�´®��´�Rφ10.8%
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QɴͰ3]dgDχµȒKφ�p²�ĘQŗ͞Ȍ3 4000rpmÓ¸QŪŃRφ�p²�ǀQ

ŗ͞ȌRφ�p²�ĘQŗ͞Ȍce` 21.7%ɴ̗?f:L3șd2ONGDχ�´®��

´�Rφ�p²�ĘQ�´®��´�ce`φ�p²�ǀQ�´®ͰƮRφ7.2σQŬĞ3

-GDχ�p²�ĘQŗ͞Ȍ3 3000rpmjūOφ�p²�ǀQŗ͞Ȍa�´®��´�3

ůĤ?f:L2dφ�����²Q�´®Rφ�p²�ĘQŗ͞ȌOcGJφǿȄĝQ÷

6Ȓņ3ʞNf:L3˻0dgfχ 

� Ŝ 4.4Rφ��y��²�´®O18f�p²�ĘǀQŗ͞ȌQůĤjʹ=J.fχz¬

�RφŜ 4.3LńɊOφπ̈3�p²�ĘQŗ͞ȌφΧ̈R�p²�ǀQŗ͞Ȍjʹ=J1

eφz¬�ćQȌƀRφnȌj̖=J.fχ��y��²Q�´®Rφ�p²�ĘQŗ͞Ȍ

3 3500rpmÓ¹QŪŃRφ�p²�ǀQŗ͞ȌO 26.5%Qɴ̗3]dgφ�p²�ĘQŗ

͞Ȍ3 4500rpmÓ¸QŪŃRφ�p²�ǀQŗ͞ȌO 18.1%Qɴ̗3]dgDχ��y�

�²�´®Rφ�p²�QĘQŗ͞ȌOΔid@φ�p²�ǀQŗ͞ȌRɴ̗?f:L3

șd2ONeφ�´®��´�Rφ20%ɴƗ?f:L3č2GDχ�p²�ĘQŗ͞3��

y��²QŪŃRφ�´®3ĩʑĽO�p²�?fΟOφǿȄĝRͳ̓ȒņLͬņ4O÷

.J.f:L3˻0dgfχ 
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r���
� A>I<GP)��1E5PBd�*qÐ�*vh�

 
r����� E>7<GP)��1E5PBd�*qÐ�*vh�

τωυł¤´u´Qǎ͏L;ǜQ�¯´XQƻέ 

� Ŝ 4.5Rφłŗ͞ȒņO18fĩʑĽ;LQĶʢéȌjʹ=J.fχ�p²�ĘQŗ͞3

�����²QŪŃRφNittaku QĩʑĽQĶʢéȌ3ȧ`ξ6φTSP QĶʢéȌ3ȧ`

Ý.:L3șd2ONGDχ�p²�ĘQŗ͞3��y��²QŪŃRφSAN-EIQĶʢé
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-26.5%�

-18.1%�
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Ȍ3ȧ`ξ6NeφTSP R�����²LńɊOȧ`Ý.˨ȹLNGDχ:gdQ˨ȹ2

dφTSP QĩʑĽRφ�p²�ĘQŗ͞ȒņOΔid@φÐQĩʑĽLɝ͡?fLȩǒO

ĶʢéȌ3Ý.:L3șd2ONGDχ 

 
r����� nqÐ�p)��1LR6R�'*i§m*l©[��

� Ŝ 4.6Rφ��y��²�´®O18fĩʑĽL�´®Q˦]ŃiA;LQǿȄéȌjʹ

=J.fχButterfly Q�´®jãʖ=DŪŃQBgCgQĩʑĽQǿȄéȌRφSAN-EI

�TSPϐNittaku QαOų4.öņ3]dgDχNittaku L TSP Q�´®jãʖ=DŪŃ

QǿȄéȌRφSAN-EIϐTSPϐNittaku QαOų4.öņ3]dgDχāßʥO SAN-EI

QĩʑĽRφÐQ¤´u´QĩʑĽOɝYJφMQ�´®jãʖ=J`ǿȄéȌ3ξ.:

L3șd2ONGDχSAN-EIQĩʑĽRφÐQ¤´u´QĩʑĽce`φǿȄĝ3ų46

÷6D_φ�p²�ĘǀQŗ͞Ȍaφ�´®��´�QůĤ`ų46Nf`QL˻0dg

fχ\DφTSP Q�´®jãʖ=DŪŃRφÐQ�´®jãʖ=DȜQǿȄéȌLɝ͡?

fLφǿȄéȌRÝ.öņO-f:L3i2GDχTSP Q�´®jãʖ?fΟRφÐQ¤

´u´Q�´®jãʖ?fȜce`φǿȄĝ3Ɩ<6NfD_φ�p²�ĘǀQŗ͞Ȍa

�´®��´�QůĤRƖ<6NfL˻0dgfχButterfly Q�´®jãʖ=DŪŃRφ

SAN-EI QĩʑĽLφTSP QĩʑĽQǿȄéȌOȩǒNƠ3̴_dgN2GDχH\eφ

0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
1.4  
1.6  

A>I<GP� E>7<GP�

l
©
[
�
�
e�
�

SAN-EI 

Nittaku 

TSP 

**� **�

**�**�

n.s.�n.s.�

90� 90�87� 90�90�90�

** p<0.01�
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Butterfly Q�´®jãʖ=DŪŃRφ;ǜR SAN-EI L TSP QĽK-gSń>c/O�

¯´K4fL˻0dgfχ<dOφ;ǜRφNittakuQ�´®L TSPQ�´®jãʖ?f

ŪŃRφǿȄéȌOȩǒNƠ3̴_dgN2GD NittakuL TSPQĩʑĽK-gSń>c

/O�¯´K4f`QL˻0dgfχNittakuQĩʑĽRφÐQ¤´u´QĩʑĽce`ǿ

Ȅĝ3÷4O6.D_φ�p²�ĘǀQ�´®Qŗ͞Ȍa��´�φ̦ƮQůĤRƖ<.

L˻0f:L3K4fχ 

 
r���� i§m'JRN*¸.o3"*Ò�)01��[�*vh�

�

åáä� ÜÂU)��1qÐ�*vh�

åáäáâ� yÝ�¢�

� ::KRφʫǜQǝʑ=D�´®��´�aφŗ͞ȌQͺ.Ocfἠ¿QůĤjșd

2O?fD_Oφ �´®��´�Lŗ͞Ȍj̭Ƈļ̂N°���¡�²τButterfly ʺ̛

m¢u� 3000υjʖ.Jƈνj̓GDχ-d2>_̭Ƈ=D 5šɽO�o��´�u¤¬

τCCASIO ʺ̛ EX-ZR100υj 5 Ḽ̌˶=φ°���¡�²2dƔČ<gD�´®jBg

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

�
�
[
�
�
µ�
�

JRN*°Û�

SAN-EI 

Nittaku 

TSP 

**�**� **�
**�

n.s.�
n.s.�

n.s.�*�
*�

n=30 

** p<0.05 
*  p<0.01 

Butterfly � TSP�Nittaku �
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CgQšɽKɜˁ 480 }¡KȂƻj=DχŜ 4.7 RφƈΟO˶<gDu¤¬QÜ˶jʹ

=J.fχƈνKRφƔČ<gD�´®3 5 ĽāJQu¤¬OȂƻ<gD`Qj 1 ̰ǠL

=φBgCgQȳÕOH4 20̰Ǡ̓GDχ\DχƔČ<gD�´®QȂƻOĞ0Jφ̰Ǡ

;LO�´®Qˎµ�p²�L˶<gDłu¤¬LQ͖Τ`̬=Dχ 

 
r ���� yÖ)Ô¼ 2#6LM�

åáäáã� È£s¤'È£�W�

� Ŝ 4.8RφȮƈνQ̪ɵšɽjʹ=J.fχ̪ɵšɽRφ�´®Qˎµ�p²�2dˎµ

�p²�2dˎµ�p²�Lń>ξƮ\K̎¹=DĥΓK 5šɽ̭Ƈ=DχšɽRφšɽ 1

3ˎµ�p²�Qʪǀτ�´®3Ľ2dΤgDɽυφšɽ 3Rήɽτ�´®ξƮQȧξɽυφ

šɽ 5Ršɽ 1Lń>ξ<O̭Ƈ=Dχšɽ 2Lšɽ 4Rφˎµ�p²�2dQ̪ɵ͖Τ

jʖ.JφBgCgšɽ 1Lšɽ 3QΓLφšɽ 3Lšɽ 5Q¿ɽL=Dχ 

 
r����� È£s¤�

� ̖ 4.2RφȮƈνO18f̪ɵȳÕjʹ=J.fχ̪ɵȳÕRφ�����² 9ȳÕφ�

�y��² 9 ȳÕQŃ̪ 18 ȳÕL=DχN1φ̖¿Q TS R�����²φBS R��y

��²j̖=J.fχ 
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Ä���	� yÝ*È£�W�

 

�

�

�

�

�

�

åáäáä� qÐ�*µ_�

� �´®Qŗ͞ȌRφȂƻ<gDȚøj`LO�´®3 1 ŗ͞?f\KO̞=D�¯´£

Ȍj xL=JφÓ¹Q̪˓ƱOce˓Č=DχŜ 4.9RφȂƻ<gD�´®Qʚøjʹ=J

.fχ 

µčΓ-DeQŗ͞Ȍ(rpm) = 480$(frame/s)!!(frame) ×60 

 
r����� D4<GRB6LM)0$&�� 2#JRN�

�

åáäáå� `��¢�

� ȮƈνRφ�´®Qŗ͞ȌQůĤjșd2O?fD_OφBgCgQȳÕ;LOłšɽ

K̪ɵ<gD 20 ̰ǠQŗ͞ȌjƧŢ=φłšɽΓKƑǉQ-f t ɃƇjʖ.Jɝ͡=Dχ

N1φȩǒɡɸRφ?YJ 5σÓ¹L=Dχ<dOφłšɽQ�´®Qŗ͞ȌLφˎµ�p

²�2dłšɽ\KQ͖ΤQ 2 ů·2dÇɐŗƥȣ˯jâǗ=φŗ͞ȌLἠ͖ΤQΔé

ǎ2d`Ƀ̫j̓GDχ 

 
Ball spin  

2000rpm 3000rpm 4000rpm 

B
al

l s
pe

ed
  

4.0-4.5m/sec BS BS BS 

5.0-5.5m/sec BS BS BS 

6.0-6.5m/sec BS BS BS 

8.5-9.5m/sec TS TS TS 

10.0-11.0m/sec TS TS TS 

11.0-12.0m/sec TS TS TS 
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åáäáæ� ¹�'¾z�

τψυ�����²�

� Ŝ 4.10φŜ 4.11φŜ 4.12Rφ�����²QłȳÕO18fŗ͞ȌQƧŢðLˎµ�p

²�2dQ͖ΤQΔéǎjʹ=Dz¬�K-fχšɽ;LQŗ͞ȌRāJQȳÕO1.J

ȩǒƠ3̴_dgφ�´®Qŗ͞ȌRȩǒOɴ̗=J.f:L3ʹ<gDχ\Dφŗ͞Ȍ

Lˎµ�p²�2dQ͖Τ2dâǗ<gDŗƥȣ˯j]fLφƔČ<gD�´®Q��´

�3¸3fOHgJö43ų46NGJ.f:L2dφ�´®��´�3¸3fOÚGJ

ŗ͞ȌQɴ̗`ų46NföņO-GDχ<dOφ�´®��´�3 10.0m/sec Ó¸QŪ

ŃRφƔČ<gf�´®Qŗ͞Ȍ3¸3f:LOcGJφɴ̗`ų46Nf:L3č2G

Dχ:gdRφ�´®Qŗ͞Ȍa��´�3¸3f:LKφ�´®3ˈɠǦǤceĹ8f

:LKɴ̗3ų46Nf`QL˻0dgfχDE=φŜ 4.10 Q 2000rpm O18f

10.0-11.0m/sec QȳÕKRφń>ŗ͞ȌK̭Ƈ<gD 8.5-9.5m/sec ce`ŗ͞ȌQɴ̗R

Ɩ<2GDχʞNfŗ͞ȌOcf�p²�ĘǀQŗ͞ȌQůĤRφ�p²�?fĘQ�´

®Qŗ͞Ȍ3 3000rpmÓ¹Q�����²K-GDŪŃRφǿȄĝ3�´®Qͳ̓ȒņL

ͬņ4O÷6:LKφ�´®Qŗ͞Ȍ3�p²�Ęce`ŬĞ?f:L3șd2ONGJ

.fχ:Q:L2dφȮʴˇQ 2000rpmO18f˨ȹRφ�´®3�p²�?fΟQĽL

QǿȄOcGJφĐȫðce`�´®Qŗ͞Ȍ3ŬĞ=DD_Oʔ>D`QL˻0dgfχ 
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r������ A>I<GP 	������ )��1qÐ�*vhß�t\à�
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r������ A>I<GP 
������ )��1qÐ�*vhß�t\à
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*p<0.05 **p<0.01�
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r����	� A>I<GP ������� )��1qÐ�*vhß�t\à�
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*p<0.05 **p<0.01�
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� ɐO%łȳÕO18fŗ͞ȌLˎµ�p²�2dQ͖ΤQΔéǎj̰Ǡ;LO˻Ɛ?f

:LK%ʫǜ}´�OξʷʍKͦʑ?fD_QǝʑɽOH.JɃ̫j̓GD&Ŝ 4.13φŜ

4.14φŜ 4.15 RφłȳÕO18fŗ͞ȌQůĤj̰Ǡ;LO̖=Dz¬�K-fχłz¬

�Qʵ˯Rφ�´®3ήɽjͤ0DÜ˶jʹ=J.fχ\@φŜ 4.13 Q 2000rpm O̭Ƈ

=Dŗ͞ȌQůĤOH.J˻Ɛj̓/χ�´®��´� 8.9-9.5m/sec QȳÕKRφȣ˯j

]fLφήɽj͔0Dˎµ�p²�2dψ.8m QÑͥKķȲ=φBQǀčȋ=J.föņ

O-fχ:Q˨ȹ2dφʫǜ3����² 2000rpmQ�´®��´� 8.5-9.5m/secKǝʑ

=DŪŃφŗ͞QůĤRφˎµ�p²�2d 1.8mÑͥKƖ<6NfL˻0dgfχBQD

_φ1.8mÑͥKǝʑ?f:LKφŗ͞QůĤOcfƻέjǢ0JͦʑK4fļ̂ǎ3-fχ

ńɊOφ10.0-11.0m/secLφ11.0-12.0m/secj˻Ɛ?fLφ�´®��´� 10.0-11.0m/sec

QŪŃKRφˎµ�p²�2d 2.3-2.5m Ñͥφ�´®��´� 11.0-12.0m/sec KRφ

2.4-2.6mÑͥKȣ˯3ķȲ=J.föņ3-fχ:gdQÜ˶K�´®jǝʑ?f:LKφ

ŗ͞QůĤOcfƻέj-\eĹ8@OͦʑK4f`QL˻0dgfχ 

� Ŝ 4.14Q 3000rpm KRφ�´®��´� 8.5-9.5m/secQȳÕj]fLφŗƥȣ˯Rφ

̰Ǡ;LOaaSdH43]dgf3φˎµ�p²�2d 2.3-2.5mÑͥKÊƠ=J.fö

ņO-GDχ:Q:L2dφˎµ�p²�2d 2.4mÑͥKŗ͞QůĤ3Ɩ<6Nfļ̂ǎ

3˻0dgfχ\Dφ11.0-12.0m/secQȳÕKRφˎµ�p²�2d 2.3-2.6mÑͥKȣ˯

3ķȲ=J.föņO-eφ8.5-9.5m/secQȳÕL11cBń>Ü˶Kŗ͞ȌQůĤ3Ɩ<

6Nf`QL˻0dgfχ10.0-11.0m/sec QȳÕKRφδ̐Oȣ˯3ķȲ=J.fL:L

R]dgN2GD3φ�´®��´� 8.5-9.5m/secL 11.0-12.0m/secQ˨ȹjĲ˻O?f

Lφˎµ�p²�2d 2.4mĘǀKŗ͞QůĤ3Ɩ<6Nfļ̂ǎ3˻0dgfχ:gdQ

˨ȹ2dφ�����² 3000rpm O1.JRφMQͰƮO1.J`φˎµ�p²�2d

2.3-2.6mQ˕śKǝʑ?f:LKφŗ͞QůĤjǢ0JͦʑK4f`QL˻0dgfχ 

� Ŝ 4.15 Q 4000rpm KRφδ̐Nȣ˯QķȲR]dgN.3φ2000rpm L 3000rpm Q

˨ȹ2dφˎµ�p²�2d 2.5mÑͥ-f.RφBgÓΘKŗ͞QůĤ3Ɩ<6NfL˻

0dgfχ4000rpmQȳÕRφ2000rpma 3000rpmLɝ͡?fLφʆO 11.0-12.0m/sec
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QȳÕO1.Jφ̰ Ǡ;LQ̸Ơ3ų4.χ:gRφ°���¡�²Qǎ̂Ocf`QKφ

Đȫ̭ƇQŗ͞ȌL�´®��´�j¸9f:LOceφ°���¡�²2dƔČ<gf

�´®Qŗ͞Ȍa�´®��´�OSdH43ʔ>D:L3İŘK-fL˻0dgfχ\

Dφ4000rpmÓűQȳÕK`φöņLRʞNf̰Ǡ3.6H2]dgDχ:gOH.J`φ

̰ǠOce°���¡�²2dƔČ<gD�´®Q��´�O̸Ơ3ʔ>Dļ̂ǎ3-fχ

BQD_φȮʴˇRφ°���¡�²Qǎ̯̂çO`HN3f:L3ʹ<gφÍǀQ̼γ

L=Jφ°���¡�²2dƔČǀQ�´®��´�`̪ɵ=φ�´®Qŗ͞ȌLQƑǉ

Δé`˻Ɛ=J.6ǈ̞ǎ3-9dgDχ 
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τωυ��y��² 

� Ŝ 4.16φŜ 4.17φŜ 4.18Rφ��y��²QłȳÕO18fŗ͞ȌQƧŢðLˎµ�p

²�2dQ͖ΤQΔéǎjʹ=Dz¬�K-fχŗ͞ȌRφāJQȜɽΓO1.Jφ5σ-

f.R 1σȩǒɡɸKȩǒNƠ3̴_dgφ��y��²O1.J`�´®Qŗ͞Rφȩǒ

Oɴ̗=J.f:L3ʹ<gDχŗƥȣ˯2dRφƔČ<gf�´®Q��´�3¸3f

OHgJφŗ͞Qɴ̗`ų46Nf:L3ʹ<gDχ\Dφ�´®��´�3 5.0m/secÓ

¸QŪŃKRφƔČ<gf�´®Qŗ͞Ȍ3ξ6NfOHgJɴ̗`ų46NföņO-

GDχ:gRφ�����²LńɊOφŗ͞Ȍa�´®��´�3¸3f:LKφˈɠ¿

QˈɠǦǤjceĹ8fD_K-fL˻0dgfχ<dOφ�´®Qŗ͞3��y��²

QŪŃφ�´®LĩʑĽQǿȄRφ�´®Qͳ̓ȒņLRͬȒņOʔ>f:L3�p²�

ĘǀQŗ͞ȌQƈνKșd2ONGJ.fχBQD_φ�´®Qŗ͞Ȍ3ŬĞ?f:LK

ʔ>fǿȄ`ų46Neφŗ͞ȌQŬĞOǉ>JφĩʑĽO�p²�?fΟQŗ͞ȌQɴ

̗`ų46NGD`QL˻0dgfχ 
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� ɐOφ�����²LńɊOłȳÕQŗ͞ȌQůĤj̰Ǡ;LO˻Ɛ?f:LKφȧ

`ŗ͞QƻέjĹ8O6.ǝʑɽQɃ̫j̓GDχŜ 4.19φŜ 4.20φŜ 4.21 Rφ��

y��²O18fłȳÕQŗ͞ȌQůĤj̰Ǡ;LOʹ=Dz¬�K-fχʵ˯Rφ�

´®3ήɽO=DÜ˶K-fχ\@φŜ 4.19 Q 2000rpm OH.J˻Ɛ?fLφ

4.0-4.5m/secQȳÕKRφŲ6Qȣ˯3ˎµ�p²�2d 1.6m ÑͥKķȲ=φBQǀ

Rčȋ=J.föņO-GDχ\Dφ5.0-5.5m/secQȳÕKRφˎ µ�p²�2dφ1.9m

ÑͥKķȲ=J.föņO-eφ6.0-6.5m/secQȳÕKRφȣ˯Oδ̐NķȲR]dg

N.`QQφˎµ�p²�2d 2.1m Ñͥ2daaȣ˯3ƪ3GJ.föņO-GDχ

:gdQ˨ȹ2dφ��y��² 2000rpm O1.JRφˎ µ�p²�2d 1.6-2.1m Q

˕śKǝʑ?fLφŗ͞QůĤOcfƻέjǢ0JͦʑK4f`QL˻0dgfχ 

� Ŝ 4.20 Q 3000rpm KRφ2000rpm OɝYfLφ̰Ǡ;LQ̸Ơ3ų46φ:gR

�����²Q 4000rpm LńɊOφ°���¡�²2dƔČ<gf�´®Qŗ͞a�

�´�QSdH43İŘK-fL˻0dgfχ:Qc/O 3000rpm KRφSdH43

ų4.D_φÐQȳÕLɝ͡?fLδ̐Nȣ˯QķȲRʷ̴K4N.3φ4.0-4.5m/sec

L 6.0-6.5m/secQȳÕKRφˎ µ�p²�2d 2.0m ÑͥKȣ˯3΅NGJ.föņ3

-fχ:Q:L2dφˎµ�p²�2d 2.0m ÑͥKŗ͞QůĤ3Ɩ<6Nfļ̂ǎ3

˻0dgfχ 

� Ŝ 4.21 Q 4000rpm j]fLφ4.0-4.5m/secQȳÕRφ5.0-5.5m/secL 6.0-6.5m/sec

QȳÕce`ŗ͞ȌQ̸ƠRų46φδ̐Nȣ˯QķȲR]dgN2GDχ=2=φ

4.0-4.5m/secQȣ˯j]fLφŜ 4.19 Q��y��² 2000rpm O18f 5.0-5.5m/sec

Lö43εÛ=J1eφ2000rpm Q 5.0-5.5m/sec Kŗ͞QůĤ3Ɩ<6Nf 2.0m Ę

ǀLńɊQÑͥKφȣ˯3aaÊƠ=J.föņ3]dgDχ:Q:L2dφ4000rpm

Q 4.0-4.5m/secKRφˎ µ�p²�2d 2.0m ĘǀKŗ͞QůĤ3Ɩ<6Nfļ̂ǎ3
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-fL˻0dgfχ\Dφ6.0-6.5m/secQȳÕK`φˎµ�p²�2d 2.0m ÑͥKȣ

˯3ķȲ=J.föņO-f:L2dφ��y���²Q 4000rpm O1.JRφͰƮ

OΔid@φˎµ�p²�2d 2.0m ÑͥKǝʑ?f:LKŗ͞QƻέjĹ8O66K

4f`QL˻0dgfχ 

� ȮʴˇQ��y��²O18fȳÕKǂdgD˨ȹ2dφ��y��²Rφ�´®�

�´�3 4.0-6.5m/secQŪŃφˎµ�p²�2d 1.6-2.1m Q˕śKǝʑ?fLφȧ`

ŗ͞QůĤjĹ8O66ͦʑK4f`QL˻0dgfχ=2=φ��y��²Q�´®

Rφ�����²Q�´®jͦʑ?fŪŃLRʞNeφ�����²O=Jͦʑ?fŪ

ŃRφ�´®Qŗ͞ȌQůĤ3Ɩ<.ŪŃK`φ�´®Qŗ͞Ȍ3ų48gSφŗ͞O

ƻέ<gJ���Xr¬´=J=\/ļ̂ǎ3-fχBQD_φŗ͞QůĤ3Ɩ<6N

f˕śQŗ͞Ȍjǡǽ=J16ǈ̞3-eφBQ˕śQŗ͞Ȍj]fLφȮʴˇ2d

2000rpm Kǝʑ<gD�´®Rφ1100-1300rpm ˃Ʈ\Kɴ̗=φ3000rpm KR

1900-2100rpm ˃Ʈφ4000rpm KR 2700-2800rpm ˃Ʈ\Kɴ̗?f:L3č2fχ

B:Kφ��y��²Q�´®j�����²O=Jͦʑ?fŪŃQ�o²z��´�

τǷ˯ȒņQͰƮυj̪˓?fLφ2000rpm Q�´®jͦʑ?fŪŃRφ38.0m/s c

e`Ͱ.¬{��Q�o²z��´�Kǝʑ?fǈ̞3-eφ2NeŚΥK-fLǸƐ

?f:L3K4fχBQD_φƑǙʫǜ3 3000rpm ce`ξ.ŗ͞Q�´®j��y

��²Kǝʑ=DŪŃRφ�´®OƑ?f¬{��̦Ʈjů0Jǝʑ?f2φˎµ�p

²�2d 2.1m ce`<dOǀȒ2dǝʑ?fǈ̞3-fL˻0dgfχĶƑOφƑǙ

ʫǜ3 3000rpm ce`Ý.ŗ͞ȌQ�´®jǝʑ=DŪŃRφ1.6m ce`ĘȒK�´

®jͦʑ?f:L3ļ̂K-f:L3ǸƐK4fχ 

� ceȗ.ǝʑɽK�´®jͦʑ?f:LRφĩʑˍǠO1.JǙ̔ʥOȩĠK-f3φ

ʫǜQŗ͞QƻέjĹ8a?.D_r¬´?fʷʍ3ξ.χBQD_φ:Qc/Oἠ
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¿Q�´®Qŗ͞QůĤjșd2O=J.6:LKφÍǀ<dOˀƃʥOr¬´?fʷ

ʍQÝ.ǝʑɽQǱɋjǂdgf`QL˻0dgfχ 
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� ĩʑˍǠQŗ͞OΔ?fý̓ʴˇKRφÁOµɫ;ǜjƑ̓L=Jφ;ǜ3ǝʑ?f

�´®Qŗ͞Ȍj̪ɵ=JφƉ̥ʥOčȷ=J.f`Q3Ų.χ=2=φĩʑˍǠRφ

ʫǜQǝʑ?f�´®Qŗ͞Ȍ3ÄɵK4J.DL=J`φĩʑĽOcf�p²�aφ

ἠ¿Oŗ͞Ȍ3ɴ̗?fD_φBgdQůĤO`��s´¡²�3ƟĿ<gJ=\/χ

BQD_φǙ̔j˦]ˉJDeφǠ̔jņ¸<ADe?fORφʫǜQǝʑE8KRN

6φĩʑĽLQ�p²�Ocfŗ͞ȌQůĤaφἠ¿Qŗ͞ȌQůĤOH.J`ǡǽ

=J16ǈ̞3-fχ=2=φ;ǜ3ǝʑ=J2dφɐQ;ǜ3ǝʑ?f\KQŗ͞Ȍ

QůĤOH.Jșd2O<gDʴˇRφ:g\KON.χB:KφȮˊKRφʞNf¤

´u´QĩʑĽL�´®jʖ.Jφ�´®3�p²�?fΟQŗ͞ȌjƇ·Ĥ=φůĤ

jșd2O=Dχ<dOφ�p²�=J2dφǝʑ?f\KQΓQŗ͞ȌjƇ·Ĥ=φ

�´®Qŗ͞ȌQɴ̗jșd2O?fLăOφξʷʍK�´®jͦʑK4fȧͼNǝʑ

ɽOH.J`Ƀ̫j̓GDχȮˊKǂdgD˨ȹjÓ¹O\L_fχ�

�

ώ�p²�Ocfŗ͞ȌQůĤOH.Jϐ�

�� �p²�ĘQ�´®3�����²QŪŃRφŗ͞ȌQų4<OcGJ�´®Q

ͳ̓ȒņOƑ?fǿȄQ÷6Ȓņ3ʞNfD_φ�p²�OcGJŗ͞ȌRφŬ

Ğ=DeφɴƗ=De?fχ:gOce;ǜRφ�p²�ʪǀO�´®3ǍOɴ

Ͱ=DeφĞͰ=De?f:Ljǔ>fļ̂ǎ3-fχ�

	� �p²�ĘQŗ͞3��y��²QŪŃRφǿȄĝ3�´®Qͳ̓ȒņLͬņ4

O÷6D_φŗ͞ȌRɴƗ?fχ:gOce;ǜRφ�p²�ʪǀO�´®QǍ

NɴͰjǔ>fļ̂ǎ3-fχ�



 89 


� ĩʑĽQǿȄéȌRφĩʑĽQ¤´u´OcGJʞNeφSAN-EIϐTSPϐNittaku

QαKų4.χãʖ?fĩʑĽQ¤´u´OcGJ�p²�ǀQ�´®Qŗ͞Ȍ

a��´�φ̦Ʈ3ůĤ?fD_φ;ǜRĩʑĽOǉ>DǠ̔j͜OH8fǈ̞

3-fχ�

�� Nittaku QĩʑĽRφÐQ¤´u´QĩʑĽLɝ͡?fLǿȄĝ3÷4O6.D_φ

�p²�ĘǀQůĤRƖ<.ļ̂ǎ3-fχ�

ώἠ¿O18f�´®Qŗ͞ȌQůĤϐ�

�� ŗ͞ȌQɴ̗RφǝFČ<gD�´®Qŗ͞Ȍa��´�3¸3fOHgJų4

6NföņO-fχ�

� DE=φ�����²K�´®��´�3Ý.ŪŃRφŗ͞ȌQɴ̗Rų46N

dN.:LŪŃ3-fχ�

�� ŗ͞ȌQůĤRφ�����²KRφˎµ�p²�2d ����	�� Q˕śφ��y

��²KRφˎµ�p²�2d ����	��� Q˕śKƖ<6NföņO-GDχB

QD_φ:Q˕śK�´®jǝʑ?f:LKͦʑK4fʷʍjξ_f:L3K4

fļ̂ǎ3ʹŐ<gDχ�

� �
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´� æ� ²�

�

·²'V�*|��
�

�

æáâ� �¬±*-'/�

� ƑÌˍǠKʆO�´®ãʖ?fˍǠRφƑǙʫǜOƑ=J.2OǙ̔jˉɂ=Jƈ̓

?f23Ģȉjų46ƟĿ?fD_φˍǠʐŪK̰ŃćƍjįȜʥOƇ·Ĥ=φǂdg

DƉ̥ʥǐũjŧOǠ̔aǙ̔jčȷ³̯ç?f:L3̓igJ4J.fχ�

� =2=φĩʑˍǠRφÐQʑǠLɝ͡?fL¬´3ΨƦO��´�n´K̰Ńćƍ

jįȜʥO̬?f:L3ŚΥK-fD_φˍǠʐŪKɪʖK4fǠ̔³Ǚ̔čȷRʷ

ˉ<gJ.N.χBQD_φĩʑˍǠQˍǠʐŪKRφʐŠ`Ǳƕ˼Q˧νaḀ́ʥN

čȷOcGJ;ǜOm��o�3»0dgf:L3Ų6φ̰ ŃQ˨ȹOǉ>DͼĎNǠ

̔1cUǙ̔Qčȷ³̯ç3̓igN.\\�¯´�²z`̓igJ.fχ��

� B:KȮʴˇKRφĩʑˍǠO18fˍǠĝQņ¸jȧ˥ʥNʩɋL=JφǠ̔³Ǚ

̔Q̞ˣj(ἠʆǎ)φ(ʑʆǎ)φ(ŗ͞ʆǎ)Q 3 HQ̥ɽ2dƉ̥ʥ2HƇ·ʥ

NǐũjǂfD_QȒɧ̾jʷˉ?f:LKφˀ ƃʥɀǬOŧI6ĩʑˍǠQǠ̔1c

UǙ̔Qčȷa̯çj̰]Dχ 

� ˎ 2 ˊKRφ͐ ű˯¯´�´þjɪʖ=JἠʆǎjįȜʥOƇ·Ĥ=JǺʹK4f

���£jΒʢ=Dχ<dOφΒʢ=D���£jˍǠʐŪKʖ.J;ǜQǝʑjƈΟ

Očȷ=φ̯çj̓GDχBQ˨ȹφˍǠʐŪO1.JἠʆǎQ̥ɽ2d̾ǬLNf

͍ȏjŧO;ǜQǝʑjįȜʥOčȷ³̯çK4f:L3ļ̂ONGDχ\Dφ:Q�

��£jʖ.J|´£L|´£QΓQ×ǏȜΓO;ǜXm��o�j»0D˨ȹKRφ

m��o�ĘǀQǝʑQůĤ2dφ̰ Ń˨ȹOǉ>DǝʑǠ̔a̰ŃQćƍj̯çK4

fLăOφἠʆǎ2d;ǜQǝʑQʡ`ǡǽK4f:L3șd2ONGDχąßʥO

Rφ;ǜQǝʑ=D�´®��´�3Ͱ.ŪŃKRφBQǝʑRZLkM3°²zK-
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fLčȷ³̯ç?f:L3ļ̂K-fχ\Dφ�´®Qǝʑ̦Ʈ3Ɩ<6φξƮ3Ý.

ŪŃRǝʑQ���3Ͱ.:LjǸƇ?f:L`ļ̂K-fχ:Qc/Oφ�´®Qη

̓ʆǎRφ;ǜQǝʑ}´�a���OcGJ`ůĤ?fD_φἠʆǎOĞ0Jǝʑ

}´�a���jƇ·Ĥ=φ·ɐûʥOčȷ=J.6:LKφceͼĎNǙ̔ˉɂaǠ

̔Q;ǥ3ļ̂ONf`QL˻0dgDχ 

� BQD_φˎ 3 ˊKRĞͰƮ̪jɪʖ=JĩʑĽO�´®3̎¹=DΟQǳġj̬

=φ̬<gDǳġʆǎ2d�´®Q̎¹šɽQįȜʥNƇ·Ĥj̓GDχBQ˨ȹφ

�´®Q̎¹=Dβťj 88%Ó¸QʷʍKǸƇ?f:L3ļ̂ONGDχ:g\KQ

ĩʑˍǠO18fǝʑ}´�OΔ?f|´£čȷRφǙ̔jˉɂ?f¸KQ΅̞N͍ȏ

L=JȌŲ6̓igJ4J.f3φȒɧ̾L=JRȚøOcfčȷ3ZLkMK-fD

_φˍǠʐŪKɪʖ?fORƈʖǎOɏ8J.f`QS2eK-GDχB:KφȮˊK

RφĞͰƮ̪jʖ.JĩʑĽO�´®3̎¹=DΟQǳġ2d�´®Q̎¹šɽjƇ·

Ĥ?fL./ȑ=.Ȓɧ̾OcGJʑʆǎQįȜʥNƇ·Ĥjƈʐ=Dχ:QȒɧ̾

Rφʑ��´²OĞ0J�´®QἠȜΓ`įȜʥOƇ·Ĥ?f:L3ļ̂K-fD

_φBgCgQβťXMQ˃ƮQȜΓΓΞKǝʑ?f:L3ͼĎK-f2`ʑ��´

²LńȜOčȷ³̯ç?f:L3ļ̂K-fχ<dOφ�´®QἠȜΓRφǝʑ<g

D�´®3��y��²K-f2�����²K-f2L.GDʑ˄aφ���wa�

¬o�K-f2NMQǝɧ`ǸƇ?f:LK4fχBQD_φ:QȒɧ̾jʖ.JǠ̔

1cUǙ̔jčȷ³̯ç?f:LOcGJφ;ǜ3ǝʑ=DβťφǝʑQȜΓΓΞφʖ

.Dǝɧφ�´®Qŗ͟͞j 3 ɐûʥOčȷ³̯ç?f:L3ļ̂ONGDχ 

� ĩʑˍǠRφĐǇ˼ńŭQ̰ŃKRφ̊ǜNʑ��´²jʉ/NMƗN.Ǡ̔³Ǚ

̞̔ˣKǂɽK4f:L3Ų.χ=2=φˍǠ¯�®Qξ.;ǜRφ�´®��´�Q

Ͱ.�¡��¨jǝʑ=J`ʑ��´²jÆĘO̠Ɇ_dgfLƑǉ<gJ=\/

c/Oφǂɽj΅PfD_ORǠ̔³Ǚ̞̔ˣj̝Ȍ˦]ŃiAf:L3ǈ̞ONfχ

ĩʑˍǠRφÐQʑǠLɝ͡?fL�´®O»0dgfŗ͞Ȍ3ų4.D_φ;ǜOm

��o�j»0fΟRφM:Q}´�XMQc/Nŗ͞Kǝʑ?f2R΅̞K-fχ\

DφʫǜQǝʑ}´�3���ǜĘLÄɵK4J.gSφ�´®��´�`ʹ.LÄɵ



 92 

K4f3φ�´®Qŗ͞3ÄɵK4N8gSr¬´j=J=\/c/OφʫǜQǝʑj

ͦʑ?f¸O1.J�´®Qŗ͞jǡǽ=J16:LRǈ̞ONfχ 

� B:Kφˎ 4 ˊKR�´®Qŗ͞ʆǎjƇ·Ĥ=φčȷ³̯çj̓GDχĩʑˍǠRφ

ʫǜQŗ͞Oǝʑ3ƟĿ<ga?.D_φ:g\KQĩʑˍǠO18fŗ͞OΔ?fȎ

ʋKRφ;ǜ3ǝʑ=D�´®Qŗ͞ȌjƇ·Ĥ=ǝɧĒOčȷ=D`Q3.6H2̠

Ĺ8dgfχʫǜ3ǝʑ=D�´®Qŗ͞ȌRφǙ̔ˉɂaͦʑǠ̔Q˹ǂOǈ̞N͍

ȏLNf3φĩʑ�´®Qŗ͞ʆǎRφĩʑĽ¸KQ�p²�aˈɠǦǤOcGJ`ů

Ĥ?fD_φ-dbfŗ͞ʆǎOǉ>DǙ̔ˉɂaǝʑǠ̔Q;ǥ³˹ǂj?fD_O

Rφʫǜ3ǝʑ=J2dɐQ;ǜ3ǝʑ?f\KQΓQŗ͞ʆǎQůĤ`ǡǽ?fǈ̞

3-fχʫǜ3ǝʑ=J2dɐQ;ǜ3ǝʑ?f\KQΓQŗ͞ʆǎQůĤjșd2O

=DȎʋRφ:g\KQL:h̠Ĺ8dgN.D_φˎ 4 ˊKRφ�´®3�p²�?

fĘǀQŗ͞ȌL�´®Qἠ¿O18fŗ͞ȌQůĤjƇ·Ĥ=Jφčȷ³̯çj̓

GDχBQ˨ȹφ�p²�ĘǀQŗ͞ʆǎjƇ·Ĥ=Jčȷ?f:LOcGJφʫǜQ

ǝʑ?fŗ͞ʆǎaãʖ?fĩʑĽQ¤´u´Oǉ>DǙ̔ˉɂaǠ̔;ǥ3ļ̂O

Nf:L3șd2ONGDχ\Dφἠ¿O18f�´®Qŗ͞ȌQɴ̗Rφʫǜ3ǝ

ʑ=D�´®Qŗ͞ʆǎOcGJʞNf:L2dφʫǜQǝʑ=D�´®Qŗ͞ʆǎj

Ƈ·Ĥ=Jčȷ?f:LKφǝʑɽOΔ?fǠ̔³Ǚ̔Qčȷ³̯ç3ļ̂ONf:L

3șd2ONGDχ 

�  

� ȮʴˇQǗȹOcGJφĩʑˍǠO18fŲ6QǱƕȥKʹ<gJ.f(ȜΓτ��

´�υ)φ(ˈΓ-f.Rʑτ�¯´�¤²�υ)φ(ŗ͞)QǠ̔³Ǚ̞̔ˣjɉǗ?f

āJQ�¬¤´�´jįȜʥOƇ·Ĥ?f:L3ƈʐ<gDχŗ͞ʆǎOH.JRφȚ

øjʖ.DčȷK-f3φͥƨKR�o��´�u¤¬3ʢƙ=J4J.fD_φȚø

čȷOcfŗ͞ʆǎQƇ·Ĥ`ļ̂ǎ3̠Č<gJ4J.fχłˊKƇ·Ĥj̓GDȒ

ɧ̾jˮŃʥO˦]ŃiAJ 1 ĽQĩʑĽKčȷ³̯çj̓/:LKφǠ̔1cUǙ̔

jɉǗ?fāJQ�¬¤´�´jƉ̥ʥǐũL=JǺʹ=N3dφǱƕ˼R;ǜOm�

�o�j»0f:L3ļ̂K-fχ:gOceǱƕ˼jR>_;ǜ`ͼĎNǙ̔Qˉɂ
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aǠ̔Q;ǥ3ļ̂ONeφͼĎN̼γj`LO=J�¯´�²zj̓/:L3K4fχ 

� ĩʑˍǠQǱƕȥKRφ:g\KȕȮO1.J`̿űŞO1.J`Ǡ̔aǙ̔QͶġ

ɉͱaBQǠ̔ǐũ3șʷO<gJ1d@φǠ̔aǙ̔jɉǗ?fǱƕćƍ3ß˞Ĥ<

gJ.N.D_φǱƕ˼a;ǜQǠ̔³Ǚ̔Q˦]ˉJRî'OcGJŲɊO˻0dg

J4DχB:KφȮʴˇKǂdgDʴˇǗȹj � HQǠ̔³Ǚ̔čȷ̯ç�¯´�²z

���£L=JˍǠʐŪKɪʖ=J.6:LOcGJφĩʑˍǠQǠ̔1cUǙ̔jč

ȷ³̯ç?fȒɧ̾3ʷˉ<gJ.6`QL˻0dgfχĩʑˍǠQǠ̔1cUǙ̔j

čȷ³̯ç?fȒɧjß˞Ĥ=J.6:L3K4gSφ;ǜ̄͜KͼĎNǙ̔Qˉɂa

Ǡ̔Q;ǥ3K4fc/ONfD_φ;ǜR<dOξ.��s´¡²�jʢǾK4f`

QL˻0dgfχ�

�
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